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ADSIraci. \u;*uua:_ypvl \-.)"l a ycuvw }Jlslllclll 4] cottorseed has been accessed uy a {ola1 asymimneéiric
synthesis. The sequence leading to (S)-gossypol (8)-1 was highlighted by four oxazoline mediated
reactions, including coupling of ortho-(methoxy)aryloxazolines with Grignard reagents, butyllithium
based  ortho-lithiation  of  aryloxazolines,  stereocontrolled  Ullmann  couplings  of
bromonaphthyloxazolines, and ethoxyvinyllithium hexamethylphosphoric triamide complex based
ortho-lithiation of aryloxazolines. © 1998 Elsevier Science Ltd. All rights reserved.

In 1886, J. Longmore isolated the main coloring pigment of cotton seeds.! Later in 1899, L.
ue not only to the fact

the genus Gossypium but also because it had phenolic characteristics. Over 50 years later, R. Adams and
coworkers, in a massive effort, elucidated the structure and identified much of the chemistry of this highly
colored binaphthyl.>*'! A formal synthesis of racemic gossypol (R,S)-1 was reported in 1957 by J. Cashaw
and J. Edwards.'? Due to its interesting biological activity this compound has recently attracted considerable

attention. Pharmacologically, (R)-gossypol (R)-1 has been reported to be an oral antifertility agent in men and
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Gossypol (R)-1 and (S)-gossypol (8)-1 are chiral molecules due to rotational restriction about the

internaphthyl 2,2 bond and are C symmetric. Both stereoisomers have been isolated from natural sources but

an asymmetric synthesis has yet to be reported.’* Herein, an efficient asymmetric synthesis of (S)-gossypol
(S)-1 is described.
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Important to the retrosynthetic analysis of (S)-gossypol (5)-1 was not only the C; symmetry of this
highly oxygenated binaphthalene, but also the fact that gossypol existed as either of two atropisomers. Initial

disconnection of the 2,2'-biaryl bond gave two identical naphthyl pieces, simplifying the construction of the
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requisite carbon framework. Further, it was envisioned that the 2,2'-biaryl bond could be constructed
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bromonaphthyloxazolines.
Oxazoline ($)-19 was chosen as the initial target for the Ullmann precursors. According to a procedure

of Boeckmann,?® treatment of catechol with cyclohexanone with azeotropic removal of H>O in refluxing

. . ~ . . N 21- . .
benzene provided 2. Deprotonation of 2 with r-butyllithium?!*?3 and subsequent treatment with isopropyl
halidas gave eveliucively ctaring material  Tn comtract artholithiationi223:24 of 9 fallawad by trantmant with
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acetone furnished carbinol 3 in 71% yield. The latter was hydrogenolyzed®® in good yield to give the
isopropyl substituted derivative 4. The resulting isopropyl ketal 4 was treated with n-butyllithium?? and
N, N-dimethylformamide to give 5 which then was brominated?® (o afford bromobenzaldehyde 6. Protection

provided the 1,3-dioxane, 7, which under conditions of haloge

prov th xane, 7, which under condition ialogen metal exchange at -90 °C gave the
e T Vbt 22 L Vet PRSP il AT AT D s b 1 fda e e dlaa
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substituted benzaldehyde, 8.
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According to the proudure of Edwards?’ benzaldehyde 8 was subjected Stobbe condensation

conditiong ug
........... us
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Subsequently ring cyclization to afford 16 according to the procedure of Mollov
Modification of these ring closure conditions gave starting material or large amounts of decomposition
products. It was proposed that the unsuccessful conversion of 9 to 10 was due to the steric encumbrance of
the dioxane ketal substituent blocking the ortho position to prevent cyclization from taking place.

A synthetic route which would bypass the above ring cyclization problem was then examined. It was
postulated that the formy! groups could be installed at a later stage in the synthesis. In particular, it was felt
that recently discovered methodology utilizing EVL-HMPA?® could be used to install the requisite formyl
groups.

~" "OMe ~" "OMe
3) SOC,
11 ~AaAns - n m ral vy rs
Y07 14, it =Lvie
PrMgCl, 96% B
L.13R=
1 1) MeOTf
82% | 2) NaBH,
3) HyO*

I COsMe
/\ OMe 1) NaH, EV j\ I _OMe

V H /
_ \/ 5} ACOH, Acz0 \[\ l
Y OMe 3 KoH " 0Me

ORq 77%

— 15,R=H,R=H
., [ 16.R=Me, R1_Me
“L~17,R=H,R; =

KoCOs, Me SOy, 96%

~
o, 1U

7\



10496 A. I Meyers, J. J. Willemsen / Tetrahedron 54 (1998) 10493-10511

group of trimethoxyoxazoiine 12, gave isopropylated oxazoline 13 when treated with 5 eq of
isopropylmagnesium chloride.3>33 The latter was then treated with methyl trifluoromethanesulfonate to
provide the oxazoline N-methyl triflate salt which was further reduced with NaBH4 and hydrolyzed with

oxalic acid®*#? to provide 2-isopropyl-3,4-dimethoxybenzaldchyde 14. Aldehyde 14 was alkylated via

Stobbe condensation>®

using NaH and dimethyl succinate and then cyclized efficiently according to the
procedure of Mollov.?® Saponification furnished 4-hydroxy-8-isopropyi-6.7-dimethoxy-2-naphthoic acid 15
which was then treated with dimethyl sulfate and K;COj affording the methyl ester 16.>7 Finally the methyl

ester 16 was converted to 17 upon treatment with methanolic KOH.
Naphthoic acid 17 was treated with oxalyl chloride, (S)-(+)-t-leucinol, and thionyl chloride to give

32 -~ . . .
oxazoline (§)-18 Conversion of (S)-18 to ($)-19 utilizing »-Buli as a base and 1,2-
PA b VORI & PR Fe ~A - i Arnbian miat A T an e T Sea 330 Sia wafliaering
dibromotetrafluoroethane, occurred in 73% yield. Treatment of bromooxazoline (§)-19 with Cu® in refluxin

N, N-dimethylformamide'” for 30 minutes gave a 81% vyield of a mixture of (aS,5)-20 to (aR,S)-20 in a
diastereomeric ratio of 11 : 1 as seen by integration of the r-butyl signals in the 'H NMR. The bis-
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naphthyloxazoline (aS$,5)-20, when treated with trifluoroacetic acid and Na,SO

using acetic anhydride and pyridine. 3% The acetylated ester amide was

ording the bis-carbinol ($)-21. Reduction of the chiral diol ($)-21 to (S)-
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apogossypol hexamethyl ether (5)-22 was accomplished with 10% Pd/C, H,, and a catalytic amount of HCL.3®
(S)-Apogossypol hexamethyl ether (§)-22 was taken on to (S)-gossypol (S)-1 following the procedure
reported by Meltzer*?, (5)-22 was treated with boron tri

zer bromide which removed all

six of the methyl

protecting groups, and the crude material was treated immediately with titanium tetrachloride and a,o-

dichloromethyl methyl ether to give an 34% yield of (S)-gossypol (S)-1.

)OO QPR
MeO” X~ T/ /[ o OMe ——— (5)-Gossypol (S}
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~
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34%

Since the conversion of (5)-22 to (S)-gossypol (S)-1 proceeded in poor yield, an examination of

methods to install formyl groups or their equivalents was undertaken. One of the most favorable options

I 29
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Y
elt that a bis-ortho-lithiation in substrate (a$,5)-20 could lead to regioselective bis-anion formation ortho to

n
the methoxy substituents. The precedence for this work was found in the report from this laboratory in
1996.2°

A model study was examined to test the feasibility of installing these aldehyde equivalents using EVL-

HMPA. When 23 was treated with n-butyllithium®? or EVL-HMPA?® as bases, these reactions proceeded
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smoothly to give 24 and 25 respectively in high yields (94%, 95%). At this point attempts to alkylate either
nuicianad that i £ £ C QN r\r\n]d & b‘ d.
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with EVL-HMPA and subsequently alkylated, (aS5,5)-20 could be taken on to (S)-gossypol ($)-1 in a more

~

facile manner than converting (S)-apogossypol hexamethyl ether (8)-22 on to (S)-gossypol (S)-i. A wide

nrtlyn,“fh atad tn n1vp a
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range of EVL-HMPA basedortho-lithiation conditions were examined for bis-oxazoline (aS,8)-20, but these
reactions failed to give the desired alkylated products.

The failure of 9 to cyclize to 10, and the failure of the EVL-HMPA base to give a satisfactory
regioselective bis-alkylation of (aS,5)-20, led to a reevaluation of the synthetic approach to (S)-gossypol ($)-
1. and the possibility of utilizing substrates which had formyl group equivalent installed at an earlier point in
the synthesis. A formy! group was introduced into previously synthesized oxazoline, 13, with the desired

regiochemistry by effecting a regioselective deprotonation with EVL-HN MPAZ® and subs
the resultant lithioanion of 13 with N,N-dimethylformamide. The formyloxazoline was converted to oxazoline
26 by treatment with LiAIH4*"*? and subsequently with NaH and methyl iodide.”’ The oxazoline 26 was

converted to 27 by reductive removal of the oxazoline to give benzaldehyde 27. Aldehyde 27 was treated with
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AcOH, acetic anhydride and fused sodium acetate.?® Hydrolysis gave naphthoic acid 28 which was converted
PO T TS T el ok tall 1t . 37 JRTE L OO
to the naphthalene methyl ester 29 with dimethyl sulfate and K,COs3.’ Ethanolic KOH effected

saponifacation to efficiently convert ester 29 to naphthoic acid 30. Sequential treatment of the acid acid 30

with oxalyl chloride, (S)-(+)-r-leucinol, and thionyl chloride gave oxazoline (§)-31 in 93% yield.*?
Regioselective bromination was effected by treatment of ($)-31 with bromine in AcOH to give (5)-32 in 73%

yield,
In a fashion similar to the conversion of bromooxazoline (5)-19 to coupled product (aS,5)-20, (5)-32
s R O T LI Tyt R, I EUTIN TR B a bhact raciilie N rara ahtainad gihan tha
was subjected to Cu® and refluxing N,N-dimethylformamide.”’ The best results (80%) were obtained when the

reaction was performed in concentrated solution (0.9 g in 2.5 mL N,N-dimethylformamide). The resultant
diastercomer (aS,5)-33 was converted to bis-carbinol (§)-34 in 72% yield.*> In an analogous conversion of

