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Development of Efficient Borylation Reactions Catalyzed by PSiP-Palladium and
PSiN-Platinum Complexes

Jun Takaya*
School of Science, Tokyo Institute of Technology
2-12-1-E1-6, Ookayama, Meguro-ku, Tokyo, 152-8551, Japan
takayajun@chem.tiech.ac.jp

Development of new supporting ligand for transition metal catalyst is an important challenge to achieve
efficient molecular transformations in synthetic chemistry. We have developed palladium and platinum
catalysts bearing a heavier group 14 element-centered pincer type ligand (Si, Ge, Sn). These catalysts
enabled dehydrogenative borylation reaction of alkenes with diboron for selective synthesis of monoboryl-
and diborylalkenes and C—H borylation reaction of electron deficient arenes with unique regioselectivity.
Furthermore, mechanistic investigations clarified intermediacy of an unprecedented n°-(Si—H)Pd(0) complex
through non-innocent behavior of the silyl ligand, which enables unprecedented reversible o-bond metathesis

with diboron.
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Scale-up study for heterogeneous reaction with rotor-stator high shearing system

Takashi Fukuyama*
Tsukuba Chemical Research. API Research Japan. PST CFU. Medicine Development Center, Eisai Co.. Ltd.
Tokodai 5-1-3, Tsukuba-shi, Ibaraki, 300-2635, JAPAN
t2-fukuyama@hhc.eisai.co.jp

Potential issues associated with the scale up of a catalytic Nozaki-Hiyama—Kishi reaction and a
Cr/Mn-mediated desulfonylation used in eribulin mesylate synthesis were evaluated, and countermeasures
were investigated. When stir bar agitation was changed to impeller-type agitation upon scale up of these
reactions, reaction conversion and yield decreased considerably resulted from activation of Mn powder was
got stacked up. As a result of investigation for overcoming such decreases, a physical shearing approach

using a rotor—stator high shearing system was found to be effective.
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Decarbonylative Cross-Couping Reaction of Aromatic Esters
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Recently, aromatic carboxylic acid derivatives such as aromatic esters have gained significant interest as new
aryl coupling partners in organic synthesis, since aromatic esters are inexpensive and a readily available both
synthetically and commercially. Moreover, employing carboxylates in cross-coupling can avoid the
production of halogen waste. Therefore, the use of aromatic esters instead of the corresponding aryl halides
is advantageous from both synthetic and environmental points of view. Our group also contributed to this
area by developing metal-catalyzed decarbonylative cross-coupling of aromatic esters. In this seminar, I

would like to introduce this chemistry background and development of new reactions.
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Process Development of an a-Amylase Iniubiior
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An efficient synthesis of a-amylase inhibitor 1 is described. In order to introduce the most expensive C ring
unit at a late stage in the synthesis, we developed 1,2-cis-O-glycosidation of AB and C ring intermediates.
Taking advantage of the effect of non-neighboring protecting groups, reaction solvents, and temperature for
the glycosidation led to high stereoselectivity and high yield of the 1,2-cis-glycoside product bearing the API
skeleton. We also developed protection and deprotection methods for regioselective manipulation of
hydroxyl groups in A, B, and C ring intermediates such as one-pot benzylation of the 2,3-hydroxyl
groups of D-glucose under phase-transfer conditions, regioselective anomeric deacetylation with
N-methylpiperazine, and regioselective benzoylation of C ring intermediate, which led to dramatic

improvement of the entire process.
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Scheme 1. 1* Generation synthetlc method (modified Med-Chem route).
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Scheme 2. New sythesis strategy for a-amylase inhibitor
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Scheme 3. 2" Generation synthetic method.
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N, b El7ZR CBRZRBITHEAL, B OEERNIC a-7 Y a2 LIS EITH) 2L DTE
L8 — FOEBIZEE) LT,
22. HFABIXOB 2=y NARREDORFR

AR L7z L 912, A,B=y FOMH&EZIMEENGET L1720 (A2=v | :8~11,B ==
v b 2o14)  TREEERL IR EAHV, B 3—Y OF A IERTEICEF L2 (Scheme 4),

Scheme 4. Synthesis of new A and B units.

"o 1)L, PPhy, ! Me H,SO, Me
fe) imidazole, THF o) H,, Pd-C, AcONa o Ac,O 0
OH > OAC > OAc —_ = OAc OAcC
HO OMe  2) Ac20, pyridine AcO OMe EtOAc, H,0O AcO OMe AcOH AcO
OH 84% yield OAc OAc 91% yield OAc
Methylglucose (21) 22 23 11 (New A Unit)
O HO AcO.
MeC(OEt); EtO. Ac,0
p-TSA-H,O o 1) BnCl, TBAB, NaOH o Ets;N o
> | Mée OH > OBn E— OBn
MeCN 2) HCI EtOAC
(e} OMe 3) NaOH, MeOH HO OMe ] HO OMe
OH OBn 95% yield OBn
84% yield .
24 25 14 (New B Unit)

[ I = Non-Isolated Intermediate

AF NI a—R e H3EEEE LT 6 MBI T 7 #E, %< one-pot TDOT BF AL ZFTV, 22
T LT RUSTEVETD P 722 LR AT 4 U4 XY RIZAKICRE), KRS
T, AURMBEELL, T/~ NETEFNAESNEEHBL A=y b 11 % 4 TFBEH 76%
TRz (of FIIEE A o= |k 8:5 TFE 55%), [FERIC, AF T a— Az HFEEEE LT, 4,6
NKEEFEZ AV = AT )V CIR# L. #1429 5 EtOH % 8% . BnCl, TBAB/NaOHaq.?> 5% 5/
T, 2,3 a_ Uk Lz, ROSHEDREMEIZEB W T, AV hm 27 I NCAER T 57 B F
IRERE L, 25 % 84% TR/, ®ZIC, 6 fiBEIRICT BT b7, FiB=v 14 %
3 THREHE 80% CTF7- (of WIIEEB 2= F 2:6 T 51%), LLERL7 X 91, BIRARE,
FARFEIE DB K 0 | 7225 R 2 FHWC L B TR D EIEE T O R RIR G iTEE & 72 o 72,



23. FrC 2=y h 19 DARIERER
FCx=v F19IZEL CHETE L IR B4 BRI, AEDOSW B % i L7 (Scheme 5)

Scheme 5. Synthesis of new C unit.

