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Am--The strwturc of Hantzsch and Ziirchcrs “dnncthyldicoumarin” obtamcd from rcsorcinol or 
7-hydroxy4mcthykoumarin and cthylacetoacetate has been confirmed as the linear titk compound I. 
prri-Substituent etTacts in ‘11 and “C NMR spectroscopy have &II used to ditTercntiate bctwom the Im 
and aq isomers. the ung MC groups being dcshickkd. A set of ruks IO govern the formation of Im:ung 
isomers has been proposed. 

In 1887 Hantxsch and Ztircher’ performed a double 
Pcchmann reaction’ by the condensation of one mole 
of rcsorcinol with two moles of ethylacctoacctate 
(EAA) in the prcsencc of cone sulphuric acid and 
obtained. in very low yield, a compound which they 
termed “dimethyldicoumarin”. Scn and Chakravarti’ 
later prepared the same compound from the inter- 
mediate 7-hydroxy4mcthylcoumarin’ and one mole 
of EAA. A yield of 3@/, was claimed; however, the 
exact constitution was not cstablishcd. it was rc- 
gardcd as either the linear (/in) I or angular (ang) 21 

isomer. 
Rangaswami and Scshadri’ subsequently made a 

detailed investigation of the constitution of this and 
similar compounds which they termed coumari- 
nopyroncs. The structures of the /in and ang isomers 
from the Pcchmann reaction of ‘I-hydroxycoumarin 
with malic acid were elucidated, that of 3 being 
confirmed by an unambiguous synthesis as shown in 
Scheme I. 

Certain observations regarding the /in/rang isomers 
were reported: 

(i) /in isomers were more sparingly soluble and had 
a higher m.p. than the corraponding ong isomers 

(ii) in the reaction with malic acid. the prcdom- 
inant tendancy was to form the ung compound, the 
lin isomer being produced to a small extent only. 

Reactions with 7-hydroxy4mcthylcoumarin 5 
wcrc then studied, malic acid gave 2&r. the structure 
of which was substantiated by an unambiguous 

Perkin synthesis from 7-hydroxy4mcthylcoumarin- 
8carboxaldehydc. The preparation of Hantzsch and 
Zurchcrs’ “dimcthyldicoumarin” was then examined. 
Under all conditions, starting from resorcinol or 5. a 
single compound (m.p. 333-S ) only was obtained. 
By analogy with the rules proposed for the malic acid 
reaction, this was described as the ong isomer 2a. 

The structure of the lin isomer 4 has subsequently 
been additionally vcrificd by Worden er al.’ The 
compound was synthesised from 4. o-dihydroxy- 
isophthaldchydc by a double Pcrkin reaction. and the 
structure confirmed by NMR. 

Merchant. Patell and Thakkar’ have rcccntly rc- 
ported the formation of a neutral substance-A (m.p. 

319-20‘) during the preparation of 5 by the Pcch- 
mann reaction. Their limited spectral data (M’. 
vC=O) suggested that the structure was either 1 or 
2a. A compound, designated as the an8 isomer (m.p. 
32&2’). was then obtained by the procedure of Scn 
and Chakravarti’ and found to differ from the neutral 
substance-A, which was accordingly assigned the /in 

structure I. Thcsc results appear to be very suspect. 
particularly since it has been previously noted’ that 
the m.p.‘s of /in and ung isomers arc quite different, 
as shown by the examples gathered in Table I; 
however, in the Indian study.’ the m.p.‘s of the two 
alleged compounds were almost identical and much 
lower than the htcraturc value’ which was not 
quoted. 

In view of these rather contradictory results. the 
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earlier work has been repeated in order to establish 
the precise identity of Hantzsch and Ziirchtrs “di- 
methyldicoumarin” and to obtain a reliable spec- 
troscopic technique to diffcrcntiate between such /ia 
and ong isomers. A further aim of the study was to 
formulate a set of rules to govern the formation of lin 
and:or wrg isomers in a given reaction. 

