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ABSTRACT: Easily accessible racemic N-Boc-isoxazolidine-S- //L\d
ones undergo enantioselective alcoholysis promoted by double FiC I\
hydrogen bond donor amine organocatalysts, resulting in their R OMe
effective kinetic resolution. o ﬁg y o) R' O
FC O O\_ R
Jj/{o 3 10 mol% N ﬁo + BOC\N/\)J\OR
RN ROH RT N OH
@) B9 tamylalcohol,0°C  (R) BOC (S)
soxazolidinones are valuable precursors to f-amino acid j\ % o
derivatives, including fS-peptides. As a consequence, there is R20” “NHOH 0 DABCO J\)< R? = t-Bu, Bn,
considerable interest in accessing them in enantioenriched N + oo T Me R N 9-fluorenyimethyl
form.'™” Within this broad category, N-carbalkoxy-isoxazoli- R" o Me )1 J~OR?
dinones constitute an important subset, thanks to the ease of ©
deprotectlng the mtrogen atom. Several asyrnmetrlc catalytlc Figure 2. Briere’s racemic route.

approaches to the latter class of compounds®~> are illustrated

Fi 1. fi 1. discl . . .
in Figure A few years ago, Briere et al. disclosed a successfully resolved via organocatalyzed enantioselective

alcoholysis. In addition, the conceptually related dynamic

7 OH kinetic resolution (DKR)'*'* and desymmetrization'> have

| M" NaClo, /E« Eq. 1 been achieved using similar methods. The overall structural
R Iminium R similarity of N-Boc-isoxazolidinones to these compounds
catalysis suggested to us that they may also be amenable to asymmetric

o) o ring opening. Furthermore, literature precedent indicated that
R/\r(o BocNHOH BZHN:E(O Ea.2 they undergo methanolysis under fairly mild conditions.”

N=/" Bifunctional RN a However, no information could be found regarding catalytic

ph  catalysis Boc acceleration of this process.

COMe goenmon COMe 2 First, we copﬁrmed that the background reaction of test
?[ —_— _,\]»\(O Eq.3 substrate 1a with a 10-fold excess of methanol was negligible
R OBoc Bronsted R™ “N-CTES T g N\/ (Table 1, entry 1). On the contrary, rapid methanolysis was

acid catalysis B Boc observed in the presence of stoichiometric base (entry 2).

Widely used enantioselective acyl transfer catalyst benzote-

N0 )KH d° catalysis \/\ﬁ Ea. 4 tramisole 3' (Figure 3) displayed barely detectable catalytic
@ activity and no asymmetric induction (entry 3). A more

electron-rich amidine-based catalyst H-PIP 4'’ did promote
the reaction, but the selectivity factor'® was still negligible
(entry 4). Faced with these disappointing results using the
covalent mode of catalysis, we decided to test Takemoto’s
bifunctional catalyst 5,"’ which had demonstrated its efficacy in
the DKR of azlactones”’b The initial result showed some

Figure 1. Asymmetric catalytic approaches.

multicomponent synthesis of racemic N-carbalkoxy-isoxazoli-
dinones (Figure 2).° Although attempts to develop an
asymmetric version of this process proved unsuccessful, its
simplicity and flexibility make it quite attractive, especially if a
method is found to resolve the racemic products. In this Letter,
we report an effective kinetic resolution (KR)’ of N-Boc-
isoxazolidinones, which complements existing enantioselective
approaches to these useful intermediates.

