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Ac acetyl

AchE acetylcholinesterase

Anal. elemental analysis

aq aqueous

Ar aryl

BINAP 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl
BINOL 2,2'-dihydroxy-1,1'-binaphthyl
BQ benzoguinone

Bu butyl

Bz benzoyl

Calcd. calculated value

cat. catalytic

d doublet

DAST N,N-diethylaminosulfur trifluoride
dba dibenzylideneacetone

dd double doublet

DMF N,N-dimethylformamide

dppf 1,1’-bis(diphenylphosphino)ferrocene
EDG electron-donating group

El electron ionization

El electrophile

eq equivalent

Et ethyl

EWG electron-withdrawing group

h hours



HRMS

Hz

IPr

LDA

LRMS

Me
min

mp

NMR
Nu
P5F
PARP
Ph
Piv
quant

r.t.

sat

SNAr

TBAF

high resolution mass spectrometry
hertz

iSO
1,3-bis(2,6-diisopropylphenyl)imidazol-2-ylidene
infrared spectroscopy

lithium diisopropylamide

low resolution mass spectrometry
multiplet

methyl

minutes

melting point

normal

nuclear magnetic resonance
nucleophile
tetrakis{[tris(dimethylamino)phosphoranyliden]amino}phosphonium fluoride
poly (ADP-ribose) polymerase
phenyl

pivaloyl

guantitative

room temperature

singlet

saturated

aromatic nucleophilic substitution
tertiary

triplet

tetra-n-butylammonium fluoride



TBDPS
TBS
TIPS
Tf
TMAF
temp.
TFA
THF
tmp
TMS
TMS

(TMS):N

tert-butyldiphenylsilyl
tert-butyldimethylsilyl
triisopropylsilyl
trifluoromethanesulfonyl
tetramethylammonium fluoride
temperature

trifluoroacetic acid
tetrahydrofuran
2,2,6,6-tetramethylpiperidinyl
tetramethylsilane
trimethylsilyl

tris(trimethylsilyl)amine
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AILEMIF 2D EDH WD L ZAITAFEL, Fox ODAEFEITMSER L TWD. T
A 1 EOEFHEIIAIRICZ RIS TEB Y, F7c BBV EMECE A B E OB R
BHIAB L FZORE & TR b2 BT &z, BEEPREOHIFIZEWNTS, Zh
FTEL OAEREADB AU DOFEEZ LM TE . 2o OFELEWITH bIRIE
LTV OHERRESR D — DN RFE-—KFE (C-H) #EaTHD. LLRNEZDRIGHEDIRS 7
5, flix OEMSIGICx L CTRETHH720, C-H B ZEEEMTLIZ &L VE SR
T&. Zhwx, NEMEZR C-H #a 221G UHie b &S R8T 5 2R 70 057 tdm
DB, BRO LD DITRO LN OKEIRBEDO—D>THDH L WVRD.

AHE ISR T 2REZ R TENEEO 7V —TI2 k> TRB S h, 2009 412
Hoffmann, Baran HIZX > CTRRIbEn7z. YEIH, 1) 7 hAx =/ I — (atom economy),
2) A7 v xa /) I— (stepeconomy), 3) L K7 Ax =/ I— (redox economy) D —HE
ThbD. T hAZa/ I—lF Trost IZL-T 1991 FIZFRSNMETH Y, 2 FefeAdmk
W R E O RFEF PR AEND L O FRERIC ARG T 2X&ETHLHEVH
HbOTHD. UL, (EFEwREORFEOMACE S FEDORIAERY & Vo> T ZH DK+

CHRAER D VNEN DD, % 1X, Diels-Alder %, #im L 1000 ©7 hAhx==a /) I—T
SOBDHEFTT 52 Lidh. AT v 7ma /) I — Wender (X - T 2006 4EIZiRE Sh, °
FHULEM 2G5 T DEMRBIER Z HR/NRIZIZ D2 NE LWV bDOTHDH. ZhiZE->T
BRUICET MM, 22X N, 57, BREAMEOBRBMNERLIND. FLLV Ry 7 RXxza )
I —I% 2009 4EZ Hoffmann & Baran IZL > CEESNAZHLOTHY, * RUERE{LR T
FOSITERNRIZIZ D _RE L NI EZ ST TH D, ZOMERITHRE L TERAT v 7 O#
BICERDHb0THY, GREIKEYRTH5I)ATAT vy 7Ta /) I—kUL Fy 7 Az
I EHRTAZEIFFFICEETHS.

ElHiiclrar v N LT, 4) Ry b=/ I— (poteconomy) ([ZHiFEHMDEE > T

. LB KO KTFS D7 —71%, Integrated Chemical Process % =& 7 MIEZ,



BEOGFEBERET DI LICEY U Ry M COEKLEABCOHHGBTE A 23T
LV L C& 7228, °2007 4EIC Clarke B3Ry hma /) I—L WHMERZIRBLIZZ LI
Lo, CIEEIVERENDE T Loz, Ky bxa )/ 2 —3%L 0k 50 14
Ba Rl — DGR TITO) T LI L - T, BUHEHSHAE R OBELRIKT 2 LW H DT
HY, FMOBEL L THEBETREL GG E—RENTEEIELZ L2 ELTND.
ZNCERY, AERHAE, HEERRCHAWIBREERORD, 175 n~v NITT7 4—T
MWD 20 07 BIEE DK, & BBEEHT & o THA U 2 KIETEBEEEY) ORI« 72
REZZTLZENTED. FERIEROKRLEDIZNA—T1F, 4 TN FORHETH
% (-)-Oseltamivir phosphate (Tamiflu®) OV KRy FEEEZIZI LD ETIHEL DRy b=
2/ I RERGOEREEMEORGRAERE L TEY, T ERERETETHEI LT
TTNDLHENRD.

FNLZAIVE T, 2RO & < D ORiIBIOMENFIET, C-H #EA 216N L LikFE-KkFE (C-C)
FEAH TR T 2 RIS OBFFEICE Y A TE 2. ZORE, Z>0HF Ml RS % W
TICE ol —DITEHD AL TEH Lo b O T, SiFRE TR A I NI RNBAEROT
I REEE AW T e N AVEBKIETH D . FATEEEE OBLE BT 2 h AbD/~N—
RAADE Cspl)-H A DERISINICE R L, SRR & AREE A=A H 786 ik HAT
DOREZZER LT, b O —DIXEBEBMEZ NG TH Y, 2 FNIZ L BOSHED S
WRFE-a 7 (C-X) #iBEHT b6 0, —BLRFEFHR FIZBIT S C-H fia®
RIS TH D . BHERMFICBNTUIIERIZRY 595 C-X fHEERFL, LYK
JEPEDIRY C-H Hif & DIEMAIC L - T, AMER LA RREERAO 2 E TIZRWnWT 7
H—F TOMELAREIC L.

AKX TIEET 20T —<ICBT DHEDOY F R OUHAEOB A 2R ~7Z 9 2T, FEIC

TEREIZERABATZHIIED BB R OBEHZ DWW TR~ b D &%,



JRFE-KFK (C-C) fBEFHHRIL

C-C MBI IGIE, &6 HBILEM DB B OBEIZB N TEANTH Y 2035
LbEEQRFETHD. BEHET D C-C REABHIISD I b, Fx AL TFE D A 4 F
ML, BEALEHLOHEOERTHLHH NAUSIZER LTAHAD &, AENRGEE L TRD
Zonbs. Wb, 1) T e R AUESS & 2) ERAREAE A W=y Y U ROG
Tho. B7a N AUEREIGIE, 7L ATy REEE AW TR FEREEAI OB O @
C-H fEEDH 7T v b i ALZEATV, i< KEFHI~OMIFISIZ L > TRHEBTEREZT 5 &0 D
FETH L. M I DT v b oAb & < HME#E D N4 s & LT, Wittig KU, Claisen
#ifAr, Shapiro K, Darzens #fg#:, Peterson [t, Robinson ER{LE(E, Reformatsky S5
B DRIGHMbENATWD . —J, BREBMEZ RVl v 7V UV ROSIE, TR
(CHFRER 2SN T LD THLH 5. EBeRMENEZENIC C-H e C-X fia &k
ML, By 7PV T R= =L RIET 52 TRAEZEKT 2 FETHD. HNDER
BRI > TV TN b T =ICE o TEL DAL IR BN TEY, SR-EilY v
TVT, WES TV T, Stille By TV T, MLy T 7, R R-Heck USRS

ARBRNABIERH SN TEBVIRASFH SN TND.

deprotonative | coupling reaction

functionalization

M: BR3, ZnX, SnR3, SiRs, efc.

=

Figure 1 Representative C—C bond formation reactions.




L7 b ALEHRIS
L7 m b AGERRIRIL, 7V ATy MR L > TRIEEORm W7 m b 2g| Sk,
HVIRT =2 R OARZ T, RETANAINESED Z LICLY C-C fMHEFMRT

LY TN FETH D (Figure 2).

H  Brensted base €] Electrophile El
R i

Figure 2 Deprotonative functionalization.

TV ATy R L LTE, "Buli ICREEND T AF LU F U LR LDA ITRE SR
HZVFTLT I FENLHESNTEY, IART =4 hREORIGHED R S e, @Elx
IR P IS CHRIRZ 3L S8 7218, REBETAIZHRINT28/E44T 5 (Scheme 1top). ® %
TEHBIGEE T, @MW LU ATy RIERM AT 5 AIERL TH D Bu-P4base & HNT,
NRB VR PR OB T v b AL L REAAI~OMIBIEPEITT 5 2 & 2HmE LT

% (Scheme 1 bottom). °

H El

LDA Electrophile
NC CN > > NC CN
THF
-96 °C, 3 min

X N

'Bu” "H \ N
Bu-P4 base (3 equiv) OH N—P=N—P—-N=

H CN Znl, (1 euiv) CN / |{1 ;{1 |{1 \
» Bu </ 1l N
—N—P—N—
Br THF /1 N\
Br

-78 °C to r.t., overnight

87% Bu-P4 base

Scheme 1 Deprotonative functionalization using Li-amide and phoshazene base.



&RB7 I FEEZHW Csp’)-H A7 v b AAvEMiRKiG

HANVR=ALB D a %D Csp’)-H #EaEM 7 a b AL LREBETAI~IMEES 2
& T, C-C A EMT 2EMMINE, EHRLREDRKESHILFOFHTEZH I THD

Z C(sp¥)-H FEADORT 1 kAL T, KISk HREKBERZIMZ 5720, LDA %0 &5
VHEEAZ AT 2V F LT I R T I FEReRT I MEEL LTHWS, B e b
NUERTROS A ER SN TW5 (Scheme2).  LsLANLRES L LT, 1) &B7 I R
HEOPEUAKIR - B HKSEENER SN D R, 2) (bFPEmEOSRT I NEENLETH
5, 3) ART I RHIEOTEMAIC K0 AR L7 bR, OGO @R CE - R5 1O EHE
a2 5720\, EHAFREREEDNRON D HEHKL REET HIREMEREZBLATND
DONBURTHD. BT, a, B-REFI VR = LEWMESED Z L 2B E T 52 51E, K
BRI DONBEREZ E 729 2 CHIEAER ST 2L ENH  EHEMOEMKISE TS 5
(Scheme 2 top). A7 1t A ZE TR OEBIEAA(E T CTHIERYIZIT S Z LA TEIT, EIE
MEBICBNWTREa X oSy b, KOEESRBEOMENER I D & & bIZ, HiEk

BRI L7z T SOE DR AIRE & 72 5

o
lo) LDA (1.04 equiv) )LH O OH MsCI (1.3 equiv) (0]

r ' o ' o

-78 °C, 15 min -78 °C, 30 min 66% rt, 16 h 59%
X
(o) Zn(TMP), (1 equiv) Ph H O OH
‘BuOJ\/H toluene 5°C,3h 'BUOJ\)\Ph
rt,1h 93%

Scheme 2 C(sp*)-H deprotonative functionalization.



RNRET I FEEZRAWEBT v b AUEMRG
FSEOMEORZBIEL, SWEETEIMBEEO Y (Wi 7 /v T L OMBED
HIZE > TRNTRAET D7 I REEE AW ABERIBL T 2 N AUEARRS & A T 2% Bl %
L7z, ZhE7 vHE-rA EZEEGR OB MEDO R S 288 /i L, 7 vk (Fluoride
sources) EIFIFHMHETH DT X/ T (Aminosilanes) LRI T L ATy REEREMEA
HT 257 2 RHEHE (Insitu generated amide bases) % SEiIC CTHAE S W, RFREA O~ 2 K
ML KREBFHA~OHMEISITHAT 2L 0 HLWBIRICESWEFIETHD
(Figure 3). ™ AEORE L LCIL, 1) AT 57 2 FiERO T L 2T o REEERE N
D, BIEEOR a kFEEETHREICENTY, BYEEZ LT 5700 EMz LT L
PP 2 N ALRARETH D Z L, 2) FORFHEREN D, WIN L7 7 bWk oo fil 872
TR AET D 2 EPHEESND T2, BB S S O TIRIRSEM 2 L2 &SRR
SHTICTRISPEITT 22 &, 3) — DORIEHa Il I EZ —EITINZ 5 2 & TRIGH
1795720, IO BRI R IRINEOBRME EOMEME S BB E N TND Z EENEIT L1
5. ZNHDRAY y EBRHDLIRY AT MIFBTRANTAEE RO FME L R THED O b,
ATy 7oa /) I—IZEBL TS LD Th 5.

RN For RPF +  MesSi—NR,

Fluoride sources Aminosilanes
TMAF, P5F, CsF, etc. TMS-NMe,, (TMS)3;N

Me3Si—F

+ - + - EWG H Electrophile
RN NR; or R,P NR ~" o Ewc® -
4 2 4 2 > CH, > EWG__El
deprotonation functionalization

In situ generated amide bases

Figure 3 Deprotonative functionalization using in situ generated amide bases.



VAR M BFIEE TlE, EHEBEERILAYW C(sp)-H A (Scheme3top), * K7 ==L T+
F LM C(sp)-H D7 1 b AMERS I T 2ARAFEOFAEZH®E L TWVWD
(Scheme 3 bottom). * # = THLZE, KL% C(sp’)-H FEA DM 7 v b AWER 5 LTl
HAEEL_XMERICET L. ZOREE, tert-butyl acetate 21X U & T2 VAR =/VEE o fif
FEORTm hAkl, RN T = ) RN AT VT B RFEARASOINBS 3R

A FICCHMICEIT T2 2 L2 R LD TR TE DA IR R 5.

1) P5F (5 mol %), TMS—-NMe, (1.5 equiv

S 0 toluene, r.t.,, 24 h ) s OH
N Ph™ “Ph  2) desilylation N Ph

pKa (in DMSO) = 27 94%
AN TMAF (10 mol %) SN
_ TMS-NMe; (5 equiv) _
Ph——= + >
e DMF NN
pKa (in DMSO) = 28.8 o_ t 1h Ph
r.t., 97%

Scheme 3  C(sp?)—H and C(sp)—H deprotonative functionalization using in situ generated amide bases.



B-TF I ) VEARRKG

B-TF IV ZATAEITILD ET D B-=F I VISR AR AR T 2 A
ELTHAREETHY, WAV TARICANLNR TS, ZRALIERCE Y Vv, B
r—, MRV L, PRIV, 0 R T YT EOAT B RA RISV TR T
HRZRABRMEE 72 5. Elopueisk, *© iiEs, JEEEEE, 2 % RPiEE 2 25
CEIFLOT v V7 ERICB W TERNZREERMN ThH D & & HIT (Figure 4 top), KAWE
B DA AR REA L 22 5 (Figure 4 bottom). # Nz T B-=F 2/ L ALEWDOKEEVERS
A &SRB ML 2 PFEFFD & W0 ) EEREN D, ZRRIEADUSAFEETH Y B-=F

2 AEEB DL DN T DL ORFNFERSN TS, Z

o
(o]] \©\ /@,COOMe O
(m ()—coon
H ' "o

OtBu
Anticonvulsant Anti-inflammatory Synthetic analogue of the duocarmycin class
of antitumour agents

O, OEt
I, PPh3
C;/ OH |m|dazole
Nj)/ toluene
81%

CsHqq CsHyqq CsHyq
)-Indolizidine 209B

="
llg

Figure 4 [B-enaminone compounds.

B-=F 2 ) ACEWDIRFEIZIE D IS E EEMED IS, ZRETIZEZL DO B-=F I /)
IEEMDERRIEN IS SN TWD., &b L B-=F I VHOGHIEL LT, 7T
1,3-F B IVR = AL E Y & @RS FIZB W T KNS S5 HFIENE 5TV 5 (Scheme
deql). * ZOH%Z OMWBEER SN ELFTET DL, MBEREO VA AFRIFIE FICTHA S 5%
BIENSRE SN7- (Schemedeq?2). ® £7- 1,3-PHNR=/MbEMZ RN T 7
DERIEE LT, NIV AMEGFETT IV ETAF U EHVW-e Fu7 2 itk > T
BA5HELMSN TS (Scheme4eq3). #



NO
O o /©/N02 Na,SO, )ol\/MC /©/ 2
+ —_— = (1)
Me)l\/u\Me H,N neat Me N

]
120°C,1h 82%
(o) (o) BI(TFA)3 (5 mol 0/0) le) NHiPI'
+  IPrNH, > (2)
EtOJ\/U\Me H,O Eto’u\/\Me
r.t., 5min 98%
Pd(OAc), (1 mol %)
NaOMe (2 equiv)
| | CF3CO,H (5 equiv) O NHBz
+ BzNH, : (3)
COOEt toluene Eto/u\/
70°C,12h 82%

Scheme 4 Well-known routes to obtain $-enaminones.

-0, 7

141

VHAELELE LW B I ORKIEE LT, AAVAT =V REE
Reformatsky 37> 5152 HiEN#E &= (Scheme5top). ¥ ZOFiEITH LW a2 T
O B-=F R VOB EFREIZ LI b OO, bFEEmBEOHNZ 30 /Ll BT TNz 7z
FIUER B 720 D FERERIE EOR BN H. ELBHREEICBNTD, o-hY XA F v
VA E RNV LT =) REOKR AT 7 B U ilid 2 Peterson 2 LV, B-=
2 NAEEMD A E ~ A v R4 FICCERR L T D (Scheme 5 botttom). 2 L L7g A3
HINHOFEE, TS RO TMS EMRE A SRR Z2 - 50BN H O FEE
HAEEICHIRRH D Z ENRRE L TETFHND.

. . (o]
(o) J\ Zn (3 equiv), I, (0.1 equiv)
+ _Ph > W~ .Ph
MeoJJ\/Br H “'I:I THF MeO N
e
rt,24h 729%
(o) t 0
(o) Bu-P4 base (10 mol %)
Ph
)J\/TMS * HJ\N’ > Eto)J\/\N’Ph
EtO | [
Me neat
rt., 24 h 92%

Scheme 5 Synthesis of B-enaminones using formanilides.



Z ZCRME, RTROBLT 7 b AEMRS Y AT AEEATIUE, ALV AT =Y REER
AL LTRIRT 228 T B-=F 2 MBI DOEKA~E BT TIZRVWNEE T
(Scheme 6). /L LT =V FEZFWDENRD "G & 135820, sREZHF~DIER G % 0B
EHTEENIIT T I AR AR TH L7, L0 EMANR=F I EliEERIETE2 b
DEEZBND. Fio, B-=F I ALEMEBRT v b AVERIRRT X0 15D HiETHRE
IR <, AEERICE T 280N N E Yy 700 EDTHEH D, AT I U AEROEFHR
SR OSEE T A#IIC W TARRIC TRER 1 5.

o (o) Fluoride source (cat.) (o)

_Ph Aminosilane _Ph
4 JJ\/H ¥ HJ\N > 'BuOJv\N
BuO [ |

Me Me

Scheme 6 This work.
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BBLRBROMET S C-H #HAEREREL

C-C MBI DOFE N2 FIEE LT, BEARMELE Az C-H #a%EORIEMRES OTE
MAbZ A LR b MoV a. P )2kl m i (directing group) ZE%Etd 5 Z LI
L ORI MEM SRS FTRE TH D Z L1z, fBEEORIGHIZHWD Z & Tt %
MA TN EITS Z ED3FHREE 72 % (Figure 5).

DG DG

IH (X)  Transition metal (cat) TM Functionalization

DG: Directing Group

Figure 5 C-H functionalization.

1993 R HHIZE T, FEHEES N DAV ML C-H A DT V7 HE~OINA R
IZHEAT D 2 LA &7z (Scheme 7). ¥ ELFIETH D LR = VT, SBAENLT D
ZETRBEPMUSRTHD C-H ME~DELEAEH L TND I LA, s EDL
ERICHEAGE LTS, AL ZoREIZEL-T, S ETEMELFIH L C-H &6
EREAALFZEN IR T TRAICZRSA TV S.

RuH,(CO)(PPhs)s
O + ZSi(OEt), > o
toluene
H Si(OEt),

reflux, 2 h
93%

Scheme 7 Murai’s preceding study.
BIRERICBN TS, ERCEMEE HWe C-H faEmREbLEZ N Lo FHEBR{IERIS
EHE LT (Scheme8). * FRIZRRLMAEE HV DM EORVKIERETFA L, &5
ICREDO—ILRFEEFENT D LT, VRV ET ) VORI AR R B L.

CO, O,
[RuCly(p-cymene)], (4 mol %)

HO IPr-HCI (12 mol %), PivOH (10 mol %) O
O Cs,CO3 (3 equiv)
O mesitylene O o

H 100 °C, 24 h

Scheme 8 Ru-catalyzed C—H functionalization.
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C-H &N R =LK G

AR D C-H FEEERER LD T TH —M(biFE 2 AWz C-H IR = LRIsiE, v
R=LEMDERRICB W T RER N AR FIEOOESE LTHLNATWS (Figure 6). Ui
DHIZIZB W THEE T O T O MHRD TH72nWZ &b, 7T haxa )/ I—%En LT
RIGToH D E LB, REFREMOGCERD Z L JEHEMIZ C-H #aE2 IR =1{T
XHZEND, ATy ra ) I—ZbEELERIGTHDLENVED. FLANVR= A E
LTHEAL TS —EbiFEIL, b7k CLIRE LT, R CAFES R Enb
b, AHEEGROBLENDBADNR DT ThodE Nz D, TEMNILT AT VEOE RrkL
TMEICE S TT AT e FEOAKZITH Oxo IETOFMARC, A%/ —/LoJFE L L CHHE
RIASFH SN TWD. T RAFr— B\, TFETIEZ0HmMEEAE LAEo—
L IRFE TR ZOFEMAZ HND Z & T, JTNRRITRAESEE—LIRFELIFH LT

C-H FEHREEOWmE b IhTng. ¥

o
transition metal
(Pd, Ru, Rh, etc.) DG
©;\DG + CO > OH
“H
(DG: Directing Group) o

Figure 6 C(sp®)—H carbonylation.

C(sp)-H FEA DB NVR = AL SUE D FA OB IFAE DI £ > T 1956 FiCz Shrz
(Scheme 9). ** = /)L MiiEZ VA X VD T NBRLEE D INVR= bl L > TA VA
VRY ) UHEEBDZEICHIILTEY, ZHAMNMBA A Cspd)-H FEA I LR = LD W)
DWEF L LTHOENTWD., LLARRDL, &E - ®IERSENERESND Z EARER L

LTEFLND.
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CO (100-200 atm)

0,
©\/§Nph Co,(CO)g (11 mol /o); NPh
H benzene

220-230 °C, 5-6 h (o)
80%

Scheme 9 Co-catalyzed C(sp?)—H carbonylation.
ZDOWEE R T D5 XL EROIZ L > TRT U0 Al A 2R fn7e 5 F T C-H
T VIR = AL NS 7= (Scheme 10 top). 3 Z AUIX IR EI THEITT 2 #) D A 5
TEHH DD, WHEOEEEZHW 2T e blehole. ZO%RTBELIT I > THE S
NIE=TIEIC L - T, WD TEAMNZR CEp)-H AV NVR= AL ER S L7z (Scheme 10
bottom). ¥ #7185 DAL C(sp’)-H FEAHNR =MD F T, 7 I U(HETFICTIT- T
WBZ LD, BT C-H AT I INVER= UL EMEENT 2 REOARRICE T % 3R

DODOEDELTHLNTWS.

CO (1 atm)
Pd(OAc),
CL = . L
H rt., 120 h COOH
(solvent) 3300%

(based on Pd)

CO (1 atm), air

Pd(OAc), (5 mol %)
(CHa)n Cu(OAc), (50 mol %) (CH2)n
NHR > NR
H toluene

reflux, 2 h o

Scheme 10 Pd-catalyzed C(sp?)-H carbonylation.
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-H EET I INVA= UG X DRBERR VY T 7 Z AERK

ANEBRY T 7 2 MEEE, TURETEEZ AT 5 PARP IEAOEARER L LTHMLNT
WBHREF TR, P TeFAa) AT T —BHEEEE AT LA OA KA A L L
THLHELNTEY, ¥ Ak ERERKEEETHH LS4 5 (Figure 7). TOAMKEL
LT, 7V EINVERVBRIZ K 20 FN TG S &5 HINARTFEPM LN TS, —7,
T, VU7 LT EITY Z L2k > T VYo7 32— MR ARk Z 5 L
=4y 1N Friedel-Crafts % A 7 O 4 akik ® <> Bischler-Napieralski <&z FIH Lzt o ¥ %
L DEMIEN ZNE TITHRE SN TS, O OBEFIEE LT, Bk C-H &4
TR INRE=MMEIZ L DAL, HWDREEINKRE S TN Th VR TRRICEN Tk
ThiHrEWNz5.

Condensation Friedel-Crafts type reaction /\/@
N
H

NH e Core structure of PARP inhibitors
* Key precursor of AChE inhibitors

POCIs / \ ©/\/
©/\/ Bischler-Napieralski reaction C H aminocarbonylation

___________________________________________________

Simple starting material
Atom economical methodology

Figure 7 Six-membered banzolactam synthesis.

