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B 1 “BERRBROMFHNE TR RBFEESROBE

TR FITEE AL AR Tl 7: C1 IREL THIR T ZENTELTD D
LR EBITEFR A OB EDOREREREF->T0D, Lo, RIFFICER LB OB (b
RFNL B F RN TE TR/ Ny TV TOIEMHEAL B L O A b & ~0E Ei3 sk
RO DIE T IES LTV,

TR FE ORI BT AIFEIILL F OISR TES,

O “EHLRFBORITIONIED LR TR SEEFHEIR, T/ha—L TV ~DE
Q@ INRAERY 2V EEHERE AT LT DR FBE—IRFE M ATERK

@ ZELIRFEEINR=RET DI —RE— T L Z | TV T A

Scheme 1-1 (Z/RTEINT, AX ) —/LOAZ L D X7 BRLBEFE DR ME S~ D HL D
FR{b IR 35 0 7 DR D kB — R R A 2 YWY rI R Al D BT 3 Thh D,

Scheme 1-1 &V IR FE DL FHIZE LG

H H
H-C-O_  H-C-H
| H |
/ H H
? 9
0o=C=0 ——— .C C.
R R R H
abundant \ o Q ?
harmless .C__R _C. _R' .C. R"
) . H ¢ O RO c O R'RN c O
inexpensive Y

kinetically
favorable
products

— 7 =R R LTV Z T, A I CO, =y ML L CR>TRY, ML
RIEET N T—LRTIL 7R B LD UG TER T 5 IR IR EARRL A L3Il (Scheme 1-2)' %%
DI RoME B RS Lo TR E AL D TSI E D CO, A IMARD AR i 2h #:R0 B i
DOHIEHNHETHY, ZNDIT, AX AL ) — VBRI R THERICER 270 ATH S,
BUR T, =R R = UL XML, AX ) — N7 8O BB R TR &
HOD, ZIHO BBV BIEOMENLIE, IR > TV D,

Scheme 1-2 730 & VIR FBED KNI LD T L B=D B — S A=k LRI FRD AR

O

1]
CO; + RoNH <™ [R,NH,]'[R;NCO,]- RN OH
ammonium carbamate carbamic acid

AR TR “IRAVIR SR DDAV NI WA &R R D RBERI IR A IR L 2 G S D
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L7z, ETCIE T bR FBEE AW L2 A RBEIC BT AR E DB EFNIZ OV TR

THRAETLTz, IREICIE %

%



bl
it

T8 —_BERBERAWEOLEZ AR

T AR WIE IR LU TR S, — RIS T SUHEER AT LD RS LA R T
BAVLT F—MTH LT N a— L EREEHZ LI I AR &L TV VA (Scheme 1-3)%, Lol A&
G AV T R MBI EL, BT AR E B L OO Y D K BOFEFEY A AL
B DUNERDDIY | ZRVELBRE AN OB DI T _ERENH D,

Scheme 1-3 HAZ U ZFIHT BTV H A RkiE

O
I

C
Il

NR

O R'OH O
o + RNH, + 2 base

cl” >l —2 base-HCI

Flo VR VREL T BILRFEE A, STV LA, B&EREDEBMBEOFET, 72
v TR VB R LT B LA VIR = R E BT L A AL A D BB S TS,
Fefb Al LT, B3R Scheme 1-4 12789 d01C, SR E B HWOIND, —ER{bRFEITEEELL D
KIETHY | LBV EE SR 2 LB T 5 RDBZ N, FTo, B LS OmAbHE A7z
AIIE RO S8 BB TH D,

Scheme 1-4 /ST AMBEIZ LA T I - TV a— )b« —BR{VIRZBEDERAVCAI 7V 7 G
AR AR 2SS

NH Pd(OAc),
X 2 Cu(OAc), (1.5 equiv) R_/ | o
Ry + ROH + CO > C
= _ DMSO N~ OR'
10 equiv. 0.1 MPa 4154 H
SIC =20 46-95%

TR FITEE AL RENME CTHEBZM Ch 70, WVR=AJRELTHIHTEN
X, IRFBEIROF OB DB I TH D, EBE, Scheme 1-2 1R ZigfbiRFELTIV &
DN KV AR T DI NS BRIE, FEx ORETHIEIEL, VL2 ACEWE 52 DT
HIVTNWD  ZIVETORTEGIZ VS BRO BHAE  BLAME & BOS ARSI/ L
DN A I

(1) BB T AT DN S BEOEHEG

FHBIT, T ZEBERBL AT ACT AV ANLEETL AR AR CTEXAI L%
HEL T D(Scheme 1-5)°, SALM EDFUGA LI BVRE 52 57038, ZO IS THASH
T INIT T T IR TEY | REMEDIRWIFEIRT IAIIS LR, SHIZ, L
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INIUBAF L X0 SREEMEITEND T IV B3N AL T VR LV E RS L CT =y AR R
T D72, VLA DIRITFREEICE o TWD,

Scheme 1-5 /L ASIURENTT ALT ILFILNSDTILZ AR

2(CoHs),NH + CO, + RX 20°C. 481 (CoH5),NCOOR  +  [(CoHs)oNH, "X
4.0 MPa ' ~53%

amine : halide = 2.5:1

(CoH5),NH  + RX [(CoH5),RNH]" X

Aresta BTV TV T —T VAR HZETRERD SO IR SR CHEIT T 2282 1,
WEL TS, 18-Crown-6 [ZE-TT U E=Y AW T AU IHIRENDHZLET, TUE=T LI —N
A—ROERfENEZ A ESEDEEHITH — " A—b O RN [ ELTWDEB 2 LD, BOGIZIE
RRFMZ L, T4 OULRIIRIAE L CHFE CTH D (Scheme 1-6)

Scheme 1-6 777 T—7 V& HNDETL X AR

18-crown-6
(CeHsCHz),NH -+ CO, + CHp=CHBr Chyc,  (CeHsCHzNCOOCH=CH,
0.1 MPa 10 °C, 40 h 57%

amine:bromide = 1.8:1

B DI ER R B LR TR OB L 2 AR EREL WD, LTI T FT Y
E= N(TBAB)E AU BET =0 MDA AR L TV SIUBRA A DR EMEE D 5T
DOfEL LU THY Y, ZEBBIRFEET] 8.0 MPa, 100 °C, fEAIEDO S TT AT NNTAREE 1
T I BDDNNIE 2 T IV ISRIETIV D DFAE T CRIGL ., B 95% DU THEEHT L2 A3
H575(Scheme 1-7)%, ZO IS RICB W TR ELOTIMA LA THY  WEEINZ 20T
XSITHET TR\,
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Scheme 1-7 BALT T T F LT L B=t MFLE F COTLZ AR

2R'R?NH + CO,

BuyN*Br-
R'R2NCOOR? l T
. [R'R®NCOO]ITR'R2NH,]*
KX
R3X + K;COs;

[R'R®NCOO][BuyNJ*
+

R'R2NH,"Br

Chaturvedi HIE, AT IVALRFUREEEEH | Triton-B(X2 P /LRI AF LT =0 AER B
TRVERWLZETHENTARNEE 0T AEL T p-MV T 2V R TRT )V LTI 783
VRO SUSH LR DD AR B HEI T 5 2 8 2 5 LTV D (Scheme 1-8)°, Triton-B 1%
TBAB LAk, 7 =0 LA — A= D AEFARHEL T — S A= RO REZ PR RIZFTF 5L Tn0DE

HABND,

Scheme 1-8 Triton-B % WA EEHTL X A%

- o)
RRNH + CO, + R(CH,),CH,Cl —onB a
_ DMSO RHN"~OCH,(CH,),R
bubbling 90-100 °C ~98%
3-5h
R1 . O R1
RRINH + CO, + R2+OTS Jnon8 o R?
_ R3 DMSO RHN™""0" a3
bubbling 60 °C, 2-4 h
~98%

FNVSIU AR EARES 570 | BRI L Z TN T 2B 0355 CTD, SIS B e
TEMLIREIE S FIF DN AR5 B AL HD,

McGhee HIE7 7 =V 8K (CyTMG; N-378~X 3 )V-N',N’,N”, N"-T "NTAF NI T =
IIFE T, B LR FEE 0.55 MPa DS C 3 BRI INEE 2L KO A AL T Sk
AP THERLIZ AN ASIURAT U DBRUGL, fem T6%D BB R CEHY LV 22 5.2 528 %
LTV VA (Scheme 1-9)',
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Scheme 1-9 77 = FHBARTEAE T CO NI FREGARE N7 AL L2 A

CyTMG |C|)
R'R2NH + CO, + RSCl > 3
055 |\2/| o CH4CN R'R2N-C o R
: a 40-85°C, 3 h ~76%

amine:R3CI:CyTMG = 1: 4:1
NSV
CyTMG = J\
(CH3)2N™  "N(CHg3),

Bt SR L L CO TR ARY B A > BEMP(2-tert-7 F A ) 2- = F LT -,
3-UAF -~ ULERE-1,3,2-T T WIRARIANE NS ET, ZNETHEFF ML ETH-T-T L
VEBPER T 1 TR T AL MG SN T, SREFIED BRI AT L3
ORI R FRNLAR 'C OBATHWDLIL, Fieid 96%INE T RS SUR A
FILRESNS, (Scheme 1-10),

Scheme 1-10 FRARY G EAFLE F CO BN NIRRT Y AT LI BHD I L X AR

BEMP 0
R'R?NH + *CO, + (CH3)pSO; ——— Ct__CH
DMF R'R2N"T077°

_CH
Ch
BEMP = P

3 tBuCH;

Chaturvedi 513, MRS CHIEME &S T2 AV, ZERbRFEFRAK T TH2HJTIVEp-
LTy ZVIR B AT VA OGS H LI L > THEET L 2 AL B E SR TA L TV
(Scheme 1-11)"%,

