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Abstract; Friedel—Crafts acylation gave the keto esdemwhich was

A novel synthesis of 1 (BMS-270394), a nuclear retinoic acid  hydrolyzed and converted to the allyl eskerEnantioselec-

receptor (RARy) agonist, is reported. The synthesis includes  tive reduction of the latter withR)-Alpine-Borane followed

an enantioselective reduction oti-ketoacid 4 to the correspond- by ester deprotection gave hydroxy aidith an ee of 93

ing chiral a-hydroxy acid 7 using a NaBHyL-tartaric acid 94%. Crystallization of this material improved the ee to

mixture and a novel coupling between 7 and an electron- >099%. Reaction of with diphosgene gave. This, in turn,

deficient aniline 11 which was activated via N-sulfinyl derivative was coupled with the anilin® to give the esterlO.

15 to form chiral o-hydroxy amide 16. The synthesis was  Deprotection of the allyl ester with Pd(P#morpholine

completed by a racemization-free hydrolysis of 16 to the provided1l.

corresponding a-hydroxy amidoacid 1 using KOSiMe; in Although this synthesis was suitable for the laboratory-

acetonitrile. scale preparation df, two major issues associated with the
scale-up of this process to supply material required for
toxicological and clinical studies emerged:

1. Introduction (a) (R-Alpine-Borane is relatively expensive and requires

Retinoids, which are analoguesaif-transretinoic acid, special handling on a large scale because of its pyrophoric

exert their biological effects through two families of nuclear nature.

receptors, retinoic acid receptors (RARs) and retinoid X  (b) The published coupling conditichssing diphosgene,

receptors (RXRs). These receptors belong to the superfamily7 and the methyl ester & (instead of the allyl ester) gave

of steroid/thyroid hormone receptdré number of retinoids us variable yields of the product, accompanied by numerous

are used to treat a variety of diseases including acne,byproducts that were difficult to separate.

psoriasis, and cancer as well as the repair of photoaging of  An alternate synthesis dfwas thus desirable to circum-

the skin. BMS-2703941) belongs to a class of retinobenzoic vent these issues.

acids (arotinoids) that specifically activate the RA&uIbtype 2.2. New RouteA retrosynthetic analysis (similar to the

(the other two subtypes of RARs are RARNd RAR;) and published synthesid)of the molecule is summarized in

is proposed for use in the oral treatment of acne and in the Scheme 2.

prevention of the progression of precancerous lesions in  Starting with the keto acid (see Scheme 2), our first

organ transplant patiertisRARy agonists apparently lack goal was to find an alternative to th&®)-Alpine-Borane

the hepatic toxicity associated with the systemic use of reduction. It is known that a mixture of sodium borohydride/

nonselective retinoids. tartaric acid is efficient in enantioselective reductions of
ketones that have a chelating group, such as an ester, alpha

OH y F to the keto functionality. Using this reduction protocol
@J\(N\@\ gave the desired hydroxy acidin 75% yield with an R/S)
o ratio of 84:16, as determined by chiral HPLC. The enan-
COOH . ) : N S
1 tiopurity of 7 was improved by crystallization as a diamine
BMS-270394 salt. Of a variety of chiral bases-@0) evaluated, ®, 2R)-
(—)-N,N'-dimethylcyclohexane-1,2-diamine was found to be
2. Results and Discussion the most suitable. Thus, treatment of cradeith this amine
2.1. Previous Work. BMS 270394 was originally pre-  gave the desiredR)-hydroxy acid in high yield (81% after
pared by the route outlined in Scheme 1. Starting f&yha liberation from the amine salt2) with ee>99% (Scheme

it vers Sauibn. Now B P 3). Recycling the (S)-enantiomer salt could be achieved by
ristol-Myers Squibb, New Brunswick, New Jersey. . . . . . . ;
¢ Bristol-Myers Squibb, Candiac, Canada. racemization of the mother liquor (enantiomeric ratio 22:78

§DSM Fine Chemicals. (R/S)) with 5 equiv of TMSCI and 3 equiv of DBU in
(1) De Lara, A. R.; Chandraratna, R. A. S.; Okamura, W. HChemistry and dichloroethane at 56C for 2 h.

