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An efficient method involving the first use of chiral phosphoric acids as catalysts in the asymmetric Mannich reaction of dialkyl
diazomethylphosphonates and N-carbamoyl imines is developed. With only 0.1 mol % catalyst 1f, the reaction proceeded smoothly and
produced the corresponding -amino-a-diazophosphonate with up to 97% yield and >99% ee.

a-Diazocarbonyl compounds are valuable synthons,
and they have been investigated as nucleophiles in asym-
metric transformations,' such as addition reactions with
carbonyl compounds® and imines.’> Recent advances in
the asymmetric reactions of diazoacetates and imines
catalyzed by chiral Bronsted acids** ** or chiral Lewis
acids®™> have produced the corresponding enantiopure
o-amino-f-diazo carbonyl compounds or developed
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aziridine derivatives. These derivatives can be further
transformed into S-amino acid, f-amino-a-hydroxy acid,
and other common synthetic intermediates.® Surprisingly,
a-diazomethylphosphonates as isosteric analogs of their
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a-diazoacetate counterparts have seldom been used as
nucleophiles in the asymmetric Mannich reaction with
imines* ' to give the corresponding S-amino-a-diazo-
phosphonate products. These products could be easily
transformed to a variety of f-amino phosphoric acid’
and f-amino-o-hydroxyphosphoric acid® derivatives via
simple reduction or oxidation of the diazo moiety alter-
natively. The B-amino phosphoric acid derivatives are
interesting and potentially useful in the synthesis of in-
hibitors of human renin, calpain I, and anti-HIV agents.*
Most of the reported methods for the synthesis of optically
pure 3-amino phosphoric acid derivatives start from chiral
sources, such as proteinogenic amino acids or amino
aldehydes thereof.”* There are only a few methods avail-
able for catalytic asymmetric hydrogenation or amino-
hydroxylation.” % f-Amino-a-diazophosphonate could
provide an alternative facile access to important -amino
phosphoric acid derivatives that cannot be obtained by
derivatization of proteinogenic amino acids. Although
enantiopure S-amino-a-diazophosphonates are important
in organic synthesis, there are few reports on the asym-
metric Mannich reaction of a-diazomethylphosphonate
with imines. This is presumably because of the bulky and
tetrahedral phosphonate moiety, which will lower the
reactivity. To date, only one group has investigated the
catalysis of the asymmetric transformation by axially
chiral dicarboxylic acid. They have resulted in the
B-amino-a-diazophosphonate derivatives with good ee,
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but the studies used a 5% catalyst loading, and the catalytic
efficiency and applicability of the imine substrates require
improvement.**°

Table 1. Optimization of Catalysts and Reaction Conditions
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entry cat.(%) R;  temp (°C) ¢ yield(%) ® ee (%) ©

1  1a(10) Me 0 33h 62 0
2 1b(10) Me O 36h 31 38(5)
3 1e(10) Me 0 40 min 65  -11(R)
4 1d(10) Me 0 36h 39 27(5)
5 1e(10) Me 0 55 min 68  43(5)
6 If(10) Me 0 15 min 73 94(9)
7 1£(5) Me 0 1h 73 94(9)
8 1f(2) Me 0 2h 70 94(9)
9 112 Me 20 2.5h 70 97(5)
10 1fQ) Me  -40 10h 73 97(S)
11 1) Et  -40 2h 81 98(S)
12 1£Q) Pro 40 2h 82 98(9)
13 1Q) Bn  -40 100min 94 97(S5)
14 1£Q) Bu 40 10 min 91 >99(S)
15 1) Bu 20 5 min 91  98(S)
16 1f(2) Bu 60 20 min 91 >99(S)
17 1) Bu 40 30 min 91  >99(9)
18 1f(0.5) ‘Bu 40 1h 90 99 (S)
19 1£(02) ‘Bu  -40 2.5h 91 >99(S)
20 1f(0.1) Bu 40 4h 91  >99(s)
21 1£(0.05) Bu  -40 2h 93 >99(9)

“Reactions were performed with benzaldehyde N-Boc imine (0.15
mmol) and a-dlazomethylphosphonate (0.10 mmol) in the presence of
phosphoricacid 1 and 4 A MS (50 mg) in toluene (1 mL). ® Isolated yield.
¢ Determined by chiral HPLC analysis.