Scheme 1-11 ;o Z7—bDBEEREZFIH LT= L/ SISO T L H AR

basic resin o)
I
RoNH + CO, + R'OTs DMSO R2N/C\ORI + HOTs
90°C,1h ~ 98%

amine:tosylate = 5:2

&R EEIR A W= L 2B RO B s L TUNA,
BHOIHEF EREOHEA ., T enaF AL T AR ANETILZ SRR LTSS,
NP AR BN T LT tert-7 FNANAIT T =R n- 7 FIVRAT AL B INZ HEH LIk



bl
it

S(DEEARD L ELS I, I, EIRERMZR R TRIS T DESET L ZACE WD R 99%IX
FKTHDNSD(Scheme 1-12), LU, $AEAIT T ATKH LT 1 YEBLETHY, “FLKFEID
DRI L2 B IZIE TR S TUORYY,

Scheme 1-12 $ifb& W% FAWZ B /LI FRAT LD AR

- 'C4HNC - t
RIR®NH + CO, + CuO'CHy - R'R*NCO,CU(CN'C4Hg) + ‘C4HOH
0.1 MPa rt, 3 h
CHjl

—— R'R?NCO,CH;,4

McGhee HIZzT VST DEER~D ISR O SRIZ KR A JEER BT A bR L &
AR OWTIERE LTV A (Scheme 1- 13)'%) Pdy(dba)s il =6t U, SRR 72 LT 1,2-
A(PT 2= VIRAT A YT B TR, AT U Ve N-mTF v 7 =& bR FEIET) 0.5
MPa D4 FCHREET DL, EHHTLZALEDN T9%DIETHELID, TV Wb iRkHE
RSN, BEEAT VN NT U DRI U OREREL, TV T IV A5 2 5 AT REED &
B, HHEL LT DBU 2T AL ED ARSI RS Eo T AR L RINFC B &
AeEWME 525,

Scheme 1-13 /720 NEEEZ I RBERID L 2 B R
DBU, 100 mol%

Pd,(dba)s, 0.1 mol% R3
R DPPE, 0.2 mol% /‘\/0\ _NR'R?
R'] RZNH + COZ + %\/ > C
cl THF, rt X

79%

_ /\
DPPE = (CgHs),P  P(CgHs),

T, Repo BII—&/— /L AL Ermm O EAFAE . B {bIRFEET] 3.5 MPa, 60 °C D
FHTLBLEV BT I OBV RF VLSRN ECICHEITL, ZhE N LEEYL
B BIOARBRYLAZCREERINCEONDZEZHE L TV 5 (Scheme 1-142)"°, B2 70
a7 ae VT I AW G HERULV A ERBERYLVAZ U DIRGME G2 D03 IR
NSNS PN \_ﬁﬁb\Zbkﬂiéfﬁﬁl/?/@@ﬁ@ﬁlﬁJ:Té(Scheme 1-14b), DFT #H.IZED,
RIEEL D LE WS AITIT HER YL XA RRE RN BERYL X A R OEBIRED = R LF
—ZEDRELRD | BT D HE RN A NI TODZEDIRIBSIL TN D,
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Scheme 1-14 S-3B LUy m 7 I OEALAI VAT L NAGICR DB T L2 ARk

KOH (1.2 eq)
NH .
x TN+ co, O, ~-NH

EtOH c @)
n=12 35MPa  g5°c, 1h 0
X =Cl, Br quant
al o]
base (1.2 eq) _5_\
> O_ _NH
I %2 “Eion ¢ T O NH
Cl 35MPa g5-°c, 18 h o I (b)
base = KOH 63% 28%
base = Cs,CO4 81% 17%

(2) TNT— VTNV TEED BLKHE A

B o AETIV | TR bR FEE VDL A AR, R Th o THRIE R
LT L 7o AR 552 52 5720 | JRF R PMENWZENR RS ThD, — .,
{BIRSE, 72, T —AnbOULE A IEIIK IS THY | HIFEIELRWA, Tra—
NOBEREZ ] ESELMENHD,

Scheme 1-15 \Z/R I, 5 3 MARAT AL ETEEMTAE T ISV ERET La—Lk
DIEFE SIS NI BTV LA EWEHRILEONLZENRESN TS, eRhax v ik
%R P CHLBERE D R\ A X S IR AR = MW HIE T, ISV ERA A N LD KL B
BOSEAREEL | VNIV BRAER DO AFIZAREE - SRS B W TH R RIKT L2 B3 G5,

Scheme 1-15 YEIE NI E DTV Z AL

1

O R
RRNH + CO, + RL‘—OH P(Cels)s, DEAD d XRZ
3 DMSO RHN" "0
. R o R3
bubbling 90-100 °C, 1-5 h 08
-~ (o)

TEMERFBEFER T fTI TN VAW ORER S EITHE BT SAE T I
BRIRTL A D3 AR T A3, Scheme 1-16 (2R TJDI2, 35 1 T DA 5 MO ARELE X
REFEESINDDITKRIL, 5 2 k7 TlE S {M@LLMK@EI% IR TR,
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Scheme 1-16 7/ 7 /Va— /L D43 NNIEF LDV L X ARk

RZ R® RZ R®
R R T
P(CgHs)3, DBAD
+ CO, £ ~ O _N-gt  O__NH
HO  NHR' g1 mpa CHaCN G X
0°C,1h o) o}
R'= H R'= H
R'= H
R2 R3 R2 R3 R2 R3
B . = —0=P(CgH 7
0O N-R' — > BuP-O  N-R! (CeHsls |  Neg1 @
o-¢ o-C¢ inversion 9
+ \ - S
BuFP O | 0
A
R'= H
R R3 R2 RS R2 RS
—~0O=P(CgH >_< —
Hd N- (CeHs)s HG N . - d_ NH (b)
_ é/ retention c
+/ i\ // 1l
BuF O 0 O
B

F2# T I H WS Scheme 1 - 16alZR T K9IZ, ERaF U BB mh oAb dv7e R
A TR UTRISDHEITL, S AL OSR LD RERLTZ RGOS, — 8 1 k7%
R348 Scheme 1-16b (2R T KO, BEMEEED I @ W T IR Z B h 35 | RN T D HIZA
VT F— R BANVERK L, 43 TR I L > CERME 5 25728 | SALO SR E X
REfSND,

BRI OIE, RVZAT VOREE AL L THHNTND RN 7 =L 7 T il VT
LT T N A= BN 2-U 7 I DB RF L AL RS 24T - T A (Scheme 1-17)", 7
T NA— NN T 2 VT TR ARV RO B OSIZEV R T DT TR T V3
FUNFE A & HBIRFBED RO ERIZIEL, TAINVAR= NV FEL DU L2 SE iGN E 52 722
EDD, RFE—HEFE EAEG DAL b0D, LR FE TOBRAL VAR T AL KIS
IZBWTH, T F AR LTZ R R D3R R & 705 TRISHEITL CODZEARIEE I
V5%,

10



bl
it

Scheme 1-17 7 > FE i K28R D L ¥ &%

(CgH5)3SbO
MS3A \
+ CO >
HO  NHR © Cofo P g
50MPa 160 °C,6 h 6
SIC =10 ~94%
—\ —\ Ar\ /Ar CS, O’ N\ -
g NHR * AraSbO RHN 0—Sb—}O o R
— ArH : rt, 1h I
Ar = CgH OH ’ S
r:
6’5 A 97% 73%

I WADBIZE S TTV - T a— WL TS ICBEL T IR b, =
AT VAN N A A A W % fik i L LT B BB DMIFFES 1L TV D (Scheme 1-18)%,

Scheme 1-18 AX{bE ML LT AKHE & IC LD E ST L 2 ARk

(C4Hy)2SnO 0

+ + ' ” + H,O
RNH2 C02 R'OH 200 °C, 24 h _C. 2
30 MPa

RHN OR'
amine : alcohol : acetal : Sn=1:10:1:0.02

~ 84%

FOGREEIE 200 °C THAHLDDT ®L —/VERIMNTHZEIZED | RIS THERM T HKREHMIEL .,
ARGERDKIC LD RIEEMZ DEEBIT, R TURELRT Va— L EHHET5 TR eEI T
%o

Fio M2 ROIZARGERFBEAFAE T, 77 va— e TR LR FBEDOA XYV ) f
FEL TV VA (Scheme 1-19)72, ZAUSD AR LA HEE R SRS % Scheme 1-20 (TR, £9°,
TTNA=NDRAKIZEOAZTH AT N E O T Do SDIT, ZALIRFE N AL —ZE R M HH
AL ARITHEE LTZFE R D VAR =)V IR FETE T 553 1 NSRS 3 A T LTl 2 Fiy
T DHEEBITERIRT L Z AR T Do RISDOEITIZHE VKA ER T 575, ARSERIT TGS
AR DOIRIT @, £, 0 FRBOSEHA | ROSICG B2 " bR R E 1% T 528050
HETh D,

11
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Scheme 1-19 AL AWM AMELL LTZ -7 7 /L a— L DL KFE I LB IR L 2 ARk

R R?
RS R (CaHopSn0
— + COp - O__N
HO  NHR' NMP SR
50MPa 180°C, 16 h o
SIC = 50
~94%

Scheme 1-20 AR LA ZfEL UK S LD L 2 AR D BOSHERE

R3 R2 R3 R2
O_ _N. HO  NHR'
¢ R Bu,SnO
o}
H,0
R2
RS R?
NH
o g
O\SnO \Sﬁ
o \Af
CO,

Garcia HIT, BRLEV Y AOMKL 7% AV, BAKMEAICED TV, Tha—v, “ELIRFEND
DULL AR E B L T0DY, OB I LS TIRITRESELL, T2 DULE
IR TH 68%I2EEEFSTND, ZD%, BEOIZBLEIY MUEFE T, XU T IV AX
= TR FENSE VIR THIRT L 2 AEEMRELNHZ LA RUNTZL T (Scheme

121428, RIFD, LD T2 - T /va— L OMAADE TIRICRIT PR EIE TL, Fricr =Y

YINDULH L EFHILITTE R, —J7 A BKHE B IR 4 2 BB I IS FTRE T D

(Scheme 1-22)%, 7 /b a— LM KEEHEE VS EA AL RV D ENZ BN, T2

—/VHURODOEEFE O RKEMEL VAR =)V IR FE DR E T2 RIRHZ W) LS EHZE TRISZREL T
WHEHEE STV,

Scheme 1-21 f&{bt VU o AfblC X 280k 7 v % ARk

CeO, O
CGH5CH2NH2 + C02 + CH3OH C
CH3OH CgH5CHoNH™ " "OCH;3
5.0 MPa 150 °C, 2 h 929

amine : alcohol : Ce =10: 1800 : 1

12
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Scheme 1-22 &btV 7 AfiEEIC X DEIR D L ¥ B

