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acetyl

2,2’-bis(diphenylphosphino)-1,1’-binaphthyl

2,2’-dihydroxy-1,1’-binaphtyl
benzyloxymethyl

benzyl

t-butoxycarbonyl
2,2'-bis(oxazolyl)-1,1'-binaphthyls
bis(oxazoline) ligand

butyl

iso-butyl

tert-butyl

conversion

cyclohexyl

dichloroethane
dichloromethane
N,N-dimethylformamide
dimethyl sulfoxide
enantiomeric excess
equivalent

ethyl

functional group

high performance liquid chromatography
ligand

methyl

melting point
methanesulfonyl (mesyl)
molecular sieve

no reaction
nitrobenzenesulfonyl (nosyl)
spiro bis(isoxazoline) ligand
p-benzoquinone

phenyl

p-toluenesulfonic acid
pyridine

normal-propyl

isopropyl

quantitatively

racemic

retension factor in chromatography
N,N'-bis(salicylidene)ethylenediamine ]
tetrabutylammonium fluoride
tetrahydrofurane
p-toluenesulfonyl (tosyl)
tert-butyldiphenylsilyl
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Scheme 1-1. First Catalytic Asymmetric Reaction
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Figure 1-1. Examples of Chiral ligands
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Scheme 1-2. Representative Examples using Phosphine Ligands

Ph NHCOMe Rh(l)-L* Ph__ NHCOMe OAc Pd(0)-L" R

Ph/\)\ Ph Ph)*\/\Ph

COOH Hy COOH

2003 AE121, AR5 X0 Carreira B 132 Fifl O 72 WE LG MENMERW R —L 2 H T 5F 7 /1
DI UEN T OBIRICEEh LT % (Figure 1-2) %9,

Me OMe MeO.__M
74 4 /. /.
R R Me Ar Me i-Bu
R =PhorBn R = Ph or Bn Ar=Phor p-tBu-CgHs R = allyl or Bn
a) Reported by Hayashi, T. et al. b) Reported by Carreira, E. M. et al.

e

Figure 1-2. Representative examples of Bicyclo[2.2.2]octadiene-type Chiral Ligands
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Scheme 1-3. Rh-Chiral Diene Catalyzed Asymmetric Reactions
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Scheme 1-4. Palladium-Catalyzed Asymmetric Hydrosilylation of Styrenes in the presence of Optically
Active Helical Polymers
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Keay, A. 2004 Tanaka, K. 2007 Zhou, Q.-L. Zhou, Q.-L. 2006 Zhou, Q.-L. 2015
R =R'= Me 2002
R#R' 2007

Figure 1-3. Representative Examples of Spiro-type Chiral Ligands
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Scheme 1-5. Synthesis of R-SPRIX
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Figure 1-4. Structure of H-SPRIX (1a) determined by X-ray crystal structure analysis
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Scheme 1-6. Enantioselective Wacker-type Cyclization Promoted by Pd(11)-SPRIX Catalyst
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7 8
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CH,Cl,, 25 °C
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BECIIASMEE SN ARNVEATH S, HERMN & LTERT 2T/ 453 ) V1
(S)-13a% V5 &, RIKIFHEITT 2 b ODEMM 8 13T IR LTHOLND, ZORKERITA
FOSIZH1F D SPRIX OB 2 irIZ~ LT 5 (Scheme 1-7),

Scheme 1-7. Examination of Chiral Ligand in the Wacker-type Cyclization
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L
o
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9
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-2

R =t-Bu
R =Ph

(12a) trace
(12b) trace

HRIORKISSEET TV r =T va—)L 14 #HEEL+5 &,

8

(S,S)--Pr-BOXAX 11

0%
(0)
-
N
R

R=tBu (13a) 58%, 0% ee
R=Bn (13b) 0%

SFANT R BOR)S

17U, BHEBRIARD 16, 17 & & I BRBAERM 15 DHE—O YT AT LA ~—& L TiE 95%

ee TEHHNS (Scheme 1-8) 1%,



Scheme 1-8. Enantioselective Tandem Cyclization via Oxypalladation

Pd(OCOCFs3), (20 mol %)

(M,S,S)--Pr-SPRIX (1d) (24 mol %) H M
- — O OBz

p-benzoquinone (4 equiv) + 16
° OB
Ho 082 CH,Cl,, 0 °C 0 z
14 96% 15 o
(15:16:17 =68 :5: 27) 95% ce o OB»
17

DOREH & LT, UFEEOREE LI, 2- 7T =17 = /) — )V 18 D) o F 4 EIRA
Wacker BIBRAVSSIZR I L, KM TH 5 (R)-cordiachromene (19: R = OH) D{R#ERE A VB &
LW A~ L BB LT\ % (Scheme 1-9) ),

Scheme 1-9. Enantioselective 6-Endo-trig Wacker-type Cyclization of 2-Geranylphenols by Pd(11)-SPRIX

Pd(OAc), (10 mol %) R N
R Z Z (P,R,R)--Pr-SPRIX (11 mol %) P P
p-benzoquinone (4 equiv) O
OH

CI,CHCHCI, (0.3 M), 60 °C 19
18 in the dark up to 55% ee

Catalyst

k- ) —)VEERMAEZRH Lo F AR Wacker BV S DOBAZEIZ HELEH LT
WhH,2-TNr=)L-13- U b 202 EHETHE, = ) — VENAREAIE L TIERH LY
O A ERER 21 N R E 84% ee T HALA (Scheme 1-10) %9,

Scheme 1-10. Wacker-type Cyclization of 2-Alkenyl-1,3-diketones by Pd(11)-SPRIX Catalyst

o R’ Pd(OCOCF3), (10 mol %) o
Moo (M,S,S)-i-Pr-SPRIX (12 mol %)
R p-benzoquinone (2 equiv) = 1
X o Xz o R
diglyme, 25 °C 2
20 bt 21 R

up to 84% ee

F7o, BIFFEETIL, AIHEI TR ~7z SPRIX ORI T D @ WEEMEZ AL, A i LR
W D ARFIRACHIBRALSOG DBHFE T LT 2, Gan (8t Priti i3, Pd(I)-SPRIX fili iz &
% By - REAFIA LR R 22 OFR{LH) 5-endo-trig BB LR E R L., y- 77 /U REH 23 O~
F U F AR AR A WS LT\ 5 (Scheme 1-11) 19,



Scheme 1-11. Pd(I1)-SPRIX-catalyzed Enantioselective 5-Endo-trig-type Cyclization of 5,y-Unsaturated
Carboxylic Acid

SR Pd(OAc), (10 mol %) _—
(P,R,R)-i-Pr-SPRIX (11 mol %) QR
p-benzoquinone (2 equiv) o 0
O~ OH

22 CICH,CH,CI 23
up to 60% ee

X 512, PA(I)-SPRIX fillft1%, C-HEEIEMILER D =) F AR B LA T U UL E R
JOsHFEBLTE S (Scheme 1-12) 9, J7eb b 9,0 - REAFIA VAR VR 24 O T U VL C-H S
TEMELZ 2 E L Cr - 7 UV Pd RREHADER L, D3 DAVRF T ED 5 FINRIEBEIZ LY
y- TN =) -y - T 25 M 82% ee THE L LD,

Scheme 1-12. Pd(11)-SPRIX-catalyzed Enantioselective C—H Esterification of y,d-Unsaturated Carboxylic

Acid
R
R _ Pd(OAc), (10 mol %) R
R (M, S, S)-i-Pr-SPRIX (15 mol %)
p-benzoquinone (2 equiv) oZ O

O~ "OH

25
CH,CI
24 272 up to 82% ee

SPRIX |35 Tl R 7 A FRZ AN 72T Tldie < | EEFE A REH & L7z aza-Wacker BB L UG B
WA TE 5, 2009 FEEFIE X, 7= A0 LT 26 B E L TNEL T X 2 LR
=bIc LD TR B - 7 2 BEHER 27 O U F RN A L E S LTS (Scheme 1-13)

19f)

[e]

Scheme 1-13. Enantioselective Intramolecular Oxidative Aminocarbonylation of Alkenylureas by
Pd(I)-SPRIX Catalyst

R

=
R R 0
[Pd(MeCN)4](BF4), (10 mol %) m
NH (P,R,R)-i-Pr-SPRIX (11 mol %) R N N.
p-benzoquinone (2 equiv) T Ts
(6] NH 0
Ts MeOH 27
26 up to 89% ee

THE TIRATE 7203k D PAO)/PA(I) YA 7 L& # 5 RUSTE T TidZe <, SPRIX A3 HEFORE{LEY
T TOBWEEMEEEN L, AW L 722 = F > F A8 PA(1)/PA(IV) i SR O AN
LK LTV, 725, Pd-i-Pr-SPRIX IfBEIFAE T, BBIR - 2 7 FFakdE 9% 5 W R Kl
WAL K BATIME - ALY F 7 2 9% kAl L L CTRHWS == 28 DRFBILIEBRILRIS TH 5
(Schemes 1-14 and 1-15) ,
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Scheme 1-14. The First Example of Enantioselective Pd(I1)/Pd(IV) Catalysis

R Pd(OCOCF;),[(P,R,R)-i-Pr-SPRIX] (10 mol %) R’
) (P,R,R)-i-Pr-SPRIX (5 mol %) R?
H R PhI(OAc), or PhI(OCOCF3), (4 equiv) o 7 K
f AcOH/MeCN o
0~ "0 c e 29
28 up to 95% ee

Scheme 1-15. Chlorinative Cyclization of Enynes via Enantioselective Pd(I1)/Pd(IV) Catalysis

] Pd(OAC), (5 mol %) R
R (M,S,S)--Pr-SPRIX (6 mol %) o
‘ ‘ R2 LiCl (12 equiv) AN 5
f urea-H,0, (2 equiv) R
O (0) AcOH © o
30
28 up to 73% ee

2013 4, Fii=7e ) o F ARG PA(I)/PA(IV) Al i i % H 48 L. PA(I)/PA(IV) il iz 1 % 4 L
7 4 v OBCHIBRAILES PI2ER L, RET U AT L a—/L 31 @ 5-endo-trig RUER{LAY T & k%
MUICE BT I Ru 7T U @Ek 32 o) o FARIRMEKZER L TW5 ) (Scheme

1-16),

Scheme 1-16. Cyclization of Homoallyl Alcohol via Enantioselective Pd(11)/Pd(1V) Catalysis
PdCl,(MeCN), (10 mol %)

R2 ' R?
(P,R,R)-i-Pr-SPRIX (15 mol %) OAc
ﬁ TfOH (18 mol %)
PhI(OAc), (3.0 equiv) 1
R’ RR1 (o]

OH
R ACOH/DME =1/ 1
31 32
up to 90% ee

2014 4, Pd-i-Pr-SPRIX fitfflc L AT VF =)L 7 a~FH o ) VORI T X1k
s ZaEE L TWA, AUsiE Pd = /7 5 — F OfPEIZHRSREE 7 & - 3314 0PH TOFIT

H % (Scheme 1-17).

Scheme 1-17. Palladium Enolate Umpolung: Cyclative Diacetoxylation of Alkynyl Cyclohexadienones

R Pd(OAc), (10 mol %) R' 0OAc
(M,S,S)-i-Pr-SPRIX (15 mol %) acO = 0
l o) 0, (1 atm)
O/:g AcOH + toluene (9:1), 60 °C (o) "Rz
5 o
up to 82% ee
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D DR RER SUSTHERNRIT, A Y AH Y OB R o e
BICEE LT D, A VAFHS YL L4 Y v Zn2hondt < T
R D pKa 132352 & 44 TH Y A VAFY VU U OEBITHT pKH=-2355007  pKH=44
5o RFP—MEENrenkne PRI, ZO/E. AV AFH VY
VEUE L 7= )R L OB T L, SBEASKRO® Lewis BRMEDMREE S LD 720,
R LRIBRAL SRS DIRMEIC EE B /R R SR — IRB L HAE B DIEMLICRE LS FETH LB X LD,
PlED XSz, XTARACaEK, A VA%V U VBB, S HICA VA F Y U VR
D 5 I i-Pr A& £50 i-Pr-SPRIX X, & DFFETH 2 OMIE 72 A & B LD < B e R R
BE. QBRI T COBNT-ZEMN., @A Y AFXY U VBN HEDOE 6 - R —D
72D, BEF OB TILEEM TE RWER & R LRIBRAL UG 2 i = o F A IR ICfE e T &
%,
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BoHi AW

AIENC T, A Y AFY U VBRO 50T i-Pr &2 FF2 i-Pr-SPRIX 23, =7 F A IR Pd il
FSICB W CIEF A AR ARNFENL 7T D Z & 2 EH & b ~7=, = Z TARRFZE T, SPRIX
1 DAY Fk %ML U8 SPRIX BUENL ORI A2 HIE L, FRICET LT, KX DH
2 W TIE, L VENT SPRIX BN T VBN 2RI T 5720, ZHLE T, Sz SPRIX O
MEIER RS A AT L. B O REIRE 1 6 23BN i#ﬁ%%%%ﬁ;bkoﬁsﬁfm\
BT L F IR By - REAFNT X R 5-endo-tirg B LS OB A BT L. H 2 ETELN
To R 2 FAHTHL SPRIX DF%GE « AR ZATV, ARBERCBUSIZHEA 2 2 & T, LY 7z SPRIX
BN DBRFE I T 5 & & bio, =F U F AR By - REZFNT I RO 5-endo-tirg RUEBRAL S
DRFICH K LTz, 4 ETIE, OFREOHERIMIC L DLEEOESE, ORE L D kK
FHERPETEX D~T ol -0EAR Y, —oparv X M2, b Faxs AFLE%E
B LT8R A Tod D HOCH,-SPRIX 1l #3%5F - & L. EOFFERIAEZITo72, /2. £
B DORECEMATE R RE A A T 5 L Hic, ARFF Pd iSOt~ L 3 7 VB 1 & L CokfE
ﬂﬁ%ﬁﬁ:&f\i@%hkﬁ@wmx@mu%wﬁiéahbto
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E2E ¥ 7 VEMT F SPRIX ORFBEICE T A%

FT1E S ~ 7EEEE  i-Pr-SPRIX OBER S ~

BLIEOEAEIZT, A AXH Y VBRO 5NALIZ i-Pr &£ i-Pr-SPRIX 28, =) F 453
PRI Pd LRSI R W CIERICH e R FBNL - TH D 2 & 2 Fp & TR, B 1 TEDOH 3
TR L7 & 9124 BFZe T, i-Pr-SPRIX 1d D1 H-SPRIX 1a. Me-SPRIX 1b, Et-SPRIX 1c
DA H I LTS (Scheme 1-5), & HIZiE, X W B2 RHKEUL OB % B 5 L. SPRIX
HEANL T OSFE B K-> TD, Thbb, ¥T7 VT 4 —RAERHLORIHY VT AT LA
v —NER LRV AE B E AL VAT —LEL T 35D, AT BRERAL Y AFH Y LAY
BERAAL Y AFP Y L EEE ST T v NIEL T 369, & L CARFARICI L=
g g v PRIEME - 379 T8 % (Scheme 2-1), W N DEMI T i-Pr-SPRIX 1d & [Fkk, BiEiT
™ LT A P S 2R L RES D, L L7 b, =) o F A #IRMEIL i-Pr-SPRIX 1d
PEELTHETTEY, 1d 282D RFENFOBRIEIIRTEERL TE TCWARVONRIIRTH S,

Scheme 2-1. Various SPRIX-type Ligands

3 Hi N
rR— T Y Mg *Pr \ N\\ R
o-N  N-g4 -Pr= 5-N ~0

35 36
(R=H, Me) (R=H, t-Bu, Ar)

H o-N N-g"*y

INDOREREZIT T, FEHIT. L VENT SPRIX B T VBN 2 AT 5 72121, Bk
TS @ WOEERENE 2 F50 i-Pr-SPRIX 1d DFEL IEfEICHUIET 2 Z EBMETH DL EEX T, €
Z . Figure 2-1 |27k L7= Pd—i-Pr-SPRIX $E{E 0D X #iAkiE 2 K2, 1d 2WHEET 5 R BRERICEI L
TULFD 2 SAa{E¥EMRRG & LTI T,

Figure 2-1. Quadrant view of Pd-i-Pr-SPRIX complex based on its X-ray structure
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(TEZEARG)
1. Scheme 2-2 IZ& %kt Trn L7ZAGEANL KR IZX L C trans AZIC & % i-Pr 3 (JRA)
= RHEREOMBEICEHEREAL LTS
2. Scheme 2-2 |Z& % k(o Trn L2 MGEAN KSR ISR LT cis izl d 5 i-Pr k& (F )
= trans fLIZ 3 D i-Pr EOEEEZEE L, LV IRNRAFREOHEELZTIEL WD

Scheme 2-2. Conformation of the i-Pr Substituents in i-Pr-SPRIX

F72 5, i-Pr-SPRIX TiX 2 2D i-Pr N HFAMIIER L.\ 7 o F AR RS 2 T
EHTWD EHEE LT,

ZTZT, ZOEENREMRIET D720, i-Pr JEAFEMAKFICK LT cis I[TEA L=
anti-i-Pr-SPRIX 1e 72 & TN trans (238 A L 7= syn-i-Pr-SPRIX 1f Z &% 5t « Ak L. =7 F AR
Pd filtlff s ~DiE A %8 L TEDORFEREAZ AT 2 2 & C, BIRFR TR b @V RN 2 R
i-Pr-SPRIX 1d DR ZERfE L L 5 &7 7= (Scheme 2-3),

Scheme 2-3. Structures of anti-i-Pr-SPRIX 1e and syn-i-Pr-SPRIX 1f

Hil N _LaH Hio N _LaH
i-Pr/,, | | ‘\\H H/,, | | ‘\\I'-PI'
H i-Pr -Pr” Ng-N N-g/ H

o-N N-g

anti-i-Pr-SPRIX syn-i-Pr-SPRIX
1e 1f

Flo, EFT, A VATV Y VBRSMICEA SN EEIEN =) o F AR KT TR
AW BN TE UL, BT SPRIX B T LRI F OB N E BICKHGIC R D EEX T, L Vb
. FBEANLKFEIT R LT cis (LI & D EHaILIE, equatorial J5AICAZLE ARG H.0Cdh 5 Pd
DHITEN S, RFEREICIISEVEHML WO RWAEEELH D, £2C, i-Pr L0 L ES
UM t-Bu Bk AN L 72 anti-t-Bu-SPRIX 1g & 757 B & #HL4+A A 72 anti-Ph-syn-Me-SPRIX 1h Z & hk L |
ZTNHDOARFEREE LA L7 (Scheme 2-4)

Scheme 2-4 Structures of anti-t-Bu-SPRIX 1g and anti-Ph-syn-Me-SPRIX 1h

anti-t-Bu-SPRIX anti-Ph-syn-Me-SPRIX
1g 1h
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T2 B SPRIX OARR &S
1 HH SPRIX DA RREE

BrHl SPRIX le-h DG EFHE % Scheme 2-5 127§, AiTE THl~7= X 912, SPRIX B RKIZIS 1T 5 it
BTy FNZ 7= R U VA RBALAHINEIE T 5, ARBUGIE, syn FI17CH O SRR R
BINZHEITT D 2 EDNMBbATND Y, 200 T 7 L, Thbb, HEWE THLHRET
Uo7 a X RFEK 3 OKMMHEEN, SPRIX IZH DA Y AFH ) VB 5N ONAREE I B K
BLEXND, o T, T 2707 =178 K 3e-h B35 5iUE, #iil SPRIX le-h A& T
xBHEEZTI,

Scheme 2-5. Synthetic Plan of Novel SPRIX 1le-h

S i-Pr, H H i-Pr /_)_<
H/, H — — -
i , y H
e T H H g 3e
H O’N N\O i-Pr [— _
® ~®
= NN EtO OEt

+
anti-i-Pr-SPRIX ©) o N ~0 ©) \n/\n/

1e 6e o 5
2
H
S H H H H /_)_<H
Hi.. H _ _ =\
H/,, | | ‘\\I-Pr i-Pr Pr o s i-Pr
i-Pr O’N N\O H [— ®_ @ —_— .
syn-i-Pr-SPRIX o O/N =~ N N\o o EtO\n/\n/OEt
1f 5 5
6f )
H t-Bu
S t-Bu H H t-Bu /_)_<
H/.. H ___ _ —
BBu, A0 TN H H 39
H O’N N\O t-Bu j— ®_ @ _ Br +
anti-t-Bu-SPRIX og-N ~Z N N p® EtO\n/\n/OEt
19 69 O _O
2
H  Ph
S Ph H H Ph /_)_<
H/., H ___ _ —
Ph,,, | | wMe Mé Me ah Me
Me” Ng-N N-g’ ~Ph — ® ® — Br N
P N
anti-Ph-syn-Me-SPRIX o O/N =~ N N\O o EtO\n/\n/OEt
1h 6h 0,0
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% 9 IH anti-i-Pr-SPRIX ®& Bk

ATE Tl A~ 7oA RGNS REV . £, anti-i-Pr-SPRIX 1le DAL A1T 72, Scheme 2-6 (ZARE T
JL7u R3eDERETT Y, AVTFALTIAFE RN (38) #Rli&y7uarmL7m3 R
LRI =y — LRI KESHTT a2 —/1 39 & L7, 0.22 458D ZnBr, & 2.2 Y% &
7 MesSiBr {7 T CTHEBRUS 24T\ O, 45%IRT7 m I N 3e 2 7Bk E L TAK LT,

Scheme 2-6. Preparation of Homoallyl Bromide 3e

MgBr ZnBry (22 mol % n
i-Pr X/ g . i-Pr .2( 0.) H i-Pr
O:< (1.4 equiv) HO Me3SiBr (2.2 equiv) ﬁ):<
H THF, reflux, 1.5 h V)<H CH2C|2’ -15°C,1h H
38 39 Br 3e
26% 45%

T, b7z 3e & AVWIEREIZ X - T anti-i-Pr-SPRIX 1e ~ &3 /= (Scheme 2-7), 7%
bbb, vargr=F i (2) & 3eHHFREEE L, NaH Z W27 v b, LiAIH, 2012 &
DA —IL de AR LTZ, TD%, Swern FRfb, A XL 2MEERTIA X A 5e ~EBH L,
BN FNE T = U AFF L RERIGMAINGE 21T > CTHBO anti-i-Pr-SPRIX le Z &AL
2o ZNETIZHE I TS SPRIX L[AEE, le b 3RO YT AT LA~—DRAEME LTH
IV, KT AT VA= VDTN D T AIa~ T T 7 4 —IZL > THlEcEi,

Scheme 2-7. Synthesis of anti-i-Pr-SPRIX le

iPr. H H  iPr
3e (2.5 equiv) . . o Ty o
EtO\n/\n/OEt NaH (2.5 equiv) LiAlH4 (2 equiv) 1) Swern Oxidation
o o DMSO, 50 °C,3d THF,0°Ctort, 4 h 2) NH,OH-HClI, Py, rt
HO OH
2 69% 80% 88% (2 steps)
de
[iPr. H H o iPr |
aq NaOCl H H o Hu, H
— Pr /Y WH
CH.Cly, rt, 4 d ﬁ// \\ltl H™ Yo-N N-g" ~i-Pr
o “o (M*,5*,5*)-1e  28%
6e (M*,S*,R*)-1e > 67%

- - (M*,R*,R*)-1e

2 ERUNLF & L COBSREN IR TE 5 (M*S*,S%)-1e ITAADBEIATH Y | ZERHP=RIE T TEY
MRFEARE R L EREEM TH D, £2. (M*S*S*)-le DA K /) —)ViFik %, 1 MEEE, 1 MK
(T R U o AKIAHSC 30%iE AR bk K & FEIRIZ TR L TH TLC LKO'NMR A7 kb
WZIFZ RN 2L b Zen - 7= (Scheme 2-8), Z D X 912, (M*,5*,5%)-1e 1> SPRIX & [Alk,
B, HESCEBCANCK L TLRETH D Z LR anoi,
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Scheme 2-8. Stability Test of anti-i-Pr-SPRIX 1e
1M aq HCI : MeOH (1: 1)

3 rt, 24 h
~_Ha, \ H
AN RN 1M aq NaOH : MeOH (1 : 1)
H” No-N N iPr no change
. rt, 24 h
anti-i-Pr-SPRIX

(M*,5*,S*)-1e
30% aq H,O, : MeOH (1: 1)

rt, 24 h

(M*,5*,S*)-1e (%, [EEFHIZ Daicel #:4¢ Chiralpak AD & X 0HEUH A 7 & (@ 2 cm x 25 cm) . B8
= ) — &AWz HPLC IZ K » THEDEIRETH - 7= (JitE : 8 mL/min, RTig = 8 min,
RToq =24 mln) o

% 31 syn-i-Pr-SPRIX D& Rk

syn-i-Pr-SPRIX 1f DARRIZEE L, ®Hd DA77 1 2 K 3FICET L LMEMRB L-H D
D, FHEBRPO BT oTc, N RI LI, FURTHLFRET VLT L a— b 40 136
WA STz P YEFEEOKIFE LT, SPRIX BUL T 37Th DEMITIHNT, v U EE
2 (222- R 7t xF) (41) T =)L T )La—)L HH H H
42 B L L BRI E R LTS (Scheme2:9) ©, 22 /e /N

HO
3f 40

Br

THHEIX, 40 & 41 L OILIER S % F T syn-i-Pr-SPRIX 1f D& Ak
ZEtm L7,

Scheme 2-9. Synthetic Scheme of 37b

CF3CH20WOCH20F3 @ 1) Mitsunobu & &
. g .
HO

0O O 2) LiAlH,
41 42

Scheme 2-10 IZARET U AT )L a—/L 40 DEKZEFRT, 3-7F 2 -1-A—/b (44) &5k &
L CTHW, 10 mol %D AgNO; TFEFN- 7aEA7 A4 2 K (NBS) & =REIZCTIERH S 45
LLEHB Y t-TFAVAFIALLY L (TBS) Ik D R oH#AITV 46 ~ L E
oo ENT, 7T T =ML DIy TV U TRISTT V3% 2 KT i-Pr B a8 A L72% ¥ | Lindlar
BEILEITVNB6WINR T Z - AL 7 (v 48 A —7R P AL L TER LT Y, %2, TBAF &M
W EREEIZ 0 40 2157,
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Scheme 2-10. Preparation of Homoallyl Alcohol 40

Zn*
AgNO3; (10 mol %) Br TBSCI (1.1 equiv) Br CuCN (1.3 equiv)
// NBS (1.25 equiv) // imidazole (2 equiv! // LiCl (2.6 equiv)
acetone, rt, 40 min CH.Cly, rt, 4 h DMF, 150 °Ctort, 15 h
HO 89 © HO uant TBSO 799
44 o 45 a 46 o

i-Prl (1.5 equiv)
BrCH,CH,Br (0.3 equiv)
Me3SiCl (0.1 equiv)

Zn
(4 equiv) DMF,80°Ctort 4h
Pr H, (1 atm)
Lindlar's catalyst (20 mol %) H H ] H H
Vi quinoline (10 mol %) _ TBAF (1.2 equiv) _
MeOH, 10 °C, 4 h FPr THF,50°C, 1h Fpr
TBSO HO
TBSO 47 86 % 48 62 % 40

HIDFRET VLT )L a—) UK 40 2345 5 372D T syn-i-Pr-SPRIX 1f D&k & 77~ (Scheme
2-11), KEE LDl U2 ST HE 41 & ORIERG HFT > 7%, LiAIH, 2 W GEIE L7z
L ZABMD VA=V A PRI 5% T Hbiv7e, T OFE, SHIERIS TH LN D T LF LR
HEEINEES 72, TD720, VT TR AR Z NMR (2 X ViR L721%. MRUEXEITT
DTRIEOETCEZIT T2, Lo T, ERROIERITGIESIE « = AT /VIETLD 2 B TORIET
b5, VT, Swern Bk, AF¥ T ufbk, HFHNF 7=V LA FT REAIEIRZITV
syn-i-Pr-SPRIX 1f Z & L7z, AT 23O T AT L A~—2 L VB A NVh T A a~< T
TT 4=k o THEEL, BB (M*,S*,S*)-1f & 41 75 ORI 15%I2 THET-,

Scheme 2-11. Synthesis of syn-i-Pr-SPRIX 1f

. H H H H
40 (2.5 equiv) __ _
PPh3 (4.2 equiv) ) ) i-Pr i-Pr
CFaCHzOWOCHzCFa ADDP (4.6 equiv)  LiAlH4 (2 equiv) 1) Swern Oxidation
O O toluene, 50 °C, 13h THF,0°Ctort, 8 h 2) NH,OH-HClI, Py, rt
HO OH
41 55% (2 steps) 75% (2 steps)
af
H H H H H H
FPr -Pr NaOClI aq. i-PY i-Pr
4 : CH,Cly, t, 4 d
‘ ‘ 2vi2 T +// \\+
HG “oH o’ “o (M5 S*)AF 45%
5f 6f (M*,S*R )-1f> 51%

(M*,R*,R*)-1f

(M*,S* S¥)-1f IZTAEDEKRTH Y . ZEMHEREROMER, (M*,S*,S*)-1e & [FERICHE, HEESH(L
FNCKE L TLETH D Z L N4> 7- (Scheme 2-12)
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Scheme 2-12. Stability Test of syn-i-Pr-SPRIX 1f
1MaqHCI: MeOH (1:1)

. rt, 24 h
Hi o N\ H
AR 1M aq NaOH : MeOH (1 : 1)
Pr” \g-N N H no change
. rt, 24 h
syn-i-Pr-SPRIX
(M*,S*,S*)-1f

