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AcOEt
BINAP
cod

CPME

DABCO
dba
DBN
DBU
DCE
DCM
DMA
DMAP
DMF
DMSO
Ind
IPA
LAH
Mes
MTBD
MTHP
NHC
NMP
TBAF
TBD
Tf
THF
THP
TMG
Tp

ethyl acetate
2,2’-bis(diphenylphosphino)-1,1’-binaphthyl
1,5-cyclooctadiene

cyclopentyl methyl ether
cyclohexyl
1,4-diazabicyclo[2.2.2]octane
dibenzylideneacetone
1,5-diazabicyclo[4.3.0]non-5-ene
1,8-diazabicyclo[5.4.0]undec-7-ene
1,2-dichloroethane
dichloromethane
N,N-dimethylacetamide
4-dimethylaminopyridine
N,N-dimethylformamide

dimethyl sulfoxide

indenyl

isopropyl alcohol

lithium aluminum hydride

mesityl
7-methyl-1,5,7-triazabicyclo[4.4.0]dec-5-ene
4-methyltetrahydropyran
N-heterocyclic carbene
N-methylpyrrolidone
tetra-n-butylammonium fluoride
1,5,7-triazabicyclo[4.4.0]dec-5-ene
triflate

tetrahydrofuran
2-tetrahydropyranyl
1,1,3,3-tetramethylguanidine
tris(pyrazolyl)borate

il
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B RAES AR A A e U TRV ARTFEL, BFEOAHARIETIIRETSH L1k
BVOERERH L, EILBEMTIRELZET {LEMOBE LR TOGMKE TGRICT 572
EL A ABIEFICB W TRERA R FiEE 2o TS, HTH, R CAFRS{LE
W& IR LRGSR A b B0 RS R E 5 2 2 FIEE, A BAEFRIBLS
WCBWCIHEFICEERTELE R0, IKKFRMTON TN D, 2V E Tlokkx 72
B @ i 2 I 7o SOR D 2 < il 4, BRGSO RARMILEY ., B R 2k
LB OERICFIHEN TS, BlxiX, BIZ /) —LFEEZE LT Suzuki-
Miyaura 7 B 271 > 7Y U ZROGIE, 73T U0 LMl & SEAAE T, AR U R L A
N T A E DROED DX DA & RN 25 |, RS, BRI ERR LA
BRI O ERIICERB T A MISIE, TNE CERDPRETH 72T U — VEE K
AT 2L ZARBICT 570 8, AMERTFEICEEZH7206 Liz(eq. 0.1)%

cat. Pd(PPh3)4

—\ R —\ R
{ Hsom, + s ) e S
benzene, reflux

iz, 7V o 7AlE LT Grignard sEEOF TSN Z 1T U & L2 A#e ER
AN IEDE S WG S, RB-REMATKFIEE L TRERAIRERS>TNDS
3, 1o, HEMIRB-~T v R AR EITZA D0 v 7 » T RISIE, BERT 2 vex—
TNEGRTHOOFRARKIETH D, 1990 FRIZA-> T, ~"aFqAbT UV —n 7 3
YRTNaA—=NVEHED I AR v T T RIS FTREN, FEKRT I 0m—7 /1
OHHARTEE U CHESL S 7z 4, Hartwig <° Buchwald & (3737 7 Afififit & BINAP 73
E O TJERN A, BEIEFE T TOT U —AT 22 T U — Lo —T L7 EOEBEN R A
ZEERL LT 5 (eq. 0.2)° (eq. 0.3)5,

cat. Pd,(dba);
cat. BINAP

R®X ¢ pnRiRe  NeOBu e 1R2 0.2)
\_/ toluene, 80 °C N\ / NR'R

cat. Pd,(dba)s
cat. tol-BINAP

Ry— R/—
X + HOR' - OR'
Q toluene or DMF Q

INSDRIGIE, BEZ @ OEEHRIE TRIRNIZE Z 2 b DD, WTN b EEMKIETEH

1



% 1= DRSS DEITIZHEO B m ORI N E U 5, UK URFE-IRFEREEC, K%
—~T R EIRFER IR T S HEL LT, TAF VBT AV VO RFEM S
FREA KT D REA OIMBIENZET B AL D, BlzIE, 7% AT I VEST v a—
NEEMINER D LIRF-~T v FEERNER S, ZhEhe R T I /{bEee Fe
T3 X AR @O R 203 TS 5 4L 5 (Figure 0.1),

hydroalkoxylation

R—=  + HoR ¢t i + R OR
R
hydroamination
R—= + HNRR" %@L KR + R X NRR
R
Markovnikov anti-Markovnikov

Figure 0.1. Addition of O- and N-nucleophiles to alkynes

IO DRISTIL, 15505 ERIT—IZ Markovnikov HIZHE 5. Bl 21E., & @l E
TR BUSERE IS BUSTEE L L THWS N R 7 /L% UHEICKkH L, SRERIE LTT
R U EHWTZBRIZIZFEIC Markovnikov BLIRI CARIINL72A 2 o0 I U2 8RB 6N
(eq. 0.4)7,

N - R' N RIRII
— + mrr & - )J\ or
R—= R R (0.4)

ZABITx L, @ OO IRME & 132872 535 Markovnikov A i) 2 B IRAY 70 %)
BRNAG D FEIL, HESOERGBENAR S Al s L THWS Z L CiER I TE 72, f
ZATEA ST, v v A A D72 R 7 L RIS 2 T 2 U HE O Markovnikov
MBS 2 S LTS (eq. 0.5)'%, Z ORI TITREG T VX v &r vy AR E OIS T
ERRT A=Y T U AL RRMT S 2 & T, i Markovnikov BCIAINEBLT D L EZ BT
W5,



cat. /11,
A 'N@
N \
S
NS
Rh\
X 7
cat. PPh3

R— * HNR'R toluene, 100°C

via

N
R/\¢ R' R"=H

or

. 0.5)
R\ NRR

J="=IRh]
H

vinylidene
complex

Flo, T a—VEAEREAE L THWESGSICbE =) 7 U8R eI 52 & T
Markovnikov EC[A] TN L7 ) — /L =—F VHERE BN D 2 L BNEFIHRE S Tng 1
% 213 Bera 5%, NHC B FZ2 & OV AR =1 20 MMz WS RSB it
HE )= NVT—T VENEICRTHELND Z & 2HE LTV 5(eq. 0.6)!10,

cat. /:-\

Mes’NVN

CO

N

R—— * HOR DMA, 70°C

via

vinylidene
complex

(0.6)

HOR' T

e

WO, REAIE LK FE2HANTLT =0 MMl AEE T K7 L A~
Markovnikov IS RAE K D KFIKISIZ KV . X357 VT B RRELILD Z & 23

L TV % (eq. 0.7)'%,



. LD

Cl““l.Ru\ \\Ph

/R
o T

o cat. PPhy(CgFs) R H
_— + >
= "0 2-propanol /\g/ (0.7)
via
P I
/E':[Ru]
H
vinylidene
complex

S BT Ritter X Markovnikov e N u o7 {bsZ2#HE LT D (eq. 0.8)13, Z DK
IS TRV T 2ERIE LT, T AEKRFBIZHARO BN T2~ T e RY & H
WTW5,

I
Rh
£\
[TPRh(COD)]
HO CcN  cat. dppfor DPE-phos (0.8)
R— + > o X CN '
2 MeoN, 110 °C R

| !

[

vinylidene
complex

INODOIETIE, WL KRBT LS BB RISKE OGN TERTA2E=Y 5
VEER AT B Z & T, W Markovnikov BLOFHINAERS HEVERMETE X 5 EE 2D
nNTW5b,



Z D & 9 72 Markovnikov BLIA] CORIK)IG % & D hRENCHEIT S H 5720121,
AR THHE=Y T UMRD AR E REMNEBE L 2D EEZLND, ThbLETHIE
PEDOENL A2 BRI LICEATHZ LT, REFHEOE =Y T VM2 b oE=0UF
VEEAE LS ED ZENTEDLDOTIIRVMNEEZ, EH I N— T =4 o~
JEDOEML T 5 8-F /U /T ML FIZHEHE LT,

8-% /U /T MEALFI1E. k& 7o &)@ CEeAr LESA 2 R+ D18 24 L CH Y (Figure
0.2), 7V =0 L8 1 AR EAIERESEO L O 72 Lewis FRIED &8 2 W TS5 RNVE
FHMEEL L TELDMLN TS U, ZO—FT, 8%/ U )7 MEMiF%2 b 2% 2 &
WILARED >V 7 | 72 1% JE B 4 8 SE IR O & B Ot SOS I W= BlIEIE & A B BT
WRWISIS ) =X 2 Y 2T MELFIE, BAACESEOF 2 U VR EOERIF 0 e AL
AT 5 LB FDEERD AREN/ NS 720 BRICAET 27 =4 o homBER & &
HICHRE R BB L — N &2BAT 5, £ D7D, HSAB QI CIXENL AR Y 7 b 7e g 51
EBEBIIX L THENATREL 720 | $ERE R T 5 ENTE D, 8-F /U /T MENL T
FEFLEMETH VBRSO ENEZ VI Wiz, EEROEBTLOBEFHEEL
FLTHIEDBAREE 2D,

YHFTEE TS, 2otk 8-F/ U /7 MR OREENMT S22 Tr YT A
BEAICH LOMEE 2 8l S8, HRAOMBRIE 2 BT S5 F 2 Bfs LI2iE e T > T

1/\}:) 150

8-quinolinolato ligands

4 5
3~ ¢ - strong 5-membered chelate ring
| - hard anionic bidentate ligand
2 7o ious studies of catalyti t
N . ew previous studies of catalytic reactions
\ o) using 2nd or 3rd row low-valent late transition metal complexes
M~

Figure 0.2. Properties of 8-quinolinolato ligands

MIFIEED ZIE TORATHETIL 8-F /U /) 7 MR T A2 b or U U A—flighk LK
7 VX EDORISTHEO B =1 7 U5 RBR AR T 5 & 487E L T 5 (Figure 0.3),

N

[Rh]

R— R—=——1IRh] —0=—[Rh]
I
H H
alkynyl hydride vinylidene complex
complex

Figure 0.3. Origin of anti-Markovnikov selective nucleophilic addition
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ZhE, RFBOKFBFES ORI I D 7 vd= 1t Y RESANER L, Fi< 1,3-K
FEI LB ERTENRT D BN, BEFEERR YU LHAEZNND Z &
T, o7 ¥ =L RY REHEASCRKREBE MO =Y T VR 2 o= 7 85K
WEEAEZ T D ENTELEHFEIND, TOBRE=U T UEHAOREBEFHIL o LD
PRI U CREH OFMAHESTT H Z & T, 1 Markovnikov BL[A] TORIINE Z 5 &%
Z bbb,

ZOXORE=U T RO ORI, Lynam b OWEN S b 3FF S5 (Figure
0.4)7, TP LR KT X DORISICBWNT, TR =/Le KU REEENERT D
WP THL—F, E= U7 VEER~ORMGIIAFETH Y, ZOMSITE=Y 7
BEAANLIRT 2 Z EMRB SN TN D,

i R H i i
o \P Pr3 / K \P Prs K \P Pr3 R
. — ~ 1 ‘y 2 N ,
[Rh(P'Pr3),Cll, — > CI—Rh I =——== Cl—Rh——=——R >  Cl—Rh=C=C
. / C\ k_1 ) / ) / H
IPF3P H ’PF3P ’F’r3P
alkynyl hydride vinylidene complex
complex
K104 1 k10 ! ko104 s !

'R=Ph: 426£0.14 216+022  459%0.07!
"Bu:5344+039  3876£029  1.23+0.02!

___________________________________________________

Figure 0.4. Formation of vinylidene complex



FRRZ 2N ATFAEE SO -F /U /T hr Y u AV B LR =VEEE (LT, Rh(2-Me-
Q)NCO) & EF)EHWSLZ LT 7 U — AT E®F L DT )L a—)UZ L 5 Markovnikov
ERae7Aax i ALOERET L, MET bz ) — L =—T R Z KERNICELD 2
L EHE LT D (eq. 0.9)150,

<

X
cat. me N

_0
oc—Rn (0.9)

co Z"OR'
—= + HOR'
R DMA, 70 °C ,—(vh

Z-selective

Flo. 15-3 7 ud s 2P R (LL T, COD B F & Ki) A bDo8-F /U /T hn
VULV at s 2O HRELT, Rh(Q)(cod) & FKiD) & AR AT 4 VBN A KA A D
AR EZ WA T, 7Y = TEeFLoOfE K7 Ik 5 Markovnikov # b
R 7 I ALBOS R RIREMSE CHEIT LIS T 2 FHF R I VBREIER TR OIS Z L&
HE LT D(eq. 0.10)'%,

cat. _o 1a
LA (0.10)

cat. P(4-MeOC6H4)3
benzene, rt

Ar——=  + HNR'R?

NR'R?
Ar/\/
up to 90% yield

CORETIEHT V=T E®F LU EHE RT IV AN THRAEZITo TS —J7, LV&E
FEERIBBERET VX o RORBEMEDIR T REZ OGN DHE KT I v EomEHIcIX
BEo TR, FHCEFEERIRERG T Vs ZHOWEZE, 7V —ATE2F L ATxt L
THRPMEOE =) T UERMNER LICK K RD 2 EMEZDND, TILh OMfE R & fif
WD & & HIT MEAOIE — e 2 2813 5 2h =m0 72 KOG R DB R N 2 £ 4L 5 (Figure 0.5),



more challenqing substrates

* R—== R =alkyl :electron-rich alkylacetylenes
* HoNR' R' = alkyl :less nucleophilic than secondary amines

* HoNAr R'=aryl :less nucleophilic than aliphatic amines

« substrates containing polar functional groups

Figure 0.5. Challenging substrates for anti-Markovnikov hydroamination of terminal alkynes

ABFZETIE, SREEAIE LTT 2 U Z V= Markovnikov B INESC X 5 K7 v
X UBHOER L TEBMKGCOREE BIEE L, 2R T A UVHEDOKIGEATREE T5
fil R OBA%E & | MRIlE KOS ERET X VARV D ISR OBRRBEITo 7z, S HITHE/AE
MEBSRMEZHANWD Z & CRVWERETAMEEZHHIEL 2 LN TE LD TIERND)
EE T,

B 1ETIL 8-F /U /T hu oy Ml a W eGSR X O & IRAR T L% SIS
%t D ENAIRSE —#& 7 X o D Markovnikov AN D B3 24T - 7= fEFT DUV TR
72(eq. 0.11), FERAHEARSRT V3 2 & OFUS T, SR THIST 5 7 /1Y 2 v ASERIICS
ST, Fio. BEBERBT A XL LORISTE, TAP I ima=F I v b AT 5
Ex M LTz, SHE T SN TE MR IR L, ARBSR CIEIERIC @O RERSTF
FMEARFEBR L, o7 ) B AT VI, ~a b ) K EOMIEEREREE OB LR k<
Hi % 5.2 7=,

N
cat. \ 1a
R

(0.11)
cat. P(4-CF306H4)3
o additive CsF _N “ H
R—= * HNR' {5 ene 100-130 °C R TR [ TR

if R = aryl
20r6 3 4or7 8

F2ETIX, 8-F/ U /T hu vy Ml a T IRIIE RS 7 V% Ak D B EES
—itk 7 < > D1 Markovnikov BN SIS D BAFENZ DN TR~ 7 (eq. 0.12), A HEFREE HL 2
52 LT, RO REEMENT =V CEHOBEH B EBLL, FERT VY I UREIETED
NHZEERM U, BIERGE T VX DR ESHEI =0T V8RO o REIXT IV

8



X NIHEDBAPEMEDTZOIZREFEIMELS 220 | RESIDMENT =1 UHH & DS
FELRTT 5 Z &E03E 2 b, ¥ Markovnikov R AN ik/uc‘fj_ﬁﬂiéﬁ/bfb\iii))o
Teo Z2TT =V VHEORB N ZEO DD, ABELEZ WS 2L Tr =Y VI X
DNEMIHER SR T V2% o ~OINBUS 2 #ER T 5 Z L A TE T,

=
o
e N 1
cat. a
V. (0.12)
cat. P(3-FCgHy)3
additive TMG
R— + HoNAr _N_
2 toluene, 100 °C R/\/ Ar

BIFETIX. 8K/ U /T hu vy Atz VTR G ARG 7 V% 58 & IRRIREE ik
7 2 2 OBRIILIIN G D BAFEIZ DU Tl 7= (Figure 0.6), JRAFIEA U 7 /L2 > L iR
BT I EDOOGE MV U TT O & BIRISHHIG T 5 = I g b LT,

—F TEMBPEREE CTH D DMA BRI B W TIE, K7 A 0TI —0F0D

BRI LD = F I U/ OGNS Z e 2 /A LT, ZTNHDRISD

FBPWED I ST IZIIN T 28I ARG L TR Y . 2:0 BAIEISIZB W TIET 2 B

VISR A AR S LTRSS 2 L AR S T,

cat. 1a 1:1 coupling X

cat. P(4-CF3CqHa)s

additive CsF NR'RZ ' 7
o R/\/ '
toluene, 50 °C ! \N
14 ! \
'\ Rrp~©
:K\/é X = H:1a
l F :1b
o
_ 1e2 e
R—— + HNR'R ' via :
2:1 coupling ; [Rh]
B NRIR2 | | (amino)carbene !
R™™ ' complex '
cat. 1b 18 | ‘----eeeeeee-
cat. P(4-CF3C6H4)3 R 0 o)

additive CsF hydrolysis R/X . R
o + -
DMA, 70 °C NR'R2 R X

Figure 0.6. 1:1 vs 2:1 alkyne/amine couplings



4 TETIEL B3 WTHRONSUSIEICET 2 MR Z I LT, W7 AR L o=
RO INEOGIE & 2 e 2 X O BRSIEDBFEIZ DV T~ 72 (eq. 0.13), —3 7 HIZ
RS B KIT L% ORDVICHNET A% 2 VT L 24, 1 L% M)A
BbEH LT, SHMEREORE YT I U SEEBRINICEbNS 2 L R L,

F
g
NS
N
cat. \ 1b
R

K\/% (0.13)
cat. P(4-CF3CeHa)s R NR'R?
o o ., additive MTBD
R—— + Ar——Ar + HNR'R
DMSO, 80 °C ArT
Ar
P 26 13 27

10



ZN

FIE  8-F/ V7 buPysfE RV RKRET VR RIS B IEIRE KT 2
v D Markovnikov BN s D BE %

=
il

—Hf& T X ARG T L AR L Cif Markovnikov BR[R] TN & 1 B KOS ORREHE
FICHIEHER S BEHAZ A L L THWTEZ BRI Tng °, EEa Rtz H
WK 7 VX LT X > Difi Markovnikov 2 & R a7 X AL E 1996 412 Eisen
HIZE s> THIOTHRE S Nz(eq. 1.1)S, —FH T, 7z=ATEF L EHWELEETIE, =
FNLT IV EDRIERNHILTNDDAHATHY . EDILFEIL 50%I128 F > T z(eq. 1.2),

cat. \\Me

\
i% i

R—== + H,NR' RN
THF-dg or benzene-dg, 100 °C

R, R' = alkyl up to 95% vyield

cat. 5 \\Me
~u
‘ji%\ (1.2)

HzNEt > Ph/vN\Et
THF-dg or benzene-dg, 100 °C

+

Ph

50% yield

ZOWEDHD 2000 FFRIT T2 o T, F X U 7p EORIEES &R AL A VTR
UL S P72 2 ERISICET 2R L < i S D K 91272 > 72, Doye!® &1
CpoTiMe, filkliiE 2 N2, 7 == AT F L b 0-T I /) V7 2=V A X O Ke T/
B LRt < SBITIC K DT I VO EZHE LT D (eq. 1.3)1%,

cat. a
\T"‘\\Me
i
~ cat. Pd/C
__ Ph Q Me 1 atm H, (1.3)
Ph—=+ H,N— Ph - ~NH
pp 110°C,20h THF, 25°C, 72 h 2
1.2 equiv 41% yield

11



F 72 IndaTiMe, fil 2 AW/ GTlk, 7 U —A 7 F L o 2 EEICH WA

Markovnikov B CHIIN L 72 B3 2 < G BTV D, IR 7 V%> & p- bAoA ¥
v & O TTiE Markovnikov B O ARk 3 % < 15

STV 5 (eq. 1.4)1%,
cat.

Me—(‘lg—Me
: [Ind,TiMes] /L
=— + HNR' > N +
R 2% toluene, 75-105 °C, 1-24 h R TR Y o N
NaBH;CN
ZnCI23 H (1.4)
R/\/ \Rl +
MeOH, 25 °C, 20 h R 'NHR'
anti-Markovnikov : Markovnikov
R = alkyl or aryl, R' = alkyl 1.5-99 : 1
up to 81% yield
R = alkyl, R" = aryl 1:25-4

up to 99% vyield

Beller®® & 1%, 2002 4F 12 [CpTi(n?-MesSiC=CSiMea)Jfili & Fl\ 7= IR HEA IR T /L % > Dl
WAESE —#k T 2 2 X A3 Markovnikov Bt R 7 2 J{bISIC LY, ST 2702

UECEEPOEIBIRICE LN D Z L 2 HE LT 5 (eq. 1.5)%%, F£7-, TiNEL)s & 7 =

) —VIHEEREZ ARG DR TR 2 D256 TH ., IR 7 v 2% > ONEIIIRSE —
7 2 & D1 Markovnikov Bl K7 I JAUBUGHETT 25 Z L A LT D 204,

N
™S

R—— + H,NR' - g~ Neg + /L
toluene, 85 or 100 °C

R NR'
2o0r24h (1.5)
anti-Markovnikov : Markovnikov
R = alkyl, R' = alkyl 3-100:1
up to 98% GC yield

R = alkyl, R' = aryl 1:3
up to 94% GC yield

Schafer?! HIFEAT I X — FFH =7 A-E AT I REERE AL W= RKg 7 Lo &
NEWIIRER —#k 7 X v DG Z 8 LT S (eq. 1.6)%1,

12



Ph

cat. i
}\\N,Dlp
O/,_IL\\\NEtz
v I\
|
OVN\DNEtz
PH P
Dip = 2,6-Pr,CeHj N . /L
_ ' > —IN<,
R—= + HNR zene.65°C 6-120n R R RSNR (1)
R = alkyl R' = alkyl
LiAIH, H J\
SN '
Et,0, rt, 24 h R R R” "NHR
anti-Markovnikov : Markovnikov
>49 : 1

up to 99% vyield

F2. 7= VHEERWEREAIZ L Markovnikov Bl K7 2 JAMISEI TS A Z &
HHE LTV D(eq. 1.7)%,

Ph

cat. )“\\N/Dip

O/..1 \NMe,
|
o7 Iy
PN\D’?ME}Z
Ph P
Dip = 2,6-Pr,CgH3
benzene, rt-110 °C, 24 h

(1.7)

R—== + Ho\R' > g N

R, R' = alkyl, aryl H

reduction N.
> R/\/ Rl

up to 95% vyield

ELICHBEBERET AL EAVEBICT ALY I v &) IV OREGMTERDRIE S
HTLEBRELTBY, 2hERITTH I L TH MY I & LTHEEL TV 5 (eq. 1.8)214,

13



cat Ph Di
. DI
g?_ll}_l”\\NpMez
O:I{IITNMeZ
p/  DP
Dip = 2,6-Pr,CgH5

H
Ar—— H,NR' N, + N (1.8)
' * 2 benzens, 70°C. 056 h ~ Ar” R Y AT YR
R' = aryl, alkyl cat. Pd/C H
Hy N
——————— A TR
MeOH

up to 99% yield

FEBERBT VX ZAWTESGE, TAVI v T I ORAEM TERMPIELND
FOSMEIEBIER S ST 5 2, il 213 Esteruelas H 1%, T4 Uil & FW =K 7 V% 48
EHRT I EDORIEERFTL TV D, CpPTiMe; fEAF/E T, 7 ==L 7k F L L]F

WS — T 2 v EDRILTIE, ®ETHTAY I MAZF I BN ELND Z L 2R
HLTWAH(eq. 1.9)%%,

PPh,
Me Me (1.9)
[CppTlMe3] N H :
NS + N<
* HoNCaoHas o ene, 100 °C, 241 Ph CiaMas * ppNNog o

Ph

imine : enamine = 57 : 43
VL EDREICTF & o filii & U 723 Markovnikov b R 7 2 LSS O BOGHERE Tlt,

TP TF 2 GERET IVBRIS L TA X REER L 720 | FtW TR 7 V¥ o & ORUS THE
KT DFHF L raTT o a2 RR U TRISDETT 5 £ F X 51TV (Figure 1.1)°%,

14



L,TiXy

H,NR
2 HX
NR NHR
) L,Ti=NR
R — # R 2 R — R
R R’
LTN:g L,Ti-NR
2l 1— R
g R R"
R
H,NR

Figure 1.1. Possible mechanism of titanium-catalyzed anti-Markovnikov hydroamination of terminal

alkynes with primary amines

INHD X, FH U EORIEIER S B 2 W SR RE STV D
D, R E OB OEANKEEECTH L GE N LV, miEAMERSRBIC L, AVE
REZEFFATEDN IR SN D Z A ER GRS Z AWK T VX OF k7 I Ik b
¥ Markovnikov Bt R 7 2 JALEGIE 2007 AFIZHEA HIC L - THIO THE S 72 (eq.
1.10)10a,

cat. H
X' 7 [TpRN(CoHa),]

cat. PPhs
toluene, 100°C, 6 h

— ' =N,
R— + HoNR RT TR (1.10)

R = alkyl R'= Oct, Bn up to 67% yield
via
R !
HoNR'
H

vinylidene
complex

15



ZOWMETIEI NI ATV U LR L — NN FZ2 SO YT AEALE N 7= =)L A
T4 v EMABEDEMEREZHNCEBY, =V 7 o EEERE TS & T
Markovnikov B D LR 13GF HILD & & 2 BTV 5 (Scheme 1.1), 2 OfiiEATIX, A
R T V% v WA TP REDINEEZ 52 TWAH 00, HEBERKT VX
EHAWEGA TIEROSITIEE A ST L TR0,

Scheme 1.1. Possible mechanism of anti-Markovnikov hydroamination catalyzed by TpRh(C2Ha):

complex
H N
[Rh] HoNR ~
= =, —[Rh] 2 RTNTR
R [Rh]-H
H
[Rh]
— YR
H \
— PN
R R
N\ [
L O . R R A](
[Rh]-H

UL b X902 miJE HER & @Al 2 W RENIRSS —#k 7 < 1C K %1 Markovnikov Y
E a7 I MERISOWEFNIZ N DD, K0 EWERBETFAMEN IR S 2 %5 HhE
B @it 2 D7 mEGITEAL OHREICRONTEY, Wb EE —ixtEn+457T
72V RRRIGER OBLE N BRI S LTV D,

ZOXI MR EFDOL &, EFFTLD HOVEE ML ERATFAELZ ERTEX LK
i 7V FHDOREIIRE — T X 2 X D3 Markovnikov Bt N7 3 2 ALRIG D BT A
HiE L. AWFZEICHEF LT,
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REWIIEARS G T v % N2t DRI —#k T X > @ Markovnikov BN G D
B %

§ 1.1.1. fiiE ot

VIR E LT, 1427 F > 2a & 1-~F VAT 22 3a OfUGE, 5 mol %Dffix Dr Y
o AR 10 mol %D U A@- R Y TNAFA B ATV T 2= W) EAT 0 1 YEDOT ik
YU LFEET, b 80 °CT 48 WEHIMELT 554 T o7z, ¥/ VU /7 hroy
Ly ruF s BT R la ZWESEE. BRIMOT LY X 2 4aa 53 NMR IR 72% T
ol (entry 1), 72BRET V¥ AAFEIKG E LTEEAE R Z T 72 DibRI &R, IR
X7 I UEHETRI L T\, COD BN DORD VI VR = VBN 1% D852 H
Wegra . IRITIRE EF L7z(entry 2-3), £72, BY T LA MR REALR YT LY
1 1§ {K(entry 4-5), Wilkinson filtfi(entry 6)% 72356 TIIIRNITIZ & A EH#EIT L0 -
oo FTo. BY T ABEKRE WO T TIRBISITEIT Ly o (entry 7). ZHHDZ
EMB. XU T huaY sy saA s ZYx K Rh(Q)(cod)la & VNS entry 1 D5
e md st & LT

1

Table 1.1. Screening of thodium complexes

5 mol % Rh catalyst
10 mol % P(4-CF3CgH4)3
1 equiv CsF

CeHis—= + H,oNCH e Ns
63 272613 oluene 0.5 mL, 80 °C, 48 h  CeMg CeH1s
2a 3a 4aa
2 equiv 1 mmol

Z = =
o “ g

N N N

\ o \

— 0
Q\L\ oc—Rh oc—Rh
= co co
Rh(Q)(cod) Rh(Q)(CO), Rh(2-Me-8-Q)(CO),
1a

Rh catalysts

entry Rh catalyst NMR vyield of 4aa (%)*
1 la 72
2 Rh(Q)(CO), 15
3 Rh(2-Me-8-Q)(CO): 6
4 [RhCl(cod)]» 8
5 [Rh(OMe)(cod)]> 9
6 RhCI1(PPh3); 8
7 none no reaction

@ Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§1.1.2. KA T 4 L Ofpat

B IR AT 4 VA DR R T T2, 7 2=V ED 3ALE S R Y Zv A a A
FNIEZE B OGEEC. 3MZ 7 VA u g & O5E TIIPREDINER L 72 57 (entry 2-3) . 4
Pz AL, LVEFRIMEORZ T A0 7 2 =)V E OB AITITIERN K
XUETT D8R E o Tz (entry 4-5), £72, MU 7 2= VR AT ¢ R0, Bt GIEE#L
Fh b ORAT 4 ERWESEERITITITE A EROSITHET L2 > 7o (entry 6-10), F U 7 =
ZNVHRAT 7 A4 MW *fiuaifwibbémﬁﬁwmmn NWNGIE VI
AT 4 RBRAT 4 ETIN LIRS TIENTHETT L 72> 7o (entry 12-13), LA EX D |
FJXGF)7Wﬁﬂf?w71%ﬂWTZ74/%%wtemyl@*#%W EESENP
77

Table 1.2. Screening of phosphine ligands

5mol % 1a
10 mql % phosphine
Coft™="+  FaNCoHlrs :oii:: g.ssFmL, 80 °C, 48 h Cattis™ 7 Cott
2a 3a 4aa
2 equiv 1 mmol
entry phosphine NMR yield of 4aa (%)*
1 P(4-CF3C¢Hy)3 72
2 P{3,5-(CF3)2CsH3} 3 52
3 P(3-FCsH4)3 55
4 P(4-FCeHa)3 16
5 PPhy(CFs) 10
6 PPhs 8
7 P(3-MeOCgHy)3 6
8 P(4-MeOC¢Ha)3 6
9 P(3-MeCgH4)3 5
10 P(4-MeCsHy)s 7
11 P(OPh); trace
12 PCy; no reaction
13 none no reaction

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 1.1.3. filh & D FRES

X2V huvysvrunFd sz o4k1al N A@G- P IV FRAFLT 2=
JNRAT 4 D E 122 & UTe E RO 21T > 72, 5mol %75 2.5mol %, 1 mol %
S LA, INRIIRE KT Liz(entry 1-2), — 5T, fil#ii& % 7.5 mo %. 10 mol %
EHIRR L2GA . daa OPRITIN T T HH5R & 72 o 7o (entry 4-5), T AUERFFE O RIAERRY) D
AREREZ T ENRRTHD EEZ2ND, EEY, ZHNETOMmFELFAL 1a & 5
mol % W\ 5 Z & & LTz,

Table 1.3. Optimization of catalyst loading

x mol % 1a
P(4-CF3CgHy)s (2 equiv to 1a)
Coflis™=*  HNCeflss :oﬁlur:: g.ssFmL, 80 °C, 48 h Cottrs™ " Cett
2a 3a 4aa
2 equiv 1 mmol
entry x (mol %) 1a NMR vyield of 4aa (%)*

1 1 9

2 2.5 34

3 5 72

4 7.5 62

5 10 47

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

19



§ 1.1.4. I ORBF

W 2RO 21T o7, 7 (b B Y T AZIT U, Hixlet v U MEIZ OV TR
AT 2A, 7ok U AR WG E R RS BIFRINEL 52, Zothots v A
WP REDINER E /o Tz(entry 1-7), F727 Ak A A HZEE L, *thTF A D22
EWAILIZE A, TABVERA A% GO T, 34-64% T 4aa %1572 73 (entry 8-10),
TBAF Z % L1FE L A ERIGITHEIT LRy To(entry 11), 7V U &J& O REEYE %2 N -
A TIIHREE DOULR & 720 (entry 12-13), 7 v ALER TIXEUSITEIT L7270 7= (entry 14),
BN THEBELKIC OV TR ZITo7oe 2A, FIZFAT IR Y DU T RED
IR & 720 (entry 15-16), DABCO % V=354 TIXBAF/RULE & 72 - 7= )3 (entry17), DBU C
IE & A ERISITEITE TR 18% & 72 > 7= (entry 18), —F THIEAZIRM L 72V ST T
1, ARINER TH 2 D PUOSITHEIT L7z (entry 19), #x b BAFRINEREZ 52727 v bk v U ADHR
MEZBELieE 2A, INEZL 0.5 &I O T & RE SUIEEME T Lz (entry 20), L 7>
L5, 1.5, 2.0 Y@ L0 L CHIROM RITR 6780 > 7o (entry 21-22), UL EX D |
7okt UL 1.0 YEE W entry 1| ZR#ESEITE L, 7 vk D AIE=0 T
0y AFMROAEREZMREL TND EEZXTEBY ., TOFEMITE 3 =ED§3.1.8.(p75 1)
2Tk %,
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Table 1.4. Screening of bases

5 mol % 1a

10 mol % P(4-CF3CgHy)3

1 equiv base

Coflis™="* HNCeflis  ene 05 mL, 80 °C, 48 1 Cottis™ 7 ey
2a 3a 4aa
2 equiv 1 mmol
entry base NMR yield of 4aa (%)?
1 CsF 72
2 CsCl 51
3 CsBr 63
4 Csl 64
5 CsOAc 30
6 CsHCO; 38
7 Cs2C03 33
8 LiF 34
9 NaF 64
10 KF 47
11 TBAF 3
12 K2CO;3 68
13 NaxCO;3 64
14 AgF no reaction
15 Et:N 56
16 pyridine 52
17 DABCO 71
18 DBU 18
19 none 35
20 CsF (0.5 equiv) 43
21 CsF (1.5 equiv) 50
22 CsF (2.0 equiv) 52

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y

21



§ 1.1.5. Wit ofEt

FAWBIEHEOME 21T o7z, XUB U E2RAWESA, IERMET Lientry 2), =—7 /L%
I CITHP R OIE A 5 2 7= (entry 3-5), MIE2 @V DMA & H W 254 Tk E <R
METF Ll —J R T7 V%2 05+ &7 2 2o 2:1 B INA R DS E B 7R S 7= (entry
NG 3T FH 281, p77 B, BIFRIUEE 5 272 MV OVEBERICOW TR 21T - 72
LA, RIEEZBOT I ETT VR O T EIR EORIA Y (Figure 1.2) D A % A3 Bl
A, WO ER R Sz (entry 8-10), LA EX Y | K OEEEED D72\ entry 9 @ 1.0 mL
RS Lz,

Table 1.5. Screening of solvents

5 mol % 1a
10 mol % P(4-CF3CqHy)s
Celis™=+  HaNCeHss ;o?j::: (():.ZFmL, 80 °C, 48 h Cattis™ 7 Cottrg
2a 3a 4aa
2 equiv 1 mmol
entry solvent NMR vyield of 4aa (%)*
1 toluene 72
2 benzene 52
3 THF 64
4 CPME 48
5b 1,4-dioxane 45
6° MeCN 17
7° DMA 19
8 toluene (0.75 mL) 82
9 toluene (1.0 mL) 84
10 toluene (1.5 mL) 84

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
b CsF 1.5 equiv.

¢ Trace amount of 2:1 coupling products was detected by GC-MS analysis.

CeH13
_ + = +  trimers of 2a
CeH13

Figure 1.2. Observed byproducts
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§ 1.1.6. SISIRE /RO IR R D At

FOREE LIRFE DRI Z . 5 mol % 1a, 10 mol % P(4-CF3CeHa)s. 1 HED 7 vkt
U AFETF, Ry 1.0 mL OEETICE W TITo 72, RUGHR A 48 BRf & LT, 70 °C
(2 P78 AII TR IS T L7223 entry 2), 100 °C3H5 LT 120 °CIZFE T2 L IR T 89%
(2 F T L z(entry 4-5), WRICKOGKEZ 24 B & L7 & 24, 80 °CTIRINERMNME T L
72 H DD (entry 6), 100°CE LT 120°C Tl 48 HFH & [FIFRE DR TT LY 2 4aa NS D
A7z (entry 7-8), & BT Z 12 FFfH] & L2 BB ITB W TH FRIERDIER & 72 5 7203 (entry 9),
6 RFfEE TR 772 LGN L TE LT, IEEME T T 2558 & 7o 7 (entry 11), AL
XV, entry9 ™ 100°C, 12 & fiseft: & L=,

Table 1.6. Optimization of reaction temperature and time

5 mol % 1a
10 mol % P(4-CF3CqHa)s
Cofe™= "+ HNGsHss :oz(lur:: ?Sr:L temp, time g C6H13/VN\C6H13

2a 3a 4aa

2 equiv 1 mmol

entry temp (°C) time (h) NMR yield of 4aa (%)?

1 80 48 84
2 70 48 64
3 90 48 81
4 100 48 89
5 120 48 89
6 80 24 67
7 100 24 87
8 120 24 86
9 100 12 90
10 120 12 85
11 100 6 77

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 1.1.7. SICSRAF OB

TV 41E, 2B T TR RZEZT 03 < HEERREECTh o 72720 RERE
TIVSA~LEILT DI ETHEELZ, RBECRHORFNCHT- > TE H—HIT I &
LT1-7=FAT7 I 3i Ve, MIIRGETE LT2a &7 =XxF AT I 3i ORISIC
K0T NT IV dai BT RIS AITO, =T VR S Y BEOKFE(LR U HET
N DLAERIGSEDZ & THINT D8 k7 I 2 5ai BUTE 72% TH i/ (entry 1), 55
FRPESRIE T T L U NIRMICE T SN D Z B (EE 3 &, p84 2R, FElEZ I L7
DSHFEE OILERIZE £ U (entry 2), A ¥/ — /L% AW T84 TIRILEE 70% & 725 7= (entry 3),
T ) KFEMARTFETF NI U LEHWTZGER(entry 4-5), KFATEY FULEHNT
it (entry O) CIHEINE L e o7, £, KFMT NV I =0 L) F U LEHNEEETIEH
BEDONEL 2o (entry 7), X HIZ, BUFRNEEZEZ T KFFIVET NI U LADOYE
R 2 & TIEITARDA L U entry 8-12), Y7 mux X U AYEREE 9% L 85% T Sai 3
5 B 7z (entry 12), LAREIT, entry 11 DFi S & LT AW TR o036 FH G O Mt 217 -
77
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Table 1.7. Optimization of conditions for the reduction of the anti-Markovnikov hydroamination

product derived from alkylacetylenes and primary amines

5mol % 1a
10 mol % P(4-CF3CgHa)s
CoMlia™=* HaN(CH)Ph :oﬁll:: ?Sr:L 100 °C, 12 h Cottrs™ """
2a 3i 4ai
2 equiv 1 mmol 89% NMR yield
reductant N
solvent 10 mL, rt, 24 h CoHig™ > ">""Pn
5ai
entry reductant equiv additive solvent yield of 5ai (%)
1 NaBH4 5 - Et,O 72
2 NaBH4 5 AcOH (3.6 equiv) Et,O 55
3 NaBH4 5 - MeOH 70
4 NaBH;CN 5 MeOH 44
5 NaBH3;CN 5 ZnCl; (2.3 equiv) MeOH 34
6 LiBH4 7.5 - EtO 56
7 LAH 5 - Et,O 66
8 NaBH4 7.5 - Et,O 75
9 NaBH4 7.5 - MeOH/Et,O = 1:1 83
10 NaBH4 7.5 - MeOH 79
11 NaBH4 7.5 - DCE 85
12 NaBH4 7.5 - MeOH/DCE = 1:1 82
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§ 1.1.8. R 7" /L3 o o> BB A P oD et

DAV RGBSR 2 IV T, AR A RIRIIIERIG T L F 2 & 1-~F LT I 3a E DK
BRI o1, RIS NS Y BT DA o7 TR b OKIET L F L TY
EILR TS BT T T L NMR IR 89% & 90% T/E B, 2 Dk DIESEMEs L 1
TNENH T I 2 Sba & Sea BENTIUNE 77% & 32% Thy HAL7 (entry 2-3), tert-7
FNHEE L ORIET A F L ZAVTHA, BITHOERY Sca OWAIMEN T & ABILED
KFEB2ONZZD, TIVELT 72X F AT IV 32Vt A, BEFRIEER
THIET BT > Sk 2B (entry 4), HHEEEEL TH 5T/ T AT A A b5
S b BUAFIZEOS DSEAT Uentry 5-6), 77 /b b & U /L {RHE LT S0 2 b BRI C
SIS AR Z G- 2 T2(entry 7Y, £72. 7 F 7 & FrE T = VA S ORIGT V¥ 2 2g 12
xtLCHuAARECTd S (entry 8), 7 /¥ I IEMMIEAA(E T, 7T RET IOk
MEOITTEORT A= L B— R FETH LN, BRICIVVERELSE & HEIC 1T AN E
T D, AR TR A VAW BlC skt U CHUR e THP = —F L% & S HE
MATER/ERD D,

Table 1.8. Scope of alkylacetylenes

5 mol % 1a
10 mol % P(4-CF3CeHa)s
RT= *  HNGeHi :oﬁlt:: (1:Srrl1:L 100 °C, 12 h R/VN\CeHw
2 3a 4
2 equiv 1 mmol
7.5 equiv NaBH,4 /\/H\
DCE10mL, it,24h ] CeH1z
entry 2 R 4 NMR vyield of 4 (%)? 5 yield of 5 (%)
1 2a CesHis 4aa 90 Saa 84
2 2b Cy 4ba 90 Sba 77
3 2¢ ‘Bu 4ca 89 5ca 32
4b 2¢ ‘Bu 4ci 74 Sci 63
5 2d NC(CHz)3 4da 84 5da 57
6 2e MeO,C(CHa2)3 4ea 74 Sea 54
7° 2f TBDMSO(CH>)3 4fa 72 5fa 60
8 2g THPO(CH>)3 4ga 86 5ga 73

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
b 1-Phenethylamine 3i was used instead of 1-hexylamine.

¢ DABCO was used instead of CsF.
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§ 1.1.9. HEMARREE —#k T < o o0 SBT3 I iR Ot

N AT S o DI R AT o 1o~ T IR T UL e D S A — o
WMEH7T I EHAWESAICOIET 2T AV I B LOE HRT I 5 NEIEETH
Biviz(entry 1-2), —J5, MRS @ tert-7 T VI b OLE TIIBUSHEDIR T A
S (entry 3), S 7 I Y FAMRA Y DA, T T MR KER I A b o S b
B T E | IR TRIST B A & B X T (entry 4-7), FHICT X/ T LA —L 3h %
AW TZBRICIIKEE RIS E T, 7 2 BB RS LR Txhisd 5 e Fa 7 2
AU % G- 2 T (entry 7)o ANLITER % ZREHE A O 1-7 = R F VT I VA AWVTZERIC S,
EHIE OB 2 1TITZT D 2 & 7 < VBB SUEDSEST L7~ (entry 8-12),

Table 1.9. Scope of aliphatic primary amines

5 mol % 1a
10 mol % P(4-CF3CeHa)s
CoHw—=*+ HAR :oﬁll:: (1:Sr:1:L 100 °C, 12 h [CGH13/VN\R']
2a 3 4
2 equiv 1 mmol . H
22: T(j)wm'\ll_?i,H; h CGH13/\/N\R'
5

entry 3 R’ 4 NMR vyield of 4 (%)? 5 yield of 5 (%)

1 3b CsHiy 4ab 88 5ab 84

2 3¢ CsHi 4ac 89 Sac 76

3 3d CH>Bu 4ad 58 5ad 48

4 3e c-octyl 4ae 88 Sae 78

5 3f Bn 4af 88 Saf 72

6 3g (CH2)3:SMe 4ag 89 Sag 73

7 3h (CH2)sOH 4ah 93 5ah 78

&
\/\@\X

8 3i =H 4ai 89 5ai 85

9 3j Me 4aj 91 5aj 73
10 3k OMe 4ak 89 5ak 70
11 31 Br 4al 83 5al 71
12 3m CF; 4am 84 S5am 77

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§ 1.1.10. HEE SOGCHEARE

KBS DHERE SOGHERE % Figure 1.3 1R d, ABURIZEBWT O E=U 7 UK ZR 5 2 &
T, #f Markovnikov L[] 3 ELL CTWBH EEB X TWD, £7. K7 /L2 Ltudy Ak
KA LEDORIETTVXR=ve R RESARAER L, fid B L TERT =1 7 V85K
BIZKLCHE T I 3NRELESTDHZ LT, TUoE=U LK CBNERT S, TD
%, HFNTOTE N BEIZRTT Ay =/LE R RESE E ~E BB, Fikmcs
TTHINEE AR D Z L T I UROARY #1855, TOTF I FTCESELVL
EleAIY 4 ~EBM T A EEZOND, 2T =T AEEND — BTl
2 kAL Ein, FRE D oYy ARLRE e hofbkEhbs Z ETT A =L R R
BEIR E ~EEHMINDORKLEZOND, IHIZ, MALORTIEIT V=)Lt R Rk
KE DDA I RAVEERF ~E BT 5 2 & THITT A2RBEDIRB I TRY 19 KK
JERIZEBWNT S Z ORBENFIET D AMREMEDR & 5,

R;
2 H
A R B
~eNa g
R R
N‘ [l
R/\(/ R T HZNR'
[Rh]-H H 3
F e ‘\
N.
R R’ R \®N\R.
base base
He base R A He base

[m@

Figure 1.3. Proposed reaction mechanism for the reaction of alkylacetylenes with aliphatic primary

amines
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W2 TEMEAR T VX AR T DRI T X D3 Markovnikov BUAHANE IR D
B %
§12.1. RA T 1 ORFE

FEBERmT V¥ 2 HWTEEE, REJTIOEWE kT v & OIS TIXE LG R
AT H Y A@G-A XL T 2= W) RAT 2N EENRTHHGT 5T 3
VIMFHND Z L E R LT D (eq. 3.5, p6d B Se, B TRT I AT T I v
IREZVEDME T2 2 ENEBEX N7, FHEBERMmT VX 6 ERNEH KT I 3
& DR B HRANCHEAT S E LR ML HTIRR T DMENH D, T2 T, 7= AT ®F
Lr6a & 1-~F T I 3a ORUSEF A DRAT 4 W TRET L, @O AR
ZRTSUGSROEE Big L CTRET 21T - 72,

E7, Smol%?D 1a, 10mol%® b U A@-hU ZNFA B AFNNT 2 =/W)HKAT 4, 1Y
BO7 bt U AFEEF, LT HICT 6a & 3a & 100 °CT 12 BEEUS SH72 & 2
A IHE 64% TT VY I Taa & =) X 8aa DIRAWNIFF DAL (entry 1), 7aa & 8aa O
AKX, Esteruelas & O 22 1CH-S & Hy & He OKRFELFLEITRE LT, TOMT =
=V FICEFREIEERIEEZHTDHRA T 0 v EAWESES, PREOGFHINETT LV
U3 7aa &= 2 8aa DIREWINE LNz (entry 2-5), F72, V== ED3NIE S
FLZ R 7t a A FAREET 5856, RONTET LR~ -(entry 6), b U 7 = =/L7k
A7 4 v EROTESE, RO TR LN (entry 7). B GHEEHRLEZ AT 254
E LS BROSEPME T L, ICRIIRE KT T D8R & 2o 7 (entry 8-11), LLEXD, MU X
@RV 7N Fa XAFNT 2 =)L)y KA T 4 ERWTE entry 1| OFMERESMEE Lz, 72
. H NMR B L O GC-MS fi#HTIZ & ¥V . Markovnikov BL i) CHMNSHEST L= 7 5 2 i34k
LTV RnZ & &R L TV D,
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Table 1.10. Screening of phosphine ligands

5 mol % 1a
10 mol % phosphine H, Hy
Prm—= v NG :oiﬂz (13Sn|:|_ 100 °C, 12 h Ph)\?N\CGHB ’ Ph)\/n‘csms
6a 3 Taa an
2 equiv 1 mmol
entry phosphine NMR yields of 7aa and 8aa (%) [7aa/8aa]*
1 P(4-CF3CeHa)3 64 [52/48]
2 P(4-FCsHa)s 58 [47/53]
3 P(3-FCsHa)s 61 [43/57]
4 P(4-CICsHy)3 57 [53/47]
5 P(3-CICsHy)s 47 [45/55]
6 P{3,5-(CF3)2CsH3}3 not detected
7 PPhs 43 [51/49]
8 P(4-MeOC¢Ha)3 28 [57/43]
9b P(4-MeOC¢Ha)3 28 [61/39]
10 P(4-MeCsHa)3 27 [52/48]
11 PCys 8 [50/50]

2Yields and the ratio of 7aa/8aa were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene
as an internal standard. Combined yield of aldimine 7aa and enamine 8aa was shown.

b Performed without CsF.
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§ 1.2.2. SR/ BOGREE O FRFT-(1)

7 2= AT EF LV 6a lFUGMER E K LR LTV, ZORIFIGE T S 2 & AT
A LT ORN D B A, PUSRE LM OBRF 21T o 7o, TS 2 2 & TLE(h
LT VW EDURIBENT-O T, JONREL TIFRFMZER L 2 A, BEENRRKE K
T L7 (entry2-4), ZDHf6a FIHLL TEY | KHIEZIERT 5 L L EBINET LT VN ESE
X HiLd, —HTHIRTHZ & Tentry 1 &[REROFERN GBI, 120 °C, 12 K TIXEFF
IR 65% C H NS iz (entry 7), = ®—J T, 120 °CCTHIER L7=8H&121%, = F
2V 8aa DAERENEADT AN A S, T/AY 2 Taa ([ZHERTF 2V 8aa IARELE
Toh D Z ENRMEZ Tz (entry 9), F 7, il &2 HI0 L CH ) BIX R 547205 72 (entry 10),
PLEX D DABRIE 120 °C, 12 ] O G TR 21T - 72 (entry 7).

