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1. F

2

RS, NBEOREE - Ao RE S EHMR L, RROMARE TEEITT D2 L AMRER A
HOETH D, BEFROBFEFKIZHZ > T ALFHRLEMBIF ORI E &F 6T BRI 2MRKIC
Iz Wk - IR OENINBETH D, RO D 5 VIS AIFZER RO ER L
O NFED RS - FEROFELNEEE > TWDHERKITE I TANEHOKEmM] ZObDTHD, S
FIFERIFRUCK L THRREELPGFIEL, Z< OWKRETET 2 &R AR/ - T2 HfE
BT HAR, ERLBEIREICITERE TE ARWOR—EN IR LT\ 5, RROMBEIL. BF2eH
FH DE LWVHATCHIZE I 23 BB HEIAIC & 510 b b 53, BRSO Fids
DD L THDHL, &0 DIFERFERE 1 FHL5 1 FICATT 2 BRE TS B
Y EFIET D 7Y MITHEIMEmICH V2, Efiah s TIcAkEna b A K
750,000 EDI HEENZ 25 ELMNEIE G LD EN) | R DORILETHD,

AN T 7=~ LT HRESALNEHOP TR E E BE L TOBIZH b b3 Zokk
RBLRDN G EE SN TODIREIE, BURO TE b B EIZHEL TORWIEIZED, BUER
ARG TR R A O E I ZARMEZ IR EL CLES TODNLIE LRI E 2 TD, A%
FRFEMELTGRAMSNDEZ AL TURBLE 100 FREDREEZIE WD, BUETIEHD
DAL UGN R L TEL DA N EREL TD7-0 | SR LS T KR EY)
MERABETHHLEB Z BN TND, LInLARRD, BIROGHA BN oL~V Cix, £ -
M7l %B BT AL MARANHY, EIEL TH LR Db MR THMEZ AR E LB R w1 B
B CHEA A OBRIN SN TL £, ZOFFICEIRBER O ED DDA Z | R %)
R ERIFERITIFREL TODO TITIENEAID, DEVEICEREEMEL THER{LEWiEE
B2 2RO PN TED A FTREE 32128 121E, BURO AL FEHD LA A A
B CTORNZ ED EIR L= REDIRIFIZH DD TIXeV i,

ZIUTK L & B RAbFE DT CHMRIRR & L Cid, SRR HTRL 2 B oy — t OBIRIC
X0 TEEAEMOEREMEE L] T2 L, HD0E, IEEOHER S I LG OB
EAC L0 TERY — FOBEWZIREEZILET D22 L1 R EBRHLOTIEHRVWMNEEZZT
W5, HRFTHREBEOERIC L DN EAITDI TS,

B AL - 395 &) BRIZE W T, BRI AT ZEAM T T B 1l
(2, RFEKRFEFEA(C-ENEHEALLUSARZE T b, ZHUTAHES TR FET S C-H A
B RIRAIZEER - TS - BT 5 2 & T PR O RIHEMR B & 2 < B2V THEEE
BT 26 FETH D, 7Ry TV U TRIGRA VT 4 v A Z B ARG L

1 Schulze, U.; Baedeker, M.; Chen, Y. C.; Greber, D. Nat. Rev. Drug Discov. 2014, 13, 331.

2 CMR International Pharmaceutical R&D Factbook 2011.

3 HABRLET ¥ S [T L5 SHREEPESE 20142015 Hr¥z ., fELZFE > XTo
NI

4 Topics in Current Chemistry; Yu, J.-Q., Shi, Z.-J., Eds.; Springer, 2010; \Vol. 292.
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FMEED X510, AR ERAICEZ DRISE ERIEEZ TWD, Tabb, LThb
IR O G HEA BB CITE M e & B2 9 Z L AR A Do 5L (C- e 7 U Ao L
7 4 UERAD) B RNV, BT BT AT O T & A MO T THREE LTz, ZORER
&L TUHEAA WA R E FICEiib S0 Th 5, C-H IHHEILISIZ OV T
BUR, BHRBLEIHE -7 C-H MAZIEML - BT 2 2 L3 L <, £/, &fieL T 2
AN (RTVTA AVVTA oY ynhiRE) ZH0T LT &M< C-H IS LA =
T D EIFEHE LW Y EORMAE L EL TS, 20X ) ITEER EOHTHD
B, WITNZ ARy TV TRIGRA X BV ARG ERIBEOREE L7635 9 Lk
FELTWS,

EIR LITREFEINHEHAEMOERIT A NOBEFEMER N IAHBLTHY . CH
TEYEALBOS DR FENFRICE R oA T N2 525 HHEkE V2D, &0 DITFRITEDS
PEMVE ISR FAET B0 & LCoT 2 cBbkZ i, 7 I v EHEFF & B
MY & LT spd RFA-KFE(C(spY)-H)fE & AL ERINPIC AT 5 Z &R TEE, GEEE
L LIFZOELT 477 ay Z712% LT ERERMEOMRNER TE 5 LB 272,

7 X ol L OCERIRAEEE AL, Y REL GO R P 0L < OB L —
TOLHESHTWEQESMR), —FH T, 7 VB OBEHENEREELUSIE, BN &
DT VEBRTDLEMRBALICNLET D CHBEEDOIGHENZ L, FEHENEE LV,

T LRGSO RN T, BIIECTH S E D&\ T I OB EHEE Re b AU D B
FEAToT, LT AZNREIRE BT L USRI Z B L7z G BB D03 WFiEA~
DR BIOEWIENET 2 AR Z BT 5 HIE~OREL SEICE X R HEAT,

AWFFEOF RN, EHLFAFEOBURE T T 2 — 2O & 2N Th D,



. EE
-1. AR OEAEA) 22 B L #AR

2
2

AL DT k&) 72 BERIXEIC bk R 7 X 912, Bl Amsi -z OB 4 8 U CHEERICHT
BBV — b ERGT D Z LIk Y (B EEMOEREBE] 7524 HDHWVIEIE
PEOHLR SN TALEH O EHEEMIC LV TEERY — ROBENSRELILET 2281
o5,

T X NTEMEEE IR AT D AR R EIEE CH L, T IVEREFD ol
C-HfEAER B CHAEA %, FHUCESE LI AlRIZ X0 B DAL E BRI B EE
b3 52 N TENL, BMRIEEEZ AT 27 I 02 RHE LT, kxR B ER14EWIE
PEWVE 2 8 TR TG 92 2 & A3 THE & 72 % (Scheme 2-1), F 7z [EHEBAFIZ IV CRIE
& e DR ENE - FEZ M7 & ORNENREZ BB T 572 01C, EIKIEMEDN H DR X
N7- WIS 2 8 & U CikE k. (Late-Stage Functionalization?) 92 Z & 28RN,
BHLEIE S EA LS RO G SRR Z IR L, BB ORI RN RICHET 5 51k
OIS CE DO TN EE 2T,

F
O\
Py H \/E 0
: o >f
N /EH "\\\\O
N
H

methylphenidate paroxetine
anti-ADHD Direct Selective anti-depressant
C-H Functionalization

. ; 0
O Me, with Novel Catalysis e} . cl
HoN N [ H
N EtO NH,

NH H
F
veliparib mosapride
anti-cancer anti-neusea

Realizing New Synthetic Route
&
Rapid Supply and Expansion of Drug Diversity
with Robust Catalysis

New Drug Candidates

5 Wencel-Delord, J.; Glorius, F. Nat. Chem. 2013, 5, 3609.



2-2. W7 I VERELRIES

EIEEE LT 47Ty s L LCHERART I U162 I TE L LTIEKR

BILT (1) 7 ORLIRICHY T 54 2 U ~OREMNEIG (2) 73 U BRERGHE
LT AREBEEE (3) B NALTVS, ZHbDOFEL, AMLFOLRELE 22
ARBEIETH Y | JELAICBIAFIH SN TE /-, TFE T L 0 E#ENRRE L2 EZBT 5
(4) CH 7ILEISOBHENEA TS, L LWTIOHETH WL DO R E A
NFFET S (Scheme 2-2),

(1) A IV ~ORBEMAMBIEIEA 2 v BEOEFRIARLEIBHETH L, 72L& 2
NEIAEA X v DGEIZIT =T I U~ BN B E0T <, MK MHLEZ LT 0
728, ARBNCFI A PRI E SR DN TS, TNETREBZHET CELA IV EAVD
BEALFIXZ OREHRBEICIEAD 5 Z L 20T CE N H 5, b0 ic, #Er 7l
KERTDZETHEEPRLES DN TEL, Thbb, A I &R LY L e hE i
#£(Boc, DPP, PMP 72 &) &8 A L, BMALSCIIK iR % 2 6 % bl Z LI < W EEERTEEZe A
LU AGAR U7 ECRUSHREHI AW, IERROEIRME A /D T < &y 5 BEIVES Ol
Thole i OITHA D, L LARSREMBESEITITE A LDGE, ik BRIWICE £
HIZ MWD, BAEBROVEENELTLEY), ZHET Faxoa ) I —TRAT v
Tra ) I 8L Vot BLEN DT E L 2, ARA I U ~OMIIIGIE, 7 F AT

=L TE LSRN, Z OBEMHFIOMRZ % < OB D% LT
TBEDx, BANEBEA~OFERENLTHDLIHEDEEX D,

(2) 7T VEZLEOREBBRMSICEBWTL, 7 2 v EROKSMEE#Y) 72 kIR
HI) CORBEEOEMNHE L 25, BHEEHEBROZNT IV EEEFREICRDTZOK
JEPEAS A B L, R E AT LTV DI TR O B RS 258145 2 L 3L
WV, TNHESHITEA LIRHER DT REBOMICALERIGEN %L, R -
iR 2 B LT 5 7o OB D TLRAGITERET S 72wy,

(3) BEAZIZBWTIE, ARV EBRBNT A FHROT VAT ¥ ROBRMIZL Y 7 I
Z AT % Crutius #5(79%°, Overman 57102 (XU L TH v/~ hu B —ixfric kv 7

6 (1) Mannich reaction: (a) Kobayashi, S.; Mori, Y.; Fossey, J. S.; Salter, M. M. Chem. Rev. 2011,
111, 2626. (b) Kobayashi, S.; Ishitani, H. Chem. Rev. 1999, 99, 1069. (2) Strecker reaction: (a) Strecker,
A. Ann. Chem. 1850, 75, 27. (b) Wang, J.; Liu, X.; Feng, X. Chem. Rev. 2011, 111, 6947. (c) Shibasaki,
M.; Kanai, M.; Mita, T. Org. React. 2008, 70, 1. (3) imino-ene reaction; Drury, W. J., ll1; Ferraris, D.;
Cox, C.; Young, B.; Lectka, T. J. Am. Chem. Soc. 1998, 120, 11006 and references therein.; (4)
Staudinger [2+2] cyclization reaction: Staudinger, H. Ann. Chem. 1907, 356, 51. (5) aza-Baylis-
Hillman reaction: (a) Shi, M.; Xu, Y.-M. Angew. Chem. Int. Ed. 2002, 41, 4507. (b) Balan, D.;
Adolfsson, H. J. Org. Chem. 2002, 67, 2329. (c) Balan, D.; Adolfsson, H. J. Org. Chem. 2001, 66,
6498. (6) aza-Diels-Alder reaction: Hattori, K.; Yamamoto, H. J. Org. Chem. 1992, 57, 3264.

" (a) Trost, B. M. Science 1991, 254, 1471. (b) Trost, B. M. Angew. Chem. Int. Ed. 1995, 34, 259.

8 Wender, P. A.; Verma, V. A.; Pasxton, T. J.; Pillow, T. H. Acc. Chem. Res. 2008, 41, 40.

% Lang, S.; Murphy, J. A. Chem. Soc. Rev. 2006, 35, 146.

10 (a) Overman, L. E. J. Am. Chem. Soc. 1976, 98, 2901. (b) Clizbe, L. A.; Overman, L. E. Org. Synth.
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VEBHRETH D, TILH DORE, SRR o ToEA LA~ A R AE LT &
%iﬁ%%%ﬂf%ét@ BHH LA ERIZB W THZH SN D, Lo Lo HERAIK
ISDIEEZTHA D7D, DNVRUVBRBANTA R, HHNNT 2 /T IALTI DY
7uu7ﬁb4:&~h@8mt%<%%ﬁ%0\$%®%ﬁ%%1&ﬁﬁﬁ%ﬂ&mk
WO R D D, F BRI TG TH D721, WA B~ BT EH L,
(4) C-H 7= /{bikix, A THORIEME C-H FEA 2 BRI C-NfEE~E BB L,
BRI AL E AR & ATREIZ T 5 FETH 5 4 11, BUE F TILEMHEL G O A R~ D 51
HEBIFAE L, AFIEOFAESTEH I T\ 5,
EHEMDLEDOENT 4 7T 0y 7 AT DEREICIIFHIIFRIEA RO b D D,
AT 2 A RRIE T DAL AW AR T, R - K2 2 M ST ATRE 2 E SR S
NTLE D,

UBROHE TR LT I EHED C-H a2 EHAM TE L FEL. ZNbDFELIT
L B D WA ORELREE L, 7 2 U AMRICKIT D8 7= e 2h R 2 BFR L
9 DIGIEME & FFo,

Ht- /u

Scheme 2-2. synthetic methods of amines.

nucleophilic addition N-alkviation
/R' n ¢R'
N + R R X+ HNk
RJ\H (N ucle@& / R
/R'
HN
R Rll
Curtius rearrangement C-H amination
O
RJ\X * @Ns 0.0

.S,
N
Overman rearrangement ScH O 'NH,

OH
AE}\&é\R" + ClI3C-CN

R
Rll

1978, 58, 4.
11 Roizen, J.; Harvey, M. E.; du Bois, J. Acc. Chem. Res. 2012, 45, 911.
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2-3. 7 X VaffiZ BT 5 EERVE BERALRUSBRFE O S

RIETIL L VIR AR < HREFIH 20T 2 ol C-H FiA OftitAgiE B0 E R L
FSIZOWT DR 248 5,

7 2 v afir C-H G ORI ERER L 2 FEik L 72919 COfFliL, Murahashi 52k % 2
T I DRT T L ERAWERKFICE DA I VRS, SIEREEZ DT LT
DI T d 5 (Scheme 2-3)12, ARUGIE, RHIZTT I & A I U~ &R FIEIC X
DEBL, 7 I VHEMNMOZMEFR CTEREET 260 THD, 7 haxa ) I—lTiFZz L
LOD, FGHEDE WA I U E2RBASESD L0 ) %k T 258 T I v o MEFERERE
HALITRT B HEARIE AR L TV 5T, BEARER & VW5,

Scheme 2-3.
Murahashi, S. et al (1983)
R2
R 4 Pd Black (5 mol% 4
1J\ ,R3+ HN/R ( ‘) R']J\N’R + H2N_R3
R N “R5 ]
R neat, A RS
lPd Pd-H,
R4 R2
R? HN’ i R3
R? RS RN
R1J§N > NH
R5 R4

ZD®RT I VERET O Lewis HAMSS, BARG BRI Z L0300 (TER & E il
27 I vofi~EEESE, of CHRE Z2IEET 2 FEN L CHE SN TWD,

i b AR 22 BIX, Nugent HIZXK 2D 2 k7T I v LoRIgA L7 o > & OEHERIIRFE-IRHE
AT SR 32T B % (Scheme 2-4)18, EHIXPAF AT I FEEZRATL LTHT S
fildle 2 IO iR AR P IS 2 & TEBRRAL L DA TF LT I EO IR 2 kT
VEBLEOMTT AL T n T R BB EE, KT VT AT K DI AR D 2
ETT I VoI ETAFIVEPHEASND Z L AHE L TWD, WHEZ S TREM 2
W TIEH T2, BARAEERIC L > TEBERMEC L 57 I o C-H &ML
HITT 522 ONILIHEHERRETH D,

12 Murahashi, S.; Yoshimura, N.; Tsumiyama, T.; Kojima, T. J. Am. Chem. Soc. 1983, 105, 5002.
13 Nugent, W. A.; Ovenall, D. W.; Holmes, S. J. Organometallics 1983, 2, 161.
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Scheme 2-4.

Early Transition Me
.CH Meatal Catalyst HN
HN Gy, * 2 Me s 18)(; °C J\ﬁ
2 neat Me Me
- NM
e
e, Me i
\ Ve
M<I\II-CH3 Z"Me M NMe, MeaN_ N
CH2 Me M Me
2 Me™ {9,

catlayst= Zr(NMes),, Nb(NMe,)s, Ta(NMe )5, W(NMes),

S5, BETIZEREDOT 2 vofi~D b Ko 7 XAt siE Hartwig (2 & - CliE]
HRP K — M7 & D tE N TH 7= (Scheme 2-5)14, Hartwig (%, 7 2 v L7V — L4k
DEFRGIMEICEB LeREOKIEZE <, b LIZZ U 2SRRI a7 VB %

Scheme 2-5. Hartwig's hydroalkylation
(2007)
Ta[N(CH 3),]s5

©\ R' (4 mol%) ©\ R'
_Me > 7
N ¥ /\R ”W

N toluene, 160 °C

(2008)
[TaCl3N(Ety)s],
Me (2 mol%) —~ “Hex
Mo ~ alkyl” N
alkyl H "Hex toluene, 150 °C; 'i's/\l\/rle

TsCl, NaOH, H,O/ DCM

BAL TR A Z IME ST D TRICE D 2R E Fa T U ORZ =2 LT,

ZDOHIZ CHIEMALZRRHE L CTT 2 v oliLOEENIRE - RBEETEMRSZIT FlEA
D7 I VEEEREET 22 A 5 2 728 TEl L LT, Mural b 0w 0 AMillA vz
FOBMRZET 5405 (Scheme 2-6)15, Murai i, 7 2 »afii C-H A 2@ IRAIIEMEL T
HDIZHTe . 7T IVERFFLRICEY VUM aRmEL LTEALTWS, Thabb, i
IS LY o o0 Mz T I ofil CHEE~ LTS, 0oy A~ C-Hf#H &2
FE{LHIIN L Cofi C-HFE G O E Z 0 | BRI VR = VEERNBEA SN D Z & 2
& L7z, Murai b O Z2 B A A O FZPEN L HF S, 7 2 v of C-H EhE

14 (a) Herzon, S. B.; Hartwig, J. F. J. Am. Chem. Soc. 2007, 129, 6690. (b) Herzon, S. B.; Hartwig, J.
F. J. Am. Chem. Soc. 2008, 130, 14940.

