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Mu&~-The four possible iaomeric gavindogenide (3-arylidcncllavaaocc) epoxidcs (type III, IV, V and 
Vl) have been ayntbcsizcd and their um6Surations aasigncd on the basis of chemical and epcctroscopic 
data Suggested mcchaaiams for the epoxidation reactions arc discus&. 

RESULTS 

TREATMEIW of cis- (IIa, b, c,) or trwrs- flavindogenides2*JP (Ia, b, c) with alkaline 
hydrogen peroxide gave in each case a mixture of two isomeric trans-flavindogenide 
epoxides (II& b, c) and (IVa, b, c) in the ratios shown in Table 1. The yields of 

TABLE 1 

FlaGll- 
dogelide 

Reascnt Ratio of epoxidea in products 
transcis- to frans,trans- CisJrmrr- to cis.cis- 

tr0n.s Ia HPJNaOH 3.2 1 - - 

Pertid’ 1 20 - - 

fransIb H,OJNaOH 3.1 - - 
paacid~’ - (loL6~ - - 

lra?ls Ic HP#aOH 3.3 1 - - 

cis lla H@JNaOH 74-8*0 1 - - 

Paacid’ - - 4.2 1 
ctr IIb H,OJNaOH 7.2 1 - - 

per&P - - 3.3 I 
ctr Ire HPJNaOH 7.3 1 - - 

l m-chlaropahan.oic acid. * p-nitroperbatxoic acid 

epoxides were almost quantitative and the NMR spectra of the reaction mixtures 
showed no other products. In each experiment it was possible to calculate the relative 
proportions of the two epoxides since each component had a singlet corresponding to 
a single proton and these singlets were well separated in the NMR spectrum. Although 

l (a) The term cis- or rrans- prefued to Ilavindogenides aml their epoxidee refers to the relative positions 
of the carbonyl and the side chain aryl group; when a eecond term is prefixed it refers to the relative posi- 
tions of the phenyl group at position 2 and epoxide oxygen at position 3. All llavindogenides and their 
epoxidee and related compounds mentioned in this communication am racemates ; (b) the discussion will 
be baaed on the reactions of rran.+ and &-Ilavindogenides Ib and IIb and their derivatives Tk reactions 
of rrwts- and cis-flavindogenides (Ia, c) and (Ha, c) and their derivatives are analogous. 
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a cis- or tram- flavindogenide gave the same two epoxides, they were obtained in 
significantly different ratios (Table 1); the formation of epoxides from the truns- 
isomers were much faster than from the c&compounds (Table 2). 

TABLE 2. COMPARISONOPREACTN~ES~PC&-~~vtrrms- 
FLAVINDOGENIDES M ALXAL.ME HYDRWEN PEROXIDE SOLmIONS AT 50O 

% Composttion of reaction mirtures 
Flavin- Time Flavindogcllidea Epoxides 

dogcnide CiS- trans- tWl.WiS- tronsfrans- 

cis- Ilb 50 min trace 0 89 11 
trans- lb 10min 0 0 76 24 
cis- nc 4lIP 0 0 13 10 
fruns- Ic 15min 0 0 II 23 

l The reaction was held at 50’ for 15 min and then allowed to come to room 
temperature over a 4-hr period. 

There was an appreciable difference in the stability of cis-flavindogenides (IIb and 
11~) towards alkali of the concentration used in the alkaline hydrogen peroxide epo- 
xidation reactions. For example, cis-flavindogenide (IIc) was isomerized into the fruns- 
isomer (Ic) to the extent of only 5% after 24 hr, while c&flavindogenide (IIb) was 
completely isomerized to Ib in 12 hr. However, the rate of isomerization of c&isomer 
(IIb) by base was slower than its rate of epoxidation in alkaline hydrogen peroxide. 
Thus IIb was isomerized to Ib to the extent of 86% under conditions of time, tempera- 
ture and initial sodium hydroxide concentration in which IIb was completely con- 
verted into epoxides when hydrogen peroxide was present. 

Epoxidation of truns-flavindogenide (Ib) with m-chloro- or with p-nitro perbenzoic 
acid gave only truns,trunsepoxide* (IIIb) while trans-flavindogenide (Ia) with m- 
chloroperbenzoic acid gave predominantly trans,frunsepoxide (IIIa) together with a 
small amount of truns,cisepoxide (IVa). Epoxidation of cb-flavindogenides (IIa, b) 
with m-chloroperhenzoic acid gave mixtures of epoxides (Va, b and Via, b), in the 
ratios shown in Table 1. 