Table 1.11. Screening of reaction temperature and time

5mol % 1a
10 mol % P(4-CF3CgHa)s
Ph—=*+  H:lNGefls :oﬁlunz ?sn:_ temp, time P NGy * F>h/\/'t}‘c:6H13
6a 3a Tan “aaa
2 equiv 1 mmol
entry temp (°C) time (h) NMR vyields of 7aa and 8aa (%) [7aa/8aa]*
1 100 12 64 [52/48]
2 80 48 27 [48/52]
3 60 48 38 [53/47]
4 50 48 34 [53/47]
5 110 6 61 [54/46]
6 120 6 61 [56/44]
7 120 12 65 [57/43]
8 120 24 60 [58/42]
9 120 48 41 [59/41]
10° 120 12 62 [55/45]

2Yields and the ratio of 7aa/8aa were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene
as an internal standard. Combined yield of aldimine 7aa and enamine 8aa was shown.

7.5 mol % of 1a, 15 mol % of P(4-CF3C¢Ha)s.
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§ 1.2.3. IR OBF
T oAb v U LLSNDO T AR ERR L2 E 2 A DT BIERIZIK T L(entry 2-4),

TBAF TIIENFHEIT L7227 o 7= (entry 5), REEAT U 7 A TITHRRE DRI/ 72— FH T
(entry 6), REEE T 7 L TIXSUSHENE T Uiz (entry 7)., AL Z T WL 24, W
VB IR FIR Z KT L(entry 8-13), DBU X° TMG, TBD TIIUtFIE & A EHET LD
7z(entry 11-13), BREIEFE T CHUNMTET T 2000, WEMIETTLHER LR
(entry 14), &b BIFRINERZ 52727 vkt o0 A0 Y82 B S T HINERm LIZRS
Nrghoiz(entry 15-16), L EX Y, 7okt v a1 YEBEEZFAVDLI LM 2ikiEE Lz,

Table 1.12. Screening of bases

5mol % 1a
10 mol % P(4-CF3CqHa)s
Phm= MG :oleilur:: :)a:i, 120 °C, 12 h P My Ph/\/n‘cems
imine enamine
6a 3a 7aa 8aa
2 equiv 1 mmol
entry base NMR vyields of 7aa and 8aa (%) [7aa/8aa]
1 CsF 65 [57/43]
2 LiF 35 [49/51]
3 NaF 33 [61/39]
4 KF 35[51/49]
5 TBAF not detected
6 K2CO;3 52 [52/48]
7 Cs2C03 29 [59/41]
8 DABCO 33 [33/67]
9 DMAP 26 [62/38]
10 pyridine 31[48/52]
11 DBU 3 [0/100]
12 ™G 3 [0/100]
13 TBD not detected
14 none 24 [67/33]
15 CsF (0.5 eq) 64 [56/44]
16 CsF (2.0 eq) 62 [56/44]

2Yields and the ratio of 7aa/8aa were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene

as an internal standard. Combined yield of aldimine 7aa and enamine 8aa was shown.
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§ 1.2.4. IIEORFS

IO 21T o 1o, M U DS OR B U REEE W56, PREOIETHR
Mzt ST (entry 2-6), —J5 T, MPEDEV DMA £ DMSO, 7% F= kU L& -8
B CIEBURITHEIT L2225 e (entry 7-9), =— T VRIEH A W25 6 CIEPRE OINEE &
20, ZOEETFIUNEERT DR E fe o7z (entry 10-11) , F7=, THF <° IPA % [
WA TIESOSITEIT Le oo 7= (entry 12-13), b BFRINEE 5 2 72 ML OFRH
BAEBGLIZE ZA, BWEL 0.5 mL [T L7286, RO I A 6 L7z (entry 14),
L L7223 b PRI R A P03 2 & TUEEN M BT 223 A S, 2mL TIEAFHICE 67%
THBDG B AT (entry 16), WHEENZWERICIER LR ONTZZ L6 | IREMEL
RHZETT 2= VT F LU DOEER EORIIGHIH Szt BEZ TS, Lo,
ML 2 mL % fe S & L7 (entry 16),

33



Table 1.13. Screening of solvents

5mol % 1a
10 mol % P(4-CF3CqHa)s
Pr—= PGl :oT\?::: 1C::|_ 120 °C, 12 h P Mgty * Ph/\/H\CeHﬁ
imine enamine
6a 3a 7aa 8aa
2 equiv 1 mmol
entry solvent NMR yields of 7aa and 8aa (%) [7aa/8aa]*
1 toluene 65 [57/43]
2 benzene 59 [56/44]
3 p-xylene 58 [55/45]
4 mesitylene 59 [56/44]
5 o-dichlorobenzene 59 [53/47]
6 PhCF; 50 [60/40]
7 DMA not detected
8 DMSO not detected
9 MeCN not detected
10 1,4-dioxane 57 [26/74]
11 CPME 62 [48/52]
12° THF not detected
13 IPA (100 °C) not detected
14 toluene (0.5 mL) 58 [60/40]
15 toluene (1.5 mL) 65 [57/43]
16 toluene (2.0 mL) 67 [58/42]
17° toluene (2.0 mL) 64 [59/41]
18° toluene (2.5 mL) 65 [58/42]

2Yields and the ratio of 7aa/8aa were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene
as an internal standard. Combined yield of aldimine 7aa and enamine 8aa was shown.

> 10 mL Schlenk flask was used.
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§ 1.2.5. BEMERIET L F v OYEDORKG

Tx= VT ETF L 6a OYBRBROMEZIT o7, 2 METKICEIToT2E S BIAK
WTHDHLZEROERDBHERINTEY, BOMISZHELEITIE D701 6a &
BREEAVWSIVLENEZ b, 2T, 6a DYEL 3 YR LZE Z A, AFHIEER
76% T HEMBF STz (entry 2), —JF, 4 HEIZHOLTH, 2L o FIZR b
Molo, TNHDOIEMND, 6a % 3 YEMNDRMEZE#ERMEE L,

Table 1.14. Optimization of equivalent of 6a

5 mol % 1a
10 mol % P(4-CF3CgHy)3
L 1 equiv CsF N ¥
= H,NCgH NS
Ph ¥ 2NV oluene 2 mL, 120°C, 12h D Cotlra * Mgy,
imine enamine
6a 3a 7aa 8aa
1 mmol
entry 6a (equiv) NMR vyields of 7aa and 8aa (%) [7aa/8aa]
1 2 67 [58/42]
2 3 76 [57/43]
3 4 74 [57/43]

2Yields and the ratio of 7aa/8aa were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene

as an internal standard. Combined yield of aldimine 7aa and enamine 8aa was shown.
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§ 1.2.6. SSIRE /RO IREE D FRFET-(2)

MWD EFERIET VX DY BEEZEF LIZOT, td TRl SOSIRE & SOSK o
RF 21T o 72, 120 °CTHRISFREH 2 6 ReIC MG L= %A, 12 R OGE LR R L oo
7o(entry 2), = Z CTHRUNREEZ 130°C & L, SUGKEE A 6 ReEIIZ L7235A . M B A 64 78%
LlpoTz(entry 3), S DICSLFFMZEHMELI=L 2 A, 2 R TITAFHIEE 82% T H WM
Fohiz(entry 5), —JF CHUNREZ T CHRRER 21T > 26, T NICIEEME T L
7-(entry 7-8), LA E XV | 130°C, 2 K[l % fiiSefF & L 7= (entry 5),

Table 1.15. Further optimization of reaction temperature and time for the reaction of arylacetylenes

5 mol % 1a
10 mol % P(4-CF3CgHy)3
_ 1 equiv CsF _N. H
Ph—= * HaNCefs toluene 2 mL, temp, time Ph” CeHiz * Ph/\/N‘CGHm
imine enamine
6a 3a 7aa 8aa
3 equiv 1 mmol
entry temp (°C) time (h) NMR vyields of 7aa and 8aa (%) [7aa/8aa]
1 120 12 76 [57/43]
2 120 6 76 [57/43]
3 130 6 78 [58/42]
4 130 3 79 [58/42]
5 130 2 82 [56/44]
6 130 1 79 [53/47]
7 100 24 73 [55/45]
8 80 24 74 [53/47]

2Yields and the ratio of 7aa/8aa were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene

as an internal standard. Combined yield of aldimine 7aa and enamine 8aa was shown.

TR (Table 113, p34 ZR), 7 ==L 7k F L DY & (Table 1.14, p35 ZH), KX
SR/ SOGKER (Table 1LAS)DFE RN BRIBIND DN, 7 = =/ T B F L TSR
L, BIRISE LTERBADET LT VW L Th D, HIIORIGEIRL S EITESES
7223,

1) BISSEAHIT 5 720 IC R EITREZ T 5
2) i E LARVWE T == A7 v F LU A RREIE VS
ZEPMELEZTND,
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§ 1.2.7. BILEMORRE

BoNDT Y I UR0x ) I TR TR iR % = 1T 03 < HEEERE CO R EMEN
R Tholzl20, BICIC L VB BT I CEHRT 5 2 L THEEL -, SPRGK T
IR Z AT, A X ) — VP TRFBICATHRET P U LEZRISIE D Z LT, RAFRIN
RCHIET DIBICIEDF ST (entry 1), 72EB Y EZ L L CTHIER RITR S ehoTz
(entry 2), —J, =—7 /LX°DCE Z W\ =54 CIEHRREOINEEIZHE £ > 7= (entry 3-4), ¥
TIKFUFRTEFT NI TR NI TR X IVAKRFBIUATVRT NI UL, KERFTVFEY
F U L3 EDETEAIE AW EITITINEE 63-67% CiE ik % 5 2 7= (entry 5-7), 26D Z
EMB, 75 YEOKFEIATVET NI TLEAY ) — L ERWDEMERESEE Lz
(entry 1),

Table 1.16. Optimization of conditions for the reduction of the anti-Markovnikov hydroamination

product derived from arylacetylenes

5 mol % 1a
10 mol % P(4-CF3CgHa)3
I 1 equiv CsF N H
— HoNCgH PN No
Fh * 27O toluene 2 mL, 130 °C, 2 h Ph Cehis ™ pp NN,
imine enamine
6a 3a 7aa 8aa
3 equiv 1 mmol
H
reductant N
solvent 10 mL, rt, 24 h PR CeH13
9aa
entry reductant equiv solvent NMR vyield of 9aa (%)*
1 NaBH;, 7.5 MeOH 77 (69)b

2 NaBH4 10 MeOH 72
3 NaBH4 7.5 Et,O 57
4 NaBH4 7.5 DCE 58
5 NaBH;CN 7.5 MeOH 63
6 NaBH(OAc); 7.5 THF 67
7 LiBH4 7.5 MeOH 65

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y

b Isolated yield.
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§ 1.2.8. HEMEARNGT NV o O HE i EE Ot

oIl &M 2 O T ST ERRG 7 L% 2 W TRISET -T2, BHEER B
AF NI b OBE VTS BT NMRIUE THIGT 57 Y v 702 F 10 8 0V
AR Uiz, e <Em b BAFICHEIT L, 7 229 ZIUK 60~65% T 5 272 (entry 2-4), LA>L72
P62 AL 6 FLIC A FIVEEE B OLGRIEINIAEENRE W00, BUSIIE & A EHEITL
RhoTtz(entry 5), T2V ATFAT X HE2 b OLE TR, PREDIE L 72 o 7 (entry 6),
~u g e b oREa bREER S OSITHEIT L, FHICETFRIIEE boRAICITE RS
T I U BN EZ T DT EREZ DI EOEMENEMT DRERIG DT
(entry 8-9), £7o. ~T B EEREZ L OLE LRI THIST D AERDHE ST (entry 10),

Table 1.17. Scope of arylacetylenes

5mol % 1a
10 mol % P(4-CF3CGH4)3
L 1 equiv CsF _N. H
A=t NG e 2 mL, 130°C, 21 ATE TG o p SN
imine enamine
6 3a 7 8
2 equiv 1 mmol H
7.5 equiv NaBH,4 N
MeOH 10 mL, rt, 24 h AT Gy
9
NMR vyields of .
entry 6 Ar 7 8 9  yield of 9 (%)
7 and 8 (%) [7/8]*
R/=—
W
1 6a H 7aa 8aa 82 [56/44] 9aa 69
2 6b 2-Me 7ba 8ba 81 [70/30] 9ba 64
3 6¢ 3-Me 7ca 8ca 75 [52/48] 9ca 60
4 6d 4-Me 7da 8da 75 [52/48] 9da 65
5 6e 2,4,6-Mes Tea 8ea 9 [>99/1] 9ea 5
6 of 4-NMe; 7fa 8fa 55 [75/25] 9fa 40
7 6g 4-F 7ga 8ga 72 [54/46] 9ga 68
8 6h 4-Cl 7ha 8ha 63 [37/63] 9ha 58
9 6i 4-Br 7ia 8ia 60 [30/70] 9ia 44
. ST\ . . .
10 6j > 7ja 8ja 78 [60/40] 9ja 57

2 Yields and the ratio of 7/8 were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as

an internal standard. Combined yield of aldimine 7 and enamine 8 was shown.
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§ 1.2.9. ARIAIES —# T X o o0 SLE i FAHIPE O frat

foel T CREMIIGSE — k7 X v Ot 21T o712, TAFNEOE I ZLLEETH R
EAERL BIERETHIGT 27 VY I 72T I 8, BLUUET 9 2345 H 47 (entry
1-2). 82°C L P AEDME AL F IR b OB E TIEISHEOIE TR b LT Ai(entry 3),
Suad s FEE b A ISR A M A FIE T B - & A SR TR B A
R DM BT (entry 4), XV UAHERTF AT —TF LA OBAIC b BAFAR IR CRET
BRI BT (entry 5-6), 7 X/ 7L mi—/L 3h B WA, AKEREITR ST
S HOHBBRINEUE L, BAFRITE TRUET 2 A0 & 5 2 7= (entry 7), 4R HIE
EHTHT =% FAT LB BARIRETHIET 5 7% 8, BEG9 £5 2TV B (entry
8-12), ZORIT, AL Fu 7 3/ LRISHEVERISEFAIE A A LT 5 2 L Rbhot,

Table 1.18. Scope of aliphatic primary amines

5 mol % 1a
10 mol % P(4-CF3CgHa)s
___ , 1 equiv CsF N H
— H SN N <
Fh * MR toluene 2 mL, 130 °C, 2 h PROTR T oSN
imine enamine
6a 3 7 8
3 equiv 1 mmol H
7.5 equiv NaBH, N.
MeOH 10mL, i, 24n P~ R
9
NMR vyields of .
entry 3 R’ 7 8 9 yield of 9 (%)
7 and 8 (%) [7/8]*
1 3b C7His 7ab 8ab 82 [48/52] 9ab 70
2 3¢ CsHu Tac 8ac 82 [51/49] 9ac 70
3 3d CH>Bu 7ad 8ad 55[67/33] 9ad 50
4 3e c-oct Tae 8ae 83 [53/47] 9ae 72
5 3f Bn Taf 8af 60 [50/50] 9af 51
6 3g (CH2)3SMe Tag 8ag 74 [58/42] 9ag 61
7 3h (CH2)sOH 7ah 8ah 72 [60/40] 9ah 65
é’é\/\©\
X
8 3i =H Tai 8ai 74 [53/47] 9ai 67
9 3j Me 7aj 8aj 85 [51/49] 9aj 63
10 3k OMe 7ak 8ak 76 [46/54] 9ak 61
11 31 Br 7al 8al 76 [63/37] 9al 61
12 3m CF3 7am 8am 51 [47/53] 9am 47

2 Yields and the ratio of 7/8 were determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as

an internal standard. Combined yield of aldimine 7 and enamine 8 was shown.
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§ 1.2.10. HEE SOGCHEE

HEESOGHES % Figure 1.4 |2~ 9, HEERN 7 V% ZHWESHETH, IBRER T
L% DI (Figure 1.3, p28 ZfR) & RMROMME CHAT T 2 ¢ &2 bhvd, ET-ARIERR
L BINFN OHEENED TR A IITIEIME T LTz, Zhid, 7 =F MO F A D 23
FERICEDZENNEZZTHZETH 0 AMbEZ TS Db B2, £D
T OIS DEITHIFE SN EEZBND,

H
[Rh] N J=*=IRn]
Ar B

HoNR'
3
H H,
N\ ' ®N
TR Ar/\( R
[Rh] H [Rh]@
base base
He base Ar He base

[Rhl@

Figure 1.4. Proposed reaction mechanism for the reaction of arylacetylenes with aliphatic primary

amines
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%‘ﬂ‘:
il

B 1 ETIR, BB RE T VR 2 RHEELERG T NV F  6 1T DRSS —k T 2
> 3 Oifi Markovnikov BTSN L B, TP I R0 T I U~ DRI IR Ak & fif
S LT, RWIREREG T v v 2 Z W2 HEIiZ 7T v v 4 BE— DR TR B AL,
BEERBERIET VF 2 6 ZAVEEARICIEIT AV I T L 8 DIRAWE LTERYD
PIFHITZ, WTNOLEY b HEERICI T DL EMEMEN =D KFARTHEF R DL
ERHWCEILLE ST I 5 BLO9ICEHBTHZ L THEEL., ERIASHNLAT
TTeTFZ 2T LT HETENER SR AZ A 2 AR I U, ARIESRIZIER I
EWERRETAEZA L TEBY, KBESCT A= —T Vi, ~a b Kl 8 x b oHEITk
LCH#EHTHZ M TE,
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F2E  8-F V)7 ey Ay AWTEIERRSR T VX kT BB FIRE —&
7 2 D Markovnikov BUAH IS D BA 3%

2
il

KT N F RIS T D ERES T 2 > Difi Markovnikov FATINE G128 < Bt
REINTWAHMN, HW D EEIZ X - Tid Markovnikov B[] TR HEST U 7= Ak 23 F4E
R & 72 53560132 < EOBIMEOHIE B TH D, 1213 Beller H 13 2002 AR
RS T Vx v EF T I U ORIGE LT, [CpTi(m*MesSiC=CSiMes)] il & AV 7= X
JEZWE LTS, 2086 TIIIBRIIREE —%7T I 1338 Markovnikov B A= 554 4 4R Y
WZHEz25—0., 7=V A RHWGEIZIEIRMED S L Markovnikov U AE Rl 23 4
il LT LITV D (eq. 2.1)%%2,

cat. @\ ™S

_ri—]||
% T™MS
RT= * RNA Cene 100°C, 240 R R/gNAr @D
R = C4Hq Ar =Ph anti-Markovnikov : Markovnikov

1:3
94% GC yield

Doye 5 1X[IndTiMe, il & F VM7= SR (eq. 2.2)1%°, Esteruelas & [ X[CpPTiMes | fiftfi 2 FH
TR (eq. 232 2 HME L TRY . ZhbDHETHT = A MW S & Markovnikov
RIS EAER & 7> T D,

cat.

Me—Ti—Me

<;© [Ind,TiMe,]

J— PR LN + /g
R—= *+ HNAT  ene 75-105 °C, 124 h R Ar* RTSNAr
R = alkyl (2.2)
NaBH3;CN H
ZnCl, )\
RN
MeOH, 25 °C, 20 h R NHAr
anti-Markovnikov : Markovnikov
1:254

up to 99% yield
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Me
Mel Me H
CpPTiMe R N R N
R—== + HyNAr Cp7TMes) oA \f “Ar (2.3)
toluene, 100 °C

R=alkyl  Ar=26-Pr,CgHs

PLED LD IZHIEMER SR OT & il 2 W5 &1 & A EDOSE . IRITERE T v
XU E T =V VO RIG TIL Markovnikov BUERKIG HiL D, LML G, 2014
(2 Schafer HIFEAT IF— FF X =0 L-EAT I FFZ iz O ROSIZRBN T,
REWIIEARSG T V2 JFE~DOT = U HAOAHIND Y Markovnikov B CRIRFJICHEITT 5 Z &
A LT B (eq. 2.4)21,

t. Ph
ca FN/D'p
O, Ii\ NMez
0”1 "NMe
FNoip
PH P
P i
R— + HZNAI’ Dip = 2.6 Pr2C6H3 R/VN\AF + /g
toluene, 65-100 °C, 24 h R™ “NAr (2.4)
Ar = Ph, 4-MeOCgH,
H
reduction N )\
/\/ ~
R Ar * R7ONHAr
anti-Markovnikov : Markovnikov
R = Bu, TBSOCH; >49 : 1
Bu 1.6-2.3: 1

up to 87% vyield

Schafer & DR (LRI O SILRTHICT DT VY I 252 58D 20 BITH 5705,
KA AT NVE T 5 ~ar ke o i ERES 2 A 2 A E omE I
EoTELT, HRRAFAEMEOBIALENS LIENKS LTV D,

U EVVERBIEFFATESN IR S 5 1% R IER &R Al 2 - T IR AR SR 77 /L 3 1
%427 = U HEO Markovnikov RIS L, 2009 4F1Z Alonso-Moreno & Otero &1
Ko TrFIVEMNI 42 o Py MMl 2 DT SOSBHE ST D (eq. 2.5)3, ZD
i1 dat Markovnikov BUAE ) D 7x 2 AR FE DR CRRIRANIZE- 2 TR Y . A F VR E
DEFREME, TeEeER 2 07 =) VEBHOWOLILTW D, BRI AN T VX
NINV-F I FUDIITIRE SN TV D, ZORIGHRTIE, #IDIZT ¥ N ansd
TR (path a) & 77 X U AMEME(L &4 D88 (path b) D D238 7E X 41TV 5 (Figure 2.1),
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O\stpm

@N Dip (2.5)
~ Dip = 2,6-PrCgH3

CgHiz—=—= + HyLNAr
63 2 acetone, reflux, 24 h

\

N
CeHis” D A

up to 66% yield

N‘R h=<—NH, NHz
n @ =~/
CeH13/\/ CeHq3 Z
=N
\ L
\\\‘ path a iy N——Rh
é/iPr \
A=
H CoHig™ =
CeHig™ Y
\
=N CeHis——=
\Rn*
’Pr
)
— NH
N H 2
_ A /
ipr, NTTRh<pN
= )=
CeHi3 \p
path b \ +
ip N\Rh/N
Pr H
)
*N\ y
/ —
N} o=
@’Pr \
=

Figure 2.1. Proposed mechanisms for anti-Markovnikov hydroamination catalyzed by
[Rh(N-N)(cod)][BPh.]
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EFHIE I BORMTHWEX ) )T P ubyruad s 2T R 1a LR A
74 VB WSS DY TR TRTRRE T VR T =) E ORIG
WZHEHT 5 2 & TRAEBEMEHAANTFECTE DO TIERVMNEE R T, AMERIZ
LI e E 2N AEDE D T LT BUIRE —#h T I A AAREEME TS
FHEWH T I O &2 B LIFEICEF LT,
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AT NIRRT VS AT D G ERE kT X > Oifi Markovnikov RTINS O
B &
§ 2.1. FIHIRRES
NENGE ARG T V% 2 2 ERRIGHESE — kT 2 > 3 OUNIB T Dtz AnwCcr =1
Y 10a & ORIGERF Lz, TA% & LTI1-A7 F o 2a 2 HOEEE. BEIOMINA Y
11aa 7% GCMS fi#TIC &L VIR EMER S uiz(entry 1), & Z CTRIGHEDH EZ B L THA
T4 VRN DOBRR AT o7 A, PV aAF IR AT L R Y A@-A FF Y
T = WVRAT 4 WG AICIE UG IEIT L2 o T (entry 2-3), F AL O k
VT T I fniea, JOSTHEIT LZe - 7223 entry 4), DBU % W25 12131
3 47%T 11aa 735 b vz (entry 5), HEIIEAFAE F CIIBISITEITE T (entry 6), S HlZT=—
TIVRIAEED THF % RWIZ8A0(entry 7)7 % b Z AW 5HE S AERMITE SR -
7o(entry 8), BUGIREEZ @ < LT HAEMMIISE DL > (entry 9-10), LA EX Y | FIGH
HE1T L 72 DBU & FH\W\CLABE OGS 21T o 7= (entry 5),

Table 2.1. Initial attempts

5 mol % 1a
10 mol % P(4-CF3CgHa)3
CeHiz—== +  H,NPh 1 equiv CoF - CoHig > "~py,
toluene 1 mL, 100 °C, 12 h
2a 10a 11aa
2 equiv 1 mmol
entry variation from standard condition NMR vyield of 11aa (%)?
1 - trace
2 PCyj; instead of P(4-CF3CgHa)s not detected
3 P(4-MeOCgH4); instead of P(4-CF3CsHa)s not detected
4 Et:N not detected
5 DBU 47
6 without CsF not detected
7 THF not detected
8 acetone (50°C) not detected
9 reflux (135°C) for 24 h not detected
10 mesitylene (160°C) for 24 h not detected

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§2.2. RAT 4 O

DBU 47 FCHRA T 4 VENA DRI R Z T~ T, EARGIVEERL L § DR AT 4
Y ERWD L 38-48%DUNHE & 7o 7o M (entry 1-3), KV B REMEDORUF Tt R T 2=
NEE L O (entry )0, 7=V EOIALE S N g a7 ==V HE 08
B TIHIENMET Liz(entry 5), hU 7= =/LiR A7 1 V(entry 6)°m i G-PEEHLIEL A ¢
DA THINMENRRKE KT Liz(entry 7-8), F72, FU T 7 a~FIINKRAT 4 Tl
FOGSIHETT L7e o Tc(entry 9), ARES, BE=U T UEHRICK LT =V U DSREKBEZ T
L2 ETHEITTDEERTEY, RAT 4 VENLADNEAROIPEEHILEE & D56 10K
WEPEITLOT S R EHEH SN D, UBEOBEF TIX, &b BARINEL 5 272 PG-
FCeHa)s D Z & & L7z (entry 3)

Table 2.2. Screening of phosphine ligands

5 mol % 1a
10 mql % phosphine
Cohe™=*+  FAPh :oﬁll::: ??nUL, 100 °C, 12 h et e
2a 10a 11aa
2 equiv 1 mmol
entry phosphine NMR yield of 11aa (%)*
1 P(4-CF3C¢Ha)s 47
2 P(4-FCgHa)s 38
3 P(3-FCsHy)3 48
4 PPhy(CeFs)3 20
5 P{3,5-(CF3):C¢Hs3}3 3
6 PPhs 24
7 P(4-MeCsHa)3 17
8 P(4-MeOCgHay)s 17
9 PCy; not detected

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y

47



§2.3. HEEORG

W DL ORKGET21T > 72, DBU UANOAGHIER Z R L7 & 25, TMG X° DBN %
WA RO ) A3 R ST (entry 2-3), MTBD X° DABCO % AW/23A . UG ITHELT
L7231 O DOERIGRIZE & - 7= (entry 4-5), DMAP <° TBD % V7254 TIIMIGIXIZ E AL
HITE T (entry 6-7), R UZF AT I LY V| 26 LF VU EHWESA TIEGT
HEAT L7272 o 7o (entry 8-10), WRIZHERGIEIL 2 /et L7z, #x 227 v bz iz, B
BRED 11aa 78 GCMS fIEHTIC LV R S5 DA T o 7o (entry 11-14), [REEH IR EE K
BWERWESAE O STEDM FIZ R 6 7e 0 o T (entry 15-18), SUSHEST D 7= D258 FEE
MUETHDHZ L H(Table 2.3), ZHHLOHEENRT =V  EHAEERTLZETTr =1
VEFROREENRH ELTHND D EEZ HD, FEMIXE 2.12. #EERISHEIC Tk~ 2
(Figure 2.2, p59 ZR), X512, KLIEMIZ 72 TMG DY EZH S LA ITITINERN
X LU(entry 20-21), 2 ¥ &L EIZHEC L CTH M EIX R Sk o 7o (entry 22-23), LLE X
. 1 %80 TMG Z W5 &% i & L 7= (entry 2),

Table 2.3. Organic bases and pKa.u values?*

NH |
we (1) A 0 o9 A%

N | |
DBU TMG DBN MTBD DABCO
pKan (DMSO) 13.92 13.2¢ 13.4+1.2de 14.8£1.2de 8.9f
pKan (MeCN) 24.33b 23.3¢ 23.79b 25.44b 18.29¢
N,
N H N J = =
base X \(/ N - | - |
- N L N N
N
DMAP TBD TEA pyridine  2,6-lutidine
pKai (DMSO) ] 15.3+1.2d¢ 9.0¢ 3.4¢ 4.5
pKan (MeCN) 17.74h 26.03i 18.821 12.33¢ 14.13i

aref 24a. © ref 24b. © ref 24c. 9 ref 24d. © Estimated values. fref 24e. & ref 24f. " ref 24g. ' ref 24h. i ref
24i.
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Table 2.4. Screening of bases

5 mol % 1a

10 mol % P(3-FCgHa)s

1 equiv base

Cofe™=*  FAPh toluene 1 mL, 100 °C, 12 h Catig " e
2a 10a 11aa
2 equiv 1 mmol
entry base NMR yield of 11aa (%)?
1 DBU 48
2 T™MG 51
3 DBN 49
4 MTBD 28
5 DABCO 25
6 DMAP 4
7 TBD trace
gv Et;N not detected
9b pyridine not detected
10 2,6-lutidine not detected
11 LiF trace
12 NaF trace
13 KF ttrace
14 CsF trace
15 NaCOs trace
16 K2COs3 trace
17 Cs2CO0; 2
18 CsHCO; 13
19 w/o base not detected
20 TMG (0.25 equiv) 35
21 TMG (0.5 equiv) 47
22 TMG (2.0 equiv) 50
23 TMG (3.0 equiv) 51

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y

b P(4-CF3C¢Ha); was used.
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§ 2.4, filfhi B OFEES

il B ORRET E AT o 70, R % 5 mol %75 7.5 mol %IlZHCT 2 & T, IEIX 56%I2
M kL7 (entry 2), —7 T, 10 mol %, 15 mol % & H#E<° L7zA . WERIT TN HRER &7 o
7o(entry 3-4), ZDO L& TAXFUOLEAROAREDEML TN Enn, &N
WFENT L F v OB TORIGHELS I T LT LR, FUEHE 72 2 B O & il o &35
DEZ-7mEBEZOND, LLELD | & 7.5 mol %% HiE s & L 7= (entry 2),

Table 2.5. Screening of catalyst loading

x mol % 1a
P(3-FC6H4)3 (2 equiv to 1a)
1 equiv TMG N
- > P AN
Cofo™=— 7 H2NPh toluene 1 mL, 100 °C, 12 h CeHis Ph
2a 10a 11aa
2 equiv 1 mmol
entry x (mol %) 1a NMR vyield of 11aa (%)*
1 5 51
2 7.5 56
3 10 55
4 15 44

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§2.5. IO

WO 21T 270, M PAORUB U RERARFI LI 2 A, XUBU TR
I 38%IZME T Lentry 2), 0- 27 B a2 Tld 41% (entry 3). A 2 F L 2 Tl 50%
(entry 4), R~V Z/dnw MLz ORE T 45% (entry 5) & FREEICE o 7=, WD EW
B2 AW 5E . Wb KE SIEEOIK TR A S v (entry 6-11), =—7 /L RIAE %
WA, ML DINREBZ D 2 L id7e IR 23-48% & 72 o 7= (entry 12-15), £
7o BERRVED Y & WO TG A I3 RMENEE < (entry 16), SFERAREEZ W54
B ILA B Led o Tz (entry 17-18), LAEX V| entry 1 @ bz & Al & L7,

Table 2.6. Screening of solvents

7.5mol % 1a
15 m.oI % P(3-FCgHy)3
Cobe™=— * H2NPh ;oTj:rI: 1T'\r/lnf 100 °C, 12 h Catig " e
2a 10a 11aa
2 equiv 1 mmol
entry solvent NMR vyield of 11aa (%)?
1 toluene 56
2b benzene 38
o-dichlorobenzene 41
4 mesitylene 50
5 PhCF; 45
6° DMA 24
7 DMSO 25
8 MeCN 29
9¢ AcOEt (reflux) 23
10 NMP 29
11 IPA 26
12 1,4-dioxane 41
13 CPME 48
14 MTHP 47
15¢ THF (reflux) 23
16° hexane (reflux) 33
17 toluene/CPME = 1:1 41
18¢ acetone/mesitylene = 1:1 34

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y

b5 mol % 1a, 10 mol % P(3-FC¢H4)s. © 10 mL Schlenk flask was used.
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§ 2.6. iE & RS AR DR

eV T, IEAEIECTH D ML= ORI EORF 21T o7, W% 0.75mL (257
ENROE T AR L =—F Tlentry 1), 1.5 mL ([ZH04 2 & Tl B2 S UNERIT 61%
L7roT(entry 3), L)L, MIGAELZE LT 7mL ffDiAA%E % VT heating block (H AP
&A% H, Chemi Station PPS-5511 ) Z FIWCTMEVL TW=Z & D, IR A2 2 &
TRIGHRBR BRI T2 MBD e A TR WATEEMERS B 2 STz, £ 2T, entry 6 LIET
X, SRR & MBI RO el TRt 21T - 7,

VA EZ 2mL & LT, TmL #DIIARE & A A WA E WA, TR s
a7z (entry 6), % 2T, 21 mLffDIALE & A A VSR % VTR 21T o 7208, ARk D
R L rolz(entry 7). THHOFERMNS, L0 BN BREMKA L 2R cE 5
10mL ¥ = Lo 7 BaEOERE LTHWEE Z A, RN 63%I21h 1 Lz (entry 8), AL
B4 2mL LV (L TH 2L Eom EIZR S e o (entry 9-10), UL EXL Y, LI
ORBFITIE, My 2ml, 10mL ¥ = Ly 7@ ERIGAmE LTHY, A LRz
INET 2 St & B 41k & L 7= (entry 8),

Table 2.7. Screening of solvent volume and reaction vessels

7.5mol % 1a
15 mF)I % P(3-FCgHg4)3
Cohim=*  FNPh :ozqeur::,:“(/)loe"c, 12h Catig " e
2a 10a 11aa
2 equiv 1 mmol
entry toluene (mL) reaction vessel NMR vyield of 11aa (%)?
1 0.75 7 mL sealed tube 50
2 1.0 7 mL sealed tube 56
3 1.5 7 mL sealed tube 61
4 1.75 7 mL sealed tube 60
5 2.0 7 mL sealed tube 55
6° 2.0 7 mL sealed tube 47
7° 2.0 20 mL sealed tube 52
8> 2.0 10 mL Schlenk flask 63
9b 2.5 10 mL Schlenk flask 60
10° 3.0 10 mL Schlenk flask 60

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

b An oil bath was used.
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§2.7. T¥ L YEDOKRE

WD 1-47 F 2 2a DY EBRORFT 21T-7-, 2a % 1.5 &L L2GE, INERIT 43%
RN L7z(entry 2), SUG%E 2 HE&TITo 7B, BIAERY CTh 5L BIKDA LD HER S
TEY(entry 1), BHIDOMIEZ IR IS ETSEH72DIE 1-4 7 F o 2R &AWV 5 M3
NhHdHEEZOLND, ZZ T, 1-A7F L OEEE 3 YEITHEOLTEEZ A, 72%T 1laa
Foi(entry 3), & HIZ4 Y EFE THOLZSGE, AT Th20EEIXM B L7 (entry 4),
—H TS YBREICETHEOT & ZREROAMEN X2 TLEOLUSORIFIL T L7 (entry
5, LEXY ., 1-A7F > 1a % 4 &M D &M% Baiscft & Liz(entry 4),

Table 2.8. Optimization of equivalent of 1-octyne®

7.5 mol % 1a
15 mol % P(3-FCGH4)3
o 1 equiv TMG N
— P C AN
Coia™= "+ HNPh toluene 2 mL, 100 °C, 12 h CeH1s Ph
2a 10a 11aa
1 mmol
entry 2a (equiv) NMR yield of 11aa (%)°

1 1.5 43
2 2.0 63
3 3 72
4 4 75
5 5 70

2 Reaction was performed using 10 mL Schlenk flask in an oil bath.

b Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 2.8. PO KL/ B IR ] D F

SOSIRE DIRE 24T 272 & 25, 90 °CITREIR T 5 L IERAMET L(entry 2), 110 °CIZH-i
L7235 A IR [ BT RS- T (entry 3), #elS T 100 °CO F TLU R O fit 2
fTo7c, BUSKIE 6 RRIZAIES & LA T LI Ai(entry ), 24 RIICIER LTS5
Ao EXR N5 (entry 5), BLEX D | entry I @ 100 °C, 12 FEfE] D51 % Fribi 5
He Lz,

RE, SIS TROBEMO HNMR A7 Mhb, ERITHET AT L2 DR
EOTF I EBEZLND VT FADRHERS NI, ZOTF I UAIRET VL8 Tk
7 I L DORIETE LIS T T I T HIT B DR EThH B &2 b, Wl - FEC
TES TRV, = F I UBAERLTND Z EIZOWTOREGELR WS DD SR HFICE
WCARIIOT VY 2 L= Y OTHESEELTHY . RIS £ TS A
(MR T e, BIIOT VY v DERBNEL L0 TIEAWDA LRI LTV 5,

Table 2.9. Optimization of reaction temperature and time*

7.5 mol % 1a
15 mol % P(3-FCqHa)s
CoHis—— ¥ HzNPh :oﬁjc:::: Z'\:In(i temp, time CGH13/VN\Ph
2a 10a 11aa
4 equiv 1 mmol
entry temp (°C) time (h) NMR yield of 11aa (%)P
1 100 12 75
2 90 12 65
3 110 12 64
4 100 6 54
5 100 24 65

2 Reaction was performed using 10 mL Schlenk flask in an oil bath.

b Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 2.9. BRI ORRET

HEWARESS — /7 X > 3 W B OB ICRM 2 FEHEFE —H%T 2 > 10 OIS b H
L7c& 2 A, B 12aa DHFECRITIK T 585K & o7 (entry 1), £ Z T, O TiE

ek R LTz,

FPEBEICH O EITo7c L 2AH, KEMRURY FULLYT /KB AT H#HT
N DA, PUTEMVKFIATVZT M) U LEZRHWTEGEICRRONEL 2 7
(entry 2-4), felF T, KFEMFAVHET NI U LEHANTREEZREILIZEZ A, A X ) —L
Z WA IR 56% CE iR 235 H 7= (entry 5), ¥ = F /Lt —F L2 THF 72 £ DT —

TIOVREIE A DT A TITINERIME T T A 8ER & oo 7-(entry 6-7), Y7 X b A

2 ) — )V OIRE TR Z FAIW T2 56 TR 68%I2 1A L7723 (entry 8), &4 O HRIN & % HY
RLLTHHETRGNZoT(entry9), LEL D 12-U7anxX b XX ) —LVDRE

Wi, 7.5 UEOKFEHRTHET R T LEHNDSMEE RS & L7 (entry 8),

Table 2.10. Optimization of conditions for the reduction of the anti-Markovnikov hydroamination

product derived from alkylacetylenes and anilines®

7.5 mol % 1a
15 mol % P(3-FCgHa)s
Cefle™= * FaNPh :oﬁlﬂ: ;Mmcl;_ 100 °C, 12 h [ Cabs” 7y
2a 10a 11aa
4 equiv 1 mmol
reductant /\/H\
solvent 10 mL, rt, 24 h CoH13 Ph
12aa
entry reductant equiv solvent yield of 12aa (%)
1 NaBH4 7.5 DCE 44
2 LiBH4 7.5 DCE 42
3 NaBH3CN 7.5 DCE 36
4 NaBH(OAc)s 7.5 DCE 44
5 NaBH4 7.5 MeOH 56
6 NaBH4 7.5 Et,O 32
7 NaBH4 7.5 THF 37
8 NaBH4 7.5 MeOH:DCE =1:1 68
9 NaBH4 10 MeOH:DCE = 1:1 66

2 Reaction was performed using 10 mL Schlenk flask in an oil bath.
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§ 2.10. R 7T V3 o 0 K #PH O R

GO N RGE S FICB W T, SRR 7 L% OB 21T o T2, SRR E R
v&nm%vw%%%oﬁA X BSOS ST Lz (entry 3), E=15% 12 2h & D
FOSTIX, 77 AR b D Z & 22 < MINBUS DS HETT LTz (entry 3), ¥ 7/ Hox
AT NVHTR Ea b O EITIETRE DI L 725726 D D(entry 4-5), THP R L7-7 /v
a— VN A b DA iﬁﬂ@ﬂﬁfﬁm?5$W%%5KKRMy® — 5T, 7=
NTEF Ly 6a ZHWEHAIIETAY I IELRT, =) U8 10%4EKT 51
iomwzﬂw@ﬁ71%w7t%V/wi% %Mtfk@ﬁm%Té@MNm1
AT fvl GCMS T ZE(ER =B ERUG & UTHE T L Tne 2 & AR
TOHEREEZEZ LN, TOMBEZ BN ERICTOWTIE, §2.12. HEERISHRE(pS9 1)
2Tk 5,

Table 2.11. Scope of alkylacetylenes?

7.5 mol % 1a
15 mol % P(3-FCgHy)3
1 iv TMG
R—= +  H,NPh S [ R Nspy ]
toluene 2 mL, 100 °C, 12 h
2 10a 1
4 equiv 1 mmol
7.5 eqUiV NaBH4 /\/H\
MeOH 5 mL, DCE 5 mL R Ph
rt, 24 h 12
entry 2 R 11 NMR yield of 11 (%)° 12 yield of 12 (%)
1 2a CeHis 11aa 75 12aa 68
2 2b Cy 11ba -¢ 12ba 67
3 2h  HC=CH(CH.); 11ha 52 12ha 43
4 2d NC(CH2)3 11da 44 12da 25
5 2e MeO,C(CHy); 1lea 51 12ea 31
6 2¢g THPO(CHz);  1lga 73 12ga 60

2 Reaction was performed using 10 mL Schlenk flask in an oil bath.
b Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

¢ NMR yield was not determined due to significant overlap with other signals.

5 mol % 1a
10 mol % P(4-CF3CgHa)s
1 equiv TMG N H
Ph—=— + H,oNPh AN + =~ _N 2.6
2 toluene 1 mL, 100 °C, 12h " Ph Ph T Npy (2.6)
6a 10a 11" (imine) 11" (enamine)
2 equiv 1 mmol not detected 10% NMR vyield
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§2.11. BHEWEE T I > oSG A FHOMRG

HEER B2 REWMEEZ G T 527 =) VHEOBN 1T o1, ATFNVEEZRT 56T
FWTI L FREDOINESY 5 2 -3 (entry 1-4), 2 L 6 MLANEIZEH S8 A I IEST R
AIZRABRE VISR E W2 O SREEBEES AT LIS < 72D 2 & 3RIB S 7= (entry 5-6), B
BHEERFENA R UVESLCT AT AT I EE L OLEAICIEENETHIET T Y I v
5.2 7= (entry 7-8), —F. BFRIIFEEZ L OBAITITIERMET Lz, ZHUFEHEORE
NPMET L7122 EDFRO—2>TH 2 EHEH L TV D (entry 15), BB 5 = &1, HLEHED
7 x )= WWEKIEEEZ o7 =T 10§ b BAHISOSHEIT L, 7 X 2 B B THEINBOS
DIHETT U722 11aj % 47%0 NMR U CTH 2 7= (entry 9), /NTALE /2T A XLl vy
JHELOLGE, TLY I O NMR IERIT 44-62% & 72 - 7= (entry 10-14), F 7= F 7 F L H
R EDZRGTERE S OWA S BIF 2 RIGH % 7~ L7 (entry 16),
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Table 2.12. Scope of aromatic primary amines®

7.5 mol % 1a
15 mgl % P(3-FCgHy)3
Cotho™=*  HaNAr :oﬁlli:: Z’\r/‘InGL 100 °C, 12 h [ Caths” " ]
2a 10 1"
4 equiv 1 mmol . H
;ngugvn:liBDHéE 5mL Catha” >
i, 24 h 12
entry 10 Ar 11 NMR yield of 11 (%)® 12 yield of 12 (%)
=\ R'
\_/
1 10b 2-Me 11ab 66 12ab 51
2 10c¢ 3-Me 11ac 60 12ac 54
3 10d 4-Me 11ad -4 12ad 64
4 10e 3.5-Me» 11ae 56 12ae 47
5 10f 2,6-Me> 11af = 12af 27
6 10g 2,4,6-Mes 11ag 4 12ag 36
7 10h 4-OMe 11ah 70 12ah 62
8 10i 4-NMe» 11ai 71 12ai 54
9 10j 4-OH 11aj 47 12aj 46
10 10k 4-F 11ak 62 12ak 57
11 101 4-Cl 11al 61 12al 52
12 10m 4-Br 11am 53 12am 50
13 10n 3-Br 11an 59 12an 47
14¢ 100 4-1 11a0 44 12a0 44
15¢ 10p 4-EtO.C 11ap 34 12ap 28
16 10q 1-naphtyl 11aq 63 12aq 51

2 Reaction was performed using 10 mL Schlenk flask in an oil bath.

b Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

€24 h.

