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Biocatalysis OOHEEEHNZEIM &7 Ot A{ELEANDER
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Global trends in biocatalysis and its contributions to chemical processes

Yoshihiko Hirose,*
Medical Enzyme Division, Amano Enzyme Inc.
1-2-7, Nishiki, Naka-ku, Nagoya, 460-8630, Japan

yhirose(@amano-enzyme.ne.jp

Enzymes have used to obtain single enantiomers in pharmaceutical and agrochemical business as versatile
biocatalysts since the 1980’s. Among enzymes, hydrolases like lipases, proteases, acylases etc. have
been most popular to resolve racemates because they have been commercially available and easy to
handle for organic chemists. The simple yield of resolution is maximum 50% and it is not
satisfied from the green chemistry. In order to overcome the disadvantage of resolution with
hydrolases, the combination of racemization process using enzymes or chemical reagents as
dynamic kinetic resolution (DKR) or desymmetrization using prochiral substrates has been
investigated to improve the chemical yield up to 100% yield. In the 1990’s, Oxidoreductases have
been investigated to obtain chiral alchohols from ketones, however another enzymatic system is
necessary to reproduce Co-enzymes like NAD" or NADP*. These systems sometimes apply with
genetically modified microorganisms as whole cell biocatalyst instead of isolated enzymes. In the
2000’s, transaminases, amineoxidases, etc have been investigated to produce chiral amines, and
then aldolases have been used for C-C bond formation. Biocatalysts optimized by recent directed
evolution meet the opportunity of the process research of new and recent launched drugs.

In this presentation, global trends in biocatalysis and its expectation will be reviewed.
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Production of unusual intermediates;

Pharmaceutical and chemical intermediates
Lipase, Hydroxynitorile lyase, Carbonyl-reductase,
Enantiopure alcohols, acrylamide

Protein engineering
(directed revolution)
Gene synthesis
Sequence analysis
Biocinformatics tools
Computer modeling

Hydrolases:
Lipases
Proteases Aldorase
A
A:n‘:':::e KREDs: Transaminase
Reductive : MAO
amination P-450 oxydase
ﬂ Ketoreductase
N
First wave Second wave Third wave
(1980 -1995) (1995 - 2005) (2005 -2012)
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FiC 200g/L Sitagliptin phosphate
6g/L /H;PO, 99.95%ee

4 BRRCIOHERFEREDOLERE

'n
"z
I
w#
.
'n

413 2010 £E1Z Merck/Codexis Witk X D HEEZIN/- 7O AT, {LFENSDYDEINRIIL
BlELTT) =2 I A M) —DBEANS D AERKIENVHTH S ¥, £/, directed evolution
WKEOBERECRERIETOBERIGRELES DR EEZZ2ERTHY. EHEHERELEN,

2. B-HROBEERIES T2 BEDEN

B8RRI, BRNENNBIZEEEZ NS, FERIF O FAT—DT 1 I{LEF]
RBBEBERMAHETOLRA LS, BHRTIHEELT. OMRIET, FEALF FAT—%5
TIEL. BRHIRT Ak (K 2) QBERICEFBIZSEIEETH>IET. BIc—HDTS
CFAT—ITPER S E S A% (DKR : Dynamic kinetic resolution) #3309 . EfFEIRE4 DSt 3




LHEEDHEABTDORICED DKR WBAICRIEINTNS, SEIEEL TR, () LFELRHE.
(b) BEREMH. ) @BEHRENHD (B5). INSORGHEROBEIZLO. BAINEK 100%
ZEIET I ENTREE 2D,

R-selective enzyme
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y=100%
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Racemization
pH
Enzymatic
Metalic i S-selective enzyme
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K5 DKR D&
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protease
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H
3% of Z_) in 0.2M K-P (pH7.8)

2 y=62%

stirring at room temperature >99%,ee

for 20h
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Merits of biocatalitic process:
10~13% increase in overall yield
53% increase in productivity (Kg/L/day)
19% reduction in total waste, elimination of heavy metals
19% reduction of manufacturing cost
mul tipurpose vessels instead of high-pressure hydrogenation equipment
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HoN, WiEIX MOERBIZETDODNTVS,

4. A% D Protein engineering technologies
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Spiro-carbon formation via common epoxidation strategy in uncommon pathway crosstalk

Kenji Watanabe
Department of Pharmaceutical Sciences, University of Shizuoka
52-1 Yada, Suruga-ku, Shizuoka, 422-8526, Japan
kenji55@u-shizuoka-ken.ac.jp