15 Chatani, N.; Asaumi, T.; lkeda, T.; Yorimitsu, S.; Ishii, Y.; Kakiuchi, F.; Murai, S. J. Am. Chem.
Soc. 2000, 122, 12882.
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FALDHREFI I LTz, Murai HIZ K2 8ME T ZOBE TR TEHEL ST LW 2 516,

Scheme 2-6. Murai's pioneering work of C-H activation of amines

‘\NJ\H [RhCI(cod)l, (4 mol%) \NJ\yK\Me

L., +CO+ H,C=CH e
N 2 2 IPA, 160 °C @\l
¥ P

Rh, H2C=CH2
N S L
N CO
\N/thlvle_, Rh\n/\Me
| = | =

Murai b O SEREEEIC K 2 @A o & iEE L) & 13RI, B e R Al & %
BRI Z WD FENES L, 7 2V o LOMBERERNERER O T T IR L 2> T
Lo ZNHIE, TIVERPICTRRILL, A I UHDWIA I =0 LB F 4 PR A R
USREZFNS THItE S 2881k v 77U & ZROSTH 517, Jeuk L7z Murahashi, B8& O Li 5

16 Review of C(sp®)-H functionalization adjacent to nitrogen atoms: Campos, K. R. Chem. Soc. Rev.
2007, 36, 1069.; Representative examples of a-functionalization of amines with C-H activation: (a)
Ishii, Y.; Chatani, N.; Kakiuchi, F.; Murai, S. Organometallics 1997, 16, 3615. (b) Sakaguchi, S.;
Kubo, T.; Ishii, Y. Angew. Chem. Int. Ed. 2001, 40, 2534. (c) Chatani, N.; Asaumi, T.; Yorimitsu, S.;
lkeda, T.; Kakiuchi, F.; Murai, S. J. Am. Chem. Soc. 2001, 123, 10935. (d) DeBoef, B.; Pasting, S. J.;
Sames, D. J. Am. Chem. Soc. 2004, 126, 6556. (e) Pastine, S. J.; Gribkov, D. V.; Sames, D. J. Am.
Chem. Soc., 2006, 128, 14220. (f) Kubiak, R.; Prochnow, I.; Doye, S. Angew. Chem. Int. Ed. 20009, 48,
1153. (g) Prochnow, I.; Kubiak, R.; Frey, O. N.; Beckhaus, R.; Doye, S. ChemCatChem 2009, 1, 162.
(h) Prokopcova, H.; Bergman, S. D.; Aelvoet, K.; Smout, V.; Herrebout, W.; Veken, B. V. D,;
Meerpoel, L.; Maes, B. U. W. Chem. Eur. J. 2010, 16, 13063. (i) Rousseaux, S.; Gorelsky, S. I.; Chung,
B. K. W.; Fagnou K. J. Am. Chem. Soc. 2010, 132, 10692. (j) Ramachandiran, K.; Muralidharan, D.;
Perumal, P. T. Tetrahedron Lett. 2011, 52, 3579. (k) Dastbharavardeh, N.; Schniirch, M.; Mihovilovic,
M. D. Org. Lett. 2012, 14, 1930. (I) Bergman, S. D.; Storr, T. E.; Prokopcova, H.; Aelvoet, K.; Diels,
G.; Meerpoel, L.; Maes, B. U. W. Chem. Eur. J. 2012, 18, 10393. (m) Kawamorita, S.; Miyazaki, T.;
Iwai, T.; Ohmiya, H.; Sawamura, M. J. Am. Chem. Soc. 2012, 134, 12924. (n) Kulago, A. A,
Steijvoort, B. F. V.; Mitchell, E. A.; Meerpoel, L.; Maes, B. U. W. Adv. Synth. Catal. 2014, 356, 1610.
17 Catalytic oxidative coupling of amines at o positions: (a) Murahashi, S.-1.; Komiya, N.; Terai, H.;
Nakae, T. J. Am. Chem. Soc. 2003, 125, 15312. (b) Murahashi, S.-I.; Komiya, N.; Terai, H. Angew.
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X7 D X 5 R OSEROEZ RV, $R7C Li SOBKFER s 02 v 7Y 7 (CDCS;
Scheme 2-7)i%, RN 2 W EEE A AHEMT D2 ML E 2 <\ BIKFERORIEThH 5729
bl & LTIBEZ N D Z LN TENUL, BEEWZ KD TE %, REFIMOBLE TIX
C-H BHERfboH T JEMaBEAE DR TH D 17217, Li 51 2004 FEOHE T, —flif{k
Rz LT TBHP ZE{bAlE LTHWT 3T I v 2L LREFAIE LTHA =
U LAF A BRI AR ST D T, REAIE LTOETEF Y RERNIZT
RESHHMEEZ D TV 7 SH, NN-UATF LT =V VFERSS, N-PMP 7Y v ihE
RA~DOREGT V¥ 2 DA% Bi%E LT (Scheme 2-8),

Chem. Int. Ed. 2005, 44, 6931. (c) Catino, A. J.; Nichols, J. M.; Nettles, B. J.; Doyle, M. P. J. Am.
Chem. Soc. 2006, 128, 5648. (d) Murahashi, S.-1.; Nakae, T.; Terai, H.; Komiya, N. J. Am. Chem. Soc.
2008, 130, 11005. (e) Condie, A. G.; Gonzalez-G6émez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc.
2010, 132, 1464. (f) Boess, E.; Sureshkumar, D.; Sud, A.; Wirtz, C.; Farées, C.; Klussmann, M. J. Am.
Chem. Soc. 2011, 133, 8106. (g) Boess, E.; Schmitz, C.; Klussmann, M. J. Am. Chem. Soc. 2012, 134,
5317. (h) Jiang, G.; Chen, J.; Huang, J.-S.; Che, C.-M. Org. Lett. 2009, 11, 4568. (i) Freeman, D. B.;
Furst, L.; Condie, A. G.; Stephenson, C. R. J. Org. Lett. 2012, 14, 94. (j) Alagiri, K.; Prabhu, K. R.
Org. Biomol. Chem. 2012, 10, 835. (k) Cao, W.; Liu, X.; Wang, W.; Lin, L.; Feng, X. Org. Lett. 2011,
13, 600. (1) Hari, D. P.; Kénig, B. Org. Lett. 2011, 13, 3852. (m) Verma, S.; Jain, S. L.; Sain, B.
ChemCatChem 2011, 3, 1329. (n) Singhal, S.; Jain, S. L.; Sain, B. Adv. Synth. Catal. 2010, 352, 1338.
(0) Han, W.; Ofial, A. R. Chem. Commun. 2009, 5024. (p) Pan, Y.; Kee, C. W.; Chen, L.; Tan, C.-H.
Green Chem. 2011, 13, 2682. (q) Dastbardeh, N.; Schniirch, M.; Mihovilovic, M. D. Org. Lett. 2012,
14, 1930. (r) Hashizume, S.; Oisaki, K.; Kanai, M. Org. Lett. 2011, 13, 4288. (s) Liu, L.; Zhang, S.;
Fu, X.; Yan, C.-H. Chem. Commun. 2011, 47, 10148. (t) Allen, J. M.; Lambert, T. H. J. Am. Chem.
Soc. 2011, 133, 1260. Examples of aerobic CDC: (g) lbrahem, I.; Samec, J. S. Béckvall, M. J. E.;
Cordova, A. Tetrahedron Lett. 2005, 46, 3965. (h) Baslé, O.; Li, C.-J. Green Chem. 2007, 9, 1047. (i)
Shen, Y.; Li, M.; Wang, S.; Zhan, T.; Tan, Z.; Guo, C.-C. Chem. Commun. 2009, 953.

18 Pioneering work of catalytic CDC reaction: (a) Li, Z.; Li, C.-J. J. Am. Chem. Soc. 2004, 126, 11810.
(b) Zhao, L.; Li, C.-J. Angew. Chem. Int. Ed. 2008, 47, 7075. (c) Zhao, L.; Baslé, O.; Li, C.-J. Proc.
Natl. Acad. Sci. U. S. A. 2009, 106, 4106. For recent reviews, see: (d) Li, C.-J.; Acc. Chem. Res. 2009,
42, 335. (e) Scheuermann, C. J. Chem. Asian J. 2010, 5, 436. (f) Yeung, C. S.; Dong, V. M. Chem.
Rev. 2011, 111, 1215. (f) Girard, S. A.; Knauber, T.; Li, C. =J. Angew. Chem. Int. Ed. 2014, 53, 74.

13



Scheme 2-7. concept of CDC
Oxi.

redox catalyst
system

ctH + HEC
3 +

H,0 is only the waste,

without prefunctionalization If O, can be utilized!

Scheme 2-8. precedents of Oxidative Direct C-H Functionalization of amines at a position. (1)
Li, C.-J.'s pioneering work (2004)

Me CuBr (5 mol%) Me R
| f
~ N H + H=-TR' BuOOH (> 1.0 eq.)' q lll/
L 100 °C »
R R/
R= Ph, p-OMe, 0-OMe
R'= Ar, Bn etc.
Li, C.-J. et al (2008)
H R CuBr (5 mol%) Ar
1
PMPHN)W(N\RW = A BUOOH (> 1.0 eq.) I R
o
O 100°C PMPHN" N R
NRR'= NHMe, NHEt, OEt etc. o)

Murahashi, S. et al (2008)

RuCl3 (5 mol%)
M 3 M
e NaOAc (6.0 eq.) ©

e N
N._H N #
NaCN
@ * NN "MeOH, 60 °C, O, O

S BT, HARR BRI Th 2 EHE L B A & LTHY, oo RFEFK2=y M &
O\ L72564761 & LT, Murahashi 512 X %&b Strecker NG 723 %61 531 5 (Scheme 2-
9)16d_

IS DIATIE S kg & 72 o T2 FERIETOT 2 oL BB ERERAL S, WER
BREAMMTBREN 2SN TN, BITREDZ ) =27 I A M) —~ORLOmE NG,
photoredox il 2 N 7= B b B S8 B RSB EE O S DS AT 72 S LTV 520, photoredox

19 Recent review of catalytic oxidative functionalization of amines at o position: (a) Zhang, C.; Tanga,
C.; Jiao, N. Chem. Soc. Rev. 2012, 41, 3464. (b) Mitchell, E. A.; Peschiulli, A.; Lefevre, N.; Meerpoel,
L.; Maes, B. U. W. Chem. Eur. J. 2012, 18, 10092.

20 Review: Narayanam, J. M. R.; Stephenson, C. R. J. Chem. Soc. Rev. 2011, 40, 102.
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fib e A FH N 7 BOGS I AR B OB SR 12070 <, MO TT ) — U I FEE LTHEL T
WS RHID D D,

Stephenson 5%, A U 27 A photoredox filift & g3k #fgfrAlE L CTHWT, 7 hTF b
FaA Y% )= a7V OEANE#RE LT 25(Scheme 2-10-(1)21, 7=,
MacMillan %%, photoredox fil#iiz & 2 fliEr) 7 I VERILBEREIZE B L, 2L E TOWE
B & VR E g o T PR Z I CTREERIRR LRI SR - IRBREB TR Z T > T\ D, T7hbb,
INETIESHVWLN TWEREBEFHITHLA I =T LB TF A % T2, photoredox fif
B X0 7T I UERESO 1B EIT O AL ~RER T O v Z AR L, Hi< RE %
DT 1 FFE~ Minisci T2ORSHEE 2 TT X o~ REF~T v HHERDE
A% 3R L7 (Scheme 2-10-(2))28, ZiUE TOfMBAIIRRLAIR SR - BERE B TERUUE TIE T
VN RKREFAEMIRE L TAHR I TV, MacMillan & O#E Xic, 7 I U8
ZREAIEMEE LTRRLI 2D Th S, MbiEENERE(LIEDOR 722 B ~D

LI b L TREIND,

2l Condie, A. G.; Gonzalez-Goémez, J. C.; Stephenson, C. R. J. J. Am. Chem. Soc. 2010, 132, 1464.
22 Minisci, F.; Fontana,F.; Vismara, E. J. Heterocycl. Chem. 1990, 27, 79.
23 Prier, C. K.; MacMillan D. W. C. Chem. Sci. 2014, 5, 4173.
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(1) Stephenson, C. R. J. et al (2010)

@ Ir Photoredox Cat.

NN (1 mol%) N-<

A - A
LTt o,NTR '

t
B
rt, 02 O.N R ~ u
visible light 2 A
R=H or Me
N
(2) MacMillan, D. W. C. et al (2014) _
Ir Photoredox Cat. Bu
: N, (0.5 mol%) ~ N S PFg
~ J\ 4 ! > N =
Eh oo CI_<X:“\/ NaOAc, H,0, DMA_  Ph X\\) \ Ir Photo Catalyst
X= NBoc, O, S rt, visible light ==

2-4. 7 I VUBALIZEIT B EENE REELIE D RITHE

T X UBALICERT AR b C-H 1y 7Y 7 SIE, Liang SO 7 V—F2 X0 %
OUEFEDFHIL, BOEIZ > TEDOREE B EE o7, 1515 Pt Zfilfif & UFESE & i {bAl
ELTHWSZ &ET, BIR 3T IV OLEVART 24 I =0 LD TF A6 ORME
EIZ LV RHICTREZEAIE LTI v ERAESE, =bhat L7 oL OB{bh v
U U T RO A LTV A (Scheme 2-11)24,

Scheme 2-11. B-functionalization

IH R KoPtCly (10mol%) R

L + S . .-
N dioxane/H,0 (111) i || o
Ar NO, 0,, 60 °C N ?
R= Ar, cyclehexyl Ar

F 72, Bruneau & D 7 L—"1L7 I UBALIZET B IRFE AL 28 JIRIICHFZE LTy

24 (a) Xia, X.-F.; Shu, X.-Z.; Ji, K.-G.; Yang, Y.-F.; Shaukat, A.; Liu, X.-Y.; Liang, Y.-M. J. Org.
Chem. 2010, 75, 2893. (b) Xia, X. F.; Shu, X. Z.; Ji, K. G.; Shaukat, A.; Liu, X. Y.; Liang, Y. M. J.
Org. Chem. 2011, 76, 342.
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725,26

SRCHERER) 22 LV R D,

VT =0 Ao A U DT A A T, BRIR 3T S S I ok H#E L%
ST NT R ReDH v 7 7 b E#E LT % (Scheme 2-12), ZOH T, 38T
SUOEHIEE LT, TARVEAE WAL
R 72 LV TRIBIA 2202 > T IR IEEH T X o OB B REHAL 2 SR IZ T

Scheme 2-12. Bruneau's work

JACS. 2011
Ru Cat. (2 mol%)
@erH o  CSA(10mol%) (ﬁ?j/\R
N + ”\R tol, 140 °C; ~ N
Bn HCO,H (1.5 eq.) Bn
140 °C
ACIE. 2012

NH; 4 J/\L
oH3) HCO,H (2.0 eq

Ar  HO

Green Chem. 2013

(j/H

1) Ir Cat. (3 mol%)
2) RCHO (1.1 eq.)
CSA (1 mol%)

(Y "
tol, 150 °C

Ru Cat. (3 mol%)
CSA (4 mol%)

ETTNR

BIFA 07 o IRINE, ThVETIZE

ERLTW5

N N
N C”)\ tol, 150 °C;
R HCO5H (1.5eq.)
150 °C |
R= terpenes

\Q P
Ph
Ph  _/ P P\NJT\C|

Bu—p» Rl‘J\C| 'Pr

o 0
S 70
o o
Ru Cat. Ir Cat.

% (@) Sundararaju, B.; Achard, M.; Sharma, G. V. M.; Bruneau, C. J. Am. Chem. Soc. 2011, 133,
10340. (b) Yuan, K.; Jiang, F.; Sahli, Z.; Achard, M.; Roisnel, T.; Bruneau, C. Angew. Chem. Int. Ed.
2012, 51, 8876. (c) Boudiar, T.; Sahli, Z.; Sundararaju, B.; Achard, M; Kabouche, Z.; Doucet, H.;
Bruneau, C. J. Org. Chem. 2012, 77, 3674. (d) Sahli, Z.; Sundararaju, B.; Achard, M.; Bruneau, C.

Green Chem. 2013, 15, 775.

26 QOther groups’ reports of oxidative B-functionalization of amines: (a) Morigaki, A.; Kawamura, M.;
Arimitsu, S.; Ishihara, T.; Konno, T. Asian J. Org. Chem. 2013, 2, 239. (b) Sheng, J.; Guo, Y.; Wu, J.
Tetrahedron 2013, 69, 6495.

17



F 72, Baudoin 5%, NBoc- XU U UFHA~DFFEER OB A G % HE L TV 5 (Scheme
2-13)27, £, secBuliZX % NBoc- BV Y rofid U FA b L, 5l &< Hibminic
Lo THA SN 5 EEAHIZ L0 ofif~ EFBIREIIZ C-Pd FEA Z TR S/, FiVCTEE Z BBk
T L > T2 F I UoNERT D, 20T 2 U0 Pd-H A ICTEAT S L B KFEN
BEAS T2 R D, a i L <X BALIC C-Pd 54 & b o RAR+ & OVl 2 k4 5,
BRI BE DB NE FIC R o Tary hu— L E&L5 2 LT, B~DT U — b & firfEiE
REJITERL L TV D,

Scheme 2-13. Baudoin's work

sec-BuLi, TMEDA, Et,0; Z H\ i
_ TR N7 P(Pr),
H ZnClz, AN
\ .
O/ + /@ Pd,dbas, Ligand @
N Br

R toluen, 60 °C Boc

BOC

2-5. YHHFREBIZ K-> THESNIZT I OESENE RIS

UIFREIZBNTH T I VHOBE#ENEREAMESZHE LT D, 7 X ol EERRE
EHVERERALSORIE, FASAHE LR R RF I PR 21T o 7228, ARBUSIX, 27 D
MEZIALIZ L > TA 2 &2 R AR S, Danishefsky Vo= k7 L H %I 0D
ETHHEA OREANC L VIR T 2860 v 7 ) VIS TH D, TIVhbA I~k
BB A FE0NTAT ) Z L IFBRTHE LV, RBHICE S NEREIL, MAF R
K= ha R EHE LWL ZE < Z &, RV Lewis HEMEZHT 57 I 12k
S THRIESNRVAERZ RWE3 2 &, ZHEMRB IR DMRNZ &R ETHD, £ 2
T, TIV=>A IV ~OEBRET NV a—N—T T RI7 kORI T 5 OGRS
PEEEE L, 7 a— VEHOBBERILFISICB W THEICHW O LTV MAF oL
DAV E I LT DR OB 2T o7, BT EENT 2 —=0 R T 2 2T
BTG NP3 LT P10 ketorABNO 24202 L, 2 s —fli R b8 2 fildi & L,
7 X o~ OEEFE TR IR L A > 7Y 7 BOS O BRFEIZ D L 7= (Scheme 2-14),

27 Millet, A.: Larini, P.; Eric, L; Clot, E.: Baudoin, O. Chem. Sci. 2013, 4, 2241.
28 Sonobe, T.; Oisaki, K.; Kanai, M. Chem. Sci. 2012, 3, 3249.
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Scheme 2-14. a-functionalization; my MSc work

@ Q Me

./ Cu |
TPk S AN O

RlN)\RZ“ HER . —O )= L A NHBn L okt
. —N ) PMPHN"
H Nucleophiles PMP O O
ketoABNO 78%
53%
95% ee

FBALOALT v 7Y T ROGIE YAFGEE O S A I L 0 et S 7220, ARUGIE,
AT F NI DL DMPMP I L0 R S 387 X v b bR GEAL#kIID)
& TBP) 252 T=F I 2 RPAERSE, TNERkEHEE LTHWSZ ET= ]
RA LT 4Dy T T RIS EER L TWD,

Fe/TBP R LD T 2 UBAERIL A v 77U » ZRUGIE, 2-3 TH TR _IZBEAFIEIC R TIA
WEE—MEAE A L, oLl B R ChH D8 A RE L T AREEET 5, Fr
2. SUREHIL A & 07 I U TORMRR LT » ) oV RONIEIE & A EFATHINEES | Afih
BERDOZ L2 T EHEREIFIE F 2 5,

Scheme 2-15. B functionalization; Dr. Takasu's work R

o FeClj (5 mol%) J/\(R
: eCls (5 mol% o
\NJ*" R DMAP (7.5 mol%) N NO2

Me I _Me , VR _TBP(25eq) , Me i _me
NO, DCE (0.2 M), 60 °C

R R
R= Me or OMe

LinL7Aam b 2 ORISR ZRR b O~ FESE LD & LEHE, UFORET
REUEORMEAT S, Thbb O REFHR= budL 7 VIKBESKTNSZ
L @ BERONBENELTEREOBRES QAR ERY BN VA VFAER LD
REELEHT 5L RETHD,

UL 0 SRR T < > OB B KRR LS DR A 381 L, LRl <
SN G ORI D fiEe = & b Ui, Ko 3 5 TROOMY: CRETFHIOILIRE) |
4 4 ETIIQOOMRN (L) A B Rl 5% A 5 R~ 0%EE) %2 N2k~
HrriTa,

29 Takasu, N.; Oisaki, K.; Kanai, M. Org. Lett. 2013, 75, 1918.
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8. AVITFHF—rERBFHE LTHAVWET I UMLOBLAYES RS DB R

3-1 HFFCERmE

AL Fe/TBP R230 2 2 MBS OQOfER, +7bbREFH OILRZ s L72hFZEIC
HWOMATE, ZHITBELTUTORRT A 77 Tlie Z & & LT,

EZAMLOWMEIC L AMER 2 TR, B L RERIC L0 T I VBB S E i 2 &,

RN TFAUNERLTZOBIZEF I U ~E BT DA =X LR EB I T
Lo BUEET, RKEFAIN= R A L7 4 AIREINTWDEHIE, AR LTI D
REDBEL RN DIZ, =IO BREB AL ST HRNCEEIE LA % T
ELTCLES ZENRERTHD EEZT,