HO
\Q"'O TsCl, NMM . 1) NaN3;, DMSO \5—7 "0 1) HCI, MeOH
., 2) BnCl, TBAB 2) MsCl, NEt,
HO O)( AcOEt O NaH, toluene /O EtOAc
29 THF
26 92%
N3 1) H,, Pd-C 1) CICO,Me
O\ vOMe | _AcOE NEts, EtOAC NaBH,
— > —_—
2) heat 2) HCI AcOEt
BnO OMs EtOAc, H,O Cone
29 59% from 27
(9 steps)
Ho  §OMe yyg.c NEt, Bzo  GOMe

_—
2) Hy, Pd/C .
)HZC, EtOAG total yield: 46% (12 steps)

EnO - OH e OH HO OBz 2 isolations (27 and 32)
32 86% (2 steps) New C unit 19 l l = Non-Isolated Intermediate

cf. 15t-generation method

%0 H 1) BnBr, NaH, TBAL, THF  HQ OBn
o - O o 2) AcOH, H,0O e o
g : )( . NH
HG “0 3) NalO,4, AcOEt, H,0 BnO ‘0 5 steps MeO

4) NaBH,4, AcOEt, H,0O 34 30

Diacetone-D-glucose (33)

4o  COMe 1)tBUOK, DME
¥ 2) BzCl, NEts
EtOAc

—_—
e

B —
3 steps N 3) H,, Pd/C 3
BnO  OH ™% Fioac ©  OBZ
C unit 4

32 MeOH
22% (15 steps)

IR 2 M CAFR S /2 26 ICAEH Lz, ZHICKY | gL THECTH o7 88 DR,
A=V OACHIBIZA, BEIo 3 TRAZFME T2 Z LN TE7, 26 O—fkKEEERING vk, Kl
TV R, NUPBIC LD 28 A LTz, A YT U F U RBR#E L, KEEREDO ATk, TY
RIEITC, O FRNBRALRSEITV, WIS & 3@ o PRI 80 235 H A, [REEDZEHAIT I v S E P
K82 ~ Lz, PIWIEETIE, 4 28T 272D AFY Y U Y VEROEENMEATH > 727332
—4:44%), C 2=y "NOREIEE 19 £ L= Z L2k, Bbz1T7o7, 2 TREBz b, B Bn{b) & T,
IR (86%) TC=2=v FN19ZAKTHZ LN T, ERLOBRFHZL Y, 3 TROANK, RO
Rig7Zem B2 Le (412 TR, WFIEE 46%, of #IHIEE 4 15 T, 22%),



24. X7 P VU ERAWEZ C2=y b 19 DARRERZ

W FAKEZ Bfs L. B4 Em Cchd 17 R v (35) 2RI LI C 2= N OFBARKE
PR & T 72, 327 NU > OBEBEARE > DT LTt B A AR G I &LV, Bk R, i
A HEENNS DR NY S UHHIEORFINER S L, S vy KRS — L TOXRT N T DA
WHReE feofe (1 vy MgK35kg), Z0& ESGINMIRIZ, 2RO 87 & & Te /KK
ThHDHN, T rEAREGIZBWT, HaRitaEf L, 1) R 7 MU > 2 KR+ T NaBH,
oL, 2) MeOH IZ X5 % /37 hEkFRE, 3) Cbz bk, 4) BHEAKIHD Coz 1K 36 Dt 12XV, &
liZg A AW a~ N7 T 7 40— AN 5Z &< GRIIHERATRE/ B D Cbz 1K 36 #1525 2
ENTE (1 my MrK45kg), KRIZ, Cbz k36 25 C 2= 19 DA RK %A #7472 (Scheme 6),

Scheme 6. Synthesis of new C unit 19 from Nectricine (35).

Regioselective Benzoylation
HO HO ?bz BzO Cbz BzO H
N N NMM, BzCl lll H,, Pd-C, HCI N
AN —_— -
— >
8 o A MeCN \ Toluene, MeOH, H,0, S
HO OH  78% HO  ‘OH HO ‘OBz then NaOH HO 0Bz
Nectrisine 2 steps Cbz form 36 37 61% from 36 38
(35)
o T T T T T T T T T T T T T T T T T T T T T T TS E T s mmmm s al
E Removed to the mother liquid of 38 i
CIcOMe |pzo  §OMe ! B20 n  HO 4 BZO H !
Et,N N 1) NaOH i N N N i
—_— ! i
AcOEt A 2) CbzCl 5 R R R i
95% HO OBz : HO OH HO ©OBz BzO OBz !
C Unit 19 30% (recovery) ! 39 40 41 :
total 5steps L1

