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A Modification of the Asymmetric Dihydroxylation Approach to
the Synthesis of (5)-2-Arylpropanoic Acids
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Abstract: Catalytic hydrogenolysis of (§)-2-phenyl-1,2-propanediol (2), prepared by an asymmetric

dihydroxylation of a-mcmylstyrenc 1) with AD-mix-o., over Pearlman'’s catalyst gave (5)- 2-pheny1-l-
propanol (3). This method was applied to the synthesis of opticaily active 2- aryipropanoic acid anti-
inflammatory agents, (8)-ibuprofen (8) and (5)-naproxen (13). © 1999 Elsevier Science Ltd. All rights reserved.
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2-Arylpropanoic acids are an important class of non-steroidal anti-inflammatory agents.! It has been shown
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naproxen {2-(6-methoxy-2-naphthyi)propanoic acid].2 For this reason, many investigations have been carried
out with the objective of preparing 2-arylpropanoic acids in the enantiomerically pure (§ )-configuration.3

Quite recently, Hamon and his coworkers* reported a new synthesis of optically active (§)-naproxen and
(S)-flurbiprofen using a Sharpless asymmetric dihydroxylation of alkenes with AD-mix-o? as a key step. The
sequence of the reactions involved the conversion of the optically active (S)-diols II, prepared from 1, into the
epoxides IV via the tosylates 1II. The required stereogenic center of the (S)-2-arylpropanoic acids VI was
assembled by catalytic hydrogenolysis of the epoxides IV followed by oxidation of the resulting primary

alcohols V (Scheme 1). The authors renorted that "direct hvdroeenolvsis of the henzviic tertiary hvdrnw oroun
AICON0IS V¥V (3ChCme 1), 10€ AUOrs reponicd tatl qireci nyarogenoiysis af the penzyuc rernary axy group
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to V can be effected by catalytic hydrogenolysis over Pearlman's catalyst [palladium hydroxide on carbon,
moist] to give V in good yields. In this paper, we report an application of this method to the synthesis of
optically active (S)-ibuprofen and (S)-naproxen.
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Scheme 1.
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RESULTS AND DISCUSSION

First, we examined the reduction of the diol 2 (92% ee), prepared from a-methyistyrene (1), with Et3SiH in
CF3CO2H at 50 °C. These conditions gave the expected (S)-primary alcohol 3 in 52% yield. However, HPLC
analysis showed the ee of 3 to be only 12%. This result clearly indicates that the reduction of 2 with Et3SiH
occurred predominantly in an Sy1 manner. A similar result was obtained with Et3SiH in the presence of BF3-
Et;0 at room temperature, which gave (5)-3 in 58% yield with 12% ee.
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Scheme 2.

We then reinvestigated the catalytic hydrogenolysis of 2 leading to 3. In fact, the compound 2 was rather
resistant to hydrogenolysis over 10% Pd-C at atmospheric pressure. A yield of only 24% of the desired
compound 3 was obtained after stirring the mixture for 7 h at room temperature and then for 7 h at 40 °C in the
presence of an equal amount of Pd-C in EtOH; a substantial amount of the starting material 2 was recovered

unchanged (73%). We soon found, however, that the catalytic hydrogenolysis of 2 proceeded smoothly over

-.\

89%, which strongly suggested that the hydrogcnolys1s of 2 essentially proceeded with an inversion. When a
catalytic amount of Peariman's catalyst was used, the hydrogenolysis of 2 became much more sluggish.
Encouraged by the success of the direct conversion of II to V in Scheme 1, we next examined a synthesis
of (§)-ibuprofen (8) and (§)-naproxen (13). The requisite (5)-diol § (94% ee) for the synthesis of 8 was
obtained by dihydroxylation of 4 with AD-mix-« in quantitative yield. Hydrogenolysis of § over Pearlman's
catalyst gave the expected (5)-alcohol 6 in 57% yield. In this case, somewhat surprisingly, the compound 7, in
which both hydroxy groups of 5 were hydrogenated, was also obtained in 19% yield. Although the exact
mechanism for the formation of 7 from 5 is not yet clear, it is assumed that the compound § is converted into
ol Lo mdae th :
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isolated was probably due to its volatility. Finally, Jones oxidation of the alcohol 6 gave (5)-ibuprofen
83% yield. HPLC analysis of 8 showed its ee to be 90%.

