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368 (W), 260 (17), 259 (68), 217 (47), 203 (ll), 190 (19), 189 (loo), 
177 (a), 176 (15). Anal. Calcd for CZHUO3S C, 71.71; H, 6.56. 
Found C, 71.64; H, 6.58. 

2-Met h yl-2- ( phen yl t  hio) -5- ( 1 -met hyletheny1)cyclo- 
hexanone (11). To a stirred solution of 0.210 g (30 mg-atoms) 
of Li in 200 mL of liquid NHa at  -78 OC was added dropwise a 
solution of 1.5 g (10.0 mmol) of (-)-camone (9) in 10 mL of THF. 
After the solution was stirred at this temperature for 10 min, the 
excess Li was destroyed with isoprene and the NH3 was evapo- 
rated, initially under a stream of N2, and finally under vacuum 
a t  40 "C for 15 min. The solid mass was blanketed with dry Nz 
and dissolved in 40 mL of dry THF at -78 OC. This solution was 
transferred under Nz pressure through a steel cannula to a solution 
of 5.0 g (20.0 mmol) of phenyl benzenethiosulfonate (Fluka) in 
20 mL of THF at room temperature. After being stirred for 1 
h, the reaction was quenched with 10% aqueous HCl, extracted 
with ether, washed with brine, and dried (Na2S04). Evaporation 
and chromatography afforded 1.59 g (61 %) of 11 as an yellow oil. 
IR 1702 cm-'; 'H NMR 6 1.23 (8,  3 H), 1.78 (8,  3 H), 3.37 (t, 1 H, 
J = 14 Hz), 4.89 (8, 2 H), 7.22-7.39 (m, 5 H); MS m/z (relative 
intensity) 262 (22), 261 (89), 260 (42), 243 (ll), 218 (12). These 
properties agree with those reported for material prepared by a 
different routea9 
l-(Phenylthio)-4a-methyl- t r a n s  -0ctahydro-2( 1H)- 

naphthalenone (8). Reduction of 0.164 g (1.00 mmol) of 4a- 
methyl-trans-dydr0-2(1 H)-naphthalenone 78 with Li in NH3 
and reaction with phenyl benzenethiosulfonate as described for 
the preparation of 11 gave 0.149 g (54%) of 8 as a pale yellow oil: 
IR 1715 cm-'; 'H NMR 6 1.04 (s, 3 H), 3.51 (d, 1 H, J = 18 Hz), 
7.21-7.45 (m, 5 H); MS m/z (relative intensity) 275 (31), 274 (91), 
219 (22), 218 (711,217 (44), 185 (271,109 (100). Anal. Calcd for 
Cl7H2,,0S: C, 74.41; H, 8.08. Found C, 74.27; H, 8.09. 

4-tsrt -Butylcyclohexene-l-carboxaldehyde. A solution of 
0.80 g (3.80 mmol) of (methoxymethy1ene)diphenylphosphine 
oxide in 5 mL of THF was added to a solution of 3.8 mmol of LDA 
in 5 mL of THF at -78 OC. The resulting solution was stirred 
at  -78 "C for 30 min, and a solution of 0.500 g (1.90 mmol) of 
2-(phenylthio)-4-tert-butylcyclohexanones in 5 mL of THF was 
added dropwise over 15 min. The reaction mixture was stirred 
at  -78 OC until TLC showed that consumption of the starting 
material was complete. The reaction was warmed to room tem- 
perature and stirred until TLC showed disappearance of the initial 
1,2 adduct. The solution was diluted with water and extracted 
with ether, and the organic layer was washed with brine and dried 
(Na2S04). Concentration afforded 0.299 g (54%) of crude enol 
ether, which was used without purification. A solution of 0.250 
g (0.86 "01) of the enol ether in 2 mL of acetonitrile and 0.934 
g (3.5 mmol) of HgC12 in 3 mL of acetonitrile/water (41) was 
heated to 50 "C and stirred for 4 h. After being cooled, the reaction 
mixture was filtered through a Florisil column. The filtrate was 
diluted with water and extracted with ether, and the organic layer 
was washed with saturated aqueous NH4Cl and brine and dried 
(Na#04). Concentration and chromatography on silica gel gave 
0.135 g (94%) of aldehyde as an oil 'H NMR 6 0.91 (s,9 H), 6.83 
(m, 1 H), 9.43 (8 ,  1 H); MS m/z (relative intensity) 166 (6), 123 
(19), 110 (47), 109 (30), 95 (39), 81 (31), 67 (22), 57 (100). This 
compound has been reported previously.aJO 
3-Methylcyclohexene-2-carboxaldehyde. From 0.264 g (1.20 

