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ABSTRACT: A general protocol to independently access o NPG

RCHO o] NPG
stereoisomerically pure f'-hydroxy-f-amino acid derivatives xc)J\/!\f/”’x Bu,BOT AN
that is based on dibutylboron triflate-mediated aldol reaction : * ), E or
of suitably protected S-amino acids bearing chiral oxazolidi- 80t _—n ; '

e EFFICIENT SINGLE ISOMER

none auxiliary is reported. The method smoothly afforded syn-
aldol (a,f’-syn) products in pure form and excellent isolated
yield. Both @,f-syn and a,f-anti isomers are readily accessible solely through the choice of the oxazolidinone chirality. This
method allows for the preparation of stereoisomeric f’-hydroxy-f-amino acid derivatives that were previously unreported.

he requirement of the pharmaceutical industry for chiral Scheme 2. Previous Results on Boron-Mediated Aldol
chemical entities has been one of the major driving forces in Reaction of Achiral f-Amino Acids®
the development of asymmetric synthetic methods. The aldol
reaction is a powerful means of carbon—carbon bond

Davies et al.,® Seebach et al.®

construction, allowing the formation of up to two stereocenters j_)L UFG : i j\/?\H
in a single step with remarkable stereoselectivity."” Because of QN REHS N R
work of Evans and others, it allows access to all stereoisomers, R34 e R'R1 Jpr “NPG
even with f-hydroxy carboxylic acid substrates. In stark contrast, (28-86%: de 54-98%)
aldol reactions of chiral f-amino acid nucleophiles with good Kurz et al."?
diastereo- and enantioselectivity remain largely unexplored _— T
(Scheme 1). 3\\ @ Bu,BOTS o o N7 ) _PhoHo
Scheme 1. Anticipated Stereoisomeric Aldol Products of f- Bn O teaction
Amino Acid Nucleophiles Bn |
O NH, O NH, .
Hou; . Hok.;/p's\R HOin/[l}\R For details, see text.
b R OH R "OH

ofeantl wBosyn formation.” The interference of the P-nitrogen atom on the
(o B-syniaB-anti)  (oB-synlo,-anti) course of the reaction is greatly illustrated by a report of Kurz et
al. In this case, dibutylboron triflate-mediated addition of a 2-(2-

A substrate-controlled version has been realized using N-alkyl- pyridyl) acetyl.oxa.zolidinone derivative to benzal(.lehyde. failed
N-a-alkylbenzyl-functionalized f-amino esters>* and lactones>~’ completely, }l%eldmg stable boryl enolate intermediate I, instead
by employing lithium diisopropylamide (LDA) for enolate (Scherpe 2). .
formation. It results in a,f-anti isomers with rather unpredictable _ U.ntl_l now, no general met}'lo.d has existed that allows the
although in some cases acceptable diastereoselectivity. Surpris- intrinsic dlastereocogtrol exhibited by the. substrate to be
ingly, only a few reports of boron-mediated reactions are overrldden‘ and provides access to a,ﬁ -anti or q{ﬂ -syn aldol
precedented. Davies et al. reported the reaction of N-benzyl-N-a- products with Com.para.ble select1v1t.y. This is surprising as th.ese
methylbenzyl f-amino acid derivatives with SuperQuat auxiliary SC‘.‘EO}?S are of prime importance Hllzthe ch.emlstry of é—amlno
and 9-borabicyclo[3.3.1]nonyl trifluoromethanesulfonate (9- acids, El;e corresp(')ndmg peptides, ﬂ—aml.nolactones, and /-
BBNOTY) to produce a,3'-syn aldols (Scheme 2).* Despite the lactams, ' to name ]us.t a few. Notewort/hy, in the cont.ext of ﬁ—
relative simplicity of the substrates lacking the chirality at the - lact_arns., is that a unified access to p —hydr'oxy' -f-amino acid
carbon atom, a decrease in both the stereoselectivity and the yield derivatives would be beneficial for SAR studies in a search for

was noted and was attributed to the choice of the nitrogen

protecting groups. Similar observations were made by Seebach et Received: December 6, 2014
al. using N-Boc protection and dibutylboron triflate for enolate Published: January 23, 2015
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Scheme 3. Model #-Amino Acid Substrates 3 Selected to Probe the Dibutylboron Triflate Mediated Aldol Reaction into 4

o O  NPG

i g e 2T . X A
— N " 0TBS o N ~™oTBS
Meo)l\_;/\OH — Meo)l\)\i/\OTBS - 0\/k : - Bu|l { ] P
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(S)-Roche ester NH,

’: 1,NPG = NH,
protection L 253 NPG = NHBoc
2b, NPG = Phthalimide
2c, NPG =Ny

3a, NPG = NHBo¢
3b, NPG = Phthalimide
3¢, NPG =

N3

{o,B-syn-a,p-syn)-4

new lead antibiotics, superior to thienamycin and other potent
carbapenams, carbapenems, and carbacephems.