30% aq HyO, : MeOH (1 : 1)
rt, 24 h

(M*,5* S*)-1f (%, [EEFHIZ Daicel 154 Chiralpak AD = X 3B 7 & (@2 cm x25cm), ZH)
FlZ % ) — v % Tz HPLC U2 & o TH I 23 B & 6T 53 FI T RE T & - 72 (LK : 4 mL/min,
RTi =16 min, RTyq =24 min),

HFAIH  anti-i-Pr-SPRIX & syn-i-Pr-SPRIX D& ~ i-Pr ZEDSLAEE ~

(M*,S* S*)-1e 72 &5 NI (M*,S*,5%)-1f DAL, NMR B8 X OVMS 12 X 0 [[AIE L7z, A9 CEHEE
A Y AXT ) VB B ALONAR LEAE, Cozzi & Gennari B DS A FEIC NMR A7 hLing
RE LTz, DI, FTNRT N ERioloAddv Az, 0 FHN= bV LAy RER(bA
IS I N T T L7 AL DTS DS AE R DL RIC RIET B L FHEL T D 9, %
DOIBFE T 5 1%, SPRIX O EEIZHT=5 38,456 -7 hT7 8 Ru -3H- 7 aXUX[clA
FxV V= VEEIA 49 AR L. FEMEAEDO NMR 57— 285 LT\ 5% (Scheme 2-13), syn
(RIZH~ anti (KT, FBEEMIKE (Bk) LA VAXH VY UBRSAIKE RE) ORAEEEMN
ETREL, BCNMRIZBIFT DA VY AFY U VBB ARBZD S 7 FIUNMERESESMICEH NS, =
NWHEBE ZHHMB SPRIX OELZIET 5 &, tInT 2 BT AKFEOREGERIL.,
(M*,S* S*)-anti-i-Pr-SPRIX 1e Ci% 12.4 Hz T - 7= DIZxF L, (M*,S*,5*)-syn-i-Pr-SPRIX 1f ¢i%10.2
Hz T&H>7= (Scheme 2-14) , A VA F % U VERSNRFE L 7 F LD FT 7 M, (M*,5*%,5%)-1e
25 94.1 ppm, (M*,S*,S*)-1f 7% 88.5 ppm Th -7, UL LDOFERNE | & L HOARETEIIR LTz #
D SEERRFFRANCHEITT 2 = MU A% RERABMIN 2 B bl & L TEADHTHL SPRIX D E AT
W LiZE E 25,

Scheme 2-13. Characteristic NMR Data of 3a,4,5,6-tetrahydro-3H-cyclopenta[c]isoxazole Derivatives

3J=10.0 ~11.9 Hz 3J=10.0 ~11.0 Hz
Hi.. OHI..
Gx- I o
H o-N R ~N
anti-49 syn-49
13¢C: 87.3 ~91.4 ppm 13C: 81.1 ~ 84.9 ppm
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Scheme 2-14. Selected NMR Data of (M*,S*,S5*)-anti-i-Pr-SPRIX 1e and (M*,S*,5*)-syn-i-Pr-SPRIX 1f

3J=12.4Hz 3J=10.2 Hz

13-
C: 94.1 ppm 13C: 88.5 ppm
(M*,5*,5*)-1e (M*,5*,5*)-1f

5T, (M*S*S*%)-le, (M*S*S*)-1f &b, U/ un A ¥y —~FH AREEEN SRS L
Tl TA, RAFRBFERIG DLz, X B S Off R, LHOMETH L Z LW BN
(272~ 7= (Figures 2-2 & 2-3), ZEHJF -MHHEIL, (M*S*S*)-1e TiL 3.212 A, (M*,S*,S*)-1f Ti
3121 A THY . WL (M*S*,S*)-1d D 3.124 A L KER N -T-, —J7. IRFE—%EFE 2 BEiEA
W T R CRMAIE., (M5S*S%-1e TIix 32.6° (NI-C1-C2-N2), (M*S*S*)-1f Tt 39.2°
(NI-C1"CI*-N1¥)Th 7=, TN H DML (M*S*S*)-1d TR OHNT 211 L W HETILNE DD,
A [EBA%E L7281 SPRIX (M*,S*,S*)-1e & (M*,S* S*)-1f | %, 2 JEREINL - & L CHoot%RET 5 & i
RTE D,

b 01 e Yy
Figure 2-3. ORTEP drawing of (M*,S*,5*)-syn-i-Pr-SPRIX 1f

(M*,S* S*)-i-Pr-SPRIX 1d. (M*,S*,S*)-anti-i-Pr-SPRIX 1e 72 & TMNZ (M*,S*,S*)-syn-i-Pr-SPRIX 1f
D X MGG 2> B A S 7 E & Figure 2-4 12 F & 5, HEH T XET0-Pr FEONAREE TH
5. AFEIERK L (M*S5*5%)-1e & (M*S*S*)-1f Tl i-Pr D KkFE (M*S*S*)-1e : Fa,
(M*,S* S*)-1f : Jifa) Lo VA XRH VU VBB ALOKE (M*,S*5%)-1e : R, (M*S*S*)-1f :
f4) 1% antiperiplanar ORERICH D, —J7. (M*,S*,S*)-1d TiL, i i-Pr FEE H . (M*,S*,S%)-1e X°
(M* S* S*)-1f L X2 HEEIZ /2> T D (Figure 2-4a), & Y ibiF. BINLE O axial T & 5
IR TR L7 i-Pr 1T, 692 (M*,S*,5%)-1f @ i-Pr ik & b~ 120 ElRlds L7=, — R L%
BRI AF] E DN DEL HDO TS, T7205, A VAFH Y U B B AKRFRITHE LT 2
DO i-Pr 223, SPRIX DREZETH S 32456 -7 F 7k Ru -3H- 7 axXrHcf VA x4
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—VER & DNRRE T2 Tl EVWDNERFE G R/IRE T 5 L9 tiELr L >TWod, &
Wz UL, Rl —REFEAICHES Lz 2 50 i-Pr 3 L % Tinterlock #k5 ) 2MB) N =& 5. i-Pr
HKiZHD 120 Me R RFT—JRFThOEFRFFICL VI 20 RO ARFREAIED H L
TWbEEZXLND,

\
)
H o—N N‘OH

H

(M*,S*,5%)-1d (M*,S*,5%)-1e (M*,S*,S*)-1f

Figure 2-4. Conformation of the i-Pr substituents in (a) (M*,S*,S*)-1d, (b) (M*,S*,S*)-1e, and (c)
(M*,S*,5*)-1f

FH5H anti-t-Bu-SPRIX & anti-Ph-syn-Me-SPRIX D& ik

anti-t-Bu-SPRIX 1g 72 & TN anti-Ph-syn-Me-SPRIX 1h &, #5 2 TH® anti-i-Pr-SPRIX 1e [FEE. %5
1 HOFBHTIHRAIZERRETEIZHE S Z & TERRIZAKAZ) LTz, anti-t-Bu-SPRIX 1g O£/ % Scheme
2-15 (2, anti-Ph-syn-Me-SPRIX 1h @4k % Scheme 2-16 (ZZ N E A9, AN L, 1h L

TIE HPLC DY EISRAMT S oM 63 B TIEARINSHR 2 N3G STy,

Scheme 2-15. Synthesis of anti-t-Bu-SPRIX 1g

MgBr ZnBr; (22 mol %) H +Bu
t-Bu . t-Bu . .
O=< (1.4 equiv) HO Me;SiBr (2 equiv) /_)=<
IS
H THF, reflux, 30 min %H THF, —15 °C, 30 min H
50 51 Br 34
37% 94%
t-Bu H H t-Bu
39 (2.5 equiv) H T o H
EtO\n/\n/OEt NaH (2.5 equiv) LiAlH4 (2 equiv) 1) Swern Oxidation
0O O DMSO, 50°C,4d THF,0°Ctort, 24 h 2) NH,OH-HClI, Py, rt
HO OH
2 78% 93% 70% (2 steps)
49
[+Bu H H  tBu|
aq NaOCI H H H.,, H
_ener .
CH,Cly, 1t, 4 d N FBu 0 T M
,jl/ N H™ 9-N N~g" “tBu
o’ o (M*,5*,5)-1g 19%
6g (M“,S*,R*)-1g) 39%
- - (M*,R*,R*)-1g
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Scheme 2-16. Synthesis of anti-Ph-syn-Me-SPRIX 1h

Ph

HO
v

53

MeMgBr (1.3 equiv)
Et,0, 25°C, 18 h
83%

39 (2.5 equiv)
NaH (2.5 equiv)

DMSO, 50 °C, 2d
2 70%

LiAlH4 (2 equiv)
THF,0°Ctort, 24 h

quant

aq NaOCI
CH,Cly, rt, 4 d

25

6h

HBr (3.3 equiv)
LiBr (2.3 equiv)

B ——

MeCN, -20 °C, 2.5 h

93% 3h
H H Ph
Me 1) Swern Oxidation
2) NH,OH-HCI, Py, rt
HO OH
83% (2 steps)
4h
H Ph ]
Me Hoi, H
—> Ph,, I I Me
AW Me™ “9-N N~g" "Ph
~ -

(M*,S*,S*)-1g  25%
(M".5"R")19) 269
(M*,R*,R*)-1g



H3H  SPRIX OREBESEAM
FTB1EH o UF BRI Pd MRS~ H

A [BIBR%E U 7= BB 1 anti-i-Pr-SPRIX 1e, syn-i-Pr-SPRIX 1f 72 &5 TNZ anti-t-Bu-SPRIX 1g % —
T FATRIRG Pd fBESOSICHEA L. 25 OARFENL - & L COMREZRHE L 7=, OFC,
H-SPRIX 1a 3 LK OVi-Pr-SPRIX 1d % RIS F COMMBELINIZST L, SPRIX DA V44U VB
5 MAEANSNTCBEHEEO DR ARG Lz, FEBRAAT O IZH T2V . SPRIX BN+ 725G 20 22 BEIZ e
SESIVTWV SRS 28I LTz, BARRIICIE, 56 1 %5 3 & Ti-Pr-SPRIX Z Wiz =) F 4
BINE Pd AESOS ) TiR_7295 6, IR « = FARRMEOFHMOF S S HLLTF O 2 Kk
%k L7z,

1. C-HEBTEMALZRED 7,0 - REAFNH VIR U BEDOFELAI T U WAL EH S (Table 2-1) 19
2. T=UERHE L L7 PA()/PA(IV) i i (Table 2-2) 1)

1. CHEBTEMALERRD 9,0 - REEFIH VR VEED Sy T-INERALI T U AL E S

3-AF)N-22- VT x=)b-4- T (24a) HHE L L, 10 mol %? Pd(OAc), 5 L T 15
mol %@ SPRIX 1#1E F. Pd OFE{LFAI & LT 4 24 & D p-benzoquinone AV, Y7 mro X %
25°C C 12 Wi S 72, ZOfE%E, i-Pr-SPRIX 1d. anti-i-Pr-SPRIX le. anti-t-Bu-SPRIX 1g T
IZEEMIZy - 77 b 25a MG NT=DIZx L, H-SPRIX la Tix 37%IY=E, syn-i-Pr-SPRIX 1f
TIX 75%URITHE F o 1o, AR OEFMEL I, 1la Tl 38% ee, 1d TlE 76% ee, le Ti% 34% ee,
1f Tl 27%ee. 1g TlE 44%ee 7= >7- (Table 2-1),

Table 2-1. Enantioselective C—H Esterification of y,0-Unsaturated Carboxylic Acid 24a

Ph Pd(OAc), (10 mol %) Ph
Ph = SPRIX_(15 mol %) _ th
p-benzoquinone (2 equiv)
© 22': CH,Cl, (0.1 M), 25 °C, 12 h o 25‘;
entry SPRIX yield (%) ee (%)
1 H-SPRIX (1a) 37 38
2 i-Pr-SPRIX (1d) quant 76
3 anti-i-Pr-SPRIX (1e) quant 34
4 syn-i-Pr-SPRIX (1f) 75 27
5 anti-t-Bu-SPRIX (1g) quant 44

2. T=U L Lz PA(IN/PA(IV)flE RO

3-7x= AT a g — A K YL (28a) ZFE L L. 10 mol % Pd(OCOCF;), 35 L TF 15 mol %
® SPRIX fF{E T, PA(IV) & F A4 S & 2 50 ) ZeffbsAl & LT 4 25 PhI(OAC), & V>, AcOH &
MeCN @ 9 : 1{RAVEMLH 50 °C T 30 Wit s &7z, ZDOREE, H-SPRIX 1a TlE 72%I03E, 4%
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ee. i-Pr-SPRIX 1d TiX 94%IX =& 82% ee. anti-i-Pr-SPRIX 1e TlX 63%IY =X 32% ee, syn-i-Pr-SPRIX
1f Tl 62%IN =R, 3% ee. anti-t-Bu-SPRIX 1g TiL 75%IN=R . 36% ee THRIMITH D BTV k
v 29a g Bz (Table 2-2),

Table 2-2. Enantioselective Cyclization of Enyne 28a via a Pd(I1)/Pd(1V) Catalytic Cycle
Pd(OCOCF3), (10 mol %)

Ph
SPRIX (15 mol %)
I Me/l// PhI(OAC), (4 equiv) o% Me
070 AcOH/MeCN (9:1, 0.1 M) 0

28 50 °C, 30 h s
entry SPRIX yield (%) ee (%)
1 H-SPRIX (1a) 72 4
2 i-Pr-SPRIX (1d) 94 82
3 anti-i-Pr-SPRIX (1e) 63 32
4 syn-i-Pr-SPRIX (1f) 62 3
5 anti-t-Bu-SPRIX (1g) 75 36

F2H  SPRIX BNLFOEHEZIE ~i-Pr-SPRIX DARFERE ~

AT CIR A7 iSOG OFE R 2. =T o FARPWEICE R EZ KD @O T BB ENL 12 3~

% & Scheme 2-17 D X 512725, R0UXY i-Pr &% 4 >F 3% i-Pr-SPRIX 1d 23, WO IGIZE
WTHEINL TV, equatorial 7 M EHLIEN & 5 anti-t-Bu-SPRIX 1g. anti-i-Pr-SPRIX le 2% 11
(2ot & B o axial ST i-Pr £ % F5 syn-i-Pr-SPRIX 1f <0/ i W VE AL % K7 7= 72y H-SPRIX
lald, £ b & RERNDESS > T,

Scheme 2-17. Enantioselectivity Order of SPRIX Ligands

Hol o N H Hi.,
i-Pr. | | i-Pr t-Bu,,,
i-Pr i-Pr

o~ N N« o H o~ N N« o
i-Pr-SPRIX anti-t-Bu-SPRIX anti-i-Pr-SPRIX H-SPRIX syn-i-Pr-SPRIX
1d 19 1e 1a 1f
Table ee (%) ee (%) ee (%) ee (%) ee (%)
341 76 44 34 38 27
3-2 82 36 32 4 3

ZIDDFERING | =T T A BRI ABE RS 31 D SPRIX OIS BB L Tk IR
NEXHED,
O A VFFY U VB S L OEHIENS =T o T ARIRIEIC R L CRER R EE 2 R LT D
@ 52 HiEE 4 TR/ i-Pr-SPRIX 1d DR FFBREEIZ B D 1EHEAGH [2 S0 i-Pr JEIT & % Wil
FIER) 13#%Th D
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LU B, syn-i-Pr-SPRIX 1f 233 U 72 BfL O Tl bRV F U F AR 2 R L, T1§
SANT /KSR D trans (2128 5 i-Pr i (BOAZm o axial J71f) : JR6A) 3R EREOMSICEREE G LT
W5 En) TREERE S BTN,

% 315 SPRIX DEIRE ~ ¥ L — FEETEROBIRM: ~

ATE TR~ 7- TR RO T L OfE] 1Tk T 2RREEL -0, JEAL T DOEERIE R b
Z 1H NMR (2 X 0 34l bhle U7, BARMICIZ, 240 E T SPRIX OEMIEEM G CHZIZMEH &
LT\ = PA(OCOCFs), LB 1D 1 : LIREWE, Y7 anm A X U HsEiRICT 2 R Ltk
IZ 'H NMR Z#IE L7z,

F . i-Pr-SPRIX 1d OEMIHEZ D THER LT & ZAE—27 O 7 N @I T X 7= (Figure 2-5),
HCH | MBEAMKRICH Y T2 > 7 TS RES S 7 &R L, BT ARY ML
BAT FHED C, ftFrtEEZ R D ., MICHS » 7= 7 FARBO LRV &b, 1d 13X
PA(OCOCFy), IZx} L CiEIRMICF L— ML LT B 2 B D,

a
JJL i I
b
L x«M o N
ppm : : : : : : :
4.5 4 3.5 3 2.5 2 1.5 1

Figure 2-5. Partial '"H NMR spectra of (a) i-Pr-SPRIX 1d and (b) a mixture of i-Pr-SPRIX 1d with
Pd(OCOCFy),

AT A BT 7212 A Ak L 72 equatorial J7 Al |2 & #255 % £5-D anti-i-Pr-SPRIX 1e & anti-t-Bu-SPRIX 1g
OEMIREZ A Lz, ZORER, i-Pr-SPRIX 1d RO —27 7 FB3R L, 1le & 1g ©
Pd(OCOCF,), lZxf9 % % L — MM RS v7- (Figures 2-6 and 2-7), L7236, FL— |k
PR L TR R v 7T AT e — R —7 b e TBlllS Iz, BEHL . 1 T OB
200 Pd IZHANERT L5ERNIZ K0 A Y I~ —TOHAR AR LTz L b b, T70b
. equatorial J7 [ Z B H#AHL % £F-D anti-i-Pr-SPRIX 1le & anti-t-Bu-SPRIX 1g Tid, ¥ L — MEAZAS
—HERINAICEIT T 2 b 00, BB HEHR T RVWRE TR Z 2 ¥ LT,
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M N ML

Figure 2-6. Partial '"H NMR spectra of (a) anti-i-Pr-SPRIX 1e and (b) a mixture of anti-i-Pr-SPRIX 1e
with Pd(OCOCFs;),

a
]J iy il it M_Jt
b
, A
ppm T T T T T T T T
4.5 4 3.5 3 2.5 2 1.5 1

Figure 2-7. Partial '"H NMR spectra of (a) anti-t-Bu-SPRIX 1g and (b) a mixture of anti-t-Bu-SPRIX 1g
with Pd(OCOCF;),

e T, axial TS i-Pr F£ & FF syn-i-Pr-SPRIX 1f (Z%F L CEEATE AR 2 i Ar 7o, & Dt R,
Pd(OCOCFy), Ik L T L— FMEML L7z & b D v 7TV bR TX 7223, anti-i-Pr-SPRIX 1e
X anti-t-Bu-SPRIX 1g £V &7 v — R — 7 R{ETE RV T T ANRZE R G- (Figure
2-8), FIEBIWZLENLIC K EEDOSERFEN AR LI B2 DD, FE ZOWKIZL2 - B A
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(Y7 xz=VKRAT7 1) =& (DPPE) # 1Y &EMZ 5 &, Figure 2-8a L FEEL L 72> 7 F L7
BRI S I OFAENHER TS -, D7, Figure 2-8b T/ L7z AT N VX If O3
72 EBNFIRTIE AW & F 2 5, syn-i-Pr-SPRIX 1f & {2l7-25@hi%, H-SPRIX 1la =° Me-SPRIX 1b T1
el C& 7= (Figures 2-9 and 2-10) ,

M WL

ppm T T T T T T T T

4.5 4 3.5 3 2.5 2 1.5 1
Figure 2-8. Partial '"H NMR spectra of (a) syn-i-Pr-SPRIX 1f and (b) a mixture of syn-i-Pr-SPRIX 1f with
Pd(OCOCFy),

a
Jm JUMM 0 kN
b
ppm . . ‘ . . ‘ . ‘
5 4.5 4 3.5 3 2.5 2 1.5

Figure 2-9. Partial 'H NMR spectra of (a) H-SPRIX 1a and (b) a mixture of H-SPRIX la with
Pd(OCOCFy3),

30



Il b LJL
b
J, M L LL‘&—/\
ppm | .
45 4 3.5 3 2.5 2 1.5 1

Figure 2-10. Partial '"H NMR spectra of (a) Me-SPRIX 1b and (b) a mixture of Me-SPRIX 1b with
Pd(OCOCFs3),

PLEDOFERD G $EATERICIIT D SPRIX D EHFLZNFICE L TR ODIFFENE X HE 5,
@ i-Pr % 4 SFF % i-Pr-SPRIX 1d IT@ RIS F L— MEANLT D
@ A VFAXYVY UBRSNOBEBIEN i-Pr NS SARINEZ O HL Me JEICEDD L L—
~ECAT LS MBS B 5
@ BEEANIKFED trans (7123 5 i-Pr i (FBAAZIE O axial J516]) L0 & cis fii2dh 5 i-Pr ik (Fifr
[ O equatorial 7)) 2RI F L — FMENLICRE SEEL TV D

INOOEBLET H LHETIE Lic= T o F AR SOS O R &2 KB L T b, 37805,
Fhts U 7o i SOS TIER T T A ST 2 5 L T % 728 i-Pr-SPRIX 1d LIS DOEALF- T
T LHEADF L— FERINRIRAJICAER LTV D EITIR B 720, 207, HE I -
I A B2 22 OB R TE S EE M 2 B QIR S o F AR IR T 5 L b D, HRIC Table 2-2
TR L2 PA(N/PA(IV)EUGIE SPRIX FEFFIE T CTONR Y 7 75 7 0 REISH IR B L #ITT 5720
W) % L— NEERLISN OSSN S < AT S syn-i-Pr-SPRIX 1f £ H-SPRIX 1la Tix, HEHT
HHBRANT 7 b 29aMEETEIRE L TELNZEEZ LD,

BUE, FBEENI/KE D cis (L2 5 i-Pr 3 (BN O equatorial J71a]) 25&RAGZ 3 L— RELIC
VBB T EN TRV, FBIANIKTFE & ONLRRFENER LT\ & lbitd, WIRP ToOM
WA S LT LA RS 2 LRG0V 0D XBRITICE > TH OGN E o722 20
i-Pr J£1C K % Tinterlock ¥4 ) 28, i-Pr-SPRIX 1d OERAYZ2 5 L — MEMZZ & LHE L T D L HfE
BTX D,
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FAaf kLD

AT T, LY@ SPRIX BLF T VBN 2 AT 5720 BRI Tl b= 7 F 4%
PUEZ 773 i-Pr-SPRIX 1d O FEM: % IEREICHHR T 2 BN & D L& % | i-Pr-SPRIX 23EEE 9~ 5 R
BREICBE LT 2 SOEERBEZ LTz, ZNOEERNAEZRIAET D720, FHHEN T
anti-i-Pr-SPRIX 1le, syn-i-Pr-SPRIX 1f 72 & ONC anti-t-Bu-SPRIX 1g Z# &% &t « B L. =F o F 4%
PR Pd fIRBEROS ~O A IZ X 0 RFBENL T & L CORREZ RFAm L 7=,

anti-i-Pr-SPRIX syn-i-Pr-SPRIX anti-t-Bu-SPRIX
1e 1f 19

H H
H
H " H H
\ H
\ H \ \
N— \ \
H| Ho-N OLH yHo-N N\OH Hy o—N N-go

(M*,S*,5%)-1d (M*,S*,5%)-1e (M*,S*,S*)-1f

ZORER, =F o FAEBRMEICET 55511, i-Pr-SPRIX 1d > anti-t-Bu-SPRIX 1g >
anti-i-Pr-SPRIX 1e > H-SPRIX 1a > syn-i-Pr-SPRIX 1f & 72 57=, A VY AXH V' U VEBREMICH D E
PN F o FA RPN X DB LT b DD, ZOFINTI TR LEIIRESBEVESS TW
7o ZDEZDERN, FENLT DX L— MENLOERIEIZH D Z & % PA(OCOCFs), & DEEATE
BB LT 65202 L7, i-Pr-SPRIX 1d TlE, A Y A X' U VB S LRFBICHEA LT 2 DD i-Pr
FEDHIMIHEEET D Tinterlock #4812 Xk > T, VRO AFREZIEY LiIF Qs LIk
Ri7ex L— ML ZFIREIC L TV D EE X bILD,

\
H O"N N-o H H + an effective asymmetric environment
interlock * a selective chelating coordination

i-Pr-SPRIX
1d
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KERIH

General considerations

All *H and **C NMR spectra were recorded at 25 °C on a JEOL ECS400 spectrometer (400 MHz for *H,
100 MHz for 3C). Chemical shifts are reported in & ppm referenced to an internal tetramethylsilane
standard for *H NMR. Chemical shifts of *C NMR are given relative to CDCl; (8 77.0). ESI mass spectra
were recorded on a Thermo Fisher, LTQ ORBITRAP XL. Melting points were measured using a Yanaco
melting point apparatus MP-S9 and were uncorrected. Optical rotations were measured with a JASCO
P-1030 polarimeter. HPLC analyses were performed on JASCO HPLC system (JASCO PU 2080 pump
and MD-2010 UV/Vis detector). Anhydrous diethyl ether, THF and toluene were purchased from Kanto
Chemicals and were used without further purification. Other solvents were purified prior to use by
standard techniques. p-Benzoquinone was purified by sublimation under vacuum. All other chemicals were
purchased from commercial suppliers and used as received. Column chromatography was conducted on
Kishida Silica Gel (spherical, 63—200 um).

i-Pr, i-Pr

EtO OEt
o o

diethyl 2,2-bis((E)-5-methylhex-3-enyl)malonate

To a suspension of NaH (60% in oil, 0.32 g, 7.9 mmol) in DMSO (7 mL) was added diethyl malonate (2)
(0.48 g, 3.0 mmol) at 0 °C, which was then stirred for 1 h at rt. To this mixture was added
(E)-1-bromo-5-methylhex-3-ene (3e) solution (1.4 g, 7.9 mmol) in DMSO (3 mL). After being stirred for 24
h at 50 °C, the reaction mixture was quenched with saturated ag. NH,Cl and extracted with EtOAc. The
organic layer was washed with 1 M aq. HCI and brine successively and dried over Na,SO,. The volatiles
were removed by evaporation under reduced pressure, and the residue was purified by column
chromatography using silica gel (hexane/EtOAc = 5/1) to give diethyl
2,2-bis((E)-5-methylhex-3-enyl)malonate (0.73 g, 69%) as a pale yellow oil. ‘H NMR (400 MHz, CDCly): §
5.40 (dd, J=15.6 Hz, J= 6.4 Hz, 2H), 5.31 (dt, J= 15.6 Hz, J= 6.4 Hz, 2H), 4.17 (q, J = 6.9 Hz, 4H),
2.25-2.17 (m, 2H), 1.96-1.92 (m, 4H), 1.89-1.84 (m, 4H), 1.24 (t, J = 6.9 Hz, 6H), 0.95 (d, J = 6.9 Hz, 12H).
3C NMR (100 MHz, CDCls): § 171.7, 138.2, 125.8, 61.0, 57.2, 32.3, 31.0, 27.2, 22.5, 14.1. HRMS (ESI):
calcd. for C,;H3sNaO,: m/z 375.2511 ([M+Na]"), found: m/z 375.2502.

i-Pr. i-Pr

HO OH
2,2-bis((E)-5-methylhex-3-enyl)propane-1,3-diol (4e)
To a solution of LiAlIH, (0.27 g, 7.0 mmol) in THF (14 mL) was added a solution of diethyl
2,2-bis((E)-5-methylhex-3-enyl)malonate (1.21 g, 3.5 mmol) in THF (6 mL) at 0 °C. After being stirred for

4 h at rt, the reaction mixture was quenched with Na,SO,4-10H,0 and Et,O. The resulting suspension was
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filtered, and the preciptate was washed with Et,O. The combined organic layer was concentrated and the
residue was purified by column chromatography using silica gel (hexane/EtOAc = 3/1) to give desired
compound 4e (0.74 g, 80%) as a colourless oil. '"H NMR (400 MHz, CDCI,): ¢ 5.38 (dd, J= 15.1 Hz, J=
6.4 Hz, 2H), 5.31 (dt, J= 15.1 Hz, J= 6.0 Hz, 2H), 3.62 (s, 2H), 3.49 (s, 4H), 2.25-2.13 (m, 2H),
1.92-1.86 (M, 4H), 1.30-1.25 (m, 4H), 0.92 (d, J = 6.4 Hz, 12H). *C NMR (100 MHz, CDCl,): ¢ 137.5,
127.0, 68.2, 41.0, 30.9, 30.5, 25.9, 22.5. HRMS (ESI): calcd. for C17H3,NaO,: m/z 291.2300 ([M+Na]"),
found: m/z 291.2291.