Tl Wt 2 M L7253, BzCl & N-A FLELdk Y > (NMM) %A L7- MeCN #iEIZ Chbz £
86 A EIRINT 2 FIEICL Y, 2, 5ALARINIIC Bz b Sz 87T 2 FAFM E L TR N TER
(87: 75%, 5-Bz 1K 16%, triBz 1K 6%), WIZ. Cbz XE&fr#E L, 88 D2 L7-& Z A, 39~
41 O X9 REVERID D A~ ERE S, BAFREOR G Z IR 61% THD Z &N TE 2, AT
D 39~411%, i Bzt Cbz LlZ& V| L 30% T 86 ~LZAH LT, Ri%iZ 38 & A ¥ IR
=UET L2 LT, Ca=y b 19 ZIR 95% TRz, AFHEICL Y, Ca=y FOTREEZ(LFE K
£ 12 TH(46%) 725 5 LHE(65%EIACHITET 5 Z L 1ZpLh LTz,
3. £&®
8= OHFENAF O RE L (AB B+C B oK1 7 U 2 SUHLRIEOPIFE) N4/ 3—> D
Wit (RAEIE) . AiE s RTEHIC LB LS R, KIBARILEO R b & TREONM (433 TR-
421 TH) EEMLE, BC, ERARTIRERDHEL, =2 FIMAEE TS >/ C Bt =
v hOT R ARBICE T, 7 b U o BRI, SRR R OB, (DRI
N ANACRISE DR R LY | TS 3 A MBI H DA TV v R vt A& LTz,
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Copper-Catalyzed Asymmetric Allylic Substitution with Phenol-/NV-Heterocyclic Carbene
Chiral Ligand

Hirohisa Ohmiya
Department of Chemistry, Hokkaido University, Sapporo 060-0810, Japan
ohmiya@sci.hokudai.ac.jp

The cooperative copper catalyst systems have been prepared from copper(l) salt and chiral N-heterocyclic
carbene (NHC) ligand containing a phenolic N-substituent. These systems allowed the highly regioselective
and enantioselective allylic substitution. For example, copper-catalyzed branch-regioselective and
enantioselective allylic substitution of terminal alkynes was developed. High enatioselectivity was achieved
by employing a phenol-NHC chiral ligand. Various terminal alkynes can directly be used without
pre-activation of their C(sp)~H bonds. More recently, the copper-catalyzed enantioselective C(sp®)—H allylic
substitution of azoles with y,y-disubstituted primary allylic phosphates was achieved using a naphthol-NHC
chiral ligand. This reaction occurred with excellent branch-regioselectivity and high enantioselectivity,
forming a controlled all-carbon quaternary stereogenic center at the position a to the heteroaromatic ring.
The phenol-NHC chiral ligands have utilities not only in the reactions of pronucleophiles with C(sp)-H or
C(sp”)-H bonds but also in those of organoboron compounds. Thus, copper-catalyzed enantioselective

allyl-allyl coupling between allylboronates and (Z)-acyclic or cyclic allylic phosphates was developed.

AHEARUITES - 3K - GHSREM B E O E A UL ER P R BB Ch 5, BB 4R S (R il
FOGRZE DSz o T D, —FH T, ALFERIE T 17 R K 5 BREEA ff i8R D B E R4 %
WARERT D EIEMENZRY, LR THBLZH WA LT A X ILDOR—Z X X K HREBERK
ERPELR->TVD, ZOHFEROL &, WAITREAMEBLE LT XA X207 U —FEE R f&
L. @i iéﬁbw%WAm&m%%%bf%to AR CIE, W OB (2 5 < hER
2L 7= )= -N-~T OB N_UEERX T VEML %2 F R BASE U, Z OSSR 2 75 fi it &
FTAHRIRAEEBR LT, 7 KEHTIE, ZOFRICHET 28T ORI OV TR,



RIS TNHE LV DORET J MERIE

TNXETNT DRI sp REFLEZFLF TNV 142040 (AFy TR AV)
b, AR EEERFETH D, 7TF = VREA| O o F 43I T Y Lk
BOGH, ZDFITINAFy T R oA O bIRNBRERIETH D, 7oL 213, Stic L 57
F =TI =T ARUGHIZR E O F o F AR T VLIS RE SN TS, L, &
WG Z BT 2T Vv F =@ BREAZRAT2 2 06 BRREFAMERH 3R 0 R ChRiE
W%, LIciio> T, K7 VF o Z REAIRMA L L CTEENWD Z L OTE L FIEORFENR
CEENTWVD

Fxix, 7=/ —/-NHC-Cu(l) ¥ 7 /NWVAERZH WS Z & T, Rim7 vx & (2)-F—hkY
7 VL O EERRNB X o F &R T VAL ORI L=, Zhickb, 7
XU LT AT OMICARFRETLEZERXFTINAX Y TR U EDRBLS AR TE S, KK
JSTIE, Vv, JBMIR, 5ERT VX 2 Giekka 7K 7 VX & C(sp)-H #& O FRIEMEAL
RUICEENHTE 5,

R2 H
e cat.Cu(l)-L*
R1{ L|OtBu /\/
R 0 oluenelDCM R
N

OP(OEt) up to 95% ee

BIRE~TERT L—VORET Y VLK

VYRR RS R B D ORERIX, @ OARBHE M & s e ) o FARREN R S D Z & b A Kk
BESOGBRR ISR T D 2 O — D> TH D, TDH L, ~7T a7 L— O J o F A 5N
MIEE =4k 7 V¥ ARIC K 2 BBV A R D O EUTT AR R ICHsE ST D, Lo, @
SNTVWAHNL.ETEE~TRT L—2ThHbLA Y R—AFEERD C-3 FH =7k T VX IZROL
Lo DED, BT ARRATRT L—r D) U FABRIRIE =7 VX ABITH TR0,
Fexix, 77 F—L-NHC AWM X T VBN F A2 L. ZOHEEEREZ HWcEFARRE~T 2T
V*V&YT:%@%*ﬁUV@TU»@K%TU”W&B%%%LEO%LT 90% ee 2 5
BT T U F A RRE TR BERFE IR A T REROLDEBETE 2, CHEAEREEMICE Y EH
PR FIRF LM T L 2 &1, ARSI ORKRETH Y . ZoRAITESHZDOKR
T RRBAICEN D,

