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Figure 2. Chemical Structures of Ritobegron and its Ethyl Hydrochloride (1)
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Scheme 1. Basic Retrosynthetic Strategy for 1
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Scheme 2. Synthetic Route of 1 (First-Generation)
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Scheme 3. Synthetic Route of Phenylacetoaldehyde 3b
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Scheme 4. Synthesis of Benzylalcohol 8
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7R TIE AR < AHINENT X DR EAMETH o T2,

Scheme 5. Reduction of 8 to 9
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Figure 3. Estimated Chemical Structures of Main Impurities
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Scheme 6. Role of Methanol during the Workup Process
0
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, Nal, 0
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8
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T A7V 13 (Scheme 7) DRIENFREE LT EL7Z, 1313, FHY L OIS
MIEFITINTZDIZ, TOH%O TRRICHT 5 K6 - FR2EE G Ll L, KR TR
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HoT,

AREOGETIE, BECH D DT b a— L 8 Dk & TMSCI-Nal-MeCN 7
EBIET D LI L TRPICEmBAREL TBY, BUET R ZF AT IV
R0l TWe, Lo, B OARHIH O 7 DI PIRNC A 2 ) — Vv &
MzT=Z 82X 5T, ZATAIHMPEIT L TI3 BER LT,
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Scheme 7. Transesterification of 9 with Methanol
1) TMSCI, Nal,

0
MeCN o H*, MeOH o
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2) MeOH
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MeO
9 13

KB R r—L (700 g) THENL L7254 % 85kg A — V& FEha L=, 1k
HEW 13 OAERREIT, 021%71 5 0.62% &K 3 fFICHn L, AREITBEA L L7
(Table 1, Entries 1 31 2), ZHuE, A7 =7 v FIEO ISR 5 6
NEPRERNR T L2 &Ik, RCIREZHERSET 72O R =F T 2
YD MV VEROM FHREZEE S S5 52570 <720 | i FICHEEL EORERH
LT EIZERL TWe, HRTHLAZ ) —vofRbVic=s /) — L& [
W5 ZET, AFNT AT NVOREMH EZ K > 7225, AR OJSHEIE 12 L=
J = EDRISBEGIHEITETWIE Lz, £ 2T, FREEO REkIC X 5 A
Fx 27 V13 DL 27772 (Table 1),

NI ZF AT IO MV RO TR & NIROHIEIC L > T, AF 1>
AT VA3 Ol A3 X< AR T ORHELZED, Tio I & B Lz,

13 DAEREIX, IREKFRTH S (Entries 3-5 & U Entries 6/7)

13 DA pElE, FEEIKTFRITd 5 (Entries 3/6 & O Entries 4/7)

Entries 8 38 X TON9 OB L 0 | AKIRMERF L 0 & BRI 5 23 13 O A il
R T o 2 FIREMED R S LT,

77 v MEEICBWT, RER X ORE O 5 2 HIRT 2 EEITIEF IR EET
b, BAEOBREMENKDONDTD, LVERELI RTA—F—Z2WHIZT D
ENEETHDL, EITEHIL MIZFAT IO M RO RIEIC
K OWEVEE A AZBE N L, RMEUC L DRINEAYORE FA 2 TH+ 5 2 &
L7z,

ARNZ7— -+ b FEROKISEER (Multimax RB04-50) % Wy, HFRIIHE S
BEAHE LT, 2O, RRMEIOINEEY DO LEZE 2.001/(g K). FJxF
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NT 2D MIVECRBEOEE 1.711(g K)& L, TR OREGEE E5H 25
L&A, 13K Tholz, T, —13°C LTOKISHKIZ, [FEE THEILT-
FUZF AT IO MV ARRE RSN HATH->Th, NIRIE 0°C £
TLAEHFLARAWZEZERLTWD, BEOTZ 2 M T, EREOL S I2—
FEWZMA D Z LT TET, K77 EORKRENTIKGT D20, AX ) — &
N, FRWmAILZ MY =F 7 I UK Z ATRER IR B <A T, 10K 2
FEOIRE EHICEEED E TN,

FEBIZ, 5Tkg A7 —/UIZTCRY=F LT 20D ML UERE-15°C £ THAl
WAL, mREE TR LI E 2 A, BINREREIL 254>, WIRIZ-17 °C 259 °C
~OFH (RE LS 8K) 2740, AFNLT ATV 13 OAEREIT 0.08%F THIH
T5Z LN TE (Entry 10),

Table 1. Optimization of the Workup Process by Control of Methyl Ester 13

Generation
Entry Internal Temperature Time for Addition of Area% of Scale
(°C) Et;N/Toluene (min.) ~ Methyl Ester 13"
1 —16to—13 120 0.21% 700 g
2 —14to—13 255 0.62% 85 kg
3 -15 180 0.58% 10g
4 -10 180 0.89% 10g
5 =5 180 1.09% 10g
6 -15 120 0.46% 10g
7 -10 120 0.63% 10g
8 -8 60 0.14% 50¢g
9 0 50 0.21% 10g
10 -17t0 -9 25 0.08% 57 kg

* The area % of 13 in the acetonitrile solution of 9 is measured with analytical HPLC by
method C in section 4.1.
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Scheme 8. Hydrolysis of 9 to Phenylacetoaldehyde 3b
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ELTEIRL, 50%aKk7E h=FUb (8 EEME) TTEALYER, ROSEE
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2) ERiEE (1.5 F/LYE, 20°0) (run2, A). ERFBE (0.5 %&, 40°C) (run6, @)
3. BUGEREERIT 100%I27ET 2 H DD, FDHIELHIT 9 OHMENMET L=,
BN, BERED X D 7eshEE G I L= AR R N 5 2 b Tz,
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3) vaUE (L5 EA%E, 20°C) (un3, A) 13, BRISEFMZ LA TN HO