R! R?
R' R? CeO, —
*C%2 TN m ON
3 3 C/ \R3
HO  NHR® 50MPa 150°C, 4-24 h I
SIC=10 82-99%

IR L ORINCED , BT T NAa— inbEIRT L Z U BRLNA 550355, TFHEDIE
Scheme 1-23 (TR T REEE D LEfELT 577 Va— L& bk 52 OB G %
£ L D QUAVS N N W e By AV 72 - Al % 2 By e i N 2 s DT Sl VP - e SRV
PRFFCRUSEEITL TR, IKERIEDSREZIEBE L, L S D OH 23 9~ D103 R~
BEid,

Scheme 1-23 (KT AZIDERIRTLZ B

Z

5 Cs,CO4 —\
7 + CO, >~ O__,N
HO  NH DMSO ¢ H
2 0.1MPa 150°C, 24 h o
S/IC =10 50%

SO, WESIZRIBRD KISIZ DWW T T A AT — 7 A FE R DA - TRETL .
TBAT(ThF 7 FNT = LN T 2= )L V7 )V A u Vr—RNSRe TBAR(Z AL T v 7 F L7
F=U Ly BRI e Y A WG A IR IKERIRV L2 U RGN LZ 8% RNWEL TS
(Scheme 1-24)”, 13> Scheme 1-23 DFIGE IR, KERFED BEHE R O ST LM RS
NOZEMS, TAAF L ISe Rk L DR Z m O H LRI 7 AR LD AN
EFEAEAL, WA= VIR FBORBEM A H ESEHZ L TG EIRE T DR R RSN
TW5,
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Scheme 1-24 F/Si R LAERIRT L 2GRk

. TBAT or TBAF/(Me,SiO);

- _
+ CO, ~ 0. N | \CeH
AW DMSO Sy |CeHs=Si 288 IN(C4Ho)s
2 0.1MPa 150°C, 24h (“) II: CeHs
SIC=5 - i 50% TBAT
\ /
o—\NH
Tho \\*
_““Sl
Ln

FHOIIAZ ) — VIR | R TR T I TV — L TR B DS ED | 2-4
PV ERBIARE L TRIBT 28RV T AR ETT> TS, RIGIZEVELNEERIRY
L7 DULRIT 68%IZEET D8, BUSIREED 200 °C LE<, EIZE-TUIvL 2o eoL T OB HE
RIREMERY  PLHMEIZZ LY (Scheme 1-25), ZOIGHTERBNT NS B E R L2 AT
S ALINBZHNDD, G ROSHEREIZBA 2Rt IES N TuRu,

Scheme 1-25 AR CoOUL X UL T ERK

/\ O _NH N. _NH
HO NH, + CO, CH3OH C + Ho/\/ 9
50MPa 200°C.6h o

trace 68%

VI EDOINC T LR FE, T, TAa—AnbOKEA LD L 2 AT = AT VAL
PUZEROH LA ITCHE LT, B & 2R RETSI TS, 7T va— L& vz
DTG DAL DNRIFRO VIR =)V IR T T DT V3 — )L DK BB A1)
HELTOWDEENL N, LnL, 7 — L OKHE GBI T VX NANTAREREFHETH
BRI T, R OBLA TIEAFITHLL DD | B FHICAF]ITHY , LV E K
JSREZ LB T DT RN — AR ORENT T ERERSTND,

(3) REFLATTT DAV ASIUBEOA AN

BIlE R % - 2 DS AKHE B BSOS ZXT L, VARSIV RO ZARF RT3 E
DEOT Ba b D/NBBRILE ST & 2 A 3 206 6T DN BOG IR 2 =
100% DT L Z A iEE L TH I TH D,

O)TARFLRERHNDTLZ AR
H EDIIIN IV TR VR AREBEL , eRa o ) — "\ A= 52 8% fnE
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LC5, UL, TIVREBETARF U RISRERE T 528128 T T/ T — A3 ElAET
DRVENDY, £72, BHEBET I TIERISHEIT L2V (Scheme 1-26),

Scheme 1-26 TARFIREHAWLTLZ AR
R3 R* o RS R3

R'R®°NH + CO; + X/ I
2 o 80 °C,22h R1R2N/C\O)\(0H * R1R2NJ\/OH

5.0 MPa md R

— 05 TIRFHGEIR[TINMe ) IZ LD " bk R Ly 7 u~F e X VRO G, E—
EFRMEAIC BILRFBPIFEAT HIECIVERT DNV~ TF X FE [TiI(OCONMe,) ] %1%
THEAT T D, TINTFZUBEIRE TARF O RIZEHSOG LW 2D | T T Va— VERIET DL
BRLeRBEX Y — R A—FR 15545 (Scheme 1-27)°, [ £ O 5 i 13 [TiCp(NMey)s] <2
[Wo(NMey)sl. [W(NMey)e]. HEdh A — S A—MEETHEIT T2 mEShTng’

Scheme 1-27 1 — "\ A—R KL 7a~Ft Lo XU REDKIGIZLATL X AR

(NMez)s 2 80°C,220h RRN

5.0 MPa o C-0 OH

/7

excess 100%

FI PO AT U B ODTRF VR, A a T NSV ER T = AE L,
LA EEETERLT=DG, TARFURBHEEL, NBRULZCE 525, —J7, Cs,CO3 DD
IR EAE T CII HBRYL XU 2 RINNICHEZDZENFHLIZE > THREIN TV,
(Scheme 1-28)%, "L RFBAENMZIRNGMET, f7 0TV TREURITH LT, iRl A
TE N TTIVEIEHEESE, Scheme 1-29 IR T RO, TIVICEDPHERE 7 mhAfbSnizk
Rad s 2L D0 FNREEEBSON IV T I TR VR | AR T HIEND, Rtk F
TThH, TRE VRO - HERILZ R TN SIUVERA AV NIRRT NSRS EL, LERY
LEUEERL TNDEE Z BTN,
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Scheme 1-28 BRIk L2 DEIRAIE K

OH
Br R2 B
R'NH, + COy + o
2 R CH30H OoNog
rt, 24-72 h I
o
amine : epoxide = 3 : 1 ~77%
OH
Br -
CSzoO3 2
R >
RINH, + COp + R2 - /(5¥\N
CH;OH o R
- I
rt, 24-72 h o)
amine : epoxide : base =1.5:1:1.5 ~59%
Scheme 1-29 HEERTVL X DR EE
Br Br
-H,0 NHR _Br CeHs
+ RNH, —=r, N7 NHR
CeHs KOH  CeHs ( o)
o |
CO,
QH _H+
Rf%\ CGHSWNR
R T D g
I oG

(i) 7YV e ZRRAGIRBD D DT LA AR

SBRTIVTHLE 2TV ATT T4y I NH L ab 6 o7 I LRIERIZ (b
IRFBEED N LD I NSV E R T D, BBELDRENT IV A3 a s A A4 D
IMZLYBHBRIMBEES LD ZEN MO TND, BT, BHOITMEEOITEF(E T 2-4F
VT VUV E BB CRRER L, BRI BN THERL T 245 E, 4 (HlcE Lz >

13-4V VD022 78 81%DILR TIHEHN D Z L2 5 L Tl 5 (Scheme 1-30)7,

Scheme 1-30 7V & T ERLIRBEDDLDERIRT L XA AL

CHj,
W/CH3 l,,35mol% O NH
+ CO2 e —— \C/
N CH20|2 1]
H 150 mmol 60 °C, 24 h o
81%
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JIBE ST IR C =2 ) — A =) TRb=FIVE R, SR OIVRFIE T, 2-4F
NT Vb TEALIR B IESME TSI T TN, ERMIOERIRT L X OIHFRIL,
{LBREIEH D EFI LTI EL, 11.8 MPa Tk 722%™ RUSKHOIER A>TV D
INRIT | K 2% F TR L3208, 7OV O 8L PHEFEL ., 2,5-UAF LERT TV,
28% DL TRIA 95 (Scheme 1-31a), — 7, 2-7 == /LT VYD I WAL, bk
FIESIDMENEE T THHCMIC S L . ZE B OBAER 2 TS AL E R IEEZS D 1,3-4 %
V2T U DNEIRAYICAS 515 (Scheme 1-31b),

Scheme 1-31 IVEMBEIZLETIV OBREA VAT VAL

CHj
,—( CH
H 3
CHs l,,3.3mol% @
N7 + CO, — \C
N C,HsOH Y
H 11.8MPa 40°C,6h
72% 28%
CeHs
CeHs
I, 3.3 mol%
+ co, 2 o> O_ _NH (b)
N C,H50H I
H 21MPa  40°C,2h
76%

EIESIZ AT NIT AL T = —T D "R il E v IR T, #EO @b FEE

T VUV BROR L TEIRT VA i miR 76% ThH- 2 52 8% R NZL TV D (Scheme
1-32), TBAB Z M Tt VA ZEE FTRETH AN, HiLThF 7 F /L7 =7 1(TBAC)
RIAVLT T T F T =Y A(TBAD TR ITIK T35,

Scheme 1-32 RS FIBIF2T7 2V DERE VAT VAL

NaBr, 20 mol% CHs
CHs
18-crown-6, 5 mol%
W/ + Co, _ O. _NH
N THF I
H 0.1MPa rt, 24 h 0
76%

TV E LR FRO ST, BIRO L 2720 Tl HEAIZLDRITLZ b Ak
HTENEELOMFTE ;ofﬁu\f:ém@\é(&:beme 1-33), 7VVV LT TF LU AU %
HAWDEGEITIE, 7PV OB EA B RIRICEIT T 5720 SO EEWITT I KE 5
DRV (DL Z—T3) T Do FUMTARPE-CU A LB LT H LT 3508, bt
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HAROTL I FHEOEHRIL 30%REICLEESTNDY, fER - Z I FEEOIMIT, 2-2
FNT Vv LB BRAUR B LD I > T ESEE G, VL Z DOEH FERK
T4%E T ESELZLITHEIL TRY, “FMUIRFROE LD LRI, L2 BERIED M E
THZERHIBAI Ao TNDY,