2T N - Ph Ph
r- PalS
- DH: )_? Cy
'~‘¢:,,I]:X>_~-' cat.Cu(l)-L* 7)\/ O
Rz + _Liomy_ & O NN

O dloxane \_. N Cy
R1 J\/\OIS(OEt) up to 93% ee OH - Me



RETIN-TIN I TV T*

T UNKRERI LT VKRE S EHNT VACRDS (T I A=T VT 7Y 7)) 1358172
C(sp)-C(sp’) BT TIED —D>TH D, FRZ, = F U F AR T VL —T U h v 7V Tk,
XTNWNS-VZUEMRERNCEZDHZENTE LD, AMEGR EERETETCHS, —HT, K
FET, REAB L OSRETFAIENENOKALE Z ST 2 0ERH D7D, @mOHEEZHT 5,

Fexld, 7=/ —N-NHC HERX T NVEA T2 HNWTET VAR IBZ AT VE (2)-F—HkY
7 U Lot F AR T Vv =T U v 7 T RO ORI LTz, ARG,
BN yERSE R U FARRETHEITL, TNV RET UAMMLICAE sp’ IRFEZHTHF
TINS5V UFEERER 2D, £ LT, BEFETIEE AR T H o 780k L OBRIR ORI ERY
@)-TINEEERNDZENTED, TIUNAKREAE L THERY R LEWERIHATELZ &0
b, BWEREFEMEZHT 5,

X o Phe Phog,
)\ B cat.Cu(l)-L* R' RZH > \
_B.g kome L M~ NN
R2 + Cy

— Z e
0 THF o
\ i up to 99% ee OH Me
OP(OEt), L*

References

1. a) Ohmiya, H.; Sawamura, M. J. Synth. Org. Chem. Jpn. 2014, 72, 1207-1217 (Special Issue in English).
by K'eFi/A, ERIEM, AH MesT3) (FpfE THMSROMRBEEAE LIS 1) 2016, 67, 361-366.

2. Harada, A.; Makida, Y.; Sato, T.; Ohmiya, H.; Sawamura, M. J. Am. Chem. Soc., 2014, 136,
13932-13939.

3. Ohmiya, H.; Zhang, H.; Shibata, S.; Harada, A.; Sawamura, M. Angew. Chem. Int. Ed., 2016, 55,
4777-4780.

4. Yasuda, Y.; Ohmiya, H.; Sawamura, M. Angew. Chem. Int. Ed., 2016, 55, 10816-10820.



(JSPCEEFE 1)

S PRI K D = A T VARHA UG D BR %

SRR
OSB3t - AT - B - SRISE - MY

Development of A Highly Active Iron Catalyst for Transesterification

Rikiya Horikawa*, Chika Fujimoto, Takafumi Tanaka, Ryo Yazaki, Takashi Ohshima
Graduate School of Pharmaceutical Sciences, Kyushu University
1-1, Maidashi 3-chome, Higashi-ku, Fukuoka, 812-8582, Japan
3PS16006W @s.kyushu-u.ac.jp

A highly chemoselective and reactive p-oxo-dinuclear iron(Ill) salen catalyst for transesterification was
developed. The developed iron complex catalyzed acylation of aliphatic amino alcohols with a nearly perfect
O-selectivity, even when using activated esters, for which chemoselectivity is more difficult to control. In
addition, O-selective transesterification of aromatic amino alcohols was achieved for the first time. High
activity of the iron complex enabled the use of sterically congested tertiary alcohols, including
unprecedented tert-BuOH, in the catalytic transesterification.

- HiY)
ﬁj\% W 7/ % ke R ‘.7% %}#O 7 X /)  Scheme 1. Hydroxy Group Selective Reaction of Amino Alcohols

T L 3= WEREA & L TR A R EOSIZV B i catalyst

TWb, 773 E e Rax ok % g4 {HO/CD‘NH2 m’ E\OO‘NHZI
HE, —BRCT X 7 EREVREEERA L TND

720, LV REMEOEWT I BN BRI SRS WaSte{ Protection Deprotection ]fwaste

o —H. B FOR AR S5 70 )
I, TS ORE - REEETT S FEAE ko Dy B y-Pe
AUC& 7 (Scheme 1, T=), LrL., fRi#ELLH

WD FIETIIRIE AT » TESBEFEM D2 70 b 728, il X > TE @Rt 2 Wi S E e
R 3 OGRS UG S8/ 5 FIENIFE S TE 72 (Scheme 1, ),

TR, BIFEEOMERIIEE 7 7 A X — it 2 X U, WL OOz L > T, AF L AT L
AWM X 57 2 2 BIE T, B e USRI T VBRI A ShTnd
L2 L7Rs & BOSHEDN my < SEPUE D HIE 73 K 8 T &b L 1EME = XA T VPR FEE O R & W =k T /L
=L ERE L L CHOWERISIERETH O . EFITmD Thun Y 22T Bxl3iEtET
AT NV W ROSITBE N T TR E L HE I EETH Y . =T Vv a— L E N AT VAL
ARSI b 16 FH ATRE 72 mE PR OB 2 BfE L. MEta1T o7,

