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Research and Process Development of Pesticides, and Relationship with SDGs,

Norio Tanaka*
Chemical Research Labolatories, Nissan Chemical Corporation
2-10-1, Tsuboi-nishi, Funabashi, Chiba, 274-8507, Japan

tanakan@nissanchem.co.jp

Many pesticides containing N-heterocycles have been developed in Nissan Chemical. The heterocycles can be
synthesized by various methods different from benzene ring. In this lecture, I will talk about research and
development of various synthetic methods of N-heterocycles for Key Intermediates of Pesticides, and their
relationship with SDGs.
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AN 7 0 2P 2 BT H IS DES ALY L THRIIS L) ThOIITFEWTH D,
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SDGs and the Future of Process Chemistry

Shigeru Ieda*
Chemical & Biological Technology Laboratories, Pharmaceutical Technology, Astellas Pharma Inc.
5-2-3, Tokodai Tsukuba-shi, Ibaraki, 300-2698, Japan

shigeru.ieda@astellas.com

“Sustainable Development Goals (SDGs) and targets” is the main part of “Transforming our world: the 2030
Agenda for Sustainable Development” which was adopted by the General Assembly of the United Nations
on 25 September 2015. It consists of the 17 Sustainable Development Goals and 169 targets. In this lecture,
the brief summary and explanation of background are described. Then, taking them into account, some idea

for the future of process chemistry will be discussed and proposed.

Sustainable Development Goals (LLF, SDGs, & A VUMIFEHG rlaEBAI HAE) 1%, 2015 4F 9 H 25

AICEER S TERIRS I [Hhx O AL HES 2 R vl ie e B D7D 203 07 Vx4 )

(BLF, 2030 7 ¥ = > &) OFEEZ24, 202030 7TV FiT 2 o0REAHSL Sh 5,
OE D03 1987 R [EE TBREE & B ICRAT 2R E B ) MR LGS [Fx odbmoRk)
W& 5 [Fifi ATRE72 B % (Sustainable Development) | TH Y, ?690\5:06:1, 2000 4E D [
HIL=TAa¥ Iy MIBIFTA2ESA2H &I, 2001 FICRESNZI V=7 LB A (MDGs:
Millennium Development Goals) T&H 5D, ZD 2 00N ZEEE 2T, 2015 FEICHEFAEZ A Z 5
MDGs DEAKBIFRE HIZ & L CHRESNIZDN 2030 7 V= X ThHDH, ZD20307 ¥ = ik, FX,
HE, SD6s A, FEMFE, 7rn—7 v L Ea—D5o5085— MBI SN, SDGs AL
BRI, 17 OFGTREBRRE HAE, 169 DX —/4 » b, 232 DIFHENLR D Y,

17 OF T REBASE A=A LA IR L7z (Figure 1), 2030 72 = A BT 5 HRERHICBWNT
B b R 70 50T, MR REFEO TR & AR TH D L Sd, ThE TOHIERBUR O
Rz BT ZEMA =07 F 713 TRUEEE) [HEMZERNE] & oo 7o RIS UERINS L
THHLDOTHoT, 2030 7V U HiE, ZHOMEA OFBEOEEMNZ T CTiEe, ZNENOHE
DAHEICBEE ULKIF LA> TN D I EEMAL, TN 0 OMAMERE BIET & 2 AICKE 2R
NhbeEsns v,
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RECEILE HARIC RRLLD
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A 10 =357 P15 |12 205k

16 = 17 s
C )
e 78
= 0>

AHRICBOTCE, 20X 9722030 7V = U AREICEDLFRIZONT MR/ EEILES? L
Z DR LD IS Ko T, — R, IREE 2D K 512X 54 Goal (DWW THE—HY
7R 2 e D (Figure 2),

Figure 1

b/ HfbS

Figure 2
EFED X 512 SDGs DEY FHARIIMD TIRETH Y, TOTXTUIBNW T Bk AN EEE

BRCE 2 bOENY TEARWA, EROEREZEEX, REORENLRMFRZ BT8R, D, 1§
JR < ATREME A IBSR L 72wy,



ETHDICT BB AMEFICEADLERO T LA P —ICOWTEHR L T &2, BifE, HAY
T2 RT TESE - BEA L T OMREMEME OS] ICEREYN TS, LShTnoap, FEEE
W27 ZEFRICEAD L T LA Y —ITESE, BHFEFUTRS 20, B, baRERD & A RTHE
JERR DA 72 L, 2 A EESCBEDOEFEITEODT 272DI21E, B - PEEA—H—D
HEB AR TH D, ZNoD7 a2 PO 5457 LA ¥ —0 SD6s ~DHEHERD AIREMEIZ D
WTHEBIE R ZDDOELT D,

WIT, RDHREFEERRE Y OE, A F~ ZDFIHE W) BUED S TR SN D /NS A
ENTBIT LT ZMEEOEY FIZONWTEZ DL, £z, HERBE COMEN R FE ORI & v
DA D ITHIERAT Y &9 B 27 b EEw ) ORERIZB W THLE R THA I,

UboEmaiEzr, SS007% RS EWholnebick e b2 Ex BT,

KBS, KRB OB N7 vk 2EF0 SD6s ~DEBRICOWTE XL ETo—B&n
XENTH D,

1) FETE - FREEHERD 35 [SDGs) — fEMSORFROMEEHE JSHE 2020
2) RHEZEN F [HALESOMR) R 1996

3) BREEATR BREEAE 2020/21

4) HHE F TEIEEN & RS BEHE 1998
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New Avenues for Abundant and Stable Compounds

Sobi Asako*
RIKEN Center for Sustainable Resource Science
2-1 Hirosawa, Wako, Saitama 351-0198, Japan
sobi.asako@riken.jp

Managing the scarcity of chemical elements is essential for achieving the Sustainable Development Goals.
Over the last decade, we have been exploring the sustainable organic synthesis using ubiquitous elements
such as Fe, Mo, and Na as catalysts or reagents, and readily available and simple organic compounds. As a
part of our continuous search for new chemistry of underexplored elements, our recent studies on the
development of the molybdenum-catalyzed generation of metal carbene species from carbonyl compounds
and cyclopropanes and the exploration of organosodium chemistry using sodium dispersion will be presented
in this talk.