Scheme 1-33 7V & T ERAVIREDLDORITL X A%

H
N7/
N + CO2 N\C/O
H 80°C,18h 1
(0]
amine : 420 mg n
CO,/amine = 12 150 mg

urethane linkage : ~30%

(i) IRFE—IRFE = ERE ST DA NS BEOAINEOG

TNF AR T DI NNIVEED Gy T IO DB E LT, 7 =R L fill i & o
RuCly*3H,0 fE1E FIZBITF AR T V¥ ~D A NI FEONLERINE 7273 Dixneuf HI2
Lo THAE SN TS (Scheme 1-34), LT =0 M IORIE T L LS L, E=UF LT =
AR L. F DL BT DIRFE TV ASIUEEN R SEL THAAIUEEE = /LT
TI(TVENEG 25, LL, E=UTF BRI O K7 % - EbROGL, &b A
M CHDT A NKE B2 BT, TL A ORPFVENME T35,

Scheme 1-34 Kiiii 7 /L AT DAV I B O i g A1 D0 Bts

CoHNH + GO, + Hmm Gy 3120 o\\co CeH CeHs——
_— S - —
(CaHs)z 2 6Hs ~SH.eN ! _ CeHs + 65—\\M
(CoHs)oN = CeHs
5.0 MPa 100 °C, 20 h
62% (Z/E = 85/15) 20%
o)
€0 CeH H-C=C-CgH
/ _ 6 [Ru] 615
(CHslN  \=* \(
H
H [Ru=C=C
//C C6H5 C6H5
H—[Ru]—C
0o o (CoHs5)oNH
(CoHe)N—-C| o
(C,Hs),N" " OH g

Co,

Baiker H&, ZOSUGHEEG R “BALRFE T BISEECHEIT T 2282 ANELTWD, UG
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AL ERIRACHET T 203, SEASEIRVEIT ZIE = 6 - 1 FREECTHY, 10%LL FOZUAUARITINZ.,
[FAESHTOROEIER Y K57,

fid 2 - S R SE DO ARIT, MBI (bR FE T ATE7R trans-[RuCl {P(OC,Hs)s } il 5 % BA
L. 80 °C,8.0MPa [, ¥~ THIGEITIZEIZE ST, xR, SRR MEZ () L&D 8
IZRREIL TS, BHCE =L 27 LD Z/E Hhs e\ VEF 38 %5 (Scheme 1-35),

Scheme 1-35 &R FR{L KSR TUTIIT DRI T L2 AT DAV S BRO AR N

I
trans-[RuCl,{P(OC;H5s)3}4]
C.H:),NH + CO, + H——C.H >
(CaHs), 2 % "scco,
8.0 MPa 80 °C,20 h

amine:alkyne:Ru = 2:1:0.02

\Y
/C_O C6H5 + C6H5 pr—
(CoHs),N =5 \.. CeHs

83% (Z/E = 99/1) 16%

Hua 5i%, =0 MMl VDR T LS54 D 00 SRU RO M IS 235 L T0D
(Scheme 1-36)", BVMLRTHRTL L AMEEWE 525600 | JEWIET VL CIEGHE
DSEL EIZIEIREENEFE 1/ TR T2 BLAISN TWD, LT =0 MMz Lo =7
PERZRR T H AN =R LEIT IR | L =0 A CIE T L0 Bl LIz $E K2k L, L
IRIUTROATINIMEHES IV AE R TV O ZBALBUS A ARSI TUND,

Scheme 1-36 L =7 Al LA R T /L AR D LRI FEOD 4y - N s

L ReBr(CO)s Q,
(CoHs)oNH  + CO; + H——=—=—C¢Hs C-0  CgHs
hept?ne (CoH5),N \—¢
5.0 MPa 110°C, 24 h

82% (Z/E = 89/11)
amine:alkyne:Re = 1.5:1:0.02
\ [Re]* /
H;C6H5

c-0
(CaHs)N

PLEDIATT N ANTKET DN SIU RO 5y F- NS X V2SI g DA I a iR

TOEBAMEA VDS E Th S BRI 2 L EEL | SLRERIEOFIE° — Bk A pk
REDRED D, £7o, HHHARIHT LF RO TN,

19



bl
it

TNFATKET DTN SIUBEO 53 F IS IO LA 2N IS OIS S 0300
BRShD, 7 LTI E TRLIRFED DO OBRR T L 2 A RIZ DWW T, )8
fib ERO M LA A TN D VEDSFI BV TN D, RS I, VT =0 Ml A VD 5-8 =07
1 3%%%79\‘/“‘/-2%*/@5%@?1/5"/) AR LTS (Scheme 1-37)%, BB 13RI T v

IZIRBNDH, E=UF AR LT 7 R0 7 I US55 F RIS LS 25+
T*®7J/V/\:Vﬁ&®ﬂ<$?4ﬁﬁu®jiﬁ§$< BRORD L Z A BAIRIIIZ B 2 573, Scheme 1-34,
Scheme 1-35 (2R L7243 F RIS ENT AN SIS VR IO ERBIREN R v =T 7=
U LSERITH A TIE W EE 2 HD,

Scheme 1-37 Ru filtli:Zz W=7 0 LTI OB L VRF L UL

H——"\ Ru(cod)(cot)/P(CgHs)s M\
N'nC3H7 + CO, (0N /N~nC H
H toluene C 3h7
50 MPa 100 OC, 8 h 1]
S/IC =100 O
80%

Costa B, 7XTVT AillEE WD 7 0/ VX LTI OBAL VRTS8 LT
W5, Scheme 1-38 (2R $ I, filliEED P, I LAV L&, K7 L% &0 HE
MHHEBRULZ RGOS, IR iﬂpiﬁ“_ﬂié?&)@@ TV AL IR FE DS B B
BIZbiH T&D, —BbRFLLAFSETGE | TRIK THOE =V RTVT WGEREAS ) —
NED T TV T RSDEITL ixwm%%%k% cis ROTAT VPRI T HZE
MH, TV RLIRSE TV T LINDNTUT DIV S MADEERDERR L, TV AR
FHRER ST R D syn AT A LTZE =L 8500 AIDEEE X NER R 0V RIg SN T
W5,
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Scheme 1-38 /X7 Al A FAWNE 7 0 L LTI OB VR VAL S

1
” Pdl,, 1 mol% R R
R! Kl, 15 mol%
:—k +  CO; O. Neg2
5 CH5OH ' "R
NHR 3 C
40MPa 75°C,24h &
R' = CHj; 27%
R'=H;61%
R o CH;0 »
R IPd
}k MR1 co OMR1
NR? ———= O N-p2 O N<p2
o) o} o}
X

Shi HIE, BERE T UD LIDFE T BIRGEME T, RIG7 A% 2b 07 v/ L L7 I O
(bR L NACSHHEIT 52 LA S L TV VD (Scheme 1-39)™, 0 iS50 LGk %
WDE . PBus DEIRRAT 4 BN A ZUHINLIRNGRATIE, R OBIR T V2 ISR G
DT IV ESHICELTERR YL T BEIAET D, Fio, HEELTHRET VX 28 07 mu ¥
NT I ERWDE ERRIITEMERIR G LTS,

Scheme 1-39 Pd filfiza V=7 2/ UL L7 OB VAR UL

Pd(OCOCH,),
2 or R2 2
He— R re Pd,(dba)s/PBu \\f—kR
- + CO, O. _NR'
N-R! toluene ol
H 39MPa  rt 24h I
o}
SIC =20 ~85%

co, —*—2 = O_ _N-
NH, * toluene cH 7
4.0 MPa 40°C,24h o

H
H—— Pd,(dba)s T \N7_\— .
\9/ H
o)

S/C =20 36% 8%

R A REO AT, 7 r LTI 3R i bt MRS N K
JEL, BRIRD LA 2RI G52 52 LM LT A (Scheme  1-40)P, ZO Tl K7 /v
X AL DT VKL T I TR, TR RN T ) — VBRI E RS R A LR
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720 AE B L OSNLAEIR N anti (VAR CTHD ZIED 5-T VT 0 -1,3-4F Vo0 -2-
Fow 25, LinL, 7TV— VDN O ERIEZS S FE TIEKINTETLRU,

Scheme 1-40 712V LT I OHEAEERAY LR X LAk

R
R—=—\ N
B no additive

- + CcO > N<
H'N e 10.0 Mpa 50CO2 Osc M ehy
S MP8100°C, 15h 3
~89%
Z selective

Costa 5%, MTBD(7-AF /L-1,5,7-R) 7 VL7 0[4.4.017 H-5- N2 EDERET T =V a5k
WL 0 LTIV DERALIIVARF ARG, HED R GIRFE T IR TR L
HEATT DL HMEL TUWVA(Scheme 1-41)*, FAERMIET LXK L THANRI N
5-exo-dig BRILLT-HEER VL Z L ThDHIN, 6-endo-dig BRALBIDOTI VX 3D BRIAET D, 7 asx
VR NALNTEHIE BTG | BUSRIEZ T ESIZ L CHICERIIP R EICEEEHTENG,
Thorpe-Ingold ZHHIC L W IE SV B, TV ATKT B B LR U ERD Sy FPRIESK & D
BN S DB T D Z ENRBEND, £, 7o = VEBNERLIZNEH T VX
VB THIEHITE LK T T 5,

Scheme 1-41 ¥ FEMEA N7 0 L LTI OB L VRS Al

/N—Bn + COQ | > LN

H 0.1 MPa CH3CN Y ¥
o} o}

93% 3%

N
s
H—— N™ N /\i/
O Neg, * O NC
c” Bn C” "Bn

SIC = 50 rt, 24 h

Selva B, [ - FF 28 /] REZe i BAE AR L 72 2V o EEME T LR T 70 & DR — R fildli %
AN VLTI DBRAL I IV ARF S AL T DU THAE L TV (Scheme  1-42)*, 7
VT il EOREFRE A DS ER LR B AL, CO, 2=y MR T I RO H BAZ T HI LK
STHNASIVERD LR AR T 2 EARRIN T D, USSR BICNET L%
ITHEEL Tl CEAeW 3, Al PEiFIC LD ENAE S THY | K 8 BIOFAE %S EVvE
PEEHERFT 2,
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Scheme 1-42 ~¥)— R FfhHA W72 L L 7 OB VR VAL