In order to differentiate between the signals of the gand the C-2 protons in the 
NMR spectra of epoxides (IIIa, c and IVa, c) these compounds were prepared, with 
deuterium in the pposition, from the corresponding g-deuterated flavindogenides.2 

When 2,2diphenyl-3benzylidene4chromanone (VII)* was treated under condi- 
tions which readily produce flavindogenide epoxides, only unchanged starting material 
was recovered. Under more vigorous conditions, although the chromanone disap- 
peared from the reaction mixture, no epoxide was found. 

Attempts to prepare flavindogenide epoxides via flavawkls (VIIIa, b; cJ Scheme 
2) failed. Reduction of flavindogenides (Ib, c) with hydrides, depending on the reaction 
conditions, resulted in, either, the recovery of starting materials or formation of 3- 
anisylflavan4ol (IXa) or of 3-anisyL7-methoxytlavan4ol (IXb). 
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DISCUSSION* 

Stereochemistry. The gross structures of the flavindogenide epoxides were deduced 
from their formation by well established routes, satisfactory elemental analyses, char- 
acteristic ring opening reactions and spectral data The configurations of the epoxides 
were assigned on the basis of the known stereospecificity of the peracid epoxidation 
reactions, the correlation of the epoxide structures through chlorohydrin derivatives’ 
andonspectraldata. 

The usual method employed to prepare a-ketoepoxides is by reaction of a$ 
unsaturated ketones with alkaline hydrogen peroxide. This reaction is stereoselective 
but not stereospecific. 4o To obtain keto-epoxidea stereospecifically the sequence of 
reactions shown in Scheme 2 has been used.&* * 

scHE!m 1 

INa) Ph(a) Ph(a) 

Rq.qr .z:, ‘qLr + Ra;r 

I 111 IV 

Ph /-- PM) Phia) 

V 

a:R=H;Ar=CJI, 
b:R=H;Ar=CJ&-p-OCH, 
c: R = OCH,; Ar = C&I,-pOCH, 

0 Ph 

VII 

H6 H 

VIII 

a:R=H 
b: R = OCH, 

H6 

IX 

a:R=H 
b: R = OCH, 

l (a) The term c& or ham prefixed to flavindogmidea and their qmxidcs refers to the relative positions 
of the carbmyl and the side chain aryl groups; when a wcond tam is prdixed it refers to the relative 
positions of the phcayl group at position 2 and qmxidic oxygen at position 3. All flavindogenides and 
their epoxides and related compounds mentioned in this communication are racematca; (b) the discussion 
will be based on the readions of fmns- and c&-flavindogakkx Ib rmd IIb and their derivatives. The 
reactions of trww and cis-flavindogmides (Ia, c) and @a, c) end their dcxivativcs arc analogous. 
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SCHEME 2 

0 R” HO R” 

IO1 

HO R” 0 R" 

The double bond of an a$-unsaturated carbonyl compound is generally unreactive6 
towards the electrophilic’ peracid reagent and reaction at the CO group (Baeyer- 
Villiger reaction) predominates.* This diiculty was overcome in a number of case+ b 
by reduction of the CO group prior to the stereospecifics peracid epoxidation reaction. 
Application of this method to the flavindogenides proved unsuccessful. 

rrans-Flavindogenides failed to react with performic, peracetic and pertritluoro- 
acetic acids. Since cis-a,@nsaturated ketones are known to be more reactive towards 
electrophilic reagents than are the truns-isomers,9 epoxidation of cls-flavindogenide 
directly with aromatic peracids was attempted. cir-Flavindogenide(IIb)with mchloroper- 
benzoic acid gave a mixture of the cisepoxides (Vb and VIb) Unexpectedly, trans- 
flavindogenide (Ib) also reacted with aromatic peracids and formed the truns-epoxide 
(IW. 

Studies on peracid epoxidation of olefins have shown that the reagent, if not 
influenced by a nearby polar substituentiO such as hydroxyl, attacks the olelin pre 
dominantly from the less hindered side” of the molecule. In the epoxidation of trans- 
flavindogenides presumably the steric rather than the polar effect of the axial 2-Ph will 
inlluence the approach of the reagent and the oletlnic bond will be attacked on the side 
of the molecule opposite that of this group (purrs-attack). 

