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Abstme!-( f~7-Deoxyd-damerhoxydaunomycinone(( f )-3) was found to be deanly resolved by forming a 
mixhm of the diastcrco&c acetals (( -)9 and ( +)-lo or ( + )-9 and ( -FlO) with the titk. oichaMiol(( + )- or 
(-~~atrordingopti~ypurt(RH-)-3.Thcr*lolvingagcntJ((+~and(-~~wcrcrtadilysynthtsizcdfrom 
unnatural(2S,3S)-(-htartaricacid(( --)-6)orD-(-)-mannitolandnatural(2R,3R)-(+~tartaricacid(( +)-6), 
ru~ectively. The undesired enantiomer ((S)-( + b3) obtained by the optical resolution could be racemixed by 
heating with tritluoromethanesulfoaic acid ia aq acetic acid. Optically pure (R)-(-)-3 was elaborated to 
optically pure ( + )-t-demethoxydaunomycinone (( + )-2b) and ( + )-4demethoxyadriamycinonc (( + )A) by 
featuring highly stereoselective ( > 20 : 1) introduction of the OH group into the C,-position as a key step. 

Tbe 4-demetboxyanthracyclines, Qdemethoxy- 
adriamycin (la) and 4-demethoxydaunorubicin (lb), 
attract much attention since improved therapeutic 
indexes can be expected for these mod&d 
antibiotics.3-5 Although numerous synthetic efforts on 
anthracyclinones, the aglyconea of anthracycline 
antibiotics, have been devoted to the synthesis of 4- 
demethoxyadriamycinone (2a) and Qdemethoxy- 
daunomycinone (2b),s~6 only a limited number of 
mthods is still available for producing optically active 
4%. 5a-e.6b.l-10 

Optically pure (R)-( -)-7deoxy4demethoxydauno- 
my&none ((R)-( -)-3), from which optically active 4 
2b can be elaborated, is anticipated to hold a pivotal 
position in the synthesis of optically active 4 2b.‘v6s9 
The tetracyclic a-hydroxy ketone ((R)-(-)-3) can be 
synthesized from the optically pure bicyclic a-hydroxy 
ketone ((R)-(-)-4) produced by optical 
resolution5cc*10 or asymmetric synthesis.7-9 
However, this synthetic route seems to reduce its 
practical value since we have found that, being different 
from the reported results, sb-c the simultaneous inter- 
and intramolecular Friede1XMt.s acylation of (R)- 
(-)-4 with phthalic acid derivatives is always 
accompanied by a slight racemixation to atford (RF 
(-)-3 being cu 70-75%e~.~ While the synthesis of 
optically pure (R)-( -)-3 can be also accomplished by 
the microbial asymmetric reduction of (It )-7deoxy4 

demethoxydaunomycinone dimethyl ether followed by 
oxidation and demethylation,lo this resolution method 
has been found to be less practical because of the low 
solubility of the reduction substrate in an aqueous 
medium and inefficient ation 

segar 
of the two 

diastereomeric vicinal-diok.l Recently, along with 
increased clinical importance of la, lb, methods which 
feature direct optical resolution of ( + )-3 with optically 
active N-aminopyrrolidine derivatives” and kinetic 
resolution by the use of asymmetric epoxidation,r2 
have been explored for producing optically pure (R> 
(-b3. Novel syntheses of optically pure 2b have also 
been achieved by an asymmetric Diels-Alder 
reaction” and optical resolution of the racemic a- 
hydroxy acid’* as key synthetic steps. 

Considering the usefulness of (R)-(-)-3 in the 
synthesis of optically pure 4 2b,5 another resolution 
method was sought which can readily afford optically 
pure (R)-(-)3 from the corresponding racemic a- 
hydroxy ketone (( f b3). We have now found that 
optically pure (R)-( -)-3 can be prepared by the optical 
resolution of (&)-3 with a C,-symmetric vicinaldiol. 

This report concerns with (1) the efficient optical 
resolution of ( f h3 in which the C2-symmetric vicinal- 
diol, (2R, 3R)-(+)- or (2S, 3s) - (-) - 1.4 - bis(4 - 
chlorobenxyloxy)butane - 2,3 - diol (( + h or ( - )-S), is 
used as an excellent resolving agent, (2) successful 
racemixation of the partially optically active undesired 
(S)-(+h3, which enhances the practical value of the 
explored resolution method, and (3) further elaboration 
of (R)-(-)-3 to optically pure 4 2b by employing a 
highly stereoselective introduction of the C,-hydroxyl 
function. 