A number of cyclic acyl donors, such as N-carboxyanhy-
drides,'® oxazinones,'' and N-acyl-ﬁ-lactams,12 have been
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Table 1. Initial Screening of Reaction Conditions”

o catalyst o]
I‘{o romcooy A g A)L
pr” N Ph N
(+)-1a BOC (R)-1a B (S)-2a
catalyst time %
entry (mol %) ROH (equiv) (h) conversion s
1 none MeOH (10) 24 o” N/A
2 NEt, (100)  MeOH (10) 0.5 100” N/A
3 3 (20) MeOH (1) 192 4s” 11
4 4 (20) MeOH (1) 2.5 62° LS
S 5 (10) MeOH (1) S 53 5.2
6 5 (10) MeOH (1) 8 55 59
7 5 (10) BnOH (1) 16 46 16.3
8 5 (10) Ph,CHOH (1) 120 25 7.7
9 5 (10) i-PrOH (1) 24 <5 N/A

“General conditions: 0.10 mmol of (+)-1a, 0.10 or 1.0 mmol of
ROH, 0.010 mmol of catalyst, 500 uL of CDCI,, rt. *Determined by
'"H NMR. “Carried out at 0 °C.

S, A s
3 “Ph ("

N ArHN” N
4 —/ 5

Ph
“\H‘HQHM@

NMe,

SR s
NNH HN—

ArHN NHAr
ji g
TSHNY ArHN N
NMe2 NMe;
9 | NH 10
% NHAr
| NH
Na
O NHAr ArHN
11 o) fo) 12 Ar = 3,5- (CF3)206H3

Figure 3. Catalysts used in this study.

promise (entry S). Modest improvement was observed when
the reaction was carried out at 0 °C (entry 6). At this point, we
examined the effect of using more sterically demanding
alcohols. Benzyl alcohol improved the selectivity factor 3-fold
(entry 7). Benzhydrol reacted very slowly (entry 8). Finally,
isopropanol proved to be completely unreactive (entry 9).

A solvent survey was performed next (Table 2). Most
solvents examined displayed performance comparable to that
of chloroform (entry 1). The most nonpolar (entries 3 and 4)
and the most polar (entry 8) solvents were decidedly inferior
to it. Most interestingly, we found that fert-amyl alcohol
produced a selectivity factor that was higher than those of all of
the aprotic solvents (entry 9). This result came as a pleasant
surprise as this solvent might be expected to disrupt hydrogen
bonding. Encouraged by this finding, we re-examined different
alcohols. Allyl alcohol was superior to benzyl alcohol (entry 10
vs entry 9). Methanol displayed markedly improved perform-
ance compared to the results obtained earlier in chloroform
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Table 2. Solvent Survey”

O 10mol% 5 9 Ph O
1 equiv ROH Boc. -
—_  » + ~
/E:l(/o solvent, 0 °C /Ef’o r}‘/\)kOR

Ph \ Ph \ OH
+)-1a BOC (R)-1a B¢ (S)-2a

entry solvent ROH time (h) % conversion s
1 CHCl, BnOH 16 46 16.3
2 CH,Cl, BnOH 16 43 16.1
3 PhMe BnOH 7 54 13.0
4 cyclohexane BnOH 16 73 6.0
S THEF BnOH 72 25 21.0
6 EtOAc BnOH 22 37 18.9
7 Me,CO BnOH 23 24 19.3
8 MeCN BnOH 23 37 7.4
9 EtCMe,OH BnOH 22 34 25
10 EtCMe,OH allylOH 22 36 45
11 EtCMe,OH MeOH 22 31 14.6
12 EtCMe,OH Ph,CHOH 22 39 199
13 EtCMe,OH i-PrOH 22 0 ND

“General conditions: 0.10 mmol of (+)-1a, 0.10 mmol of ROH, 0.01
mmol of §, 500 yL of solvent.

(cf. Table 1, entry 6). Most surprisingly, benzhydrol, which
reacted very poorly in chloroform (cf. entry 8 of Table 1),
reproducibly gave the highest selectivity factor observed yet
(Table 2, entry 12).