4)

5)

Reacttion Conversion(%)

DO, FONEEDRE)» -7z, =2 Ui (1.5 E/V%E, 40 °C) (un 5, [1) 1L, K
JHREE B T2y BIFONERE LS | EHAOFM LT bRehote, v ay
i (0.5E/L Y45, 40°C) (run7, @) 1%, 3K CTHAEMUGKA (99%LL E) (1
FEL, ZD%HBUSHES 100%I 28 Lz B BIROSIC X 28R T3S
MNTHY ., R 5 FERERESCTHUE 94.5%LL EZ2#ERF L, BE LWRISHRHETH

77,

UUmg (1.5 EYE, 40 °C) (run 4, () X, BELITA05EE2TT-L T
W=, o viE (0.5 FEL4E, 40°C) (run7, @) (21X > Tz,

gale L UCHERE (1.5 B0, 40 H L <I1X20°C) HEmM LN, 7TkX—L
DMK IRITEST LR o 7=,

o]

oMe O\)J\OEt H* OE! -
-&-run 1: Perchrolic acid

MeO H.0, MeCN 1.5eq.,20°C

run 2: Sulfuric acid
1.5eq., 20°C

95
-4-run 3: Oxalic acid
. 94 /‘ 1.5 eq., 20 °C
99 93 1

= \/ / \ / Erun 4: Phosphoric acid
592 1.5eq.,40°C
E
o
91 ][¥
98
90
89 - l / \\
97 - T T T . 88
2 g “®run 7: Oxalicacid

time (h) tlme(h) 0.5eq., 40°C

100 -

/ £rrun 5: Oxalic acid
1.5eq., 40 °C

run 6: Sulfuric acid
0.5eq., 40°C

> |z

Figure 4. Optimization of Hydrolysis Conditions (Left: Reaction Conversion, Right:

Purity of 3b in a reaction mixture)

PlEDZ LG, a2 TR 0.5 B YEEMH L, 40 °C T 3 BEEINET 5 54t
NibBEWHRAZ 5252 2HALMNILT (un7, @),
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MLiZZ&nb, Z=2=LT7E 7Tt K 3b 28GR SE 25 2 & ITINE
ThoHEHER LT,

—J7. K@) TH LN BT, BIREN Z LSRR THEROREZ MR L
TWiz, ZOEK%Z CDCL IZIEfE L, '"HNMR A7 MLZJHIELZE 25, 3b
Ex B =D 1 1OREMTHY ., =& 7 =)V O rREMEI RS L7z, L
/3L, DMSO-ds I[ZIRfiE LT '"H.NMR A7 ML ZHELTZE ZAH, ~I T H—
V10 OREIED R S, SRR OMER, ~IT7T X —U1EETHH Z &R
el L7= (Figure 5),

O

*Cr o
EtO

Figure 5. Chemical Structure of Hemiacetal 10
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ANIT RS0 1, HIRIZERRS L LTHRONTZZEND, HtFr s
T LA =L TORY P &I, Fidb I X2 EHIEA ATRE Th 5 & HEH S
., BN RFRATHoT, 2T, 102707 8 K 3b OS5 ik E L CTHEMAT
HZ LT LT,

L)L, QDL ) —b-n-~FH ARGRIETF TCO~NIT X —L 10 %
BRI, BT I R VBB SR N2 E Lo T, £ 2Ty A~ T ' 4 — LB
JMEHED 7= DIZHEEE 0.05 H@EEZ MR T & 2 A, BT ' ¥ — AL E#EIT L,
ZE L TREMmMITIE T 5 X910 o7z, o, HBONTEROFESIC X D5
KV R % T DI2DIZPRIPENN n-~FT o ND pNTHATETTHEND
R LM Tz,

U bEofG#Ebizc kv, Ht3xa s T A2 75— I TAIT X =L 10 23RN
2155 FELD HFIEDHESL 7= (Scheme 9),

VAFNT L= 9 OT & b= UAEKIC, a2 UBRKUOUKEZNZ, 40 °C
(2T 3 IRl R,

30°C AR TS Y U LKBEREMZTHFIL, M= RO tert-7 F IV AT
V=TV E N Z T R T 1 AL

WEIRMEIC L D IRBEZ BRI, =& ) — L n-~TH . 0.05 Y EOFERE LK
FifhZ 0%, 20 °C T 2 REfHEHR,

FONTIRRBIRIE -T2 2 do< 0 &, BMERICHEIL 203 HHFEE L,
%Y 7

A iz LD, 778 R 3b ORBEZEMETHLI~AITEX—L 10 %,
NRUVNT =)L 8§ INHIEENER 78%., M 99.1% THDH Z LIRS L., #t
X0 T T LA — VTR D ik EMESL LTz,

Scheme 9. Formation of Hemiacetal 10

(COOH),,

o MeCN-H,0 Q
2L, cat. AcOH
20°C,2h
MeO H Purity 99.1%
9 3b 78% (2 Steps)
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24T 2/ ERIEEFEDREL
BoNEANITEX—L10 L 10YED4- Fax /Ty Ry (2) %
MAwWieiE 7 2 7 fbld, & oo 10%Pd/C #7E F 40°C THIBIZHEIT Lz
(Scheme 10), ZDZ LD, ~ITEXZ—/L10 37 /L7 & K 3b O 2 F K
ELTTHEEYICEETAZ ENbhoTe, BoNTAIIERIZ, =% 7 —-kL
TUARGTREE R CHALKE LMY 5 2 L TY hR_T S uERE (1) 2%
HZENTEL, LHELANLARIETIE, BRESKEET, RKERYTHDH 11
LIEAFT D AMREIE L, ZOEREDOHIFEINMLETH T,