RESULTS AND DLSCUSSION 

Reaction of racemic ketone with a C,-symmetric 
vicinuldiol affords a mixture of the two diastereomeric 
acetals because the carbon atom of the ketonic function 
does not become an asymmetric center. While 
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formation of diastereomeric acetals has been occasion- 
ally employed for resolving racemic ketones,” this 
resolution method has never met success in the large 
scale preparation of optically pure ketones since 
separation of the diastereomeric acetals can usually be 
accomplished only by gas chromatography. 

With an aim to finding a suitable C,-symmetric 
oicinaldiol for resolving (+)-3, a&al formations of 
( f )-3 were examined by using readily available diols 
such as(2R, 3R)-(+)-dimethyl tartrate,16(2R, 3R)-(-)- 
butane - 2,3 - diol,16 and (2S,3S)-(-)-1,4-bis 
(benxyloxy)butane-2,3diol.17 However, a&al form- 
ation was not observed when (2R, 3R)-(+)-dimethyl 
tartrate was employed as a resolving agent. While both 
(2R, 3R)-( -)-butane-2,3-dial and (2S, 3S)-( -)-1,4- 
bis@enzyloxy)butane-2,3diol gave mixtures of the 
corresponding diastereomeric acetals in quantitative 
yields, attempted separations of the a&al mixtures by 
column chromatography or by recrystallization turned 
out to be fruitless. After these unsuccessful exami- 
nations, (+ )- and (-)-5 were selected as the most 
suitable C,-symmetric vicinuldiols for optical reso- 
lution of ( f b3 due to the excellent crystallization and 
separation properties of the diastereomeric acetals. 
These uicinuldiols (( +)- and (-)-5) were readily 
synthesized from unnatural (2S, 3S)-( -)- and natural 
(2R, 3R)-( + )-tartaric acid (( - )- and ( + )-6). 

pChlorobenxylation of ( - )-l&ho1 (( - )-7), [a];’ 
-4.3” (CHCl,), prepared from (-)-a according to the 
reported method,1g*20 followed by acidic hydrolysis of 
the formed ( +)-a&al (( + )-8), gave ( + )-5, [a];’ + 6.4” 
(CHCls). Levo-rotatory uicinnl-diol (( -)-5), [a];’ 
- 6.4” (CHCl,), was similarly prepared from ( + )-6 by 
way of (+)-7, [a]k+4.5” (CHCI,), and (-)-8. While 
unnatural (-)-a is fairly expensive for a large scale 
preparation, synthesis of ( - k7 could be also achieved 
by using D-(-)-mannitol as the starting material 
according to the reported procedure with a little 
modification.21*22 Thus, triacetal formation of D-(-)- 
mannitol, followed by partial deacetallixation, oxi- 
dative cleavage ofthe two terminal 1,2diols, and reduc- 
tion of the dialdehyde, successfully gave (-)-7, [a];’ 
-4.2” (CHCl,). 

Acetallization of ( f )3 with (+ )-5 in the presence of 
ptoluenesulfonic acid gave an oily mixture of the 
diastereomeric acetals (( -)-9 and (+)-lo), [a];’ +4.8” 
(CHCl,), in a quantitative yield. The mixture was 
triturated in ether to give crude (- )-9 in 47% yield. The 
ratio of (- )-9 to (+ FlO involved in this sample was 
estimated as 85 : 15 by the optical purity of (R)-(-)-3 
derived from this sample. Concentration of the mother 
liquor in vucuo afforded crude (+)-lo in 49% yield. The 
ratio of (- )-9 to (+ FlO present in this sample was 
similarly calculated as 20 : 80. Rough separation of ( - )- 
9 and (+)-lo could also be accomplished by direct 

recrystallization of the a&al mixture from ether- 
dichloromethane. Recrystallization of crude (-)-9 
from acetonitrile gave pure (-)-9, [a]F-53.6” 
(CHQ), in 35% (70% based on (R)-(-)-3 involved in 
(fh3) yield. Pure (+)lO, [a]i”+66.8” (CHCl,), could 
be obtained from crude (+)-IO in 18”/, (36% based on 
(S)-( + )-3 involved in ( f )-3) yield by recrystallization 
from ether. The same acetallixation of ( f )-3 with ( - )-5 
as that described above, gave a mixture of (+)-9 and 
(-)-lo, [a];‘-5.4’ (CHCl,), in a quantitative yield, 
fromwhichpure( +h9, [a];‘+ 53.8”(CHCl,),and(-)- 
10, [a];’ - 66.4” (CHCl,), could be obtained in 33% and 
16% (66% and 32% based on (S)-(+h and (R)-(-)-3 
involved in (&)-3) yields, respectively, by trituration 
with ether and sequential recrystallizations. 

