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Boc tert-butoxycarbonyl

Alloc allyloxycarobonyl

PCC pyridinium chlorochromate

MS4A molecular sieves 4A

KOH potassium hydroxide

Na,S,03 sodium thiosulfate

DMSO dimethylsulfoxide

TBAF tetra n-butylammonium fluoride
DMAP dimethylaminopyridine

TFA trifluoroacetic acid

Pd-C palladium on charcoal

DMPU N,N'-dimethylpropyleneurea
mCPBA m-chloroperoxybenzoic acid
t-BuOOH tert-butyl hydroperoxide

p-TsOH p-toluenesulfonic acid (= PTSA)
p-TsClI p-toluenesulfonyl chloride (= TsCl)
NaH sodium hydride

EDTA ethylenediaminetetraacetic acid
HEPES N-[2-hydroxyethyl]piperazine-N'-[2-ethanesulfonic acid]
GDP guanosine 5'-diphosphate

DTT 1,4-dithio-pL-threitol

Val valine

Leu leucine

Arg arginine

Phe phenylalanine

Glu glutamic acid

lle isoleucine

ECso half maximal (50%) effective concentration
IDs5g half maximal (50%) infectious dose
SphK sphingosine kinase

CYP cytochrome P450

Rpm rotation per minutes
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E NEHBDETIEELEMPOT A—NRNR—5EDOTFEAEWE T, LR EMGIEEZ
MERFLTWS ETREFEICEITILEARAFARTH D, EEHRNTIE, WEBED R EDHR
EhhIEBR K UREY) HOAERK (BEMBE) 252720, v 7077 =V
FHERARAEOBMBICMA, EHOKYORE. HEBREZHE I U R o0 EM
B3 s RSB 5 L TWwW 5 (Figure 1-1_a), Z D4R Z S B 5F D i s 24 1
WITERNO VAT ABBEHICKEAE > TR LTEY, TONRNT UARHANLD 2
LR REBICERL LR ML T VS, Y
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Figure 1-1. Correlation between immune reactions and desieses.

Bl X, REEERRTT 20 KB »OAEK (A Z25Fh2 720,
ZTORER, e REREZS SR T L D125 (Figure 1-1_b), Z O @E G K
FTLERBEAERAEBELFETIND, REARIEIL, EROCHEFEESET LT
WD R FEME R E RN RNE & R RIS RETEES K T3 2R (B X)) RERE
JEL I IN, VU nNKL, v/ r 7y — U EOREH YO WS I3
BEXREC, MEKTAZ2EZ T ENRRESRD, REMREBITIE, B PREZER
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2T 40 A (HIV) BEYEIC K D% KRERERNSIEEREE (AIDS) AU R BT
b, —FH, REZRNBREICEERELEZSACOEAREBREZFRT L LN
b TWwWb (Figurel-1 ¢), #lxiE, Vo "skopd, HACOEBALICLD K
ERNBAOCHRDICH L THBEEZMZAD LI IC2HBCRERBES, AKBEFETHD
MEICH L THRREREEISEET A2 LI VELDIHEART LA —HEEBRL
MERLCEEND, RO RFEBRICIE, BE Y v~TF, G, 7 b E—MEEX,
REXWBRENFTOND, T RIEERBEBRSL2HET Y 7~ b —F & (SLE)
Vo R MER D QACREERO M TH Y | E R OB E A E MR R A
ThoreEbhTVE, Y
ERUEAEREREOFTH, FIC, BRIZEEISENERKEE Sb 2 BEK
TE L HIMEMICHY, Fex0BERBLNENLEBHE ETEZIEICE > TE Y,
RAaldERn RO TWd, FFE, EMERBICH L TEEELZ T COR I
REER#ELLNA TS,

fo % B IR BB OB RIS I, ek, B AR R E R IC X o THA U B RIEKIE & B
TEHHEMTAT A, RRLEOMKERENLSEH SN TE R, & OIRBEIE T HE
PAEICE E THRAMBR I o, REMERBORE., TH LW I B AT
RN EEMME T L2HATHLLAEMHENED LI, 5B ETEZL OEHANH
J . EHEnTW5bH, Figure 1-2 ICHAEE A S LTV 5 RFH 22 0% I 3 42 =3,

N N NH,
LT
N —
O H N
)K/IN NH2
HO
(@]
HO O

1 methotrexate

2 cyclosporin A 3 tacrolimus

Figure 1-2. Major immunosuppressants.
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TOMIZH L OEANPEEMHERLE L TCLETEINTWDEI R, ZOEAEFIZHE
—TERL, AL TERL, flx X, REHEREE L THEITLIANNLX
+— k 19 1% DNA BRBLEIC LD U v REROBIF & I 3 2 2 & %% 5 E
ERTHEATHY FICHESY v R EOoRBEICHWWLOENLTWS, 2,
THIBMSREMH E TH DL 7 ARy v A 29 %% n ) a2 3% 3tichry =
2— U VB EMEEN, SAAN—TMBRO A ¥ —1 A F2 2 (IL-2) FEAE %
THZ L THEBNMEHERNZRT, 2OV =a—U UEEFIZ. EI2F 8O
BREFCHANOA LM, &Y v~F, 7 hE—MHEBRCbLERSATND, "

Zo ko, BENKRISATWD REMEEIXRZENERBEOBEIZHENTDH
D, WESHWLRTWD —F, TOIFEAEITREROMBE A KIZIERT 5 KA
Thdnitk, BIFHVEE TOHLIL AN Z W, filx X, BIERBIASEHIATY
DN =a—U UEAELCERTIREMHEE (Y2 rARY v AL ¥
UAZZRE) T, BB ~OKERERORMEMR Y Z@EsnTtsn, o
FEHICELTERHMERER T TITbUAILEND D,

AT, REBREMEOERICHE Y, RO EMHIEICR S L EEZREME
MERLZRNVHHBREL LT oA RANHERE, Edish Ty, BH&EHY v
~FARLEOBBICHEREIRA TS, P LarLans, AmlAIEeticEh
TWbd—FHT, TofikmL, MLVWoOHE CTCHERZEL T, KALLTAHD
TR B ISR T D ERM R E XK, S50, ARBEBITEE RO &
MK O BIRICHBR > THGAENERICH Y, EEEZEE, S EOmm» 6,
ZRMEICTENL, BIKRBEG THER LS WES FREMmtEoME 2R AT
HEFERD,

% 2 fingolimod (FTY720)

1990 4F , BEZ LXK LIV HFETERLE L THOLRATWLILARE®DO ~ETH
HEAT Y Y RY VRS E LT L HE Isaria sinclairii O B IR & 0 3R o E
MBI ER 244 28 % HEE L. ISP-1 (immunosuppressant product-1) & @4 L 7=,
ZTDOHK, ISP-1 oL EBE S BNITONRZEE, 1972 FiIZh o TH 5
myriococcum 7> 5 ¥ B & T 7z myriocin 4 L IEIE NS HIEFEBAEME L R — o1k
AWM THDZ ERHB L (Figure 1-3), 0



4 myriocin (ISP-I)

Figure 1-3. Structure of myriocin (ISP-1) 4.

Myriocin @ % 2 Jn 4 1X L invitro O R EMHEEA N ERR E L TZHIN D IE
AV REKIES (MLR) RBRICBWT, YZerAKRY VY ALY LR OREETH D
— 0. TOERBIEIZY 70 xR v AT B2 Thotz, T bbb, &
Ny=a—J VBRI THLIY 7 AR ARK I B Y ARIIAAAN—T/MEIZ
BUTD IL-2 280 A A4 UEAZINEIT L & THREKISZ IH T 2 0%t
L. F72ic /i &7z myriocin IZfE# S ICE#EBE DL o MaEEE TMRES T T 2
Fx 7 —ME (NK fifd) xf L TCT7 AR —v A EZ5 &5 2 & CTHZEmslng
MrRBETLERRBENE, W

5RO 7o M EIE R 2 3 % myriocin TH o 7=, BENE I EHLICITIE EE
WHEDTHDLZERHBH LD, 0%, BRI 4AZ B & L7 myriocin O k5
Effin rioinsd Z &7 o7 (Figure 1-4), Z OfE % . myriocin @ i & % i b5 b L
722-7 X 7-13-7u R VA= VI ENRENGIERNRBICLATH D Z LB
Eh o (5) . X5 ARG RN X 5T FTYT720 (fingolimod) 6 28 W72 S h %
E -7, ¥

/
I
o]

4 myriocin (ISP-I1)

Symplification §> —
Optimization H/Oq/\/@;/\/\/\/\

imization {
HO g
4 NH, HCI

HCI
6 fingolimod
5 amino alcohol compound (FTY720)

Figure 1-4. Optimization of myriocin structure.

WL RE LI, FEUEKEN OB ICH VT, fingolimod @ 7= 9~ % 2 8 il /E 8 1% .
myriocin N H 4% SPTIEEMHICKE S THRICHT 27 R F— ZAFEEM L 1T
HBpy, Vo NgkA—Ir 7 (BF) EFHIZESS b DO~ ELLTWVWDHZ &N
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Sinklrot, MUFTIZU VY RERA—IV ZERICHOWTHB T 2 (Figure 1-5),

a) BEORERG b) Fingolimodi% 5 B

® P4
e [ 4 $efE
[ 09 VoA
2R 8 2208
12 e

(. U2/ AE (hER) | mE. U (MER) |

Figure 1-5. Mechanism of peripheral blood lymphopenia.

W, BRSCOMIR A Eo— kY VoOSEBTCAEEI R VvoNERIZ, MERENL
TARA =M, VU REi, Mg ED ZRY oSHBRICBIT LR, B 2EL T
EH MR L, RERIGEHMICER T VW IHEEZAL TWS (Figure 1-5_a),
oL, EERANTIEY UNEKRBENEMEB L, LERBAICEHENTHZ LT
TEINEE TR LTS, —J ., fingolimod &GN L&, U NERkN Y 7%
EO WY UoNHEBNICRERE (YU NERA—I 7)) SnREBIZAR D . KA m A
DY RNEKOFLWRARBZ 5, R VN KRPEA T D 2 L TRE G
ML~D Y REROIZ M &AL, & ORS00 KOS A fl &2 (Figure 1-5_b) .
AR IZINETCORBEMAAOEREEICITIR VKB O TH >N,
fingolimod ¥ R4 4, DM AR ) » RERF—I U 7 EROERBEEIZO W TIEAR
BHOFEFETHo T,

I3 RT7 4TI r-1-U B (SIP) & SIPZ R/ (S1P))

Fingolimod 78 A = X AR OF MG E MBI E LTRALINDHES, VU
EED—fL L THRNICHEET S AT 42 -1-U »E (Sphingosine-1-phos-
phate:S1P) 8 IC O W T &, ZOMEMHICH T -ERED b T, ¥ 48T
i, VBt E CThHD AT T XS —F (SphK) offixic kv 27 v =
VU TMNDLERT D SIP 8, KRN TEA RAEBRIENE AR OEELRIEEAT 1=
— 2 =L L TOREEEZHETHZERMOLNTWD N EHB L7 oix 1990 4 1%
A>T b Thotz, 1998 4, Hla Bz LY., SIP 8 281 N & 4kl f{s +
(Endotherial Differentiation Gene: EDG) £ LT/ r—=> 27 L TWk G¥ 73k

5



%z 75K (G-protein-coupled receptor: GPCR) O AAN Y T FTH H Z & Nl
En, ) Z O GPCRIZFE LM ¥ Edg TARK LT TV, £ D% F-IT. SIP
= 1K (Sphingosine-1-phosphate receptor) L MEFR &S LD L 91272 0 | BIfE £ TIZ S1P,
(Sphingosine-1-phosphate receptor 1) 7> & S1Ps (Sphingosine-1-phosphate receptor 5)

ECSHBEOF T H A TRRAB S TW5D (Figure 1-6), *°

\H, SphK  wo , I
HO_ A ‘b
\/\‘/V\/\/\/\/\/\/ _ HO’P«OW
OH OH
7 Sphingosine 8 Sphingosine-1-phosphate (S1P)
S1P,-S1P;

THTTHa.
DAIARIIN ANILAAI]

1

Down streaming signaling

Figure 1-6. Sphingosine-1-phosphate (S1P) and their receptors (S1Py).

THBEEEMN Y R ETHD SHEEO SIPZRIKIL, Y7 X4 72k ->THE
WAL RE LS R D, 7205, SIPy, SI1P,, S1Ps [T L8/ i & 72 #H &% - il fa < %
BLTWDoIlIZxt L, S1IPy, SIPs iZZFnE &V » NEKR &EMBRRICEIZHKE
LTWhZERMLNTWD, ILHF, & SIPZEROEERNTH > T DHHHEIC D
WTIE, SIPZREED ) v 7T 7k (KO) ~7 A% Wi EREIZ LD R A IZHEBHA
SNODOH D, FTH SIPLIZ OV TIERRA RAEMBARICEB W TCEHEREH ZH - T
WHZERHELMIZERTEY P %IiC, Z o SIPL 28 fingolimod @ % 2 # il /F
HEHAD=ZALCKRELSBEELTWEZERHHT DL ERD,

% 4 f  fingolimod o /& #

BHEWICIAL L= BFZExI 5 ToH - 7= fingolimod & SIPZ FIK TH - 72 43,2002 4,
Merck & OY Novartis O #f 724 12 X fingolimod O 2 BLIX SIP X FIK~D 7 2 =
ARMEAICE 20D THD 2 ERNWME ST (Table1-1), @ 72 b5, fingolimod
6 IXAEKRNICRESRTEE, WP TAXAT7 4T FF —F (SphK) OfF =2

6



LMY vEBfbEn, VBT AT K G6-P~LEHRINTZDODL | SIP, & [k < il
DO SIPZAEMERIZH LIFERBIRVICT A=A MEHAZRT Z I REMEIERZ R
FTERH oM ESNT, E . EOEHITANEEY o RE L THEL TWwb SIP
8 LERICIHFEICH NS D ThH -7,

Table 1-1. Binding affinity to S1P receptors.?

HO O HO
SphK HO. 1
P
HO = HO™ ~O

NH; Hcl NH;
6 fingolimod 6-P fingolimod-P
ECs0 (nM)
Compound
S1P;, S1P, S1P; S1P, S1P5
8 (S1P) 0.47 0.31 0.17 95 0.61
6 (fingolimod) 300 >10000 >10000 >5000 2600
6-P (fingolimod-P) 0.21 >10000 5.0 5.9 0.59

2 Binding affinity to each S1P receptor was calculated by GTPy-S binding assay and the details are
shown in experimental section.

AR T, SHEEFET D SIPZAEKDOI B, SIPL~O7 T =A MEARY 3

BRA—IVI/ERZFEETHZLERHPLTEBY, kO XS ERAKFRERI N
TWw5 (Figure1-7), 2V 3, AR LY VB AT AKE-P R T U v 8k LICHE
ETHZRME SIPLIC T T=A & LTIEHL., SIP, #MilaXm 2 b NIEL I E 5
(BEREM 7T v X I =A b)), M LD SIP &2 k-7 T U /8 ERIE, SIP, D AR
WU H L RTHDSIPORBEARZKM TE 2R kY VoM M~
ODBITHAEIND, TOME., REMFTO TV O ANERFEADTLENI EDOTH
ZAx

fingolimod
SphK ’,4
ingolimod- =® .’F o~
! BT

Ss1pP, \g\ @
T eel @:> 4% =) @@@

| s1P1®mE{b |

N -

2Rk
e

Figure 1-7. Mechanism of lymphocyte homing action.
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T VR VU IHERHICIE SIPL~O T I =2 MMEHAMNEE TH D & [FHF
(2. SIPs x4 57 =2 FEMIX fingolimod ® =72 GI/EH TH DIEHRIRIER (—
WHEOHRAKR) OWER T THLZEN, /v 277Uk (KO 7 AEHWEERIC
LV RBEATVE D Zhb0HEEZ T £ ORELHLOMRBEBEIZH VT,
SIP; IR Y =X NOHBMHAENERBICEBIND Z IR, .
fingolimod H & & M = 283K Novartis (2 X % % 20 4 [# o & K B % 2 #% <. 2010
FIC LML ERFER E L CRR, Elish Twad, BLIETIX, fingolimod 7 5
JRZE L 7= KPR-203 9 (Phase I, Kyorin)?® < €S-0777 10 (Phase I, Diichi-Sankyo)?* {Z i
% .ponesimod 11 (Phase I, Actelion)?®  BAF-312 12 (Phase I11, Novartis)®® o k& 5 72,
INFTEEIICKLALELEDbDNL TWET I V7T va— iEEEZ S FRNICFTE 20
fb&W7e & bR ERIZ A > TWa (Figure 1-8),

cl S O\Q : / \
HO \©/ HO™ ™ N
HO NH, e}
NH,

9 KPR-203 (Phase Il) 10 CS-0777 (Phase )
Kyorin Daiichi-Sankyo
0]
0 “
X HO
L N /N 0 CF3
HO” "0 \ o)
OH cl T\
11 R-3477 12 BAF-312
Ponesimod (Phase II) Siponimod (Phase lll)
Actelion Novartis

Figure 1-8. Clinical development compounds of S1P; agonists.

5 BHRERR OB

bk U7z X 51z, fingolimod IZIER 2 =— 27 RERWKF & . = O )72 @& m
AR LRDZERDE, TONHFIZEVWTIHKLELFEHERTWEZ 70 LR
BREOHINY =2a—VU CEEMCAONLEEME, IFEERE (BRE) »8HFSh
LA L LT, AEEMNOLZSOMERBENLOEREZBO TN, 2D X5 7R
WA e 7 A4V EAHT S fingolimod TH - 72 2 AR IRIE A (— &P 0 % AR)
EWVWIORIMERICMA, IEHEAKTH DY VBT AT LK 6-P 28 IEH 125w i A e 6
MurRoZl thmonh Tk KEOAMEZERTER TCHLL EEZEZ DN, E T T,
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IhoomEsREL, LVLEEMEICENL, RO LREMHERZE T 230 A
Z BHHIZ, fingolimod DAEEZ I L L7- SIP, 7 2= 2 F DA IEICHE F L 7=,
Fingolimod 6 # U — F{bAW & LMt 2 ls T 512H72 0, £, O KHE
ENEDRBICEEL INLT I Fa XV — it d — R 13 TRILF
EWEAFALT I )TNV a—LEE~NLERE L, 2O LT, FLO7 == VEEHK
fE~T a7V —NEANEERLE X M4 TR IEED. KO, FLEFRE
T/ T Nha— o=y hEBEIY VLI —T ARG EET D A 15
TrRaInNbeEmeE AT T —FELTTYF AL, 2 ZHTCOFERERNE
Fhi L7z (Figure 1-9), ¥, PLEEFERLOLMET 2HKMEMEIC >V TR, %
FRFORKR, ., FHEE., SREFCEVWTRAENICENL TV LR =
NEEETHMMBPE A~ BRI,

14 A =S, N-Me, O etc..

HO

Figure 1-9. Structual modification from fingolimod 6.

KEMNwH L TIE, 2027 MOFEREMEZTIICHLED, KN 14 TREND
IEEMERICHKLETH A AEREM ORI (F2E, B3I, & 45) TNz,
TOEMBMAZEM L, — k15 TREN D = — T L& W O K& 15 VEAH B BF 78

(BEE) o>V THEXTWD, UTF, FEOMEZHITT 5,

FH2ETIE, AN OFABIEEWAEREZDRESAT I 2, PRMAE L L TRE
L7216 DERICENT U AN=B 2 AW ARFIEGHAERIE 2 MM L gikic o
WTiR R Twn s, 2D



AWFTETIX, 2-tert-7 F XA NAR= VT 2 ) 2-AFN-13-Fa P4 — )L 18
DATLHHMEICERL, EORIFICEE LB ONDI N AEERT I ) T Va—
JVERAL (FASBEE) ofEELE LT, V=Rt AT b IGEE AW AR
LB Lz, T ORESE. Pseudomonas i kOB E/LY X—¥ &2 H Wi
HlCmEmE, MBROICE ) AT MR EITT L2 L 2H 60 E L (88%I,
89%ee), HOMNTT 17T b T, FFE~T BT V=L EHT 2 SIP, 7 =X K

A, a-BEHBT T =0 FEEROEGRETFL LTHAARERT VT B R 19 ~8
THRTHEI ZLENARETH -7~ (Figure 1-10), 72, KEISIC LV B 5N 5 3 IE
T I /77 va—id, BO5EICBTL2FEERGROAM R PHEMAEL L TH#EE
L7,

HO/\~/\OH
NHBoc
18

(Asymmetric synthesis)

l Pseudomonas sp.

R1
S cHo e BORYL)
: FHOT YT A
0 NBoc <:' R O/\(\OH ':> : NH, '
X NHBoc :NH, 2} A=S,N-Me, O
19 17 16
Garner's aldehyde derivative (88%, 89%ee)

Figure 1-10. Summery in Chapter 2.

MLEIETIE, 71 /7 va— VigEEEZAETAFRAR=0U L 24b T VT &
K25 & o Wittig KIS 2R L2 PRIE 20 0SB VW TRRTnN S, 28
WERETIE,. TNV RTI )T NVa— LV EEERET LT VT K21 & KT Y
— LV AFNANTA R 23N HMEB LKA AKR= 7 LM 22 &0 Wittig KIS I2 kv, &
HREE 20 D5 EIT> Tz, 2O FEF BENVFHHAEEKZEZB T 58T
EThHolDn, FLBRBELTEFEERAFAERLTEATLIERICE., T 257 VU —
NAFNANT A R2ZDARLEEEDZ KR AR =7 LI O RN K725 %D KA
EFHEL TR, AFRTIE, HREORSZMOAGMMTIEL LT, BEEROE
WESE, 737 va— A iEERTHRAKR=0ULE 24b &7 VT B R 25
EORMNIZ KD FEAE 20 OFBERG 2 FEH L7, KISICKHLERFAR =T LE
24b 1% . M T AFAHE /R L-serine EWEYE 27 L v E )N D T L3 — LK 26 b
TR CHBATEE Th - 7= (Figure 1-11),

10



R1
G1O CHO (}VPPh X [A/kx

a NG,G3

1 7 Gy = protecting group X = halogen
21 23

ﬂ)

NG2G3

: _ R!
A=S,N-Me, o\3 S PP . [/}\

20 bk A~ CHO
0

24b 25

% 2 OH
O/\’L/\ - HO COs,Me
% ‘co,Me - Y

NH, Hcl
26 27

Figure 1-11. Summery in Chapter 3.

P LI AR AR = L0 24b I3~ RIENIE. FEBET7 V7T v K& RIFICKIGT
D2 B L T, FRIT, R Wittig KOS X, i3 58 AR =0 LTI E T
HbOLBTEERGFEREAATLHIT7ATE REXHLTHLEITLELZ O THD | K
EICXH L CHMMICHEET ARIEThoTz, S HIC, RFIEIXSIPL T =2 M5
BT LEPRHAEI0OCM I —TIZEVREST WD SIP, 7 = = 2 |k (28,29)
AL B MEC B 2 72 1E A>. Trace Amine-Associated Receptor 1 (TAAR1) 7 ==X | 31
DERIZBWTHHMTH > 7= (Figure 1-12),

= 7\

WO On-C7H1s
l A
o -

O A=S N-Me, O NH,
\ / 28
30

H,N 31
Figure 1-12. Application of phosphonium salt 24b.
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BAETIE, BILEHOT I ) T Aha—LVENLIEEARKTHD Y VR AT L
K~OWEWMEREZFH L RB A KRBT OV TRRTWS, 2

S1IP, 7 2 = A b D IFEM AL, fingolimod 6 8% H TH D L Hic., HiLEW 32
O —FKEBRIENY VI 2T Vb I N2 32-P ThD, TDOH, SIP ZHIKRITx T
27 A=A MEMHEEZRET DX, VB X7k (&) Z2Rl&EKRT 286
HERbHol, LrLaens, BIL&EWTHLT I /) 7 ra—viknb ) VRs AT
NE~O = REFEERICBNTIE, 7 7 ERLY VB ATV EOKEREIC
HTLOREEDOEMRNBLEATHY, ZREDA T ) —=0 7 2 FEhT 5 EICITEHE
TR FENEERL TV, 22C, AT LI2MBOMAEN T A7 7V — (&
WH ., M@, BBE) 2HWC, BilbkEMTH LT I 7 73— b {KO —fhok gk
BEHEMIZY VB AT NMMET H1ERZROEDDO A7 ) —=0 7 % Ehi L iz,
BEHCHWD S EE IS, B M oFEERBHICLY RS, W) RGE
MEEEEZ AT 28— bEM32 2 RELL, RAOKR.BOZRY VBB AT
WAL RE Z % Circinella muscae # Rt L. & 512, = O K %2 Bk iz Bk relc 3
52 L CREBEMICKIEEEm EEED 2 ckh L, 72, AFEEEES
FROWZABRBR AT A2 AGDbELZ LD, BlUEAEWL DL L TRETY &
AT NVEEHBLINENR ) VB AT VFHEERAKEZFEB L (Figure 1-13),

l Chemical synthetic method ‘

i) Boc,O, NEt
CH,Cl, i) Pd(PPhs),,
ii) (AllylO),PNi-Pr, pyrrolidine o
N\ tetrazole CH5CN HO. I - J\

H P. :
HO N N HO™ ~07 Y N
iii) -BUOOH i) TFA, CH,Cly

CH,Cl, 51%
32 67% 32-P

Circinella muscae (NBRC 4457) 82%
| Biotransformation method l

Figure 1-13. Summery in Chapter 4.

5 R TIE, MPEEHAE SIP, Y =X a2 ER Lt —7T VLAY 33 D&
PEAHBE (SAR) HFZEIC oW Tk ~Twn3s, 39

INFEFTRRTE LD, MARBEMGAEM % R7 fingolimod &I /EH & L
T—WBMEOHRIRER I A, EFHICEVDF LA 2RO ENHPAL TV, £
L VHB2ENOE AR TERLEFHEAERIELIEH L —&X 14 0oFFERER» O A
HaEn, 32 RHEEMEILESY CS-0777 10 2 X b, AL MBI K 2 Eof
EhibaEmTdhH 5~ T, fingolimod & [FERICHBHE S EAWNICIFE T 568 A 2N H
o, 22T, Al ORIfERERN Lo, — X 14 CRIMEVREL TR DT
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277 ANE LT, WERERMN., 2O@RIKIEHOZ2WLEM OS2 B L
HLEEFEBRLETI /) TALa— o=y hEABSY U —EHfMIce—FT VEESE2
33%?%4yb\%@SARﬂ%%£wbt(melam T ORER . 33a 1%,
fingolimod 6 & b L T 77 > ek 34 23 48 < ZEAF 72 S1P3/S1P, 3®AR ML & 50 ) 73
invivo 2 HF 3T 52 ENHBALE, 72, FLORUE VR EOE L E AT ®ER
Pz RE<MESED Z &, invivo BN BLEH DY v lex 2T L% R L
22 &2 bne L, SHEBRE O K., 8K 2 d 5 42 £ 5. fingolimod
6 LRSI 7 invivo B Z R L, SLICHRIRIEAICx L CH ek sfF T
HibEM (33b. 33e) ZRMT LTI L,

NHy

6 fingolimod (FTY720)

33b, RZ = 2-Me
33e, R2=2-Cl

Figure 1-14. Summery in Chapter 5.

%6% ﬁl:mil

LLb, 18T, il mEmflsEs LTI D fingolimod &, & D EH
W75 SIPZRBOKEIC DN THR R, AXFicb R mLizLilc, A7
A4 AR EBROEERN S 7T e LTOFERBITTEICRYVEEREREZZET 2D
DTHY, SIPy 7 =2 MeEH E L TO fingolimod (2t F S5 L 5. SIP B
HOSHIXAHOBEELRARENICRLI N TFRHRIND, AELRHXP THRMNT
% fingolimod # UV — N & LeFEAERAICBVWT, #Egm, Zam cBLTILLE
HORBIZRD Z LN E ., ZRD SIPL T I =2 MEEW O H LA L O ST b FE

WEELREREZRS2LEZILNLD,
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2
2-7 X ) 2 AFN-13-FTu R IFA—NOBEREHAVWERFFENHL

R
18 F#

¥ 1 ETHR7= LY. fingolimod (FTY720) 6 (T Z 4L F TITRWVH LW 1E B

i AT 20EMHEEE L THHREINLIHETHY, 2-7 I /-13-T oIt —
JU A & 3 B B 72 pharmacophore T®H % Z & AHIBJ L CTuw %, Fingolimod 6 (%, Zf{K
WIZHE G Sk, MPICTZo0%EMKBEBEDO > B, —2OR Y UYBB 2T Lk
ENb, £, TV VBT AT ALEET T v F A RRWICET L 22 AUk
S-U vk AT JLIK(S)-6-P NHEEMTH D SIPLICEM T 5 2 & THBE/EM %2 KHET
L ERMONTWVWD, SHIC, SIPJIZxLTT I=R MNEMEZRT OISV
T AT NVIK(S)6-P DHATHY, EERNTOY VBT AT AL TITAE TRV R-U &
e AT VIK(R)-6-P OT7 T =X MNEMHIZHEFIZHEKNNZELHLNEENTWD
(Table 2-1), ¥ Z ® X 92 fingolimod @ 2-7 I / -1,3-7 1 8> ¥ F — L M3 13 1
FTOU B ATk, BLXORSIPZAEER~OFEHOMIEE CTRE R ART B2
ZTTWDH I ERNbnD,

Table 2-1. Phosphates of fingolimod and their binding affinity to S1P receptors.?

HO\E HO\:
HO™ ~O
/ NH,
HO
(S)-6-P S-phosphate (active)
HO
" oz W
N . ~ P\ /,
6 fingolimod (FTY720) HO N0~
NH,
(R)-6-P R-phosphate (inactive)
ECso (NM)
Compound
S1P4 S1P, S1P, S1P,4 S1P;5
6 (fingolimod) >10000 >10000 >10000 >10000 >10000
(S)-6-P 0.30 >10000 3.1 0.60 0.30
(R)-6-P 218 >10000 29 80 >10000

8 Binding affinity to each S1P receptor was calculated by GTPy-S binding assay and the details are
shown in experimental section
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EREERIZ, 70T = VM O R RN KD R BICIEFICEHERER T
HHZLERLTWDLIN, RO REIL, L7V — 7 CHEE SN ZFEERERHICK
STHELRLTWS, ¥ F bbb, fingolimod 6 # LICERENE oD F v F
4~ —(R)-28 £ (S)-28 L. @& B H A 4 L 7= invivo ET /LD — > T & 5 HVGR (Host
versus Graft Reaction) #ERICFHB VT, R K (R)-28 NI 2 2 R BL L 58 /) 72 o0 7% M il 1E
MuERT —FHT, WONEKETH D SIKES)-28 1T FHEHEZ RSV ERNRESH
TWw 5 (Figure 2-1),

HO/Y\/Q/ HO///"/\/O/

NH, NH;

Rat HVGR D5y = 0.088 mg/kg Rat HVGR ID5g = >1 mg/kg

Figure 2-1. Chiral derivatives of fingolimod and their in vivo activities.

LR O ENS ., fingolimod DF T2 2-7 3 7 -13-F a0 P F — LA &
MEEBRT IR TCIE, MEREFEEERDOEV DI NEETHL Z LN b,
50

HRF T SIP, 7 T =2 PFEPNELEZB L, RO HHRZR SIPL 7 2= X M b
G W& RS T <<, fingolimod D& # I KA FEEW A2 1T > T & 12,

£ 9. fingolimod 23> 2-7 3 / -13-Fu NP4 — iEE (FHABEKE) o0

X, 2R)-T 2/ -2-AF N-1-7a X)) — LfE~L BRI DL, TDOL
T, L7 =M (RABE) COWTIEEE~T a7 ) — L~ L LB LT-
fb&mazF %A Lz, 2%, fingolimod ® 7 = = L%, K& Z(bz b
AT FEFRLELTCTF A 720, 770, v — LB~ & A H# L7, Fingolimod
D A5 B AKPER B ER AT (B A BRAE) 2oV TIE, A RBRBEORE., I AR= LK
AT LOMBENERE., FEER, HEHERREICEBVWTRAMNICEA TS Z &N
P L TR R ELT, X 14 TERIND —#EDOALAEWEEIZ IR T 72 58 1% 1
HoN R Iz, X 14 TRENHDFEERELEGHT HITH 20 | BAKNEA 50
MITRKERTHEATLIZ L BERIFHIAELE LTI ZRELL, ZHITHE
W, fiEx O~T e BRE AL, FIEEETA L, KRESRICS IS ATREZR (2R)-T7 2/
2-AFN-1-Ta N ) =k (F RN OGRIEOMSL N ME L7 572 (Figure
2-2) .
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6 fingolimod (FTY720) 14

Figure 2-2. Structural modifications of fingolimod 6.

W FEIEMAC AW OB RIEIL., EEDEERFEARLE VI “FEICKRYIT S Z LR
AEETHY, TNENHALILILFEFELELTEREANY -V a VREFEET D,

KFmEETEH, AFRBBBMLEzHELEAEHEHWWCI I A2~ NI T 7
4 —%AT 9 HIEN, HPLCEBE O RESLZOME I NS —RIZA Hnbh T b,
Flo, BELEVWTEIREMICEMB XTI NMMEEMEEAIE T _HEEDO YT A
TULAv—~EtFHEEHL, TOBRMEOESCHEEZELZFIAL THET 2 HEREL —
B HWONE FIETHD, 2TNHOHERF T EIRI G TE R EM TEE
Thdrld, PEOTEIKOHEL, Bz 7 I BoaEIizAHrom Ik
ARFIELRDID, EPOEORERNEPIEEREZ A ABEZEEHE LTHES &0 )
RTARENIZEROZWFELELE X D,

— 0. AEAMIEIE., REINENHEG L S0%E B2V EEICERTEE S
EFFREELLEZLD, TTH, BEKOLICE D ARFAZIE 3 R, Sharpless 512 &
HAFMACKIE D IR EBEEN D RFBAL T & & B MG 2 2A DY ARF KIS IE.
WERKL ZEDTERVEEENTH D, 20k )R RKFAKED —>THD
REFIBAKISIE., 72T VA VEEREL, A—BEFNICE»N B
DIIEHD DB — DD FICx LIERWICKISZEITSE 52 LTI L2k
EM~LHBLIRIETHD, £, ZOLIRKISIE., ERME IV L BAEDORE
REDERMENRBELTOIAHTHY ., ZLOFAERFYDZIERMOENLTWVD,
D yhbb, ARMEZAOERFAKRED S X, MEAZ L OQE RN R E TR
BREMATORIER AR T D R0, EERICEET D OGS LA O FRE 5 2 5 {7
HEREOFEFHHNOEBRKIEDHEZIT) ZENAREBTHLLIR R EICBVWTENLTE
D, BELIHERICHENTLATVESETH D, >0

COXRIRENTRMEAR T DAEERMBAEZFH L RFIESHRACK IS T, FART
PA L LA OFBARARICBNTCLAD THDLEEZ . TORME E L -,

KBTI, HFREEEQR)-T I/ -2-AF L-1-F a8 ) — L HEE (FAHB0)
FHRELTCOBEBELERVEAFENEIGEE ., HOND T V3 — Ko RN
DNTIE D,

16



F2H UV ARN—BERAVWERFIHENFCRIE

WMHF, (2R)-7 X/ 2-AFn-1-7FuX ) —LiEs /AT 5/bEaw (36 2E) 0%
SIEF 7NV HPLCEZH W 72 IR (rac-35 2 F) OXESHFIZI VAR S TW
7= (Scheme 2-1,eq. 1), ¥ L LB S R L7ZX 910, 2O FHEITEERNZ L,
EMREOERICETAME RO TH-Te, TO®R, FTNVMBEZHVEZEARFT LV
FAALERIEDBHBE S NN, TOABEICENTH, Hv 2 RE OB IRTEICIR
NBRBHERLBLAPLETHY, BERREFAMOBANDL b R FELITFEVE

v 7= (Scheme 2-1, eq. 2), *9

Or HPLC
separat|on
(eq. 1)

rac-35
i) HCI, THF R?
\/E j/ \/[N\ o~ ii) LIAIH,, THF R!
.\\R1 — > HO >
T o Ny I (eq.2)
38 39

R2

Scheme 2-1. Synthetic routes of chiral analogue 36 and 39 of fingolimod 6.

FTIT, FVEHRERIERSIEBNEL, HICQR)-T X/ -2-AF -1-7
nN ) = VEEERT LAY 16 ORERFEZITH 2 LI Lz, 16 DARIEICE
5 WAy — bk & Scheme 2-2 (2R,

HO/\NAOH
NHBoc

18
Asymmetric
’ﬂ\ Desymmetrization

Wittig reaction )OJ\

R1
) T S )
R o PPhsX
HO/\N?; A NHBoc
2 A=S,N-Me, O
16
Scheme 2-2. Retrosynthetic routes of key intermediate compound 16.

40 22

FEH AR 16 O AL, HEEEARQRR)-T X/ -2-2AF V-1-Tr X)) — LiEEEH
THTNATERAOE~AT T V=L EEHARAR= Y LI 22 & O Wittig K& 12 X
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DEET 5L L, £, FEEH2=y FE2FEST AT B R 40 1%, 2O
DAETLHRBEICER L, Bk TWD 2-AFL-2-7 X /-1,3-F /Ny
A — L ® N-Boc fR#K 18 Z MR E & LR F IS HIL G &, i< LIS
FoamkamEEIL, Y, 13-7u X P — VO RFIESHAEISIZONT
X, 2-F  BBREICHT IR LA VT ARAFESPIEISOE KB IZE < FHELT
WA A0 22-TREBIKICH T OMEGITH ED R ods, N 2T, YRGS
NTWkEdnrdb, 2-8 ) BHREKTHD 2-7 I 7@K 1,3-7 o X0 UF — i+
DWEH AV ARFEGFACKIS ) iR L. B# L T 5 R K ISR K S O R
AAEB L,

Mbic, EETHD 2-AFN-2-7 3 /-13-Fu v F— /LD N-Boc #i#fk 18
WXL, WL vy Taero—7 1, TyfbAlE LT~ UrBEE= L
AL, HFHE) A—PHEET, FRT 3 BHAXKSSEEZHAEOET ) = 2T LK
(R)-17a ~DZEH |2 > W THiFH L7~ (Table 2-2),

Table 2-2.  Asymmetric reactions of 18 with Lipase (1).°

O
)k PO . (e}
HO oH n-CsHy™ O™ ™ Lipase e
> n-CgHij o/‘\T/A\OH
NHBoc i-Pry0, NHBoc
18 rt,3h. (R)-17a
Entry Lipase Yield (%) ° %ee of (R)-17a ©
1 Immobilized lipase from Pseudomonas sp. 88 89
Lipase , immobilized on cellulose
2 from Pseudomonas sp. 89 84
3 Lipase from hog pancreas 32 35
4 Lipase from Penicillium requeforti 17 58
5 Lipase AK "Amano" 20 32 20
6 Lipase, immobilized in Sol-Gel-AK on 33 10
sintered glass from Mucor miehei

7 Lipase from Mucor javanicus 24 37 (S)
8 CHIRAZYME L-2, carriere-fixed C3, lyo 80 12 (S)

8 Each reaction was performed for three hours and the details are shown in experimental section.
® Product yields were the isolated yields.
® The enantiomeric excess values of the products were measured by chiral HPLC column.
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ZOME, HND U R—PIZ Lo TIHE, LEMEIRESSET L2 E03HH
L. Pseudomonas FEH K OMEE/L Y X—E¥RHKEROF EE2 52, BMELET 5 R IE
(R)-17a 7% 88%IX 3, 89%ee TH LN TE7 (Entry 1-6), —FH., T LA LD R—
TRHEMET DI REETZAERYWE L TH X 7-OIZ% L, Mucor javanicus 3k d U X
—E¥ & CHIRAZYME Z Wit Al A ce 3o FA~—ToH o SIK
EEERMELTHEZDLDZ ENHBH LI, 2@ CHIRAZYME # HH W Kk &, 56
D SHEOISHEIZONTIE, BIZEBNT 5, 28, (R)-17a O xt B [& & 74l
FE O ReFR 1L, Scheme 2-3 IR T HIEIC K VBEMILAM TH % 410 ~FH\im%,
JEYXE D, KO, T/ HPLC HHTIC LV ikEL TV 5,

(0] (0]
B a H b, c H
n-CeHii O/\-/\OH > n-CsHim 07 Y SO0 —= HO” YT
NHBoc NHBoc NHBoc
(R)17a 40a 41

Scheme 2-3. Reagent and conditions: (a) PCC, MS4A, CH,Cl,; (b) PhzsPCH3Br,
t-BuOK, THF; (¢) ag. NaOH, MeOH.