mmol) of 2-(phenylthio)-6-methylcyclohexanone~ using the 
procedure described for the preparation of 4-tert-butylcyclo- 
hexene-1-carboxaldehyde, there was obtained 0.076 g (51 %) of 
aldehyde, the spectral properties of which (IR, 'H NMR) agree 
with those reproted." 

trans-4a-Methyl- l,la,4,4a,5,6,7,8-octahydronaphthalene- 
2-carboxaldehyde (4). To a solution of 1.85 g (5.32 mmol) of 
(methoxymethy1)triphenylphosphonium chloride in 2 mL of dry 
toluene at room temperature was added 1.5 mL of 3.55 M PO- 
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tassium tert-amylate in toluene (5.3 mmol). After the mixture 
was stirred for 10 min, a solution of 0.728 g (2.66 mmol) of 
phenylthio ketone 66 in 2 mL of dry toluene was added in one 
portion. The solution was stirred for 1 h at room temperature, 
heated at reflux for 16 h, and cooled. The solution was diluted 
with water and extracted with ether, and the organic layer was 
washed with brine and dried (Na#O,). Concentration afforded 
0.394 g (65%) of crude enol ether, which was use in the next step 
without purification. A mixture of 0.260 g (0.86 mmol) of enol 
ether, 1.02 g (4.30 mmol) of HgC12 in 15 mL of THF/H,O (4:1), 
and 1 drop of concentrated HCl was warmed at 50 "C for 4 h. 
After being cooled to ambient temperature, the reaction mixture 
was filtered through a Florisil column. The filtrate was diluted 
with water, extracted with ether, washed with saturated aqueous 
NH4Cl and brine, and dried (Na2S04). Removal of the solvent 
and distillation (bath temperature 65 OC (0.8 mm)) gave 0.136 
g (89%) of aldehyde 4 as an air-sensitive oil: IR 1683 cm-'; 'H 
NMR 6 0.78 (s,3 H), 6.72 (br s, 1 H) 9.41 (8, 1 H); MS m/z (relative 
intensity) 178 (78), 163 (20), 149 (261, 109 (38), 81 (100). 

trans -4a- Met h y 1- 1 a,3,4,4a,5,6,7,8-octahydronap ht  ha lens  
2-carboxaldehyde (5). Wittig reaction of 0.348 g (1.22 mol) of 
phenylthio ketone 8 followed by hydrolysis as described for the 
synthesis of 4 gave 0.120 g (53%) of 5 as white, air-sensitive crystals 
that melted below room temperature: IR 1689 cm-'; 'H NMR 
6 0.76 (s, 3 H), 6.44 (br 8,  1 H), 9.40 (8 ,  1 H); MS m/z (relative 
intensity) 178 (47), 163 (27), 160 (37), 149 (31), 147 (22), 109 (75), 
61 (100). 

