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Abstract: A new anti-selective aldol reaction utilizing 2,4-disubstituted 0 o
oxazolldme. fu.nc.t|onallzed-glycme estell is described. The t—BuO)S " /U\R +Bu OJH +BUO
corresponding lithium enolate &f has been demonstrated to undergo a

. o . i . ) NH Pha_ N_ LR Pha_ N R
highly anti-diastereoselective aldol reation with a variety of aldehydes. K MgSOs, CH,Cl \<—Y * \<—7
Facile removal of the chiral auxiliary allows for the efficient preparation OH i’qT O o]

of chiral g-hydroxy-a-amino acids of erythro stereochemistry. 2 3a-7a 3b-7b

Scheme 1. Preparation of Oxazolidine-Functionalized Glycine tert-

Buty! Esters
As part of an effort to construct analogs and develop new moleculat

frameworks for thrombin active site inhibitors we examined the
behavior of the lithium enolate derived frdnmn an aldol process. Based  Taple 1. Isomer ratios derived from the formation of the oxazolidine
upon the crystallographic structure BMS 183,507 complexed with moiety

hur.nana-thrombin.\{ve observed the methyl group of Hlie-thr.eonine Compd RCHO alb? Yield
residue was positioned over the specificity pocket proximal to the
guanidine moiet&.This spatial relationship would allow for the direct 3 CH,CHO 16/1 96
attachment of a guanidine residue to #fie-threonine moietyia the 4 n-BuCHO 16/1 91
insertion of an alkyl chain. Preparation of inhibitors based upon this 5 i-PrCHO 34/1 98
structural motif required an efficient method for the preparation of 6 +BuCHO 54/1 88¢
derivatives ofllo-threonine. 7 (Ph),CHCHO 37/1 >99/1%%) 95 (83%
e} Q /© a) Based on 'H NMR of crude reaction mixtures. b) Percent yield of
£BUO oh o P crude products. ¢) Rcactiorll temperature of 50 °C. .d) Recrys.tallized
B H H from hexanes. ¢) Based on 'H NMR of the recrystallized material

summarized in Table 1. The crude reaction prod3efscontained
varying amounts of the minor isomers. Recrystallization of the crude
mixture of 7a and7b from hexanes provided pui@, [a]p +51.7 (c

2.0, acetone) in 83 % yield, the only crystalline analog of this series.

Phy N ; N ;
\<_7)\Ph Meo\n/\NH NH
0 o 0 o}
HO <V'e Various aldehydes were condensed wihand the results are
HoN.NH
N

NH,
The relative stereochemical assignment of the C-2 asymmetric center of

Blzﬂ_sth183y5b(?7 - phenylglycinol-derived oxazolidines formed by condensation with an
o [ F(throm 'n)f ) "M aldehyde has been controverdilecentH NMR studies suggest that a
Figure 1. Application of 1 to the Synthesis of Retro-Binding Analogs cis relationship between the C-2 and C-4 residues predomﬁ1ates.

of BMS 183,507 Compound 7a was subjected to single crystal X-ray analysis.

Substituents at the C-2 and the C-4 asymmetric centers (both in the R
configuration) of the oxazolidine ring are on the same face. The nitrogen
has pyramidal geometry (S configuration) with the lone electrorcigair

to the phenyl and benzhydryl substituehts.

The development of methods for the preparation of nonproteinogienic
amino acids continues to be an active area of res@aithough many
methods for the construction of a varietyoemino acids have been
described, a chiral glycine equivalent that efficiently undergoes a higm;}'o determine the relative stability of the various isomers and related
anti-selective aldol reaction in high yield has remained an elusivéonformers of6, molecular mechanics calculations were performed on
target34 Reported here is the development of a novel oxazolidine-baseif€ Model structure8 -11 using the MM2 molecular mechanics force

chiral glycine equivalent of high isomeric purity which addresses thidi€ld @s implemented in the MACROMODEL software packdyBor
issue. each molecule, Monte Carlo searching (MACROMODEL) of
conformational space was used to calculate all possible low energy

Oxazolidines derived from optically active phenylglycinol have beeng,nformers within 10 kcal/mdit The bond between O-1 and C-5 in the
utilized as chiral auxiliaries or reactants for the formation of chiral

s ) ) " “oxazolidine ring was defined as the ring closure bond for the purpose of
prodgct ..We havg prepared several ?,4-d|substltuted 0XfaZO“dmeT\/ICtorsion angle searching. The torsion angles that defined the atoms in
functionalized glycinetert-butyl esters in an attempt to find an

‘ o A ) ‘ - " the ring, thetert-butyl group and the phenyl group were varied. The
appropriate combination of high diastereomeric purity and reqUIreC;elative energies of the respective lowest energy conformers are given in

steric bulk necessary for good diastereofacial selectivity in S“bseq”eﬁ‘éble 2. The relative energy difference betweencts® andtrans 10

aldol reactions. conformers is 2.7 kcal/mol, which predicts a theoretical ratio of 67/1
respectively, at 56C 121n addition, the residues at C-2 and C-4 and the
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lone pair of electrons of structuf; are on the same face, which is o o

consistent with the solid state structure’af 1) LDA, -78 °C,
+BuO 1h t-BuO R

e}
I

Table 2. Molecular Mechanics Relative Energies of Minimized

Ph N R Ph N R
Structures \<_Y 2) R'CHO, -78 °C, \<_Y
(0] (0]

1h
R1 R2
s 7a: R = CH(Ph), 13-18

\
Ph\<_N7,,~R3 12 R=H
o

Scheme 2. Deprotonation and Reaction of Gylcine Ester Enolates with

,
“.

