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DMSO
Et
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PMP
Pr
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Ts

acetyl
2,2'-bis(diphenylphosphino)-1,1’-binaphthyl
1,1’-bi-2-naphthol

bis(oxazoline)
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t-butyl
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dimethyl sulfoxide

ethyl

N-bromosuccinimide

pmethoxyphenyl

isopropyl

room temperature

ptoluenesulfonyl
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BB HREER

EENDZBFEREDL b —HFOHZONRFREERNORDEEHELEL L, DX
FERMEERRILOLBRT DL, NER—FOXZREED S 2 RIRAICE K,
AT 52 LITABARILBCRBWTEETH S, HATRESNTVWIERLS DV
BERRPOFEOL IIHEEHAEDTHY . % b ZOBFEHE L WbhTn 3,

VEREFENEEZHRIBAFEL LT, RARLHFETIREEH LA EAV
B HEEF TN T —VE), BERMAED L D EMMSEIRE, 7 IO L B HIE,
HEROEFEDENE, FHEMEC L 2@ IERFMASBRIENEICET Oh, P THARFEMM
B L AEREIRNAREIR. BEBORFROERICLY | SBT3 HFERMEE
DBERLBBIZENTEDED, 7T haxa/ I—VREFRE, 2 X ho@Bahb b8
BRI FETHDH V2D, FEERRGOBRE CEEKRIAERB L W. S. Knowles 1#
8B, FEBRIIGOBFE T K B. Sharpless #i%45, #hfh /) —_NLEBEZZHE X
TR, REMEIC L 2B EBROGHEOEESRSESFEMIN T3, T0—F
T, FESBAEOPIIIERPOBESCKDICH LTREETHo72Y, FUSKKL-T
ACLPBEERDICERLZETILOMRH D, FFEOBENE. RERICBOTHEL ORE
NBEINLTHA,

£ ZCEE, RIECEE L FORPEOHRBLHBLES V-7 IR MY —
~OBWYAHBPITORTEY, PTHEBEEE VAR TREIER S T3, A
B PRI S BRI N, ERPOBRELKIITH U THEBHEE CIY BV T1<,
EMTHHZEMBFRE LTETOND, RAMEAYE X TNVER L Lk FH il
ETITERARASCH R A ORINIR Y B H D20, BHNES LEEEERy Tl
DRHBLIORZORIGOBRRBHPFEINATNS,



B EFEHEA T e E AV RERG

Ak iix 2 DORN 1 DORF2{EFTIEI 7 uBREETHILEW TS
. FERFEL RS CHBREZEYRZEBICEATIZ LT, V7 ufRicxT
VT4 — 2RI LN TED, AVHELEWIIBEFEOX T NMLEY & L CHIE R E
BERL, BB RESERRTD 1,

Figure 1-1. Chiral spiro skeltons

Plus>i‘q> QID C\D @j Minus
X A ! A X

(P)-isomer ' (M)-isomer

1997 &, Chan HIZE Y, AV EEREETS (1855 691,66t A(PT =)V EKRT
1 /xR 44 F BT I FOMBEMAREKRLEIGICE N T, BRI ERIE,
BT U FFRREICEZL, ACEEYHSAFERMF L LTI Z LB THRE SR
TW5 2,

Scheme 1-1. Hydrogenation of enamide using chiral spiro ligand A
Spiro ligand A (1 mol%)
[Rh(COD)]BF,4 (1 mol%)

CO.Me Ha (1 atm) CO,Me 7
== V) Ph,PO OPPh,
NHCOMe MeOH:THF (20:1), rt R NHCOMe o
+ Spiro ligand A
up to >99% conv.
up to >99% ee

LEETH, IJERAFHIOLFEEERA U B ROBBICWSL R ER L, BFEER
A ERERTAARFERMFBLIOA T HIEEDOBRFEZIT>o T\ 5 (Figure 1-2) 169,
Figure 1-2. Chiral spiro ligands developed in our group.

H $ RT  ox R?
R A N N
R N N- @M@

i A\
o N Mg o-N N-g
R=H, Me, Et 'Pr R', R?2= Me, Et, Pr, 'Pr
X= N(CFgSOQ)z,
N(CF3(CF3),S0,),
2TFN-
-N
7 TN BU-NG | / Neon-Bu
NN N-y el
BA Bn Hex



¢ spiro bis(isoxazoline) (SPRIX) X, ¥ 7 VAP uEKkE Zh: CREFEMFL L
TEREIND ZEBRDBoTA Y FXY Y VREBRNMEN L T2FHRFAERMNTFTH
%, SPRIX /&, FiE. ZRPTRIMEZETHY . 6T, B EHEME, BRI
BWTHEETH D, PrSPRIX X Pd Hizxt LEASICEEF L, #lxiX. Pr-SPRIX %
BRI T &35 Pd $EkiE. JBUVET VI = A7 3 — L OFRFE Wacker BIBR{LEIGIZEI
T, BWARFMGEETEME %73 (Scheme 1-2) ), BUIKIEZ LI, ARG Pr-BOXAXY |
BINAP®Y | ‘Bu-BOX® TiZ#fTH ¢, BEENL FTHIFX YV Y VENLF P WS
A TREOGTEITT 52500, ZEIKTENYEE5 %25 (Scheme 1-3), T AF=A7T
Wa— A BEEE LEHACE. AEY T ABRCRIEBEIT LT, TERDLE LTS
7oL EMEBE—DUT AT VA TR T FAEBRNICE XD (Scheme 1-4),
Scheme 1-2. Asymmetric Wacker-type cyclization using SPRIX ligand

Pd(OCOCF3), (15 mol%)
(M, S,S)-Pr-SPRIX (18 mol%)

)Hn p-benzoquinone (4 eq) Me : ipr M
e ‘
Ho CH.Cly, rt Prg-N N-g ~Pr

OH

70%, 70% ee (M.S,S)-’Pr-SPRlx

Scheme 1-3. Asymmetric Wacker-type cyclization using chiral ligands

Pd(OCOCF3),, Ligand
p-benzoquinone

\ Me
OH
PPh, 7><( o
PPh
2 S/ \) /[ >—
By By tgy” N
(S,S)-'Pr-BOXAX (R)-BINAP (S,S)-'Bu-BOX
0% 0% frace 58%, racemic

Scheme 1-4. Pd-catalyzed asymmetric tandem cyclization using SPRIX ligand

PAd(OCOCF3;), (20 mol%)
(M,S,S)-Pr-SPRIX (24 mol%)

g%( p-benzoquinone (4 eq)
HO OBz CH,Cl:MeOH (1:1),0°C

95% ee



HEEVEA o B2 H T D850 X ORI F OB L OWF%EiL Chan, x O
B TN —Th b B|E IR TS (Figure 1-3) V- 3.8,9, SF4E. Zhou Hiz k¥
WAMICHR S, Bl2iE, op-FREMIAVR CBOREAZLICBOT, BE, Hxr
CFARRENCERD BB OND T L EBE LTS (Scheme 1-5) 8,

Figure 1-3. Chiral ligands and catalysts

Chan 1997 Hashimoto 1999 Sad 1999 Tanaka 2007 Zhou 2002

PR ©
/ S=Non : Doer, I

/ . >N [ PPh, .,

NOH e . ;
Pth !

Dupont 2002 Keay 2003 Zhou 2003

o/ \QH
2,4,6-(Pr)3CeH,

-naphthyl

Zhou 20086 " Kita 2008 List 2010 Lin 2010

Scheme 1-5. Asymmetric hydrogenation of a,p-unsaturated carboxylic acids

Ru[(OAc),L] (0.25 mol%)
= O P(3,5-Me,CgHs),

CO,H CO.H
R 2 R )
/Y MeOH, H, (6 atm), rt /T
R=Me 94%, 98%ee
Et 94%, 96%ee
' : M
Pr 82%,94%ee Q.O P(3,5-Me,CgHa),
Bu 92%, 96%ee

Bu 88%, 97%ee




W, ¥FTNVRACERIIBRAEI VR 92 U VER % LT HGs o
AEEKE LTOIGHEAbE#E S5 (Scheme 1-6, 1-7),

Scheme 1-6. Reaction using iodine reagent bearing spiro skeleton

OH OH 6 P
O O 0 (0.55 eq) o)
CHCls, -50 °C, 2h O‘ ’
Bn Bn
(+)-product

86%, 86% ee

Scheme 1-7. Reaction using phosphoric acid bearing spiro skeleton

2,4,6-(Pr);CgH,
OEt OEt
R2 (1 moi%) o] R2
EtO ; o ge’ + EtO ]
)\ |§ CH,Cl,, MS 4A, 20 °C R o@
1=

R=H 98:2 er, 8:1 dr 98:2 er
R“ = trans-cinnamyl
R'=Bn, R?=Ph 99:1 er, 18:1 dr 97.52.5er

0 O o I
% (10 mol%) HN'S
@]
/O) toluene, -60 °C O < O
N

92%, >99% ee
Plbn XS5z, BEREEREZETIHRFEEA 2 {LEDIE, REARIZBWTEWEA

HAEEZRTZEBHLNIRY DOHD $%ﬁ%A&kkH5%7wﬁkbfi¢iT
HEBEEDTNWS,




BT M EAERA S TR R Y 2 AR R B

BR—EERER S FAET, @BAREE LT A—0FRICBRB L EERM 2D,
fRER 2B T 5 FLaMTH 5,

1970 ERIZRKRDOT I /BD1OTHD (9-7u Y 3, FFHATAF—ARE (=
EY Y VRALEIIT R T, B EERARS TR S U CENICEK Z 2B THRY
ENTW5 (Scheme 1-8) 10ab),

Scheme 1-8. First reported reaction promoted by (S)-proline as organocatalyst

aad

R2 D (5 mol%)
\)J\/jf(} o J:%

=H, RZ2=Me,n=1 7% 84%ee
=H R2=Me, n=2 83%, 71%ee

%@1&\ 30 FEDOIRIRBIRK 28T, 2000 iz, List . Barbas Hi2 k9, (-7l
VERWBAGFEIT N F—ARGHEREINTVWS (Scheme 1-9) 10e0,

Scheme 1-9. Intermolecular aldol reaction using (S)-proline

/=0
+

Et LiPr K;)\.iPr
Et
82%, 24:1 dr.
99% ee
ARIGEEIINA RAERTHAIE Y DU 7 b BaF I o pEELZER L.
TVVART v RBRTHIINR VBBEMAT LT e REFEMET 5 2 L2k v KIS HET
L. BHRICIKGEESTAZETCTA R—AMEOEREEOBEANE - AL EZ DN
TV % (Scheme 1-10) 10¢ "9,

