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Provided is an efficient technology for synthesizing diamino
acids (diamino acid derivatives). Disclosed is a manufactur-
ing method for diamino acid derivatives wherein the fluorenyl
groups of the diamino acid derivative starting materials rep-
resented by General Formula [II] or [TV] are removed.
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DIAMINO ACID DERIVATIVE STARTING
MATERIAL, MANUFACTURING METHOD
THEREOF, AND DIAMINO ACID
DERIVATIVE MANUFACTURING METHOD

APPLICABLE FIELD IN THE INDUSTRY

[0001] The present invention relates to starting materials of
diamino acid derivatives, a manufacturing method thereof,
and a manufacturing method of diamino acid derivatives.

BACKGROUND ART

[0002] @, p-diamino acid is an important compound as a
chemical product and a pharmaceutical product. The forego-
ing a, f-diamino acid has two asymmetric points in its back-
bone. And, asymmetric synthesis of the a, p-diamino acid is
an important task to be studied/researched. By the way, the
Mannich-type reaction (carbon-carbon bond forming reac-
tion) between an a-anion equivalent of glycine and imine (or
an imine equivalent) is the most efficient technique (Scheme
2-1-1). The reason is that the two asymmetric points being
generated can be simultaneously controlled. Yet, the reason is
that the o, p-diamino acid backbone having desired configu-
rations can be structured at a time.

[0003] A typified example of the Mannich-type reactions
using the a-anion equivalent of glycine is shown below.

Scheme 2-1-1. Mannich-type reactions of glycine derivatives with
imine equivalents
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[0004] Soloshonok, Avilov et al. reported the diastereose-
lective reaction using chiral auxiliaries (a stoichiometric
amount of a chiral source). Optically active nickel composites
derived from glycine are used for this reaction. And, the

Mar. 24, 2011

highly diastereoselective reaction was realized. The substrate
generality is lacking. However, the product can be induced
into syn ¢, f-diamino acid

(Scheme 2-1-2)

[0005]

Scheme 2-1-2. Mannich-type reactions of chiral glycine derivatives

Soloshonok and Avilov et al. (1997)
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[0006] Williams et al. reported the diastereoselective reac-

tion using glycine derivatives derived from chiral oxazinone.
In any of these examples, the chiral source was introduced
into the glycine derivatives, being a nucleophile.

[0007] Viso et al. and Davis et al. reported an example of
introducing the chiral source into an electrophile (the reaction
using chiral sulfinimine as a substituent on nitrogen).

[0008] Davis et al. can manufactures a syn-compound and
an anti-compound at will by changing a protecting group on
nitrogen of glycine derivatives (Scheme 2-1-3).

Scheme 2-1-3. Mannich-type reaction of chiral electrophiles
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[0009] After O’Donnel et al. synthesized the glycine Schiff
base derived from stable benzophenone, the various reactions
using this substrate as prochiral glycine derivatives have been
rapidly developed. The mono-alkylated products were
obtained by using the glycine Schiff base derived from ben-
zophenone. The mono-alkylated products are hardly obtained
with the glycine Schiff base derived from aldimines. In addi-
tion, putting stability in water into practical use allowed a
large number of optically active phase transfer catalysts to be
developed. And, it has become possible to manufacture both
of D and L-optically active amino acid derivatives at will
(Scheme 2-1-4).

[0010] This glycine Schiff base derived from benzophe-
none (the pKa value of a-position hydrogen is approximately
18.7) is easily deprotonated with KOH that is used together
with the phase transfer catalyst (Figure 2-1-1).

[0011] However, the dialkylation of the Schiff base derived
from alanine is suppressed because the pKa value thereof is
approximately 22.8.

[0012] The asymmetric Mannich-type reaction as well
using this glycine Schiff base derived from benzophenone has
been developed. Its example is shown below.

Scheme 2-1-4. Alkylation of glycine Schiff base
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[0013] Jorgensen et al. reported the addition reaction to
N-tosylimines using triethylamine as a base in the presence of
a copper complex having a chiral ligand (Scheme 2-1-5).
[0014] Herein, effectiveness is demonstrated in not only
aromatic imines but also imines derived from aliphatic alde-
hydes. In either case, the obtained a, f-diamino acid deriva-
tives exhibits the high enantioselectivity. However, using the
aromatic imines causes the diastereoselectivity to decline
slightly. As a rule, it is difficult to remove a tosyl group, being
a protecting group of the amino group.
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Scheme 2-1-5.

Jorgensen, K. A. et al. (2003)
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[0015] Maruoka et al. reported the various reactions (for
example, the asymmetric alkylation of the glycine Schift base
derived from benzophenone) using the chiral phase transfer
catalyst developed on their own. For example, the Mannich-
type reaction for a-iminoester was reported (Scheme 2-1-6).
This reaction affords 3-amino aspartic acid derivatives. How-
ever, the active a-iminoester has to be used as an electrophile.
For this, the problem remains in terms of the substrate gen-
erality.

Scheme 2-1-6.
Maruoka, K. et al. (2004)
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-continued
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[0016] Shibasaki et al. reported the Mannich-type reaction
(the phase transfer catalyst: an optically active diammonium
salt derived from tartaric acid) for N-Boc imine (Scheme
2-1-7). Not only the aromatic imines but also the imines
derived from aliphatic aldehydes were reported herein. And,
the wide-range substrate generality is shown. In this reaction,
syn a, p-diaminoester derivatives are highly selectively
obtained.

Scheme 2-1-7.

Shibasaki, M. et al. (2005, 2007)
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[0017] This inventor et al. as well has studied the Mannich-
type reaction using the glycine Schiff base (Scheme 2-1-8).
[0018] With this reaction, the deprotonation is conducted
with enamine (having the Lewis acid activated glycine Schiff
base as a substrate). And, enolate is generated. This reaction
is a reaction of conducting a nucleophilic addition reaction
for iminium that is co-generated (a reaction requiring no
external base). Further, this inventor et al. conducted the
development into the asymmetric reaction with Me-DU-
PHOS defined as a chiral ligand. This reaction has a problem
that should be solved, namely, a problem of the diastereose-
lectivity. However, the obtained target product exhibits the
high enantioselectivity. It was reported that applying this
reaction to a three-component Mannich-type reaction
allowed the obtained adduct to exhibit the high diastereose-
lectivity. In this reaction, the anti-product is obtained as a
main product differently from the other Mannich-type reac-
tions. And, it is of interest from a viewpoint of the reaction
mechanism.

Scheme 2-1-8.

Kobayashi, S. et al. (2005, 2006)
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[0019] Above, examples of the reports of the catalytically

asymmetric Mannich-type reactions using the glycine Schiff
base derived from benzophenone were mentioned.

[0020] However, the room for further improvement is left
hereto in terms of the selectivity, the substrate generality, etc.

[0021] One equivalent of the metal bases or more such as
KOH used together with the phase transfer catalyst is used.
Thus, the above reaction is not satisfactory as an environ-
ment-friendly reaction.

[0022] Jorgensen et al. reported that the deprotonation was
difficult with a catalyst amount of organic amines (tertiary
amines) (Scheme 2-1-9).

Scheme 2-1-9.

Jorgensen, K. A. et al (2003)
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[0023] There are many reactions other than the Mannich-
type reactions where the deprotonation is rate-limited. Ish-
ikawa et al. reported the Michael reaction using chiral guani-
dine (Scheme 2-1-10). This reaction exhibits the high
enantioselectivity. And, the catalyst is collected. However,
the excessive substrate has to be used. Further, a progress of
the reaction is slow. Thus, the development of the high reac-
tive substrate is desired.

Scheme 2-1-10.

Ishikawa, T. et al.
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[0024] Fluorene is more stable in terms of the conjugate
base after the deprotonation as compared with diphenyl-
methane. And, acidity of the 9-position hydrogen is very high
(Figure 2-1-2).

[0025] Carpino et al. reported a Fmoc group as a protecting
group of the amino group by utilizing this properties. While
this Fmoc group is not broken under the acid condition that is
used at the moment of breaking a Boc group, it is easily
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broken with the relative weak base such as secondly amine.
And, the Fmoc group is used in not only solid-phase synthesis
of'peptides but also synthesis of natural products because it is
selectively deprotectable (Scheme 2-1-11).

[0026] This inventor thought that the reactivity of the sub-
strate was able to be raised by utilizing a unique property that
this methine anion is stable.

FIG. 2-1-2. pKa value in DMSO
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peptide
H,N

[0027] Atfirst, a concept of the glycine Schiff base derived
from fluorenone imine will be described.

[0028] a-position hydrogen of the glycine alkyl ester
derived from benzophenone exhibits very high acidity as
compared with a-position hydrogen of the general esters
(Figure 2-1-3).

FIG. 2-1-3. pKa value of ester (in DMSO)

[0029] This is owing to an electron withdrawing effect of
the a-position Schiff base portion.

[0030] It is thought that the electron withdrawing of the
Schiff base portion has a correlation with stability of a reso-
nance structure of the methine anion.

[0031] Thereupon, this inventor used the glycine Schiff
base derived from fluorenone (which is thought to be stable
due to a contribution by the resonance structure having flat-
ness, and having 14m-electron aromaticity) for the corre-
sponding conjugate base. That is, it was thought that the
glycine Schiff base derived from fluorenone promoted the
deprotonation of the a-position hydrogen all the more, and
developed the Mannich-type reaction more smoothly than the
base derived from benzophenone (Figure 2-1-4).
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[0032] As a matter of fact, as shown below, some reports
say that the acidity of the a-position hydrogen of the fluo-
renone imine is very higher than that of the benzophenone
imine (The former differs from the latter by approximately
ten times in terms of the pKa value in a DMSO solution
(Figure 2-1-5).

FIG. 2-1-5. pKa value of Schiff bases (in DMSO)
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DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

[0069] By the way, with conventional proposed arts, the
diamino acid derivatives cannot be efficiently obtained.
[0070] Thus, a task that the present invention is to solve,
that is, an object of the present invention is to provide a
technology for efficiently synthesizing the diamino acids (di-
amino acid derivatives (derivatives such as diamino acid ester
and diamino phosphonic acid ester)).

Means for Solving the Problem

[0071] The foregoing problems are solved by a manufac-
turing method of starting materials of diamino acid deriva-
tives represented by the following general formula [I1] that is
characterized in reacting a compound represented by the fol-
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lowing general formula [I] with a compound represented by
the following general formula [V].

[0072] The foregoing problems are solved by a diamino
acid derivative starting material that is characterized in being
a compound represented by the following general formula [I].

[0073] The foregoing problems are solved by a diamino
acid derivative starting material that is characterized in being
a compound represented by the following general formula
(1.

[0074] The foregoing problems are solved by a manufac-
turing method of diamino acid derivatives that is character-
ized in removing a fluorenyl group of the diamino acid deriva-
tive starting material represented by the following general
formula [II].

[0075] The foregoing problems are solved by a manufac-
turing method of starting materials of diamino acid deriva-
tives represented by the following general formula [IV] thatis
characterized in reacting a compound represented by the fol-
lowing general formula [1II] with a compound represented by
the following general formula [V].

[0076] The foregoing problems are solved by a diamino
acid derivative starting material that is characterized in being
a compound represented by the following general formula
[11].

[0077] The foregoing problems are solved by a diamino
acid derivative starting material that is characterized in being
a compound represented by the following general formula
[TV].

[0078] The foregoing problems are solved by a manufac-
turing method of diamino acid derivatives that is character-
ized in removing a fluorenyl group of the diamino acid deriva-
tive starting material represented by the following general
formula [IV].

General formula [I]

General formula [II]
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-continued
General formula [III]

General formula [IV]

General formula [V]

R? H

[0079] Theforegoing R' is a substituted hydrocarbon group
or an unsubstituted hydrocarbon group.

[0080] The foregoing R?is a substituted hydrocarbon group
or an unsubstituted hydrocarbon group. All of R may be
identical to each other, and may differ from each other.
[0081] The foregoing R® is a substituted hydrocarbon
group, a substituted heterocyclic group, an unsubstituted
hydrocarbon group, or an unsubstituted heterocyclic group.
[0082] The foregoing R* is an electron-withdrawing group.
[0083] The foregoing fluorenyl group is a ring-substituted
fluorenyl group or a ring-unsubstituted fluorenyl group.

AN ADVANTAGEOUS EFFECT OF THE
INVENTION

[0084] The compounds of the general formula [II] or the
general formula [IV] can be efficiently obtained because the
compounds of the general formula [I] or the general formula
[IIT] having the fluorenyl group are used.

[0085] In particular, a catalyst amount of the base allows
the reaction to progress.

[0086] Further, the asymmetric reaction is also possible.
[0087] And, for example, the derivatives such diamino acid
ester and diamino phosphonic acid ester can be efficiently
obtained. The diamino acid derivatives are efficiently
obtained by thereafter removing the fluorenyl group.