($)-21 o (8)-22, the bis-naphthol ($)-34 could be converted to (8)-35 by treatment with Pd/C under an

atmosphere of 40 PSI of H,.>®> Removal of all eight methyl protecting groups with boron tribromide*’

followed by Swern oxidation*** gave (S)-gossypol (S)-1 in 80% yield for the last two steps.
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HPLC analysis of (S)-gossypol (5)-1 and (R,S)-gossypoi (R,S5)-1 was undertaken. The initial attempts
to separate the enantiomers of (R,S)-gossypol (R,S)-1 using chiral columns were unsuccessful. However, the
diastereomeric imines of (R,S)-gossypol (R,S)-1 with (S)-phenylalanine methyl ester were easily separated on

a Cyg reverse phase column (S5pm Hypersil®-()DS, gradient: MeCN : (Aq 0.01 M KH;PO4) 91 : 9 to MeCN

@ K. DM Yy Q9 1 ot 254 nm owr
< 245 I, 110WI

:(Aq 0.01 m KH,POy4) 82 : 18) monitored at NI
could be made in quantitative yield by treatment of (S)-gossypol (8)-1 or (R,S)-gossypol (R,S)-1 with (S)-
phenylalanine methyl ester. The HPLC analysis of the imines derived from (S)-gossypol (S)-1 synthesized

from the asymmetric route gave a 99 : | ratio of diastereomeric phenylalanine methyl ester imines.
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NMR analysis of the sample derived from the asymmetric synthesis of (S’)-ges,ypel (8)-1 was
idantical in all ragmante ta camamiaraially availakls caunnl 2 Oy 1 1 o il I‘L e 4748 o
waliiuitar 1 au 1E5pPLCis 6 COMimnCiTiany avaiia C U\,;_)) Z0SSypol1 (i, S)-1 and 10 e iierature values or

(R.S)-gossypol (R,S)-1. The rotation of (S)-1, +363.4, derived from the asymmetric synthesis of ($)-gossypol
(8)-1 was within a range of values reported in the literature, +374,%* +376,°° +373,°! and +359.32 Finally the
absolute configuration for (S)-gossypol (§)-1 has been assigned previously using x-ray crystallographic data

and chiroptic methods.> This work has shown that the absolute configuration of (+)-gossypol is the S

atropisomer.

General: Melting points were recorded on a Mel-Temp apparatus and are uncorrected. Fourier
Transform Infrared (FTIR) spectra were recorded on a Perkin-Elmer Model 1600 spectrophotometer and are
reported in reciprocal centimeters (cm!). Both low resolution mass spectra (LRMS) and high resolution mass
spectra (HRMS) were obtained using a Fisons VG Autospec mass selective detector. Optical rotations were
measured on a Rudolph Research Autopol IIT polarimeter using a one decimeter cell path length with

smtentinme Aveeaocadd iy mraiete mese 1NN T [ @ Y-y ESRIPE. (Y ol SNE-SUNRUE P [N OUNRNS SN SRR iy 1 s rm
concentrations expressed in grams per 100 mL. Optical rotations of amines taken in chloroform (CHCl3) were
checked over a period of two hours to insure rotation values were constant over that time frame. Elemental
analyses were performed b Atlantic M1 rolabs, Norcross, GA.
1H

H NMR) spectra were recorded at 300 MHz on a Bruker AM-300.
Chemical shifts (8) are reported in parts per million from tetramethylsilane relative to the residual chloroform
(CHCl3) resonance (8 7.24). Multiplicity is designated as singlet (s), doublet (d), triplet (t), quartet (q), septet
(sept) and multiplet (m). Carbon nuclear magnetic resonance (13C NMR) spectra were recorded at 75 MHz on
a Bruker AM-300. Chemical shifts (8) are reported in parts per million from tetramethylsilane and were
measured relative to the center resonance of the deuteriochloroform triplet (8 77.0).

All moisture-sensitive reactions were performed in flame-dried or oven-dried glassware under a positive
pressure of argon. Argon for inert atmosphere reactions was passed through a sulfuric acid bubbler, a drying
tower of KOH and Drierite, and subsequently through a heated (200-220 °C), activated oxygen trap (BASF
copper-based catalyst). Butyllithiums were purchased from the Aldrich Chemical Company and titrated in

~ 4 Arrarnarainlliy availalla wanoasts rasea cad Ao A hoacad 2rmlace
Et;O with 2,5-d1meth0xybenz:l alcohol.3* Commerci lly available reagents were used as purchased unless
stated otherwise. Tetrahydrofuran (THF) was distilled from sodium benzep.,enone ketyl immediately before
use. Dichloromethane (CH,Cl,), was distilled from CaH, prior to us

Column chromatography was performed as described by Still55 on Dawson Chemical Al,0O3/Si02 mixture
grade 135X. Solvent mixtures used for column chromatography are reported in V : V total. In vacuo refers to
removal of solvent on a rotary evaporator at HoO aspiration pressure (~16 mm Hg).

Dimethyl-(2,3-cyclohexylenedioxyphenyl)-carbinol, 3. To a cold (-78 °C) solution of 2 (1.0 g, 5.3
mmol) in dry Et;0 (20 mL) was added slowly r-butyllithium (2.7 mL, 5.4 mmol, 2.0 M). The reaction was
stirred for 3 h at which time acetone (0 62 g, 0 78 mL, 11 mmol) was added The solutlon was warmed to r.t.

...... tale TT f\ N T T

1
NMR (300 MHz, CDCl3) 8 1.46-1.52 (m, 2H), 1.58 (s, 6H), 1.71-1.74 (m, 4H), 1.87-1. A
1H), 6.65 (d, 1H, ] = 7.8 I1z), 6.74 (t, 11, J = 7.8 Hz), 6.82 (d, 1H, J = 7.8 Hz); 13C MR (75 MHz
CDCl3) & 23.5 (1), 24.8 (1), 29.8 (q), 35.3 (1), 71.9 (s), 107.6 (d), 117.4 (d), 118.6 (s), 121.0 (d), 131.0 (s),

143.4 (s), 147.6 (s); FTIR (neat) 3414, 2939, 2864, 1447, 1355, 1283, 1250, 1070 cm'!; LRMS (GC-MS)

purified by column chromatograp y (10 : 1 hexanes : FtOAc) to give 0.93 g (7
(m
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cale for CysHp0O3: m/z 248; obsd m/z 248 (M*); Anal. Caled for C5H2003: C, 72.55; H, 8.12; found: C,
72.67; H, 8.11.

1,2-Cyclohexylenedioxy-3-isopropylbenzene, 4. Carbinol 3 (3.0 g, 12 mmol) was dissolved in AcOH
(10 mL) and 10% Pd/C (1.0 g) was added. The mixture was stirred overnight 1d"r 50 psi of Hy. The
resulting mixture was filtered, diluted with Et;0 (200 mL) and neutralized using saturated aqueous NaHCO;
(900 mL). The ethereal layer was washed once with HyO (100 mL), was dried with Na;SQy, and the Et,0

was removed in vacuo. The residue was purified by column chromatography (10 : 1 hexanes : EtOAc) to give
2.7 2 (96%) of 4 as a colorless liquid. 'H NMR (300 MHz, CDCl3) 8 1.28 (d, 6H, J = 6.9 Hz), 1.49-1.53 (m,
2H), 1.71-1.79 (m, 4H), 1.89-1.94 (m, 4H), 3.03 (sept, 1H, J = 6.9 Hz), 6.60-6.76 (m, 3H); '3C NMR (75
MHz, CDCl3) 8 22.3 (q), 23.4 (1), 24.9 (1), 29.0 (d), 35.4 (1), 106.2 (d), 117.8 (s), 118.8 (d), 120.8 (d), 130.1
(s), 144.8 (s), 147.1 (s); FTIR (thin film) 2938, 2867, 1456, 1356, 1282, 1250, 1068 cm-!; LRMS (GC-MS)
cale for CsHz903: m/z 232; obsd m/z 232 (M*); Anal. Caled for C;5H,005: C, 77.55; H, 8.68; found: C,
77.61; 11, 8.73.

2 3—Cyciohexyienedioxy-4 isopropyi'benzalde'h) de, 5. To a cold (-78 °C) solution of 1,2-

el PR, e M

t.y\.luuw\ymucuw.’sy 3- lboplUpyIULIlLCIlL 4 U 0 £, 4.3 mnl()l) in ury Binuw (DU mJ,) was added SlOle n-

butyllithium (2.6 mL, 5.2 mmol, 2.0 M). The reaction mixture was stirred for 12 h at this temperature and
then DMF (0.60 g, 0.64 ml., 8.2 mmol) was added. The solution was warmed to r.t. over the course of 3 h and
subsequently the reaction was treated with H,O (15 mL). The layers were separated and the aqueous layer
was extracted with CH;Cl; (3 x 40 mL). The combined organic layers were washed with saturated aqueous
NaHCO; (100 mL), dried with Na;SOy, and then were concentrated under reduced pressure. The residue was
purified by column chromatography (10 : 1 hexanes : EtOAc) to give 0.81 g (72%) of 5, mp 62-63 °C. 'H
NMR (300 MHz, CDCl3) & 1.23 (d, 6H, J = 6.9 Hz), 1.44-1.55 (m, 2H), 1.70-1.76 (m, 4H), 1.89-1.94 (m,
4H), 3.02 (sept, 1H, J = 6.9 Hz), 6.72 (d, 1H, J = 8.4 Hz), 7.17 (d, 1H, ] = 8.4 Hz), 10.07 (s, 1H); 13C NMR
(75 MHz, CDCl3) 8 21.8 (q), 23.4 (1), 24.7 (1), 29.3 (d), 35.4 (1), 117.6 (s), 119.4 (d), 119.9 (d), 120.9 (s),
135.9 (s), 145.9 (s), 149.7 (s), 188.0 (d); FTIR (neat) 2940, 2866, 1442, 1367, 1271, 1240, 1076 cm"!; LRMS

'7aral l.ll N P2 EEN ~ o~ H

(GC-MS) calc for CigH2003: m/z 260; obsd m/z 260 (M™); Anal. Calced for C¢H003: C, 73.82; H, 7.74;
Frarende O T2 VL. LY T IS
IOUna. «, /2,/0, 11, /.70

S-Bramo-2 Y-cvelohexvlenediox

J-promo TN ¥ WAV AY AVIEV R

carbon tetrachloride (50 mL) was added a solution of bromine (0.93 g, 0.30 mL, 5.8 mmol) in chloroform (20
mL). The mixture was heated to reflux for 4 h and then cooled to r.t. The organic phase was washed with
saturated aqueous NaHSO;3 (50 mL). The aqueous layer was extracted with a single portion of Et;O (100 mL)
and the combined organic layers were dried with NapSQ4. The solvent was removed in vacuo to give 1.9 g
(97%) ot 5-bromo-2,3-cyclohexylenedioxy-4-isopropylbenzaldehyde 6 as a light tan solid, mp 113-114 °C.
'H NMR (300 MHz, CDCl3) 8 1.27 (d, 6H, J = 7.0 Hz) 1.38-2.00 (m, 10H), 3.35 (sept, 1H, J = 7.0 Hz), 7.39