HiER EOIRY & 2 &I A A 0EH T 28 OB I, Fift rle e tb 2 OREEIZ R DE 720, ek
X, BIREE72E)E (Fe, Mo, Na) "SOCAFES e ALAEWE AW 27 4 T 7 VA ERRIED
BARSICHE S 2 Y TR 2 BB L C & 70, A CIE, 11TV 77 Vbt 2 AW CREILEY (HL
N=UbG e raray) ZONXUEMMEE LTHWD YT Y 7 =5k, 726 TNZ[2]
SFT N U LGB EIEAT 26887 ) U 2MEFEOBREIZ OV TR LIz,

[1] FEERED_EVIME2RI2EBHINUR Y REZORIE (Mo)

AL OESRIL, ZNETHATE ol IRIEME] RiESZ2Ul L THELSHRTE S
LR DEREER D, 70RX Ty 7 )  TRISICRKR SN DKL UM ATHE7: C-X e DA
AL DN #%IZIE, C-H, C-C f é%@FK%ﬁJ&%ﬁ@%%ﬁééﬁﬁmﬁ&a&%%éh
For b=y it s 2 CHB X O C-F EGUIMSONIC/EF L TE=2Y, 2 hubidse
IR & & e HifE A 2 —[BlIEEr3 5 2 &fé&ttﬁ%é@@(@M)%%%&fé(&mmn)
¥, Fl—R%ZEOREEZ “ARKYIWT 25 & IR (C=M) NRAET D, LLERG, %EDORR
A ZHYIWNCES S BHISIT YT LA gem-T N LB O X 9 I EiEERE GIZR ST
FY (Scheme2A), HH LWHEZZRT LE1E OMEE —HUIM ORI KRELSBNRE L > TN D,
ZOXIREROL EFaIL, NEERHEAO ZHEUMIC LV ERT 28BNV UEE RS LT 5



4 < ﬂéﬁ I_/ v \q:@ %jﬁ R T AT% ;5_’ E *E l_/ TE}%“E c:%qz [/ Scheme 1. Chemistry based on one-fold bond cleavage

C-$-1 C-$Br C-$Cl C-%F Metal FG

7 (Scheme 2B), ~HE TIZ, HAR=SA(LEWO C=0 =  cto cin ctc can " O

active "inactive"

#A@J L;FI"%D\:/ 7 v 70 = /\c :/ O) gem C*C %#A — E@Jm Z Scheme 2. Chemistry based on two-fold bond cleavage
A: two-fold active bond cleavage (established)

EBBIBN NIRRT DI EERE LI o nox o
L. BRI 212, —RBEA “SOREIHLT, &0 o b
Mo(0)/3F / + & 1 5 JE DIFHEREASRBEIE I 754, 71 ?ﬁﬁﬂﬁﬁ&ﬁmmwwm

R LB 7 a7 a v B Ei#kE Bigd C1 1 R}:Eé:o Meta ; Q Q
YR LRI B W AR R A R L R - zmmmmwmmWﬂ & 5
Biw b OUT MEMEAFEREECADTRET Ry e R SO
HETERENLDTHDEEZ TN, N S

HANFZ N EYDRERR I
h@mmﬁummﬁmmm%mmﬁwk%/y%mz% Scheme 3
7_ gﬂ@é é j/l/ é MO(II)$§z)S . jj /]/ﬂi:/[/»ﬂ:é\q:@@ C:O ;’-ﬁ% A C(sp®)- HLbi)n\/chleavage

A@JL&%&%H&EE%&WE&FE%%@?%C xR LT, R
- \—/'
BlziE, BEXY o E L ORENLIE, WA= @A(

B2 C(sp’)-H BB ~THRMITIEA Ui A o R U ogsfy POmrimmasemse o qunone ~
57z (Scheme 3A)Y, V7 b EM & FE L A HLIK g L {Q]_» e
IENEESHTWAN Y RERDNR= LR H R O : ! O‘Maor 9
AR L L CEBRIT 5 = & AV TRRIC 7 o o, [lfRls,  OMeoroomie sskotpyiane “Eeien”
(ﬁﬁﬂ{#A@m%thw%@*#mﬂ%ﬁémkﬁ E;i

BKBICED ., ZAF LU BEOEY FA YA Ko E{

ViE IR BT 5 (Scheme 3B, €)Y, W D& . RsSi-SiRs =2 PR; & g ##Al & L CTHW
% L b T S,

groa7osv

FFRERIU Mo/ss /) k2 WA Z LT, B U E I Scheme 4 .
Loy T ussrinb gem C-C HifiG O _HYWr & ioF L2 o~ {-O /o"] '
BT, EY ALY B AR BB RS D e%ﬁmbt(&mmﬂ)ngR——%§~ E%H
P, DFT 3HHEIC LY . AMUSOEE TiE C-C A IR YN Sl = cyelopropane as C1 uni
NARUTEDRAER L TN D Z EDRFRRIR S L7z, AEERIZIEWT, ¥ 7 n 7/ 3—#iiz C-C
HEEASO—BEYW 24T C3 e LTRSS, RIEOBFEIZEY C1 AR e LTH
R 2870 Gk A 3295 Z LN TE T,