2-Methyl-5-( 1-methyletheny1)cyclohexene- 1-carbox- 
aldehyde (10). Wittig reaction of 0.278 g (1.07 mmol) of phe- 
nylthio ketone 11 followed by hydrolysis as described for the 
synthesis of 4 gave 0.125 g (71%) of 10 as an oil: IR 1672 cm-'; 
'H NMR 6 1.75 (8,  3 H), 2.15 (8,  3 H), 4.71 (d, 2 H, J = 10 Hz), 
10.15 (8,  1 H); MS m / z  (relative intensity) 164 (32), 149 (26), 135 
(24), 121 (36), 107 (41). This compound has been described 
previously.*2 
1-Methoxy-6a,7,10,10a-tetrahydro-6,6-dimethyl-6~-di- 

benzo[ b,d]pyran-9-carboxaldehyde (12). Wittig reaction of 
0.059 g (0.16 "01) of phenylthio ketone 14 followed by hydrolysis 
as described for the preparation of 4 provided crude aldehyde 
12, which was purified by chromatography on silica gel to give 
0.024 g (56%) of 12 as an air-sensitive oil: IR 1682 an-'; 'H NMR 
6 1.13, 1.43 (s,3 H each), 3.77 (d, 1 H, J = 3.6 Hz), 3.82 (s,3 H), 
6.46 (t, 2 H, J = 8.1 Hz), 6.84 (br 8, 1 H) 7.08 (t, 1 H, J = 8.1 Hz), 
9.50 (8, 1 H); HRMS calcd for C17HmO2 272.1406, found 272.1386. 
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The potent antitumor activity of the anthracyclines and 
their use in cancer chemotherapy has promoted a contin- 
ued interest in the synthesis of this class of compounds. 
Anthracyclines with high antineoplastic activity, exem- 
plified by daunomycin and its 4-demethoxy derivative, 
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An alternative approach to the asymmetric synthesis of 
anthracyclines has been to construct an AB synthon such 
as 7 or 11 that possesses all the necessary chirality. 
Molecules of this type are currently only available by 
lengthy procedures involving a chiral precursor such as a 
carbohydrateg or via resolution of a synthetic intermedi- 
ate.1° We now report a short and efficient synthesis of 
chiral anthracycline AB synthons both with ( 7 )  and 
without ( 5 )  the benzylic hydroxyl group. 

Our approach, outlined in Scheme I, utilizes Sharpless 
oxidation of the racemic allylic alcohol 2, readily available 
in a one-pot procedure from the alcohol 1 and p-benzo- 
quinone. Low-temperature oxidation of 2 in the presence 
of diethyl Dtartrate proceeds with kinetic resolution, giving 
a single enantiomer of the epoxide 3 in ca. 50% yield, 
together with ca. 50% of unreacted material, which was 
also found to be stereochemically homogeneous (ee 195%) 
and which could be recycled in the Sharpless oxidation 
following oxidation (CrO,/ pyridine) and immediate hy- 
dride reduction. Opening of the epoxide ring of 3 by hy- 
dride gave the chiral diol 4 in 92% isolated yield. 

The absolute stereochemistry of 3 and 4 at C-2 (naph- 
thalene numbering) follows from their conversion to the 
known hydroxy ketone (R)-5 (see below): the configuration 
of the carbinol carbon of 2 and 3 has not been determined 
directly and is therefore not specified in Scheme I. How- 
ever, the following factors suggest that diol 4 has the 2R,l'R 
absolute confiiation: diol 4 produced by our route differs 
(mp, [ 'Y ]~)  from that described by Rao et al? as the 2R,l'S 
enantiomer; and the 2R,l'R diol is that which would be 
expected to form from 2 and D-DET on the basis of the 
known stereoselectivity of the Sharpless 
Preparation of 3 and 4 as racemates can be achieved 
readily via peracid oxidation of 2,  which proceeds to fur- 
nish a single diastereomer of the epoxide 3 and, following 
reduction, the diol 4. 

Oxidation of 4 was performed using silver carbonate6 and 
gave the keto alcohol (R)-5 as a single enantiomer in 80% 
isolated yield, representing an overall 22% yield of (R)-5 
from p-benzoquinone. A minor product obtained from the 
oxidation of 5 was tentatively identified by spectral data 
(see Experiment Section) as the dimeric Btetralone 8 (M+ 
410), the 13C NMR spectral data being particularly illus- 
trative of the presence of a symmetrical dimer. Interest- 
ingly, 8 is produced in enantiomerically enriched form, 
although whether this phenomenon is attributable to in- 
herent chirality at C-1 or to restricted rotation about the 
C-1-1" bond has not been investigated. 

