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STEREOCHEMICAL. STUDIES IN FLAVANOIDS 

B. J. BOLGER, K. G. MARATHE,* E. M. PHILBIN and (the late) T. S. WHEELER 
Department of Chemistry. University College. Dublin, Ireland 

and 

c. P. LILLYA 
Dcprtmcnt of Chemistry, Univcticy of Mauachusctts, Amhcnt. Massachtuctts, U.S.A. 

(Rrc&ed 16 Jwu 1966) 

Ababact-The chemistry and stcrcochcmistry of flav-3~nc derivatives arc discus&. Three of the 
four possible racwnatcs of 4-aatoxy-3-bromotvaru arc described; the fourth -te was obtained 
in a mixture with another isomer. Synm of trans-3-hydroxytlavan. the parent compound of the 
catcchin scriu and of the aatatc of cir-3-hydroxyflavan. parent compound of the epicatc&n series, 
uc outlined. 

PREVIOUSLY we reported* that cis-hydroxylation of flav-3-ene by osmium tetroxide 
gave 2,3-rrunr-3,4-cir-flavan-3,4-diol. In extension of this work bromination of flav- 

3cne (I) resulted in the formation of two isomeric 3+dibromoflavans, m.p. 118” and 
103’ respectively. On the basis of NMR data and of the expected lrmir addition of 
bromine, the former is regarded as 2,3-rrant-3,4-rranr-3,4-dibromoflavan (11) (J,., - 
9.5 c/s, J,., = 7-8 c/s) and the latter, m.p. 103”, (J,., = 2.0, J,., = 1.2 c/s) as 2.34~ 
3.4rrant-3,4dibromoflavan (III). The possibility that (111) is an all ~rans rotamer of 
(II) having the phenyl group on carbon-2 and the two bromine atoms in axial 
conformations, which cannot be ruled out on the basis of NMR alone, is highly 

unlikely since this structure would have a large 1.3 bromine-phenyl interaction. 

er 01 
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Isolation of d&axial and di-equatorial dihalides on halogenation of various 
cholcstenes has been accounted for by the suggestion that the initially formed di-axial 
products rearran ge to the lrans ditquatorial isomers.’ Neither 2,3-&-3,~lruns-3.4 
dibromoflavan (III) nor its 2.3~mm-3,4-rratu isomer (II) undergo this type of 
rearrangement. The production of both isomers was therefore attributed to the 
simultaneous formation of the bromonium ions (IV and V), followed in each case by 
lrults opening and attack at the electronically favoured benzylic carbon atom, leading 
to di-axial as well as diquatorial products. In the present case the geometry of the 
bromonium ions (Dreiding models) is such as to permit facile attack of an anion at 
position4 from either side of the molecule and hence electronic rather than steric 

l Prwcnt address: Dqrtmcnt of Chemistry, University of Poona, India. 

1 K. G. Marathc. Eva M. Philbin and T. S. Whc&r. Chem. & Ind. 1793 (1962). 
g G. H. Alt and D. H. R. Barton. 1. Chum. Sot. 4284 (1954). 
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factors must govern the course of the reaction. In support of the above mechanism 
2,3_cL-3,4rrmu-fbromoflavan-r(-ol (VI; R = H) acetate, m.p. 133” (J,,, = 1.7 c/s, 
J,,, = 2.3 c/s) and 2,Errcnr3,drranr-3-bromoflavan-4-o1 (VII) acetate, m.p. 141’ 
(J,., = 9.2 c/s, Js., = 8.3 c/s) have been obtained from the action of N-bromsuccini- 
midosulphuric acid on flav-3ene. These compounds arc evidently formed by attack 
of hydroxide ions at position 4 of the bromonium ions (IV and V). 