4 NMR yield was not determined due to significant overlap with other signals.
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§ 2.12. HETE SUSHERE

HERE SO & Figure 2.2 2" d, FEBHE T I 2 10 Z W2 5E12IE, mIERAAF
ETFTROWERISEDHEITLIRN Enn, R ET I 2L OMAERDBKISETD D
WCRERHFEGEZ L TCWDHEEZHND, 'HNMR (toluene-ds)IZ BT, TMG f#1E F Cld%
DALY 7 MENKRE SIS Y 7 FLT0D 2 Enb b, TOMEERNTRERESA T
% (Figure2.3), LA EDZ L b | AU OHEESOCHEITILL T O X 51272 %, ARETRIEHRIC
FoTEMbENTZT =) R =U 785K B ICxh L TR T 52 & CTHEITL, A
oD NeDFa hBENCLY TV =L R U REEKE 25 S, &ThbiiE 4
THEBIBEOND EEZBND, £72T V=TT Lz HANGEIEHEE D 23
FEBRICE D ZENEZT RIS EIT LIS K RDAEEMER DY, 7V —ATEF L X
AEOSZITHEHARRETH D L EZTWD,

R— R H H,oNAr
2 10
> [Rh] - >~ ™G
A [Rh]
B
AT . Ar
N HN
R/Y “Ar T H
[Rh]-H H HN<__NMe,
F RN Y
NMe,

H
H
] N N
R/\l/ Ar - / RTX “Ar ®
[Rh]-H [RhI® H-TMG
E ™G 5

Figure 2.2. Proposed reaction mechanism for the reaction of alkylacetylenes with aromatic primary

amines
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5 2.80 (br, NH,) PhNH,

MezN NMe'__:

LON
. A"

' PhNH,
: +
: Me;N__NMe; :
5 3.56 (br, NH>) ; IE :
A )

LN L L L L L L L I L L

7.0 6.0 5.0 4.0 3.0 2.0 1.0 0.0

Reaction conditions: [aniline] = [TMG] = 0.5 M, [aniline/TMG 1:1 mixture] =1 M.

Figure 2.3. "HNMR (toluene-ds) spectra of aniline, TMG, and a 1:1 mixture of aniline/TMG at room

temperature
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%‘ﬂ‘:
il

552 O, NEMIEREG T V3 2 21 2 A —k T X 10 D1 Markovnikov
MIBOSIZ K DT VY X 11 ~ORRRESEZ R LTz, kv snTEeF 2
72 & ORIJEHER R OMBRIZX L 8-F /U 2 T hr Yy AGEKRE VD ARl R T
I%. ¥ Markovnikov B DA INARA) O % BRIV G- 2 T2, 2D E0nh | AR A EE
e Ru7 I 2EROG MR BERICH D LB TWD, FloKkBESe s i =
ATNIEIREZROT = VDA, V7 ) KR THPRE L7 v 2 — VL &2 H oK

U7 F A LTHEMAT 5 2 N TE, BUFRINETHGT 57V I 2 5%
Too TO XD, AMEERITEVERBETFANMEZ b O ELE BN ANFETHDH Z &
ZHOMNT LT, EFERMEICHENTRY . 7=/ — KB EEL 2558, 73/
T DB TROGHET LIoATINERM 5 270, 7=V OBEHIES ROGHEICKE < P2
ZHZ TRV, EBRIMEREZ L OEAEIIET =V VERORES O FIZ X B I5MHED
RTFRRE STz, ARG CTITAERIEERSMNETHY . TUDBGTEBRE T I 216
PALT 5 Z & Te=U 7 UBRICKT 2 REBEBEMEES N TND EE X HD,
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FIE 8X VT bhuVusMBEERAWEEBBERERETAXVEEE_RT IO
1:1 BB X O 2:1 BIAINRis D BE S

=
il

T I UTERTEEE LTERAREERIEMTHY . Tk TITER A B ED
HENTWD B, BlxIX, IR LA &5 kT X 2 & OBUKMEAEONTE R &3
HTF I ENRICE R DD, FOSEITICIRAME 2 B9 5 72 ORI 55 WO EVE PN K 5 fiF
T HWEELE A~ DEMIIRNETH L, FO—FHTTAF KT HT 2
¥ OFIMBS R 2 B e 9, B EZ@mWR TR TEX 28R FETH D,
WG b 8 5 OIS OFFRYE & 138 72 2 35 Markovnikov BUAHINAE R & IR AS 5 7=
WIZ, BB AR L TENME RSN TERE Y,

EREEE AWK T V% ISR 5 7 X 0 Markovnikov B ANSG I, 1996
fFIZ Eisen HIT K> T T UMEAEAE T, IEIIRE —k 7 X v & W T2 BOG DI 9] Ty
Ihtz(eq. 1.1) (eq. 1.2)¥(pll B, TDth, FHX oV a=v A EORiEHESR SR
W=k T 2 N X D Markovnikov Bl B Ko 7 2 USRS LS ESIND XD
2725 =T, TNUOLDRISTIFEA I REEERDRISHFREEE LTAERT D Z ENEETH
Do DD, FBMRT IV ORIEOHEEBNTIZE A L7 2 RIZIRHID 2627, Schafer
51X 2009 FFiT, Vv a=g A AW ISE#RE L TEBY, TV —ATEF L%
W= 5A12 130 Markovnikov AN R 23 @RI T 2 25, TN R 7 V% o %
MW= G A IR TR DR RIS > TV D (eq. 3.1)%,

NMe, 3.1
iProN H 12
R—= + HNR'R? R/\/NR1R2 . Ry NRR
CgDg, 100 °C
HNR'R? = morpholine R=Ph: 97% <2%
C8H17  37% 44%

Szymanska-Buzar X% > 7 A7 Uil A W RIS E#RE L TR0 . FREDINET
i Markovnikov B INAE 5 2345 5 40TV 5 (eq. 3.2)7,
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cat. [W(CO)q4(pip)2]
A 1o
R +  HNR'R? (pip = piperidine) X NR'R
neat, 57-90°C, 0.5-5 h (3.2)

R', R?= alkyl R = alkyl: up to 58% yield
aryl: up to 99% vyield

A EHIER & RIS U, X0 @O E BT AES IR S 5 1% 8 HIERS 4 8 fikil &
AN R T L2 IS 255 k7 < v o Markovnikov BSOS 3B RS S
TG 10028 2007 4RICHRAR DIZ L o Tr ¥y ARl A FW 2 SOS A THRE S TB b
(eq. 3.3)1% ZOKIETIEE Fa MU AT Y U AR L — M2 b or Uy AEA L &R
AT 4 VEMLF E RS DRI MBER AV TWD, KT A% b a Yy LA L DR

ISTHERTH =Y T ey AFEEREZRET 5 Z & T, i Markovnikov #IRAIIZ S
NETTHEEZEZ LN TS,

cat. E
/ »"'"N\/Qj
o
N N
NS
/Rh\
X 7
cat. PPhg 152
R—==  +  HNR'R? XNRR
toluene, 100°C, 24 h R (3.3)
R = alkyl, aryl R' = R? = alkyl R = alkyl: up to 85% yield

aryl: up to 72% vyield
via

R 1p2 T
_ [ \ [Rh]] HNR'R

H

vinylidene
complex

FT VAT EF L ERRESE T X o E AW EREE LT 2011 4EI1E Lau 51
Ko TT =0 Ml 2 T2 S5 D3 eq. 3.4) 282, 2014 A2 1% Oro B 231 77 Al 2 FH
72 5O 280 2015 4E12 1% Monnier & 2SI & FH = K% 28 2 22 s LT b,
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cat. /B‘/““N\/j
;i

\\RE'\OTf
PhoRPph, (3.4)
Ar'/N
Ar— . HNR'R2 Ar' = 4-CF,CgH4 Ar/\/NR1R2
MeOH, 120°C, 24-48 h
R'=R2 = alkyl up to 76% convesion

2011 FFICiE, EZ OB T DM EEDOIATHRIZBNT, 8-F VT hrvy LT
RA 7 BT bR 1a LB LEMEBHIE AT TR AT 4 VENL T AR D T fih
PERIZBNT, TV =T EF L OHE 77 I 2 L 5 Markovnikov B b R 7 3 /
EROS R IR S CHEAT L @R THRIS T 2 5 FR=FT I v BB ohs Z 2 /L Tw
%(eq.3.5)%, ZOKILTH, BALDOREFRMRIZ, =V Fruyy AR ERS Z &
T Markovnikov BE[R 3 BHLL TWH EEZX LD, TV —ATEF L URIEFITEI
St AR LIz b oD, IBIERG T V% v 2 OWZBRICIE, 1F & A ERISITETE T,
80 °CIZHHE L THILR 50%IZH £ » Tz, £ 2 TR MBYEEDS ORISR Z R4 2
L TENX, BMARRET TOIRILSISEEITSED T EMNFRRIZRY . L En
O EREAT A A ER TE 5 Z E i S,

N
cat. \
R

cat. P(4-MeOCgH
A—== +  HNR'R? ( oflels A NR'R?
benzene, rt r

(3.5)
up to 90% yield
via
Ar\,___ HNR'R? T
[Rh]
H

vinylidene
complex

ZOXEI BB ROL & KRETITIEIERG T L 2 HWTCREIRE k7 I 12 &
% Markovnikov il & R e 7 X VUGS & 3R HEAT S B 5 ROk O BT % B 45 LiRET
%17 > 72 (eq. 3.6).
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cat. _o 1a

cat. P(4-CF3CGH4)3
additive CsF

R—== + HNR'R? = R SN NRR? (3.6)
toluene ’
2 13 14
via
R 1R2 T
> [Rh] HNR'R
H
vinylidene
complex

F RSO RE E L CRIER R 2TV AR, DMA 2 VW5 & RZEBLZE
TR, KT IXR Ly T I D21 My ) T RIS ANEIRIC T A 2 b
Z W U72(eq. 3.7),

=
o
cat. \ 1a
__rp© — )
NR'R
l\/é R R °
cat. P(4-CF306H4)3 R R (37)
o 12 additive CsF hydrolysis
R——= + HNR'R > + —— +

DMA 1R2
NR'R
R™ ™Y
2 13 R
X 19
— R —

2T, FHEITCIEREMIRARR T VX v IR T D 1B v ) U TR
JEDBAFEIZONTRN D, H2HiTlI, WL ESmEc T2 ik 218 » 7Y &~
TROSINEIT T B RS REZHET H LN TEXOT, TOMEICHONVTHR~S, #3 i
TiE, LB E 201 BN S OERNME & SO I B3 2 MEHZ D\ Tk 5,

21

:U~//_go
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7% 2:1 BUHIMA A B LT, 2004 4RI Jun DI 0 ABETAE T, B AR
TNAF L 27 3-Ea ) o2 BUTINRINC L D4 I v oasE . i< KRS ED
5 aB- R R ELND Z L EHE LT D(eq. 3.8)7, ZOKISTIX, MR AR
TAXHET I Y P UEOALOEAICEE > TWD, Elix, MEREATH
% head-to-tail 8 & head-to-head BLDIEAEW & L THELIL TV D,

cat. RhCI(PPh3)3
cat. benzoic acid

2-amino-3-picoline R /N X R o
R H,O | —
THF, 110 °C, 2 h s N~ P (3.9)
R

+

\ \
R

up to 82% yield
(head to tail’/head = 78:22)

fllZ bR 2 22D 2:1 SIS RHE S TWD, B2, RisTvd o 21T
2 OMIRE T B oL XL T 2 B NRIICE 2 D (eq. 3.9)%,

R—== + HNR'R? —_— or R (3.9

Z MDD E LT, 2006 FIEAS T, 0P AL 7 =7 AEFEE T,
KIGTNX L TS EFE T VLT 2 OBRIVEIGIZ LD N-~T O Z2#E LT
V5 (eq. 3.10)%,

cat. RhCI(PPhy); RN
cat. NH4BF4
R—= + _~~ N Y
THF, 110 °C (3.10)

R

R = alkyl : up to 73% yield
Ph: 61% yield

Flo, TNF T ET IO 20 BINEOSIZ L DT =T I DA BB
ST 5, Szymanska-Buzar 5134 v 7 AT il & YIRS T CROG S B 72BR IS, ARIE -
IR R DX N T 2V I U GEoid 2 &2 WE LT D (eq. 3.11)7,

NR'R? X Ar
Ar—= + pNR'R2 2LW(CO)e IV Ar "> + Ar/\/\/ * A Xy NR'R?
heptane, rt AT NR'R2 r (3.11)

Ar = Ph HNR'R? = piperidine 34% 22% 43%
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Garcia BIE= v 7 VA AW SR EZHRE L TBY, 20850 I v OERME
R < PREDIRIZE £ > TV 5 (eq. 3.12)°%

i i NR'R? NR'R? NR'R?
Ar—=— + HNR'RZ 2 E(dlphos)N|C|2] J\% + /\/\ + /&
100°C Ar Ar Ar Ar Ar (3.12)

Ar = Ph 1R2 = idi
HNR'R? = pyrrolidine 38% 28% 299

2015 ZE121E Monnier & Xl A2 A5 = & T, % =7 I 1-aminobuta-1,3-diene 73
BRI O D Z &2 HE LT D(eq. 3.13)%,

2p1
- cat. CuCl RR'N
Ar—==  +  HNR'R? —
NMP, 120 °C Af — (3.13)
Ar
0,
Ar=Ph HNR'R? = morpholine 75%

INUHDSTIFNTRE T V—A T EF Lot lnbiTng, gy FIrog
JRAZ BT, BRIIIER SR 7 V3 2 22 DT ROSS9H k7 X 273318 Markovnikov Fic[a] T
I L7z 2-aminobuta-1,3-diene % i#IRAITHF D A Ak AT F 722 STV W0 AHFE Tl
REWGIEARSG 7 v % A%t U k7T X 3% Markovnikov B[a) CfHINL 72368 > =) 3 v
DBINAIRERREZ R LD T, F2HIZBWTENLDOFRERIZOWNWTIHER S,
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BT 8-F /U /T bu U u MMt AE VTR RN T L Akt 2 IEIARR S itk
7 2 Difi Markovnikov A AN 0 B %

§ 3.1.1. SRS /e kst

NERAIR ARG T L2 2 LRENIIES 7 2 2 13 & DS E R RN ER TE 5 SR D
HEE HIEL TR 21T o7z, BT 20 3 L ORGSR & RO T (p23 28)
TRISZEAT>T2& 2 A, 100 °CT 12 FEfEIAUG S 2 Z & Tilff Markovnikov ZEAHANADS 74%
TH DL (entry 1), SUSHMZ 24 REEIICHER: L7278, ULERIT 76%I 28 % o 7= (entry 2), JR
BHIIFIIHE SN TEBVEIISOEITRE 2 N2 b, MISREEZ T =504 %%
P L72, 90°CH B IR OFB TN EITT2E 2 A, 60°CD & X ULRIT 84% & 72 - 7= (entry
6). 60°CH>5 40 °COHIPH TR L7285 & 1IR3 R © TU N2 D T(entry 6-8), S IRFE] &
48 FE & U7z (entry 10-12), ZDFEF, 50 CONMi & 72 0 LIBRIZ Z OFMECTRE 21T H 2 &
& L7 (entry 11),

Table 3.1. Optimization of reaction temperature and time for 1:1coupling

5 mol % 1a : = |
10 mol % P(4-CF3C6H4)3

N
_ 1 equiv CsF O + N
CeHiz——= + HI\O 9 C6H13/\/N ' \ _0

toluene 0.5 mL, temp, time | =—Rh
2a 13a 14aa E K\/%
2 equiv 1 mmol o 1_3 _____
entry temp (°C) time (h) NMR vyield of 14aa (%)?
1 100 12 74
2 100 24 76
3 90 24 77
4 80 24 82
5 70 24 82
6 60 24 84
7 50 24 52
8 40 24 35
9 It 24 11
10 60 48 79
11 50 48 88
12 40 48 46

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§3.1.2. filfiRgt

FREHLEZ L OX /) ) T haPu by rat s 2 P U RORE 21T o 72, 5SS
TNnFduH s aniE b OLAIC S RIFRINE T ) I U 14aa & 5 X 7o (entry 2-3), 7 &2
FHS N 7 A ATFNEE S OGEITITEOIK T A S i(entry 4-6), KV 51725
FRGIMER A b O AERE I GMEEE 2 AT 258 ITFERRE BT T 58K &
72 o7z (entry 6-7), S & TALZEHILZ ©OBE IR EIXR 511727025 72 (entry 8-9),
UbXy, BEWOX /) )7 vaY sy rsaty YT 85K 1a 20D 55 il
L Uiz (entry 1),

Table 3.2. Screening of 8-quinolinolato rhodium catalysts for 1:1 coupling

R1
5
=
~ 7
Smol% | R
mol %
__RrRh©
ik
10 mol % P(4-CF3CqHy)3
CoH - . O 1 equiv CsF S O

o HN toluene 0.5 mL, 50 °C, 48 h CeHis™

2a 13a 14aa

2 equiv 1 mmol
entry R! R? 1 NMR yield of 14aa (%)?

1 H 1a 88
2 F H 1b 84
3 Cl H 1c 80
4 Br H 1d 72
5 CF; H le 76
6 NO; H 1f 34
7 NMe> H 1g 34
8 Cl Cl 1h 24
9 Me Me 1i 60

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§3.1.3. RA T ¢4 DfRES
AT 4 BT ORMEAT > T HEBR LIS U 741 A F A% 2 56 SHAR,
TNFaRin B RS ORE WEOREX BTN S (entry 2-5), Y 7 = =/LHRAT 4
LR T PR IIS A AT B WA ITIIE L A RSP entry 67), b U 7L
RAT 4 Z NG ECHRAT 4 2B LIRS T b RUSIIHETT L7253 > 7= (entry 8-
0), EFo. MRLRZ I S ¢ C HILRD A LR B h o - (entry 10-11), BLEE Y | Zh
FCTLRABRIC N A@-RU TN F R A FNNT 2 =V RAT 4 & 05 50:% AR

W DFRGES A 1T > 7= (entry 1)

Table 3.3. Screening of phosphine ligands for 1:1 coupling

A
18 Eg: Z: ;zosphine \N\ )
Colo™= "+ HI\O :om: g.ssFmL, 50°C.48h  CoHigy O i/\/;_h/
2a 13a 14aa ‘ 1a
2 equiv 1mmol e
entry phosphine NMR yield of 14aa (%)*
1 P(4-CF3C¢Hy)3 88
2 P{3,5-(CF3)2CsH3} 3 14
3 P(4-FCsHy)3 40
4 P(3-FCsHy)3 18
5 PPhy(CeFs)3 30
6 PPh; 25
7 P(4-MeOCgHay)s 9
8 PCys not detected
9 w/0 phosphine not detected
10° P(4-CF3CsHa4)3 36
11° P(4-CF3CsHa)3 78

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

b2.5 mol % la, 5 mol % P(4-CF3CsHa)s.¢ 10 mol % 1a, 20 mol % P(4-CFsCsHa)s
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§ 3.1.4. IEEORKF}

KRB EORF 1T Te, 7ok U LAERM LR OWEET THORINTETT 5280
D, TF I 14aa OYLEIL 65%IZIK T Liz(entry 2), 7 Akt v v AMEUSHEDM EIZF
HLTWAZ ENRBEZ HILDH(Table 3.8, p75 28), 7 b h U U A0kkx ek v w LM,
IREBHE CII R E DULRITHE £ > 7= (entry 3-7), RICHEH LD DBU % HW BRI ITINER
DR TRROND & & BT, 2:1 BRI G FHICE 28% TR T D5 F & 72 > 7= (entry
8), F7o. ZOMODARIEILEEZ MW HEICH FREDONETHHET 5= I 14aa & 5
Z7z(entry 9-11), 7 vk U ADOYEAHEH I THRE 2 M LITR L7205 7= (entry

12-13), LLEE D, 7okt v % 1 YEAW D&M 2R & Liz(entry 1),

Table 3.4. Screening of bases for 1:1 coupling

5mol % 1a 5 S\ 5
10 mol % P(4-CF3CgHa)s 5 \ :
CH= + HO 1 equiv base 0 - /\/,\O i/\R/go ;
toluene 0.5 mL, 50 °C, 48 h 6113 ! A
B il S
entry base NMR vyield of 14aa (%)?
1 CsF 88
2 none 65
3 KF 67
4 CsBr 55
5 CsOAc 55
6 Cs2C03 68
7 K2CO;s 69
8 DBU 33b
9 EtN 53
10 DABCO 62
11 pyridine 51
12 CsF (0.5 equiv) 79
13 CsF (2.0 equiv) 82

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y

b 2:1 coupling product 20a and 21a were obtained in 19% and 9% NMR yield respectively. Yields

were determined after hydrolysis.

o
C-H O 20a CGH13 21a
6 13/; 19% NMR yield + X 9% NMR yield
CeH1s
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§ 3.1.5. IO

BB ORF Z21T o7, M AZITHE Db DD, R B =0 THF, Filg = F /L
IZBWTH BAFRINERTHIET 5 ) 2 14aa & 5 2 7= (entry 2-4), —J7 DMA H1 Tl 14aa
FZEAEHBLIT, 2:1 BN S E G 28% THAT DR & 72> 7= (entry 5),
&b BUFRINEEZ 5 2 72 V= v OFEEEZ S ECh i RITA A7) - 7o (entry 6-8),
PLEXY br=r 0.5mL & AV 5 & E i gt & U CHRERGT 21T - 72 (entry 1),

Table 3.5. Screening of solvents for 1:1 coupling

' = |
13 ﬂﬁ: Z//: 1P?4-CF3CGH4)3 \N\
o=+ ) e A
2 ezqauiv T 14aa L fa
entry solvent NMR vyield of 14aa (%)?
1 toluene 88
2 benzene 76
3 THF 74
4 AcOEt 74
5 DMA 4b
6 toluene (0.3 mL) 75
7 toluene (0.75 mL) 79
8 toluene (1.0 mL) 76

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
b 2:1 coupling product 20a and 21a were obtained in 22% and 6% NMR yield respectively. Yields

were determined after hydrolysis.

o
C-H (6] 20a CGH13 21a
6 13/X 22% NMR vyield + X 6% NMR yield
CeH1s

CeH13
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§ 3.1.6. EWARERR T V3 o o KB A EGH O et

BHEARY 7V F o O THRERG 21T o7, 027 I 2 14 [ TLEMEDME < HAE
DR CTIH > 7272, Table3.14(p84 M) TR LTMaHE RICESWT MU 78 b kFHE
IEARTHFEF NV LEHWTCGETL, H o7 I 15 8 L THBEL, RFHEELE
-7 2 WA, WEOIK TR L0 (entry 2), SRR mEmWETIEE H O

STV WG EIITE ORI ER 21T E A LT D 2 L < mIERE TN T
LEM G 52 T (entry 3-4), ROV T )R AT VI, 7RIk RrE T = VR SO
PEEREZ b OBGITITENODOERELZER D Z LT RN o7cb DO R PRE &
7¢ o 7= (entry 5-7),

Table 3.6. Scope of alkylacetylenes for 1:1 coupling/reduction

5 mol % 1a

10 mol % P(4-CF3CgH.)3 O 5 equiv NaBH(OAc)3
1 equiv CsF 3.6 equiv AcOH
R— + N N
H'O toluene 0.5 mL, 50 °C, 48h | R~ THFlomLr1n R 7

2 13a 14 15
2 equiv 1 mmol
entry 2 R 14  NMR yield of 14 (%)? 15 yield of 15 (%)

1 2a CsHi3 14aa 88 15aa 74

2 2i CsHyy 14ia 68 15ia 64

3 2b Cy 14ba 96 15ba 87

4 2j CyCH; 14ja 88 15ja 82

5 2d NC(CH)s 14da 57 15da 44

6 2¢e MeO,C(CHy); 14ea 55 15ea 48

7 2g  THPO(CH); 14ga 76 15ga 57

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 3.1.7. NENIWREE —fk 7 < > o> BB #EPH O B

BRENENSIES —H 7 I 2 W CEPESEOBRB 21T 77, SNEREEZ L 28E. W
N BAF /RSO 7 Lz A entry 1-3), KERIEADFE ST I/ 7 a—L 13e & iz
BRUCIZHREEDOIE L 7 o7 (entry 4), 7255 13e L DILTIE, 7/va— L ekGLze R
BTV A X ALRITHEGR ST, Er ) Y2 13E08UIRTT X U 130131 & AN ZBRIC
TR DI TGS D B & 5 2 72 (entry 5, 7-8), IRINE TIiXdH 523, K HAEE T
LT BTV 13g bAKISIZEHT 5 Z & AT & 7= (entry 6),

Table 3.7. Scope of secondary amines for 1:1 coupling/reduction

5mol % 1a
10 mol % P(4-CF3CgHy)s 5 equiv NaBH(OAc);
1 equiv CsF x _NR'R?| 3.6 equiv AcOH NR'R2
— 1p2
CoH1s™= *HNR'R® {0} ene 0.5 mL, 50 °C, 48 h [CGH” THF10mL A h  CeHis™ >
2a 13 14 15
2 equiv 1 mmol
entry 13 HNR!R? 14 NMR yield of 14 (%)? 15 yield of 15 (%)

1 13b (\\)O 14ab 72 15ab 74

HN

2 13¢ 14ac 75 15ac 67

3 13d @Me 14ad 82 15ad 71

HN
OH

4 13e O/ 14ae 42 15ae 42

HN
5 13f HN. ) 14af 75 15af 63
6  13g ] 14ag 35 15ag 1
7 13h thlw\/ 14ah 63 15ah 38
8 13 Hh',vph 14ai 62 15ai 53

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§3.18. 7 b v AOHRITET 5 B

REUEIZHT 57 AL S T AOHRIT OV TR LTz, SRS THR L% U
7 MEALF BICHRRA T 4 VENLEEA LT ZEDOR AT 4% 7V /T — MR (PNO)
% b0 COD B 161 2 1V, 1-47 F2 28 L ORIEERF LIz, 7 vk bk
I U220 TIImER 2 FEff ., 2B =V 7 85K 17 28 34% THERLNT-DITH L,
7 oAl v BAHAEFCIRIRE 61%% iR otz, ZORENE . RT3 7 bt o7 A0
HERIZE D . = U S LA AIIE SN D = & 2RI S T, 1 U AEEk & ISk
HIT LR L L DRISTE =Y 7 USRI T BT, IR MM = Y 72 80k
RS 2 Z L1, 2006 I Lee HIC X > THE SN T3 ¥, KR IZBWNTH
7oAy MERBEODRE B ATND EBELDI, TAT=LE B Fifhnd b=
U7 A~ DEBERRIZE S L TV D LB X TV % (Scheme 3.1),

Table 3.8. Effect of CsF on formation of a vinylidene (PNO)Rh complex 17

=
S C6H13\ /H

L0 o
PhyP—Ri—O \ /Q\
PR 2 20 equiv CsF N\ PPh

\
e <

16 2a 17
0.01 mmol 0.02 mmol
] NMR yield of 17 (%)?
time (h)
none CsF (20 equiv)
0.0 0 0
0.5 18 32
1.0 25 45
1.5 30 54
2.0 34 61

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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Scheme 3.1. Proposed effect of bases on formation of vinylidene rhodium complexes

: R
Rh ! base
R—= R, | R—=——1Rh] — j—=*=IRn]
: N H
E alkynyl hydride complex vinylidene complex
5 ®
! ‘ base R ’Rﬁ base*H
: @\ — [RA]
i basesH base

E BT L6 F A DRI OV TIE Fang H2ADFT HEIZE D . 7 vk T A
Tk BV UL Tk T RU T A T oAb FULAOYRE ERRF L TV S (Figure
3.)%, Figure3.1 |2 "7 X5 an vy A7 =4 N ERT 2BRICBWT, 7 vibkkrw
LERWTEGEICEBREDO =1 X —EEEN R BIR . 7o bWV v A 7ok R »
A 7o) FULDIAICE S 725 LW I FHEERPIHE LTS, F72 HSAB AlnG,
SR NDREVZIEMFFBEAITL VoML, Cs-FREAITL VA A MERHODLZ & LR
V. Cs-FAEAOZ L F-HFGORNEZ VL9 <725 & Fang HIFl_X T\ 5%,

=
| (™) “ )
X / ~
N\ —O----- M (2) @N\ @
Arp—RN \F‘/ —> ArpRNTOTTM = @)
S \ H F
CeHi3 N \\ \
CeH13
INT1
PAr3 = P(4-CF3CqHa)s INT2
bond length (A) M={Cs ' K Na Li bond length (A) M=iCs | K Na Li
(1) O-M 13.39! 2.87 230 1.88 (1) O-M 13.25! 278 201 1.82
(2) M-F 12.96! 2.54 208 1.70 (2) M-F 13.09! 2.73 236 1.97
11681 1.71 1.86 3.84 10.991 0.99 0.99 1.00

Figure 3.1. Roles of bases and counterions

INHDZENS, Tk U NIX U T MENA EMEERTAZ Ik A
SR DIEENE DA BICH G L TWDH 2 ENEZBND,
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Pavaxd

Ffi 8%V T hu Ty Al A AW BN T VR o L BRI kT X v
D 2:1 B INBOS D B

it 5 Tk ~_72 K 91T, 11 BUHINBOS D BSOS SAE DR & U TR R 2 i~ T D ik,
DMA %5 & REBRENZ LIZRKmT VR 7300 20 8y 7 ) U I
JEANEIRAICHES TS D Z & & L L72(eq. 3.7, p65 2MR), Fon by I 18aa &
19aa XL EMEDS+00 TlEe SIEEFEHAREECTH - 72720, 3K T CKS T 5
LT ) 202 b 2la~E B LT, 2D L& A 1a LR A7 ¢ 2 P(4-CF3CeHa)s.
7ot v A RAOWEESR TR, T D OAFHERD 57%TH Y ROV K
RTIF e oTc(eq.3.14), 2T, ¥/ VU /T MNEfL 7 BICEWRIEL A b Ofkx 72 2V /5
fheoy by ruat s 2P PR A HWD 2 LT RUSED EE B LT,

\ —- 06H1 /j 18aa
CeH13

10 mol % P(4-CF3C6H4)3
1 equiv CsF

HN DMA 0.5 mL, 80 °C, 24 h

2a 13a CoHis™ 19aa
2 equiv 1 mmol
(3.14)

CeH13

O
CeH13
38% NMR yleld
3 equiv AcOH CeH1z
HO2mL
CGH1 21a
19% NMR yield

rt, 1 h
CeH13
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§3.2.1. filfiREt

FREEHRIEEZbOF )V )T haPusa a2V U RAMEE L L CREE
fTolz, WEWOX ) )T bavyrhyrsuts 2z Rk 1aicxL, /707 k
B B 5 (Lo m s ) xS OBEEERIIED MU T A a A TFAHEE S OGS
WA B R STz (entry 2-5), — 5 C, K VRN ARE RGO = Fa i S8 E0(entry
6). BTHEMETHLT I /%2 L OLEITIFIEEOK TR R bhviz(entry 7)., F7= 500k
T ERIEE S OB A, TREDIERIZE £ 572 (entry 8-9), LA E XV IBEORFCTIE, 5
fLlz7nAukezfGT5% /) 77 ha vy LK 1b & - (entry 2), 2:1 BAFINESIC
BWCT, ¥V /7 ML B 5 ALICE R IEEIRIL A & S5 A 12 BAF 2 FOGMEZ 7R~
LTW%, EHRIEOHRIZONTIE, §3.34.0OHETERICHM I3 SIR)IC TERER D,

Table 3.9. Screening of 8-quinolinolato rhodium catalysts for 2:1 coupling

R1
5
=

~ 7

N R?
5 mol % \h/o 1

—R
- o}
% CeHwX 20a
3 3 equiv AcOH

10 mol % P(4-CF3CgH,) CeHu3
— 1 equiv CsF H,O 2 mL
CeHiz—— + +
HN DMA 0.5 mL, 80 °C, 24 h rt, 1h /o)
CeH13
2a 13a N Aa
2 equiv 1 mmol CeHis
entry R! R? 1 NMR yields of (20a,21a) (%)?

1 H H la 57 (38, 19)
2 F H 1b 69 (40, 29)
3 Cl H 1c 64 (40, 24)
4 Br H 1d 68 (41, 27)
5 CF; H le 60 (36, 24)

6 NO, H 1f 19 (11, 8)
7 NMe; H 1g 46 (31, 15)
8 Cl Cl 1h 57 (35, 22)

9 Me Me 1i 25 (19, 6)

@ Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined

yield of 20a and 21a was shown.
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§3.2.2. WHERRES

FHEIRGT 21T 272, DMA LIS O @it s e 856, DMA LRI OIEE 5.
Z To(entry2-3), £72, NMP X7 & h= KU b FEE=TF LA K ) — L& WA ITIE
IRFRESIETF L, ML R TREISIHIEE A EHEFT Lo T (entry 4-8), B AF72UY
Fh 5 2 72 DMA X° DMSO OB EZ L CH K& 22m EIT B S 720 > 7= (entry 9-11),
LEX Y, DMAO.5 mL Z W5 5% fai & L CLUBEORRGET 21T - 72 (entry 1),

Table 3.10. Screening of solvents for 2:1 coupling

..............

(0] 1
CeH13/X 20a: F
5 mol % 1b -~
CeHiz |

10 mol % P(4-CF3CgHg); 3 equiv AcOH

CoHo—=— + O 1 equiv CsF H20 2 mL . N
e HN solvent 0.5 mL, 80 °C, 24 h rt, 1 h o N
CeH13 ' @
2a 13a N 21a§ >
2 equiv 1 mmol CeHiz ... b
entry solvent NMR vyields of (20a,21a) (%)?
1 DMA 69 (40, 29)
2 DMSO 68 (38, 30)
3 DMF 66 (39, 27)
4 NMP 31(17, 14)
5 MeCN 41 (25, 16)
6 AcOEt 119, 2)
7 MeOH 21 (21, trace)
8 toluene 5@,1)
9 DMA (0.3 mL) 61 (36, 25)
10 DMA (1.0 mL) 68 (40, 28)
11 DMSO (1.0 mL) 59 (33, 26)

a2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined

yield of 20a and 21a was shown.
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§ 3.2.3. BUSIREL/ SOG KR O Fat

BOGSIREE & BOSREIZ DUV TRRET L7z, ROSIREE % 90 °C & 70 °CIZZE 2 TG S W 7245
Ay PERITE TR T Lz (entry 2-3), IRWVT, OS] Z 48 IFfEIIZ L7 & 2 A, 80 °C Tl
WK T LizTod, AR O3B HER S iz (entry 5), % 2 C. MIGIRE % 70 °C,
60°CE L, 48 BFRISUL SHT= & 2 A, 70 )COBRITINERIT T1% L 72> T=(entry 6), £7=., =
NETIET = ) —NABIERA 7 Y 2 —F % v 7 E D 7TmL O OIARE 2 DTG E
1T THEY, HAENRA+ &b 7=7® 20 mL @ Schlenk 7 7 A2z iz & 2 A,
TA%INFH L 72 > = (entry 8), LARRIL Z OFMICB W TRETEIT- 72,

Table 3.11. Optimization of reaction temperature and time for 2:1 coupling

CeH13
5 mol % 1b
3 equiv AcOH CgH13

10 mol % P(4-CF3CgHa)3

(@)
/
b4 i

o= + HO 1 equiv CsF . H,0 2 mL &h/o
DMA 0.5 mL, temp, time  rt, 1 h 0 ' —/\
C6H13 21 : —
2a 13a N 2 1b
2 equiv 1 mmol CeHis
entry temp (°C) time (h) NMR vyields of (20a,21a) (%)?
1 80 24 69 (40, 29)
2 90 24 59 (34, 25)
3 70 24 63 (40, 23)
5 80 48 59 (36, 23)
6 70 48 71 (42, 29)
7 60 48 67 (39, 28)
8b 70 48 74 (43, 31)

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined
yield of 20a and 21a was shown.
20 mL Schlenk flask was used.
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§3.2.4. 5 kT X O ELFH ORRE (K5 E)

POl FIckBWT, 8 k7 IV oRERMNEIT 7z, RBERmO Y =)
S UNTHBEOBIC L EMEN T TR T, THIVE Tl Y UGS T RISIK D iR %47
W, T s LA LT RICCRA E I L, AN EERME A HO7 2 13a-13d
ZROWIEZSAICIE, BERICRTHIGT 248 % 5 2 1= (entry 2-4), —FTEr U v
136 °HUR 7 X 2 13h-13i 2 WG E ITITICROIR T 23 A G 47 (entry 5, 7-8), K sk
BThHaTEFV U 13giE, ST HERMZIZE A EH 2720 > - (entry 6), LARED 2:1
RS IMBOS ORGETCIE, &b BIF7RINEEZ 52 720K Y 13b TITH Z & & Liz(entry

2)e
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Table 3.12. Screening of secondary amines for 2:1 coupling/hydrolysis

CeH13
5 mol % 1b
10 mol % P(4-CF3CgH,)3 3 equiv AcOH (:6H13

1 equiv CsF H,O 2 mL
C6H13/\? \ E

CgHiz—=—= + HNR'R?
DMA 0.5mL,70°C,48h rt,1h

58

2a 13
2 equiv 1 mmol CeHis
entry 13 HNR'R? NMR yields of (20a,21a) (%)?

| 13a HO 74 (43, 31)

2 13b o 78 (44, 34)
N ’

3 13¢ KLO 78 (47, 31)
HN\)\

(\NMe

4 13d i) 76 (44, 32)

5 13f N 47 (45, 2)

6 13g ] 1.9 (1.4,0.5)

7 13h H’!‘M\/ 45 (35, 10)

8 13i H,vah 43 (23, 20)

a2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined
yield of 20a and 21a was shown.

b Performed at 60 °C.
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§ 3.2.5. ARMAIEARNG T L2 > 0 VB F &6 O R (K 0 iE)

FARY 13b Z AWV TREG T V¥ OEERF 21T o7& 2 A, REHEZRL LY
AL AR THIGT 2 48% = 7 220 B L OV 21 M5 B iz (entry 2), AR B @Y7
Ak VLA S OLE . RO TN b7 (entry 3), AT L & HEr 2 & TILE
< BRSO NIZ(entry 4), ¥ 7 /R AT M, T R I FrE =Lz —7 L0k
72 EOMEERER 2 L A b ) BRI 2R TR T 2 = 7 U235 5 17z (entry 5-7),
NEWIER G T V3 o % IO BOS TIEWT b ik 2 B emic b 2 7=, —J, BllkdH 5
CEICHEBBERRT N THDL 7 2= T BF L 6a & AWVEZEAIIE, BIERZRN
O ESARY 20038 U CTERT 5 Z L300 Ta(eq. 3.15),

Table 3.13. Scope of alkylacetylenes for 2:1 coupling/hydrolysis

F
o) !
5mol % 1b R 20
10 mol % P(4-CF3CgH4); 3 equiv AcOH AN
- (\0 1 equiv CsF H20 2 mL R | N
R— + + ' \ o)
HN DMA 0.5mL,70°C,48h rt, 1h o ' —__Rh™
R :
/\g 21 w
2 13b ' 1b
2 equiv 1 mmol [
entry 2 R 20 yield (%) 21 yield (%) total (%)
1 2a CeHis 20a 42 21a 22 64
2 2i CsHi7 20i 42 21i 27 69
3 2b Cy 20b 33 21b 10 43
4 2j CyCH, 20j 43 21j 28 71
5 2d NC(CHy)3 20d 37 21d 8 45
6 2e MeO,C(CHa)s 20e 46 21e 25 71
7 2g THPO(CH.); 20g 24 21g 24 48
5 mol % 1b Ph © )
10 mol % P(4-CF3CgH4); 5 equiv NaBH(OAcC); 20
_ O 1 equivCsF 3.6 equiv AcOH Ph 5% yield
Ph— + +
HN\) DMA 0.5mL, 70 °C,48h THF10mL,rt, 1h (3.15)
Ph/\i
21
X
6a 13b o
2 equiv 1 mmol Ph 14% yield
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§ 3.2.6. EICHRAF OB

ERHHICT 2 ) EERTZEEEE L, B Fu T 2 MEBISETLEIT) Z L T T
D7 VNT I UKL L7, DCE . SR TICRNT MY 7 MR Iok#HEb
RUFEFT M) LAEANTETLE T 2L T A, RIGT 2IBICIK 22aa 35 LT 23aa 7% 63%
THEbITz(entry 1), EILHI DY EAELT Z & T 65%ICFE T B2 R B/ (entry 2),
5T, THF ZEIC WS Z & T, BILERDIEIT 69% & 72 > 7= (entry 4), LAREIZZ D5
tEE AW CHRERF 1T > 72,

Table 3.14. Optimization of reduction conditions for 2:1 coupling

SN put
N i |
5 mol % 1b CeHi3 22233’ ~ :
10 mol % P(4-CF3CgHy)s  NaBH(OAc), bl :
_ 1 equiv CsF AcOH CeH13 ' N :
CeHiz—— + + I \ o
HN DMA 0.5mL, 70 °C, 48 h  solvent 10 mL, '—_—Rh™"
rt, 1h O l\/% :
N :
2a 13a CeH13 23aa! 1b
2 equiv 1 mmol ~
CeHis
entry NaBH(OAc)s (equiv)  AcOH (equiv) solvent ~ NMR yields of (22aa 23aa) (%)?
1 5 3.6 DCE 63 (43, 20)
2 7.5 5.3 DCE 65 (42, 23)
3 10 7.3 DCE 61 (40, 21)
4 5 3.6 THF 69 (42, 27)
5 2.5 1.8 THF 67 (41, 26)

a2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined

yield of 22aa and 23aa was shown.
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§ 3.2.7. NEWARERYR 7 V& o o S AP OMET GEoo)

b BRAFRRINEE B 2 72 F VAR Y v 13b &2 VTR 7 V& o O S8 il #PH O it %
Tolee WTNLG ., MUKSRES & R OIER &8RP T T 5 2:1 BN 235 5
iz, RFEEHZEL LIZGE(entry 2), AT E S WEHIELZ AT 256 TH BAF72IX
RCERME G 2 -(entry 3-4), T FI b FRE T LERLY T 2, =27 Vi P oy

BRI LD Z &7, ®ET DT VAT I UFHER 22 B8 X023 235 57 (entry 5-7),

Table 3.15. Scope of alkylacetylenes for 2:1 coupling/reduction

(e}

—~

N i 5
5 mol % 1b R \) L7 :

10 mol % P(4-CF3CgH,4)3 5 equiv NaBH(OAc); !
(\O 1 equiv CsF 3.6 equiv ACOH R ! |

R—
¥ HN\) DMA 0.5mL,70°C,48h THF10mL,rt,1h (\O ' _/};h/o .
> f% s
2 13b K ______ b
2 equiv 1 mmol
R
entry 2 R 22 yield (%) 23 yield (%) total (%)
1 2a CeHi3 22ab 36 23ab 29 65
2 2i CsHiy 22ib 31 23ib 30 61
3 2b Cy 22bb 43 23bb 9 52
4 2j CyCH» 22jb 46 23jb 28 74
5 2d NC(CHy)3 22db 47 23db 16 63
6 2e MeO,C(CHz)3 22eb 39 23eb 26 65
7 2g THPO(CH>)3 22gb 34 23gb 28 62
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§3.2.8. 5 kT I oSE A OMRE (EoT)

FHLE kT X OEEEMEH O 21T o T2, BRIROANBEREEREZAT 556, O
TR TIET 57 VT I U8R EZ 5 2 72 (entry 1-3), 70 FRITKEEEZ &OT
TN 13e HAWIZERIC S KEBBEIISOSET T I EO BB L,
KIETHTIUNAT I UBELN T (entry 4), FEEROE R Y 2 13f 2 W 2551 3REIZERK
%@éﬁkgﬁw VIR O—K L7 o7 B X HiLD(entry 5), SHIKT I 2 13h-13i &
W GEITIT PR DY L 72 - 7= (entry 6-7),

Table 3.16. Scope of secondary amines for 2:1 coupling/reduction

NR'R? : F !

5 mol % 1b CeH13 :
10 mol % P(4-CF3CgH,4)3 5 equiv NaBH(OAC); |
1 equiv CsF 3.6 equiv AcOH CeH1s : I

C6H13 — + HNR’IRZ
DMA 0.5mL,70°C,48h THF10mL,rt,1h

NR'R2 : _
CoHi3 O
2a 13 %
2 equiv 1 mmol

CeH13 i _______ b
entry 13 HNR'R? 22 yield (%) 23 yield (%) total (%)
1 13a H’\O 22aa 45 23aa 29 74
2 13¢ KLO 22ac 48 23ac 28 76
HN \)\
3 13d [ NMe 22ad 40 23ad 17 57
HN \)
OH
4 13e O/ 22ae 43 23ae 21 64
HN
5 13f HN. 22af 36 23af @ 36
6 13h th‘w\/ 22ah 30 23ah @ 30
. | . .
7 131 HNvPh 2231 15 23211 12 27
a Not detected.
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§3.2.9. 2:1 BUINISIZH T 5 1:1 B INA B o Bl A=

2:1 B INBOS A RIRAN AT B R TICRBW T, 11 BTN 14 O AR B OHER
%#1T > 7-(Table 3.17-3.18), FFEARMET LF L 2 L8 T 2 13 ZHW=5E . 2:1 Bt
AR 22 BEW 23 Z2@EIETEHE 2SS, TF I 14 OFEEITWVTRY 2-10%IC%
FoTWe, TRHORENG, 2:1 BAINSOSIEEEIRBICETL TS EF 25,

Table 3.17. Comparison of the amounts of 1:1/2:1 coupling products under the optimized conditions
for 2:1 coupling/reduction-(1)?