Spirotryprostatins, an indole alkaloid class of nonribosomal peptides isolated from a fungus Aspergillus
Jumigatus, are known for their anti-mitotic activity in tumor cells. Because spirotryprostatins and many other
natural products having spiro-carbon structure exhibit useful biological activities, identifying and
understanding the mechanism of biosynthesis of these complex chemical structures is of great interest. Here
we report a detailed study of spiro-carbon formation in spirotryprostatins from tryprostatins that are derived
from the fumitremorgin biosynthetic pathway, using reactants and products prepared from engineered yeast
strains. Surprisingly, we found that Afua_6g12060, an FAD-dependent monooxygenase from unrelated
fumiquinazoline biosynthetic pathway, catalyzed the oxidation and subsequent semipinacol-type
rearrangement of tryprostatins that were key to the spiro-carbon formation. Our results highlight the versatile
role of FAD-dependent monooxygenase-catalyzed oxidation in the biosynthesis of structurally complex
natural products, and indicate that a crosstalk of different biosynthetic pathways allows diversification of
products generated by a secondary metabolite-producing host.
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Unnatural amino acid production using biocatalysis as key reactions

Mari Hara Yasuda*
Business Development Group, Healthcare Business Division, API Corporation
2-3-4, Nihonbashi, Chuo-ku, Tokyo, 103-0027 JAPAN
2702885@cc.api-corp.co.jp

Amino acids and unnatural (nonproteinogenic) amino acids have been used in many pharmaceutical products.
We have been investigating novel synthetic route for these compounds using biocatalysis as key reactions.
We have established a new enzymatic system for the synthesis of optically pure N-methyl-L-amino acids
with the novel enzyme, N-methyl-L-amino acid dehydrogenase from Pseudomonas putida ATCC12633.
Using same key enzyme, cyclic amino acids were obtained from the corresponding diamino acids. Our
carbonyl reductase was applied to biocatalytic dynmamic kinetic resolution for the production of
B-hydroxy-D-amino acids. Recently we established effective process for chiral a,a-disubstituted a-amino
acids via enzymatic desymmetrization.
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Reaction Analyses / Monitorings by LC-MS; Toward Process Understandings

Atsushi Akao,* Yusuke Miyashita, Hiroshi Oe, Yuki Kosaka, Jun Niijima and Masaki Hori
API Research, Eisai Product Creation Systems
22-Sunayama, Kamisu, Ibaraki, 314-0255, Japan
a-akao@hbhc.eisai.co.jp

Eisai is a human health care (hhc) company which gives first thought to patients and their families, and to
increasing the benefits health care provides. In recent years, a paradigm shift for the quality assurance of
pharmaceutical drugs is ongoing. “Quality by Design” (QbD) is a systematic approach to development that
strives to design robust and well understood manufacturing processes founded upon good science and
risk-based decision making to ensure product quality.' Process analytical technology® (PAT) is a powerful
tool for Process understandings, which is a basis of the QbD. We utilized a liquid chromatography (LC) /
mass spectrometry (MS) as a PAT tool.” A result of reaction analysis and monitoring is presented.

During a study of chlorination step in a drug candidate, we found an issue which is low reaction
reproducibility and stopping the reaction in the middle. From laborious process studies, it was found that low
reaction temperature, higher dosing of the chlorinating agent and rapid addition of the agent would be
effective to complete the reaction. For the purpose of deeply process understanding, and finding a true reason
of this reaction stopping, we conducted reaction analyses and monitorings of this reaction by LC-MS.

(Scheme 1) We will present the result of reaction analyses and monitorings in detail.

0o

ll,',CI o
quinolone ci” ¢l chloroquinoline
C12H11N04 _—8 C12H10C|N03

m/z 234.0761 m/z 252.0422

[ mvz 332.0085 |
A minor species

Scheme 1 Chlorination step; occasional reaction stoppings

1 ICH-Q8(R2) PHARMACEUTICAL DEVELOPMENT
2 FDA-Guidance for Industry “PAT — A Framework for Innovative Pharmaceutical Development,

Manufacturing, and Quality Assurance”
3 For a review see: Santos, L. S. Eur. J. Org. Chem. 2008, 235.



