PROCESS FOR PRODUCTION OF N-CARBAMOYL-TERT-LEUCINE TECHNICAL FIELD [00011
5The present invention relates to a process for producing an N-carbamoyl-tert-leucine which is useful
as an intermediate for various pharmaceutical products and agrochemicals. BACKGROUND ART
10[0002] An Rr¢arbamoytert-Rsuging, Mhicky Eal berdrbaticed by eatbamaylizifny the amino group
of tert-leucine, i.e. 2-amino-3,3-dimethyl butanoic acid, is useful as a synthesis intermediate for various
pharmaceutical products and agrochemicals. 15 In particular, it is reported in Patent Document 1 that
N-tert-butycarbamoy-Lrtert-leucine is very useful as a precursor of a hepatitis C virus protease
inhibitor. [0003] In general, it has been well-known as a method for synthesizing 20 an
N-carbd®®yildmino acid that an amino acid is mixed with an isocyanic acid compound for reaction
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various pharmaceutical products and agrochemicals.

BACKGROUND ART
10 [00021
An N-carbamoyl-tert-leucine, which can be procduced by
carbamoylizing the amino group of tert-leucine, i.e.
2-amino-3, 3-dimethyl butanoic acid, is useful as a synthesis
intermediate for various pharmaceutical products and agrechemicals.
15 In particular, it is reported in Patent Document 1 that
N-tert-butvylcarbamoyl-L-tert-leucine is very useful as a precursor
of a hepatitis C virus protease inhibitor.
[0003]
In general, it has been well-known as a method for synthesizing
20  an N-carbamoyl-amino acid that an amino acid is mixed with an
isocyanic acid compound for reaction (Non-patent Document 1 and
Patent Document 2).
Non-patent Document 1: "“Jikken Kagaku Koza (The course of
chemical experiment) 5™ edition", MARUZEN Co. Ltd., vol. 14, p.
25 429
Patent Document 1: JP 2006~528133 T

Patent Document 2: JP €0-1559¢8 A

DISCLOSURE OF THE INVENTION
30 PROBLEMS TO BE SOLVED BY THE INVENTICN
(00047

However, as a result of in-depth study by the present inventors,
I



30 PROBLEMS TO BE SOLVED BY THE INVENTION [0004] However, as a result of in-depth study
by the present inventors, 1 it was found that an N-carbamoyl-tert-leucine cannot be efficiently
produced by the above method, since a dipeptide-like compound due to dimerization and a urea
compourdwiesivied: fram leanti socyanic atidneopipausctaregeneraiethas by -proaucis /0805y The
above "a dipeptide-like compound” is a condensation product of an N-carbamoyl-tert-leucine and

tert-leuBin8 ETE the ¥Ya UtEa®dmFodiid 18 SrredclioR produdtR arrisodyarfic SEPEOHPoGHE and an
amine gomponnd generaledasiaby-praductby. the degradation of an ispcyanic acick compoynd.

[0006] Under the above circumstance, the objective of the present invention is to provide a method
for producigran d-sahamoyitetdsucise withthigid efficiency, while the generation of by-products
such as_a djpeptide-like compound and a urea compound is prevented. MEANS FOR SOLVING THE
PROBL 007]  The present inventors made various investigations to solve the

above-mentianed jreblems; @nd-as-a desult feupd-that ihbecomespossible ta-easily praduce an

N-carbamoyl-tert-leucine with-high efficiency by controlling the pH during the reaction and the ratio of

reagentdfuged tordpspescivh: [0006] L ¢ R B frst aspd@ rheteisdrovidealnd pidcessFor prgduction of
-an N-carhamaylstert-leucine sepresgnied by, the gengral farmula (). ¢OOHQ o0und and
| an amine compound generated.as a bprroduct by the degradation of

an isocyanic acid compocund.

F0006]

Under the above circumstance, the objective of the present
inventicn is to provide a method for producing an
N~carbamoylwtertmleucine with high efficiency, while the
generation of by-products such as a dipeptide-like compound and

a urea compound 1s prevented.

MEANS FOR SOLVING THE PROBLEMS
[C007]

The present inventors made various investigations to sclve the
above-mentioned problems; and as a result, found that it becomes
possible to easily produce an N-carbamoyl-tert-leucine with high
efficiency by controlling the pH during the reaction and the ratio
of reagents used for the reaction.
[0008] Y

In & first aspect, there is provided a process for production of :
an N-carbamoyl-tert-leucine represented by the general formula (2)

N N

\R1

COCH O
(2)

whexein,Rlisakgmkogenatmn,anoptionallysubstitutedalkylgroup
2



(2) wherein, R1 is a hydrogen atom, an optionally substituted alkyl group having 1 to 10 carbon
atoms, or an optionally substituted aryl group having 6 to 12 carbon atoms, = comprising a step of
‘mixing tert-leucine with an isocyanic acid compound represented by the general formula (1):
R1-N=C=0(1) wherein, Rl is the same as described above, while a pH of the mixture is kept at not less
than 8.0 and not more than 13.5,  wherein an amount the isocyanic acid compound is not less than

0.9 times by.mole and ngt mote th times relative nt rt-leucin
EFFEC?%%LPI% é ?ﬁ%@@ﬁa\"ﬁfbﬁgﬁ%ﬂhg br%}ég%ﬁj?fgrn%oy ﬁkﬁ%%or%aé\%{o%sﬁ é%% gécflsglgfbprod uce
5 an N-gashamgyletert-lengineavidohighwefficiency, while the generation of by-products such as a
dipeptide-like compound and a urea compound is prevented. BEST MODE FOR CARRYING OUT