Thus it is concluded that truns-epoxide (IIIb) has the Ph group at C-2 and the 
epoxide oxygen at C-3 trans orientated. Consequently, in the isometic transcpoxide 
(IVb) these groups have a cis relationship. This conclusion is supported by the NMR 
spectra (discussed later) of these compounds. It has been demonstrated,’ through the 
intermediate formation of chlorohydrins, that the relative stereochemistry at C-2 and 
C-3 in cisepoxide (Vb) and in ?runs,fruns-epoxide (IIIb) is the same; hence epoxide 
Vb is the c&runs-isomer. Similarly, the stereochemistry of the 2- and 3positions of 
cis-epoxide (VIb) and truns,cisepoxide (IVb) was related and showed the former to be 
the ci.Ms-isomer. l 

These findings are supported by results obtained from the m-chloroperbenxoic acid 
epoxidation of the cis-flavindogenide (IIb; in which the 2-Ph group is presumably 
mainly in the axial conformations). The major product is the ci.r,trun.Gsomer (Vb) 
obtained by “truns-attack” of the double bond and the minor product is the cis,cis- 
isomer (VIb) which is obtained by “c&attack” of the molecule (when the phenyl group 
is possibly in the equatorial position). 

NMR spectra. The NMR spectral data (Table 3) of the four isomeric epoxides 
supports the structural assignments made above. It also enables assignments of con- 
formation to be made to the 2-Ph groups. 

l The epoxides HIa, IVa, Va and Via did not form chlorohydrins. Their structurca wcse assigned by a 
comparison of their qectra with the known CO~~OUIKIS W, IVb, Vb and VIb. and by the methods wed 
in their preparation. 
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It was expected that the g-protons in the rruns pair of epoxides @lb and IVb) would 
absorb at lower field than the same protons in the cis pair (Vb and VIb) because of the 
deshielding influence of the CO groupi in the former. The relatively high value (5.501) 
for the l3-proton in the truas,cis-isomer (IVb) was unexpected. Inspection of Dreiding 
models of the trans,trans- @lb) and trans.cis- (IVb) isomers in which the CO groups 
are held in the same plane as the A rings, to take into account the conjugation between 
the fused benzene ring and the CO group, as shown by IR measurements, indicate that 
the g-hydrogen of the former is in the plane of the CO group (and thus in the 
deshielding region) while the g-hydrogen of the latter is 25-30° below the plane of the 
CO group. The bproton of truns,fruns-epoxide (IIIb; 4.82~) is clearly more &shielded 
than the g-proton of trunssisepoxide (iVb; 5.605). A further significant difference 
between the NMR spectra of the two trwrs-isomers is that the 2-Ph protons of isomer 
IIIb are equivalent while those of isomer IVb are not. Dreiding models show that in 
each case the 2-Ph group must be axial to avoid severe steric interaction with the lJ- 
aryl group. In the case of the fruns,c&poxide (IVb) the epoxidic oxygen is closer to 
the 2-Ph group, and presumably creates the magnetic nonequivalence of the 2-Ph 
protons. 

The NMR spectra of the cis-isomers indicates that the c&c&epoxide (VIb) also has 
an axial 2-Ph group since the l3- and 2- proton signals are close to the field positions of 
the corresponding protons in epoxide (IVb) but different from those in cis,trans- 
epoxide (Vb) in which the 2-Ph group is considered to be in an equatorial conforma- 
tion. The bproton in the cb,fruns-epoxide (Vb) gives a signal considerably upfield 
(6.23~) and the protons at C-2 give a signal downfield (4.20~) relative to those of the 
corresponding protons in the &,&isomer (VIb). 

This data is best explained by considering the 2-phenyl group in Vb as being in the 
equatorial conformation and that of VIb as being in the axial conformation. A 
comparison of structures Vb and VIb, using Dreiding models, shows that in isomer Vb 
relative to Vlb the g-hydrogen is closer to the shielding influence of the 2-Ph group and 
the hydrogen at C-2 is further removed from the shielding effect of the epoxide ring. 
The magnetic nonequivalence of the protons of the 2-Ph group in cis,trarrs-epoxide 
(Vb) further supports the suggestion that this group is equatorial; were the 2-Ph axial, 
these protons should be equivalent by analogy with those in the truns,truns-epoxide 

OIW. 
Mechanbm ofepoxidation. The establishment of the conligurations of the llavindo- 

genide epoxides has clarified the course of the alkaline hydrogen peroxide epoxidation 
reactions with cLF- and trans- flavindogenides. 