(JSPC B&FEH 2)

Pd i 2 AN 7 LK AR Z MU NVBEEEROAT—VT v T

HA=Z/E () MCFMT O R {LERFERT
OF@EAMZ - /NELH - FIHIER

Scale-up Studies on Synthesis of Benzonitrile Derivative via Pd-Catalyzed Cyanation

Masayuki Utsugi,* Hiroki Ozawa, Masanori Hatsuda
Process Chemistry Research Laboratories, CMC Division, Mitsubishi Tanabe Pharma Corporation
3-16-89, Kashima, Yodogawa-ku, Osaka, 532-8505, Japan
Utsugi.Masayuki@mp.mt-pharma.co.jp

A practical and reproducible synthetic method of a benzonitrile derivative (2) via palladium-catalyzed
cyanation reaction was established with DMAc-toluene as solvents. The optimized conditions were
investigated by design of experiment (DoE) to obtain excellent reaction conversion and reduce an undesired
impurity, Ullman-type homodimer (3). As a result of DoE, highly controlled cyanation reaction was achieved,
and desired 2 was successfully obtained with high yield and high quality at 160 kg scale.

ROVZMNINBEERIEEZOCZOFBEICBLESAVSNTVSLEMTHD. CNETT
J—=IVNTGA RRNEXRYZ M) IIVFHEEEDEREZBRME L, NaCN, KCN, Zn(CN),, TMSCN, B X
CF7E b7 I RYEST O —ARELBBERS 7 JLRENBAICHEZNTER. Y
IS5 DR T Beller 5MRE L7z Ky[Fe(CN)JZRWE 7 JERIGIX, K [Fe(CN) 2SR SIERMNY
ThD, BEICBHRENWTER I EMS, TEMNBHEE U TIEEIZH I TH S (LDsp 6400 mg/kg (rat,
oral)). ? LML, A 7 /LRBIZ—BRANZAIB DK ZMEV, MDD K [Fe(CN)] 3H,0 %A
WEBSIIER-HRRIG LR D70, A75—)\V7 v THEETHO, TEMITRIIL 263D
2\, Y SER 413 K[Fe(CN)g]-3H,0 ZH W Pd il ic k527 /LRGN ZE, BERRABRAEREED
FRETHER V= MU INFHEE 2) OARICERL, RISLOBREERRL, A5—NT v
R LD TZ ZIZWiET 5.

0
Pd(OAC); (1 mol %) O\/,!,/\
XPhos (1 mol %) e

B’\@/\ . Ki(Fe(CN)e]-3H;0 (0.8 equiv) NC\O\(\ : O
H Na,COj3 (1 equiv) o H O z
N/\© - N H
DMAC (4 viw), 135 °C /\© N
0\) 78-85% conv. O\) 0\) /\O
1 2 3 (dimer)

up to 0.53 area%

Scheme 1. fEKI 7 /LIS OHIASRHE.



AROSOMMASEMATIE, BB, SESE, BERFFOfFE, EiEaA ek, KEEIZFITT
BRI AREBERH o, bbb, 1) KEAAEPTEILL, MHBRECXSMEHEORE S
[OSHHETHH I E (HEE), 2) B 1LE THREREE: Ulmann 80 homodimer (3) (LA K dimer)
B 05%AELBZ & (WHEHE, 3) FFickoREINEZV A REFERHLTWS I E (R
DIFTE), 4) Ky[Fe(CN)g]-3H,0 DS DATRRETH L ZE (AT O4D0HETHS.
728, RRMEIE U ROSRICHME Z3m L TH RIS HET Lisho 7.

RSO EEME, SEHE, BIXOEFORBEENELZVAFZAZ) -2 712D, AF
AR <, dimer OEREN DWW H 2 RTHD Plo-tol); Z RH L 7= (Table 1, run 1 vs run 2).
Ko[Fe(CN)s]-3H,0 DEHREEHITDNWTIE, A—H—OREZMEL, ROFTHHHS & %O R
NELNDA—HN—NEAFTHIEELE.

FIRDOEIITEELEZHOD, KRE L TRLOEBEENEGE S NTho7z. —EIZ, PA(0)fiit
IZEB 7 MEBIZBNWT, ZRICEENSMEBEOBEEICKL SE{E (Pd0) — PdID) =, FA
DENWTT MEEEIZE D ArPA(CN)>, PA(CN) 75 E DRIEEZ2SE A AR S, Ml kigd 5
(Fig. 1). ¥ fil O RIFAL P <7z, FBHIZEITH (Zn, Zn(OAc),) ZFHML 724, dimer DEAH
BML 7z (run 3, dimer 0.48 - 0.54 area%). —4, RNOT 7 VBEDEKMEZHMNE LT, HHEIC
toluene ZiHEMT A2 &2k, HEERSGNTERETDH I ENTE, 517 dimer DRIERZN
HTEDZEERHLZ (rund).