THE INVENTRATAD{0OT0R [BEIZIP ©nthe présErtnvertidn: 2R KidimoyRiererutine
reWesaﬁSﬂ&BﬁﬂagﬁgﬁEéégﬁ@éé(%y the general formula (1}:

R*-N=C=0 (1)
wherein, Rl is the same as described above,
while a pH of the mixture is kept at not less than 8.0 and not more
than 13.5,

wherein an amount the isocyanic acid compound is not less than
0.9 times by mole and not more than 1.1 times by mole relative an

amount cf the tert-~leucine.
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15COOH 0 (2) can be produced by reacting tert-leucine with an isocyanic acid compound represented
by the general formula (1): R'-N=C=0(1). 20[0013]  R1 in the general formula (2) is derived from an
isocyanic acid compound used for the reaction, and is the same as R1 in the general formula (1).
[0014] 25First, the precursor compound used in the present invention and the target compound are

explained-{0015] . -Inthe isacyanigacid compound represented by the general formula (1):
30R1-N=C=0(1) and used in the present invention (hereinafter, the compound is sometimes described

as "jsocﬁﬂé)ﬂ@ acid compound (1)"), R1 _is a hydroggn atom, an optionally substituted alkyl group
having 1 to 40 carbon atome, of 2n.9ptionally subsiited any raypiaving 619 42 garben atoms.
5 an N-carbamoyl-tert-leucine with high efficlency, while the
generation of by-products such as a dipeptide-like compound and

a urea compound is prevented.

REST MCDE FOR CARRYING OUT THE INVENTION
10 [0010]~[0012]
In the present invention, an N-carbamoyl-tert-leucine
represented by the general formula (2):
R N

\R1

i5 CCOH O
(2)
can be produced by reacting tert-leucine with an isccyanic acid
compound represented by the general formula (1):
R -N=C=0 (1) .
20 [0013]

R' in the general formula (2) is derived from an isocvanic acid
compound used for the reaction, and i1s the same as R' in the general
formula {(1).

00143

25 First, the precursor compound used in the present invention
and the target compound are explalned.
(0015]

Tn the isocyanic acid compound represented by the general
formula {1):

30 R'-N=C=C (1)
and used in the present invention (hereinafter, the compound is

sometimes described as "isocyanic acid compound (1)"), R' is a
3



5The alkyl group having 1 to 10 carbon atoms is not particularly limited, and may be linear, branched,
cyclic or noncyclic. The examples thereof include a methyl group, an ethyl group, a n-propyl group, an
i-propyl group, a n-butyl group, an i-butyl group, a T-butyl group, a n-pentyl group, a cyclopentyl group,
a n-hexyr 10%E6p 2& efeloRBxylgréap 2a Axheptyisgrotip t& A-6625Y §rélps En mdnhyRgrolp: @ n-decyl
aroup. and M ke, 1904717 e aryl group. haing fyjo 12 carbon aloms Js Robpartigulggly, o Jimited.
The examp?est éreof include a pheny?Lngtoup, an |Xdeny 15group, a |§hen%ll)[group, a naphthyl
group, and ¢he like:40018] Among the above,is preferably an alkyl group having 1 to 10 carbon atoms
and an aryl group having 6 carbon atoms, more preferably an alkyl group having 2 to 6 carbon atoms

and an &iy1'20 group having 6 carbon atoms, more preferably an ethyl group, a n-propyl group, an

I-psopyl groups-a n:byty| group, AR -hutyl group.ia t@é@d&-ﬁog@@a@dirgq%_er%fsf%mx@ﬂa@ﬂyl group.
[0019] The substituent for the alkyl group and the aryl group is not 25 particularly limited, and the
examplestthéredf inchutlera halogehiatem; a fyelroxy:groups anlamino yrogp.ca carboxy drotip, an
ether grou%) and thehlikgé%OfO%(r)Jc'liQ}%opticrgégHri of tert-leucineygeg in the§resent inventii)n 30is

not parﬁéiu Iahﬁ)y ﬁr%iice ,anda FACEMIC sUbStancd oPan %Bfic%ﬁy?actlge substaricé thereof can be used.

In the raethod of dhe present inveptionpyhen anmpticallyractive, substarcaiiswsest-dup, a
t-butyl group, a n-pentyl group, a cyclopentyl group, & n—hexyl
10  group, a cyclohexyl group, a n-heptyl group, a n-octyl group, a
n-nonyl group, a n-decyl group, and the like.
(0017}
The aryl group having 6 to 12 carbon atoms is not particularly
limited. The examples thereof include a phenyl group, an indenyl
15 group, & biphenyl group, a naphthyl group, and the like.
[0018]
Among the above, R is preferably an alkyl group having 1 to
10 carbon atoms and an aryl group having © carbon atoms, more
preferably an alkyvl group having 2 to 6 carbon atoms and an aryl
20 group having 6 carbon atoms, more preferably an ethyl group, a
n-propyl group, an i-propyl group, a n-butyl group, an i-butyl group,
a t-butyl group, and most preferably a t-butyl group.
[0019]
The substituent for the alkyl group and the aryl group is not
25 particularly limited, and the examples thereof include a halogen
atom, a hydroxy group, an amino group, & carboxy group, an ether
group, and the like.
(0020
The optical purity of tert-leucine used in the present invention
30 is not particularly limited, and a racemic substance or an
optically-active substance thereof can be used. In the method of

