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ABSTRACT: Highly enantioselective synthesis of acyclic a-tertiary amines through asymmetric desymmetrization is reported.
This approach is based on chiral phosphoric acid mediated, enantioselective, oxidative desymmetrization of 2-substituted 2-nitro-
1,3-diolbenzylidine acetals in the presence of DMDO as an oxidant. The method allows for the formation of a wide variety of
chiral 2-nitro-1,3-diols in high enantioselectivity, which could be transformed into optically pure, unnatural a-alkyl series. The
synthetic utility of this method has been further demonstrated by the expedient construction of the core structure of natural

products manzacidins enantioselectively.

O ptically active amines are highly important structural
motifs that are widely found in natural products as well as
medicinal compounds." Among them, a-tertiary amines have
attracted considerable interest due to their unique properties.”
For instance, chiral a-substituted nonproteinogenic serines” are
used in peptide chemistry and (S)-a-(hydroxymethyl)glutamic
acid (HMG)" was found to be a potent a potent mGIuR3 agonist.
However, catalytic enantioselective synthesis of those moieties
has met with limited success.” A typical strategy is the addition of
organometallic reagent to ketimines in the presence of chiral
organocatalyst or transition-metal complex.’~” The reaction
scope, however, is relatively limited probably because of the
electronic and steric factors (for example, low reactivity and the
E/Z isomer of ketimines).® Other methods, including rearrange-
ment,® asymmetric amination/alkylation” and allylic amina-
tion,'” have been developed to address this challenging issue.
Despite remarkable progress, accessing optically pure acyclic
aliphatic group substituted o-tertiary amines in a catalytic
enantioselective version remains a daunting task.’
Enantioselective desymmetrization is one of the most
powerful strategies to afford the chiral compounds.'' Although
there are many elegant examples of asymmetric desymmetriza-
tion, highly catalytically enantioselective desymmetrization
method to tackle on synthesis of a-tertiary amines remains
largely unexplored (Scheme 1). In this respect, Cai and co-
workers recently reported the first highly enantioselective
intramolecular Ullmann reactions in the presence of copper
catalyst to afford products bearing N-substituted quaternary
stereocenter.'” However, the substrates are limited and products
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Scheme 1. Accessing Chiral @-Tertiary Amines through
Enantioselective Desymmetrization
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are usually indolines. Alternatively, Nagao’s group'® and Kang’s
group'* independently reported enantioselective acylation of 2-
substituted 2-amino-1,3-diols employing chiral Zn and Cu
complexes, respectively; however, the enantioselectivity is
moderate to good or removal of the protecting group on the
nitrogen requires harsh conditions.'*
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Based on our previous success with a chiral phosphoric
acid'*"’ medlated enantioselective desymmetrization of 2-aryl-
1,3-diols,"> we hypothesized that in the presence of suitable
catalyst and proper protection group on the nitrogen asymmetric
desymmetrization of 2-substituted 2-amino-1,3-diols would be
feasible. Thus, 2-methyl-2-amino-1,3-diols with different protect-
ing groups on the nitrogen were tested. To our disappointment,
all failed because of the difficulty in preparation of acetals or the
oxidative problem of nitrogen. We then turned to the nitro
compound because reduction of nitro group to amine is one of
the most reliable protocols to obtain amine, % and nitro is a
robust functional group which could tolerate many harsh
conditions without extra protection as well.'® 2-Methyl-2-nitro-
1,3-diol was easily to be synthesized through nucleophilic
addition of nitromethane to formaldehyde."* To the best of our
knowledge, there are no example of nonenzymatic catalytic
enantioselective desymmetrization of 2-substituted 2-nitro-1,3-
diols." Therefore, we evaluated the reaction conditions reported
previously for oxidative desymmetrization of PMP-protected 2-
methyl-2-nitro-1,3-diol (1a) and fortunately found the desired
product 2a was obtained in excellent yield (88% yield) and
enantioselectivity (95% ee) (Table 1, entry 1). Next, an

Table 1. Survey of Chiral Phosphoric Acids”

NO, cat. (5 mol %)

/&/ DMDO
0\ -PMP

acetone, 0°C

1a

entry catalyst, Ar yield ee
(%) (%)
1 (S)-catalyst A1, 2,4,6- 88 95

(iPr);CeH,, (S)-TRIP

2 (S)-catalyst A2, 1-naphthyl 88 75
3 (S)-catalyst A3, 9-anthryl 95 S0
4 (S)-catalyst A4, 3,5-(CFs),CsHs 91 29
S (S)-catalyst AS, SiPhs 44 50
6 (S)-catalyst A6, 4-MeO-CsH, 89 64
7 (S)-catalyst A7, 4-Ph-CcH. 72 66

“Reaction conditions: 1 (0.1 mmol), cat. (5 mol %), and DMDO (5
mL) at 0 °C. “Isolated yield. “Enantiomeric excess determined by
chiral HPLC analysis.

evaluation of potential chiral phosphoric acids was carried out
(Table 1, entries 2—7). Although most of the reactions
proceeded well in the presence of chiral phosphoric acids, poor
or moderate enantioselectivity was achieved. In addition, further
screening of the temperature and solvents did not give better
results according to yield and ee.