Scheme 1-10. Reaction mechanism of aldol reaction catalyzed by (S)-proline

D—‘(‘_mi ‘________O“'QOH

Oy
o
A v o 7o N O o an Oy
/U\/LR H.O
\ 4
o
0. H |+ .
D‘(OH RCHO |q N4J$5 R o\ﬂ“\'@ on
/& © R

re-facial attack



Ta ol oic, RRWHROFEERS PR L LI ra b T Aabas FHEEN
2754, 1980 FERIZ, RARBL v aFTaliaf FREFERFI—NEBRF b D
MMEBCBONT, A2 FMEL L THADTH ZLBMNDTRVWEIRLTWS
(Scheme 1-11), ARG T, FX 7V PUEpL & FA— N ERPREEZFRL, & Fe¥
VERT PoEBEHET O LRI VRIEHBEITTA D EE L LN TS (Figure 1-4)

11a,b) o

Scheme 1-11. First reported reaction promoted by cinchona alkaloid as a bifunctinal organocatalyst

O

O cinchona alkaloid
{1 mol%) /@\ .
PhSH + :
g
Ph ‘ '
44-67% ee | quinine R=OMe quinidine

cinchonidine R=H cinchonine

(R)-product (S)-product

Figure 1-4. Transition state of the addition reaction
N* 7
I H H
oH
H\ I/ j
£

L LR n, ZhoDOMBIIREADEFINRL LTHWARD, FHA ICBRAR
b5, WMEGENPAFETRE, o, EMPES ZEEEMEOBRESEETNS,

1998 4, Jacobsen HIZL Y, F—AFRICTFA VLT EHALL Schiff HELHT L8
— W EAE D TR, Strecker SUSIZBWT a7 2/ = MU AR F o FRIRH
K525 ZEBBEINTVS (Scheme 1-12) 122D

Scheme 1-12. First reported reaction using thiourea-Schiff base as a bifunctional organocatalyst

H 'B_u JS\ .
B NN N=
1) o H H (2 mol%)

HO 0

\
Bu

-
I\f/\/ toluene, -78 °C )?\
I + HCN FiC N

2) (CF4C0,),0

P CN
78%, 91% ee



2003 . MALIZEVFF T LTEMNE T I AL 28T 58— HETIA ) Tl
75, Michael FSICBWTEH= T FARRNICERDEZ 525 Z L BBEINLTWS
(Scheme 1-13) 120,

Scheme 1-13. Michael reaction using thiourea-amine catalyst as bifunctional organocatalyst

CFs
Q it O (10 mol%)
(o]
0 0 FaC N B N 0 0

RTXNO2  + EtOMOEt EtO OEt
toluene, rt NO,
R = 2,6-(OMe),CeH3 R

87%, 93% ee
2004 . FH, KLHIZLY ., ZRENMSLIC BINOL 2 X5 ERICHAVWS U BT
AT VEERHBER S, Mannich RIGIKBWTER 2 E T FAHRBRMICEZD Z
LHBBME SN TG Babd, KESETIXV VEFLEOE FaX o EBnlS IV OEREF LIC
KREFHELTEMELTH 2L T, RIESETT2bDEEL LTS (Scheme 1-14),
Scheme 1-14. Mannich reaction promoted by BINOL-derived phosphoric acid

(Terada)
Boc BooNH 0
N’ -
P& ¥ Ar/j/iu\
Ar” H o
up to 98% ee
{10 mol%)
(Akiyama)
R
-R NH O
N .
Py + Ph/\;)\OEt
Ph™ H Me toluene, -78 °C Me
R= 2-OHC6H4 100%,
74% de
96% ee

2005 fEiZ, HBFFEEETH BINOL ZARFFHICHV DR —EER G D AL OB
B LTS, 3L EREITR~ 5,



BUE B EAREFEARS T A V5 aza-Morita-Baylis-Hillman )it

Morita-Baylis-Hillman (MBH) KiK. 7 2 VHBWEIHRR T 4 o oA R
ERMELTD, TATERE o BREFMANR=NMEAY L ORB—REBERIGETH D,
148)

1968 . ZHALICLIVEZRKRR T 4 THD M VT unF I NNRRAT ¢ &l e
THTVTFE RETAY L EDBARIGHRNZEH 149 1972 452 Baylis & Hillman
BIZKVBE=MT I Ths DABCO Zfift LT 257 ATt FNia, p-Fafih LR =v
{t&% & OFATIEREBE XN T % (Scheme 1-15) 149,

Scheme 1-15. MBH reaction using tricyclohexyiphosphine or DABCO

{Morita)

P (6.3moi%)
y . O on

1
1 ‘g2 ) \ﬂ/LRz
dioxane, 120-130°C, 2 h

1 — 2~
R'=CN, R®=Me, up to 90%
CO,Me Et, Ph

(Baylis, Hillman)

Q
INT
0 o DABCO (4.2 mol%) 0 OH
|
EtOZCH * N 10155 °C EtO,C

82%

MBH G, — RIS RBICRFMAZE T2 W IREEFOLOD, RI3H%
WENLTEY . ERLEREZATOIEARERPREEEEZARIGE LTHEZED T
W3,

Aza-MBH K&ix, 7ATE FORDOVIZA IV EEEE LTHWARIETHY ., 1984
£, Perlmutter Hi2L Y, DABCO #it L 45, A I &7 7 U NMBTFLLORER

IEDRNZE TV D (Scheme 1-16) 149,
Scheme 1-16. First reported aza-MBH reaction using DABCO

ol

NTs DABCO (10 mol%) O NHTs
+
=
Etoﬁ [ FR  cHop 8o 17n  E© R
R = p-Me, p-OMe, up to 80%
m-NO,



Aza-MBH SO ESIGEREIL., T THRDICAR T4 vHBWNIT I 0ot A
AFENR =T ) 2 Michael M3 52 ¢ Cx /)5 — ik E 525, FOx ) 5—
Rtk A I~ Mannich S, i VA RAEEMPBED retro-Michael S &#Rh

U THRHIMED R T % & 3EICMiER AT % (Scheme 1-17),
Scheme 1-17. Proposed mechanism of aza-MBH reaction

9 N N"\R" aza-MBH Reaction Q NHR
R/LK" R' R * R'
o B-Unsaturated ~ Imine Allylic Amine
Carbony!
Compound
Michael |~ LB = ™| Retro-Michael
Reaction "~ Reaction
Lewis Base (B-Elimination)
LB* NER"
, Mannich Reaction -
i\/‘ R LB, NR"
0"R R
Enolate d0” R

1999 iz, ML KY, TV ATy FRRE LTV =/ — ke Fux v EEHF TS
B-isocupreidine (B-ICD) 23 FARIRE MBH RISICBWTHENCEL = L B3HE
EHhTVW5 (Scheme 1-18) 152,

Scheme 1-18. First reported MBH reaction promoted by p-ICD as a bifunctinal organocatalyst

B-isocupreidine (B-ICD)
)\j} 0 /iFa (10 mol%) )\/?\*{")j\ )C\Fe.
+ >~
(Lk O CFs DMF, -65°C 0
51%, 99% ee

B-ICD 1%, #D#% Shi & 18 | Adolfson & 159 fHLD 18D (2 kb ZRENMSIIZ,
aza-MBH FUSIZBWTHOADITHA Z EBRHENTWS (Scheme 1-19),

10



Scheme 1-19. Aza-MBH reaction promoted by p-ICD

(Shi) 0 ‘
/lA N

Na
o TS'NH O
NTs o B-ICD (10 mol%) >
1H + R2 R1 R2
R | MeOH/DMF or CH,Cl,
R' = p-OMeCgHs, R% = Me 64%, 99% ee
R' = m-FCgH,, R2 = OMe 87%, 83% ee
(Adolfson)
8-1CD (10 mol%) Ts
Q TNH 0 Ti(O'Pr)4 (2 mol%) ‘NH O
0] + SNiH, + 0 A
W WU\ OMe  thF Ms4At OMe
95%, 74%ee
(Hatakeyama)

Ph P

O
O H\I,Pth . (0] j;fa B-ICD (10 mol%) O NH O CF5
O fk 0" CFs DMF, -55 °C 0 OJ\CFs

79%, 72% ee

2005 2, Shi biIZX Y, EF T FAERDOE—FFRIZHART 4 V8L 7=/ — L
e Fex B2 BT 5880 FMELZRN22L T, A=) O aza-MBH K&
Kﬁ‘/‘T%lfyfﬁigﬁ%ﬂﬁ‘ﬂﬂﬁﬁi)%%53’1/(73 TERHREINTWE, T/ —EE
FaXvBEEAFAVETHRETIL, NRBLRF U FABIREPZELLIETTS 2L
o, TV RAT Y FBEB L O A REERMIC L 5 EE OB AMES LR EETHD Z
ENBEZ HD (Scheme 1-20) 19,
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Scheme 1-20. Aza-MBH reaction promoted by phosphino-BINOL

OH
™
0 Ts.
NTs phosphino-BINOL 1 (10 mol%) NH O
L
R H + ,/U\ R2 R R2
l THF or CH,Cl,
R?=Me 26-94%, 61-94% ee
R2=0Ph 60-97%, 52-77% ee
l O OMe
o

0
. J/U\ phosphino-BINOL 2 (10 mol%) NH O
D/U\H I THF M
Cl o
13%, 20% ee

OH
o™
O Ts.
. s phosphino-BINOL 3 (10 mol%) NH O
1
RTH i THF R’
n=1,2

n

66-93%, 14-64% ee

12



2008 £, Zhu 2LV, aza-MBH KGICBWT, B —EERIAH S Al 4 FET.
WAL LTIV RT y FBECHD 277 b—NAEMABZ &LV, BBEA Ik
® aza-MBH RSN BWTHIMEBRE = FHBRWICBON D Z BN THRES R
T3 (Scheme 1-21) 17,

Scheme 1-21. Aza-MBH reaction with aliphatic N-sulfinyl imine using organocatalyst

0
N
N__ N
0]
Ir_\l{/lK/NHBoc
Catalyst 4 (10 mol%)
0 NR® 2-Naphthol (10 mol%) O NHR®
+ |
R’OH ‘g2 CHCly, 0°C R‘OJ\K\Rz
R? = aliphatic
R' = 2-naphthyl R®= SO,PMP up to 90% ee

$70, B-HERNEROFHEEET T 277 b—AbBWVELEEREMZ S Z 21
£V, azaMBH fIMEORBRB L RS v FARBREBM ETE VI BE LD B
(Scheme 1-22) 18, KRG TiE, BEMZAZ LICXY, BEERETHS, 7o bBEIN
IS, ZOME, RISIESREBRLAZEEZ NS (Figure 1-5),

Scheme 1-22. Aza-MBH reaction using organocatalyst in the presence of acidic additives

(Zhu)

R2
Catalyst 5 {10 mol%) ]
2-Naphthol (x mol%) o NHR

)ﬁ n CH,Cl, (0.3 M), -30 °C, Time /kﬂ)*\@\

2.0eq x =0, 3 days 71%, 39% ee (S)
R'=SO,PMP x = 10, 2 days 99%, 89% ee (R)

13



(continued)

(Liu)
CO
OO II;{th

NT Catalyst 6 (10 mol%)
0 h s Benzoic acid (x mol%) § \HTs
+ *
N, e T
Br i, 3 h | Br
10%, rac

20eq x=0
x =50 >95%, 92% ee (R)