Table 1. #JHASRHNS OSBRE : VA RAZ ) —Z 207 & MV R NEHE.

Pd(OAc), ligand Ks[Fe(CN)g]-3H,0 solvent temp. time conv. dimer
(mol%) (mol%) (equiv) (viw) (°C) (h) (%) (area%)
1? 1 XPhos (1) 0.8 DMAC (4) 135 3-5 78-95 0.35-0.53
2 1 P(o-tol)s (1) 0.8 DMAc (4) 135 2-9 94-100 0.31-0.35
3° 1 P(o-tol)s (1) 0.4 DMAc (4) 135 4-8 70-95  0.48-0.54
< 2 P(o-tol)s (2) 0.4 DMACc (4), toluene (2) 125 6 100 0.14

Condition: Na,COs (1.0 equiv).
a) Initial condition. b) Zn (4 mol %), Zn(OAc), (4 mol %) was added.

inactive Pd(OAc),

[PA(CN)J* 'CN source, H;0 J,
e Bleeiil e Catalyst Deactivation

i Pd(0)L, ArBr
[HPA{CNRF 2 L_Pd.CN -
‘Ar CN_N_/ 1. Oxidation 3. Others
Ar-CN e NC'FIB// l?ﬂ‘.\r
inactive CND NC L CN ([ PA0) 0. PAll) CN source Pd polymerization (Pd black)

Pd(CN)g)*=s-APdL8r | NCoFe fnactive  Strong coordination of others

A
« NC L FN 2. Cyanide
LArPdCN s Pd(Il) CN source "
el High CN concentration ArPeCBe: BRI TAPA N CN)
CN source ArPAIRCN iomction
R 37
| [Fe .
5 i

[FeBrou(CN)s.*
(KBr)

Figure 1. 27 /{LKEIZI51T % Pd il ORI PEILHEE BERS.



BRO2RGBBELDOY, PdRE, VH FEBIUV DMAc #O toluene tLHE (51 6 viw) 12D W
T, RREEE (DoE) ZAWERHRELEERLZE (Table2). TOHR, HIELRIIDONVTI,
PR, V2 RRAEDEERT, toluene (LD, ADEER T TH 0, dimer BIZDWNWTIZ, toluene
&, PdBRPEOEERTFTHD I EMNDN2 (VT p {#<0.05). LR 100 %A D dimer
AR /NTTE % 41T toluene 43 vol %D G LHEE TE, ERICEBRFEAWVWERGERTIIRRD
FROMGE SNz (RISKER 8 b, 100% conv., dimer 0.07 area%, Table 3 run 1).

LU, SRBEIERETY, ERERE L HERREAWEEATIIERTEA) 57 (un2).
R T DMAc-toluene IE DA 1 Tl, toluene LLERATE VY & K [Fe(CN)¢] #mAIREF 13247
5 b L2 R insi BIES A (FBRM, Mettler-Toledo #) IZTREINTHY, KFHKENE
RIEDEFTABET D ENS, ZOFREIL, KiFe(CN)] #RDTOORLHRIZLZbDEE
BLE. FERD3RHGBRINTED, toluene HLE 33 vol %D RHD, HBBZAWVWEIBEOBRBHETH
5T EERELEDE (rund).

Table 2. 3 {F 2 KHEDEREEE (Box-Behnken).  onversion (%)

A ad ]
o P(o-tol), . P(o-tol)y

un Pd(OAc); | P(o-tol); | Toluene | conv. (8 h) dimer (8 h) ° »
(mol%) | (mol%) | (vol%) (%) (HPLC area%) . " .
1 0.5 1.25 16 100 0.46 ’ N v
2 2 1.25 16 100 0.32 t
3 0.5 1.25 50 79.1 0.13 . :
4 2 1.25 50 99.6 0.12 - U U U Vo 24 -T:in 4 18
5 0.5 0.25 33 79.1 0.29 N Pd(OAS), ~ Pd(OAc),
6 2 0.25 33 97.7 0.15 . Toluene  33% 43%
Dimer (area%) mes
7 0.5 2.25 33 99.9 0.34 Plo-toll)y a, e Plotols
8 2 2.25 33 99.9 0.14 “ s . i/ 1 1§\ '5:
9 1.25 0.25 16 93.4 0.47 * u
10 1.25 0.25 50 8.1 0.10 * " /
T 1.25 225 16 9.9 031 h . “/
12 1.25 2.25 50 90.6 0.0 - “
13 1.25 1.25 33 99.9 0.22 . -
14 1.25 1.25 33 99.9 0.18 P a e A T X X R "
~ Pd(OAC), ~ Pd(OAc),
Toluene 33% 43%

Figure 2. EREEEORER (OFEMN).
Table 3. BRERAFITHBIT BB A EICLDEE.

run stirrer Pd(OAc), P(o-tol); toluene conversion dimer
(mol%) (mol%) (vol%)  (%,8h) (HPLC area%, 8 h)

1 magnetic 1.9 1.9 43 160 0.07
2 overhead 1.9 1.9 43 65 S 022 .

