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Cotylenin A (1) Fusicoccin A (2)

Figure 1.1. Structures of Cotylenin A and Fusicoccin A
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Scheme.1.1 Retrosynthetic analysis of cotylenin A
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Scheme 2.1. Reported catalytic asymmetric Mukaiyama-Michael reaction
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Figure 2.1. Substrates of catalytic asymmetric Mukaiyama-Michael reaction
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EHW =T o F A EIRAY M [L-Michael JUSDRET 24T -7 (Table 2.1), £, U bk
B OPh JEDIE 8 2 H W CARFENL 2 i~ it L= (entries 1-6), fRETORE S,
{bFEFRED Cu(OThy, L-4 DEAFXH VU UEUL 7% D Z & T, I 93%, 93% ee
THTEOMIE 14 21525 Z LIk L7z (entry 4), RIZHE 9. 10 & F\ 7= 1f [LI-Michael
FUOG DRGSR & entry 7-18 |\ZR" 3, MatOREE., U v EOEEILN Ph RO IE 9 D&
Tl L4 2 AW R @ OB TAR 15 % 5- % (entry 10) . VU > LD EHLILAS OEt
FEORE10 T L3 2N e ZITRBEBWVER L 2257 (entry 13), WDV v ko
EHIEL (R T BAIRSRMEN LT 2 Z E 000 | HERE O/ SV OFt M4
FFo10 THEIGE, M= U FARRICKICT H 2 L2 R Lo, 7o, BBREV R L
LT, WINOREEIZEWN TS, -Bu OB LAV U VRN L4 2 i
Ba T, ZOMOBNLFE2 Wb O L I L TN R EO = F o F A~ — & F4E
e LTEH2BZ 050> 7~ (entries 4, 10 and 16)



Table 2.1. Optimization of the enantioselective Mukaiyama-Michael reaction

O o
0O o Cu(OTf), (1.0 equiv) TMS I
g 222: S:)h) é/'F"(R% '-igg“d zﬁ ~(1 eq“?v) )/I\SEt (1.1 equiv) PR
14 (R%= OPh)
10 (R®= OEt) CHaCl, 15 (R3= Ph)
EtS
O 16 (R®=OFEt)
entry Ligand R’ R? RS temp.(°C)  time (min) vyield (%)? ee (%)°
1 L1 Me Pr oPh -78 10 100 17
2 L2 Et Pr OPh -78 10 71 51
3 L3 Bn Pr  OPh -78 10 97 65
4 L4 Me ‘Bu  OPh -78 10 93 -93¢
5 L& 35-diBuBn Pr  OPh -78 10 91 47
6 L-6 - - OPh —-78to0tort o.v.n 50 31
7 LA Me Pr Ph -78 10 74 57
8 L-2 Et 'Pr Ph -78 10 81 49
9 L-3 Bn 'Pr Ph -78 10 79 65
10 L4 Me Bu  Ph -78 10 54 -80°
11 L5 35-diBuBn Pr  Ph -78 10 51 58
12 L-6 - - Ph —78to0tort o.v.n 10 24
13 L1 Me 'Pr OFEt -78 10 quant 72
14  L-2 Et Pr OFEt -78 10 83 87
15 L-3 Bn Pr OFEt -78 10 91 91
16 L-4 Me '‘Bu  OFEt -78 10 86 -79°
17 L-5 3,5-diBuBn Pr  OFEt -78 10 50 89
18 L-6 - - OEt —78to0tort o.v.n. 15 62

3lsolated yields. ® HPLC analysis using a chiral column. °A minus sign "-" means reversal of the
enantioselectivity.

R‘l R1 | AN
o} o} 0 ez o}
I \J 7 N \J
N N—/ N N
R2 ch ; L-6 ’:l,
L1 ~L-5 Pr  pyBOX Pr

72, R®=0Et ORZ 10 12 L T, $EOX T =4 > Ofat 247572 (Table 2.2), #HFf
DOFER. WTNOHREZ AW TH BAFRINEE T 16 & 5272753, Cu(BFs).. Cu(SbFe), D6
TIE 50%FLE £ T J o F ARV T U (entries 2 and 4), Cu(PFe)2 & FW723AICIT K
g 72 B IRAME DA T 28 7 S 7= (entry 3), 2 OFERIL, Cu(OT), LIS DG %2 FH W 7B,
VIUNTE )= V=T IVHRO U VAT AR LTI, Ny ST RTK
JEISEAT LTcTew L BER LT, 207, BHL 0 HWTWe Cu(OTH, Z el OFifE & L
7 (entry 1),



Table 2.2. Optimization of the enantioselective Mukaiyama-Michael
reaction Bn Bn

o} o} 0O o

0 OTMS I \J I
P(OE), SEt pd L3 Cip

(1.1 equiv) (1.1 equiv)

SEt 16

10 CH,Cl,, =78 °C, 10 min o

entry Cu(Il)(1.0eq) yield(%)? ee (%)°

1 Cu(OTf), 91 91
2 Cu(BF,), 89 57
3 Cu(PFg), 98 —-9°
4 Cu(SbFe), quant 42

3lsolated yields. ® HPLC analysis using a
chiral column. °A minus sign "-" means
reversal of the enantioselectivity.
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E=E ARBEAYRFE A ILU-Michael K

I, ARG M T2 2B L, ChE CORBSRMEEL S L ICHERLHBF 2T
7257 (Table2.3), £9°V > EO@EHILA OPh DFEE 8 % FV T 30 mol %Dt & RFE
NFfzHWTy I )= —=F NV EnSEize 24, JFEOWHEANR AN T, =
35%., —83%ee £ TN L7z (entry 1), Fe\VC. ISEER 0°C FCTHIEB L= & A, IE
2379 %ee T E LN, Z2OxF U FARIRMEIT-36% ee T TIRT L7Z (entry2), £7=
RATZ7 40 FF T K 9 ZHWEHEEIZEW T HAEEEOHFIE R X ORFENL 7 TIESD
FEREET, TOZF U TFAERELIRT L (entry 3), LL, V¥ EOEHEN Ot 3
DEE 10 %2 ANV BI I B o8 & 2433 ) VRN T2 O848 T BUG A
ﬁﬁbwwn%@%%wfamwﬁmm%ﬁé’&’W%Lh@ﬂ%K%%%%mmM%
FTHWOHLTYH, MSEBICHEZ2ET 00, ZOIREB X OGRIREIIMER S s
(entry 5), 7o, YU/ — T —T V& 2YEHND T LICL Y KISTEM E TICES
% IRg 235054 S 47z (entry 6)

Uy EO@EBILD OFt FEDLH O AMENIN SUSHHEST LTZBHRICOW TR TH S
M, BEHL Y v EOEWRELD OPh <° Ph OB & TSR H> & AR 7 AR ERE LI <
Wb S A 7 L NEI S 22N O TRV EHERI LT,

Table 2.3. Optimization of the catalytic asymmetric Mukaiyama—Michael reaction

R2 R?
\’)kr\) OTMS O 9
1
T 9  cuom, g/‘ s PR
é/P(RUZ (30 mol%) R3 (33 mol%) R3 (1.1 equiv)
CH,Cl, EtS
8 (R°= OPh) 14 R3=0Ph)
9 (R®=Ph) 15 (R3= Ph)
10 (R3 = OEt) 16 (R® = OEt)
entry R' R? R®  temp.(°C) time yield (%)2  ee (%)°
1 OPh Me ™Bu -78to-60 4hto48h 35 -83°
2 OPh Me Bu -78t00 35htolh 79 -36°
3 Ph Me Bu -30 5 days 36 -53°
4 OEt Bn 'Pr -78 5h 79 92
59 OEt Bn Pr -78t0-60 7hto4h 81 92
64 OEt Bn ‘Pr -78 4h 81 93

3|solated yields. ® By HPLC analysis using chiral column. °A minus sign "-"
means reversal of the enantioselectivity. “Cu(OTf), (20 mol %) and ligand (0.22
equiv) were used. Silyl enol ether (2.0 equiv) was used.
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fl A 75 6] 1L -Michael S O BIFSIZARE) L 72 DT, Fe\W N TR O — ek & YLk 3~
VU x ) =N —TIINDF I AT VN ORRET 21772 > 7= (Table 2.4) , 5%, R="Bu
DOEFAETHREEREZ G 2 (entry 2), R =Ph DA TIIHE TORRMEDK TN A SN

(entry 3), 7z, TBSDO Y Uz /) — LT —7 )VOGETIXIFE A ERNITHET L2 Z
Lo Tz (entry 4),

Table 2.4. Catalytic asymmetric Mukaiyama—Michael reaction of various silyl enol ether

Bn Bn
0} 0]
Cu (OTf)2 (o 20 equiv) | \J
N N— O o
. 1l
/j\ (X equiv) Pr L-3 Pr P(OEt),
SR2 22 ;
P(OEt (0 eqUIV) 16a (R2 = Et)
CH,Cl, ) 16b (R? = BBu)
R<S 5
10 o 16c (R? = Ph)
entry R! R2 X temp.(°C) time (h) yield (%)? ee (%)P
1 TMS Et 1.1 -78t0-60 7to 14 81 92
2 TMS Bu 1.1 -78 1 85 93
3 TMS Ph 3.0 -78 7 81 83
4 TBS Et 1.1 -78 50 0.7 78

3lsolated yields. ® For HPLC conditions.

FNT, TNETHEROIE TR ZITo TEX 722, SAEBROEE 171250 T Ak
DIfEt 21772 o7 (Table 2.5), NEBROYLE TIX, LEROLGEDERD L ExD | 155
T DA 18 137 h= )/ — VBRI L DR E L TH LTS 5 Z LY
E# M7 HPLC 12 K 2 =F v F AR W E ilﬁf%oto%@k@\
3,5-dinitrobenzoyl J:& /15 Z & T /) — RV T— k19 & L7282 HPLC TO ee HIE
%ﬁo 7= (Scheme 2.4), & RFRNLFZFRET LToAER. entry 3 12 W T b BUWEERN

G oi, B & REFENL T A2 AR E C NI CHL AR, BT s TR AE R A
H%ﬂk(mwﬂoiof6ﬁ ROIEN1TIZBWTH BURMERZGED Z LTI LT,
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Table 2.5. Optimization of the catalytic asymmetric Mukaiyama—Michael reaction

of six-membered ring substrate
R'R!

rY°
OTMS
R2 R2

(1.1 equiv O O
I
Q Q 44\85 P(OEt),
P(OEt), Cu(OTH), (X equiv) (Y equiv)
CH,Cl,, -78 'C 18
17 Ets” YO
entry X Y R! R?  temp.(°C) time  yield (%) ee (%)°
1 1.0 1.1 Me ipr -78 5 min 79 62
2 10 11 Me By -78 5 min 95 —33°
3 1.0 1.1 Bn ipr -78 5 min 92 89
4 1.0 1.1 35di'BuBn Pr -78 5 min 86 76
5 02 022 Bn iPr -78 5h 89 88

3lsolated yields. "By HPLC analysis using chiral column. °A minus sign "-" means
reversal of the enantioselectivity.

o 0 OH 0
P(OEt), P(OEt),

—_—
e

18 18’

EtS™ O EtS™ O

Scheme 2.4. Transformation of 18 and 18’

O
O,N
7 OH 9 ? o 0
P(OEt), P(OEt), NaH (1.1 equiv) P(OEt),
3,5-dinitrobenzoyl chloride (1.1 equiv)
. THF, RT, 5 min NO,
96%
EtS™ O EtS™ O Ets” Yo
18 18' 19
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13 BTz Michael fHAMARIZELRE A X BRAS SIS RREITIC KX o TE OMERI SRR E O E %
1T 7= (Figure 2.2),

(0]
o O:N
Q 2 )
P(OEt), .
NaH (1.1 equiv)
3,5-dinitrobenzoyl chloride (1.1 equiv)
NO,
EtS THF, 0°C, 10 min
o 98% EtS
16
O
OoN
2 o 9
P(OEt), .
NO,
19
EtS® O

Flack parameter 0.020(9)

Figure 2.2. Absolute configuration of Mukaiyama-Michael products
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BORE T F AR DR B

AREITIL, I TR LA ORERIBLE 2 & . ARBUS DO SEARBRIRPEIZ DV TH
T %, Evans HIET V¥ U7 v k— MK 5 ARF A L-Michael K23 i VOB CHE
T2 L 2WE LTWD2, 15613 X B EITIC L > TTvd Y 7o~ pr— b
EEI(MY EAA XYY RN TR S LD AEEZ B O 20235 2 ST L T
W5 % (Figure 2.3),

Counterions
omitted for clarity

si face

Figure 2.3. Structure of Cu(II )/ BOX (X-ray) reported by Evans
(taken from J. Am. Chem. Soc. 1999, 121, 1994)

Evans DIZ XAuE, (D) OBENEE I, EALFRNEMEEZRS &S, £7222
DANR=NVELEL Tl o pRFE, @) THERR SIS 6 HERIT boat D = 7 A — =
VELEOSOTWAZ ERHERINTWAD, boat D a7 A—a vl b0i%, FEmlEd
AR D O-Cu-O DR TAEN 9 FETHY | 2D Cu-O fEEHPMOFESITH_RENWZ &2
HEELELTEZLNTWS, 2Ok T boat BIDa L T4 A= gk bbZ LT, 8K
REEDVEM L= & 72 D728, SARHIIZZZ2VTUN D convex [H 72> DEET AT R )L X —f)
WCAFNZ 2D, EIRMER BB L T A B0 L Evans HIEatH LT 1D,

UbomzgE 2z, ASCBT 52 FARREORBICOWTERT S, £7,
U v EOBEHILD OBt O FEF 10 2B W T b mW\ o) o F A4 7~ L7z Bo/ Prilod
txﬁ%%/)/mu%%%wt BIZOWNWTELET 5, Figure 2.4 ICAISIZBIT D& 2
25 OO boat WD T F—~v—%n LTz, MKl HANZHTILER2Y > 72 boat A& LT 5
LDONADALTx A= gy, PN -7 boat A L TWHDNR B D7 7
A= arThd, ADALY T F A= a3 Tk, BEALFV YU VRN T OB & FE
DB PRFRA & DVERKIFIZ L > TALRERBETH L EE2DbND, — . BDar 7
G A= a TR VBT AT VN DOKEREZLNDR, VBT AT VO OO
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VLT ERERELS ., EXFTIH U Uy ROBBE L OREEARITHZENTX S,
FTDEH . BDAL T F A= a VDN TZRNLT—IILEETHY ., 2H 5D 7 F A
—va IO EITT A EZBND,

Q | Bn OEt
\ N/ Ve \/\‘:O
N N “,
N B
WwCu P=0Onl
T e
—— \‘w
EtO=~p—0O Ny }—Bn
|

O Bn
A B

Figure 2.4. Proposed stuructures of Cu/ BOX complex

T CHERZ LR, NEBRWAA boat Bl T A—va vkl oTNDHTR, b
B FNEATHEE LD ThD, TP X, 451D convex HIMNNLERIIZZEE, )
NT )= NVT—T NVOEENRGIZIH Z LT, =/ v Bl G ORGP EIE S i, IR
PERFE L TND B2 BD (Figure 2.5),

convex face
OEt

Et0” P:O\///Cu.,/, X = T
NS N
NQ(Bn \
>ﬁ\o Bn \\
B

Figure 2.5. Proposed model for the catalytic asymmetric Michael reaction

BT, WD RFBRNL A OFEEIC & - TILARIRPEDS Wi L 72 RSO W TEET 5,
Table 2.1 C/RL72XE 912 Me/ BuliD B A A K5 UL+ % W56 D&, Do
BN 2 WG A WO AKREEDO = T A~—% 52 DR o7, ZhiE,
B, O E - AFEA ORI TR INSEREEICER T IO EE X LND, i
L7 EDIE, ZoDH R = VI E Tl OE- B A ATV Y B A1 i DY BT AE
DT ENRHMLILTWD, Evans HITE AL XYY UENL O BEHILN . F OSSR
WCEDEIREBEE G2 D00, TNENOERT 7 THIRD X #E S iiTic X -
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THIHNZL TS 2 (Figure 2.6) . EOFER, WTNOBEHILIZIBNTH, EANEIXE
AT RN AEE Z IR D Y, BEHEDORE IICL > TEDRLDAENRE>TND Z
EDRENTWD, PrEOEMRLIZEAT 7 THHATIE, BALL TV D HO 43123 Pr k&
EDONRRFEIZ LV, EAGFY YU L GR(IDESA D FEEAEE S R G~ 7 B
NTW5, —FH, FIZEEWBukOBEBR LIZEALXH Y U VBN KD ERT 7 T84
KT, TONAREENBEZICHN, fERE L CORREEN S 30 EU Lok UhnET
HT EBHLNIINTWD,

B

Me. [y P— Mz (1™ Mo Wi
oj>‘<[, [EX nj)‘(r,u BRES °7><rﬂ BRES
- :
e [5 - L TD - e LTI e
S,N\m’,ﬂ 2 8bFy N\m/N / 2 5bFg N\CL{_N / ']
S ; Y F £ P
MeC g o, CMes MeHC g on, SHMe: Hao O,
O-Ca-M -G dihedrals +30.2% O1-Ca-Mi-C1 dihedrals +6.6° O1-Cu-N1-C1 dihedrale -11.5°
O2-Ca-N2-C2 dihvedrals +35.8° C2-Cu-N2-C2 dihedeal £ =747 O2-Cu-N2-C2 dihedral s 7.2

Figure 2.6. X-ray crystal structure of Cu/ BOX complex
(taken from Acc. Chem. Res. 2000, 33, 325)

I THEIN TV EAFT Y U HRA(DESRITV TS ERAT 7 TR TH 503,
-7 NVF VT2 B-7 FARABRE— FE WA TIITIZ LD RE 2 NI RKROE B EL D &
ExoNbDD, RUNOAENRBICREL LD bD NSNS, T7hbE, Bulkofy
THERAFY VY SEUNLA 2 HWTEGEIT BSOSO NEREIRMEA A3 28 H & LT, ‘Bu
FEOSAREER OB X0 FmUEA S b W AEREE~LE 7 P LIZOTRWNESE
26D, ZEDX%ELLTO Figure 2.7 (279, BukOEBHE LI E AL FH Y UENLFT
X, A BEXOB O X9 VI MENROFEAMEE D EAF T Y VRN AR LD
Z &2 Ko T tetrahedral HLO$EAREE C BL O D IZZLT 5, ZZTD OffETIE, EIZ
AT E DI Bu kLB FKRFER A& ORI TYRBERAET H, 207, C DA ED K
LRETHDHEEZDLND, CIZBWTT /O B Bu ko X - ClficshThy, £
7= concave M7 6 DREFIOHATITE = D I2< W, FHIZE > T/ O Tk 0 KIS
ITL, BIREREBTHHDLEEZHNLD,
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\ >L[/,&M

\\\\C:U/
—0
EtO=~p—0O \
|
OEt

OEt
P:O:’o
Et0” u

B (square-planar)

—_—_—

\C{J/N\<
e A
/ Eto—T:O

OEt
C (tetrahedral)

D (tetrahedral)

Figure 2.7. Proposed models for the catalytic asymmetric Mukaiyama-

Michael reaction

18



HEH  (R)-homosarkomycin DARF A FL

-7 VX VT B bR AR — b & T AR AR A 1 L-Michael SO A Y% 7R
TOIZ, RESE AW T2 AEPIEELEM O ERRA~DISH 2R ATz, ¥ —F v T 51k
G & LT, BuUEE LAY homosarkomycin (275 H L7 ¥ (Figure 2.8),

(0] 0]

COOH 7
COOH
sarkomycin homosarkomycin

Figure 2.8. Structure of sarkomycin and homosarkomycin
homosarkomycin (%, HUEBEIELAEY sarkomycin WOIEZIAKTH U | sarkomycin & [FIFEE D
15 PE% 787, sarkomycin |E, 1953 4 Streptomyces erythrochromogenes & V) Hifff &, ——/L
U v e KRB AMIIZ E T2 < OB AMBBITK L, BUVEEZRT Z E BB T
WD 1950 005 1960 AEARICHNT T, AASKEIZB N T, DYABEITH L THRERITH
B3, BRRMFE T CTE 7=, F72. homosarkomycin (X, ZALE TIZ _HOLEE KL
WESNLTVDIR, WITNLE 7 EIRTOERTHY . RELEROBETRN Y, Zo
728, homosarkomycin DRI R AT EEKITMES LD EF X 5,

KIS K> THE L fafn -7 FAR AR R — K 1612%F L CHWE it % 1T - 7= (Scheme
2.5), HIE LTRIEN VU LEAWVTHRLAT AT RERIESEE A, BEFRIE
TEZX Y RAF L ALEMESED Z LT L2 Y, HWT, T4 AT VIR IR &
AW ESE COMK G IR EAT O 2 & ThIVR VR~ AL L (R)-homosarkomycin ~ &
B Z LI L 9 HoNIAbEMD ALY AT =2, ZRETHRESNA TS
homosarkomycin O 3CHRE & BW—8A 7~ L7z, £ > T, homosarkomycin DRE ARG L% 12
L., a-7 /% U T2 B haR AR R — & HW 7 AL AR A 0] (L -Michael SCi& D RKIRY)
BRA~OHRENRENTZ, L, TabF VBEEOV Y Lx ) —)Lo—T L TliE=x
FUTFARIREDNPREICE E 722 L. RO RARARR— EREO/NIS T VT
ERELNRIS Lo TcZ &b KL% cotylenin A DERUTICHT 5 Z & ITAEET
b Lt L, FT-RERIEEZBRTILEND ST,

Scheme 2.5. Enantioselective total synthesis of (R)-homosarkomycin

O e} 0
.P(OEt), K>CO3 aq (3.0 equiv) .
(HCOH);, (3.0 equiv) AgNO3; (4.0 equiv)
THF, RT, 30 min dioxane/ HL,O =4 : 1
0
"% B5% 4§§(g§igg 0%
16 (R)-homosarkomycin
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BIE MENRELSTHNY 7 a7l a XU ALREE AUz cotylenin A DA AT
B B R E BT

7= 72 A AT &2 UL R I~ T (Scheme 3.1), H7- 2R LIm Wi SRR TIXAEED
DR, OO E TR >TSS,

—OHIZARTZ IV ALV RUECRT I TALN6DH TV T THDH21+6—4),
B B TR AR 7 AR Al L -Michael SUSDAERMI TH DT hARARR—FET AT
REDH YTV U TIEEDO/NERTATE REFIETDHHOD, EEWT AT E REE
FOGIHEIT L2V, D728, cotylenin AD CERTIZ T T AL N6 DL IRERHWT LT E
ReDTIy TV THEELWEHIIL, BRRLIFIET ARV ITALNECRTZ I T A
NEfiEa3®HLI2EEZTZ, TZ T, KOy 7V U TIZIENALIZL > THRESNLTWD
FEAANDLZLICLE D, WABIE, -7 BEFr hETATE RE RV ZFART
FAEF, PV 7=2=LAXEt RY RE2HAWLZLTHy T I RIGHEITT 5 2 L &2
HELTBY, AUFET /) 7— b EREATHZETESWT LT b N E BRSNS TG
LTS 2 2 LB CTH D, 2 OTIRIT SRR THRERL S U7 ophiobolin A DAL ¥
WCBWTHAIH SN TEY  REKRGETHZOFEEZRMT 5 Z L12 L7z (Scheme 3.2),

TOHIFZART I AL N2l ORRFETHDL, ZNETHRMNETTo TE L o-TVF Y
T B MR AR R — N OB E M IL-Michael SUSIZRD D FiEE LT, a7V -B-
ghALKY, LT VT BT T 0T BT NRAT 4 oA X REH
W IR R 5N 7 v a S AbOE (CAIMCP) & SEARTERR ) 70 BRER RO 2 U
HZ izl
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Scheme 3.1. New retrosynthetic analysis of cotylenin A

OMe Utimoto
coupling
H,,
< cotylenin A
HO “-OMe
OTIPS
TIPSO rlng-openlng R4 CAIMCP R’ )
g @\ E— R
R3 N,
O 2
A-ring fragment C-ring fragment

Scheme 3.2. Utimoto coupling in total synthesis of (+)-Ophiobolin A

0]
é/BI'
TBDPSG. 3 PhsSnH (2.0 equiv) TBSO—
TBSO BEt; (2.2 equiv) _ TBDPSO,,
+ benzene, RT, 90%

— (#)-Ophiobolin A

IR TN Y 7 a7 a AL (CAIMCP) 13, fu%?w@979mA%#
L X TN ALY VRN EAFMEEE L THWS Z &I . RS
vruaraAvEMESDL FIETHY /)\E@Z?%YJE#6k§@ﬁ'ﬁ%¥£‘$ﬁi%é\ﬁkﬁ“é
TENTE D, AFECBONTL, PT7 YV EOBICESWVERLEZEA L TBL 2 LN
RO E 72> THY a-TT VPl NALRL R DTV BAr b T 0P TV -p-
FXITUREDE T UL E AR AL, b LI U AED L S IlE D
W REDRSRPZERNE L DA ICITE T T o F RO/ YHETE 5, Zh

YRR Tl a-T T V-7 ALK DL a- T VB4 F= AT L2 -0 T > -B-
#F$X74/ﬁ#va%ﬁkamWP@%%LW%LTwéﬂ\wVT/&ﬁ%/
VIUH LT oY T VB A XV IRAT 4 A F Y RO CAIMCP IZ DWW TRIRFCh - 72,
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0-TT Y BAXF T UNBELND VI v T a RO v Y VIRITFHERER T v F#
AF L ERHNDLZEICED BHIZRETDHZENAEETH Y, Peterson i I K 5 ERER
TR EBITHI ZENTEDH LMD, -V TV -B-A4F Y T D CAIMCP NEIUR, &
T U F IR HEITTIIE., F R TIA AT 4 Ty 7 & LTCOR MR
T&5, 72, -V TV PAFVYRAT 4 A XU ROBHELNL V7 a7 a R,
7 a7 a UL O BB ISt . Horner-Wittig SOSIZ K D =% Y A L 7 ¢ v O Al BE
THDHZEDDL, oV TV P-AFIRAT 4 U AF L RO CAIMCP b [RIFRICHH S T 1
VT v 7T ORI CE D,
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BH o-TUTYP-A XYV T D CAIMCP DB

FP. T TVP-A XYV T UMD CAIMCP & ety << | flix ORGSR EIT-7-

(Scheme 3.3), 7UNVEB LT L=V EEZFD -V 7 V-B-AF Y T K24 & 30 1348
WS ST 2T )L & HIEERE U, Danheiser H 258 L TWA 7 VLD F1E D5 # G
THZET VT YEZRAT N2 BIN29 G LTe, £2, AZVAVEERTDH a-T7
VPBAX T UAR2TIIAZ VAT A a— L EFEE LRILLDOFEPDEHNDZ LI
FoT -7 YT AT N2 G LT, HEWT o-¥ 7 Y T AT /023, 26, 29 ITK LT
U AL Z1T 72, ELO &R LT, DBU & TMSCI #/EH &85 Z & TENENMHY T
B o-PT YV PAFY T K24, 27, 30 EHRREDOIERTEM LT,