[2] H#F V7 LEZEDRE (Na)
BRABIEACB O THEERRRZRTZ LT LAK Y 7 U MEEami

=3
~—~

SESEREHIOAREBCAYECHT 57200 EROMREEE LT .-
RSB, U F o MIHDEETH Y GRIRECMsEEO ) 227 &4 ,v”f

2B, UimioT. 1 HHECIES U T A~DRENOBEL, F hUva =
TRET DHAMERITA X, EBRER IO TR TR 2 MR SN Z08ER Y F7 AMES
WEF R U O MEBTREEL, 7 N Y AR LT 5 AT A F IO R AT 570
A B LT, BAE D F 7 AOBICEN T T R U v MEEORRANET 58 L 725 D%
BIEF R U v LMK (SD) ORI TH S . SD (K 26 wit) 1XFEM TS S =T kU o 24
BT (<10 pm) T BRIRT b U 7 ALY b IEHERESKE < SUSHER I S BIb 5k & O
PR T, WBIET BuLi 0Bk R U A K0 b RO IR 4 55 3 A I e &
N5, RIL LTHBSNTHY . ERECHERT TRAICHEDPHIED L5122 v O% M
WORBRTE 5, THERBTY, fEERY Y  Shemes. Proparatons Applications
DF 1) ARA AT RASIRS Y T A0 40 55 T & P eseospimafeseions
WS R EOFIREAT 52014 FLOVRRE 1 e
FERGHBREE Y U 2 — o 3 > LOSRERIE T, SD 2 (a)x 2 ()

Dt N couping

WA B Y U LA OBIEOBIFE &R e
N alkyl-Na @ N | Negishi (with ZnXy)
% é‘) ﬁﬂ STV 5 (S cheme 5)0 — RoN-Na Suzuki-Miyaura (with B(OR)3)

BT VY L{LEYORRE Y

Y T MMEEMO— I 72TEE L LT, A)AX OERY F U AL D 2E TR, (B)
ArX L BuLilZ X5 \m s - F oA (C) VFvAEREICEID A HOBR 72 o BbiF 6
Do TNHRETORBIEIZBNWTI FULZFT N UAICEMRX D Z LTI L, ZRESHEAH
FhY UL EMEBEICTHRICE 5 X 91272572 (Scheme SA-C), F##LiE A 123 Tid, Nobis,
Moormeier 5D J71E NN SD ~Z v a_XoPr a2z b e, B R_R&xZ Lo, ~FHompdh
FRMFETS bRV BIZT7 2= F M) ULARERMIZER L TS Z ERbhroTe, =
DOHEDOEMFHAZFHE LMD & o TEE LW EmWAKReBRILEM O S | Z2hT
& DB BAARIEPE 2R AT U — V& 3 RUBHZ L CiE#Ep T & 72 (Scheme 6), — /5 C, 7 mrr) 7
ZLURBEFARBIEAT V=S LT, 1 BRI SN PRENZER E DA Tk
ZWMHT L LIXTERPo7, 22T, fEB & LTRIET Y —AEZ AW m s~ Y
U DS R Uiz, B e W STIR IR EE S S Cn s 0 SD 2V T o
L7z@m@mWAA X F AT ) O LEZAND LRIBOSZEZ S THBIET T2 L2 L, il
BrgeZ2 T b U U BMEEH O LS — B —Z RIBIZHET Z L3 TE /2 (Scheme 7), Y ¥4, b
UV TF T T IVF LWV EEHIIS RN T N U M ST AL G DN =R 72 E R D FTREIC
IRolo, HEHIBMIEEOmWT 1 h a2 b OE A MG LT oMEC TIE TAF LS Y U A



<> NaTMP (TMP: 2,2,6,6-tetramethylpiperidine) ¥l L THWAMZ 1 NV KIGIZ NS PV )
TRV MMEEMERT 52 LN TE D,

Scheme 6 Scheme 7 \/78r
SD /
sD (210 mol%) electrophile (E) (420 mol%) 1 (1.0 equiv) -- electrophile (E) --
CI ‘Ad—na —— @E Bu._Cl — {’Bu\/Na - -\\—Na T N
hexane, 30 c — E= PhMeZS|CI — hexane hexane S/ E = PhMe,SiCl !
D,0 (200 mol%) 0 °C, 20 min 0 °C, 30 min D,0
CgHyg "CoHig SiMe,Ph SiMe;R 6 SiMe,Ph SlMezPh
s : Vs OO
° © O | OO0 Q
& —
quant. (96%-d), 0.5 h 95% (91%-a), 1h  89%7 (91%-d), 1h  82%P (95%-d), 5 h 93% 99% (A= ph)
81% (from Arl) 83% (R = Me)
85%® (R = dodecyl)
QD D D Etasi@D MeOQSiMeZPh CI—QSiMeZPh F SiMe,Ph  PhMe,Si~™ % SiMe,Ph
90%¢ (92:8)¢ 85%¢ 86%¢ 64% (RNa, 450 mol%)
90%° (91%-d), 3 h 99%2 (94%-d), 3h  quant.? (95%-d), 5h 89%3 (96%-d), 3 h SiMe.Ph
iMe,|
Me,N OM PhMe,Si SiMe,Ph
. NOS - e o i \>_S_Me on FBC'— SiMe,Ph HO‘ SiMe,Ph (/,\D/ ezl ez
= 1Vie, 1l
2 2 OSlMeZPh SiMe,Ph S 2 H O Q
oe e
87%, 1h 86%,1h 83%, 1h 60%, 1h 7% 1% %
o SiMe,Ph
28D (230 mol%). *'H NMR yield. °Gas chromatography yield. N S SiMe,Ph PhMe,Si SiMe,Ph
. | " . e,Si 2l
9Reaction at 50 °C with SD (250 mol%). “Reaction at 0 °C with SD (230 mol%). z N PhMeZS'®S'MeZP“
N
75%"9 73%" 81%/ 59% (RNa, 600 mol%)
2Me3SiCl (1.2 equiv). "(DodecyI)MeZSiCI (1.2 equiv). “Exchange reaction at —40 °C for 10
min. “Ratio of monosilylated and disilylated products were determined by 'H NMR. SM Ph
eNeopentyl chloride (300 mol%), SD (630 mol%), hexane (2.5 mL), and PhMe,SiCl (3.0 Ph_ PR B iMe
equiv); after reaction, the concentrated crude mixture was reacted with K,CO3 (5.0 equiv) Si
in MeOH (3.0 mL) for 1 h. ‘Exchange reaction at —78 °C. 9THF (0.80 mL) was used as a
co-solvent. "Neopentyl chloride (120 mol%) and SD (250 mol%). ‘Exchange reaction for 10
min. /Neopentyl chloride (300 mol%), SD (630 mol%), hexane (2.5 mL), and PhMe,SiCl (E = PhySiCly)
(3.0 equiv). “Neopentyl chloride (340 mol%), SD (710 mol%), hexane (2.5 mL), and =1 Tevi2
! - 79K 90% (96%-d) (EZ=>99:1) 87% (E/Z=>99:1)
R,SICl, (2.0 equiv). 4.0 mmol scale. ga"ﬁ“ (129) 0 (S0 (Blz=86-14) 739 /: (/7= 86:14)