3 magnetic 2 2 33 100 0.14

4  overhead 2 2 33 100 0.18

BHEITHT 2 BRE T, BRRAEZTTRL, RIEEBRUERR Z LT dimer DEREMNES
IENRDON. ED/=®D, BEFEDODRBEDHLEESRZAVWTRNEZERLE. F0OX
T=WVFOUERTIE, HIZT7 > h—RERMWZFBEIZ K(Fe(CN)DEERADEE D 2 HMER
SNz, £IT, HMERBNHSERENT) LT K[Fe(CN))DFH Mt Z B S B/-45E, ME
DITVERNBOSND T L EMHA L= (Table4, runl,3 REBHE).



RISOBIBERD B0, SRESHES oo

(SuperCRC, Omnical #&) Z W2 HEERAAHT  oo0s -
—Pd 0.5 mol%

BEMGL. O ARSI 1 mol%Lh b ot it % et ﬂ

0.004 4

HWs &, MMORISEEMER L. LML, £ 2
L 60% LA O IS T < TR, B, £ Ca. 60% conv
BRI LT 0 RRISTHDZEM B, K © om | |
DBETHELT >V = (KfFe(CNJoaBra] o | .M“l
(n>2)) 0D mass transfer NREHEM TH L Z &% 0500 2 o

RIS iz, fitEoES Kb 000 005 010 015 020 025 030 035 040 045
BTN T E o . e

DA EDOBGHERIZHE DTN T 160 kg N A —)1  Figure 3. it 2 2L T 872 & & D RS HE,
7w 7L, A% EORIGHRE TS 7 /{k%9E  Conditions: ArBr (1 equiv, 0.48 M), Pd(OAc)2: P(o-tol); =
M9 5 ENTE (Table 4, run4), U - SVE (1:1), KFe(CN)g]*3H,0 (0.4 equiv), Na,CO; (1.0 equiv),
EDHIZRIF 2 ZIHF T2 2 EITkEh L7z (YU DMAc-toluene (2:1, 6 v/w), 105 °C.
B 117 kg, U2 86%, #EE 99.4%).
Table 4. FBE{LFRHETDAT—IVT v 7.

Pd(OAc); (2 mol %)
P(o-tol) (2 mol %)

Br KslFe(CN)gl3H,0 (0.4 equiv) NC .
\@(\ Na,CO; (1 equiv) H
\)N’\© DMAc-Toluane (2:1, 6 viw) \)N'\©
1 2

o 125°C o

impeller time  conv. HPLC
run scale reactor i
type (h) (%) dimer (area%)
1 25g 500 mL Pfaudler 4 99 0.23
2 68 kg 1000 L Pfaudler 8 100 0.12
3 25.0 500 mL Anchor 6 100 0.23 Pfaudler Anchor
4 160 kg 3000 L Anchor 8 100 0.17
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Polymorphic Control of Novel ALK Inhibitor ASP3026
via Solvent-Mediated Polymorphic Transformation

Shun Hirasawa*, Kazuyoshi Obitsu, Kazuhiro Takeguchi, Ryoki Orii, Shigeru Ieda, Minoru Okada
Process Chemistry Labs., Astellas Pharma Inc.
160-2 Akahama, Takahagi-shi, Ibaraki 318-0001, Japan
shun.hirasawa@astellas.com

We investigated a manufacturing process for ASP3026, an ALK inhibitor. Given the existence of five
polymorphs, the key for scale-up was the crystallization process. Form A04 was found to be the most
thermodynamically stable and therefore the desired polymorph. Through our investigations, form A04 was
selectively obtained via solvent-mediated polymorphic transformation. We subsequently successfully
demonstrated the selective crystallization process for form A04 in large-scale synthesis of ASP3026.

B

ASP3026 1%, BaNRHIR L7 ALK AERITHY, BBAZECEESALENEL LTHREP
DILEYTHS.