Scheme 3.3. Preparation of a-diazo-B-oxo silane

LIHMDS o
CF3C0,CH,CF; DBU, TMSCI 1
N"0Ac X0 I NP OJ\”/Si\
then p-NO,PhSO,N3 N, o
t,0 , 0 °C, 56 %
22 Et;N, H,O 23 2 ° 24 N2

0]

NaHCO;, Br\/U\Br 0
CH,CN, 0°C, 10min DBU, TMSCI | -
YOH o Si—
' Yo
N

then TsNHNHTs, DBU o
THF, 0 °C, 10min 2 2 Et,0,0°C, 63 % 27 N,
25 50%

LIHMDS o o
)\A CF3CO,CH,CF3 )\A DBU, TMSCI P
OAc o N OJ\WSI\
then p-NO,PhSO,N; 99 N2 Et;0,0°C, 32% 30

28 EtsN, H,0

CAIMCP D 24,2730 2 &5 2 & A TE 720 T CAIMCP DSR2 Bth L 7=,
FT. TIUNEERFD a-V T VB-AF YT MK 24 12K 5D CAIMCP Db R4
Table.3.1 (27”73, iDL LT CuOTf 2, AFENL & LTCERFFH Y U Y T
R L1-L5 Z T CAIMCP 217 -7z, £ T 78 IREEWMTH7-DICT F T LR ERAAF
T BN ERWEE A, BO a-v U VT 7 b 31 ZERTHI ENTE R, i
WT, HWAARFRNL 7% L2 & L, SiEoxt T =4 ORETHE LI, O/, PFs
X7 =AU CROHE A HWEBRICR DR WIGER E = F v FARIRETH O > 7
07 RN ARREOND R ahols, BikdmFr FARREDMN EA o> TE A A
XYY CERNF DEHILICONTHRET 21T o7& 24, L4 DARFBRNLAZ AV T BRIC
IV 98%.,94% ee TV 7 0 I /N MR Z G D Z LT L2, 7 U )V E & F5> 24 O CAIMCP
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WEIE, B, FARIRCHEITT 52 E BN 72D T, FEWTAZ UL, BX
DT VL= VEEFFD a-U 7 Y -B-AF Y T K 27, 30 O CAIMCP % H#iat L7- (Table.3.2,
Table.3.3), 7 VUKD KIE & FERIZ, St & AEFBNL T ORGFTE2IT o 7ok R, A& VL
ERO0-VT Y B-AX Y T RO A TIEBER S V= VR E RO - VTV BA X VT
VIRDOGEITBWTIE PR X T = A4 & T8 E L4 D2 ATV U RN A W
BRIk B S U FAEPMETHMO Y 7 e T a k2SS Z LiIck Lz, Uk
DFERING, T =F D@ A F 2 2 FF o8 2 AW BRICEINE, szt T 4%
RN IS EITT DB N DD Z 0Ny noTe, ZHIET =4 MOEWkt A 4 > & F
OFE A WD EARFENL - L, KEMOMASERENE D 2 LT, = F A ER
HEBIOWRERm ELZEEZOND,

Table 3.1. CAIMCP of a-diazo-f-oxo silane 24

\ R' R
o | Copper(I) salt (10mol%)  Q &~ o o
\/\O)H(Si\ ligand L (15 mol%) )\:( > m
o | S/N NN>
N2 toluene, 60 °C z
24 31 H
ligand (L)
entry Copper(I) salt ligand time (h)  yield®(%) ee’(%) L-1 R'= Me, R%= H
L2 R'= Me, R%=Pr
1 Cu(CH3CN)4PFg L-1 15 64 - L-3R'=Et, R%='Pr
2 CuCl, NaBARF L-2 4.0 97 66 L-4 R'=Bn, R?>='Pr
3 [CuOTf], PhMe © L2 40 71 51 L-5 R'=Me, R*='Bu
4 Cu(CH3CN),BF, L-2 4.0 74 70
5 Cu(CH,CN),PFq L2 40 98 70 F3C
6 Cu(CHsCN),PF L-3 15 89 73 B@ Ra
7 Cu(CH3CN)4PFg L-4 72 98 94
8 Cu(CH3CN)4PFg L-5 15 78 58 FsC .
2 |solated yield. ° Ee was determined by GC column y-DEX. ¢ 5 mol% . NaBARF
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Table 3.2. CAIMCP of a-diazo-B-oxo silane 27

e} | Copper(I) salt (10 mol%) o \S'/
)H(Si/ ligand L (15 mol%) I~
YO N o [«
N, toluene, 60 °C \
27 32
entry Copper(I) salt ligand time (h) yield? (%) eeb(%)
1 Cu(CH3CN)4PFg L-1 7 48 -
2 CuCl, NaBARF L-2 24 75 77
3 [CuOTf], PhMe © L-2 7 54 78
4 Cu(CH3CN)4BF 4 L-2 7 83 79
5 Cu(CH3CN)4PFg L-2 7 97 75
6 Cu(CH3CN)4BF4 L-3 7 85 76
7 Cu(CH3CN)4BF4 L-4 7 55 71
8 Cu(CH3CN)4BF4 L-5 7 68 44

a |solated yield. © Ee was determined by GC column y-DEX. ¢ 5 mol%.

Table 3.3. CAIMCP of a-diazo-p-oxo silane 30

Copper(I) salt (10 mol%) Si—

Q|
/kﬂ - ligand L (15 mol%) 4
A O)H(Sl\ (0] \\\<<
30 N

toluene, 60 °C

33 H
entry  Copper(I) salt ligand  time (h) yield® (%) ee’(%)

1 Cu(CHsCN),PFs L 48 69 -

2 CuCl, NaBARF L-2 14 72 66
3 [CuOTf,PhMe®  L-2 40 81 63
4 Cu(CH3CN)4BF4 L-2 4.0 94 82
5  Cu(CHsCN)PFs  L-2 40 94 82
6  Cu(CHCN),PFs  L-3 12 91 64
7 Cu(CHsCN)PFs?  L-4 32 80 96
8  Cu(CHsCN),PFs  L-5 12 56 78

a |solated yield. © Ee was determined by GC column y-DEX. ¢5 mol%. ¢ 80 °C.

WIZ, BFoiiey 7 a7 a s AROEKISLERE OWRE T T2, £NENLD a-> U v
T MATTV I NEERET D Z LI X0 STIRBER LG 29~ L3FE L7z BT, ZOhE
HFEDOFF 5% il d 5 2 LIS & 0 HERINRBLE OREEFT T2, WTND a-> U LT 7 b
&t TBAF 1T XK o THMNZ UV Y NVEDRREIZRII LT, G607 U ARD Hligt
FEEREL, TOMf &2 CIEE R LIZE 2 A, TRENDO Y7 07 a s ARDOHEE T
HRELEIZLLF O L 51278 > T D Z &3 h-72 (Scheme 3.4)
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Scheme 3.4. Desilylation and specific rotations

o) o)
H SiMe H
('1'\8")63 TBAF iR o 3 TBAF /(iR
o |« — > d |«
THF rt, 30 min. \ THF, rt, 30 min. \
419 0
% 2q" 34% 35
4% ee [o)p® +5.71 (c 0.38, CHCl3) 79% ee [a]p™ +17.8 (c 0.28, EtOH)
(1I,|¥)|63 TBAF am)
THF, rt, 30 min.
46%
96% ee [olp 2 +52 2 (¢ 0.67, CHCI3)

PLEDFERMNS a-V T V-p-AF VT RO CAIMCP D= > F A 3R MO F BRI
OWTEE L, £, S X5 CAIMCP (X, $ih A OFR &V H 2 ROFERN

BERTHE)REBREZLLZENHMONTEY, ZORA LT 4 UEALOD T /LR~
DBEEN Re T L OV Si [ OM D6 OHEENE 2 HiLD, MIGRITEBREIZS N TE T
SHENAMEEERBT A2 LR E L. TNENOK % Figure 3.1 (2R Lz, 9. Re mh
DERE LTSS, T AT VDO ANKR=NIEE EAA XY U BT iPr & OSTARKR
(repulsion A) BAET 5D, —FH, SiHNOEELTEHEIZOWTELZTLH L, HWEHEO MY XA
FN YN E AT T VY VRO iPr 5 & ORIDOFE (repulsion B) WAL 57217
TR, RURAFAVIY L ERAXH Y UEUNL T Bn Bk & OFE (repulsion C) b
BEZOND, DRI Sil@O OERIINVAKFEEIZIVALETH DL EF DD, KT
Re WA & OB MBS 2 LHERITE 2,
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Re-face attack

o/? \S_i/— Favored Y \S|/—
S¥, T T (%
& \j (O>=o o © /é/)\
> i ¢ repulsion A
- 1 Si-face = @ : carbon center
g iy

Re-face Si -face attack

f repulsion C repulsion B

o \ /
\EN N Si . \ /
\\\\\ 12\ Disfavored Y — i
\ _’//0
— S
J b g
N o )\
(@)
=

Figure 3.1. Proposed model for CAIMCP of 24

RIZ, Re HHBENHEL Z DERDOBBIREEZ BL L THNE, AL 7 1 COFERHTIEICE > T
SARECE N2 LT D (Figure 3.2), Re /O DA L7 4 OFETHFIEIZLLT O model A & L
<IXmodel B DY NEZXLNLHN HFHNTT 7 v a/r Okt SEARRLE D> © . model
A DEBIREEZRBATILEEZONS, ZOHBE LT, model BD X 5 72ERIRETIIA
V7 g e Y ATF AT UV E BER D AWK AR EBBIREE TH 5 & HEH
LTWa,

QA siMes
/ (19)

H
Favored

Q  siMe,
S(IR)
oi}

H
Disfavored

* repulsion between SiMe; and olefin.

Figure 3.2. Proposed model for CAIMCP of 24
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UbDXrc, a-P T VP-AF V¥ T KD CAIMCP DN EI RO E =) o F 4RI
WCHEIT T Z R R LR ALY OIS ERERER DO LS S 2B &3 5 & cotylenin A
DARFEEBRIITHE L TNV EHIKT L 0- 7T V-B-FF VY RAT ¢ A4 F ¥ KD CAIMCP
DIFET 21T 9 Z &I LT,
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BEH a-TTVP-AFXFYHRRT 4 FF T RO CAIMCP DOBRF

-V TV BAF Y RAT 4 A F T RO CAIMCP ORF AT 5 7obiz, FEEOARAET
- 7= (Scheme 3.5),

Scheme 3.5. Preparation of «-diazo--oxo phosphine oxide

(COCl),

O O CH,Cl, 0°C, 30 min Q ﬁF?)Ph K,COs, TsN3
PPh N 2
HO 2 R R)\/\O CHsCN, RT, 1d

then R'
% occn R)ﬁ/\OH 38:R=H,R =H

3 39:R=H,R =Me
R o 0 40 : R = Me, R =H
R)ﬁ/\OJ\H/PPhZ '
R N, 41:R=H,R'=H
42 :R=H, R =Me
43 :R = Me, R =H

BEAUL A 37 L 0 R mTRE 2Bk & 7T U LT v a—)L, AZULT)La— L=
NTNA—= VT NENIEEEDLZ LR =27 /1 38-40 Z Gk L7, il T, KoCOs
EWHLEL, TSN; ERUGSHEDLZET, ooV TV P-AFVRAT 4 A F L K 41-43 OF
A LT,

HREDOBRUZR LI=DOT, a-PT Y pAF Y RAT 4 A F 2 RO CAIMCP OB
BiToTl, £, TUNZ AT KA ZHVTHA OB L O 2434 U Ul
DOWFEAT 72 (Table 3.4), 1ZUDIC, TEIEKEARTHIHIC, THFILALEALF
P U UEANLS L1 & CuOTE ZHW TS Z T o7 & ZARINGETIEH 228, HIID
R aNARERGD T ENTEI, KNT, BEAET I Y EALT L2-L5 (220 TS
HATSTcE TA, LADERF XYY Y VR A2 T & E DI 34%, 37% ee T2 1
TN ARELGD T LTI LTs, Ld ZRGEOAFENL & LC, BIHE O T = A
DNRIZOWTHREFEZIT o T2, TORR, T =4 UMD E VY Cu(CH;CN)4PFs & W 7245
AT H RO 72%3 KT > FATEIRNE 74% ee THID V7 0 7 a UK & G
HIEWTET,

BNTAZ I NEBI ORI V=V EEZGTD -V T Y BAFYRAT 4 U FFT RO
CAIMCP Ot % 1T 57, 45 DI ST b R BT OB L StE O %7 =4
NCONWTHEZ ORFTE T o 7o R, AX UANEERTLHHEE 421280 TH L4 DR
X4 U VBT & Cu(CHsCN)GPFe & VI e b B & 5 X 723, 2 DIUR & =
T T A RPEI TR 48%, 37% ee (I E 7= (Table3.5), —H T, L= EH7T5
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- TV P-AXIIHRAT 4 A XL K 43 D CAIMCP TlE, fhoIE & [FERIC L4 DB A A
X9 U VB & Cu(CH3CN)PFs & VBRI D BV R Z 5 %, 83%. 91%ee TH
WO r7araNr 285352 EICpE L7 (Table 3.6),

Table 3.4. CAIMCP of o-diazo-B-oxo phosphine oxide 41

0O O Copper(1) salt (20 mol%)
Il i o
\/\O)prphz ligand L (30 mol%)

N, toluene (0.01M)
41 R! R
. . . b O\‘)kro
entry Copper(I) salt  ligand  temp (°C) time (h) yield® (%) ee” (%) g/| |\)
N N
1 [CuOTfl;PhMe® L1 60 4.0 21 - R2 EZ
3 [CuOTfl,PhMe®  L-3 60 4.0 53 11 1 ,
4 [CuOTfl,PhMe®  L-4 60 4.0 34 37 t; Ri m: gy
5 [CuOTfl,PhMe®  L-5 90 4.0 27 17 L-3R'= Et, " R2= ipr
6 Cu(CHsCN),BF, L-4 80 1.0 75 52 L-4 R'=Bn, R%='Pr
L-5R'=Me, R*=B
7 Cu(CHsCN),PFs  L-4 60 6.0 72 74 e, u

@ |solated yield. © Ee was determined by HPLC IA-3. ° 10 mol%.

Table 3.5. CAIMCP of o-
diazo-B-oxo phosphine

ide 42 O O Copper(l) salt (20 mol%)
e )J\m'lg,phz ligand L (30 mol%) PPh,
(0] -
Y N, toluene (0.01M)
42

entry  Copper(l)salt  ligand temp (°C) time (h) vyield® (%) ee® (%)

1 [CuOTfl,PhMe®  L-1 60 2.0 90 -
2 [CuOTfl,PhMe®  L-2 60 2.0 92 25
3 [CuOTflyPhMe®  L-3 60 5.0 11 13
4 [CuOTfl,PhMe®  L-4 60 48 29 33
5 [CuOTfl;PhMe®  L-5 100 2.0 33 3
6  Cu(CHCN),BF, L-4 80 4.0 30 21
7 Cu(CHiCN),PFg  L-4 80 4.0 48 37

3 |solated yield. ® Ee was
determined by HPLC IA-3. ¢
10 mol%.
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Table 3.6. CAIMCP of a-diazo-p-oxo phosphine oxide 43

(0] (I.I) Copper(I) salt (20 mol%) Q I?’Ph

/JQV/\O/uwrppm ligand L (30 mol%) QSEZQ 2

43 N, toluene (0.01M) Y 46

entry  Copper(I) salt ligand temp (°C) time (h) yield® (%) ee® (%)

1 [CuOTfl, PhMe® L-1 60 2.5 64 -
2 [CuOTf], PhMe® L-2 60 25 84 56
3 [CuOTfl, PhMe® L-3 60 2.5 90 75
4 [CuOTfl, PhMe® L-4 60 2.5 75 89
5 [CuOTf], PhMe® L-5 60 25 51 23
6  Cu(CH3;CN),BF, L-4 80 1.0 86 85
7 Cu(CH3CN)4PFg L-4 80 1.0 83 91

3 |solated yield. ® Ee was determined by HPLC IA-3. ¢ 10 mol%.

-TT Y PAXY Tl - TT YV BAFVHRAT 4 A F T RO CAIMCP OFERNG
EALFR Y VY UOEBRIE R EEWIEET T U FARIRMER W LT AR H - 72720,
TINEEETD -V T B-AFYRAT 4 A FT N 41 2T B D RFRANLF D
BRI A RE L7- (Table3.7), Hix O EAAFH VU UEN T2 AN TS EIT- 7=
L2 A, L14 AW 90%, 85% ee & mlE DD E T T AR HINIZ >
s T aNNREGD T IR LT, o, NUVANEREFFOE A AT YV R
L4 L7 anF o VKA O A AT Y RN L6 AR LT 2 A, FDTF
FABIRMEICIZE A EERRONR D -T2 2 LD, ARIEOBBREBICBOTE AL S
Y RN DR DN T 2 VR AT 4 AU REDMIZ -t AX xS
DX IR EAT TN T EAURIBR ST,
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Table 3.7. Further optimization of ligands

O O  Cu(CH;CN),PFg (20 mol%)

|
I : 0 PPh
PPh ligand L (30 mol%) 2
\/\O)J\H/ 2
N, toluene (0.01 M)
M ‘
R'= (E O E\ iE
( 2
L-4 L-6 L-7 L-8 L-9 L-10 L-11
temp (°C) 60 60t080 60 to 80 60 60 60 60
time (h) 6 72t024 20to 11 5 4 4 4
yield (%) 72 15 48 6 18 22 32
ee® (%) 74 76 56 37 80 79 80
t-Bu Ph
t-Bu t-Bu
o) R
(D
L-12 L-13 L-14 L-15 L-16 N N~

temp (°C) 100 60 60 60 60 /o
time (h) 12 7 4 4 24 ligand (L)
yield (%) 43 37 90 11 24
ee? (%) 58 50 85 76 32

@ Ee was determined by HPLC IA-3.

FEWNT, AR CAIMCP IZ L » THLNTALEY OMEXIBLE DR TEEZIT-7-, 44 3 L1046
IZ. hexane & CHyCl, & VN TS AL 21T - COBFERNTHIFMC U7o %, HRE S X fh ik
FRMT 24T 5 2 & THEEdE 2 E L7z (Figure 3.3)

(@] Flack parameter = 0.01 (6)

Flack parameter = 0.02 (3)
R factor = 0.1060

R factor = 0.0495
WR factor = 0.2383 _
44 46 WR factor = 0.0949
99% ee 99% ee
monoclinic orthorhombic

Figure 3.3. The crystral structure of 44 and 46.
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BONTARER S AR CAIMCP D) > FARIREDO RIS L ZE LT, a-T T/ -p-
Fx YT UDRREFRRIC, T LD TR O OHEE FIEIZOWT, ENENDOSHE
BRI D EHIEM ORI E 2D (Figure 3.4), £, Re @ HHAT L2 BAITITT A
TNDT N AL E EAA T VY CEL T D iPr H & DO (repulsion A) NAET B,
FC, SiHP BT LA TIEIY 7=V ARA T 4 v F XV REERFTIH YU RN
F@ iPr kL O (repulsionB) &, VT 2= VRAT 4 AU REEAFFTH YU
BN DR DV FEE ORFE (repulsion C) WNAEUL D720, Si@n» o OERIIAFTHY |
BOSIE Re N HHETTT 5 LB HD,

Re-face attack

. repulsion A
Si-face
@ : carbon center

repulsion B / \@
Disfavored
Be P
(@]

repulsion A << repulsion B

e-face | Q
Re-f: &i\

* repulsion between i/Pr and P(O)Ph,.
* repulsion between Bn and P(O)Ph,.

Figure 3.4. Proposed model for CAIMCP of 41

F72. Re NS DRISITBNT S, AL 7 4 OESEHFIIC X 0 SERELE RS2 T 5
(Figure 3.5), Wm&4y@izkﬁ&§%%ztﬁ 1 X HUL A~ DEET A model A
& model B D il Y 23 % B4 5, model B %M L CRIGDETT 2856, 747 VAL
EVT VR AT 4 AR Y RENBSBEE LA D T2, SRRCERET, =X —)
ICARFIZBIREE TH D EHEJICE D, D728, model A Z#8H L TSP HEITT 5728
ARR L7-faxil@E 2 A4 5 7 nra v ike 525327, -, 7)»%%%?6
FEEMN LV EEORERT V= VEEEFFOIVE 43 O CAIMCP O 53 @En = o F A8 4R
PWCRISHNEITTHZ b, 2O o FARREORBEEIZ Y THD L EZXT
W5,
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0
(1)
O

(@)
Favored

44

Q
H{ > .PPh,
0 (@)
Disfavored

epi-44

* repulsion between P(O)Ph, and olefin.

Figure 3.5. Two way of Re-face attack in case of allyl and prenyl

—J T, AZVUNFEOER 7= 42 O CAIMCP |3 K 37% ee ICE £ -7-, ZHix bk
FLO model A DEBIRREA KB LIZGE A X VIO ATFNILEL VT 2= VKA T 4
FHXYRPEEETHZ b, WTHOBBREIZCEW T KEREL Do)
FABIRMED BT LIS WO TRV N EEZ Z TS (Figure 3.6)

Figure 3.6. Two way of Re-face attack in the case of 42.

PUEDEHT, a-T TV B-AFYHRAT 4 VA XY ROEIRNOETT T AR
72 CAIMCP OBRFEICHRII U722, 7 v 7 a0 O BIER#% . Horner-Wittig & 23 12
INE T T VTR RELDEUG L7222, A CAIMCP % cotylenin A DA F 24 I i# 7
L2 EETERVERHEIL, RIZa-VT V-7 B AR D CAIMCP Z#iatd 5 Z Lic L
77
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BA4E o-TVT V-7 FANVKOMBERARFSFAY 7 ala XtV ARTY F
J A N O

B HIRER

WBHFFEETIIZNE TIZ -7 VB4 b R ORI RS 7N 7 1 Fas Al
it (CAIMCP) 2fagtEn x99 ZORFMESISIZIZLLTO X 5 2R SN H 5,

) BoNDERMT, ANVK=VEE Fhy /a7 uaXvERT5Z bk
BB AT N TED L,
2) AR OmWREEPEZFIH LT BRI X DRI R = T
Y —ERGIIBEHZENTEDLZ L,
3) A= EE T N LRI K E RARR 72 2R AET | @ J o F AR
PECRUGHEITT D Z NI c& 5 2 &,

PLED X5 RS, YAFER T o-Y 7 V' -B-7 b ALk D CAIMCP 2MEt S,
IR, @ FARRICISSE TS5 2 e A S Tnsd, £72, CAIMCP #
ey & L CTHW T, (-)-methyl jasomate K°(-)-erinacine E 72 &', 2 < OAEMIEHER IR DR
FEARICHKE) L&z P,

Scheme 4.1. Total synthesis of natural products via CAIMCP

Et Et

O\’)Kro
C
N N /

Pr (15 mol%) “ipr S COyMe
N2 CuOTf (10 mol%) ' =
/\/\H)J\SOZNP toluene, 50 °C SONp >
o 93%, 83% ee 0 0
>99% ee by recrystallization (-)-methyl jasomate

ZDT=®, cotyleninA D ABRT 77 AL hOFKIZBWNTYH, a-V 7T V-p-77 h ALK
Z MWWz CAIMCP MEHTE 2D TIE RV E B R T,
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E® @-TATUEETBHEED CAIMCP & ZDBBRIGOKE

cotylenin A D ABE T 7 7 A 2 b 21 OARIZIANT IR D X 5 723 B AT %2 1T - 72 (Scheme
42), bbb, AFNVEOEBR L7 a7 v/ 48 %, CAIMCP [ l\5Z & T, o-
T VB RARNVEY 47T LOERR L, $iK VT HEROBANEMND BERMKNZE > T 49 &
BHEVIFHETHD ART T 7 AL F211349 2 BREILEHT 5 2 L THMRAEETH D,

Scheme 4.2. Synthetic plan of A-ring fragment

Me (0] 0 i N
WKH/SOQPh CAIMCP szh ring-opening f SO2Ph
N, « Me " Me - A
47 48 NC 49

DIEDTT bE 47 DAFRICHE T L7z (Scheme 4.3), BEAVLAM T LT & K 502 7
O, 7z )V AFNRANVKR BN L, A U7 V32— 51 12%F L, Dess—Martin B2l % 1T
I LT MRVKRUMR 52 4%, V7 b EIT72 D 2L o T@ERD YT VLAY 47
DE IR LT,

Scheme 4.3. Preparation of 50

— MeSO,Ph (1.05 equiv) — DMP (1.2 equiv)
Me/_\—\; n-BuLi (2.1 equiv) Me NaHCO3 (10 equiv)
O THF,0°C, 1h, OH CH,Cl,, RT, 2 h
12%
50 51 SOyPh (2 steps)
- TsN3 (1.05 equiv) Me )
Mé KoCOs (1.5 equiv) ‘\/\)J\H/SOZPh
© CHsCN, RT,1.5h N,
52
SO,Ph 95% 47

FEE 47 OERRITHTI L7=D T, $iV T CAIMCP Ot % Blah L7z, Miahb % Table 4.1
R LTz, £9, O NY 77— T XTI N ERLFTH Y U RN L1 2
T, 7BIKOEREIT>72 (entry 1), HEWT, L2 OERF XYY Y UELF %2 AT
G ZEATIR o728 2 A, 95%. 72% ee TRTEDILEW 48 2155 Z LN TETZ (entry2), &
BT, O 2 W< SR L72RE R, L-2 & NaBARF 777E T, — Ml bz v
TRETHIGEIT) Z I L > TERINEN OB T U FARIRICY 7 v 7 a SR8
BT DI EE R L (entry 5), F7z, XA XH VU UENT L-3 ZHW =55 T
X, BPREOKIERIK TR A 57 (entry 6),

36



Table 4.1. Optimization of the CAIMCP of 47

(0]
Me Q N SO,Ph
e SO,Ph conditions
toluene "
N, Me
H
47 48
entry Cu (10 mol%) BOX (15 mol%) temp. (°C) time (h) vyield (%)  ee (%)°
1 [CuOTf], - toluene® L-1 RT to 50 1t02 78 -
2 [CuOTf], - toluene® L-2 RT 4 95 72
3 CUBF4(CH;CN), L-2 RTto50 12t012 86 74
4 CuPFg(CH3CN)4 L-2 RTto50 12to 12 82 76
5 CuCl + NaBARF L-2 RT 5 100 88 - 89
6 CuCl + NaBARF L-3 RT 4 68 27

a |solated yield. © Ee was determined by chiral HPLC. ¢ 5 mol%.