FEWT, EomFT TR b BV R % 5 2 72 Pseudomonas sp.2> 5 1§ 5 4 7= [ E{k U
N=EE M, 7 Al L B OV TR 21T - 72 (Table 2-3),
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Table 2-3. Asymmetric reactions of 18 with Lipase (2).°

jj)\ P Immobilized lipase o
R o from Pseudomonus sp. J\ :
HO OH = RO ToH
NHBoc Solvent NHBoc
18 rt.3h (R)-17a
Entry R Solvent Yield (%) ® %ee of (R)-17a °
1 n-CgHq4 - 83 77
2 n-CsHyq4 i-Pr,O 88 89
3 n-CsHy4 t-BuOMe 84 89
4 n-CgHyq4 n-Hexane 82 86
5 n-CsHy4 Toluene 87 81
6 n-CsHy4 Et,0 89 79
7 n-CsHy4 CH,CI, 95 78
8 n-CsHy4 THF 78 77
9 cHy P00 a3 62
10 n-CsH; i-Pr,O 52 75
11 n-C;Hqs i-Pr,0 86 82
12 n-CgoHyqg i-Pr,O 60 71
13 (CH3)3C i-Pr,0 69 53

8 Each reaction was performed for three hours and the details are shown in experimental section.
® product yields were the isolated yields.
® The enantiomeric excess values of the products were measured by chiral HPLC column.

FREBEICOWTHRFT LR, WE, BRECHEBOLRZ(LITIELNT . IHI%K
R ERMELZ LI LR &2 RS2 T o7e (Entry1-8), 372
bbh, Wikt LTy 7o 22 H0EEACE, WRITMH EL S, SRER
WHTHR LD (Entry 7). tert-7 F A XA F = — T LT B2 IUE, &RMET
HHWMzE 5 2708, W&t (A4 Yy 7 ro—F0) OfE%E LRSS E 0O TIE
72 o 7= (Entry 2, 3),

BNWCHEHT 27T VLBl OBRFTEITo72, TOME, HNDI2E=LZ AT LD
TAFALAERICIDNE, BREIRESEEZZTLIZEBHRALE, T4b
L, lIHE L L TRBEANL 6 ODTHIAFTH UBRE = U INE, BINE, KR
BrxhHEzx, ~FHrBIVENMIES, HSWHEEZREO E= L X7 L TIEILE,
B, RIS TR Loz (Entry 2 vs 9-13),

S DT, BUSFEH AR O SARIEIRMEIZ 5 2 2 BT O W T~ 7z, Table 2-4
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Wik, Bl LTV A Yy Fur b ro—F L L IZER%S0OEL2 5 2 7~ tert-7 F /L 2
Frz—FT NV EMEHLEEORRZRL TWD, TOME, RS IFERFIZHEE
TLTWDZERHML, ISHME 1R E VWS BWERER TS, 3, 4 RHKE S

G AE W E, BREKXICFHEOKENSG SN (Entry1-3), — 5T, 8 RFfHI X
i AT, VEXTw¢®ﬁm_ﬁ9GWNa@W¢ﬁT TN A SEARTERIR
HEOBRTLHLRO O, TORADMEITFEFR &R ELiIcHEMmML T 2 ERHPLE

(HW&@oﬁﬁﬁﬁﬁ§<ﬁélkﬁiéiw eRMEDOE FIc o> Tk, —EAE
L7 (R)-17a @ — 0N . ARISEMFETICBWTT UV 2R 2 32 L BJRKF &
E2zbNb, B, —FEHEELEZ(R-17alZHBHZEICHLEL., BHEEFEELET T
X, LHEMBE L., TORFEMELZME/RT 22 EBHPHAL TV D,

Table 2-4. Asymmetric reactions of 18 with Lipase (3).

O
n-CsHyim "O7 7 L?;nr;og!i:sgolizzizs sp i B
HO OH "> Nn-CgHys o/‘\r”\OH
NHBoc t-BuOMe, NHBoc
18 r.t. (R)-17a
Entry Time (h) Yield (%) @ %ee of (R)-17a ®
1 1 87 89
2 3 84 89
3 4 85 88
4 8 82 86
5 24 70 77

8 Product yields were the isolated yields.
® The enantiomeric excess values of the products were measured by chiral HPLC column.

Rl v Eo e mESEMIT. 2 MEBRERNATFAERIZREZINDL DT
<, LT 222F i zAniEHEacblERS<EITLE, T 2bb, 2-
%%wmw®ﬁbb:z:%W%7i/4&7unyyj~w@NBmmn%m
BFEFHCHWT, Ematic kv BGont-RE&cFcffH Lz A, AF LKLY
HE WERETT VAL KIE R EIT L, B TH 5 RIK(R)-43 7% 87%IL F | 93%ee
T 7= (Scheme 2-4),

21



O

n—C5H1 1)1\0/\
Immobilized lipase
from Pseudomonas sp. 0 ~
(TOYOBO) :
HO OH > nCeHii” 07 OH
NHBoc i-Pr0, rt. NHBoc
42 (R)-43

87%, 93%ee

Scheme 2-4. An asymmetric reaction of compound 42 with immobilized lipase

from Pseudomonas sp.

SHIIC, ABMBERISITHDOSIETHL SEKERIZHLANThHoT2, Thobb, %k
DRFEF, CHIRAZYME Zz HWIZ GBI/ O N 2O AEN IR L Z LI2TE
H L (Table 1, Entry 8), %, @RMEoOM EZHMWE L THRERFT 21T - 72558
TR T A vBE = v ER W, B L Ctert-7 F LA TF L —TFT L E W
BT b T. S IK(S)-44 DULH . BRI A Z AL 66%ILE . 89%ee F T kX3
Z Lk zh L7z (Scheme 2-5),

(0]
n-C3H7)J\O/\

CHIRAZYME L-2, i
carriere-fixed C3, lyo /,
HO OH ¥ . ncH Y07 "%OH
NHBoc t-BuOMe, r.t. NHBoc
18 (S)-44

66%, 89%ee

Scheme 2-5. An asymmetric reaction of compound 18 with CHIRAZYME L-2.

3 SIP, 7 S=2 P HEKEER

BRIV AN RZEE T Vo — VIK(R)-17a 2> b R IR 16 ~D A Ak
1% Scheme 2-6 [t WVWHEM L7, * £4, RAE® 72— L (R)-17a % PCC itk L,
TOT e NIk 40a #4572, 40alcxt L, BI&ET U= AF AT A b
7oA AR = LM 22 L otert-BuOK % W 7= Wittig /K 21795 2 &L TA45 2V 7 A L
TAHRAEME L THE, 450X T VEMMICK L, KBTI v 2AZ2HWET v
TV MK R ZIT o 1%, S T tert-BuOK THLEF 2% Z & THSL M ITHy TNERAL
RISBEITL, X VY k46 B3 BEohiz, 7T ALVTFIRAW 46 DA L
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T4 EANLIE A ) — v KFEFEHA T, PdCEHWTCEMEZETLCL, BXETH
H30~EEH L, 2. BN 300 FEMER X, ML FICRTH
WX VER L, T, AU voBET LYV IMAKSEEL., 73

ﬁ

J 7 a
— VIR~ BB LB . D-()-HAMENZ CAKIEL Lz, Bbh-FAHEL ¥
=), KOBRBRABEH P CHELT D22 212K, 99%ee U LD XFEME L H T 5

T )T Nha— LIk 16 2B S5Z LIl LE,

R
BrPh3* \/[A/S

(0] (0]
B a : cHO b 22 (A=S,N-Me, O)
n-CsHq; O Y OH —m>» n-CsHq4 O >
NHBoc NHBoc
(R)-17a 40a
R1
1 -
; : L AD "y
BSRN( TEN e (o o L.
n-CgHq4 O/Y\ A %NH >//NH
NHBoc o)
© 4 30
45
) C02H
1/2
co2

Scheme 2-6. Reagent and Conditions: (a) PCC, MS4A, CH,Cl;,, 95%; (b) 22, t-BuOK,
THF, 96-98%; (c) NaOH ag., THF, MeOH; (d) t-BuOK, THF, 81-100% (2steps); (e)
H,, 10% Pd-C, MeOH, 78-91%; (f) KOH aq., THF, MeOH; (g) D-(-)-tartaric acid,
EtOH; (h) Recrystallization from EtOH and H,0, 38-65% (3steps).

7eB. 16 O FME L. Scheme 2-7 2> TR T HAFH VU Y 7 1K 30 ~

LENEH, FTNLVHPLC O ZITH) 2 EICLODREL TS,
R']
(Boc),0, EtN, E //\
ﬁ/\/(A . e e ~AL
NH .
COH CH,Cl, >]/ A =S8, N-Me, O
o 30

Scheme 2-7. Transformation of 16 to 30 for the determination of the ee value.
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F 48 a-Methyl Garner’s Aldehyde & ik

o-7 V¥ )-a-T 2/ EEREE L, fingolimod (2 FE XD SIP, T I = A FOEER

HaoBEHKELTHFEELTWVDET TR, oMo AEBEEWETICLHBAIND
W Ths, W EL RBVELTHEETLEWITL L L0, AR ONEFIC
BWTH, affiCHEAI AT T AT VR IISAERGIE R & E I FE D 3 EE MM
EORERESTLRE, XTTFNMEEWDORT v 7 TH A I THEREE %
BrELTWD, ® Z2RICHEN, a-T A FL-0-7T I JBERICONTS, BEET
< ORIGENEEENA TS, * T N-Boc-N,O-isopropylidene serinal (Garner’s
Aldehyde) # 4 7O T K 19 1ZAHEOE WX I ALRAEKRZTF L L TRBSINTEH
. Scheme 2-8 IZ” T L OIC, HaxR{btEWOERICFHH STV D, Bl
Horner-Emmons it 38 K 0 3 vh 5 47X 491 % 1L 2 1 (+)-geranyllinaloisocyanide 4846)
% ent-Manzacidin C 49" O ARICHI M &N TV A M, SR Z H W=7 v F— L X
J& A4 R 51 1% Manzacidine Bk 52 A ORIEBAE L LTH LA TVS, &5
. AT TH, TOAHMEIIRINTWD, #l21EX. B A K FHE TR KK
&L LTHAE & TWv b Trace Amine-Associated Receptor 1 (TAAR1) 7 = = & [ 549
L7 NVT B R19DRITHT I JARKISICE D ART D 53 2B LeFEICEIE
RENTWD, ZORIICEERFHMAKL L TCHETLIT7 LT E R 190FHBIZEN
T, AROBBOSICEV GO0 FEECE BRI ATELEE X, TOEKIZ
HF LI,

o) Cos

H - H = H N o
N : CoH _ COEt Ey-COaE
\ / OW /\|/\( O/\|/\/ X P>
HN_ _N -~ NBoc NHBoc NBoc -
Br ~ N N
. - 47
ent M:gzamdln c (+)-geranyllinaloisocyanide
NHBoc 48
L (EtO),POCH,CO,EY,
Me0,C”~ “P(O)(OMe), NaH, THF, 3h
DBU, DCM 88%

50%

aniline, MeOH, Cozf Bu
then NaBH,
CuCl, Et3N,
46% 1,2-dichloroethane
87%
/\‘:/\ 7 i: 3 N/©

>;N - O>VNBOCH d CO,t-Bu =
NBOC
HaN - 1aAART agonist 53 )(

54

COZH

ﬁ:

Scheme 2-8. The applications of aldehyde 19 to several bioactive compounds.
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19 (% Scheme 2-9 IZfEWVWE K L7z, £F. (R)-17alck L., MV ZF LT I U1F
Fib, v 7 vnm 2 % d tert-butyldimethylsilyl chloride (TBDMSCI) # H W T, —
WK A U NVECTHRELEEZ, EWVWT, T AT AEMET VL Y IMKSHRT 2
LT EHAE, Ao b5 L, YrZar A X BF-EL,O fFE . 2,2-
VAN TuRUEERHSYE, T TNV E T VA FME LT,
TBAF # W T U VEOBR#EEZIT VN, 56 & 4 TR 73%INE CTH /-, &xfkiZ. 56
DO— kKB E Swern BBk 52 LT, BWET 5 19442 5 TR THDIZ LITHK
HL, EHIZ RIER)-17a b v > U LK 55 & A5 e T 5 S K(S)-44
AHEREETL22E T, —hAKBREOKELZLELET, LVELET 19 DEK
MWAGETH -T2, T7bbH, CHIRAZIME Z HW AR F MBI ISIC LV EL N
7o SIR(S)-44 ikt L, 7 /T nva— iz T A FEL, = 2T VEAL &
MAKGREST DT, 7Va— K192 23 LRTHEDLIZLENTE,

(e} = E H

- ab z c,d : CHO

= ] e
— HO/\'(\OTBDPS e OH e d

n-CsHy 1)1\0/\(\0"' NBoc NBoc
NHBoc NHBoc )( )(

55

(R)-17a X 56 19
l ©
- 0 /
HO/Y\O n-CaHy
NHBoc
(S)-44

Scheme 2-9. Reagent and Conditions: (a) TBDPSCI, imidazole, CH,Cl,; (b) NaOH
ag., THF, MeOH; (c) 2,2-dimethoxypropane, BF3-Et,O0, CH,Cl,, (d) TBAF, CH,Cl;;
(E) (COCI)z, DMSO, CH2C|2 then EtsN.

5 FEEE

AKETEYV AN=—BEHNEARFHAFACRIE 2 T 0IZ, SIPy 7 3= X b O EHER
pharmacophore & L T 54 % (2R)-7 X / -2-A F)v-1-7u X ) — LiEEE2H T 5%
AT aBRBERTHAEOERIEICZON TR, KRFEEF, 7ax 70 TEMel
S EHBIFERICTELRET TR, A—EB26, HWI2MIELZEZ DT THl
SR ONFLIEEACEMEFEY T DHENARETHLIAICBNTHERLLE FIETH
5EE2D, £, By koT v a— b A E R BEREICT S Z & T,
SIPy 7 =2 MEAEWORPHEAEICIMA, Bkx 2 XTF FEROEHRETF L L TH
H Al E 25 i v Garner’s Aldehyde # 4 7L G L E TR TOEMNB AR TH > 72, L
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MAERIT, ATFHECLIVEONIILEYD., HxRaa2 Ba-7 2 BIEEEZA
TORAKMAERICHLIEHAETHDLIZ L ERRTDILOTH D,
ELIC.AFHEICIVEONDIRHFEEFEET Va — LK 56 1%, D 5FICTHRMNT
5 MAIBTRITIEWHOTEEEGRICHLFAAIRTH 72, £, KRG
KRECTIHHONDHB/NBEOARNS, ¥0 7T AR — LD A K E TxbI Al
ETHDZ L LHMREATHD, Z0OXKHIC, KERIIHEx RILEWOHRBAEL L
THRETLIIWHERGEWILEDE ., DRI ERTE 2EATZKIETH > 1=,

Il
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w3
XIS NRao- _Bo-T I )TN A NIBEEETARAKT=T LAED

AR

18 F#

W2ETHRNMNLELIDIC AN ET S SIP 7 =X MOFEEAGKIZHT - T
. X TAART I )T A I A EERETATATE R21 L KT Y — L A F L
NGA R PLFBM U AR AR L 22 L O Wittig KIS & 0 FRE 20 2 &
i L TV 7= (Figure 3-1, route a), 274359

R1
(/xw — Do

NGQG3
R / G,_3 = protecting group X = halogen
Nﬂ(/> 21 23
NG2G3
\5 . R!
A=$S,N-Me, O : }
© G1O/\AP+Ph3I [@\
+
20 NG,G3 A~ “CHO
24 25

Scheme 3-1. Retrosynthesis of key intermediate 20 of S1P; modulator

(a; previous route, b; new route).

AKFEFTHFLEEFTERERON) 2= a 25T 5 ETHEFICHHARFETHD |
BRI EM AR E W RBICT BN NIEThoT, LLARRL, FLEREL
TETEERSERZEATIRCE ST ET YV =AM AFANT A R 23DRE
EIWR, FRAR=ZU LA 208 PNERLENELREOREEZHAL TV,

BlZIE, e —VREFTDOZHRAR=U LM 22a 2T 256, BEE 725 N-
AFNALER—=LVAFANT A R2BaBALETCHY, N T 2= /VRAT 4 &0
IS OB AT L CHEITT 20N Z O EZRNEEICT 22 ENHHA LTV
(Scheme 3-2, eq. 1), 43b)
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Q\/Br EI_> Q\/P+Ph3)(

| | (eq. 1)
23a 22a
Low stability
posed
57
HCHO, Vel
Me,NH.HCI e . PPh3 Ov
Z Y MeNHHCI Q\/NMeg - . /N\ PPhyl (€0.2)
| EtOH | CH3CN = .
*Low boiling point
58 59 60 22a *Malodorous

Scheme 3-2. Preparation of the phosphonium salt bearing a pyrrole ring.

(eq. 1; traditional method, e€q.2; Mannich method)

DD, RAKR=T L 22alE, TV =1V AF AT A K 23aziEl LR
BEBICIVAR L iz, 94 bb, N-AF L r— L 58 @ Mannich K4 ¥
QI L. I —FAZ U ZISSELEMHZET I 60T Y =L AF AT A K 23a
RO DATEEEE LTHWD FEICEY ., RAF=T L 22a 0N TRETH -
o WL LAans, EEAKEICBVLTH., HEEE 60 BALETHSL Z LT
A, B TITECRBEREEDEDO NI ATFATIVRREETIREOMEL X T
VW72 (Scheme 3-2,eq. 2),

ZIT, ENLEMOAMMPEL LT, EEBOBS KIS, 7I /T
A— AKEEE BT AHRAR=S A 24 ~T a7 YU — LT LT K25 &EDKIGIC
L oH Ak 20 DFBIEICHOWTHF %5 Z LI L7z (Scheme 3-1, route b),

AKETIH, FTNAVRBRT IV TNVa—LVEREZATLIRAR=U L 24 O L
ZFDORAR=T LM 24 Z WEAET LT € R E O Wittig OS2I 2, 4% A4
EEMEEGR~DIEHIZ O VW TR RS,

o TI)TNaA— Ny NEETARAS=TULAE Lo, - BHBRT I/
BMESZATHIAEEEDE

TIJ)T A==y hEAETLHHRAR= T LAHEIZOW TR, Y, Itaya®® %
SIbi™® BEDO 7L —TFITE D LR 2R ENBESNTEY, ThHKRAKR= T LI
EEFET VT e FEDRIGERMIZ, IFRARDa-EHT I/ BEROATERE E LT
FIH S T/ (Figure 3-1),

28



(0]

i .
'o)\ﬁ PPhy| o PPy

HN\”/OMe %NH
5 o
61 (Itaya) 62 (Sibi)

Figure 3-1. Structures of Wittig reagents bearing the tertiary carbon center at

a-potiosin of amino acid unit.

a-BHT I JBEFE, o, a- BT I BESEIESZ OLEBREEDE TICA
BNDEHMEE TH Y . Figure 3-2 IR T X 9. KZKWD myriosin 4% %
sphingofungin E 63. sphingofungin F 64°® 72 P oo MiEIc R on 2770 2, Al
EFOSHIZBEBNTH, ZLOLEMHICEERTE HEKE L THFELELTWVD,
il 2 13, ST HA L7z fingolimod 62°°%) (mz . oM SIP, 7 2= Z MMv&W
2T DL T, - DERT I BEEEAT OO TH D, S HIT, Roche 50D
TN =TI X VRAERPIERER L L THE L TWDH Trace Amine-Associated
Receptor 1 (TAARL) 7 == h 31" ¢ o, a- BT I /VEBEEE»FEILD
4,5-dihydro-1,3-oxazol-2-ylamine Z #i p i EICF > Z ¢ R b TWoDH, BLED K9
BEENPD AEITHA LR FIEENRRFZEZFRF OB AR =T L 24 OFH &
ZTDRAR=ZT L 24 ZH W=7 LT b REO Wittig BIG O feESL 13, FL DS 320 3
5 SIP, 7 A=A MU ERIZIEH TE 5720 Tl  Hax REREELES I
THOMBAERIEICRYZDEEZEERX LN,
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4; R" = CH,OH, R% = H (myriosin)
63; R' = CH,OH, R?= OH (sphingofungin E)
64; Me, R2= OH (sphingofungin F)

CF;

HO. ) _ \@/ ~
HO HO™ ™Y CF3 HO™ N
NH, NH, NH,

6; S1P, agonist 65; S1P, agonist 29; S1P4 agonist
(Novartis & Mitsubishi Tanabe; fingolimod) (Mitsubishi Tanabe) (Kyorin)
: /N .
HO N :
|
NH, 0 OYN
HoN
10; S1P4 agonist 2 31; TAAR1 agonist
(Daiichi Sankyo; CS-0777) (Roche)

Figure 3-2. Biological active compounds, possessing the ao,a-disubstituted

a-amino alcohol unit.

B FARAF=TAEER

RAR=Z T LB 28138 THT L a—Lhne "ol fbaxRk-hRAR= L
BICEVERAIREEE X, £ T, "AKR= U L ORTHRR & 72 26505 M Uk
RFEEFETHT VA=V EOERICEFT LI LE L, Y0, KFEET I /T
LA — VBB OBEIT, B 2 mEIZTHREY A=Y 2 AW EARFESHIE P %
BRHALTBY, 2OFEZHVWTTALa—LIK56 O EIT> T\, TDO%. T
OFTBT M%7 Vv —71%, SIPy 7 S =X MAIFEM I O CH B IER G 2 3 0E L .
KRBT 2 ) T a— LR RO BEAREEF AT CEY L, oK
JEIX, T3 — k56 LEMTH D 26 DAL LT, L-serine W R 27 & H %
JFR T HARIETH Y, REMER LOLOOFKRBIELZLEL T, LMTA
FLHWVWERZHWL Z e HRI A TERATWLE, 22T, K¥EEEa2=Y FOD
BREREICIBREOERIEEZBRAT 52 L L, Scheme 3-3 23 F FIEICHEWNT L=
— Lk 26 AR L7,
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several =

HO K‘ﬁ OH steps OH

NHBoc > )K/NBOC

18
m
CO,Me = _CO,Me E
b <
H O/\rCone a O/\N( O/\N|/ c O/\’A OH
NH, /72:'\002Me ’72:'\COzMe /%ZTN\CO Me
HCI 2
27 66 67 26

Scheme 3-3. Reagents and conditions: (a) t-BuCHO, Et3N, toluene, then CICO,Me,
Ets:N, toluene; (b) Mel, LIHMDS, DMPU, THF, 82% (2steps); (c) LiBH,4, THF, 98%.

LI, ZfilcHilk SN TWD L-serine e tE 27 Z H B HEEFE L THW, MV
TFATIVHEEF, ERXALTATE REHWTCT I 7 va— Vo7 & & —
NEILZIToTe, TO%, VoA NMTTT I 2 EDODAF AT AN — MNMREZAT
W, BEHRILAMTH D 66 214G, BOHNT 66K L, THE MR, U F v L~
X¥H Y Z7 YK (LIHMDS) & NN-Y2AF L7 bELrRFE (DMPU) 74 F, o
AL AFANEERIEL LT, 7T A FEICHEET D tert-7 F LR LX)
M2 HBINAIC A F AR ET L HHOSEEH T 2 FIEMEE 67 2155 2 &1
Lo, B, KFEL NV ZF AR THEY F 7 A (LiBHy) & H W CH#K K #E
FPORAFAL AT VEOBRITLEZATD, KFEET L3 — LK 26 24 3 T, 80%IY
KTHMR LTz, 2. 26 O xtBlE &b FHE O MR IL. % © Scheme 3-5 [Z/R” T
HEicko, BamikAamTh D 710 ~EWI %, R EOkE,. R, ¥ T
HPLC S #Flc kv kgL T g, Y

WIZ, HonieT7 va— kK26 T, FAKR=U L 24 DA 21T -
Too BB ZAT T2, 26 D —MRKBEELZRAR =0 L~ LERT HZ LITAR
AR Tholz, ThbbL, 26D —MHMAKBEL I UFEMT DS ITWIEZR 2N 6 HET
L72bDD (68). i< hU 7= VKA T7 4 EZHWVWERAKR= T Lt 24a ~DE
Bn &< EAT LW &AL 2,
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oY ToH e g by o~ PPhgT

N, N
//z/ CO,Me 7? “CO,Me

26 68 24a

Scheme 3-4. Reagents and conditions: (a) PPhs, I,, imidazole, toluene: (b) PPhs,
DMF.

MU 722 VR A7 40 a3 vHEREKREBEORIGHEDOEKSIZ. T /T ha— L=
=y bEoEmOERE (RERL X2 TKEENRRNTHILI EEZONE, £
ST, T T Nva— LV EOBEBEE IV EBRE~NEEBRT S L LT,
Z OB, MK Sibi HICko THESENTVERZAS=T LM 625 28 &1L, 7
I/ T Nva— vl EA XY ) UEEANE BT 5 LT, ARAKR=Y
L Hi 24b 1% Scheme 3-5 (2R WAL L 72,

171

O/\i/\OH a O/\i/\O/\© b HO/\?/\O C

N, —_— N_ —_— HN —
CO,Me CO,Me N
% ’ //K ? CO,Me

26 (>99%ee) 69 70
o d = oH N = p*phyl
(0] —_— O —e> O/\I'\li\ - 0O ’
)/NH »/NH )/ )/NH
o] 0 o o]
71 72 73 24b

Scheme 3-5. Reagents and conditions: (a) PhCH,Br, NaH, DMF, 88%; (b) p-TsOH
monohydrate MeOH; (c) t-BuOK, THF, 95% (2steps); (d) H,, Pd-C, K,CO3, EtOH
(91%); (e) i) p-TsClI, pyridine, ii) Nal, acetone, 78% (2steps); (f) PPhs;, DMF, 57%.

26 2%t L. DMEHf NaH # iV TRy L7 oI FERIESELZ &2k, —
KB IEO N DOVRER 69 25 7c%. MR T T tert-7 F AL ATV T U &M
RAEL 70 ~LE W72, RWT, THF /F tert-BuOK 2{EH L, A%V U v ) v ER1L
W71 216G, Bonk 71 L, KEFRMA T, PAd-C & W7o £ il 12 o SIS 12 T
RNV EOMGBELZITY, TI /7 Va— L EORELEZ SV Y ) UFK
NEBEBR LTV a— VIR 72 2572, 7213, Pk ERAB LEZ 3 v LIS E
ITW, RAR=U LEOFIKTH 23 UFERK T3 ~LEHR L, 731 XTFHBEY
I VEK 68 LVEWKIEEEFFDL, DMF I, MU 7 x2=)b R A7 4 v RS H
L2 ETHHORAF = L 24b 2 RFEMRE L THDLZ LTI LT,
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A Wittig BURS & B B

BoNTEARAR=0 L 24b O Wittig KJSIZ DWW T EEHICRX Y X707 v K 25a
ERHOCESESMERNY (BEoMELEERE, AV FORMIEE) 2EELE, T0O
i B % Table 3-1 (2”7,

Table 3-1. Wittig reactions with phosphonium salt 24b and benzaldehyde 25a.

Do - : :
OMPPhsl 1) Base oW@ o/\/\ﬁyphz
_—  »
%NH 2) PhCHO (25a) /YNH ’ O%NH °
0

@) 24b O 20a 24-0

Phosphonium Base Yield

Entry Conditions E/z? ee(%)"
salt 24b (eq.) (eq.) (%)

1 n-BuLi, -78°C, 0.5 h, 1.2 2.3 46 >99/1 N.T.
thenr.t., 2 h

2 n-BuLi, -78°C, 0.5 h, 1.2 1.2 trace N.T. N.T.
thenr.t., 2 h

3 n-BulLi, -78°C, 0.5 h, 1.5 2.9 83 >99/1 N.T.
then r.t., 2 h

4 n-BuLi, -78°C, 0.5 h, 2.0° 3.9 99 >99/1 98.6
then r.t., 2 h

5 n-BuLi, 0°C, 0.5 h, 2.0 3.9 N.R® -- N.T.
then r.t., 2 h

6 LiHMDS, -78°C, 0.5 h, 2.0 3.9 80 >99/1 N.T.
then r.t., 2 h

7 NaHMDS, -78°C, 0.5 h, 2.0 3.9 76 >99/1 N.T.
then r.t., 2 h

 Established by *H NMR.

b Estimated by chiral HPLC compared with the corresponding racemic compound.

°N.T. = not tested.

¢ Benzaldehyde was 90% recovered. (N.R. = no reaction)

® Redundant phosphonium salt 24b was recovered as phosphine oxide 24-O in 99% yield (based on the
theoretical amount of non-reacted phosphonium salt 24b after a regular work-up manipulation.
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23 % ED n-BuLi & 1.2 % E&EDKRAF =0 LM 24b % -78°C T 30 sw Wi+ 5 2
EWCEYVFARLUAEZAY Rig L, -78CT 1.0 ¥ EDORUXT LT b REMA-%.
FRFCTHBL, 2HENEIELEZA 46%ONETHHO A L7 ¢ 2K 20a 2
Bohl, S, ZOMEIFT ERICHBEBINATWD Z EAHBH L (Entry 1),
ﬁﬁ\%%mtﬁv74y¢®EM%@HMWRM*:&@&ELTwé

T, TOROEMHBRFTOEE, Wittig KIS Z2EITIEL27-01IC1F, "AK=D
AHIZH LT 2 Y EBEOHEENKEATHY (Entry 2), S5, MIGWFITZHW S K
AR= L EEBEMIELZ2ETHMEL, 2 Y80 RAR=0ULEEHWESEAIZ
99% % Tl L4+ 5 Z LM L7~ (Entry3,4), 2B, AKIGEMETFICTB W THEHM
EREZDATWRNWZ &iE, KISAERY 202X 700 7 200 T 52 LICXD
R L TWD, £, A Wittig RISITHEH L7ZREO KR AR =7 L 24b 1L Z D F
FORETORIITIHET, RbVIZHARRT 4 FFH A4 F 24-0 NFIEEEMIZ
B Sz, ZOBRIRSNTEHRAT 4 FFH A4 K 24-0 XX T )07 & K 25a
LEEISET, Baas b HEAAEATECH -, P

AKIERICBWTERIRFOR— 2R EORERM N ERT D2 LREB
DRI NETTHEHAICHODWTIE, -7T8COMIKIE T TIT, X%V U VEBROEEZER
FTrEop e hqbic kW ECET =4y (74) DEER O X— X iEE (75) %
Wiir b lBEx 55 (Scheme 3-6), Z D X912, A4 U KB EFD R E 1X-78C
THhDHZENRMATHY, OCETHEBLEZGAZEZA LV s VKRBT,
FEtO X X707 e F2aBIFIEEEMICEIRINDEVWIFMERIHE LN TS
(Entry 5),

B + - B V/_ + - :
o Y PPhl 2Base N\ ppn, A-elimination o N By
%NH —_ g\lg\ 3 ﬂL, %N‘ 3l
(0] fo) dianion

24b 74 75

Scheme 3-6. The inhibition of B-elimination from phosphonium salt 24b

BT, AU FRHEBICHVAEECOWTHRHN 2T 7, TORE, 1V Nl
MIFOWEIINISICOEVEREZEZT, ~FXF VA F VLI TH U F UL
(LIHMDS) ®°~*¥H% A2 F 1 7% - FU 7 A (NaHMDS) ZHWi A1l
WThH, BTONRETIZTAONDI OO, KISIEMERSEITLE, TOB., 4
B8 O SEAR T ﬁﬁﬁ&%E%@A?%é:aﬁ%%Lt(mw67)

— Mz, Wittig )G D EIZ BIRPEICOWTIZ, KSR DH Y F U LA 42 ERL
E@R@ﬂﬁ&““fé_kﬁﬁQMTwéo$£\ym%K;éﬁ%@ﬁf%\
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AV RV F L2250 EEAHEH LG EI12>99/1 Th o7 EIZ SR

VF O AAFUEFEFTIRI2ZLETHL TSR TVS, 2 — K, AEANR
%mbtﬁmf*@\U%7A4ﬁyﬁﬁﬁbkw%#kbf\mmms%ﬁ%k
LTHWESGAIZS ERBIREITIRFEE S, 9% EOHEBREKER R TEKRIE LN
T&l, 20X, VFULLAFTUVIIFHFETTS EIZRIREPRFINIZE B
DNTE, BIEUTO X 2IBXTnd, 9, AAF=v B IV#HARINA

U RKTe RT AT & RIS L K GERBIRIE) NAEMRT 5, A L7 H Ik
X, WRRFEZ2ELT7T I ) 70 a— VL OMNMEKHREE SO BELZITHZ L1
X0, . cistK790N L0V ARLELARD, trans A 80 ORISR EITT D, TR, E
HBE)20 N EEBHMELTHELNLDLDLDEBE X BHILD (Scheme 3-7),

________________________________________________________________
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0
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T-T !
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prd
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Z;:r
u-T
;/o
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]
33
T-T-O
[
Z g
Q/\ I I
33
u-T-
[
Z
T2

o]
PPh; \
Ar (0]
76 H>_ 78 79 80
77 l """""""""""""" l """"
O)/ X o X Ar
NH  Ar e
o]
o
(2)-20 (E)-20

Scheme 3-7. The mechanism of the Wittig reaction with phosphoniumylide 76.

oM EE -RMERF
WIZ ., A Wittig SO O EE — k2T~ 5720 ERBENT X015 b i kol &

f (Table 3-1, Entry 4) ZHH\W T, &FEEHKHE., BMBET VT & R & OIS % FE
L7z, Z0OfHE % Table 3-2 (2”7,
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Table 3-2. The reactions of aromatic and aliphatic aldehydes with Wittig reagent 24b.

o Y OPPhg 1) nBuli/THE. 78C o NN

o]
%NH 2) Aldehyde o>//NH

> (Y-CHO) 25a-l
24b ton 20a-1, 46a-c

Aldehyde Product Yield ? A

Entry E/Z
(Y-CHO, 25) (20 or 46) (%)
1 s R=H 25a 20a 99 >99/1
2 RN 2,4-Me, 25 20 72 >99/1
Z>CHo
3 2-CO,Me 25¢ 20c 75 >99/1
4 2,4,6-(OMe);  25d 20d 89 >99/1
5 4-NMe: 25e 20e 63 >99/1
6 L R=H 25f 46a 75 >99/1
=\
7 5‘C;B\CHO 3-Me 25¢ 20g 99 >99/1
8 3-Br 25h 20h 66 >99/1
BN |
9 N~ CHO 25i 46b 83 >99/1
I

10 Q\CHO 25j 46¢ 82 >99/1
11 n-CgH;2CHO 25k 20k 62 71129

12 O\ 251 201 62 88/12
CHO

®Isolated yield.
® Established by *H NMR.

Table3-2 IZ R T LK 2IC, FAKR=U LM 24b XX/ G FHE T VT & FEFmOVIER
BREEZELSOD, GNETAHL T 0 v KE 52252 E3HBL7E (Entry 1-10),
Fho, FAF=U A 24b 1, TNEHEBKIEREL ICEHE WK KFZEZAT DI
LEDLLT EFICHEOWKEEEAL VWL, bbb, AV MIICEBRLEEZ D,
VEBEENRKRESINISERNRNEEDbRLDZ T AT e FEOKIED RAFICH#EITL., 4
Z X, 2,4-Me, X 2-CO,Me REDEMELZHFT LN AT AT E RZXHLTH, £
ALEIN T2%, T5%DNFETAHL 7 ¢ U iKE 5 272 (Entry 2,3), & 512, 2,4,6-(0OMe);
X 4-NMe, 2 FO BB ELZFH OB TEERRXRUAT AT E REDOKIS S MEZ <
fTL7 (Entry 4, 5), AZE H1EH TR Lo, —&KIZ, A ML TALIC
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TNaxTERTNAXIAT I ) EREOEFREMEELZAET LN U ANT A NiE,
FORBEESH., RIETHFRAT= Y AEORURRETH 2 HANZ N, ) 2
Wz, SEFAHENL Lz Wittig G IX, BTEERAFEREZAET 0-BHT 7 =
J = IVERRIZEB W T, B 2T LR Wittig SIS A BRIEIC R L THAB 72
FHELEZDLDOTH T,

FISHFLLTOT LT E Fid, RUOXT AT RZREENS SO TIERL,
FAET 2R T7 T, ER— A REDOATuEFRT VT E RNEDOKIEH BAF 72X
FKCTHEAT L72 (Entry6,9,10), 72, £ORX AT VT v FOBHE LRI, LK
FEEIC RO POGTER TN FHREND 3-Me R 3-BrR Co@EHLEZET 27 VT K
b, ARISITEMAATRE TH »7- (Entry7,8), 72F., 3-Me (AN EEHIAK L Ll L
TWER\ ELZEBICOWVWTE, BEOLE ZAENLTIHRWVWA, T/AT7 E FAK
DEEMENEZY 3Me KDLV ERETHDLIEN -KRTHDLHEEZEXTWDH, FT,
AR OSIRIE FEFEROBEBEICK S, 2T ERICHIE S Twviz (Entry 1-10),
COXEIICEVEREBREZ R LEBEHIZOW T BHE KO LIICEZ TV D,

ARG FOEBINEEIZIB W TiX, Scheme 3-8 (Z/R L7 K HIC, 29 EOHEIEIC K
DWAXFH VY ) UERMOBERRFEN) FA S 2O YR T =4
> (79,80) &L VFULART AT E FUOBER T LB LT A f Ak 8l
MIEETDLEBEZOND, Z2OXRZ A KL LIE, Bk s L TER
SV URGEART D 82 R AERT D, TOXIIC, ARIGEROEBEBBIREIZE W THLE
TOFHEAEOHEPHEML, @E LS THAEE L TOLEENEMT 28R, B
FHXEICEDERD THD ER(E)20 8 ELAERTEEEZLRD,
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“11 nucleopholic participation
-nH  of the a-amino substituent

(6]
0 Ar \\H
O)LNLi ACHO  p, O—=H OJKN/'-'\ ph,,g ﬁ"
e phv'FI’ H e \7§j\o Ph™ F',h
Ph LiN

PPh, 77/0
76 79 O

Scheme 3-8. The role of intermediate compound 82 in our Wittig reaction.

Fo. Dai#E S TWD Sibi & ORFFERE R & i L TH ., 4 EAT - 72 Wittig X
JE D EBIREIFENL TV, ZORKITHWE R AR =T AEOSIKN 72 &5 S
WZH D LEZTWDH, Scheme 3-9(21% Sibi 5 DOKIGHR ELSHOKIGRICBIT 5 ER
WEEZRLTWDS, SEOKIER T, X5 U ¥ B KA kR FE I 7
L2l X, MERHRER SN Shi b0 AELEEREBELTRKELL o TWVDE, O
FER . FHREBICH D cisiR 7928 83 LW ALZE L7V | trans /K 84 2k~ T 81 %
HBHLTEITTLIHAENEZI R oTLBEZDLNLD,

B P ' Sibi's case
Ph @ Ph :
Li \]f LiN ,

...........................................

(Z)-product (E)-product
\ Ar o \J‘L /
- r

Ph,, 1 Ph,, 1
thﬁ’I — Ph—ﬁ’I

Ph - Ph |

Li Li ' Our case
79 O more unstable g1 ©

Scheme 3-9. Transition states of our and Sibi’s Wittig reaction.
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—Ji. RAKR =T LM 24b ENENIE T VT B ROKIETIX, FHEBET VT & R
ARFFOWRFL TN RSN (Entry 11, 12), Z OIHRK Fid, KSR ICHFEET
LZWEICLIVTATE RO A ) 77— MELTLES LI ERFERALEE L T
L. Elo, AW O EBRELE TR T TR LR, ZAIEAR Wittig KKt
WWBWTHERMBVXE OB ENEMLU . cishKOAEKMBREM LD EEZ LR
L. ek, FAEORRESLFE, Sibi bt k2 ERBEROFICLRLATHS,

o AHEEEMWHEHAR~DOIEH

KB, FRAR=ULAE 2db O FHAMIERZHME LT, FAKR=U LI 24b %
AW EABRIEEDE O A KRB 2%l L7~ (Scheme 3-10), T 7b b, K&,

BISICREHELEZEBY o, 0- EBHBRT I VB, a- EBRT LI — L ESFNIC

MABKELTAHTHABREEDE IR S FAEL TR 2028598 2n o ABIE
PEMBE DOARRICE L, SRIGEE L 7ZKR XK =7 A 24b & W 72 850 8 & Bk 15 & e SE
THZENTENIE, RAKR=T AL 2db O FHMEEZFEH TX B EE 2 1=,

On—C7H15
? / \ /©/ On-C7H15
o A OHC )
YNH “I Aldehyde; 26m o NS (eq.2)

(eqg. 1) o a,b a*',b,c NHz
30a;A=S \ / 28
30b; A = N-Me
30c;A=0 =

o " Pphgt
%NH
a,b,cd a*? b c

PN
TVG oy w o

*2 Aldehyde; 25n
H,N 31

Scheme 3-10. Reagents and conditions: (a) aldehyde 25, n-BuLi, THF, 77-99%; (b)
H,, Pd-C, MeOH; (c) KOH, MeOH, H,0, 71-90% (2steps); (d) cyanogen bromide,
K,CO3, THF, 69%.