Alkaline hydrogen peroxide epoxidation of a,@nsaturated ketones proceeds by 
attack on the olelin bond by hydroperoxide ion to produce an intermediate carbanion 
(or enolate ion) which collapses to a keto-epoxide (Scheme 3’~ 9. The product formed, 
according to a general theory of “overlap control”,b~14 is that in which there is least 

-0on 0 

R&=CHC-R - 

a 

R,C-CH-C-R - 

A/ ; R~C~FHC- R 0 8 
H2 
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hindrance to electron delocalixation in the transition state of the reaction. Overlap 
control favours the product with an unhindered CO group, which, in the case of keto- 
epoxides is the one in which the ketone function and the larger group on the PC atom 
are trwrs to one another. The results of the present work on epoxidations are in accord 
with this accepted mechanism; however, several additional factors must be considered 
in the case of flavindogenide substrates. 

Epoxidation both of cis- and fruns- flavindogenide (IIb and Ib) gives in each case a 
mixture of truns,cis- (IVb) and fruns~runs- flavindogenide epoxides (IIlb). Thus the 
alkaline hydrogen peroxide reaction results in products which have the larger group on 
the PC atom purr.9 to the CO group. 

An inspection of models shows that when the 2-Ph group is in the axial conforma- 
tion its steric interaction with the g-aryl group in the transition state leading to trans 
epoxides is less than that encountered between the baryl and the CO groups in the 
transition state leading to cis products. However, when the 2-Ph is in the equatorial 
conformation there is severe steric interaction in the transition state leading to the 
trans epoxides. Indeed, in the case of the 2,2diphenylchromindogenide 0, where 
one of the 2-Ph groups must be in the equatorial conformation, the epoxidation 
reaction did not proceed. 

That the trans,&epoxide was the major product from frans-tlavindogenides was 
unexpected. One might anticipate that the major product would arise from attack by 
hydroperoxide ion from the least hindered side of the molecule, as in the case of 
attack by peracids, to give mainly the trans,frons-isomer. To understand the ratio of 
products obtained (Table l), it is necessary to consider the steric effect of the 2-Ph 
group on the reaction. 

Ph 

(iii) 

SCHEME 4 

*H AL qfZOH 

.4r 

(ii) 

Ph 

I 
(it) 
(iii) 

rranscis-cpoxick III 

Ph 

(i) 
(iv) 

I 
mmtranscpoxidc N 

Models show that while initial trans-attack of the double bond of trans- 
flavindogenides (Scheme 4: path i) would be favoured. in the resulting transition state 
the two aryl groups are forced closer together. whereas in the transition state resulting 
from cz&tttack (Scheme 4; path ii) they are pushed further apart Consequently, cis- 
attack appears more energetically favoured and trans,cir-epoxides are the major pro- 
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ducts. In epoxidation of cis-flavindogenides tram attack is favoured followed by 
rotation about the 3-b bond to produce the unhindered trans,cis enolate anion intenne- 
diate (Scheme 4; path iii). The ratio of tram&- to trans,trans-isomers obtained is 
higher than with the truns-flavindogenides. 

There is the possibility that some of the cis-flavindogenide is isomerized by hydro- 
xide or hydroperoxide ions into the ttans-isomer before epoxidation takes place since 
it has been shown (Table 2) that such isomerization occurs under the alkaline condi- 
tions of epoxidation. However, since the ratio of isomers (trans,cis-; trans,trans- 
epoxide ca. 7:l) is considerably different from that (ca. 3:l) obtained from the truns- 
flavindogenide, it is evident that most of the cis-flavindogenide undergoes epoxidation 
by the mechanism shown in Scheme 4.* 

The transition state in peracid epoxidations of olefins involves simultaneous attack 
at both carbon atoms of the oletin bond’ (Fig. l).j’ 

‘R 

FIG 1 

In the case of epoxidation of trans-flavindogenides by peracids the steric interaction 
between the g- and 2-aryl groups in the transition state resulting from trwrs-attack of 
the molecules is presumably not as great as that which results between the reagent 
and the 2-Ph group, in the transition state resulting from &attack of the molecule. 
cis-Attack of truns-flavindogenides by peracid presents a more serious steric problem 
than that involved in cis-attadr by the smalla hydroperoxide ion. 