At this point, we decided to examine a wide variety of
bifunctional organocatalysts (Table 3). C,-symmetrical bis-

Table 3. Bifunctional Catalyst Survey”

O 10 mol% catalyst o Ph O
I(o 1 equiv ROH o + BOC\N/:\)J\OR
N t-amylalcohol N )
P ‘Boc 0°C,24h Boc OH
(£)-1a (R)-1a (S)-2a
entry catalyst ROH % conversion s
1 6 Ph,CHOH 0 N/A
2t 7 Ph,CHOH 35 1.4
3 8 Ph,CHOH 0 N/A
4 9 Ph,CHOH 41 33
st 10 Ph,CHOH 42 94
6" 11 Ph,CHOH 38 123
7 12 Ph,CHOH 42 419
8 12 MeOH 47 23
12 BnOH 47 23
10 12 allylOH 43 37

“General conditions: 0.10 mmol of (+)-1a, 0.10 mmol of ROH, 0.01
mmol of catalyst, 500 uL of tert-amyl alcohol. “The absolute
stereochemistry of the products is the opposite of that shown.

thiourea 6*° gave zero conversion (entry 1), indicating the
importance of a Brensted basic moiety in the catalyst.
Reasonable catalytic activity, but very little enantioselectivity,
was seen with bis-benzimidazole catalyst 7°' (entry 2).
Tosylamide 8 (entry 3) was completely ineffective, which
suggested the need for a double hydrogen bond donor (cf. s,
entry 12 in Table 2). Amino-squaramide catalyst 9 gave a
selectivity factor (entry 4) substantially lower than that of the
analogous Takemoto’s amino-thiourea catalyst 5. This result,
however, may be attributable to the poor solubility of 9 in tert-
amyl alcohol. Quinine-derived amino-thiourea 10°* and
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amino-squaramide 11° gave comparable selectivity factors
(entries S and 6, respectively). Surprisingly, the pseudoenan-
tiomeric quinidine-derived amino-squaramide 12*° gave a
superior selectivity factor (entry 7).*° Other alcohols were
briefly explored with catalyst 12, but none proved superior to
benzhydrol (entries 8—10).

Having thus completed our optimization studies, we
proceeded to explore the substrate scope of the new
methodology (Table 4). In several cases, we encountered

Table 4. Substrate Scope”

[o] 10 mol% 12 o o R' O

1 equiv ROH H
q £/</O . RZOJLITI/\)J\OR
N

——
t-amyl alcohol
OH

0, R1
(#)-1 O)‘ORZO C. 3 days (R)1 O)\OR2 (S)-2

entry R R? ROH % conversion s

1 Ph tBu  Ph,CHOH 45 361
2k Ph tBu  Ph,CHOH 45 487
3b 4-CIC¢H, tBu  Ph,CHOH 37 344
4 4-MeOCH, tBu  Ph,CHOH 41 301
5 4-NO,Ph tBu  Ph,CHOH 31 127
6 2-CIC(H, tBu  Ph,CHOH 44 107
7 3-MeOCgH, t+Bu  Ph,CHOH 45 430
84 1-naphthyl tBu  Ph,CHOH 29 171
99 2-naphthyl tBu  Ph,CHOH 42 334
10 2-thienyl tBu  Ph,CHOH 48 352
11 styryl tBu  Ph,CHOH 50 80
12 isobutyl t-Bu Ph,CHOH 40 67
13 isopropyl t-Bu Ph,CHOH 24 151
14 isopropyl t-Bu BnOH 35 144
1s isopropyl t-Bu allylOH 37 92
16 tert-butyl tBu  Ph,CHOH N/A N/A
17 tert-butyl t-Bu allylOH <5% N/A
18° Ph Bn Ph,CHOH N/A N/A
19¢ Ph Bn MeOH 54 27
20° Ph Bn BnOH 50 40
21° Ph Bn allylOH 49 50
22° 2-CIC(H, tBu  Ph,CHOH 44 80
23% 2-naphthyl tBu  Ph,CHOH 41 118
24/ isobutyl tBu  Ph,CHOH 27 21

“General conditions: 0.10 mmol of substrate, 0.10 mmol of alcohol,
0.01 mmol of 12, 500 uL of tert-amyl alcohol. YA 4:1 tert-amyl
alcohol/CHCI; mixture was used as the solvent. “CHCI; was used as
the solvent. “A 3:2 tert-amyl alcohol/CHCI; mixture was used as the
solvent. “Performed on 1.0 mmol of substrate. “Catalyst § was used.

