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Abotmct-Thee of the four posPibk isomeric 3-hydroxy-@-chloroflavindogcnide cblorohydrins have 
bccnprcparuibytheactionofhydrogez~chloridcin benzmbetba on Bavindoge&lc cpoxidcs.l The 
configurations of the chlorobydrias have been detami and the structurca of the qmxidca from which 
they arc derived have been corr&ted. Attempta to prepare the fourth isomaic flavindogenidc halohydrin 
arc dwcrii The mechanism of the epoxide ring opening reaction is diecussed. 

RESULTS 

~WIIS,~MZS-FLAVPENIDE epoxkk (II& c)' on treatment with dry hydrogen 
chloride in benzene-ether caused the epoxide ring to open with inversion of contlgura- 
tion at the point of attack (zransqening) to yield eryrlrrofrmrschlorohydrins (VIIb, 
c). Cyclization of the latter compounds with base regenerated the original epoxides. 
On the other hand, treatment of trans,cis- (IVb, c) and of cis,trans- (Vb, c) and cis,cis- 
(Vlb, c) flavindogenide epoxides with hydrogen chloride in benzene-ether caused the 
epoxide ring to open with retention of conllguration (&-opening) to give threo,cis- 
(VIIIb, c), etythro,trwts- (VI&, c) and qv~~ro,cischlorohydrins (IXb, c) respectively. 
Cyclization of chlorohydrins (VII& c) gave cis~isepoxides (VIb, c) and cyclization 
of chlaohydrins (IXb, c) yielded rrmrs,ci.repoxides (IVb, c). Although the crude 
reaction mixtures were not analysed for other products, the consistently high yields (in 
the order of 90%) for the reactions indicated almost exclusive formation of the of the 
products shown in Scheme 1. 

The unsubstituted flavindogenide epoxides (IIIa, IVa) did not yield chlorohydrins. 
This may be due to the absence of the activating p-OMe group in the side chain aryl 

group- 
Attempts were made to prepare the fourth isomeric halohydrin by S$ replacement 

of chlorine by iodine in the erythro,.fr~-chlorohydrin (VIIb). Cyclization of the new 
rlrreo.@uns-halohydrin (XI) should in turn yield the required cis,frans-epoxide (Vb; 
Scheme 2). 

l The terms evrlvo- and rhreo- prefixed to chlofohydrins refa to the configurations about the 3-o 
bond and the tams cfs- and fruns- r&r to the relative poaitioas oftbe phcnyl group at the 2-position and 
the OH group at the 3positim1. It should be rcmunbaul that the wition in flavindogalidc cpoxidcs 
corresponds to the a-position iu the chlorohydrine. 
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a; R=H, As&H, 
b: R=H; Ar=C$I,-p-OMe 
c: R=OMe; Ar=C&I,-pOMe 
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However, treatment of the chlorohydrin (VIIb) with sodium iodide gave, not 
iodohydrin (XI), but 2-phenyl-~4-methoxyphenyl~2,3,4,5-tetrahydrobenzo- l-oxepin- 
3,5dione (XII), which was identical with an authentic sample obtained by the action 
of boron tritluoride on trans,fruns-3-anisylideneflavanone 

HCI w- 

epoxhL4 

Another possible route to the unknown rhreo,trcrnschlorohydrin (Xb) was by trtm- 

opening of the epoxide ring in epoxide (Vb). Treatment of Vb with hydrogen chloride 
using methanol as solvent gave the methoxyderivative (XIII) and not the expected 
chlorohydrin. When the reaction was carried out in isopropyl alcohol a compound 

Ph 

XII 

thought to be the fourth chlorohydrin (Xb) was obtained. This compound is very 
unstable, and decomposes with the evolution of hydrogen chloride both in solution and 
in the solid state to produce a higher melting compound. The compound regenerates 
epoxide (Vb) when it is treated with sodium hydroxide solution. The NMR spectrum 
of the crude product is not inconsistent with structure Xb, but further work is required 
for its characterization. 