EXPERIMENTAL 

M.Ps are uucormctod. The NMR spectra of flaviudogmide cpoxides were taken at 60 MC iu CDCI, 
contaming Th4S as iutanal rcfcrcncc (Table 3). The ratio of epoxide isomers (Table I) produced iu each 
epoxidatiou rcactico was ohtaiucd from integration of well scparatcd siugkts (g-H or 2-H) of each 
componeot io the NMR spachum of the crude product. 

Akaline hydrogen peroxide epoxidation of 3-arylidenejkroancnes 

Fomwtion s/traus,trans-3-benzylidenejIat~ancne epcxide (Ma) and trans.&-3-benzylidenejl~mne epoxide 

uw 
A. From traus-3-benzylidene@enone (la) Aq NaOH (loo/, 10 ml) and HsO, (3o”/m 35 ml) were added 

l Au ahcmative mechanism involving ring opcniug of the carbanionic intermediates (Scheme 4), 
which iu each case would give the same chalcone iotermcdiatc, was rejected since the same ratio of 
epoxides would be expected from ci.r- or trun.r-flavindogeuida. 

t More recently a 1,3dipolar addition mechanism has becu proposed by H. Kwart and D. M. 
HoSkmu, J. Org. Chem. 31,419 (1966); H. Kwart, P. S. Starchcr and S. W. Tinslcy, Chew. Comrn. 335 
(1967) but it has not found general acceptance.” 
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to a suspension of Ia (10 g) in EtOH (950/, 200 ml), the mixture was stirred for 4 hr. rind allowed to stand 
for 16 hr. The crude. product (104 g) which separated was collected washed with water and chromatographed 
ovu wr) g of amndald alumina (henxenc-light petroleum. (b.p. M); 2080). The fti fraction was an 
oil (1.2 g) which crystalhavl from light petroleum (b.p. 80-100~ in needles of epoxide IIIa, m.p. 149149.5”. 
(Found: C, 805; II, 5.1. CzlHIsO, requires: c; 8047; II, 4.9l%h v_(KBr) 1686 cm-‘, I, (m McOH) 
261 mg, 334 mp. The seoond fraction was a yellow oil which crystallized from light petroleum in cubes 
ofepoxide IVa (36 & m.p 121-122”. (Found: C, 8@4; II, 4.9. C,,H,,O, requires: C, 8047; H, 4.91%); 
v,(KBr) 1689 cm-‘, L,,,,JMeOH) 262 mp, 332 rnp 

B. From cis-3-&nzyli&n&avw~one (IIa). Oxidation of IIa (0.5 g) gave a solid (O-39 g) which on 
fractional cryamllixation from light petroleum gave IIIa (42 mg) and IVa (290 mg). Mixture m.p. 
determinations in each case with authentic samples showed no depression. 

Formation of trans,trans-3-benxylfden@avanone-fl-d epoxide (III’s) andtrans,cis-3&enzylideneflavanone- 

8-d e (Iv’s) 
Alhaline HzOz epoxidation of franz-3-benzylidendIavanone-8-d (0.5 g) gave a solid which on frac- 

tional crystallixatkm from light petroleum gave enoxIde III’s (92 mg). 149-150” and epoxide IV’s (230 
mg), m.p. 120-122°, Identical (Mixture m.p.s, NMR spectra) with undeuterated analogues IIIa and IVa 
except for the absence of signals at 4.812 (8-H in IIIa) and 5.54~ (8-H in IVa) in the NMR spectra. 

Fonnc+iai ~tmns,trans-3-ani.sylidenejIaomwne epoxide (IIIb) and trans.&-3-anisylidenejiavanone epoxide 

WM. 
A. From tram+3-onlrylklmrpovwtone (Ib). Alkaline HzO, epoxidation of Ib (20 g) gave a solid (18.5 g) 

(on dilution of the reaction mixture with water) which crystalked from benxene (35 ml) to give epoxide 
W (3.2 g), m.p. 176176.5’. (Found: C, 77.2; H, 5.0, CH,O, 9.2. C&I,sO, requires: C, 77.08; H, 
5-06; CHsO, 866%). v_(ICBr) 1681 cm-l, 1, 262 mp, 334 mp. The solid obtained on removal of the 

127’. (Found: C, 77.4; H. 5.0; OCH, 9.3. CJI,sO, requires: C, 77.08; H, 5.06; OCH, 8.66%); 
v&KBr) 1689 cm-‘, I_(BtOH) 267 mp, 332 mu. 