1:1 coupling

1R2
S NR'R

5 mol % 1b 14
10 mol % P(4-CF3CgH.)3
_ 1 equiv CsF 2:1 coupling
R™= + HN\R'R? DMA 0.5mL, 70 °C, 48 h R NR'R?
5 equiv NaBH(OAc) /l 22
HNR'R? R NRIR? | e quiv ACOH R
= morpholine T THF 10 mL, rt, 1 h T _NR'R?
2 13b ~ mL, rt, R NR'R
2 equiv 1 mmol 18 19 A 23
R
] NMR yield NMR yields
entry Allylamine 2 R 22 23
of 14 (%)° of (22, 23) (%)°
1 (\O 2a CeHis 14ab 7 22ab 23ab 78 (46, 32)
2 R N\) 2i CsHiz 14ib 5 22ib  23ib 72 (40, 32)
3 /;/ 2b Cy 14bb 2 22bb  23bb 57 (47, 10)
4 R 2j CyCH; 14jb 7 22jb  23jb 81 (49, 32)
5 2d NC(CH>)s 14db 4 22db  23db 64 (44, 20)
6 2e MeO,C(CHz); 14eb 4 22eb  23eb 68 (41, 27)
7 2g THPO(CHz); 14gb 5 22gb  23gb 68 (41, 27)

2 Reaction with morpholine 13b.
b Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined

yield of 22 and 23 was shown.
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Table 3.18. Comparison of the amounts of 1:1/2:1 coupling products under the optimized conditions

for 2:1 coupling/reduction-(2)*

1R2
X NR'R
5 mol % 1b 14
10 mol % P(4-CF3CgHa)s
_ 1 equiv CsF 2:1 coupling
RT= + HNR'R® G 05mL 70°C, 48 h < NR'R?
B 5 equiv NaBH(OAc) j 22
R —E:Hm . R/ﬁ/NWR2 3.6 equiv AcOH ’ R
_ P THF10mL, rt, 1h L _NR'R?
2 equiv 1 mmol R R
18 19 Ny B
R
) NMR yield NMR yields
entry Allylamine 13 HNR'R? 22 23
of 14 (%) of (22, 23) (%)
NR'R?
1 CeH1g 132 pN 14aa 4  22aa 23aa 80 (45, 35)
=N
CeH13
2 13c¢ KLO 14ac 9 22ac  23ac 81 (50,31)
HN\)\
NM
3 13d H@ ® 14ad 7 22ad 23ad 79 (47,32)

(o)

5 13f H 14af 10  22af 23af 47 (47, trace)

OH
4 13e H'\O/ 14ae 22ae  23ae 70 (44, 26)
N:
I

6 13h 14ah 7  22ah  23ah 41 (34,7)

7 Bi pn__pn  Mai 7 22 23ai 4022, 1)

4 Reaction with 1-octyne 2a.
b Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard. Combined

yield of 22 and 23 was shown.
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3T 11 AES KON 2:1 USRS I 381 2 38R & SOSHEAE I BE 3 2 it
WHFZREETIX, ¥/ VU T NN BISR AT ¢ UET 28 AN L 7= =8 CEAV AT RE 7R %
J U T RNENLAfE b or Yy LK 16 OARE T OIS, SOSHEIZB T 2 it %
ToTWD, FATHFR T, KIGRTCRAETHIE=U T U8R 24 125 L, B HhT I v
13 PREBBEEST LI LETT I/ ANRUEEE 25 BRONDZEEZHLNILTEY, B-
1,2-shift #f&Tx=F I > 14 155N HHHE% H A L T % (Figure 3.2)%9, ﬂiﬁﬂﬁi%@
Rh(Q)(cod)/PArs/CsF RIZHWTIE, HWAIEIEAZZE X 5 & D B HL 72 RO S DI
D 101 B3 ION 201 BUAHINSORS O 2 il L TV D, %_fv_ne@;im@@mm
FACRED XD BRBERIZEIVEZ 200 L WD m &, WINT 2D SR K
ETHEICOWTE#REZHE 27201 NMR ERZ1T o7,

7z _ _

N =~ R\ /H
I R—= SN i
Ph,P—Rh—O 27 | \ N/ c
S —2 | PhpP—Rh—O | — \ / \FPha
Ph,P. N 0—Rh—Rh__
N | \ (0]
\ 5 Ph,P N
_Rh~ R™H C
T i . h
16 24 17
vinylidene complex
HNR'R?
13
=
NS
N

thP%Flillh/O e AUNR,

C.,
r ‘NR', 14

R

25
(amino)carbene complex

Figure 3.2. Proposed reaction mechanism of (PNO)Rh-catalyzed anti-Markovnikov hydroamination

of terminal alkynes with secondary amines
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§3.3.1. BRI I1T DIE DR O it

Table 3.1 (entry 4, p68 )L Table 3.9 (entry 1, p78 ZH)T/RL7ZL DT, T/F 2 2a
ET IV 13a OIS, MV UEREEF TR 11 BAIAER O 2 2 14aa ZRINPYIZ
5.z 7= (entry 2), DMA E#EA T, 2:1 BUAHINARY) 20a & 21a DSEHRAIICTE S 117 (entry
5), % ZTIALD DAANEGR DBRIRMED 531 fUZ BT 2 F1 LA 15 2 72012, Bz T
WHIEFAET, 7 vkt U AFE 721X DBU f7#7E F TG EITV, ZORREZ IR LT, £
PR RISV, HEIEFAE T BAFRINER T 14aa &5 2, 2:1 BN K
WIIFE A EELNR o T (entry 1-2), 2B 7 vkt v v AL ML= o ~OTERIEA E
7o, RISIRNIZZ < Ffr LTz (entry 2), AHEMERLD DBU ITIEK I HE —IZ8ME L T
BY., ZOFFIIE 14aa OAERKITINZ, 20a 38 LT 21a OAERKENE 2 HHER L 72 > 7= (entry
3), —J57C DMA A T, HEIEFIE FTOHAIC 14aa BHPREE TAERK L, 20a BLO
21a (XF LA EBLNLRD o T(entry 4), TDZ LD, HARDEMHRICL D L0 Tldk
WZ ENRREIL S (entry 1 vs 4), 7 v bE T 7 AL DBU H4E FCIEIWT LD 14aa 1XIF &
A EFFHILT, 20a 35 L O 21a PNIEIREVICIT H A7z (entry 5-6), 7235 DMA IS TIX, hv
TUDEGEXID b7 vkt T MMIBAHCEMR L T iz (entry 2 vs 5), BLEX Y | BUSHKRF
DOHIEVERIRONG AR, 21 BN 23 % < AR5 2 & DVRIE &7z (entry 3, 5-6),

Table 3.19. Effects of bases in selectivity switching
1:1 coupling

x_N
5 mol % 1a Coths™

10 mol % P(4-CF3CgHy)3 14aa
1 equiv additive -
= 2:1 coupling
CeHis™=— + H"O solvent 0.5 mL, 80 °C, 24 h CoHis 0 2
O AcOH a
2a 13a L > CeH13/ﬁ/N HO | i CeHi3
2 equiv 1 mmol Pe

(0]
< CeH13
CeHis X 21a
18aa 19aa

CgH13
entry additive solvent NMR yields ()

14aa (20a,21a)°
1 - toluene 69 2(L, 1)
2 CsF toluene 82 43,1
3 DBU toluene 43 31 (18, 13)
4 - DMA 47 4 (4, trace)
5 CsF DMA 10 57 (38,19)
6 DBU DMA 11 59 (39, 20)

@ Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

b Combined yield of 20a and 21a was shown.
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§ 3.3.2. 3P NMR |Z & % s R AR O LI (iSOG S0 1)
Table 3.19 (273 T A SOG D GAFIT IV TRISHE T, N2 B -ds Z2 AV T 'THNMR, 3'P
NMR A7 MVHIEZEIT 572, ZORER, 2:1 BUIIAER S 535 IO TR,
3P NMR (CsDg)lZ T 8 47.5(d, J=223.6 H2) D> 7 N E7p b ffE & L CHBLAl S U7z (entry
3,5-6), ZNDHDLFEY T MEL A v 7Y U IEIE, UAFIEE TEK LTZ(PNO) 2 ¥ 7 L5
EHROT I 7 DR UBEER 1 OZNENOEICHEFITEVMEEZ R L TWDZ Eh b,
A% Rh(Q)(cod)/PArs/CsF IZ B W T b [k DORfE 2 © D7 X/ I/ BRI A &
LTAERLTWD Z LR ENT,

Table 3.20. Observation of the reaction intermediate by 3'P NMR spectroscopy

C6H13_: + H'\O

5 mol % 1a

10 mol % P(4-CF3CqHy)3

1 equiv additive

1:1 coupling

. _N
Coths™

solvent 0.5 mL, 80 °C, 24 h

14aa
2:1 coupling

(0]
CeH13
O AcOH 20a
N H.0 CeH13

2a 13a — | CeHy {ﬁ/ +
2 . O
equiv 1 mmol < CeHi1s
CGH13 /\g 21a
18aa 19aa
CeH13
. NMR vyields (%)?
entry  additive  solvent 3P NMR (C¢Ds, 158.6 MHz)
14aa (20a,21a)°
1 - toluene 69 2(1,1) -
2 CsF toluene 82 43,1) -
3 DBU toluene 43 31 (18, 13) 047.5(d, J=223.6 Hz)
4 - DMA 47 4 (4, trace) -¢
5 CsF DMA 10 57 (38,19) 047.5(d, J=223.6 Hz)
6 DBU DMA 11 59 (39, 20) 047.5(d, J=223.6 Hz)

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

> Combined yield of 20a and 21a was shown.

¢ Only weak signal or no signal was observed at 6 47.5 (d, J=223.6 Hz).
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§ 333. BCNMR A7 Mk BX /) /T huvyrsyrsuat s X 45K 1a b 1-
F 7 F o 2a BILOERY V2 13a DAL ERRBUG DR

TR HNRUEERRFRAE LTER LTS Z E2EMFT 5720, 7 ofbky Y
A& DMF-d; & W BSOS SMEIZ BV T, 3C NMR 27 MVIE AT -T2, DRk
F. BC{'H} NMR (DMF-d/)IZ T & 263.6 (dd, J = 43.3, 16.6 Hz) L}l = #17-(Scheme 3.2), =
MIZ. (PNOYE V7 DERHSRD T I ) DA EEHEDE M by 7 MEE v 7D v
JEICHEFEITHEVMEZ R L TW5D Z & )5 (Scheme 3.3)15¢, A K% Rh(Q)(cod)/PArs/CsF (2
BWTHAROMIEZ ©OT I WINUEEEPER L TWD LB DND, b, KOG
RTHERT BT I N UERITLEMEICZ U BBEZITE > TunvZeny, BLEL Y 2:1 8
MINBOGIE, HEIEDONRIZ L0 SIS RPCTERT DT 2 ) AR GER 25 28RS L
TRETLHZETHEITTSEEX DD,

Scheme 3.2. Observation of (amino)carbene complex by *C NMR spectroscopy

=
0.1 mmol 1a \N
0.2 mmol P(4-CF5CqHa)s |
o O 1 equiv CsF ArsP\Flalh/o . 2:1coupling
Colia™=— * hN DMF-d; 0.75 mL, 60 °C, 7 h C., product
oy
2a 13a H13Ce
2 equiv 0.3 mmol Ar = 4-CF3CgH,
— 25aa -

3P NMR (DMF-d, 158.6 MHz): 547.5(d, J = 223.6 Hz)
13C{"H} NMR (DMF-d;, 98.5 MHz): & 263.6 (dd, J = 43.3, 16.6 Hz)

Scheme 3.3. (Amino)carbene complex derived from (PNO)Rh complex !¢

C6H13\C/H
\ 27C\

toluene, 110 °C, 7 h

N NS
\/ \||3Ph2 1 equiv CgHiz3—— (1a) 'I‘

PhP___N C.
L\ r “N
CeH1s3 \:G
17a 13 25aj
4 equiv

3P NMR (CgDg, 158.6 MHz): 551.4 (d, J=215.0 Hz)
13C{'H} NMR (C¢Dg, 98.5 MHz): & 263.6 (dd, J = 43.2, 13.5 Hz)
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§ 3.3.4. 1:1 Y/2:1 BUAHINB IS D ZBIRNE D 318 i1 & HEE SO FERE

§3.3.1-§ 3.3.3 TOME T S A7 HULIT HAS W= HEE BUSHRS % Figure 3.3 1271, Rl
TAF 2L TUAEERA LORIGTE=D T U8R B BER L, Z0 o [RFITH LT
7i>ﬂsﬁﬁv&$¢5’k??y%:ﬁb%mCﬁéﬁﬁé B oo e Fe b 23 S
DT I L0 BFHNEAICII. HFRNTT e hUBEINEZ D T V=L e K REHATL &
/I3 %M%%ETllmﬁm$&%14ﬂﬁgﬂék%szé — i CRISRF O
HEMERT S UL b BRWEAITIE, TUES U LMK C b7 o FfbESh, D D%
FHLRE T b AL END L TT S HARUEER E BNERT D, 2RISR LT 4
FHORMT VXN L, 2 ¥ A 270 G 2L, B-t FU RHLEE, BRTHbiEEz
BT 20 BSIAERM 18 BL NI BHELND EEZXTWD, 7k, 2:1 ASIEISIZ B
TiE, ¥/ U 7 7 ML B 5 ALIZE ARG IVEEHILZ & DBRIC BAF e SOGMEZ 7~ LT
V% (Table 3.9, p78 2[R, U7 =A o u vy AFRIKD BNEELEZIT, 7T/
TN GERDERPEE SN DT EHERIL TV 5,

2:1 coupling R/ﬁ/NRIZ

HNR',
[Rh] 13

p-H elim. /
X NR’ 1 1 couplmg

14 H

ONR'
H/X RN ¢
[Rh] > [Rh] H [Rh]®

G R |
Base
[2+2] . =
cyclo- R NR’ ~NR? HeBase
addition R R
[Rm72/ NR' [Rn©
F D R/\n/ ® D
[Rh] Base H<Base
E
aminocarbene
complex

Figure 3.3. Proposed catalytic cycles for the 1:1 and 2:1 alkyne/amine couplings
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%‘ﬂ‘:
il

WIETIE, ¥V /7 bavyaghiik 1 EEFRGIEEREZETHHRAT ¢ UBAL
T 7okt v U LAEMAE DY TERIC, IRIIRRG T VX 2 ~OREMIRSE k7 I v
13 OFHINB)E23 3% Markovnikov Bl CH#ATT 5 Z & 2 A LTz, FLBWEAZEZ L5 L0 9
72 OSSR OEEIZ X DAMNBISOBIRMEZFEH T2 2 Sl Lz, hr= iRt
P, L BINAERD TH DT 2 14 NEIETHE L2, DMA RS ¢ 2:1 &Y
Hméﬁ%fhé oI 18 & 19 BEBROICHE LN, BFoNDERDITNT
NbT T I UMEEE O OHBECEE L CTLEEMEN+ o TR lclod, BILICEK D Z
NEIE BT I 1507 VAT 2 kER 22 L 23, KO RICE v e /220
E21 ~EEHLLCHEE L 7o, ARRUGITER 2 IR EHUECE BRI 2 b OIENIG AR G T L% o

BT I EBEATHIENTE, RICETRIST 24 A 5 2 7,

Ae P 7 I MERISIZE W TS SRMIZ X DB FREOHIEHAER L TV D, Zib
IXHL 2 BRI R CIE7e < MISHEEORTOEREMEOB S IC X > THIE S 5 &) B
%%wﬂﬁ%ﬁkoﬁ%ﬁﬁg DT LD LIHWGRIIET A =ve R RESRE
T 1 BUAHIMBOR 2SS T U, WS EEMENIEE 0T L v L0 HRWEAICIET 2  hv
NRUBERBERKRT D, K LT TEOTAX UG T 5 2 & T 2:1 BUIAHINAR
Ww 5 2 5 OGO R4 R 2 ENTE T,

94



FAE  §-F VT TV ULMEERNERBREDT I ) IARERERD =K
SN s o B %%

2
il

LRI D BT, B F DR DO EE 72 A TIETH 0Bk~ 2R B RIE DT
ZEINTWD, il 21E Mannich SOSME =R INISIZ LY . A4 I =0 b1 F K E
RCEEREWE G 228072 TEE L TUAL AV BTV S (Scheme 4.1)%,

Scheme 4.1. Mannich reaction

o cat. H* N0
A e wwme o A
R™ H R R"

—_—
R' o R
) A
| H* NR'R? R
—_ +
H,0 R/M\H -H

BEREREANTETATE RETAXY TIVDO Rl v 7V 7 KG(A3-
coupling) Ti&, A L7zA 2 o) I I L TRET A UM N4 5 2 & CTa-—&
a7 a X7 2 A BEIRIC - 2 5 (Scheme 4.2)%,

Scheme 4.2. Transition-metal-catalyzed Aldehyde-Alkyne-Amine coupling

NR'R?
Q cat. M
)J\ + R—— + HNR'R? =~ R
R H R
1R2 ®
ANR'R % NR'R? R——= ‘
M0 R™ "H

DL, BROINBISITAE ey 15522 FiEThHD 0, D% ITHMEEH O
MG TH D, FT2h%E 100%% LHT LT 050 2T 2 v OZAINBIGIE, B 2135 3
BEOME CHRRZLIICKRMT VX 2T T 200 21 BFIMKIERZETF 55
(Figure 4.1a), ZiLHDORINTER G RBAE A W27 2 L7 I 0 OERIER$Z <
RN TIE Y (eq.3.9, p66 ZH)O, F/o AT =T I & 52 56 b EHIHE ST
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% (eq. 3.11-3.13, p66-67 Z[R)273238 = D L H |2, 2.1 BB T L < #wiE SR Tnb—J5
T, REgT7I/VX WEST VX, T 2 D=/ NS DA F130 72 < S plic ¥ £ -
T 5 (Figure 4.1b)%,

........ R propargylamine
@ R—== + R—==.! + HNR'R? ———— dienamine
"""" ’ etc

(b) R—= + + HNR'R2 cat a few examples

Figure 4.1. Three-component alkyne/alkyne/amine couplings

Bl 213, BYFREIETEMCENTEZTAF KT D FuT I 2 {b &< difigtic kv
AL SRR T L% v & DORJERR(eq. 4.1)388, N-A F LA 2B — )L 2 il v
VIS I U DOBRBINEE STV D (eq. 42)%, FEME LI TV RWT LR U REE
WIZBE, AfEAFAE T one-pot TO = FHINRIRNIC L0 ~T a8 {bAEMNRE LD Z &R
WA I TV Deq. 4.3)%¢,

C CuB NR'R?
R—= + R—=—CO,R" + HNR'RZ - CO,R"
toluene, 100 °C Z b
R
R
RO ~ R \ (4.1)
_ O, NR'R?
[CU]
XR
N/ CO,R'
cat. 2
0 e
RO,C—= + R'O,C—=—=—CO,R' + H,NR" >~ (4.2)
MeCN, rt AN
CO,R
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DipN

,?\u
Cl 4.3)
Dip = 2,6-Pr,CeH3 R' R

e NHR' at. KB(CeFs) R N R
T CgDs, 100 °C, 24 h =
R

PLED XS mWRT IR ERET 5, KT X EWNET VX2 7 20O =[5y
By 7V T RIGOWETEBNE £ 5, IBIEOFEE & AT o (NS A==
AT T ORINREMET L Z e TEnE, BERMLAEWERITH =R T iEwmE 525 2
EDRHIECE B,

cat.

SEHITE 3 T2 X 91T, Rh(Q)(cod)/PAr %% FHWZES, WS4 Bk gh B ¢4
R DT 2 INRERERETHZ LT, RIT LR 2 ST EE kT I 13
D 2:1 RTINS BB HEIT T2 2 L2 L TW5d, 22T, K7 A L8
THRT IV EDRISTRAET LT I ) AR E ., FIURET AR TR B b
T TIERAICHIE T 2 2 E N TEIUE, TR0 100% 0D =i orEfsE il i~ 7Y v
TROS~ETE 5O TiER v &5 2 72(Figure 4.2),

cat. 1

cat. P(4-CF3CgHa)s RN NR'R?
R—= + A=A + HNRIRZ 2% -
ArT
Ar
2 26 13 27
HNR'R? NR'R? o NR'R? ~[Rh]
NR'R?| Ar—=—Ar |R R
R/\"/ L | RAD>Ar | ——— | [RN] > Ar
[Rh] H
Ar Ar

(amino)carbene
complex

Figure 4.2. Three-component coupling of terminal alkynes, internal alkynes, and secondary amines

via catalytically generated (amino)carbene complex derived from Rh(Q)(cod)/PAr; catalytic system
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T X ANNUCEEERD KD 2 ANRUIKFE BICBBERER R EOT v jlF & b OdE
I Fischer B VA_RUGER LTINS, ZBIX, TAT VR EDT T a7 a AR
RTIVF APHE D Dotz SOl 78 ETH O D FHER RO EEZ A L THY ¥, Cripgl D6
14 @ D Fischer Y77 /L~ GEIR Z OIS < D2 BAFFEM T AL T 5, il 213X 1986 41T
I BIX, Z78rLT X AR ENET L o L ORERROLD D EREBEMR S LA
VT UNENERTELND I & A LTV 5 (Scheme 4.3)40,

Scheme 4.3. Carbene/alkyne metathesis by Cr(amino)carbene complex

/\ + Ph—=——ph d N ’ + d N g
o N DMF, 125 °C, 5 h \__/ \__/

55% 34%

H
L /\ - /N § — /N é/ % ,|
0 N%(COM O N=\ ,Cr(CO) QN cr(co),

Ph Ph PR Ph PH  Ph

Sierra H 1%, BEATEBRGE D T VU AMUEAAAET, 70 AT V3 X LR UE R
W2 NSRBI O B O B bRISEHE LT (eq. 441, ZORIGT N T A
A A NWAGIZ L 5 TXF V7 LD Fischer ANV UEER A BERKR L, 2O ARSI HIZ7 1
LT N aAx IR UGERE KOG L T E AR USSR BB SN %, hy TV T
BEATTHEEZBNTND, ZOWMELE, 0 X9 RFiEHER SR D Fischer 7 7 1
RUBERE WD 2 & CAMT 2 %A IER SR O Fischer T LR R E W BRSO
BIRNE S BESND LI o72, Lo LR bW aifihER el ko4 E i
RN EHRERIET D L Vo ENE STV,

cat. Pd(OAc),

=<OMe Et;N MeO OMe
(OC)sCr =
Ph THF, rt PH  Ph

53% (E/Z=2:1)

L 4.4)
[Pd] OMe OMe - [Pd]
] | L -

Ph

Ph
MeO”~ Ph

A B
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—J5C. AT Fischer B W LR USSR EZ RS S, X5 A KSR H~E
WSO IRIE E A E 72 < 2 BIBF HILTWADDHTH S 15842, 2005 42 Barluenga &
I%, W(CO)sTHF gtk Z it il W7o O 2 fd LT D . B =1 7 U8RI L CKEREL
DREWEST D ZETTAaAX T IR BERPER L, L7 40 VEL Y 7 v 7 r
MeEND Z ETEBRME 5 2 TV D (eq. 4.5%

Ho—{l R cat. W(CO)5(THF) N
R2  THF, rt R2
[ML+ o - _J
HO—"R' | —= o—{ R

(OC)sW.
“%\ R? (OC)sW R?

(4.5)

UIFREICBWTHX /U )T MRS BICR AT ¢ V2 E AN LIZ DR AT 4
v-X /U 7 MEGLFEHD PNO 120 AEEIKR16% VT2 Kb 7 /L 3% D 4y 2
IS DTS & F ORI T DMt 2 1T > TE 724, (PNO)Rh §EK16Z H WS Z & T, =
AVHEDOE HIT I NCEDBRIbE Ke T I LGN ET T2 2B L TR, 2
DA H B CRBANCIAET AT I ) AR USSETRIEEZ RS = & CTRISHHEIT LT
V% (Figure 4.3) 152,
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cat. N

=<7 Me
7 O
+ 1R2
HNR toluene, 110 °C *

Me
1R2  — 1R2
NR R? —= NR R .
Me Me
[Rh] |
_[RN] ‘ / \\
H
(e Ly "
N vinylidene
complex
Rh] Rh] |
\ HNR'R?
L NR'R2 .
NR'R2 | NR'R
! [Rh] (amino)carbene
[Rh] i |I,' complex !

Figure 4.3. Hydroaminative cychzatlon of enynes with secondary amines catalyzed by (PNO)Rh

complex

PLED X D1z, #%JAWERS GO Fischer B VR UGERZ RIGET VX o &7 X ) Bl
BERI A SETHFEBIIHN D FET RFRICEN-FIETH L Z &2z, #i
EEEREE L LCHIFFTE D,

% 4 B TIX, Rh(Q)(cod)/PArs RIZIBWTHBANZRFIAET LT I/ IR BEHED R
FEMME L, =5 Hﬂﬂﬁﬁﬁf\@%ﬁﬁ IOV TR~ % (Figure 4.2),
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WA RTPRAEDT I ) IR EEK A IR D = S SO O BR %S
§ 4.1. PIHIRRES
MG LT, 1-4A 27 F o 2a@ 4 E), P77 =7 ®F L 26a(l H&E), LY D
13a(1 ¥ E)ZHNT. 5mol%Dx /U /T huvu by ruty XYz 44K 1a, 10mol %
DRV A@G Y TN BAFILT 2= V) RAT 4> 1 YEBEOT vtk v 7 AfEE F DMA
EPT“ 80 °CT 24 RFRISL S HT2 L 2 A, HEYE T 257 I 27aaa 75 NMR IR 22%T
35172 (eq. 4.6), DBU f77E F TIE 32%NMR =R T HBMINE SN0, 2 bixnT i
0)%/&\%) 1:1 BUAHINAE R D = 2 > 14aa.2:1 BUAHINAE R O8> =) 2 2 18aa & 19aa
DENVERS & LT ERT AR E ST, BB 7T NVRER 7278, 18aa & 19aa
DNHEZEMNT 2 Z LIXREEChH -7, LAEIZ DBU 2 AT, BISUSZ 8 L-o-2 Hi
PINE L O D FOGREORF 21T > 72,

CgHi3— + Ph—=——Ph + HO

2a 26a 13a
2 equiv 1 mmol 1 mmol

.......................................

E byproducts

5mol % 1a ! 4.6
10 mol % P(4-CF3C6H4)3 O i O O ( )
1 equiv base CeHiz™ ' CGH13 CeHq3

PR ' -

DMA 0.5 mL, 80 °C, 24 h

Ph E CGH13
27aaa E 14aa 18aa + 19aa
base = CsF : 22% NMR yield | 29% NMR yield

not determined

DBU :32% NMR yield 14% NMR vyield
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§4.2. Y& - FH M7 IV - EIEORG

T I RHE TS I 18, 19 ORIEZIHITH72DIC, 1427 F 2 2a L5k
TIVIB3EFENTN I YE, V7= T F L 26a %k 2 MEE L THRNEIToTZ, 72
B, PERIIRM 7 VR L8 TR I R REICEI L., EXY U2 13a # VT DMA
HC 48 RIS A2 T o7& 2 A, Y= F I 27aaa % 40%NMR LR TH LM
(entry 1), DMF *° MeCN % HI\ 72358 TIIINER O[] RIE A & 417205 7= (entry 2-3), DMSO
NS EDOFNRNLE ERR S (entry4), WEEEEZ 1mL (2T 2 & ToF 00
BIAEENA L2729, LAFEIZ DMSO % v = (entry 5), Z 2 C, XY T2 13a Db D
WCEARY U 13b ZHWZE 2 A, HEWH 53%NMR R TH: 5 17z (entry 6), IRICH &
BfREEI LTI 2A, - A7 T 2a% 2 Y&, V7= LT EF L 26a %k | M, E
NRT U 13b & 3 YEICEE L LA, HIDOIHEIZ 65%I2F Tl | L7z (entry 7).

Table 4.1. Initial screening of reaction conditions

5 mol % 1a
10 mol % P(4-CF3C6H4)3 NR1 R2
1 iv DBU X
CgHz3—= + Ph—=——Ph + HNR'R2 equiv CeH13
solvent 0.5 mL, 80 °C, 48 h
Ph™ ™
Ph
2a 26a 13 27
1 mmol 2 equiv 1 mmol F ettt \
' byproducts !
: X NR'R? + CgHyg™ ™ R1R21
1 +
| CoHig” Y o 19
' =<
' 14 CeH
_________________________________ 6113
NMR yield NMR yield

entry 13 HNR'R?  solvent 14
of 27 (%)? of 14 (%)?

1 13a HO DMA 27aaa 40 14aa 12

2 DMF 37 8
3 MeCN 37 8
4 DMSO 42 7
5 DMSO (I mL) 42 5
6 13b HO DMSO (ImL) 27aab 53 14ab 2
7P DMSO (1 mL) 65 4

In all cases, NMR yields of 18 and 19 were not determined due to significant overlap with other signals.
2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

b 1-octyne 2a (2 equiv), diphenylacetylene 26a (1 mmol), and morpholine 13b (3 equiv) were used.
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§ 4.3. SEIRORET

FHEEWEEZ AT LX) 7 b U AGERERE Lic, SAicn el ) REefGT 55
By PREOIGEL ) =) I ORIEENED Lic(entry 2-4), £72, = h OB ik
BRAFTHEA TIHNEROET & o) 3 O ENHE 2 D25 7 57 (entry 5-6),
SHLE 7 ALICEBREE B OEA LINEROR LI R L0 o 7z (entry 7-8), LLEX Y BAFZ
WNRZEEH 2, =F I ORIEBN LD Dotz 57 A nkhs b o8k 1b & kil
ZAM & L= (entry 2),

Table 4.2. Screening of 8-quinolinolato rhodium catalysts

10 mol % P(4-CF3C6H4)3

o

CeHiz—=—= + Ph—=—=—Ph + @ 1 equiv DBU CeHyg™ N\)
Ph X
Ph

HN DMSO 1 mL, 80 °C, 48 h

2a 26a 13b 27aab
2 equiv 1 mmol 3 equiv : -b-y-p-r-o-d-l,l-c-t-s """"""""""""""" O‘ R
AT en
14ab etia
entry R! R? 1 NMR yield of 27aab (%)*  NMR yield of 14ab (%)?

1 H H la 65 4
2 F H 1b 65 3
3 Cl H 1c 60 3
4 Br H 1d 63 2
5 NO, H 1f 16 1
6 NMe, H 1g 57 5
7 Cl Cl 1h 56 1
8 Me Me 1i 57 6

In all cases, NMR vyields of 18ab and 19ab (< ca.20%) were not determined due to significant overlap
with other signals.

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§4.4. RAT 4 O

BFER AT 4 VBN DRFEAT o 7o, BREIEZ B OEEITITNTILS PR DL
Fllpolo—FTlentry 1-2, 5-9), BFRAIEZ 2 I b HOHEERCEFRKLIEEZ 2 26T 5
BB IIISSITIE & A EHIT LRy o To(entry 3-4), R DEHILAEAN LTV 7 = =LK
AT 4 ERWEGAICHIEERDOIKR TR 57 (entry 10-11), Y 7= =)LAHRAT 4 X
BIGEEE b ORAT o v ERWD & = I ORIAEREDRHE X HBYO RS DOHETT AR
EINDZ LR SN (entry 12-14), F7o~T o HEEFEREZ L OKR AT ¢ VEALF T
FRIE DULR & 72 > 7= (entry 15-16), t U TV LR AT 0 o CRIMISIZIE & A EH#EITHET
(entry 17), R AT 4 ZUH LIRS T TIE 18%INZR & 72 o 7= (entry 18), 1R 5[ 14 H#
A2 LSBT, BFEERT I IANUEEENLEEZ T HZ ENHEIShT-, =
NEDOZ NG, kb BIFRIINEE 5 272 P(4-CFCeHa); & AW 5 &tk icilideth & Lz
(entry 1),
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Table 4.3. Screening of phosphine ligands

5 mol % 1b
10 mol % phosphine

=
. S
X
CgHi3—= + Ph——=——Ph + HO 1 equiv DBU CeH13/I
Ph X
Ph

DMSO 1 mL, 80 °C, 48 h

2a 26a 13b 27aab
2 equiv 1 mmol 3equiv.. e \

© byproducts
T S

Ce"'w/\/N\/? » ooy 19ab
. < a
L M Cethis_____._.
entry phosphine NMR vyield of 27aab (%)? NMR vyield of 14ab (%)?

1 P(4-CF3CeHa)3 65 3

2 P(3-CF3C¢Ha)3 65 3

3 P(2-CF3CsH4)3 14 trace

4 P{3,5-(CF3)2CsH3}3 4 trace

5 P(4-FCsHa)s 48 8

6 P(3-FCsHa)s 60 4

7 P(4-CICsHa)3 59 8

8 P(3-CICsHa)3 61 4

9 P(CeFs)3 43 2

10 PPh,Cl 17 not detected

11 PPhy(2-pyridyl) 24 12

12 PPhs 30 19

13 P(4-MeOC¢Ha)3 28 27

14 P(4-MeCsHa)3 21 26

15 P(2-furyl)s 58 4

16 P(2-thienyl)s 59 5

17 PCys 1 4

18 w/o phosphine 18 trace

In all cases, NMR yields of 18ab and 19ab (< ca.20%) were not determined due to significant overlaps
with other signals.

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§ 4.5. IO

AW EHEOBRF 21T 72, TMG ZHV 5 & 27aab 23 T1% THEHL NN, =F Il
DEIER NS < BIAET D5 E & 72 - 7= (entry 2), DBN % AW /2 A TP FLE DOULR I B
Fo7c—F MTBD ZH\% & 27aab Z UK 68% TH- 2, =T I HIFTE A FRIAE LR DS
7-(entry 4), DMAP <°> TBD % W\ 7=55121%, SOGHE B RO T A A 5372 23 (entry 5-6),
DABCO R U =F AT I VA HWD EERPEDNPIR L, =F I U3 AR L 72 (entry 7-
8) Ik & 7o MERRIE L 2 it LT, Bk & 7okt 0 F A v % b0 7 vk & W56 121,
FOGHEDAR TR ME O HE 3L Z 0 . 27aab DOILERIIE T L7z (entry 9-11), %5 1 3 &5 3
BTSN E L CTHWE T by v A2 HOWESAICITBAFRINER & 72 - 7= (entry 12),
IV T Atert-7 b XY REMWD & SRR B R 2 6 2 BOGEDZE L <K T L 72 (entry 13),
IREEYR (entry 14-15) <0, A /KFE i (entry 17-18) % W56 b BIF IR A2 5 2 12, 72 8,
RIEE 27 Lentry 16)° U > gt (entry 19-21), 78 2 7 7 ¥ LM ‘Bu-P4 % V72335 (entry
22), HEILIEAFAE F(entry 23) Tld, HEYDINTIZ E A EHEIT Lo e, RIS & B
\ZHEAT S H D 72 DITITAIRE L OIRINMB A2 Th 5 Z & D3RME S 4172 (Table 2.3, p48 &
B, 2ozt BERIEE 5 2 BIARY O LR EI D72y MTBD % % 54
% B S & U7z (entry 4),
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Table 4.4. Screening of bases

5 mol % 1b
10 mol % P(4-CF306H4)3

~

(0]
Cofle™=* Ph—=—Pn =+ HN\)O ;njluci)\/1bfnsf 80°C, 48 h CeHﬁ/j;N\)
’ ’ PR
Ph
2a 26a 13b 27aab
2 equiv 1 mmol 3 equiv { -t;y;;rod-uct-s """"""""""""""" o """ ;
o r\(\) :
o N T
T S =
entry base NMR vyield of 27aab (%)*  NMR vyield of 14ab (%)*
1 DBU 65 3
2 ™G 71 16
3 DBN 56 3
4 MTBD 68 1
5 DMAP 10 2
6 TBD 6 2
7 DABCO 10 17
8 EtN 9 19
9 LiF 9 2
10 NaF 9 20
11 KF 19 17
12 CsF 61 3
13 ‘BuOK 5 trace
14 NaxCOs; 60 5
15 K2CO;3 65 2
16 Cs2CO; 4 not detected
17 CsHCOs3 63 4
18 KHCO3 66 3
19 NaH>PO4 11 15
20 KH>PO4 9 15
21 K3PO4 6 not detected
22 ‘Bu-P4 not detected not detected
23 w/o base 7 11

In all cases, NMR vyields of 18ab and 19ab (< ca.20%) were not determined due to significant overlap

with other signals.

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y y g y
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§ 4.6. IEEEDORET

BOMZ AW BRI ORF 21T o 7, SETRURTH DT X 7 AU BEK 25 (TRRMEESL T
TR T 5 Z & 25 3w Tk 7o, & Z T, MMEEE 2 L ICRET 21T - 72, DMA
RNMP, 7t b EER WG EITIERREE ONERIZHE £ U (entry 2-4), = — 7 /LRI,
T R= bV LOERR TV 8 OMIEEEL A WA S BRI OIGEO M FIXR 60
7pinolz(entry 5-9), 7a hIERIECTHD A X ) — N E WD EIRIZ 25%ITIKF L, 7
0 R USRI D 2 S HERI Sz (entry 10), £72 R L HCIE, 27aab (HUXER 48%
TR LA entry 11), /B 7 2 R CIIROSNIHEST L 725> 7= (entry 12), MTBD /5
fPED DMSO HIZHE W T, LV BWERAMEZ RLTWDL EEZX NS, 728, DMSO D%
AL L ChIA FIZR O o 7o(entry 14-15), LA EX VW, ZhF Ti#EY DMSO 1 mL
AW THRRE 21T > 72,
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Table 4.5. Screening of solvents

5 mol % 1b
10 mol % P(4-CF3CgHy)3

(\o 1 equiv MTBD

-~

(0]
N
CeHqz™ ™ \)
PR
h

Cofl™=* Ph—="Ph * solvent 1 mL, 80 °C, 48 h
p
2a 26a 13b 27aab
2 equiv 1 mmol 3 equiv ; by;;r-o-duct-s """"""""""""""" (; """ ,
SN T e
; 14ab “tia -
entry solvent NMR vyield of 27aab (%)? NMR vyield of 14ab (%)*

1 DMSO 68 1

2 DMA 59 1

3 NMP 59 3

4 acetone 51 trace

5 CPME 47 7

6 THF 49 4

7 1,4-dioxane 43 4

8 MeCN 57 8

9 AcOEt 49 not detected

10 MeOH 25 not detected

11 toluene 48 4

12 DCE not detected not detected

13 DMSO/acetone = 1:1 64 3

14 DMSO (1.5 mL) 66 1

15 DMSO (2.0 mL) 64 1

In all cases, NMR vyields of 18ab and 19ab (< ca.20%) were not determined due to significant overlap

with other signals.

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§4.7. B T I ORE

EARY 130 SN DET NIBEDOE T I ORFHEAT o T REt 51T 2 1I2H 720 |
% 3 BOMP CRIERMMEZ R LIEARBEREEZ LORRT I 2N A, 0T
b BIF72 IR T Z R AIMAK 27 %2 5 2 7223 (entry 1-3), B0 U P2 13f°7 £/ 13k &
WG A IO E DR T L S 7z (entry 4-5), “BRMEHZL ST N7k FuAa V¥
/U131 Z FHWTZBRIZIE, 27aal 28 71% THREGIL, =7 22 Mal [ZE & A ERIE L7220
7(entry 6), L7=223-> T, RIZ7T FZ7 b Faag VXU 131 €7 VEEHE & L THRGETZ

1T-o7.
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Table 4.6. Screening of secondary amines

5 mol % 1b
10 mOl % P(4-CF3C6H4)3 NR1R2
CeHiz—=—= + Ph—==—Ph + HNR'R? 1 equiv MTBD CeH13/I
DMSO 1 mL, 80 °C, 48 h
Ph X
Ph
2a 26a 13 27
2 equiv 1 mmol 3 equiv R e LR LR R e R R R D
1 byproducts '
5 NR'R? 5
! NR'RZ + CgHqg™ 18 |
: Cariy T 19
/\ :
S L = T '
entry 13 HNR'R? 27 NMR yield of 27 (%)* 14  NMR vyield of 14 (%)?
1 13b Q 27aab 68 14ab 1
HN\) aa a
2 13c KLO 27aac 63 14ac 1
HN\)\
NM
3 13d NV ad 69 14ad b
HN\)
4 13f HN 27aaf 45 14af trace
5 13k HO 27aak 41 14ak 4
6 131 H’\C© 27aal 71 14al trace

In all cases, NMR yields of 18 and 19 (< ca.20%) were not determined due to significant overlap with
other signals.
2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.

" NMR yield was not determined due to significant overlap with other signals.
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§ 4.8. IR ORBGET

TF I 14al R -4 F o 2a kDY) I 18al, 19al, TLF R EOHRT
DH TV TR EORIISEIHIT 572012, WikEE BIFRELY T 2 Mm%
To7e, IEEZ 2mL ([T 2 & THIDOILED 73%ICE TR EL, v 7L 0ER
D D= IEMEIRERITITE > TRV 18al & 19al OAERKE I DA RS-
(entry 2), 7o, W& Z Z Ll EIE0F L BIAE R D AR BT LTz 0D HEY DIX
FOME T L7z (entry 3-4), LA EX D, DMSO2mL % gL L7,

Table 4.7. Optimization of solvent volume

5 mol % 1b
10 mol % P(4-CF4CgHa)3 |
o — 4 C@ 1 equiv MTBD CeHir N
HN

CeHiz—=— + = - >
DMSO, 80 °C, 48 h PN
Ph
2a 26a 131 27aal
2 equiv 1 mmol 3 equiv
E’byproducts C@
N
l\C@ + CGH13/ﬁ/ 18al
CeH1s < 19al
A M Cetia
entry DMSO (mL) NMR vyield of 27aal (%)? NMR vyield of 14al (%)?
1 1 71 trace
2 2 73 trace
3 3 72 trace
4 4 70 trace

In all cases, NMR yields of 18al and 19al (< ca.20%) were not determined due to significant overlap
with other signals.

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 4.9. AR F I OSSR/ B RF ] O R R

fi . SOSREE R KOOSR OB 2T > 72, 5 mol %D 1 277 LR 1b 471E T
70 °CCRUGEEM % 96 FEICIEIR L7255 1213 80 °C, 48 Wiff] & [AIZE DU % 5. % 7= (entry
1-2), il % 7.5 mol % ZHEC LRFAER L CH K& M RIZ R 5720 - 72 (entry 3-4),
eV TR EZ 10mol %2 THL L& 2 A, 24 IR, 48 Rl MG S ¥Rz 2 e
68%. 74%& 720 A BIZ R S 70y o 7o M (entry 5-6), 72 B SOUG S W5 2 & T HBY) 27aal
DULHIT 84%IZ 1A E L7z (entry 7). 7233 70 °C T 48 WF[#], 96 RFHISE S ¥ 7G&I2IZENE
U 70%., 81% & 72> 7= (entry 8-9), LA EJZ V| 10mol % 1 ¥ 7 Afil 1b /74E T, 80°CT 72
IREH SO & 2 4ol & B A & L 7= (entry 7),

Table 4.8. Optimization of catalyst loading/reaction temperature and time

x mol % 1b
P(4-CF3CGH4)3 (2 equiv to 1b) N
i X
CeHiz—™=— + Ph—=—=—Ph + 1 equiv MTBD . > CeHiz
HN DMSO 2 mL, temp, time PN\

Ph
2a 26a 131 27aal
2 equiv 1 mmol AU
byproducts C@
§C6H13/\/N(\:© . CeHmj " 18al
S LSS ooy
entry x (mol %) 1b temp (°C) time (h) NMR yield of 27aal (%)*
1 5 mol % 80 48 73
2 5 mol % 70 96 73
3 7.5 mol % 80 72 73
4 7.5 mol % 70 96 75
5 10 mol % 80 24 68
6 10 mol % 80 48 74
7 10 mol % 80 72 84
8 10 mol % 70 48 70
9 10 mol % 70 96 81

In all cases, NMR yields of 18al and 19al (< ca.20%) were not determined due to significant overlap
with other signals. Trace amount of 14al was obtained.

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§ 4.10. I EORGT

AN BIT D8FERTHE T I AR 25 13, HEORECTRTRET S L
EZTNDH, WEOTMEEZHCT Z L TT 2 IR FEA~OE R 2 ek X &
HTZEMTEDLEEZ, LOLERRL 2 Y& EICHESLTChHR RIZR OG- T2
(entry 2-3), —H CTH&EX 0.5 YEIIHO LA, WRITE T Lic(entry 4), L EXD, Z
NETEY MIBD % 1 YEHAWD M2 kst & Ui (entry 1),

Table 4.9. Screening of amount of MTBD

10 mol % 1b
20 mol % P(4-CF3CGH4)3 N
X
CegHi3—=— + Ph—=——Ph + MTBD > CeH1s
HN DMSO 2mL, 80°C,72h Ph X

Ph
2a 26a 131 27aal
2 equiv 1 mmol 3 equiv
byproducts o~
0
X I\C© + CgHyg™ 18al
CeH1s < 19al
_________ MG
entry MTBD (equiv) NMR vyield of 27aal (%)?
1 1 84
2 2 82
3 3 73
4 0.5 75

In all cases, NMR yields of 18al and 19al (< ca.20%) were not determined due to significant overlap
with other signals. Trace amount of 14al was obtained.

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§4.11. FE DY BOMKGH

VI = NTEF LU 26 | YRICEHEL, -4V F 2T T kg YX Y
B OYERBERG L, 13123 %ENL 2 Y EE LEE, B TOmMENRLIY
TBO% L e ol (entry2), HEAWLLILE, 7T NVOELRY OOFERITITE> T
2N H OO T X 18al X0 19al OEIAENEE 2 | MK T3 Dm0 L 5 407z (entry
3-4), FEWT 131 Z22%EL L, 2a% 1.5 Y& T & 27aal OYLERITAL T L7z (entry 5),
T2 2a OYEAHOLZHAICHL YT 0 18al X0 19al OEIAEENSH 2 IERIZEKT L
7z(entry 6-7), LLEX V| 2a, 131 22 NFh 2 YET OV D LM% i s & Lz (entry
2),

Table 4.10. Optimization of equivalents of 2a and 131

10 mol % 1b
20 mol % P(4-CF3CgHy)3 N
CeHiz——=— + Ph—=—Ph + 1 equiv MTBD CoHig™ ™
HN DMSO 2 mL, 80 °C, 72 h Ph™ X

Ph
2a 26a 131 27aal
1 mmol
’byproducts C@ ;
/\/I\CQ + CgHqg™ ™ N 18al
Cethis < 19al
G
entry 2a (equiv) 131 (equiv) NMR vyield of 27aal (%)?
1 2 3 84
2 2 2 86
3 2 4 75
4 2 5 72
5 1.5 2 65
6 2.5 2 71
7 3 2 70

In all cases, NMR yields of 18al and 19al (< ca.20%) were not determined due to significant overlap
with other signals. Trace amount of 14al was obtained.

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 4.12. R 7 /L& o 0 FE i FAEE O et

Kb 7 V2% o OB REFH OB 21T o 7o, IRFHEZMIT L 1-7 v 2 Wz &
T AMETHE RrT 3 /6 27ial 23 T0%NMR UL T 57z (entry 2), SLARHIIC i &
W7 aAsF VR R S OB AITIINRIEE D 2 A USTEIME T Lz & & 2 5 7= )5 entry
) AFLUBHERL I ET1I-A7 F 2 2a 2B ERIFE O E 72> 7 (entry 4), ¥ 7
JERT AT NV EOmMEERERE A L ORI T X b EINE RS T AR A 5 2
(entry 5-6). tert-7F VA FAL Y AEDT KT b Fu 6T =Lk EOT Lo — R
HahT 550 bMEAR< S L, BEAFRIETER VTS I v % 5 2 = (entry 7-8).

Table 4.11. Scope of alkylacetylenes

10 mol % 1b

20 mol % P(4-CF3CgHy)3 N

1 equiv MTBD R
HN

R—— + Ph—==—Ph +
DMSO 2 mL, 80 °C, 72 h
Ph™ ™
Ph

2 26a 131 27
2 equiv 1 mmol 2 equiv
entry 2 R 27 NMR vyield of 27 (%)?