FL31T 9 fingolimod 2}k & L7= S1IP, 7 2 = X MEBE A KICE L Tix. Table 3-2
WRLIELIIC, RAFAR= T L 24b R A R EBRT VU — LT AT B KEMBIZ
EITT D2 LI 2B CTHR A LEA~AT BT U — L% & Tedd B K 30 DFRMN
mERMKE, RiER SARIMGFZ REIZCT LD Thole, TbbH, RAKR=U LI
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b F A T 2R T T B — R roKE~Ta T ) — T T b K(25f, 25i,
25)) ERISEELZ LIk GBons A LT 40 K (20f, 200, 20j) iE. it < BEfk
BT L RS ICEP R 30a-¢ ~ L D LN TE . AFEFE A BICH AT

HE CT& o 7= (Scheme 3-6, eq. 1),

Fo. F2FE, B 1EH TR/ fingolimod D F T LEBA L LTCERSRLTWS
28°) D ARRIC S, KK AKR=17 LM 24b (ZFI W HETH - 7= (Scheme 3-6, eq. 2),
Thbb, ZMMICHRENTWAST AT E R 25m & &R 2K =7 A 24b 70 5 B 7=
AV FERICS®ETE®, oAV 7 40 VEKOBETLET VIV IMKGREZTD Z
ETHMET DT I /) 7 ha— k2823 TR, T0ONERTHEDLI LN TE T,

ELIC. . Fa— U rREBICIVRESNTWVNS SIP, 7 I =2 F 29 250 Th,
TATFE R25mOfRbYVICT AT E R25n* 2 W L RBEORIEEITH 2 & T,
KHIZ 29 %155 2 LN TE 7= (Scheme 3-6,eq.3), 2D X 5., BIEFME L 7=
THATE RERAKR= T L EO Wittig KKIG, ft< &L, 7B UK fE S O
23 LREBMAICEmT 22 LXK, fingolimod NHFEIN DA RT I/
THha— b EMEMEICAERTE D2 &, SIPL 7 T =X bOFERERICE T
HARAR =T L 240 OFIENE, FHMEEZFET 5B DO Th o712,

FLARAE HIHTRAZ TAARL 7 2 =X b & L THE S TV 5 4,5-dihydro-
1,3-oxazol-2-ylamine & 2 5 % 31 oW\ TH ., KK RAK= T L 24b B &
ZICHEETH LN TH o7~ (Scheme 3-6,eq.4), T 42bb, RUXT LT b
K 25a & @ Wittig}iﬁﬁﬁﬁi%f“&pé 20a & TR EFE LT, BB T, i< Tl
UMAKDRIGIZE D E N DT I )T hva—ikKics L, 77 a2ERS
HLH2LTT7 I/ AFH YU K31 243 LR, 69%INETHD Z &N TEI,

EBITHEH FEE

ARETIE, SIP, 7 =X MEMORBRICEHE 2=y FThH DX 7 V722 NfkkFE
TIJTNa— LERERORAR=ULE 2db DGR E . ZOIS ISV TR
N, RAR=TU LM 24b 13, TORBEARICH IR LZETLI20°, /T LT
K &D Wittig KIRICBWT, IWEH ELOZDICEEEOFRART=y AENERI
LRI EDT AV y MIbHDdbOO, FEKE., BHEM DO TR LT LT E FER
JSL, F~@IETAH L7 v KEHE 2D, BNTERIEATH 72, FFIT, FAK
ST L 240 I REENREVWEFET VT E R, HIET 57 U — A F
TFTARORHURNKNECTCHLIEBEFEERT IV —ATATE RELMERINIELED
LOTHY FNEMT H SIP, 7 T =X MERHEICH T 2HKOFEICERKRT
D, ARABRKIEF THDLZ ENAHB IR, EHIC, AAKR=U A 24b 1, 0
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MBEGRTNVTE REZORIGHFLETL2a "=V FERIEICED | SIP T
T2 MEEMEREKRE T HRBEAEABRIEEVEOAGRICFIHAIEETH 28128V T
HEN T W,

Flo, RAF=U A 2b EEFEGFFHRT VT B RORIRIZ, V7 A7 L ABER
ICEIT L ERDOREZARME L TEX T, VT AT LA ERB AW L IX,
ZOBONMERROZEFRERLEEANDAETHY, mRAF=TU LH 24b 1%, a,a- &
Hro-7 IV MBEEEZARTOIEHERAREBZVAERCICAINBELIRIGHATHL LFE 2D,
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A
BAENEREFH L zao0-ZBRae-T I TAIA—A{LEBOLHEEY

vERxT R T VAL E

18 F#

MEE CICBRRTCTELLIC, SIPL 7 A=A LCHMONDET I /) T ha— )b
628 F7r N7y 7 LTHETLIZERALNLTWVD, Tbb, 6% 28 H
HILSIP 7 F=AMNEHEEZALTELT, ERRNICREINTZ®Z., P RNITHELET
LZF%FF—BIZE0ILEDT O —AKEENY VB AT b, (S)-6-P X 28-P
NEEWENTITUD T.SIP, 7 T =2 & L THRET % (Figure 4-1), 238 — %
SIPs~O 7 A=A MEMHIZ, BIMEFH THL2MIRZFEHR T 2 mENR R R I T
B0 D KA WDO SIP ZRMEBIRMIZMCAY 2 BEKT 5 &L CIHHICEE 2T ME
BTHD, THITHEW, SIP, 7 T =2 MREMNIEIZCB W TIE, SIPZAEKT =2
MEMRERIZY VB AT AEEZNEERT D2 ENRMRATH >,

oL YT YT
p+ L ~
- T

HO"
NH;
S NN N
fingolimod (FTY720) Phospholylation o § MO~ | ]
O HO 0 N T
) F\“J ) CoT NH,
HO N (5)6.F
NH, o O~
28 Blood 1o O : Y —
HO™ O YT T
NH;
28-P
S1P, S1P;
agonist agonist
Lymphopenia Bradycardia

Figure 4-1. Phosphorylation of amino alcohol compounds (6 and 28) lead to

biologically active compounds ((S)-6-P and 28-P).
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Fingolimod 6 % & ¥ 72 S1P; 7 3 = A NAfFFE D B IZ V|
TNha—=VIENOIEERETHDL ) VBB AT VK~ RIERFHZ, S HET, £
SO NV—FICXVERSESNTWS, %% scheme 4-1 (21X, 2D —f#il & LT,
fingolimod 6 & Y FIEME72 SIP, 7 T =X M &GW 28 D 7 X / R#EKR A MR AT L
e ) VBT AT AVERDOERIEZRLTWD,

NooE A E LTk, eq. 159,

Bltaewmw<ToHsr7 X/

— ) VIR AT L=

eq. 2% R eq. 4 ICFE L L IC, T NICIEET

B MokEEEICH LT EMo Y LRSS KIS S E%. Bk L THKO Y
VBRI AT R~ EL FERET OND, FOMICH, eq. 3ICRLEXIIC, 5
o) R E AN, BAKISSARE TV E#ENR2ARE D bEBESA T

%, ERHEF, xR T v a— K E HREEEE L,

e AT NVIR~LEL ZERHKRIENT-ERIETH - T,

DHEL, 7 FRICHFET DY &~
AL R

£ (T RERE) Ok

[ N P

(—#oAK R %)
ENRLHATHY, ZHREDORT Y —=0 7 & FEi

TOBRICIE, KV EENTHERFEIEETA TV,

Q
P—NEt,
o

tetrazole, THF

On-C7Hy5

—_—

0On-CyHys i) HpfPd-C

HO then 30% H,0,
NHBoc NHBoc
85 86
n-CgHy7i) BH3-NHMe, n-CgHy7
PhYo BF3-ELO, CH,Cl,  gno_ EM°
— s P
o ii) i-Pr,NP(OBn), ~ BnO” O
NHCbz tetrazole NHCbz
87 CH,Cl, 88
then m-CPBA
n-CgH, Ag0 n-CgHi7
HO [PO)BNOZLO g0 §
_— _
Ho (n-CHiglNI - BnO”™ "0
NHCbz CH,Cly NHCbz
89 90
n-CeH e ?
g7
HO Bno” 0 X BnOJ\O\ n-CgHy7
HO immubilized lipase HO NS
NHCbz THF |
89 91

MeOH
_—
ii) c.HCI, HOAc

Na, NH,

THF

H,/Pd-C
—_—
MeOH

i) i-Pr,NP(OBn),
tetrazole
CH,CI,-CH3;CN
then m-CPBA

ii) Ho/Pd-C
MeOH

EE TR TR Y &~

W
LIS D BOS MR RE

LU 7R 5,

On-C;H
"o 9 ) n-C7H4s
LN :
HO O (eq. 1)

NH,
28-P
o (I? HO. n-CgHy7
HO:P\O (eq.2)
NH,
rac-6-P
o 9 Ho n-CgHiz
P,
HO™ YO (ea-3)
NH,
rac-6-P
n-CgHy7
Hoﬁ HO\:
HO’P\O z (eq. 4)
NH,
(S)-6-P

Scheme 4-1. Chemical synthetic methods of amino alcohol compounds toward

phosphorylated compounds.

— 7. T @EE O FEETIEER LENCA DRAEKRIED —D & LT, BELHK

LW ie EOLERMB 2 AW A RKICIEHT 2 E21T > TE 2,
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WA RO BEEEH O AFIE RN SIPL 7 2 =2 FFEERAKIZHE W
T, EAIEEER CH A HFEET L a— L 2 EICHR L0 0EFEICH Y
— L ERVELZLDTH o, D I MAEYIT R RN 2 A L RS
WL VbkEMEERT DD EZFOILD, TOEBICEL X, 4 FRNICHEET D
BN BN DKIGHEBEREOREZLEL LRVWEAERZVWI ERMOLNLT VD,
2T, IO R EREOWAEYRISICER L, SIP, 7T I =X FOB{LAEY
THLHTI /)TN a— LV EPLIEREARETHDL Y VBT AT VIKSDBHFEN 72 E K
BN DT, MAEMZFA L EBROSIZOW TR 21T 2 & & LT,
AKETIE., BILEWw (7 I /2703 —K) DHIEEAK (VB 27 LK)
NOBEBEHRERE ATRICT H2MEDOBRR E . T K0S L7 AEYE ik
ZHW SIPy 7= A MERMMRICBTH2ERERA TV —=2 THEOHBEIZOV
Tk ~%,

2 BIREKEZBAWETI /O TAa—LEER

B2 THLMEA L L DT, fingolimod 6 Z i L& Ao R, — & 14
AR LX) R b &R, SIP, 7 2= 2 MERIC IS < 88 ) 722 0 JZ Ml 1 23 38
DoENTWS, Th, ILBELELTEe—ARAEAL, MIHEE L TE57 =2
YEIIANVEERED 32T, BMET AW AERERICEL Y, EFITHR A in
ViVO B 2 5+ Z LN L E 7R > TWb (Scheme 4-2),

NHz  Hel
14 A=S,N-Me, O
6 (fingolimod)

Rat HVGR D5 = 0.33 mg/kg ¢
Rat ajuvant arthritics IDsy = 0.20 mg/kg
: A\
HO ¥ N
nH, Lo
HCI
32

Rat HVGR ID5y = 0.013 mg/kg
Rat ajuvant arthritics ID5q = 0.094 mg/kg

Scheme 4-2. Chemical modification of fingomiod 6 to potent active pyyrole

compound 32.
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Thbb, 2 LMABBMHEFEORENMGHET LO—->THDHT7 v b HVGR RERICH
7 % IDso fl 2% 0.094 mg/kg THo7=Z Lz, BHEMEEGY) v~FET LD —>T
HbHTVanNny FEBRRBIZBWTEH, £ D IDs fE X 0.013 mg/lkg TH Y .
fingolimod 6 DiEE 2 EE T HHLDOThHh-o7Tm, T2 T, ZORDRIEME R LT 32
ERIGEELE L TREL, VVBZ AT AV E~OMEMEBRKIEDO R E2ITH Z &
L,

RSB E LT T 5 3215 2 H TR L7cE#P MK 16b 2 M IEE & L
Scheme 4-3 It WAk L 7=, 2443

©\/\/\COC|

93

g f/\\ HO., COH a s ]\ b
HO N N~ 12 J: — AT Y N —
NH, | HO” coH NHAc |
92
16b
: /\ c 5 / \
AcO Y N = _— HO Y N
NHAc | o NH, o
HCI
o) 32

94

Scheme 4-3. Reagents and conditions: (a) ag. NaOH, CH,Cl,, then Ac,0, Et3N,
DMAP, CH,Cl,, 100%; (b) 93, DMAP, toluene, 45%; (c) i) LiOH, THF, MeOH,
H,0, 100%; ii) HCI-dioxane, MeOH, 79% (2steps).

T, T T NN DO avBE 16b ABE L%, Yoo 22 b
UL F LT I UFET, AR Z AV CKBLEET IV EOT ¥ F b & FEEIC
TV, Y7 BF K2 25T, i, Er—VESMDOT I fbid, VA Az M
V72 Friedel-Crafts Bl O K CITEANKIENEITT H50H T, B E T 5 7 v ILIRIE
el fBEoNhrolen, ZOBOEMHEKRFTICEIY, BEEZFITBWTHHND Y ¥
MRS B HEITT D B HHALE, ® Fabb, 92 KxfL, hr=rd, B2
2U KO3 &Mz, BEEOYAF LTI/ EY Y (DMAP) f£#1E F. 110CIC T
MBULEL 525 = T, Ea— VESMIZT VIR EITLEER, 61269~ 1
Or7a ) RN MLEZ ) — Lz ZATFAKMMRNEINTEXE, "B, = /) —
NWEAT VMK M ORERFIEHLS VI BT NVDTArsa~ NI T 7 0 —I12 K25 B
RN CTh o7, BMOT U AMEKISITEITT 2 X512 b DD, KKK

171
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TR N S0%FEEICE P E D2 0, Ty fbickWnT= /) — b AT AL G A
AT T H7DICWEE OB e ) RRMLBELRLIFOMENEINLTWVWE, ZTHUHOD
IS OWTIEX, 0%, RROFTE T AL 7 Vv — 712 L0 BIER R IThi,
KT AL KIGIC BT 2RI IS ZMME L, WEREm ESELIHEM4EEZRHT LI
LTV, B0 gz FABYMASMIZEY 94Dx ) — LT AT VL
o7 UNEEFRFICRELER, EBELE L TCEHNOT I T a— ik 32
o =

BIH LEHY VB AT IVEERE

v T., Scheme 4-4 IZ9EW, BibAMTH LI T I /) T a— K 3250 Vg
T AT VIR 32-P ~DEKEIT - T,

- J\ a : /\ b, c
HO Y N e HO 5 N - »
NH, () NHBoc | O
HCI
95
HO. 1 = J o\
ol = d, e z
/\/O/p\o /N\ _ % o Ho ™o : N
NHBoc | O NH; o
| 96 32-p

Scheme 4-4. Reagents and conditions: (a) Boc,0O, NEt;z, CH,Cl;;
(b) (AllylO),PN(i-Pr),, tetrazole, AcOEt, H,0; (c) t-BuOOH, CH,Cl,, 67%(3
steps); (d) Pd(PPh3)4, pyrrolidine, CH3CN; (e) TFA, CH,Cl,, 51% (2 steps).

Uy 27 o=y FEANT, BEAERIEICEN, =MooV o2 Hv T
L7, £, 73 /070 a—iKk3207 3 )% Boc K THRELLE (95), 7
N —VHEET, 2ol v RETHDLICTIUNALNN-TVA YT B ELKRAKRT
Z A & ((AllylO),PN(i-Pr),) % s & H 72, # W T tert-BuOOH % W\ 72 8 1k S I &
T YV VBT AT IV EOKBENT UNLVETHRESNTZ) VBB AT LK 96 215
o b 96icxfL, 7B h=rU A T FITXFARN) T 2= )LIRAT 4 UfF
ETF, Erl P rasElE&E2 2TV VYBAT LV ED SO T VLV EEREL
e, RBICTFAZAWTT RV ED Boc DO BiR#EELITV, BAIDO ) VT X
T VAR 32-P 2157,
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ELAE WMEMEANALEY VB XTLE

AE, FBLIEicb@d 7L HIZ J:%EL?‘_E{EEODUV@E{K%ﬁ%ﬁ%ﬂﬂb\f:ﬂﬁ?%U
VT AT VAEMET, WERBRSKIRITETT 2000, ZoEBIZENTT I/
ERLV VMo AT NV EDODKBEORELIVLELTDIEOThHhoT, TOREH, X
DY VBT AT VKRG RIEZ, MEPERLIZHBRAEDR ) —= IR LERER
BB WTIEENRRWAHAELEIERA T, REXBRORMBEZINTZHIETH -
oo 2T, ZOZBEBEKRZ X VHMEICIT Y FEL LT, BMAEEZHWIZESEDN
EHISIZER L,

MAEMEBR L IZ, MAEDOF ORWELZILEVERICHHTLIRIETHY . H<
DO FIEHEFBEEZZ L REERS., EERNRBED O A EICTIEHINT
W5, 20 R, AL T DR ERMECA Y E OB ML, SR
MAEMZFHA LIALEmE RO FEITHEINE I H 2 < O, IR CIE
FIH BTN TV DN HETH 5D, O FTb, @H O(LFEA R TIT G K 2k
SWORBFEREEL L ToMEIFREFTICE S, fliEd, =3 (BE - =) ol
ik & #L TV % Pravastatin 99 @ ¥ A . & IZ B W TIiE, Penicillium citrinum %
Streptmyces carbophilus 72 E O EE N IEFICHEE 2 EH 2 R L TH Y | FEEIZ, K
B o —F TdH D Streptmyces carbophilus % F i L 7= #k 4= ¥ & ¥ )< )i~ 1 Pravastatin
99 O T¥MARKICHISH & T (Scheme 4-5), ™)

Streptomyces
carbophilus
Penicillium (SANK62585)

citrinum

97  ML-236B 98 ML-236BNa 99 Pravastatin
(Mevastatin)

Scheme 4-5. Synthetic route of Pravastatin 99.

WMAEMER VY VBT 2T ACKIEEEIZ, 2hE TICH WL 2o ®EF Y
Dhol-N, BBl Cae-_B#RTI /) T7TLa—LEHEEHAWESAEYMY VB 2T L
fERSiFHmE SN TWRrhrhole, 22T, EREOfkEWEZHVWTEWMAEM AT ) —=

WIS, MBRY —AEHWE ) VB AT VERREER T O2MEMORE L
mutom%@ﬁ% ML-236B 97 Z LB L L=V v M= AT LV EHE & L CH
B o—FfTh % Circinella J ™ % H W 7= KIS 6] 2 /B H & #u7= (Scheme 4-6), %K
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ey FLEEBRKISOMIAEERZITo-EZ A, MIGHEMBICIZT 6 AMEIEFICE
HMZ2ET 22500, FT0%DOIETHMOY VAT LK 100 351D 2 &
NHEBH L, £Z T, AR & Circinella B ELEEEZ B OIC, SFFEEKICH
WTC . T/ T7Nha—ibaEm 3213250 v ATAVEBREORT ZFHLH LT,

Circinelia
muscae

70%(95%)*
*(SCHRIE)

97 ML-236B 100

Scheme 4-6. Phosphorylation of 97 with circinella muscae.

B MEMERAVETIOTLAI—AENLDOY VBT AT VKA R

TIJ)TNANa— K325 0 VR AT VIR 32-P ~OEBRIGIT OV T, YK
BT LT, SRR, ME»S25 106D A7 ) —=v 7% EHL T,
BB, KEBMKEIETIE, XBERHROBEHEE ™M) BNy 77 —2ENT 52
LI VINRom ERRONTZTO, UEORFICITAB A Ay 77
—HmMEEEZHO TV SHEBEME A NEZY VB 2T UL s O fE S % Table
4-1 12 x L7,
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Table 4-1. Biotransformation of 32 to phosphorylated compound 32-P.

_ /) Microorganisms Ho % _ /B
HO™ N N , HO™ ~O7 Y N
NH, I 0 potaassium phosphate NH, I o
buffer (pH7)
32 32-P
Entry Microorganisms Conversion (%) @
1 Circinella muscae (NBRC 4457) 82
2 Circinella muscae (NBRC 6410) 58
3 Circinella minor (NBRC 4454) 42
4 Circinella minor (NBRC 6448) 75
5 Circinella mucoroides (NBRC 4453) 57
6 Circinella mucoroides (NBRC 4455) 15
7 Circinella umbellate (NBRC 4452) 45
8 Circinella umbellate (NBRC 5842) 92
9 Circinella umbellate (NBRC 6413) 80
10 Absidia cylindrospora (NBRC 4000) 5

® The conversion ratio was determined by the peak-area ratios of alcohol 32 and phosphate 32-P using
HPLC. The details are shown in experimental sections.

MO E, MBEY— AL EIVELREMEERSE, RIREDOZ < (KT Circinella
B)lcy v 2T U bENS R S, 1 T%H . Circinella muscae (NBRC 4457) <°
Circinella umbellate (NBRC 5842) 7c F DO EIKIL. £ ZF I 82%. 92% & FEH 12 & UYL
RTHPOY VBB AT ViK% 5 27 (Entry 1, 8), Mt 24T o =KD T,
Circinella muscae (NBRC 4457) RIS ME, AFMELZZO THRAMIZEAL TV
D, oW T, R, L Em kA B M E LT Circinella muscae (NBRC 4457) % H \»
eV g 2T VAL RS O R E & FE e L 72,

FT EEORENISHRICEZL2RBICOVWTHEFN L, —RIC,MEDIT.
ZTORBICEYRIEHEDELTIHAERDLI MR TEY ¥ ARAHL &
SR B Circinella muscae (NBRC 4457) (TS W Th , ZDORELZ LB EHDH 2 & TR
EEEmMETEDLEEZ XL, T T, INETORMKEERETCOEMKIIMZ, K
IEFEER AR ERE WIS O T OB 2 Ei L7z, £ Of %, Figure 4-2
(A WKWRLEEIIC, BB REZZOEEEMRISITHER LG a (RIKEE) [Tk
N EREEY BNy Ty~ E AR L CRIE (RIERER) 75 2 & TRIEER
B bET 2 LML, £, HRZHRMELBRREBICTZ2Z2LICLD, &
DIZESMER T EL7e, Frio, iR EBoOEKZ H W T, EEHEE 100 pg/ml
THRIGSEZHAITIE, 49, KIGEMBICE Ao TV KIG & 2 B[] £ CTH
MSEDZ LTI LT, o, WHELBRREBICT S22 L CRGENR B LR
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WZOWTIE, BEfIIREZARABEHTOGI O, BE, LUTFTO X I RAfEEEsE 2L TV
5, Thbb, WERERREOCHENKIGHERE TCHLV vBAAYy 7 7 —ICEE LY
<leofe (KISBRESOEMA), & DT, G EREE . 3 BB 2 i X h Kk
MR HHDIZDZ L TCHEARO ISR E L (FEEB RO RIS ZER),
mEEEBEZTNVD, SHIT, —EHRMAEZBREBICLEEKIZ, ZOEFEFORETDO
MHRENATEETH Y (Figure 4-3(a)) . RAFEZROEMEIZY VBN Y 7 7 —HIRICHK
WMEEDHZ LT, BHBICHAMET ) UBIAERKISICHWS Z ERAETH - -
(Figure 4-3 (b), (¢)). Z DX ST, EHRZEMBEREICT D LiE, KIStk R
oz HEORAKERNZ RE L L BEEN LCLERTZ2 L0 TH - 72,

@ Y ‘(ﬁg@ﬁﬁg{)ﬁ%fﬁ (b) RS® pHEERE (KILE)
N 120 120
g 100 100 —*
‘3 80 \
i E”\E 80
13 60 EI-SO - EﬁpH pH7
% .0 - ﬁm ] EEERE 37 - 45C
2 . / — FREREG (5 - 65CTERERY)
4 — thimtk | —
Al — AR 20
0 b T ‘ 0 Y ‘ ! ! ‘
02 46 81012141618202224 2 3 4 5 6 7 8 9
R () PH

(©) ERIRE L TRE (REEREAF)

120

100
_. 8o
L\’_

H 60

ﬁ 40 —4—100 ug/ml

~—200 ug/ml

20 400 ug/ml
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Figure 4-2. The coloration between several conditions and the rate of phosphorylation
from 32 to 32-P; (a) the states of fungus, (b) the pH value of the solvent, (c) the

concentration of 32.
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a) REEREE
b) pH7.0 EEBICESR
¢ BEABEREOHEK

Figure 4-3. The feature of freeze-drying a strain, Circinella muscae (NBRC 4457).

FlKIGEROpHS V VBB AT NV IREBRFPICEBEEL 525 Z LN AP LT,
T bbb, Figure 4-2(0)ICr L2 Ko, RIS pHEIZ XV Ak T 5 U xR
THURDOEWBFIIRELS LB L . pHEN 6~7 O FHEHEIKECTH D LTk bmWE#R
KraeHEz2l, RIGREIZOWVWTHLRFEZITo/ER, 5CHhbH 65COM ThIiEA
B IEHEAT U, RlEiEE X 37Ch 5 45°COoMTH D 2 & 2R LTZ,

BWT RERENAMEVMRIGICE 2 5 221250 THRE L 72 (Figure 4-2(c)).
ZTORR, BREREICHEICERELY 5 2 RHRE ﬂzwummifiﬁwﬁm
PEZMEFRF L7, T a8 x5 & RIGEENET L., 400 pg/ml o FH R E C KIS %
ﬁok%éﬁﬂ\%8Wﬁ%@%@$fﬁﬂ%&ﬁb\6%%uiﬁm%ﬁof%
JEEHIHE R L2 WD EBRH L 2o,

lbEo X oic, Kz pH, OSHE, BEREZRHTZLICKIIL, Gonik
RS A ARBRAMBISICHE AT 5 2 & TRIE 2 MOSFER AN & IR a2 ER L
7=

ﬁ

NWT, Bond Y VB AT VKO GEOURZTH> 2L, T 2b
L, RMEVKIGIZCE VBN VBRZ AT VIEROWIEITIEFICELS . 20K
WCILHME R FIECHDIEM ) DS NV A T DR EER T2 LR ETH -
oo 20D, fbAYKRIT, Bfs (F2E3mhE &, L FHME Y A7
N T LREIEIC R VT O MERH - To, BRiMmET., —ERXFEZzRDL LN T
ENETREAKICOEMNTRERENTERETOL —FH., BHEFEREOLZDICE
CORMEEL, ZREGHRELEL T HRA 7V —=v Z7EBTIIAMERFIET
bodreEBE2ONTE, 2T, WHI VBTN DT ABERER @ ERY VR X
T VAR O ks BLVERE ST & H #9112 Mass-Based fraction collection system Z #5425 = &
S U7, ™ Ry AT JFLL T O XS A fEkic L7 (Figure 4-4),
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R |

l_—_—J
HP1100 VWD

/ (Analytical Flow Cell)

\'Injectio B et

Prparative Colu

2

e ——
N o Agilent
HP1100 DAD . " :
; Make-
Fractionation (Preparative Flow Cell) Active Splitter aF‘gwup

Agilent 220 Liquid Handler

d =l

Shimadzu LC-6A -
(Make-up pump) Agilent MSD B type
ESI, pos/neg, SIM

Figure 4-4. Mass-Based fraction collection system for the purification of

phosphorylated products.

EFT. AT T—FHVTY VB AT AKOHMERMO BB A Y 2
YarvEW, WHEED T AIae~w N T T T 40— XD EIT o7, HEERR
BWHO—H AT ) v =LV oL BEESNG O TEEZHEL 2,
FTORELEDFEZHRHELEERSICOWT, 797 arvalbrya s EEEY
MWTZHE DR ZITH> 2L T, BMECY VB AT VIKEFGDL Z LTI LT,
B, RTVATALATIE, FACAN (RE) LESTEOHRZNETHZ LR
ThH, Tk, =AYy FTofELREMERHEERTLIZ LN TE,

SEEELEMEDKIGICED ) VB AT ARG E, < BERBER S 27 4
ERWT, 2HMER ) —=v 75 EERLEZ, £7. 32407 I 7 ra—
MeEmicxt LT, AERH LEMAEMEBRICICH LI E A, REBRKISIEE
WILHMEZB L, EFET7 I/ 703 —A 0o IeT 50 VT AT LR~ )
AEETHDH L NHP LT, Figure 4-5 ([21%, ZBWISICHER LEZT 2 2 70 a—
MED =l "L TWE, Z0OXkH1C, VBT AT AIEK~OEBRKIGIL., PO
ERXME N Er —LESTAFAIALR=VEIZRESINT, FAEAT7 =2V REAT
5100, AL LT AF=VEEFT L1020 ECHLTHEANTHD Z &N
oo, ST, MAEDKISIZEIVELNOMHAERDIT., i< BEIKR >
AT LEHOCERBRERAETCHY, GMEOY VB AT VK EMEICHED Z LI
L7,
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YA A

: HO™ N
HO™ s 8 o N
NH, (e} 2
101 102
18%* 43%* (*isolated yield)

Figure 4-5. Phosphorylation of various amino alcohol compounds with cininella

muscae (NBRC 4457).

B ofE FEFE

ARKETIEZ, SIPL 7 A=XA DOFIEMTHLT I /) 7 ha— L&MW HLIEER
BT VB AT NAEEGHRT S FIEE LT, MAEMEZ HO I EBRKIGIZD WD
Tk R, EERHFOME, B ET D2V VB 2T VALK IE Z 2 FHIT O A
e LT, $RED—-FTH5DH Circinella @& A L7, T, U mibhR,
AN TP |2 L 7= Circinella muscae (NBRC 4457) Z# R+ Z Llckh L=, £7=.
OGO pH RIMEOFEHITM 2, WHZEREOHKZMEN T 5F 0L R 217
DL T UARMAEWEBRI)E ORISR 2REMICH ES®2 2 LIk LT,
EHC, BENHHEEB S LREZ e~ N7 7 KR AT ALLMAED
HHZ LT, MEDEBIZIVAELNRD Y VB AT AKEFEICKERT S Z L0
AL RoTc, TOMEWEBRNICLEBHKER I AT L0MAGDLEIT, ka7
TN A= VKO VB AT AEERICEMATRETHY . TOMRE. ZHRER
7V ==V 7 HONRAENE WERIEEZMEST L LTI LT,

L WTES, LT ADEBRISIT RO S 4 THREZ2ES (LR ERE L L T,
ZOMBICEWCRE, hiE2EE T, 21 TR, fINETCHH LT DY VB
ATNEKELGZDLFETHY, GO A, 7V =TI AM) —OB A
THIHFFIENTZFE T, MAEWER WAL EERKIG T, RETHMTLE
IO RBROBRIL~DOFHBFTLLAADOZ L, BEOAEAK TIZERLEZW
RIEORBEFIEL LT, Z0fiEEXESFMENL TS, SEIOEREZ E T, Hx
BWMAEWERCEKISHEROERE L, i hHERNELZELTA 7T ) —HBES%
TH5 2 CHMAEMEBRKISTHEICAERAREGHRY — L ELTHHATELZLDOTHD
SHOERDIFERIBFEIND,
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% 5
HYRBHPA SIP, 7 T =R b2EMLE—T VLA DOBRREFE

Bl FE

Bl1E TR LT, SIPL, 7 2 =X k& L CH< fingolimod 1X Z v £ T ik
MHIE T2 B o HBAOER AT = X AIZHKS W CTHE ) 72 5 52 M H 1E R %2 5%
BRI 2FATHL, =T ZDSIPZRAEYS T X AT ~O@ERME T, FIT S1P;
T A=A MEHICESS EEZOND ~BEOBRIRZEEHELTHL WD,
7877 S 4R fingolimod & 0 JELALA W & B 7= SIP S AR HF %2 o M B I UV S1P,
7T A=A MEMEERIZT TIEBRIREIEICIEIARAF+S2THLEOHREDNDHDL OO
B LAk, L OFEEETIZ. BRIRY 227 OO0 7300 %5 1 KRG O 7= D o
g & LT, SIP; IBIRMERT T =X MNEEEZF QLA ORBHE N ITONL TV D,
79)

OB TA2HEF —L 6644 TERLS, FMEE TICHEMNLEHHAKRIEEZEN
95 Z & ¢, fingolimod 6 ®ELLAEWITHONTHERN L SARIUEEZFEE L, 20
R, X 14 R THEEMHEO T )G, SIP/SIP EIRMEICEN . RIKY 227 D
DI SIPy T A=A MEAEW TH LERIKBFA LAWY 10 (CS-0777) 2 #EG T 51 E
5 TWw5 (Figure 5-1), 2%

' //&\ﬂ/\ : 7\
AT Q > HOTY N
IR NH, |

(o)

NH2 S - //
HCI A =S, N-Me, O etc..
6 fingolimod (FTY720) 14 10 CS-0777

Figure 5-1. Identification of our clinical candidate 10 (CS-0777).

BRIEBSIL AW 10 25425 —F T, 10 L3R AR a7 v A V2oL EW
DEB/BLRDOLENL TN, —&KIZ, AIRNEORFREB BNV TRLRDL 0T 74
NEeRoeMEEBENET 22 L3, AIEORDERN LI BERMLFET
bbH, TZT, WDICREINDIATREFREZGDILEMH 14 L3RR T v T
TANEREOILEMOESEBE L, Mt L CIREMIEE L L 7=,

W ke T 212720, £9° . fingolimod XA T HEHKMOE SICER L,
T 725 fingolimod ZHFHICEFRHMAENICITRE T2 2 LR HBL TEY, BKK
BAERICLDE, B MBI HLEWE G %O 3EW iR E N T 2 HM CF R
Bl =Ty 3 58AMH 76 HEERTVD, O I, 10 b HEBHE VLS %
Bb, TogESnNZEERERRBR o Mo 2 ¥ 171 B R (7.2 B) »
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6 211 BEf (8.8 H) & . fingolimod & AE DR TH o7z, ) RIEH 0 KL #
IFEELVWEHLHL —FH T, RIS L2FBWMETTHERBEN L E RO R 2
PEHAOB A TRHRENPKRE S, RIS, BER¥ERBRH 2 AT 2HLEDDEROBRY
TIHEELEYV AV, B L0WEA WL D, £ 2T, fingolimod Xk v &5 < &
P 2 E B >, fingolimod WEFOREIVEMR (—@MEDOBRIR) @72y S1IP, EIR
TA=AMLEMESEZBANLE LEREMELHIG L 2,

WO, MR AR O D DG T A L LT, fingolimod @& AN IC
R#MING T ERKZERNICEANT LS EE2&E X, T72b5H, fingolimod 6
DHLRUVBUVRETI ) TALa— LEMEESAF L UBEPICHBRER 28 AL,
TAFAMAEHKGICA TV T == V2 AT 5 33 28K7 7L —FeLTTH
A > L 7= (Figure 5-2),

NHz  pel

6 fingolimod

Figure 5-2. Structures of fingolimod 6,and newly designed templates 33.

T RBEHEMNICHEETARBIZEF O T LFILEL N CYPIZ L DMK 2%
T, FEAEEDTFTORU D AMRT VAL i, ARNICB T D ERBE
e LTRSS R#ENT 0D, Pz iE, ERNICHEEG SN FL= 2 103 13 CYP
WCEORUVEVER EICHEET D2 AFAVERBACORB# 2210, 2E D 95% BN ¥
T — )L 104 ~EEHBINTHR, B dbR#. BEER T, REMICES~E
PEH &5 (Scheme 5-1)

HO
NADPH + H* + O, excretion
- . —
Monooxygenase
CYP
103 104

Scheme 5-1. Metabolic pathway of toluene 103.

RV RRBFEINSTWVE WY R FERICMZ., SREFH-ICTYV A Lz
fkamoREEnTIiE, RETH Y 78 B 2HWEFHEIZL > THEMNIT S
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No5b0OThole, T bbb, EHORB#THY 7 2T, FLXCEURIC
EBHEEZRILRWERER DI —T VK 3Ba IOV TR#HTHEIToTE 2 A,
B2 7p CYPREIZ KD FIC N DN b 89 O3 2 5217 72 U3t 4 (105,106, 107)
EHZL5EVOREBENSG SN (Scheme 5-2),

Scheme 5-2. Calculated metabolic pathway of our compound 33a.

Fh. T VA L =T LA 333, EYBEmEm ST T, AREICE W
THHRlERNBLEEZEZX LN, T72bb, 3BOAMITEBWTIEL, BEITZE DA RIEN
ML L TV D HFEIEMER T L3 — Lk 26 (or56) &, WEHARBEL v VL
TNAIa—ANoFEEIND 108 EORMABET LI AMAKISICEDERNATEETH D
ZORER . FLRXUEVERED SARTERO RWWMA L ARICARD Z ERMFENT
(Figure 5-3),

- R
P,0” N oH XN~
— /\N?z;s * /\O\/

(P15 = protecting group) (X = halogen, OMs or OTs)
26 or 56 108

Figure 5-3. Retrosynthetic pathway of compound 33.

¥, AETFTY A L7z 33 1% fingolimod & tb# L T, WML & LB EFERED
HHERMELEZEDDICZR > T2, BEHOLEWIX., YK, Fa— VU rWEOR
EOPICHFEEL TV 2o AMIImEEEL LT T I ) O — A BEL2EL,
JEBEMEMEICIIMER F CTEINER VIV T ABELR2LEW TH - -
(Figure 5-4), M 72T — X OREITAK T 208, HAEROFER, o7 I /¥

56



A=K 109 TR WREMGELEZRHH OO, LE~OEEN DRV LR L
TWie, EREfRE%0, RAHLZMT T LI 0B~0@mELBEL TS
LILEMELTE2—TNILEMIB 2T A T DHITES T,

HO Cl

o J @\
NH
2 S 0
HCI

109

Figure 5-4. S1P; agonist compound 109 with tree carbon length between amino

alcohol moiety and centeral benzene ring.

Bo2fi =—FTNIEEHITHONT

EBROFERERZIBDDICHEEY . b ERWREELE L /K 33a D SIP
ZRE~OZRME, invivo G EZHEL, = —FT K 33 DKRT > ¥ ¥ )b & il
LHZllLle, ELAWMDOEH SIP ZRE~O7 I =X MEMIX, BILAEHE LT
fingolimod 6 # I\, TN Zh DY YT AT LIKD SIP; & S1P;~ D & & 1% 1 & J
EPFTHLICEYVRELE., ZTORE % Table 5-1 127 L7z,

Table 5-1. In vitro agonist-evoked GTPy-S binding of phosphates of fingolimod 6-P
and ether compound 33a-P to human S1P; and S1P;

ECso (nM)? Selectivity
Compound
S1P; S1P; (S1P3/S1Py)
6-P 7.0 2.0 0.29
33a-P 7.0 200 29

8 ECsp is defined as the midpoint between the binding or inhibitory ratio of the vehicle and the
maximum response of the test compound.

BEdk U 7= Xk 912, fingolimod @ VU T 25 LK 6-P |% SIP 52 &K ~ D 3R M 1
72 < . SIP3/S1IP IR MEIX 029 s CTH -T2, —FH. SRITH A Liz=—T{bE
¥ 33a-P 1% . fingolimod & Leife L T2 @ SIP f &7 ME I HEEF L > 2 (ECs0 = 7.0 nM) |
SIP; FE A IEMZIK FLTHE Y (ECs = 200 nM) . £ D fE R . fingolimod X v %
SIP3/SIPy B ICE N 295 D BN ZFOMLEM THDL Z LR LN LR -T2,
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BT, 33 DT v binvivo g F oM P EH I oW T A7~ (Table 5-2) .

Table 5-2. In vivo profiles of fingolimod 6 and benzyl compound 33a.

Rat lymphopenia Rat HVGR b
Compound T2 (h)
(% control at 0.1 mg/kg) (1Dso; mg/kg)?
6 21 0.33 32
33a 40 0.27 7.8

2 IDs is determined by results of at least three different doses.
® Half-life of each compound was determined by the concentration of phosphate 6-P or 33a-P in
plasma after dosing of compound 6 or 33a in rats (p.o., 1.0 mg/kg, n = 2), respectively.

Table 5-2 (/R L7 & 912, 33a i M 1L 7.8 M TH DV . HADOMHVIED
fingolimod 6 X W E << 7> TW5H — 4T, O in vivo &L fingolimod 6 & XX [F
LTHDHZENHBELE, T bbb, invivo Y DOIEED ~H>TH DY KD
AREBICB W T, 33alFFEFICHM IR EDZ R L, {LEW 0.1 mg/kg & & T F 5 & 5%
4 R ORERTY VXK E 40%FE CHRASHE, S5, BRBHET LD —DT
5D HVGRABRICEB W TS (33aidi /1 2 Ml 1EMH 2R L. % D IDso fEIX 0.27 mg/kg
L. fingolimod 6 73 /R L 72 0.33 mg/kg L WHEZERE T L2 D TH o 7=, LLEDOSE
Bk, SBITFTHF A L7z 332, invitro, invivoEHIZBWTEWRT V¥ L &
BT 22 L%2EHT IO TH- T,

B3I TI /) Tra—nriEER

JeFIEPE R R 56 DG RIEVH 2 TR LIZBESR 2 v D R 5 I b )k &
FIH+ 25 Z & & L.Scheme 5-4 6:%?‘?7?5‘501%1/\%75@L?‘:oﬂ’“’)ﬁ‘iﬁbE\%ZE\
Scheme 2-8 |[Z/r L 72 CHIRAZYME L-2 Z [\ 2% FiEICE Y, 7 a— ik 56 15
2. LRI AT HEMSRBECEY, Tox2MELZR ESE-, £9. 56 0 —#%
KEgHKENX UV RELLE, BYEZETICC, 78X —ADBBRESNTETI VT
Na— K112 L L. ZD#% . EEO D-(-)-EABEE2MZ T 1:1 A% 113 & L=,
Bonic 113 icxt L, KE@EHE LEFEMMERIELIT O 28T, T o8 BKEREE
Z 99U EET T S22 LICKEI LT, 2k, 113 OB KB R #IL, Scheme 5-5
s THIFH YV Y IR 114 ~E BB L% HPLCHEZITVWIREL TV 5D,
FOH%ANNIOT I ) TN a— Ve T v X — Bk & Bocfbic L W REL 2.
MR ITICE Y —RAKBREEORV O LVEDOREH#EELIT V., EEMEOFH VT L2
— /LK 56 155 Z L ITREIL T,

58



OCOn-C3Hy b
E—— NHBoc

0CON-C3H, o

/>Y/ “Boc
18 (S)-44 (89 %ee)

M
%
Lmﬁ@~ mﬂ O

113 ( 99%ee)
h, i o/\K\o /N oH
_— N. N\
"Boc Boc

l_

Scheme 5-4. Reagents and conditions: (a) CHIRAZYME L-2,carrier-fixed C3, lyo,
Vinyl n-butylate, t-BuOMe, 66% (89%ee); (b) acetone dimethylacetal, BF3-OEt,,
CH,Cl,; (¢) NaOH ag., THF, MeOH, 72% (2 steps); (d) 4-Bromobenzylbromide, NaH,
DMF, 99%; (e) TFA, CH,Cl,, then H,0, 88%; (f) D-(-)-Tartaric acid, EtOH, 70%; (g)
Recrystallyzation from H,0, 70%, 99%ee; (h) 1M NaOH ag. then Boc,0, EtsN, CH,Cl,,
90%; (i) Acetone dimethylacetal, BF3-OEt,, CH,Cl,, 94%; (j) H2, 10% Pd-C, K,COs,
EtOH, 91%.