H———"X heterogeneous basic catalyst w

N-Bn + CO; s o. N
H 8.0 MPa 90 °C, 21 h 9 Bn
@)
S/IC =20 ~88%

T IVF LT I DBRATIV AT VA A e SO TR A ATZD | LD REEE A E A
FTHRBL SN TUNVD, BT, Jiang HIT. KT/ TIVTERES 1 7 I i E T
TRIGSEDZEIZED, 7o T I OERRER TEAL VR AL RIS EITL ., B
WL 2 BINR ILIEHNDHZEZHIE L TV S (Scheme 1-43)Y, ilfil IR T CTHEUH A3~
DERGGT INF L DN LD T TN T I AR E, FeERIL VR AL RS Ofiffi L
TUEZDNTNWDEB X BILD, SUSO /M AMKL | F= 5 FET IR T V¥ 1%
FATEINWRE | FHTEXAIERHIFRIALTNDDS, 2k 57 R SR O H IR B L7z ] &
25,

Scheme 1-43 7'/ LX)V T I DAERREREDKIGT VX IBDOEIRT L2 A%

1
o Cul R
a—= + _J + RENH, + co, Ar—=—

R "H _R2
0.1 Mpa 21sOH NR
' 75°C, 24 h H
alkyne : aldehyde : amine: Cu=1:2:2:0.3 Ar—\w_(R1
(@) N
\C/ R2
1l
0]
~89%

TLH AR~ DO AR AN REBLUT-FHIELCL T BIE, 1 RED TR bR FBEHE T,
L ERREORII Y BT AT NV E WD T 0 UL LTIV ORIV ERX T b -av F b
Bz LTS (Scheme  1-44)°, 7 0L UL MBI D 7 1L L T30 TIAR R T
HEATLZ2WS, BB T RIET VX O, RUAF LUV N BRI A BRI TX,
FNVISIUEEAT L INT VX AR T anti 5 INUTz EARD AR DRSO D, R TR
AESET R HEEE tert-7 T VBT 5 —R =0 2O T AL (IO Lo TRFE—IRFHE = EhE
BPEMALS AL, STV BA T L DSRIEBEL CRUGDETIT T 5B 2015, F12. 7
VVT I DEBRALIINVRF DAL - BT FAES [FIRF IR S ST D,
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Scheme 1-44 7'/ L)L T I OB LI VIR AL - U FAV G

R2 R! R?
o R2 \ R2
R—=—-L" + co, + ol - + 1BUOH
NH, CH4CN O NH
0.1 MPa —20°C, 24 h i
(@]
56-80%

T VFNNT I LSO T I T IV B OBRAL IV ARF U AL IGEEL T, 0-T LF =)L
T =V DB ENSITND, 5 2k 0-T /LF =)L T =V NIk LT & B DBU Z RN
THZET, SRICLDRE—IR B = HAE A OIEM L AR DBV AR LD 6-exo IR
IZHETT L, Z (KD T D024 28R I -2 B (Scheme  1-452)° "% 85 1 #k 7 =D D
A LU TDABCO # WA ER Y B Dw 2 A N ERT 553, DBU Z VWAL 4-ER a3
X IV 2(1H)-A 2 DVER T D (Scheme 1-45b)°'%, 4-b R a3 3% 2V 2(1H)-A T, AV T %
— IR EARR U TR T H2ED, in siw IR JIEIZE DAV T 2= OBHAIRR, €0, 2 Hv
T2 R TR =NV ERE B L O R e iR MER SN AR DO T 28D X FFES LT
W5,

Scheme 1-45 0-7 V¥ = /L7 =Y DBV RF T AL

R | R
/
Z AgNO;, DBU (1.0 eq) o
+ CO, I
DMSO R
NHR?2 1.0 MPa Nie)

20 °C, 24 h N
S/IC =10 ~97%
_R OH
7 oo, _AONOs DBU(10eq) R
+
2 DMSO Cu
NH2 1.0 MPa 60 OC, 24 h N \O
S/IC =10 ~97%
_ R R _
| | -
5. — L) — (L
N“0 Nsg u/ Ne)
(' . o
DBU DBU-H |

24



bl
it

(iv) RF—IFE ERE G DN

IRFB—IRFE EAE AT DS RO MO BIE A7, H EiE Scheme 1-46 (2773
JoZ, Y TFAT I T A =V — T VE TR SR T) 4.9 MPa T 70 RfEIR RS2 8
ICED . BTV A E R 1 %AARIER A B OO BRI A KL TOD,

Scheme 1-46 AL 7 NIk DAV S BEO AN s

O

C
100°C,70h  C,Hs0 “N(C3Hs),

11%

ZD0C,Hs + CO; + (CoHs)oNH
4.9 MPa

TNy BICEB AR MMEERRIEEZ T2 7 VLT I A S CERAL LR 2 B X
JMEITL, BIFRERTRST D HEBRY L2 DMEONHZEDS Della Ca’ b2l > THlESiL
T 5(Scheme 1-47)°, [RE—RFE EES LOBFBEEMETTHIETHNANRIUERAA
DRBB B A Z TR0 T LI TNDEB X LNDI, WV ASIUBEAEROIEED =80 g LGSR
e BEET 5,

Scheme 1-47 HEfMEZAETOT I T I DBV NVRF2 AV SO

GWE—>_\
GWETX"NHR +t CO - O, _N-g
CH3OH/CH5CN c
4.5-6.0 MPa 90-110 °C, 24 h 3
EWG = ester, 4-N02C6H4, 2-NOZCGH4 14-95%

I ER - FEAEEORFIL. TLoATIUELELLTHREL, BERR bR ED, 3
FUY LRAFAE T | BRI E =L 2 NESNAZE A RUNE LTS (Scheme  1-48)™, LasL,
TTNERaET7IMERHE L, BB ELDHENI D RSV TND,

Scheme 1-48 7L = /L7 OB LA RF AL

%.V\N/R + ) Pd(OCOCH3)2‘ _2_\N\ . f_f
H toluene R N
115MPa 50°C,15h 6 FI{
S/C =150
~65% <10%

ZOREREZ I ChRERE S HMFZEE DO L FIX, NHC-#R() 7B Z ML iz a7 1L = /v 7 $H
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DEACTIVRZF L MEZ RS, 2-7 18— /LI | 30 °C, —ER(LE SR 1.0 MPa LX ViR I
RERMETCERIRE =L LZALEW D TE 89%DINE TRHLNDHZEZ#H E L TV % (Scheme
1-49), 1—/3A—hD 5-exo-trig BALDHEITLIZE =AU 2L N EA R TH 53, 6-endo-dig
BALDSEAT LI AT L UL 2 BROER T I LA O 2,5-e N ue n— v Rl E 35,
UL, LR FIE N % ERSELEeRa 7 I LSO A RETH D,

Scheme 1-49 i 2 AW T L =17 2 VOB LRI AL

Sea B 4 o, _\IPDAGOCOCH; _§ﬂ \/\ ( }
_Bn , .
A N 2 T (CHa),CHOH

1.0 MPa 30°C, 6 h 6 O

S/C =50
86% 6% 7%

a Bl TV E VAT L A AF LTIV LR E R O AT — Lk
DA TV T RN EDERIRT L Z B Rl A LT D (Scheme 1-50)°, ZOREIE, (b
IRFEDHET)Z 0.1 MPa £T FIFHTENTE, 5 FWNERa 7 IS EDEIRT I ALEMIT
BIAELR, 2T L RN T VB CEMBRIN N TV B IZHE H fTRE Th D, L
L. JFER ba AU RO ORIVERS T DT, b P EmmE Ll EOEEZ VEEET 5
RIED®HD,

Scheme 1-50 /X7 T AfilllEAE WA T L =V AF LTI IR ZE KON
TV—=NTGARED TV T R

Ar
Pd(PPhs)s, 5.0 mol% :S_\
X K,CO3, 2.0 eq
N /R 2 3
NN+ cop + A - 4 N
H o R
DMSO c
0.1MPa  12eq 70°C,3.2-11h o
72-94%
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FHI3H AHEDOEW

92 fCHER L2012, TR BIRFBE TV BER T DI SV B AE R DT L H A R,
LRMELE VR AN RA TN DR BEEIROH RN HOIRN L BRBEF AR 5y A kL LT
HEHSINTWD, WNASIUEOIEHGIET AT A OEHS)ELT V=a— L D
IKHE G B A EAFNT % W DERAT ISR B R B S, 2D 2 IThNJE - Ingge 14
YD, JFRGIRFE T LISV BRO WIS B TH Y FOGEITICIE, =
FRAb RSB DIETEAL IV T LA | IO REZVE R EAS 7o b3 A0, M Al ORI
BRI ToD, Flo, IV U BEOREIREIL S ~ORINBORNE, BHRSE TR0 | /I
Wi ZEnD, TBRMLRFBEE(LIEEL TS DI 00 5T, ZOF)I3MD TR
BTN,

ARESCTIE IR OGS TO ZBIbIRFEE AWy L2 B RETRAIL ., JRE—RFER
FIFAE & OTEMELIZA 272 11 A RAMEICE D DSV ANl 975 B iR R E E
{LIEDBIFRZR T, SHIZ, K0 — DO\ T L & 1 —R 3 — N R FI R T A fil ik
SRR A TED BT SERL2RAG RIS L SRS DU M T LS L R EE O AN AW EE
L7,

H 2 BT AFRATH T oMU 3 F RTINS EL T, 7 i L 7 A
BILE B FREALI NV R AR ERFT LT, IR B —IR BRI & ORI LIS 27
11 e R A ERNLFAPRR L IR 5 FICh W TEV W VE RE AT A TS B E — it 2R
FTEMPEDO WAL R OGO S U, Fo, @O AN EZ LB T HIRA T AR TO
b bR S BRI 7o AL A A 3R T T