Two adeuterated chlorohydrins (VIII% and IX’c) were prepared by the action of 
anhydrous hydrogen chloride on lMeuterated epoxides (TV% and WC) in benxene- 
ether. The chemical shifts of the a- and of the 2-protons of the third chlorohydrin 
(VIIc) were so similar to those of (VIIIc) that the adeuterated (Vc) was not 
prepared. 
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DISCUSSION 

The structures of the chlorohydrins (VIIb, VIIIb and IXb) and (VIIc, VIIIc and 
IXc) are supported by elemental analyses, IR and NMR spectral data (Table 1) and by 
their reactions. 

I 

That the chlorohydrins have the 3-hydroxy-a-chloro (I) rather than the alternative 
3chloro-a-hydroxy (II) structure was shown by the following. (a) The chlorohydrins 
were resistant to oxidation by Jones’s Reagent, where it is expected a benxylic OH 
group would be readily oxidized. A control sample, benxhydrol, was readily oxidized 
by the reagent. (b) The position of the OH was confirmed by taking the NMR spectra 
of the chlorohydrins (VIIc, VIE and IXc) in deuterated DMSO. In this solvent the 
rate of proton exchange is so reduced that the effect of vicinal coupling in primary or 
secondary alcohols becomes observable. That no coupling of the a- and hydroxyl- 
protons occurs in this solvent conilrms the 3-position of the OH group. (c) The IR 
spectra of the chlorohydrins show strong H-bonding of the OH peaks in carbon 
tetrachloride. Dilution studies showed that the OH and CO bands had nearly the same 
relative intensities at high and low dilutions, indicating that the H-bonding is 
interm~lecular.~ (d) The chlorohydrins do not liberate iodine from an acidified potas- 
sium icdide solution as would be expected from a-haloketones 

These results are consistent with structure I which is the chlorohydrin resulting 
from the expected’ direction of ring opening of a I-keto-Zsryl epoxide, the g-carbon 
being more stable with a developing positive charge in the transition state than the a- 
carbon. 

The four isomeric flavindogenide epoxides can be inter-related by examining the 
chlorohydrins (VIIb, VIIIb, IXb) which they yield and the epoxides produced on 
subsequent ring closure.* Although the opening of an epoxide ring may occur in a cZS 
or tram mannet (depending in certain cases on reaction conditions) to produce 
structurally different chlorohydrins,’ chlorohydrins. under basic conditions form 
epoxides by a rruns nucleophilic Su2 displacement (Scheme 3). 

The formation of chlorohydrin VIIb from epoxide IIJb with subsequent ring closure 
under basic conditions to regenerate epoxide IIIb indicates that the epoxide ring in IIIb 
opened with inversion of configuration at the point of attack (frwrsqening). On the 
other hand treatment of epoxides (IVb, Vb and VIb) with hydrogen chloride in 
benxene-ether give chlorohvdrins (VIIIb, VIIb and IXb) which on cyclodehydrohalo- 
genation gave epoxides (VIb, IIIb and IF%), different from the starting epoxides. 

l The redions of&- and frans-3-anisylida~ctlavanones and of cfs- sod frans-3-anbylidcne-7-mcthoxy- 
tlavanoacs and their derivatives are in most mspccta completely analogous. The discussion is baaed on 
the rc8ulra obioal with the formcz umlpolmd.9 except in thos-c cases where difkalas exist or where 
data arc available only for the 3-anioylidenc-7-methoxyflavanone derivatives. The tables and figurea 
include data for both systems when it i.9 available. 
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SCHEMx 3 
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indicating that the epoxide ring opened with retention of cotiguration. This conclu- 
sion presumes that the configuration of the C atom at the 2-position remained 
unchanged. However, there was the possibility that an epimerization occurred at the 2- 
position under the basic conditions of the cyclodehydrohalogenation reactions. This 
type of epimerization has been observed9 by Freudenberg et al. when (-)-epicatechin 
(XIV) was converted into (-)-catechin (XV) by aqueous base. 

K&O, 
W’ 
100~ 

HO HO 

XIV xv 

However, 3anisylidenellavonone epoxides (IVb and VIb) were stable under the 
basic conditions used for the cyclization reactions. 

Since treatment of the epoxides with hydrochloric acid followed by recyclization of 
the chlorohydrins formed does not involve a change in stereochemistry at the C-2 and 
C-3, the relative configurations at these positions must be the same in epoxides (IIIb 
and Vb) and in epoxides (IVb and Vlb) it follows that the relative geometry of the CO 
and the karyl groups differs in each of these pairs of isomers. 