For the differentiation of liniag isomers, applica- 
tion of the Peri-proximity etTcct in ‘H NMR spec- 
troscopy was envisaged as an appropriate technique. 
This e&ct causes a dcshielding of the high intensity 
methyl signals,” which should render the method 
particularly appropriate for the sparingly soluble 
compounds involved. As an illustration of the etTcct. 
the recent paper by Harvey er al.” concerning the 

monomethylbcnzo(e)pyrcncs 6 may be considered. 

6 

For the 2-. 3-. 4- and IO- monomethyl derivatives, 
the MC signals resonated in the 2.60 2.88 d range, 
typical of a methyl group attached to a polycyclic 
aromatic ring, with no additional peri-substitucnt. In 
contrast, the MC signals of thcpPri-substituted I- and 
9-monomcthyl isomers appeared significantly 
downfield at 3.17-3.27 6. an average dcshielding 
effect of ca. 0.45 ppm. This @-proximity effect, in 
which the peri-suktitucnt forms part of a fused 
aromatic ring, is much larger. and hence of greater 
diagnostic value, than those experienced for peri 
mcthyl:mcthyl couples as reported by Bcrgmann er 
al ” and by Claret and Osborne.” Further additional 
dcshiclding effects also affect the bay r&on aromatic 
protons of 6, vi/ H-l, H-8. H-9 and-H-1 2. which 
akorbcd far downfield in the 8.7-8.9 6 region.” 

In order to establish that these effects functioned 
satisfactorily in the condensed pyronc series, and to 
obtain certain model chemical shift data, the spectra 
of the mcthylnaphthopyrones la and & were cxam- 
incd. These compounds were obtained from EAA 
and I- and 2- naphthol respectively. Although their 
60 MHz ‘H NMR spectra have been reported by Jain 
er al.,” the analyses of the aromatic region wcrc very 
superficial and, in one instance, deficient. Accord- 
ingly, the spectra have been redetermined at higher 
magnetic fields. 220 MHz for &, and 400 MHz for 
the more closely coupled 78. The methyl protons 
absorbed at 2.47 6 for 7a and at 2.88 6 for the 
perr-substituted &. The dcshiclding ctTcct was similar 
IO that cxpcricnccd in the benzo(c)pyrcnc scrics.” The 
pyronc ring protons (H-3 in 7a. H-2 in &) were 
unremarkable and absorbed at 6.36 6 and 6.38 6 
rcspcctivcly, consistent with the earlier work.” The 
A0 systems for H-S and H-6 were clearly cvrdcnt at 
the higher magnetic fields. The signals were rcadtly 
distinguished since in each cast the H-6 doublet was 
broadened by long range ‘J “zig-zag” coupling,” 
which collapsed upon irradiation of H-IO. The rc- 
maining aromattc protons formed a complex ABCD 
spin system. which has been partially analyscd by a 
simple first order trcatmcnt in the prcscnt work. For 
each compound the bay proton H-IO was strongly 
dcshicldcd and absorbed at ca 8.5 6. In their earlier 
studies of the NMR spectra of 7a and 8a Jain er al.” 
reported the aromatic region signals as multiplcts 
extending from 7.27-8.43 6 and 7.67.91 6 rc- 
spcctivcly. The low field bay proton signal for 8a was 
obviously overlooked. Narasimhan and Mali,’ have 
measured the NMR spectra of 73s and 8b. the aro- 
mattc regions featured multiplcts which cxtcndcd far 
downfield IO include the bay protons. In contrast, the 
/in-naphthopyronc 9b did not exhibit any such low 
yield signals. 

The ppri-proximity effect is therefore most appro- 
priate for differentiation bctwccn /in/ang isomers. 
The characteristic chcmrcal shifts of the MC protons 
arc of particular value which may bc further sup- 
ported by the absorption of the bay region aromattc 
protons. 