Biology of Synthetic Retinoid®awson, M. I., Okamura, W. H., Eds.; CRC . . R .
Press: Boca Raton, Florida, 1990; p 201. With the R)-acid-7in hand, we turned our attention to

(2) (@) Swann, R. T.; Smith, D.; Tramposch, K. M.; Zusi, F. C. EP 0747 347, the Coup]ing of this Compound to anilirigl2a (Scheme 2)
1996. (b) Swann, R. T.; Smith, D.; Tramposch, K. M.; Zusi, F. C. U.S.
Patent 5,624,957, 1997. (c) Belema, M.; Tramposch, K. M.; Zusi, F. C.
WO 00/16769,1999. (3) Yatagai, M.; Takashi, QJ. Chem. Soc., Perkin Trans.1B90, 1826.
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a Reagents and Conditiona) CI-CO-COOEt, AIC4, 1 h, rt, 79%. b) NaOH, 1 h, rt. c) 4CO;s, allyl bromide, rt, 95% yield fron8. d) R)-Alpine-Borane, 15C,
4 h. e) Pd(PP$)s/morpholine, rt, 50 min, 67% yield frorh, 93-94% ee. f) Two crystallizations from ethyl acetate/hexanes, 68% recovery, 99% ee. g) Diphosgene,

63°C, 5h. h)9, 16 h, rt, 77%. i) Pd(PR&Wmorpholine, 20 min, 88%.

Scheme 2
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Activation of acid7 via the dioxolanedion@ made by an
alternate procedufer acetonide 13 and subsequent treat-
ment with anilinell afforded the desired amidkb in low
yield. Activatiorf with isobutylchloroformate or pivaloyl
chloride also resulted in low yields @b. The low conversion

However, in our hands, under a variety of conditions, the
major product from this protocol was thechloro-amide

14,
04/ Cl H F
° ol
o c COOMe
13 14

We ultimately developed a practical procedure to prepare
enantiomerically pure-hydroxy amides from chirak-hy-
droxy acids and electron-deficient anilines Wasulfinyl-
aniline derivatives. This procedure has been reported else-
where!? Thus, anilinell was converted to itdN-sulfinyl
derivative 15 (see Scheme 4) in 99% yield which was then
coupled with the chirab-hydroxy acid(R)-7 to give the

was presumably due to the poor nucleophilicity of the aniline desired chirab-hydroxy amidel6 (77% vyield; ee 99%).

11. Standard coupling procedures using carbodiimides in

conjunction with 1-hydroxybenzotriazole (HOBTgnd
DMAP afforded only trace amounts of the product. Employ-
ment of carbonyldiimidazol&,benzotriazol-1-yloxytris(di-
methylamino)phosphonium hexafluorophosphate (BQO#?),
2-ethoxy-1-ethoxycarbonyl-1,2-dihydroquinoline (EEBQ)

Our efforts were then directed towards identifying a
procedure for the hydrolysis of the methyl estérwithout
racemization. A variety of conditions were then evaluated
[LIOH, NaOH, K,CQOs; n-BwuNTOH™ in CH.Cl,, THF,
acetone, IPA, ethanol, methidrt-butyl ether (MTBE) and
acetonitrile]. In alcoholic solvents LiOH, NaOH aneBu;-

as coupling agents was also unsuccessful. In another apNOH gave extensive racemization 05%). In other

proach, the hydroxy acid was converted to the bis-trimeth-

ylsilyl derivative followed by conversion to the acid chloride
using oxalyl chloride and then treated with aniling*

(4) Toyooka, K.; Takeuchi, Y.; Kubota, $leterocyclesl 989,29, 975.

(5) Khalij, A.; Nahid, E.Synthesis1985, 1153.

(6) (@) Vaughan, J. R., Jr.; Osato, R.1..Am. Chem. S0d 951,73, 5553. (b)
Zaoral, M. Collect. Czech. Chem. Commuir®62,27, 1273.