AR DI S OWELIKE, C-H §5E67T X ) AR = AL TR D 7V — T2 K - Th
JIC SN TETEY, REBRXNV Y F 77 LG8E42—F7 Y M LEFELZHES
NTE. L BADROFRILTIZTRERNV Y 77 2 LOG 2 #HE L TW5 (Scheme
1leql). L2rL72A b, MUSITESEMEZAT5H BT I IReN TR Y, @M
FICHE T OEN D - T-. T D% 2011 I DD T N—T BRIV TARBERNV Y T 7 X

LAERROWENR I N, Gaunt H X, o0 IEEDT I VHEDO DVR = b a =R L »
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9~ AV K75 CiER L (Scheme 11 eq 2), *Granell & (3418 & O 5t Tl EIE R D J

FZWNERLEARAT THT2HE T 2 VOB VR = At &85 L7z (Scheme 11eq3). *

CO (1 atm), air
NHPr  pd(OAc), (5 mol %), Cu(OAc), (50 mol %)
s‘{H toluene

reflux o
64%

CO (1 atm), Pd(OAc), (10 mol %)

; O, (1 atm), benzoquinone (2 equiv) ipr
Pr NaOAc (6 equiv)
NHMPMP > NMPMP & (2)
Ly AcOH MPMP = D\
Me OMe

rt. o)
65%

coh?Me CO (1 atm), F_’d(OAc)z 5 r_nol %) Col\?eme
e benzoquinone (2 equiv)

> NH (3)
@,gl_i\i‘/“z AcOH : ;

reflux o]
88%

\

Scheme 11  Six-membered benzolactam synthesis via Pd-catalyzed C(sp?)—H aminocarbonylation.
X BT 2013 AFICIFERI L2 REIZH LT, =207 A—7RREEHIZ C-H &7 2/
ANVKREZNACIZ KD RERN Y T 7 2L (VXY T 72 0) OEREBELTND
(Scheme 12). ** Z D X Y ITHEDOREFI D% S E, C-H 7 VA=) bz LI=A

BNV T 7 % DEOERKIEDOBFEIIIE T D IR h OB LE DR S BEAD.

CO (1 atm)
Pd(MeCN),Cl, (10 mol %)
Cu(TFA), (1 equiv), TFA (1 equiv)
dioxane, 110 °C

N

RHN CO (1 atm)

Pd(OAc), (10 mol %), AgOAc (5 equiv)

ale Hee e (O~
o
H o
R=HorTs CO (1 atm)
Pd(OAc), (3 mol %), Cu(TFA), (1.5 equiv)
TFEtOH, 70 °C
85%

Scheme 12  Dibenzolactam synthesis via Pd-catalyzed C(sp?)—H aminocarbonylation.
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D DOE L FIET DHFFEME 2% C, FAIRIBIOENT Fu—FI2 kB C(sp?)-H
AT 2 IR = ALFGEICE T Lz (Figure 8). HNL, EAMMAHEELHETS 7 =%
FT I BITK L TEB B M, O —BRLRFBAET, AFBRM P25 LT,
T U FARIRIIZRS N C-H FE5A T 2 VR = /UL OEITIC & 5 BB D FEX
ERFTRETIX RV N E B R Tz, ZOMRFOATHIIEE LT, #ifiliiisa vz C-I fia~o
Ullmann 1> 70 v 712 L B4 2 R U ABEOHINHAE STz (Scheme 13). ¥ LasL,
C-H FATEMALZN LIZBNIFIE Lo l2 2 & D, = U F AR C-H AT 2
JANK=RIC LD, TxXRINARIFENG X FVRAKNEERN Y T 7 2 LOWEE L BEE L

LTCTHIERIZCEF LT, AT —< 2o\, B _ETEFOFEMEBRRLHZ L LT 5.

R’ R
S CO, [M], Chiral ligand T~Bn
NR
NHR
H

(o}

Figure 8 This work.

Cul (10 mol %)
chiral ligand (20 mol %) I

|
COOEt Cs,CO5 (1.5 equiv)
‘ N|H ‘ dioxane O %
1 rt, 10h N COOEt

H
91%
96% ee

J

chiral ligand

Scheme 13 Cu-catalyzed desymmetric intramolecular Ullmann Coupling.

16



B—E
B TR E T RB-IRRHE BTERR G

F—H RARET I FEEEZRAW: C(sp’)-H M OB 2 N AEHRS

AR DVEEWHOH &, C(sp’)-H FEEIL T 7k ALERISOS D FIIBF O LT & LT,
tert-butyl acetate (1a) & benzophenone (2a) Z IR L7-. la O F VR =)L H o KFED pKa 1%
DMSO # 303 TH Y, ® 2N E CHREIC T T v b AUERMIRIGZHEF L TN D E
DEBI bWBEENBENRENREETHL. A0d 7 vk & LTI,
tetramethylammonium fluoride (TMAF) @ ffi, 1991 4FIZ KA Y D7 T A4 T )V 7 K¥FED

Schwesinger & D 7 /L—71Z X o> TR E I 7z PSF 2R L7 (Figure 9).

+
~NT
n—pNC
Me N\ { /[
M [1]+M 3 \ 'ﬂ rﬂ 'Tl / -
e—N~WMe F N—P=N—P—N=P—N F
Me / N N N \
<7 I ™
TMAF —N—P—N—
/ | AN
N
P5F

Figure 9 Bulky fluoride salts.

P5F [ZFIEHICEm WD Y v A —hF A 2FT5HZ & 25 & 35 phosphazenium
fluoride T® v, Swesinger HIXZ DAL (Scheme 14) K OMEHEE L CORAIZOWTHE L
TW% (Scheme 15). *“ Fxix PSF AHifEL LCTTxL, 7/ v 7 VHOIEMERIEE L
THEML, TOREREEPZDOKICORERSREBFF L. £, HnD7 I /v 7 U8
L N-(trimethylsilyl)dimethylamine (TMS—-NMe;) M O tris(trimethylsilyl)amine [(TMS)3;N] 7% &

WL, ZMBECTREATEY, W EHICATTRETH S,
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1) HN=P(NMe,); (9.3 equiv) \\\N ll‘ll N// KF (1.05 equiv) \ F;l T;l T;l//
PCls > N P=N_P_N=P_ -~ > N-P=N—P-N=P-N F~
2) NH,BF, aq NEENTRN=RN By ' T
N N N - N \~
/ N—PN— —N—P-N—
N=P-N /0 1ON
/N\ /N\

Scheme 14  Synthesis of P5F.

CgHq7

P5F (3 equiv)
_——
THF
25 °C, 30 min

99%

Scheme 15 Reaction using P5F as a base.

INLDT7 AR OT I v 7 2B abE THWS Z LT, RNEETDIT IR
WRIC LA 0 b AVERROG 2R T- (Table 1). 7 v {b#tE e LT 5mol % @ TMAF
Z, TI /T L T=4ED TMS-NMe, ZER L, la ® 2a ~OFINBIRE ATz &
A, PRENAMIMEDT L a— L Tldnl, @417 1 3aa & 75% I TH %27~
(entry 1). AREFMDITANTRAELZT I RERED 1la © a KFEORLT v FALziTW, A&
Clex /) 7= T =F U0 2a ~OFNMDO%, BKkS K L TREHRECTZbDOLEEX
HiLd. TMAF LSO 7 oAb oGt 21T -7 & 2 5 (entries 2-4), P5F Zi&R L7=856
FTEDA VT 4 % 91% LW ) mIRIZTHD Z LI LT (entry 4). 7 /270D
Uik HEIZE UL ZAIEN 76% IR T L (entry5), 77X /T % (TMS);N (24
W L7=E Z APNERIIENTIE T L7z (entry 6). $£7- PSF Ofifii&E % 2 mol % (T F 7=

GEIZBWTH RAFRIERICTHMINGE OGN D Z & bho 7o (entry 7).
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Table 1  Screening of the combinations of fluoride sources and aminosilanes.

Fluoride source (x mol %)

(o) (0] Aminosilane (y equiv) (o) Ph
+ >
H
‘BuOJ\/ Ph)LPh DMF ‘BuOJ\/\Ph
1a (1.2 equiv) rt., 24 h 3aa
2a

Entry Fluoride source (x mol %) Aminosilane (y equiv) Yield (%)@

1 TMAF (5) TMS-NMe, (3) 75
2 TBAF (10) TMS-NMe, (3) 78
3 CsF (10) TMS-NMe, (3) 52
4 P5F (5) TMS—-NMe, (3) 91
5 P5F (5) TMS-NMe, (2) 76
6 P5F (5) (TMS)3N (1.5) 88
7 P5F (2) TMS-NMe, (3) 84

Reactions were carried out on a 0.2 mmol scale.
4Determined by TH-NMR analysis using 1,1,2-trichloroethane as an internal standard.

P5F 5 mol %, TMS-NMe, =& & W I KEFMFDO S &, KEFHI THLN Y T =/ D
DEHRIEOHFE LD~ Btz {T-7- (Table2). & -t GEOBEBIETH S A b
UL A MUICAHTLEE 2b WS AE, BEHRERICTHNOA L7 0 3ab %
572 (entry 1). #HEWNT 4 (LIC7 v FRRFDEHR LIV 7 2 ) VFFHER 2¢ L OIS TIE
7702 TMS-NMe, & HW=356 BRO 3ac 13D 7% I E-7-. 2O, T
WEREERD E LT 2c TOT7 v RIFTO—2ORNVAF AT I/ FEICEBR I NI LAY %
47% DOILRTH TS, Zhix TMS-NMe, 7°5E U727 2 R (Me,N) 723, 1la Ofii 7
0 hALEITO KB LT, 2c ~D SyAr BIORISHEITLIZZ LICERT I LD EE
b5 (Scheme 16). Z DEIRISZIMA 5 ~<, LV @7 I N [(TMS),NT] % ARk AT
BE72 (TMS)N 27 2 /v LTHWEEZ A, BTEDOEAE, L TH#ITL 3ac &
60% DILRIZTHED Z LTk L= (entry 3). —J5, oo 7 THHHHRFR KO EHE
JRFZ2a45HEE 2d, 2e LORISTIE, BNRORIFISITEITETEFEOA L7 1 > 3ad,
3ae & EPRIZTH TS (entries 4 and 5). S HICATFEITE R EHET LY 7
=/ UHERICOEMAFRETH Y, 7 BT AT IVENEM LT EE 2f, 29 & ORUG
IZBNWTH BRIFRIGRICTHIY TH 5 3af, 3ag %5 272 (entries 6 and 7).
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Table 2 Addition to benzophenone derivertives.

P5F (5 mol %)
(0] o] Aminosilane (x equiv) O Ar

‘BuOJ\/H ' Ar)J\Ar DMF > ‘BUOMAr
1a (1.2 equiv) rt., 24h 3
2
Entry Ar Aminosilane (y equiv) 3 Yield (%)?
1 (4-OMe)CgH, (2b) TMS-NMe, (3) 3ab 72
2 (4-F)CgH,4 (2¢) TMS-NMe, (3) 3ac 7
3 (4-F)CgH,4 (2¢) (TMS)3N (1.5) 3ac 60
4 (4-CI)CgH4 (2d) TMS-NMe, (3) 3ad 72
5 (4-Br)CgH, (2e) TMS-NMe, (3) 3ae 82
6 (4-CN)CgH4 (2f) TMS-NMe, (3) 3af 80
7 (4-COOELt)CgH,4 (29) TMS-NMe, (3) 3ag 63

aDetermined by 'H-NMR analysis using 1,1,2-trichloroethane as an internal standard.

o
i
+ - F F_
P5 MezN Lol
SNAr reaction
F NMe,

47%

Scheme 16 Undesired SyAr reaction.

VT la L7 VT b REEDORISOMFT %217 -7 (Table3). la & benzaldehyde (2h) &
DISIZBIFICHEIT L, E KOS RMEDO AL 7 2 3ah & 76% ([ZTEHTW5 (entry 1).
HHE GV E A L7 4-methoxybenzaldehyde (2i) & DS WT S, ARG HEST
L 3ai #4572 (entry2). F£7= 4 fLICATFNEL, BRIERFEHTLHHEE 2j, 2k TIE, HREE
DWHIZTIRLDOA V7 1 3aj, 3ak #1372 (entries 3 and 4). L2>L720 HE K5 [MEE
DEHL 7= 4-cyanobenzaldehyde (21) & DS TIE, iR TIIa< B O LD R S L7
Mofe. £ZT 60 °CICHFRLIZEZA 25% LW OIRINETIEH-7-bDD, BHEYO 3al
L Z LI LTz (entry 5). AEOEZRLIRRM 2 HIEL 100 °C £ THIEI Y

EZANEMETL, TI /T 0% (TMSKN ICEE L7z & ZAFTLOKISIT A EITL
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72772, F7z 4-nitrobenzaldehyde (2m) % FEE & L THWHEEIX, FEROEEMRF 217 -
IO LT HIIY 3am 21551213 5780 -7 (entry 6).

Table 3 Addition to benzaldehyde derivatives.

P5F (5 mol %)

o o TMS-NMe; (3 equiv) o (0]
‘BuOJ\/H i Ar)LH DMF - ‘Buo)j\/\Ar
1a (1.2 equiv) Temp., 24 h 3
2
Entry Ar Temp. 3 Yield (%)?

1 CgHs (2h) r.t. 3ah 76
2 (4-MeO)CgH, (2i) r.t. 3ai 72
3 (4-Me)CgH,4 (2) r.t. 3aj 47
4 (4-Br)CgH4 (2k) r.t. 3ak 57
5 (4-CN)CgH4 (21) 60 °C 3al 25
6 (4-NO,)CgH4 (2m) 60 °C 3am 0

Jsolated yields.

I BT, la DA ORERNCBIT HIARTIEOEH % LD X Matz1T> 7= (Table 4). la
(pKa = 30.3) & bhile L CERMEE DR\ o /KFEEATT 5 acetonitrile (1b, pKa =313 %) & 2a
DFIGTIE, |ESFMETICBOTHIEFICEWIRTHROAMINA 3ba 25 2 7= (entry 1).
N,N-diethylacetamide (3c, pKa = 35 ) Z#&/HE L L CRIRLEZHA, 7/ V7 12 (TMS):N
WD Z & TEIRICT 56% OIETHMOA L7 1 3ca #1372, EHIT 80°C £ TH-
B2 &L CICRITSGE L, BARIERICZT 3ca # T\ 5 (entry 2). e CIHERuEAKTE
JRFZ2H T HEEORT v b AUERIS DORETZ21T > 72 (entries 3-5). 7 7 ¥ MG A AT
% N-methylpyrrolidone (1d) Ti%, 60°C ~OFHBAEETHHLODO B E V) L= —T LK
3da & LT/~ (entry3). L2>L72A%5, benzyl cyanide (le, pKa=21.9) %4 [ald R
L7l Z2h, ZOBHEOE SICHED L TREHEIUCHE £ > TWD (entry 4). & 512 la (2
—IRFEANSNTZT AT L TH S tert-butyl propionate (1f) & OFUGTIER T AEHE(L L, ¥
T I H#EAIT Lie o7z (entry 5). 2O X 512, FERMGOKER T %A T 5 B
BAEMAWEERIZ, ZOBRMEEICED LTI T v b AVBMISAEIT LW E W SR L 72

7.
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Table 4 Application to other nucleophiles.

P5F (5 mol %)
0 Aminosilane (x equiv)
EWG-CH,-H + )j\ : Product
1 Ph” “Ph DMF 3
(1.2 equiv) Temp., 24 h
2a
Entry EWG-CH,-H 1 pKa (in DMSO) Aminosilane (x equiv) Temp. Products 3 Yield (%)?
1 N\\\/H 1b 31.3 TMS-NMe, (3) N L 94
. —NMe r.t. A 3ba

2 \)\Ph

o O Ph
2 H 1c 35 (TMS)3N (1.5) 80 °C 3ca 69

EtzNJ\/ EtzN/U\/\Ph
Ph
o . Q Ph
3 1d . ° 47
_ é/ (TMS);N (1.5) 60 °C ~Né)<OTMS 3da
N~ H
4 = 1e 21.9 TMS-NMe, (3) rt. not obtained 0
Ph
o

H 1f TMS-NMe, (3) rt. not obtained 0
BuO

3|solated yields.

EEHAEIE TH 2 RGBT OB 7 1 b ACERBIS T Lo o 2 & 2% T

ZOFRRELT, 1) e s ORISR H 2 D0, 2) 7 v b ARIZETT 5 03RkE
FFN~OAMOBIRICRIEN H 5 DOV TH ST, BAEILEREZIT- -
(Scheme 17). RAH & L CIZHAH O A L, KV B O &Yy NN-diethylacetamide &
N,N-diethylpropionamide % 4R L7-. ZEER#R{EL L TiX, 100 mol % @ CsF & 15 M &D
(TMS);N ZFHWTHRNIEAET 57 I RERIC KV REOB 7 7 b oAbx T 7%, BHAKTY
TUFFTHIEICIVEKRBEMEEDL L 2T, b LABETOAF L LIKFEOR T 1 F
AMe i EAIZE D D ALBET UL, 'H NMR IZTEHR EO=F L & g U CTxrbits
T2 7T NOMEDRYBIEESH, BT e b Abo@BRIIRE R O AT S 2 &R
T %. N,N-diethylacetamide Z M\ \7=3561%, 7 FEEICL D207 2 b AL EITL, a /K
N DALENTALEMO LR E D (L 64% (2 THEZR L TV 5 (Scheme 17 top).
N,N-diethylpropionamide D#aHZB W Tix, D k& zAEEmiIe< RondEo e —r
DHFEREND LWV ) FEFRTH -7 (Scheme 17 bottom). LLE S, FERMED o KFEEET
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HIBICEBEWTIHRM OB 7 1 N ALOBENEIT L TWRWZ ERALNE o7, If @
UF sz /) T— MEIZK LT, benzophenone Z A& ETWAHFIIFETDHZ &N

(Scheme 18), @ & DEORL T v R ALOWBEIHEITT S K O ISR OBREE TS

WERDHDLENRD.
1) CsF (100 mol %), (TMS)3N (1.5 equiv)
j\/ 2) D,0 o o
H
Et,N DMF EtzNJ\/D
rt,25h 64%
o 1) CsF (100 mol %), (TMS)3N (1.5 equiv) o

H 2)D,0 - H
Et,N DMF Et,N
rt,25h

100%

Scheme 17 Deuteration experiments.

OLi o O OH
t + t
Buo)ﬁ Ph)LPh THF BuO Y

-78°C, 24 h
' 68%

Scheme 18 Reaction of lithium enolate with benzophenone.
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BE RNBET I FEREICLIHHT T I VEEBIEDORRE

Fram T 7 L 918, REBEFAIE LTHRALLT =Y FEERTEZLICkb=F I 4HD
B ERRT-. 7 ok e L THEMTH -7 PSF IZBBREN G Tl 5 L OO &M TH
O, ETAMRROBEMS, BEMEEICENRH L Z 0D, KV EMMOEWFELRRET
~<, PSFICED D K0 Ll TR T W T AR O v 3k v RE W EZ1T O
L L7z, WG ORRE L LT 1la KT N-methylformanilide (4a) #i#iR L, la @ 4a ~
OfFIMERE S BAKIZE Y = ) = A7 /L 5aa OERKE#RE L7z (Table 5). FFIEM/LA]
IFAERMETICBN T, WARDUGBEITETHEEEIR TH 722 L 2R L TND
(entry 1). He\ T, ZFIHOMMBLED 7 SALMIE K X7 V2% K (TMAF, CsF, EtOK) (2
XLUTCFEOT 2 /v T 2 [TMS-NMe,, (TMS);N] % Il Uik 7 il &bt & did L7z
(entries 2-7). FH—HiDOMFT P5F L [REEICA 727 vk Ch -7 TMAF Z &R L7
A1, 2O baa OAERITA OGN0, Zh & FEEREOIERICTERE R
N-methylaniline (A) OEIZEZRER L T2 (entries 2 and 3). 7 v bWIEIC X 0 Zi CATRS
72 CsF @R L72GE1E, 7 /7L LT TMS-NMe, Z AW 5 L EIX L7 KR TiE &
N EBEIT LR Do 72 b DD (entry 4), (TMS)sN & W 725AI3IRITE L, 54% (ZC 5aa
DL LB, FFHC 24% DOIWERT A OARNR Sz (entry 5). 7 v bWtk & [FIEEIC,

A FIFRAIEMALREZ AT D2 Mo TNWD T axy REHWZREHZE W T, 5aa
DEMITEMEICHED A RNTELLTEHEOLNDHER LS (entries6and 7). £7=, CsF D

filfi g2 20 mol % (THIP L7 & 24, ICRITHES L 73% (2T 5aa 157 (entry 8).
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Table 5 Screening of the combination of catalyst and aminosilane.

o Activator (x mol %)

(o)
(0] Aminosilane (y equiv) NHMe
S WP — guo PP+ ©/
BuO | DMF |
1a Me rt, 24 h Me
(1.4 equiv) o 5aa A
4a
Entry Activator (x mol %) Aminosilane (y equiv) Yield (%)?
Saa A
1 - (TMS)3N (2) 0 0
2 TMAF (10) TMS—-NMe, (3) 39 46
3 TMAF (10) (TMS)3N (2) 41 37
4 CsF (10) TMS-NMe, (3) 4 1
S CsF (10) (TMS)3N (2) 54 24
6 EtOK (10) TMS-NMe, (3) trace 37
7 EtOK (10) (TMS)3N (2) trace 27
8 CsF (20) (TMS);N (2) 73 28

Reactions were carried out on a 0.2 mmol scale.
4Determined by "H-NMR analysis using 1,1,2-trichloroethane as an internal standard.

Saa DIRUE LY A OERINEIZ 85 L, RO RMMRE L L TREOBE LT 72
(Table 6). ZD#EHE, DMF LIAMZ Y DMSO # HWHA128W\W T 5aa #1565 2 Lo
DhrolebO?, IHEIX DMF XVIRT L7z, £ d 6w Bk i OFEmMEREE T2k
WTIE, FRREIREND DA TH 7.

Table 6 Screening of solvents.

CsF (20 mol %)

o o
(o) (TMS)3N (2 equiv) NHMe

JI\/H + JJ\ .Ph > s ol )J\/\ -Ph 4
f H N BuO N
BuO I\Ille solvent I\IIIe

rt,24h
1a (1.4 equiv) 5aa A
4a

solvent | DMF DMSO CH,CI,, THF, dioxane, toluene, DME, DCE, DMI
yield (%)??| 73 (28) 49 (24) 0 (0)

4Determined by "H-NMR analysis using 1,1,2-trichloroethane as an internal standard.
byield of A in parentheses.

ARIZEITDH DMF BWIEOHFRE L TRO X H b ORE 2 HiL5H. 1998 4F Roques © i,

fluoroform & ¥ Z MW= DMF FTORBH R Y 7 v o A F b REL 05, Y %
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DT Roques B3 DMF [ZHUCIEBE L L COREIZT TR, RLER N 7dn
AFNT =F v OREZEFE LT D AERIEICOWTIRARTE Y, EBEIZZN D ORI
KEGDZ EIZEI L TW% (Scheme 19 top). Z D#REEZ 11T, ARIZBWTHEL 7 b
MKV AECTZANRT =F RO ZEIZT L L, Hi< KEFH~DOFINSE % H
TZETSE2ENH D H O LHEEL XD (Scheme 19 bottom). 47[A], DMSO AESLIZ B

THRICHEITL TS Z L, DMF IZHU L2 ZEBIRIZCE D SO TIERWINEERD

no.
DMF, Base, —10 OC‘ oM AcOH OH
H-CF; ~ A - A
< F3C” | NMe, F3C™ |, NMe,
double function
solvent
stabilizing agent for the trifluoromethyl anion
(o)
M .pn
H N
DMF, Amide base |
- Me -
(0] > O O > O O
- - _Ph
‘BuOJ\/H < 'BuOJ\/tNMez < 'BuOJ\)\r;l
Me

stabilized intermediate by DMF

Scheme 19 Effect of DMF.

ZZETORFHNIBNT, METERVED A OAERPHR I, 2 2 TREAERDIT
EID WV o TR TAE U TV D DT HOWTHRGEATT o 72 (Scheme 20). F8IE S 41 % A2 plikb g &
LTI, 1) £ baa WARSKMHICTHR L TEL D AMREME S, 2) B 4a BAARSLMHIZ T
fig L CTAEC D REMENZET 6N 5. BiE OREEOKEED 72O, EF/ERM THL 5aa (2
% LT CsF & (TMS);N Z{EF X7= (Scheme 20 top). F&HAYIZIX 5aa 2% 100% [A]IX X7,
A DERITIR OGN ToZ LG, ERBOSROREEITIGESND. —T, O
fRD FIREME A D D X<, da Tk L THREERDOEAEZ 1T - 7= (Scheme 20 bottom). & D
R, da OENUIERE LER ST, A 3K 60% (I TH LD Z ERnbhroTo. Lk

DZEMND, AL da ODHRIZ L > TER LTS Z ERREBEEINS.
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(o] CsF (20 mol %) fo)

|V S) |\| (2 eqUIV) N
tB o , h ( 3 PI
)J\/\N tBuo)J\/\N’ +

Me DMF te
5aa rt,24h 5aa A
100% 0%
(o] CsF (20 mol %) fo)
(TMS)3N (2 equiv) NHMe
HJ\';‘,Ph > HJ\N,Ph . ©/
Me DMF e
4a rt, 24 h 4a A
5% 59%
Scheme 20 Investigations of byproduct generation.
Z 2 CARRIRISOEIT AN 2 HMat 21T - 72 (Table7). Bl%, 1) RKEFHITHS 4a %

REANDLOTRLS, RKEFTHL la ZzBRIENNDZ L, 2) da ZREITDETOWT
LBNOIMA S Z DT maeRE Lc., TOR/E, A OIERITEEE T2 2 &Mnbhro
7o, BETOREE la O EIT 1.6 YERRDEELL, TN EYEZET EIROKT
R S 7= (entries 1-3). #HiWCTHRUGIEEICOWT bRt 217728 25, 40°C O&MET
TITEN L E L, 76% OHBFEHNEICT 5aa B L (entry4). LrL72eA 5, 60°C %
THIE LB AE, 5aa OIERMETFTL A OERNEZ DHER L 72 -7 (entry 5). %I
bWt % TMAF ICAEE LIS ONTeEERIIIf L e 24, ITEORGITE T
BIAERDNE LN D DI TH-T- (entry6). ZDZ Ehn, K7atvR|ZKIF5 CF OFH
PR Z DGR & o7z,
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Table 7 Optimizations to prevent side-reaction.