Scheme 10. Reductive Coupling of Hemiacetal 10 with 4-Hydroxynorephedrine (2)

1) Hy, cat. 10%Pd/C

o
m%m ——
1
EtO

10 Optimization

2) HCI-EtOH
toluene

BWAF T DRIV %2, EURIA 7 <~ 757 4 —|2 L) BHEEL. Scheme 11 |2
RTHEICTAER LA EL T2 LICL-T, 14 OfETHDH Z L AR
DT,

Scheme 11. Synthesis of Impurity 14

(0]

o
ISCGAE S 6 QA ¢ Qi
Br X HO

HO\©\/; R
Ji 1) CONH o
OH ' '
o 'HO o ; %
H OEt NaBH(OAc); : \Ej\A \AOEt : al
o : l R=
o] : N ;
2) NaOEt ‘ R w
O-r : OH OH :
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A 1413877 2 MUIC TP T AT L A~—BEWME L TAERL, 4.1 THIIR
¥ method D DA T, HPLC (T & U PREFIFFE] 12.7 4312 14a, 13.1 5312 14b 23R H
STz, BILT I EBOSIK. 1 O E T 1 O TO 14 OEZHIE L T
ZORRAET 2R LTz, TORE 14 [JEMREIZT 22 LI2E0 ., 14a KO 14b
ORI X D BREDNFENR R | Ay 14b (FREFRE 13.14)) 2MEEW 1125
DTN EHIBA L2 (Table 2), 723, 14a KN 14b O T AT LA~ —IRG
WEWBEIZ L, R THZ 8L -T 14b OAREHRDHZENTE LN, X
UL D KB FE DR STAREL BT E LTy,

Table 2. Area %* of Impurities 14a and 14b in Each Steps

Compound Reaction mixture Crude 1 1
14a 0.36% 0.04% 0.03%
14b 0.34% 0.24% 0.14%

* The area % of 14a (retention time, 12.7 min) and 14b (retention time, 13.1 min) in the
reaction mixture, crude of 1, and crystal of 1 are measured with analytical HPLC by method
D in section 4.1.

T CICE N A O FEFR R 2 AT b5 2% a2 ik
LTI DIiE, DRADN S E A EREGO O BIFREO MBS0 A N7 A ]
(EFFEIFHE 1216001 75) IZED BN L ZEMHGEDOLERBIETH 5 0.15%LL T
(ZEEER 1 ORI 14b BZHITEHT 5 2 L BRMATH 72,

R 14 DAERRIEE LT, RUDATLa—L 8nb 1 AT 5T,
MBI LTz 8 DIKGESH, 2 ERUGT H0— R E TR (Scheme
12), L2l 8139 FITIHIZEALEFLTELT, ~I 784 —/L 10 & &
THLILTWVD Z LD, AMGRITEHE ST,
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Scheme 12. A Possible Mechanism for Impurity 14 (Denied)

0 o)
o)
OMe \)J\OEt /OCD/\O\)J\OB 2 1
MeO R'O
OH 8 9:R=R'=Me
10: R = OH, R' = Et
HO
? \©\/E\
0 * NH 0
OH HO o)
(0] O\)J\OEt 2 \©\/§\ \)J\OEt
H H H
OH OH OH

Impurity 14

A 14 HNETTT X AL TRRFFRISEIIN L7222 o 7272 REOGIZER T 5l
ST <, RISBRAANICER T2 b0 LHE L, 2T, ~IT7Z—L
10 XU 2 DIREHIHAKFEANE TORERH, REOEWL>T, BEBL7 I/
EDFISHEFTD 14 ORIER ED X S5 IZBT L0 EMEE LTZHER, TRt Z
& DVEIBI L= (Table 3),

o 14 OAEREIL, RBERHIAMET S L L HIZHINT % (Entries 1-4)
o 14 O/EREIE, RMEITKSF L THINT % (Entries 5-7),

UbDZ EnB, 10 LM 2 OIRGIZITELRVIGETERML, TEXHRED RS
IKFEHANT D2 EN, A 14 OAENHNIZEE TH L Z L2 L, §
bbb, KFENETIIHEDA I AR EZIHEI L, AR LTCA I Z2ENIC
HETLHZLICL D, BUSHRTA I U OIERREHMER S, AHi 14 OIS & L
THMTHD B X BT,
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Table 3. Process Parameters Related to the Generation of Impurity 14

Entry Internal Temperature = Duration Time before H Area% of Impurity 14°
before H> Gas Gas Introduction (min.) in the Reaction Mixture

Introduction (°C)

1 —-15 40 14a: 0.20%, 14b: 0.21%
2 —-15 60 14a: 0.25%, 14b: 0.24%
3 —-15 120 14a: 0.27%, 14b: 0.25%
4 —-15 180 14a: 0.36%, 14b: 0.34%
5 —-13 35 14a: 0.19%, 14b: 0.23%
6 =7 30 14a: 0.65%, 14b: 0.62%
7 -3 30 14a: 0.68%, 14b: 0.65%

*The areas % are measured with analytical HPLC by method D in section 4.1. The retention
time was 12.7 min for 14a and 13.1 min for 14b.