(7) Konig, W.; Geiger, RChem. Ber1970,103, 788.

(8) Staab, H. ALiebigs Ann. Cheml1957,609, 75.

(9) Bates, A. J.; Galpin, I. J.; Hallett, A.; Hudson, D.; Kenner, G. W.; Ramage,
R. Helv. Chim. Actal975,58, 688.

(10) Belleau, D.; Malek, GJ. Am. Chem. S0d.968,90, 1651.

solvents, racemization {13%) of 1 was still observed.
Attempts to improve the ee via crystallization were not
successful. Using potassium trimethylsilanéaie THF and
alcoholic solvents, racemization (1—3%) af was still

(11) (a) Kelly, S. E.; LaCour, T. GSynth. Commurl992,22, 859. (b) Smith,
M. Tetrahedron Lett.1989, 30, 313. (c) Rosen, T.; Watanabe, M.;
Heathcock, C. H. J. Org. Cheml984, 49, 3657. (d) Wissner, A,;
Grudzinskas, C. VJ. Org. Chem1978, 43, 3972.

(12) Chidambaram, R.; Zhu, J.; Penmetsa; K.; Kronenthal, D.; Kant, J.
Tetrahedron Lett2000,41, 6017.

(13) (a) Laganis, E. D.; Chenard, B. Letrahedron Lett1984,25, 5831. (b)
Wissner, A.; Grudzinskas, C. \J. Org. Chem1978,43, 3972.
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a Reagents and Conditiona) NaBHy/L-tartaric acid,—45 °C, 48 h, 75%. b) (R),(2R)-trans-Dimethylaminomethyl cyclohexane,’&) 3 h, 83%. c) NaOH, OC,
97%.

Scheme 42 Bruker DRX 500 MHz instrument. Chemical shifts are given
on ad (ppm) scale. HRMS (high-resolution mass spectrom-
etry) data were obtained with a Micromass LCT with ESI.

8 e HPLC purity of samples were determined using a YMC ODS
AQ, 4.6 mm x 100 mm i.d. column, 3xm particle size

0%, OCHj diameter. Enantiomeric purity of compounds was determined

by chiral HPLC: ChiralpakAD, 4.6 mnx 250 mm i.d., 10

0 um particle size diameter for chiral hydroxy agidChiralcel
:: OD, 4.6 mmx 250 mm i.d., 1Qum particle size diameter

for chiral hydroxy esterl6 and Chiralpak AS, 4.6 mnx
ijij/H( \©\ 250 mm i.d., 1Qum particle size diameter for the free acid
coor 1
16 R Me (R)-2-Hydroxy-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
O OCHs 1 R= naphthalen-2-yl)acetic Acid (7).To a 5-L, three-necked,
round-bottom flask equipped with a mechanical stirrer, reflux

condenser, addition funnel, and nitrogen inlet adapter were
chargedc-tartaric acid (111 g, 739.4 mmol) and 2 L of

observed, but when this reaction was carried out in aceto-anhydrous THF. NaBk{(25.4 g, 672.2 mmol) was added to
nitrile, the potassium salt df precipitated from the reaction the flask via an addition funnel, and the reaction mixture
mixture, thus protecting the product from racemization (see Was heated at reflux for 5 h. The mixture was slowly cooled
Scheme 4). Workup included acidification with acetic acid t0 —45 °C. A solution of compound (50 g, 192 mmol) in
followed by extraction with ethyl acetate. Crystallization 500 mL of THF was added dropwise to the reaction mixture
from ethyl acetate/heptane gave the desired compaind  While maintaining the temperature a#5 °C. The mixture

a Reagents and conditiona) SOC}, CH,Cl,, 99%. b)(R)-7, CHCl,, 1,2,4-
triazole, 0°C, 3 h. c) KOSiMg, CHsCN, 5 h, 84%.