HOry ‘Z’OH
(1E,3E)-2,2-bis((E)-5-methylhex-3-enyl)malonaldehyde dioxime (5¢)

To a solution of oxalyl chloride (1.28 g, 9.9 mmol) in CH,CI, (6 mL) was slowly added DMSO (1.05 g,
13.5 mmol) at —78 °C, which was then stirred for 30 min. While maintaining the temperature, a solution of
4e (0.74 g, 2.6 mmol) in CH,CI, (7 mL) was added and stirred for additional 30 min. To this mixture was
added triethylamine (2.39 g, 23.4 mmol) at —78 °C. After being stirring for 1.5 h at rt, the reacion mixture
was guenched with saturated ag. NH,CI and was extracted with CH,Cl,. The organic layer was dried over
Na,SO,4 and concentrated. To the crude aldehyde product were added NH,OH-HCI (0.90 g, 13 mmol) and
pyridine (5.2 mL) at 0 °C, which was then stirred for 12 d at rt (further NH,OH-HCI (0.90 g, 13 mmol)
was added after 3 d and 6 d for a total of 2.70 g (39 mmol)). The reaction mixture was diluted with EtOAc,
and the organic layer was washed with water and brine, and dried over Na,SO,. After evaporation of the
volatiles, the residue was purified by column chromatography using silica gel (hexane/EtOAc = 5/1) to
give desired compound 5e (0.74 g, 88%) as a colourless oil. *H NMR (400 MHz, CDCl5): 6 8.59 (s, 2H),
7.40 (s, 2H), 5.39 (dd, J = 15.1 Hz, J = 6.4 Hz, 2H), 5.27 (dt, J = 15.1 Hz, J = 6.4 Hz, 2H), 2.26-2.15 (m,
2H), 2.00-1.95 (m, 4H), 1.73-1.69 (m, 4H), 0.94 (d, J = 6.4 Hz, 12H). *C NMR (100 MHz, CDCl,): 6
154.0, 138.3, 126.0, 45.7, 36.0, 31.0, 27.0, 22.5. HRMS (ESI): calcd. for C17H30N,NaO,: m/z 317.2205
([M+Na]"), found: m/z 317.2195.

(3R,3aS,3'R,3a'S,6S)-3,3'-diisopropyl-3,3a,3",3a",4,4',5,5'-octahydro-6,6"-spirobi[cyclopenta[ c]isoxaz
ole] anti-i-Pr-SRPIXs le

To a solution of 5e (0.74 g, 2.3 mmol) in CH,ClI, (46 mL) was added ag. NaOCI (> 5.0%, 7.3 mL) at 0 °C,
which was then stirred for 4 d at rt. The reaction mixture was quenched with H,O and extracted with
CH,CI,. The organic phase was washed with brine, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography using silica gel (hexane/EtOAc = 5/1) to
give desired compound (M*,S*,S*)-1e (0.19 g, 28%) as a white solid with a diastereomeric mixture of
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(M* R* R*)-1e and (M*,S* R*)-1e (0.44 g, 67%). Mp: 122-124 °C. *H NMR (400 MHz, CDCl5): ¢ 4.01
(dd, J=12.4 Hz, J =7.3 Hz, 2H), 3.40 (dt, J = 12.4 Hz, J = 7.3 Hz, 2H), 2.54 (dd, J = 12.4 Hz, J = 6.9 Hz,
2H), 2.15 (dt, J = 12.4 Hz, J = 6.9 Hz, 2H), 2.05-1.94 (m, 4H), 1.82-1.72 (m, 2H), 1.05 (d, J = 6.9 Hz,
6H), 0.93 (d, J = 6.9 Hz, 6H). *C NMR (100 MHz, CDCls): 6 176.3, 94.1, 56.9, 43.7, 41.5, 31.1, 27.5,
19.7, 18.6. HRMS (ESI): calcd. for Ci7H,N,NaO,: m/z 313.1892 ([M+Na]), found: m/z 313.1883. The
enantiomers were separated using a Daicel Chiralpak AD column [2 cm © % 25 cm, EtOH, 8 mL/min, 223
nm]: T, = 8 min for (P,R,R)-1e and T, = 24 min for (M,S,S)-1e. (P,R,R)-1e: [0]p”* = —242.9 (c = 0.45,
CHCI5). (M,S,S)-1e: [a]p? = +248.6 (c = 0.57, CHCI,).

i—Prﬁ\?q/ji-Pr
CF3CH,0 OCH,CF;
O O

bis(2,2,2-trifluoroethyl)2,2-bis((Z)-5-methylhex-3-enyl)malonate

To a solution of bis(2,2,2-trifluoroethyl) malonate (41) (1.4 g, 5.2 mmol), (Z)-5-methylhex-3-en-1-ol
(40) (1.4 g, 12.0 mmol), and PhsP (5.7 g, 21.8 mmol) in toluene (45 mL) was added a solution of
1,1’-(azodicarbonyl)dipiperidine (6.0 g, 23.9 mmol) in toluene (75 mL), which was then stirred for 13 h at
50 °C. The resulting mixture was concentrated, and passed through a pad of silica gel and rinsed with
CH,CI,. The solvents were evaporated and the residue was purified by column chromatography using
silica gel (hexane/EtOAc = 10/1) to give bis(2,2,2-trifluoroethyl) 2,2-bis((Z)-5-methylhex-3-enyl)malonate
(1.7 g, 72%) as a colourless liquid. *"H NMR (400 MHz, CDCl5): § 5.27-5.16 (m, 4H), 4.52 (q, J = 8.2 Hz,
4H), 2.57-2.45 (m, 2H), 2.04-1.93 (m, 8H), 0.93 (d, J = 6.9 Hz, 12H). *C NMR (100 MHz, CDCl,): 6
169.2, 139.0, 124.9, 122.7 (q, J = 276 Hz), 61.0 (q, J = 37.4 Hz), 57.4, 32.6, 26.5, 23.0, 22.0. HRMS (ESI):
calcd. for C,;H3oFgNaO,4: m/z 483.1946 ([M+Na]"), found: m/z 483.1935.

i-Pr i-Pr

HO OH

2,2-bis((2)-5-methylhex-3-enyl)propane-1,3-diol (4f)

According to the procedure for the preparation of 4e, desired compound 4f was obtained as a white solid
(076 g, 77%) using LiAIH, (028 g, 74 mmol) and bis(2,2,2-trifluoroethyl)
2,2-bis((Z)-5-methylhex-3-enyl)malonate (1.7 g , 3.7 mmol) in THF (18 + 7 mL). Mp: 6264 °C. '"H NMR
(400 MHz, CDCly): 6 5.26-5.17 (m, 4H), 3.60 (s, 4H), 2.63-2.54 (m, 2H), 2.15 (s, 2H), 2.03-1.97 (m, 4H),
1.37-1.32 (m, 4H), 0.95 (d, J = 6.9 Hz, 12H). *C NMR (100 MHz, CDCl,): 6 137.9, 127.1, 69.1, 41.3,
31.1, 26.6, 23.2, 21.0. HRMS (ESI): calcd. for C;;H3;NaO,: m/z 291.2300 ([M+Na]®), found: m/z
291.2296.

i-Pr i-Pr

s 3
HO OH
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Preparation of (1E,3E)-2,2-bis((Z)-5-methylhex-3-enyl)malonaldehyde dioxime (5f)

According to the procedure for the preparation of 5e, desired compound 5f was obtained (0.63 g, 75%) as
a colourless oil using oxalyl chloride (1.37 g, 10.6 mmol), DMSO (1.13 g, 14.5 mmol), 4f (0.76 g, 2.85
mmol), triethylamine (2.58 g, 25.2 mmol) CH,CI, (7 + 7 mL), NH,OH-HCI (total: 2.99 g, 2.97 mmol), and
pyridine (5.2 mL). *H NMR (400 MHz, CDCl,): 6 7.44 (s, 2H), 7.28 (s, 2H), 5.23-5.14 (m, 4H), 2.59-2.50
(m, 2H), 2.07-2.01 (m, 4H), 1.73-1.69 (m, 4H), 0.93 (d, J = 6.9 Hz, 12H). *C NMR (100 MHz, CDCl5): 6
154.0, 138.3, 126.0, 45.7, 36.0, 30.9, 27.0, 22.5. HRMS (ESI): calcd. for C;7H3N,NaO,: m/z 317.2205
([IM+Na]"), found: m/z 317.2197.

(3S,3aS,3'S,3a'S,6S)-3,3"-diisopropyl-3,3a,3',3a",4,4',5,5'-octahydro-6,6"-spirobi[cyclopenta[c]isoxazol
e] syn-i-Pr-SPRIXs 1f

According to the procedure for the preparation of 1e, desired compound (M*,S*,S*)-1f was obtained as
a white solid (0.31 g, 45%) with a diastereomeric mixture of (M*,R* R*)-1f and (M*,S* R*)-1f (0.36 g,
51%) using 5f (0.77 g, 2.4 mmol), CH,Cl, (48 mL) and aq. NaOCI (> 5.0%, 7.7 mL). Mp: 141-143 °C. 'H
NMR (400 MHz, CDCl5): 6 4.12 (t, J = 10.1 Hz, 2H), 3.83 (ddd, J = 12.4 Hz, J = 10.1 Hz, J = 7.3 Hz, 2H),
2.52 (ddd, J=12.4 Hz, J = 5.5 Hz, J = 1.8 Hz, 2H), 2.15 (ddd, J = 12.4 Hz, J = 11.4 Hz, J = 7.3 Hz, 2H),
2.05-1.94 (m, 6H), 1.01 (d, J = 6.4 Hz, 6H), 0.79 (d, J = 6.4 Hz, 6H). *C NMR (100 MHz, CDCls): ¢
174.0, 88.5, 57.0, 43.5, 40.3, 27.9, 24.0, 19.2, 18.9; HRMS (ESI): calcd. for C17H,6N,NaO,: m/z 313.1892
([M+Na]"), found: m/z 313.1886. The enantiomers were separated using a Daicel Chiralpak AD column [2
cm @ x 25 cm, EtOH, 4 mL/min, 235 nm]: T; = 16 min for (P,R,R)-1f and T, = 24 min for (M,S,S)-1f.
(P,R,R)-1f: [a]p??=—115.8 (c = 0.82, CHCI;). (M,S,9)-1f: [0]p™® = +119.4 (c = 0.13, CHCI,).

t-Bu t-Bu

EtO OEt
O O
diethyl 2,2-bis((E)-5,5-dimethylhex-3-en-1-yl)malonate
78% yield, pale yellow oil. '"H-NMR (400MHz, CDCls): § 5.44 (d, J=15.6, 2H), 5.26 (dt, J= 15.6 Hz, J=
6.4, 2H), 4.17 (q, J=6.9, 4H,), 1.95-1.91 (m, 4H), 1.88-1.83 (m, 4H), 1.24 (t, J=7.3, 6H,), 0.96 (s, 18H);
BC-NMR (100MHz, CDCls): § 171.6, 142.0, 123.6, 61.0, 57.2, 32.7, 32.3,29.7, 27.3, 14.1; LRMS(DART)
Calcd for Cy3H,,0,4 [(m+H)"] m/z 381.3; Found, m/z 381.4.

t-Bu t-Bu

HO OH
2,2-bis((E)-5,5-dimethylhex-3-en-1-yl)propane-1,3-diol (4g)
93% yield, white solid. ‘H-NMR (400MHz, CDCl,): & 5.47 (d, J=15.6, 2H), 5.30 (dt, J=15.6, J=6.4, 2H),
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3.59 (s, 4H), 2.26 (s, 2H), 1.97-1.92 (m, 4H), 1.37-1.32 (m, 4H), 0.98 (s, 18H); *C-NMR (100MHz,
CDCl,): & 141.6, 124.6, 69.32, 41.2, 32.8, 30.9, 29.8, 26.2; LRMS(DART) Calcd for CyHz;0, [(m+H)']
m/z 297.3; Found, m/z 297.3.

HOSy OH
2,2-bis((E)-5,5-dimethylhex-3-en-1-yl)malonaldehyde dioxime (5¢)
70% vyield, white crystal. '"H-NMR (400MHz, CDCl,): § 7.40 (s, 2H), 5.45 (d, J=15.6, 2H), 5.24 (dt,
J=15.6, J=6.4, 2H), 2.02-1.96 (m, 4H), 1.74-1.70 (m, 4H), 0.97 (s, 18H); *C-NMR (100MHz, CDCl,): &
153.9, 142.2, 123.6, 45.7, 36.2, 32.8, 29.7, 27.2.

(3S,3aS,3'S,3a'S,65)-3,3'-di-tert-butyl-3,3a,3',3a",4,4',5,5'-octahydro-6,6'-spirobi[cyclopenta[c]isoxaz
ole] (M*,S*S*)-anti-t-Bu-SPRIX 1g

19% yield, white solid. "H-NMR (400MHz, CDCl5): & 4.04 (d, J=12.8, 2H), 3.43-3.49 (m, 2H), 2.55 (q,
J=6.9, 2H), 2.20-2.12 (m, 2H), 1.97-1.91 (m, 2H), 1.82-1.71 (m, 2H), 0.97 (s, 18H); *C-NMR (100MHz,
CDCly): 6 176.3, 96.5, 54.2, 43.7, 41.7, 32.2, 28.0, 26.1; LRMS(DART) Calcd for CigH3;N,0; [(m+H)']
m/z 319.2; Found, m/z 319.3.

diethyl 2,2-bis((E)-4-phenylpent-3-en-1-yl)malonate

70% yield, yellow oil. *H-NMR (400MHz, CDCls): § 7.38-7.35 (m, 4H), 7.32-7.28 (m, 4H), 7.24-7.19 (m,
2H), 5.75 (t, J=6.9, 2H), 4.20 (q, J=7.3, 4H), 2.17-2.06 (m, 8H), 2.02 (s, 6H), 1.26 (t, J=7.3, 6H); *C-NMR
(100MHz, CDCI3): 6 171.6, 143.6, 135.6, 128.2, 126.9, 126.6, 125.6, 61.2, 57.3, 32.3, 23.7, 15.7, 14.1;
LRMS(DART) Calcd for C,oH3,04 [(m+H)*] m/z 449.3, Found, m/z 449.3.

Ph Ph

Me Me

HO  OH
2,2-bis((E)-4-phenylpent-3-en-1-yl)propane-1,3-diol (4h)
Quant, white solid. ‘H-NMR (400MHz, CDCl5): § 7.38-7.35 (m, 4H), 7.32-7.29 (m, 4H), 7.24-7.20 (m, 2H),
5.78 (t, J=7.3, 2H), 3.69 (s, 4H), 2.27 (br s, 2H), 2.24-2.18 (m, 4H), 2.20 (s, 6H), 1.53-1.49 (m, 4H);
C-NMR (100MHz, CDCly): § 143.9, 134.9, 128.2, 128.1, 126.6, 125.6, 69.1, 41.3, 30.6, 22.5, 15.8.
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HO LZ’OH
2,2-bis((E)-4-phenylpent-3-en-1-yl)malonaldehyde dioxime (5h)
83% vyield, colorless oil. *H-NMR (400MHz, CDCls): & 9.25 (s, 2H), 7.56 (s, 2H), 7.37-7.35 (m, 4H),
7.30-7.26 (m, 4H), 7.22-7.18 (m, 2H), 5.73 (t, J=7.3, 2H), 2.27-2.21 (m, 4H), 2.01 (s, 6H), 1.88-1.84 (m,
4H); *C-NMR (100MHz, CDCls): & 153.4, 143.4, 135.3, 127.9, 126.9, 126.4, 125.4, 45.7, 35.8, 23.4, 15.6.

(3S,3aS,3'S,3a'S,65)-3,3'-dimethyl-3,3'-diphenyl-3,3a,3",3a",4,4',5,5"-octahydro-6,6"-spirobi[cyclopent
a[c]isoxazole] (M*,S*,S*)-anti-Ph-syn-Me-SPRIX 1h

25% yield, white solid. ‘H-NMR (400MHz, CDCl5): & 7.43-7.40 (m, 4H), 7.39-7.35 (m, 4H), 7.31-7.27 (m,
2H), 3.91-3.87 (m, 2H), 2.64-2.57 (m, 2H), 2.29-2.17 (m, 4H), 2.05-2.00 (m, 2H), 1.61 (s, 6H); &
BC-NMR (100MHz, CDCls): § 176.8, 144.7, 128.4, 127.3, 125.0, 91.6, 63.3, 43.2, 42.1, 23.6, 23.5.

General Procedure for Enantioselective Allylic C—H Esterification of 4-Alkenoic Acid 24™?

Pd(OACc), (1.1 mg, 5.0 pmol, 10 mol %) and SPRIX ligand (7.5 umol, 15 mol %) were dissolved in
CH,CI, (0.25 mL), which was then stirred at 25 °C for 2 h. To this solution was added p-benzoquinone
(10.8 mg, 0.10 mmol, 2 equiv) and 5-methyl-2,2-diphenylhex-4-enoic acid (24a) (14.0 mg, 0.050 mmol) in
CH,CI, (0.25 mL). After being stirred at 25 °C for 12 h, the reaction mixture was directly filtered through a
short pad of silica gel and rinsed with EtOAc. The filtrate was concentrated under reduced pressure and the
residue was purified by flash column chromatography using silica gel (hexane/EtOAc = 5/1 or CH,Cl,) to
give 3,3-diphenyl-5-(prop-1-en-2-yl)dihydrofuran-2(3H)-one (25a).

General Procedure for Enantioselective Pd(I1)/Pd(1V) Cyclisation of Enyne 28

Pd(OCOCFs3); (2.7 mg, 8.0 umol, 10 mol %) and SPRIX ligand (12 pmol, 15 mol %) were dissolved in a
9:1 mixture of MeCN and AcOH (0.3 mL), which was then stirred at 25 °C for 2 h. To this solution was
added 2-methylallyl phenylpropiolate (28a) (16.0 mg, 0.080 mmol), PhI(OAc), (103 mg, 0.32 mmol), and
a 9:1 mixture of MeCN and AcOH (0.5 mL). After being stirred at 50 °C for 30 h, the reaction mixture was
filtered through a short pad of silica gel and rinsed with EtOAc. The filtrate was concentrated under
reduced pressure and the residue was purified by column chromatography using silica gel (hexane/EtOAc
= 4/1) to give 1-benzoyl-5-methyl-3-oxabicyclo[3.1.0]hexan-2-one (29a).
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X-ray crystallographic data for anti-i-Pr-SPRIX (M* ,S*,S*)-1e

Experimental

Data Collection

A colorless platelet crystal of C17H2gN202 having approximate dimensions of 0.500 x 0.400 x

0.150 mm was mounted on a glass fiber. All measurements were made on a Rigaku Mercury70
diffractometer using graphite monochromated Mo-Ka radiation.

The crystal-to-detector distance was 45.68 mm.

Cell constants and an orientation matrix for data collection corresponded to a primitive
monoclinic cell with dimensions:

a = 546602 A
b = 27.856(8) A b = 94.251(5)°
c = 10747Q3)A
V = 1631.7(8) A3

For Z = 4 and F.W. = 290.40, the calculated density is 1.182 g/cm3. The reflection conditions of:

hol: h+l=2n
0kO: k=2n

uniquely determine the space group to be:

P21/n (#14)

The data were collected at a temperature of -179 + 19C to a maximum 2q value of 60.00. A total
of 744 oscillation images were collected. A sweep of data was done using f oscillations from -80.0 to
100.00 in 0.59 steps. The exposure rate was 10.0 [sec./9]. The detector swing angle was 20.230. A
second sweep was performed using w oscillations from -20.0 to 28.0° in 0.50 steps. The exposure rate was
10.0 [sec./9]. The detector swing angle was 20.230. Another sweep was performed using w oscillations
from -20.0 to 28.00 in 0.59 steps. The exposure rate was 10.0 [sec./9]. The detector swing angle was
20.230.  Another sweep was performed using w oscillations from -20.0 to 28.00 in 0.59 steps. The
exposure rate was 10.0 [sec./9]. The detector swing angle was 20.239.  Another sweep was performed
using w oscillations from -20.0 to 28.00 in 0.50 steps. The exposure rate was 10.0 [sec./9]. The detector
swing angle was 20.230. The crystal-to-detector distance was 45.68 mm. Readout was performed in the
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0.137 mm pixel mode.
Data Reduction

Of the 12372 reflections that were collected, 4367 were unique (Rjnt = 0.0230); equivalent

reflections were merged. Data were collected and processed using CrystalClear (Rigaku).

The linear absorption coefficient, m, for Mo-Ka radiation is 0.774 cm-1. A numerical absorption
correction was applied which resulted in transmission factors ranging from 0.970 to 0.988. The data were

corrected for Lorentz and polarization effects.

Structure Solution and Refinement

The structure was solved by direct methods2 and expanded using Fourier techniques. The
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model.

The final cycle of full-matrix least-squares refinement3 on F2 was based on 4367 observed reflections and
216 variable parameters and converged (largest parameter shift was 0.00 times its esd) with unweighted

and weighted agreement factors of:
R1 =S ||Fo| - |Fc||/ S |Fo| = 0.0541
WR2 =[S (w (Fo2 - Fc2)2)/ S w(Fo2)2]1/2 = 0.1876

The standard deviation of an observation of unit weight4 was 1.01. A Sheldrick weighting
scheme was used. Plots of S w (|Fo| - |Fc|)2 versus |Fo|, reflection order in data collection, sin g/l and
various classes of indices showed no unusual trends. The maximum and minimum peaks on the final

difference Fourier map corresponded to 0.35 and -0.23 e/A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber®. Anomalous dispersion
effects were included in Fcalc; the values for Df* and Df" were those of Creagh and McAuley’. The
values for the mass attenuation coefficients are those of Creagh and Hubbell8. All calculations were
performed using the CrystaIStructure9:10 crystallographic software package.
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Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group

Z value

Dcalc
F000

m(MoKa)

EXPERIMENTAL DETAILS

A. Crystal Data
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C17H26N207
290.40
colorless, platelet

0.500 X 0.400 X 0.150 mm

monoclinic
Primitive

a= 54662 A
b= 27.856(8) A
c= 10.747(3) A
b= 94.251(5) 0
V =1631.7(8) A3
P21/n (#14)

4

1.182 glcm3
632.00

0.774 cm-1



Diffractometer
Radiation

\oltage, Current
Temperature

Detector Aperture
Data Images

w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate

Detector Swing Angle
Detector Position

Pixel Size

20max
No. of Reflections Measured

Corrections

B. Intensity Measurements
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Mercury70
MoKa (I = 0.71075 A)
graphite monochromated
50kV, 150mA
-179.80C

70 X 70 mm
744 exposures
-80.0 - 100.0°
10.0 sec./0
20.230

-20.0 - 28.0°
10.0 sec./0
20.230

-20.0 - 28.00
10.0 sec./0
20.230

-20.0 - 28.00
10.0 sec./0
20.239

-20.0 - 28.0°
10.0 sec./0

20.230
45.68 mm

0.137 mm

60.00

Total: 12372

Unique: 4367 (Rjnt = 0.0230)
Lorentz-polarization
Absorption

(trans. factors: 0.970 - 0.988)



Structure Solution

Refinement

Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.00s(1))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

C. Structure Solution
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and Refinement

Direct Methods (SIR92)
Full-matrix least-squares on F2
Sw (Fo2 - Fc2)2
1/[0.0052F02+1.0000s(F02)]/(4F02)
60.00

All non-hydrogen atoms

4367

216

20.22

0.0541

0.0635

0.1876

1.008

0.000

0.35 e7/A3

-0.23 e7/A3



X-ray crystallographic data for syn-i-Pr-SPRIX (M*,S*,S*)-1f

Experimental

Data Collection

A colorless prism crystal of C17H2gN202 having approximate dimensions of 0.200 x 0.200 x

0.200 mm was mounted on a glass fiber. All measurements were made on a Rigaku Mercury70
diffractometer using graphite monochromated Mo-Ka radiation.

The crystal-to-detector distance was 45.59 mm.

Cell constants and an orientation matrix for data collection corresponded to a C-centered
monoclinic cell with dimensions:

a = 16.590(4) A
b = 59030012 A b = 112.235(3)0
c = 16.992(4) A
V = 1540.3(7) A3

For Z = 4 and F.W. = 290.40, the calculated density is 1.252 g/cm3. Based on the reflection conditions of:

hkl: h+k=2n
hol: 1=2n

packing considerations, a statistical analysis of intensity distribution, and the successful solution and
refinement of the structure, the space group was determined to be:

C2/c (#15)

The data were collected at a temperature of 20 + 19C to a maximum 2q value of 60.00. A total of
744 oscillation images were collected. A sweep of data was done using f oscillations from -80.0 to 100.0°
in 0.59 steps. The exposure rate was 20.0 [sec./9]. The detector swing angle was 20.260. A second sweep
was performed using w oscillations from -20.0 to 28.00 in 0.59 steps. The exposure rate was 20.0 [sec./0].
The detector swing angle was 20.260. Another sweep was performed using w oscillations from -20.0 to
28.09 in 0.50 steps. The exposure rate was 20.0 [sec./9]. The detector swing angle was 20.269. Another
sweep was performed using w oscillations from -20.0 to 28.00 in 0.50 steps. The exposure rate was 20.0
[sec./O]. The detector swing angle was 20.269. Another sweep was performed using w oscillations from
-20.0 to 28.00 in 0.59 steps. The exposure rate was 20.0 [sec./O]. The detector swing angle was 20.260.
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The crystal-to-detector distance was 45.59 mm. Readout was performed in the 0.137 mm pixel mode.
Data Reduction

Of the 6414 reflections that were collected, 2092 were unique (Rjnt = 0.0192); equivalent

reflections were merged. Data were collected and processed using CrystalClear (Rigaku).

The linear absorption coefficient, m, for Mo-Ka radiation is 0.820 cm-1. A numerical absorption
correction was applied which resulted in transmission factors ranging from 0.977 to 0.984. The data were
corrected for Lorentz and polarization effects.

Structure Solution and Refinement

The structure was solved by direct methods2 and expanded using Fourier techniques. The
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model.

