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Immobilized pseudoephedrine amides have been conveniently prepared by attachment of pseudoephedrine to Merrifield resin and acylation
on nitrogen. Deprotonation and alkylation of the resin bound amides proceeds smoothly. Products were cleaved from the resin to give ketones
and alcohols in high enantiomeric excess and moderate to good overall yield.

Although the use of a supported chiral auxiliary was first either oxygen or nitrogen should be straightforward leading
reported 30 years ago, the efficient, asymmetric synthesisto robust ether or amine linkages (Figure 1).

of chiral compounds using solid phase auxiliaries is still a

relatively underdeveloped aré#@xazolidinone-based aux- ]
iliaries have been most commonly employed; however, these

auxiliaries must be prepared, either on or off resin, prior to

use, and their efficient recycling has yet to be described. In \)\ _~ to substrate

addition, in one example, the attachment of an oxazolidinone- d

based auxiliary to a solid support was problematic due to to resin Ph R

side reactions. This has recently led to confusion over the

exact nature of an immobilized oxazolidinone auxiliary. Me /O )
Our interest in the development of new solid-phase, linker /° AN N g

technologies has led us to consider readily available and T A Ph R

inexpensive ephedrine and pseudoephedrine derivatives as

“chiral linkers” for solid-phase synthesis. These linkers Figure 1. Ephedrine and Pseudoephedrine Chiral Links.
would allow substrates to be linked to resin and control the
stereochemistry of reactions carried out on the substrate.

Importantly, the “one-step” attachment of the commercially ~ In this Letter, we describe the first application of this

available ephedrine or pseudoephedrine unit to resin throughstrategy in an adaptation of Myers’ pseudoephedrine auxiliary
approach for the asymmetric alkylation of amide enolétes.

t University of Glasgow. (1R,2R)-Pseudoephedrine was attached to Merrifield resin
* GlaxoSmithKline. by adapting Welch’s procedure for O-benzylatfoithe
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loading at this stage was determined by conversioh tf of an analogous dianion is not possible. To ensure that high
the thiophene carboxamidefollowed by sulfur elemental  diastereoselectivites would still be observed in alkylations
analysis of the resin. In Myers’ original pseudoephedrine of our systemQ-benzylpseudoephedrine amiglea solution-
auxiliary approach, deprotonation generates a dianion as thephase model for an immobilized amide, was prepared and
hydroxyl on the auxiliary is also deprotonated during alkylated (Scheme 2).

enolization. The lithium alkoxide on the auxiliary has been

implicated in attempts to rationalize the diastereoselectivity _

of the alkylation reaction$.
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a Reagents and conditions: (i) LDA (2.1 equiv), LiCl (6 equiv),
) THF, from —78 °C to rt; BnBr was then added at°C, 86%. (ii)
i LDA (3.9 equiv), BH*NH3, THF, from 0°C to rt, 55%.

was observed in the case of tRebenzylpseudoephedrine
amide3, compared to the analogous Myers-type subst#ate
aReagents and conditions: (i) KH, RI2R)-pseudoephedrine,  (94% de)’ Assured that linkage to the resin through oxygen
THF, 18 h; resultant solution was then added to resin in THF, rt. should not greatly effect the diastereoselectivity of alkylation
(i) Thiophene carbonyl chloride, NEtCH,Cl, rt. reactions, we performed acylation of pseudoephedrine resin
1 (anhydride or acid chloride, NECH,Cl,, rt) to give the

Clearly in our approach, as the hydroxyl group of corresponding resin-bound pseudoephedrine anddesax

pseudoephedrine acts as a link to the solid support, formation1635—1645 cm’).? Amides8 were then deprotonated and
alkylated to give adduct8 (Scheme 3).