Notes 

4 F 
1 

& 7 . R - C C h W O  

1 1 . R - o  
0% ai 

share the ring A functionality shown below, namely cis- 
7,9-dihydroxylation and a 9-acetyl or 9-hydroxyacetyl 
group, with the 7S,9S absolute stereochemistry. 

0 OH 0 

R 6 AH i-daunoiaminyl 

R - H. 4-Demathoydaunamycin 

R - LXH,, daunomycin 

Many synthetic methods for the production of anthra- 
cyclines have been developed, and work in this area has 
been reviewed Chiral syntheses of anthracy- 
clines have focused on the production of a chiral synthon 
for the AB portion of the target molecule, and high-yield 
methods have been developed for the addition of the CD 
portion of the anthracyclines via Friedel-Crafta alkylation 
of intermediates such as the hydroxy ketone 5! Com- 
pounds such as 5 are currently available in enantiomeri- 
cally pure form by resolution,6 by stereospecific di- 
hydroxylation> or Sharpless oxidations of 2-substituted 
3,4-dihydronaphthalenes. Introduction of the necessary 
benzylic hydroxyl group is then typically carried out by 
a bromination/ solvolysis procedure following construction 
of the ABCD ring system.' As discussed elsewhere! the 
latter approach is not without its problems: the reaction 
is not stereoselective and is difficult to perform on a large 
scale. 
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Stereoselective introduction of the benzylic hydroxyl 
group was achieved following conversion of 5 to the ketal, 
and oxidation of the latter using iodosobenzene in the 
presence of [5,10,15,20-tetrakis(pentafluorophenyl)- 
21H,23H-porphine]iron(III) chloride (TPFPFeCl). This 
reagent has been developed as a model system for the 
enzymic hydroxylation reaction and has previously been 
used successfully for benzylic hydroxylation.12 When 
performed on ketal 6, the benzylic hydroxylation reaction 
proceeded to give the cis diol 7 as the major product in 
isolated yields of 30430% in repeated runs at temperatures 
between 10 and 20 OC: the yield was found to highly 
temperature dependant, being maximal at 20 "C. Direct 
hydroxylation of ketone 5 was unsuccessful, producing a 
complex mixture of products. When applied to the diol 
4, the PhIO/TPFPFeCl system led to the formation of the 
@-tetralone 10 as the only isolable reaction product. The 
superiority of this direct method for the stereoselective 
introduction of the benzylic hydroxyl group into 6 is 
demonstrated by the results of the attempted hydroxyla- 
tion of 5 and 6 by the conventional bromination/solvolysis 
sequence, which in our hands gave only naphthalene 9. 

We therefore offer the route shown in Scheme I as the 
most direct method t o  the chiral anthracycline synthons 
5 and 7 and suggest the PhIO/TPFPFeCl oxidant as a 
possible means of stereospecific introduction of the ben- 
zylic hydroxyl group into 7-deoxyanthracyclines. 

Experimental Section 
Techniques and Procedures. The techniques used were t h w  

previously des~ribed.'~ Only hitherto unreported spectroscopic 
data are listed below. 
3-Methylenepent-1-en-4-01 (1). This was prepared from 

commercial 2-chloml,3-butadiene in 70% The product, 
a mixture of 1 (80%) and hexa-1,2-dien-5-01 (20%), was used 
directly in the next stage. 
5,8-Dimethoxy-2-( 1'-hydroxyethy1)- 1,a-dihydro- 