The above evidence on its own is insuflicient to enable actual con@urations to be 
assigned to the epoxides but taken in conjunction with the results obtained from the 
peracid epoxidation reactions and with the spectroscopic evidence the assignments can 
be made. 

The configurations of the three chlorohydrins (VI& VIIlb and Mb) (Scheme 1) 
were derived from the known stereochemistry of the epoxides (Vb, VIb and IVb) which 
they produced on trans cyclodehydrohalogenation. The question remains as to why 
three of the epoxides (IVb, Vb and VIb) react with retention (cisopening) and one 
@lb) with inversion of configuration (trmrsopening) when treated with hydrogen 
chloride. 

The mechanism for c&opening of the oxirane ring in epoxide compounds is uncer- 
tain; however, a number of pathways have been proposed.’ Wasserman and Aubreyr” 
suggested that in epoxy aroyl systems a double inversion occurs which involves 
participation of the CO group as shown in Scheme 4. 
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In the case of flavindogenide epoxide this mechanism is not applicable as the CO 
group is remote from the +rbon during cleavage. 

It has been proposed’* lo that a four-centre mechanism operates in the c&opening of 
dypnone oxides by hydrochloric acid and in the c&opening of truns-chalcone oxides 
by boron trifluoride.” 

SCHEME 5 

HO Cl 
/ 

Ph llfiC ,; -C;:” R’ 

A modification of this mechanism (Fig 2 or 3) in which the reacting C atom has a 
high degree of carbonium ion character was put forward by Brewster. l2 An ion pair (as 
in Fig 3) is considered as being held in a solvent cage so that cb attack by the chloride 
ion is favoured. 

FIG 2 Fm 3 

In the c&opening of flavindogenide epoxides the four centre mechanism, or a 
modification of it, is likely to be involved. 

An inspection of models (Dreiding) shows that there is no steric inhibition to cis- 
ring opening by a four centre mechanism in the case of the cissis- (VW, cis,frmrs- 
(Vb) and truns,cis- (IVb) epoxides. However, in the case of the truns,fru?zs-isomer 
(IIIb) there is some steric compression between the phenyl group at the 2-position and 
the side-chain aryl group. A transition state leading to opening of the epoxide ring with 
retention would initially release strain as the C-bposition would attain more sp* 
character allowing the phenyl and aryl groups to separate further from each other, but 
on c&attack by the chlorine atom (or ion) it would attain sp3 character with the 
consequent return of the non-bonded interaction between the 2- and B(a) aryl groups. 
Instead, trmrs-attack by the Cl atom of a second molecule of hydrogen chloride (or 
chloride ion) would be more energetically favoured leading to inversion of configura- 
tion at the barbon with consequent release of strain. 
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SCHEME 6 

Ph 

H Cl 

Ph 

EXPERIMENTAL 

A. fruns,fraw3-Aniaylidlavanone epoxidc (IIIb; 2 g) WRUI dissolved in dry benxenc-ctha (3 :2; SO 
ml) preaaturated with dry HCI gas. The resulting xoln WIU stirred for 30 min. On removal ofthe solvent a 
yellow oil was obtainad which crystallized lkn benzene to give chiorohydrin VI& (1.7 g), m.p. 166 
165’ (dcc). (Found: C, 70.0; H, 4.7; Cl, 8.4; McO. 8.3. &,hp,,O,Cl requires: C, 70.0; H, 4.9; Cl, 9.0; 
McO, 7.9%). v,, (KBr) 3482 (OH), 1690 cm-’ (C =O). The compound gave a negative potaaaium iodide 
test. 