Scheme 3-1. target in this topic 0
. O=C-N-R (”])NHR
-~ _E \N
\ J Electrophlle ! .
\ J N @J I\NJ, Ar 3
1 + 1 surrogate
RO° ROH Low Nucleophilicity if isocyanate is utilized

Z TR IS CTRETH Y SO LEEICHVREFEE2ATIEE L LTA Y UT
TR EBRRTLZEE LT, A VYT EEEE L THWS Z R TE U, B—T‘
JEEHERE 1 BB THEXDZENTE, SHICAERLET I REALZ2E T
mosapride N HETH L IRV T I UEEEEGICERTEXHOTIE WM EE 2, Eﬁ%ﬁf?ﬂﬂ
DB S b A REDE WIS 2D D TITEN N EE X T,

3-2 G0 b

EFPNEA YT T EBRAKIGEOREBETH & U THEIET 2008 ) iR 3L, E &
LT NAVTFAERT Y REFAIELTT 2=, YT — e HO TR mG %
1To72, Fel/TBP RO EDRFERIIH > TSGR EZRE Lz (&EMAEB% 10 mol%,
izt & LC TBP % 2.5 % &, DCE (0.2 M), 60 °C), FTI3&mibllzmatd s Ll
L 7=(Table 3-1.),
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Table 3-1. optimization of conditions.

metal salt (10 mol%) @
TBP (25e N
[tﬁL+OCN%C> 9 ~[TT*H
DCE (02 M), 60°C
18 h, Ar

1a 2a 3aa
(2.0 eq.) (1.0 eq.)

entry metal salt result (%)
1 none No reaction
2 FeCl, 16
3 FeBrs 16
4 FeClj 18
5 Fe(OTf)3 trace
6 CuCl, No TM
7 MnCl, 6

& BAMEIEIEAE FICB W TIE AL BUSREIT L > 72 b D D (entry 1), Skl f21E

TR =R 72 23 6 B 8aa #1455 Z L BN CTE zlentry 2-5), DI DOFE—FEBER
Fil e CIIBRARE T E DOILRIC T 8aa #1525 Z LILTE 2o,

ERAME DSOS TIE, FIMIB M3 CTRUS OBEITME L LTV 5 Z & 53 TLC iBHR T
fEss Stz ZAURHIREY 1a & 5V 34 8aa DT 2 /%%F?ﬁﬁ%ﬁﬁkﬁub
R D ITEN G ER Z SN TWNDHTZDTHDLHEERT-, = bt L7 4 U EREFAIE
TOHRBECH, FEORE 7 n e ANEAM LI L > THER ST D 29,

T TINDT I ERFOWFIRENL 2T 5 Z LA TE UL, A KT X
OISR DORENHIFFCE D B2, = A L7 0 VORIZO A RERE 5 272
Lewis 3% DMAP ZiRMAIE LTMA 52 & & Uiz, 727 2 U OIFERENEY) TRV
BIZZEO XD BREMMEAENBE LT VO T EZ 2| FARFICT O Y &% Rt
952 L & Lz (Table 3-2),
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Table 3-2. effect of DMAP & equivalent of amines.
FeCl; (10 mol%) 0
DMAP (X mol%) N
P oon () —Trese)  (J°
mes

DCE (0.2 M), 60 °C
18 h, Ar |

mes
(Y eq.) (1.0eq.)
1a 2a 3aa
entry DMAP (X mol%) amine (Y eq.) result (%)
1 10 2.0 34
2 15 2.0 25
3 20 2.0 7
4 30 2.0 trace
....... .40 .20 trace
6 10 1.0 trace
7 10 1.5 28
8 10 3.0 48
9 10 4.0 trace

Table 3-1. (2 Tl bEINRIC T 3aa & 5 - HALELIID Z filfit & L, DMAP % ffix DY
& (10 ~ 40 mol%) THNZ T E To72L Z Alentry 1 - 5), Fe: DMAP=1:1 DR T
OGS ZAT ST BRIC R S mIHEIZ T 8aa 2155 Z LN TE 7, il T DMAP &% 10 mol%
WEEL, TIVYEORSZIT 7T, 2O, 7 Iv% 3 YEHWZERIZ 48%I2T 3aa
ERELHZEMNTER (entry 8), LLanb, 3 YEIVDRWEDOTIVEZHANTY
(entry 1,6 - 7)., HDHWMIZWVEAWVTHICEIXK T Liz(lentry 9), 7 I V&P D72V H
2L BEBC AR LT S VR R (L &2 2 SRETHITHHA Vv T FH— h~Eft
T ZRNCFESNTLE D RENMELT 22 DIENME T T 5 B2 605, TLC B
DA NE b F I DA T F— OIS IEELS . SWIEETHINEEZS 512
L AREDOREL EOTF I U NKIGRHICHETL B2 D, *ﬁ??‘/ﬁ%u
FUZLTLED & RAEA~DENIARENIE Z > T L EWV, BMLIG B IRAHEIT L7 <
o TLEI EBZLN,

Hol b BWEL G X7 entry8 OFEMFTH ., SN RITEME GREIER(LA L BITL X
bEWHZ% < AR T DM & o 7o, BRLIGTEFE O IR EE A R OHEITIZR L TRz 72 -
TV EBZ LN, BBEAIOY &2 EYNRT 5, b LUIIRNEEEZZE 2D L
TEL & AHMOME A2 EE(LTE, IERLFESIND DL T L, ZZTTBP 0Y
B EONBEORG 21T > 72 (Table 3-3.),
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Table 3-3. effect of equivalent of TBP & concentration.

FeCl; (10 mol%) o
H DMAP (10 mol%)
\ TBP (Z eq.) N
. OCN%C} | H

N DCE (a M), 60 °C N
mes 18 h, Ar mes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry* TBP (eq.) result (%) entry**  DCE (M) result (%)
1 1.0 31 7 0.01 25
2 1.5 59 8 0.025 44
3 2.0 52 9 0.05 69
4 25 44 10 0.1 50
5 3.0 37 11 0.2 48
6 4.0 26 12 0.4 41

* The raction was conducted in DCE (0.2 M).
** 1.5 equivalent of TBP was used.

TBP Oifs&EZ 1.0~4.0 YBFE THAMG LI2EZA, 1B URICTISEIToT2E 2
A UWEERE EL7z(entry 2., 2.0 Y& LV <ML 2 A, PHED IROEK T
Hillz(entry 4 - 6), I HIT, FUSNREOHRF AT o7z & T ARG IS TNENYE L
(entry 9, 10). %’005M’%wfﬁﬁ%ﬁok"W%%%M”C%a%%é’kﬁ“
X, INXVEFERSMHE LIEGE. HOWVITRELZ 02 M Lo @< LEGEICE.
IERAMEK T Lz(entry 7, 8, 12), MﬁMi@%ﬁﬁﬁ*@T?i FAIZ fémbkif
\/mﬁm HENE LR T LEAMAEONT, /2, 0.06 M LV EREOCHEIL, %

(AR T DAL ABERIC K Y | AR O = I U iR b &2 %) 5 2 & TIL
ﬁ@ﬁ?%%%tk%z%ﬂéo

%%W%%@itMMyg’ﬁmf% FIEDT DB G ROEHE LB S vz,
TBP LV & AABERICHE L 72 EA DA ET D DO TIXRWinE B 1, BbHlz b 5 —Ek
452 & & L7=(Table 3-4),
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Table 3-4. investigation of oxidant.

FeCl; (10 mol%) 0
DMAP (10 mol%) (j))\
|

(TA‘, N OCN@ oxidant (1.5 eq.) ”
DCE (0.05 M), 60 °C N
18 h, Ar mes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry oxidant result (%)
0 TBP 69
1 TBHP 42
2 BPO 4
3 tert-butyl peroxybenzoate 23
4 mCPBA No TM
5 OXONE® No TM
6 0, No TM
7* TBP 76

* 5 mol% of FeCl; and DMAP was used.

TBHP % F{bAl L L CHWZERITIE 42%I0% (12 fa%%%%ant%@@\&m%@@
ML TBP L0 B L < 72> Tz (entry 1), £72.BPO ZE{bAI & L CTHW I
b B B 8aa BN HLND DI THolz(entry 2), Fiz, TDIEINOi Eﬂt%%éb\
FBEEZAVTHOIEDR TRALNLD, B ESD Z LN TEeh o7 (entry 3 —
6), LLEDIEY | BEEOKRE TIIICEM A S ieinotz, £72, entry 0 (28I 551
BWTRIEROBHA LN DT 7N 5 A bni-7-%, llitE% 5 mol% F T LG %17
ST, EDORER, FUSFHROBHALZINZ HIPEER R EL, T6%MERICTHMMERS Z &
N T 7z(entry 7)., 728, T —F IR L TWRWA, il 4 5 mol% L 0 K325 & Kt
DOEFTHBFTIEFIE L TLE 272728, ABUSIZIBWTIE 5 mol% Dl &% AR A Th
o &I LT,

PERPPRREELL BiZm B L WK A2 & 2. Ok Z B Lot ikl 2 2
LI LT, MRS TICTRISEITD 2& T 2 20 DA Y 7 F— bR N
AR o TWD Z ENAEEDO—DThHhL EBZ X LN, £ T, 2T VT F
— FAJEMAL L, =7 X U OMINBOGIEE Z [\ E S Siud DEEO S 672 2w B3R
TELHOTIERWNEE XTI, ZOBROMETE LT, AV E =T =F L OEFIT L > Tk
HUL D Lewis FEPEZFRERT 25 2 & T, SIEE O DI X Dbl Y &7 F— h OIEME
bZAT 9 2 EMTEIUNEMRSOSR &2 6T, FHICIZ 5 2EERICRD E&Z 2T, £
Z O TERfbIE DR FS A 1T o 7= (Table 3-5.),
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Table 3-5. investigation of iron salts.
iron salts (10 mol%) o
DMAP (10 mol%) N
[Aj%¥ , O()N—<:> TBP (1.5 eq.) [fjfgk

H
DCE (0.05 M), 60 °C N
18 h, Ar %es
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry iron salts result (%)
0 FeCl; 69
1 FeBrs 53
2 Fe(OTf)3 27
3 FeCl, 57
4 FeBr, 46
5 Fe(OTf), 50
6 Fe(MeCN)g2SbFg 51
BT H—T =G msoaa i AL O 3 gkl S AR R 1213 L Cu D (entry 0, 1),

FeCls L ¥ b Lewis BAPED EW & S5 Fe(OTH)s % Skt & L“C)iﬁb\f_lfr . 7Ivo
BLAES & E D ETETICROE T AA L (entry 2), F7o. 2 MO Skl 2 FHuv iz &
ZA WRICEL TUIRE RENR N> 7=(entry 3 - 6), L7228 T FeCls 232 b fik
BRICE L TWD EEZXDBND, FINLDORRNE, T F I DA Y T F— F~Off
TNEPELZ 1, BRAREE BRI G LTV RN ERB 2 6N, T2 T7 I UERb
FEIAFL DD T I OIS ZRIEE S 5 53K A R T 5 2 & & L7=(Table 3-6.),

Table 3-6. investigation of Lewis acids.
FeCl; (10 mol%)
DMAP (10 mol%)

TBP ( 15eq J[:j
(jk':' Lewis acid (10 mol%) (j)ek
T + 0O=C N@
N DCE (0.05 M), 60 °C
tes 18 h, Ar
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry Lewis acid result (%)
1 Cu(CH3CN)4PFg 34
2 Cu(CH3CN)4CIO,4 13
3 AgOTf 63
4 AgNTf, 50
5 AgOAc 45
6 Sc(OTf)3 53
8 La(OTf), 53
9 Er(OTf)3 49
10 Gd(OTf)3 41
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Z DM & LT Lewis BBMEOSBREOIRMNZ MG LTz, I F A MO @ OS2 v
el ZA BWEEOIKTAR O (entry 1, 2), SEZTM LT & Z A AgOTE HSMFEIZ IS0
TIXIERINEE & [FIFRE OPEEN B D 7= (entry 3), & DIEHOERIE 2 W1 L 72 BRIZIZIR
KOKTRA SN (entry 4, 5), F7=. Lewis Bt . ZEREBE L LTHLND
Sc(OTHs W= & Z A, BEEOIK TR R bivz(entry 6), £727 % /A4 REO MY 71
Fa A& AR S O TE BRI B ICENME T35 DA TH o 7z (entry 8 - 10),
FENTA YT F— hDOINVKR=NVEERFE % Bronsted B2IZ X D IEME(LTE s
%27‘:0 U U FE0RIR D H NI F A PRFES2, TADDOL3 2 Eld, WAV R=LVERIE %
TR L, REFAIE LTEME T2 Z Mo TV,

table 3-7. effect of Bronsted acids.
FeCl; (10 mol%)

DMAP (10 mol%) o
H TBP (1.5 eq.) @
\ Bronsted (20 mol%) N
¥+ O-C- N@ " H

N DCE (0.05 M), 60°C
mes 18 h, Ar hes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
b 1 2 b
cy Cy| cy cy)
Phy Ay Ph  PHexg A Hex  Phy S (Ph FHex A\ FHex
H H H H H H H H
44% 47% 25% 20%
Ph_ Ph
O ofb? Me_ O~ oy 51% (5 mol%)
o FOH Mexo]XOH 48% (10 mol%)
4% (20 mol®
OO o >or 64% (20 mol%)
44%

JR3E « FARFE " I NVR = AGEHEER & U THWIZBRICIEE T~ RIE R IGRIR T 2 /L 5
.7 I UBBCBOS B HE VBT LD o7, U UBRAZTIAIE L TRHWEEERIZ DT
IR DILRAME T L7z, TADDOL Z 7N & U THWEBIZIZ, FERINEE & I ZIF R
DIPFRIZT Baa 155 Z LN TE 27, TADDOL OWINEE M52 & & Lz, L

30 Terada, M.; Soga, K.; Momiyama, N. Angew. Chem. Int. Ed. 2008, 47, 4122.
31 (a) Curran, D. P.; Kuo, L. H. J. Org. Chem. 1994, 59, 3259. (b) Schreiner, P. R. Chem. Soc. Rev.

2003, 32, 289.
32 Taylor, M. S.; Jacobsen, E. N. Angew. Chem. Int. Ed. 2006, 45, 1520.
33 Huang, Y.; Unni, A. K.; Thadani, A. N.; Rawal, V. H. Nature 2003, 424, 146.
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LIS EIIKRGF T 2 ICRE O A R 6T, RREU EOIROUGEN R Lo T2
7=, TADDOL # W CA Vo7 F— b &iEM LT 5 Z S idWra L.

RN BOS I IBIEAREE 2 W= SN D Z B mbnTnb, = FI oA v
T I — OIS S RIS EAIE FIC TR SN A 7249 LT L., B 21T
- 7= (Table 3-8),

Table 3-8. effect of solvent.
FeCl; (10 mol%)

H DMAP(10moI% O
CFS . pon () —ToPitse) (j**

N solvent (0.05 M)
mes 60 °C, 18 h, Ar
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry solvent result (%)

0 DCE 69
1 DCM 32
2 CHCI; 10
3 benzene 57
4 toluene trace
5 cyclohexane trace
6 CH,;CN trace
7 DMF trace
8 DMSO trace

VA=R= = AR VN VAR A S~ RN LAV N P s 7a 3/ SE D@ i DAY el - hal W VS
DOEF~KIERIK TR LN (entry 1-4), (& A EDLE FeCls/DMAP OyEf#EEIT
IR CTh D H DD, cyclohexane Z &ML & L TH W ZEEIZIX FeCls/DMAP 238 fifH37,
FOSIHEIT L2y o7z (entryb), TAIC U CHRMVARE 2 FE 2 FV 72 BRI DEBREFREE O
HHOWMRHONDDHT, 7 I VLU BB L A EHEIT Lo 7o, i~ 0ig4 &
HVEBEEAAIC LV IEMEDME T L2 b D & & 2 TS entry 6 - 8),
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Table 3-9. effect of ligand.
FeCls (10 mol%)

H additive (10 mol%) 2 NO
3, O=C=N© TBP (1.5eq.) _ EEXKH
N DCE (0.05 M)

N
|
mes 60 °C, 18 h, Ar hes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
monodendate
Me\N.Me “ Me
o o
N N
69% 53% 69%
bidendate
R=H; 18% 7\ 7\ - - )
[ Y R=Me; No TM Q_@ R= :"’35/"
=N N= R= PMP: 38% R R R='Bu; 55%
R R ’
tridendate
O -
O \N N/ (@) Ol N/ \O
‘\( \) N N
Ph PR
44% 54%

DN, SORDLUSHEDR LA L, o TEHRA~DORALIME\LED ORF 1T - 12
(Table 3-9.), HEDENMEALEW TIL, ROGFERP/HEONTEY ., 28H 5 WL 3ED
BT 2 OB ISR ME T T 5 DOH ThHh -T2, ZNHDZ LMD, Fe JFFDRAHE
VL FIZHOTLE D & MR ORISEME T LIEME T 5 & &2 b, Li-
MNoTELE 2N L HEORN I LEH ORI Z FERF LE T Z & CTIENLET LD T
X220 E B R BRI 2 5 %2 5 DMAP KON NMI O %S % fifst L 7= (table
3-10.),
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table 3-10. effect of monodendate ligand.

FeCls (10 mol%)

H additive (x mol%) g NO
(T% ¥ o:C:N© TBP(1.5eq) _ (ka
\
mes

solvent (0.05 M) N
60 °C, 18 h, Ar hes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry (?(dr?\gll\;/f) result (%)
1 DMAP (10) 69
2 DMAP (5) 53
3 DMAP (2.5) 51
4 NMI (20) 46
5 NMI (10) 69
6 NMI (5) 50
7 NMI (2.5) 30

DMAP DNz Sl X v &2 <IN LZBIITEBE T+ 5 2 & % table 3-2.
WZTORLIED, IRINEZ R L7 BRC BUEME T Liz(entry 1-3), F72. NMI % /-
BRI 6, I 0 BRARME & [RIEIRIN L 72BRIC BAF 2 R A B 2, SRR L 0 2 <INz CTo A7z
<MAZTHREMNMETFTTDDOHRTH->=(entry 4 - 7),

AP R % FON T2 BRIS BRI PERE D AR RO BE 3 < | 2 DR HPIREE DS R T 012 R
DOTF I VOREEBNTWNDLDO TR N EE 2, MISEE & TBP @ slow addition @
Bt atTo7c, £, RPICRALIZKOHRZ AN E LTEL 27— —7 ZOKETD
[FF 24T - 7= (Table 3-11),
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Table 3-11. effect of monodendate ligand.

FeCl; (10 mol%) o
H DMAP (10 mol%) N/©
CFS .+ pon) —TR0sa (L
'Tl solvent (0.05 M) N
mes 60 °C, 18 h, Ar hes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry additive temp. (°C) result (%)
1 none 50 No TM
2 none 70 48
3 none 80 40
A none 60 36
5 MS 3A (100 g/mol) 60 36
6 MS 4A (100 g/mol) 60 47
7 MS 5A (100 g/mol) 60 57
8 MS 13X (100 g/mol) 60 48

* TBP was slowly added with syringe pump.

L 2 Ff 2 1T L 72 R, B0 eC I TR AT 272 & 24 3aa 1345 H AL WIEN 0 37 2
Y DOBALSOG BRI & A EEITET | IRITREHEIR & 72 > 7z (entry 1), FELTEMERED Ak
2560 °C L VAKIRIZT 2 LT LRV D EEZ B D, 70, 80 oC IZ TRISET - T2BEIZ
X, SUSRVEHEA L LICROK T35 &l Z Snviz(entry 2, 3), £72, TBP 23 U VUK
> 72T slow addition 95 &, X HIZIERME T Lizlentry 4), Tl F =277 ——T A%
FWTZERIC IR O T3 5] & i Z &7z (entry 5 -8),

Table 3-12. effect of monodendate ligand.

