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Abstract

A new approach towards the enantioselective synthesis®2'@-erythro-methylphenidatel) is described.
The key step in the synthesis utilizes Evans’ 4-substituted-2-oxazolidinone chiral auxiliary to control the dia-
stereofacial selectivity in the hydrogenation of enamine interme@ijatielding the hydrogenated producivith
excellent diastereoselectivity. Methanolysis/aiffordedl with excellent enantiopurity. © 1999 Elsevier Science
Ltd. All rights reserved.

(+)-threo-Methylphenidate hydrochloride (Ritafinhydrochloride) is a mild nervous system sti-
mulant marketed for the treatment of children with attention deficit hyperactivity disorder (ADHD).
(2R,2'R)-threo-(+)-Methylphenidate hydrochloride has been reported to be five tinmethirty-eight
times more active than the correspondingS@S)-threo-(-)-methylphenidate hydrochloride. Ori-
ginal synthesis of [R,2 R)-threo-(+)-methylphenidate hydrochloride utilized the resolution af)-(
erythro-x-phenyl-x-(2-piperidyl)acetamide to obtain enantiomerically purenjthro-x-phenylo«-(2-
piperidyl)acetamide, which was subjected to epimerization, hydrolysis, and esterifie2fesolution
of (x)-threomethylphenidate hydrochloride by enzymatic hydrolysis as well as classical resolution
methods have recently been reporteth. A synthesis of (R,2'R)-threo-(+)-methylphenidate hydrochlo-
ride usingD-pipecolic acid as the starting material was also reported, howewgipecolic acid had
to be prepared by resolutidA.We recently reported the first enantioselective synthesis R2(R)-
threo-(+)-methylphenidate hydrochloridé,which is now followed by other reporté:16 We were also
interested in an enantioselective synthesis & aR)-erythro-(-)-methylphenidate because it could
be epimerized to ® 2 R)-threo-(+)-methylphenidate, as the epimerization @thro-x-phenylx-(2-
piperidyl)acetamide to the corresponditigeoisomer was known.In this communication, we wish to
report our results on the enantioselective synthesis®2(R)-erythromethylphenidatel).

Our strategy towards &2 R)-erythromethylphenidatel), as depicted in Scheme 1, utilizes Evans’
(9-4-substituted-2-oxazolidinone chiral auxiliary to control the diastereofacial selectivity in the hy-
drogenation of enamine intermediate We envisioned that in enamine intermedidtethe possible
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hydrogen bonding between the carbonyl oxygen and N-H hydrogen would probably lock the geometry
of the double bond aZ, and the dipole—dipole interaction between the two carbonyl groups would
further regulate the geometry ¢fas shown in Scheme 1. Accordingly, hydrogenationl afould

occur in the face opposite to that of the 4-substituent in the chiral auxiliary, providing hydrogenation
productla with the (252'R) configuration. Further manipulations kaf would afford (&2 R)-erythro-
methylphenidate. SimilarlyR)-4-substituted-2-oxazolidinone chiral auxiliary would yield th&@29)-
erythromethylphenidate.

With S-auxiliary: With R-auxiliary:
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Scheme 1.

Synthesis of the key enamine intermedi@ie depicted in Scheme 2. Itis based on the acylatio®)pf (
4-benzyIN-phenylacetyl-2-oxazolidinone) with the mixed anhydridd, followed by the deprotection
of the t-butyloxycarbonyl group with simultaneous cyclization to give enamine interme@iaBmm-
pound2 was obtained in 85% yield by acylation @){4-benzyl-2-oxazolidinone with phenylacetic acid
using the procedure developed in our laboratotelslixed anhydride4 was synthesized quantitatively
by acylation of carboxylic aci® with pivolyl chloride and triethylamine. The acylation &fwith 4 in
the presence of LIHMDS in THF afforded the desit@ehcylated produch along with theO-acylated
products. Such a@-acylation problem has been observed bet§i@ompound could not be completely
purified from other by-products and was used directly in the next step. Cleavagd-tiitytoxycarbonyl
group in5 with trifluoroacetic acid, and neutralization of the reaction mixture with ag. NagfG@ished
the desired enamine intermedidén 30% combined yield over two steps (Scheme 2) after a silica gel
chromatography*H NMR confirmed the structure & and that it was a single isom&rChemical shift
of the NH proton indicated an intramolecular H-bonding with the carbonyl group of the chiral auxiliary.
Hydrogenation o6 in ethyl acetate yieldedin 95% yield with an excellent diastereoselectivity (973).
The amount of Pd—C (10%) varied from 2% to 20% depending on the pury lmit it had no impact
on the diastereoselectivity of the reaction. We found thaad to be rigorously purified by silica gel
chromatography before hydrogenation. Treatmemwith methanoi® in the presence of Lglafforded
(2S.2' R)-erythromethylphenidatel)? in 85% yield after a silica gel chromatography. The enantiopurity
of 1 was excellent (82 R:2R,2'S97:3) 2!

