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Abstract - The base catalysed condensation products of mesityl
oxide and benzalacetone with 4-hydroxycoumarin have been studied.
The reported structures (III) and (IX) of two condensation
products are revised as (V) and (X) respectively. Chemical
transformations of (V) to (VI), (VII) and {(VIII} are enumerated.
3¢ NMR spoctral studies to distinguish between (IV) and (VI)
and to establish structure (V) are also recorded. The plausi-
ble mechaniama for the formation of two novel compounds having
the coumarin lactone ring ruptured, viz. (VIII) from (V) and the
condensation product (XI) from 4-hydroxycoumarin and cinnamal-

dehyde have also beon delineated.

In oonnection to ocur studies on the chemistry of some 4-hydroxycoumarin
derivatives having potential pesticidal properties, we reinvestigated the
condensation reactiona of several ¢x,p —unpaturated carbonyl compounds
with 4-hydroxycoumarin, already reported by lkawa et 5;1. The reinvesti=-
gation led not only to the revision of the structures of some of the

2-4

products, but to the isolation of some novel compounds® ',

Of the two condensation products of 4-hydroxycoumarin (I) and mesityl oxide
(Py,/A, 48 hr) the hexane scluble less polar one, mp 93° (33% yield) waa
assigned the structure (II) while the hexane insoluble one, mp 212° (13%)

was assigned the atructure (III)1. However, the struoture {II) was revised

trPresented in part in the Pifth International Congress of Pesticide Chemistry
(1UPAQ), Aug. 29 - Sept. 4, 1982, Kyoto, Japan, Abstracte, p. Ic-6.
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as (IV) by Hutchinson et _11,5 on the basis of spectral analysis. Our atudies
conform to this revision and almso lead to the ®evision of the structure of
the more polar coml-aound from (III) to (V) through its spectral features
E-,)max(KBr) : 3330 om  '(OH group); PMR (és-nmso. 100 MHz) 1 8§ 1.40 (6H, g,
gem-dimethyl), 1.64 (3, =, §3G-§<8:), 1.95 (2, &, -03_{2-), 7.06 {14, g,
exchangeable with D20, -0H) and T.30-T.78 (4E, p, sromatic H's); the only
3H signel at 61.64(una.m‘biguously discarding etructuré (III) having a COCH

group ] , supported by following chemical evidence.

(¥

Treatment of (V) with BF,-etherate in presence or absence of Pb(OAc)4 in

3
dry benzene {0.5 hr) afforded the dehydration product {VI) (28%), mp 110°

. " R -1 R
(light petrcl - ether), 01531403 {M* 2472), -Dmax(K.'Br) 1 1705 cm { coumarin
€0); PMR (g:;cls, 90 MHz) s 6 1.45 (6H, g, gem-dimethyl), 1.94 (3H, g, olefi-
nic Gk1_3), 4.63 (1H, bs, vinyl H), T7.20-7.80 (4H, m, aromatioc H's). The
distinction between the poeition isomers (IV) and (VI) could alsc be made

through 13C NMR spectral studiee described later.

Use of methanolic benzene medium in the above resmotion yielded (30%) th-e
ketal (VII)}, the methyl ether of (V), mp 120° (chloroform - light petrol),

’ + -1 .
°16“1a°4 (‘M 274) Eq)max_(mr) 1705 c¢m ( coumarin ¢=0); PMR (CDCJ.B. 100 MHa):
§1.47, 1.52, 1.65 (each 3H, g, three c§3's), 1.88, .2.14 (each 1H, 4, J=13

Ha, -U§2-). 3.28 (H, g, -OG§_3) end T7.22-7.,83 (4H, m, aromstic H's)j.
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The above reactions when carried out in presence of Pb(OAo)4 afforded, in
addition to the compounds (VI)‘ or (¥II), another novel compound (VIII) (4%} -
a Y -lactone derivative formed by the rupture of the coumarin lactone moiety.
The compound {(VIII), mp 142° (chlorcform - light petrol), Cyatiya0y (Mt 234)
prossegses an o-hydroxyacetophenone ‘t:ype6 chromophore [)\max(EtOH) : 2577 nm
(Log £4.21) and 331 (3.82)] and showed FeClB- colouration. The IR[))max(KBr):
3510 cm-1(0H), 1779 { Y -lactone ¢=0)}, 1660 (conjugated chelated C=0)_] and

the PMR epectral data in CDCl, {100 Miz) [61.0, 1.4 (each 3, g, two- CE,'e),
2.29, 2,61 (each W, 4, J=1THz, -CH,-), 5.52 (1¥, g, -C0-CH-CO-), 6.86-7.60

(4, m, aromatic H's) and 11.86 {1H, 8, disappearing on D,0 shake, -O_I-_I.)j are

2
fully consistent with the derived structure (VIII).

OMe

Ties

-

(Y1) (Vi) (vII1)
Thus, the above reactions established the structure (V) and mot {III) for
the more polar conglensa‘fion product. 4 ketomethyl group in a compound as

in (III) would be gonverted into the «~COCH _CAc group on treatment with

2
Pb(UAc)4 and BFj-etherate'?-g. O the ot%lar hand, lead tetraacetate may
have some function in the formation of (VIII). According to the most
reasonable concept, oxidation of tertiary alochol function [here the hemi-
ketal OH group in (V)] occurs by I‘b(OAc)4 and during this oxidation,
fragmentation becomes the major reaction path. In this particular case,
three possible modes of fragmentation of (&) may cccur, of which one
possible mode gives rise to a rad.ical(b) primary as well as homoallylie,
whick has certain amount of contribution towsrds resonance as shown

(Scheme 1); once it ias formed, it collapses on to 'I:'he coumarin carbonyl

oxygen. The resulting resonance stabilised radical (o) picks up an acetate

radical to lose a molecule of acetic anhydride and!takea up a molecule of

water to form the finel product (VIII) as shown in Scheme 1.