BEST MODE FOR CARRYING OUT THE
INVENTION

[0088] The present invention relates to diamino acid deriva-
tive starting materials. The foregoing starting material is a
compound represented by the foregoing general formula [I].
Or the foregoing starting material is a compound represented
by the foregoing general formula [II]. Or the foregoing start-
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ing material is a compound represented by the foregoing
general formula [III]. Or the foregoing starting material is a
compound represented by the foregoing general formula
[TV].

[0089] The present invention relates to a manufacturing
method of diamino acid derivative starting materials. The
foregoing method is a method of reacting the compound
represented by the foregoing general formula [I] with the
compound represented by the foregoing general formula [V].
Or, the foregoing method is a method of reacting the com-
pound represented by the foregoing general formula [I1IT] with
the compound represented by the foregoing general formula
[V]. Using an optically active basic catalyst at the moment of
the reaction between each of the foregoing compound [I] and
the foregoing compound [III] and the foregoing compound
[V] allows the optically active diamino acid derivative start-
ing material to be obtained. As the foregoing catalyst, for
example, an optically active guanidine compound can be
listed. Or, an optically active basic catalyst configured using
MX, (M is Be, Mg, Ca, Sr, Ba, or Ra. X is an arbitrary group)
and the compound represented by the following general for-
mula [VI] can be listed. And, a catalyst amount of the base
allows the reaction to progress.

General formula [VI]

©

R RIO

S
2,

0,S—NH HN—S(\)2

/
R’ R®

[0090] [R7, R® R®, and R'® each represents a substituted
cyclic group or an unsubstituted cyclic group. R® and R'°
form a ring in some cases, and they do not form a ring in some
cases. |

[0091] The present invention relates to a manufacturing
method of diamino acid derivatives. The foregoing method is
amethod of removing the fluorenyl group of the diamino acid
derivative starting material represented by the foregoing gen-
eral formula [II]. Or the foregoing method is a method of
removing the fluorenyl group of the diamino acid derivative
starting material represented by the foregoing general for-
mula [VI]. The foregoing fluorenyl group is preferably
removed with an acid process.

[0092] Theforegoing R' is asubstituted hydrocarbon group
or an unsubstituted hydrocarbon group. The preferable R' is a
hydrocarbon group having a carbon number of 1 to 8.

[0093] Theforegoing R?is asubstituted hydrocarbon group
or an unsubstituted hydrocarbon group. The preferable R*is a
hydrocarbon group having a carbon number of 1 to 8. All of
R? may be identical to each other, and may differ from each
other.

[0094] The foregoing R® is a substituted hydrocarbon
group, a substituted heterocyclic group, an unsubstituted
hydrocarbon group, or an unsubstituted heterocyclic group.
The preferable R? is a hydrocarbon group having a carbon
number of 1 to 8.

[0095] The foregoing R* is an electron-withdrawing group.
The preferable electron-withdrawing group is, for example,
an alkoxycarbonyl group, an acyl group, an arylsulfonyl
group, or an alkylsulfonyl group.
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[0096] The foregoing fluorenyl group is a ring-substituted
fluorenyl group or a ring-unsubstituted fluorenyl group
[0097] Next, the Mannich-type reaction using the glycine
Schiff base is described (Scheme 2-1-12).

Scheme 2-1-12. Mannich-type reaction using glycine Schiff base derived
from fluorenone
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[0098] Further, the Mannich-type reaction using the gly-

cine Schiff base phosphorus analogues (a-anion equivalent)
is described (Scheme 2-1-13).

Scheme 2-1-13. Mannich-type reaction using glycine Schiff base
phosphorous analogue derived from fluorenone

e}

2
N |I! _OR
/Boc NN \OR2 Base
N . (cat.)
JJ\

Boc
SNm 0
2
|I! _OR
R! Sor?
N
\Pg

Pg = 9-fluorene

[0099] [Development of the Mannich-type reaction using
the glycine Schiff base]

[0100] (1) Investigation of the Substrate Synthesis

[0101] O’Donnel et al. reported the glycine Schiff base
derived from benzophenone (the glycine Schift base using
glycine ester hydrochloride and the benzophenone imine)
(Scheme 2-2-1).
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Scheme 2-2-1.
NH O
+ - =
)I\ HZN\)j\ CH,Cl,
Pl Ph Hel OH 1,241
O
Ph N\)k
Y OR
Ph
[0102] Thereupon, likewise, the fluorenone imine and the

glycine ester hydrochloride were stirred for 24 hours in order
to recrystallize them in a methylene chloride. The target prod-
uct, however, was not obtained. Additionally, a dimer of the
target product was obtained (Figure 2-2-1).

[0103] Thereupon, the various conditions were changed for
investigation. However, only the dimer was obtained. The
aftertreatment (the cleaning by the base, the acid, a buffer
solution, etc.) was conducted; however no target product was
obtained.

Pg = 9-fluorene

[0104] The reaction time was also investigated. For
example, when the reaction stopped after one hour elapsed,
the target product was obtained. No dimer thereof was
obtained. When the reaction stopped after five hours elapsed,
the target product was obtained at an excellent yield (Scheme
2-2-2).

[0105] Also in the synthesis of this substrate, the filtering/
cleaning were conducted after the reaction, similarly to the
case of the glycine Schiff base derived from benzophenone.
And, the recrystallization was conducted. With this, the target
product was obtained.

Scheme 2-2-2.
NH
0
—_—
H,N CH,Cl,
HCl OBu 1 5p
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O

N\)k
/ O'Bu

66% (recrystallized)

[0106] Methyl ester and tert-butyl ester were synthesized.
And, they are employed for the following investigation (Fig-
ure 2-2-2).

FIG. 2-2-2. Structure of glycine Schiff bases

A N%OR

R="Bu:7b R =Me: 8a
R ="Bu: 8b

[0107] (2) Investigation of the Reaction Conditions

[0108] A comparison between the reactivity of the Schiff
base derived from benzophenone (7a) and that of the Schiff
base derived from fluorenone (8a) was conducted in the pres-
ence of triethylamine by using N-tosylimine (Scheme 2-2-3).
[0109] When the Schiff base derived from fluorenone (8a)
was used, the reaction progressed quantitatively. When the
Schiff base derived from benzophenone (7a) was used, the
yield was low.

[0110] It was known from the above result that the Schiff
base derived from fluorenone was abundant in the reactivity.
It was suggested that the rate-determining stage of the reac-
tion was a stage of generating the nucleophiles by the depro-
tonation.

Scheme 2-2-3. Comparison of reactivity

Et;N
/Ts
N (30 mol%)
+  Gly Schiff Base =~ ————
THF
1,24 h
Ph H
Ts
~ NH e}
Ph OMe

N
Sy

Ta: 32%, dr=4.6/1
8a: quant, dr=2.3/1

[0111] When the N-tosylimine was used, the diastereose-
lectivity was low. Thereupon, the diastereoselectivity was
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greatly improved as a result of using the imine having the Boc
group (Table 2-2-1, entry 1). Continuously, the organic bases
were screened (entries 2 to 6). When DBU was used, the
reaction time was shortened; however, a decline in the dias-
tereoselectivity was confirmed (entry 3). When the reaction
temperature was —20° C., no improvement was confirmed
(entry 4). When tetramethylguanidine was used, both of the
reaction time and the selectivity were excellent (entry 5).
When the reaction temperature was lowered, an improvement
in the selectivity was recognized (entry 6). When the substrate
(8b) having a bulky tert-butyl ester group was used, the
obtained target product (adduct) exhibits the high diastereo-
selectivity (entry 7). When the substrate derived from ben-
zophenone (7b) was used under this condition, the reaction
did not progressed (entry 8). LiOPMP is also effective as a
catalyst, and the obtained target product exhibited the high
yield (short time)/high diastereoselectivity (entry 9). Addi-
tionally, with an X-ray crystal structure analysis, it was
known that the syn-type product was a main product in the
case of using any of 8a and 8b (Figure 2-2-3).

TABLE 2-2-1

Investigation of catalyst and conditions

Boce

Boc Base ~ NH 0
- 10
N SCLIYH mol %)
+ Schi —_—
)J\ Base THF Ph OR
Ph H T°C,
th N
(1.2 equiv) Npg
entry Gly base T(¢C) t(h) yield (%)  syn/anti
1 8a EtN 1t 36 quant 13.9/1
2 8a Pr,NEt 1t 36 83 4.6/1
3 8a DBU i 0.5 quant 1.8/1
4 8a DBU -20 0.5 quant 2.111
5 8a  Guanidine® i 0.5 quant 4.9/1
6 8a Guanidine® -20 0.5 72 9.2/1
7 8b Guanidine” -20 1 98 >50/1
8 7b Guanidine® =20 16 trace —
9 8a LiOPMP? -20 0.5 quant >99/1

1,1,3,3-Tetramethylguanidine.
51 ithium p-methoxyphenoxide.

FIG. 2-2-3.
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Syn isomer

Syn isomer

@ indicates text missing or illegible when filed

[0112] Thereupon, the substrate generality was investi-
gated in the case of using the tetramethylguanidine as a cata-
lyst (Table 2-2-2). When the aromatic imine was used, the
obtained target product exhibited the high yield/high diaste-
reoselectivity (entries 1 to 4). When the imine derived from
the aliphatic aldehyde was used, the adduct was obtained at an
excellent yield. However, the diastereoselectivity declined

greatly (entry 5).
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TABLE 2-2-2

Substrate scope

Boc
N/
)J\ |
R H
(1.2 equiv)
e}
\)L guanidine?
N
OBy (10 mol %)
THF
-20°C,, th
8b
Boc
~ NH e}
R O'Bu
N
N
= Pg
Pg = 9-fluorene

entry R t (h) yield (%) syn/anti
1 Ph 1 98 >50/1
2 p-MeOC4H, 16 91 >50/1
3 p-FCH, 16 96 13.7/1
4 2-Furyl 1 99 28.4/1
5% Ph(CH,), 16 84 4.0/1

1,1,3,3-Tetramethylguanidine.

2.0 equiv of imine.

[0113] When the imine derived from the alphatic aldehyde
was used, the diastercoselectivity was in a middle level.
Thereupon, in the case of using the substrate (8a) having the
methylester, the LIOPMP, which afforded the excellent result,
was used (Table 2-2-3). The reaction progressed smoothly.
And, the obtained adduct exhibited the excellent diastereose-
lectivity.

TABLE 2-2-3
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TABLE 2-2-3-continued

LiOPMP?

PN !
OMe (2 mol %)
THF
-20°C.,,05h

Mannich-type reactions using imine derived from aliphatic aldehyde

(2.0 equiv)

8a
Boc
~ NH e}
R OMe
N
N
= Pg
Pg = 9-fluorene

entry R yield (%) syn/anti
1 Ph(CH,), 98 9.11
Cyclohexyl quant 11.9/1

“Lithium p-methoxyphenoxide.

[0114] (3) Application to the Asymmetric Reaction

[0115] The excellent result was obtained when the tetram-
ethylguanidine was used. Thereupon, the development into
the asymmetric reaction was conducted by using chiral guani-
dine.

[0116] Thereactionusing the chiral guanidine (the Michael
reaction using the glycine Schiff base derived from ben-
zophenone and the acrylate ester) was reported by Ishikawa et
al. (Scheme 2-2-4). This reaction allows the enolate to be
efficiently formed by a hydroxyl group introduced by the
chiral guanidine (9). And, the obtained Michael adduct exhib-
ited the high enantioselectivity. The deprotonation of the
glycine Schiff base is slow. For this, it is necessary to use an
excessive amount of the substrate. Thereupon, it was thought
that using the glycine Schiff base derived from fluorenone,
which was more easily deprotonated, enabled these problems
to be alleviated.

Scheme 2-2-4. Asymmetric reaction catalyed chiral guanidine derivative

e}

\)j\ ) Y o
x OFt

Ph

Chiral Base
(X mol%)

—_—
neat, 20° C.
3 days

(3.6 equiv)
e}

Ph N\)k
Y 0'Bu

Ph

EtO 6]

X =20 85%, 97% ee
5 40%, 97% ee
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-continued

Bn

J\/OH
N

A

MeN NMe
PR Ph
Chiral Base 9

Ishikawa, T. et. al.

[0117] The reaction conditions were investigated with
N-Boc imine 8a derived from benzaldehyde defined as a
model substrate (Table 2-2-4). The reaction progressed
smoothly when THF was used as a solvent. However, the
enantioselectivity was hardly recognized (entry 1). When the
toluene (non-polar solvent) was used, the enantioselectivity
was greatly improved (entry 2). Thereupon, the toluene was
used as a solvent, and the reaction temperature was investi-
gated. With the reaction at —45° C., a decline in the diaste-
reoselectivity was confirmed. However, the obtained adduct
exhibited the high enantioselectivity (entry 3). With the reac-
tion at low temperature, a remarkable decline in the yield was
confirmed. The diastereoselectivity furthermore declined
(entry 4). When methylene chloride was used, the enantiose-
lectivity was reversed (entry 5).