Figure 1-5. Proposed transition state for the proton transfer in aza-MBH reaction

(Zhu) (Liu)
| ~N

R' = SO,PMP, R? = p-MeCgH,
R3 = 9-anthracenyl, Ar = 2-naphthyl R = p-BrCgqH,

2005 2, HIFFEETHL, BINOL @ 3 fLiC/A AEEIA 2 A LB —HERE
B TRMEOBRRBICRIIL TS, WA RIEEL L TERRT 4 J B BEA L. 55
WU OAT I VB EEA LA 8 A 2D aza-MBH Kt
AW LE= T o FARREICANMEEE 252 2 RHLTWS, FLEHFT Y5
A4—0 S EEF 7 FNERAROMBTHDICL b LT, B 53O E
IZEWZH L 725 (Scheme 1-23), &L F  FABIRBEORERITIZ, dR 74 27 E%FT
DT, VA RERL TV RAT y FBRIC LA EE OB ROEE(LSEETHY

(Scheme 1-24), YUY INT I ) S EA LT Tix BINOL @ 2D 7 = J—itE
E R BEERUOANT IV EEDKFRSILLD AR A—va L OBRENRELRED

(Scheme 1-25) 19,

14



Scheme 1-23. Aza-MBH reaction between enone and N-tosylimine
0o NTs (S)-7 or (S)-8 (10 moi%) O NHTs

R‘JJ\" L RJ\H/*LRZ

pr — [ R

Oe PPh, OO N \ r\f O LB <—— Lewis Base Unit
OH OH OH” -
CO OH OH~_ Bronsted Acid
O (S)-7 (5)-8 O‘

up to 95% ee (R) up to 95% ee (S)

Scheme 1-24. Aza-MBH reaction catalyzed by organocatalysts bearing phosphino group

(o} NTs organocatalyst (10 mol%)y ¢ NHTs
+ a
| K(j\m solvent, 0 °C
7 N\

Q

X,
= PP
co ™ O e
OH (in THF) OR! (in 'BuOMe)
OH (S)-7 : o-position : 62%, 70% ee OR2 (S)-7¢ : R' = RZ = Me : no reaction
OO (S)-7a : m-position : 93%, 5% ee (S)-7d : Rl = Me, RZ=H: 5%, 63% ee

bl o S0 2
(S)-Tb : p-position : 88%, 1% ee (S)-Te : R = H, R2 = Me : 95%, 61% ee

Scheme 1-25. Aza-MBH reaction catalyzed by organocatalysts bearing pyridyl amino group
NTs O NHTs

organocatalyst (10 mol%)
)‘\I K@ solvent, temp.
COCES O
OH N

oH (in CH.Cl, at rt) 2 (m toluene:CPME(1:9) at -15 °C)
OO (S)-8a: 2-position : no activity (S)-9d : R' = Me, R2= H : 85%, 79% ee
iS 9b: 3-position : 41%, 73% ee (S)-9e : R = H, R2 = Me : 5%, 24% ee
S)-9¢: 4-position : no actmty



Fho, 44 IF—NEfLEANA RBEREETOMBECII=raT sl Moo R
& ® aza-MBH UGBV CHREDO=F U FARRMEZEX D Z L2 RHB LTV,
gD ER % (9-BINOL 75 (9-Hs"BINOL (235 L850 B Mk srikBi @ R
RBZEBHELNTR-TVD (Scheme 1-26) 20,

Scheme 1-26. Aza-MBH reaction between nitroalkene and N-tosylimine

NHTs
NTs (M0 or (SH1 (10 mol%)

1, -G ~ oM

up to 57% es (-) up to 57% ee (+)

WEETIL, aza-MBH KIG#@EFGE LEAREFI /2R L. 2R ERE2AE T
% 1,3 BB A VAL RI UHBWNIT RS Frt Y Pridgot o FARRCED

ZEITRZL TS (Scheme 1-27, 1-28) 20,
Scheme 1-27. Aza-MBH domino reaction using bifunctional organocatalyst

C,
PPh,
NTs O‘ \/E
0 RS phosphino-BINOL 1 (10 mol%) ~. ©
1 + ! 2 0
R H Z CHCl;, 10°C, 72 h R @:NTS

I 4
COMe ~CO,Me
up to 93% ee

Scheme 1-28. Aza-MBH/aza-Mlchael/aldol/dehydration reaction using bifunctional organocatalyst
Pr =

UL

sen
CHO
oHC NTs (S)-8 (10 mol%) Yﬁ’

\” + R_.'__\ t X N
' (CHCly),, MS 3A, R Ts
0-25°C, 24-48 h

up to 88% ee
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BLE MFEEACoEREET IR -EERAEES A
B MFEEACnEEEE T OB —EERAES T O SR

HEEERAC e EREZETIEBEMN FIT, YUMEZECHREINEHLEDESL &K
EXNTWVWAHOD, BTl L L CoRABIIRZICARL, FTHT LUV ATy
R L VA REEZF—SFRICE T 58— HERE S T~ AR,

Figure 2-1. Bifunctional organocatalyst bearing spiro skeleton

Spiro Skeleton (Asymmetric Environment)

O O - Phenolic Hydroxy Group (Br¢nsted Acid)
HO PPh,

(S)-12

NFEFEEA O FEEETAMEPAERISIZBOTRWEEEZ TR L TnDZ L &,
TVVART v RBRENA ABEZFH T AMESHVMEEEEZ R L TVWAZ L 2ERICE
Hix, ACuBREXINVRL T AR EETRAREGHS TAE (9-12 ZRFL. 7L
AT v FBENL & VA REEL & ZRFEEA 0 ERICEET 2 Z LICXDEWVILE
BREOREB 2B/ L7 (Figure 2-1)

Y TFME (912 OXTAJE 2D (9 LI AR YA VY F V- IT- P4 —
((9-SPINOL) (9-1822 {Z m 7 =AT7 N5t FHLARTE S (Scheme 2-1),
Scheme 2-1. Preparation of optically pure SPINOLs

Q 0
' o NaOH Raney Ni, Hy
' J L]
Ethanol/ Acetone, rt
OMe OMe
15

Diphenylphosphino Group (Lewis Base)

OMe Water, rt
Bry Br 0 Br
Pyridine E O Polyphosphoric Acid Br O. .O Br
CHyCly, L MeO OM
- 0 e
10°C OMe . OMe 57%) 17

(ca. 95%)

1) n-BuLi, THF, - 78°C .. BBr; ..
2) EtOH, rt O O CH,Cl, O O

MeO OMe -78°Ctort HO OH
93% 18
(93%) (85%) Rac-13
Rac-1,1'-Spirobiindane-7,7'-diol
Rac-SPINOL

17



(continued)

(1R)-menthyl chloroformate

EisN, cat. DMAP
Rac-13
CH,Cl, 1t O O O o* O O O o

19a 19b

(43%) (47%)

N2H4 5 Hzo \ é N2H4 e/ Hzo "a
- R e o8¢

THF, reflux o W ; THF, reflux Vo s
' 9
(91%) (513 E L (R-13
(S)-1,1'-Spirobiindane-7,7'-diol | (R)-1,1'-Spirobiindane-7,7'-diol

(S)-SPINOL | (R)-SPINOL

L2 L, BEFDOFIETIE, Rfafnr b 14 ORFERSB L O s Fo 15 07 o
FBALRISITOWTHBMEMED o 7 Ted, BlDFiEZ ket Lz,

Raney Ni OV iz PA/C EFET TREATY F 14 OARIRIEE{TomE 2
A, Tha—n 18 BREIEKRT SO0, fafns v 15 BB bhiz, 7TAa—Lu 15 X
Swern B{LIZ LV RFRINET 15 CEBRTE =, fafnr b 16 07 uEbKiE Tik
Br: oV iZ NBS A 29, EEMIZS b2 16 ~ L #E /= (Scheme 2-2),

Scheme 2-2. Hydrogenation of 13 and bromination of 14 using alternative methods
o 10% Pd/C (3 mg/mmol),
s H, (baloon)
O O Acetone (0.17 M),
OMe OMe ,4h ,
14 15

(52%) (25%)
T Swern Oxidation @

(87%)

a) 1) (COCI), (1.5 eq), DMSO (3.0 eq), Et3N (6.0 eq), CH,Cl, (0.27 M), -78°C, 1 h; 2) 0°C,0.5h
NBS (2.0 eq)
1N HCl aq. (1 mol/o)
,/\/u\/\’ Acetone (0 5 M) ‘/\)\/\‘
(quant)
(9-18 ZEEAMLEMTHD (9-20 80 IZE N, 3 M AERMET b U v KB THA

GRETAHZET, T EZBRELT (21 ¢ L, HEWVWTRIZ0udSUicEinERRT 4
vAFY FENMNEZETTAZLICEY (912 27 (Scheme 2-3),

Scheme 2-3. Synthesis of organocatalyst (S)-12
HSICl5 (15 eq)

s g 3M NaOH a ;
g: O : O (4.5 eq) . 'ProNEt (40 eq) ‘ O
1,4-dioxane/ Toluene (0.06 M)
HO OH TfO P(O)Ph, (Z,Ng%lg M) HO POPh;  qgpoc, 48h HO PPh,
(S)-13 (S)-20 ‘1,24 h ()-21 72%) (-12
(S)-SPINOL (quant)

18



B XAEEHEHEAVYOEREATOIB-BHEERNEFESFMEOD
aza-Morita-Baylis-Hillman (aza-MBH) FG~®DIGH 249

B CAR LAl FiE 12 2 p7uu_U X b I 222 LAFLE =L
R e ® aza-MBH BUGICER L, ARSEOENZFHME L7,

BaHIZ, racl2 @ 10 mol% FET. EE CHRESRLZBI LIEER, =T VRHE
ThH5H THF BLORVZFANT—T )V, FFBEBETHD Pz Tk 3 BHETHRIGH
1T AEEIT Lo =Dizxt L (Table 2-1, entries 1-3), "2 F U RBETHLH Y7 1
0 R FUEEEICAWEZE ZA, SRS EIT L, 24 FFRITINE 27% Tk 23a 25
B ohic (entry 49, '

Table 2-1. Application to aza-MBH reaction
between methylvinyl ketone and imine 22a using rac-12

i NTs HO PPh, O NHTs
/u\” ¥ K@\ rac-12 (10 mol%)
3.0eq 58 Cl Solvent (0.2 M), rt, Time - Cl
Entry Solvent Time (d) Yield (%)
1 THF 3 2
2 Et,0 3 trace
3 Toluene 3 18
4 CH,Cl, 1 o7

N TRTEME el — S AR Ay Tl (9-12 2 AV FUNMEE DR E2ITolc e Z
%, 0 °C. 4 HREITHIME 23a DSLE 49%., 81% ee TFHM iz (Table 2-2, entry 1),
KISHITA 2 22a OIASBMER SN, TvF¥F=27—3—7X 3 A Zi{FML
el A, A IvOMKGEAIZ DL, INEAKIEZH L L (entry 2), -10 CTTIT-
e A ALFENERII TR D DD, 91%ee TEFRMMBE LN (entry 5), BiEE 7 un
BNBIEZEL A, = F U FABRENDTCER L, [WELHELE (entry 49,
-15 CIZ TR L = F v FABRMEEIFIC LR L b0 (LFNRITET Lz (entry 7),