the present invention, when an optically-active substance is used,
4



the target compound can be obtained without racemization. [0021] The commercial product of
tert-leucine may be used, and tert-leucine produced by a conventional method may be also used. 5
For example, tert-leucine can be synthesized by the reaction described in JP 10-72419 A and the
biologid¢dl e &ctiopedeseribad i I PBLB0230L T The $horphbleyyof teérf38liciié t6°Be used is not
particul I&i ited, and both of the crystal thereof and the solution thereof, such as the aqueous
solutior, can be used. 10[0022]  Next, the conditions of the reaction in the present invention are
specifically explainred:{8023]A selvertusedif the presentdnventioays inet paricdularlydl5 limited, and
both of water and an organic solvent can be suitably used. The organic solvent is not %articularly
ﬁy%ﬁﬁ t

limited,*Hd-the 8¥amisieB TRErDF thefid & afiphat BEdrdBh Sotventd uch &5 péntane “hexane,
heptane apdnctane; aromatic hydrocarbon. salveatssuch-as;berzens, taluene andylgne;

halogenated solvents such as 20 methylene chloride, chlorobenzene, chloroform and
1,1,1-trichicroéthenel ethidr Sdlveritd Sbch astdtrahydiofarend 18 dioxane tdiethyléther, ethyl
tert-butyl ether a [ lether; ester solvents such as ethyl acetate, n-propyl tate, isopropyl
acetate¥rﬁ-gﬁy% ﬁ%ga?gj %/n% ter?—%%tﬂoarc%%aﬁ% Ogg k%i%ggﬁv%%%sgéﬁi& éé égcget%o%n%?rgéstﬁggé'thyl
ketone padimethykisobutyl ketone; alcobholsalvenis sunk as:pethahol; lethanef, propanakand butanol;
nitrile solvents such as acetonitrile; amide solvents such as N,N-dimethylformamide,

N, N-dirfigthylatcelodrie o NSHethyfsy molBoRE StREFSsSI0ants stich adintéthylSiifoxide. 30 The
ofganic.sivents and water may be singly used, and the two or more solvents are mixed at arbitrary
ratio to E)e used. The order for the mixing is not particularly limited. [0024] Among the examples, in
order to achite:a preferablerticiivinsand & highriewability ofithehreactios snikturesehiwhen a small

amount of solvent isfuseq,wwate}rg ang/iorg g water-miscible solvent 5 are preferable, and water and/or
tetrahy%éfm’urgﬁ?fle-&ig%ﬁg, acetorie; acetone, methanol, ethanol, isopropanol, acetonitrile are more

preferableg since the solubility of tert-leucine, which is an amino acid, to water and a water-miscible
solvents is high. [0025] 10The use amount of the solvent is not particularly limited; however, the
amount of sidgly 8586 3BIVERtSr tHe totdl ariGLTtIOF mMikda Soiventstid preferabty not fe<sithdn 1 time

by yveight and not mare han, 50, imes by welght, mare preferanly nat less.than 2 timas By, weight and
not more than 20 times by weight, relative
used. The organic solvent is not particularly limited, and the
examples thereof include aliphatic hydrocarbon solvents such as
pentane, hexane, heptane and octane; aromatic hydrocarbon solvents
such as benzene, toluene and ®xyiene; halogenated solvents such as
20 methylene chloride, chlorobenzene, chloroform and
1,1, 1l~trichloroethane; ether solvents such as tetrahydrofuran,
1,4-dioxane, diethylether, methyl tert-butyl ether and
dibutylether; ester solvents such as ethyl acetate, n-propyl
acetate, isopropyl acetate, n-butyl acetate and tert-butyl acetate;
25 ketone solvents such as acetone, methy ethyl ketone and methyl
isobutyl ketone; alcochol solvents such as methanol, ethanol,
propanol and butanol; nitrile solvents such as acetonitrile; amide
solvents such as N,N-dimethylformamide, N,N-dimethylacetoamide
and N-methylpyrrolidone; other solvents such as dimethylsulfoxide.
30 The organic solvenits and water may be singly used, and the two or
more solvents are mixed at arbitrary ratio to be used. The order

for the mixing is not particularly limited.
5



15 to tert-leucine, in terms of production efficiency. [0026] A mineral salt may exist as a coexisting
material other than an organic solvent. The examples of such a mineral salt which may coexist include
sodium chloride, ammonium chloride, potassium 20 chloride, sodium sulfate, ammonium sulfate and
ammonidrddtomide; however, the mineral salt is not limited thereto, and it can be evaluated with a
simple exper(llg%ent whether the Tlneral salt may coexist or, Qf%t.a[OOZQ Zgégfgctlog lemperature in the

present inven ion e n&epgﬁﬁ:rﬁarﬁ/slimjrt%d);%o%vever,atﬁe Jpresentzfr*?\?en%on can be generaﬁlyypracticed

from thesglidifisation poutt i@ the: beiling point of ausalvent, andthe temperatutesis preferably -2 0 C to
100C, and more preferably -10C to 50C. The boiling point of a solvent 30 is generally dependent on
pressurdlail the Fe&6tiorrédn bé caFRéd otittRderanyy BF retuteddreBede dntfintreased pressure

in gddition.to grdinary pressute,4[0028]. The value of pElduringthereaction: is.controlled into the
predetermined range described below. If the value of pH during the reaction is low, the time of the
reactior: tendsrte be pralonged@ andrecdipeptidesike ,compound 40 be dimerizedlis easityagenerated.
On the other hand, if the value of pH during the reaction is high, it becomes easier that the.isocyanic
addcoWﬁﬁ%n@?Tf%ﬁﬁ%% 1&% tge Séié%lE Q g Te q% % 13