. NaOH, CH,Cl,, :

: HO,, _CO,H then CDI, CH,CI /ﬁ/\o
o) ' Gl o
Ho/\Nf /\@\ J: %NH
2 Br Br

HO CO,H 1)
113 114

Scheme 5-5. Synthesis of oxazolydinone compound to determine the ee value of

compound 113.

FORFEEET I O TN a— LRI EIETHLRAN LI EETH D Seebach
TIVFNMALEIC L > THREE G TH Y . Scheme 5-6 (/79 XK 91T, L-serine g
W21 o624 TRTTAVa—AEK26 24/ L, #PMEE LTHEHLE, 9
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4 st : :
o O0Me Seps o~ oH _ [~ on

— N
NHz | /K “CO,Me

27 56

Scheme 5-6. Synthesis of key intermediate alcohol 26 from 27.

LR UB R E, B IREMEMEE OB AL Scheme 5-7 IZ/R 3 HETHEM L 7=,
TP, T — K 26 1ICxLC, DMF 1 NaH Z W T, FMEHRLEEZHT 25 4-
THaERXRUANTA REERHSE, 115 247, 1156 ® 7 v € EK{Z%f L. n-BuLi
ERWE A AaZF -0 F T AR EIT T2, RIS T DA E A 2 H T 5 Weinreb
amide 116 & Kb S, 117 2/ 72, &%IC, 11707 X 7 T a2 — )LEALIC ) >
7o tert-7 F L AF VT & p-TsOH 2 AW CTHLR# L7-% (118). i\ T. KEg1k
HYVTELEZHWTCT I )V EEDAF DN RA— NEEZINASHEL, BOT 2/
TNhHa—ik38 x5 LIk L, 2k, O 3B ITHEBE, Ty avy
itz W CHEE Lot &R invivo BRICHEA L T3,

Scheme 5-7. Reagents and Conditions; (a) benzylbromide, NaH, DMF, 64-95%; (b)
n-BulLi, Weinreb amide 116, THF, 45-95%; (c) p-TsOH monohydrate, MeOH, 55-96%;
(d) KOH, EtOH, 90-100%; (e) HCI or oxalic acid, EtOH, 86-99%.

F72. 26 DPH Y IZ, Scheme 5-4 (TR LAZBERELISIC LY AR L 72 56 & %0
TV a—AhE L LTHWESAIZIE, 119 0P A F L7 &% — L & Boc K
O i £ 7 1L Scheme 5-4 (111 — 112) 2R T HIEZ L VATV, T OO KIEIZHOWT
£ Scheme 5-7 |[Z# U T%EHE L 7= (Scheme 5-8),
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- R1 R1

O/\:'i/\OH ., Oﬁ%ﬂo |/\ ab HO/\?AO O
/>Y/N\Boc g />K/N\BOC Z NF2
! e
33

56 119

Scheme 5-8. Reagents and conditions: (a) TFA, CH,Cl;, then H,0; (b) HCI or oxalic
acid, EtOH, 50-78% (2 steps).

Fafi VBT AT AEKER

SIPZART =X FEHOREICKLE R VBT X T VRO GEIL, 6 4 57,
Scheme 4-4 TH#EJr L7w/b— b EIFIE B L TIT > 7= (Scheme 5-9), 3., 33
D7 X/ M % allyl chloroformate (AllocCl) THRi#E L 72, —HKBRELZ U BT X
T~ EEW L K< mCPBA Z W im b IS 24TV, Ifli ) v - A7 DT
ULRER 120287, BB, TERF=RFUAT . S F5F 2P 7 ==Lk R
TA4riER Y P rEANT, RTOTUAEOBRELFEICTI L THNLE
THY BT AT VIR 33-P 27, Ak, ARUKIZY 4 % Scheme 4-4 THA L 1=
2w ) VBT AT LKA REICETOXEA Mz TS, WEAD—>E. 7
I OHEOREREE Alloc BIcT A5 LT, TOBRMERISE Y VT X T L KRR
Eo Alloc 2O IRE L RRFIZIT) ZERARBRE R/ TH D, b —mix, VU
V& EAl A B AT B 7 O {LH & tert-BOOH 725 mCPBA ~ L ZEH 4 25 = &
THTOWNRM EEZERLEATH D,

o
AlyIO. - R
AllylO” \o/\(\o | 4

AN Alloc =

120

Scheme 5-9. Reagents and conditions: (a) AllocCl, KHCOj;, AcOEt, H,0; (b)
(AllylO),PN(i-Pr),, tetrazole; (c) mCPBA, CH,Cl,, 45-88% (3 steps); (d) Pd(PPh3),,
pyrrolidine, CH3CN, 40-73%.
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B o WEEMEMEE (SAR) BF#E

FT, ALRUCEBURIROBEBREN SIPZEKRT I =X NEHICETTHRIZH
WTHEH Lz, O %E % Table 5-3 12777,

Table 5-3. The SAR information about the substitution of the central benzene ring.

0.
HO™ ~O
ECso (nM)? Selectivity

Entry Compound R*!

S1P; S1P; (S1P3/S1Py)
1 6-P 7.0 2.0 0.29
2 33a-P H 7.0 200 29
3 33b-P 2-Me 3.0 180 60
4 33c-P 3-Me 19.0 >20000 >1052
5 33d-P 2-F 2.8 60 21
6 33e-P 2-Cl 4.0 220 55
7 33f-P 2-Et 2.3 12000 5217
8 33g-P 2,6-Me, 2.2 340 155
9 33h-P 2,5-Me, 6.5 >20000 >3077

8 ECso is defined as the midpoint between the binding or inhibitory ratio of the vehicle and the
maximum response of the test compound.

MEtOMBER, FLRXCEBUR EOBREIT, TOEAEHFHTORE SITED S1P;,
M%?ﬁ:xbﬁ%@ﬁﬁﬁ%<%@%&&ﬁ:&ﬁ%%bko#ﬁb% H L 72
BHIELL L TAFALEZPILRUVCBURBECEALEZEZA, 72 /7 ba— Ll
Wkt L 2L DONLE I A F VA E AN L7z 33b-P Tid, &K 33a-P &b L T,
SIP {EMIF A T L L oo, SIPIEMHOELITEM CTH 7= (Entry3), —FH T, 3
PAZ A FNVFEZE AN LT 33¢c-P Tik S1P;, SIP; WiiE ML Ices T 2R &7 o7z

(Entry 4),

e T, SIPLTEMEM LICHERND o= 2O EHBAEICER L, 2 (L O EIZ A
FNUIEDADOBEBBRIEEANEZIT N ZTO SIPZREEREE~DOEBE LM T2, ORE,
B 2T o1& TO2MEBHBRILAEYW TAF AR EREEIC SIPIREN M B4 5 2 &R
R =47z (Entry 5-7), — 5, SIPs iEMITEBEOFEHEIC L > TRE BEEL X
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JAHZERHW L, Thabb, kNI REREECLLI INVA R EEHET D
33d-P 72 & TlX., SIPsiEMICEH Fom EEm AR & 722 (Entry5), X0V K& Qi
IO F LI AEE AL 33F-P Tlx, SIP; IEMEA KIEIZHE L. £ d ECs 1T
12000 nM TH > 7= (Entry7), Z DO X HI2, 2 ICEREEZHEAT L2 LT, 7
72 SIP IR MEZMERF L DD, E V> S1Ps/S1Py N4 (S1P3/S1Py = 5217) % ki 33f-P
EWETH LTI LI,

Wi, “EBEICOVWTRFZIT o7, SO EBRILZE A LY SIP G M2 5
THEVWIRER (Entry4) Z2RIC25-VATFAVRKETY A LimE A, Bk
REESDLZEICHRTILE, T 4bb, 2,5-U A F LK 33h-P X SIP, I Z MR L o
D, SIPIEMEN IS L TR D . SIP3/SIP EINMEN 3077 5 2L LICIE N o -k & ¥ T
HHZENHBHLEZ (Entry 8), — 5. 2,6-2 A F LK 33g-P 1T, 6 iLiZHEAL T A
FNVEDOHRITDRL 2/MMFE ) AFALETH D 33a-P LIFEFREOHRTH - 2
(Entry 9),

CTOXIIC.FLORVEBUVBRBAADOEBREEAEZIToER, B SIP IR EZ D
DD SIP/SIP RN K& M ELEALEAEHE LT, 2-=F Lk 33f & | 2,5-
CAFNARIBhEESRT L EITHEIL T,

T, PLRCBUBRO 2MEBRE L L TEHEA LT VENR, SIPZERERD
T I A MNEWHICEREELEXEZERERICOVWT, TEREIRL TS SIP, © X
WRAE SR %Y L. FN A EIC L CERLE SIPsORER Y —FEF A EZH N T
MidE L 7=, Figure 5-5121%. = F /L{K 33f-P & S1P, & S1P; ® induced fit docking &
TV &k L THE Y, Figure 5-6 (2 1% 33f-P & S1P; @ induced fit docking <& 7 /L {2 D\
T, &8 JBRBEEICIVIEONDEAKER T y bEMAGDE K ERL T
%, 728, Figure 5-5 28 W T, K T/R L7 Leu276 & Vall94 (X SIP,E 7 /v, A
LV T L7z Phe263 & 11194 1% SIP; EF VICB T 2L AMAE DO 7 I/ 5%
KAERLTEY, ERGLSTH2HHTKRKIERF-ORTITHIKEL TWVWD,
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Figure 5-6. Hydrophobic pocket in the docking model of compound 33f-P in the
S1P; model.
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33f-P & S1P; @ induced fit docking &7 /L& W73 H O % F . Figure 5-5 1277~ L
Xk Hiz, 3P U Vg ATV Lo KERFEIT Tyr29, Lys34., Argl20 & @ Kk 3 ik
AHLTEBY,33-POT I/ HiT Asnl04 L OKFRHAICM 2, Glul2l & DR E
%ﬁﬂﬁ%%bf“é:&ﬁ%b%ﬂkou%ﬁiéﬂfwéMMmrmmMm%
Muviz S1Py & X-#f SR & AT Cik, K&, 7 I 2 EZ#@B#ELTWDH T I/
%@5%\NmmkGNMM&MP@Mﬁ’%ELTwé_em% LN TEY .,
) SR, SHEAMMER LEETAOMBLEE L LD Th o7, Fio. 33f-P
WCBWT 2MICHEET AT FALIEIL SIP;EFAICEB T 5 Phe263 (AL v o) &
RELLFWT D, SIPLET VIZEIT D Leu276 (Kt) LIFFHLTWRWNWI &
WHB L7, &60C, Figure 5-6 IR X 912, SIPLEFT LB W T, N ¥ U
F 2L HFEMET D = F LT Vvall94, Leu276, Leu272 S ES N 5 BRAKMER &7 v bk
CENWVWIZEMINTWAZ ERHENE R, LM RIT, = F AL ENE
AS T 33f-P 2BV T, SIPIEMEN A+ 5 LRI, SIPWEMENM L2 Z &
EAEMICHBHLEL IO THo T, B, A@ﬁ@kSWﬁiﬁ%%?Wﬁ%ﬁ
% Phe263 & Leu276 12 & 5 SIP/SIPEBIRMEIC DWW TOBLRIT, o7 v — 72 &
STHRBEORFARITOA TN D, 8700

Flr, KRV PUVBLEOBHBBEDNRICOVWTEHR LR PR FoBEHRE L
ROMFZIT o7, REREREIEONR o7, 20D, FLXUEUER L
MDHMOLMEE LTIE, 4-AF N T 2= VB ZORICEHE ST VX LV#EZHA
L. FDO%? invivo #E i 2 17 - 7=,

In vivo fEfi 21T 52 H 7=, DU VBT AT VKN EL 72 in vitro 7 a2 7 7 A
V% or L7z 33f, 33h %, 33a, 33b, 33e DE S5{tAEMEEKL, 7 b2 AL

TR BHET LD 1> ThH D HIGR R 2 F i L 7=, IR E (X IDsgfE & L CTH
ML, ZORFE%E Table 5-4 IR L TW5, 2k, EehA55< IDse il O F H 2% K #
TholbEWIT OV TIEL, IDsofE DRV IT 1 mo/kg & 523 1T 5 Ml 3 % 7=
LTWwW5a,
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Table 5-4. In vivo efficacy (Rat HVGR) of selected compounds.

NH,
Entry Compound R Rat HVGR
IDso (mg/kg)® or % inhibition at 1 mg/kg

1 6 (fingolimod) 0.33

2 33a H 0.27

3 33b 2-Me 0.43

4 33e 2-Cl 0.39

5 33f 2-Et 10

6 33h 2,5-Me, 11

2 |Dsg is defined as the midpoint between the inhibitory ratio of the vehicle and the maximum response
of the test compound.

Table 5-4 ([Z/x L 7= X 912, 33a. 33b, 33e NIEHFITHM I172T » b HVGR IE M &2 7~
F— 5 T, B SIP3/S1P, IR MEZ 7k L7z 33f & 33h i3 dbic @A BRICB W TIHEF I
FWEETHY . ZOEMEMEIZa ha— LB L, ZRUF 10%, 11%0 )
flRICLEFEo, RBREEMLEZS{EAEH T TN RBED SIPIEHEEZF L T
WDHZEMND, invivoTEHEDOERIEMEHDOMFPRENEBELTNDILEEZLN
o EEOMPBERMEICELD, SBOILEMBEELZDRNICITHIEZDODO R
—= V7 BN AN E LT, kAo PIcB TS VBT AT LR E
WEFT L2 LWL, bbb, Z2RETHERTEAELLIICSIP 7T I=X MEA%
HKETHIEEARAMKIT, M cEBEINEZY) VBB AT VR THDLZ b, bE
MOV VB ATVE~NOEBRHFIL, P TOY VB AT LVROREICEES
HZ, LWTIHinvivolEERBBOEER 7 7 7 X — DI EREZLNT,

HEHOY VAT AR O ER R A Table5-51Cx Lz, ek, U g
T AT EIEL, Ty T ICELEMEMAZ, 3 KEHZO Y VBT AT LK
~NOEBBREWET HZ EICEVREL TV D,
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Table 5-5. The ratio of phosphate in plasma of selected compounds.

HO

Entry Compound R* Phosphate in Plasma (%)?®
1 6 (fingolimod) N.T.P

2 33a H 40

3 33b 2-Me 38

4 33e 2-Cl 84

5 33f 2-Et 14

6 33h 2,5-Me;, 6.0

® The ratio of phosphate was determined by the ratio of the HPLC peak area of the phosphorylated and
the remaining test compound in plasma 3 hours after the addition of a test compound to rat whole
blood.

P N.T. = not tested.

33a, 33b, 33e 1T Z N T M 40%, 84%, 38% & i WABE Z R LI D% L, invivo
NI 33F £ 3Bh DL EMITZE N TN 14%, 6.0%E(KWEBRETH 7=, T
bbb . T—TAERIBOFLR Y UR BICHFEAETIEREO K& SN MF TH <
RO VB AT M ERBICKRELS REL H X, ZORR, 33f ° 33h 2 & b
MRERERELZFHFOMEWOY VBT AT AL ENK L 7220 . 55V in vivo 3 %)
e EFomtERINTZ,

33f & 33h O L AW IT in vitro [ TiE SIPo/SIPEIRMENE LS AERILAW TH
ST, FRARDS invivo B2 R ER2WE W R ZZ T, KIC. /7 invivo
WA /R L7733 L 33elcFEHTHZEELE, 2L OMLAWIX HVGR REBRIZE
VT HR /372 invivo #%h 2 FF> (Table 5-4: Entry 3,4) — 55 T, S1P3/S1Py R4 1L %
ALZE A 60 f%. 55 1% (Table 5-3: Entry 3, 6) T&® ¥, 33f X° 33h @ S1P3/S1P; R P
R ERELEYTHIAEMTH-T=, L2 LN G, fingolimod THIE & 72 o T
WL EME (—EEOFIRK) oBEERLKTENIE, 330 3Be b HoRFERL
AWmicn0 s tEZxZLNTE, 2T, Zhb 2{bA&® (33b, 33e) oL EVEHE T
DM EIT 720, T v M LAY 30 mglkg R 05 L2 ~0 8 8IC
2T, fingolimod 6 & DL ER 2 Fhi L 7=, & OFE R % Table 5-6 [Z/7 3, 7285,
Table 5-6 ([ZFC# L 72 DB AT EME 5% 24 R OB BT 5 LA O &K
K (73Kl Zarbae—AErboZfE (Fl4d) TRLTEY, 0
WEBRIRORT v L LTEHMLTWS,
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Table 5-6. The heart rate change of selected compounds.

NH,

Entry Compound R* Heart rate decrease (%)*?
1 6 (fingolimod) 24°

2 33a H N.T.

3 33b 2-Me -4.4

4 33e 2-Cl 4.0

5 33f 2-Et N.T.

6 33h 2,5-Me, N.T.

8 Each value shows the percentage of the maximum heart rate decrementation that occurred during 48
hours after 30 mg/kg oral administration in rats in comparison to the vehicle treated control group.
p.o., 10 mg/kg.

®N.T. = not tested.

WEINTWDEY fingolimod 6 L5 WHRARIEH 2 FF 6. 10 mg/kg # 5 B O 041
B RI1T 24%TH 7=, — . 33b & 33e T 30 mg/kg HEEREICEB W TH LK D
RRZAFEIZTZNEN 44%HIN. 4.0%HAD & IEFICEM TH > 72, 33b, 33e D7
v b HVGR B @ IDso fE 1% fingolimod 6 & IFIERSE THLZ Z LMz, 7 v MTH
T B EALEY D 1 mglkg 20 5 30 mg/kg £ T O R OG- o I B2 R IX BRI M
bNHZ L EBEETHE, 33b, 33e ik, TO®RARY 27 BT, fingolimod L ¥
mWZeahrRokamTh D EE 2T,

1% \Z. fingolimod 6 & 4 EF ¥ A Lz —F /1K (33a., 33b, 33e) 2/ x.
ZoV U= AT VIR (6-P, 33a-P, 33b-P, 33e-P) ® PK Yu 7 7 A LEHEL
72, Table 5-7 (2%, BIlLAEMTHHT I /) 7T Aha— iK% T v M2 1 mglkg & 0 &
B LERORIERMRERL TS,
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a

Table 5-7. The PK profiles of benzyl ether compounds in rats

Cmax AUC .45 T2 Metabolic
Entry Compound o b
(ng/ml) (ng*hr/ml)  (h) stability (%)
1 6 N.D.° N.D.° N.D.° 97
2 6-P 111 5850 32 >100
3 33a 13 120 5.7 51
4 33a-P 72 799 7.8 92
5 33b 34 200 4.1 36
6 33b-P 104 806 4.3 92
7 33e 18 144 4.6 38
8 33e-P 97 658 4.6 86

8 Each parameter was determined after oral dosing of each parental compound. (1.0 mg/kg, n = 2 or 3).
b percentage of the remaining compounds after 30 min incubation at 37°C with rat hepatic microsomes.
°N.D. = no data.

TAXToOHAAEGY (33a, 33b, 33e) OMBERRE T, FIET 2V BT 2T LK
(33a-P, 33b-P., 33e-P) KWK, £/, M EREBIZONTIE, Wi{LEWHE TIZ
ER UM TH o7z, HiZ. 33b-P & 33e-P iz, MF#E v . fingolimod
DY VBT AT K G6-P LEKL TRIBIZEMINTEY . %543 FFH, 4.6 FFH
Thole, ZOREPREIMEM T, H#HCEDORBLEEICL > THHAT L LN
Tx7, T 7%bbH, fingolimod 6 (X7 v FIFI 27 v v —A1Cx L CIHFITEWIH
HEMZ R L, LEWEAFERIT 7% TH 72Dk L, 33b, 33e [ T£ N Z 1L 36%.
BRLWVWIHIEWIH TH Y, THIZE VP THELET DY VBT X T VKD 23
HLllhoTWWDd EF T,

{1

o AR

Fingolimod 728 F 9 % S1Ps/SIP, R DK E L, FOFHEEAREKTH DV VT R
TAEROMPEEPAOREIICEAIL, TAbE2%ET 5 HMT fingolimod 6 O 4 i
AR U= T AR EERT DB EERT T L= LTTHA
YL, ZTDO SARMFEEZIT ol T OR R, HEH Y K 33a i3 T4 Y 5
WMEim AL, & 5612 fingolimod & bl LT, BE4F72 S1P/S1P @R & 58 J) 72 in
VIVOEENZH L TEBY = —TFT VR BREWVWRT Uy 2RO I NP LN LR
ST, Flo, BICHBTLHLRNE U EOEBEN SIPy/SIP EIRMEICKEE
Bhhz2522Wb0E L, FRIC, 2-=F LK 33F X, 2,5- A F L1k 33h (%
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SIPy 7 F=A MEMEZHMFF LI EE, SIP; 7 I =X MEERRES B L, T2
FU 5217 {5, 3000 fif ® S1P3/SIP IR EZFroEN LG TH - 7=, b, LilHk
Fix, SIP B L S1Ps & 33f-P 2 AWV i EALFMT b b XFHEESR D5 b0
Thole, I, LEWHD in vivo X, 20V VB AT b3 L fHE L
TWLZEZEZWHLMNE LR, §7205, SIP3/SIP IR E vy 33F X 33h 1T, £ D
VU AT NVESNOEBRGHFEOREI 6 IEFIZHH VW invivo hlz L EE o720
IZXL.33ax @i 33bX3Be R EDfbEaEMTmNY VIRT AT NVEBRRERD
ZTORER, B invivo BN EZRILLGDLZENH LN ERST, 2OV VTR
TR EEDOHES T LA D Y T 2T LALE A invivo A FEH O &
i 77 78 —D—D2ThbHI LtEMH LT TR, ZOHEEA ) —=V
JTEBICRATAZ LIk T, ENRILLEMREICLERT 2D TH o7z,
FRERFORE, M invivo B Z R L, B BEME LT 7z i BB
Wz, mARY 22 Bl mnwkeatErzREoaEba®mE LT 33b X 33e &
AT LiCRY L,
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% 6B

w5

B = 2 % 3K | Novartis (2 XV ZRMEMLIERERE LT ETshTW?
fingolimod 6 2 Fff>, RIEH & L ToOEBRIKEHA ., RIS TIEHVEWE Eb
N5IEFICE DR ZkET XL, fingolimod 6 O 2 2 L 72 Al A28 105
FL77~, £9. fingolimod 6 28> aa- - E#H,0-7 3/ T a— LiEEITEER
pharmacophore T % Z & # % & L. Figure 6-1 (2 ~x3 —H>Dfk&aM (14, 15) %5
PA L, BREEGHRIERG, METEMEMRETE L FEh L7z,

é W """" VL

o = ()
i NH, | HCI S NH,

----- 6 m%i-n—golimod (FTY720) 14 A=S,N-MeO

Figure 6-1. Structural modification of fingolimod 6.

B 2mETIE, — X 14 TRIMLAEMERICKNEL R D (2R)-T X/ -2-A F)L-1-
TaN ) =kl (FREN) AT A28 EA~AT e BRBERPRHE 16 12OV T, U
—EBEHWTEARFENHR(E ) = 2T k) KIS % W T2 R IER G 2 E i L 7=,
2-tert-7 b X VANV AR =L T 2 ) 2-AF 13- u NP d— L 18 BNAET D R
PEICEB L, 1812 T 2%MY R—¥OAFIIHLEICOV TR LEKE. &
IR, HERNIZE ) AT AL EZETSE DU N—F L K2 SR MIZ2 R
L. BHEEMERQR)-T X ) -2-AFL-1-7ua X)) — LHEEOREICRDLEZ, KK
S, il b A AEHEREICTE DI A, HWIEZHL2LE 2L LIk
0. R B D BN RORFEIEEAL G Y ((R)-17a, (S)-44) & Z L ZE N 90%D
BBREEFETIEV DT LI ENARRENTIKIE T 7o, I HIT, AKIGIC X
DELNTENFEET Vv a— A EE BRI LT 228 T, BO5SEICTRMNT D
— %X 15 TRIEEMHEEZEL SIPL 7 I =A FOHFMKICNZ, a-BEHBRT 7 =
FEAROGHMFETLE L TCHANER 1928 TR TARNT LI ZERATETH -, %
2. REER ISR V5025 — L TCoOERGAETHY, WHME, EAMEOW
mCENLZRISTH -T2,
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14
R1

/ N PPh;X M

A

A=S,N-Me, O| .. _.______. R

Immobilized lipase o

from Pseudomonas sp. = E H O/\/Ajisf/q&

(TOYOBO) mcgﬂ(ﬂ\o/\f/\OH e

>~ . NH, !
/ NHBoc e ;1 .
HO/\i/\OH (R)-17a 88%, 89%ee

NHBoc

18 \ o
/rCsHi/u\O/q”¥/A\OH —
—_—
CHIRAZYME L-2, NHBoc
carriere-fixed C3, lyo (S)-44 66%, 88%ce

Figure 6-2. Summary of Chapter 2.

FI3IWTIL M ROFTHAEEHRIEICBITLI2MERBBEOTL O, AAKR=0 L1 24b
DERE, FDORAF=7 L E2HWIZHREE 20 (or30) GEICOWTHRE L7,
RAR=T LM 24b 13, TOFEARICHIRZET LIRS, 7 LT RN 25
E O Wittig RIS TIEL, INER EOZDICWMRBELEICIRL2EOT AV » MIbH D
LoD, HFEKE, BVKBMbOTHEA 2T LT FERIEL, F~BINEFETHL 7 4
VR EEZDENERIGHI TH o712, B2, S AR =T A 24b 13, SRR E R K
EWEERT AT R, FIETHTAIRAANT A FORFRUARNETCHLLIBETFEST
BREFEBRERTNANTE RELMERIKIET 2O THY (BN IT 9D SIP, 7 F =X M
HICBWTEROFENIIHFET I2EL KGR TH -T2, S HIT, RAKF=U A
W24 0%, AN ES 2T VT v REKIGHTF L T2 convergent 72 )N 1T K 0 £ Fll
ABIEMEDEOAREZAREICT 20 THY, SIP, 7 I =2 MbAaHW (28, 29) X
TAARL 7 =2 MEAEW 3L AMICbEHA R TH oo, £, B AR =T L 24b
CERBEBFRTNTE REDRIETIE, V7 AT VABROICEERORNERY &
LTHELNTLK DI ENHMHLE, VT AT UVABRBRMRA L7 0 UKIE, #i< AL
BBBINMARBREEAZATREICT 20D, FAKT=U A 24b (T a,a- & #o-
TV BBETATLIZRERRAMERICBICHAINELIRIGAI TH D L F 2T,
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R1
o}
Previous R)ko [A/kPJ'Ph\gX'
method NHBoc X = halogen
= ’ 22
GiO” YT A
NG,G; B
A=8,N-Me, O s 0 PPNt (/ >\
NH CHO
20  Improved >//
method O L 25
o/\-K\OH CO,Me
Nocome = " Y
7( “CO,Me NH
26 27
Figure 6-3. Summary of Chapter 3 (part 1).
: /\ /\_/\Q/O"'Cﬂ'hs
- A :
o] HO™ N
y N A=s,NMe O NH,
o]
PN - 7 28
o N eyt
>//NH
24b
e \ Cl S. : .OMe
=N NH, 29
H,N 31
Figure 6-3. Summary of Chapter 3 (part 2).
B AETIEL, SIPL 7 A=X OB EDTHDLT I 7 T a— LK 32 6 EMHE

KETHD ) VBT AT VKR 32-PEAalT 2 HEE LT HMEBEZ W

MEffof, TOfE, BT

U g 27 WA KR & 2R8I
B A& R H L, T, Circinella muscae (NBRC 4457) (ZFEF |

R4 Z &Il Liz, £z,

LWMEBOMEMT AT T U —DHnb
TowmAEmE L TRIRED

B AR R
HgE 9%

—fiCTd& 5 Circinella
TEmW Y AR &

ARPED OIS T, BOSTEER O pH R0 B i
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DI Z . AR EEOEHEORRZMA D Z LI ZDORIGHE, 1N
RERBOICH L&D ENAETH 72, 29 LTHLN I RIERKIE &R,
BexZe7 I 727N a— VKO VIR AT UAKISICEATE, b2, HESH
MBS ELHBBER Y AT A2 MAEGLEDL I LICLY . BMEDY VT A
FAREMECARTLIENTMRELR L, ZAICEY, YWAMELTWVES
BEAZ V==V 7OV VB AT VEERIELZBET S LRI L, 40
FESL U 7= MR ARSI, . BR#ELZEES, 1 TRTAMET LY v BT
AT NEKEGEZDFETHY , RIEOBHELOMICMEZ, ZY =V IAP)—D
BECTHLERLEETFIETH - T,

| Chemical synthetic method |

i) Boc,O, NEts

CH,Cl, i) Pd(PPh3),,
ii) (AllylO),PNi-Pr, pyrrolidine o
. N\ tetrazole CH3CN Ho. 1 : 7
HO™™N N : HO™ ~0™ N
NH, | o i) t-BuOOH i) TFA, CH,Cl, NH, | e}

CH,Cl, 51%

32 67% / 32-P

Circinella muscae (NBRC 4457) 82%

| Biotransformation method

Figure 6-4. Summary of Chapter 4.

% 53 CTlL. fingolimod 28 A+ % S1Ps/SIP IR DIK S &, ZDIEMAKTH 2
VrBEOEEHMOEIICERL, Thbax®ET 5{EmE L T fingolimod 6 @
WEEEIC) v Il — T ARG EHT 5 BICOVWTIHRBEMNEEZIT- 72, €
OFEF . 33 (XA LRI B W2 2. fingolimod & Hb#e L T, B4 72 S1P3/S1Py &R
P EBR )7 invivo N2>, RT vy om0 ke Th s Z ENHB LT,
ZDH%HO SARBIFEDORER ., PO BB EOEBIEDN SIP/S1IP BIRMEIC K & <
WEEPHE2LZ LW LNE Lz, FRIZ, 2-=F LK 33f ., 2,5-V A FL{K 33h
280X SIPy 7T A=A MNEMEMEE L2 EE, SIP; 7 A= X MEER K E KM S
., & %5217 %, 3000 f ® SIP3/SIP BIRMEE FoLAMTH 7=, k. Ltk
Fi, SIP B L SIPs & 33f-P Z AW EALZNMT » b b XS N b D
Tholz, SHIZ, (LEWHD in vivo i, 20V VB AT {bzh3 L L
TWwWpZezxzWone L, bbb, BRESE N -7 33f, 33h X, 20V @
TATNVENOEBRDEOREI NS, FEFITTH W invivo Tt EFE-7z0lTxf L,
Bazx @/ 33b3Be I mNY VBT AT VEBMENSL . TR invivo 32
ERBTLENHBA L, £ LEHDO Y T ATV R E O LIS
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FV . ZDOEWWEN invivo EDEBDOEER Y 7 7 4 —O—D>ThHh DI L ZIEHT
EEPT TR, TOHEEZA ) —= v ZBEBICEMAT S LICL-> T, 2ERY
nibEWEELER L, SEBRFTORE., ML invivoEDZ R L, WAL
LTWamEECEWCERBICmA, RIRD 2270850kl mnLkatttRoaE R
fbaEHmeE LT3R 3BeaHTLHZLITHIL T,

Table 6-1. Summary of Chapter 5.

RO — NH,

NH,
6, R = H; (fingolimod) 33,R=H
6-P, R = P(O)(OH)y; (fingolimod phosphate) 33-P, R = P(O)(OH),
Rat HVGR
Phosphate  Heart rate
) EC50 (nM) SlP3/ IDso(mg/kg)a . T1/2
Comp R in Plasma decrease
S1P, S1Pj3 S1P; or b g (h)
(%) (%)
% inhibition
6 7.0 2.0 0.29 0.33 N.T. 24° 32
(fingolimod)
33a H 7.0 200 29 0.27 40 N.T. 7.8
33b Me 3.0 180 60 0.43 38 -4.4 4.3
33e Cl 4.0 220 55 0.39 84 4.0 4.6
33f Et 2.3 12000 5217 10 (1 mg/kg) 14 N.T.C N.T.C
2,5-
33h 6.5 >20000 >3077 11 (1 mg/kg) 6.0 N.T. N.T.
Me,

2 |1Dsq is defined as the midpoint between the inhibitory ratio of the vehicle and the maximum response
of the test compound.

® The ratio of phosphate was determined by the ratio of the HPLC peak area of the phosphorylated and
the remaining test compound in plasma 3 hours after the addition of a test compound to rat whole
blood.

®N.T. = not tested.

9 Each value shows the percentage of the maximum heart rate decrementation that occurred during 48
hours after 30 mg/kg oral administration in rats in comparison to the vehicle treated control group.

¢ p.o., 10 mg/kg.
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EB D E
RFZETIT, (LEHODHICLUL TO#MEEZE H Wiz,

'H NMR %227 kL (*H NMR)

Unity Mercury Plus 400 or 500 spectrometer (Varian)

% 7 MEX ppm B A CTRldk L, WEBEERE & L T, tetramethylsilane (TMS) %
R L7z, TRBROERICITL T OEEZ Mz,
s, singlet; brs, broad singlet; d, doublet; t, triplet; g, quartet; m, mutiplet.

e e B E ([a])
JASCO P-1030, HORIBA SEPA-300 digital polarimeter % 7z & Daiichi Sankyo RD
Novare Co., Ltd.|1Z 38\ T E i

TRV UL A ~2 27 kL (IR)
JASCO FT/IR-610 spectrophotometer % 7 i& Daiichi Sankyo RD Novare Co., Ltd.IZ ¥
W T

BEoghAX7 bV FiE GanMeEE&S0Hi A~7 F/v (MS or HRMS)
JEOL GCmate, JEOL JMS-AX505H = /=% Daiichi Sankyo RD Novare Co., Ltd.iZ ¥
ARGy}

ot F 7 (Anal)

Yanaco MT-5, MT-6 ¥ 7= /% Daiichi Sankyo RD Novare Co., Ltd.{Z 35\ T % i

@ (mp)
Yanaco MP-500D & 7z % Daiichi Sankyo RD Novare Co., Ltd.iZ 3 T i

WiEgsu~ K275 71— (TLC)
Merck precoated TLC glass sheets with gel 60F ;54

U NI e NI T T 4 —

Silica gel 60 (Merck, 230-400 mesh ASTM), Biotage FLASH Si, YAMAZEN Hi-Flash
F 72 1% Moritex Purif-Pack
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B2EICETDLER

(2R)-tert-Butoxycarbonylamino-3-hexanoyloxy-2-methyl-1-propanol ((R)-17a)
:a general procedure of an asymmetric reaction with Lipase catalysts.

O

n—C5H11)kO/\i/\OH
NHBoc

2-tert-Butoxycarbonylamino-2-methyl-1,3-propanediol 18 (150 g, 731 mmol)%& ¥ 1
Za e —7 1 (3.00 DT L. vinyl n-hexanoate (120 ml, 751 mmol) & (8 U »X—
£ [Immobilized lipase from Pseudomonas sp. (TOYOBO, 0.67 U/mg)] (6.00 g) % /il % .
Hil T 15 RHBEH L, KISHZ Asl%, Sz BETEELL, KEELZT YD
FNVH T AV v~ b7 T 7 4 —(hexane:AcOEt =10:1to 2:1)i2 L v R L T, itk
A% (R)-17a (197 g, 89.0% yield, 89.0%ee) % Mk E & L T/, 2B, Hoh
72 (R)-17a O FMEIZU TR T 5&MFE2H W/ HPLC Hfric KV REL -,
DAICEL CHIRALCEL OF (4.6¢ x 250 mm), hexane:2-propanol = 70:30, #%#: 0.50
ml/min, JEE: 25.0°C. R FFEMI1Z(S)-17a & (R)-17a i+ Eh 824 L 1055 THh
- 72, [0]*°p = -8.8 (c 1.8, CHCI3); *H NMR (400 MHz, CDCl3) § 0.90 (t, 3H, J = 7.0 Hz),
1.25 (s, 3H), 1.30-1.40 (m, 4H), 1.44 (s, 9H), 1.58-1.68 (m, 2H), 2.36 (t, 2H, J = 7.4 Hz),
3.70-3.55 (m, 2H), 3.86 (br s, 1H), 4.19 (d, IH, J = 11.2 Hz), 4.25 (d, IH, J = 11.2 Hz),
4.86 (s, 1H); IR (KBr) 3415, 3380, 2961, 2935, 2874, 1721, 1505, 1458, 1392, 1368, 1293,
1248, 1168, 1076 cm™*; MS (FAB) m/z: 304 (M+H)".

(2S)-tert-Butoxycarbonylamino-3-hexanoyloxy-2-methyl-1-propanal (40a)

0
CHO

n-C5H1 1 (@]
NHBoc

(2R)-tert-Butoxycarbonylamino-3-hexanoyloxy-2-methyl-1-propanol (R)-17a (30.7 g,
100 mmol)% CH,CI (600 mh)iC#% ML, TEL ¥ 27— —7 4A(220 g)B LV
pyridinium chlorochromate(43.6 g, 200 mmol)Z k¥ F Al %2, =RIE T 2 B ##H L 7=,
KSR IZ Et,0 (500 m)Zmx ., it L7 AREMZ AW LT, A ZEETTHEE L,
BikAE> VBV a~ hJ T 7 4 —(hexane:AcOEt = 10:1 to 5:1)iC X W K& L T,
m AL &4 40a (28.8 g, 95.0%)% M@K MW E & LT/, 'H NMR (400 MHz,
CDCl3) §0.90 (t, 3H, J = 7.0 Hz), 1.40-1.25 (m, 4H), 1.38 (s, 3H), 1.45 (s, 9H), 1.70-1.55
(m, 2H), 2.32 (t, 2H, J = 7.6 Hz), 4.32 (d, 1H, J = 11.2 Hz), 4.44 (d, 1H, J = 11.2 Hz), 5.26
(brs, 1H), 9.45 (s, 1H); IR (liquid film) 3367, 2961, 2935, 2874, 1742, 1707, 1509, 1458,
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1392, 1369, 1290, 1274, 1254, 1166, 1100, 1078 cm™*; MS (FAB) m/z: 302 (M+H)".

(2R)-tert-Butoxycarbonylamino-2-ethyl-3-hexanoyloxy-1-propanol ((R)-43)

O ~

n-CsHy o/\:/\OH
NHBoc

2-tert-Butoxycarbonylamino-2-ethyl-1,3-propanediol 42 (52.9 g, 241 mmol)%& ¥ 1
7r e —7 1 (1.00 )2 % L. vinyl n-hexanoate (41.0 ml, 254 mmol) &z (Y U »x—
£ [Immobilized lipase from Pseudomonas sp. (TOYOBO, 0.670 U/mg)] (2.10 g) % il .
FERTARMBE L, KICKRZA 0%, PREZBETRELL, BEZ I T
N T~ 27T 7 4 —(hexane:AcOEt = 7:1to 2:1)IC L W ML L T, #Eafd
¥ (R)-43 (66.8 g, 87.0% yield, 93.0%ee) % A IRME L L CH-, B, ok
(R)-43 D WML LA FIC /R T &% Wiz HPLC S #ric L v k& L 7=, DAICEL
CHIRALCEL OF (4.6¢ x 250 mm), hexane:2-propanol = 80:20, i@ : 0.50 ml/min, & % :
25.0°C. R ¥R 1Z(S)-43 & (R)-43 X TN FN 744 & 7.94 ThH - 7=, 'HNMR (400
MHz, CDCls) & 0.87-0.83 (m, 6H), 1.30-1.25 (m, 4H), 1.44 (s, 9H), 1.63-1.53 (m, 4H),
1.78-1.69 (m, 1H), 2.35 (t, 2H, J = 7.7 Hz), 3.65-3.62 (m, 2H), 4.10 (d, 1H, J = 11.0 Hz),
4.24 (d, 1H, J = 11.0 Hz), 4.76 (br s, 1H); MS (FAB) m/z: 318 (M+H)".