OM 0 
V VU IX 

Treatment of 2,3-cir-3,4-rrrmr-3,4-dibromoflavan (III) with silver acetate gave 
2,3-&-3,4-rrmrs4aatoxy-3-bromo5van (VI; R = AC). Retention of configuration 
at positions - 3 and -4 in this reaction suggests that it takes place via the intermediate 
IV with ncighbouring group participation by the 3-axial bromine atom. Reduction of 
compound VI (R = AC) with lithium aluminium hydride gave 5van4asl (VIII).t 
Sodium borohydridc treatment of this aatate followed by oxidation of the rcsuIting 
bromohydrin VI (R = H) with chromium trioxide gave cir-3-bromo5vanone (IX), 
m.p. 110’. 

The two 3-bromotlavanoncs were prepared according to the method described by 
Bognar er al.4 and are found by a study of their NMR spectra to have the stcrco- 
chemistry shown at IX and X. These assignments arc in agreement with those 

IX X 
e.* ‘Qt. I,) . . .I. -, “-a*. I*,, l . , e,. 

obscrval by Clark-Lewis er uf.” for the 3-bromo derivatives of 6-methyl-4’-methoxy- 
and 6-methyl-3’,4’dimetoxy_flavanoncs. 

When 2,3-rrrmr-3,4-rrmrr-3,4dibromoflavan (II) was treated with silver aatate a 
product which was shown to be 6040% mixture of 2,3-rrans-3,4_trans- and 2,3-trans- 
3.4-c& 4aatoxy-3-bromo5van resulted. Although it was not possible to effect a 
separation of these isomers, the NMR characteristics of each could be clearly detected. 
Sina a spectrum of pure 2,3-rrmrr-3,4-rrrmr4aatoxy-3-bromotIavan was available 
assignment of signals to the 2,3-rrans-3,4-c&isomer (J,,, = 10.4. J,,, = 3.5 c/s) in the 
spectrum of the mixture was relatively simple. 

The fourth raamate of 4-aatoxy-3-bromofiavan, the 2,3&-3,4-&s-isomer, m.p. 

’ C. P. UJya, D. K&oc. E. hf. Philbin. M. A. Vii and T. S. Whaler, Chm. & hf. 84 (1963); 
B. J. Bolger, A. Hirwc, K. G. Muache, E. M. Philbin, M. A. Vickan and C. P. Lillya, Terrahfm~ 
22,621 (1966). 

’ R. Bognar. M. Rakai md Gy. Litkci, Acta Chh. Ifyp. 34.39 (1962). 
* J. W. Chrk-Lewis. T. McL. Spotswood md L. R. WillAm. Awtral. 1. Chcm 107 (1963). 
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125” was prepared by reductionof 2.3~cti-3-bromoflavanone with sodiumborohydride 
and acetylation of the product with pyridine-acetic anhydride. 

For comparison purposes the NMR data for the four possible racemates of 
Qacetoxy-3-bromoflavao are given in Table 1 and compare well with similar data for 
the flavan-3,4-diols.a In metal hydride reductions of flavanones, 2.3dihydroflavonoW 
and 3-bromoflavanor& the hydroxyl group generated is the equatorial isomer and is 
ci.r to the aryl group at position-2. 

TABLe 1. SPECTRAL PAIualms FOR 4-*cl?ToxY-3-aRoMoPLAvANs 

Chemical shifts (tp Coupling constarlb in c/e 
2H 3H 4H J *.a J ,.a 

2.3~ck-3.4-cis 4.63 5.4 3.6 I.5 4.5 
2,3-h-3,4-trans 4.67 5.6 3.7 1.7 2.3 
2.3~tram-3,4-tram 4.63 5.37 3.5 9.2 8.3 
2,3-traJw3,4cis 4.6 S.36 3.74 lo.4 35 

l Tetramcthylsilmc was wed as intanal standard in deutcriochlorofom solution 
* Coupliog colutanta arc aaalrate IO 50.2 c/s. 