ARAY T VY IRIEANDIGHE 10
FROHECIE AR 1) 7 AMEAIIE, TR ) R ATE LIRS L 5T Y

U LR LDIRED v T T E TR = ) RO~ ERIT D 2 LR TE D,
D DORINE, ASBREUSHIOTENSKEFHE DN v 7TV o TRISETEY VAR Y M TIT
9 LN TED (Scheme8,9), S HIT, AR LA MV U abEMEZDE £REH L LTH
WCHED v 7Y VIR ETH I E B ARETHDH I L FEAETE L, 20T, FHRE A 25
FTOHEIIE. REHOREE SRETFH & L TRRE DO 2D Z LN TE D, L&
EOFEFEMNN NaCl THDEWVWSTRREEZ D, BUE, Zuh, v~ Hr, & a3V =v 7
NEOFH—FBESERMSE AN XD RAT A F T AR BRSO~ CTHFE 2 B L
TWn5,

SD/DMI #FIFH9 3 Birch &t *°
TR STIRETICIARE ST A &R L e h RO CEREEY &S KkFEAL

T BT, Birch 2t & L TGN S, Fexid, SD & {KF M7 DMI (1,3-Dimethyl-2-imidazolidinone)
EAGDEL LT, BEOH DT =T ZHWTICIEM 25 C Birch It 2 FEfE TE 5 2
EERRH L, S, KRR Y T LD JSPCHEHEZ EMFEIC THRE SE QW R E 20,



Scheme 8 CI
ZnCl, TMEDA

(1.2 equiv) Pd-PEPPSI-IPr (1 mol%)
hexane, hexane/THF/NMP,
rt., 30 min 70°C,3h
SD (250-280 mol%! ’ ’ Cl- Pd Cl
Eyo oy G o)
) hexane, 30 °C MeOBpin C' —
(1.2 equiv) (12equiv)  Pd-PEPPSI-IPr (1 mol%) \ o
hexane/THF, hexane/THF/H,0, Pd-PEPPSI-IPr
0°C, 10 min 70°C,3h

Suzuki-Miyaura coupling

Me,N
B N
a D OO
- | y a
N = s~
Boc
93% 929%2 93% 91% 859%abe 78%
JR— N/
OMe OMe SiMeg — 7N o
/ < O OO OO
e | o 7 K W Ko
N— N
H
75%° 87%2b° 86% 90%?°" 90%?9 94%%9

224 h. bPd-PEPPSI-IPr (2 mol %). °THF (0.3 mL) and NMP (0.6 mL). 9PentyICl (1.2 equiv) and SD (270 mol%) were mixed in hexane (2.4 mL) at 0 °C for 20
min. ®B(OiPr); was used instead of MeOBpin with added NaOMe (1 equiv). ‘ArCl (2.2 equiv) and SD (480 mol%). 9ArNa was prepared by deprotonation of ArH
with NaTMP (1.2 equiv).

Scheme 9 CI
ZnCly TMEDA

(1.8 equiv) Pd-PEPPSI-IPr (1 mol%)
Bu._Na hexane, hexanelTHF/NMP
(2.2 equiv) rt., 30 min cl- Pd cl
e o G W
hexane, 0 °C, 30 min MeOBpin 4. — N
(12 equiv) (12equiv)  Pd-PEPPSI-IPr (1 mol%) \)\CI
hexane/THF, hexane/THF/H,0, Pd-PEPPSI-IPr
0°C, 30 min 70°C,5h
Negishi coupling Suzuki-Miyaura coupling
Ph
OHC
1
& Yy 258
Ao TV Ao LD
LhO-oome m o -
By b Vi
91% 96% 96% 93% 93%P 87%

U#’<HW14:?Q<w@@%%w

95% 88%7 91% 81%" 70%° 82%7

2ZnCl,* TMEDA (2.2 equiv). “Neopentyl chloride (250 mol%), SD (530 mol%), ArBr (1.4 equiv), and MeOBpin (1.4 equiv). °Pd-PEPPSI-IPr (2 mol%).
9Neopentyl chloride (300 mol%), SD (630 mol%), hexane (2.5 mL), 2-bromothiophene (2.6 equiv), bromine—sodium exchange was performed for 10 min;
MeOBpin (2.9 equiv), THF (1.0 mL), H,O (0.50 mL), 9,9-dioctyl-2,7-dibromofluorene (0.30 mmol, 1.0 equiv), and Pd-PEPPSI-IPr (2 mol%).

ABFFEEAT D2 H T2 THEW I 2N T2 LR R B B AR 2 e R B Z8d%, 7 F U v
PEFEASTROIAL & o DT Z W EW T EiBREE Y V) 2 — v a UM EHBAK, BfTR T —A K TH
LA R G IR A o Y — A V22 T 0 LT AR RICIRSEHPA L BT S, F
To. AW HEET 512 H 72V BHIWA N I2W T i (LR 72 & NI BEYL B SEFT O 8 WFFEE
DERIESELE L LTS, AT U U MMeEmIE, O %2 2B TH DI 00
DHF, RWHAKRY FULMEamoRIEATIZE A EFIHINTICE I, ZOTREEZ H~
<V FINIC B HERTFT M) VLB L T2 AT A T 7 AEHIEFOFE, OV TidEt s~
—4THHLBREEEBEOMENL A~ THEBRL TWE 720,
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Development and Scale-Up of an Asymmetric Synthesis Process for Alogliptin