19



Table 2-2. Screening of reaction conditions for aza-MBH reaction using (S)-12

HO PPh,

o NTs O NHTs
! (S)-12 (10 mol%)
)
Solvent (0.2 M), Temp.,
3.0 eq cl MS 3A, 4d Cl
22a (S)-23a
Entry Solvent Temp. (°C) MS 3A Yield (%) Ee (%)
1 CH.Cl, 0 - 49 81
2 CH2C|2 0 + 21 87
3 CH2CI2 -5 + 82 20
4 CHClg -5 + 89 91
5 CH.Cl, -10 + 75 91
6 CHCl, -10 + 86 92
7 CHCI; -15 + 70 93

Wiz, BHS T (9-12 FET. BNMFEL LT 22F7 h—1A, HB W TEREERSY
MMz, aza-MBH ftMEDONER X Rz F o FARBREOH ERR ORI NBS L
(Table 2-3), ZDFER, 2-F77 h—AZAVWEEE T, (LHINE, =F  F4BIRM,

IIET L (entry 2), ZEBFBTIIRIGHITE A EHEIT LD o7 (entry 3), :h&iﬁiﬂﬂﬁu\

|

LD, il (9-12 DA REEBI T L 27 v FBEEAMIC & 5 28 08 Em L
BHEXINEZbBDEEZXBNS,

Table 2-3. Application to aza-MBH reaction in the presence of acidic additive

HO PPhy
o (S)-12 (10 mol%)
e Additive (10 mol%) Tl
)H * ®
| - CHCI3 (0.2 M), -10 °C, -
MS 3A,4d
e 22a (S)-23a
OH
Entry Addtive Yield (%) Ee (%)
1 None 86 92 2-Naphthol
2 2-Naphthol 78 89 ©/COOH
S Benzoic acid trace
Benzoic acid

20



RIZ aza-MBH IGTDA XV 22a ORIGREZFE (0.1 - 1.0 M) 25 L7 (Table
2-4), TOFKR. 0.2 M THBEHRWERZEX LI LD, ZOREZREREL L:
(entry 2),

ERESMG (0.1 M) TEEEREPDTLICAET SO0, (LRNKRCE L TEIEE
REZR LN -T2,

Table 2-4. Screening of reaction concentration for aza-MBH reaction using (S)-12

HO PPh,

0 NTs : O NHT
/H . (S)-12 (10 mol%) °
| cl CHCl3 (x M), -10 °C, /U\H)(S)\Q\
3.0 eq MS 3A, 4 d Cl
22a (S)-23a
Entry Concentration (M) Yield (%) Ee (%)
1 0.1 76 94
2 0.2 86 92
3 0.5 78 90
4 1.0 75 90

2) |mine 22a was remained

WBRETICRITS, BADA IV 22 LAFNVE=LT b D aza-MBH RiG&EHK
FLiclZ A, BFREIMOBREZFTIAIVTIE o, or, pOWVTRIZEBWTY
mINE, mx) U FARREC BOMNE (9-28 &bz (Table 2-5), £HE & LT
p=baRUX R INAI 2 L=FAE =N R LEBERWEEZA, 98% ee TH
BOMMERE LN (entry 16), —FH, RUX A I 221 . HBWIE 2-F7F 0
hovA 2 22m @ aza-MBH KIS TiE=F U FARIREIIE S OO0, ILRTPRRE
I FE o7 (entries 12and 14), 1 2> 221 . H Bk 22m (T OWTidfililE (B)-12 %
20 mol% AV 3 Z & TUNEHL M _E L7 (entries 13 and 15),

21



Table 2-5. Substrate scope of aza-MBH reaction using (S)-12

’ 1JO|\" '\Q':; (S)-12 (10 mol%) » 1 TZTZS
CHCI3 (0.2 M), -10 °C,
3.0eq 22 MS 3A, Time (S)-23
Entry R R2 Time (d)  Yield (%) Ee (%)
1 Me 22a: 4-Cl-CgH, 4 86 92
2 Me 22b : 3-CI-CgH, 9 86 93
3 Me 22¢ : 2-Cl-CgH, 8 72 95
4 Me 22d : 4-Br-CgH4 9 83 94
5 Me 22e : 4-F-CgH, 6 79 87
6 Me 22f : 4-NO,-CgHy 5 97 96
7 Me 229 :3-NOx-CgHy 4.5 94 94
8 Me 22h : 2-NO,-CgHj4 6 91 93
9 Me 22i : 4-CN-CgH, 5 99 90
10 Me 22j : 3-CN-CgH,4 4 97 93
11 Me 22k : 2-CN-CgH, 4 92 97
129 Me 22l : Ph 9 58 92
139 Me 221:Ph 8 95 88
142 Me 22m : 2-naphthyl 11 54 93
15P) Me 22m : 2-naphthyl 9 94 85
16 Et 22f ;: 4-NO,-CgHy 7 73 98

2) |mine 22 was remained

22

b) 20 mol% of (R)-12 was used



#E=fi aza-MBH KJSIZ DWW TDRIGHEREDELE

BT FAEEE AT A ELOMEE AN L EOBRLEB L DS, AR
FET MBS T 2 CERFMZET 500, 1ELALOHAICBNT, LY
%waV%iERﬁTE%@$&7%525:kﬁbﬂokwmmh290

Table 2-6. aza-MBH reaction using (S)-12 or phosphino-BINOL 1
(0] |\llTs Organocatalyst (10 mol%) O NHTs

1 2
R1J] R? Time R +R

a. o,
. PPh,
A OH
HO PPh, OO

+

(S)H12 Phosphino-BINOL 1
- 2 - (S)-12 Phosphino-BINOL 1
Time (d)  Yield (Ee) (%); Time(d) Yield (Ee) (%)
1 Me 4-Cl-CgH,4 4 86(92) 1 72(94)
2 Me 3-Cl-CgH4 9 86(93) 0.8 88(88)
3 Me 2-Cl-CgHa4 8 72(95) 1 85(61)
4 Me 4-Br-CgHy 9 83(94) 0.8 85(83)
5 Me 4-F-CgH, 6 79(87) 0.8 84(81)
6 Me 4-NO,-CgH, 5 97(96) 0.5 60(94)
7 Me 3-NO,-CgHy4 45 94(94) 0.5 54(90)
8 Me 2-NO,-CgH,4 6 91(93) 1 88(84)
9 Me Ph 82 95(88) 2 15 83(83)
10 Et 4-NO»-CgH,4 7 73(98) 4 85(88)

2) 20 mol% of (R)-12 was used

AV B ERT ML 7 FAERREE T OMBICHA, T APLE R DENL
B 2 DORPERTIMEZBEEZE L, TV AT v FRRE VA AFEMAS L Y B
TEEENTWD, TOMER, ROGEEAES B AN ARESZHRICEE S D
Kl SR TETCREAZELLLEZOND,
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AREOGD A 71 =X 20% phosphino-BINOL 1 #FV -4 160 L[@fE,. FomOAb=X
LATETLTWEHDLEZ 55 (Scheme 2-4), HHS Flfl (9-12 DT LV 2T o
FEEEMLTHD 7 =/ — e RuXvER o REMILREUDO IR =L E
ZIEMET D LIRIT R R T 0 VERALS, o, B -RERFI A LR = AL-EIZ Michael 0L .
FINIex ) T— MPBEEERT D, FEO T, A 2 ~D Mannich KRG ZEHE Lz
#. retro-Michael ffINZ LV | FHIMEDER L HEOEANE - 2bDEEZ BNA,

Scheme 2-4. Proposed mechanism for aza-MBH reaction using (S)-12

0O NR" O NHR"
"0 TR A w
o,B-Unsaturated Imine Allylic Amine

Carbonyl Compound

i

Vichael - PPh, Lewis Base Retro-Michael
ichae g R Reaction

2 H Bronsted Acid sl
Reaction | 0\/4) (B-Elimination)

proton transfer
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EE, (912 2AF AL E= LS VN VUFETT 8P NMR 28 ET 5 &,
phosphino-BINOL 1 (-13.2 ppm — +25.3 ppm) % f\7z5H& 160 LRIER 3P OB — 7 M
BRG] (-22.83 ppm — +29.3 ppm) ICBENTHZ LBBEBISN, ZDZLhb, =/
F— MPREEBER L THA b0 EEXBNS (Figure 2-3), 7z, (912 ZAVWEEE
TiX phosphine-BINOL 1 DFAIZHA, =/ F— MEE NMR THERTH7HDITATF IV
s b2 L 0BRRICKEL LizZ b, AV ERZHE T A Tl Michael
IMDOBRPERFEFITEL . E DIZRDEEPED Mannich IIEER LT retro-Michael &)t
BBV LD, AR TETCRMEMEZELLLOLEXOND, iz, (912 %4 3
VETETFT 9P NMR M LEBATIE 8P O — icZfkidind . =/ 5— ik
DERMERBICA IVEBMLTHE LAV L BBHEILE, —F, (921 ZAFALE
=N NUBEETT 3P NMR ZBIE LEEED 81P O —2 (+32.1 ppm) & HHEL,
+29.3 ppm [IFRT 4 2 ED o,p-REFH VR =) ULEY~D Michael 0L 7 FREIE
EERTEREEZTVS,

Figure 2-3. *'P NMR study for (S)-12, (S)-21 and phosphino-BINOL 1

3P NMR = -22.3 ppm

3P NMR = +29.3 ppm

(With 50 eq of
+PPh, methyl vinyl ketone)

Q
H |
0" Me

3P NMR = +32.1 ppm

(With 50 eq of
P(0)Ph, Mmethyl vinyl ketone)

cf.) Shi et al., J. Am. Chem. Soc. 2005, 127, 3790.
3P NMR = -13.2 ppm

! l PPh, (With 5 eq of
o OH OHTS‘iz methyl vinyl ketone)
H |

Phosphino-BINOL 1 0" "Me

3P NMR = +25.3 ppm
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=¥ iPr-spiro bis(isoxazoline) (iPr-SPRIX) BN F D= F 4&RBE
FRA~O R B

WHHFRE TR I A afifLF Prspiro bis(isoxazoline) (Pr-SPRIX) Bl FiZ
Pd L D&tk LT, Flxid. &AF Wacker BIR{ILKIG, RF Y VT ARERISIZEBWNT,
BEFORMFTIIRLARY, BVWMEER Z R T2 LBRWEIh TN,

iPr-SPRIX B FiI~vu B =F LT Ar=A7aI R 24 2HEEFERE L, 4 B
FEEZRTART L 28 L LK, REERRT N U LAKBREAONTRPTC= NI A
FUF 20 v RAEASE, BENNREEERT 3 20T AT VA~ —
(M*.5* §H-Pr-SPRIX, (M*R* R%-Pr-SPRIX. (M*S5* R%-Pr-SPRIX DiEE#HL LTH
53 (Scheme 3-1) %), F T, (M*.8*SH-Pr-SPRIX OANBEWENIEEZ RLTEY .,
MM B LRI INERI LI u~ b T 7 4 — L L DRFEDEELEL T
Hicd, ROREBEOHWSIPLEEN D,