3 ETIXE 2 OB LI-AMBERIZ oW, SUCHEEAZIAZ B B TR 21T o7, 4xfillit
IZ XD e e 'E #E 2k (hydrofunctionalization){Z B 3~ 5 — A7 FN I B D & | ARUSIZ DWW T
(H&ZxI T HEE OB, QUSSR EIFNFE AT 2 REAM I AR D7 Vo =L 4
BIRDARL, 3)T Vo = VA IR 7 b 53 I 12 HE ) O e LIS P FE D B A2 7 A L
SO A 7 VA ARE L B i RS0 R R 12 L0 2D o RO R R & BRI 1 5
(7=, B2, T a b iR D RIS B O TT AV =LA (DS R O B 3 7, SR L
L TCORISERGRET 22812 E> T, AR A i T 2K F Ofif 2 O S LT,

%4 ETII TSN TIPSO R BRFE G A AT ATV EBET L7 v a— VDR
TR ARG~ LR Z X5 B BT, 250 SR O il BRI 4 357 4
ZIVESERD AR ER AT, £7°, FEEATHHEROMRBEN T L =L ATF LTI OBV
RV IALK IS ThH L% BN LT geRs A £ 4 . 85 E W CET L HRRE
ERAT N = AR Z AR L . FDRUSHEIC SN T o LR L 7 I RO R L D Heil %3
L7, Fo, 7 UL LTIV AR LR UL L TR0 R Z LT e r
XTI a— )L T L =)L T)La— )LH RO T A = VBER DA A 2 it A BR AL L AR
ARG D A REMEZSE IR L FITIB TR LTz, SDIT, TV =V ekR A g kL 328 b D
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WAL AL ER B T 250 T DROGO A REMEE S 2, 7 abh SN ORE AN LD 8—RkFE
it B I a2 | BRIV TOmM BRI,

5 I ETRIGI DI 6-endo BRIV 2 G aia HHIEL T, 7 m/ L)Ly
UDBRAL TN R NAIZED S BERY L XA A MFLT, Baldwin HIIZE AU, 5-exo-dig
BRI LV 6-endo-dig BRALIZW TG BRIEGL FTREZAR I Th D, L, IERD T 1/ LF /LT
Y DOEALIIVARF L IALSUSZ BT, S-exo-dig BRLDHEITUI- BBV L XU N A KD L
720 RNEBRUL A EEIRINAGDHZ LT TE QR £ T, 6-endo-dig BRALEIRAY/2 LR
XU ALSEBRIR L, £ OB BIUEO BB O ER Z SN LIH Lk ATz, Fo, BIRT 7
B OB T AR L ABR LU IZ I T 5-exo/6-endo BRALDIEEG T HRICHLTH
RIS BB AL D ATREMEZERY | BRALOALELEIRMEZ SR 2 — kAN T 228 %0
L7z,

5 6 FOARGM LAMIEL . EREMEIL AT — A& stk L,
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F1E S SMBLCIDREFE—RB R AT AN EOG

B 1 BTHRARZIDNC, T F AT L LR FRE OBV ARF I ALROR T, VT =
U LI E DB RGO N SR AR AR TR 8 E OSSR A STV D,
ZAUCKIL, BE R - F HAFSEE O [LARIE, B T ER IR R & ROGIEAR &3 2 M b4 45 1 C [F)
BICEBRYLANER TELZEERNEL TS, ZORICHN T, BER “BbRET
NS FEDE AR L TEALIZE 5L QWD i Al Re7 7 v UL L 703, K7 L
XTIV —VHENEELLTZT LF AAZRHALTEY, 100 °C &) FERATEE L INEAS 4 4
FLLTNDIEND, AR IV SV RA RIS | Fek T L X ~DIE a7 2 B b —
FIR—FEEED B\ FIRFE THHZENVRIBEIND, BEAFO 4B AR IV R IR FE—IKFE
SHEAEEMEETEIL, DANIUEOAINNE LRSI, LVIRFI2 5 COR{E IV
RELALE EBLRTRE CTHDHES 2 HILD,

GfRfET, TR R L T T L DR E R DIEMALS A e LA AR L THD N,
BHREAN O MBS E S THLZEN MBI TND, TV T /ha— WA, BB T7IRH
JVIRV W TIVR =VERFER O KO 7 LB SR I AR\ MRS KA L L CRI A C& b2l %
BEEX | INVNIUBICEDT VT ~OINIH I TELDOTIX RV EE 2 e, REITIE
FRALIR B INOIFHID AV NI BED AR FIFOHE G~ D RZAHIM B OB R 2 #1212 B&J‘Zﬂ*
FRFVEE LT IR ARSI TOD B I 1D R 6 — 3R = FLfG A~ D REZH D
R Z W TR 23,

(1) 7T Aa— L ORI

Aponick BIE, KEEEL, T/ IRCAN I T N EIRE DT 0T 4y I ip TR fiE AL ST e
FSVFNT VA= b T A MR (DIEAEE T C 5-endo BRILEFEKIAKIZED, 7T
n—/b, FF T =BG 5 1EEZBIFE L= (Scheme 2-1)*, ZO S TIIMNEE VR AT 4B
fLF a2 DT A MAOFEREZ ANTWDD, SEZ RIS, ez AEHZ v, B
R TS EATOSRMETH, RO LD EENDEZ LN DN->TND,

Scheme 2-1 7'/ VXL T )V a— LB R E W BRALSOSIC DB R B ER AL

({C4Ho),(0-biphenyl)PAUCI/AGOTF,MS4A

R2 or R
_ OH AuCl, open flask
= S
R*  thF R™>x" "R
HX 0 or 40 °C, 10-80 min ~93%
X=0,NR, S

S/C =50

Arcadi HIE, BALEMDEET MU LAOTL )— VIR, IR T 2-7VvF= AT =V D50+

32



i
[\S)
it

WeRa T IMEEOGSHETTL, S-endo BRALIZED, 2 fLICEMRIEEZL SOA U R— BB E%E
RN LTV V5(Scheme 2-2)°,

Scheme 2-2 5y FWNeRaT7I MU SICEA A R—IL &Rk

R
NaAuCl,-2H,0
Z — -CT)=
C2H50H or C2H50H/H20 N
NH, rt, 2-20 h H

~90%
S/IC =25

Harkat HI3HEALAOAEED REETI VT DEAE T 4-T F ) — LV OBRALEUSIZAE R ThHZE
ZRWELTWD, FURIE 5-exo BALDSBIRENICHEITL, 2-7 VR F T hoeRur s %
B2 5, 72V T aR AT VR RI(EHILE RICH OB DRSS T a— N T
VAT anti SINUT- AR B 08 B4R B9V £ B 975 (Scheme 2-3)°,

Scheme 2-3 7 /L% =)L 7 /)La—,LD4yFNeRa 7 L afx AV

R%; AuClI, K,CO4 R—BR'
HO rt, 1-4 h
S/IC =10 60-90%

INBD ST EOMEIC LD T, TAF U NEITENL T D2 TR L E =T, RE T
D HIVIAE R ARSI DB AR ~ DN FEIL T,

F7-., RiittingerHld, (DALY | IR T, PHESRAIZISVT, Scheme 2-4(Z7R" 37 /L= —
D FNeRa T ax i AL EITL., exolRILAERMEL THERODWITNEERT—7 /LN
BIRMIHONDZEEMEL CND, RAT 47 (DEERICHEARINT 52 EIC I ARk
T F A AR DMIEE RS B 2 BV TUVD,

Scheme 2-4 7/1¥ =)L 7 /)La—,LDO4FRNeRa 7 /Lo mib K n

(On "OH " (CgHs),PAUCIAGBF, i 5
=
. THF Z
\\\ rt, 1-2 h
n=1,2
S/C =20 ~99%
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—7J7. Scheme 2-5 |Z/R T 7 /L3 R FEDBALL :Efz—;ﬁ%%)OTIVﬂF‘/V(I%]//yJ3)/V7H/\/l/
FN =T N EELTHWDE, endo BALISEIRINICHEITL . L EBRMERSHSS,

Scheme 2-5 —FL Va7 L/ Lo —T /LDy FNeRa 7 Lok B

OH
(CCGH11)3PAUC|/AQBF4 _ O
X toluene - =
\\ rt, 1-6 h //
S/C=20 ~75%

ZIHDEAV G DIRPPEDIE MOV TIE, Scheme 2-6 (2R3 4 IZENLLTZ T V2%
DR B O RZBEBEOERIRREIZ I T 28E A AAERIZ K> TSI TV D, 7vF
DOBALIZEEFEEZL SHA | o*(C—O0)iLE L o(C—An)ELE ORI AAERICEY endo BRiLIAE
52 DB RN Z EILEND, — T, TIAF L DPALNRFE THHHEEIL. o*(C—C)fLE D~
FNF—DEL, o(C—AWHE L AAEA LW 29| endo BRILIRE 5 2 HIERR BN ELS
LT, exo BRALDMESET 2,

Scheme 2-6 7-endo BB L O 6-exo Bk DB IR BEL HEFE A/E A
T 1
o \ N HoC ;

g* o OH
FR{an(f/ Rn: COH
' s R’
,” OC-, /\
Au C-Au

L LAU ocau

Scheme 2-7 (2T XINT, BT AU MEESERGFIE T, =0 A2-1,6-U A4 — /LD 5y F-HNeERaT L
XA SOENER T CESOITHEIT 5, B ITREE LR DK LA S D)3 ZE H il
DER TS ARG IR 7= 7 50 DRI AN AR T2,

Scheme 2-7 T A -1,6-2 A — L DOIER BRI

Ph3sPAuCI/AgOTf

CH,Cl, /I
rt, 5-10 min HO o "R

68-90%

S/C =20
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Du SIZ&fIEIC XD (2)-mo A T Aa— DT I F AT D5 TN T 3 ARG
50 °C THEATL ., W7 7 FHEARNRONDLIEEHRE L TND, S-exo Bi{LZ D B LA TE
RN 3 T A a— VB OBRE | ARIE(Z)-5-T VR T 2.5-Pe N7 T2 LD (Scheme
2-8)"%, Scheme 2-8 |ZRT LT, TAFLA~ADT A a— L OREAINO%, PeRa7T=/14(])
HRMRERRD 2 DON—IRBEZLNDN, EOREEL T T ~DRMAL DO EBEN B ED)
TZEA SN E I TURL (Scheme 2-9),