Treatment of 2,Ecir-3,4-rran.r4acetoxy-3-bromo!Iavan (VI; R = AC) with 
methanolic potassium hydroxide for 30 min furnished rrmtr-flav-3-ene epoxide (XI; 
J,., = 1, J,., = 4.6 c/s), m.p. 106’. The bromoaatate VI (R = AC) or the latter 
epoxide on prolonged treatment with methanolic potassium hydroxide gave 2,3- 
rranr-3,4-rronr-3-hydroxy4methoxytIavan (XII), m.p. 143”. The structure of this 
mcthoxyflavan was assigned on the basis of NMR data; the large coupling values 
J,,, = 9.5 c/s, J,., = 8.5 c/s, are characteristic of rtans d&axial hydrogens, and clearly 
indicate a trans-trans stereochemistry. Sina attack by methoxide ion on the trans- 

!lav-knc epoxide (XI) would give either XIII or XII depending upon whether attack 
was at carbon 3 or 4 it is clear from the above assignments of stereochemistry that 
the product must be XII. 

A hydroxymcthoxyflavan was also the product when 2,3-frans-3,4-rrans4aatoxy- 
3-bromoflavan was similarly treated with methanolic alkali. By analogy with the 
results quoted above and with those obtained by other workers8 the compound is 
regarded as 2,3-cir-3,4-rranr-3-hydroxy4methoxyiIavan (J,.e = 0, Js., = 0, Jon., = 
6 c/s), formed via the intermediate cis-5v-3-ene epoxide. 

Anionic attack at position-4 also occurred when a solution of the frmuzpoxide (XI) 
in dicthyl ether was treated with hydrochloric acid gas. The product of this reaction 
was 2.3~rront-3.4c&l-chloro-3-hydroxyflavan (XIV; J,., = 9.4, J,., = 2.8 c/s) formed 
by &opening’ of the epoxide ring. 

As regards the geometry of rranr-flav-3cne epoxide, apart from the method of 
preparation a further proof of the assigned stereochemistry was obtained when the 
epoxide was reduced with LAH. The product formed by preferential reduction at the 

’ M. A. Vickam. Tetruhedron 20.2873 (1964). 
’ R. Bognu. M. Rakai, H. Fktchcr. E. M. Philbin and T. S. Whakr, T&ah&on 19, 391 (1963). 
’ J. W. Clark-Lewis and L. Il. Wilson. Awrrul. /. C&m. 18,QO (l%S’); C. G. Jo&i and A. B. Kul- 

knmi. 1. Iwikul Gem. .!&. 10.34 (1957). 
’ C. C. Tung and A. J. Spc&e, Chcm. & tnd. 1985 (1963); H. H. Wamrman and N. E. Au&y. 

1. Amer. Chem. Sot. 78, 1726 (I 956). 
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benzyliccarbon atom at position-4 was rront-3-hydroxyflavan, m.p. I IO”, characterized 
as its acetate, m.p. 53” (J,.s = 6 c/s, Js.,. - Js,,e = 10 c/s). The low J,., 7. 6 c/s value 
was comparable with that (J l.s - 6.7 c/s) obtained for the 3-acetyl derivative of 
O-tetramethylcatechin.*” Further 2,3-rranz-3,4-rronr-flavan-3,Qilio111 on catalytic 
reduction with palladous chloride, or 2,3-rranr-3.4-&-4+zhloro-3-hydroxyflavan on 
treatment with lithium aluminium hydride gave rranr-Ehydroxyflavan identical with 
that obtained from the rrmrcpoxidc XI. 

The reduction of the epoxide function to an equatorial hydroxyl on position-3 is 
unusual as epoxides preferentially open to give d&axial products. However, recently, 
an analogous opening of an epoxide ring in an aromatic A ring steroid has also been 
attributed to the benzylic nature of the epoxidic carbon atom.” Similar reduction of 
ci+flav-3ene epoxide’j with LAH gave an oil, which on acetylation gave CL-~- 
acetoxyflavan, m.p. 110” (J,., = I.0 c/s). This reaction again showed preference for 
attack at the benzylic carbon of the flavan structure. 