TABLE 2-2-4

Asymmetric Mannich-type reactions

(1.2 equiv)

Bn
oH

\)Ok 9
N o
& OMe (10 mol %)

Solvent
T°C.,16h
XM

Q
0

8a
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TABLE 2-2-4-continued
Boc
\NH e}
Ph OMe
N,
x>
\Pg
Pg =9-fluorene
entry solvent T X yield(%)  syn/anti ee % (syn/anti)
1 THF -20  0.07 quant 18.9/1 10/26
2 Toluene -20 0.07 quant 8.1/1 80/61
3  Toluene -45 0.20 quant 5.9/1 92/82
4 Toluene -78  0.20 <28 1.8/1 91/85
5 CH,Cl, -45 020  quant 20.0/1 -57/-81
[0118] The reaction using the substrate (8b) having the

tert-butyl ester group was conducted (Scheme 2-2-5). The
reaction progressed smoothly, and the obtained target pruduct
exhibited the high yield/high diastereoselectivity/high enan-

tioselectivity.
Scheme 2-2-5. Effect of ester moiety
Boc
N/
)|\ +
Ph H
(1.2 equiv)
(¢]
s
“ O'Bu 9
’ (10 mol%)
e
toluene
-45°C., 16 h
0.20M
8b
Boc
~ NH (¢]
Ph O'Bu

N
\Pg

Pg = 9-fluorene
88%, syn/anti =>99/1,
93% ee

[0119] Likewise, the reaction was conducted under the
identical conditions by using the substrate (8b) derived from
benzophenone. However, the target product was hardly
obtained even though the reaction temperature was raised to
80° C. (Scheme 2-2-6).
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Scheme 2-2-6. Glycine Schiff base derived from benzophenone
Boce
N 7~
)|\ +
Ph H
(1.2 equiv)
(¢]
Ph N\)k 9
= O'Bu (10 mol%)
toluene
Ph 80°C.,16 h
0.20M
7b
Boce
~ NH (¢]
Ph O'Bu
N
\Pg
Trace
[0120] [Development ofthe Mannich-Type Reaction Using

the Glycine Schiff Base Phosphonic Acid]

[0121] The ¢, p-diamino phosphonic acid is a medicinally/
chemically interesting product. As a technique of synthesiz-
ing this o, f-diamino phosphonic acid, similarly to the case of
the glycine alkyl ester, the Mannich-type reaction between
the a-anion equivalent of the glycine Schiff base phosphonic
acid analogues (Gly? Schiff base) and the imine (imine
equivalent) was thinkable (Scheme 2-3-1).

Scheme 2-3-1.
Mannich-type reactions of glycine Schiff base phosphorus analogues

NR'

, Il
)J\ TR 2N\/ N -
R H
R'HN (€] R'HN (€]
I!/X H |I!/X
R ¢ R/\:/ Ny
N S,
R'HN (6] R'HN (€]
- I!/X /k/ “/X
R/\r X ow < x
NR", IfIRNZ
[0122] However, the acidity of the a-position hydrogen is

low as compared with that of the glycine Schift base. For this,
the number of the reaction examples is very few (Figure
2-3-1). Hereinafter, its reaction example is shown.
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FIG. 2-3-1. pKa values of glycine Schiff base (in DMSO) - 17

i I
OFt
Ph N Ph N P<
Y OFt Y X OFt

18.7 23.0

[0123] Genet et al. reported the alkylation using the phase
transfer catalyst of the liquid (Scheme 2-3-2). They reported
that when TBAB was used as a solvent, the yield was in a
middle level, and potassium carbonate was not satisfactory as
a base.

Scheme 2-3-2.
Genet, I. P. et al. (1990)
e}
Il _OF Aliquat 336
Ph N P. (5 mol%)
7 \OEt + -
KOH (5.0 equiv)
Ph 1o solvent
I
|| _oEt
Ph N P<
Ph R
up to 90%

[0124] Kim et al. reported the Michael reaction using the
phase transfer catalyst (Scheme 2-3-3-above). The Michael
adduct was obtained at a high yield for various acrylate esters.
Jaszay et al. reported the asymmetric Michael reaction
(Scheme 2-3-3-down). However, one equivalent of the asym-
metric sources was required, and the room for further
improvement was left hereto in terms of the enantioselectiv-
ity. In any of these examples, one equivalent of the bases or
more was used. And, the development of the high-reactivity
substrate was desired.

Scheme 2-3-3.
Kim, D. Y. et al. (1990)
I
OFt
~
Ph N P +
Z " Now
Ph
O TBAB
\)k (10 mol%)
x opt  KOH (6.0 equiv)
CH,Cl,
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I
OFt
Ph N P<
Y OFt
Ph
COOEt
91%
Jaszay, 7. M.. et al. (2005)
I
OFt
b
Ph N P +
Z N Sog
Ph
O TADDOL
(1.0 equiv)
\)kOE p .
t  NaO'Bu (1.2 equiv)
CH,Cls, -72° C.
I
OFt
Ph N p
Y OFt
Ph
COOEt
95%, 72% ee
[0125] Gajda et al. reported the reaction affording the o,

[p-diamino phosphonic acid (the Mannich-type reaction using
isothiocyanate phosphonic acid ester (Scheme 2-3-4). One
equivalent of the bases or more was required also in this case.
Yet, the above reaction requires use of mercury at the time of
converting the product. For this, it is not satisfactory. When
the imine derived from the aliphatic aldehyde was used, the
yield was in a middle level. And, the room for further
improvement was left hereto also in terms of the substrate
generality.

Scheme 2-3-4.
Pg Base
N~ (1.2 equiv)
+ || oEt
SN b THF
2l - N NoRe
1 Pg
R N
=S
EtO
~; N
E0” ||
0

up to 92% yield
up to trans/cis = 96/4
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R! e NH,HCI
>=S 3 steps HO\ R!

EtO._ — Pi;

P it O™ ||
0™ || 0 NH,HCI

2.
0

Gajda, T. at el. (2005)

[0126] (1) Investigation of the Reaction Conditions

[0127] The reactions using various bases were conducted
with N-tosylimine defined as an electrophile (Table 2-3-1).
While DBU, KO“Bu, etc. each having the high deprotonation
ability as an organic base were used, the reaction did not
progress at all (entries 1 to 5). In the case of using the N-Boc
imine that gave the excellent result in the glycine Schift base,
a small amount of the adduct was obtained when triethy-
lamine was used (entry 6). When DBU and LiOPMP were
used, the adduct was obtained at a high yield (entries 7 and 8).

TABLE 2-3-1
R
N/
)J\ |
Ph H
e}
N E _ OBt
~" \OEt Base
solvent
1t,24h
10a
R
SNH 0o
g _ OBt
Ph \OEt
N.
=™
Xp o
Pg = 9-fluorene
entry R base (mol %) solvent yield (%)  dr
1 Ts Et,N (10) THF NR. —
2 Ts CuOTf + Et;N (10) THF NR. —
3 Ts DBU (10) THF NR. —
4 Ts DBU (30) DMF NR. —
5 Ts KO'Bu (30) DMF NR. —
6 Boc NEt, (10) DMF low  ND.
7 Boc DBU (10) DMF 97 2211
8 Boc LiOPMP (10) THF quant  6.41/1
[0128] When LiOPMP was used, the adduct exhibiting the

excellent diastereoselectivity was obtained for a short time.
Thereupon, the comparison of the reactivity with substrates
(11) and (12) derived from benzophenone, and the investiga-
tion of the temperature conditions were conducted (Table
2-3-2). In a case of using 10a, the reaction finished quickly,
and the adduct was obtained quantitatively (entry 1). In a case
of'using 11, while the reaction time was prolonged, the yield
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was in a middle level (entry 2). In a case of using 12, while the
reactivity was relatively high (entry 3), the adduct was hardly
obtained at —-78° C. (entry 6). In a case of using 10a, the
reaction progressed smoothly even at =78° C. (entry 5). The
target product was obtained quantitatively (entry 7) even
though the amount of the catalyst was reduced to 2 mol %. It
was known from the above result that the substrate (10a)
derived from fluorenone was high in the acidity of the a.-po-
sition hydrogen and was easily deprotonated as compared
with the substrate (12) derived from benzophenone having
the strong electron-withdrawing group such as CF;.

TABLE 2-3-2

Comparison of reactivity

N/ LiOPMP
(10 mol %)
+ GlyP Schiff Base R —
THF
Phy H T° C., t min
Boc
\NH (¢]
g _OEt
Ph SOkt
>
X Pg
Pg = 9-fluorene
entry Gly? T(¢C) t (min) yield (%) dr

1 10a 0 10 quant 11.4/1
2 11 0 960 65 N.D.
3 12 0 10 95 15.0/1
4 10a -20 10 98 15.1/1
5 10a -78 10 82 23.0/1
6 12 -78 10 Trace N.D
7¢ 10a -78 960 quant 18.4/1

“Catalyst loading was 2 mol %.
N.D. = not determined

I
OEt
7~

N P,
C@ NN OFt

10a

i
OEt
-~
Ar N P.
\( ~N \OEt
Ar

11: Ar=Ph
12: Ar =4-CF;CgHy

[0129] Next, the catalysts were screened with a time (Xh)
required until a conversion rate reaches 100% and the diaste-
reoselectivity defined as a marker, respectively (Table 2-3-3).
A large change in the selectivity by a counter anion of a
lithium salt was not recognized (entries 1 and 2). When
NaO“Bu and the phase transfer catalyst were used, the dias-
tereoselectivity was improved (entries 3 and 5). When various
alkaline earth metals were used, the reaction progressed
smoothly. However, the diastereoselectivity was low (entries
6 t0 9). When Sc(O’Pr), and Zn(O’Bu), were used, the satis-
factory result was not obtained (entries 10 and 11).
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TABLE 2-3-3

Screening of bases

0
I|_ oEt

N P.
. ~~ \OEt

Base
(10 mol %)

THEF, 0° C.
time for
100% conversion

Xh

Boc

Ph OEt

Pg = 9-fluorene

entry Base X (h) dr
1 LiOPMP <0.1 11.4/1
2 LiOBu <0.1 10.2/1
3 NaO'Bu <0.1 12.5/1
4 KOBu <0.1 7.0/
3 TBAB + KOHaq <0.1 12.0/1
6 Mg(OBu), >12% 1.1/1
7 Ca(O'Pr), 1.0 3.6/1
8 St(OPr), <0.1 3.1
9 Ba(O'Bu), <0.1 3.5/1
10 Sc(OPr); >12% 2.3/1

11 Zn(O'Bu), — —

“Reaction was conducted in lig-liq bi-phase system; toluene (0.10 M), 50% KOHaq, TBAB
(10 mol %), 0° C., 10 min.
"Reaction did not complete even in 12 h (Isolated yield: 64% for Mg, 68% for Sc).

“Trace (even at rt for 12 h).

[0130] So as to enhance the selectivity, the investigation
was conducted by using the substrate (10b) having the bulky
isopropylester (Table 2-3-4). When LiOPMP was used, the
diastereoselectivity was improved remarkably (entry 4).
When the reaction was conducted by using NaO*Bu, at 0° C.,
the obtained adduct exhibited the high diastereoselectivity
(entry 5). At —=20° C., the yield declined slightly (entry 6). The
X-ray crystal structure analysis demonstrated that the syn-
type product was a main product even with the reaction using
10b (Figure 2-3-3).

TABLE 2-3-4

Effect of ester group




TABLE 2-3-4-continued
e}
OR
N |I!/
~ " \OR Base
THF
T° C., 10 min
10a (R =Et)
10b R =Pr)
Boce
\NH e}
|I! _OR
Ph \OR
N.
x>
Xp o
Pg = 9-fluorene
entry R base (mol %) T(¢C) Yield (%) syn/anti
1 Et  LiOPMP (10) 0 quant 11.4/1
2 Et LiOPMP(10) -78 82 23.0/1
3 Et NaOBu (10) 0 94 12.5/1
4 Pr  LiOPMP (10) 0 quant 27.6/1
5 ipr NaO‘Bu (2) 0 95 >50/1
6 Pr NaO’Bu (2) -20 86 >50/1
FIG. 2-3-3.
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[0131] The substrate generality was investigated because
the optimum conditions were obtained (Table 2-3-5). When
the aromatic imine was used, the reaction progressed
smoothly. And, the obtained target product showed the high
yield/high diastereoselectivity. In the imines derived from the
aliphatic aldehyde, the target product was obtained at an
excellent yield when two equivalents of the imines as an
electrophile were used.