FeCl; (10 mol%) o
H DMAP (10 mol%) N/©
CFE .+ oond) —mRusen) (P
I\II solvent (0.05 M) N
mes 60 °C, th, Ar hes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry time (h) result (%)
1 1 50
2 4 53
3 8 55
4 18 69
5 25 51
6 37 40
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BRSNS E > THREETH D= F I VAR OBENS & Z 3D Z L2 EBE
L. 5l 72 BOGIRE] 2 PRSR L 7= (table 3—12), #&F. DCRAMGRK & 72 2 FERNISOGB AT 18
RFHAREE Cdb o 7o (entry 4), SUGKFHRD 18 Rl & % % & | TLC OBH{LA A bz, Ff
FPREL, ROGBIAE 1 REHERZRICEBW T, 50%INERICTHB LT 58 bl v 7' 7k
3aa & 52 T\ 5 Th D(entry 1), ABUS T, BUSHIIBREZ 31T 2 SO s I E W &
FRRUZ, £72. OGBS 18 B & T 8aa DULERN R~ 1IZH] L L TWD Z Enn, filfity
A 7 VTRISEIA 1 RIS TRWEE CTHER L, Z20% W< Y RSB ETT S
LORELEEZ NS,

Z I T OO AT CTTHGEET 5 2 & TRIGGHZ S HIZEEMIZ L, Baa # /1D & T 5
WEIERCZ PIH T2 2 & TEEOM ERHIFF T 20 TRV EE X, O BRIENH
FEITSOSBIAE IR H o BEAKR L TR Y, MWL 7 2 vz I VHOBER
MAEABIEEZENTND, @ BALIEMREDOAR L 7 I v OBLIG ., RIGBIIBE I
EITL, =F I OMMBERITMEAD LE RN LW ATREMETH 5,

WOFEBRIETLL EORFZGEET 5 Z & & L7z(Scheme 3-2),

Scheme 3-2. effect of procedure.

FeCl; (10 mol%) o
H DMAP (10 mol%) N/©
TBP (1.5 eq.
CF5  oony) —Tusen ()
ITI DCE (0.05 M) N
mes 60 °C, th, Ar hes
(3.0 eq.) (1.0 eq.)
1a 2a 3aa
entry 1
catalyst cooled to rt quenched with
DCE, TBP substrates short pad
+ O + C\‘ + trace
60 °C, 30 min. rt, 177.5 h
entry 2
all reagents cooled to rt quenched with
short pad
e T - * trace
60 °C, 30 min. rt, 17.5 h

T72bb, O Fefillit T 60 oC (& TEALIGTEFEDNHCICAER L TWDH R HIX, +5 70k
{EIEMEFED R IRE N HIVUXEIRICNFEBELTE 20 TlL & OIGRIZHES &, Fe filtfit &
DMAP, it & BibAlZ AT 60CT 30 A AZITV=IR FICmA L7ctk, WEEA
T 17.5 REfEE 24T o 7o(entry 1), F72, @ BLIEMEREOA KIS T X v Of{LKIG
FCRBUGBIIAERZRIZHET L, =F I v OGN P -< 0 EH#EITT D LW GO b
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L. EBIT, WML TIERR TGRS X 2RI (EE 2 < WO TN & W S RO
TR TOREEHRBENIC AL, 30 D] 60 oC IZ THIFLZITWERLIEMERE 2 4 Bk
é*’@??‘:fﬁ ZEIRMEIC T 17.5 B O iR 217 - 7= Fe filfi & DMAP, ¥4 & BRibAl 2 AT
30 SRR ATV EIRILICI A L 7o BB 2 AfL 17.5 RefEii#R 41T - 7= (entry 2), 5 5R
ELTUIELLDRMITBWTHIEERE D 8aa LG LR -oT,

PLE. ik o £ L% Scheme 3-3 (233, REME S & L, WICHEE /%
MOBF 21T o7,

Scheme 3-3. best conditions.

Fer} 0
’ DMAP 5 mol% each O N/@
[Aj%% . O(:N—<:> TBP (1.5 eq.) - [ijng

ITI DCE (0.05 M), 60 °C N
mes 18 h r%es
(3.0 eq.) (1.0 eq.) 76%
1a 2a 3aa
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3-3. EHE MDY

Table 3-13. scope of isocyanates.
FeCl; [ 5 mol%
DMAP each

H
TBP (1.5 eq.
(j{‘r " 0=C-N-R 1.5 ea.)

N DCE (0.05 M), 60 °C
nl’leS
3. 0 eq ) (1.0 eq.)
2a-2r

/©/R F (3ab); 34 h, 59% N
Cl (3ac); 18 h, 66% I H
Br (3ad); 18 h, 70%

| (3ae); 18 h, 43%

mes
/©/CF3 0 /©/COMe
N N
@** H CYH
) )
mes mes
3ai 3aj
21 h, 81% 27 h, 68%
8 2 Q.
N N Cl
| H I H
) )
mes
3al 3am
34 h, 55% 34 h, 63%

mes

3aa - 3ar

= 2-MeO (3af); 23 h, 29%
3-MeO (3ag); 18 h, 56%
4-MeO (3ah); 27 h, 48%

2 LY
ok
I H
N
r‘lneS

3ak
27 h, 41%

2 11
N CF
YN o
N

mes

3an
27 h, 65%

NO,

N N
SARSENG d R
'Tl N
me I

3ao 3ap
34 h, 57% 27 h, 77%
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EFTHDOIC, NATTFAEXY D% 3 YEHWTA YT F— FO— DB 217
- 7= (table 3- 13) 4-F, CLBr,I- 7 == A V7 — & EH L L THWEEIZIZB L2
HRE DR TRRb T v 7Y o TR %% 2 155 2 L3 T & 7-(3ab-3ae), B 5 TH D
MeO A FT D7 ==/ A VT F— MW 22MeO 7 ==L A V7 F— |
TIHERIE2ICEOIK T ABH S/ b DD @af), 3-MeO, 4-MeO 7 ==L A Y7 F—k
AW BIIZENE TR E ORI TS HEIT L 72 (3ag, 8ah), 4-CF3-7 = =/LA
T F— hEEEE U THWEZEICE, SNERICTHRNE TS0 EIT L7 @ad), =5

cAPLZTEFAE, = hekk = NIAEEET LT =g VT — P EHWEE

IZiE, BTOICEOR TABI S b oo, M < ROSHHET L7 (8aj — 3al), 3 i
B EZGT D7 =N A VT — M EH L U THWZERITIZENZEIL 65%FE DX
I TSN H#IT L7-Bam - 3an), £7/=. 1-F7F A V¥ TFH—h, 24,6-hU 7>
TN A T b EEEE L THWEREICS, &R < RO HEEIT L7=(8a0, 3ap),

WIZT 2 DIE—MEIZ DN TRT (Table 3-14.), 5 BIRR7T IV ThHhDH NAVTF LY
U EREE U THWEEICE, RIE S TR 2 2EEIEE(E2 D O S FRIED RS
SN, AROSRICEAL TIEEO X 5 bR bidsl sz sh | BEERI TH L E
v o U U PNFREDOINRICTHEONZ@b), £7/o, 7TEBRT7 I VHED NAVTFALTE
SNUTIEPREOIRICCHMNMESD Z LN TE72(8c), 8 BRT I VHED NA VT
VT H TR, KRIBIZIEEDME T L, 27T% RIS TR E T2 bl v 7' v 7 OG0
TL72@dD), SHlz, BRICA~AT a2 6T 5, NAVTFILEALRI Y NAVTFLT
FENARY L, RRTERLT LTI VNEFES Th 203 2 ITREIE(EEET S
T IS OEHAL EWEROR TS E 2 STy, THZI 38%. 5% TRR AN
17 L7-(3ei, 3fi), N-Boc & BENIZAT D N*Boc- N AL FNLERT U2 E L L THYD
BT, BREIER I X D SR OBEHLIZSIEE A DN o7 b OO, LR KIEIZIK
T L7c, Boc FEDSTARREFIZ X 2 RZAINBISHEE ORI FORKATHL EEZH
b, o, TIVEFRFE T LOREXOEFILGMEOBEWIZ I Y | N-mes DBALIZ TG
DEITL TS EEZTWD Bg), 4 (7 == VEEEZ AT HERY U B 2 VTR
i, R0 SERBEE O 72 DI SOSIEEL . 80°C IZ THISZEATH 2 & THREREDILEIZT
B L AT L72(8hi), 2 BB DO NFNAVTF LA X e RaA VE ) (8i),
A TICEWEZ AT D 2,60 AF AR DU@EIEE L L THWEBICS RSITET L,
ZNEIURIGE, FREEOURIC TARUGHEIT L72 @il , 8ji ), B O FEE CRIO#EE A
RDOPUSRITEBREL S TWD 2425, Bk T I NZHANTEET T I OZEM.D
<L RS LTEBMOGMRR EREGITEITLTLE I D TH D, LNLARDBL
AR CIEE R S SEDHET L, TRENENE T W v 7Y v 7 iKk%a 55 2 &
23T % 7-(8ki, 3li),
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Table 3-14. Scope of amines.

FeCl; [ 5 mol% CF;
e wH DMAP each /©/
P L oem(Cor, TR f*

w DCE (0.05 M), 60°C \\
mes
(3.0 eq.) (1.0 eq )
1a -1l 3ai - 3li
Ji::rCF3 J[::TCF3 CF3 :: CF4
es mes
©S 33 ©S  3bi 3ci 3di
21 h, 81% 23 h, 52% 19 h, 63% 19 h, 27%
0 /©/CF3 /©/CF3 /©/CF3 Ph O /©/CF3
O N
Oy Ef ETA @*
|
mes 3ei 3fi 3g| 3hi
18 h, 38% 19 h, 59% 18 h, 22% 18 h, 67%, 80 °C
OC“’ O 2
O** Lf*
3ii . 3u . R—I4(3kn,26h,45%n80°c
A UF NI EHRIF A B SEEICHE LIS < ARMAERMEICRIT S 720, 2z

%ﬂ%&%ﬁ%A&%EL@K&W%@%Lk@%_%ﬁﬁ%%iﬁé_kfﬁb®&7i
JBEREARAN LB Z L& LT, IREFRERMREL L LT BIC= e L7 0 o~
DOEFETEINEN R STV D 4-methoxy-2,6-dimethyphenyl (DMPMP)JE A B4R L 7= 21, &%
THIDIZ, NDMPMP 7 XV HE 4 NV IV F A TF LT 2= VU T F— e fE L
LT, ARG LR % table 3-15 (0777, 5 BERAA T HEICHEWTIZ, B
DWRPPREIZ L EFE o723, 6, T BRZATLHEE, 47 2= EXY VU E2HNTYH
FOSIE BT L, BROE T 286D v 7 ) > TR & E72 < 5% Z & 3 T & 7=(bai, 5bi,
5c¢i ), F£72. N-DMPMP ' RY D NZBWTIE, A7 —LZ2RKELTHHE DIEPME
TToZ e AL T % bal 2155 Z LS TE T,
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Table 3-15. oxidative coupling reaction of DMPMP-amines and isocyanates.

FeCl; [ 5 mol% 0 CF;
DMAP| each fk /O/

e 3 H
4 ﬁ%‘: . O=C=NOCF3 TBP (15eq) N
N DCE (0.05 M), 60 °C
|
DMPMP 23 h DMPMP
(3.0 eq.) (1.0 eq )
5a - 5d 5ai - 5di
Ph O
N
N
DMPMP DMPMP DMPMP DMPMP
22 : 819% Sbi 5ci 5di
481 70%. 8634 mg 23N 58% 22 h, 82% 28 h. 74%. 80 °C

Wiz, DMPMP (0D %% T % table 3-16 (2759, AKG DAY & AL ENFIE T .
NaBH:3CN & T F 3 UL 2B IRNAIE T LT 8%  MA R 2 F D % £ CAN BkiciR L
T DMPMP R D2 %47 - 7= (Table 3-16),

Table 3-16. deprotection of amines.

CF3 1) znCl, (1 eq.) CE
/© NaBHsCN (1.5 eq.) 0 /@ 3
ﬁ MeOH (0.4 M), 4 h JXKN
S N

2) CAN (1 eq.)
DMPMP MeCN/H,O (0.1 M; 1/1) H
5ai - 5ci 1h 6ai - 6¢i
N Ve N e i
s s 9}
SN wE NG
N N N
H . H . H )
6ai 6bi 6ci
49% 22% 61%
(2 steps) (2 steps) (2 steps)

5~7BEROLET, 1EMHOETIBEIDNESCHICHEIT Ui, BLERMEICE T D Bk

TRIZE-STi, EXT Vv, TERVCOEE CIE N BAFIZETLZ b 00, 5 BERD
FAEICE L T, SRR Z 2 THERIL LIAbEW DR Z M IERIMET
LTLE-T,
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3-6 /&

FAE, mZER T X o THAE STV 7= Fe-DMAP/TBP filtiila 23@ 2 2 S0 O K&\
THIN=F AL 7 4 VIZRESHTND Z L OfRikZ BIR LI E2{To 72, EVR
BIMEEAT A YT = e HWHZ LT, T IVBMICBIT ALl » 7Y v 7 Kk
WEATL, AW E L CHix ORT X BEFHERE/LZENTE, A VYT F— Milo
—EMEIC RV TIE, fix OBBEELET D T 2= YT F— M CRIE R < BROSANEE
TT2b00, JEI#HA Y o7 F— P TIHIENRBIIK T L TLE 7, 5HOBET
SHETHD, £, T IMOIEE RIEICHONWT Y, flix OBIRT I UREET I &
HAONTHRICHEITT D2 Z L 2O Lz, FEMVBLNIIS WA T AEORD Y IT
PrEZ S 7e DMPMP G CT& 5 2 & FEAETE o, FRTHEITHI TR L7 Liang & 24,
Bruneau & 25 DR SEARETH L5, EHT I CEAHICHEMATRETH D 2 L ITFE
TRE T, AR OB E R TS B 2T B,

Scheme 3-4. summary of this part

N FeCly, DMAP, TBP "% SR
‘. J ¥ + o0=Cc=N-R -
N DCE, 60 °C ~N

mes 34 examples mes

up to 82% yield
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4, RUDVEEELZRWET I VB EBLAVMES )G DB

4-1. FRTRERNS

BV TFAIL Fe/TBP 223 2 5 BE R Q@D fiFR:, T 72 HIRFI 72 S F D SEEL & B #
R 1oL OIERICER Y T2 & & LT,

W& 23 3 B THE 2 L7 itk (FeCls—DMAP/TBP %) 20 Tld, 60°CHRE &
35 A BROMERIEZ AT DR AT DM EN b oTo, LIch-> T, Al e o
ARMEZEE LB, & 0 ARIR SIS THEM IR 2 AR ICSEE TS ITBIAR TH 5,
o, BALTEMRETH 5 BuO 7 VAR, @R TICTAKS &7 o LIS L, JE
BIRE 72 CEEDER LSBT S Z &b PRI, [EHLEMOER A BRI +5
LR TEEY — FOMEN SR Z IR T 2 2 &) 28 2 -BIiE. JEBIRIY @RIt
LTS 2 19 7RI T . BRI R SRR TEREIFAMEZ K< AT 5 K 9 Zefil
BERNEHBEISEDLODBMF L, MR T, Z2D X9 RBLE TARZERE R ZFIT T 57201
(3. AR LIS FTRE R R N TE WS LS BEELT 1 7T w7 O
EHRZRRIE~D RN LD LE X T,

Fig 4-1. problems of Fe/TBP catalysis.

i gL Fellver=Feli+771my
e
* Fell + BDE value
tBu@_@tBu EVERERE B active species 84 kcal/mol
R R
. . C ¥ Nee
: \ i __NO, Me ~
“ iy N J N 4®
N N stepa” (O
mes mes Me ' Me \

I
Facilitate catalyst turn over gre

Z 2 CEPIE LR OB A RIS 570Dk & LT, Fe/TBP R I2E T 2 M DB L
L FOUEER ORI R %8 U7z AR RIS & R <720,

Fe/TBP %% A5 7 2 UBNilibh » 7V o 7 ROGC B W T, £ 3 DO s BB
#1ET 5 Figda—1) . T72bb, OTBP OBWIRZLE %\ T Fe filifi: & TBP O 7 = k
VARIRESIZ X DTS TERE(S i Fe - BuO 7 ¥ /V)DERKIEEE, @3 ffi Fe filiiitic X 57
IVERFTO1ETRIEEFHL BuO 7V HMIEDT 2 offLDKFET VU HL B & i
W, @FER L) I v OREFH~OREMAMBIGERE Th D, Fe/TBP RIZHITD
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MO EFEIL, 3 % Scheme 3-2 IZBIT LR OOQDOBEBIBNZ LIZERTS & PHEL
7o & Z TR OMESIE ﬁ“iﬁb%%@%ﬁﬁﬂﬁi&ﬂ@@ Fenton Bt & F2Fn 23R
DNZHEAT S, SUSRTITE T 2 B LIS TR O PR IE 2 008 SH 5 1 5 AR O BRSE 23 20 3
PEBZT,

F72. Fe/TBP RIZBW TR, 7 I ERIFFOMRGEL L L TUAERNICE®mO A T FE
ZHWTWE, T, RERERD O OASDOENC X 2R D KRIEEZ A FLED
S P ZNTA U DRI LY & HRRER < Z & T“ﬁilﬁlﬁlﬁﬁ@ﬂﬁ@:%’a‘- LTz,
— HIRERL L LTI ZIER DV EE WD, A TFAROSREE 1T K 2 B0
ERENEDB/ SN2 ENTRIND, ZNEMHRT DI iﬁﬂ&éﬁﬂ%%%ﬂ:ﬁ“é%ﬂn
#l (Lewis ) OIOLRDBFINMEL LEZ LI,

LU EDEBL N GE RS BMEAAE T, iR TS THONIC Step L. AEST L(Fig 4-2.), %
LIEMFE T o D 7 ¥ A NFE 2 £ LT WM LA R ET O e 2 & TS vz, TBHP
I% Cu filAFAE FIZ T Step 1.OMWRENHCNIHEITT 2 Z EDRFHILTVN D34, T
WEOSIZEBT 5 Cu (1) —Cu(DDEE{LETTEN 5 Fe (1) —Fe (1) | l:“\“C1f&<
BLEBE LT WEEICH 20 B2 PE L, 72, Fe X Cu & TBHP & OKJLH
JEEFDHE SN TEY . FEERIC Cu iz AV ZERIC Fe L0 Hi#0/ 2 TBHP 2 1HE
INDZEVNHBINTWS, 2T TBHP (X BuO 7 ¥V HLDAH7e 53, BDE fE6D FN
OH ZUMNFELAEUEDLTZD, T I afiDKFET PANAGEHE WL LM
EITSHEI L DL TRL,

Fig 4-2. Strategy for utilizing mileder conditions and easily removable protecting groups

step 1. Cu''+e =Cu'; +159 mV
Cu' /X\
+ cu'l + Buo: BDE val
— I . / value
tBU(;\_LOH EMRRE S active species 119 kcal/mol
R R
—..H step 2. \ ! ﬂ/\
. “h No, 5 ot
N N Stepa RO P
Bn Bn LB

L.B. keeps catalyst reactivity.

34 Qi, L.; Qi, X.; Wang, L.; Feng, L.; Lu, S. Catal. Commun. 2014, 49. 6.
35 flﬁ%fﬁii %Eﬂefﬁ UET 5 ph81
36 Blanksby, S. J.; Ellison, G. B. Acc. Chem. Res. 2003, 36, 255.
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4-2. @]/Qﬂ#ﬁﬁ—\l‘

Fe/DMAP/TBP LA R TS OEITHBEICHER SN TV D 29N

ATFNERY D

EB= bR AFLUEETNAIE L L, SR E2RGFTT25 2 & & Liz(Table 4-1),

Scheme 4-1. investigation of reaction condition.

FeClz (5 mol%) Ph
%1 Ph DMAP (7.5 mol%)
O > TBP (2.5 eq.)
N S > N N02
DCE (0.2 M), rt, 7 h
m NO, ( bt mes
1a 7a No Reaction 8
(4.0 eq.) (1.0 eq.)

EFHDOI, BEROMBR 2 VT, i1 NS TRISDEIT T 2 0 2 il L7ofR, 00

0 RS2 AT L7220y > 7-(Scheme 4-1.), Fe/TBP %% AW 7-FRiZ
TCIRAELT., LSS BIRPET LR &V ) BRI R fE /B R L
T4-1 TRk 9z, =|E T

Table 4-1. screening of copper salts.