naphthalene (2). This was prepared from p-benzoquinone and 
crude 1 by the published procedures,ls with the following mod- 
ification: the intermediate hydroquinone was not isolated, but 
the crude product from the Diels-Alder reaction was methylated 
directly to give 2, isolated following chromatography in an overall 
yield of 65% based on p-benzoquinone. Analytical and spectral 
data were identical with those reported.16 
(*)-5,8-Dimethoxy-2,3-epoxy-2-( 1'-hydroxyet hy1)- 1,2,3,4- 

tetrahydronaphthalene ((*)-3). A solution of the alkene 2 in 
CH&& was treated at 0 "C with a solution of 1.1 equiv of m-CPBA 
in CHZCl,, and the resulting mixture was stirred for 12 h at 
ambient temperature. The usual workup afforded epoxide ( f ) -3  
(90%):1e 'H NMR as reported;ls '9 NMR 6 18.7 (C-2'),23.8 and 
24.0 (C-1, -4), 54.2 (C-3), 55.6 (2 C, OCH3), 62.5 (C-2), 107.6 (2 
C, C-6, -71,121.6 and 121.8 (C-4a, -&I), 150.7 and 150.9 (C-5, -8); 
IR (KBr) 3520,2970,2827,1605,1480 cm-'; MS 031) m/z (relative 
intensity) 250 (201, 205 (100), 188 (24). 
(*)-6,8-Dimethoxy-2-hydroxy-2-( l'-hydroxyethyl)-l,2,3,4- 

tetrahydronaphthalene ((*)-4). A solution of the epoxide (+3 
(0.5 g) in dry THF (10 mL) was added slowly at 0 "C to a stirred 
suspension of LiAlH4 (0.05 g) in dry THF (5 mL). The reaction 
mixture was allowed to warm to room temperature and then cooled 
to 0 "C and quenched by the cautious addition of ice-water. The 
resulting suspension was poured into water and extracted with 
ethyl acetate. The extract was dried (MgSO,) and evaporated 
to give the diol (a)-4 (92%) as a pale yellow oil that slowly 
crystallized on standing, mp 71-74 OC: 'H NMR 6 1.23 (3 H, d, 
J = 6.4 Hz, C-2' CH3), 1.5-2.0 (2 H, m, C-3 CHz), 2.4-3.0 (4 H, 

Notes 

m, C-1, -4 CH2's), 3.75, 3.77 (each 3 H, a, OCH ), 3.6-3.8 (1 H, 
q, J = 6.4 Hz, C-1' H), 6.62 (2 H, a, C-6,7 Ha); 93C NMR 6 17.1 
(C-2'), 19.8 (C-3), 27.3 (C-4), 33.1 (C-11, 55.6 (2 C, OCH3), 72.2 
(C-2), 72.8 (C-1'), 107.1 (2C, C-6, -71,124.2 and 126.1 (C-4a, -8a), 

1480 cm-'; MS (EI) m/z (relative intensity) 252 (451,207 (1001, 
189 (38). 
(2R )- (+)-5,8-Dimet hoxy-2,3-epoxy-2- ( 1'-hydroxyet hy1)- 

1,2,3,4-tetrahydronaphthalene ((+)-3). Diethyl D-tartrate (4.2 
g) was added at -75 OC to a solution of titanium(IV) isopropoxide 
(5.7 g) in CH2C12 (200 mL) under an atmosphere of argon. A 
solution of the olefm 2 (5 g) in a small amount of CH2Clz was then 
added, and the resulting mixture was stirred at -75 "C for 30 min. 
tert-Butyl hydroperoxide (3.7 mL of 3 M solution in 2,2,4-tri- 
methylpentane) was then added over a period of 15 min, and the 
reaction mixture was stirred at -75 "C for 1 h and then allowed 
to reach 0 OC over a further period of 2 h. The mixture was poured 
into a solution of ferrous sulfate (10 g) and tartaric acid (4 g) in 
water (100 mL), and the resulting mixture was stirred for 30 min. 
The product was then isolated by extraction with ether. The 
combined organic phase was concentrated to a volume of 100 mL 
and then stirred at 0 "C with a solution of sodium hydroxide (4 
g) in water (100 mL) for 1 h. The organic phase was separated, 
dried, and evaporated to give an oil that could be used directly 
in the preparation of (4-4 without further purification. For 
characterization the epoxide (+)-3 (2.3 g, 4370, mp 65-67 "C) was 
isolated by chromatography using ether as eluant. The compound 
had 'H NMR as reportedls and 13C NMR and IR as above, [a]D 
+51.6" (c = 1.3). ALSO obtained was unreacted 2 (2.4 g), [ a ] ~  -19.2" 
(c  = 0.5), ee 295%. 
(2R )-5,8-Dimethoxy-2-hydroxy-2-( 1'-hydroxyethy1)- 

