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E T D RFEIL 4 DORBRLHIFF LI FHPHEES L TV OIAREFRFZLHT D, 2D
AERFEEHT2IEMT, AFLEFORMREFRRICERGDEDL ZENTERN2OD
SEARBMEIRDIET D, EORMRAFGEMEER (T v FF~—) LIRS, SRR RHY
L BRSO ER EOWBRRIMEE SO EDLERMEEITE D L v, L L
NG BB EMERIL, T OB T D75 0E W) OB RO RN E ORI B T R
2%, ZOBHERMEEIT, Hix oBTRILIND, FlxIE, EHILITK L T Cahn-Ingold-Prelog
ANCHEVN 1 205 4 3% H £ TOEENANLZ ST 5 (Figure 1), € DNERZOPW, 4 F H DT 2 BIZ
BlE L, 1 FHG 3FBIC EDRFICKEIEIY 726 R, KIFFHEIV 7226 § L K7L+ 5, £z,
PR DAREEER B+, B DHWIEE &V D BRI D dextro (d) FEIEZAL, ZERERR H- £721%
levo () LKL nd Y,

[l

>

Stk R &

Figure 1. $ifg B4R D R/S KL

Bitg ALK CAEMIEMEO R 72 5] L LT glucose #2817 % (Figure 2), Glucose 1%, #ED B
RIZHDEMEERE LD, ARNTHEHSNDIDIZEL LN~ TH D, (d)-glucose IFEMRNT
WY LT, fiBE R @D hexokinase (2 X W ARG &, Emico ¥ —L LTHWONS, £
AT LT, ())-glucose (3, hexokinase IZ L O A S sz, 2o FEMAMNCH SN D, 2
DX, ARITEG BRSNS ASEE L XA TE S, AR, AENTHWORDT I /8
X, TRTHY . dIRKITHWGRY, ZOMIZERIT, ITBWRCHRERXBTHZ LN TE D,
FABIEICAFET D (R)-(+)-limonene (X4 L > Y DFEY % (S)-(-)-limonene L LELDFD & ¢
22, F7z, (D-glutamic acid I%, BHED 5 FHAGE L THWSGND —F T, B EREKD (d)-
glutamic acid IZBEDZIF & A E 720 2,

ZDO LRI, ROMWRNE ZATEDIT, REWAFAET DB EMEERZ XL T\ D,
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HO OH
OH © © HO é

(-

OH OH OH OH H H
OH OH PN AL
(d)-glucose (/)-glucose (S)-(+)-limonene (R)-(+)-limonene
=
HOOC\/\rCOOH HOOCY\/COOH
NH, NH,
(/)-glutamic acid (d)-glutamic acid

Figure 2. $if% RO BIRIC & 5 AEBIE W E O KR

WRIZIEIEL OB G BB EMEERIZONWTE 2 TH D, thalidomide 1%, 1960 FA I HEARE
ANAIE U T I/ S 3T (Figure 3), L72~L. thalidomide % fRH U728k &4 F 0723
ST T S PARE & MEEN DA TEPEDE 2 72, & D% OFRAAFSE T, (S)-thalidomide 73
EHFEEZ R L, TN ERA LRI L > TUEZFI SR ITZ RN D0 o723, I 5T,
AR T R KD thalidomide & o LDOKFED G| I, FE o fIZKEDFEET BRI S K
® thalidomide ~EHL X5 Z & A S 3039 B ~OE TSz, o2 bxE
STICHEBBYERE B LB 2 T2 2 &3, EFICEETH D Z LRI,
D EFESTIE, BIZE (D)-dopa T/ 3—F 2 YV URIEHEE L TA AL TWDE 0, 20
Bitg BYERD (d)-dopa 1%, & OIBRZNR A H 7272203, HT 5 S citalopram 13, S KIFHH o
EHZA L T2 DIZx LT, RIKIZHL ) DTEHZ 1% E LR 7200 39,

Mo T, ZEIKDERMLTIX, —FREIDRERL, &5 —FRIEED RN T — A0 F
35, SEBREMEKESTEERLEHFEHTHZ L3, BERERZRIET H-DICEETH
%o
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HO,C CO,H
0 O 0 0 *NH, HaNe
HN NH
o) N NP o]
H H
(0] (0]
HO OH HO OH
(R)-thalidomide (S)-thalidomide (d)-dopa (-dopa

(R)-citalopram (S)-citalopram

Figure 3. #54 BMEOBR O & 5 EHK A Y

ZIUTIE, W LT HOBUGEMERZ G0N IROMEE 725, 1848 1T Pasteur 1,
ftimfb L7z sodium ammonium tartrate i 2 BAMEE F CTHHFI L7z, LarL, T OHEITBAE
ThO, BEMEICZ L)oTz, TDi2d, 5 %i%%%l%bfﬁ@ﬂﬁ%%“ﬁﬁéﬁ%
otz T&E o, BGERMAKRELHFL DI, WAEERICEV 2T EITH & 7
T IARBE L, MR eSS BRSOV, FlxIX, 7T ' RIZK LT cyanide £ A
YERWEYT e KU COEREINE. TAT B RO B VR =)VHEN | sp? IRAEINE & B B T

\ZAFAET D728, cyanide £ A 0%, Fi LDV R = VERFEICH LT, ENDEZIE T
5iT5< (Scheme NV, IES<HERIZ, 1:1 ThHHTEH, ZEIKIHFELND, - T, Wik
TIHELLL—FHOHGEBREMEREHTL Z LITE LW, 22T, LWEERAERD 2155 HikE

T, O3 OOFENRISHOLND,

NC OH Ho, CN

R/K ———9'RVX\ ,XVR

Scheme 1. 7 /b RU DT IEKERKD



[1] JeFnHE

FEH MR G RS MR FETH D, Iz, 7 VBT IKESEIT HERC,
KM AFAET B — TG BEMILTH D (D-menthol Z VTGS EDL L UT AT LA~
—IRAEMNTE B D (Scheme2), V7 AT LA~ —L, MR EDN B e 5720, Fifon
XV BENAIREL 72D, Fo, BEA ALV ISV E T A~ NS T T 4 —
IR VEEET EIRESETHHEREVFEET D, LoL, 7EIKORFEZEITIE, 55
N5 ANUEAMIIRETH 50%TH D, Ho T, MEDRWEMRMNBLT 50%ELNTLE D
e, T haxma I—PMMESHELELI 2D, TEAFIZBWTHRELEENLTLE Y,

0 H,N. CO,H H,N CO,H
MeO MeO > MeO N
D)‘\ 1.KCN,NH4C| DA . D)\
_—
MeO 2HClaq MeO MeO
Stk
HO/,,' ,\“\\
Ac,0, NaOH \p
(/)-menthol
HoN i | HoN (|) |
2N , 2 o - S - _
MeO MeO
1. KOH, EtOH, H,0 1. KOH, EtOH, H,0
2. 20% NaOH 2. 20% NaOH
HoN, ,CO,H HoN, (CO,H
MGOD/< MeoD)\
MeO MeO
R & Sk

Scheme 2. 7 AT L A< —~DiFEZ HW D HF0E D



[2] ¥ TNV T —ILik

HE L& O — 5 OB RIERZGE D 72012, RIWBROT X/ Bl & Ofid 7 Bt Bk
KR LTHWD FiEEX I v 7 — ik v o, il X, &b, BEEERHSCERIER 0 L
DEMIENEZ AT % (+)-neostenine & FHIN DALEWITIT T HEDOARFKFEDH S 9, Chida KT}
Sato &I, HFEFEELE LT (d)-V R—AFFEARZ VT, (+)-neostenine & 18 L2, #RUILE 2.5%
THR L7 (Scheme 3),

CCl,

X o

o O

= H
HH/OH _ 10steps _ pomo ™~ hOBn
OMOM
HO™ ™o MeO,C )

Scheme 3. % 7 /7" — Lk % U 7= (+)-neostenine D& HK ¥

(+)-neostenine
Total 2.5% yield

X TN T—EIL, OO RBUEAY D L O ICEMER BB RMEIRTH D L AT D TR
ZCLEY, TOL) MGG RIEREZ THEMICEKRT 5 7OI2iE, TEREEIIEZ Y Dy
IEOMEE LV, WA T, AOBFERIEEST I /B EORBIICIRONTLE 5720,
XTI NT = EOHERIITHIRRH 5 L) RAENH 5,



[3] R A RE

ARHFERISDIEE L, RICRIIAFRBEFOL IR EDICTHIMER S DL EDOD, R
FOSANZ K =T, RIEO—FONARZ T 25 Z &1 k> THRHOSHEGBMEARDO L E2155 ik
Th b,

il 21X, (R)-proline FFEARE ERT HHAH R FELE LT, 7% LU F U LE (-)-sparteine &
WS HIENSH S (Scheme 4)%, TLF /LU F o hL, AkFEre 7o b b LT &k EHRME
RO, ZOT VXU F 7 AL (-)-sparteine X6 F T LR T ILF LU T T AERBTEAK S
% Y, ZO8ERIX, pyrrolidine FFEAD T B F AR EHhE, S{KE R KD pyrrolidine-Li-(-)-
sparteine A AE T 5, =78 °CO K 9 KR TiX, £ 0 IEMAL= /L F— MKV pyrrolidine-
Li-(—)-sparteine A Z B 7%, % Z -~ benzophenone % & &5 & | (R)-proline 7&K D
HBERRT D, Ll HOLRISANT, BE 15 FICH LTR%FEES LTl EnET
b5 7120 REABIZIZAWTHRY, 207D DR WEDKIRAITH 5 R EREITE L <,
FisE LTH LV FEHTH S,

s-BuLi
EHEIRILE—DEND SHEOPEEEREBET S
A
’»N <
Y% Ph
~H ! w&—Ph
Q‘H &Bu 1. Ph,C=0 Q\H%H
-78 °C 2. NH,CI
t—BuO/gO ¢ t—BuO/gO
(R)-prolineZ% & (K

Scheme 4 Sparteine % 1\ 7= % 7 /L 72 proline 75 S K D AR A R 52



<[P A B>

Z 2T, il & o OGS A TR E O R e S5 FEER 2 B plcd 2 A R 7 B 23 BR S
477, 1980 4F1Z Sharpless & FFIBFZEH @ Katsuki 1%, 77 o DARFE TR X ARG % 2
B L7z %, f% 513, titanium(IV) tetraisopropoxide (Ti(Oi-Pr)s) 1T (I)-(+)-tartaric acid diethyl ester
(DET) % RFENL1-& LT L, AT ¥ ViK% Fv 7= (Figure 4)°, 2 43 7@ Ti(Oi-Pr)s
& DET MR Z R L. B0k 2%, Z 0 BRIZER{LA]D tert-butyl hydroperoxid (z-
BuOOH) ZHW5 &, F# VFEFIZEAL L TV D 1 D0 isopropoxide & tert-butyl hydroperoxide
AU NEEHDD, TITHEYEOT UV ARLT )L a— L3 1 D0 isopropoxide & & X #ii>
D, EHIETF X UVRAITENLT D, ZFDH, -BuOOH DIEHENRT V7 DTN HIE-SE FE ee
(enantiomeric excess (T > F A4~ —iBEIHR) : ee » — H OB AR BERNCGFET D END
&, mFUTFAY—OFHEE, ) OTHRFY RRELND,

i-PrI

Ti(Oi-Pr), pr EOL O PEt ,
i-Pr | -
* o gHﬁéb
OH — > PO N S +BuOOH  I-Pr
S __CO,Et i ~COZEt T -
EtO,C7 Y 2 o\ Do N
6H O—i-Pr
EtO o EtO
Uile)
Ho/_\'—R <

Figure 4. Sharpless O R#& TR F AL ©

Noyori H 1% 1987 . 7 /7 ATk L CHEHIEBRANICKFE Z 13 2 RAEKF &k LTz
(Scheme 5), 5 X4 BH & L T ruthenium(Il) acetate (Ru(OAc),) & #iARE KR AT ¢ VENL T T
& % 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP) % fH\ 7= 7, BINAP |X, —>DF 7 # L
UHIMLTRHEEG LI LI-EF 7 FAMEE AL TEBY, ZNERD 22072 LAty T
T VIR AT 4 ) EDBREE L TCWDHIbEMTH D, ZolkEmit, 77X LD 88 LDIKFE
FERNSOND7D, BHEZTX /20, - TBINAP (%, ¥ TR0 F (7 b 7R MEER) Th
%o D BINAP L VT =T ANRGEIRE TR L, ZOSENT VA AZENLT 5, $ERDTER L
TWBHINSAZENITDE, B ee 2T KB MINENELND,



R’ H, R’ H, R’ I I PPhy
| - S BN PPh
RZéﬁ{COZH (S)-BINAP RZJ\(COZH (R)-BINAP RZ‘H)\g COH OO 2

R H Ru(OAc), R3 Ru(OAc),

(R)-BINAP

Scheme 5. Noyori & D ARFKFE(L D

S 512, Knowles X AHEUL - & L T(R,R)-1,2-bis-[(2-methoxyphenyl)phenylphosphino]ethane
(DIPAMP) & & J&¥E D chloro(1,5-cyclooctadiene)rhodium(I) dimer (Rh(1,5-COD)Cly) % AW TA
FARFELZEITV, dopa DARFE R K L 72 (Scheme 6)®, Z D JFik%HiZ, Knowles 1%,
levodopa D T 3EAEPE~FEIE S Wiz, Z O HEIT AFMEEZ N0 TOEERMLEGHKTH 5,
Sharpless, Noyori & Knowles 13, 2001 4EAF RSS2 Zhk L 72 D2 L 0 ./ — U by
HuzZH LT,

H,
L (RR)-DIPMAP

AcO Cco CO,H CO.H
j@/\( 2 [Rh(1,5-COD)Cl,] 2 D/\/ 2
MeO NHAc MeO NHAc NH

100% yield, 95% ee

E:(OM@ P“\\\\©
| \\C| | \\\‘CP MGOKj
ﬁL-Rh \leRh='~~;~| ©

[Rh(1,5-COD)Cl,] (R,R)-DIPAMP

Scheme 6. 54 EIA%Z FHV 7= dopa DARFE R Y

I & NHE LI AR REAE RS 2 3612, List & MacMillan 1%, £V BRBEICHEUE L 7= %5
TR A N R EF AR E S L7z, List 513 L-proline % fillfi & L?lﬁﬁ?/l/ R— VI it % 12
% L7 (Scheme 7)%,

N
fe) fe) H O OH

A,

Y

97% yield
96% ee

Scheme 7. List & OH Sy 7l %2 U 7= A F ARk )



MacMillan © |3, imidazolidinone #7538 (A % il & 9~ 2% 475 Diels-Alder SOt & B %€ L 72 (Scheme
810, 1O DAFAMDERKDOFHEIL, @A T ERWAERS FIEZ WD Z & TRV RE
B LEAF AL 2> TWDRTH D,

(6)
M

N e

N)"?Me
Ph pp H Me Ph

CHO _ . HCI ~_.«Me
/:/ + O >
S CHO
Ph i’h
75% yield

96% ee

Scheme 8. MacMillan & O F &5y Tkl 2 F N 72 RF A AR 10

HRRUNZ 2% < FTET 2 8518 BBNMEIR 2 15 2 J71513, Pasteur 7% 1848 4£|Z sodium ammonium tartrate
D b & BARERE Tt 72146 % U . Sharpless X° Noyori, Knowles D4 @I 2 W2 AREE
FROFERIZE > TREIZHEBLTEL, LrL, KSHKEEOHEKRT 2R FOMBESCHAET HF
RREEDEWR I Ko TRIGHER R 2 Z LR D720 WETZITBFRE S TWV 2R AR
HEBIEBFET DIXT Th D, £ 2 TRAUL, RAMBEEZ WD H7- e R EFABIEOR%E % B
a7z,
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B—E RER
B xR 1,3- 008 F

13- AR 1%, kFE, ERXMEREDIRFNDOKY . X=Y"-Z DG TR IND
HCTdh D (Scheme 1-1)), ZOLFRIZLMTL4HOD nETEHELTNDZEND 4ET (4n)
e bRREi g, MEXNL oD Ko, — oD FREICIEEREZA T DR & A&
AT HRFDIEFT DR TH D, ZOFHEIL, ABEMOMENOEA T, IEEWD &
ZAIFIFEBIZR DEEFRD 1,340 Th DRHEN D 1,3- BT & FEXI S 19,

- N

X Z X",z
3 1

Scheme 1-1. 1,3- 37O &, 36 L OILIEAEE 1D

DL NI3-BBFEETEEHLLWVIXE T ARRERT AT T VXU NINT HI LT
TEBRPAERTDZENEI LML ILTVSD (Scheme 1-2)D, Z OGS, 1,3- 3R 1-BR{bAF
B &AL, 13- BT 2T D 3R T AT oR0T X 7080 2 R0 HER
BT D2 LD [3+2] RIS E bFREN D, KIS THWORD T VT 07 ¥ v
%, BHRF- & SOET 5D T & B RBIBRAIR L TN D, ZORISIZIENT 1,3-BH11%, KW
WA RDEFIRRBIZ L o THEEZ WS 5, Bl 21X, 88 2RI, 1,3- 851 &
REERNZEOS U, AR SRR R, 13- 8RS RE IS T D, 2O 1,3- i1
NZ DX D RMEEFFSODOILZ, HOMO & LUMO DOffi 5% il 2 T\ A5 THh DH, HOMO
ElX. EgEEELE & T, 2 FELNEICE TS HD S HUEDO TR b = R L X — RN E IR EE
TH %, LUMO 1T, FARZEHIE & FFE, 20 FE OZEHE N A T 5 = 2L F— KRB iR b K
VIREEZ R T, 20 2 DOIRIER T, RICHHEITT D, DT, 1,3-BHR1-1%, KAHsT- D
7B %G L C HOMO & LUMO W75 10 TERABM I 24T, 7 v v % RO+
ETHRIGTIE, ERAERT A Z ENTE S 1014 fE5T 0 RKIWE 7D LUMO (Zx%f
LTI 1,3-Mi1- 0 HOMO 23 i L, SRIAR 7D HOMO (2% L TIHERAR1- 0 LUMO 73 %
ISE RS

o 4 XorYorZ=C,N,O
1,3-BBF Y - oA = Y.
X/\Z XOEZ x/ \z
+ e E—
T B |
(ZILF*2) = -
V1%
1,3-BABF (ZILx>)
k- | 4 —.  —1
LUMO ./~ LUMO
) )
4
HOMO HOMO

Scheme 1-2. 1,3- 3Bz LA NS D
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FE 1,3-PUET 2 AW e BABEAINRIG

3 ODFEFINOBRLIND 13- PUHBRF1E, #Hfx REENFLET D, 207D, WAL AR
EAMTHIENTED W, fIZIE, 7 FoRo7 VT e ek Frd T I UiFEEN L
MINbH=brrr (C=N"—0) &, RKIWF & DOERIMAMEISITEY HEEROA Y A X4
VOV ERRTE D, #BH. A I0%, 7IET7 AT e ROOHRET2H0D, KD RIC
FVGETHAREM R B D, FIUTKI L T= b i, A I e E R e EERE L, N
KGR LDHWWE, TIRS SN TWD 19, ZOEEMEDE S 162 < OBAUAING 23
STV D @19, fi] 2 (X, Kanemasa H 1%, Bz & LT (R,R)-4,6-dibenzofurandiyl-2,2’-bis(4-
phenyloxazoline) (DBFOX) & 4xJ@# & L T nickel(II) perchlorate hexahydrate (Ni(ClO4),-6H,0) %
HAWT, = br EBIARRRT VT B E endo (endo &1, “EHEEAEOMERGREFRT,
Z 2 TR, L3-8 &SRR AR DAL ERR A KT, NlZ RV THREA 3L, endo & FEIX
o A Z D TREE T4 exo LIRS, ) BRI DR T 2 F A RIRAYIC isoxazolidine i
K% 1F7= (Scheme 1-3)?,

Me

| + I\Ille
‘o/N\j Ni(CIO,)- N wPh
4)2'Ho0 o N
Ph (R,R)-DBFOX \_%; 0
+ S (o)
Me O™\ 70
MS4A, CH,ClI N N
Me, 20l N |\/ ))
\_>/*N/w [ =0 Ph Ph
o) o) ©
o/% (R,R)-DBFOX

Scheme 1-3. Kanemasa » D= b & > % H 7= 13- BB LA 29

Maruoka © (% aldehyde #FE (K & X > A )L (Bz) #:% A3 5 hydrazide & 0 % U7z 1,3-30H
FTDOT I AF A I (C=N"'"N") & phenylacetylene & D HIZ & 5 T pyrazolidine #535{K
AR LTS (Scheme 1-4)%), 4% & X8 D copper acetate(I) (CuOAc) & B & L T7 ==
JL (Ph) 3% A9 % bis(oxazolinyl)pyridine ((R,R)-Ph-pybox) 75 FHHL L 7= 4 J@ S A fik 4 2 F v
lze SBIT, TYAFUA I EDKFEMEZNT DMENEM 2 L TEIARE VU R
ZEIREEE LTHWEE 25, 99% ee 284 HmT ) FARRKRTERAMREFI LT,