TG 2 £ C 5 TBHP & vy,
A LB Z DT A oIS &R A O 21T - 72 (Table 4-1.),

(3, BRALTE VR 2 =R

bEET D, £
HIEHTDBLIND

Ph

(j}%H metal salts (5 mol%) m
TBHP (2.0 equiv.
N - pr N0 Dcé(azm))‘ N© N2
mes rt, 5 (h) mes
1a 7a 8
(2.0 equiv.) (1.0 equiv.)
entry metal salt re(;os/ou)lt entry metal salt r((aos/ou)lt o
1 none No reaction: 8 CuOBz 27 ﬁ
2 CuBr 36 9 CuBr, 31 o/
3 CuCl 51 10 CuCl, 36 Cu Cu
4 CuOAc 48 11 CuOAc), 37 d \V D
5 CuOTf1/2tol 39 12 Cu(OTf), 32 oo—<
6 Cu(CH3CN),(CIOy) 27 13 Cu(OMe), 28
7 CuTC 28 14 Cusalt1 28 Cu salt 1

BB MBEIEAAE T TIERBOS A 4 < AT
THOTHE L7 & 24 () 2 g & LTV 7ZER
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L72hyo T (entry 1), 1 Aligi & O 2 i % fillt & L
ZEWT 51%INERIC TG 3



1T L7z(entry 3), % D % O —fMifi & O _flighfib il 2 S5t L7228, — il baRfmi L v &
IEIZCTHW ET DT 7 ) TR 8 %5 2 BEMITAFAE LisinoTz,

— At SR A il & L CRWZERIC, BUSO#EITZ TLC (2 BB L2 /5 5HR, @F TG
DOHEATHIMEIL L TWD Z E BB S A, 5 FEE L D b ROV RS A 1T - T H RO UEED
Abhiehotz, 4-1ICTHE L2 XL 912, Lewis HEMALAMOTMEITV, B
Yy O FRfh A~ OB RIRAL 2 il 2 LER S D & B X 7o, T 2 CHE, 2, 3 EOEERRE
NFEFELRHLIZEZ A, 3ETH HEWOINRE KIFICH E9 5 Z LN TE 7=, DMAP
WD Z & THRDITRISDEIT L, AR LT 4 520 20 mol%H W72 BRI 50%
IRIZCCTHWMESGD Z ENTE 2, TOIE, 2 FE, 3 ERNL & At & A V72 BRIz,
INROYEER RO N2> T,
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Table 4-2. effect of Lewis bases. Ph
OL%.H metal salts (5 mol%)
 NO. _TBHP (2.0 equiv.)_ (j)\
N PR T2 DCE (0.2 M) N I No,
mes rt,4h hes
1a 7a

(2.0 equiv.) (1.0 equiv.)
without Lewis bases; 31% (51%; 5 h)

monodendate Lewis bases (yield (%), mol%)

Me< Me 319, 5mol%
N 31%, 10 mol% N
| 33%, 15 mol% O 30%, 25 mol%
N” 50%, 20 mol% N 2%, solvent

tridendate Lewis bases (yield (%), 10 mol%)

N 4 N
’Pr 'Pr

Me Me Me Me
29% 25% 30%

RIHE WO BAYIE D (2, BRI BAE rTRE R R 2 VLT EIR T TY T UBALIzI!
é:bnﬁv74V®MMﬁy7)/7ﬁm%ﬁézkkbtoN/wa&uyyk:
e 2AF Lo z2EE LCHWY, DCE #F 0.2 M (2 CHEb#ftiE% 5 mol%H\\ =& =5
(Table 4-3), JEHFEFEED 10aa 2= FICTHDLIZ ENTEZ, AVTFAERY VU 2K
B e L THOWIZBRITIIARSMHIC T S1%NRICTENY 8 2155 Z L BN TE ), Rk
NRUDNVEIZER L2 LT, PHEBY 7 I VEFRFETFONREENRD L TR IEEN
L. iR D RIE D ROSBIE R B VBRI TEE TWD b O LHERI L7z, 72, T XTOX
JGEMICB W TR ZXT AT e RBD R TRIE L, SRS II%ER 45
(Scheme 4-4) 73, REISHEATT HEE, ETHIDOICT I VERFETO 1 E L L~
UME C-HFEBDKFET PN D5 & & NE Z 5(Scheme 4-5.), XU X7 /LT & ROA
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BlE, ZNODORINE KV ERT 54 I =0 20 F A HRIER, wEE L0 AT 5K T
KGR Z T TERTH LD EB 2T,

R oW 2R L, B Lewis R ZME¢25 2 L L Lz, U Y% 10 mol%d %
W DMAP % 20 mol %l L 72 BRIZINEAS UE L, 30%F2E DINET 10aa #1525 2 &8
T&72, DMAP LYV 4 mWENREZ A5 420 U Y v U 20 & AW BIITIER MK
Tl 1'AFNAAIFY =)L 4T == b IFY—)b XA XY —)VEHEZRIML
72 ZAHMIM 10aa NFE A CBUIEN Do T2, £l20 NAF AR XA IE Y — L%
WSS DEEOSEIT RO e hoTe, DI, SR~ WEM 2 Z 352 & T
HOENTND NNUAFALTE T IR, 3TV a—VEOBRIMINEROLEL ST
LI Z LT oTe, ULEDORERNG | SAEFRER Lewis HAIZIZTERWIRI NNLET
HO, BV -DMAP BRHEETHDL Z Lnbrot,

Table 4-3. investigation of monodendate Lewis bases.

772‘|-| CuCl (5 mol%) Ph
(\j 3¢ Lewis base (20 mol%) m
N TBHP (2.0 eq.) NO,

~NO N
M = DCE (0.2 M)
t, 4 h b
9a 7a 10aa
(2.0 equiv.) (1.0 equiv.)
Me. .Me
| X N N
none P AN
v O
N N/
T™ (%) trace 32* 33 20
benzaldehyde (%) 33 34 12
Me H Cl oM
: H H H
N ¢ v I VIl e &
N Ph” N N N N
28 No TM trace trace trace
26 8 28 32 Not detected
Me j)\ Me Me
oy b s W
N Me
24 No TM No TM 4
13 29 27 30

* 10 mol% of pyridine was added.
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Table 4-4. utilizing benzyl group as a protectiing group.
‘%;H CuCl (5 mol%)
(j’ > additive (x mol%) m
N ~_NO, _T1BHP (2.0 equiv.) NO,
PR T2 DCE (0.2 M)
rt, 4 h

9a 7a 10aa
(2.0 equiv.) (1.0 equiv.)

result (%)

iy X
entry additive 1\ lo)  TM / benzaldehyde

1 DMAP 5 16 29

2 DMAP 10 29 31 O H

3 DMAP 15 29 33

4 DMAP 20 33 34

5 DMAP 25 25 31

6 DMAP 30 16 28

7  DMAP 40 28 95 benzaldehyde

g pyridine 5 25 30
9 pyridine 10 32 33

Table 4-3 TRIFHERE 72 BT 2 & D0 ho - BIEENR Lewis ¥ DMAP & %
WU P URIMEDORKR 21T > 72, DMAP % 5 mol% ~ 20 mol% M\ 7=Ei2iE, e
Z e LRI YGE Lentry 1-4), 20 mol% VW 72BRIC 33%INRICCTHA &+ A8 LA
v 7V 7K 10aa 2155 Z & N TE 7z(entry 4), £7-. DMAP Oifshi& % 25, 30, 40 mol%
EHER LTV EIERDIE FABHI ST (entry5-7) ., DMAP [FIREE Y 20 & N2 72 B
W HIROWEN /L 517z (entry 8, 9),

FHTHERT 2KEREL TA 2 =0 AHRBHEOIIK SR (R X7 VT ROERK) %
P, BR9%) 10aa OIEBEE SN LD TIERVWNEZZELF 2T ——T AD
TIME R Uiz, WEUC L W iEM LS -fEiay DFL ¥ 2T —32—7 2% 100 g/mol #Sil
LS ZEAT S 7oy, WEROYGE L NK S REOIENIL R e d o7z (entry 1 - 4),
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Table 4-5. prevention of hydrolysis by molecular seives.
%‘H CuCl (5 mol%)
[”jr)f DMAP (20 mol%) [ftrAﬁ
TBHP 2 0 equiv.)
1 + pr\NO: DCE(02M) N
k(j rt, 4 h K(j
MS (100 g/mol)

9a 7a 10aa
(2.0 equiv.) (1.0 equiv.)

result (%)

entry MS TM / benzaldehyde Oy H
1 MS 3A 27 33
2 MS 4A 32 36 é
3 MS 5A 19 31
4 MS 13X 22 27 benzaldehyde

IHETICHEE LR 2 N TH OSROEHITH 2 RBREBRISND, 1 I=T 4
RO K GRRZ L D6 D & | St & X [FEkIC, HRES LI3ERBICE Ehs

%iyﬁﬁ@L%%mﬁﬁlﬁkékﬁz%hto:ﬂ%miéﬁm%wﬁ%M%Mﬁﬁ
DI SRR A 4-7 m o R DNV HA LB UK E1T o 72 (Scheme 4-2.), % DR,

bfﬂ@ﬂ%ﬁﬁﬂ&éb 41%IERIZ fH%%l%a%ﬁé’kﬁT%koﬁﬁgmﬁk
EN TV DEHRFRFNEREIWEEZRT 720, =) I RN ERIER L ZZ i< <72
D, IEREELIZHLDEEZTND,

Scheme 4-2. effect of 4-chloro benzyl group.

ale CuCl (5 mol%) (j)\
DMAP (20 mol%)
[;;réf N i¥ TBHP (2.0 eq.) Nl NOz | H
DCE (0.2 M) 02\[:3\
kTi:L ne: . 4h k(:j\ Cl
Cl Cl

11a 7a 12aa

(2.0 equiv.) (1.0 equiv.) 41% 27%

BN TRILICZ AT NI R OR-VE#H = A L7 4 U EREFAIE L THO TG E
Bt Liz, B-YEfi= et L7 018 EOIED v 7V U IR, RIS T R %
flitkr=y MEEAL, Fix OIERRT I/ BFHEERAHRICIERTE S 2 L0, 4 RFEL
METXDORTHOMND DD, F78 2B RT MWD AW A3 Lk i) IR b & 5%
T2 < <L SR OEHALDI I 2 HAURE - TR LAY & 725, EBRIC ZvE TORG
GUTHRISEIToT2 L ZA, 4AT%ICRICTEMMZS D 2 L B3 HIkT,
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Scheme 4-3. effect of 4-chloro benzyl group & constructin of quaternary carbon center.
EtO,C_ Ph

ﬁz;H CuCl (5 mol%)
(j > Ph DMAP (20 mol% (% ’
N . EtOZC)\ TBHP (2.0 eq.)
NO, DCE (0.2 M)
- rt, 4 h o Cl
11a 13 14aa
(2.0 equiv.) (1.0 equiv.) 47% 30%

ZD—J5 T, HEHAERD O N ZEMWNMENZ E RN o 7272010, & B 5 R Mat 217
o7z, BURE BN IS TITV, £, =7 I U EERSA RS O IR L 2 #il 3 2 7-
WIZTBHP %3 U VR 712 K 5 slow addition (2 Tz 5 Z & & Li=(table 4-6), T
ERBFZ, MADT7 I vOSELHRF Lz, 7I0%2 1 YE&EAVWZEBICE, B EITE A
EBD 2 EMTE S (entry 1.2 4 EHAWZEEICIZ54%I2 T 14daa 2 #55 Z L N T & /- (entry
2), £72, TIvE IHERAVEBIC éafocéuidﬁmﬁz%ﬁﬁ%wén 67%INE T 14aa %
B/oHZENTE(entry 3), 730 % 4 HBAVWEBICIINRORK PGl sz Shis
(entry 4),

Table 4-6. equivalent of amines.
tO,C_ Ph

M CuCl (5mol%) E
(j’ > oh DMAP (20 mol%) (j)%
N . )\ TBHP (2.0eq.) _ Sy NO,
EtO,C™ DCE (0.2 M)
NO rt, 7 h
11a Cl 13 under dark 1452
(X equiv.) (1.0 equiv.)

Cl

entry* amine result (%)
(eq.) TM / aldehyde

1 1.0 3 19

2 2.0 54 21

3 3.0 67 45

4 4.0 41 41

*TBHP was slowly added with syringe pump for 30 min.
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Table 4-7. concentration of reaction.
t0,C_ Ph

512|-| CuCl (5 mol%) E
(j’ > oh DMAP (20 mol%) (j)ﬁ
N . TBHP (2.0eq) _ >y NO,
EKbCA\1 DCE(YM)
kf:j\ NO, rt, 7 h

11a Cl 13 under dark 1452 Cl
(3.0equiv.) (1.0 equiv.)
entry* conc. result (%)
(Y M) TM / aldehyde
1 0.1 71 46
2 0.2 67 45
3 0.3 26 36
4 0.4 20 34

*TBHP was slowly added with syringe pump.

BWTT 2 % 3UEICHETE L. slow addition OFNEAZHERF L 72 E CRIGTEE ORREt 21T
57, 0.1M & LTRIGEIT- 72 & 2 A BB 14aa OICRITEGE L, T1%ICRIZTHRY &
TERAED v 7Y v T OGEHEST Liz(entry 1), £72, 0.2M L0 b USIREZELS 5 &
ZHEOREWNBII S, 14aa DILRITKRIEIZIK T L7 (entry 3, 4),

R E 47 0 RN EALEFTLTHERURTILT e RORIEZIEIT2 2 213 T
XD TEPIEEARIILEIN TS, REEXOT Y — 2 fc e+ 52 & T 7
T b RIEORIAEZME L, 14aa OINREZLEBTEHRMITETLH D LB X, &b THR#E
B ) T IS R DY
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Table 4-8. effect of protecting groups.

%M CuCl (5 mol%) EtO,C_ Ph
[ﬁj‘*, oh DMAP (20 mol%) |
N .\ ’*ﬁ TBHP (2.0eq.)" _ S\ NO>
EtO,C

DCE (0.2 M) L
rt, 7 h Ar
1a - 119 13 under dark 14aa - 14ga

(2.0 equiv.) (1.0 equiv.)

oo a8

N N N

: Cl : OMe : CF;
14aa 14ba 14ca
TM; 54% 5% 19%
aldehyde; 35% 44% 20%

o X 5

€
14da 14ea 14fa 14ga
33% 33% 25% 49%
trace 10% trace 39%

*TBHP was slowly added with syringe pump for 30 min.

EFPFUDOIC, BAHEGEHRD p- A FFR IRV R#ERL L LT, =) I RO RE:
PEZm EXE, BIET DI v 7Y VI RISOIENE B35 2 L 28/ L=, B
14ba I3 5% L biviehnote, BIHEGREEZEALZZ LICED, 47 ma 0ok
IZHARTRU AT VT e REG 2 DIKRGRTENS O L PR LA, EERITIT VT
RIRORIENES EITL T LE -T2, 2 FERIT A4S N 7 vda A FLEEEALTL
RUVNVEE AT ERIC S RIERIEROK TR A Oz, NV NVEBNEFARRICRD T
D& T I UBMERICEEN RSO, IEROE TR ER SN DEERT
W5, MAREFECLDA I =T APRKROEELS S Z 2L, 2,6 ML ATF RS
LSITERR T2 /T 50 DL EZ AW, ZOBICE, 7v7 e NMEORIEE H
LREEMHTELH00, HEHOICE BT Lz, ZiIUIBLISHRETH 5 Cull &
BuO 7 P ANBIERTHLT I VEFRFF L afi CHFESIZES T 2720, %M®
FOSHEPMME T Liz7e® 2 B2 TWD, iz, F7FARERHERLE L THW BRI
BRIz, bf#ﬁﬁ%ﬁﬁﬁ@ﬁ?ﬁﬁ%émtoﬁ%ﬁﬁﬁ@ﬁﬁkm/z7w7tbé
ROMGN ZREILDTF 2 — = F CHNL S DL L IFHELWEHBIL, AT 7 a—F 3
BTHIEE L
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LEDOKGEING, TIVERFFORHERLE L T4 7 a2 UL EE2 U, table 4-7,
entry 1 |\ZR L7c &b o sl & L,
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4-3. BE— et okEt

RESM(T7 2> 3eq, = bhaA L7 1 1eq., CuCl 5 mol %, DMAP 20 mol %, TBHP 2
eq., DCEO0.1M, rt) % W CHRE —MEORT 21T -7, 5 BERE2 AT 2 E Tld, Fe/TBP
S CIERIRRLIC LA B ERIEAEITLTCLEVAME T3 D v 7V v 7Rk E155
ZEMTERP TN, ARBR TSRS Z RIS T 2 2 LITkI) Lz, MR ki
LD OGFEFRITSI S énﬂ“ 44%INZRIZTHMY) 14ha 2155 Z LR TX 72,
Fo. 1,8 BREZATLHHEZHOWZLGAEIZIE, REAVFET DO T I VB ALZET
HY, =baF LT o ~OINE ms)%uﬁe&ﬁ%t WIRMETF Lz E 260
% (14ia, 14ja), EHIZ 4-7 ==V EXRY D UHBRORE T, ®IGEICTHM & T 5k
T 7V TROSDEIT L, 91%IEEIZ T 1dka 2135 2 LN TE 72, B EICA~T %
FITHEETHD, 470X PR ) ARV, EEo=F I U8 E
EETHOHIDIT, WMEIFIC X 2SR ORI b A 14la OILERDMK
T L7Zb DD A% TRIENHEIT Lz, S DT, 2 BREHLEICEB N THIRNERN S |
FOSHHELT LT,

Table 4-9. scope of amines.
+H CuCl (5 mol%) Ph_ CO,Et
(j’ COzEt DMAP (20 mol%) (%
TBHP (2.0 eq.)
F’h o DCE (01 M)
K@L O, t, 7 h K@\
Cl Cl

under dark

11a, 11h - 11m 14aa, 14ha - 14ma
(30eqU|v) (1. Oequw)

Ph_CO,Et  Ph_CO,Et Ph CO,Et Ph CO,Et
e T o (30 G e

N N
: Cl : Cl : Cl : Cl
14aa 14ha 14ia 14ja
71%, 7 h 44%, 8 h 14%, 8 h 16%, 8 h
hPh CO,Et Ph_CO,Et FhCO,E
ﬁ% e
CY o,

: 'Cl : Cl : 'Cl

14ka 14la 14ma

91%, 8 h 34%,5h 36%, 5h

(dr=11:1)
*TBHP was slowly added with syringe pump for 30 min.
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WICERGESRIFICB T 57 — X TideWwd, Bt/ Efi= bud L7 0 &2V TRE %
PEZ T L7z,

B GHEROBERL7-= o 2F L2 AW THRER < KOS25E4T L7-(15ab, 15ac ),
Enic, asFr CREDBEHR L= Fa2F Lo 2 AW THLHME T8 bl v 7Y v
JREGD Z LN TEI=(15ad-15ag), F7-, ~T R FFREATH=huad L7 ¢ &
B L L THOWTHEHEST L7=(15ah , 15ai),

Table 4-10. scope of nitroolefins.

LLL:H CuCl (5 mol%)
[»tFAf N DMAP 20mows [Aj/kj
N ~ TBHP (2.0 eq.) O,
DCE (0.1 M)
i, 7 h K{;L
under dark
11a 7b - 7i 15ab - 15a|

(3.0 equw) 1.0 equw

ii

Br
Br
| NO (j%\l/o
N 2 N 2

Cl Cl Cl Cl
15ab 15ac 15ad 15ae
34%, 8 h 39%, 8 h 28%, 8 h 21%, 8 h
Br S
| NO | NO
N 2 N 2
: Cl : Cl : Cl : Cl
15af 15ag 15ah 15ai
21%, 8 h 48%, 12 h 33%, 8h 33%, 12 h

*TBHP was slowly added with syringe pump.
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4-5 RGeS

Scheme 4-4. catalytic cycle.