[ 5 - w5
LiEtE AT v EHWiZ e Fo % U EGRINA 7 2 Ui

b Ra U BRI MR 2 R T 5720, b Fa X U REROBREZ2EN bE X L, @Eour
TNOEBT Vaxy NEEZAERLLTWEEZ N HMigh, VL b, i, 87 EOEBEED




At EAT o7z & 2 A 1 A OB < BIR 2R3 2 & A HT72 IS A L7z (Table 1), S 5725,
FOGHE « BIRMED W B2 B L, Fix OB, SEEROMRFI 21T o7& 2 A, A% V4G 8
$E(K (Iron complex 2) M3 b WSS « B IRMEZ R L7z,

Table 1. Screening of Metal Catalysts

6 :
o HO/O 5 rrf(;ilgzl);ﬁ;tal) Ph)]\
Ph)J\O/\CFg ' /O toluene, reflux o /O Cgi b
HAN Ph)l\ Iron complex 1
1.2 equiv.

Entry Catalyst Yield (O) Yield (N) O/N
1 ZnCl, 13% 1% 131 ‘/Q ©\’
2 CoCl, 10% <1% >20/1
3 CuCl; <1% 2% <1/20 Fe/‘o\Fe
4 FeCl, 73% 1% N
5 FeCl3 64% 9% 7 ‘\© ©)
6 Iron complex 1 83% <1% >20/1
7 Iron complex 2 97% <1% ~20/1 Iron complex 2

FeWD THEET 2T V2 W Te = 2T VRHSOGIZ I W Tl & LT3 Y AU S B2 8514 (Iron
complex 2) ZHWTT X /) 7 ha— LVOREE - BMEOKRTI21T>7- (Table 2), Afhiils H\ 25 2
DI Rk« 28T X BRI T DR TSRV T, ik - 2kt Fe S RO@ER 7L
T MALRG %%Ltoit\ﬁ%mt%m%/ﬁ%ﬁ%%T S HEDPIIFT DR TICBNT
b BOZRATVEBRINICED 2 EICHPI LTc, & BIZ 2 E TR MERW 720 i 23
.%T%Oﬁ7\/71/—w%ﬁWﬁﬁm LA THRE LTz, £o, ARSI~ OB REHREZ
A4 HEHEMZEEHCHNEEEICBOTHRNERTHNOTY I ) 2 AT V255 Z LTl L
7o
Table 2. Scope of Amino Alcohols with Activated Ester

Iron complex 2

(0] (5 mol% Fe) (0]
)]\ NN * ~ )J\ /Q ~
Ph”” SO~ “CF HO NH; toluene, reflux Ph”” SO NH,

3

1.2 equiv. chemoselectivity
>20/1
NH
N Ph)J\O Ph)J\O Ph)l\o Ph)J\O
99% yield 98% yield 99% yield 99% yield 99% yield
Ph)J\O PN PR N Ph)l\o Ph” 0 NH,
99% yield 82% yield 38% yield 80% yield 72% yield
i o M Me HAN
o P oo~ Ny 0 N>/\N P
)J\ Ph)ko NH )K — PN
PR~ 0 = H
I | P O/\Q_.N N
=
2 Br Br cl \N
64% yield 96% yield 89% yield 87% yield




KICT AT VO M OMF 21T > 72 (Table 3), ARSI~ OFEMET 2 T VA5 A AT HE
ThY, FLAFN - 2 F AT AT LEZHOCTHRRICEWOT I ) = AT NV E2155 2 LI
L7z S HIZEREMBROIEET 2T V&2 HWESEIZBW T, RERICENETHROT I /=
AT NEBDZ EITHPILT,

Table 3. Scope of Esters

Iron complex 2

o) QNNHz (5 mol% Fe) 0 O“\NHz
+
Fi‘JJ\OFi2 HO toluene, reflux R1J\O

1.2 equiv. chemoselectivity
>20/1
(0]
o o] O CFs o
0" CF
Ph/\)ko/\CFs Ph/\)J\O/\CFs dk ’ Ph/\)ko)\CFa Ph/\)LOPh
95% yield 95% yield 95% yield 61% yield 61% yield
(0] (@]
(0] (¢] O\)J\O/\CF N PPN
/\)J\ /\)k ’ ° P P o cFs
Ph OMe Ph OEt N-N (0]
. . Ph’J X Ph .
99% yield 99% yield 79% yield 94% yield
Cl OMe
M (0]
e i R
M
© 0">CF, Q Lo/\CF3 N 't
= P
Me o) le} (@) CF3
Me
94% yield 85% yield 92% yield

AREINZEEMLE O » 7Y o TRIG~DIGH B AHETH Y . SIETHIOZ AT VA5G0
Z LI L7z (Scheme 2), AFEEIL, AN S WERERLHFAMAZA LTS Z & 2RI HE
THY ., XOEMEREENFEROARA~DICH L HIFTX 5,

Scheme 2. Coupling of Pharmaceutical agents

o} H N
~N Iron complex 2 o
N L~ ) (5 mol% Fe)
Ph ~ (@) CF; + NH, N\\’/\)J\O NH,
\-0 HO toluene, reflux Ph‘&Q
Ph Br Br chemoselectivity PH Br Br
1.2 equiv. >20/1 99% yield

2. =tk TNV a— )V Z [N e = AT VARG

SERBEEN K E S RUSHEDOIER W=7 v a— v & W2 AT VRS & T DT, #k
L U8R (Iron complex 1-3) L HigRIUEZE 7 7 A X —Zfillit & U CHW TN E1T> 7 (Table 4),
Z DGR Tron complex 2 & W2 & ZIZEINER TR 2155 Z L 1THE) L7z, E72. Iron complex
312 A0 AN LAREEE L THWS Z & T, 52T Iron complex 2 234 L, BEIMAHL Z LIZ
R L7z, BLEDRERN S | ARSI TIEEEY L BB & A3 Y SRBEML O S N EE TH 5
EEZOLND,