The constitution of Hantzsch and Zurchcrs “di- 
mcthyldicoumarin” was then examined. Reactions of 
raorcinol with two moles of EAA, or of 5 with one 
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mole of EAA, followed by a basic (ammoniacal) 
work-up afforded a low yield of a single dimeth- 
ylbcnxodipyrone which after rccrystallisation from 
ethyl acetate gave a sharp and reproducible m.p. 
(3334’) either alone, or in admixture, hence both 
reactions lead to the same product. Earlier Merchant 
et 01.’ suggested that two different products (m.p. 
319-20’ and 32&Z’) were obtained, although their 
evidence for this heterogeneity was not presented. It 
may be surmised that this came from a mixed m.p. 
depression. It would appear that these workers ob 
taincd two impure samples of the same material, 
which upon admixture then produced the miscon- 
strued depression. 

The “dimethyldicoumarin” proved to be only spar- 
ingly solubk in chloroform, as previously intimated.’ 
neverthekss it was possible to obtain a satisfactory 
‘H NMR spectrum on a saturated solution. Im- 
proved results were secured by measurement at el- 
evated temperature and also after a short accumu- 
lation. Four singlet peaks only were present in the 
spectrum. The MC signal at 2.50 d was characteristic 
of a non peri-substituted environment (c-2.47 6 for 
la) and accordingly Hantrsch and’Ziirchers “dimeth- 
yldicoumarin” must be the /in isomer cir 4. 
6dimethyL2H. 8H-benzo [I, 2-b: 5, 4-b’] dipyran-2. 
8dionc I. This structure is consistent with the thra 
aromatic region signals for H-3/H-7, H-S and H-IO. 
Unfortunately, since one signal overlapped the rc- 
sidual CHCI, peak. the integration waS not wholly 
conclusive. The alternative structure, 21, however, 
should exhibit a prideshielded Me as well as two 
singlets and two doublets in the aromatic region 
which was clearly not the case. In order to obtain a 
stronger spectrum an alternative solvent was sought. 
Wordcn et ~1.~ had previously employed trifluoro- 
acetic acid (TFA) for the spectrum of 4. and accord- 
ingly this was tried, 1 proved to be readily soluble. 
The Me signal was a fini doublet (J = I.1 Hz), as a 
result of allylic coupling to H-3/H-7 which appeared 
as a 2H fine quartet at 6.73 6. Worden er al.’ reported 

6.78 6 for H-3/H-7 of 4. The two remaining signals. 
each IH singlets, at 7.61 d and 8.1 I 6 were assigned 
to H-IO and H-5 respectively. consistent with the 
corresponding signals in 4 at 7.59 d and 8.04 6.6 

Since the compound was very soluble in TFA the 
opportunity was taken to determine the “C NMR 
spectrum. Although TFA is a valuable solvent for 
‘H NMR, it has inherent ditlicultia for “C NMR 
since the trifluoromethyl and carboxyl carbons each 
rt!te;:p as quartets due to coupling with the “F 

and hence obscure a large portion of the 

spectrum. as well as presenting certain dynamic range 
problems. m In the event these difficulties proved of no 
consequence since the expected eight signals were all 
discernible; the proton coupled spectrum was also 
determined and the results are shown in Table 2. The 
assignments were made by comparison with the 
reported spectrum*’ of 5 determined in DMSD-d,, 
and with a spectrum measured in TFA solution in the 
present study, no particular probkms were encoun- 
tered. The Me signals for both I and 5 appeared at 
19.4 6 indicative of the absence of any peri-proximity 
effect. In the proton coupkd spectrum of 1 both C-S 
and C-IO appeared as clear doublets, in accordance 
with the absence of orrho and meru protons. The C-9a 
signal was a doublet of doublets which featured 
couplings to H-IO and H-5. the enhanced ‘J coupling 
(5 Hz) is consistent with the presence of an ortho 

oxygenated substituent as previously noted by Chang 
er al.” 

