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Role of Catalysts for prepaqgration of cephalosporin and penisilline derivatives

Yutaka Kameyama
Fine Chemical Division., Otsuka Chemical Co., Ltd.
3-2-27, Ote-dori, Chuo-ku, Osaka, 540-0021, Japan
yutaka_kameyama @otsukac.co.jp

Penicillin and cephalosporin antibiotics represent the most widely prescribed drugs in medicine because of
the high antibacterial activity and exceptional low toxicity toward the host”. 3-Chloromethylcephalosporin
called GCLE, which is developed by our company by the modification of the penicillin framework, are
widely used as an intermediate for 3-alkenylcephalosporin antibiotics synthesis in the world. The process
development and modification of GCLE followed by Tazobactam (B-lactamase inhibitor) process
development include some catalytic reactions. The catalytic reactions concerning to the cepohalosporin and
penicillin derivatives, especially synthesis of diphenyldiazomethane for esterification, deprotection reaction
of the ester moiety”, and metal catalyzed oxidation and reduction of halogen atom of B-lactam compounds”

are described.
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Process Research with Explosive Reaction

Hiromu Kawakubo*, Shuuji Kawabe,Midori Sakamoto, Taro Kodama
EXPLOSIVE DIVISDION ,ASAHI KASEI CHEMICALS CORPORATION
Arca East, Kinshi 3-2-1, Sumida-ku, Tokyo, 130-6591,Japan
kawakubo.hb@om.asahi-kasei.co.jp

The Nitrolation,diazolation,azidolation and other allowances are required on pharmaceutical process development.
We introduce safety evaluation system and the research and development with nitroaceticacid ethylester and
nitrobenzene derivative to operate explosive compounds in safety.

ERLDTOCABRICBNT, —hok (=N02). o7V (N2, 7P RE (—N3) Z&28ALA
Tz 5720 r—2 5% %, IBERT I IV MEESERII-haoy) ) >, 4R YT R
U M =VEOIRFRHEAMERN 7 0FR, BE ~ >/ E8EPTHY . FORIERIEH LM EREIcibE
T 25DEHRKUSHERNT =&ML TE/-. BRINBLRYT 2 WV X DERYIDE ST S X 5 A48
L. R TITEISET 2BREEEDS 7O ABRREFAEL T, 4R NOFBEIFIIV AT IR
;O FEREEBN T 5,

r

o
(o)

[ -
CH, )

NO,
| 4\ HoO. R,
(o] H,C”/ “CH, O,N—CH,COOCH;
e \)\/o\ o) NIO’ /C He \o\
O,N NO, 2 /o NO, Nitroaceticacid ethylester NO.
2

Nitrogycerine O:N )
Pentaerythritoltetranitrate Nitrobenzene derivative

\\

BRI IPAHOERUER T 7 & Bl FBY
%iiwﬂiﬁﬂk{ LEVZEERT DRIIC TRIOR I EREHE 2REL . 7O ARRET 2 LTOReH
EHRI DT ELLTHEAL TS,

SCHRERZE

=2 =
CHETAH |&t®ick5F#l | (Chemical Thermodynamic and Energy
——————==—— Release Evaluation Program)
DSC, DTA/TG | A2 V—= R (A RrE R e
= =
EhOEETR. SERER BREE 1BEREIE

- =
| BeE |

— 5 —



1—1. CHETAH D34

CHETAH EtH &R * —}OEFE:
] A ZMOEEETFIV
faiRiE/h gt = b

AHc- AHmax[kcal/g] : R R

7Ot BRI RISRICTFET 2 S PRS2 TOEYICH L T, CHETAH &tE % £ Lakitz:
FiIT 2. FIZIEZbOXS > OERIES > VRBREHESN, COBRREFATIHRGITRE. EHFIH
T 5B E THCERT 2 ZENT DA ZREITHED DBITLETH D LEH SN D,

1—2. DSC O

RSBEER P iR SRt A ORRR
RBIESL o) e - RBIESOM)
TCUT  fEBRiEk o o 0~ <300callg
75°C~130°C 1 L : =§ 300 ~ <700calig
130°C~200°C ‘ y\ i w  >700callg

v
2000~ e s.,// amtex

Sr—THARISfERR : R MRAEC DL

EEEh S Tl AR 300 ) /e L EZ B RIEME S L TEEL TS B I VXT3
FRPRISIEEE E N RMB A2 EE U I-GRIES > 0 2A L TWa, 7O AEIEREN /I MREIGIREL LT
HIUTLRZNS 2O T Ot N IEBRIER S HIMT S5, EE BRI 2 EiiEY 5 %12 DSC HEFRIGIEE N
5 100CLUA EEWRETRGZI> ho—)L T 2HEZHRL T35,