CsF (20 mol %)

(0] JJ\ Ph (TMS)3N (2 equiv) 0 _ Ph NHMe
. R T ' > 1Buo Nt
BuO | DMF I\Ille

Me

(x e1qauiv) - 4a - Temp., 24 h 5aa A
(dropwise addition)
Entry ‘Butyl acetate (x equiv) Temp. Yield (%)%
Saa A
1 1.6 r.t. 76 (74) 6
2 r.t. 59 5
3 r.t. 38 2
4 1.6 40 °C 79 (76) 10
5 1.6 60 °C 56 14
6° 1.6 40 °C 0 42

aDetermined by "H-NMR analysis using 1,1,2-trichloroethane as an internal standard.
bisolated yields in parentheses. “TMAF was applied instead of CsF.

BN THRORBTCR LR 2 b &1, RERFTE LT N-AFARLVAT =Y R
D5 ER EOEBIEN RIS KT T B4 L7z (Table 8). EFHt5MEOEMLTH D
ARFUH, DAFAT I N 4 (LICEBR L TODIEE 4b, 4c ZHVWEBATIE, Th
ZI 81%, 74% & RAFRICRIC TN 2= I /) = A7 L Th% 5ab, bac #1525 Z &I
BE LT % (entries 1 and 2). He\ VT A FAKOBEENEIZ L HEEL L7201, ATV
Ba_BURE 407, 307, 2 fLICAT25HE 4d, de, 4f &AW THRERD SAFITAT LTz,
4d KON de TIXHMBICEUGHHEST L HAU®) 5ad, 5ae % @&INERICTH TV 5 (entries 3 and 4).
LINPLBRRERCBUERE 2 MU ATFVENEBR L. 4f ZHWTZSEE TR, BRET DK
JRITELSHEIT LW E WO R TH -7 (entry 5). -3 URFFNEENIHEITBNT
X, HEBRO 4 (LICEHRL TV D 4g THEEOIGEIZTHINY 5ag 41 T2 H 00,
RIER CTH D N-2FNT = U DA RFRE QIR ThER S iz (entry 6). —J7 2
fLICEH LTS 4h Tl BRWRE LN Z LR REOBANL I ERMESE L N-A T
NT =) UV ERKIGDFEEE 525 DR Tho7= (entry 7). F7-RBIBR 26T 5HE 4,
4 IZBWTHRBROMEE A R S, 4 ALE 2 (LOBEBRAEIC X D OGO AT 72 20358

Hi7z (entries8and 9). Z Z E TOMFHIBWT N-AFILENLLT =V REOR Y U8 B

28



2 NEDONEICEIRIL 2 AT 5 EIZB O T O SUSTETE T, IEE OBV I b3k
TT50HThHotz. ZOFRRDOVE D E LTRISSEDPSAICIRMEL TH Y, KEEHIOK
IS ~OEEDRRECH -T2 EREZX LN, T2 T a7 U fE D SR RO/
SNT v RIFFRHEERD 2 ALCEBR UIZEE 4k CIERRLIOSMEEIIFFTE 5D TIX
ERGAATED, PTEORIGTEIT Lo 72 (entry 10). F7-EFRkelEEThHr o7 /.
Z A (LIZEFOREE 4 T, HMox=F I ) = A7)0 Sal [ TEICGRICEE Y, RIMGTH D
iR v AL B ISR S 4v72 (entry 11).

Table 8 Addition to N-methylformanilides.

CsF (20 mol %)

o) . o)
(o) (TMS)3N (2 equiv)
M n * HJLN'Ar > ‘Bqu\/\N’Ar
BuO ) DMF )
(1.6 equiv) Me 40°C, 24 h Me
1a 4 5

(dropwise addition)

Entry Ar 5 Yield (%)? Entry Ar 5 Yield (%)@
1 (4-MeO)CgH, (4b) 5ab 81 7 (2-)CgH, (4h)  5ah 0
2 (4-Me,N)CgH, (4c) 5ac 74 8  (4-Br)CqH, (4i) 5ai 47
3 (4-Me)CgH, (4d)  5ad 82 9  (2-Br)CgH, (4i) 5aj 0
4 (3-Me)CgH, (4e)  5ae 84 10  (2-F)CgH, (4k)  5ak
5 (2-Me)CgH, (4f)  5af 0 11 (4-CN)CgH, (4) 5al 7b
6 (4-1)CgH, (49)  5ag 44

alsolated yields. °Determined by "H-NMR analysis using 1,1,2-trichloroethane as an internal standard.

ZITRIERTHD N-AF AT =V HIZONWTEERETTH Z L L Lic. e EHnE
DHD H BARIEEIZHOWT, BB (B), N-AF LT =U 3 (A) KOJFEE (4) ORIz
WTCE L7z (Table 9). fAildd &y, Bt EEMREL B UR E 4 (ICET 5K
B (4-OMe, 4-Me), FTEDISITMIBICEITL 80% LU EOEINR TR G272, %
DOERRIERITIZE A E RN TR ORF MR T, —F, EFRoIEEL AT o5
BTl (4-CN), TDOKERGIM N-ATF )T =V ANIEBI T\, EERED 4 (1L 2
NDOBEBNLENC K DRUGTE~DOFETIE, 4 (NICERLEZHT LG TIE 4-Me, 4-1), BHY
MEH2T-b00, ZREIEIRRIIC 2 fLOBEAEIEL (2-Me, 2-1), BEIWIZS %23 EICHEH
SN DIIRBICDIEEFTH - 7z
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Table 9 Yields of desired product and byproduct.

o CsF (20 mol %) o
o R (TMS);N (2 equiv) @ R
L . I . .
'BuOJ\/ H™ N DMF BuO N MeHN

Me 40°C, 24 h Me A

(dropwise addition)

R Yield (%)?

5 A 4

4-OMe 81° trace 24
4-CN 7 74 trace

4-Me 82> 3 10

2-Me 0 trace 58
4-| 44> 26  trace

2 0 14 38

@Determined by 'H-NMR analysis using 1,1,2-
trichloroethane as an internal standard. 2Isolated
yields.

ZNHDRERMNE, CsF & (TMS)N OfEAA DI L VLN LRNIEET I REED
NUBUERE 4 MOEBEDRICEDRISVEDENICONT, RO ENRHLETE D
(Scheme 21). N- 2 F/LA VAT =Y ROFEFER F 4 (fICE HEGHEERER L WO 2551,
HANVR=NVIRFEORBFUENBEFHEGICL VLT RN TFHIR, 73 FEEIX
tert-butyl acetate DL~ 1 F AMKICEIMEATS. ZHhICEV = ) F— T =F 0 PAETLDH T
ETHIDT N-AFILARNLLT =V RADOREBHENEE, TEORISHETT2 2L 805
(Scheme 21 top). — HETREIMEREN L EFER L 4 (ICEW L CTODEE81E, WA R= VRS
DETHEEOBNC L HRKEFEOEMNBZ 2 HND. ZHUTk Y, 73 FEEIC X 2R
FlOB 77 F ALKV REFH~OEMBEREND Z L LY, =/ F7— T =4 P
592 2 L2 S RBAHIOBLA N I NI LD BIERERT 5 2 ENERFER L PHASH
% (Scheme 21 bottom). 7 X RHHE [(TMS),N] OB/ LT =V RO B IVR =)V RFE~DREE
MO AREMEIZ DV T, 1997 42 Finn 573 NaHMDS DX X7 LT b REA~O R
BIZED a7 T Aady REOAREZHRE L T2 (Scheme 22). © Ziud 7 I R
PHFEL LTTRIREAIE LTH@<FIThY, SEIORNBAEROT I R & HL L

T=U FORIZEBNWTHEZVELIERTHD.
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CsF + (TMS)3N

o EDG
HJLNJi ] l .
©
/©/EDG Me ® ) ‘BuO)J\/® 0 c3®
e R Cs N(TMS), 3> /&
MeHN deformylation deprotonation tBUO

CsF + (TMS);N

EWG
8™ |
(@)
H™'N
H 0 o

/©/ - Me ® © tBuO)J\/ O cCs

< Cs N(TMS)y | -sesrmmamemememanne- > /&

MeHN deformylation deprotonation tBuO

Scheme 21 Reactivity of amide bases with EDG and EWG-substituted electrophiles.

o} ONa

NaHMDS
H > N(TMS),
THF
R R

R =H, Me, Br

Scheme 22 (TMS),N" acts as a nucleophile.

FEWNT, NUBUVERE 4 (L 2 NEOBHAEIC KD SOSPEDENT OV TRGEET 5 <<
REFIFEAFET TONMRERZ1T -7~ (Table 10). ZOFER LV, 1) BEEALEICEGRRL T
I NERICE ARV LT =Y NEOGRICHETT 52 L, 2) ¥FiC 2 fLicEREZ A3
BHLODHNEY FRNEEZETHH ZENb-oTz. L LA biilae LT, EERH
IZBW TRV B VB E 2 MICEBREZ AT RV AT =0 REIE, SRR LY IRFEREE
F D RKEFENA~DOELE N NEE T > 72720 BRI G bR o T2 & ML AL T\
HLOD, SEOSRERIZEIYD (TMS),N (b L < ITOREERE) 12X 500N ET Lz s Wn
) ENFTHND. AU KV REKBEDBEDOSARIEIC L > THRMPE LIRS T
EVIOHEINIEESND Z L Lrodz. 2 fiLd 4 N ORRO ST OB Z B E 2 i
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ZEZONDHEKE LT, AL T =V FOEERZENOFEDENNRETOND. 4 (LICHE
WA TR0 L7 =Y ML, VPREEEELIRD Z IR REMPEFHTEL L0
D, 2 MAZEBEZFF OO TIIANL LT I NN EB R B 2 (OE#EE L D5+
TOMKENECLTWD ZENRTRIN, MEBKRIR LA TWDbDEHESND. £
DI OYm M EL LD DR VRETH Y, ELZELOFEN 4 OO LD /M
WhoEEbihd., LR TRUEBUVERE 2 (LICERKEEZ AT 55O TIE, REFHHAO
FOSHED @ SR T2 (TMS)N IZ XD REHEDOHEITIZL 5T, 4 fiobD LKL T
DN EVBHFICREE 2D EEZEZTND

Table 10 Decomposition study.

o CsF (20 mol %)
JL @ R (TMS)3N (2 equiv) ~ @ R
H™ °N MeHN

\ DMF
Me 40°C, 24 h A
4
R Yield (%)@
A 4
4-Me 17 81
2-Me 14 15
4-] 0 quant
2-1 30 39

aDetermined by '"H-NMR analysis using
1,1,2-trichloroethane as an internal
standard.

FEDORFHI TR LT B SME 2 VT, la DSOREHR & da 1Tk 2 =F I EHOGK
Z{T-7- (Scheme 23). la & i L TR DR a KFEZAT S methyl phenyl sulfone
(1g, pKa = 29%) & da OSITMIBICETL, HHO=F I 5ga % 88% (2T
(entry 1). —J7, la LYV EEMEEOEY o KFEEFAT 5 acetonitrile (1b, pKa=31.3%), methyl
phenyl sulfoxide (1h, pKa =33"), N, N-diethylacetamide (1d, pKa=35%) & 4a DSt Tl
BT EDIETHIGITEIT LR o7, 2D OIERNG | KEOGDOEITIE pKa 12K & <K
FTHMRERD T Enbinote. FARBIORITHBVTY, tert-butyl propionate (1f) i8R
LIS a2 <155 Z LT Rino Tz,
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Scheme 23 Initial investigations for reactions of other nucleophiles.

* more acidic than 1a
CsF (20 mol %)

O H j\ (TMS);N (2 equiv) Q
Ph—S—/ + L N-Ph i I
a l DMF o] )
i Me 40°C, 24 h Me
(1.6 equiv) 4a ) 5ga
19 (pKa = 29) 88%
* less acidic than 1a « methylene C(sp®)-H
o) o 0
N H H
S H Ph—S—/ EtzNJ\/H ’BuOJ\(
1b (pKa = 31.3) 1h (pKa = 33) 1d (pKa = 35
59% 36% (p30% ) 0102

FRVERE DRV REZFI TO T X B A E T D 12D T2 e BaHcE F Lz, ek
(T N-AFARNVLT =) FOFHFERLE 4 (ALE - GEERENER L TV 2554, [l
FOG T 2 FE DA I AL Z BT LE DRSS RAFICHET T2 Z L3 bho T
(Table 8 entries 1 and 2). = Z CT3R& 1-%l% 4’-methoxy-N-methylformanilide (4b) (2285 LT
D) I ARDOI RS ES Hi5 L7- (Table 11). K&%#] & LT acetonitrile (1b) %33R L 723
&, FrEo=7F 2 bbb IG5 b OOIRIITRICK L THTORTAALNZ. £ 2
THRLBEOME, 7 vbiEad TMAF & L, BRI TICATZ LI k> TIED
ARSI T3% (2T bbb 24520 Z LICl L7z, 2B IO 1b & AW EEEARIETO
BEHZHBWT, CsF 2 HWBRIIFTE O NI R < EITETHREEN Th -7 2 & i L
TWS. LER> TEHROMFHIIBWTIL CsF/ DMF £ & TMAF / neat R0 DD
IZ T 2 Ak &7 A 7=. methyl phenyl sulfoxide (1h) (23 Tidmi S 2508 B b,
TMAF / neat §FIC TIEFIZHEWIE THBY Shb % 5z 7= (entries 3and 4). b pKa 723
L7 e AL HEEE X5 N N-diethylacetamide (1d) ZZNENDRMEITA LiZ5E
b, PEROBEERN S TMAF [ neat ZRHICT 57% &0 ) FREEDIERICT=F I v~

5eb #157- (entries 5 and 6).
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Table 11  Application to other nucleophiles.

o OMe Conditions
J\ /O/ (TMS)3N (2 equiv)
EWG-CHy-H + N\ Product

(x equiv) ! 50°C,24 h 5
1 Me
4b
Entry EWG-CH,-H 1 X (equiv) Conditions Products 5 Yield (%)?
1 3 CsF / DMF OMe 47
NS H b N\\\/\ /©/ 5bb
N N
2 19(0.2mL) TMAF / neat Me 73
OMe
3 1.6 CsF / DMF o /©/ 48
O H S F
Ph—a_/  1h Ph” \/\rﬂ 5hb
Me
4 1.6 TMAF / neat 93
OMe
5 o 5 CsF / DMF o /©/ 50
EtzNJ\/H 1e EtZNJ\/\t;l 5db
Me
6 5 TMAF / neat 57

lsolated yields.

MBI 22AFT Y UK T 5 RINMEIC DWW THRE 21T > 7 (Table 12).
2-methylpyridine (1i, pKa=34) Ofii~7 1 b AVEHSKIE OB O PRI T, ZhE TIC
RLIZEOREAILD b F I MEDBRETH L Z ERbhoTe. EDOOARKLED T
ARSI R SRR 2 B 5 L B2 N2 D, RETHIDO N-2F VAL LT
=V ML, A MR TEZFBRE 4 (LIZATS 4b o, IAFNALT I KR ORFRT
ZHTD 4c, 4i IZBALTHRETEITo70. SOICKINREIZOWTHLAIC L » TEHAES
5L TIRA EEZRRATND. ZOMEE 1l 0BT v b AVEERETIE, 4c ZH07
VAL TMAF Zi8iR9 5 2 & C, 100°C FTOFIREZE LT HDD, 29% &9 KIX
RN EMY) bic 2552 EIZREHILTWD (entry 1). BV VY EOBEBENEEZ R D7-
DI, B ROGIMEEOBRETHLIRFEIR 2 PUR FICATEE (1) 2Hwz e

ZA, db EORISIZBWT, 7 o{biElZ CsF AL 120 °C £ CHIEISEASZ LT,
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MEBEOL O L L CNEROB ERARO L 52% I THLOTF I 5b 2527
(entry 2). & 512 2-methylquinoline (1K) DJSIZIWNTIE, BBREEWZ LIZRBIR -2 H T
HARNLT =Y R 4 EORIE R BICHEE < EITL 5ki #1572 (entry 3).

Table 12 Application to methylpyridines.

R Fluoride source
N 5 JOL /©/ (TMS)3N (2 equiv)
| -
e P H + H” N »  Product

N ) DMF 5
(1.6 equiv) Me4 Temp., 24 h
1
Entry pyridines 1 R 4 "F"  Temp. Products Yield (%)

NMeZ
B
1 | 1i NMe, 4c TMAF 100°C (j\/\ /©/ 299
p
Jl\/ﬁ\/\ /©/0Me
° P ; b
/(j\/ OMe 4b CsF 120°C o A\ /,}l 5jb 52
Me
m/\ /©/Br
i F ° 5ki 292
C(j\/ 4 CsF 50°C NN N i
M

aDetermined by "H-NMR analysis using 1,1,2-trichloroethane as an internal standard. ?Isolated yields.
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B MRS

RIGHEEZBET 5125720, ETRIGRPICAECTEWEOREZRATC. RIS G
L LTH DMF Z&ERL, 7= FEELETICIGK THDO 'H NMR 2 IET 52 & T
it R ICHFET D66 W O MR %217 » 7= (Figure 10). tert-butyl acetate (la) @
N-methylformanilide (4a) ~OBKFEAIZL Y =F I /) = A7)V (5a8) %45 DHZHEBNT,
Z® *HNMR 12X 5 &, 0.3 ppm LU T O @EBGEBIC G =ARD > 7 18I S vi- (Figure
10 bottom). 72BN LD E—Z IXEMEEOREIZ LY, 7 /T (TMS);N DA,

TMSOH, (TMS),0 Dt —27 dfkFy 7 ME L BWw—ZRx L7- (Figure 10 top).

(TMS);N (TMS),0
TMSOH

)

. . . — . .
z 2 I
S : -

Figure 10 'H NMR spectra comparison between the reference (top) and the reaction mixture (bottom).
INOOEREHE X729 2T la L 4a 75 5aa B4 U D USHEZ RO X 9 ICHEE
L7 (Figure11). £7" CsF & (TMS)N DOfAG ORI L W ZNFHAET LT I NEED, la
D o KFEOF|EEEEITNT ) T —bT =40 | BAERT D, RIT T 2 4a ~REEBCEES
L2 ETHIME 1T AT D, FERLE 4 MLSEAFRGMEEN B Lo KREFHZ VD
&, BEDOPARN I MEPIINEUE K 0B L2 ORERBIERM THD N-AF AT =V U
DERT D, AIE 1 S (TMS)N OfEM(EZ 352 LT, U r=—7/1 1l HEH
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N5 EEBICHENRAET I REEPHEINS. N XTI FEES LIFyeX T =4r
DOEEIZLY, E1lB BOMBEAZR TCENO=FI )= AT7 )V IV 2525, SOIZEIET
HvaF T A ATENAERD ELB BBECBE ST 2 Z &%, (TMS);N DiEMAKIZE G-
L ENHEEEND. ZOMBEY A 7 VITAREIOT T I ) 2 AT AEROHRIE BT, FiEilC
TR L7 PSF Z AW UGRICHEAFTEER SO TH D LB X HiLd. £ L TH A D i
WOMFEENZ DRI = AL LFFTHTOICBETHDL LN D.

® 0
CsF
(TMS),NH TMS-N(TMS),
and/or
TMSOH TMS-F (o]
R R
O OTMm ® O H
‘BuO N ‘BuO N amide base a
Me [©) Me
5aa (R = H) (TMS) N n deprotonation HN(TMS),
* o andlog, TMS-N(TMS),
TMSO TMSO

| ] o _x
/ o o /©/ ® Oe ®
TMS-N(TMS), \(TMS)ZO ‘Buo)J\/k e 'BUO& o

N
Me
Il

addition

I s BT

deformylation H™ N
(R = EWG) Me
4a (R=H)

Figure 11 Plausible reaction mechanism for formation of enamines and N-methylanilines as byproducts.
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B_E
B e RMEZ AW RE-RBEHE BTN

HE—f Pd filtEE AW U F AR C(sp’)-H AT I/ WL R=tk

TF U F AN C(sp?)-H FEET 2 7 Wik = b &It LIt b &% O I B bR 5E
OB ORE L LT, TR INRMEERTL27 =232 F LT I (6) IR L. Fio
&M% 2013 4EIC Chuang Hic k> TR ENE&MEE25E1C, YO KK o RETNT
5L DT U F AR TFNT S IR = b a2 LT, IR RAERNY
VT H N T OEREYFE L (Table 13). £ARF U 4> RIEMFEFICB W T, ArEo
7 DUERITIWIM LI RZ U0 LOfiEETH S5 10% BETH -7 (entry 1). £Z THix D
RFVH Y REFRMLIZE Z 5 (entries 2-5), (S)-BINOL %R L 7235428 WT, o U H
v REVEALZRRE R NGRSz (entry 5). UL S 38% LIERINERTHD Z L, KO
AFNEIZONWTIE 50 : 50 DT IR TH-72Z &b, ZhbotEL HIELER DK

FHZEF L.
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Table 13  Chiral ligand screening.

CO (1 atm)
Pd(OAc), (10 mol %)
Me Chiral ligand (20 mol %) Me
AgOAc (5 equiv) F~Bn
(O gl
y NH2 MeCN
6 80°C, 24 h 0
7
Entry Chiral ligand Yield (%)? erb
1 - 11 50:50
2 di-tert-butyl L-(+)-tartrate 17 -
3 Boc-Val-OH 14 -
4 Boc-Leu-OH (monohydrate) 10 -
5 (S)-BINOL 38 50:50
6 (S)-BINAP 6 -
7 (S)-tol-BINAP 4 -

Reactions were carried out on a 0.15 mmol scale.
@Determined by "H-NMR analysis using 1,1,2-trichloroethane as an internal standard.
bChiralcel OJ-H column, "hexane/PrOH = 96 : 4.

WROWBEDTZWD, L VFEMREIOMET 21T 72 (Table 14). &FIZ AgOAc LIS DR
ORI ALATE (entries 1-5). Z DOFER, HUH ORI L o> TR KR E R E L KX
TZEBHBNERY (10-61%), ZDOHFTH AgPO, ZIEIR L7 HE 1T b BAFRINRIC
7 NELNTZ (entry B). B2V H 2 ROftaE% 20 mol % 75 40 mol % [ZHICL7- &
A, WEROYGEN R G (entry 6). IZIC/XT VU AMlllEORRGFT21T->72 & Z 5 (entries
7-9), PA(OTf), # 5 Z & T 81% &I EICEICTHMMESRLND Z LRbhoT

(entry 8).
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Table 14 Reaction optimization.

CO (1 atm)
[Pd] (10 mol %)
Me (S)-BINOL (x mol %) Me
Oxidant (5 equiv) *~Bn
LT - L&
y NH2 MeCN
6 80°C, 24 h (o)
7
Entry [Pd] (S)-BINOL (x mol %)  Oxidant Yield (%)?
2 Pd(OAc), 20 AgOTf 51
3 Pd(OAc), 20 Ag,COs5 20
4 Pd(OAc), 20 Ag,SO, 10
5 Pd(OAC)2 20 AQ3PO4 61
6 Pd(OAc), 40 AgsPO, 71
7 Pd(TFA), 40 AgsPO, 67
8 Pd(OTf), 40 Ag;PO, 81
9 Pd|2 40 AQ3PO4 9

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

HEU OINERWE I TER SN2, Hi D TARFIEOWEL B L BINOL O/KEEHD
BRI EHIL 2 H T 5 BINOL B8R %E v TR SAFICfT L7z (Table 15). 7%
BINOL #HEMAIC DWW TIESCHRBEA O FE % FIVW D 2 & CREICAKFTRETH 5. > KK
BRI 7 FVEEE T 5 BINOL # HWa1E, IR F L7200 BEHO 7 73
4% IZTHROBIZ. LM LR, REMCRIZOWTIEIEERAONT, 72 IKORE
B 25D ERST. £, VT 2=VRAT 4 CEREASHZ BINOL 2fnize =
5, TEORINIRET LRV EWIFERThHo72. T2 ETORFHIBNT, 6 DT
W C-H 7 X INVHAR=MUIZ X o> TRUBRIGET 7 255 2 LIXTE b 00, AFIGE

IZOWTIE, BIEARFV T REER LB LI O0, ZOUEIZIZEL 2o 7.
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Table 15 Reaction using chiral BINOL.

CO (1 atm)
Pd(OTf), (10 mol %)
Me chiral ligand (40 mol %) Me
Ags3PO, (5 equiv) »~Bn
> NH
NH, MeCN
Hos 80 °C, 24 h o
7
chiral ligand
OH
OH
44%
e.r.=50.1:49.9 0%

AERWFERE 52 720072 2 LIZOWTERT HICHY, T RITHIRE BB IR
LD A T) =X LIZDOWTIRD K95 b D& WIFF L7z (Figure 11). —fixk#y725 W C-H &
BT X IINKR=AETIE, C-H FaTEMHEE ST XA 7 VUKD AT, £ D%
D—BALIRTE DIFA, BEITHIBEEIZ L > TRERNVY T 7 X L T MRELENDLZEDERD
N5, SEIORFHRIUCEENICE G T 28R, T XA 7 VHREOEKRTH 5.
Pd/(S)-BINOL DOEASMRICH L CHREDT I U NENITHZ L LD R, ZOlMikke LT
TSI KON TSN BEEEND. Zib D5 H, TS-II OFA BINOL MIgHD Ar K& LB
DU DNVHE L ONRI RSO N TSI, TSI SR L TE Y Rk Th D 2 L3 HE
EEIND. LN T HEREIND T XA 7 ko 5%, palladacycle | 23
LCAERL, TORVEREREZ LT EE/MENEITTHZ2 LT, 77407 6 HX T
72 (S)-7T DIHANERTHENS ZEZWFLIE. LLARD, SROKBEHIBWTIET &
SKRDIEEM DI Z G212, ZOFELHBRITIL TS & TS ICHEZENRD b
Mol ENREVWEEZLND. FATHIETH D C-l #55~D Ullmann 1~ 7V v 7%
I LTI BE 0BTk, “BINOL OMISHEHE & =3 0 RFFONIKKEDF 52 FERL T
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WhH7, C-H fEABERERLEZERN LIEARIORTIE, TANKERFEORIFEERD &

NG, ARRSIERBRNENGONT T EIERKDOIREME LT 7 25270 EFE26N5.
L7e o TRBBIOZERITIEL, SMEMREEL L2 0T WEEZ T A L, BERG
EATOMEN B D L Bbns.