(s, 1H), 9.97 (s, 1H); 13C NMR (75 MHz, CDCl3) § 20.1 (q), 23.4 (1), 24.5 (1), 32.6 (d), 35.7 (1), 115.7 (s),
117.9 (s), 1219 (s), 123.0 (d), 134.7 (5), 147.3 (s), 1497 (s), 186.5 (d); FTIR (neat) 2940, 2866, 2743, 1694,

1435, 1214 cm-!; LRMS (GC-MS) caic for CiH 9BrO3: m/z 339; obsd m/z 339 (M*).
2-(5-Bromo-2,3-cyclohexylenedioxy-4-isopropylphenyl)-1,3-dioxane, 7. Bromobenzaldehyde 6 (3.0 g,

8.8 mmol), 1,3-propanediol (0.68 g, 0.65 mL, 8.9 mmol) and para-toluenesulfonic acid monohydrate (50 mg,

0.26 mmol) were heated to reflux in toluene (50 mL) for 6 h with azeotropic removal of H;O. The excess

en nr'nnv"‘nnllll‘nhvt‘n & To a anhist 1 nnfR(1 S o 88 mmanhin
SUPLUPYIUCHILAIULILY Uy Us 1 U A SULIMUUILL UL oJ 1.7 jn <0 LMIRJI) M1

toluene was removed in vacuoe and the resulting oil was passed through a plug of silica gel (1 : 1 hexanes :
EtOAc) to give 3.1 g (88%) of 7 as a tan solid, mp 124-125 °C. 'H NMR (300 MHz, CDCl3) § 1.29 (d, 6H, J
= 6.9 Hz), 1.33-2.00 (m, 10H), 2.16-2.22 (m, 2H), 3.31 (sept, 1H, J = 6.9 Hz), 3.89-3.93 (m, 2H), 4.17-4.23
(m, 2H), 5.57 (s, 1H), 7.21 (s, 1H); 13C NMR (75 MHz, CDCIl3) 8 20.6 (q), 23.6 (1), 24.9 (1), 26.0 (t), 32.4
(d), 35.4 (1), 67.8 (1), 96.8 (d), 112.6 (s), 115.2 (s), 119.0 (s). 119.7 (s), 122.3 (d), 129.7 (s), 144.6 (s); FTIR
(neat) 2938, 2856, 1436, 1110, 1082 cm!; Anal. Caled for C19H5BrOy4: C, 57.44; H, 6.34; found: C, 57.40;
H, 6.31.
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2-(2,3-Cyclohexylenedioxy-5-formyl-4-isopropylphenyl)-1,3-dioxane, 8. To a cold (-78 °C) solution of
7 (2.0 g, 5.0 mmol) in Et;O (20 mL) was added slowly s-butyllithium (5.5 mL, 11 mmol, 2.0 M). The reaction
was stirred for 3 h at which time DMF (0.74 g, 0. 78 mL, 10 mmol) was added The solution was warmed to r.t.

aver the canrge [\F 1 h and cenihceanentls h-a
VVhi Uiw VWWUIOw UL L L allu Duua\-kiubuuj uLaicu

layer was extracted with Et;0 (4 x 25 m

ctracted w $ x 25 mL).
A

NaHCO‘l (50 mL), were dned wnh Na;SO0y, a nder
by column chromatography (8 : 1 hexanes : EtOAc) to give 1.4 g (80%) of ldehyde 8
137-138 °C. 'H NMR (300 MHz, CDCl3) § 1.27 (d, 6H, J = 7.0 Hz), 1.41-1.98 (m, 12H), 3. 94 4.26 (m, SH),
5.64 (s, 1H), 7.55 (s, 1H), 9.96 (s, 1H); 13C NMR (75 MHz, CDCl;) 821 1(q), 23.5 (1), 24.8 (1), 25.7 (1), 26.0

g7, == N

(d), 35.6 (1), 67.8 (1), 96.7 (d), 118.1 (s), 120.8 (s), 128.5 (s), 128.9 (d), 132.1 (s), 146.8 (s), 149.8 (s), 192.3 (d);
FTIR (neat) 2938, 2860, 1688, 1588, 1444, 1280, 1083 cm-!.

Benzylidene ester acid, 9. A flame dried flask evacuated and purged three times with argon was charged
with THF (30 mL), benzaldehyde 8 (0.90 g, 2.6 mmol), potassium #-butoxide, (0.34 g, 3.0 mmol), and diethyl
succinate (0.55 g, 0.33 mL, 3.2 mmol). This solution was stirred for 4.5 h at r.t. and then was treaied wiih

H,0 (40 mL). To This mixture was added Et;O (100 mL) and the layers were separated. The aqueous layer

was acidified with 10% HCI (pH 2) and extracted with Et;0 (3 x 50 mL). The combined organic layers were

subsequently combined, washed with H,O (100 mL), dried with MgS0y4, and reduced via rotary evaporation
to give 1.1 g (89%) of 9 as a light yellow oil. 'H NMR (300 MHz, CDCl3) 8 1.18-2.18 (m, 20H), 2.91 (sept,
1H, J = 7.1 Hz), 3.43 (s, 2H), 3.87-4.28 (m, 8H), 5.58 (s, 1H), 6.80 (s, 1H), 7.88 (s, 1H); I3C NMR (75

S,
MHz, CDCl3) & 14.4 (q), 20.6 (d), 20.9 (q), 23.5 (1), 24.8 (1), 25.9 (1), 33.6 (1), 35.4 (1), 61.2 (1), 67.6 (1), 97.0
(d), 117.7 (s), 119.3 (d), 119.5 (s), 120.0 (s), 126.4 (s), 126.6 (s), 128.9 (s), 142.7 (d), 145.7 (s), 167.4 (s),
176.9 (s); FTIR (thin film) 3453, 2889, 1661, 1548, 1420, 1269, 1198 cm-!.
4,4-Dimethyl-2-(2,3,4-trimethoxyphenyl)-2-oxazoline, 12. To a solution of 2,3,4-trimethoxybenzoic
acid 11 (0.50 g, 2.4 mmol) in CH,ClI; (100 mL) was added oxalyl chloride (0.50 g, 0.34 mL, 3.9 mmol) and
DMF (53 mg, 0.05 ml., 0.73 mmol). The solution was stirred at r.t. for 4 h and then the solvent was removed

P G [P S | T | !_‘ MAITY M1 PR | . £ femaion ’\_.. _______ e
IH VACHO. lllC dLlU CrilOria€ was rcaiSsoIvea in Ll ana a bUlULl 1 <
1
i

L\
£, 024 m uu_‘ 2.5 mmo H (ﬁo uu_Jj was aaae
[

laver was concentrated in vacuo. The resu lfma solid was

ey 43 CRNILEE . (2L

overnight, The layers were sepa d rgani
dlssolved in CH,Cl, (100 mL), and thlonyl (.hlorldt, (0.80 g, 0.49 mL, 6.7 mmol) was added, and the reaction
was stirred overnight. H»O (40 mL) and 10% NaOII (100 mL) were then added to the solution which was
stirred for 3 h. The layers were separated and the aqueous layer was extracted with CH;Cl; (2 x 70 mL). The
combined organic layers were dried with Na>SOy4 and the solvent was removed in vacuo. The residue obtained
was purified by column chromatography (1 : 1 hexanes : EtOAc) to give 0.60 g (96%) of phenyloxazoline 12
as a light yellow oil. '"H NMR (300 MHz, CDCl3) 8 1.29 (s, 6H), 3.79-3.80 (m, 9H), 3.99 (s, 2H), 6.59 (d,
IH, J = 8.8 Hz), 7.40 (d, 111, ] = 8.8 IIz); !3C NMR (75 MHz, CDCl3) § 28.4, 56.1, 61.1, 61.6, 67.3, 78.8,
107.1, 115.7, 125.9, 142.8, 153.6, 155.9, 160.7; FTIR (thin film) 2967, 2936, 1645, 1598, 1354, 1294 cm-!.
4,4-Dimethyl-2-(2-isopropyl-3,4-dimethoxyphenyl)-2-oxazoline, 13. To phenyloxazoline 12 (0.90 g,
3.4 mmol) was added isopropylmagnesium chloride ((Aldrich) 5.0 mL, 10 mmol, 2.0 M)). This solution was

heated to reflux for 4 h at which time the reaction was wmpktc by TLC. The reaction was treated slowly

with HyO (10 mL). The layers were separated and the organic phase was washed with 10% HCI (20 mL) and
extracted with CH»Cl, (4 x 25 mL). The combined organic extracts were dried with Na;SO4 and then were
concentrated by rotary evaparation. Column chromatography (1 : 1 hexanes : EtOAc) gave 0.90 g (96%) of 13
as a colorless oil. 'H NMR (300 MHz, CDCl3) 8 1.27 (m, 12H), 3.38 (sept, 1H, J = 7.0 Hz), 3.76-3.82 (m,
8H), 6.67 (d, 1H, J = 8.5), 7.16 (d, 1H, J = 8.5 Hz); 13C NMR (75 MHz, CDCl3) & 21.9, 28.3, 30.0, 55.6,
60.7, 67.6, 79.0, 109.5, 121.6, 125.9, 141.2, 148.3, 154.7, 163.8; FTIR (thin film) 2970, 2941, 1651, 1488,
1307, 1046 cm!; Anal. Caled for C¢H23NO3: C, 69.29; H, 8.36; N, 5.05; found: C, 69.39; H, 8.43; N, 4.98.
2-Isopropyl-3,4-dimethoxybenzaldehyde, 14. To a flame-dried flask containing a solution of
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oxazoline 13 (0.80 g. 2.9 mmol) and CH,Cl; (25 mL) was added methyl trifluoromethanesulfonate (1.0 g, 0.69
mk, 6.1 mmol), and the solution was stirred for 2 h at r.t. until TLC indicated conversion of 4,4-dimethyi-2-(2-
isopropyl-3.4-trimethoxyphenyl)-2-oxazoline into baseline salts. The solution was cooled to 0 °C and treated
dropwise with a solution of NaBHy (0.24 g, 6.3 mmol) in THF/MeQH (4:1,30 mL). After stirring for L h

saturated aqueous NH,Cl (30 mL) was added. The layers were separated and the organic layer was washed
with saturated aqueous NaCl (40 mL). The combined aqueous layers were extracted with CH,Cl, (3 x 30 mL).
The combined organic extracts were dried with Na;SOy and concentrated by rotary evaporation. Filtration (1 :
I hexanes : EtOAc) through a short plug of silica was followed by reduction of the solvent in vacuo to give a
colorless residue. The residue was taken up in a solution of THF/H,0 (4 : 1, 60 mL) and treated with oxalic
acid dihydrate (1.0 g, 7.9 mmol). The solution was stirred at ambient temperature for 24 h. Et;O (50 mL) was
added and washed with saturated aqueous NaliCOj; (40 mL) and saturated aqueous NaCl (40 mL). The
combined extracts were dried with Na; SOy and concentrated under reduced pressure. Column chromatography