—77. BIOREOHRNSH =2 M 14 OERIFER GO hE Rotz, ~IT
BH =10 OLEWEZHER L TWAHHFT, 10 b LIIT AT R3b 22H MU A
F 9 15 (Scheme 13) NS HZ ERHBA L, £72, 10 I MU AFH 15
WML CRITT X /bT 2 & ZOTMEITIS U TRMY 14 04 ES HEN3
L2 EMmB. FYAFRY 15 OERITAHY 14 DERIFRO—>THDHEERD
e,

ZIHDOHENG . R 14 DR D —> L LT Scheme 13 |27 3 /L— |k
MBZBINTo, ~ITEZ—/L 10 POAEKLIET VT E R 3b O — /LB
EREGDBBILE I, BONREBLIER 3b LREG L, YA X 15 BAERKT
5o HERKLTIZ 15 & 4-v Fuaxi /7= Ry (2) E0ETLT I /{biX. 7T
B FR_RT Byl L b 14 BERERD E W IEETH D, A IE
LT AUEA K 14 220l 2 FIEE LT, Bkl b G272 FE & B 2
b7z,
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Scheme 13. Alternative Mechanism for Impurity 14

O

0
-EtOH OH \)J\OEt —_— 3b
10
X

o) o)
.
(?H O\)J\OEt j::@;o \)J\OEt
o. O.
o o

(0]
3b H
/ N
OH

0
0 OH O\)J\OEt 2 Ritobegron ethyl
EtOJ\/ © 0 3 0
.0 HO o
° \©\/E\ /\;©/\ \)J\OEt
- T~ N
15 o M on
Impurity 14

Liiin T, RISHHA L v DIRBEEMERS L LT 1) ~37H 52— 10 O%SE
DR T2 b WNT 2) AR LA I v OB 2IEEOEE, 10 O & L
T 3) RIGHRPNE OMEOMEN LRELZIAN, UTOXEEITI> L L L
(Figure 6) .,

1) ~ITEBH—IL 10 OIEREDKT
o SULBHIEHTIDOIRAR Z#-13°C AT ETFIFAZ & KXo T, 10 DIERE L FiF,
A 2 U E ST D,

2) R LT2A X O IHE Ot

o —I3°CUTTAKEZEDRETOIFREOHIALZKRT L, FOHBERLHINT 40 °C F
THIETAHZ LI, Al LTZA 2 OB TEECHIZEI TSRS,
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3) KUtFRH D DEESE ORI 72 br2E
o BEMIZ, ROWTNLDITETHEHE L +RREL, ~I 78X —/L 10 Ok
T 2,
— WE#OERIC L DBEMR L T, BRIRE 0.5%FE THRET S (HER)
— ZHBHRIZE->T05MPaG L TIMEL, ®HEE THRT 28FL 3 BIFEVIKL T,
MESRIRIE 0.5%F ChrET 5 (INEE)
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Figure 6. Production Flow for Suppressing Impurity 14
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bbb, HE 99.1%D~I 7 Z—/L 10 (63.5kg) ITHEHEBHL T-13°C £
TWHIL7 THF ZMx ., FEREEIC TERER L, 4t Fe¥ /2T x
RU Y (2) Z2-13°C LLF THEIAZ, FEREBRICERER L2, 10%Pd-C DLIAZ
%, ERIZKDIMELECTIRIRE 0.5%L NECTEMR L, FERIZKEIC L DME
ECTHICER L%, /I 40°C ETIELL, [FIRT/AKE 0.1 MPaG T 3 IF
[FICHiEE Lo, MRBEZBRE L, BUERME Lok, — i @O iis - it
ZRRT AT -T2 X ) = VIER &R, Bk F-—x 2 ) — VEIR & N Z T 1%
Ml MMa THREEL, AH - L TEEw 1 ORf 25, Bzl o
HAEST tert-7 FNAF LT —T )b X ) — VIR REE D THELEZ LT,
99.5% DM T 69 kg DILEW 1 #457- (Scheme 14), HliM 14 1T ST, K
B KD AREIMZ D Z &I LTz,

Scheme 14. Synthesis of 1 from Hemiacetal 10

OH
o) 2 o)
0 1) Hy, cat. 10%P-C HO (0]
Y N
EtO 10 2) HCI-EtOH iy H HC
toluene 83% 1
Purity 99.1% Crude crystal

recrystalization o
tBuOMe-EtOH 91%

Pure crystal of 1
Purity 99.5%
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2.5 &k
U RS m T FUERE (1) OFEa 2T AR —LTOHE A ATRE 22

PP, A E B %

KO TREMEE DML 2 AR & LT,

FEHVIAMITE 2 I LTo, & DR,

TREOHH ZZEKT 2 Z LICX Y, HIHRRETRA TWe 7 vt 2% a0,

% 69 Kg #3+7= (Scheme 15),

AR 2 TR L 723 ISR A ML S, HR9 1

FREEOREORINAZME LELIEWE LT, 7=2=AT T AT E
R3b ZHEL., BMETHHL~AIT X —L 10 ZHEFREEE L THEHT S L—

& B
TMSCI-Nal-MeCN

HEAEHNERCUALT L a—)L 8§ OKIEILDIBETT, BULEE

TEDERIEGIZ X DR AF AT X —/v 9 DEIG

9 DK I3RS D Bl & P A~

EHIEE 72 10 DS &L FS:

T H =10 OHEBEFEORRBIZL S

BT X ALSOG TRIAS 2 Al 14 O R R 7240 7515 DML

Key reaction steps and workup processes

Scheme 15. Efficient Scale-up Synthesis of 1 (Second- Generation)