The (5)-diol 10 for the synthesis of (S)-naproxen (13) was prepared from 9 with 98% ee. Hydrogenolysis
of 10 over Pearlman's catalyst gave the desired (S)-alcohol 11 in good yield. In this instance, however, small
amounts of unidentified products were also formed. One of them seemed to be the isopropyl derivative 12 and
the others were probably compounds in which the aromatic double bonds of 11 and/or 12 were partially
hydrogenated. In an attempt to diminish the formation of these undesired products, the effect of temperature (at
0 °QC), of solven t (THF, THF-H,0, AcOH), and of additive aq HaQH, aq HC1O,) on the hvdrogenolvsis of 10
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were cxammcd, but no satisfactory result was obtained. Therefore, the above mixture, without further
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Thus, the method described above provides an alternative simple route to the synthesis of optically active
(S)-2-arylpropanoic acids using an asymmetric dihydroxylation of alkenes, though the catalytic hydrogenolysis

of diols often gave undesired bv-nrnd
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Melting points are uncorrected. IR spectra were recorded with a Shimadzu FTIR-8100 spectrophotometer.
TH NMR spectra were measured on a JEOL JNM-EX-270 spectrometer for solutions in CDClz. & Values

quoted are relative to tetramethylsilane. Optical rotations were measured with a Horiba SEPA-300 polarimeter.
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Daicel Chiralcel OJ-R column attached to a Tosoh CCPD-8020 system, and peaks were located by using a UV
absorbance detector operated at 254 nm. Column chromatography was performed on silica gel 60 PFas4
(Nacalai Tesque, Inc.) under pressure. Pearlman's catalyst [palladium hydroxide, 20 wt. % Pd (dry basis) on
carbon, moist] was purchased from Aldrich Chem. Co.
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temperature for 1 h, and extracted with EtOAc. The extract was dned (MgSOy) and concentrated, and the
residue was chromatographed on silica gel (hexane/AcOEt, 2:1) to give 25 (317 mg, 100%) as an oil [92% ee by
HPLC (HyO/CH3CN, 9:1; 0.5 mL/min; retention time: (5)-2, 16.0 min; (R)-2, 20.2 min)]: IR (neat) v 3400
cm-1; ITH NMR (270 MHz) & 1.54 (s, 3 H, Me), 1.82 (brs, 1 H, OH), 2.58 (s, 1 H, OH), 3.64 (dd, J = 11.2,
5.6 Hz, 1 H, one of CH3), 3.80 (d, J = 11.2 Hz, 1 H, one of CH,), 7.22-7.50 (m, 5 H, ArH).

Reduction of 2 with Triethylsilane. BF3-Et;0 (0.06 mL, 0.5 mmol) was added slowly to a stirred
ice-colled mixture of 2 (152 mg, 1 mmol) and Et3SiH (0.32 mL, 2 mmol) during 15 min, and the mixture was

stirred at room temperature for 2 h, The reaction mixture was poured into 3 N NaOH and the whole was

extracted with diethyl ether. The extract was dried (MgSOy4) and concentrated, and the residue was
Ahonmrataogenmbad ~m oiliaa sal Meac s JA AMTTe &1\ 400 230 7OV D L1 PR WS A Ly I o] ~ EOM N oo 1
CIior mtugm nea on siica gei (nexane/A ux:t, Jii)io EgIVE (J)-2- pm,nyl- -propanoi ()’ (/0 mg, J8%) &S an oil

[12% ee by HPLC (H,O/CH;3CN, 3:1; 0.6 mL/min; retention time: (§)-3, 17.3 min; (R)-3, 20.1 min)]: IR

(neat) v 3360 cm-t; 1H NMR (270 MHZ) 5 1.28 (d, J/ = 6.9 Hz, 3 H, Me), 1.60 (br s, 1 H, OH), 2.95 (sextet, J
=6.9Hz, 1 H, CH), 3.69 (d, J = 6.9 Hz, 2 H, CHy), 7.22-7.43 (m, 5 H, ArH).

Hydrogenolyis of 2 over Pearlman's Catalyst. A solution of 2 (120 mg, 0.79 mmol) in EtOH (5
mL) containing Pearlman's catalyst (120 mg) was stirred at room temperature under hydrogen gas for 2 h. The
catalyst was filtered off and washed with hot EtOH (5§ mL). The combined organic layers were concentrated,
and the residue was chromatographed on silica gel (hexane/AcOEt, 5:1) to give 3 (59 mg, 55%) as an oil:
[a]p?22 -15.0 (¢ 0.64, benzene) for 89% ee [by HPLC (H,O/CH3CN, 3:1; 0.4 mL/min; retention time: (5)-3,
26.7 min; (R)-3, 32.0 min)] [lit.7 [a]p19 -19.0 (¢ 0.83, benzene) for >95% ee].