' (o) H
’ —_— S——

4 PdN—, Pd fo)

Vot Hz Me HN B HN 1B
A Me Me

r

alladacycle | S)-7
TS P y (S)

<'Me - S
Pd o
H‘Nil,M HN—f,
Bn € Bn €
palladacycle Il (R)-7
TS-I
unfavorable

Figure 11 Plausible reaction mechanism for enantioselective C—H aminocarbonylation.
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B BT TRXFLT IO C(sp)-H BEEBIRMT I ) INR=1t

ATEi T Pd filliEZz AV 72 =) o FARIRA C(sp®)-H #EAT X/ IV AR = /L DREHT
BT, C-H #EEDOIEHALZ I LIZIERMENREECTH L Z ENE X b=, il
C-Br fiaiEMibic L2 IR TR AT, ZORETHENOMAEHEDLZ LN TET
(Scheme 24). 7X 7 N7eigEEEZ AT HY 707 =X F LT IV 6h ([T LT, RIGSEMEIC
Lo TEDORISHRAHIEITE, AR ZIEV 3T 2 2 EBNARETH L Z LR LMNITR T,
C-Br fE& A Pd filklfE~BR{LAOFIINT 5 2 & T C-Br fiGaR7 2/ R =/b &7z Tha
DAEREBE LSOO, RifiORFHI TR bNIREEMFICF Lz 25, BlRE T &
T C-H ®EaEnT I/ ani=baiiz Thb ZRBINMIGEOND T EnbroTc. 2O X
I FNDORIGHANEIZ C-Br fiaa A LR bbb, —M{LRFAFMAKT C-H #ia %
BIRIZT 2 7 VR =L LT B EIE . —F, —BLRFBEIRAZRRN T DT A
fiffft C-H $5A7 2 JALRISIZB W TIEL C-Br f5A 21 L2 F/ET 5. 522009 4 Yu
5iX, S TFADKISHANEIL C-Br AP ET D27 =X F AT I X LT C-H &
BT I MEICE T, A R VEPEONTZZ 23S LT D (Scheme 25).
FOSIE, ZAMORERNT YA 7 VHRIER T v B e G — B FREA oML > Te
BHLUAT &V D mER IRRE L 22 D 2 L v, C-Br fEA ~OBALRIAH N EITE9C-H
EAOIEMLICHET 2L THITT B2 0TS, 2O X D ITHEEY A 7 LR
PA(I)/PA(IV) (2L -> TH#EITT 5 & DX C-Br fEA ZRFFATRERBIN H 523, A EIEiETT )
DFRN—R(LIKFRFZFKT T E WO FRIETHLH720, AT V0 NMIESHIT 0 flirsT 2o A

BILINTLEI>IZENTFHREIND. 207D —WLRFEFRBERTITEB W TIX
PA(I)/PA(0) *** DHA 7 VE#ED Z L R—MANEI S TE Y, PAI)/PA(IV) 285 Z LI
EZOL S HERHAFTE LRV, LD > TARIOFE X Pd(11)/PA(0) Dttt 27 1 Cite
ITLTWDICHEDLLT, C-Br fiaBR7TEND E VI RAIBERR LD THD. £DT7HX¥)
DHLITERRLZ DD, ZOTRIOREZ L ERT 2~ H eI s F L.
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CO (1 atm) AN :
Pd(OAc); (10 mol %) COOEt :

BINAP (40 mol %) 5 OO
Et;N (1.5 equiv) ! PPh,
- N ; PPh,
Br s MeCN : O‘
COOEt 80 °C, 24 h (o] (o] '
. 0, 1]
7ha : 36% ' BINAP
p NH2 CO (1 atm)

6h Pd(OAC), (10 mol %) Br Br 5 OO
BINOL (40 mol %) COOEt 5 OH
\ Ag;PO,4 (5 equiv) ! OH
A Blee
MeCN :
80 °C, 24 h o :
7hb : 56% ] BINOL

Scheme 24 C-H vs C-Br aminocarbonylation.

Pd(OAc), (10 mol %)

Br Oxidant (2 equiv) Br
DMF (1.25 equiv
( ) \ TfCS9
NHTf DCE N oxidant: —( N
H 120°C, 72 h T —

72%

Scheme 25 Pd-catalyzed C—H selective amination.

C-H HEEIRMNT X/ VR =L OYIIRE ORE & LT, Lo T uigdEz a9
LTI /BOT7 2=V T T2V NDBEEARRR T B E T = X FLT I 6a AEIRLTZ. 6a
DGy TH C-H fEEGT I/ IVAR=bic kY, REBRXVY T 7 2 5 Ta OEREIFEL
FERFHIEF LI, OB, H—HToBRMNZBL TANTHL Z ERHR I TV K
JSFI R VA A2 S EIZ LT, RUEOREEIToT2. HIOICNRT I 0 AEORE 217> 72
(Table 16). filEIEIFESM: TICBWTIE, WR D EIG bIEIT L7R2 - 72 (entry 1). Hi T
iz DRT VT AMpEOKRET 21T -7 & Z A (entries 2-5), PA(TFA), ZHW=GAIZHBWT
hoo/3Z 20 AL beig U CTEAIERRD B, FTRORC Y 77 % 5 Ta % HEEIE 99%
EENERDOEEIRICE DN D Z 2300 (entry 3), ARKRMa i & siaftid7=. 2B
NIV LOMIEREE 5 mol % (T USRIV T O NEREDOINET 7a 2157

(entry 6).
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Table 16 Catalyst screening.

CO (1 atm)
[Pd] (x mol %) 5
Br COé')Me BINOL (40 mol %) r COEMe
t AgzPOy (5 equiv) t
>
(jiH NH, MeCN/ACOH (1:3) NH
6a 100°C, 24 h o
7a
Entry [Pd] (x mol %) Yield (%)% ?
1 - 0
2 Pd(OAc), (10) 78
3 Pd(TFA), (10) quant (99)
4 Pd(dba), (10) 70
5 Pd(P'Bus), (10) 80
6 Pd(TFA), (5) 75 (79)

Reactions were carried out on a 0.15 mmol scale.
@Determined by 'H-NMR analysis using 1,1,2-trichloroethane as an
internal standard. ®Isolated yield in parentheses.

HIOMRFHZITY T K& LT BINOL ##IRT 52 &8, MRS AT I ILR=
IALDHEITICB W THHATH 27208, C-H MEEEIRIIRT I VR = /A B W T H HE
TH DOV THERT 5L BINOL LIAAD U H v FaER LTRSS L7z (Table 17).
BN Y T RIEFAE T OREIZBWTIE 7a OILERMNMEDY 4% Th-o7= (entry 1). F£7-4th
DY T ROGE TIEBE RINEEOIK T2 R 541 (entries 2-5), BINOL & [F] U A — /8D
UJiv R T 5 Ditert-butyl L-(+)-tartrate 23R L725EICE N THIRIM LI RT VT LD
fE &Y 95 11% O 7a #5250 HTh-o7= (entry 3). F7= BINOL Ofiifit &% 20
mol % T 10 mol % (23 U725 &%, 7a OUERITINERREIZE HIATL Z & B 0T -

7= (entries 6 and 7).
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Table 17 Ligand screening.

CO (1 atm)
Pd(TFA), (10 mol %) Br

Br  cooMe Ligand (x mol %) cooMme
Et Ag3PO, (5 equiv) t
by NH2 MeCN/AcOH (1:3) NH

Y

6a 100 °C, 24 h o
7a
Entry Ligand (x mol %) Yield (%)?

0 BINOL (40) 99

1 -

2 BINAP (40) 0

3 Di-tert-butyl L-(+)-Tartrate (40) 11

4 IPreHCI (40)

5 Phenanthroline (40)

6 BINOL (20) 79

7 BINOL (10) 78

aDetermined by '"H-NMR analysis using 1,1,2-trichloroethane as an
internal standard.

FUVH PO —BRE LT, FHOTZF o FARRNEG C-H 72/ LR =bD
BEHZ B W TERGE A Th o7 BINOL FHEMARDNE M 23772 (Table 18). 723 Z Z Tl
MT2EEHE LT, EFRFEFORITOKFIRFITAFIVENEBR LT 6g BN L. 69 O
C-H FEAEIT X /) IVAR=IZ L Y 79 %2455 BOSIE, RENS TRk d 5 23 % OUE

57% LHREDOLDTH 122 &inh, FEOBRFHT TEMFEAD BINOL #FHELZ v
TEOHEFHET I & Lo, BRa @il 8 A S/ BINOL @&k @M Lz & =
% (entries 1-4), fEE LD BINOL & bl U CUCRIZFRIFREN D LAIKT T2 L0 R TH
272 (0%-56%). ED7=, SHOMFHIIBN LI E THlY MEH D BINOL % T

17952 & L LT
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Table 18 Application of BINOL derivatives.

CO (1 atm)
B Pd(TFA), (10 mol %) Br R
r CO“?Me Ligand (40 moll %) CO“?Me OO
€ AgsPO, (5 equiv) e OH
>
y NH: MeCN/ACOH (1:3) NH O O OH
69 100 °C, 24 h I ]

79
Entry R Yield (%)2?
0 H (BINOL) (57)
1 Me 42
2 MeO 56
3 Ph,P 0
4 Naphthyl 49

4Determined by TH-NMR analysis using 1,1,2-
trichloroethane as an internal standard.
bisolated yield in parentheses.

ATEI CORBLAIORFHTIB T, D 5 6 AgPO, ZBINT 5 2 & Ao a2 Hv %
FOVMERITHD Z BN bm-oTz. oDV T2 NERET & Rk, o & O 416 H <+
% Z & T AgPO, & DOEMEE i L7z (Table 19). BR{LAIFEIFAE T OSMICH Liz & 25,
HEY & T 2RI #EIT Lo 72 (entry 1). F7= AgsPO, LIS DERYE N OS5 il
FORFHZBWT Y, 7Ta OICRIIRE KT T 5 Z &b o7 (entries 2-5). T OGS
b C-H Fa@RIRKNT I ) IR =/H{bD#EITIZIX, U A FiZ BINOL, FEE{EANZ AgsPO,
EIRT 5 Z ENBEERERZE L TWDLZ ERboTc. £72 AgsPO, DY EE 5 Y E)N
H 3 YUBEICH LGS TD 91% LW 9 EIGRIZT 7a ML HDD (entry 6), = HIC

LT & ZAZNITHEVIERGIE T T D8R & 72> 72 (entries 7 and 8).
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Table 19 Oxidant screening.

CO (1 atm)
Pd(TFA), (10 mol %)

7T coome BINOL (40 mol %) Br coge
Et Oxidant (x equiv) t
' o
H NH; MeCN/AcOH (1:3) NH

6a 100 °C, 24 h o
7a
Entry Oxidant (x equiv) Yield (%)?

0 AgsPO, (5) 99
1 - 0
2 Cu(OAc), (5) 12
3 AgOAc (5) 35
4 Ag,COs (5) 41
5 Ag,SO, (5) 23
6 AgsPO, (3) 91
7 AgsPO, (2) 75
8 AgzPO, (1) 48

aDetermined by 'H-NMR analysis using 1,1,2-trichloroethane as an
internal standard.

IR ORFT 21T > 72 (Table 20). BB & EAL A A2 C-H #ATEMHEILO R TH
FAENDWEATIR L& 24 (entries 1-5), WTHOBREICB WV T LD 7a #1552 &
X TE72b DD, K MeCN & AcOH #HWea BRAFRICETHIM A/ LD Z &M
oo (entries4and 5). & 2 TIALD DRGSR A METL72& 25, MeCN & AcOH %
1:3 OREHICTHE LR EZ AW GE, MoBREEHOR &l L TRO M _E23FED

HAL7= (entries 0, 6 and 7).
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Table 20 Solvent screening.

CO (1 atm)
B Pd(TFA), (10 mol %)
r

cogMe BINOL (40 mol %) COOMe
t AgsPO, (5 equiv) Et
r
H NH, Solvent NH

100°C, 24 h

6a (0]
7a
Entry Solvent Yield (%)?

0 MeCN/AcOH (1:3) 99
1 DMSO 7
2 DMF 32
3 Toluene 41
4 MeCN 57
5 AcOH 88
6 MeCN/AcOH (1:1) 74
7 MeCN/AcOH (3:1) 66

aDetermined by "H-NMR analysis using 1,1,2-trichloroethane as an
internal standard.

2 ZETORPHNT & o THREGMHDRE Lz, HIOICARGEEHDBBEFORE L LT, &
D C-H AT I/ INA=RIZHE LT b D TH D 2 & &R T 57291, 2011 4
IR WTHREDH 72 A2 ASBIHAWZEETHD 6a ICHAIED Z EalA
(Scheme 26). %" Gaunt HIZk > THGEESNZEME P 2HEALZEZAHNO Ta 1355
T, FEEAEIR SN DR E NI FERTH -7= (Scheme 26 top). F 7= Granell Hi12k -~ T
RHENEEM © 2ZHACEBIZENE TS 7Ta 356N OORIERICE XV, £ 75 E
Tdh D 6a [XMENLTX7Z2h 7= (Scheme 26 bottom). 4 [a] [ U 7= 50k 2 V72 BR 1@
B Ta 2H(oN72 bbb, BIAELZBIRL2LA 32 R C-H Ma@RnR T
RIANR= AT EITSEL 2 LI L <, KEFEOFMMELZHER TEOME Lo T,

49



Gaunt, M. J. (2011)

CO (1 atm), O,
Pd(OAc), (10 mol %) Br
B cooMe BQ (2 equiv) cooMe / Br
& NaOAc (6 equiv) Et COOMe
>
y NH2 AcOH NH NH,
H
6a rt,24h 3
7a: 0% 6a: 45%
Granell, J. (2011)
CO (1 atm) Br
Br Pd(OAc); (5 mol %) COOMe / Br
GogMe BQ (2 equiv) 2 cooMe
'
y NH AcOH NH NH
120 °C, 24 h y NH:
6 ° 6a: 0%
7a:32% a: %

Scheme 26  Present vs precedent reaction condition.

N TH DRl R 2 W, FEEATGHAOMFHIE T L7 (Table 21). AFEIX
TERMEEHEAE AT HEEHC LA AEETH Y, C-Br FEAVEFE LT Th KON ¢ 20T
BRI TR, LA LBRRLEER EICT7 v RF 0 M VERE Vo EfRE AT
DB A RWIZBRE, RPOEMIC RO KIST 20y Z 7 25 7d KON Te (TRICE
LIZHIHR 2GRN E NI FERICEE o7z, FRERIATORITORER T EO
TFNEE AFNRICEF LESAE, WROBETHRR LN L OO FREDILRIC TR
7f & 79 BT, 2 TERETFORITO KB T OB OENT XD OSHEDER %2 /7.5
L, BB E AR U 21T o 72, ZORE 4 BIRBIRF 2 AT 2 EE TIIRRT o
VYT AN Th & 85% &) EIERIC TR, 3 Db DT (7i) IR 40%, 2 #%
DO HOTIE (7)) FEHEULCTH o722 &b, R OIRITO KRBT ORI DR E S
FOSHEDAR T 3580 bivle. & BICERIFFARITO R AJE Y DO SLAREY 72 IR HEE OE T
RO Z RO DR, R DTNXNEHEGT 2HEEE MO TRESRMFICA Lz, %
DFER, OKRBEDDIRNATFNEZHT LEETIE, a0 T 2725 7Tk DR
RIL 38% 2o bDD, BRFBDOL N FIVENERLIZIEETIE, AR 70 %
62% ([ZTH AT, ZOXHIT, TAXVHORBLENETEE, BHIPOIE S Z UiV

EFonzenbnolc. £z, TAa— AR ) VRRGEL TR ESNTMEZA T2 EE
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THMIEITo72. TOME TBS RSNz T Vv a— Va2 HT 50T, BrREDHETT
IZX Y B ERD Z X TERD o, RRBIEMOT Va— N iEEEET HE 6t &
WEBS, BB ET2{LEW Tt 135 oNT, T a— AL TH & BICERILAHEIT L AN

— MEEEGTLAEY T "S- (Scheme 27). LU TIPS KON TBDPS J&% A9
LEETIE, INbZERLZ LR, MnT DY T H N Tp, 19 & BAFRINERIZT
Bzl FEARFED, RERTFETTRUERETFZ2AT L0 THo THHEMARETH
D, C-Cl FanRFFSN Tr Z 89% (C TRz, A TR THFEORMNH 5 O
O, HERMEIZOAFEIHEATE, 7s 2B506020 ZERnbhrol.

Table 21  Substrate scope.

CO (1 atm)
Pd(TFA), (10 mol %)

X
X BINOL (40 mol %) R,
Ry R, AgzPOy, (5 equiv) o Rz
N NH
NH, MeCN/AcOH (1:3)
H 100°C, 24 h o

6 7
7" cooMe B coome 7'  coome 5°  caoor
Et 2 2 VA
O NH NH NH NH
o
O (o) 0o o R O o]
7b: 81% 7c : 64% 7d:R=F,29%  7f:R=Et, 64%

7e :R=0Me, 0% 79g:R=Me, 57%

COOEt

7hb 85% : 40% 0%
Br Br 0Si
R £t 7k:R=Me, 38% Et
71 :R = Et, 42%
NH 7m R = Pr, 52% NH
7n: R =Bu, 52% 7p : Si=TIPS, 61%
o) 70 : R = Pentyl, 60% o) 7q : Si=TBDPS, 79%
' coome o
B
NPr
NH
bo) o
7r : 89% 7s : 43%
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CO (1 atm) Br OH ( Br )

Br OH Pd(TFA), (10 mol %), AgzPO4 (5 equiv) Et
Et BINOL (40 mol %) Et .
NH, MeCN/ACOH (1:3) NH N~(
H 100 °C, 24 h o 5 o
6t
7t 7t
not detected | 24% y

Scheme 27  Aminocarbonylation of alcohol without protecting group.
KRFEPNTED WAL FA T2 Tla < £ OFAfE Z 72568 1230 T b il rTEED N~
LR, —LRFBEMA L LTHHNTWD Mo(CO)s & L=t a1T -7 (Scheme
28). T DR 6a 20D Ta ZFHUGH, PERITXEDO —BRILKAZ WSS X VIET L

72H DD, 68% DIRIZTHTEDISIEITT S Z E3bho Tz,

Mo(CO)g (2 equiv)
B Pd(TFA), (10 mol %)
r

cooMme BINOL (40 mol %) COQMe
t Ag3PO, (5 equiv) t
by NH2 MeCN/AcOH (1:3) NH
0,
6a 100 °C, 24 h S
7a
68%

(CO gas 99%)

Scheme 28 Mo(CO)g was used instead of CO gas.

C-H #EEIRIT I/ WA=/ I TR LN C-Br #iaz A3 % 7a (Zx LT, 5&f7
T2 C-Br #iaZMUGKR & T HEMZIT I ~<HFNIER YA A TS (Scheme 29). £ DfifR,
SRR S >~ 77U 7, Buchwald-Hartwig 7 X /LS, Stille > 7'V > 7, Eif-A LA
U FACRIS DOWFED T 20 SR 2 - TAERRSUG 25 340 b BT ISHETT L, [EA6R 8-11
ZBARINRICTHE A D Z R brolc. ZORRENDL, AEIAM LT C-H #ERIRN T
I ANREZIACRIETIE, 237 20 LB U CTROSTED @ C-Br fi82 A LR b
b, C-H BRI RBLEUSDEITICE Y Ta BEONZZE, KOZh b DEMKISE
MAHEGOEDLZ LT, RERXNVY T 7 2 MMEEEAT 2I6EMEOTFHLIREG RO TIZ72 T

T —FERETILbDEEZILND.
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PhNH,

PhB(OH), Pd(dba), NHPh
COOMe Pd(PPhg), dppf COOMe
Na,COj3 aq 'BuONa Et
DME toluene NH
o 8:87%  reflux / 100°C o 9:62%
COOMe
Et

KBBX%

/\/SnBug,
Pd,(dba); PdCI,(MeCN)
COOMe PhsP dppf O\B,O
LiCl KOAc CoEotMe
NH dioxane DMSO
o 10:73% 100 °C 80 °C NH
(o] 11:75%

Scheme 29 Further functionalization of C—Br bond
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B=HE RIS

ARIFANTSTFHNORIGHBANLEIC C-Br #iaz AT 57 =32 F /LT I HICH LT, C-H
FEEBIRIN 7250 FINT X VR = UL DOEITIZ L 2 REBRAR VY T 7 X DO HFRIE L
DF{E%L WL L7z (Scheme 30 top). — 7, ITEDARBE]RN VY 7 7 X LA OHER & LT,
o a T4 NEZ—BLRFEIE Lz C-Br fEATEMHLZ N Lizb o2 2011 Fl2HlE Sh
7= (Scheme 30 bottom). @ Z i3 C-Br &7 X/ WAR=bE2 N LEEbDOTHY, Ald
D C-H a7 X/ INR=AUIZ X D ERKIE L IR bOTH D, ZhbDERIT
BRSO & 72 DIEMRDOMEANNE O 7o DI T R AR R D Z Ltk b0 L Ebh
5.

CO (1 atm)
Pd(TFA), (10 mol %) Br

COOMe BINOL (40 mol %) COé)Me
Et Ag3POy, (5 equiv) t
y NH MeCN/AcOH (1:3) NH
100 °C, 24 h
C-H Aminocarbonylation 99%

\

o

Cl

(CO source)

Pd(dba), (5 mol %) H
H cataCXium® A (10 mol %)

Na,COj3 (3 equiv) Ad_.__Bu
> P
NH, toluene NH Ad
Br

80 °C o cataCXium® A

84%
Scheme 30 Six-membered benzolactam synthesis via different pathway.

C-Br Aminocarbonylation

COEREEEZT-H 2T, SO C-H FHEERNT I IR =/bOHEE SN DK
JSHERE 2 kD X 912 2. 7= (Figure 12). PA(TFA), & BINOL fFfE FICTAEL D i RT Y
U LFET I TR, 6a @O C-H fEG OIEMHE(LEZITV, RNEBR/ST XY A 7 VK 128
S D. ZDH%—BRILIRFENNT VT L~ENLT H 2 & THREMAE 11 LT, 61

P

—BLIRFDFFAZR T ERER N XA 7 VHRE 1 BRSNS, ZDH%ROIETH
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BEEDEITIC LY, HRDOARBRNY T 7 2 MEEW Ta BMEohd & & biZ 0 flirT Y
U LFEREIET D0 i NT U LITEIEAID AgPO, (28T i ST P AL ERAL
SNHZLET, 0 flirNT VU AICED C-Br f#ia~DOBILAMSINZIH L, —fli T 20 A
(& D C-H MEDEMHEEABESELbDEZEILND.

Pd(TFA), + BINOL

B
' COI:QMe
2 Ag(0) H NH2
6a
Pd(II)
2 Ag(l) C-H bond cleavage
Reoxidation Br

|
H Reductive elimination co

COOMe
Pd(0) Et
B Ccoome
NH
é?c Pd”
N

C7)a Br COOMe CO association

ng: | CO&Me

III
CO insertion

Figure 12 Plausible reaction mechanism for C—H selective aminocarbonylation.

AR U7 C-H #EGRIRINZRT X ANVAR= LTI TR T Uy AR ERE 2D
PA(11)/Pd(0) Dt A 7 MAZ K> TRISDEITT Db D LB 2 Hivd (Figure 13 left). —
— M) 7e C-Br #5G7T X ANAKR=ALTIE, 0 /8T 20 A0EA & 72 DAt 1 2 LR
RIS TW5 (Figure 13 right). £7° C-Br #&& 2 0 flirNT P07 A~F LRI+ 5 2 &
TAREBRNZ XA 7 NVHRUERIER SN D. £O%—B{LRFED/RT VT LA~DBULE,
<AL D EBERANT F YA 7 VRRERDAE T, EIThIMBEC X > THrEO~ Y
T ZLKD 0 MNT DT AFEOFAI K o THBEY A 7 VN ER S NS, 20X
C-Br #5687 X/ INAR= AL TIE 0 iv3T7 P 0 ARER E 725 PAO)/PA() Ot 2~
N7y, ARIEH L C-H AT I DV = b & i3 s L 72 2 I VER O A E)s B 7
DI OBRPFNEDE NP E LT b O LHEH S 5.

55



C-H aminocarbonylation

Pd(TFA), + BINOL

B coome
l m.&
NH
H 2

2 Ag(0)
Pd(ll)
2 Ag(l) Br
COI:QtMe
Pd(0
% copue P40 m
NH Pd(l1)/Pd(0) cycle co
° Br COOMe
Et
Br
,NH COI:QtMe
Pd | :[ I
— _NH
0 Pd
co

C-Br aminocarbonylation

Pd(dba), + cataCXium® A
Pd(O)
i )/ \
H
NH
Fa Pd(0)/Pd(ll) cycle

|
co

o

Figure 13 Comparison C—H and C—Br aminocarbonylation.
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e i

A RIFNT =R MED 5 < IO FIBI O BENIESOS OB S 2 B s L, AHD 7k BB &
BRI 2 N2 OO BOS &2 3 Z LT E .

F—EOFRES TR A AW ROG T, MAFEE TR SN RNBAR O 7 I R
ERWIZBT v N AUERISR S AT L%, SHFFEE TOMEH] X D BEERE DR C(sp)-H
e ~LEH S ELMRICI AT, MED 7 At L T X ) v T OMAEDEIC
KoTAHELLT I FEEZHWT, RFEREHOH 7 1 Ak & e < SKRE Al ~D ik % 1
IAPMBORIZ K0, WS TIZR 2 ZERA VT 4 VHOGKREZER L. 20X 9
BAVTZ 4 e T I FREECL > TERT 57010E, EERTREROSFEHRRD 6
hNoZlint, A7y 7xza I—0BENbAERRFEEZRET LTk

EEARFEOSAMIEE LT, REFANCHALLT =Y FEARRTSZ LK p=T 2
VHEOEREER L. BEFETETOA S R0 N TR Y LS W o o BN
BASNNTWOIRERND ST DD, KFETIEZ ) Wolz iz WE LT, IO~ 1
N AVERRGIC & D EEER 72 =0 I VO AR R B LT,

H_EOESSBME AR LIZRIG T, S FNORISHAEIC C-Br fiax2 /T2
T2 RFNT I D, —BALIRFEFIE T, C-H faRRAR T I DR =L OGIZ &
DR T B LERRICOWTID AT, ZAUXRIFE T —~ O KB LR RS- Tz
MR TS & 5. BT DOEW—RILRFE FIZT, RISHEDEV C-Br & 03 RfF S
NizEE C-H FANEE L THAR= ML S D BNIAFE LRV, /X7 2T AF N 0 lilC
BILINT 2 OREBEMER CELUSRERELL, 4 F TIIIB 2 ORI > T US DOt
ITICRDRBERR Y 77 2 DDA EER L.