The final cycle of full-matrix least-squares refinement3 on F was based on 2092 observed reflections (1>
0.00s(1)) and 109 variable parameters and converged (largest parameter shift was 0.00 times its esd) with

unweighted and weighted agreement factors of:
R =S ||Fo| - |Fc|| / S |Fo| = 0.0439
Rw =[S w (|Fo| - |Fc|)2 / S w Fo2]1/2 = 0.0515

The standard deviation of an observation of unit weight# was 4.61. The weighting scheme was
based on counting statistics. Plots of S w (|Fo| - |Fc|)2 versus |Fo|, reflection order in data collection, sin g/l
and various classes of indices showed no unusual trends. The maximum and minimum peaks on the final

difference Fourier map corresponded to 0.00 and 0.00 e/A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber®. Anomalous dispersion
effects were included in Fcalc®; the values for Df* and Df" were those of Creagh and McAuley’. The
values for the mass attenuation coefficients are those of Creagh and Hubbell8. All calculations were
performed using the CrystaIStructure9:10 crystallographic software package.
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Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value
Dcalc

Fooo
m(MoKa)

EXPERIMENTAL DETAILS

A. Crystal Data
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C17H26N202
290.40

colorless, prism
0.200 X 0.200 X 0.200 mm
monoclinic
C-centered

a= 16.590(4) A
b= 5.9030(12) A
c= 16.992(4) A

b =112.235(3) ©

V = 1540.3(7) A3
C2/c (#15)

4

1.252 g/cm3
632.00

0.820 cm-1



Diffractometer
Radiation

\oltage, Current
Temperature

Detector Aperture
Data Images

w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate
Detector Swing Angle
w oscillation Range
Exposure Rate

Detector Swing Angle
Detector Position

Pixel Size

20max
No. of Reflections Measured

Corrections

B. Intensity Measurements

50

Mercury70
MoKa (I = 0.71075 A)
graphite monochromated
60kV, 200mA
20.19C

70 X 70 mm
744 exposures
-80.0 - 100.0°
20.0 sec./0
20.269

-20.0 - 28.0°
20.0 sec./0
20.269

-20.0 - 28.00
20.0 sec./0
20.269

-20.0 - 28.00
20.0 sec./0
20.269

-20.0 - 28.0°
20.0 sec./0

20.260
4559 mm

0.137 mm

60.00

Total: 6414

Unique: 2092 (Rjnt = 0.0192)
Lorentz-polarization
Absorption

(trans. factors: 0.977 - 0.984)



Structure Solution

Refinement

Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R (1>2.00s(1))
Residuals: R (All reflections)
Residuals: wR (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

C. Structure Solution and Refinement
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Direct Methods (SIR92)
Full-matrix least-squares on F
S w (Fol - |Fc|)2
1/s2(Fo)
60.00
All non-hydrogen atoms
2092
109
19.19
0.0439
0.0514
0.0515
4.614
0.000
0.00 e”/A3
0.00 e”/A3
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3-Pyrrolin-2-One ‘K(_</\ R jamaicamide B: R = NI
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COOH .
(+)-Lactacystin Key Intermediate ref. 6b
(Proteasome Inhibitor) N

Br
c) 1-Bromo-1-Alkene

a)

Figure 3-1. a) Structure of 3-Pyrrolin-2-one. b) Selected Biologically Active Natural Compounds with
3-Pyrrolin-2-one Skeletons. c) Synthesis of (+)-Lactacystin Using 3-Pyrrolin-2-one Compound as a Key
Intermediate.
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0772 AL SALERE Y ) ALEWNEE B LD AT Vinylogous < A 7 VAT IR & s L
T % (Scheme3-1) %9,

Scheme 3-1. Organocatalyzed Asymmetric Vinylogous Michael addition of «,f—Unsaturated
Ar (0] A
MeO ?;\NO o) CF3
o | N—Boc cat. A (10 mol%) 4 R j;f
~A Toluene, 30 °C N “NT N
Ar R (o) ’ o] Boc S H H cF
\ 3
N_

up to 99% ee
cat. A

C J

y—butyrolactam

B, Rovis HiEm w4 (1) & phosphoramidite $H5A & filtfit & 2 = o F 4 BINW
4-iminocrotonate D5y FINEALKISIZE Y, 5- 7vafxy - vul ) B EEET 5 Alitrg R
FER A ®E L TW5D (Scheme 3-2) 9,

Scheme 3-2. Enantioselective Rhodium-Catalyzed Isomerization of 4-Iminocrotonates

TIPS
[Rh(C5H4)5Cll (10 mol%) O'Pr OO o
R. o~ = oPr TIPS-Guiphos (20 mol%) | 5 /P*N\
N N—R o
/\/E( toluene, 110 °C, 24 h OO
0 TIPS

up to 95% ee TIPS-Guiphos

WHAFFEE CTid, 2010 4F, Pd-SPRIX fillfit & FHV = By - AfaFnT X K d 5-endo-trig UER LI )& &
AL TW5 (Scheme 3-3) M, AKfilfii i i Tid, Baldwin R 2 CiliE ARF] & &% 5-endo-trig
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Scheme 3-3. Pd(I1)-SPRIX-catalyzed 5-Endo-trig-type Cyclization of g,»—Unsaturated Alkenyl Amides

Pd(OAc), (10 mol%)

1
H SPRIX (11 mol%) R
™ N. p-benzoquinone (2 equiv)
R! R2 | N-R2
/\/j)( CH,Cl,, 30 °C, 20 h
(o}

up to 97% yield
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U FBRINEY R By - REIFNT 2 RO 5-endo-trig BRIV S & ik Ar Tz, L L, &N b, 5
SIVIZT 7 B DER O =T F AR 43% ee (TR E > TU/- (Scheme 3-4) 1P,
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Scheme 3-4. Initial Attempt: Enantioselective 5-Endo-trig-type Cyclization of f,y—Unsaturated Alkenyl
Amides Using (P,R,R)-i-Pr-SPRIX

Pd(OAc), (10 mol%)

1
H (P, R, R)-i-Pr-SPRIX (11 mol%) R
A N. p-benzoquinone (2 equiv)
R’ R2 N—R2
W CH,Cl,, 25 °C |
o
54 55

up to 43% ee
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B2, T F AR 5-endo-trig BB LSS D BHIE 21T - 72,
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Scheme 3-5. Structures of Cy-SPRIX 1i, 3-Pent-SPRIX 1j and 4-Hept-SPRIX 1k

3-Pent-SPRIX
1j

Cy-SPRIX
1i

4-Hept-SPRIX
1k

Scheme 3-6 (28T SPRIX 1li-k D& ikt 27~ R CBA¥E L7= SPRIX &[RIkE, T 68
SPRIX li-k &, ¥faT A7/ =17ua3 R3i-k t~va BT v (2) 75 Y5 CHesr
SN HEICL>TARKTEAEEZT-,

Scheme 3-6. Synthetic Plan of Novel SPRIX 1li-k

c
Cy Cy ﬁ/:< /
", — — Cy
Cy [ ‘ Cy Cy Cy Br 3i
cy” o-N N-g ¢y — ® 2 - X
NS EtO OEt
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1i 6i 0,0
(Cy = Cyclohexyl)
- - 3-Pentyl
3-Pentyl 3-Pentyl ﬁ/_<
— — 3-Pentyl
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1 6j oO_O
L J 2
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2  Cy-SPRIX DAHRR

AE TR R 7= A EEHEIC eV, 97, Cy-SPRIX 1i O &% %1T> 7=, Scheme 3-7 (IZHAET VUL
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Scheme 3-7. Preparation of Homoallyl Bromide 3i

MgBr
o 7 (1.4 equiv) HO 47% HBr aq.(3 equiv) —
THF, reflux, 30 min O0°Ctort,2h B
85% (2 steps)
56 57 3i

W T, BBz 3 B AWIERIEIC L o T Cy-SPRIX 1i ~& # 7= (Scheme 3-8), ~ 1 iRy
TFL (2) & 3 ZHEFEEE LT, NaH 207 v %4k, LiAIH, #Tic L 0 o4 —L 4
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SUNTNIT AT~ NI T T 4=l Lo THBECE T,

Scheme 3-8. Synthesis of Cy-SPRIX 1i

Cy, Cy
3i (3.0 equiv) - -
Eto\n/\[rOEt NaH (3.0 equiv) LiAIH, (2 equiv) Cy CY 1) swemn Oxidation
o o DMSO, 50 °C, 48h THF,0°Ctort, 2h 2) NH,OH-HCl, Py, 50 °C
HO OH
2 68% 93% 82% (2 steps)
4i
Cy Cy B Cy Cy 7
Cy Cy aq NaOCl oy T
H H 4»0;(:' g Y Y — oy /Y Y\
2vi2, 1L,
NN 7N ¢y’ o-N N-g" Yy
HO  od o’ o (M*,5%S")-1i 50%
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(Cy = Cyclohexyl)
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(M*S* S*)-1i DA K ) —ViEH A, 1 MRS, 1 M KERLT b U &7 20K 30% 8 e b K 3k
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Scheme 3-9. Stability Test of Cy-SPRIX 1i

1MaqHCI: MeOH (1: 1)

rt, 24 h
1Maq NaOH : MeOH (1: 1)
no change
rt, 24 h
Cy-SPRIX
(M, S*,8*)-1i 30% aq HyO, : MeOH (1: 1)
rt, 24 h

(M*,5* S*)-1i |Z, [EEFHIZ Daicel 154 Chiralpak IC & I 77EUH A Z & (D2 cm x 25 cm), @)
FHZAFH A4 Y 7T v a—)LN 50 1 1 DIRATAEZ V72 HPLC 12 X » T ]
BETH -7 (FiE : 4 mL/min, UV 239 nm, RTi¢=16 min. RT,g =34 min),

% 3/ 3-Pent-SPRIX D& B

3-Pent-SPRIX 1j OBRFEICER L, £, AET U7 1 I K 3j ORI MLE R 7
N2 B8 DEMN LMD T, XkEMRBE LT L ZA, ZEBRIGTHL DD, # \JEL;
IR A0%RETH =0T ¥, EH1T, p- 7 b= 2T A2 Fo Lt 58
DMSO I THET % Z & T, 7 Fo RN 56527 T 7 3G (Krapeho reaction) “&FIH4 % =
Lz L7z (Sheme 3-10), - 7 h=F LT AT )L 601X, =AT/IVEY ZRRY A VY ELT Ik
TFAYF T ANLTBULEYFIASA Y FaEAT I K (LDA) % IV CIEE(L & 715,
2-ZFATFArm ) RERIESES 2L TR LY, 0% 6007 77 3 RISV EAT0,
BRI 84% T b 58 A LT,

Scheme 3-10. Synthetic Scheme of ketone 58

iProNH (1.1 equiv)
n-BuLi (1.1 equiv)
THF,0°C,1h o LiCl (2.0 equiv)

o o)
OEt wet DMSO, 190 °C, 20 h
cl o
) OEt
59 then o (1.1 equiv) 60 58
-78 °C to rt, overnight
quant. 84%

Wiz, 7 v 58 ZAWTHHETAHRET Y LT K 3] OAR%ETIT>7- (Scheme 3-11),
Scheme 3-7 7 1 X R3i OFRKERERIC, 7 h B8 2Rl 7y Lrrya I Kol
727 = — LRI E RS S TT L a—/L 61 & L%, 3UEDOR(LKFERE (47%) (FIEFT
BERS 2TV T 1 2 R 3~ Ta—/L 6l 28T AERICIERMEVOIL, EE
3- R_RUFNEDONREEIZL ST ) = — ARG HEIT LEE Ipool20 B2 B, Br
(ERO E AR % 48 BEHILL ICIEIE LTh, 7 U =% — A REKA T L7721 C 61
DOIRIZEACIZ IR Do T,
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Scheme 3-11. Preparation of Homoallyl Bromide 3j

MgBr
o 7 (1.4 equiv) HO 47% HBr aq.(3.0 equiv) —
THF, reflux, 48 h 0°Ctort,4h 5
33% (conv. 40%) 94%
58 61 3j

RETINT IR 3 BRELNZDOT, HERIEIZE T 3-Pent-SPRIX 1j DE kA il A 7z
(Scheme 3-12), ZOfER., AR L3O T AT VA~—%2 VB ANV T A u~x T T
T 4= THBELTEIC, BHD (M*SYS¥)-1j N~ VYT L (2) 25 ORRILER 23%

[
W CELNT,

Scheme 3-12. Synthesis of 3-Pent-SPRIX 1j

3-Pentyl 3-Pentyl
3i (3.0 equiv) ! - -
EtO OEt  NaH (3.0equiv)  LiAlH; (2equy) ST enV! 3-Pentyl 1) swern Oxidation
0O O DMSO, 50 °C,48h THF,0°Ctort, 10 h 2) NH,OH-HCI, Py, 50 °C
HO OH
2 68% 85% 85% (2 steps)
4j
3-Pentyl 3-Pentyl 3-Pentyl .
3-Pentyl  aq NaOCI 3-Pentyl 3-Pentyl 3-Penty|:M3-Pentyl
CH,Cly, 1t, 3d v N\ 3-Pentyl” 0-N N~g" “3-pentyl
fO/N 5 (M*%S*S*)1j  51%
o (M*S*R*)-1j ) 49%
]] (M*,R*,R*)-1j

(M*,S* S*)-1j ITHEAD A A NV TH Y | ZEMHRROFER., (M*,S*,S%)-1i & RERICEE, HESOm
{EANZH L CEETH D Z Enyn-i= (Scheme 3-13),

Scheme 3-13. Stability Test of 3-Pent-SPRIX 1]

1M aqHCI: MeOH (1: 1)

rt, 24 h
1 Maq NaOH : MeOH (1: 1)
no change
rt, 24 h
3-Pent-SPRIX
(M*,5*,8*)-1j 30% aq H,O, : MeOH (1: 1)
rt, 24 h

(M*,5*S*)-1j &, [EEAHIZ Daicel L% Chiralpak IC = X 0 HEUH Y 7 A (@2 cm x 25 cm) . B8
FlZA~FH by T L7 ra—u) 50 0 1 ORSEEZ V72 HPLC 12 X » T4 &)
BETH o7 (Fi#E : 4mL/min, UV 240 nm. RTiy=15min. RT,4 =28 min),

58



WA 4-Hept-SPRIX DA R

4-Hept-SPRIX 1k DA kD, 3-Pent-SPRIX 1j & FAEICKIST 547 b 62 OFHNSHED -

(Scheme 3-14), AF LT 2T/ 639% LDAZRDLNCZ 1) R64 LRISSETH- 7 FAFIL
T ATV 65 & Lictk, kY U LADIEE F DMSO 1T 7 7 akGsa17v . B 80%INE
TH Ry 62 ~EEWNT-,

Scheme 3-14. Synthetic Scheme of ketone 62

iProNH (1.1 equiv)
n-BuLi (1.1 equiv)

THF,0°C,1h o LiCl (2.0 equiv)
o then 64 (1.1 equiv) wet DMSO, 190 °C, 20 h
o
OMe oOMe 80% (2 steps)
63
65 62
o
cl
64

BT, 7 b2 W THIGSTAARET VL7 a2 F3kDAMETT-7= (Scheme 3-15),
IR ETY = — S Lo TT L a—L 66 & LT, 3 MEOR(KERE 4T1%) 17
£ N CRHBRISZ1T\V, ZBMEINER 21% TV 1 X K 3k 246 Lz, IRIER O JFIAIL, Scheme 3-11
ERERIZT v a—1 66 28T 57V =% — VS CTOMKEEIZLIZLDEEZHND,

Scheme 3-15. Preparation of Homoallyl Bromide 3k

MgBr

o \/ (1.4equiv) HO 47% HBr aq.(3.0 equiv)
-~ —
THF, reflux, 48 h 0°Ctort,4h
21% (2 steps) Br
62 66 3k

HIYOFRET V713 R 3Kk BHELINTZO T, JERIEIZ L 5 T 3-Hept-SPRIX 1k DA k% 3 A
7= (Scheme 3-16), ZODfEHE, AR L3O T AT v A~—%2 > U WXV T L7 a~x N
FTT7 4= Lo THBEL728IC, BAD (M*S*,S*)-1k BN~ R =T /L (2) D DOFRILER 25%
TR LT,
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Scheme 3-16. Synthesis of 4-Hept-SPRIX 1k

4-Heptyl 4-Heptyl
3k (2.5 equiv) ) _ -
EtOWOEt NaH (2.5 equiv)  LiAIH, (2equiv)  4HePvl 4-Heptyl 1) swern Oxidation
O O DMSO, 50 °C,24h THF,0°Ctort, 4 h 2) NH,OH-HClI, Py, 50 °C
HO OH
2 60% quant ax 84% (2 steps)
4-Heptyl 4-Heptyl .
aqNaOCI | 4-Heptyl 4-Heptyl 4-Heptth4-Heptyl
CH,Cl,, 1t, 3 d A 4-Heptyl” '0-N N~g5" M-Heptyl
—O/N AN 5 (M*S*S*-1k 51%
ok (M*,S*,R*)-1k> 49%
(M*R* R*)-1k

(M*S* S*)-1K b MDA A LT Y | ZEMRBROFERE, (M*,S*5%)-1i o(M*,S*,5%)-1j & Rk
R, IR T OB LA L CEETH D Z E03yhr-o7= (Scheme 3-17),

Scheme 3-17. Stability Test of 4-Hept-SPRIX 1k

1MaqHCI: MeOH (1:1)

rt, 24 h
1 M aq NaOH : MeOH (1: 1)
no change
i, 24 h
4-Hept-SPRIX
(M*?g*,s*)-w 30% aq H,0, : MeOH (1 : 1)
rt, 24 h

(M*,5* S%)-1k 1. [# 78 HIIZ Daicel #% Chiralpak IC & < 4B H 5 4 (02 cm x 25 cm) . )
FRICA~FH &7 maib L0360 : 1 ORGEEZ W2 HPLC 12X - T, KFHHIAIEE ThH -
7= (FE# : 10 mL/min, RTiq =16 min. RT,g =36 min),

HE5IE  HH SPRIX DENLEE

HBEJDOHH SPRIX BIAZ-. Cy-SPRIX 1i, 3-Pent-SPRIX 1j & 4-Hept-SPRIX 1k 235 572D T,
D OEMATEREE & A L=, BARAIIZIE, PA(OCOCFs), LI+ 1: 1IRAEME, Y7 nn
A Z SRS T 2 BRI R L7212 'H NMR Z & L7=, Figure 3-2. Figure 3-3 & Figure 3-4
I, FHFh Cy-SPRIX 1i, 3-Pent-SPRIX 1j & 4-Hept-SPRIX 1k Dt A 74, TA@Y . #HH
SPRIX 2 TIZE—7 7 bR R LI, ) Th | MBIENAKFITH L TENWRIEHYS > 7 R 28l
WEtz, RV, 2 EBOMEEFEIC UIHEHESHIIEL <, =0 MU T UL~D & s iE i
FEOBANBRAIRF L — M IIZAEN THDL Z L 2RO TR TE T,
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Figure 3-2. Partial '"H NMR spectra of (a) Cy-SPRIX 1i and (b) a mixture of Cy-SPRIX 1i with
Pd(OCOCFy;),

(idid )

FPM

I

T
4 3 4 1

Figure 3-3. Partial "H NMR spectra of (a) 3-Pent-SPRIX 1j and (b) a mixture of 3-Pent-SPRIX 1j with
Pd(OCOCFs;),
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Figure 3-4. Partial "H NMR spectra of (a) 4-Hept-SPRIX 1k and (b) a mixture of 4-Hept-SPRIX 1k with
Pd(OCOCFy;),
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FB3H  py- REFT I RO F U FF&RH 5-endo-trig BUBR VG D B
W1E By - AEFIT T RO 5-endo-trig BBR{L RS ~D )iz A

%5 2 #iCPH%E L7- Cy-SPRIX 1i, 3-Pent-SPRIX 1j & 4-Hept-SPRIX 1k %, By - REaf7 I o
5-endo-trig BUER (LS i L CL B SPRIX O EHILSH T & & IR F B AE & §~7= (Table
3-1), EFAME L LTT 2 Fb54a 2K L, 10 mol % Pd(OAC), 3 L T} 11 mol % SPRIX 17
£ . Pd OFEE{EH & LT 2 248D p-benzoquinone Z VN, 7 m A % o th 25 °C T 48 Wi
Bt 72,

Table 3-1. Enantioselective 5-Endo-trig-type Cyclization of £,»—Unsaturated Alkenyl Amide 54a

Pd(OAC), (10 mol%)

H (P,R,R,)-R-SPRIX (11 mol%) CeH1s
N N. p-benzoquinone (2 equiv)
CeH Ms |  N-Ms
6 13/\/7)( CH,Cl,, 25 °C, 48h

(0}

54a 55a

Entry R-SPRIX Yield (%) Ee (%)
1 i-Pr-SPRIX (1d) quant 43
2 Cy-SPRIX (1i) 97 46
3 3-Pent-SPRIX (1j) quant 62
4 4-Hept-SPRIX (1k) 95 42

) NMR yield. ® Determined by HPLC analysis.

ZDREF, I-Pr-SPRIX ZEfi1 & L72BE, X7 5 7 7 & LR 55a % 43% ee ThH- 272,
Cy-SPRIX % W 7=35A . AR 55a O YFMIE DS 46%ee TIZIERZER -T2 (entry 2) . Z4L
\Zxf L, 3-Pent-SPRIX % & Z VB 7 & L CHWEEGE . A RkW) 55a O YA X m L., 62% ee
T 7 % L5hanifgbitiz (entry 3), LarL., KV @m@WE#EEZ AT 5 4-Hept-SPRIX Tid,
TS T ATERNED 42% ee ITIK T L7z (entry4), BIED & ZAZOEBITH LN TIERWED
D, AEOEDOARFHIEIZIL, HLOBRERABHEDORWVEREINRIZ LML L5, AL, 4—~7
FNAIEIFERELS T DHLERTOLRICTELILNRY BT 72D, BRELTAFRENZ L ko
meEZBND (Figure 3-5) . ABALSISIZIBW T, HENL T 3-Pent-SPRIX 1j 23 & VT
F U FARIRVEZ R LD T, i T 3-Pent-SPRIX 1j ZE7 1 & LT, KRGO KL AT

277,

Figure 3-5. Quadrant View of Pd-4-Hept-SPRIX Complex Based on Its ChemBio3D.
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¥ 2T  Pd-3-Pent-SPRIX Zfillft & 4 5 RStk DAk

I Table 3-1 12T, ABLIE Tl 3-Pent-SPRIX BT T~ 1j 235k & i\ o F o T4 58R i %
RLTZDOT, FWCIREE, W & B bAI O ik 21T - 72,

2-1 R L IRBEORET

F9°. BT /VHE 54a 2 HV, 10 mol %? Pd(OAc), 3 L 0V 11 mol % 1j Zfilgtt L, 24
O p-benzoquinone f77E T CIRE L IRIBEORKFT 21T > 7= (Table 3-2), Entry 1 T/RL TV 5i# D |
10 BE CTRUGZAT» Th =) o FABRIRMEITSE S 72000 2 BOSHES I < 72 - 72 (entries
land2), VT, WEEOMRF 21T -7 (entries3-8), ¥/ mux X X b THF 72 EhifE
DB DIFER R AR UTfER, U7 ua X2 RS CH D Z Lotz

Table 3-2. Effect of Temperatures and Solvents

Pd(OAc), (10 mol%)
(P,R,R)-3-Pent-SPRIX (11 mol%)

54a p-benzoquinone (2 equiv) 55a
Temp., Solvent

3-Pent-SPRIX 1j

entry Temp. (°C) Solvent Time (h) Conv. (%) Yield (%) ee (%)
1 10 CH,Cl, 168 75 71 61
2 25 CH,Cl, 48 100 quant 62
3 25 DCE 48 85 81 60
4 25 toluene 48 37 31 60
5 25 THF 144 17 13 42
6 25 Diglyme 96 15 12 ND
7 25 1,4-dioxane 96 15 9 ND
8 25 DMF 96 11 9 ND
9 25 MeOH 144 - trace ND

) NMR vyield. ®) Determined by HPLC analysis.

2-2 kAl OREES

I, RN IBT DBALAI DR Z it LTz, & DOfER % Table 3-3 12" d, MHELI— R
VR VT RS —, HOHWIEET X a7 = (Fe(Pc)) % p-benzoquinone O FFER{LMRAE L L
=554, p-benzoquinone & 2B L = U FARIRMEIC K E R WL OO, KGR ELS 20, K
REIEER L C O UM LR o 72, £7-. B4 72 p-benzoquinone 3z FR{LAI & L TR L 7=
HLOD, L OEBLAITIE=F U F A BIRMEOS IR HiL7e > 7= 7%, p-benzoquinone %
wIEREA & LT,
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Table 3-3. Effect of Oxidants

Pd(OAc), (10 mol%)
(P, R, R)-3-Pent-SPRIX (11 mol%)

54a Oxidant (2 equiv) 55a o-N N-g
CH,Cl,, 25 °C
3-Pent-SPRIX 1j
O, (1 atm) PhI(OAc), 0} (0]
62% yield 85% yield
54% ee 58% ee
(72 h, conv. 63%) (96 h) (0] (0]

quant 96% yield

N 62% ee 35% ee
“ (48 h) (48 h)
N7 Nerﬂ N N 9 9 9
P-BQ with =N N { @i /¢/ Jf;}/
N\ X
[ :; N ; ) Cl

Fe(Pc) 0 0 o
65% yield quant 80% yield quant
58% ee 52% ee 37% ee 50% ee
(60 h, conv. 67%) (48 h) (48 h) (48 h)

3 NMR yield. ® Determined by HPLC analysis.

2-3  maE bR

S54a ZETNVEEEE L TRICEREZREE LM E. 10 mol %@ Pd(OAc), & 11 mol %d
3-Pent-SPRIX 1F£7E F. 2 Y& p-benzoquinone % Pd OFELAIE LT, ¥V 7 o XX IR
25°C CHEHR L7=HF, BR{LIA 55a 2N EEMIIZ 62% ee TEONTZ, Ko T, Z D&M % b
L7,

FI3E  EERMEORE

Pd fil 2 K 5 = J o F A IEIRAY 5-endo-trig TEBRAL IS 3k & 70 BB TohaR L HEAT UL O
FNEMEZR y- TV 2 LOFEREGHKIEL R VG, £ 2T, mdfbSfho b & b 2 i
FFL7- (Table 3-4), ZHIF T FLOEWIE R 2 Ms 2026 Ts FEICE 2 TH RIS IT A b — R|THEAT
L. *ha9 % HE9¥ 55b 75 95% N =R, 59% ee T H L7z (entriesland2), L2o»L., AL 7 ¢
FOBBIER AT IOVIEND Bukk, Prk, Bt Me A L/hE LTV &) r T AR
PIIR T8 R 5072 (entries 3-7 and entry 11) . Z OFRA X, 55 5 THO ARERIRNE DI HHERE D&
BTHAT S, £/, BHER Z2FEFHEDO PhRICEZTH, FIGICERBES 2 500, 3k
+ % y- 727 % 5 55h 5 93%INE, 62%ee THHIL (entry 8), Bk R TII#ilT, p-/ Pk
RNV A YT ENT 2= VO L D pmEm WEREZEAT L L =T o FABERMENE T L
7- (entries9and 10), R%73 Ms D34, RUCARV DNV EABEAT S & =F o FARPMIT KR
ZEIR NS DDORUGEREN N2 D EL Ze o 72 (entry 12), Z KO Z-54e % B S 125 4%
&L BUBHIERIZEELS 720 | 72 KefEtE 209% U3, 47%ee TxtI&T % 7 7 # L 55e # 5-% 72 (entry

13), ZRDOI'E Z-54e LG HNT=T 7 ¥ L Bbe DETF o F A~ —|LERD 54e (etnry 2) 7»
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HfFH ATz Bbe LRI U725 72T, Z-54e MR T E KD 5de ~DBMALNE U EE T2,
AR O 'HNMR Z 8 L7 L 2 A, Z-54e & EMROD Bde, i 5 L OE—2 3BV | Z O 3:
1 Tholz, DFV, Z-54e lZBWT, RPTRIFM A VLI L T2 BMAKIZL Y E KD 5de ~ZEHh
L. 0%, ERD bde BESIG 21T o 727280, LRIV E 0D, 5547 55e D) F
ABIRVEIT E (R 54e AN I L7 S IFIER UEE2 52 - &2 615,

Table 3-4. Substrate Scope 1

Pd(OAc), (10 mol%) R1 _
R e reoquinone (2 squi) (7
R1/\/\([)r R® CH,Cly, 25 °C QN_RZ o-N N-g
o}
54 55 3-Pent-SPRIX 1j
Entry Substrate R' R2 Time (h)  Product  Yield (%)? ee (%)°
1 54a CeH1s Ms 48 55a 94 62
2 54b CeH1s Ts 24 55b 95 59
3 54c Bu Ts 24 55¢ 93 56
4 54d Pr Ts 24 55d 94 56
5 54e Et Ts 24 55e 96 48
6 54f Me Ts 24 55f 94 27
7 549 Bn Ts 36 55g 90 57
8 54h Ph Ts 168 55h 93 62
9 54i Et p-Ns 24 55i 94 56
10 54j Et 2,4,6-(i-Pr)3CeH2S0, 24 55j 88 34
11 54k Et Ms 72 55k 92 54
120 541 Bn Ms 96 55| 42 60
139 Z-54e Et Ts 72 55e 20 47

a) |solated yield. ®) Determined by HPLC analysis. © 50% Conversion. ¢ 23% Conversion. ® NMR vyield.

ZOMIS S BRI EOBEBILZL X bk REEE G L ABERISICE T L7z (Table
3-5), ERNBDL, ThbLDOKETIIRIEHESEITES. BENRER S, FEE 54m Tl
B U UVED Pd EASDOERALA KNS 2 ) FOSHILE SN B2 615, TOMOIEE
54n-t TiE, BZHL 7 I R0 b ORERMEEME S FOSRICB W TR 2/ 5z
e, BALDEIT Lo le b D &R EN D,
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Table 3-5. Substrate Scope 2

Pd(OAc), (10 mol%) Et
H rac-3-Pent-SPRIX (11 mol%)
SN N. p-benzoquigope (2 equiv) | |
Et R? N—R? NN
/\/\[O]/ CHZC{Z’\25 - | o-N N-g
no reaction o
54 55 3-Pent-SPRIX 1j

y%{l} o oo o

54m 54n 540 54p
9 2
NO, CF3 C-Me O-C-Me
54q 54r 54s 54t
3 NMR yield.

FAH  HEERCHEE

A DHEERERE 2 Scheme 3-18 1277 T, £7°, PAd-SPRIX fillif 1 |[ZIE DALV 7 ¢ U D3EMUL L
TEEA N L7205, ZOFE, P ICENLL TWET BT — M, ffBEd 5 & FIRFICHZE S LTl
YR OR\WT X K7 e R 25| & W TR 1 2522, RIZ, FPCTELRET I RT =
FUPNEHIL SN A LT 0 SEL A~ PR L, FREER IV & D, 20k, B - KFEM
HElZ X > THO Y 1 Y 2 UFFER 55 3AERCT % & 382, Pd(0)2Y p-benzoquinone (2 & ¥ fiz{k
SAUVIRBEMERE CH D PA(I)~ & A SN D, REGEISOFIEEEFE X, Scheme 1-11 @ By - &~
RN A VAR R 22 % FVW T BB L) 5-endo-trig FUBRALEE & RIERIC Yy T INSREZILER 72 L E 2 b
50, 7 NS 54 OIS EIBICHET S 51013, RICAVE=AVEZEAT L UENH -
T2o ZHUE, AR NVIEOENEFRGMEIZL S TT I R m b OBEENRE L, #EERE L
CTT I RT =V OERMEESN TWDH T2 L HEZ LTz, T7bbh, R 1 OERR Y
K52 T, #i< 5-endo-trig B LR GITHIT L= L bl b,
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Scheme 3-18. Plausible Catalytic Cycle

! HO

o Pd”
AcOH
AcO OAC

n\l —IOAC
N R!
Pd"j
\
AcO/ 27 H QNRZ
H _R2 *
@(NH R m ) 55
Oy SPRIX pB-hydride
" elimination
)
NN
\ Ho

Intramolecular
o nucleophilic attack

FHH  MEBFRIEORISBICETSEBE
SEASERPE O BRI S 20T D20, ERBITH D y- 77 F LAOHEREEOREE

AT X BB IRAT 21T 5 XL FliA ORI Z R L7 b OO B 72 kSIS oo 7z,
FIT, RMAAN LM X ZOREGE &2k P L ik L7~ (Scheme 3-19),
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Scheme 3-19. Derivatization of 55.