Dilferentiation bctwan lin and ung isomers may 
also be accomplished by proton decoupled “C NMR 
spectroscopy since in this case the alternative product 
2.a. which has no symmetry, would give rise to a total 
of fourteen peaks including two methyl resonances. 

The “C NMR spectra of the rncthylnaphtho- 
pyroncs 71 and & have also been examined in CDCI, 
solution. The methyl signals appeared at 19.2 6 and 
26.4 d respectively, the peri-proximity effect in 
the latter compound being immediately evident. 
The value of A& the downfield shift from the 
mdel compound bmethylcoumarin.” was 7.9 ppm. 
considerably larger than previously experienced for 
simple p~ri-MejMc couples such as I. 8- 
dimethylnaphthalenc (6.7 ppm)” and 4.5,7- 
trimcthylcoumarin (6.5ppm) studied in the present 
work. It may be recalled that the proximity effect for 
the C-C couple was similarly enhanced in the ‘H 
NMR when one carbon formed part of a fused 
aromatic ring. Such enhancement renders this efibct 
of even greater diagnostic value. 

The l2-Me group in 7, l2-dimethylbcnx(a)_ 

IO 

Table 2. “C NMR spectrum of t 
-_ - ._.. -- .- 

cdml Cht-mlcal shi/ (a) Mulriplrcil~ (b) Couplings (Hz) 
- 

c-2 l6R.O d “J,, 4 
C-3 116.0 dq ‘J,, 173 ‘J,,,,, 6 
c-4 159.6 dq ‘J.,,, 6 ‘J,, (c) 
c-s 124.7 d ‘J,, I64 
C-IO IOS.0 d ‘J ,010 1’1 
C-4a 120.7 

C-98 157.2 dmd ‘Jo. ,0 5 ‘Jo., I I 
CH, 19.4 qd ‘J CM, 130 ‘Jw, 6 

.-. 
(a) in TFA solution. 6 ppm. from TM.%- 

- .-. .-__ _ 

(b) In proton coupled spectrum. 
(c) Obscured by TFA peak. 
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and the insoluble “dimeihyldicoumarin” fihered 08 and 
washed with waler. Recrystallisation from EtOAc afforded 
I (54 mg. 0.07,) ascolourlcss needles. m.p. 333-l’ (1iL’m.p. 
333-S’) (Found: C, 69.53; H. 4.19. Cak for C,,H,,O,: C. 
69.42. ti. 4.16:,,) MS m!c (relative intensity): 243 (I I). 
242.0508 (M ‘. C,,tt,,O,, 72). 214 (M -CO. 55). 187(13). 
I86 (M - 2C0, 100). 185(57), 157(13), 137(10), 13l(lO). 

l29(ll). 128(24). 127(13). ll7(ll). ll5(37), 99(48), 93(12), 
@(IS). 77(18). 7%19). 74(15). 69(261. 6%32). 64(10). 

‘H kMR (CD& &“&cd &I. 601). i.& (3H. 5; CH,), 

6.34 (2H. s. H-3/H-7), 7.31 (IH, s. H-IO), 7.80 (IH, s. H-5). 
‘H NMR (TFA): 2.76 (3H. d. J = I.1 H7, CH,). 6.73 (2H. q. 
J = I.1 H7, H-3:H-7). 7.61 (IH. s. H-IO). 8.11 (IH, s. H-5). 
“C NMR (TFA): see Table 2. 

(ii) A sample of 5 was prepared by the method of Mann 
and Saunders.” The once recrysiallisal produa (50 8) was 
dissolved in NaGH aq. (Iv:) and extracted with CHCI, 

(5 x 200ml). The CHCI, cxiracw were washed with dil 
NaOH aq. and ulth waler and then dncd (M8SQ. Re- 
moval of the solvcnl. and recrysiallisatlon of the r&due 
from ErOAc afforded I (63 mg. O.I3”/; recovery) as col- 
ourlcss microscopic ncedlcs. m.p. 333-4’. 