I|3n SiMe,Ph
N - X
Q\¢+ “N—Bz CuOAc I|3n | OO
(R,R)-pybox

N 0 Pz fe) CO,H
(R)-carboxylic acid N—Bz </ I N 1

CO.H
* MS4A, CH,CI — N N OO
, LU =
< >7: Ph Ph SiMe,Ph
(R,R)-Ph-pybox

(R)-carboxylic acid
Scheme 1-4. Maruoka & D7 V' A F A I & W= 13- 808 BRAGAT NSO 29

12



—H TNATERET I BEATAPORBLUIA I U PORESED, 1L3-AHTOT
VAF AV R (C=N*-C) LRI IKEHND 1,3-PUHGE MBS, pyrrolidine 753 (A
EERTED, Br P UFRICIE, AR TARFREN 4 DT D, ZOFKEE 1,3-Mii1
BRAVATINBOSIZ K o TIAREIRAYITHESE T 568K & LT, Grigg BliE. 7Y AF AU N4
FWTHRAE L7z (Scheme 1-5)%, #5101, 7Tk RET I VAT VLA I VR ELT
W, TR L 724 2 A W TA B & LT cobalt(IT) chloride (CoCly) & EEAZ - & L CT(1R, 25)-N-
methylephedrine % F\\ T pyrrolidine 5% 5K % I 84%, 96% ee THF7z,

RV/NVCOZMe COC|2 H OH
(1R,2S)-N-methylephedrine Ra N\ _aCcO,Me
MeOZC
\— MeO,C Me
o) i
R = 2-Naphthyl SSéz/oyleeeld (1R,2S)-N-methylephedrine

Scheme 1-5. Grigg 5 D7 V' A F A U R&HW\ = 13- LA S 29

ZDO X, 13- PUBRFBRACAINE, xR EBRICOWTIR A HIE L THET 2 2 &0
T& 5, 2 OEREE2AT 5 LABRBBEICOW T, EZHIET 2 - 0Ic 2L B IE
OB 72 KD 1 3-BRACM IS OFEN SN TEZ D, Z b 0oMEOF T, HEOARFK
IREDHFIET HE R Y D VEBRONARHE S BIEICBER A W=, £Z2 T, 13- MR+ Thd7T
S AF A RERWTEEREA IS OFERIZ OV TR T,
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B TS AF ALY REAOWESFEAF [3+2] BIIIREG

Pyrrolidine I%, 7 X / E£® Proline DH.LEH TH Y . < ORIIAFAET D 193, DT
D, BEr U DU EEE L E T D RRMSALE M SRS R T T E TH R S kR 2 72 AT TE
MEOMoTe D, T AF A Y RERBIGRAEE AT 0 FAF [3+2] BRIGAINRIGIE
AT EI TR L7 Grigg DM O TR Lo, 5 1% 1991 FIZ CoCl & (IR, 2S)—N—
dimethylephedrine & ¥ %4 U 7= 85K %2 W\ CTH A 2R L 7= (Scheme 1-5)%), & 51T, 1995 4F
WZA BRI & LT silver(]) triflate (AgOT) & O (R,R)-bisphosphine Bz 1% F VN TULE 83%. 70%
ee T E L pyrrolidine Z &% L TV % (Scheme 1-6)*, LU, FISKRHOFERIZ DUV TIEHR
HI N TR0,

R__N_ _CO,Me

N~
h ¥ Ph,R,  PPh,
Me AgOTf R, ~CO,Me N
+ (R,R)-bisphosphine Me
0 N N
Me—) I
Me{: o) Bn
R = 2-Naphthyl 83% yield (R,R)-bisphosphine

70% ee

Scheme 1-6. SR Z FI27 > AF A U RO FRIARFT [3+2] BRALAT IR D H ) 0 i 49

Zang HlX. ZORIGDOFEMEZB LT 57212, 2002 FIZERE & REEANL 2 AV TT
VAF A Y ROFRIAFE [3+2] BRGNS Z#i L7z, 4% 513, benzaldehyde & glycine
methyl ester hydrochloride 2>HFH U727 Y A F A U K ERIAR 1K L LT dimethyl maleate
ZHAWTHIE S BINAP 21X L LT 54 B2 RFt Lz s 2 A, (S.5,S)-bis-ferrocenyl
amide phosphine ((S,S,S,)-Xylyl-Fap) BNz 1% V% Z & T pyrrolidine #7538 /K % [ 94%., 76%
ee TIH72 (Scheme 1-7)®), ZDOFEMZHWT, HxREREZAT L7V AF A4 FOKLE
WA 2 2B R L, IR 73-98%. 70-97% ee ThE % 73 pyrrolidine #58 K %215 5 Z & ITAK
L,

] Q O@
Arg _N-_CO;Me AgOAc f

H Fe
NH HN
Ars, N CO;Me
S.S,S,)-Xylyl-Fa N0 C02 Jk@
( 0)-Xylyl-Fap < 7 PAr,

i-Pr,NEt, toluene Fe ArP
/N MeO,C  CO,Me <
MeCC - Codlle 73-98% yield (S,S,Sp)-Xylyl-Fap
70-97% ee Ar = 3,5- dlmethylphenyl

PPh, NH HN Q
= b e %
O PPh,  Ph,P Pth PPh,

(R)-BINAP (R,R)-Trost Ligand (R,R)-Me-DuPhos (R,S,R,S)-PennPhos (R,R,R,R)-BICP
Scheme 1-7. Zang & 3B L7270 A [3+2] BRALAHIIES 4D
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S B IZ[A4E, Jorgensen B 1E, 4@ & L T zinc(Il) triflate (Zn(OTf)), ENZ - & L CT(S,S)-+-Bu-
bisoxazoline ((S,5)--Bu-BOX) % 72453 F-[IA 7 [3+2] BRALATINEOG 2 # 45 L7z (Scheme 1-
¥, M HIX, BRED BRI L 3FEDOT I AF A U R & 4 FEDRIAR AR Z L AE o Thix
73 pyrrolidine 7538 (K % 5 TULER 93%, 94% ee THARL L7z, LU S, %5 O T,
2> S tert-butyl acrylate & KRB 7{A L L CHWEZE Z A, UK 12%, ee 1L 5% LA FTH -

7=
Ars _N~_-COMe Zn(OTH), H o % o
(S)-t-Bu-BOX Ara, «COzMe | 'J
* = N N
2 EtsN, THF . /
R20,C g 1 3
\ \ R°0C R t-BU tBu
R 12-93% yield (S,S)-t-Bu-BOX
<5-94% ee
Ar = Ph, 2-Naphthyl, p-Br-CgHy4
R'=H, CO,Me
R%=H, Et, t-Bu

Scheme 1-8. Jorgensen © O HESHRIE % 7205 F-FIARFT [3+2] BRALATINES 49

Schreiber &%, #R#H & LT silver(l) acetate (AgOAc) EEINLT & LT (5)-1-(2-
diphenylphosphino-1-naphthyl)isoquinoline ((S)-QUINAP)% F\ 7= k% #45 L7 (Scheme 1-9)
4, B (S)-QUINAP 70 b fi# U 7= & @8 & VT Jorgensen B 23 N 2-F 7 F L0k
EHETLT Y AFoA Y RHFRR LT 1,3- B8 & SKOBART-IRD tert- butyl acrylate 7> & D=
FUFABERN 0 ) DGR ER L. S OIS 2R LT,

Ar__N___CO,Me AgOAc H A
g Ara__N.__CO,Me O
N (S)-QUINAP \5_7’ _N
i-Pr,NEt, toluene
-BuO,C, FPT2REL
EBUOC £BuO,C

Ar = p-OMe-CgHy, p-Br-CgHy,
p-CN-CgHy,, 2-Naphthyl, 2-tolyl

89-95% yield
89-96% ee

Seth

(S)-QUINAP

Scheme 1-9. Schreiber © OERMAREEZ 7= TR [3+2] BRALAIIRIE 49

Najera %2 08 Sansano & (%, #R#F & L T silver(I) perchlorate (AgClO4) & B R A 7 ¢ L EEAL
T Td D BINAP % W= 8EIRMRELIZ X - T pyrrolidine 758K & IR 90%, 99% ee THH7-
(Scheme 1-10)*), % 51X, H 7= Ag-BINAP SEEfMED U 1 7 v S EH L=, RIS IZEY
L7 Ag-BINAP $&(K % F . 4 [EDO U A 7V TlE, 99%LL EOERMME L, ee DIKTIX
b olz, GRSEMAMEEZ FART 200 0FEIE, BEICEEN TX 28 LT
HD,
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(S)-BINAP

ArvN vCOzMe

Et3N, toluene

64-98% yield
82-97% ee

+
O '\|l O
Me
ArvN vCOzMe

+
OJ\,}IXO
Me

H
Aru,, N ~CO,Me
OO PPh;
>~ H H + >A§ cio,
e oo
Me

E O PPh,
oy

(S)-BINAP
H
Ars,, N \CO,Me O O
Et3N, toluene H ; g H + Pfh%r -
07N 0 A9 Cloy

|
ve g

99% ee (1-4 cycle)

Scheme 1-10. Najera & OF Sansano © Ag-BINAP fillfitz U 1 7 )V U7z 7 RARF [3+2] BRILAT

JNELNE 4¢)

Komatsu & 1%, @itz 7253 7RI F [3+2] BRALAHINEOGL 2 #i5 L 72 (Scheme 1-11)%),
B 5 1%, S & LT copper(ID) triflate (Cu(OTf)2). ARAFENLT-& L C BINAP % U T exo BRAY
\Z pyrrolidine FEMKZ AR LT, ZOKIETIE., £, A4 I DEHL W ALR=AMEN Cu-
BINAP SE{A~ENL T D, Hil VT, EtN 234 X -Cu-BINAP $51KD o KHFEZ G EHE, TV A
FoA Y FMELD, £OH%, N-phenylmaleimide & i L. pyrrolidine &K ERL T 2.,

H

Pha N\ _aCO,Me OO
H> <H PPh,
O7™N" 70 71% yield PPh,
I'l’h 64% ee O‘
/7 N\
R P
‘oo’ (R)-BINAP
Xy _

Cu(OTf),
(R)-BINAP
Ph._N._-CO,Me -~
Et3N, CH,Cl,
VRN
R_,P EtsN -
Cu
Xz
Et;NH* X~
P
| /X

Scheme 1-11. Komatsu & Offllt 2 7o 207 RIARE [3+2] BRALAHINE S D ISk HE 4D



We BI1F, HSEARAREIZ X2 exo BIRPEDIEHBEAE I OV THREE LT (Figure 1-1), exo K345
HID AT =X LIZDOWTIX, N-phenylmaleimide @ Ph 2751 I 2/-Cu-BINAP $51K7> H #fEdL %

FHINZBE SNTFHEAEOFNLZETHDH I L E2HFENFEIC L > THR LIz, £0kd, 20
SR T exo IBIRIIIZ pyrrolidine #5382 B L7z & fdmD T 7o,

Ph exo {Kk

exo 1 n endo {0

Figure 1-1. Komatsu H @ exo {K3ME 5105 A 1 =X L 4D

X512, Zang 5 IZ8HE D copper(l) perchlorate (CuClO4) & (S,Ry)-Fc-PHOX % W T, kEx 72
SR AR

BRRELZATDOIT IV AF AV RET 7Y L— 0D exo BIRAIIT pyrrolidine

% h ik E A U= (Scheme 1-12)%),
O/§‘m\t-Bu
H —
AI‘VN ~-CO,Me CuClO4 Ar,, N__ (COMe N
(S,Rp)-Fe-PHOX PAr,
* ] g Fe
i-Pr,NEt, toluene R20.C »
R202C /R1 2
N 61-87% yield (S,Rp)-Fc-PHOX
84-98% ee

Scheme 1-12. Zang & Ok 2 V7= exo BRI pyrrolidine 535K D45 pk 49

F 7. Carretero b, HE L ANFRAT 4 VENAFEZHNTT VY AF LAY Re=hu7
VTN T v T AR S EHLD pyrrolidine #5338 K % 55 L 72 (Scheme 1-13)*,

Ph N CO,Me H
R Ph N CO-M S—tBu
+ Cu(MeCN),CIO, ", wCO,Me ;
OZN\—\ (R)-Fesulphos _ . o PPh,
) Et3N, THF O2N Ph @
Ph 61% yield
94% ee (R)-Fesulphos

Scheme 1-13. Carettero © OFAfMEE A FHU 72 exo EIRAY 7L pyrrolidine 755K DA % 4D
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X 5T Carettero H DT TlL, CuClOs & Fesulphos BN 17> H iR U 7= @EEA A H L.
RV F-4 & L T N-phenylmaleimide R°FH.EER D o,B-Aff17 b % HU T, Komatsu ©H O 2R
(Scheme 1-11) & 1ZH72 5 endo BRI pyrrolidine #E (A% & 5k L7 (Scheme 1-14)4), % & D
WENBIT. AW DBENL 0K AR R & o T endolexo DIRIRMEN TR0 2 Z NG NI

o 7 40),20)

H
S—t-Bu
Ph._-N._ CO,Me CuClO, Phin. N CO,Me @
(R)-Fesulphos PPh
+ H H Fe 2
7/\) Et;N, THF o =
(0] 70% yield (R)-Fesulphos
94% ee

Scheme 1-14. Carettero & 23 # 2 L 7= endo iIRA 72 S s 4D

S 512 Shi bk, &BHE & LT Ni(ClO4)2:6H20 & (R)-2,2'-binaphthyldiimine ((R)-BINIM) 7> & 7
B 7= 85K % BV T pyrrolidine #5E8 K DR Bkl & 2R L 7= (Scheme 1-15)4),

A _N._CO,Me Ni(CIO,)-6H,0 ¥

N
(R)-BINAM Aru,, WCO,Me 7~ p
* N N
H H
DIPEA, CH,Cl,
J\ X o} N (0]
O N (e}

= | R
« RIS Z (R)-BINIM
52-92 yield
R!=Pn, p-Cl-Ph, p-Br-Ph, p-MeO-Ph, 72-95% ee

o0-CI-Ph, m-Br-Ph, p-F-Ph, o-Br-Ph, 1-Naphthyl
R2 = H, p-Me, p-Me, m-Cl, p-F

Scheme 1-15. Shi H D = 7 Ul 2 FIN 72 23 F- AT [3+2] BRALATINEOS 4

F 72, Kobayashi 5%, calcium(Il) diisopropoxide (Ca(Oi-Pr),) & (S,5)-Ph-BOX 7> Ha#d L 7=
PEIRE W2 FIEAE [3+2] BRABAMTING 23 L= (Scheme 1-16)*9),

Ph._ _N. __CO,R®

Y Ca(0i-Pr), RS H e OWO
RS RA (S,5)-Ph-BOX Z, NS N N\)
+ Ph CO,R® >,
/Rz THF, MS4A R e Ph Ph
(S,5)-Ph-BOX
R! 0
o) 76-99% yield
76-99% ee

Scheme 1-16. Kobayashi & O 71 /Lo 7 LMl A AN 2 IR FE [3+2] BRALAHIIRE 49
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TS D4 R IE O R THIE MR A VDT IR [3+2] BRABATINEOGR A3 2 WA I &
%, IHIT, endo & exo DIFPRMEIX, BUAL T & VAR IZ L D SARFEE & EFAIHEEIZ L - T
oD, ZDIZ EITOWT, Nijera 2O Sansano B 1d, RKBARAIKD 7 )L 7R =)L & SREEIR
E DM TLEMEDENPREEZ T 5 Z L1125 - T endo SFEIRAIIC pyrrolidine #53EAK A3 A R
952 L&A L7 (Scheme 1-17)19-4D,

A N COR AgCIO, N
. (S,.R.R)-Phosphoramidite Ar'm( 7-\\\COzR OO Ph
Et3N, toluene 0 > -

£BuO,C

N
/ %
t—BUOzC 1) >--||II
76-84% yield Ph
Ar = 0-Me-CgHy, p-Me-CgHy,

endo : exo
-OMe-CgHy, p-CI-CgHy4, 2-Naf : _
|§ = Me i-|63r4 Prere =90:10-99:1 (Sa,R,R)-Phosphoramidite

Scheme 1-17. Najera }2 OY Sansano & 23248 L 72 endo AR 72 5 4D

KR FARDOHEIEIZ K o T, FFBR B A BEFRETH D Z L G ST b, Bz I,
Waldmann 5, 7Y AF oAU RERBIBFARE LT (E)3-TAXFIVTUoAFy R—Ahb
1 DODRFENLTC2ODEMPEAT DA aEEH LI2b &M E W THEZE L 72 (Scheme

1-18)*m),
Ar N CO,Me
N s Cu(MeCN),PFg Arg >>_~NH2
(R,Sp)-ferrocenyl ligand HN— e\k\\NH ~ PPh;
+ > 1X
o) Et;N, THF MeO,C" <
NH R '
/ (R, Sp)-ferrocenyl ligand
R up to 97% yield
98% ee

Scheme 1-18. 73 AR [3+2] BALAINEOL &2 V= A B b &8 DA Rk 4™
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Fh WBHIE 2DFOT S AF oA ) REINTHFR [3+2] BILAIE RS T S8R
M — 25T T 5 Z L IZH B L7 (Scheme 1-19)*),

CO,Me

ArvN\l/

R1

S—t-Bu

@Pth
Fe
=

+ Cu(MeCN)4BF4
(R)-Fesulphos
o} o} >
DIPEA, toluene
+

AryN Ycone
R2 34-72% yield
Ar = p-Br-CgH, 98% ee
Ar' = p-Me-CgHyp-MeO-CgHy, p-F-CgHy, m-F-CgHy,
2-Naf, 2-CI-8-F-CgH3, 2-Me-CgHy
R'=Me, Ph R?=Me

(R)-Fesulphos

Scheme 1-19.2 53 7D T V' A F A U K& HWI=0FRIAFE [3+2] BILAHINE S 4

_ﬂifme%tio EREIRRT AT A Y RERBIBTERTHDLT VI b ER
U UBREMET 5700 ix RERESCAFRN 2 W2 FRIAFE [3+2] BN
ISR S T, :mﬁg@%&%f 3. &EE CITRECHE R < A b, Bl A2 Hv
7o RO TlE, endo BRI S EIT T 223 H 0 . ST, exo BERIICIS D HEITT 5
lrnd 5o 2 ERngnolc®, £, o FEAFE [3+2] RIS TR, AVREO L S 7
BIME 7ot 2 T 5 pyrrolidine 5 EAC2 0 T DT I AF A Y ReHWnWsZ LTerl v
REeATHEEHRSLENFHREMEMEIC, T LT F U FABRUIHELE T LN TE S, F
2. ZNETOWEND, o FRIARK [3+2] BILMAIIISIE, pyrrolidine #5E AL 7 X F
AV RERBIBAARNS —TFRETHEETHZ LN TE, £I T, T AF AU R ERWR
FTEGTHICEDE b ORISHEE Z HWTARE [3+2] RIS EZIT 21X, — TR TR S
BEDSZBRAEREBETELO0TIIRV N EE T,
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BUE 0 T+HNAF [13+2] BILMIEG

FINARF [3+2] BRALMIEOSIE., 0 FICT Y AF oA U R EBTREORIGT %2 5D
o ORISHEEN O R ERLENEHR L LAHIE L THBET L2 LN TED, TO7H, KK
WA YNEVEE AT MR G ER LR EM OGN FIREL 72D, LN LR D,
% < DWEGIN B 553 FRIAF [3+2] BRALAHINBUS 929 & e ThOFWNBUS TSI 25 R 5 4
TWo,

Pfaltz & %, 2005 FICERE L LT AgOAc E R AT 4 & AXH IV ohb b
phosphinooxazoline (PHOX) Bz 1% H\\ 2 73 FINAF [3+2] BRALAINS 2 916D THE L7
(Scheme 1-20)%, 1% &%, o-hydroxybenzaldehyde 75 &R L7727 V7 & RiFERNOEEA 727
VUV ZATARE Y DUFEREHNTA IV ERB L, Z LT U VB o- h U VIR,
FxH VU VBRIZ Ph A2 TN TEHEA LT (R)-PHOX NI % VT, i 99% ee THZEFR
ZRAEHKEHT 2EMDE RIS LT,

.
RzR R1
Nj CO,Me HN—=R’
| 2 AgOAC H o | 0 P';,h
P ‘ G0 Me JL
©5J) AL “H PAr, N~/
o toluene, 0 °C o TG-Pr

61-74% (R)-PHOX
83-99% ee Ar = o-Tol

Scheme 1-20. Pfaltz & D43 F-INARF [3+2] BALAHINEE 62

Komatsu &%, 77 FINAF [3+2] BACMINRIGOREEAFEHOILRZ AfF L, FERE S
FRWEEFRZELAWOMEL B LI ®, §£51%, N-alkylidene glycine methyl ester 7> 5
Cu(OTf)2 & (2R,3R)-(-)-bis(diphenylphosphino)butane ((R,R)-CHIRAPHOS) % H\ T 60% ee (2T
VAKEBROA 7 X Futnno [3,2-¢] BV Y UEKEERESE LT (Scheme 1-21),

COzMe
Cu(OTf), CO,Me

(R, R)-CHIRAPHOS HN P

N) R

| H,)