4-1sobutylisopropenylbenzene (4). To a solution of butyllithium (6.5 mL as a 1.6 mol/L hexane
solution, 10 mmol) in dry diethyl ether (25 mL) was added slowly methyltriphenylphosphonium bromide (3.57
g, 10 mmol) at room temperature, and the mixture was stirred at the same temperature for 4 h. 4-
Isobutylacetophenone (1.8 mL, 10 mmol) was added to the mixture, and the mixtrure was stirred at room
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temperature overnight. The precipitated salts were removed by filtration and the filtrate was washed with water,
dried (MgSO,) and concentrated. The residue was chromatographed on silica gel (hexane) to give 4 (722 mg,
41%) as an oil: 1H NMR (270 MHz) 6§ 0.91 (d, /= 6.6 Hz, 6 H, CHMe,), 1.86 (nonet, J = 6.9 Hz, 1 H, CH),
2.14 (s, 3 H, C=CMe), 2.47 (d, J = 7.3 Hz, 2 H, CH,CHMe>,), 5.03 (s, 1 H, one of C=CH,), 5.35 (s, 1 H,
one of C=CHjy), 7.10 (d, /= 7.9 Hz, 2 H, ArH), 7.39 (d, J/ = 8.2 Hz, 2 H, ArH); HRMS calcd for C;3H;g

174.1408, found 174.1407.

(S)-2-(4-Isobutylphenyl)-1,2-propanediol (5). According to a procedure similar to that described
above for the preparation of 2, compound 4 (504 mg, 2.9 mmol) was treated with AD-mix-a (4.2 g). After
work-up, the crude material was chromatographed on silica gel (hexane/AcOEt, 1:1) to give 5§ (598 mg, 99%),
mp 57.5-58 °C (from hexane): [a]p?? +16 (¢ 0.19, CHCl3) for 94% ee [by HPLC (H,O/CH3CN, 65:35; 1.0

mL/min; retention time: (5)-§, 5.2 min; (R)-5, 5.9 min)}; 'H NMR (270 MHz) 8 0.90 (d, J = 6.6 Hz, 6 H,
CHMe»), 1.53 (s, 3 H, ArCHMe), 1.75-1.93 (m, 1 H, CHMe,), 1.81 (brs, 1 H, OH), 2.46 (d, J = 7.3 Hz, 2
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to that described above for the preparation of 3,
compound 5 (392 mg, 1.88 mmol) was subjected to the hydrogenolysis in the presence of Peariman's catalyst
(392 mg) in EtOH (10 mL) for 6 h. After work-up, the crude material was chromatographed on silica gel
(hexane/AcOEt, 2:1). The first eluent gave 4-isobutylisopropylbenzene (7)8 (64 mg, 19%) as an oil: 'H NMR
(270 MHz) § 0.90 (d, J = 6.6 Hz, 6 H, CH,CHM e3), 1.24 (d, J = 6.9 Hz, 6 H, ArCHMe,), 1.75-1.93 (m, 1
H, CH;CHMe,), 2.43 (d, J = 7.3 Hz, 2 H, ArCH;), 2.80-2.96 (m, 1 H, ArCH), 7.02-7.18 (m, 4 H, ArH).
The second eluent gave (S)-2-(4-isobutylphenyl)-1-propanol (6) (204 mg, 57%) as an oil: [a]p?” -16.9 (¢ 1.21,
CHCl) [lit.9 [a]p -16.4 (¢ 1.04, CHCIl3)]; TH NMR (270 MHz) § 0.90 (d, J = 6.6 Hz, 6 H, CHMe,), 1.27 (d,
J =73 Hz, 3 H, ArCHMe), 1.57 (brs, 1 H, OH), 1.75-1.96 (m, 1 H, CHMe;), 2.44 (d, J =73 Hz, 2 H,