Masatoshi Yamada*
Chemical Research and Development Dept., SPERA PHARMA, Inc.
17-85, Jusohonmachi 2-chome, Yodogawa-ku, Osaka, 532-0024, Japan

masatoshi.yamada@spera-pharma.co.jp

Alogliptin (1) benzoate is a potent, highly selective inhibitor of serine protease dipeptidyl-peptidase IV,
approved by US FDA for the treatment of type 2 diabetes. Herein, we report a more cost-effective process
that includes ruthenium-catalyzed asymmetric hydrogenation followed by Hofmann rearrangement of
2-((6-chloro-3-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)methyl)benzonitrile (10) to introduce a
chiral amino moiety at a late stage. Use of an inexpensive and readily available nicotinamide (6) for a chiral
aminopiperidine core and iodobenzene diacetate (PIDA) under mild and specific conditions allowed us to

access 1 with excellent total yield and comparable quality to that manufactured by the original process.

FHoEATRE CEARME L A BN D & 52 2 FEBLT 2720 OB M & LT, #x 7o Fifee iTRE 72 BAFE
H#% SDGs (Sustainable Development Goals) 2R E SALTCW 5, {R=EZWE ST A OHEH &2 il L
PEHH SN bR FAEINT 2 Z & T REBDRT AP HELRIKE LTErIZT 52 L% H
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Scheme 1. Chemical Structure of Alogliptin (1)
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Scheme 2. Original Synthetic Process of Alogliptin (1) Benzoate
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Scheme 3. Overall Scheme of the Developed Synthetic Route to 1-BzOH
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Scheme 4. Asymmetric Hydrogenation of 7- TsOH with Ru(CFsCO,),{(S)—Phanephos} at s/c 1000
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Solid-State Mechanochemistry -Toward Innovation of Organic Synthesis-
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In recent years, solid-state organic reactions using ball milling have come to the forefront of organic
synthesis as cleaner and sustainable synthetic alternatives to conventional solution-based approaches. In
addition to the environmental benefits, solid-state mechanochemistry potentially enables access to novel
chemical space that has reactivities and selectivities different from those of conventional solution-based
reactions. In this context, our group has focused on the development of conceptually new organic
transformations based on solid-state reaction environment from 2018. In this presentation, I’ll talk about our
recent achievements as well as the great potential of solid-state mechanochemistry for innovation of organic

synthetic chemistry.
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Development of Commercial Process for Delgocitinib: A Novel Atopic Dermatitis Drug

Hiromu Takiguchi*, Akinobu Higashi, Takashi Watanabe, Tsubasa Takeichi, Takashi Inaba.
Product Development Laboratories, Central Pharmaceutical Research Institute, Takatsuki Research Center,
JAPAN TOBACCO INC.

1-1, Murasaki-cho, Takatsuki, Osaka, 569-1125, Japan

hiromu.takiguchi@jt.com

Delgocitinib (Corectim®) is a novel atopic dermatitis drug launched by JT in Jan. 2020. Delgocitinib possesses a
unique spirodiamine skeleton with vicinal tertiary and quaternary chiral centers posing a great synthetic challenge
especially in commercial production. We successfully constructed this unique structure in optically pure form via
the highly diastereoselective cyclization of the suitably designed substrate 4 to the azetidinone 5 and the subsequent

efficient transformation to spirodiamine 8.
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IER TS0, 7 NC—IERISKICH T BH/REREES LT 2020 £ 1| BICAATRISRFARBSIN
R TH S,

/=N
o =N
LN W CN N »—x PGI~N PG o)
HN Vi N \ 7/ AN
_ — M en
HN_ X
Me Me
o ) A B C
delgocitinib (Corectim™)
- unique spirodiamine skeleton
- vicinal quaternary and tertiary chiral centers
Figure 1

FILISFIJFEOOEVUEZS> Oy hA, SPJBEI " b C. TUTCREOZT=>1Y
RBD31=w b5k (Figure 1) TOHRTERFEQRAEOBE S ERAFTROEB T D B DEK
(C(E. ZOBENFHENS RO N o [TMERRIGDER]. [ZEEOERK] FD% < DFREN
Holz V. SEl. INSIRTODFREZMBRULCHENEGRE 2Z2RE UBARIEEE U THITE S
ECRHKRINUIEDT., ZOMEZHREIT D (Scheme 1),

FRDER(C B OGO FR EOTRESOER AT LDBE(CH D, KL REEEIRT LI
R, VZJ)SURFEERAZAVDFA SN RISZEITDZEICKD, BERBRRGZHAWNT EEELIL
HEIRME SR TENY S MEoN3CEZzRE L. AREZRIRULIZ, SO M ZEEEUTRHWND
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(PhthNK) TRIRU. £UADILRFS L —bZDRY hTIAIMEIFILICTIRTIUEL 6 &L
2o RICZSTFL> MU =Z2ZAVVZ Phth BEDOBREZITDO 2 E(CKD. B Phth B & EGMICS O
LBRERRIGHNETUBINERTERS O L T ZBDZEICRARIIUE. £z TOXEOST I 8
DIETT(E TMSCI & LiAlHs DIEAHEDEMBOH TEM THD CEZRE Uiz, CORICERLIZ8 ZE
OOBVU=E>>O=-wh 9, SV /MBITY N 11 EEREESERZECEID. £ 9 T2 (BUX
39%) KDRBFIVISF T DESEEZETR LT,

Cl SOCl, Cl

/'\H/OH DMF )\H/Cl key step
le} Toluene o)
0 0
1 0°C ) / " LIHMDS o) Bn
>98% ee — o ﬂ )/---- N