substrates that were poorly soluble in pure tert-amyl alcohol,
which would be detrimental to their KR. To remedy this
problem, we had to employ terf-amyl alcohol/chloroform
mixtures and occasionally pure chloroform. The addition of
chloroform did not have any negative effect on the selectivity
factor with substrate 1a (cf. entries 1 and 2). Substrates bearing
variously substituted aromatic and heteroaromatic groups were
resolved with excellent selectivity factors (entries 1—10).
Diminished but still useful levels of enantioselectivity were
observed with a styryl and alkyl group (entries 11—13).
However, branching at the a-position of the alkyl substituent
greatly diminished the reactivity, as one can see in the case of
the isopropyl group (entry 13). Fortunately, replacing
benzhydrol with benzyl or allyl alcohol improved the
conversion somewhat while producing enantioselectivities
higher than that obtained previously with the phenyl substrate
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(cf. entries 14 and 15 in Table 4 vs entries 9 and 10 in Table
3). Alas, the tert-butyl substituent rendered the substrate
completely unreactive with benzhydrol and produced barely
detectable conversion with allyl alcohol (entries 16 and 17,
respectively). Surprisingly, replacing the Boc group with a Cbz
group also rendered the substrate unreactive toward
benzhydrol (entry 18). Once again, however, less sterically
demanding alcohols gave practically useful results (entries 19—
21). The reaction scale was easily increased 10-fold (cf. entry
22 vs entry 6). Finally, we confirmed that Takemoto’s catalyst
5 produces lower but still practically useful selectivity factors
with representative aryl- and alkyl-substituted substrates under
the same conditions (entries 23 and 24, respectively).
Various ester products obtained in the KR studies described
above underwent quantitative transesterification with methanol
under mild conditions (see, e.g, eq 1 in Figure 4), which

- : R = Me:
Cl (o} cl 5{

Boc. A — = q.1
N/\)J\OR Bu,Sn=0, N
OH PhMe, A (57%) Boc
(S)-2f-Bzh: R = CHPhﬂ MeOH (S)-1f
(S)-2f-Me: R = Me K,CO3 (quant)
o)
MeOH, K,CO3 tBu O Eaq.2
5 i, 24 h Boc q-
N CDCly N OMe
t-Bu \B OH
- OC - -
M 4% conv at rt (64 h) (#)-2m-Me
100% conv at 50 °C (2.5 h)
O 40atmH,, Pd/C Ph O
EtOAc, rt, 20 h Eq. 3
e
O (quant) Boc\N)\)J\OH
P N H
(R)-1a B¢ (R)-13a

Figure 4. Transformations of the products.

proved to be useful for their HPLC analysis (see the
Supporting Information). Nevertheless, most of the esters
were stable and did not undergo spontaneous recyclization
upon storage or exposure to silica gel. One notable exception
was tert-butyl derivative 2m-Me: although its formation could
be observed on treating 1m with methanol, it reverted to the
starting isoxazolidinone even at room temperature (eq 2). This
thermodynamic instability explains the lack of success in its KR
(entries 16 and 17, Table 4). Other methyl esters could be
easily cyclized back to isoxazolidinones by heating in the
presence of catalytic dibutyltin oxide®”” (see, e.g.,, eq 1). The
synthetic utility of resolved N-Boc-isoxazolidinones was
demonstrated by the quantitative hydrogenolysis of the N—O
bond giving rise to the N-protected -amino acid (eq 3).*

In conclusion, we have demonstrated that N-carbalkoxy-
isoxazolidin-5-ones are effectively activated toward enantiose-
lective alcoholysis by bifunctional organocatalysts. In fact,
some of the selectivity factors recorded in this study are among
the highest ever obtained in this type of transformation, thus
highlighting the potential of these underexplored acyl donors
in asymmetric catalysis. From a practical standpoint, the new
methodology is expected to offer a mechanistically different
alternative to existing asymmetric approaches to isoxazolidi-
nones and can be used to upgrade their level of enantiomeric
enrichment.
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