1 2a CeHi3 27aal 86

2 2i C8H17 27ial 70

3 2b Cy 27bal 45

4 2j CyCH, 27jal 80

5 2d NC(CHa)3 27dal 7

6 2e MeO,C(CHz)3 27eal 78

7 2f TBDMSO(CH,); 27fal 64

8 2g THPO(CH,)3 27gal 67

2 Determined by 'H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
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§ 4.13. 55 T X 2 O BB L O R

T X v o E A& OMET EIT o T2, BEXY U0 13a BV & & 62%NMR Y
SEICHEE 572D entry 1), EAKRY > 13b R 2,6-P A FLELKY v 13¢, N-AFLERT
VU 13d E RV E., 72~80%0I R TR % 46 U 3 L3R B T (entry 2-4), T
ITAaA—L 13e b7 I HOBPNBINBICKIS L. TRECINETCHNWE 5 2 7-
(entry 5), BRFELAHNRL L=k T 2 v 2 WA P RE DR L 720 (entry 6-7). 7 BF
V2 13g THIF & A ERURITHEST L7s 7> T (entry 8), S9IRT I v HRIEAR LS SUEL, N-7
FILAF LT 22 13h, N-XU DL AF LT 22131 2V & X 2ENFN 69%. 47% T
K % e P F I 3G B AT (entry 9-10),
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Table 4.12. Scope of secondary amines

10 mol % 1b
20 mol % P(4-CF3CqHy)3 NRTR2
CgHi3—— + Ph—=—=—Ph + HNR'R? 1 equiv MTBD CeH13/I
DMSO 2mL, 80°C,72h
PhN
Ph
2a 26a 13 27
2 equiv 1 mmol 2 equiv
entry 3 HNR'R? 27 NMR yield of 27 (%)?
27aaa 62
1 13a H"O
2 13b 0 27aab 79
HN\)

3 13c KLO 27aac 80

4 13d @Me 27aad 72

HN
OH

5 13e O/ 27aae 56

HN
6 13k HO 27aak 55
7 13f HN ) 27aaf 66
8 13g ] 27aag 1
9 13h Hl\ll P~ 27aah 69
10 13i HlllvPh 27aai 47

2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§ 4.14. NELT V3 o O KB AP O #E O

KEFRAR PR T /L2 o 00 B il T E I OMF 24T o 72, 5EBR RIS A F LA 5L
DAFNT I FIr EOBAUEMEERIL A SO L & 53~77%NMR [UHFE TS T 5 %Y
T} I 2T BMF BTz (entry 1-3), R YU ZbAdm A FOVHEL T AT VIR EOBE RS IMEE
Bl m L OGE . TNEI 65%. 61%NMR YU & 72 > 7203 entry 4-5), ¥ 7 J #E b OHA
VTR N RN < FRF T D RER & 72 o 7o (entry 6), & ~v 7/ b SNET L
FULERELELR ) Z L IINL, Eﬁ??‘;ﬂl%fﬂmﬂ“ééﬁﬁ‘z%%ﬁzf:(enuy 7-9),
~NTREFERE L OREOHEA L ARETH Y, Fo=nHE L OEAITIE SI%IEETHIS
T 5 BT =) I 2 27akl 35 5 L7z (entry10),

Table 4.13. Scope of internal alkynes-1

10 mol % 1b
20 mol % P(4-CF3C6H4)3 N
1 iv MTBD X
CeHiz— + Ar———Ar + equiv CeH13
HN DMSO 2mL,80°C,72h AN
;

Ar

2a 26 131 27
2 equiv 1 mmol 2 equiv
entry 26 Ar 27 NMR vyield of 27 (%)?
)
1 26b Me 27abl 77
2 26¢ MeO 27acl 65
3 26d NMe» 27adl 53
4 26e CF; 27ael 65
5 26f CO;Me 27afl 61
6 26¢g CN 27agl 26
7 26h F 27ahl 74
8 26i Cl 27ail 76
9 26j Br 27ajl 64
10 26k 2-thienyl 27akl 51

a2 Determined by '"H NMR analysis using 1,3,5-trimethoxybenzene as an internal standard.
y
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§ 4.15. LT L2 > 0 SV i F #65H O st @

BT, TIAFNAEE S ONET VX OB 2T o7, ATFNAEE L ONET L F
261 ZHW-5E, MLEREEOREGH E L CHIOHE Y= F I VA 50%NMR ILE
THELNZ(eq.4.7), F1o, VT AFIATHF LU THD 447 F 2 26m TIERUMTITEE A
EHEITET, HRMIZERES ONDIZE E -72(eq. 4.8), ZOETILX VR LEDOH v 7
VIEBRE L BRSNTEY, BOOKIGHNIEE AL EEIT L >T—KRTHHEEZD
N5,

N
CeHqz™ ™
Ph™ X
Me
10 mol % 1b 27all
20 mol % P(4-CF3CgH,)3 24% NMR vyield

J— _ 1 equiv MTBD
CeHiz—== + Ph—=——Me +
ehs Hl\C@ DMSO 2 mL, 80 °C, 72 h ¥ .7
90

2a 261 131
X
2 equiv 1 mmol 2 equiv CeHis

Me” X
Ph

27all’
26% NMR yield

10 mol % 1b C@
20 mol % P(4-CF3CeHa)s  CaHyz X N
o e b 1 equiv MTBD
eH13 aflo = ""allo 7 Ly DMSO 2 mL, 80 °C, 72 h Caftg™ ™ (48

2a 26m 131 27aml
2 equiv 1 mmol 2 equiv trace
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§4.16. FITIC L BT VLT X VFEE~DLEH

B oz SR ERETL O ) 2 2 27 K R R BB IR EECH - 72
e, BILTHZETTUAT I UFER 28 ~E AL CTHEEL 7-(eq. 4.9), E/LH Y >
13b 2 HWZBE, IS TRICERILEIT o7& 2 A, #IGT DRI 28aab 75 7T1%ILE T
BNz, 2B, AR OSLIEHEEIT NOESY 72 F4&FE Rkt NMR I THRE LT,

10 mol % 1b o

20 mol % P(4-CF3CeHa)s | Gty N\)
_ . (\o 1 equiv MTBD
CeHi3—=— + Ph—=—=—Ph +
PR
HN DMSO 2 mL, 80 °C, 72 h

Ph
2a 26a 13b 27aab
2 equiv 1 mmol 2 equiv L 79% NMRyield |
4.9

(0]
5 equiv NaBH(OAc); (\

3.6 equiv AcOH CeH13 N\)
THF 10 mL, rt, 24 h
Ph™ ™

Ph
28aab
71% yield
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§ 4.17. Ha M FloB T 5 1:1 Alds L Ot 2:1 BUAHINA iy 0 A %

AP F 1 5 B 5514 N (Table 4. 10, pl15 )BT 5 1:1 BILHINAERY) 14 <° 2:1 7Y
FHAINA R 18 35 KON 19 DR EDOMERZ1T > 72(eq. 4.10), 18 BL 19 1TF LW\ 7 F 1
DEZY O DIEREHNHEETH 72D T, KIS THRICETEITH)> 2L TT U AT
VHEER 2 BRO 23 ~EEMBIZHE L., TR FrAg YR U 2131 V2B,
TF 22 Mal [TEMEMER SN, 7 U AT 2 FFER 22al 132 NMR LR 10% AR L7z,
23al |3 7 AR —EER > o T2 O IEMERERITITE - TWRWA, KT NMR I3 5%
FREECAR LTV, BLED Z & s RED =N ISR IR AT LT 5 &
25,

]

CgHiz—=—= + Ph—==—Ph + HNR'R2
= tetrahydroisoquinoline
2a 26a 131
2 equiv 1 mmol 2 equiv
10mol%1b ...
20 mol % P(4-CF3CgHa)3 NR'R? | NR'R2 |
1 equiv MTBD CoHig™ ' _SUNRIRZ , CeHid l
DMSO 2 mL, 80 °C, 72 h PR i CeHig < 5
Ph CeHis 1 (410
27aal E 14al 18al, 19al !
86% NMR yield trace not determined !
5 equiv NaBH(OAc)3 [N =3 = PR
3.6 equiv AcOH CeH1g : NR'R? |
" ~UNRIRZ . CeHig !
THF 10 mL, rt, 24 h Ph X i CgHig =< 5
Ph ; CeHis
28aal | 15al 22al: 10% NMR yield !
! not detected 23al: not determined

(<ca. 5% NMR yield) !
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§ 4.18. HETE SUSHERE

HEE SO % Figured.d |7, B3I HETIRBLAEL I, RiE7 ¥ 2éuv v A
PSR A LORIETE = TSR B BER L, Z0 a RFEICKLTT > 13 DREZH B
TEHIETT UE=U LK CHERNRT D, HWVWT, T E=U LR C LR 7 h
EEd, D DRFFLBF T hALEIND I ETT I IAXUEEK E BAERKRT S, 2
AUCKE L CNERT L U SEL L, e XA 7L G 2L, B-t R U NBiEE, =ohbl
Bt 2 4% C S IR 27 DR 5D LB X TN 5D,

KBS TR EDO R TR T 27 I ) IARUEEE AT 5 Z L 2MEL TR,
FEFEKIZNMR F 22— 7 EBRIZTT 2 DARUAHEA L SN DB L T D, — T
T, BWEIFGFETIZBWTHIEE 7% & DT NI NIFEIT LTV 5 (Table 4.4, entry 23,
plO7 2, ZDZ b, TUE=U LK C LA FRNKERBEITTY V=1Lt KU R
IR T AR LINEST L LD R A X AIC L 0 AR T 5P RIE T 25 %
X BHiD,

RN NR's R— R
R, ——  [RA 2
H A A [Rh]
B-H elim. rH ' B
HNR',
13
R NR'
H NR' RT™S ?
[Rh] NR', He
[Rh]_ >~ s H <= RO RINCIR?
Ar [Rh]-H S)
Ar Ar [Rh]
G c
|
J Base
Ar ®
[2+2] HBase
cyclo- ‘ ‘ 26
addition R NR'y NR',
Ar Ar R NR',
R [Rh] Yy R Yo
F E Base HBase [Rh]
Ar aminocarbene D
complex

Figure 4.4. Proposed reaction mechanism of three-component alkyne/alkyne/amine coupling via

catalytically generated (amino)carbene complex derived from Rh(Q)(cod)/PAr; catalytic system
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BATETIE, /U /7 baYy bR 1 EERSIMEEREEZ AT DHRAT 0 UEAL
+. AHEIRIE LD MTBD ZAHAG DR TCERIC, TGRSR T L% 2 ENET L% v 26,
WAREEE 4% 7 X 2 13 O = BT NBOSIZ L 0 e o5 X v 27 @R &SR
RIZELNDZ 2R L, 27 T I o2 L BB L CREEN 2 Tl
RoTol, BITICK D T U LT I UFRER 28 ~ LA L CHIEE L 7o, ARBUGITER % 72
BT REL L ORI T L B M7 I BXORNET LR AT 5
ZEMTE, @ERTHIST D = IE 27 2 5 2 7=,

Kb Fa7 I MUSOSICB W TIHREDOR R TENRT 27 I/ DV BE R A g A
ELTEZTWD, HEFMFETIRT LA ERNTEIT LN &b, T I 2 ARy
PR AR DA RB T 5 2 N TE L, RRILRIZBIT DT I ) INARUGEED L5 7
Fischer M 77 /L~ U IR 2 B AOIC S8 A8 S, EEROMIESSIZ W ZBNTIE & A L7220,
AMWFFETIZZ D K 5 72 Fischer B VA~ U BEIR 2 lBEAYIC I8 A S &, BT 7 720 MBS~
LT 2 2 LTS I U O G RIE A MENLT D & & BIT, Fischer B /L~
BEIR A AL IR A A TE R ROR D BT T2 723k GHRSHE L THIRFCE 2 & B 2 b b,
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2

AT, /U /T ML FE Lo T AR 1 LEFRSIMEEREEZ AT DR
AT 4 VENLA- WAL U TS Z A G b T iR 2 W5 2 & T, K7 V¥ A
DT I LD 1A KO 2 BT INBOSDBRAFE 2 R LTz, S BT, BOCHEEICBId 2407
FETHELNIZAMR AR LT, WEST VR 2 WA MRS ORISR bR LT,

%1 mE T, IEVBERST V% 2 2 LG EFRARm T VX 6 ORENIBEE —Hh7T I 312
£ % Markovnikov Bt R 7 I JAERISOBRFEIZOWTIENT, /U /7 vy h
vt BT R 1la E NV A@- R TAFRAFAT =) WHRAT 4 7 ik
BT LAEMAEGDETMBEERIZIN T, BRI T VX 2 ZHWGEIiET vy
IV 4 PHE-OAEFMTHROND Z Bk, FLGEHERmT VX WS EIC
X, TAVI T 20 8§ ODIREMTESINHZEONDE ZEEZWLNI LT, W
DALEY b HEERFIC BT D REMEMEN =D, Bt L kT I AT 5 2 & CHiEE
TLZEIHII LT, T2 23 L &3 HHiEER SR ALE 2 IV 2 iR I L, &
FRBER TIIKBEEL = AT VEL o7 V5 e T R VWolc BReka b O REITH LT
LEAT LI ENTE8-F /Y /7 br VU AEERR b ORREEZ T Z EnTE,

%2 BT, BRI R 7 V3% 2 2 OFFFRE —#kT X 2 10 (2 X %1% Markovnikov i b
Fa7 I MBS DBFEIZHOW TR, F 1 mETHWEZ vkt v 20RO DI, A
HERETH D TMG 2D Z & T, TNETERDKNECH -T2 FEFBHEFE —HT7 I 10
ERWDRIGRICH L TCHEMAT 52 ENAREL Ieo Tz, KBS Nm 7 B = AT vV
Rl ELOT =Y VHICMA, VT 5SS THP (R#E L= 7 v a— i & b oK 7 L%
VEICHLTCHEHAT 22 ENTE, BRUBRINETHIST A7 AV I N 520, 7=
U v OEBESL KOG RE S B 52 TRBY, B R5IMEEEZ LG EICIT=Y v
ERORENOIERTIZEDKEDIR TR ST, 2B, 7V 1NIEH 1 HEH
FRICER /7 I CEMT 2 Z L CHEET 22 LA TE 72, NMR EBRNG, 7= 10a
& TMG DRV AAE 23R8 S 4L, AL M AER T2 2 & CHERE —H7T I v
10 OREREDS A E L, RISETEZREL TWD LB DN HBEVER LS Z LN T
T,

953 MTIX, MBS 7 Vv v 2 CREMIIGSE k7 X 13 VW 11 BB LU 2:1
T IS D BAFEIZ DN TIR T, RS R THE, WAL 2 5 &0 ) 2 SRS 0%
FAZ L DAINEE ORI Z HIE 92 Z LT Uiz, MV ek, 101 BUnAE
T DT I 14 BEIERTH S 172, DMA BB Ci 2:1 BUAHINA R Cd 5 Ik
VI 18 L 19 BEEBERNICELNTL, BONTAERDITIW TR T I UEEE S
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DI ENDL, ENDLERITONKGIRZE D ZNENRETHHE M7 I 157 VLT
IUFER22 L 23, AT ) 20 L 201 ~EHRTHZENTELI L EHLNE L, R
BOGIEER 2 7 BRSO ERERL 2 b ORI RS T V. BT I v EEAT A Z &R
TE 7o, MOSHEIZ BT 2 RETORET. 2 6 OFRINEUE O IR O 4318 SIS 1T RN 2 4
ENBIE L TNWD Z ENRmBEniz, RISRPOEEMENIEEDO T I L0 b5WEGAIC
X, 7T BT LA L FANTT B FUOBEINEZ D, T A= B REERERD
Z LT L BUINBOS B EIT T 5 LB X T D, — T, BEESEEOT I L0 iy
LAt 7= U ABEER — BT m oAb, FET TRFEHROAFE T 1 b AkE
HZETT I I ANNRUEBHEANERT D EBEZOND, T DR UGERIZH LT, 5
THORMGT VX BRIET 52 ET 201 BUIMBE AR IRANCHET T D 2 12845
ZEMWTETR,

WAETIE, RWT X0 2 ERET AR 26 BEOE T 2013 2V =54
Ty 7TV RIS K DI 2 2 27T OB RSEDRRZEICHOW TR T2, 53 DK
IS BT 2RO T, HEOBETERT DT I ) ARG AR & LT
FOGDEITT HHE D FIREME 2 R DR 21572, ZOMAEIEIZ LT, RISFHRF O
PERIRS 72 % &5 2 B D AR L & RS 2 MO AG b S 2 & T, =it
INEOG DS N=RENT TS 2 Z & 2 FL L7z, ABUSTIE, EAIC AT 27 X 2 I~y
PER AR E L THEITT A 252 TWD, T2 AU EERD X 9 72 Fischer Bl 7 L~
BB B ISR AE ST THWIESTIE & A EHE SN TB 5T, AT Fischer
TN AGEROH M Z @D D & & HIT, Fischer B A L~ BEK % #HIIA A 72 LIS 0D
B lepkitiast e LTHIRFCE 2 L& 2615,

WARTEZL AR TIE, ZNETIITE A MBS AW SR o T2F% 7 )
/T ML A2 b OR Yy LAEREZ WD Z & T, Ri7T F BICKT L7 I oW
Markovnikov BUFT IS 2 2R 2 & & IS, WEROAESRIZI LIV » T m W VE REESRT
BMEZEBL LT, & BITHW D OSSR & o THINEOS OB PR 2 HI8E U, 22550k
JEDBAFEIC ORI Lc, ZAVUIMREERIS R P RAEST 27 X/ DA ERZ Pk s LT
PHTDEERAOND, ZOL DI, ANDRIFIC L - THIEAICRTREST LT I/ v
NUSHARDRR RN LTI e SR TR, ARE IO - 2R 2 b
ZbT ETHEHETHL LEZTWVD,
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General Information

Unless otherwise noted, all reactions were carried out under nitrogen. 'H, 3C{'H}, '°F, and 3'P {'H}
NMR measurements were performed on a JEOL ECX-400, AL-400, or ALPHA-400 spectrometer. For
'H and *C{'H} NMR, chemical shifts were reported in ppm relative to residual solvent peak. For '°F
and 3'P{'H} NMR, chemical shifts were reported in ppm relative to CFCl3 and H3;POs, with CFCl;
and H3PO4 as an external reference respectively. Melting points were determined on a Stanford
Research Systems MPA100. IR spectra were recorded on a JASCO FT/IR-410 infrared spectrometer.
GCMS analysis was performed using a Shimadzu GCMS QP-5000, equipped with a CBP-10 capillary
column (25 m x 0.22 mm, film thickness 0.25 pm). The temperature for GCMS analysis was
programmed from 70 to 250 °C at a 10 °C/min ramp with a final hold time of 30 min (injection
temperature, 250 °C; detector temperature, 250 °C). ESI-MS were performed on a JEOL JMS-
T100LCS. Flash chromatography was carried out with Kanto silica gel 60N (40-50 um), NH silica gel
(Fuji Silysia Chemical Ltd.) or diol silica gel (Fuji Silysia Chemical Ltd.). Centrifugal thin layer
chromatography was performed on a LD-11 centrifugal chromatography system using an Analtech
4000 micron pre-scraped silica gel rotor. Gel permeation chromatography (GPC) was carried out with

JAI LaboACE LC-5060.

Solvents and Materials

Benzene and toluene were distilled from Na/benzophenone ketyl. Dry hexane, and CH>Cl, were
purchased from Kanto Chemical Co., Inc. and passed through solvent purification columns (Glass
Counter Solvent purification system). Dry DMA, DMF, DMSO and THF were purchased from Kanto
Chemical Co., Inc. and used without further purification. [RhCl(cod)]>**. [Rh(OMe)(cod)]>** and
Rh(Q)(cod) 1a'3¢* were prepared according to the literature procedure.

1-Octyne 2a was purchased and distilled from NaBH4. Phenylacetylene 6a was distilled from CuSOa.
Other terminal alkynes and 4-octyne were purchased and purified by bulb-to-bulb distillation.
Terminal alkyne 2f was prepared according to the literature procedure.*® Amines were purchased and
distilled from CaH, or NaOH. Azetidine 13g was prepared according to the literature procedure.*’
Internal alkynes 26b-26k were also prepared according to the literature procedure.*® Other commercial

reagents were used without further purification.
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General Procedure A for anti-Markovnikov Hydroamination of Alkylacetylenes with Aliphatic
Primary Amines followed by Reduction. In a glove box, P(4-CF3CsHs)3 (0.1 mmol, 46.6 mg) and
toluene (0.3 mL) were added to an oven-dried 7mL sealed tube containing Rh(Q)(cod) (1a) (0.05
mmol, 17.8 mg), and the mixture was stirred for 5 min at room temperature. CsF (1 mmol, 152 mg),
primary amine 3 (1 mmol), alkylacetylene 2 (2 mmol) and toluene (0.7 mL) were added to the resulting
solution, which was then heated at 100 °C in a heating block for 12 h. The resulting mixture was cooled
to room temperature and transferred to a 20 mL Schlenk flask via a cannula using 5 mL of toluene.
After the volatile materials were removed in vacuo, 1,2-dichloroethane (10 mL) and NaBH4 (7.5 mmol,
283.6 mg) were added to the flask, and the mixture was stirred at room temperature for 24 h. The
solvent was removed in vacuo, and DCM (5 mL) and a saturated aqueous solution of Na,CO3 (20 mL)
were added to the mixture, which was then stirred for 30 min. After the organic layer was collected,
the aqueous layer was extracted three times with DCM (10 mL). The combined organic portions were
washed with brine (40 mL), dried over MgSQs, and concentrated in vacuo. The crude material was

purified by NH gel column chromatography to afford amine §

Determination of NMR yield of Aldimines. In a glove box, Rh(Q)(cod) (1a) (17.8 mg, 0.05 mmol),
toluene (0.3 mL) and P(4-CF3CsHa4)s (46.6 mg, 0.10 mmol) were added into a 7 mL sealed tube
containing a magnetic stirring bar in this order. The mixture was stirred for 5 min at room temperature.
CsF (1.0 mmol), primary amine 3 (1.0 mmol), terminal alkyne 2 (2.0 mmol) and toluene (0.7 mL)
were added to the resulting solution in this order and stirred at 100 °C in a heating block for 12 h. After
the reaction mixture was cooled to room temperature, 1,3,5-trimethoxybenzene (internal standard) and
CD3CN or C¢Ds (ca. 0.5 mL) were added to the tube, and the resulting material was mixed until it
became a solution. The NMR yield of aldimine 4 was determined by '"H NMR (CD3CN or C¢Ds)

analysis.
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H Amine 5aa. General procedure A was followed with 2a (221 mg, 2.01
CeH13/\/N\C6H13 mmol) and 3a (103 mg, 1.02 mmol). 182 mg (84% yield) of reduction
product 5aa was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). The analytical data were in good agreement with those reported

in literature.*®

H Amine 5ba. General procedure A was followed with 2b (218 mg,
O/VN\/\/\/ 2.02 mmol) and 3a (102 mg, 1.01 mmol). 164 mg (77% yield) of
reduction product Sba was obtained as a yellow oil after NH gel
column chromatography (hexane:ether = 5:1). '"H NMR (391.78 MHz, C¢Ds): & 2.59-2.52 (m, 4H),
1.73-1.62 (m, 6H), 1.42 (quin, J = 7.3 Hz, 2H), 1.39-1.10 (m, 12H), 0.95-0.87 (m, 5H); 3C{'H} NMR
(98.52 MHz, CDCls): 6 50.0,47.5, 37.5, 35.8, 33.4, 31.8, 29.8, 27.1, 26.6, 26.3, 22.6, 14.0; IR (neat):
3282 m, 2923 s, 2845 s, 2670 m, 1680 m, 1449 m, 1379 s, 1322 m, 1263 m, 1171 m, 1131 s, 1063 m,
1031 m, 1016 m, 964 w, 887 m, 843 m, 728 m cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for
Ci4H30N; 212.2378; Found 212.2378.

H Amine 5ca. General procedure A was followed with 2¢ (167 mg, 2.03 mmol)
‘Bu/\/N\CeHm and 3a (104 mg, 1.03 mmol). 60.9 mg (32% yield) of reduction product Sca
was obtained as a yellow oil after NH gel column chromatography (hexane:ether = 5:1). 'H NMR
(391.78 MHz, CsDs): 6 2.57-2.51 (m, 4H), 1.45 (quin, J = 7.1 Hz, 2H), 1.40-1.22 (m, 8H), 1.05-0.95
(m, 1H), 0.902 (s, 9H), 0.901 (t, J = 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz, CsDs): & 50.7, 46.6,
4477,32.3,30.8, 29.9, 29.8, 27.6, 23.1, 14.3; IR(neat): 3286 w, 2955 s, 2923 s, 2858 s, 1625 w, 1468
s, 1411, m, 1392 m, 1365 s, 1321 m, 1281 m, 1248 m, 1201 w, 1173 w, 1128 m, 1061 w, 1021 w, 971
w, 911 w, 893 w, 732 m cm’'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C12H2sN; 186.2222; Found
186.2221.

H Amine 5ci. General procedure A was followed with 2¢ (165 mg, 2.01
tBu/\/N\/\© mmol) and 3i (121 mg, 1.00 mmol). 128 mg (63% yield) of reduction
product Sci was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 5:1). '"H NMR (395.88 MHz, CDCl3): 8 7.32-7.20 (m, 5H), 2.94-2.84
(m, 4H), 2.67-2.63 (m, 2H), 1.44-1.40 (m, 2H), 0.89 (s, 9H); *C{'H} NMR (98.52 MHz, CDCl5): &
140.1, 128.7, 128.4, 126.1, 51.4, 46.0, 44.0, 36.5, 29.8, 29.6; IR(neat): 3651 w, 3303 w, 3085 w, 3062
m, 3027 m, 2954 s, 2865 s, 2822 m, 1943 w, 1869 w, 1803 w, 1736 w, 1604 w, 1496 m, 1468 s, 1454
s, 1392 w, 1363 s, 1313 w, 1278 w, 1249 w, 1200 w, 1122 m, 1082 w, 1031 w, 1002 w, 979 w, 959 w,
916 w, 748 m, 699 s, 580 w, 524 w, 512 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Caled for C14H24N;
206.1909; Found 206.1906.

129



H Amine 5da. General procedure A was followed with 2d (186 mg, 2.00
NC\/\/\/N\CBH13 mmol) and 3a (101 mg, 1.00 mmol). 113 mg (57% yield) of reduction
product Sda was obtained as a yellow oil after NH gel column
chromatography three times (hexane:ether = 1:2 to hexane:dichloromethane = 1:1, then
hexane:dichloromethane:ether = 2:3:1 and hexane:dichloromethane:ether = 1:5:1). 'H NMR (395.88
MHz, CDCl3): 6 2.61 (t,J= 7.3 Hz, 2H), 2.59 (t, J= 7.3 Hz, 2H), 2.35 (t, /= 7.1 Hz, 2H), 1.68 (quin,
J=17.1Hz, 2H), 1.64-1.40 (m, 9H), 1.36-1.24 (m, 6H), 0.89 (t, /= 6.9 Hz, 3H); *C{'H} NMR (98.52
MHz, CDCl3): 6 119.7, 50.1, 49.6, 31.8, 30.1, 29.3, 27.1, 26.5, 25.3, 22.6, 17.1, 14.0; IR (neat): 3588
w, 3321 m, 2931 s, 2861 s, 2243 m, 1722 w, 1643 w, 1551 w, 1461 s, 1428 m, 1376 m, 1325 m, 1271
w, 1170 w, 1127 m, 1076 w, 1063 w, 966 w, 897 w, 727 m cm™'; HRMS (ESI-TOF) m/z: [M+H]" Calcd
for C12H25N» 197.2018; Found 197.2019.

0 Amine 5ea. General procedure A was followed with 2e (255 mg,

\O)J\/\/\/H\C‘SHB 2.02 mmol) and 3a (102 mg, 1.01 mmol). 125 mg (54% yield) of

reduction product Sea was obtained as a yellow oil after NH gel
column chromatography (hexane:ether = 3:1) and further purification was carried out by bulb-to-bulb
distillation. "H NMR (395.88 MHz, CDCl5): 6 3.67 (s, 3H), 2.61-2.56 (m, 4H), 2.32 (t, J=7.5 Hz, 2H),
1.65 (quin, J = 7.5 Hz, 2H), 1.59-1.43 (m, 4H), 1.39-1.20 (m, 9H), 0.89 (t, J = 7.5 Hz, 3H); *C{'H}
NMR (99.55 MHz, CDCls): 6 174.2, 51.5, 50.1, 49.8, 34.0, 31.8, 30.1, 29.8, 27.1, 26.9, 24.8, 22.6,
14.0; IR (neat): 3462 w, 3328 w, 2933 s, 2856 s, 2813 5, 2372 w, 2344 w, 1740 s, 1650 w, 1544 w,
1462 s, 1438 s, 1363 m, 1200 s, 1170 's, 1130 s, 1099 m, 1015 m, 885 w, 852 w, 734 m cm’'; HRMS

(ESI-TOF) m/z: [M+H]* Caled for C13HasN10, 230.2120; Found 230.2113.

H Amine 5fa. General procedure A was followed with 2f (396 mg,
>Ls|,i’o\/\/\/N\c6H13 2.00 mmol) and 3a (101 mg, 1.00 mmol). 180 mg (60% yield)
| of reduction product Sfa was obtained as a yellow oil after NH
gel column chromatography (hexane:ether = 20:1). In this case, DABCO was used instead of CsF. 'H
NMR (395.88 MHz, CDCls): 6 3.51 (t, J = 6.5 Hz, 2H), 2.61-2.57 (m, 4H), 1.59-1.42 (m, 5H), 1.39-
1.29 (m, 10H), 0.891 (s, 9H), 0.885 (t, J = 7.1 Hz, 3H), 0.05 (s, 6H); 3C{'H} NMR (98.52 MHz,
CDCl): 8 63.1, 50.15, 50.07, 32.8, 31.8, 30.2, 30.0, 27.1, 26.0, 23.6, 22.6, 18.3, 14.1, -5.3; IR (neat):
2931 s, 2856 s, 2813 m, 1652 w, 1463 s, 1388 m, 1362 m, 1324 w, 1300 w, 1254 s, 1218 w, 1185 w,
1104 s, 1006 m, 937 w, 924 w, 837 s, 815 m, 776 s, 726 m, 664 w cm’!; HRMS (ESI-TOF) m/z:
[M+H]* Calcd for C17H40N101Si; 302.2879; Found 302.2879.
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H Amine 5ga. General procedure A was followed with 2g (337
CDJ/O\/\/\/N\%H13 mg, 2.01 mmol) and 3a (101 mg, 1.00 mmol). 200 mg (73%

yield) of reduction product Sga was obtained as a yellow oil

after NH gel column chromatography twice (hexane:ether =5:1,
then hexane:ether = 10:1). 'H NMR (395.88 MHz, CDCl5): 6 4.57 (t, J = 3.8 Hz, 1H), 3.89-3.84 (m,
1H), 3.74 (dt, J= 9.5 Hz, 6.7 Hz, 1H), 3.51-3.47 (m, 1H), 3.39 (dt, J= 9.5 Hz, 6.7 Hz, 1H), 2.63 (q, J
= 7.4 Hz, 4H), 1.84-1.48 (m, 12H), 1.44-1.38 (m, 2H), 1.37-1.21 (m, 7H), 0.89 (t, J = 6.9 Hz, 3H);
BC{'H} NMR (98.52 MHz, CDCl3): 4 98.9, 67.5, 62.4, 50.1, 50.0, 31.8, 30.7, 30.1, 29.9, 29.7, 27.1,
25.5,24.0,22.6,19.7, 14.0; IR (neat): 3313 w, 2928 s, 2864 s, 2808 m, 2376 w, 1615 w, 1456 s, 1409
w, 1380 m, 1366 m, 1351 m, 1324 m, 1282 m, 1259 m, 1201 m, 1186 m, 1164 m, 11365, 1122 s, 1077
s, 1033 s, 988 m, 905 m, 868 m, 844 w, 817 m, 732 w cm’!; HRMS (ESI-TOF) m/z: [M+H]* Calcd

for C16H34N102 2722590, Found 272.2589.

H Amine 5ab. General procedure A was followed with 2a (221 mg, 2.01
C6H13/\/ N\C7H15 mmol) and 3b (115 mg, 1.00 mmol). 192 mg (84% yield) of reduction
product Sab was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 10:1). The analytical dates were in good agreement with those

reported in literature.>

H Amine 5ac. General procedure A was followed with 2a (221 mg, 2.01
N. mmol) and 3¢ (87.4 mg, 1.00 mmol). 153 mg (76% yield) of reduction

CeHis™ > “CsHyy
product Sac was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 20:1). The analytical dates were in good agreement with those

reported in literature.*

H Amine Sad. General procedure A was followed with 2a (221 mg, 2.00
C6H13/\/N\/tBu mmol) and 3d (87.4 mg, 1.00 mmol). 95.0 mg (48% yield) of reduction
product Sad was obtained as a yellow oil after NH gel column
chromatography (hexane, then hexane:ether = 30:1). '"H NMR (395.88 MHz, CDCl3): § 2.58 (t, J =
7.5 Hz, 2H), 2.34 (s, 2H), 1.48 (quin, J=7.1 Hz, 2H), 1.35-1.20 (m, 11H) 0.91-0.86 (m, 12H); '*C{'H}
NMR (98.52 MHz, CDCls): $ 62.5, 51.1, 31.8, 31.3, 30.0, 29.6, 29.3, 27.9, 27.4, 22.7 14.1; IR (neat):
2953 5,2926 s, 2856 s, 2813 m, 1717 w, 1687 w, 1640 w, 1611 w, 1569 w, 1463 s, 1397 w, 1378 m,
1362 m, 1324 m, 1288 w, 1257 w, 1212 w, 1173 m, 1135 m, 1063 m, 1016 w, 969 w, 908 w, 832 w,
741 w, 724 w cm'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C3H3oN 220.2378; Found 220.2378.
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H Amine Sae. General procedure A was followed with 2a (221 mg, 2.01

06H13/\/N\© mmol) and 3e (127 mg, 1.00 mmol). 186 mg (78% yield) of reduction

product 5ae was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 10:1). '"H NMR (395.88 MHz, CDCle):

82.67-2.58 (m, 1H), 2.57 (t,J= 7.3 Hz, 2H), 1.80-1.38 (m, 16H), 1.35-1.20 (m, 11H), 0.88 (t, /= 6.9

Hz, 3H); BC{'H} NMR (98.52 MHz, CDCl3): § 58.0, 47.6, 32.8, 31.8, 30.4, 29.5, 29.3, 27.5, 27.2,

25.8,24.2,22.7, 14.1; IR (neat): 2928 s, 2854 s, 2692 w, 1467 s, 1377 m, 1362 m, 1318 m, 1256 w,

1233 w, 1217w, 1173 w, 1127 m, 1062 w, 1017 w, 957 w, 854 w, 802 w, 767 w, 721 m cm™'; HRMS
(ESI-TOF) m/z: [M+H]" Caled for Ci¢H34N; 240.2691; Found 240.2695.

Amine 5af. General procedure A was followed with 2a (221.0 mg, 2.01

/\/HQ mmol) and 3f (108 mg, 1.01 mmol). 158 mg (72% yield) of reduction
CeH1g product 5af was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 10:1). The analytical dates were in good agreement with those

reported in literature.®!

H Amine Sag. General procedure A was followed with 2a (222 mg,
CeHig™ NS 2.01 mmol) and 3g (106 mg, 1.01 mmol). 160 mg (73% yield) of
reduction product Sag was obtained as a yellow oil after NH gel column chromatography
(hexane:ether = 3:1). '"H NMR (395.88 MHz, CDCls): § 2.70 (t, J = 7.1 Hz, 2H), 2.59 (t, J = 7.3 Hz,
2H), 2.55 (t, J = 7.3 Hz, 2H), 2.11 (s, 3H), 1.79 (quin, J = 7.1 Hz, 2H), 1.48 (quin, J = 7.1 Hz, 2H),
1.35-1.20 (m, 11H), 0.88 (t, J = 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCl3): § 50.1, 48.9, 32.1,
31.8,30.1, 29.50, 29.45, 29.2, 27.4, 22.6, 15.5, 14.1; IR (neat): 3300 w, 2925 s, 2854 s, 1619 w, 1466
m, 1377 w, 1277 w, 1130 m, 1061 w, 957 w, 723 w, 521 w, 505 w cm’'; HRMS (ESI-TOF) m/z:

[M+H]* Calcd for C12H2sN1S; 218.1942; Found 218.1943.

H Amine 5ah. General procedure A was followed with 2a (220
Cotg™ >N o mg, 2.00 mmol) and 3h (117 mg, 1.00 mmol). 178 mg (78%
yield) of reduction product 5ah was obtained as a yellow solid after NH gel column chromatography
(ether). 'TH NMR (395.88 MHz, CDCls): 8 3.65 (t,J= 6.5 Hz, 2H), 2.58 (q, J= 7.1 Hz, 4H), 1.75-1.43
(m, 6H), 1.20-1.42 (m, 16H), 0.88 (t, J = 6.7 Hz, 3H); 3C{'H} NMR (98.52 MHz, CDCls): § 62.8,
50.1, 49.9, 32.7, 31.8, 30.1, 30.0, 29.5, 29.3, 27.4, 27.1, 25.6, 22.6, 14.1; IR (KBr): 3265 s, 3155 m,
2957 s, 2925 s, 2873 s, 2852 5, 2818 5, 2774 m, 2444 w, 1468 m, 1420 w, 1369 w, 1287 w, 1274 w,
1243 w, 1218 w, 1200 w, 1130 m, 1117 m, 1075 m, 1030 w, 1017 w, 1009 w, 985 w, 944 w, 916 m,
897 m, 819 w, 791 w, 756 w, 719 w cm™'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci4H3N,0;
230.2484; Found 230.2481.
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H Amine 5ai. General procedure A was followed with 2a (223 mg, 2.03
CGH13/\/N mmol) and 3i (125 mg, 1.03 mmol). 204 mg (85% yield) of reduction
\/\© product Sai was obtained as a yellow oil after NH gel column
chromatography twice (hexane:ether = 5:1). The analytical dates were in good agreement with those

reported in literature.*

H Amine 5aj. General procedure A was followed with 2a (221 mg,
CGH13/\/N\/\©\ 2.01 mmol) and 3j (135 mg, 1.00 mmol). 181 mg (73% yield) of
reduction product 5aj was obtained as a yellow oil after NH gel

column chromatography (gradient elution, hexane:ether =5:1to 1:1). '"H NMR (395.88 MHz, CDCl;):
8 7.10 (s, 4H), 2.87-2.75 (m, 4H), 2.60 (t, /= 7.3 Hz, 2H), 2.32 (s, 3H), 1.45 (quin, J = 7.3 Hz, 2H),
1.34-1.12 (m, 11H), 0.88 (t, J = 6.9 Hz, 3H); 3C{'H} NMR (98.52 MHz, CDCl;): § 137.0, 135.5,
129.0, 128.5, 51.3, 49.9, 35.9, 31.8, 30.0, 29.5, 29.2, 27.3, 22.6, 21.0, 14.1; IR (neat): 3676 w, 3303
w, 3092 w, 3046 m, 3018 m, 2922 s, 2855 s, 2813 5, 2756 m, 1893 w, 1792 w, 1638 w, 1514 s, 1460 s,

1376 m, 1215 w, 1123 s, 1040 w, 1021 w, 963 w, 842 w, 808 s, 722 m cm’!; HRMS (ESI-TOF) m/z:
[M+H]" Calcd for Ci7H3oN; 248.2378; Found 248.2374.

H Amine 5ak. General procedure A was followed with 2a (221

C6H13/\/N\/\©\ mg, 2.01 mmol) and 3k (151 mg, 1.00 mmol). 185 mg (70%
OMe yield) of reduction product Sak was obtained as a yellow oil

after NH gel column chromatography (hexane:ether = 1:1). '"H
NMR (395.88 MHz, CDCl3): 8 7.14-7.12 (m, 2H), 6.85-6.80 (m, 2H), 3.79 (s, 3H), 2.87-2.71 (m, 4H),
2.59 (t, J=17.3 Hz, 2H), 1.45 (quin, J = 7.5 Hz, 2H), 1.34-1.17 (m, 10H), 0.88 (t, J = 6.9 Hz, 3H);
BC{'H} NMR (98.52 MHz, CDCl3): & 157.9, 132.1, 129.5, 113.8, 55.2, 51.4, 49.9, 35.4, 31.8, 30.0,
29.5,29.2,27.3,22.6, 14.0; IR (neat): 2926 s, 2855 s, 2064 w,1875 w, 1610 s, 1581 m, 1510 s, 1464
s, 1377 m, 1303 s, 1246s, 1174 s, 1126 s, 1040 s, 963 w, 822 s, 751 m, 723 m, 638 w cm’'; HRMS
(ESI-TOF) m/z: [M+H]* Calcd for C17H30N 101 264.2327; Found 264.2334.

H Amine 5al. General procedure A was followed with 2a (221 mg,
C6H13/\/N 2.01 mmol) and 31 (200 mg, 1.00 mmol). 221 mg (71% yield) of
\/\©\Br reduction product 5al was obtained as a yellow oil after NH gel

column chromatography (hexane:ether = 10:1). 'HNMR (391.78

MHz, C¢Dg): 6 7.28-7.24 (m, 2H), 6.75-6.71 (m, 2H), 2.60 (t, J = 7.1 Hz, 2H), 2.45 (td, J = 7.1 Hz,
4.3 Hz, 4H), 1.38 (quin, J= 6.7 Hz, 2H), 1.27 (br, 11H), 0.91 (t,J= 7.1 Hz, 3H); *C{'H} NMR (98.52

MHz, C¢De): 6 139.8, 131.6, 130.8, 120.1, 51.3, 50.1, 36.3, 32.2, 30.6, 29.97, 29.75, 27.7, 23.1, 14.3;
IR (neat): 3658 w, 3307 w, 3028 w, 2927 s, 2856 s, 2813 5, 1893 w, 1774 w, 1643, w, 1592 w, 1571 w,
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1489 s, 1463 s, 1404 m, 1376 m, 1200 w, 1125 m, 1072 s, 1012 s, 832 m, 809 m, 774 m, 722 m, 638
w cm'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for Ci6H27BriNy 312.1327; Found 312.1328.

Amine 5am. General procedure A was followed with 2a (221
H

CGH13/\/N\/\©\ mg, 2.01 mmol) and 3m (189 mg, 1.00 mmol). 232 mg (77%

yield) of reduction product Sam was obtained as a yellow oil
c after NH gel column chromatography (hexane, then
hexane:ether = 20:1). 'H NMR (395.88 MHz, CDCls): § 7.55 (d,J = 7.9 Hz, 2H), 7.32 (d, J= 8.3 Hz,
2H), 2.92-2.84 (m, 4H), 2.61 (t, J = 7.3 Hz, 2H), 1.57-1.40 (m, 2H), 1.35-1.18 (m, 11H), 0.88 (t, J =
6.9 Hz, 3H); C{'H} NMR (98.52 MHz, CDCls): § 144.3, 129.0, 128.4 (q, J=32.2 Hz), 1253 (q, J
=3.8 Hz), 124.3 (q, J=271.3 Hz), 50.9, 49.9, 36.3, 31.8, 30.0, 29.5, 29.2, 27.3, 22.6, 14.0; IR (neat):
3676 w, 3286 w, 2931 s, 2854 5, 2819 m, 1919 w, 1800 w, 1619 m, 1586 w, 1462 m, 1417 m, 1378 w,
1325 s, 1242 w, 1166 s, 1126 s, 1067 s, 1019 m, 951 w, 844 m, 824 m, 725 w, 637 w cm’}; HRMS
(ESI-TOF) m/z: [M+H]" Calcd for C17H27F3N; 302.2096; Found 302.2099.
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General Procedure B for anti-Markovnikov Hydroamination of Arylacetylenes with Aliphatic
Primary Amines followed by Reduction. In a glove box, P(4-CF3CsHs)3 (0.1 mmol, 46.6 mg) and
toluene (0.5 mL) were added to an oven-dried 7mL sealed tube containing Rh(Q)(cod) (1a) (0.05
mmol, 17.8 mg), and the mixture was stirred for 5 min at room temperature. CsF (1 mmol, 151.9 mg),
primary amine 3 (1 mmol), arylacetylene 6 (3 mmol) and toluene (1.5 mL) were added to the resulting
solution, which was then heated at 130 °C in a heating block for 2 hours. The resulting mixture was
cooled to room temperature and transferred to a 20 mL Schlenk flask via a cannula using 5 mL of
toluene. After the volatile materials were removed in vacuo, MeOH (10 mL) and NaBH4 (7.5 mmol,
283.6 mg) were added to the flask, and the mixture was stirred at room temperature for 24 h. The
solvent was removed in vacuo, and DCM (5 mL) and a saturated aqueous solution of Na,CO3 (20 mL)
were added to the mixture, which was then stirred for 30 min. After the organic layer was collected,
the aqueous layer was extracted three times with DCM (10 mL). The combined organic portions were
washed with brine (40 mL), dried over MgSQs, and concentrated in vacuo. The crude material was

purified by NH gel column chromatography to afford amine 9.

Determination of NMR yields of Aldimines and Enamines. In a glove box, Rh(Q)(cod) (1a) (17.8
mg, 0.05 mmol), toluene (0.5 mL) and P(4-CF3CsHa)3 (46.6 mg, 0.10 mmol) were added into a 7 mL
sealed tube containing a magnetic stirring bar in this order. The mixture was stirred for 5 min at room
temperature. CsF (1.0 mmol), primary amine 3 (1.0 mmol), arylacetylene 6 (3.0 mmol) and toluene
(1.5 mL) were added to the resulting solution in this order and stirred at 130 °C in a heating block for
2 h. After the reaction mixture was cooled to room temperature, 1,3,5-trimethoxybenzene (internal
standard) and CsDs (ca. 2.0 mL) were added to the tube, and the resulting material was mixed until it
became a solution. The NMR yields of aldimine 7 and enamine 8 were determined by 'H NMR (CgDs)

analysis.
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H Amine 9aa. General procedure B was followed with 6a (307 mg, 3.01
N\C6H13 mmol) and 3a (102, 1.01 mmol). 143 mg (69% yield) of reduction product
©/\/ 9aa was obtained as a yellow oil after NH gel column chromatography
(gradient elution, hexane:ether = 10:1 to 3:1). The analytical dates were in good agreement with those

reported in a literature.>?

Amine 9ba. General procedure B was followed with 6b (348 mg, 3.00

H\ mmol) and 3a (102 mg, 1.01 mmol). 142 mg (64% yield) of reduction
CoHlis product 9ba was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 5:1). 'H NMR (395.88 MHz, CDCl3): §
7.19-7.11 (m, 4H), 2.86-2.81 (m, 4H), 2.48 (t, /= 7.1 Hz, 2H), 2.18 (s, 3H), 1.48 (quin, J = 6.7 Hz,
2H), 1.37-1.22 (m, 7H), 0.88 (t, J= 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCls): 5 138.2, 136.2,
130.2, 129.1, 126.2, 125.9, 50.09, 50.01, 33.8, 31.7, 30.1, 27.0, 22.6, 19.4, 14.0; IR (neat): 3066 w,
3019 w, 2953 s, 2927 s, 2857 m, 2811 w, 2359 w, 2342 w, 1606 w, 1494 w, 1460 m, 1406 w, 1377 w,
1323 w, 1293 w, 1128 m, 1054 w, 742 s cm’'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C;sHaeN;

220.2065; Found 220.2065.

H Amine 9ca. General procedure B was followed with 6¢ (348 mg, 3.00

\©/\/N\CGH ;3 mmol) and 3a (101 mg, 1.00 mmol). 132 mg (60% yield) of reduction

product 9ca was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 5:1). "H NMR (395.88 MHz, CDCls): § 7.21-7.16 (m, 1H), 7.04-6.92
(m, 3H), 2.89-2.76 (m, 4H), 2.61 (t, J= 7.1 Hz, 2H), 2.33 (s, 3H), 1.46 (quin, J = 7.1 Hz, 2H), 1.34-
1.19 (m, 7H), 0.88 (t, J = 6.7 Hz, 3H); *C{'H} NMR (99.55 MHz, CDCls): § 140.0, 138.0, 129.5,
128.3,126.8, 125.7,51.2,49.9,36.3,31.7,30.0, 27.0, 22.6, 21.4, 14.0; IR (neat): 3018 w, 2955 s, 2927
s, 2856's, 2812 m, 1607 w, 1590 w, 1489 w, 1458 m, 1410 w, 1376 w, 1324 w, 1171 w, 1128 w, 1092

w, 1062 w, 1039 w, 1018 w, 881 w, 778 m, 737 w, 698 m cm™!; HRMS (ESI-TOF) m/z: [M+H]" Calcd
for C15H26N1 220.2065; Found 220.2067.