Me Me Bn_ Bn Me_Me
0 o 0 0 &fxro
T O S
N N / N N / N N /
H L1 H Pf L2 pr Pr L3 Pr

HEonl-v 7 a7 asR K48 13 DMSO H, NaCN Z#{ERH 85 Z & C, FREEDIET
H—4m & U CRERIE 49 25 % 7~ (Scheme 4.4),

Scheme 4.4. Ring opening of 48

0 ]
SO,Ph _ SO,Ph
NaCN (3.0 equiv)
oy H
€ DMSO, 100 °C, 3.5 h " Me
H 0
60% NC 49

48 single isomer

LorL, ARy EOEHEZ IV mE<T52 LT 7 a7 a U Amebusicsir %
Wi F U FARFEOR ERRIAD D LE X AVKRY FOBEBRLE 7 2 = LMD
AVFNFEANEBET LI LT, AVTFILEDOAST-FE S5 & 7 = = /L O & [FlRE
AR THZ EMNTET- (Scheme 4.5),
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Scheme 4.5. Preparation of 55

i DMP (1.1 equiv)
MeSO,Mes (1.4 equiv) ]
= nBuli 2.8 equiv)  M© OH NaHCOj3 (10.0 equiv)
Me I\/\/K/S()zMeS
CHO  THF, 0°C, 30 min CH,Cly, RT, 1h
50 53
Me o TsN3 (1.05 equiv) Me 0
WJ\/SOZMES K2G0, (1.5 equiv) Msones
CH4CN, RT, 2 h
54 13% (3 steps) 55 N

A FNILEFFOIE 55 DA RN TE 72O T, B CAIMCP DffF} %17 - 7= (Table 4.2)
FT. TRIAREAFFH VY VR FEHWCTEIREAM LT (entry 1), £72.
7 = = VRO & Z A ROGTERE E CICRINRE % 50 °C IV T 2 BN > T2y, 7
= = VROBRZ i b SN TSRS CTRIGEAIT D Z & I2 K - T, 94% ee F TEIRMEA 1)
EEELZ LTI LT (entry3), £7o, AFMEEOELZ “fFHITHEOL, FR TP D
BOSZEIT-CTh, BERMEER BT ICEOK TR &7z (entry 4),

Table 4.2. Optimization of the CAIMCP of 565

)
Me (0]
. SO,Mes conditions SO;Mes
N, toluene ""Me
H
55 56
entry Cu ligand temp. time yield (%)? ee (%)°
1 [Cu(OTf)],-toluene® L-1(15mol%) 50°Cto70°C 2hto4h 38 -
2 [Cu(OTf)), - toluene® L-2 (15 mol%) 50 °C 4h 24 90
3 CuCl + NaBARF L-2 (15 mol%) 50 °C 5h 87 94
4 CuCl + NaBARF¢Y L-2 (30 mol%) RT 2d 56° 93
a |solated yield. © Ee was determined by chiral HPLC. ¢ 5 mol %. 920 mol %. € SM recovery : 38%
Me Me Bn Bn
T T
/ N /
H L1} Pr L2 pr

"BoNTETv 7 u 7 a/N K56 1%, FfEdaliTo72%. B S X A ST ic &
ST, ORI SIARELE DR EZIT > 7= (Figure 4.1),
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R1:0.0351 ot
wR2 : 0.0992 o
Flack Parameter : 0.02(7) ol
02 @]
O @ ;18
? SO,Mes o0
""Me
H
56

Figure 4.1. Determination of the absolute configration by X-ray crystallographic analysis

Z OMEXISARERE LV . K7 a7 m U AGROG DO SERBRPIEFEEL D A 7 = X L1220
TEELTHDLE, UTOXIRAD=ALBTREINDG, T, FL 740 O IV
RUSOWEEL Re 0 KOV Si O M I D OBEINE 2 B, S AITEBIREICB W
TEIIXEEEZRATLZ L2 E 2, TNENDOR % Figure 42 (2R LTz, REBNL
FDOZODOR VNI BEWDOSNARKIEIC L > TRISFEMAIZIED LTS LB 2 b
BN, Si HHBOBRIZIL, REENFORUNIEEEB WA T INIELE DNIRKFE L
AHEENL D Pri& b A TFNIELE DB TONERIENELD (A, TRbL, Sifnbo
WL, = RNVX =R LZEREBIREL BT 5720, FFleREBIC/R 5 EHERI S
Do DT, KBUGTIE, =/ F—IIHHIREBIRE LD Z L DTE D Re W
PERAINTEZ2 B2 0615 (B), Re MBENE Z HZBROEBRELELZ L THIII,
AV T 4 VEALD I R L O DAL ONWT oD E 2 ) HEBIRENTFET D
(B, C). B OBBIRRE TITRIGA L 7 ¢V EBAL O EHAIL DS AR A EUL A D Pr Jk & OSTARTE
WAL D, —H. CTIEPr ke ORI ZEET 2 K2 I2A V7 0 adMllz <, 2D
BEREETHIE, THREENENE SN0, EFICHRREBREZIRD Z LN TE
Do LTeoT, COXDRBEIREBARB T2 Z LT, Al LM LA E 2 H 3 54
gL EEZLND,
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Si-face Si-face attack Re-face attack

Bn N, i-Pr S
‘Cu -

Bn N j-Pr —

v P

ANRUEMEIFESSHLEEEES
BOXDAUD JLE(F IR R FEIZ J:U Q

CCRERRAICAVTS :

A B
unfavored favored
MesSO, % EBnE & D R
MesSO, & EPrEsmn K

Re-face attack

0 Mes, 0
/B\ Oz Q SO,

N\ i-Pr 3 Bn N\ i-Pr :\\\ SOzMeS
‘CU < ~CU_ :” Me —_—
N /Pr/_\7 Bn N i-Pr / 1 ""Me

/,/

\\\‘

e

RimA l/74./§M.LG)Me§ EPrEED R H

B (o3
unfavored most favored

Figure 4.2. Proposed models for the CAIMCP

VT, cotylenin A D ABRT T 7 AL NOMERED T, V7 a7 a R AR 46 OBHIBR UG
%4177 (Scheme4.5), 7 7’ /XK 56 1% NaCN TOBABR N RZ L » CTHE—OERY
& LTRBRIK 57 25 272, BHERBUS D NLARIEIRME A TR 272, BRERIK 57 & REERIZH
FEER ATV, RS X RS AR S AT IS K > T ORI ARECE & MERS L7= (Figure 4.3),
ZOFER, BRBRNI T 7 v 7 a AL OO DG LIRS SN2 TS 2N
ITLTWD Z EAphroiz (Figure 4.4),

Scheme 4.5. Ring-opening of 56

0 0
SO.Mes  NaCN (3.0 equiv) SO Mes
“"Me DMSO, 100 °C, 2.5 h H
H 63% v Me
56 single isomer NC 57
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O
SO,Mes
H =
wMe
NC 57

)

(‘_&
52
C7, \
Ly s {
k: S
\1{) RE
(N0
C19”g
o \geo

YN 4E & REN S
CN-HS\28(Z R

Figure 4.4. Proposed model for the ring-opening
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B (E)-TAYVEETBEED CAIMCP L 2 OBBRRIEORE

BNTEMED T LB 60 DA AEIT> 7= (Scheme 4.6), £, A X U /LT /La—)L
% L L C, Johnson—Claisen 5. 21772 9 Z LT L > TEWKDOZ AT /L 58 & & 5% L
Too FEWT, AT IVATT VALK DEANE | i T LI > TUT LEY 50 %
AR LT,

Scheme 4.6. Preparation of 60

AcOH (0.05 equiv) n-BulLi (2.2 equiv)

OH MeC(OEt); (20 equiv) /\/\)J\ MeSO,Mes (1.1 equiv)
\)\Me neat, 140 °C, 5 h THF, 0 °C, 15 min

81% 83%
TsN3 (1.0 iv) (0]
i 1C0s (15 equ SO,Mes
/\/\/U\/S%Mes K2CO; (1.5 equiv) M( 2
CH3CN, RT, 3 h N,
> 71% (recryst) 60

(E)-isomer only

EYRDOTT LA 60 21525 Z LI L7=D T, ¥ 7 a7 a U AbOEt 21178 > 7=
(Table 4.3), £, ZNFETEREERICT X TN ALYV U VRN F52HNTTER
KaGR LTz (entry 1), F7o. (DETOMGHI K> TH Lo iiifb S - USSR TR
IS EAT oI & 2 A IRTERICERFMZ L7y, BAFRERE215325 2 LI23h Lic (entry
2), £72.80°C £ T L 725 ClI=F o F ABIRMEDNME T I 2455 & 72 > 7= (entry 3),
BT, ARSI 1 77 DA =BT S B 2RRERE 5 2, IR 99%, AFIE 91%
THEO Y 7 a7 a8 61 2155 Z LI L2 (entry 4),
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Table 4.3. Optimization of the CAIMCP
CuCl (10 mol%)

BONTE 27 B 7 ms AR 61 O IARELE 2 R ET < FHflin %
THORMETHEHRAEROAL DG HAv, BkES X S5 S E AT 128 U 7 BAF 72 Ak &
Bz liFTE RN, TORED, VI u T uRXUROBBREIT/R 2%, BFOEGE
a7 Z iz Lz, Y7 e 7 usRfk el 12k LT, DMSO H NaCN % H\\ TG & 4T
92 & TH—AERYE U THERI 62 2 =R T2 (Scheme 4.7), Z OBRERIK 62 & iffih
PERE L, ~F Yo/ BT VR THAREZITR D 2 & CHFER G, BfE X
RESEMEATIZ & > CTHERE SLAREL & & P U 7= (Figure 4.5), AT OFEHE. 62 (X P40 D DILIK

0 NaBARF (10 mol%) O o
i 0, olvies
Me/\/\)J\H/SOZMes BOX ligand (15 mol%)
N, toluene Me
H
60 61
entry ligand temp.(°C) time (h)  vyield (%)2 ee (%)?
1¢ L-1 50 to 80 1610 3 84 -
2¢ L-2 50 89 85 91
3¢ L-2 80 6 87 88
4d L-2 50 48 99 91

@ |solated yield. ® Ee was determined by chiral HPLC. ¢ 30 mg scale. 91 g scale.

Me Me Bn Bn

TS e

| | | |

S/N N\:> §/N N\2

H L1 H Pr L2 pr

BlfEZ A L. cotylenin A ONAKELE & —F LT\ 5 Z &R T 72,

Scheme 4.7. Ring opening of 61

. (0]
SO,M
SO,Mes  NaCN (3.0 equiv) e
>~ H
Me DMSO, 100°C, 1 h Me
H 98% NC
61 single isomer 62

43
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SO,Mes

Me
NC

62

R1=0.0380
wR2 = 0.0949
Flack Parameter : -0.02(8)

Figure 4.5. Determination of the absolute configration of 62 by X-ray crystallographic analysis

cotylenin A D ABR 7 T 7 A b DR O T D A OOERITHE) LD T VT A
BT 77 AN 21 ~NERREEHEZIT -7~ (Scheme 4.8), £, 62 |Z%f L C DIBAL-H &
NaBHsZ W5 Z &2 X0 = R U VA — ok ilZ 7 b o & Zlokig i~ L&t LTz,
RUNT, 63 D—fk /KD 7% TIPS FETHRF#E L, MeOH 17 MU U A7 ~ L L AEAEH &
DL LK VBANK ACEIToTo, £ UTZT V> 65 137 & b L AKOIREVEBE
NBS S HHZ LICEh, 7rElk R 66 IZEM LT, ZORIGTHIT HALE SR
PEIZ, 31 b4 1 RBRETH 7o), FTATRVWMIETOY rEl FY UKIX Zn ZHN D

L THETNVT ARNEBERT L ERARETH T, HINO 7 rEE KU KT T A
~—F UL EITO Z & T, cotylenin A D ABRT T 7 AL F 2l ~EFFETHZ LTI L
7

Scheme 4.8. Synthesis of A-ring fragment

o
SO,Mes 1) DIBAL-H SO,Mes  TIPSCI SO,Mes
2) NaBH4 |m|dazole
H
Me 87% (for 2 steps) DMF, RT
NC 99%
OH o
Na/ Hg NBS Br DMP Br
Na,HPO, H H,0 H NaHCO, y
0 Me
MeOH, RT Me acetone, 0 °C CH,Cly, 0°C Me
75% 8% 98%
OTIPS regioselectivity OTIPS OTIPS
65 4:1 66 21
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5% CAIMCP % /= cotyleninA D CEBE 757 AL FDOERR

B TP FRILE LD CAIMCP % AV T7-EHR

cotylenin A D AT 77 AL FOBRICHKH LIZDOT, CER7Z T 7 A K 6 DAKIZHE

FLic, CR7V I 7 AL MOFOERIFMEAFT LI, A BT 77 A M ERBKRIC
CAIMCP # % Z L THEZLCX % L& 2 7= (Scheme 5.1), CER7 7 7 A FDOIUKIRFE
WA LT AT RIEIZANLT 4 K 67 1I2%F9 5 Pummerer BIC LD BRTEHHD &
EZ AT 4 RIKGTIIT R ALK 68 DANK=LIEDOGRELE Ra XL X F 1,
BLOHE A OFREEEHICL > TERAEETH D, £, ZF FALKL 681X 0T VB
7 R AR Y 71 D CAIMCP E#i< 70 DBIBRSGIZE > TR TE LD & LT,

Scheme 5.1. Retrosynthetic analysis of C-ring fragment

Pummerer T|pgo Cc-C bopd
rearrangement formation
[ [
PhS PhS
C-ring fragment (6) 67 68
Q ring-opening 0 CAIMCP 0 o
MesO,S :: esl i M olvles
/\\\‘ Me N2
PhS Me
69 70 7

LD CEBRTZ T T AN 6 DERAFT—L%ZLITIZR LT (Scheme 5.2), ®E 71 @
CAIMCP & T, BNLRBIRIZ SOG23ETT L, cotylenin A D4R FTAFEAF o0 % 4
KT DHIENTE, BoNicrruara U RK103 0 ) v LARVBUyFAT— N EDK
JRIZ kD v a FaR s OBRBRIK 69 ~ZEHA L7220, T3 kY~ U T A& AV THLA
R ALETW, ALY~ VAT ) T— R aR~ U VKR CREET S & U VR
v hT 68 DI LN TE, ST /L a—/LiK 68 1T 2,6-lutidine ZHikk L LT
TIPSOTf Z/FHESE2Z &ICk» T, KEELZ I LZ—FT L& LTHR#E LT, FW\T
i-PrtMgCl D7 b2 72 ~OfMNZERFH L7223, B-t RYU REILAEIKS & L TR Z D &7z
b, IhERSZ E&EHME LT LaCly « 2LIC1 Z23MAIE L THWE 2D, Z 055 i-Pr 3
ZEAN LT 73 IR 98% Cylz, 4 UTc =kt % SOCL & pyridine Z VN THK SO
EATol2 8 2 A, HOWUERT V7 AXERET, ZERT AV 14 R 4E LTz, AL
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STV TR X D ZEAE G O RMAL 5 T D 2 ORERREE 2 VT U E
BT NV o ~ORMATIR Z S0 T2, 2O, CEEAETEOMBEICEE LSS
5 ~<< | TBAF Z 72 TIPS JDFrE & | #it < Dess-Matin iAHIZ L 5 —fRKEREE DFR{L %
Tolee 7T E RIKTSIZX LT, A% /7 —/LH KOH ZEH SH 25 LM ZHEEA
NPTE DO EIZ R LA T L7 e RKRT76 21525 2 L IZRE) L7, 66 13718 NaBHy
IZL DL & TIPS EOR#EEITH 2L T Y AT —T )L 67 2137, 67 X mCPBA IZX -~
TANT 4 R ANARFT 18It L, #i< Pummerer (1 Z1T9 Z L TCEBRY T 7 A
Y hoDEMREZER LT, LNL.CERTZ T 7 A6 DAEHRIZEBIT A& TRILTENETDH
STt OO, HEFEND 16 TREZEL TWDHD, KRAZF— /1L TORBNBKREETH Y |
K VBERNIRCBRT T 7 A FORBRBREOMNI N MNETH T2,
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Scheme 5.2. Synthesis of C-ring fragment

(S, S)-BOX (Bn/Pr) (15 mol%) 0 PhSH
Q CuOTf (10 mol%) MesO,S 'BUOK
SO,Mes - >
Me N, toluene, 50°C ‘BUOH, 35°C
90%, 98% ee 94%
71 (recryst >99% ee) 70
0 Sml, TIPSOTY Ti,so  ©
MesO,S HCHO (aq 2,6-lutidine
e THF RT \\\ CHZC|2, 0°C R
PhS 65% PhS 95% PhS
69 72
I
PMgCl TIPSO HO socl, TIPSO
LaCI3 -2LiCl pyridine
THF 0 oC \\\ CHZSLZO,/O o(: oy
98% ’ PhS
74
DMP
TBAF NaHCO, OHC KOH
THF, RT /‘“\ CH290|°2/ RT e MeOH, RT
7
quant PhS o PhS 97%
75
TIPSOTf TIPSO
OHC NaBH4 2,6-lutidine
/M T EOHRT CHCly, 0°C
PhS 97% Ph 99% PhS
76 67
TFAA
TIPSO Et;N TIPSO
mCPBA CH,Cl,
H
CH,Clp, —40°C o then H,0, THF, RT e
76% Ph% quant 0
78 6
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B -V T VP P AT LD CAIMCP VW= CBR 7 I 7 AL FDOBRR

ZIT, KOBRNRCEBTY I T AL M6 DEMTFIEL LT, -V T VB b AT IV
RO CAIMCP Z &t L7z, a-¥ 7 V' -B-7r hZ AT RE WD Z LR TEIUR, HRKS
& THEADORMALEAT O BENEL 5720, KIER TREEOBIEAHIRGTE 5, T2
PH, VT VBT P AT RN ERARER Y 7 n T a N AR X B o TF AT
FUBBRL, £LC=/ =V ) 7T —Muef< hy 7 7 AT L ORITCIC
EV. -V T VBT B AR WG OERLV— b EOSEP R B Z LR
AJRE & 72 % (Scheme 5.3),

Scheme. 5.3. Short steps synthesis of C-ring fragment

o}
o CAIMCP RO,C
QQT/«\V/H\H/COZR -
Me N2 Me
TIPSO
— E—
—_— /\‘\\ —_—
PhS
8 steps
RO,C
—_—

3 steps

—J T, -V T VP-4 b= AT AR E VT2 CAIMCP (3 A T )LEE O SEARH BB 0 /)
REMND, TONMERENRFEHLIZS W EWIEEAN D T2, AFNVTATIVEAT
% 0T P R AT IARTIE, TOTF U F AR 37% ee THY . EEmWOATF
NEEBET AT ATV THZEDOTF U F ABINMEIT R K 69% ee T o 7= (Scheme
54), ZOEW, VT VP4 KT AT RO BT I F AR CAIMCP [ 3HRER AR
MEE R D,
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Scheme 5.4. CAIMCP of « -diazo- j3 -ketoester

Me Me

(0] (0]

N N—/

'BU (15 mol%) 'Bu o)
(0] RO,C
0,
\/\)H(COﬁ CuOTf (10 mol%) &
N toluene, 50 °C
2 H
R = Me 82%, 37% ee

R = Mesityl 87%, 69% ee

L22L, &K CAIMCP Ox=F U FAIBIFMEDIBIA = AL EBELZ L THLE, TAT
AL A Z DNIED -2 TV -B-%r F = AT JUKRD CAIMCP (LD Z i & g L T
FARIRMERWIRFTE D (Figure 5.1), 7205, A CAIMCP @ Re [fin>»H Ol T /L~
SNDT N DR E# 272 L & model B D4 TIXARABNL 7O EHIE LIS F L >
N L ONLRBEENELC D720, TONKEEZBIT DL 572274 A—2 3 »(model
A)EREH U TR HETITT 5, £ D725 model BIZ/ART L HICAX VNED a-P T V' -p-r
N AT IR TIZZDNARFEEN LW KE < 725729, model A IZ/RTERIKAEDS model B’
FORELRY, BT TFAERRET LD L THETE D,

Re-face attack

model A

model B'
model B trisubstituent alkene
unfavored substrate
unfavored

Figure 5.1. Proposed models for the CAIMCP
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£ = RATIVEBRLOEHIER L OSSR 2 & BIHETT << CAIMCP OIEE A K

%4T-7- (Scheme 5.5), £7. mm\ T A7 /L& LT 24,6-trimethylphenol DEH#i L 72— &

TNERHFO-TPT VB hZ AT IAKRTY ZLITDO L D IZAK LT,

Scheme 5.5. Preparation of 79
OH

'DCC, DMAP_
EtOH CH,Cl,
83%

91%

\Q\/ p-ABSA, Et3N \Q\/

77%

B LT -7 VB b= AT UK 79 O CAIMCP ORiatZBitA L, £ —ffi> CuOTf
&L Fl A2 DAFRNLF DEHIZDRINZ OV THRETE1T 72 (Table 5.1), TOEAFFH VY
VRN OERIL R & RAIZENEFN ABRT T 7 A h® CAIMCP & [F4£(Z Bn #& & i-Pr
EEF oAtk bEONT T U F AR THNO Y 7 o T a N ka5, Foiizy
rua 7 a AR N UL DA T b E R XU A LB T o 72112 HPLC 1245
T U FAMFIEROWE 24TV, £ ORI NARBLEIL S 7 v 7 /X 83 O X G b S g
Frick V6N LT,
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Table 5.1. Optimazation of CAIMCP

R' R’
OW)S/O
) L)
N  N—/
R2 R? o
0 (15 mol%) MesO,C
MCOZM% CuOTf (10 mol%)
Me N, toluene, 24 h, 60 °C Me
79 83
entry R! R2 yield (%) ee (%)
1 Me iPr 91 62
2 Et iPr quant 72
3 Me tBu 97 68
4 Bn iPr 95 80

HIZ, AHWDEHE O3 A A4 O RIZHOWT b et 2 mElz b8, BFy 2kt 4 & L TE
D— Al O A N BRI EBEADD 93% ee L BWFER T 7 a7 a8k 83 215
7= (Table 5.2).

Table 5.2. Effect of counter anion in CAIMCP

Bn_ Bn
07)%0
/ \\>
N N—/
0o (15 mol%) o
WJ\H/C%MeS copper catalyst (10 mol%) MesO,C
Me N2 toluene, 24 h, 60 °C Mei />
79 83
entry copper catalyst yield (%) ee (%)
! CuOTf 95 50
2 Cu(CH3CN)4BF4 08 93
3 Cu(CH3CN)4PFg 54 82

Elo, -V T BT AT RO AT AL DO EHIEIZ O T O R EIT o2 b D
D, WRB LT U FHRIEONTNUICHIENE U, ERRofE R %2 L6l 2 R 35
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BT, FHNTv 7 v 7 a N AR hexane & ethyl acetate 7> D FRftdn 21TV, JEF
HITHERE 7R o 7 v T a AR B 1372, VT, 7 m 7 XK 83 & W T cotylenin A D
CERRTZ T T A6 DAEIT>T-, £F. PhSNa ([Z LD 7 u 7m0 ORREZITV, £
D% coming’ I KIEZHWT= /) — NV ) 7T — MbEITo7o, HIZ=/ —L hU 77— MK
WX LT, By TV IR EIT) 28 TiPr MOBAEZIT-12 2, £/, ZhboD =T
FITEGANCREEZ M TV ZEICEV YRy hTORRLARETHD Z L2 AL
7zo LT, =ATEMI% DIBAL-H TiEi 25 Z &2k v, FH—Roawk+HHETH
HT7VNTIa—)L 77 ~EEM LT, kX0, HIEFERNS 10 Ay b, BIE 28%T
cotylenin A DCERT7 77 AL N6 HHHT 52 LITHI LT,

Scheme 5.6. Short step synthesis of C-ring fragment

j PhSH, NaH ;

o (S,S)-BOX (Bn/'Pr) (15 mol%) o Comins' reagent

WJ\H/CO . Cu(MeCN)4BF4 (10 mol%) MesO,C i-PrMgCl, (2-Th)Cu(CN)Li
PAUSS]
Me N toluene, 60°C THF
2 98%, 93% ee Me 74% (one-pot)
79 (recryst >99% ee) 83
HO
TIPSO
MesO,C DIBAL-H
/““ CHZOCIZ /““ H7‘\\‘
PhS 86% PhS o/
84 77 6
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BOE T7I7TAL P DIy TY T ENBRRBOEE
B TS ALVINDOH TS

cotylenin A DAERITHE/R ABRBEIORCERZ 77 A 21, 6 DERKIZHKTI LT=D T,
21,6 D v 7V TR ENRLRHE LIZ SR T T2, ZOFEE, ZHT
AULHRvrT ) 7= "BREEHOT AT E RE QRO OMRIIIIIET D2, IR
DR S N7z, FEBE 21 & 6 ONAD v 7V U T IRISIZE Y @D OH—O BMEARE L
TT5 %435 Z LA LTz, 85 1% Burgess il3EIC L D 86 ~LEHL9 25 Z & CAREfIT b
R~ & 35 L 7=(Scheme 6.1),

Scheme 6.1. Utimoto coupling and dehydration

OTIPS RO  OR
TIPSO BEt; (1.2 equiv)
H Ph3SnH (1.2 equiv) H,
Br n“ benzene, RT, 30 min
H OH
o 0

Burgess
reagent

benzene, 50 °C
74% (2 steps)
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BE CHRABREOEALEYFa—AL by P Y AL D BEOBES

TN T 86 220 88 ~DEHAIRGT LIz, ZMoKERIL O N TREE A D72, 86 DFfE
BDOTRF MRS, AT 2TV ORIE, =/ T — MEHOKBEIEEDT AL Efkx 72
N— F TOERZRE L2, WIS ITEOERMIIE SN0 > 7 (Scheme 6.2),
Scheme 6.2. Various attempts to construct 1,2-diol moiety

RO OR

dihydroxylation

WOEHL— k& LT 86 D4 b ALK LT Wittig SUS£1FV, A Uie 7 b4 ATk
LTV FrF bzl d 2 & T A BEMO 12-UF— AV EAHEL LD & BT
(Scheme 6.2 TE), 86 IZXf LT, AF /N NI 7 x=)LIRAKF=U AT REHILE LT
t-BuOK & U T Wittig SRS 24T 272 & 25 BT IO A F L Ak 87 ~ L 25Hk
L7 (Scheme 6.3), £ U7TF Y AF L UAKSTICxI LT O0sOs V2B ¥l
DIfEEtE1T 572 (Table. 6.1), £T 7 & b2 LKDIRBEEBEEH T Ko0s04 + 2H0 % VT
JSEIT TN BROERMEHD 2 LIETE P, RISOME(L % H#F LT pyridine Z M L
THRBROFER ThH o7, T2 THAT SV R ¥ ut#Al% Ki0s04 + 2H0 225 0sO4
WCEZT-EZAHMOYE Fax bk 88 3 53% TR Lz, TGS %Z +-BuOH
<2 THF I 2 CRIGHR 21T o7& 25, THF L AKDIREGHEEH CRIGEAT - 2 BICiR
98%, VT AT LAV—HFHS: | THMOD 12-VA— /K88 %135 Z LITHII LT,
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Scheme 6.3. Wittig reaction of 86

PPh3CH,Br
t-BuOK

THF, RT
99%

87

Table 6.1. Dihydroxylation by OsQ,4

OsO,4 reagent (0.2 equiv)
NMO (2.0 equiv)