Sded ahda urta compoundlwﬁic% is coﬁaénseé‘%ﬁ)lﬁnﬁrbd‘dc “of anamine

compound generated-by;the-degragdation yith:the dsecyanicsacid 10 compeunics(1) és gererated as
by-products. The present inventors found that the quality and yield of the product become inferior and
the proddétionlefficiency is decreased, if the pH range of the reaction mixture is not adequately

caprrolled. [00g9] Tathe.iouer imitot the adedvatenijange 19,80, prefetably 8.5, margreferablys. .
e

The upper limitis 13.5, preferably 13.0. However, the pH may be out of the abdve range in a short
time suth tkateachtimpurity coesaotcontinyets de intermittenthyr geherdted 50030p20The imeans for
controlling the pH to the above range is not X .

mixed solvents i1s préferably not less than 1 time by weilght and

not more than 50 times by weight, more preferably not less than

2 times by welght and not more than 20 times by weight, relative

15 to tert-leucine, in terms of production efficliency.

[0026]

A mineral salt may exist as & coexisting material other than
an organic solvent. The examples of such a mineral salt which may
coexist include sodium chloride, ammonium chlcoride, potassium

20 chloride, sodium sulfate, ammonium sulfate and ammonium bromide;
however, the mineral salt is not limited thereto, and it can be
evaluated with & simple experiment whether the mineral salt may
coexist or not.

[0027]

25 A reaction temperature in the present invention is not
particularly limited; however, the present invention can be
generally practiced from the solidification point te the boiling
point of a solvent, and the temperature is preferably ~20°Cto 100°C,
and more preferably -10°C to 50°C. The boiling peint of a solvent

30 is generally dependent on pressure, and the reaction can be carried

out under any of reduced pressure and increased pressure in addition

to ordinary pressure.



limited. In general, the pH which is decreased with the progress of the reaction may be controlled to
the above range using a base; and the pH may be controlled to relatively-high level in the above range
at earlier stage of the reaction and regulated in the reaction 25 as need arises as long as the reaction
can be ¢onmpidted in the above pH range. In addition, the addition order, addition rate, and addition
means, such as continuous addition and intermittent addijtion, for the reagents is not limited as long as
pH is maintai 6}88 in the'rany .%%[(%ﬁtfjng TheS base (sed Th ths p?géletrﬁ%lzgeenétiojﬁqgsc%d; ifmited as
long asghe deaction; ofdert-laucine vaththedsogyanic; acid-eompound uElkis pet mhibitegd.cHae
examples thereof to be used include hydroxides of alkali metal, such as sodium hydroxide and
potassitifEifyidrexides hydioxidescof ailkidinefedrEmeta Csuch as Bidghesriny Ry droxide @id calcium
nvaroxider,carbanaigs ohalkel fetal ol a assadiuim gathonate A0d.patpesiurm camanaje:
hydrogencarbonate ofLaI all metal, such as sodium hydrogencarbonate and potassium
hydrogencarbenatéeerganic paséstsuchvas pyridifiesdind triethylaniner sAmong the examyples,

inorganic bases are preferable, and hydroxides of alkali metal, carbonates galkali metal n%
Py Qi ABOTAR 109t Bk Btat B Mof PIETerabia o (1 Tl bk arkdt HARHARG Broperty

thereof ;Fhe hases may-he ysed as:a solution suehias agueeus solytion and alspiindhe;solid state.
[0032] Next, the quantitative ratio of tert-leucine and the isocyanic 15 acid compound (1) . [0033]

As mentiohieg above st tHaarfouny of-the iSegamiciadidicorigound e (1pisaviagh Righer than that of
terileucine, a lot of a.urea compound derived from the degradation of the isocyanic.acid pound is
;gb §§ggé&ﬁgﬂ 5 G2 8§§%e8 gs o) duéﬁg. eﬂe éf%%é§¥ ﬁ&%ﬁvgg@

Co T Vi O
generalf] oducts; and the yield and qLFaJﬁty of the compou ) are decreased. The use
amountsafihe isocyanictacid.compoyndr(d) relative toiertHeucine shouldlee-deerehséd in order to

avoid the circumstance; however, the yield is naturally reduced if the decreased amount is too much.
In additfft ndetesio Syt A6 Fédidbaren-fed (i sTRRed inthe ComPEURa2Y, b d&bfease the
quality. Therefore, there-is.an optimum range.of the yse gmount of.the isocyanic acid compound (1) in
order to optimize a production efficiency. The lower limit thereof is 0 . 9 times by mole, preferably 0.95
times by P61€, I relative to tert-leucine . The upper 30 limit thereof is 1.1 times by mole, preferably 1.05
tiTgS by mol%hrglaltigveqég tﬁq_r!ﬁ Cig% @Qéﬂadequate pH range is 8.0, preferably
8.5, more preferably 9.0. The upper limit is 13.5, preferably 13.0.
However, the pH may be out of the above range in a short time such
that each impurity does not continue to be intermittently generated.
[CC301]
20 The means for controlling the pH to the above range is not
limited. In gensral, the pH which is decreased with the progress
of the reaction may be controlled to the above range using a base;
and the pH may be controlled to relatively-~high level in the above
range at earlier stage of the reaction and regulated in the reaction
20 as need arises as long as the reaction can be completed in the above
pH range. In addition, the addition order, addition rate, and
addition means, such as continuous addition and intermittent
addition, for the reagents is not limited as long as pH 1s maintained
in the range.
30 [0031]