Bi—2. — OB IFNIATFINABRAED 7O A L)
Scheme 1 DREHI NI REN D OB IFNVIZATFIINOIIERRRT I ) BARMIZER SN
LERBRETH S,




Schemel

f +
R-CH,Cl + H3COCHN-CH(COOC,Hs); —> H3COCHN—C|3(COOC2H5)2 A
OH CHR
H3COCHN-G(COOH);  ——»  H;N-CHCOOH
CHR H,R
H, OH’
R-Cl + OjN-CH,COOCHs —» OZN-(IZ‘HCOOCZHS ——=» ——» H)N- (|3HCOOH
R R

B4, Z OB IFINVIATFINOERAIEE LT M OXY ARRUHET FIVEERETL. M
EEP0EEL AR CRERR. EHRSERR. BERCHE. RCER #HRLD, TO0txR2
DILGIN SHEEY LFIViEEMLEYamiEs UTHRA LSBT 9 5.

1. —hOAZ LY
2CH3NO, + 2KOH — KO;N=CHCO,K + 2H,0 + NHj;

K02N=CHC02K + HZSO4 + CH3OH — > 02NCH2C02C2H5 + K2$O4 + H20
2. HET7 FINiL?Y
CH3COCH,COOC,Hs + (CH3;CO),0 + NHO; +H,SO; ——»
OzNCH2C02C2H5 + CH3COOH
Bid— 3 (o b OV SR ORI SRR EREST)

FERIIZ ML T 2BRIC, BRARRRISREZREL Th. (BRRNZ= b oL2ER T 2E3EE
IR THZ, £-2UATFNAS L7007 MIEEH8TIITEL O AT REY THh B, Fii7
/) —IVEEEOZ N TERINIBWT, 2BEWEMNEL S, JOEGRME SN (E RO EAL

BRIEF) OKFESICKDYELEAMEEREZAA Lz DV BSICK D, BREAICEY (I
R:46%. MiE: 97. 5% ZRIFTE/DT, TOTOEARVZLEHEREIIDOWTHENT 5.

HO
H
NO, 0‘ \d
M an (III) \]/ v

l Increased Hydrophobicity

¢

Soluble in toluene

Insoluble in toluene



I M /\ \ ik
& HO Ry rlr"o*N’o y° Ry
! O e 50 |
B o
n A ”°©/\R’ | Ak
&« NO,

ZORBIRTELCSE/ Zbofk, P hERUELS0EEMEDSH S ) = bz DWW T CHETAH
HEEEHLUS, FastEN SR, B/ - bOEiEREDDS > THaH, S boERUNY
Z hoEIIERERDS > 7IZAD, ZOFEIE DSC e THAREMENH A HZHL TS5,

momnitm ﬂnitro trinitro
A Hmax [keal/g] -0879 -1.08 -1.214
| AHe-AHmax] [keal/g] 4024 2703 1821
BT | FRRRTET MR JEBPEA

o CHETAH of multinitro-derivatives
= = !

> L 2 ol 6
% 8 Bdnwo [ g

_‘z_ A trinitro 4
% % : . 8

£ T RRET RBRED

< o 1 1

= i : o

-14 -12 -1 -08 -06 -04 -02 0
AHmax [keal/g)
| &) ; (X7 3 [N s
8 \/ ~4-2008
-5.00 {/ o :,:::
>300cal/g THYERERY
" i

References

1) H Kawakubo, S. Takagi, Y. Yamaura, S. Katoh, Y. Ishimoto. T. Nagatani. D. Mochizuki. T. Kamata and
Y. Sasaki, J/ Med Chem . 36, 3526-3532 (1993).

2) a)D. A Little, D. I Weisblat, J Amer. Chem Soc., 69, 2218 (1947)

b S. Zen, E Kaji, Bull Chem Soc. Jap. , 43, 2277 (1970) .

3 W. Steinkop{, Ber., 42, 2030 (1909) ; Ann. , 434, 21 (1923).

4)S. Sifniades, J Org Chem , 40, 3562-3566 (1975).