Scheme 3-1 Preparation of 'Pr-spiro bis(isoxazoline) ligand ('Pr-SPRIX)

Br iPr. Pr
NaH 24 = =\
EtO\n/\n,OEt ipy iPr
O 0O DMSO 0°Ctort EtO OEt
o O

0°Ctort (93%)
ipr iPr Swern iPr, /Pr
LIAIH — — Oxidation )= —4
4 ipy Pr — ip ipr
THF, rt { i
(91%) HO OH o O
26 27
Jpr, Pr iPr. Pr
NH,OH - HC! ol =\p, 5% NaClOaq ipwpr
gzgdtinf:t N. 1\5 CH,Cl,, NE Y
(+] . o o
O°Ctort
(90%) How o i 29 |

—— 'P + I-’Pr + 'PrH I-’Pr
iPr O’N N 'Pr 'Pr —N N‘O Pr Pr O'N N‘O Pr

(M*5%S%Pr-SPRIX  (M*R*R%-Pr-SPRIX  (M*S*R*)-Pr-SPRIX
(31%) (7%) (22%)

ZZTHEL D RFEERY VBRERAWAIAESK, 2 HEEHEBR T vRER D
AEEH. 3 HFEET IVERAVDIAFER, © 3 DOHEERITHZLICLL,
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B8 FEESY VBRIV 3 SPRIX ORFEHR

Pihko HiX, YUY Tz d NAFAT =Y LV AERTAT= ) = AE4 A
W, o, B-FRERTATE REF RETFLADOLA VFXRH VY UBEBLNSE T L 2HRE
LT3 (Scheme 3-2) 25,

Scheme 3-2 Synthesis of isoxazoline in the presence of diphenylphosphate and N-methylaniline

PhNHMe (20 mol%)

o NOH  (PhO)}P(O)OH (20 mol%) [o)‘ o
I+ | R +
Y
RN T e toluene (0.2 M) Bt Et
(1.2 eq) 0°C,6h (up to 86%)

UV@V7;:w®ﬁbbK\HT7?»%%&5“MZHD%%%%?%%#%&U
VR 30 HBuNME 81 2RV, (MS.9-Pr-SPRIX O FARINERRICEA LT

(Figure 3-1),
Figure 3-1 Chiral phosphoric acids bearing binaphthyl or spiro skeiton

o oo A

o
OO Ho ™o
30 31
BATATATE RBREETH B0, VA —/ 26 b Swern BfbEHWCT AT
B R 27 ~ERL, HEERNT LR, RIEORFEITo, LLans, gL
45 Pr-SPRIX B Fi3e2<E o T, 32 855N (Scheme 3-3), 7LF kL FE&7=
VU AL ORISICE VAR LA ST A Z VR TAr =V _BRES LV b, Tk
LI BIZH DI NR= VL RIS LT, SPRIX OARICIDES RV EL LN
Do

Scheme 3-3 Attempt to Enantioselective synthesis of ‘Pr-SPRIXs in the presence of
chiral phosphoric acid and N-methylaniline

‘ P Swern 'Pr. Pr
Pr " Oxidation — =
ipr iPr Pr Pr
i1
HO o]
26 27
NOH 2eq)
Et’LLEt * _ : _
PhNHMe (20 mol%) 'Pr. Pr
phosphoric acid 30 or 31 (20 mol%) e =\
[27] No/Pr-SPRIXs + FT Pr
toluene (0.2 M), 0°C, 24 h ,
O—N
32
(30, 90%)
(31, 69%)
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B RFENEE I vREAWVS SPRIX ORFAEK

BEFMI UVRITEHRERICB O TRAROLEWERZBEAID 1 >THY, B
BAMDOERICBIGAERTND 2,

BT, ERESEEETFH I vEREAVARERIGE LT, 7= /) —VHEEDRK
R RBE XN TS (Scheme 3-4) 9,27,

Scheme 3-4 Dearomatization of phenol derivatives by hypervalent iodine

(Ishihara)
OH 33 (10 mol%)
mCPBA (1.2-1.5 eq)
[ - Jbo
> COH CHCIs/ CH3NO,, 0 °C
R
up to 90% ee
(Quideau)
(R)-34 (2.0 eq) (5)-34 (10 moi%)
O mCPBA (1.0 eq) OH mCPBA (2.5 eq) ‘ OH
CH2012 CHzC|z
CO,H
83%, 50% ee (6S5) 90%, 29% ee (6R)
OMe OMe
(R)-34 (S)-34

AV FHHS Y L OER~DIGEAIE LT, 3—FRUEBOTEZ—FEHWD 27
UNFH IR AT N REHR T AOGFARRIGAHESNTEY, fIieT 514 /4%
B o EENBTE 25 (Scheme 3-5) 289),

Scheme 3-5 Intramolecular cycloaddition of 2-allyloxybenzaldoxime
X O\/\(R3

O
» Y2 _PhiOAc), (12eq) |

-
R! | CH,ClL,0°%Ctort RV Y R
NNOH N—OQ

up 90% yield

On. O~y R® o
] PhI(OAG), (1.2 €q) 3
><0\.- o | R2 >< R

CH,Cl,, 0°C to rt 0" 0" YR?
N—O

up 76% yield
2009 4. Ciufolini 5. AR MU 7 A4 oEREET T — PV B U7 &Y

Scheme 3-8 Synthesis of isoxazolines in the presence of hypervalent iodine

Phl(OAc), (1.1 eq)
OH TFA (20 mol%)

R2 N-O
j\f - ﬁ » . /u\)—Rz

MeOH (0.3 M), rt

R1

11eq up to 95%
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(M,S,9-Pr-SPRIX Ox=F v FABRIRNER~BETIICHiD . HEEEEE
UH% 83 HHVE 852 A, flEED TFA FET CRGEZTToTEZ A, FhEFhN
5 Rl DU 4 R CRUR DR Lz, (M8.9-Pr-SPRIX DOINFEIZZNEH 50% I3
YU B3% EHFRETHoEHOD, WTFb T IREW TH o7 (Table 3-1, entries 1
and 2), 7 IBAYEEZXZEAL LTI, X000 IRV R,
REBILFIBRISIZEE L TN ERELLND,

WA, MBI b~ 7RV T ABLUREEMEE XA XYY VBN FHEE T TA
IAXH Y rERTTUOFABRNICEZ D ZERBEIRTWS 29, 22 C, F3—F
Ry PTEY— FBIUMERED 3 V<R D A, (§9-Bu-BOX FET TR
21Fol, L LRRS, (MSS-Pr-SPRIX B FONKIMET L, ARWiZo7 & IR
B Th o7z (entry 3), Zid, FT NN AP = MY AAF Y FICEMTH I &k
<, POBRERIS bESNEEREEZ NS,

Table 3-1. Enantioselective Synthesis of ‘Pr-SPRIXs in the presence of Hypervalent lodine

fper, 'Pr oxidant :
o/ g, TFA(20 moi%) ipr Hor + ipr Mpr . 1P,MPI
———————— PN NP BN N Pr

Prg-N N- Pr

i i solvent (0.1 M)
oV Noy t, time (M,S,S)-Pr-SPRIX (M.R,R)-Pr-SPRIX (M,S,R)Pr-SPRIX
28 :
Yield (ee) (%)
entry oxidant solvent time (M,S,8)- (M.R,R)- (M,S.R)-
ol jprgprix  Pr-SPRIX  'Pr-SPRIX
1 33(25eq) CHCl  5h 100 50(0) 22 28
2 35(25eq) CHCl  4h 100 53(0) 23 24
PhI{OAC), (2.2 q)
3 MaL(10mol%) oo 2p 73 37(0) 15 21
(8,5)»-BuBOX
(12 mol%)
|(0Ac)2 o @ I(OAc)z O o o
J\/o WXWJ
N N~
By By
35 {S,S)-'BuBOX
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EBEE OFEMT I U2 HVvS SPRIX ORFAH

HHEEM Y VBB LONNFEHER I v RREAWER TR, BRETEF IR
SPRIX B FREOIRPoTclcd, BlOoFEERNTH Z LI LT,

FiFkiE i, SPRIX OxF U FABRHUERERS, WHEIERBRT N U L0KERF
FETFTyrar7ihad FEFMFE LTHWS H-SPRIX OARAFSRERWELTWH
% (Scheme 3-7) 30, L a=UrhHirW0WiEF=Ur2Hn5¢ (MS9-H-SPRIX %
BEINE 18%, 22%ee TH 2D, ZOZLiZ, = PIAAF U FEREFHTIVED
ABRACIVFREFTEEIND Z L TR LTWS (Scheme 3-8),

Scheme 3-7 Application to enantioselective synthesis of H-SPRIXs in the presence of cinchona alkaloid

- =  5%NaClO ag. 3 eq) AL X _LH HJ X _LH H.J_R_LH
base (3 eq) i )i +- +
_W NN N hLo N N

toluene

HO® "OH 0°Ctort,24h (M,S,S)-H-SPRIX (M,R,R)-H-SPRIX (M,S,R)-H-SPRIX
base
cinchonidine 14%, 18%ee 4% 9%
quinidine 18%, 22%ee 5%, 9%ee 11%, 21%ee
ﬁ? ﬁ?
Ho, 4N HO, _~N

Z I MeQ. 2 |
N N

cinchonidine quinidine

Scheme 3-8 Proposed mechanism for enantioselective synthesis of H-SPRIXs in the presence of cinchona alkaloid

/ZJ
HO,, AN

(M S9-Pr-SPRIX ®xF FARIRMER~BRT ZICHD, %4 28 & b
TG H-SPRIX ICARFFEPRONZyaFTihaa FEEMAE LTHWY,,
5% WHRIEFERST MU U LAKBKEET. BRICTHRH LEESR. H-SPRIX OESLFAL
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vvraz=vriybx=Ure2AVEEaic, LV@EY ee T (MS9-Pr-SPRIX %5
% 7~ (Table 3-2. entries 1 (41%, 1% ee) and 2 (34%, 10% ee)), KIZ, F 1 /T IV % F
T5 G #AHO 18529V 7 z=AxFL Y7 I (1S29-DPEN) 23 & T
IVBORISHEBLUOREFEEZHFE L, LirL, (MS9-Pr-SPRIX OIRE L=
FrFEREOR LR S5NT (37%, 3% ee). BIERM TH D (MS R)-Pr-SPRIX DI
BREATIOHRTHo7 (entry 3),
BT E LTRA SRS, BICD % 20 mol% AW TRIGEIT-1z, DR,