The base used in the present invention is not limited as long

as the reaction of tert-leucine with the isocyanic acid compound

7



The N-carbamoyl-tert-leucine represented by the general formula (2) can be produced by the
above-mentioned method. The compound is sometimes called as "the compound (2)". The means for
- obtaining the compound (2) as the target compound from the reaction 5 mixture is not limited, and a

general post-processingmethod£an begarisdep dxgenrakdie eempoungddd) earbaabtained by
acidifying the solution by adding a general acid such as hydrochloric acid and sulfuric acid, since the

compouRd¢ZPihitnsis e caliouy/ icBEBLNIIFRSESs BSHIET EUSEH LIS S IR RBEFE 10 pH
range.e%ri{?%%g%%?g%%&%ex@&%g MR %'&eég@gha%éégﬂd’ thedaraet Qung,gan be

obtain he so eparation. However, if the target compound is not liberated™as a solid or the
intendedhputification effidiencyanchyieldicannolde achibeed extracfionldperation ady, bewadrried out
by adding a 15 general organic solvent such as toluene, ethyl acetate, diethylether and hexane. [0035]

The orgéic SOREHT uSET Rk chibh JpRTARFHETh ot FieR oL ghHHE PGAITE SBREAT §Rould be
selecteddepending opdhe, 20 selubility of é'a%%m%ga@&%kﬂ@&%%@ﬂgé%\fﬁ@tﬁ&ﬁi@@s@iﬁ&'y used

or two or more solvents are mixed to be used in combination. When the above water or water-miscible
solvent Whighasfrsrcaat @Bafood Soent s psed snecobhralivl Withh e generaldaneramonextraction,
the extr%ntlign c%rflcerét%%tggnlcasn bfnincreg%gg |£| 285€%omreecas%sfd40%%q_]e' TQS extract }rﬁ%}ége directly
used for cryﬁglllza%on opéJraﬁoh; and the extrac?may be Whshe gy water for removing water-soluble

impuritiesfok thestaigateeih poridbap bedissoleekinto meterayed 30,dgain dyalkalidyiagdbe mixture
for removing impurities, if necessary. When the target compound s dissolved into water again, the

target cGthpotiia th6& Ty SafiZBerGr BXFAGER MG aft Otohfit SoN&Ht Wy atBfyif e mkure
again. [%éerty thereof. The bases may be used as a solution such as

agqueous solution and also in the solid state.
[0032]
Next, the quantitative ratioc of tert-leucine and the isocyanic

15  acid compound {(1).

{0033]

As mentioned above, if the amount of the isocyanic acid compound

{1) iz much higher than that of tert-leucine, a lot of a urea compound

derived from the degradation of the isocyanic aéid compound is
20 generated as by-products, and the yield and quality of the compound

(2) are decreased. The use amount of the isocyanic acid compound

(1) relative to tert-leucine should be decreased in order to avoid

the circumstance; however, the yield is naturally reduced if the

decreased amount is too much. In addition, needless to say, a
25 residual tert-leucine is wmixed in the compound (2), to decrease

the quality. Therefore, there is an optimum range of the use amount

of the isocyanic acid compound (1) in order to optimize a production

efficiency. The lower limit thereof is 0.9 times by mole,

preferably 0.95 times by mole, relative to tert-leucine. The upper
30 limit thereof is 1.1 times by mole, preferably 1.05 times by mole,

relative to tert-leucine.

[0034]



The target compound can be crystallized by treating thus obtained solution of the target compound
with well-known 5 crystallization operation such as cooling crystallization, concentration crystallization
and crystallization by adding poor solvent. In addition, crystallization by adding a suitable base to the

target compoyng and daembHBING asai -Maybekaries oukomhiaingrystals. Joys ebiained target

compound is almost pure; 10 however, the purity thereof may be further increased by a general

purificatfoPraperatidd sueRased rHAEHESHate rafiy . EHOVRPIERTDOBSFL B1eélenthiterT e
examples of th%rpéefsn%é@r‘{ %‘%%%%réadff&@bggi *ﬂQ}‘)’eeV@&égéd%; intengled ‘ﬂff‘%jtﬁ%é’ﬁ%s%%&j”"emio”
0 i ] t

be limited to-the examples. he quantity of an N-carbamoyl-tert-leucine, the purity, and 20 the
quantity«t adipe ptideHke-eampatudd @nd asurgeecompeend-asnpyyprdd Getsnwehe determtined by the
following HPLC condition 1, and Calculation formulae 1, 2 and 3. [0040] HPLC condition 25Column:
Water SYmfR&trs C1B 825 uht ES65hm X6 nAERET B0IRAR tempeidl B8 8etofiBevice: UV