84% vyield with high ee (98.4%). was warmed slowly to 030 °C, stirred for 48 h, and treated
dropwise with water (225 mL) at 6C. The mixture was
3. Conclusions warmed to room temperature, and the THF was removed
A practical asymmetric reduction of the-keto acid4 under reduced pressure until the total volume in the flask

using a sodium borohydridetartaric acid mixture was Wwas about 250 mL. To the mixture was charged 300 mL of
developed and implemented in the synthesis of BMS 270394.methyltert-butyl ether (MTBE) and 30 mL of 1 N HCI (pH
Also, an alternative to the phosgene-mediated coupling of 1—2), the organic layer was separated, and the aqueous layer
the chiral acid? with the anilined that involved the formation ~ was extracted with MTBE (2« 150 mL). The combined

of an N-sulfinyl aniline 15 was developed. Finally, a organic layers were washed with 100 mL of water and 100
racemization-free process for the hydrolysis ofdfkydroxy mL of brine and then dried over anhydrous MgSRemoval
amidoester16 to the a-hydroxy amidoacidl was also  of the solvents gave 51.5 g of crude product, which was

developed. dissolved in 50 mL of ethyl acetate at SC, and to the
solution was added dropwise at this temperature 650 mL of
4. Experimental Section hexanes. The mixture was cooled to room temperature and

General Methods. THF and CHCI, used in the reactions  stirred overnight. Filtration gave 37.8 g (75% yiel&/$)=
were purchased from Aldrich in sure-seal bottles and were 84:16) of 7 as a white solid.
used without further purification. Acetonitrile and ethyl To a 500-mL, three-necked flask equipped with a me-
acetate were purchased from EM Science. All reagents werechanical stirrer and an addition funnel were charged the
puchased from Aldrich and used without any further hydroxy acid7 (37.8 g, 144 mmol), (R,2R)-(—)-N,N'-
purification. Melting points were measured on a Thomas- dimethylcyclohexane-1,2-diamine (24.7 g, 173 mmol), and
Hoover capillary melting point apparatus. IR spectra (KBr) 300 mL of 2-propanol. The mixture was heated to €D
were obtained on a Perkin-Elmer System 2000 FTIR instru- and held at this temperature until a clear solution was
ment.*H and *C NMR spectra were recorded on a JEOL obtained. It was then cooled to 48C at which point
400 MHz Eclipse, a Varian 500 MHz Unity Inova, or a crystallization occurred. After 3 h, the mixture was cooled
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to room temperature, and the crystals were collected bytemperature probe and flushed with argon was charged the
filtration. The filter cake was washed with cold 2-propanol chiral a-hydroxy acid7 (20 g, 76.3 mmol;>99% ee), 1,2,4-
(0 °C) followed by 3x 40 mL of hexanes to give 40.7 g of  triazole (7.4 g, 106.8 mmol), and 150 mL of dichloromethane

the chiralo-hydroxy acid as a salt (83% yield, (R/8)99: in that order. The mixture was stirred at room temperature
1). until it became clear, and then it was cooled t6@ The

To a slurry of 40.5 g of the preceding salt in 300 mL of N-sulfinyl compoundl5 (23 g, 106.8 mmol) was charged
water cooled to 2C was added dropwise 150 mit @ 1 N in one portion, and the mixture was stirred at® for 3 h;

solution of NaOH (1.5 mol equiv) while the temperature was the dichloromethane was distillatively replaced with heptane
maintained between 0 and €. The mixture was stirred  at 35°C. At this point solids precipitated from the solution.
until it became clear and then extracted wittkk 30 mL of The heptane was removed under reduced pressure, and the
MTBE. The aqueous layer was acidified to pH ef2with residue was dissolved in a 2:1 mixture of heptane/MTBE,

6 N HCI and extracted with 3 150 mL of ethyl acetate.  \yashed with 5x 70 mL of 3 N HCI, 2x 50 mL of saturated

The combined organics were washed with water and brine NaHCO,, and 1x 50 mL of brine. The organic layer was
and then dried over anhydrous Mg&@Removal of the  gried over anhydrous N8O, and the solvents were removed
solvents under reduced pressure gave 25.4 g (97% yield fromynder reduced pressure to give 31 g of craée This was

the amine salt,R/S)= 100:0) of 7 as a white solid, mp crystallized as follows.

