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Fr

X T VBRI AEBIEYER R, EIE, BRI COESEKICH DL, DS Zhvbid, S
KELIZ REONT N —FOBPNEREFEEZF->TEBY ., b9 —FHIFEERL LR L0, B
DAEBTENAZRT 2L b H D, BICEERICBWNTIL, Z0—FDxF o FA~—nIEEICAREE7RE
HEREZRT I D7D, ZNODIEMEERT HBRICIIENO =T o F A~ —DH %D 4317
HTENIEFICEHEL D,

— DTS F A= FTEE LT, i IS E N1 (Scheme 1) F721%. 7 3/ ROBER &
XTIV R HiEELT D &) FiE 2 (Scheme 2) DNHWS -, D%, T MR AE W=
UT AT UVARE T )V R— VI 3 (Scheme 3) 72 3 EE ey, S ENTocx 7 & RO EE
W= ONFRMAREZTRY T HETHY ., 20D, RKRICEDN 50%L 720, oxE\Ek L a5,
Fio. FTAREED D OFELX T AMBIIEE F VD HIETIH, BEAFEERELEEA VD
VBN BH Y | R TH D LTV R 7R,

Scheme 1
COzH N-alkylglucamine COZH
MeO MeO
(*)-naproxen (S)-naproxen
> 95% ee
Harrington, P. J.; Lodewijk, E. Org. Process. Res. Dev. 1997, 1, 72.
Scheme 2

Ph/ ph/ Ph”
o.__Cl
N
TY g o h@ °
Og \ﬂ/ H //S\\
0 / OO0
Ph

Honda, Y.; Katayama, S.; Kojima, M.; Suzuki, T.; Izawa, K. Org. Lett. 2002, 4, 447.



Scheme 3

n-C4Hg. __n-C4H
o o aop n-C4Hg~_ . n-C4Hg

0" "o \/ -B<
AL et ¢ Q9 1 o
O\_gl (CoHs)oN O)\N)\/ CgHsCHO (—\N)l\:A-CGHs NaOCH3 MeO)J\_A-CsHS

O

100% syn
>99% ee

Evans, D. A.; Bartroll, J.; Shih, T. L. J. Am. Chem. Soc. 1981, 103, 2127.

INOOMERETIRT 2 FEEE U TARFMBES SN BER S, 1980 45 2 A0 6 5 7 /L4 @ filliit 2
WA RERISOBRENMTHOND X 912720 . Bl 2 1T X 5 RF T /L R—/L e 4 (Scheme 4) <2,
TR UBERIZ L ARF = a7 L R—/LG 5 (Scheme 5) 72 EAHE X TV 4,

Scheme 4
| 2®
O~ N0
N O
yN_C“_N /' 2SbFg
OTMS o) (5 mol%) B j\/‘?i/
= OBn
+ OB
MesCS HJ\/ n CH.ClL. 78 °C Me;CS
22 99% ee
Evans, D. A.; Murry, J. A.; Kozlowski, M. C. J. Am. Chem. Soc. 1996, 118, 5814.
Scheme 5

OH

-~ “OH
NO,

Syn: Anti=94:6
96% ee

0]

@/\)LH . OZN\/\OH

Shibasaki, M.; Sasai, H.; Arai, T.Angew. Chem., Int. Ed. Engl., 1997, 36, 1236.

Flo. I TNEES TR A VD BOSIZBI L Tk, 2000 Fic7 a U A 72 ARE T L R—
VIS 6 0T 7 2 IS 2 B o fili 2 iU 72 R FF Diels-Alder S5 T3 HE STV 5 (Scheme 6, 7) .
AR Ay Al 2 TN 7o SOGBRR 1T RURICIE R L, BT 7 F LS & Ff O A A FH R B Al 8 <0,
C2 XHPMIE A 5D 77 =3 Uil 0 70 Uk % 7o fldiEASBHFE S41 TR Y (Scheme 8,9) . BIfE, A1
I & B AREROGSDOBRIZ 2D B EZ R L T\ D, TS A Al x 4 it & ik U CBR
AR DN DIRNZD, T = I AN —OBEPOBERINTWD, Fio, HIMZMTHY |

4



ZERRAKGINTH LT RERTZD FRIRENE CH L2 EORMERH Y | W BAFEMRDOFBE LT

Scheme 6
(NLCOZH
H
o JOL (30~40 mol%) 6 OH
M H” R DMSO )J\/LR
rt up to 97% vyield
up to 96% ee
List, B.; Lerner, R. A.; Barbas, C. F. J. Am. Chem. Soc. 2000, 122, 2395.
Scheme 7
o,
R Y0 MeOH, H,0 1 l
230C CHO R
(2S)-endo (2S)-exo
exo:endo=13:1~1:1
up to 93% ee
Ahrendt, K. A.; Borths, C. J.; MacMillan, D. W. C. J. Am. Chem. Soc. 2000, 122, 4243,
Scheme 8
NIO
zos;/:
B-Np
Ph 0 (1 mol%) o
N Mg, + Rrx —N%
ph>_ OBu toluene, 50% KOH aq ph>_ 7 OBu
0°C R H

up to 96% ee
Ooi, T.; Kameda, M.; Maruoka, K. J. Am. Chem. Soc. 1999, 121, 6519.



Scheme 9

N
I
o N N
H
% . rCOan (20 mol%) |:/§

€080 o0 /~CO,8
n
-20°C BnO,C 2
up to 99% yield
up to 96% ee

Ye, W.; Jiang, Z.; Goh, S. L. M.; Leow, D.; Soh, Y. T.; Tan, C. H. Adv. Synth. Catal. 2007, 349, 2454.

ZOXIREFREL LI, GHIEETH, A FMEo—fTHY . £/, mWEAEZ RS 7T
SV VICER LIEAFEER D 51 TE Y . 5Hoxazol-4-one Z RIZEHIFE & 3 2 HZH T L F— Vs 10
R TNF=AHNR=ACED, T L =T VR = AUEE~DOAF IS 1130 TREIZR
ERHITFHN TS (Scheme 10, 11) . 5H-oxazol-4-one sREZHIFLE IINMNAK S5 HEIC K - THERIEM:RIR
Wy, EIR, B COARTEAL LTERR et FaXd UM~ BRICHEET D ENARETH D
& & 2 b, 5Hoxazol-4-one # FE & T HNRK UL E BT T 5 2 & THBIEMERARY 72 & ORI 726
A EBTHIENARBTHL EBZHND, YWE=ETHRIEI N TV

R =V EOGRRILATINEOS Tk, D 77 =2 oy & SREEA, At
T3 — VAL L SREF AN ENEIVUKREREZER L, BOSEEE OAE
BMRZREICHEET S Z & T F U F AR ETTHEBZ XD
na[Fig 1) . EREIC, 2o oS THELND ExF T4 ~—IL Fig 1
WZRT AT = XAT}iﬁEbnﬁﬁLt flEohs=frrFt—v—~_t—
BLTWD, BT, KBREICEDRISGOEEZFH LI 077 = /\(
Uit & 5 H-oxazol-4-one OfAE YO AR Z /AT, AHFI LY o

VN ENRANCHE CE D RIEA RIS EAHE L, [FIfREEAE E = sRETH
ToARF OO BAFEIH Y AT, Fig 1
Scheme 10

RZMN

OAcO
(0] 3
R1% R Ai\/\)\M,AI' OH O ACZO @
N 4

N+ REZCHO nooH A ] EN o4
9 1
o—(Ph 5 moIA;) R 64 DMAP oh
5H-oxazole-4-one THF,0°C Ph up to 96% de
97% ee

Misaki, T.; Takimoto, G.; Sugimura, T. J. Am. Chem. Soc. 2010, 132, 6286.



Scheme 11

(0]
o) R? Ar R
o] R3 N/Bﬁ»Ar X N
R1%N + /kRZ NN OH (5 mol%) ) O—’<Ph
/ g (@) R
O_<Ph . Toluene

[s)
5H-oxazole-4-one 2/E > 991, 99% ee
Misaki, T.; Kawano, K.; Sugimura, T. J. Am. Chem. Soc. 2011, 133, 5695.
Misaki, T.; Jin, N.; Kawano, K.; Sugimura T. Chem. Lett. 2012, 41, 1675.
Jin, N.; Misaki, T.; Sugimura, T. Chem. Lett. 2013, 42, 894.



13 KBEZFHORTTINVLIT T = 2 -

5H-oxazol-4-one O B =)L/ b FA~DO LTINS s D B

1-1

¥ 9, 5Hoxazol-done & X T /NI T =V DMAEDEE, B2 N ERE TR &5 ST
5H-oxazol-4-one D ¥ =L ~ VEE~D AT R T
LA, M. = b UBRIREN T KE

I~ HAT 25 Z & &7z (Scheme 12) .
I, TERANEE S STV D F T /L THE LR B OREEE)S AT RE
FIC, ROSHED @ < o SARFIENREECTH D . s F S 720 1223 (Scheme 18, 14) | KEBBEZ AT 5
XINTT =D DOEOARTIEGEZ IR L, ISOBmET 2R AT, £72. 150 ATIME D A BE M

KXW, IR, BEREOEMTHELE L TAMRX TV a-t Fafk U B0 i b bilil,

Scheme 12

O

o

At

gunidine catalygt ]

(0] (0]

0 (5 mol%) J\/R hydronS|s R1
\)J\R2 N OH

H

/)
(2.0 eq) O%

S5H-oxak-4-one

Scheme 13

Scheme 14

ee > 95%
Melchiorre, P.; Jorgensen, K. A. J. Org. Chem. 2003, 68, 4151.

up to 90% ee
Peelen, T. J.; Chi, Y.; Gellman, S. H. J. Am. Chem. Soc. 2005, 127, 11598.

chira-lhydroxy



1-2  FdE SO
. eSO REIEDT-D, 7l Ph 2O 2a, 2b 2V, Al AL ROGTERES
FOSIREE 72 & ORGSO 21772 > 7= (Table 1)

Table 1
0 gunidine catalyst ) R 0]
R! o (5 mol%) JJ\/
/N + \)J\ 2 R2 /N
0~ R 0-{
Ph (2.0 eq Ph
2a:R'=Me
2b:R"=n-Bu
entry sub R? catalyst solvent(M) temp (°C) time (h) vyield (%) ee (%)? guanidine catalysts
1 2a Me 1a toluene (0.3) 0 28 50 42 FsC O CF3
3 CF
2 2a Me 1a toluene (0.06) 0 13 86 55 /i\/N O 3
PSS
3 2a Me 1a  toluene (0.06) 20 1 89 61 NN OH
H 1a CF3
4 2a Me 1b  toluene (0.06) 20 4 94 62
F3C CF
5 22 Me 1b toluene (0.06) 40 4 74 58 O s O éF3
N
6 2a Me 1b THF (0.3) 0 28 53 58 . N OH
7 2a Me 1c toluene (0.06) 20 3 90 62 H CF,
1b
8 - 1a tol 0.06 20 43 62
2a n-Bu oluene ( ) 83 F\C CF,
9 2b nBu 1a toluene (0.06) 20 90 92 59 0 CF3
| N w
a HPLC (AS-H, AD) (2 & »> THRE N)\\N OH
H 1c CF3

Table 1 TOAERLY

3a
(entries 1-7)

3b
(entry 8)

(entry 9)

MIFTEE TR SN EENAE 7V K=V 6 (Scheme 10) X2, 7 /L% =)L 1 )LR = WUALE#)~D
RELBAINEE (Scheme 11) (2BWT, FEBR FICE TR MED EHILZ FF oMtz AW 2545105
UWMEEEE & SO SEARRIRIE RSB T AR H o712 2 L b, McB L Tid, BRI E Lz
b Ot 1a-1c & FWCHRFT 21T 70 o 7o, il 1a 777E T, OB CH 2 v &2 Hv, 0.3 M,
0 CTRIGZEATIR ST 2 A, 42% ee &, HOABREOZ T U FABIRENIHI T HZ LN ho T
(entry 1) . F72, FIUEMFTREL 0.06 M ETFIF5H L, = FARREN 55% ee £TH ET5
ZENGgmodz (entry 2) o ZAUL, BEZ FIFSZ L0, MONAREEROBIENENIL T Lz
TeHEBZLND, BT, 20 CTRIGZETZR D &, 1R CTRUGTERE L. 61% ee £ TTF v F A IR

P E L7z (entry 3) o RIZ,

B D7 v R—/V i (Scheme 10) I2BW T, B 7 oo SEEk I




@B T VX VI A ROl 1b 777 F CRINZAT I o T2, 7 A7 LARIMEO M B3R Sz
7o, = FARPMEO R AW L AL 10 2 v a2 T o 70, b U 0.06 M, 20 C
T 62% ee DT U FABRPENRFILL (entry 4) . 40 CTHIGEITR - T2HA I, =F  FAER
PEIXENIR N L7 (entry 5) o 2D Z &b SORREICBI LTI, 20 CHR&E LB 2 DD, £z,
THF % FOSEEEZ VY, 0 CTRISZEAT R > e EI12iE, ROISTERICRHZ B35 |, = o F 43R
PEBLIKF L7z (entry 6) o ¥4 Y T FNREFEFO, il 1c # AW 25E8121%, L= U8B 0.06 M,
20 CTRILZEATIR ST, il 1a, 1b 7R F. RRME TS EAT R To56 L RIRRE O F 4%
PFMELEBEL L7227z (entry 7) » 2D Z &M D, 5Hoxazol-4-one D E =/L7 b VI~ IR
JIETIR, 77 =V oMo ey 7 nEEONREER EOEBILIIT T O F AR E L 2L EZ 60
5, Fm, BB 2a AV, RETAIE L TCTFAE AL FrEAWEEAICIE, AFALE=LF F v
EROWESHALARBREOT ;O FARRENEH L, 2028, BE=A7 hroEfikoz)
FABRYECKH T 2 BTN SN EB I b5, B 20 # W56 1CE. BUSTEMICERMAZZE LT
N, FREOT S FAERETHMRA I L (entry 9) . ZHUHDOMFIORER, FLo VAL,
0.06 M, 20 COFii St EEZX BILD,

1-8 7=/ — )VEORMHTE
OGO 7=, KEREICL D =17 b OIEMALI R EZHFF L, 2,4,6-trimethylphenol %
WL, WX 0.3 M TS ZAT 2 o7z, k% Table 2 1277,

Table 2
) gunidine catalyst (5 mol%) 0 0
% 0 2,4,6-Trimethyl phenol (5 mol%) )J\//
P \)k N
5a O 0.3M 04
Ph (2.0 eq) Ph
guanidine catalysts
F4C CFs O F3C CF3 O FsC CFs3
b {!QCFS ) &{3 Q) &QCFS
N N N
NN OH NN OH O NN OH
H CFs H CFs CF,
1a 1b 1d
entry  catalyst amount of phenol (equiv) solvent temp (°C)  time (h) yield (%) ee (%)®
1 1a 1.0 toluene 0 2 67 45
2 1b 0.1 toluene 0 2 77 51
3 1b 1.0 toluene 0 1 74 47
4 1b 0.1 toluene  -40 48 78 44
5 1b 0.1 THF 0 19 86 20
6 1b 0.1 THF 40 18 79 15
7 1d 0.1 toluene 0 26 98 53

a HPLC (AS-H) TikiE

7 = ) =NV K DSOS ONENR DR v, SOSTERGIZ BT DR E S 725 2 L B30 o 123,

10



BT oI o FABIRMEDIK TN A S 72 (entries 1-3) . THF # ISEEIC WA, =F 0 F
ABINED RIF72E T3 A 572 (entries 5, 6) i?’:\ -40 CTHRISEATIR S T23HA° (entry 4) | &
B 1d 2 W 25E (entry 7) 72 KX, MOGTEREIC 1 H~2 H@Eﬁﬁﬁ'ﬁ%gﬁéi T F AR
FHEBLENLDOTH -T2, ZORET, 7::/~/1/*’§75:¥2’/?73ﬂ‘3“6 i P /N (2 Ko TRUS DRt
HRIIHALND OO, iR, MISSMAIZ L > T, jt%iﬁ)d]%i)\i'%hﬁb‘ Ebbh, =
FABRRMEDOKR T HEIEE T Dol Ko T, 7=/ —/VEHORIMZX, ZORKIGIZBNTH)
R TloNWEE 2T,

1-4 BB ORMET
1-2 OB SLEL N RESME (ML U3, 0.06 M. 20 C) THREOEEEE o iish i &
O, il D B EEAL OREE I DWW THRET 21T 72 > 72, #5R% Table 3 (237,

Table 3
0 gunidine catalyst o}
%\'\)(N o) (5 mol%)
+
0~ SN toluene (0.06 M), 20 °C
) \/\R (2.0 eq)
2c -2l
entl’y sub catalyst time (h) yield (%) ee (%)C guanidine catalysts
1 2c(R=2-Cl) 1a 05 69 67 FsC ® CFs
22 2c 1a 112 76 60 CF3
3®  2d(R=3Cl 1a 25 75 63 N*N OH
4 2d 1a 21 70 70 H CF4
5 2d 1e 95 70 80
6 2d 1f 137 66 58
7 2e(R=4<Cl) 1a 38 81 59
8 2f(R=23Cl) 1a 05 65 66
9 2g(R=4-MeO) 1a 15 98 32
10  2h(R=35Me,) 1a 42 44 67
1 2h 1e 3 89 84
12 2i(R=35tBu,) 1a 67 68 34
13 2j (R=3,5-Me0O,) 1a 0.5 48 42
14 2k(R=35Phy) 1a 3 77 63
15 2k 1e 3 83 88
16 21 (R = 4-CFs) 1e 5 57 76
17 2m (R = 3-CI-5-Me) 1a 0.5 94 75
18 2m 1e 0.5 96 89
2 0 CTRILE TR T
b 0.3 M TRISZE TR o7

¢ HPLC (AD, AD-3, AS-H, OD) TkiE

11



Table 3 TOAERW

)J\/HN )?\/"'.P(ZN 'lo A )J\/HN

/) /,
o cl
3f
cl . 36 cl

(entries 1-2) (entries 3-6) (entry 7) (entry 8)

w
o
o
cr
0
o

o)

)J\/HN )OJ\/ [

7 N

Joal

o) /)
3h \b 3i
OMe

©)

(@]
\Q/L\ o
Z
K2
(@]

3Kk OMe
MeO
(entry 9) (entries 10-11) (entry 12) (entry 13)
O O
o 0
)J\/ )OJ\/ 2
OPZéN
o8 gQ s
F3
(entries 14-15) (entry 16) (entries 17-18)

EFTE/ 7 naEROIE (2¢.2d, X0 2e) & HW il 1a F1E T S %1772 > 72 (entries 1,4,7)
3- chlorophenyl%%%/)% 2d = HW = 5A8 1R B RV 70% ee D) 0 F A ZIRMEN I L7 (entry
4) , IbHlT, SIKkE Ko F o FA@EREDM AR L, ﬁi‘iﬁi le ZHW LA, =F U FF
RIRPED 80% ee i“C‘TEJJ: L7278 (entry 5) . fillt 1f 2 AW 7=5A12I3f Il ) o F AEIRMEME T L
7z (entry 6) o ZALOLDFERNG ., DG HFE EOE KD iiﬂ‘/?‘ﬁ‘@?ﬁﬁ%\éfﬁ HEHETH
HLEZOND, £lz, 0 CTHISZEATRT2HERC, 0.3 M TRIGZITZR - 1235AB121%, Table 1 Of
REFRRIC, = U FARIEDIL TR A BT (entries 2,3) . AL H ORI Tix, #£E 2d DA
b WS FABRE DL L7228 BOSKRIC B LTI, JEHE 2¢ T 30 0 ARG A 58 LTz,
T, M FrF AR L . BOKISEEZ NS D729, 2,3-dichlorophenyl 24 H 5 5E 2f C
DREFEAT/2 o2, Ml 1la F1E F CRGETTR o728 2A, 80 3 CTHROMIIISB5ER L, B
EAFTM, FOxF o F AR 2¢ (entryl) E[RFEE TH -7 (entry 8) . ZOIEIL, @V UGE
NHDHD, =T FAEREORIBUCE L CTFATRVWEEZ 2 515, 4-methoxyphenyl J% FfoHk

12



B 2g IZB L CHMF 2 T o7, Ml 1la 77 T CRIGEATR S T20, IR THMMR S LD O
D, =S FARPPEICE L TIE 32% ee 1K o72, ZORERE, entry 9 £ TORERNDL, HFEERD
@%Q‘Wﬁﬁb\& TS F AEPEDN R BT DRI H o 72, 3,5-dimethylphenyl JAF 95
B 2h W26, Ml 1a f74E T T 67% ee, il 1e f7/£ F Tl 84% ee £ TxJ o FARIRIEA 1)
B B R 75>§3\7f)>o Too AFNEFANR, EFHGIEOBBILTH DN, A FNLITEBR L TWDHT2d,
BAEGNRINI N & & EESIC L DRI en B2 BND, £o, ZONIK
HO72 D RAT RS LTI, SREZAIAVE &l & O ARIMRAEEE T, WHE 2d 70 &, HEEREDONLIKEF D72
WHO LT S & il 1a LB le ZHWo L 2O U FARIEOEIIRELS 2o TS, L
ML, 3,5-di-tertbutylphenyl &G 7 53E 21 Z HWW-HE X, =7 > FAERMEIIRIBIZIK T L
7. tertbutyl JEII AT IE LV EFHEGRENE | CAREE LD L ETFIIRDRI R TSR L
%Z bND, ZDOZEnD, BFHRDREERNZZDRITZENENVHL L TEHLTWS EEX DR
o HE ) A, il 1a TFAAE F CRUGE TR 728 2 A, 42% ee & = L F BN T KIE IR T
L 72, 3,5-diphenylphenyl J£ % D iH 2k TRETZ21T72 72 & Z A, filif 1a T 63% ee, fillli 1e T 88%
ee & FVE 2h LRIFRE DO F U F AERMEN B L=, phenyl EOE KRG ENIK 22 R DY
DEZEZBND, £z, 4-trifluoromethylphenyl ZZF>HE 11 Z HW\ 256, 76% ee &= FF
BIEDIR TR A LT, EOBEFR EOBEBILITE - REIETH LN, NTMICERL TN DHT2D,
SEARBYZRN R NS K MW U FARIRMEICH oo lc bEZ bND, T DRERNG
FEOHEFRITD HDBEOBFRGIMEEREEZHERFFObONREL TWD EEXOBND, £ T,
MITEYS T HFE & LT, 3-chloro-5-methylphenyl 7% H 9 2 5 2m = W\ CTHRET 21778 -> 72, £
F% fldit 1a 2 HIW 723581213 76% ee, il 1e 2 V2581213 89% ee &, THETTRED™
T F AR IEBL LT, _;h%@f*%ﬁ)% HHE 2m PR IEE ThH D Z LRl

1-5 e, BREE. BUSTREE OFEM 22 M

IHNET MR, 0.06 M, 20C & i /2 4elh & U THRRTZATR > TE 72y, =) o F A 3Rk
P SRR D SoVR P | U B %52 17 5 Z & A3 Table 1 X° Table 2 DFEE N B 430> TV 2720,
Iz FrFAEREE M ESES 2 2B E L, il 1a fFE T, 14 ORGFTRWERE 5 72
REZAIEE 2h, 2m 2 W T, RUSEEE, JRE, SUSREICRE LTI bIZFEMRRE 21T o7z, R
% Table 4 |Z/R9°, M, entry 1, 2|21, &S LCINFE TR & LTE7254 (Fr=2 ] 0.06 M,
20C) TORERERLTVD,

13



Table 4

FaC CF,
* : cFy
SN OH

CF4 0

0]
guanldlne catalyst 1a
MN o 5 mol% )J\/ N
/ 0%

2h:R =3,5-Me,
2m : R = 3-Cl-5-Me

entry sub solvent (M) temp (°C) time (h) yield (%) ee (%)?