, 'Bu0-0O'Bu
:\NJ M" t or
K D BuO-OH
Ar n to. (O
D M BuO
’t or @ + RO.
\@/J OH R= Bu or H ..
c S .
Catalytic Oxidation ® N
Q;M I\Ar
11
M" + ROe

“ f @J o

+
N
'k
Ar Ar )\
E B W oA
Enamine ‘BuOH
Addition

RBIT, AR TR AT o7 2 FOMBERICHE® T 21 EMB 1 7 V&R, Zliﬁﬂilé?é
RIS b OBRIRE D 5\ T, B RAE SRRk & 07 = v N CRKIRIC
Bth S5 (@), OIC LY AR LIZBLTEERTH D, mﬁ%fﬁﬁ@%%%)ﬁﬁﬂiiﬁ%@em or
CulDR7 I VEFRFTOILEERIEZ 1EFBILL, TI=A T UOANRELH@), fit
WTC, FVMNFEICE DT I VofiiDKFET VNG EIREKEDEIT L, A =V L DTF
FUDBERT @), T I =N T IHNEDONEITT PN T a7 EER (Scheme 4-5.) (T
Lo TEHFREN TS, CH 5l ilftidzi & BRI s L <IXIEE A EHZRINTHEST
THEBZTWDLR, BIIED L ZAFMIIAATH L, @THEMR LA I =T LT TF AT
RV NMRGERR DY S XU UL C-H 56 BDE fERMEWEE 2 bbb e, =% Y
A= LATFAUBRETARL, BERTY KA I =T 2T A~ BT D LEH
2oNDH(@), AR LTA I =0 A BT AL, SZBNO Fenton BUIGIZ X 0 ARk L 72 %
(BuO, HONZ LW i 7' b AbEZ T, =F I v~ L@eniciiibd 5, £ 7
BRFTO 1 BRI Z R CEBREREAEL(Fell, CuD) 23N A LA FEET 2 (B), X 51T
AR LTz I UHERIIRE CH L RETAI YT F— b, = had L7 ) ~REE
iz 2T, BETZT7 I VBl v 7Y U I RISHEITT 5 (©),
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Scheme 4-5. Radical clock experiment
FeCls (10 mol%)
DMAP (15 mol%)

TBP (3 eq.)
Ph >—N > ~CHO
i ® DCE, 60 °C, 18 h; PR
Boc,O
loxidation Thydrolysis

Ph\g\ﬁ\]Dﬁ Ph\].EIJ\rID — Ph\]¥ltl\/:>

oxidation +

4-5. /NG

FAE, 2 O HOAFFERRE & L, mZEE IS L - THlA STV 72 Fe-DMAP/TBP fillii & 23
Bz 5MEE, @ BEROMEE VI L T 25F0EEE @ Gk B iz < R

(ATFHE) DOOBHA % B LIZFRICERY AT, GG ME2BH 58, Fe-
DMAP/TBP fillie 2 238 % 2 ROSHERE oS A2 %% L, Cu-DMAP/TBHP RIZ TG %
TADZERFEI LT, FELOMEREHOIBRERNOLMRT LI ENTELLEEZTY
%,

Scheme 4-6. Summary of this part

- 9.H
",' RS ‘1'_; ‘,’ h
‘\Nj ¥ 792Et cycl, DMAP, TBHP* "\Nl NO,

PR DCE, rt
NO under dark \©\
Cl 15 examples Cl
up to 91% yield

* TBHP was slowly added with syringe pump for 30 min.

53



5. f&
FZNET, B EEMOEREMERIL] 752 L& TEBERY — FOBENSRIEE
VRSB Z & RO R L LTS, RFRICT X ORI B RE RV G OB 12D
> T&T,

FRICARPH LR I W TR, ZHVE TYMFEEN RS LT X BRI me b
v 7Y TR E RARTIEANE FHESE LRI L TE 2, BRI, 82T
WA THLO RETHP=rat L7 4 VICTRESNTNDHZ L @ WEEOINEN
EVEETHEMEOMES @ A EEY TN S WREIL) D OBLE OfFR 2 S TEIC
BEWEAFSEICER Y AT, OIZBW TR, RKEFAIE LT YT FHF— 20D T I &
Db 7V o VRIS EER L, BT R RS E BT X 20 b EENICE 2 5 Fik
R LT, @, @OOfRIL, Fi#ELL LT p-Cl-_ YL, Cu-DMAP/TBHP filfit 7 %
AnzszZ T, |RETICT=baAd L7007 I UBMICBIT DRI » 7V v 7 Kt
DTS2 &2 R LT,

RFFEDORLFANC LV, 7 U ERO AN — N EEENICE 2, GROEBLIZ D223 5
—Bh L eniEEnTth Db,

2
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1. General Method

'H NMR spectra were recorded on JEOL JNM-LA500, JEOL ECX500 (500 MHz for 1H NMR and
125.65 MHz for 13C NMR), and JEOL ECS400 (400 MHz for 1H NMR and 100 MHz for 13C NMR)
spectrometer. Chemical shifts were reported downfield from TMS (5= 0 ppm) for *H NMR. For *3C

NMR, chemical shifts were reported in the scale relative to the solvent used as an internal reference.
Infrared (IR) spectra were recorded on a JASCO FT/IR 410 Fourier transform infrared
spectrophotometer. ESI-mass spectra were measured on a Waters ZQ4000 spectrometer (for LRMS),
and a JEOL JMS-T100LC AccuTOF spectrometer (for HRMS). Column chromatographies were
performed with silica gel Merck 60 (230-400 mesh ASTM) or basic activated alumina (Wako, about
300 mesh). In general, reactions were carried out under an oxygen atmosphere. Reagents were all
purchased from Aldrich, TCI (Tokyo Chemical Industry Co., Ltd.), Kanto Chemical Co., Inc., and

Wako Pure Chemical Industries, Ltd. and used without further purification.

2. General Procedure for Fe-Catalyzed Oxidative Functionalization of B-position of N-mesityl

Protected Amines

N . cr. _FeCls DMAP, TBP N
M Me + O=C-= —< >—
eﬁ:( © ® "DCE,60°C 18h  Me Me
Me Me
1a 2i 3ai

To a flamed-dry test tube with FeCls (1.6 mg, 10 umol), DMAP (1.2 mg, 10 umol), DCE (4.0 ml),
N-mesityl piperidine (1a) (132 uL, 0.6 mmol), 4-trifluoromethylisocyanate (2i) (27.9 uL, 0.2 mmol),
and TBP (55.6 uL, 0.3 mmol) were added, and inside of test tube was flashed with argon gas. The
resulting mixture was stirred for 18 h at 60 °C. After cooling to room temperature, the reaction
mixture was directly loaded onto silica gel charged in column cylinder, and purified by flash
column chromatography (silicagel; Hexane/EtOAc=10/1 to 5/1) to afford 3ai (62.9 mg, 0.16
mmol) in 81% isolated yield as a brown solid

H NMR (500 MHz, CDCls): § = 2.09-2.13 (m, 2H), 2.19 (s, 6H), 2.28 (s, 3H), 2.49 (t, 2H,
J=6.3 Hz), 3.34 (t, 2H, J= 5.8 Hz), 6.90 (s, 2H), 7.13 (s, 1H), 7.40 (s, 1H), 7.52 (d, 2H, J=
8.6 Hz), 7.65 (d, 2H, J= 8.6 Hz)
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3. General Procedure for Cu-Catalyzed Oxidative Functionalization of B-position of N-benzyl

Protected Amines

Ph_ CO,Et
() S
N CO,Et CuCl, DMAP, TBHP N |
+
Ph)\/"‘oz DCE, rt
under dark conditions
Cl Cl
11aa 13 14aa

To a test tube covered with aluminum foil with CuCl (1.0 mg, 10 umol), DMAP (4.9 mg, 40 umol),
DCE (0.6 ml), N-(p-chlorobenzyl)piperidine (11aa) (119.1 uL, 0.6 mmol), and ethyl (Z)-3-nitro-2-
phenylacrylate (13) (44.2 mg, 0.2 mmol) were added. TBHP (80 L, 0.4 mmol) in DCE (0.6 mL) was
slowly added via syringe with syringe pump for 30 min. After the reaction mixture was stirred for 6.5
hour at room temperature, the reaction was quenched with saturated NaHCOs ag.. The organic layer
was separated and the aqueous layer was extracted with EtOAc three times. The combined organic
layer was washed with brine, and dried with Na SOa. After filtration, the solvent was removed under
reduced pressure, and the residue was purified by flash column chromatography rapidly(silicagel,
hexane-EtOAc= 20:1) to afford the 14aa in 71% yield as a brown solid. 'H NMR (500 MHz,
CDCls): 6 = 2.98 (d, &~ 5.8 Hz, 2H), 3.79 (s, 3H), 4.42 (d, J= 5.5 Hz, 2H), 4.59 (t, J= 5.8
Hz, 1H), 5.21 (d, <& 8.0 Hz, 1H), 6.60 (brt, &= 5.5 Hz, 1H), 6.87 (d, <= 8.3 Hz, 2H), 7.02
(d, &= 8.3 Hz, 2H), 7.12 (d, J= 7.4 Hz, 2H), 7.19-7.29 (m, 2H), 7.35 (d, &= 7.7 Hz, 1H), 7.75
(d, &= 13 Hz, 1H)

4, Synthesis of the substrates

Typical procedure for the synthesis of N-mesityl or 4-methoxy-2,6-dimethyphenyl amines

2a - 2r, 4a, 4c, 4d were synthesized following with the reported procedure®.

1-mesityl or 4-methoxy-2,6-dimethyphenyl pyrrolidine (4b)
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NH, N N
Il Me Me  K,COs, Nal Me Me  NaH, Mel Me Me
+ > [
Br Br MeCN, reflux, 45 h THF, rt, 15 h
OH OH OMe
S1 4b

To a solution of 1,5-dibromopentane (3.0 mL, 25.4 mmol), 4-amino-3,5-dimethylphenol (3.17 g,
23.1 mmol) in MeCN (46.2 ml), KoCO3 (7.0 g, 50.8 mmol) and Nal (7.61 g, 50.8 mmol) were added
and the mixture was warmed at reflux under argon atmosphere. After stirring for 45 h, the reaction
mixture was cooled to room temperature, filtered with Celite and eluted MeOH. The solvent was
removed under reduced pressure. The residue was purified by flash column chromatography (silica
gel, hexane-EtOAc= 10:1) to afford the S1 (2.04 g, 10.7 mmol) in 46% isolated yield as a yellow
solid. 'TH NMR (500 MHz, CDCls): § = 1.95-2.00 (m, 2H), 2.21 (s, 6H), 3.14 (t, 4H, J= 6.4
Hz), 6.12 (s, 2H) 3C NMR (100 MHz, CDCl3): 8= 18.6, 26.5, 50.2, 114.8, 138.7, 139.9, 152.2

To a solution of Sxx (1.5 g, 7.84 mmol) in THF (31.4 mL) was added NaH (60%, 472 mg, 11.8
mmol) and inside of the flask was flashed with argon, then iodomethane (537.5 uL, 8.63 mmol) was
added. The mixture was stirred for 15 h at room temperature. The reaction was quenched by H20.
The reaction mixture was extracted with EtOAc (3 times). The combined organic layers were
washed with brine, dried over Na2SOa4, filtered, and concentrated under reduced pressure. The
residue was purified by flash silica gel column chromatography (hexane/EtOAc = 20/1) to afford 4b
(1.04 g, 5.05 mmol) in 64% isolated yield as a yellow oil.

H NMR (400 MHz, CDCls): § = 1.97 (brt, 4H, 6.0 Hz), 2.24 (s, 6H), 3.15 (brt, 4H, J= 4.0
Hz), 3.76 (s, 3H), 6.59 (s, 2H)

1-(4-methoxy-2,6-dimethylphenyl)-4-phenyipiperidine (4d)

Ph

Ph r Pd-PEPPSI IPr ﬁNj
ﬁj Me Me KO'Bu Me Me
+
N DME, 80 °C
H

OMe OMe
S2 4d

[os)

To a flamed-dry 50 mL round bottom flask with Pd PEEPSI IPr (248.0 mg, 365 umol), 4-
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phenylpiperidine (2.0 g, 12.4 mmol), S2%° (1.57 g, 7.30 mmol) in dry DME (14.6 mL), and KO'Bu
(1.39 g, 12.4 mmol) were added. The mixture was warmed at 80 °C under argon atmosphere. After
stirring for 27 h, the reaction mixture was cooled to room temperature. The reaction mixture was
directly loaded onto silica gel charged in column cylinder, and purified by flash column
chromatography (silicagel; Hexane/CH.Cl,= 10/1) to afford 4d (336.4 mg, 1.14 mmol) in 16%
isolated yield as a yellow solid.

'H NMR (400 MHz, CDCl3): § = 1.84-1.87 (m, 4H), 2.34 (s, 3H), 2.35 (s, 3H), 2.61 (quint,
7.2 Hz), 3.00 (d, 2H, J= 11.6 Hz), 3.28-3.34 (m, 2H), 3.76 (s, 3H), 6.49 (s, 1H), 6.63 (s,
1H), 7.22 (t, 1H, J= 6.8 Hz), 7.29-7.35 (m, 4H)

Typical procedure for the synthesis of N-protected benzylamines (procedure A)

N-(4-chlorobenzyl)piperidine (11a)

)
J/\L K,COs, Nal N
+ 2CO;3,
Br Br o MeCN, reflux, Ar K@\
Cl
11a

To a solution of 1,5-dibromopentane (5.0 mL, 37 mmol), 4-chlorobenzylamine (5.87 mL, 48.1
mmol) in MeCN (67.3 ml), K2COs (11.3 g, 81.4 mmol) and Nal (12.2 g, 81.4 mmol) were added and
the mixture was warmed at reflux under argon atmosphere. After stirring for 18 h, the reaction
mixture was cooled to room temperature, filtered with Celite and eluted MeOH. The solvent was
removed under reduced pressure. The residue was purified by flash column chromatography (silica
gel, hexane-EtOAc= 5:1) to afford the 11a (4.88 g, 23.2 mmol) in 63% isolated yield as a yellow oil.

The product was characterized by comparison with reported spectroscopic datas3?.

1-(4-methoxybenzy)piperidine (11b)

J/\L N K,CO3, Nal (Nj
+ >
Br Br KEj\ MeCN, reflux, 24 h b\
OMe OMe

11b

37 S.P. Shan.; T. T. Dang.; A. M. Seayad.; B. Ramalingam. Chem. Cat. Chem. 2014, 6. 808.
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Prepared by procedure A. To a solution of 1,5-dibromopentane (6.07 mL, 44.9 mmol), 4-
methoxybenzylamine (7.62 mL, 58.3 mmol) in MeCN (81.6 ml), KCO3 (13.7 g, 98.8 mmol) and
Nal (14.8 g, 98.8 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 24 h, the reaction mixture was cooled to room temperature, filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silicagel, hexane-EtOAc= 10/1) to afford the 11b (11.2 g, 54.3 mmol) in
93% isolated yield as a yellow oil.

IH NMR (500 MHz, CDCls): § = 1.42-1.47 (m, 2H). 1.57-1.62 (m, 4H), 2.39 (brs, 4H),
3.45 (s, 2H), 3.83 (2, 3H), 6.88 (d, 2H, J= 8.6 Hz), 7.25 (d, 2H, J= 8.6 Hz) 13C NMR (100
MHz, CDCls): 6= 24.4, 25.9, 54.3, 55.2, 113.4, 130.4, 130.5, 158.6

Typical procedure for the synthesis of N-protected benzylamines (procedure B)

1-(4-trifluoromethylbenzyl)piperidine (11c)

| ()
O % K2CO3, Nal N
+ -
\@\ MeCN, reflux, 12 h
CF3
CF

11c
To a solution of piperidine (2.31 mL, 23.4 mmol), 4-trifluoromethylbenzylchloride (3.79 mL, 25.7

mmol) in MeCN (46.8 ml), K2COs (4.2 g, 30.4 mmol) and Nal (1.75 g, 11.7 mmol) were added and

the mixture was warmed at reflux under argon atmosphere. After stirring for 12 h, the reaction

3

mixture was cooled to room temperature, filtered with Celite and eluted MeOH. The solvent was
removed under reduced pressure. The residue was purified by flash column chromatography (silica
gel, hexane-EtOAc= 5/1) to afford the 11c (4.26 g, 17.5 mmol) in 75% isolated yield as a yellow oil.
IH NMR (500 MHz, CDCls): § = 1.40-1.47 (m, 2H), 1.58 (m, 4H), 2.38 (brs, 4H), 3.51 (s,
2H), 7.44 (d, 2H, J= 8.0 Hz), 7.53 (d, 2H, J= 8.0 Hz) 1*C NMR (100 MHz, CDCls): 8= 24.3,
25.9,54.5, 63.2, 125.0, 125.0, 125.0, 125.1, 125.4, 129.0, 129.2, 143.0

1-(2-trifluoromethylbenzyl)piperidine (11d)
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| (Y
O ¢ K,CO3, Nal N
+ L
N D MeCN, reflux, 12 h
H F3C
FsC

11d

Prepared by procedure B. To a solution of piperidine (2.31 mL, 23.4 mmol), 2-
trifluoromethylbenzylchloride (3.65 mL, 25.7 mmol) in MeCN (46.8 ml), K.COs (4.2 g, 30.4 mmol)
and Nal (1.75 g, 11.7 mmol) were added and the mixture was warmed at reflux under argon
atmosphere. After stirring for 12 h, the reaction mixture was cooled to room temperature, filtered
with Celite and eluted MeOH. The solvent was removed under reduced pressure. The residue was
purified by flash column chromatography (silicagel, hexane-EtOAc= 20/1) to afford the 11d (4.29 g,
17.6 mmol) in 75% isolated yield as a yellow oil.

IH NMR (500 MHz, CDCls): § = 1.41-1.45 (m, 2H), 1.54-1.59 (m, 4H), 2.39 (brs, 4H),
3.59 (s, 2H), 7.28 (t, 1H, J= 7.8 Hz), 7.49 (t, 1H, J= 7.8 Hz), 7.58 (d, 1H, J= 7.8 Hz), 7.81
(d, 1H, J="7.8 Hz) 13C NMR (100 MHz, CDCls): 6= 24.3, 26.1, 54.7, 58.8, 125.4, 125.5, 125.5,
125.6, 125.6, 126.4, 127.9, 128.3, 128.6, 128.7, 130.1, 131.6, 138.6

1-(2,6-dimethylbenzypiperidine (11e)

cl M ()
O © K2003, Nal N Me
+
E@ MeCN, reflux, 25 h
Me
Me

1e

Prepared by procedure B. To a solution of piperidine (2.90 mL, 29.4 mmol), 2,6-
dimethylbenzylchloride (5.0 g, 32.3 mmol) in MeCN (58.8 ml), KoCO3 (5.28 g, 38.2 mmol) and Nal
(2.20 g, 14.7 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 25 h, the reaction mixture was cooled to room temperature,filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, hexane-EtOAc= 20/1) to afford the 11e (3.27 g, 16.1 mmol) in
55% isolated yield as a yellow oil.
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1-(2,6-dichlorobenzyl)piperidine (11f)

O 1P K2COj3, Nal (Nj Cl
+ >
N ij MeCN, reflux, 25 h
Cl
Cl

H
11f

Prepared by procedure B. To a solution of piperidine (2.30 mL, 23.3 mmol), 2,6-
dichlorobenzylchloride (5.0 g, 25.6 mmol) in MeCN (46.6 ml), K.COs (4.19 g, 30.3 mmol) and Nal
(.75 g, 11.7 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 25 h, the reaction mixture was cooled to room temperature, filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silicagel, hexane-EtOAc= 30/1) to afford the 11f (3.45 g, 14.1 mmol) in
61% isolated yield as a pale yellow oil.
1H NMR (500 MHz, CDCls): § = 1.35-1.40 (m, 2H), 1.47-1.52 (m, 4H), 2.47 (brs, 4H),
3.66 (s, 2H), 7.07 (t, 1H, J=8.0 Hz), 7.25 (t, 1H, J=8.0 Hz)

1-(naphthalen-1-yImethypiperidine (11q)

I O
() T ‘ K,COj, Nal N ‘
+
N O MeCN, reflux, 25 h O

119

Prepared by procedure B. To a solution of piperidine (2.54 mL, 25.7 mmol), 1-
(chloromethyl)naphthalene (5.0 g, 28.3 mmol) in MeCN (51.4 ml), KoCO3 (4.62 g, 33.4 mmol) and
Nal (1.93 g, 12.9 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 12 h, the reaction mixture was cooled to room temperature, filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, hexane-EtOAc= 10/1) to afford the 119 (4.28 g, 16.8 mmol) in
65% isolated yield as a yellow oil.