Table
87

entry reagent additive solvent temp. (°C) time (h) result

1  Ky0s04-2H,0 none acetone/ H,O = 10/ 1 RT 12 0%

2  Ky0s04 - 2H,O pyridine acetone/ H,O =10/ 1 RT 12 0%

3 0sOy4 none  acetone/ H,O =10/ 1 0 2 53%

4 0sO4 none t-BuOH/ H,O =10/ 1 RT 16 27%

5 OsOy none THF/ H,O =10/ 1 0 4 98% (dr=28:1)

1,2-V A —)U{K 88 DAERUTHII LT72D T, WIZ T b DKREEEEZ K] L ThRi#d 5 SOi
FMEOFIA21T > 72, cotylenin A D A BEBALIT—#kD A F V= —TF )b & ZoKBE I % FfFo
-0, ZOBEET—HRAKBEIIATF LT —FTILIZHONUOER L T &, =HKiEiX
BORETRRR P AF A U NVETHR#ET L2 LI LTz, £ —RKBEOSL %
BINPZ A F AL T 250425 LTz (Table 6.2), € DfEFR. VA FIREECA TV R
7T — b AF AL LT L72SA iR, BROILEITE SR> 120, KOG
PEDE Meerwein #3E & & B WL TH 5 2,6-di-tert-butyl-4-methyl-pyridine & H 7= & =
A, BHDE ) AF VK 89 & 64%, ¥ A F /LK 90 & 35% TIRofER L RoT, £ZT
FB)ATFIMMEOBRMELZ LD L8570, KONREZ OCETIR TS /LA, £
AF VAR89 % 82% TH:H Z LTI LT,
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Table 6.2. Selective methylation of 1,2-diol

conditions
+
table
89 90
entry  reagent (1.5 eq) base (2.0 eq) solvent  temp. (°C) result
1 Me,SO,4 KoCO3 acetone RT to 50 decomposition
2 MeOTf 2,6-di-t-Bu-4-Me-pyridine  CH,Cl, RT decomposition
3 Me;OBF,  2,6-di-t-Bu-4-Me-pyridine  CH,Cl, RT 89 :64% 90 : 35%
4 MezOBF,  2,6-di-t-Bu-4-Me-pyridine  CHyCl, 0 89 :82% 90:18%

T AFMEDROSEREE R TE 2O T, fiWT B BIBEOAREI T T2, AF—
2% Scheme 6.4 (2773, %97, THF H1C TBAF % H\, IEHERALO TIPS L CIR#E Sz —
KB FL O ITV, ERAIC b Y A — K 91 24572, R\ T, pyridine 2Rt E L
T TMSCl Z W5 Z & T, =DOKBEART RN AF AV Y NVETRE LT, Z DR,
TMS kAl & LT, TMSOTf 22 & =k 7T U L7 b2 — 178 TMSOTE D VA AR K
DBEEL C LV, HIIOAERDIIE DN ehoTz, VT, 92 ITHLTAZ /) — LT
REEH Y U LEEHESE, —ROKBEDOLRZBAHEST D Z & CEMKBREDOSLE MY A
FN D NVETRET D ENTE -, AU >O—H/KEEHEIT Dess-Martin B2 21T 9
ZETUTNTE RKRG~EEBRL, B FHNETFT =Ly 7 T OREEOEITHY)
L7z, 7Tk R941ZxF LT, TiCls & Zn, pyridine Z W72 5F2 X 0 )\ BIRFEROHE
FITRED LT,
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Scheme 6.4. Dihydroxylation and Construction of B-ring

TMSCI
TBAF pyridine
THF, RT RT
quant. 99%

TICl,
DMP Zn
K>,CO3 NaHCO3; pyridine
MeOH, 0°C CH,Cl,, RT CH,Cly, RT
99% 70% 271"2/0

------- > cotylenin A

vha—nhy 7Y oI L DNEBROBEIIHE LD T, VA —/VENORBILIG
BLOETISOBE %217 o7 (Scheme 6.5), 95 IZ%f LT, MnO, Z{kAl & LTHWS
LT TIATNa—LOHZERINCERIE L, 96 21572, 96 D _iRk/KEEIEDLIR(L T
EHERT DT LT TE Moz, 96 IZxf L TA Y /—/LH | NaBHy Z W TH h iz
TLEATSTEEZ A, DA E LT 97 B E LI, 97 IXTHBEA L& & A7 hL
F—=H ORI E T2 Z A, 97 O 'THNMR A7 MVITHMEE BW—FZ R L7-2 &
MH, 9T BLO96 DIEEZRETHIENTEREY, £/-, ZoZ tixvra—nby 7
U 712 X 5T cotylenin A DFf-D 5-8-5 D —FRFH PR TETNDL I EHRLTWND,

Scheme 6.5. Oxidation of 95 and reduction of 96

Mn02 H, NaBH4
> .,
CH,Cl,, RT, 2 h
38%

MeOH, 0°C, 5 min
90%
TMSO OMe TMSO
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BI1E RS

BR2EaTNNFVTY BT FERARR—IBIP a-TAXI TV B-TF hRATZ 4 A F
¥ R OFEARERYARZE A IL-Michael s D BA%E

-TNXIVT Y BT FRARE—IFBEIY a7 VX VT BT NRAT 4 o FF TR
XL Cv > ) —x—5 )L Db |lI-Michael KD 21T > 2R a- 7TV F U T o
B-7 RAR AR R — & W T A AR 75 [h] [L-Michael SOUGH ZAOE Y 77— b AFE
M & LB/ Prikd@E L= ALV U UENLFEAVD Z L iIC Lo TEILE, &
T T ARINNCET T A2 2 R LT,

Bn Bn
0 0 OTMS
0 o Cu(oT), N N~/ SEt 2
i P(OEt), (20mol%) P’ (22 mol%) “Pr (1.1 equiv) P(OEt),
(3 ~78 °C ~ —60 °C, CH,Cl, 0
=1, 81%, 93% ee EtS
=2, 89%, 88% ee 0

£7o. JBohctafn B AR ASRF—FLY HWE sz FT ~ TET (R)
-homosarkomycin DREFL ATV, AMRLER) A F [\ [L-Michael BUGA RIRMERUZ BN TH
MRS TH D Z & Zmd 2 & RHkZ,

O o o
P(OEt), K2COsaq (3.0 equiv) |
(HCOH), (3.0 equiv.) AgNO; (4.0 equiv)
THF, RT, 30 min dioxane/ H,O =4 : 1
65°C,6h
EtS ;
0 EIS 0 43% (2 steps) HO o

(R)-homosarkomycin

BIE MENRETLFHRYZ Xk (CAIMCP) % f\V 7z cotylenin A DA FK
LSivi

YTV B-FF Y T D CAIMCP M EIEREN O ET T o FABRICET T 52 L %
A U7, Ee B oicy 7 v 7 a S U ARORE SRR E 2 R E L £ DOFE R D5 CAIMCP
DT T FABRYEDFE BRI OV TER LT,
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O | CU(CHiCN)PF (10 mol%) Q \Si/
./ ligand (15 mol%) \»:( >
~ P O /:(

toluene, 60 °C, 72 h
98%, 95% ee H

Bn Bn
N
ligand /\
Flo, VTV PBAFYRAT 4 A F T RO CAIMCP b [AIERIC il 7e B A A F 4> Y
BN SR A VD Z B IR IR, s T AR S EIT T 5 2 L &
RHL, oy s a7/ ARD X BREEREEMNTIC K 0 2 Offe SLARELE 2 1 & 2

\Z L7, HONTMS SR EN S -V T Y P-AF Y RAT 4 A F L RO CAIMCP O
T FABREO R BUEEIZ DN TEREIT o T,

O O CUu(CHiCN)PFs(20mol%) © QO

I i o
\/\OHPPW ligand (30 mol %) o PPh,
toluene, 60 °C, 4 h e

N2

90%, 85% ee H
R'R?
00
N N\_)
z R'= 4-tert-butylbenzyl
ligand /\ wyibenzy

BAE o-TUTV-B-7 b ANK Y DFRBEHIART TR 7 e /U Ab2RAVWE AR
T AV P OREE

cotylenin A D RF B A FEIZ BN T a- T V-7 b AR MR % FVE & U 7oAl A~
TN 7 n7as ARG (CAIMCP) &2 DBRBRSUG 2 V2 Z LI k- Tkt T 2
AFFLERERE L, cotylenin A D ABRILD T T 7 X MERIZREI LT,
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Bn Bn

3/(15 mol%)

o “ir 0
OH 3 steps /\/\)H(SOZM% CuCl + NaBARF (10 mol%) SOzMes
\)\Me - ' N toluene, 50 °C, 48 h Me
E-isomer 2 99%, 91% ee H
0 0
NaCN (3.0 equiv) SO,Mes 5 steps Br
DMSO, 100 °C, 1 h H — H
92% Me Me
NC
OTIPS

% 52 CAIMCP %\ /- cotyleninA D CIEBT7 57 AL FDOERR

- T VP-4 b AL KD CAIMCP % 5 Z L2 LV cotylenin A DFF-O 4R FE MUk
REFLEHEREL, Fix OFEEEHREZIT) ZLICED CBRT7 I 7 A FOARRRITEII L
oo HIZ -V T VP-4 N AT VRO CAIMCP 2 V% Z L2 X0, 20O TR KiIgIZ
HI 2 & & ICERE L=,

N, O 0
MesOoS 2/ CAIMCP  MesO,S. 9 steps

EE—
_ = W
3

AN ‘1, —_— O
o TIPS
- o=
o o) PhS .
N C-rin
RO,C_ /2 2 pots g
2 CAIMCP R°2C> \ P fragment

98%, 93% ee

BOoE 77T A b0 Ay T VT ENBRRBOEE

CAIMCP Z 8 L TAK LT= cotyleninA D ABRT Z 7/ AL M ECEBT7 T 7 AL M
NAGIZE S THE SN TWALFEEZHWDLZ LI VM y T v TFIE5HT L
WZR%h L7=,
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OTIPS RO OR
TIPSO BEt; (1.2 equiv)
Ph3SnH (1.2 equiv) |,
H'l/ y
Br * H7/u“ benzene, RT, 30 min
0]
0]

H OH

Burgess
reagent

benzene, 50 °C
74% (2 steps)

fe< UEB LA A I 7 M X DMRRIRT B Fa X v b a S0 TRO AL 4

E He

11952 THTFRAETFa— Ly PV TOREELERLET VT B RMEOERIZES L,
TiCly & Zn, pyridine Z HW 2RI L0 N BRBEROMEEICHI LT, £, CEkBEAE

EMTFHEE L, AT T —F Z T % Z 12 K 5 T cotylenin A DFFD 5-8-5 D = Eg =
HHABETETND Z L iR L.

PO OP

0s0,, NMO

THF/ H,0, 0 °C
98%

TICl,4
Zn
pyridine

cotylenin A
CH,Cl,, RT

71%
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FE8E ERHE

General Information

'"H and *C NMR spectra were recorded on a JEOL AL-400 spectrometer or a JEOL
ECZ500R or a JEOL ECX500 spectrometer. Chemical shifts are reported in ppm with the residual
solvent resonance as internal standard (CDCl; 'H, 6 = 7.26 ppm, °C, § = 77.16 ppm). The following
abbreviations were used to explain the multiplicities: s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet; sep, septet; br, broad. IR spectra were recorded on a JASCO FT/IR-8300. Melting points
(mp) are uncorrected, recorded on a Yanaco micro melting point apparatus. Optical rotations were
measured using a 2 mL cell with a 1 dm path length on a JASCO DIP-1000. Mass spectra analyses
were provided at the Materials Characterization Central Laboratory, Waseda University. Chiral
HPLC analysis was performed on a JASCO PU-980 and UV-970 detector. X-ray crystallographic
analysis was performed with a Rigaku R-AXIS RAPID-II. All reactions were carried out under an
argon atmosphere with dry, freshly distilled solvents under anhydrous conditions, unless otherwise
noted. All reactions were monitored by thin-layer chromatography carried out on 0.25 mm E. Merck
silica gel plates (60F-254) using UV light as visualizing agent, and phosphomolybdic acid, basic
potassium permanganate, p-anisaldehyde, or ninhydrin and heat as developing agents. Kanto
Chemical Silica Gel 60N (spherical, neutral, 63-210 um or 40-50 um particle size) was used for
flash chromatography. Preparative thin-layer chromatography (PTLC) separations were carried out
on self-made 0.3 mm E. Merck silica gel plates (60F-254). TLC Rfs of purified compounds were

included.

Materials

THEF, 1,4-dioxane and Et,O were distilled from sodium/benzophenone ketyl, and CH,Cl,,
benzene, and hexane from calcium hydride. DMF and DMSO were distilled from calcium hydride
under reduced pressure. Toluene and EtOH were distilled from sodium. MeOH was distilled from
magnesium and I,. All reagents were purchased from Aldrich, TCI, Merck, or Kanto Chemical Co.

Ltd.

62



BoE oTAXYTY ph FRARE— ML a7 AX Y FY pbr hRR T 4 VoA
¥ ¥ N OFRARLEAI AR 1A IL-Michael i D BE%

diphenyl (5-oxocyclopent-1-en-1-yl)phosphonate (8)

0 ©
P(OPh),
8

To a stirred solution of 6-bromo-1,4-dioxa-spiro[4.4]non-6-ene” (1.05 g, 5.10 mmol) in
Et,0 (50 mL), #n-BuLi (1.62 M in hexane, 3.48 mL, 5.61 mmol) was added at —40 °C. The mixture
was stirred at —40 °C for 30 min, and then diphenyl chlorophosphate (1.05 mL, 5.61 mmol) was
added dropwise at —78 °C. The mixture was stirred at —78 °C for 30 min, and then quenched with
saturated aqueous NH4Cl solution (50 mL). The aqueous layer was extracted with Et,O (50 mLx3),
and the combined organic layer was washed with brine (50 mLx1), dried over Na,SO4, and
concentrated under reduced pressure. The residue was used for the next reaction without further
purification.

To a stirred solution of the prepared ketal in ethyl acetate (30 mL) and H>O (15 mL),
SM-HCI (5 mL) was added at 0 °C and stirred for 5 h at room temperature. The aqueous layer was
extracted with ethyl acetate (50 mLx3), and the combined organic layer was washed with brine (50
mLx1), dried over Na;SO4, and concentrated under reduced pressure. The residue was purified by
silica gel chromatography (hexane/ethyl acetate = 2/1) and recrystallized from hexane/ethyl acetate
to afford product 8 (0.66 g, 41 %) as white crystal: Ry= 0.60 (ethyl acetate only); '"HNMR (400 MHz,
CDCls) 6 8.67-8.51 (m, 1H), 7.89-7.68 (m, 4H), 7.58-7.34 (m, 6H), 2.93-2.74 (m, 2H), 2.63-2.47 (m,
2H); *CNMR (100 MHz, CDCls) 6 204.0 (d, J = 10.5 Hz), 179.5 (d, J = 12.5 Hz), 150.0 (d, J = 7.7
Hz), 136.6, 134.6, 129.8, 125.5, 120.9 (d, J = 4.8 Hz), 77.1, 35.5(d, J = 11.5 Hz), 29.3 (d, ] = 19.2
Hz); IR (ATR) vmax 1267, 1244, 1175, 1159, 919, 761, 691, 606, 591; mp 87.7-89.2 °C; HRMS
(ESI) [M+Na]" calcd for C17H;sNaO4P 337.0606, found 337.0601.
diphenyl(1,4-dioxaspiro[4.4]non-6-en-6-yl)phosphine oxide (13)

d bo
é/P(Ph)Z
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To a stirred solution of 6-bromo-1,4-dioxa-spiro[4.4]non-6-ene® (3.08 mg, 15.0 mmol) in
Et,0 (150 mL), n-BuLi (1.65 M in hexane, 10 mL, 16.5 mmol) was added at —40 °C. The mixture
was stirred at —40 °C for 20 min, and then diphenyl chlorophosphine (3.03 mL, 16.5 mmol) was
added dropwise at —78 °C. The mixture was stirred at —78 °C for 45 min, and then quenched with
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saturated aqueous NH4Cl solution (150 mL). The aqueous layer was extracted with Et,O (150
mLx3), and the combined organic layer was washed with brine (150 mLx1), dried over Na>SOj, and
concentrated under reduced pressure. The residue was used for the next reaction without further
purification.

To a stirred solution of the prepared ketal in acetone (100 mL), H>O> (30%, 1.7 mL, 15.0
mmol) was added at 0 °C. The reaction mixture was stirred at room temperature for 12 h, quenched
with a mixture of saturated aqueous NaHCOs3 solution (100 mL) and saturated aqueous Na»S,03
solution (100 ml). The aqueous layer was extracted with CH,Cl, (100 mLx3), and the combined
organic layer was washed with brine (100 mLx1), dried over Na,SO4, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (ethyl acetate only) and
recrystallized from hexane/ethyl acetate to afford product 13 (3.08 g, 63%) as white crystal: Ry =
0.10 (ethyl acetate only); 'HNMR (400 MHz, CDCls) § 7.80-7.71 (m, 4H), 7.54-7.38 (m, 6H),
6.56-6.46 (m, 1H), 3.79-3.54 (m, 4H), 2.60-2.43 (m, 2H), 2.19 (t, ] = 6.4 Hz, 2H); *CNMR (100
MHz, CDCl3) 6 154.4 (d, J = 11.5 Hz), 139.0 (d, J = 101.1 Hz), 133.0, 132.0 (d, J = 10.5 Hz), 131.7
(d, J =29 Hz), 128.2 (d, J = 12.5 Hz), 120.8, 65.1, 37.6 (d, J = 6.7 Hz), 30.2 (d, J = 16.3 Hz); IR
(ATR) vmax 1194, 1116, 1046, 751, 725, 704, 693, 574, 539; mp 130.2-132.6 °C; HRMS (ESI)
[M+Na]" caled for C19H19NaO3P 349.0970, found 349.0964.
2-(diphenylphosphoryl)cyclopent-2-en-1-one (9)

O o

é/ll:"(Ph)z

9

To a stirred solution of 1b’ (1.0 g, 3.06 mmol) in ethyl acetate (60 mL) and H>O (30 mL),
SM-HCI (0.61 mL) was added at 0 °C. The reaction mixture was stirred at room temperature for 1.5
h, and then quenched with saturated aqueous NaHCOs3 solution (50 mL) and H,O (50 ml). The
aqueous layer was extracted with ethyl acetate (50 mLx3), and the combined organic layer was
washed with brine (5 mLx1), dried over Na;SOa, and concentrated under reduced pressure. The
residue was purified by recrystallization from hexane/ethyl acetate to afford product 8 (605 mg,
70%) as white crystal: R/= 0.090 (ethyl acetate only); 'HNMR (400 MHz, CDCls) 6 8.68-8.50 (m,
1H), 8.02-7.63 (m, 4H), 7.56-7.33 (m, 6H), 2.91-2.76 (m, 2H), 2.61-2.48 (m, 2H); *CNMR (100
MHz, CDCl3) 6 206.1 (d, J=10.5 Hz), 178.6 (d, ] = 7.7 Hz), 141.8 (d, ] = 96.8 Hz), 132.3 (d,J=2.9
Hz), 132.0, 131.6, 130.9, 128.6 (d, J = 13.4 Hz), 36.3 (d, J = 7.7 Hz), 29.4 (d, J = 13.4 Hz); IR
(ATR) vmax 3488, 1698, 1436, 1183, 1159, 1120, 725, 693, 564; mp 67.1-72.7 °C; HRMS (ESI)
[M+Na]" caled for Ci7H;502NaP 305.0707, found 305.0700.
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S-ethyl 2-((1R,2R)-2-(diphenoxyphosphoryl)-3-oxocyclopentyl)ethanethioate (14)
@)
I
.P(OPh),

EtS

14

Procedure for asymmetric Mukaiyama-Michael reaction: To a suspension of Cu(OTf),
(34.2 mg, 0.0946 mmol) in CH2Cl, (0.3 mL) was added bis(oxazoline) ligand L4 (30.6 mg, 0.104
mmol) in CH2Cl; (0.3 mL) via a cannula. The mixture was stirred for 1 h at room temperature and
turned to clear green solution of L4-Cu(OTf), complex.

To a stirred solution of 8 (29.7 mg, 0.0946 mmol) in CH>Cl, (0.3 mL) was added
L4-Cu(OTf), complex solution. After stirring for 1 h at room temperature, the mixture was cooled to
—78 °C and (1-(ethylthio)vinyloxy)trimethylsilane® (18.3 mg, 0.104 mmol) was added. The reaction
mixture was stirred at —78 °C until the starting material was consumed on TLC analysis, and then
quenched with saturated aqueous NaHCOj solution (5 mL) and extracted with CH>Cl, (5 mLx3).
The organic layer was combined, wash with brine (5 mLx1), dried over Na,SOs, and concentrated
under reduced pressure. The residue was purified by silica chromatography (hexane/ethyl acetate =
2/1) to afford 14 (36.8 mg, 93%, —93% ee) as a white solid: Ry= 0.60 (hexane/ethyl acetate = 1/1);
"HNMR (400 MHz, CDCl3) 6 7.36-7.26 (m, 4H), 7.24-7.09 (m, 6H), 3.35-3.19 (m, 1H), 3.19-3.11
(m, 1H), 2.96-2.67 (m, 4H), 2.50-2.34 (m, 3H), 1.78-1.61 (m, 1H), 1.23 (t, J = 7.3 Hz, 3H); >*CNMR
(100 MHz, CDCl3) 6 208.9 (d, ] = 4.8 Hz), 197.4, 150.1, 129.9, 125.5 (d, J = 7.7 Hz), 1209 (d, ] =
4.8 Hz), 120.8 (d, ] = 4.8 Hz), 51.3, 48.0 (d, J = 3.8 Hz), 39.0, 36.2, 27.8, 23.6, 14.7; IR (ATR) Viax
1745, 1488, 1268, 1184, 1160, 1024, 929, 762, 688; mp 63.1-64.7 °C; HRMS (ESI) [M+Na]" calcd
for C21H23NaOsPS 441.0902, found 441.0897; [a]p? = —4.7 (¢ 0.26, CHCl3); Ee was determined by
HPLC (254 nm); Daicel Chiral Cell IA 0.46 cm @ x 25 cm; hexane/isopropanol = 4/1; flow rate =
1.0 ml/min; retention time: 21.8 min for 14, 26.7 min for ent-14.9
S-ethyl 2-((1R,2R)-2-(diphenylphosphoryl)-3-oxocyclopentyl)ethanethioate (15)

O
\\\IFI’(Ph)z

EtS

14
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Procedure for asymmetric Mukaiyama-Michael reaction: To a suspension of Cu(OTf),
(24.3 mg, 0.0648 mmol) in CH2Cl, (0.2 mL) was added bis(oxazoline) ligand L4 (21.0 mg, 0.712
mmol) in CH2Cl; (0.2 mL) via a cannula. The mixture was stirred for 1 h at room temperature and
turned to clear green solution of L4-Cu(OTf), complex.

To a stirred solution of 9 (18.3 mg, 0.0648 mmol) in CH>Cl, (0.2 mL) was added
L4-Cu(OTf), complex solution. After stirring for 1 h at room temperature, the mixture was cooled to
—78 °C and (1-(ethylthio)vinyloxy)trimethylsilane® (12.6 mg, 0.712 mmol) was added. The reaction
mixture was stirred at —78 °C until the starting material was consumed on TLC analysis, and then
quenched with saturated aqueous NaHCOj solution (5 mL) and extracted with CH,Cl, (5 mLx3).
The organic layer was combined, wash with brine (5 mLx1), dried over Na,SOs, and concentrated
under reduced pressure. The residue was purified by silica chromatography (hexane/ethyl acetate =
1/1) to afford 15 (13.6 mg, 54%, —~80% ee) as a white solid: R;= 0.65 (ethyl acetate only); 'HNMR
(400 MHz, CDCl3) 6 7.94-7.82 (m, 2H), 7.80-7.71 (m, 2H), 7.58-7.41 (m, 6H), 3.40-3.28 (m, 1H),
3.22-3.02 (m, 1H), 2.91-2.75 (m, 3H), 2.53 (t, 1H), 2.42-2.19 (m, 2H), 2.19-2.05 (m, 1H), 1.72-1.64
(m, 1H), 1.21 (t, J = 7.6 Hz, 3H); >*CNMR (100 MHz, CDCl3) 6 211.9 (d, ] = 2.4 Hz), 197.7, 132.2
(d,J=2.9Hz), 1319 (d,J =9.6 Hz), 131.5 (d, ] = 9.6 Hz), 128.8 (d, ] = 11.5 Hz), 128.5 (d, ] = 12.5
Hz), 54.4 (d, J = 61.3 Hz), 48.6, 39.2, 35.7, 27.6, 23.5, 14.7; IR (ATR) vmax 1741, 1679, 1177, 769,
747, 722, 692, 558, 537; mp 132.2-133.8 °C; HRMS (ESI) [M+Na]" caled for C»iH23NaOsPS
409.1003, found 409.0999; [a]p** = —6.3 (c 0.18, CHCl;); Ee was determined by HPLC (254 nm);
Daicel Chiral Cell IA 0.46 cm @ x 25 cm; hexane/isopropanol = 2/1; flow rate = 0.5 ml/min;
retention time: 20.0 min for ent-15, 30.4 min for 15.9
S-ethyl 2-((1R,2R)-2-(diethoxyphosphoryl)-3-oxocyclopentyl)ethanethioate (16)

0]
wP(OEt),

EtS
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Procedure for catalytic asymmetric Mukaiyama-Michael reaction: To a suspension of
Cu(OTf)2 (7.8 mg, 0.0215 mmol) in CH,Cl; (0.3 mL) was added bis(oxazoline) ligand L3 (9.96 mg,
0.0238 mmol) in CH2Cl, (0.3 mL) via a cannula. The mixture was stirred for 1 h at room
temperature and turned to clear green solution of L3-Cu(OTf), complex.