TABLE 2-3-5

Substrate Scope

Boc
N -~
)]\ :
R H
(1.2 equiv)
O ;.
N g _OPr NaO'Bu
B 0,
~ \O’Pr (2 mol %)
THF
0° C., 10 min
Boc
~ NH e}
h
g _OPr
R o
N.
x>
S Pg
Pg =9-fluorene
entry R yield (%) syn/anti
1 Ph 95 >50/1
2 p-MeOCgH, quant 12.9/1
3 p-FCH, 97 27411
4 m-MeCH, 96 2171
5 0-MeC,Hl, 99 >99/1
67 m-vinylCgH, quant >50/1
7 2-Furyl quant 23.4/1
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TABLE 2-3-5-continued
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8 2-Thieny!l quant 32,91

9% Ph(CH,), 88 >99/1
10% Cyclohexyl quant >99/1
“16 h.

2.0 equiv of imine.

[0132]
[0133] So as to show usefulness of the product, the inves-
tigation for removing the fluorenyl group was conducted. The
deprotection was easily conducted under a mild acidic con-
dition. For example, the deprotected product was obtained as
ahydrochloride (Scheme 2-3-4). Additionally, the Boc group
was not removed under this condition.

(2) Investigation of the Deprotection

Scheme 2-3-4.
Boce
~ NH O
i
ﬂ _OPr
Ph \OiPr T ———
1IN HCVTHF
N (1:10 v/v)
Npg i, 1h
Pg = 9-fluorene
syn/anti = >99/1
Boce
SNxE oo
Y3
|I! _OPr
Ph \OiPr
NH,HCI
94%
syn/anti =>99/1
[0134] Hereinafter, specific examples will be explained fur-
thermore.
[0135] [A Manufacturing Method of the Diamino Acid and

the Diamino Phosphonic Acid Derivatives|

[0136] (1) Synthesis of the Diamino Acid Ester
Boc
NG
A
R H
(1.2 equiv)

guanidine?
(10 mol %)
—_—

THF
-20°C.,th

8b

-continued
Boc
~ NH (€]
R O'Bu
N,
x>
p o
Pg = 9-fluorene
entry R t (h) yield (%) syn/anti
1 Ph 1 98 >50/1
2 p-MeOC4-H, 16 91 >50/1
3 p-FCsH, 16 96 13.7/1
4 2-Furyl 1 99 28.4/1
5 Ph(CH,), 16 84 4.0/1
1,1,3,3-Tetramethylguanidine.
2.0 equiv of imine.
Boce
N -~
)J\ |
R H
(2.0 equiv)
(€]
N \)J\ LiOPMP?
OMe (2 mol %)
THF
-20°C.,,0.5h
8a
Boc
~ NH (€]
R OMe
N,
Y
Xp o
Pg = 9-fluorene
entry R yield (%) syn/anti
1 Ph(CH,), 98 9.11
2 Cyclohexyl quant 11.9/1

“Lithium p-methoxyphenoxide.
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-continued

0
Ph N\)k
Y OMe
Ph
1

@m

Catalyst
(10 mol %)
—_—

THF

2a:R=Me
2b: R ="Bu
Boce
~ NH e}
Ph OR?
N,
X!
entry Gly  catalyst temp/° C. time/h  yield/%  syn/anti
1 1 Guanidine” -20 16 trace —
2 2b  Guanidine -20 1 98 >99/1
3 2a  LiOPMP -20 0.5 quant >99/1

1,1,3,3-Tetramethylguanidine.

Boce
N/

A
Q. S

Chiral ligand (12 mol %)
Ca(OPr), (10 mol %)

toluene, 40°C., 2 h
O MS4A
2b
Boce
~ NH (¢]
Ph O'Bu

N \RZ
(R? = fluorene)

78% Yield
syn/anti = 2/1
71% ee (syn)
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0,8—NH NH— S0,
Me Me Me Me
[0137] [A Manipulation of the Asymmetric Mannich-Type

Reaction Between the Fluoren Glycine ester and the Boc
imine]

[0138] The depressurized, dried, and heated reactor with a
capacity of 10 mL. was argon-substituted. This reactor was
carried into a glove-box. And, ligand (0.018 mmol), molecu-
lar sieves 4A (50 mg), and Ca(OPr), (0.015 mmol) were
sequentially measured. After the reactor was taken out from
the glove-box, the toluene (0.15 ml) was poured with a
gastight syringe. Thereafter, it was stirred for two hours at
room temperature. With this, the catalyst was prepared. After
preparing the catalyst, a toluene solution (0.2 mL) of a fluoren
protective tert-butylglycine ester (0.15 mmol) and a toluene
solution (0.3 mL) of the Boc imine are sequentially added at
40° C. with the gastight syringe. And, after the finishing ofthe
reaction was confirmed with TLC (developing solvent: hex-
ane/acetone=4/1), a saturated ammonium chloride aqueous
solution (5 mL) was added, and the reaction was stopped.
Thereafter, the extraction was conducted four times with
methylene chloride (10 mL). It was dried over anhydrous
sodium sulfate. After filtering, concentration under reduced
pressure was conducted. The crude product obtained in such
a manner was refined with a silica gel thin-layer chromatog-
raphy, and the target product (c, p-diamino acid derivatives)
was obtained.

[0139] The yield was 78%. The diastereoselectivity was
syn/anti=1.5/1. With the enantioselectivity, the syn-type
product was obtained at rate of 71%. Additionally, the dias-
tereoselectivity and the enantioselectivity were determined
with HLPC.

[0140] 'HNMR (CDCl,): 8: 1.45 (s, 9H), 1.49 (s, 9H), 5.20
(s, 1H), 5.64 (d, J=7.9 Hz, 1H), 6.37 (d, J=7.9 Hz, 1H),
7.13-7.58 (m, 12H), 7.89 (d, J=7.4 Hz, 1H).

[0141] '3C NMR (CDCl,): 8: 27.9, 28.4, 56.7, 56.8, 68.9,
79.3, 82.8, 119.3, 120.5, 123.1, 126.5, 127.0, 127.1, 127.8,
128.2,128.4,131.4,131.7,131.8, 141.2,144.0, 155.3,166.8,
168.3.

[0142] HPLC Daicel Chiralpak Hexane AD-H, Hexane/
'PrOH=4/1, Flow rate=1.00 mL/min,

[0143] Detection wavelength=254 nm: syn isomer: tz=5.1
min (major), tz=32.2 min (minor). anti isomer: tz=6.7 min
(major), tz=11.3 min (minor).

[0144] (1-1) Synthesis of the Substrate
[0145] Boc-imine
[0146] Itwas synthesized in accordance with the foregoing

Non-patent documents. The imine derived from the aliphatic
aldehyde was also synthesized in accordance with the fore-
going Non-patent documents. And, it was quickly used for the
reactions.
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Fluoren-9-ylideneamine

[0147]
NH
[0148] The fluorenone (4.0 g, 22.2 mmol) was stirred in an

autoclave of 110°C. for three days in an ammonia atmosphere
(7 to 8 atm). After the reaction, it was allowed to dissolve in
diethyl ether. And, hydrogen chloride was blown into it. It was
stirred for one hour at room temperature. The obtained sus-
pension was filtered, and the filtrate was cleaned with the
diethyl ether. With this, fluorenone imine hydrochloride (3.4
g, 71%) was obtained. This hydrochloride was allowed to
decompose with an ammonia aqueous solution. And, it was
recrystallized by using the methylene chloride and hexane.
And, Fluoren-9-ylideneamine (2.3 g, 58%) was obtained.
[0149] 'H NMR (CDCl,): 8 7.31 (dt, J=1.1, 7.4 Hz, 2H),
7.44 (dt,J=1.1, 7.4 Hz, 2H), 7.54 (d, J=7.4 Hz, 2H), 7.73 (br
d, J=7.4 Hz, 2H), 10.3 (s, 1H).

[0150] '*CNMR (CDCls): §120.1, 122.2, 128.20, 132.19,
132.20, 142.2, 173.2.

[0151] Glycine Schiff Base

[0152] The fluorenone imine (1.52 g, 8.48 mmol) and the
glycine tert-butylester hydrochloride (1.42 g, 8.48 mmol)
were stirred in the methylene chloride for five hours at room
temperature. The reaction solution was filtered with celite,
and the solvent was removed by the distillation under reduced
pressure. The obtained residual was allowed to dissolve in the
diethyl ether. And, it was filtered with the celite. The obtained
ether solution was cleaned with water and a saturated sodium
chloride aqueous solution. And, it was dried over sodium
sulfate. After the filtering and the concentration under
reduced pressure were conducted, the obtained crude product
was refined with the diethyl ether/hexane (recrystallization).
And, (Fluoren-9-ylideneamino)-acetic acid tert-butyl ester
(1.18 g, 66%) was obtained.

(Fluoren-9-ylideneamino)-acetic acid tert-butyl ester

[0153]

Oy X
0

mp: 79-81° C.

[0155] IR(KBr):2981,1751,1605,1606,1451,1143 cm™.
[0156] 'H NMR (CDCl,): 8 1.54 (s, 9H), 4.87 (s, 2H),
7.27-7.31 (m, 2H), 7.39-7.45 (m, 2H), 7.56 (d, J=7.4 Hz, 1H),
7.65(d, J=7.4Hz, 1H), 7.75 (d, J=7.9 Hz, 1H), 7.90 (d, J=7 .4
Hz, 1H),

[0154]
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[0157] '>C NMR (CDCL,): 8 28.15, 28.16, 55.6, 81.6, 119.
3, 120.5, 123.1, 127.3, 128.0, 128.4, 131.2, 131.7, 131.9,
141.1, 143.9, 165.5, 170.0.

[0158] ESI-HRMS m/z caled for C,oH,,NO,: 294.1494
[M+H]*. found: 294.1475.

[0159] Anal. Calcd for C,oH,oNO,: C, 77.79; H, 6.53; N,
4.77. found: C, 77.66; H, 6.64; N, 4.74.

[0160] Likewise, (Fluoren-9-ylideneamino)-acetic acid
methyl ester was obtained.

(Fluoren-9-ylideneamino)-acetic acid methyl ester

[0161]

[0162] mp: 103-105° C.

[0163] IR(KBr):3052,2951,1726,1448,1268, 1013 cm™".

[0164] 'H NMR (CDCl,): & 3.86 (s, 3H), 4.96 (s, 2H),
7.26-7.31 (m, 2H), 7.41 (t, 1=7.6 Hz, 1H), 7.45 (t, I=7.6 Hz,
1H), 7.55 (d, J=7.6 Hz, 1H), 7.65 (d, 1=7.6 Hz, 1H), 7.73 (d.
J=7.6 Hz, 1H), 7.88 (d, J=7.6 Hz, 1H).

[0165] 3C NMR (CDCl,): §52.3,55.0, 119.4, 120.6, 123.
1, 127.2, 128.1, 1313, 131.7, 131.8, 137.9, 141.1, 143.9,
165.6, 171.0.

[0166] ESI-HRMS m/z caled for C, H,,NO,: 252.1025
[M+H]*. found: 252.1020.

[0167] Anal. Caled for C,H,,NO,: C, 76.48; H, 5.21; N,
5.57. found: C, 76.29; H, 5.36; N, 5.39

[0168] 1-2) A General Manipulation of Synthesizing the
Diamino Acid Ester

[0169] A THF solution (0.40 mL) of the glycine Schift base
(58.7 mg, 0.2 mmol) was stirred at =20° C. A solution (0.1
ml) containing THF and tetramethylguanidine (tetrameth-
ylguanidine: THF=0.2 mmol: 1.0 mL), and a THF solution
(0.50 mL) of the imine (49.3 mg, 0.24 mmol) were sequen-
tially added. And, the stirring-up was conducted for one hour
with the temperature kept at =20° C. Thereafter, a saturated
ammonium chloride aqueous solution was added, and the
reaction was stopped. Thereafter, the temperature was raised
(to the room temperature). The extraction from the water
phase was carried out with the methylene chloride three
times. And, the organic phase was collected, and dried over
anhydrous sodium sulfate. After the filtering and the concen-
tration under reduced pressure, the obtained crude product
was refined with the thin-layer silica gel chromatography
(hexane/acetone=4/1). With this, the target product was
obtained. The diastereomer ratio was determined with the
HPLC analysis.
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3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-3-phenyl-propionic acid methyl ester

[0170]

Boce

[0171] mp: 57-59° C.

[0172] IR(KBr): 3441, 2976, 1718, 1492, 1171 cm™.
[0173] 'HNMR (CDCl,): 81.46 (s, 9H), 3.78 (s, 3H), 5.32
(s, 1H), 5.62 (d, J=7.6 Hz, 1H), 6.35 (d, J=6.2 Hz, 1H),
7.14-7.26 (m, 4H), 7.31-7.45 (m, 6H), 7.52 (d, J=7.6 Hz, 1H),
7.58 (d, J=7.6 Hz, 1H), 7.90 (d, J=7.6 Hz, 1H).