We selected compound 1 (Scheme 3) as a model f-amino acid
on the basis of the following considerations: (a) it holds
functionalization that should challenge the chemistry through
the intrinsic conformational restriction and functional group
tolerance, (b) an additional stereochemical challenge may be
posed by the y-stereocenter, which impacts LDA-mediated aldol
reactions,” (c) in numerous postaldol manipulations the selected
functionalization gives easy access to compounds of biological
interest through well-established chemistry, and (d) enantiopure
1 can be easily prepared from (S)-Roche ester.'*

It was expected that after the appropriate nitrogen atom
protection (1 — 2), followed by ester group saponification and
amidation with (S)-4-isopropyloxazolidin-2-one yielding 3, the
dibutylboron triflate mediated aldol reaction with acetaldehyde
would afford the desired aldol product 4 (Scheme 3). The
oxazolidinone auxiliary was selected vs others on the basis of its
simplicity, availability, and price. By selecting the appropriate
reaction conditions, the formation of 4 should proceed through
the (Z)-boryl enolate intermediate and the six-membered
chairlike Zimmerman—Traxler transition state IL'° We
hypothesized that in the latter the side chain of the f-amino
acid should have little or no influence on the stereochemical
outcome affording preferentially the a,f-syn-a,'-syn isomer 4. If
successful, this would provide an entry to f’-hydroxy-$-amino
acid derivatives that were previously inaccessible.

To avoid the potential boron—nitrogen interactions with the
P-amino nitrogen atom as discussed above, it was important to
1dent1fy a suitable protecting group NPG. The report of Seebach
et al.” prompted us to initially examine Boc protectlon ® In our
case, an attempted aldol reaction under the standard” reaction
conditions by premixing 3a with Bu,BOTf at —78 °C,
subsequent enolate formation by addition of i-Pr,NEt, and
sequential addition of acetaldehyde returned a complex mixture
of products, but no desired ’-hydroxy-f#-amino acid derivative
could be detected by '"H NMR and HRMS analyses. The spectra
indicated that neither Boc nor TBS ether groups were tolerated
by the reaction conditions, presumably due to trace amounts of
triflic acid that accompanied Bu,BOTf. Accordingly, the
decomposition of 3a was completely suppressed by changing
the order of Bu,BOTf and i-Pr,NEt addition, with the latter
being introduced first to ensure basic reaction conditions
throughout the reaction. Unfortunately, in this case, no traces
of the aldol product could be detected by HRMS analysis of the
reaction mixture, whereas NMR spectroscopy revealed the
presence of unreacted 3a and a new species, 3a-BBu, (vide infra,
Scheme 4).

To shed light on this, the reaction mixture of 3a with i-Pr,NEt/
Bu,BOTf was analyzed by multinuclear NMR spectroscopy in
CD,CL."* On the basis of "H='N gs-HMBC spectral analysis,
the nitrogen atom of the newly formed species was shielded
significantly (8 = 38 ppm vs 90 ppm in 3a), clearly indicating
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Scheme 4. Reaction of 3a with i-Pr,NEt/Bu,BOTf To Form
3a°BBu, and Intermediate A Proposed by Seebach et al.

1) iPr,NEt
then BU23 )l\ 5B [ BBu
sa _BU2BOT EL O-t-Bu C)JL )\/\ )\ -
a —— ™ J\/‘\/\ s
2) MeCHO OTBS N

\/K

3a-BBu,

=
Ph %

ph fPr

H,05, MeOH, pH 7 |

close B—N interaction.'” This species was tentatively a531gned
the structure of 3a-BBu, by NMR spectroscopy (Scheme 4).'*
Alkaline hydrogen peroxide released 3a from 3a-BBu, (Scheme
4).M The result is in sharp contrast to the suggestion of Seebach
et al.” that boron interacts with the carbamate carbonyl oxygen
atom (structure A, Scheme 4) 19

Phthalimide 3b was expected to provide an effective f-
nitrogen atom protectlon, disabling B—N interactions as
observed for 3a-BBu,.”’ Thus, compound 3b was combined
with i-Pr,NEt, Bu,BOTf, and acetaldehyde (Scheme $), leading

Scheme S. Synthesis of 4b and 4b’ and a Part of the X-ray
Structure of 4b’

1) iPrzNEt
then 3) MeOH
Bu;BOTf (o] (0] H.0 (o] o]
3 —2—=| o o ¥ 2 o o W
2ymecHo | pPH7 I &
0" N OTBS| 89% O  'N B OTBS
{A_ “0-BBu; ft B OH
iPr iPr
4b-BBu; (o, p-syn-o,f'-syn)-4b
(single isomer by NMR})
/‘/,{:;‘?“
TBSCI
Imid. 0
)k rSJ OTBS
’\ GX OTBS

to a single product. On the basis of 'H NMR spectral analysis, the
crude reaction mixture consisted of the desired aldol product 4b
and unreacted starting material 3b in a 92:8 ratio by integration
with no other diastereomeric aldol products detectable. It is
noteworthy that in contrast to the standard alkaline hydrogen
peroxide conditions,"**”* the hydroxyl group of 4b could be
liberated from the dibutylboron 4b-BBu, adduct solely by the
addition of water. Such mild workup conditions provide a wide
compatibility with various functional groups. Product 4b and
unreacted starting material 3b were isolated after flash
chromatography in 89% and 4% yield, respectively. The absolute
stereochemistry of 4b was established unambiguously by X-ray

DOI: 10.1021/01503523h
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crystallography via TBS protection of the P'-hydroxyl group to
provide the crystalline 4b’ (Scheme $).*!