= EtsN - LR g \/
THF 1t “H Ph,P  PPh,

N0

Bn

f}l 0 (R, R)-CHIRAPHOS

Bn
44-89%
6-60% ee

Scheme 1-21. Komatsu & D43 FINARF [3+2] BB o0
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Gong HiE, VU VEEZFIH L7200 TWAF [3+2] BRALMINEOE 2 Bi%E L7z (Scheme 1-22) %),
% 51%. 7V 7 B RIZ% LT phenylalanine ester & VY, @i RAE2HT 5% 71720 ‘/ﬁ?%‘fﬁ%%
Sy L U IR 94%, 91%ee THERZLENER LA T HILEMEME LT, EHIC
NT b ROFEFERM Y. TI /BT AT NAOT U —/bv (Ar) RITHEX RBREZEAL., &5
TULEE 94%, 94% ee T HBIDAEKM DG RUZELH LT,

Ar
AB/COZMe Ar OO 0.0

B COzMe P
X f phosphoric acid R A H CO4Et OO
R o Ar
>0 toluene, MS3A o

phosphoric acid
65-94% Ar = 2-naphthyl
81-94% ee

Scheme 1-22. Gong D U Vg% FIH L7250 FNARF [3+2] BRALAIIRG 69

Waldmann 5%, $iHg & BAL 700550 FNAE [3+2] BRILMHINKIGIC L 0 28U EWE &
B% L 7= (Scheme 1-23)%), % &%, #itfi & L T tetrakis(acetonitrile)copper(l) tetrafluoroborate
(Cu(MeCN)4BFy4) & fili R R A 7 ¢ VEANL A D (S)-2,2'-bis(diphenylphosphino)-6,6'-dimethoxy-1,1'-
biphenyl (BIPHEP) ® U »JF 7 EIZ h U A FF 7 = =/ (3,4,5-(Me0);CeHr) 3% H 5 5 BL
%%ﬁﬁb\f tRx I BB D RIET 5 B R LERAULE W & fier TULER 82%, 99% ee THKTY

\—JE‘ZIjJ L/ 71:_.0
R’ R R
| Boc |( Cu(MeCN),BF, H, | \H O
NH 4 TFA, CH,CI, (S)-MeOBIPHEP MeO PAr,
J; J; H MeO PAr,
N"Xg 2 R*CHO,DIPEA EtsN, Et,0, MS4A NS0 O
R MS4A, CH,Cl, RO
. (S)-MeOBIPHEP
35-82% yield = i i
13-99% ee r = 3,4,5-(MeO);-Ph

Scheme 1-23. Waldmann & O 43 +INAF [3+2] BB )G 09

EHIT, X MRAE AR IE AT 2 O BRAL AT IR O SEARBLE 2 R E L, 4% ISR A il
THAD=ALERE LTS (Figure 1-2), 7. 8 & BN -3 BEEAZ TR L%, A
RV DEFEINVR = VBFEDEEERICENLT D, ZOHEERY VR B Ar Tkt sz“
U7 4 UPNRBEE Z BT 2 G FRIDND 7 Y AF A U RIcEar L TG ETTT 5
EHE LT,
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N |
\% Ri // N </_\>
_D w0 NG, S
NC 3 / ,
N/ ~o P, \ Ho | NH
PAr, o | o — NG
——*/ p——Cu \ — H
fe) PAr, Et;N \
N b e
r r
/ N N R3
R3 R3

Figure 1-2. Waldmann & 2528 L7250 FINAF [3+2] RIS D A 1 = X 2 69

BT, Adrio XN del Pozo Hid, 7V AF A U R &R % D7 H 5y OE Tl
BB BB E 525 2 L 2 HE L7z (Scheme 1-24)%), 1 &1, 77/1//7‘/J: ZhUT
NATRAF VBB L BFERT VT B R T ERAL OB iRz Y o —=° N- b
NV =BT AEEEHCTERR L EULEME AR LT, BFE ) I —EFTHEk
B TlX. 5,5'-bis(diphenylphosphino)-4,4'-bi-1,3-benzodioxole (SEGPHOS) % HW 7=#b . IR 57—
78%. 82-99% ee T AfMEIRDEEFBLEAULEME BT 2 Z LITHII LIz, N-bal v~
N —zHT HEEORMFTIX, Fe-PHOX Z i L, IR 52-63%, 80-94% ee T k7 > AjffiilR
DEEFRLEANEME AT HZ LIRS LT,

COzMe
N CF3 CU(CH3CN)4PF6

(R)-SEGPHOS
KOt-Bu _
CHyCly, rt

OAO O/\ o
e
o
0
N

57-78%
82-99% ee (R)-SEGPHOS
COzMe o
Cu(CH3CN),PFg ~So2ve 0, t-Bu
N CFs yHN =N
(S,R,)-Fc-PHOX eE
KOEBu . R Ym O = PP,
= e
CH2C|2, rt [Tj @
Ts
52-63% (S,Rp)-FC-PHOX
80-94% ee

Scheme 1-24. Adrio }2 " del Pozo & M43 FINAF [3+2] BN 60
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ok, RV —& N-b IV U — TR LN AR O SRR E 2 R E LTz, 2
O OB 2 OB A D ERE A B = X LW, B & L T(R)-SEGPHOS % H
W BHREALSEM 72 FIEIC L > Tt L7 (Figure 1-3), BBB Y o h— %2 BT H /G CTld, 77
v b CFs DY VR E Ph & & ONARFEFR ZRET 5 X O IZBUSAET L, N-Fvy >
=% T HIEETIE, Ts DY VJRF EO Ph EA RS CTRISHHEITT D LB L TV 5,

COzMe : \%' yHN
©/ \ O0 |Otlte (PMe N CFs
Cu / \“» . ’CF3 ‘ N

’ NS/ R H
o @éf Fo T
7 Ar-S02
IMBBOBLAME NSV ASBIBOBAL Nk

Figure 1-3. Adrio & O del Pozo & D43 FINARF [3+2] BRALAHINE G D A 7 = K L 6

PO OMRFT T, ERMNEE E LTCERBT V7 v EHWTWE, S, Z@ERT L7
YCHRISHEITT D20 ZMEEL TV D (Schemel 225)00), Z{EMAT IV R T D REE W
T2 A, CEBT IV RS ORE A W X720 IVERIT 53%. ee IE 55% ee IT
ﬁTLtOﬁ%m%%ﬁﬂm%ﬁ&fm&w%@@J@mms%%K%%#ék\7w&yL
® Ph I L EEARD Y VEF ED Ph L ORISR ENEL D EBZ 2D, TORE, 7V
AFoAY RETNANT AN ESEIZL <720, [3+2] BB EIT LS5 o7 AlRE
WEREZEZLND,

CO,Me
CU(CH3CN)4PFg CO;Me
N~ CF, HN— Ph
| (R)-SEGPHOS Hol  Maor
d f\Ph KOt-Bu gy
o CH,Cly, rt o
53% yield

55% ee

Scheme 1-25. =& 7 V75 o 2T 5 E 2 AT i 69

Gregg HLOMENLHRI 30 N E, TV AF AV RERAWEESL S ORFE [3+2] BILAT
MBS HRESNTND D, LLAERDL, TOIFEEA IS FRIKSOHETHY . 51N
RFF [3+2] BRALAIEISIE, DT 0 S FILAEE S TRV, ZRHIEEAEDRINR, K
BHRF-& LT EBRT N 2 BT HREEZHNTHRGFLTEY, &7 /L7 2 1d Adrio &
N del Pozo & MRFEER THE L7 1 BlOHRTH -7, S B, RSHERE 2DV Ti, Waldmann
5% Adrio X WV del Pozo 5N ER LTWBE 2HOHTH-Tz, 2T, —@BBRT NV v 2HT
DB T TR [3+2] BRALMINBIS ORFHIHRE T IUT, OB OH R 5 RBIZEND
EB XTI,
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BIE kA RAEMEEEZFOGERSRALEY

GBEFBLEANEDIL, ERDEENDIEDPMER LTALEW TH D, ZO/LamOHIC
ERSEREXVVUBMER LY X ) U UBEERT 5 REMBIET 5, Z0OF %%
B RAMACE DL, Hix 72 EWTEMEZ RS (Figure 1-4), 5l 21X, R T&H % martinelline
X, PLETEMEZ R L, adrenaline R°OKIEM: A T 4 =— & Td 5 bradykinin Z[HET 5 7, £/,
R e o vrn [3,2,1-4] &/ U UERIE i/ MIEPERIN <0 histamine (Z5F
LU CHEFEEEZRT Y, 61T, MEE LZEHLKR 7 O tyrosine kinase A FH5E 7% tivantinib?, E
I~ KRG HIIL C d 5 HCT116,HT29 <° LoVo D%z % [H# 9~ % dehaloperophoramidine!?<° kinesin
spindle protein %[5 7" % pyrroloquinoline FFE (R D72 ERNFM BN TS, ZiubDILEMOH
T, BRx 2R EIEMED RS ATV D martinelline (S DWW THOLER AR L TN D EEHRESL
BRAVEHE D 3 DDORFRFEDEHE L T D RUICHBR 2 fun 7o,

Me
A
| A e
H
N
R1
H
H
/\/N \/\(
HO
Martinelline pyrrolo[3,2,1-ijlquinoline i%&E{K Tivantinib

J

N

Y

z, H H

2 /@ F4C N N__O
Dehaloperophoramidine kinesin spindle protein inhibitor

Figure 1-4. EW{E1E% 79 % pyrroloquinoline #%E (&

Martinelline I£, H /LB E LT 3 DORNFREDEFET D ¥ AMEERD 2,3,32,4,5,96 ~F ¥ &
FE-1H-E'va [32-c] &/ U Ft ATern [32-c /U FkElgd) 20T 25KR
Mo D (Figure 1-5)'2, TN FE TIOEKIL, TN E TICE L OIFFEEIC XL > THEEFIE B
a9,
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\

NH

H
HN HoN N
o M AN
1 H R
R\O i, NH
KK
iy SN BN
N TN

NH
Martinelline 2,3,3a,4,5,9p0 A&kt FO-1H-EQ0Q [3,2-¢c] ¥/ 1Y

Figure 1-5. Martinelline & > A#EER D 2,3,32,4,59p ~F b Ka-1H-t'm 1 [3,2-c] ¥/ VU B

Ma 51X, B-7 X/ = AT V& HWD ¥ 7 )V 7 —)LiEIZ T martinellic acid (Figure 1-5 (278 L 7=
martinelline @ R' 75 H DLEW)) ORA)I DA G R 2R LT- (Scheme 1-26)149), 4 1%, 1,2,3,4-
tetrahydroquinoline F53E /A5 6 LEENNTTCE R R [32-c] ¥/ U VB EZ 38%DKRINEE THEEL
L7z,

i I
| MeO,C
NH, 6 steps - 2 o
HO._~_-~_-CO:Me —— N N~
|
Ac H H H
OAc OTBS
38% yield

Scheme 1-26. Ma & D ¥ T /L 7 — )LiEIT L A /B AR AEEE 140

Aponick &%, SEEAIARF A RIC T, BePEAYIC martinelline % & 5 L7z, 1% © 1< allyl carbonate
FHEAR ) B (R)-Stackphos &= W2 % 2 U VB 2 i~D T VX = b &2 1T, BIO AR A
ZULH 70%, 91% ce THHL LT (Scheme 1-27)10),  Z Dl ka VT 4 TREANT T o Rifis
Drmr [32-c] ¥/ UEEEMELZ,

o
i S Ph_ Ph
AN R
coo o L+ \ + i CuBr, (R)-StackPhos Etozcm Ny N
102 X . 2
\©\)j s Ncp; C7 OBt DIPEA CH,C, N Ph,P N
—
N Eto’go \ Z
Bn- N Cbz (R)-StackPhos
70% yield
91% ee

Scheme 1-27. Aponick H DI T G ARIZ K 5 B ASHEE 149
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INECTHRARTE I FREEIEIL., HOEEZBEREIICHEE L T\ e, LaLaeRns, 2
DEKEZ DI TR TR T E R R IR0 bR ed KO E L, fil 21T,
Iwabuchi 513, [4+2] BRAGAIINBUGIZ X 2 Bt EE 4 ¥4 L7 (Scheme 1-28)149, 1% & 133# B 72
MBI HERERREZRE LA I U BIE 47%,  dr(diastereomeric ratio (Y7 A7 LA~ —
)y 1x 42: 1.0 CEmm [32-c] ¥/ U EKE 1 TRTHE L, %0 0OFRMEIER,
B OIRITE L b 0D, 1 TRTHEL Z LI X 2O EM, 204 2R3k %
VI FTHZENRTEDLD, BES~OEEDARETH 5,

TBDPSQO

MeO,C ? BF3 OEt,, MS4A _
CHCly, -40-0 °C

NH OTBS

47% yield, dr=4.2: 1.0

Scheme 1-28. Iwabuchi & D[4+2] BRALATINRISIT X 5 HHHEEL 149

Lovely 5%, 27w U K% 47 5 benzaldehyde 7% & (A & Bn-Gly-HCI 2> 5 iminium
A F U FRRE TR Lo te B L 5557 [3+2] BRABAIIIEES 247V, 1 TF2E T pyrrolo[3,2-
c]quinoline #E A % IR 65%IZ CTHA L L 72 (Scheme 1-29)14d),

| Bn-Gly-HCI
H —_— EtsN

N N benzene
)3 reflux

Scheme 1-29. Lovely 5 D451 [3+2] BRALATINESIZ K 5 B k& e 140)

65% yield

Hui 5%, N-tosylamide i3 {A & 2-bromoenal #53E K75 N-Heterocyclic Carbene % 4 14y 7-fi
B W5 B RkiE & s L2 (Scheme 1-30)149), 4% & 1%, N-Heterocyclic Carbene fififitiz X %~
ATV, v~ =y e ROk, 77 2 2MEE R T DRSS Ko TIARHIAE Lz =
[3.2-c] &/ U BREMELT,
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= X
NHTs Br R P H

Ts N-Heterocyclic Carbene

68-94% yield
98-99% ee

Scheme 1-30. Hui 5D~ A 7N, v~ =v e s, 77 % MMEZRHE T 5555 140

INET, YAMROE RO [32-¢] ¥/ U UBROBEETIECHOW TR TE =, KIS
’“’L%*%ﬁ@;'%fxé T U AREERO YRR [32-c] ¥/ U UBEEAED LD %ﬁén@\é@
\ZBLBR A2 FF > 7 (Figure 1-6), 2D ~ 7 U AR OBHHEEEE L LT, A Scheme 1-24 |2
T Adrio }2 O del Pozo @ Cu S5l 2 N2 50 AR E [3+2] BRALAHINECS & FE 4T L7z 99,

HN

o

N
H
FSUREEOEDO [3,2¢c] ¥/ U RAEBROEDODO [32¢] ¥/

Figure 1-6. b 7 2 AfEER KOV AffiggO 0 [32-¢c] ¥/ UV B#H

Z DIENIT H Mantelingu M2 TN Rangappa ©=° Shaw o, Waldmann & 723 b 7 > AHEER DB #AE
k%5 L7, Mantelingu & OF Rangappa © (3. benzoic acid (PhCO-H) Z it & L -CHV, |
T U AEEROE R B [32-c] X/ U UEKEEDARERXOERYE S LT (Schemes 1-31)12),

(0]
(:fij | PhCO,H
+ —_—
N/\/\COZEt HN toluene
|
Ts

N
Ph MS3A

92% yield

Scheme 1-31. Mantelingu & ® 7 U AFFEBROE B 1 [3,2-c] &/ U U BHKOMEE 15
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Shaw &%, copper(l) iodide (Cul) } ON cesium acetate (CsOAc) LV T U AffifrD ' r 1
[3,2-c] %/ U VB EREEE L= (Scheme 1-32)19Y),

Bn_
H,,/N
Ph
Cul
CsOAc R N~ "0
DMSO
OMe OMe

Scheme 1-32. Shaw 5D b 7V AfEBR DO E 1 [3,2-c] ./ U B ORELE 150

Waldmann © [% . glycine methyl ester hydrochloride 7> 5 A I » % fH & . AgOAc.
triphenylphosphine (PPhs) A OF cesium carbonate (Cs2CO3) % V5437 [3+2] BRILATINESIZ
X0, T UARMEROEY R [3,2-¢c] ¥/ VU U EHKAEREE L7 (Scheme 1-33)1%9),

CO,Me
2 CO,Me
0 N HN—
I | H "
o) H-Gly-OMe-HCI o) AgOAc, PPhs 2 r
NJJ\/\Ar Et3N, MgSO4, CH20|2 NJv\Ar 032003, CHzclz N 0
Bn Bn Bn

Scheme 1-33. Waldmann & D kT AfEEROE R B [3,2-¢] ./ U B OEE 159

AKECHRRTEZ LT, LRENDRL, Ern [32-c ¥/ U U BiEs —26ICHE T
HFEE, RTINS IRNTOMBHTH D, 72720, WD HREENT. BREH
DEREEBT L7201, BEROTEEZMLELTHMICEEZH VT DLHENREZ N, iz,
Z OMFREICE T rr [32-c] ¥/ U UBKOGHRIENRESNTHNAS OO B9
& A ET martinelline IZR 5N 5 U AMEROE R R [32-c] F/ UV UVEHOEHKIETHY, bT
YAMEBROE R R [32-c] ¥/ U EEOEEITTEIRONL TN 5, X512, M7 A
BRODFRABEEIZ OV T, B RE A RIE Adrio & OY del Pozo & DIRE DA TH - 7=,

29



FAE HIFEEEE

IHNFETRRTEEZZ L 2RI, DFNAFE [3+2] BALMINBSSC G B E LR A 2 Fo
IbEMEERT D HTEOHESEEZUTICE DD,

CCEBRT OV U B NS [3+2] BRAVAIINES I W TSR 72 A LB T H D

CCEBRT VT B S ORIGIEE D NARE [342] BRAVAT ISR O SOGFEAEIZ DWW TE
S EIN TV,

CBBERAEKE - BIIEETEEIRNTH L DD, RUSHEE O RITER D TR A 4
HET D,

UbEOBEREY, T, BERGETZERT AT 25T 2B G L, 5 FHNAF
[3+2] BALAINSIC LD R I v A fEBROEn B [32-c] ¥/ U UEKREETEIE, 2h
D OFREIIAR FTRE & & 2 T2,

72% Bakthadoss H1%, b VT X RIBEEMRNLT VS AF A4 U REKRBET D01 [3+2] 8
EATINEISIZ &0 Z & KD pyrrolo[3,2-c]quinoline 7% & (K % & ik L 7= (Scheme 1-34)'9),
Bakthadoss & OHEL B E 2 5 &, HORGIZ, +ICEBRARETH DL &H 2T,

Me
O Ags Mewcon Me\ - N —
R1 H P> H 2 _R3 R1 H,,' )
(1.1eq.) o\ g
= > > Tco,Me
2
R '}' MeCN R2 N 2
Ts CO,Me reflux, 6 h 'i's
86-96% yield Ts COzMe

Scheme 1-34. Bakthadoss & D41 [3+2] BRALATIIRIGIZ & % pyrrolo[3,2-c]quinoline 7% & A& D
BRE
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& DVEARG % Scheme 1-35 (2779, Morita-Baylis-Hillman (MBH) K& ' & 0 #3540 5 A RK
W B R GZ AR ATREZ: allyl bromide #5338 (A & BEE1 O tosylamide #53E A H 5 SN2 KIGHIZ L - T
THTER1%Z1 TFETHEKT D, 1 & Glycine methyl ester hydrochloride 2 FHWNTA I 2 %
AR L . SRSSARREL A 2 0 TINRE [3+2] BALAINE 24TV, Ber [32-c] §/ U v
EH A —FITHET D, 215, N-N VD U —%FOZ &b, oD 31E M T U AR

LMD ENEIREIND,
RZ 0 .
AN asymmetric
| H . . CO,Me intramolecular
ZSNH Sn2 o imine formation . [3+2] cycloaddition LOMe
HN
Ar‘/sloz K,CO3 R2 | H-Gly-OMe-HCI R2 Cu/Ligand RZ H Ar
MeCN X | Ar base g | H Ar base X | “"eo,R!
+ Ar NN solvent S N/\% solvent Ny 2
B N _$0, COR! _80, COR! _s0,
Ar' Ar Ar
CO,R!
1 2 3

Scheme 1-35. 73 WA [3+2] BALAT NSO D VESEHR

CORGERBE TS ENTENE, FT U AREROY T [3,2-c] ¥/ U B EHEIC,
NSRRI A T 2 Z &N TE D, S HICHELNTERILAINER 3 Db P Efasmatd 52 &
T, xR BB HRZLBEAMEW OB RSOFIR EMIEE 2/ T bR HF 5T 5 &
FFCX 5,
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B MR ER
B A S ORE RS

AT 2RO DI2HT2) BT VB E LT EIRT V7 UELIC p-7 v e 7 = =)L (p-Cl-Ph)
HEEHETDHT AT E R la ZH\\We, p-Cl-Ph % RO 1la # €7 VB & U THWZEBIE,
'HNMR Z & L7ZBRIC A FERERICRER R = BDBHlc NS Z &, SHICTAANRT b
JZEBWT Cl EZFFLEMIL3CL: YCl=3 : | DRIy 7 TNV ERmT D THD, A
TR L CIE, b MVAREEO/NSWAF L RAT NV E LTz, N EIZp-F U VA LR=
b (Ts) 2B ALAIZEL T ABERRME LT <o mE N-Fo vl Ul —Ic &
SThIUAMEROE R T [32-c] ¥/ U BHOMENRAREL 225 LB 2 T,