[0174] '°C NMR (CDCL): & 28.3, 28.37, 28.43, 52.7,
56.87, 56.90, 68.3, 79.6, 119.4, 120.6, 123.2, 126.5, 126.9,
127.3, 128.1, 128.3, 128.4, 128.4, 131.56, 131.61, 131.9,
138.0, 141.21, 141.23, 144.1, 155.4, 167.1, 170.2.

[0175] FAB-HRMS m/z caled for C,3H,3N,O,: 457.2127
[M+H]*. found: 457.2146.

[0176] Anal. Caled for C,3H,N,O,: C, 73.66; H, 6.18; N,
6.14. found: C, 73.54; H, 6.28; N, 6.05.

[0177] HPLC (Daicel Chiralcel AD-H, hexane/iPrOH=4/1,
flow rate=1.00 mL./min)

[0178] syn isomer: tz=5.5 min (minor), t,=21.0 min (ma-
jor). Anti isomer: t,=8.6 min, t;=12.7 min.

3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-5-phenyl-pentanoic acid methyl ester

[0179]

[0180] mp: 52.5-55.5° C.
[0181] IR(KBr): 3425, 2976, 1714, 1495, 1169 cm™".
[0182] 'H NMR (CDCL,): & 1.48 (s, SH), 1.82-1.85 (m,
1H), 1.88-1.92 (m, 1H), 2.65-2.70 (m, 1H), 2.74-2.79 (m,
1H), 3.72 (s, 2H), 4.49-4.51 (m, 1H), 5.09 (s, 1H), 5.61 (d,
J=10.3 Hz, 1H), 7.10-7.32 (m, 7H), 7.42 (t, J=7.6 Hz, 2H),
7.53 (d,J=7.6 Hz, 1H), 7.56 (d, J=7.6 Hz, 1H), 7.64 (d, J=7.6
Hz, 1H), 7.88 (d, J=6.9 Hz, 1H).
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[0183] '>C NMR (CDCl,): & 28.4, 32.6, 35.6, 52.5, 53 4,
66.7,119.4, 120.6, 123.2, 125.8, 126.6, 128.2, 128.3, 128.4,
131.6, 131.9, 138.1, 141.6, 155.8, 170.6.

[0184] FAB-HRMS m/z caled for Ca,H,,N,0,: 485.2440
[M+H]*. found: 485.2438.

3-tert-Butoxycarbonylamino-3-cyclohexyl-2-(fluo-
ren-9-ylideneamino)-propio nic acid methyl eater

[0185]

Boce

[0186] mp; 80-84° C.
[0187] IR(KBr): 3426, 2927, 1730, 1429, 1171 cm™".
[0188] 'H NMR (CDCL,): & 1.08 (m, 6H), 1.46 (s, 9H),
1.57-1.95 (m, SH), 3.72 (s, 3H), 4.16 (t, I=10.0 Hz, 1H), 5.31
(s, 1H), 5.62 (d, I=10.3 Hz, 1H), 7.26 (d, I=7.2 Hz, 1H), 7.32
(d,1=7.2 Hz, 1H), 7.42-7.45 (m, 2H), 7.55-7.58 (m, 2H), 7.65
(d, J=7.6 Hz, 1H), 7.88 (d, J=6.9 Hz, 1H).

[0189] '3C NMR (CDCl,): 26.0,26.2, 28.4,29.66,29.72,
40.2,52.4,58.1,64.1,79.0,119.4,120.6,123.3, 126.5, 128 3,
128.4,131.5,131.6, 131.9, 138.1, 141.3, 144.1, 156.0, 166.6,
171.1.

[0190] FAB-HRMS m/z caled for C, H,,N,0,; 463.2597
[M+H]*. found: 463.2617.

3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-3-phenyl-propionic acid tert-butyl ester

[0191]

Boce

\NH (€]
X
be¥,
[0192] mp: 187-188° C.

[0193] IR(KBr):3435,2974,1737,1713,1490, 1146 cm™".
[0194] ‘HNMR (CDCl,): & 1.45 (s, 9H), 1.49 (s, 9H), 5.20
(s, 1H), 5.64 (d, J=7.9 Hz, 1H), 637 (d, J=7.9 Hz, 1H),
7.13-7.58 (m, 12H), 7.89 (d, J=7.4 Hz, 1H).

[0195] '3C NMR (CDCly): & 27.9, 28.4, 56.7, 56.8, 68.9,
79.3, 82.8, 119.3, 120.5, 123.1, 126.5, 127.0, 127.1, 127.8,
128.2,128.4,131.4,131.7,131.8, 138.1, 141.2, 144.0, 1553,
166.8, 168.3.
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[0196] ESI-HRMS m/z caled for C,,H;,N,O,: 499.2597
[M+H]*. found: 499.2599.

[0197] Anal. Caled for C5,H; N,O,: C, 74.67; H, 6.87; N,
5.62. found: C, 74.54; H, 7.01; N, 5.51.

[0198] HPLC (Daicel Chiralcel AD-H, hexane/iPrOH=4/1,
flow rate=1.00 mL./min)

[0199] syn isomer: tz=5.1 min (minor), t,=32.2 min (ma-
jor). Anti isomer t,=6.7 min, t,=11.3 min.

3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-3-(4-methoxy-pheny1)-propionic acid tert-
butyl ester

[0200]

Boce

[0201] mp: 174.5-181.5° C.
[0202] IR(KBr): 3442, 2977, 1719, 1491, 1164 cm™".
[0203] 'HNMR (CDCl,): 81.44 (s, 9H), 1.48 (s, 9H), 3.70
(s,3H),5.17 (s, 1H), 5.58 (d, J=6.9 Hz, 1H), 6.32 (d, J=6.2 Hz,
1H), 6.76 (d, J=8.9 Hz, 2H), 7.18 (t, J=7.6 Hz, 1H), 7.30-7.59
(m, 8H), 7.90 (d, J=7.6 Hz, 1H).

[0204] '>CNMR (CDCl,): §22.7,27.76,27.80,28.1, 28 4,
55.16, 55.23, 56.2, 69.1, 79.3, 82.7, 113.5, 113.6, 119.3,
120.5,123.1,126.6, 127.9, 128.0, 128.2, 128.4, 131.4, 131.8,
141.2, 144.0, 155.2, 1587, 166.8, 168.4.

[0205] ESI-HRMS m/z caled for C,,H,N,O5: 529.2702
[M+H]*. found: 529.2694.

3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-3-(4-fluoro-phenyl)-propionic acid tert-butyl
ester

[0206]

; N\

[0207] mp: 155-159° C.
[0208] IR(KBr): 3445, 2979, 1722, 1490, 1158 cm™".

[0209] 'HNMR (CDCL,): 81.45 (s, 9H), 1.48 (s, 9H), 5.16
(s, 1H), 5.60 (d, J=6.9 Hz, 1H), 6.34 (d, J=6.9 Hz, 1H), 6.92
(t, J=8.6 Hz, 2H), 7.17-7.60 (m, 9H), 7.88 (d, I=7.6 Hz, 1H).
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[0210] '>C NMR (CDCly): & 27.9, 28.2, 28.4, 56.2, 68.9,
79.5,82.9, 115.0, 115.1, 119.4, 120.6, 123.0, 126.5, 127.9,
128.4,128.6,128.7, 131.5,131.7, 131.9, 137.0, 138.0, 141.2,
144.1,155.2,161.2, 162.8, 167.0, 168.2.

[0211] ESI-HRMS m/z caled for C,,Ha,N,0,: 517.2503
[M+H]*. found: 517.2499.

3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-3-furan-2-yl-propio nic acid tert-butyl eater

[0212]

Boc

SN o

0
| O><

\ N\Q
mp: 159.5-161.5° C.
[0214] TR(KBr): 3400, 2078, 1718, 1492, 1149 cm™".
[0215] "HNMR (CDCL,): & 1.47 (s, 9H), 1.48 (s, OH), 5.45
(s, 1H), 5.73 (d, J=8.9 Hz, 1H), 6.08 (d, J-8.2 Hz, 1H), 6.18
(t, 1=6.9 Hz, 2H), 7.21-7.26 (m, 9H), 7.83 (d, J=7.6 Hz, 1H).
[0216] '*C NMR (CDCL,): 8 27.9, 28.4, 51.9, 66.4, 79.6,
82.9,106.6, 110.3, 119.3, 120.5, 123.2, 126.7, 128.0, 1283,
1314, 1318, 138.1, 141.2, 141.7, 144.1, 154.0, 155.2, 166 8.
167.8.

[0217] FAB-HRMS m/z caled for CaoH,,N,O5: 489.2389
[M+H]*. found: 489.2421.

[0213]

3-tert-Butoxycarbonylamino-2-(fluoren-9-ylidene-
amino)-5-phenyl-pentanoic acid tert-butyl ester

[0218]

[0219] mp: 154-156° C.
[0220] IR(KBr): 3430, 2978, 1721, 1492, 1167 cm™".
[0221] 'HNMR (CDCL,): 8 1.47 (s, 18H), 1.81 (t, ]=5.2 Hz,
1H), 1.91 (t, J=5.2 Hz, 1H), 2.70 (q, J=5.5 Hz, 1H), 2.74 (t.
J=5.3Hz, 1H), 4.56 (d,J=5.5 Hz, 1H),4.98 (d, J=1.1 Hz, 1H),
570 (t, 1=9.6 Hz, 1H), 7.31 (m, 7H), 7.40-7.43 (m, 2H),
7.53-7.56 (m, 2H), 7.64 (d, I=7.6 Hz, 1H), 7.88 (d, J=7.6 Hz,
1H).

[0222] '3C NMR (CDClLy): § 27.9, 28.3, 28.4, 32.6, 36.2,
53.3,6.2,79.0,82.5,119.3,120.5, 123.2,125.7, 126.6,127.9,
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1283, 128.35, 128.43, 128.47, 131.4, 131.7, 131.8, 138.1,
141.2, 141.9, 144.1, 155.6, 166.8, 168.7.
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[0223] ESI-FIRMS m/z caled for C53H, N,O,: 527.2910
[M+H]*. found: 527.2936.
[0224] 2) Asymmetric Synthesis of Diamino Acid Ester
Boce
N,
Ph)]\ i
(1.2 equiv)
Bn
/k/ o
|
MeN)\NMe
o \_<
Oy £ 0
’ Z OBu (10 mol %)
toluene
-45°C., 16 h
0.20M
Boce
\NH e}
Ph O'Bu
N
\Pg
Pg = 9-fluorene
88%, syn/anti = >99/1, 93% ee
Boc
N/
A
R! H
4
Bn
OH
N
MeN NMe
o H
N\)]\ Ph Ph
OBu (10 mol %)
toluene

2b

-continued
Boc
\NH e}
R! OBu
N
Xp2
(R? = fluorene)
entry R! temp/° C. time/h yield/% syn/anti ee (syn)
1 Ph -45 12 quant  >99/1 96 (2S,3R)
2 Ph -60 12 quant  >99/1 95 (2S,3R)
3 p-MeOCGH,  -45 48 76 36/1 90
4 2-Furyl —45 36 88 9/1 98
5 Ph(CH,), -46 24 87 29/1 92
6 c-Cg, -45 48 84 111 9%
[0225] [A General Manipulation]

[0226] Chiral guanidine derivatives (8.0 mg, 0.020 mmol)
and a toluene solution (0.60 mL) of the glycine Schiff base
(58.7 mg, 0.20 mmol) were stirred at -45° C. A toluene
solution (0.40 mL) of the imine (49.3 mg, 0.24 mmol) was
added during this stirring-up. And, the stirring-up was con-
ducted for 16 hours at -45° C. Thereafter, the saturated
ammonium chloride aqueous solution was added, and the
reaction was stopped. And, the temperature was raised (to the
room temperature). Thereafter, the extraction from the water
phase was carried out with the methylene chloride three
times. And, the organic phase was collected, and dried by
using the anhydrous sodium sulfate. After the filtering and the
concentration under reduced pressure, the obtained crude
product was refined with the thin-layer silica gel chromatog-
raphy (hexane/acetone=4/1). With this, the target product was
obtained. The diastereomer ratio was determined with the HP
LC analysis.

[0227] 3) Synthesis of the Diamino Phosphonic Acid Ester
Derivatives

(1.2 equiv)
O ;.
N g _OPr NaO'Bu
B 0,
~ \O’Pr (2 mol %)
THF
I 0°C., 10 min
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-continued
Boc
~ NH e}
h
g _O'Pr
R \OiPr
N
>
S Pg
Pg = 9-fluorene
entry R yield (%) syn/anti
1 Ph 95 >50/1
2 p-MeOCgH, quant 12.9/1
3 p-FCH, 97 27411
4 m-MeCH, 9% 21711
5 0-MeCH, 99 >99/1
67 m-vinylCgH, quant >50/1
7 2-Furyl quant 23.4/1
8% 2-Thienyl quant 32,91
9% Ph(CH,), 88 >99/1
10 Cyclohexyl quant >99/1

“16 h.