(2S)-tert-Butoxycarbonylamino-3-butanoyloxy-2-methyl-1-propanol ((S)-44)
0]

P

n-CzH;” ~O "'y/\OH
NHBoc

2-tert-Butoxycarbonylamino-2-methyl-1,3-propanediol 18 (22.2 g, 107 mmol) %
tert-butylmethylether (550 ml)IZ % # L . vinyl n-butanoate (40.8 ml, 322 mmol) %X T* U
sX—+E¥ [CHIRAZYME L-2,carrier-fixed C3, lyo] (5.40 )% il 2. =i T 1.5 BF [+
Lic, RIS Z Ak, PREBMIETHEELLE, BBEEZ VDTSNV AT L7~ |
72 7 4 —(hexane:AcOEt = 10:1 to 2:1)IC X W B L T, EFE/L A& W (S)-44 (19.4 g,
66.0% yield, 89.0%ee) % AR HE & L THL, B, B O (S)-44 O FHE
L FICR T &MHFEZEZ B HPLC #ric K W ikiE L7, DAICEL CHIRALCEL OF
(4.6¢ x 250 mm), hexane:2-propanol = 70:30, JE#E: 0.50 ml/min, & : 25.0°C. & £5 5k
1% (S)-44 L (R)-44 T F N FH 8.24r L 1055 Tdh » 72, "HNMR (400 MHz, CDCl5)
5 0.94 (t, 3H, J = 11.0 Hz), 1.23 (s, 3H), 1.41 (s, 9H), 1.65 (tq, 2H, J = 7.4 Hz, 7.4 Hz),
2.32 (t, 2H, J = 7.4 Hz), 3.56 (d, 1H, J = 11.7 Hz), 3.62 (d, 2H, J = 11.7 Hz), 4.18 (d, 1H,
J =11.1 Hz), 4.22 (d, 1H, J = 11.1 Hz), 4.85 (s, 1H); IR (liquid film) 3415, 3380, 2961,
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2935, 2874, 1721, 1505, 1458, 1392, 1368, 1293, 1248, 1168, 1076 cm™'; MS(FAB) m/z:
276 (M+H)*.

(2R)-tert-Butoxycarbonylamino-1-hexanoyloxy-2-methyl-4-(thiophen-2-yl)-3-butene
(45a)

o
n-CsHj 1)1\0/\9\«“@

(Thiophen-2-yl)methyl triphenylphosphonium bromide 22a (67.1 g, 150 mmol)% THF
(750 mI) (2 ¥& ¥ L, K &4 L # F | potassium tert-butoxide (17.2 g, 150 mmol)% THF (90.0
MIZEM LR %E 10 02 Tz, SHIC=ERTF 20 0MBE#HLE, DWW T,
K % T . (2S)-2-tert-butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-propanal 40a
(23.0 g, 76.4 mmol)® THF (250 m)i&# & 15 3 M7 Tl z2 . K% F 30 sy M ##E L
72 o BOSHEIZ K (300 ml) & Sl %2 . AcOEt(200 ml x 2) CTHiH L 7=, A #JE % /K (100 ml)
BLOEMAEREAKR0 m)THEL-E., BAKBRT MU U ATEZEL, A%,
WE TR 2B L L, kx> V B vsa~ b2 7 7 4 —(hexane:AcOEt = 20:1)
IR DR L C A 45a(27.89, 96.0%) % HE @ kM E & L TH7-, 'H NMR
(400 MHz, CDCI3) §0.88 (t, 3H, J = 7.0 Hz), 1.40-1.25 (m, 7H), 1.57, 1.50, 1.44 (s, total
9H), 1.70-1.55 (m, 2H), 2.34 (t, 2H, J = 7.4 Hz), 4.40-4.10 (m, 2H), 4.94, 4.93 (brs, total
1H), 5.58 (d, 0.5 H, J = 13.6 Hz), 6.10 (d, 0.5 H, J = 16.0 Hz), 6.60 (d, 0.5 H, J = 13.6 Hz),
6.63 (d, 0.5 H, J = 16.0 Hz), 7.04-7.01, 7.01-6.93 (m, total 2H), 7.32-7.26, 7.16-7.14 (m,
total 1H); IR (liquid film) 3370, 2961, 2933, 1725, 1495, 1456, 1391, 1367, 1247, 1167,
1109, 1100, 1072, 697 cm™*; MS (FAB) m/z: 381 (M").

(2R)-2-tert-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(1-methylpyrrol-2-yl)-
3-butene (45b)

0
n-CeH, 1)]\0/\%\@'@

(1-Methylpyrrol-2-yl)methyl triphenylphosphonium iodide 22b (58.0 g, 120 mmol) %
THF (300 mI)(Z & L . JK % $L # T . potassium tert-butoxide (13.5 g, 120 mmol) % THF
(180 m)ICH MR L 72 ¥k Z 30 27 THN A, S 602k F 80 it L=, -
VT, (2S)-2-tert-butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-propanal 40a (30.3
g, 101 mmol)% THF (120 m)IZ & g L 72 %K % 30 3 [l 22 17 TN 2 . k& F 30 43 [l 18
U 7o, RS IR NH.Cl K B IR (50.0 mI) & I 2 TR & 1k o | Rl % =R IZ R
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L. BE FEM L. K100 mhE XL Y AcOEL(100 ml) % il 2 . AcOEt (100 ml x 2) T ##
L7z, A#IE % K100 ml)& X O Fn & K (100 ml) T L 7% . HEKAEER T k
U ATHEEL, ik, BIETEBEZEEL, BEZ VYV IS vre~ T o7
« — (hexane:AcOEt = 9:1)IZ K W KR L T, kAW 45b (37.0 g, 97.0%) & ¥ & (4
Mk mE & LTH7-, '"HNMR (400 MHz, CDCl3) & 0.92-0.87 (s, 3H), 1.67-1.22 (m,
18H), 2.36-2.30 (m, 2H), 3.54 (s, 1.5H), 3.60 (s, 1.5H), 4.34-4.16 (m, 2H), 4.81 (brs,
0.5H), 5.04 (brs, 0.5H), 5.58 (d, 0.5H, J = 12.5 Hz), 5.99 (d, 0.5H, J = 16.1 Hz), 6.08 (t,
0.5H, J = 3.2 Hz), 6.11 (t, 0.5H, J = 3.2 Hz), 6.27 (d, 0.5H, J = 12.5 Hz), 6.30-6.26 (m,
1H), 6.38 (d, 0.5H, J = 16.1 Hz), 6.57 (t, 0.5H, J = 2.3 Hz), 6.60 (t, 0.5H, J = 2.3 Hz); MS
(EI) m/z: 280 (MY).

(2R)-2-tert-Butoxycarbonylamino-1-hexanoyloxy-2-methyl-4-(furan-2-yl)-3-butene
(45c)

o
n-CsHj 1)1\0/{/\«“@

(Furan-2-yl)methyl triphenylphosphonium bromide 22c¢ (33.7 g, 79.5 mmol)% THF
(90.0 mhIZ %% L, K& ¥R T . potassium tert-butoxide (8.94 g, 79.7 mmol)% THF
(90.0 mM)IC¥EMF L 72 &2 10 M Thnx . SH1Ckm F 15 ML, »
VT, (2S)-2-tert-butoxycarbonylamino-3-n-hexanoyloxy-2-methyl-1-propanal 40a (16.2
g, 53.7 mmol)% THF (60.0 m)IZ{&E M L 7 ¥ #K 2 15 43 12~ 10 TN Z . K T 30 57 [#
B L 72, ROSHRITETI NH.Cl KB (50.0 m)Z 2 TS Z 1IE® | il %2 =R
R U, BE FEM L., K100 ml)i L Y AcOEt(100 ml)Z il 2. AcOEt (100 ml x 2)
THIM L7z, AHJE %2 K (100 ml)d X QYA Fn & 7K (100 mI) T ¥ L 72 & . HE K b 2
FTRUDLTHBL, A%, BETHEEZEEL, KEEZ2Y IS Vvra~x M7
7 7 4 —(hexane:AcOEt = 10:1)IC K W F#L L T, EFb &% 45¢ (19.3 g, 98.0%) % ¥
HEMR®WE L L CH7~, 'H NMR (400 MHz, CDCl;) & 0.92-0.87 (s, total 3H),
1.67-1.22 (m, total 20H), 2.36-2.32 (m, total 2H), 4.18 (d, 0.5H, J = 11.0 Hz), 4.25 (d,
0.5H, J = 11.0 Hz), 4.32 (d, 0.5H, J = 11.0 Hz), 4.43 (d, 0.5H, J = 11.0 Hz), 4.82 (brs,
0.5H), 5.22 (brs, 0.5H), 5.59 (d, 0.5H, J = 12.7 Hz), 6.20 (d, 0.5H, J =15.9 Hz), 6.26-6.22
(m, total 1H), 6.33 (d, 0.5H, J =15.9 Hz), 6.36-6.35 (m, total 1H), 6.41 (dd, 0.5H, J = 2.9,
1.6 Hz), 7.33 (d, 0.5H, J = 1.5 Hz), 7.45 (d, 0.5H, J = 1.6 Hz); IR (liquid film) 3445, 2962,
2933, 2873, 2250, 1720, 1497, 1457, 1391, 1368, 1249, 1165, 1075, 1015 cm™*; MS (FAB)
m/z: 366 (M+H)".
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(4R)-Methyl-4-[2-(thiophen-2-yl)ethenyl]oxazolidin-2-one (46a)

0D
X

0/7;!;\ S

o
(2R)-tert-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(thiophen-2-yl)-3-butene
45a (40.5 g, 110 mmol)%Z THF (150 mh)¥ X Y MeOH (150 m) DR & (A fiE L. K im
F. 2 HE NaOH /KK (530 mhyZ N x . 30 /M HB#k#% ., S HICER T 1 REH B
Lic, WIETHERAEEL, B O 72FEEIC/AK(B00 m)%E iz 7% . CH,Cl, (300 ml
X2)THIMH L7, AE L AafmElEKQOm)THE L, BAKMEB T N U A THE
Lic, A, WE T a2 8 E L T, AR tert-butyl [(2R)-1-hydroxy-2-methyl-
4-(thiophen-2-yl)but-3-en-2-yl]carbamate (35.0 9)% 5 7=, HLAER® % THF (300 ml)iZ
A f# L . potassium tert-butoxide (17.8 g, 160 mmol) & K& F 10 o2~y Tz . *%
D%, IR T 40 BB LIz, RISHEIZAK (100 ml)Z Mz . AcOEt(200 ml x 2) T #f
ML/, AEZ@MAEE KR m)THE L, BAMEST N v ATEEL, 5
Wk, WIE FEE2EE L, B2V b7/ v a~ b7 Z 7 4 — (hexane:AcOEt =
BMtoL:)IC X VAR L T, FEE{tA Y 46a(18.0 g, 81.0%) % £ 7=, "H NMR (400 MHz,
CDCl3) 6 1.55 (s, 1.5H), 1.60 (s, 1.5H), 4.31-4.16 (m, 1.5H),4.41 (d, 0.5H, J = 8.6 Hz),
5.65 (d, 0.5H, J = 12.5 Hz), 6.06 (d, 0.5H, J = 16.0 Hz), 6.17 (brs, 1H), 6.59 (d, 0.5H, J =
12.5 Hz), 6.74 (d, 0.5H, J = 16.0 Hz), 7.07-6.91 (m, 2H), 7.19 (d, 0.5H, J = 5.0 Hz), 7.34
(d, 0.5H, J = 5.1 H2); IR (KBr) 3275, 3110, 2974, 1752, 1391, 1376, 1281, 1169, 1039,
960, 704 cm™; MS (FAB) m/z: 209 (M*).

(4R)-Methyl-4-[2-(1-methylpyrrol-2-yl)ethenyl]-1,3-oxazolidin-2-one (46b)

/6

o

(2R)-2-tert-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(1-methylpyrrol-2-yl)-
3-butene 45b (37.0 g, 97.8 mmol)%Z THF (100 ml)& X T MeOH (100 ml) D i& & K (2 &
fig L. 2 E NaOH KIFEHKR (100 mD) & Mz, =EE T 1M Lz, KIEKIZK(00
ml)# £ T8 CH,CI,(100 ml)% il 2 T, CH,Cl, (100 ml x 2) CTHiHi L. A8 % fafin &
HK(L00 m)T¥eE L., EAME ST M) ULATHBE L, Ak, BETEEZH
LT, MARKY tert-butyl [(2R)-1-hydroxy-2-methyl-4-(1-methyl-1H-pyrrol-2-yl)but
-3-en-2-yl]carbamate (28.8 g, 100%) % 15 7=, H Ak # % THF (320 ml)IZ & f# L |
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potassium tert-butoxide (13.2 g, 117 mmol) Z THF (80.0 m)IZ & fi# L 72 ¥ & Kk % F 10
ST TN A, [FHRE KT 20 o M#B#E L7z, KIS#KIT acetic acid (6.70 ml, 117
mmol)Z M x THF1 L. JE FEM L T, /K100 mh)F X OV AcOEt(100 ml) % I x|
AcOEt(100 ml x 2) CHiHY L 7=, A8 & S Fn & /K (100 ml) Ty L, MEKAEE T K
U ATHEBEL, Alith, WIETKREZEEL, BELZ IV IS5 Vv~ T T 7
+ —(hexane:AcOEt = 1:1 to 1:2)IZ K W Fi# L T, #EF{b &4 46b (20.3 g, 100%) % 15
7. 'H NMR (400 MHz, CDCls3) § 1.57 (s, 3H), 1.59 (s, 3H), 3.55 (s, 3H), 3.62 (s, 3H),
4.16 (d, 1H, J = 8.2 Hz), 4.17 (d, 1H, J = 8.2 Hz), 4.22 (d, 1H, J = 8.2 Hz), 4.31 (d, 1H, J
= 8.2 Hz), 5.11 (br s, 1H), 5.46 (br s, 1H), 5.65 (d, 1H, J = 12.2 Hz), 5.99 (d, 1H, J =15.7
Hz), 6.07 (br d, 1H, J = 3.6 Hz), 6.14-6.10 (m, 2H), 6.31 (d, 1H, J = 12.2 Hz), 6.36 (dd,
1H, J =3.7, 1.5 Hz), 6.48 (d, 1H, J = 15.7 Hz), 6.62 (t, 1H, J = 1.5 Hz), 6.67 (t, 1H, J = 2.1
Hz); MS (E1) m/z: 206 (M").

(4R)-Methyl-4-[2-(furan-2-yl)ethenyl]-1,3-oxazolidin-2-one (46¢)

(2R)-2-tert-Butoxycarbonylamino-1-n-hexanoyloxy-2-methyl-4-(furan-2-yl)-3-butene
45¢ (19.3 g, 52.9 mmol)% THF (53.0 ml)3 X Y MeOH (53.0 m) DR A RICIEfMR L., 2
HE NaOH K¥E# (53.0 mh& %2, =R T 1R\ HL L2, RISHEICAK(B0.0 mhEB
X Y CHLCl, (75.0 mI) & iz 727 . CH,Cl, (50.0 mI x 2) CTHitH L. A E 2 fafn 21
AK(50.0 m) T L., BMAMEST P U LATHBELL, Ak, BIETHEELEE
L C. HLAERKY tert-butyl [(2R)-4-(furan-2-yl)-1-hydroxy-2-methylbut-3-en-2-yl]-
carbamate (14.8 g, 100%) % 3 7=, M AW % THF (150 ml)iZ % fi# L . potassium
tert-butoxide (7.20 g, 64.2 mmol)% THF (50.0 m)IZ & fi# L 7= 3R 2 K % T 10 45 [ >
Tz, FEHRE N T IR EE L 72, KIS #K T acetic acid (3.65 ml, 63.8 mmol) %
Mz CHF L., BE FEM L T, K100 ml)k L 8 AcOEt(100 ml)% il x. . AcOEt(100
ml x 2) Tl L7z, AEZAaMAEEAKQ00 m)THEE L, BAEBEST MY 7 AT
L, A%, WIETHREZEEL, KEZ2 IS5 vrsa~v NI 77 40—
(hexane:AcOEt = 1:1)IC L v FE# L T 3k &% 46¢ (10.0 g, 98.0%) % 45 7=, 'H NMR
(400 MHz, CDCl3) & 1.54 (s, 3H), 1.65 (s, 3H), 4.17 (d, 1H, J = 8.3 Hz), 4.23 (d, 1H, J =
8.3 Hz), 4.37 (d, 1H, J = 8.5 Hz), 4.41 (d, 1H, J = 8.5 Hz), 5.62 (d, 1H, J = 12.7 Hz), 5.88
(br's, 1H), 6.18 (d, 1H, J =16.1 Hz), 6.21 (d, 1H, J = 12.7 Hz), 6.30 (d, 1H, J = 3.3 Hz),
6.30 (br s, 1H), 6.04-6.37 (m, total 2H), 6.43 (d, 1H, J =16.1 Hz), 6.46 (d, 1H, J = 2.1 Hz),
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7.36 (d, 1H, J = 1.6 Hz), 7.49 (d, 1H, J = 1.6 Hz); IR (CDCl;) 3451, 2252, 1757, 1396,
1374, 1281, 1165, 1044, 1016 cm™; MS (El) m/z: 193 (M").

(4R)-Methyl-4-[2-(thiophen-2-yl)ethyl]Joxazolidin-2-one (30a)

/ \

S

>]/NH

0]

10% Palladium-charcoal (10% Pd-C) (50% wet, 4.50 g)% MeOH (30.0 mI)IZ &% L |
(4R)-Methyl-4-[2-(thiophen-2-yl)ethenyl]oxazolidin-2-one 46a (18.0 g, 86.0 mmol) =
MeOH (150 mD)ICEfRE L 72 R =N 2. KFBFRHAK T, VIR T I0KFMHBEHLLE, K
J& R H O palladium-charcoal & 7 A4 h A L7k, AR EBIETHE L, RE%
Et,0 (20.0 mN¥E# L. =it & % 30a (16.5 g, 91.0% yield, 85.0%ee) % 5 7=, 728,
ol 30a OEFEAMETLL TR RMEEZM W HPLC i KW RE LT,
DAICEL CHIRALCEL OD-H (4.6¢ x 250 mm), hexane:2-propanol = 60:40, i : 0.50
ml/min, & 25.0°C. (S)-30a & (R)-30a D fRFFREM T Z N E 4 16.8 43 & 17.6 53 Th
572, [a]*®p = +5.1 (¢ 2.4; CHCI3); "H NMR (400 MHz, CDCl3) §1.42 (s, 3H), 2.08-1.92
(m, 2H), 3.00-2.84 (m, 2H), 4.08 (d, 1H, J = 8.4 Hz), 4.19 (d, 1H, J = 8.4 Hz), 5.39 (brs,
1H), 6.81 (d, 1H, J = 3.6 Hz), 6.93 (dd, 1H, J = 5.2, 3.6 Hz), 7.15 (d, 1H, J = 5.2 Hz); IR
(KBr): 3283, 1770, 1399, 1244, 1043, 941, 846, 775, 706, 691 cm™'; MS (ESI) m/z: 211
(M).

F-. BN LA Y 30a(85.0%ee, 11.0 g)id. AcOEt (25.0 ml) & hexane (5.00
mZ AWl EELZITO 2 & T, LFME O GV 30a (4.00 g, 99.0%ee)~ & &
a5 LNTE, [a]*®o = +7.8 (¢ 2.0; CHCI5).

(4R)-Methyl-4-[2-(1-methylpyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one (30b)

J\
© |

>]/NH

0]

10% Pd-C (50% wet, 2.02 g)% MeOH (40.0 m)IZ % L . (4R)-4-methyl-4-[2-(1-
methylpyrrol-2-yl)ethenyl]-1,3-oxazolidin-2-one 46b (20.3 g, 97.8 mmol) % MeOH (360
mICEM L7k ae Mz, KEFBEXT, ERCT 1 KHEABHEL L, KCET O
palladium-charcoal # &7 4 M Al L 72, AIRZBIE TR EL, BEEZ VBT
NI v~ N7 F 7 4 —(hexane:AcOEt =3:2)Ic LV K& L <, i {t &% 30b (18.8 g,
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88.0% yield, 75.0%ee) & 13 7=, 72 ¥, H o7z 30b O FEMEIZLL IR+ &4 % H
W72 HPLC 2 #1i2 & W P& L 7=, DAICEL CHIRALCEL 0OJ (4.6¢ x 250 mm),
hexane:2-propanol = 70:30, #i#: 1.0 ml/min, & : 25.0°C. (S)-30b & (R)-30b O f& Ff
R Ix = Fh 125 & 1555 TdH - 72, "HNMR (400 MHz, CDCl3) 6 1.42 (s, 3H),
2.00-1.87 (m, 2H), 2.70-2.58 (m, 2H), 4.07 (d, 1H, J = 8.3 Hz), 4.14 (d, 1H, J = 8.3 H2z),
5.15 (brs, 1H), 5.88 (br d, 1H, J = 3.2 Hz), 6.05 (dd, 1H, J = 3.2, 2.4 Hz), 6.58 (t, 1H, J =
2.4 Hz); IR (KBr) 3289, 3103, 2977, 2938, 1759, 1713, 1495, 1397, 1381, 1309, 1281,
1231, 1032, 945, 928, 776, 718, 706, 656 cm™*; MS (EIl) m/z: 208 (M™).

(4R)-Methyl-4-[2-(furan-2-yl)ethyl]-1,3-o0xazolidin-2-one (30c¢)

10% Pd-C (50% wet, 1.00 g)% MeOH (20.0 m)(Z % # L . (4R)-methyl-4-[2-(furan-
2-yl)ethenyl]-1,3-oxazolidin-2-one 46c (10.0 g, 52.0 mmol)% MeOH (180 ml)IZ & fif L
T 2 2 K FEFHEA T ER T 40 o L 72, )OS # 5 @ palladium-charcoal
T4 RNABLIEER, AREZEBIETHEELLE, BEE VDSV Ia~ T T 7
4 —(hexane:AcOEt =3:2to 1:1)IZ LV FH L T, ik &% 30c (7.95 g, 78.0% yield,
84.0%ee)x f37-, 7ok, fFH N7z 30c DFMEITZL FITrAd &M% MW/ HPLC
SIHTIC X W PkE L7z, DAICEL CHIRALCEL AD (4.6¢ x 250 mm), hexane:2-propanol =
85:15, ¥ii#: 1.0 ml/min, 7& ¥ : 25.0°C. (S)-45¢c & (R)-45c O F R Ix = 2 h 13.1
4y & 15.4 4y TdH » 7=, *H NMR (400 MHz, CDCl3) 6§ 1.38 (s, 3H), 1.68-1.61 (m, 2H),
1.98-1.94 (m, 2H), 2.72 (t, 2H, J = 8.0 Hz), 4.04 (d, 1H, J = 8.4 Hz), 4.11 (d, 1H, J = 8.4
Hz), 5.92 (brs, 1H), 6.03 (d, 1H, J = 2.6 Hz), 6.29 (br d, 1H, J = 2.6 Hz), 7.31 (brs, 1H,);
IR (CDCls) 3450, 2975, 2928, 2250, 1755, 1599, 1508, 1400, 1381, 1147, 1045, 1010

1 MS (El) m/z: 195 (M*).

(2R)-Amino-2-methyl-4-(thiophen-2-yl)butan-1-ol 1/2 D-(-)-tartrate (16a)
: / \ HO,, CO,H
: 1/2
002

(4R)-Methyl-4-[2-(thiophen-2-yl)]ethyl]oxazolidin-2-one 30a (85.0%ee, 7.30 g, 34.6
mmol)% THF (35.0 mI)3& X O MeOH (70.0 m) D R &k IC A L. 5 #l & KOH KR
(70.0mN&E Nz, 2 AMMEGERGE L7, wH%E. KIGHKIZAK (150 ml)Z N x . CH,CI,

84



(150mlx2)THIH L., AEZEKEES N v ATHELE, Ak, BIE TR
WA B & L FRE % EtOH (60.0 mI)IZ & fi# L . D-(-)-tartrate (5.19 g, 34.6 mmol)®» EtOH
(50.0mhEE 2z M A T 10 M L& i Loz AL Hiks 16a(7.56
0)% 15 7-, ML & (7.56 g)& EtOH (75.0 ml) & /K (50.0 m)DIE SR 2> 5 F#5 5 L.
ik &% 16a(5.89 g, 98.0%ee) & MR & L TRz, BoNTZER{LEY 16a
(5.89 g, 98.0%ee)(Z%f L, EtOH (60.0 ml) & /K (54.0 m) THMEMBIELFEITH> 2 &
T. 16a(5.11 g, 38.0% yield, 99.7%ee) 7234 & 417, mp: 234-235°C; [a]**p = —14 (¢ 1.0;
H,0); IR (KBr) 3400, 3218, 3126, 2937, 2596, 1599, 1530, 1400, 1124, 1077, 715 cmt
Anal. Calcd for CoqH;5sNOS-0.5C,H.,04: C, 50.95; H, 6.61; N, 5.40; S, 12.36. Found: C,
50.68; H, 6.91; N, 5.38; S, 12.48.

kB, 16a DYEFMAEIL, LT OBRMEICEIVRE L,

(2R)-Amino-2-methyl-4-(thiophen-2-yl)butan-1-ol 1/2 D-(-)-tartrate 16a (62.1 mg,
0.160 mmol)% CH,CIl, (1.60 ml)IZ % # L . Boc,O (176 mg, 0.810 mmol), triethylamine
(0.230 ml, 1.62 mmol), # L U 4-dimethylaminopyridine (3.00 mg, 25.0 umol) % /il % .
HER T30 oML L, KGO uh)EMx, BE FEEZEEL, BEEZ ) Y
NI a~ b7 Z 7 ¢ —(hexane:AcOEt = 1:1)I2 L W ¥ L C. (4R)-Methyl-4-[2-
(thiophen-2-yl)]JethylJoxazolidin-2-one 30a (20.0 mg, 60.0%) % & 7=, % & #1 7= 30a (X ¢
R LIZRMETHPLC o 24T\, N ME 23R E LT,

(2R)-Amino-2-methyl-4-(1-methylpyrrol-2-yl)butan-1-ol 1/2 D-(-)-tartrate (16b)

[ ,[

(4R)-Methyl-4-[2-(1-methylpyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one 30b (17.9 g, 86.0
mmol)% THF (250 ml)3 L Y MeOH (125 mI) DR A\ CEfE L. 5 & KOH KIE K
(125 mhyZ fnx .4 B REIINEGE G L7, i H & | RS #K 127K (200 ml) & i 2 . CH,Cl, (200
mlx2)yTHiti L, AHE 2 EKEEST N DL THBRLE, A%, BETFTEEZ
BE L., 7RE % EtOH (260 m)IZ ¥ fi# L. D-(-)-tartrate (6.45 g, 43.0 mmol) % il 2 T 2
REfI R L2 %, T L2/ z2 AL, A& Q0.7 97, MM 187 9%
EtOH (370 ml) & K (B7.0 mND R EEB NS H RS L& S =M 2 B JE EtOH (300
ml)& K (30.0MN)DIEBEGEEE O FHAEMS L. I/ 6K a2 HE EtOH (240 ml)
EK(Q24.0 MNOBREASEBE O HiES LT, E{kA % 16b (10.5 g, 47.0% vyield,
99.7%ee) & M {4 fiff ok & L T4 7-, mp: 198-199°C; [a]®*p = -13 (¢ 1.0; H,0); IR
(KBr) 3480, 3430, 2926, 2634, 2545, 1586, 1516, 1389, 1359, 1309, 1291, 1105, 1039,
710, 690 cm™; MS (FAB) m/z: 183 (M+H)" as free form of title compound. Anal. Calcd for

CO,H

CO,H
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C10H1sN,0-0.5C4H40¢: C; 56.01, H; 8.23, N; 10.89. Found: C; 55.81, H; 8.22, N; 10.89.
mF. 16b OLFME L, LT OBIEICIVREL TWD,
(2R)-Amino-2-methyl-4-(1-methylpyrrol-2-yl)butan-1-ol 1/2 D-(-)-tartrate 16b (41.4

mg, 0.160 mmol)% CH,Cl, (1.60 ml)IZ % % L . Boc,O (176 mg, 0.810 mmol).

triethylamine (0.230 ml, 1.62 mmol), ¥ X % 4-dimethylaminopyridine (2.00 mg, 16.0

umol)Z il 2 . =R T 30 wMEH Lz, KGBOOu)E M, BIE FTHEREZEEL, &

K& U ANV a~ k27T 7 4 —(hexane:AcOEt = 3:2 to 2:1)Ic L v K8l L T,

(4R)-methyl-4-[2-(1-methylpyrrol-2-yl)ethyl]-1,3-oxazolidin-2-one 30b (17.7 mg, 53.0%)

BT 5D A7z 30b LSBT AR L7 & fF T HPLC 4T 24T W Bl BE 2 IR L 72,

(2R)-Amino-2-methyl-4-(furan-2-yl)butan-1-ol 1/2 D-(-)tartrate (16c)

: / \ HO,, CO,H
2 1/2

Co2

(4R)-Methyl-4-[2-(furan-2-yl)ethyl]-1,3-oxazolidin-2-one 30c (29.9 g, 153 mmol) %
THF (150 ml)# £ O MeOH (150 ml) DR A RIS ¥ fig L, 5 BLE KOH /K ¥ iE (150 ml)
A, 3 BMMBEW L=, mA%K., RISHKIZAK (100 ml)% 0 x . CH,CI, (100 ml x
Q) THIH L, AEEEmAKMME ST N AT LE, A%k, WIE THEELEE
L. 7 % EtOH (250 ml)IZ & fi# L . p-(-)-tartrate (11.5 g, 76.6 mmol)® EtOH (100 ml)
WikAMx TLOmMHHL LB HLEK&EE AT L S D&% E EtOH
(300 ml) & K (75.0 ml) DR & B2 & 5 d L T FL{b & % 16c (24.4 g, 65.0% vyield,
99.3%ee) & @& PR L & L T 7=, mp: 200-204°C; [a]**p = -13 (c 1.0; MeOH), -12 (c
1.0; H,0); IR (KBr) 3405, 3226, 3135, 2943, 2597, 1598, 1528, 1401, 1299, 1228, 1124,
1079, 1003, 740 cm™*; MS (FAB) m/z: 170 (M+H)" as free form of title compound. Anal.
Calcd for CgH15N0O,-0.5C4H406: C; 54.09, H; 7.43, N; 5.73. Found: C; 53.93, H; 7.30, N;
5.79.

mEB . 16c DFMMEIT, LT OBIEICIVRE L,

(2R)-Amino-2-methyl-4-(furan-2-yl)butan-1-ol 1/2 D-(-)tartrate 16c¢ (51.2 mg, 0.160
mmol)% CH,Cl,(1.60 m)IZ%# L . Boc,O (176 mg, 0.810 mmol). triethylamine (0.230
ml, 1.62 mmol), # £ U 4-dimethylaminopyridine (3.00 mg, 0.0250 mmol) Z /il 2 . =&
T 20 I L7z, K(B00 phZzmx ., BIEFTEEZHEL, g2V oy
n < b2 Z 7 4 —(hexane:AcOEt = 1:1)iC &k » ¥ % L T. (4R)-methyl-4-[2-(furan-2
-yl)ethyl]-1,3-oxazolidin-2-one 30c (18.0 mg, 58.0%)% #37-, f+ 5 #1172 30c (X iz /”m L
2R ETHPLC oz i, NZEMEZRE LT,
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(S)-2-[(tert-Butoxycarbonyl)amino]-3-[(tert-butyldiphenylsilyl)oxy]-2-methyl-
propanol (55)

HO/\i/\OTBDPS
NHBoc

(2R)-tert-Butoxycarbonylamino-3-hexanoyloxy-2-methyl-1-propanol (R)-17a (6.9 g, 23
mmol) @ CH,Cl, (50 ml) & #% & . K ¥ F . imidazole (4.6 g, 68 mmol) &
tert-butyldiphenylsillylchloride (TBDMSCI) (9.3 g, 34 mmol) & il 2 7= % . =i £ TH
L. 2R L7, KIGHKIZ Et,O (1000mh)E Nz 72% ., ST L= REHmE & 7
A FABL, AWEWIE T, RHME L7, 55N 7KiE%L MeOH (45 ml) & THF (45 ml)
THRL, OCICTH A L%, 1T NaOH KEKE A5 m) & N 2 7=, {8 T 3 K ##
Bk, WIEZWE FICTH E L, CHCL, (50 ml x 3)THith L7 . AHEE %2 fafn
BHEARKGOM)THEE L, EAME ST N v LATHELL, Ak, BE FEEZ®
LKL T, BEEZIYV BTSNV T A a~v M7 T 7 4 —(hexane:AcOEt = 20:1 to 5:1)
X KR LT, (LAY 55 (8.4 g, 84%) & MEKME & L TH7-., 'H NMR
(400MHz, CDCl3) §1.08 (s, 9H), 1.23 (s, 3H), 1.44 (s, 9H), 1.61 (brs, 1H), 3.53-3.77 (m,
4H), 5.12 (brs, 1H), 7.30-7.45 (m, 6H), 7.55-7.65 (m, 4H); IR (KBr) 3424, 1715, 1696
cmt; MS (FAB) m/z: 444 (M"); Anal. Calcd for C,5H37NO,4Si: C, 67.68; H, 8.41; N, 3.16.
Found: C, 67.49; H, 8.34; N, 3.20.

(R)-N-(tert-Butoxycarbonyl)-4-hydroxymethyl-2,2,4-trimethyl-3-oxazolidine (56)
:starting from (S)-2-[(tert-Butoxycarbonyl)amino]-3-[(tert-butyldiphenylsilyl)oxy]-2-
methylpropanol (55)

OH

(0]
)(NBOC

(S)-2-[(tert-Butoxycarbonyl)amino]-3-[(tert-butyldiphenylsilyl)oxy]-2-methylpropanol
55 (8.4 g, 19 mmol)® CH,Cl, (100 m)¥& # (2. 2,2-dimethoxypropane (23 ml, 0.19 mol)
L BF3;-OEt; (0.12 ml, 1.0 mmol) = M x 7=t . =R T 1 KFEMBL L=, KISKIZ
triethylamine (5.0 ml)Z Al 2 7= %% . WL T2 8 £ L 72, % THF(1.0 x 10> ml)
Wi &, 0°CI2 T, TBAF (in THF, 1M, 29 ml, 29 mmol)Z il 2. =|iE ¥ THIE L
7oth. SHEFMIBEE L7-, NS IZ/AK(100 m)%E %2, AcOEt (50 ml x 2) THiH L 7=,
AHIE 2 A K (BOm)THH L, MK Y v ATHRELE, Sl&%, W
JETHWMEZEEL T, EE2 VDTSV DT A7 a~ N7 T 7 1 —(hexane:AcOEt =
10:1to LL)IC K W KSR L T, b &G4 56 (3.4 9, 93%) A kG A RHE L L TH
7=, *H NMR (400MHz, CDCls) §1.43 (s, 3H), 1.49 (s, 9H), 1.56 (s, 6H), 3.75-3.52 (m,
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4H), 4.55 (brs, 1H), 4.57 (brs, 1H); IR (KBr) 3461, 2978, 1696, 1673, 1395, 1368, 1256,
1175, 1095 cm™; MS(FAB) m/z: 247 (M+H)".

:starting from (2S)-tert-Butoxycarbonylamino-3-butanoyloxy-2-methyl-1-propanol
((S)-44)

(2S)-tert-Butoxycarbonylamino-3-butanoyloxy-2-methyl-1-propanol (S)-44 (19 g, 70
mmol)® CH,Cl, (2.0 x 10> mI)¥&# \Z . = iR T 2,2-dimethoxypropane (83 ml, 0.70 mol)
& BF3-OEt, (0.40 ml, 3.4 mmol) & /il % . 1 W [ 48 4 L 7=, Bt i 12 triethylamine (10 ml)
EI A% BE FREZ28E LI O tert-butyl (4S)-4-(butanoyloxymethyl)-2,2,4-
trimethyl-oxazolidine-3-carboxylate Z s A MKMW E & L TH L, o HAEKY %
THF (100 ml) & MeOH (160 mI)IZ AR L 72 #% . 1 BLE NaOH K&K (70 ml)z iz, =
BT 20 R Lz, WIE FIEB 28 L5 L T, AK(A50mN)% % 7=1%. CH,CI, (100
mlx2)THIMH L7z, A¥EZEMEEKGOmM)THRE L., MAKME T MY 7 AT
L7z, Altc, METEEZEELT, BBV ATV T Lo~ NI T 7T
+ — (hexane:AcOEt = 10:1 to 2:1)IC XV HE# L T, fEFt{kA % 56 (16 g, 91%) % K 35
Bk E L L TH,

(S)-N-(tert-Butoxycarbonyl)-4-formyl-2,2,4-trimethyl-3-oxazolidine (19)

CHO

O/\ll\l/BOC
)(

Oxalyl chloride (2.18 g, 17.2 mmol)® CH,Cl; (30.0 m)&E &K % -78C iz Hl L 7= #% .
Dimethylsulfoxide (DMSO) (2.23 g, 28.6 mmol) = M %z, [RAIE TS5 L -, Kt
12 . (R)-N-(tert-Butoxycarbonyl)-4-hydroxymethyl-2,2,4-trimethyl-3-oxazolidine 56
(3.52 g, 14.3 mmol)® CH,CIl, (30.0 ml)iE®E % M %, -78C T 15 MM L%,
triethylamine(5.79 g, 57.2 mmol) Z Il % 7= . It iR & iR £ TH-IR L, faFn 5 # /K (70.0
mD %z Nz RS 5 IES g%, Etb,0 (70.0 mDZ Mz 72, HHE%Z 1 & KHSO, Kk
iR (30.0 ml), faf0 ¥ K (70.0 ml), A0 & HEOK (70.0 m) THEIZ Ped L7tk A 1K
JE & KT N U LATHBE L, A%, BETEEZEEL T, ZiEx T
BN H T A a~ k7T 7 4 —(hexane:AcOEt=9:1)IC X W R L T, Ei(LEaW
19 (3.34 g, 96.0%)% A @ [E{K & L T 7=, 'H NMR (400MHz, CDCl;) & 1.30-1.70 (m,
18H), 3.65-3.68 (2d, 1H, J = 6.9 Hz), 3.92 (d, 1H, J = 9.3 Hz), 9.39-9.46 (2s, 1H); IR
(KBr) 1699, 1368, 1354 cm™; MS (ESI) m/z: 245 (M)*; Anal. Calcd for C1,H,:NOy4: C,
59.24; H, 8.70; N, 5.76. Found: C, 59.52; H, 8.76; N, 5.71.
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Biology
Inhibitory activities against Host versus Graft Reaction in rats (HvGR)

RERICIE, 2RO F v b [Lewis (., 6##E. AARAF ¥ — LR« UN—KAS
) & WKAH/Hkm (H, 78, AA= 20y —AEd)] 2M L, 185
o7y b (FEE) 2HWE, 3, UTOHRIEICEDY, HVGR O FE AT - 72,
WKAH/Hkm 7 v b &£ 721% Lewis 7 v b @ g o & M GR A0 2 BB L. RPMI1640 £
o (54757 70— H) THEE 1 x 10% 8 /ml o> 0B ik 2 E L7,
WKAH/Hkm 7 © JHig M v 9% 0.1 ml 2 Lewis 7 v ~ Ot ik 2 &N (HVGR
BREE) . E70X Lewis 7 v b O EM IR EER 0.1 ml & Lewis 7 v bk Ol & ik 2
BER N (FREE) ([CHEH L, R, ka5 21T, 3, ABRALE®m %
05% b7 HH > PR T, T 0.8mg/5ml . 0.08 mg/5ml 3 X % 0.008 mg/5 ml
DWREICHEB L-, AR L-B®BKE 05% I bEE, ThEh, (AE 1
kg %720 5moOEAT, 1H 1A, MEMBRENHE»S 4 BMER T v MIRED
Beh L, £72, FRHE (Lewis 7 v MM AZEN I, kEHERE IR
W Lewis 7 v b)) & kFREEE (WKAH/HKkm 7 v Mg 2 S S, ke x5
I Lewis 7 b)) 12, 05% NIy MEAEROEE L,

FEAEOKEEY o RNHEENLFARBEOVHREY o \fHiEEZH & (THYGR IZ
LoEmYy RN ER) =(Gl)., MBEEOFEY THGRICXL 2 HE Y o \HiE & =
(G2) Xt T 2k AWHEEGRHOEHEMIED THGRICE 2 EE Y v/ fiEH &) = (G3) M
Sl R EZ R HT 2 (X 2)

i R (%) = (G2-G1)/G3 x 100 (X 2)
725 . IDso M (mg/kg)iZ b G D& G- & L Ml Er bR/ ZRIELH W THEE L,
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BIEICETDLER

Dimethyl (2R,4S)-2-tert-butyl-4-methyl-1,3-oxazolidine-3,4-dicarboxylate (67)

Z_CO,Me
o

N\
/K CO,Me

Dimethyl (2R,4S)-2-tert-butyl-1,3-oxazolidine-3,4-dicarboxylate 66°? (384 g, 1.57
mol)® THF (2.30 N #k 1Z, EFFPHS T . N,N'-dimethylpropyleneurea (DMPU) (380
ml) & methyl iodide (290 ml, 4.70 mol)& N 2, -20CICHWm A L7z, KRISHK B -5CLL |
W72 bRk I E L2, lithium bis(trimethylsilyl)amide (LiIHMDS) (1.0 M in
THF, 1.80 1, 1.80 mol)2 @} > < W L T L7, i Tk, S 5I2-10C T 1R fE#R L
7o o OGS HRIZ 10% NH4Cl 7K % % (300 ml) & Jil % 7= #% . toluene (500 ml x 2) THlH L 7=,
AHeTE 2 M R AK(200mIx 2) THE L%, BETEEZE EL., E2ibad 67
(3739, 92.0%) = A MKMW E L L THL, BohibtaWIERBEEZT > Z &2
<. WORISICHEMR L, [a]?’b = -9.7 (¢ 1.0, MeOH); *"H NMR (400 MHz, CDCl3) &
0.97(s, 9H), 1.62 (s, 3H), 3.69 (s, 3H), 3.77 (s, 3H), 3.82 (d, 1H, J = 8.3 Hz), 4.28 (d, 1H,
J = 8.3 Hz), 5.15 (s, 1H); *C NMR (100 MHz, CDCl3) §21.2, 26.3, 39.0, 52.4, 52.6, 66.5,
76.9, 97.6, 155.1,172.2; IR (Liquid Film) 2958, 2909,1737, 1719, 1478, 1443, 1345, 1313,
1282, 1249, 1218, 1195, 1141, 1115, 1059, 1034 cm™*; MS (FAB) m/z: 260 (M+H)".