H Amine 9da. General procedure B was followed with 6d (348 mg, 3.00
/©/\/N\CGH13 mmol) and 3a (102 mg, 1.00 mmol). 144 mg (65% yield) of reduction
product 9da was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). '"H NMR (395.88 MHz, CDCls): § 7.10 (s, 4H), 2.87-2.75 (m,
4H), 2.60 (t, J = 7.3 Hz, 2H), 2.32 (s, 3H), 1.42 (quin, J = 7.3 Hz, 2H), 1.31-1.21 (m, 7H), 0.87 (t, /=
6.9 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCl5): 8 137.0, 135.5, 129.1, 128.5, 51.3,49.9, 35.9, 31.7,

30.0,27.0,22.6, 21.0, 14.0; IR (neat): 3047 w, 3018 w, 2955 s, 2925 s, 2855 m, 2812 m, 1898 w, 1515
m, 1459 m, 1376 w, 1322 w, 1214 w, 1198 w, 1179 w, 1172 w, 1126 m, 1062 w, 1040 w, 1021 w, 966
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w, 891 w, 806 m, 725 w, 563 w cm™'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for CisHa6N; 220.2065;
Found 220.2066.

Amine 9ea. General procedure B was followed with 6e (433 mg, 3.01

H
mmol) and 3a (101 mg, 1.00 mmol). 12.2 mg (5% yield) of reduction

N
CeHis3 , .
product 9ea was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). '"H NMR (391.78 MHz, C¢Ds): &
6.81 (s, 2H), 2.80-2.66 (m, 4H), 2.51 (t, J= 6.9 Hz, 2H), 2.27 (s, 6H), 2.17 (s, 3H), 1.39 (quin, J= 6.7
Hz, 2H), 1.32-1.21 (m, 7H), 0.89 (t, J = 6.7 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCl5): § 136.3,
135.3, 133.5, 128.9, 50.0, 49.0, 31.8, 30.2, 30.1, 27.1, 22.6, 20.8, 19.8, 14.0; IR (neat): 3308 w, 2954
s,2925's, 2855 m, 2806 w, 1739 w, 1615 w, 1573 w, 2460 m, 1404 w, 1376 w, 1323 m, 1172 w, 1133
m, 1062 w, 1029 w, 1016 w, 850 m, 724 w, 701 w cm™'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for
Ci7H30N1 248.2378; Found 248.2380

H Amine 9fa. General procedure B was followed with 6f (436 mg,

/©/\/N\06H13 3.01 mmol) and 3a (101 mg, 1.00 mmol). 101 mg (40% yield) of
Me,N reduction product 9fa was obtained as a yellow oil after NH gel

column chromatography twice (hexane:ether = 3:1, then
hexane:dichloromethane = 2:1). "H NMR (395.88 MHz, CDCI3): 6 7.10-7.07 (m, 2H), 6.72-6.69 (m,
2H), 2.92 (s, 6H), 2.85-2.81 (m, 2H), 2.73-2.70 (m, 2H), 2.60 (t, J = 6.9 Hz, 2H), 1.45 (quin, J = 7.1
Hz , 2H), 1.31-1.21 (m, 7H), 0.87 (t, J = 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCl3): 6 149.2,
129.3, 128.1, 113.0, 51.6, 50.0, 40.8, 35.2, 31.8, 30.0, 27.0, 22.6, 14.0; IR (neat): 3304 w, 3094 w,
3070 w, 3008 m, 2953 s, 2926 5, 2854 5, 2803 s, 1866 w, 1616 s, 1566 w, 1522 s, 1456 s, 1344 s, 1226

m, 1191 m, 1163 m, 1129 s, 1061 m, 1017 w, 948 m, 808 s, 726 w, 677 w, 562 w, 532 w cm’!; HRMS
(ESI-TOF) m/z: [M+H]" Calcd for Ci6H20N2 249.2331; Found 249.2329.

H Amine 9ga. General procedure B was followed with 6g (361 mg, 3.01
N

/@/\/ “CeHis mmol) and 3a (101 mg, 1.00 mmol). 152 mg (68% yield) of reduction

product 9ga was obtained as a yellow oil after NH gel column
" chromatography (hexane:dichloromethane:ether = 10:1:1). '"H NMR
(395.88 MHz, CDCls): § 7.18-7.14 (m, 2H), 7.02-6.94 (m, 2H), 2.86-2.76 (m, 4H), 2.60 (t, /= 7.3 Hz,
2H), 1.46 (quin, J = 6.7 Hz, 2H), 1.34-1.19 (m, 7H), 0.88 (t, J = 6.7 Hz, 3H); 3C{'H} NMR (98.52
MHz, CDCls): 6 161.4 (d, J = 243.8 Hz), 135.7 (d, J = 3.3 Hz), 130.0 (d, /= 8.0 Hz), 115.1 (d, J =
21.2 Hz), 51.3,49.9,35.6,31.7, 30.0, 27.0, 22.6, 14.0; IR (neat): 3039 w, 2956 s, 2928 s, 2855 s, 2814
m, 1885 w, 1601 m, 1508 s, 1465 m, 1415 w, 1377 w, 1323 w, 1298 w, 1224 s, 1157 m, 1127 m, 1097
w, 1062 w, 1016 w, 966 w, 934 w, 891 w, 825 s, 765 w, 725 w, 705 w, 560 w, 508 w cm™!; HRMS (ESI-
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TOF) m/z: [M+H]"* Calcd for Ci4H23F N 224.1815; Found 224.1818.

H Amine 9ha. General procedure B was followed with 6h (410 mg, 3.00
/©/\/N\C6H13 mmol) and 3a (102 mg, 1.01 mmol). 140 mg (58% yield) of reduction
ol product 9ha was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 10:1). 'H NMR (395.88 MHz,
CDCl): § 7.28-7.23 (m, 2H), 7.16-7.12 (m, 2H), 2.87-2.76 (m, 4H), 2.60 (t, J = 7.3 Hz, 2H), 1.47
(quin, J = 6.7 Hz, 2H), 1.34-1.19 (m, 7H), 0.88 (t, J = 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz,
CDCl): 6 138.5, 131.9, 130.0, 128.5, 51.0,49.9, 35.7, 31.7, 29.9, 27.0, 22.6, 14.0; IR (neat): 3031 w,
2954 s,2929 s, 2854 s, 2816 s, 1893 w, 1778 w, 1636 w, 1597 w, 1574 w, 1492 s, 1461 s, 1406 m,
1378 m, 1322 w, 1261 w, 1201 w, 1177 w, 1125 m, 1092 s, 1015 m, 967 w, 811 m, 726 m, 665 w, 631
w, 518 w cm™'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C14H23C1IN; 240.1519; Found 240.1519.

H Amine 9ia. General procedure B was followed with 6i (542 mg, 2.99
N

/@/\/ “CeHis mmol) and 3a (101 mg, 1.01 mmol). 126 mg (44% yield) of reduction
Br product 9ia was obtained as a yellow oil after NH gel column

chromatography (hexane:dichloromethane = 1:1). "H NMR (395.88
MHz, C¢Ds): 6 7.25 (d, J = 8.3 Hz, 2H), 6.72 (d, J= 7.9 Hz, 2H), 2.60 (t, /= 6.9 Hz, 2H), 2.45 (t, J =
6.7 Hz, 4H), 1.38-1.21 (m, 9H), 0.89 (t, /= 6.7 Hz, 3H); *C{'H} NMR (99.55 MHz, CDCl;): § 138.7,
131.5, 130.4, 120.0, 50.8, 49.7, 35.4, 31.7, 30.0, 27.0, 22.6, 14.0; IR (neat): 3023 m, 2954 s, 2926 s,
2857 s, 2815 s, 1894 w, 1739 w, 1590 w, 1488 s, 1464 s, 1403 m, 1378 m, 1322 m, 1201 m, 1173 m,
11275, 1072 s, 1011 s, 964 w, 894 w, 812 m, 774 m, 729 m, 711 m, 637 w, 605 w cm’!; HRMS (ESI-
TOF) m/z: [M+H]* Calcd for C14H23BriN; 284.1014; Found 284.1012

H Amine 9ja. General procedure B was followed with 6j (325 mg, 3.01

S@/\/N\C6H13 mmol) and 2a (102 mg, 1.01 mmol). 120 mg (57% yield) of reduction
=S product 9ja was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). The analytical dates were in good agreement with those reported

in a literature.>

Amine 9ab. General procedure B was followed with 6a (307 mg, 3.01
©/\/H\C7H15 mmol) and 3b (115 mg, 1.00 mmol). 152 mg (70% yield) of reduction
product 9ab was obtained as a yellow oil after NH gel column
chromatography (hexane:ether = 5:1). 'H NMR (395.88 MHz, CDCls): §

7.32-7.28 (m, 2H), 7.24-7.18 (m, 3H), 2.90-2.79 (m, 4H), 2.61 (t, /= 7.3 Hz, 2H), 1.61-1.38 (m, 2H),
1.35-1.15 (m, 9H), 0.87 (t, J= 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCL):  140.1, 128.7, 128 4,
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126.1,51.2,49.9, 36.4, 31.8, 30.0, 29.2, 27.3, 22.6, 14.1; IR (neat): 3308 w, 3084 m, 3062 m, 3028 s,
2932 s, 2857 s, 2812 s, 1941 w, 1872 w, 1800 w, 1748 w, 1603 m, 1495 s, 1454 s, 1377 m, 1200 w,
1173 w, 1128 s, 1081 m, 1062 m, 1030 m, 965 w, 907 w, 747 s, 699 s, 579 m cm™!; HRMS (ESI-TOF)
m/z: [M+H]* Calcd for Ci1sH26N; 220.2065; Found 220.2067.

H Amine 9ac. General procedure B was followed with 6a (307 mg, 3.01
©/VN\CSH11 mmol) and 3¢ (87.8 mg, 1.01 mmol). 134 mg (70% yield) of reduction
product 9ac was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). The analytical dates were in good agreement with those reported

in a literature.>

Amine 9ad. General procedure B was followed with 6a (307 mg, 3.01
f

©/V N BUY hmol) and 3d (87.0 mg, 1.00 mmol). 96.3 mg (50% yield) of reduction

product 9ad was obtained as a yellow oil after NH gel column
chromatography (gradient elution, hexane:dichloromethane = 10:1 to 5:1). 'H NMR (395.88 MHz,
CDCl3): 6 7.32-7.18 (m, 5H), 2.90-2.86 (m, 2H), 2.83-2.79 (m, 2H), 2.38 (s, 2H), 0.89 (s, 9H); *C{'H}
NMR (99.55 MHz, CDCls): 6 140.3, 128.7, 128.4, 126.0, 62.2, 52.3,36.2, 31.4, 27.8; IR (neat): 3084
w, 3062 m, 3025 m, 2951 s, 2865 s, 2809 s, 2737 w, 1942 w, 1873 w, 1804 w, 1730 w, 1603 w, 1494
m, 1463 s, 1394 w, 1362 m, 1325 w, 1293 w, 1255 w, 1212 w, 1123 s, 1083 w, 1030 w, 933 w, 910 w,
745's,699 s, 601 w, 578 w cm™'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C13H22N; 192.1752; Found
192.1753.

H Amine 9ae. General procedure B was followed with 6a (307 mg, 3.01
N

mmol) and 3e (127 mg, 1.00 mmol). 166 mg (72% yield) of reduction
©/\/ product 9ae was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). '"H NMR (395.88 MHz, CDCl3): &
7.32-7.28 (m, 2H), 7.22-7.19 (m, 3H), 2.89-2.85 (m, 2H), 2.81-2.77 (m, 2H), 2.68-2.64 (m, 1H), 1.77-
1.29 (m, 15H); BC{'H} NMR (98.52 MHz, CDCls): § 140.2, 128.7, 128.4, 126.1, 57.8, 48.8, 36.5,
32.7,27.2,25.8,24.2; IR (neat): 3313 w, 3085 s, 3060 s, 3027 s, 2917 s5,2852 35,2696 m, 1944 w, 1871
w, 1803 w, 1749 w, 1601 m, 1496 s, 1471 s, 1451 s, 1362 m, 1324 m, 1289 m, 1254 m, 1220 w, 1179

m, 1128 s, 1107 s, 1062 m, 1030 m, 1002 w, 966 s, 908 w, 749 s, 698 s, 600 w, 579 w, 533 w cm};
HRMS (ESI-TOF) m/z: [M+H]* Calcd for CisH26N1 232.2065; Found 232.2066.

Amine 9af. General procedure B was followed with 6a (306 mg, 3.00
\/© mmol) and 3f (108 mg, 1.01 mmol). 108 mg (51% yield) of reduction

H
N
©/\/ product 9af was obtained as a yellow oil after NH gel column
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chromatography (hexane:ether = 5:1). The analytical dates were in good agreement with those reported

in a literature.

H Amine 9ag. General procedure B was followed with 6a (307 mg,
©/VN\/\/S\ 3.01 mmol) and 3g (106 mg, 1.01 mmol). 129 mg (61% yield) of
reduction product 9ag was obtained as a yellow oil after NH gel
column chromatography (gradient elution, hexane:ether =5:1 to 1:3). 'H NMR (395.88 MHz, CDCl;):
8 7.32-7.28 (m, 2H), 7.25-7.16 (m, 3H), 2.91-2.87 (m, 2H), 2.82-2.79 (m, 2H), 2.72 (t, J= 7.1 Hz,
2H), 2.52 (t, J= 7.1 Hz, 2H), 2.09 (s, 3H), 1.77 (quin, J = 7.1 Hz, 2H), 0.97 (br, 1H); *C{'H} NMR
(98.52 MHz, CDCls): 6 140.0, 128.7, 128.4, 126.1, 51.1, 48.7, 36.4, 32.0, 29.3, 15.5; IR (neat): 3928
w, 3647 w, 3304 m, 3083 m, 3060 s, 3026 s, 2916 s, 2817 s, 1947 w, 1873 w, 1807 w, 1748 w, 1700
w, 1603 m, 1495 s, 1453 s, 1353 m, 1321 m, 1278 m, 1222 m, 1201 m, 1124 m, 1082 m, 1030 m, 958
m, 908 w, 749 s, 699 s, 622 w, 579 w, 537 w, 518 w, 507 w cm™'; HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C12H20N1S; 210.1316; Found 210.1315.

H Amine 9ah. General procedure B was followed with 6a (308
©/\/N\/\/\/\OH mg, 3.02 mmol) and 3h (118 mg, 1.01 mmol). 145 mg (65%
yield) of reduction product 9ah was obtained as a yellow oil
after NH gel column chromatography (hexane:acetone = 3:1). 'H NMR (395.88 MHz, CDCls): § 7.32-
7.20 (m, 5H), 3.64 (t, J = 2H), 2.90-2.79 (m, 4H), 2.62 (t, J = 7.3 Hz, 2H), 1.70-1.44 (m, 5H), 1.42-
1.20 (m, 5H); 3C{'H} NMR (98.52 MHz, CDCl5): § 140.1, 128.7, 128.4, 126.1, 62.8, 51.2,49.7, 36.3,
32.6,29.9,27.0,25.6; IR (neat): 3290 s, 3085 s, 3061 s, 3026 s, 2929 s, 2856 s, 1946 w, 1874 w, 1806
w, 1732 w, 1603 m, 1584 w, 1496 s, 1454 s, 1369 m, 1324 m, 1201 w, 1156 w, 1115 s, 1079 s, 1060 s,
1031 m, 910 w, 748 s, 700 s, 593 w cm’'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C14H24N 0,
222.1858; Found 222.1858.

H Amine 9ai. General procedure B was followed with 6a (307 mg, 3.01

©/\/ N \/\© mmol) and 3i (121 mg, 1.00 mmol). 152 mg (67% yield) of reduction

product 9ai was obtained as a yellow oil after NH gel column

chromatography (hexane:ether = 5:1). The analytical dates were in good agreement with those reported
in a literature.>

H Amine 9aj. General procedure B was followed with 6a (307 mg,

N 3.01 mmol) and 3j (135 mg, 1.00 mmol). 150 mg (63% yield) of

©/\/ \/\©\ reduction product 9aj was obtained as a yellow oil after NH gel

column chromatography (hexane:dichloromethane:ether = 3:1:1).
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"H NMR (395.88 MHz, CDCl3): § 7.30-7.25 (m, 2H), 7.23-7.16 (m, 3H), 7.10-7.04 (m, 4H), 2.87 (q,
J=17.1Hz, 4H), 2.80-2.73 (m, 4H), 2.32 (s, 3H), 1.02 (br, 1H); *C{'H} NMR (98.52 MHz, CDCls):
6 140.0, 136.8, 135.5, 129.1, 128.7, 128.5, 128.4, 126.0, 51.2, 51.1, 36.3, 35.8, 21.0; IR (neat): 3086
s,3026 m, 2924 m, 2855 m, 2815 m, 1896 w, 1802 w, 1603 w, 1514 m, 1496 m, 1453 m, 1352 w, 1122
m, 1029 w, 808 m, 748 m, 699 s, 578 w, 560 w, 544 w, 512 w cm™'; HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C17H2,N; 240.1752; Found 240.1752.

Amine 9ak. General procedure B was followed with 6a (306
H

N mg, 3.00 mmol) and 3k (151 mg, 1.00 mmol). 157 mg (61%
©/\/ \/\©\ yield) of reduction product 9ak was obtained as a yellow oil
OMe after NH gel column chromatography (hexane:ether = 5:1). 'H
NMR (395.88 MHz, CDCls): 6 7.30-7.23 (m, 2H), 7.22-7.16 (m, 3H), 7.10-7.07 (m, 2H), 6.82-6.80
(m, 2H), 3.79 (s, 3H), 2.92-2.85 (m, 4H), 2.81-2.72 (m, 4H); *C{'H} NMR (98.52 MHz, CDCl;): &
157.9,139.9,131.9, 129.5, 128.6, 128.4, 126.1, 113.8, 55.2, 51.2, 51.0, 36.3, 35.3; IR (neat): 3643 w,
3309 w, 3083 m 3060 m, 3027 s, 3002 m, 2932 s, 2833 s, 2547 w, 2485 w, 2420 w, 2059 w, 1948 w,
1879 w, 1808 w, 1755 w, 1611 s, 1583 m, 1513 s, 1496 s, 1454 s, 1351 m, 1321 m, 1301 s, 1245 s,
1177 s, 1121 s, 1034 s, 965 w, 910 w, 825 s, 747 s, 700 s, 638 w, 560 m, 520 m cm’'; HRMS (ESI-
TOF) m/z: [M+H]" Calcd for C17H22N 101 256.1701; Found 256.1703.

Amine 9al. General procedure B was followed with 6a (306 mg,

H 3.00 mmol) and 31 (201 mg, 1.00 mmol). 187 mg (61% yield) of

©/\/ \/\©\ reduction product 9al was obtained as a yellow oil after NH gel
o column chromatography (hexane:dichloromethane = 1:1). 'H

NMR (395.88 MHz, CDCls): 6 7.36-7.39 (m, 2H), 7.28-7.31 (m, 2H), 7.15-7.23 (m, 3H), 7.01-7.04
(m, 2H), 2.84-2.90 (m, 4H), 2.78 (t, J = 7.1 Hz, 2H), 2.73(t, J = 6.9 Hz, 2H); *C{'H} NMR (98.52
MHz, CDCl3): 6 139.8, 138.9, 131.5, 130.4, 128.6, 128.4, 126.1, 119.9, 50.9, 50.7, 36.2, 35.7; IR
(neat): 3313 w, 3084 w, 3060 w, 3024 m, 2930 s, 2856 s, 2815 s, 1949 w, 1895 w, 1807 w, 1715 w,
1602 w, 1488 s, 1453 m, 1403 w, 1351 w, 1200 w, 1178 w, 1121 m, 1072 m, 1031 w, 1011 s, 961 w,

810 m, 748 m, 699 s, 604 w, 579 w, 524 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for
Ci6H19BriNi 304.0698; Found 304.0705.

after NH gel column chromatography (hexane:ether = 5:1). 'H

NMR (395.88 MHz, CDCls): § 7.51 (d, J = 8.3 Hz, 2H), 7.30-7.25 (m, 3H), 7.22-7.15 (m, 4H), 2.93-

Amine 9am. General procedure B was followed with 6a (307

mg, 3.01 mmol) and 3m (189 mg, 1.00 mmol). 137 mg (47%
\/\©\CF yield) of reduction product 9am was obtained as a yellow oil

3

H
N
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2.88 (m, 4H), 2.85-2.77 (m, 4H); BC{'H} NMR (99.55 MHz, CDCls):  144.1, 139.8, 128.9, 128.6,
128.4 (q,J=32.4Hz), 128.4,126.1, 1253 (q, /= 3.7 Hz), 124.2 (g, J=271.8 Hz), 50.9, 50.5, 36.15,
36.06; IR (neat): 3679 w, 3652 w, 3317 w, 3086 m, 3061 m, 3028 s, 2935 s, 2818 s, 2755 w, 2645 w,
2298 w, 2232 w, 2185 w, 1945 w, 1919 w, 1875 w, 1804 w, 1748 w, 1619 s, 1604 m, 1583 w, 1542 w,
1496 s, 1455 s, 1416 s, 1326°s, 1244 m, 1162 s, 1123 5, 1066 s, 1019 s, 967 w, 953 w, 908 w, 843 s,
825,749 s,700s, 635 w, 615 m, 594 m, 578 m, 524 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd
for Ci7H19F3N; 294.1470; Found 294.1469.
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o

General Procedure for anti-Markovnikov Addition of Anilines to Aliphatic Terminal Alkynes
followed by Reduction. In a glove box, P(3-FC¢H4)3 (0.15 mmol, 47.4 mg) and toluene (0.5 mL) were
added to an oven-dried 10 mL Schlenk flask containing Rh(Q)(cod) (1a) (0.075 mmol, 26.6 mg), and
the mixture was stirred for 5 min at room temperature. TMG (1 mmol, 115.2 mg), aniline 10 (1 mmol),
terminal alkyne 2 (4 mmol) and toluene (1.5 mL) were added to the resulting solution, which was then
heated at 100 °C in an oil bath for 12 h. After the volatile materials were removed in vacuo, 1,2-
dichloroethane (5 mL), methanol (5 mL) and NaBH4 (7.5 mmol, 283.6 mg) were added to the flask,
and the mixture was stirred at room temperature for 24 h. The solvent was removed in vacuo, and
DCM (5 mL) and a saturated aqueous solution of NaxCO3 (20 mL) were added to the mixture, which
was then stirred for 30 min. After the organic layer was collected, the aqueous layer was extracted
three times with DCM (10 mL). The combined organic portions were washed with brine (40 mL),
dried over MgSOs, and concentrated in vacuo. The crude material was purified by NH gel column

chromatography, followed by GPC purification if necessary, to afford amine 12.

Determination of NMR yield of Aldimines. In a glove box, P(3-FC¢H4); (0.15 mmol, 47.4 mg) and
toluene (0.5 mL) were added to an oven-dried 10 mL Schlenk flask containing Rh(Q)(cod) (1a) (0.075
mmol, 26.6 mg), and the mixture was stirred for 5 min at room temperature. TMG (1 mmol, 115.2
mg), aromatic primary amine 10 (1 mmol), alkylacetylene 2 (4 mmol) and toluene (1.5 mL) were
added to the resulting solution, which was then heated at 100 °C in an oil bath for 12 h. After the
reaction mixture was cooled to room temperature, 1,3,5-trimethoxybenzene (internal standard) and
CsDs (ca. 1.0 mL) were added to the tube, and the resulting material was mixed until it became a

solution. The NMR yield of aldimine 11 was determined by "H NMR (C¢Ds) analysis.
General Procedure for the "H NMR Studies. In a glove box, aniline (if necessary, 0.29 mmol), TMG

(if necessary, 0.29 mmol), and toluene-ds (0.6 mL) were added to an NMR tube in this order. "H NMR

(toluene-ds) analyses were carried out under nitrogen atmosphere
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Amine 12aa. General procedure was followed with 2a (441 mg, 4.00 mmol)

and 10a (93.7 mg, 1.01 mmol). 141 mg (68% yield) of reduction product 12aa

H
N.
CeHis~ > “Ph
was obtained as a yellow oil after NH gel column chromatography (hexane).

The analytical data were in good agreement with those reported in literature.

H Amine 12ba. General procedure was followed with 2b (433 mg, 4.01 mmol)
O/\/ N “Ph  and 10a (93.1 mg, 1.00 mmol). 137 mg (67% yield) of reduction product 12ba
was obtained as a yellow oil after NH gel column chromatography twice

(hexane). 'H NMR (391.78 Hz, C¢Ds): & 7.24-7.19 (m, 2H), 6.78 (tt, J = 7.2 Hz, 1.0 Hz, 1H), 6.52-
6.49 (m, 2H), 3.02 (br, 1H), 2.84 (t, J=7.2 Hz, 2H), 1.66-1.55 (m, 5H), 1.22-1.08 (m, 6H), 0.82-0.73
(m, 2H); BC{'H} NMR (98.52 MHz, C¢Ds): 6 149.0, 129.5, 117.3, 113.0, 41.6, 37.3, 35.7, 33.5, 26.9,
26.6; IR (neat): 3410 m, 3082 w, 3051 m, 3020 m, 2922 s, 2850 s, 2668 w, 2597 w, 1911 w, 1816 w,
1760 w, 177 w, 1603 s, 1507 s, 1477 s, 1462 m, 1447 s, 1430 s, 1375 w, 1320's, 1294 m, 1280 m, 1254
s, 1199w, 1178 s, 1152 m, 1115 m, 1102 m, 1070 m, 1029 w, 992 m, 965 w, 888 w, 866 m, 839 w, 814

w, 747 s, 691 s, 619 w cm™'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C14H2N 204.1752; Found
204.1751.

H Amine 12ha General procedure was followed with 2h (320 mg, 4.00 mmol)
\/\/\/N\Ph and 10a (93.3 mg, 1.00 mmol). 75.1 mg (43% yield) of reduction product
12h was obtained as a yellow oil after NH gel column chromatography (hexane:ether = 40:1). 'H NMR
(391.78 Hz, CD3CN): 6 7.13-7.07 (m, 2H), 6.60-6.56 (m, 3H), 5.90-5.80 (m, 1H), 5.05-4.93 (m, 2H),
4.29 (br, 1H), 3.06 (q, J = 6.5 Hz, 2H), 2.12-2.06 (m, 2H), 1.63-1.55 (m, 2H), 1.52-1.46 (m, 2H);
BC{'H} NMR (98.52 MHz, C¢De): 5 148.9, 138.8, 129.5, 117.3, 114.8, 112.9, 43.7, 33.8, 29.1, 26.6;
IR (neat): 3412 m, 3076 m, 3053 m, 3020 w, 2977 m, 2929 s, 2860 m, 1914 w, 1827 w, 1640 m, 1604
s, 1508 s, 1476 m, 1457 w, 1432 m, 1374 w, 1321 m, 1256 m, 1178 m, 1153 w, 1099 w, 1072 w, 1027
w, 993 m, 909 m, 867 w, 748 s, 692 s, 639 w cm'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1,H 3N
176.1439; Found 176.1435.

H Amine 12da General procedure was followed with 2d (375 mg, 4.03
NC\/\/\/N\Ph mmol) and 10a (93.9 mg, 1.01 mmol). 47.7 mg (25% yield) of reduction
product 10da was obtained as a yellow oil after NH gel column chromatography (gradient elusion,
hexane:ether =5:1 then 1:1) followed by GPC purification. The analytical data were in good agreement

with those reported in literature.>’

1) H Amine 12ea General procedure was followed with 2e (505 mg, 4.01
\OMN\Ph mmol) and 10a (93.3 mg, 1.00 mmol). 73.7 mg (33% yield) of
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reduction product 12ea was obtained as a yellow oil after NH gel column chromatography (gradient
elusion, hexane:ether = 5:1 then 3:1) followed by GPC purification. "H NMR (395.88 MHz, CDCls):
8 7.21-7.16 (m, 2H), 6.77-6.69 (m, 1H), 6.67-6.58 (m, 2H), 3.67 (s, 3H), 3.13 (t, /= 6.9 Hz, 2H), 2.33
(t, J= 7.5 Hz, 2H), 1.71-1.50 (m, 5H), 1.43 (quin, J = 7.5 Hz, 2H); *C{'H} NMR (98.52 MHz,
CDCl3): 6 174.0,148.3,129.2, 117.1, 112.7,51.5,43.7, 33.9. 29.1, 26.6, 24.6; IR (neat): 3631 w, 3401
m, 3084 m, 3051 m, 3021 m, 2938 s, 2861 s, 2575 w, 2413 w, 2335 w, 2054 w, 1920 w, 1733 s, 1604
s, 1509s, 1477 s, 1461 s, 14355, 1363 s, 1321 5, 12595, 1199 5, 1178 5, 1117 5, 1075 m, 1013 m, 991
m, 869 m, 750 s, 693 s, 618 w, 567 w, 537 w, 513 w cm™'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for
C13H20NO; 222.1494; Found 222.1492.

H Amine 12ga General procedure was followed with 2g (673 mg,
OO Nep 401 mmol) and 10a (93.1 mg, 1.00 mmol). 159 mg (60% yield) of
U reduction product 12ga was obtained as a colorless oil after NH gel
column chromatography (gradient elusion, hexane then hexane:ether = 30:1). "H NMR (391.78 MHz,
CDyCl): 6 7.16-7.12 (m, 2H), 6.66 (tt, J = 7.4 H, 1.2 Hz, 1H), 6.63-6.60 (m, 2H), 4.54 (t, ] = 3.9 Hz,
1H), 4.21 (br, 1H), 3.82 (ddd, J = 11.4 Hz, 8.2 Hz, 3.1 Hz, 1H), 3.71 (dt, ] = 9.4 Hz, 4.7 Hz, 1H), 3.48-
3.44 (m, 1H), 3.37 (dt, J = 9.7 Hz, 4.9 Hz, 1H), 3.11 (t, ] = 7.1 Hz, 2H), 1.80-1.78 (m, 1H), 1.70-1.58
(m, 5H), 1.55-1.45 (m, 6H); C{'H} NMR (98.52 MHz, C¢D¢): & 148.9, 129.5, 117.3, 112.9. 98.8,
67.3,61.8,43.8,31.1,29.9,29.5,25.9,24.2, 19.8; IR (neat): 3384 s, 3203 w, 3084 m, 3051 s, 3021 s,
2940 s, 2863 s, 2737 m, 2656 m, 2611 w, 1915 w, 1829 w, 1765 w, 1722 w, 1680 w, 1604 s, 1506 s,
1477 s, 1454 s, 1439 s, 1365 s, 1352 5, 13225, 1260 s, 1200 s, 1179 s, 1122's, 1076 s, 1034 5, 990 s,
934 w, 904 m, 868 s, 844 w, 813 m, 748 s, 693 s, 619 w cm™'; HRMS (ESI-TOF) m/z: [M+H]* Calcd

for Ci6H26NO> 264.1964; Found 264.1968.

H Amine 12ab. General procedure was followed with 2a (441 mg, 4.00
C6H13/\/N mmol) and 10b (107 mg, 1.00 mmol). 112 mg (51% yield) of reduction
product 12ab was obtained as a yellow oil after NH gel column

chromatography (hexane). The analytical data were in good agreement with those reported in

literature.>°

H Amine 12ac. General procedure was followed with 2a (441 mg, 4.00
06H13/\/N\©/ mmol) and 10¢ (108 mg, 1.01 mmol). 118 mg (54% yield) of reduction

product 12ac was obtained as a yellow oil after NH gel column
chromatography (hexane). The analytical data were in good agreement with those reported in

literature.>8
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H Amine 12ad. General procedure was followed with 2a (441 mg, 4.00

CoHigy >N \©\ mmol) and 10d (107 mg, 1.00 mmol). 140 mg (64% yield) of reduction
product 12ad was obtained as a white solid after NH gel column

chromatography (hexane). The analytical data were in good agreement with those reported in

literature.®

Amine 12ae. General procedure was followed with 2a (441 mg, 4.00
CeH 13/\/ N mmol) and 10e (122 mg, 1.01 mmol). 110 mg (47% yield) of reduction
product 12ae was obtained as a yellow oil after NH gel column
chromatography (hexane). The analytical data were in good agreement

with those reported in literature.®

H Amine 12af. General procedure was followed with 2a (441 mg, 4.00
CeH13/\/ mmol) and 10f (121 mg, 1.00 mmol). 63 mg (27% yield) of reduction
product 12af was obtained as a yellow oil after NH gel column

chromatography (hexane). The analytical data were in good agreement with those reported in

literature.>°

H Amine 12ag. General procedure was followed with 2a (441 mg, 4.00
CGH13/\/N mmol) and 10g (136 mg, 1.01 mmol). 90 mg (36% yield) of reduction

product 12ag was obtained as a yellow oil after NH gel column
chromatography (hexane). The analytical data were in good agreement with those reported in

literature.6!

H Amine 12ah. General procedure was followed with 2a (441 mg,

CeH4 3/\/N\©\ 4.00 mmol) and 10h (124 mg, 1.01 mmol). 147 mg (62% yield) of
OMe reduction product 12ah was obtained as a yellow oil after NH gel

column chromatography twice (hexane:ether = 10:1, then hexane).

The analytical data were in good agreement with those reported in literature.>®

H Amine 12ai. General procedure was followed with 2a (441 mg,

C6H13/\/N\©\ 4.00 mmol) and 10i (137 mg, 1.01 mmol). 135 mg (54% yield) of
NMe, reduction product 12ai was obtained as a yellow oil after NH gel

column chromatography (hexane:ether = 5:1). The analytical data

were in good agreement with those reported in literature.®?
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H Amine 12aj. General procedure was followed with 2a (441 mg, 4.00

CBH13/\/N\©\ mmol) and 10j (109 mg, 1.00 mmol). 102 mg (46% yield) of

reduction product 12aj was obtained as a yellow oil after NH gel
column chromatography (gradient elusion, hexane then hexane:ether

=2:1). The analytical data were in good agreement with those reported in literature.5

H Amine 12ak. General procedure was followed with 2a (441 mg, 4.00

CGH13/\/ N \©\ mmol) and 10k (111 mg, 1.00 mmol). 127 mg (57% yield) of reduction

F product 12ak was obtained as a yellow oil after NH gel column

chromatography (hexane). '"H NMR (391.78 MHz, C¢Ds): 6 6.91-6.84

(m, 2H), 6.22-6.18 (m, 2H), 2.86 (br, 1H), 2.69 (qm, J = 6.3 Hz, 2H), 1.33-1.15 (m, 12H), 0.93 (t, J =

7.1 Hz, 3H); BC{'H} NMR (98.52 MHz, C¢Ds): & 156.1 (d, J = 233.5 Hz), 145.3, 115.8 (d, J = 22.1

Hz), 113.5 (d, J=7.6 Hz), 44.5, 32.2, 29.8, 29.69, 29.65, 27.4, 23.1, 14.3; IR (neat): 3420 w, 3059 w,

3034 w, 2955 s, 2926 s, 2856 s, 1846 w, 1615 w, 1514 s, 1479 m, 1468 m, 1403 w, 1377 w, 1316 m,

1259 m, 1223 s, 1154 w, 1133 w, 1101 m, 819 s, 771 m, 723 w, 511 m cm™!; HRMS (ESI-TOF) m/z:
[M+H]" Calcd for Ci4H23FN 224.1815; Found 224.1820.

H Amine 12al. General procedure was followed with 2a (441 mg, 4.00
CGH13/\/N mmol) and 101 (128 mg, 1.00 mmol). 125 mg (52% yield) of reduction
\©\CI product 12al was obtained as a yellow oil after NH gel column
chromatography (hexane). The analytical data were in good agreement

with those reported in literature.®

Amine 12am. General procedure was followed with 2a (441 mg, 4.00

C6H13/\/N\©\ mmol) and 10m (173 mg, 1.01 mmol). 142 mg (50% yield) of
B

reduction product 12am was obtained as a white solid after NH gel
r
column chromatography (hexane). The analytical data were in good

agreement with those reported in literature.%

H Amine 12an. General procedure was followed with 2a (440 mg, 4.00
CGH13/\/N\©/Br mmol) and 10n (173 mg, 1.01 mmol). 134 mg (47% yield) of
reduction product 12an was obtained as a yellow oil after NH gel
column chromatography (hexane). '"H NMR (391.78 Hz, CsDs): 6 6.89-6.86 (m, 1H), 6.79 (t, J = 8.0
Hz, 1H), 6.66 (t, J = 2.2 Hz, 1H), 6.19-6.16 (m, 1H), 2.94 (br, 1H), 2.58 (q, J= 6.5 Hz, 2H), 1.34-
1.05 (m, 12H), 0.93 (t, J= 7.2 Hz, 3H); *C{'H} NMR (98.52 MHz, C¢D¢): 5 150.1, 130.7, 123.7,
119.9,115.5, 111.4,43.5,32.2,29.7, 29.6, 29.4, 27.3, 23.1, 14.3; IR (neat): 3415 m, 3067 w, 3021 w,
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2927 s, 2855s, 1903 w, 1598 s, 15725, 1503 s, 1480 s, 1416 m, 1377 m, 1323 m, 1280 m, 1244 m,
1165 m, 1132 w, 1082 m, 1068 m, 985 s, 838 m, 761 s, 723 w, 681 s cm™'; HRMS (ESI-TOF) m/z:
[M+H]" Calcd for Ci4H23BrN 284.1014; Found 284.1015.

H Amine 12a0. General procedure was followed with 2a (440 mg, 4.00

C6H13/\/N\©\ mmol) and 100 (220 mg, 1.00 mmol). 146 mg (44% yield) of
| reduction product 12ao was obtained as a yellow oil after NH gel

column chromatography (hexane). '"H NMR (391.78 Hz, C¢Ds): 6 7.44-7.40 (m, 2H), 6.02-5.99 (m,
2H), 2.91 (br, 1H), 2.60 (q, J = 6.5 Hz, 2H), 1.34-1.05 (m, 12 H), 0.93 (t, /= 7.1 Hz, 3H); 3C{'H}
NMR (98.52 MHz, C¢Dg): 6 148.3, 138.0, 115.1, 77.5, 43.6, 32.2, 29.7, 29.6, 29.4, 27.3, 23.1, 14.3;
IR (neat): 3410 m, 3059 w, 3021 w, 2952 s, 2926 s, 2855 s, 1861 w, 1593 s, 1497 s, 1396 m, 1376 m,
1317 s,1293 s, 1257 m, 1181 m, 1134 w, 1117 w, 1062 w, 994 w, 810 s, 723 w, 691 w cm™'; HRMS
(ESI-TOF) m/z: [M+H]" Calcd for Ci4H23IN 322.0875; Found 322.0877.

H Amine 12ap General procedure was followed with 2a (441 mg,
CGH13/\/N 4.00 mmol) and 10p (165 mg, 1.00 mmol). 77.2 mg (28% yield)
\©\002Et of reduction product Sap was obtained as a brown solid after NH
gel column chromatography (hexane:ether = 5:1). The analytical
data were in good agreement with those reported in literature.®
Amine 12aq General procedure was followed with 2a (441 mg, 4.00
CGH13/\/H O‘ mmol) and 10q (144 mg, 1.01 mmol). 131 mg (51% yield) of reduction
product 12aq was obtained as a black oil after NH gel column
chromatography (hexane). The analytical data were in good agreement

with those reported in literature.®
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HIE

Synthesis of 8-Quinolinolato Ligand Precursors

III-1. Synthesis of 5-chloro-8-methoxyquinoline

Cl Cl
1.5 equiv Mel
= | 4.5 equiv KOH = |
N\ N
N THF 100 mL, rt, 12 h, N, N
OH OMe
10 mmol 84% yield

An oven-dried 300 mL three-necked flask was charged with 5-chloro-8-quinolinol (1.80 g, 10.0
mmol), KOH (2.54 g, 45.3 mmol), anhydrous THF (80 mL) under nitrogen. A solution of Mel (2.15
g. 15.1 mmol) in anhydrous THF (20 mL) was added to the resulting solution via syringe and stirred
at room temperature for 12 h. The reaction mixture was quenched with NH4ClI aq, and the aqueous
layer was extracted with CH>Clo. The combined organic layers were dried over MgSOQa, filtered, and
concentrated in vacuo. Silica gel chromatography (3:1 hexane/AcOEt, and then AcOEt) of the crude
material afforded 5-chloro-8-methoxyquinoline (1.63 g, 84%) as a white solid. The analytical data

were in good agreement with those reported in literature.’

ITI-2. Synthesis of 8-methoxy-N, V-dimethylquinolin-5-amine®®

cl NMe,
2 mol % Pd cat. S$1 L=
= 1.2 equiv K5PO = PC
| +  HNMe, AUV RaT>a | i i Y2
SN THFE2mL, 110 °C Pd'NHz Pr. Pr
, 16 h, N s
OMe (2M In THF) 6h, 2 OMe Y cl ‘
2 mmol 68% yield Pd cat. $1 Pr

An oven-dried autoclave was charged with Pd cat. S1 (29.5 mg, 0.04 mmol), K3PO4 (509 mg, 2.4
mmol) and 5-chloro-8-methoxyquinoline (387 mg, 2.0 mmol) and sealed with a rubber septum. The
autoclave was evacuated and backfilled with nitrogen. HNMe: (2M in THF, 2 mL, 4.0 mmol) was
added via syringe into the autoclave, then diluted with anhydrous THF (2 mL). The reaction vessel
was enclosed and stirred at 110 °C for 16 h in an oil bath. The reaction mixture was cooled to room
temperature and the volatile materials were removed. The resulting mixture was diluted with water
and extracted with AcOEt (15 mL x 5). The combined organic layers were washed with brine (15 mL

x 2) and dried over Na,SOs, filtered, and concentrated in vacuo. The crude material was purified by
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silica gel chromatography (with AcOEt, then again with DCM:MeOH = 50:1), followed by gel
permeation chromatography (CHCIs), afforded 8-methoxy-N,N-dimethylquinolin-5-amine (274 g,
68%) as a white solid: M.p. 68.0-68.5 °C; '"H NMR (391.78 MHz, CDCl5): § 2.84 (s, 6H), 4.06 (s, 3H),
6.96 (d, J=8.2 Hz, 1H), 7.08 (d, J = 8.2 Hz, 1H), 7.45 (dd, J = 8.6, 4.3, 1H), 8.57 (dd, J = 8.6, 1.6,
1H), 8.93 (dd, J = 4.3, 1.6, 1H); BC{'H} NMR (98.52 MHz, CDCl;): § 45.6 (NMe»), 60.0, 107.1,
114.7, 120.9, 125.1, 132.8, 140.6, 143.5, 148.9, 151.4; IR (KBr): 2991 m, 2945 m, 2871 m, 2830 m,
2783 m, 1610 m, 1591 m, 1574 m, 1506 m, 1484 m, 1473 s, 1465 s, 1450 s, 1407 m, 1398 m, 1388 m,
1363 s, 1296 s, 1245 m, 1211 w, 1193 w, 1184 m, 1156 w, 1145 m, 1136 w, 1107 s, 1091 m, 1058 m,
1046 m, 1020 m, 991 m, 985 m, 905 m, 819 s, 797 s, 614 w, 579 w cm™'; HRMS (ESI) Calcd for
[M+H]" (C12H15N20) 203.1184, Found 203.1184.

III-3. Synthesis of 5-(dimethylamino)-quinolin-8-01%-7

NMez NMeZ
= | 2 equiv BBr3 H,O 19 mL = |
\N CH,CI, 19 mL rt, 30 min \N

OMe 0 °C then reflux, overnight OH
0.96 mmol 89%

An oven-dried 100 mL three-necked flask was charged with a solution of 8-methoxy-N,N-
dimethylquinolin-5-amine (194 mg, 0.96 mmol) in anhydrous CH>Cl, (19 mL) under nitrogen and a
solution of BBr3; in CH2Cl,, (1 M, 1.9 mL, 1.9 mmol) was added to the mixture at 0 °C. After a reflux
condenser was attached to the flask, the mixture was refluxed for 13 h with stirring. Water (19 mL)
was added to the resulting mixture, which was then stirred for 30 min. The reaction mixture was
neutralized with NaHCO3 aq, and the aqueous layer was extracted with CH>Cl, (15 mL x 5). The
combined organic layers were washed with brine (15 mL x 2), dried over MgSOQy, filtered, and
concentrated in vacuo. Silica gel chromatography (1:1 hexane/AcOEt and then CH>Cl,) of the crude
material afforded 5-(dimethylamino)-quinolin-8-ol (161 mg, 89%) as a white solid: M.p. 64.0-64.5 °C;
"H NMR (391.78 MHz, CDCl5): § 2.82 (s, 6H), 7.08 (s, 2H), 7.45 (dd, J = 8.0, 4.1, 1H), 7.99 (br s,
1H), 8.56 (d, J = 8.0, 1H), 8.77 (dd, J = 4.1, 1.6, 1H); *C{'H} NMR (98.52 MHz, CDCl5): § 45.7
(NMey), 109.0, 115.7, 120.9, 124.4, 132.9, 138.9, 142.5, 147.6, 148.1; IR (KBr): 3333 m, 3075 w,
3058 w, 2995 w, 2980 w, 2953 w, 2938 w, 2860 w, 2824 w, 2785 w, 2770 w,1734 w, 1700 w, 1684
w,1622 w,1583 w, 1508 m, 1496 w, 1476 m, 1470 m, 1451 m, 1436 w, 1417 m, 1395 w, 1368 m, 1348
w, 1303 s, 1274 m, 1213 m, 1195 m, 1184 m, 1151 m, 1130 w, 1074 w, 1056 m, 1044 w, 1013 m, 919
w, 912 w, 831 w, 819 w, 788 m, 727 m, 671 w, 668 m, 642 w, 621 w, 592 w cm'; HRMS (ESI) Calcd
for [M+H]+ (C11H13N20) 189.1028, Found 189.1027.
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ITI-4. Synthesis of 2-amino-4-(trifluoromethyl)phenol’!

CF; CF;
10% Pd/C 151 mg

EtOH 50 mL, rt, 24 h

NO2 under H,
OH OH

NH,

9.6 mmol 92% yield

An oven-dried 100 mL Schlenk tube was charged with a solution of 2-nitro-4-trifluoromethylphenol
(1.31 mL, 9.6 mmol) in EtOH (50 mL) under nitrogen, and 10% Pd/C (151 mg) was added to the flask.
After the Schlenk tube was evacuated and backfilled with hydrogen, the mixture was stirred at room
temperature for 24 h. The resulting mixture was filtered through a pad of Celite and washed with THF
to remove the palladium catalyst. The filtrate was concentrated in vacuo. 2-Amino-4-
(trifluoromethyl)phenol (1.56 g, 92%) was obtained as a grey solid and used for the next step without

further purification. The analytical data were in good agreement with those reported in literature.”?