Interestingly, use of)-4-phenyl-2-oxazolidinone chiral auxiliary furnished the enamine intermediate
which was a mixture of H-bonded and non-H-bonded conformers, as suggestétNMR. As expected,
hydrogenation of this enamine over Pd—C yielded a mixture of diastereoisomers.

In summary, a novel approach towards an enantioselective synthesis S# Rj2erythro-
methylphenidate 1) is described. The key step in the synthesis utilizes Evans’ 4-substituted-2-
oxazolidinone chiral auxiliary to control the diastereofacial selectivity in the hydrogenation of enamine
intermediated, yielding the hydrogenated produttvith excellent diastereoselectivity. Methanolysiszof
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Scheme 2. (a)-BuUCOCI, EtN, PhCH;, 80°C, 12 h (85%); (b}-BUCOCI, EtN, PhCH;, rt, 4 h (100%); (c) LIHMDS, THF,
0°C, 1 h; (d) (i) CRCO,H, CH,Cl,, 0°C to rt, 4 h, (ii) NaHCQ (30% in two steps); (e) 10% Pd-C, EtOAc, rt, 24 h (95%); (f)
MeOH, Lnls, THF, rt, 16 h (85%)

affordedl with excellent enantiopurity. This approach could also be used to synthesize the corresponding
(2R,2' 9)-erythromethylphenidate by usindrj-4-benzyl-2-oxazolidinone chiral auxiliary.

Acknowledgements

We thank Dr. Bin Hu for chiral HPLC analysis of compouhd

References

. Rometsch, R. U.S. Patent 2,957,880, October 25, 1960.

. Maxwell, R. A.; Chaplin, E.; Eckhardt, S. B.; Soares, J. R.; Hite].®harmacol. Exp. Thed97Q 173 158-165.

. Rometsch, R. U.S. Patent 2,838,519, June 10, 1958.

. Prashad, M.; Har, D.; Repic, O.; Blacklock, T. J.; Giannousi$e®Pahedron: Asymmetr}098 9, 2133-2136.

. Zeitlin, A. L.; Stirling, D. I. U.S. Patent 5,733,756, March 31, 1998.

. Faulconbridge, S.; Zavareh, H. S.; Evans, G. R.; Langston, M. World Patent Application No. WO 98/25902, June 18, 1998.
. Patrick, K. S.; Caldwell, R. W.; Ferris, R. M.; Breese, GJRPharmacol. Exp. The987 241, 152-158.

. Harris, M. C. J.; Zavareh, H. S. World Patent Application No. WO 97/27176, July 31, 1997.

. Zavareh, H. S. World Patent Application No. WO 97/32851, September 12, 1997.

O©CoO~NOOOULDS,WNE



3482 M. Prashad et al./ TetrahedrorAsymmetry10 (1999) 3479-3482

10. Zavareh, H. S.; Potter, G. A. World Patent Application No. WO 98/31668, July 23, 1998.

11. Prashad, M.; Har, D.; Repic, O.; Blacklock, T. J.; Giannousi$eahedron: Asymmetr}099 10, 3111-3116.

12. Thai, D. L.; Sapko, M. T.; Reiter, C. T.; Bierer, D. E.; Perel, JJVMed. Chem1998 41, 591-601.

13. Prashad, M.; Kim, H. Y,; Lu, Y.; Liu, Y.; Har, D.; Repic, O.; Blacklock, T. J.; Giannousisl. ®@rg. Chem1999 64,
1750-1753.

14. Axten, J. M.; Ivy, R.; Krim, L.; Winkler, J. DJ. Am. Chem. S0d999 121, 6511-6512.

15. Matsumura, Y.; Kanda, Y.; Shirai, K.; Onomura, O.; MakiQOFganic Letters1999 1, 175-178.

16. Davies, H. M. L.; Hansen, T.; Hopper, D. W.; Panaro, SJ.AAm. Chem. Sod999 121, 6509-6510.

17. Prashad, M.; Kim, H. Y.; Har, D.; Repic, O.; Blacklock, TTétrahedron Lett1998 39, 9369-9372.

18. Romines, K. R.; Lovasz, K. D.; Mizsak, S. A.; Morris, J. K.; Seest, F. H.; Tulinsky, J.; Judge, T. M.; GammillJR. B.
Org. Chem1999 64, 1733-1737.

19. All the compounds were characterized'byNMR and mass spectral analysis.

20. Fukuzaka, S.; Hongo, Yetrahedron Lett1998 39, 3521-3524.

21. The enantiopurity of was determined by a chiral HPLC method as described in Ref. 13.