(JSPC BFEH)

7T VF = REHA| FR1736567 O BEBREWE RS EE) L TEMHREE

TAT 7 ABEE () SEEHTRTSERT

OEBAR - MK - ABHEIT

TAT7AMIE (BR) BIRHEERERT
ZHIRE

Interesting Characteristics and Their Control of Polymorphs of Bradykinin Antagonist
FR173657

* Ariyoshi Kubota, Koji Mukai, Shunsuke Goto, Hironobu Yasuda
Process Chemistry Labs. & Analysis & Pharmacokinetics Research Labs., Astellas Pharma Inc.
2-1-6, Kashima, Yodogawa-ku, Osaka 532-8514, Japan
ariyoshi.kubota@jp.astellas.com

A novel bradykinin antagonist FR173657 exists as five different polymorphs. A-form, a meta-stable form
was chosen from BA. As A-form has a clathrate structure, it incorporates various kinds of solvents which are
hard to remove. We developed a new practical method for the polymorph control and efficient solvent
removal.
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25
) L 4
54
83 "%
00 (o o 2F7 ey .
5 L 1 >$<>§(x e ing 2
WIyH- RIEH e VUA—45% 0 : :
n; (120L) 0 100 200 300 400
RBRBEBEZE KEE Time[h]
Figure—-6 Figure-7

ATESOBEETIL, Baicagasn=7TE boRKicBREND O LHERIL (Figure-8),

Z DRBELSEECHONT, D7 & b A RE A, BEERRN 0 %oTE hFEA L. R
KEHEWz, (X-1)

In —2%— = kaln(@+1) (1)

A MOBEEEEICRIFTRFERN L, TORKER. EHBE H SBREEEECRIET
HELREAFOUOLOTHIZ ¢ #RHLE?, (Figure-9)

# H=0.060. 50°C, RH=93%, R"2=099, kA=0.94
8 H=0,043, 41°C, RH=B5%, R"2=1.00, kA=0.63
& H=0,036, 45°C, RH=58%, R"2=1.00, kA=0.58
€ H=0.019, 30°C, RH=70%, R"2=0.99, kA=0.37
0 H=0.017, 40°C, RH=37%, R"2=0.98, hA=026
[ 7L 3| C ] o H=0,015, 45°C, RH=25%, R"2=093, kA=022
<99 @ a '@'oo@ .o.<,,,

) ]

® O @ @o@{ og oo <»-'.o
o) [ e

---FR173657%>F

@ THVARF -
o .s .7](5}.? n{8+1)
Figure-8

Figure-9
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Manufacturing Process Development of Tricyclic Triazolobenzazepine Derivative

Yumiko Okada,* Shohei Yasuda, Jun Irie, Masaaki Takahashi, Hitoshi Yamaguchi
CMC Research Labs., Pharmaceutical Research Center, Meiji Seika Kaisha, Ltd.
788 Kayama, Odawara-Shi, Kanagawa, 250-0852, Japan
yumiko_okada@meiji.cojp

We have developed the practical synthetic route for tricyclic triazolobenzazepine derivative 18 that have a
potent antiallergic activity. An initial route for key intermediate, benzoyltriazole derivative 6 was inapt for
an industrial scale production as it used expensive reagents and had many steps. Therefore we explored
new, low-cost and short-step route to 6. Friedel-Crafts reaction of maleic anhydride and benzene
derivatives, followed by 1,3-dipolar cycloaddition-oxidation reaction with azide, gave benzoyltriazole. By
improving the final step, 18 could be given by cyclization reaction after introduction of promoiety, without
silicagel chromatography purification. Finally we established the practical synthetic route for 18 with

higher quality.

BERARTOSBHE RN 7Y oY 7EC U HEEK 18 IIABRRERTRASN-EN-RT
VAX—ER2ET LM TH D, RENHBERIC BT 5 MERMIABELRAEROERPL, T
BENL WY, TENRBOEECRFME Thote, TNHBBEMBRT H7DIZ, 40T
Ta—FILLBA— FORBEERA, Bl TIERESEMRIN-HROLERFZRIL L,

1. RUVSANBY T —LFEEORESR R

Route A
R1 R1
R2 R2 NO, H—=—COOR5 R2 NO; coors RO | R6-N3y ooy NO,COORS NO.COOR5 NO, COORS
—» -R6 —> {R6 —>»
R3 CHO R3 CHO
R4 4 R4 OH R4 OH R4 O R4 O

RIVALIU Y7 I—NBRIE
EﬁﬁbUTVD&VV7ﬁtVﬁ§¢®¢%¢fb6«/y4WBU7V—w§§¢6m\%%
VISP 33\ T RouteA TRY /L — P TRESR TV R, ZOAL— FTRT B EA—/VEET R
FLNFHEKI OARICEM ) FULMBIR T o A — VBT AT VOER, BICH L TEREES
HTB M) T7Y—NMEEHOERLR L, TEABRBEOAEICIIRENR L 0T,