145-147°C."H NMR (CDCk): 6 1.27 (s, 12 H), 1.68 (s, 4 To a 500-mL three-necked flask equipped with a me-

H), 5.21 (s, 1 H), 7.18 (dd) = 8.4, 1.6 Hz; 1 H), 7.31 (d,  chanjcal stirrer, gas inlet adapter, and temperature probe were
J =84 Hz, 1H), 737 (dJ= 16 Hz, 1 H).%C NMR charged the crude ester (31 g) and 360 mL of cyclohexane.
(CDCh): 6 31.7, 34.1, 34.3, 34.8, 34.9, 72.7, 123.5, 124.9, The mixture was heated to 7& at which point it turned
127.1, 134.3, 145.5, 145.7, 178.4. Anal. Calcd fol-C (jaar: it was then cooled slowly to 3 and seeded with
H20s C, 73.25; H, 8.45. Found: C, 73.05; H,8.36. an authentic sample of the este8. Crystallization com-

Preparation of N—Sulfmyll derlvat]ve (15). To a 500f menced at this point. The reaction mixture was held at 37
mL, j[hree-necked fIasI_<_eqU|pped with a mechanical stirrer, °C for 3 h and then at room temperature (22 for 10 h.
gas inlet adapfcerl, addition funnel, and a temperature prObeThe crystals were collected by filtration, washed with
were charged imidazole (17_'7 g, 260 m_mol) and 250 mL of cyclohexane, and dried at 4C under reduced pressure for
anhydrous methylene chloride. The mixture was cooled to