To a stirred solution of 2-(diethoxyphosphoryl)-2-cyclopenten-1-one 109 (23.5 mg, 0.108
mmol) in CH,Cl (0.3 mL) was added L3-Cu(OTf), complex solution. After stirring for 1 h at room
temperature, the mixture was cooled to —78 °C and (1-(ethylthio)vinyloxy)trimethylsilane® (21.0 mg,

0.119 mmol) was added. The reaction mixture was stirred at —78 °C until the starting material was
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consumed on TLC analysis, and then quenched with saturated aqueous NaHCOs3 solution (5 mL) and
extracted with CH,Cl, (5 mLx3). The organic layer was combined, wash with brine (5 mLx1), dried
over NaSOs, and concentrated under reduced pressure. The residue was purified by silica
chromatography (hexane/ethyl acetate = 1/1) to afford 16 (28.2 mg, 81%, 93% ee) as a colorless oil:
R;= 0.55 (ethyl acetate only); 'THNMR (400 MHz, CDCl3) 6 4.23-4.09 (m, 4H), 3.11-2.95 (m, 2H),
2.88 (q, J = 7.4 Hz, 2H), 2.64 (dd, J = 14.6, 8.9 Hz, 1H), 2.55 (dd, J = 25.8, 8.9 Hz, 1H), 2.39-2.31
(m, 3H), 1.69-1.61 (m, 1H), 1.38-1.30 (m, 6H), 1.24 (t, J = 7.4 Hz, 3H); *CNMR (100 MHz, CDCl;)
0210.6 (d, J =3.8 Hz), 197.6, 63.0 (d, J = 6.7 Hz), 62.5 (d, ] = 6.7 Hz), 52.1 (d, J = 138.5 Hz), 48.3
(d,J=3.8 Hz), 38.9 (d, ] =3.8 Hz), 36.2, 27.8 (d, J = 11.5 Hz), 23.5, 16.5 (d, ] = 3.8 Hz), 16.4 (d, ]
= 3.8 Hz), 14.8; IR (ATR) vmax 1742, 1683, 1246, 1018, 961, 790, 752, 563, 532; HRMS (ESI)
[M+Na]" calcd for C13H23NaOsPS 345.0902; found 345.0895; [0]p>® = —23 (c 0.60, CHCl;); Ee was
determined by HPLC (254 nm); Daicel Chiral Cell OD-H 0.46 cm @ x 25 cm; hexane/isopropanol =
19/1; flow rate = 1.0 ml/min; retention time: 16.6 min for ent-16, 17.9 min for 16.%
(R)-2-(diethoxyphosphoryl)-3-(2-(ethylthio)-2-oxoethyl)cyclopent-1-en-1-yl 3,5-dinitrobenzoate
(20)
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To a stirred solution of 16 (20.0 mg, 0.0595 mmol) in THF (0.4 mL), NaH (60%, 3.6 mg,
0.0892 mmol) was added at 0 °C. After stirring for 10 min at 0 °C, 3,5-dinitrobenzoyl chloride (15.1
mg, 0.0655 mmol) in THF (0.2 mL) was added. The reaction mixture was stirred at 0 °C for 10 min,
and then quenched with saturated aqueous NH4Cl solution (0.5 mL) and extracted with ethyl acetate
(5 mLx3). The organic layer was combined, wash with brine (5 mLx1), dried over Na,SO4, and
concentrated under reduced pressure. The residue was purified by silica chromatography
(hexane/ethyl acetate = 2/1) to afford 20 (30.1 mg, 98 %) as a white solid: Ry= 0.70 (hexane/ethyl
acetate = 1/1); 'HNMR (500 MHz, CDCl3) § 9.24 (s, 3H), 4.16-4.02 (m, 4H), 3.52-3.41 (m, 1H),
3.16 (dd, J = 15.5, 3.4 Hz, 1H), 2.97-2.72 (m, 4H), 2.64 (dd, J = 15.5, 10.9 Hz, 1H), 2.42-2.29 (m,
1H), 1.93-1.82 (m, 1H), 1.31 (t, J = 6.9 Hz, 3H), 1.30 (t, J = 6.9 Hz, 3H), 1.27 (t, J = 7.4 Hz, 3H);
BCNMR (125 MHz, CDCl3) 6 197.9, 163.1, 160.0, 148.8, 133.1, 130.2, 122.9, 118.7 (d, J = 188.9
Hz), 62.2, 62.1 (d, J = 4.8 Hz), 48.1, 41.2 (d, J = 8.5 Hz), 32.4, 27.4, 23.5, 16.5 (d, ] = 6.0 Hz), 16.4
(d, J = 6.0 Hz), 14.8; IR (ATR) vmax 1544, 1344, 1253, 1148, 1046, 1017, 964, 729, 716; mp
90.3-91.6 °C; HRMS (ESI) [M+Na]" calcd for C20H2sN2NaO1oPS 539.0865, found 539.0860; [a]p*®
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=424 (¢ 0.31, CHCl3).

ORTEP diagram of 20
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Flack parameter : 0.05(8)
R factor : 0.1885

wR factor : 0.2340

S-ethyl 2-((1R)-2-(diethoxyphosphoryl)-3-oxocyclohexyl)ethanethioate (18)

09
P(OEt),

Ets” SO
18

Procedure for catalytic asymmetric Mukaiyama-Michael reaction: To a suspension of
Cu(OTf)2 (18.1 mg, 0.0251 mmol) in CH>Cl, (0.3 mL) was added bis(oxazoline) ligand L3 (21.8 mg,
0.0552 mmol) in CH2Cl, (0.3 mL) via a cannula. The mixture was stirred for 1 h at room
temperature and turned to clear green solution of L3-Cu(OTf), complex.

To a stirred solution of 2-(diethoxyphosphoryl)-2-cyclohexen-1-one 179 (58.2 mg, 0.0.251
mmol) in CH,Cl (0.3 mL) was added L3-Cu(OTf), complex solution. After stirring for 1 h at room
temperature, the mixture was cooled to —78 °C and (1-(ethylthio)vinyloxy)trimethylsilane® (48.7 mg,
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0.276 mmol) was added. The reaction mixture was stirred at —78 °C until the starting material was
consumed on TLC analysis, and then quenched with saturated aqueous NaHCOs3 solution (5 mL) and
extracted with CH,Cl, (5 mLx3). The organic layer was combined, wash with brine (5 mLx1), dried
over NaSOs, and concentrated under reduced pressure. The residue was purified by silica
chromatography (hexane/ethyl acetate = 1/1) to afford a mixture of keto-enol tautomers 18 (75.1 mg,
89%, 88% ee) as a colorless oil: Ry= 0.50 (ethyl acetate only); 'HNMR (400 MHz, CDCl;) ¢
4.33-3.92 (m, 4H), 3.44-1.43 (m, 11H), 1.40-1.18 (m, 10H); *CNMR (100 MHz, CDCl5) 6 206.0 (d,
J=2.9Hz), 2054 (d,J=1.9 Hz), 198.7, 197.9, 197.4,171.6 (d, ] = 5.8 Hz), 91.6 (d, J = 177.3 Hz),
62.9 (t,J =7.2 Hz), 62.7 (d, ] = 6.7 Hz), 62.3 (d, ] = 6.7 Hz), 62.0 (d, ] = 4.8 Hz), 61.9 (d, J = 4.8
Hz), 55.2 (d, J=123.6 Hz), 55.0 (d, J = 126.5), 48.0, 47.7 (d,J=17.3 Hz) , 47.0 (d, ] = 2.9 Hz), 37.3
(d, J=5.8 Hz), 34.9 (d, ] =2.9 Hz), 30.6 (d, ] = 6.7 Hz), 29.1 (d, J = 14.4 Hz), 27.0, 26.1 (d, ] = 8.6
Hz), 25.8,24.9,23.4 (d, J = 4.8 Hz), 21.7, 17.3, 16.6-16.2 (m), 14.9-14.6 (m); IR (ATR) vmax 1722,
1545, 1344, 1280, 1170, 1019, 971, 730, 722; HRMS (ESI) [M+Na]" calcd for CisHosNaOsPS
359.1058; found 359.1051; [a]p** = —23 (c 0.72, CHCI;).
(R)-2-(diethoxyphosphoryl)-3-(2-(ethylthio)-2-oxoethyl)cyclohex-1-en-1-yl 3,5-dinitrobenzoate
19)
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To a stirred solution of 17 (18.7 mg, 0.0556 mmol) in THF (0.4 mL), NaH (60%, 2.3 mg,
0.0612 mmol) was added at 0 °C. After stirring for 10 min at 0 °C, 3,5-dinitrobenzoyl chloride (14.1
mg, 0.0612 mmol) in THF (0.2 mL) was added. The reaction mixture was stirred at 0 °C for 10 min,
and then quenched with saturated aqueous NH4Cl solution (0.5 mL) and extracted with ethyl acetate
(5 mLx3). The organic layer was combined, wash with brine (5 mLx1), dried over Na,SO4, and
concentrated under reduced pressure. The residue was purified by silica chromatography
(hexane/ethyl acetate = 2/1) to afford 18 (28.3 mg, 96%) as a white solid: Ry= 0.70 (hexane/ethyl
acetate = 1/1); "THNMR (400 MHz, CDCl3) 6 9.26-9.17 (m, 3H), 4.12-4.01 (m, 4H), 3.31-3.17 (m,
1H), 3.12-3.03 (m, 1H), 2.95-2.85 (m, 2H), 2.71-2.27 (m, 3H), 1.92-1.63 (m, 4H), 1.27 (m, ] = 7.5
Hz, 9H); 3*CNMR (125 MHz, CDCls) § 197.8, 160.6 (d, J = 22.9 Hz), 148.8, 133.6, 130.0, 122.7,
120.2, 118.8, 62.3 (d, J = 6.0 Hz), 62.1 (d, ] = 6.0 Hz), 47.3, 32.9 (d, ] = 4.8 Hz), 28.6 (d, ] = 9.7 Hz),
25.3 (d, J = 8.5 Hz), 23.5, 17.5, 16.40 (d, J = 3.6 Hz), 16.35 (d, J = 3.6 Hz), 14.8; IR (ATR) Vmax
1709, 1683, 1544, 1344, 1208, 1167, 1015, 969, 721, 678; HRMS (ESI) [M+Na]" calcd for
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C21H27N2NaO1oPS 553.1022; found 553.1016; [a]p** = +4.1 (c 0.44, CHCl;); Ee was determined by
HPLC (254 nm); Daicel Chiral Cell 1A 0.46 cm ® x 25 cm; hexane/isopropanol = 19/1; flow rate =

1.0 ml/min; retention time: 38.0 min for 19, 46.6 min for ent-19.%

ORTEP diagram of 19
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Flack parameter : 0.020(9)
R factor : 0.1003

wR factor : 0.2063

S-ethyl (R)-2-(2-methylene-3-oxocyclopentyl)ethanethioate ((R)-homosarkomycin)
0]

HO
O

(R)-homosarkomycin

To a stirred solution of 16 (100 mg, 0.318 mmol) in THF (3.0 mL), Paraformaldehyde
(37.2 mg, 1.24 mmol) and K>,CO;3 (129 mg, 0.931 mmol) in H>O (0.5 ml) was added at 0 °C. The
reaction mixture was stirred at room temperature until the starting material was consumed on TLC

analysis, and then diluted with HO (5 mL) and Et,O (5 ml). The aqueous layer was extracted with
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Et,0 (10 mLx3), and the combined organic layer was washed with brine (10 mLx1), dried over
NayS04, and concentrated under reduced pressure. The residue was roughly purified by short column
chromatography to afford the crude product, which was used for the next reaction without further
purification.

To a stirred solution of the crude product in 1,4-dioxane (16 mL), AgNO3 (211 mg, 1.24
mmol) was added. The reaction mixture was stirred at 65 °C until the starting material was
consumed on TLC analysis. Then, the mixture was cooled to room temperature, filtered through a
Celite pad and the residue was washed with Et;O for several times. The combined filtrate was
concentrated under reduced pressure, and then purified by silica gel chromatography (hexane/ethyl
acetate = 1/1) to afford (R)-homosarkomycin (20.6 mg, 43% for 2 steps) as a colorless oil: Ry= 0.20
(hexane/ethyl acetate = 1/1); 'HNMR (500 MHz, CDCl3) § 11.69-8.34 (br, 1H), 6.10 (d, J = 2.9 Hz,
1H), 5.33 (d, J = 2.9 Hz, 1H), 3.38-3.07 (m, 1H), 2.78 (dd, J = 16.3, 6.0 Hz, 1H), 2.61-2.19 (m, 4H),
1.72-1.52 (m, 1H); *CNMR (125 MHz, CDCls) 6 206.3, 177.8, 147.3, 117.7, 38.6, 37.0, 37.2, 26.6;
IR (ATR) vmax 2925, 1724, 1638, 1560, 1459, 1407, 1241, 1176, 1101, 950; HRMS (ESI) [M+Na]"
calcd for CsHioNaO; 177.0528; found 177.0523; [a]p**= —20 (¢ 0.060, CHCI;). The spectroscopic

data are consisted with the previously reported data.”
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allyl 2-diazoacetate (23)
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To a stirred solution of allyl acetate (3.2 mL, 29.9 mmol) in THF (299 mL) was added a
solution of LiHMDS (1.06 M in n-hexane, 31.2 ml, 34.4 mmol) dropwise at —78 °C. The resulting
solution was stirred at —78 °C for 30 min and then was treated with 2,2 2-trifluoroethyl
trifluoroacetate (4.5 mL, 33.7 mmol). The resulting solution was stirred at —78 °C for 1 h and then to
the solution was added deionized H>O (5.3 mL, 299 mmol). After 10 min, the solution was dissolved
in CH3CN (20 mL) and to the resultant solution was added a solution of p-nitrobenzenesulfonyl
azide (6.8 g, 29.9 mmol) in CH3CN (20 mL), and then, EtsN (16.7 mL, 119.6 mmol) were added.
The resultant solution was stirred at room temperature for 12 h and was then concentrated to a
volume of ca. 10 mL. The residue was diluted with 30 ml of Et;O, quenched with 10% NaOH
aqueous solution (20 mL), extracted with Et;O (20 mLx3). The combined organic layer was washed
with brine (50 mLx1), dried over Na,SOs, filtered, and concentrated. The residue was purified by
flash chromatography (hexane only) to afford the known diazo ketone 23 (2.45 g, 65%) as a bright
yellow oil; Ry = 0.43 (hexane/ethyl acetate = 4/1). The spectroscopic data are consistent with the
reported data.!
2-methylallyl 2-diazoacetate (26)

e d
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To a stirred solution of bromoacetylbromide (1.8 mL, 0.0208 mmol) in CH>Cl, (140 mL),
K3PO4 (7.4 g, 0.0348 mmol) and then B-methallyl alcohol (1.2 mL, 0.0139 mmol) were added
dropwise at 0 °C. The mixture was stirred at room temperature for 3 h, and then diluted with CH>Cl,
and quenched with HO (300 mL). The aqueous layer was extracted with CH,Cl, (150 mLx3), and
the combined organic layer was washed with 0.5M-HCI (300 mLx1), water (300 mLx1), dried over
NaySOs4, and concentrated under reduced pressure. The residue was used for the next reaction

without further purification.
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To a stirred solution of the crude methallyl ester in THF (140 mL), N, N’-ditosylhydrazine
(9.5 g, 0.0278 mmol) and then DBU (10.4 mL, 0.0695 mmol) were added dropwise at 0 °C. The
mixture was stirred at room temperature for 2 h, and quenched with a saturated aqueous NaHCOj3
solution (150 mL). The aqueous layer was extracted with Et;O (150 mLx3), and the combined
organic layer was washed with brine (300 mLx1), dried over Na,SO4, and concentrated under
reduced pressure. The residue was purified by flash chromatography (hexane/ethyl acetate = 20/1) to
afford the diazo ketone 26 (1.09 g, 56%) as a bright yellow oil; Ry = 0.43 (hexane/ethyl acetate =
4/1); 'TH NMR (400 MHz, CDCl3) 6 4.96 (1H, s), 4.92 (1H, s), 4.78 (1H, br), 4.56 (2H, s), 1.76 (3H,
s); 3C NMR (100 MHz, CDCl3) 6 166.5, 140.0, 113.0, 68.0, 46.3, 19.5; IR (ATR) Vinax 2106, 1685,
1379, 1345, 1230, 1173, 1016, 738 cm™!; HRMS (ESI) [M+Na]* calcd for CsHsN,NaO, 163.0483,
found 163.0479.
3-methylbut-2-en-1-yl 2-diazoacetate (29)

N2
\(\/O\[ﬁ
(@)
29

29 was prepared from prenyl acetate and purified according to the procedure for 23, and
was obtained as a bright yellow oil (1.46 g, 78%); Ry = 0.50 (hexane/ethyl acetate = 4/1). The
spectroscopic data are consistent with the reported data.!

allyl 2-diazo-2-trimethylsilylacetate (24)

N,

N Om)J\TMS

o)

24

General procedure for the silylation of diazo acetates: Procedure A. A stirred solution
of 23 (280 mg, 2.22 mmol) in Et,0 (4.4 mL) was cooled to 0 °C in an ice-water bath and to the
solution was added DBU (0.5 mL, 3.33 mmol) dropwise over 1 min. After 30 min, trimethylsilyl
chloride (0.42 mL, 3.3 mmol) was added dropwise over 1 min, and the resulting solution was stirred
for 6 h while the ice-water bath warmed to room temperature. The resulting mixture was quenched
with saturated aqueous NaHCOj3 solution (5 mL), and the aqueous layer was extracted with Et,O (5
mLx3). The combined organic layer was washed with brine (5 mL), dried over Na;SO4, and
evaporated. The residue was purified by flash chromatography (hexane only) to afford 24 (246 mg,
56%) as a yellow oil: Ry = 0.66 (hexane/ethyl acetate = 4/1); The spectroscopic data are consistent
with the reported data.?
2-methylallyl 2-diazo-2-trimethylsilylacetate (27)
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27

27 was prepared from 26 according to Procedure A and was obtained as a yellow oil
(85%); Ry=0.59 (hexane/ethyl acetate = 4/1); 'TH NMR (400 MHz, CDCls3) 6 4.97 (1H, s) , 4.92 (1H,
s), 4.56 (2H, s), 1.76 (3H, s), 0.28 (9H, s); '*C NMR (100 MHz, CDCl3) J ; 169.1, 138.5, 118.9, 61.6,
25.9, 18.1, -1.43; IR (ATR) vinax 2958, 2086, 1685, 1248, 1207, 1178, 1084, 839, 764 cm™'; HRMS
(ESI) [M+Na] " calcd for CoH;6N2NaO,Si 235.0879, found 235.0875.
3-methyl but-2-enyl 2-diazo-2-trimethylsilylacetate (30)

N>
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30 was prepared from 29 according to Procedure A and was obtained as a yellow oil
(32%); Ry= 0.80 (hexane/ethyl acetate = 4/1); 'H NMR (400 MHz, CDCl3) 6 5.34 (1H, t, J = 7.3 Hz),
4.63 (2H, d, J = 7.3 Hz), 1.76 (3H, s), 1.71 (3H, s), 0.25 (9H, s); *C NMR (100 MHz, CDCls) 6
169.5, 138.7, 118.8, 61.5, 44.7, 25.7, 18.0, -1.53; IR (ATR) vmax 3115, 2917, 2105, 1687, 1444, 1386,
1357, 1342, 1306, 1235, 1172, 994, 960, 739 cm'; HRMS(ESI) [M+Na]* calcd for
CioH18N2NaO»Si: 249.1035, found: 249.1030.
(1S,5R)-1-trimethylsilyl-3-oxa-bicyclo[3.1.0]hexan-2-one (31)

O

O\:/§,TMS

Ty

31
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General procedure for the catalytic asymmetric intramolecular cyclopropanation of
a-diazo-a-silyl acetates: Procedure B. Tetrakis(acetonitrile)copper(I)hexafluorophosphate (5.3 mg,
0.0143 mmol) and ligand L-4 (9.0 mg, 0.0214 mmol) was dissolved in toluene (14.3 mL) in a dried
flask under Ar. The mixture was stirred at room temperature for 1 h and then to the light green
solution was added a solution of toluene azeotroped allyl 2-diazo-2-trimethylsilylacetate 24 (28.4 mg,
0.143 mmol) in toluene (0.5 mLx3) via a cannula. The reaction mixture was stirred at 60 °C for 72 h,
then cooled to room temperature, and quenched with NH4OH aqueous solution (2 mL). The aqueous
layer was extracted with ether (2 mL%3), and the combined organic layer was washed with brine (5
mL), dried over NaySO4, and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate = 10/1) to afford 31 (25.0 mg, 98%, 94% ee) as a yellow oil. Ry = 0.20
(hexane/ethyl acetate = 4/1). Ee was determined by GC (Capillary column RT-y-DEXsm, SUPELCO,
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30 mx0.25 mmx0.25 um) at 150 °C constant. Retention time: 3.5 min for ent-31, 3.8 min for 31;
[o]p?! +58 (c 0.63, 94% ee, CHCI3). The spectroscopic data are consistent with the reported data.?)
(1S,5R)-5-methyl-1-(trimethylsilyl)-3-oxa-bicyclo[3.1.0] hexan-2-one (32)

32 was prepared according to Procedure B and was obtained as a yellow oil (59%, 79% ee,
when tetrakis(acetonitrile)copper(I)tetrafluoroborate and L2 were used.); Ry = 0.40 (hexane/ethyl
acetate = 4/1); Ee was determined by GC (Capillary column RT-y-DEXsm, SUPELCO, 30 mx0.25
mmx0.25 pm) at 150 °C constant. Retention time: 3.7 min for ent-32, 4.1 min for 32; "H NMR (400
MHz, CDCl;) 6 4.20 (d, J = 8.8 Hz, 1H), 3.96 (d, J = 8.8 Hz, 1H), 1.38 (s, 3H), 1.14 (d, J = 3.9 Hz,
1H), 1.07 (d, J = 3.9 Hz, 1H), 0.19 (s, 9H); '*C NMR (100 MHz, CDCl3) 6 179.6, 72.6, 31.3, 23.0,
20.5, 16.5, -1.58; IR (ATR) vmax 2955, 1747, 1248, 1191, 1056, 1018, 839, 800, 694 cm™!; HRMS
(ESI) [M+Na] " caled for CoH16Na0,Si 207.0817, found 207.0813; [a]p*! +40 (c 0.65, CHCl5).
(1R,5R)-6,6-dimethyl-1-trimethylsilyl-3-oxa-bicyclo[3.1.0]hexan-2-one (33)

0O
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T
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33 was prepared according to Procedure B and was obtained as a yellow oil (80%, 96%

ee): Ry = 0.23 (hexane/ethyl acetate = 4/1); Ee was determined by GC (Capillary column
RT-y-DEXsm, SUPELCO, 30 mx0.25 mmx0.25 pm) at 150 °C constant. Retention time: 3.6 min for
33, 4.0 min for ent-33; "H NMR (400 MHz, CDCl3) § 4.29 (1H, dd, J = 9.6, 5.0 Hz), 4.16 (1H,d,J =
9.6 Hz), 1.94 (1H, d, J = 5.0 Hz), 1.25 (3H, s), 1,21 (3H, s), 0.20 (9H, s); *C NMR (100 MHz,
CDCl3) 6 178.4, 66.4, 35.2, 28.5, 28.0, 24.4, 17.5, 0.0; IR(ATR) vmax 2954, 2901, 1747, 1379, 1359,
1250, 1173, 1101, 1062, 1049, 992, 842, 627 cm'; HRMS(ESI) [M+Na]* caled for CioH;30,NaSi:
221.0974, found: 221.0968; [a]p*! +32 (c 0.69, CHCI3).
(1R,55)-3-oxa-bicyclo[3.1.0]hexan-2-one (34)

9

1

34

General procedure for the desilylation of a-silyl lactone: Procedure C. To a solution of
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(18,5R)-1-trimethylsilyl-3-oxa-bicyclo[3.1.0]hexan-2-one 31 (15.1 mg, 0.088 mmol) in THF (0.2
mL) was added TBAF (1.0M, 0.088 mL, 0.088 mmol) at room temperature. After 30 min, the
mixture was quenched with NH4Cl aqueous solution (2 mL), and the aqueous layer was extracted
with ether (2 mLx3). The combined organic layer was washed with brine (2 mL), dried over Na;SOs,
and evaporated. The residue was purified by flash chromatography (hexane/ethyl acetate = 8/1) to
afford the known (1R,5S)-3-oxa-bicyclo[3.1.0]hexan-2-one 34 (3.5 mg, 41%) as a white solid; Ry=
0.23 (hexane/Et,O = 1/1); [a]p? +5.7 (¢ 0.38, CHCI3). The spectroscopic data are consistent with the
reported data.’)

(1R,55)-5-methyl-3-oxa-bicyclo[3.1.0]hexan-2-one (35)

O

o

35

35 was prepared according to Procedure C and was obtained as a white solid (34%); Ry=
0.19 (hexane/Et,0 = 1/1); [a]p® +18 (c 0.28, MeOH). The spectroscopic data are consistent with the
reported data.?

(18,5R)-6,6-dimethyl-3-oxa-bicyclo[3.1.0] hexan-2-one (36)
0

2
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36 was prepared according to Procedure C and was obtained 36 (46%) as a white solid; Ry
= 0.21 (hexane/Et,0 = 1/1); [a]p? +52 (c 0.67, CHCl3). The spectroscopic data are consistent with
the reported data.?
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Chiral GC chart of the products of the CAIMCP
(18,5R)-1-trimethylsilyl-3-oxa-bicyclo[3.1.0] hexan-2-one (31)

C-R8A CHROMATOPAC CH=1 Report No.=10 DATA=1:@CHRM1. COO 16,1125 14:28:36
#% CALCULATION REPORT % ‘
CH PKNO I IME AREA HEIGHT MK IDNO CONC NAME
1 1 3.432 65656 20474 48%7907
2 3.863 66192 18844 50. 2033
TOTAL 131849 39318 100

Chiral GC chart (94% ee)

%% CALCULATION REPORT #x*

CH PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 1 3.458 17463 6828 2.8342
2 3.781 598705 92986 V 97.1658
TOTAL 616168 99814 100

Ee was determined by GC (Capillary column RT-y-DEXsm, SUPELCO, 30 mx0.25

mmx0.25 pm) at 150 °C constant. Retention time: 3.5 min for enz-31, 3.8 min for 31.
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(1S,5R)-5-methyl-1-trimethylsilyl-3-oxa-bicyclo[3.1.0]hexan-2-one (32)

32

)
~1
(S
<o

4.142

#% CALCULATION REPORT #x%

CH PKNO TIME AREA HETGHT MK 1DNO CONC NAME
1 1 0.955 28870144 19437188 99.8875
3 3.726 15942 6235 0.0552
4 4.142 16564 5858 0.0573
TOTAL 28902646 19449280 100

Chiral GC chart (79% ee)

3,733

- 1072
#% CALCULATION REPORT ##
CH PKNO  TIME AREA HEIGHT ~ MK IDNO  CONC NAME
1 1 0.959 29325160 17239098 S 95.5136

6 3.733 144597 48656 0.471

7 1.072 1232816 225780 1.0154

TOTAL 30702600 17513530 100

Ee was determined by GC (Capillary column RT-y-DEXsm, SUPELCO, 30 mx0.25

mmx0.25 pm) at 150 °C constant. Retention time: 3.7 min for ent-32, 4.1 min for 32.
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(1R,5R)-6,6-dimethyl-1-trimethylsilyl-3-oxa-bicyclo[3.1.0]hexan-2-one (33)
0O
O TMS

-
-

iy

-

33

Chiral GC chart (racemic)

r— 3.600
0 ’f—/—’* 3.947
#% CALCULATION REPORT #%
CH PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 1 3.6 994518 311265 77
2 3.947 1003424 287870
TOTAL 1997942 599134
Chiral GC chart (96% ee)
3. (tOb
Tot5.p85
C-R8A CHROMATOPAC CH=1 Report No.=11 DATA=1:@CHRM1. COO 16/12/09 13:19:06
#% CALCULATION REPORT **
CH PKNO TIME AREA HEIGHT MK IDNO CONC NAME
1 1 3. 606 1603140 542153 97.9101
2 3.985 34220 V 2.0899
TOTAL 1637359 552879 100

Ee was determined by GC (Capillary column RT-y-DEXsm, SUPELCO, 30 mx0.25
mmx0.25 pm) at 150 °C constant. Retention time: 3.6 min for 33, 4.0 min for ent-33.
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allyl 2-diazo-2-(diphenylphosphoryl)acetate (41)
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General Procedure for a-diazo a-diphenylphosphoryl acetate: Procedure A.