Route B
1) OHC—-COOH

@\/ 2) R5,50, :©\'JCOOR5 J;‘):ICOORS @\/ coors " NaN; R2 : COORS : 0, COORS

R4 O

RUVA LY T I—LEEke
Route C RezS04/AC ‘
y NaNy

R1 o

R2
)@ + QO

R3

R4 o

12 13

Zh O OREA LAY =D — OB E ZITV, RouteB ZBAFE L7z, ZDL— ML DS
¥ 6 DRIEREMITERI N, hORSUSEMLELELOD, TRESZV LW BENE-TZ, €
ZCHEICREZ1T\V . RouteC # BHiL7=, RouteC TiX, LY EZM2{LED 12 LEK~ VA VB
B ERFEALEZYV—FAI S 7YRSETRTIERIGZRMHIIT O Z LIV LE®H 8 261K
Li-#%. BESBILAMHEETIC T VLT M) U A2 KIG S 3 13- WEFMBYL-BLRIGIC
kD 123-RUTY—LBEEEL. L& 11 2585, ZOL— FORRBIZ L V{EEH 6 DRED
AREME 2 TREBAYIC E X BB T ENTEL,

2. EBENY TRy Y TR EUEEEKOREREFRET

Route D
R1
0, COORS R7R8C'_'O R2 0, COOR5 CDI NO, COORS ,—N R2 NO, COORS
OH — N\) O.__R9 —™
R3 FX X
R4 O “R8 7 Ra O = R8R70

15 16
Route\_/
COOR5
0 R — 0 [33:]

R4 O R8R7° 8R70
SREFYT7IARSITEE S ERE18

:ﬁlﬁ MY TV uaRyyTEECENEK 18 13, NI TV ABRAOTuEAL T A AR, B
Ik VEBBND, RouteD TIXTBEA T ¢ BARRHIAERT DBIBRIRE VW ITNIT LY
o< h7'5 7 ¢ BRINSLETH- 755, RouteE DERICE V1T LR ZEREETE, BN mHl
EDLAY 18 NEMICH LN 2R LBIESRFERL LT,
References:
1) KE&R, Re%E, KEBT. #FEEK—> WO01995/18130
2) KigBR, BHEEHE. HIFIMR, B#FESD W01997/00258
3) KSR, BAHEEHE. BRSO W01999/16770
4) ZEBYE., AR, BEBRET. LIL{E—R/ WO02003/064400
5) FEEE. HERK— WO02003/097568
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Development of 1-methyl-AZADO: a highly efficient organocatalyst for oxidation of alcohols

Yoshihau Iwabuchi,* Masatoshi Shibuya, Masaki Tomizawa, Takamune Hattori, Takahisa Satoh
Graduate School of Pharmaceutical Sciences, Tohoku University.
6-3 Aobayama, Sendai, 980-8578, Japan
iwabuchi@mail.pharm.tohoku.ac.jp

A stable nitroxyl radical-class of organocatalyst, 1-methy-2-azaadamantane N-oxyl (AZADO), for
highly efficient oxidation of alcohols was developed. 1-Methyl-AZADO exhibits superior
catalytic proficiency to TEMPO, converting various sterically hindered alcohols to the
corresponding carbonyl compounds in excellent yields.

TNA—NVEDH VR =NV ~DBLIIABARICE T 2R b EARNLRRIES EAEBFT O
N, WARHROL LICREZOEN-FENREINTEZ, LELTVa—VEROB{LRISI,

TOBEMOLIC, S0RBHFMELR L
BERREOR EARDER TS, Be e TS

. En-RBEFFMEL2ET 5 TEMPO ﬁév oxoammonium ion 2
BELicER L, ZOMEEEETH DA Mot

TEMPO (1)

FYTVEZY LA OWGERICE L ‘LF—OH — Oxy-Cope elimination
S BRI OB R TEICIR Y A T P roxgamine 3 R
WaR, 4E%Z DOk LT, TEMPO % %%

T A EREIEME L BAV B E A A 2. 72 1-methyl-AZADO (5) (1-methyl-2-azaadamantane N-oxyl)
ERHTZENTER,

TEMPO (1) (2,2,6,6-tetramethyl-1-piperidinyloxy)D&#HOERK L 72> TWD 4 DDA FNLEIL, ©
~Y :/‘/1"/}2.]:0) N-?%V/VEIBJ:U: N-FXIVT o E= Our design for oxoammonium ion
VALAEDOEENHIILATHDHILHRMONATN D,
TEMPO BE{LTIXZ Dfitilt ED 4 >D A FNENEE
IRSTRERMEAZ BB L, | KRR & 2 KBRS 1T
THRETO | BRBIROBILEFTREL 35, & 2T A,