1,2,3,4-tetrahydronaphthalene ((4-4). The crude product of 
the above reaction (5.2 g) was dissolved in dry THF (50 mL), and 
the solution was added dropwise to a stirred suspension of LiAIlI, 
(0.1 g) in THF (10 mL). The reaction mixture was allowed to 
warm to room temperature before being cooled to 0 "C and 
quenched with ice-water (20 mL). Water (500 mL) was then 
added, and the mixture was extracted with ether. The extract 
was dried, evaporated, and chromatographed using ether as eluant 
to give 2 (2.5 g), followed by the diol (-1-4 (2.3 g, 43% from 2) 
as a light yellow oil that crystallized on standing, mp 74-77 OC 
(white crystals from ether/hexane). 'H and 13C NMR, IR, and 
MS data as reported above, [.ID -34.3" (c = 1.2), ee 295%. Anal. 
Calcd for C1&,& C, 66.65; H, 7.99. Found: C, 66.56; H, 7.80. 
142'4 (2'R )-5',8'-Dimethoxy-2'-hydroxy- 1',2',3',4'-tetra- 

hydronaphthaleny1)lethanone (5). This was prepared in 80% 
yield by Ag2COs oxidation of the diol 4 using the procedure 
describeds mp 128-130 "C (lit! mp 128-129 "C); 'H NMR and 
IR spectral data as described;s % NMR 6 19.2 (C-3'),23.9 (C-2), 
29.7, 32.4 (C-1', -49, 55.5, 55.6 (OCH3), 76.4 (C-29, 107.1, 107.4 
(C-6', -7% 122.8, 125.6 (C-4a', -8a'), 151.1, 151.6 (C-5', -89, 212.3 
(C-1); MS (E11 m/z (relative intensity) 250 (401,232 (51,207 (loo), 
189 (37); ee 295%. Also isolated from the reaction mixture by 
column chromatography was a low yield (10%) of material, mp 
249-251 "C, tentatively characterized as l,l'-bi(5,8-dimethoxy- 
2-0~0-1,2,3,4-tetrahydronaphthalenyl) (8): 'H NMR 6 2.1-2.3, 
2.7-2.9,3.0-3.2, 3.3-3.5 (each 1 H, m, methylene H's), 3.67,3.81 
(each 3 H, a, OCHS), 4.19 (1 H, a, CH), 6.68, 6.76 (2 H, ABq, 
aromatic H's); 13C NMR S 18.7 (CHJ, 35.5 (CH.J, 48.9 (CH), 54.1, 
55.0 (OCHa), 107.5, 108.6 (aromatic CHI, 123.7,126.2 (aromatic 
C), 149.4, 150.5 (aromatic CO), 208.1 (C4); MS (EI) m/z 410 
(261,205 (88), 189 (19), 177 (28), 164 (19) relative to 78 (100); MS 
(FAB) m/z  413 (10) relative to 206 (100); [ a ] D  -9.6" (c  = 0.5); ee 
('H NMR using the CH singlet) 33%. 
2-Met hyl-2-[2'- (( 2'R )-S',8'-dimet hoxy-2'-hydroxy- 