B. cfs,fwu-3-Anisyliddlavanone epoxide (Vb) in a similar cxpt gave cblorohydrins VIIb, m.p. 163O 
(dec). A mixed m.p. detamination with the product t?om the previous expt showed no depression. 

three, cis-3(a-Chlommt.sy&3-hy&aqtkwanone (VII%) 
trunwfs-3-Anisylidcne8avanone epoxide (IVb; 4g) on trcatmcnt with HCl in bcnxencethcr as de- 

scribed in the preceding expt gave 3.5 g product. m.p. 106-l lS”. which on purification on silica gel using 
ether ae elucnt, followd by rcuyaUlixation from cyclohexane gave ch&rohy&fn VIIIb, mp. 125-127O 
@cc). (Found: C, 70.4; H, 5.1; Cl, 9.0. C,,HHO,Cl requires: C. 70.0; H, 4.9; Cl, 9.0%). v,, (CC13 
3485 (OH), 1708 cm-’ (C =0) (no change in v, obaervcd on dilution. 

c&c&-3-Anisylidavanone cpoxidc (VIb: 1 g) on treatment with HCI in bcnza~bether gave a gum 
(0.8 g) which on purillcatioo gave IXb, m.p. 145-146“. (Found: C, 70.0; H, 5.0; Cl, 9.3; McO, 7.5. 
C,,H,,O,Cl requires: C, 70.0; H. 4.9; Cl, 9.0; MeO, 7.9%). v_ (KBr) 3485 (OH), 1690 cm-’ (C = 0). 

erythropans-Ye~~3-h~-7-~~~~ (VI&z) 
Anhyd HCI wan bub&d into a soln of IIIc (lg) in Bm (3*5:2: 55 ml) for 25 min. The 

volumeoftbcsolnwrs~(~evrporPta)to~3mlandetha(20ml)wasaddedHcxcme 
(20ml)wlusddsdtothtwPmedsolnandonkacpingtheresulting~for 12hratroomtemp lgof 
white crystals, m.p. U&139” (dec) seprratcd which on rccrysMizatia~ from bcnz~~ gave chlo&ydrin 
VIIc (O-65 g), m.p. 139-142’ (dec). (Found: C, 68.1; H, 5.1. C&,O,Cl requirea: C. 67.8; H, 50%); 
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v_(CHC1,l346O@omiedOH),2844(OCH~and 169O~m‘~(C=O), T(CDCI~ 2.08-2*8(m,6H,Ar- 
H), 3.07 (d,I=9c/s. 2H. Ar-H) 3.28-3.6 (m. 4H, k-H. 6-C-H and 8-C-H). 4.58 (a. lH, a-H), 4.79 (8. 
HI, 2-H), 547 (8.1 II, OH ; not concentration dependent, exchanges with D,O), 6.19 (s, 3H, OMe). 

The chlorohydrin was not oxidixed when treated witb Jones’s Reagent; a control, batrhydrol, at the 
same molar concentration, 0.05 A4 in acetone, required O-5 ml chromic acid soln before tbe reaction 
mixture assumed a red colour. The chlorohydrin soln did not decolorixe chromic acid soln (1 drop) even 
on standing for 20 min. In deuterated DMSO the signal of the a-H remained as a sharp singlet. 

threocis-3_(a-C~o~~~~hy&~-7-~th~v~o~ (VI&) 
Anhyd HCI was bubbled into a soln of IVc (4 g) in benxcne-e&er (2 : 1; 150 ml) for 45 min. After the 

soln had stood for 3-5 hr the solvent was removed (rotary evaporator) leaving a residual oil. The oil was 
dissolved in a hot mixture of hexane (100 ml) and benxme (25 ml) and the resulting soln on cooling 
deposited chlorohydrin VIIIc in white crystals (3.5 g; 80%). m.p. 126-127’. (Found: C, 67.95; H, 5.1. 
C,&,O,CI requires: C, 67.8; H, 5.0%); v, (CHCIJ 3460 (bonded OH), 2840 (OMc) and 1690 cm-’ 
(C=O), 7 (CDCI,) 2.2 (perturbed doublet, J - 9.5 c/s, HI, 5-C-H), 2.34 (perturbed doublet, J = 9, 2H, 
Ar-H), 2.9 (s.5H. Ar-H), 3-09 (d,/=9 c/s, lH, k-H), 3.38 (pair ofdoublets,J= 2 andJ=9.5 c/s, lH, 
6-C-H; one doublet overlapping 8-C-H signal). 3.43 (perturbed doublet, J=2 c/s, lH, 8-C-H) 4.56 (s. 
1H. a-H). 4.77 (s. 1H. OH: not concentration dependent. exchanges with D,O) and 6.27 (s. 6H. OMe). 