ASP3026 IZiX AO1~AQ0S 6D 5 DDBERBENRFET D LN, BRBRAZ V—=v 7R EICEK
DRER SN 7. T RERFE T A0l FEB X TRAR FE DR A S & LT ASP3026 ZHRf8 L TV ek,
B2 XBNEOCRRETH D AM BHERHEBROICRE TR BRHETo .

TR, BEEW A2 B2 bOBEERENMEBEAVWSZ LT, BIRMIZ AV BE2EBIRET
D RERARTHZLICRIILE. 6T, ARET o TMay VST P TDRy—
7y 7REEITY, BEMX AMBE—RREBETE L. £, BREMEBORRIOELIT
FBRM IZBWTA v FA E=F )V IRIRRTHDIZ L ZRH L.

AFERTIE, BRENMEBICL 2BRBBHEERCR T —VT v THERIZOVWTHRET 5.



ASP3026 D& RS H
FRBFIZOWNT, DSC BIfRB LT & b P TCORMERE TN T Figure 1,2 IR 7.

] S8R (A02—A01) 160 °C (AO1)
r

{A02 > A i

{9——~\ fr 20 |
A3 i BAT
k_A04 | 1s |

Hoa! Flow (Wp)
ve

a0 \
L-—h'““‘"—\\r—_‘ ‘ S e

|
5 5
*1 [80°C(A05) | @J

4

l 170 °C (A03) | 0 . N N N N . N " N N

. © ;N cor L ﬂmﬂ“_‘. =30 20 -10 O 10 20 30 40 50 60 70
iBBE (°C)

Figure 1. DSC Bi## Figure2. 7 kP COEREMS

DSC BXUBMRE LY, ZBBRMETOREREOREMIL A04=A03>A02>A01>A05 & L.
SODEREHOPT, REEHTHS AMEERORB B LR LE.

EREHBARNOBBRIZBNWTEL Dry T A3 L AV FORAGENEBLNE. XbiT,
A03 TEER DD A0S TERE G~ DB EENMEBIZ OV THRE LN, BERERIE LA o7,
HERZER A03 T L TEN A0 FUITRMREENPE L, BOENEEREMIED TEEL TS
TR, AMFEE—BROMBEZEEIZLTWA LD LHEE L.

BEENEBRN

HERITABHERLAME LY bREERARED o
H—dRe LTRBTELI LMD, A2 BhbD 02 (RRER)
BRENEBORNEITO> L L L. A3 Bhb

A04 TE~DERBITIZ & A EEIT LW E 2D, A03 S o
BirZbsdsZ &#2<, AV HOB{LDAREET
XRARTELNBMEL RS,

ﬁ!ﬁﬁfr@‘:@

AR ML RFOBRBEANCL S L, EBAMEHT a0
TREBULEBENCELL, BAAPMEGET I ( A04
. M)
EEEHENRBEMICEILTS. 22 C, BEAMEHR (&Ew®)

B RIETHEBIZOWTRMZITo . BEHEAN
BB THDD, BRI EERFOBMRELT
HE LKL /-, BMafnthY, EBRERXEZZ T
&L TCELEHET.

Figure 3. A02 &> b DBEBRIBN B



7 bUESED, 20, -10, 0, 25, 50°C 2BV T AQ2 FEAAROBEENGEB 21T R RL T
¥ (Figured, Tablel). HiR - {KAMATFIEHT (50°C) TIXEEHD A4 B4, KR - HiBfafnsk
#TF (0°CLAT) TIXHRERD A3 EXRIRMIZB L. iz, =B (25°C) fHETERETT
2%, A3 L AVA TEDRERMBEB O,

25 r
-t |
20 r | .gm ©5=23 - R
- FiRfaM (S>2.6) — A03 + A04 - {E;883% (S=2.0)
g P - A03 R « AO4 55K
10 - A04
-3
<
st T
0

-30 -20 -10 0 10 20 30 40 50 60 70
BEE (°C)
Figure 4. 7% b PITBIT 5 A02 HEdh DB EHEEB

Table 1. RN B

EBRE (°C) -20~0 25 50
Bfafnkk S >26 23 2.0
oLy A03 A03 +A04 A04

A02 B b A04 TE~DRERETBIEBIZE oh A2

i} % DSC Bi#R DERFHZE{L % Figure 512 ]

R, BREOEBL L bi 160 °C OF#_|—1"

v— 27 BED L, A0 kR OBBRRL R Zh W
3h \/ N

7180 °C OREA L — 7 BN L7-. 5 R v - f
5h A04 \
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C

%X 180 °C DR — 7 IZ5ERATIUR

L, A02 FEAr 5 A4 TE~DERLEEEN B A 160°
SETTHIEMNHALK.