—521—




Scheme 1. Plausible mechanism for the formation of (VIII) from (V)
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3¢ nmn spectroscopic studies on {IV), (VI) and (VII)} heve been made, which
provided a method for characterising the isomera (IV) and (VI). Chemical
+ghift and degree of protonation of each carbon were determined by noise

decoupled (ND) aend single frequency off-resonance decoupled (SFORD)1O'11

. 1
spectra respectively. 50 expressed in ppm assignakle to each carbon atom 2

of the compounds (IV), (VI) and (VII) are summarised in Table 1.

The resonance signal at 102.2 ppm in the 3¢ wur spectrum of {(VII) oclearly
showed the presence of a -0-?—0- type moiety in the ketal (VII) and conse-

quently in the corresponding hemiketal (V). Hence, the dehydration product
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of (V) and the isomer of the former must be (VI) and (IV) respectively,
thus ruling out the alternate poseibilities, Purthermore, the resonance
sigiale of C-2', G-3' and C-4' of (IV), (VI) and (VII) are in good agree-
ment with the respective structure derived on the basis of the fact that
either of {IV) and (VI) contmins four seturated carbone including one
tertiary, while (VII) poBsesses six such saturated carbons of which two

are tertiary.

Table 1. '°C NMR (6DC1;) signals of (IV), (VI) ana (VII)

&, (ppm) of
Compound Spact:u.m c “FP
rin & C-2 c-3 C-q C-4a Cc-5 Cc-6 o-7
(1v) 20 Migz 1569.46 101.51 159.14 115.03% 123,27 123.27 131.53
(vI) 25.2 MHs 161.9 108.5 156.3  115.3 123.8 124.6 132.4
(vin) 25.2 MHz 161.5 111.0 156.8 116.7 123.5 124.3 131.9
Solppm) of
Compound .
1 .
C-8 C-8a g-2! C-3 C-4! -GH, ,c(_gii:)2 0CH
(V) 115.60 152.62 79.43 122.62 126.75 19.94 27.46 -
(V1) 117.1 153.4 143.8 112.1  32.0 19.4 30.7 -
{vir) 117.0 153.4 102.2 49.4 31.4 29 .9 24,0,27.5 50.4

Again, the gtructure (IX) for the basme catalyesed reaction product '(35%) of
4-hydroxycoumarin and bensalacetone as proposed e;e,::-]_:i.er1 ia reviseed by us
as (K) through spectral (IR, PMR and MS) analysis. The epectrel date of
the product (X), mp 1629, 0191-{1604 (m* 308);[{)max {(KBr) : 1678 o::m_1 ( couma-
rin C=0); PMR (CDC1l,, 90 MHa) + 6 1.66 (3, 8, -CH,), 2.38, 3.45 (each 1H,
4, J=20 Ha, -CH,-), 4.17 (1H, m, Ar-CH-Ph), 7.14-8.0 (9H, m, aromatic H'si]

clearly indicated the absence of a ketomethyl group as proposed in (IX).

The condensation reaction of 4-hydroxycoumarin and cinnamsldehyde is being
reported for the firset time. 4-Hydroxycoumarin wase refluxed with cinnamal-
dehyde in water containing traces of pyridine for 14ar. The reamction mixture

on cooling and extracting with chloroform yielded a mixture of two products,
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separated ‘by chromatography .over silica gel.  The yellow compound (XI),

mp 157° (chloroform - light petrol), Cigt1405 (m* 250),[}\,max(Et0H) s 358 nm
(1og & 4.44) and 243_(3.96),.reminiacant_of o=hydroxyacetophenone typeé o
chromophore; .Dmax (KBr) : 1615 cm“1 (highly conjugated carbonyl group);

PR (CDCL,, 80 MHz) : & 7.12-7.35 (13H, m, aromatic and olefinic H's) and

12.78 (1H, 8, D20 exchanged, —OEX] was obtained in lower yield ( ~ 15%) .

H
OH pPh O

(1X) (X}

Thig hitherto unknown highly conjugated compound showed FeClB-colOuration.
Under the reéction condition, therwmodynamically moré stable trans-trans
diene is expected to be formed; but because of overlapping with afomatié
protons, no pmr evidence could be provided. The formulation (XI) was,
however, confirmed from its identity with the product obtained from the
base catalysed condensation of p-hydroxyacetophenone and cinnamsldehyde.
The formaetion of (XI) neceesarily involves the base-catelysed condensation
of 4-hydroxycoumarin with cinnamal dehyde followed by an irrevereible base-
catalysed breaskdown of the c¢oumarin lactone »ing giving rise to the JB -keto-
acid (d), which under the reacticn condition easily decarboxylates to
afford the enediol (e). The latter, in turn, on losing the elements of

water furnished the final product (XI) (Scheme 2). :
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Scheme 2. Possible mechanism -for the formation of (XI)

WFM .
o 0
H SH

(XI) '

From the results received in the foregoing reactions, it is evident that

in the condensation of 4-hydroxycoumsrin with mesityl oxide, both carbonyl
addition and Micheel type addition occur, whereas with benzalacetone only
Michael addition takes place and cinnamaldehyde gives rise to carbonyl
addition presumably due to its higher carbonyl activity than bengalacetone.
Further experimente with several other o, f§ -unsaturated carbonyl compounds
are in progress with a view to finding out the generality, if any, of this

typa of reactions.
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