1N TN A Y cnsa Y AQ - 700/ O L. 111 1 14 PR [P, [P | 1El ANIRATY 79NN A AYT_
(@AY l “C‘\a..llk.b LWJAL) Bave U.aY g (0470) O1 DCNZAIACIIYUC 14 d> 4 COIOTIESS Oll. noINIVIRKR (QUU VIl Z,
CNOCITAS 12071 AL T —791T2\ 2071 /o ALY 20N 7 AEIN AN fonmt 11T T — 71T\ £ 08 71 18T 1T — O 7
LLACIZ) O LD U, UL, 7 /.2 T14), 3.01 (D, 1M1}, 3. JU S, J11), 4, UL (BCPL, 1IN, J — 7.4 114), 0.00 (4, 111, J — 0./
ITy 7 £ 71 11T 1 e O T UET_N 1NN 72 1TIN, 13N AINATY 2718 NATT . MTYY NS AN 7N NZ 1 73N £ 0 £\ £1 0N
nzj, 7.62(a, 1d, 4 = 8.7 Hzj, 10.27 (s, 1H); **C NMR (75 MHz, CDCl3) 0 22.9 (q), 26.1 (d), 56.0 (q), 61.0
(@), 109.7 (d), 128.5 (s), 128.8 (d), 144.9 (s), 148.0 (s), 157.8 (s), 191.3 (d); FTIR (thin film) 2938, 2860,
1688, 1588, 1444, 1280, 1083 cm!,

8
4-Hyd oxy-8-isopropyl-6,7-dimethoxy-2-naphthoic acid, 15. According to a modified procedure of

Edwards®” a flame dried flask was evacuated and purged three times (argon). To this flask was added THF (35
mL), benzaldehyde 14 (1.2 g, 5.8 mmol), potassium r-butoxide (0.73 g, 6.5 mmol), and dimethyl succinate
(0.95 g, 0.85 mL, 6.5 mmol). This solution was stirred for 6 h, and then was treated with H,O (100 mL).
Et;0 (200 mL) was added, the layers were separated, the aqueous layer was acidified with 10% HCI (pH 3),
and extracted with Et2O (3 x 100 mL). The combined organic layers were extracted with saturated aqueous
NayCOj3 (2 x 200 mL). The aqueous phase was cooled to 0 °C, acidified with 10% HCI (pH 1), and was
extracted with Et0 (4 x 50 mL). The combined organic layers were dried with NaySOy4 and concentrated by

et Axramsari e e sl o oo 1 1. in o Al A AONIT S0 TN st nen b 1t d o SN e Ty nead ad
rowdary €vdpurdiiol 10 ine cruae Pr auct was lIlCIl aaaea Acur (ov mL ), accuc dannydariac (ou I, ), dnd lUbCU
cn:“nrn acetate (3 0) o 37 mmal) Thic enliitinn wac haated at refluy Fnr a |4 canled (ﬂ oMy ni—\nh-nll'nmr] with
SUGIUIT acliaic (3. g, 37 Moy 11115 SULUUUII WAS 1ITaWCU Gl ITHUN 101 5 1, LUUILu o, DCUTAIIZC0C Wi

.,
s
S
wv

saturated aqueous NaHCO; (300 ml.) and extracted with Et,O (5 x 10() mL). The organic lay
concentrated to give an oily residue which was heated to reflux in MeOH (100 mL) and 10% NaOH (100 mL)
tor S h. The MeOH was removed via atmospheric distillation and the resulting mixture was cooled (0 °C) and
acidified with 10% aqueous HC! (pH 2). The resulting tan solid was filtered to give 4-hydroxy-8-isopropyl-
6,7-dimethoxynaphthoic acid 15. Recrystallization from benzene gave 1.3 g (77%) of a cream colored solid,
mp 226-227 °C (1it.27 226-227 °C). 'H NMR (300 MHz, CDCl;) & 1.44 (d, 6H, J = 7.0 Hz), 3.36 (s, 1H),
3.80 (s BH) 3 8() 3 93 (m, 4H (thelem 3. 93 (a. JH))), 7 35 (5 IH) 7 47 (x IH), 827 (s, 1H), 10.31 (bs, 111);

i ava) PNy
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Mcth)l 8 xsopropyl-4 6,7 trlmethoxynaphthalene-Z-carboxylate, 16. Accordmg to a modified
procedure of Edwards® to a stirred solution of naphthoic acid 15 (0.20 g, 0.69 mmol) in acetone (25 mL) was
added K>CO3 (0.41 g, 3.0 mmol) and dimethyl sulfate (0.19 g, 0.14 nlL, 1.5 mmol) in acetone (20 mL). After
the reaction had been stirred at r.t. for 30 h, the mixture was filtered through Celite 545® and washed with
CH,Cl, (2 x 50 mL). The solvent was removed in vacuo and the resulting oil was diluted with CH,Cl; (100
ml) and washed three times with H,O (50 mL). The combined organic layers were dried with Na;SOy4 and

concentrated by rotary evaporation to give 0.21 g (96%) of 16 as a colorless oil. 'H NMR (300 MHz, CDCls)
8 1.50 (d, 6H, J = 7.1 Hz), 3.88 (s, 3H), 3.93-4.02 (m, 10H (therein 3.95 (s, 3H). 3.99 (s, 3H), 4.02 (s, 3H))),
7.33 (s, 1H), 7.52 (s, 1H), 8.53 (s, 1H); 13C NMR (75 MHz, CDCls) & 22.6 (q), 27.5 (d), 52.5 (g). 55.9 (q).
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56.0(q), 61.4 (q), 100.4 (d), 102.5 (d), 120.5 (d), 125.2 (s), 126.6 (s), 127.9 (s), 13 (s) 148.6 (s), 154.1 (s),

1SS 1 () 1TAR D i) ETIR (thin il 2088 DQ172 1717 14N 1ALT 1A 1744 eene

L/l \OJy 1UGC.L (9), L FRIN\UNLL LML) 4700, £000, 1717, 10UZL, 140/, 1944, 1499 11
8-Isopropyl-4,6,7-trimethoxy-2-naphthoic acid, 17. According to a modified procedure of Edwards®’

solution of mt_.t_hvl ester 16 (0.42 g, 1.3 mmol) in MeOH (20 mL ) was added slowly to a solution of KOH
(0.25 g, 4.5 mmol) in MeOH (20 mL) The reaction was heated to reflux for 6 h and then was cooled to r.t.
The MeOH was removed by rotary evaporation and the residue was taken up in H,O (30 mL). The resulting
solution was cooled (0 °C) and was acidified with dilute HCI (pH 2). The tan precipitate was filtered and
dried under vacuum. The tan solid was then recrystallize from benzene twice to give 0.40 g (100%) of

naphthoic acid 17 as a white solid, mp 215-217 °C. 'H NMR (300 MHz, CDCl3) 8 1.44 (d, 6H, J = 7.1 Hz),
3.80 (s. 3H), 3.94-4.00 (m, 7H (therein 3.94 (s, 3H), 4.00 (s, 3H))), 7.31 (s, 1H), 7.48 (s, 1H), 8.42 (s, 1H),
12.94 (s, IH); 3C NMR (75 MHz, CDCl3) & 22.1 (q) 04 (d), 55.5 (q), 55.6 (q), 60.6 (q), 100.0 (d), 102.3

(), 119.0(d), 1253 (5), 1258 (5) 1268 (5), 136, 9(5), 1533 (5), 1543 (9), 167.8 (s); FTIR (KBp)

7041 1405 1ANT 1484 1997 ~e Anal Malas N ,,ll,,!\= 7 N0 LT £ £ Fanind. L7 1850 A AA

2761, 10%3, 10UL, 1404, 1225 ¢Cm , Alldr, CairCa [0F L 71129VUs! Lr, Ur.U7, 1, .02, 10UnG: \,, O/.1J, 11, V.04,
l.‘q\-ﬁ-t..Rlll’vL’_(g-iunn n\l 4 A '7-fvimothnvv_7,n anhthvN_?2_avaznlinae Q.18 Tn a n]nﬁnn af
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naphthoic acid 17 (0.60 g, 2.0 mmol) in CH,Cl, (30 mL) was added oxalyl chloride (0.37 g, 0.25 mL, 2.9

A\l

mmol) and DMF (0.10 g, 0.11 mL, 1.4 mmol). This solution was stirred for 4 h and the excess oxalyl chlorlde
and solvent were removed by rotary evaporation. Dichloromethane (30 mL) was added and the resultant

solution was cooled in an ice bath and a solution of 2-amino-3,3-dimethyl-1-butanol ((S)-(+)-1- leucinol)*®

(DeGussa, 0.34 g, 2.9 mmol) in 1 M NaOH (30 mL) was added via an addition funnel. After stirring for 3 h
the layers were separated and the aqueous layer was extracted with CH;Cly (3 x 50 mL). The combined
organic extracts were dried with Na,SOy and reduced by rotary evaporation. Aner dissoiving tne residue in

Yy N T ~

CH»Cl ()u mlL) ring cyclization was effected by treatment with a solution o
23 muy ) in CH2C‘12 (30 ﬂ‘xL} The i‘c‘S‘ulLiﬁg solution was stirred for 3
gauuously. After addition of 10% aqueous NaOH (100 mL), the layers were separated, and the aqueous layer
was extracted with CH,Cl, (2 x 35 mL). The organics were washed with saturated aqueous NaCl (25 mL) and
dried with Na;SQ4. Removal of the solvent via rotary evaporation was followed by column chromatography
(4 : 1 hexanes : EtOAc) to afford 0.71 g (94%) of oxazoline (S)-18 as a light yellow oil. [a]p = -47 (¢ = 1.9,
CHCl3); 'H NMR (300 MHz, CDCl3) & 0.99 (s, 9H), 1.52 (d, 6H, J = 7.0 Hz), 3.91 (s, 3H), 4.08 (s, 3H),
4.10-4.16 (m, 5SH), 4.27-4 43 (m, ’)H\ 7.39 (s, 1H), 7.55 (s, IH), 8.33 (s, 1H); 13C NMR (75 MHz, CDCly) )

\Sy adlj,

22.0 (q). 25.7 (q), 26.9 (d), 34.0 (s), 55.3 (q), 55.6 (q), 60.9 (q), 68.5 (1), 76.0 (d), 100.0 (d), 101.8 (d), 117.6

(d), 122.7 (s). 125.0 (s), 127.6 (s), 136.5 (s), 148.4 (s), 152.9 (s), 154.4 (s), 163.8 (s); FTIR (thin film) 2963,