Various Aldehydes
Compd RI R2 R3  Energy(kcal/mol)
Table 3. Yield and ratios of the diastereomeric products derived from
. the aldol reactions
e £ B
8§ L CH +Bu 0.0 Compd R RCHO Mm™  Yield (%)
9 CH, LP —==t-Bu 5.5
. d
10 CH, LP By 07 13 H i-PrCHO 31(69) 84
11 LP CH, By 4.4 14 CH(Ph), n-PrCHO 92/8 87
15 " i-PrCHO 99/1 94
* LP signifies the lone pair of electrons
16 . t-BuCHO 99/1 91
Compound7a readily epimerizesia an acid catalyzed process to give 17 uon PhCHO >90/1° 85
the thermodynamic ratio of products. Exposure to either gBh
trace DCl or MgS@CH,Cl, gave a 38/1 mixture ofa and 7b, 18 B PhthNCH,CHO  94/6 73
respectiverL.?’ However, the stereochemical integrity 7d was easily a) Based on IHNMR of the crude reaction mixture. b) M denotes
preserved by avoiding exposure to acids. major isomer and m denotes the sum of the minor isomers. c¢) Yield of

s . . . chromatographed aldol products. d) A mixture of all four
Treatment of7a or 12 with lithium diisopropylamide (LDA) in THF (1h diastereoieri was obtainltjad. ¢) A minor isomer was observed;

at -78°C), followed by the reaction of the resultant lithium enolate with however, a more accurate determination was not possible
various aldehydes gave aldol produd3-18'* The crude reaction
products were examined B NMR under neutral conditions (acetone-

dg at 55°C) to ascertain the ratios of diastereomers. The diastereomeric

product ratios and the purified yields are given in Table 3. The reaction o OH 5%
of the lithium enolate of2 with isobutyraldehyde (1.0 M, THF) gave a £BUO’ : Trgsecl[;c[

mixture of all four possible diastereomers. Contrary to this result, the .

reaction of the lithium enolate derived frofim when reacted with Ph NYCH(Ph)z

various aldehydes led predominantly to a single diastereomeric product. \<—o

Reactions involving sterically hindered aldehydes, enttesind 16,
displayed the highest selectivity (99/1) whereas a decrease in steric bulk 15 19

about the carbonyl group led to a reduction in diastero- and Figure 2. Acid catalyzed isomerization and NOE enhancements
enantioselectivity. The reactions gave the isolated aldol product in good

to excellent yields; in many cas@a was not observed b4 NMR in

the crude reaction mixtures. 2

mQ
I
[ll'e]
I

R a :
In addition to the acid-catalyzed isomerization of the oxazolidine tBu0 R T~ tBw R
moiety described earlier, a second isomerization gave a trisubstituted Ph\(_NYCH(Ph)Z Ph\<—NH

oxazolidine. The aldol produdf5 was found to equilibrate through an o) OH
acid catalyzed reaction to give a 55/45 mixture of the two oxazolidines
15and19 respectively, as shown in Figure 2. This equilibration process
provided additional complexity for the direct determination of the ratio b J 87 %

of diastereomeric aldol products by methods other than NMR in neutral

R=I-P
R

= ror
15,18 = CH,NPhth

solvents. Irradiation of Ewith subsequent observation of a nuclear OH o ©oH
Overhauser effect (NOE) atjHnd H, establishes that the substituents HO : .L +BuO :
at C-2, C-4 and C-5 are on the same face of the oxazolidine ring NH, 98 % HC! » NH,
confirming the relativeanti-stereochemistry for the aldol process.

However this study provided no details as to the absolute Exp.:foD -21.8° (¢ 1, Hz0)

Lit. :[o]D -22.0° (¢ 1, Ho0)*

a) THF/HO/HCO2H (6/1/1) at rt., 24h. b) Pd/C (10 %), 1atm Ha, MeOH. ¢)
anhydrous HF at 0°C, 15min. d) Dowex-1

The aldol productl8 was converted to the corresponding amino diol gepeme 3
which was examined by single crystal X-ray analysi.The two

stereochemistry of these asymetric centers.

contiguous asymmetric centers were found to be R in configuratiorglycinol residue, thus confirming the anti-stereochemistry for the aldol

relative to the known asymmetric center (R) contained in the phenyleaction.
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The aldol product5was converted to the corresponding amino sigd

a three step procedut®. The optical rotation determined for this acid
compared favorably with the data reported by Kaneneasd for the
enantiomerically pure amino adh1®

A re (enolate)/si (aldehyde) combination yields the observed aldol
products 14-18. We believe the enolate/aldehyde complex adopts .
configuration that would minimize the non-bonded interactions between
the large bulky residues and this would result in the pre-aldol complex
given in Figure 361718 studies are now ongoing to determine the
steric requirements of the chiral auxiliary with regard to stereochemical
control of the aldol process.

H g o OH 6
N \ﬁ/fo +BuO R
PhPh\/ AH —
Y 0 Ph N7,«:H(|=~h)2
Ph >< 7.
o
Pre-Aldol Complex 13-18

Figure 3. Pre-Aldol Complex, shown as a monomer

8.

In conclusion, as part of our effort to prepare potent novel inhibitors of
thrombin catalytic activity, we have developed an easily prepared chiral
glycine equivalent. The lithium enolate derived from this ester react§-
with a variety of aldehydes in an enantio- and diastereoselective manner
to afford aldol products afrythrostereochemistry. In addition, we have 10.
demonstrated that these adducts are easily converted to the
corresponding amino acids under mild conditions.
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