When recrvstallixed from cyclohexane. this compound incorporates O-5 mole of cvclohexane per mole 
of chlorohydrin to give crystals, m.p. 98-101’. (Found: C, 69.8; H, 5.9. C,,HH,,O,Cl requires: C, 69.4; 
H, 5.8%). NMR specbum shows a signal at 7 8.59 (6H) and the IR spectrum shows a strong absorption 
at 2930 cm-*. 

th~-3~aCilorwr~~~ydroxy-7-mct (VIII’c) 
In an cxpt similar to the preceding one, WC (2 9) gave chlorohydrin VIII% in white crystals (Hexane), 

m.p. 124-126O. The IR and NMR spectra (CHCQ m essentially identical with those of the non- 
deuterated isomer except for the presence of weak akorptions at 945 and 971 cm-’ in the IR spectrum 
and the absence of the signal at r 4.60 (which was thus assigned to the a-H) in the NMR spectrum. 

athrocis-3~aChlorwn~~3-hy~-7-~t~v~o~ (I%) 
In a reaction similar to that described above for the formation of chlorohydrin VIIIc, epoxide WC 

(0.75 g) gave chlorohydrtn IXc (0.7 g; 86%) in fine needles, m.p. 131-133’. (Found: C, 68.1; H, 5.25. 
&II,,O,Cl requires: C, 67.8; H, 5.0%); v, 3460 (bonded OH). 2840 (OMe), and 1690 an-’ (C = 0). r 
(CHCQ 2.52 (d, J=9 c/s, IH, 5-C-H). 2.81-3-55 (complex multiplct, 11H. A&I), 3.82 (a. lH, 2C- 
H), 458 (s, HI, a-H), 6.17 (s, 3H, OMc,), 622 (s, lH, OH; concentration dependent) and 630 (s, 3H 
OMc). 

The chlorohydrin was not oxidized when treated with Jones’s Reagent. In deuterated DMSO the a-H 
signal (T 4.43) remains a sharp singlet. 

crythro.cis-3~aar-Chr~y~3-hydroxy-7-~t~x~~~ud (IX’c) 
In an expt similar to the preceding one, VI% (075 g) gave chlorohydrin IXc (065 g; W/a in 6ne needles, 

lap. 131-133”. The IR and NMR spectra were essentially identical with those of the nondcuterated isomer 
\ c ceptforthcprartnaolsmaUabsorptionsat969andW9cm-1intbcIRspectrumandtheabscnaofa 
signal at T 458 (which can thus be assigned to the a-H) in the NMR spectrum 

Treatment of cis,trans-3-onisyl~avanone qwxide (3%) fn almhol soiutt~~~~ with hydrogen chloride 
(a) Wfrh methanol and lithfum chloride. To a stirred soln of MeOH (50 ml) which had been saturated 

first with LiCl and then with dry HCI at O” was added Vb (O-3 g) in MeOH (50 ml). The maction mixture 
wasstimdatO0for2hraadthenpo~onto500mlofanicc-watcrmixhue.Thewhitceolidwhich 
pptd was removed by gltration and washed thoroughly with water. 

The product, 3-hydroxy-3-(~methoxyanisyl)Bavanone, was charactcked by its IR and NMR spectra: 
v, 3490 (OH), 2740 and 2730 (OMe). and 1695 cm-’ (C =O). T (CDCI~ 2.14-3-48 (complex multiplet, 
13H, Ar-H). 4.58 (s, lH, 2-C-H), 5.96 (s, lH, a-H), 6.58 (broad signal. 1H. OH), 6.36 (s. 3H, 

ArOMe), and 7.1 (s, 3H, OMe). 
@) Wirh propun-2+f. To a stirred saturated soln of (25 ml) of HCI in propan-2-l (saturation wa 

carried out with HCl at 0’) was added Vb (0.3 g) in propan-2ol(4O ml). The soln was maintained at O” 
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for2hrandtbenpouredintoanice-wcrtamixturc.Awhite~~solidpptdwhichwasrcmovadby 
flltrationandwrrshedwith~.AnNMR~ofanaliquotofthesolid,whicheho~that 
essentially only one component was preumt, bed signals at c 2;25-3.67 (complex multiplct, h-H), 464 
(s, lH), 522 (s, IH) and 641 (s, 49 OMe and possibly OH). 