Binaphthylphosphates have been extensively used as
chiral catalysts in a wide range of asymmetric organic
transformations.’ For example, pioneering work by Terada
and co-workers demonstrated that chiral phosphoric
acid could catalyze the asymmetric Mannich reaction of
N-acylimines and ferz-butyl diazoacetate with high effi-
ciency and excellent enantioselectivity.*® The chiral phos-
phoric acids performed well in those asymmetric transfor-
mations prompted us to investigate their use in the reaction
of N-carbamoyl imines with a-diazomethylphosphonate.
Our aim was to develop an efficient catalytic methodology
for the synthesis of f-amino-o-diazophosphonate with
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high enantioselectivity and broad substrate scope. Herein,
we described that binapthylphosphates are capable of an
even higher ee and excellent yield and can operate at a
0.1% catalyst loading in the asymmetric Mannich reaction.

The reaction of benzaldehyde N-Boc imine 2a with
dimethyl a-diazomethylphosphonate 3a was investigated
first as a model reaction. Chiral phosphoric acids 1a—1f
were used as catalysts. Molecular sieves (4 A) were used to
scavenge water. With a 10 mol % catalyst load in toluene
at 0 °C the reaction proceeded smoothly, with moderate
yields (31-73%) and low to good enantioselectivities
(—11% ee to 94% ee) (Table 1, entries 1—6). When the
reaction was catalyzed by chiral phosphoric acid 1a, the
product was racemic (Table 1, entry 1). Introduction of
phenyl groups to the structure of catalyst 1a at the 3- and
3’-positions (catalyst 1b) decreased the reactivity (31%
yield, 36 h) and increased the enantioselectivity to 38%
ee (Table 1, entry 2). With electron-deficient aryl groups
at the 3- and 3'-positions (catalyst 1c¢), the product with
the opposite configuration was obtained with a low ee
(Table 1, entry 3). Further changes of the substituents at
the 3- and 3/-positions to —SiPh; (catalyst 1d), 9-anthyl
(catalyst 1e), and 2.4,6-('Pr);C¢H, (catalyst 1f) were in-
vestigated. Among these, 1f showed good catalytic effi-
ciency and stereocontrol, with a reaction yield of 73% and
94% ee in 15 min (Table 1, entry 6).

Using 1f as the catalyst, we investigated decreasing the
catalyst loads from 10% to 5% and then 2%. To maintain
the yield and enantioselectivity, the reaction time had to be
increased to 1 h (5% catalyst load, 73% yield, 94% ee) and
2 h (2% catalyst load, 70% yield, 94% ee) (Table 1, entries
6—8). Lowering the reaction temperature to —20 or —40 °C
increased the enantioselectivity to 97% ee (Table 1, entries
9 and 10). Under these reaction conditions (2% catalyst
load, —40 °C, toluene), we investigated changing R' from
Me (3a) to Et (3b), 'Pr (3c), and ‘Bu (3e). With these
changes, a large increase in the reactivity was observed
as the steric hindrance of R! increased (Table 1, entries
10—14). This could be attributed to the change in the
negative charge of the a-carbon in a-diazomethylpho-
sphonate caused by variation of R', which would alter
the nucleophilicity to the phenyl N-Boc imine. With di-zerz-
butyl o-diazomethylphosphonate as the nucleophile, and
a decreased reaction temperature (—60 °C), the reaction
was complete within 20 min with excellent yield (91%)
and enantioselectivity (>99% ee) (Table 1, entry 16). At
—40 °C, further reductions in the catalyst load to 1%,
0.5%, 0.2%, and 0.1% were investigated. With these
loadings, the reaction time had to be increased to 30 min
(1%), 1 h (0.5%), 2.5 h (0.2%), and 4 h (0.1%), but the
yield (91%) and enantioselectivity (>99% ee) remained
the same (Table 1, entries 17—20). Even with reduction of
the catalystload to 0.05%, the reaction could be performed
in 22 h with 93% yield and >99% ee (Table 1, entry 21).
Various solvents, including DCM, CHCl;, THF, Et,0,
CH;CN, m-xylene, and toluene, were screened for the
reaction, and toluene performed the best.