4
A

{
I ORHEIITEMPO RN LEEEDOKE 22T LA —/  (sans)-("B24) <—->[ g;gm]-ﬁzm;f w]
ﬁ@@{t%%#c' & 'd—é Z & %%&%Téo fﬁé’\’ fi‘ grﬁ?‘% CTHILELRE -~ RLRERONE



RTEw A UBRBRECAXR YT U= LEEZMAAIAA TR 4 Z8RE LTz, 2O H O, Bredt
BlicL »TAF YT vE= Y ABOLEMSRE SN, TEMPO (T A TEMESOEE O LEREE
BELLTEY ., SEMBICBHIAST-T A a— VERADOEBILZHERMICEITIEEE3TTH D,

1-Methyl-AZADO (5) (1-methyl-2-azaadamantane N-oxyl)iZ 1,8-7 &< ¥ # > ¥4 — /L ® Grob AR
ko TELNZEY 718811 F o ~DT I ) EOBEALTHTF~< 2 ~DRR, 2T
I U EORBELIC & o TARL L7 (Scheme 1),

OH o 1. HONH; - HCI _o°
1. RuCly, NalO,4 2. NaBH,, MO NH 1. LiAIH,, THF N
2. TsCl, pyridine MeOH 2. H,0,, Na;W0,
(81 %, 2 steps) 3. I3, MeCN 1 H,0, MeOH
’ (48 %, 3 steps) (40 %, 2steps)  1-Methyl-AZADO (6)

Scheme 1

1-Methyl-AZADO (5) X NaOCI? % %\ i PhI(OAc),® % /L 7 B b Al & § % B1AY 72 TEMPO Bk
% F. TEMPO TIIEMEHERMERTLRFRRETHIETIIANR=AVILEVEELXD
(Tables 1, 2)D &7 &3, TEMPO TIIE{LAS Wi B THEOMNCEME L TRINKR TAERME &

Z 7=(Table 3)%,
Table 1 Table 2
TEMPO (1) or 1-Methyl-AZADO ()
NaOCI (150 moi%), KBr (10 moi%) PN TEMPO (1) or 1-Methyl-AZADO (5) PN
nBuyNBr (5 mol%) X
Ph""0H P "0 Ph OH  ca. CHLCI{M), 1t Ph o
CH,Clo, 2g.NaHCO,
K 2
0°C. 20min loading TEMPO 1-Methy-AZADO
loading yield (%) amount (%)  yield(%) / Time(h) yield(%) / Time(h)
amount (moi%) TEMPO  1-Methyl-AZADO
10 95/1.5 $6/0.1
! 7 b 1 4216 93/07
0.1 96 95
0.01 23 - 0.1 n.d. 39/3
TEMPO or 1-Me-AZADO (0.01 eq.)
Table 3 OH KB (0.1 eq.), nBU,NBT (0.05 eq.) o
NaOCI (1.4 6q), NaHCO3 R R
R R CH,Cl,, H,0 ° ! 2
0°C, 20 min.
Yield (%) Yield (%)
entry alcohot entry alcohol
TEMPO 1-Me-AZADO TEMPO 1-Me-AZADO
o
1 OH 0 94 4 OH 16 99
o °3€
OH Li'
2 L 0 88 5 o 8 100
X% N
ST
3 5 95 67  TBSOy NSy 12 100
7" “OH
N HO" “oTBS

2 Phi(OAC); (1.1eq) was used instead of NaOCI. The reaction were carried out in CHCly, 14 h, rt.

AKURTS O ATIE, fED ) 4 7 ALFRICEATIRFORRIZOVWTHREI LIV,

References (1) Adam, W.; Saha-Moller, C. R.; Ganeshpure, P. A. Chem. Rev. 2001, 101, 3499. (2) Anelli, P. L.; Banfi, C,;
Montanari, F.; Quici, S. J. Org. Chem. 1987, 52, 2559. (3) De Mico, A.; Margarita, R.; Parlanti, L.; Vescovi, A. Piancatelli, G. J. Org.
Chem. 1997, 62, 6974-6977. (4) Shibuya, M.; Tomizawa, M.; Suzuki, I.; Iwabuchi, Y. J. Am. Chem. Soc. 2006, 128, 8412
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An Efficient Method for the Synthesis of 3-Mercapto-1-(1,3-thiazolin-2-yl)azetidine
Useful for the Pendant Moiety of Oral Carbapenem, L-084

Takeshi Isoda
Medical Research Laboratories, Wyeth K.K., Kashiwa-cho, Shiki-shi, Saitama, 353-8511, Japan
isoda@konicaminolta.jp

An orally active carbapenem L-084, which exhibits high Dbioavailability in humans, has a
1-(1,3-thiazolin-2-yl)azetidin-3-ylthio moiety at the C-2 position of the 1S-methylcarbapenem skeleton. We
established a practical and cost-effective synthesis of 3-mercapto-1-(1,3-thiazolin-2-yl)azetidine (1) for further
scale-up production of L-084. This synthesis method entails an industry-oriented reaction of azetidine

ring-closure to yield N-benzyl-3-hydroxyazetidine (2), which is eventually converted to 1 via key intermediates,
Bunte salts 12 and 14.