2.0 equiv of imine.

Boc
N
R! H
e}
O N\/P(OR)Z
. NaO'Bu
—_—
THF, 0° C.
10 min
3a:R=Et
3b: R="Pr
Boc
\NH e}
P.
R! \or?
OR®
N
x R2
(R? = fluorene)
entry GlyP R! catalyst (mol %)  yield/% syn/anti”

1 3a Ph NaO'Bu (10) 94 1311
2 3b Ph NaO'Bu (2) 95 >99/1
3 3b 0-MeCH, NaO'Bu (2) 99 >99/1
4 3b m-vinylCgH, NaOBu (2) quant  >99/1
5 3b 2-Furyl NaO’Bu (2) quant 23/1
6 3b 2-Thienyl NaO’Bu (2) quant 33/1
7 3b Ph(CH,), NaO'Bu (2) 88 >99/1
8 3b c-CgHyy NaOBu (2) quant  >99/1
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[0228] 3-1) Synthesis of the Glycine Schift Base Phospho-
nic Acid Derivatives

[0229] Fluorene imine hydrochloride (5.0 g, 46.7 mmol)
and aminomethyl phosphonic acid ester (7.8 g, 46.7 mmol)
were stirred in the methylene chloride for 24 hours at room
temperature. The reaction solution was filtered with the celite.
Thereafter, the solvent was removed by the distillation under
reduced pressure. The obtained residual was allowed to dis-
solve in the diethyl ether. And, it was filtered with the celite.
The obtained ether solution was cleaned with water and a
saturated sodium chloride aqueous solution. And, it was dried
over the sodium sulfate. After the filtering and the concentra-
tion under reduced pressure, the obtained crude product was
refined with a neutral silica gel column chromatography (hex-
ane/acetone=4/1).  (Fluoren-9-ylideneaminomethyl)-phos-
phonic acid diethyl ester (6.3 g, 61%) was obtained with the
cleaning by the hexane.

(Fluoren-9-ylideneaminomethyl)-phosphonic acid
diethyl ester

[0230]

e
C‘ /Nv P\OEt

[0231] mp: 70-71° C.

[0232] IR(KBr): 2979, 1646, 1452, 1243, 1031, 974 cm™".
[0233] 'HNMR (CDCL,): 81.35 (t,J=7.1 Hz, 6H), 4.27 (m,
4H), 4.71 (d, J=16.4 Hz, 2H), 7.22-7.30 (m, 2H), 7.40-7.44
(m, 2H), 7.56 (d, J=7.4 Hz, 1H), 7.65 (d, I=7.4 Hz, 1H), 7.79
(d, J=7.4 Hz, 1H), 7.91 (d, J=7.9 Hz, 1H).

[0234] '>C NMR (CDCL): & 16.5, 16.6, 50.1, 51.4, 62.7,
62.8,119.3, 120.5, 122.9, 127.46, 127.48, 128.1, 128.4, 131.
2,131.7,131.8, 138.2, 138.3, 141.0, 143.9, 166.1, 166.2.
[0235] 3P NMR (CDCLH,PO, 50.00): & 22.7

[0236] ESI-HRMS m/z caled for C,4H,,NO,P: 330.1259
[M+H]*. found: 330.1251.

(Fluoren-9-ylideneaminomethyl)-phosphonic acid
diisopropyl ester

[0237]

[0238] mp: 102.5-104.5° C.

[0239] IR(KBr): 2986, 1648, 1602, 1450, 1221, 987 cm™".
[0240] H NMR (CDCL,): & 1.34-1.37 (m, 12H), 4.66 (d,
J=16.5 Hz, 2H), 4.87-4.90 (m, 2H), 7.29 (t, I=7.6 Hz, 2H),
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7.40 (1, J=7.6 Hz, 1H), 7.44 (1, I=7.6 Hz, 1H), 7.56 (d, J=7.6
Hz, 1H), 7.65 (d, I=7.6 Hz, 1H), 7.79 (d, ]=7.6 Hz, 1H), 7.93
(d, J=8.2 Hz, 1H).

[0241] 3CNMR (CDCL,): 24.0,24.1, 24.18,24.20, 50.8,
51.9,71.29, 7133, 119.3, 120.4, 122.9, 127.5, 128.0, 1283,
131.1, 131.7, 131.8, 138.4, 141.0, 143.8, 165.8, 165.9.
[0242] *'P NMR (CDCL,H.PO, 50.00): 4 21.0

[0243] ESI-HRMS m/z caled for C,oH,,NO,P: 358.1572
[M+H]*. found: 358.1567.

({[Bis-(4-trifluoromethyl-phenyl)-methylene]-
amino }-methyl)-phosphonic acid diethyl ester

[0244]

CF3

[0245] mp: 78.5-82° C.

[0246] IR(KBr): 2982, 1635, 1325 cm™".

[0247] 'HNMR (CDCL,): §1.35 (t, J=7.2 Hz, 3H), 3.92 (d,
J=17.9 Hz, 2H), 4.18-4.20 (m, 4H), 7.41 (d, J=7.6 Hz, 2H),
7.61 (d, J=8.2 Hz, 2H), 7.72 (d, J=8.2 Hz, 2H), 7.79 (d, J=8.2
Hz, 2H).

[0248] '*C NMR (CDCLy): 8 16.3, 16.39, 16.43, 16.51,
16.54,16.6,51.2,51.3,52.4, 62.37,62.42, 62.5, 62.6, 62.68,
62.71,122.9,125.1,125.2,125.9,128.4,128.5, 128.6, 128.8,
131.2, 132.2, 132.4, 138.3, 141.6, 169.1, 169.2.

[0249] *'P NMR (CDCI,H.PO,d 0.00): § 22.5

[0250] ESI-HRMS m/z caled for C;,H;3FN,O.P:
581.2575 [M+H]™. found: 581.2570.

Bis[4-(trifluoromethyl)phenyl|methanimine
[0251]

NH

FsC . . CFs3

[0252] One part of 4-bromobenzotrifluoride (12.4 g, 55
mmol) and a small quantity of iodine were added to an Et,O
suspension (10 mL) of magnesium (1.34 g, 55 mmol) under
an argon atmosphere. And, they were heated appropriately.
After the reaction start was observed, the remaining Et,O
solution (15 mL) of the remaining 4-bromobenzotrifluoride
was added slowly. After heat refluxing for one hour, a toluene
solution (10 mL) of 4-(trifluoromethyl)benzonitrile (11.8 g,
86 mmol) was added slowly at room temperature. After heat
refluxing for 20 hours, anhydrous methanol (12 mL) was
added slowly at room temperature. And, the stirring-up was

Mar. 24, 2011

conducted for thirty minutes. Insoluble compounds were
removed with the celite filtering. The filtrate was concen-
trated under reduced pressure. Thereafter, the obtained crude
product was distillated under reduced pressure. And, the tar-
get product (11.9 g, 75%) was obtained. After distillation, the
product was solidified.

[0253] Bp: 115° C. (0.30 mmHg).

[0254] 'H NMR (CDCl,):  7.53-7.84 (m, SH), 10.1 (s,
1H).

[0255] *C NMR (CDCl,): 8 123.8 (q, I=278.9 Hz), 125 4,

125.9,127.9, 129.5, 132.2-132.9 (m), 140.9, 142.9, 175.9.
[0256] 3-2) A General Manipulation of Synthesizing the
Diamino Phosphonic Acid Ester Derivatives

[0257] Typical experimental procedure for the reaction of
(fluoren-9-ylideneaminomethyl)-phosphonic acid diethyl
ester with Boc-imine

[0258] A THEF solution (0.4 mL) of the glycine Schiff base
phosphorus analogues (0.2 mmol) was stirred at 0° C. under
an argon atmosphere. A solution (0.1 mL) containing THF
and NaO"Bu (NaO'Bu: THF=0.04 mmol: 1.0 mL), and a THF
solution (0.50 mL) of the imines (0.24 mmol) were sequen-
tially added. The stirring-up was conducted for 10 minutes at
0° C. Thereafter, the reaction was stopped by adding a satu-
rated ammonium chloride aqueous solution. And, the tem-
perature was raised (to the room temperature). The extraction
from the water phase was carried out with the methylene
chloride three times. And, the organic phase was collected,
and dried by using the anhydrous sodium sulfate. After the
filtering and the concentration under reduced pressure, the
obtained crude product was refined with the thin-layer silica
gel chromatography (hexane/acetone=2/1). With this, the tar-
get product was obtained. The diastereomer ratio was deter-
mined with a *'P-NMR ratio.

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-phenyl-ethyl]-ph osphonic acid diethyl
ester

[0259]

[0260] mp: 113-115°C.

[0261] IR(KBr): 2976, 1713, 1250, 1171, 1018 cm™".
[0262] 'H NMR (DMSO-d) syn isomer: 8 0.97 (t, J=7.2
Hz, 3H), 1.03 (t, J=7.2 Hz, 3H), 1.32 (s, 9H), 3.79-3.89 (m,
3H), 3.91-3.94 (m, 1H), 5.37-5.43 (m, 2H), 7.15 (t,J=7.2 Hz,
1H), 7.24 (t,J=7.9 Hz, 3H), 7.32-7.36 (m, 2H), 7.39-7.40 (m,
2H), 7.47-7.50 (m, 2H), 7.76 (d, J=6.9 Hz, 1H), 7.83 (d,]=7.6
Hz, 1H), 7.86 (t, I=6.9 Hz, 2H).

[0263] antiisomer: 8 1.07-1.10 (m, 6H), 1.37 (s, 9H), 3.92-
4.01 (m, 4H), 5.33 (d, J=11.0 Hz, 1H), 5.53-5.56 (m, 1H),
7.02 (t, J=7.2 Hz, 1H), 7.10 (t, J=7.9 Hz, 2H), 7.28 (1, ]=7.2



US 2011/0071310 Al

Hz, 1H), 7.36 (t, J=8.2 Hz, 3H), 7.42 (t, J=7.6 Hz, 1H),
7.47-7.52 (m, 2H), 7.61 (d, J=8.9 Hz, 1H), 7.70 (d, J=7.6 Hz,
1H), 7.79 (d, J=7.6 Hz, 1H), 8.08 (d, J=7.6 Hz, 1H).

[0264] '°C NMR (DMSO-d,) syn isomer: § 15.89, 15.91,
27.9,28.1,55.8,61.77,61.81,62.09, 62.13, 64.4, 65.3,77.9,
119.7,120.5,122.7,126.9,127.1,127.3,127.7,127.8, 127.9,
128.1,128.3, 131.1, 131.5, 131.8, 137.6, 140.2, 141.08, 141.
12,143.1, 154.6, 164.5, 164.6.

[0265] anti isomer (detectable peaks): & 16.0, 28.1, 56.1,
59.1, 61.88, 61.92, 62.1, 62.2, 63.3, 63.9, 64.3, 72.8, 77.8,
81.1,119.7,120.6, 122.1, 126.7, 127.3, 127.7, 128.1, 128 .3,
131.1,131.3,131.7, 137.5, 140.0, 142.3, 154 3.

[0266] *'PNMR (DMSO-d,H,PO, 50.00): & 20.5 (major),
21.1 (minor)

[0267] FAB-HRMS m/zcaled for C;,H;,N,OsP: 535.2362
[M+H]*. found: 535.2372.

[0268] Anal. Caled for C, H;5N,O5P: C, 67.40; H, 6.60; N,
5.24. found: C, 65.43; H, 6.91; N, 4.61.

[2-tert-Butoxycarbonylamino- 1-fluoren-9-ylidene-
amino)-2-phenyl-ethyl]-ph osphonic acid diisopropyl
ester

[0269]

Boce

[0270] mp: 110-112°C.

[0271] IR(KBr): 3428, 2979, 1724, 1488, 987 cm™".
[0272] 'H NMR (DMSO-dy): 8 0.92 (d, J=5.5 Hz, 3H),
1.09-1.15 (m, 9H), 1.33 (s, 9H), 4.42-4.48 (m, 2H), 5.31 (dd,
J=5.5, 15.1 Hz, 2H), 5.42 (d, J=6.2 Hz, 1H), 7.10-7.15 (m,
2H), 7.72 (t,J=7.6 Hz, 2H), 7.30-7.38 (m, 4H), 7.46-7.49 (m,
2H), 7.76 (d, J=7.6 Hz, 1H), 7.77-85 (m, 3H).