IH NMR (500 MHz, CDCls): § = 1.46-1.48 (m, 2H), 1.57-1.61 (m, 4H), 2.48 (brs, 4H),
3.89 (s, 2H), 7.41-7.53 (m, 4H), 7.78 (d, 1H, J= 8.1 Hz), 7.85 (d, 1H, J= 7.5 Hz), 8.34 (d,

62



1H, J=9.2 Hz) 3C NMR (100 MHz, CDCls): 8= 24.5, 26.1, 54.8, 61.7, 124.6, 125.1, 125.4, 125.6,
127.1, 127.6, 128.3, 132.6, 133.8, 134.7

N-(4-chlorobenzyl)pyrrolidine (11h)

NH, [ " ]
+ K2003, Nal
—_—
Br Br MeCN, reflux, Ar K@\
cl
cl

11h

Prepared by procedure A. To a solution of 1,4-dibromobutane (5.9 mL, 50 mmol), 4-
chlorobenzylamine (10.7 mL, 65 mmol) in MeCN (91 ml), K,CO3 (15.2 g, 110 mmol) and Nal (16.5
g, 110 mmol) were added and the mixture was warmed at reflux under argon atmosphere. After
stirring for 18 h, the reaction mixture was cooled to room temperature, filtered with Celite and eluted
MeOH. The solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, hexane-EtOAc= 15:1 to 5:1) to afford the xx (xx g, xx mmol ) in xx%
isolated yield as a yellow oil. The product was characterized by comparison with reported
spectroscopic data3®.

1-(4-chlorobenzylazepane (11i)

O K2003 Nal O
MeCN reflux, Ar N
Cl

11i

Prepared by procedure B. To a solution of azepane (3.0 mL, 26.6 mmol), 4-chlorobenzylchloride
(4.71 g, 29.3 mmol) in MeCN (53.2 ml), K2COs (4.78 g, 34.6 mmol) and Nal (1.99 g, 13.3 mmol)
were added and the mixture was warmed at reflux under argon atmosphere. After stirring for 17 h,
the reaction mixture was cooled to room temperature, filtered with Celite and eluted MeOH. The
solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, hexane-EtOAc= 10:1 +Et3N) to afford the 11i (4.77 g, 21.3 mmol ) in
80% isolated yield as a yellow oil. *H NMR (400 MHz, CDCls): & = 1.60 (s, 8H), 2.57-2.58 (m, 4H),

38 A. Volkov.; E. Buitrago.; H. Adolfsson. Eur. J. Org. Chem. 2013, 11, 2066.
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3.58 (s, 2H), 7.24-7.29 (m, 4H)

1-(4-chlorobenzylazocane (11f)

(¢]]
K2003, Nal
+ —_— N
MeCN, reflux, Ar
N
H Cl K@\
(¢]]

1]

Prepared by procedure B. To a solution of azocane (2.23 mL, 17.7 mmol), 4-chlorobenzylchloride
(3.13 g, 19.4 mmol) in MeCN (35.4 ml), K2COs3 (3.18 g, 23.0 mmol) and Nal (1.32 g, 8.85 mmol)
were added and the mixture was warmed at reflux under argon atmosphere. After stirring for 19 h,
the reaction mixture was cooled to room temperature, filtered with Celite and eluted MeOH. The
solvent was removed under reduced pressure. The residue was purified by flash column
chromatography (silica gel, hexane-EtOAc= 10:1 +Et3N) to afford the xx (3.83 g, 16.1 mmol ) in
91% isolated yield as a yellow oil. 'H NMR (400 MHz, CDCls): § = 1.51-1.57 (m, 8H), 1.63-1.66
(m, 2H), 2.51 (t, 4H, J= 6.0 Hz), 3.54 (s, 2H), 7.24-7.30 (m, 4H)

1-(4-chlorobenzyl)-4-phenylpiperidine (11k)

Ph

K2C03 Nal ﬁj
N
MeCN reflux, Ar
Cl
11k

Prepared by procedure B. To a solution of 4-phenylpiperidine (2.00 g, 12.4 mmol), 4-
chlorobenzylchloride (2.19 g, 13.6 mmol) in MeCN (24.8 mL), K.CO3 (2.23 g, 16.1 mmol) and Nal
(0.929 g, 6.20 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 12 h, the reaction mixture was cooled to room temperature, filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, hexane-EtOAc= 8:1) to afford the 11k (1.78 g, 6.22 mmol ) in
50% isolated yield as a white solid. *H NMR (400 MHz, CDCls): 6 = 1.76 (td, 4H, J= 13.1 Hz, 3.4
Hz), 2.05 (td, 2H, J= 13.1 Hz, 3.4 Hz), 2.42-2.50 (m, 1H), 2.95 (d, 2H, J= 11.9 Hz), 3.48 (s, 2H),
7.14-7.22 (m, 5H), 7.23-7.27 (m 4H)
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4-(4-chlorobenzyl)morpholine (111)

o}

o o ()
[ ] K,COs, Nal N
+ _—
N MeCN, reflux, Ar
H cl
Cl
11

Prepared by procedure B. To a solution of morpholine (2.00 mL, 23.0 mmol), 4-
chlorobenzylchloride (4.07 g, 25.3 mmol) in MeCN (24.8 mL), K.COs3 (4.13 g, 29.9 mmol) and Nal
(1.72 g, 11.5 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 11 h, the reaction mixture was cooled to room temperature, filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, hexane-EtOAc= 8:1) to afford the xx (4.86 g, 23.0 mmol ) in
guantitative yield as a yellow solid. The product was characterized by comparison with reported

spectroscopic data®®.

trans-2-(4-chlorobenzyl)decahydroisoquinoline (11m)

H cl i
K2C03, Nal
+ —_—
MeCN, reflux, Ar
Cl
Cl

11m

N
H

Prepared by procedure B. To a solution of trans-decahydroisoquinoline (1.08 mL, 7.18 mmol), 4-
chlorobenzylchloride (1.27 g, 7.90 mmol) in MeCN (14.4 mL), K2CO3 (1.29 g, 9.33 mmol) and Nal
(538.1 g, 3.59 mmol) were added and the mixture was warmed at reflux under argon atmosphere.
After stirring for 8 h, the reaction mixture was cooled to room temperature, filtered with Celite and
eluted MeOH. The solvent was removed under reduced pressure. The residue was purified by flash
column chromatography (silica gel, hexane-EtOAc= 10:1) to afford the xx (1.51 g, 5.71 mmol) in
80% isolated yield as a white solid. *H NMR (400 MHz, CDCls): § = 0.80-1.03 (m, 3H), 1.14-1.34
(M, 4H), 1.46-1.53 (m, 2H), 1.56-1.62 (m, 2H), 1.67 -1.71 (m, 2H), 1.93 (tt, 1H, J= 9.6 Hz, 2.8 Hz),

39 G. Blessley.; P. Holden.; M. Walker.; J. M. Brown.; V. Gouverneur. Org. Lett. 2012, 14, 2754.
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2.68 (dg, 1H, J= 11.0 Hz, 1.8 Hz), 2.83-2.88 (m, 1 H), 3.42 (s, 2H), 7.23-7.28 (m, 4H)

3-2. Synthesis of nitro olefines

ethyl 2-hydroxy-3-nitro-2-phenylpropanoate(S1)

0
NO
N 2
CO,Et \)J\OEt,PPh3 EtO,C
+ MeNO,
Ph” O EtOH, rt, Ar Ph” “OH
s1

To a solution of ethyl 2-oxo-2-phenylacetate (4.5 mL, 20.1 mmol), nitromethane (7.5 mL, 140.3
mmol), and PPhz (737 mg, 2.81 mmol) in EtOH (56.2 mL), ethyl acrylate (305 uL, 2.81 mmol) was
added under argon atmosphere. After stirring for 27 h, the reaction mixture was diluted with DCM
and water was added. The organic layer was separated and aqueous layer was extracted with DCM
three times. The combined organic layer was dried with Na;SO4 and filtered. The solvent was
removed under reduced pressure. The residue was purified by flash column chromatography (silica
gel, hexane-EtOAc= 15:1) to afford the Sxx (4.61 g, 19.3 mmol) in 96% isolated yield as a coloress
oil. The product was characterized by comparison with reported spectroscopic data*.

ethyl (Z2)-3-nitro-2-phenylacrylate (13)

NO,
EtO,C Ac,0 )032/'3
—— N
Ph” “OH DMSO, rt ph N0z
s1 13

To a solution of ethyl 2-hydroxy-3-nitro-2-phenylpropanoate Sxx (4.0 g, 16.7 mmol) in DMSO (66.8
mL), Ac20 (4.75 mL, 50.2 mmol) was added under argon atmosphere. After stirring for 48 hours, the
reaction mixture was diluted with DCM and water was added. The organic layer was separated and
aqueous layer was extracted with DCM three times. The combined organic layer was dried with
NazSO4 and filtered. The solvent was removed under reduced pressure. The residue was purified by
flash column chromatography (silicagel, hexane-EtOAc= 15:1) to afford the 13 (2.95 g, 13.3 mmol)
in 80% isolated yield as an yellow solid. The product was characterized by comparison with reported

spectroscopic data*!.

40 X, Wang.; F. Fang.; C. Zhao.; S.-K. Tian. Tetrahedron Lett. 2008, 49, 6442,
41 N, J. A. Martin.; X. Chen.; B. List. J. Am. Chem. Soc. 2008, 130, 13862.
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6. Analytical Data of products

1-mesityl-N-phenyl-1,4,5,6-tetrahydropyridine-3-carboxamide (3aa)
o Reddish yellow solid.: 1TH NMR (500 MHz, CDCls): § = 2.08-2.12 (m,
(TLHQ 2H), 2.22 (s, 6H), 2.32 (s, 3H), 2.50 (t, 2H, J= 6.3 Hz), 3.34 (t, 2H, J=
Vo N Ve 5.2 Hz), 6.92 (s, 2H), 7.04 (t, 1H, J= 7.5 Hz), 7.29 (t, 2H, J= 7.5 Hz),
7.41 (s, 1H), 7.59 (d, 2H, J=7.5 Hz)
Me 13C NMR (100 MHz, CDCl3): 166.8, 143.5, 141.8, 139.3, 137.0 ,135.8, 129.3,
3aa 128.7,122.8,119.8, 97.3, 47.2, 21.6, 20.9, 20.6, 17.8;

N-(4-fluorophenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3ab)
0 OF TH NMR (500 MHz, CDCl3): § = 2.09-2.12 (m, 2H), 2.18 (s, 6H),
(j)k” 2.28 (s, 3H), 2.47 (t, 2H, J= 6.3 Hz), 3.33 (t, 2H, J= 6.3 Hz), 6.89 (s,
Moo & Mo 2H), 6.96-6.99 (m, 2H), 7.46-7.49 (m, 2H)

Me

N-(4-bromophenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3ad)
0 OBr IH NMR (500 MHz, CDCls): § = 2.13-2.18 (m, 2H), 2.23 (s, 6H),

N 2.33 (s, 3H), 2.52 (t, 2H, J~ 6.0 Hz), 3.38 (t, 2H, J= 6.0 Hz), 6.94
Vo N Vo (s, 2H), 7.04 (s, 1H), 7.43 (d, 2H, J= 6.9 Hz), 7.49 (d, 2H, J= 6.9
Hz)
Me
3ad

N-(4-iodophenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3ae)
o | 1H NMR (500 MHz, CDCIs): § = 2.08-2.13 (m, 2H), 2.19 (s, 6H),
OANO 2.29 (s, 3H), 2.47 (t, 2H, J= 6.3 Hz), 3.34 (t, 2H, J= 6.3 Hz), 6.90 (s,
y N | y : 2H), 6.98 (s, 1H), 7.36 (d, 2H, J= 9.2 Hz), 7.57 (t, 2H, J= 9.2 Hz)
e e

Me
3ae

N-(2-methoxyphenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3af)
TH NMR (500 MHz, CDCls): § = 2.09-2.13 (m, 2H), 2.20 (s, 6H), 2.28 (s, 3H), 2.51 (t, 2H,
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0 J= 6.0 Hz), 3.33 (t, 2H, J= 6.0 Hz), 3.89 (s, 3H), 6.85-6.86 (m, 1H),
(TLN/Q 6.89 (s, 2H), 6.93-6.96 (m, 2H), 7.38 (s, 1H), 7.78 (s, 1H), 8.44-8.47
N H OMe
Me Me (m, 1H)

Me
3af

N-(3-methoxyphenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3ag)
0 Q 1H NMR (500 MHz, CDCl3): § = 2.02-2.05 (m, 2H), 2.12 (s, 6H),
@*” OMe 2.20 (s, 3H), 2.41 (t, 2H, J= 6.2 Hz), 3.26 (t, 2H, J= 6.2 Hz), 3.72
Me N Me (s, 3H), 6.81 (s, 2H), 6.84-6.87 (m, 1H), 6.94 (s, 1H), 7.06-7.10
@ (m, 1H), 7.29-7.31 (m, 1H), 7.36 (t, 1H, J=1.7 Hz)

Me
3ag

N-(4-methoxyphenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3ah)
o OMe 1H NMR (500 MHz, CDCls): § = 2.09-2.11 (m, 2H), 2.19 (s, 6H),
@)LHO 2.28 (s, 3H), 2.47 (t, 2H, J=t, 2H, J= 5.2 Hz), 3.32, (t, 2H, J=6.3
Ve N Vo Hz), 3.78 (s, 3H), 6.83 (d, 2H, J= 8.9 Hz), 6.88 (s, 1H), 7.36 (s,
1H), 7.43 (d, 2H, J= 8.9 Hz)

Me
3ah

N-(4-acethylphenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3aj)

o COMe 1H NMR (500 MHz, CDCls): § = 2.09-2.13 (m, 2H), 2.19 (s, 6H),
N 2.28 (s, 3H), 2.56 (s, 3H), 2.48-2.51 (m, 2H), 3.34 (d, 2H, J= 4.6
Vo N Ve Hz), 6.89 (s, 2H), 7.40 (s, 1H), 7.64 (d, 2H, J= 8.6 Hz), 7.90 (d,
T;j 2H, J=8.6 Hz)
Me
3aj

N-(4-nitrophenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3ak)
0 NO, 1H NMR (500 MHz, CDCls): § = 2.09-2.13 (m, 2H), 2.18 (s, 6H),
@)LNO 2.28 (s, 3H), 2.49 (t, 2H, J= 6.3 Hz), 3.35 (t, 2H, J= 5.8 Hz), 6.89
Ve N Ve (s, 2H), 7.33 (s, 1H), 7.42 (s, 1H), 7.70 (d, 2H, J= 9.2 H2), 8.15 (d,
2H, J=9.2 Hz)

Me
3ak
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N-(4-cyanophenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3al)
o CN 1H NMR (500 MHz, CDCls): § = 2.09-2.13 (m, 2H), 2.19 (s, 6H),
(TKHO 2.28 (s, 3H), 2.48 (t, 2H, J= 5.8 Hz), 3.35 (t, 2H, J= 5.7 Hz), 6.90
N (s, 2H), 7.16 (s, 1H), 7.40 (s, 1H), 7.55 (d, 2H, J= 8.6 Hz), 7.66 (d,

Me Me
2H, J= 8.6 Hz)

Me
3al
N-(3-chlorophenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3al)
o Q 'H NMR (500 MHz, CDCls): § = 2.15-2.18 (m, 2H), 2.24 (s, 6H),
N cl 2.33 (s, 3H), 2.52 (t, 2H, J= 6.3 Hz), 3.39 (t, 2H, J= 5.8 Hz), 6.94

I H
e N (s, 2H) 7.04 (dt, 1H, J= 8.0 Hz, J= 1.2 Hz), 7.07 (5, 1H), 7.24 (t,
7@ 1H, J=8.1 Hz), 7.71 (¢, 1H, J= 2.3 Hz)
Me
3am

N-(3-trifluoromethylphenyl)-1-mesityl-1,4,5,6-tetrahydropyridine-3-carboxamide (3an)

o) Q 1H NMR (500 MHz, CDCls): § = 2.10-2.15 (m, 2H), 2.19 (s,
@AN CF, 6H), 2.27 (s, 3H), 2.50 (t, 2H, J= 6.0 Hz), 3.35 (t, 2H, J= 6.0
H
N Hz), 6.92 (s, 2H), 7.17 (t, 1H, J~= 7.5 Hz), 7.25 (t, 2H, &~ 8.0
Me Me Hz), 7.38 (t, 1H, = 8.0 Hz), 7.41 (s, 1H) 7.76 (d, 2H, J= 8.0
Hz), 7.82= (s, 1H)
Me
3an

1-mesityl-N-(naphthalen-1-yl)-1,4,5,6-tetrahydropyridine-3-carboxamide (3a0)
0 O 1H NMR (500 MHz, CDCls): § = 2.16-2.20 (m, 2H), 2.23 (s, 6H),
(TLH 2.29 (s, 3H), 2.65 (t, 2H, J= 5.7 Hz), 3.38 (t, 2H, 5.7 Hz), 6.90 (s,
Me \ Me 2H), 7.45-7.50 (m, 5H), 7.62 (d, 1H, J= 8.0 Hz), 7.85-7.89 (m, 2H),

8.10 (d, 2H, J= 7.4 Hz)
Me

3ao
1-mesityl-N-(2,4,6-trichlorophenyl)-1,4,5,6-tetrahydropyridine-3-carboxamide (3ap)
TH NMR (500 MHz, CDCl3): § = 2.10-2.15 (m, 2H), 2.20 (s, 6H),

oCI Cl
(E)(HQ/ 2.28 (s, 3H), 2.54 (t, 2H, J= 6.3 Hz), 3.36 (t, 2H, J= 6.3 Hz), 6.89 (s,
Cl
N

2H), 7.36 (s, 2H), 7.38 (s, 1H)
Me Me

Me
3ap
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1-mesityl-N-(4-(trifluoromethyl)phenyl)-4,5-dihydro-1H-pyrrole-3-carboxamide (3bi)
o ck. 'HNMR (500 MHz, CDCls): 6 = 2.29 (s, 6H), 2.36 (s, 3H), 3.14 (¢,
U)LNO 2H, J=10.6 Hz, 3.94 (t, 2H, J= 10.6 Hz), 6.96 (s, 2H), 7.10 (s,
N 1H), 7.58 (d, 2H, J= 8.3 Hz), 7.73 (d, 2H, J= 8.3 Hz)
Me\©/Me

Me  pi

1-mesityl- N-(4-(trifluoromethyl)phenyl)-4,5,6,7-tetrahydro-1H-azepine-3-carboxamide
(3ci)
o cF, 'H NMR (400 MHz, CDCl3): § = 1.95-2.03 (m, 3H), 2.20 (s, 1H),
(‘))(HO 2.22 (s, 6H), 2.25 (s, 3H), 2.66-2.73 (m, 2H), 3.50-3.60 (m, 2H),
e <N>r e 6.87 (s, 2H), 7.49 (d, 2H, J= 8.6 Hz), 7.59 (d, 2H, J= 8.6 Hz)

Me
3ci

(E)-1-mesityl- N-(4-(trifluoromethyl)phenyl)-1,4,5,6,7,8-hexahydroazocine-3-
carboxamide (3di)
0 CF3 1H NMR (400 MHz, CDCls): § = 1.95 (brs, 5H), 2.27 (s, 9H), 2.91
Q/‘L”/@ (brs, 2H), 3.84 (brs, 2H), 6.89 (s, 2H), 7.21 (s, 1H), 7.33 (s, 1H),
Moo 1 e 7.50 (d, 2H, J= 8.8 Hz), 7.59 (d, 2H, J= 8.8 Hz)