F B3+2] RIS OB TH DA I v 2a Z IR I < GATRE 7R SUS SR 2 PR
L7z (Table 2-1), FHW 2 iAKAISC S RE ] &2 F8 <7 #5 % . dichloromethane (CH2ClL) 1 1a (2
glycine methyl ester hydrochloride (H-Gly-OMe-HCI) & Jiii 7K Al @ magnesium sulfate anhydrous
(MgSO4) % I Z 72 BSEHRIZ diisopropylethylamine (DIPEA) % 12 "C. 16 B St S 5 -4
IZE D, NMR OFE5tET2a:1a=>20:1 DFEIEGTA I 2a 2155 2 LN TE T (entry 5),

Table 2-1. { I > 2a Z AT 2 KGR OMEt

cl MeO,C  Cl
0 H-Gly-OMe-HCI (2.2 eq) N)
DIPEA (4.4 eq)
©\)J\H Drying agent (4.0 eq)) ©\)‘\H
N CH,Cl, (0.2 M) N
| ° |
Ts CO,Me 30°C Ts CO,Me
1a reaction time 2
Ts = SO,-p-Tol a
Entry Drying agent Reaction time/h 2a: 1a®
1 Na»S04 4 1.7:1.0
2 MS4AP 4 24:1.0
3 MgSOq4 4 >20.0: 1.0
4 MgSOq4 5 >20.0: 1.0
5 MgSO4 16 >20.0: 1.0

*Determined by 'H NMR analysis-® 120 mg of MS4A was used.
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BFoni-4 Iy 2a ZHEEETICO THNAE [3+2] BRIBAING 21T > 7= (Scheme 2-1),
Tetrahydrofuran (THF) 4R A7 ¢ VBN T & LT 55°,6,6°,7,7°,8,8-4 27 % Ru b} 7F /g
¥ % A 9 5 (S)-2,2'-bis(diphenylphosphino)-5,5°,6,6°,7,7°,8,8 -octahydro-1,1'-binaphthyl (H8-BINAP)
(L1), #i#E & LT Cu(MeCN)BFs, k& LT triethylamine (EtsN) <CHii/K D molecular sieve
(MS)4A % FWT [3+2] BALMIMKIEZ1T o7& 2 A, BROBRILAINE 3a 13UE 69% THL
—DVT AT U v—L LTEDLI, eeld65%ee ThHolz, LLENL, A I 2a Dl
B D NMR F ¥ — M &8 L72BR. 3a OAMDPHEGE TE 72, 7% RO 3a 231 I i
BECAERKRT D2 LI28 D 3a D ee DIRTZEMET 572012, FEA IV 2a DA IEL KRG
THZLE LT,

CO,Me

o H-Gly-OMe-HCI (2.2 eq) N) HN

DIPEA (4.4 eq) Cu(MeCN),BF, (10 mol %) H Ar

@H Ar MgSO, (4.0 eq) dH Ar  EtsN (2.0 eq), THF (0.05 M), MS4A sze
L R N es N

Ts CO,Me ’ Ts CO,Me Ts

1a PPh, 3a

Ar = 4-Cl-CgH, ‘O PPh, 69%, 65% ee

(S)-H8-BINAP (L1)
(12 mol %), 30°C, 24 h

Scheme 2-1. A 3> 2a DAY FIARF [3+2] BULAH G O W18

2a OFHRBPEIZIBIT DU L D 3a DAEREIT 572012, KISIRE% 30 °C 725 20 °C (2
L. ROSKFRRIZ DWW T H 16 KD 12 R L7z, ZOR5E 3a 1TUE 87% TR H i,
ee IE 75%ee (21 L L7= (Scheme?2-2), Z DFEENEG ., A I VAR OBEREICE T 5 2a DAy
[3+2] BALMINEISIC L B T2 IAD 3a OAEKEIHITLHZENEETHDL Z E0RBIN
776

MeO,C

) :COZMe
1) H-Gly-OMe-HCI (2.0 eq) N HN—/\
DIPEA (2.0 eq) Cu(MeCN),BF 4 (10 mol %) H Ar
©\)LH Ar MgSOy, (4.0 eq) ©\)LH Ar Et3N (2.0 eq), THF (0.05 M), MS4A 100 Me
2
Nﬁ/ Cl;écolé ((1).2th) ’}‘ﬁ/ L1 (12 mol %), 30 °C, 24 h N
Ts CO,Me ' Ts CO,Me Ts
1a 2a Y =87 0/‘3375 % ee
Ar = 4-C|-CGH4 '

Scheme 2-2. (B L7z A I ViARISMH 2 WD 0 +HNAF [3+2] BILAINES
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Schemes2-1 O 2-2 Tl AR L7-4 I > 2a ZHEEEFITH FRRE [3+2] BB
WZHWTWe, D72 A X 2 2a DIEMERIEDN R TH o 72, £ Z T, 1,4-dimethoxybenzene
ZNEEREYVE & L CHV D NMR IERIZ T, 2a OFFRLZ 3NS5 2 &1 L= (Table2-
2), £7. 30°C TRUSKRHIZMEE L7z & T A, SOSKRINEL S 3213 ERIATINA 3a © NMR
IWRITIK T Lz, ZOHF T, 4BEHOBRFHNIBNT, 4 22 2a 8 NMR UK 91%TEHOIL, 1
X VTHBERICA U D BRABATINAR 3a & 3%ICH 2 D Z L TE T (entry 2), S BT, 4 FFf] D5
¢ 5 EIFAR ATV, FEMEA TN E 2 A WK 90%LL ETA 2 2 2a G o4, BRIBAHIN
RIZ3%LL FICIZ D Z ENTEDH I L 2R LTz,

Table 2-2. 30 °C TDA 3 > 2a DI

CO,Me
:COzMe
0 H-Gly-OMe-HCI (2.0 eq) N HN—
DIPEA (2.0 eq) H Ar

H Ar MgSO, (4.0 eq) H Ar . ""CO,Me
Nﬁ/ CHZ%I(z) (%2 M) Nﬁ) N
| ° '
Ts  COyMe reaction time Ts  COMe T:a

1a 2a

Ar = 4-C|-CGH4

Entry Reaction time/h  Yield of 1a/%*  Yield of 2a/%*  Yield of 3a /%?

1 9.0 1 &5 6
2 4.0 4 91 3
3 3.0 9 79 1
4 1.5 33 69 0

2 Determined by 'H NMR analysis using 1,4-dimethoxybenzene as an internal standard.

RV L7z 2a OFFRISMEE AW T, (S)-HS-BINAP (L1) Z V545 FINARF [3+2] BRibft
MBS E T -T2 & 2 A, 3a DILEEIL 91%. ee 1% 75% ee Td 7= (Scheme 2-3),

CO,Me
pOZMe
le) H-GIy-OMeHCI (20 eq) N CU(MeCN)4BF4 (10 mol %) HN—\
DIPEA (2.0 eq) (S)-H8-BINAP (L1) (12 mol %) H Ar

H Ar MgSO, (4.0 etl) H Ar Et3N (2.0 eq), MS4A -',,Cone
N/\/ CH,Cl, (0.2 M), 30°C, 4 h N/\/ THF (0.05M), 30 °C, 24 h N
| | I
Ts CO,Me Ts CO,Me Ts

1a 2a 3a
Ar =4-CICgH4 91%, 75% ee

Scheme 2-3. 4 Rl CRRBFL L7241 2 > 2a VD0 FINAF [3+2] BALAHINE S
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WINZA X VO RSKEFIZ DWW T, 5 FRIS 6 IRFIICIER T2 Z £ 12 L% 3a D ee ~D3E
AL ZAH REREITR SN2 T- (Table2-3), 215 OREHE 226 . CH2ClL 7,
la (ZxF LT 2.0 ¥ &ED H-Gly-OMe-HCl & liAKH & LT 4.0 4&ED MgSOs 2 HHWTHHE L,
FE L T20 45D DIPEA 212 C, 4 R CIRL U724 2 > 2a 200 FINARFE [3+2] BRAILAT
B SZHWD Z & & LTz,

1%

Table 2-3. 3 2 FH O SOUSK 2N BRAUAT A 3a D ee (2 RIFT 5

CO,Me
\\COzMe

o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN)4BF4 (10 mol %) HN
DIPEA (2.0 eq) (S)-H8-BINAP (L1) (12 mol %) H Ar
H Ar MgSO, (4.0 eq) H Ar Et3N (2.0 eq), MS4A “1CO,Me
N/\/ CH,Cl, (0.2 M), 30 °C N/\/ THF (0.05 M), 30 °C, 24 h N

Reaction time )

Ts CO,Me Ts CO,Me Ts
1a 2a 3a
Ar = 4-C|-CGH4
Entry Reaction time/h  Yield of 3a/%? ee/%°
1 4 91 75
2 5 90 75
3 6 93 74

“[solated yield from 1a. ° Determined by HPLC analysis.
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B_E S TFAARE [3+2] RALIMRIRIZ BT 2 ANEBALT & S D 2h R

AIEICINER LS BL 2N TED LI oA 2 2a Z VT TINARF [3+2] BRILAT
IS 2 i 2 Z 1T LTz, ZHETICHE SN TV D FINAF [3+2] BRILAIIEISICH
BNIR IR AT 4 N F-PHiHE & Figure 2-1 (289D, 2B &2 HK1T 2a D FIAF [3+2] Brik
MINBINZ DN T, BRI DR AT~ D Z LI LT,

o)
O < O 0mtBu
0 =N

MeO PAr, PPh,

\/ MeO PAr, <o O PPh; d;th
/ Fe
Ph,P  PPh, O o <

(S)-MeOBIPHEP

(R, R)-CHIRAPHOS Ar= 3.4,5((MeO);-Ph (R)-SEGPHOS (S.Rp)-Fc-PHOX
Cu(OTf), Cu(MeCN),BF, Cu(MeCN),PFg Cu(MeCN),PFq
Komatsu Waldmann Adrio and del Pozo Adrio and del Pozo

Figure 2-1. 5 S 720 FNARFE [3+2] BRAGATINEUS A RN 72 B+ & Sk

THF FZ#isE & LT 10 mol % Cu(MeCN)sBFs, ikl LT 2.0 ¥&ED EN, Fik#Hl & LT
MS4A Z W REBL T2 2a O3 FINAFE [3+2] BRI SO = F o F A RIRMEIZ 2 IF
T B A P ~~7- (Table 2-4), Figure 2-1 T/RL7Z K912, BHARFHR AT 0 VEALFHHV B
TWA 72D, P RFT ARSI STV 5 (S)-BINAP (L2) &z, TOkF, 3a
UL R 89%, 68%ee THFHAL7- (entry 1), BINAP D 2 DD F 7 X L VBN IHI 1% 86.7°
ThDHZENHENMFACLVHREINTND D, IRFERRAT ¢ VBN O iHifg & =) v F
FIEIRME~OEEIZEH L, WRICHEHAD 672 °L s ST b SEGPHOS (L3) % /-,
ZOFER, 3a 13K 79% THEH S, ee 1L 31%ee (MK T L7 (entry2), iV T, HAMN 72.3°
EE STV 5 BIPHEP (L4) Z Wb 2 A, 3a DIERIZ 68% TH V| ee ld 10% ee ITIKT
L7z (entry3), ZAUHDOFERND “HADOKEX I N T o FARRMEICE D 5 AN /RIE S
Nz, 88 NLIC/KFEN —OFEEG L TWNAH®H, BINAP LV & “mHANKETWE FHIND
5,5°,6,6°,7,7°,88 -4 7 Zt Ka )7 F/LFHEZAT 5 HS-BINAP(L1) ZHW\W =& Z A, 3alk
IH 91%., 75% ee T HIL, ee X ZAVE TIZHEA LB 12X Tm E L7z (entry 4), &K
(2. Waldmann O 72353 FNAE [3+2] BALAINRIGIZH W= Y VR B 34,5-F U A R¥
7 = =)V % FfO BIPHEP (LS) % = & 2 A, 3a 13U 89%, 23% ee THF 5 4L7= (entry 5),
I DFER, WIARFARART 4 VAL O T, feb RAF7R ee n LTZBEZ 11X, H8-BINAP
(L1) Th-oTz,
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FEVNT, AR AR A7 ¢ VBN LIS DB 1 DR A T <72 (entries 6-8), FT, [2,2] /3
Fyvrua7y CEKICEAmAFTEHT D (R)-4,12-bis(diphenylphosphino)-[2.2]-paracyclophane
((R)-PHANEPHOS (L6)) Z# W72 & Z A, 3a [TULER 86%., 6% ee THEH AL (entry 6), IRIZ.
RAT 4o AXH VY bl PN-FAL T D(R)-PHOX (LN Z W & Z A, 3a [TUE
86%. 1% ee TIFH A7 (entry 7)., H&IZ, EAAFH Y U VBT D (S,5)-BOX (L8) Tl
3a (TR 89%, 1%ee THELIZ (entry8), UL EDFERMNG | BIfED & Z AKRKISIZEIT Dk
W 7RENL A1, (S)-HS-BINAP (L1) THAHHEZH LN LT,

Table 2-4. AT DAE % 72BN D Zh 5

C02Me
CO,Me
o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),BF,, (10 mol %) HN—
| DIPEA (2.0 eq) ligand L (12 mol %) H A
Ar MgSO, (4.0 eq) H Ar Et3N (2.0 eq), MS4A COMe
/\% CH,Cl, (0.2 M) /\% THF (0.05 M) 2
N 30°C, 4 h N 30°C, 24 h N
Ts CO,Me Ts CO,Me Ts
1a (Ar = 4-CI-CgHy) 2a 3a
Entry L Yield of 3a/%? ee/%°
1 L2 89 68
2 L3 79 31
3 L4 68 10
4 L1 91 75
5 L5 89 23
6 L6 86 6
7 L7 86 1
8 LS8 89 1

[solated yield from 1a. ° Determined by HPLC analysis.

1 C
PPh, PPh, O PPh, ~o PAr,
PPh, PPh, o PPh, 0 PA,
o) ‘ O
Ph,P

(S)-H8-BINAP (L1) L3 L4 (Ar = Ph
L5 (Ar = 3,4,5-(MeO);CgHy)

PPh, iﬁ\(}

PPh, o, tBd tBu

i

L6 L7 L8
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VT, (S)-H8-BINAP (L1) & H\WCHIE DR A Fi <72 (Table 2-5), ZALE T, #ifE L L
T Cu(MeCN)4BFs # W T & 72720, [FRRIC 1 O 2 AV 72, Tetrakis(acetonitrile)copper(I)
hexafluorophosphate (Cu(MeCN)sPFs) T (%X . 3a [T UL % 81% . 63% ee THH b 1L,
terakis(acetonitrile)copper(l) triflate (Cu(MeCN)4OTH % 7255 1E, 3a 13U 86%, 77% ee T
o 7e (entries2 and 3), SOOI 7 X —T = L LT triflate (OTf) % > Cu(MeCN)4OTf
ERWEZ A, ZORTROBH /=T FAERMEZ R L, —FH, 78 F=VU KT
172 < FL= V88K CuOTf toluene & VY% & ee 13 36% ee IZIK T L72 (entry4), 2 fli DS D
Cu(OTH Z AVZHBA S, 3a D ee 1L 27%ee ITIKF L72 (entry5), YA LDOFER LY, FH~ /-
TlE CuMeCNOTE Nl b IV ee Z /R T HIHE THH 72720 A OBRFHIHWD Z Ll L=,

Table 2-5. KNI 31T 2 SE DN R

CO,Me
CO,Me
o H-Gly-OMe-HCI (2.0 eq) N copper salt (10 mol %) HN—
[ DIPEA (2.0 eq) L1 (12 mol %) H Ar
Ar MgSO, (4.0 eq) _ H Ar Et;N (2.0 eq), MS4A‘ oMo
/\% CH,Cl, (0.2 M) /\% THF (0.05 M) 2
N 30°C, 4 h N 30°C, 24h N
Ts CO,Me Ts CO,Me Ts
1a (Ar = 4-CI-CgHy) 2a 3a
Entry Copper salt Yield of 3a/%? ee/%"°
1 Cu(MeCN)4BEF4 91 75
2 Cu(MeCN)4PFs 81 63
3 Cu(MeCN)4OTf 86 77
4 CuOTftoluene 90 36
5 Cu(OTH%)2 90 27

*Isolated yield from 1a. ® Determined by HPLC analysis.
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BEE FANFRE [3+2] BALMINRISICRB T 2 R B R O R D &

[3+2] BALAINEIED & 570 % ee DIl Lz B L, RSB = F > F A IRV RIF T
W5 7= (Table2-6), ZHE TO & Z A THF 1T 24 BFF IS 24T 5 Z & T 3a Z IR 86%.
77% ee IZTHRHTWD (entry 1), RUISIZHWS IS —AIRIEEONRET R 2 A, 1,4-
dioxane < toluene & FW7ZBRIZ, 3a D ee IFEILZE4L 83% ee. 80% ee (Z[A] = L 7= (entries 3 and
5), —J7. diethyl ether (Et;O) <> CH,Cl, methanol (MeOH), & L T acetonitrile (MeCN) Tl
ee [T L7 (entries 2,4,6,7), ZALHDKETL Y . RSEBEE LT 1,4-dioxane 2 5 Z &
Iz L7z,

Table 2-6. A2 31T 2 BOGTABEDZh He

COzMe
QOZMe
o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) HN—
| DIPEA (2.0 eq) L1 (12 mol %) H Ar
Ar MgSO, (4.0eq) H o A Et;N (2.0 eq), MS4A oM
&% CH,Cl, (0.2 M) ﬁ% solvent (0.050 M) 2
N 30°C,4h N 30°C, 24 h N
Ts CO,Me Ts CO,Me Ts
1a (Ar = 4-CI-CgHy) 2a 3a
Entry Solvent Yield of 3a/%? ee/%P
1 THF 86 77
2 Et,O 75 70
3 1,4-dioxane 87 83
4 CHxCl, 30 32
5 toluene 85 80
6 MeOH 33 6
7 MeCN 13 2

*Isolated yield from 1a. ® Determined by HPLC analysis.

F—EI T _To A I 2a OFRHRFFZ T & IRD 3a BAERKT D Z & &2%F T, [3+2] BRIbA
IS WD IO BICER Uiz, HIEICE > TA 22 2a D a fLOKENFI & i,
BUC X DOSDHEIT LTI IR 3a BAEMKL, ee MET L TWHAR[REEMEDRZ X b2 T
bHhH,F T L= I 2a (2% LT, THF H1 T EtsN & %\ DIPEA DA% 12 T [3+2]
BRACMIINES D EIT T2 008 9 a1, ZORE. BN TILT & I{ED 3a DL 45% T
ARk L, DIPEA TlE, 71 (KD 3a 3UE 11% THRL L7= (Scheme 2-4), Z L5 DFERMNM D,
Cu-H8-BINAP SEAMETFAE FOISIZEBWT S, K OB XV [3+2] BRALAING A3 i
1ITL, 7B 3IKD 3a 34 L T3a D ee NMET L TWDATREMEDN RIZ ST,
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:COZMe
0 H-Gly-OMe-HCI (2.2 eq) N L HN S
DIPEA (2.2 eq) Ar
Ho A MgSO, (4.0 eq) H Ar Et;N (2.0 eq) 4
NN CH,Cl, (0.2 M) NNF MS4ATHF (0.05M) o oAMe
| 30°C, 16 h \ 24 h \
Ts CO,;Me Ts CO,Me Ts
1a 2a rac-3a
Ar =4-CiCeH, 45% yield
COZMe
:COZMe
o H-Gly-OMe-HCI (2.2 eq) N HN—
DIPEA (2.2 eq) H Ar
Ho A MgSO, (4.0 eq) H  Ar DIPEA (2.0 eq)
Z CH,Cl, (0.2 M) ” MS4A, THF (0.05 M) CO,Me
N 30°C, 16 h N 24 h N
Ts CO,Me Ts CO,Me Ts
1a 2a rac-3a
Ar = 4'C|CGH4 1% y|e|d

Scheme 2-4. SASEAMBEIEIFAE T CO 2a Do+ [3+2] BRALMINE

Scheme 2-4 OFEBRFERZEEE 2 T, 2a D FNARF [3+2] BIALMINRIGICH T 2K DR
B A ~T- (Table2-7), 7 & IMEKD 3a 252 D IGOHEITH EgN LR TEVWEZ X LD
DIPEA % HWo Mt Tl 3a 13U 82%, 83% ee T H AL, EN L EEARTIERBME T L, ee
IIE DB o7 (entries 1 and 2), e\ T, HEEMEO R EEZ AW TRICZREF L
(entries 3-5), EtN <° DIPEA (T~ THIEAMED 5V 1,8-diazabicyclo[5,4,0Jundec-7-ene (DBU) %
HANWTHRFILIEZ A, ZEIERD 3aB GO (entry3), TOERKE LT, BENAFET D
DBU 7% Cu-H8-BINAP ${K?> H8-BINAP & Fifii 1-2c#29 % Z & T, Cu-DBUSKIKL 720 T&
IED 3a & 525 [3+2] BRAGATINES ST Lo TaBME & . 85K & 1XEAMR 72 S BATRUG 2
ITLEWRMENREZ X Db, WIZ EsN X DIPEA (T H -~ THEM O 5V 1,4-
diazabicyclo[2,2,2]octane (DABCO) % 15t L 7= (entry4), ZDfEHR, 3a D ee 1%, 40%ee Th o
2o ee PMET L7ZJRIAIZ, DBU & [AARIC, —H#8 Cu-DABCO SERMAE U2, 77 IR 4
R L7-ATREMEDN B 2 Hivd, & tkIZ. DABCO X 0 L FEENME pyridine % W THFT L 7=
EZA, ZalPEME LGOI/ o7 (entry5), pyridine (X, HEEMENTH< 2a D a fLDKFE
DB E TN SIEBEIT LIS WEB BT o7, BLEORERNG | $5KFET T
WRELBUZ X > TAKT 27 23K 3a OEEIIRE RN LRI LT/ o7 (entries 1
and2), ZOHFTHROLIEENREL, Hlvee T3a x5 X772 EsN @ /RiERXE LTHWS Z &
W2 L7z,
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Table 2-7. A ISIZ31T A LD

CO,Me
CO,Me
0 H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) HN—/
| DIPEA (2.0 eq) L1 (12 mol %) H A
MgSO4 (4.0 eq) H Base (2.0 eq), MS4A /
Ar > Ar > //COZMe
/\% CH,Cl, (0.2 M) /\% 1,4-dioxane (0.05 M)
N 30°C, 4h N 30°C, 24 h N
Ts CO,Me Ts CO,Me Ts
1a (Ar = 4-CICgH,) 2a 3a
Entry Base Yield of 3a/%? ee/%°
1 Etz:N 87 83
2 DIPEA 82 83
3 DBU 83 0
4 DABCO 53 40
5 Pyridine trace ND¢

“Isolated yield from 1a. ® Determined by HPLC analysis. ¢ Not determined.