M M B M ]
© Pd/C (10 mol%) © ¥e
(R H, (1atm) (R ()
—1s —1s —1s
| N-T N—T: (1) N-T
CH,Cl,, 25 °C
o} o} o}
55f 63a
(27% ee) quant. 27% ee Lit.:for S configuration
[0p?®® = -15.1, (c = 0.56, CH,Clp) | [alp® = +55.9, (c = 1.5, CH,Cly) |
pn Pd/C (100 mol%) Bn Bn
(R) H, (1atm) (S) (R)
—Is —1Is —Is
| N-T N-T: (2) N-T
CH,Cl,, 25 °C
o} o} o}
55g 63b
(56% ee) quant. 56% ee Lit.:for R configuration
[0]p?2® = -44.2, (c = 0.165, CH,Clp) | [o]p'®® = +81.9, (c = 1.3, CH,Cly) |
Ph Ph B Ph ]
Pd/C (100 mol%)
(S) H, (1atm) (S) (S
—1Is —1Is —1Is
| N-T N-T: (3) N—T.
CH,Cl,, 25 °C
o} o} o}
55h 63c
(62% ee) quant. 62% ee Lit.:for S configuration
[a]p®#=-29.1 (c=0.103, CHCl3) | [0]p?®=-53.4, (c = 1.0, CHCI3) |

VAT 27% ee (AD-H: flow 0.5 mi/min, 240 nm, hexane/IPA = 95/5) O fililii s it A= 54 55fF 12,
IKSEIZPFSKT T 10 mol %D NT 20 ARFEMBEZ(EH S 7 & ZAEEMICKICHET L, A1
TAUPRITLINTZIET DT 7 X A 63ax 527 (eql), Z OB 63a OIEFHMEEIL 27% ee

(AD-H; flow 0.5 ml/min, 232 nm, hexane/IPA=9/1) T 0 | IRITIZ L 2 EFHME OE(LIT A /s
Molz, [RIGM T Bbg & 55h Z#EIZH W & 2 A, BIKISITESEIT LoD T, /N7
DU LERFAMPED B4 100 mol %(ZHEC LB EMME 1T o 70, T ORI, TR, Kz
ol EEXIET DA 63b & 63c ~EES Z &N TE7- (egs2and 3), 55417 63a—c DI
S E % SURRE & boii U7 3

FOSE (1) @ #58k 63a OFELEIT, ME SN TS S Mkl E O 1 L I3t O 5 %
FEOMEN GO0, 3K 63a O AR OMEIEIZRIKTH Y . X - TFE55f o=
FrFA~v—tL RIFEIETE T,

RS (2) @ FFER 63b OFELEIL, A STV D R #TELE O FEOLE 8 L 13k 05
ZRFOMEPF O FHEIR 63b O FEAKMOMIEEIL SIKTH D, LL, RIKD 559
MPOFHEMRET DS, 55405 63b OHekELEN S {KIC/2 5728, 559 DETF > FA4~—IIR
RERETE T,

RS (3) @ #BEAK 63c DFEE L, MG S TWD SHEIBLEDFECE B L [F U4 52>
ARG DN, FHEK 63c D EARPYOMKELEIX S K TH Y, Lo THE Bf OExF
FA~—b SEERETET,

PLEDFER S, R 54 OBLEIGIZ(P,R,R)-3-Pent-SPRIX #ANWTHOLND y- 77 X LAk
R 55 DN ARRLE X BRI RIS BEE L CWDONRETF v F A ~—"Th 5 &I L7z (Figure
3-6),
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H Unfavorable H

R’FR _QTJQR
N R!

®-H’N

Pd
AcO™™ \I Aco/
2@
R1 R N H
o H Favorable
NR? 0
©
A R=CyHsg [11]:] R = CyH5

Nucleophilic Nucleophilic
attack attack

Major Minor

Figure 3-6. Mode of Enantioselection with (P,R,R)-3-Pent-SPRIX

Z OB E O R A T, SEARIIE DR BEE 2 HEE LTz, ARROS T o F A @IRENR
RE S5 BT, Scheme 3-18 OHEEMMEY 1 7 L CRd L FRE N 0D IV E 5257 IR
T =AU DORBEKETHD, 5 BENDSEMRIND ZOEBEIX, V7 0 2N JFRT-& PdJFET2
T2 M7 IR TT—va IR D, FEACFEEFRA L7 LR OMZE S FEHET
HEN ZOTINRTF—rarbatiBlTORMEITL TN D EEZLND T, Z ORIERE,
FTROLPME N BT A2=F T4 My VA U7 ¢ ORI O JE M 25

/%‘%&ib’(b\é TP TH D, MRSV (P,RR)-3-Pent-SPRIX @ Pd $E& Tix
N-Pd-N (2%t L CT T TV EIINLET S 3 - X F L (Bt : R=Et) BEL1LREFE 3
GIRZ 5D D, ZOENAD Cy Bkl AL 7 4 v OFENLH DEMT K - T, A 2
TAT UL A~—DRBRERD INA & B O 2 FENFAEL 9 5 (Figure 3-6), = Z T, féfr
LizA L7 v boE#IE RUCER LARL, Zb 2 SOFBROREZ i+ 25, A
A TiZ, RUTHERIIZZEN TV D 4 BIR A2 MW TW5, —J5, HREHE 1B Tk, RHIZT7F
TIAL 3 - XUFNVIENFIET D5 1 RIENI Jm%b“(b\ . BN, EHRER L 3- 0T
JVIER DSR2/ SOHRR THA OSB3 L X —fIcH/F] & b s, S5, R A
INHAFHALD AR ONRELE L, FERENDRE LIZbD L —KT 5, ZONEHRIZESL
b AL T g v EEBE R BSS U FARIRMEICS 2 DRELHHTE S, D%V, Table 3-4
TR LTZRRICERIE R* A EE < b iconm o FA@RMERA L L7ZoiE, 3- ~oF ke
DNAEKFENRKEL 20 FREE INIB DIV ARELSNTZLEDESZOLND, HL,
(P,R,R)-4-Hept-SPRIX ™ Pd # {4 (Figure 3-5) Tid, 4 - ~T'FILENRTOGIRIZEY HT 729
R 1 OBEEICB N TA L7 v EEHER & ONRRENRE <R ML LTRE
BIENZ L Rolc&EZ S (Table 3-1, entry 4)
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KERIH

General considerations

All *H and **C NMR spectra were recorded at 25 °C on a JEOL ECS400 spectrometer (400 MHz for 'H,
100 MHz for 3C). Chemical shifts are reported in & ppm referenced to an internal tetramethylsilane
standard for *H NMR. Chemical shifts of *C NMR are given relative to CDCl; (8 77.0). ESI mass spectra
were recorded on a Thermo Fisher, LTQ ORBITRAP XL. Melting points were measured using a Yanaco
melting point apparatus MP-S9 and were uncor254-rected. Optical rotations were measured with a JASCO
P-1030 polarimeter. HPLC analyses were performed on JASCO HPLC system (JASCO PU 2080 pump
and MD-2010 UV/Vis detector). Anhydrous diethyl ether, THF and toluene were purchased from Kanto
Chemicals and were used without further purification. Other solvents were purified prior to use by
standard techniques. p-Benzoquinone was purified by sublimation under vacuum. All other chemicals were
purchased from commercial suppliers and used as received. Column chromatography was conducted on
Kishida Silica Gel (spherical, 63—200 um).

EtO OEt
0O O
diethyl 2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonate
To a solution of NaH (60% in oil, 2.64 g, 66.0 mmol) in Me,SO (45 ml) was added diethyl malonate (3.4
mL, 22.0 mmol) at 0 °C, and the reaction mixture was stirred for 1 h at rt. To the mixture was added a
solution of (4-bromobut-1-ene-1,1-diyl)dicyclohexane (19.7 g, 66.0 mmol) in Me,SO (25 ml), and the
reacion mixture was stirred for 48 h at 50 °C. The reaction was quenched by addition of sat. ag. NH,CI.
After addition of 1 N agq. HCI, this mixture extracted with ethyl acetate, and the organic layer was washed
with brine, successively dried over Na,SO, and concentrated. The residue was purified by silica gel
column chromatography (hexane/ethyl acetate = 30/1) to give diethyl
2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonate (8.9 g, 15.0 mmol, 68% yield) as pale yellow oil. ‘H-NMR
(400MHz, CDCly): 8 5.04 (t, J= 7.3 Hz, 2H), 4.19 (q, J = 7.3 Hz, 4H,), 2.31-2.24 (m, 2H), 1.89 (s, 6H),
1.84-1.55 (m, 20H), 1.44-1.41 (m, 4H), 1.27-1.05 (m, 26H); **C-NMR (100MHz, CDCl,): & 171.8, 150.8,
120.8, 61.0, 57.3, 40.7, 40.5, 34.9, 32.7, 31.0, 27.2, 26.7, 26.3, 26.2, 22.1, 14.1; HRMS (ESI): calc. for
Cs9HesNaO, [(M+Na)*]: m/z 619.4702, found, m/z 619.4691.

HO OH
2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)propane-1,3-diol (4i)
To a solution of LiAlH; (1.14 g, 30.0 mmol) in THF (50 ml) was added a solution of
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2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonate (8.9 g, 15 mmol) in THF (45 ml) at 0 °C, and the reaction
mixture was stirred for 2 h at rt. The reaction was quenched by addition Na,SO,-10H,0 followed by
dilution with Et,O. This mixture was filtrated, and the preciptate was washed with Et,O. The combined
organic layer was concentrated, and the residue was purified by silica gel column chromatography
(hexane/ethyl acetate = 5/1) to give 2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)propane-1,3-diol (7.18 g, 14.0
mmol, 93% yield) as white solid. Mp: 120-122 °C. *H-NMR (400MHz, CDCl5): & 5.06 (t, J= 7.3 Hz, 2H),,
3.59 (s, 4H), 2.50 (br. s, 2H), 2.38-2.31 (m, 2H), 2.02-1.96 (m, 4H), 1.86-1.78 (m, 2H), 1.75-1.64 (m, 12H),
1.59-1.56 (m, 4H), 1.46-1.43 (m, 4H), 1.08-1.05 (m, 24H); *C-NMR (100MHz, CDCls): & 150.5, 122.0,
69.2, 41.3, 40.8, 40.2, 35.0, 31.5, 31.1, 27.2, 26.7, 26.3, 26.2, 20.9; HRMS (ESI): calc. for CzsHgNaO,
[(M+Na)*]: m/z 535.4491, found, m/z 535.4480.

2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonaldehyde dioxime (5i)

To a solution of (COCI), (2.31 ml, 26.6 mmol) in CH,CI, (20 ml) was slowly added Me,SO (2.64 ml, 36.4
mmol) at -78 °C. After stirred for 30 min, a solution of
2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)propane-1,3-diol (3.6 g, 7.0 mmol) in CH,Cl, (16 ml) was added to
the mixture at -78 °C, and the reaction mixture was stirred for 30 min. To the above mixture was added
triethylamine (9.0 ml, 63.0 mmol) at -78 °C. After stirring for 1.5 h at rt, the reacion was quenched by
addition of sat. aq. NH,CI, and this mixture was extracted with CH,Cl,. The organic layer was dried over
Na,SO,4 and concentrated. To the crude aldehyde product were added NH,OH-HCI (2.4 g, 35 mmol) and
pyridine (15.0 mL) at 0 °C, which was then stirred for 16 days at 50 °C. (further NH,OH-HCI (2.4 g, 35
mmol) was added after 3 d and 6 d for a total of 7.2 g (105 mmol)). The reaction mixture was diluted with
ethyl acetate, and after addition of H,O, this mixture extracted with ethyl acetate, and the organic layer was
washed with brine, successively dried over Na,SO, and concentrated. The residue was purified by silica
gel column chromatography (hexane/ethyl acetate = 5/1) to give
2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonaldehyde dioxime (3.1 g, 5.75 mmol, 82% yield) as colorless
0il. *H-NMR (400MHz, CDCls): & 7.45 (s, 2H), 6.98 (s, 2H), 5.02 (t, J= 7.3 Hz, 2H), 2.34-2.29 (m, 2H),
2.07-2.01 (m, 4H), 1.83-1.79 (m, 2H), 1.75-1.66 (m, 16H), 1.59-1.57 (m, 4H), 1.45-1.02 (m, 24H).
BC-NMR (100MHz, CDCls): & 154.6, 151.0, 121.2, 40.8, 40.4, 36.8, 35.0, 31.1, 31.1, 27.2, 26.7, 26.4,
26.2, 22.0. HRMS (ESI): calc. for C35HsgN,NaO, [(M+Na)*]: m/z 561.4396; found, m/z 561.4394.

(3aS,3a'S,6S)-3,3,3",3'-tetracyclohexyl-3,3a,3',3a',4,4',5,5'-octahydro-6,6'-spirobi[cyclopenta[c]isoxaz
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ole] (M*,S*,S*)-Cy-SRPIX 1i

To a solution of 2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonaldehyde dioxime (2.16 g, 4.0 mmol) in
CH,CI, (80.0 ml) was added ag. NaOCI (> 5.0%, 12.7 ml) at 0 °C, and the mixture was stirred for 4 days at
rt. The reaction was quenched by the addition of H,O, and the mixture was extracted with CH,Cl,, washed
with brine. The organic layer was dried over Na,SO, and concentrated. The residue was purified by by
silica gel column chromatography (CHCl3: EA = 2 ml: 1 drop) to give desired compound (M*,S*,5*)-1i
(1.07 g, 50%) as a white solid with a diastereomeric mixture of (M*,R*,R*)-1i and (M*,S*,R*)-1i (1.07 g,
50%). Mp: 254-256°C. *H NMR (400 MHz, CDCls): & 3.70 (dd, J= 11.4 Hz, J= 7.8 Hz, 2H), 2.55-2.50 (m,
2H), 2.20-2.12 (m, 2H), 2.10-2.02 (m, 2H), 1.93-1.87 (m, 6H), 1.81-1.62 (m, 20H), 1.30-1.02 (m, 1-8H),
0.97-0.88 (m, 2H); *C NMR (100 MHz, CDCls): & 172.9, 94.6, 58.0, 44.4, 41.8, 41.5, 40.8, 29.3, 28.1,
27.7, 275, 27.1, 26.8, 26.6, 26.59, 26.5, 23.6; HRMS (ESI): calc. for CssHssN;NaO, [(M+Na)']: m/z
557.4083, found, m/z 557.4076; The enantiomers were separated using a Daicel Chiralpak IC column [2
cm @ x 25 cm, Hexane: IPA = 50:1 drop, mL/min, 239 nm]: T, = 16 min for (P,R,R)-1i and T, = 34 min for
(M,S,5)-1i. (P,R,R)-1i: [0]p™°=—184.4 (c = 0.045, CHCI,). (M,S,5)-1i: [a]p?* = +175.0 (c = 0.028, CHCI,).

Br

1-bromo-5-ethyl-4-(pentan-3-yl)hept-3-ene (3j)

Magnesium turnings (311.2 mg, 12.8 mmol) in THF (3 mL) were treated with cyclopropyl bromide (1.29 g,
10.7 mmol) in THF (1 mL). The mixture was heated at reflux for 30 min. The mixture was cooled to rt, and a
solution of 3,5-diethylheptan-4-one (58) (1.21 g, 7.1 mmol) in THF (1 mL) was added dropwise. The
reaction mixture was heated at reflux for 48 h and cooled to rt, and H,O was carefully introduced. The pH of
the aqueous phase was adjusted to 3 with 4 N ag. HCI, and the phases were separated. The aqueous phase
was extracted with ethyl acetate, washed with brine. The organic layer was dried over Na,SO, and
concentrated. To this crude product was added 48% ag. HBr (2.4 ml) dropwise at 0 °C. The solution was
stirred for 4 h at rt, and the reaction mixture was extracted with hexane, and successively washed with brine.
The residue was purified by column chromatography using silica gel (hexane/EtOAc = 50:1) to give desired
compound 3j (605.6 mg, 31%) as a colorless liquid. "H-NMR (400MHz, CDCls): & 5.16 (t, J= 7.3 Hz, 1H),
3.34 (t, J=7.3 Hz, 2H), 2.64 (g, J= 7.3 Hz, 2H), 2.16-2.11 (m, 1H), 1.77 (quin, J= 6.4 Hz, 1H), 1.48-1.24
(m, 8H), 0.87-0.82 (m, 12H); *C-NMR (100MHz, CDCl5): & 147.9, 121.7, 45.4, 43.2, 33.1, 31.4, 27.6, 26.0,
12.9, 11.8; HRMS (ESI): calc. for Cy4Hx,BrNa [(M+Na)*]: m/z 297.1194, found, m/z 297.1189.

EtO. OEt
o O
diethyl 2,2-bis(5-ethyl-4-(pentan-3-yl)hept-3-en-1-yl)malonate
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According to the procedure for the preparation of diethyl 2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonate,
desired compound diethyl 2,2-bis(5-ethyl-4-(pentan-3-yl)hept-3-en-1-yl)malonate was obtained as a as
pale yellow oil (2.46 g, 68%) using ethyl malonate (1.06 g, 6.6 mmol) and NaH (0.79 g, 19.8 mmol) and
1-bromo-5-ethyl-4-(pentan-3-yl)hept-3-ene (5.45 g, 19.8 mmol) in DMSO (20 + 10 mL). *H-NMR
(400MHz, CDCly): 6 5.13 (t, J= 6.0 Hz, 2H), 4.19 (q, J = 7.3 Hz, 4H,), 2.10-2.07 (m, 2H), 1.92 (s, 8H),
1.74-1.68 (m, 2H), 1.43-1.29 (m, 16H), 1.25 (t, J= 7.3 Hz, 6H), 0.82 (t, J= 7.3 Hz, 24H); *C-NMR
(100MHz, CDCly): 6 135.0, 134.9, 133.5, 133.4, 130.5, 130.4, 118.7, 117.8, 60.3, 60.2, 25.8, 25.7, 20.3,
19.8; HRMS (ESI): calc. for C3sHg:NaO, [(M+Na)*]: m/z 571.4702, found, m/z 571.4700.

HO OH

2,2-bis(5-ethyl-4-(pentan-3-yl)hept-3-en-1-yl)propane-1,3-diol (4j)

According to the procedure for the preparation of 4i, desired compound 4j was obtained as a colorless oil.
(1.03 g, 85%) using diethyl 2,2-bis(5-ethyl-4-(pentan-3-yl)hept-3-en-1-yl)malonate (1.43 g, 2.6 mmol) and
LiAIH, (197.3 mg, 5.2 mmol) in THF (15 mL). 'H-NMR (400MHz, CDCly): § 5.14 (t, J= 7.3 Hz, 2H),
3.61 (s, 4H), 2.39 (br s, 2H), 2.18-2.11 (m, 2H), 2.04-1.98 (m, 4H), 1.72 (quin, J = 6.4 Hz, 2H), 1.48-1.26
(m, 20H), 0.87-0.81 (m, 24H); *C-NMR (100MHz, CDCls): & 144.5, 125.1, 69.3, 45.1, 43.1, 41.3, 31.5,
27.7, 26.1, 21.3, 13.0, 11.9; HRMS (ESI): calc. for C3;HgNaO, [(M+Na)*]: m/z 487.4491, found, m/z
487.4472.

2,2-bis(5-ethyl-4-(pentan-3-yl)hept-3-en-1-yl)malonaldehyde dioxime (5j)

According to the procedure for the preparation of 5i, desired compound 5j was obtained (792.7 mg, 85%)
as a colorless oil using oxalyl chloride (0.92 g, 7.2 mmol), DMSO (0.77 g, 9.88 mmol), 4j (0.88 g, 1.9
mmol), triethylamine (1.73 g, 17.1 mmol) CH,CI, (5 + 5 mL), NH,OH-HCI (total: 1.98 g, 28.5 mmol), and
pyridine (4.0 mL). *H-NMR (400MHz, CDCls): & 7.44 (s, 2H), 7.09 (s, 2H), 5.11 (t, J= 7.3 Hz, 2H),
2.11-2.02 (m, 6H), 1.75-1.66 (m, 6H), 1.41-1.27 (m, 16H), 0.85-0.80 (m, 24H). *C-NMR (100MHz,
CDCly): 8 154.5, 145.0, 124.2, 45.7, 45.1, 43.0, 36.5, 27.6, 26.1, 22.3, 13.0, 11.9. HRMS (ESI): calc. for
C31HsgN,NaO, [(M+Na)*]: m/z 513.4396, found, m/z 513.4390.




(3aS,3a’S,6S)-3,3,3',3'-tetra(pentan-3-yl)-3,3a,3',3a" ,4,4',5,5'-octahydro-6,6'-spirobi[cyclopenta[c]isox
azole] (M*,S*,S*)-3-Pent-SPRIXs 1j

According to the procedure for the preparation of 1i, desired compound (M*,S*,5*)-3-Pent-SPRIX 1j was
obtained as a colorless oil (0.97 g, 51%) with a diastereomeric mixture of (M*,R*,R*)-3-Pent-SRPIX 1j
and (M*,S* R*)-3-Pent-SPRIX 1j (0.93 g, 49%) using 5j (1.91 g, 3.9 mmol), CH,CI, (78 mL) and ag.
NaOCl (> 5.0%, 1.24 mL). ‘H-NMR (400MHz, CDCls): & 3.56 (dd, J = 7.3, 2H), 2.45-2.49 (m, 2H),
1.96-2.14 (m, 4H), 1.73-1.79 (m, 2H), 1.63-1.69 (m, 6H), 1.44-1.56 (m, 6H), 1.14-1.35 (m, 8H), 0.92-1.01
(m, 24H); *C-NMR (100MHz, CDCl5): § 173.5, 97.2, 59.9, 46.1, 45.1, 43.9, 40.5, 24.8, 24.6, 23.14, 23.10,
225, 14.3, 14.1, 12.8, 12.5; HRMS (ESI): calc. for Cs;HssN,NaO, [(M+Na)*]: m/z 509.4083, found, m/z
509.4073; The enantiomers were separated using a Daicel Chiralpak IC column [2 cm ® x 25 cm,
Hex:IPA= 50:1, 4 mL/min, 240 nm]: T, = 15 min for (P,R,R)-1j and T, = 28 min for (M,S,S)-1j. (P,R,R)-1j:
[a]p? = -120.45 (c 0.89, CHCI5). (M,S,9)-1j: [0 = +113.08 (c 1.04, CHCI,).

e

(0]
4,6-dipropylnonan-5-one (62)
A 2.5M solution of n-BuL.i in Hexanes (20.6 mL, 52.1 mmol, 1.1 equiv) was added to a -78 °C solution of
diisopropylamine (8.0 mL, 52.2 mmol, 1.1 equiv) in THF (250 mL). The resultant solution was warmed to 0
°C for 15 min, then cooled to -78 °C and methyl 2-propylpentanoate (63) (7.5 g, 47.4 mmol, 1.0 equiv) added
dropwise and stirred cold 1 h. 2-Propylpentanoyl chloride (64) (7.7 g, 47.4 mmol, 1.0 equiv) was added to
the -78 °C reaction mixture, stirred cold for 30 min and then allowed to slowly warm to rt overnight. The
reaction mixture was then diluted with Et,O, washed with 1M NaHSO, (x 3), brine, dried (Na,SO,) and
concentrated in vacuo to provide B-ketoester 65. This crude B-ketoester 65 was dissolved in 140 ml of
DMSO containing water (2.8 mL, 155.6 mmol) and lithium chloride (7.6 g, 180.2 mmol). The reaction vessel
was fitted with a reflux condenser, thoroughly flushed with nitrogen, and heated to 190 °C. After 20 h the
reaction mixture was cooled to rt and transferred to a separatory funnel containing 97 mL of half-saturated
brine with 195 mL of EtOAc. The layers were separated, and the aqueous phase was extracted with EtOAc.
The combined organic layers were dried over Na,SO, and filtered through a silica gel plug with Et,O. The
ketone 62 (8.58 g, 80%) was isolated as a colorless liquid after concentration in vacuo and silica gel
chromatography with 9% hexane /ethyl acetate. ‘H-NMR (400MHz, CDCl;): § 2.57-2.50 (m, 2H), 1.63-1.51
(m, 4H), 1.33-1.19 (m,12H), 0.89 (t, J= 7.3 Hz, 12H); *C-NMR (100MHz, CDCls): § 216.7, 50.8, 32.9, 20.6,
14.2; HRMS (ESI): calc. for Cy5H3oNaO [(M+Na)*]: m/z 249.2194, found, m/z 249.2186.

Br
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5-(3-bromopropylidene)-4,6-dipropylnonane (3k)

According to the procedure for the preparation of 3j, desired compound 3k was obtained as a colorless oil.
(768.3 mg, 21%) using magnesium turnings (483.1 mg, 19.9 mmol) and cyclopropyl bromide (2.0 g, 16.6
mmol) and ketone 62 (2.5 g, 11.0 mmol) in THF (4+2+2 mL). *"H-NMR (400MHz, CDCls): § 5.14 (t, J=7.3
Hz, 1H), 3.33 (t, J= 7.3 Hz, 2H), 2.61 (q, J= 7.3 Hz, 2H), 2.35-2.29 (m, 1H), 1.96-1.89 (m, 1H), 1.35-1.21
(m,16H), 0.88-0.84 (m, 12H); *C-NMR (100MHz, CDCl,): § 149.5, 121.0, 41.0, 38.3, 35.9, 33.2, 31.4, 21.3,
20.6, 14.5, 14.3; HRMS (ESI): calc. for C;gH3sBrNa [(M+Na)*]: m/z 353.1802, found, m/z 353.1810.

EtO OEt
o o

diethyl 2,2-bis(4-(heptan-4-yl)-5-propyloct-3-en-1-yl)malonate

According to the procedure for the preparation of diethyl 2,2-bis(4,4-dicyclohexylbut-3-en-1-yl)malonate,
desired compound diethyl 2,2-bis(5-ethyl-4-(pentan-3-yl)hept-3-en-1-yl)malonat was obtained as a
colorless oil. (191.7 mg, 68% vyield) using diethyl malonate (0.07 mL, 0.48 mmol) and NaH (60% in oil,
48.4 mg, 1.2 mmol) in DMSO (1.4 + 0.6 mL). ‘H-NMR (400MHz, CDCl5): & 5.11 (t, J= 5.0 Hz, 2H), 4.19
(9, J = 7.3 Hz, 4H,), 2.32-2.26 (m, 2H), 1.94-1.85 (m, 10H), 1.33-1.17 (m, 38H), 0.87-0.83 (m, 24H);
BC-NMR (100MHz, CDCl,): & 171.8, 146.6, 123.4, 61.0, 57.3, 40.8, 39.7, 38.3, 36.1, 32.6, 22.4, 21.4,
20.6, 14.5, 14.3, 14.1; HRMS (ESI): calc. for C,3HgNaO, [(M+Na)*]: m/z 683.5954, found, m/z 683.5939.

HO OH

2,2-bis(4-(heptan-4-yl)-5-propyloct-3-en-1-yl)propane-1,3-diol (4k)

According to the procedure for the preparation of 4i, desired compound 4k was obtained as a colorless oil.
(155.8 mg, quant.) using 2,2-bis(4-(heptan-4-yl)-5-propyloct-3-en-1-yl)malonate (180 mg , 0.27 mmol)
and LiAIH, (20.5 mg, 0.54 mmol) in THF (1+1 mL). '"H-NMR (400MHz, CDCl5): § 5.12 (t, J= 7.3 Hz,
2H), 3.62 (d, J= 4.6 Hz, 4H), 2.34 (s, 2H), 2.13 (s, 2H), 2.01-1.95 (m, 4H), 1.91-1.85 (m, 2H), 1.32-1.21
(m, 36H), 0.88-0.84 (m, 24H); *C-NMR (100MHz, CDCls): 5145.9, 124.5, 69.3, 41.2, 40.7, 39.4, 38.4,
36.1, 31.4, 21.4, 21.3, 20.6, 14.5, 14.4; HRMS (ESI): calc. for CsH;sNaO, [(M+Na)']: m/z 599.5743,
found, m/z 599.5739.
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2,2-bis(4-(heptan-4-yl)-5-propyloct-3-en-1-yl)malonaldehyde dioxime (5k)

To a solution of (COCI), (0.98 ml, 11.4 mmol) in CH,CI, (8 ml) was slowly added Me,SO (1.11 ml, 15.6
mmol) at -78 °C. After stirred for 30 min, a solution of
2,2-bis(4-(heptan-4-yl)-5-propyloct-3-en-1-yl)propane-1,3-diol (1.7 g, 3.0 mmol) in CH,Cl, (8 ml) was
added to the mixture at -78 °C, and the reaction mixture was stirred for 30 min. To the above mixture
was added triethylamine (3.7 ml, 26.9 mmol) at -78 °C. After stirring for 1.5 h at rt, the reacion was
guenched by addition of sat. ag. NH,ClI, and this mixture was extracted with CH,Cl,. The organic layer
was dried over Na,SO, and concentrated. To the crude aldehyde product were added NH,OH-HCI (0.7 g,
10.0 mmol) and pyridine (10.0 mL) at 0 °C, which was then stirred for 16 days at 50 °C. (further
NH,OH-HCI (0.7 g, 10.0 mmol) was added after 3 d and 6 d for a total of 2.1 g (30.0 mmol)). The reaction
mixture was diluted with ethyl acetate, and after addition of H,O, this mixture extracted with ethyl acetate,
and the organic layer was washed with brine, successively dried over Na,SO, and concentrated. The
residue was purified by silica gel column chromatography (hexane/ethyl acetate = 15/1) to give 5k (1.52 g,
84% vyield) as white solid. Mp: 84-87 °C. *H-NMR (400MHz, CDCl,): & 7.43 (s, 2H), 5.09 (t, J= 7.3 Hz,
2H), 2.31 (s, 2H), 2.05-1.99 (m, 4H), 1.91-1.84 (m, 2H), 1.68-1.64 (m, 6H), 1.31-1.19 (m, 32H), 0.88-0.83
(m, 24H). *C-NMR (100MHz, CDCls):  154.3, 146.6, 123.6, 45.7, 40.7, 39.5, 38.4, 36.4, 36.0, 22.3, 21.4,
20.6, 14.5, 14.3; HRMS (ESI): calc. for Cs3H74N,NaO, [(M+Na)*]: 625.5648; m/z found, m/z 625.5637.