Scheme 2-8 T AT NLa—/LDoy{WNEILIZED 4-BHT T PeRkaT7 7GRk

R R® RY RS R RS
—( g1 AuCl; or (CgHs)sPAUCI/AGOTS —
THF ~ [\ R?
/g R o” R =0 R
/- Ho 50 °C, 0.5-4 h =5 =5 R
R
R'=H R'= H
SIC = 100 ~92% ~97%
Scheme 2-9 e 7T =/L&()H EUENGD 7 7 A Rtk
R* RS R* RS
Al R —— L. R
y =04 0 H {
R5 R5
path a
R4 R3 R4 R3

0" H o~ R
\ R* RS R* RS y R®
— —H* .
path b [Au]7/©<R2 —_— [Au]v/m\ ) —[Au]
0 H o R
R RS

(2) TV T IR O REZASINEOS

—HNZT T — L EOESRENED Z LNV AR ROV AR RTINS | itz > TT v
X NTHT DM ATRETHHZEN SN TS, ST b0 RN OB I LD KIE
BT TR EBERNITIE LT LB 2 HND,

Pale HIZT7 B h=RU VIR | 77 L2 VIR R D 5y F- P RO TR LTl o M b (DI
IREEAVD Do A E D& exo BRALEINANCKISDHEITTHZ L% R ZL T4 (Scheme
2-10)", REWIEINES T VL AT D IE CHRUSIIHEI T 528, £ D E/Z i 50/50 TH
D SRR PRI Z LU,
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Scheme 2-10 Hift&(DICLDT V3 VAR B O i A BR AL It

— AuCl R
R g” KoCO3 (0.1 eq) - N—(})n
HO-C,  CHsCN ¢
' 20°C,2h I
n=1-3 OO
S/IC =10 ~98%

RfRERIT 0-T VF =V Z BEHBRIBID 0-7VF =V 7 2= )VEFIRIZE F C&, 2577
28 exo BRAVARE endo BRALIEDIR B EL TIHSLD(Scheme 2 - 11)'2, 0-7 V¥ =L %2 B (n
= 0O)&AVWZEE . FOSIRIREEITT D00 ALE RV, o-T /¥ =17 ==L
e = DORIGTIEEMLESEIRMEZ R L, TS RISICE A e B RE2L S RE Tk
6-exo BRALAE R DMESE L TIROALD, ZAUSKIL SRR T V262 2t DI Tl 7-endo B
EDEAT T2, TAF KIGDFHERD o MAZEHIEZ TN T HESONHE IR T4 223, Fe8E
72 6-endo EIRM:TERALSUSEITL, ZOREREFTA LIZZ T AOSBRAFE SN TND
(Scheme 2-12)",

Scheme 2-11 HAbA(DfRBLC LD T EFHE T 7 ARk

R
R
yZ AuCl | R
QH K2003 (01 eq.)‘ Q + — o
C\\ CH3CN C\\ /
n O rt n O nC\\
S/IC=10
n R h yield (exo/endo)
0 H 2 75 (50/50)
m-FCgH,4 2 61 (93/7)
C3Hy 2 74 (57/43)
1 H 12 74 (93/7)
m-FCgH,4 12 62 (98/2)
C3Hy 12 89 (10/90)
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Scheme 2-12 =AU TIVIRTRDH T AR i

R = n =
Ph3PAuNTf2 T R
\ //’> * N
R R e CH20I2 - R | DR
N _ort, 15 min O. P
oo MR O ¢
\9 \\;/ O
o)
SIC =20

TIVX L TIVIR B DBV BT AL AT U CTIREE ) D 2% N2 72\ STl
BSOS RITEL | FEIC > TUIT R ATk T DK THE N D, — 7. Eﬁ

&M ZARBEC W6 L KBS TR BRI S-exo BRALAERMIEL T y-T7 1
FUF v y-T F T b AR T B (Scheme 2-13)',

Scheme 2-13 i#{b4A:(1I1) % AV T V%2 VR RO il BB SOS I LD 77 b Ak

= -~ cat ?1 . WC6H5
~c~ “CeHs

HO_C\b S”;ﬁ“ I O CO,H
S/IC =20 cat: AuCl 60% 40%

AU203 95% 0%

PIESIIRAT 7 7 VA BN T2 T 580EEE V., 22K T BRIEOKM TR 57
IR DNRRIKBONAZEZME L TND, BV DRDVICN = F LTI Z2 W81
HIDOBOSITEITE T, BOSIITRENME R DA b — VRSB ThH D, ZDIINTTIVR TR
Doy FNBALEOGIE, RS TITOZENZ N DD | D S S5 R Z Al AR A & L CH
W SRR O IRIIN R E R A N5, Flo. ST AF P HNNR B E B HWE5E 0
TINIAETHY, AL aBAE RN Z R L 5% 5 (Scheme 2-14),
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Scheme 2-14 RAT 77 VA7 BN %A T 580OBZ LT VX NV R BEOBRAL VAR

F ol
LAuCI
H—= CeHy  TAUC _ *Mes. CHj,
pyridine 1 eq L= )
— g CgHs P=C
HO-C THF C CHs
ko) 20°C,24 h I
o} Mes* = 2, 4, 6-Bu;CgH,
S/C =33 84%
o)
H—==— C-OH LAuCI _ *Mes  CH,CgHs
—X— pyridine 1 eq L= \P_C/
HO-C, — H THF \CH3
O 20°C,24h
§/C 233 Mes* = 2, 4, 6-Bu3CgH,

H<DPDHIDILTWDRAT A B IRERIRRIC T4 TlL, N7 mEg /L~ (NHC) 3B 7
L7z ARb AL L CTHOWSND, Bl ZI1E, EHE EISKEEEDO B EOT=dIZ AR BRI A &
AL7c NHC Z 3R 1L 280774 REEEREZ WD E ML DKIB G | SR,
22 T DOSMET BRI 4~ F LD 5-exo BRALSUS S HEIT 95 (Scheme 2-15)'%, JEMGI%
WNERT VL Eb DB 2 WD E 6-endo BRALAERDSEIET D, ADSERBLY EWEMEEZR
TN, FE ISP TIEMEME 975, —J7, @MDEEARIT 8 MO A% LIGIEEHER 52
LD, DR FEFTE FICBITA L EMENRD LD,

Scheme 2-15 /KIAME NHC & (DA LDV RFL L BAL

_ =\
H—\/— R LAuCI or LAuCl, MR | \/N ~_-SO3
\ |_ =

_ R toluene/water = 1/1 R
HO C\\ rt, 1-4 h, in air ”

S/C = 1000 83-96%

TR AT DT INELD o3 FNATINBOGS FHHAL TS, Liu HiX, Z7eaa()EsgRIzHf
AT DRMERICED 2-TAX= AT BT IROE R TI2XD5 TR B DM & 3
RENTHEAT T D LA L TUD(Scheme 2-16)"7, 120 °C DIMBGIENSLETH DR, 227
B VBRI RGN,
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Scheme 2-16 7y FIWERaT7INKIZED T BE /U iFE KA K

R1
é R']
(C6H5)3PAUC|/AngF6 _ —
toluene /N—Rz
O//C\H’ R2 120 °C, 1-6 h C\\O

Scheme 2-16 TR T K7 VX &5 FNICH DU L TLEMDY; G DMF H1, BF A M
NHC &(DESERIC I DA 3 (D ZER D RILBEEL T 6-exo BRALDHEITT D', — 5, NEET
N EEE WG AESR, KBTS, v A7 REHZ I MBAGE: T Tk, 1 fLoZER N
SRIGBE L, 5-endo BALLT= 1-A > B — /L B VAR IR ASER TR T 5", Ll £ DR
PEFREBLO B H I HICE I TR,

Scheme 2-17 o0-7/LX =L T7U— )L LT D 6-exo/5-endo BAL TIN{t

R1

= R’

5 (IPr)AUCI/AgSbF4 R

103 ) > | AN

N/C\N/R DMF N/C\\O

NN 60 °C, 5h N N ,
S = o0 Rl =1 1y CONHR

40-96% 80-96%

(3) FNVAR=NVERR DR INA L R LT DB G
TRARTAT DIV =R | FET RO REAIE L TR ZER MBI TVD,
Scheme 2-18 2R T T X =)L bR, AT AU PESODEEIZLD, TV NTkFT D00 R =
IVIESE DSRIZIKB AR CBRALAE M % 52 50 VIR= VBN B b AL AT REZR FRE 1 5-exo
BRALL C @7 7B ENDDITHKL, BALIZ 3 ik FEEH DEENDIL 6-endo BRILLT-
AH-E'T B R AR5,

Scheme 2-18 7 /L% = /L7 b D4y N REEBRAV It

R3 R2 R2R®
R4
R1%g PhsPAUCI/AgOTf m or ij\
toluene R*
- o) 1 4
O=C , ,03-5h R RWO R
R R3=H R3%H
S/C = 50 57-87% 53-67%
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Yu 51 0-Z BEBTAT NVERNAT 57V MEIGSZ BT, BTF A AN 7 2= LR AT
A& (DEE RN R 2 i T D L% BN TE LTV 4 (Scheme 2-19)', 200 B Ok 1
Scheme 2-20 DIINTIREIN TS, T, & IRIZL > TE Wtéﬂt?zw‘r/zﬁzmvm:w
FRR DRI | A7 a A=)V DFERA) LAY N2 A F (BRI ERK T 5, R
BRI A X IR DAF U EAH IR LTIV R(C) e 52, A/ 7aA= Ve 0EERo 7 ak
VORI LS TAY IV (DY ER T DEEBICH T AU A RN AT S,

Scheme 2-19 o0-7 /L3 = )L%2 B FEE = 27 )L &K FH U= il i 27V =23 AL SO
(OP), (OP),
—‘—o

>~Nu
o. .0

¢~ “Bu CH,Cl *
2v12
@/ rt O5-O~ ~Bu
@
H

S/IC=10 38-96%, B:a = 1-7:1
Scheme 2-20 27 Va2 ALK S OHEE BOSHERS

_“O MS4A
+ HNu PhsPAUOTf

050 "Bu (OP),
| —‘—o
H
O @ "Bu
(OP) D [Au]OTf =
n
—‘—o
> Nu + HOTf
o
+NuH
(OP)n
—‘—o