THF g

1) BANH,, K3PO, 0 :
o MeCN 0 Z 2,6-Lutidine Cl -10°C S 0
EE— 4 5
)/'Q 2) 4N HCI/EtOA - EtOAc
S Br ) c O |.iN Bn Soee 97% ee 97% ee, 97% de
2 75% 3 HCI 90%
NPhth
KNPhih N HN 5, 1) LiAH, TMSCI HN ) Bn
then EtI EtO / HaN NH, paN AN n then LiAIH, N
DMSO o)/ " 2-BuCH O 2) succinic acid
100 °C 80 °C N o 2-PrOH "2(CH,CO,H),
80% (3 steps) 7 85% 8
1) =N 6 >97% ee, >99% de >99% ee, >99% de

Ny y—¢
1) 0
HN. ¢ /N\NJ\/CN

K.PO SN ‘Q,K " total
34 - 9 steps
t-BuOH / H,0 LN MeCN o - 39 pield
HN Vi ENH delgocitinib oy
2) H2, Pd/C, AcOH = i 2) n-BuOH No expensive SM
>99% ee, >99% de No cryogenic conditions
No hazardous reagents
90% (2 steps) 10 80% (2 steps) No chromatographic separation
Scheme 1

1) Noji, S.; Shiozaki, M.; Miura, T.; Hara, Y.; Yamanaka, H.; Maeda, K.; Hori, A.; Inoue, M.; Hase, Y.; Int. Patent
Appl. WO2011/013785, Feb. 03, 2011.

2) Takiguchi, H.; Higashi, A.; Inaba, T.; Watanabe, T.; Takeichi, T.; Petersen, Anders K.; Vedsoe, P.; Jensen, Kim
L.; Bornholdt, J.; Ebdrup, S.; Int. Patent Appl. WO2018/117152, Jun. 28, 2018.
Takiguchi, H.; Higashi, A.; Watanabe, T.; Takeichi, T.; Shimazaki, T; Inaba, T. Org. Process Res. Dev. 2021, 25,
342—348.
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Heat of reaction measurement for sodiation and mild Birch reduction

using sodium dispersion

Gen Tsubouchi,*! Yoshiaki Murakami,' Tkko Takahashi,? Laurean Ilies,”> Sobi Asako,>* Kazuhiko Takai’
'Kobelco Eco-Solutions Co.,Ltd., 2RIKEN Center for Sustainable Resource Science, *Okayama University
'4-78, 1-chome, Wakinohama-cho, Chuo-ku, Kobe 651-0072, Japan,

?2-1 Hirosawa, Wako, Saitama 351-0198, Japan,

33-1-1 Tsushimanaka, Kita-ku, Okayama 700-8530, Japan

murakami.yoshiaki-3@kobelco.com, sobi.asako@riken.jp, ktakai@cc.okayama-u.ac.jp

Organolithium compounds are versatile reagents for organic synthesis and are widely used both in laboratory
and industry. In the face of potential risks associated with lithium, which is not abundant and unevenly
distributed globally, we have been exploring organosodium chemistry using sodium dispersion (SD) as a
sustainable alternative to lithium. We report here the methods for the preparation of organosodium compounds

using SD, and mild Birch reduction using an SD/DMI composite.

BREHARICKDTZEOTERVEKRY T MEEW LT, BT Y 7 2MLEWITIZ
EAEER LT e, FREHELTROZEREZLND, T, BHICATTE S Buli ¥
PhLi (Zxf) 3 % BuNa X PhNa & W o 72 SOSHIZN TR STy, JR il L TWh 28k o )8
T U U AFZERFTEGICBIE SN D TZOIT P CRET 20ERH D, HEL IEFEICIT O OIX
REECH D, T2, ERHEOFTETEIMNIGHE THHEERROER (EREE) /ML, REb
AL SN FT S USEIZZ LY, 207, BBEIZE U THA 7 TEET U U A Z N 8572
EOBREN VI L 70 0 FEERNEMEC e D, 618, Bt RN o&B T N U AZBEEEHT S
ZEM—IRIITHY , REOEET MV UL EZRUBET DfaEEZES, WL TE&BET MY
LOREEN 97.8 CTH DD T, TEBBCITAER S TR IZEAT 2 Z ENARETH 503,
EHRSRE N HTH D720, BIRIL & BERISICEET D2LERH 5,

—J5, MEREREE Y U a— 3 a VCIIAEERARVE(LEY 7 ==/ (PCB) ZMEET HHAIL LT
&ET MU U AEUR (SD) ZBAR L7z 12, SD I u m Ik L L7=& @7 b U 7 A& gl
HIZGWMSETbDOTHD, 7 M) T LAOMK DI Ta—T 1 7SI TWHT2, 2R



DEEFECKGT & DIEMNFERTH Y | {HME T ERy FE IS —AlEIc S b, £,
PRI T ARSI S M L BOSRF TR L L7z T U O D3OSR PICHE R oHcd
Lz, B U724&ET b v AL HE LISER S, B TY ) v UOOREN LG FIETH
DIZOEMEEICHEN D, AE, 20O SD W THi2 DG a T N U v MM LTBRO UGB A
FEERNTR D 2 HFIEORK AT L L b, ToE=T7 7V —TITZ 5iIRF72 Birch B )b % H
HL7zoTInozHET 5,

1. SD ZHWeF U T 2 b KOG IR HIE

ET A ZRETDICHT 0 KISBEDOEBASME LR L T 2 L1, PrEXD FS b
— INNFGUREMET S ETEETHD, &ET N v AERAOWESEE I L2 En
5. TOMSBIEITEE LY, —F, SD ZHWVWDHZ LISV G EE —ITITH) 2N TED LD
272 b, o, BIRO X Z LN TELED, V) U UR T 7R T EDREE CTRIGRIZ
BATHZENTED, ZOZEND, F MU U AMEORIEEE LA IEfE ST EICHIE TE 5
TR END, 4700 AT UBIOAFARCERSHEE L LTHY, 7 R T afbDR
IR IE LR 2 FRIORT, 4700 bl b SD EDOIE 4-F UL R o7 A2z
T NaCl DERZEZED T2, Nab7e ) OFBEEN AT AR LEDORIEE Y KE DT,