2935, 2831, 1646, 1600, 1466, 1237 cm-1.
(45)-4-1-Butyl-2-(3-bromo-8-isopropyl-4,6,7-trimethoxy-2-naphthyl)-2-oxazoline, (5)-19. To a flame

dried flask was added oxazoline (S5)-18 (0.49 g, 1.3 mmol). The flask was purged and evacuated with argon five
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Vi) Was aadcda sioOwly and arner v my
/ J

45 °C and was stirred for 4 h. 1,2-dibromotetratluoroethane (0.46 g, 0.21 mL, 1.8 mmol) was added dropwise
and the solution was warmed to 0 °C over 2 h. 11,0 (10 mL) was added, the layers were separated, and the
aqueous layer was extracted with Et,O (3 x 15 mL). The combined organic layers were dried with MgSQOy,
filtered, and reduced in vacuo. Column chromatography (8 : 1 hexanes : EtOAc) gave 0.43 g (73%) of
bromooxazoline (5)-19 as a viscous light yellow oil. [a]p = -30 (¢ = 2.2, CHCl3); 'H NMR (300 MHz,
CDCl3) 8 1.00 (s, 9H), 1.42 (d, 6H, J = 7.5 Hz), 3.86 (s, 3H), 3.93 (s, 3H), 3.69 (s, 3H), 4.08-4.14 (m, 211),
4.22-4.42 (m, 2H), 7.31 (s, 1H), 8.18 (s, 1H); 1BC NMR (75 MHz, CDCl3) § 21.2 (g), 22.3 (q), 26.2 (d), 27.2
(s),34.2 (q), 55.8 (q), 61.0 (d), 61.2 (q), 69.1 (1), 77.0 (d), 100.1 (d), 110.9 (s), 123.7 (s), 125.5 (s), 127.4 (s),
128.3 (s), 137.1 (s), 153.3 (s), 154.4 (s), 163.5 (s); FTIR (thin film) 2957, 2870, 1655, 1606, 1464, 1418,
1247 cmel. Anal. Caled for Co3H3oBrNOy: L 59.49; H, 6.51; N, 3.02; found: C, 60.32; H, 6.62; N, 2.92.
(45)-4-1-Butyi-2,2'-(5,5'-diisopropyl-1,1',6,6',7,7'-hexamethoxy-($)-2,2'-binaphthyi)-3,3'-bis-
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oxazoline, (aS,5)- and  (45)-4-t-Butyl-2,2'-(5,5'-diisopropyl-1,1',6,6',7,7'-hexamethoxy-(R)-2,2'-

20
binaphthyi)-3,3'-bis-oxazoiine (ax,s )-20. Bromooxazoline ($)-19 (0.70 g, 1.5 mmol) was added to a flame

dried flask which was eauinped with a flame dried condensor Lenchls ferillad MME 71 AL /010 o
arica ias<s walcit was CHyuwppiu vvuu 4a naime ariea conaensor. r lcmuy ul::uucu LJIVIE (1. J lllL}, iNail (U.1V B,

4.2 mmol) and freshly activated3? Cu® (0.19 g, 3.0 mmol) were added. This mixture was heated at reflux for

h. TI"\P rPcmhmo leher was thrpr{ nmnn a nad nt (‘phfn <A<O nd lke S

Sy G pau Ui Wi and

NH4OH (3 x 30 mL), H,0 (3 x40 mL), and Et;0 (5 x 60 mL). The layers were separated ar
layer was extracted with EtO (4 x 50 mL). The combined ethereal layers were washed vuth concentrated
NH4OH (3 x 25 mL) until no blue color persisted in the aqueous layer, washed with H,O (3 x 100 mL), and
then concentrated in vacuo . Subsequent azeotropic removal of pyridine and H,O with toluene in vacuo gave a
residue which was subjected to column chromatography (8 : 1 hexanes : EtOAc) gave 41 mg (7%) of bis-
oxazoline (aR,S)-20 as a light yellow oil. [o]p=-231 (¢ =2.0, CHCl;); 'H NMR (300 MHz, CDCl3) & 0.53
(s, 18H), 1.52-1.55 (m, 12H), 3.49 (s, 6H), 3.58 (s, 6H), 3.81-4.04 (m, 14H (therein 3.91 (s, 6I1), 3.97 (s,

6H))), 7.45 (s, 2H), 8.48 (s, 2H); '3C NMR (75 MHz, CDCl3) 3 22.4 (q), 26.0 (q). 27.3 (d). 33.7 (s), 55.6

(q). 60.9 (q), 61.3 (q), 68.1 (t) 76.7 (d),100.8 (d), 121.7 (d), 125.3 (s), 126.0 (s), 127.70 (s), 127.8 (s), 136.8
(s). 148.0 (s), 152.9 (s), 153.5 (s), 163.4 (s); FTIR (thin film) 2957 2870, 1633, 1463, 1244, i0i8 cmt.
Caontintied elnition (2 - 1 hevanee + F+NA ] NAT7 o (210/\ ~Af laia_Avaonlin ne £2C Y IN e o Light vallaxer Al
AZHIUHIIULU LIUUVIL (O . 1 HICAQLICD L:I.\./n\r} éavy V.t / E Lol /U’ vl U b VAALULLLIC \uu,u] &~V aAd> a LISIIL ’V\«IIUW Vil
[a]lp =249 (c = 1.1, CHCI3); 'H NMR (300 MHz, CDCl3) 8 0.59 (s, 18H), 1.53 (d, 12H, J = 7.1 Hz), 3.49
(s. 6I1), 3.73-3.81 (m, 6H), 3.96-4,03 (m, 14H (therein 3.95 (s, 6H), 3.99 (s, 6H))), 7.42 (s, 2H), 8.52 (s, 2H);
13C NMR (75 MHz, CDCl3) § 22.4 (q), 22.5 (), 25.9 (q), 27.2 (d), 31.7 (s), 35.6 (q), 60.8 (q), 61.2 (q), 68.1
(1), 76.6 (d),100.7 (d), 121.6 (d), 125.2 (s), 126.0(s), 127.7 (s), 127.8 (s), 136.8 (5), 147.9 (s), 152.9 (s), 153.4
(s), 163.4 (s); FTIR (thin film) 2956, 2870, 1652, 1462, 1243, 1017 cm-l; LRMS (electrospray) calc for

Cy6HeoN20g: m + H 769; obsd m + H 769.
5,5'-Diisopropyl-1,1',6,6',7,7'-hexamethoxy-((5)-2,2'-binaphthalene)-3,3'-bis-carbinol, (8)-21. To
bis-oxazoline (a5,5)-20 (2.0 g, 2.6 mmol) was added THF (20 mL), H,O (3.0 mL), and trifluoroacetic acid (1.5
g, 1.0 mL, 13 mmol), and Na;S0O410H,0 (3.0 g) and this suspension was stirred vigorously overnight at r.t.
After filtration, the solvent was removed in vacuo and the light brown residue was dissolved in CH,Cly (25

T n "7£ T onNn
1L ). l O Ll“\ 5muuun was dUUCU pyuumc kl l g, l l lllL4 l"f UUUUI} dllu dLCllL auuyuuuu \U 04 b, U. /70 HiL,

o.v
mmol) and the reaction was stirred for two d at r.t. The mixture was washed with 10% agueous HC! (3 x 20
mL), and then HyO (2 x 30 mL). The layers were separated and the aqueous layer was extracted with CH,Cl»
(2 x40 mL). The solvent was removed under reduced pressure to give a brown residue which was dissolved in
THF (40 mL) and added to a stirred cold (10 °C) sturry of LiAlH4 (0.21 g, 5.5 mmol) in THF (30 mL). The
mixture was warmed to r.t. and stirred an additional 4 h, and Na;SO4-10H,0 (4.0 g) was added slowly over 20
min. Anhydrous Na;SQ, (5.0 g) was added and the mixture was stirred for an additional 20 min. The white
slurry was filtered on a glass sintered funnel and the salts were washed with THF (2 x 30 mL). The combined
filtrates were reduced in vacuo. The resulting residue was subjected to column chromatography (20 : 1

Ci1,Clp : MeOH) to give 1.1 g (73%) of bis-carbinol (8§)-21 as a white solid, mp 298-300 °C. [ajp = 158 (¢ =

2, CHCl3); 'H NMR (300 MHz, CDCIl3) 6 1.55 (d, 12H, J = 7.1 Hz), 2.83 (s, 2H), 3.61 (s, 6H), 3.90-4.00

(m, 14H (therein 3.93 (s, 6H), 3.99 (s, 6H))), 4.37 (app d, 2H, J = 11.8 Hz), 4.43 (app d, 2H, J = 11 8 Hz),
7.35 (s, 2H), 8.13 (s, 2H); 13C NMR (75 MHz, CDCl3) 8§ 22.4 (q), 27.3 (d) 55.7 (q) 60.9 (q), 61.3 (q). 64.7
4y 1NN A AV 1Y N AN 147 oy 108 Q (oY 17907 /o) 1280 fa) 114 oY 14Q fad 187 & /)y 1821 72)
(U, 1UUA (Q), 1220 (Q), 124.5 (S), 1230 (8), 1293 (8}, 152.5(5) 136.4 (s), 148.4 (s), 152.5 (s), 153.1 (s);
FTIR (KBr) 3264 (br), 2952, 2922, 2872, 2832, 1957, 1456, 1240, 1029, 788 cml; HRMS calc for
Ci34H4o0g: m/z 578.2880; obsd m/z 578.2886.

(S)-Apogossypol hexamethylether, (5)-22. To bis-carbinol (1.1 g, 1.9 mmol) ($)-21 in EtOH (15 mL)
was added 10% aqueous HCI (2.0 mL) and 10% Pd/C (0.60 g) and the reaction was subjected to 40 psi of Hj.