In the case of conformationally rigid cir-bromohydrins the action of alkali usually 
gives ketones rather than epoxides.t’*“’ However, treatment of 2,3-cis-3.4cis4 
acetoxy-3-bromoflavan with methanolic potassium hydroxidegavean unstable bromine 
free compound, m.p. 88” which decomposed on standing. It yielded flav-2-enet on 
reduction with lithium aluminium hydride and gave davylium chloride’” with hydro- 
chloric acid gas in dry ether. These reactions could best be accommodated by 
assigning a 4-hydroxyttav-2-ene structure to the compound which presumably resulted 
from di-axial dehydrobromination from the 2.3~sites. The IR spectrum showed the 
presence of a hydroxyl group and oxidation with active manganese dioxide” gave 
flavonels in good yield. Attempts to prepare a derivative of the hydroxyl function 
failed, probably due to its allylic natureU 

EXPERIMENTAL 

NMR spectra: a Varian Associates A-60 spectrometer at 6Omc; Chemical shifts relative to 
TMS a, an internaI standard. 

Bromlnorion of+knc. Br (2.8 g) in Ccl, (40 ml) w;u added to a u>olcd soln of flpv-3-cnc’ 
(4 g) in CCI, (30 ml). The solvent was removed after 24 hr and fractional crystallization of the oily 
residue from pet. ether (b.p. &MO”) gave 2,3-&3.4mns-3.44bromojucwn (3.1 g> in cubes, m.p. 

” J. W. Clark-Lewis. L. M. Jackman and T. M. Spotswood. Awrrul. /. C&m. 632 (1964). 
1’ E. 1. Corey, E. M. Philbin and T. S. Wheeler, Terruh&on hrrrrs 429 (1961). 
*@ 0. Wintersteiner, M. Moore and A. 1. Cohen, /. 01~. Chem. 29, 1325 (1964). 
‘0 Method of preparation kindly supplied by Dr. M. A. Vickars (unpublithed work). 
1’ D. H. R. Barton. D. A. Lewis and J. F. McGhic. /. Chum. tic. 2907 (1957). 
I* A. Hassmr and T. C. Mead. T&r&&on 20,220l (1964). 
** A. Lowcnbcin. E. Pongracz and E. A. Spicss. &r. Dtsch. Chim. Ges. 54, 1517 (1924). 
I’G. Stork and M. TornaqI. Anur. Chcm. Sot. 86,471 (1964). 
1’ W. Fcuentcin and St. v. Kostanccki, fir. Dtsch. Chim. Gcs. 31. 1757 (1898). 
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103”. (Found: C, 49.1; H, 3.4; Br. 432. C,,H,,Br,O requims: C. 48.9; H. 3.3; Br, 43.4%) and 
7~.tranr_3,4-tran.s.3+&romo~ (@6g) in nccdka, m.p. 118”. (Found: C, 49.4; H, 3.3; Br, 

42.7%. Requiru: as above.) No rcurangernent occur& when either dibromide was mfiuxcd for 

5 hr in Ccl,. 
Acrion of N-browwsuccinimide-sJphwic acidonpoPkru. N-bromostknimidc (@8 g) in aatonc 

was added slowly in two portions at 30 min intervals to 8 solo of flnv-knc (o-5 g) in aqueous aatOnC 

10 ml H,O; SO ml Me&O) and )N H&O, (Q8 ml). After addition of the fu’st portion, water (9 ml) 
was added and after the second portion additional IN H&O, (a35 ml) was added and the mixture 
was stirred for S hr. The soln was diluted with water and extracted with ether. The ethereal layer was 
washed with water and dried. Removal of the ether gave an oily residue from which a solid precipi- 
tated. The oil was soluble in pet. ether (b.p. 60-80”). Crystalliralion of the solid from a pet. ether- 
benzene mixture gave in needles 2.3-cranr-3.4-rrans-3-bromotIavan4-ol(OO7 g). m.p. 195” (lit.’ m.p. 
19S”). -f-his compound was identical (m.p. and CR spectrum) with a sample prepamd by reduction of 

rruns-3-bromoflavanone with NaBH ,;a acetate (pyridinc-Ac,O) needks, m.p. 141’. from pet. ether. 
(Found: C. 58.3; H. 4.4; Br, 23.1. C,,iI,,BrO, requires: C. 58.8; H, 4.3; Br. 23.1%). l-he aoctatc 
of the oil fraction was 2.3cU-3.4-t~c~foxy-3-bromo~ (m below). 