Regeneration of optically pure (R)-( -)-3 from ( - )-9 
was readily accomplished by treating (-)-9 under the 
condition for transacetallization catalyzed by boron 
trifluoride or hydrolysis with aqueous hydrochloric 
acid, giving optically pure (RX-)-3, [a];‘-90.3” 
(CHCI,), in 98% or 97% yield. When (+)-lo was 
similarly subjected to transacetallization, optically pure 
(S)-( +)-3, [a];’ + 89.5” (CHCI,), could be obtained in 
97% yield. In completely the same manner, (+)-9 and 
(-)-IO regenerated (S)-(+)- and (R)-(-)-3, respeu 
tively. Recovery of the resolving agents (( + )- and ( -)-5) 
could be simply accomplished since ( + )-?3 and ( + )-5 
could be readily separated from (R)-(-)-3 by a short 
silica gel column (Experimental). 

Next, in order to improve efficacy of the explored 
optical resolution, racemixation of the undesired 
enantiomer ((S)-(+)-3) was examined. Attempted 
racemization of partially optically active (S)-( +)-3, 
61%ee, derived from crude (+)-lo, under the same 
condition as that previously explored for (S)-(+)4,” 
was less effective and proceeded with 30”/, loss of optical 
integrity. However, the use oftrifluoromethanesulfonic 
acid in place of ptoluenesulfonic acid was found to give 
the improved result. Thus, treatment of partially 
optically active (S)-(+)-3, 58%ee, with trifluoro- 
methanesulfonic acid (70 eq) in aqueous acetic acid 
afford (S)-( + )-3,22%ee, in 62% racemization. Detailed 
mechanistic studies performed using (S)-( +)-4 and its 
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related compounds,23 suggest that the racemization 
probably occurs by way of the ringexpanded 7- 
membered a-hydroxy ketones. 

Since the preparation of optically pure (RH - )-3 was 
completed, conversion of (R)-( - )-3 to ( + +, 2b was 
next attempted. 

Fairly confused results have been delineated as to the 
stereoselective introduction of the OH group into the 
C,-position of anthracyclinone nuclei.‘* However, it 
has been generally observed that the solvolytic 
displacement of 7-bromo-7deoxy-anthracyclinones 
results in predominant formation of the C+ydroxy 
or -acyloxy compounds when the &-carbon carries a 
/?-acetyl gro~p,‘*~“*~~ whereas the 7a-hydroxy 
compounds are formed when 7-bromo-7- 
deoxyanthracyclinoneslackingketonichmctionsat the 
C&-position were treated with aqueous solvolytic 
condition.27-30 Considering these trends, (R)-( - )- 
acetal ((R)-(-)-ll), [a];’ - 81.2” (CHCI,), prepared 
from (R)-(-)-3 in 98% yield, was first treated with 
bromine in a two-layered mixture of chloroform- 
carbon tetrachloride-water under irradiation with a 
tungsten lamp, to produce an epimeric mixture of 7- 
bromo-7deoxy4demethoxydaunomycinone. This 
was immediately treated with 10% aqueous sodium 
hydroxide solution, then with aqueous hydrochloric 
acid to hydrolyze the acetal, giving crude ( + )-2b in 48% 
yield.31 Chromatographic (TLC) analysis of the crude 
sampleclearlyshowed that theratioof( +)-2btoitsC,- 
epimer was more than 20 : 1. Direct recrystallization of 
this sample readily alTorded optically pure (+)-2b, 
[a];’ + 156” (dioxane), in 34% yield based on (R)-( - )- 
11. As shown in Chart 2, highly stereoselective 
formation of (+ b2b can be explained by the attack of 
the hydroxide anion H-bonded with the Cg,-hydroxyl 
group. The same explanation has been proposed for the 
stereoselective formation of C+$hyl-C,,-hydroxy- 
anthracyclinones from their 7deoxy precursors.28*29 

On the other hand, successive bromination of(R)- 
(-)-11 and treatment with aqueous triduoroacetic acid 
in the same manner as that reported,‘* was found to 
afford a mixture of (+)-2b and its C,-epimer (ca 5 : 1) 
after extra&e isolation. Separation of the mixture by 
column chromatography gave pure (+)-2b in 41% 
yield, which was used as an authentic sample after 
reTne;llization, [ali + 157” (dioxane) (Experi- 

Bromination of (+)-2b with pyridinium hydro- 
bromide perbromide according to the reported 
method,9b followed by substitution with potassium 
acetate and hydrolysis with aqueous sodium car- 
bonate, gave crude (+t2a. Direct recrystallization of 
this sample from methanol readily afforded optically 
pure ( + )-2a, [a];’ + 170” (dioxane), in 58% yield based 
on (+)-2b. 