To a solution of 2-(diphenylphosphoryl)acetic acid 37' (1.13 g, 4.34 mmol) in CH,Cl,
(43.4 ml) at 0 °C was added oxalyl chloride (0.44 ml, 5.20 mmol) and was stirred. After 30 min,
allyl alcohol (0.52 ml, 5.20 mmol) was added at 0 °C and stirred for 1 h. The mixture was
quenched with NaHCOs aqueous solution (5 ml), extracted with ethyl acetate (10 ml x 3). The
combined organic layer was washed with brine (10 ml), dried over Na,SQ4, and evaporated. The
residue was roughly purified by short column chromatography to afford the allyl
2-(diphenylphosphoryl)acetate 38, which was used for the next reaction without further
purification.

To a solution of crude allyl 2-(diphenylphosphoryl)acetate 38 in CH3CN (12.1 ml) was
added K»>COs (1.2 g, 8.76 mmol) at room temperature, and then a solution of p-toluenesulfonyl
azide (1.33 g, 8.76 mmol) in CH3CN (5 ml x 2) via a cannula. The reaction mixture was stirred
at room temperature for 1 day. The light yellow reaction mixture was quenched with 3N KOH
aqueous solution (20 ml), extracted with ethyl acetate (10 ml x 3). The combined organic layer
was washed with brine (30 ml), dried over Na,SO4, and evaporated. The residue was purified by
flash chromatography (hexane/ethyl acetate = 1/1) to afford allyl
2-diazo-2-(diphenylphosphoryl)acetate 41 (888 mg, 63%) as a yellow solid: Rr = 0.74
(hexane/ethyl acetate = 1/1); mp = 58-60 °C; 'H NMR (400 MHz, CDCl): & 7.87-7.82 (4H, m),
7.62-7.58 (2H, m), 7.50 (4H, m), 5.79-5.69 (1H, m), 5.18 (1H, d, J = 5.1 Hz), 5.15 (1H, s), 4.57
(2H, d, J = 17.1 Hz); CNMR (100 MHz, CDCl;) § 163.7 (d, J = 12.1 Hz), 132.8 (d, ] = 2.4 Hz),
131.9 (d, J=10.9 Hz), 131.39, 130.0 (d, J = 102.6 Hz), 128.7 (d, J = 13.3 Hz), 118.9, 66.1, 21.6;
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IR(ATR) vmax 2115, 1697, 1438, 1362, 1270, 1202, 1120, 939, 742, 725, 701, 573, 562, 551 cm™
' HRMS (ESI) [M+Na]" calcd for Ci7HisN,O3NaP: 349.0718, found: 349.0712.
(1S, 5R)-1-(diphenylphosphoryl)-3-oxa-bicyclo[3.1.0]hexan-2-one (44)

General Procedure for Catalytic Asymmetric Intramolecular Cyclopropanation of
a-diazo a-diphenylphosphoryl acetate : Procedure B.
Tetrakis(acetonitrile)copper(I)hexafluorophosphate (6.1 mg, 0.0165 mmol) and a
ligand L-14 (13.1 mg, 0.0247 mmol) was placed in a dried flask (8.2 ml) under Ar atmosphere
and the mixture was stirred at room temperature for 1 h. To the light green solution, allyl
2-diazo-2-(diphenylphosphoryl)acetate 41 (26.9 mg, 0.0824 mmol) in toluene (0.5 ml x 3) was
added via a cannula. The reaction mixture was stirred at 60 °C for 4 h, then cooled to room
temperature, quenched with NH4OH aqueous solution (5 ml), extracted with ethyl acetate (2 ml
X 3). The combined organic layer was washed with brine (5 ml), dried over Na,SO4, and
evaporated. The residue was purified by flash chromatography (ethyl acetate only) to afford
(1S,5R)-1-(diphenylphosphoryl)-3-oxa-bicyclo[3.1.0]hexan-2-one 44 (22.0 mg, 90%, 85% ee)
as a white solid. R¢ = 0.11 (benzene/ethyl acetate = 1/1). Recrystallized by hexane and CH»Cl,
and purified to >99% ee. Ee was determined by HPLC (254 nm); Daicel Chiral Cell [A-3 0.46
cm @x25 cm; hexane/isopropanol = 2/1; flow rate = 0.5 ml/min); retention time: 12.5 min for
ent-44, 15.0 min for 44; Ry =0.20 (benzene /ethyl acetate=1/1); mp = 159-161 °C; [o]p> —52.4
(c 0.38, CHCls, >99% ee); 'H NMR (400 MHz, CDCl5) § 8.05-7.99 (2H, m), 7.82-7.72 (2H, m),
7.63-7.46 (6H, m), 4.33 (2H, m), 2.99 (1H, m), 2.11 (1H, m), 1.44 (1H, m); *CNMR (100 MHz,
CDCl3) 6 172.9 (d, J = 10.9 Hz), 132.7, 132.6, 132.1 (d, J = 10.9 Hz), 131.7 (d, J = 10.9 Hz,),
131.3 (d, J = 64.0 Hz), 130.4 (d, J = 64.0 Hz), 128.8 (d, J = 12.1 Hz), 128.7 (d, J = 12.1 Hz),
68.0, 26.7 (d, J = 102.6 Hz), 24.7, 17.5; IR(ATR) vmax 2365, 2355, 2034, 2025, 1765, 1437,
1268, 1189, 1122, 1051, 1022, 993, 751, 727, 540, 530 cm™'; HRMS (ESI) [M+Na]" calcd for
Ci7H1503NaP: 321.0657, found: 321.0650.

ORTEP diagram of 44
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CCDC 1528227

Flack parameter : 0.01(6)
R factor : 0.1060

wR factor : 0.2383

2-diazo-2-methylallyl 2-(diphenylphosphoryl)acetate (42)

? 9
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42 was prepared from 38" according to Procedure A and was purification by flash
chromatography  (hexane/ethyl acetate = 1/1) to afford 2-diazo-2-methylallyl
2-(diphenylphosphoryl)acetate 42 (67%) as a yellow solid; Rr= 0.7 (hexane/ethyl acetate = 1/1);
mp = 64-66 °C; '"H NMR (400MHz, CDCl3) § 7.92-7.73 (4H, m), 7.54-7.48 (6H, m), 4.83 (1H,
s), 4.79 (1H, s), 4.50 (2H, s), 1.57 (3H, s); >CNMR (100 MHz, CDCl3) § 163.7 (d, ] = 12.1 Hz),
132.7 (d, J =2.5 Hz), 131.8 (d, J = 10.9 Hz), 131.3, 129.7 (d, ] = 73.2 Hz), 128.7 (d, J = 13.3
Hz), 113.6, 68.8, 21.5, 19.2; IR(ATR) vmax 3062, 2117, 1699, 1659, 1438, 1271, 1200, 1161,
1120, 741, 725, 701, 574, 561 cm™'; HRMS (ESI) [M+Na]" calcd for C1sH;70;N,NaP: 363.0874,
found: 363.0867.
(1S,5R)-1-(diphenylphosphoryl)-5-methyl-3-oxa-bicyclo[3.1.0]hexan-2-one (45)
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45 was prepared from 42 according to Procedure B and was purification by flash
chromatography (ethyl acetate only) to afford
(1S,5R)-1-(diphenylphosphoryl)-5-methyl-3-oxa-bicyclo[3.1.0]hexan-2-one 45 (16.5 mg, 57%,
37% ee) as a white solid.; Fe was determined by HPLC (254 nm); Daicel Chiral Cell IA-3 0.46
cm @x25 cm; hexane/isopropanol=2/1; flow rate=0.5 ml/min); retention time: 12.5 min for
ent-45, 14.9 min for 45; Ry = 0.19 (benzene/ethyl acetate = 1/1); mp = 133-135 °C; '"H NMR
(400 MHz, CDCls) 6 7.93-7.75 (4H, m), 7.61-7.48 (6H, m), 4.28 (1H, d, /= 9.75 Hz), 4.04 (1H,
d, J=9.75 Hz), 1.68 (3H, s), 1.52 (1H, d, J = 4.1 Hz), 1.51 (1H, d, J = 4.1 Hz); "CNMR (100
MHz, CDCl3) 6 173.7 (d, J = 10.9 Hz), 132.5, 132.4 (d, J = 2.4 Hz), 132.0 (d, J = 10.9 Hz),
131.8, 131.7 (d, ] = 10.9 Hz), 131.0, 128.8 (d, J = 12.1 Hz), 128.4 (d, ] = 13.3 Hz), 72.4, 34.8,
28.5 (d, J=102.0 Hz), 23.1, 14.6; IR(ATR) vmax 1761, 1437, 1305, 1210, 1193, 1122, 1068, 794,
727, 704, 694, 605, 538 cm™'; HRMS (ESI) [M+Na]" calcd for CisH;7NaOsP: 335.0813, found:
335.0803.
2-diazo-3-methylbut-2-enyl 2-(diphenylphosphoryl)acetate (43)

43 was prepared from 38" according to Procedure A and was purification by flash
chromatography (hexane/ethyl acetate = 1/1) to afford 2-diazo-3-methylbut-2-enyl
2-(diphenylphosphoryl)acetate 43 (686 mg, 32%) as a yellow solid; Rr = 0.41 (hexane/ethyl
acetate = 1/1); mp = 65-69 °C; 'H NMR (400 MHz, CDCl;) § 7.87-7.82 (4H, m), 7.62-7.46 (6H,
m), 5.13 (1H, t, J = 7.1 Hz), 4.57 (2H, d, J= 7.1 Hz), 1.70 (3H, s), 1.59 (3H, s); >*CNMR (100
MHz, CDCl3) § 162.5 (d, J = 12.1 Hz), 134.2 (d, J = 2.4 Hz), 131.0 (d, J = 10.5 Hz), 130.7,
129.9 (d, J = 102.5 Hz), 128.8 (d, J = 13.3 Hz), 118.6, 68.7, 25.6, 21.5, 18.1; IR(ATR) Vmax
2955, 1778, 1712, 1642, 1499, 1202, 1010, 795 cm'. HRMS (ESI) [M+Na]" calcd for
Ci9H19N2OsP: 354.1133, found: 354.1126.
(1R,5R)-1-(diphenylphosphoryl)-6,6-dimethyl-3-oxa-bicyclo[3.1.0]hexan-2-one (46)
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46 was prepared from 43 according to Procedure A and was purification by flash
chromatography (ethyl acetate only) to afford
(1S,5R)-1-(diphenylphosphoryl)-5-methyl-3-oxa-bicyclo[3.1.0]hexan-2-one 8¢ (25.2 mg, 83%,
91% ee) as a white solid. 46 was recrystallized by hexane and CH,Cl, (99% ee); Rr = 0.19
(benzene/ethyl acetate = 1/1); mp =166-168 °C; Ee was determined by HPLC (254 nm); Daicel
Chiral Cell 1A-3 0.46 cm @x25 cm; hexane/isopropanol = 4/1; flow rate=0.5 ml/min); retention
time: 18.0 min for ent-46, 24.4 min for 46; [a]p> —155 (c 0.64, CHCls, 99% ee); 'H NMR (400
MHz, CDCl;) & 8.15-8.07 (2H, m), 7.65-7.35 (8H, m), 4.43 (1H, dd, J = 10.0, 5.5 Hz), 4.25 (1H,
d,J =10.0 Hz), 3.01 (1H, dd, J = 10.0, 5.5 Hz), 1.36 (3H, s), 1.30 (3H, s); "CNMR (100 MHz,
CDCl3) 6 172.4 (d, J = 10.9 Hz), 133.1, 132.2, 131.9, 131.6 (d, J = 10.9 Hz,), 131.3 (d, ] = 10.9
Hz), 130.2, 128.5 (d, ] = 13.3 Hz), 128.2 (d, ] = 12.1 Hz), 65.52,37.37 (d, J = 97.8 Hz), 34.87,
31.27, 20.7, 16.90; IR(ATR) vmax 3057, 2960, 2924,1754, 1460, 1437, 1250, 1178, 1120, 1101,
988, 725, 702, 694 cm™'; HRMS (ESI) [M+Na]" calcd for Ci19H;903NaP: 349.0970 , found:
349.0963.

ORTEP diagram of 46

CCDC 1528228

Flack parameter : 0.02(3)
R factor : 0.0495

wR factor : 0.0949



Preparation of the ligands for catalytic asymmetric intramolecular cyclopropanation

4,5-dihydro-2-(2-(4,5-dihydrooxazol-2-yl)propan-2-yl)oxazole(L-1),*”
(8)-4,5-dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)propan-2-yl)-4-isopropyloxaz
ole(L-2),>”
(5)-4,5-dihydro-2-(3-((5)-4,5-dihydro-4-isopropyloxazol-2-yl)pentan-3-yl)-4-isopropyloxazo
le(L-3),°
(8)-4,5-dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-1,3-diphenylpropan-2-yl)-4-i

sopropyloxazole(L-4),%”

(5)-4-tert-butyl-2-(2-((S)-4-tert-butyl-4,5-dihydrooxazol-2-yl)propan-2-yl)-4,5-dihydrooxaz
ole (L-5),*
(5)-2-(1,3-Dicyclohexyl-2-((5)-4,5-dihydro-4-isopropyl-oxazol-2-yl)propan-2-yl)-4,5-dihydr
o0-4-isopropyloxazole (L-6), *¥,
(5)-4,5-Dihydro-2-(3-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-1,5-diphenylpentan-3-yl)-4-i

sopropyloxazole(L-7),>%

(5)-4,5-Dihydro-2-(1-((S)-4,5-dihydro-4-isopropyloxazol-
2-yl)cyclohexyl)-4-isopropyloxazole (L-8), "
(8)-4,5-Dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-1,3-di-o-tolylpropan-2-yl)-4-i

sopropyloxazole(L-9)*?,

(8)-4,5-Dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-1,3-di-m-tolylpropan-2-yl)-4
-isopropyloxazole(L-10),”(S)-4,5-Dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-1,
3-di-p-tolylpropan-2-yl)-4-isopropyloxazole(L-11),>¥
(8)-2-(1,3-Bis(4-phenylphenyl)-2-((S)-4,5-dihydro-4-iso-propyloxazol-2-yl)propan-2-yl)-4,5
-dihydro-4-isopropyloxazole(L-12)*?,
(8)-2-(1,3-Bis(4-tert-butylphenyl)-2-(($)-4,5-dihydro-4-iso-propyloxazol-2-yl)propan-2-yl)-
4,5-dihydro-4-isopropyloxazole(L-13) 9,
(8)-4,5-Dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-1,3-bis(3,5-dimethylphenyl)p
ropan-2-yl)-4-isopropylox-azole(L-14) *9,
(8)-2-(1,3-Bis(3,5-di-tert-butylphenyl)-2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)propan-2-
yl)-4,5-dihydro-4-isopropyl-oxazole(L-15)*?,
(8)-4,5-dihydro-2-(2-((S)-4,5-dihydro-4-isopropyloxazol-2-yl)-3-(naphthalen-2-yl)-1-(napht
halen-3-yl)propan-2-yl)-4-isopropyloxazole(L-16) *¥

were prepared by the literature methods (see the corresponding references).
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(2)-1-(phenylsulfonyl)hept-5-en-2-one (52)

Me
(@)

52
SO,Ph

To a stirred solution of MeSO,Ph (1.6 g, 10.5 mmol) in THF were added a n-BuLi (in
hexane, 13.1 ml, 20.9 mmol) at 0°C. The reaction mixture was stirred at room temperature for
an hour. The orange suspension was added aldehyde 40 (1 g, 3.78 mmol) in THF at 0 °C. After
the reaction was comleted, saturated aqueous NH4Cl was added to the reaction mixture, and the
aqueous layers were extracted with EtOAc. The combined organic layers were washed with
brine, dried Na;SO4, filtered and concentrated under reduced pressure. The residue was purified
by flash chromatography (hexane/ ethyl acetate = 2/ 1) to afford 41 as white solid.

To a stirred solution of 41 in CH»Cl, (15 mL), NaHCO3 (1.6 g, 19.7 mmol) and Dess—
Martin periodinane (1.5 g, 2.36 mmol) were added at 0 °C. The mixture was stirred at room
temperature for 1 h, and then quenched with a mixture of saturated aqueous NaHCO; solution
(10 mL) and saturated aqueous Na,S,0s solution (10 ml). The aqueous layer was extracted with
CH:Cl, (10 mLx3), and the combined organic layer was washed with brine (10 mLx1), dried
over Na;SOs, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 4/1) to afford product 42 (290 mg, 12 % for 2 steps) as
white solid: Ry= 0.6 (hexane/ethyl acetate = 1/1); '"H NMR (400 MHz, CDCls).
(2)-1-diazo-1-(phenylsulfonyl)hept-5-en-2-one (47)

Me (0]
N SO,Ph

47 N2

To a stirred solution of 52 (280 mg, 1.11 mmol) and K,CO;3 (230 mg, 1.67 mmol) in
CH3CN were added TsN3 (230 mg, 1.17 mmol) at 0°C. The reaction mixture was stirred at room
temperature for 6 hour. After the reaction was completed, saturated aqueous NH4Cl was added
to the reaction mixture, and the aqueous layers were extracted with EtOAc. The combined
organic layers were washed with brine, dried Na;SOy filtered and concentrated under reduced
pressure. The residue was purified by flash chromatography (hexane/ ethyl acetate = 4/ 1) to
afford 47 (293 mg, 95%) as yellow crystal. 'HNMR (400 MHz, CDCI3) § 8.02-7.93 (m, 2H),
7.71-7.51 (m, 3H), 5.51-5.38 (m, 1H), 5.30-5.17 (m, 1H), 2.60 (t, J = 7.3 Hz, 2H), 2.31 (q, J =
7.3 Hz, 2H), 1.57-1.45 (m, 3H)
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(15)-6-methyl-1-(phenylsulfonyl)bicyclo[3.1.0]hexan-2-one (48)

0]

% SO,Ph
Me

48

A toluene azeotroped CuCl (3.6 mg, 0.036 mmol) and NaBARF (32 mg, 0.036) were
placed in a dried flask under an Ar atmosphere and to this flask was added a solution of toluene
azeotroped L4 (23 mg, 0.0539 mmol) in toluene (1.0 mL%2) via a cannula. The mixture was
stirred at 60 °C for 2 h and then to the light green solution was added a solution of toluene
azeotroped 47 (50 mg, 0.18 mmol) in toluene (1.0 mLx2) via a cannula. The reaction mixture
was stirred at 60 °C for 48 h, quenched with saturated aqueous NaHCOs solution (1.5 mL), and
extracted with ethyl acetate (1.5 mLx3). The combined organic layer was washed with brine
(1.0 mL), dried over Na,SQOs, and concentrated under reduced pressure. The residue was
purified by silica gel chromatography (hexane/ethyl acetate = 10/1) to afford product 48 (40.0
mg, quant, 89 % ee) as a white solid. 'HNMR (400 MHz, CDCl;) § 8.06-7.90 (m, 2H),
7.71-7.45 (m, 3H), 3.05 (dd, J =9.1, 6.3 Hz, 1H), 2.61-2.39 (m, 2H), 2.23-2.37 (m, 1H),
2.18-2.00 (1H), 1.95-1.79 (m, 1H), 1.11 (d, J = 6.8 Hz, 3H)
(5)-2-((15,25)-2-(phenylsulfonyl)-3-oxocyclopentyl)propanenitrile (57)

@)
SO,Ph

H
nnMe
NC

57

To a stirred solution of 56 (10.0 mg, 0.0400 mmol) in DMSO (0.5 ml) were added
NaCN (6 mg, 0.120 mmol) at room temperature. The reaction mixture was stirred at 100°C for
an hour. After the reaction was comleted, saturated aqueous NH4Cl was added to the reaction
mixture, and the aqueous layers were extracted with EtOAc. The combined organic layers were
washed with brine, dried Na,SOs, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ ethyl acetate = 4/ 1) to afford 57 (6.5 mg, 60%)
as colorless crystal. 'HNMR (400MHz, CDCl3) § 7.82-7.91 (m, 2H), 7.78-7.50 (m, 3H), 3.63 (d,
J = 6.8 Hz, 1H), 3.33-3.19 (m, 1H), 3.19-3.03 (m, 1H), 2.63-2.32 (m, 3H), 1.92-1.72 (m, 1H),
1.43 (d, J=7.2 Hz, 3H)
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(£)-1-diazo-1-(mesitylsulfonyl)hept-5-en-2-one (55)

Me (0]
WJ\H/S%Mes
55 N

To a stirred solution of MeSO,Mes (750 mg, 3.78 mmol) in THF (20 ml) were added a
n-BuLi (1.6 M in hexane, 4.7 ml, 7.56 mmol) at 0°C. The reaction mixture was stirred at room
temperature for an hour. The orange suspension was added aldehyde 50 in THF (10 ml) at 0°C.
After the reaction was completed, saturated aqueous NH4CI was added to the reaction mixture,
and the aqueous layers were extracted with EtOAc. The combined organic layers were washed
with brine, dried Na,SOy, filtered and concentrated under reduced pressure. The residue was
purified by flash chromatography (hexane/ ethyl acetate = 50/ 1) to afford 53 as white solid.

To a stirred solution of 53 in CH»Cl, (27 mL), NaHCO3 (2.3 g, 37.8 mmol) and Dess—
Martin periodinane (1.9g, 4.158 mmol) were added at 0 °C. The mixture was stirred at room
temperature for 1 h, and then quenched with a mixture of saturated aqueous NaHCO3 solution
(10 mL) and saturated aqueous Na,S,0s solution (10 ml). The aqueous layer was extracted with
CH:Cl, (10 mLx3), and the combined organic layer was washed with brine (10 mLx1), dried
over Na;SO4, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 4/1) to afford product 54 as white solid.

To a stirred solution of 54 and K,CO; (100 mg, 0.72 mmol) in CH3CN (12 ml) were
added TsN3 (211 mg, 1.07 mmol) at 0°C. The reaction mixture was stirred at room temperature
for 6 hour. After the reaction was completed, saturated aqueous NH4Cl was added to the
reaction mixture, and the aqueous layers were extracted with EtOAc. The combined organic
layers were washed with brine, dried Na,SOy, filtered and concentrated under reduced pressure.
The residue was purified by flash chromatography (hexane/ ethyl acetate = 4/ 1) to afford 55
(200 mg, 13% for 3 steps) as yellow crystal. 'HNMR (400 MHz, CDCls) & 7.00 (s, 2H), 5.43 (m,
1H), 5.17 (m, 1H), 2.65 (s, 6H), 2.45 (t, J = 7.2 Hz, 2H), 2.32 (s, 3H), 2.26 (q, J = 7.4 Hz, 2H),
1.51 (d, J=6.8 Hz, 3H).

(18,5S,6R)-1-(mesitylsulfonyl)-6-methylbicyclo[3.1.0]hexan-2-one (56)

O
SO,Mes
i ""Me
H

56

A toluene azeotroped CuCl (1.0 mg, 0.0101 mmol) and NaBARF (8.3 mg, 0.0101

mmol) were placed in a dried flask under an Ar atmosphere and to this flask was added a
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solution of toluene azeotroped L4 (5.9 mg, 0.0151 mmol) in toluene (1.0 mLx2) via a cannula.
The mixture was stirred at 60 °C for 2 h and then to the light green solution was added a
solution of toluene azeotroped 55 (30 mg, 0.0936 mmol) in toluene (1.0 mLx2) via a cannula.
The reaction mixture was stirred at 50 °C for 5 hours, quenched with saturated aqueous
NaHCO:s solution (1.5 mL), and extracted with ethyl acetate (1.5 mLx3). The combined organic
layer was washed with brine (1.0 mL), dried over Na,SQOs, and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (hexane/ethyl acetate = 10/1) to
afford product 56 (22.6 mg, 87%, 94% ee) as a white solid. 'HNMR (400 MHz, CDCl;) & 6.96
(s, 2H), 2.99 (dd, 1 =9.2, 6.0 Hz, 1H), 2.73-2.61 (m, 1H), 2.66 (s, 6H), 2.46 (ddd, J = 19.3, 12.0,
3.1 Hz, 1H), 2.40-2.27 (m, 1H), 2.29 (s, 3H), 2.17-2.03 (m, 1H), 1.98-1.86 (1H), 1.24 (d, ] = 6.4
Hz, 3H).