OMe
o MeO™ CHO CICH,CO,Et \)OJ\
\@ NaOH aq., 50 °C OMe OH K,COg3, cat. Nal OMe 0 OEt
then HCI aq. M DMF, 60 °C M
MeCN-H,0 €0 €0
. OH 90% OH
4 80% 7 8
TMSCI, Nal 0 (COOH), cat. AcOH
MeCN, -18 °C OMe O\)J\OEt MeCN-H,0, 40 °C EtOH-n-heptane
3b
then MeO
MeOH and Et3N 9 78% (3 steps)
it
fe) 1) 2, H,, cat. 10%P-C :
OH OEt THF, 40 °C recrystalization Purity 99.5%
EtO 1 Overall yield 43% from 4
10 2) HCI-EtOH tBuOMe-EtOH 76% from 2
toluene

Purity 99.1%
83%
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B HRELE TR, BUE TRENT S TRMG 6 TRICHIM L7223, 272 HA R
Bt 4 22 HIBBINER 27%72 6 43%I2, R EliZe 4-8 Rk /v 7 = FU o~
(2) 2HBBEIR 47%0 5 T76%~L REL A LEL, B 1 OHE S 99.5% & m) 1
L7z (Tabled), KRIEIZKD, Bs-7 RLF VU UZRERFEHFEY F_T o oF )Ll
WetE (1) OZRINOLEMIYEZ . S5 2 LITII LTz,

Table 4. Comparison between the First-Generation Process and the New Process

Item First Generation # Second Generation
improved
Total Number of Steps 5 6
Overall yield from 4 27% 43% (1.6 times)
Overall yield from 2 47% 76% (1.6 times)
Area% purity of 1 o
Up to 98.5% 99.5% (1 point increase)
by HPLC
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4. EERDHR

4.1 General Information

All air- and moisture-sensitive manipulations were performed under a nitrogen atmosphere.
All substrates, reagents, and solvents were purchased from commercial suppliers and used
without further purification. '"H NMR and '*C NMR spectra were recorded on a Burker
AVANCE 400M (400 MHz) or AVANCE DRX500 (500 MHz) spectrometer using
tetramethylsilane as the internal standard in the indicated solvents. High-resolution mass
spectra (HRMS) were measured on an Agilent Technologies Q-TOF 6520 mass spectrometer.
Elemental analysis was conducted on an Elementar Analysensysteme GmbH vario EL III

elemental analyzer.

Analytical HPLC for measuring the purities of 7 and 8 (Methods A and B)
XbridgeC18 column (4.6 x 250 mm, 5 pum); mobile phase A: 20 mM KH>PO4; mobile

phase B: acetonitrile; UV detection at 225 nm; flow rate: 1.0 mL/min; column temperature:
55 °C;

Method A for 7: gradient initial conditions: A-70%:B-30%; hold at A-70%:B-30% from
0—5 min; linear ramp to A-40%:B-60% from 5—20 min.

Method B for 8: gradient initial conditions: A-65%:B-35%; hold at A-65%:B-35% from
0—10 min; linear ramp to A-35%:B-65% from 10—30 min; hold from 30—60 min.

Analytical HPLC method C for measuring the purity of 9 and 10
Intertsil ODS-P column (4.6 x 250 mm, 5 pum); mobile phase A: 20 mM H3PO4 (pH 2.3);

mobile phase B: acetonitrile; UV detection at 225 nm; flow rate: 1.0 mL/min; column
temperature: 40 °C; gradient initial conditions: A-55%:B-45%; hold at A-55%:B-45% from
0—15 min; linear ramp to A-30%:B-70% from 15—25 min; hold from 25—45 min.

Analytical HPLC method D for measuring the purity of 1
Intertsil ODS-3 column (4.6 x 250 mm, 5 um); mobile phase A: 20 mM H3PO4 (pH 3.0);

mobile phase B: acetonitrile; UV detection at 225 nm; flow rate: 1.0 mL/min; column
temperature: 40 °C; gradient initial conditions: A-74%:B-26%; hold at A-74%:B-26% from
0—20 min; linear ramp to A-30%:B-70% from 20—50 min; hold from 50—60 min.
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4.2 Experimental Section

4-(1-Hydroxy-2,2-dimethoxyethyl)-2,5-dimethylphenol (7)

OMe
MeO CHO
\@/\OH NaOH ag., 50 °C OMe OH
then HCI aq. MeO
MeCN-H,0 © o
4 7

A 60% aqueous solution of glyoxal dimethylacetal (235 kg, 1350 mol, 1.5 equiv) was
steadily added to a mixture of sodium hydroxide (36.0 kg, 900 mol, 1.0 equiv), water (875 L),
and 2,5-xylenol (4) (110 kg, 900 mol) at 50 °C; the reaction mixture was stirred at this
temperature for 8 h. The conversion was monitored by HPLC analysis. After acetonitrile
(96.8 kg) was added at 0 °C, 7.5% hydrochloric acid (139 kg) was steadily added over a
duration of 1 h, and compound 7 (80 g) were added as a seed crystal. The mixture was stirred
for 1 h between —5 and 10 °C to precipitate the product. Additional 7.5% hydrochloric acid
(278 kg) was steadily added over a duration of 2 h between —5 and 10 °C and the suspension
was stirred for 2 h, and then filtered. The resulting cake was washed with a mixed solvent of
acetonitrile (8.8 kg) and water (275 L) and dried at 60 °C under reduced pressure to obtain 7
(163 kg, 97.2area% purity). '"H NMR (DMSO-ds, 400 MHz, §): 2.06 (s, 3H), 2.16 (s, 3H),
3.08 (s, 3H), 3.35 (s, 3H), 4.24 (d, 1H, J = 6.8 Hz), 4.55 (dd, 1H, J = 4.3, 6.8 Hz), 4.93 (d,
1H, J=4.3 Hz), 6.49 (s, 1H), 7.04 (s, 1H), 8.94 (br s, 1H). 3C NMR (DMSO-ds, 100 MHz,
0):14.2,17.3,52.2,53.6,67.4,106.5, 114.2, 118.8, 127.9, 128.8, 132.1, 152.3. HRMS (m/z):
[M+Na]" calcd for Ci2HisO4Na, 249.1097; found, 249.1091. Retention time (analytical
HPLC method A): 4.8 min.
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Ethyl 2-[4-(1-hydroxy-2,2-dimethoxyethyl)-2,5-dimethylphenoxylacetate
(8)