ITI-5. Synthesis of 5-(trifluoromethyl)quinolin-8-o0173

CF3 CF3
O  6MHCI25mL =
' - ]
XNy 100°C,reflux,2h
NH, N
OH OH
8.16 mmol 1.5 equiv 17% vyield

An oven-dried 300 mL flask was charged with a solution of 2-amino-4-(trifluoromethyl)phenol (1.45
g, 8.19 mmol) in 6 M HCI (25.1 mL) under air. Acrolein (0.82 mL, 11.7 mmol) was added dropwise
over 20 min to the flask through a dropping funnel. After a reflux condenser was attached to the flask,
the reaction mixture was refluxed with stirring for 2 h. The resulting solution was cooled to room
temperature and was neutralized with Na,CO3 aq. The mixture was extracted with AcOEt (20 mL x
5). The combined organic layers were dried over MgSQOs, filtered, and concentrated in vacuo. After
purification of the crude material by silica gel chromatography (AcOEt), the concentrated fractions
containing the desired compound were dissolved again in Et;O and then hexane was added to the
solution. The precipitate was collected by filtration with suction and dried in vacuo to afford 5-
(trifluoromethyl)quinolin-8-ol (221 mg, 13%) as a yellow solid: M.p. 72-79 °C; 'H NMR (399.65
MHz, DMSO-dg): & 7.15 (d, J = 8.2 Hz, 1H), 7.77 (dd, J = 8.8 Hz, 4.2 Hz, 1H), 7.91 (d. J= 8.2 Hz,
1H), 8.43 (dt, J = 8.8 Hz, 1.2 Hz, 1H), 8.99 (dd, J = 4.2 Hz, 1.2 Hz, 1H), 10.85 (dr s, 1H); 3C{'H}
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NMR (100.50 MHz, DMSO-d¢): 3 109.8, 114.2 (q, J = 30.2 Hz), 123.6, 124.8 (q, J = 0.8 Hz), 124.8
(q. J=271.4 Hz), 127.4 (q,J=5.4 Hz), 132.0 (q, /= 2.0 Hz), 138.5, 149.1, 157.5; IR (KBr): 3317 w,
1609 w, 1583 w, 1510 m, 1382 w, 1320 m, 1286 m, 1263 m, 1210 w, 1169 w, 1146 m, 1110 m, 1076
w, 957 w, 838 w, 792 w, 716 w cm™'; HRMS (ESI) Calcd for [M+H]+ (C10H7F3N;01) 214.0480, Found
214.0478.
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General Procedure A for Preparation of Rhodium Complexes Bearing a Functionalized 8-
Quinolinolate Ligand.">¢* 5 7-Dimethyl-8-quinolinol, 5,7-dichloro-8-quinolinol, 5-nitro-8-
quinolinol, 5-chloro-8-quinolinol, 5-fluoro-8-quinolinol and 5-bromo-8-quinolinol were purchased
and used as received.

To a solution of [Rh(OMe)(cod)]» (0.81 mmol) in CH>Cl> (20 mL) was added the 8-quinolinol (1.66
mmol) at room temperature under air, and the mixture was stirred for 30 min. The mixture was filtered
and concentrated by rotary evaporation. The residue was dissolved in CH>Cl, (2 mL), and hexane (100
mL) was added to the solution. The volume of the solvent was reduced to ca. 10 mL by rotary
evaporation. The resulting mixture was cooled to 0 °C. The precipitate was collected by filtration with
suction, washed with hexane (100 mL), and dried under vacuum to obtain the 8-quinolinolato rhodium

cyclooctadiene complex.

F 5-fluoro-8-quinolinolato rhodium complex 1b. General Procedure A was followed

_ with [Rh(OMe)(cod)]2 (392 mg, 0.81 mmol), CH>Cl, (20 mL) and 5-fluoro-8-

~ quinolinol (271 mg, 1.66 mmol), to give an orange solid (456 mg, 75%), which

N\ 3 contains 1% of CH,Cl, per 1b. M.p. 202-210 °C (dec.); '"H NMR (400.05 MHz,
Rh™

@ CDyCl): 6 1.96 (d, J= 1.9 Hz, 4H), 2.49 (s, 4H), 4.03(s, 2H), 4.61 (s, 2H), 6.65(dd,

J=28.7,5.4 Hz, 1H), 7.12 (dd, J=10.1, 8.7 Hz, 1H), 7.41 (dd, J = 8.5, 4.9 Hz, 1H),
7.78 (dt, J=4.9, 1.4 Hz, 1H), 8.43 (dd, J= 8.5, 1.4 Hz, 1H); *C{'H} NMR (98.52 MHz, CD,Cl,): &
30.7,31.0,72.0 (d, J=12.2 Hz), 84.9 (d, /= 11.3 Hz), 111.5 (d, /= 5.6 Hz), 114.1 (d, /= 19.7 Hz),
120.7 (d, /= 2.1 Hz), 121.1, 132.6 (d, J = 2.8 Hz), 144.5 (d, J = 4.6 Hz), 145.6, 147.3 (d, J = 238.6
Hz), 165.7 (d,J= 1.9 Hz); IR (KBr): 3393 w. 3065 w, 3039 w, 2996 m, 2978 w, 2945 m, 2909 w, 2879
m, 2866 w, 2835 m, 1827 w, 1684 w, 1592 w, 1573 m, 1560 w, 1558 w, 1507 m, 1487 w, 1463 s, 1437
w, 1419 w, 1403 m, 1386 s, 1373 m, 1321 s, 1302 w, 1264 m, 1249 w, 1215 m, 1166 w, 1094 s, 1059
w, 1018 m, 994 w, 954 m, 941 w, 870 m, 832 m, 826 m, 816 m, 810 m, 777 m, 768 m, 758 s, 636 m,
598 w, 574 w cm’!; Anal. caled for C17H17FNORK-0.01CH,CL N, 3.74; C, 54.62; H, 4.59. Found N
3.76; C, 54.28; H, 4.75.

5-chloro-8-quinolinolato rhodium complex 1¢. General Procedure A was followed

Cl
_ with [Rh(OMe)(cod)]2 (392 mg, 0.81 mmol), CH>Cl> (20 mL) and 5-chloro-8-
“ quinolinol (298 mg, 1.66 mmol), to give an orange solid (441 mg, 70%). M.p. 175-
N 180 °C (dec.); "THNMR (399.65 MHz, C¢Dg): 6 1.68 (d, J= 8.0 Hz, 4H), 2.27 (s, 4H),

_/F\*h/ 3.63 (s, 2H), 4.96 (s, 2H), 6.39 (dd, J = 8.8 Hz, 4.8 Hz, 1H), 6.98 (m, 2H), 7.31 (d, J
K\/% =8.4Hz, 1H),8.12 (dd,J= 8.8 Hz, 1.2 Hz, 1H); '*C{'H} NMR (98.52 MHz, CDCl):
§30.2,30.5, 71.8 (d, J = 13.2 Hz), 84.8 (d, J = 12.2 Hz), 113.9, 114.2 (d, J = 1.9 Hz), 121.0, 127.7,
130.2, 135.8, 144.4, 145.8, 167.8; IR (KBr): 3409 w, 2990 w, 2941 w, 2873 w, 2830 w, 1565 w, 1496
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m, 1458 m, 1456 m, 1400 w, 1378 m, 1361 w, 1318 m, 1087 w, 1051 w, 964 w, 952 w, 869 w, 830 w,
809 w, 768 w, 745 w, 675 w, 629 w, 545 w cm™!; Anal. caled for C17H17CINORK N, 3.59; C, 52.40; H,
4.40. Found N, 3.52; C, 52.21; H, 4.40.

Br S-bromo-8-quinolinolato rhodium complex 1d. General Procedure A was

% followed with [Rh(OMe)(cod)]> (179 mg, 0.37 mmol), CH>Cl, (10 mL) and 5-
~ bromo-8-quinolinol (170 mg, 0.76 mmol), to give an orange solid (250 mg, 78%).
l\éh/o M.p. 190-197 °C (dec.); '"H NMR (391.78 MHz, C¢Ds): 6 1.68 (d, J = 8.2 Hz, 4H),
‘/\ 2.26 (s, 4H), 3.62 (s, 2H), 4.95 (s, 2H), 6.39 (dd, /= 8.6, 4.7 Hz, 1H), 6.95 (m, 2H),

7.47 (d,J=8.2 Hz, 1H), 8.11 (dd, J= 8.6, 1.2 Hz, 1H); *C{'H} NMR (98.52 MHz,
CDCl3): 6 30.2,30.4,71.9 (d, J=12.2 Hz, 84.8 (d, /= 12.2 Hz), 102.7, 115.0 (d, /= 1.9 Hz), 121.3,
129.0, 133.7, 138.2, 144.4, 146.3, 168.5; IR (KBr): 3420 w, 3001 w, 2943 w, 2906 w, 2878 w, 2866 w,
2834 w, 1569 m, 1560 m, 1490 s, 1458 m, 1456 s, 1454 s, 1431 w, 1402 w, 1390 m, 1376 m, 1355 m,
1317 s, 1260 w, 1240 w, 1223 w, 1120 w, 1158 w, 1150 w, 1125 w, 1086 m, 1050 w, 996 w, 957 m,
946 w, 870 w, 831 m, 816 w, 808 w, 779 m, 744 w, 650 m, 624 w, 535 m cm’!; Anal. caled for
Ci7Hi7BrNORhI N, 3.23; C, 47.03; H, 3.95. Found N, 3.13; C, 46.88; H, 3.91.

CF,4 5-trifluoromethyl-8-quinolinolato complex 1e. General Procedure A was followed

with [Rh(OMe)(cod)]2 (243 mg, 0.50 mmol), CH>Cl> (12.5 mL) and 5-

=
~ trifluoromethyl-8-quinolinol (218 mg, 1.02 mmol), to give an ocher solid (132 mg,
N
\ o 31%). M.p. 141-151 °C (dec.); "HNMR (391.78 MHz, C¢Ds): 8 1.67 (d,J= 7.8 Hz,
—Rh™
- \ 4H), 2.25 (s, 4H), 3.60 (s, 2H), 4.91 (s, 2H), 6.36 (dd, J = 8.6, 4.7 Hz, 1H), 6.87-

6.93 (m, 2H), 7.59 (d, J = 8.6 Hz, 1H), 8.18 (dt, /= 8.6, 1.6 Hz, 1H); *C{'H} NMR
(100.50 MHz, CD,CL): & 30.9 (m), 73.0 (m), 85.4 (m), 109.6 (q, J = 1.8 Hz), 112.5 (d, J = 1.8 Hz),
122.6, 125.8 (q, J=270.5 Hz), 127.7, 130.4 (q, J= 5.1 Hz), 136.0 (q, J=2.2 Hz), 145.5, 146.2, 173.0;
IR (KBr): 2995 w, 2940 w, 2879 w, 2833 w, 1601 w, 1574 m, 1509 s, 1467 s, 1436 w, 1390 w, 1373
w, 1333's, 1313 s, 1271 s, 1232 w, 1198 w, 1173 w, 1142 m, 1102 s, 1091 s, 1052 m, 973 m, 958 w,
870 w, 828 m, 816 w, 783 m, 760 w, 736 w, 661 w, 641 m, 580 w, 523 w, 445 w cm’'; Anal. caled for
CisH17FsNORh N, 3.31; C, 51.08; H, 4.05. Found N, 3.34; C, 51.09; H, 4.36.

NO, 5-nitro-8-quinolinolato rhodium complex 1f. General Procedure A was followed

with [Rh(OMe)(cod)]> (392 mg, 0.81 mmol), CH>Cl, (20 mL) and 5-nitro-8-

f quinolinol (316 mg, 1.66 mmol), to give a red solid (633 mg, 98%). M.p. 297-310 °C

N\ 0 (dec.); 'TH NMR (391.78 MHz, C¢De): 8 1.61 (d, J = 8.6 Hz, 4H), 2.20 (s, 4H), 3.53
i/\/g (s, 2H), 4.81 (s, 2H), 6.42 (dd, J = 9.0, 4.7 Hz, 1H), 6.66 (d, J= 9.0 Hz, 1H), 6.74
(dt, J=4.7, 1.2 Hz, 1H), 8.44 (d, J = 9.0 Hz, 1H), 9.30 (dd, /= 9.0, 1.2 Hz, 1H);
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BC{'H} NMR (98.52 MHz, CDCl5): 8 30.2, 30.4, 73.5 (d, /= 13.1 Hz), 85.7 (d, /= 12.2 Hz), 112.9,
124.3, 125.5, 129.9, 132.9, 136.8, 144.3, 144.8, 177.0; IR (KBr): 3420 w, 3103 w, 3053 w, 3001 w,
2944 w, 2925 w, 2881 w, 2831 w, 1583 w, 1565 m, 1558 m, 1510 s, 1508 s, 1506 s, 1480 m, 1459 m,
1430 w, 1410 w, 1384 m, 1327 w, 1285 s, 1241 w, 1188 m, 1159 w, 1145 m, 1138 m, 1103 m, 1080 w,
1004 w, 963 w, 872 w, 844 w, 826 w, 823 m, 812 w, 785 w, 781 m, 744 w, 650 w cm-1; Anal. calcd
for C7H17N203Rh N, 7.00; C, 51.02; H, 4.28. Found N, 6.96; C, 50.79; H, 4.22.

NMe, 5-dimethylamino-8-quinolinolato rhodium complex 1g. General Procedure A
was followed with [Rh(OMe)(cod)]> (196 mg, 0.41 mmol), CH>Cl> (10 mL) and

f 5-dimethylamino-8-quinolinol (156 mg, 0.83 mmol), to give a brown solid (192

N\ 0 mg, 60%). M.p. 174-181 °C (dec.); "HNMR (391.78 MHz, CDCl3): 8 1.96 (s, 4H),
i/\/Ré 2.52 (s,4H), 2.74 (s, 6H), 4.01 (s, 2H), 4.71 (s, 2H), 6.91 (d, /= 8.6 Hz, 1H), 7.14
(d, J=8.6 Hz, 1H), 7.33 (dd, J = 8.2 Hz, 5.1 Hz, 1H), 7.73 (d, J = 5.1 Hz, 1H),

8.64 (d,J=8.2 Hz, 1H); BC{'H} NMR (98.52 MHz, CDCl3): § 30.2, 30.5, 46.2,71.3 (d, /= 13.7 Hz),
84.2 (d,J=13.0 Hz), 113.5, 119.37, 119.43, 126.3, 135.3, 137.8, 143.9, 145.6, 164.3; IR (KBr): 3391
w, 3047 w, 3029 w, 2998 w, 2973 w, 2934 m, 2875 m, 2821 m, 2776 w, 1647 w, 1591 w, 1567 s, 1507
m, 1504 m, 1456 s, 1400 m, 1377 s, 1359 m, 1319 m, 1301 s, 1221 w, 1189 w, 1154 w, 1101 m, 1091
m, 1063 w, 1048 w, 1026 w, 996 w, 956 w, 927 w, 869 w, 827 m, 813 m, 782 m, 749 m, 659 w, 640 w,
590 w cm’!; Anal. calcd for C19H2:N,ORh N, 7.03; C, 57.29; H, 5.82. Found N, 6.80; C, 57.21; H,
5.83.

cl 5,7-dichloro-8-quinolinolato rhodium complex 1h. General Procedure A was

= followed with [Rh(OMe)(cod)]> (393 mg, 0.81 mmol), CH>Cl, (20 mL) and 5,7-

~ dichloro-8-quinolinol (356 mg, 1.66 mmol), to give a dark orange solid (547 mg,

N\ 0 ¢ 79%). M.p. 215-223 °C (dec.); "H NMR (400.05 MHz, C¢Dg): 8 1.65 (d, J= 8.0
@ Hz, 4H), 2.23 (s, 4H), 3.57 (s, 2H), 4.99 (s, 2H) 6.29 (dd, J = 8.4, 4.8 Hz, 1H),

6.88 (d, J= 4.8 Hz, 1H), 7.56 (s, 1H), 7.94 (dd, J = 8.4, 1.2 Hz, 1H); *C{'H}
NMR (98.52 MHz, CDCl3): 6 30.1, 30.5, 73.0 (d, J = 13.1 Hz), 85.3 (d, /= 14.1 Hz), 113.5, 118.2,
120.9, 126.7, 130.4, 135.9, 145.2, 145.9, 163.4; IR (KBr): 3431 w, 3070 w, 2990 w, 2973 w, 2943 w,
2906 w, 2878 w, 2863 w, 2835 w, 1576 w, 1561 w, 1554 m, 1490 s, 1474 m, 1456 m, 1451 s, 1396 m,
1373 s, 1361 m, 1331 w, 1244 w, 1197 w, 1142 w, 1118 m, 994 w, 971 m, 954 m, 897 w,884 m,867 w,
806 m, 780 w, 750 m, 743 m, 661 m cm™'; Anal. calcd for C;7H16Cx2NORhI N, 3.30; C, 48.14; H, 3.80.
Found N, 3.16; C, 48.17; H, 3.71

155



Me 5,7-dimethyl-8-quinolinolato rhodium complex 1i. General Procedure A was

Z followed with [Rh(OMe)(cod)]> (393 mg, 0.81 mmol), CH,Cl, (20 mL) and
\N Mo 5,7-dimethyl-8-quinolinol (288 mg, 1.66 mmol), to give an orange solid (523
/I%h/o mg, 84%). M.p. 237-242 °C (dec.); "H NMR (391.78 MHz, C¢Ds): & 1.70-1.81
. \ (m, 4H), 2.27 (s, 3H), 2.29-2.37 (m, 4H), 2.65 (s, 3H), 3.76 (s, 2H), 5.04-5.11

(m, 2H), 6.49 (dd, J= 8.6, 5.1 Hz, 1H), 7.12 (s, 1H), 7.23 (dt, /= 5.1, 1.4 Hz,
1H), 7.71 (dd, J= 8.6, 1.4 Hz, 1H); 3C{'H} NMR (98.52 MHz, CDCls): § 16.2, 17.1, 30.1, 30.6, 71.2
(d,J=14.1 Hz), 83.9 (d, J=12.2 Hz), 117.7, 118.4, 123.6, 127.9, 133.3, 135.2, 143.4, 145.1, 163.8;
IR (KBr): 3429 w, 2987 m, 2972 s, 2932 m, 2910 m, 2877 m, 2828 m, 1597 w, 1567 m, 1507 w, 1462
s, 1440 s, 1406 m, 1390 m, 1376 m, 1356 s, 1325 s, 1270 m, 1252 w, 1173 m, 1157 w, 1132 s, 1084
w, 1026 w, 993 m, 953 m, 895 w, 866 w, 808 m, 783 m, 750 s, 672 m, 621 w cm’!; Anal. calcd for
Ci19H22NORK N, 3.65; C, 59.54; H, 5.79 Found N, 3.55; C, 59.27; H, 5.77.
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General Procedure B for 1:1 Coupling of Terminal Alkynes with Secondary Amines, followed by
Reduction. In a glove box, Rh(Q)(cod) (1a) (17.8 mg, 0.05 mmol), toluene (0.3 mL) and P(4-
CF3CsHa)3 (46.6 mg, 0.10 mmol) were added into a 20 mL Schlenk flask containing a magnetic stirring
bar in this order. The mixture was stirred for 5 min at room temperature. CsF (1.0 mmol), secondary
amine 13 (1.0 mmol), terminal alkyne 2 (2.0 mmol) and toluene (0.2 mL) were added to the resulting
solution in this order and stirred using an oil bath at 50 °C for 48 h. After the reaction mixture was
cooled to room temperature, the volatile materials were removed in vacuo. THF (10 mL),
NaBH(OAc)3 (1.060 g, 5 mmol), AcOH (purity >99%, 218.4 mg, 3.6 mmmol) were added to the
residue under nitrogen. The mixture was stirred at room temperature for 1 h. The reaction mixture was
quenched with 1 N NaOH aq (20 mL) and stirred for 1 h. The aqueous layer was extracted with Et;O
(20 mL x 5). The combined organic layers were washed with brine (20 mL x 2), dried over MgSOa,
filtered, and concentrated in vacuo. The crude material was purified by silica gel column

chromatograpy to afford amine 185.

Determination of NMR yield of Enamines Formed by 1:1 Coupling of Terminal Alkynes with
Secondary Amines. In a glove box, Rh(Q)(cod) (1a) (17.8 mg, 0.05 mmol), toluene (0.3 mL) and
P(4-CF3CsHy)3 (46.6 mg, 0.10 mmol) were added into a 7 mL sealed tube containing a magnetic
stirring bar in this order. The mixture was stirred for 5 min at room temperature. CsF (1.0 mmol),
secondary amine 13 (1.0 mmol), terminal alkyne 2 (2.0 mmol) and toluene (0.2 mL) were added to
the resulting solution in this order and stirred at 50 °C in a heating block for 48 h. After the reaction
mixture was cooled to room temperature, 1,3,5-trimethoxybenzene (internal standard) and C¢Ds (ca.
0.5 mL) were added to the tube, and the resulting material was mixed until it became a solution. The

NMR yield of enamine 14 was determined by '"H NMR (C¢Ds) analysis.
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Amine 15aa. General Procedure B was followed with 2a (221 mg,
o~~~ N 2.01 mmol) and 13a (84.9 mg, 1.00 mmol), and 146 mg (74%
yield) of reduction product 15aa was obtained as a yellow oil after
silica gel column chromatography (ether). The analytical data were in good agreement with those

reported in literature.'%

Amine 15ia. General Procedure B was followed with 2i (275
ce~e~N mg, 1.99 mmol) and 13a (85.5 mg, 1.00 mmol), and 145 mg
(64% yield) of reduction product 15ia was obtained as a
yellow oil after silica gel column chromatography (CHCl3;:MeOH = 50:1 to 20:1). 'H NMR (391.78
MHz, CDCl3): 6 2.36-2.24 (m, 6H), 1.58 (quin, J= 5.9 Hz, 4H), 1.52-1.41 (m, 4H), 1.31-1.26 (m,
14H), 0.89 (t, J= 6.7 Hz, 3H); 3C{'H} NMR (98.52 MHz, CDCls): § 59.7, 54.7, 31.9, 29.62, 29.60,
29.58,29.3,27.8,27.0,26.0, 24.5, 22.7, 14.1; IR(neat): 2928 s, 2853 s, 2799 m, 2762 m, 2692 w,
1467 w, 1377 w, 1350 w, 1307 w, 1269 w, 1155 w, 1130 w, 1105 w, 1040 w, 989 w, 861 w, 782 w,

721 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for CisH3N 226.2535; Found 226.2542.

mmol) and 13a (84.9 mg, 1.00 mmol), and 169 mg (87% yield) of reduction
O/\/ product 15ba was obtained as a yellow oil after silica gel column

chromatography (ether). "H NMR (391.78 MHz, CDCl3): § 2.35-2.27 (m,
6H), 1.70-1.67 (m, 5H), 1.58 (quin, J = 5.5 Hz, 4H), 1.43-1.35 (m, 4H), 1.25-1.12 (m, 4H), 0.95-0.85
(m, 2H); BC{'H} NMR (100.50 MHz, CDCl5): § 57.5, 54.7, 36.6, 34.6, 33.5, 26.6, 26.3, 26.0, 24.5;
IR(neat): 2924 s, 2851 s, 2800 m, 2764 m, 2738 m, 2694 w, 2668 w, 1468 w, 1447 m, 1377 w, 1351
w, 1303 w, 1270 w, 1259 w, 1227 w, 1155 w, 1121 w, 1109 w, 1039 w, 990 w, 964 w, 905 w, 888 w,
860 w, 774 w, 742 w cm’; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C13H26N 196.2065; Found
196.2063.

Amine 15ba. General Procedure B was followed with 2b (217 mg, 2.01
()

Amine 15ja. General Procedure B was followed with 2j (246 mg, 2.01
O\/\/O mmol) and 13a (85.9 mg, 1.01 mmol), and 173 mg (82% yield) of

reduction product 15ja was obtained as a yellow oil after silica gel
column chromatography (ether). "H NMR (391.78 MHz, CDCls): 6 2.37-2.22 (m, 6H), 1.70-1.68 (m,
5H), 1.59 (quin, J = 5.9 Hz, 4H), 1.53-1.43 (m, 4H), 1.22-1.12 (m, 6H), 0.90-0.81 (m, 2H); BC{'H}
NMR (100.50 MHz, CDCl3): 6 60.0, 54.7, 37.7, 35.5, 33.4, 26.7, 26.4, 26.0, 24.5, 24.3; IR(neat):
2925s,2851's,2799 m, 2762 m, 2691 w, 1447 m, 1376 w, 1350 w, 1309 w, 1269 w, 1155 w, 1122 w,
1039 w, 992 w, 961 w, 890 w, 862 w, 783 w, 735 w cm’!; HRMS (ESI-TOF) m/z: [M+H]" Calcd for
Ci4H2sN 210.2222; Found 210.2238.
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Amine 15da. General Procedure B was followed with 2d (187 mg,
NC\/\/\/O 2.00 mmol) and 13a (85.3 mg, 1.00 mmol), and 80.0 mg (44% yield) of

reduction product 15da was obtained as a yellow oil after silica gel
column chromatography (ether:MeOH = 1:1). 'H NMR (391.78 MHz, CDCl;): § 2.40-2.32 (m, 6H),
2.29 (t,J= 7.4 Hz, 2H), 1.69 (quin, J = 7.4 Hz, 2H), 1.60-1.43 (m, 10H); *C{'H} NMR (98.52
MHz, CDCl3): 8 151.1, 59.0, 54.6, 26.8, 26.2, 25.9, 25.3,24.4, 17.1; IR(neat): 2934 s, 2856 m, 2801
m, 2766 m, 2694 w, 2245 w, 1468 w, 1458 w, 1443 w, 1376 w, 1352 w, 1308 w, 1271 w, 1154 w,
1122 w, 1053 w, 1039 w, 863 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1;H2:N, 181.1705;
Found 181.1696.

o Amine 15ea. General Procedure B was followed with 2e (253 mg,

\OJ\/\/\/O 2.01 mmol) and 13a (86.0 mg, 1.01 mmol), and 104 mg (48% yield)
of reduction product 15ea was obtained as a yellow oil after silica gel

column chromatography (acetone). "H NMR (395.88 MHz, CDCl;3):  3.67 (s, 3H), 2.43-2.24 (m,
8H), 1.64 (quin, J = 7.6 Hz, 2H), 1.58 (quin, J= 5.6 Hz, 4H), 1.55-1.47 (m, 2H), 1.46-1.38 (m, 2H),
1.36-1.24 (m, 2H); 3C{'H} NMR (99.55 MHz, CDCls): § 174.2, 59.3, 54.6, 51.4, 34.0, 27.2, 26.6,
25.9,24.9,24.4; IR(neat): 2932 s, 2854 s, 2800 m, 2764 m, 1742 s, 1438 m, 1376 w, 1352 w, 1306
w, 1255m, 1199 m, 1158 m, 1121 m, 1095 w, 1055 w, 1039 w, 1011 w, 861 w, 781 w, 732 w cm’!;
HRMS (ESI-TOF) m/z: [M+H]* Calcd for C12H24N 102 214.1807; Found 214.1808.

Amine 15ga. General Procedure B was followed with 2g (337
0O~ _~_N mg, 2.03 mmol) and 13a (85.1 mg, 1.00 mmol), and 145 mg

U (57% yield) of reduction product 15ga was obtained as a yellow

oil after silica gel column chromatography (ether:MeOH = 1:1).
"H NMR (400.05 MHz, CDCl;): & 4.58-4.56 (m, 1H), 3.87-3.84 (m, 1H), 3.75-3.71 (m, 1H), 3.51-
3.48 (m, 1H), 3.41-3.37 (m, 1H), 2.37-2.27 (m, 6H), 1.82-1.36 (m, 18H); '*C{'H} NMR (100.50
MHz, CDCl3): 6 98.9, 67.5, 62.4, 59.6, 54.7, 30.8, 29.7, 26.8, 26.0, 25.5, 24.5, 24.4, 19.7; IR (neat):
2935's,2856's,2799 m, 2763 m, 2693 w, 2669 w, 1468 w, 1452 w, 1442 m, 1378 w, 1365 w, 1351 w,
1323 w, 1308 w, 1270 w, 1260 w, 1200 w, 1185 w, 1156 m, 1138 m, 1126 m 1078 m, 1034 s, 988 w,
976 w, 905 w, 869 w, 815 w cm’'; HRMS (ESI-TOF) m/z: [M+H]* Caled for CisH30NO, 256.2277,
Found 256.2270.

K\O Amine 15ab. General Procedure B was followed with 2a (222

N mg, 2.02 mmol) and 13b (87.2 mg, 1.00 mmol), and 133 mg

NN T
(67% yield) of reduction product 15ab was obtained as a yellow
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oil after silica gel column chromatography (hexane:AcOEt = 10:1). The analytical data were in good

agreement with those reported in literature.'%

Amine 15ac. General Procedure B was followed with 2a (220
H\O mg, 2 mmol) and 13¢ (116 mg, 1.01 mmol), and 162 mg (71%

\/\/\/\/N\)\ yield) of reduction product 15ac was obtained as a yellow oil

after silica gel column chromatography (hexane:AcOEt = 2:1).
"HNMR (391.78 MHz, CDCls): 6 0.88 (t,/ =7.1 Hz, 3H), 1.16 (d, J= 6.3 Hz, 6H), 1.28 (s, 10H),
1.44-1.51 (m, 2H), 1.68 (t, J = 10.6 Hz, 2H), 2.27-2.31 (m, 2H), 2.75 (d, /= 10.6 Hz, 2H), 3.65-3.73
(m, 2H); PC{'H} NMR (98.52 MHz, CDCl5): § 14.1, 19.2, 22.6, 26.6, 27.6, 29.2, 29.5, 31.8, 58.9,
59.7, 71.7; IR(neat): 2929 s, 2857 s, 2810 m, 2773 m, 2626 w, 1459 m, 1402 w, 1374 m, 1323 m,
1283 w, 1228 w, 1178 w, 1146 s, 1083 s, 966 w, 878 w, 837 w, 722 w cm’!; HRMS (ESI-TOF) m/z:
[M+H]* Calcd for C14H30NO 228.2327; Found 228.2329.

Amine 15ad. General Procedure B was followed with 2a (221

KNMG mg, 2.01 mmol) and 13d (100 mg, 1.00 mmol), and 158 mg (75%

yield) of reduction product 15ad was obtained as a yellow oil
after silica gel column chromatography (ether:AcOEt = 10:1, then CHCI3:MeOH = 1:1). The

analytical data were in good agreement with those reported in literature.'%

OH Amine 15ae. General Procedure B was followed with 2a (221

\/\/\/\/O mg, 2.01 mmol) and 13e (101 mg, 1.00 mmol), and 88.7 mg
(42% yield) of reduction product 15ae was obtained as a yellow

oil after NH silica gel column chromatography (hexane:ether = 1:2). '"H NMR (395.88 MHz,
CDCl): 6 3.74-3.64 (m, 1H), 2.81-2.72 (m, 2H), 2.32-2.27 (m, 2H), 2.10 (t,J = 10.1 Hz, 2H), 1.94-
1.86 (m, 2H), 1.64-1.53 (m, 2H), 1.52-1.36 (m, 3H), 1.32-1.24 (m, 10H), 0.87 (t, /= 6.8 Hz, 3H);
BC{'H} NMR (99.55 MHz, CDCl5): 8 67.9, 58.7, 51.2,34.4, 31.8, 29.5,29.2,27.7, 27.1, 22.6, 14.1;
IR(neat): 3348 s, 2926 s, 28555, 2810 s, 1659 w, 1468 s, 1366 s, 1339 m, 1284 m, 1241 m, 1189 m,
1169 w, 1138 m, 1109 m, 1075 s, 1018 m, 983 m, 930 w, 907 w, 848 w, 783 m, 759 m, 723 m, 635 w
cm’'; HRMS (ESI-TOF) m/z: [M+H]" Caled for C13H2sN 10, 214.2171; Found 214.2165.

O Amine 15af. General Procedure B was followed with 2a (222 mg,
N 2.02 mmol) and 13f (73.7 mg, 1.04 mmol), and 119 mg (63% yield)

of reduction product 15af was obtained as a yellow oil after NH silica gel column chromatography
(hexane:ether = 30:1). 'TH NMR (391.78 MHz, CDCl3): § 2.50-2.39 (m, 6H), 1.79-1.76 (m, 4H),
1.55-1.47 (m, 2H), 1.30-1.27 (m, 10 H), 0.88 (t, J= 7.1 Hz, 3H); *C{'H} NMR (100.50 MHz,
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CDCl3): 6 56.8, 54.3, 31.8, 29.6, 29.3, 29.1, 27.8, 23.4,22.7, 14.1; IR(neat): 2953 s, 2927 s, 2873 m,
2855 m, 2785 m, 2743 w, 2688 w, 1460 w, 1380 w, 1351 w, 1202 w, 1149 w, 1108 w, 878 w, 722 w
cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C12H26N 184.2065; Found 184.2063.

/j Amine 15ag. General Procedure B was followed with 2a (221 mg,
N 2.01 mmol) and 13g (57.8 mg, 1.01 mmol), and 18.4 mg (11% yield)

of reduction product 15ag was obtained as a yellow oil after silica gel column chromatography
(CHCI13:MeOH = 1:1). 'H NMR (391.78 MHz, CDCl5): 8 3.15 (t,J = 7.1 Hz, 4H), 2.35 (t, J=7.1
Hz, 2H), 2.05 (quin, J= 7.1 H, 2H), 1.26 (s, 12H), 0.87 (t, J= 6.7 Hz, 3H); 3C{'H} NMR (100.50
MHz, CDCl3): 8 60.1, 55.2,31.8, 29.6, 29.2, 27.6, 27.4,22.6, 17.7, 14.1; IR(neat): 2956 s, 2926 s,
2855w, 2815w, 1729 w, 1460 w, 1378 w, 1322w, 1274w, 1173 w, 1118 w, 742 w, 724 w, 619 w
cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C1;H24N 170.1909; Found 170.1918.

| Amine 15ah. General Procedure B was followed with 2a (221 mg,
D e e ) N N\
2.01 mmol) and 15h (87.7 mg, 1.01 mmol), and 77.1 mg (38%
yield) of reduction product 15ah was obtained as a yellow oil after silica gel column
chromatography (gradient elution, CHCl3:MeOH = 50:1 to 10:1). The analytical data were in good

agreement with those reported in literature.'%

| Amine 15ai. General Procedure B was followed with 2a (221 mg,
SN N PR 2.01 mmol) and 13i (123 mg, 1.02 mmol), and 126 mg (53% yield)
of reduction product 15ai was obtained as a yellow oil after silica gel column chromatography
(CHCI3:MeOH = 50:1). The analytical data were in good agreement with those reported in

literature.!02
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General Procedure C for 2:1 Coupling of Terminal Alkynes with Secondary Amines, followed
by Hydrolysis. In a glove box, Rh(5-F-8-Q)(cod) (1b) (18.7 mg, 0.05 mmol), DMA (0.3 mL) and
P(4-CF3CsHa)3 (46.6 mg, 0.10 mmol) were added into a 20 mL Schlenk tube containing a magnetic
stirring bar in this order. The mixture was stirred for 5 min at room temperature. CsF (1.0 mmol),
morpholine 13b (1.0 mmol), terminal alkyne 2 (2.0 mmol) and DMA (0.2 mL) were added to the
resulting solution in this order and stirred in an oil bath at 70 °C for 48 h. The reaction mixture was
cooled to room temperature, and H,O (2 mL) and AcOH (purity >99%, 182.0 mg, 3 mmol) were
added to the reaction mixture under air. The mixture was stirred for 1 h at room temperature and
diluted with brine. The aqueous layer was extracted with Et2O (20 mL x 5). The combined organic
layers were washed with brine (20 mL x 2), dried over MgSOQs, filtered, and concentrated in vacuo.
In the case of the reactions with 1-octyne, 1-decyne, cyclohexylacetylene and 3-cyclohexyl-1-
propyne, trimers of terminal alkynes were first removed by silica gel chromatography (50:1
hexane/Et,0, then CHCIs) of the crude material. Silica gel column chromatography or centrifugal

thin layer chromatography of the resulting material afforded enone 20 and 21.
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Enone 20a. General Procedure C was followed with 2a (221 mg, 2.01
mmol) and 13b (87.9 mg, 1.01 mmol), and 100 mg (42% yield) of
hydrolysis product 20a was obtained as a yellow oil after silica gel
column chromatography (hexane:ether = 50:1). The analytical data

were in good agreement with those reported in literature.?

Enone 21a. General Procedure C was followed with 2a (221 mg,
2.01 mmol) and 13b (87.9 mg, 1.01 mmol), and 52.9 mg (22%
yield) of hydrolysis product 21a was obtained as a yellow oil after
silica gel column chromatography (hexane:ether = 50:1). The

analytical data were in good agreement with those reported in

P

literature.?®

Enone 20i. General Procedure C was followed with 2i (277
mg, 2.00 mmol) and 13b (87.8 mg, 1.01 mmol), and 125 mg
(42% yield) of hydrolysis product 20i was obtained as a yellow
oil after centrifugal thin layer chromatography (hexane:ether =
30:1). The analytical data were in good agreement with those

reported in literature.?

Enone 21i. General Procedure C was followed with 2i (277
mg, 2.00 mmol) and 13b (87.8 mg, 1.01 mmol), and 78.6 mg
(27% yield) of hydrolysis product 21i was obtained as a
yellow oil after centrifugal thin layer chromatography
(hexane:ether = 30:1). The analytical data were in good

agreement with those reported in literature.?

y

Enone 20b. General Procedure C was followed with 2b (216 mg, 2.00 mmol)
and 13b (87.2 mg, 1.00 mmol), and 77.0 mg (33% yield) of hydrolysis product

20b was obtained as a yellow oil after silica gel column chromatography

B

(hexane:ether = 30:1). The analytical data were in good agreement with those

reported in literature.?
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Enone 21b. General Procedure C was followed with 2b (216 mg, 2.00 mmol) and
13b (87.2 mg, 1.00 mmol), and 22.8 mg (10% yield) of hydrolysis product 21b
was obtained as a yellow oil after silica gel column chromatography (hexane:ether

=30:1). The analytical data were in good agreement with those reported in

oA

literature.?

Enone 20j. General Procedure C was followed with 2j (244 mg, 2.00 mmol)
and 13b (87.7 mg, 1.01 mmol), and 110 mg (42% yield) of hydrolysis
product 20j was obtained as a colorless oil after silica gel column
chromatography (hexane:ether = 30:1). 'H NMR (391.78 MHz, CDCl3): &
598 (d,J=0.9 Hz, 1H), 5.65 (d, /= 0.9 Hz, 1H), 2.67 (t,J=7.8 Hz, 2H),
2.15(dd, J=6.9, 1 Hz, 2H), 1.72-1.64 (m, 10H), 1.52-1.47 (m, 2H), 1.38-
1.31 (m, 1H), 1.25-1.10 (m, 7H), 0.94-0.82 (m, 4H); 3C{'H} NMR (98.52 MHz, CDCls): § 202.9,
147.4,124.5, 39.1, 37.3, 36.6, 35.3, 33.18, 33.15, 32.1, 26.6, 26.5, 26.3, 26.2; IR(neat): 2923 s, 2851
s, 1712 m, 1679 s, 1625 w, 1449 m, 1411 w, 1366 w, 1261 w, 1126 w, 1040 w, 931 w, 888 w, 844 w
cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C1sH30NaO 285.2194; Found 285.2190.

o

Enone 21j. General Procedure C was followed with 2j (244 mg, 2.00 mmol)
and 13b (87.7 mg, 1.01 mmol), and 72.4 mg (28% yield) of hydrolysis product
21j was obtained as a colorless oil after performing silica gel column
chromatography twice (hexane:ether = 30:1). "H NMR (400.05 MHz, CDCl3): &
6.80 (dt,J=15.8, 7.6 Hz, 1H), 6.07 (d, /= 15.8 Hz, 1H), 2.53 (t, /= 7.6 Hz,
2H), 2.10 (t, J=7.2 Hz, 2H), 1.72-1.69 (m, 10H), 1.53-1.47 (m, 3H), 1.25-1.16
(m, 7H), 0.98-0.89 (m, 4H); 3C{'H} NMR (100.50 MHz, CDCl5): § 201.2, 146.0, 131.3, 40.4, 37.7,
37.36,37.35,33.2,33.1, 31.7, 26.5, 26.31, 26.25, 26.2; IR(neat): 2926 s, 2855 s, 2668 m, 1709 s,
1629 m, 1450 s, 1413 s, 1277 s, 982 m, 940 m, 890 m, 844 m, 668 w cm™'; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for CisH30NaO 285.2194; Found 285.2191.

SRy

Enone 20d. General Procedure C was followed with 2d (187 mg, 2.01
mmol) and 13b (87.0 mg, 1.00 mmol), and 75.4 mg (37% yield) of

hydrolysis product 20d was obtained as a yellow oil after silica gel

Z
O
J)_;O

column chromatography (hexane, then hexane:AcOEt = 1:1). '"H NMR
CN (391.78 MHz, CDCl3): 6 6.10 (s, 1H), 5.88 (t, /= 1.1 Hz, 1H), 2.78 (t, J
= 6.9 Hz, 2H), 2.45-2.33 (m, 6H), 1.84-1.66 (m, 6H); *C{'H} NMR (98.52 MHz, CDCl;): & 200.1,
146.4, 125.9, 119.4, 119.3, 36.3, 30.1, 24.9, 24.2, 23.1, 17.1, 16.7; IR (neat): 3625 m, 3535 m, 3335
w, 3100 w, 2940 s, 2873 s, 2246 s, 1894 w, 1676 s, 1631 m, 1456 s, 1426 s, 1366 m, 1216 m, 1167
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m, 1097 m, 949 m, 756 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C12H;6N2NaO 227.1160;
Found 227.1167.

NC o Enone 21d. General Procedure C was followed with 2d (187 mg, 2.01
mmol) and 13b (87.0 mg, 1.00 mmol), and 15.7 mg (8% yield) of hydrolysis
product 21d was obtained as a yellow oil after silica gel column
chromatography (hexane, then hexane:AcOEt = 1:1). "H NMR (399.65 MHz,

NC CDCl): 6 6.78 (dt, J=16.0, 6.8 Hz 1H), 6.18 (d, /= 16.0 Hz, 1H), 2.62 (t,J
= 6.8 Hz, 2H), 2.40 (quin, J = 8.0 Hz, 6H), 1.86 (quin, J= 7.2 Hz, 2H), 1.81-1.68 (m, 4H); *C{'H}
NMR (100.50 MHz, CDCls): 6 198.6, 144.0, 131.2, 119.4, 118.9, 39.3, 30.9, 24.8, 23.7, 22.8, 17.1,
16.6,; IR(neat): 2941 s, 2872 m, 2246 m, 1695 s, 1671 s, 1630 s, 1458 m, 1426 m, 1375 w, 1325 w,
1287 w, 1214 w, 1187 w, 1150 w, 1117 m, 1092 w, 1061 w, 979 m, 906 w, 733 w cm™'; HRMS (ESI-
TOF) m/z: [M+Na]* Calcd for Ci12H16N2NaO 227.1160; Found 227.1166.

o) Enone 20e. General Procedure C was followed with 2e (253 mg,
~0 Y 2.01 mmol) and 13b (87.4 mg, 1.00 mmol), and 124 mg (46% yield)
of hydrolysis product 20e was obtained as a yellow oil after
centrifugal thin layer chromatography (hexane:AcOEt = 3:1). 'H
NMR (395.88 MHz, CDCl3): 8 6.02 (s, 1H), 5.76 (s, 1H), 3.67 (s,
? ° 6H), 2.75-2.66 (m, 2H), 2.39-2.25 (m, 6H), 1.74 (quin, J= 7.6 Hz,
2H), 1.68-1.62 (m, 4H); 3C{'H} NMR (99.55 MHz, CDCl5): § 201.2, 173.9, 173.8, 147.8, 124 .4,
51.5(2C), 37.2, 33.8, 33.5, 30.2, 24.5, 23.8, 23.6; IR(neat): 3630 w, 3546 w, 3455 w, 3337 w, 3095
e, 2952s,2871s,2070 w, 1883 w, 1736 s, 1677 s, 1627 m, 1437 s, 1368 s, 1200 s, 1173 s, 1097 m,
1062 m, 1006 m, 943 m, 878 m, 838 m, 778 w, 705 w, 638 w, 586 w cm’!; HRMS (ESI-TOF) m/z:
[M+Na]* Caled for C14H2,NaOs 293.1365; Found 293.1365.

o) Enone 21e. General Procedure C was followed with 2e (253 mg, 2.01
~ O mmol) and 13b (87.4 mg, 1.00 mmol), and 66.6 mg (25% yield) of
_ hydrolysis product 21e was obtained as a yellow oil after centrifugal thin
layer chromatography (hexane:AcOEt = 3:1). "H NMR (395.88 MHz,
CeDs): 8 6.46 (dt, J=15.8, 7.1 Hz, 1H), 5.86 (dt, /= 15.8, 1.6 Hz, 1H),
3.33 (s, 6H), 2.08 (quin, J=7.0 Hz, 4H), 1.94 (t, /= 7.5 Hz, 2H), 1.74
0 (q,J=17.6 Hz, 2H), 1.58-1.50 (m, 4H), 1.45 (quin, J=7.5 Hz, 2H);
BC{'H} NMR (99.55 MHz, CDCl5): § 199.9, 173.8, 173.5, 145.7, 130.7, 51.6, 51.5, 39.6, 33.8,
33.2,31.6,24.5,23.4,23.2; IR(neat): 3626 w, 3540 w, 3455 w. 3382 w, 3310 w, 2952 s, 2871 m,
2071 w, 17395, 1696 s, 1672 s, 1631 s, 1437 s, 1367 5, 1318 5,1201 s, 1174 s, 1115 m, 1094 m, 1059

0]
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m, 981 s, 882 w, 847 w, 746 w, 703 w, 634 w, 583 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd
for C14H22Na0s 293.1365; Found 293.1360.