(3aS,3a'S,6S)-3,3,3',3'-tetra(heptan-4-yl)-3,3a,3',3a",4,4',5,5'-octahydro-6,6'-spirobi[cyclopenta[ i]isox
azole] (M*,S*,S*)-4-Hept--SRPIX 1k

According to the procedure for the preparation of 1i, desired compound (M*,S*,S*)-4-Hept-SPRIX 1k was
obtained as a colorless oil (296.3 mg, 51%) with a diastereomeric mixture of (M*,R* ,R*)-4-Hept-SPRIX
1k and (M*,S*,R*)-4-Hept-SPRIX 1k (284.7 mg, 49%) using 5k (585 mg, 0.97 mmol), CH,Cl, (19.4 mL)
and ag. NaOCI (> 5.0%, 3.1 ml). 'H NMR (400 MHz, CDCls): § 3.54 (dd, J= 11.9 Hz, J= 6.9 Hz, 2H),
2.49-2.44 (m, 2H), 2.10-2.00 (m, 4H), 1.79-1.69 (m, 6H), 1.63-1.55 (m, 4H), 1.43-1.28 (m, 22H),
1.21-1.06 (m, 6H), 0.92-0.86 (m, 24H); *C NMR (100 MHz, CDCl;): § 173.8, 96.9, 60.0, 43.7, 42.6, 41.7,
40.5, 35.0, 33.7, 32.8, 25.1, 23.1, 22.5, 21.6, 21.4, 14.8, 14.6, 14.5; HRMS (ESI): calc. for C3H7N,NaO,
[(M+Na)*]: m/z 621.5335, found, m/z 621.5325; The enantiomers were separated using a Daicel Chiralpak
IC column [2 cm @ x 25 cm, Hex:CHCls= 60:1, 10 mL/min, 254 nm]: T, = 16 min for (P,R,R)-1k and T, =
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36 min for (M,S,S)-1k. (P,R,R)-1k: [a]p*'= -105.16 (c 0.64, CHCl5). (M,S,S)-1k: [a]p”’ = +102.94 (c 1.57,
CHCly).

General procedure for synthesis of starting material:
1-[3-(Dimethylamino)propyl]-3-ethylcarbodiimide hydrochloride (0.4 g, 2 mmol) was added to a stirred
ice-cooled suspension of corresponding carboxylic acid (1.95 mmol), p-toluenesulfonamide (0.34 g, 2
mmol) and DMAP (0.26 g, 2 mmol) in dry CH,Cl, (200 mL) under argon. The reaction mixture was
allowed to warrn to room temperature and stirring was continued under argon for 18~36 h. The mixture
was then poured into 1IN HCI (100 mL), the separated aqueous layer was extracted with CH,CI, (2 x 50
mL). And the combined extracts were washed with water, dried and evaporated.

HO
(E)-N-(methylsulfonyl)dec-3-enamide (54a)
Quant, Pale yellow solid. Mp: 69-71 °C. *H-NMR (400MHz, CDCls): & 5.75-5.68 (m, 1H), 5.52-5.45 (m,
1H), 3.30 (s, 3H), 3.08 (d, J= 6.9 Hz, 2H), 2.07 (q, J= 6.9 Hz, 2H), 1.42-1.27 (m, 8H), 0.97 (t, J= 7.3 Hz,
3H); BC-NMR (100MHz, CDCl,): & 170.4, 138.7, 119.8, 41.5, 40.5, 32.5, 31.6, 28.9, 28.8, 22.6, 14.0;
HRMS (ESI): calc. for C1;H»NNaO;S [(M+Na)*]: m/z 270.1140, found, m/z 270.1129.

o o
BHMN/EO\

(E)-5-phenyl-N-tosylpent-3-enamide (549)

82% Yield, Pale yellow solid. Mp: 95-97 °C. *H-NMR (400MHz, CDCl5): & 7.98 (br s, 1H),7.93 (d, J=8.3

Hz, 2H), 7.34-7.29 (m, 4H), 7.24-7.20 (m, 1H), 7.14 (d, J= 7.3 Hz, 2H), 5.81-5.74 (m, 1H), 5.53-5.46 (m,

1H), 3.38 (d, J= 6.9 Hz, 2H), 3.00 (dd, J= 6.9 Hz, J= 1.4 Hz, 2H), 2.44 (s, 3H); ®*C-NMR (100MHz,

CDCl,): & 168.7, 145.2, 13.4, 136.3, 135.3, 129.6, 128.6, 128.5, 128.4, 126.3, 121.5, 40.2, 38.9, 21.7;
HRMS (ESI): calc. for C,5H:sNNaO;S [(M+Na)*]: m/z 352.0983, found, m/z 352.0971.

O O
H O
NO
(E)-N-((4-nitrophenyl)sulfonyl)hex-3-enamide (54i)
75% Yield, Yellow solid. Mp: 102-104 °C. 'H-NMR (400MHz, CDCls): & 8.41-8.37 (m, 2H), 8.30-8.27
(m, 2H), 5.76-5.69 (m, 1H), 5.44-5.37 (m, 1H), 3.00 (d, J= 7.3 Hz, 2H), 2.09 (quin, J= 7.3 Hz, 2H), 1.00

(t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCI): & 169.3, 150.8, 143.7, 140.2, 130.0, 124.2, 118.4, 40.3,
255, 13.1; HRMS (ESI): calc. for C;,H:aN,NaOsS [(M+Na)']: m/z 321.0521, found, m/z 321.0509.

2
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(E)-N-((2,4,6-triisopropylphenyl)sulfonyl)hex-3-enamide (55j)

95% Yield, White solid. Mp: 115-117 °C. *H-NMR (400MHz, CDCl5): & 8.39 (br s, 1H), 7.18 (s, 2H),
5.73-5.66 (m, 1H), 5.47-5.39 (m, 1H), 4.18 (sep, J= 6.9 Hz, 2H), 2.99 (d, J= 6.9 Hz, 2H), 2.90 (sep, J=
6.9 Hz, 1H), 2.07 (quin, J=7.3 Hz, 2H), 1.29 (d, J= 6.9 Hz, 12H), 1.25 (d, J=6.9 Hz, 6H), 0.99 (t, J= 7.3
Hz, 3H); *C-NMR (100MHz, CDCl5): § 169.1, 154.0, 151.4, 140.1, 131.2, 124.1, 119.3, 40.7, 34.2, 29.6,
25.6, 24.6, 23.5, 13.2; HRMS (ESI): calc. for C,;H33sNNaO;S [(M+Na)*]: m/z 402.2079, found, m/z
402.2071.

Et\/\)(iN/g\
H O
(E)-N-(methylsulfonyl)hex-3-enamide (54k)
91% Yield, White solid. Mp: 63-65 °C. ‘H-NMR (400MHz, CDCls): § 5.81-5.74 (m, 1H), 5.52-5.44 (m,
1H), 3.31 (s, 3H), 3.09 (d, J= 7.3 Hz, 2H), 2.11 (quin, J= 7.3 Hz, 2H), 1.02 (t, J= 7.3 Hz, 3H); *C-NMR
(100MHz, CDCly): 6 170.8, 139.4, 118.8, 41.4, 40.3, 25.5, 13.2; HRMS (ESI): calc. for C;H;3NNaOsS
[(M+Na)*]: m/z 214.0514, found, found, m/z 214.0504.

H
(E)-N-(methylsulfonyl)-5-phenylpent-3-enamide (541)
85% Yield, Pale yellow solid. Mp: 120-122 °C. 'H-NMR (400MHz, CDCl,): & 7.33-7.30 (m, 2H),
7.24-7.21 (m, 1H), 7.18-7.16 (m, 2H), 5.92-5.85 (m, 1H), 5.61-5.54 (m, 1H), 3.42 (d, J= 6.9 Hz, 2H), 3.30
(s, 3H), 3.12 (d, J= 6.9 Hz, 2H); *C-NMR (100MHz, CDCls): & 169.9, 139.3, 136.9, 128.6, 128.5, 126.4,
121.2, 41.5, 40.3, 38.9; HRMS (ESI): calc. for Cy;H1sNNaOsS [(M+Na)']: m/z 276.0670, found, m/z
276.0659.

A

Q
.S
L
(Z2)-N-tosylhex-3-enamide (Z-54e)

The corresponding carboxylic acid precursor (1 mmol) was taken in a flask and to this was added 1
equivalent of p-toluenesulfonyl isocyanate. The mixture was dissolved in dry THF under argon atmosphere
using argon filled balloon and then stirred at room temperature for 10 min. Et;N (1 equivalent, 1 mmol,
0.14 mL) was added drop-wise to the reaction mixture via a syringe. After stirring for 3h at room
temperature, the solution was diluted with EtOAc (15 mL) and washed with 1N HCI then with brine. After
drying with Na,SO,, the organic phase was concentrated and purified by flash silica gel column
chromatography [hexane/EtOAc (3/1)] to give (Z)-N-tosylhex-3-enamide as a colourless oil in quantitative
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yield?. *H-NMR (400MHz, CDCIl5): 6 8.91 (br s, 1H), 7.95 (d, J = 8.2 Hz, 2H), 7.33 (d, J = 8.2 Hz, 2H),
5.68-5.62 (m, 1H), 5.44-5.38 (m, 1H), 3.05 (d, J= 7.3 Hz, 2H), 2.44 (s, 3H), 1.97 (quin, J= 7.3 Hz, 2H),
0.92 (t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCl5): § 169.1, 145.1, 137.6, 135.4, 129.5, 128.3, 118.5,
34.9, 21.6, 20.7, 13.6; HRMS (ESI): calc. for Cy3H;;NNaO;S [(M+Na)*]: m/z 290.0827, found, m/z
290.0811.

(E)-N-(pyridin-2-ylsulfonyl)hex-3-enamide (55m)

39% Yield, White solid. Mp: 173-175 °C. 'H-NMR (400MHz, CDCls): § 8.72-8.70 (m, 1H), 8.25 (d, J=
8.2 Hz, 1H), 7.80-7.97 (m, 1H), 7.59-7.56 (m, 1H), 5.69-5.62 (m, 1H), 5.44-5.36 (m, 1H), 3.02 (d, J=7.3
Hz, 2H), 2.04 (quin, J= 7.3 Hz, 2H), 0.97 (t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCls): & 170.1, 155.6,
149.6, 139.2, 138.5, 127.9, 125.1, 119.0, 40.1, 25,5, 13.2; HRMS (ESI): calc. for Cy;H;4N,NaOsS
[(M+Na)*]: m/z 277.0623, found, m/z 277.06009.

. 7
\/\)LH

(E)-N-(4-nitrophenyl)hex-3-enamide (55q)

71% Yield, Yellow solid. Mp: 90-92 °C. ‘H-NMR (400MHz, CDCls): § 8.23-8.20 (m, 2H), 7.71-7.69 (m,
2H), 7.63 (br s, 1H), 5.87-5.80 (m, 1H), 5.66-5.58 (m, 1H), 3.17 (d, J= 7.3 Hz, 2H), 2.16 (quin, J= 7.3 Hz,
2H), 1.06 (t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCl): § 170.2, 143.7, 143.3, 139.4, 125.0, 120.4,
119.0, 41.6, 25.6, 13.4; HRMS (ESI): calc. for Ci,H4N,NaO; [(M+Na)*]: m/z 257.0902, found, m/z
257.0893.

o CF3
Et\/\)‘LN/G/
H

(E)-N-(4-(trifluoromethyl)phenyl)hex-3-enamide (55r)

85% Yield, White solid. Mp: 119-121 °C. "H-NMR (400MHz, CDCl;): § 7.64 (d, J= 8.7 Hz, 2H), 7.57 (d,
J=8.7 Hz, 2H), 7.46 (br s, 1H), 5.85-5.78 (m, 1H), 5.66-5.58 (m, 1H), 3.14 (d, J= 7.3 Hz, 2H), 2.15 (quin,
J=7.3 Hz, 2H), 1.06 (t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCl;): §169.7, 140.8, 139.5, 126.3, 126.2,
120.9, 119.2, 41.6, 25.6, 13.5; HRMS (ESI): calc. for C;3H;4FsNNaO [(M+Na)*]: m/z 280.0925, found, m/z
280.0916.

(E)-N-acetylhex-3-enamide (54s)
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(E)-hex-3-enamide (113.16 mg, 1 mmol), acetic anhydride (306, 27 mg, 3 mmol) and 2drops of conc.
H,SO, were placed in a 50 mL round bottom flask equipped with a reflux condenser. The reaction mixture
was stirred for 3 h at 100 °C, then the solution was extracted with ethyl acetate and the combined organic
layer was washed with 5% sodium bicarbonate solution, and brine, dried over anhydrous Na,SO,, and
concentrated under reduced pressure.The residue was purified by column chromatography using silica gel
(Hexane/EtOAc = 3/1) to give desired compound 54s (E:Z = 6:1) as a white solid.

E-54s: 39% Yield, White solid. Mp: 67-69 °C. *H-NMR (400MHz, CDCls): & 8.56 (br s, 1H), 5.75-5.68
(m, 1H), 5.56-5.48 (m, 1H), 3.19 (d, J= 7.3 Hz, 2H), 2.40 (s, 3H), 2.09 (quin, J= 7.3 Hz, 2H), 1.01 (t, J=
7.3 Hz, 3H); ®*C-NMR (100MHz, CDCl,): § 172.2, 171.6, 138.8, 119.7, 41.3, 25.6, 25.2, 13.3; HRMS
(ESI): calc. for CgH13NNaO, [(M+Na)*]: m/z 178.0844, found, m/z 178.0836.

Z-54s: 6% yield, White solid. *H-NMR (400MHz, CDCl5): & 8.77 (br s, 1H), 7.09 (dt, J= 15.6 Hz, J= 7.3
Hz, 1H), 6.18 (d, J= 15.6 Hz, 1H), 2.44 (s, 3H), 2.24 (dq, J=1.83, J = 7.3 Hz, 2H), 1.52 (sex, J = 7.3, 2H),
0.95 (t, J = 7.3 Hz, 3H); ¥*C-NMR (100MHz, CDCl,): & 172.2, 171.6, 150.7, 122.9, 34.4, 25.3, 21.2,
13.6; HRMS (ESI): calc. for CgH;sNNaO, [(M+Na)*]: m/z 178.0844, found, m/z 178.0836

o

B\‘¢k\/)LN/O\W/
H (0]
(E)-N-acetoxyhex-3-enamide (54t)
75% Yield, Yellow oil. *H-NMR (400MHz, CDCls): § 9.32 (br s, 1H), 5.77-5.70 (m, 1H), 5.56-5.49 (m,
1H), 3.04 (d, J= 6.9 Hz, 2H), 2.23 (s, 3H), 2.08 (quin, J= 6.9 Hz, 2H), 1.00 (t, J= 6.9 Hz, 3H); *C-NMR
(100MHz, CDCls): & 168.7, 138.6, 119.5, 37.5, 25.5, 18.3, 13.3; HRMS (ESI): calc. for CgH;3NNaO;
[(M+Na)*]: m/z 194.0793, found, m/z 194.0786.

General procedure for synthesis of 3-pyrrolin-2-ones:

A mixture of (P*,R*,R*)-3-Pent-SPRIX 1j (4.02 mg, 0.00825 mmol, 11 mol %) and Pd(OAc), (1.68 mg,
0.0075 mmol, 10 mol %) in DCM (0.5 mL) was stirred at 25 °C for 2 h under an argon atmosphere in a
Schlenk tube. To this solution were added p-benzoquinone (16.23 mg, 0.15 mmol, 2 equiv) and substrate
54 (0.075 mmol) in DCM (0.5 mL) via a syringe. The reaction mixture was stirred at 25 °C and the
reaction course was monitored by TLC as well as '"H NMR spectroscopy. After 24-72 h, the reaction
mixture was filtered through a short column of SiO, using ethyl acetate as an eluent, and the resulting
filtrate was concentrated. The residue was purified by flash SiO, column chromatography (sample loaded
after adsorption in small amounts of SiO, and eluted with hexane/ethyl acetate; 3/1) to afford the
corresponding 3-pyrrolin-2-ones 55.

o]

Q
\ N—S-Me
0

Hexyl
5-hexyl-1-(methylsulfonyl)-1,5-dihydro-2H-pyrrol-2-one (55a)
95% Yield, Colorless oil. '"H-NMR (400MHz, CDCls): § 7.30 (dd, J= 6.0 Hz, J= 1.8 Hz, 1H), 6.14 (dd, J
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= 6.0 Hz, J= 1.8 Hz, 1H), 4.85-4.81 (m, 1H), 3.32 (s, 3H), 2.20-2.12 (m, 1H), 1.89-1.81 (m, 1H),
1.32-1.25 (m, 8H), 0.88 (t, J= 6.9 Hz, 3H); *C-NMR (100MHz, CDCl,): §169.9, 152.6, 125.5, 64.2, 41.7,
32.0, 31.5, 29.0, 24.0, 22.5, 14.0; HRMS (ESI): calc. for C1;H;sNNaO;S [(M+Na)*]: m/z 268.0983, found,
m/z 268.0973; The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1, flow rate = 0.5 mL/min, X = 224 nm: 35.1 min,
47.3 min) to be 62% ee, [o]p”™® = -117.9 (c 0.145, CHCIs).

Hexyl
5-hexyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (55b)
95% Yield, The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1, flow rate = 0.5 mL/min, X = 240 nm: 24.9 min,
27.8 min) to be 59% ee, [0]p? = -149.6 (c 0.125, CHCIs).

O

n=0

| N-

®)

O
Bu

5-butyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (55c)

93% Yield, The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1, flow rate = 0.5 mL/min, X = 240 nm: 29.1 min,
32.3 min) to be 56% ee, [a]p> = -77.1 (¢ 0.175, CHCI,).

n-Pr
5-propyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (55d)
94% Yield, The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1, flow rate = 0.5 mL/min, X = 235 nm: 31.3 min,
34.8 min) to be 56% ee, [o]p>> = -123.6 (¢ 0.28, CHCIs).

O

n=0

| N-

()M

Et
5-ethyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (55¢)
96% Yield, The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1, flow rate = 0.5 mL/min, X = 220 nm: 34.4 min,
37.6 min) to be 48% ee, [o]p** = -67.0 (¢ 0.27, CHCly).

e)
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(/):O

iN 1l

5-methyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (55f)

94% Yield, The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 0.5 mL/min, A = 240 nm: 85.6 min,
95.2 min) to be 27% ee, [0 ]o? = -26.8 (¢ 0.68, CHCI,).

gﬁN

5-benzyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (559)

90% Yield, white solid. Mp: 105-107 °C. 'H-NMR (400MHz, CDCl,): & 8.00 (d, J = 8.2 Hz, 2H),
7.35-7.27 (m, 5H), 7.22-7.20 (m, 2H), 7.03 (dd, J= 6.0 Hz, J= 1.8 Hz, 1H), 5.93 (dd, J= 6.0 Hz, J= 1.8
Hz, 1H), 4.98-4.95 (m, 1H), 3.82 (dd, J=12.8 Hz, J= 4.1 Hz, 1H), 2.76 (dd, J=12.8 Hz, J= 4.1 Hz, 1H),
2.44 (s, 3H); *C-NMR (100MHz, CDCI,): & 168.8, 151.5, 145.1, 135.9, 135.3, 129.7, 129.4, 128.8, 128.1,
127.3, 125.6, 65.3, 39.7, 21.7; HRMS (ESI): calc. for C;5H:;,NNaO;S [(M+Na)*]: m/z 350.0827, found, m/z
350.0816; The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak AD-H, hexane/i-PrOH = 95/5, flow rate = 0.5 mL/min, A = 239 nm: 65.0 min,
71.4 min) to be 57% ee, [o]p?* = -137.4 (c 0.16, CHCI,).

gﬁN

5-phenyl-1-tosyl-1,5-dihydro-2H-pyrrol-2-one (55h)

93% Yield, The enantiomeric excess was determined by HPLC analysis using a chiral stationary phase
column (Daicel Chiralpak AD-H, hexane/i-PrOH = 9/1, flow rate = 0.5 mL/min, X = 240 nm: 52.9 min,
82.11 min) to be 62% ee, [0]p>* = -111.5 (¢ 0.80, CHCIs).

(ﬁN

5-ethyl-1-((4-nitrophenyl)sulfonyl)-1,5-dihydro-2H-pyrrol-2-one (55i)

94% yield, yellow solid. Mp: 105-107 °C. *H-NMR (400MHz, CDCls): 5 8.40-8.37 (m, 2H), 8.32-8.29 (m,
2H), 7.25 (dd, J= 6.4 Hz, J= 1.8 Hz, 1H), 6.08 (dd, J= 6.4 Hz, J= 1.8 Hz, 1H), 4.94-4.91 (m, 1H),
2.26-2.16 (m, 1H), 2.06-1.95 (m, 1H), 0.80 (t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCl5):  168.8,
152.3, 129.5, 125.7, 124.2, 65.5, 25.1, 7.8; HRMS (ESI): calc. for Cy,Hi;N;NaOsS [(M+Na)']: m/z
319.0365, found, m/z 319.0349; The enantiomeric excess was determined by HPLC analysis using a chiral

O

(/J:O

O

(/J:O

O

O:(/):O

stationary phase column (Daicel Chiralpak AS-H, hexane/i-PrOH = 9/1, flow rate = 1.5 mL/min, A =
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254nm: 41.4 min, 59.4 min) to be 56% ee, [a]p> = -60.6 (c 0.175, CHCIs).

o) i-Pr
o}
\ N—S i-Pr
\c\)
Et i-Pr

5-ethyl-1-((2,4,6-triisopropylphenyl)sulfonyl)-1,5-dihydro-2H-pyrrol-2-one (55j)

88% yield, white solid. Mp: 116-118 °C. *H-NMR (400MHz, CDCl,): & 7.21 (dd, J= 6.0 Hz, J= 1.8 Hz,
1H), 7.17 (s, 2H), 6.00 (dd, J= 6.0 Hz, J= 1.8 Hz, 1H), 4.91-4.87 (m, 1H), 4.11 (quin, J= 6.9 Hz, 2H),
2.90 (sep, J= 6.9 Hz, 1H), 2.30-2.16 (m, 2H), 1.33 (d, J= 6.9 Hz, 6H), 1.24 (dd, J= 6.9 Hz, J= 1.8 Hz,
6H), 1.16 (d, J= 6.9 Hz, 6H), 0.99 (t, J= 7.3 Hz, 3H); *C-NMR (100MHz, CDCl,): 5168.7, 153.9, 151.5,
151.0, 132.0, 125.9, 123.9, 65.2, 34.2, 29.6, 25.5, 25.0, 24.1, 23.5, 8.0; HRMS (ESI): calc. for C,;Hs;
NNaOsS [(M+Na)*]: 400.1922, m/z found, m/z 400.1906; The enantiomeric excess was determined by
HPLC analysis using a chiral stationary phase column (Daicel Chiralpak IA, hexane/i-PrOH = 49/1, flow
rate = 0.2 mL/min, A =254 nm: 28.7 min, 30.8 min) to be 34% ee, [a]D24= -56.8 (¢ 0.125, CHCl,)

5-ethyl-1-(methylsulfonyl)-1,5-dihydro-2H-pyrrol-2-one (55Kk)

92% Yield, Colorless oil. '"H-NMR (400MHz, CDCls): & 7.28-7.25 (m, 1H), 6.16 (dd, J= 6.0 Hz, J= 1.8
Hz, 1H), 4.85-4.82 (m, 1H), 3.32 (s, 3H), 2.22-2.12 (m, 1H), 2.04-1.93 (m, 1H), 0.91 (t, J= 7.3 Hz, 3H);
BC-NMR (100MHz, CDCly): & 170.2, 152.2, 125.8, 64.9, 41.7, 24.9, 7.9; HRMS (ESI): calc. for
C,H1:.NNaO;S [(M+Na)*]: m/z 212.0357, found, m/z 212.0352; The enantiomeric excess was determined
by HPLC analysis using a chiral stationary phase column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1,
flow rate = 1.0 mL/min, A = 240 nm: 44.7 min, 51.4 min) to be 54% ee, [0]p> = -65.1 (c 0.175, CHCl5).

5-benzyl-1-(methylsulfonyl)-1,5-dihydro-2H-pyrrol-2-one (55I)

42% vyield, White solid. Mp: 72-74 °C. '*H-NMR (400MHz, CDCl;): & 7.35-7.28 (m, 3H), 7.22-7.20 (m,
2H), 7.17 (dd, J= 6.4 Hz, J= 1.8 Hz, 1H), 6.09 (dd, J= 6.4 Hz, J= 1.8 Hz, 1H), 5.00-4.95 (m, 1H), 3.71
(dd, J=13.3 Hz, J= 4.1 Hz, 1H), 3.35 (s, 3H), 2.85 (dd, J= 13.3 Hz, J = 9.6 Hz, 1H); *C-NMR (100MHz,
CDClj): & 169.8, 152.2, 135.0, 29.4, 128.8, 127.4, 125.5, 64.7, 41.9, 39.2; HRMS (ESI): calc. for
C12H13NNaOsS [(M+Na)*]: m/z 274.0514, found, m/z 274.0507; The enantiomeric excess was determined
by HPLC analysis using a chiral stationary phase column (Daicel Chiralpak OD-H, hexane/i-PrOH = 9/1,
flow rate = 1.0 mL/min, & =220 nm: 39.8 min, 52.3 min) to be 60% ee, [o]p’’ = -89.5 (¢ 0.026, CHCIs).
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%4 SPRIX B FDEAN—T = MERK :

AR ERREDOEA L FHE L

Bl S

BLIE TR, FTNARAERFERKEA VAXY U RN A2 RO 7 VUL T
SPRIX IZ, ZDFRHH ToH 2 OMIE 2 A B B IS < MERARFRE, ORLIISEME T CoE
NI 2@, @A VA XY U UENLEAL R DIR o- R —1ED 72012, BEAFOBNL 1 TldeE
i C & W EMIBRAL G 2 R =) o T AR et T & 5, Figure 4-1 121X, H 2 L5 3
FECHIE L7 SPRIX HE®, T E TICAK S 7z SPRIX BN T4 F DTV 5D,

R'=R?=H : H-SPRIX R'=i-Pr,R2=H : anti-i-Pr-SPRIX
R'=R2=Me :Me-SPRIX R'=¢Bu, R?=H : anti-t-Bu-SPRIX
R'=R?2=Et :Et-SPRIX R! = R? = Cyclohexyl : Cy-SPRIX
R'=R?=iPr :iPrSPRIX R'=R?=3-Pentyl :3-Pent-SPRIX

R-SPRIX

R'=H, R? = i-Pr: syn-i-Pr-SPRIX R'" = R? = 4-Heptyl :4-Hept-SPRIX
Figure 4-1. Summary of R-SPRIXs

AR L7280 L SPRIX OARUICIZ. AET VLT a I Re~va U B AT L2 HBEWE L LT,
TXME, B KU RiESE, Swemn E2fb, A% Ak, = b U LAF 2 RERALAIIOE 5 BefE
BOSZEBET %, ZIUIHNL SN EEEOSWTFETES 200, B#fEO R/ 5 SPRIX %15
DX, ZOHEHEWED 1 DTHLFET I AT eI REAER L TLEROZ TR vt A%
ITHORITNIER 572\ (Scheme 4-1) . D b, filbl, RELRVT AT LA~ —0O00 8 & EHE
HF D EBRAEEATONE L H D,

Scheme 4-1. General Synthesis of SPRIX Ligands

1) NaH 3) Swern Ox. 5) ag. NaCIO
SMA ———— > A LSRR A 22T ASPRIX
2) LiAR, . ComPound A" = i or-Her . compound

SMB — > compound BB ———— > compound B" —— > B-SPRIX
SMC —— > compound C' —— > compound C" —— > C-SPRIX
SMD —— > compound D' ——— > compound D" ——— > D-SPRIX

SME — > compound EE —— = compound E" —— > E-SPRIX

(SM = starting material)

INHLORESEEZTRIRT 5L, EHIE, 14— = FAk (divergent synthesis) (2%
TIa—FEFE L Y, A= o MARKIE, L 22 D AR A Z @ ORTER R & LT
ZRETR B~ L E L AR TH D, ThE SPRIX OARRICHI AT, #E 70 D RREA
[FG-SPRIX | 7> b B8R &2/ L THE & 72 SPRIX ~ & flf B ZE A C & 5 & W45 L 7= (Scheme 4-2) ,
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Scheme 4-2. Divergent Synthesis of SPRIX Ligands

F10 OFt A-SPRIX
1) NaH
o ) o 2) LIAIH, v B-SPRIX
3) Swern Oxidation FG % “ A* FG
* 0 C-SPRIX
FG 4) NH,OH-HCl F6” o-N N-g “FG

— 5) NaOCl aq. FG-SPRIX D-SPRIX
FG
E-SPRIX

(FG=functional group)

FEFWA TFG-SPRIX) OREICHT-Y . Figure 4-1 127 L TWD ZHE TIZARK &7z SPRIX
OREEICHD THER Lz, 75 &, IBHITi-Pr 21T U TRILKEOL THER S NZT L F
NWETHDTD, ZHHEEAFD SPRIX 726 OEE R E R LIZANEE & ik L=, £Z2 T, 8
ILERG T D720, MBI ERERZMHAIAA TR 7272 SPRIX k&5 Z LiZ LT,

% T VBT ORI A~T 0 7T 2B AT 5 R TURTI SR ST 5 21988 4E4L 5 13
KRFEREEIZ L DT T NVENLA & IE & D “RAHAAER 208 L T, AEMEC = o T A% IR
DI EAER LTS (Scheme 4-3) 2,