The reaction was stirred overnight at r.t. and filtered using a pad of Celite 545®_ The pad was washed with
EtOH (2 x 30 mL) and CH>Cl> (2 x 30 mL). The combined filtrates were reduced in vacuo to give a residuc
which was taken up in Et0 (60 mL) and washed with saturated aqueous NaHCO3 (30 mL), HO (30 mL),
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I-
=

dried with MgSOy4 and reduced oy rotary evaporauon 1e coloriess residue was subjected to column
1
1

chromatography (8 : | hexanes : EtOAc) to give 0.85 g (82%) of (%“ -apogossypol hexamethylether (8)-22 as a
white solid, mp 274-275 °C (lit.** 273-274 °C). [a]p=123 (¢ = 3.7, CHCl3); 'H NMR (300 MHz, CDCl5)
KT EL /1 1MW T—£0TT Y100 L£YIN NV EL 0 £TIIN A 01 Y ON7 7o 1TAYY 7.t ~ A NN s FYYY N N s YTV
O 102U, 1£11,J4 = 0.7 1NL), £.17 (5, 011), .00 (5, OI1), 5.71=-3.70 (M, 1411 (IN€re€in >.¥£ (S, o11), 5./ (8, 0H))),
T AN 4 MNYIEIN T 0N /. AT P/ NTR LAY 777 % AYT el aval RN e b e 4 YN N e L = 2R B e~ s e DR e o~
74248, £), /.82 (5, 20, YU NMK (/5 MHzZ, CDUI3) 0 £1.£(q), 244 (q), £7.2 (d), 20.6 (q), 6U.7 (q), 61.3
fAY 1NN Q 7AY 1IN A AN 174 0 o) 1DEL£ L () 1900 7o) 127N 7.y 1787 75 149N 72y 1821 7. 1890 72\
1qJ), 1vu. 8 \Uj} 1&V.U U), 1257 (5), 1LD.U D), 1£0.7 (5), 122.U5), 132.0(5), 190.U{5), 10L.1 (5), 1227 (5),
FTIR (KBr) 2958, 2933, 2875, 2833, 1598, 1456, 1245, 1036 cm-!; HRMS calc for C34H4,04: m/z 546.2981;

obsd m/z 546.2982,

(S)-Gossypol (8)-1. (S)-gossypol (S)-1 was prepared from (S)-apogossypol hexamethylether (S5)-22
according to Meltzer*® with the following modifications. Neat boron tribromide (0.75 g, 0.28 mL, 3.0 mmol)
was added to a cold (-78 °C) solution of (S)-apogossypol hexamethylether (0.26 g, 0.48 mmol) in CHCl;. The
reaction was allowed to warm to -10 °C over the course of 4 h. The crude product was passed twice in the
dark through a short plug of alumina and was subsequently subjected to column chromatography in the dark
(10 : 1 hexanes : EtOAc) to give 84 mg (34%) of (S)-gossypol ($)-1 as a yellow solid, mp 186-187 °C (lit.’8
180 °C). [ot]Jp= 363 (¢ = 1.1, CHCI3); 'H NMR (300 MHz, CDCl3) 6 1.54 (d, 12H, J = 7.0 Hz), 2.14 (s,
6H), 3.88 (sept, 2H, J = 6.9 11z), 5.85 (s, 2H), 6.39 (s, 2H), 7.77 (s, 2H), 11 11 (s, 2H), 15.11 (s, 2H); 13C

NMR (75 MHz, CDCl3) 6 20.5 (q), 20.5 (q), 28.1 (d), 111.9 (s), 114.9 (s), 116.5 (s), 118.2 (d), 129.8 (s)
124Ny 124 A 7N 1A A7y 1EN O 70N 1:{r\rﬁ\ 100 & /-, TID 7D ') —71 PRy 1/‘1: 1£4Mn1 TAAN 177 Z
IOoO7. U 0], 1294 15), 193.415), 10U.0 (5), 100U (5), 1¥Y.0 \u), riHiK U\DT} /7 (D ) 1010, 10UL, 144U, 1000,

1168 cm-!; HRMS calc for C3yH3¢0g: m/z 518.1941; obsd m/z 518.1949.

4.4-Dimethyl-2-(5-formyl-2- isopropyl-3,4-dimethoxyphenyl)-2-oxazoline, 26. To a flask containing
THP (5.0 mL) was cooled to -78 °C, causing the THP to fleeze Ethyl vinyl ether (0.25 g, 0.33 mL, 3.5 mmol)
was added to the flask and the mixture was warmed enough such that the THP melted and went into solution.
To this solution, which was again cooled to -78 °C, was added ¢-butyllithium (1.5 mL, 3.1 mmol, 2.1 M) and
the resulting bright yellow suspension was warmed to -10 °C and stirred for 30 min. The pale yellow solution
was cooled 10 -78 °C and diluted dropwise with THF (8.0 mL). To this solution was added very siowly by

HAMMDA M S o D84 T 21 smamnt Nyvazalina 12 (N AN o A mumah) dn THE /60 0T ) wae addad
S5y uub» CAVID A (V.00 B, Vo4 Tk, .1 uuuun} \JAAZULLC 10 \V.9V g, 1.4 IMiTio1) il 1 nc (O.V L) was addacda

dropwise and the light vellow solution was stirred was for 24 h. DMF (0.29 ¢, 0.31 mL, 4.0 mmol) was then
added and the solution was allowed to warm to r.t. over the course of 3 h. Sdlumtgd aqueous NH,Cl (15 mL)
was added, and the mixture was extracted with Et;0 (4 x 15 mL). The ethereal extracts were washed with
H,0 (4 x 20 mL), saturated aqueous NaCl (20 mL), dried with MgSOy4 and concentrated in vacuo to give an
oily residue. The residue in THF (10 mL) was added to a cold (-10 °C) slurry of LiAlH4 (60 mg, 1.6 mmol) in
THF (10 mL). The reaction mixture was stirred for 1 h and 10% aqueous NaOH (0.5 mL), H,0 (0.5 mL), and
NapS0O4 (1.0 g) was added and the reaction was stirred for an additional 30 min. The reaction was filtered and
the salts were washed with Et;0 (4 x 10 mL). The combined filtrates were dried with MgSOy4 and reduced in
vacuo. The aquired residue in THF (10 mL) was added to a coid (0 °C) siurry of NaH (38 mg, 1.6 mmol) in

TLID (10 T\ gtivead £~ 1 AAathe indida N ’3: g T 1 Q inaivanl rae addad Avamurica ans 1 tha
100 L1V L1L) auu Strrea 1or l 1. lVlClUyl 10aGiae \V.2a ke, U ll i1, 1.0 UUllUl} Was aaaeda ulUlebC Ailu Liv

reaction mixture was stirred for an additional 2 h. H,0O (5 mlL) was added slowly, the layers were separated
and the aqueous layer was extracted with CH,Cly (4 x 15 mL). The combined organic phases were dried with
MgSOy and reduced by rotary evaporation. The acquired residue was subjected to column chromatography (2

: 1 hexanes : EtOAc¢) to give 0.33 g (72%) of oxazoline 26 as a colorless oil. 'H NMR (300 MHz, CDCl3) &
1.34 (d, 6H, I = 6.9 11z). 1.36 (s, 6H), 3.37-3.42 (m, 4H), 3.82 (s, 3H), 3.86 (s, 3H), 4.05 (s, 2H), 4.43 (s, 2H),
7.25 (s, IH); 13C NMR (75 MHz, CDCl3) 6 21.9, 28.3, 30.0, 58.2, 60.3, 60.4, 67.7. 69.2, 79.1, 124.6, 125.9,
129.9, 141.6, 152.6, 153.2, 163.6; FTIR (thin film) 2964, 2934, 1652, 1464, 1349, 1193, 1049 cm!; LRMS
calc for C gH27NOy4: m/z 321.4; obsd m/z 321.4 (M™*).
2-Isopropyl-3,4-dimethoxy-5-methoxymethylbenzaldehyde, 27. To a solution of oxazoline 26 (3.1 g,
9.6 mmol) and CI1L,Cly (7() mL) was added methyl trifluoromethanesulfonate (3.3 g, 2.3 mL, 20 mmol), and the
solution was stirred for 2 h, cooled to 0 °C, and treated dropwise with a solution of NaBH4 (0.76 g, 20 mmol)
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in THF/MeOH (4 : 1, 25 mL). After stirring for 1 h saturated aqueous NH4Cl (15 mL) was added. The layers
were separated and the organic layer was washed with saturated aqueous NaCl (40 mL). The combined
aqueous layers were extracted (2 x 30 mL). The combined organic extracts were dried with Na,SO4 and

I‘P("uged hV rotarv PVQN!I’AH(\“ Filtration /1 1 hevanee * FtOA M) thranagh a chart nlua af cilica wae Fn"nun:n“
Ica 08y Cvaporauion, rlhafauaon <1 0eXanes [ CIVAC) tHUUEIl a St piug U1 Sliitd was 10nuvweq

by reducnon of the solvent in vacuo to give a colorless residue. The residue was taken up in a solution of
THF/H,0 (4 : 1, 40 mL) and treated with oxalic acid dihydrate (8.0 g, 63 mmol). The solution was stirred at
ambient temperature for 24 h. Et;0 (100 mL) was added and washed with saturated aqueous NaHCOj3 (50
mL), saturated aqueous NaCl (50 mL). The combined extracts were dried with and concentrated under reduced
pressure. Column chromatography (10 : 1 hexanes : EtOAc) gave 2.2 g (89%) of 27 as a colorless oil. TH
NMR (300 MHz, CDCl3) § 1.42 (d, 6H, J = 7.2 Hz), 3.44 (s, 3H), 3.86 (s, 3H), 3.92 (s, 3H), 4.03 (sept, 1H,
J=7.2Hz), 448 (s, 2H), 7.66 (s, 1H), 10.34 (s, 1H); 13C NMR (75 MHz, CDCI3) & 22.7, 26.0, 58.5, 60.4,
60.5, 69.2, 127.8, 130.6, 130.7, 145.0, 152.3, 156.2, 191.3; FTIR (thin film) 2936, 2874, 1686, 1596, 1450,

1379, 1302, 1041 cm!; HRMS calc for Cy4H,¢Oy: m/z 252.1362; obsd m/z 252.1352.
[ § (S P 0 ......... 1 £ -1 b LIRS & el S U TR TR P RS DU
S-I1YUrux In Arica Llask

oxy-8-isopropyl-6,7-dimethoxy-5-methoxymethyl-2-na
evacuated and nnrgnr{ three times {(a r(ynn\ was added THF ( 5
methoxymethylbenzaldehyde 27 (1.4 g, 5.5 mmol), NaH (0.17 g, 7.1 mmol), and drmethy succinate (1.0 g,
0.90 mL, 6.8 mmol). This solution was magnetically stirred for 4.5 h, and then was treated with H,O (50 mL)
and Et,O (200 mL) was added. The layers were separated, the aqueous layer was acidified with 10% HCI (pH
2) and extracted with E6;O (3 x 60 mL). The combined organic layers were extracted with saturated aqueous
Na2CO3 (3 x 100 mL). The aqueous phase was cooled (0 °C), acidified with 10% HCI (pH 1), and was
extracted with Et70 (4 x 50 mL). The combined organic layers were dried with Na;SO,4 and concentrated by
rotary evaporation To the crude product was then added AcOH (30 mL), acetic anhydride (30 mL), and fused
sodium acetate (1.0 g, 12 mmol). This solution was heated at reflux for 4 h, and then was neutralized with
saturated aqueous NaHCOj3 (300 mL) and extracted with Et;O (4 x 100 mL). Concentration of the combined
organic extracts gave a residue which was dissolved in MeOH (80 mL). 10% NaOH (80 mL) was added
slowly and the solution was heated to reflux for 5 h. The MeOH was removed via atmospher\c distillation and
the resulting mixture was cooled (0 °C), aciditied with 10% aqueous HCI (pH 2), and extracted with CH2Cl; (3
x 50 mL). The combined organic extracts were dried with MgSQy, reduced via rotary evaporation to give an
oily residue. The residue was subjected to column chromatography (1 : 1 hexanes : EtOAc) to give 1.1 g (59%)
of 28 as a colorless oil. 'H NMR (300 MHz, CDCl3) & .54 (d, 6H, J = 7.2 Hz), 3.58 (s, 3H), 3.91 (s, 3H),
3.92 (s, 3H), 4.03 (sept, 1H, J = 7.2 Hz), 5.06 (s, 2H), 7.62 (s, 1H), 8.64 (s, 1H); 13C NMR (75 MHz,
CDCl3) & 22.3, 27.5, 57.7, 61.0, 61.6, 66.1, 112.2, 120.3, 120.4, 121.3, 126.3, 131.6, 139.6, 150.5, 153.6,
154.8, 172.6; FTIR (thin film) 3227 (br), 2937, 1694, 1454, 1282, 1119, 1073 cm!.