No. HE /YL Na &7z Y FEE (kJ/mol)
1 4-7 v fLx NI 167.8
2 AF LR THF 78.0

2. TUE=T 7Y —TITZ %R/ Birch &t 5t ¥

1944 41T Birch (T X 0 # i SH7z Birch ImuUSIE, 7 B =T WIS S ET A0 ) &
JBERWT, BEBRILAEMOH D KFBICERN THD 1,4-v 7o~ ooV \E 52 587K
JISTH D, LU, A7V E=T ZRIRCHERT2LERS D Z &N TE~DOREFE
L7 TS, ZHIVE TITERA RUBENRE SN TERY 456789 727 ThH, SD &7 TV o—
TNERNDHER T =T EHOTEREMRFNECTRCEITA D ZENBIERZEDTND 9,
—J7 . NEHERIEEICK LT SD REfliZR 7 7 0 m—7 a2 RKBRIEHWOLERH Y | 2l
R A NOH THEDORMAFE ST, Fxld, ®IEME SD ZfH L ClifElc1T 2 %5 Birch
BILRISEBRR LT 2 A, SD &{KE#:72 DMI (1,3-Dimethyl-2-imidazolidinone) Z fHx & o 2% Z
& T IR T Birch Br 2720 2 & &2 R L7299,

EAHGEEZ L OREET L—2TH DT 2L i (1a), SD (200 mol%). 3 & O -BuOH (2.0
equiv) & W BT VRORICEBW T, flix OIFEEEZRET L7z, THF OB E2 L UG I12I3E 0
B E e < #IT L7220y > 7208 (entry 1), DMI (entry 2), HMPA (entry 4), TMU (entry 5), N-methyl-¢-
caprolactam (entry 8) Z A & U THWD & H AR 2a 23 PARZEE DU TG 6 Tz s,
I L2970 DMI 23R L L7228V T, SD (400 mol%) 35 & O -BuOH (4.0 equiv) % AV 7=
G RS ERITIHE S, HAYAERMW 2a H3ER 95% T B AL (entry 3),



SD (200 mol%)

©/C10H21 +-BuOH (2.0 equiv) O/CmHm O/C10H21
> +
Solvent-THF (1.3-0.1 mL)

1a 0°C,2h 2a 3a
(0] (0]
entry  Solvent 2a(%) 3a(%) 1a(%) J'L « oy
~N’ 'N” N"?\N
1 THF nd nd >99 I N\
\_} -~
2 DMI 65 3 41 DMI HMPA
34 DMI 95 6 nd o 0
4 HMPA 57 2 28 - )]\ P \NJJ\ N/
N
5 T™MU 32 2 63 | |
6 DMPU 2 trace 97 T™MU DMPU
7 NMP trace  nd >99 o o
~
8 N-Methyl-y-caprolactam 27 1 72 _ % N
TH NMR yield using 1,1,2,2-tetrachloroethane as an internal standard. NMP N-Methyl-
asD (400 mol%), +-BuOH (4.0 equiv), reactoin time 15 min. e-caprolactam

KREM A SR E U THRE — M2 A L7z, —MIC Birch EBCICB W ORNENERETFEE T

*/ﬁ\ﬁwﬁ%vw%\tkm#v%\7i/%\7 N A & OB b R < BSOS

Tl BHEEN “HOFEME LI AE T RRIERTHMMN RO, EEREEEE2 5
%LE)T/ FZ7B T 7 VDK L TCHOEHARETH o7z, FEAMED M) | L2 ARFEDY Birch i
TEOF UVEETFIEE LTER LTS ZEE2HFFL TS,

SD (400 mol%)
z t-BuOH (4.0 equiv) 2
Fe_ | > FG—r
DMI-THF (1.3/0.5 mL) -
1 0 °C, 15 min

SD in DMI/THF
-==-Unactivaled Aren@ --------===nmemeccm e c e c e e s ee e cee e e e
H H o
CyoHa1 N N _Ot-Bu
g Ni-Pr,
(0]
2d 2e
93% (950/0) 80"/0 9°/o 90°/o 89% 99°/o 79% 88°/o
77% (92%) 62% 75% 82% 81% (84%)" 55% (64%)
ST ACHVAEd ArENE - - - - - - - - - e o
S8
N
H
98%° 96%] 67% (82%)9
without DMI: (97%) without DMI: (16%)

The yields determined by isolation; the yields in parentheses determined by 'H NMR using 1,1,2,2-tetrachloroethane as an internal standard.
260 min. ®SD (500 mol%), t-BuOH (5.0 equiv) in HMPA-THF (1.6/0.6 mL). °SD (800 mol%), t-BuOH (8.0 equiv) in HMPA-DME (2.6/0.9 mL).
9SD (600 mol%), -BuOH (6.0 equiv) in DMI-THF (1.6/0.5 mL). ¢SD (230 mol%), t-BuOH (2.3 equiv).

'SD (250 mol%), +-BuOH (2.5 equiv), 30 min. 9SD (800 mol%), +-BuOH (8.0 equiv) in DMI-THF (2.3/0.8 mL), 60 min.
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Rh-Pt/(DMPSI-Al,Os)

¢ OY0 ALgEMNEFENIcBEESLEE LR
@ ® PN EEMSF (50~80C. 1 atm H.) THEEIRDKFLHTIEE
o Ny FRIN. 70—-RIGVITNEEEROKREH OIEE
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Rh-Pt/(DMPSI-Al203) (0.1 mol% as Rh)
aromatic compounds » saturated compounds

50C, H: (1 atm), 24 h, neat

S O o CO-CC

>99% 99% 99% 95% [37 h] 96% [80°C, H2 (10 atm)]

70—k

aromatic compounds Rh-Pt/(DMPSi-ALOs) (600-800 mg)
(0.025-0.05 mL/min) 70°C, H:2 (1 atm, 32-63 mL/min), neat

CFs
|
/
N

>99% 99% 95% 92%
[iPrOH(0.03M), 50C]

» saturated compounds

(BEH
Miyamura, H., Suzuki, A., Yasukawa, T., Kobayashi, S., : J. Am. Chem. Soc., 140, 11325 (2018).