PPN N N
J J Qj a7 L

Et;N DIPEA DABCO pyridine
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BN FFAARF [3+2] BRI RT3 RIGRE DR R

[3+2] BRALAHINSO I B W TSR EE DS = o F A SRS R AE T2 R 2 i~ 7= (Table 2-8),
INETOEZ A, ld-dioxane 11T 30 °CT 24 BFIEETTH 2 & T 3a Z UL 87%. 83% ee
IZTHTWD (entry 1), £7. 1,4-dioxane Z HVWTHRUNREE 15 )CTHRFTZ1T>72& 2 A, 3a
D ee lE 85%I2m L7 (entry3), L L., S HICKISEEZ 0°C, —10°CEIK< T 5 &, 1,4-
dioxane D#EESF 15 °CTH DT, KISHRITH > TLEV, 2a O FNAE [3+2] B{bff
MBAET LS5 0%, ZORBEIK LT, BEEADMEWIELEZ 1,4-dioxane (ZHRA T, K
JEHRITR & TUICSITET T2 DO TILEE X o, £ 2T, BESRNB-90°CTH 5 toluene % HER
L7z, Toluene % MW 7=fERIZOWTIL, 3a D ee IT 1,4-dioxane (ZIRIZEIFTH 5 (entry 2),
Toluene & 1,4-dioxane ZIRA TR, S OITIEEZEZ FIF THRISRITHE ST, ee DA LA HAFE
TEDHEFEZ, MFTEIT 572 (entries 4-7),

F9°. 0°C T 1,4-dioxane & toluene ® 1: 1 {REIAIE TS ZIT - ThbE K. 3a DILEIL 83%.
ee 1 87% ee TH V. eeldentry3 D 15 °COLHZED 85% ee LV LA E L7 (entry 4), #HeW T,
0°C T l,4-dioxane DLFEEZEH L THZ LICED S HIZee A ETHDTIH W EEZT-,
4:1 ORETTIE, 3ald, UL 83%, 88%ee TH Y. entryd D 1:1 DEHFEL D ee i LT
(entry 5), 6:1 DIRFITIL. IEMN 79%., 87%ee THV . 4:1 DIRALLI Y LUILENKT L
(entry 6), URDIK T, 1,4-dioxane DL Z & < LICRER ., WIHEOBMFEDS 4 1 1 OIRA X
VAT L. FUCHEITLOEL Ro D TERWINEE T,

5T, 1:1 OREGHT, KISREZ-10°C I P CTRitEITo7-, ZOBRTIE, KSR
FEOR TN, FOSOEITHRIBIZARD EE R, RUSKHZ 2 50 48 B & LIz, T O
B 3a DYEIL 47%. ee 1L 89%ee Th o7z (entry7), T DEMMRFITIE, eelIm EL7ZH D
O, RIGOEITHELS 720 IHFEIL 0°C OFER TR T Lz, YL EORERNG . KISRE
0 °C T 1,4-dioxane & toluene @ 4 : 1 IREEIEN R LE L CWD Z EDRH LM -T2, 7B,
entry 5 T 54172 3a & CH2Cl-Et,O-hexane % W CHAESL A 925 2 & T, JEFEMITHEE 3a
gD Z BT Lz,
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Table 2-8. AR ZF1T D BUSTEEE & B IREE D25

COzMe

CO,M
0 H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) HN— 2ne
| DIPEA (2.0 eq) L1 (12 mol %) H Ar
Ar MgSOy, (4.0 eq) H o A Et;N (2.0 eq), MS4A COMe
ﬁ/ CH,Cl, (0.2 M) ﬁ/ solvent (0.050 M) 2
N 30°C, 4 h N temp., 24 h N
Ts CO,Me Ts CO,Me Ts
1a (Ar = 4-CI-CgHy) 2a 3a
Entry Solvent Temp./°C  Yield of 32/%?* ee/%?
1 1,4-dioxane 30 87 83
2 toluene 30 85 80
3 1,4-dioxane 15 88 85
4 1,4-dioxane—toluene (1:1) 0 83 87
5 1,4-dioxane—toluene (4:1) 0 83 88 (>99)°
6 1,4-dioxane—toluene (6:1) 0 79 87
74 1,4-dioxane—toluene (1:1) -10 47 89

*Isolated yield from 1a. ® Determined by HPLC analysis.® After recrystallization. ¢ Reaction time : 48 h.
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FOGAE R 3a OB SIARBLE NS DWW TIE, X ARG fn & AT 12 TR E L7z (Figure 2-2),
ZHT R 32 (>99% ee) % CHoCl-EtyO-hexane 7> & Bl L CHLfE L 2 /ERL L. X Hhs dahs
WERNT 2T o T2, T ORER, IRFE Ba) ITHEA L TWVDATF LT ATV ERFE (9b) A LT
WAHKFZIE, FT U ABLE E 72> TWD I LD, 2a Doy FINARF [3+2] BRGNS T,
F T AMEERD 3a NWELINLTWD EBH LT/ o7, AT, Flack parameter £ Y (S)-HS-
BINAP (L1) ZH WA 645 3a O SIARELE X, (25,35,3aR,9bS)-3a ThH 5 Z & 23]
Mo T,

Crystel Data for 3a
Crystal System orthorhombic
a, A 9.28230(10) )
b, A 10.48500(10) 79
c, A 26.9650(2)
a, degree 90
p, degree 90
7, degree 90
v, A3 2624.37(4)
Space Group P2:2:2,
Z 4
deale, g/om’ 1.405
Flack parameter 0.000(2)
Final R indexes [all data] R, 0.0301
Final R indexes [all data] wR, 0.0809

Figure 2-2. BRALATINBUSAER) 3a O X BfEda S AT a) ED W72 b) £ 6 A7z X
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CZETORFIZED, A 22 2alZ% LT, 1,4-dioxane & toluene D 4 : 1 IR, KA
7 4 B S E LT 12 mol % (S)-H8-BINAP (L1) Z v, #iE & L T 10 mol % ™
Cu(MeCN)4OTf, HIL LT 2 HED EN ZHUWT 0 °C, 24 Bl TG S ® 5 & 3a DGR

83%. 88%ee (ZCTHOLID Z ENRHLMIZ/A > 72 (Scheme 2-5), Z DUSGRMEZHWT, BE
A2 mET 2 2 i L,

CO,Me
CO,Me

1) H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) HN—
[ DIPEA (2.0 eq) (S)-H8-BINAP (L1) (12 mol %) H Ar

Ar MgSO, (4.0 eq) H Ar Et3N (2.0 eq), MS4A COMe

— CH,Cl, (0.2 M) _— 1,4-dioxane—toluene (4:1, 0.05 M) 2

N 30°C, 4h N 0°C,24h N
Ts CO,Me Ts CO,Me

Ts

2a 3a
‘O 83% yield
PPh, 88% ee
l ! PPh,

(S)-H8-BINAP

1a (Ar = 4-CICgH,)

Scheme 2-5. MiFHZ & - TRIE L7723 FRAFE [3+2] BRAGATINBOR D R St
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FAE AEEAGEORN R OISOV TDOEE

WRTE LT RSS2 W, RSB T 2 EE oM Ic > W TR L7z, ZhvETo
FHERFTCHWEA 2 2a ZRITHEKICKLERT U TELTEX 5 4 DOFREHR, R'~ RY
EEELIZTATE R (Ib-1r) 2O L7214 2 v 2b-2r) & SHEEIZHW =,

EF. TN 0T U —/VEIZ DU Tl i PH 2 5~ 7= (Scheme 2-6), R!'Z Ph M:a A9
HAI20 EBHOVTHRFTZAT o7& 2 A, IRIT 87%., ee 1L 89%ee Th o7, BFHLEIHT
» D p-A ]\%“/71:/&%%@#54 IV 2¢ TlE, IR 25%., ee ld 88%ee Tho7-, T D
MRS, BYNEEREREEZATHIEE TIE. KISHEITLIZK W EB 0o Tz, fe
T.m-7Zan 7::*—/1/%:}’042()\ o-Z7mun 7 2= ) VEEFTAH2d LN 2e ZHWTHGHILIZE Z
5. 3d 1T 90%., ee 1E 88% ce TH V. 3e DULHRIT 93%. ee 1L 87%ece ThH o7z, T DiER
D, BREREOMEIZ X » TRIEIL, ZIEED LR -T2, RIS, DESEW -7 7 F L%
BTDH2U TNy BIZT V) — VB0 28 ZHWE, 177 FAEEET D 2 Tl
MMIPEME LGNS T, FRUI LT, 7T U — VKA R0 2g Tl f@é’%&?‘oﬁ/xm
MDBHER TE T, ZRHDORERNG, 2O REHDICHEERP S D & NEMFICET T2 &
Doz, 72720, BREEN - 7FLEO LI ITHhEE W E RSN EIT LS50 & 03y
Mol

CO,Me QOZMG
o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN)4OTf (10 mol %) HN—
DIPEA (2.0 eq) L1 (12 mol %) H R
©\)LH R! MgSO, (4.0 eq) ©\)LH R! EtsN (2.0 eq), MS4A
N/\/ CH,Cl, (0.2 M) N/\/ 1,4-dioxane-toluene (4:1, 0.05 M) N CO;Me
30°C,4h 0°C,24h
Ts CO,Me Ts CO,Me ' 'I's
3
COgMe COzMe CO,Me CO,Me
HN—\ HN—\
: CONPRNI SNy
COzMe COzMe O “CoMe O CoMe
N N
Ts Ts
3a 3c 3d
83%, 88% ee 87%, 89% ee 25%, 88% ee 90%, 88% ee

CO,Me MeO,C CO,Me

\ HN—/\ ==,

H oo

059* Se T UNe e
CO,Me N N
Ts Ts
3f 3g

93%, 87% ee trace complex mixture

Scheme 2-6. 7 /L7 > Ed Ar £ (RY) O A%

48



4t WCAF LT AT LI DI ENRU DL AT IR tert-7 F VT AT IV EHT 5
432 %‘fﬂﬂb\“ﬁﬁﬁbf: (Scheme 2-7), EDOFER, NN ATV EHFT S 2h T, 3h
DILRIE 67%. ee 1% 90% ee THONTZ, —T7, tert-7 FINT AT )V Z2HAT 5 21 TIE, 3ilTE
MELNEONR o, ZORENS, RRBNIEL 2D & MIGEHET LIZ W T &3
BRI,

COzMe \COzME
o H-Gly-OMe HCI (2.0 eq) N) Cu(MeCN)4OTf (10 mol %) HN—
DIPEA (2.0 eq) L1 (12 mol %) H O

©\)LH MgSO4 (4.0 eq) H EtsN (2.0 eq), MS4A O -

N = CH.Cl, (0.2 M) N = 1,4-dioxane—toluene (4:1, 0.05 M) N R

'i's R? 30°C,4h 'i's R 0°C,24h |

Ts
1 2 3
CO2Me COzMe COzMe
87%, 89% ee 67%, 90% ee trace

Scheme 2-7. 7 /L7 v EDOx 25 )V (R2) O %

FEWT, 77 FMIOBFEFR LTk REREE R) 2756141 2 THRELE
(Scheme 2-8), F9°, 4-7 vk 5-7vnuiEiEHT5 2 & 2k ZHOTHRE L7, & ORER.
3j DILRIL 75%. ee 1% 85% ee TH Y, 3k DILHRIL 77%., ee X R2% ee Tholz, 7 nnuts
FFORETIT, WInbBRiFRee &R LT, itV T, BAHREGEETHLIATF L VA X AL
HT5 2 TRELEZEZA, Bao [32-c]F /U Bk ZPivER s+ 5 UEROEY 31
DULH 19%, 93%ee THDLILZ, FERIZ 4PLICETHEGRTHL A NV EEZHFT S 2m 2
WTHRFT L7 & 2 A, 3m ITEME Lo olz, ZTNHORRED . 5 1THNAE [3+2]
BALMINBSIZ B 5 R 2 /T4 I 220D ERUGREIT L3 B W2 EBX o1z,

COzMe

) _QOQME
o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) HN—/
DIPEA (2.0 eq) L1 (12 mol %) H
N H MgSOy (4.0 eq) N H EtsN (2.0 eq), MS4A P
RL R | - R | ‘COo,Me
A = CH,Cl, (0.2 M) A = 1,4-dioxane—toluene (4:1, 0.05 M) S
N 30°C, 4 h N 0°C, 24 h N
Ts CO,Me ' Ts CO,Me ' ts
1 2 3
Coz'\"e COzMe COgMe COzMe COzMe
cl
Coz'\"e COzMe COzMe COzMe COzMe
Cl MeO
87%, 89% ee 75%, 85% ee 77%, 92% ee 19%, 93% ee trace

Scheme 2-8. 7V —/L A 2 2 OFHFEER R O H#iH
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%2, N EOT U — L2 vk =L (RY OfiETE21T -7 (Scheme 2-9), 7 o-= kX
VEBUANKR=NIEEGT D 2n EAWZE 2 A, 3n 1 TIE 53%, 80% ee TELILZ, i
T AVF LU ALK NVIEEGT S 20 V2L 25, 30 13K 75%, ee IE 81% ee TH
S, KOMNSEW I-FT7 X VU ANVKF=NLVEETET S 2p ZHO TS EI T2 2 A, 3p
TR T7%., 89% ee TIHDBITZ, ZHHDREFNRE RS, RUZBWTL, hEamnTr U —Lx
IWIR=NWIETHEHRIND Z ENgnoTe,

COgMe QOzMe
o H-Gly-OMe-HCI (2.0 eq) Cu(MeCN),OTf (10 mol %) HN—
DIPEA (2.0 eq) L1 (12 mol %) H O
@\)LH MgSQO, (4.0 eq) Et;N (2.0 eq), MS4A O
N CH,Cl, (0.2 M) 1,4-dioxane—toluene (4:1, 0.05 M) N COMe
\ K
R* CO;Me 80°C.4h R"' CO,Me 0°C. 24h R4
1 3
COzMe COzMe COzMe COzMe

SOZ Soz SOZ SOZ
@MZ Me(;/me

Me Me
3b 3n 3o 3p
87%, 89% ee 53%, 80% ee 75%, 81% ee 77%, 89% ee

Scheme 2-9. N ED7 U —/L ALk =LK (RY) i 6
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I ETICE SN BB R 2 IS, KRGO SR %2 Figure 2-3 1287, £, (S)-HS-
BINAP 7% Cu(MeCN)4OTf (ZHEINL L. 2 431 acetonitrile 23RS 5 Z & T Cu(l)-HS-BINAP £
WA T 5, IRIZ, A 22 2 D Glycine methyl ester R D ZESR & VAR = /LEEFR DY Cu(l)-HS-
BINAP $EAEINLT D Z LI o THRBIE T AT 5, HEWVWT, EGN K-> T a L2 i~ 1
MALENTT Y AF oAU REMER I BNEL D, TOH%, BT RER BRI VI T
AF oAU REDHFNAF [3+2] RIS ET L TT I FHEE I A ERT 5, &
%z, EUET X RHEEO T 1 b AR X 0 BIEMINE 3 BRERT D EB 2 55, Cu(l)-
H8-BINAP £&5{41L, MeCN O FEML, & HWITH =704 2 2 2 OEULIC L 0 il o1 27 1 % [a]

RSEDHEBEZILND,
‘O PPhs

. l PPhs

COsMe cone

2 MeCN N
COzMe B oTf
EtsN,

b Y

\P/Ph s OzMe
.O \,_-NCMe
2 MeCN, Et;NH OTf _R-Cu
Pr”\ 2 MeCN
Ph  NCMe
~ Cu(1)-(S)-H8-BINAP complex
(1w
\ _Ph
. P .0« _OMe
. S
P- S
7\ N

N

Ph Ph |

©\) Ar
o~

I
Ts COyMe |

. Ph
\P/Ph
(O y—re Y
__—Cu
p- L
7\
Ph Ej\)f

+  Cu(MeCN),OTf

OTf

EtsNH OTf

Ts COzMe

Figure 2-3. Cu(I)-(S)-H8-BINAP filfit Z I\ 5 2 D43 FINARFF [3+2] BRALATINEIS OHEE Bk
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AR Lo TERT2EERZLEAERIE. AV 200645057 AF LAY REHT
NOEFRE7e =@ T Ve & ORISOHETT G LT O 4 O SLARRLE O BRALAT A 3
AT 5 REMED B o 7o (Figure2-4) . 37205, Cu(l)-(S)-H8-BINAP SEKICHINL L72T
AFoAY Rl EC¥im e LTIRA, EFARRT VT o osiiEEm (e L Wb) 721
MmEm (c BLOd oI T585 4BV NREZOND, EEOMBLE)HE LTz
AR DM STARELE 1L, (25,3S5,3aR,9bS) BLE TH Y, Z ONAKRELE %2 & DB LAHINK 3 D7
RIEBIRMERBLOBIEIZCOWTE VLS BR T L LT,

a) EEmE Y 7ILT R b) #fEm=Em &L Y 7ILYT /M%L

Ph Me

/

//Cu\+

(2S,3R,3aS,9bS)-3 (2S,3S5,3aR,9bS)-3
c) fREIRE & Y 7 L7 VR d) fiERE & Y7 L7 U0 EEE

o "
\‘P/,,,. Al OIS ‘O 0

2R,3S,3aR,9bR)-3
( aR.9bR) (2R,3R,3aS,9bR)-3

Figure 2-4. KLU & o THERT 2 TREMED 8 D 4 DDILAERIEER & T O SO
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BT, A

TndEEZLND P193),

85y & DSLAREE

B4 5, SbiC

& DSLARRET

)COzMe
N
R? I
N | Ar
NS N =
ArO,S  CO4R!