Excellent results with the smallest possible aldehyde prompted
us to test the bulkier aromatic aldehyde, benzaldehyde. The
reaction of 3b also afforded syn-aldol product 5 (Scheme 6). The

Scheme 6. Synthesis of 5 and a Part of its X-ray Structure

1) iPraNEt .; E
then 0=y 0
BuBOTF 9 O

b —m= )L L]

2)PhcHO O N)j/ﬁLgAOTBS

3) MeCH Ph u."’OH
H,0,pH7  iPr
90% (e, p-syn-u,fp-syn)-5

(single isomer by NMR) ¢

conversion was quantitative as judged by 'H NMR analysis, with
no other isomers or byproducts being detected. The product was
isolated in 90% yield. The stereochemistry of § was confirmed by
single-crystal X-ray analysis.*"

The fact that the dibutylboron triflate-mediated aldol reaction
of 3b resulted in the formation of 4b and 5 with complete
stereocontrol indicates formation through the transition state II
shown in Scheme 3 and that the configurations at the - and y-
stereocenters have indeed no impact. This was additionally
proven by the aldol reaction of acetaldehyde with the epimeric
(R)-4-isopropyloxazolidin-2-one derivative epi-3b, which re-
sulted in @,f-anti-a,3'-syn-6 as the sole isomer (Scheme 7). Its
absolute stereochemistry was determined by X-ray crystallog-
raphy via TBS deprotection of the primary hydroxyl group to
provide crystalline 6'.

Scheme 7. Synthesis of 6 and 6’ To Confirm the
Stereochemistry through the X-ray Structure
0i i

Bed
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Finally, to prove the applicability of this method, we were
prompted to transform 4b and $ into the corresponding S-
amino-6-lactones 9 and 12 (Scheme 8). Briefly, deprotection of
the f- amlno nitrogen atom in 4b by a variety of the reaction
conditions™* including hydrazinolysis, aminolysis with butyl-
amine or methylamine, and NaBH,/CH;CO,H failed. The
removal of the phthalimide group through hydrazinolysis
requires strongly acidic reaction conditions, which turned out
to be incompatible with the OTBS ether in 4b. Hence, 4b was
first TBS deprotected to afford 7'* and then subjected to
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Scheme 8. Conversion of 4b and S into Lactones 9 and 12,

Respectively

HF/P NHZNH;- Ho0
4bor5s L A /5/LA —Ter e,
““OH
7.R=Me
10,R = Ph
NHNH, \
fo) aq HCI
- O HN" 7O o] NH,-HCI
HyNHN 7" OH R” “'OH
R”OH
8, R=Me 9, R =Me (71% from 7)
11,R=Ph 12, R = Ph (79% from 8)

NH,NH,-H,0. Surprisingly, this resulted in the removal of (S)-
4-isopropyloxazolidin-2-one in nearly quantitative yield and the
formation of dihydrazide 8 (Scheme 8). The auxiliary could be
recovered in high purity and reused without loss of stereo-
selectivity in the aldol reaction. Even though numerous methods
are available for the oxazolidinone auxiliary cleavage affording
esters, primary alcohols, Weinreb amides, and carboxylic
acids,**** to our knowledge, this is the first report on
hydrazinolysis. In a one-pot procedure from 7, acid-promoted
hydrolysis of 8 resulted in spontaneous formation of 5-lactone 9
in enantiomerically pure form and 71% yield. Lactone 12 was
prepared analogously from 10 through dihydrazide 11 in 79%
isolated yield.

In conclusion, we have reported the first transformation of
chiral f-amino acids into the corresponding f’-hydroxy-f-amino
acid derivatives by an Evans aldol reaction. These densely
functionalized products are formed in complete stereoselectivity
and in excellent yields. The methodology is mild and robust,
readily affording both the a,f-syn and the a,f-anti isomers
independently and in stereochemically pure form, which were
previously inaccessible without the need of tedious chromato-
graphic separations from complex mixtures of isomers. This is of
the utmost importance for bulk synthesis of advanced non-
crystallizable compounds. Our protocol employs one of the
simplest Evans oxazolidinone auxiliaries, which can be recovered
in pure form and reused. The choice of the nitrogen protecting
group was found to be crucial and was described in detail. Work is
in progress toward the application of this chemistry to access
a,f'-anti-aldols as well as to further explore the substrate and
aldehyde scope.
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