Brominarion ofj?awnone. Br (16.9 g) in CHCI, (2S ml) was added to a soln of tlavanone (24 s> in 

CHCI, (250 ml). After 24 hr the solvent was removed. Fractional crystallization of the midue from 
pet. ether (b.p. 6&80”) gave cl-3.bromotIavanone* (1 IS g). m.p. 1 IO’, and rronr-3-brornoflavano& 
(2S g). m.p. 93-94”. 

A&on 01 silver ace~orc on 2.3&3.4-trans-3,4-dibrow~$arun. AcOAg (O-3 g) was added to a 
soln of fEC~3.errMF-3,~ibromo~v~ (OS g) in AcOH (7 ml) and the mixture refluxcd for 1 hr. 
Pmcipitated AgBr was removed and the filtrate was diluted with water. The resulting ppt crystallized 
from pet. ether (b.p. 6MW) in plates of ~3ci~3.4-tr;uu-rkrccfoxy-3dromo~n (@34 g), m.p. 
133”. (Found: C. 58.4; H, 4.3; Br. 22.8. C,,H,,BrO, requires: C, 58.8; H. 4-3; Br. 23.1x.) 

Lithium oluminlnm hydride reducrion of 2.3ci4-3.4t~-4-ocrroxy-3-bromopown, LAH (I g) 
was added to a soln of 2,kis-3,4~runs4aatoxy-3-bromoflavan (I g) in dry ether (60 ml) and the 
soln refluxed for 6 hr. The ethereal layer was washed with 10% HCI, water, and dried. Removal of 
the ether under red. press. gave fiavan4a-ol” (0.U g), m.p. 118” (identitkd by mixed m.p. and corn- 
parison of its IR spectrum with that of an authentic sampk). 

Acrfon ojsodiwn borohyirldc on 2,3~3,4_t~crroxy_3-&oromopaum. NaBH, (023 6, wu 
added slowly to a soln of 2.3-cis-3.4-rranr4aatoxy-3-bromoflavan (I.36 g) in MeOH (SO ml) and 
the mixture allowed to stand for 24 hr. Water was added and the mixture cxrracted with ether. 
Removal of the ether gave 2.3-cir-3.4fran.s-3-bromoflavan4ol as an oil which decomposed on 
distillation and which was directly oxidiud to the bromoflavanone. 

Oxidorion 01 2.3cis-3.4-trans-3-browwJ%rwn-4-ol wirh chromium t&xi&. 2.3.cb-3.4rrans-3- 

BromoRavan4ol (I g) obtained as described in the previous experiment was dissolved in A&H 
(300 ml) and the soln cooled to O-S”. A soln of 00, (0.8 g) in aqueous acetone (66%: 118 ml) wu 
added and the mixture was stirred for 5 hr and poured into &water. The ether extract of this mixture 
wu washed with So% NaHCO,aq and dried. Removal of the ether and crystallization of the residue 
from pet. ether (b.p. 6tMO”) gave cls-3-bromoflavanonc in prisms (063 g). m.p. I IO”. The identity 
of this compound was confirmed by mixed m.p. and comparison of its IR spectrum with that of an 
authentic sarnpk.’ 

Action of silwr acc~olc on 2,3-tran.+3.4-traw3.4-dibromo@mn. AcGAg (O-4 g) wps adduf to a 
solution of 2,3-rruns-3.4-rronr-3,4-dibromoflavan (0.4 g) in AcOH (10 ml) and the soln was refluxal 
for 1 hr. AgBr which precipitated was removed and the filtrate was diluted with water. The tuulting 
ppt was crystallized from pet. ether (b.p. 60-80”) and gave a product, m.p. 131”. NMR studies on this 
product showed the prcscnu of 2.3-rrunr-3.4-rruns-4-aatoxy-3-bromoflavan and 2.3.trunr-3.4.cfr- 
4-aatory-Ebromofiavan. These compounds could not be separated by fractional crystallization; 
furthermore, only one spot was observed on a silica gel TLC run with pet. ether (b.p. 6&80”)-benzene 
(SO% mixture). 