After establishing the optimized reaction conditions, the
scope of the asymmetric Mannich reaction of di-zerz-butyl

2128

Table 2. Catalytic Asymmetric Mannich Reactions of N-Car-
bamoyl Imines with Di-zerz-butyl a-Diazomethylphosphonate

0 GP\
NFe Bosu) :
J|\+( 2 1f (0.1 mol %) : (©'Bu),
RZH N, 4AMS° toluene R /ﬁf
2 3e -40°C a Ny
entry R./PG ((h)  yield(%)”  ee(%)°
1 Ph/Boc 4 91 >99 (S)
2 2-MeOCsH,Boc 24 84 >99 ()
3 3-MeOC4H,/Boc 6 90 96 ()
4 4-MeOCeH,/Boc 15 87 >99 ()
5 3,4-(OCH,0)CeHs/Boc 5 87 99 (S)
6° 2-MeC¢Hy/Boc 6 97 95 (S)
7 3-MeCsHs/Boc 5 91 97 (S)
8 4-MeC4H,/Boc 2 95 >99 ($)
9 4-FC¢H./Boc 45 94 >99 (5)
10°  2-CIC4H4/Boc 48 55 98 (S)
11 4-CIC¢H4/Boc 5 93 >99 (S)
12°  2-BrC4H./Boc 24 81 98 (S)
13 4-BrC4Hi/Boc 2 95 >99 ($)
14 2-NO,CsH./Boc 48 52 97 (S)
15 3-NO)C¢Hy/Boc 5 91 >99 (S)
16  4-NO,CeHy/Boc 24 85 >99 ()
17 2-Np/Boc 24 82 99 (S)
18°  2-Furyl/Boc 3 84 >99 (S)
19 2-Thienyl/Boc 8 94 >99 ()
20 Ph/Cbz 48 87 92 (S)
21 4-MeOC¢H4/Cbz 20 92 95 (S)
22 4-FC¢H./Cbz 6 86 98 (S)
23" Ph/Boc 2 93 99 (R)
24" 4-MeOC4H4/Boc 2 87 >99 (R)
25°  4-NOCeHy/Boc 12 95 >99 (R)

“Reactions were performed with arylaldehyde N-carbamoyl imine
(0.15 mmol) and di-terz-butyl a-diazomethylphosphonate (0.10 mmol)
in the presence of (R)-1f (0.1%) and 4 A MS (50 mg) in toluene (1 mL).
bsolated yield. ¢ Determined by chiral HPLC analysis. IWith 1%
catalyst load. ¢ With 5% catalyst load.” With 0.1% (S)-1f as the catalyst.

diazomethylphosphonates and N-carbamoyl imines was
investigated (Table 2). The reaction had a broad substrate
scope, with good yields and excellent enantioselectivities
achieved irrespective of the presence of electronic donating
or withdrawing substituents on the aromatic ring of the
imine (Table 2, entries 2—9, 11—13, and 15—16).