Due to operational simplicity, use of the readily 
accessible resolving agent, and racemization of the 
undesired enantiomer ((S)-(+)-3), the optical resol- 
ution of( f )-3 described above is considered to be quite 
practical. Moreover, functionalization of the C7- 
position of (R)-(-k3 by way of (R)-(-_tll could be 
accomplished in a highly stereoselective manner, 
resulting in the isolation of optically pure (+ h2b from 
the reaction mixture by simple recrystallization. 
Taking into account these novel aspects, the overall 
process from ( f h3 to ( + )A, 2b in which all reaction 
products can be purified simply by recrystallization, is 

Ilo-( - Q#jQ -bl= - 

OH 

(lo-(-)-l1 

[p]-[izjqq- 
-0-H 

I 6” &I 
/ 

Chart 2. 

anticipated to be one of the best procedures for the 
industrial synthesis of optically pure (+)A, 2b. 

EXPERIMENTAL= 

(4R,5R)-(-)-4,5-Bis(hydroxymethyf)-2,2-dimethyl-l,3- 
dioxo&ne(( - )-7) 

(a) Preparation from (-)-6: Esterification of (-)_a (m.p. 
16gl71”; [0r]~~-~l2.3” (c = 20.0, H,O)) with EtOfi in &e 
mesena of cone H,SO, (82% followed bv acetallization with 
&&nethoxypro&.ne~6y & use of p&OH-H2O’g and 
reduction with lithium aluminium hydride20 (74% (2 steps)), 
gave (-)-7 via (2S, 3S)-(-j-diethyl tartrate (b.p. 12!&lu)” (8 
mmHg), [a]~“-9.10 (c= 1.04, EtOH)) and (2S, 3S)-(+b 
diethyl-2,3 - 0 - isopropylidene - tartrate (b.p. 114-l 15” (8 
mmHg)).The( -)dioxolane(( -)-7)showed b.p. lOO-105”(0.1 
mmHg) and [~]~~--4.3” (c = 5.26, CHCl,) (lit,22 b.p. 110” 
(0.25mmHg),[~~]~~- 1.6”(c = 0.32,CHCls); tit,33 b.p. 91-93” 
(0.014.02 mmHg), [a];‘- 3.1” (c = 5.20, CHCI,)). 

(b) Preparation from D-( - ~munnitol : Acetallization of D- 
(-bmannitol (rap. 167-170”, [a]~“-0.30 (c= 10.1, H,O) with 
Me,CO and cone H2S0,2’ (71%), followed by sektive 
hydrolysis with aq AcOH 33*34 (8Wk), glycol cleavage with 
Na10422 and reduction with sodium borohydride (890/, (2 
steps)) gave (-)-7 via ( +)-I&3,4-5,6-W&O-isopropylidenb 
Dmannitol, m.p. 68-70”, [a]:‘+ 13.1” (c = 7.80, EtOH), and 
(+)-3,4-0-isopropyiidene-D-mannitol, m.p. 84-86”. [a]:’ 
+ 25.3” (c = 2.92, EtOH). This diol (( -)-7) showed b.p. 105- 
110” (0.1 mmHg) and [01];~24.2” (c = 5.31, CHCI,), and was 
identified with the authentic sample obtained in (a) by spectral 
(IR and NMR) comparisons. 

(4S,SS)-( + )-4,5-Bis(hydroxymethy&2,2dimerhyl-1,3- 
dioxolane (( + F7) 

This waspreparedfrom(+)d(m.p. 169-171”, [a];‘+ 121” 
(c = 21.1, H,O)) by way of(ZR, 3R)-(+)diethyl tartrate(b.p. 
136139”. [a]~“+8.8” (c = 246, EtOH)) and (2R,3R)-(-h 
diethyl 2,3-0-isopropylidenetartrate (b.p. 120-122” (10 
mmHg)) according to the same procedure as that described for 
(-)-7. The 1,3dioxolane (( + )-7) obtained showed b.p. KW- 
105” (0.1 mmHg) and [ali0 + 4.5” (c = 5.06, CHCl,)(li1.,20 b.p. 
9G96.5” (0.5 mmHg), [a]F+4.1” (c = 5. CHCl,); lit,‘” b.p. 
103-104” (0.2 mmHg), [a]i2+4.1” (c = 5, CHCl,)). This 
sample showed the same spectral (IR and NMR) propertk 89 
those of (-h7. 