Methyl (2R,4R)-2-tert-butyl-4-hydroxymethyl-4-methyl-1,3-oxazolidine-3-carboxylate
(26)

Oﬁ:—/\OH

N\
//z/ CO,Me

Lithium chloride (132 g, 3.13 mol) & litium borohydride (68.0 g, 3.13 mol)(Z % 5% 7% P
X F. THF (3.80 D& il %2, LW R8BI L 7=, KK IZ, dimethyl (2R,4S)-2-tert-butyl-
4-methyl-1,3-oxazolidine-3,4-dicarboxylate 67 (373 g, 1.44 mol)® toluene (1.15 )& K
WM TN L%, ERC3IMMBHLE, KIB T, KIS Z WAL, 10% NH,CI 7K (300
mhzw->< V& F L%, toluene (500 ml x 2)THIH L 7=, HHJ=E % /K (500 ml)
T LI-th, BWETHREZ®E E L, ER L& % 26 (327 g, 98.0%) % fE {4 i1 Ik ¥ &
ELTHE, BonlbtEWITRRBELZITI) 2L, KORKISIZER L7,
[a]*p = +13 (¢ 1.0, MeOH); *"H NMR (400 MHz, CDCl3) §0.93 (s, 9H), 1.43 (s, 3H), 3.55
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(d, 1H, J = 11.3 Hz), 3.71 (s, 3H), 3.74 (d, 1H, J = 8.6 Hz), 3.83 (d, 1H, J = 11.3 Hz), 3.87
(d, 1H, J = 8.6 Hz), 5.13 (s, 1H); **C NMR (CDCl3, 100 MHz) & 19.5, 26.4, 38.6, 52.5,
65.2, 67.1, 75.8, 97.3, 156.8; IR (Liquid Film) 3440, 2959, 2909, 2875, 1709, 1686, 1479,
1447, 1399, 1358, 1317, 1281, 1196, 1172, 1134, 1112, 1069, 1047, 960, 805, 759 cm™’;
MS (FAB) m/z: 232 (M+H)".

Methyl  (2R,4S)-2-tert-butyl-4-(iodomethyl)-4-methyl-1,3-oxazolidine-3-carboxylate
(68)

N\
COzMe

lodine (I,) (0.13 g, 0.52 mmol)® toluene (10 mI)¥& % {Z triphenylphosphine (0.14 g,
0.52 mmol)% /il 2 . 60°C T 30 4y [ ###: L 7= #% . methyl (2R,4R)-2-tert-butyl-4-hydroxy-
methyl-4-methyl-1,3-oxazolidine-3-carboxylate 26 (0.10 g, 0.43 mmol) ® toluene (3.5 ml)
Y& & . imidazole (35 mg, 0.52 mmol)% il =, 60°CC LW L 7=, KIS O R
Wua HR Licth, WIETHWI AR ELLZ, BonEELE VDTV H T A7 0
~ b 27 7 4 —(hexane:AcOEt = 20:1to 5:1)IC L W K58 L <. LA 68 (53 mg,
36%) & MR E & LT/, "HNMR (400 MHz, CDCl3) & 0.92 (s, 9H), 1.56 (s,
3H), 3.36 (d, 1H, J = 9.4 Hz), 3.65 (s, 3H), 3.75 (d, 1H, J = 9.0 Hz), 3.78 (d, 1H, J = 9.4
Hz), 4.02 (d, 1H, J = 9.0 Hz), 5.22 (s, 1H); MS(ESI) m/z: 342 (M+H)".

Methyl (2R,4R)-4-[(benzyloxy)methyl]-2-tert-butyl-4-methyl-1,3-oxazolidine-3-
carboxylate (69)

N\ /\@
//t CO,Me

Methyl (2R,4R)-2-tert-butyl-4-(hydroxymethyl)-4-methyl-oxazolidine-3-carboxylate
26 (11.0 g, 48.0 mmol)?® DMF (100 m)¥##K # 0°C ({2 #EI L 7= % . sodium hydride (60%
in mineral oil, 2.20 g, 58.0 mmol) % il 2. 10 4y M ##: L 7=, WRIEIZ T. benzylbromide
(10.7 g, 62.0 mmo)Z M x 7% ., EWEF THIE L., 2 KR\ L, KoK IZEm
NH,Cl K ¥ % (100 ml) % il 2. AcOEt(200 ml x 2) CHitH L 7=, A JE % /K (100 ml),
fa A K (100 mI) THE#H L. HEKmE S MY v ATEELZ, A%, BETHE
MAEHELT, BEZIV DTSNV T A e~ 27 T 7 4 —(hexane:AcOEt = 5:1 to
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JIDICE YV ERL T, EifbAY 69 (13.6 g, 88.0%) 2R E MM E & L THEE,
[a]?° = -14 (¢ 1.0, CH30H); *H NMR (500 MHz, CDCl3) §0.89 (s, 9H), 1.39 (s, 3H), 3.63
(m, 1H), 3.64 (s, 3H), 3.86 (brs, 1H), 3.72 (d, 1H, J = 8.8 Hz), 4.13 (d, 1H, J = 8.8 Hz),
4.51 (q, 2H, J = 11.7 Hz), 5.11 (brs, 1H), 7.24-7.35 (m, 5H); **C NMR (126 MHz, CDCl;)
520.6, 26.5, 38.6, 52.0, 63.4, 73.5, 74.7; IR (KBr) 2954, 1707, 1441, 1338, 1311, 1174,
1111, 1063, 1028, 958, 737, 698 cm™; MS (FAB) m/z: 322 (M+H)"; HRMS (ESI): calcd for
C1sH2sNO4 [M+H]" 322.2022, found 322.2018.

Methyl [(2S)-1-(benzyloxy)-3-hydroxy-2-methylpropan-2-ylJcarbamate (70)

HO/\;(\O
HN_
COzMe

Methyl (2R,4R)-4-[(benzyloxy)methyl]-2-tert-butyl-4-methyl-1,3-oxazolidine-3-
carboxylate 69 (9.90 g, 25.0 mmol)® MeOH (120 ml)¥ #Z |Z p-TsOH monohydrate (1.50 g,
8.50 mmol)z MMz . MEGEN F. LML L, BIETEEZE EL., HAERD &
LT 70 (136 )x EAMRME L L TR, Bohi 70 TR REEL
722 &<, OIS L7z, MS (FAB) m/z: 254 (M+H)",

(4R)-4-[(Benzyloxy)methyl]-4-methyl-1,3-oxazolidin-2-one (71)

0
0
LAY T & % methyl [(2S)-1-(benzyloxy)-3-hydroxy-2-methylpropan-2-yl]-

carbamate 70 (13.6 g, <25.0 mmol)® THF (200 ml) & % (2 . = & T potassium
tert-butoxide (7.70 g, 68.0 mmol)Z iz, 3WFMIHEH# L 7=, KIS IZ 1 & HCI KR
W (100 mh) % iz 7= #% . AcOEt (100 ml x 2) CTHi L 7=, AHHJE % /K (100 ml), £ Fn
B AK(100 mI)THEHEH L, WAMB T NV U LATEHBELL, A%, BE FTHEKLY
MELCT, BEEZ VW5V T 57 v~ 7T 7 4 —(hexane:AcOEt = 3:1 to 1:2)
WXL T, EiibkA® 71 (8.80 g, 95.0% for 2 steps) & EE @A IRME & L &
oo B, HBONTE TLORFME XL FICAT S % H Wiz HPLC 5411 £ v k&
L 72, DAICEL CHIRALCEL OD (4.6¢ x 250 mm), hexane:2-propanol = 85:15, & : 1.0
ml/min, & 25.0°C. (S)-71 & (R)-7T1 DR FFIFMIZE N TN 6.257 L 9.0 Th o 7=,
[a]?°o = +7.3 (¢ 1.0, CH30H); *H NMR (500 MHz, CDCl3) §1.35 (s, 3H), 3.35 (d, 2H, J =
4.4 Hz), 4.00 (d, 1H, J = 8.8 Hz), 4.19 (d, 1H, J = 8.8 Hz), 4.53 (d, 2H, J = 2.4 Hz), 5.26
(s, 1H), 7.27-7.36 (m, 5H); *C NMR (126 MHz, CDCl;) & 23.0, 57.3, 73.4, 73.6, 75.1,
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127.7, 128.0, 128.5, 137.5, 159.2; IR (KBr) 3271, 1738, 1383, 1254, 1194, 1097, 1039,
933, 737, 698 cm’'; MS (FAB) m/z: 222 (M+H)"; HRMS (ESI): calcd for Ci,H:1NO3
[M+H]" 222.1130, found 222.1121.

(4R)-4-(Hydroxymethyl)-4-methyl-1,3-oxazolidin-2-one (72)

OH
0}

N

O

(4R)-4-[(Benzyloxy)methyl]-4-methyl-1,3-oxazolidin-2-one 71 (2.6 g, 12 mmol) ®
EtOH (150 ml)¥ # |Z . potassium carbonate (6.0 g, 43 mmol) & 10% Pd-C (50% wet, 4.0
QO&FMA, KFZFFWAT, LT IFHB\HLL, sz A FA L, AR
FIWOE TIRAM L, B 72 (26 g, 1% 2 EEFRAYWE E LK, B, &
bR AEAMITHRYTZ 2 <, WORIBICHEM L7, "H NMR (500 MHz,
CD;0D) & 1.22 (s, 3H), 3.37 (d, 1H, J = 11.2 Hz), 3.43 (d, 1H, J = 11.2 Hz), 3.98 (d, 1H,
J = 8.6 Hz), 4.29 (d, 1H, J = 8.6 Hz); MS (FAB) m/z: 132 (M+H)".

(4S)-4-(lodomethyl)-4-methyl-1,3-oxazolidin-2-one (73)

O>fNH
o]
FLAE R T & % (4R)-4-(hydroxymethyl)-4-methyl-1,3-oxazolidin-2-one 72 (4.2 g, <31
mmol)® pyridine (40 m)¥ % 12 p-TsCl (8.9 g, 46 mmol) Z il x . =R T 3 FRE B L
T=o T O% ., RISHKIZ 1 BLE HCl K E#E (100 ml)z il 2. CH,Cl, (100 ml x 2) T fili
L7z, AHEZ 2 & HCI KB (50 ml), fafn & H K (50 ml) TPed L. MoK ER -
YD ATHELEL, A%, BETEEZEEL T, HAEKWE LT KU LES
MEHT-, oz b {bA ¥ % acetone (120 mI)IZ & f# L 7= % . Nal (18 g, 0.12
mol)Z il x . MEGEWR T, 12FMMEE L, REYWEA B L%, A2 BIE T E
Mg L7z, FRMEIZ/KZ I %2, AcOEt (150 mI) THiH L. A JE % fafn Na,SO;z /K I 7 (50
ml), fafI AR GBOM)THEF L-th, BAMEBEST M) U ACTH@ELE, W%, BE
THRIEZBELC, BEZ2I DSV T L7 v~ NT T 7 1 — (hexane:AcOEt =
2:1to1:2)iIc ki L <, kAW 73 (5.8 g, 78% for 2 steps) % % ik ¥ E &
L TH7=, [a]*°o=-15 (c 1.0, CH30H); 'H NMR (500 MHz, CDCl;) § 1.58 (s, 3H), 3.31
(d, 2H, J = 4.9 Hz), 4.15 (d, 1H, J = 8.8 Hz), 4.28 (d, 1H, J = 8.8 Hz), 5.68 (brs, 1H); **C

NMR (126 MHz, CDCl3) 6 15.1, 25.4,57.2, 74.9, 158.5; IR (KBr) 3248, 1776, 1401, 1289,
1214, 1140, 1051, 956, 762 cm™'; MS (FAB) m/z: 242 (M+H)"; HRMS (ESI): calcd for
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CsHoNO,l [M+H]" 241.9678, found 241.9687.

{[(4S)-4-Methyl-2-0x0-1,3-0xazolidin-4-yllmethyl}(triphenyl)phosphonium iodide
(24Db)

O;;’ifp*%sr
o]

(4S)-4-(lodomethyl)-4-methyl-1,3-oxazolidin-2-one 73 (4.20 g, 17.0 mmol) ®
DMF(20.0 m)iA % 2. PPhs (46.0 g, 174 mmol)% il 2. 110°C T 3 MM MW#H L 7=, K
Ji K 22 MeOH/ACOEt (20.0 mI/50.0 m) TAHM L7z, BIRT1IHKELZ, 21T
BEL 7SRO FEREEZT o P LTRWEHR, FEIREZBE FTREMEL., A
L L CHERAL G Y 24b (7.00 Q)& 572, SO N MAEKY X E MeOH/ACOEL
(20.0 mI/200 ml) % H W T HERE BB EZ 1TV, S O 24b (5.0 g, 57%) % H A [H K &
L TH 7=, mp: 106-110°C; [a]*°p = -37 (¢ 1.6, CH30H); "H NMR (500 MHz, CDCls) &
1.73 (s, 3H), 3.81-3.87 (m, 2H), 4.40 (dd, 1H, J = 3.2, 12.8 Hz), 4.76 (dd, 1H, J = 3.2,
12.8 Hz), 6.52 (s, 1H), 7.71-7.75 (m, 6H), 7.80-7.84 (m, 3H), 7.97-8.01 (m, 6H); *C NMR
(126 MHz, CDCl3) 630.3 (d, J = 8.0 Hz), 32.2 (d, J = 49.1 Hz), 57.0 (d, J = 4.6 Hz), 74.8,
118.0 (d, J = 85.9 Hz), 130.7 (d, J = 12.7 Hz), 134.0 (d, J = 10.3 Hz), 135.3 (d, J = 3.0 Hz),
157.2; IR (KBr) 3394, 3225, 2854, 1741, 1438, 1108, 1052, 747, 690 cm™; HRMS (ESI):
calcd for C,3H23INO,P [M-1]" 376.1466, found 376.1461.

(4R)-4-Methyl-4-[(E)-2-phenylethenyl]-1,3-oxazolidin-2-one (20a)
(4S)-4-(diphenylphosphorylmethyl)-4-methyl-oxazolidin-2-one (24-0)

:typical procedure of a Wittig reaction.

%NH and

0]

EHRZFEMHE T, & AKR =17 L 24b (0.50 g, 1.0 mmol, 2.0 eq.)® THF(5.0 m)& %
% -78C Iz A1 L. n-butyllithium (1.9 M in hexane, 1.0 ml, 2.0 mmol, 3.9 eq.)% P - <
D& L, [FIET 30 M@+ L7z, RN IZ benzaldehyde 25a (54 mg, 0.50 mmol,
1.0 eq)Z Mz 7%, HAICHE L, RIERT 2 BREBHELEZ, TO%., BT NHCI
KEEW (L0 ml) & 2 . AcOEt (10 ml x 2) THiHi L 7=, A HEE % K (10 ml) & fi Fn £ 3
AK@AOmMD)THE L, EAME T MY v LATEBELEL, A%, BETFTEELZ®EEL
T, B V5NV T8~ 77 4 —(hexane:AcOEt = 3:1to 1:1)I2 L P
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FEHLL T, =R k&% 20a (0.10 g, 99% yield, 98.6%ee) Z E @ [H (A & L T 5 & [{ K
IZ . (4S)-4-(diphenylphosphorylmethyl)-4-methyl-oxazolidin-2-one 24-O (0.16 g, 99%
yield)Z &7, 28, 5 o7 20a O FME XL TR T &M% H Wiz HPLC 75 #r
\Z L v ikiE L7, DAICEL CHIRALCEL IA (4.6¢ x 250 mm), hexane:ethanol = 95:5 (0
min) — 50:50 (8.0 min), ¥ #: 2.0 ml/min, & & 25.0°C. {%¥F¢ K5 [# 1% (S)-20a & (R)-20a
XZN TN 46453 L 5350 Th o,

({b& 4% 20a) mp: 155.4-155.6°C; [a]*°p = -61 (¢ 0.27, CH30H); '"H NMR (500 MHz,
CDCl3) & 1.53 (s, 3H), 4.17 (d, 1H, J = 8.3 Hz), 4.23 (d, 1H, J = 8.3 Hz), 5.09 (s, 1H),
6.21 (d, 1H, J = 16.1 Hz), 6.59 (d, 1H, J = 16.1 Hz), 7.26-7.36 (m, 5H); *C NMR (126
MHz, CDCl3) & 25.6, 58.5, 76.5, 126.7, 128.3, 128.7, 130.1, 131.2, 135.7, 159.0; IR (KBr)
3293, 1756, 1710, 1393, 1288, 1171, 1042, 967, 751, 659 cm™; MS (ESI) m/z: 203 (M)*;
Anal. Calcd for C1,H13NO,: C, 70.92; H, 6.45; N, 6.89. Found: C, 70.80; H, 6.49; N, 6.83.

(&% 24-0) mp: 180.6-181.4°C; [a]*°p = +9.1 (c 0.41, CH3OH); *H NMR (500 MHz,
CDCl3) & 1.34 (s, 3H), 4.09 (d, 1H, J = 8.8 Hz), 2.60-2.78 (m, 2H), 4.21 (d, 1H, J = 8.8
Hz), 6.44 (brs, 1H), 7.46-7.57 (m, 5H), 7.67-7.71 (m, 2H), 7.78-7.82 (m, 2H); *C NMR
(126 MHz, CDCl3) 626.7, 39.9 (d, J = 69.1 Hz), 57.3 (d, J = 4.8 Hz), 77.4 (d, J = 12.5 Hz),
128.9 (d, J = 3.6 Hz), 129.0 (d, J = 3.6 Hz), 130.3 (d, J = 9.5 Hz), 130.6 (d, J = 9.5 Hz),
132.2, 132.3, 132.8 (d, J = 90.6 Hz), 133.6 (d, J = 93.0 Hz), 157.7; IR (KBr) 3308, 1758,
1439, 1255, 1175, 1034, 930, 752, 699 cm™; HRMS (ESI): calcd for C,;7H;gNO3P [M+H]*
316.1103, found 316.1105.

(4R)-4-[(E)-2-(2,4-Dimethylphenyl)ethenyl]-4-methyl-1,3-oxazolidin-2-one (20b)

= S0 ik A% 20b X 2,4-dimethylbenzaldehyde 25b % f v C . 20a & [ &k D A& Bk 5 %
Wk HaEKE L TH 7 (72% vield, E/Z = >99/1), mp: 114.6-115.5°C; [a]*°p = -43 (c
0.19, CH3;O0H); *H NMR (500 MHz, CDCl3) & 1.56 (s, 3H), 2.28 (s, 6H), 4.17 (d, 1H, J =
8.3 Hz), 4.23 (d, 1H, J = 8.3 Hz), 5.03 (brs, 1H), 6.05 (d, 1H, J = 15.6 Hz), 6.77 (d, 1H, J
= 15.6 Hz), 6.96 (s, 1H), 6.97 (d, 1H, J = 8.3 Hz), 7.27 (d, 1H, J = 8.3 Hz); *C NMR (126
MHz, CDCl;) & 19.7, 21.1, 25.7, 58.7, 76.6, 125.6, 127.0, 127.8, 131.2, 131.6, 132.0,
135.6, 138.0, 158.9; IR (KBr) 3206, 3112, 2970, 2871, 1782, 1736, 1403, 1291, 1037, 984
cmt; HRMS (ESI): calcd for C14H1sNO, [M+H]" 232.1338, found 232.1337.
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Methyl 2-{(E)-2-[(4R)-4-methyl-2-0x0-1,3-0xazolidin-4-yl]lethenyl}benzoate (20c¢)

>ﬁNH CO,Me

= 20 {k & % 20c 1% 2-methoxylcarbonylbenzaldehyde 25¢ # T, 20a & R D&
IS L0 s AEIR S LT (75% vield, E/Z = >99/1), mp: 86.9-90.5°C; [a]*%
= -18 (¢ 0.17, CH30H); "H NMR (500 MHz, CDCl3) & 1.59 (s, 3H), 3.88 (s, 3H), 4.18 (d,
1H, J = 8.3 Hz), 4.26 (d, 1H, J = 8.3 Hz), 5.20 (brs, 1H), 6.06 (d, 1H, J = 16.1 Hz), 7.34
(m, 1H), 7.42 (d, 1H, J = 16.1 Hz), 7.45-7.50 (m, 2H), 7.92 (m, 1H); **C NMR (126 MHz,
CDCls) 6 25.3, 52.2, 58.7, 76.3, 127.6, 127.8, 128.6, 129.8, 130.7, 132.3, 133.7, 138.0,
158.9, 167.5; IR (KBr) 3206, 3112, 2970, 2871, 1782, 1736, 1403, 1291, 1037, 984 cm';
HRMS (ESI): calcd for C14H1sNO, [M+H]" 262.1079, found 262.1077.

(4R)-4-[(E)-2-(2,4,6-Trimethoxylphenyl)ethenyl]-4-methyl-1,3-oxazolidin-2-one (20d)

MeO OMe
N
o)
%NH OMe
o)

= Sk A% 20d 1% 2,4,6-trimethoxylbenzaldehyde 25d % v T, 20a & [A B D A& &
FIEIC L IR G EER & L THE 7= (89% yield, E/Z = >99/1), mp: 108.2-119.7°C; [a]*%
= -27 (¢ 0.22, CH30H); *"H NMR (500 MHz, CDCl3) § 1.59 (s, 3H), 3.85 (s, 3H), 3.86 (s,
6H), 4.20 (d, 1H, J = 10.5 Hz), 4.28 (d, 1H, J = 10.5 Hz), 5.26 (brs, 1H), 6.16 (s, 2H),
6.60 (d, 1H, J = 20.5 Hz), 6.86 (d, 1H, J = 20.5 Hz); *C NMR (100 MHz, CDCl;) & 25.7,
55.3, 55.7, 59.3, 77.1, 90.5, 106.0, 120.3, 131.7, 158.8, 159.4, 160.6; IR (KBr) 3313,
2941, 1764, 1732, 1605, 1460, 1230, 1124, 1039, 817 cm*; HRMS (ESI): calcd for
C15H20NOs [M+H]" 294.1341, found 294.1358.

(4R)-4-[(E)-2-(4-Dimethylaminophenyl)ethenyl]-4-methyl-1,3-oxazolidin-2-one (20e)

NM92
/\g/\/@/
(@)
>//NH
0]
@ Sk A % 20e 1% 4-dimethylaminobenzaldehyde 25e % fl v\ T . 20a & R DO A K5

HEIC kv EEAFEK S L THE 72 (63% vyield, E/Z = >99/1), mp: 136.7-137.5°C; [a]*’p = -77
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(c 0.090, CH3OH); *H NMR (500 MHz, CDCl3) § 1.56 (s, 3H), 2.97 (s, 6H), 4.16 (d, 1H, J
= 8.5 Hz), 4.23 (d, 1H, J = 8.5 Hz), 5.25 (brs, 1H), 6.02 (d, 1H, J = 15.9 Hz), 6.51 (d, 1H,
J = 15.9 Hz), 6.69 (d, 2H, J = 8.0 Hz), 7.26 (d, 2H, J = 8.0 Hz); **C NMR (125 MHz,
CDCly) & 25.5, 40.5, 58.5, 76.8, 112.5, 126.5, 127.6, 130.1, 150.1, 158.7; IR (KBr) cm*:
3372, 3253, 2904, 1768, 1720, 1608, 1522, 1355, 1188, 1035, 966, 806, 770 cm™*; HRMS
(ESI): calcd for C14H19N,0, [M+H]* 247.1447, found 247.1439.

(4R)-4-Methyl-4-[(E)-2-(thiophen-2-yl)ethenyl]-1,3-0xazolidin-2-one (46a)

. PN /S\
%NH
o

= SUAb &% 46a X 2-formylthiophene 25f Z# AW C . 20a &t WEEDO AR T EIC LY
WA mE & L THE 7= (75% vyield, E/Z = >99/1), [a]*°p = -63 (c 0.38, CH;OH); *H
NMR (500 MHz, CDCl3) & 1.49 (s, 3H), 4.16 (d, 1H, J = 8.5 Hz), 4.22 (d, 1H, J = 8.5 Hz),
5.03 (s, 1H), 6.04 (d, 1H, J = 16.1 Hz), 6.71 (d, 1H, J = 16.1 Hz), 6.94-6.98 (m, 2H), 7.18
(d, 1H, J = 5.4 Hz); '3*C NMR (126 MHz, CDCl;) & 25.2, 58.5, 76.5, 123.5, 125.1, 127.0,

127.6, 130.5, 140.7, 159.1; IR (KBr) 3264, 1735, 1388, 1280, 1034, 956, 697 cm™*; HRMS
(ESI): calcd for C1oH11NO,S [M+H]" 210.0589, found 210.0594.

(4R)-4-Methyl-4-[(E)-2-(3-methylthiophen-2-yl)ethenyl]-1,3-0xazolidin-2-one (209)

@Sk A% 209 12 2-formyl-3-methylthiophene 259 Z iV T, 20a & RO A K
BICE DA mRYE L L THE=(99% vyield, E/Z = >99/1), [a]*°> = -36 (c 0.62,
CH3;OH); 'H NMR (500 MHz, CDCl3) § 1.54 (s, 3H), 2.22 (s, 3H), 4.16 (d, 1H, J = 8.3
Hz), 4.22 (d, 1H, J = 8.3 Hz), 5.01 (brs, 1H), 5.97 (d, 1H, J = 15.6 Hz), 6.72 (d, 1H, J =
15.6 Hz), 6.78 (d, 1H, J = 4.9 Hz), 7.07 (d, 1H, J = 4.9 Hz); *C NMR (126 MHz, CDCl3) &
50.7, 58.7, 76.6, 121.8, 123.6, 129.8, 130.8, 134.2, 136.4, 159.1; IR (KBr) 3218, 1730,
1401, 1286, 1173, 1036, 957, 724 cm™; HRMS (ESI): calcd for Cy1H1sNO,S [M+H]*
224.0745, found 224.0746.
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(4R)-4-[(E)-2-(3-Bromothiophen-2-yl)ethenyl]-4-methyl-1,3-oxazolidin-2-one (20h)

= 22 fk & % 20h |E 3-bromo-2-formylthiophene 25h # W\ T, 20a & B O A KT
BElICL v amkmE & LTH7-(66% yield, E/Z = >99/1), [a]*°s = -41 (¢ 1.0,
CH3OH); *H NMR (500 MHz, CDCl3) & 1.57 (s, 3H), 4.17 (d, 1H, J = 8.3 Hz), 4.23 (d, 1H,
J = 8.3 Hz), 5.08 (brs, 1H), 6.12 (d, 1H, J = 16.1 Hz), 6.77 (d, 1H, J = 16.1 Hz), 6.93 (d,
1H, J = 5.9 Hz), 7.17 (d, 1H, J = 5.9 Hz); 3C NMR (126 MHz, CDCl3) & 25.4, 58.5, 76.2,
111.73, 122.0, 124.9, 130.9, 132.6, 135.0, 158.7; IR (KBr) 3220, 3107, 1744, 1727, 1402,
1295, 1036, 961, 870, 727 cm™; HRMS (ESI): calcd for C1o0H13:NO,SBr [M+H]" 287.9694,
found 287.9691.

(4R)-4-Methyl-4-[(E)-2-(1-methyl-1H-pyrrol-2-yl)ethenyl]-1,3-o0xazolidin-2-one (46b)

. T /N\
%NH l
o

@S0k AW 46b 1% 2-formyl-1-methylpyrrole 25i 2 f T, 20a & Ak D AR F %
Xk AaMEmE L L TH 7 (83% yield, E/Z = >99/1), [a]®’p = -31 (c 0.23,
CH3;O0H); '"H NMR (500 MHz, CDCl3) § 1.52 (s, 3H), 3.60 (s, 3H), 4.15 (d, 1H, J = 8.3
Hz), 4.19 (d, 1H, J = 8.3 Hz), 5.00 (s, 1H), 5.95 (d, 1H, J = 15.6 Hz), 6.08 (d, 1H, J = 3.2
Hz), 6.33 (dd, 1H, J = 2.0, 3.2 Hz), 6.46 (d, 1H, J = 15.6 Hz), 6.59 (d, 1H, J = 2.0 Hz); *C
NMR (100 MHz, CDCls) §25.8, 34.1, 58.6, 76.8, 107.0, 108.2, 118.7, 123.8, 127.9, 129.8,

158.9; IR (KBr) 3278, 1734, 1478, 1375, 1033, 957, 712 cm™*; MS(FAB) m/z: 207 (M+H)";
HRMS (ESI): calcd for C13H14N,0, [M+H]" 207.1134, found 207.1127.

(4R)-4-[(E)-2-(Furan-2-yl)ethenyl]-4-methyl-1,3-oxazolidin-2-one (46c¢)

A
o) O

@S0k AW 46¢ 12 2-formylfuran 25j Z VW T, 20a L RO AR FEIC L 0 %k
GBIk mE & L T 72 (82% yield, E/Z = >99/1), [a]?°b = -44 (c 0.20, CH;0H); *"H NMR
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(500 MHz, CDCl3) § 1.52 (s, 3H), 4.12 (d, 1H, J = 8.3 Hz), 4.24 (d, 1H, J = 8.3 Hz), 4.96
(s, 1H), 6.16 (d, 1H, J = 16.1 Hz), 6.28 (d, 1H, J = 3.4 Hz), 6.37 (dd, 1H, J = 1.7, 3.4 Hz),
6.40 (d, 1H, J = 16.1 Hz), 7.34 (d, 1H, J = 1.7 Hz); **C NMR (126 MHz, CDCl3) & 25.5,
58.5, 76.6, 109.6, 111.6, 118.5, 129.4, 142.6, 151.4, 159.0; IR (KBr) 3276, 1749, 1391,
1039, 739 cm™; HRMS (ESI): calcd for C1oH1:NO; [M+H]" 194.0817, found 194.0813.

(4R)-4-Methyl-4-(oct-1-en-1-yl)-1,3-oxazolidin-2-one (20k)

OE\\/\/\

%NH

o

S0k & % 20k 1% n-heptanal 25k & i\ T . 20a & @B DO AL FIEIC L0 R
W L L T4 7 (62% yield, E/Z = 71/29), [a]*°p = -30 (¢ 0.98, CH;OH); *H NMR (500
MHz, CDCl3) § 0.86 (t, 3H, J = 7.6 Hz), 1.19-1.38 (m, 8H), 1.41 (s, 2.1H), 1.46 (s, 0.9H),
1.99-2.07 (m, 2H), 4.06 (d, 0.7H, J = 8.3 Hz), 4.10 (d, 0.7H, J = 8.3 Hz), 4.21 (d, 0.3H, J
= 8.3 Hz), 4.28 (d, 0.3H, J = 8.3 Hz), 5.00 (s, 0.7H), 5.15 (s, 0.3H), 5.41-5.50 (m, 1.4H),
5.64-5.70 (m, 0.6H); *C NMR (126 MHz, CDCls) § 14.1, 22.6, 25.5, 28.8, 29.0, 31.6,
32.1, 58.2, 76.7, 131.9, 133.8, 159.1; IR (KBr) 3261, 2925, 1746, 1387, 1281, 1038, 969,
770 cm™t: HRMS (ESI): calcd for C15H,iNO, [M+H]" 212.1651, found 212.1654.

(4R)-4-(2-Cyclohexylethenyl)-4-methyl-1,3-oxazolidin-2-one (201)

= 5Lk & % 201 X c-hexanaldehyde 251 # FH T, 20a &t REED A K HFIEIC L 0 K
Gk mE & L T 572 (62% yield, E/Z = 88/12), [a]?°p = -24 (c 0.44, CH;0H); *"H NMR
(500 MHz, CDCl3) §0.99-1.33 (m, 6H), 1.41 (s, 2.7H), 1.41 (s, 0.3H), 1.62-1.74 (m, 4H),
1.92-1.98 (m, 0.9H), 2.07-2.17 (s, 0.1H), 4.07 (d, 1H, J = 8.3 Hz), 4.10 (d, 1H, J = 8.3 Hz),
4.90 (brs, 0.9H), 5.10 (brs, 0.1H), 5.36-5.25 (m, 0.2H), 5.44 (d, 0.9H, J = 15.6 Hz), 5.62
(dd, 0.9H, J = 6.8, 15.6 Hz); *C NMR (126 MHz, CDCl;) &§ 25.6, 25.9, 26.1, 32.7, 40.2,
58.2, 76.7, 129.6, 137.1, 159.0; IR (KBr) 3210, 2922, 2849, 1742, 1397, 1286, 1038, 968,
771, 701 cm™; HRMS (ESI): calcd for C1,H;6NO, [M+H]* 210.1494, found 210.1496.
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(4R)-4-Methyl-4-[2-(thiophen-2-yl)ethyl]-1,3-0xazolidin-2-one (30a)

: |\
o S

%NH

@)

(4R)-4-Methyl-4-[(E)-2-(thiophen-2-yl)ethenyl]-1,3-oxazolidin-2-one 46a (0.20 g, 0.95
mmol)?® MeOH (10 m)E#& (2. 10% Pd-C (50%wet, 20 mg)Z Iz . K FZHEHK F. =
BC2RFRIMI LI, IS EET A MABL, AKERIE FREM L, Rz v
VB FNh T s a2 T 7 4 —(hexane:AcOEt = 3:1to 1:2)IC L k5H L ¢, #=
Fifb &% 30a (0.18 g, 92% yield, 99.0%ee) Z ¥ s Ak & L B/, 2k, BHonk
30a ONFMEFTLL FICRT&MEZ2H VW HPLC O #fric kv k& L7, DAICEL
CHIRALCEL OD-H (4.6¢ x 250 mm), hexane:2-propanol = 60:40, #i#: 0.50 ml/min, &
F£:25.0°C. {RFFEFMIIL(S)-30a &£ (R)-30aixZz N 16.8%r & 17.6 /%0 ToH - 7=, mp:
82.8-83.5°C; [a]*°p = +7.8 (c 2.0, CHCI3), +1.9 (¢ 0.10, CH3OH); 'H NMR (400 MHz,
CDCl3) & 1.42 (s, 3H), 2.08-1.92 (m, 2H), 3.00-2.84 (m, 2H), 4.08 (d, 1H, J = 8.4 H2z),
4.19 (d, 1H, J = 8.4 Hz), 5.39 (brs, 1H), 6.81 (d, 1H, J = 3.6 Hz), 6.93 (dd, 1H, J = 5.2,
3.6 Hz), 7.15 (d, 1H, J = 5.2 Hz); **C NMR (100 MHz, CDCl3) § 24.6, 25.9, 42.3, 57.5,
75.5,123.6, 124.6, 127.0, 147.6, 159.5; IR (KBr) 3283, 1770, 1399, 1244, 1043, 941, 846,
775, 706, 691 cm™'; HRMS (ESI): calcd for CioH14NO,S [M+H]* 212.0275, found
212.0741.

(4R)-4-Methyl-4-[2-(1-methyl-1H-pyrrol-2-yl)ethyl]-1,3-0xazolidin-2-one (30b)

ERfb &% 30b 13 46b 2 HHIFE B & L. 30a & AR DA R EIC XV AR Y
B L L T157-(88% yield, 99.0%ee), 723, 15 64172 30b O FHME I LL T IR &
£ % Fl W 7= HPLC 2y #71C X W & L 7=, DAICEL CHIRALCEL OJ (4.6¢ x 250 mm),
hexane:2-propanol = 70:30, Jt#: 1.0 ml/min, J& B : 25.0°C. & &f B[ 1% (S)-30b &
(R)-30b 1T Z N ZH 12545 & 155 4 Td » 7=, [a]*% = +1.2 (¢ 0.30, CH;0H), *H NMR
(400 MHz, CDCl3) & 1.42 (s, 3H), 2.00-1.87 (m, 2H), 2.70-2.58 (m, 2H), 4.07 (d, 1H, J =
8.3 Hz), 4.14 (d, 1H, J = 8.3 Hz), 5.15 (brs, 1H), 5.88 (d, 1H, J = 3.2 Hz), 6.05 (dd, 1H, J
= 3.2, 2.4 Hz), 6.58 (t, 1H, J = 2.4 Hz); *C NMR (100 MHz, CDCl3) & 20.8, 25.8, 33.6,
38.9, 57.5, 75.7, 105.7, 106.8, 121.9, 131.0, 158.8; IR (KBr) 3289, 3103, 2977, 2938,
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1759, 1713, 1495, 1397, 1381, 1309, 1281, 1231, 1032, 945, 928, 776, 718, 706, 656 cm™*;
HRMS (ESI): calcd for C13H17N,0, [M+H]" 209.1290, found 209.1291.

(4R)-4-[2-(Furan-2-yl)ethyl]-4-methyl-1,3-oxazolidin-2-one (30c)

: |\
o ()

St A% 30c 1X 46c A MBI E L, 20a ERIEOE R FIEIC L D EHAaRy
B L L TH(78% yield, 99.0%ee), 723, 5 5 417 30c O FMEILLL FICR T4
% H v 7= HPLC /2 #ric L v k& L 7=, DAICEL CHIRALCEL AD (4.6 x 250 mm),
hexane:2-propanol = 85:15, #ii: 1.0 ml/min, & : 25.0°C. f# £F B[ 1% (S)-30¢c &
(R)-30c T+ N FHN 1314 L 1545 Th o7, [a]*®b=+2.2(c0.11, CHCI3); 'H NMR
(400 MHz, CDCl3) 6 1.38 (s, 3H), 1.68-1.61 (m, 2H), 1.98-1.94 (m, 2H), 2.72 (t, 2H, J =
8.0 Hz), 4.04 (d, 1H, J = 8.4 Hz), 4.11 (d, 1H, J = 8.4 Hz), 5.92 (brs, 1H), 6.03 (d, 1H, J =
2.6 Hz), 6.29 (d, 1H, J = 2.6 Hz), 7.31 (brs, 1H,); **C NMR (100 MHz, CDCl;) & 22.8,
25.6, 38.4, 57.4, 75.5, 105.5, 110.4, 141.3, 154.0, 159.0; IR (KBr) 3450, 2975, 2928, 2250,
1755, 1599, 1508, 1400, 1381, 1147, 1045, 1010 cm™; HRMS (ESI): calcd for C1oH14N O3
[M+H]" 196.0974, found 196.0967.

(4R)-4-{(E)-2-[4-(Heptyloxy)phenyl]vinyl}-4-methyl-1,3-0xazolidin-2-one (28a)
O~

ZEFRFHEK T, A AK=1v L 24b (0.20 g, 0.40 mmol)® THF(5.0 mI)IF K % -78°C
W& A L. n-butyllithium (2.7 M in hexane, 0.29 ml, 0.77 mmol)Z W} > < V & i F L,
AR C 30 o L7, KISHKIZ 4-heptoxybenzaldehyde 25m (44 mg, 0.20 mmol) &
M-, RAICHIEL, ER C2RKMBHLE, 0%, a1 NHCl KE (10 ml)
Z M Z . AcOEt (10 ml x 2) THiiH L 7=, A#JE % /K (10 ml) & 2 Fn & %7K (10 ml) T ¥
WL, BB, N DATHEBELE, A%, BIETEEZEEL T, RiEx v
UBFNTT A7 a~ hF T 7 4 —(hexane:AcOEt = 3:1to 1:2)Ic kX v kL L T, 4=
AL AW 28a (49 mg, 7T7%) & ¥ E L [E Kk & L T 7=, mp: 70.1-70.7°C; [a]*°p = -45 (c
0.14, CH;0H); "H NMR (500 MHz, CDCI3) §0.87 (t, 3H, J = 7.8 Hz), 1.23-1.36 (m, 6H),
1.39-1.45 (m, 2H), 1.54 (s, 3H), 1.72-1.79 (m, 2H), 3.93 (t, 2H, J = 6.6 Hz), 4.15 (d, 1H, J
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= 8.8 Hz), 4.21 (d, 1H, J = 8.8 Hz), 5.02 (brs, 1H), 6.06 (d, 1H, J = 16.1 Hz), 6.52 (d, 1H,
J = 16.1 Hz), 6.83 (d, 2H, J = 6.8 Hz), 7.27 (d, 2H, J = 6.8 Hz); *C NMR (126 MHz,
CDCI3) 6 14.1, 22.6, 25.6, 26.0, 29.1, 29.3, 31.8, 58.6, 68.1, 76.7, 114.7, 127.9, 128.2,
128.7, 129.7, 159.1, 159.4; IR (KBr) 3268, 2929, 2857, 1776, 1607, 1513, 1252, 1175,
1044 cm™; HRMS (ESI): calcd for C19H,sNO; [M+H]" 318.2069, found 318.2068.