TN T =T b 3 — b & AW 2 2T VUGS IZ BN T, A%V 484 $E 285K (Iron complex
2) ZRWTHEE BYEOWMF 21T o7 (Table 5), AMEEZHANDZ & THND tert-7 F )V AT
NERBNRTRLDS Z SO TR LIz, £70. KRGO S b oAz =T 720, F 70707



SR BAF NI AT N ERANT RIS E Tl ZA, WHEMEZIZEACIRTEELZ < AW
D tert-7 FIWVTEZ AT NEGEDLZ LWL LTz, &I tert-7 FNVT V3 — VLSO =T /v a—

NEeHWERIGHARETH Y . AL F LA AT VOERRIZH T LTz,

Table 4. Catalyst evaluation for the transesterification of tert-butyl alcohol
Iron complex 2

(0] (10 mol% Fe) (0]

+ HOBu
Ph/\)J\OMe xylene, reflux Ph/\)kOfBu

10 equiv.

£ ] K ) 1 I ] I ] ?F3
Fic 09 ok
3 Zn CF,
[ Fe/o\,:e [ Fe——Cl [ Fe——C| + Ag,0 \(O Zn O
sc«/o\ / oo CF4

ﬁ%@ﬁﬁ s

Iron complex 1 Iron complex 2 Iron complex 3 2“4(OCQCF3)60
0% yield 97% yield 0% yield 87% vyield 0%yield

Table 5. Scope of Amino Alcohols with Activated Ester
Iron complex 2

(0] (10 mol% Fe) (0]
L + HO-R2 g
R “OMe xylene, reflux R!” ~OR?2
o
O
H o
(0} NM " (e} N\)J\ H
Ph N OBu y Boc” ™ “O®Bu N
Ph/\/lkOtBU \_S\/O BOC/N\)J\OIBU \ Boc OBu
Ph Ph
97% yield 97% yield 84% yield 84% yield 68% yield
(>99% ee) (96% ee)
(o} (o} Me

H H
0 N N _
HQL Boc” \:)J\OfBu Boc” \:)J\O‘Bu O Me Me
Boc” ™~ “O®Bu : : /\)J\ X~ Me
: Ph o O Me
~0Bn /\)J\ =
OMe BuO” 0 Ph 0

64% vyield 69% yield 56% yield 88% yield 54% yield
(98% ee) (98% ee) (>99% ee)

L

Al Fox lImiEME 8k T RBE R L 0 | EIRME ORI S N EE R EE e AT L A2 e R ¥
BRI T AL e & SEARREE DN K E W =7 L a— L&k W T AT VA SR E LT 2
ALSIERLST X VB AT /VZOEHRETH D . BEFE & N TOREA| - RETAIE HIC

MRINWVIEE 2 A L TR0, FMMREWEZEZLND,
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Development of a novel and practical palladium removal method using hydrogen gas

Yasunori Oba*, Shinya Yoshida, Tetsuo Furutera, Minoru Okada
Process Chemistry Labs., Astellas Pharma Inc.
160-2, Akahama, Takahagi-shi, Ibaraki, 318-0001, Japan

yasunori.oba@astellas.com

The use of transition metal catalysts is quite useful for the active pharmaceutical manufacturing. Especially,
palladium (Pd) is widely used metal for organic synthesis. However we sometimes encounter Pd
contamination troubles to the target compound. Since Pd contamination would be a critical issue from
toxicological stand point, the residual amount of Pd in drug substance is strictly regulated by ICH Q3D
guideline. Under the circumstances, we developed the new practical Pd removal methodology from organic
compounds. This newly developed Pd removal methodology is very simple and environmentally friendly,
just stirring under hydrogen atmosphere followed by filtration.

Today, we would like to introduce the details of the newly developed Pd removal method.

B O F

EIADOFIE RO IFICB N T, BB EZ AW RRIKREFHTH S, FrIZ Pd 13K
TIPS, SSAR-EIA > 7V o IRMED v 7Y 7 EICRES AT D, LR
5. B ETHELAHTIC Pd MER L CLE ) r—RCBEL BT 5, ERMFEEP AR
T 5 Pd i, BPEOBLEDEIKICEET 20N H Y | ICH Q3D A K7 A 2 XK kL < Bl
INTND,

Pd #[RETHHEE LTE, FA—UELBDEDER AT NPy —E TN 5 7T
SUNTNHT BERCDFIESENALN TSN, 2 A M, W AL > TREME T 5,
JEMERBEDR LB L T2 570 &0 ARG E b D, Fio. BIMFIRCBRAER B S B A M e LTHR
EEWTIERET2260H5, ZOXIRIRMT, AR X M ofERGIEIZEY Pd 23R
IZBRET 2 HIEOBREREEN TV,
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KL, A% ST 572107 CPd #BrET 5 2 L3Rk D IEH If@H 72 515 TH 5 (Figure 1),

Stirring

Pd contaminated solution

Pd was successfully removed!

Figure 1. How can we remove trace amount of Pd from organic compounds?

1 FH i A

1.