(4R, 5R)-( +)-4,5-B~4-chlorobenzyloxymethy&2,2- 
dimethyl-1.3dioxolane (( +)-8) 

A soln of (-b7 ([a]i”-4.3” (c = 5.26, CHCl,)) (3.0 g, 18 
mmol) in THF (6 ml) was added lo a stirred suspension of 
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(Found: C, 66.59; H, 5.05. Calc for C12H200,: C, 66.66; H, 
5.09%). 

( + )4Demerhoxydaunomycinone (( + t2b) 
(a)Preparationof( +)-2baccording to thereportedmethod :sb 

A soln of Br, in CCl,(O.OS M)(6 ml, O.Mmmol) was added to a 
soln of (R)-(-)-I1 (m.p. 214-216”, [a]~“-81.00 (c = 0.120, 
CHCl,)) (90 mg, 0.28 mmol) and axobiiisobutyronitrile 
(AIBN) (20 mg. 0.12 mmol) in a mixture of CHCl, (15 ml) and 
H,0(12ml),andthetwolayermixturcwasheatedatrefluxfor 
2.5 hr. After 1 hr’s and 1.5 hrs’ reactions, hrrther amounts of a 
soln of Br, in Ccl. (0.05 M) (1.5 ml x 20.15 mmol, total 0.45 
mmol) were repeatedly added to the mixture. After being 
cooled, the mixture was diluted with CHCl, (20 ml), then the 
lower organic phase was separated. The aqueous phase was 
further extracted with CHCl,, and the combined organic 
extracts were washed with H,O, filtered, then concentrated in 
uacuo. The residue, was directly dissolved in aqueous soo/, 
trifluoroacetic acid (9 ml). The acidic soln was stirred at room 
temp for 15 hr. poured onto an ice-water, and extracted with 
CHCl,. The chloroform extracts were combined and washed 
suczcssively with H,O, aq. NaHCO,,and H,O. Filtration and 
concentration in wcuo gave a crude mixture of (+)-2b and its 
C,,-epimer (1lOmg). TLC analysis of this sample showed that 
the ratio of (+)-2b to its epimer is co 5: 1. Separation by 
column chromatography (SiO,, CH,Cl,) afforded ( +)-2b as a 
red solid (34.2 mg, 41%). Recrystallization from 
CHCl,-EtO, gave pure (+)2b as red crystals, m.p. 184- 
185.5”, [a];‘+ 157” (c = 0.114, dioxane) (lit.,9b m.p. 183.5- 
184.5”. [a]:‘+ 153” (c = 0.09, dioxane); lit., ‘& m.p. 182.5- 
183”, [a];‘+ 164.5” (c = 0.1 dioxane); lit,‘b m.p. 184-186”. 
[a];‘+ 170” (c = 0.1 dioxane); lit.,” m.p. 185-187”, [a];’ 
+ 165” (c = 0.1, dioxane)). This was used as an authentic 
sample of(+ IRcc&-’ : 3350,1715,1620,1585. NMR 
(inCDCl~):2.14(1H.dd,J = lSand5HzH..).2.3211H.dt.J 
= 15 and-i Hz, &,s,k2.40(3H, s, Cl&), Z.dl(iH, d, J = 19 I& 
H,o~,3.31(1H,dd,J= 19and2Hz,I-I,,,),3.82(1H,d,J = 6Hz, 
C,,-G~,4.53(lH,s,C9-G~,5.23(lH,m,I-I,),7.67.9and 
8.1-8.3 (4H, two m, aromatic protons), 13.01 and 13.29 (2H, 
two s, ArGE x 2). (Found: C, 65.08; H, 4.35. Calc for 
C,,H ,eO, : C, 65.22; H, 4.38%). Separation of the C$epimer 
of (+ b2.h was not attempted. 