0]
CICH,CO,Et
OMe OH K,COj3, cat. Nal OMe O\)J\OEt
MeO DMF, 60 °C MeO
OH OH
7 8

A mixture of 7 (40.8 kg, 180 mol), potassium carbonate (32.4 kg, 234 mol, 1.3 equiv),
sodium iodide (0.81 kg, 5 mol, 0.03 equiv) and DMF (99.2 kg) was charged. A solution of
ethyl chloroacetate (25.4 kg, 207 mol, 1.15 equiv) in DMF (17.6 kg) was added at 60 °C; the
reaction mixture was stirred at this temperature for 3 h. The reaction completion was
confirmed by HPLC analysis. After toluene (326 kg) and water (163 L) were added, the upper
layer was collected. The organic layer was successively washed with 15% sodium chloride
aqueous solution (122 kg) and water (163 L), and concentrated under reduced pressure. The
residue was dissolved at 60 °C by adding n-heptane (326 kg) and toluene (39.9 kg) and then
stirring the mixture for 1 h each at 30 °C and 0 °C, followed by filtration. The resulting cake
was washed twice with n-heptane (94 kg) and dried under reduced pressure for 12 h at 30 °C,
15.5 h at 50 °C to obtain 8 as white powder (50.7 kg, 96.8area% purity). '"H NMR (CDCl;,
400 MHz, 6): 1.29 (t,3H, J=7.1 Hz), 2.26 (s, 3H), 2.31 (s, 3H), 2.60 (br s, 1H), 3.21 (s, 3H),
3.49 (s, 3H),4.26 (q, 2H, J=7.1 Hz), 4.32 (d, 1H, J = 6.6 Hz), 4.60 (s, 2H), 4.79 (d, 1H, J=
6.6 Hz), 6.48 (s, 1H), 7.24 (s, 1H). 3*C NMR (CDCls, 100 MHz, §): 14.2, 15.9, 19.5, 55.1,
56.4,61.2,65.8, 70.1, 108.5, 113.3, 124.7, 129.3, 130.5, 135.0, 155.4, 169.2. HRMS (m/z):
[M+NH4]" caled for C16H2s06N, 330.1911; found, 330.1911; [M+Na]" calcd for C16H2406Na,
335.1465; found, 335.1465. Retention time (analytical HPLC method B): 12.8 min.
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Ethyl 2-[4-(2,2-dimethoxyethyl)-2,5-dimethylphenoxy]acetate (9)

(0] (0]

TMSCI, Nal
o) o o)
OMe \)J\OEt MeCN, -18 °C OMe \)J\OEt
MeO theg MeO
OH MeOH and Et;N
8 9

A solution of 8 (56.8 kg, 182 mol) in acetonitrile (80 L) was steadily added at
—19 to —18 °C for 53 min to the suspension of sodium iodide (84.5 kg, 564 mol, 3.1 equiv),
trimethylsilyl chloride (61.2 kg, 564 mol, 3.1 equiv), and acetonitrile (364 L). After stirring
for 30 min, methanol (5.83 kg, 182 mol, 1.0 equiv) was added, and a mixed solution of
triethylamine (27.6 kg, 273 mol, 1.5 equiv) and toluene (227 L), which was pre-cooled to -
15 °C, were charged for 25 min at —17 to —9 °C. A solution of sodium erythorbate (51.1 kg)
and potassium carbonate (19.9 kg) in water (460 L) was steadily added for 10 min at
—9to 7 °C, and the mixture was stirred for 1 h at 15 °C to obtain the organic layer. The
obtained layer was successively washed with water (114 L) and 20% sodium chloride
aqueous solution (102 L) twice and concentrated under reduced pressure. Acetonitrile
(364 L) was added to the residue, and the mixture was concentrated under reduced pressure
again. Acetonitrile (292 L) was added to obtain the acetonitrile solution of 9 [53.9 kg
(theoretical amount)]. The sample for analysis of 9 was obtained by the concentration of the
acetonitrile solution. "TH NMR (CDCls, 400 MHz, §): 1.29 (t, 3H, J = 7.1 Hz), 2.23 (s, 3H),
2.27 (s, 3H), 2.82 (d, 2H, J= 5.6 Hz), 3.32 (s, 6H), 4.26 (q, 2H, J="7.1 Hz), 4.47 (t, 1H, J =
5.6 Hz), 4.59 (s, 2H), 6.50 (s, 1H), 6.96 (s, 1H). '*C NMR (CDCls, 100 MHz, §): 12.4, 13.9,
18.0, 34.5, 51.8, 59.3, 64.2, 103.6, 111.6, 122.6, 126.4, 131.0, 133.1, 152.8, 167.5. HRMS
(m/z): [M+NH4]" caled for CisH2sOsN, 314.1962; found, 314.1961, [M+Na]" calcd for
Ci6H2405Na, 319.1516; found, 319.1516. Retention time (analytical HPLC method C):