1 2h toluene (0.06) 20 42 44 67

2 2m toluene (0.06) 20 0.5 94 75
. . 2 e oa

4 2h t-BuOMe (0.06) 20 47 85 48

5 2m  cyclohexane (0.06) 20 0.5 75 51

6 2m toluene (0.03) 20 1 96 74

7 2m toluene (0.06) 10 1 91 71

8 2m toluene (0.06) 30 1 98 70

a HPLC (AS-H, OD) TiRE

2= ) Tﬁ‘i@%b\ CPME (cyclopentyl methyl ether) <X° tert-butyl methyl ether % VAR &
L CHWESGAITIERISERE & = F o FABPRPEO RIFR2ME TR R oz, £72. Witz 7 lﬂf\ﬂw‘
/%ﬂﬂb\t IZb = FAEPREDO KIERE TR A LT, ZOHE, WEHERY 7 a~F i
(ﬁﬁ#ﬁﬁ‘ AR O BB TR O EREE 725y TROS AT L, = T A &R ﬁ@ﬁﬂ:’i’?ﬂb\t&%
z%ﬁéo MLV ARBET, JREZ 0.03M £ THR L TRISZATR - T256 . BOSKH, =) F 4
RIEE 0.06 M DA LFEFETHY . AL 0.06 MBRENHY TH D Z LRSI, £z, Kk
IR 10 C 30 CTHat 2 {T/oo72L 2 A, WTiLh 20 CL ik U TENZ = F o FABRRMENME T
Lz, 2OZELD, Jifu‘?\?ﬁr IR L TIE, 20 CHELTWAH Z &R S 7e, BLEDRER LD K
K 2m & -T2 5502 6 Table 1 TR L 72 5:fF & R CROSSRIFIZ ZNE TER L, bvx EEE 0.06
M. 20 Cﬁ)HiJ_“C“é?)éc‘:b\Kéo

1-6 FE. v =47 b OEEOKRE
HEHD a ML OBEHIESC, E=7 b OBEICOW TR 21T/ > 72, f5R% Table 5 (239, 1, b
& LC. Table 3, entry 17,18 D&% Table 5 ® entry 1,2 (Z/R7,

14



Table 5

Cl

o] O R 0]
R' ° N re A .
N guanidine catalyst N
04 oA 04
R toluene (0.06 M), 20 °C
(2.0 eq)
Cl Cl
2m:R'=Me
2n: R'=n-Bu
20:R'=/Pr
2p:R'=allyl
entry sub R? catalyst time (h) yield (%) ee (%)? guanidine catalysts
FsC CF4
1 2m Me 1a 0.5 94 75 O CF3
N
AN
2 2m Me 1e 0.5 96 89 N OH
_______________________________________________________________________ H 1a CFS
3 2n Me 1a 16 92 76
4 2n Me 1e 3 89 89
5 20 Me 1a 160 74 55
6 20 Me 1e 94 75 77
7 2p Me 1e 24 55 86
8 2m cyclohex 1e 4 88 91 a HPLC (OD, AD, AS-H, IC-3) T
RE
9 2m Ph 1e 0.5 79 39
Table 5 TOA M
o) /N o) /)
Cl Cl Cl
3n 30 3p 3q
(entries 1-2) (entries 3-4) (entries 5-6) (entry 7)

15



0 0 0 0
O)K/ OP%N ©)K/ !O/[éN
3r Cl 3s Cl
(entry 8) (entry 9)

B 2n R = prBu) ZHW5E, Al 1a, il 1e Z AV 856 & bIo, RISHEOIR N34 54
HH00, FBE 2m AV HE L RBREO ;U F AERENFEIL L7 (entries 3,4) , L2 L., &F&
VN FPr Bo & o AR OIE 20 2 WA 2R, Al 1a, Al 1e 2 W86 & BT, ROSTERICE
R AZ B L, =) FARRELIK T T D E W) #ER E 72572 (entries 5, 6) . Allyl &% FF>iE 2p
OEAIZE, 2m, 2n A E RO =T o FARPUENRFHEIL L7 (entry 7) . 7Pr EOEAIZIT =T F
FIPVEDIK T RA LN, BROLREE —KMENH 5 Z LR T, —FH, E 2m ZH,
O Z ROV 7 X UV EERT D= ORISR T2 L 25 91% ee D
TFUFABRPREN BT HZ LA L (entry8) . ZHNETTREDO T U F AR A R LT,
E=A FOEIZEAL TR, afiOB & SRR E @2 &R o F AR DI HLC
HhThdEeEL2BNS, —J. phenyl & FHOr =14 s HWEHE. ROSTEC RS Lz
B, TF T ABREO KIEBRIE TRALN (entry 9) . Lo T, HFHEEREZFOE= L7 M ATz
FORICITE LT B2 Hivd,

Fro. BILCEBIEZFFOE =17 P2 HWTHEIRMED RIS 2 2 & OERA41T -7 (Table 6),
3-chlorophenyl % FfOREZAIZEE 2 W 2561213, il 1la, le Z HWEIGE & bIT, Bl A F v
BT b OGS LD mna T F AR REH LT, 72, 3-Cl-5-Me Mz o sKEZAILE
ERWEEEITE, REFANCATF AL E =T b2 WG E L RRE O = o F A RPFWENRFEEL T
7o ZORERNG . AT BAICESE AT O =L o ~D 5Hoxazol-4-one O 1,4-FHIIE ST
LHEMTHD Z LR Dol

Table 6

0} O O
\H(N Q catalyst W N
Y /\)J\ /

O * toluene, rt, 0.06 M o
/%R /R
entry R catalyst time/h yield / % ee/%
1 3-Cl 1a 117 37 75
2 3-Cl 1e 116 56 87
3 3-Cl-5-Me 1a 116 45 76

16



Table 6 TOAEKY

o) /)
Cl
at ?%jkm m
(entries 1-2) (entry 3)

1-7 7 /Va-t Fo X BRHEAR~OFHEL

5H-oxazol-4-one DY =/ ;s VFASO I IERDF TV o -b N U EEFHER~DOFHE(L 2 57
7o HEALOFE B L U CHEMEM T T4 — VRO 227228 (Scheme 15, 16) . H
FEAER L T 579, IHNMR & TOF-MS IZ K50 &2 TR o7cid, A ERET 52 LN TER
Mholz, ZIZ T, BIESMET COMERLZHAT (Table 7)

Scheme 15
(0] 0O (0]

/J\“/ML)QN 1M NaOH aq A NFz . /J\J/MLJKOM
' e

(e}
04 0._0
THF OH
Cl
Cl
Scheme 16

O
/U\/'H 0 Q
5 N 25MNaOH aq )J\/"'-PJ\NHQ — )J\/u..PJ\oMe
OH

EtOH
Cl

17



Table 7
(0]

0
0
/ZK/H )J\/ NH, 0 O O
SN acid 0w 0 )J\/PL cl

: N
or
on H
3n al
Cl 5

4
entry condition time / h yield / % comment @
1 TsOH- H,0 (1.0 eq), THF:H,0=9:1,0°C — rt 1 +1. 21 crude 3n : 5 =3 : 10
20 (1.0 eq) 2 +15 BT R BT B
2 TsOH + H,O (1.0 eq), THF : H,0=9: 1, rt 34 BHERIES Y
. A crude 3n : 5 =3 : 10
3 TSOH - H,0 (1.0 eq), MeCN: H,0=9:1,0°C 22,5 46 DS BIAIs R
4 2MHClaq: THF=1:3,0°C 36.5 crude 3n : 5=3:10
5 2M HClag: MeOH=1:3,0°C 95

a Ao tITHA R 0 TH NMR #HIEIC LV BE,

p-Toluenesulfonic acid Z & & L CHV, THF &/KDEGEEEH CRICZIT/>T285, 0 ‘CT 1R
A, =R T 1RFRPEER L2581, B L 5 DIREWAKI 31 10 DEETH LN, YU T
oma~ 7T 74— KO EATIRO LN T AP TENA~EEMLL, ADBFARME LTHON
7= (entry 1) . Entry 1 5 TERUSNGER LAt l2ietd, RIRTRBMBH Lz & 25, BHRIRA
MHtE ST (entry 2) . p-Toluenesulfonic acid % V>, 7 b= kUL EKDIRGIREE TG Z1T 72
STEHEICH, AEH 8n: 5= 3: 10 FRETHIGAMFIL L, 2M OifEfz L THF ORA B CRIGEAT
BoleHa bRk TH T, £/, 2M OHREE A ¥ 7 — NV ORBGEBEEH CRISEAT R > 123581213,
TLCIZL V., EEOAERMMBER L TNDZ EPERTE 27, BEHRIEIIT/R> T2,

ZIT, RALIZIFEATOSRMT, JE 8n & 528 3: 10 DEIAED & Z A TRIGDOETIMEIET 25D
3. b CHEDOM CHEMENFIET DT LB R T, £ T, ZAVETEY HIROEEESRM T CTRIGETTR
LT, AXY Y —IVEOBRRIET T A I FOMKGHEL RIEFICITV, WIS ZR < Z & 2k
x7= (Table 8) ,

18



Table 8

oy _add | /k/“kkom

3n OH
Cl 6
entry condition time / h yield / %

1 1) conc.HCI, 80 °C, 2) H,SO,, MeOH, reflux 15+3 50
2 conc.HCI : MeOH = 1:1, rt 3
3 conc.HCI : MeOH = 1:3, 0 °C 6
4 conc.HCI : MeOH = 1:3, rt 3 45
5 conc.HCl : MeOH =1:1,0°C 3
6 1)conc.HCI: MeOH =1:3, rt, 2) H,SO,4, MeOH, reflux 3+3 45

BEERERAIEN L. DR VEBICE N, A TFILT AT UL LA, SR ORIEmBNER LT
BY., BHERIREAEMIEONT (entry 1) . £ 2T, K VIEMZREMETONKIGERAAT- (entries 2-5) ,
ARG . A% ) —=1:1 ORAEETD, BIRTAF N AT b Z R 5E. BEWITE SN,
BIEMDAER DN K BT (entry 2) , 0CThUNZ kA 7=54 . Table 1 ORiiT & [REEIZ, B Dk
1TMEFTIEIE L, 58k L7227y o 72 (entries 3, 5) . {RHEEE : A X/ —)L=1: 3 DIRAEEF, |IET
SR ZAT 72 > 1o 50213, 45% DR THMIW % 157= (entry 4) , T Z T, entry 4 O TIEEIMEWN
JRIK & LT, MK, A FNAVTZAT IALRERICEITLTE LT, DAVR VBRI E->TND 2 RN
JRRE LTHEZ BTz, £ C, entry 4 & [REROSME TR EEL . BONEIR A MG L. Wikl X %
—NVEHNWTAFNATZ AT AT 5 Z &L CIEREZRET D 2 L 2R BT BERIER B L7257 (entry
6) o L2rL. 'HNMR THEGE L7z & 2 A, BMESIE T COIST L > TEIRT B2 —/ T 3R L T
HZEMHERTERTZD, T v X — b %E1TH 2 & TIROSEZ R AT (Scheme 17) , Z DFEE,
56 %DIWHETHD A F LT AT LG 21552 LN TET,

19



Scheme 17
(0]

O
P o 0

N

/ conc. HCI H,SO -
0 2o )J\/""PJ\OMe . Meo)('-. OMe
MeOH MeOH OH 0)
7 0]

Cl 6

3n

OMe

O
2 M HCl aq )J\/
6

(0]
AcOEt
OH

56%

1-8  HEHE ORIE

X B A S AT (2 K D e E DIRE &2 1T o 7=, 4-chlorophenyl %% FFoXREAIIE 2 AW T-8546
O 3f O X BAESEIEMAT 21T o 7o/ R, FERMIT R IKTHL Z LN pnolz, Zhd,
3-chloro-5-methylphenyl J z £ D 2 W2 58 OFMIMASn 2 & HIZAF /LT AT /L8~ & ZBHLL |
ENENOREREZ T 5 2 & ThrbEW\WT > FARRENEI LAY 3n Offaxiid 2R E
T 52 EERAT, EORERACEY 8n 2 HOWTH EARMIT RIKTH D Z L0353 h -7 (Scheme 18)
oy ATV AT AR N o F AL L RFFL TV D 2 & 2B 272, GC (DEX-CB, 100
oC) ICKDMEEIT T, TORR, 86% ee TH Y, T FABERMEZITITHELR > TWRN T L 20
P LTz

Scheme 18

)J\/H 0 0

N conc. HCI  H,SO, 2MHClaq

/) ) 2 4 ’,

O A '-PJ\OMe

MeOH MeOH AcOEt
3f 8

OH [a]p2 = -2.05 (c 2.55, CHCl)
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Formula:

**¥k%% Unit Cell Parameters *****

¢
alpha:
beta:
gamma:

volume:

®#**% Space Group Information

symbol:
number:
centricity:
Z value:

Formula weight:

Calculated density:

mu (cm™) :
crystal system:
laue group:

lattice type:

#¥*%* Reflection Processing

total # processed:

total # unique:
R merge (%) :
Wilson B:

5.899 (3)
28.713 (12)
8.080 (4)
90.000
91.737 (12)
90.000
1367.9 (10)

*hkkk

P2,
4

acentric

4

279.72
1.358
2.817
monoclinic
2/m
P

*khkkk

8753
4558
6.06

3.31

*x%+* Model Refinement *****
R1 factor [I1> 2. Osigma (1) ] :
R factor [ all data ] :

wR factor [ all data ] :
goodness of fit:

# of observations:

# of variables:

refl / para ratio:

maximum shift / error:
Refinement program:
Refinement mode:

Flack Parameter:

*x%¥* Reflection Corrections
absorption applied:

abs. type:

abs. range:

decay applied:

decay (%) :

redundants averaged:

*¥*E* Experimental Information
radiation:
wavelength:
max. 2theta:
sin (theta) / lambda:

temperature (C) :

21

(0] (0]
N conc. HCI H,SO, 2M HCl aq
)J\/ OMe
MeOH MeOH AcOEt oH
cl 8 CHCl3)
C14H14CINO3

*kkkk

Khkkk

[]p%° =-5.80 (c 1.94,

0.0676
0.1464
0.2166
0.953
4558
344

13.3
0.00
SHELXL
Single
0.09 (14)

Yes

NUM2

0.989 - 0.995
No

0.00

Yes

0.7107

60.7
0.7106
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1-9  SUCHERE

RENEAFME LTHEOND AT =ALE LTFigl(p. 5) [RTAEEEIZL > THEHE S NTZEE
REEZRE TN EITL TS EBEZLND, T2 5, Scheme 191277 K912, B=/L7 F DL
ENREFD RemfNZEEENDZ LIZEY, Rem CORISHNEBEL, RIKZ AN E LTHXT
EEZEZLND, FTo, le 7¢ Emm O IBEISTRREIZ L o TREF O & ZHIHT 28883 mW &
HiIL, MW TFAFRNEICE N o2 B 2 b D, o, REANCBELTH, HEER LicmmnE
BILE RO b DOE WIS, SRR EIC X o TRl L KBERES 2 AT DB DM & B EE S0 <
BHEBZZHND, W, AHEMEZ AW OEDOSE, TNENOTF U TF A~ —DBAERT HEEOT X%
JLR—[ERE AN AN E L D, T 2T, RIEIEMRME R & RS OEI TN S5 &b T TS E
TolSBllE— o) v FA~—%2 R T LN —REOLZWZ T, bIH)—HFDOTR)LF—
EEEABNZ D Z ENTETIC—FHO T U TFA~Y—DHREBIE L TER LTS RDEEbTn5,
REANZE A RGIEOBBEAFFO5E, =/ 7 — FNOZEMEDPHE L, HNMBUSDSUSHERME T T 5,
ZHUCTE o TEF RO EEZFOREANL REKZ AL D=V —FHREDO L 28 2. RIKD B % BIRAIAS
LHIEWTEREEZLND,

Scheme 19

N‘K/\/ﬁ)\ Ar1 \%(
/ . N N
Ar2/< iy M—AH /
)QN O\<
H

i N N
H® H O‘H N'® H O‘H H H H
W ° oo NI
A\
w7 1 X
o ¥z 0

®
: H : \)J\
N H L o) X
a— NSO
o} : Ar2\</ |
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28 KREZFOXTNITT =T U E v

5H-oxazol-4-one ® . ) FE~O BTN s D B %

2-1 J¥

AFE L6 FNBISOBF T, =F o FAERMEOFIEH L & Hi2, USHROBFRERL, ALV 7 AT
LA —DONARERME R 2T 20 ERH Y, RETHD, T0D, AF LA EIEZ
NETICHEZ CBE SN TV D2, A LTINS O EF]34 721 13 (Scheme 20, 21)

Z ZTEME, 1 FETHR7= 5Hoxazol-4-one KIZA|D =/)L/r h FE~DARFE 1,4 DBA%ET
BonizmiEils, E=Ar b L ENOBEE ROV ) VEHERE TR ETHARE 1L,6-FHINS
DORIFE &R A7~ (Scheme 22) , 5H-oxazol-4-one DT /) HA~D IS Tk, TEEREE - S
TWDF T /VIUERLLR R OGN FREZR b, (MIMEDA LT 4 3 IT BRI BN FTRE T D72,
H—OMIMANOZHEDOF TNy b 2GR T D ENRTRETHDL EEZALND,

Scheme 20
0]
» CO,tBu
O \ = Gl ) N EWG
0O A j}‘j cl > n R
. 0, [Nz -
o CO,t-Bu i up to 99% ee
G ) Iy, S -
- n S =
+ MEWG N U or >:N\/Cozt-Bu
Ph R PH %

—N
Ph>_ \—CO,t-Bu REVEWG

up to 98% ee
Bernardi, L.; Lopez-Cantarero, J.; Niess, B.; Jorgensen, K. A. J. Am. Chem. Soc. 2007, 129, 5772.

Scheme 21
Me Me

g
/P\\
(0] N N (0] 1
A A R 0]
j)S/Rz /\/\)(J)\ r At o r >
o - . R NN l\\l} (Ar =4-FCgHy,) (0] [\\l}

5
)=N R
84 - 99%
dr=>20:1
90 - 99% ee
Uraguchi, D.; Yoshioka, K.; Ueki, Y.; Ooi, T. J. Am. Chem. Soc. 2012, 134, 19370.

AI'1 Ar1
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Scheme 22

. o) guanidine catalyst O R 0}
(5 mol %) .
L\X)j\/N + NRZ > RZJ]\/\/ " N
(0] O\/<
Ar Ar
hydrolysis l
o R1 0 0 R0 R 9
X 7 Ny
Rzﬂ\/\/ *'MOMe Rzﬂ\/\/ ;X)LOMe X *‘)j\OMe
9 OH 10 OH 11 OH

2-2 USSR OGS
FEREE . fhEAEE . POSIRE., S ORISR OBE 21T -7, fE#% Table 9 (2”7,

Table 9
0] o R O
R1\%<N o guanidine coatalyst R3J\/W'1..MN
0 .\ \/\)J\R3 (5 mol %) _ 04
Y \/\RZ toluene 12 J \/\Rz
+
guanidine catalyst Q R D
R3J\»"J\/"'- N
O-4
FsC CF3 13 J MR
O CF; 7
N
/kN)* N OH
H CF3
1a
entry  sub R R? R® catalyst 2 E /M temp/°C time/h 12:13 (Z: Eof13)? ee/ %P
1 2m  Me 3-Cl-5-Me n-hex 1e 03 0 0.5 10:90 (12:78) 99
2 2m Me  3-CI-5-Me  n-hex 1e 0.06 rt 0.5 14:86 (14:72) 99
3 2m Me  3-Cl-5-Me  n-hex 1e 0.06 0 3 9:91 (10:81) 99
4 2m Me 3-Cl-5-Me  n-hex 1e 0.06 -40 19 9:91 (17:74) 99
5 2m Me 3-Cl-5-Me  n-hex 1a 0.06 0 9 8:92 (9:83) 95
6 2m Me  3-Cl-5-Me Me 1a 0.06 0 118 0:100 (14:86) 94 (91)°
7 2m Me  3-Cl-5-Me Me 1e 0.06 0 2 0:100 (19:81) 98 (99)°
8 2a Me H n-hex 1e 0.06 0 49 8:92 (14:78) 66
9 2k Me 3,5-Ph, n-hex 1e 0.06 0 33 11:89 (9:80) 98
10 2h Me 3,5-Me, n-hex 1e 0.06 0 2 8:92 (20:72) 64
11 2| Me 4-CF3 n-hex 1e 0.06 0 14 10:90 (11:79) 96
12 2d Me 3-Cl Me 1a 0.06 0 5 0:100 (17:83) 93 (93)°
13 2d Me 3-Cl Me 1e 0.06 0 92 0:100 (24:76) 97 (99)°
14 2f Me 2,3-Cl, n-hex 1e 0.06 0 8 21:79 (10:69) 97
15 2m Me 3-Cl-5-Me  c-hex 1e 0.06 0 0.5 0:100 (17:83) 99 (94)°
16 2n n-Bu 3-Cl-5-Me  n-hex 1e 0.06 0 12 9:91 (12:79) > 99
17 20 i-Pr  3-Cl-5-Me  n-hex 1e 0.06 0 70 8:92 (17:75) 96
18 2p Allyl  3-Cl-5-Me  n-hex 1e 0.06 0 54 14:86 (15:71) 99

a. AR TH NMR JIEIC L 0 e,
b. HPLC 2 & v #7& (AD, AD-3, AS-H, IC-3, OD-3) ,
c. ZIRD ee,
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Table 9 TOARW

(0]
)J\/\/"'.P(z o 2
N

o)
T N
04 04 N
0 /)
13a Cl 13b cl
13c

(enries 1-5) (entries 6-7) (entry 8)

(entry 9) (entry 10)

) 0
\/\/\)J\/\//H o) o 10 o
0 A )J\/\/’ H \/\/\)J\/\//M
N N
/ /
O (0] cl
13f
CF, 13g c 13h cl
(entry 11) (entries 12-13) (entry 14)

0]

%
g

13i cl 13 cl
(entry 15) (entry 16)
O 0 O
\/\/\)J\/\/n,_ \/\/\)J\/\/
04 N
13k Cl 131 c
(entry 17) (entry 18)
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FTF. b= b~ BMANMRISICENNTCHEWWS ST FAEREEZ R L 2
3-chloro-5-methyl-phenyl &% £ OHE 2m % HW TS, SOSIRE, KISRE DR 21T > 72
(entries 1-7) . TOFEHR., FHEHZED B, v -REF14~7 b 18a, 13b Z T4 E LT, B,vIKE o, BIK
N1 REOEIMETE LN, £72, 18a D B/ ZZRIRMEICBEI L TH 4:1~5: 1 OBRMET EERE
R E L CRELNE, EDHI, FAEBW THD 18a © ERO=F U FARRMEICE L T, ~F v
Kafiovx ) vERGWYA, il 1la 2 AW 2854 120F 95% ee (entry 5), il 1e & FV 2854121
99% ee LRV F U T ABIRMENKEL L7, M, Al 1le Z HWZIGEICBE LT, ROSRESEE 4
P ESETH S o F BRI BLIZ A SN2 o 723, ERES ONEBERMESS B Z3R B L
TIE, 0 CORINER 2 DI @mOVRFWERIHL L7 (entry 3) . AFNIHEEFFOVT ) v
ZRAWEEEICY Bl Z8IRME L o o F @RI R U IR ERREE OFRVEN IR L, —HEA ONE
BIRMEICBE LTk, I ZERRCHIEN TR TH Y . B,y -Nfafns b 18b OHE/[LZ LN TE
(entries 6, 7) .