Methyi 8-isopropyi-4,0,7-trimethoxy-5-methoxymethyi-naphthaiene-2-carboxyiate, 29. To a stirred
cnlhitinn af nanhthaic acrid IR /M ALK 1 D Q mamal) in apatane 18 mT Y wae addeAd ~CO, (DRND o 5 8 mmal) and
SULULIVLIL UL uayuluuly avivud &40 \U s 53 A e QO MALLIIVL ) 1L QWA LVIIV | E 0 111 ) VWVAD dAUUNM 1IN 5 (VeOU o /0 LIV diive
dimethy! sulfate (0.90 g, 0.68 mL, 7.1 mmol) in acetone (30 mL). After the reaction had been Sti..ed at r.t. for
24 h, the mixture was filtered through Celite 545® and washed with CH>Cl, (2 x 30 mL). solvent was

remnvf;d in vacuo and the rpqnlfmo oil was diluted with CH,Cl, (? x 20 mL) and was hed \Mrh H,O (3 x 20

¢ combined organic layers were dried with Na>SQy4 and concentrated by rotary evaporation to give 1.0

o i ‘~~-r

(97%) of methyl ester 29 as a colorless oil. 'H NMR (300 MHz, CDCl3) 8 1.51 (d, 6H, ] = 6.9 Hz), 3.58 (s,
,JH)S 3.91 (s, 3H), 4.02-4.12 (m, 10H (therein at 4.03 (s, 3H), 4.07 (s, 3H). 4.11 (s, 3H))), 4.62 (s, 2H), 7.08 (s,
1H), 7.72 (s, 1H); 13C NMR (75 MHz, CDCl3) § 22.4,27.4, 56.1, 58.4, 61.0, 61.0, 61.8, 66.8, 104.6, 121.6,
124.9, 125.6, 126.0, 131.4, 139.0, 152.4, 153.1, 157.8, 172.5; FTIR (thin film) 2934, 1682, 1575, 1455, 1155,
1097 em-!; Anal. Caled for CygH20g: C, 66.28; H, 7.23; found: C, 66.26; H, 7.17.

8-1sopropyl-4,6,7-trimethoxy-5-methoxymethyl-2-naphthoic acid, 30. To a solution of methyl ester
29 (0.90 g, 2.5 mmol) in MeOH (20 mL) was added slowly a solution of KOH (0.25 g, 4.5 mmol) in MeOH
(20 mL). The reaction was heated to reflux for 8 h and then was cooled to r.t. The MeOH was removed by
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rotary evaporation and the residue was taken up in H,O (25 mL). The resuiting solution was cooled (0 °C)
d was acidificd with dilute HCI (pH 2). The aqueous solution was extracted with CH,Cl, (4 x 20 mL), dried

o
=
.- =

Na;SOy4, and reduced via rotary evaporation. The resultant residue was subject to column

o
ol
=
S 0 B
jon
ot
avl
o

¥ oranhv (1 : 1 hexanes : EtOAe) to oive () 88 o (OR0/) Af nanhthaio acid 20 ac a slear il 1L NIMD

LRIV iy (4 ¢ 4 AWAQIIVS - LRls AN Y 51'\4 V.0 5 \}U/U} Vi llul.)lll.ll\)l\- AWIU JU A0 a4 widd JUll. LR INIVIIN
(300 MHZ. CDCINY3 1.92(d 6H. T=71H2 Y46 (c 3HY 171,404 (m 10 H (tharein at 2 74 {c L 2 QN
LY AL Ry NTASACRYF WV A (M Vidg v Tel RRLJg J0TY \J, .Jlx}, LS AN Shn AV o 3 \Lll, iV 11 \lll\n\\rlll UL .1 7T \O, Jlll, oJ.OU
(s. 3HY 4 00 (<. IHY) 5§23 (¢ 2HY. 7.44 (s, THY. 866 (5. 1HY: 130 NMR (75 MH7 CDCLY S 22.1. 285
Wy P1AJ, TUVAS, J11))), J.LT S, LE1J, 7975, 1X1), 0,00 (S, 111}, OINIVIIN (/0 VIR Z, i3] O Z4.1, £0.90,
55.7,60.3, 64.0, 65.6, 86.4,97.9, 101.1, 118.5, 121.5, 122.6, 123.0, 132.1, 142.6, 149.2, 150.1, 160.2; FTIR
(KBr) 2935 1718, 1449, 1221, 1042 cm!; LRMS calc for CygH2404: m/z 348.2; obsd m/z 348.2 (M*).

(45)-4-t-Butyl-2-(8-isopropyl- 4,6,7-trlmethox_y-5 methoxymethyl-2-naphthyl)-2-oxazoline, (§)-31.
To a solution of naphthoic acid 30 (0.42 g, 1.2 mmol) in CH,Cl; (50 mL) was added oxalyl chloride (0.18 g,
0.12mL, 1.4 mmol) and DMF (0.10 g, 0.11 mL, 1.4 mmol). The solution was stirred at r.t. for 5 h at which
time the solvent and the excess oxalyl chloride was removed in vacuo. The acid chloride was dissolved in

CH,Cl; (100 mL) and was added dropwise to a solution of (S)-(+)-t-leucinol®® (DeGussa, 0.38 g, 0.32 mmol)
and TEA (1.0 g, i4mL, 99 mmol) This solution was stirred ovemlght and the solvent was removed by
rotary C\apwauuu To this residue was added r1'>U \J.J IIIL), \,1‘17_\,17 \.)U luL), and saturated aqueous

NaHCO; (20 mL). The layers were separated and the aqueous layer was extracted with CH,Cl5 (4 x 30 mL)

and the combined extracts were dried with Na-SQ;. The solvent was removed in vacuo and the resulting

Ai RULLIVNIINEAS RAMALIS WRIT Ml W NG/, LT SUI VUL WaAS 1Ciuuy Quiv v v

was diluted with CH»Cl, (100 mlL). A solution of thionyl chloride (1.8 g, 1.1 mL, 15 mmol) in CH,Cl5 (:
mL) was added via addition funnel and this solution was stirred ovc.mu_ht H;0 (35 ml.) and 30% aqueous
NaOH (25 mL) were then added to the solution which was stirred for 3 h. The organic layer was removed and
the aqueous layer was extracted with Et,O (4 x 50 mL). The organic layer was dried with Na;SQy, and the
solvent was removed by rotary evaporation. The resulting oil was purified by column chromatography (1 : 1
hexanes : EtOAc) to give 0.45 g (87%) of naphthyloxazoline (5)-31 as a light yellow oil. [a]p = -61 (¢ = 1.2,
CHCl3); 'H NMR (300 MHz, CDCl3) & 0.96 (s, 9H), 1.47 (d, 6H, J = 7.3 Hz), 3.40 (s, 3H), 3.89 (s, 3H),
3.99 (s, 3H), 4.02-4.14 (m, 5H (therein 4.07 (s, 3H))), 4.23-4.34 (m, 2H), 4.98 (s, 2H), 7.49 (s, 1H), 8.16 (s,
1H); 13C NMR (75 MHz, CDCl3) § 31.8, 32.5, 34.9, 32.0, 43.0, 57.6, 62.1, 62.1, 78.4, 75.2, 85.2, 103.9,
105.0, 119.2, 124.0, 126.3, 128.4, 133.6, 143.3, 148.6, 149.8, 158.1; FTIR (thin film) 2952, 1653, 1450, 1263,
1183, 1042 em-!; HRMS calc for CosH3sNOs: m/z 429.2515; obsd m/z 429.2520.

[PPSR celeas nall oo | Hie 1 __..

csde . ~ e = fo JHP TP o
(45)-4-1-Butyl-2-(3-bromo-8-isopropyl-4,6,7-trimethoxy-5-methoxymethyl-2-naphthyl)-2-oxazoline,
($)-32. To a cold solution of naphthvloxazoline ($)-31 0o 23 mmoD in AcOH (24 ml)) was addes
‘u’ ot dwe PNV W Wi INJERALIVZIL UL BRA A b’ e v llul.\\}‘/ Al AL \‘-v lllJ_ll YYD Wi

aqueous solution NaHSO; (7.5 g) and NaHCO; (15 g). The resultant solutnon was extracted wnh CH,Cl, (3 x
100 mL). The combined organic layers were dried with NapSQy, filtered, and the solvent was removed by
rotary evaporation.  Column chromatography (8 : 1 hexanes : EtOAc) gave 0.88 g (74%) of
bromonaphthyloxazoline (§)-32 as a viscous light yellow oil. [a]p = -60 (¢ = 1.1, CHCl3); 'H NMR (300
MHz, CDCl3) 8 0.94 (s, 9H), 1.49 (d, 6H. J = 7.4 Hz), 3.31 (s, 3H), 3.88 (s, 3H), 3.96 (s, 3H) 4.08 (m, 5SH
(therein 4.03 (s, 3H))), 4.14-4.20 (m, 2H), 4.99 (s, 2H), 7.50 (s, 1H); !3C NMR (75 MHz, CDCl;3) & 17.8,
22.0,26.9,29.2 48.8, 58.0, 58.0,63.2,69.4,73.1,91.4, 114.2, 115.2, 117.2, 129.3, 134.2, 136.0, 140.9, 147.2,
151.9,152.4, 159.6; FTIR (thin film) 2957, 1660, 1606, 1463, 1365, 1247, 1032 cm-1.
(45)-4-t-Butyl-2,2°-(5,5'-diisopropyi-1,1',6,6',7,7'-hexamethoxy-8,8'-dimethoxymethyl-(S5)-2,2'-

binaphthyl)-3,3'-bis-oxazoline, (5,5)-33. Bromonaphthyloxazoline ($)-32 (0.91 g, 2.1 mmol) was added
to a flame dried which was pqmpnml with a flame dried condensor. Frpchlv distilled DMF (2.5 mL), NaH (50

wa

mg, 2.1 mmol) and freshly activated>? Cu® (0.30 g, 4.7 mmol) were added This mixture was heated at reflux

dropwise bromine (0.40 g, 0.13 mL, 2.5 mmol). After stirrir

for 1 h. The resulting mixture was filtered using a pad of Celite 545® and the pad was repeatedly washed with