2

Figure 2-5. Cu(1)-(S)-H8-BINAP (L1) $EAMARMEIZ I 2 H#EE ST ARG AREAS

V2B ERRIC

FHRWET DL DI

BEFBHE DI

+

SOl

L1

53

P

OMe

57 (25,35,3aR,9b8)-3 MR T D KOS DWW TEE L
7o (Figure 2-5) . ZAUE TITHE S 4TV 2 SRS AAME SOS 2 51
BIL OB VA= )VEESE & (S)-HS-BINAP @ 2 5D U VR, fﬂ?&tlﬂ Dz

TV AFAY RDOER

VU A S CTRCAL L

—_—

AFETIE, (S)-H8-BINAP DV VT LD Phie hi 7 I KN
T AFUAY ROE®MNLE RS & v n
LTV B Ar BE E(S)-HS-BINAP D VU VR EOBAANZIE Y H L 7= Ph #&
SEBRT VT CORISEPNIBRS D, O X DI HEITT

6:ET\%%L%EhtC&%&m%&s#é&?ék%z%ﬂéo

e :
ppn, U

\\COzMe

HN—
R2 H
N Ar
| “"CO,R!
NN

Ar'O,S$
(25,35,3aR,9bS)-3



Ay S ARpilz ot ey %

5O BALAINA 3b I2DOW T, B 7R 2L F A AT 572 (Scheme 2-10), PG ABIC &
S THEBITE 95% ee D 3b & T, 2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ) (Z X 2% fiii
KFDVEAT T, TORER, ol UUVEBNEH S ATFILINTZERROA I ) =271
4 NI 96% T B ALz, %tV T, m-chloro peroxybenzoic acid (m-CPBA) Z#HW/=& Z A, i
RFAC K PSS EIT L T= b o S BIER 90% TH LI Y, T D 2 DOREHE I
BWT, EHELHNFMEICEEL S X TICAERDEED ZENTE T, ZNHDERY
%, EOROIFERPIFFTE D, FlAIX. EW 4134 2 7 EKITKHT 240812 X >
THEREEXZEBEAT L Z EBMFF X, AW 5 ITBRIBMAINEISIT & 5 B & ORI
IS KD ERAEEANEIGFTE 5 97,

CO,Me CO;Me O . COMe
50 U3 ey =
O DDQ (4.0 eq) O 4 m-CPBA (2.1 eq) O
N CO,Me toluene, rt N CO,Me CH,Cl,, t N CO,Me
) 4 h ) 14 h )
Ts Ts Ts
4 3b 5
96% yield 95% ee 90% yield
95% ee 95% ee

Scheme 2-10. 3b DO{LFZ5
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FEE £

BT, TATE Fla bAoA 22 2a ~OEARHRGIEZREF LTz, 1 22 2a O
RIEFEICIWT, BUT XD [3+2] BRALMIIMBOC D EIT L TT & IR 3a 23R L, 3a D ee 28
KRR LT, £ZT, 30°C TOA I VRO ISFH 28 < Lz, ZOfEHR, CHCL T 1a
(2%} LT H-Gly-OMe-HCI & fii/k#l & LT 4.0 eq @ MgSO4 2 FV>, 2.0 eq @ DIPEA %1% C
30 °C T4 RMMILSEIZE Z A, A 22 2a 3 NMR IR 90%LL ECEB, 7B I{(K3a D
WEE 3%ICiMx b Z LN TET-,

B HMNOLEMNE T, AR LA 22 2a ZHWT, AFBNL DAL D T F o F 455k
PRI RIETEEE T, ZORERE, iR F R A7 ¢ VBN Th 5 (S)-HS-BINAP % 7o
BRIC, 3aid. ILFE91%. 75%ee THDHIL, &b BRI ee ZmLiz, WS DDDOIIRF KRR T
A VBNLF DIRE D DA F AR AT ¢ VBN D AN T T AR R A 5 2 T
WA RREMENRIR S Tz, WRIT, SO R ER T2, WX —T =4 & LT triflate & H
T 5 Cu(MeCN),OTf # V5 & 3a i 77% ee THEOH LT, fEV T, RUNBEE KR O OMRETH &
1To7T7e BUNREEOKFITIX, 1,4-dioxane b > & b Blif/ree R LTz, ZOMRALREIC, I
OB, WEKOBZEY T8 IR 3a B ER L, 3a D ee MEF LTV D ATREMED
bololedd, Fhx RIEREERGT Ui, 2O/, SEREE T CHE LB IV A+ 2 713
R 3a [T SEAAEEIZ L VS 5005 3a D ee ICHT HREBEIIRELS RN EBHALNITR T,
Z DB N O R O ET ik, BUGSEEE LS LT 1,4-dioxane & VY, HHEEE LT EGN = H
W2 RO T, 3a TR 87%., 83%ee I TR LT, &ZIC, BUGNRE 2 Mgt Lz, Mk
IR DR Tl 1,4-dioxane DEERHE A 15°C SR 2 6D, EE[E S OIKV toluene & DIRA AL
RV, EORESR. 0°C T 1,4-dioxane & toluene D 4: 1 IR ETAEETHET L2 2 A, 3a MUY
# 83%. 88%ce THEHINIZ, ZTNHDMFIZEY ., 4 3 2alZx LT, 1,4-dioxane & toluene

4: 1IRABEEIZBWT, RAT 4 UENLTE LT 12 mol %® (S)-HS8-BINAP (L1) % V>,
$iE & LT 10 mol %@ Cu(MeCN)OTf, HH:E L T2 ¥ ED EN 2 HU T 0°C, 24 K T
Ji S L 3a DUEE 83%., 88%ee I TIFHMIND Z EEH LM Lic, 552N 3a
Z FAO T XORRRS A AEE MR 21TV M I RBLE 2R E L, 7 U AR L7 (25,35,3aR,9bS)-
Ba SO TWDHZ EEHLMNI L,

COzMe
\COzMG
o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) HN—
| DIPEA (2.0 eq) (S)-H8-BINAP (L1) (12 mol %) H Ar
Ar MgSO, (4.0 eq) H Ar EtsN (2.0 eq), MS4A “1CoMe
_ CH,Cl, (0.2 M) — 1,4-dioxane—toluene (4:1, 0.05 M)
N 30°C, 4h N 0°C,24h N
Ts CO,Me Ts CO,Me Ts
1a (Ar = 4-CICgHy,) 2a 3a
‘O 83% yield
PPh, 88% ee
T
(S)-H8-BINAP
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BT, Rl BOGSSIEE AN T, 4 DOERER RI~RY) LW LT T b RhibA
IUEME L, RBUSICR T 2 AR EE M2 R Lo, RUEDICHEEREDH 5 & MBS
ﬁ@ﬁbkoWTH\ﬁém“ﬁ%ﬁ%ﬁ#é7)*WZWTwW%f%ﬁﬁéﬂéﬁﬁkﬁ
STz, 2L, RIEHDBWIZRITlIE, BFEERERLEZFF O/ IV 2 TEIMSBEITLSH
<. F¥2. RUT 1-F7F 5% R2 \Z tert-7 %/I/izT/W)ot VRMEFMNVERELATHA
V2 TIEMEBEITLOLWI LB LN T2,

CO,Me CO,Me
L0,
o H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN),OTf (10 mol %) L HN—
DIPEA (2.0 eq) L1 (12 mol %) R
rs” o R MgSOy, (4.0 eq) R3 {jﬁLH R EtsN (2.0 eq), MS4A N | 4
S N/\/ CH,ClI, (0.2 M) S N =~ 1,4-dioxane—toluene (4:1, 0.05 M) N N R
R R2 30°C, 4h 4 R 0°C,24h L
1 2 3
19-93% vyield
80-93% ee

(12 examples)

FEBRAT BT BRALAT IR O e SEAREL I & 2212 . ARSI O SLARHIERAE IZ DOV TEE LTz,
AR T, Qﬂﬂ&HmmMP@)/ﬁ%L@Ph%eﬁ 5D T X RER R ONT Vv
v ED Ar BEIASLIRIEFE ZEET D, ZHUSHEW, TV ATF A Y FOEmNAOERNRR=E
BTN R EEET D, ZOXDICBURHHEITT D Z LT, EBRITHE LI (25,35,3aR,9bS)-3
WERT D EEZLND,

CO,Me
g P CO,Me
R2 |N ‘O cut R2 HHN
PPh, Ar
X AT PPh, _ . — X “CO.R!
. | _ 2 Et3N . | COzR
y N
ArO,S$

A'O,S  COLR!
2 L1

(2S,3S,3aR,9bS)-3

A TIE. SO NZBEAHINA 3b 2 W T DDQ KT m-CPBA (& L AV WA 1T~ 7
A, EORDHIFEEBNYHGTEIRIROA I ) ZAT V4 L= by SBRENEFNLED
Nl-e EB O EEMEICEEL 52 TIERYESELZ ENTE T,

LO,Me
SO~
DDQ (4.0 eq) O ., m-CPBA (2.1 eq)
toluene, rt N COMe CH,Cly, rt
4 h ] 14 h )
Ts Ts
3b 5
96% yield 95% ee 90% yield
95% ee 95% ee
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G Rk A

AL T, =BT VT 2 BT 5EE 000 FNARF [3+2] BIAEHIMEISIZ LY
k7 ZHEER D pyrrolo[3,2-c]quinoline #H &R AL 5 SOSEAFE 2 L, ZHUZ kD, =
BT VT AT 5 & O T RF RO & & T ROS S0 FE B 1 FH #iPH A2 B 5
N U7z, FEE A& OMFHZ I TIX, pyrrolo[3,2-c]quinoline #F3E AR 1X, 80-93% ee & Hi—
F o F ARG BTz, & BT, pyrrolo[3,2-c]quinoline 75 AR O #E % STARELE 4 12 Cu(l)-
(S)-H8-BINAP SEARALIEIC I 2 STARHIEBEE A 2R LTz, MA T, FoncAElmae iz b
RO FEBPBFRETH D Z L 2R Lic, RFROKREZEIZ, T NR~T o BRILEHOE
G D & 672 DB, EWIEEE AT 2ILEMOERK. £ L TREMDOEERE~DIEH N
HFEh b,
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HIE EERE

4-1. General methods.

Infrared (IR) spectra were recorded on a JASCO FT/IR-4100 FT-IR spectrometer. '"H and '3C NMR
spectra were recorded on a JEOL INM-ECZ500R (500 MHz for 'H and 126 MHz for '3C) spectrometer.
Chemical shifts (0) are reported in ppm referenced to tetramethylsilane as internal standard (CDCls: 6=
0 ppm for 'H) and residual solvent signal (CDCls: 6= 77.0 ppm for 13C{'H}). J-values are given in Hz.
The high-resolution mass spectra (HRMS) were obtained with a Shimadzu LCMS-IT-TOF mass
spectrometer. Optical rotations were measured on a HORIBA polarimeter SEPA-300. HPLC analyses
were performed on JASCO HPLC system (JASCO PU-2086Plus preparative HPLC pump and UV-
2075Plus UV/Vis detector). All melting points were determined on a BUCHI melting apparatus B-540
and are uncorrected. All manipulations were carried out with standard Schlenk technique under an argon
atmosphere. Reactions were monitored by TLC (silica gel 60 F»s4, 0.25 mm) analysis. Flash column

chromatography was performed on flash silica gel 60N (spherical neutral, particle size 40—50 pm).
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4-2. Materials.

Anhydrous CH>Cl,, THF, Et;0, 1,4-dioxane, toluene, MeOH, and MeCN were purchased and used
without any purification. Aldehydes (E)-1a—1f and 1i were prepared according to the procedure described
in the literature.!-? The following known compounds were prepared according to the procedure described

in the literature.

Benzyl 2-[hydroxy(phenyl)methyl]prop-2-enoate?)

N-(2-Formylphenyl)-4-methylbenzenesulfonamide®
N-(5-Chloro-2-formylphenyl)-4-methylbenzenesulfonamide®
Methyl (2Z2)-2-(bromomethyl)-3-phenylprop-2-enoate®
N-(4-Chloro-2-formylphenyl)-4-methylbenzenesulfonamide®
N-(6-Formyl-1,3-benzodioxol-5-yl)-4-methylbenzenesulfonamide”
N-(2-Formyl-5-methoxyphenyl)-4-methylbenzenesulfonamide®
N-(2-Formylphenyl)-2-nitrobenzenesulfonamide®

N-(2-Formylphenyl)-2,4,6-trimethylbenzenesulfonamide'?

N-(2-Formylphenyl)-1-naphthalenesulfonamide '

Racemic cycloadducts 3 were prepared according to the general procedure B in the presence of Cu
complex prepared from Cu(MeCN)4OTf and 1,3-bis(diphenylphosphino)propane (dppp) instead of
Cu(MeCN)4OTf and (S)-H8-BINAP (L.1). All other chemicals were purchased from commercial suppliers

and used as received.
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4-3. Experimental procedures.

Preparation of benzyl (22)-2-(bromomethyl)-3-phenylprop-2-enoate.
OH PPh; (1.2 eq)

COan CBI’4 (1.2 eq)
CH,Cl, (0.40 M), 1t, /
20 min, 42% yield ~ Br

COan

Using the modified procedure in the literature,® benzyl (2Z)-2-(bromomethyl)-3-phenylprop-2-enoate
was prepared. To a solution of benzyl 2-[hydroxy(phenyl)methyl]prop-2-enoate® (1.590 g, 5.93 mmol)
and (PPh3) (1.940 g, 7.17 mmol) in CH>Cl> (15.0 mL) was added carbon tetrabromide (CBrs) (2.330 g,
6.96 mmol) at 0 °C. The mixture was stirred at rt for 20 min. The reaction mixture was filtered through a
short plug of silica gel, which was rinsed with n-hexane and EtOAc (4:1) to give benzyl (22)-2-
(bromomethyl)-3-phenylprop-2-enoate (835.5 mg, 2.52 mmol, 42%) as pale yellow amorphous solid.

IR (KBr): 1707, 1621, 1258, 1217, 1161, 771, 758, 698 cm™ .

'H NMR (500 MHz, CDCls): §4.42 (s, 2 H), 5.32 (s, 2 H), 7.33-7.36 (m, 1 H), 7.38-7.42 (m, 3 H), 7.44—
7.47 (m, 4 H), 7.56-7.58 (m, 2 H), 7.86 (s, 1 H).

BC{'H} NMR (126 MHz, CDCls): 526.8, 67.2, 128.2, 128.3, 128.60, 128.64, 128.9, 129.6, 134.2, 135.7,
143.3, 166.0. (One carbon overlapped to others).

HRMS (ESI-TOF): m/z [M + Na]" caled for C17H5°BrNaO>, 353.0148; found, 353.0153.
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General procedure A for the preparation of aldehyde 1.

o) o)
R® | R R® |
X | . /\% K,CO; (1.3-1.6 eq) (X | R’
Br
NN MeCN, rt x Nv
R

RZ
|
(1.2-1.4 eq)

Using the modified procedure in the literature,” aldehydes 1 were prepared. To a mixture of
sulfonamide (1.0 eq) and potassium carbonate (K2CO3) (1.3—1.6 eq) in MeCN was added a solution of 2-
(bromomethyl)acrylate derivative (1.2—-1.4 eq) in MeCN. The reaction mixture was stirred at rt. The
reaction was quenched by the addition of water. The mixture was extracted with CH2Clo. The organic
layer was washed with brine, dried over anhydrous Na>SO4, and concentrated in vacuo. The residue was

purified by column chromatography on silica gel (n-hexane : EtOAc =2 : 1) to give 1.
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Methyl 2-{[V-(2-formylphenyl)-/N-(4-methylbenzene-1-sulfonyl)amino|methyl} prop-2-enoate (1g).

o According to the general procedure A, N-(2-formylphenyl)-4-
H

methylbenzenesulfonamide® (275.3 mg, 1.00 mmol), methyl 2-(bromomethyl)acrylate

N
Ts Cco,Me (258.4mg, 1.40 mmol), K>COs3(223.4 mg, 1.60 mmol), and MeCN (2.0 mL) were used.
19 After a reaction time of 12 h, 1g was obtained in 95% yield (352.8 mg, 0.945 mmol)

as white solid.
Mp: 92.6-93.3 °C.
IR (KBr): 1721, 1685, 1637, 1597, 1353, 1216, 1164, 822 cm™ ..

'H NMR (500 MHz, CDCls): 5§2.45 (s, 3 H), 3.66 (s, 3 H), 4.21 (brs, 1 H), 4.75 (brs, 1 H), 5.81 (d, J =
0.9 Hz, 1 H), 6.28 (d, J= 0.9 Hz, 1 H), 6.74-6.76 (m, 1 H), 7.28-7.30 (m, 2 H), 7.42-7.48 (m, 4 H), 7.97—
7.99 (m, 1 H), 10.29 (d, J= 0.6 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 51.8, 52.1, 127.8, 128.1, 128.5, 128.6, 129.7, 130.2, 133.8,
134.0, 134.9, 135.7, 141.6, 144.4, 165.9, 189.9.

HRMS (ESI-TOF): m/z [M + Na]" caled for C1oH19NNaOsS, 396.0876; found, 396.0891.
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Benzyl (2E)-{|N-(2-formylphenyl)-NV-(4-methylbenzene-1-sulfonyl)amino]methyl}-3-phenylprop-2-
enoate (1h)

i According to  the general procedure A, N-(2-formylphenyl)-4-
( I "H
N =

methylbenzenesulfonamide® (126.5 mg, 0.46 mmol), benzyl (22)-2-(bromomethyl)-3-
Ts  CO.Bn phenylprop-2-enoate (182.4 mg, 0.55 mmol), KoCOs3 (84.9 mg, 0.61 mmol), and MeCN

1h
(1.0 mL) were used. After a reaction time of 14 h, 1h was obtained in 97% yield (235.0

mg, 0.447 mmol) as white amorphous solid.
IR (KBr): 1694, 1632,1596, 1354, 1245, 1165, 818, 768, 718, 697 cm™ .

'H NMR (500 MHz, CDCLs): §2.42 (s, 3 H), 4.57 (d,J= 13.5 Hz, 1 H), 5.08-5.14 (m, 3 H), 6.42 (d, J =
8.0 Hz, 1 H), 7.13-7.17 (m, 1 H), 7.18 (br d, J = 8.3 Hz, 2 H), 7.25-7.36 (m, 10 H), 7.40-7.42 (m, 3 H),
7.75 (s, 1 H), 7.84 (dd, J= 7.7, 1.6 Hz, 1 H), 9.79 (s, 1 H).

BC{'H} NMR (126 MHz, CDCl3): 621.5,46.2,66.9, 126.0, 127.3, 127.8, 128.13, 128.14, 128.19, 128.20,
128.4, 128.6, 129.4, 129.5, 129.7, 132.6, 133.2, 133.8, 135.5, 136.0, 141.1, 144.2, 144.4, 166.7, 189.7.

HRMS (ESI-TOF): m/z [M + Na]* caled for C31H27NNaOsS, 548.1502; found; 548.1517.
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Methyl (2E)-{[N-(5-chloro-2-formylphenyl)-V-(4-methylbenzene-1-sulfonyl)amino|methyl}-3-
phenylprop-2-enoate (1j)

/@\)?\ According to the general procedure A, N-(5-chloro-2-formylphenyl)-4-
H
cl N

methylbenzenesulfonamide® (142.5 mg, 0.46 mmol), methyl (22)-2-

Ts COMe (bromomethyl)-3-phenylprop-2-enoate® (140.8 mg, 0.55 mmol), K2CO3 (84.5 mg,

K 0.61 mmol), and MeCN (1.0 mL) were used. After a reaction time of 24 h, 1j was

obtained in 64% yield (142.7 mg, 0.295 mmol) as white solid.
Mp: 145.1-145.4 °C.
IR (KBr): 1709, 1692, 1641, 1587, 1358, 1259, 1167, 821, 755, 727, 702 cm™ .

'H NMR (500 MHz, CDCLs): §2.44 (s, 3 H), 3.71 (s, 3 H), 4.44 (d, J= 13.6 Hz, 1 H), 5.01 (d, /= 13.6
Hz, 1 H), 6.36 (d, J= 1.9 Hz, 1 H), 7.23-7.34 (m, 7 H), 7.42-7.43 (m, 3 H), 7.76 (s, 1 H), 7.84 (d, J= 8.4
Hz, 1 H), 9.81 (d, J= 0.8 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 46.3, 52.4, 126.0, 127.9, 128.2, 128.7, 128.8, 129.1, 129.4,
129.59, 129.65, 132.4, 133.8, 134.6, 139.3, 142.5, 144.70, 144.72, 167.3, 188.7.

HRMS (ESI-TOF): m/z [M + Na]* caled for C25H22*3CINNaOsS, 506.0799; found, 506.0818.
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Methyl (2E)-2-{| N-(4-chloro-2-formylphenyl)-/NV-(4-methylbenzene-1-sulfonyl)amino] methyl}-3-
phenylprop-2-enoate (1k)

0 According to the general procedure A, N-(4-chloro-2-formylphenyl)-4-

cl
\©\)‘\H _ methylbenzenesulfonamide® (142.7 mg, 0.46 mmol), methyl (22)-2-
N-i-s CO,Me (bromomethyl)-3-phenylprop-2-enoate® (140.2 mg, 0.55 mmol), K»CO3 (83.5 mg,

1k 0.60 mmol), and MeCN (1.0 mL) were used. After a reaction time of 32 h, 1k was

obtained in 97% yield (215.4 mg, 0.445 mmol) as white amorphous solid.
IR (KBr): 1703, 1692, 1638, 1487, 1354, 1254, 1166, 845, 819, 755, 725, 703 cm ™.

'H NMR (500 MHz, CDCLs): §2.43 (s, 3 H) , 3.70 (s, 3 H) , 4.50 (d, J= 13.7 Hz, 1 H), 5.06 (d, J= 13.7
Hz, 1 H), 6.38 (d,J=8.6 Hz, 1 H), 7.18 (dd, J= 8.6, 2.6 Hz, 1 H), 7.23 (br d, /= 8.2 Hz, 2 H) , 7.27—
7.29 (m, 2 H), 7.31-7.33 (m, 2 H), 7.41-7.43 (m, 3 H) , 7.74 (s, 1 H), 7.84 (d, J= 2.6 Hz, 1 H), 9.69 (d,
J=0.8 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCls): §21.6, 46.2, 52.4, 125.8, 127.9, 128.3, 128.7, 128.9, 129.6, 129.66,
129.68, 132.6, 133.1, 133.8, 134.7, 137.2, 139.6, 144.55, 144.61, 167.4, 188.4.

HRMS (ESI-TOF): m/z [M + Na]" calcd for C2sH2,*>CINNaOsS, 506.0799; found, 506.0801.