YL EDOFERN G ZHEHFEA OMERRME, B Z@RME, =) o FARREZRE L TR b m ORI
DHEBLIT 5 L B s entry 3 D&M RIS OESM & U REHEORFHE21T > 72 (entries 8-18) .
Z OfER, Ph HEAFFOEHE 2a 2 MOTZEEITIE, “EHE OMEBEBRRIMEICZMITR SR> 7278,
18c ® E | Zi&ERHECF > F AR T L7z (entry 8) , T4k, S &EERIC 3,5-dimethylphenyl
A2 HTHEE 2h Z WA LREREETH 7= (entry 10) , F7=. 3,5-diphenylphenyl 5443 5k
'H 2k # W 2855121, 3-chloro-5-methyl-phenyl J£% £fOH 2m = H\W\\ /=56 & " HEAES OfLEEE
RYE, 184 © F /1 Z @R, = F > FARIE L S ICFREORIETH 72 (entry 9) . £z,
4-trifluoromethyl-phenyl 7% ¢ S>FE 21 Z HUW 2551213, ERE S OMESERMESS 183f © F/ Z3E4R
1% 3-chloro-5-methyl-phenyl #& % £foiE 2m L [RIRRE CTh o772, = o FARPEICBE L T3
T OMK TN A BT (entry 11) . 3-chlorophenyl 2 FfF > RE 2d # H W72 & 121X,
3-chloro-5-methylphenyl % £FORE 2m % V72856 L IZIZREOSNRIRIRNMENIEHL L 7= (entries
12, 13) , £ 72.2,3-dichlorophenyl %% Fi-oiH 2f % F 2355121, A G OMLEERPIESME T L,
18h ® F | Z3#IRVEBHENME T L7z (entry 14) . F£72, cyclohexyl 2245 >~/ v &\ HE
WZiE, 181 D E | Z@EFEITE T L7 b DO, ZHEGOMEIITERICHET L2 L8 ETH Y, 131
DIHHEGDH Z ENTET (entry 15) . cyclohexyl JEDNAKFEEIZ LV . o, B IR~D B INH] S 7z
LEZEZOND, £lo, afiill nBu S22 Fro5E 2n 2 W26, 18] O B Z3&FWEIENTK T L
HOO, TS FARPREICE LTI IRIEZERICHIE T 5 2 E R ARETH - 7= (entry 16) , afiZiZ rPr
FEEFFORE 20 DA, “HEESONMERIRNE, 18k O E/ ZiERME, =) FARRMEE HITE0E
PERFEBL L7z (entry 17) o a3 Allyl ZEOIE 2p 2 AW 7255 121%, ZFEAS O EBIWE, KON
181 O E| ZiERPEIAR TR DI Teny, =) o FABIRPEIZE U Tt O FE & [FIEEO BRPE S R BL L
7= (entry 18) ,

L OFRERNG, HFER LICE L GEOEBEZ RO RECHER LICERIL AR WEE %
RN HEIC T o FAERMEPNE T T 2 & 230700 (entries 8, 10) | FHER LOE 7RI IFEDOFE
=T o TFAEREDORBUCAN THDL EEZOND, o, B ROMEDEHRELFSOLETSH.
2,3-dichlorophenyl #X> 4-trifluoromethylphenyl & % £ D5A 12136 T D= F o F A B4R DK T 723 A
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51U (entries 11, 14) . 3-chloro-5-methylphenyl J£<° 3,5-diphenylphenyl J& % £35S IZIEF 1T B W
T UFABRIMENRRE LT-Z &5 (entries 8,9) . B =L b ~OIEATINE S & RIS, &5 FE
EoE@mI b U FARREORERBOLDICEILETHIEEZEZOND, i,
3-chloro-5-methylphenyl J& 4 FFO5H 2 W2 56 REHND o (ML OREEORE A OREE Z2 2L S
THEWVBRIPENIBLIT 5 2 & bEsE L7z (entries 15-18)

PLEDOFER DS 3-chloro-5-methylphenyl %% i OXREZHIE 2m % HVv, il le /71 F TG %
Tol%a. IEFITENT T o FABPEDRFHILT 5 2 LR Tcd, Zo%E, WHE, Ml &I
BN EHETH Y, e, LD TV 1a OfiiE A AV 728545 <° 3-chlorophenyl J& 4 FioE 2d %
HOWEGAEIZ S+ RENRB L2 e b, XD AR EERIE., 4 H TS O PR
1T -7 (Table 10) .

Table 10

FiC CF;
(T,
N

; IS o
OH 10
RY« o CF3 R3 AN /H
N guanidine catalyst 1a N
0~ * \v\)J\Rs 0

toluene, 0 °C

7/ L R? 7 \R2
entry  sub R’ R2 R3 time/h vyield/% E/z ©© of ;:‘o/iosomera ee of /Zoi/fomera
1 2a Me H Me 67 51 791721 94 -
2 2c Me 2-Cl Me 19 60 75125 91 B
3 2d Me 3-Cl Me 5 34 83717 93 93
4 2e Me 4-Cl Me 1 31 74126 86 i
5 2g Me 4-OMe Me 67 47% conv. - - -
6 2q n-Bu 3-Cl Me 43 80 88/12 93 93
7 2r i-Pr 3-Cl Me 21 68 85/15 92 89
8 2s Allyl 3-Cl Me 114 33 87/13 93 95
9 2d Me 3-Cl c-hex 5 53 90/10 91 85
10 2d Me 3-Cl Ph 72 35 92/8 93 96

a. HPLC CiRjE (AS-H, IA, IB, IC-3, OD-3) .
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Table 10 TO AR

/EV%Q/MFE

O
3
©/LZ

13m

(entry 1)

O

(entry 4)

5

(entry 7)

7

?o
5

(entry 10)

FEEOBEEFRE LOEWBE RO 21T o728 T A,
PENRFEBLT D Z & yinote, Cl REFoHE A2 Wit
3-chlorophenyl &% Ff>HE 2d O

0]

/ivﬁ\/wkﬁN

o) /) cl o) V
3n 13g éi: Cl

(entry 2) (entry 3)

0o o}

LKN
0) /
13p b
OMe
(entry 5) (entry 6)
O I 0

O 0
e ORase
N N
0 o/,
Bs?%:>£l 13t ?6>Kd

(entry 8) (entry 9)

ARG MO BEHIE 2 RO 5 12 m O L IARIEIR

4 (entries 2-4) T, LV EFRLIMEDE W
BT AT VAR, IT/?%@?R%& BT b EWEA R
(N ESTINSTIEAPPN EVA B

L7z —FH. \ETEMD 4-methoxyphenyl H:&Fro>IE 2g # HU 235
DAL (entry 5) , £ 72 phenyl &2 F O 2 H W 25412 imb\:ﬁ‘)‘/?ﬁ%?ﬁﬁﬁ FEHL U205,
FOGHEE DR T3 A BTz (entry 1) o Z4L5H OF5HD 5 | 3-chlorophenyl 5% R > R/E 2d & fiii & L,
B RMEDORER 21T > 72 (entries 6-10) . ZORIR, REAIEE D a (ML OEMRIEEZZLSETH YT
AT LA BRSO o F A BRI N 72N 2 L Ny o 72 (entries 6-8) , £7-, YV /) DRk
HALEERVEIC B A RUT N2 e, E R H 5 2 & 2R L7z (entries 9-10) , =
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N ORERNG . BROMEMER TS 2m Ot 1e # W2 < THEWINARERPEZ FZBLTEX 5 Z &0V
nolz,

£ilo, MLICEBEERFFOVT ) E AW THEMNINOE 2B 723, FOSITETE T REISO
HHEIN S472 (Scheme 23) o SREFHIOSAKFEE DT DI SUEBET Lol L EZABND,

Scheme 23

0 + /\/\)k H 0
14 guanidine catalyst 1a 13
Cl > v
2 toluene, 0 °C Cl

2-3 kMo Rl

ZHEEAOMEEMERIZONT, SFEHIC LTI 12 $HI1T 18 2B~ CTHAZZ EDB M Lo 7272
O, BN TR, BEITEEATAE L, 12205 13, 18 225 12 ZNENO B2 ATz,

£ 1805 12 ~ORMEEIC O T~ %, £3°. THF ', 10 mol %® DBU THEMALZ ATz &
2% (Scheme 24) . 'THNMR (2L V| 13a 25HK L, 12a (ICBM(E L7 2 L HEGR TE 728, Aflipp s
£ LD E, YV AIT LI uw T T 44— X HREROBET 13a 23EK L, 12a ZHE—T
852 LIRS B2 b,

Scheme 24
(0] 0] 0] (0]
n-hex)J\/\/h"MN (10Dr?1lél%) ”'heX)J\/\/““HN
04 —_— 04
THF
13a Cl 12a Cl

I, 12a 75 18a ~DRMEALIZHONWTIHRARD, YV VTNAT L7 0~ 87T 7 4 —IZLHHERT
18a DVEMT 2 Z LR TE oo, BRI T TO 18a ~DO R ZRAA T, Frx BT
20mol% > CSA 171E F CEM(b 2 AT & 2 A (Scheme 25) . BMEAGITHEITT 223, BIAEM D 2 < Rk
L. 'HNMR TR L2 & 2 A, HHERIEAMDIRE LT,
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Scheme 25

o] (0] o 0]
., CSA .,
n—heX)J\W 'P(/N (20 mol%) n-hex)J\/\/ 'P%N
o —_— o]
toluene
12a Cl 13a Cl

/-, b, DUV EHIFESE S Z LTk A EMEEZ A TZY (Scheme 26) | EE LI
179, 12a ’EIIE 7=,

Scheme 26
)?\/\/ i j)]\/\/ i
mrhex” 2 HN silica gel "1eX A "MN
/ /
(6] E— (6]
toluene
12a Cl 13a Cl

2-4 FTVa-t ok UREEERA~OFE, Mg ORE

5H-oxazol-4-one DV x ) JASO IR NNSOE TR S AV ATINA 18 Z2 ABEME R, EIHR, RH
R EOREPREIRE LTAERAR Y7 Vv a-t Rax v~ LifF8bd 5 Z & 2ilA7-, 5Hoxazol-4-one
DYT ) AESOIBEAIMEIT, 282 F T a-b R d VEBEFHERAEFENT D ERFARETH D
EEZHND (Scheme 22) ., £T1L, OIS LD _EHEZHRFHFLIELEEZOF TV a-b N U
HIKQ ~OFFELERATz, £, FELOH BEPfL LT, THF, 1M NaOH aq DIEGIBEH TOA
X — VB OB 4,72 (Scheme 27) ., TOFER, B THD B,y KD 1ba 1356, HH
PESME T CEmMA AN EME LTz o, BIRD 16b AL, 2Dk, o FINIEAMAINESIZ L - TERIE L7
{BbEW) 16a DS EAERY & L TR LN LG 16a AR T 5 A 7 =X & LT Scheme 28 (28T Xt
BN EZ bND, £ 2T, ZORMAL-FRIEAMIMBISZ A D 12D O 21T > 7,
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Scheme 27

O O
O O O
n-hex)J\/\//’"MN 1N NaOH aq
04 n-hex)]\/\/’u.PJ\

N
THF oy H
Cl 15a
13a Target
. <. A [ N
n-hex PJ\OMe n-hex O/<Y( 5
9 OH o)
16a
Product
Scheme 28
O O
, (0] (0] (0]
n-hex)J\/\/ N 1N NaOH aq D - N
04 n-hex” N
THF H on M
o C
13a G)()H
15a
) c
(e} (0] O (0] (0] (@]
. ¢ . cl
n-hex/J*<5>/*§>//'~¥/JL\N cl NN ,¥/J1\H
C y oH M ’ bo\H
\
(OoH LGOH

0 ., H
I K«w(@
n-hex
@)
o) O
16a

18T, =7 b OMNIKZ IR, A% ) — VA THIKRSIRST S 2L TAF LT AT L~ EGH
BT 52 ENTELIEE2HRE L, A, ZNERBEOERETY T > OMIRDINK 53 iR % 587
7= (Scheme 29) , L7~ L, HHEMESAE T CRISZAT - 72 & [FERIC RS A& ONLE O B X 7214
PN LUTAEEY 16b BMEbnT-, T2 Tr b 272X — A b UL, BEIEMESIE
B, T0%k, 7 ROMKDZRELTH 2 & Z2kH 7= (Scheme 30) , H/LARVEE 19 ZH7-03. T DK D
AF VT AT AL TERIROILAW 20 NEARD E L THEONTZ, 2T, DVRUEE19 DA F LT A

T LD S EA 2 i L7z (Table 11)

31



Scheme 29

e) (0]
/U\/VIM conc. HCI H,S0, Q Q 2 -
/N )J\/\/’I,. M‘- OMe
o MeOH MeOH OMe 0
OH (0]
13b cl 9 16b
target product
Scheme 30
/ﬁ\//\v/ O MeO OMe o]
‘., HC(OMe MI,
o 'P(/N C()SA s N "MN 1N NaOH aq
_— - /
0 MeOH 0 THF
13b cl 17 cl
70%
MeO OMe O
X /'"PJ\NH
0. o 2 NaoH /ji\//\\// Q H,S0, o o)
2 /, ’
S S N S
MeOH MeOH
18o OH 19 OH 9
89% o
Cl g
WOMe
o0 O}
Table 11
0 0 0 0 0
/J\//§V//LJkOH N /ﬂ\/Jq;%<WOMe
19 OH 9 OH 16b o)
entry condition temp / °C time / h comment
1 Et;N, Mel, DMF rt 28 compound 16b was mainly obserbed
1) TsCl, iPr,NEt, MeCN
2 2) N-Methyl imidazole, MeOH 0 2 complex mixture
3 TMSCHN,, Hexane, MeOH rt 1 48% yield

% 9", DMF H# T Triethylamine {77£ . Methyl iodide % VN T A F /L AT WAL Rl A T- 5B 121,
bA9 16b N EAERM & L THRLNT (entry 1) o AU, RUSKENEEETHH720, ZEEAOD
BB o72lod B2 b D, £ 2T AZETETORETAF NI AT AL E R LT3, B
IRIREMD G LN (entry 2) . F72. FHETOKESRME LT, TMS diazomethane % W 7254512
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1L 48%DINETHIID A F N AT IV EFGDH Z LN TET- (entry 3)

WIZ, —EREE KB LTS 7 /b a -t R a S U ER 10 ~0OikE L 277~ (Scheme 31) .
F. KELL, 91%DIRT 20 257-0 5, HIEMESM T TOMKDMREIZ L > TT7 I K21 ~ &8N
oo TDH%, 7 ROMKGIREE AF VT AT NALE D Ry N TITO, BRI 38% THHID A FL
TATKRLI0 ~EES ZENAEETH o7, £, BONTATF VT AT AR 10 3T o F F@IRWE
ERFELCWD Z L 2R T 5729, GC (DEX-CB, 1600C) IZ X 5MEEIT- T2, TOFER, AF =T
ATV 10 O F U F A IWBEIERIT 94% ee TH Y =F U FABRPEZ B2 > T RN L 2R LT,

Scheme 31
0]

M 0 AP

he M 10% Pd / C hex H 25 M NaOH
O/ N 0/ N . a aq
AcOEt EtOH
91%
)J\/\/ i i i
conc. HCI H,SO,4 .
hex PJ\NHz - heX)J\/\/ ,,’)J\OMG
OH € 10 OH
68% 61%

Total yield 38%

SIHIIT, AT 4 U AFBY R E o THREMIMEOMBE 7% allyl KIZEHT 52 & T
5H-oxazol-4-one D ELMEN72 allyl {bA K L, S HIZENZE allyl EEAFFOFX T /b a-b RrX URHE
K11 ~Oi5EA %37 7- (Scheme 32) .

Scheme 32

0 o) 0 - Q

)J\A\/MN Grubbe ot 25t \/MN 1N NaOH aq H NH,
04 04 0._0
CH,Cl, TH
13c Cl 22 cl

2.5M NaOH a 0 “or o L

: o q \//"'PJ\NHZ Base v“"PJ\OMe

242 OH 11a OH

FLT7 4 AR (18¢—22) [T L TiL, FH—RoD 7T 7 A fildit 2 O 72 85 5 I SO S T
B9 RESOFEE A 7= (Scheme 33)
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Scheme 33

o 0 o)
. Ethylene X,

//u\v/‘§>//"¥/LtN Grubbs cat 1st, > k/lLN
0~ 0~

CH,Cl,

13c cl 22 cl

T, FoMRo T T T A il A 0.1 FEH W, 0.03MRBEORE CKISE{TRoTEZ A, BRY
WMLz (Scheme 34, 18¢—22) . £ D%, A X4V —LEBROMEE (22—23a) . = AT /LOIIKSS
fi£ (28a—24a) 1ZFEZRHEIT L, 72 K 24a 2157, BFoN=T I ROMKGE, = AT WAL Z iR
e, BSOS, HHERIRAWA S DNz (24a—11a),

Scheme 34
0 0 0 o 9
, Ethylene X, \/’PJ\
)J\/\/ MN Grubbs cat 2nd N 'P(/N 1N NaOH aq 5 gHz
Z o)
© CH,Cl, THF 934
13¢ cl 22 Cl
34% Cl
O (@]
2.5N NaOH aq NG conc. HCI  H,SO,4 S
NH, OMe
EtOH OH MeOH
24a 11a OH

90% (from 22)

Scheme 34 OfRFI T, AFH Y —NVBREFFO 22NV BTN I T AT a~ NI T 7 4 —IZBWTET
DESIND T EDMROEBEICGEDJHK & L TEX DN, VT 4 U A X BV ADMIGTEM R, &
AR L, BEREREPICZ 0 ERBISICHANWZE 24, ILROUEN A 5., 64%DILRT 23a
w135 2 LN TE T (Scheme 35, 16¢—23a), F7o. HEMSM T T AT /L &7 I ROMIKSfE% TR
RFICAT72 0y (28a—26a), Dk, AT NZ AT WAL EZ R AT, NKSIRIZE Y | 25a & 2B 26 D
BAMDELN, IBAMOEE= AT UL ERA-N, FARWITILEBFRT AT /L 2T THOY 11a 1
FEAE/LNRD ST,
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Scheme 35

)

o o
P Ethylene \/PJ\ NaOH
NN Grubbs cat2nd 1N NaOH aq Ho  H0

N
0 / (0] O
CH,Cl, THE MeOH
23a
13¢c Cl 64%

Cl
(0]
\/“"PJ\OH
252 " H,SO 9 i
2% 4 ,
and "PJ\OMe OMe
0 MeOH OH
11a 27
OH Cl
26
Cl

AT, [FIER D FIETHI VAR VB 26a 128 & IS T TO A F L= AT b % § 77 (Scheme 36),
A O 'THNMR HIE CTHEIMNER L TWDZ ENERTE TN, YUV BFNV T LI a~x NI T
T4 LKA E TR 2 A, BMESD Z LN TE otz

Scheme 36
o) Mel O
) K,COs \/Y)J\
OH DMF 11a OH

25a

Scheme 34 DEFHI BT, = AT /L ONIKS3E T B OMIZAR L X7 I K 28 DRI & LT
DiILTc, ZAUTERIOT I R 24a OICRIK FICEN D &% 2, NaOMe ZH W RHET= AT LDk
53ff %7772 (Scheme 37, 13¢c—24a), Z DY, a-b FuF UEEFEMHRITIT I AL = X7 /LIRDIR
EMTHELND EEZLN, TOREME SHIZAF AT AT IUEDOEMETICBL 2 TAF LT AT
NORZEFGEL I L Lic, ZOREE, 7 I R 24a OHAPELIL, TDO%, I HIZERWSET NaOMe % A
WCAFNERAT I ERBTZN, IR 26a 235617 (24a—25a), Z D /VAR U 25a O
TMSCHN: % W 7= S T 2T b il & 2 A kB o TH NMR C©H A 11a MER L
TWDZ LR T (26a—11a),
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Scheme 37

(0] (0] O
)J\/\//, Ethylene S
XN Grubbs cat 2nd 1N NaOHaq  NaOMe X NH, NaOMe
/
0 CH,Cl, THF MeOH 242 OH MeOH
13¢ cl 44%
o TMSCHN 0 Cl i
/ 2 /,
N ,,,)kOH — o ,,Y)kOMe \©)LNH2
e
25a OH Hexane 11a OH 28
92%

Scheme 34-37 OfEE 25, Scheme 38 DL — AR HEE WK TCHAMINEOND EEX, ZD)L—
N COFHELERAT-, ZOFER, R=Me O%4. 7 X K 24a 28 56%, /LR 25a 23 93% DR T
‘Bohien, AF L2700 Na 3 mMi< | WA EET BRI —RICREINST VI & B0
o7z, £72. R=rPr OHFAICITINE 28% TT 2 K 24b 2455 Z LN TE =,

Scheme 38
(0] O (0]
)J\/\//, R Ethylene s R
A N Grubbscat2nd ~ INNaOHaq NaOMe — “X~"L >Ny,  NaOH
/
0 CH,Cl, THF MeOH OH MeOH
24a 56% H.,O
13a R=Me Cl 24b 28% 2
13b R=i-Pr
(0] (0]
R TMSCHN, R
\/ I,IY)J\OH v OH \/ ’,Y)J\OMe
e
OH Hexane 11 OH
25a 93%

HEID XA F VT ATV 11a OFENMELS , WL & IR ESNST W ERDh o272, BILR
Vg 26a ~DOiFHE LA 72 (Scheme 39) , F 72, WK UL 26a IZBEA CTHDH T2, ENEDL
B K o THEXHIEE DR E & ATz, ZORER, BRI 52% CH VARV 26a 155 Z LN TE T,
F7o. Tk E OFERE DI L > TEAEBWIT RIETHD Z LR ynoie,
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Scheme 39

)J\/\/'H Ethylene o

o) N Grubbs cat. 2ndgn ~ 1MNaOHaq ~ NaOMe \//"'PJ\NH
CH,Cl, THF MeOH 2

OH
13c Cl 24a
56%
NaOH e}
H,O 20 — _
L NG oH [«]b 5.73 (c 0.52, EtOH)
MeOH lit. [«]p?° =-11.1 (¢ 1, EtOH)
25a

93%

T, BEANTF T ARRMEZ R L TWD Z L2 MR T D720, XU UNLVTZRATIL~TFHE L
(Scheme 40) . HPLC (hex: IPA=99:1, AS-H, 210nm, 0.5ml/min) (Z X AHE%EIT-o7=, FOFEHE., <

VIUNTEARAT RO F T A mFEIRIL 94% ee TH Y . = F T AR A B2 o TN T & 2 HER
L7,

Scheme 40
(o) BnBr (e
K,CO;
\/I"'PJ\OH -~ X "'PJ\OBn
OH DMF OH
25a 29
94% ee

*7-. 1-hexene #HW\/-AF 1L 7 4 v A Z B A H 7= (Scheme 41) , 1-hexene % 18 &\,
26 FEELEVE L7z, BRMIIAE O T, RSO ENEIN S v,

Scheme 41

o)
)WMN Grubbs cat 2st W\/%N
o)

o/ + NN

CH,Cl,

(18eq) reflux, 26 h
Cl Cl

2-5 LA

REBEABDE LTIHOND A =ALE LT, 22 ThE=LT b ~OIBAINEUR & FERIZ
Fig 1 (p. 5) ITRTAKEMHAICL o THEHE SN BBREZR TGP EITL TS B LN,
Scheme 42 IZ/R T K 91T, =/ OAEDPRERD Re ENZEESND Z LIZLD | RelEi CORES
DEEL. RIKZFARME LTEHEZXTLEZZOND, E=T b ~OMINBIE & RREIZ, & myofil
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BEOSREZFN ISR T L » TREAI DM & 2l L, BRI IEEZROREANT R IFE2EC 510
F—REED Bzl RIFDHEERINIGL ZENTE L LEEZLLND,

Scheme 42

0
N P it N Ar’ \H(
Ar2/< Ty />%7AI'1 /N
0 N sy : 0
) H \H / Ar2

Ar' 1
Ar1 N Ar
N \ 1 N
o LT )C Lo
Ne N o. 5N o

H Ar' No N O \ o)
/O, . /)
N 0 H / / \/\)J\
Ar2—~ I \ ) N eO
\ Ar-—”
o) \<O/\I( S |
W\
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3 KBEEZEOXTTINT T = A A
5H-oxazol-4-one D a-7unv 77 JUnra=hKrU)L~D

ANFTIBAT IS DB 5

31 ¥

a-zuu7yrzYVua= R ) VEREFHE T DARFLEMSMSIT v aFT e Rl L
THWD FEM R ERHE STV D, REAIOMARFEIZES T 5 (Scheme 43) , 2T, ¥4
MR T, ¥ TNV T 7 =V Ut % 7= 5 H-oxazol-4-one sRKIZR|D a-7 a7 7 Ua= kKU L~
HAEATMBOE DBRFE 4T\, Feii T dr > 99 1 1, 96% ee O NLARERMENS BT 5 Z L BNEOE LFH LT
WEINTWD (Scheme 44) , ZORIGTHLNAFIED =/ h O IERL Y = 7 o OfFINE
ERERIZF TV a-b Re X UEFEARA~LFHENT L ENRMRETHLEBZZX LMD, EIZEDHMFHT
KU MR CA Y — VEROBBRMB AR TH H 08, KISDEM LN &0, B O BEED N
HTHLZENHALTEY . ZOMIMENLDF TV a-b Fax UBAOFE I E 7Z#ER ST
R, ZOAEITE . BB ATRECY AL SN -7 mr T 2N AR L TN D72 SR X T
Na-b R X U8R~ FHELT LI ENARETHI EEZ LN, FRAEOEVEEMTH D
(Scheme 45) , AlAl, E=/L7 > OMIMELT T ) OMIMEDOF TV a-t Ra X U BRA~OFHELT
Bz, a-zenr7 27 )a= s LOMINE30 DF T /L a-b R U fB~OFFE/ & il T,

Scheme 43
CN
(0] O ‘)ll/C|
o EW = T d
g :]\)J:( G ;l (R =PHN) - E]\)j‘EWG
xSy A n CN x2Sy A n
upto 25:1dr

98% ee
Wang, Y.; Liu, X.; Deng, L. J. Am. Chem. Soc. 2006, 128, 3928.
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Scheme 44

0 0
\%L Nee~JA
/N NC guanidine catalyst 1e O /N
0 + 7 ¢ ©
Cl 30
dr>99:1
up to 96% ee
OMe OMe
A T3
AL chiral guanidine catalyst 1e
Scheme 45
@) O
MeO)J\;/\!/U\OMe o) o)