DetectignDeyvice {(wavelepgth 12l Qam) Maving phasembbe fpilosng dae poasamyasadgpted. In
the table, "Moving phase A" is a 0.1% by weight aqueous phosphoric acid, 30 and "Moving phase
B" is acetohildley j0u4ihe solution by adding a general acid such as
hydrochloric acid and sulfuric acid, since the compound (2) which
ig a carboxy compound exists as a salt of the used base in the above
10  pH range. On this occasicn, if the target compound is liberated
as a solid, the target compound can be obtained as the solid by
separation. However, 1f the target compound is not liberated as
a solid or the intended purification efficiency and yield cannot
be achieved, extraction operation may be carried out by adding a
15 general organic solvent such as toluene, ethyl acetate,
diethylether and hexane.
[0035]

The organic solvent used for extraction operation is not limited,

though the organic solvent should be selected depending on the
20 sclubility of the compound (2). The organic solvent may be singly

used or two or more solvents are mixed to be used in combination.

When the above water or water-miscible solvent which often acts

as good solvent is used in.combination with the general solvent

for extraction, the extraction concentration can be increased in
25  soOme cases.

[0036]

The extract may be directly used for crystallization operation;
and the extract may be washed by water for removing water-scluble
impurities or the target compound may be dissolved into water layer

300 again by alkalifying the mixture for removing impurities, if
necegsary. When the target compound is disso_lved into water again,

the target compound can be crystallized or extracted into an organic
9



[Table 1] The ratio of HPLC Moving phases A and B Time(min) Moving phase A Moving phase B 0
959 255953059530.195

solvent by acidifying the mixture again.
[0037]
The target compound can be crystallized by treating thus
obtained solution of the target compound with well-known
5 crystallization operation such as cooling crystallization,
concentration crystallization and crystallization by adding poor
solvent. In addition, crystallization by adding a suiltable base
to the target compound and then forming a salt may be carried out
to cbtain crystals. Thus obtained target compound is almost pure;
10 however, the purity thereof may be further increased by a general

purification operation such as column chromatography.

FEXAMPLES
[0038]

15 Hereinafter, the examples of the present invention are
described; however, it is not intended that the present invention
be limited to the examples.

[0039]
The quantity of an N-carbamoyl-tert-leucine, the purity, and

20 the quantity of a dipeptide-like compound and a urea compound as
by-products were determined by the following HPLC condition 1, and
Calculation formulase 1, 2 and 3.

[0040]
HPLC condition 1
25 Column: Water Symmetry C18 (3.5 um, 150 mm x 4.6 mm i.d.)
Column temperature: 35°C
Detection Device: UV Detection Device (wavelength: 210 nm)
Moving phase: The following time program was adopted. In the
table, "Moving phase A" is a 0.1% by weight agueous phosphoric acid,
30 and "Moving phase B" is acetcnitrile.
[0044]

[Table 1]
10



545 STOP [0042] Flow speed: 1.0 ml/min 5Calculation formula 1

The amo

unt of a dipeptide-like

compound (%) = (the value of the area of a dipeptide-like compound) / (the value of the area of an

N-carbamoyl-tert-leucine) 10Calculation formula 2

value d

The amount of a urea compound (%) = (the

Tihe arcal & Weeicorapound) ¢ (Ihewalde phinearea of-an N-carbamo

15Cald

araton IpEmUiEsS,  Th

Uy Of anYLaEnamo

yI-ierklenens{¥e)= (Ehe|

yl-tert-leucine)
value of the area of an

N-carb

moy-teTt-igreine) 77(th

value of thexotal area)

[0043] 20N ghe Exampl

s, the enantiomer

amoun
Calcula

TTarm N-Tayamoyi-tert

feucine wa%determine

Dy theTollaring HPLC

condition 2 and

tc wnditign 2

95

10

15

20

25

-

36.1

95

5

45

STOF

[0042]

Flow speed: 1.

Calculation form

The amount of a dipeptide-like compound
the area of a2 dipeptide-like compound)

cof an N-carbamoyl-

Calculation form

The amount of a urea compound (%)

/

a urea compound)

0 ml/min

ula 1

tert-leucine)

ula 2

N-carbamoyl~tert-leucine)

Calculation formula 23

The purity of an N-carbamoyl-tert-leucine (%)

(%)
/

{the value of the area of an

{the value of

(the value of the area

{(the value of the area of

(the value of

the area of an N-carbamoyl-tert-leucine) / (the value of the total

areda)

(00431

In the Examples,

the enantiomer

amount 1in an

N-carbamoyl-tert-leucine was determined by the following HPLC

condition 2 and Calculation

[0044)
HPLC condition 2
Column:

INDUSTRIES LTD.

Column temperature:

Detection Device:

formula

30°C
UV Detection
11

4

(250 mm x 4.6 mm i.d.)