The substituent pattern influenced the reactivity, with
ortho substitution decreasing the reactivity dramatically
(Table 2, entries 2, 6, 10, 12, and 14). This was particularly
apparent with electronic withdrawing substituents Cl and
NO, at the ortho position. In these cases, even with a 5%
catalyst load, only moderate yields (55% and 52%) were
obtained with excellent enantioselectivity (>97% ee)
(Table 2, entries 10 and 14). Imines substituted with
naphthalene and heteroaromatics were also tested, and
these were suitable for the asymmetric Mannich reactions
(Table 2, entries 17—19). The furyl imine showed slightly
lower reactivity, and a 1% catalyst load was required to
promote the reaction (Table 2, entry 18). Benzyloxycar-
bonyl (Cbz) is a useful orthogonal N-protecting group in
organic synthesis, and we investigated N-Cbz imines in-
stead of N-Boc imines in the reaction under the same
conditions. These reactions gave the desired asymmetric
Mannich products in good yields and enantioselectivities
(Table 2, entries 20—22). The reactivities of the N-Cbz
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imines were lower than those of the corresponding N-Boc
imines, and the reaction times needed to be increased
(Table 2, entries 1, 4, and 9 vs 20—22). When (S)-1f was
used as the catalyst, enantiomeric products were produced
with excellent yields and enantioselectivities (Table 2,
entries 23—25).

The absolute configuration of N-Boc-protected 4aa was
determined to be S by comparison of its HPLC retention
time and optical rotation with literature data reported.**®
To account for the observed outcome, the mechanism
is supposed to be similar to that of the enantioselective
o-substitution reaction of diazoacetate with imine cata-
lyzed by chiral phosphoric acid proposed by Terada.”®
A transition state model is proposed as Scheme 1. The
phosphoric acid acts as a dual function catalyst with both
Bronsted acid and Bronsted basic sites, the acid proton
captures the nitrogen of imine through hydrogen-bonding
interactions to activate it, and then the negative carbon
of diazomethylphosphonate nucleophile attacks from the
Si-face of imine; subsequently, the phosphoryl oxygen
would function as a Brensted basic site for deprotonation
via intracomplex and give the Mannich product.

Scheme 1. Proposed a Transition State Model

GP./ . é/ GF’\NH
B 1)
(R'0%(0)P Rz/\n/P(o)(OR 2
2 ON
H R o

To demonstrate the potential utility of S-amino-a-diazo-
phosphonate products in organic synthesis (Scheme 2), the
diazo moiety of adduct 4ae was subjected to hydrogena-
tion catalysis by PtO, under a hydrogen atmosphere. The
B-N-Boc amino di-tert-butyl phosphonate ester was ob-
tained almost without loss of enantiomeric excess. Addi-
tional deprotection of the Boc and di-fert-butyl ester under
mildly acidic conditions gave the S-amino phosphoric acid.’
The oxidation of the diazo moiety by oxone, and subsequent
diastereoselective reduction of the carbonyl with NaBH, to
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hydroxyl, produced the 3-N-Boc amino-o-hydroxyl di-zerz-
butyl phosphonate ester with good yield, diastereoselectiv-
ity, and enantioselectivity.®*® This methodology provides
an efficient alternative route to S-amino phosphoric acid
derivatives with high optical purity and is especially impor-
tant for those that cannot be derived from proteinogenic
amino acids.

Scheme 2. Synthetic Utility of f-Amino-a-diazophosphonate

.Boc .Boc
i P(0)(OBY), 22 2 i P(O)(O'Bu)
Ph (O)OBU Eiopg 1t PR > 2
N
4aé’(ee > 99%) 5 yield = 86%
g2 ee =98.5%
B
NI 3
B
ez
NI [
ol &
?7) (.Oo
9" [en}
o
33 HN,Boc
HnB° NaBH,, 78 °Cpr~ - P(ONOBU)
- i T ——
Ph/}(P(O)(O Bu)2 THF/MeOH OH
60 7 yield = 89.5%
(in two steps)
dr=94:6
ee = 99%

In conclusion, we demonstrated that chiral phosphoric
acids can be used in the catalysis of the asymmetric
Mannich reaction of N-carbamoyl imines with dialkyl
diazomethylphosphonates. A highly efficient method for
the synthesis of various chiral f-amino-o-diazophospho-
nates and their derivatives was established. Further use of
these f-amino phosphoric acid derivatives in peptide
mimetics is underway.
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