\ \

Me OH
NRZOH
OROH
o)
N
; c 7 OMe
NC OMe N; OH NH, OH
OH OH

3-2 FT/a-t FeXIm~0iFEk

A% — VR OBBRIS D58/ LW LB LT, B =7 N ATIMEOFFEAL & [FERIZ, WX
JEEL Z > TWD RIEEMER B 5 &5 2, IR SIE T CoOBE(L %2772 (Scheme 46) , 'TH NMR
THERLTEZA, HOE /= ATV 31 OMIC, Y= AT7 /182 bAEMLTRY, ARkthiL81:82=
4:6 RETH o7, RERRIC X DNMKGIRRHCRIFFIFHRT 5 2L T, 32DH /LI ENTELHLEE
ZONTETeD, KnERATD, RIFRESEEZIT CTO BRIV AT N 82 DA EGDH T LI TE )
S7, [, 81X°82 D TLC IZ L DT Cidgstakle LT=vt RU & Huniz,
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Scheme 46
O

NCM o) (0] 0]
N conc. HCI H,SO

cl 0-v 29Uy NCY\‘)J\OMe + MGOWOMG
32

30 31

OMe

F 72, BRMESRAETONIK SRR R DD U I IBRIER 2 AW T 21772 - 7= (Scheme 47) , %
OFER. IHNMR ICX > TR L= 2 A, 1F1F31:1832=1:1 THVH . WThr—FFDOLEHLHZ LILT

Xlphol,

Scheme 47
NC Q2
N 0] (6] (e}
Cl / H NC
C S0, \r/\4/ﬂ\OMe . MeO OMe
MeOH Cl OH Cl OH
30
31 32

OMe

PONICZmOAKREMA D Z & T= MV AVOIKRGEIMEES I, VT AT N B2 DHuEFDH LN TE
b E#Ez ., RHT- (Scheme 48) ., ZDF5E%., THNMR HE CTHER LI Z A, 3203EKLTEY, 31
DHELTNDZ L BERTE N, BIORIEMRAER L TEBY, 82DHEHDLZ LILTERNST,
B, SRR EIT o= U VOIS ETIE, TH NMR JIEIC L 2000k Tk, ZORARY %
FER URHTRISZIT> CTHZENLL ERISHETT 5 2 LidehrhoTc, o, ZTHVE TOMGT TR
FHEFIZ2 S FCTh = N U VORGSR EITT D 2 R 0000 . = b U ILONKS O IR #EC
bHEFEZT,

Scheme 48
NC ?
o N (0] (0]
(O H,SO H
27 2504 MeO OMe
H,O MeOH Cl OH
30 32
OMe

FZT, A EZ LAHETL L, 72U D007 3 ) T a— Lo a 838 ~OFFE L&
A7 (Scheme 49) ., L/22L. HHWIISE O, BHERESY NS LT,
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Scheme 49

0
NCM
N LAH
o o4 2. WNHz
THF H OH
30 33
OMe

PERGHIR A 2B VESRIE T T F Y — VR Z BB L. KR Z21Th3, MARY 2 £ 0 F RISt
TCRHFT L LICE-oTT 7 X L85~ Z & &RAT- (Table 12) , TOFER, 7 h=FU L
e R ) U L EEHSESGEICE. (LEW 36 L biZ, MBRL. b EDOMIMKIZE > T b&EY
30 NEAEMME LTHELNT (entry 1), £7z, b=, DBU Z{EH S H 156 1TI3EMERIRS
BEHIL (entry 2) . WTNLOHAICH BRI ZEDL Z LT TERN -T2,

Table 12
(@]

0
N
Q c NH,

JES N TsOH - H,0 NCY\‘)\N Base ~ HO NH Ccl 0O
THF c on M o

H,0 Me CN
30 34 35
36
OMe OMe
entry base solvent temp/°C time /h comment
1 K,CO3 MeCN rt 2 compound 30 and 36 was mainly obserbed.
2 DBU toluene 0—rt 2+3 complex mixture.

WO SR T T VY — VB OERSCT AT MED SN EIT L7 Z &2k v, B ES
L EMNTERD-T20, B R iks TMS ECHR#EL, 453V —LEBROBMSLT 2T L% I
92 = & & A 7= (Scheme 50) , DR, 38%DILETL VY NWMAK 3T 2457-, 7T RU DL A R
Rz BV, 2 UK 87T DA 2 ROMKGIREZRRTZ L 25 LB 30 2 G0 EMRIRAMNE DT,
VUMK BT IR AERH &, T2 #4589 ~E Z L bRALIN, T =Y H REDY DA
EAEH S E 758 I IR T TE T REOGOEENEI S L7z (entry 1) o THF W1, U U A tert
TRV REFERASEZGEITEMEREL, & EObEW 30 NEAREY & L THE LN (entry2) . FL
T, DBU ZEH S 723568121, HE9W 89 L& 30 DIREMN G LT (entry 3) . ZDRA
M7 7 4 589 ZHEEL, S RUTARXA RS REHWT, 7745 89 DA I KONIKI %R
2l ZA AL AL & A2 DIREWBELI, HOZ 7 X2 540 21552 LIXTEeholz, £ T,
THF &7 =7 KORAEHA TORIGEZRRIZE 25, BIUDIRTHIND T 7 4 1 40 2155 =
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TR LT,

Scheme 50
NTMS
o)
NG 0O o OTMS
N TsOH - H0 NC\r/\4/ﬂ\ PhoNH, - OTf
/ N
Cl (0] H
THF Cl  OH THF
HQO OMe
30 34
OMe
O o o)
NC\r/\4/ﬂ\ NC
N NaOMe OMe
cl 0 HJLTi:j\ 7 c o
“TMS OMe MeOH T™S
37 38

38%

Base

OMe
i N
MeO%

TMSO CN O
|
O O (0] o OMe
TMSO N NaOMe TMSO NH H\’(@
MeOH MeO
CN OMe CN HO CN O
40
39 59% 42
entry base solvent temp / °C time/ h comment
1 K,CO3 MeCN rt 1 no reaction.
2 tBuOK THF 0 1.5 compound 30 was mainly obserbed.
3 DBU toluene 0 0.5 compound 30 and 39.

IRFNZR e FCRBRE., TR X —b L., A X ROMKSE,. 78X — L Olii#EEZIT> Z L T
a-b Fax i~ iE = L2 A7 (Scheme 51) ., FOFEE., BOT X —1 K48 1355
T, ALEW 30 NEARM & L TE L,
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Scheme 51

OMe
0
NC o O ><OMe O o
MN TSOH - H,0  NC TSOH - H,0 _ NC
cl 04 N N
THF Cl OH CH,CI 07L
H,0 OMe 272 c OMe
30 34 43
OMe

o) o)
NCY\PJ\NH NCY\\)J\NHz
cl 07L Cl  OH

44 45

a-zuur7 7 Vua=kULOMIME 30 OFfDa-7 mr =Y /LEAIE, AN REMEO(LT
FRIZK U CTIEMETH D 7o OISR T TOA XY — VROMBRIINETH L Z 3TN D, £
ZT, H60 U Cl 2 NEMAREHILICEI T 5 2 & THEMSME N COMKSERFIREIZR D &5
Z . pmethoxyphenyl ether ¢ (Table 13) X°7 ¥ R ~®D 2 #i % ik 7~ 7= (Scheme 52) , [,
p-methoxyphenyl ether XK., 7V FIZ7 2/ EK~OFE(NNAEETH S (Scheme 45) ,
v Methoxyphenyl ether bz fRET L7-f5R. Mt L7222 TORMGETHRYIIAE T, TH NMR HlET
R LI Z A, (LEW AT AR L TND Z &R I LT,

Table 13
O oH (6] (6]

NC NC NC

MN Base Y\PJ\N pZ N

cl O + PMPO 04 + 04

OMe
OMe OMe OMe

entry base solvent temp / °C time / h comment

1 KyCO;(1.5eq) THF 0—rt— 50— reflux 2+1+19+47 compound 47 was mainly obserbed

2 NaH (1.5eq) THF rt 3.5 compound 47 was mainly obserbed
3 DBU (1.2eq) toluene rt— 40 — reflux 2+6+15 compound 47 was mainly obserbed
4 KyCOj3(1.2eq) acetone reflux 2 compound 47 was mainly obserbed

Scheme 52 D HIETT ¥ MM aiRAT-FE R 59%DINE THIMM 48 #1556 Z LN TE /=, ZZTEHEDL
N7 Y FERW, BBHEAR~0FHE 277~ (Table 14) , ML U T 1 Y BHEEZ W TK
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Ia AT o T, TOF-MS JIliE CHERE L7z & 2 A, BBRE, = AT/, £70034 I Rk RS
72L& 50 ° 51 G HiL7e (entry 1) . £/, BOMGFHI LY, o-7mrua 727 Unr= KU LOMIEK
DAFH ) —VEROBBREZITR ) A I FBREAEFME LTHELND Z L0350 > Tvd (Scheme

53) . =T, LIRS TIKDMREEITV, 4 I ROHZEGD Z L a2 AT (entry 2) ., LML,

IKRGRTIE L A EEEITET ., REUCOEEDFRAF L7212, UKD TEL BRI bND,

Scheme 52
(0] 0]
NCM NC
/N /N
¢ o roNaNs Tour N, O
30 48
OMe 59% OMe
Table 14
o (0] (0]
NCY\‘)J\ NCY\‘)J\
NC

Y\()(N 1N NaOH aq NH2 NH2
Ny O / N; OO N3 OH 59

(0]

30 49 NC
OH
OMe
OMe N; OH 51
entry ammount of base  golvent temp /°C time /h comment
1 1.0 eq toluene 0—rt 8+13.5 compuond 50 and 51
2 0.3eq THF 0—rt 1+19 no reaction
Scheme 53

0 NC i

NCMN O O Y\‘)J\NHz
Lo Base Ncﬁ/\‘)\”){@ o N 00
N; OH
8 OMe
oM
© OMe

F 7o BEMESAE T TR 2R T & 2 A, HARY O THNMR RIEICL Y., BEIOA I R 5208
L TWAZ ENHERTE, ZOAIRB2DT7 Y FEZBEILL., O FNREMNKIGEZE T, 1bE
Y 85 DA AR, BSOS, HEERIEAWNES S 72 (Scheme 54) .
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Scheme 54

O o)
NC
MN TsOH - H,0 Ph3 HO NH
N, 04
3 THF THF
H,0 OMe H,O 45 CN

30
OMe

TYREETL, 7T RICEMR L) 2 TCOFENERATZN, HOT 2 71K53 TlidZe<EgIbL
7AbEW 54 DN T A E L THE b7z (Scheme 55) . = 2T, ZDOBAKIK 54 DAY 55 ~DEH %
RN, B EESL Z 21X Tx220v> 7 (Scheme 56) .

Scheme 55

(0] O o)

N
N N
N, Oy —Phs_ N 04 — NH, 0 NE\;o

L':g Ph” E;Ph
30 OMe OMe
target product
53 54
Scheme 56
(0]
NC NH, 0
N& O TFA
NC NH,
MeOH NH, OH
H,O
55
OMe
54
BRILIb &% 54 OERRZIHIT A7, BILEFRIRFIZT 2/ 2D Boce fRi#EZ1TV, /LAY 56 ~ L E <

Z LRI, BALIK 54 NEARY) & L“C?Ef 5372 (Scheme 57) . BRAVEUS DK IGHE ) Boe 1B
INDORGHE L VWS- EEZ NS,
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Scheme 57

O Boc,0 O Q
Ny O—% 3 NH 0—% N O
THF  Boc
H,O
30
OMe OMe OMe
target product
56 54

W, CLEDE % VAR F v T — N ClE#k, FHEbT 22 &2k (Tableld) . £7, ZEE
fe L fRIg ) U La VERRZRZ T (entry 1) o BRI ST CLENBEE L 7 bE& ) 4T D3R
LCWe, HIEIZAKFELT N Y 7 AERAWZEAICE, KSTEETET, REISOEENEIN S
7= (entry 2) . ZOHEIZIX, THF HCKILEITR o720, HoIMBAT 52 enTEd, L0 ER
TRISEAT IR S T2 GE IO EITT D ATREMEN 5 & B 2 7272, DMF H1 TG & A7 (entry
3) . L22L. HEWII/ LT, EHRIREMNGEON, 22T, REFBR LY IKEED/ NI NF
fex W CT= AT UREG O Z RS- (entry 4) . LU, BEIIGE LN T LAWY 4T BWE LT,

Table 15
(0] 0} O
NC NC NCM
MN i Base MN Z N
ci O + R™ “OH 0-__0 0] 0]
solvent Y
R
47
OMe OMe OMe
entry R Base solvent comments
1 Ph Ko,CO4 THF compound 47 was mainly obserbd.
2 Ph NaH THF no reaction
3 Ph NaH DMF complex mixture
4 H K,COs4 DMF compound 47 was mainly obserbd.

fb&4 81 ° 82 1%, TLC i CHRENTHL | MHBNRETHS/lcd, YIS TAra~< T
T4 ORHEBRNETCH T, ZOMEZRT 5720, UV IRINIZ X > T TLC TO5Hr23 Al HE
72 UV WL DGR ) A VLD A %3 A 7=, Scheme 47 D 55T 31 & 32 DIREMERT-DOL,
Scheme 58 DA RIE TENZENDKEEIEE R A WALT 5 Z £ T2OD(LEMD TLC TOHMT 2 K5
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WL B9 5 2 L il Al L, BOsIE e < T8 9 REUSDOFE NI 7= (Scheme 58) .

Scheme 58
NCM i NC i
OMe ©)J\CI Pyridine Y\{)J\OMG
Cl OH DMAP ¢ OBz
31 // 57
0 0 THF 0 o)
MeO OMe MeO OMe
Cl OH Cl OBz
32 58
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4 & Experimental Section

General: Reactions were carried out in oven-dried glassware under a N2 atmosphere. Flash column
chromatography was performed with silica gel Merck 60 (70-230 mesh ASTM) according to the
method of Still.! TLC analysis was performed on 0.25 mm Silicagel Merck 60 Fa54 plates. Melting
points were determined on a BUCHI melting point apparatus B-545. NMR spectra were recorded on
a JEOL JNM-ECAG600 spectrometer, operating at 600 MHz for 'H NMR and 150 MHz for 13C NMR.
Chemical shifts (§ ppm) in CDCls were reported downfield from TMS (= 0) for 'H NMR. For 13C NMR,
chemical shifts were reported in the scale relative to CDCls (77.0 ppm) as an internal reference. The
enantiomeric excess (ee) was determined by HPLC analysis. HPLC was performed on a HPLC
system consisting of the following: pump, HITACHI L-6200; detector, SHIMADZU SPD-10A,
measured at 254 nm. IR Spectra were recorded on a JASCO FT/IR-410 spectrophotometer. Optical
rotations were measured on a PERKIN-ELMER 241 polarimeter. ESI mass spectra were measured
on a JEOL JMS-T100LC spectrometer. Gas chromatography was performed on SHIMADZU GC-17A.

Spectral data for 5 H-oxazol-4-ones 2f-h
All employed 5 H-oxazol-4-ones 2a-2h were prepared by following the reported procedures,? and

5 H-oxazol-4-ones 2a-e are known compounds.

2-(2,3-dichlorophenyl)-5-methyloxazol-4(5 H)one (2f): pale yellow solid; mp:

95-109 “C 'H NMR (600 MHz, CDCls): 6 1.66 (3H, d, J="7.6 Hz), 4.86 (1H, q, J=

7.6 Hz), 7.36 (1H, t, J= 8.2 Hz), 7.73 (1H, dd, J= 1.4 Hz, 8.2 Hz), 8.02 (1H, dd, J= \OHéN

1.4 Hz, 8.2 Hz); 13C NMR (150 MHz, CDCly): § 16.42, 78.17, 127.37, 127.42, Cl
131.19, 133.31, 135.39, 235.56, 185.59, 191.79; IR (CH2Cl2) 2360, 1758, 1587, 1570, cl
1532, 1450, 1419, 1372, 1025, 751cm™; MS (ESI-TOF) caled for C10H7ClaNNaOs

[M+Nal*: 265.9746, found: 265.9742.

5-methyl-2-(3,4-dimethylphenyl)oxazol-4(5H)-one (2h): pale yellow oil; 'H NMR 0)
(600 MHz, CDCls): 6 1.62 (3H, d, J=6.9 Hz), 2.37 (6H, s), 4.80 (1H, q, /= 6.9 Hz), \)(N
7.30 (1H, s), 7.83 (2H, s); 13C NMR (150 MHz, CDCls): 6 16.53, 21.09, 77.94, 0
125.48, 127.81, 137.02, 138.75, 186.76, 192.44; IR (neat) 3366, 2360 cm™'; MS

(ESI-TOF) calcd for C12H13NNaO2 [M+Nal*: 226.08385, found: 226.0839.

2-(3,5-di- tert-butylphenyl)-5-methyloxazol-4(5 H)one (2i): 'H NMR (600 MHz, 0

CDCls): 6 1.35(18H, s), 1.64 (3H, d, J=6.9 Hz), 4.83 (1H, q, J=6.9 Hz), 7.74 \([(
N

(1H, s), 8.06 (2H, s). 0

50



2-(3,5-dimethoxylphenyl)-5-methyloxazol-4(5 A)one (2j): 'H NMR (600 MHz, 0
CDCls): & 1.63(3H, d, J=17.6 Hz), 3.83 (6H, s), 4.83 (1H, q, J= 6.9 Hz), 6.75 \%N

V/
(1H, t, J=2.1 Hz), 7.34 (2H, d, J= 2.1 Hz). O\;

2-(3,5-diphenyllphenyl)-5-methyloxazol-4(5 A)one (2k): colorless solid; mp: O

87-95 °C; 'H NMR (600 MHz, CDCls): 6 1.68(3H,d, J=6.9 Hz), 4.89 (1H, q, J= \%N

6.9 Hz), 7.41 2H, t, J= 7.6 Hz), 7.49 (4H, t, J= 7.6 Hz), 7.67 (4H, d, J= 7.6 Hz), 0~

8.11 (1H, s), 8.42 (2H, s); 13C NMR (150 MHz, CDCls): § 16.57, 78.24, 126.87, bph
127.23, 127.39, 128.26, 129.07, 132.50, 139.42, 142.73, 186.36, 192.29; IR

(CH:2Cl2) 2360, 1756, 1556, 1372, 1268 cm'l; MS (ESI-TOF) calcd for
C22H17NNaO2 [M+Nal*: 350.11515, found: 350.1155;

5 H-5-Butyl-2-(3-chlorophenyl)oxazol-4-one (2f): pale orange solid, mp:
75-79 °C, 'H NMR (600 MHz, CDCl»): § 0.91 (83H, t, /= 7.6 Hz), 1.35-1.42
(2H, m), 1.43-1.49 (2H, m), 1.82-1.88 (1H, m), 2.05-2.11 (1H, m), 4.78 (1H,
dd, J=4.8 Hz, 8.2 Hz), 7.48 (1H, t, /= 8.2 Hz), 7.65 (1H, d, J= 8.2 Hz),
8.10 (1H, d, J= 8.2 Hz), 8.18 (1H, m), 13C NMR (150 MHz, CDCls) § 13.74,
22.20, 26.66, 30.85, 82.23, 127.58, 128.22, 129.78, 130.30, 135.03, 135.21,
185.30, 191.47, IR (neat) 2952, 2364, 1738, 1602, 1582, 1543, 1466, 1438,

1365, 1269, 1180, 1071, 746 cm'!, HRMS (ESI-TOF) caled for C13H14CINNaOs [M+Nal+: 274.0611,
found: 274.06086.

O

5 H-2-(3-Chlorophenyl)-5-(1-methylethyl)oxazol-4-one (2g): colorless solid, mp: 0
116-119 °C, '"H NMR (600 MHz, CDCls): § 0.97 (3H, d, J= 6.9 Hz), 1.17 (3H, d, J= )\(lL
6.9 Hz), 2.35-2.42 (1H, m), 4.64 (1H, d, J=4.1 Hz), 7.48 (1H, t, J= 8.2 Hz), /N
7.64-7.67 (1H, m), 8.10-8.12 (1H, m), 8.18-8.19 (1H, m), 3C NMR (150 MHz, CDCls)

6§ 15.94, 18.35, 30.74, 86.31, 127.47, 128.18, 129.72, 130.32, 135.04, 135.22, 185.40,

190.79, IR (neat) 2966, 2360, 1757, 1602, 1584, 1549, 1466, 1437, 1364, 1321, 1258, cl
1174, 1058, 1002, 775, 748 cm'!, HRMS (ESI-TOF) calcd for C12H12CINNaO: [M+Nal+: 260.0454,
found: 260.0442.

O

5 H-2-(3-Chlorophenyl)-5-(2-propenyl)oxazol-4-one (2h): coloress oil, 'TH NMR

o)

(600 MHz, CDCls): § 2.61-2.66 (1H, m), 2.83-2.87 (1H, m), 4.84 (1H, dd, J=4.1 NN
/

Hz, 6.2 Hz), 5.17 (1H, dd, Jgem = 1.4 Hz, J=10.3 Hz), 5.25 (1H, ddt, /= 1.4 Hz, o
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Jgem=1.4 Hz, J=17.2 Hz), 5.75 (1H, ddt, J=6.9 Hz, J=10.3 Hz, J=17.2 Hz), 7.47 (1H, t, J= 8.2
Hz), 7.63-7.66 (1H, m), 8.08-8.11 (1H, m), 8.17 (1H, t, /= 1.4 Hz), 13C NMR (150 MHz, CDCls) § 35.06,
81.05, 120.26, 120.38, 129.81, 129.94, 130.32, 131.88, 135.14, 135.23, 182.75, 185.41, IR (neat) 3078,
2360, 1756, 1602, 1584, 1549, 1467, 1438, 1364, 1286, 1179, 1069, 923, 744 cm't, HRMS (ESI-TOF)
caled for C12H10CINNaOz [M+Nal+: 258.0298, found: 258.0298.

5H-2-(3-Chloro-5-methylphenyl)-5-methyloxazol-4-one (2f): colorless solid; mp:
119-122 °C, 'H NMR (600 MHz, CDCls): § 1.63 (3H, d, J= 7.6 Hz), 2.41 (3H, s), 4.83
(1H, q, J="17.6 Hz), 7.47 (1H, s), 7.93 (1H, s), 7.98 (1H, s); 13C NMR (150 MHz, CDCls): o
5§ 16.46, 21.04, 78.25, 126.88, 127.23, 128.95, 134.84, 135.68, 140.83, 185.37, 191.95;
IR (neat) 2360, 1758, 1544, 1359, 1277, 1230, 1037, 874, 754, 669 cm''; HRMS
(ESI-TOF) calcd for C11H10CINNaOz [M+Nal*: 246.02923, found: 246.0289.

Q/L

5 H-5-Butyl-2-(3-chloro-5-methylphenyl)oxazol-4-one (2g): yellow oil; 'H
NMR (600 MHz, CDCls): § 0.91 (3H, t, /= 6.9 Hz), 1.34-1.41 (2H, m),
1.43-1.49 (2H, m), 1.81-1.88 (1H, m), 2.04-2.11 (1H, m), 2.41 (3H, s), 4.77 O
(1H, dd, J= 4.8 Hz, 7.6 Hz), 7.47 (1H, s), 7.92 (1H, s), 7.97 (1H, s); 13C NMR

(150 MHz, CDCls): 6 13.71, 21.03, 22.18, 26.60, 30.81, 82.14, 126.79, 127.19,

128.91, 134.79, 135.63, 140.83, 185.52, 191.51; IR (neat) 2958, 1759, 1555,

1450, 1361, 1227 cm'l; HRMS (ESI-TOF) calcd for C14H16CINNaO:z [M+Nal+: 288.07673, found:
288.0762.

\io
z

o

Cl

O

5 H-2-(3-Chloro-5-methylphenyl)-5-(1-methylethyl)oxazol-4-one (2h): yellow oil;
1H NMR (600 MHz, CDCls): § 0.96 (3H, d, J= 6.9 Hz), 1.16 (3H, d, J= 6.9 Hz), /k(l
2.35-2.42 (1H, m), 2.41 (3H, s), 4.63 (1H, d, J=4.1 Hz), 7.47 (1H, s), 7.93 (1H, s), o
7.98 (1H, s); 13C NMR (150 MHz, CDCls): § 15.90, 18.36, 21.06, 30.72, 86.25,

126.76, 127.14, 128.91, 134.87, 135.66, 140.87, 185.63, 190.81; IR (neat) 2967,

2360, 1758, 1594, 1556, 1450, 1361, 1321, 1227, 1012, 881, 758 cm'l; HRMS

(ESI-TOF) caled for C13H14CINNaO2 [M+Nal*: 274.06053, found: 274.0606.