Under the optimal reaction conditions, a variety of 2-
substituted 2-nitro-1,3-diol benzylidene acetals were examined
(Scheme 2). Generally, chiral phosphoric acid promoted
oxidative desymmetrization can be effectively with a wide

Scheme 2. Reaction Scope of Nitro-Substituted Substrates
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range of substrates, thus delivering the 2-substituted 2-nitro-1,3-
propanediol in high yield and excellent enantioselectivity. A
series of substrates bearing different hindered alkyl chains
underwent desymmetrization in excellent yields and enantiose-
lectivity, giving the product in excellent yield and around 95% ee
(2a—e). Ester group are compatible to afford the corresponding
products in high enantioselectivity, while the distance of the
chain does not have a significant effect on enantiocontrol (2f—h).
Different electronic and steric aryl-substituted substrates were
also tolerated, giving the expected products (2i—n) in excellent
yield and high enantioselectivity (92—97% ee). The absolute
configuration of 2a was determined to be R compared with the
optical rotation of known compound after several trans-
formations (see the Supporting Information).

In order to further demonstrate the synthetic utility of this
protocol, a large-scale reaction of 1a was carried out (Scheme 3).
Under the optimal conditions, the reaction proceeded well,
delivering product 2a in good yield and excellent enantiose-
lectivity, without notable erosion of yield and ee.

Scheme 3. Large-Scale Reactions
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The optically enriched amino alcohol or unnatural amino acid
are both biologically and synthetically valuable due to their wide
presence in natural products and medicinal chemistry. We
considered that our catalytic enantioselective desymmetrization
might provide a convenient entry to those important chiral
building blocks. Hence, we set to investigate the transformations
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of optically active 2-substituted 2-nitro-1,3-diols. As illustrated in
Scheme 4, reduction of nitro in 2a and 2e through Raney Ni/H,

Scheme 4. Divergent Transformations of the Products
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and then immediately protected with Boc anhydride afforded
chiral 2-amino alcohol 3 and 4 in excellent yield, while the ee was
maintained. The hydroxyl group was subsequently oxidized with
TEMPQO/NaClO under basic conditions to afford the corre-
sponding acid,”” and PMP ester was removed with K,CO; to
afford a-Me serine 5°° and a-Bn serine 6, which are one class of
important unnatural amino acids in medicinal chemistry, without
loss of ee (see the SI). More interestingly, chiral product 2g
bearing an ester group in the alkyl chain was converted into 7
under hydrogenation conditions, which could be further
transformed to optically hydroxymethyl glutamic acid
(HMG)," a potent mGIuR3 agonist and a weak mGluR2
antagonist. Notably, 2g was reduced and subsequently cyclized
to afford product 8, which is an important synthetic precursor of
the natural product salinosporamide.”'

Manzacidins were isolated from sponges, a family of
bromopyrrole alkaloids.”> Their structures are unique, and at
the same time they have some interesting pharmacological
activities, which inspired synthetic chemists to consider them as
suitable targets for total synthesis.”” The key challenge is the
construction of chiral N-substituted quaternary stereocenter.
Ohfune and co-workers synthesized intermediate 10 and
converted it to natural product manzacidins A and C.**¢ To
further evaluate the synthetic utility of this new process, efforts
have been taken toward the formal synthesis of manzacidins A
and C.

As shown in Scheme 5, the synthesis commenced with 3,
followed by oxidation of alcohol, and HWE reaction to furnish 9
in excellent yield. Subsequently, removal of the protecting group
and reprotection with TBSCI afforded Ohfune’s intermediate 10,
the precursor of manzacidin C, and the spectra data were in good
agreement with those reported.”’® Again, beginning with
intermediate 3, protection with TBSCI, removal of PMP ester,
oxidation, and HWE reaction gave the Ohfune’s intermediate
ent-10, which is the precursor of manzacidin A. The optical
rotation of 14 and ent-14 is in agreement with that in
literature.””®

In summary, we have developed a general and facile
enantioselective oxidative desymmetrization of 2-substituted 2-
nitro-1,3-diols mediated by chiral phosphoric acid. This protocol
was shown to be effective with a broad substrate scope, including
alkyl- and aryl-substituted 2-nitro-1,3-diols. The new approach

Scheme S. Formal Synthesis of Manzacidins A and C
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provides access to a variety of chiral valuable building blocks. The
robustness and practicality were demonstrated by a variety of
transformations and large-scale reactions. The synthetic utility
was further demonstrated by the formal synthesis of manzacidins
Aand C.
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