(M 8,9-Pr-SPRIX #UNE 27%, 18% ee THHI (Scheme 3-9), B-ICD # W&
BOTHREBRINDZEERWELE,

Scheme 3-9. Enantioselective synthesis of 'Pr-SPRIXs in the presence of f-iCD

o7

N Y
H
ipr. Pr B-ICD (20 mol%) & & B
= = 5% NaCIO ag. (3 iprH” H io H oH i, Hol ~H
ipr ipr aClO ag. (3 eq) i'IZr }\J l\i iir + igr }\J NI ;r + 'gr 'N h} 'gr
o ~ 4 r - - r r . N r
N toluene (0.05 M) o™ ™o 0 0 oN Mo

HO -OH -10°C., 24 h (M,S,8)-'Pr-SPRIX (M,R,R)-Pr-SPRIX (M,S,R)-Pr-SPRIX

2 27%, 16%ee 9% 20%

Toa— ittt Fu ko EE LPEsi L- B-ICD 2 (MS.9-Pr-SPRIX OFRFERKIZ
B THoTelzh, RIZ, ra=PrBlOF=VrZnFfhot Fukx i e 78T
MEL, RSS2 VEFAETFRCEEBLZ2EX 20 2RTLE, TORBR.
(M, 8,9-Pr-SPRIX DILZFINERTHEB LD, ee DM EBDTHICE SN (Table 3-2.
entries 4 (35%, 2% ee) and 5 (24%, 20% ee)), bt Fu X EA{LFEM L. TEHICES
KTHZLT, =FrFABRRMCEBREXZEELLND,

FUOSREDRF 21T 25,710 C.OTEFAXF= UV 2HMA L L THWZSEA.
(M, S B-Pr-SPRIX DOEIERIMZ b, (MS9-Pr-SPRIX IR 30%, 20% ee THD
7z (entries 6 to 15), i, REEFEMR T N vA Ll vaFTaiaf RETHRE, X
HEMRT I VEERPTCRAEIETLOLIFVAEMATEATIE, IRBI ee X
KT L (21%, 12% ee) (Scheme 3-10).,

W, REEER 7F0, gkt I UL [ 260FVUVFEETT, RUVATAR
FHXVAETNT U EOBILRISIZTA V338 ) 258358 8ESNhTEBY, ZD
BOSTIIREERRE ¢7F1 L3 vbF N VALY RPCRIEI VR 7 FLER
AR, FRPBEALE LTEAELL ZETHIST2ERY %5 25 (Scheme 3-11) 30,
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Table 3-2 Application to enantioselective synthesis of 'Pr-SPRIXs in the presence of chiral bases

j ] & & &
Pry_ _ /P 5%NaCioaq (3 eq) i Hol A_LH RPN Ho o HL ALK
ipy Pr base (3 eq) Pr T\ Pr + ‘P @ Pr + 'Pr il Pr
Prg-N N Pr ‘Pr“o-N N- 'Pr Pr7o-N N-o'Pr
1 toluene (0.05 M) )
HO.IJ “OH temp., 24 h (M, S,8)Pr-SPRIX (M,R,R)“Pr-SPRIX (M,S,R)-Pr-SPRIX
28
Yield (ee) (%)
entry base temp. (°C) total (M,S,S)- {MRR)- (M,S,R)-
Pr-SPRIX  Pr-SPRIX  'Pr-SPRIX
1 cinchonidine it 77 41( 1) 9 27
2 quinidine rt 64 34(10) 8 22
3 (15,25)-DPEN it 85 37( 3) 14 34
4 9-Ac cinchonidine 14 78 35( 2) 14 29
5 9-Ac quinidine t 66 24(20) 13 29
cinchonidine 0 66 40( 1) 7 19
7 quinidine 0 48 23( 5) 8 17
8 (1S,2S)-DPEN 0 64 40( 6) 10 14
9 9-Ac cinchonidine 0 58 30(2) 8 20
10 9-Ac quinidine 0 54 28(4) 8 18
1 cinchonidine -10 50 29(2) 6 15
12 quinidine -10 42 22(8) 6 14
13 (1S,28)-DPEN -10 56 30( 5) 7 19
14 9-Ac cinchonidine -10 55 29( 7} 8 18
15 9-Ac quinidine -10 49 30(20) 9 10
s A
HO_ AN Ph,_ Ph AcO._AN
Y HN  NHp w
S \N \N I
cinchonidine quinidine (18,28)-1,2-diphenyi- _ Y-acetyl G-acetyl
ethylenediamine cinchonidine quinidine
((1S,2S)-DPEN) (8-Ac cinchonidine)  (9-Ac quinidine)

Scheme 3-10. Enantioselective synthesis of ‘Pr-SPRIXs in the presence of chiral amino sait

5% NaClO aq. (3 eq)

Pr,

Pr

HO'N N'OH
28

Pr
Pr

9-Acetyl quinidine (3 eg)
toluene (0.05 M)

-10°C, 24 h

fPrMﬁPr +
Prog-N N Pr

(o]
(M,8,8)-Pr-SPRIX
21%, 12% ee
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’_PrM:’Pr +
Pr 9N N-g” Pr

o

(M,R,R)-Pr-SPRIX

7%
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Pr
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Scheme 3-11. Cycloaddition of oximes using ‘BuOC! and Nal

'BuQCI (1 eq), Nal (1 eq)

R2 2,6-lutidine (1 eq)

QO
m ¥ W 1,4-dioxane (0.05 M), rt > Rﬁ{\)_ i
1.0eq up to 98%

F T, REEFRICHB OB E b OREI VRBEHA VD Z LT, (LPFNE
O FEHEF L, BEEET I LA ELEHZ T (MS9-Pr-SPRIX D) F 3
BRGESHRERAR T,

FPCRAESELEREIVER + 7T FLEBRIEFIE L, XEEHETIVE2ANWD
Pr-SPRIX OARFARICEA L72b 0D, AWV ¥ A B EBEMIZERZDHD,
RIS 882 #17 Lrd -7 (Scheme 3-12),

Scheme 3-12. Enantioselective synthesis of 'Pr-SPRIX using ‘BuQOCI, Nal and chiral bases

ipy, /Pr  'BuOCI(2 eq), Nal (2 eq) H H " 5
Ve ~Nipy base (2 eq) P/ Y H.Pr + P Y 'ﬂPr + ProYY HPr
Prg-N N-g Pr pr Pr Prg-N N-g Pr

o-N N-g
i i toluene (0.05 M) ) ‘ »
o N Neoy 1,24 h (M,S,S)-Pr-SPRIX (M.R,R)Pr-SPRIX (M.S,R)-"Pr-SPRIX
28
/ZJ
y N Ph  Ph
base : g
HoN  NH,
cinchonidine quinidine (1S,28)-DPEN
(No Reaction) (No Reaction) {No Reaction)

=X, WHEERIR ¢ 7 FNEBREAIE L, REFRKERETR L 97 e FAF=D 2
WTHRIGEToTe e A, WREERRT M) VAR BEH L& &It~ 5 L,
(M 5.9-Pr-SPRIX DINRIIKIBIZIET L, ee b ELZo7 (12%, 15% ee) (Scheme
3-13), :
Scheme 3-13. Enantioselective synthesis of 'Pr-SPRIXs in the presence of ‘BuOCI and 9-acetyl quinidine

ipr, Pr oxidant (3 eq) &
Y ™ 9-Acetyl quinidine (3 eq) ::er"' 7Y h_‘Pr + {er ) “‘Hp, +
Prg-N N Pr Pr" 9N N 'Pr
N toluene (0.05 M) o o o™ ™o
HO‘N N'OH -10°C., 24 h (M, 8,8)-Pr-SPRIX (M.R,R)-Pr-SPRIX (M,S,R)“Pr-SPRIX
28 oxidant
BuOCI 12%, 15% ee 9% 14%
5% NaOCl aq. 30%, 20% ee 9% 10%
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1) RRT 4 8L, 7/ —nMe FadxiE Ao AT B —EERNRE AR
ST (9-12 28R LT,

D (©12 B )b AILD aza-MBH FISICB W THEEEZR L, &E 98% ee
TR EE X2, ITEAEDEEBIZBWT, EF7FVEREFT2ELOMEBELY L&
Wb FRRETHMEESE 252 L2 RWELE,

3) iPrA¥ua b RA VA%H U (Pr-SPRIX) BN FO T o FABIRKER~D R

IZBWT, 97 EFA%=D 0 (MS.9-Pr-SPRIX ZIXE 30%. 20% ee THEZ2 BT &
T RWE L, '
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Experimental Section

1H- and 13C-NMR spectra were recorded with JEOL JMN LA-400 FT NMR ({H-NMR
400 MHz, 13C-NMR 100 MHz). 1H NMR spectra are reported as follows: chemical shift
in ppm (§) relative to the chemical shift of CDCl; at 7.26 ppm, integration, multiplicities
(s = singlet, d = doublet, q = quartet, t = triplet, m = multiplet), and coupling constants
(Hz). 13C-NMR spectra reported in ppm (5) relative to the central line of triplet for
CDCls at 77 ppm. FTMS spectra were obtained with LTQ Orbitrap XL (Thermo Fisher
Scientific). ESI mass spectra were obtained with JMS-T100LC (JEOL). Optical
rotations were measured with JASCO P-1030 polarimeter. HPLC analyses were
performed on a JASCO HPLC system (JASCO PU 980 pump and UV-975 UV/Vis
detector) using a mixture of hexane and PrOH as eluents. FT-IR spectra were recorded
on a JASCO FT-IR system (FT/IR4100). Analytical TLC was performed on Merck silica
gel plates with 60 Fas4 indicator. Visualization was accomplished with UV light. Column
chromatography on SiOz was performed with Kanto Silica Gel 60 (40-100 pm).
Commercially available organic and inorganic compounds were used without further
purification except for the solvent, which was distilled from sodium/benzophenone or
CaHa.

Preparation of 15, 15 and 16

o 10% Pd/C (3 mg/mmol), fo) OH
< H, (baloon)
O Acetone (0.17 M),
OMe OMe i, 4h OMe OMe OMe , OMe
14 15 15
(52%) (25%)
Swern Oxidation @
(87%)

a) 1) (COCI), (1.5 eq), DMSO (3.0 eq), Et3N (6.0 eq), CH,Cl, (0.27 M), -78°C, 1 h; 2) 0°C,0.5h

O NBS (2.0 eq) Br (o] Br
I I 1N HCI aq. (1 moli%)
Acetone (0.5 M), l
OMe OMe 1,05h OMe OMe
15 16
(quant.)

Preparation of ketone 15 and alcohol 15

A solution of ketone 14 in acetone (0.17 M) was stirred with 10% Pd/C powder (3mg/
mmol) under an atmosphere of Hz at rt. After the consumption (4 h) of 14 by monitoring
by TLC, the catalyst was filtered off by Celite, washed with acetone, and the filtrate was

concentrated in vacuo. The residue was purified by flash column chromatography (SiOg,
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Hex : AcOEt = 10/1 to 3/1) to afford 15 (52%) and 15 (25%).