N
/

o

Cl

5 H-2-(3-Chloro-5-methylphenyl)-5-(2-propenyl)oxazol-4-one (2i): yellow oil,
1H NMR (600 MHz, CDCls): § 2.41 (3H, s), 2.59-2.66 (1H, m), 2.81-2.87 (1H,
m), 4.83 (1H, dd, J= 4.8 Hz, 6.9 Hz), 5.17 (1H, dd, J= 10.3 Hz, Jgem = 1.4 Hz), o
5.25 (1H, dd, J=16.5 Hz, Jgem = 1.4 Hz), 5.75 (1H, ddt, J= 6.9 Hz, J=10.3

Hz, J=16.5 Hz), 7.47 (1H, s), 7.91 (1H, s), 7.96 (1H, s); 13C NMR (150 MHz,

CDCls): § 21.06, 35.06, 80.99, 120.34, 126.86, 127.13, 128.96, 129.99, 134.31,

135.76, 140.87, 185.63, 190.69; IR (neat) 2919, 2360, 1753, 1551, 1434, 1360 cm'; HRMS (ESI-TOF)
caled for C13H12CINNaOz [M+Nal*: 272.0454, found: 272.0445.

/
=0
z

o

Cl
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Spectral data for conjugated vinylketone and dienones 3

All employed vinyl ketone and dienones were prepared by following the reported procedures.3 All of

them are known compounds.

Preparation of chiral guanidine 1b

Scheme S-1. Synthetic Route of chiral guanidine 1b

Ar—I
S-2
l n-Buli Ar i) TFA Ar Ar
[ ~C0:Me AL B)(Ar ii) NsCI, EtzN
S —— >
TrN (Tr = CPhy) TN OH NsN OH
. . S-3 S-4
commercialy available
S-1 Ar = 3,5-{3,5-(CF3),-CgH3}-CgH3 (Ns = 2-NO,-CgH4SO0O,)
A S
Ar r
TrHN\></NH2 Ar . /\XAr CI)]\CI
S-5 . H OH PhSH, I-Pr2NEt= H T OH Na,COs5
—_—
NHTr NHNSs NHTr 2
S-6 S-7

A Ar i) Mel, AcOH N

. N
N%H i) NaOH agq. )Q > Ar
}/NH N~ N

TrHN K H

S-8 1b

(9-Bis[3,5-bis(3,5-bis(trifluoromethyl)phenyl)phenyl] [1-(2-nitr
obenzenesulfonyl)aziridine-2-yllmethanol (S-4)

A solution of n-butyl litium (2.6 mol/l, in hexane, 2.33 ml, 6.16
mmol) was added dropwise to a stirred solution of
3,5-bis[3,5-bis(trifluoromethyl)phenyl]phenyliodide* (S-2) (3.87
g, 6.16 mmol) in ether (20 ml) at -78 °C under a N2 atmosphere.
The mixture was warmed slowly to -20 °C, and stirred at same
temperature for 80 min. The resulting mixture was then
transferred via cannula to a stirred solution of methyl
(9)-1-triphenylmethylaziridine-2-carboxylate (S-1) (962 mg, 2.8

mmol) in ether (10 ml) at -78 °C under a N2 atmosphere. Then, the mixture was slowly warmed up to

room temperature. After stirring at same temperature for 14 h, the reaction mixture was quenched
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with water. The mixture was extracted three times with ether, and the combined oganic phase was
washed with brine, dried (Na2SO4) and concentrated. The obtained crude product was purified by
SiO2-column chromatography (hexane-EtOAc =100:0 — 98: 2 — 94 : 6) to give the product S-3 (2.86
g, impure). The product was used for next step without further purelification. Trifluoroacetic acid (1
ml) was added dropwise to a stirred solution of S-3 (2.86 g, 2.18 mmol) in mixture of chloroform (2
ml) and methanol (2 ml) at 0-5 °C under a N2 atmosphere, followed by being stirred at same
temperature for 2 h. Then the volatiles were removed by azeotroping with cyclohexane (20 ml x 2).
The residue was diluted with acetonitrile (10 ml), and triethylamine (0.91 ml, 6.54 mmol) was added
to the stirred solution at 0-5 °C under a N2 atmosphere. Then 2-nitrobenzensulfonyl chloride (0.53 g,
2.40 mmol) was slowly added to the stirred solution at 0-5 °C. After stirring at 0-5 °C for 1 h, the
reaction mixture was quenched with water. The mixture was extracted three times with EtOAc, and
the combined organic phase was washed with brine, dried (Na2SO4) and concentrated. The obtained
crude product was purified by SiOs-column chromatography (hexane-EtOAc =85 : 15 — 80 : 20 —
70 : 30) to give the product S-4 (914 mg, 33% yield from S-1).

pale yellow oil; 'H NMR (600 MHz, CDCls): § 2.81 (1H, d, J= 4.8 Hz), 2.99 (1H, d, J= 6.9 Hz), 3.01
(1H, s), 4.23 (1H, dd, J= 4.8 Hz, 6.9 Hz), 7.60-8.31 (22H, m); 13C NMR (150 MHz, CDCls): § 33.12,
45.32, 75.19, 121.65-122.40 (br), 122.90 (q, 1/ (13C, 19F) = 346.8 Hz), 122.99 (q, 1J (13C, 19F) = 343.9
Hz), 123.26 (q, 1J (13C, 19F) = 306.3 Hz), 123.37 (q, 1J (13C, 19F) = 315.0 Hz), 124.54, 125.14, 125.95,
126.43, 127.27, 127.44-127.79 (br), 127.91, 127.93, 130.75, 131.25, 132.14, 132.40 (q, 2J (13C, 19F) =
33.2 Hz), 132.48 (q, 2J (13C, 19F) = 33.2 Hz), 135.01, 140.15, 140.34, 142.20, 142.24, 146.20, 146.83,
148.50; IR (neat) 3425, 3090, 2258, 1806, 1721, 1620, 1596, 1547, 1460, 1369, 1279, 1231, 1172, 1132,
1003, 905, 882, 845, 735, 706, 684, 639 cm™%; [alp20 -10.57 (¢ 3.38, CHCls); HRMS (ESI-TOF) calcd for
C53H26F24N2NaOsS [M+Nal*: 1281.1077, found: 1281.1094.

(9-1,1-Bisl3,5-bis(8,5-bis(trifluocromethyl)phenyl)pheny
1]-3-[2,2-dimethyl-3-(triphenylmethylamino)propyllamin
0-2-(2-nitrobenzenesulfonyl)aminopropane-1-ol (S-6)

A solution of aziridine S-4 (914 mg, 0.73mmol) in
acetonitlire (2 ml) were succesively added dropwise to a
stirred solution of 1,3-diamine S-5 (380mg, 1.1mmol) in
acetonitlire (2 ml) at 0-5 °C under a N2 atmosphere.
After stirring at room temperature for 1 h, the reaction

mixture was concentrated in vacuo to give the crude

product. The obtained crude product was purified by

SiO2-column chromatography (hexane-EtOAc =94 : 6 — 90 : 10) to give the product S-6 (709 mg,
61%).

pale yellow oil; TH NMR (600 MHz, CDCls): § 0.85 (3H, s), 0.92 (3H, s), 1.91 (1H, d, Jgem = 11.7 Hz),
1.95 (1H, d, Jgem = 11.7 Hz), 2.02 (1H, d, Jgem = 11.0 Hz), 2.58 (1H, d, Jgem = 11.0 Hz), 2.88 (1H, d,
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Jgem=12.4 Hz), 3.47 (1H, dd, J = 2.7 Hz, Jgem = 12.4 Hz), 4.78-4.80 (1H, m), 7.13 (3H, t, J= 7.6 Hz),
7.22 (6H, t, J="7.6 Hz), 7.34 (1H, dt, J= 1.4 Hz, 6.9 Hz), 7.35-7.40 (7TH, m), 7.53 (1H, dd, J= 1.4 Hz,
7.6 Hz), 7.61 (1H, t, J= 1.4 Hz), 7.76-7.79 (2H, m), 7.85-7.94 (15H, m), 7.95 (1H, dd, J= 1.4 Hz, 7.6
Hz); 13C NMR (150 MHz, CDCls): § 23.76, 24.82, 34.92, 52.14, 52.69, 58.55, 60.43, 70.62, 81.24,
121.58-122.02 (br), 123.09 (q, 1/ (13C, 19F) = 273.1 Hz), 123.15 (g, 1J (13C, 19F) = 271.7 Hz), 124.62,
124.72, 124.85, 125.07, 125.87, 126.39, 127.22-127.47 (br), 127.85, 127.91, 128.46, 130.02, 132.41 (q,
2J (13C, 19F) = 33.2 Hz), 132.55 (q, 2J (13C, 19F) = 33.2 Hz), 132.79, 133.17, 134.58, 139.49, 140.41,
142.12, 142.19, 145.59, 146.14, 147.03, 148.25; IR (neat) 3376, 3060, 2960, 2360, 1596, 1543, 1462,
1368, 1279, 1173, 1135, 903, 882, 845, 736, 706, 684, 640 cm'%; [alp20 +2.20 (¢ 3.32, CHCls); HRMS
(ESI-TOF) calcd for C77H54F24N4sNaOsS [M+Nal+: 1625.3329, found: 1625.3372.

(9-2-Amino-1,1-Bis[3,5-bis(3,5-bis(trifluoromethyl)phen
yDphenyl]-3-[2,2-dimethyl-3-(triphenylmethylamino)pro
pyllamino-propane-1-ol (S-7)

Benzenethiol (135 ul, 1.33 mmol) and
N,N-diisopropylethylamine (225 pl, 1.33 mmol) were
successively added dropwise to a stirred solution of S-6
(709 mg, 0.442 mmol) in acetonitrile (1 ml) at room
temperature under a N2 atmosphere. After stirring at

same temperature for 1.5 h, the reaction mixture was

concentrated in vacuo to give the crude product. The
obtained crude product was purified by SiO2-column chromatography (hexane-EtOAc =85:15 —
chloroform-methanol = 10 : 1) to give the product S-7 (469 mg, 75%).

pale yellow oil; TH NMR (600 MHz, CDCls): § 0.89 (3H, s), 0.98 (83H, s), 1.96 (1H, d, Jgem = 11.7 Hz),
2.02 (1H, d, Jgem = 11.7 Hz), 2.22 (1H, d, Jgem = 11.0 Hz), 2.60 (1H, d, Jgem = 11.0 Hz), 2.71 (1H, d,
Jgem=11.7 Hz), 3.03 (1H, d, Jgem = 11.7 Hz), 4.01-4.07 (1H, m), 7.12 (3H, t, J= 7.6 Hz), 7.22 (6H, t,
J=17.6 Hz), 7.41 (6H, d, J= 7.6 Hz), 7.59-7.64 (2H, m), 7.88-7.93 (6H, m), 7.93-7.98 (6H, m), 7.98-8.02
(4H, m); 13C NMR (150 MHz, CDCls): § 24.21, 25.08, 34.89, 52.35-52.65 (br), 55.23, 60.23, 70.63,
81.20, 121.54-121.75 (br), 123.16 (q, 1/ (13C, 19F) = 273.1 Hz), 123.19 (q, 1J (13C, 19F) = 273.1 Hz),
124.99, 125.06, 125.22, 126.31, 127.32-127.58 (br), 127.81, 128.54, 132.41 (q, 2J (13C, 19F) = 34.7 Hz),
132.43 (q, 2J (13C, 19F) = 33.2 Hz), 139.93, 140.04, 142.61, 142.68, 145.76, 148.26; IR (neat) 3060, 2959,
2247, 1807, 1620, 1596, 1461, 1368, 1279, 1230, 1174, 1135, 1033, 1001, 907, 881, 845, 768, 735, 707,
684, 640, 623 cm'l; [alp20 -17.54 (¢ 3.12, CHCls); HRMS (ESI-TOF) calcd for C71Hs2F24NsO [M+H]+:
1418.3727, found: 1418.3755.

(9-Bis[3,5-bis(3,5-bis(trifluoromethyl)phenyl)phenyl] (3,3-dime
thyl-1,5,7-triazabicyclo-[4.3.0]-non-5-ene-8-yl)methanol (1b)
Thiophosgene (27 1l, 0.348 mmol) was added dropwise to a
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stirred mixture of S-7 (469 mg, 0.331 mmol) and Na2COs (70 mg, 0.662 mmol) in dichloromethane (1
ml) and water (1 ml) at 0-5 °C. After stirring at same temperature for 1.5 h and at room temperature
for 30 min, the reaction mixture was cooled again to 0-5 °C. Then Na2COs (21 mg, 0.20 mmol) in
water (1 ml) and thiophosgene (8 nl, 0.1 mmol) were additionally added to the stirried mixture. After
stirring at 0-5 °C for 2 h, the reaction mixture was quenched with 28% NHs aqueous solution. The
mixture was extracted three times with ether, and combined organic phase was washd with brine,
dried (Na2SO4) and concentrated. The obtained crude product S-8 (cyclic thiourea) was used for next
step without further purification. Methyl iodide (59 pl, 0.963mmol) was added dropwise to a stirred
solution of the cyclic thiourea S-8 in AcOH (1 ml) at room temperature under a Nz atmosphere. After
stirring at 40 °C for 3.5 h, the mixture was concentrated in vacuo to give the crude product. The
obtained crude product was purified by SiOz-column chromatography (chloroform-methanol = 100 : 0
—30:1—20:1—10:1) to give the guanidium iodide. Then the guanidium iodide was diluted with
dichloromethane, transferred to separatory funnel and washed with 5 M NaOH aqueous solution.
The aqueous layer was re-extracted three times with dichloromethane, and the combined organic
phase was dried (Na2SO4) and concentrated togive the product 1b (305 mg, 78% yield from S-7).

pale yellow oil; 'H NMR (600 MHz, CDCls): § 1.01 (6H, brs), 2.81-2.99 (4H, m), 3.07 (1H, brs),
3.38-3.48 (1H, m), 3.48-3.60 (1H, m), 5.33-5.41 (1H, m), 7.53-8.16 (18H, m); 13C NMR (150 MHz,
CDCl): § 24.15-24.50 (br), 27.03, 28.76, 49.62-49.95 (br), 50.16-50.40 (br), 50.60-50.80 (br),
53.88-54.06 (br), 77.74, 80.55, 120.20-122.00 (br), 123.07 (q, 1/ (13C, 19F) = 273.1 Hz), 123.14 (q, 1J
(13C, 19F) = 273.1 Hz), 123.20 (q, 1J (13C, 19F) = 273.1 Hz), 123.22 (q, 1J (13C, 19F) = 273.1 Hz), 123.25 (q,
1J (13C, 19F) = 273.1 Hz), 124.82, 125.30, 125.51, 125.85-126.12 (br), 126.98, 127.46, 127.49, 127.52,
127.78, 128.93, 128.95, 130.58, 132.23 (q, 2/ (13C, 19F) = 33.2 Hz), 132.45 (q, 2J (13C, 19F) = 33.2 Hz),
132.73 (q, 2J (13C, 19F) = 33.2 Hz), 139.07, 139.21, 140.17, 140.20, 140.38, 140.40, 141.43, 141.45,
142.30, 142.66, 142.86, 142.88, 146.14-146.50 (br), 146.85; IR (neat) 2928, 2360, 1369, 1279, 1132
cm’l; [a]p20 -10.54 (¢ 1.58, CHCls); HRMS (ESI-TOF) calcd for CssHs4F24NsO [M+H]+: 1184.2319,
found: 1184.2310.

Spectral data for Adducts 4

(R)-5 H-5-Methyl-5-(3-oxobutyl)-2-phenyloxazol-4-one (4a): pale yellow oil; 'H )J\//""PJ\
NMR (600 MHz, CDCls): § 1.58 (3H, s), 2.07 (3H, s), 2.18 (1H, dt, J= 7.6 Hz,

Jgem=15.1 Hz), 2.28 (1H, dt, J= 7.6 Hz, Jgem=15.1 Hz), 2.41 2H, t, J= 7,6 Hz),

7.54 (2H, t, J= 7.6 Hz), 7.70 (1H, t, J= 7.6 Hz), 8.20 (2H, d, J= 7.6 Hz); 13C NMR

(150 MHz, CDCls): § 22.24, 29.97, 30.33, 36.99, 87.25, 125.57, 129.00, 130.11,

135.36, 185.33, 193.50, 206.22; IR (neat) 3490, 3064, 2981, 2933, 2360, 2341, 1752, 1717, 1604, 1543,
1489, 1451, 1362, 1301, 1177, 1114, 1046, 773, 708, 686, 669 cm'’; [a]lp20 +4.15 (c 0.41, CHCls); HRMS
(ESI-TOF) calcd for C14H1sNNaOs [M+Na]+: 268.0944, found: 268.0946; HPLC (DAICEL Chiralpack

AS-H, hexane/2-propanol = 7/3, flow 0.7ml/min, detection at 254nm) retention time = 16.3 min
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(major) and 14.6 min (minor).

5-methyl-5-(3-oxoheptyl)-2-phenyloxazol-4(5H)-one: pale yellow oil; 1H \/\)?v 0
NMR (600 MHz, CDCls): § 0.80 (3H, t, J=7.6 Hz), 1.16 — 1.22 (2H, m), HN
1.41 — 1.47 (2H, m), 2.17 (1H, dt, J= 7.6 Hz, Jgem = 15.1), 2.24 — 2.32 0

(3H, m), 2.36 (2H, t, J= 7.6 Hz), 7.53 (2H, t, J= 7.6 Hz), 7.69 (1H, t, J=

7.6 Hz), 8.19 (2H, d, J= 7.6 Hz); 13C NMR (150 MHz, CDCl3): §

13.75, .22.18, 22.29, 25.70, 30.36, 36.04, 42.62, 87.39, 125.61, 128.98, 130.13, 135.34, 185.34, 193.55,
208.66; IR (neat) 2927, 2360, 1718 cm'’; [ a ]p20 +3.01 (c 1.00, CHCIs); HRMS (ESI-TOF) calcd for
C17H2:1NNaOs [M+Nal+: 310.1414, found: 310.1411; HPLC (DAICEL Chiralpack AS-H,
hexane/2-propanol = 7/3, flow 0.7ml/min, detection at 254nm) retention time = 11.4 min (major) and

10.2 min (minor) .

5-butyl-5-(3-oxobutyl)-2-phenyloxazol-4(5H)-one: colorless solid; mp: 45-46 C;
IH NMR (600 MHz, CDCls): §0.83 (3H, t, J= 7.6 Hz), 1.14 — 1.21 (1H, m), 1.22
—1.32 (3H, m), 1.87 (2H, m), 2.16 (1H, ddd, /= 6.9 Hz, 8.9 Hz, Jgem = 14.4 Hz),
2.30 (1H, ddd, J= 6.9 Hz, 8.9 Hz, Jgem = 14.4 Hz), 2.38 (2H, t, J= 7.6 Hz), 7.55
(2H, t, J=8.2 Hz), 7.71 (1H, t, J= 7.6 Hz), 8.21 (2H, d, J= 8.2 Hz); 13C NMR
(150 MHz, CDCls): § 13.72, 22.43, 24.86, 29.42, 29.99, 35.77, 36.80, 90.46,
125.45, 129.03, 130.11, 135.37, 185.73, 193.35, 206.35; IR (CH:Cl2) 2958, 2871, 1754, 1718, 1604,
1590, 1549, 1490, 1451, 1360, 1166, 710 cm'}; [ a [p20 -3.85 (¢ 0.82, CHCl3); HRMS (ESI-TOF) calcd for
C17H2:1NNaOs [M+Nal+: 310.1414, found: 310.1409; HPLC (DAICEL Chiralpack AD,

hexane/2-propanol = 9/1, flow 0.7ml/min, detection at 254nm) retention time = 18.0 min (major) and

15.7 min (minor) .

(R)-5 H-2-(2-Chlorophenyl)-5-methyl-5-(3-oxobutyl)oxazol-4-one (4b): '"H NMR o 0
(600 MHz, CDCls): 6 1.60 (3H, s), 2.11 (3H, s), 2.20 (1H, ddd, J= 5.5 Hz, 11.0 Hz, )J\/HN
Joem = 15.1 Hz), 2.27 (1H, ddd, J= 5.5 Hz, 11.0 Hz, Jgem = 15.1 Hz), 2.43 (1H, o4

ddd, J= 5.5 Hz, 11.0 Hz, Jgem = 15.1 Hz), 2.51 (1H, ddd, J= 5.5 Hz, 11.0 Hz,
Jgem=15.1 Hz), 7.40-7.44 (1H, m), 7.53-7.58 (2H, m), 8.16 (1H, d, J= 7.6 Hz);
13C NMR (150 MHz, CDCls ): § 22.14, 30.00, 30.21, 37.07, 87.38, 124.84, 127.08, 131.93, 133.34,
134.97, 135.30, 185.07, 193.22, 206.19; IR (neat) 2360, 1757, 1542 cm™'; [a]p20 +4.85 (c 0.27, CHCls);
HRMS (ESI-TOF) caled for C14aH14CINNaOs [M+Nal+: 302.0554, found: 302.0554; HPLC (DAICEL
Chiralpack AD, hexane/2-propanol = 9/1, flow 0.7ml/min, detection at 254nm) retention time = 27.3

Cl

min (major) and 25.2 min (minor) .

(R)-5 H-2-(3-Chlorophenyl)-5-methyl-5-(3-oxobutyl)oxazol-4-one (4c): pale yellow )OJ\/ P(i
‘n,, N
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solid; mp: 30-32 °C, 'H NMR (600 MHz, CDCls): § 1.58 (3H, s), 2.09 (3H, s), 2.19 (1H, ddd, J= 6.2 Hz,
9.6 Hz, Jgem = 15.1 Hz), 2.27 (1H, ddd, J= 6.9 Hz, 8.9 Hz, Jgem = 15.1 Hz), 2.39-2.44 (2H, m), 7.49
(1H, t, J=7.6 Hz), 7.65-7.68 (1H, m), 8.08-8.11 (1H, m), 8.17 (1H, t, J= 2.1 Hz); 13C NMR ( 150 MHz,
CDCls): § 22.17, 29.97, 30.28, 36.93, 87.67, 127.32, 128.23, 129.80, 130.36, 135.21, 135.22, 184.12,
193.07, 206.06; IR (neat) 3498, 2934, 2360, 1749, 1602 cm'’; [alp20 +5.31 (c 1.00, CHCls); HRMS
(ESI-TOF) caled for C1aH14CINNaOs [M+Nal*: 302.0554, found: 302.0549; HPLC (DAICEL
Chiralpack AD, hexane/2-propanol = 9/1, flow 0.7ml/min, detection at 254nm) retention time = 21.0

min (major) and 18.8 min (minor) .

(R)-5 H-2-(4-Chlorophenyl)-5-methyl-5-(3-oxobutyl)oxazol-4-one (4d): o o
colorless solid; mp: 112-114 °C, 1H NMR (600 MHz, CDCls): § 1.58 (3H, s), )J\/n,,,wN
2.08 (3H, s), 2.18 (1H, dt, J= 7.6 Hz, Jgem = 15.1 Hz), 2.27 (1H, dt, J= 7.6 o

Hz ,Jgem=15.1 Hz), 2.41 (2H, t, J= 7.6 Hz), 7.52 (2H, d, J= 8.2 Hz), 8.13

(2H, d, /= 8.2 Hz); 13C NMR (150 MHz, CDCls): § 22.24, 30.01, 30.33, 36.98,

87.60, 124.02, 129.51, 131.38, 142.11, 184.39, 193.21, 206.14; IR (neat) 1755, Cl
1716, 1600, 1584, 1542, 1485, 1407, 1354, 1174, 1145, 1092 cm™’; [alp20 +4.97 (¢ 1.00, CHCls); HRMS
(ESI-TOF) caled for C14H14CINNaO3s [M+Na]*: 302.0554, found: 302.0551; HPLC (DAICEL
Chiralpack AD, hexane/2-propanol = 9/1, flow 0.7ml/min, detection at 254nm) retention time = 35.4

min (major) and 26.4 min (minor) .