Oo. .0 0 Enone 20g. General Procedure C was followed with 2g
U (336 mg, 2.00 mmol) and 13b (87.1 mg, 1.00 mmol), and
83.3 mg (24% yield) of hydrolysis product 20g was

obtained as a yellow oil after performing silica gel column

O@ chromatography twice (hexane:ether = 1:1, then

hexane:ether = 3:1 to 2:1). '"H NMR (391.78 MHz, C¢Ds):
8 5.54 (s, 1H), 5.34 (s, 1H), 4.56 (t, J = 3.4 Hz, 2H), 3.84-3.77 (m, 4H), 3.41-3.37 (m, 2H), 3.34-3.26
(m, 2H), 2.49-2.45 (m, 2H), 2.38 (t, J= 7.3 Hz, 2H), 1.79-1.72 (m, 6H), 1.60-1.50 (m, 6H), 1.40-
1.23 (m, 6H); PC{'H} NMR (100.50 MHz, C¢Ds): & 200.4, 148.9, 122.9, 98.62, 98.61, 67.2, 66.9,
61.63,61.62,37.4,31.04,31.03, 29.7, 29.1, 28.3, 25.9, 21.7, 19.68, 19.67 ; IR(neat): 2946 s,
2871s,1681 s, 1626 m, 1441 s, 1410 m, 1352's, 1323 m, 1283 m, 1260 m, 1183 s, 1158 s, 1136 s,
11215, 1077 s, 1031 s, 988 5,971 5,904 s, 869 s, 844 w, 814 m cm™'; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C20H34NaOs377.2304; Found 377.2305.

o) O Enone 21g. General Procedure C was followed with 2g (336 mg, 2.00
CO( _ mmol) and 13b (87.1 mg, 1.00 mmol), and 83.9 mg (24% yield) of
hydrolysis product 21g was obtained as a yellow oil after silica gel
0]

column chromatography twice (hexane:ether = 1:1, then hexane:ether
=3:1,2:1to 1:1). 'HNMR (391.78 MHz, C¢Ds): 8 6.65 (dt, J = 16.1,
0 6.7 Hz, 1H), 5.98 (dt, J=15.7, 1.6 Hz, 1H), 4.56 (t, /= 3.5 Hz, 1H),

4.51 (t,J= 3.5 Hz, 1H), 3.82-3.73 (m, 3H), 3.69 (dt,J=9.8, 6.3 Hz,
1H), 3.40-3.36 (m, 2H), 3.30 (dt,J=9.4, 6.7 Hz, 1H), 3.19 (dt,J=9.4, 6.7 Hz, 1H), 2.25 (t, J="7.1
Hz, 2H), 1.99 (q, J = 7.1 Hz, 2H), 1.77 (quin, J = 7.8 Hz, 4H), 1.59-1.48 (m, 8H), 1.37-1.26 (m, 6H);
BC{'H} NMR (100.50 MHz, C¢Ds): & 198.5, 145.5, 130.8, 98.7, 98.6, 67.2, 66.5, 61.7, 61.6, 39.9,
31.04, 31.00, 29.7, 29.4, 28.6, 25.93, 25.87, 21.3, 19.68, 19.68; IR(neat): 2942 s, 2870 s, 1697 m,
1674 m, 1630 m, 1453 m, 1441 m, 1353 m, 1323 m, 1283 m, 1260 m, 1201 m, 1136 s, 1120 s, 1075
s, 1035 s, 985 s, 904 m, 869 m, 814 m cm™!'; HRMS (ESI-TOF) m/z: [M+Na]" Caled for C20H34NaOs
377.2304; Found 377.2305.
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General Procedure D for 2:1 Coupling of Terminal Alkynes with Secondary Amines, followed
by Reduction. In a glove box, Rh(5-F-8-Q)(cod) (1b) (18.7mg, 0.05 mmol), DMA (0.3 mL) and
P(4-CF3CsHa)3 (46.6 mg, 0.10 mmol) were added to a 20 mL Schlenk tube containing a magnetic
stirring bar in this order. The mixture was stirred for 5 min at room temperature. CsF (1.0 mmol),
secondary amine 13 (1.0 mmol), terminal alkyne 2 (2.0 mmol) and DMA (0.2 mL) were added to the
resulting solution in this order and stirred in an oil bath at 70 °C for 48 h. The reaction mixture was
cooled to room temperature, and the volatile materials were removed in vacuo. THF (10 mL),
NaBH(OAc)3 (1.060 g, 5 mmol), AcOH (purity >99%, 218.4 mg, 3.6 mmmol) were added to the
residue under nitrogen. The mixture was stirred at room temperature for 1 h. The reaction mixture
was quenched with 1 N NaOH aq (20 mL) and stirred for 1 h. The aqueous layer was extracted with
Et,0 (20 mL x 5). The combined organic layers were washed with brine (20 mL x 2), dried over
MgSOsa, filtered, and concentrated in vacuo. The crude material was purified by silica gel

chromatography to afford allylamine 22 and 23.
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(\O Allylamine 22ab. General Procedure D was followed with 2a (221
N\) mg, 2.01 mmol) and 13b (87.7 mg, 1.01 mmol), and 112 mg (36%
yield) of allylamine 22ab was obtained as a yellow oil after silica
gel column chromatography (hexane:ether = 3:1). "H NMR (391.78
MHz, C¢Dg): 6 4.99-4.97 (m, 1H), 4.94-4.92 (m, 1H), 3.65 (t, J=4.7
Hz, 4H), 2.56 (dd, J=9.6, 4.4 Hz, 1H), 2.39-2.29 (m, 4H), 2.15 (dt,
J=15.9,7.8 Hz, 1H), 2.01 (dt, J=15.9, 7.8 Hz, 1H), 1.62-1.16 (m,
20H), 0.93-0.88 (m, 6H); 3C{'H} NMR (100.50 MHz, C¢Ds): 6 149.2, 112.1, 72.2, 67.6, 51.7,
32.34,32.28, 32.0, 30.4, 29.84, 29.80, 29.0, 28.1, 27.1, 23.13, 23.09, 14.37, 14.36; IR(neat): 3079 w,
2956 's,2926 s, 2854 s, 2804 m, 2762 w, 2688 w, 1644 w, 1455 m, 1378 w, 1326 w, 1306 w, 1267 m,
1208 w, 1121 s, 1071 w, 1032 w, 1004 w, 920 w, 899 m, 878 w, 724 w cm™'; HRMS (ESI-TOF) m/z:
[M+H]" Calcd for C20H4oN1O; 310.3110; Found 310.3114.

(\ o Allylamine 23ab. General Procedure D was followed with 2a (221
N\) mg, 2.01 mmol) and 13b (87.7 mg, 1.01 mmol), and 91.3 mg (29%
yield) of allylamine 23ab was obtained as a yellow oil after silica gel
column chromatography (hexane:ether = 3:1). '"H NMR (391.78
MHz, C¢De¢): 6 5.44 (dt, J=15.3, 6.3 Hz, 1H), 5.32 (ddt, J=15.3,
7.8, 0.8 Hz, 1H), 3.73-3.64 (m, 4H), 2.70-2.64 (m, 1H), 2.53-2.46
(m, 2H), 2.34-2.28 (m, 2H), 2.06-2.00 (m, 2H), 1.68-1.56 (m, 1H),
1.46-1.19 (m, 19H), 0.93-0.88 (m, 6H); *C{'H} NMR (100.50 MHz, CsDe): 5 133.8, 130.1, 68.1,
67.6,50.7,32.9,32.6,32.4,32.1,30.2, 29.92, 29.88, 29.3, 26.7, 23.14, 23.09, 14.4, 14.3; IR(neat):
2956's,2925 s,2854 s,2810 m, 2759 w, 2686 w, 1663 w, 1454 m, 1378 w, 1351 w, 1326 w, 1284 w,
1268 w, 1206 w, 1120 s, 1071 w, 1032 w, 1003 w, 973 m, 920 w, 864 w, 780 w, 723 w, 668 w cm';
HRMS (ESI-TOF) m/z: [M+H]* Caled for C20H4oN;O; 310.3110; Found 310.3109.

(\O Allylamine 22ib. General Procedure D was followed with 2i
N\) (276 mg, 2.00 mmol) and 13b (86.8 mg, 1.00 mmol), and 113 mg
(31% yield) of allylamine 22ib was obtained as a yellow oil after
performing silica gel column chromatography twice
(hexane:ether = 5:1, then hexane:ether = 20:1). "H NMR (391.78
MHz, C¢De): 6 5.00 (d, J = 1.6 Hz, 1H), 4.95 (s, 1H), 3.66 (t, J =
4.7 Hz, 4H), 2.57 (dd, J=9.4, 4.3 Hz, 1H), 2.39-2.32 (m, 4H),
2.21-2.13 (m, 1H), 2.08-2.00 (m, 1H), 1.57-1.28 (m, 28H), 0.94-0.89 (m, 6H); 3C{'H} NMR
(100.50 MHz, CsDg): 6 149.2, 112.1, 72.2, 67.5, 51.7, 32.28, 32.27, 32.0, 30.4, 30.1, 30.09, 30.07,
30.02, 29.8,29.7, 28.9, 28.1, 27.0, 23.08, 23.06, 14.3 (2C); IR(neat): 3079 w, 2955 s, 2853 s, 2804
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m, 2688 w, 1644 w, 1465 m, 1457 m, 1378 w, 1327 w, 1306 w, 1269 m, 1207 w, 1121 s, 1071 w,
1032 w, 1007 w, 920 w, 898 m, 879 w, 722 w cmr'; HRMS (ESI-TOF) m/z: [M+H]* Caled for
C4H4sNO 366.3736; Found 366.3726.

(\O Allylamine 23ib. General Procedure D was followed with 2i
N\) (276 mg, 2.00 mmol) and 13b (86.8 mg, 1.00 mmol), and 108
_— mg (30% yield) of allylamine 23ib was obtained as a yellow oil
after silica gel column chromatography (hexane:ether = 5:1 to
1:1). '"H NMR (399.65 MHz, C¢Ds): & 5.46 (dt, J=15.2, 6.4 Hz,
1H), 5.34 (dd, J=15.6, 8.8 Hz, 1H), 3.74-3.65 (m, 4H), 2.71-
2.66 (m, 1H), 2.53-2.49 (m, 2H), 2.35-2.31 (m, 2H), 2.05 (q, J =
6.8Hz, 2H), 1.67-1.59 (m. 1H), 1.39-1.29 (m, 27H), 0.94-0.90
(m, 6H); *C{'H} NMR (100.50 MHz, C¢Ds): & 133.8, 130.1, 68.1, 67.6, 50.6, 32.8, 32.5, 32.29,
32.26, 30.25, 30.17, 30.09, 29.92, 29.85, 29.79, 29.75, 29.6, 26.7, 23.09, 23.07, 14.3 (2C); IR(neat):
2955s,2925's,2853 s, 2810 w, 2685 w, 1458 w, 1378 w, 1326 w, 1267 w, 1206 w, 1119 m, 1070 w,
1005 w, 973 w, 918 w, 864 w, 722 w cm’!'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C24H4sNO
366.3736; Found 366.3728.

(\O Allylamine 22bb. General Procedure D was followed with 2b (217 mg,
N\) 2.01 mmol) and 13b (88.0 mg, 1.01 mmol), and 133 mg (43% yield) of
allylamine 22bb was obtained as a yellow oil after silica gel column
chromatography (hexane:ether = 50:1 to 5:1). "H NMR (391.78 MHz,
CsDs): 8 5.00 (s, 1H), 4.87 (s, 1H), 3.67-3.58 (m, 4H), 2.85 (dd, J=9.4,4.7
Hz, 1H), 2.42-2.37 (m, 2H), 2.34-2.29 (m, 2H), 2.08 (tt, /= 8.6, 3.9 Hz, 1H), 1.90 (d, /= 11.4 Hz,
1H), 1.81-1.64 (m, 9H), 1.42-1.12 (m, 11H), 1.00-0.75 (m. 2H); *C{'H} NMR (100.50 MHz, C¢Ds):
8 154.5,110.5, 67.9, 67.6, 50.8, 42.2, 35.5, 35.1, 34.7, 34.6, 33.9, 33.4, 27.5,27.4, 27.0, 26.84,
26.77, 26.6; IR(neat): 3080 w, 2923 s, 2850 s, 2808 m, 2759 w, 2684 w, 1639 w, 1448 s, 1348 w,
1324 w, 1307 w, 1264 w, 1247 w, 1205 w, 1119 s, 1070 w, 1031 w, 1006 m, 972 w, 920 w, 900 m,
889 m, 877 m, 863 w, 846 w, 714 w, 670 w, 627 w, 567 w, 505 w, 456 w cm’!; HRMS (ESI-TOF)
m/z: [M+H]* Calcd for C20H36NO 306.2797; Found 306.2792.
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(\O Allylamine 23bb. General Procedure D was followed with 2b (217 mg, 2.01
N\) mmol) and 13b (88.0 mg, 1.01 mmol), and 26.1 mg (9% yield) of allylamine
= 23bb was obtained as a yellow oil after performing silica gel column
chromatography twice (hexane:ether = 5:1 to 1:1, then hexane:ether = 1:1). 'H
NMR (391.78 MHz, C¢De): 6 5.39 (dd, J=15.7, 7.1 Hz, 1H), 5.23 (dd, J =
15.7,9.0 Hz, 1H), 3.73-3.64 (m, 4H), 2.82 (q, /= 7.5 Hz, 1H), 2.52-2.47 (m,
2H), 2.31-2.26 (m, 2H), 1.92-1.91 (m, 1H), 1.80-1.49 (m, 12H), 1.32-0.87 (m, 11H); 3C{'H} NMR
(100.50 MHz, C¢De): 6 139.7, 126.7, 67.6, 65.2, 50.4, 41.0, 40.1, 34.7, 34.3, 33.6, 33.5, 33.4, 27.0,
26.8,26.7,26.5,26.3 (2C); IR(neat): 2922 s, 2850 s, 2811 s, 2754 m, 2669 w, 1449 s, 1388 w, 1372
w, 1350 w, 1326 w, 1263 m, 1205 w, 1119 s, 1070 w, 1033 w, 1012 w, 993 w, 973 m, 922 w, 892 m,
864 m, 844 w, 801 w, 755 w, 671 w, 642 w, 549 w cm’'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for
C20H36NO 306.2797; Found 306.2797.

(\O Allylamine 22jb. General Procedure D was followed with 2j (248 mg, 2.03
N\) mmol) and 13b (87.8 mg, 1.01 mmol), and 156 mg (46% yield) of
allylamine 22jb was obtained as a yellow oil after performing silica gel
column chromatography twice (hexane:ether = 4:1, then hexane:ether =
20:1 to 100% ether). '"H NMR (391.78 MHz, C¢De): 5 4.94 (s, 2H), 3.70-
3.61 (m, 4H), 2.55 (dd, J=9.4, 4.3 Hz, 1H), 2.41-2.31 (m, 4H), 2.09 (dd, J
=15.3,6.7 Hz, 1H), 1.90 (dd, J=15.3, 7.1 Hz, 1H), 1.83-1.53 (m, 12H), 1.46-1.37 (m, 1H), 1.31-
1.09 (m, 9H), 0.94-0.86 (m, 4H); 3C{'H} NMR (100.50 MHz, C¢Ds): 5 146.6, 112.8, 71.5, 67.6,
51.3,41.3,38.4,35.7,34.6,34.02, 34.01, 33.9, 33.5, 27.04, 27.01, 26.8, 26.79, 26.77 (2C), 25.4;
IR(neat): 3077 w, 2922 s, 2850 s, 2804 s, 2688 W, 2668 w, 1804 w, 1643 m, 1448 s, 1392 w,1348 m,
1326 m, 1308 m, 1286 m, 1270 s, 1207 w, 1172 w, 11195, 1071 m, 1032 w, 1010 m, 961 m, 921 m,
898 s, 880 m, 865 m, 714 w, 607 w, 546 w cm’'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for
C2H4NO 334.3110; Found 334.3108.

(\ o Allylamine 23jb. General Procedure D was followed with 2j (248 mg,

N\) 2.03 mmol) and 13b (87.8 mg, 1.01 mmol), and 95.5 mg (28% yield) of
S allylamine 23jb was obtained as a yellow oil after performing silica gel
column chromatography twice (hexane:ether = 4:1, then hexane:ether =
1:1). '"HNMR (391.78 MHz, C¢Ds): & 5.42 (dt, J= 15.3, 7.1 Hz, 1H),
5.31(ddt,J=15.3,9.0, 1.2 Hz, 1H), 3.73-3.66 (m, 4H), 2.65 (td, J =
8.2, 5.5 Hz, 1H), 2.53-2.48 (m, 2H), 2.35-2.30 (m, 2H), 1.94 (t, J = 6.7 Hz, 2H), 1.76-1.61 (m, 11H),
1.43-1.14 (m, 11H), 1.11-0.84 (m, 4H); 3C{'H} NMR (100.50 MHz, C¢D¢): 5 132.2, 131.2, 68.4,

67.6,50.7,40.9, 38.3, 38.2,34.4, 33.9, 33.7, 33.5, 33.4, 29.8, 27.1, 26.9, 26.79, 26.78, 26.67, 26.66;
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IR(neat): 2922 s, 2850 s, 2808 m, 2685 w, 1448 m, 1391 w, 1349 w, 1326 w, 1268 w, 1205 w, 1119 s,
1071 w, 1032 w, 1000 w, 974 w, 918 w, 877 w, 866 w cm’'; HRMS (ESI-TOF) m/z: [M+H]* Calcd
for C22H4oNO 334.3110; Found 334.3109.

(\ o Allylamine 22db. General Procedure D was followed with 2d (186
NC N\) mg, 2.00 mmol) and 13b (86.9 mg, 1.00 mmol), and 128 mg (47%
yield) of allylamine 22db was obtained as a yellow oil after silica gel
column chromatography (AcOEt). 'H NMR (391.78 MHz, C¢Ds): &
4.66 (s, 1H), 4.60 (dd, J= 1.5, 1.1 Hz, 1H), 3.64-3.55 (m, 4H), 2.23-
CN 207 (m, 5H), 1.90-1.81 (m, 1H), 1.75-1.67 (m, 1H), 1.48 (t,/=5.9
Hz, 2H), 1.40 (t, J= 7.1 Hz, 2H), 1.21 (quin, J = 7.1 Hz, 2H), 1.18-1.09 (m, 1H), 1.02-0.84 (m, 5H);
BC{'H} NMR (100.50 MHz, C¢Ds): 5 146.4, 119.26, 119.22, 113.1, 71.0, 67.4, 51.2, 30.5, 27.2,
25.6,25.4,23.5,16.6, 16.4; IR(neat): 3079 w, 2926 s, 2852 s, 2807 s, 2691 w, 2245 m, 1645 w,
1452 m, 1428 m, 1354 w, 1328 w, 1308 w, 1271 m, 1208 w, 1118 s, 1009 w. 1033 w, 1004 m, 906
m, 878 m, 731 w, 636 w, 552 w, 505 w cm™*; HRMS (ESI-TOF) m/z: [M+H]* Calcd for C16H26N301
276.2076; Found 276.2097.

(\ o Allylamine 23db. General Procedure D was followed with 2d (186
NC NJ mg, 2.00 mmol) and 13b (86.9 mg, 1.00 mmol), and 44.3 mg (16%
yield) of allylamine 23db was obtained as a yellow oil after silica gel
column chromatography (AcOEt). 'H NMR (391.78 MHz, C¢Ds): &
5.09 (dd, J=15.7, 8.6 Hz, 1H), 4.98 (dt, J= 15.7, 6.7 Hz , 1H), 3.70-
NC 3.61 (m, 4H), 2.42-2.36 (m, 1H), 2.34-2.28 (m, 2H), 2.18-2.13 (m,
2H), 1.75 (q, J = 6.7 Hz, 2H), 1.47 (t, J=7.0 Hz, 2H), 1.42 (t, J = 6.8 Hz, 2H), 1.27-1.21 (m, 1H),
1.11-0.97 (m, 7H); 3C{'H} NMR (100.50 MHz, C¢Ds): 5 131.5, 131.1, 119.4, 119.2, 67.4, 67.1,
50.3,31.2,31.1, 25.34, 25.30, 25.1, 24.9, 16.7, 16.1; IR(neat): 2945 s, 2856 s, 2811 m, 2754 w, 2693
w, 2245 m, 1453 m, 1426 w, 1353 w, 1327 w, 1268 w, 1118 s, 1069 w, 1002 m, 976 m, 920 w, 864 w,
733 w cm™!'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for Ci6H26N30, 276.2076; Found 276.2062

o (\O Allylamine 22eb. General Procedure D was followed with 2e (253
g N J mg, 2.01 mmol) and 13b (87.5 mg, 1.00 mmol), and 132 mg (39%
yield) of allylamine 22eb was obtained as a yellow oil after silica gel
column chromatography (hexane:AcOEt = 1:1). *H NMR (395.88
MHz, CsDe): 5 4.84 (d, J = 1.6 Hz, 1H), 4.80 (s, 1H), 3.61 (t, J=4.8
O™ ~O Hz, 4H), 3.36 (s, 3H), 3.35 (s, 3H), 2.41 (dd, J= 9.7, 4.4 Hz, 1H),
2.27-2.17 (m, 4H), 2.14 (t, J = 7.4 Hz, 2H), 2.11 (t, J = 7.4 Hz, 2H),
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2.06-1.97 (m, 1H), 1.92-1.82 (m, 1H), 1.80-1.70 (m, 2H), 1.64-1.46 (m, 2H), 1.45-1.34 (m, 1H),
1.27-0.98 (m, 3H); 3C{'H} NMR (99.55 MHz, CDCls): § 174.1, 174.0, 147.1, 112.8, 71.6, 67.3,
51.5,51.4,51.1,33.9,33.8,30.7, 28.0, 26.1, 25.0, 22.8; IR(neat): 3612 w, 3458 w, 3078 m, 2951 s,
22854 5,2805 s, 2691 m, 2313 w, 2060 w, 1974 w, 1739 s, 1645 m, 1437 s, 1363 5, 1198 s, 1172 s,
11195, 1006 s, 902 s, 880 s, 751 w, 642 w, 597 w, 553 w cm™!; HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C1sH32N10s5 342.2281; Found 342.2282.

o (\O Allylamine 23eb. General Procedure D was followed with 2e (253
- N\) mg, 2.01 mmol) and 13b (87.5 mg, 1.00 mmol), and 88.7 mg (26%
yield) of allylamine 23eb was obtained as a yellow oil after silica
gel column chromatography (gradient elution, hexane:AcOEt = 1:1
to 100% AcOEt). *H NMR (395.88 MHz, CeDs): & 5.27-5.15 (m,
o 2H), 3.69-3.60 (m, 4H), 3.37 (s, 3H), 3.35 (s, 3H), 2.55-2.49 (m,
o) 1H), 2.40-2.35 (m, 2H), 2.22-2.17 (m, 2H), 2.13 (q, /= 7.7 Hz,
4H), 1.96-1.86 (m, 2H), 1.66-1.54 (m, 4H), 1.50-1.39 (m, 1H),
1.34-1.17 (m, 3H); *C{'H} NMR (99.55 MHz, CDCl5): 6 174.1, 174.0, 133.1, 129.9, 67.7, 67.2,
51.51,51.46,50.2,34.0,33.4,31.7,31.4,25.9, 24.9, 24.6; IR(neat): 3458 w, 2951 s, 2855 s, 28100 s,
2762 m, 2688 w, 1970 w, 1739 s, 1452 s, 1437 s, 1365 s, 1323 s, 12525, 1202 s, 1172 s, 1119 s, 1069
m, 1005 s, 976 s, 919 m, 877 m, 863 m, 803 w, 743 w, 705 w, 639 w cm™'; HRMS (ESI-TOF) m/z:
[M+H]* Calcd for C1sH3,N Os 342.2281; Found 342.2282.

~

(\O Allylamine 22gb. General Procedure D was followed with 2g
0._© N\) (336 mg, 2.00 mmol) and 13b (87.3 mg, 1.00 mmol), and 145
Q/ mg (34% yield) of allylamine 22gb was obtained as a yellow oil

after silica gel column chromatography (gradient elution,
O.__0O._ hexane:ether = 5:1 to 1:2). "H NMR (391.78 MHz, C¢Ds): &
U 4.94 (d,J=1.2 Hz, 1H), 4.88 (s, 1H), 4.61-4.59 (m, 2H), 3.89-

3.81 (m, 4H), 3.62 (t, J = 4.3 Hz, 4H), 3.43-3.32 (m, 4H), 2.51
(q,J=4.3 Hz, 1H), 2.31-2.19 (m, 5H), 2.14-2.06 (m, 1H), 1.87-1.76 (m, 4H), 1.62-1.49 (m, 7H),
1.43-1.24 (m, 9H); BC{'H} NMR (100.50 MHz, CDCls): & 147.7, 112.4, 98.92, 98.85, 71.9, 67.4,
62.42,62.36,51.2,30.8,29.8, 28.3,27.9, 27.7,25.5, 23.2, 19.7; IR(neat): 3078 w, 2941 s, 2868 s,
2803 m, 1644 w, 1652 m, 1442 m, 1383 w, 1352 m, 1323 w, 1263 m, 1200 m, 1183 w, 1157 w, 1136
s, 11195, 1077 s, 1034 s, 991 w, 971 w, 904 w, 870 w, 815 w cm’!; HRMS (ESI-TOF) m/z: [M+H]*
Calcd for C24H4sNOs 426.3220; Found 426.3212.
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(\O Allylamine 23gb. General Procedure D was followed with 2g (339
0__0 N._J mg, 2.01 mmol) and 13b (86.8 mg, 1.00 mmol), and 118 mg (28%
U — yield) of allylamine 23gb was obtained as a yellow oil after silica
gel column chromatography (ether). "H NMR (391.78 MHz, C¢Ds):
05.39 (dt, /=157, 6.3 Hz, 1H), 5.29 (dd, J=15.3, 8.6 Hz, 1H),
Q 4.62-4.60 (m, 2H), 3.88-3.83 (m, 4H), 3.68-3.64 (m, 4H), 3.44-3.34
Oij (m, 4H), 2.61 (dd, J= 8.2, 5.5 Hz, 1H), 2.45-2.42 (m, 2H), 2.28-
2.24 (m, 2H), 2.13 (dd, J= 14.5, 7.1 Hz, 2H), 1.80-1.58 (m, 10H),
1.48-1.27 (m, 10H); 3C{'H} NMR (100.50 MHz, C¢Ds): & 133.2, 130.3, 98.66, 98.64, 67.87, 67.55,
67.48, 66.8, 61.6, 50.5, 32.18, 31.10, 31.06, 30.32, 30.13, 29.5, 25.96, 25.93, 23.4, 19.7; IR(neat):
2940 s, 2853 s, 2808 m, 1452 m, 1383 w, 1352 m, 1323 w, 1262 w, 1200 m, 1183 w, 1159 w, 1136 s,
1119 s, 1077 m, 1034 s, 973 m, 905 m, 867 m, 814 w cm’; HRMS (ESI-TOF) m/z: [M+H]* Calcd
for C24H4sNOs 426.3220; Found 426.3216.
Allylamine 22aa. General Procedure D was followed with 2a (221
I\O mg, 2.01 mmol) and 13a (87.9 mg, 1.03 mmol), and 139 mg (45%
yield) of allylamine 22aa was obtained as a yellow oil after NH
silica gel column chromatography (hexane). "H NMR (391.78 MHz,
CDCl3): 6 4.86 (s, 1H), 4.81 (s, 1H), 2.58 (dd, /= 9.8 Hz, 3.5 Hz,
1H), 2.40-2.34 (m, 4H), 2.03-1.89 (m, 2H), 1.53-1.25 (m, 26H),
0.91-0.86 (m, 6H); 3C{'H} NMR (100.50 MHz, CDCI3):  149.3,
111.0, 72.0, 51.7, 32.3, 31.89, 31.88, 29.9, 29.33, 29.27, 29.15, 27.6, 27.0, 26.4, 24.9, 22.67, 22.66,
14.11, 14.10; IR(neat): 3074 w, 2954 m, 2928 s, 2855 m, 2790 w, 2749 w, 1643 w, 1466 m, 1377 w,
1150 w, 1116 w, 1103 w, 1038 w, 988 w, 896 m, 723 w cm’!; HRMS (ESI-TOF) m/z: [M+H]* Calcd
for C21H42N 308.3317; Found 308.3327.

Allylamine 23aa. General Procedure D was followed with 2a (221
O mg, 2.01 mmol) and 13a (87.9 mg, 1.03 mmol), and 89.5 mg (29%

yield) of allylamine 23aa was obtained as a yellow oil after NH

silica gel column chromatography (hexane). '"H NMR (391.78

MHz, CDCl3): § 5.43 (dt, J=15.3, 6.7 Hz, 1H), 5.26 (ddt, J=15.3,

9.0, 1.1 Hz, 1H), 2.64 (td, J=9.4, 3.9 Hz, 1H), 2.51 (br, 2H), 2.35

(br, 2H), 2.03 (q, J= 7.1 Hz, 2H), 1.60-1.52 (m, 5H), 1.43-1.25 (m,
21H), 0.90-0.85 (m, 6H); 3C{'H} NMR (100.50 MHz, CDCls): § 133.6, 129.4, 68.4, 50.7, 32.5,
32.4,31.9,29.7,31.7,29.4,29.3, 28.8, 26.8, 26.4, 24.8, 22.660, 22.656, 14.09, 14.07; IR(neat): 2956
m, 2927 m, 2855 m, 2791 w, 2749 w, 1466 m, 1377 w, 1302 w, 1270 w, 1154 w, 1100 w, 1036 w,
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972 w, 861 w, 723 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C21H4oN 308.3317; Found

308.3327.

A,

NN

Allylamine 22ac. General Procedure D was followed with 2a (223
mg, 2.02 mmol) and 13¢ (115 mg, 1.00 mmol), and 164 mg (48%
yield) of allylamine 22ac was obtained as a yellow oil after NH
silica gel column chromatography (hexane). "H NMR (391.78 MHz,
CeDe): 0 5.04-5.02 (m, 1H), 4.99-4.97 (m, 1H), 3.75-3.67 (m, 2H),
2.80 (dt,J=11.4, 1.6 Hz, 1H), 2.75 (dt, J=11.4, 1.6 Hz, 1H), 2.65
(dd, J=10.0, 4.3 Hz, 1H), 2.25-2.18 (m, 1H), 2.13-2.06 (m, 1H),

1.87-1.75 (m, 2H), 1.71-1.21 (m, 20H), 1.15 (t, J = 6.1 Hz, 6H), 0.93-0.88 (m, 6H); 3C{'H} NMR
(98.52 MHz, C¢Dg): 6 149.2, 111.9, 72.20, 72.18, 71.6, 58.5, 56.2, 32.4, 32.3, 32.2, 30.3, 29.764,
29.762, 28.7,28.1,27.2, 23.1, 23.0, 19.6, 19.5, 14.32, 14.30; IR(neat): 3079 w, 2928 s, 2857 s, 2805
m, 2770 m, 2731 w, 1645 w, 1455 m, 1397 w, 1374 m, 1323 m, 1272 w, 1229 w, 1177 w, 1146 s,
1085 s, 967 w, 898 m, 842 w, 724 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C22H44NO

338.3423; Found 338.3415.

Allylamine 23ac. General Procedure D was followed with 2a (223
mg, 2.02 mmol) and 13¢ (115 mg, 1.00 mmol), and 95.9 mg (28%
yield) of allylamine 23ac was obtained as a yellow oil after NH
silica gel column chromatography (hexane). '"H NMR (391.78
MHz, C¢De): 6 5.48 (dt, J=15.3, 6.5 Hz, 1H), 5.38 (dd, J=15.3,
8.4 Hz, 1H), 3.85-3.67 (m, 2H), 2.76 (d, J=9.8 Hz, 1H), 2.57 (d, J
=11.0 Hz, 1H), 2.12-2.02 (m, 3H), 1.91 (t, /= 10.2 Hz, 1H), 1.74-
1.68 (m, 1H), 1.47-1.21 (m, 20H), 1.17-1.16 (m, 6H), 0.93-0.89 (m,

6H); *C{'H} NMR (100.50 MHz, C¢Ds): 6 133.7, 130.0, 72.3, 72.1, 67.7, 58.3, 54.7, 32.8, 32.6,
32.3,32.0,30.2, 29.84, 29.81, 29.2, 26.9, 23.08, 23.06, 19.6, 19.5, 14.32, 14.30; IR(neat): 2957 s,
2927 s, 2856 s,2808 m, 2767 w, 1454 m, 1396 w, 1374 m, 1323 m, 1284 w, 1226 w, 1176 w, 1146 s,
1083 s, 971 m, 879 w, 842 w, 724 w cm’'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C22HauNO

338.3423; Found 338.3420.
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(\N/ Allylamine 22ad. General Procedure D was followed with 2a (221
N\) mg, 2.01 mmol) and 13d (99.9 mg, 1.00 mmol), and 129 mg (40%
yield) of allylamine 22ad was obtained as a yellow oil after NH
silica gel column chromatography (hexane:ether = 10:1), followed
by silica gel column chromatography (CHCl3:MeOH = 50:1). 'H
NMR (400.05 MHz, C¢De): 6 5.01 (d, J = 1.6 Hz, 1H), 4.99 (s, 1H),
2.68 (dd, J=9.6, 4.4 Hz. 1H), 2.64-2.47 (m, 4H), 2.38 (br s, 4H), 2.26-2.20 (m, 1H), 2.16 (s, 3H),
2.07 (quin, J = 8.0 Hz, 1H), 1.70-1.21 (m, 20H), 0.91-0.89 (m, 6H); 3C{'H} NMR (100.50 MHz,
CeDs): 0 149.7, 111.6, 71.7, 56.2, 50.9, 46.3, 32.3, 32.23, 32.19, 30.3, 29.80, 29.76, 29.2, 28.1, 27.2,
23.1,23.0, 14.32, 14.31; IR(neat): 3078 w, 2956 s, 2927 s, 2855 s, 2792 m, 2763 w, 2688 w, 1641 w,
1457 m, 1377 w, 1350 w, 1327 w, 1290 w, 1161 m, 1113 w, 1085 w, 1052 w, 1012 w, 932 w, 898 w,
845 w, 793 w, 723 w cm’!; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2;Ha3N; 323.3426; Found
323.3422.

(\N/ Allylamine 23ad. General Procedure D was followed with 2a (221
N\) mg, 2.01 mmol) and 13d (99.9 mg, 1.00 mmol), and 54.8 mg (17%
= yield) of allylamine 23ad was obtained as a yellow oil after NH silica
gel column chromatography (hexane:ether = 10:1), followed by silica
gel column chromatography (CHCl;:MeOH = 50:1). "H NMR (391.78
MHz, CDCl3): 6 5.46 (dt, J=15.2, 6.7 Hz, 1H), 5.25 (ddt, J = 15.2,
9.0, 1.2 Hz, 1H), 2.65-2.46 (m, 8H), 2.28 (s, 3H), 2.01 (q, J = 7.4 Hz, 2H), 1.60 (br, 1H), 1.36-1.26
(m, 20H), 0.88 (td, J= 6.7, 1.9 Hz, 6H); 3C{'H} NMR (100.50 MHz, CDCls): § 134.2, 129.1, 67.8,
55.4,49.7,46.0,32.4,32.2,31.8,31.7,29.7,29.4, 29.3, 28.8, 26.5, 22.64, 22.61, 14.08, 14.06;
IR(neat): 2956 s, 2855 s, 2792 s, 2763 m, 2688 w, 1657 w, 1456 m, 1376 w, 1349 w, 1327 w, 1285
m, 1161 m, 1111 w, 1053 w, 1012 m, 972 m, 796 w, 723 w cm’'; HRMS (ESI-TOF) m/z: [M+H]"
Calcd for C21H43N3 323.3426; Found 323.3443.

oH Allylamine 22ae. General Procedure D was followed with 2a
,O/ (223 mg, 2.02 mmol) and 13e (102 mg, 1.01 mmol), and 141.2
mg (43% yield) of allylamine 22ae was obtained as a yellow oil
after NH silica gel chromatography (hexane:CH,Cls:ether = 3:1:1,
then 3:2:1). "H NMR (395.88 MHz, CDCl;): & 4.88-4.85 (m, 1H),
4.81 (s, 1H), 3.68-3.58 (m, 1H), 2.86-2.79 (m, 1H), 2.75-2.68 (m,
1H), 2.63 (dd, J=9.9, 4.5 Hz, 1H), 2.17-1.81 (m, 6H), 1.60-1.12
(m, 23H), 0.91-0.85 (m, 6H); 3C{'H} NMR (99.55 MHz, CDCl5): § 149.0, 111.2, 71.0, 68.6, 48.5,
47.8,34.94, 34.89, 32.2,31.8 (2C), 29.8, 29.3, 29.23, 29.21, 27.6, 26.9, 22.6 (2C), 14.1 (2C);
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IR(neat): 3349 s, 3079 m, 2928 s, 2855 s, 2798 s, 1799 w, 1644 m, 1466 s, 1377 m, 1324 m, 1299 m,
1242 w, 1173 w, 1139 m, 1062 s, 1013 w, 980 w, 898 m, 813 w, 723 w cm™'; HRMS (ESI-TOF) m/z:
[M+H]" Calcd for C21H42N1O; 324.3266; Found 324.3268.

oH Allylamine 23ae. General Procedure D was followed with 2a
O/ (223 mg, 2.02 mmol) and 13e (102 mg, 1.01 mmol), and 67.4 mg
(21% yield) of allylamine 23ae was obtained as a yellow oil after
NH silica gel chromatography (hexane:CH>Cly:ether = 3:1:1,
then 3:2:1). "H NMR (395.88 MHz, CDCl5): § 5.48-5.40 (m, 1H),
5.28-5.20 (m, 1H), 3.67-3.59 (m, 1H), 2.89-2.82 (m, 1H), 2.73-
2.65 (m, 2H), 2.32-2.25 (m, 1H), 2.17-2.09 (m, 1H), 2.06-1.99
(m, 2H), 1.94-1.84 (m, 2H), 1.63-1.46 (m, 3H), 1.41-1.18 (m, 20H), 0.88 (t, /= 6.9 Hz, 3H), 0.87 (t,
J=6.9 Hz, 3H); *C{'H} NMR (99.55 MHz, CDCl5): § 134.0, 128.9, 68.5, 67.6, 48.3, 46.1, 34.9
(2C), 32.6,32.4,31.8, 31.6, 29.6, 29.4, 29.3, 28.8, 26.7, 22.6 (2C), 14.1 (2C); IR(neat): 3376 m,
2855s,2925s,2855 s, 1661 w, 1466 m, 1367 w, 1298 w, 1245 w, 1172 w, 1138 w, 1063 m, 1012 w,
972 m, 723 w, 526 w cm’!; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C,1H42N10; 324.3266; Found
324.3265.

Allylamine 22af. General Procedure D was followed with 2a (222
’\D mg, 2.02 mmol) and 13f (71.6 mg, 1.01 mmol), and 106 mg (36%

yield) of allylamine 22af was obtained as a yellow oil after NH silica

gel column chromatography (hexane:ether = 20:1). "H NMR (400.05

MHz, CsDs): 6 5.10 (s, 1H), 4.97 (s, 1H), 2.59 (dd, J=9.0, 4.7 Hz,

1H), 2.54-2.41 (m, 4H), 2.30 (quin, J = 8.0 Hz, 1H), 2.12 (quin, J =
8.0 Hz, 1H), 1.74-1.52 (m, 8H), 1.42-1.21 (m, 16 H), 0.93-0.86 (m, 6H); *C{'H} NMR (100.50
MHz, CsDs): 6 151.2, 111.0, 73.5, 52.7, 32.34, 32.29, 32.26, 30.6, 30.3, 29.9, 29.8, 28.1, 26.7, 23.7,
23.07, 23.05, 14.31, 14.30; IR(neat): 3084 w, 2957 s, 2926 s, 2856 m, 2781 w, 1459 w, 1378 w, 1326
w, 1136w, 1112 w, 896 w, 723 w, 626 w cm’'; HRMS (ESI-TOF) m/z: [M+H]* Caled for C20Hs0N
294.3161; Found 294.3155.
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Allylamine 22ah. General Procedure D was followed with 2a (221

H/ mg, 2.01 mmol) and 13h (86.9 mg, 1.00 mmol), and 93.2 mg (30%

N yield) of allylamine 22ah was obtained as a yellow oil after NH silica
gel column chromatography (hexane), followed by silica gel column
chromatography (hexane:AcOEt = 20:1). '"H NMR (391.78 MHz,
CDCl): 6 4.89 (s, 1H), 4.81 (s, 1H), 2.71 (dd, J=9.8, 4.3 Hz, 1H),
2.47-240 (m, 1H), 2.30-2.23 (m, 1H), 2.16 (s, 3H), 1.97 (q, /= 6.3 Hz,
2H), 1.63-1.26 (m, 24H), 0.92-0.86 (m, 9H); 3C {'H} NMR (100.50

MHz, CDCl3): 6 149.5, 110.8, 69.8, 54.2, 38.5, 32.5, 31.9 (2C), 29.9, 29.5, 29.32, 29.29, 28 4, 27.7,
27.0,22.67,22.66, 20.65, 14.12, 14.11 (2C); IR(neat): 3079 w, 2956 s, 2927 s, 2857 s, 2788 w, 1644
w, 1466 m ,1378 w, 897 m, 723 w cm’!; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2;HaN
310.3474; Found 310.3460.

Ph  Allylamine 22ai. General Procedure D was followed with 2a (220
mg, 2.00 mmol) and 13i (121 mg, 1.00 mmol), and 53.1 mg (15%

pd

yield) of allylamine 22ai was obtained as a yellow oil after NH silica

gel column chromatography (hexane), followed by silica gel column

chromatography (hexane:ether = 50:1). 'H NMR (400.05 MHz,

CDyCl,): 6 7.29-7.18 (m, SH), 4.93 (d, /= 1.6 Hz, 1H), 4.87 (s, 1H),

3.58(d,J=13.2 Hz, 1H), 3.39 (d, /= 13.2 Hz, 1H), 2.84 (dd, J =
9.8,4.4 Hz, 1H), 2.19-2.00 (m, 5H), 1.72-1.65 (m, 1H), 1.54-1.30 (m, 19H), 0.90-0.87 (m, 6H);
BC{'H} NMR (100.50 MHz, CD>Cl,): 4 150.2, 141.5, 129.2, 128.6, 127.0, 111.2, 69.6, 59.2, 38.4,
33.9,32.47,32.44,30.4, 29.91, 29.88, 28.4, 28.2, 27.6, 23.25, 23.24, 14.5 (2C); IR(neat): 3084 w,
3063 w, 3027 w, 2955 s, 2927 s, 2856 s, 2785 w, 1645 w, 1494 w, 1456 m, 1377 w, 1144 w, 1122 w,
1074 w, 1020 w, 899 w, 737 w, 697 m cm™'; HRMS (ESI-TOF) m/z: [M+H]" Calcd for C2sH4oN
344.3317; Found 344.3319.

ph Allylamine 23ai. General Procedure D was followed with 2a (220
mg, 2.00 mmol) and 13i (121 mg, 1.00 mmol), and 41.4 mg (12%
yield) of allylamine 23ai was obtained as a yellow oil after NH silica
gel column chromatography (hexane). "H NMR (400.05 MHz,
CD30D): § 7.34-7.20 (m, 5H), 5.52 (dt, J=15.5, 7.2 Hz, 1H), 5.36
(dd, J=15.5,9.2 Hz, 1H), 3.67 (d, J=13.0 Hz, 1H), 3.40 (d, J =
13.0 Hz, 1H), 2.88 (ddd, J=9.2, 4.4 Hz, 1H), 2.20-2.06 (m, 4H),
1.73-1.62 (m, 1H), 1.35-1.18 (m, 20H), 0.83-0.78 (m, 6H); *C{'H}

NMR (100.50 MHz, C¢De): 6 141.0, 133.9, 129.1, 129.0, 128.5, 127.0, 65.6, 58.8, 37.5, 33.5, 32.9,
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32.3,32.1,30.1, 29.9, 29.8, 29.2, 27.0, 23.08, 23.06, 14.34, 14.31; IR(neat): 3085 w, 3062 w, 3027
w, 29555, 2926 s, 2855 5, 2789 w, 1494 w, 1455 m, 1377 w, 1365 w, 1314 w, 1259 w, 1209 w, 1120
w, 1073 w, 1026 w, 972 w, 905 w, 823 w, 734 m, 697 w cm™'; HRMS (ESI-TOF) m/z: [M+H]* Calcd
for C24H4>N 344.3317; Found 344.3304.

178



General Procedure E for the 3'P{'"H} NMR Studies. In a glove box, Rh(Q)(cod) (1a) (17.8 mg, 0.05
mmol), toluene or DMA (0.3 mL) and P(4-CF3CsH4); (46.6 mg, 0.10 mmol) were added to a 7 mL
sealed tube containing a magnetic stirring bar in this order. The mixture was stirred at room
temperature for 5 min. CsF or DBU (if necessary, 1.0 mmol), 13a (1.0 mmol), 2a (2.0 mmol) and
toluene or DMA (0.2 mL) were added to the resulting solution in this order and stirred at 80 °C in a
heating block for 2 h. After the reaction mixture was cooled to room temperature, C¢Ds (ca. 0.5 mL)
were added to the tube in a glove box. 'H and *'P{'H} NMR (CsDg) analyses were carried out under

nitrogen atmosphere.

Observation of an Aminocarbene Complex by '*C{'H} NMR Analysis. In a glove box,
Rh(Q)(cod) (1a) (35.5 mg, 0.1 mmol), P(4-CF3CsHa4)3 (93.3 mg, 0.2 mmol), 1,3,5-
trimethoxybenzene (4.98 mg, 0.03 mmol) (internal standard) and DMF-d; (0.3 mL) were added to an
NMR tube in this order. CsF (0.3 mmol), DMF-d7 (0.05 mL), 13a (0.3 mmol), 2a (0.6 mmol) and
DMF-d7 (0.4 mL) were added to the resulting solution in this order and stirred 60 °C for 7 h. After
the reaction mixture was cooled to room temperature, 3'P{'H} and *C {'H} NMR analyses were

carried out under nitrogen atmosphere.
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General Procedure for Three-Component Alkyne-Alkyne-Amine Coupling, followed by
Reduction. In a glove box, Rh(5-F-8-Q)(cod) (1b) (37.3mg, 0.1 mmol), DMSO (1 mL) and P(4-
CF3CsHa)3 (93.3 mg, 0.20 mmol) were added to a 7 mL sealed tube containing a magnetic stirring
bar in this order. The mixture was stirred for 5 min at room temperature. MTBD (1.0 mmol),
secondary amine 13 (2.0 mmol), terminal alkyne 2 (2.0 mmol), internal alkyne 26 (1.0 mmol) and
DMSO (1 mL) were added to the resulting solution in this order and stirred at 80 °C in a heating
block for 72 h. The resulting mixture was cooled to room temperature and transferred to a 20 mL
Schlenk flask via a cannula using 5 mL of THF. Then THF (5 mL), NaBH(Oac); (1.060 g, 5 mmol),
AcOH (purity >99%, 218.4 mg, 3.6 mmmol) were added under nitrogen. The mixture was stirred at
room temperature for 24 h. The reaction mixture was quenched with 1 N NaOH aq (20 mL) and
stirred for 1 h. The aqueous layer was extracted with hexane/AcOEt (4:1, 20 mL x 5). The combined
organic layers were washed with H,O (25 mL % 2) and brine, dried over MgSOs, filtered, and
concentrated in vacuo. The crude material was purified by NH or diol silica gel column

chromatography to afford allylamine 28.

Determination of NMR yield of Dienamines. In a glove box, Rh(5-F-8-Q)(cod) (1b) (37.3mg, 0.1
mmol), DMSO (1 mL) and P(4-CF3CsHa)3 (93.3 mg, 0.20 mmol) were added to a 7 mL sealed tube
containing a magnetic stirring bar in this order. The mixture was stirred for 5 min at room
temperature. MTBD (1.0 mmol), secondary amine 13 (2.0 mmol), terminal alkyne 2 (2.0 mmol),
internal alkyne 26 (1.0 mmol) and DMSO (1 mL) were added to the resulting solution in this order
and stirred at 80 °C in a heating block for 72 h. After the reaction mixture was cooled to room
temperature, 1,3,5-trimethoxybenzene (internal standard) and CsDs (ca. 1.0 mL) were added to the
tube, and the resulting material was mixed until it became a solution. The NMR yield of dienamine

27 was determined by '"H NMR (C¢Dg) analysis.
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(\O Allylamine 28aab. General Procedure was followed with 2a (220
N\) mg, 2.00 mmol), 26a (178 mg, 1.00 mmol) and 13b (175 mg, 2.01

N mmol), and 269 mg (71% yield) of allylamine 28aab was obtained
Ph

Ph as a yellow oil after NH silica gel column chromatography

(hexane) followed by diol silica gel column chromatography
(hexane:toluene = 5:1, then hexane:ether = 1:1). 'H NMR (319.78 MHz, C¢Ds): & 7.34-7.36 (m, 2H),
7.14-6.90 (m, 8H), 6.61 (s, 1H), 3.67-3.65 (m, 4H), 2.94-2.91 (m, 1H), 2.59-2.56 (m, 2H), 2.44-2.39
(m, 2H), 1.60-1.35 (m, 4H), 1.30-1.19 (m, 8H), 0.88 (t, /= 6.9 Hz, 3H); *C{'H} NMR (98.52 MHz,
CDs;CN): 5 142.5, 141.3, 138.1, 130.8, 130.4, 130.0, 129.0, 128.7, 127.8, 127.3, 74.3, 67.8, 52.1,
32.4,30.2,29.8,29.0,26.6, 23.2, 14.3; IR(neat): 3144 w, 3077 m, 3056 s, 3024 s, 2956 s, 2925 s,
2854 s,2805 s,2763 s, 2689 m, 2567 w, 2314 w, 1946 w, 1882 w, 1802 w, 1758 w, 1637 w, 1599 m,
1575 m, 1542 w, 1491 s, 1449 s, 1396 m, 1394 m, 1378 m, 1365 m, 1329 s, 1308 m, 1268 s, 1208 m,
1179 m, 1120 s, 1071 m, 1032 s, 1004 s, 965 m, 920 s, 887 s, 872 m, 803 w, 771 m, 757 s, 721 m,
697 s, 658 w, 628 w, 611 w, 587 w, 549 w, 530 w cm™'; HRMS (ESI-TOF) m/z: [M+H]* Calcd for
C26H36NO 378.2797; Found 378.2799.
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