186-03451 . 1g
18203423 W Rh-Pt/(DMPSI-ALO:) 5
TS~ 3 VP BETIRE BROEE . SR — AR—UE B EE,
https://labchem-wako fujifilm.com/ jp/product/detail/W01W0118-0345.html <

— B=H = AN 9. 7U—5'1+)L 0120-052-099
= = | i74’} IJA *D ﬁlﬁ ‘%@ % ** ﬂ E*j: ;L:’;:']UiL : htt:://labc}:hem-wako.fujifilm.com

& 4 T540-8605 AR RREEEN=TH 1 %22 TEL:06-6203-3741 (k%) E-mail : fiwk-labchem-tec@fujifilm.com
WA T103-0023 ERHPRROMEST"TEHA4E1S TEL: 03-3270-8571 (K3)  S4577 : UM - hE - 558 - 465 - 50 - St - 538
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VACUU-PURE®10C

HEMERSA RO 2 -BEERY

PURE VACUUM.
NOTHING ELSE.

103hPa (D E Z= & F
+100% A ATV —
+ M EE A TE

+ EFEEmAL

o RILRZIGH
ealboSA4 Y
o EZER IR
EIC

7

BEFEEZE 5% 103 hPa (1013hPa LBV T )
BAHESERE 1 150 I/min (9 m3/h)

F1—J SR

P

mﬂR

IKERZEDGEWT O FZ I EZE

RETHERRICHRE VARLYY

[ VACUU - VIEW extened ]

[ DVR2pro]
MESUHEFEA Y —& WMEKHEOES=——t2 Y&

HEFEXNtEY—HEA!
EHZREH :1100 ~ 0.001 hPa

EBAREDOI /N FEZEE !
EAHRREH 1060 ~ 1 hPa

F—hrE—-FTEHIER

OHESYyFRI Y-y bA—5— ﬁﬁ!
@ USB AEURBRHTT —FHLEMNAEE !
O AIRDBIRICRE !

AREUREIEZR > 7 PC3001VARIO select

BOHAMEHMERBOT A VY 7S AREERY 7. FIEEIN
K VACUUBRAND # #48A T
KRt NFa2—TS5SORYAI T4 TavD Pv/Ny

vacuubrand
Tel.03-5836-6217, e-mail: info-

HERVT

vac@vacuubrand.co.jp, HP: http://www.vacuubrand.co.jp
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O

MTHP

KEDDMHDBEH R SWABEHE VYL IIET BAEXHTTEE
AREHBDEETEET ARGHEZHIR TSI XY BLWEHGETHERATIEY
/R 1] MTHP THF 2Me-THF CPME
e [°C) 105 65 80 106
51:A 5 [°C) 7 -15 -11 -1 |
KNDERE 1.5 oo 14 1.1 ——MTHP
[wt%]
- H,0
Hiks [°C) 85 64 88 84 —
/H,0 %) (19wt%) (6wt%) (15wt%) (16wt%)
SP{& [(cal/cm3)1/2] 9.0 9.5 8.9 8.4

et ik DO S <+ s & X
ZEM
HCl 10% %6'% o
H,0 40% g o . 25°C g
Solvent50% © g BLRS AL >
50°C e E— g
0 50 100
=]
| =—MTHP —m—THF ——MTHF CPME

HXatosL
BY; =8 SHEERIECBES
E:%: 03-6701-1765

ichihiro.aratani@kuraray.com
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STag-PSm™: Silylated Tag-Assisted Peptide Synthesis

BULAIF{EEE E B RITTE

YRy N CRIEDEE RIECBUWESEER
N-MeJ” = _J BEODHEE e e e ST s [ — (CPME&/JEDMFR(;
BRI F RBUS(CE ARER LRI REBEIR)

Fmoc-A,-OH, COMU
/TIF’S

H-A4-O(B2-STag)

v{Nﬂ %\ Unreacted activated ester
coupling
0/T|Ps TAEE
B2-STag
o TIPS one-pot Fmoc-A,A-O(B2-STag) /
Fmoc-A,-NH(C,H50C,H50H)
de-Fmoc
a{ phase separation K
TIPS organic layer™ H-A2A1-O(B2-STag)

DBF
D2-STag H-A,-NH(C,H50C,HsOH
aqueous layer 2 (C2H50C2Hs0H) +MPSNa
DBF-S-C3HgSO3Na

1) 1.2 eq. Fmoc-Phe-OH, reagent

2) De-Fmoc
3) work-up

H-Phe-O(B2-STag) L2 b2 >, || bhe Phe-O(B2-STag)

Fmoc-Phe-Phe-O(B2-STag)
\

[l
H-Phe-O(B2-STag) i

Monitorable elongatror\ WaSh

t Ref) Yano, S.; Mori, T.; Kubota, H. Molecules 2021, 26(12), 3497.
A [link]
) \-.,, ..

100% conversion checked by HPLC 7 <TSL~BFO/FETORRERRERS >

HMECBE5FT https://www.sekisuimedical.jp/business/pharmaceuticals/product/peptide.html

FKAT 1 ILREH  ERER
@ T103-0027 EREEPRRXHAIE2-1-3
i TEL : 03-3272-0691

SEKISUI MEDICAL CO.,LTD. ¥ .E.m}?;;mi‘iga@ﬁajg'ﬁk;’? sekisui.com
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HEEA

M RETRR WER F—

FALR TR A B B A FE FA SRR 1

T980-8578 T115-8543

YRS T H EXEETH I 6-3 WO AL X R[] 5-5-1

TEL : 022-795-3554 TEL : 080-8170-3299

FAX : 022-795-6566 FAX : 03-3968-8340

e-mail : yujiro.hayashi.b7@tohoku.ac.jp e-mail : ebiharasni@chugai-pharm.co.jp
HEAR =
AR A S 1
T115-8543

R ARAC X IR ] 5-5-1
TEL : 080-2054-5170
FAX : 03-3968-3986

e-mail : shimizuhts@chugai-pharm.co.jp
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