2-(2,3-dichlorophenyl)-5-methyl-5-(3-oxobutyl)oxazol-4(5 H)-one: colorless )(J)\/ O
solid; 'H NMR (600 MHz, CDCls): § 1.60 (3H, s), 2.11 (3H, s), 2.20 (1H, i N
ddd, J= 5.5 Hz, 10.3 Hz, Jeem = 15.8 H), 2.27 (1H, ddd, J= 5.5 Hz, 10.3 o

Hz, Jgem = 15.8 Hz), 2.44 (1H, ddd, J= 5.5 Hz, 10.3 Hz, Jgem = 15.8 Hz),

2.51 (1H, ddd, J= 5.5 Hz, 10.3 Hz, Jgem = 15.8 Hz), 7.37 (1H, t, J= 7.6

Hz), 7.74 (1H, d, /= 6.9 Hz), 8.02 (1H, d, /= 6.9 Hz); 13C NMR (150 MHz, CDCls): § 22.06, 30.00,
30.14, 37.03, 87.74, 127.27, 127.52, 131.31, 133.21, 135.49, 135.61, 184.71, 192.95, 206.03; IR
(CH:Cls) 1760, 1716, 1588, 1569, 1549, 1452, 1420, 1362, 1170, 1116, 1042, 782, 741 cm'L; [ o Ip20
+4.88 (¢ 2.06, CHCls); HRMS (ESI-TOPF) calcd for C14H13Cla2NNaOs [M+Nal+: 336.0165, found:
336.0173; HPLC (DAICEL Chiralpack AD, hexane/2-propanol = 9/1, flow 0.7ml/min, detection at

254nm) retention time = 31.4 min (major) and 28.9 min (minor) .

Cl

(R)-5 H-2-(4-Methoxyphenyl)-5-methyl-5-(3-oxobutyl)oxazol-4-one (4e): pale o O
orange solid; mp: 85-91 °C, 'H NMR (600 MHz, CDCls): § 1.56 (3H, s), 2.06 )J\/WN
(3H, s), 2.17 (1H, dt, J= 7.6 Hz, Jgem = 15.1 Hz), 2.26 (1H, dt, J= 7.6 Hz, 0

Jgem=15.1 Hz), 2.40 (2H, t, J= 7.6 Hz), 3.90 (3H, s), 7.00 (2H, d, J= 8.9 Hz),
8.16 (2H, d, /= 8.9 Hz); 13C NMR ( 150 MHz, CDCls ): § 22.36, 30.02, 30.42,

37.08, 55.72, 87.06, 114.47, 117.65, 132.53, 165.48, 184.82, 193.46, 206.45, IR OMe
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(neat) 1748, 1716, 1606, 1585, 1549, 1499, 1426, 1362, 1313, 1265, 1173, 1114, 1023, 849, 786, 606
em’; [a]p20 +0.27 (c 1.00, CHCls); HRMS (ESI-TOF) calcd for C1sH17NNaO4 [M+Na]+: 298.1050,
found: 298.1045; HPLC (DAICEL Chiralpack AS-H, hexane/2-propanol = 7/3, flow 0.7ml/min,

detection at 254nm) retention time = 32.8 min (major) and 22.9 min (minor) .

5-methyl-2-(3,5-dimethylphenyl)-5-(3-oxobutyl)oxazol-4(5 H)-one: colorless O O
solid; 'H NMR (600 MHz, CDCls): & 1.56 (3H, s), 2.07 (3H, s), 2.17 (1H, )J\/ HN
ddd, J= 8.2 Hz, 15.1 Hz, Jeem = 24.1 Hy), 2.26 (1H, ddd, J= 8.2 Hz, 15.1 Hz, 0~
Jgem = 23.3 Hz), 2.38 (6H, s), 2.39 (2H, t, J= 7.6 Hz), 7.31 (1H, s), 7.82 (2H,

$); 13C NMR (150 MHz, CDCls): § 21.03, 22.21, 29.90, 30.28, 36.92, 87.00,

125.24, 127.74, 137.11, 138.76, 185.63, 193.42, 206.24; IR (neat) 3489, 2921,

2359, 1747, 1556 cm'’; [ o 120 +4.08 (¢ 1.00, CHCls); HRMS (ESI-TOF) calcd for C16H19NNaOs
[M+Nal*: 296.1257, found: 296.1250; HPLC (DAICEL Chiralpack AS-H, hexane/2-propanol = 9/1,

flow 0.7ml/min, detection at 254nm) retention time = 21.8 min (major) and 20.0 min (minor) .

2-(3,5-di- tert-butylphenyl)-5-methyl-5-(3-oxobutyl)oxazol-4(5 H)-one: o} o

colorless solid; 'H NMR (600 MHz, CDCls): § 1.35 (18H, s), 1.58 (3H, s), )J\/’M

2.07 (3H, s), 2.19 (1H, ddd, J= 6.9 Hz, 8.2 Hz, Jgem = 14.4 Hz), 2.29 (1H, o} a

ddd, J=6.9 Hz, 8.9 Hz , Jgem = 15.8 Hz), 2.41 (2H, t, J= 7.6 Hz), 7.76 (1H,

t, J=2.1 Hz), 8.05 (2H, d, J= 2.1 Hz); 13C NMR (150 MHz, CDCls): §

22.47, 30.05, 30.37, 31.26, 35.07, 37.05, 87.21, 124.48, 124.88, 129.99,

151.95, 186.09, 193.73, 206.42; IR (CH2Cl2) 2963, 1755, 1719, 1604, 1547,

1419, 1366, 1353, 1277, 1177, 1115 cm'; [ a p20 +1.27 (¢ 1.00, CHCls); HRMS (ESI-TOF) calcd for
C22H3:1NNaOs [M+Nal+: 380.2196, found: 380.2205; HPLC (DAICEL Chiralpack AS-H,
hexane/2-propanol = 97/3, flow 0.7ml/min, detection at 254nm) retention time = 11.4 min (major) and

10.9 min (minor) .

2-(3,5-dimethoxyphenyl)-5-methyl-5-(3-oxobutyl)oxazol-4(5 H)-one: pale O
yellow oil; TH NMR (600 MHz, CDCls): § 1.58 (3H, s), 2.08 (3H, s), )J\/
2.18 (1H, ddd, J= 6.9 Hz, 9.6 Hz, Jgem = 15.8 Hz), 2.27 (1H, dt, J= 7.6

Hz, Jgem = 14.4 Hz), 2.40 (2H, t, J= 7.6 Hz), 6.76 (1H, t, J= 2.1 Hz),

7.33 (2H, d, J= 2.1 Hz); 13C NMR (150 MHz, CDCls): § 22.30, 30.03,

30.36, 36.99, 55.75, 87.51, 107.33, 108.35, 127.17, 160.96, 185.31,

193.44, 206.24; IR (CH2Cl2) 1754, 1716, 1599, 1549, 1459, 1428, 1365, 1207, 1160, 1131, 1065 cm'1;
[a]p20 +2.56 (¢ 1.23, CHCls); HRMS (ESI-TOF) caled for C16H1sNNaOs [M+Nal+: 328.1155, found:
328.1163; HPLC (DAICEL Chiralpack AS-H, hexane/2-propanol = 9/1, flow 0.7ml/min, detection at

254nm) retention time = 49.3 min (major) and 45.1 min (minor) .
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2-(3,5-diphenylphenyl)-5-methyl-5-(3-oxobutyl)oxazol-4(5 H)-one: colorless 0
viscous oil; 1TH NMR (600 MHz, CDCls): § 1.63 (3H, s), 2.09 (3H, s), 2.23 )J\//

(1H, ddd, J= 6.2 Hz, 9.6 Hz, Jgem=15.1 Hz), 2.31 (1H, ddd, J= 6.2 Hz, 9.6 oM

Hz, Jgem=15.1 Hz), 2.40 — 2.50 (2H, m), 7.42 (2H, t, J= 7.6 Hz), 7.49 (4H,

t,/="7.6 Hz), 7.68 (4H, d, J= 7.6 Hz), 8.12 (1H, m), 8.41 (2H, d, J= 1.4 Hz); Ph
13C NMR (150 MHz, CDCls): § 22.33, 30.00, 30.36, 36.99, 87.49, 126.62, PH

127.17, 127.35, 128.27, 129.05, 132.60, 139.26, 142.77, 185.31, 193.36, 206.18; IR (CH2Cl2) 3060,
2982, 2933, 1756, 1715, 1603, 1555, 1498, 1463, 1434, 1410, 1367, 1301, 1165, 1114, 1071, 894, 763,
738, 699, 612 cm'; [ 120 + 1.20 (¢ 1.00, CHCl3); HRMS (ESI-TOF) caled for C26H2aNNaOs [M+Nal+:
420.1570, found: 420.1577; HPLC (DAICEL Chiralpack AS-H, hexane/2-propanol = 7/3, flow

0.7ml/min, detection at 254nm) retention time = 12.9 min (major) and 14.4 min (minor) .

(R)-2-(4-(trifluoromethyl)phenyl)-5-methyl-5-(3-oxobutyl)oxazol-4(5 H)-one: 0 0
colorless solid; mp: 92-95 °C; 1H NMR (600 MHz, CDCls): § 1.60 (3H,s), 2.08 )J\/’M
(3H, s), 2.20 (1H, dt, J = 6.9 Hz, Jgem = 15.1Hz), 2.29 (1H, dt, J = 7.6 Hz, 04
Jgem=14.4 Hz), 2.42 (2H, t, J= 8.2Hz), 7.80 (2H, d, /= 8.2 Hz), 8.32 (2H,d,

J=8.2 Hz); 13C NMR (150 MHz, CDCls): § 30.12, 35.05, 36.74, 61.59, 87.65,

125.79, 128.75, 130.27, 136.10, 183.78, 192.81, 205.71; IR (neat) 2360, 2341, CF3
1755, 1715, 1594, 1553, 1415, 1351, 1318, 1182, 1142, 1117, 1065, 1042, 1012 cm'’; [alp20 + 5.63 (c
1.00, CHCl3); HRMS (ESI-TOF) caled for CisH14FsNNaOs [M+Nal*: 336.0824, found: 336.0810;
HPLC (DAICEL Chiralpack AD-3, hexane/2-propanol =95/5, flow 0.7ml/min, detection at 254nm)

retention time = 9.6 min (major) and 8.2 min (minor) .

N

(R)-5H-2-(3-Chloro-5-methylphenyl)-5-methyl-5-(3-oxobutyl)oxazol-4-one (4f): o O

colorless solid; mp: 58-61 °C, 'H NMR (600 MHz, CDCls): § 1.56 (3H, s), 2.08 )J\/”"'HN
/

(38H, s), 2.17 (1H, dt, J= 7.6 Hz, Jgem = 15.1 Hz), 2.25 (1H, dt, J= 7.6 Hz, o

Jgem=15.1 Hz), 2.37-2.42 (2H, m), 2.41 (3H, s), 7.47 (1H, s), 7.90 (1H, s), 7.95

(1H, s); 13C NMR (150 MHz, CDCls): § 21.05, 22.18, 29.94, 30.30, 36.94, 87.55,

126.88, 127.05, 128.92, 134.91, 135.80, 140.90, 184.32, 193.05, 206.02; IR

(neat) 2982, 2932, 1758, 1715, 1592, 1556, 1453, 1351, 1227, 1163, 1141, 1115, 1057, 871, 787, 736,
670 cm'; [alp20 + 6.42 (¢ 1.00, CHCls); HRMS (ESI-TOF) caled for C1sH16CINNaOs [M+Nal+: 316.0711,
found: 316.0710; HPLC (DAICEL Chiralpack OD, hexane/2-propanol = 7/3, flow 0.7ml/min, detection

at 254nm) retention time = 8.2 min (major) and 10.7 min (minor) .

(R)-5 H-5-Butyl-2-(3-chloro-5-methylphenyl)-5-(3-oxobutyl)oxazol-4-one (4g):
pale yellow oil; 'H NMR (600 MHz, CDCls): § 0.83 (3H, t, J= 6.9 Hz), 1.11 -
1.31 (4H, m), 1.86-1.97 (2H, m), 2.07 (83H, s), 2.16 (1H, dt, /= 8.2 Hz, Jgem =
15.1 Hz), 2.28 (1H, dt, J= 8.2 Hz, Jgem = 15.1 Hz), 2.37 (2H, t, J= 8.2 Hz),
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2.42 (3H, s), 7.49 (1H, s), 7.92 (1H, ), 7.97 (1H, s); 13C NMR (150 MHz, CDCl5): § 13.64, 20.99, 22.37,
24.79, 29.37, 29.88, 35.67, 36.69, 90.72, 126.79, 126.87, 128.87, 134.87, 135.75, 140.90, 184.67, 192.84,
206.07; IR (neat) 2958, 2872, 1757, 1542, 1437, 1352, 1230, 1148, 1116, 1075, 872, 798, 735, 670 cm'%;
[alp20 -2.46 (c 1.00, CHCls); HRMS (ESI-TOF) calcd for C1sH22CINNaOs [M+Na]+: 358.1180, found:
358.1184; HPLC (DAICEL Chiralpack AD, hexane/2-propanol = 95/5, flow 0.7ml/min, detection at

254nm) retention time = 16.0 min (major) and 14.2 min (minor) .

(R)-5H-2-(3-Chloro-5-methylphenyl)-5-(1-methylethyl)-5-(3-oxobutyl)oxazol-4- O Q
one (4h): colorless oil; tH NMR (600 MHz, CDCls): § 0.92 (3H, d, /= 6.9 Hz), )k/ : N
1.06 (3H, d, J= 6.9 Hz), 2.05 (3H, s), 2.12-2.23 (2H, m), 2.26-2.37 (3H, m), 2.42 o
(8H, s), 7.49 (1H, s), 7.92 (1H, s), 7.97 (1H, s); 13C NMR (150 MHz, CDCl3): §

16.33, 16.38, 21.06, 27.23, 29.98, 33.94, 36.81, 93.23, 126.80, 126.87, 128.89, o

134.99, 135.82, 140.99, 184.93, 192.86, 206.20; IR (neat) 2971, 1753, 1718,

1592, 1550, 1450, 1436, 1351 cm'%; [alp2 -21.96 (c 1.00, CHCl3); HRMS (ESI-TOF) calcd for
C17H20CINNaOs [M+Nal+: 344.1024, found: 344.1032; HPLC (DAICEL Chiralpack AD,
hexane/2-propanol = 95/5, flow 0.7ml/min, detection at 254nm) retention time = 21.8 min (major) and

18.8 min (minor) .

(R)-5H-2-(3-Chloro-5-methylphenyl)-5-(3-cyclohexyl-3-oxopropyl)-5-meth 0 O
yloxazol-4-one (4i): colorless oil; TH NMR (600 MHz, CDCl3): § 1.07-1.27 O)K/ HN
(5H, m), 1.56 (3H, s), 1.57-1.62 (1H, m), 1.66-1.80 (4H, m), 2.12-2.19 (1H, 0

m), 2.19-2.28 (2H, m), 2.36-2.41 (2H, m), 2.41 (3H, s), 7.47 (1H, s), 7.91

(1H, s), 7.96 (1H. s); 13C NMR (150 MHz, CDCls): § 21.06, 22.28, 25.43,

25.52, 25.63, 28.27, 28.43, 30.32, 33.94, 50.77, 87.80, 126.90, 127.05,

128.95, 134.87, 135.79, 140.87, 184.33, 193.18, 211.55; IR (neat) 3373, 2928, 2854, 2360, 1758, 1714,
1541, 1455, 1349, 870, 793, 669 cm'%; [alp20 +1.69 (¢ 1.11, CHCls); HRMS (ESI-TOF) calcd for
C20H24CINNaOs [M+Na]+: 384.1337, found: 384.1336; HPLC (DAICEL Chiralpack AS-H,

hexane/2-propanol = 9/1, flow 0.7ml/min, detection at 254nm) retention time = 29.5 min (major) and

Cl

23.6 min (minor) .

(R)-5 H-2-(3-Chloro-5-methylphenyl)-5-methyl-5-(3-oxo-3-phenylpropyl)o 0) 0]
xazol-4-one (4j): colorless oil; TH NMR (600 MHz, CDCls): § 1.62 (3H, s), ’/II.HN
2.37 (1H, ddd, J= 6.9 Hz, 8.3 Hz, Jgem = 15.1 Hz), 2.39 (3H, s), 2.48 (1H, 0

ddd, J=6.9 Hz, 8.3 Hz, Jgem = 15.1 Hz), 2.89-2.98 (2H, m), 7.38 (2H, t, J

=8.3 Hz), 7.44 (1H, s), 7.50 (1H, t, J= 8.3 Hz), 7.84 (2H, d, J= 8.3 Hz),

7.87 (1H, s), 7.92 (1H, s); 13C NMR (150 MHz, CDCls): § 21.03, 22.32, Cl
31.01, 31.96, 87.80, 126.94, 127.05, 127.98, 128.60, 128.91, 133.34, 134.84, 135.73, 136.20, 140.81,
184.42, 193.18, 197.79; IR (neat) 2932, 1754, 1685, 1592, 1542, 1448, 1350, 1225, 1181, 1107, 1047,
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872, 744, 690, 670 cm; [a]p2° -11.39 (c 1.00, CHCls); HRMS (ESI-TOF) caled for C20H1sCINNaOs
[M+Nal*: 378.0873, found: 378.0877; HPLC (DAICEL Chiralpack IC-3, hexane/2-propanol = 8/2, flow

1.0ml/min, detection at 254nm) retention time = 21.5 min (major) and 18.9 min (minor) .

(R)-5H-2-(3-Chloro-5-methylphenyl)-5-(3-oxobutyl)-5-(2-propenyl)oxazol-4-
one (4k): pale yellow oil; tH NMR (600 MHz, CDCls): § 2.07 (3H, s), 2.18
(1H, ddd, /= 6.9 Hz, 8.9 Hz, Jgem = 15.8 Hz), 2.30 (1H, ddd, /= 6.9 Hz, 8.9
Hz, Jgem = 15.8 Hz), 2.36-2.40 (2H, m), 2.42 (3H, s), 2.63 (1H, dd, J=6.9
Hz, Jgem = 14.4 Hz), 2.66 (1H, dd, J= 7.6 Hz, Jgem = 14.4 Hz), 5.11 (1H,
dd, J=10.3 Hz, Jgem= 1.4 Hz), 5.18 (1H, dd, J=17.2 Hz, Jgem = 1.4 Hz), Cl

5.60 (1H, ddt, J= 7.6 Hz, 10.3 Hz, 17.2 Hz), 7.48 (1H, s), 7.90 (1H, s), 7.95 (1H, s); 13C NMR (150 MHz,
CDCls): § 21.07, 29.02, 29.96, 36.74, 40.21, 89.87, 121.47, 126.85, 126.92, 128.89, 128.93, 135.00,
135.88, 140.98, 184.66, 192.22, 205.96; IR (neat) 2925, 2360, 1756, 1717, 1591, 1549, 1436, 1351,
1231, 1162, 1077, 928, 869, 799, 749, 668 cm'%; [a]p20 +0.80 (¢ 1.56, CHCl3); HRMS (ESI-TOF) caled
for C17H1sCINNaOs [M+Nal+: 342.0873, found: 342.0872; HPLC (DAICEL Chiralpack AD-3,

hexane/2-propanol = 97/3, flow 0.5ml/min, detection at 254nm) retention time = 9.2 min (major) and

8.3 min (minor) .

2-(3-chlorophenyl)-5-methyl-5-(4-oxopentan-2-yl)oxazol-4(5 H)-one: colorless W

oil; TH NMR (600 MHz, CDCls) § 0.99 (3H, d, 6.9 Hz), 1.54 (3H, s), 2.11 (3H, s), N

2.42 (1H, dd, J= 9.6 Hz, Jgem = 17.2 Hz), 2.57 (1H, dd, J = 3.4 Hz, Jgem = ©

17.2 Hz), 2.62-2.68 (1H, m), 7.48 (1H, t, J = 7.6 Hz), 7.64-7.67 (1H, m), Cl

8.07-8.10 (1H, m), 8.16 (1H, t, J = 2.1 Hz); 13C NMR (150 MHz, CDCls): §

30.23, 30.31, 34.41, 34.46, 44.17,90.17, 127.19, 127.96, 129.51, 130.14, 134.95, 135.03, 183.93, 192.87,
205.78; IR (neat) 2979, 1757, 1716, 1602, 1583, 1548, 1437, 1359, 1272, 1166, 1126, 1036, 948, 890,
772, 731, 674 cml [alp2® +20.16 (¢ 1.85, CHCls); HRMS (ESI-TOF) caled for CisHi6CINNaOs
[M+Nal*: 316.0716, found: 316.0706; HPLC (DAICEL Chiralpack IC-3, hexane/2-propanol = 7/3, flow

0.5ml/min, detection at 254nm) retention time = 16.2 min (major) and 26.0 min (minor) .

2-(3-chloro-5-methylphenyl)-5-methyl-5-(4-oxopentan-2-yl)oxazol-4(5H)-o 0 o)

ne: colorless oil; 1H NMR (600 MHz, CDCls) § 0.98 (3H, d, J= 6.9 Hz), 1.53 WN

(3H, s), 2.11 (3H, s), 2.41 (3H, s), 2.35-2.43 (1H, m), 2.56 (1H, dd, J= 3.4 00—

Hz, Jgem=17.9 Hz), 2.60-2.68 (1H, m), 7.46 (1H, s), 7.90 (1H, s), 7.95 (1H,

s); 13C NMR (150 MHz, CDCls): § 13.96, 20.21, 21.04, 30.47, 34.64, 44.36,

90.27, 126.82, 127.08, 128.90, 134.90, 135.74, 140.90, 184.36, 193.10,

206.01; IR (neat) 2919, 2360, 1754, 1717, 1593, 1548, 1449, 1349, 1233, 1149, 1046, 875 cm'}; [alp20
+13.43 (¢ 2.03, CHCls); HRMS (ESI-TOF) caled for CisHisCINNaOs [M+Nal*: 330.0873, found:
330.0867; HPLC (DAICEL Chiralpack IC-3, hexane/2-propanol = 7/3, flow 0.5ml/min, detection at

Cl
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254nm) retention time = 21.5 min (major) and 34.3 min (minor)

Spectral data for Adducts 6
(B)-5H-2-(3-Chloro-5-methylphenyl)-5-methyl-5-(5-0xo-2-hexenyloxazol- & Q
4-one (Bb): colorless oil; 1H NMR (600 MHz, CDCls, £/Z mixture = 4:1) § )]\M\///"‘WN
1.54 (3H x 4/5, s), 1.56 (3H x 1/5, s), 2.01 (3H x 4/5, s), 2.12 (3H x 1/5, s),
2.40 (3H, s), 2.61 (2H x 4/5, d, J= 7.6 Hz), 2.63 (2H x 1/5, d, J= 7.6 Hz),
3.01 1H x 4/5, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.06 (1H x 4/5, dd, J= 6.9
Hz, Jgem=17.2 Hz), 3.17 (1H x 1/5, dd, J= 7.6 Hz, Jgem = 17.9 Hz), 3.21
(1Hx 1/5, dd, J="7.6 Hz, Jgem=18.6 Hz), 5.37 (1H x 4/5, dt, J= 7.6 Hz, 15.1 Hz), 5.43-5.47 (1H x 1/5,
m), 5.70 (1H x 4/5, dt, J= 6.9 Hz, 15.1 Hz), 5.71-5.77 (1H x 1/5, m), 7.45 (1H, s), 7.88 (1H, s), 7,92 (1H
x 1/5, ) 7.94 (1H x 4/5, s); 13C NMR (150 MHz, CDCls): § 21.02, 21.57, 29.35, 39.81, 47.13, 87.77,
125.37, 126.78, 127.24, 128.77, 128.82, 134.82, 135.62, 140.83, 184.12, 193.01, 206.18; IR (neat) 2915,
2361, 1757, 1716, 1592, 1547, 1449, 1354, 1230, 1161, 1114, 1066, 973, 871 cm'L; [alp20 +0.91 (¢ 2.23,
CHCl3); HRMS (ESI-TOF) calcd for C17H1sCINNaOs [M+Nal+: 342.0873, found: 342.0859; HPLC
(DAICEL Chiralpack IC-3, hexane/2-propanol = 7/3, flow 0.5ml/min, detection at 254nm) retention

0]

Cl

time for £isomer = 24.6 min (major) and 20.6 min (minor), retention time for Zisomer = 46.0 min

(major) and 12.0 min (minor).

(R)-5-methyl-5-((£)-5-oxoundec-2-enyl)-2-phenyloxazol-4(5 0 o
H)-one: yellow oil; "H NMR (600 MHz, CDCls, £/Z mixture = \/\/\)J\/\/"/[(
5:1) 6 0.84 (3H, t, J = 7.6 Hz), 1.11-1.30 (6H, m), 1.36-1.47 04
(2H, m), 1.56 (3H, s), 2.21-2.32 (2H x 5/6, m), 2.36-2.39 (2H

x 1/6, m), 2.63 2H x 5/6, d, J= 7.6 Hz), 2.65 (2H x 1/6, d, J=

6.2 Hz), 2.98 (1H x 5/6, dd, /= 7.6 Hz, Jgem = 16.5 Hz), 3.04 (1H x 5/6, dd, J= 6.9 Hz, Jgem = 16.5
Hz), 3.15 (1H x 1/6, dd, J= 7.6 Hz, Jgem = 17.2 Hz), 3.19 (1H x 1/6, dd, /= 6.9 Hz, Jgem = 17.9 Hz),
5.39 (1H x 5/6, dt, J= 7.6 Hz, 15.1 Hz), 5.45-5.52 (1H x 1/6, m), 5.67-5.77 (1H, m), 7.52 (2H, t, J= 8.2
Hz), 7.68 (1H, t, /= 7.6 Hz), 8.19 (2H, d, J= 7.6 Hz).