Oxidation of alcohol 15’ to ketone 15

To a solution of (COCD2 (1.5 eq) in CH2Cls at -78 °C was added DMSO (3.0 eq) in CHzCla.
After stirring for 30 min, alcohol 15’ in CH2Clz was added. After a further 30 min, EtsN
(6.0 eq) was added dropwisely and the mixture was allowed to warm to 0 <C. After
stirring for 30 min., sat NH4Cl aq. was added and the mixture was extracted with
CHz2Cl: The organic phase was dried with Na2SO4 and the filtrate was concentrated in
vacuo. The residue was purified by flash column chromatography (SiOs, Hex : AcOEt =
10/1) to afford 15 (87%).

Preparation of ketone 16

To a solution of ketone 15 in acetone (0.5 M) was added NBS (2.0 eq) at rt and then 1M
HCI aq. (1 mol%) was added. The mixture was stirred for 0.5 h and then diluted with
Et20 and washed with water and brine. The organic layer was dried over Na2SOs. The
filtrate was evaporated in vacuo. The residue was purified by (SiOz, Hex : AcOEt = 10/1)
to afford 7(quant.)

Synthesis of acid-base organocatalyst (5-12

HSiCl; (15
3 M NaOH agq s
(4.5 eq) 'Pr,NEt (40 eq)
1,4-dioxane/ Toluene (0.06 M)
S)-20 ’ (S)-21
(S) i (72%)

(9-21: To a solution of (.9-20 80 in 1,4-dioxane / MeOH (2:1, 0.06 M) was added 3.0 M
NaOH aq. (4.5 eq) at rt. After stirring for 24 h, the reaction was quenched with 1.0 M
HCI aq. The organic phase was extracted with AcOEt, then washed with water and
brine. The organic phase was concentrated in vacuo. The residue was washed by hexane
to afford (9)-21 as a white solid. [a]p2! — 140.0 (¢ 0.5, CHCLs); IR (neat) v 3118, 3076,
2950, 2861, 2842, 1590, 1466, 1437, 1301, 1176, 1100 cm'}; 'H NMR (CDCls) & 7.52-7.28
(11H, m), 7.15 (1H, dt, J= 2.0, 7.6 Hz), 7.01 (1H, q, J= 7.6 H2), 6.89 (1H, t, /= 8.0 H2),
6.68 (1H, d, J="7.6 Hz), 6.13 (1H, d, J= 8.0 Hz), 3.06-2.94 (2H, m), 2.87-2.72 (2H, m),
2.56-2.48 (1H, m), 2.36-2.27 (1H, m), 2.18-2.07 (2H, m); 3C-NMR (CDCls) § 152.1, 146.5,
131.7, 131.6, 131.5, 131.4, 131.2, 131.1, 129.0, 128.2, 128.1, 128.0, 127.9, 117.7, 116.5,
61.9, 39.2, 37.6, 31.0, 30.6; 3P NMR (CDCls) § +31.19; HRMS (ESI) calcd for
C2oH2502NaP, m/z = 459.1490 [(M+Na)+*]; found, m/z = 459.1490.

(9-12: To a solution of (9-21 and diisopropyl ethyl anime (40 eq) in toluene (0.06 M)
was added trichlorosilane (15 eq) at 0 °C. After being stirred at 100 °C for 48 h, the
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mixture was cooléd to rt, diluted with AcOEt and then quenched with small amount of
water. The resulting suspension was filtrated and the solid was washed with AcOEt.
The organic phase was washed with brine, dried over Na2SOs, and concentrated in
vacuo. The residue was purified by short column chromatography (SiOz, AcOE$ only) to
afford (9-12 as a white solid. [a]p22 — 106.6 (¢ 0.5, CHCls); IR (neat) v 3396, 3063, 3033,
3012, 2939, 2862, 1589, 1464, 1435, 1279, 1175 cm-1; 1H-NMR (CDC13) § 7.30 (1H, d, J
=17.2Hz), 7.27-7.17 (TH, m), 7.10 (2H, dt, J= 1.6, 8.0 H2), 7.06-6.97 (4H, m), 6.83 (1H, d,
J=17.2Hz), 6.30 (1H, d, J=8.0 H2), 3.07-2.96 (4H, m), 2.34-2.21 (4H, m); 13C-NMR
(CDCl») 8 152.0, 145.1, 144.5, 133.7, 133.5, 133.4, 133.2, 128.6, 128.2, 128.1, 128.0, 127.9,
126.0, 117.0, 113.9, 60.8, 39.2, 38.2, 31.2, 30.8; 31P-NMR (CDCls) & -21.29; HRMS (ESI)
caled for C2oHas0NaP, m/z = 443.1541 [(M+Na)+*]; found, m/z = 443.1534.

General procedure for the enantioselective aza-MBH reaction promoted by spiro-type

organocatalyst (5)-12

q NTs o S O NHTs
R1JH v Mo (12(10mole) -, Jkn/LRz
| CHCl; (0.2 M), -10 °C,

To a solution of organocatalyst (9-12 (10 mol%), imine 22, and MS 3A in CHCl; was
added enones (3 eq) at — 10°C. The mixture was stirred until the reaction had reached
completion by monitoring with TLC analysis. The mixture was directly purified by flash
column chromatography (SiOz, Hex /EtOAc = 12/1 to 2/1) to afford the corresponding
adducts 23.

The adducts 23a-h 159 162) 23i, 192), & 23] 15b) 162) 23m 193), 0 and 23n 1) 162 were identical
in all respects with reported in the literature.

23a (R! = Me, R2 = 4-Cl-CsHs") 86% yield, 92% ee; 'H-NMR

(CDCly): 8 7.63 (2H, d, J=8.4H2), 7.23 (2H, d, J=8.4H»), 717 Q NHTs

(2H, d, J=8.4H2), 7.04 (2H, d, /= 8.4 Hz), 6.09 (1H, s), 6.06 (1H,

s), 5.67 (1H, brs), 5.21 (1H, d, /= 8.8 H2), 2.42 (3H, s), 2.16 (3H, Cl
s); DAICEL CHIRALPAK AS column, detection at 254 nm, 23a
Hex/PrOH = 4/1, flow rate 0.7 mL/min, 18.4 min (major isomer,

S and 22.5 min (minor isomer, A).
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23b (R! = Me, R2 = 3-C1-CsHy") 86%, 93% ee; 'H NMR (CDCls) : &
7.63 (2H, d, J= 8.0 Hz), 7.24 (2H, d, J= 8.0 H2), 7.15-7.13 (2H,
m), 7.02-7.00 (2H, m), 6.12 (1H, s), 6.07 (1H, s), 5.65 (1H, d, J=
8.0 Ha), 5.21 (2H, d, J = 8.0 Hz), 2.42 (3H, s), 2.17 (3H, 8);
DAICEL CHIRALPAK AD-H column, detection at 254 nm, Cl
Hex/PrOH = 4/1, flow rate 0.7 mL/min., 15.4 min (major isomer, 23b
S and 19.0 min (minor isomer, 7).

23¢ (R! = Me, R2 = 2-Cl-CsHy4") 72%, 95% ee; H NMR (CDCls) : §
7.62 (2H, d, J = 8.0 H®, 7.32-7.30 (1H, m), 7.23-7.20 (1H, m),
7.17 2H, d, J=8.0 H®, 7.13-7.06 (2H, m), 6.15 (2H, s), 5.79 (1H,
d, J=8.8 Hz), 5.68 (2H, d, /= 8.8 Hz), 2.37 (8H, s), 2.21 (8H, s); '
DAICEL CHIRALPAK AD-H column, detection at 254 nm, 23c
Hex/PrOH = 4/1, flow rate 0.7 mIL/min., 19.8 min (major isomer,

S and 22.2 min (minor isomer, A).

23d (Rt = Me, R? = 4-Br-CeHy?) 83%, 94% eei HNMR (CDClD '8 O NHTs
7.63 (2H, d, J=8.4 Ha), 7.32 (2H, d, J=8.4 Hz), 7.23 (2H, d, J=
8.0 Hz), 6.98 (2H, d, J= 8.0 Hz), 6.10 (1H, s), 6.06 (1H, s), 5.65
(1H, 4, J=8.8H2), 5.19(1H, d, J=8.8 H2), 2.42 (3H, s), 2.16 (3H, 23d
s); DAICEL CHIRALPAK AD-H column, detection at 254 nm,

Hex/#PrOH = 4/1, flow rate 0.7 mL/min., 18.3 min (major isomer,

S and 20.9 min (minor isomer, A).

23e (R! = Me, R2 = 4-F-CeHy) 79%, 87% ee; lHNMR(CDCl) : 8 O NHTs
7.64 (2H, d, J= 8.0 Hz), 7.24 (2H, d, J= 8.0 Hz), 7.09-7.06 (2H,
m), 6.91-6.87 (2H, m), 6.09 (1H, s), 6.06 (1H, s), 5.62 (1H, 4, /=
8.8 Hz), 5.23 (1H, d, J = 8.8 Hz), 2.41 (3H, ), 2.16 (8H, s); 23e
DAICEL CHIRALPAK AD-H column, detection at 254 nm,
Hex/PrOH = 4/1, flow rate 0.7 mL/min., 15.7 min (major isomer,
9 and 17.3 min (minor isomer, £).

23f (R! = Me, R2 = 4-NO2-CeHy-) 97%, 96% ee; 'H NMR (CDCly) :
5808(2H, d J=88Hz), 764 (2H, d, J=8.0 Hz), 7.34 (2H, d, J
=8.8Hz), 7.25 (2H, d, J=8.0 Hz), 6.13 (1H, s), 6.07 (1H, s), 5.82
(1H, d, /= 9.6 H2), 5.30 (1H, d, J= 9.6 Hz), 2.42 (8H, s), 2.16 (3H,
8); DAICEL CHIRALPAK AD-H column, detection at 254 nm, 23f
Hex/"PrOH = 4/1, flow rate 0.7 mL/min., 41.1 min (major isomer,

S and 54.5 min (minor isomer, A).

O NHTs

3

O NHTs

5 g

3

O NHTs

Z
O
~
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23g (R! = Me, R2 = 3-NO2-CsHs-) 94%, 94% ee; 'H NMR (CDCls) :
3 7.62(2H, d, J=8.0Hz), 7.45 (2H, dt, /=1.2, 6.4 Hz), 7.33 (1H,
t, J=17.6 Ha), 7.24 (1Y, d, J= 8.4 H2), 6.14 (1H, s), 6.08 (1H, ),
5.91 (1H, d, J= 9.6 Ha), 5.26 (1H, 4, J= 9.6 Hz), 2.42 (3H, s),
2.16 (3H, s); DAICEL CHIRALPAK AD-H column, detection at NO,
222 nm, Hex/PrOH = 65/35, flow rate 0.5 ml/min,, 12.4 min 23g

(major isomer, .S and 14.9 min (minor isomer, 5).