I T D C-Br fEG a2 Rdhnn & Uiz, T2 Ml A 7S SOR O F1 7e i
ITHMBENI LT, ZAUC K Y AER FEERBERM TH DL RNBERN Y 77 2 DD

BRI FH GG HIEE IR D FiE L D Z e s SN 5.
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EBRO™

General Comments.

Unless otherwise noted, reactions were carried out under an argon atmosphere using dry solvents.
Melting points (mp) were determined with a Yazawa micro melting point apparatus and are
uncorrected. Infrared (IR) data were recorded on Shimadzu software. The spectra were acquired in 32
scans per spectrum at a resolution of four, and absorbance frequencies are reported in reciprocal
centimeters (cm'). NMR data were recorded on either a JEOL AL400 spectrometer (395.75 MHz for
'H, 99.50 MHz for **C) or a JEOL ECAB00 spectrometer (600.172 MHz for *H, 150.907 for *C).
Chemical shifts are expressed in & (parts per million, ppm) values, and coupling constants (J) are
expressed in herts (Hz). *"H NMR spectra were referenced to a tetramethylsilane (TMS) as an internal
standard or to a solvent signal (CDCl3: 7.26 ppm). *C NMR spectra were referenced to a solvent
signal (CDCl;: 77.0 ppm). The following abbreviations are used: s = singlet, d = doublet, t = triplet, q
= quartet, m = multiplet, dd = double doublet, dt = double triplet, br = broad signal. Low and high
resolution mass spectra (LRMS and HRMS) were obtained from Mass Spectrometry Resource,
Graduate School of Pharmaceutical Sciences, Tohoku University, on a JEOL JMS-DX303 and
JMS-700 spectrometer respectively. Elemental analyses (Anal.) were performed on Yanaco CHN
CORDER MT-6 at Central Analytical Center, Graduate School of Pharmaceutical Sciences, Tohoku

University.

Materials.

Unless otherwise noted, commercially available materials were purchased from Tokyo Kasei Co.,
Aldrich Inc., and other commercial suppliers, and were used after appropriate purification (distillation
and recrystallization). Flash column chromatography was performed with Kanto silica gel 60 N
(spherical, neutral, 40-50 um). Reactions were monitored by thin-layer chromatography on precoated

plates of silica gel (Merck Silica gel 60 F254).
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General procedure for the deprotonative functionalization of tert-butyl acetate catalyzed by P5F

(Table 1, entry 4).

P5F (5 mol %)

(0] (0] TMS-NMe, (3 equiv) (0] Ph
+ -
H >
tBuOJ\/ Ph)J\Ph DMF ’BuO/U\)\Ph
1a (1.2 equiv) rt., 24 h 3aa
2a

A 0.3 M benzene solution of P5F (10.0 umol, 33 uL) was added to the mixture of benzophenone (0.24
mmol, 44 mg), TMS—NMe, (0.60 mmol, 94 uL) and tert-butyl acetate (0.20 mmol, 23 mg) in DMF
(0.80 mL). The reaction mixture was stirred for 24 h at room temperature. Quenched with sat NH,CI
ag, the reaction mixture was extracted with ethyl acetate (10 mL x 3). The organic layers were
collected, washed with brine, dried over MgSQO, and concentrated under a reduced pressure.

Purification by column chromatography on silica gel afforded the compound.

Typical procedure for the deprotonative functionalization of tert-butyl acetate catalyzed by P5F

(Table 2, entry 3).
P5F (5 mol %)

o]
0 (TMS)3N (1.5 equiv) O CgHy(4-F)
+ -
H >
fBqu\/ O O DMF fBuo)J\/\caH4(4-F)
1a F F rt., 24 h

3ac

(1.2 equiv)
2c

A 0.3 M benzene solution of P5F (10.0 umol, 33 uL) was added to the mixture of benzophenone (0.24
mmol, 44 mg), (TMS)sN (0.30 mmol, 70 mg) and tert-butyl acetate (0.20 mmol, 23 mg) in DMF (0.80
mL). The reaction mixture was stirred for 24 h at room temperature. Quenched with sat NH,ClI ag, the
reaction mixture was extracted with ethyl acetate (10 mL x 3). The organic layers were collected,
washed with brine, dried over MgSO, and concentrated under a reduced presser. Purification by

column chromatography on silica gel afforded the compound.

tert-Butyl 3,3-Diphenylpropenoate (3aa)*
O Ph

BuO” 7 “ph
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Pale yellow oil {91% NMR vyield (based on *H NMR spectroscopy using 1,1,2-trichloroethane as an
internal standard)}.

IR (neat): 2977, 1718, 1692, 1446, 1366, 1292, 1258, 1140, 990, 767 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.27 (s, 9H), 6.27 (s, 1H), 7.18-7.37 (m, 10H).

BC{*H} NMR (100 MHz, CDCIl;) & (ppm): 27.71, 80.19, 119.85, 127.77, 127.80, 128.12, 128.22,
128.98, 129.17, 139.38, 140.91, 154.21, 165.67.

LRMS (EI) m/z: 280 [M]".

HRMS: Calcd. for C1gH2,0,: 280.1463, found: 280.1464.

tert-Butyl 3,3-Bis(4-methoxyphenyl)propenoate (3ab)*
O CgHq(4-OMe)

BUO” F “CeH,(4-OMe)

Pale yellow oil {72% NMR vyield (based on *H NMR spectroscopy using 1,1,2-trichloroethane as an
internal standard)}.

IR (neat): 2975, 1711, 1690, 1597, 1507, 1456, 1366, 1288, 1244, 1135, 1032, 830 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.33 (s, 9H), 3.80 (s, 3H), 3.84 (s, 3H), 6.14 (s, 1H), 6.82
(d, J=9.2 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 7.13 (d, J = 8.8 Hz, 2H), 7.21 (d, J = 9.2 Hz, 2H).
BC{*H} NMR (100 MHz, CDCls) & (ppm): 27.90, 55.19, 55.26, 79.91, 113.17, 113.57, 117.39, 129.80,
130.81, 131.73, 133.97, 154.23, 159.47, 160.45, 166.04.

LRMS (EI) m/z: 340 [M]".

HRMS: Calcd. for C,1H2.0.: 340.1675, found: 340.1677.

tert-Butyl 3,3-Bis(4-fluorophenyl)propenoate (3ac)*
O CeHa(4-F)

BUO” NF “CeH,(4-F)

White solid (recrystallized from hexane/EtOAc, mp 98-100 °C) {60% NMR yield (based on ‘H NMR
spectroscopy using 1,1,2-trichloroethane as an internal standard)}.

IR (neat): 2982, 2360, 1680, 1598, 1505, 1366, 1299, 1219, 1162, 1149, 991, 884, 848, 837 cm ™.
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'H NMR (400 MHz, CDCI3/TMS) & (ppm): 1.31 (s, 9H), 6.23 (s, 1H), 6.98-7.25 (m, 8H).

BCL'H} NMR (150 MHz, CDCls) & (ppm): 27.84, 80.56, 115.01 (d, J = 21.6 Hz), 115.38 (d, J = 21.5
Hz), 119.93, 130.02 (d, J = 8.6 Hz), 131.04 (d, J = 7.2 Hz), 134.99 (d, J = 4.4 Hz), 137.00 (d, J = 2.9
Hz), 152.32, 162.65 (d, J = 245.7 Hz), 163.39 (d, J = 248.6 Hz), 165.40.

LRMS (El) m/z: 316 [M]".

HRMS: Calcd. for CygH1gF,0,: 316.1275, found: 316.1271.

Anal. Calcd. for CgH15F,0,: C, 72.14; H, 5.74. Found: C, 72.17; H, 5.80.

tert-Butyl 3,3-Bis(4-chlorophenyl)propenoate (3ad)>
O  CgHa(4-Cl)

BuO” F CgH4(4-Cl)

Colorless needles (recrystallized from hexane, mp 122—124 °C) {72% NMR vyield (based on '"H NMR
spectroscopy using 1,1,2-trichloroethane as an internal standard)}.

IR (neat): 2926, 2358, 1684, 1587, 1490, 1364, 1313, 1300, 1161, 1150, 1093, 1013, 830 cm *.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.32 (s, 9H), 6.25 (s, 1H), 7.11-7.19 (m, 4H), 7.29 (d, J =
8.8 Hz, 2H), 7.36 (d, J = 8.8 Hz, 2H).

BC{*H} NMR (100 MHz, CDCIls) & (ppm): 27.83, 80.79, 120.54, 128.27, 128.64, 129.40, 130.62,
(131.30), 134.21, 135.43, 137.27, 139.04, 151.97, 165.15.

LRMS (EI) m/z: 348 [M]".

HRMS: Calcd. for CigH15>°Cl,0,: 348.0684, found: 348.0684.

Anal. Calcd. for C19H15Cl,0,: C, 65.34; H, 5.19. Found: C, 65.26; H, 5.20.

tert-Butyl 3,3-Bis(4-bromophenyl)propenoate (3ae)
O CGH4(4-BF)

BUO” N NCeH,(4-Br)

White solid (recrystallized from hexane/acetone, mp 128-130 °C) {82% NMR yield (based on 'H
NMR spectroscopy using 1,1,2-trichloroethane as an internal standard)}.

IR (neat): 2359, 1685, 1653, 1490, 1364, 1314, 1302, 1161, 1009, 828 cm ™.
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'H NMR (400 MHz, CDCI5/TMS) & (ppm): 1.32 (s, 9H), 6.26 (s, 1H), 7.05-7.12 (m, 4H), 7.44 (d, J =
8.8 Hz, 2H), 7.51 (d, J = 8.8 Hz, 2H).

BC{"H} NMR (100 MHz, CDCl;) & (ppm): 27.83, 80.84, 120.55, 122.43, 129.67, 130.92, 131.23,
131.41, 131.63, 131.76, 137.68, 152.06, 165.13.

LRMS (EI) m/z: 438 [M]".

HRMS: Calcd. for C1oHy5"°Br,0,: 453.9674, found: 435.9677.

Anal. Calcd. for C19H15Br,0,: C, 52.08; H, 4.14. Found: C, 52.06; H, 4.19.

tert-Butyl 3,3-Bis(4-cyanophenyl)propenoate (3af)
O CgH4(4-CN)

BuO” F CgH4(4-CN)

Colorless needles (recrystallized from hexane/EtOAc, mp 167-168 °C) {80% NMR yield (based on
'H NMR spectroscopy using 1,1,2-trichloroethane as an internal standard)}.

IR (neat): 2922, 2361, 2231, 1694, 1604, 1499, 1458, 1409, 1366, 1300, 1163, 1163, 993, 847, 840
cm™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.32 (s, 9H), 6.41 (s, 1H), 7.30-7.34 (m, 4H), 7.63 (d, J =
8.4 Hz, 2H), 7.71 (d, J = 8 Hz, 2H).

BC{*H} NMR (150 MHz, CDCIl;) & (ppm): 27.80, 8164, 112.35, 113.16, 118.15, 118.42, 123.57,
128.49, 129.88, 132.04, 132.39, 142.97, 143.93, 150.28, 164.19.

LRMS (EI) m/z: 330 [M]".

HRMS: Calcd. for C,;H1gN,O,: 330.1368, found: 330.1383.

Anal. Calcd. for C,;H1gN,O,: C, 76.34; H, 5.49; N, 8.48. Found: C, 76.26; H, 5.53; N, 8.44.

tert-Butyl 3,3-Bis(4-ethoxycarbonylphenyl)propenoate (3ag)
O  CgH,(4-COOEY)

BUO” 7 CH,(4-COOE)
Colorless oil {63% NMR yield (based on '"H NMR spectroscopy using 1,1,2-trichloroethane as an
internal standard)}.
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IR (neat): 2979, 1715, 1608, 1457, 1405, 1392, 1367, 1296, 1145, 1100, 1020, 992, 917, 857, 774, 706
cm™.
'H NMR (400 MHz, CDCI,/TMS) & (ppm): 1.30 (s, 9H), 1.39-1.43 (m, 6H), 4.35-4.41 (m, 4H), 6.38
(s, 1H), 7.28-7.31 (m, 5H), 7.98 (d, J = 8 Hz, 2H), 8.08 (d, J = 8 Hz, 2H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 14.29, 14.34, 27.80, 61.05, 61.14, 81.03, 122.05, 127.96,
129.15, 129.33, 129.62, 130.15, 131.06, 143.52, 144.42, 152.17, 164.94, 166.02, 166.28.

LRMS (EI) m/z: 424 [M]".

HRMS: Calcd. for C,5H,504: 424.1886, found: 424.1885.

tert-Butyl (E)-Cinnamate (3ah)>
O

fBqu\/\Ph

Pale yellow oil (31.0 mg, 76%).

IR (neat): 2978, 1704, 1637, 1328, 1315, 1145, 978, 767 cm *.

'H NMR (400 MHz, CDCly/TMS) & (ppm): 1.54 (s, 9H), 6.36 (d, J = 15.9 Hz, 1H), 7.36-7.37 (m, 3H),
7.49-7.52 (m, 2H), 7.58 (d, J = 15.9 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl;) & (ppm): 28.16, 80.46, 120.14, 127.91, 128.78, 129.91, 134.62,
143.50, 166.29.

LRMS (EI) m/z: 204 [M]".

HRMS: Calcd. for C13H160,: 204.1150, found: 204.1151.

tert-Butyl (E)-3-(4-Methoxyphenyl)propenoate (3ai)>
O

’BuO)J\/\CGH4(4—OMe)

Colorless oil (35.4 mg, 72%)

IR (neat): 2977, 1701, 1634, 1604, 1576, 1511, 1458, 1421 cm ™.

'H NMR (400 MHz, CDCI3/TMS) & (ppm): 1.53 (s, 9H), 3.82 (s, 3H), 6.24 (d, J = 16.1 Hz, 1H), 6.88
(d, J=7.8 Hz, 2H), 7.45 (d, J = 7.8 Hz, 2H), 7.54 (d, J = 16.1 Hz, 1H).
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BC{*H} NMR (100 MHz, CDCl;) & (ppm): 28.19, 55.28, 80.17, 114.20, 117.67, 127.35, 129.50,
143.15, 161.08, 166.64.
LRMS (EI) m/z: 234 [M]".

HRMS: Calcd. for C14H1505: 234.1256, found: 234.1257.

tert-Butyl (E)-3-(4-Methylphenyl)propenoate (3aj)>
O

fBuo)J\/\CGH4(4-Me)

Brown oil (20.5 mg, 47%).

IR (neat): 2977, 1705, 1636, 1609, 1367, 1323, 1282, 1145, 981, 812 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.53 (s, 9H), 2.36 (s, 3H), 6.32 (d, J = 16.1 Hz, 1H), 7.17
(d, J=8.0 Hz, 2H), 7.40 (d, J = 8.0 Hz, 2H), 7.56 (d, J = 16.1 Hz, 1H).

BC{'H} NMR (100 MHz, CDCl3) & (ppm): 21.41, 28.19, 80.33, 119.05, 127.91, 129.52, 131.89,
140.27, 143.52, 166.52.

LRMS (El) m/z: 218 [M]".

HRMS: Calcd. for C;4H;50,: 218.1307, found: 218.1302.

tert-Butyl (E)-3-(4-Bromophenyl)propenoate (3ak)>
(@]
’BuO)J\/\C6H4(4-Br)

Colorless plates (32.1 mg, 57%; recrystallized from acetone/hexane, mp 55-56 °C).

IR (neat): 2964, 1707, 1634, 1487, 1309, 1259, 1144, 1067, 1011, 994, 814 cm

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.53 (s, 9H), 6.35 (d, J = 16.6 Hz, 1H), 7.29 (d, J = 8.3 Hz,
2H), 7.49-7.53 (m, 3H).

BBC{1H} NMR (100 MHz, CDCl;) & (ppm): 28.14, 80.68, 120.90, 124.10, 129.29, 132.02, 133.58,
142.10, 165.97.

LRMS (El) m/z: 282 [M]".

HRMS: Calcd. for Cy3H;5°BrO,: 282.0255, found: 282.0229.
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tert-Butyl (E)-3-(4-cyanophenyl)propenoate (3al)*
O

’BUOMCGH‘;M-CN)

Colorless needles (10.2 mg, 25%; recrystallized from hexane, mp 161-162 °C).

IR (neat): 2925, 2854, 2226, 1705, 1637, 1316, 1149, 991, 829 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.53 (s, 9H), 6.44 (d, J = 16.1 Hz), 7.53-7.67 (m, 5H).
BC{1H} NMR (100 MHz, CDCls) & (ppm): 28.12, 81.21, 113.10, 118.41, 123.83, 128.26, 132.58,
139.01, 141.08, 165.38.

LRMS (El) m/z: 229 [M]".

HRMS: Calcd. for C14HisNO,: 229.1103, found: 229.1118.

3, 3-Diphenylacrylonitrile (3ba)*’
Ph

N\\\)\Ph

Colorless oil (38.5 mg, 94%).

IR (neat): 2923, 2213, 1445, 775, 761, 731 cm™.

'H NMR (400 MHz, CDCIly/TMS) & (ppm): 5.74 (s, 1H), 7.25-7.46 (m, 10H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 94.82, 117.79, 128.38, 128.47, 128.58, 129.47, 129.94,
130.34, 136.99, 138.85, 163.05.

LRMS (EI) m/z: 205 [M]".

HRMS: Calcd. for Ci5H4;1N: 205.0892, found: 205.0883.

N,N-Diethyl 3,3-Diphenylpropenamide (3ca)®
O Ph

EtZNJ\/\Ph

Colorless crystal (38.5 mg, 69%; recrystallized from hexane/EtOAc, mp 83-84 °C).

IR (neat): 2970, 1625, 1430, 1277, 1138, 788, 773, 706 cm .
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'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.97 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H), 3.26 (q, J
= 7.2Hz, 2H), 3.34 (q, J = 7.2 Hz, 2H), 6.37 (s, 1H), 7.26-7.35 (m, 10H).

BC{'"H} NMR (100 MHz, CDCls) & (ppm): 12.26, 13.97, 38.75, 42.36, 121.71, 128.03, 128.08, 128.17,
128.26, 128.31, 129.43, 138.84, 141.30, 146.78, 167.60.

LRMS (El) m/z: 279 [M]".

HRMS: Calcd. for C;4H,:NO: 279.1623, found: 279.1612.

3-{Diphenyl[(trimethylsilyl)oxy]methyl}-1-methyl-2-pyrrolidone (3da)
o) Ph
Ph

Me\ijKOTMS

Yellow oil (34.4 mg, 47%).

IR (neat): 2954, 1684, 1446, 1250, 1067, 890, 839, 750 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): —0.15 (s, 9H), 1.98-2.17 (m, 3H), 2.53 (s, 3H), 2.82-2.87
(m, 1H), 3.72-3.75 (m, 1H), 7.24-7.29 (m, 6H), 7.38-7.47 (m, 2H), 7.486-7.491 (m, 2H).

BC{'H} NMR (100 MHz, CDCls) & (ppm): 1.55, 21.22, 29.44, 46.71, 49.42, 82.32, 127.04, 127.30,
127.42,127.97, 129.25, 144.29, 144.31, 172.95.

LRMS (EI) m/z: 353 [M]".

HRMS: Calcd. for C,;H»,NO,Si: 353.1811, found: 353.1825.

General procedure for the synthesis of N-methylformanilides (4c, 4g, 4h, 4i, 4j, 4k, 41)*®

1) (HCHO),, (1.4 equiv)
R NaOMe (5 equiv) R HCOOH (1.1 equiv) R

~ N X X (o)
< MeOH, 40 °C, 15 h | HCOONa (20 mol %) |
| - & = kAL
X NH, 2) NaBH, (1 equiv) '}‘H neat '}‘ H
MeOH, 40 °C, 3 h Me rt,24h Me

To a solution of anilines (10.0 mmol) and sodium methoxide (14.0 mmol, 2.8 g) in MeOH (25 mL)
was added paraformaldehyde (14 mmol, 443 mg). The reaction mixture was warmed to 40 °C and
stirred for 15 h. NaBH, (10 mmol, 411 mg) was added to the reaction mixture and the reaction was

stirred at 40 °C for 3 h. Quenched with sat. NaHCO; aq, the reaction mixture was extracted with
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diethyl ether. The organic layers were collected, washed with brine, dried over MgSO, and
concentrated under a reduced presser. Purification by column chromatography on silica gel afforded
N-methylanilines.

To a mixture of N-methylanilines (10 mmol) and formic acid (11 mmol, 419 uL) was added sodium
formate (2 mmol, 139 mg). The reaction mixture was stirred at room temperature for 24 h. After the
reaction was complete, EtOAc was added to the reaction mixture, and sodium formate was removed
by filteration. The organic layers were washed with brine and sat NaHCO; aq, dried over Na,SO, and
concentrated under a reduced presser. Purification by column chromatography on silica gel afforded

N-methylformanilides (4c, 4q, 4h, 4i, 4j, 4k, 41).

N-[4-(Dimethylamino)phenyl]-N-methylformamide (4c)

MezN\©\ 0o
N)J\H

I
Me

Colorless needles (recrystallized from hexane/EtOAc, mp 105-106 °C).

IR (neat): 2889, 1658, 1521, 1343, 1232, 979, 818 cm .

'H NMR (400 MHz, CDCI;/TMS) & (ppm): 2.96 (s, 3H), 3.25 (s, 3H), 6.71 (d, J = 8.8 Hz, 2H), 7.04 (d,
J = 8.8 Hz, 2H), 8.30 (s, 1H).

BC{*H} NMR (100 MHz, CDCl5) & (ppm): 32.71, 40.50, 112.77, 124.60, 162.46.

LRMS (EI) m/z: 178 [M]".

HRMS: Calcd. for C1oH14N,0: 178.1106, found: 178.1092.

N-(4-lodophenyl)-N-methylformamide (4g)
Qb
w)kH
Me
Yellow crystal (recrystallized from hexane/chloroform, mp 91-94 °C).

IR (neat): 1665, 1486, 1330, 1108, 1006, 814, 710 cm ™.
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'H NMR (400 MHz, CDCI/TMS) & (ppm): 3.29 (s, 3H), 6.92-6.95 (m, 2H), 7.72-7.74 (m, 2H), 8.47
(s, 1H).

BC{*H} NMR (100 MHz, CDCl5) & (ppm): 31.84, 123.92, 138.67, 161.84.

LRMS (El) m/z: 261 [M]".

HRMS: Calcd. for CgHgINO: 260.9651, found: 260.9640.

N-(2-lodophenyl)-N-methylformamide (4h)

Colorless liquid.

IR (neat): 2860, 1671, 1472, 1337, 1018, 762, 721 cm ™.

'H NMR (400 MHz, CDCl5/TMS) & (ppm): 3.19 (s, 3H), 7.12 (dt, J = 2.0, 6.3 Hz, 1H), 7.27 (dd, J =
1.9, 5.9 Hz, 1H), 7.45 (dt, J = 1.5, 6.3 Hz, 1H), 7.92 (dd, J = 1.4, 6.8 Hz, 1 H), 8.13 (s, 1H).

BC{*H} NMR (100 MHz, CDCI;) & (ppm): 33.00, 98.55, 128.87, 129.50, 129.93, 139.94, 143.88,
162.61.

LRMS (EI) m/z: 261 [M]".

HRMS: Calcd. for CsHgINO: 260.9651, found: 260.9656.

N-(4-Bromophenyl)-N-methylformamide (4i)

Br\©\ o
'ﬂ)k'*
Me
White solid (recrystallized from petroleum ether/EtOAc, mp 71-72 °C).
IR (neat): 2904, 1669, 1489, 1332, 1112, 1010, 980, 845, 814, 712 cm ",
'H NMR (400 MHz, CDCIly/TMS) & (ppm): 3.30 (s, 3H), 7.06 (d, J = 8.8 Hz, 2H), 7.54 (d, J = 8.8 Hz,

2H), 8.46 (s, 1H).

BC{*H} NMR (100 MHz, CDCl3) & (ppm): 31.96, 123.76, 132.72, 161.89.
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LRMS (El) m/z: 213 [M]".

HRMS: Calcd. for CgHg °BrNO: 212.9789, found: 212.9789.

N-(2-Bromophenyl)-N-methylformamide (4j)
O

X

’Tj H
Br Me

Pale yellow liquid.

IR (neat): 2860, 1675, 1479, 1337, 1046, 1029, 980, 760, 724 cm .

'H NMR (400 MHz, CDCI4/TMS) & (ppm): 3.23 (s, 3H), 7.25-7.28 (m, 2H), 7.38-7.42 (m, 2H), 7.69
(dd, J= 1.2, 8.8 Hz, 1H), 8.16 (s, 1H).

BC{*H} NMR (100 MHz, CDCl5) & (ppm): 31.84, 123.92, 138.67, 161.84.

LRMS (EI) m/z: 213 [M]".

HRMS: Calcd. for CgHs °BrNO: 212.9789, found: 212.9783.

N-(2-Fluorophenyl)-N-methylformamide (4k)

X

’Tj H
F Me

Pale yellow liquid.

IR (neat): 1679, 1503, 1339, 1261, 1222, 1097, 981, 837, 757 cm .

'H NMR (400 MHz, CDCI/TMS) & (ppm): 3.28 (s, 3H), 7.17-7.23 (m, 3H), 7.30-7.35 (m, 1H), 8.27
(s, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 32.69, 116.78, 116.98, 124.85 (d, J = 16.4 Hz), 127.25,
128.83, 128.91, 162.72.

LRMS (EI) m/z: 153 [M]".

HRMS: Calcd. for CgHgFNO: 153.0590, found: 153.0592.