24 min.
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Ethyl 2-[4-(2-ethoxy-2-hydroxyethyl)-2,5-dimethylphenoxy]acetate (10)

O (0]
(COOH),
o _ o
m \)J\OEt MeCN-H,0, 40 °C M\)J\OEt
MeO MeO
9 3b
cat. AcOH Q
EtOH-n-heptane w\)koa
EtO
10

Oxalic acid (8.2 kg, 91 mol, 0.5 equiv) and water (216 L) were added to a acetonitrile
solution of 9 (53.9 kg [theoretical amount], 182 mol). The reaction mixture was stirred for
3h at 42 °C and reaction completion was confirmed by HPLC analysis. 7% potassium
carbonate aqueous solution (180 kg), toluene (59 L), and #-butylmethylether (271 kg) were
added to the mixture at 26 to 30 °C. The organic layer was separated, washed with 7%
potassium carbonate aqueous solution (180 kg), 5% sodium bicarbonate aqueous solution
(164 kg), and 10% sodium chloride aqueous solution (162 kg) twice, and dried over
anhydrous sodium sulfate (38 kg). After the removal of sodium sulfate, the filtrate was
concentrated below 50 °C under reduced pressure. After the residual oil was solved in
ethanol (70 L) and n-heptane (108 kg), acetic acid (0.54 kg, 9 mol, 0.05 equiv) and
compound 10 (5.4 g) was successively added as a seed crystal. The mixture was stirred for
2 h at 20 °C to achieve a suspension of 10. n-Heptane (443 kg) was steadily added over a
duration of 1.5 h at the same temperature; the suspension was stirred for 1 h at 20 °C and for
2 h at —2 to 8 °C, and then filtered. The resulting cake was washed with n-heptane (108 kg)
twice and dried at 0 to 10 °C under reduced pressure to obtain 10 (42.2 kg, 99.1area% purity).
"H NMR (DMSO-ds, 400 MHz, §): 1.06 (t, 3H, J= 7.1 Hz), 1.21 (t, 3H, J=7.1 Hz), 2.12 (s,
3H), 2.20 (s, 3H), 2.62 (dd, 1H, J= 6.0, 13.9 Hz), 2.71 (dd, 1H, J= 5.0, 13.9 Hz), 3.28 (dq,
1H,J=17.1,9.6 Hz), 3.66 (dq, 1H, J=17.1, 9.6 Hz), 4.16 (q, 2H, J= 7.1 Hz), 4.57-4.66 (m,
1H), 4.71 (s, 2H), 5.91 (d, 1H, J= 7.6 Hz), 6.59 (s, 1H), 6.93 (s, 1H). '*C NMR (DMSO-ds,
100 MHz, 9): 14.5, 15.7, 16.0, 19.2, 40.2, 61.0, 61.5, 65.5, 97.3, 113.5, 123.1, 129.1, 133.1,
135.1, 154.4, 169.5. HRMS (m/z): [M+H]" calcd for C14H1304, 251.1278; found, 251.1276
detected as aldehyde 3b. Retention time (analytical HPLC method C): 13.8 min (detected as
aldehyde 3b).
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Ritobegron ethyl hydrochloride (1) (Ethyl [4-(2-{[(1R,2S)-1-hydroxy-1-(4-
hydroxyphenyl)propan-2-yllamino}ethyl)-2,5-dimethylphenoxylacetate

monohydrochloride)

v NH

2

OH
0 2 o
o 1) Hy, cat. 10%P-C HO : 0\)J\OEt
j)i:@/\ OEt THF, 40 °C recrystalization : *HCI
<N
Fto 10 2) HCI-EtOH {BuOMe-EtOH on M
toluene 1

After charging THF (320 L) to a sub reactor under reduced pressure, the pressure was
released with nitrogen gas followed by cooling THF below —13 °C. Separately, 10 (63.5 kg,
212 mol, 1.0 equiv, 99.1% purity) was added to a main reactor that was purged by
decompression and release with nitrogen gas to reduce oxygen below 0.5% (vacuum manner),
and then cooled THF was added to a main reactor. After the above-mentioned nitrogen gas
purge, (1R,2S5)-2-amino-1-(4-hydroxyphenyl)-1-propanol (2) (35.5 kg, 212 mol) and THF
(39 L) were successively added to a main reactor below —13 °C. After the same nitrogen gas
purge again, the suspension of 10% Pd-C (ca. 50% water content) (11.9 kg) in THF (39 L)
without gas purge were added below —13 °C. The reactor was purged by repeating
compression up to 0.5 MPa with nitrogen gas and release three times to reduce oxygen below
0.5% (compressed manner) followed by the hydrogen gas purge in the same manner. The
reaction mixture was stirred at 40 °C with 0.1 MPa of hydrogen gas for 3 h, and its
conversion was monitored by HPLC analysis. After the removal of palladium by filtration
using celite, the filtrate was concentrated below 50 °C under reduced pressure; THF (39 L)
and toluene (288 L) were added to the residue. Water (284 L) to the residue, the organic layer
was separated and successively washed with 1% sodium bicarbonate aqueous solution
(180 kg) and 18% sodium chloride aqueous solution (217 kg), and then dried over anhydrous
sodium sulfate (36 kg). After removal of sodium sulfate, the filtrate was concentrated below
50 °C under reduced pressure, and toluene (206 L) was added to the residue. The solution
was concentrated below 50 °C under reduced pressure, and then toluene (132 L) and ethanol
(34.5 kg) were added to the residue. A 20% hydrogen chloride solution in ethanol (35.0 kg,
212 mol, 1.0 equiv) was steadily added at 0 to 9 °C, and the mixture was stirred for 1 h at
3 to 8 °C. Toluene (213 L) was added, the suspension was stirred for 1 h at the same

temperature range, and then filtered. The resulting cake was washed with the mixed solvent
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of ethanol (13 kg) and toluene (146 L) twice, and dried below 50 °C under reduced pressure
to give crude compound of 1 (76.9 kg).