(2R)-2-Amino-4-[4-(heptyloxy)phenyl]-2-methylbutan-1-ol (28)

O~
Hoﬁ/\/©/

(4R)-4-{(E)-2-[4-(Heptyloxy)phenyl]vinyl}-4-methyl-1,3-o0xazolidin-2-one 28a (30 mg,
0.10 mmol)® MeOH (5.0 m)¥E# (2. 10% Pd-C (50%wet, 10 mg) % i x.. /K FE FH X
T, ERC2MHEBELLE, KEEEETA NABL, AWERIE FREMG L, 7%
&% THF (2.0 ml) & MeOH (L.O mI)TAR L., 5 HE KOH KE WK (1.0 ml)Z 0 x . N
BOREW T, 1I8HFMMH L, BEETHHALEZ%E., KWAOmDE I %2 . CH,CIl, (10 ml
X 2)THIH L7c, A Z K (10 ml) & fafn &K (10 m) THEd L, MKAGE T MY
UATHELE, A%, BETFTHEEZHEEL T, EiL{bA W 28 (25 mg, 90%) % M
GEmE L L TE7, [a]*°b = -2.4 (c 0.92, CH3;0H); *H NMR (500 MHz, CDCl3) &
0.86 (t, 3H, J = 6.8 Hz), 1.10 (s, 3H), 1.22-1.77 (m, 12H), 2.56 (t, 2H, J = 8.5 Hz), 3.29 (d,
1H, J = 10.3 Hz), 3.34 (d, 1H, J = 10.3 Hz), 3.90 (t, 2H, J = 6.6 Hz), 6.80 (d, 2H, J = 6.6
Hz), 7.07 (d, 1H, J = 6.6 Hz); **C NMR (126 MHz, CDCl;) §14.1, 22.6, 24.5, 26.0, 29.1,
29.3, 29.4, 31.8, 42.2, 53.0, 68.1, 70.3, 114.6, 129.1, 134.1, 157.4; IR (KBr) 3147, 2923,
2855, 2737, 1740, 1613, 1513, 1276, 1244, 1060, 825; MS(ESI) m/z: 294 (M+H)"; Anal.
Calcd for C1gH31NO,: C, 73.67; H, 10.65; N, 4.77. Found: C, 73.37; H, 10.60; N, 4.64.

2-Chloro-4-[(3-methoxyphenyl)sulfanyl]benzaldehyde (25n)

CIUSOOMe
OHC

3-Methoxybenzenethiol (1.4 g, 10 mmol) & 2-chloro-4-fluorobenzaldehyde (1.6 g, 10
mmol)?® DMF (10 ml)¥ #Z |Z potassium carbonate (2.1 g, 15 mmol) % fil = . 45°C T 30
DML, 20%, KIS Z 0CIZHmA L, K25 mh)% N % 7=, AcOEt (30 ml x
2)THI L. ARJE A K@Om) L fafn K BOm)THE L., EAKME S MY U A

TR L, A%, WIETEEZ2EELC, B2 VWXV T A~ T
7 7 4 —(hexane:AcOEt =5:1to L:1)IC L W R L ¢, /LA % 25n (2549, 91%) %
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#EMAEKE L THE7-, mp: 84.2-84.3°C; 'H NMR (500 MHz, CDCl;) &5 3.80 (s, 3H), 6.97
(m, 1H), 7.10-7.02 (m, 4H), 7.34 (t, 1H, J = 8.1 Hz), 7.74 (d, 1H, J = 8.1 Hz), 10.33 (s,
1H); '*C NMR (126 MHz, CDCls) §55.5, 115.7, 119.7, 125.3, 126.8, 127.6, 129.4, 129.6,
130.8, 131.1, 138.5, 148.6, 160.5, 188.8; IR (KBr) 3076, 2874, 1677, 1579, 1481, 1381,
1250, 1212, 1043, 853, 797, 691 cm™; HRMS (ESI): calcd for Ci4H:,0,SCl [M+H]"
279.0247, found 279.0251; Anal. Calcd for C14H1,Cl0,S: C, 60.32; H, 3.98; Cl, 12.72; S,
11.50. Found: C, 60.19; H, 4.12; CI, 12.55; S, 11.54.

(4R)-4-[(E)-2-{2-Chloro-4-[(3-methoxyphenyl)sulfanyl]phenyl}ethenyl]-4-methyl-1,3-
oxazolidin-2-one (29a)

Cl S OMe

o

>ﬁNH

0]

ERFHEK T, A AK=1v L 24b (0.50 g, 1.0 mmol)® THF(5.0 mI)iF K % -78°C
W2 EI L. n-butyllithium (1.9 M in hexane, 1.0 ml, 2.0 mmo)Z W} > < » L F L. [A
8T 30 /R4 L 72, KL IC 2-chloro-4-[(3-methoxyphenyl)sulfanyl]benzaldehyde
25n (0.14 g, 0.50 mmol)Z M 2 7% . fhx ICHIBR L, B T 2KEMM@HBE L, TD%.
88 F0 NH,Cl K% (10 mI)Z A1 % . AcOEt (10 ml x 2) THit L7, A #J8 % /A (10 ml)
R EEAK@AOM)THE L, MARME ST MY v ATRELL, A%, BENE
MAEREELT, BEZ VDTSNV T A a~ 27 T 7 4 —(hexane:AcOEt = 4:1 to
LQICX v ERL T, #EmifbA 29a (0.30 g, 80%)Z kMMM E & LT/,
[2]?° = -39 (¢ 0.45, CH;0H); *H NMR (500 MHz, CDCls) §1.58 (s, 3H), 3.37 (s, 3H),
4.18 (d, 1H, J = 8.3 Hz), 4.23 (d, 1H, J = 8.3 Hz), 5.03 (s, 1H), 6.17 (d, 1H, J = 16.1 Hz),
6.85 (m, 1H), 6.92-6.90 (m, 2H), 6.92 (d, 1H, J = 16.1 Hz), 7.11 (m, 1H), 7.26-7.23 (m,
2H), 7.37 (d, 1H, J = 7.8 Hz); *C NMR (126 MHz, CDCls) §25.4, 55.4, 58.7, 76.3, 114.0,
117.4, 124.5, 126.1, 127.3, 128.3, 130.3, 130.4, 132.2, 133.9, 134.0, 134.8, 138.3, 158.8,
160.3; IR (KBr) 3258, 1744, 1586, 1471, 1376, 1282, 1246, 1037, 969, 858, 770, 688
cmt; HRMS (ESI): calcd for C19H19NO3SCI [M+H]" 376.0774, found 376.0769.

(4R)-4-(2-{2-Chloro-4-[(3-methoxyphenyl)sulfanyl]phenyl}ethyl)-4-methyl-1,3-

oxazolidin-2-one (29b)
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(4R)-4-[(E)-2-{2-Chloro-4-[(3-methoxyphenyl)sulfanyl]phenyl}ethenyl]-4-methyl-1,3-
oxazolidin-2-one 29a (0.10 g, 0.26 mmol)® AcOEt (10 mI)&E % (2. 10% Pd-C (50%wet,
010 )& MMz, KFFRHEKT., BIRT6RMBHLL, KIEEEET A M2 L,
AR EWIE TR Lz, k2> VB X Nvh T 57 a~ k27 Z 7 4 —(hexane:AcOEt
=3ltol:2IC kR LT, LAWY 29b (79 mg, 80%)Z S A kW E & L T
B, [a]*p = +1.5 (¢ 0.76, CH3;OH); 'H NMR (500 MHz, CDCls) 51.40 (s, 3H),
1.86-1.80 (m, 2H), 2.77-2.65 (m, 2H), 3.76 (s, 3H), 4.09 (d, 1H, J = 7.1 Hz), 4.25 (d, 1H,
J = 7.1 Hz), 5.05 (s, 1H), 6.80 (m, 1H), 6.86 (m, 1H), 6.91 (m, 1H), 7.13-7.09 (m, 2H),
7.21 (m, 1H), 7.28 (m, 1H); *C NMR (126 MHz, CDCl;) & 26.0, 28.1, 40.4, 55.4, 57.7,
75.4, 113.4, 116.8, 124.0, 129.4, 130.2, 130.8, 131.3, 134.3, 135.7, 135.8, 137.1, 159.0,
160.2; IR (KBr) 3262, 1747, 1589, 1475, 1283, 1230, 1040, 772 cm™*; HRMS (ESI): calcd
for C19H,:NO3SCI [M+H]" 378.0931; found 378.0926.

(2R)-2-Amino-4-{2-chloro-4-[(3-methoxyphenyl)sulfanyl]phenyl}-2-methyl-butan-
1-ol (29)

cl S\©/OM9
Hom

NH,

(4R)-4-(2-{2-Chloro-4-[(3-methoxyphenyl)sulfanyl]phenyl}ethyl)-4-methyl-1,3-
oxazolidin-2-one 29b (20 mg, 60 umol)% THF (1.0 ml) & MeOH(1.0 mI)IZEfR S &, 5
BlE KOH KK (0.50 mh)Z inz . MEGEW T, 12 K@ Lz, ERETHAL
72, AK@AOmDZ M Z. CH.Cl, (10 ml x 2) THiH L7z, HHEE Z /K (10 ml) & g fn &
HWoK@Om)THEHE L., BAFE T MY v ATHBE L, A%, BIETREZEE
LT, HEikad® 29 (16 mg, 91%)Z FE@ MR MW E & L TH7, [a]*’s=-2.0 (c 0.53,
CHCIl3), -3.5 (¢ 0.19, CH30H); 'H NMR (500 MHz, CDCl3) §1.12 (s, 3H), 1.67-1.54 (m,
2H), 2.76-2.66 (m, 2H), 3.32 (d, 1H, J = 10.3 Hz), 3.37 (d, 1H, J = 10.3 Hz), 3.75 (s, 3H),
6.78 (d, 1H, J = 8.3 Hz), 6.85 (m, 1H), 6.88 (m, 1H), 7.15-7.13 (m, 2H), 7.20 (t, 1H, J =
8.3 Hz), 7.30 (s, 1H); *C NMR (126 MHz, CDCl;) & 24.3, 27.9, 40.1, 53.0, 55.3, 70.3,
113.2, 116.4, 123.4, 129.7, 130.8, 131.6, 134.4, 134.7, 136.3, 139.0, 160.1; IR (KBr) 2931,
1747, 1587, 1473, 1246, 1229, 1039, 853, 772, 686 cm™; HRMS (ESI): calcd for
C1gH23NO,SCI [M+H]" 352.1138, found 352.1148.
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(4R)-4-Methyl-4-(2-phenylethyl)-4,5-dihydro-1,3-oxazol-2-amine (31)

YN
H,N

(4R)-4-Methyl-4-[(E)-2-phenylethenyl]-1,3-oxazolidin-2-one 20a (0.10 g, 0.26 mmol)
@ AcOEt (10 mh&E % 2. 10% Pd-C (50%wet, 0.10 )& I %2 . AKFEFHX T, =iE T
6RFMBEE L7, IS 2T A4 FAM L, AR ZWIE FRM L7, % THF (1.0
ml) & MeOH(1.0 mDTHA IR L. 5 #H & KOH KIEHE(0.50 mDZ N x . MEGERK F. 12
BB Lz, BEEETTHA L%, KAOmD)Z M X, CHCl; (10 ml x 2) THiH L
oo AHEEZAKAOmMI)E ffI & /K (A0 m)THEH L, EAMER ST NV 7 A TEEL
foo HitE ., WIETFTHEBEAEEL, EAMRDEL B, B o7k iE4S THF (8.0
m)THBRL, OCICmA L%, ZHFMKX . potassium carbonate (62 mg, 0.46
mmol) & cyanogen bromide (54 mg, 0.51 mmol) & M x 7=, =L T 6 BFM#E# L =%,
FOSHEZ AR (10 m) & il 2, AcOEt(10mIx 2)THitH L7=, AREE Z /K (10 ml) & fafn &
HWoK(AO M) THEE L, WAMBE ST N U ATHBELE, BEZS ) BTNV T ALY
n~ k2777 4 —(AcOEt:MeOH =1:0to 5:1)Ic X W F® L T, LAY 31 (69 mg,
69%) % ¥ A E K & LT 7=, mp: 98.9-103.8°C; [a]*°p = +6.5 (¢ 0.74, CHCls); *H
NMR (500 MHz, CDCl3) §1.30 (s, 3H), 1.90-1.75 (m, 2H), 2.69-2.58 (m, 2H), 3.28 (brs,
2H), 3.94 (d, 1H, J = 8.3 Hz), 4.09 (d, 1H, J = 8.3 Hz), 7.28-7.25 (m, 5H); **C NMR (126
MHz, CDCl3) & 27.3, 30.7, 43.6, 67.8, 78.1, 125.8, 128.3, 128.4, 142.4, 159.3; IR (KBr)
3432, 2968, 2211, 1702, 1671, 1410, 1218, 1006, 756, 705, 501 cm™*; HRMS (ESI): calcd
for C1,H17N,0 [M+H]" 205.1341, found 205.1348.
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BAEICET D ER
(2R)-1- Acetoxy-2-acetylamino-2-methyl-4-(1-methylpyrrol-2-yl)butane (92)
/\

N

NHAC |

AcO

(2R)-2-Amino-2-methyl-4-(1-methylpyrrol-2-yl)butan-1-ol 1/2 D-(-)tartrate 16b (4.0 g,
16 mmol) % CH,Cl; (50 ml)3 X VK (50 ml) D iR & R (12 % % L . NaOH /K% i (NaOH 3.2
g&x K 13mZHEM) 2z, IR CT220 0 MHEHH L7, KIS %Z CH,Cl, (50 ml x 2)
THIMH L, AELEKKEST N D LATHBELE, G, BMETFTHEEEZE EL.
¥t &% CH,Cl, (78 m)IZ & f# L . triethyamine (22 ml, 0.16 mol), acetic anhydride (7.3
ml, 77 mmol), I & O 4-dimethylaminopyridine (0.19 g, 1.6 mmol)% il 2, =& T 1 K
M L2, MeOH (10 m)AZ M2 CTRIGZ 1B | BE FTEEEL 8 EL L, EiElZ
KZ M Z T, AcOEt(100 ml x 2) THitH L. A )E 4 /K (100 ml), i fn & & /K (100 ml)
BROEFAEE KL m)THEH L., EAKME ST NI U LATEBELLE, AlE, B
EFWREZ2EE L, BEEZ2Y IV WA Vv a~ 7 7 7 4 —(hexane:AcOEt = 1:1 to
LT L VR LT, R LA 92 (4.2 9, 100%) 2 MRE A MIRME & L CHEZ, H
NMR (400 MHz, CDCl3) & 1.38 (s, 3H), 1.97-1.89 (m, 4H), 2.09 (s, 3H), 2.26-2.19 (m,
1H), 2.60-2.51 (m, 2H), 4.20 (d, 1H, J =11.2 Hz), 4.33 (d, 1H, J =11.2 Hz), 5.39 (brs, 1H),
5.88 (d, 1H, J =2.4 Hz), 6.54 (t, 1H, J =2.4 Hz); MS (FAB) m/z: 267 (M+H)".

(2R)-1-Acetoxy-2-acethylamino-2-methyl-4-{1-methyl-[5-phenyl-1-(5-phenyl-
pentanoyloxy)pent-1-enyl]pyrrol-2-yl}butane (94)

AcO” N NT NF

(2R)-1-Acetoxy-2-acetylamino-2-methyl-4-(1-methylpyrrol-2-yl)butane 92 (4.2 g, 15
mmol) % toluene (100 mDIZ &% L . 4-dimthylaminopyridine (9.4 g, 77 mmol)& X O
5-phenylvaleroyl chloride 93 (7.9 g, 40 mmol) % toluene (50 mD)IZ & fif L 7288 &2 0 % .
110C T 48 Wi+ L 72, |IRICT K L . ISR IZ K (100 ml) % /il 2 T AcOEt (100 ml x
2)THIH L, AHEE 2 /K (100 ml)ds L OVEaFn & 4 /K (100 ml) T L, BEAKHLER T b
U LATHEELE, Ak, BIETEEZ2EEL, BRE2 IV vrnx 7T
7 4 —(hexane:AcOEt =3:2to 2:1)IC K D R L T, (LS5 94 (4.0 g, 45%) & 4 35
BRI E & LT 7, "HNMR (400 MHz, CDCls3) 61.36 (s, 3H), 1.61-1.48 (m, 6H),
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2.04-1.86 (m, 6H), 2.10 (s, 3H), 2.34-2.26 (m, 8H), 2.67-2.39 (m, 8H), 3.83 (s, 3H), 4.11
(t, 1H, J = 8.1 Hz), 4.15 (d, 1H, J = 11.0 Hz), 4.31 (d, 1H, J = 11.0 Hz), 5.41 (brs, 1H),
5.97 (d, 1H, J = 4.2 Hz), 6.96 (d, 1H, J = 4.2 Hz), 7.17-7.11 (m, 6H), 7.26-7.23 (m, 4H):
IR (CHCI3) 3443, 2938, 2862, 1733, 1681, 1634, 1487, 1454, 1374, 1249, 1044 cmt; MS
(FAB) m/z: 587 (M+H)".

(2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol
hydrochloride (32)

HO™ N N

(2R)-1-Acetoxy-2-acethylamino-2-methyl-4-{1-methyl-[5-phenyl-1-(5-phenyl-
pentanoyloxy)pent-1-enyl]pyrrol-2-yl}butane 94 (4.0 g, 6.9 mmol)% THF (14 ml)&
MeOH (14 ml) & DR A WRIZEM L. K (14 m)FE L O lithium hydroxide monohydrate
(2.99, 69 mmol) % i 2, 50°CC 4 WFfE##E L 7=, mEIHE . SIS IZ K (50 m) % N % |
CH,Cl, (50 mI x 2) CHiiHi L, AHE 2 faf &HE KBGO m)THE L, HEAMES U
UATHRE L, Ak, BIETHEELZEEL, RELZBEEET Y BTV (NH Z A
7Y u~ k7 7 7 4 —(CHyCl,:MeOH = 100:1){Z & v ¥ H L T (2R)-2-amino-2-
methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol (2.1 g) % & A Mk &
LLTHEE. BN T-HARYZ MeOH (31 mDIZIEME L .4 #17E HCI-dioxane (1.5 ml,
6.2mmol)Z M 2 T, | T 10 I L7z, WJE TEM L. AcOEt(10 ml)% il x T
FrifbL7=fdh & AH L. ACOEt(10 ml x 2)T¥EH L. WIE Fiz/g L <, Eilb&w®
32 (2.1 g, 79%) % A [ & & L T4 7, mp: 130.0-131.0°C; [a]*'p = -4.8 (¢ 1.0,
CH30H); *H NMR (400 MHz, CD;0D) §1.36 (s, 3H), 1.70-1.64 (m, 4H), 1.90 (ddd, 1H, J
= 13.8, 11.5, 6.3 Hz), 2.02 (ddd, 1H, J = 13.8, 9.4, 7.6 Hz), 2.63 (t, 2H, J = 7.2 Hz),
2.78-2.67 (m, 4H), 3.55 (d, 1H, J = 11.4 Hz), 3.65 (d, 1H, J = 11.4 Hz), 3.86 (s, 3H), 6.03
(d, 1H, J = 4.2 Hz), 7.05 (d, 1H, J = 4.2 Hz), 7.17-7.11 (m, 3H), 7.25-7.21 (m, 2H); IR
(KBr) 3215, 2937, 2883, 2691, 2571, 1646, 1525, 1482, 1457, 1380, 1294, 1228, 1182,
1055, 998, 913, 770, 751, 700 cm™; MS (FAB) m/z: 343 (M+H)*; Anal. Calcd for
C1sH31NO,-HCI: C, 66.56; H, 8.25; N, 7.39; Cl, 9.36. Found: C, 66.51; H, 8.20; N, 7.47;
Cl, 9.08.

(2R)-2-t-Butoxycarbonylamino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-
yllbutan-1-ol (95)
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: / A\
HO™ N N
HN. 0
Boc

(2R)-2-Amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol
hydrochloride 32 (1.5 g, 3.9 mmol)® CH,CIl, (38 mI)#&F % . di-tert-butyldicarbonate
(1.0 g, 4.6 mmol) & triethylamine (1.6 ml, 12 mmol) & Il % . =R T 4 BFMI L 7=,
B AZ K (50 mI)Z Il 2. CH,Cl, (50 ml x 2) THiH L 7=, AHE % &K (50 mh)k L O
f KGO THE L, EAKME T MY v ATl L7, Ak, BE T &L
EREEL, BEEIV DS VI a~ 87 T 7 4 —(hexane:AcOEt = 3:2)12 L » fFH L
T, HALA® 95 (1.7 g, 99%)Z i i kR®WE & L TH7%=, '"H NMR (400 MHz,
CDCl3) 61.21 (s, 3H), 1.43 (s, 9H), 1.79-1.64 (m, 4H), 1.96-1.89 (m, 1H), 2.13-2.04 (m,
1H), 2.55 (ddd, 1H, J = 15.4, 12.4, 5.1 Hz), 2.70-2.62 (m, 3H), 2.75 (t, 2H, J = 7.3 Hz),
3.68 (d, 2H, J = 6.6 Hz), 3.87 (s, 3H), 3.98 (brs, 1H), 4.63 (brs, 1H), 5.95 (d, 1H, J = 3.7
Hz), 6.90 (d, 1H, J = 3.7 Hz), 7.18-7.14 (m, 3H), 7.28-7.24 (m, 2H); MS (FAB) m/z: 443
(M+H)",

(2R)-2-t-Butoxycarbonylamino-2-methyl-9-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-
yl]-1-butyl diallyl phosphate (96)

(2R)-2-t-Butoxycarbonylamino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-
yl]butan-1-ol 95 (1.7 g, 3.8 mmol)® CH,Cl, (19 m)#E &2 . K% . 1H-tetrazole (1.8 g,
26 mmol) & diallyl diisopropylphosphoramidite ((AllylO),PNi-Pr;) (2.0 ml, 7.6 mmol) %
Mz =%, BRIBEFCTHEL, 2B LA, KISEIZ, KB T, t-BuOOH (5-6 M
n-decane solution, 2.3 ml, 12 mmol)Z fl x . FIEE T 15 s I HE#: L 72, IO R I f3 fn
Na,SO3 /K IR (20 ml) % I %2 S & 15 1k S 72 %% . CHLCl, (50 mIx 2) i L 7=, A
B JE A faFn B K (50 ml)ds K M R K (B0 ml) THEV L. EKGEE S YU U AT
WIR L, Ak, BMIETEHEZEEL, BREZ2 VA vruax VT T 7 4 —
(hexane:AcOEt = 3:2)IC L v HH L T, k& W 96 (1.6 g, 68%) % ki (AR &
L LTHE7, "HNMR (400 MHz, CDCl3) §1.26 (s, 3H), 1.43 (s, 9H), 1.79-1.64 (m, 4H),
1.90-1.81 (m, 1H), 2.22-2.12 (m, 1H), 2.58 (t, 2H, J = 8.1 Hz), 2.64 (t, 2H, J = 8.1 Hz),
2.74 (t, 2H, J = 7.3 Hz), 3.86 (s, 3H), 4.01 (dd, 1H, J = 9.5, 5.9 Hz), 4.21 (dd, 1H, J = 9.5,
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5.1 Hz), 4.60-4.52 (m, 4H), 4.62 (brs, 1H), 5.39-5.29 (m, 4H), 5.99-5.89 (m, 3H), 6.89 (d,
1H, J = 3.7 Hz), 7.18-7.14 (m, 3H), 7.28-7.24 (m, 2H); MS (FAB) m/z: 603 (M+H)".

Mono (2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]-1-butyl
phosphate (32-P)

from
(2R)-2-t-Butoxycarbonylamino-2-methyl-9-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-
yl]-1-butyl diallyl phosphate (96)

:typical chemical synthetic procedure

Ho Q I\

HO™ ~O7 N N
NH, o

(2R)-2-t-Butoxycarbonylamino-2-methyl-9-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-
yl]-1-butyl diallyl phosphate 96 (1.6 g, 2.6 mmol). triphenylphosphine (0.14 g, 0.54
mmol) & tetrakis(triphenylphophine)palladium(0) (0.15 g, 0.13 mmol) % acetonitrile (26
mDICER W S8, BEFMA F. pyrrolidine (1.1 ml, 13 mmol) Z il 2 . = iR T 24 B[]
B L7o, BOSIKZWE TIRME L, o 72iREIC 1 BLE HClI AKEHKR (15 ml)Z N
A, CHoClp (50 ml x 2) THiMI L7z, AHEEZ KM MY v ATHBELL, 5i
B, WETHEEZEEL, HBOERIELEWQS5 o), o NTHAERDIC
CH,Cl, (26 m)Z Jil 2 . 7k #% F . trifluoroacetic acid (TFA) (8.6 ml)%& iz . ## L /-,
FMETHEL, SHIC2HHTEHRLER, BETHEEZEEL, o ERIEC
EtOH (10mN)Z M x 7=, il L7cfEdEz Al L%, § 572 fEd %2 MeOH (200 ml)
EROBTMN)ORAEHICEMR S, £ OWIKRIZ charcoal #1272, =R T 55 MH#E
FRL 7% . charcoal 7 4 N Al L, Ak Z WE FIRM L 72, 72 EtOH (10 ml)
ZMA, BICKET DL THHLZRSEZ A L. EtOH (10 mD)FEH 2 17\,
L D RS E AL A Y 32-P (0.56 g, 51%) & M ARG E L TH 7, [a]®s= +1.5 (¢
0.10, CH3CO,H); 'H NMR (400 MHz, CD3;CO,D) & 1.46 (s, 3H), 1.75-1.63 (m, 4H),
2.20-2.01 (m, 2H), 2.63 (t, 2H, J = 7.3 Hz), 2.82-2.71 (m, 4H), 3.87 (s, 3H), 4.17 (d, 2H, J
= 10.3 Hz), 6.04 (d, 1H, J = 4.4 Hz), 7.07 (d, 1H, J = 4.4 Hz), 7.17-7.11 (m, 3H),
7.25-7.22 (m, 2H); IR (KBr) 3429, 2934, 2857, 2717, 2603, 1639, 1557, 1480, 1455, 1378,
1182, 1056, 1041, 946, 915, 821, 748, 699, 580, 511 cm™'; MS (FAB) m/z: 421 (M-H)’;
Anal. Calcd for C,;H3,N,O5P: C, 59.70; H, 7.40; N, 7.33. Found: C, 59.37; H, 7.41; N,
6.64; P, 6.84.
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from
(2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yl]butan-1-ol
hydrochloride (32): typical biotransformation procedure
<YK R 15 L >

~NWVh eI ANTFT T MR MY T 4y Ryt R) 0.10%, 23— - AF
— 7 U — (A AER)0.30%, FY /b a— 2 1.0%, R U7 k(0 AR ) 0.20%,
f—AF 7 AMTT MT 4 7 24:8) 0.10%., NaH,PO,0.10%. KX 0.30%7> 5
MO EREMOLT, TFEEEH ) 25, )80ml & 121°C ., 20 4 MM EIRE L 7=,
ZhiZ, Y% T« A A K (Circinella muscae) NBRC4457 # — H & H#ME L, [
R & D BB T 23°C, 210 rpm T2 HMIEE L, Zha2MEBEBKRE L, Z 08
# R 1T 10 mg/ml © ¥ E T 0.010% formic acid/water /K & & 12 & fig L 7=
(2R)-2-amino-2-methyl-4-[1-methyl-5-(5-phenylpentanoyl)pyrrol-2-yllbutan-1-ol
hydrochloride 32 (40 mg, 0.11mmol)D % ¥k % 0.80 ml @ L. FFEEIERIR & 5 &5 2 %
T23C.210 rpm T 3 H M8 217 o 7o, 2 G O AT IXBL FIZ R 978412 T HPLC
TE=#%—L7, Unison UK-C18 column (4.6¢ x 75 mm), 0.1% formic acid/ acetonitrile
= 70:30, flow rate: 0.80 ml/min. 32, 32-P OFFEEMIZZETNL LT, 6.74., 3.245 Th
of:o

G TH, BB 0401127 (040 D2 MAZ. &5V UEEA0 u)E I 2
THI %, BEIREZ RS IEEIC X > THY BRI (c.a. 0.80 NE 7z, Z OIEIRICHAK
BAKO.80NZ M=%, &5 L 0.10% YV » BKIEKE CEHib LiZ-Z A YA 4
HP-20(40 ml: = AL (BE) D 7 Ak 5 L=, 7 A% &K 0.201, kW T 10 mM
X7 vE =T AR (pH 8.0) 0.20 1 THE L7 . 10 mM X T > F = 7 A
WMEHB.0): 7T F>=7:3DRAGEH 0201 THEHL, &5 10mM X7 v E
= AEERMEHSB.0): T b =1:1DRAEE 020ml THEHLE, 20 XL HiC
LTHEONTEEREEEDLEZZICEMRL., ROWTHBREREITY 2 &L THAERKRY
ELTHEGRIEAEY 32-P(68my)x HEaEEE L THL, BoNZEEREZ 10 MM X
TR LFEEWR(PH 8.0) : TE h=hF VU =1:1DREGEL 10 ml 2 L.
HOHNLH I0mMM X7 =7 AFEEKRMPHS.0): 7T b= U L=7:3DRAE
R -k L 7= HPLC 7 7 A (Develosil ODS UG-5: 20¢ x 150 mm)(c 5 L . [ &
B I Tt E 10.0 ml/min TEH L7z, HAWE O SN KIL 280 nm Z L., &
Rl 8.6 picBlnN 2 —2 2 ML, mMKAZE LD, BERML THELIL
BRI 20 ml Z BRAE LR L . mME OERIAAS Y 32-P (35 mo)x EAE MK L L TH
7=
<{K 1k AR E >

FEEEM 30mM Z2EHT 5 100ml R=AT7 7 AT 2RKIZ, VIVVRT - AAH
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= (Circinella muscae) NBRC4457 # — H & H#:fE L, R & 5 5 & # T 23°C. 210
rpm T2 AR L2, BoNmEBERNPOELODEEAEICE Y EEZRBI L .60 ml
DRERBAKTHBEZBRB L% .6 A0 1I5mMAI=H/LF 2—7(210ml o4
AL, EBOOBOABEIZLVEEKEZRIRLEZ, TAEFROa=hLVF 2—712, pHT
D50 MM U VAN Y 7y —Z25miEMLCHEKZBEE L, EO0oBECEY #HKE
ER L7, ANy 77 —5mlIZEEZRBREBE L., KEEEKISKRE Lz, 20 X9
WLTHELNIEKRIEREERKIGHKZ Lml b 247 2 VEEERERT L — NEKX—T T
A4 YO ZFENZERD T =2 L, 10 mg/ml O T 0.01%F B K IR IE I L -
2 OEHE 10 ImML T 247 =7 L— FAREERR:E > BEEBGLEARAS 4= v
TH)T 23°C, 350rpm T 2 HM KIS # 1T o 720 BOi # O AR I B R SO R IC 55 & D A
X2 — )V EIRML CTBE L%, 4500 rpm, 10 3 fH O Ly BELER 24T\, £ D L
HEKRIEEAERKRERMEY E L. Gonzmmbi®ix L HiEICE > THREZ 1T,
U oo 27 ik 32-P & 1572,
<V R MR TR IR >

RIEE AT REE & R L T v v % T« & A% = (Circinella muscae) NBRC4457
DEFEATo T, BONTEERED OOy BAFEICL Y HEEZEI L, pH7 @ 50
mM U Ny 77— 21E), £ 4 ZHRKTEEKZREF L, BIRLEZFHKICKT
ATAAXAT M AXY 2TV, WKEBREERLE Lz, TOROMIGIE, IRIEEKIE
ERIERICL T o 72,

Mono (2R)-2-amino-2-ethyl-4-[5-(5-phenylpentanoyl)thiophen-2-yl]-1-butyl
phosphate (101-P)

Hod Y
HO™ ~O07 N S
NH, o)

FRLb A% 101-P 3L &% 101 2 HB R & L, FAlIC Al s AL B 2 47 » 72 &
VX T « LA Jx(Circinella muscae) NBRC4457 # fl T, 32-P L A DA KT
B CHEAEKE LT 18%D IR TH, 723, 101-P O #i 1% TiLiZ =3 HPLC
I XD PRE L =, Unison UK-C8 column (4.6¢ x 75 mm), 0.1% formic acid
water:acetonitrile = 65:35, ii#: 0.80 ml/min. 101-P O & #Ef X 4.2 HTH > 7=, 'H
NMR (400MHz, CD3;CO,D) 6 1.05 (t, 3H, J = 7.3Hz), 1.65-1.80 (m, 4H), 1.92 (q, 2H, J =
7.3Hz), 2.16-2.21 (m, 2H), 2.64 (t, 2H, J = 7.3 Hz), 2.93 (t, 2H, J = 7.3 Hz), 3.00-3.05 (m,
2H), 4.26 (d, 2H, J = 7.3 Hz), 6.99 (d, 1H, J = 3.7 Hz), 7.12-7.19 (m, 3H), 7.22-7.27 (m,
2H), 7.67 (d, 1H, J = 3.7 Hz); MS (FAB) m/z: 438 (M-H)".
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Mono (2R)-2-amino-2-methyl-4-[5-(5-phenylpent-1-yn-1-yl)furan-2-yl]butyl
phosphate (102-P)

HO . A
HO™ ~O . 07 N

ALk & 102-P 13L& 102 2 R HFEL S L, FATICHMERAE Z 1T - 2 &
L% T+ A Jx(Circinella muscae) NBRC4457 Z T, 32-P L HEED AR
HEICTHEAEKLE LT 43%DIN R TR, i, 102-P O E T FFEIZ "7 HPLC
HTIC X W PR E L 72, Unison UK-C8 column (4.6¢ x 75 mm), 0.1% formic acid
water:acetonitrile = 65:35, i #: 0.80 ml/min. 102-P O £ £ #F i 5.0 & Tdh » 7=, 'H
NMR (400MHz, CD3CO,D) &§1.41 (s, 3H), 1.95-1.84 (m, 2H), 2.43 (t, 2H, J = 7.3 Hz),
2.72 (t, 2H, J = 7.3 Hz), 2.84-2.70 (m, 2H), 4.11 (d, 2H, J = 9.5 Hz), 6.09 (d, 1H, J = 2.9
Hz), 6.42 (d, 1H, J = 2.9 Hz), 7.31-7.13 (m, 5H); MS (FAB) m/z: 390 (M-H)".

Biology
Efficacious in the adjuvant-induced arthritis model in rats

REBICER T 28 WL, 8 MM Lewis 7 v V2 W, LEESIED 7 v b &
W7z, £ . mycobacterium butyricum MEIEE K 2 A 2 U ek TR L . §E K
L7ciRE T 7 iz 2mgim 225 L H58@L, BEKOAEEL L TTVa Ny
ML, LT =232 8 0.056 ml Z#xfEEERS L OVBILEM B S BEO
Ty POABKRHENIZERN T 22T, 7YVany FEHIRDOFEEZIT - T2,
BT VanN MEERH LW E L TERSBELR T, HBRILAEWE 0.5%
NI HA Y MRICEE E T LR, AR L EME T V2 N IS A 2
518 HM, 1 H 18, 5ml/kg @ H#&5 Lz, £/, MFRBEIZIX05%NT7 W b
RO Bz FRICEE LT,

BHBB®E, 1AL I8 HARABRKOEREZ RAEBEREELE CHIE L., &1
DOEREEOFEHEZHFEH L%, R K0 ZBAERBEHEMIMEI L (%) 2 FHH L.
FAL G O RN 24T o 72, (3N 1)

AR E R (%) = (1 — (TR BESHOREEE] — HaRED
YRR ) (T RBE O B — TESSREEO ZIAER ) x 100 (K1)

Inhibitory activities against Host versus Graft Reaction in rats (HvVGR)
B2EEROMICTEIM LA HFIEICHE L TEM L2,
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BESEICEHTDLER

tert-Butyl (4R)-4-[(4-bromophenyl)methoxymethyl]-2,2,4-trimethyl-1,3-oxazolidine-
3-carboxylate (111)

o/\:(\O/\©\
)T N\Boc: Br

tert-Butyl (4R)-4-(hydroxymethyl)-2,2,4-trimethyl-1,3-oxazolidine-3-carboxylate 56
(2.2 g, 8.8 mmol)® DMF ¥ % (50 ml)%Z 0°CIZ# # L. sodium hydride (60%, 60 mg, 13
mmol)Z il 2. 10 sy ¥ L 7=, SR IZ 4-bromobenzylbromide (3.3 g, 13 mmol) %
A, =T 2HRHEHE L7, %, KOS Z M NH.CL KB (50 m)IZ &,
ACOEt (50 ml x 2) THiHH L 7=, AHJE 2K (30 ml), fZF &I /K (B0 m) Ty L., M
KEiEe S P U ATHBELE, A%, BETGEEZHEL T, BEZ VDTV
BT A v~ k7T 7 4 —(hexane:AcOEt = 5:1to 2:1)IC kR L T, EbeaD
111 (3.6 g, 99%) & % kW E & L T4 7. 'H NMR (400MHz, CDCl;) §1.40-1.51
(m, 18H), 3.49 (dd, 1H, J = 14.1, 9.0 Hz), 3.61 (d, 1H, J = 9.0 Hz), 3.72 (d, 1H, J = 9.0
Hz), 4.08 (d, 1H, J = 9.0 Hz), 4.39-4.51 (m, 2H), 7.16 (d, 2H, J = 7.4 Hz), 7.45 (d, 2H, J =
7.4 Hz); IR (KBr) 2978, 2869, 1695, 1367, 1097, 1071, 804 cm™'; MS(FAB) m/z: 414
(M+H)".

(2S)-2-Amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol (112)

AR
NH2 Br

tert-Butyl (4R)-4-[(4-bromophenyl)methoxymethyl]-2,2,4-trimethyl-1,3-oxazolidine-3-
carboxylate 111 (3.6 g, 8.9 mmol) D CH,Cl, % # (60 ml)iZ , = i T TFA (30 ml) % /N z .
0 L2, MISHKIC/AK@BOm)Z N, SEEMBHLEZ, 0%, BETHE
WagEL, BohikiE%x CH,ClL (50 m) THAMR L 721 . 4 BlE NaOH /K&K %
WC, G % pH 14 12 L 72, CH,Cl, (50 ml x 2) CHhiHit% . A& %2 K (30 ml), fa
FIEHE RGO M) THEH L, |AmEBE ST MY v ATEERLE, A%k, BEFEEZ
MELCT, BEEZ VW5V~ 7T 7 4 —(CHyCl,:MeOH = 1:0 to 5:1)
RV HR LT, Bkt 112 (2.29, 88%) 2 ks (kW E & L T 72, "H NMR
(400MHz, CDCl3) 61.02 (s, 3H), 3.29-3.42 (m, 4H), 4.43 (s, 2H), 7.13 (d, 2H, J = 8.6 Hz),
7.42 (d, 2H, J = 8.6 Hz); IR (KBr) 2924, 1464, 1095, 805 cm™; MS(FAB) m/z: 274
(M+H)".
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(2S)-2-Amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol, D-(-)-tartaric acid
(113)

/\(\ COzH
/\© HO CO,H

(25)-2-Amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol 112 (2.1 g, 7.8
mmol)% EtOH (20 ml) & 7K (4.0 ml) D& & & B IC ¥ fig L 7= %2 . D-(-)-tartaric acid (1.1 g,
7.3mmol) &N A, EIR T 1RHTEH L7, TO®’, Et,O 2 WV THE TR 2 & %
THZETARLEBEKRZATL, HAKY & L THERZIMISY 113 (2.1 9) % 6 [&H
RELTHL, oz 113219 L, K@B.OmYEHWEHERBIELZITO =
LT, mMEOEZIALAY 113 (1.5 g, 50% yield, 99.0%ee)% A A EHIRFE S & L TH
7=+ *"H NMR (400MHz, DMSO-dg) & 1.13 (s, 3H), 3.38-3.47 (m, 4H), 4.52 (s, 2H), 7.34 (d,
2H, J = 8.0 Hz), 7.56 (d, 2H, J = 8.0 Hz); IR (KBr) 3320, 2918, 1905, 1729, 1575, 1404,
1304, 1263, 1214, 1134, 803, 680, 484 cm™; Anal. Calcd for C11H1sBrNO,.C4HgOs. H,0:
C, 40.74; H, 5.47; N, 3.17; Br, 18.07. Found: C, 40.48; H, 5.49; N, 3.30; Br, 18.16.