(b) Preparation of (+h2b by the direct treatment of the 
epimeric bromides under aqueous alkaline condition : A soln of 
Br, in CCl, (0.05 M) (30 ml, 1.5 mmol) was added to the two- 
layered soln of (R)-(-)-II (m.p. 215-216”. [a]~“-81.2” (c 
= 0.118, CHCl,))(l.Z g, 3.Ommol) in a mixture ofCHC1, (120 
ml), CC& (60 ml), and H,O (90 ml). The mixture was stirred at 
50-55” for 15min under irradiation with a 6oW tungsten lamp. 
Five IO-ml aliquots of a soln of Br, in Ccl* (0.05 M) were 
added at 5 min intervals to the stirred mixture (total 50 ml, 25 
mmol). After addition to the Br, soln was over, the whole was 
further stirred at 50-55” under irradiation for 45 min. then 
cooled to 20”. loo/, NaOH (8 ml) was directly added to the 
cooled mixture, and the alkaline two-layered mixture was 
vigorously stirred for 15 min, then acidified with 5% HCI (16 
ml). The lower organic phase was separated, and the aqueous 
layer was further extracted with CHCI,. The combined 
organicextracts were washed suazessively with satd NaHCO, 
and satd NaCl, filtered, and concentrated in uacuo. Cone HCl 
(36 ml) was added to a soln of the residue in THF (60 ml), and 
the mixture was stirred at room temp for 12 hr. After being 
cooled in an ice bath, the mixture was mured onto H,O, and 
extracted with CHCI,. The combined extracts were-washed 
with satd NaHCOl and satd NaCI. Filtration and 
concentration in ua&o gave crude (+)-2b (0.87 g). TLC 
analysis of this sample (SiO*, CHCl,) showed that the ratio of 
(+)-2b to its C,@pimer was more than 20: 1. Two 
recrystallizations of this sample from CsH, gave pure (+)-2b 
(0.38 B. 340/,), m.p. 184-l 85”. [a];’ + 156” (c = 0.102, dioxane). 
IRandNMRspectraof(+F2bwereidenticalwith thoseofthe 
authentic sample prepared in (a). The mother liquors of the 
repeated recrystallizations were combined, concentrated in 
uacuo, then separated by column chromatography (SiOz, 

CHCI,), giving additional (+)-2b as a rtd solid (0.16 g, 140/, 
total 48x), m.p. 178-182”. 

Pyridinium hydrobromideperbromide(lOOmg,0.31 mmol) 
was added to a soln of (+bZb (m.p. 184-185”, [a];‘+ 156” (c 
= 0.102, dioxane)) (100 mg, 0.27 mmol) in THF (10 ml). The 
mixturewasstirredatroomtempfor2hr,andwasdilutedwith 
Me,CO (10 ml). After stirring for 15 min. anhyd KOAc (250 
mg, 2.5 mmol) was added to the mixture. The mixture was 
stirred at room temp for 1 hr, concentrated in uacuo, then 
diluted with CH,Cl, and H,O. The organic phase was 
separated, and the aqueous phase was extracted with CH,Cl,. 
The combined organic extracts were washed with H,O and 
satd NaCl. Filtration and concentration in oacuo gave a red 
residue which was suspended in MeGH (40 ml). After addition 
of 5% Na,CO, (4 ml), the methanolic mixture was heated at 
60” for 5 min, coolad, then concentrated in uacuo at room temp 
to half volume. The residual mixture was diluted with satd 
NaCl, and extracted with THF. The organic extracts were 
combined, washed with satd NaCl, filtered, then concentrated 
in uacw, 8iving crude (+bzI as a red solid. Two 
recrystallizations of this sample from MeGH gave pure ( + h2a 
(60.6 mg, 58%), m.p. 1%192”, [a]~“+170” (c = 0.110, 
dioxane) (lit., 9b m.p. 174-176”, [a];‘+ 147” (c = 0.10, 
dioxane)). IRv&‘$m-’ : 3420, 1720, 1620, 1585. NMR (in 
CDCl,): 2.18 (IH, dd, J = 15 and 5 Hs I&), 235 (lH, dt, J 
= lSand2Hx,I&),297(lH,fJ = 5Hz,C,.-GH),3.01(1H. 
d,J= 19Hz,&j,3.29(1H,dd,J= 19~dZH~&&H), 
5.38 (IH, m, i&X 7.7-8.0 and 8.2-8.5 f4H. two m. aromatic 
protons), 13.23 and 13.57 (2H, two s, &@I x 2). Found : C, 
62.23; H, 4.41. Calc for C,,H,,O,: C, 62.50; H, 4.20). 
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