N

(R)-5H-2-(3,5-diphenylphenyl)-5-(5-0x0-2-undecen

O o)
yl)-5-methyl-oxazol-4-one: yellow oil; 'H NMR \/\/\)J\/\//I.,MN
/)

(600 MHz, CDCls, £/Z mixture = 9:1) § 0.80 (3H, t, o

J=6.9 Hz), 1.10-1.32 (4H, m), 1.36-1.45 (2H, m), O O
1.60 (3H, s), 1.61-1.69 (2H, m), 2.27 (2H, q, J= 7.6

Hz), 2.67 (2H, d, /= 7.6 Hz), 3.01 (1H x 9/10, dd, / O
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=6.9 Hz, Jgem = 16.5 Hz), 3.06 (1H x 9/10, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.20 (2H x 1/10, t, J= 6.2
Hz), 5.42 (1H x 9/10, dt, J= 7.6 Hz, 15.1 Hz), 5.52 (1H x 1/10, dd, /= 7.6 Hz, 18.6 Hz), 5.71-5.79 (1H,
m), 7.40-7.43 (2H, m), 7.49 (4H, t, J= 7.6 Hz), 7.66-7.70 (4H, m), 8.09-8.12 (1H, m), 8.38-8.41 (2H, m);
13C NMR (150 MHz, CDCls): § 8.41, 10.17, 22.08, 23.41, 23.52, 28.98, 40.16, 42.52, 46.53, 87.99,
105.26, 125.48, 127.11, 127.41, 127.46, 128.46, 129.26, 132.67, 139.62, 142.94, 185.34, 193.60, 208.85;
IR (neat) 2929, 1755, 1714, 1602, 1548, 1498, 1462, 1434, 1408, 1366, 1297, 1170, 972, 893, 760, 698
eml;  [alp20 -12.25 (c 2.22, CHCls); HRMS (ESI-TOF) caled for CssH3ssNNaOs [M+Nal+: 516.2515,
found: 516.2497; HPLC (DAICEL Chiralpack AS-H, hexane/2-propanol = 9/1, flow 0.7ml/min,

detection at 254nm) retention time for £isomer = 20.8 min (major) and 16.7 min (minor).

(R)-5-methyl-2-(3,5-dimethylphenyl)-5-((£)-5-oxoundec-2- 0o ¢}
enyl)oxazol-4(5 H)-one: colorless oil; 'TH NMR (600 MHz, \/\/\)J\/\/"/[<
CDCls, AIZ mixture = 4:1) § 0.84 GH, t, J = 6.9 Hz), 04
1.12-1.32 (4H, m), 1.37-1.46 (2H, m), 1.54 (3H, s),

1.59-1.65 (2H, m), 2.22-2.31 (2H, m), 2.37 (6H, s), 2.61 (2H

x 4/5, d, J= 6.9 Hz), 2.63 2H x 1/5, d, /= 10.3 Hz), 2.98

(1H x 4/5, dd, J= 7.6 Hz, Jgem = 16.5 Hz), 3.04 (1H x 4/5, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.14-3.20
(2H x 1/5, m), 5.38 (1H x 4/5, dt, J= 7.6 Hz, 15.1 Hz), 5.44-5.51 (1H x 1/5, m), 5.66-5.78 (1H, m), 7.29
(1H, s), 7.80 (2H, s); 13C NMR (150 MHz, CDCls): § 4.30, 14.04, 21.28, 21.34, 22.64, 34.50, 40.14,
42.48, 46.61, 69.69, 87.53, 125.65, 127.93, 127.98, 129.04, 137.16, 138.97, 187.71, 193.71, 208.97; IR
(neat) 2928, 2360, 1754, 1715, 1609, 1548, 1450, 1357, 1260, 1171, 1139, 973, 867 cm'’; [alp20 -8.03 (c
1.00, CHCl3); HRMS (ESI-TOF) caled for CosH31NNaOs [M+Nal+: 392.2202, found: 392.2199; HPLC
(DAICEL Chiralpack AS-H, hexane/2-propanol = 95/5, flow 0.7ml/min, detection at 254nm) retention

N

time for £isomer = 27.0 min (major) and 21.9 min (minor).

(R)-2-(4-(trifluoromethyl)phenyl)-5-methyl-5-((£)-5-oxoun 0 0
dec-2-enyl)oxazol-4(5 H)-one: yellow oil; 'H NMR (600 \/\/\)J\/\/"'.MN
MHz, CDCls, £/Z mixture = 6:1) : § 0.84 (3H, t, J = 7.6 Hz), 04

1.11-1.31 (6H, m), 1.35-1.47 (2H, m), 1.58 (3H, s), 2.24 (1H

x 6/7,dd, J=17.6 Hz, Jgem=17.2 Hz), 2.29 1H x 6/7, dd,

= 6.9 Hz, Jgem = 16.5 Hz), 2.38 QH x 1/7, t, J = 7.6 Hz), CF3
2.64 (2Hx 6/7,d, J="17.6 Hz), 2.67 QH x 1/7,d, J= 7.6 Hz), 2.99 (1H x 6/7, dd, J= 7.6 Hz, Jgem = 16.5
Hz), 3.05 (1H x 6/7, dd, J= 6.2 Hz, Jgem = 16.5 Hz), 3.15 (1H x 1/7, dd, J= 6.9 Hz, Jgem = 16.5 Hz),
3.19 (1H x 1/7, dd, J=6.2 Hz, Jgem=17.2 Hz), 5.36 (1H x 6/7, dt, J= 7.6 Hz, 15.1 Hz), 5.42-5.49 (1H
x 1/7, m), 5.69-6.79 (1H, m), 7.79 (2H, d, J= 7.6 Hz), 8.31 (2H, d, J= 8.2 Hz).

(R)-2-(2,3-dichlorophenyl)-5-methyl-5-((£)-5-oxoundec-2-en 0 0
yDoxazol-4(5 H)-one: yellow oil; 1H NMR (600 MHz, CDCls, \/\/\)J\/\/"'.MN
o) /)
64 Cl

Cl



FElZ mixture = 7:1) : § 0.84 (3H, t, /= 6.9 Hz), 1.11-1.31 (6H, m), 1.40-1.53 (2H, m), 1.58 (3H, s), 2.32
(2H x 7/8, dt, J=2.1 Hz, 6.9 Hz), 2.37 2H x 1/8, t, J= 7.6 Hz), 2.64 2H x 7/8, d, J= 7.6 Hz), 2.67 (2H
x 1/8, d, J=17.6 Hz), 3.03 (1H x 7/8, dd, /= 6.9 Hz, Jgem = 16.5 Hz), 3.08 (1H x 7/8, dd, J= 6.9 Hz,
Jgem=17.2Hz),3.17 2Hx 1/8,d, J=6.2 Hz), 5.39 (1H x 7/8, dt, J= 7.6 Hz, 15.1 Hz), 5.46-5.53 (1H x
1/8, m), 5.70-5.82 (1H, m), 7.35 (1H, t, J= 7.6 Hz), 7.71 (1H, dd, J = 2.1 Hz, 8.2 Hz), 7.97 (1H, dd, J =
1.4 Hz, 7.6 Hz).

(R)-5H-2-(3-Chloro-5-methylphenyl)-5-(5-oxo-2-undecenyl)-5-(2-propenyl
)-oxazol-4-one (6¢): colorless oil; TH NMR (600 MHz, CDCls, £/Z mixture
=5:1):60.84 (3H, t, J= 7.6 Hz), 1.08-1.31 (6H, m), 1.37-1.47 (2H x 5/6,
m), 1.48-1.55 (2H x 1/6, m), 2.24 (1H x 5/6, dt, J= 8.3 Hz, Jgem = 17.9 Hz),
2.28 (1H x 5/6, dt, J= 8.3 Hz, Jgem = 17.9 Hz), 2.32-2.42 (2H x 1/6, m),
2.41 (3H, s), 2.59-2.70 (4H, m), 2.98 (1H x 5/6, dd, J= 7.6 Hz, Jgem=16.5
Hz), 3.03 (1H x 5/6, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.11-3.21 (2H x 1/6,
m), 5.10 (1H x 5/6, dd, Jgem = 1.4 Hz, J=10.3 Hz), 5.10-5.12 (1H x 1/6, m), 5.17 (1H x 5/6, dd, Jgem =
1.4 Hz, J=17.2 Hz), 5.18 1H x 1/6, dd, Jgem = 1.4 Hz, J=17.2 Hz), 5.34 (1H x 5/6, dt, J= 6.9 Hz, J=
14.4 Hz), 5.40-5.46 (1H x 1/6, m), 5.60 (1H x 5/6, ddt, /= 6.9 Hz, 10.3 Hz, 17.2 Hz), 5.57-5.65 (1H x 1/6,
m), 5.71 (1H x 5/6, dt, /= 6.9 Hz, J=15.1 Hz), 5.71-5.76 (1H x 1/6, m), 7.46 (1H, s), 7.88 (1H, s), 7.92
(1H x 1/6, s), 7.93 (1H x 5/6, s); 13C NMR (150 MHz, CDCls): § 14.01, 21.06, 22.44, 23.53, 28.77, 31.55,
38.58, 39.66, 42.31, 46.29, 90.00, 121.26, 124.80, 126.76, 127.11, 128.84, 129.08, 129.18, 134.88,
135.66, 140.86, 184.43, 192.18, 208.55; IR (neat) 2928, 1758, 1713, 1592, 1550, 1435, 1355, 1229,
1070, 972, 869 cm'}; [alp20 -6.50 (¢ 1.43, CHCls); HRMS (ESI-TOF) calcd for C24H30CINNaO3
[M+Nal*: 438.1812, found: 438.1816; HPLC (DAICEL Chiralpack AS-H, hexane/2-propanol = 97/3,

flow 0.5ml/min, detection at 254nm) retention time for £isomer = 46.1 min (major) and 36.0 min

Cl

(minor), retention time for Z isomer 37.7 min (major) and 32.4 min (minor).

(R)-5H-2-(3-Chloro-5-methylphenyl)-5-(5-cyclohexyl-5-0xo-2-penten O ©

yD-5-methyloxazol-4-one (6d): colorless oil; "H NMR (600 MHz, IR /""PJ\N
/

CDCls, £/Z mixture = 5:1) : § 1.08-1.39 (6H, m), 1.54 (3H x 5/6, s), o

1.56 (3H x 1/6, s), 1.57-1.85 (4H, m), 2.21-2.27 (1H x 5/6, m),
2.27-2.37 (1H x 1/6, m), 2.41 (3H, s), 2.56-2.66 (2H, m), 3.04 (1H x
5/6, dd, J= 6.9 Hz, Jeem = 16.5 Hz), 3.08 (1H x 5/6, dd, J= 6.9 Hz,
Jgem=16.5 Hz), 3.16-3.25 (2H x 1/6, m), 5.33 (1H x 5/6, dt, J= 7.6 Hz, 15.1 Hz), 5.41-5.47 (1H x 1/6,
m), 5.71 (1H x 5/6, dt, J= 6.9 Hz, 15.1 Hz), 5.73-5.78 (1H x 1/6, m), 7.45 (1H, s), 7.89 (1H, s), 7.93 (1H
x 1/6, s), 7.94 (1H x 5/6, s); 13C NMR (150 MHz, CDCls): § 21.04, 21.58, 25.48, 25.50, 25.73, 28.20,
28.22, 39.92, 44.02, 50.35, 87.86, 124.71, 126.86, 127.30, 128.85, 129.36, 134.83, 135.57, 140.82,
184.13, 193.11, 211.28; IR (neat) 2929, 2854, 1758, 1708, 1592, 1548, 1448, 1353, 1230, 1142, 1113,
973, 870 cm'’; [alp20 -8.06 (¢ 1.61, CHCls); HRMS (ESI-TOF) caled for CozH26CINNaOs [M+Nal+:

Cl
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410.1499, found: 410.1504; HPLC (DAICEL Chiralpack IC-3, hexane/2-propanol = 7/3, flow
0.5ml/min, detection at 254nm) retention time for £ isomer = 28.8 min (major) and 20.3 min (minor),

retention time for Z isomer 24.7 min (major) and 18.6 min (minor) .

(R)-5H-5-Methyl-5-(5-0x0-2-hexenyl)-2-phenyloxazol-4-one (4a): pale o o
yellow oil, 1TH NMR (600 MHz, CDCls, £/Zmixture = 6:1) § 1.55 (3H x 6/7, )J\Prﬂ\/,,,th
s),1.567 BH x 1/7, 5), 1.98 BH x 6/7, s), 2.10 (3BH x 1/7, 5), 2.62 (2H, d, J = o/

7.6 Hz), 3.00 1H x 6/7, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.05 (1H x 6/7, dd,

J=6.9 Hz, Jgem=16.5Hz), 3.17 (1H x 1/7, dd, J= 7.6 Hz, Jgem = 17.2

Hz), 3.22 (1H x 1/7, dd, J= 6.9 Hz, Jgem = 17.2 Hz), 5.35-5.42 (1H x 6/7, m), 5.44-5.51 (1H x 1/7, m),
5.66-5.76 (1H, m), 7.51 (2H, t, J= 7.6 Hz), 7.67 (1H, t, J= 7.6 Hz), 8.18, (2H, d, J= 7.6 Hz), 13C NMR
(150 MHz, CDCls) 6 21.59, 29.31, 39.85, 47.19, 87.47, 125.56, 125.78, 128.65, 128.91, 130.03, 135.18,
185.15, 193.45, 206.35, IR (neat) 2933, 1753, 1714, 1604, 1590, 1548, 1489, 1451, 1362, 1174, 973,
767, 707 cm!, [a]p20 =-2.19 (¢ 0.90, CHCls), HRMS (ESI-TOF) calcd for Ci6H17NNaOs [M+Na]+:
294.1106, found: 294.1101; HPLC (DAICEL Chiralpak AS-H, hexane/2-propanol = 90/10, flow 0.7

ml/min, detection at 254 nm) retention time = 81.8 min (major) and 62.9 min (minor).

(R)-5H-2-(2-Chlorophenyl)-5-methyl-5-(5-0x0-2-hexenyl)oxazol-4-one o 0
(4b): yellow oil, tTH NMR (600 MHz, CDCls, £/Z mixture = 4:1) § 1.58 (3H )J\P‘J\/U"'HN
x 4/5, ), 1.60 (3H x 1/5, 8), 2.05 (3H x 4/5, 8), 2.12 (3H x 1/5, 5), 2.64 (2H, o4

d, J=17.6 Hz), 3.05 (1H x 4/5, dd, J= 7.6 Hz, Jgem = 17.9 Hz), 3.09 (1H x

4/5,dd, J=17.6 Hz, Jgem=17.9 Hz), 3.19 (1H x 1/5, dd, J= 6.9 Hz, Jgem

=17.2 Hz), 3.22 1H x 1/5, dd, J= 6.2 Hz, Jgem = 17.2 Hz), 5.42 (1H x 4/5, dt, J= 7.6 Hz, 15.1 Hz),
5.49-5.55 (1H x 1/5, m), 5.73 (1H x 4/5, dt, J= 7.6 Hz, 15.1 Hz), 5.75-5.81 (1H x 1/5, m), 7.38-7.42 (1H,
m), 7.51-7.56 (2H, m), 8.11 (1H x 4/5, d, /= 7.6 Hz), 8.14 (1H x 1/5, d, J= 7.6 Hz), 13C NMR (150 MHz,
CDCls) § 21.51, 29.41, 39.80, 47.19, 87.66, 125.08, 125.51, 126.95, 128.83, 131.81, 133.16, 134.73,
135.20, 184.88, 193.17, 206.30, IR (neat) 2933, 2357, 1756, 1717, 1595, 1576, 1545, 1439, 1363, 1279,
1165, 1065, 974, 768, 742, 718 cm™, [alp20 = +34.49 (c 1.00, CHCls), HRMS (ESI-TOF) calcd for
C16H16CINNaO; [M+Na]+: 328.0716, found: 328.0709; HPLC (DAICEL Chiralpak AS-H,
hexane/2-propanol = 90/10, flow 1.0 ml/min, detection at 254 nm) retention time = 67.7 min (major)

and 57.1 min (minor).

(R)-5H-2-(3-Chlorophenyl)-5-methyl-5-(5-0x0-2-hexenyl)oxazol-4-one O o)
(4¢): yellow oil, 'H NMR (600 MHz, CDCls, £/Z mixture = 6:1) § 1.53 (3H )KM\/%N

/
x 6/7,s), 1.55 (3H x 1/7, s), 1.99 (3H x 6/7, s), 2.10 (3H x 1/7, s), 2.60 (2H, 0

d, J=7.6 Hz), 2.99 (1H x 6/7, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.04 (1H x
6/7,dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.15 2H x 1/7, t, J= 6.9 Hz, Jgem =

17.9 Hz), 3.19 (2H x 1/7, t, J= 6.9 Hz, Jeem=17.9 Hz), 5.35 (1H x 6/7, dt, cl
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J=17.6 Hz, 15.1 Hz), 5.40-5.46 (1H x 1/7, m), 5.68 (1H x 6/7, dt, J= 7.6 Hz, 15.1 Hz), 5.70-5.76 (1H x
1/7, m), 7.45 (1H, t, J= 7.6 Hz), 7.61 (1H, d, J= 7.6 Hz), 8.05 (1H, d, J= 7.6 Hz), 8.10-8.13 (1H, m),
13C NMR (150 MHz, CDCls) § 21.49, 29.31, 39.75, 47.05, 87.85, 125.27, 127.50, 128.07, 128.81, 129.64,
130.25, 134.97, 135.09, 183.87, 192.98, 206.13, IR (neat) 2931, 2360, 1757, 1716, 1602, 1583, 1545,
1436, 1359, 1270, 1171, 1111, 973, 778, 730, 669 cm'L, [alp20 = -6.36 (¢ 1.36, CHCls), HRMS (ESI-TOF)
caled for C16H16CINNaOs [M+Nal+: 328.0716, found: 328.0714, HPLC (DAICEL Chiralpak AS-H,
hexane/2-propanol = 90/10, flow 0.5 ml/min, detection at 254 nm) retention time for £isomer = 72.7
min (major) and 67.6 min (minor), retention time for Zisomer = 55.7 min (major) and 60.6 min

(minor).

(R)-5 H-2-(4-Chlorophenyl)-5-methyl-5-(5-oxo-2-hexenyl)oxazol-4-one

(4d): yellow oil, 'H NMR (600 MHz, CDCls, £/Z mixture = 5:1) § 1.55 o
(B3H x 5/6, ), 1.57 (3H x 1/6, s), 2.01 (3H x 5/6, s), 2.11 (3H x 1/6, 8), )kﬁ”\/ P%N
2.62 (2H, d, J=17.6 Hz), 3.01 (1H x 5/6, dd, J= 6.9 Hz, Jgem = 16.5 Hz), o

3.06 (1H x 5/6, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.16 (1H x 1/6, dd, J=

7.6 Hz, Jgem=19.2 Hz), 3.21 (1H x 1/6, dd, J= 7.6 Hz, Jgem=17.9

Hz), 5.36 (1H x 5/6, dt, J= 6.9 Hz, 15.1 Hz), 5.43-5.48 (1H x 1/6, m),

5.70 (1H x 5/6, dt, J= 6.9 Hz, 15.1 Hz), 5.71-5.77 (1H x 1/6, m), 7.50 (2H, d, J/= 8.3 Hz), 8.11 (2H, d, J
= 8.3 Hz), 13C NMR (150 MHz, CDCls) § 21.58, 29.36, 39.85, 47.11, 87.78, 124.24, 125.40, 128.77,
129.39, 131.28, 141.87, 184.18, 193.13, 206.20, IR (neat) 2924, 2360, 1754, 1716, 1600, 1541, 1485,
1407, 1358, 1173, 1091, 1014, 849 cm?, [a]p20 = -4.19 (c 0.63, CHCls), HRMS (ESI-TOF) calcd for
C16H16CINNaOs [M+Nal+: 328.0716, found: 328.0720, HPLC (DAICEL Chiralpak IC-3,

hexane/2-propanol = 80/20, flow 0.5 ml/min, detection at 254 nm) retention time = 61.3 min (major)

0

Cl

and 57.0 min (minor).

(R)-5 H-5-butyl-2-(3-Chlorophenyl)-5-(5-0x0-2-hexenyl)oxazol-4-one (4e):
yellow oil, 'H NMR (600 MHz, CDCls, £/Z mixture = 5:1) § 0.81 (3H, m),
1.11-1.30 (4H, m), 1.80-1.95 (2H, m), 1.98 (3H x 5/6, s), 2.10 (3H x 1/6, s),
2.60 (1H, dd, J= 6.9 Hz, Jgem = 14.4 Hz), 2.63 (1H, dd, J= 6.9 Hz, Jgem
=13.7 Hz), 2.98 (1H x 5/6, dd, J= 6.9 Hz, Jgem = 16.5 Hz), 3.03 (1H x 5/6,
dd, J=6.2 Hz, Jgem = 16.5 Hz), 3.15 (1H x 1/6, dd, J= 8.9 Hz, Jgem =
19.2 Hz), 3.19 1H x 1/6, dd, J= 6.2 Hz, Jgem = 17.2 Hz), 5.33 (1H x 5/6,
dt, J=17.6 Hz, 15.2 Hz), 5.39-5.44 (1H x 1/6, m), 5.67 (1H x 5/6, dt, J= 7.6 Hz, 15.2 Hz), 5.68-5.73 (1H
x 1/6, m), 7.46 (1H, t, J= 7.6 Hz), 7.63 (1H, d, J= 7.6 Hz), 8.06 (1H, d, J= 7.6 Hz), 8.12-8.15 (1H, m),
13C NMR (150 MHz, CDCls) § 13.66, 22.41, 24.83, 29.31, 35.19, 39.00, 47.10, 91.09, 125.20, 127.42,
128.07, 128.68, 129.65, 130.26, 134.97, 135.16, 184.28, 192.77, 206.20, IR (neat) 2956, 2364, 1755,
1545, 1437, 1360 cm'?, [a]p20 = -11.85 (c 0.75, CHCls), HRMS (ESI-TOF) calcd for C19H22CINNaOs
[M+Nal+: 370.1186, found: 370.1189, HPLC (DAICEL Chiralpak IA, hexane/2-propanol = 95/5, flow

Cl
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0.5 ml/min, detection at 254 nm) retention time for Zisomer = 26.0 min (major) and 24.1 min (minor),

retention time for Zisomer = 22.8 min (major) and 21.5 min (minor).

-one (4f): yellow oil, 'H NMR (600 MHz, CDCls, £/Z mixture = 4:1) § 0.93 )J\rﬁ\/
(8Hx 4/5,d, J=6.9 Hz), 0.95 (3H x 1/5, d, J= 7.6 Hz), 1.05 (3H, d, J="7.6

Hz), 1.97 (3H x 4/5, s), 2.11 (3H x 1/5, s), 2.16-2.25 (1H, m), 2.56-2.71 (2H

x 1/5, m), 2.63 (1H x 4/5, dd, J= 6.9 Hz, Jgem = 14.4 Hz), 2.72 (1H x 4/5,

dd, J=17.6 Hz, Jgem = 14.4 Hz), 2.96 (1H x 4/5, dd, J= 7.6 Hz, Jgem =

17.2 Hz), 3.02 (1H x 4/5, dd, J=6.9 Hz, Jgem = 17.2 Hz), 3.15 (1H x 1/5, dd, J= 6.9 Hz, Jgem=17.9
Hz), 3.20 (1H x 1/5, dd, J= 7.6 Hz, Jgem = 17.9 Hz), 5.32 (1H x 4/5, dt, /= 6.9 Hz, 14.4 Hz), 5.36-5.41
(1H x 1/5, m), 5.68 (1H x 4/5, dt, /= 6.9 Hz, 14.4 Hz), 5.66-5.72 (1H x 1/5, m), 7.47 (1H, t, /= 7.6 Hz),
7.64 (1H, d, J= 7.6 Hz), 8.07 (1H, d, J= 7.6 Hz), 8.13-8.15 (1H, m), 13C NMR (150 MHz, CDCls) &
16.29, 16.34, 29.30, 33.50, 36.81, 47.16, 93.49, 125.31, 127.40, 128.05, 128.68, 129.61, 130.34, 135.00,
135.20, 184.41, 192.65, 206.21, IR (neat) 2970, 2364, 1753, 1716, 1602, 1548, 1437, 1360, 1158 cm'!,
[alp20 =-33.07 (c 1.00, CHCl3), HRMS (ESI-TOF) caled for C1sH20CINNaOs [M+Nal+: 356.1029, found:
356.1026, HPLC (DAICEL Chiralpak IA, hexane/2-propanol = 97/3, flow 0.5 ml/min, detection at 254

nm) retention time for £isomer = 36.8 min (major) and 35.0 min (minor), retention time for Zisomer

(R)-5H-2-(3-Chlorophenyl)-5-(1-methylethyl)-5-(5-oxo-2-hexenyl)oxazol-4 O O
2 /N
0]

Cl

= 32.0 min (major) and 29.9 min (minor).