FrHUCEHZE U7z PdBREIE O A 2 #7295 72 DI  PADMRA Lok~ ek B & A,
FREIT o7 (Table 1), ETORER, SR-EHH B » 7V o ZITHOBLD PA(PPhs), kD
Pd C/KSEWNMBC VD PA/C H13E D Pd 2%, %< @ Pd ik PA TR R0 2 2 &
Dorinole, F12, Pd A3 10,000 ppm & mIRE S EN T THEREDAREETH -T2,

Table 1. Scope of the new practical Pd removal method

Entry 1 2 3 4 5
Chiral chial OH N ‘ Ny "o el PR
i o 0L o " "
4 NH; NH o NH;
o N
) H
Pd
J—2 Pd/C Pd/C Pd/C Pd(OH),/C Pd(PPh;),
RIS R DIL —hAET TILFUET AU DIL wARHYTILT
Pd 100% 96.1% 100% 59.0% 99.7%
BrEE (2500 ppm—N.D.) (59 ppm—2.3 ppm) (15 ppm—N.D.) (9200 ppm—3900 ppm) (7000 ppm—23 ppm)
. mEd6ET "
Sih # BT a2
e MEABE 10098 5= AT &E HEMEEM




2. WIT, KPdFREEOHEIGHEZIERT N, Pd EEWVENEEEZ BT DDA Vy
— L LTHRIHENDB I AT A R F LU DT IVESD HarRERELHET5{LEW
ZHWTEREZIT->7= (Table 2),

[ 528k 5 14])
Pd/IC A% ) —ZERE L., LAY (PAd Ik LT 50 &) 2Nz, 285 FH##E L. Pd 25
W5, £D%. PACEARIL, PdDNEANLIZAKE AV, KELTAFRAK T T 5,

[R5 & B 53]
<I Hi F2 B>
Pd LENEEDE W AT A VR TF LU T I UL TUT, ERTHEET 5 2 & T, IR
Pd NZ < IEHT 5 2 &R S vz,
<R 2 I2H>
VAT A NIK LTI PABREZNREDE o723, Pd & DENREDFENTF LT I b
Pd ZRETE DT EnmhoT,

Table 2. Functional group effects for Pd leak and removal

zF L . ) 7F v 2R VA
AN AT N vy s FTH L
fuetz AT U7y i ZEER 7y AT 7=y k [ad
HHEHEA F A= T vy Lk TV VI T T ATV 7R PERY S
Vit E R B0
. ) 112 12.7 7.7 0.25 N.D. N.D. N.D. N.D.
VST > Pd bpim b b b
B EBR % D
W @ Pd JRE 105 ppm 10.6 ppm 0.54 ppm RENE R i R RE Rt
(Z7R)
bR L% O
TR @ Pd S 105 ppm N.D. RFEN PES PES PES R FEa R FEa
(50°C)
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Pd DIEH K OBRELRICAIEE W DSR2 52D D& O
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L& & DBELALRELISMT

SARFEE DN SOV TG L 72 (Table 3 & O Table 4)
W2, BRELES 2D Z &R hoTz,

TP IS L

Table 3. Steric effects for Pd leak

SA) 5 SIRVALN

FEENRE < 251E L Pd

sz =) % a- By ILFD
= = =
M | | |
N NS N
N N N
initial 0.03 ppm N.D. 0.03 ppm
ZeR T 24 RERIR IR O
N . 6.56 ppm 1.91 ppm 1.32 ppm
Visitih o> Pd s PP PP pp
W”T%ﬁﬁﬁﬁ%@
25.5 ppm 20.7 ppm 5.56 ppm
Visifih o> Pd s L e e
Table 4. Steric effects for Pd removal
{b&m4 = A o-E ) v NFT v
= = 72
Heis | | |
N NS N
N N N
initial 17.1 ppm 6.16 ppm 2.23 ppm
KE T 16 Rl HRZ O
ST . N.D 0.62 ppm 1.10 ppm
WiE T D Pd L =
Pd %R 100% 89.8% 50.7%




LD E~DIEH
KA A Z VTR Pd BREEDPMO SRS HISH TE 208G 2 a8~ < Witz £ L 72
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EMHLMNE ST,
Table 5. Removal of other metals
&JmTE Ru Ir Rh
>/5\< /O\©\
fib A s S‘ N—Ir—Cl F_F
N @ | F'F
Ru
FNEEPAR N, H, N, H, N, H,
krE®R 0% 57.0% 0% 0% 57.0% 71.3%
s < K 60% CHEFT BT D B BETERN CEEFHEKT THOML T,
- - ASEE DB A ITFIER RN 2 KRBEIRT OIS, BERPEN
i ai

A lal 2 DIBHEE U 7o B BPAPR 151, PA2YREA LTV D84 2GR A W) & TR SRR X d, UK
FEEHK TR L, AilEFEHT 5721 TPAERETE HIFFICHERFETH D, Eio, IwINAF
AT TIKRBEHT ADOLBEHEHT 2 /0%, RELOSEE R EOmN 5 b IFFITH i /e PdbRE 1k
ThdEERD, ZOIHEGLIEFFIZELS . 8R-BH A v 7V » ZIZHW B 4L 5 PA(PPhs) H1 R D
PACAKFIRMBSZ FWZPA/ICH K DPASE, % < OPARIEH K OPAT TN H V) | FA— VI EBR

<K& TRERE

BPABRETTETH %,

BEE2H LA U TRIERMICPAE FRETE 5 2 L 2R & T DB 78T
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Direct Synthesis of a PDE 4 inhibitor by using C-H Coupling of Benzoxazole

Kiichi Kuroda'*, Shinjiro Tsuyumine', Tomohiro Kodama®
'Process Chemistry Research & Development Laboratories, Technology Research & Development Division
’DSP Cancer Institute
Sumitomo Dainippon Pharma Co., Ltd.
3-1-98 Kasugade-naka, Konohana-ku, Osaka 554-0022, Japan
kiichi-kuroda@ds-pharma.co.jp

A short and practical synthetic route of a PDE4 inhibitor (1) was established by using Pd-Cu-catalyzed
C-H/C-Br coupling of benzoxazole with a heteroaryl bromide. The combination of Pd(OAc),-Cu(OTf),-PPh;
was found to be effective for this key step. Furthermore, telescoping methods were adopted to improve the

yield and manufacturing time, and a two-step synthesis of 1 was accomplished in 71% overall yield.