100 120 190 1) 120
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Figure 5. DSC #ifR ORFRFHZE{L

t-b70—W/0




TDXIITLT A BHE—FEREBIGAREL 2o/ ), HERPICITERERBELTRY, 7
T POBRTIIBRETE ok, ERBOREEZBNL L, SABRER COREENMEBRNE
fTolelZh, S0%7 & b KBRTH AV UE—EREREBTETHSD Z EBXHEBA L.

ULEDOBREERLY, Figure 6 IZRT X527 X 2B L. +2bb, A2 BOMERE,
H O LW 55~65 C IR LT 50%7T £ b KB (6vol) ICRB S, A BOBREERT S
TETHRERENEB TSRS, GBI MBMEOBT2MET 50, 50%7 & b kEK
(2vol) Z¥MN$ 5. DSC, XRDICTIEBDOTET LB L%, 25°C X THAL, A, THREE
TAM ERERETBREBT2 70X THB.

50%7 & b A04 =78 50%7 & b
KIS (6vol) (0.1wt%) JKESHE (2vol)
ASP3026
: EE ) In process control
oS , —
A02 55~65°C 55~65°C 62°C 2~3 Bl DSC, XRD
50%7 & b ks
(6vol) TEH
ASP3026
HEELE 5°C/h
25°C i $ic) L R —  AM
IR 87%

Figure 6. X7 —N\7 v 78E S o+ R

Ry—NT v 7RIS
ATaVRZEY ABEDRT—NLT vy 7RERZToTVAR, BERMEL L A BHE—EE&RED
hic.

Table2. R —N7 v FBIEER

R—NT v TBIE ke 2 34 g
MER (kg) 1 11 21 48
=101 A04 A04 A04 A04
FBRM (A » T A RBIEE4Sr A )

HAERD A2 FHIXBEA RS, BHERD A BIRRER T, BFRICERH- 1D, Bt
EAEBORRFNZEIZ FBRM IZXB3 Y TAEAL LATDE=F Y VIR THIZLEZRHL
.

Reference

1) oz, sBEEH 2011, 41, 354-359.
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Phosphoric Acid Catalyzed Enantioselective Transfer Deuteration of Ketimines
by Use of Deuterated Benzothiazoline

Tsubasa Sakamoto*, Keiji Mori, Takahiko Akiyama
Department of Chemistry, Faculty of Science, Gakushuin University
1-5-1 Mejiro, Toshima-ku, Tokyo 171-8588, Japan

takahiko.akivama@gakushuin.ac.ip

Deuterated compounds are an important class of materials that are used in various areas. We synthesized

2-deuterated benzothiazoline as a deuterium donor and investigated the enantioselective transfer deuteration of

N-PMP substituted ketimine by means of chiral phosphoric acid. Corresponding a-deuterated amines were

obtained with excellent enantioselectivities. Removal of the p-methoxyphenyl group was successfully

achieved.

BAFI, (CFERSB I UBEZERISOBERAO-HD TEKBEBLEY) 21X CHE LT,
xR BHTRHOYLNTVWS, IF, EXRZEATI LIV EKEESE2RA LIS TEAE
| bREREBZ2EDTEY, ZOEEMERETEITEE->TWVS, ThETHL REKEOE
AERRESHTVWER, FINVREARBEEDOESRFAITEDTRONATE Y, BEAELEHOD
BN-AREAREOHRERLEEN TV,

EMRETIE, XVIFT

YU U1 EAKEESEE LT
AnazZdickv, ) o Ef
W2HET. BRa A IVE
HEOAREFRBITRIGCHE
T F AR TETT
BLLEEBELTVE ', &
B 21X, EAFR LIz
ISFTSY v 1-d RN
B LT, A IVBEHEOTR
FEHAKBBEBRRIE~LER
TEHLEX HRETHE
(Scheme 1)?%

NI,PMP
RJ\R'

H
N
Cre
S
1

H
Qi

R R
up to 99% ee

©::\>—Ar

R

N
Pl

H
-PMP N D Phosphoric acid 2
+ >L Ar
R’ S
1a-dy: Ar = 2-naphthyl
1b-d;: Ar=Ph Scheme 1

chiral deuterated amine



Y. BEARERUYTFT V) OBEARESEEZERM L, 7 b IV 3a BLIUEAFEEN
YIFTI IV a-di iR L, AVFUUBEEF S0OCTY VB2 ZER&ERB L, BOTEHVEE
FEEE D> DIZIE 100% D EKFLR Ta-EKRREBMRT I 2 4a BB L N72(45%, 98% ee), FEA DIRETD
FER. MSSA ZEMT DI LITLY, RaeRd P IVRFFLTEOHCBIERIGHET L, o
EXRREBRT IV 4B BERNEI OB TEHWT T U FABRETCEONDZ LR RH L,