[0273] '*CNMR (DMSO-dy): § 23.15, 23.19, 23.23,23.7,
23.8,27.9,28.1, 55.9, 64.6, 65.6, 70.57, 70.62, 70.66, 70.71,
77.8,119.7,120.5, 122.6, 126.8, 127.2, 127.3, 127.7, 127.8,
127.97, 128.04, 128.3, 131.2, 131.4, 131.8, 137.6, 140.2,
141.27,141.31, 143.1, 154.5, 164.5, 164.6.

[0274] 31PNMR (DMSO-dsH;PO, 80.00): 8 18.6 (major),
19.7 (minor)

[0275] ESI-HRMS m/z caled for C;,H;,N,O5P: 563.2669
[M+H]*. found: 563.2638.

[0276] Anal. Caled for C,,H;N,OP: C, 68.31; H,6.99; N,
4.98. found: C, 68.27; H, 7.11; N, 4.88.
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[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-(4-methoxy-phen yl)-ethyl]-phosphonic
acid diisopropyl ester

[0277]

Boce

MeO

[0278] mp: 67-72° C.

[0279] IR(KBr): 3436, 2978, 1717, 987 cm™".

[0280] 'H NMR (DMSO-dy): 8 0.92 (d, J=6.2 Hz, 3H),
1.10-1.15 (m, 9H), 1.32 (s, 9H), 3.65 (s, 3H), 4.42-4.49 (m,
2H), 5.27 (dd, J=5.5, 15.1 Hz, 1H), 537 (d, J=6.2 Hz, 1H),
6.79 (d, J=8.2 Hz, 2H), 7.08 (d, J=8.9 Hz, 1H), 7.27-7.37 (m,
4H), 7.46-7.50 (m, 2H), 7.76-7.86 (m, 4H).

[0281] '°C NMR (DMSO-d,): § 23.3, 23.8, 23.9, 28.2,
54.9,55.3,64.9,65.9,70.6,70.69,70.74,77.8,112.7, 1133,
119.8,120.6,122.6,128.1,128.4,128.5,131.3,131.5, 131.8,
1334, 137.7, 140.2, 143.2, 154.6, 158.2, 164.46, 164.55.
[0282] *'PNMR (DMSO-dsH,PO, 50.00): 8 18.8 (major),
19.8 (minor)

[0283] ESI-HRMS m/z caled for C;3H, N,O4P): 593.2775
[M+H]". found: 593.2788.

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-(4-fluoro-phenyl)-ethyl]-phosphonic acid
diisopropyl ester

[0284]

[0285] mp: 67-73° C.
[0286] IR(KBr): 3435, 2979, 1717, 1489, 986 cm™".
[0287] 'H NMR (DMSO-d,): & 0.89-1.15 (m, 12F), 1.15
(s, 9H), 4.42-4.48 (m, 2H), 5.28-5.41 (m, 1H), 5.42 (d, J=6.9
Hz, 1H), 7.06-7.09 (m, 2H), 7.19 (d, J=11.1 Hz, 1H), 7.32-7.
51 (m, 6H), 7.77-7.86 (m, 4H).

[0288] '°C NMR (DMSO-d,): § 23.18, 23.24, 23.7, 23 8,
28.1,55.6,64.7,65.7,70.6, 70.79, 70.83,77.9, 114.5, 114.6,
119.8, 120.6, 122.6, 128.1, 128.4, 129.56, 129.61, 131.3,
131.5,131.9,137.5, 137.7, 140.2, 143.2, 154.6, 160.5, 162.1,
164.6, 164.7.
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[0289] *'PNMR (DMSO-d,H,PO, 50.00): § 18.6 (major),
19.4 (minor)

[0290] ESI-HRMS m/z caled for
581.2575 [M+H]*. found: 581.2570.

C,H, FN,O,P:

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-m-tolyl-ethyl]-ph osphonic acid diisopro-
pyl ester

[0291]

[0292] mp: 51-57.5° C.

[0293] IR(KBr): 3437, 2978, 1717, 1489, 958 cm™'.
[0294] 'H NMR (DMSO-dy): 8 0.93 (d, J=5.5 Hz, 3H),
1.10-1.16 (m, 9H), 1.33 (s, 9H), 2.19 (s, 3H), 4.43-4.49 (m,
2H), 5.28 (dd, J=5.5, 14.4 Hz, 1H), 5.38 (d, J=6.2 Hz, 1H),
6.94 (d,J=7.6 Hz, 1H), 7.06-7.19 (m, 4H), 7.30-7.37 (m, 2H),
7.46-7.49 (m, 2H), 7.76 (d, J=7.6 Hz, 1H), 7.81-7.85 (m, 3H).
[0295] '*C NMR (DMSO-dy): & 21.0, 23.3, 23.7, 23.9,
28.2,55.9,64.6, 65.6,70.7,77.9,119.8, 120.6, 122.6, 124.3,
127.5,127.8,128.0,128.1,128.2,128.4,131.2,131.5, 131.8,
136.7,137.7, 140.2, 141.3, 143.1, 154.6, 164.5 164.6.
[0296] 31PNMR (DMSO-d,H,PO, 50.00): 8 18.7 (major),
19.8 (minor)

[0297] ESI-HRMS m/z caled for C;3H,,N,O5P: 577.2826
[M+H]*. found: 577.2832.

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-o-tolyl-ethyl]-pho sphonic acid diisopropyl
ester

[0298]
Boce

O'Pr
P/

[0299] mp: 58.5-63° C.
[0300] IR(KBr): 3435, 2978, 1716, 1488, 984 cm™".
[0301] H NMR (DMSO-d,): & 0.90 (d, I=5.5 Hz, 3H),
1.10-1.24 (m, 9H), 1.33 (s, 9H), 4.43-4.50 (m, 2H), 5.21 (dd,
J=5.2, 14.8 Hz, 1H), 5.74-5.76 (m, 1H), 6.99-7.03 (m, 2H),
7.08-7.11 (m, 2H), 7.29-7.38 (m, 3H), 7.46-7.50 (m, 2H),
7.73-7.88 (m, 4H).
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[0302] '*C NMR (DMSO-dy): 8 19.1, 23.3, 23.7, 23.9,
28.2,51.4,63.4,64.4,70.7,70.8,77.9, 119.8, 120.6, 122.7,
125.5,126.7,127.2,127.8,128.2,128.5,129.8, 131.3, 131.6,
131.9, 134.5,137.7,140.0, 140.3, 143.2, 154.7, 164.86, 164.
94.

[0303] *'PNMR (DMSO-dsH,PO, 50.00): 8 18.7 (major),
20.1 (minor)

[0304] ESI-HRMS ny/z calced for C;3H,, N,O5P: 577.2826
[M+H]*. found: 577.2843.

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-(3-vinyl-phenyl)-ethyl]-phosphonic acid
diisopropyl ester

[0305]

[0306] mp: 52-56° C.
[0307] IR(KBr): 3430, 2979, 1719, 1489, 986 cm™".
[0308] 'H NMR (DMSO-d,): § 0.93 (d, J=6.2 Hz, 3H),
1.14-1.15 (m, 9H), 1.33 (s, 9H), 4.42-4.50 (m, 2H), 5.18 (d,
J=11.0 Hz, 1H), 5.31 (dd, J=5.5, 15.1 Hz, 1H), 5.40-5.42 (m,
1H), 5.71 (d, J=17.9 Hz, 1H), 6.63 (dd, J=11.0, 17.2 Hz, 1H),
7.15-7.24 (m, 3H), 7.28-7.36 (m, 3H), 7.46-7.51 (m, 3H),
7.75-7.88 (m, 4H).

[0309] '3C NMR (DMSO-d,): & 23.2, 23.6, 23.7, 28.1,
55.8,64.5,65.5,70.57,70.63,70.7,77.8,114.0, 119.7,120.5,
122.6,124.9,125.2, 126.9,128.0, 128.1,128.3, 131.2, 131 .4,
131.8, 136.5,137.6, 140.1, 141.5, 141.6, 143.1, 154.6, 164.5,
164.6.

[0310] 3P NMR (DMSO-d H,PO, 80.00): & 18.6 (major)
[0311] ESI-HRMS nvz caled for Cs,H,,N,OP: 589.2826
[M+H]". found: 589.2840.

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-furan-2-yl-ethyl]-phosphonic acid diiso-
propyl ester

[0312]

O'Pr
P/
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[0313] mp: 44-46.5° C.

[0314] IR(KBr): 3437,2979, 1719, 1491, 987 cm™".
[0315] 'H NMR (DMSO-dy): 8 1.00 (d, J=6.2 Hz, 3H),
1.15-1.28 (m, 9H), 1.34 (s, 9H), 4.49-4.52 (m, 2H), 5.41 (dd,
J=5.2,14.8 Hz, 1H), 5.50 (brs, 1H), 6.17 (d, J=2.7 Hz, 1H),
6.28 (t, J=2.4 Hz, 1H), 7.01 (d, I=8.9 Hz, 1H), 7.32-7.39 (m,
2H),7.47-7.53 (m, 3H), 7.77-7.78 (m, 2H), 7.86 (d, J=7.6 Hz,
1H), 7.91 (d, J=8.2 Hz, 1H).

[0316] '*C NMR (DMSO-dy): & 22.6, 23.3, 23.4, 23.7,
23.8, 28.0, 50.0, 62.2, 63.2, 70.7, 70.71, 70.84, 70.9, 78.0,
106.7,110.3,119.8,120.6,122.7,127.9,128.2,128.3, 131.2,
131.5,131.9, 137.6, 140.2, 141.8, 143.2, 153.4, 153.46, 153.
50, 154.6, 164.7, 164.8.

[0317] 3'PNMR (DMSO-dsH,PO, 80.00): § 18.0 (major),
19.3 (minor)

[0318] ESI-HRMS m/z calced for C;,H;,N,OgP: 553.2462
[M+H]*. found: 553.2480.

[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-2-thiophen-2-yl-eth yl]-phosphonic acid
diisopropyl ester

[0319]

[0320] mp: 60-65° C.

[0321] IR(KBr): 3437,1719, 1491, 987 cm™".

[0322] 'H NMR (DMSO-dy): 8 1.03 (d, J=6.2 Hz, 3H),
1.16-1.20 (m, 9H), 1.38 (s, 9H), 4.51-4.55 (m, 2H), 5.44 (dd,
J=4.1,15.8 Hz, 1H), 5.67 (br d, J=3.4 Hz, 1H), 6.84-6.86 (m,
1H),7.00(d, J=4.1 Hz, 2H), 7.25 (d, J=4.8 Hz, 1H), 7.32-7.37
(m, 2H), 7.47-7.51 (m, 2H), 7.77 (d, J=7.6 Hz, 1H), 7.82-7.85
(m, 2H), 7.98 (d, J=8.2 Hz, 1H).

[0323] '*C NMR (DMSO-dy): & 23.4, 23.8, 23.9, 28.1,
51.4,64.3,65.3,70.9,70.91,71.00,71.05,78.3,119.9, 120.6,
122.8,124.7,124.8,126.5,128.2,128.5,131.2,131.7, 132.1,
137.6, 140.3, 143.3, 145.2, 145.3, 154.5, 165.1, 165.2.
[0324] *'PNMR (DMSO-dH,PO, 80.00): 3 17.9 (major),
19.0 (minor)

[0325] ESI-HRMS nv/z caled for C;oH;,N,OPS: 569.
2234[M+H]". found: 569.2237.
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[2-tert-Butoxycarbonylamino-1-(fluoren-9-ylidene-
amino)-4-phenyl-butyl]-ph osphonic acid diisopropyl
ester

[0326]

[0327] mp: 124-131° C.
[0328] IR(KBr): 3292, 2978, 1711, 990 cm™".

[0329] 'H NMR (DMSO-d,): & 1.01 ((d, I=6.2 Hz, 3H),
1.16-1.21 (m, 9H), 1.30 (s, 9H), 1.79 (br, 1H), 2.01 (br, 1H),
2.01 (br, 1H), 2.63 (b, 1H), 4.21 (s, 1H), 4.55 (d, J=5.5 Hz,
2H), 5.10 (d, J=6.6 Hz, 3H), 6.45 (d, ]=8.9 Hz, 1H), 7.12-7.53
(m, 9H), 7.73 (d, J=7.6 Hz, 1H), 7.78 (d, I=7.6 Hz, 1H), 7.87
(d, J=7.6 Hz, 1H), 8.04 (d, J=8.2 Hz, 1H).

[0330] '>C NMR (DMSO-d): § 23.36, 23.41, 23.8, 23.9,
28.0,28.1,28.2,28.3,31.9,34.5,51.8,51.9,70.6, 70.7, 70.8,
77.5,99.4,119.7, 119.80, 120.6, 122.6, 122.7, 125.5, 125.7,
128.07, 128.12, 128.30, 128.33, 131.2, 131.3, 131.8, 131.9,
137.8, 140.3, 141.7, 143.2, 155.1, 164.0, 164.1.