The obtained crude 1 (76.9 kg) was dissolved in ethanol (538 L) at 78 °C, the insoluble
materials was removed by filtration and washed with ethanol (77 L). The seed compound
1 (3.8 g) were added to the ethanol solution at 55 °C, ¢-butylmethylether (300 kg) was added
at 46 to 48 °C, and the suspension was then stirred for 1 h at 46 °C. t-Butylmethylether
(300 kg) was added at 25 °C and the mixture was stirred for 1 h, settled for 5 h, and stirred
for 3 h at 0 to 6 °C. After filtration, the obtained cake was successively washed with the
solvent mixture consisting of z-butylmethylether (192 kg) and ethanol (48 L), followed by #-
butylmethylether (231 kg), and then dried below 70 °C under reduced pressure to obtain 1
(68.6 kg, 99.5% purity). 'H NMR (DMSO-ds, 500 MHz, 8): 0.98 (d, 3H, J= 6.7 Hz), 1.22 (t,
3H, J=17.1 Hz), 2.15 (s, 3H), 2,27 (s, 3H), 2.92-3.12 (m, 4H), 3.26-3.38 (m, 2H), 4.17 (q,
2H, J=17.1 Hz), 4.75 (s, 2H), 5.13 (m, 1H), 5.95 (d, 1H, J = 3.9 Hz), 6.68 (s, 1H), 6.78 (d,
2H,J= 8.6 Hz), 6.97 (s, 1H), 7.18 (d, 2H, J = 8.6 Hz), 9.09 (br s, 2H), 9.45 (s, 1H). 3*C NMR
(DMSO-ds, 125 MHz, §): 9.8, 14.5,16.0, 19.4,29.0,45.5, 59.1,61.0, 65.5,69.7, 114.0, 115.4,
123.9,127.4,128.4,131.2, 131.7, 134.9, 154.9, 157.1, 169.4. Elemental Analysis: Calcd for
CssH23N4O7Cl: C, 63.08; H, 7.36; N, 3.20; Cl, 8.10. Found: C, 62.98; H, 7.29; N, 3.15; CI,
8.01. Retention time (analytical HPLC method D): 19.6 min.
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4.3 Spectrum Data
4-(1-Hydroxy-2,2-dimethoxyethyl)-2,5-dimethylphenol (7)
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Figure 7. '"H NMR Spectrum of 7 (DMSO-ds, 500 MHz)
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Figure 8. '*C NMR Spectrum of 7 (DMSO-ds, 125 MHz)
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Ethyl 2-[4-(1-hydroxy-2,2-dimethoxyethyl)-2,5-dimethylphenoxylacetate
(8)
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Figure 9. '"H NMR Spectrum of 8 (CDClIs, 500 MHz)
I IR || N Y.
|
I |
1 1 . 1
1 ! | |
1
CDCl;
| ! \
1 |
|
|
I T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 o0 a0 T G0 50 40 30 20 PRm

Figure 10. '3C NMR Spectrum of 8 (CDCls, 125 MHz)
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Ethyl 2-[4-(2,2-dimethoxyethyl)-2,5-dimethylphenoxy]acetate (9)
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Figure 11. '"H NMR Spectrum of 9 (CDCls, 500 MHz)
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Figure 12. 3C NMR Spectrum of 9 (CDCls, 125 MHz)
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Figure 14. 3C NMR Spectrum of 10 (DMSO-ds, 125 MHz)
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Ritobegron ethyl hydrochloride (1) (Ethyl [4-(2-{[(1R,2S)-1-hydroxy-1-(4-
hydroxyphenyl)propan-2-ylJlamino}ethyl)-2,5-dimethylphenoxy]acetate
monohydrochloride)
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Figure 15. '"H NMR Spectrum of 1 (DMSO-ds, 500 MHz)
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Figure 16. >*C NMR Spectrum of 1 (DMSO-ds, 125 MHZz)
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Methyl ester 13
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Figure 17. "H NMR spectrum of 13 (CDCIz, 500 MHz)
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Figure 18. '3C NMR spectrum of 13 (CDCls, 125 MHz)

e The retention time of 13 was 17.2 min and that of 9 was 24.4 min with analytical HPLC

method C in section 4.1.
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Impurity 14b
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Figure 19. "H NMR Spectrum of Hydrochrolic Acid of Impurity 14b (DMSO-ds, 500
MHz)
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Trioxane 15
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Figure 20. '"H NMR Spectrum of 15 (DMSO-ds, 500 MHz)
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Figure 21. 3C NMR Spectrum of 15 (DMSO-ds, 125 MHz)
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Figure 22. HSQC Spectrum of 15 (DMSO-dbs)
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Figure 23. HMBC Spectrum of 15 (DMSO-dp)
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Table 5. HRMS Data of 15
HRMS (m/z): [M+NH4]*
caled for C2sH36010: 550.2647
found: 550.2645

e Impurity 15 has a retention time of 27.3 min under analytical HPLC method C in section

4.1.
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