—10°C, and SOCI(4.75 mL, 65 mmol) was added dropwise 3h tlo give 24.2 g o6 (77% yi.eld, 99.7 area % pure, .99%
. ) T ee).!H NMR (CDClz, 500 MHz): 6 1.25-1.30 (overlapping
while the internal temperature was maintained at-€&0 singlets, 12 H), 1.68 (s, 4 H), 3.51 (bdl= 2.6 Hz, 1 H)
°C. The mixture was then warmed to 16, stirred for 10 3.89 (s '3 H) 5’ 17‘ (bdl] L 21 ’Hz. 1H) 7 22'(de = 8 4'
min, and filtered through an oven-dried glass funnel. The 1.6 Hy ’1 H) 7 ?;3 [dJ=8 4.Hz iH) 740 (=16 I-.|z,
solids were washed with 30 mL of dichloromethane, and 1.H) 7’ 75 (dd.,J _ 1’1 1 6.Hz iH) 780 () = 11.Hz 1
the filtrate was transferred to a 500-mL, three-necked flask P P L o '
equipped with a mechanical stirrer, gas inlet adapter, additionH)’ 8.44 (m, 1 H), 8.86 (bdj = 2.1 Hz, 1 H);*C NMR
funnel, and a temperature probe, and cooled to-dd) °C. (CDCl;, 500 MHz): 6 26.8, 31.6, 31.7, 31.8, 34.1, 34.3, 34.8,
Additional SOC} (4.75 mL, 65 mmol) was added dropwise 34.9,52.3,75.0,115.9 (d,= 20.3 Hz), 120.3, 123.5, 125 1,
to the mixture, which was warmed to 2& and stirred for 126.0, 126.1, 126.5, 127.4, 130.2 (ti= 10.1 Hz), 135.5,
an additional 10 min. This solution was transferred to an 1428 (d,J = 26.3 Hz), 151.7 (dJ = 242.9 Hz), 165.8,
addition funnel and added dropwise to a solution of the 170-7; HRMS: Calcd for €HzeFNOy: 414.2081 (M+ H);
aniline11in 130 mL of anhydrous dichloromethane and 30 Found: 414.2066 _
mL of anhydrous THF cooled te-30 °C and contained in ' BMS-270394 (1).To a 1-L, three-necked flask equipped
a 500-mL three-necked flask equipped with a mechanical with a mechanical stirrer, nitrogen inlet adapter, and tem
stirrer, gas inlet adapter, and a temperature probe while theP€rature probe was charged the ed@(15 g, 36.3 mmol,
temperature was maintained betweets and—25 °C. The 99% ee). The flask was flushed thoroughly with nitrogen
mixture was then warmed to P& and stirred for an hour. ~ @nd charged with 225 mL of acetonitrile (HPLC grade, Karl
The solids were removed by filtration and washed witk 2~ Fisher= 0.1), and the mixture was stirred at room temper-
40 mL of dichloromethane. Argon was bubbled through the ature (22°C) until a solution was obtained. Potassium
filtrate for about a minute. The solvent was removed under trimethylsilanolate (18.1 g, 126.29 mmol) was added in one
reduced pressure, and methylene chloride was distillatively portion. After 5 h, the reaction mixture was cooled te®
replaced with heptane, which was removed under reduced’C and quenched with a solution of acetic acid (15.3 mL,
pressure; the residual yellowish solid was dried to give 27.8 253.9 mmol) in 15.3 mL of water, while the temperature
g (99% vyield) of20. 'H NMR (CDCl): ¢ 3.93 (s, 1 H), was maintained between 1 and®. Ethyl acetate (225 mL)
7.80—7.90 (m, 2 H), 8.14 (dd) = 7.9, 7.9 Hz, 1 H). was then added, and the mixture was warmed to room
HRMS: Calcd for GHFNOsS: 215.0052. Found: 215.0052 temperature. The organic layer was collected and washed
3-Fluoro-4-[2-hydroxy-2-(5,5,8,8-tetramethyl-5,6,7,8- with 2 x 100 mL of water and Ix 100 mL of brine, and
tetrahydro-naphthalen-2-yl)acetylamino]lbenzoic Acid dried over sodium sulfate. Removal of the solvents under
Methyl Ester (16). To a 500-mL, three-necked flask reduced pressure gave 15 g of the crude produehich
equipped with a mechanical stirrer, gas inlet adapter, andwas then crystallized.
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To a 1-L three-necked flask equipped with a mechanical 'H NMR (DMSO-ds): ¢ 1.20—1.23 (overlapping singlets,
stirrer, temperature probe, nitrogen inlet adapter, and an12 H), 1.61 (s, 4 H), 5.16 (apparent = 3.2 Hz, 1 H),
addition funnel was charged the crude acid (15 g) followed 6.60 (apparent d] = 3.7 Hz, 1 H), 7.21 (dJ = 8.4 Hz, 1
by 45 mL of ethyl acetate. The mixture was heated t6G60  {) 7.29 (d,J = 8.4 Hz, 1 H), 7.45 (s, 1 H), 7.707.77 (m,
at which point the compound dissolved. Heptane (45 mL) 2 1) 8.07—8.12 (m, 1 H), 9.80 (s, 1 H), 13.15 (s, 1 HC
was then added dropwise while the temperature was main-\r (DMSO<k): o 31.7, 33.8, 34.0, 34.6, 73.7, 116.0,

tai”gd ;‘t ?O;%CThf reﬁ‘."tri]o” miﬁtwe tt“r”r_‘edt_c")“dg andwas 155 3 124.9 126.0, 126.3, 127.4, 130.0, 137.4, 144.0, 144.1,
seeded a at which point crystallization oL com-— 5, 4 166 0. 171.6. Anal. Calcd fopsE,eFNO,: C, 69.16:

menced. The mixture was then stirred at 8D for 2 h. i ] i ) i ]
Additional heptane (225 mL) was added, and stirring E,i.gg,N,&Sl, F, 4.76. Found: C,69.17,H, 6.58; N, 3.39;

continued at 5CC for 2 h; and the reaction mixture was
cooled to room temperature and stirred for an additional 16
h. Filtration gave 12.2 g of (84% yield, 99.6 HPLC purity,
98.4% ee) as a white solid, mp 19300 °C. IR: 3400—
3300 br, 3106-2850 br, 2600, 1720, 1686, 1674, 1526 ¢ém  OP0202134

Received for review May 3, 2002.
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