[0331] *'P NMR (DMSO-d H,PO, 50.00): & 19.6 (major)
[0332] ESI-HRMS m/z caled for C,,H,,N,O.P: 591.2982
[M+H]*. found: 591.2992.

[2-tert-Butoxycarbonylamino-2-cyclohexyl-1-(fluo-
ren-9-ylideneamino)-ethyl]-phosphonic acid diiso-
propyl eater

[0333]

[0334] mp: 66-70° C.
[0335] IR(KBr): 3438, 2978, 1716, 1492, 986 cm™".
[0336] 'HNMR (DMSO-d,): 8 0.85-1.60 (m, 32I), 4.12-
4.17 (m, 1H), 4.51-4.58 (m, 2H), 5.18 (dd, J=4.8, 16.5 Hz,
1H), 6.29 (d, 1=9.6 Hz, 1H), 7.33-7.54 (m, 4H), 7.74-7.97 (m,
4H).

[0337] '>C NMR (DMSO-d,): § 23.4 8 23.5, 23.8, 23.9,
25.5,25.7,25.9, 27.8, 28.1, 28.2, 29.7, 40.39, 40.43, 55.7,
60.3, 61.3, 70.7, 77.4, 119.9, 120.7, 122.6, 128.1, 1283,
128.4,131.4,131.5,131.9,137.7, 1403, 143.2, 155.3, 164.2.
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[0338] *'P NMR (DMSO-d;H,PO, 50.00): 8 19.8 (major)
[0339] ESI-HRMS m/z calcd for C;,H,N,O.P: 569.3139
[M+H]*. found: 569.3149.

[0340] This application is based upon and claims the ben-
efit of priority from Japanese patent application No. 2008-
58993, filed on Mar. 10, 2008, the disclosure of which is
incorporated herein in its entirety by reference.

1. A manufacturing method of starting materials of
diamino acid derivatives represented by the following general
formula [11], said manufacturing method comprising reacting
a compound represented by the following general formula [I]
with a compound represented by the following general for-
mula [V].

General formula [II]

R4
SNi 0
2
|I! _OR
R? Sor?

(R? is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. All of R? may be identical to each
other, and may differ from each other. R? is a substituted
hydrocarbon group, a substituted heterocyclic group, an
unsubstituted hydrocarbon group, or an unsubstituted
heterocyclic group. R* is an electron-withdrawing
group. The fluorenyl group is a ring-substituted fluore-
nyl group or a ring-unsubstituted fluorenyl group.)

General formula [I]

(R? s a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. All of R* may be identical to each
other, and may differ from each other. The fluorenyl
group is a ring-substituted fluorenyl group or a ring-
unsubstituted fluorenyl group.)

General formula [V]
R4

\

R? H
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(R? is a substituted hydrocarbon group, a substituted het-
erocyclic group, an unsubstituted hydrocarbon group, or
an unsubstituted heterocyclic group. R* is an electron-
withdrawing group.)

2. A manufacturing method of the diamino acid derivative
starting materials according to claim 1, wherein said R* is a
hydrocarbon group having a carbon number of 1 to 8.

3. A manufacturing method of the diamino acid derivative
starting materials according to claim 1, wherein said R is a
hydrocarbon group having a carbon number of 1 to 8 or a
heterocyclic group having a carbon number of 1 to 8.

4. A manufacturing method of the diamino acid derivative
starting materials according to claim 1, wherein said electron-
withdrawing group is an alkoxycarbonyl group, an acyl
group, an arylsulfonyl group, or an alkylsulfonyl group.

5. A manufacturing method of the diamino acid derivative
starting materials according to claim 1, wherein a reaction
between the compound represented by said general formula
[I] and the compound represented by said general formula [ V]
is conducted in the presence of an optically active basic cata-
lyst.

6. A manufacturing method of the diamino acid derivative
starting materials according to claim 5, wherein said optically
active basic catalyst is any member selected from a group of
optically active guanidine compounds.

7. A manufacturing method of the diamino acid derivative
starting materials according to claim 5, wherein said optically
active basic catalyst is any member selected from a group of
optically active basic catalysts configured using MX, (M is
Be, Mg, Ca, Sr, Ba or Ra. X is an arbitrary group) and
compounds represented by the following general formula
[VI].

General formula [VI]

2
z

0,S—NH
Ré RS

(R7, R®, R®, and R'° each represents a substituted cyclic
group or an unsubstituted cyclic group. R® and R'° form
aring in some cases, and they do not form a ring in some
cases.)

8. A diamino acid derivative starting material, said diamino

acid derivative starting material being a compound repre-
sented by the following general formula [I].

I
_-OR?
C@ s

(R? is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. All of R* may be identical to each
other, and may differ from each other. The fluorenyl

General formula [I]
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group is a ring-substituted fluorenyl group or a ring-
unsubstituted fluorenyl group.)

9. A diamino acid derivative starting material according to
claim 8, wherein said R* is a hydrocarbon group having a
carbon number of 1 to 8.

10. A diamino acid derivative starting material, said
diamino acid derivative starting material being a compound
represented by the following general formula [1I].

General formula [II]

(R? is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. All of R? may be identical to each
other, and may differ from each other. R is a substituted
hydrocarbon group, a substituted heterocyclic group, an
unsubstituted hydrocarbon group, or an unsubstituted
heterocyclic group. R* is an electron-withdrawing
group. The fluorenyl group is a ring-substituted fluore-
nyl group or a ring-unsubstituted fluorenyl group.)

11. A diamino acid derivative starting material according to
claim 10, wherein said R? is a hydrocarbon group having a
carbon number of 1 to 8.

12. A diamino acid derivative starting material according to
claim 10, wherein said R® is a hydrocarbon group having a
carbon number of 1 to 8 or a heterocyclic group having a
carbon number of 1 to 8.

13. A diamino acid derivative starting material according to
claim 10, wherein said electron-withdrawing group is an
alkoxycarbonyl group, an acyl group, an arylsulfonyl group,
or an alkylsulfonyl group.

14. A manufacturing method of diamino acid derivatives,
said manufacturing method comprising removing a fluorenyl
group of a diamino acid derivative starting material repre-
sented by the following general formula [II].

General formula [II]

(R? is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. All of R? may be identical to each
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other, and may differ from each other. R? is a substituted
hydrocarbon group, a substituted heterocyclic group, an
unsubstituted hydrocarbon group, or an unsubstituted
heterocyclic group. R* is an electron-withdrawing
group. The fluorenyl group is ring-substituted fluorenyl
group or a ring-unsubstituted fluorenyl group.)

15. A manufacturing method of the diamino acid deriva-
tives according to claim 14, wherein said fluorenyl group is
removed with an acidic process.

16. A manufacturing method of the diamino acid deriva-
tives according to claim 14, wherein said R? is a hydrocarbon
group having a carbon number of 1 to 8.

17. A manufacturing method of the diamino acid deriva-
tives according to claim 14, wherein said R? is a hydrocarbon
group having a carbon number of 1 to 8 or a heterocyclic
group having a carbon number of 1 to 8.

18. A manufacturing method of the diamino acid deriva-
tives according to claim 14, wherein said electron-withdraw-
ing group is an alkoxycarbonyl group, an acyl group, an
arylsulfonyl group, or an alkylsulfonyl group.

19. A manufacturing method of starting materials of
diamino acid derivatives represented by the following general
formula [IV], said manufacturing method comprising react-
ing a compound represented by the following general formula
[1IT] with a compound represented by the following general
formula [V].

General formula [IV]

(R" is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. R? is a substituted hydrocarbon
group, a substituted heterocyclic group, an unsubstituted
hydrocarbon group, or an unsubstituted heterocyclic
group. R* is an electron-withdrawing group. The fluo-
renyl group is a ring-substituted fluorenyl group or a
ring-unsubstituted fluorenyl group.)

- A,

General formula [III]

(R! is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. The fluorenyl group is a ring-sub-
stituted fluorenyl group or a ring-unsubstituted fluorenyl

group.)



US 2011/0071310 Al
30

General formula [V]

R4
N -~

A

R? H

(R? is a substituted hydrocarbon group, a substituted het-
erocyclic group, an unsubstituted hydrocarbon group, or
an unsubstituted heterocyclic group. R* is an electron-
withdrawing group.)

20. A manufacturing method of the diamino acid derivative
starting materials according to claim 19, wherein said R' is a
hydrocarbon group having a carbon number of 1 to 8.

21. A manufacturing method of the diamino acid derivative
starting materials according to claim 19, wherein said R* is a
hydrocarbon group having a carbon number of 1 to 8.

22. A manufacturing method of the diamino acid derivative
starting materials according to claim 19, wherein said R? is a
hydrocarbon group having a carbon number of 1 to 8 or a
heterocyclic group having a carbon number of 1 to 8.

23. A manufacturing method of the diamino acid derivative
starting materials according to claim 19, wherein said elec-
tron-withdrawing group is an alkoxycarbonyl group, an acyl
group, an arylsulfonyl group, or an alkylsulfonyl group.

24. A manufacturing method of the diamino acid derivative
starting materials according to claim 19, wherein a reaction
between the compound represented by said general formula
[1IT] and the compound represented by said general formula
[V] is conducted in the presence of an optically active basic
catalyst.

25. A manufacturing method of the diamino acid derivative
starting materials according to claim 24, wherein said opti-
cally active basic catalyst is any member selected from a
group of optically active guanidine compounds.

26. A manufacturing method of the diamino acid derivative
starting materials according to claim 24, wherein said opti-
cally active basic catalyst is any member selected from a
group of optically active basic catalysts configured using
MX, (M is Be, Mg, Ca, Sr, Ba or Ra. X is an arbitrary group)
and compounds represented by the following general formula
[VI].

General formula [VI]
RIO

2

o

0,S—NH HN—S(\)

|
R’ R®

(R7, R®, R®, and R'° each represents a substituted cyclic
group or an unsubstituted cyclic group. R® and R'® form
aring in some cases, and they do not form a ring in some
cases.)

27. A diamino acid derivative starting material, said

diamino acid derivative starting material being a compound
represented by the following general formula [III].
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General formula [III]

o3 A,

(R" is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. The fluorenyl group is a ring-sub-
stituted fluorenyl group or a ring-unsubstituted fluorenyl
group).

28. A diamino acid derivative starting material according to

claim 27, wherein said R! is a hydrocarbon group having a
carbon number of 1 to 8.

29. A diamino acid derivative starting material, said
diamino acid derivative starting material being a compound
represented by the following general formula [IV].

General formula [IV]

(R" is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. R? is a substituted hydrocarbon
group, a substituted heterocyclic group, an unsubstituted
hydrocarbon group, or an unsubstituted heterocyclic
group. R* is an electron-withdrawing group. The fluo-
renyl group is a ring-substituted fluorenyl group or a
ring-unsubstituted fluorenyl group.)

30. A diamino acid derivative starting material according to

claim 29, wherein said R! is a hydrocarbon group having a
carbon number of 1 to 8.

31. A diamino acid derivative starting material according to
claim 29, wherein said R? is a hydrocarbon group having a
carbon number of 1 to 8 or a heterocyclic group having a
carbon number of 1 to 8.

32. A diamino acid derivative starting material according to
claim 29, wherein said electron-withdrawing group is an
alkoxycarbonyl group, an acyl group, an arylsulfonyl group,
or an alkylsulfonyl group.

33. A manufacturing method of diamino acid derivatives,
said manufacturing method comprising removing a fluorenyl
group of a diamino acid derivative starting material repre-
sented by the following general formula [IV].
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General formula [IV]
R4

/

NH (€]

R? OR!

0

(R is a substituted hydrocarbon group or an unsubstituted
hydrocarbon group. R® is a substituted hydrocarbon
group, a substituted heterocyclic group, an unsubstituted
hydrocarbon group, or an unsubstituted heterocyclic
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group. R* is an electron-withdrawing group. The fluo-
renyl group is ring-substituted fluorenyl group or a ring-
unsubstituted fluorenyl group.)

34. A manufacturing method of the diamino acid deriva-
tives according to claim 33, wherein said fluorenyl group is
removed with an acidic process.

35. A manufacturing method of the diamino acid deriva-
tives according to claim 33, wherein said R" is a hydrocarbon
group having a carbon number of 1 to 8.

36. A manufacturing method of the diamino acid deriva-
tives according to claim 33, wherein said R? is a hydrocarbon
group having a carbon number of 1 to 8 or a heterocyclic
group having a carbon number of 1 to 8.

37. A manufacturing method of the diamino acid deriva-
tives according to claim 33, wherein said electron-withdraw-
ing group is an alkoxycarbonyl group, an acyl group, an
arylsulfonyl group, or an alkylsulfonyl group.

sk sk sk sk sk
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