Device

CHIRALPAK AS-H manufactured by DAICEL CHEMICAL

{wavelength: Z10 nm)



25Column: CHIRALPAK AS-H manufactured by DAICEn CHEMICAL INDUSTRIES LTD. (250 mm x
4.6 mm i.d.) Column temperature: 30C Detection Device: UV Detection Device (wavelength: 210 nm)
Moving phase: n-hexane / isopropanol = 90 / 10 (v/v) Flow speed: 1.0 ml/min Calculation formula 4
5The enantiomeriammount @) - {theyalie-of/the srea of enantiemer) / (thelvalue of the area of an
N-carbamoyl-tert-leucine) [0045] Example 1 The pH of a stirred aqueous solution (1150 g) containing
10 tert-leucine B0 862 mindl) Wadatiusted to 11.5 using a 48% by weight aqueous sodium
hydroxide solution. Thereafter, tert-butyl isocyanate (75.5 g, 762 mmol) was slowly added thereto in an
ice bath. The reaction was completed in 6 hours after the addition. The reaction mixture was analyzed
with HPLCzasaresuk 15 it wasifouhd that 172 g of N-tert-butylcarbamoyl-tert-leucine was generated

geRorated. THEBH Ui 1A QBN AU Afer L OAon was b.3-o0a6] 20EA NS = The pt
of a stired aguequs selutien {£5Q g} sortaining k-teddeucine (18@ gr 762 mmolk was adjusted to 11.5
using a 48% by weight agueous sodium hydroxide solution. Thereafter, tert-butyl isocyanate (75.5 g,
762 mnidlf vas slowly added thereto 25 in an ice bath. The reaction was completed in 6 hours after
the additign, _The, reaction mixture was analyzed with HPLC; as a result, it was found that 172 g of an
N-tert-butylcarbamoyl-L-tert-leucine was generated (yield: 98%), and 0.02% of a dipeptide-like
compound arith®.07% of NgNsdi{terebutyiursawerecgerierated ! Thetangourm@otefithéehantiomer was
beipw measurable IMits. | fyo™ 91% JDe.RH of the eaction mixiure aftgs the reaction wag,9,3
by welght agueous sodium hydroxide solution. Thereafter,
tert-butyl isocyanate (75.5 g, 762 mmol} was slowly added thereto
in an ice bath. The reaction was completed in 6 hours after the
addition. The reaction mixture was analyzed with HPLC; as a result,
15 it was found that 172 ¢ of N-tert-butylcarbamcoyl-tert-leucine was
generated (yield: 98%), and 0.02% of a dipeptide-like compound and
0.07% of N,N'-di(tert-butyvl)urea were generated. The pH of the
reacticn mixture after the reaction was 9.3.
[0046]
20 Example 2
The pH of a stirred aqueous solution (1150 g) containing
I-tert-leucine (100 g, 762 mmol) was adjusted tec 11.5 using a 48%
by weight agueous sodium hydroxide solution. Thereafter,
tert-butyl isocyanate (75.5 g, 762 mmol} was slowly added thereto
25 in an ice bath. The reaction was completed in € hours after the
addition. The reactionmixture was analyzedwith HPLC; as a result,
it was found that 172 g of an N-tert-butylcarbamoyl-L-tert-leucine
was generated (yield: 98%), and 0.02% of a dipeptide-like compound
and 0.07% of N,N'-di(tert-butyvl)urea were generated. The amount
30 of the enantiomer was below measurable limits, i.e., 0.01%. The

pH of the reaction mixture after the reacticn was 9.3.

[0C047]
12



[0047] Example 3 A reaction was carried out in the same condition as Example 1 except that the
pH at a primacy stage was adjusted to 12.4 using a 48% by weight aqueous sodium hydroxide solution
and the use amount 5 of tert-butyl isocyanate was 83.1 g (838 mmol). When the reaction was
completedgimmetpes words, 6 hours after the addition of tert-butyl isocyanate, 174 g of
N-tert-butylcarbamoyl-tert-leucine was generated (yield: 99%), the pH of the reaction mixture was 8.6,

and 0.3% of aPdibEptide-fike 18T ORTBTUHRLARIE. 208 of ReN SERR i ireaivere Jerfitated. [0048]
To the optaiped agusouis selutian, gthyl acetate (1200 &’%ﬁa@d%ﬁ@%@%@%? gomppynd was

extracted by adjusting the pH td 3.0 using 35% hydrochloric acid. After the extract was washed 15 with
water (200tg% the wextghe veasieonce strateditonatibut:1i s Thérsaften, toldenbd 7100=gnasradded to
the mixture. The precipitated c%/stals were se%arated and_ dried, E(B obtain white, crystals of.

N-tert-b @I EmMBY et T RTEPRagy, $7d1d° 8696 Jouirity® I8%). 20[60%8] ERGSIE " °Fhe pH of

a stirred,agyeoussolution (20:6 g)eeitaipigtert-leusined2 . 40rg.18.8Hamebayas adiusted to 12.5
using a 30% by weight agueous sodium hydroxide solution. Thereafter, phenyl 25 isocyanate (2.18 g,

18.3 mnidiyiwabataivly hefderanaieto a@&l‘%kﬁerﬁemperatures. After the mixture was stirred for 3
hours, 4,49 ¢ of gﬂu'\{ﬁi‘@g%%? ”i%"é%@'l‘ic%%%‘?o%Vgsvégaeé‘eé%tﬁgz(%@é% 988). {he, PEigwas 10.6, and

dipeptide-liké ‘compound was not detected and 0.5% of N,N'-diphenylurea wére generated. 30[0050]
Comparatieefixaripiad Theptt ohamstittedraquacus solutor (574 g)ccbrtainpgptertikeutinie=(66.2 g,
505 mmol) was ad'!usted to 10.3 using a 48%_by weight aqueous sodium hydroxide solution.