L-084 (—f4 : TERRL) HBRVAALF Y — (BF) TRBEINEZEOAIN SRR LFTHY
SRVVHUEETENE L IR RHIE AR M E2F L, BEBRKBEEF LAY THS v, MMeAWiT 2 i
TEFOUVREBURVFVMEFETI LWV BENREER->TWS, EHELDOINV—TX, L-084
DOFHEANCMT TLENEEFEORBHELZBY L, XUFU MEAY (1) OAEI X M2 4R
THZLITRIHLT- 2, eI LI-BhEF I 100 kg R — NV EHE~NR LA—XIZBITT B 2 LB TX,

/o1 OME YL L-084 Ry —A T v 7HEEE~OERICE L THIBER W Z & BRI h,

Scheme 1

HO-<>NBn |:> HS—CN—<\:| :> Me)Nth):'

HCI N

L-084 CO,CH,0COt-Bu
(Tebipenem)



BA Faxs T I VRILAYB LT OFEEILZ OABEEDEOBRER L LTHLNT
BY., EELARCBOTHREKEWMEEYE TH D, ZORMNT, 3-n( Faxivtal Vuhb
FUSNIALAMIL. BHEDO DA SF ARFAEDED 2 (IBRECAV LR TS, L LAERE,
Iong Rad 7 EF OV HEACELTE. ZOERABERENHENTATRN LICEREL,
EERMLRAREOBIIFER LR, RUF Ly MEEH (1) OHBHERIEORBHEICH>TIELET
TOTEFOUBHBEORBICRY AR, SHIRFA—ARIRELE L TOTMEEERDET L VED
FIAZRE L, £, ZhoRFHER CTRKDL MR EZB-OTELETHRET S,

1. TEF VL RIBEEOREL

BLbE<mbnTW3 3 Faxd 7TEF PV BOBEEIL NNXUXE FYA3-7 a2
FaxsFabnr7Iy B) OHFRERTH S (Scheme2) Y, BARTHICA VTV ZDFER,
BNRTHY, FEORV X RYLTIVEGMETHS LW HMBERRD T,

Scheme 2 o)

cl Cl
HaNCHPhy oOH. 1 » HO W HO—CNCHth
e » ’
1 day 3 NHCHPh, 3 days 4
48% (2 steps)

ZFZTEEDLIX, EROFECRDS L ERANLEGREORMLIZFT ¥ LY L, 5D N4 RIS F
NEBRE DY ~A FVRIEZTERT 5 Type A, 7 D N4 Rt FHRBAREER T % Type B, 9 & HEHE
EHFETCHFNERT S Type C 2 RH L7z, #IZ Type C 2oV Ti, X EBERE I THo29D
TEFOUVRBERISPREL, BREELAVD L TERLICEIIL,

Scheme 3
Cl
Type A 1) 2 coMe H0—<: . 2 coMe
HNBn ———a——— N A HO—CNBn
2) % H20, refiux 6 HCI
C 5 M\
52% (2 steps
MeOH, reflux COzMe o (2 steps)
O -
Type B Cl c
A T Gy Y,
2 MeOH, reflux 7 Nan H;0, reflux g ‘Bn
o) 75% (2 steps)

Y

Type C Lo c NaHCO,
H,NBn HO > Ho—<>Nan

H,0, rt. NHBn MeCN, reflux 2

90% (2 steps)



2. T IBEFA—NRIERE L L THAT 2850 — L DB%

RyFy MG (1) OB — MISH). —BROLAASRFEOATHER I TWEDY, FF
—NVEIBME L LTRTEFAFAE (10) BBREN, HREAEETHI R EORBEARD 1=,
EITEEGIL, 7UoVEEFA—NVAEREE UCRIAT 8- a8 — FOBRRICEE LT,