66



Methyl (2E)-2-{[ V-(6-formyl-1,3-benzodioxol-5-yl)-V-(4-methylbenzene-1-
sulfonyl)amino]methyl}prop-2-enoate (11)

o According to the general procedure A, N-(6-formyl-1,3-benzodioxol-5-yl)-4-
<Ojij\)‘\ H methylbenzenesulfonamide” (147.0 mg, 0.46 mmol), methyl (22)-2-
© N_i_s Lo (bromomethyl)-3-phenylprop-2-enoate® (140.8 mg, 0.55 mmol), K.COs (83.7 mg,
1l 0.60 mmol), and MeCN (1.0 mL) were used. After a reaction time of 18 h, 11 was

obtained quantitatively (226.4 mg, 0.459 mmol) as white solid.
Mp: 130.1-130.4 °C.
IR (KBr): 1720, 1685, 1612, 1480, 1353, 1249, 1167, 1039, 818, 752, 712 cm™ .

'H NMR (500 MHz, CDCLs): §2.43 (s, 3 H), 3.70 (s, 3 H), 4.47 (d, J= 13.4 Hz, 1 H), 5.00 (d, J = 13.4
Hz, 1 H), 5.88 (s, 1 H), 5.99 (dd, J= 7.7, 1.3 Hz, 2 H), 7.24-7.26 (m, 5 H), 7.38-7.40 (m, 5 H), 7.75 (s, 1
H), 9.65 (s, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 46.4, 52.3, 102.4, 106.2, 108.0, 126.1, 128.3, 128.6, 129.3,
129.4, 129.6, 131.6, 133.4, 134.0, 137.3, 144.4, 144.7, 147.9, 151.7, 167.3, 188.4.

HRMS (ESI-TOF): m/z [M + Na]" calcd for C26H23NNaO7S, 516.1087; found, 516.1094.
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Methyl (2E)-2-{| N-(2-formyl-4-methoxyphenyl)-V-(4-methylbenzene-1-sulfonyl)amino] methyl}-3-
phenylprop-2-enoate (1m)

o) According to the general procedure A, N-(2-formyl-5-methoxyphenyl)-4-

/@\)‘\ H methylbenzene-1-sulfonamide® (113.0 mg, 0.37 mmol), methyl (22)-2-
MeO 'T's ;ZMe (bromomethyl)-3-phenylprop-2-enoate® (113.3 mg, 0.44 mmol), K.CO3 (67.1
1m mg, 0.48 mmol), and MeCN (0.80 mL) were used. After a reaction time of 23 h,

1m was obtained quantitatively (176.5 mg, 0.368 mmol) as white solid.

Mp: 149.8-150.1 °C.
IR (KBr): 1718, 1681, 1622, 1599, 1352, 1250, 1165, 820, 768, 696 cm™ .

'H NMR (500 MHz, CDCLs): 62.43 (s, 3 H), 3.48 (s, 3 H), 3.68 (s, 3 H), 4.53 (d, J = 13.4 Hz, 1 H), 5.04
(dd,J=13.4,0.9 Hz, 1 H), 5.89 (d, J= 2.4 Hz, 1 H), 6.83 (ddd, J = 8.7, 2.4, 0.8 Hz, 1 H), 7.23-7.27 (m,
4 H), 7.37-7.39 (m, S H), 7.71 (s, | H), 7.83 (d,J = 8.7 Hz, 1 H), 9.71 (s, 1 H).

BC{'H} NMR (126 MHz, CDCls): §21.6, 46.3, 52.3, 55.2, 112.3, 114.9, 126.0, 128.4, 128.6, 129.4,
129.48, 129.51, 129.59, 129.61, 133.2, 133.9, 143.0, 144.3, 144.5, 163.4, 167.5, 188.7.

HRMS (ESI-TOF): m/z [M + Na]* calcd for C2sH2sNNaOsS, 502.1295; found, 502.1311.
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Methyl (2E)-2-{| N-(2-formylphenyl)-N-(2-nitrobenzene-1-sulfonyl)amino]methyl}-3-phenylprop-

2-enoate (1n)

o According to the general procedure A, N-(2-formylphenyl)-2-
@\)J\H P nitrobenzenesulfonamide® (140.5 mg, 0.46 mmol), methyl (2Z)-2-(bromomethyl)-3-
g\\zo COMe phenylprop-2-enoate® (136.7 mg, 0.54 mmol), K2CO3 (87.8 mg, 0.63 mmol), and
@[Ng MeCN-CHCl» (2:1, 1.5 mL) were used. After a reaction time of 26 h, 1n was obtained
2
1n in 53% yield (118.3 mg, 0.246 mmol) as pale yellow solid.

Mp: 149.6-150.0 °C.
IR (KBr): 1717, 1689, 1621, 1594, 1545, 1373, 1361, 1272, 1170, 772, 747, 691 cm ™.

'H NMR (500 MHz, CDCLs): §3.77 (s, 3 H), 5.05 (d, J= 13.9 Hz, 1 H), 5.18 (dd, J = 13.9, 0.6 Hz, 1 H),
6.71 (d, J=7.9 Hz, 1 H), 7.03-7.05 (m, 2 H), 7.20-7.24 (m, 1 H), 7.26-7.31 (m, 4 H), 7.35-7.41 (m, 2
H), 7.60-7.66 (m, 2 H), 7.76 (s, 1 H), 7.83 (dd, J= 7.7, 1.6 Hz, 1 H), 9.83 (s, 1 H).

BC{H} NMR (126 MHz, CDCl3): 647.7,52.3, 124.0, 126.1, 128.47, 128.53, 128.9, 129.1, 129.2, 130.5,
130.8, 131.1, 132.1, 133.7, 133.9, 134.1, 135.8, 138.8, 145.7, 148.2, 167.2, 189.2.

HRMS (ESI-TOF): m/z [M + NaJ* caled for C24H20N:NaO5S, 503.0883; found, 503.0899.
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Methyl (2E)-2-{| N-(2-formylphenyl)-N-(2,4,6-trimethylbenzene-1-sulfonyl)amino|methyl}-3-
phenylprop-2-enoate (10)

o According to the general procedure A, N-(2-formylphenyl)-2,4,6-
©\)‘\/H\5> trimethylbenzenesulfonamide!®? (140.0 mg, 0.46 mmol), methyl (22)-2-
2\:0 coMe (bromomethyl)-3-phenylprop-2-enoate® (146.2 mg, 0.57 mmol), K2COs (103.2 mg,
/é(\o 0.74 mmol), and MeCN—CH>Cl (1:1, 2.0 mL) were used. After a reaction time of 24

10

h, 1o was obtained in 95% yield (207.9 mg, 0.435 mmol) as white amorphous solid.

IR (KBr): 1697, 1628, 1597, 1342, 1256, 1209, 772, 724, 702 cm™ .

'H NMR (500 MHz, CDCL): §2.20 (s, 6 H), 2.25 (s, 3 H), 3.68 (s, 3 H), 4.88 (d, J= 12.9 Hz, 1 H), 5.24
(d,J=12.9 Hz, 1 H), 6.83 (s, 2 H), 6.85 (dd, J= 8.0, 1.0 Hz, 1 H), 7.13-7.15 (m, 2 H), 7.24 (dt, J= 7.7,
1.8 Hz, 1 H), 7.30-7.35 (m, 4 H), 7.67 (s, | H), 7.72 (dd, J= 7.7, 1.6 Hz, 1 H), 9.59 (s, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §20.9, 23.1, 45.7, 52.2, 126.4, 127.6, 128.6, 128.7, 129.2, 129.3,
130.8, 130.9, 132.1, 133.7, 133.9, 136.0, 140.3, 140.4, 143.2, 145.0, 167.4, 189.4.

HRMS (ESI-TOF): m/z [M + Na]" caled for C27H27NNaOsS, 500.1502; found, 500.1506.
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Methyl (2E)-2-(N-(2-formylphenyl)-/NV-(naphthalene-1-sulfonyl)amino)methyl-3-phenylprop-2-

enoate (1p)

According to  the general procedure A, N-(2-formylphenyl)-1-
naphthalenesulfonamide'? (138.7 mg, 0.45 mmol), methyl (22)-2-(bromomethyl)-3-
phenylprop-2-enoate® (135.5 mg, 0.53 mmol), K2CO3 (88.4 mg, 0.63 mmol), and
MeCN-CHxCl» (3.3:1, 1.3 mL) were used. After a reaction time of 24 h, 1p was
obtained in 91% yield (199.1 mg, 0.410 mmol) as white solid.

Mp: 116.7-117.2 °C.

IR (KBr): 1695, 1622, 1595, 1352, 1254, 1162, 768, 729, 709 cm™ .

'H NMR (500 MHz, CDCls): 63.59 (s, 3 H), 4.62 (d, J = 13.5 Hz, 1 H), 5.14 (dd, J = 13.5, 0.9 Hz, 1 H),
6.36 (dd, J=8.1,0.9 Hz, 1 H), 7.02 (ddd, J = 8.0, 7.3, 1.7 Hz, 1 H), 7.18-7.20 (m, 2 H), 7.27-7.41 (m, 6
H), 7.49-7.52 (m, 1 H), 7.71 (s, 1 H), 7.84-7.89 (m, 3 H), 8.05 (br d, J = 8.2 Hz, 1 H), 8.16-8.17 (m, 1
H), 9.87 (d, J= 0.6 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §46.6,52.2,124.0,125.1,126.4,126.9, 127.88 ,127.92, 128.4, 128.61,
128.65, 129.0, 129.1, 129.3, 129.4, 131.4, 132.0, 133.3, 133.9, 134.1, 134.9, 136.0, 140.8, 144.5, 167.3,

189.8.

HRMS (ESI-TOF): m/z [M + Na]* caled for C2sH23NNaOsS, 508.1189; found, 508.1179.
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General procedure B for Cu-catalyzed asymmetric intramolecular [3+2] cycloaddition of 2.

COQMe :Cozlvle
0 H-Gly-OMe-HCI (2.0 eq) N Cu(MeCN)4OTf (10 mol %) HN—/
DIPEA (2.0 eq) L1 (12 mol %) H R
=z 1 MgSO, (4.0 e = 1 Et;N (2.0 eq), MS4A = g
R3] H R 9S04 (4.0 eq) R3] H R 3N (2.0 eq) oL 2

A N/\/ CH,ClI, (0.2 M) A N/\/ 1,4-dioxane—toluene (4:1, 0.05 M) AN N

é“ R2 30 oC’ 4 h é“ R2 0 oC, 24 h &4

1 2 3

To a round bottom flask charged with aldehyde 1 (0.10 mmol), glycine methyl ester hydrochloride (25.6
mg, 0.20 mmol), and anhydrous MgSO4 (50.7 mg, 0.40 mmol) under the Ar atmosphere, dry CH2Cl» (0.50
mL, 0.20 M) and DIPEA (35.1 uL, 0.20 mmol) were added. The reaction mixture was stirred at 30 °C for
4 h. The reaction mixture was filtered and washed with water. The aqueous layer was extracted with
diethyl ether. The combined organic layer was washed with brine, dried over anhydrous Na>SO4, and
concentrated in vacuo to give crude imine 2. To a Schlenk flask charged with Cu(MeCN);OTf (3.8 mg,
0.010 mmol), (5)-H8-BINAP L1 (7.6 mg, 0.012 mol), and activated MS4A (80.0 mg) under the Ar
atmosphere, dry 1,4-dioxane—toluene (4:1, 0.50 mL) were added. The reaction mixture was stirred at
30 °C for 30 min and cooled to 0 °C. To this mixture, the solution of crude imine 2 in dry 1,4-dioxane—
toluene (4:1, 1.5 mL) was added. After addition of triethylamine (28.0 uL, 0.20 mmol), the entire mixture
was stirred at 0 °C for 24 h. The reaction mixture was filtered through a short plug of silica gel, which
was rinsed with n-hexane and EtOAc (1:1). The filtrate was evaporated in vacuo and the residue was

purified by column chromatography on silica gel (n-hexane : EtOAc = 3:1 to 1:1) to afford 3.
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Dimethyl (25,35,3aR,9bS)-3-(4-chlorophenyl)-5-(4-methylbenzene-1-sulfonyl)-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3a)
CO,Me

HN 83% yield (46.3 mg, 0.083 mmol). Pale yellow amorphous solid.
Lpgs

O . CO,Me [a]p?? +75.5 (¢ 1.00, CHCl3, 88% ee).
Ts

3a

IR (KBr): 3310, 2953, 1740, 1599, 1492, 1354, 1218, 1167, 829, 814, 759 cm™".

'H NMR (500 MHz, CDCLs): §2.44 (s, 3 H), 2.83 (d, J= 11.9 Hz, 1 H), 3.25-3.27 (m, 4 H), 3.36-3.41
(m, 1 H),3.73 (s, 3 H), 3.83 (d, J= 4.8 Hz, 1 H), 3.91 (d, /= 11.9 Hz, 1 H), 4.20 (dd, J=8.9 Hz, 4.8 Hz,
1 H), 6.91 (brd, J=8.3 Hz, 2 H), 7.12 (br d, J= 8.3 Hz, 2 H), 7.18 (br d, J = 8.3 Hz, 2 H), 7.216-7.225
(m, 2 H), 7.31-7.35 (m, 3 H), 7.74 (br d, J= 8.0 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.2, 52.2, 52.6, 56.4, 60.1, 64.6, 69.7, 122.3, 125.8, 126.2,
126.8, 128.1, 129.5, 129.6, 129.9, 130.3, 134.0, 134.90, 134.92, 136.7, 143.9, 171.9, 173.1.

HRMS (ESI-TOF): m/z [M + Na]" calcd for C2sH27°>CIN2NaOsS, 577.1171; found, 577.1172.

The enantiomeric excess was determined by HPLC analysis to be 88% ee, tr = 26.6 min (minor), tr =

42.9 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).

73



Dimethyl (25,35,3aR,9bS)-5-(4-methylbenzene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-
pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3b)

CO,Me
LN \ O 87% yield (45.2 mg, 0.087 mmol). White amorphous solid.

O “CO,Me
N

Ts
3b

[a]p? +67.9 (¢ 1.00, CHCLs, 89% ee).

IR (KBr): 3310, 2952, 1744, 1716, 1599, 1488, 1354, 1235, 1218, 1169, 812, 760, 724, 704 cm™".

'H NMR (500 MHz, CDCL3): 52.43 (s, 3 H), 2.88 (d, /= 12.0 Hz, 1 H), 3.21-3.31 (m, 4 H), 3.41 (brs, 1
H), 3.73 (s, 3 H), 3.85 (d, J= 4.9 Hz, 1 H), 3.90 (d, J = 12.0 Hz, 1 H), 4.28 (br s, 1 H), 6.97-6.98 (m, 2
H), 7.08 (br d, J = 8.3 Hz, 2 H), 7.16 (br d, J = 8.3 Hz, 2 H), 7.19-7.22 (m, 2 H), 7.29-7.33 (m, 1 H),
7.40-7.41 (m, 3 H), 7.74 (br d, J= 8.1 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.4, 52.1, 52.5, 57.1, 60.3, 64.6, 69.5, 122.3, 125.7, 126.3,
126.8, 128.0, 128.2, 128.6, 129.3, 129.6, 130.7, 134.86, 134.89, 138.2, 143.8, 172.2, 173.3.

HRMS (ESI-TOF): m/z [M + Na]" calcd for C2gH28N2NaOsS, 543.1560; found, 543.1572.

The enantiomeric excess was determined by HPLC analysis to be 89% ee, tr = 19.9 min (minor), tr =

30.1 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,35,3aR,9bS)-3-(4-methoxyphenyl)-5-(4-methylbenzene-1-sulfonyl)-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3¢)

:COZMe
HN— o) < . .
O oMo 25% yield (13.5 mg, 0.025 mmol). White amorphous solid.

‘ “CO,Me
N [o]p22 +89.8 (¢ 0.250, CHCls, 88% ce).

|
Ts

3c

IR (KBr): 3316, 2953, 1741, 1514, 1354, 1252, 1218, 1168, 832, 812, 761 cm™".

'H NMR (500 MHz, CDCLs): 62.43 (s, 3 H), 2.93 (d, J = 12.0 Hz, 1 H), 3.24 (br s, 1 H), 3.26 (s, 3 H),
3.38 (brs, 1 H), 3.72 (s, 3 H), 3.80 (d, J= 5.0 Hz, 1 H), 3.89 (s, 3 H), 3.90 (d, J= 12.0 Hz, 1 H), 4.21 (br
s, 1 H), 6.88-6.92 (m, 4 H), 7.13 (br d, J= 8.3 Hz, 2 H), 7.17 (br d, J = 8.3 Hz, 2 H), 7.20-7.22 (m, 2 H),
7.29-7.32 (m, 1 H), 7.74 (br d, J= 8.0 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.5, 52.1, 52.5, 55.3, 56.5, 60.4, 64.6, 69.7, 114.6, 122.3,
125.7, 126.2, 126.8, 127.9, 129.5, 129.6, 130.0, 130.8, 134.9, 143.8, 159.2, 172.2, 173.4. (One carbon

overlapped to others)
HRMS (ESI-TOF): m/z [M + Na]* caled for C290H30N2NaO7S, 573.1666; found, 573.1668.

The enantiomeric excess was determined by HPLC analysis to be 88% ee, tr = 22.2 min (minor), tr =

41.3 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 1/1, flow rate = 0.5 mL/min, A = 254 nm).

75



Dimethyl (25,35,3aR,9bS)-3-(3-chlorophenyl)-5-(4-methylbenzene-1-sulfonyl)-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3d)

LO;Me 90% yield (50.1 mg, 0.090 mmol). Pale yellow amorphous solid.

800
O “coMe Y, [@lp? +59.9 (¢ 1.00, CHCls, 88% ce).
N

|
Ts

3d

IR (KBr): 3312, 2953, 1741, 1597, 1484, 1355, 1249, 1218, 1168, 811, 761 cm ™.

'H NMR (500 MHz, CDCls): 5§2.42 (s, 3 H), 2.91 (d, J= 12.0 Hz, 1 H), 3.18 (br s, 1 H), 3.27 (s, 3 H),
3.39 (brs, 1 H), 3.73 (s, 3 H), 3.83 (d, J=4.9 Hz, 1 H), 3.93 (d, /= 12.0 Hz, 1 H), 4.23 (d,J=3.7 Hz, 1
H), 6.92 (br d, J= 7.4 Hz, 1 H), 7.03 (br s, 1 H), 7.10 (br d, J = 8.3 Hz, 2 H), 7.19-7.23 (m, 4 H), 7.30—
7.41 (m, 3 H), 7.76 (br d, J= 8.1 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.4, 52.2, 52.6, 56.7, 60.1, 64.7, 69.3, 122.3, 125.8, 126.3,
126.6, 127.4, 128.1, 128.2, 128.5, 129.7, 130.58, 130.62, 134.6, 134.8, 135.2, 140.2, 143.9, 171.8, 173.0.

HRMS (ESI-TOF): m/z [M + Na]" caled for C2sH27°>CIN2NaOsS, 577.1171; found, 577.1186.

The enantiomeric excess was determined by HPLC analysis to be 88% ee, tr = 21.0 min (minor), tr =

33.4 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,35,3aR,9bS)-3-(2-chlorophenyl)-5-(4-methylbenzene-1-sulfonyl)-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3e)

COoMe  93% yield (51.6 mg, 0.093 mmol). White amorphous solid.
HN—

1l = )
O - [o]p2 +73.2 (¢ 1.00, CHCls, 87% ee).
N %OzMe
Ts

3e

IR (KBr): 3313, 2593, 1745, 1730, 1598, 1484, 1355, 1241, 1217, 1167, 812, 752 cm ™.

'H NMR (500 MHz, CDCls): 52.41 (s, 3 H), 2.79 (d, J = 12.0 Hz, 1 H), 3.11-3.13 (m, 1 H), 3.27 (s, 3
H), 3.42 (brs, 1 H), 3.74 (s, 3 H), 4.08 (d, J= 12.0 Hz, 1 H), 4.30 (br s, 1 H), 4.46 (d, /= 5.2 Hz, 1 H),
6.96 (br d, J=7.6 Hz, 1 H), 7.03 (br d, J= 8.2 Hz, 2 H), 7.12 (br d, J = 8.2 Hz, 2 H), 7.20-7.23 (m, 2 H),
7.30-7.33 (m, 2 H), 7.35-7.38 (m, 1 H), 7.53 (br d, J= 7.9 Hz, 1 H), 7.72 (br d, J = 8.0 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 49.5, 52.2, 52.6, 52.9, 60.0, 64.5, 67.9, 122.1, 125.8, 126.3,
126.7,127.4, 128.0, 128.2, 129.1, 129.6, 130.3, 130.6, 134.91, 134.95, 135.3, 135.7, 143.7, 171.9, 173.1.

HRMS (ESI-TOF): m/z [M + Na]* caled for C2sH27*3CIN2NaOgS, 577.1171; found, 577.1187.

The enantiomeric excess was determined by HPLC analysis to be 87% ee, tr = 16.9 min (minor), tr =

21.6 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Benzyl methyl (25,35,3aR,9bS)-5-(4-methylbenzene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,9b-hexahydro-
1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3h)

HN LOzMe 67% yield (39.8 mg, 0.067 mmol). White amorphous solid.

H
‘ i “coBn  [a]p? +32.5 (¢ 1.00, CHCls, 90% ee).

Ts
3h

IR (KBr): 3313, 2953, 1742, 1600, 1491, 1355, 1246, 1210, 1167, 756, 701 cm™".