N-(4-Cyanophenyl)-N-methylformamide (41)
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Rel
“l‘)k'*
Me
Colorless crystal (recrystallized from petroleum ether/EtOAc, mp 105-106 °C).
IR (neat): 2223, 1669, 1603, 1507, 1341, 1316, 1261, 1113, 972, 854, 827 cm ™.
'H NMR (400 MHz, CDCIy/TMS) & (ppm): 3.36 (s, 3H), 7.31 (d, J = 8.8 Hz, 2H), 7.73 (d, J = 8.8 Hz,
2H), 8.67 (s, 1H).
BC{*H} NMR (100 MHz, CDCl5) & (ppm): 31.18, 109.19, 118.08, 120.95, 133.64, 145.75, 161.45.
LRMS (El) m/z: 160 [M]".

HRMS: Calcd. for CoHgN,O: 160.0637, found: 160.0624.

Synthesis of 4e*®

HCOOH (1.1 equiv) o
/@\ HCOONa (20 mol %) /@\ J\
Me NH "~ Me N~ H

| neat
Me rt., 24 h Me

To a mixture of N-methyl-m-toluidine (10.0 mmol, 1.3 mL) and formic acid (11.0 mmol, 419 pL) was
added sodium formate (2.0 mmol, 139 mg). The reaction mixture was stirred at room temperature for
24 h. After the reaction was complete, EtOAc was added to the reaction mixture, and sodium formate
was removed by filteration. The organic layers were washed with brine and sat NaHCO; aq, dried over
Na,SO,4 and concentrated under a reduced presser. Purification by column chromatography on silica

gel afforded 4e.

N-Methyl-N-(m-tolyl)formamide (4e)

X

Me l}l H
Me

Colorless liquid.

IR (neat): 2917, 1671, 1607, 1588, 1494, 1334, 1116, 780 cm .
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'H NMR (400 MHz, CDCI3/TMS) & (ppm): 2.38 (s, 3H), 3.30 (s, 3H), 6.96-6.98 (m, 2H), 7.09 (d, J =
7.3 Hz, 1H), 7.29 (dd, J = 7.8 Hz, 1H), 8.46 (s, 1H).

BC{*H} NMR (100 MHz, CDCl5) & (ppm): 31.84, 123.92, 138.67, 161.84.

LRMS (EI) m/z: 149 [M]".

HRMS: Calcd. for CoH;;NO: 149.0841, found: 149.0843.

General procedure for the deprotonative functionalization of tert-butylacetate catalyzed by CsF

(Table 7, entry 4).

fe) CsF (20 mol %) e}
(0] )J\ (TMS)3N (2 equiv)
: _Ph S PN
Bt TN 30" N
1.6 equi Me 40°C,24h Me
(1. f;quw) 4a 5aa

A solution of (TMS)3N (0.40 mmol, 96 mg) and CsF (0.040 mmol, 6.1 mg) in DMF (0.20 mL) was
added tert-butyl acetate (0.32 mmol, 44 uL) and N-methylformanilide (0.20 mmol, 27 mg) by a
syringe over 3 minutes. The reaction mixture was warmed to 40 °C and stirred for 24 h. Quenched
with sat NH,CI aq, the reaction mixture was extracted with ethyl acetate (10 mL x 3). The organic
layers were collected, washed with brine, dried over MgSO, and concentrated under a reduced presser.

Purification by column chromatography on silica gel afforded the compound.

General procedure for the deprotonative functionalization of tert-butyl acetate catalyzed by
TMAF (Table 10, entry 2).

o /©/OM6 TMAF (20 mol %) /©/0Me
(TMS)3N (2 equiv) Na
N NG - AN
\\/H + H)J\N > \/\N

| neat |
1b Me 40°C,24h Me

4b 5ba

A mixture of acetonitrile (0.20 mL), (TMS);N (0.40 mmol, 96 mg) and TMAF (0.040 mmol, 3.8 mg)
was added 4’-methoxy-N-methylformanilide (0.20 mmol, 34 mg) by a syringe over 3 minutes. The

reaction mixture was warmed to 50 °C and stirred for 24 h. Quenched with sat NH,ClI aq, the reaction
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mixture was extracted with ethyl acetate (10 mL x 3). The organic layers were collected, washed with
brine, dried over MgSO, and concentrated under a reduced presser. Purification by column

chromatography on silica gel afforded the compound.

tert-Butyl (E)-3-[methyl(phenyl)amino]acrylate (5aa)
O

’BuO)J\/\N/Ph

I
Me

Pale yellow oil (35.4 mg, 76%).

IR (neat): 2975, 1688, 1617, 1587, 1500, 1262, 1145, 1111, 976, 800, 755 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.50 (s, 9H), 3.22 (s, 3H), 4.90 (d, J = 13.2 Hz, 2H),
7.09-7.13 (m, 3H), 7.31-7.36 (m, 2H), 7.88 (d, J = 13.2 Hz, 2H).

BCL'H} NMR (100 MHz, CDCl) § (ppm): 28.47, 36.40, 78.77, 92.32, 119.57, 123.82, 129.36, 146.68,
147.71, 168.75.

LRMS (El) m/z: 233 [M]".

HRMS: Calcd. for C14H1sNO,: 233.1416, found: 280.1402.

tert-Butyl (E)-3-[(4-methoxyphenyl)(methyl)amino]acrylate (5ab)

tBUO)J\/\N

I
Me

Pale yellow oil (42.6 mg, 81%).

IR (neat): 2975, 1684, 1599, 1511, 1242, 1144, 1111, 1034, 979, 798 cm ™.

'H NMR (400 MHz, CDCl5/TMS) & (ppm): 1.49 (s, 9H), 3.18 (s, 3H), 3.80 (s, 3H), 4.79 (d, J = 13.2
Hz, 1H), 6.86 (d, J = 8.8 Hz, 2H), 7.05 (d, J = 8.8 Hz, 2H), 7.75 (d, J = 13.7 Hz, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 30.84, 55.46, 78.51, 90.86, 114.50, 121.81, 140.34, 148.68,
156.49, 168.91.

LRMS (El) m/z: 263 [M]".
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HRMS: Calcd. for Ci5H,;NO5: 263.1521, found: 263.1519.

tert-Butyl (E)-3-{[4-(dimethylamino)phenyl](methyl)amino}acrylate (5ac)

tBuO)J\/\N

I
Me

Pale yellow oil (40.8 mg, 74%).

IR (neat): 2977, 1684, 1598, 1520, 1265, 1114, 1008, 980, 810, 794 cm .

'H NMR (400 MHz, CDCI3/TMS) & (ppm): 1.48 (s, 9H), 2.93 (s, 6H), 3.16 (s, 3H), 4.74 (d, J = 13.2
Hz, 1H), 6.69 (d, J = 9.3 Hz, 2H), 7.01 (d, J = 8.8 Hz, 2H), 7.73 (d, J = 13.2 Hz, 1H).

BC{'H} NMR (100 MHz, CDCl,) & (ppm): 28.52, 30.87, 37.71, 40.81, 78.34, 89.90, 113.20, 122.00,
148.00, 149.16, 169.13.

LRMS (El) m/z: 276 [M]".

HRMS: Calcd. for Ci6H24N,0,: 276.1838, found: 276.1844.

tert-Butyl (E)-3-[methyl(p-tolyl)amino]acrylate (5ad)

’BuO)J\/\N

I
Me

Pale yellow oil (40.5 mg, 82%).

IR (neat): 2975, 1689, 1621, 1597, 1514, 1364, 1334, 1254, 1144, 1109, 1005, 978, 800 cm .

'H NMR (400 MHz, CDCly/TMS) & (ppm): 1.49 (s, 9H), 2.32 (s, 3H), 3.19 (s, 3H), 4.84 (d, J = 13.2
Hz, 1H), 7.01 (d, J = 8.8 Hz, 2H), 7.20 (d, J = 8.3 Hz, 2H), 7.83 (d, J = 13.2 Hz, 1H).

BC{*H} NMR (100 MHz, CDClI3) & (ppm): 20.60, 28.46, 36.65, 78.60, 91.53, 119.73, 129.85, 133.58,
144.36, 148.03, 168.83.

LRMS (El) m/z: 247 [M]".

HRMS: Calcd. for C;5H,;NO,: 247.1572, found: 247.1571.
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tert-Butyl (E)-3-[methyl(m-tolyl)amino]acrylate (5ae)
Me

1 Q)
fBuo)J\/\N

I
Me

Pale yellow oil (41.5 mg, 84%).

IR (neat): 2975, 1690, 1619, 1598, 1581, 1496, 1364, 1275, 1141, 1113, 1017, 975, 801, 778 cm ™.

'H NMR (400 MHz, CDCI5/TMS) & (ppm): 1.50 (s, 9H), 2.35 (s, 3H), 3.20 (s, 3H), 4.88 (d, J = 13.6
Hz, 1H), 6.90-6.94 (m, 3H), 7.19-7.23 (m, 1H), 7.87 (d, J = 13.6 Hz, 1H).

BCL'H} NMR (100 MHz, CDCl5) & (ppm): 21.43, 28.47, 36.39, 78.70, 91.95, 116.61, 120.31, 124.64,
129.12, 139.33, 146.66, 147.81, 168.83.

LRMS (EI) m/z: 247 [M]".

HRMS: Calcd. for Ci5H,1NO,: 247.1572, found: 247.1583.

tert-Butyl (E)-3-[(4-iodophenyl)(methyl)amino]acrylate (5ag)

I
O
tBuO)J\/\N/Q/

I
Me

Red needles (31.6 mg, 44%; recrystallized from hexane, mp 104-105 °C).

IR (neat): 2972, 1689, 1614, 1576, 1492, 1366, 1274, 1257, 1153, 1125, 969, 917, 813 cm .

'H NMR (400 MHz, CDCI/TMS) & (ppm): 1.49 (s, 9H), 3.19 (s, 3H), 4.93 (d, J = 13.7 Hz, 1H), 6.87
(d, J=8.8 Hz, 2H), 7.62 (d, J = 9.3 Hz, 2H), 7.81 (d, J = 13.6 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl3) & (ppm): 28.43, 36.14, 79.01, 86.82, 93.57, 121.17, 138.24, 146.28,
146.72, 168.43.

LRMS (EI) m/z: 359 [M]".

HRMS: Calcd. for C;4H;5INO,: 359.0382, found: 359.0386.
tert-Butyl (E)-3-[(4-bromophenyl)(methyl)amino]acrylate (5ai)
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o /©/BI’
’BuOJ\/\N

I
Me

Pale yellow oil (29.2 mg, 47%).

IR (neat): 2974, 1688, 1615, 1581, 1494, 1274, 1258, 1153, 1125, 1005, 813 cm ™.

'H NMR (400 MHz, CDCI5/TMS) & (ppm): 1.50 (s, 9H), 3.19 (s, 3H), 4.92 (d, J = 13.2 Hz, 1H), 6.99
(d, J=8.8 Hz, 2H), 7.44 (d, J = 8.8 Hz, 2H), 7.80 (d, J = 13.2 Hz, 1H).

BC{"H} NMR (100 MHz, CDCls) & (ppm): 28.43, 36.31, 79.00, 93.39, 116.54, 120.93, 132.32, 145.66,
146.95, 168.47.

LRMS (El) m/z: 311 [M]".

HRMS: Calcd. for C14Hs"°BrNO,: 311.0528, found: 311.0502.

tert-Butyl (E)-3-[(4-cyanophenyl)(methyl)amino]acrylate (5al)

en
’Buo)v\N

I
Me

Colorless crystal (recrystallized from hexane/EtOAc, mp 147-148 °C).

IR (neat): 2977, 2222, 1693, 1623, 1587, 1511, 1277, 1263, 1153, 1114, 983, 847, 808 cm .

'H NMR (400 MHz, CDCI3/TMS) & (ppm): 1.51 (s, 9H), 3.25 (s, 3H), 5.10 (d, J = 13.6 Hz, 1H), 7.17
(d, J=8.8 Hz, 2H), 7.62 (d, J = 8.8 Hz, 2H), 7.91 (d, J = 13.2 Hz, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 28.38, 35.45, 79.58, 96.58, 105.91, 118.14, 118.74, 135.60,
145.04, 149.42, 167.89.

LRMS (E1) m/z: 258 [M]".

HRMS: Calcd. for C;5H15N,0,: 258.1368, found: 258.1354.

(E)-N-Methyl-N-[(2-phenylsulfonyl)vinyl]aniline (5ga)
o)

Il
Ph/g\/\N
|

Me
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White solid (48.0 mg, 88%; recrystallized from hexane/EtOAc, mp 89-90 °C).

IR (neat): 3080, 1609, 1584, 1498, 1285, 1136, 1083, 884, 760, 726 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 3.21 (s, 3H), 5.31 (d, J = 13.2 Hz, 1H), 7.13-7.19 (m, 3H),
7.36-7.40 (m, 2H), 7.47-7.53 (m, 3H), 7.84 (d, J = 12.7 Hz, 1H), 7.86-7.91 (m, 2H).

BC{'H} NMR (100 MHz, CDCl;) & (ppm): 37.26, 98.70, 120.31, 125.02, 126.43, 128.92, 129.57,
131.94, 144.22, 145.97, 147.09.

LRMS (El) m/z: 273 [M]".

HRMS: Calcd. for Ci5H;5NO,S: 273.0823, found: 273.0816.

(E)-3-[N-(4-Methoxyphenyl)-N-(methyl)amino]acrylonitrile (5bb)

OMe
N

Me
Orange oil (27.4 mg, 73%).
IR (neat): 2929, 2197, 1616, 1509, 1344, 1244, 1131, 1032, 829, 737 cm .
'H NMR (400 MHz, CDCIy/TMS) & (ppm): 3.21 (s, 3H), 5.31 (d, J = 13.2 Hz, 1H), 7.13-7.19 (m, 3H),
7.36-7.40 (m, 2H), 7.47-7.53 (m, 3H), 7.84 (d, J = 12.7 Hz, 1H), 7.86-7.91 (m, 2H).
BC{*H} NMR (100 MHz, CDCls) & (ppm): 37.26, 98.70, 120.31, 125.02, 126.43, 128.92, 129.57,
131.94, 144.22, 145.97, 147.09.
LRMS (EI) m/z: 188 [M]".

HRMS: Calcd. for C1;H;1,N,0: 188.0950, found: 188.0963.

(E)-4-Methoxy-N-methyl-N-[(2-phenylsulfinyl)vinyl]aniline (5hb)

OM
PG
Ph SN N

Me
White solid (53.4 mg, 93%; recrystallized from hexane/EtOAc, mp 132-133 °C).

IR (neat): 3042, 3009, 2934, 2843, 1597, 1517, 1349, 1294, 1247, 1129, 1015, 945, 834 cm ™.
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'H NMR (400 MHz, CDCI/TMS) & (ppm): 3.16 (s, 3H), 3.81 (s, 3H), 5.37 (d, J = 13.2 Hz, 1H), 6.90
(d, 3= 9.3 Hz, 2H), 7.07 (d, J = 9.3 Hz, 2H), 7.42-7.50 (m, 4H), 7.68 (d, J = 6.8 Hz, 2H).

BC{'H} NMR (100 MHz, CDCls) & (ppm): 37.59, 55.55, 104.56, 114.74, 122.11, 124.52, 128.80,
129.72, 139.90, 146.83, 147.30, 156.88.

LRMS (El) m/z: 287 [M]".

HRMS: Calcd. for Ci6H»;NO,S: 287.0980, found: 287.0987.

(E)-N,N-Diethyl-3-[N-(4-methoxyphenyl)-N-(methyl)amino]acrylamide (5db)

EtzN)J\/\N

Me
Orange oil (29.9 mg, 57%).
IR (neat): 2971, 1635, 1511, 1263, 1241, 1120, 1034, 828, 779 cm ™.
'H NMR (600 MHz, CDCI/TMS) & (ppm): 1.18 (s, 6H), 3.21 (s, 3H), 3.41 (br, 4H), 3.79 (s, 3H), 5.13
(d, J=12.1 Hz, 1H), 6.86 (d, J = 9.2 Hz, 2H), 7.07 (d, J = 8.6 Hz, 2H), 7.93 (d, J = 12.8 Hz, 1H).
BCL'H} NMR (150 MHz, CDCl3) & (ppm): 13.65-14.49, 37.41, 40.74-41.97, 55.50, 89.16, 114.45,
121.55, 140.74, 147.95, 156.13, 167.84.
LRMS (EI) m/z: 262 [M]".
HRMS: Calcd. for Ci5H5,N,0,: 262.1681, found: 262.1678.
(E)-N*,N,"'N*-Trimethyl-N‘-[2-(pyridine-2-yl)vinyl]benzene-1,4-diamine (5ic)

.
N\
N = N

Me
Yellow crystal (recrystallized from hexane, mp 121 °C) {29% NMR yield (based on 'H NMR
spectroscopy using 1,1,2-trichloroethane as an internal standard)}.
IR (neat): 2927, 2792, 1628, 1517, 1466, 1319, 1262, 1228, 1146, 966, cm .
'H NMR (400 MHz, CDCI3/TMS) & (ppm): 2.92 (s, 6H), 3.25 (s, 3H), 5.51 (d, J = 13.7 Hz, 1H), 6.73

(d, J = 8.8 Hz, 2H), 6.81-6.84 (m, 1H), 6.99 (d, J = 8.3 Hz, 1H), 7.05 (d, J = 9.3 Hz), 7.44 (dt, J = 1.6,
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7.8 Hz, 1H), 7.85 (d, J = 13.6 Hz, 1H), 8.35-8.36 (m, 1H).

BC{*H} NMR (100 MHz, CDCl,) & (ppm): 37.11, 41.09, 99.91, 113.65, 118.03, 119.08, 121.28,
135.98, 138.40, 139.78, 147.19, 149.00, 158.33.

LRMS (El) m/z: 253 [M]".

HRMS: Calcd. for CigH19N5: 253.1579, found: 253.1580.

(E)-N-[2-(6-Bromopyridine-2-yl)vinyl]-4-methoxy-N-methylaniline (5jb)

.
Br- SNT NN

Me
Brown oil (33.1mg, 52%).
IR (neat): 2953, 2931, 2903, 2834, 1625, 1572, 1507, 1435, 1240, 1155, 1111, 1034, 978, 910 cm .
'H NMR (400 MHz, CDCIy/TMS) & (ppm): 3.26 (s, 3H), 3.80 (s, 3H), 5.44 (d, J = 13.2 Hz, 1H),
6.87-6.89 (m, 3H), 6.98 (d, J = 7.8 Hz, 1H), 7.24-7.28 (m, 2H), 7.85 (d, J = 13.7 Hz, 1H).
BC{'H} NMR (100 MHz, CDCl,) & (ppm): 30.89, 37.16, 55.55, 99.22, 114.54, 117.50, 121.50 (d,
J=23.0 Hz), 138.18, 140.83, 141.05, 141.62, 155.89, 159.609.
LRMS (EI) m/z: 318 [M]".

HRMS: Calcd. for CisH;5"°BrN,O: 318.0368, found: 318.0369.

(E)-4-Bromo-N-methyl-N-[2-(quinoline-2-yl)vinyl]aniline (5ki)

> /@/Br
~
N7 SE N

Me
Yellow oil {29% NMR yield (based on *H NMR spectroscopy using 1,1,2-trichloroethane as an
internal standard)}.
IR (neat): 3047, 1633, 1580, 1544, 1491, 1304, 1274, 1257, 1115, 933 cm
'H NMR (400 MHz, CDCI5/TMS) & (ppm): 3.35 (s, 3H), 5.90 (d, J = 13.6 Hz, 1H), 7.04-7.07 (m, 2H),

7.29 (d, J = 8.3 Hz, 1H), 7.34-7.38 (m, 1H), 7.44-7.7.47 (m, 2H), 7.59-7.63 (m, 1H), 7.67-7.69 (m,
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1H), 7.90-7.96 (m, 2H), 8.03 (d, J = 13.6 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl;) & (ppm): 36.00, 103.95, 115.11, 119.08, 120.27, 124.41, 126.22,
127.34, 128.18, 129.38, 132.22, 135.81, 138.97, 146.27, 148.37, 157.52.

LRMS (EI) m/z: 338 [M]".

HRMS: Calcd. for CigH1s"°BrN,: 338.0419, found: 338.0407.

Synthesis of phenethylamine 6h*

CNCH,CO,Et
Br Br

K,CO3 CO,Et Br Br
Br TBAHS 2 HCI CO,Et
U0 = OO
MeCN EtOH
Br reflux, 15 h NC rt, 24 h NHz

To a solution of ethyl isocyanoacetate (3.0 mmol), K,CO; (13.2 mmol), and TBAHS (0.30 mmol) in

MeCN (7.5 mL) was added 2-bromobenzyl bromide (6.0 mmol). The reaction mixture was stirred and
heated to reflux for 15 h. The reaction mixture was cooled and concentrated under a reduced pressure.
Water was added into the mixture, and the mixture was extracted with EtOAc (15 mL x 3). Combined
organic phase was washed with brine, dried over Na,SO,, and concentrated under a reduced pressure.
The resulting isocyanide was used to the next reaction without further purification.

To a solution of isocyanide in EtOH (6 mL) was added 6 M HCI (3 mL). The reaction mixture was
stirred at room temperature for 24 h. The reaction mixture was concentrated under a reduced pressure
and the residue was treated with a mixture of water and EtOAc. The aqueous layer was neutralized by
Na,CO; and the mixture was extracted with EtOAc (15 mL x 3). Combined organic phase was washed
with brine, dried over Na,SO,, and concentrated under a reduced pressure. Purification by column

chromatography on silica gel afforded 1a.

Ethyl 2-amino-2-(2-bromobenzyl)-3-(2-bromophenyl)propanoate (6h)

Br Br
COOEt
ORA®
H H
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Colorless oil.

IR (neat): 2979, 1727, 1472, 1438, 1197, 1023, 746 cm .

'H NMR (400 MHz, CDCly/TMS) § (ppm): 1.22 (t, J = 7.3 Hz, 3H), 1.58 (br, 2H), 3.30-3.44 (m, 4H),
4.17 (9, J = 7.3 Hz, 2H), 7.09 (m, 2H), 7.20-7.32 (m, 4H), 7.56 (d, J = 7.8 Hz, 2H).

BCL'H} NMR (100 MHz, CDCls) § (ppm): 14.02, 44.74, 61.49, 63.58, 126.35, 127.24, 128.46, 131.64,
133.10, 136.31, 175.09.

LRMS (FAB) m/z: 440 [M+1]".

HRMS: Calcd. for CigH0 °Br,NO,: 439.9861, found: 439.9854.

General procedure for synthesis of phenethylamines (6a—g, 6r).*
7 Br
Rs— P
4-CICgH4CHO COOR, X
MgSO, K,CO3
GOOR; Et;N Ry NI TBAHS
R{™ "NHzHCI CH,Cl, - MeCN
reflux, 20 h reflux, 15 h
Cl
COOR,
R4
R | N HCI N COOR;
| —> R 0
Rs toluene S U NH,
X rt,2h X
Cl

To a solution of amino acid ester hydrochloride (12.0 mmol), MgSO, (16.0 mmol), and Et;N (14.0
mmol) in CH,Cl, (20 mL) was added 4-chlorobenzaldehyde (10.0 mmol). The reaction mixture was
stirred and heated to reflux for 20 h. The resulting precipitate was removed by filtration, and the
filtrate was washed with water. The aqueous phase was extracted with CH,Cl, (15 mL x 3) and the
combined organic phase was washed with brine, dried over MgSQO,, and concentrated under a reduced
pressure. The resulting iminoester was used to the next reaction without further purification.

To a solution of an iminoester, K,CO; (22.0 mmol), and TBAHS (1.0 mmol) in MeCN (25 mL) was
added benzyl bromide (10.0 mmol). The reaction mixture was stirred and heated to reflux for 15 h.

The reaction mixture was cooled and concentrated under a reduced pressure. Water was added into the
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mixture, and the mixture was extracted with EtOAc (15 mL x 3). Combined organic phase was washed
with brine, dried over Na,SO,4 and concentrated under a reduced pressure. The resulting benzyl
iminoester was used to the next reaction without further purification.

To a solution of a benzyl iminoester in toluene (30 mL) was added 6 N HCI (1.6 mL). The reaction
mixture was stirred at room temperature for 2 h. The reaction mixture was concentrated under a
reduced pressure and the residue was treated with a mixture of water and CH,Cl,. The aqueous layer
was neutralized by aqueous NaOH under an ice bath and extracted with CH,Cl, (15 mL x 3), and the
combined organic phase was washed with brine, dried over MgSQOy,, and concentrated under a reduced

pressure. Purification by column chromatography on silica gel afforded phenethylamines 6a—g and 6r.

Methyl 2-amino-2-(2-bromobenzyl)butanoate (6a)
Br

Et
©\/\f/COOMe
NH
H 2

White needles (recrystallized from hexane, mp 54-55 °C).

IR (neat): 2961, 1727, 1429, 1124, 1028, 752 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.89 (t, J = 7.6 Hz, 3H), 1.56-1.65 (m, 3H), 1.98-2.04 (m,
1H), 3.15-3.25 (m, 2H), 3.71 (s, 3H), 7.04-7.08 (m, 1H), 7.20-7.21 (m, 2H), 7.53 (d, J = 8.3 Hz, 1H).
BC{*H} NMR (100 MHz, CDCls) & (ppm): 8.06, 32.73, 44.31, 51.79, 62.59, 125.72, 126.91, 128.10,
131.29, 132.78, 136.12, 176.21.

LRMS (El) m/z: 286 [M+1]".

HRMS: Calcd. for C1,H;;"°BrNO,: 286.0443, found: 286.0427.

Methyl 2-amino-2-[(3-bromonaphthalen-2-yl)methyl]butanoate (6b)
Br
Et

COOMe
“'EF: H NH,

Orange oil.
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IR (neat): 2967, 1729, 1500, 1445, 1213, 1194, 908, 824, 729 cm .

'H NMR (400 MHz, CDCl5/TMS) & (ppm): 0.91 (t, J = 7.6 Hz, 3H), 1.67-1.71 (m, 3H), 2.03-2.10 (m,
1H), 3.41-3.50 (m, 2H), 3.72 (s, 3H), 7.28 (d, J = 8.3 Hz, 1H), 7.46 (t, J = 7.6 Hz, 1H), 7.55 (t, J = 7.6
Hz, 1H), 7.68 (d, J = 8.8 Hz, 1H), 7.75 (d, J = 8.3 Hz, 1H), 8.31 (d, J = 8.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl5) & (ppm): 8.24, 33.09, 45.85, 52.01, 63.00, 125.78, 126.12, 127.16,
127.26, 127.76, 127.80, 128.36, 132.42, 133.38, 134.47, 176.47.