Scheme 4-3. Secondary Interaction between Chiral Ligands and Substrate by Hydrogen bonding

M hydrogen
H., e/\/OH by d.g NMe
o o [e) [e) N onding ,’H\o/\/
- * Me J
NaH (n-C3Hg)PdCI/L . PPh, R e
THF  CH,=CHCH,OAc Fe N —~
N\ [PPne w— R
u
81% ee L

F 77, 1990 4EF HiE, B F OB FEOBNARFL L— F T =F 2 L REFIABR OB TR
RAMM LI T o FARRAE R G 2 855 LT b 2 (Scheme 4-4)

Scheme 4-4. Repulsive Secondary Interaction proposed for the Palladium-catalyzed Asymmetric Allylic
Alkylation with Chiral Ligand bearing Carboxyl group L*

electronic COO-
PhWPh Pd(OAc),/L*, THF Ph.» X Ph repulsion ooc
N d”P
Ohe FOMe 10,7 coMe \
NaHC 2 2
CO:Me 85% ee f

Nu~

VL EZE . SPRIX DX A N—V = FERIZ AT 7@ h R OBRGHITRO = 27 2K
iAteZ & & L7z (Scheme 4-5) |

O HRRAOHBEIMEIZ X D 2EDES

@ HHELOZREMAEFERNHIRTE 27T i1 0EA
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ZD2o0arv T MEREIC, B Ruafd v AT LEEEE A 7= HOCH,-SPRIX 11 Z #EH ik &
LCaGEH L7, E72, U2 BRI DB8. Scheme 4-2 (TR LTV 2 5 BIESUGDRMFICE Fr kv
AFNLVEARIIREEZZONAT-D, E Fax T A R#E LRV AFALELET
% BnOCH,-SPRIX 1m Z#H BHADRIERA & L CTRit L7z,

Scheme 4-5. Design of Key Intermediate 11

Ho—! -, A" _on C be)
| | :>
N N«

HO— © O “—OH :

HOCH,-SPRIX 11
Key Intermediate BnOCH,-SPRIX 1m

(@)
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F2Hi S A L BIBRIR DA AR & BONL AR
F1H  &PEMA HOCH,-SPRIX & HiBR{A BNOCH,-SPRIX DAEL
1-1. RiIBEE BnOCH,-SPRIX 1m DA,
SR A DO FITBRIA T D BnOCH,-SPRIX 1m D& % i %4 Scheme 4-6 (27~ 4 % T? SPRIX

ERBRIZ, M0 THNL SN FIEIZE> TRITE D LB R T,

Scheme 4-6. Synthetic Plan of Novel SPRIX 1m

o-N N-g
BnOCH,-SPRIX 1m o

BnO

FP. ST LT =T m I R3m OEMEITo7 (Scheme 4-7), 13—y 7w —2—7
o)=L (67) LBEIEONDAT N a—LE KRBT N U ADHFE T RS ST L a
—/L 68 & L7= 9%, Parikh-Doering F&{biZ & ¥ &7 b2 69 ~ L=, >3\ T, & b 69 %5l
w7l RpoiiflL7c 7)) = — V3L S S TT va— 70 & L2tk
TZ )= 20 BEDORKERE (47%) ZEHNSETHRELZ 2 I F3m 26 L7,

Scheme 4-7. Synthesis of Homoallyl Bromide 3m
Et;N (4.9 equiv)

©/\OH DMSO (4.8 equiv)
X
22 i : i
OH (22 equiv) OH O SO;3; (4.3 equiv) le)

’/K’ NaH (4 equiv) ’/K’ N
100 °C, overnight CH,Cly,0°Ctort,2h

Cl Cl BnO OBn BnO OBn
67 96% 68 96% 69

MgBr ' OBn . OBn

69 (1.4 equiv) HO 47% HBr aq.(3.0 equiv) _

AN S b
THF, reflux, 48 h oBn EtOH,0°Ctort, 24 h OBn
Br
0, 0,
92% 70 80% 3m

KT AARET VLT B R3mBAELNT-DO T, BEEIDTIEICHE > T BnOCH,-SPRIX 1m @
BHE4T o7 (Scheme4-8), 3m &~ By —F v (2) b, T4k, LAHIEIC, Swern
b, AxF 2k, = MU LA F T REINS Z# T, BnOCH,-SPRIX 1m D& AIZHEN L
oo B LT 3OV T AT VA~Y—% T VBTN AT Lra~ NTT77 4 —THEL, LAH0D
DT AT LA~ — (M*S5*5*%)-BnOCH,-SPRIX 1m % 38%C (A falE{A & L CT157-,
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Scheme 4-8. Synthesis of BnOCH,-SPRIX 1m

BnO OBn
3m (2.5 equiv) — —
EtOWOEt NaH (2.5 equiv) LiAH4 (2 equiv)  gno oBn 1) Swern Oxidation
0 o DMSO, rt,20h  THF,0°Ctort, 2 h 2) NH,OH-HCl, Py, rt
2 72% 88% HO OH 96% (2 steps)
4m
OBn BnO 0Bn
OBn  aqNaOCI BnO 0Bn BnO OBn
—_— —_—
[l
CHeCla 1t 18 NN Bno— 0N N-g"\_opp
o o (M*S*S*)-1m 38%
6m (M*S*R*)-1m 13%

(M*R*R*)-1m 19%

T/, BERT T L L~ U ORATEN D (M*,5*,5%)-BnOCH,-SPRIX-SPRIX 1m 0 EL4f- 72 K
TR S T2 D T X B IEfT 217 - 7=, ORTEP X% Figure 4-2 (Z/~"d, %5355 1R BRI
(M*S*S*)-1m Ti£ 3.214 A TH Y . (M*,S*,S*)-i-Pr-SPRIX 1d ? 3.124 A & K=o 71-, —J7.
[RFE—EEFH 2 EREANRT R ENAIL, (M*,S*,S*)-1m TIiE 65.0° (N1-C2C7-N2) Tdh->7=, Zh
HOMEIE (M*,S*,5%)-1d TR 572 21.1° K VKW DD A [EIBA%E L 7= # SPRIX (M*,S*,5%)-1m
E. 2 BRI & L CHoatkRe T 5 L HIFRFTE D,

C18@ C17
19 EC16 c40
4L = /“*?C‘” Crystal Data
CB\‘ 03 CSS'\Q/&CQ
cizé \C4/A\ 11 c1o BCN “ P-1(#2)
c3 cz\ I 06
i q/__‘/c.|&7 c8 ?(36 =2
. ‘ll’L“c21 \\/vg\'ﬁczs R =0.0687
g e os \?cm R1 = 0.0521
d
o C;@rﬁcso WR2 = 0.1870
Gz@\;i cs GOF = 1.004
C33“ ACI34

Figure 4-2. ORTEP Drawing of (M*,5*,S*)-BnOCH,-SPRIX 1m

(M*,S* S*)-BnOCH,-SPRIX 1m DZEM: % F2Bk LI-fE R, 4 % T SPRIX E[AERIC, B, Ml
SLERALANZ L TCLRETH D Z LD yn-7- (Scheme 4-9),
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Scheme 4-9. Stability Test of BnOCH,-SPRIX 1m

1 MaqHCI: MeOH (1:1)

O O
(6] 2 o
}W{ 1M ag NaOH : MeOH (1 : 1)
o—"0-N N-g'\_¢ no change
O~ O
BnOCH,-SPRIX 1m 30% aq Hy0, : MeOH (1: 1)
rt, 24 h

(M*,S*,S*)-1m %, [&EEFHIZ Daicel #:5 Chiralpak IB & 2 Z3EUH A 7 & (@ 2cmx 25cm) . BE)
FlZA~FH ey Tae T iba ) —un 11 ORESEEEZHWZ HPLC 12Xk » T, _—2X
FTA U TORBEIR OGN ST b OO HEIFHE CTh > 7= (Wid : 5 mL/min, UV 227 nm, RTy
=25 min, RTg =29 min),

1-2. @tk HOCH,-SPRIX 1l D&KL

HITEEAAR T d> % BNOCH,-SPRIX 1m DA RRITHLEI L= D T, A HOCH,-SPRIX 11 ~ &
Too N UNIEOBRESRM 2 4 BET L2, BnOCH,-SPRIX 1m (2 =ik v HFE &2 MG S+
TA%IC A X ) — )L TR % & BB HOCH,-SPRIX 11 73 91%IU R T15 & +u7= (Scheme 4-10) 9,

Scheme 4-10. Synthesis of SPRIX 11

BCls in CH,Cl, (8 equiv) H /] H
OBn  cH,Cl,, -78°Ct0 0°C, 1.5h HO (0 OH
OBn then MeOH, 0 °C, 1 h Ho—" 0N N~ \_op

BnOCH,-SPRIX 1m 91% HOCH,-SPRIX 11

Bro— o-N N-g

(M*,S* S*)-HOCH,-SPRIX 1l O EMEZE KB L7-FE R, 4 % ToO SPRIX L [AIERIC, BA, M
LA L CLRETH D Z &Moo 7= (Scheme 4-11)

Scheme 4-11. Stability Test of HOCH,-SPRIX 1l

1MaqgqHCI: MeOH (1:1)

t, 24 h
HO OH 1M ag NaOH : MeOH (1 : 1)

N no change
Ho— 0N N-g"\_on r, 24 h

HOCH,-SPRIX 11
30% aq H,0, : MeOH (1: 1)

rt, 24 h
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H2IH BNOCH,-SPRIX & HOCH,-SPRIX DEEHLRE

2-1. HiIERER BnOCH,-SPRIX DOEIRE
gET A U O RHIBATH S BnOCHz-SPRIX Im LENI & L COMREENED LD T, D

/ﬁﬁiﬁﬁﬁk %Eﬁmu l/f:o Eﬁ:ﬁ/‘] \Z

Pd(OCOCFy), & iz 1: 1 RE
Z i L7z (Figures 4-3 and 4-4),

I. ZTHFE T TV SPRIX DOEMIEEM T & [FIEE.

%% Truanm A K oHERIRICT 2 FEEEEE L% TH NMR

4H

4H

2H + 4H

4H

2H 2H

N

4H

H P

BnO

| I
Bno— o-N N-~g c—o
SPRIX1m 2§
2
H,
H HH, c
c—o”

+

Pd(OCOCF3), JUL

Figure 4-3. Partial *H NMR spectra of (a) BnOCH,-SPRIX 1m and (b) a mixture of BnOCH,-SPRIX 1m

with Pd(OCOCF),

14H

}Wﬁ@

SPRIX 1m

W%}

Pd(OCOCF3),

SPRIX 1m
+

Figure 4-4. Partial *H NMR spectra of (a) BnOCH,-SPRIX 1m and (b) a mixture of BnOCH,-SPRIX 1m

with Pd(OCOCF),
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Figure 4-3 IZ/R L CWA X H 12, 7 U —DENL 7 TIFAEIAN KR (Bka) IZHISTDHE—T B AT
Lerna by (FH) Ov—7 LELR-oTHDL00, $EAEREZICITZER TR 7 FL, #IR
723 L— MENEDSTERR T & 72, F72, RUDNMNIKE (Vo 7 6A) 1ITH BB LN S .,
—HOX VT NIRRT Ay ) T ERFFLIEEERESTUT b
L7ze ZOENIZ L D57 hOZE TS EFER Y 7 hICb o, — D7 == VEEOF L
M7\ M ATHEYST 5 2 7T VRS ~, T a s TS T L Y S VIEEs I
neEns 7 b LT\ (Figure 4-4), LLEDFERNG ., TR TANLOBERRIENTH B U T IUAL
\ZH HEBILDBIRF R TIIME TE WA, EL0007 = =/LEN, PAdIZEZIL TS H DN
1L Pd EFHAEMER L TWD Z ERIEB S L7z (Figure 4-5)

H
/O‘E_?@' OBn
Bn0' HO— | or
N
Figure 4-5. Plausible Pd-BnOCH,-SPRIX Complex

2-2. @hi{R HOCH,-SPRIX DEI{LEE

I, #EH AR HOCH,-SPRIX 1l OSERTERREZ iR L7z, 72720, UiZ4>Dk Fr¥x 5
DEBIZ LV BARMEMET L7272, Y7 oo X2 o TOSEERIZIEEICNETH 7=, %
T, EAZEBEICHWTHEAEER L *H NMR #IE %217 > 7= (Figures 4-6), D5,
HOCH,-SPRIX 11 T% & L — ML Z SCFF3 D IBEEN KR B — 27 ORI S 7 Bl STz,
72l L, £ e A LCUEI7r— R —27 L LCHNE, ZOBBEIL, F1— M
R7Z0T Tl 7 TREWIDER LT T2 072D B CEN 22283 & 2 O ) EBURE D TId 7R
|

a
HO | 'a,l OH
Ho— o-N N-g"\_on
SPRIX 11
[
|
b HO OH

o-N N-g
SPRIX 11

HO

+

M e
: |

Figure 4-6. Partial ‘H NMR spectra of (a) HOCH,-SPRIX 1l and (b) a mixture of HOCH,-SPRIX 1l with
Pd(OCOCF3)2 in Dzo
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% 3 Hi HOCH,-SPRIX OFFEMRAL, : SPRIX DF A N—T = MERR

#1H  HOCH,-SPRIX DOFE KAl

HOCH,-SPRIX 11 IZ& At R X A FOUIICERELH A LT, LLTFO X 9 7 SPRIX i
KD AR E AT,

1. = A5 /L7 SPRIX (Scheme 4-12)
0.19 45 DMAP fillllt & 6.3 ¥ EDO L U VU AFE . 1l % 5.88 Y4 & D MEKFEEE & i S Ex i
T4 25 LA SPRIX 1n % 94% IR TEAL LT,

Scheme 4-12. Synthesis of Ester-type SPRIX 1n

Ac,0(5.88 equiv)
DMAP (0.19 equiv)

HO ‘ -—,,‘ OH Pyridine (6.3 eq) AcO ‘ "”‘ OAc
Ho— o-N N-g"\_op CH,Cly, -10 °C 10 0 °C, 2 h aco—" 0N N-g"\_ac
HOCH,-SPRIX 11 94% ACOCH,-SPRIX 1n

2. SR A — R SPRIX (Scheme 4-13)
NEAABED T 2= VA VTR — "2 A4 BEBEDO ) ZF LT I U OIFLET 25 °C T 48 I
MRS SH 52T, T EEBMISKIST 5 B8 X — RSPRIX 10 235 7 ¥,

Scheme 4-13. Synthesis of Carbamate-type SPRIX 10

o]
PhNCO(4.4equiv) QHN%O

OH EtsN (4.4 equiv)
o-N N~g"\_gy CH.Cl, 25°C, 48 h

HO 0
HOCH,-SPRIX 11 99% QHN«

PhNHCOOCH,-SPRIX 10

3. 7% —1A SPRIX (Scheme 4-14)
U EEEEDT & Fr&, 10 mol %d PTSA filllfEfFAE T, A /L h X F L& MiKAl L LT 48
BRRE S ¥, 7 & #—/L SPRIX 1p % 83%IUR T/~ ¥,

Scheme 4-14. Synthesis of Acetal-type SPRIX 1p

CH3COCHs3 (30 equiv)
HC(OEt); (2.2 equiv)
OH PTSA (10 mol%) ><0

o-N N~g

OH reflux, 48 h o) O’N N‘O

HOCH,-SPRIX 11 83% Me,C(OCHy),-SPRIX 1p
(PTSA = p-toluenesulfonic acid)
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4. > W SPRIX (Scheme 4-15)

10 Y EDA I XV —)LOLIF/E FTLUIZ 2.2 ¥ 8D t-BuSiCl, Z EFH &85 &, IR ITE V7208
56T UMSPRIX 1 252727,

Scheme 4-15. Synthesis of Silylene-type SPRIX 1q

t-Bu,SiCl, (2.2 equiv)
Imidazole (10.0 equiv) t-Bu_,
i

S
OH DMF, 60 °C, 48 h tBY

o-N N-g
HOCH,-SPRIX 1l 35% tBU,Si(OCH,),-SPRIX 1q

HRLOLMT T U ALFNZ TBDPSCl Z WA L 4 2oH 5k RuXxEFnshnic ULk
HEATE Tz, $78bb, 8UEDA I XY —NAFET. Ul % 4.4 %50 TBDPSCI & Kn ¥ 5
L. 83%INER T U LA SPRIX 1r 235 H 7~

Scheme 4-16. Synthesis of Silyl-type SPRIX 1r

O
2

TBDPSCI (4.4 equiv) @Sl
OH

Imidazole (8.0 equiv)

(@)

L0
o-N N<g"\_on CH,Cly, 1t., 24 h 0

o
! 0
HOCH,-SPRIX 11 83% @& s@

TBDPSOCH,-SPRIX 1r

5. Arxr— K SPRIX (Scheme 4-17)

A FERREDEANTE O THUOKISE 2 RT R REREOEAN LR, 22 HE&OD
it~ 7 22U AOFET, NI 22 Y EBEOR e VR 71 2 24 BIRS S 872 L 2 A, xhsd 5
R x— R SPRIX 1s DA A 'H NMR THER TE 729, SPRIX 1s 1 U B Z LIk L TARE
ERTZDNT T L7~ 87T 7 4 —TORFRAIISE LT L B, HEen b HEHIITED
mnolo, Stk BEESRFOBRBINLETH D,

Scheme 4-17. Synthesis of Boronate-type SPRIX 1s

OH
B\
2.2 equiv
71 OH (2.2 equiv)

OH MgSO;, (2.2 equiv)

o-N N-g'\_op CH,Cl,, 25 °C, 24 h

HOCH,-SPRIX 1l 80% ("H NMR)

(3,5-xyly)B(OCH,),-SPRIX 1s
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B2 FHEAOENE

CH,OH-SPRIX 1l ZgEHAL LTz A "=V = b T T u—Fic kv, BREEE AT Dk~
72 SPRIX BAL DS EA I HE) LTz, IRWT, 5672 8Hl SPRIX OSSMATEREER ., ZiLE
T & FBRIC PA(OCOCF;), & 1:1 EAMW® 'H NMR ZHIET 25 Z & TRl L7z, Z DS,
BnOCH,-SPRIX 1m DENLEER F TIZEEFED SPRIX TIX R SR 0 T OB B Re S hi-
7o (BB 4FEF26H) . BMALLEREIC X DREIKRIZ2ZE W4 L7, Figure 4-7, Figure 4-8,
Figure 4-9 & Figure 4-10 &, % #U £ #U AcOCH,-SPRIX 1n. Me,C(OCH,),-SPRIX 1p .
tBU,Si(OCH,),-SPRIX 1q & TBDPSOCH,-SPRIX 1r D A2 kL &7, EOHH SPRIX IZH1
Th, WBIANAKSE (Fefh) I[TIRRESG S 7 VB SAUBIRAY 72 % L — RISV STz, 61T,
1In OFARTEA T Im LEEOZEEN RO, Thbb, 2EHLINO—TT DA F ML A
F LU EOBBEEREEBERELL 7 FLTEY, Im OEICH 2 7 ==L DRV IZ 1n T
XA NR=NVIEOBHFEFR N Pd EAHEERA LTS EEZHND (Figure 4-7), FRERNG, B
JUN A — N A& 0 SPRIX 1o (Zxt LCiE, 5% D '"H NMRIZBW T 7 r— K2 —7 L
PHEERTE R o7, ZOBRKRIZHASNTRWVWE DD, $ERD Y 7 moa A 2 AT DIRFRE N
SFEIKEREA R EIC L VBIIRLS RoTzlad EEZ BN D, HE, ZORIKIZ12- A (¥
Tz )VIRAT7 4 /) =& (DPPE) # 1Y &MMx 5 &, SPRIX 1o EEHEL L 7= 7 /v 381
S 10 DBHAENHER CTE /o, ZDT2H, 10 DRI ENRKETIIRWEE X D,

a
AcO OAc
| |
aco— 0N N~g"\_pac
SPRIX 1n
H
M L1 JMJL )l‘n
b 4
AcO “ OAc
| |
aco— 0N N~g"\_pac
N SPRIX 1n
", +
H Pd(OCOCF3),

T T T
4 3 2

Figure 4-7. Partial *H NMR spectra of (a) AcCOCH,-SPRIX 1n and (b) a mixture of AcOCH,-SPRIX 1n
with Pd(OCOCFs;),
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o-N N-g
SPRIX 1p

ﬁ
=

LJA m JL TP TR

0 o
| |
o—/ o-N N-g
" SPRIX 1p

Pd(OCOCF3),

£

2,

P

Figure 4-8. Partial 'H NMR spectra of (a) Me,C(OCH,),-SPRIX 1p and (b) a mixture of
Me,C(OCH,),-SPRIX 1p with Pd(OCOCFy),

SPRIX 1q

". : L
._Iﬂum

T
2

Figure 4-9. Partial 'H NMR spectra of (a) tBu,Si(OCH,),-SPRIX 1q and (b) a mixture of
tBU,Si(OCH,),-SPRIX 1q with Pd(OCOCFs),
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TBDPSO 3
| |
tBDPso— o-N N-g
SPRIX 1r
CD,Cl,
M M

o-N N-g
SPRIX 1r
+

CD,Cl, V

' Pd(OCOCFs),
" A -

T T T
1.5 5.0 25

Figure 4-10. Partial '"H NMR spectra of (a) TBDPSOCH,-SPRIX 1r and (b) a mixture of
TBDPSOCH,-SPRIX 1r with Pd(OCOCF;),
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TAF  FH SPRIX OKSREREAN : = J 2 F A RIRA Pd il ~D s H

A BIBRFEIC A U T IR R B REIL 2 9 D T SPRIX & BEAN D =) > F A& R Pd il S 12
HWHL, ZNOORFERNA & L COMRBZFHME L7z, BAICIZ, % 1 %5 3 #i [i-Pr-SPRIX
ERWET U F A SR Pd SRS ) Tl 9 B R - = o FARRE OO A S
Ene, == 28a ZHE L L= PA(N)/PA(IV)fil i fi 9% 0 L7 (Table 4-1),

Table 4-1. Enantioselective Cyclization of Enyne 28a via a Pd(I1)/Pd(1V) Catalytic Cycle

Ph Pd(OCOCF3;), (10 mol %)

J\Me (P,R,F,‘;)l—R—SPRIX (15 mol %) Ph Me
j/ (OACc), (4 equiv) o%
0”0 AcOH/MeCN (9:1, 0.1 M) 0™ o
28a 50°C,30h 29a
Entry R-SPRIX Yield (%)  Ee (%)
1 i-Pr-SPRIX (1d) quant 83
2 HOCH,-SPRIX (1l) 95 51
3 BnOCH,-SPRIX (1m) quant 31
4 AcOCH,-SPRIX (1n) 96 27
5 PhNHCOOCH,-SPRIX (10) quant 9
6 Me,C(OCH,),-SPRIX (1p) 96 8
7 {Bu,Si(OCH,),-SPRIX (1q) 96 1
8 TBDPSOCH,-SPRIX (1r) qunat 2

B35S 2 245 3 & Table 2-2 & [W U4 (28a, Pd(OCOCF;), (10 mol %), SPRIX (15 mol %),
PhI(OAC), (4 equiv), AcOH + MeCN (9 : 1),50°C,30h) Tii~o7z, ZDOFER, A OENL 7%
THLIRETEMICAMD BT 7 b 29a e, =FrFARRMECE LTI,
i-Pr-SPRIX 1d 7% 83% ee & i b =< (entry 1), BEREAZ A L72HBL SPRIX & HIWT 6 s A
S notz, i SPRIX OF TR bEWTZ ;U F A@IRMEAZ R LD, 51% ee D
HOCH,-SPRIX 1l Tdh 7= (entry 2), Z OfiEiix Et-SPRIX 1c TH S /-E (60% ee) L IFIEA L
Th by, BEEEREMO R A EMIIREFFHEIZIN T WnWE B, KRGO
T ARIRMERE BT A L 7 0 O FNIRATEH D720 B53 hi o B8 BRI 7o i it oD & R
FeA Bl U7 H SPRIX IR TIX /e <, B2 B TR T2 T4 VA9 U VB S AL H Dt
FDOSEIE) BRITVEETH D E MR Tz, R EBRENZ 22, B REMERRHZAIH T #E
B XD EIRIIZNARA VR ST Im & In B L Tl fio#R SPRIX lo-r LV bFETEWAR
HBE D ER TE 72 (entries 3-8), Z D7, MEFEEREL & O " WRAUM AA/EH FIE e BB 2 5% 51
T, mT T F ARV SOS DBHFE IR T & 5,
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EHHET LW

KETIE, O IMEEEOHFEMIICEDSHREOES] | @ [JEE L O RAHE /RS &
TEAHLANTHFEFOEA] W) 2o0artvF M2, b Faxd 2 F L EE2A8ICHT 5
HOCH,-SPRIX 1l Z @ik L L CRF L. SPRIX BN F-DE A N—V =2 hEREK T, #
A 1IE, B Refdikiz oo om—7 108 L CR# L7- BnOCH,-SPRIX 1m Z###ls ., =
WALR DB EHCDBRGEIC L > TH O, i\ T, UIZH D Fax U EOFRBIRZEHLZ F
4 %5 Z & T. AcOCH,-SPRIX 1n. PhNHCOOCH,-SPRIX 10. Me,C(OCH,),-SPRIX 1p .
tBu,Si(OCH,),-SPRIX 1¢q & TBDPSOCH,-SPRIX 1r. (3,5-xylyl)B(OCH,),-SPRIX 1s 7% £k % 72 SPRIX
DHEAN—=V 2 FERRIZEE LTz, SO N7H8l SPRIX OREREZ = » F 4 BIRW
PA(I)/PA(IV) il i s CREA L 72 & 2 A, FRERD D AR FHILHRIL i-Pr-SPRIX 1d (2 K727 » 7=
HLOD, EA LT ERERIC K- TLE &tﬁﬁfﬂﬁﬁrﬁﬂ%ffﬁwuﬂéhto Z OMHAAERIZ NMR
W SERTERR T C R 41, SPRIX BN T OREEHIH 7= 22 f88t 2t 7o, ARFE#H L5 2
B ORISR RICET MR 2 R A A NRN—V 2 b T e —FIC L 5 AR FEEZENE
X, AV RE A AT 2 T EL SPRIX BN - D= IBIR A HIF T & 5, #HIZIE, B Fr ¥k
AT IR ) RAARFUVHE (v) ~EEHTUE, R AEERZT TIEk<E Fr¥
TRV IROSIARBN IR N E D % (Scheme 4-18) , £ D BT, BLERAZOEEFICEIE LI 260
BEREEIIFER2FEMELES THDHT2D, SPRIX BN T7 47T ) —OWHEEBITZ D, £1-.
U 72 EOFRET SPRIX #F / ~— & 72 LAERNE Z & 2 X 9 el L U S Ry b

—7MRDOXZ VR Y ~—EfiF (u) ORISR D725 9,

HOMOH
\ \
Ho— 0N N-g'\_on

SPRIX 11
-
R / R
_N “, N '
R ‘ ‘ R !
R N N- R h spacer X X spacer
N0 J NG c),N N\O ‘
SPRIX 1t Y SPRIX 1u o-N
o) Polymer Type
HO -, OH (X =S8i, B)
Ho—{ 0N N-g" ) on
(o]
SPRIX 1v
rR_R / R R
OR HO “ OH
o -N N-g o N N-g\_or o-N N~g"\OH
SPRlX 1w SPRlX 1x SPRIX 1y

Scheme 4-18. Design of Novel SPRIX
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KBRIH

General considerations

All *H and **C NMR spectra were recorded at 25 °C on a JEOL ECS400 spectrometer (400 MHz for *H,
100 MHz for 3C). Chemical shifts are reported in & ppm referenced to an internal tetramethylsilane
standard for *H NMR. Chemical shifts of *C NMR are given relative to CDCl; (8 77.0). ESI mass spectra
were recorded on a Thermo Fisher, LTQ ORBITRAP XL. Melting points were measured using a Yanaco
melting point apparatus MP-S9 and were uncorrected. Optical rotations were measured with a JASCO
P-1030 polarimeter. HPLC analyses were performed on JASCO HPLC system (JASCO PU 2080 pump
and MD-2010 UV/Vis detector). Anhydrous diethyl ether, THF and toluene were purchased from Kanto
Chemicals and were used without further purification. Other solvents were purified prior to use by
standard techniques. p-Benzoquinone was purified by sublimation under vacuum. All other chemicals were
purchased from commercial suppliers and used as received. Column chromatography was conducted on
Kishida Silica Gel (spherical, 63—200 um).

?Co/—@

o

—
1,3-bis(benzyloxy)-2-cyclopropylpropan-2-ol (70)

Magnesium turnings (1.31 g, 54.0 mmol) in THF (12 mL) were treated with cyclopropyl bromide (5.44 g,
45.0 mmol) in THF (5 mL). The mixture was heated at reflux for 30 min. The mixture was cooled to rt,
and a solution of diisopropylketone (8.11g, 30.0 mmol) in THF (10 mL) was added dropwise. The reaction
mixture was heated at reflux for 48 h and cooled to rt, and H,O was carefully introduced. The pH of the
aqueous phase was adjusted to 3 with 4 N ag. HCI, and the phases were separated. The aqueous phase was
extracted with ethyl acetate, washed with brine. The organic layer was dried over Na,SO, and concentrated.
The residue was purified by column chromatography using silica gel (hexane/EtOAc = 5:1) to give desired
compound 70 (8.62g, 92%) as a colorless liquid. *H-NMR (400MHz, CDCls): & 7.37-7.27 (m, 10H), 4.57
(s, 4H), 3.57 (d, J = 9.2 Hz, 2H), 3.48 (d, J = 9.2 Hz, 2H), 2.27 (s, 1H), 1.04-0.99 (m, 1H), 0.52-0.48 (m,
2H), 0.36-0.32 (m, 2H); *C-NMR (100MHz, CDCly): & 138.3, 128.3, 127.52, 127.48, 73.9, 73.4, 71.2,
14.8, -0.6; HRMS (ESI): calc. for CyH,NaO; [(M+Na)*]: m/z 335.1623, found, m/z 335.1614.