ThieafeP ARy 86y armate 50 8 g 518 T roh Wil Sy 488e I et e BT AtEDath. After the

mixture wag gfifred for 13 hours, 101 g of an N-tert-butylcarbamoylitert-leucine was generated (yield:

87%), the pH was 7.6, and 5.3% of dipeptide-like compound and 0.2% of N,N'-di(tert-butyl)urea were
generated. [00®81]the obtained agueous solution, ethyl acetate (1200 g) was

added; and the target compound was extracted by adjusting the pH
to 3.0 using 35% hydrochloric acid. After the extract was washed
15 with water (200 g}, the mixture was concentrated to about 1 / 5.
Thereafter, toluene (700 g} was added to the mixture. The
precipitated crystals were separated and dried, to cbktain white
crystals of N-tert-butylcarbamoyl-tert-leucine (168 g, yield: 96%,
purity: 99.9%).
20 [0049]
Example 4
The pH of a stirred aqueous solution (20.6 g) containing
tert-leucine (2.40 g, 18.3 mmol) was adjusted to 12.5 using a 30%
by weight agueous sodium hydroxide soluticon. Thereafter, phenyl
25 isocyanate (2.18 g, 18.3 mmol) was slowly added thereto at ambient
temperatures. After the mixture was stirred for 3 hours, 4.49 g
of an N-phenylcarbamoyl-tert-leucine was generated (yield: 98%),
the pH was 10.6, and dipeptide-like compound was not detected and
0.5% of N,N'-diphenylurea were generated.
30 10050]
Comparative Example 1

The pH of a stirred agueous solution (574 g) containing
13



Thereatfter, the pH was anew adjusted to 11.0 using a 48% by 10 weight aqueous sodium hydroxide
solution; however, the change of the result was not observed in the vicinity of the pH adjustment.
[0052] Comparative Example 2 The pH of a stirred aqueous solution (45.0 g) containing 15 tert-leucine
(4.47 gt 34-mmol)ywas adpisted jo 1012 1sing a 48% byiweight aqueous sadiwni hydeoxide solution.
Thereafter, tert-butyl isocyanate (4.06 g, 41.0 mmol) was slowly added thereto in an ice bath. When
the reaktior! S HonfsIBRaN 7. 15°6 OEN-ter B Gk afbathbyt teieucieSvas Efdrated (yield: 91%),

20 the E'éf%@%éﬁﬁngs%@ %faqieepﬂg%ikg,C%@Om% and,»,6% of N -ditert-butyurea, were
generated. CLAIMS 1. A process for production of an N-carbamoyl-tert-leucine represented by the
general forawla (2): b COON B2} rwhesein; Rlisateydrogesatony, @t dptionally substitutéd alkyl group

10 having 1 to 10 carbon atoms, or an optionally substjtuted. aryl group having.6 to 12 carbon atoms,
cothpri§ing’a &fepof mxing teriietii ﬁ%ﬁﬁgﬁ%dfcya%féugcli& %:/o‘rgnapSoL(r}hedq Feb%é:s?eér)lt dby'the general

formulagfldy | the pH was 7.6, and 5.3% of dipeptide-like compound and 0.2%
of N,N'-di(tert-butyl)urea were generated.
00517
Thereafter, the pH was anew adjusted to 11.0 using a 48% by
10  weight agueous sodium hydroxide solution; however, the change of
the result was not observed in the vicinity of the pH adiustment.
[00b2]
Comparative Example Z
The pH of a stirred agueous solution (45.0 g) containing
15 tert-leucine (4.47 g, 34.1 mmol) was adjusted to 10.2 using a 48%
by weight agueous sodium hydroxide solution. Thereafter,
tert-butyl iscocyanate (4.06 g, 41.0 mmol) was slowly added thereto
in an ice bath. When the reaction was completed, 7.15 g of
N-tert-butylcarbamoyl-tert-leucine was generated (yield: 21%),
20 the pH was 8.2, and 0.3% of dipeptide-like compound and 5.6% of

N,N'-di(tert-butyl)urea were generated.

14



R'-N=C=0(1) 15 wherein, Rl is the same as described above, while a pH of the mixture is kept at not
less than 8.0 and not more than 13.5, wherein an amount the isocyanic acid compound is not less
than 0.9 times by mole and not more than 1.1 times by mole relative an 20 amount of the tert-leucine.
2. The production process according to claim &zwhgrein R1 is an alkyl group having 2 to 6 carbon
atoms or an aryl group having 6 carbon atoms. 25 3. The production process according to claim 1
or 2, wherein the N-carbamoyl-tert-leucine represented by the general formula (2) is an optically-active

subﬁance.]” A process for production of an N-carbamoyl-tert-leucine

represented by the general formula (Z2):
N _N
R
COCH O
(2)
wherein, R' is a hydrogen atom, an opticnally substitutedalkyl group
10 having 1 to 10 carbon atoms, or an optionally substituted aryl group
having ¢ to 12 carbon atoms,
comprising a estep of mixing tert-leucine with an isocyanic acid
compound represented by the general formula (1):
RT-N=C=0 (1)
15 wherein, R* is the same as described above,
while a pH of the mixture is kept at not less than 8.0 and not more
than 13.5,
wherelin an amount the isocyanic acid compound is not less than
0.9 times by mole and neot more than 1.1 times by mole relative an

20  amount of the tert-leucine.

2. The production process according to c¢laim 1, wherein R' is
an alkyl group having 2 to 6 carbon atoms or an aryl group having
6 carbon atoms.
25
3. The production process according to claim 1 or 2, wherein
the N-carbamoyl-tert-leucine represented by the general formula

(2) 1s an cptically~active substance.

15