1'2',3',4'-tetrahydronaphthalenyl)]-l,3-dioxolane (6). A so- 
lution of the ketone 5 (2 g) and p-toluenesulfonic acid (0.05 g) 
in ethylene glycol (3 mL) and benzene (50 mL) was refluxed for 
6 h. The mixture was cooled, washed sequentially with water, 
10% aqueous NazC03, and water, dried over MgS04, and evap- 
orated. The residue was crystallized from acetonitrile to give ketal 
6 (2.15 g, 96%): mp 125-127 OC; 'H NMR 6 1.44 (3 H, a, CHg), 
1.6-2.1 (2 H, m, CH2), 2.6-3.1 (2 H, m, CHz), 3.78, 3.80 (each 3 
H, a, OCHd, 4.06 (4 H, a, OCHzCHzO), 6.64 (2 H, a, ammatic Hs); 

and 151.3 and 151.9 (C-5, -8); IR (film) 3450, 2936, 2833, 1595, 

'3C NMR 6 19.4 (CHJ, 19.6 (C-3'),27.1,30.7 (C-1', -4'),55.5,55.7 
(OCHB), 65.56, 65.62 (OCH,CHzO), 74.4 (C-29, 106.8, 107.0 (C- 

(12) Watanabe, Y.; Iehimwa, Y. J.  Am. Chem. Soc. 1989,111,410-411. 
(13) Holland, H. L.; Cherniehenko, M. J.; Conn, M.; Munoz, A.; Ma- 

(14) Nwomoto, S.; Yamwhite, Y. J .  Org. Chem. 1979,44,47W791. 
(15) Kondo, S.; Dobaehi, S.; Matsumoto, M. Chemistry Lett. 1976, 

(16) Del Nero, S.; Lombardi, P. Gazz. Chim. Ital. 1989,113,125-127. 

noharan, T. s.; Zawadeki, M. Can. J. Chem. 1990,68,696-700. 
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6’,-7’), 112.5 (C-2), 124.5, 126.3 (C-4a’,-8a’), and 151.1 and 152.0 
(C-5’,-8’); IR (KBr) 3441, 2940, 2830, 1600, 1480 cm-’; MS (EI) 
m/z (relative intensity) 294 (loo), 261 (201, 206 (90), 189 (56); 
[a]D -57.8O (c = 1.2); ee 195%. Anal. Calcd for ClsHnOs: C, 
65.29; H, 7.53. Found C, 65.46; H, 7.69. 

2-Met hyl-2-[3’-( ( 1’9,3’9)- 1’,3’-dihydroxy-5’,8’-dimethoxy- 
1’,2’,3’,4’-tetrahydronaphthalenyl)]-1,3-dioxolane (7). The 
ketal 6 (0.1 g) was dissolved in CH,C12 (10 mL) at 20 O C ,  and 
[ 5,10,15,20-tetrakis(pentafluorophenyl~-21~,23~-~~~e]iron- 
(III) chloride (30 mg) was added, followed by iodasobenzene (0.156 
g). The resulting reaction mixture was stirred at 20 “C for 1 h 
and then filtered. The filtrate was concentrated and the resulting 
oil purified by preparative TLC using ether as eluant to give the 
title compound in 60% yield mp 138-140 “C (lit.lo mp 141-143 
“C); NMR and IR data as reported;l0 MS (EI) m/z 310 (6), 266 
(3) relative to 205 (100); [(Y]D +5.0° (c = 1.2, CHCl,) (lit! [“ID 
+5.3O (CHCI,)); ee 195%. 