(((2-(3-bromopropylidene)propane-1,3-diyl)bis(oxy))bis(methylene))dibenzene (3m)

To a solution of 70 (10.0g, 112.7 mmol) in EtOH (448 mL) was added 47% aq. HBr (76.8 mL, 0.66 mol) at
0 °C. The solution was stirred for 24 h at rt, and the reaction mixture was extracted with EtOAc, and
successively washed with brine. The organic layer was dried over Na,SO, and concentrated. The residue
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was purified by column chromatography using silica gel (hexane/EtOAc = 20 :1) to give desired
compound 3m (9.6 g, 80%) as a colorless oil. *H-NMR (400MHz, CDCl5): 87.39-7.30 (m, 10H), 5.74 (t, J
=7.3 Hz, 1H), 4.53 (d, J = 4.6 Hz, 4H), 4.11 (d, J = 8.7 Hz, 4H), 3.41 (t, J = 7.3 Hz, 2H), 2.73(q, J = 7.3
Hz, 2H); *C-NMR (100MHz, CDCl5): & 138.2, 138.1, 136.0, 128.8, 128.33, 128.30, 127.7, 127.67, 127.6,
1275, 72.4,72.3, 72.0, 65.5, 32.2, 30.9; HRMS (ESI): calc. for CyH,3BrNaO, [(M+Na)*]: m/z 397.0779,

found, m/z 397.0767.
O v
o O

diethyl 2,2-bis(5-(benzyloxy)-4-((benzyloxy)methyl)pent-3-en-1-yl)malonate

To a solution of NaH (60% in oil, 1.06 g, 26.6 mmol) in Me,SO (20.0 mL) was added methyl diethyl
malonate (1.62 mL, 10.7 mmol) at 0 °C, and the reaction mixture was stirred for 1 h at rt. To the mixture
was added a solution of 3m (10.0 g, 26.6 mmol) in Me,SO (17.0 mL), and the reacion mixture was stirred
for 20 h at room temperature. The reaction was quenched by addition of sat. ag. NH,CI. After addition of 1
N ag. HCI, this mixture extracted with ethyl acetate, and the organic layer was washed with brine,
successively dried over Na,SO, and concentrated. The residue was purified by silica gel column
chromatography (hexane/ethyl acetate = 5/1) to give diethyl
2,2-bis(5-(benzyloxy)-4-((benzyloxy)methyl)pent-3-en-1-yl)malonate (5.77 g, 7.7 mmol, 72% yield) as a
colorless oil. '"H-NMR (400MHz, CDCl5): & 7.36-7.28 (m, 20H), 5.69 (t, J = 7.3 Hz, 2H), 4.50 (d, J = 14.2
Hz, 8H), 4.16 (q, J = 7.3 Hz, 4H), 4.07 (d, J = 10.5 Hz, 8H), 2.10-2.03 (m, 4H), 2.00-1.94 (m, 4H), 1.23 (t,
J = 7.3 Hz, 6H); BC-NMR (100MHz, CDCl,): 6 171.2, 138.3, 138.2, 133.9, 131.3, 128.3, 127.6, 127.59,
127.5,127.4,77.2,72.5,72.2, 72.1, 65.3, 61.1, 57.0, 32.5, 22.5, 14.0; HRMS (ESI): calc. for C4;HssNaOg
[(M+Na)*]: m/z 771.3873, found, m/z 771.3885.

On, O
07K 0

2,2-bis(5-(benzyloxy)-4-((benzyloxy)methyl)pent-3-en-1-yl)propane-1,3-diol (4m)

To a solution of LiAIH, (0.76 g, 20.0. mmol) in THF (50.0 mL) was added a solution of
2,2-bis(5-(benzyloxy)-4-((benzyloxy)methyl)pent-3-en-1-yl)malonate (7.5 g, 10.0 mmol) in THF (25.0
mL) at 0 °C, and the reaction mixture was stirred for 2 h at rt. The reaction was quenched by addition
Na,SO,4-10H,0 followed by dilution with Et,0. This mixture was filtrated, and the preciptate was washed
with Et,O. The combined organic layer was concentrated, and the residue was purified by silica gel
column chromatography (hexane/ethyl acetate = 1/1) to give 4m (5.85 g, 8.8 mmol, 88% yield) as a
colorless oil. '"H-NMR (400MHz, CDCly): § 7.36-7.27 (m, 20H), 5.70 (t, J= 7.33 Hz, 2H), 4.49 (s, 8H),
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4.05 (d, J= 21.5 Hz, 8H), 3.46 (s, 4H), 2.37 (br s, 2H), 2.05-2.00 (m, 4H), 1.33-1.29 (m,4H); *C-NMR
(100MHz, CDCl3): & 138.3, 138.2, 133.4, 133.1, 128.34, 128.32, 127.8, 127.7, 127.6, 127.5, 72.9, 72.3,
72.1, 68.3,65.3, 41.2, 30.7, 21.4; HRMS (ESI): calc. for C43Hs,NaOg [(M+Na)*]: m/z 687.3662, found, m/z
687.3641.

2,2-bis(5-(benzyloxy)-4-((benzyloxy)methyl)pent-3-en-1-yl)malonaldehyde dioxime (5m)

To a solution of (COCI), (4.99 mL, 57.0 mmol) in CH,CI, (90 mL) was slowly added Me,SO (5.39 mL,
78.0 mmol) at -78 °C. After stirred for 30 min, a solution of 4m (10.0 g, 15.0 mmol) in CH,Cl, (41 mL)
was added to the mixture at -78 °C, and the reaction mixture was stirred for 30 min. To the above
mixture was added triethylamine (18.7 mL, 135.0 mmol) at -78 °C. After stirring for 1.5 h at rt, the reacion
was guenched by addition of sat. ag. NH,4CI, and this mixture was extracted with CH,Cl,. The organic
layer was dried over Na,SO, and concentrated. To this crude aldehyde product were added NH,OH-HCI
(5.2 g, 75.0 mmol) and pyridine (42.0 ml) at 0 °C and the reaction mixture was stirred for 12 days at rt.
(further NH,OH-HCI (5.2 g, 75.0 mmol) was added after 3 d and 6d for a total of 15.6g (225 mmol)). The
reaction mixture was diluted with ethyl acetate, and after addition of H,O, this mixture extracted with ethyl
acetate, and the organic layer was washed with brine, successively dried over Na,SO, and concentrated.
The residue was purified by silica gel column chromatography (hexane/ethyl acetate = 2/1) to give 5m
(10.1 g, 14.6 mmol, 97% yield) as a colorless oil. ‘H-NMR (400MHz, CDCls): & 7.36-7.29 (m, 24H), 5.63
(t, J=7.3 Hz, 2H), 4.48 (d, J= 5.5 Hz, 8H), 4.04 (d, J= 9.6 Hz, 8H), 2.11-2.06 (m, 4H), 1.69-1.65 (m, 4H).
BC-NMR (100MHz, CDCls): & 153.5, 138.3, 133.7, 132.0, 128.4, 128.3, 127.75, 127.73, 127.58, 127.53,
72.6, 72.3, 72.2, 65.4, 45.6, 36.1, 22.5. HRMS (ESI): calc. for C43HsoN,NaOg [(M+Na)*]: m/z 713.3567;
found, m/z 713.3561.

BnO OBn

BnO O"N N“O OBn
(3aS,3a’S,6S)-3,3,3',3"-tetrakis((benzyloxy)methyl)-3,3a,3",3a",4,4',5,5'-octahydro-6,6'-spirobi[cyclope
nta[c]isoxazole] (M*,S*,S*)-BnOCH,-SRPIXs 1m
To a solution of 5m (4.84 g, 7.0 mmol) in CH,CI, (141 mL) was added ag. NaOCI (> 5.0%, 22.3 mL at
0 °C, which was then stirred for 2 d at rt. The reaction mixture was quenched with H,O and extracted with
CH,CI,. The organic phase was washed with brine, dried over Na,SO,4, and concentrated under reduced
pressure. The residue was purified by column chromatography using silica gel (hexane/EtOAc = 5/1) to
give desired compound (M*,S*,S*)-1m (1.83 g, 38%) as a white solid with a diastereomeric mixture of

(M* R* R*)-1m and (M*,S* R*)-1m (1.54 g, 32%). Mp: 105-108 °C. ‘H NMR (400 MHz, CDCl;): &
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7.32-7.23 (m, 20H), 4.65 (d, J = 12.4 Hz, 2H), 4.61 (d, J = 12.4 Hz, 2H), 4.51 (d, J = 12.4 Hz, 2H), 4.48 (d,
J = 12.4 Hz, 2H), 3.87-3.80 (m, 6H), 3.64 (d, J = 10.1 Hz, 2H), 3.60 (d, J = 10.1 Hz, 2H), 2.50-2.45 (m,
2H), 2.16-2.03 (m, 2H), 1.99-1.83 (m, 4H). *C NMR (100 MHz, CDCls): ¢ 175.8, 138.2, 138.1, 128.3,
128.2, 127.6, 127.5, 90.0, 77.3, 76.7, 73.6, 73.3, 70.4, 67.6, 57.7, 430, 23.5. HRMS (ESI): calcd. for
Cu3HusN2NaOg: m/z 709.3254 ([M+Na]*), found: m/z 709.3239. The enantiomers were separated using a
Daicel Chiralpak IB column [2 cm @ x 25 cm, Hexane/i-PrOH = 1:1, 5 mL/min, 227 nm]: T, = 25 min for
(P,R,R)-1m and T, = 29 min for (M,S,S)-1m. (P,R,R)-1m: [o]p”’ = +108.38 (c = 0.19, CHCl5). (M,S,S)-1m:
[a]p?® = -130.75 (c = 0.19, CHCI,).

((3aR,3a'R,6R)-3,33,3",3a",4,4",5,5"-octahydro-6,6'-spirobi[cyclopenta[c]isoxazole]-3,3,3",3'-tetrayl)tet
ramethanol (M*,S*,S*)-HOCH,-SRPIX 1l

To a stirred solution of 1m (144.6 mg, 0.21 mmol) in anhydrous CH,Cl, (4.2 mL) was added BCl; (1.68 mL,
1.0 M in CH,ClI, solution) at -78 °C. The reaction mixture was stirred for 1.5 h at -78 °C. The reaction
mixture was quenched with MeOH (30 mL) and the resulting mixture was warmed to rt further stirred 1 h
and concentrated under reduced pressure. The residue was purified by column chromatography using silica
gel (CHCIy/MeOH = 5/1) to give desired compound (M*,5* 5*)-11 (62.4 mg, 91%) as a white solid. *H NMR
(400 MHz, CD;0D): 3.91 (t, J = 10.1, 2H), 3.83 (d, J = 11.9 Hz, 2H), 3.80 (d, J = 11.9 Hz, 2H), 3.67 (d, J=
11.4 Hz, 2H), 3.60 (d, J= 11.4 Hz, 2H), 2.53-2.48 (m, 2H), 2.29-2.21 (m, 2H), 1.94-1.88 (m, 4H); *C NMR
(100 MHz, CD;0D): 6 129.7, 92.4, 63.5, 60.8, 58.1, 44.2, 43.0, 23.8; HRMS (ESI): calc. for C15H,,N,NaOs
m/z [(M+Na)*]: 349.1376, found, m/z 349.1365.

AcO OAc

((3aR,3a'R,6R)-3,33,3",3a",4,4',5,5"-octahydro-6,6'-spirobi[cyclopenta[c]isoxazole]-3,3,3",3'-tetrayl)tet
rakis(methylene) tetraacetate (M*,S*,S*)- AcCOCH,-SRPIX 1n

To a stirred solution of 11 (14.5 mg, 0.044 mmol), 4-dimethylaminopyridine (1.03 mg, 0.0084 mmol), and
pyridine (22.6 pL 0.28 mmol) in dichloromethane (0.1 mL) at -10 °C was added dropwise acetic anhydride
(25uL, 0.26 mmol). After completion of the addition, the reaction mixture was stirred for 1 h at 0 °C, then
diluted with dichloromethane and washed with 2M hydrochloric acid, saturated sodium bicarbonate
solution, and brine, dried (Na,SO,), and concentrated under reduced pressure. The residue was purified by
column chromatography using silica gel (Hexane/EtOAc = 1/3) to give desired compound (M*,S*,S*)-1n
(20.5 mg, 94%) as a white solid. "H NMR (400 MHz, CDCls): § 4.42 (d, J = 11.9, 2H), 4.32 (d, J = 11.9,
2H), 4.24 (d, J = 11.9, 2H), 4.20 (d, J = 11.9, 2H), 3.76 (dd, J = 11.9 Hz, J = 7.8 Hz, 2H), 2.60-2.56 (m,
2H), 2.23-2.17 (m, 2H), 2.11 (s, 6H), 2.08 (s, 6H), 2.03-1.92 (m, 4H); *C NMR (100 MHz, CDCls): §
174.9, 170.4, 170.3, 87.1, 64.4, 61.1, 58.9, 43.0, 41.3, 23.0, 20.7; HRMS (ESI): calc. for Cy3H3oN,NaOy
[(M+Na)™]: m/z 517.1798, found, m/z 517.1780.
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((3aR,3a'R,6R)-3,33,3",3a",4,4",5,5"-octahydro-6,6'-spirobi[cyclopenta[c]isoxazole]-3,3,3",3'-tetrayl) tet
rakis(methylene) tetrakis(phenylcarbamate) (M*,S*,S*)-PhNHCOOCH,-SRPIX 10

To a stirred dichloromethane solution (0.1 ml) containing (10.1 mg, 0.031 mmol) of 1l and (19 pL, 0.136
mmol) of triethylamine was added dropwise (15 uL, 0.136 mmol) of phenyl isocyanate at rt, followed by
stirring at rt for 48 h. The reaction mixture was diluted with chloroform and filtered to remove any in
soluble matter. The filtrate was washed with 1M hydrochloric acid, a saturated sodium bicarbonate
solution, and brine, dried (Na,SO,), and concentrated under reduced pressure. The residue was purified by
column chromatography using silica gel (Hexane/EtOAc = 1/1) to give desired compound (M*,S*,5*)-10
(24.7 mg, 99%) as a white solid. '"H NMR (400 MHz, CDCls): & 8.59 (s, 2H), 7.41 (d, J = 7.3, 8H), 7.34 (t,
J=78,4H),7.16 (t, J=7.8, 4H), 7.11 (t, J = 7.3, 2H), 6.94 (t, J = 7.3, 2H), 6.88 (br s, 2H), 4.66 (d, J =
11.9, 2H), 4.57 (d, J = 11.4, 2H), 4.46 (d, J = 11.4, 2H), 3.99-3.94 (m, 4H), 2.74-2.69 (m, 2H), 2.35-2.20
(m, 4H), 1.97-1.91 (m, 2H); *C-NMR (100MHz, CDCl): § 175.3, 152.7, 138.3, 137.2, 129.2, 128.7,
124.1, 122.8, 118.9, 118.7, 118.2, 88.2, 66.0, 65.4, 59.5, 45.0, 41.2, 22.8; HRMS (ESI): calc. for
Ca3HioNgNaO4 [(M+Na)+]: m/z 825.2860, found, m/z 825.2856.

(3a'R,3a""R,6'R)-2,2,2"" 2" '-tetramethyl-3a‘',3a"" 4’ ,4""-tetrahydro-5'H,5""H-trispiro[[1,3]dioxane-5,3"-
cyclopenta[c]isoxazole-6',6""-cyclopenta[c]isoxazole-3",5"'-[1,3]dioxane]
(M*,S*,5*)-Me,C(OCH,),-SRPIX 1p

A mixture of 11 (10.1 mg, 0.031 mmol), triethyl orthoformate (10.1 mg, 0.068 mmol) and acetone (0.5 mL)
was refluxed in the presence of p-toluenesulfonic acid (0.53 mg, 0.0031 mmol) for 48 h. The excess
triethyl orthoformate and acetone were removed under reduced pressure. The residue was purified by
column chromatography using silica gel (Hexane/EtOAc = 1/1) to give desired compound (M*,S*,S*)-1p
(10.5 mg, 83%) as a pale yellow solid. *H NMR (400 MHz, CDCl,): & 4.11 (d, J = 11.4, 2H), 3.93 (dd, J =
11.9 Hz, J = 2.3 Hz, 2H), 3.84 (dd, J = 11.4 Hz, J = 2.3 Hz, 2H), 3.78 (d, J = 11.9, 2H), 3.65 (dd, J =
11.4 Hz, J = 7.8 Hz, 2H), 2.56-2.52 (m, 2H), 2.24-2.16 (m, 2H), 2.13-2.03 (m, 4H), 1.48 (s, 6H), 1.37 (s,
6H); *C NMR (100 MHz, CDCly): & 175.7, 98.4, 81.6, 66.8, 61.8, 61.1, 42.9, 41.4, 26.8, 24.0, 20.0;
HRMS (ESI): calc. for Cy;H3N,NaOg [(M+Na)*]: m/z 429.2002, found, m/z 429.1988.

(3a'R,3a"R,6'R)-2,2,2"" 2" "-tetra-tert-butyl-3a‘,3a" 4" 4" -tetrahydro-5'H,5""H-trispiro[[1,3,2]dioxasil
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inane-5,3"'-cyclopenta[c]isoxazole-6',6"'-cyclopenta[c]isoxazole-3",5'""-[1,3,2]dioxasilinane]
(M*,S*,5*)-tBu,Si(OCH,),-SPRIX 1q

To a stirred solution of 11 (8.2 mg, 0.025 mmol) and imidazole (17.02 mg, 0.25 mmol) in
N,N-dimethylformamide (0.1 mL) was added di-t-butyldichlorosilane (12 pL, 0.055 mmol) at rt, followed
by stirring at 60 °C for 48 h. The reaction mixture was diluted with chloroform, and the chloroform layer
was washed with water, aqueous sodium bicarbonate, and brine, dried (Na,SO,), and concentrated under
reduced pressure. The residue was purified by column chromatography using silica gel (Hexane/EtOAc =
1/1) to give desired compound (M*,S*,S*)-1q (5.3 mg, 35%) as a white solid. '"H NMR (400 MHz,
CDCly): 8 4.33-4.23 (m, 6H), 4.01 (d, J = 11., 2H), 3.32 (dd, J = 11.4 Hz, J = 8.2 Hz, 2H), 2.52-2.47 (m,
2H), 2.18-2.07 (m, 2H), 1.87-1.80 (m, 4H), 1.09 (s, 18H), 1.04 (s, 18H); *C NMR (100 MHz, CDCls): &
173.6, 86.5, 70.8, 66.1, 59.1, 43.1, 41.0, 27.5, 22.6, 21.2; HRMS (ESI): calc. for CzHssN,NaOgSi,
[(M+Na)*]: m/z 629.3418, found, m/z 629.3411.

N ¥0

@sbo o @@
(3aR,3a'R,6R)-3,3,3",3'-tetrakis(((tert-butyldiphenylsilyl)oxy)methyl)-3,3a,3",3a' ,4,4',5,5'-octahydro-
6,6'-spirobi[cyclopenta[c]isoxazole] (M*,S*,S*)-TBDPSOCH,-SPRIX 1r
To a stirred solution of 11 (6.7 mg, 0.021 mmol) and imidazole (11.2 mg, 0.164 mmol) in dichloromethane
(0.5 mL) was added t-butyl(chloro)diphenylsilane (23.2 uL, 0.09 mmol) at rt for 24 h. The reaction
mixture was quenched with sat. ag. NH,CI and extracted with dichloromethane. The organic layer was

O\(l)

washed with water, dried (Na,SO,4), and concentrated under reduced pressure. The residue was purified by
column chromatography using silica gel (Hexane/EtOAc = 10/1) to give desired compound (M*,S* ,S*)-1r
(22.9 mg, 87%) as a white solid. '"H NMR (400 MHz, CDCls): & 7.70-7.68 (m, 8H), 7.60-7.58 (m, 4H),
7.54-7.52 (m, 4H), 7.42-7.29 (m, 20H), 7.21 (t, J = 7.3, 4H), 4.09 (d, J = 10.5, 2H), 3.91-3.83 (m, 6H),
3.62 (d, J = 10.5, 2H), 2.44-2.39 (m, 2H), 2.01-1.92 (m, 2H), 1.87-1.81 (m, 4H), 1.05 (s, 18H), 0.98 (s,
18H); *C NMR (100 MHz, CDCl,): & 174.3, 135.7, 135.66, 135.63, 135.57, 134.8, 133.5, 133.3, 133.2,
132.8, 129.7, 129.6, 129.58, 127.7, 127.6, 90.9, 64.4, 61.3, 56.6, 43.3, 41.2, 26.9, 26.8, 26.5, 23.7, 19.4,
19.2; HRMS (ESI): calc. for C7gHgsN2NaOgSi, [(M+Na)*]: m/z 1301.6087, found, m/z 1301.6078.

(3a'R,3a""R,6'R)-2,2"""-bis(3,5-dimethylphenyl)-3a‘,3a" 4", 4"'-tetrahydro-5'H,5""H-trispiro[[1,3,2] diox
aborinane-5,3'-cyclopenta[c]isoxazole-6',6''-cyclopenta[c]isoxazole-3',5"'-[1,3,2]dioxaborinane]
(M*,S*,S*)- (3,5-xylyl)B(OCH,),-SPRIX 1s
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To an dichloromethane solution (0.88 mL) of the 3,5-dimethylbenzeneboronic acid (14.5 mg, 0.096mmol)
and 11 (14.4 mg, 0.044 mmol) was added anhydrous magnesium sulphate (11.7 mg, 0.096 mmol) and the
suspension stirred at rt for 20 h. The suspension was filtered through a plug of celite, washed with copious
amounts of dichloromethane and the combined organic layers were concentrated using a rotary evaporator
and dried under vacuum affording the corresponding desired compound (M*,S*,S*)-1s (19.5 mg, 80%) as
a white solid. *H NMR (400 MHz, CDCl,): & 7.40 (s, 4H), 7.07 (m, 2H), 4.34-4.08 (m, 8H), 3.69-3.64 (m,
2H), 2.60-2.53 (m, 2H), 2.44 (s, 6H), 2.31 (s, 6H), 2.22-2.14 (m, 2H), 2.06-1.86 (m, 4H).
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X-ray crystallographic data for BhnOCH,-SPRIX 1m

Experimental

Data Collection

A colorless block crystal of C43H46N20g having approximate dimensions of 0.287 x 0.224 x

0.103 mm was mounted on a glass fiber. All measurements were made on a Rigaku R-AXIS RAPID 191R
diffractometer using filtered Cu-Ka radiation.

The crystal-to-detector distance was 191.00 mm.

Cell constants and an orientation matrix for data collection corresponded to a primitive triclinic
cell with dimensions:

a = 10.7163(3) A a = 89.444(7)0
b = 11.8853(4) A b = 77.317(6)°
c = 152111 A g = 78.067(6)°
V = 1847.9(2) A3

For Z = 2 and F.W. = 686.85, the calculated density is 1.234 g/cm3. Based on a statistical analysis of
intensity distribution, and the successful solution and refinement of the structure, the space group was
determined to be:

P-1 (#2)

The data were collected at a temperature of -100 + 10C to a maximum 2q value of 136.50. A total
of 72 oscillation images were collected. A sweep of data was done using w scans from 80.0 to 260.0° in
20.00 step, at c=54.00 and f = 0.00. The exposure rate was 10.0 [sec./9]. A second sweep was performed
using w scans from 80.0 to 260.0°9 in 20.00 step, at c=54.00 and f = 60.0°. The exposure rate was 10.0
[sec./O]. Another sweep was performed using w scans from 80.0 to 260.00 in 20.00 step, at c=54.00 and f =
120.00. The exposure rate was 10.0 [sec./9]. Another sweep was performed using w scans from 80.0 to
260.09 in 20.00 step, at c=54.00 and f = 180.0°. The exposure rate was 10.0 [sec./9]. Another sweep was
performed using w scans from 80.0 to 260.0° in 20.00 step, at ¢=54.00 and f = 240.00. The exposure rate
was 10.0 [sec./O]. Another sweep was performed using w scans from 80.0 to 260.00 in 20.00 step, at
¢=54.00 and f = 320.00. The exposure rate was 10.0 [sec./9]. Another sweep was performed using w scans
from 80.0 to 260.0° in 20.09 step, at ¢=20.00 and f = 0.00. The exposure rate was 10.0 [sec./9]. Another
sweep was performed using w scans from 80.0 to 260.00 in 20.00 step, at ¢=20.00 and f = 120.00. The
exposure rate was 10.0 [sec./O]. The crystal-to-detector distance was 191.00 mm. Readout was performed
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in the 0.100 mm pixel mode.
Data Reduction

Of the 36095 reflections that were collected, 6660 were unique (Rjnt = 0.0414); equivalent

reflections were merged.

The linear absorption coefficient, m, for Cu-Ka radiation is 6.577 cm-l. An empirical absorption
correction was applied which resulted in transmission factors ranging from 0.766 to 0.935. The data were

corrected for Lorentz and polarization effects.

Structure Solution and Refinement

The structure was solved by direct methods! and expanded using Fourier techniques. The
non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model.

The final cycle of full-matrix least-squares refinement? on F2 was based on 6660 observed reflections and
506 variable parameters and converged (largest parameter shift was 0.00 times its esd) with unweighted

and weighted agreement factors of:
R1 =S ||Fo| - |Fc||/ S |Fo| = 0.0521
WR2 =[S (w (Fo2 - Fc2)2 )/ S w(Fo2)2]1/2 = 0.1870

The standard deviation of an observation of unit weight3 was 1.00. A Sheldrick weighting
scheme was used. Plots of S w (|Fo| - |Fc|)2 versus |Fo|, reflection order in data collection, sin g/l and
various classes of indices showed no unusual trends. The maximum and minimum peaks on the final

difference Fourier map corresponded to 0.25 and -0.24 e/A3, respectively.

Neutral atom scattering factors were taken from Cromer and Waber4. Anomalous dispersion
effects were included in Fcalc®; the values for Df* and Df" were those of Creagh and McAuleyS. The
values for the mass attenuation coefficients are those of Creagh and Hubbell 7. All calculations were
performed using the CrystalStructure8:9 crystallographic software package.
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EXPERIMENTAL DETAILS

A. Crystal Data

Empirical Formula Cy3H46N20g

Formula Weight 686.85

Crystal Color, Habit colorless, block

Crystal Dimensions 0.287 X 0.224 X 0.103 mm
Crystal System triclinic

Lattice Type Primitive

Lattice Parameters a= 10.7163(3) A

b= 11.8853(4) A
c= 15211(1) A
a= 89.444(7)0
b= 77.317(6) ©
g= 78.067(6) O
V = 1847.9(2) A3

Space Group P-1 (#2)

Z value 2

Dealc 1.234 g/cm3
Fooo 732.00
m(CuKa) 6.577 cm-1
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Diffractometer

Radiation

\oltage, Current

Temperature

Detector Aperture

Data Images

w oscillation Range (c=54.0, f=0.0)
Exposure Rate

w oscillation Range (c=54.0, f=60.0)
Exposure Rate

w oscillation Range (c=54.0, f=120.0)
Exposure Rate

w oscillation Range (c=54.0, f=180.0)
Exposure Rate

w oscillation Range (c=54.0, f=240.0)
Exposure Rate

w oscillation Range (c=54.0, f=320.0)
Exposure Rate

w oscillation Range (c=20.0, f=0.0)
Exposure Rate

w oscillation Range (c=20.0, f=120.0)

Exposure Rate
Detector Position

Pixel Size

20max
No. of Reflections Measured

Corrections

B. Intensity Measurements

R-AXIS RAPID 191R
CuKa (1 =1.54187 A)
45kV, 56mA
-100.00C

783 x 382 mm
72 exposures
80.0 - 260.00
10.0 sec./0
80.0 - 260.00
10.0 sec./0
80.0 - 260.00
10.0 sec./0
80.0 - 260.00
10.0 sec./0
80.0 - 260.00
10.0 sec./0
80.0 - 260.00
10.0 sec./0
80.0 - 260.00
10.0 sec./0
80.0 - 260.00

10.0 sec./0
191.00 mm

0.100 mm

136.59

Total: 36095

Unique: 6660 (Rjnt = 0.0414)
Lorentz-polarization
Absorption

(trans. factors: 0.766 - 0.935)



Structure Solution

Refinement

Function Minimized

Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)
No. Variables
Reflection/Parameter Ratio
Residuals: R1 (1>2.00s(1))
Residuals: R (All reflections)
Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Max Shift/Error in Final Cycle
Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

C. Structure Solution
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and Refinement

Direct Methods (SIR92)
Full-matrix least-squares on F2
Sw (Fo2 - Fc2)2
1/[0.0046F02+1.0000s(F02)]/(4F02)
136.50

All non-hydrogen atoms

6660

506

13.16

0.0521

0.0687

0.1870

1.004

0.000

0.25 /A3

-0.24 e7/A3
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