Me
3di

4-mesityl-N-(4-(trifluoromethyl)phenyl)-3,4-dihydro-2H-1,4-oxazine-6-carboxamide
(3ei)
o O/CFg TH NMR (500 MHz, CDCI5): § = 2.21 (s, 6H), 2.29 (s, 3H), 3.51 (t,
[O]AN oH, J=t, 2H, J= 4.0 Hz), 4.28 (t, 2H, J= 4.0 Hz), 6.90 (s, 2H),
Me\<N>/Me 7.00 (s, 1H), 7.54 (d, 2H, J= 8.8 Hz), 7.72 (d, 2H, J= 8.8 Hz), 8.09
(s, 1H)

Me
3ei

4-mesityl- N-(4-(trifluoromethyl)phenyl)-3,4-dihydro-2H-1,4-thiazine-6-carboxamide
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(3fi)
o OCFB TH NMR (500 MHz, CDCl3): § = 2.20 (s, 6H), 2.30 (s, 3H), 3.06 (t,
[S])Lm 2H, J=4.9 Hz), 3.74 (t, 2H, J= 4.9 Hz), 6.92 (s, 2H), 7.55 (d, 2H,
Meﬁjm J=8.6 Hz), 7.61 (s, 1H), 7.68 (d, 2H, J= 8.6 H2)

Me
3fi

1-mesityl-4-phenyl-N-(4-(trifluoromethyl)phenyl)-1,4,5,6-tetrahydropyridine-3-
carboxamide (3hi)
o o CF; 1H NMR (400 MHz, CDCls): § = 2.05 (dd, 1H, J= 13.6 Hz, J=2.4
NO Hz), 2.21 (s, 3H), 2.25 (s, 3H), 2.28 (s, 3H), 2.33-2.42 (m, 1H),

I H
" N " 3.08 (d, 1h, J=12.8 Hz), 3.30 (dt, 1H, J= 12.8 Hz, J= 2.8 Hz),
e e
3.98 (d, 1H, J= 2.8 Hz), 6.89 (s, 2H), 6.91 (s, 1H), 7.29-7.31 (m,
Me 3H), 7.39-7.45 (m, 6H), 7.73 (s, 1H)
3hi

(4S,89)-2-mesityl-N-(4-(trifluoromethyl)phenyl)-1,2,4a,5,6,7,8,8a-

octahydroisoquinoline-4-carboxamide (3ii)

e O/CFs H NMR (500 MHz, CDCls): 6 = 0.94-1.01 (m, 1H), 1.11- 2.00
N N (m, 1H), 1.26 (td, 1H,m J= 7.5 Hz, J= 1.2 Hz), 1.39-1.47 (m,
: N ) H 2H), 1.73-1.78 (m, 2H), 1.84-1.86 (m, 2H), 2.17 (s, 3H), 2.24
Me Me (s, 3H), 2.28 (s, 3H), 2.58 (d, 1H, J= 13.2 Hz), 3.03 (dd, 1H,
\Q J=12.0 Hz, J= 3.5 Hz), 3.18 (t, 1H, J= 12 Hz), 6.88 (s, 2H),
Me . 6.94 (s, 1H), 7.50 (d, 2H, J= 8.6 Hz), 7.57 (d, 2H, J= 8.6 Hz)
1

(E)-3-(ethyl(mesityl)amino)-N-(4-(trifluoromethyl)phenyl)acrylamide (3ki)
CF3 yellow solid: '"H NMR (500 MHz, CDCls): § = 1.83 (t, 3H, =

o)
Me J)LNO 7.2Hz), 2.24 (s, 6H), 2.34 (s, 3H), 3.68 (g, 2H, J= 7.2 Hz),
v M 6.17 (s, 1H), 7.01 (s, 2H), 7.29 (s, 1H), 7.40 (d, 2H, J= 5.9

Me\©/Me Hz), 7.45 (d, 2H, J= 5.9 Hz)
Me 34

(E)-3-(mesityl(propyl)amino)-2-methyl-N-(4-(trifluoromethyl)phenyl)acrylamide (31i)
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CF; 'HNMR (500 MHz, CDCls): § = 1.65-1.71 (m, 2H), 2.19 (s,
NO 6H), 2.27 (s, 3H), 2.30 (s, 3H), 3.34 (t, 2H), J= 8.4 Hz), 6.90
H (s, 2H), 7.17 (s, 1H), 7.52 (d, 2H, J= 8.6 Hz), 7.64 (d, 2H, J=
e
li

O
Me\I\L/Ie
|
N
Me\©/M 8.6 Hz), 7.78 (s, 1H)
Me
3
1.21-(4-methox-2,6-dimethylphenyl)-N-(4-(trifluoromethyl)phenyl)-1,4,5,6-
tetrahydropyridine-3-carboxamide (5ai)
o CF3 Xx solid: 'H NMR (400 MHz, CDCls): § = 2.08-2.15 (m,
O)(NO 2H), 2.20 (s, 6H), 2.49 (t, 2H, J= 6.4 Hz), 3.34 (t, 2H, J= 5.5
N I H Hz), 3.78 (s, 3H), 6.61 (s, 2H), 7.14 (s, 1H), 7.40 (s, 1H), 7.53
Me Me (d, 2H, J= 8.7 Hz), 7.66 (d, 2H, J= 8.7 Hz)

OMe
5ai
1-(4-methoxy-2,6-dimethylphenyl)-N-(4-(trifluoromethyl)phenyl)-4,5-dihydro-1H-
pyrrole-3-carboxamide (5bi)
TH NMR (400 MHz, CDCls): § = 2.30 (s, 6H), 3.15 (t, 2H,
0 O CFs 3210.3 Ho), 3.85 (s, 3H), 3.93 (t, 2H, J= 10.3 Hz), 6.68 (s,
N

r])L N 2H), 7.20 (s, 1H), 7.51 (s, 1H), 7.59 (d, 2H, J= 8.6 Hz), 7.74
N (d, 2H, J= 8.6 Hz)
Me Me
OMe
5bi

(E)-1-(4-methoxy-2,6-dimethylphenyl)-N-(4-(trifluoromethyl)phenyl)-1,4,5,6,7,8-
hexahydroazocine-3-carboxamide (5di)
1H NMR (400 MHz, CDCl3): § = 1.20-1.26 (m, 1H), 2.02-2.07

Ph O CFs
Q/ (m, 1H), 2.22 (s, 3H), 2.26 (s, 3H), 3.05 (d, 1H, J=, 14.0 Hz),
|
N

H 3.28 (td, 1H, J= 13.2 Hz, 2.7 Hz), 3.77 (s, 3H), 3.97 (brs, 1H),
Me Me 6.60 (d, 2H, J= 6.0 Hz), 6.87 (s, 1H), 7.28-7.32 (m, 3H), 7.38-
7.42 (m, 6H), 7.72 (s, 1H)
OMe
5di
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1-(4-methoxy-2,6-dimethylphenyl)-N-(4-(trifluoromethyl)phenyl)-1,4,5,6-
tetrahydropyridine-3-carboxamide (6ai)

CF
0 O/ 3 o CF3
(j)k” 1) ZnCl,, NaBH;CN, MeOH (j)LNO/

N 2) CAN, MeCN/H,0 H

N
Me Me H

OMe
5ai 6ai

To a solution of 5ai (100 mg, 0.24 mmol) in MeOH (0.6 mL) were added NaBH3 (22.5
mg, 0.36 mmol) and ZnCl: (32.6 mg, 0.24 mmol), and the mixture was stirred for 4 h at
room temperature. H2O was added and the mixture was extracted with EtOAc (3
times). The organic layer was washed with satutrated NaHCOs3 aq. and brine, dried
over Na2S0y, filtered, and concentrated under reduced pressure. The residue was used
in next step without any other purification. The solution of this crude mixture in MeCN
(0.6 mL) was added cerium (IV) ammonium nitrate (CAN, 394.7 mg, 0.72mmol) in H20
(0.6 mL) slowly, then the mixture was stirred for 1 hour. EtOAc was added and the
mixture and products were extracted with EtOAc (3 times). The combined organic
layers were washed with brine and the organic layer was dried over Na2S04, filtered,
and concentrated under reduced pressure. The residue was purified by flash silica gel
column chromatography (DCM/MeOH= 3/1 to 1/2) to give 6ai (31.9 mg, 0.12 mmol 49%
in two steps) as a yellow solid. 'TH NMR (500 MHz, CDCls): § = 1.60-1.64 (m, 1H), 1.75-
1.84 (m, 2H), 2.04 (brt, 1H, J= 5.7 H), 2.83 (t, 1H, 10.4 Hz), 3.00 (d, 1H, J= 10.9 Hz),
3.07 (d, 1H, J=11.5 Hz), 3.26 (dd, 1H, J=11.5 Hz, J= 2.9 Hz), 3.49 (brs, 1H), 7.55 (d, 2H,
J=8.6 Hz), 7.70 (d, 2H, J= 8.6 Hz), 10.8 (brs, 1H)

N-(4-(trifluoromethyl)phenylpyrrolidine-3-carboxamide (6bi)
CF3 1H NMR (500 MHz, CDCls): § = 2.19-2.24 (m, 1H), 2.26-2.31 (m,

O /O/
U)LN 1H), 3.14-3.19 (m, 1H), 3.27-3.33 (m, 2H), 3.40 (d, 1H, J= 6.8 Hz),
H
N
H

7.51 (d, 2H, J= 8.6 Hz), 7.72 (d, 2H, J= 8.6 Hz), 9.99 (brs, 1H)
6bi

1-(4-chlorobenzyl)-5-(2-nitro-1-phenylethyl)-1,2,3,4-tetrahydropyridine (12aa)
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1H NMR (400 MHz, CDCls): § =1.70-1.72 (m, 2H), 1.88-1.99 (m, 2H), 2.71
(j)\ (t, 2H,J= 4.6 Hz), 3.90 (s, 2H), 4.04 (t, 1H, J= 4.6 Hz), 4.52 (dd, 1H, J=
| NO, 13.2 Hz, J=4.0 Hz), 4.66 (dd, 1H, J=13.2 Hz, J= 4.0 Hz), 5.95 (s, 1H),
\O\ 7.21-7.29 (m, 5H), 7.49 (d, 2H, J= 8.6 Hz), 7.80 (d, 2H, J= 8.6 Hz)
Cl

12aa

ethyl 2-(1-(4-chlorobenzyl)-4,5-dihydro-1H-pyrrol-3-yl)-3-nitro-2-phenylpropanoate
(14ha)
E10,C, Ph 1H NMR (500 MHz, CDCl3): § = 1.14-1.25 (m, 3H), 2.22-234 (m, 2H),
2.88-2.97 (m, 2H), 3.87 (d, 2H, J= 3.4 Hz), 4.08-4.13 (m, 2H), 5.14 (d, 1H,
N ) No, g=77 Hz), 5.17 (d, 1H, J= 7.7 Hz), 6.16 (s, 1H), 6.97 (d, 2H, J= 8.6 Hz),

\@ 7.18-7.30 (m, 5H), 7.31 (d, 2H, J= 8.6 Hz)
Cl

14ha

ethyl 2-(1-(4-chlorobenzyl)-4-phenyl-1,4,5,6-tetrahydropyridin-3-yl)-3-nitro-2-
phenylpropanoate (14ka)
PhPh CO,Et 'H NMR (400 MHz, CDCls): 6 = 1.14 (t, 3H, J= 7.3 Hz), 1.58 (dd, 1H, J=
@)ﬂ 13.3 Hz, J= 1.8 Hz), 1.82-1.90 (m, 1H), 2.60-2.72 (m, 2H), 3.34 (brs, 1H),
3.73-3.88 (m, 2H), 3.97-4.11 (m, 3H), 4.49 (d, 1H, J= 14.2 Hz), 5.24 (d,

K@ 1H, J=14.2 Hz), 6.19 (s, 1H), 6.88 (d, 2H, J= 7.3 Hz), 7.12 (t, 5H, J= 8.7
Cl  Haz), 7.22-7.32 (m, 5H), 7.43 (d, 2H, J= 7.3 Hz)

14ka

ethyl 2-((4aS,8aS)-2-(4-chlorobenzyl)-1,2,4a,5,6,7,8,8a-octahydroisoquinolin-4-y1)-3-

nitro-2-phenylpropanoate (14ma)

PhCO,Et 'H NMR (500 MHz, CDCl3): 6 = 1.40 (t, 7.4 Hz), 1.91-1.96 (m, 2H),

H 2.57 (t, 1H, J=11.5 Hz), 2.67 (td, 3H, J=10.9 Hz, J= 3.5 Hz), 2.85 (d,

N NO, 1H, 10.9 Hz), 3.43 (s, 2H), 3.83-3.95 (m, 2H), 4.11-4.17 (m, 2H), 4.47
(q, 1H, J= 7.4 Hz), 5.00 (d, 1H, J=13.2 Hz), 5.54 (d, 1H, J= 13.2 Hz),

K(j\m 5.73 (s, 1H), 7.06 (d, 2H, J= 8.0 Hz), 7.27-7.35 (m, 5H), 7.67 (d, 2H, J=

14ma 8.0 Hz)

1-(4-chlorobenzyl)-5-(2-nitro-1-(p-tolyl)ethyl)-1,2,3,4-tetrahydropyridine (15ab)
1H NMR (400 MHz, CDCls): § =1.72-1.76 (m, 3H), 1.78-1.81 (m, 1H), 2.33 (s, 3H), 2.70-
2.74 (m, 2H), 3.92 (s, 2H), 4.02 (dd, 1H, J=9.2 Hz, J= 6.9 Hz), 4.66 (dd, 1H, J= 11.5 Hz,
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Me J=6.9 Hz), 4.77 (dd, 1H, J=11.5 Hz, J= 6.9 Hz), 5.95 (s, 1H), 7.07 (d, 2H,
J=28.3 Hz), 7.12 (d, 2H, J= 8.3 Hz), 7.16 (d, 2H, J= 8.6 Hz), 7.29(d, 2H, J=

8.6 Hz), 7.36 (s, 1H), 7.14 (d, 1H, J= 8.1 Hz)
N NO,

: Cl
15ab

1-(4-chlorobenzyl)-5-(1-(4-methoxyphenyl)-2-nitroethyl)-1,2,3,4-tetrahydropyridine
(15ac)
OMe 1 NMR (400 MHz, CDCls): § = 1.74-1.79 (m, 3H), 1.84-1.90 (m, 1H), 2.35
(brs, 2H), 3.92 (s, 2H), 4.01 (t, 1H, J= 8.4 Hz), 4.65 (dd, 1h, J=12.0 Hz
,J=17.2 Hz), 4.76 (dd, 1H, J= 12 Hz, J= 9.6 Hz), 5.94 (s, 1H), 6.85 (d, 2H, J=
Jon 8.8 Hz), 6.95 (d, 2H, J= 9.2 Hz), 7.00 (d, 2H, J=8.8 Hz), 7.16 (d, 2H, J= 8.4
K@\ Hz)

15ac

5-(1-(4-bromophenyl)-2-nitroethyl)-1-(4-chlorobenzyl)-1,2,3,4-tetrahydropyridine (15ad)
Br TH NMR (500 MHz, CDCl3): § = 1.73-1.76 (m, 3H), 1.82-1.88 (m, 1H),
2.73-2.75 (m, 2H), 3.97 (s, 2H), 4.02 (t, 1H, J= 8.1 Hz), 4.65 (dd, 1H, J=11.5
Hz, J= 7.5 Hz), 4.76 (dd, 1H, J= 12.1 Hz, J=9.2 Hz), 5.94 (s, 1H), 7.06 (d,
I No, 1H,J=8.6 Hz), 7.15 (d, 2H, J= 8.0 Hz), 7.30 (d, 2H, J= 8.6 Hy), 7.44 (2H, J=
8.6 Hz)

N

&

Cl
15ad

-(3- bromophenyl) 2-nitroethyl)-1-(4-chlorobenzyl)-1,2,3,4-tetrahydropyridine (15ae)
TH NMR (500 MHz, CDCl3): § = 1.75-1.80 (m, 3H), 1.85-1.90 (m, 1H), 2.77-
2.79 (m, 2H)3.97 (s, 2H), 4.05 (t, 1H, J= 8.1 Hz), 4.69 (dd, 1H, J=12.6 Hz,
J=8.1 Hz), 4.79 (dd, 1H, J=10.9 Hz, J=9.2 Hz), 5.99 (s, 1H), 7.14 (d, 1H, J=
7.5 Hz), 7.18 (d, 2H, J= 8.0 Hz), 7.22 (t, 2H, J= 7.5 Hz), 7.33 (d, 2H, J=8.1
K@ Hz), 7.36 (s, 1H), 7.14 0d, 1H, J= 8.1 Hz)

15ae
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5-(1-(2-bromophenyl)-2-nitroethyl)-1-(4-chlorobenzyl)-1,2,3,4-tetrahydropyridine (15af)
TH NMR (500 MHz, CDCls): § =1.74-1.79 (m, 3H), 1.82-1.88 (m, 1H), 2.70-
Br 2.80 (m, 2H), 3.94 (d, 2H, J= 2.9 Hz), 4.60 (dd, 1H, J=9.8 Hz, J= 4.5 Hz),
' No, 4.68(dd, 1H, J=12.6 Hz, J=6.9 Hz), 4.71 (dd, 1H, J=12.0 Hz, J= 9.2 Hz),
7.21 (dd, 2H, = 7.5 Hz, J= 1.7 Hz), 7.30 (d, 2H, J= 8.6 Hz), 7.60 (dd, 1H, J=
8.1 Hz, J=1.2 Hz)

£

15af

1-(4-chlorobenzyl)-5-(2-nitro-1-(2-(trifluoromethyl)phenylethyl)-1,2,3,4-
tetrahydropyridine (15ag)
1H NMR (500 MHz, CDCls): § =1.85-1.92 (m, 1H), 2.71 (td, 1H, J=11.5
cF, Hz, J=3.4 Hz), 2.76-2.80 (m, 1H), 3.92 (d, 2H, J= 4.6 Hz), 4.55 (dt, 1H, J=
| o, 16:3HzJ=66 Hz), 4.74 (dt, 1H, J= 16.3 Hz, J= 6.6 Hz), 5.99 (s, 1H), 7.12
N ® (4, 2H, J=8.6 H), 7.29 (d, 2H, J= 8.6 H2), 7.42 (d, 1H, J= 8.0 H), 7.52 (¢,
o,

1H, J= 7.5 Hz), 7.69 (d, 1H, J= 7.5 Hz)
15ag

1-(4-chlorobenzyl)-5-(1-(furan-2-y)-2-nitroethyl)-1,2,3,4-tetrahydropyridine (15ah)

o) 'H NMR (400 MHz, CDCls): § = 1.78-1.90 (m, 3H), 1.96-2.05 (m, 1H), 2.75-
02 2.80 (m, 2H), 3.93 (s, 2H), 4.15 (t, 1H, J= 8.0 Hz), 4.67 (dd, 1H, J=12.8 Hz,
N\(>N\02 10.4 Hz), 4.77 (dd, 1H, J=11.6 Hz, 6.4 Hz), 6.00 (s, 1H), 6.08 (d, 1H, J= 3.2

Hz), 7.16 (d, 2H, 8.4 Hz), 7.34 (d, 2H, 8.4 Hz)
Cl
15ah

1-(4-chlorobenzyl)-5-(2-nitro-1-(thiophen-2-yl)ethyl)-1,2,3,4-tetrahydropyridine (15ai)
'y 1H NMR (400 MHz, CDCls): § = 1.77-1.83 (m, 2H),m 1.88-1.93 (m, 2H),

1.95-2.01 (m, 2H), 2.76-2.80 (m, 2H), 3.67 (s, 2H), 4.33 (t, 1H, J= 10.5 Hz),

N J' No, 4.76(d, 2H, J= 10.5 Hz), 6.06 (s, 1H), 6.81 (d, 1H, J= 4.5 Hz), 6.96 (dd, 1H,

O,

J=6.5 Hz, 4.5 Hz), 7.18 (d, 2H, J= 9.9 Hz), 7.22 (dd, 1H, J= 6.5 Hz), 7.31 (d,

2H, J=9.9 Hz)
15ai
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