LRMS (EI) m/z: 336 [M+1]".

HRMS: Calcd. for CigH1o °BrNO,: 336.0599, found: 336.0596.

Methyl 2-amino-2-[(6-bromobenzo[d][1,3]dioxol-5-yl)methyl]butanoate (6c)

Br Et
COOMe
5 HNH2
0
Orange oil.

IR (neat): 2968, 1730, 1478, 1228, 1115, 1037, 931, 830, 731 cm ™.

'H NMR (400 MHz, CDCl5/TMS) & (ppm): 0.84 (t, J = 7.6 Hz, 3H), 1.54-1.57 (m, 3H), 1.91-1.96 (m,
1H), 3.01-3.10 (m, 2H), 3.69 (s, 3H), 5.89 (d, J = 1.5 Hz, 2H), 6.64 (s, 1H), 6.93 (s, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 7.88, 32.53, 44.02, 51.66, 62.45, 101.30, 110.29, 112.26,
115.65, 128.75, 146.77, 146.80, 176.07.

LRMS (El) m/z: 330 [M+1]".

HRMS: Calcd. for Cy3H;,"°BrNO,: 330.0341, found: 330.0338.

Methyl 2-amino-2-(2-bromo-5-fluorobenzyl)butanoate (6d)

Br Et
COOMe

NH
H 2

F

Colorless oil.
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IR (neat): 2970, 1730, 1578, 1471, 1233, 1156, 1029, 806 cm .

'H NMR (600 MHz, CDCI;/TMS) & (ppm): 0.90 (t, J = 7.4 Hz, 3H), 1.58-1.66 (m, 3H), 1.97-2.03 (m,
1H), 3.14-3.21 (m, 2H), 3.74 (s, 3H), 6.81-6.84 (m, 1H), 6.98-7.00 (m, 1H), 7.49-7.51 (m, 1H).
BC{*H} NMR (150 MHz, CDCl5) & (ppm): 8.16, 32.97, 44.42, 52.11, 62.77, 115.53 (d, Jec = 22.8 Hz),
118.28 (d, Jec = 22.8 Hz), 119.97 (d, Jec = 4.3 Hz), 133.92 (d, Jrc = 7.3 Hz), 138.51 (d, Jec = 7.3 H2),
161.43 (d, Jec = 245.5 Hz), 176.19.

LRMS (El) m/z: 304 [M+1]".

HRMS: Calcd. for Cy,His °BrENO,: 304.0348, found: 304.0364.

Methyl 2-amino-2-(2-bromo-5-methoxybenzyl)butanoate (6e)
Br
Et COOMe

NH
H 2

OMe
Yellow oil.
IR (neat): 2950, 2836, 1730, 1570, 1473, 1238, 1164, 1016, 803, 731 cm ™.
'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.90 (t, J = 7.6 Hz, 3H), 1.59-1.68 (m, 3H), 1.99-2.04 (m,
1H), 3.12-3.22 (m, 2H), 3.74 (s, 3H), 3.75 (s, 3H), 6.66 (dd, J = 9.3 Hz, 3.4 Hz, 1H), 6.77 (d, J = 3.4
Hz, 1H), 7.43 (d, J = 9.3 Hz, 1H).
BC{'H} NMR (100 MHz, CDCl5) & (ppm): 7.93, 32.77, 44.30, 51.68, 54.85, 62.50, 113.85, 115.97,
116.63, 133.02, 136.90, 158.21, 176.03.
LRMS (EI) m/z: 316 [M+1]".

HRMS: Calcd. for Ci3H1o""BrNOs: 316.0548, found: 316.0535.

Ethyl 2-amino-3-(2-bromophenyl)-2-methylpropanoate (6f)
Br

M
®COOEt
[ I NH
H 2

Colorless oil.
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IR (neat): 2979, 1723, 1473, 1193, 1097, 1022, 861, 748 cm ™.

'H NMR (600 MHz, CDCI/TMS) & (ppm): 1.25 (t, J = 7.3 Hz, 3H), 1.40 (s, 3H), 1.63 (s, 2H),
3.15-3.23 (m, 2H), 4.14-4.21 (m, 2H), 7.07-7.09 (m, 1H), 7.21117.29 (m, 2H), 7.55 (d, J = 7.3 Hz,
1H).

BC{*H} NMR (150 MHz, CDClI3) & (ppm): 13.96, 26.05, 45.16, 58.79, 61.09, 125.92, 126.97, 128.25,
131.65, 132.93, 136.33, 176.51.

LRMS (FAB) m/z: 286 [M+1]".

HRMS: Calcd. for C1,H;;"°BrNO,: 286.0443, found: 286.0446.

Methyl 2-amino-3-(2-bromophenyl)-2-methylpropanoate (6g)
Br

M
@\/\FCOOMe
4 NH;

Colorless scales (recrystallized from hexane/EtOAc, mp 54-55 °C).

IR (neat): 2950, 1722, 1190, 1124, 1096, 758 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.41 (s, 3H), 3.14-3.25 (m, 2H), 3.73 (s, 3H), 7.09-7.11
(m, 1H), 7.22-7.27 (m, 2H), 7.56 (d, J = 8.3 Hz, 1H).

BC{'H} NMR (100 MHz, CDCls) § (ppm): 26.16, 45.34, 52.27, 59.01, 125.98, 127.11, 128.42, 131.75,
133.08, 136.32, 177.09.

LRMS (El) m/z: 270 [M+1]".

HRMS: Calcd. for C1;Hy3""BrNO,: 270.0130, found: 270.0110.

Methyl 2-amino-2-(2-chlorobenzyl)butanoate (6r)
Cl

Et
@\/\f/COOMe
4 NH2

Colorless needles (recrystallized from hexane/EtOAc, mp 48-49 °C).

IR (neat): 2962, 1727, 1445, 1235, 1184, 1107, 1038, 988, 852, 755 cm ™.
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'H NMR (400 MHz, CDCI/TMS) § (ppm): 0.91 (t, J = 7.6 Hz, 3H), 1.55-1.66 (m, 3H), 1.98-2.05 (m,
1H), 3.13-3.23 (M, 2H), 3.72 (s, 3 H), 7.17-7.20 (m, 3H), 7.35-7.37 (m, 1H).

BC{'H} NMR (100 MHz, CDCl5) & (ppm): 8.31, 32.90, 42.29, 52.06, 62.74, 126.53, 128.16, 129.70,
131.80, 134.54, 135.09, 176.61.

LRMS (FAB) m/z: 242 [M+1]".

HRMS: Calcd. for C1,H;;°CINO,: 242.0948, found: 242.0951.

Synthesis of phenethylamine 6p—q, 6t

silyl chloride

Br OH Et:N OSi
Et . 3
THF B CH,Cl,
NH 2Llo
H 2 _78°C100°C, 2 h gy N2 rt, 24 h gy N2
6a

To a solution of 6a (5.0 mmol) in THF (50 mL) was added LiAlH, (6.0 mmol) at —78 °C. The reaction
mixture was stirred at 0 °C for 2 h and Na,SO,-10 H,O was added at the same temperature. The
mixture was filtered and the filtrate was concentrated under a reduced pressure. Water was added and
the mixture was extracted with CH,Cl, (15 mL x 3). Combined organic phase was washed with brine,
dried over Na,SO,, and concentrated under a reduced pressure. Purification by column
chromatography on silica gel afforded 6t.

To a solution of 6t, Et;N (10.0 mmol), and DMAP (0.75 mmol) in CH,CI, (10 mL) was added silyl
chloride (5.0 mmol). The reaction mixture was stirred at room temperature for 24 h. Water was added
and the mixture was extracted with CH,Cl, (15 mL x 3). Combined organic phase was washed with
brine, dried over Na,SO,, and concentrated under a reduced pressure. Purification by column

chromatography on silica gel afforded 6p—q.

2-(2-Bromobenzyl)-1-[(triisopropylsilyl)oxy]butan-2-amine (6p)
Br Et OTIPS

NH
H 2
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Pale yellow oil.

IR (neat): 2942, 2865, 1462, 1099, 882, 804, 741 cm .

'H NMR (400 MHz, CDCIl5/TMS) & (ppm): 0.94 (t, J = 7.6 Hz, 3H), 1.04-1.22 (m, 23H), 1.43-1.61
(m, 2H), 2.91-3.03 (m, 2H), 3.45-3.58 (m, 2H), 7.05 (t, J = 6.8 Hz, 1H), 7.22 (t, J = 7.6 Hz, 1H), 7.37
(d, J=7.6 Hz, 1H), 7.54 (d, J = 6.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl5) & (ppm): 7.90, 11.98, 18.01, 29.92, 41.68, 56.90, 69.03, 126.29,
126.83, 127.71, 132.54, 132.90, 137.92.

LRMS (EI) m/z: 413 [M]".

HRMS: Calcd. for C,Hzs "BrNOSi: 413.1750, found: 413.1738.

2-(2-Bromobenzyl)-1-[(tert-butyldiphenylsilyl)oxy]butan-2-amine (6Qq)
Br Et OTBDPS

NH
H 2

Pale yellow oil.

IR (neat): 2931, 2858, 1472, 1427, 1105, 824, 738 cm *.

'H NMR (400 MHz, CDCI/TMS) & (ppm): 0.84 (t, J = 7.1 Hz, 3H), 1.09-1.21 (m, 11H), 1.46-1.62
(m, 2H), 2.95-3.06 (m, 2H), 3.41-3.50 (m, 2H), 7.02 (t, J = 8.1 Hz, 1H), 7.12 (t, J = 7.3 Hz, 1H), 7.25
(d, J = 7.3 Hz, 1H), 7.35-7.43 (m, 6H), 7.52 (d, J = 8.1 Hz, 1H), 7.68 (m, 4H).

BC{'H} NMR (100 MHz, CDCly) 5 (ppm): 7.77, 19.36, 27.03, 29.99, 41.82, 56.90, 68.98, 126.37,
126.87, 127.64, 127.66, 127.76, 129.67, 132.51, 132.95, 133.43, 133.47, 135.74, 135.75, 137.79.
LRMS (FAB) m/z: 496 [M+1]".

HRMS: Calcd. for C,7Hzs"°"BrNOSi: 496.1671, found: 496.1682.

2-Amino-2-(2-bromobenzyl)butan-1-ol (6t)
Br Et OH

NH
H 2
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Pale orange oil.

IR (neat): 3058, 2964, 2927, 1589, 1470, 1437, 1023, 907, 729 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.94 (t, J = 7.6 Hz, 3H), 1.47-1.53 (m, 2H), 2.29 (br, 2H),
2.85-2.97 (m, 2H), 3.29-3.43 (m, 2H), 7.06 (t, J = 7.1 Hz, 1H), 7.21-7.29 (m, 2H), 7.54 (d, J = 7.8 Hz,
1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 7.87, 29.73, 41.49, 56.53, 66.59, 126.06, 126.97, 127.87,
132.38, 132.89, 137.18.

LRMS (FAB) m/z: 258 [M+1]".

HRMS: Calcd. for Cy;Hy;"°BrNO: 258.0415, found: 258.0489.

Synthesis of phenethylamine 6k—o

£ OH £ OH TEMPO
W (Boc),0 W PhI(OAc),
B >
CH,CI, CH,Cl,
gy VH2 rt, 24 h gr WHBOC  efiux, 24 h
® )
S
PhsP™ "R X R H, (1 atm)
HO KHMDS _ Et Pd/C
NHBoc THF EtOACc
—78°Ct040°C, 24 h 5, NHBoc rt,2d
r

—»
CH,Cl,
NHBoc rt., 24 h

To a solution of an above mentioned alcohol 6t (20.0 mmol) in CH,CI, (30 mL) was added (Boc),0
(20.7 mmol), and the mixture was stirred at room temperature for 24 h. The reaction mixture was
diluted with CH,Cl,, quenched with 1 M aqueous KHSO,, and extracted with CH,CI, (15 mL x 3).
Combined organic phase was washed with brine, dried over MgSQO,, and concentrated under a reduced

pressure. Purification by column chromatography on silica gel afforded a Boc-protected amine.
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To a solution of a Boc-protected amine (13.4 mmol) and PhlI(OAc), (14.7 mmol) in CH,CI, (30 mL)
was added TEMPO (2.7 mmol). The reaction mixture was stirred and heated to 40 °C for 24 h. Water
was added and the mixture was extracted with CH,Cl,. Combined organic phase was washed with
brine, dried over MgSO,, and concentrated under a reduced pressure. Purification by column
chromatography on silica gel afforded an aldehyde.

To a solution of a triphenylphosphonium halide (4.0 mmol) in THF (8 mL) was added KHMDS (4.2
mmol) at —78 °C. The reaction mixture was stirred for 30 min and an aldehyde (2.0 mmol) in THF (4
mL) was added dropwise. Stirring was continued at —78 °C for 2 h and then at 40 °C for 17 h. Water
was added and the mixture was extracted with EtOAc (15 mL x 3). Combined organic phase was
washed with brine, dried over MgSO, and concentrated under a reduced pressure. Purification by
column chromatography on silica gel afforded an alkene.

To a mixture of an alkene (1.0 mmol) and Pd/C (0.10 mmol) was added EtOAc (20 mL). The reaction
vessel was connected to a H, balloon and purged with H, for three times. The reaction mixture was
stirred at room temperature for 2 days. Pd/C was removed by filtration and the filtrate was
concentrated under a reduced pressure. The resulting hydrogenated products were used to the next
reaction without further purification.

To a solution of a hydrogenated product in CH,Cl, (15 mL) was added trifluoroacetic acid (1.5 mL).
The reaction mixture was stirred at room temperature for 24 h and concentrated under a reduced

pressure. Purification by column chromatography on silica gel afforded 6k—o.

1-(2-Bromophenyl)-2-methylbutan-2-amine (6k)
Br

Et
mMe
NH
H 2

Colorless prisms (recrystallized from hexane/EtOAc, mp 108-110 °C).

IR (neat): 2978, 1654, 1540, 1204, 1179, 1136, 804, 766, 719 cm ™.
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'H NMR (400 MHz, CDCl5/TMS) & (ppm): 1.04 (t, J = 7.6 Hz, 3H), 1.34 (s, 3H), 1.69-1.74 (m, 1H),
1.82-1.86 (m, 1H), 3.17-3.30 (m, 2H), 7.12 (t, J = 7.4 Hz, 1H), 7.22-7.30 (m, 2H), 7.58 (d, J = 7.6 Hz,
1H), 7.90 (br, 2H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 7.57, 22.10, 31.13, 42.63, 58.90, 125.98, 127.66, 129.10,
132.29, 133.61, 134.67.

LRMS (FAB) m/z: 242 [M+1]".

HRMS: Calcd. for Cy;Hy;"°BrN: 242.0544, found: 242.0551.

3-(2-Bromobenzyl)pentan-3-amine (6l)
Br

@\/\?Et

H NH»

Colorless needles (recrystallized from hexane/EtOAc, mp 99-100 °C).

IR (neat): 2976, 1669, 1623, 1603, 1540, 1178, 1135, 832, 799, 720 cm ™.

'H NMR (400 MHz, CDCI3/TMS) & (ppm):0.98 (t, J = 7.6 Hz, 6H), 1.70-1.84 (m, 4H), 3.25 (s, 2H),
7.1 (t, J = 7.6 Hz, 1H), 7.21-7.26 (m, 1H), 7.33 (d, J = 7.3 Hz, 1H), 7.57 (d, J = 7.6 Hz, 1H), 7.81 (br,
2H).

BC{*H} NMR (100 MHz, CDCI3) & (ppm): 7.27, 27.52, 40.82, 61.53, 126.12, 127.74, 128.99, 131.96,
133.52, 134.72.

LRMS (FAB) m/z: 256 [M+1]".

HRMS: Calcd. for C1,H1 " BrN: 256.0701, found: 256.0701.

3-(2-Bromobenzyl)hexan-3-amine (6m)
Br

Yellow oil.

IR (neat): 2962, 1671, 1539, 1465, 1437, 1201, 1134, 1024, 832, 800, 738, 719 cm .
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'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.91-0.97 (m, 6H), 1.35-1.68 (m, 6H), 3.05 (s, 2H), 3.98
(br, 2H), 7.10 (t, J = 7.8 Hz, 1H), 7.23-7.30 (m, 2H), 7.57 (d, J = 7.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl;) & (ppm): 7.99, 14.66, 16.81, 31.64, 41.21, 44.39, 56.02, 126.51,
126.98, 127.91, 132.34, 133.11, 137.78.

LRMS (FAB) m/z: 270 [M+1]".

HRMS: Calcd. for Ci3H,;°BrN: 270.0857, found: 270.0857.

3-(2-Bromobenzyl)heptan-3-amine (6n)
Br

Brown oil.

IR (neat): 2961, 1669, 1623, 1522, 1183, 1134, 1026, 834, 800, 759, 719 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.90-0.94 (m, 6H), 1.33-1.55 (m, 10H), 2.89 (s, 2H), 7.07
(t, J = 6.6 Hz, 1H), 7.22-7.28 (m, 2H), 7.56 (d, J = 8.3 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl3) & (ppm): 8.06, 14.13, 23.38, 25.83, 31.92, 38.95, 44.76, 55.47,
126.57, 126.91, 127.80, 132.38, 133.08, 138.12.

LRMS (FAB) m/z: 284 [M+1]".

HRMS: Calcd. for Ci4H,5""BrN: 284.1014, found: 284.1006.

3-(2-Bromobenzyl)octan-3-amine (60)
Br

Et
©\/\f/Pentyl
NH
H 2

Colorless oil.
IR (neat): 2956, 1675, 1522, 1462, 1184, 1135, 1027, 833, 803, 719 cm™,
'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.88-0.94 (m, 6H), 1.24-1.55 (m, 12H), 2.89 (s, 2H), 7.07

(t, J = 7.8 Hz, 1H), 7.23-7.28 (m, 2H), 7.56 (d, J = 7.8 Hz, 1H).
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BC{*H} NMR (100 MHz, CDCl;) & (ppm): 8.06, 14.09, 22.68, 23.29, 31.95, 32.56, 39.22, 44.78,

55.45, 126.56, 126.88, 127.78, 132.36, 133.06, 138.12.
LRMS (FAB) m/z: 298 [M+1]".

HRMS: Calcd. for CisH,s"°BrN: 298.1170, found: 298.1155.

Synthesis of benzylamine 6s

O PrNH, NHPr
MgSO, NaBH,
H ———— H
CH,ClI, MeOH
Br reflux, 20 h Br rt.,2h

©\/\NHPr
B

r

A mixture of 2-bromobenzaldehyde (5.0 mmol), propylamine (6.0 mmol) and MgSQO, (8.0 mmol) in

CH,CI, (10.0 mL) was stirred was stirred and heated to reflux for 20 h. Water was added and the

mixture was extracted with CH,Cl,. Combined organic phase was washed with brine, dried over

Na,SO,, and concentrated under a reduced pressure. The resulting imine was used to the next reaction

without further purification.

To a solution of an imine in MeOH (10 mL) was added NaBH, (2.5 mmol). The reaction mixture was

stirred at room temperature for 2 h. Water was added and the mixture was extracted with CH,Cl,.

Combined organic phase was washed with brine, dried over MgSO,, and concentrated under a reduced

pressure. Purification by column chromatography on silica gel afforded 6s.

N-(2-Bromobenzyl)propan-1-amine (6s)*
Br

NHPr

H
Pale yellow oil.

IR (neat): 2958, 2931, 1457, 1439, 1126, 1024, 746 cm ™.
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'H NMR (400 MHz, CDCI/TMS) § (ppm): 0.91 (t, J = 7.6 Hz, 3H), 1.48-1.54 (m, 3H), 2.56 (t, J =
7.1 Hz, 2H), 3.82 (s, 2H), 7.04-7.06 (m, 1H), 7.20-7.23 (m, 1H), 7.36 (d, J = 7.8 Hz, 1H), 7.48 (d, J =
8.3 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl5) § (ppm): 11.46, 22.89, 50.80, 53.38, 123.56, 126.97, 128.02, 129.78,
132.31, 139.16.

LRMS (El) m/z: 227 [M]".

HRMS: Calcd. for CyoH1"°BrN: 227.0310, found: 227.0310.

Representative procedure for C-H aminocarbonylation (Table 16, entry 3)

Methyl 2-amino-2-(2-bromobenzyl)butanoate (6a, 42.9 mg, 0.15 mmol), Pd(TFA), (5.0 mg, 0.015
mmol), BINOL (17.4 mg, 0.060 mmol), and AgsPO, (320.3 mg, 0.75 mmol) were added into a vial
and then MeCN (0.25 mL) and AcOH (0.75 mL) were added. The vial was evacuated and purged with
CO (balloon) for 3 times). The mixture was stirred at 100 °C for 24 h and water was added. The
reaction mixture was extracted with EtOAc (10 mL x 3). Combined organic phase was washed with
brine, dried over Na,SO,, and concentrated under a reduced pressure. Purification by column

chromatography on silica gel afforded the desired benzolactam 7a.

Ethyl 5,7-dioxo-5,7,12,13-tetrahydro-12aH-isoquinolino[2,3-b]isoquinoline-12a-carboxylate
(7ha)

COOEt
CO0

O O

Pale yellow amorphous (48.8 mg, 36%; recrystallized from hexane/CHCI;, mp 208-210 °C).

IR (neat): 2974, 1737, 1723, 1605, 1458, 1346, 1259, 1207, 1079, 1029, 747 cm

'H NMR (400 MHz, CDCI5/TMS) & (ppm): 0.68 (t, J = 7.1 Hz, 3H), 3.45-3.49 (m, 2H), 3.52-3.56 (m,
2H), 3.81 (q, J = 7.1 Hz, 3H) , 7.18 (d, J = 7.8 Hz, 2H), 7.39-7.42 (m, 2H), 7.47-7.50 (m, 2H), 8.15 (d,

J=7.8Hz, 2H).

96



BC{*H} NMR (150 MHz, CDCls) 5 (ppm): 13.49, 38.74, 62.34, 66.15, 126.62, 128.20, 129.50, 129.99,
133.04, 133.84, 164.15, 171.42.
LRMS (FAB) m/z: 335 [M+1]".

HRMS: Calcd. for C,oH;7NO,: 335.1158, found: 335.1112.

Ethyl 5-bromo-3-(2-bromobenzyl)-1-oxo0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7hb)
Br
COOEt

CLE T

o H
White amorphous (49.8 mg, 71%; recrystallized from hexane/CHClI3, mp 147-148 °C).
IR (neat): 3191, 3070, 2916, 1730, 1674, 1393, 1202, 1054, 745 cm ™.
'H NMR (400 MHz, CDCI3/TMS) & (ppm): 1.21 (t, J = 8.3 Hz, 3H), 3.31-3.40 (m, 2H), 3.47 (s, 2H),
4.16-4.26 (M, 2H), 6.40 (br, 1H), 7.08-7.12 (m, 2H), 7.21-7.27 (m, 2H), 7.54 (d, J = 8.3 Hz, 1H),
7.71(d, J = 7.8 Hz, 1H), 8.03 (d, J = 7.8 Hz, 1H).
BC{*H} NMR (100 MHz, CDCl3) & (ppm): 13.91, 36.26, 43.07, 61.82, 62.51, 123.47, 125.78, 127.40,
127.51, 128.55, 129.22, 130.08, 131.88, 133.34, 133.91, 135.28, 136.50, 163.90, 171.61.
LRMS (FAB) m/z: 466 [M+1]".

HRMS: Calcd. for CioH15"°Br,NOs: 465.9653, found: 465.9659.

Methyl 5-bromo-3-ethyl-1-oxo-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7a)
Br
et COOMe

NH
(o)

Yellow plates (46.2 mg, 99%; recrystallized from hexane, mp 166-167 °C).

IR (neat): 3210, 3093, 2894, 1730, 1669, 1560, 1458, 1383, 1227, 1126, 1009, 928, 809 cm .
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'H NMR (400 MHz, CDCI5/TMS) & (ppm): 0.938 (t, J = 7.3 Hz, 3H), 1.85-1.91 (m, 2H), 3.23 (d, J =
16.6 Hz, 1H), 3.48 (d, J = 16.6 Hz, 1H), 3.75 (s, 3H), 6.55 (br, 1H), 7.23 (t, J = 7.8 Hz, 1H), 7.70 (d, J
= 7.8 Hz, 1H), 8.05 (d, J = 7.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 8.04, 31.75, 36.00, 52.91, 61.82, 123.38, 127.43, 128.45,
129.88, 135.72, 136.46, 164.21, 172.84.

LRMS (EI) m/z: 311 [M]".

HRMS: Calcd. for Cy3H1"°BrNOs: 311.0157, found: 311.0150.

Methyl 5-bromo-3-ethyl-1-oxo-1,2,3,4-tetrahydrobenzo[h]isoquinoline-3-carboxylate (7b)
Br

TLcoome
O NH
(J 1

Pale brown prisms (44.1 mg, 81%; recrystallized from hexane/EtOAc, mp 219-221 °C).

IR (neat): 3179, 3060, 2919, 1734, 1672, 1456, 1378, 1269, 1225, 913, 741 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.95 (t, J = 7.8 Hz, 3H), 1.86-1.96 (m, 2H), 3.53 (d, J =
16.6 Hz, 1H), 3.68 (d, J = 16.6 Hz, 1H), 3.76 (s, 3H), 6.64 (br, 1H), 7.56 (t, J = 7.8 Hz, 1H), 7.69 (t, J
= 7.8 Hz, 1H), 7.95 (d, J = 8.3 Hz, 1H), 8.30 (d, J = 8.3 Hz, 1H), 8.65 (s, 1H).

BC{'H} NMR (100 MHz, CDCls) & (ppm): 8.13, 31.95, 37.54, 52.97, 61.98, 123.38, 126.34, 127.05,
127.26, 129.38, 129.64, 129.92, 131.99, 132.83, 134.19, 164.44, 172.80.

LRMS (EI) m/z: 361 [M]".

HRMS: Calcd. for Ci7H;6""BrNO5: 361.0314, found: 361.0322.

Methyl 5-bromo-7-ethyl-9-ox0-6,7,8,9-tetrahydro-[1,3]dioxolo[4,5-h]isoquinoline-7-carboxylate

(7c)
Br Et
COOMe
NH
o)
0o o
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White prisms (33.8 mg, 64%; recrystallized from hexane/EtOAc, mp 210-212 °C).