(5)-2-((15,28)-2-(mesitylsulfonyl)-3-oxocyclopentyl)propanenitrile (57)

0O
SO,Mes
H
wMe
NC 57

To a stirred solution of 56 (66 mg, 0.226 mmol) in DMSO (2.3 ml) were added NaCN
(33 mg, 0.677 mmol) at room temperature. The reaction mixture was stirred at 100°C for an
hour. After the reaction was comleted, saturated aqueous NH4Cl was added to the reaction
mixture, and the aqueous layers were extracted with EtOAc. The combined organic layers were
washed with brine, dried Na,SOs, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ ethyl acetate = 4/ 1) to afford 57 (63%) as
colorless crystal. 'HNMR (400 MHz, CDCl3) § 7.01 (s, 2H), 3.71 (s, 1H), 3.37-3.26 (m, 1H),
3.13-2.97 (m, 1H), 2.58 (s, 9H), 2.34 (s, 3H), 1.97-1.81 (1H), 1.47 (d, ] = 7.2 Hz, 3H).
(E)-1-(mesitylsulfonyl)hept-5-en-2-one (59)
O
/\/\)J\/SOZMes
59
To a stirred solution of MeSO,Mes (21.5 g, 0.108 mol) in THF were added a n-BuLi
(in hexane) (133 ml, 0.239 mol) at 0°C. The reaction mixture was stirred at room temperature
for an hour. The orange suspension was added 58 (14 g, 98.5 mmol) in THF at 0°C. After the
reaction was completed, saturated aqueous NH4Cl was added to the reaction mixture, and the
aqueous layers were extracted with EtOAc. The combined organic layers were washed with
brine, dried Na,SOy, filtered and concentrated under reduced pressure. The residue was purified

by flash chromatography (hexane/ ethyl acetate = 50/ 1) to afford 59 (24.0 g, 83%) as white
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solid. 'HNMR (500 MHz, CDCl;) § 6.97 (s, 2H), 5.51-5.27 (m, 2H), 4.11 (s, 2H), 2.77 (t, ] =
7.2 Hz, 2H), 2.61 (s, 6H), 2.30 (s, 3H), 2.23 (q, J = 6.9 Hz, 2H), 1.61 (dd, J = 6.3, 1.2 Hz, 3H).
(E)-1-diazo-1-(mesitylsulfonyl)hept-5-en-2-one (60)
O
/\/\)J\”/SOZMes
N2
60
To a stirred solution of 59 (0.0815 mol) and K»COs3 (17.0 g, 0.122mol) in CH3CN were
added TsN; (16g, 0.0815 mmol) at 0°C. The reaction mixture was stirred at room temperature
for 6 hour. After the reaction was comleted, saturated aqueous NH4Cl was added to the reaction
mixture, and the aqueous layers were extracted with EtOAc. The combined organic layers were
washed with brine, dried Na,SOs, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ ethyl acetate = 10/ 1) to afford 60 (18.5 g, 71%)
as yellow crystal. 'HNMR (500 MHz, CDCl3) § 7.00 (s, 2H), 5.37-5.25 (m, 1H), 5.25-5.14 (m,
1H), 2.65 (s, 6H), 2.45 (t, ] = 7.4 Hz, 2H), 2.32 (s, 3H), 2.17 (q, J = 7.0 Hz, 2H), 1.57 (dd, J =
6.2, 1.1 Hz, 4H).
(1S5,58,65)-1-(mesitylsulfonyl)-6-methylbicyclo[3.1.0]hexan-2-one (61)
@)
SO,Mes

Me

61
A toluene azeotroped CuCl (33 mg, 0.337 mmol) and NaBARF (299mg, 0.337 mmol)

were placed in a dried flask under an Ar atmosphere and to this flask was added a solution of
toluene azeotroped L4 (212 mg, 0.506 mmol) in toluene (15 mL) via a cannula. The mixture
was stirred at 60 °C for 2 h and then to the light green solution was added a solution of toluene
azeotroped 60 (1.08 mg, 0.0037 mmol) in toluene (25 mL) via a cannula. The reaction mixture
was stirred at 60 °C for 48 h, quenched with saturated aqueous NaHCOjs solution (1.5 mL), and
extracted with ethyl acetate. The combined organic layer was washed with brine (1.0 mL), dried
over Na;SOs, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 10/1) to afford product 61 (1.0 g, 99%, 91% ee) as a
white solid. "HNMR (500 MHz, CDCls) § 6.93 (s, 2H), 2.81 (t, ] = 4.8 Hz, 1H), 2.71 (s, 6H),
2.27 (s, 3H), 2.21-2.02 (4H), 1.98-1.90 (m, 1H), 1.73 (d, J = 6.2 Hz, 3H).
(R)-2-((1S,25)-2-(mesitylsulfonyl)-3-oxocyclopentyl)propanenitrile (62)
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SO,Mes

Me
NC

62

To a stirred solution of 61 (2.67 g, 9.13 mmol) in DMSO (100 mL) were added NaCN
(1.34 g, 0.0274 mmol) at room temperature. The reaction mixture was stirred at 100°C for an
hour. After the reaction was comleted, saturated aqueous NH4Cl was added to the reaction
mixture, and the aqueous layers were extracted with EtOAc. The combined organic layers were
washed with brine, dried Na,SOs, filtered and concentrated under reduced pressure. The residue
was purified by flash chromatography (hexane/ ethyl acetate = 4/ 1) to afford 62 (2.86 g, 98%)
as colorless crystal. 'THNMR (500 MHz, CDCl;) § 7.01 (s, 2H), 3.80 (d, J = 9.6 Hz, 1H), 3.63
(qd, J=17.3, 4.1 Hz, 1H), 3.17-3.06 (m, 1H), 2.59 (s, 6H), 2.54-2.30 (m, 6H), 1.85-1.73 (m, 1H),
1.47 (d, J=7.4 Hz, 3H).
(35)-3-((R)-1-hydroxypropan-2-yl)-2-(mesitylsulfonyl)cyclopentan-1-ol (63)

OH
SO,Mes

H
Me

OH
63

To a stirred solution of 53 (1.34 g, 4.19 mmol) in CH>ClL, (7 mL) and toluene (35
mL) was added DIBAL-H (10.5 ml, 10.5 mmol, 1M in toluene) at —78°C. The reaction mixture
was stirred at —78°C for 2 hour. After the reaction was completed, the reaction mixture was
quenched with saturated NH4Cl aqueous solution (10.0 mL), and Rochelle salt (10.0 mL) was
added. The mixture was stirred at room temperature for 12 h. The aqueous layer was extracted
with CH»Cl, (1.0 mLx3), and the combined organic layer was dried over Na,SOs, and
concentrated under reduced pressure. The residue was used for the next reaction without further
purification.

To a stirred solution of crude product in EtOH (40 mL), NaBH4 (310 mg, 8.38 mmol)
was added at 0 °C. The mixture was stirred at 0 °C for 1 h, and then H,O (20 ml) was added to
the mixture. The aqueous layer was extracted with Et,O (20 mLx3), and the combined organic
layer was washed with brine (10 mLx1), dried over Na,SO4, and concentrated under reduced
pressure. The residue was purified by silica gel chromatography (hexane/ethyl acetate = 10/1) to
afford product 63 (1.06 g, 80%) as a white solid: R;= 0.40 (hexane/ethyl acetate = 1/1). 'HNMR
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(500 MHz, CDCls) 6 6.97 (s, 2H), 4.25 (d, J = 4.0 Hz, 1H), 3.92 (q, J =4.3 Hz, 1H), 3.54 (d, ] =
15.3 Hz, 2H), 3.14-2.97 (2H), 2.70 (s, 7H), 2.30 (s, 3H), 2.18-1.86 (m, 3H), 1.80-1.56 (m, 1H),
0.82 (d,J=7.1 Hz, 3H).
(35)-2-(mesitylsulfonyl)-3-((R)-1-((triisopropylsilyl)oxy)propan-2-yl)cyclopentan-1-ol (64)

OH
SO,Mes

H
Me

64 OTIPS

To a stirred solution of 63 (250 mg, 0.772 mmol) and imidazole (80 mg, 1.16 mmol) in
DMF (8 mL)was added TIPSCI (149 mg, 0.772 mmol) and DMAP (24.4 mg ,0.154mmol) at
room tempareture. The reaction mixture was stirred at same temperature for 12 hour. After the
reaction was comleted, saturated aqueous NH4CIl was added to the reaction mixture, and the
aqueous layers were extracted with Et,O. The combined organic layers were washed with brine,
dried Na,SOy, filtered and concentrated under reduced pressure. The residue was purified by
flash chromatography (hexane/ ethyl acetate = 4/ 1) to afford 64 (369 mg, 99%) as colorless
crystal. 'HNMR (500 MHz, CDCls) § 6.94 (s, 2H), 4.50-4.39 (1H), 3.86 (dd, J = 7.9, 5.1 Hz,
1H), 3.67-3.35 (m, 3H), 2.84-2.75 (1H), 2.69 (s, 6H), 2.29 (s, 3H), 2.18-2.03 (m, 1H), 1.93 (qd,
J=28.1,4.0 Hz, 1H), 1.82-1.62 (m, 3H), 1.07-0.91 (m, 21H), 0.77 (d, J = 7.0 Hz, 3H).
((R)-2-((R)-cyclopent-2-en-1-yl)propoxy)triisopropylsilane (65)

H
Me

OTIPS
65

To a stirred solution of 64 (16.7 mg, 0.0346 mmol) and Na,HPO4 (42 mg, .0.346
mmol) in MeOH (0.4 mL) was added sodium amalgam at room tempareture. The reaction
mixture was stirred at same temperature for 12 hour. After the reaction was comleted, filtered
through a Celite pad and the residue was washed with Et,O for several times. The combined
filtrate was concentrated under reduced pressure, and then purified by silica gel chromatography
(hexane only) to afford 65 (7.1 mg, 72 %) as a colorless oil 'THNMR (500 MHz, CDCl;) &
5.78-5.64 (m, 2H), 3.65 (q, J = 4.9 Hz, 1H), 3.49 (dd, J = 9.6, 6.8 Hz, 1H), 2.75-2.65 (1H),
2.38-2.17 (m, 2H), 1.99 (tt, J = 12.9, 4.3 Hz, 1H), 1.62-1.44 (m, 2H), 1.13-0.98 (m, 21H), 0.91
(d, J=6.8 Hz, 3H).
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(3S)-2-bromo-3-((R)-1-((triisopropylsilyl)oxy)propan-2-yl)cyclopentan-1-ol (66)
OH

Br

H
Me

OTIPS
66

To a stirred solution of 65 (70 mg, 0.248 mmol) and NaHCOs3 (104mg, 0.1239 mmol)
in acetone (3.0 mL) and H,O (1 mL) were added NBS (88mg, 0.496 mmol) at 0°C. The reaction
mixture was stirred at same temperature for 12 hour. After the reaction was comleted, saturated
aqueous NH4Cl was added to the reaction mixture, and the aqueous layers were extracted with
Et;0. The combined organic layers were washed with brine, dried Na,SO,, filtered and
concentrated under reduced pressure. The residue was purified by flash chromatography
(hexane/ ethyl acetate = 50/ 1) to afford 66 (73 mg, 78%, regioisomer 4 : 1 ) as colorless crystal.
'HNMR (500 MHz, CDCl;) § 4.57-4.49 (m, 1H), 4.26-4.19 (m, 1H), 3.69 (m, 1H), 3.62-3.55 (m,
1H), 2.42-2.32 (m, 1H), 2.18-1.88 (m, 3H), 1.77-1.63 (m, 2H), 1.61-1.46 (m, 1H), 1.14-0.97 (m,
24H).
(3S5)-2-bromo-3-((R)-1-((triisopropylsilyl)oxy)propan-2-yl)cyclopentan-1-one (21)

0]
Br

H
Me

OTIPS
21

To a stirred solution of 66 (70 mg, 0.185 mmol) in CH>Cl, (15 mL), NaHCO; (77mg,
0.926 mmol) and Dess—Martin periodinane (86 mg, 0.204 mmol) were added at 0 °C. The
mixture was stirred at room temperature for 1 h, and then quenched with a mixture of saturated
aqueous NaHCOs solution (10 mL) and saturated aqueous Na,S,0s solution (10 ml). The
aqueous layer was extracted with CH,Cl, (10 mLx3), and the combined organic layer was
washed with brine (10 mLx1), dried over Na;SO4, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (hexane/ethyl acetate = 100/1) to afford
product 21 (69 mg, quant.)as colorless oil. 'HNMR (500 MHz, CDCl;) & 4.22 (d, J = 5.1 Hz,
1H), 3.73 (ddd, J = 29.3, 9.8, 3.8 Hz, 2H), 2.59 (ddd, J = 18.7, 9.6, 4.3 Hz, 1H), 2.21-2.08 (m,
2H), 1.97-1.88 (m, 1H), 1.86-1.70 (2H), 1.16-0.97 (m, 24H).
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(35)-2-(hydroxymethyl)-3-methyl-3-((phenylthio)methyl)cyclopentanone (68)

Ho ©
\

a

PhS
68

To a stirred solution of (3S5)-2-mesitylsulfonyl-3-methyl-3-phenylthiomethyl-
cyclopentanone 69" (200 mg, 0.500 mmol) and formalin (38%, 0.2 mL, 2.48 mmol) in THF (5
mL), Sml; (1.2 M in THEF, 2.0 mL, 2.48 mmol) was added dropwise. The mixture was stirred at
room temperature for 1 h, and then quenched with saturated aqueous NH4Cl solution (10 mL).
The aqueous layer was extracted with Et;O (10 mLx3), and the combined organic layer was
washed with brine (10 mLx1), dried over Na;SO4, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (hexane/ethyl acetate = 4/1) to afford a
mixture of diastereomers (85 mg, 69%) as a clear oil: R;= 0.50 (hexane/ethyl acetate = 1/1); 'H
NMR (500 MHz, CDCl3) 6 7.17-7.38 (m, 5H), 3.60-3.91 (m, 2H), 2.86-3.20 (m, 2H), 1.64-2.53
(m, 5H), 1.00-1.32 (m, 3H); *C NMR (125 MHz, CDCl;) 6 220.8, 206.8, 152.1, 137.3, 137.0,
129.9, 129.7, 129.6, 129.2, 129.1, 126.5, 126.4, 117.8, 59.4, 59.0, 46.0, 45.8, 44.2, 43.4, 35.7,
35.6, 35.5, 32.9, 32.1, 26.5, 26.3, 20.7; IR (ATR) vmax 3504, 2956, 1727, 1480, 1064, 1008, 738,
690 cm™'; HRMS (ESI) [M+Na]" caled for C1sH;s0,NaS 273.0925, found 273.0920.
(35)-3-methyl-3-phenylthiomethyl-2-triisopropylsilyloxymethylcyclopentan-1-one (72)

TIPSO\ O

a

PhS
72

To a stirred solution of 68 (452 mg, 1.81 mmol) in CH>Cl, (18 mL), 2,6-lutidine
(0.24 mL, 2.17 mmol) and TIPSOTf (0.58 ml, 1.90 mmol) were added at 0 °C. The mixture was
stirred at 0 °C for 20 min, and then quenched with saturated aqueous NH4Cl solution (10 mL).
The aqueous layer was extracted with CH,Cl, (10 mLx3), and the combined organic layer was
washed with brine (10 mLx1), dried over Na;SO4, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (hexane/ethyl acetate = 10/1) to afford a
mixture of diastereomers (710 mg, 97%) as a clear oil: R;= 0.50 (hexane/ethyl acetate = 4/1); 'H
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NMR (500 MHz, CDCl3) 6 7.31-7.16 (m, 5H), 3.79-4.11 (m, 2H), 3.07-3.37 (m, 2H), 1.68-2.51
(m, 5H), 1.14-1.35 (m, 3H), 1.03-1.07 (m, 21H); *C NMR (125 MHz, CDCls) § 219.9, 218.2,
1295, 129.2, 129.0, 128.9, 126.1, 125.9, 61.8, 61.3, 61.0, 59.8, 59.7, 46.7, 44.0, 36.5, 35.9, 32.7,
20.1, 18.13, 18.10, 18.08, 18.04, 11.91, 11.88; IR (ATR) vmax 2942, 2865, 1736, 1461, 1093,
1024, 881, 737, 688 cm™'; HRMS (ESI) [M+Na]" caled for Ca3H3s0,NaSSi 429.2259, found
429.2256.
(35)-1-isopropyl-3-methyl-3-phenylthiomethyl-2-triisopropylsilyloxymethylcyclopentan-1-
ol (73)

TIPSO\ HO

o

PhS
73

To a stirred solution of 72 (100 mg, 0.246 mmol) in THF (2.5 mL), lanthanum
chloride bis (lithium chloride) complex solution (0.6 M in THF, 0.41 mL, 0.246 mmol) was
added”. The mixture was stirred at room temperature for 1 h, and then isopropyl magnesium
chloride solution (2.0 M in THF, 0.62 mL, 1.23 mmol) was added to the mixture at 0 °C. After
stirring for 1 h at 0 °C, the reaction mixture was quenched with saturated aqueous NH4Cl
solution (5 mL). The aqueous layer was extracted with Et;O (10 mLx3), and the combined
organic layer was washed with brine (10 mLx1), dried over Na,SO4, and concentrated under
reduced pressure. The residue was purified by silica gel chromatography (hexane/ethyl acetate =
10/1) to afford a mixture of diastereomers (108 mg, 98%) as a clear oil: R,= 0.50 (hexane/ethyl
acetate = 4/1); '"H NMR (500 MHz, CDCl;) 6 7.26-7.35 (m, 3H), 7.10-7.23 (m, 2H), 3.94-4.02
(m, 2H), 2.86-3.51 (m, 3H), 1.60-2.11 (m, 4H), 1.53-1.42 (m, 1H), 1.17-1.24 (m, 3H), 1.02-1.12
(m, 21H), 0.89-0.98 (m, 6H); *C NMR (125 MHz, CDCl;) 6 138.4, 138.3, 129.2, 129.1, 128.9,
128.8, 125.7, 125.6, 86.6, 86.4, 62.0, 61.2, 55.8, 51.8, 48.2, 44.8, 43.1, 37.4, 37.0, 32.7, 27.9,
23.5,18.2, 11.9; IR (ATR) Vinax 3490, 2942, 2865, 1462, 1089, 1053, 881, 736, 688 cm™'; HRMS
(ESI) [M+Na]" caled for Co6Has02NaSSi 473.2885, found 473.2882.
(8)-2-isopropyl-5-methyl-5-phenylthiomethylcyclopent-1-ene-1-carbaldehyde (76)

OHC

PhS
76
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To a stirred solution of 73 (27.5 mg, 0.061 mmol) in CH>Cl (0.6 mL), pyridine (0.01
mL, 0.122 mmol) and SOCI, (0.036mL, 0.305 mmol) were added at 0 °C. The mixture was
stirred at 0 °C for 15 min, and then quenched with saturated aqueous NaHCOj3 solution (1 mL).
The aqueous layer was extracted with CH,Cl, (10 mLx3), and the combined organic layer was
washed with brine (10 mLx1), dried over Na;SO4, and concentrated under reduced pressure.
The residue was roughly purified by short column chromatography to afford the crude product
as a clear oil, which was used for the next reaction without further purification.

To a stirred solution of the crude product in THF (16 mL), TBAF (1M in THF, 6.5 ml,
6.45 mmol) was added at 0 °C. The mixture was stirred at 0 °C for 30 min, and then warmed up
to room temperature. After the reaction was completed, saturated aqueous NH4Cl solution (15
mL) was added to the reaction mixture. The aqueous layer was extracted with ethyl acetate (15
mLx3), and the combined organic layer was washed with brine (10 mLx1), dried over Na,SOg,
and concentrated under reduced pressure. The residue was roughly purified by short column
chromatography to afford the crude alcohol as a clear oil, which was used for the next reaction
without further purification.

To a stirred solution of the crude alcohol in CH>Cl, (15 mL), NaHCOs (1.24 g, 14.8
mmol) and Dess—Martin periodinane (693 mg, 1.63 mmol) were added at 0 °C. The mixture was
stirred at room temperature for 1 h, and then quenched with a mixture of saturated aqueous
NaHCOs solution (10 mL) and saturated aqueous Na»S,03 solution (10 ml). The aqueous layer
was extracted with CH>Cl, (10 mLx3), and the combined organic layer was washed with brine
(10 mLx1), dried over Na,SQOs, and concentrated under reduced pressure. The residue was
roughly purified by short column chromatography to afford the crude aldehyde as a clear oil,
which was used in the next reaction without further purification.

To a stirred solution of the aldehyde in MeOH (13.5 mL), KOH (1M in MeOH, 2.7
mL, 2.7 mmol) was added at 0 °C. The mixture was stirred at 0 °C for 20 min, and then diluted
with Et;,O (10 ml). To the solution was added saturated aqueous NH4Cl solution, and the
aqueous layer was extracted with Et,O (10 mLx3). The combined organic layer was washed
with brine (10 mLx1), dried over Na,SOa, and concentrated under reduced pressure. The residue
was purified by silica gel chromatography (hexane/ethyl acetate = 10/1) to afford product 10
(358 mg, 84% for 4 steps) as a clear oil: Ry= 0.75 (hexane/ethyl acetate = 4/1); '"H NMR (500
MHz, CDCl3) 6 9.96 (s, 1H), 7.30 (d, J = 7.4 Hz, 2H), 7.22 (dd, ] = 7.4, 7.4 Hz, 2H), 7.11 (t,] =
7.4 Hz, 1H), 3.46 (d, J = 12.0 Hz, 1H), 3.36-3.42 (m, 1H), 3.18 (d, J = 12.0 Hz, 1H), 2.44-2.60
(m, 2H), 2.03-2.10 (m, 1H), 1.59-1.65 (m, 1H), 1.31 (s, 3H), 1.13 (d, J = 6.9 Hz, 3H), 1.11 (d, J
= 6.9 Hz, 3H); °C NMR (125 MHz, CDCl;) § 187.8, 173.5, 139.8, 137.8, 129.2, 128.8, 125.6,
50.6, 43.9, 35.1, 30.3, 27.0, 25.7, 21.64, 21.62; IR (ATR) vmax 2962, 2864, 1662, 1439, 1328,
1091, 1024, 882, 735, 689 cm™'; HRMS (ESI) [M+Na]" calcd for C17H2,0,NaS 297.1289, found
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297.1284; [a]p™ —24 (¢ 0.61, CHCI3).
(S)-(2-isopropyl-5-methyl-5-phenylthiomethylcyclopent-1-en-1-yl)methanol (77)

HO

e

PhS
77

To a stirred solution of 76 (355 mg, 1.30 mmol) in EtOH (13 mL), NaBH4 (147 mg,
3.89 mmol) was added at 0 °C. The mixture was stirred at 0 °C for 1 h, and then H>O (20 ml)
was added to the mixture. The aqueous layer was extracted with Et,O (20 mLx3), and the
combined organic layer was washed with brine (10 mLx1), dried over Na,SO4, and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (hexane/ethyl
acetate = 10/1) to afford product 77 (332 mg, 93%) as a clear oil: R,= 0.20 (hexane/ethyl acetate
=5/1); '"H NMR (500 MHz, CDCl;) § 7.71-7.01 (m, 5H), 4.19 (d, ] = 12.0 Hz, 1H), 4.04 (d, ] =
12.0 Hz, 1H), 3.19 (d, J = 11.5 Hz, 1H), 3.07 (d, J = 11.5 Hz, 1H), 2.94-2.78 (m, 1H), 2.47-2.21
(m, 2H), 2.11-1.95 (m, 1H), 1.70-1.59 (m, 1H), 1.19 (s, 3H), 1.05 (d, J = 9.7 Hz, 3H), 0.99 (d, J
= 9.7 Hz, 3H); *C NMR (125 MHz, CDCl;) ¢ 150.0, 137.6, 137.1, 129.1, 128.9, 125.8, 55.9,
50.9,45.9,35.9,28.4,27.4,26.5,21.8, 21.5; IR (ATR) vmax 3409, 2957, 2866, 1479, 1438, 1025,
977, 734, 689 cm™'; HRMS (ESI) [M+Na]" calcd for Ci7H24ONaS 299.1446, found 299.1440;
[a]p > —9.2 (¢ 0.43, CHCI5).
(S)-triisopropyl(2-isopropyl-5-methyl-5-phenylthiomethylcyclopent-1-en-1-yl)methoxysila
ne (77)

TIPSO

a

PhS
77

~

To a stirred solution of 77 (2.21 g, 8.00 mmol) in CH>Cl, (80 mL), 2,6-lutidine (1.11
mL, 9.60 mmol) and TIPSOTT (2.26 mL, 8.40 mmol) were added at 0 °C. The mixture was
stirred at 0 °C for 20 min, and then quenched with saturated aqueous NH4Cl solution (40 ml).
The aqueous layer was extracted with CH,Cl, (40 mLx3), and the combined organic layer was
washed with brine (10 mLx1), dried over Na;SO4, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography (hexane/ethyl acetate = 20/1) to afford
product 77 (3.30 g, 93%) as a clear oil: R;= 0.80 (hexane/ethyl acetate = 4/1); '"H NMR (500
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MHz, CDCl3) 6 7.41-7.02 (m, 5H), 4.28 (d, ] = 11.3 Hz, 1H), 4.24 (d, J = 11.3 Hz, 1H), 3.23 (d,
J=119Hz, 1H), 3.11 (d, J = 11.9 Hz, 1H), 2.87-2.69 (m, 1H), 2.37-2.11 (m, 2H), 2.10-1.89 (m,
1H), 1.59-1.49 (m, 1H), 1.24 (s, 3H), 1.16-1.02 (m, 21H), 1.00 (d, J = 6.8 Hz, 3H), 0.97 (d, ] =
6.8 Hz, 3H); >C NMR (125 MHz, CDCls) 6 146.5, 139.0, 137.6, 128.71, 128.69, 125.2, 57.3,
51.2,44.7, 36.0, 28.0, 27.3, 25.4, 21.6, 18.0, 12.; IR (ATR) vmax 2941, 2864, 1462, 1047, 881,
811, 734, 687, 657 cm™'; HRMS (ESI) [M+Na]" caled for C,sHs4ONaSSi 455.2780, found
455.2775; [a]p** —17 (¢ 0.57, CHCl5).
(5S)-triisopropyl(2-isopropyl-5-methyl-5-phenylsulfinylmethylcyclopent-1-en-1-yl)methox
ysilane (78)

TIPSO

aw

/
PhS

\\

o
78
To a stirred solution of 57 (2.0 g, 4.63 mmol) in CH,Cl, (46 mL), mCPBA (65%,

1.23 g, 4.63 mmol) in CH>Cl, (46 mL) was added at —40 °C. The mixture was stirred at —40 °C
for 20 min, and then quenched with a mixture of saturated aqueous NaHCOs3 solution (50 mL)
and saturated aqueous Na,S>0; solution (50 ml). The aqueous layer was extracted with EtOAc
(50 mLx3), and the combined organic layer was washed with brine (10 mLx3), dried over
Na,SO4, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 4/1) to afford a mixture of diastereomers (2.1 g, quant.)
as a clear oil: Ry= 0.20 (hexane/ethyl acetate = 4/1); '"H NMR (500 MHz, CDCl3) 6 7.41-7.61 (m,
5H), 4.17-4.32 (m, 2H), 2.83-3.14 (m, 2H), 1.61-2.78 (m, 4H), 1.34-1.47 (m, 3H), 1.20-1.25 (m,
1H), 0.94-1.13 (m, 27H); *C NMR (125 MHz, CDCl;) ¢ 147.3, 147.2, 146.2, 146.0, 137.7,
137.2, 130.53, 130.49, 129.11, 129.10, 124.0, 123.9, 70.7, 69.5, 57.3, 57.1, 50.0, 36.2, 35.8,
28.2,27.33,27.30, 24.6, 21.5, 21.4, 18.2, 18.1, 12.0, 11.9; IR (ATR) vmax 2864, 1041, 1021, 881,
812, 749, 679, 658 cm™'; HRMS (ESI) [M+Na]" caled for CasHisO,NaSSi 471.2729, found
471.2723.
(8)-3-isopropyl-1-methyl-2-triisopropylsilyloxymethylcyclopent-2-ene-1-carbaldehyde (6)

TIPSO

ri

7/\\\\\
o)
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To a stirred solution of 6 (1.6 g, 3.57 mmol) in CH,Cl, (45 mL), Et:N (2.0 mL, 14.3
mmol) and TFAA (1.0 ml, 7.14 mmol) were added at 0 °C. The mixture was stirred at room
temperature for 25 min, and then H>O (90 ml) and THF (90 ml) were added to the mixture. The
resulting mixture was stirred at room temperature for 10 h, and the aqueous layer was extracted
with Et;O (50 mLx3). The combined organic layer was washed with brine (10 mLx3), dried
over Na;SOs, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 20/1) to afford product 6 (1.2 g, quant.) as a clear oil:
R;= 0.75 (hexane/ethyl acetate = 4/1); "H NMR (400 MHz, CDCl3) 6 9.49 (s, 1H), 4.35 (d, ] =
11.4 Hz, 1H), 4.08 (d, J = 11.4 Hz, 1H), 2.70-2.79 (m, 1H), 2.33-2.45 (m, 2H), 2.09-2.16 (m,
1H), 1.45-1.56 (m, 1H), 1.20 (s, 3H), 0.96-1.13 (m, 27H); *C NMR (125 MHz, CDCl;) § 203.3,
148.9, 135.1, 61.4, 57.0, 32.0, 29.3, 27.5, 21.6, 21.5, 18.1, 18.0, 12.0; IR (ATR) vmax 2941, 2865,
1725, 1462, 1052, 881, 807, 681 cm™'; HRMS (ESI) [M+Na]" caled for C2oH330,NaSi 361.2539,
found 361.2534; [a]p ** = 96 (c 0.53, CHCl;).
mesityl 6-methyl-3-oxohept-6-enoate (82)

O O

MesO)UJ\/\’/

82

To a stirred solution of ethyl 6-methyl-3-oxohept-6-enoate 80% (22.4 g, 121 mmol) in
EtOH (607 mL), 1M KOH aqueous solution (607 mL) was added at room temperature. The
mixture was stirred for 12 h at room temperature. The reaction mixture was diluted with Et,O
(300 mL), the aqueous layer was acidified with IM-HCI (200 mL). The mixture was extracted
with CH,Cl, (300 mLx3), the combined organic layer was washed with brine (10 mLx3), dried
over Na,SOy4 and concentrated under reduced pressure to afford crude carboxylic acid as a white
solid, which was used for the next reaction without further purification.