B. From cis-3-anLrylideircpowne (IIb). Alkaline H202 epoxidation of IIb (2.0 g). gave a solid (1.8 g) 
which on fractional crystallixatii from F&OH gave cpoxide IIIb (96 mg), m.p. 176-l 77O and IVb (1.2 
g). m.p. 126127”. identical (mixture m.ps and NMR spectra) with authentic samples. 
solveat from the mother liquor crystallized from 95% EtOH in cubes of epoxide IVb (103 g), mp. 126 
Formation of tran~.trlms-J-cm~l~Fylidena-7-melliar)IPo epoxide (IIIc) and trans,cis-lanisylidene-7- 
metho~avanone epoxide (WC) 

A. From trans-3-anfsyif&ne-7-metha@uvunone (1~). Alkaline H202 epoxidation of Ic (2 g) was 
carried out as for Ia exccpt that the reaction mixture was stirred at 50” for 3 hr and then allowed to stand 
for 16 hr. Fractional crystallization of the product from aq I?.tOH gave epoxide lVc (1.0 g). m.p. 165- 
166“. (Found: C, 74.3; H, 5.25. C&,0, requires: C, 74.20; H, 5.16%); v,_(CHCl,) 1685 cm-‘, 
&@tOH) 283 mu ((I 17,600), 322 mp (s 9.170) and epoxide IIIc (0.3 g), m.p. 147.5-148.5’. (Found: 
C, 74.4; H, 5.5. CJI,O, require-s: C, 74.20; H. 5.16%). v,&HCl,) 1680 cm-‘, I_(F!tOH) 285 mp (e 
16.000). 318 mp (e 8,000). 

In subequent preparations epoxide IVc was obtained as either line needles, mp. 165.6O. or 89 fine 
needles. m.p. 145-147’. The spectral properties of the two crystalline modifications were identical. Either 
form can be converted into the other by seeding a sat soln of one with the other modification. 

B. From cis-3-a&yWene-7-merlrarypovcmonc (IIc). Alkaline H& epoxidatiun of IIc (0.5 g) was 
carried out as in the preceding experiment Crystallization of the product from &OH gave epoxide IVc 
(0.3 I g). m.p. 145-147“. The flltrate was diluted with water. The NMR spectrum of the solid (0.18 g), 
m.p. 1 19-130°, obtained showed it to be a mixture (70:30) of epoxides IVc and Ilk. Repeated crystalliza- 
tions gave a amall quantity of IIIc, m-p. 147-148O. ‘Ihe compounds were identical (m.ps, IR and NMR 
spectra) in each case with authentic samples. 

Formation qf tranqtraos-3-anlsylidcnc-7-mcthoxyflawno epoxide (111’~) and trans.&-3-anisyliene- 
‘I-met~a mgd epaxidr (Iv’c) 

Alhaline H&J2 epoxidation of Pans-3-anisylidene-7methoxyiIavanone-8-d (5 g) was carried out csscn- 
tidy as for Ic. Fine white needles of epoxide IV’c (2.7 g). m.p. 145-147” separated from the reaction 
mixture. The IR (CHClJ and NMR (CDCIJ spectra of (IV’c) were essentially identical to those of IVc 
except for the presence of bands at 1510. 998 cm-‘. and the absence of a band at 1083 cm-’ in the IR 
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spectrum, and the absence of a signal at 558 T (8-H) in the NMR spectrum The NMR spectrum of the 
solid (2.25 g) obtained on dilution with water of the reaction mixture, after separation of WC, showed 
that it was mixture (5644) of III’c and WC isomers. The spectzum was easentiaBy identical to spectra of 
mixtures of undeuterated isomers except for the absence of the Bproton signak. The overall isomer 
composition of isolated product was thus IV’c (75%) and III’c (25%). 