(R)-5H-2-(3-Chlorophenyl)-5-(2-propenyl)-5-(5-oxo-2-hexenyl)oxazol-4-on
e (4g): yellow oil, 'TH NMR (600 MHz, CDCls, £/Z mixture = 5:1) § 2.01
(3H x 5/6, ), 2.13 (3H x 1/6, s), 2.60-2.71 (2H x 5/6 + 2H, m), 2.80 (1H x
1/6, dd, J= 6.2 Hz, Jgem = 13.7 Hz), 3.01 (1H x 5/6, dd, J= 7.6 Hz, Jgem
=17.2 Hz), 3.06 (1H x 5/6, dd, J= 6.9 Hz, Jgem=17.2 Hz), 3.15 (1H x 1/6,
dd, J=17.6 Hz, Jgem=17.9 Hz), 3.20 (1H x 1/6, dd, J= 7.6 Hz, Jgem =
17.9 Hz), 5.09-5.13 (1H, m), 5.15-5.21 (1H, m), 5.36 (1H x 5/6, dt, J= 6.9
Hz, 14.4 Hz), 5.41-5.47 (1H x 1/6, m), 5.57-5.67 (1H, m), 5.71 (1H, dt, J= 7.6 Hz, 15.8 Hz), 5.71-5.77
(1H x 1/6, m), 7.47 (1H, t, J= 8.2 Hz), 7.63-7.66 (1H, m), 8.06-8.08 (1H, m), 8.13-8.15 (1H, m), 13C
NMR (150 MHz, CDCls) § 29.38, 38.52, 39.65, 47.14, 90.04, 121.33, 123.32, 125.03, 127.41, 128.11,
128.95, 129.67, 130.31, 135.06, 135.21, 184.21, 192.14, 206.13, IR (neat) 3373, 3078, 2920, 2361, 1757,
1715, 1602, 1582, 1547, 1466, 1438, 1360, 1267, 1159, 1096, 976, 927, 741 cm™?, [alp20 = -5.87 (c 1.00,
CHCls), HRMS (ESI-TOF) calcd for C1sH1sCINNaOs [M+Nal*: 354.0873, found: 354.0875, HPLC
(DAICEL Chiralpak IA, hexane/2-propanol = 97/3, flow 0.5 ml/min, detection at 254 nm) retention

Cl

time for £isomer = 42.5 min (major) and 40.4 min (minor), retention time for Zisomer = 37.9 min

(major) and 36.2 min (minor).

(R)-5H-2-(3-Chlorophenyl)-5-(5-cyclohexyl-5-oxo0-2-pentenyl)-5-met o} o
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hyloxazol-4-one (4h): yellow oil, 'TH NMR (600 MHz, CDCls, £/Z mixture = 10:1) § 1.08-1.34 (6H, m),
1.56 (3H x 10/11, s), 1.58 (3H x 1/11, s), 1.64-1.74 (4H, m), 2.20-2.26 (1H x 10/11, m), 2.29-2.36 (1H x
1/11, m), 2.62 (2H, d, J= 7.6 Hz), 3.04 (1H x 10/11, dd, J= 7.6 Hz, Jgem = 17.2 H), 3.09 (1H x 10/11,
dd, J=6.2 Hz, Jgem = 17.2 Hz), 3.16-3.25 (2H x 1/11, m), 5.34 (1H x 10/11, dt, J= 7.6 Hz, 15.1 Hz),
5.41-5.48 (1H x 1/11, m), 5.72 (1H, dt, J= 6.9 Hz, 15.1 Hz), 5.73-5.79 (1H x 1/11, m), 7.47 (1H, t, J=
8.2 Hz), 7.62-7.65 (1H, m), 8.06-8.09 (1H, m), 8.15-8.16 (1H, m), 13C NMR (150 MHz, CDCls) § 21.58,
25.49, 25.51, 25.73, 28.22, 39.93, 44.02, 50.38, 87.97, 124.67, 127.62, 128.15, 129.43, 129.79, 130.26,
134.97, 135.18, 183.93, 193.11, 211.29, IR (neat) 2930, 2853, 2360, 1758, 1708, 1602, 1546, 1447,
1359, 1172, 730 cm™!, [alp2° = +4.13 (c 0.90, CHCls), HRMS (ESI-TOF) calcd for C21H24CINNaOs
[M+Nal*: 396.1342, found: 396.1343, HPLC (DAICEL Chiralpak IB, hexane/2-propanol = 97/3, flow
0.5 ml/min, detection at 254 nm) retention time Zisomer = 31.4 min (major) and 30.0 min (minor),

retention time for Zisomer = 27.3 min (major) and 28.6 min (minor).

(R)-5H-2-(3-Chlorophenyl)-5-methyl-5-(5-phenyl-5-oxo-2-pentenyl)o o o
xazol-4-one (4i): yellow oil, 1H NMR (600 MHz, CDCls, £/Z mixture ©)J\ W//,,,HN
=10:1) 6 1.56 (3H x 10/11, s), 1.60 (3H x 1/11, s), 2.65 (2H, d, J= 6.9 o/

Hz), 3.58-3.66 (2H x 10/11, m), 3.74-3.79 (2H x 1/11, m), 5.45 (1H x

10/11, dt, J= 7.6 Hz, 15.1 Hz), 5.51-5.57 (1H x 1/11, m), 5.88 (1H x

10/11, dt, J=6.9 Hz, 15.1 Hz), 5.88-5.95 (1H x 1/11, m), 7.38 (2H, t, Cl
J=17.6Hz), 7.44 (1H, t, J=8.2 Hz), 7.50 (1H, t, J= 7.6 Hz), 7.61-7.63 (1H, m), 7.82 (2H, d, J= 7.6 Hz),
8.02-8.04 (1H, m), 8.10-8.12 (1H, m), 13C NMR (150 MHz, CDCls) § 21.62, 39.95, 42.09, 87.92, 125.11,
127.58, 128.11, 128.15, 128.59, 129.52, 129.81, 130.22, 133.19, 134.94, 135.13, 136.21, 183.96, 197.53,
210.99, IR (neat) 3067, 2928, 1756, 1685, 1601, 1581, 1544, 1447, 1359, 1209, 1173, 1110, 974, 729,
690 cm'!, [a]p20 =-2.73 (¢ 1.25, CHCls), HRMS (ESI-TOF) caled for C21H1sCINNaOs [M+Na]+:
390.0873, found: 390.0874, HPLC (DAICEL Chiralpak OD-3, hexane/2-propanol = 97/3, flow 0.5
ml/min, detection at 254 nm) retention time for £isomer = 27.1 min (major) and 18.6 min (minor),

retention time for Zisomer = 13.7 min (major) and 14.6 min (minor).

Derivatization of adducts 4

Methyl (R)-2-hydroxy-2-methyl-5-oxohexanoate (7) o o
A solution of )J\//"\)J\OMe
(R)-5H-2-(3-chloro-5-methylphenyl)-5-methyl-5-(3-oxobutyl)oxazol-4-one (4f) OH

(0.47mmol, 137 mg) in MeOH (2.5 ml) was added conc. HCI (1.6 ml) at 0 °C. After stirring at room
temperature for 7 h, the solution was concentrated to give a mixture of compounds 7, 8 and 9. A
solution of the mixture in MeOH (3.2 ml) was added H2SO4 (0.16 ml) at 0 °C. After stirring at reflux
temperature for 12 h, the mixture was extracted three times with EtOAc, and the combined organic

phase was washed with Brine, dried (Na2SO4) and concentrated to give a mixture of compounds 7
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and 9. A solution of the mixture in EtOAc (5.0 ml) was added 2 M HCl aq (1.0 ml) at room
temperature. After stirring at same temperature for 1.0 h, the mixture was additionally added 2 M
HCl aq (1.0 ml) at room temperature. After stirring at same temperature for 0.5 h, the mixture was
extracted three times with CH2Clz, and the combined organic phase was dried (Na2zSO4) and
concentrated to give a crude mixture. The obtained crude mixture was purified by SiO2-column
chromatography (hexane : EtOAc = 7 : 3) to give the product 7 (46 mg, 56% yield from 4f).

colorless oil, tH NMR (600 MHz, CDCls): § 1.39 (3H, s), 1.92 (1H, ddd, J= 5.5 Hz, 8.9 Hz, Jgem=14.4
Hz), 2.03 (1H, ddd, J=5.5 Hz, 8.9 Hz, Jgem = 14.4 Hz), 2.13 (3H, s), 2.36 (1H, ddd, /= 5.5 Hz, 8.9 Hz,
Jgem=15.1 Hz), 2.58 (1H, ddd, J= 5.5 Hz, 8.9 Hz, Jgem = 15.1 Hz), 3.76 (3H, s); 13C NMR (150 MHz,
CDCls): § 26.12, 29.95, 33.38, 38.06, 52.94, 73.73, 177.31, 212.31; IR (neat) 3482, 2955, 2360, 1717,
1438, 1370, 1259, 1202, 1121, 978 cm'%; [alp20 -5.80 (¢ 1.94, CHCl3); HRMS (ESI-TOF) calcd for
CsH14NaO4 [M+Nal+: 197.0790, found: 197.0788; Enantiomeric ratio of the product was determined
by chiral GC analysis using a chiral column (Chirasil-DEX-CB). Retention times of 7 were 26.18

(major) and 30.92 (minor) min, when temperature of the column (DEX-CB) was maintained at 100

°C.

(R)-2-Hydroxy-2-methyl-4-pentenamide (7a): A solution of O
(R)-5H-2-(3-chlorophenyl)-5-methyl-5-(5-0x0-2-hexenyl)oxazol-4-one (4¢) (162.4 \/”’VLNHz
mg, 0.495 mmol) and Grubbs catalyst 2nd generation (42.0 mg, 50 pmol) in OH

CH:Cls (15 ml) was stirred in a flask equipped with a balloon of ethylene gas at room temperature.
After stirring at room temperature for 2 h, the reaction mixture was concentrated in vacuo to give
the crude product (5-allyl-5 H-oxazol-4-ones 5a). A solution of the crude product in THF (1.5 ml) was
added 1N NaOH aq (0.5 ml) at 0 °C. After stirring at same temperature for 0.5 h, the resulting
reaction mixture was extracted three times with EtOAc, and the combined organic phase was
washed with brine, dried (Na2S04) and concentrated. Then, a solution of the obtained crude product
(3-chlorobenzoates 6a) in MeOH (2 ml) was added 5 M NaOMe in MeOH (6.9 pl) and stirred under N2
atmosphere for 20 h at 40 °C. The reaction mixture was concentrated to give a crude mixture. The
crude mixture was purified by SiO2-column chromatography (hexane-EtOAc = 2 : 3 -EtOAc only) to
give the product 7a (35.5 mg, 0.275 mmol, 56% yield).

brown oil, 1TH NMR (600 MHz, CDCls): § 1.39 (3H, s), 2.29 (1H, dd, J= 8.2 Hz, Jgem = 13.1 Hz), 2.63
(1H, dd, J= 6.2 Hz, Jgem = 13.1 Hz), 2.99 (1H, brs), 5.12-5.19 (2H, m), 5.73-5.82 (1H, m), 6.04 (1H,
brs), 6.70 (1H, brs), 13C NMR (150 MHz, CDCls): 6 25.87, 44.33, 74.79, 120.13, 132.48, 178.79, IR
(neat) 3345, 2979, 1668, 1576, 1371, 1246, 1174, 1067, 999, 921 cm'!, [a]p20 = +14.0 (¢ 0.64, CHCl3);
HRMS (ESI-TOF) caled for CeH11NNaOz [M+Nal*: 152.0687, found: 152.0684.

(R)-2-Hydroxy-2-(1-methylethyl)-4-pentenamide (7b): A solution of fe)
(R)-5H-2-(3-chlorophenyl)-5-(1-methylethyl)-5-(5-0x0-2-hexenyl)oxazol-4-one (4f) X . NH,
(163.1 mg, 0.489 mmol) and Grubbs catalyst 2nd generation (41.5 mg, 49 pmol) in OH
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CH2Cl: (15 ml) was stirred in a flask equipped with a balloon of ethylene gas at room temperature.
After stirring at room temperature for 0.5 h, the reaction mixture was concentrated in vacuo to give
the crude product (5-allyl-5 H-oxazol-4-ones 5b). A solution of the crude product in THF (1.5 ml) was
added 1N NaOH aq (490 pl) at 0 °C. After stirring at same temperature for 0.5 h, the resulting
reaction mixture was extracted three times with EtOAc, and the combined organic phase was
washed with brine, dried (Na2SO4) and concentrated. Then, a solution of the obtained crude product
(3-chlorobenzoates 6b) in MeOH (2 ml) was added 5 M NaOMe in MeOH (6.8 1) , and stirred under
Nz atmosphere for 5 h at 40 °C. The reaction mixture was concentrated to give a crude mixture. The
crude mixture was purified by SiO2-column chromatography (hexane-EtOAc =1:1 — CHCl-MeOH
=30 : 1) to give the product 7b (21.7 mg, 0.138 mmol, 28% yield).

colorless oil, tH NMR (600 MHz, CDCl3): § 0.94 (3H, d, /= 6.9 Hz), 0.97 (3H, d, J= 6.9 Hz), 1.99 (1H,
sep, J=6.9 Hz), 2.30 (1H, dd, J= 8.9 Hz, Jgem = 13.7 Hz), 2.67 (1H, dd, J= 6.2 Hz, Jgem = 13.7 Hz),
5.16-5.21 (2H, m), 5.49 (1H, brs), 5.74-5.82 (1H, m), 6.52 (brs), 13C NMR (150 MHz, CDCls): § 16.08,
17.38, 34.95, 41.65, 79.51, 120.20, 132.94, 177.45, IR (neat) 3357, 2970, 2364, 1669 cm'., [alp20 =
+8.08 (¢ 0.37, CHCl3); HRMS (ESI-TOF) caled for CsHi1sNNaO2 [M+Nal+: 180.1000, found: 180.0990.

(R)-2-Hydroxy-2-methyl-4-pentenoic acid (8): A solution of 0
(R)-2-hydroxy-2-methyl-4-pentenamide (7a) (59.8 mg, 0.463 mmol) and NaOH \/"’WOH
(0.41 g, 10.2mmol) and H20 (0.9 ml) in MeOH (9 ml) was refluxed for 38 h. The OH

resulting reaction mixture was extracted with Et20, and the aqueous layer was neutralized with 2N
HCI aq, and the solution was extracted three times with EtOAc, dried (Na2SO4) and concentrated to
give the product 8 (49.7 mg, 0.382 mmol, 83% yield).

colorless oil, 'TH NMR (600 MHz, CDCls): § 1.47 (3H, s), 2.41 (1H, dd, /= 7.6 Hz, Jgem = 13.7 Hz),
2.57 (1H, dd, J= 6.9 Hz, Jgem = 13.7 Hz), 5.14-5.19 (2H, m), 5.74-5.83 (1H, m), 13C NMR (150 MHz,
CDCly): § 25.38, 44.38, 74.33, 120.03, 131.75, 180.06, IR (neat) 2900, 2335, 1730, 1544, 1454 cm™1,
lalp?5 = -5.73 (¢ 0.52, EtOH).

(R)-5H-2-(3-Chlorophenyl)-5-methyl-5-(5-oxohexyl)oxazol-4-one (9): 10% e} o]
Pd-C (57.5 mg, 54 pmol) was added to a stirred solution of M /n,,wN
(R)-5H-2-(3-chlorophenyl)-5-methyl-5-(5-0xo0-2-hexenyl)oxazol-4-one (4c) o] f

(330.2 mg, 1.08 mmol) in EtOAc (12 ml) at room temperature, followed

by being stirred equipped with a Hz2 balloon at same temperature for 1 h.

The mixture was filtered through the celite with glass filter and the Cl
filtrate was concentrated in vacuo to give the product 9 (245.4 mg, 0.797 mmol, 74% yield).

yellow oil, TH NMR (600 MHz, CDCls): § 1.13-1.24 (1H, m), 1.26-1.35 (1H, m), 1.50-1.57 (2H, m), 1.54
(3H, s), 1.86-1.96 (2H, m), 2.07 (3H, s), 2.32-2.42 (2H, m), 7.47 (1H, t, J= 8.2 Hz), 7.62-7.65 (1H, m),
8.08-8.11 (1H, m), 8.15-8.17 (1H, m), 13C NMR (150 MHz, CDCls): § 22.13, 22.66, 23.17, 29.90, 36.59,
43.08, 88.65, 127.63, 128.22, 129.78, 130.29, 135.00, 135.20, 184.08, 193.54, 208.26, IR (neat) 2933,
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2360, 2341, 1757, 1715, 1602, 1581, 1544, 1437, 1360, 1270, 1168, 1115, 732 cm’L, [a]p20 = +8.64 (¢
1.00, CHCls); HRMS (ESI-TOF) calcd for C16H1sCINNaOs [M+Nal+: 330.0873, found: 330.0876.

(R)-2-Hydroxy-2-methyl-7-oxooctanamide (10): A solution of
(R)-5H-2-(3-chlorophenyl)-5-methyl-5-(5-oxohexyl)oxazol-4-one (9) (245.4 )J\/\/ "'\)J\ NH,
mg, 0.797 mmol) in EtOH (2.8 ml) was added 2.5M NaOH aq (1.4 ml) at 0 OH

°C. The mixture was stirred at same temperature for 1 h, and the resulting reaction mixture was
extracted three times with EtOAc, and washed with brine, dried (Na2SO4) and concentrated to give
the crude product. The obtained crude product was purified by SiOz-column chromatography
(hexane-EtOAc =1 :3 — CHCl3-MeOH = 20 : 1) to give the product 10 (64.1 mg, 0.342 mmol, 43%
yield).

colorless solid, mp: 73-76 °C, 'H NMR (600 MHz, CDCls): § 1.20-1.29 (1H, m), 1.42 (3H, s), 1.42-1.48
(1H, m), 1.50-1.65 (3H, m), 1.85 (1H, ddd, J= 5.5 Hz, J= 11.7 Hz, Jgem = 14.4 Hz), 2.11 (3H, s), 2.41
(2H, t, J= 7.6 Hz), 5.32 (1H, brs), 6.52 (1H, brs), 13C NMR (150 MHz, CDCls): § 23.06, 23.60, 26.86,
29.91, 39.94, 43.36, 75.56, 178.90, 209.41, IR (neat) 3460, 3349, 2937, 2360, 1669, 1364, 1173, 1119
cm’l, [alp20 =+12.0 (¢ 1.00, CHCls); HRMS (ESI-TOF) calcd for CoH17NNaO3s [M+Nal+: 210.1106,
found: 210.1099.

Methyl (B)-2-hydroxy-2-methyl-7-oxooctanoate (11): A solution of
(R)-2-hydroxy-2-methyl-7-oxooctanamide (10) (64.1 mg, 0.342 mmol) in )J\/\/ WOMe
conc. HCI (2.4 ml) was stirred at 80 °C for 22 h, and then the volatiles

were removed by azeotroping with toluene (3 x 5 ml) to give the crude product (carboxylic acid). A
solution of the crude product in MeOH (2.4 ml) was added H2SO4 (118 1l) at 0 °C, and then refluxed
for 22.5 h. The resulting reaction mixture was extracted three times with EtOAc, washed with brine,
dried (Na2SO4) and concentrated to give the crude product. The crude mixture was purified by
SiO2-column chromatography (hexane-EtOAc = 3 : 2) to give the product 11 (29.3 mg, 0.145 mmol,
42% yield).

yellow oil, TH NMR (600 MHz, CDCls): § 1.04-1.13 (1H, m), 1.36 (3H, s), 1.37-1.45 (1H, m), 1.49-1.56
(2H, m), 1.61 (1H, dt, J= 3.4 Hz, Jgem = 12.4 Hz), 1.71 (1H, dt, /= 4.2 Hz, Jgem = 12.4 Hz), 2.09 (3H,
s), 2.39 (2H, t, J= 7.6 Hz), 3.74 (3H, s), 13C NMR (150 MHz, CDCls): § 23.26, 23.64, 26.12, 29.87,
39.77, 43.45, 52.77, 74.46, 177.60, 208.83, IR (neat) 3503, 2952, 1715, 1457, 1366, 1252, 1169, 1121,
1059, 978 cm!, [a]p20 = -12.9 (¢ 1.00, CHCl3); HRMS (ESI-TOF) calcd for Cio0H1sNaOa [M+Nal+:
225.1103, found: 225.1096, Enantiomeric ratio of the product was determined by chiral GC analysis
using a chiral column (Chirasil-DEX-CB). Retention times of 11 were 5.62 (major) and 5.85 (minor)

min, when temperature of the column (DEX-CB) was maintained at 160 °C.
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Copies of HPLC traces
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2 42.12 6926789. 600 51.4960 108641 = 0o————o 9357.5 —— -—— —
13451134.000 100.0000 210402
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min.
FEER i ) N N
No. Rt(min} E -94 mis % = EEER NTP  =FifE SEliE
1 40.44 74075.200  3.6388  119%6 = ————r - o
2 42.45 1961609. 800 96.3612 31121 = ———v 9980.8  1.395 --——
2035685. 000 100. 0000 32317
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0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 446
min.
AEER i ) N N
No. Rt(min} E 94 mfs mRE == EEHER NTP ¥t SEliE
1 29.88 6699904, 800 50.1809 179571 00 ————- 13530.6 1.217 1,501
2 347 6651611. 000  49.8191 168445 00— 13116.7 —— -— —
13351515, 800 100.0000 348016
49.0_
] 0] O
43.3]
B Mﬂ\/”". N
] o/
33.3]
23.3_5 CI
] 4h
124 enantiomers of Z-isomer
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0.0 10.0 20.0 30.0 40.0 50.0
min
AHEER i ) N N
No. Rtimin) £ -94 miE  mE % = EEER NTP Rt e
1 29.97 71489. 000 5. 0192 202 0 —_ = - —
2 31,43 1466372. 200  94. 9808 37y 13796. 0 1.010 ———
1543861. 200 100. 0000 39435
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0.0 50 100 15.0 200 250 30.0 35.0 40.0 43.1

min
EmE _ N ~
No. Rt(min} E -94 mfs  mRE % =Y EEER NTP =¥t SrEliE
1 . 5356140. 200 50.8469 117583  ——— 3602. 7 1.202  5.548
2 21.25 5177725.800 49.1531  732% = 0o————o 3153.3  1.650 --——
10533866. 000 100. 0000 190839

57.0,

s2.4] 0 o

: T ""'wN

42.] o) / o

32.BE

] Cl

22.4] 4i

28] | enantiomers of Z-isomer

28] _
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0.0 5.0 10.0 15.0 200 250 30.0 35.0 40.0

min.

HEER )

No. Rtimin) E -5 miE w0 = EEHR NTP  t¥rtE oElE
1 18.62 104052.200  3.2200 2387 0 —— —_— —— —— —
2 2109 3127427. 200  96. 7800 433 3149.5 1.558 —

3231479.400 100.0000 46768
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00 5.0 10.0 15.0 200 250 30,0 35.0
min.
PEER ] _ N N
No. Rt(min) t -4 i mEE () = EEBR NTP  H#5iE SHEE
1 20.03 371819.600  2.7417 10900 00000 242.7  —— 1.317
2 2144 13189969. 800  97.2583 336327 = 0——— 5791.0 1.477 ——
13561789. 400 100.0000 347227

DAICEL Chiralpak AS-H, hexane/2-propanol = 99/1, flow 0.5 ml/min, detection at 210 nm) retention time
= 21.4 min [major, (£)] and 20.0 min [minor, (9], 94% ee.

The separation condition is known as follows: DAICEL Chiralpak AS, hexane/2-propanol = 500/1, flow 0.6

ml/min, detection at 220 nm) retention time = 35.1 min [major, (&) and 32.9 min [minor, (S)].

Reference for this condition, See: K. Yamada, T. Tozawa, M. Nishida, T. Mukaiyama Bull. Chem. Soc. Jpn.

1997, 70, 2301.
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Copies of GC traces
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