ArCH3;), 2.85-3.0 (m, 1 H, ArCH), 3.69 ( d,J = 6.6 Hz, 2 H, CH,0H), 7.10, 7.15 (ABq, /=83 Hz, 2 H

each A<LI\. LTORAC ~.ln cd A £one 10D 181 A £...4 100 181
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(S)-Ibuprofen (8). To a solution of CrO3 (1.34 g, 13.4 mmol) in water (2 mL) was added conc. H2S04
71 m' \ as N O nAd tha mives e Ailirtard sth warar 11nti] tha tatal valiime Af shio caliitinm mas § mad 1
\i. Hiluy) AL N .y auu U i Al YWad WIIUILWU WILHD Wallld Uil LHC tUWAL VULULILIU Ul HUID DULUMIVLL wad J 11lle. 1Y 1
mL of this solution (Jones' reagent) was added to an ice-cooled solution of & (93 0.48 mmol) in aceione
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(10 mL), and the mixture was stirred at room temperature for 2 h. 2-Propanol (0.2 mL) was added to the
mixture and the whole was stirred at room temperature for 30 min. Water (20 mL) and diethyl ether (20 mL)
were added to the reaction mixture and the organic layer was separated. The aqueous layer was further extracted
with diethyl ether, and the combined organic layers were dried (MgSQ,) and concentrated. The residue was
chromatographed on silica gel (hexane/AcOEt, 2:1) to give 8 (82 mg, 83%): [a]p?” +48.4 (c 0.28, EtOH) for
90% ee [by HPLC (0.2 M H3PO4-KH,PO4/CH3CN, 65:35; 1.0 mL/min; retention time: (§)-8, 20.7 min; (R)-

8, 22.1 min)] [lit.9 [alp +53.2 (¢ 0.41, EtOH), 1it.10 [a]p +57 (EtOH) for 90% ee]; 'H NMR (270 MHz) §
08 d JT=66Hz. 6H C e 180 (d T=60 H> 3 rCHM»Y 175105 (m 1 H CHMa-\ 2 44
v S ARy Vs L2y U 12, \_allJ " L.t ANy 7 e/ L Kby J A3y IRMNAANTIC Jy Al 7 RadoF 111y 1 11y \.IIILVIUZ’, E The an 3
(d,J =73 Hz, 2 H, ArCH>), 3.71 (q, / = 6.9 Hz, 1 H, ArCH), 7.10, 7.22 (ABq, J = 7.9 Hz, 2 H each,
ArH).
{0\ (£ A~ n..-. ﬁ .-....l.ol.. N T Y muenmanadia 1 /100 Annnedliona ¢~ oA jrvvilae ¢ thae
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described above for the prepation of 2, compound 9!! (1.98 g, 10 mmol) was treated with AD-mix-a (12 g).
After work-up, the crude material was chromatographed on silica gel (hexane/AcOEt, 1:1) to give 10412 (1.88

g, 81%) [98% ee by HPL.C (H,O/CH;3CN, 2:1; 0.5 mL/min; retention time: ($)-10, 10.5 min; (R)-10, 11.7
min)]: 1TH NMR (270 MHz) § 1.61 (s, 3 H, CMe), 1.84 (br s, 1 H, OH), 2.70 (brs, 1 H,OH), 3.70 4, J =
11.2 Hz, 1 H, one of CH,0OH), 3.80 (d, J = 11.2 Hz, 1 H, one of CH;0H), 3.92 (s, 3 H, OMe), 7.10-7.19
(m, 2 H, ArH), 7.49 (dd, J = 8.6, 1.7 Hz, 1 H, ArH), 7.74 (d, / = 8.6 Hz, 2 H, ArH), 7.87 (d,/=13Hz, 1
H, ArH).

(5)-Naproxen (13). According to a procedure similar to that described above for the preparation of 3,
compound 10 (464 mg, 2 mmol) was subjected to the hydrogenolysis in the presence of Pearlman's catalyst
(464 mg) in EtOH (20 mL) for 2 h. After filtration of the catalyst, the solvent was evaporated off to give 114
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(417 mg) containing a small quantity of by-products. This mixture was then subjected to the Jones oxidation
1°

according t0 a procedure similar to that described for the preparation of 8. After work-up, the the crude material
was chromatographed on silica gel (hexane/AcOEt, 1:1) to give 13 (167 mg, 37% based on 10), whose
recrystallization from hexane/acetone gave the enantiomerically pure 13, mp 152-154 °C (lit.5 mp 152-154 °C):
[a]p28 +64.2 (¢ 1.00, CHCL) {lit.6 [a]p +66 (CHCl3)]; 'H NMR (270 MHz) §1.59 (d, / = 6.9 Hz, 3 H,
CMe), 3.88 (q, / = 7.3 Hz, 1 H, CH), 3.91 (s, 3 H, OMe), 7.0-7.17 (m, 2 H, ArH), 7.41 (dd, J = 8,6, 2.0
Hz, 1 H, ArH), 7.66-7.73 (m, 3 H, ArH).
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