'H NMR (500 MHz, CDCLy): 52.41 (s, 3 H), 2.88 (d, J= 12.0 Hz, 1 H), 3.24-3.26 (m, 1 H), 3.40 (brs, 1
H), 3.65 (s, 3 H), 3.84 (d, J= 5.0 Hz, 1 H), 3.94 (d, J= 12.0 Hz, 1 H), 4.28 (brs, 1 H), 4.63 (d, J=12.0
Hz, 1 H), 4.81 (d, J= 12.0 Hz, 1 H), 6.96-6.97 (m, 2 H), 7.02-7.07 (m, 4 H), 7.09-7.14 (m, 4 H), 7.18—
7.21 (m, 1 H), 7.27-7.30 (m, 3 H), 7.38-7.40 (m, 3 H), 7.62 (br d, /= 8.0 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.5, 52.4, 57.2, 60.3, 64.5, 67.1, 69.4, 122.2, 125.7, 126.3,
126.8, 127.9, 128.2, 128.4, 128.47, 128.55, 128.6, 129.3, 129.5, 130.6, 134.6, 134.7, 134.8, 138.1, 143.7,
172.0, 172.6.

HRMS (ESI-TOF): m/z [M + NaJ* calcd for C34H32N>NaOsS, 619.1873; found, 619.1876.

The enantiomeric excess was determined by HPLC analysis to be 90% ee, tr = 23.4 min (minor), tr =

36.4 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,3S5,3aR,9bS)-7-chloro-5-(4-methylbenzenesulfonyl)-3-phenyl-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3j)

coMe  75% yield (41.6 mg, 0.075 mmol). White amorphous solid.

HN
1~ )
O “come [0Jp? ~14.7 (¢ 1.00, CHCIs, 85% ce).
Cl N

Ts
3j

IR (KBr): 3303, 2953, 1740, 1601, 1488, 1357, 1217, 1168, 818, 760, 706 cm™ .

'H NMR (500 MHz, CDCLy): 52.43 (s, 3 H), 2.85 (d, J= 12.0 Hz, 1 H), 3.24 (br s, 1 H), 3.30-3.43 (m, 4
H), 3.73 (s, 3 H), 3.86 (d, /= 4.8 Hz, 1 H), 3.90 (d, J = 12.0 Hz, 1 H), 4.28 (brs, 1 H), 6.97-6.99 (m, 2
H), 7.12 (br d, J= 8.4 Hz, 2 H), 7.15-7.20 (m, 4 H), 7.39-7.41 (m, 3 H), 7.79 (d, /= 1.9 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.6, 52.3, 52.6, 57.1, 59.9, 64.1, 69.3, 123.3, 125.7, 125.9,
126.8, 128.2, 128.5, 129.0, 129.4, 129.7, 133.4, 134.7, 136.0, 137.9, 144.1, 172.0, 173.0.

HRMS (ESI-TOF): m/z [M + Na]* calcd for C2sH27*3CIN2NaOgS, 577.1171; found, 577.1172.

The enantiomeric excess was determined by HPLC analysis to be 85% ee, tr = 17.9 min (minor), tr =

25.2 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,3S5,3aR,9bS)-8-chloro-5-(4-methylbenzene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3k)

COoMe  77% yield (42.6 mg, 0.077 mmol). White amorphous solid.
HN—/\
o = )
O “come” [a]p™+0.49 (c 1.00, CHCI3, 92% ee).
N

|
Ts

3k

IR (KBr): 3308, 2953, 1741, 1479, 1356, 1218, 1168, 813, 755, 724, 706 cm™".

'H NMR (500 MHz, CDCLy): 52.44 (s, 3 H), 2.83 (d, J= 12.0 Hz, 1 H), 3.21 (br s, 1 H), 3.30-3.39 (m, 4
H), 3.73 (s, 3 H), 3.86 (d, J= 4.8 Hz, 1 H), 3.89 (d, J = 12.0 Hz, 1 H), 4.27 (d, J = 4.1 Hz, 1 H), 6.96-
6.98 (m, 2 H), 7.08 (br d, J=8.1 Hz, 2 H), 7.18 (br d, J= 8.1 Hz, 2 H), 7.21 (d, J= 2.5 Hz, 1 H), 7.28
(dd, J=8.7,2.5 Hz, 1 H), 7.39-7.41 (m, 3 H), 7.69 (d, J= 8.7 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): §21.6, 50.4, 52.3, 52.6, 57.0, 60.0, 64.1, 69.2, 122.7, 126.8, 127.3,
128.0, 128.2, 128.5,129.4, 129.7, 131.4, 132.4, 133.4, 134.6, 137.9, 144.0, 172.0, 173.0.

HRMS (ESI-TOF): m/z [M + Na]* caled for C2sH27*3CIN2NaOgS, 577.1171; found, 577.1180.

The enantiomeric excess was determined by HPLC analysis to be 92% ee, tr = 19.9 min (minor), tr =

34.2 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,35,3aR,10bS)-5-(4-methylbenzene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,10b-hexahydro-
1H-[1,3]dioxolo[4,5-g]pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (31)

CO;Me 19% yield (10.9 mg, 0.019 mmol). Pale yellow amorphous solid.

HN
o8 W,
% O “come . [an?? —48.9 (¢ 0.100, CHCI3, 93% ee).
o N

T

3l

IR (KBr): 3317, 2953, 1742, 1721, 1598, 1503, 1354, 1283, 1230, 1167, 1038, 930, 818, 706 cm™".

'H NMR (500 MHz, CDCLy): 52.44 (s, 3 H), 2.83 (d, J= 12.1 Hz, 1 H), 3.04-3.06 (m, 1 H), 3.33 (brs, 1
H), 3.38 (s, 3 H), 3.72 (s, 3 H), 3.80 (d, J= 5.0 Hz, 1 H), 3.85 (d, /= 12.1 Hz, 1 H), 4.22 (brs, 1 H), 6.00
(d,J=17.1 Hz, 1 H), 6.00 (d, J=17.1 Hz, 1 H), 6.71 (d, J= 0.9 Hz, 1 H), 6.93-6.95 (m, 2 H), 7.11 (br
d,J=8.1Hz, 2 H), 7.19 (brd, J= 8.1 Hz, 2 H), 7.28 (s, 1 H), 7.39-7.40 (m, 3 H).

BC{'H} NMR (126 MHz, CDCl3): §21.7, 50.2, 52.3, 52.5, 57.1, 60.7, 64.5, 69.3, 101.5, 102.6, 108.7,
124.9, 127.0, 128.2, 128.5, 128.6, 129.3, 129.6, 134.5, 138.1, 143.8, 145.7, 146.9, 172.0, 173.3.

HRMS (ESI-TOF): m/z [M + Na]" caled for C29H23N2NaOsS, 587.1459; found, 587.1468.

The enantiomeric excess was determined by HPLC analysis to be 93% ee, tr = 24.9 min (minor), tr =

46.4 min (major) (Chiralpak AS-H, n-hexane/i-PrOH = 1/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,35,3aR,9bS)-5-(2-nitorobenzene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-
pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3n)

o LOMe 5304 vield (29.3 mg, 0.053 mmol). Yellow amorphous solid.

H
‘ “CoMe  [o]p?2 +48.0 (¢ 0.500, CHCls, 80% ee).
N

é\=0
Cre
NO,
3n
IR (KBr): 3313, 2953, 1739, 1589, 1545, 1367, 1216, 1171, 750, 704 cm™ .

'H NMR (500 MHz, CDCls): 63.12 (d, J= 11.4 Hz, 1 H), 3.31 (s, 3 H), 3.53 (br s, 1 H), 3.75 (s, 3 H),
3.93(d,J=5.1Hz, 1 H),3.96 (d, J= 11.4 Hz, 1 H), 4.04 (brs, 1 H), 4.46 (d,J=4.9 Hz, 1 H), 7.12-7.14
(m, 2 H), 7.19-7.25 (m, 2 H), 7.31-7.35 (m, 4 H), 7.48-7.49 (m, 1 H), 7.53-7.60 (m, 2 H), 7.65-7.70 (m,
2 H).

BC{'H} NMR (126 MHz, CDCl3): §50.8, 52.2, 52.5, 57.3, 60.0, 65.0, 69.5, 122.5, 123.9, 124.5, 125.5,
127.9, 128.1, 128.5, 129.4, 129.8, 130.9, 131.7, 132.0, 133.7, 134.6, 137.9, 148.0, 172.2, 173.3.

HRMS (ESI-TOF): m/z [M + Na]" caled for C27H25N3NaOsS, 574.1255; found, 574.1260.

The enantiomeric excess was determined by HPLC analysis to be 80% ee, tr = 25.0 min (minor), tr =

40.4 min (major) (Chiralpak AD-H, n-hexane/i-PrOH = 1/2, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,35,3aR,9bS)-5-(2,4,6-trimethylbenzene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,9b-
hexahydro-1H-pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (30)

pOzMe
HN— O 75% yield (41.1 mg, 0.075 mmol). White amorphous solid.

O co,Me
[a]p?? +132.3 (¢ 1.00, CHCl3, 81% ee).

IR (KBr): 3308, 2952, 1742, 1604, 1487, 1347, 1246, 1217, 1162, 758, 727, 704 cm™.

'H NMR (500 MHz, CDCL): 62.09 (s, 6 H), 2.33 (s, 3 H), 2.67 (d, J= 11.1 Hz, 1 H), 3.27 (s, 3 H), 3.50
(brs, 1 H), 3.73 (s, 3 H), 3.80 (d, J= 11.1 Hz, 1 H), 3.82 (brs, 1 H), 3.88 (d, J=5.1 Hz, 1 H), 4.37 (brs,
1 H), 6.82 (s, 2 H), 6.94 (br d, J= 7.2 Hz, 2 H), 7.16 (dt, J = 7.5, 1.0 Hz, 1 H), 7.22-7.32 (m, 5 H), 7.51
(dd, J= 8.0, 0.9 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCls3): §20.9, 22.8, 48.5, 52.1, 52.5, 57.2, 60.2, 65.2, 69.5, 122.2, 124.8,
124.9,127.70, 127.71, 128.1, 129.2, 129.7, 132.2, 133.0, 136.3, 138.2, 139.9, 142.2, 172.2, 173 4.

HRMS (ESI-TOF): m/z [M + Na]" calcd for C30H32N2NaOsS, 571.1873; found, 571.1881.

The enantiomeric excess was determined by HPLC analysis to be 81% ee, tr = 14.6 min (minor), tr =

35.0 min (major) (Chiralpak AD-H, n-hexane/i-PrOH = 1/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (25,35,3aR,9bS)-5-(naphthalene-1-sulfonyl)-3-phenyl-2,3,3a,4,5,9b-hexahydro-1H-
pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (3p)

HN F£0:Me 77% yield (42.7 mg, 0.077 mmol). White amorphous solid.

H
‘ N oM [a]p?2 +70.3 (c 1.00, CHCl3, 89% ee).

§70
(P

IR (KBr): 3318, 2953, 1739, 1604, 1488, 1352, 1246, 1214, 1164, 806, 759, 724, 705 cm™'.

3p

'H NMR (500 MHz, CDCls): 62.81 (d, J=11.6 Hz, 1 H), 3.20 (br s, 1 H), 3.28 (s, 3 H), 3.32 (brs, 1 H),
3.68 (s, 3 H), 3.78 (d, J= 5.2 Hz, 1 H), 3.90 (d, J=11.6 Hz, 1 H), 4.12 (d, J=3.7 Hz, 1 H), 6.72 (br d, J
=7.2Hz,2 H), 7.11 (brd, J=7.5 Hz, 1 H), 7.15-7.25 (m, 4 H), 7.28-7.31 (m, 1 H), 7.34-7.37 (m, 1 H),
7.42-7.47 (m, 2 H), 7.71 (brd, J=8.7 Hz, 1 H), 7.77 (br d, J= 8.1 Hz, 1 H), 7.86 (br d, J= 8.2 Hz, 1 H),
7.88 (dd, J=7.3, 1.1 Hz, 1 H), 8.05 (br d, J= 8.2 Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): 649.9, 52.1, 52.4, 57.0, 60.5, 64.9, 69.5, 122.2, 124.0, 124.5, 125.5,
125.8,127.0, 127.7, 127.8, 127.9, 128.1, 128.2, 128.6, 129.2, 130.2, 130.6, 133.6, 134.15, 134.17, 135.3,
138.0, 172.0, 173.3.

HRMS (ESI-TOF): m/z [M + Na]" calcd for C31H2sN2NaOsS, 579.1560; found, 579.1567.

The enantiomeric excess was determined by HPLC analysis to be 89% ee, tr = 26.9 min (minor), tr =

40.4 min (major) (Chiralcel OJ-H, n-hexane/i-PrOH = 2/1, flow rate = 0.5 mL/min, A = 254 nm).
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Dimethyl (35,3aR,9bS)-5-(4-methylbenzene-1-sulfonyl)-3-phenyl-3a,4,5,9b-tetrahydro-3 H-
pyrrolo[3,2-c]quinoline-2,3a-dicarboxylate (4).

\\Cone CO,Me

HN—/\

4 O DDAQ (4.0 eq)

co,M >
N 2\e toluene, rt, 4 h
Ts
3b 4

(95% ee) 95% vyield

95% ee

Using the procedure in the literature,'? 4 was prepared. To a solution of 3b (26.0 mg, 0.050 mmol) in
toluene (0.50 mL) was added DDQ (46.8 mg, 0.20 mmol). The reaction mixture was stirred for 3 h at rt.
The reaction was quenched by the addition of sat. NaHCO3 aq. The organic layer was separated and the
aqueous layer was extracted with CH>Cl,. The combined organic layer was washed with brine, dried over
anhydrous Na>SOs, and concentrated in vacuo. The residue was purified by column chromatography on
silica gel (n-hexane : EtOAc : CH2Clo=3 : 1 : 1) to give 4 (24.7 mg, 0.0476 mmol, 95%) as white

amorphous solid.
[a]p** +101.3 (¢ 0.500, CHCl3, 95% ee).
IR (KBr): 2954, 1736, 1621, 1602, 1363, 1273, 1234, 1168, 814, 734, 705 cm ™.

'H NMR (500 MHz, CDCL): 62.37 (s, 3 H), 2.66 (d, J= 12.8 Hz, 1 H), 3.71 (s, 3 H), 3.77 (s, 3 H), 4.46
(s, 1 H),4.61 (d,J=12.8 Hz, 1 H), 5.27 (d,J= 1.1 Hz, 1 H), 7.11-7.15 (m, 3 H), 7.24 (br d, /= 8.1 Hz,
2 H), 7.28-7.34 (m, 4 H), 7.46 (br d, J= 8.5 Hz, 1 H), 7.60 (br d, J = 8.4 Hz, 2 H), 8.31 (dd, J= 7.9, 1.6
Hz, 1 H).

BC{'H} NMR (126 MHz, CDCl3): 621.5, 51.1, 52.7, 53.1, 54.2, 62.0, 79.3, 119.1, 120.6, 123.5, 126.8,
127.75,127.82, 128.1, 129.2, 129.9, 132.4, 137.1, 137.2, 139.1, 144.2, 168.5, 170.7, 171.3.

HRMS (ESI-TOF): m/z [M + Na]" caled for C2sH26N2NaOgS, 541.1404; found, 541.1408.

The enantiomeric excess was determined by HPLC analysis to be 95% ee, tr = 13.4 min (minor), tr =

17.7 min (major) (Chiralpak AS-H, A = 254 nm, n-hexane/i-PrOH = 1/1, flow rate = 0.5 mL/min).
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(3S,3aR,9bS)-2,3a-Dimethoxycarbonyl-5-(4-methylbenzene-1-sulfonyl)-3-phenyl-3a,4,5,9b-
tetrahydro-3H-pyrrolo[3,2-c]quinoline 1-oxide (5).
CO,Me

HN
e,

“CO,Me

m-CPBA (2.1 eq)
CH,Cly, 1t, 14 h

3b

(95% ee) 90% yield
95% ee

Using the procedure in the literature,'® 5 was prepared. To a solution of 3b (26.0 mg, 0.050 mmol) in
CH:Cl: (1.3 mL) was added m-CPBA (65%, 27.9 mg, 0.105 mmol). The reaction mixture was stirred for
14 h at rt. The reaction was quenched by the addition of sat. NaHCOs3 aq. The organic layer was separated
and the aqueous layer was extracted with EtOAc. The combined organic layer was washed with brine,
dried over anhydrous Na>SOs, and concentrated in vacuo. The residue was purified by column
chromatography on silica gel (n-hexane : EtOAc : CH2Clb=6: 1 : 5) to give 5 (24.0 mg, 0.0449 mmol,
90%) as white amorphous solid.

[]p? +107.0 (¢ 0.500, CHCls, 95% ee).
IR (KBr): 2953, 1742, 1597, 1563, 1353, 1245, 1228, 1166, 803, 761, 732, 703 cm™".

'H NMR (500 MHz, CDCls): 5§2.39 (s, 3 H), 2.59 (d, J= 12.9 Hz, 1 H), 3.74 (s, 3 H), 3.85 (s, 3 H), 4.49—
4.52 (m, 2 H), 4.93 (d, J= 1.0 Hz, 1 H), 7.20-7.23 (m, 3 H), 7.25-7.27 (m, 2 H), 7.29-7.39 (m, 5 H), 7.61
(brd,J=8.4 Hz, 2 H), 9.46 (dd, J= 8.1, 1.5 Hz, 1 H).

BC{'H} NMR (126 MHz, CDClz): §21.5, 48.6, 50.7, 53.5, 53.6, 57.2, 81.9, 117.9, 119.4, 124.0, 126.6,
127.3,127.5, 128.8, 129.6, 130.0, 131.3, 135.2, 135.8, 136.1, 137.9, 144.2, 167.5, 171.1.

HRMS (ESI-TOF): m/z [M + H]" calcd for C2sH27N207S, 535.1533; found, 535.1535.

The enantiomeric excess was determined by HPLC analysis to be 95% ee, tr = 17.1 min (minor), tr =

30.4 min (major) (Chiralpak AS-H, A = 254 nm, n-hexane/i-PrOH = 1/1, flow rate = 0.5 mL/min).
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4-4.

X-ray crystallographic data for 3a

The single crystals of compound 3a (>99% ee) suitable for X-ray diffraction study were obtained by
recrystallization from hexane, Et,O and CH,Cl, at rt. The X-ray diffraction experiment of 3a was conducted with
CuKa radiation at 103.15 K. Using Olex2'?, the structure was solved with the SHELXT' structure solution

program using Intrinsic Phasing and refined with the SHELXL'® refinement package using Least Squares

minimization.

Table S1. Crystallographic Parameters for Compound 3a

Formula C2sH27CIN2O6S deaic, glom’ 1.405
Formula Wight 555.02 4, mm- 2.426
Crystal System orthorhombic Fooo 1160.0
a, A 9.28230(10) Reflection collected 52731
b, A 10.48500(10) Data/restraints/parameters 5453/0/346
c, A 26.9650(2) Goodness-of-fit on F? 1.049
a, degree 90 Final R indexes [I>=2c (I)] R: 0.0299
P, degree 90 Final R indexes [[>=2c (I)] wR» 0.0807
7, degree 90 Final R indexes [all data] R; 0.0301
v, A’ 2624.37(4) Final R indexes [all data] wR» 0.0809
Space Group P212:12, Largest diff. peak/hole / e A~ 0.54/ -0.47
Z 4 Flack parameter 0.000(2)
a)
Figure S1. POV-Ray drawing of 3a with 50% ellipsoid probability. Hydrogen atoms except for important ones

are omitted for clarity. (a) Top view and (b) front view.

Crystallographic data have been deposited with the Cambridge Crystallographic Data Center as supplementary
publication CCDC 2214513.

Data Centre via https://www.ccdc.cam.ac.uk/structures/.
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Cycloadduct 3a (after recrystallization)
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 41.6 min
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Cycloadduct 3b
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 19.9 min, 30.1 min
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Cycloadduct 3b (after recrystallization)
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 23.7 min, 35.6 min

91



Cycloadduct 3¢
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Chiralpak AS-H, Hexane/i-PrOH = 1/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 22.2 min, 41.3 min
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Cycloadduct 3d
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 21.0 min, 33.4 min
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Cycloadduct 3e
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 16.9 min, 21.6 min
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Cycloadduct 3h
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 23.4 min, 36.4 min
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Cycloadduct 3j
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 17.9 min, 25.2 min
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Cycloadduct 3k
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Chiralpak AS-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 19.9 min, 34.2 min
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Cycloadduct 31
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Chiralpak AS-H, Hexane/i-PrOH = 1/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 24.9 min, 46.4 min
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Cycloadduct 3n
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Chiralpak AD-H, Hexane/i-PrOH = 1/2, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 25.0 min, 40.4 min
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Cycloadduct 30
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Chiralpak AD-H, Hexane/i-PrOH = 1/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 14.6 min, 35.0 min
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Cycloadduct 3p
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Chiralcel OJ-H, Hexane/i-PrOH = 2/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 26.9 min, 40.4 min
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Cyclic iminoester 4 from dehydrogenation of 3b (95% ee)
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Chiralpak AS-H, Hexane/i-PrOH = 1/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 13.4 min, 17.7 min
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Nitrone 5 from cycloadduct 3b (95% ee)
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Chiralpak AS-H, Hexane/i-PrOH = 1/1, Flow rate = 0.5 mL/min, Wave length = 254 nm

tr: 17.1 min, 30.4 min
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