28h (R = Me, R2 = 2-NO2-CeHa-) 91%, 93% ee; 'H NMR (CDCls) :

87.74(H, d, J=8.4Hz), 7.67(2H, d, J=7.2H2), 764 (1H, d, J

=17.6 Hz), 7.50 (1H, t, J= 7.6 Ha), 7.36 (1H, t, J=T.6 Ha), 7.23

(2H, d, J=17.6 H2), 6.07 (1H, s), 5.97 (1H, brs), 595 (1H, d, J= NO;

7.2 Hz), 5.86 (1H, d, J = 8.8 Hz), 2.40 (3H, ), 2.16 (3H, s); 23h
DAICEL CHIRALPAK AS column, detection at 222 nm,

Hex/PrOH = 65/35, flow rate 0.8 mL/min,, 32.7 min (major

isomer, S and 72.2 min (minor isomer, A).

23i (R1 = Me, R2 = 4-CN-CsHy-) 99%, 90% ee; 'H NMR (CDCl3) : § O NHTs

7.64 (2H, d, J=8.4H2), 7.49 (2H, dd, J= 2.0, 8.4 Hz), 7.28 (2H, d,

J=80H2), 723 (2H, d, J= 8.0 H2), 6.11 (1H, s), 6.05 (1H, ), )‘\I\/'\@
5.90 (1H, t, J= 9.2 H), 5.28 (1H, d, J= 9.2 Hz), 2.42 (3H, 8), 2.15 CN
(3H, 8); DAICEL CHIRALPAK AD-H column, detection at 254 23i

nm, Hex/PrOH = 4/1, flow rate 0.7 mL/min., 30.6 min (major

isomer, .9 and 36.0 min (minor isomer, A).

23j (R! = Me, R2 = 3-CN-CsHys) 97%, 93% ee; [alp!® -~ 6.2 (c 1.1,

CH:Clw); IR (neat) v 3254, 3067, 2962, 2926, 2372, 2230, 1919, O NHTs

1672, 1591, 1442, 1327, 1265, 1154 cm'}; 'H NMR (CDCls) § 7.62

(2H, d, /=84 H», 7.45(2H, t, J= 7.2 Ha, 7.33 2H, t, J= 8.0

Hz), 7.24 (2H, d, J= 8.0 Hz), 6.14 (1H, 9), 6.07 (1H, o), 5.87 (1H, CN

d, J=9.2Hgz), 5.26 (1H, d, J= 9.2 Hz), 2.42 (3H, s), 2.16 (3H, s); 23j
13C-NMR (CDCls) § 198.6, 145.4, 143.8, 140.5, 137.3, 131.1,

130.8, 129.9, 129.6, 129.4, 129.2, 127.1, 118.3, 112.5, 58.6, 26.1,

21.4 HRMS (APCI) caled for CioH1sN20sS, m/z = 355.1116

[{((M+H)*]; found, m/z = 355.1108; DAICEL CHIRALPAK AD-H

column, detection at 222 nm, Hex/PrOH = 65/35, flow rate 0.5

mL/min., 11.0 min (major isomer, S and 14.2 min (minor isomer,

R.

O NHTs

O NHTs
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23k (Rl = Me, R2 = 2-CN-CsHas-) 92%, 97% ee; [alpi® - 29.9 (¢ 0.7,

CH:Clp); IR (neat) v 3236, 3055, 2962, 2926, 2373, 1924, 1682,

1600, 1529, 1448, 1343, 1263, 1159 cm'l; 'H NMR (CDCls) & 7.74
(1H, dd, J=1.6, 8.4 H2), 7.66 (2H, d, J=8.4 Hz), 7.63 (1H, dd, J
=12, 80Hz), 748 (1H, t, J= 7.6 Hz), 7.35 (1H, dt, /= 1.6, 8.4
Hz), 7.22 (2H, d, J= 8.0 H®), 6.07 (1H, s), 5.97 (2H, brs), 5.94 (1H,
8), 2.39 (3H, s), 2.16 (3H, s); 13C-NMR (CDCls) & 198.5, 148.0,

144.9, 143.5, 137.0, 133.2, 132.9, 130.4, 129.5 129.3, 128.5,

129.2, 127.2, 124.7, 54.6, 26.2, 21.4; HRMS (APCD caled for
C19H1sN20sNaS, m/z = 377.0936 [(M+Na)+]; found, m/z =
377.0961; DAICEL CHIRALPAK AD-H column, detection at 222
nm, Hex/PrOH = 65/35, flow rate 0.5 mL/min., 17.5 min (major
isomer, S and 21.6 min (minor isomer, A).

231 (R! = Me, R? = CsHs-, 20 mol% of (#)-12 was used)) 93%, 88%

ee ; 'H NMR (CDCls) : § 7.65 (2H, d, J= 8.4 H2), 7.25-7.19 (5H,

m), 7.10-7.08 (2H, m), 6.10 (1H, s), 6.09 (1H, s), 5.62 (1H, d, J=
8.4 Hz), 5.26 (1H, d, J = 8.8 Hz), 2.41 (8H, s), 2.16 (3H, s);

DAICEL CHIRALPAK AD-H column, detection at 254 nm,

Hex/PrOH = 4/1, flow rate 0.7 mL/min., 15.4 min (minor isomer,

S and 17.5 min (major isomer, B).

23m (R! = Me, R2 = 2-C10H7, 20 mol% of (B)-12 was used) 94%,

85% ee; 'H NMR (CDCly) : § 7.76-7.74 (1H, m), 7.69-7.65 (4H, m),
7.50 (1H, s), 7.46-7.41 (2H, m), 7.20-7.17 (3H, m), 6.17 (1H, ),

6.16 (1H, s), 5.72 (1H, d, J= 8.8 H2), 5.43 (1H, d, J= 8.8 Ha),

2.35 (3H, s), 2.18 (3H, s); DAICEL CHIRALPAK AD-H column,

detection at 254 nim, Hex/PrOH = 4/1, flow rate 0.7 mL/min.,

21.8 min (minor isomer, S and 23.5 min (major isomer, A).

23n (R! = Et, R2 = 4-NO2-CeHy-) 73%, 98% ee; 1H NMR (CDCls) :

58.07(H, d, /=88 Hz), 7.64 (2H, d, J=8.0 H2), 7.35 (2H, d, J
=8.8 Ho), 7.24 (2H, d, J=8.0 H2), 6.12 (1H, s), 6.03 (1H, s), 5.88
(1H, d, J=8.8 H2), 5.31 (1H, d, J=8.8 Ha), 2.50 (2H, q, J= 7.2
Hz), 2.41 (3H, s), 0.94 (3H, t, J= 7.2 Hz); DAICEL CHIRALPAK
AD-H column, detection at 254 nm, Hex/PrOH = 4/1, flow rate
0.7 mL/min. , 41.3 min (major isomer, S and 46.1 min (minor

isomer, B).
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General procedure for the enantioselective synthesis of Pr-spirobisoxazolines
(Pr-SPRIXSs) in the presence of chiral phosphoric acid and N-methylaniline

)NLOH (2eq)

Et” “Et ' -
iPr, Pr PhNHMe (20 mol%) Pr Pr
L= =4 phosphoric acid (20 mol%) s =\,
P iPr pr ipr

N toluene (0.2 M) HO~
o O 0°C,24h O0—N

To a solution of phosphoric acid (20 mol%) and M methylaniline (20 mol%) in toluene
(0.5 mD) at 0°C, aldehyde 2732 in toluene (0.2 M) was added. After 10 min.,
diethylketone oxime (2 eq) was added and stirred for 24 h. The reaction mixture was
diluted with Et20 and washed with sat. NaHCOs3 aq. and then 1M HCl aq. The layers
were separated. The acidic and basic aqueous layers were back-extracted separately
with Et20. The combined organic layers were washed with brine, dried over NazSO4,
and concentrated in vacuo. The residue was purified by column chromatography (SiO.,
Hex : AcOEt = 12/1) to afford 32

82, 1H NMR (CDCly) § 7.11(1H, s), 5.42(1H, s), 5.11(1H, .~ 8.0 Hz, t), 5.02(1H, &~ 7.2 Hz,
t), 2.83-2.71(3H, m), 2.30-2.12(4H, m), 2.04(1H, & 16 Hz, d), 2.02(1H, = 16 Hz, d),
1.74-1.70(2H, m), 1.02-0.98(24H, m); 13C NMR (CDCly) § 154.5, 152.5, 152.1, 120.2,
119.5, 101.7, 59.6, 34.2, 29.4, 29.3, 28.4, 28.3, 24.5, 23.0, 21.7, 21.2, 21.1

General procedure for the enantioselective synthesis of ‘Pr-spirobisoxazolines
(Pr-SPRIXs) in the presence of hypervalent iodine reagent

ipr. Pr oxidant B 5 &
o™ i, TFA0Mo%) oy Mpr + ipH N Yor + pr Mw
_—— ipr ipr Pr O-N N"O pr pr o—N N\O fpr

_N N-
N solvent (0.1 M) o o

oV Ny i, time (M,S,5)/Pr-SPRIX (M,R.R)}Pr-SPRIX (M, S,R}Pr-SPRIX
28

To a solution of hypervalent iodine reagent and TFA (20 mo0l%) in solvent (0.1 M), oxime
28 was added at rt. The reaction mixture was concentrated in vacuo and the residue was
purified by preparative TLC (SiOz, Hex : AcOEt = 12/1) to give Pr-SPRIXs. The yields of
each diastereomer were determined by 'H NMR analysis. The data of (M,S,.9)-
iPr-SPRIX 32, (M, R, R)- Pr-SPRIX 32, (M,S, R)- Pr-SPRIX 32 are reported in the

literature.
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General procedure for the enantioselective synthesis of iPr-spirobisoxazolines
(‘Pr-SPRIXSs) in the presence of chiral base

Pr - — /Pr 5% NaClO ag. (3 eq) HP
ipy iPr base (3 eq) 'Pr r o+ 'Pr Pr + ’Pr
Pr N NO ipr Ipr —N P pr .N N ’Pr
T toluene (0.05 M)

oM Noy -temp,, 24 h (M.S,S)-Pr-SPRIX (M,RR)-"Pr-SPRIX (M,S,R)-Pr-SPRIX

28

To a solution of oxime 28 and chiral base (3 eq) in toluene (0.05 M) was added NaOCl aq.
(>5%, 3 eq at — 10 °C and the mixture was stirred for 24 h. The reaction was quenched
by 1M HCIl aq. The mixture was extracted with CHz2Clz, then the organic layer was dried
over Na2SOu. The filtrate was evaporated in vacuo. The residue was purified by
preparative TLC (SiOs, Hex : AcOEt = 12/1) to give PPr-SPRIXs. The yields of each

diastereomer were determined by 'H NMR analysis.

Pr-SPRIXs; 49% yield (total) ; (M,S,.9- iPr-SPRIX, 30% yield, (M R, B)- iPr-SPRIX, 9% '
yield, (M8 B)- iPr-SPRIX; 10% yield

(M, S.9)- iPr-SPRIX ; DAICEL CHIRALPAK AD-H column, detection at 254 nm,
Hex/PrOH = 49/1, flow rate 0.5 mL/min., 11.6 min and 20.2 min.
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