0
s
O/\O\H\ffﬂm Crucially, only slightly lower diastereoselectivity (91% de)
Ph
2
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McKinstry, L.; Kopecky, D. J.; Gleason, J. J. Am. Chem. Sod997, , -
119, 6496. (d) Myers, A. G.: McKinstry, LJ. Org. Chem1996,61, 2428. Myers’ has shown that the auxiliary group can be removed
(e) Myers, A. G.; Schnider, P.; Kwon, S.; Kung, D.\W Org. Chem1999 from pseudoephedrine amides, using a variety of methods

64, 3322. . . . .
(5) Néslund, J.; Welch, C. JetrahedronAsymmetry1991,2, 1123. In to give carboxylic acids, primary alcohols, ketones, and

our hands, solution-phase benzylation of pseudoephedrine under these

conditions was found to give less than B¢benzyl pseudoephedrine. Thus, (7) For the R= H series, diastereoselectivities were determined by

similar high selectivity for O-alkylation is expected in the immobilization  conversion o6 into the corresponding TMS ether and analysis by GCMS.

step. For the R= Bn series, the diastereoisomeric purity ®fwas obtained
(6) For a discussion, see ref 4c. indirectly from the enantiomeric excess bf
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aldehydes¢ In our solid-phase approach, the use of different ketones and illustrates the potential of our approach for the
cleavage strategies allows us to introduce further diversity generation of libraries of enantiomerically enriched com-
into our collection of compounds during the cleavage process.pounds (Scheme 43.

One disadvantage of simple immobilization through the
hydroxyl group of the pseudoephedrine unit is that hydrolytic _
cleavage after alkylation, to give enantiomerically enriched

. . . . . . ; Scheme 4

carboxylic acids directly, is not possible using Myers
conditions. Myers has clearly shown that hydrolysis of \/\iy
pseudoephedrine amides proceeds througldMcyl transfer
followed by ester hydrolysi&. This is obviously not possible
if the hydroxyl is derivatized. We have, however, been \Q/ |7 1@/"'
successful in cleaving products from the resin to give primary

alcohols and ketones: primary alcohdlsand 10 were

obtained by reduction of the immobilized pseudoephedrine
amides with lithium amidotrihydroborate (LAB, LiH
NBHj3),%>4¢ while ketonesll were prepared by reaction of
the starting amides with alkyllithium reagents®(R Et,O/

THF) fe . . . 11g 84% ee 11h 90% ee
Moderate to good isolated yields are obtained for the three-

step processes and products are obtained in good enantio- aReagents and conditions: (BuLi (1.0 equiv), THF,—25°C.

meric excess (Figure 2. No extensive attempts to (i) Heteroaryllithium (4.8 equiv) was added to resin (1.0 equiv) at
—78°C and then warmed to TC, 47% for three steps frorh (iii)

Thienyllithium (4.8 equiv) was added to resin (1.0 equiv)}-at8
°C and then warmed to BC, 60% for three steps frorh.

HO
In summary, inexpensive pseudoephedrine can be conve-
7 22%7 10 59%° niently immobilized on Merrifield resin in a single step,

(87% ee)” (84% ee)” through a robust ether link. The first asymmetric alkylations
------------------------------------------------- on amides immobilized via this pseudoephedrine linker have

0 1% been carried out. Cleavage of products from the resin gives
primary alcohols and ketones in moderate to good overall
O yield and good enantiomeric excess. We are currently
11a 28%2 11b 36%7 11¢ 31%7 developing methods for cleavage that will allow access to
(85% ee)? (87% ee)? (80%ee)?® other classes of enantiomerically enriched products and are
o examining the recycling of the chiral resin. In addition, we

are applying pseudoephedrine and ephedrine linkers to other
asymmetric processes on solid phase.
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optimize the diastereoselectivity of the alkylation reactions
on solid phase or the efficiency of the cleavage steps have
yet been made.

The use of readily available heteroaryllithiums in the
cleavage step allows efficient access to heteroaromatic
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cedures and full characterization data fer3, 5, 7—10, and
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(8) In some IR spectra, extremely faiastercarbonyl stretches could
also be seen. This is in agreement with previous observations regarding

high selectivity in the O-alkylation of pseudoephedrine (see ref 5). (11) Enantiomeric excess of ketorneka—fand11hwas determined by
(9) Myers, A. G.; Yang, B. H.; Kopecky, D. Tetrahedron Lett1996, reduction of the ketones with LiAll{ esterification with both (R)- and (S)-

37, 3623. Mosher’s acids and analysis of the resultant diastereocisomeric mixtures of
(10) Enantiomeric excess of alcohtd) was determined by preparation  esters by°F NMR (see ref 4c). Enantiomeric excessldfywas determined

of both the R)- and (S)- Mosher's esters and analysis'#yNMR. by chiral HPLC.
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