The amorphous s&i was dissob’ed in hot hcxanc and on coO1hl8 the rmllhkl8 sobi 8 white sdid (0.025 
8) m.p. M&1420 was obtained. An additional solid (O-25 8). 115-155O was obtained on rcducin8 the 
volume of the mothw liquor. This solid was dissolved in CDCI, (0.5 ml) and allowed to stand for 1 hr. 
The soln assumed a yellow colour and cvolvcd HCI. An NMR qectrum of this soln showed that in 
addition to the or&inal compound a second component was present to the atent of 25-30%. The 
chlor&rm soln was added to acctonc (20 ml) and NaOHaq (10 ml; 10%) was added to the resultin 
mixture which was then vigorously shaken for 10 min. The solvent was removed from the upper organic 
layer and the r&dual solid was rccrystallixcd Ram EtOH to 8ive crystals of Vb (0.09 8) characteri& by 
a comparison of its m.p. and IR spactrum with an authentic sample. The m.p. of the solid obtained 
initially (m.p. i40-142O) when determined 12 hr aiter isolation was 135-165’ (dec). 

Sodiumiodidc(O.lg)~addtdtoasolnofVIIbinbutan-l~andthemixturcwasheatcdunda 
r&x for 2 hr. The solvent was cvaporatcd and the residue dissotvcd in e&r. The ethercal soln was 
washed with water and dried (Na$O,). Removal of the solvent gave a residual oil which crystallixcd from 
MeGH in lint nccdlcs of2-phenyl-4(4-methoxyphtnyl)-23fl,5-t~~ydr~l~xepia-3,5dione (77 m8), m.p. 
151-152O. A mixed m.p. dctcrmination with an authentic sample’ showed no depression. 

Cyclo&hydmhalogenation of chlorohydrins with have 
The chlorohydrins were dissolved in acetone and trcatcd with NaOHq Tbc epoxidrs formed were 

charrctaixcd (cxccpt in the cast of VIc which is new) by mixed m.p. &terminations with authentic 
samples and comparison of IR spectra (m most casts) with IR spectra of authentic samples.* 

In a typical example a soln of VIlb (O-2 8) in acetate (10 ml) was shaken with NaGH aq (5 ml; 10%) 
for 10 min. The acetone layer was separated and the solvent removed. The solid residue which remained 
was recrystallized from EtGH to 6ve W (0.17 8), in needles, m.p. 176.7O. 

In similar cxperimcnta chlorohydrin VW (I.0 8) 8ave cpoxide VIb (O-9 8). m.p. 145.5-146.5O; 
chlorohydrin DCb (0.1 8) 8ave cpoxidc IVC (O-08 9). m.p. 126127’: chlorohydrin VIIc (O-3 8) gave 
CpOXidc nIC (0.2 8). m.p. 145-147O; chlorohydrin VIIIc (2.0 8) 8ave cis,cis-3-an&v~&ne-7-merho~- 
fiVMoue epoxi& (‘UC: 1.6 8). m.p. 186-l88o. (Found: C. 74.3: H. 5.3. C,&O, requires: C. 
74.2; H, 5.2%); chlorohydrin VIIIc (l-5 8) 8ave cpoxide VIc (0.95 8), m.p. 184-185o; chlorohydrin IX 
(0.2 8) gave epoxide NC (0.16 8). m.p. 165-166’. 

Stability qftrans&eporide IVb 4nd of cis&qo&ie VIb rowor& bpre 
A soln of Nb (0.1 8) in a&one (10 ml) was shaken with NaOHaq (5 ml; 10%) for 10 min (ia. 

conditions used for cyclodehydrohalogamtion of chlorohydrins). The acctonc layer was scparatcd and 
tbc solvent rcmovcd. The r&dual solid crystallixod Roni JZtGH in cubes of IVb (O-92 8), m.p. 126-127“. 
A mixed m.p. determination with starting material showed no depression. No tract of VIb was de&&cd 
OnTIC. 

Treatment of Vlb (O-1 8) by the same procedure yicldod only the starting cpoxidc (O-082 8). No trace 
0fIVbwasdctecmdonTLC. 
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