Iodosobenzene Oxidation of 2(R)-(-)-5,8-Dimethoxy-2- 
hydroxy-2-( 1’- hydroxyethyl)-l,2,3,4-tetrahydronaphthalene 
((-)-4). Oxidation of 4 by the procedure described above gave 
as the only isolable product 5,8-dimethoxy-b-tetralone (lo), ob- 
tained in isolated yields of 60-80%, mp 96-98 “C (lit? mp 97-98 
“C); ‘H NMR and IR as reported.‘ 

Iodosobenzene Oxidation of 1-[2’-((2’R))-5’,8’-Dimethoxy- 
2’-hydroxy- 1’,2’,3’,4‘-tetrahydnaphthalenyl)]ethanone (5). 
Treatment of 5 (100 mg) with iodasobenzene under the conditions 
described above for the preparation of 7 gave a complex reaction 
mixture, TLC analysis of which suggested the formation of the 
1,3-diol 11 as only a minor product. In view of ita complexity, 
this reaction was not investigated further. 

Attempted Bromination/Solvolysis of 1-[2’-((2’R)-5’,8’- 
Dimethoxy-2’-hydroxy- 1’,2’,3’,4’-tetrahydronaphthalenyl)]- 
et hanone (5) and 2-Met hyl-24 2’4 5’,8’-dimethoxy-2’- 
hydroxy-l’,2’,3’,4’-tetrahydronaphthalenyl)]-1,3-dioxolane 
(6). Treatment of the ketone 5 or the ketal 6 with N-bromo- 
succinimide gave only 1- [ 2‘-(5,8-~ethoxynaphthalenyl)]ethanone 
(9), described below for reaction of 5 with NBS. A solution of 
5 (0.1 g) and NBS (0.07 g) in CCl, (50 mL) containing one drop 
of 3.0 M tert-butyl hydroperoxide solution was refluxed under 
argon for 1 h. TLC monitoring of the reaction indicated the 
formation of a single major product, which could be isolated by 
fiitration following reduction of the reaction volume to 5 mL. This 
product remained unchanged after treatment of the reaction 
mixture with refluxing aqueous methanol and was identified as 
1- [2’- (5,8-dimethoxynaphthalenyl)]ethanone (9) by comparison 
with reported physical and spectral data:’7 mp 110-112 “C (lit.17 
mp 111-112 “C); ‘H NMR 6 2.6 (3 H, 8, C-1 CHd, 3.87,3.90 (each 
3 H, 8, OCH,), 6.65,6.72 (2 H, ABq, C-6’,-7’ H’s), 7.96 (1 H, d of 
d, C-3’H), 8.16 (1 H, d, C-4’H), 8.74 (1 H, d, (2-19); MS (EI) m/z 
(relative intensity) 230 (85), 215 (loo), 189 (14). 
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Electron spin resonance (ESR) has proven a powerful 
By analysis of tool in the study of organic radicals.’ 

hyperfine coupling constants (hfs), insights into hybrid- 
ization, bonding, and molecular geometry may be ob- 
tained.2 However, fmt-order theoretical models3 are not 
always successful in describing these properties.‘ An 
alternative that is rapidly becoming more available to the 
experimental chemist is direct calculation of electronic 
structure and properties for comparison to experiment. 
Such a symbiosis of spectroscopic and computational 
techniques has been applied not only to radicals as simple 
as methyl6 and the methane cation radical? but as well to 
larger open-shell systems, like the 7-norbomyl radical, the 
cubane cation radical, and the benzene and toluene radicals 
and radical an i~ns .~J ’  

The accurate ab  initio prediction of isotropic hfs for 
open-shell molecules has been a long-standing goal for a 
number of investigators. While semiempirical techniques 
are extremely rapid, they only rarely provide results of 
better than qualitative accuracy? Unrestricted Har- 
tree-Fock (UHF) methods,1° which do not take additional 
account of correlation effects, often give poor hfs values 
due, inter alia, to unrealistic spin polarizations, sometimes 
occurring in the core s orbitals1’ and sometimes in the 
valence orbitals.12 Configuration interaction (CI) and 
coupled cluster (CCD) methods have proven extremely 
succesful for very small molecules but rapidly become 
unwieldly and expensive when multiple heavy atoms are 
p r e ~ e n t . ~ J ~  We apply here a method for calculating hfs 
from Z-vector derived“ M P P  spin density matrices that 
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