«%me7u~wmA%(DjﬁwVA4v~f%%%@%%@ﬁmA%f%éommm%ﬁ
PN X 2 385k T 2 /FR BRI N 2. BDNF & 7' L5k (NXF #518) VRIS X 2 i i/ (%
fﬁ%®Lﬁ#Mﬁémé_kw%ﬁénfwéo@%@#/7w&ﬁ@k (ZHfEST L 7= 53— AR
DL, AIRFZERE O S RIEEZKRE LIZHDTHS (Scheme 1), LrL, ZRFEHEME TH D

OC>—NH O 1) Hy, PdIC o,
: Q 2) Ac20 Q 1) SOCI,, DMF

F
/(:[ Et;N NH 3) HCI N Toluene

HO,C NO, H,0 /@ THF/MeOH /©: )—CHs 2) 2-aminophenol, pyridine

HO,C NO, HO,C N NMP

2
= HCI
94.8% 85.3%

O, 0 0
1) CHySOzH
OH 2) NaOH aq. fumaric acid
H
" o, Aeonar }ﬁm »wm
NMP/Toluene
’ at

1/2 HO,c” X -COH

92.5%

1 (83.6%, 15.4 kg)
HPLC purity: 99.9 Area%
overall yield: 63%

Scheme 1. First-Generation Synthesis.
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A, Zh o O EE — IR T 25 T HRENEORBICEF Lz, bbb, Xy A%h
V=D CHB YTV T ERENCHNWL B ETH D, XU XA I XY —LFHEK (Ar-R) OfF
BILZRET LA R. ArBr 2 V2854, =l DO (PA(OAc), & Cul DIRA M) * Tl
DMEDN> 72 (Table 1, Entry 1), % 2T, SEEOWMARICE B L TRFILIZE 2 A, Cu(OTH), & H
WHENENRREL M ETHZ EERH L (Entry2), ZOH LWSEHIT Ar-OTf OEAIZ H H %)
Tho7=h (Entry 3), HEOARIEDEME S CBEEO AFIEND Zha AV 50— NS
Lic, Ele. =y iz Hn 5 5k (FF - IR o5, =l b05EFY) L7
RIXKD > 7= (Entries 4—6) , L7223 > T, Ar-Br kT 5/ — NOBEHZREL, By 7V 7 1L
Brmmb L7z, B, 27TITEOI B 6 TRICT LV Aa—bvrr7 (HEEd 52 &< kRTRERICHE
DLHFE) ZEHT DI LT BEANS “PRIEBOBEEN 1 []7 L7 28T ot AL L
7= (Scheme 2) ©,

Table 1. C-H Coupling of Benzoxazole with Benzimidazole Derivative (Ar-R)

o]
O,
Pd with Cu
or Ni N>_
N N {10 mol%) /)—CHj3
\/R ) N (o) @N
= AR
Entry R Metal catalyst Ligand Base Yield/%
12 Br Pd(OAc)2, Cul PPh3 Cs2C03 29
2 Br Pd(OAc)z, Cu(OTf)2 PPhs Cs2CO0s3 87 (94)*
3 OTf Pd(OAc)2, Cu(OTH)2 PPhs Cs2CO03 91
4° OTf Ni(cod)2 dcype Cs2C03 4
5° CO2Ph Ni(cod)2 dcype K3PO4 37
6° B(OH)2 NiBr2 bipy K3PO4 3

*Yield increased up to 94% under optimized conditions at 10 g scale.

o]

o N
1) Q NH, K,COs H—
)
¢ 2HyPLsic Pd(OAC), (5 mol%) N
3) Ac,0 4) HC N NaOHag. Cu(OTf); (20 mal%)  fumaric acid o P—CHs
S e )—CHy > - > i N
Br NO Br N N

2 THF THF/Toluere PPh;, Cs,CO,
1/2 HOZC/\/COZH

- HCI Toluene

Telescoping 91.8% Telescoping
1(77.7%, 330 g)

HPLC purity: 99.5 Area%
overall yield: 71%

Scheme 2. Second-Generation Synthesis.
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3/_\ CHa 4 )\

T NC NC = OTBS
CHjy \|/ W
CHs NOTBS CHs 4 60%

Ru_ 4
—<6 N PhO,S nosbet) PhO,S OTBS "
CHy 25 F P F 79%
CH3 Metathesis \/\ea;
- EIEEDDORER
Hoveyda®)L7 =7 L&A

2
- NSURBRABAL T4V ON"TNF OuN /\/\H/OTBS 70%
XYV R(CEH 4
. L 1) K. Grela, S. Harut , A. Michi ka, Al . Chem. Int. Ed. 2002, 41, 4038.
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/@gHsT CHgz DO_/_\_OD D20, 1.1h po %
Ru_
CHa—(CH3: I __N(CH3)s Cl” “N(CHa)s
2.5 mol %
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Hoveyda &)L =D L#&{E = Z D20, 25h 96%
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BrettPhos Me OTf Pd-173
\Buchwald “m-Allyl” Pd Catalystj tBuXPhos H OTf Pd-174
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@ —RT7IVD R Q-7 DRIE
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