2.3ci~3.4ciL4Ac~roxy-3-bromopown. Pyridim (S ml) was added to a soln of Ebromoflrvan4 
01 (0.95 g), m.p. 142’.* . m Ac.0 (2s ml) and the mixture was allowed to stand overnight. The solid 
obtained on pouring the mixture into icbHCl crystallized from pet. ether (bp. 6MtO”) in plates of 
2.3cis-3.4-cis4accfoxy-3-browwjavan (0.6s g). m.p. 125”. (Found: C. S9.2; H. 4-S; Br, 22.8. 
C,,H,,BrO, rquires: C. 58.8; H. 4.3: Br. 23.1 ‘/..) 
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tmns-Fkt+3-cnc epoxide. Mcthanolic KOH (2.8 g in 60 ml) was added to a soln of 2.3-c&3.4 
rrmu4=toxy-3-bromotIavan (32 g) in McOH (60 ml) and the soln was allowed to stand for 1 hr. 
Addition of water precipitated trans-+3-crrc epoxidc (1.62g) which ayrtahizzd from pet. ether 
(b.p. 6G80”)in necdks, m.p. 106”. (Found: C, 803; H, 53. C,,H,,O,rquires: C, 8@3; H, 5.4x.) 

fEtrolu-3.4traru-3-Hyirox~~rkxypown. Mcthanolic KOH (0.4 g in 25 ml) was added to 
a soln of rrunr-flav-kne epoxidc (@8 g) in M&H (25 ml) and the mixture was refluxed for 10 min. 
Water was rddcd and the soln was extracted with ether. Bemoval of the ether and aystahization of 
tic residue from EtOH gave 2,3-tran+3,4-tran+3-hy&oxy4mr~hoxy~ (0.3 g), m.p. 143”. (Found : 
C. 750; H. 6.2; OMc. 12.4. C,,H,,O, rquiru: C, 75-O; H, 6.3; OMc. 12.1x.) This compound 
war also the product when the experiment was repeated using ~3-ci(-3.erranr4rcctory-3-btomofla- 
van instead of the epoxidc. 

~3-cB3.4-tronr-3-H~ox~~1~xy~. When f3-rrcvu-3,4-/ranr4Patoxy-EbromoBavPn 
(@29 g) wm treated with methanolic alkali as dacribcd in the previous cxperimcnt the product was 
fkir-3,~rrmu-3-hydroxy4~~ox~~ @19g), m.p. 103-104”. (Found: C, 75.1; H, 6.4. 
C,,HI,O, rquiru: 85 above.) 

Action of hydrochloric acidp on trams-poP3-ene epoxti. Dry HCJ gas was pas.& through a soln 
of rrunr-flav-3-cnc epoxidc (063 g) in dry ether (SO ml) and the mixture allowed to rtand for 12 hr. 
After washing with water and S% NaHCQaq evaporation of the dried organic solvent gave a residue 
which crystallized from pet. ether (b.p. -80”) to yield i$trans3,4-&4-ch~oro-3-hy&oxy~ 
(@59g), m.p. Y6”. (Found: C, 68.7; H, 5.0; Cl, 14.0. CI,H,,CJO, rquircs: C. 69.1; H, 5.0; Cl, 
13.6%) 

tram-EHy&uxypcnwYr. rrunr-Flav-3-cnc cpoxide (0.11 g) in dry ether (25 ml) was tmated with 
LAH (0.4 g) and the soln was refluxed for 2 hr. The ethereal soln wu wasbed with 10% HCI. water, 
and dried. BemovaJ of the ether and crystallization of the ruiduc from pet. ether (b.p. 60-80”) gave 
trans-bhy&oxy+ in needks (04 g). m.p. 1 IO’. (Found: C, 79.8; H. 6.2. C,,H,,O, rquiru: 
C, 79.6; H, 6.2%); ace~urc (A@-pyridine) nadks, m.p. 153” (pet. ether b.p. 6&80’). (Found: C, 
76.2; H. 6.2. C,,H,,O, rquires: C. 76.1; H, 6.0x.) Similar treatment of 2,~rronr-4.3-3,4-&4 
chloro-bhydroxytlavan (0.2 g) in dry ether (30 ml) with LAH (0.2 g) abo gave rranGhydroxy&van 
(0% g), m.p. and mixed m.p. 1 IO”. 