Peracid epoxidatfon ojarylideneJauanones 
tram-3-Benzylidenej7uuanone (Ia) A soln of Ia (@5 g) and m-chloroperbenxoic acid (05 g; 8% assay) 

in benxene (10 ml) was heated under reflux for 8 hr and then allowed to stand at room temp for 12 hr. The 
needles of m-chlorobenxoic acid which separated were removed by filtration. The filtrate was washed 
with NaHCO,aq (5%). with water and dried ((Na+IOJ. The yellow oil oMained on removal of the solvent 
was dissolved in benzene (1 ml) and chromatographed on two silica gel (100 u) TLC plates (20 x 20 cm) 
(Bluent 1:4. Benzene-light petrokum). The uppa of three bands formed, gave an oil (242 mg) which 
crystsllixed from light gctroleum (6O-84)‘) in prisms of epoxide IIIa, m.p. 149-150°. The middle band 
yielded an oil (150 mg) which crystallixed from IItOH in rhomtm of Ia, m.p. 101-102°. These products 
were indentical (mixed m.ps and NMR spectra) with the epoxides obtained on alkaline hydrogen peroxide 
spoxidation of Ia. The lower band gave a trace of oil which had the same Rrvalue as epoxide IIIa on TLC 
isilica gel; eluent I :3 benzene-light petroleum). 

Subsequent peracid epoxidation reactions were carried out as in the above experiment except where 
indicated. 

trans-3-An&yWe~1&~anone (Ib). A. mChloroperbenxoic acid epoxidation of lb (-05 g) gave an oil 
which separated into two bands on preparative silica gel TLC plates (eluent 1:4 benzene-light petroleum). 
The lower band gave a yellow oil which crystallised from EtOH (95%) in needks of epoxide IIIb (327 
mg), m.p. 176177”; identical (mixed m.p, NMR spectn~) with a sampk of IIIa obtained from alkaline 
hydrogen peroxide epoxidation of Ib. The lower band ako gave an oil which crystallixed from EtOH 
(95%) in prisms of Ib, m.p. and mixed m.p. 145-146.5’. The NMR spectrum of the product showed no 
trace of isomer IVb. 

B. When the epoxidation was carried out with pnitropertnmxoic acid in CHCl, at 35” for 24 hr epoxide 
IIIa (85%) and unchanged Ib (15%) wem obtained (NMR analysis). The epoxide, isolated by crystallization 
from EtOH, was identical (m.p. and NMR spectrum) with a sampk of epoxide IIIa obtained above. 

Formation of cis.trans-3-bmzyliakn@lavanone epoxirie (Va) and cis,cis-3-ten@de~j7avanone epoxiak 

Wa) 
m-Chloroperbenxoic acid epoxidation of IIa (0.5 g) gave a mixture which separated into three bands 

on preparative silica gel TLC platea (eluent 1:4 benzene-light petroleum). The lower band gave an oil 
which crystallized from light petroleum in 8ne needks of epaxide Va (235 mg), m.p. 167-168-5. (Found: 
C, 80.4; H, 4.95. CJ-iH,,,O, requires: C, 80.47; H, 4.91%); v,,JKBr) 1698 cm-*, I_(MeOH) 268 mu, 
337 mu. The upper band gave an oil which separated &om light petroleum in needks of epaxide Via (52 
mg), m.p. 141-142”. (Found: C, 80.5; H, 5.3. CzzHH,&& requires: C, 80.47; H, 4.91%); v_(KBr) 1684 
cm-’ I,JMeOH) 262 mp, 334 rnk The middle band gave unchanged IIa (140 mg) m.p. and mm.p. 96 
95O. 

Formath of cis,trans-3-ani@&n&zvanone epoxide (Vb) and cia,cis-3-anisybdenq7avanone epoxide 
Vb) 

m-Ch)oroperbenxoic acid epoxidation of IIb (0.5 g) gave a yellow oil which separated into three bands 
on silica gel preparative TLC plates (eluent 1:4 benzene-light petrolturn). Crystallization of the oil 
obtained from the lower band from light petrokum gave epxfak Vb (180 mg), m.p. 128-129’. (Found: 
C, 76.9; H, 5.1; OMe. 8.9. C&,,O, requires: C, 77.08; H, 5.06; OMe, 8.66%); v_(KBr) 1695 cm-‘, 
l,,(MeOH) 262 mu, 336 rnw The upper band gave an oil which crystallized from EtOH in tine needks 
ofepoxldeVIb(42mg)m.p. 145-146°.(Found:C.76~7:H,4~9:CH,0. 8~5.C2$I,s0,requires:C. 77.1; 
H, 5.1; CH,O, 87%); v_(KBr) 1698 cm-‘. The middle band gave an oil which had the same R, on TLC 
as starting Hb. 