To a stirred solution of the prepared carboxylic acid 81 in CH,Cl, (1.2 L), DCC (26.2
g, 127 mmol), DMAP (2.97 g, 24.2 mmol) and 2.,4,6-trimethylphenol (16.5 g, 121 mmol) were
added portion wise at 0 °C. After the addition, the reaction mixture was allowed to warm to
room temperature. The reaction mixture was stirred at room temperature for 12 h and the
solvent was evaporated. The residue was diluted with Et;O and the solution was filtered through
a Celite pad and the residue was washed with Et,O for several times. The combined filtrate was
washed with H,O (600 mL), saturated brine (300 mL), dried over Na,SO, and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (hexane/ethyl
acetate = 40/1) to afford product 82 (22.6 g, 68%) as a white solid: Ry = 0.3 (hexane/ethyl
acetate = 10/1); 'H NMR (500 MHz, CDCl;) 6 6.86 (s, 2H), 4.76 (s, 1H), 4.69 (s, 1H), 3.73 (s,
2H), 2.79 (t, J = 7.7 Hz, 2H), 2.36 (t, J = 7.7 Hz, 2H), 2.25 (s, 3H), 2.13 (s, 6H), 1.74 (s, 3H);
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BC NMR (125 MHz, CDCls) 6 201.65, 165.18, 145.75, 143.91, 135.79, 129.58, 110.66, 77.11,
48.81,41.62, 31.20, 22.71, 20.84; IR (ATR) vmax 1738, 1706, 1332, 1255, 1187, 1137, 1089, 849
cm™'; mp 69.1-70.3 °C; HRMS(ESI) [M+Na]" caled for Ci7H203Na 297.1467, found 297.1461.
mesityl 2-diazo-6-methyl-3-oxohept-6-enoate (79)
O O

MesO

N3

79

To a stirred solution of 82 (3.0 g, 10.9 mmol) and 4-acetamidobenzenesulfonyl
azide® (3.2 g, 13.1 mmol) in CH;CN (109 mL), Et;N (5.5 ml, 39.4 mmol) were added at 0 °C.
The mixture was allowed to warm to room temperature and stirred for 2 h. The reaction mixture
was quenched with saturated NH4Cl1 aqueous solution (50 mL). The aqueous layer was extracted
with Et;0O (50 mLx3), and the combined organic layer was washed with brine (10 mLx3), dried
over Na;SOs, and concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 20/1) to afford product 79 (3.4 g, 99%) as a yellow oil:
R;= 0.6 (hexane/ethyl acetate = 4/1); 'H NMR (500 MHz, CDCls) § 6.89 (s, 2H), 4.73 (s, 1H),
4.69 (s, 1H), 3.04 (t, J = 7.7 Hz, 2H), 2.37 (t, ] = 7.7 Hz, 2H), 2.27 (s, 3H), 2.15 (s, 6H), 1.73 (s,
3H); *C NMR (125 MHz, CDCls) § 192.18, 159.48, 145.04, 144.24, 136.13, 129.95, 129.50,
110.60, 75.60, 38.67, 32.11, 22.62, 20.85, 16.36; IR (ATR) vmax 2920, 2134, 1727, 1658, 1296,
1187, 1130, 731 cm™'; HRMS(ESI) [M+Na]" caled for Ci7H20;N,Na 323.1372, found
323.1364.
(1R,5R)-mesityl 5-methyl-2-oxobicyclo[3.1.0]hexane-1-carboxylate (83)

O
MesO,C

Me
83

A toluene azeotroped CuBF4-(CH3CN), (209 mg, 0.666 mmol) was placed in a dried
flask under an Ar atmosphere. To this flask toluene (260 mL) and a solution of toluene
azeotroped L4 (418 mg, 0.999 mmol) in toluene (10 mLx2) was added via a cannula. The
mixture was stirred at 60 °C for 2 h and then to the light green solution was added a solution of
toluene azeotroped 79 (1.0 g, 3.33 mmol) in toluene (10 mLx2) via a cannula. The reaction
mixture was stirred at 60 °C for 24 h, quenched with saturated aqueous NaHCOs3 solution (150
mL), and extracted with ethyl acetate (150 mLx3). The combined organic layer was washed
with brine (100 mL), dried over Na>SOs, and concentrated under reduced pressure. The residue

was purified by silica gel chromatography (hexane/ethyl acetate = 10/1) to afford product 83
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(890 mg, 98%, 93% ee) as a white solid: Ry = 0.10 (hexane/ethyl acetate = 4/1); '"H NMR (500
MHz, CDCl;) 6 6.85 (s, 2H), 2.39-2.26 (m, 2H), 2.25 (s, 3H), 2.24-2.06 (m, 8H), 2.04 (d, J=5.1
Hz, 1H), 1.55 (d, J = 5.1 Hz, 1H), 1.52 (s, 3H); °C NMR (125 MHz, CDCl;) 6 207.31, 165.98,
146.18, 135.37, 129.69, 129.27, 44.69, 41.54, 34.33, 28.77, 26.30, 20.84, 18.82, 16.63; IR
(ATR) vmax 1728, 1361, 1242, 1176, 1142, 1060, 1031, 860, 558 cm™'; mp 142.7-143.9 °C;
HRMS(ESI) [M+Na]* calcd for Ci7H00sNa 295.1310, found 295.1304; [a]p®* +32 (¢ 0.47,
CHCly).

(1R,5R,E)-mesityl 2-hydroxyimino-5-methylbicyclo[3.1.0]hexane-1-carboxylate (83°)

.OH
N

MesO,C

Me
83’

To a stirred solution of 83 (8.9 mg, 0.0327 mmol) in EtOH, NH,OH-HCI (6.4 mg,
0.0980 mmol) and CH3CO;Na (22.3 mg, 0.163 mmol) were added portion wise. The reaction
mixture was stirred at room temperature for 12 h and filtered to remove precipitates. The filtrate
was concentrated under reduced pressure. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 4/1) to afford product 83 (8.2 mg, 87%) as a white
solid: Ry = 0.1 (hexane/ethyl acetate = 4/1); 'H NMR (500 MHz, CDCl3) § 6.84 (s, 2H),
2.99-3.05 (m, 1H), 2.24 (s, 3H), 1.97-2.20 (m, 10H), 1.94 (d, J = 5.1 Hz, 1H), 1.47 (s, 3H), 1.27
(d, J = 5.1 Hz, 1H); “C NMR (125 MHz, CDCls) § 167.32, 162.70, 146.28, 135.18, 129.80,
129.25, 40.92, 38.76, 31.28, 26.86, 23.95, 20.82, 18.50, 16.73; IR (ATR) vmax 3281, 1731, 1358,
1171, 1135, 1083, 1047, 940 cm™'; mp 144.0-144.6 °C; HRMS(ESI) [M+Na]" calcd for
C17H2105NNa 310.1419, found 310.1416; [a]p** +35 (c 0.49, CHCL:).
(1R,5R,E)-mesityl 2-benzoyloxyimino-5-methylbicyclo[3.1.0]hexane-1-carboxylate (83°’)

.OB
N z

MesO,C

Me
83“

To a stirred solution of 83 (8.2 mg, 0.0285 mmol), DMAP (0.7 mg, 0.00571 mmol)
and Et:N (0.0048 ml, 0.0342 mmol) in CH,Cl, (1.0 mL), benzoyl chloride (0.0040 ml, 0.0342

mmol) was added at 0 °C. After the addition, the reaction mixture was allowed to warm to room
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temperature. The reaction mixture was stirred at room temperature for 12 h, quenched with
saturated NH4Cl aqueous solution (1.0 mL). The aqueous layer was extracted with CH,Cl, (1.0
mLx3), and the combined organic layer was washed with brine (10 mLx1), dried over Na;SOs,
and concentrated under reduced pressure. The residue was purified by silica gel chromatography
(hexane/ethyl acetate = 20/1) to afford product 83” (8.6 mg, 77%) as a white solid: Ry = 0.4
(hexane/ethyl acetate = 4/1); 'TH NMR (500 MHz, CDCl3) 6 8.04 (d, ] = 8.2 Hz, 2H), 7.57 (t,] =
8.2 Hz, 1H), 7.44 (dd, J = 8.2, 8.2 Hz, 2H), 6.85 (s, 2H), 3.25 (m, 1H), 2.38-2.46 (m, 1H),
2.14-2.25 (m, 11H), 2.06 (d, J = 5.7 Hz, 1H), 1.49 (s, 3H), 1.36 (d, ] = 5.7 Hz, 1H); *C NMR
(125 MHz, CDCl;) 0 171.81, 166.28, 163.43, 146.38, 135.31, 133.22, 129.62, 129. 32, 129.25,
128.58, 41.45, 40.05, 31.36, 26.52, 26.12, 20.85, 18.43, 16.80; IR (ATR) vmax 1732, 1241, 1184,
1154, 1135, 1091, 1053, 1023 cm™'; mp 113.4-115.5 °C; HRMS(ESI) [M+Na]" caled for
C24H250sNNa 414.1681, found 414.1674; [a]p** +77 (c 0.51, CHCl3); ee was determined by
HPLC (nm); Daicel Chiral Cell AS-H 0.46 cm © x 25 cm; hexane/isopropanol = 3/1; flow rate
= (0.5 mL/min; retention time: 25.3 min for 83, 29.8 min for ent-83”.

(S)-mesityl 2-isopropyl-5-methyl-5-phenylthiomethylcyclopent-1-ene-1-carboxylate (84)

MesO,C

o

/
PhS

84

To a stirred suspension of NaH (60%, 0.77 g, 19.3 mmol) and benzene thiol (1.3 ml,
12.9 mmol) in THF (100 mL), a solution of 83 (3.5 g, 12.9 mmol) in THF (30 mL) was added
via a cannula at 0 °C. The reaction mixture was stirred at 0 °C and monitored on TLC. After 83
was consumed, N-(5-Chloro-2-pyridyl)bis(trifluoromethanesulfonyl)imide (6.1 g, 15.4 mmol) in
THF was added via a cannula, and the reaction mixture was stirred at 0 °C for 1 h. In a
separated dried flask, a solution of lithium 2-thienylcyanocuprate (0.25 M in THF, 25.7 mmol,
103 mL) and iPrMgCl (2 M in THF, 25.7 mmol, 103 mL) was mixed at -78 °C, followed by the
addition of the prepared solution of enol triflate in THF. After 30 min, saturated NH4CI aqueous
solution (50 mL) was added to the mixture, and the resultant mixture was allowed to warm to
0 °C. The mixture was diluted with water (50 mL) and aqueous NHj3 solution (100 mL), and
then extracted with Et;O (150 mLx3). The combined organic layer was washed with 1M-HCI
(50 mL), brine (50 mL), dried over Na,SO4 and concentrated under reduced pressure. The
residue was purified with silica gel chromatography (hexane/ethyl acetate = 100/1) to afford
product 84 (3.9 g, 74%) as a yellow oil: Ry = 0.7 (hexane/ethyl acetate = 4/1); '"H NMR (500
MHz, CDCl;) 6 7.30 (d, J = 7.2 Hz, 2H), 7.21 (dd, J = 7.2, 7.2 Hz, 2H), 7.10 (t, ] = 7.2 Hz, 1H),
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6.85 (s, 2H), 3.65-3.73 (m, 1H), 3.51 (d, J = 11.5 Hz, 1H), 3.28 (d, J = 11.5 Hz, 1H), 2.46-2.60
(m, 2H), 2.24 (s, 3H), 2.09-2.18 (m, 7H), 1.66-1.72 (m, 1H), 1.42 (s, 3H), 1.10 (d, J = 6.9 Hz,
3H), 1.06 (d, J = 6.9 Hz, 3H); °C NMR (125 MHz, CDCl;) 6 167.93, 163.69, 145.89, 138.26,
135.20, 130.46, 130.04, 129.27, 128.81, 128.63, 125.43, 51.43, 44.15, 35.59, 30.35, 28.77,
25.99, 21.31, 21.09, 20.82, 16.79; IR (ATR) vmax 2956, 1712, 1480, 1188, 1135, 1008, 733, 689
cm'; HRMS(ESI) [M+Na]" caled for CasH3,0,NaS 431.2021, found 431.2014; [a]p® = 4.2 (c
0.39, CHCly).
Transformation from ester 84 to alcohol 77.

To a stirred solution of 84 (20 mg, 0.0490 mmol) in CH»Cl, (0.5 mL), DIBAL-H (1.0
M in toluene, 0.24 ml, 0.245 mmol) was added at -78 °C. After addition, the reaction mixture
was allowed to warm to 0 °C, stirred at room temperature for 12 h. The reaction mixture was
quenched with saturated NH4Cl aqueous solution (1.0 mL), and Rochelle salt (1.0 mL) was
added. The mixture was stirred at room temperature for 12 h. The aqueous layer was extracted
with CH>Cl, (1.0 mLx3), and the combined organic layer was dried over Na,SOs4, and
concentrated under reduced pressure. The residue was purified silica gel chromatography
(hexane/ethyl acetate = 10/1) to afford product 77 (11 mg, 81%) as a white solid. "H and "*C
NMR spectral data corresponded to those reported above.

Reference.

1) Takano, M.; Umino, A.; Nakada, M. Org. Lett. 2004, 6, 4897.

2) Krasovsky, A.; Kopp, F.; Knochel, P. Angew. Chem. Int. Ed. 2006, 45, 497.

3) Rao, V. B.; George, C. F.; Wolft, S.; Agosta, W. C. J. Am. Chem. Soc. 1985, 107, 5732.

4) Davies, H. M. L.; Cantrell, W. R. Jr.; Romines, K. R.; Baum, J. S. Org. Synth. 1992, 70, 93.

104



BOeE TITALVIDAY TV T ENBRBBROEL

(S,E)-2-(((R)-3-isopropyl-1-methyl-2-(((triisopropylsilyl) oxy)methyl)cyclopent-2-en-1-yl)m
ethylene)-3-((R)-1-((triisopropylsilyl)oxy)propan-2-yl)cyclopentan-1-one (86)

RO OR
H/,/
o)
86 (R = TIPS)

To a stirred solution of 21 (300 mg, 0.889 mmol) and 4 (150 mg, 0.443 mmol) in
benzene (4 ml) were added a solution of Et;:B (1M in hexane, 0.443ml) in hexane and a solution
of Ph3SnH (233 mg, 0.665 mmol) in benzene (2 ml) successively at room temperature. After the
reaction was comleted, saturated aqueous NH4Cl1 (10 ml) was added to the reaction mixture, and
the aqueous layers were extracted with EtOAc (10 mLx3). The combined organic layers were
washed with brine (10 ml), dried Na,SOs, filtered and concentrated under reduced pressure. The
residue was purified by flash chromatography (hexane/ ethyl acetate = 50/ 1) to afford crude 8S.

To a stirred solution of 85 in benzene was added a solution of Burgess reagent in
benzene at room temperature. The reaction mixture was stirred at 50 °C for 12 h, quenched with
saturated aqueous NaHCOj3 solution (1.5 mL), and extracted with ethyl acetate (1.5 mLx3). The
combined organic layer was washed with brine (1.0 mL), dried over Na,SOj4, and concentrated
under reduced pressure. The residue was purified by silica gel chromatography (hexane/ethyl
acetate = 100/1) to afford product 86 (74%) as colorless oil. 'HNMR (400 MHz, CDCl3) § 6.57
(d,J=1.4 Hz, 1H), 4.24 (d,J = 11.4 Hz, 1H), 4.05 (d, J = 11.4 Hz, 1H), 3.80-3.40 (m, 3H), 3.35
(t,J=6.9 Hz, 1H), 2.83-2.70 (m, 1H), 2.40-1.62 (8H), 1.41 (s, 3H), 1.11-0.89 (51H).
triisopropyl((R)-2-((S,E)-2-(((R)-3-isopropyl-1-methyl-2-(((triisopropylsilyl)
oxy)methyl)cyclopent-2-en-1-yl)methylene)-3-methylenecyclopentyl)propoxy)silane (87)

87 (R=TIPS)
To a solution of 86 in THF (0.1 M) was added a mixture of Ph;PCH;3Br (10.0 equiv)

and 'BuOK (10.0 equiv) in THF dropwise at 0°C, and the reaction mixture was stirred at room
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temperature for 12 h. After the reaction was completed, the reaction mixture was quenched by
adding saturated aqueous NH4Cl solution, and extracted with Et;O. The combine organic layer
was wash with brine, dried over Na,SOs, filtered and concentrated under reduce pressure. The
residue was purified by flash chromatography (hexane only) to afford 87 (99%) as colorless oil.
'HNMR (400 MHz, CDCl3) § 5.87 (s, 1H), 5.12 (s, 1H), 4.62 (s, 1H), 4.25 (d, ] = 11.4 Hz, 1H),
4.09 (d,J=11.4 Hz, 1H), 3.66 (dd, ] = 9.4, 3.4 Hz, 1H), 3.45 (dd, ] =9.4, 7.3 Hz, 1H), 3.06 (t,J
= 7.1 Hz, 1H), 2.88-2.73 (m, 1H), 2.36-2.16 (m, 6H), 2.00-1.86 (m, 1H), 1.80-1.55 (m, 2H),
1.42 (s, 2H), 1.35-1.31 (s, 3H), 1.15-0.82 (m, 51H).
(1R,3S,E)-1-(hydroxymethyl)-2-(((R)-3-isopropyl-1-methyl-2-(((triisopropylsilyl)oxy)
methyl)cyclopent-2-en-1-yl)methylene)-3-((R)-1-((triisopropylsilyl)oxy)propan-2-yl)cyclop
entan-1-ol (88)

88 (R = TIPS)
To a stirred solution of 87 and OsOs (fert -BuOH) (0.1 equiv) in THF and H>O was
added NMO (2.0 equiv), the reaction mixture was stirred at 0°C for 4 h. After the reaction was

completed, the reaction mixture was quenched by adding saturated aqueous NH4Cl solution, and
extracted witg AcOEt. The combine organic layer was wash with brine, dried over Na,SOs,
filtered and concentrated under reduce pressure. The residue was purified by flash
chromatography to afford 88 (98%) as colorless oil. "HNMR (400 MHz, CDCl3) § 5.68 (d, J =
1.8 Hz, 1H), 4.26 (d,J=11.4 Hz, 1H), 4.12 (d, J = 11.4 Hz, 1H), 3.62-3.36 (m, 5H), 3.18-3.09 (m,
1H), 2.83-2.70 (m, 1H), 2.39-2.14 (m, 3H), 2.04-1.57 (m, 7H), 1.33 (s, 3H), 1.16-0.92 (m, 51H).
(1R,3S,E)-2-(((R)-2-(hydroxymethyl)-3-isopropyl-1-methylcyclopent-2-en-1-yl)methylene)-
3-((R)-1-hydroxypropan-2-yl)-1-(methoxymethyl)cyclopentan-1-ol (91)

MeO
91

To a solution of 89 in THF (0.1 M) was added TBAF (4.0 equiv) at room temperature.
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After 30 min, the mixture was quenched with NH4Cl aqueous solution, and the aqueous layer
was extracted with ether (2 mLx3). The combined organic layer was washed with brine (2 mL),
dried over Na,SOs4, and evaporated. The residue was purified by flash chromatography
(hexane/ethyl acetate = 8/1) to afford 91 (quant.) as colorless oil 'HNMR (400 MHz, CDCl;) &
5.63 (d,J=2.3 Hz, 1H), 4.22 (d, J = 12.8 Hz, 1H), 3.95 (d, J = 12.8 Hz, 1H), 3.49-3.39 (m, 3H),
3.36 (s, 3H), 3.33-3.26 (m, 1H), 3.13-3.04 (m, 1H), 2.89-2.77 (m, 1H), 2.40-2.21 (m, 4H), 2.16
(s, 2H), 2.09 (br, s, 1H), 1.92-1.74 (2H), 1.68-1.52 (m, 3H), 1.19 (s, 3H), 1.03 (d, J = 6.9 Hz,
3H), 0.94 (d, J = 6.9 Hz, 3H), 0.86 (d, ] = 7.3 Hz, 3H).
(R)-2-isopropyl-5-((E)-((2R,5S)-2-(methoxymethyl)-5-((R)-1-oxopropan-2-yl)-2-((trimethyls
ily)oxy)cyclopentylidene)methyl)-5-methylcyclopent-1-ene-1-carbaldehyde (94)

To a stirred solution of 91 in pyridine (0.1 M) was added trimethylsilyl chrolide (5.0
equiv) at room tempareture, the reaction mixture was stirred at same tempareture for 4 h. After
the reaction was completed, the reaction mixture was quenched with H,O. The aqueous layer
was extracted with Et,O, and the combined organic layer was washed with brine, dried over
Na,SO4, and concentrated under reduced pressure. The residue was roughly purified by short
column chromatography to afford the crude product as a clear oil, which was used for the next
reaction without further purification.

To a stirred solution of crude 92 in MeOH (0.1 M) was added K>COs (3.0 equiv) at
0°C, the reaction mixture was stirred at 0°C for 15 min. The reaction mixture wad quenched
with H,O. The aqueous layer was extracted with Et;O, and the combined organic layer was
washed with brine, dried over Na,SOs, and concentrated under reduced pressure. The residue
was roughly purified by short column chromatography to afford the crude product as a clear oil,
which was used for the next reaction without further purification.

To a stirred solution of the crude diol in CH,Cl,, NaHCO; and Dess—Martin
periodinane (3.0 equiv) were added at 0 °C. The mixture was stirred at room temperature for 1 h,
and then quenched with a mixture of saturated aqueous NaHCOj3 solution and saturated aqueous
Na;S,0s solution (10 ml). The aqueous layer was extracted with CH,Cl,, and the combined
organic layer was washed with brine (10 mLx1), dried over Na,SO4, and concentrated under

reduced pressure. The residue was purified by silica gel chromatography to afford product 94
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(69%, 3 steps) as colorless oil. 'HNMR (400 MHz, CDCl3) § 9.90 (s, 1H), 9.47 (d, J = 1.0 Hz,
1H), 5.89 (d, J = 2.7 Hz, 1H), 3.46-3.34 (m, 1H), 3.29 (s, 3H), 3.20-3.08 (m, 3H), 2.96-2.81 (m,
1H), 2.66-2.48 (m, 2H), 2.35-2.20 (m, 1H), 2.07-1.94 (m, 1H), 1.91-1.79 (m, 1H), 1.73 (dq, J =
12.9, 4.0 Hz, 1H), 1.64-1.54 (m, 1H), 1.36 (s, 3H), 1.30-1.16 (m, 1H), 1.09 (d, J = 6.9 Hz, 3H),
1.06 (d, J = 6.9 Hz, 3H), 0.97 (d, J = 6.9 Hz, 3H), 0.08 (s, 9H).

(48,55,6R,6aS,9R,10aR, E)-3-isopropyl-9-(methoxymethyl)-6,10a-dimethyl-9-((trimethylsily
Doxy)-1,2,4,5,6,6a,7,8,9,10a-decahydrodicyclopentala,d][8]annulene-4,5-diol (95)

TMSO “—OMe
95

To a stirred solution of Zn (12.0 equiv) powder in THF were added TiCls (4.0 equiv) at
0 °C. The mixture was stirred at 0°C for 30 min. After pyridine (5.0 equiv) was added to the
solution, and 94 in THF was added, then quenched with a mixture of saturated aqueous K>COs3
solution. The aqueous layer was extracted with Et;O, and the combined organic layer was
washed with brine (10 mLx1), dried over Na;SO4, and concentrated under reduced pressure.
The residue was purified by silica gel chromatography to afford product 95 (71%) as colorless
oil. 'HNMR (400 MHz, CDCl3) § 5.41 (d, J = 2.1 Hz, 1H), 4.44 (d, ] = 9.9 Hz, 1H), 3.59 (t,J =
9.8, 1H), 3.38-3.23 (m, 1H), 3.34 (s, 3H), 3.00-2.86 (m, 1H), 2.77 (s, 1H), 2.21-2.11 (m, 4H),
2.07-1.42 (m, 6H), 1.33 (s, 3H), 1.06 (d, J = 6.8 Hz, 3H), 0.95 (d, J = 6.8 Hz, 6H), 0.04 (s, 9H).
(4R,5S5,6R,6aS,9R,10aR, F)-3-isopropyl-9-(methoxymethyl)-6,10a-dimethyl-9-((trimethyl
silyloxy)-1,2,4,5,6,6a,7,8,9,10a-decahydrodicyclopentala,d] [8]annulene-4,5-diol

97

To a stirred solution of 95 in CH,Cl, were added MnO, (10.0 equiv) at 0°C. The
mixture was stirred at room tempareture for 2 hours. After the reaction was comleted, filtered
through a Celite pad and the residue was washed with CH>Cl, for several times. The combined
filtrate was concentrated under reduced pressure, and then purified by silica gel column

chromatography to afford 96 (38 %) as a colorless oil.
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To a stirred solution of 96 in MeOH, was added NaBH4 (15.0 equiv) at 0 °C. The
mixture was stirred at 0 °C for 5 min, and then H,O was added to the mixture. The aqueous
layer was extracted with Et;0O (10 mLx3), and the combined organic layer was washed with
brine (10 mLx1), dried over Na,SOs, and concentrated under reduced pressure. The residue was
purified by silica gel chromatography to afford product 97 (90%) as a clear oil: "THNMR (500
MHz, CDCl3) & 5.46 (d, J = 2.3 Hz, 1H), 4.36 (s, br, 1H), 3.87-3.78 (m, 1H), 3.44 (sept, J = 6.9
Hz, 1H), 3.36 (s, 3H), 3.30 (d, J = 10.3 Hz, 1H), 3.19 (tm, J = 6 Hz, 1H), 3.01 (dd, J=10.3, 1.1
Hz, 1H), 2.27 (d, br, ] = 5.2 Hz, 1H), 2.25-1.43 (m ,10H), 1.18 (s, 3H), 1.03 (d, J = 6.9 Hz, 3H),
1.00 (d, J = 6.9 Hz, 3H), 0.84 (d, J = 7.4 Hz, 3H), 0.08 (s, 9H); HRMS(ESI) [M+Na]" calcd for
C24H4,04NaSi 445.2750, found 445.2745. The '"HNMR spectroscopic data are consisted with the

previously reported data.®®
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