Scheme 4

N
H,NCHPh, ——2 4 —> HO—<>NH — HO—<>N—</ :l —
. S

HCI

MsO-CN-(’Zj — Acs—<>N—(/:j — HS-CN—(’::I

NaF AR EICFARET P Y U A (NaS0,) 2EASEREBRIZKY 7o VEE2B5FiE
FREL EOBEIT 184 FETEPDIED Y, —BIICMOND TV VEOEEIT LV ELF A AN
TxA MERETH BN, IBETAVINFAAINT 24 " TAFLTATAOEEBRHL L., BED
NYZATavEETE) ETAEAMALBEINRTNE Y, LArLINST U VEIIEBEREL . &
B3 2 BARE SRV MFE D B B 1 O FBE AT I L > TRV 6L . FrER{BEIT
FREL LTERASNAFIIRY 62, BEOIX., o XMLRoOFBBIIEEAEERENT
WIRWTUVBRIZER L, FA—ARIEREE LUEATHEZN T, $2bb, 0-AVVt®y
TEFUUEBE (117) 12 NapS$,0; RIS ¥, RiBtET Vi (12) ORRERATZ, 11 %50 °C
T AF /=N KOBBRP CTRIGEIToIE A, RIGHED AEREDCHLTERHD 12 % 5S2%INE T
HBELTHBDIZIENTER, EBIC. R E2ZAFAFF2FT/I L (13) LOREOLAZ /) —I -
KOBIEF TEITL., RIGHERDASBBIEOH TR F L My FORIERE (14) &L LT 67% DI
BTH/DIZ LR LI,

Scheme 5 N
MeS—</
NazS,0; 13 ] N
MsO—CNH ———————» HO0,;5-S NH > HO3S—S—CN—< j
*HCl MeOH-H,0 MeOH-H,0 S
1 50°C, 20 h 12 reflux, 17 h 14
52% 67%

EHIT, PRIGOBEEZ IR T 5= H DR EZED, Scheme 6 (T4 TEARELRET LT, i,
12 2BEELAWVWTVHRy MEORESIZIZZaazF L VF AL TFR—b (15) OEARESTHS
ZEBBALMMIRoT,



Scheme 6

. Cl s vee
H,NBn —9—> HO —(")—> [HO-CNBn:| o, MsO{)NBn
2 16

NHBn *HCI
9
(iv) v) (vi) N
—— | MsO NH —» | HO3S—S NH | —— HO,3S—-S N—
o=Co [ [ros-eom |2+ voe-Cu)
11 12 14

— {-Od), w0

S

Reagents and conditions: (i) epichlorohydrin (0.95 mol eq.), H,0, 15 °C, 18 h, 89%; (ii) NaHCO3 (2.0 mol
€q.), MeCN, reflux, 6.5 h; (iii) MsCl (1.1 mol eq.), Et3N (1.2 mol eq.), MeCN, 5 °C, 7 h, 80% (2 steps); (iv)
10% Pd-C, H,0-MeOH, H, (500 kPa), 40 °C, 24 h; (v) Na,S,03 (1.0 mol eq.), H,0-MeOH, 50 °C, 22 h; (vi)
Et3N (1.1 mol eq.), 2-chloroethyl isothiocyanate (15) (1.1 mol eq.), H,0-MeOH, 5 °C, 0.5 h, 82% (3 steps);
(vii) conc. HCI (5.0 mol eq.), 55 °C, 2 h, then H,0, (0.5 mol eq.), 5 °C, 45 min, 93%,; (viii) PhzP (1.2 mol
€q.), H,0 (2.0 mol eq.), HCI in MeOH (2.5 mol eq.), MeCN, rt, 1.5h, 93%.

8. AFUF 4V H—RIGEFRALIEA I F AL T F— PEBRBEIUVRIEA I =X LDELR

1 DHRHERIZBNT, Zen=Fhrl Y FATTF—b (15) BULERARZBETHE LM
HEAL=—F T, ZOHBEHICHERHD Z L HHBALE, 15 OAGREIEZOFARRT V24E
BATa3FEYRNTWADRTHY  FARRAT 2 ERTIRSICIIRELREE Lo
EHPVEREDRKETEEREREVLELY, TZ T, 15%27unxFLT7YF (18 7)) »6B85%5
HRABN— FERRTDLLELIC, ZORRISTHDERAZUT 4 U H—RIGEKRE L, BKE
RERHL,

T2bb, 18L M) T7xz=VEKRRT 4 (PhsP) RUZHEHLKFE (CS,) &DRKBICBWT, TOR
ISR BMICRET Lo R, REOFMFEOBWVNIL > TEORIGNNY—UBREL BRBZE
BBRAEINTZ O, £ VFA T R— bPRRIZBWTIEE, EFTT7Y RMEAWE PhP 16T H AU M4
BT DRE T 4 Y H—RIEHBEITL, DNWTCS,BERALT 202 #4147 (A) O aza-Wittig RIS
TTBAH =X LPB—BAIZEON TS 'V, &L 255 PP & CS, ZRBEICEHM L-BEIZIE, 'H
NMR T7H#A U F (19) OERBRBO NN ENnD, FRAFUT 4 U H—BIA = X W TRIGH
EITLTVD Z EARBINTZ (Scheme 7). HERFRT 7 ¥ FRMBERARE TERHIZTFA Y K
PREICBITTH L EbNTERLL, HETFA Y FRRE~BITLARVWERZ UF 4 U H—RIDK
ICHARESEHIND F— A bBEINTRY P, 18 DFARITEIRAT 7P F (20) & CS, & D 2+4
A 7DRIREBBRE (B) 2BATIHRAZIUT AV H—BRIEAI=ALT, 15 BERLDOT
ERVMLEEBREL TS,