NH,OH (3 x 25 mL), H,O (3 x40 mL), and EKZO (5 x70 mL). The layers were separated and the aqueous
layer was extracted with Et;0 (4 x 40 mL). The ethereal layer was washed with concentrated NH4OH (3 x 30
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mL) until no blue color persisted in the aqueous layer, and the aqueous layer was bsequc.ntly washed with
IO /D v &0 T Y Damamtral ~f thha ammalalmad o 1 o .___uf_w-»“.“ L o
rzv i< X 0v Il ). RE€mMaoval Or i€ COilvined Organic 1ayers 11 vacuao and supsequent aze Upl(, removail of
nvridine and HL() with talnene in vacun oave tha amida neadiiet Calimn ochramatagranhy v 1 havanag
PJAIMLLL QR DR vl WVIUCLIC B Vel WU gdve LT LTUUC pruldut. UL Viuvlalugiapily \0 « 1 HCAALIVD
EtOAc) gave 0.73 g (80%) of binaphthyl-bis-oxazoline (aS,5)-33 as a light yellow oil. [a]p =228 (c = 1.9
IO LY WINAD (INN AMMIT. OIS N S8 fc 101TY 1 AC 71 13T T — " A 11 YN0 7. L£YIN A O £, £LIy
Cnlisj; "rn NMR {(OUU MHz, COCI3) 0 US55 (s, 18H), 1.48 (4, 12H, J = 7.4 Hz), 3.29 (s, 6H), 3.85 (s, 6H),
3.98-4.04 (m. 16H (therein 3.98 (5. 6H). 403 (s. 81D 430-437 (m. 4H) 516 (s 4HY 750 (g 2. 130
- By LD RMVELIKL T, 70 (9, VI, LU D, ULLJJ ), FOUTTLD 7 L, TEL ), D010 Dy TILY, 1.JU (D, L1, \ =
NMR (7S MHz CNCI-Y8 210 221 24Q 27785 472 407 324 301 £71 704 Q14 1N04& 1109 19N R
AVIVARN (S AVER ALy N RANAR Y )T LBy bl LTSy T ey TH 70Ty Ty AL U1y TV, OL.7T, IV S, U, ll/n‘v, ll-\l.u,
1,132 4, 145.2, 147.9 1460 150.5, 151 9,1 0‘1; FTIR (thin hlm) 2957 1644, 1594, 1463, 1341, 1242,

5,5'- Dnsopropyl-l,l',6,6',7,7' hexamethoxy-S,S‘ dlmethoxymeth_yl ((S_)-2,2'-bmaphthalene)—3,3'-bis-
carbinol, (§)-34. To binaphthyl-bis-oxazoline (45,5)-33 (0.70 g, 0.82 mmol) was added THF (20 mL), H,O
(1.0 mL), and trifluoroacetic acid (0.60 g, 0.41 mL, 5.3 mmol), and NaySO4-10H,0 (1.0 g) and this suspension
was stirred vigorously overnight at r.t. After filtration, the solvent was removed in vacuo and the residue was
dissoived in CH,Cl; (20 mL). To this solution was added pyridine (0.31 g, 0.32 mL, 3.9 mmol) and acetic

~ A

anhydride (0.23 g, 0.21 mL, 2.3 mmol) and the reaction was stirred for two d at r.t. The mixture was washed
\'l';"‘\ 1N0L T (T v 20 D Y nnd

VIUL LU /0 111\ J A LV L, All

SOV (D v 20 T Tha lavere wara canaratad and the amienne laver w
Nnryuisx Lv uu;/. LHC 1dy CES WLEIT SCpdiaica aiia e agueous 1ay®Cr was
€

extracted with CH;Cly (2 x 30 mL). The solvent was removed under reduced pressure to give a residue which
was dissolved in THF (12 mL) and added to a stirred cold {(-10 °C) slurry of LiATH, (40 mg, 1.1 mmol) in
THF (10 mL). The mixture was warmed to r.t. and stirred an additional 8 h, and Na;S04-10H,0 (1.0 g) was
added slowly over 30 min. Anhydrous Na;SO4 (1.0 g) was added and the mixture was stirred for an additional
10 min. The white slurry was filtered on a glass sintered funnel and the salts were washed with THF (2 x 25
mlL). The combined filtrates were reduced in vacuo and subjected to column chromatography (1 : 1 hexanes :
EtOAc) to give 0.39 g (72%) of binaphthalene-bis-carbinol (8)-34 as a white solid, mp 177.7-178.8 °C. [a]p =
280 (¢ = 1.1, CHCl3); 'H NMR (300 MHz, CDCl3) & 1.52 (d, 12H, J = 7.3 Hz), 2.01 (s, 2H), 2.98 (s, 611),
3.46 (s, 611), 3.87-4.05 (m, 14H (therein 3.92 (s, 6H), 3.98 (s, 6H))), 4.24 (m, 4H), 5.07 (s, 4H), 8.30 (s, 2H);
I3C NMR (75 MHz, CDCl3) & 29.1, 34.2, 56.1, 60.7, 75.2, 75.9, 87.9, 97.3, 118.3, 120.0, 121.3, 124.6,
129 5 130.6, 136.0, 142.3, 146.2, 147.0; FTIR (KBr) 3264 (br), 2957, 1598, 1462, 1246, 1150, 1029 cm-!.

-Uusopropyl -1,17,6,6° ,I 7 -nexamcmoxy -8,8° -ulmemoxy-memyl 3,3 -mmetnyl (8)-2,2'-

| N N b ¥4 mlatlanl aema P A Y 24 /DY ON 2N il L«
Ui 1ajf muawuc;, \))'.‘77 10 U lldylll“dlc 1c- U LdlUl“Ul W )9 \V.LV é U [ AY) llullUI} lll Liwvn

A

\'f.

added 10% aqueous HCI (0.25 mL) and 10% Pd/C (0.15 g) and the reaction was subjected to 40
v PR A i

Tha o virng otivrard rmiaght at vt and filtarad y1iging a mad Af Calita S48 Allawvwad hy hoaing wachad with
1 1iC 11 )\ u © WdAdd DL vUve ll‘slll at i.L. a4l 11ICicyu llaa\llé a l.la\.l LS R N ) 8 A WA £ 1UIIUWLL Uy Uvlilyg YWaosiivud wWitll
EtOH (2 x 30 mL) and CH,Cl; (2 x 30 mL). The combined filtrates were concentrated in vacuo and the residue

was taken up in Et;0 (60 mI:) and washed with saturated aqueous NaHCOj3 (30 mL), H>O (30 mL), dried
with MgSO, and again concentrated. The colorless oil was subjected to column chromatography (8 : 1 hexanes

: EtOAc) to give 0.16 g (84%) of binaphthalene (S)-35 as a colorless oil. [ = 193 (¢ = 1.4, CHClz); 'H
NMR (300 MHz, CDClI3) 6 1.51 (d, 12H, I = 7.3 Hz), 2.16 (s, 6H), 3.13 (s, 6H), 3.65 (s, 6H), 4.08 (m, 14H
(therein 4.02 (s, 6H), 4.11 (s, 6H))), 5.35 (s, 4H), 7.39 (s, 2H); 13C NMR (75 MHz, CDCl3); & 24.2,25.9,

29.1,57.8, 62.0, 62.6, 68.4, 82.8, 103.3, 112.3, 117.2, 118.6, 120.5, 124.3, 125.9, 130.0, 134.1, 136.9; FTIR
(thin film) 2957, 1654, 1602, 1459, 1290, 1246, 1034 ¢m!; Anal. Caled for C33Hs5003: C, 71.90; H, 7.94;
found: C, 71.95; H, 7.91.

(S)-Gossypol, (S)-1. To a cold (-78 °C) solution of binaphthalene (5)-35 (75 mg, 0.12 mmol) in CH,Cl;,
(7.0 mL) was added boron tribromide (0.28 g, 0.11 mL, 1.1 mmol). The solution was stirred for 24 h at -78 °C
and poured onto a nuxture of ice and 10% saturated aqueous NaOH (150 mL). The solution was acidified with

wtvnntad tmta De. N 1NN T\ Tha anttaniie lavar wae firthar avtracntad with

T amd a a
( 11 ) dlltl CXLIAaeiCU LI DU 1V UIL} LHC ayuiOus 1dayel wds IUruicr CXuaciCy wiii
Er-O (7 x 100 mI Y and the combined oreanic extracts were washed with H-0O (150 ml.). dried with MaSQOy
LDV (& A 1VVU LU AL WIS VUHNIIVLIIVU ULEdILL VARRALVLD WRd L WASIIWAL WL D137 (10 B fe MU YVatid J¥Rgsisisfs
and caoncentrated in vacuo to aive a hrown recidue In a senarate flacsk. DMSQ (38 mogo 35 ml_ 049 m__mQD was
anG CONCCINIaCa &7 VULCuo 0 give a 0o CSIAUC, 11T a 5CPAlAlC 11ask, DIIVISU (20 g, 22 Y
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.24 mmol) in anuz (10
m

"3“

A p toontia :,.ﬁ el Fds ] T .
UUC ULLOL UlodLIVEU M1 LTI ly \Z.’U i1L,) dllu auuwc:u W buf

T

1 h. N,N- Dusopropylcthylamlne (039 g, 0. 53 mL, 3.0 mmol) was added dropwise and the mixture was
allowed to warm (1 h) to r.t., and then poured onto saturated aqueous NaHCO; (50 ml ). The layers were
separated and the aqueous la_yer was reextracted with CH>Cly (2 x 45 mL). The combined organic layers were
washed with HO (50 mL), dried with Na;SOy, and concentrated in vacuo. The residue was passed through a
short plug of alumina (1 : 1 hexanes : EtOAc) to give 49 mg (81%) of (S)-gossypol (S)-1 as a yellow powder,
mp 186.1-186.9 °C (1it.58 184 °C). [a]p = 371 (¢ = 1.1, CHCl3); 'H NMR (300 MHz, CDCl3) & 1.54 (d,
12H, J = 7.0 Hz), 2.14 (s, 6H), 3.88 (sept, 2H, J = 6.9 Hz), 5.85 (s, 2H), 6.39 (s, 2H), 7.77 (s, 2H), 11.11 (s,
2H). 15.11 (s, 2H); 13C NMR (75 MHz, CDCl3) § 20.5, 20.5, 28.1, 111.9, 114.9, 116.5, 118.2, 129.8, 134.0,
134.4, 143.4, 150.8, 156.0, 199.5; FTIR (KBr) 3377 (br), 1615, 1601, 1440, 1335, 1168 cm-!; HRMS calc for
C3oH300g: m/z 518.1941; obsd m/z 518.1949.
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