B, ALEW U3 O FHE T TO®REICE Y, L&Y 113 % (4R)-4-[(4-
bromophenyl)methoxymethyl]-4-methyl-1,3-oxazolidin-2-one 114 ~ & & 7= . HLPC
B E ZATWIRE LT,

A procedure of the determination of the enantio purity of
(2S)-2-amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol,

D-(-)-tartaric acid (113)

; synthesis of (4R)-4-[(4-bromophenyl)methoxymethyl]-4-methyl-1,3-oxazolidin-
2-one (114)

AF o o@o“@
/\© >//NH
HO COH . J Br

&% 113 (10 mg, 0.024 mmol)(Z CH,Cl, (3.0 ml). 1 # & NaOH /K ¥ (0.20 ml) %
Iz, =R T 30 /3 M#EHE L7z, CHoCly (5.0 ml x 2) THlith L7, HHE % BAKH
> b v ATHBEELLE, 2B, BHEFTEEEZ®E XTS5 & T,
(2S)-2-amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol, D-(-)-tartaric acid 113
D 7Y — KT & 5 (2S)-2-amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol 112
R AmKHE L B, 5507 112 % CH,Cl, (1.0 m) 2 & fiF L

1,1'-carbonyldiimidazole (11 mg, 0.068 mmol) % il 2, =i T 2 FFH#H L7z, BWE T
WikZz@E L, BiEx2 v VWSV BT L8270~ 27T 7 4 —(CHCl,:MeOH = 20:1)
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F\‘

ZE KRR LT, EiEbA Y 113 (6.5 mg, 0% E EABE K E L L CHL, BHh
113 O FHME T L FIiorm+ &M% H v/ HPLC i X v & L 7=, DAICEL
CHIRALCEL OD-H (4.6¢ x 250 mm), hexane:2-propanol = 70:30, ¥ #: 1.0 ml/min, &
J£:25.0°C. REFEER1X(S)- 113 £ (R)- 113 X ZE N EHN 6.0 & 7.5 Th - =,

ﬁp

tert-Butyl (4R)-4-[(4-bromophenyl)methoxymethyl]-2,2,4-trimethyl-1,3-

oxazolidine-3-carboxylate (111) from 113

o/\:(\O/\©\
)T N\Boc: Br

{bA& % 113 (1.5 g, 3.9 mmol){Z CH,Cl, (30 ml), 1 #1& NaOH /K # (10 ml) % il x .
R T 30 /MR L7=, CHoCl, (30mIx2) THIH L7k, AitklE 2 MoK ~Y
UATHBLE, i, BHETFTEHEEZIHEST 22L& T, HEERD O
(2S)-2-amino-3-[(4-bromophenyl)methoxy]-2-methyl-propan-1-ol 112 % & {4 Ji ik & &
LTHZ, Foiiz 112 % CH,ClL, (30 m)TAH M L, =i T Boc,0 (0.90 g, 4.1 mmol)
& triethylamine (0.70 ml, 4.8 mmol)Z il . 2 FEfE M L 7% . IE FIRE 28 5L
oo b LTz % CHLCl, (50 ml) THA MR L, =i T 2,2-dimethoxypropane (5.0 ml, 34
mmol) & BF3-OEt, (24 mg, 0.20 mmol)Z Sl x . 1 e 1R ¥ L 72, KOS #& (2 triethylamine
Oo0mhZzmz ., WETEEZEE L, BELXZ I DTNV DT A u~x NI T 7 4
— (hexane:AcOEt = 2:1)IC LV KR L T, S ® 111 (1.4 g, 94%) % & R 9 E
ELTHE,

tert-Butyl (4R)-4-(hydroxymethyl)-2,2,4-trimethyl-1,3-oxazolidine-3-carboxylate (56)
from 111

o/\:hOH
)T N\Boc:

tert-Butyl (4R)-4-[(4-bromophenyl)methoxymethyl]-2,2,4-trimethyl-1,3-oxazolidine-3-
carboxylate 111 (5.0 g, 12 mmol)?® EtOH (100 ml)¥& % |{Z potassium carbonate (2.5 g, 18
mmol) & 10% Pd-C (50% wet, 3.59) = Mz . KFEFRHEX T, IR T 24 FrE L 7=,
Ak, WMETHEEREZ2BEL, BEEZ2 VWISV T o< NI T 7T 40—
(hexane:AcOEt = 10:1to 4:1)IC L W KR L T, B L& % 56 (3.0 g, 100%) % 4 {4, i Ik
Mg & L THET,
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N-Methoxy-N-methyl-4-(p-tolyl)butanamide (116)

_N
0]

4-(p-Tolyl)butanoic acid (5.0 g, 28 mmol)® CH,Cl, (0.17 D #Z 2 N,O-dimethyl-
hydroxylamine hydrochloride (3.3 g, 34 mmol) & 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (6.5 g, 34 mmol) Z Il x . =L T 10 oy H#E#H L7, NS
Z 0°CIZ % #1# . N-methylmorpholine (9.3 ml, 84 mmo)Z i F L 7=, K ¥ THIE L.
2HFRI SRR L7tk . 1 HLE HCI AKIEIKR (100 m) & N x 7=, & 512K (200 ml)Z 0 % .
CH,Cl, (100 mI x 2) THIH L 7=, A HJE 2 K (70 ml)F X OV fa fn & 3 K (70 ml) T L
Tete, EAWME ST N ULATEHBELL, A%, BIETEELZHEL, Rz
BTNV v~ k7T 7 4 —(hexane:AcOEt = 3:1to 2:1)IC kX W KR L T, EifbkaD®
116 (5.6 g, 46%) % K HO MKW E & L T4 7. "H NMR (400MHz, CDCl;) &§1.94-1.87
(m, 2H), 2.27 (s, 3H), 2.43-2.33 (m, 2H), 2.59 (t, 2H, J = 7.4 Hz), 3.12 (s, 3H), 3.58 (s,
3H), 7.02 (s, 4H); MS(FAB) m/z: 212 (M+H)".

tert-Butyl (4R)-2,2,4-trimethyl-4-[({4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-
methyl]-1,3-oxazolidine-3-carboxylate (119a)

N,
)( Boc
(e

ZEREFEPHS T, tert-butyl (4R)-4-[(4-bromophenyl)methoxymethyl]-2,2,4-trimethyl-
1,3-oxazolidine-3-carboxylate 111 (1.0 g, 2.4 mmol)® THF (20 m)i& K % - 78°C 2 & #ll
L 72 # . n-BuLi (1.6 M hexane solution, 2.3 ml, 3.6 mmo)Z W} > <V L F L. [FI&E
T30 MELEZ, £TO%., KIHHKIZ N-methoxy-N-methyl-4-(p-tolyl)butanamide 116
(1.1 g, 4.8 mmol)® THF &K (B0 mDEZHE F L, RAICHIRETHIREIE, 51T 2
RF 12 £ L 72, B Fn NH,Cl K (15 ml), 7K (50 ml) % il 2, AcOEt (40 ml x 2) T 4#
MU, AHMEZKAOmMNE XA K@0m)THEF Liztk, MAKFKEST MY
VATHBELEL, A%, BHETGEEZEEL, BB VWS Vv Iue~x NI T 7
4 — (hexane:AcOEt =10:1to 3:1)IC K W f# L T, fFEF/bA % 119a (0.51 g, 46%) % ¥4
AWK E L LT 7, '"H NMR (400MHz, CDCl;) §1.61-1.32 (m, 18H), 2.05 (dt, 2H,
J=17.3,7.3 Hz), 2.32 (s, 3H), 2.68 (t, 2H, J = 7.3 Hz), 2.95 (t, 2H, J = 7.3 Hz), 3.82-3.49
(m, 3H), 4.16-4.11 (m, 1H), 4.65-4.50 (m, 2H), 7.09 (s, 4H), 7.42-7.34 (m, 2H), 7.93-7.85
(m, 2H); IR (KBr) 2978, 2935, 1692, 1385, 1368, 1258, 1176, 1097, 1064 cmh; MS(FAB)
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m/z: 496 (M+H)".

1-(4-{[(2S)-2-Amino-3-hydroxy-2-methylpropoxy]methyl}phenyl)-4-(4-methylphenyl)
butan-1-one, hydrochloride (33a)

)

(4R)-2,2,4-Trimethyl-4-[({4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)methyl]-1,3-
oxazolidine-3-carboxylate 119a (3.6 g, 8.9 mmol)® CH,Cl, & # (60 mI)iZ, =& T TFA
@Bomh)&a Mz, 30 M L%, OSKRIZAKGBOmM)Z ML, 5RFMBEEH L, £
D, WIETEEZEEL, BONTEEZLZ CHCl, (50 m)THR L%, 4 BLE
NaOH /K&K & F T, It % pH 1412 L 7=, CH,Cl, (50 ml x 2) THhiiH . A B
J& Z K @BOml), faF R K@BOmM)TEHEE L., BAMEBT N D LATEHELEZ, A
%, WMIETHEEZEELT, kEW3Bao 7 ) —KaedalmRkmwE L L Hiz, 5
bivie 7 U —{K%Z EtOH (60 mI)THA7 R L, 4 #7E& HCl/dioxane & & (4.4 ml)Z N z .
FERCIRMBEHR L, BETEEZEEL T, AR LEEELZ ELO TAR L, 1E
b AW 33a(2.29, 78%) % MEAEAME & L THE7-, "HNMR (400MHz, DMSO-dg) &
1.18 (s, 3H), 1.89 (tt, 2H, J = 7.3, 7.3 Hz), 2.26 (s, 3H), 2.59 (t, 2H, J = 7.3 Hz), 3.02 (t,
2H, J = 7.3 Hz), 3.57-3.42 (m, 4H), 4.63 (s, 2H), 4.66 (t, 1H, J = 5.1 Hz), 7.09 (s, 4H),
7.51 (d, 2H, J = 8.0 Hz), 7.93 (d, 2H, J = 8.0 Hz), 8.02-7.79 (brs, 2H); IR (KBr) 3383,
3020, 2890, 1683, 1607, 1514, 1253, 1118, 979, 790 cm™'; MS(FAB) m/z: 356 (M+H)";
Anal. Calcd for C,,H,9gNO3.HCI: C, 67.42; H, 7.72; N, 3.57; Cl, 9.05. Found: C, 66.92; H,
7.75; N, 3.73; CI, 9.04.

HO/\;(\O O

NH,

1-(4-{[(2S)-2-Amino-3-hydroxy-2-methylpropoxy]methyl}-3-methylphenyl)-4-
(4-methylphenyl)butan-1-one, hydrochloride (33b)

rC

1-(4-{[(2S)-2-Amino-3-hydroxy-2-methylpropoxy]methyl}-3-methylphenyl)-4-(4-
methylphenyl)butan-1-one, hydrochloride 33b (Z{b &% 119b Z# HEJFEEL & L, LAY
3Ba LFRDOERFTIEIC L BOABAEHE L L THL LEY 33biTa 4 TR, 18%
TH 5N 7, "HNMR (400MHz, CD30D) §1.27 (s, 3H), 1.90-1.98 (m, 2H), 2.25 (s, 3H),

HO/\:(\O O

NH,
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2.36 (s, 3H), 2.60 (t, 2H, J = 7.4 Hz), 2.94 (t, 2H, J = 7.4 Hz), 3.45-3.58 (m, 2H),
3.59-3.62 (m, 2H), 4.62 (s, 2H), 7.02 (brs, 4H), 7.43 (d, 1H, J = 7.4 Hz), 7.68 (s, 1H),
7.69 (d, 1H, J = 7.4 Hz); IR (KBr) 3387, 2944, 2558, 1680, 1606, 1513, 1257, 1101, 791
cm™t; HRMS (ESI): calcd. for Cp3H3 NOs [M+H]" : 370.2382, found 370.2395.

Methyl (2R,4R)-4-[(4-bromo-2-chloro-phenyl)methoxymethyl]-2-tert-butyl-4-methyl-

1,3-oxazolidine-3-carboxylate (115e)

N\
COZMe

Methyl (2R,4R)-2-tert-butyl-4-(hydroxymethyl)-4-methyl-1,3-oxazolidine-3-
carboxylate 26 (3.0 g, 13 mmol)® DMF &% (30 ml)%Z 0C Iz A L, sodium hydride
(60%, 0.60 g, 13 mmol) % Jn % . 10 % [ #@ # L 7= . K J& & I
4-bromo-3-chlorobenzylbromide (5.5 g, 20 mmol)Z il .. =RiE C 2 KM HEHL L=, #
%, KIS %2 35 NH.Cl KR (50 m)IC &, AcOEt (50mlx 2) Tt L7, f
g &K (Boml), fafiAEEAKGBOmM)THE L, MAKMBE S MY v ATHELEZ, 5
W, WETHEEZEELC, B2 VI TFT VDT A Ia~ NI T 7 4 —
(hexane:AcOEt=1:0to4:1)ICc XLV R L T, k&% 115e (3.6 g, 64%) % % ¥ 4 i
WmE & L TH7-, "HNMR (400MHz, CD;CI) § 0.96 (s, 9H), 1.46 (s, 3H), 3.71 (s, 3H),
3.75 (d, 1H, J = 8.8 Hz), 3.77 (d, 1H, J = 8.8 Hz), 3.98-3.93 (m, 1H), 4.21 (d, 1H, J = 8.8
Hz), 4.59 (s, 2H), 5.17 (s, 1H), 7.31 (d, 1H, J = 8.8 Hz), 7.42 (dd, 1H, J = 8.8, 1.5 Hz),
7.55 (d, 1H, J = 1.5 Hz); MS(FAB) m/z: 434 (M+H)".

Methyl (2R,4R)-2-tert-butyl-4-[({2-chloro-4-[4-(4-methylphenyl)butanoyl]benzyl}-
oxy)methyl]-4-methyl-1,3-oxazolidine-3-carboxylate (117e)
Cl

a0

N\
CO,Me
o)

EFFMA F. methyl (2R,4R)-4-[(4-bromo-2-chloro-phenyl)methoxymethyl]-2-tert-
butyl-4-methyl-1,3-oxazolidine-3-carboxylate 115e (2.3 g, 5.4 mmol)® THF (40 mI){& ik
., -718CIZHm A L 72 . n-BuLi (1.6 M hexane solution, 5.1 ml, 8.1 mmo) %z} > < ¥
EHFL, AR T30 0B LE, Ok, KIEHKIZ N-methoxy-N-methyl-4-
(p-tolyl)butanamide116 (2.4 g, 11 mmol)?® THF &% (5.0 mDZ M F L. %4 ICEE £
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THIESHE, I 2FMHBH L7, fF NHL,Cl K ERK (50 ml), K (50 mh)% 0 x .
AcOEt (80 ml x 2) CHiti L 7=, HHE % /K (40 ml)i L O Fo & HE K (40 ml) T L
o, MOKEREET NV U LATHELE, ARG, BIEFEELZBEEL, ZELV Y
BNV v~ T 7 4 —(hexane:AcOEt=10:1to 3:1)IC kW K L <, ERRibA Y
117e (1.3 g, 46%) & ¥kt (o iR H'E & L T 7=, 'H NMR (400MHz, CD3Cl) & 0.97 (s,
9H), 1.49 (s, 3H), 2.12-2.07 (m, 2H), 2.36 (s, 3H), 2.71 (t, 2H, J = 7.3 Hz), 2.96 (t, 2H, J
= 7.3 Hz), 3.72 (s, 3H), 3.83-3.77 (m, 2H), 4.03-3.97 (m, 1H), 4.26-4.23 (m, 1H), 4.68 (s,
2H), 5.19 (s, 1H), 7.13 (s, 4H), 7.55 (d, 1H, J = 7.8 Hz), 7.83 (dd, 1H, J = 7.8, 1.5 Hz),
7.91 (d, 1H, J = 1.5 Hz); MS(FAB) m/z: 516 (M+H)".

1-(4-{[(2S)-2-Amino-3-hydroxy-2-methylpropoxy]methyl}-3-chlorophenyl)-4-(4-
methylphenyl)butan-1-one, hydrochloride (33e)
Cl

HO Y o O

NH,

I

Methyl (2R,4R)-2-tert-butyl-4-[({2-chloro-4-[4-(4-methylphenyl)butanoyl]benzyl}-
oxy)methyl]-4-methyl-1,3-oxazolidine-3-carboxylate 117e (1.0 g, 5.4 mmol)® MeOH (10
ml)¥& % \Z p-TsOH monohydrate (0.76 g, 4.0 mmol)% il x . 50°C C 2 BRI L 7=, W
JE R 2% L5 L, HAMR® & L T methyl [(2S)-1-({2-chloro-4-[4-(4-methylphenyl)-
butanoyl]benzyl}oxy)-3-hydroxy-2-methylpropan-2-ylJcarbamate 118e % 2 {4 Ik '&
ELTHE, o7 118e & EtOH (20 mD)THA R L, 8 & KOH /K¥E# (2.5 ml, 20
mmol)Z il 2 . MNEGEJE .6 FFff i L, |l E THmAI%Z ., BE FTHEEZ®E E L.,
KEZMZ . CHCl, (30 ml x 2) THEHY L 72, AHEE % /K (40 ml) I X OVAE i & 3 7K (40 ml)
T Lok, BAKWEBRT MY AT L, Ak, BWETEELZEEL T,
ft&®Wm3Be D7V —lkEHamRME L LB S U — K% EtOH (15 ml)
TAHAMR L. 4 8 E HCl/dioxane (1.0 m)Z Il 2, =i T 1EEMEH L 7=, BIE FIEL
ZREEL T, AR LZEKEZ Et,0 TAM L, FEiRba ¥ 33e (0.58 g, 90%) % % {4 [H
EKmE L L TH7=, 'H NMR (400MHz, DMSO-dg) &1.20 (s, 3H), 1.91-1.84 (m, 2H),
2.26 (s, 3H), 2.59 (t, 2H, J = 7.3 Hz), 3.04 (t, 2H, J = 7.3 Hz), 3.62-3.45 (m, 4H), 4.68 (s,
2H), 5.47 (t, 1H, J = 5.4 Hz), 7.09 (s, 4H), 7.78 (d, 1H, J = 8.3 Hz), 7.91 (d, 1H, J = 8.3
Hz), 7.94 (brs, 1H). 8.00 (brs, 3H); IR (KBr) 3384, 3018, 2935, 1692, 1198, 1129, 1044,
808 cm™: MS(FAB) m/z: 390 (M+H)"; Anal. Calcd for C,,H,3CINO3.HCI: C, 59.46; H,
7.03; N, 3.15; CI, 15.96. Found: C, 59.59; H, 6.72; N, 3.20; CI, 16.81.

119



1-(4-{[(2S)-2-Amino-3-hydroxy-2-methylpropoxy]methyl}-3-ethylphenyl)-4-(4-
methylphenyl)butan-1-one, 0.5 oxalic acid (33f)

HO/\%/\O O
NH,
I

EReib AW 33 Ik 26 B L L LG 33e LRIKDO AR TIEIZED
BEABEAKME L L THL, 2B, LW 33F 1L 05 =2 UMiEE LT, &2 4 L&,
18% T/ H 472, "H NMR (400MHz, DMSO-dg) & 1.04 (s, 3H), 1.18 (t, 3H, J = 7.6 Hz),
1.91-1.85 (m, 2H), 2.26 (s, 3H), 2.59 (t, 2H, J = 7.6 Hz), 2.67 (q, 2H, J = 7.6 Hz), 3.01 (t,
2H, J = 7.2 Hz), 3.39-3.29 (m, 4H), 4.60 (s, 2H), 7.09 (s, 4H), 7.51 (d, 1H, J = 7.6 Hz),
7.74 (s, 1H), 7.75 (d, 1H, J = 7.6 Hz); IR (KBr) 3288, 2967, 2949, 2592, 1688, 1626, 1565,
1293, 1112, 1052, 796 cm™}; HRMS (ESI): calcd for C,4H34NO; [M+H]": 384.2539, found
384.2539.

1-(4-{[(2S)-2-Amino-3-hydroxy-2-methylpropoxy]methyl}-2,5-dimethylphenyl)-4-(4-
methylphenyl)butan-1-one, 0.5 oxalic acid (33h)

HO/\?/\O O
NH,
U

Tk AW 33h 1XfbE i 26 I REEELE L, {EA& W 33e ERERD G R T IEIC X
DIEAEEDE L CHE, B . LA®W33h X 05 v 2 v LT, &4 T,
21%T15 5 4L 7-, "H NMR (400MHz, DMSO-dg) §1.04 (s, 3H), 1.88-1.82 (m, 2H), 2.26 (s,
6H), 2.35 (s, 3H), 2.57 (t, 2H, J = 7.4 Hz), 2.90 (t, 2H, J = 7.4 Hz), 3.36-3.29 (m, 4H),
4.49 (s, 2H), 7.08 (s, 4H), 7.25 (s, 1H), 7.49 (s, 1H); IR (KBr) 2953, 2596, 1680, 1620,
1572, 1454, 1296, 1098, 1052, 797, 764 cm™*; HRMS (ESI): calcd for C4H3sNO3 [M+H]" :
384.2539, found 384.2542.

Allyl N-{(1R)-1-(diallyloxyphosphoryloxymethyl)-1-methyl-2-[{4-[4-(p-tolyl)-
butanoyl]phenyl}methoxy]ethyl}carbamate (120a)
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75 "o~ O

K HN\AIIoc
I

1-[4-[[(2S)-2-Amino-3-hydroxy-2-methyl-propoxy]methyl]-phenyl]-4-(p-tolyl)butan-1-
one hydrochoride 33a (0.15 g, 0.40 mmol)%Z AcOEt (4.0 ml) & 7K (4.0 ml) D J& & ¥ B (2 n
Z. & 5T, KHCO; (88 mg, 0.90 mmol) & allyl chloroformate (0.050 ml, 0.46 mmol)
N Z ., BT 2R L2, KIS A AcOEt(200 ml x 2) THi i L. A8 % fin
FEHAKGOm)B X REAKGOM)THEEF LI-E, BAKMEB ST Y U A THIE
Lz, Ak, WEFEELZEEL, BAEKRY O allyl N-[(1S)-1-(hydroxymethyl)-
1-methyl-2-[[4-[4-(p-tolyl)butanoyl]phenyl]Jmethoxy]ethyl]Jcarbamate % & {4 Ji Ik %) '& &
LTHE, Bonifba®m D CHCL, (3.0 ml)AE K %2 0°CIZ# Al L. 1H-tetrazole (0.18
g, 2.5 mmol) & diallyl diisopropylphosphoramidite ((AllylO),PNi-Pr,) (0.20 ml, 0.75
mmol)Z Mz 7= %, | £ CTHIR L, 12KMBHE L, KISKZHE 0OCITHA L.
3-chloroperoxybenzoic acid (0.20 g, 0.80 mmol)Z N X 7=1% . EE F THIE L. 1M
B L 72, KR KIZ 10% NapS,03 KIE#K (10 ml)Z fil 2. CHLCl, (30 ml x 2) THH M L
72, AREE Z f3F0 NaHCO; KR (30 ml)& X OVEa Fn & 15 /K (50 mI) T ¥ L. K fif
e bV U LATHEBELELZ, Ak, WETFTREZEEL, B2V W7 v /7n~
k275 7 4 —(hexane:AcOEt = 5:1 to 0:1)IC X v & H L T, #iE{k A% 120a (0.23 g,
M%) M EE MK WE & LTH7~, '"H NMR (400MHz, CD;Cl) § 1.37 (s, 3H),
2.03-2.00 (m, 3H), 2.28 (s, 3H), 2.64 (t, 2H, J = 7.2 Hz), 2.91 (t, 2H, J = 7.2 Hz), 3.48 (d,
1H, J = 9.0 Hz), 3.61 (d, 1H, J = 9.0 Hz), 4.17-4.11 (m, 2H), 4.57-4.45 (m, 6H), 5.31-5.19
(m, 6H), 5.93-5.83 (m, 3H), 7.04 (s, 4H), 7.32 (d, 2H, J = 8.2 Hz), 7.84 (d, 2H, J = 8.2
Hz); IR (KBr) 2925, 2854, 1724, 1684, 1463, 1262, 1028 cmt; MS(FAB) m/z: 600
(M+H)".

(2R)-2-Amino-2-methyl-3-({4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)propyl-
dihydrogen phosphate (33a-P)

HO\(l? =

HO" F>\o/\:ﬂo O

NH,

I

Allyl N-[(1R)-1-(diallyloxyphosphoryloxymethyl)-1-methyl-2-[[4-[4-(p-tolyl)-
butanoyl]phenyllmethoxy]ethyl]Jcarbamate 120a (0.23 g, 0.40 mmol)® acetonitrile (5.0
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mD¥E#Z (2 . tetrakis(triphenylphophine)palladium(0) (24 mg, 20 umol), triphenyl-
phosphine (22 mg, 80 umol). pyrrolidine (0.22 ml, 2.6 mmo)Z iz . EHEHEHE F.
FER TARMBE L METREZEEL BN TERIEL 20% EtOH KIE#K (6.0
mDIZEfE L. & OWHLIZ charcoal # il 2 72, =i TS5 ## L7-%. charcoal &
T4 MAWM LT, AIRIC TFAQO u)Z Iz il L7 @& %2 A L, EtOH (4.0 ml)
T zair v, AR OETILAW 33a-P 2 aBEKE L CH-, oAt
% ¥ 1% pyrrolidine (4.0 ml) & EtOH (4.0 m)DEAEBICMAZ . RNEMZ S T-#% .
AU TFA (80 u)Zz Mz %5 Z L THEMMBEZME S ¥, Loz 5l L.
EtOH (4 m)IEH 2175 2 & T, @m#lE DO FEFLILE % 33a-P (74 mg, 46%) % ¥ o (4 [H
K& LTH7-, "HNMR (400MHz, CD3C0O,D) 51.48 (s, 3H), 1.98-2.07 (m, 2H), 2.28 (s,
3H), 2.65 (t, 2H, J = 7.3 Hz), 3.02 (t, 2H, J = 7.3 Hz), 3.73 (d, 1H, J = 8.8 Hz), 3.79 (d,
1H, J = 8.8 Hz), 4.22-4.34 (m, 2H), 4.69 (s, 2H), 7.08 (s, 4H), 7.49 (d, 2H, J = 8.0 Hz),
7.95 (d, 2H, J = 8.0 Hz); IR (KBr) 3192, 2955, 2594, 1681, 1609, 1517, 1282, 1105, 1033,
796 cm™'; HRMS (ESI): calcd for Co,H3iNOgP [M+H]" : 436.1889, found 436.1891.

(2R)-2-Amino-2-methyl-3-({2-methyl-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-
propyl dihydrogen phosphate (33b-P)

HO\Iq =

HO” F’\oﬁrﬂo O

NH»

e

TR ib &% 33b-P I3k & 33b A H B R L L. LAWY 33a-P & A kDA R T IE
CEvEAEAEYME L LTH- LAY 33b-P 134 2 L. 25%TH LN, '"HNMR
(400MHz, CD3CO,D) & 1.47 (s, 3H), 1.98-2.01 (m, 2H), 2.24 (s, 3H), 2.32 (s, 3H), 2.62 (t,
2H, J = 7.4 Hz), 2.97 (t, 2H, J = 7.4 Hz), 3.37 (brs, 2H), 4.20-4.36 (m, 4H), 4.60 (s, 2H),
7.03 (brs, 4H), 7.47 (d, 1H, J = 7.8 Hz), 7.69 (s, 1H), 7.70 (d, 1H, J = 7.8 Hz); IR (KBr)
2953, 2602, 1686, 1549, 1210, 1183, 1037, 939, 797 cm™*; HRMS (ESI): calcd for
Ca3H33sNOgP [M+H]" 1 450.2045, found 450.2045.

(2R)-2-Amino-2-methyl-3-({3-methyl-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-
propyl dihydrogen phosphate (33c-P)

0]
HO. I
P

HO o/ﬁgﬂo O

NH,
AP
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Ee b & 33c-P I3k 33c & MR IEE &L L, (L& W 33a-P & RO Gk ik
XY MmEAEEYEE L CHE LAY 33c-Pl34e 2 T, 30%TH LKL, 'HNMR
(400MHz, CD3;CO,D) 6 1.43 (s, 3H), 1.84-2.05 (m, 2H), 2.28 (s, 3H), 2.47 (s, 3H), 2.64
(brs, 2H), 2.93 (brs, 2H), 3.61 (d, 1H, J = 10.3 Hz), 3.76 (d, 1H, J = 10.3 Hz), 4.08-4.22
(m, 2H), 4.58 (d, 1H, J = 12.2 Hz), 4.64 (d, 1H, J = 12.2 Hz), 7.07 (brs, 4H), 7.27 (brs,
2H), 7.64 (brs, 1H); IR (KBr) 2924, 2608, 1685, 1611, 1549, 1448, 1179, 1065, 942, 808,
505 cm™; HRMS (ESI): calcd for Cy3H3sNOgP [M+H]" : 450.2045, found 450.2043.

(2R)-2-Amino-3-({2-fluoro-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-2-methyl-
propyl dihydrogen phosphate (33d-P)

=hadeygll

FiLfb &4 33d-P I3t &4 33d BB S L, k& 33a-P L [ D & A7 1%
R MEAEEYEE L THEE LAY 33d-PIE4 2 TR, 31%TH LM, '"HNMR
(400MHz, CD3CO,D) & 1.50 (s, 3H), 1.98-2.06 (m, 2H), 2.27 (s, 3H), 2.66 (t, 2H, J = 7.6
Hz), 3.00 (t, 2H, J = 7.6 Hz), 3.82 (d, 2H, J = 6.6 Hz), 4.25-4.30 (m, 1H), 4.34-4.38 (m,
1H), 4.75 (s, 2H), 7.08 (s, 4H), 7.62-7.69 (m, 2H), 7.77-7.79 (m, 1H); IR (KBr) 2945,
2611, 1687, 1577, 1418, 1183, 1039, 945, 810, 513 cm™*; MS (FAB) m/z: 452 (M-H); Anal.
Calcd for C,oH,gFNOgP: C, 58.27; H, 6.45; N, 3.09; F, 4.19; P, 6.83. Found: C, 57.59; H,
5.68; N, 3.11; F, 4.29; P, 6.78.

(2R)-2-Amino-3-({2-chloro-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-2-methyl-
propyl dihydrogen phosphate (33e-P)

HO” /\(\/\‘\"/\/\‘\

R ik &9 33e-P 13fb & 33e & HFEEL &L L, (L& 33a-P & RO G Tk
Tk EAEREYE L L TEZ LAY 33e-P i34 2 T, 31%TH b, 'HNMR
(400MHz, CD3CO,D) §1.42 (s, 3H), 1.88-1.95 (m, 2H), 2.17 (s, 3H), 2.55 (t, 2H, J = 7.1
Hz), 2.90 (t, 2H, J = 7.1 Hz), 3.73 (d, 1H, J = 8.0 Hz), 3.87 (d, 1H, J = 8.0 Hz), 4.16-4.20
(m, 1H), 4.25-4.28 (m, 1H), 4.56 (s, 2H), 6.97 (brs, 4H), 7.63 (d, 1H, J = 7.8 Hz), 7.78 (d,
1H, J = 7.8 Hz), 7.82 (s, 1H); IR (KBr) 2923, 2612, 1686, 1560, 1182, 1039, 943, 811
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cmt; HRMS (ESI): calcd for C,,H3oNOgPCI [M+H]" : 470.1499, found 470.1499.

(2R)-2-Amino-3-({2-ethyl-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-2-methyl-
propyl dihydrogen phosphate (33f-P)

HO\(IF?’ =
HO \o/\:ﬂo
NH,
T

Rl &9 33F-P I3fbEW 33F A H KL L. k&MY 33a-P & RO & LT ik
R EAEHAEYE L L THEL LAY 33f-P 134 2 T, 20%THE b7z, '"HNMR
(400MHz, CD3CO,D) §1.20 (t, 3H, J = 7.4 Hz), 1.39 (s, 3H), 1.95-2.06 (m, 2H), 2.24 (s,
3H), 2.60-2.69 (m, 4H), 2.97 (t, 2H, J = 7.4 Hz), 3.60 (d, 1H, J = 9.4 Hz), 3.76 (d, 1H, J =
9.4 Hz), 4.10 (d, 2H, J = 10.6 Hz), 4.65 (d, 2H, J = 19.0 Hz), 7.02 (brs, 4H), 7.48 (d, 1H, J
= 7.8 Hz), 7.73 (d, 1H, J = 7.8 Hz), 7.74 (s, 1H); IR (KBr) 2958, 2609, 1689, 1455, 1205,
1104, 1065, 944, 838, 520 cm™; HRMS (ESI): calcd for Co4H3sNOgP [M+H]" : 464.2202,
found 464.2204.

(2R)-2-Amino-3-({2,6-dimethyl-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-2-methyl-
propyl dihydrogen phosphate (33g-P)

HO\(IP? =
HO” \O/\:(\O
NH,
S

ERL b &% 339-P I3t &% 33g 2 HIE R & L, (L&MW 33a-P L AR D& A5 ik
RV EAFEKYE L L THEZ LAY 33g-P i34 2 T/, 16 TH 57, 'HNMR
(400MHz, CD3C0O,D) §1.38 (s, 3H), 1.95-2.06 (m, 2H), 2.28 (s, 3H), 2.44 (s, 6H), 2.65 (t,
2H, J = 7.3 Hz), 2.98 (t, 2H, J = 7.3 Hz), 3.33-3.36 (m, 4H), 3.60 (d, 1H, J = 9.5 Hz), 3.79
(d, 1H, J = 9.5 Hz), 4.10 (d, 1H, J = 10.0 Hz), 4.70 (d, 1H, J = 10.0 Hz), 7.08 (s, 4H), 7.60
(s, 2H); IR (KBr) 2950, 2468, 2229, 1683, 1578, 1458, 1285, 1121, 1066, 1037, 969, 767
cmt; HRMS (ESI): calcd for C,4H34sNOgP [M-H] : 462.2045, found 462.2037.

(2R)-2-Amino-3-({2,5-dimethyl-4-[4-(4-methylphenyl)butanoyl]benzyl}oxy)-2-methyl-
propyl dihydrogen phosphate (33h-P)
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HO\9 =

HO™ F>\o/\j/\o O

NH,

re

R b &% 33h-P (k&4 33h 2 BB & L., L& % 33a-P & R AR D & kT ik
CEvEAEAEAYME L LTH- LAY 33h-P 134 2 LR . 20%TH LN, '"HNMR
(400MHz, CD3CO,D) 51.42 (s, 3H), 1.92-2.06 (m, 2H), 2.28 (s, 3H), 2.30 (s, 3H), 2.42 (s,
3H), 2.64 (t, 2H, J = 7.3 Hz), 2.91 (t, 2H, J = 7.3 Hz), 3.35 (brs, 2H), 3.61 (d, 1H, J = 9.8
Hz), 3.77 (d, 1H, J = 9.8 Hz), 4.09-4.19 (m, 2H), 4.59 (q, 2H, J = 12.2 Hz), 7.07 (s, 4H),
7.25 (s, 1H), 7.40 (s, 1H); IR (KBr) 2923, 2595, 1681, 1558, 1457, 1192, 1135, 1092, 1052,
971, 804 cm™'; HRMS (ESI): calcd for C,4H3sNOgP [M-H]: 462.2045, found 462.2043.

Biology
In vitro [*°S] GTPy-S binding assay

vy % GTPy-S binding assay ® JE AW 22 # 4 FIEIZ. Sk 2icitdish Thv .,
CHRFLE# O FIEIC#E U CHEME L7, £7°.58 ul ® assay buffer (50 mM HEPES, pH 7.5,
0.10 M NacCl, 5.0 mM MgCl,, 0.050 mg/ml Saponin) & 10 ul @ 50 uM GDP solution (50
uM GDP, 54 uM DTT, 50 mM HEPES, pH 7.5, 0.10 M NaCl, 5.0 mM MgCl,, 0.050 mg/ml
Saponin) % 96-well "L —  (Sumitomo Bakelite Co., Ltd. SUMILON Proteosave 96 U
plate) D & well ([ZNx 72, £ 212, HFEEICHTHE L 29k 5% ((33-P, 6-P, 8) %
20 pl FoMz 7=, MBS LTIk, 2.0 ul @ 20 mM Pyrrolidine % 72 1% MeOH % JiI
Z 72, £ D%, 3.5nM [*°S] GTPy-S ¥ # (10 ul) & assay buffer T#A B L 7= 0.50 mg/ml
% EDG Z A{KF B CHO Ml (20 u)Z Mz, KinZ= i &7, =|IR T LR A
¥ 2 _X—3 3 L%, UniFilter-96, GF/C (PerkinElmer life sciences) 2 L . ¥t H
buffer (20 mM HEPES, pH 7.5, 0.10 M NaCl, 5.0 mM MgCl,) (0.20 ml x5) C#E:#% L 7= .
K& B9 IZ A buffer 284 well 12 15 ul §¥ 28 2RI L =% . MICROSCINT 20
(PerkinElmer Life and Analytical Sciences) (50 puhZ Mz 7=, = D% . HKPK Ca’ &
ODEAfbEE=HF— LT, 7Td=AMNEHITV 7T LrOmEBE ML, 6-P 10 uM @
mAf A 100 %L LT, 50% DMz 52 2RE L ECsfE & L TR 7=,

Lymphocyte counts following oral administration in rats.

AMEBICHEH T 28T, LEW 7 v b (B, 5. AAF ¥ — X - U=k
KA AEALLIBESIEO~Y Y R ER W, BBIEGWIT 1.0% N 7 H bk ()
B ST, BRIEEWERBKEZ, v~ 7 A OIKE 1.0kg X729 5.0ml ©F & T il
BAOHEE L, o, EFEICEIREOCRDVIC 10NNV MRERE L,
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WIS 5 W IZHBRILAYRBIRES 3 K IC., =— 7 VKRBT, FTRERED
BiziTW, EDTAAD Fa2a—7 1B L, 0%, MK FHRAEZE (Technicon) T
UMtz BE Lz, EFHEOY 8K E 100 % & L 720 A
WMz LD N ER 2B RHE (%) TR L,

Inhibitory activities against Host versus Graft Reaction in rats (HvVGR)
W2EEROWMICHKE L FEICHED THEM L -,

Heart rate decrease following oral administration in rats.

BRI IZ.Z > b (lar:Wistar-Imamichi rat)z W72 1B 3ED 7 v N2 H L 7=,
HKHEBRIbEmE 1.0% MC BFiRICEEBE Y, 7y MIRAIKEG L, vk, EFEE
WZiEBmAEORD VI L.O%WMC K E &S Lz, ke b51% ., 0.5 FFfE. 1 K, 1.5
Wi, 2 B[, 2.5 Wpfd] . 3 WP, 4 Bpf., 5 WFM ., 6 Bpfd]. 24 WpfH & 48 HF ] o By A
TofB(bpm)Z HE Lz, 48 RFHOFHMED 5> 5 HMEE O LB ORKED L
AT e /ME) & kF BRBEIC k3 5 2 {k & = “Heart rate decrease (%)” & L CTaEAli L 7=,

Evaluation of phosphorylation rate in in vitro.

ABRIZIL. 7 v b (lar:Wistar-Imamichi rat)Z W7z, £ L FICR 4 HiEIC v,
Z oy PRV RMERE 5 OB EIT o2, FEEEA L LT 3.2 %7 = U BKEK%Z
Hw, vy PR OVRMAEIT- 72, Mik%EZ., 900 rpm, 4.0°C., 1 545 M= L&, EiE
AT AREEHRMEKE S E LT ULTFRHWE, 7 v ARG R EKE 5 0.50
ml iz, #BR{LA& % (0.10 g/ml in DMSO)% 0.50 pl i 2. 37°C. 3 WM A > % = <X —
NL7z, RIS# T H%., 1.0ml @ MeOH % KSR ICM 2, ¥ L < #### . 15,000 rpm,
4C., 5oy OmBEL. EiEA S 9 — B, 15,000 rpm, 4°C. 10 Jy iz Lo B L 72,
FEHEO—HEHWT, VB asHE L, %Y o LiEiE, HPLC To 4 RAIZ
L0 FRE £ CTHM L7, BEM%RIT., 20C CIRF L, BfE L=V > 7 i, HPLC
DO¥EEEZ 0.30ml Nz, HEHE®, WE®WLEL THREL, B 0.20ml # HPLC T
SHEEAT 57, HPLC O & {Hid. L Foi@ Y Th b, # 7 AL YMC-pack ODS A-312,
acetnitrile/water(0.1%TFA) = 30:70 (0 min) to 90:10 (30 min). ¥t & : 1.0 ml/min, & JE:
40°C, M HiBE K220, 230, 254, 296 nm,

BilLAEW 33 L 2D Y VEET AT LR 33-P TlX, UV RILICBE 59 2o 1X A1k
Wi, WEAMOEAMAEBRBIIFRCE LT, MELEZ, VBRI TIC
AT RCTHAELE, (KX 3)

U AR %) = (V) v Bitibawo s a~ 7T A OBV CBRILEAEY O
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sua~ N7 A EOHEBEBILAEMDO e~ N7 T A EOHEE) x 100 (X 3)

Molecular Modeling
Induced fit docking in S1P;.

33f-P a7 4 XA —3 5 % Ligprep®® 7 m 5 A& H L. SIP, O #f b &
(Protein Data Bank entry 3V2Y)%® % i\ 7= SCHRODINGER #: induced fit docking
protocol®® |z kL v B L 7=,

Homology modeling of S1Ps.

S1P; ™ &~ E 1 ¥ —F 7 /L |3 SCHRODINGER #t induced fit docking protocol®®iz &
B L 72 induced fit docking EF7 MIZ KW EH L7 S1IPy & 33f-P & IZ D &
Prime 71 75 & & A L THER L=,
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