IR (neat): 3190, 3085, 2869, 1718, 1675, 1457, 1250, 1056, 925, 759 cm .

'H NMR (400 MHz, CDCI5/TMS) & (ppm): 0.90 (t, J = 7.6 Hz, 3H), 1.81-1.88 (m, 2H), 3.13 (d, J =
16.6 Hz, 1H), 3.32 (d, J = 16.6 Hz, 1H), 3.76 (s, 3H), 6.13 (s, 2H), 6.35 (br, 1H), 7.10 (s, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 8.04, 31.45, 36.29, 52.93, 62.12, 103.05, 112.12, 113.43,
115.55, 127.75, 148.03, 148.67, 162.31, 172.61.

LRMS (EI) m/z: 355 [M]".

HRMS: Calcd. for Cy,H1,"°BrNOs: 355.0055, found: 355.0049.

Methyl 5-bromo-3-ethyl-8-fluoro-1-oxo-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7d)

Br Et
COOMe

NH
F O

White prisms (14.6 mg, 29%; recrystallized from hexane/EtOAc, mp 190-191 °C).

IR (neat): 3209, 3095, 2954, 1727, 1675, 1599, 1464, 1377, 1258, 1228, 1187, 1112 cm .

'H NMR (600 MHz, CDCIy/TMS) & (ppm): 0.92 (t, J = 4.9 Hz, 3H), 1.82-1.90 (m, 2H), 3.23 (d, J =
16.5 Hz, 3H), 3.43 (d, J = 16.5 Hz, 3H), 3.77 (s, 3H), 6.45 (br, 1H), 6.97-7.00 (m, 1H), 7.66-7.68 (m,
1H).

BC{*H} NMR (150 MHz, CDCl5) & (ppm): 8.06, 31.37, 37.10, 53.05, 61.58, 117.72 (d, Jec = 23.0 Hz),
117.82 (d, Jec = 40.2 Hz), 117.85 (d, Jec = 40.2 Hz), 137.41 (d, Jec = 8.6 Hz), 138.00, 161.27, 161.56
(d, Jec = 262.8 Hz), 172.40.

LRMS (FAB) m/z: 330 [M+1]".

HRMS: Calcd. for Ci3H1,"BrFNO;: 330.0141, found: 330.0144.

Ethyl 5-bromo-3-ethyl-1-oxo0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7f)
Br
Mookt

NH
(0]
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Yellow prisms (30.0 mg, 64%; recrystallized from hexane/EtOAc, mp 134-135 °C).

IR (neat): 3194, 3076, 2928, 1739, 1677, 1384, 1186, 1116, 1009, 810, 749 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 1.21 (t, J = 7.1 Hz, 3H), 1.57 (s, 3H), 3.15 (d, J = 16.6 Hz,
1H), 3.56 (d, J = 16.6 Hz, 1H), 4.16-4.18 (m, 2H), 6.35 (br, 1H), 7.22-7.26 (m, 1H), 7.71 (d, J = 8.3
Hz, 1H), 8.06 (d, J = 7.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl3) & (ppm): 13.97, 25.67, 37.68, 58.18, 62.09, 123.26, 127.39, 128.49,
129.80, 135.74, 136.40, 164.51, 172.99.

LRMS (FAB) m/z: 312 [M+1]".

HRMS: Calcd. for Ci3H;s""BrNOs: 312.0235, found: 312.0231.

Methyl 5-bromo-3-ethyl-1-oxo-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (79g)
Br
VMecoome

NH
o)

Yellow needles (25.6 mg, 57%; recrystallized from hexane/EtOAc, mp 178-179 °C).

IR (neat): 3183, 3067, 2919, 1730, 1669, 1559, 1388, 1195, 1114, 807, 748 cm .

'H NMR (400 MHz, CDCly/TMS) & (ppm): 1.58 (s, 3H), 3.16 (d, J = 16.6 Hz, 1H), 3.57 (d, J = 16.6
Hz, 1H), 3.73 (s, 3H), 6.52 (br, 1H), 7.24 (t, J = 7.8 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H), 8.06 (d, J = 7.8
Hz, 1H).

BC{*H} NMR (100 MHz, CDCls) 5 (ppm): 25.93, 37.61, 53.12, 58.22, 123.34, 127.48, 128.55, 129.67,
135.67, 136.52, 164.34, 173.53.

LRMS (FAB) m/z: 298 [M+1]".

HRMS: Calcd. for Cy,H;5"°BrNOs: 298.0079, found: 298.0066.

5-Bromo-3-(2-bromobenzyl)-3,4-dihydroisoquinolin-1(2H)-one (7i)
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Brown prisms (22.8 mg, 40%; recrystallized from hexane/EtOAc, mp 172-175 °C).

IR (neat): 3182, 3065, 2925, 1663, 1560, 1472, 1442, 1398, 1347, 1214, 1109, 1027, 935, 747 cm ™.

'H NMR (400 MHz, CDCI3/TMS) & (ppm): 2.90-3.01 (m, 2H), 3.08-3.13 (m, 1H), 3.22-3.27 (m, 1H),
4.07-4.13 (m, 1H), 6.02 (br, 1H), 7.14-7.32 (m, 4H), 7.59 (d, J = 7.8 Hz, 1H), 7.71 (d, J = 7.8 Hz, 1H),
8.06 (d, J = 7.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl3) & (ppm): 33.59, 41.81, 49.88, 123.34, 124.76, 127.43, 127.90,
128.27, 129.01, 130.55, 131.60, 133.39, 135.94, 136.29, 137.14, 164.85.

LRMS (FAB) m/z: 396 [M+1]".

HRMS: Calcd. for CigH14"°Br,NO: 393.9364, found: 393.9434.

5-Bromo-3-ethyl-3-methyl-3,4-dihydroisoquinolin-1(2H)-one (7k)

Br Et
Me

NH
(o)

Brown prisms (14.7 mg, 37%; recrystallized from hexane/EtOAc, mp 125-126 °C).

IR (neat): 3183, 3069, 2971, 1663, 1560, 1391, 1111, 811, 737 cm .

'H NMR (600 MHz, CDCI3/TMS) & (ppm): 0.95 (t, J = 4.9 Hz, 3H), 1.29 (s, 3H), 1.57-1.66 (m, 2H),
2.96 (d, J = 11.0 Hz, 1H), 3.10 (d, J = 11.0 Hz, 1H), 6.07 (br, 1H), 7.22 (t, J = 4.3 Hz, 1H), 7.71 (d, J =
4.3 Hz, 1H), 8.06 (d, J = 4.3 Hz, 1H).

BC{*H} NMR (150 MHz, CDCls) & (ppm): 8.31, 26.34, 34.07, 39.18, 54.22, 123.59, 127.21, 128.02,
130.14, 136.19, 137.10, 164.56.

LRMS (FAB) m/z: 268 [M+1]".

HRMS: Calcd. for Cy,H;5"°BrNO: 268.0337, found: 268.0336.
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5-Bromo-3,3-diethyl-3,4-dihydroisoquinolin-1(2H)-one (71)

Br
Et
Et

NH
o

Colorless prisms (17.8 mg, 42%; recrystallized from hexane/EtOAc, mp 136-137 °C).

IR (neat): 3164, 3054, 2966, 2916, 1667, 1562, 1398, 1117, 1065, 925, 817, 798 cm .

'H NMR (600 MHz, CDCIy/TMS) & (ppm): 0.91 (t, J = 4.9 Hz, 6H), 1.55-1.67 (m, 4H), 3.02 (s, 2H),
5.93 (br, 1H), 7.20-7.22 (m, 1H), 7.69 (d, J = 5.5 Hz, 1H), 8.04 (d, J = 4.9 Hz, 1H).

BC{*H} NMR (150 MHz, CDCl3) & (ppm): 7.94, 30.97, 36.76, 56.68, 123.64, 127.16, 127.94, 130.25,
136.19, 137.13, 164.61.

LRMS (FAB) m/z: 282 [M+1]".

HRMS: Calcd. for Ci5H;;°BrNO: 282.0494, found: 282.0487.

5-Bromo-3-ethyl-3-propyl-3,4-dihydroisoquinolin-1(2H)-one (7m)

Br Et
Pr

NH
(o)

White amorphous (23.3 mg, 52%; recrystallized from hexane/EtOAc, mp 104-105 °C).

IR (neat): 3174, 3060, 2962, 2928, 1666, 1562, 1462, 1398, 1114, 817, 800, 742 cm ™.

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.89-0.93 (m, 6H), 1.26-1.64 (m, 6H), 3.02 (s, 2H), 6.01
(br, 1H), 7.19-7.23 (m, 1H), 7.69 (d, J = 7.6 Hz, 1H), 8.04 (d, J = 7.6 Hz, 1H).

BC{'H} NMR (100 MHz, CDCly) 5 (ppm): 8.02, 14.39, 16.85, 31.59, 37.19, 40.85, 56.53, 123.60,
127.15, 127.92, 130.25, 136.17, 137.15, 164.55.

LRMS (FAB) m/z: 296 [M+1]".

HRMS: Calcd. for Cy,H;"°BrNO: 296.0650, found: 296.0652.

5-Bromo-3-butyl-3-ethyl-3,4-dihydroisoquinolin-1(2H)-one (7n)
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Br
Et
Bu

NH
(0]

52% NMR yield (based on *H NMR spectroscopy using 1,1,2-trichloroethane as an internal standard).
IR (neat): 3191, 3070, 2958, 2931, 1666, 1560, 1458, 1392, 1111, 802, 745 cm ™.

'H NMR (600 MHz, CDCI5/TMS) & (ppm): 0.88-0.92 (m, 6H), 1.26-1.29 (m, 4H), 1.50-1.65 (m, 4H),
3.02 (s, 2H), 6.00 (br, 1H), 7.20-7.22 (m, 1H), 7.69 (d, J = 6.1 Hz, 1H), 8.04 (d, J = 4.9 Hz, 1H).
BC{*H} NMR (150 MHz, CDCl;) & (ppm): 8.02, 13.95, 22.99, 25.65, 31.49, 37.23, 38.14, 56.51,
123.62, 127.15, 127.93, 130.25, 136.18, 137.15, 164.56.

LRMS (FAB) m/z: 310 [M+1]".

HRMS: Calcd. for CisH, °BrNO: 310.0807, found: 310.0802.

5-Bromo-3-ethyl-3-pentyl-3,4-dihydroisoquinolin-1(2H)-one (70)
Br
t Pentyl

NH
0]

60% NMR yield (based on *H NMR spectroscopy using 1,1,2-trichloroethane as an internal standard).
IR (neat): 3190, 3075, 2930, 1666, 1560, 1460, 1392, 1111, 800, 744 cm .,

'H NMR (600 MHz, CDCIy/TMS) & (ppm): 0.86-0.92 (m, 6H), 1.24-1.32 (m, 6H), 1.48-1.64 (m, 4H),
3.02 (s, 2H), 5.91 (br, 1H), 7.20-7.23 (m, 1H), 7.69 (d, J = 5.5 Hz, 1H), 8.04 (d, J = 4.9 Hz, 1H).
BC{*H} NMR (150 MHz, CDCl;) & (ppm): 8.04, 13.94, 22.50, 23.18, 31.51, 32.06, 37.23, 38.40,
56.55, 123.62, 127.16, 127.95, 130.25, 136.20, 137.15, 164.54.

LRMS (FAB) m/z: 324 [M+1]".

HRMS: Calcd. for CigH,5"°BrNO: 324.0963, found: 324.0961.

5-Bromo-3-ethyl-3-{[(triisopropylsilyl)oxy]methyl}-3,4-dihydroisoquinolin-1(2H)-one (7p)
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Br OTIPS
Et

NH
o

Brown prisms (40.9 mg, 61%; recrystallized from hexane/EtOAc, mp 109-110 °C).

IR (neat): 3192, 3075, 2938, 2863, 1667, 1565, 1458, 1398, 1111, 884, 804, 737 cm .

'H NMR (600 MHz, CDCI/TMS) & (ppm): 0.93 (t, J = 5.2 Hz, 3H), 1.01-1.09 (m, 21H), 1.66-1.79
(m, 2H), 2.97-3.05 (m, 2H), 3.57 (d, J = 6.8 Hz, 1H), 3.66 (d, J = 6.8 Hz, 1H), 6.09 (br, 1H),
7.19-7.27 (m, 1H), 7.68 (d, J = 5.5 Hz, 1H), 8.05 (d, J = 4.9 Hz, 1H).

BC{'H} NMR (150 MHz, CDCl3) & (ppm): 8.17, 11.85, 12.04, 17.90, 17.93, 29.20, 33.49, 57.57,
67.56, 123.60, 127.19, 127.96, 130.29, 136.16, 136.60, 164.41.

LRMS (FAB) m/z: 440 [M+1]".

HRMS: Calcd. for CpHass°BrNO,Si: 440.1620, found: 440.1618.

5-Bromo-3-{[(tert-butyldiphenylsilyl)oxy]methyl}-3-ethyl-3,4-dihydroisoquinolin-1(2H)-one (7q)
Br Et OTBDPS

NH
(o)

White prisms (61.8 mg, 79%; recrystallized from hexane/EtOAc, mp 208-210 °C).

IR (neat): 3181, 3072, 2929, 2856, 1669, 1473, 1392, 1113, 826, 744 cm ™.

'H NMR (600 MHz, CDCI3/TMS) & (ppm): 0.86 (t, J = 5.5 Hz, 3H), 1.03 (s, 9H), 1.69-1.83 (m, 2H),
2.96 (d, J = 11.3 Hz, 1H), 2.96 (d, J = 11.3 Hz, 1H), 3.10 (d, J = 11.3 Hz, 1H), 6.01 (br, 1H),
7.18-7.21 (m, 1H), 7.30-7.42 (m, 6H), 7.54-7.60 (m, 4H), 7.69 (d, J = 6.1 Hz, 1H), 8.02 (d, J = 4.9
Hz, 1H).

BCL{*H} NMR (150 MHz, CDCI3) & (ppm): 7.95, 19.16, 26.78, 29.40, 33.65, 57.54, 67.52, 123.56,
127.24, 127.74, 127.82, 127.97, 129.84, 129.89, 130.25, 132.47, 132.54, 135.51, 136.18, 136.58,
164.45.

LRMS (FAB) m/z: 522 [M+1]".

104



HRMS: Calcd. for C,gHa3 °BrNO,Si: 522.1464, found: 522.1465.

Methyl 5-chloro-3-ethyl-1-0x0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7r)
Ci
Et COOMe

NH
(o)

White plates (35.4 mg, 89%; recrystallized from hexane/AcOEt, mp 171-172 °C).

IR (neat): 3211, 3090, 2895, 1729, 1669, 1458, 1386, 1126, 1009, 933, 807, 745 cm .

'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.94 (t, J = 7.6 Hz, 3H), 1.86-1.93 (m, 2H), 3.23 (d, J =
16.6 Hz, 1H), 3.49 (d, J = 16.6 Hz, 1H), 3.74 (s, 3H), 6.58 (br, 1H), 7.27-7.32 (m, 1H), 7.53 (d, J =
8.3 Hz, 1H), 8.01 (d, J = 7.8 Hz, 1H).

BC{*H} NMR (100 MHz, CDCls) & (ppm): 8.03, 31.77, 33.17, 52.91, 61.77, 126.72, 128.02, 129.70,
133.06, 133.17, 133.94, 164.22, 172.87.

LRMS (FAB) m/z: 268 [M+1]".

HRMS: Calcd. for Ci3H;:°CINO;: 268.0740, found: 268.0739.

4-Bromo-2-propylisoindolin-1-one (7s)®
Br

NPr

(o)
Orange oil (16.4 mg, 42%).
IR (neat): 2964, 2931, 2874, 1684, 1579, 1458, 1411, 1266, 1090, 970, 799, 744 cm ™.
'H NMR (400 MHz, CDCIy/TMS) & (ppm): 0.97 (t, J = 7.3 Hz, 3H), 1.68-1.77 (m, 2H), 3.60 (t, J =
7.3 Hz, 2H), 4.29 (s, 2H), 7.33-7.37 (m, 1H), 7.64 (d, J = 7.8 Hz, 1H), 7.79 (d, J = 7.8 Hz, 1H).
BC{*H} NMR (100 MHz, CDCl5) & (ppm): 11.24, 21.56, 44.07, 50.54, 117.43, 122.55, 129.83, 133.95,
135.16, 141.48, 167.51.

LRMS (EI) m/z: 253 [M]".
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HRMS: Calcd. for Cy;Hy, °BrNO: 253.0102, found: 253.0111.

9-Bromo-10a-ethyl-10,10a-dihydro-3H-oxazolo[3,4-b]isoquinoline-3,5(1H)-dione (7t°)

Br
Et

N

F%
Dark blue oil (9.1 mg, 24%).
IR (neat): 3020, 2971, 2928, 1813, 1790, 1684, 1364, 1315, 1248, 1133, 903, 742 cm .
'H NMR (400 MHz, CDCI3/TMS) & (ppm): 0.93 (t, J = 7.6 Hz, 3H), 1.56-1.62 (m, 1H), 1.76-1.83 (m,
1H), 3.05 (d, J = 16.6 Hz, 1H), 3.57 (d, J = 16.6 Hz, 1H), 4.22 (d, J = 8.8 Hz, 1H), 4.45 (d, J = 8.8 Hz,
1H), 7.27-7.35 (m, 1H), 7.81 (d, J = 7.8 Hz, 1H), 8.19 (d, J = 7.8 Hz, 1H).
BC{*H} NMR (100 MHz, CDCl) § (ppm): 7.97, 29.55, 36.78, 61.40, 72.16, 123.83, 128.89, 129.15,
130.24, 135.73, 137.78, 151.20, 159.66.
LRMS (FAB) m/z: 268 [M+1]".

HRMS: Calcd. for Cy3H;," BrNO;: 309.0001, found: 309.0030.

Suzuki—Miyaura coupling of 7a

In a glove box, methyl 5-bromo-3-ethyl-1-oxo0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7a, 46.8
mg, 0.15 mmol), PhB(OH), (20.7 mg, 0.165 mmol), Pd(PPhs), (17.9 mg, 0.015 mmol), and Na,CO;
(41.3 mg, 0.27 mmol) were added into a vial and then DME (1 mL) was added. Water (0.2 mL) was
added and the reaction mixture was stirred and heated to reflux for 16 h. After cooling to room
temperature, the reaction mixture was diluted with CH,Cl,. The resulting precipitate was removed by
filtration and the filtrate was washed with water. The aqueous phase was extracted with CH,CI, (10
mL x 3) and the combined organic phase was washed with brine, dried over Na,SO,, and concentrated

under a reduced pressure. Purification by column chromatography on silica gel afforded 8.

Methyl 3-ethyl-1-oxo0-5-phenyl-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (8)

106



Ph Et
COOMe

NH
O

Colorless prisms (40.5 mg, 87%; recrystallized from hexane/EtOAc, mp 179-181 °C).

IR (neat): 3228, 3080, 2952, 2898, 1739, 1663, 1587, 1389, 1194, 1122, 1008, 760, 708 cm .

'H NMR (600 MHz, CDCIy/TMS) & (ppm): 0.85 (t, J = 7.3 Hz, 3H), 1.76-1.81 (m, 2H), 3.01 (d, J =
16.1 Hz, 1H), 3.32 (d, J = 16.1 Hz, 1H), 3.67 (s, 3H), 6.40 (br, 1H), 7.30-7.31 (m, 2H), 7.39017.47 (m,
5H), 8.10 (d, J = 7.3 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl) & (ppm): 7.99, 31.36, 33.97, 52.70, 62.23, 126.92, 127.42, 127.47,
128.35, 128.45, 129.01, 133.36, 134.04, 139.89, 141.24, 165.36, 173.15.

LRMS (FAB) m/z: 310 [M+1]".

HRMS: Calcd. for C19Hz0NO3: 310.1443, found: 310.1441.

Buchwald-Hartwig amination of 7a

Methyl 5-bromo-3-ethyl-1-ox0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7a, 46.8 mg, 0.15
mmol), Pd(dba), (8.6 mg, 0.015 mmol), dppf (12.5 mg, 0.023 mmol), and ‘BuONa (17.3 mg, 0.18
mmol) were added into a vial and then toluene (0.15 mL) was added. PhNH; (16.8 mg, 0.18 mmol)
was added and the reaction mixture was stirred and heated to 100 °C for 15 h. Water was added and
the reaction mixture was extracted with EtOAc (10 mL x 3). Combined organic phase was washed
with brine, dried over Na,SO,, and concentrated under a reduced pressure. Purification by column

chromatography on silica gel afforded 9.

Methyl 3-ethyl-1-oxo0-5-(phenylamino)-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (9)
NHPh
et COOMe

NH
O

White amorphous (29.6 mg, 62%; recrystallized from hexane/EtOAc, mp 152-153 °C).
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IR (neat): 3394, 3202, 3087, 2960, 1726, 1669, 1582, 1391, 1310, 1206, 1123, 1006, 820 cm .

'H NMR (600 MHz, CDCI,/TMS) & (ppm): 0.89 (t, J = 7.3 Hz, 3H), 1.85 (g, J = 7.3 Hz, 2H), 3.02 (d,
J =16.6 Hz, 1H), 3.27 (d, J = 16.6 Hz, 1H), 3.71 (s, 3H), 5.38 (br, 1H), 6.29 (br, 1H), 6.83 (d, J = 7.8
Hz, 2H), 6.92 (t, J = 7.3 Hz, 1H), 7.23-7.31 (m, 3H), 7.39 (d, J = 7.8 Hz, 1H), 7.83 (d, J = 7.8 Hz,
1H).

BC{*H} NMR (150 MHz, CDCls) 5 (ppm): 8.08, 31.24, 31.79, 52.84, 61.94, 116.98, 120.76, 123.10,
125.58, 127.70, 128.45, 129.10, 129.43, 140.16, 144.16, 165.25, 173.18.

LRMS (FAB) m/z: 325 [M+1]".

HRMS: Calcd. for Ci9H,1N,03: 325.1552, found: 325.1552.

Stille coupling of 7a

Methyl 5-bromo-3-ethyl-1-ox0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7a, 46.8 mg, 0.15
mmol), Pd,(dba); (13.7 mg, 0.015 mmol), PPh; (7.87 mg, 0.030 mmol), and LiCl (19.1 mg, 0.45
mmol) were added into a vial and then dioxane (1.3 mL) was added. Allyltributylstannane (76.8 mg,
0.23 mmol) was added and the reaction mixture was stirred and heated to 100 °C for 26 h. 20%
aqueous KF was added and the mixture was extracted with EtOAc (10 mL x 3). Combined organic
phase was washed with brine, dried over MgSO,, and concentrated under a reduced pressure.

Purification by column chromatography on silica gel afforded 10.

Methyl 5-allyl-3-ethyl-1-0x0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (10)

A Et
COOMe

NH
O

Colorless prisms (29.9 mg, 73%; recrystallized from hexane/EtOAc, mp 131-131 °C).

IR (neat): 3218, 3079, 2953, 1743, 1669, 1595, 1389, 1180, 1126, 1013, 902, 809, 768 cm ™.

'H NMR (400 MHz, CDCI3/TMS) & (ppm): 0.92 (t, J = 7.6 Hz, 3H), 1.83-1.88 (m, 2H), 3.06 (d, J =

16.1 Hz, 1H), 3.32 (d, J = 16.1 Hz, 1H), 3.43 (d, J = 5.9 Hz, 2H), 3.71 (s, 3H), 4.93 (dd, J = 17.1, 2.0
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Hz, 1H), 5.10 (d, J = 10.3 Hz, 1H), 5.92-5.99 (m, 1H), 6.42 (br, 1H), 7.30-7.34 (m, 2H), 7.99 (d, J =
7.3 Hz, 1H).

BC{*H} NMR (100 MHz, CDCl;) 5 (ppm): 8.05, 31.63, 32.66, 36.99, 52.74, 61.94, 116.30, 126.56,
127.06, 128.19, 133.94, 134.45, 135.82, 137.07, 165.41, 173.23.

LRMS (FAB) m/z: 274 [M+1]".

HRMS: Calcd. for C1sHz0NO3: 274.1443, found: 274.1445.

Pd-catalyzed borylation of 7a

Methyl 5-bromo-3-ethyl-1-ox0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (7a, 46.8 mg, 0.15
mmol), bis(heopentyl glycolato)diboron (88.0 mg, 0.33 mmol), PdCI,(MeCN), (3.9 mg, 0.015 mmol),
dppf (12.5 mg, 0.023 mmol), and KOAc (44.2 mg, 0.45 mmol) were added into a vial and then DMSO
(0.9 mL) was added. The reaction mixture was stirred and heated to 80 °C for 26 h. Water was added
and the mixture was extracted with CH,CI, (10 mL x 3). Combined organic phase was washed with
brine, dried over Na,SO,, and concentrated under a reduced pressure. Purification by column

chromatography on silica gel afforded 11.

Methyl
5-(5,5-dimethyl-1,3,2-dioxaborinan-2-yl)-3-ethyl-1-ox0-1,2,3,4-tetrahydroisoquinoline-3-carboxyl

ate (11)

0. .0
i Et
COOMe

NH
(0]

Colorless prisms (39.0 mg, 75%; recrystallized from hexane/EtOAc, mp 174-176 °C).

IR (neat): 3219, 3085, 2928, 1733, 1661, 1472, 1326, 1296, 1248, 1140, 1126, 1016, 807 cm ™.
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'H NMR (600 MHz, CDCly/TMS) & (ppm): 0.90 (t, J = 7.3 Hz, 3H), 1.05 (s, 6H), 1.83-1.89 (m, 2H),
3.49 (d, J = 11.0 Hz, 1H), 3.67 (d, J = 11.0 Hz, 1H), 3.71 (s, 3H), 3.80 (s, 4H), 6.32 (br, 1H),
7.31-7.34 (m, 1H), 7.94 (d, J = 7.3 Hz, 1H), 8.13 (d, J = 8.3 Hz, 1H).

BC{*H} NMR (150 MHz, CDCls) & (ppm): 8.11, 21.81, 31.58, 31.66, 35.40, 52.68, 62.17, 72.40,
126.27, 127.76, 130.23, 136.34, 139.47, 141.66, 165.61, 173.54.

LRMS (FAB) m/z: 346 [M+1]".

HRMS: Calcd. for C13H,5sBNOs: 346.1826, found: 346.1822.
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