AEKFEIEFIGIE, 2MIZT7 == VEEFTHIEKRRER S FTV Y 1b-di VD Z LT
L0 .M ILVDHEBLETaA I/ ATNMCHERTETHY , BFHEEESEFRIIMELE,
BRERY, R REREZE T 20-EKREBRT I /AT NV 6B BOHTRFRT T VFAER
B L UEWEKFLERTHE L 7=(Scheme 2),

H 3:R2=Me .PMP 5:R? =CO,Me H
D, N-PMP 1a-dy (1.4 equiv) Nl 1b-d, (1.4 equiv) D, N-PMP
R™ "Me 2 (2 mol%), MS 5A RTR? 2 (2 mol%), MS 5A R' ~COMe
4 mesitylene, 50 °C, 0.1 M 3ors mesitylene, 50 °C, 0.1 M 6
R1 : R1
A\ A\ \ i A\ A\ s A
JOARNOANGONR
MeO cl ; F
4a 4ab ac E 6a 6b 6c
quant, 98% ee 91%,97%ee 97%,97%ee | 94%,97%ee 96%,99%ee 95%, 90% ee
(45%, 98% ee :
without MS 5A) Scheme 2
BEARFRZFALARICOREBRMEEZE L=, XV YFTY/ IV 1a . (“p
BLU la-d 3T, RBRETTY M IVOBEREET) & B OFP-0l  pwp
EREEROFNLGHRESER SH. T 37 2 ¥ dal)$ L KdaD) H,P )N.\

BBREE 38R 1 DHETHLON, Thbh, ARFICRIT HEEER ip_ A/
Wiz /7T ) OB — BRI THY . 727 ) [
FELTA IVEBRIT LTINS Z & AR XN (Figure 1), )
Figure 1
BoNETIVOERREFLED p-A FFv 7= AVEiX, b ruuAf Y7 XNAEB(TCCA%
ERESEDZEICE VR ETRETHY ., ETHT7 I 7 % N-Boc & LTRIFRRETE:
(Scheme 3),

-+ H TCCA .
D N-PMP H,S0, aq Boc,0, Et;N - b, NHBoc
OO CHyCNMH,0, 1t  DCM, it
4d >99% ee 7
(recryst from hexane) Scheme 3 74%, >99% ee

[1] a) Zhu, C.; Akiyama, T. Org. Lett. 2609, 11, 4180. b) Zhu, C.; Akiyama, T. Adv. Synth. Catal. 2010, 352,
1846. ¢) Henseler, A.; Kato, M.; Mori, K.; Akiyama, T. Angew. Chem. Int. Ed. 2011, 50, 8180. d) Zhu, C.;
Akiyama, T. Synlett 2011, 1251. e) Saito, K.; Akiyama, T. Chem. Commun. 2012, 48, 4573.

[2] Sakamoto, T.; Mori, K.; Akiyama, T. Org. Lett. 2012, 14, 3312.
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Development of New Enzymatic Reactions and their Industrial uses

Yasuhisa Asano*
Biotechnology Research Center and Department of Biotechnology, Toyama Prefectural University,
5180 Kurokawa, Imizu, Toyama 939-0398, Japan
Asano Active Enzyme Molecule Project, ERATO, JST, 5180 Kurokawa Imizu, Toyama 939-0398, Japan.

asano@pu-toyama.ac.jp

Using enzymes in the “Aldoxime-nitrile pathway”, and related enzymes used sometime in cascade, the
following reactions were developed or realized. (1) Enzymatic nitrile synthesis by aldoxime dehydratase, (2)
Dynamic kinetic resolution of ai-aminonitrile (the first DKR of a-aminonitrile, and protein engineering of
ACL racemase), (3) Enzymatic transcrystallization reaction by w-laurolactam hydrolase (an amidase), (4)
Alkaline D-peptidase catalyzed synthesis of all-L-protein (peptide ligation reaction), (5) Synthesis of
cyanohydrin and B-nitroalcohols (distribution of new HNLs and (R)-nitroalcohol synthesis), and (6) Soluble
expression of HNLs by directed evolution (mutations to make HNL soluble in E. coli).
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