(iii) A mixture of 5 (I7 6 8, 0.1 mole), clhylacctoacetare 
(13.0 8.. 0. I mole) and cone tin!%, (50 ml.) was allowed io 

srand for 24 hr. The producr was isolated as dcscribai in (i) 
above lo give 1 (21 mg. 0.009”;). m.p. 333X. 

(iv) A mwurc of 5 (17.68, 0.1 mole). ethylaatoaatate 
(I 3.0 8.. 0. I mole) and cone tt_sO, (50 ml ) was heated on the 
waler bath for 4 hr. The produci was isolated as described in 
(i) lo 81ve t (I .42 8, S.p,,,). m p. 3334 

The spcclral propcrtlcs of the samples of I isolated in (i) 
10 (IV) were dcnncal. 

4-Mrrhyl-2H-MphrhoIl. 2-bbyran-2-one 7a was synihe- 
siscd by rhe procedure of Robmson QI crl..” m.p. I70 I ” 
(lit.” m.p. 170’) ‘H NMR (CDCI,). 2.47 (3H. d. J- I.2 Hr 
CH,),6.M(lH.o.J = 1.2ttr.H-3).7.56(IH.d.J.. -8.8Hr 

H-Sj, 7.62.(lH.‘m, tt-9). j.64 iiH. A. H-8).-7.67 (IH\ 

broadcncdd.J, = a.I3Hr_H-6).7R5(IH.m.H-7).8.53(IH, 
m, H-IO). “CNMR (CDCI,): I9 2 (CH,). 114.5 (C-3). 115.4 
(C-4a). I20 5 (C-5). 122.8 (C-IO). I23 4 (C-IOa), 124.3 (C-6). 
127.3 (C-9)*. 127.9 (C-7)*. 12X.8 (C-8)‘. I35 0 (C&I). 150.9 
(C-lob). 153.6 (C-4). 161.1 (C-2). 

I-Mrrhyl-3H-Mphrho[2. I-blpyrrm-3-0~ 8a was syn- 
the&cd by rhcprocedurcof Muflyc/u/..“m.p. 181-2 (lit.” 
m.p. I83 ) ‘H NMR (CDCI,). 2.88 (3H. d. J = I.2 Hz, CH,). 
6.3H(IH.q.J= l.2ttz,H-2).7.45(lt1,d.J,=8.8Hz.H-5), 
7.59(lH.m.tt-8).7.64(lH.m.H-9).7.93(lH.m.H-7),7.97 
(IH. broadened d. J, - 8.8 Hz. H-6). 8.59 (IH, m. H-IO). 
‘Y‘NMR (CDCI,): 26.4 (Ctl,). 114.6 (C-lob), 116.7 (C-2). 
117.9 (C-5). 125.2 (C-IO).. 125.6 (C-9)*. 128.0 (C-81.. 129.9 
(C-7)*: 130.4 cc-&)*.’ 131.5 (C-sap. i 33.8 ‘(C-6). I 54.3 
(C-l). 154.9 (C-&i). 160.5 (C-3). 

7-Hydrox,v4merhy/coumorm 5 was synlhaiscd by the 
prdurc of Mann and Saunders.” “C NMR (TFA): 19.4 
(Ctl,). IO5 3 (C-8). lll.2(C-3). 116.3 (C-IO). 116.9 (C-6). 
128.6 (C-5). 156.3 (C-9). 161.9 (C-4). 162.1 (C-7). 170.0 
(C-2). 

4, 5.7. Trirncrhylcoumar m was synthesised by Ihe pro- 
&ur~ofClayton.~m.p. 181-2’ (Ilc.wm.p. 1756’.lit “m.p. 
1834.5 ) ‘Y’NMR (CDCI,). 21.2 (CH,-7). 24.3 (CH,-5). 
25.1 (CH,4). 115.6 (C-3). 116.3 (C-8). 117.0 (C-IO). 129.8 
(C-6). 136.7 (C-5). 142.1 (C-7). I54 5 (C-4). 155.4 (C-9). 
160.9 (C-2). 
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