RAE T 4 RIS BTHEBREDRIT. RENREEZAWEZRENLEMERZIN T
WORBIRTH B, 15 USNDA Y FF T XR— FERICBWTH, RAF VT 4 U H—RISEZREL .
BHREDRIZIOVWTHLEEL-OTHETENTS Y,

Staudinger Aza-Wittig S=Cc$
Scheme 7 Reaction PPh Reaction H; I
Cl/\/N= 3 --C-S-'» Cl/\/N=#Ph3 \\‘
- 19 2 K
——— A
Cl/\/N\ ,P Phy —\\\ﬁ' (azaylide) |
PhsP = No A~NCs
a N — s=c= s O s + PhaP
18 a N PPha| cs, =3 “c-s A
\\ /] \ [
N—N 1 ) \ /, ('\ N2
20 o /\/N\ FPhs —— AN T PPhy
{phosphazide) B \N—N N=N
BE 30
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Synthesis of Useful Compounds for Drug Development Utilizing the Molecular

Structure Characteristics of the Compounds Involving Hetero Atoms

Yoshimitsu Nagao
Graduate School of Pharmaceutical Sciences, The University of Tokushima, Sho-machi,
Tokushima 770-8505, Japan
ynagao@ph.tokushima-u.ac.jp

Useful chiral compounds for the drug development were efficiently synthesized by utilizing highly
enantioselective thiolysis and alcoholysis of prochiral cyclic dicarboxylic anhydrides with benzyl mercaptane
and benzyl alcohol in the presence of a bifunctional chiral sulfonamide amine catalyst. Enantioselective
acetylation of prochiral 2-protectedamino-2-alkyl-1,3-propanediols was achieved by utilizing a chiral
sulfonamide-Zn complex catalyst. Unique stereoselective asymmetric Pummerer reactions that incorporate

intermolecular and intramolecular nonbonded S---O interactions were established.
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Scheme 1. Catalytic Enantioselective Thiolysis of Prochiral Cyclic Dicarboxylic Anhydrides
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Scheme 2. Catalytic Enantioselective Alcoholysis of Prochiral Cyclic Dicarboxylic Anhydrides
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Fig. 2. Synthesis of New Chiral Sulfonamideamine-Zn Complex
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Scheme 3. Catalytic Asymmetric Acetylation of 2-Protectedamino-1,3-diols

H Ac0 (1.5 equiv) H
Boc-N oH Zn-catalyst5(5 moi%) | Boc-N, s‘€°‘°
H  -BuOMe,0°C, 20 h R —-0OH
8
9
70-92% ylelds, 70-88% eo
Entry 1,3-Diol Product Yield[%]  ee[%}®
H H
1 Boc-N><:0H Boc-N“COAc 92 88
Me —-OH Me “—-OH
H
2 Boc-N)COH Boc-N, ~OAc 87 88
Et —OH Et' —OH
n H
3 Boc- OH Boc-N, ~0Ac 70 82
7 OH 4 OH
H H
4 Boc-N, H Boc-N, ~OAc 84 83
OH OH
H H
5 Boc-N, H Boc-N, COAc 70 70
Ph OH Ph OH

INEHEXSNAMBT & 8(R = Me) . EEKEEL & D THF Ik TO CSI-MS S DFER. 7 & 8(R =
Me) EDE— I BBIBINT-Z L LSBT, Fig. 30X D ity A 7 NV ERBT S,

00
CFy z:c MeJLOJLMe
Ar:t_@ M>'\|
CF. HO, -,OH
3 .E:
Wt
H
\ T Ly O\ Me
[ h
Boc=N, Cgu Mh(’ﬂ o... 5 u-Boc
M¢' H os( <’
Me
0,
Boc-N, O»-MB H
)COH .°° Me
Me LZn' "N-B
Ma}fo N {+]+] [s)
] 07 me

Fig. 3. Proposed Mechanism for Catalytic Enantioselective Acetylation
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Scheme 4. Asymmetric Pummerer Reaction Based on the Inter- and Intramolecular Nonbonded S+ O
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