Hy&~enolys& of f3-trMI-3.4fra~-~3,~1. ~3-rroru-3,4-frMI-Fav~3,~o111 (0.75 g) 
in McOH (30 ml) was hydrogenated over palladous chloride (0.1 g) at 60 atm/50” for 12 hr. The 
catalyst was filtered off. water was added and the mixture was extractal with CHCI,. Evaporation of 
the CHCI, gave a white residue which was partly soluble in pet. ether (b.p. 60-80’). The pet. ether 
solution was filtered hot and reduced in volume. 2,3-rranr-EHydroxyflavan (a044 g) crystallized 
from the soln in naadla, m.p. 1 IO’. (Mixed m.p. with product from reduction of rranr-t&xv-3tne 
cpoxidc gave no depression.) 

nearmcnr of 2,3cis-3.~i~acc~oxy-3-&omopouM with wdmwlic a&all. Methanolic KOH 
(2.5 gin 30 ml) wan added to a soln of 2,3-c&3,4-&40atoxy-Ebromotlavan (3 g) in McOH (70 ml). 
After 18 hr the soln WIU diluted with water and the solid obtained crystallized from pet. ether (b.p. 
60-80”) in nccdks of 4-hydroxy~2-ene (I.1 3. m.p. 88”. (Found: C, 8@3; H, 5.5. C,,H,,O, 
rquirea: C, 80.3; H, 5.4%) 

Lirhfwn alum&rium hydrl& r&don of 4-hydrvxypoWn_2-enc. 4-Hydroxy&v-2-~n~ (O-9 g) wu 
rduxcd with LAH (I.5 g) in dry ether (30 ml) for 3 hr. The ethercal layer was washed with water. 
10% HCI and dried. Removal of the ether gave an oil which aystahirzd from McOH in priun, of 
tlav-2-em (@4 g). m.p. and mixed m.p.r 52”. 

Action of hydrochloric acidgas on 4-hydroxy@tdene. Dry HCI gas was passed through a s~ln of 
Chydroxyfiav-Z-cnc (I g) in dry ether (40 ml). A yellow ppt formed which was colkcted and washed 
with dry ether. The yellow solid wu flavylium chloride (@8 g), m.p. 84-86’. A mixal m.p. &tcrmina- 
(ion and a comparison of ita IR spqtnun with that of an l uthqtk sampk” wnhrmod its identity. 

OX&&U~OR of Ch$roxypoP2_mr. MnO, (3 g) was added to a stirrod soln of Chydroxyflav-2tnc 
(@4 g) in dry ether (30 ml). After 24 hr the soln wu filtered and the ether dried and evaporated under 
red. p’tss. The residue crystallized from McOH in nccdka of thvone (@2 g) m.p. 96”. (Mixed m.p.t” 
wntinnation.) 

&3-Acero#nntr. LAH (@l g) wu added to a soln of cLr-fkv-3tnc epoxid~‘~ (@l g) in dry 
ether and the mixture wu rctluxed on a steam-bath for 3 hr. Wet ether was added followed by water 
and theether layer wa, wnshcd with HCI, water, and dried. Evaporation of the ether gave an oil (0.07g). 
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Pyridinc(lml)ws,~dcdtoasolnofcheoilinA~O(3ml)~dthemixturrllloWbdto~OYeT- 
night. The ppt obtained on pouring the mixtun into icew8tu crysrrllitbd from pet. ether (b.p. 6& 
80”) in colourics plates of cis-Saccroxypown (0-04g). m.p. 110’. (Found: C. 76.2; H. 6-O. C,,H,,O, 
rcquiru: C, 76.1; H, 6.0x.) 
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