St&&y ofJavindogeni&s under alkaline conditions of epoxiahtion 
cis-3-Anfsyfiden&mznone (Ilb). To a soln of IIb (0.25 g) in I&OH (25 ml) was added NaOH (0.25 ml; 



Flavanoid epoxides-VI 2543 

10%) and the resulting soln was kept at 50’ (const temp bath) for 50 min and then poured into water 
(150 ml) and extracted with CHCl, Tbe CHCl, sohr was wasbed with water and dried @&SO,). The 
CHCI, was removed and the residual oil was dissolved in CDCl, Analysis by NMR showed the mixture 
to cclasist of 84% fruns-isomer (Ib) and 16% of c&-isomer (Hb). 

cis-3-Anisylfdme-7-metho.z&avunotte (Hc). A similar experiment was carried out with IIc except that 
after addition of the reagents to the reaction mixture at SO0 the resulting soln was allowed to stand at 
room temp fcr 24 hr. The NMR spe&mn of the product was essentially identical with a spectrum of the 
c&-isomer (IIc). A very weak signal at 1.98 r (i&H in Ic) indicated that less than 5% isomerisation had 
occurred. 

Comparison of rates of epxhiation of b and Ub 
To a soln of Ib (0.5 g) in EtGH (50 ml) was added H202 (0.5 ml; 30%) and NaOH (0.5 ml; 10%) and 

the resulting mixture was kept at 50” for 10 min and then poured into 500 ml of ice-water mixture and 
extrrmtcd with CHCI,. The CHCI, soln was washed with water, dried (NaSOz) and the solvent removed. 
NMR analysis of the residual oil in CDCl, showed it to consist of IIIb (24%) and IVb (76%). No Ib was 
detected. 

A similar expt was run with IIb except that the quantities were reduced by half and the reaction period 
at 50’ was 50 min. NMR analysis of the product in CDCI, showed it to consist of a mixture of epoxides 
IIIb (11%) and IVb (89%). A trace of IIb but no Ib was detected. 

Compmtron of rates of epariabtion of Ic and IIc 
The expts were carried out essentially as in the preceding examples except that the reaction mixtures 

were kept at 50° for 10 min and then allowed to stand at room temp for 4 hr. Almost quantitative 
recoveries were realised in each case. NMR analysis of the crude product from Ic showed it was a mixture 
of epoxides IIIc (23%) and IVc (77%); Ic was not detected Similar analysis of the product from IIc gave 
IIIc (10%). IVc (73%) and unchanged IIc (17%). 

An identical expt was repeated with Ic except that the reaction period was 15 min. only the epoxides, 
in the same ratio as found in tbe 4 hr period, were found; no Ic was detected in the crude product. 

Formation of 3-an&y@avan-4-o1 (IKb) 
Sodium borohydride (1.0 g) was added to a stirred suspension of trons-3anisylidendIavanone (2.0 g) 

in MeGH (40 ml). A soln was obtained and afler 0.5 hr a solid separated out which was recrystallized 
from chloroform to give 3-wtisy@uvun4of (1.8 g). m.p. 1992tXY. (Found: C. 79.9; H, 6.6; OMe, 8.5. 
C,,H,,O, requires: C, 797; II, 6.4; OMe, 8.96%); v, (Nujol) 3354 cm-‘. Acetyl derivative, m.p. 148.5 
149”. (Found: C, 776; H, 6.2, OMe, 7.7. Requires: C, 773; H, 6.23, OMe, 8eA); v,(KBr) 1727 cm-‘. 

Formation of 3-anisyl-7-met~van4ol (u(c) 
In a similar experiment fruns-3-anisylidene-7-metboxyflavone (1 .O g) gave 3-anLFyl-7-metho.@7avmr-4 

01, m.p. 146.5-147.5. (Found: C, 76.4; H, 6.4. C&,0, requires: C, 76.57: H, 6.43%); v_(CHCl3 
3580 (OH), 2830 (GCH,), 1239.1035 (=C---G-C) cm-’ r 269 (S, 5H. 2-Ph), 354 (broad multiplet (lH, 
4H) becomes leas complex when sample is acid&d, 624 (S, 6H, GCHJ 7.4 (narrow multiple& 2H, CHr), 
8.58 (d, lH, OH); collapses to a singlet upon acidification; exchanges with D,O. 
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