_ —O\S + [Au] @/
[Au]
B \—/

Hashmi S3HEATFT Lo il E DAL DL T N-7 0L L L RF IR D4y
F-PRAINCEY ATV — LSR5 8% R E LT S(Scheme 2-21)72, 43 F I TD
ANVRAET IND N—H FALOMINEDE | 53PN TOAINR = /VEEFR O SREZA MBS T2,
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Scheme 2-21 (LD Z L DA — /L OFRIRAIE R

—— _
NH _AuCl, =\

0=C, CH,Cl, C
rt, 5 min-21 h R
S/C = 20-40 ~99%

FCEE I L TEOEEEZ WSS AFL YR — L@ IR IS LD
(Scheme 2-22), LH» L@#Rﬁ@%éﬁ@%ﬁl ITBERIN TR,

Scheme 2-22 &Nt LD Ve A — L ORIRFIE K

JR— [(CGH5)3PAU]X
\H  X=OTs,NTf, )\

e > O\ //N
O=¢ CH,Cl, c
R 1 4-144nh R

S/C = 40-100 ~95%

Boc fRESNIZ7 0 OLE LT L a— L BXOT UL, SR IS E BT A EEO)SEER
WAERT DT, exo BRALAEHDDOEIRAVTHEITL | KIS T DERIR T — R A2 — MBI L
BUPNERRT B, N T VX2 DB 2 2513, Scheme 2-23 (TR 3X91C, EHLEED
BRI DT, anti STINLT- Z (KA & @R B2 5257,

Scheme 2-23 tert-7 NXL VIR = AL G E FWTZBRIR T —R R —b, UL XAk

R—), R \
X
-c [(CeHs)sPAUICI/AGY _§_t\)n
% g oL ..
@) CH,Cl, or toluene 9
X = O, NR! rt, 5 min
n=1,2 ~95%
S/C =100

Z DS DHETE FOCHRES Scheme 2-24 12”3, 5, @R T AF UKL TERANLILIZOG, v
R NVERE DR EL T = ()R FEBERT D, tert-7 F NVIEDBINR I TF A LT
PREEL 7= DT k> T = ESMA N a2 ) BIb A E 52 D,
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Scheme 2-24 BRIK T —R R —k, ULZ G OHEE oS

s

o. X R——

0=0
?
L0
0"

Au”*
H+
Au Au
R i
A\ RT)\X
O\ /X = {
c o} C\O
7 N
A Ao
R
% J\§ﬂ
: O+ X
T { ,9

LA D XN AR Z L5 R Fe— R 38 = HAE G OTE AL AR D SR AN DA IS, EEHY
IRA7Z2 5 TR ISP EIT T BN L <GSV TND, Bl ET L BB IR L T
EEMICIER T2 Lewis BRE B 2 B4, 1 lidDWE 3 DA HWBILLA, BRLIRREIZE
DR E TR, B L L ChF A MR AR E L, TV ORI AR T HAT
FIERERHNONLZEN L, EORBEMEERREDORE NI U T, BVERE, WA EE DO
iR MLETHY , BE ORE IS > TRICDON B EINEN A T2 ZEB LW OB A AR
STy,

IO AR E L RETILAE T, 21300835 11 EERAIICES 7 a UL
T DEALIINV AT L AL E R E LT e~ T,
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B2 1-TIAFN2-TF U DRI RE L IALR IS DA BT

ATHEICRULIZINNC, BB LD IR F—IRFE =B OIEHAL 2L T 27 V% DOREEN
MDIE | 6 MARBEMER F2H 27 VX HED 7 FNREAMAINBIGTIE, ZHWET S-exo-dig
BACUTZ BB DI R Z B2 DB 2 <l S TUnD, £z, 5-exo-dig BRILLTZERIRY
VEH G2 DT VNN T I AR BN D AT DIV SR D Sy NSRS I3 A
POFIGEDOHFTHRBEITTLROTWVEZ O, EEE # 1 #HiFEH THRLIZIDIC, HHFEED
IUARDBFSE2 G D | MO RIC DTV GRS E‘éﬁbf%’«@%ﬁaﬁ%é ZIT, abhihE
e 11 BB LD RB—IRE =BG OIEM LA g LT 7 VLTI DOBRES
NWARF L IACSOSERFT LT, FRIZ, ZHECTEBISI TORWIEIIENERT V¥ B a2t D
TSNV T IV DODERIRT L 2GR ED I LT,

(1) VIO SO HESD Fe

F9°. NHC 7rad&)dEA (IPr)AuCl?* (IPr=1,3-E 2(2,6-2AY 7O LT == )W) A(IX ) —)L
2-AVFNEREE L TRV, BRI T Vs &b 1-AF AT 2-7F o (laye 5 L4k
BLLT, LR FEE 0.1 MPa T, 40 °C. 15 BRfOSZMT, B 1.0 M, JEE/ft =
50 IZHE— L CRUG A AT, £ DS % Table 2-1 1”7,

Table 2-1 7'/ VLTI DEAL VR L IAIZIS T DI BRG]

o CH—\
CHy——"\ (IPr)AUCI _5_\

- + CO, ——»
N=CHs 2 Tsolvent O\C/N\CH3
H 0.1MPa 40°C, 15h i
S/IC=50 1a 2a
[substrate] = 1.0 M
entry  solvent % conv? % yield?

1 CH,Cl, 0 0

2 toluene 0 0 /\

3 THF 0 0 N._N

4 CHCN 15 15 h

5  CHzOH 91 91

6  (CHs),CHOH 55 55 Pr

7 (CH3)3COH 7 7

[a]: Determined by "H NMR

vraaAH LI THF 728 OB Tl SO & T8, U3 X417~ (entries
1-3) , MEIRBEE L T B =RV AR L THWADE 15%SRINRZ NG, BRET 28RV L
H AR 2a BIRDILTE (entry 4), SHIZ, T RIAEMRIERELE L TAY ) — a2 L2 A, fil
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BEEME A B, 91%E b mOIR TERIR L 2 U AR Uiz (entry 5), DT b= — LIRS
LC2- T — R tert— 7 FILT Vva— Ve b e 2a DIERITREUR FL, ZNEI 55%,
7%\ 272 >7=(entries 6 and 7), ZDIINIAX ) — )V 7SS CHH LW >T-D T, LItk D
R RS D SR RFN L, BTAZ ) — VI TT o7,

F7-. RO CDCL H1d "H NMR A7 MUZEWT, 2a DE =L 7 AZH kT % a
quartet of triplets (7 F/L73 4.09 ppm (T 1 FFEHD ABLRIS =2 L0 TAF L ~OFINZE
DAELDT ARV T N ORI E T H—CHY | SUSHSARIAGTHEITL QDI EDRIE
ENTm, AR OTL 2 AL PC NMR 1235175 156.1 ppm D7 F MLV EATHR
7=

HEESIVI AR L, BAFEE — T VIR A TN T 22 L CRAS RN ATRE CTHY | B/ 8t
WRAG B A AR, ZORE i D B fib XA R AT O 5 SR A Figure 2-135 1 U Table 2-2, Table 2-3(2
R, ERNIAREL QO BB LA AEETHY | sphE R C4JEH 0 ORE A DAY
360 °THHIEITIMNZ, C4—C5DFEEEDN.315 ATHY, C4—CSHIN _EFES THHI LD
RTET, £, C4—CSELVDSNR AT ZRLIE TS T2, L ED I, BRALRIGIENL E B LY
SEASEIRANZIHEITL . VSIS T IV AT L Cantifs MU T2 AR D rZe -2 52 L5
ot

P2,ic (#14)
e R =0.0632
e o1 WR2 = 0.1507
a’ Z=4
Figure 2-1 (2)-3-AF/L-5-=F V5 -1,3-4FH >V 2-4(2a)?> ORTEP
Table 2-2 2a O LEAHEAE Table 2-3 2a O EE /oGS
Bond Length (A) Bond Angle (°) Torsion Angle (°)
C1-01 1.382(3) 01-C1-02  120.96(19) 01-C4-C5-C6 -0.5(4)

C1-02  1.215(3) O1-C1-N1  109.45(17)
C1-N1 1.335(3) 02-C1-N1 129.6(2)
C4-01  1.409(3) 01-C4-C3  107.75(18)
C3-C4  1.509(3) 01-C4-C5  121.71(19)
N1-C2  1.446(3) C3-C4-C5  130.5(2)
N1-C3  1.449(3)
C4-C5  1.315(4)
)

C5-C6 1.496(4

C1-N1-C2  124.06(18)
C1-N1-C3  112.86(18)
C2-N1-C3  123.07(18)
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Flo, A% )=/ (IPHAuCH A iV R ERFL AT T FRHK FicisnTrm
2OVELT IV 1a BHVEIRE 1.0 M, B /ML = 50, 40 °C DSMHC 15 B SOGSE 7223,
SO Ra T I AV SRRIAIE D A% ) — 2L AR T L a3 AL ST T 12, 1a
ERENT-,

(2) fRBESIEBRSR
WIZ, TN T I HEOBAL VR L ALK SC 1T A . RSy T ORE S LTEMED ]
RIZBHGNT T2 HAT, 1a 20 A% ) — VIR . R bR FEIE 0.1 MPa |, 5/ /filfi

=50, 40 °C, 15 FfH DS CREERESR 21T o7, Table 2-4 |ZHE RA2F LD TRT,

Table 2-4 fillEZRIEERR

CHj; A
CHz—=—"\ cat _5_\

N—-CH; *+ CO, s O Negy
H H3 H C 3 _
0-TMPa 40°c, 15h S [\
1a 2a N\/N
S/C =50 >
[substrate] = 1.0 M
entry cat % conv® % yield? entry cat % conv@ % yield? IMes
1 nocat 0 0 7 (IPr)AgCl 52 52
-
2 AuCI 0 0 8 (IPr)CuCl 19 19 %N‘\/N‘ \é
3 [(CeHs)sPJAUCI 41 41 9 (IPr)AuBr 84 84 -
t
4 [(C,Hs0)sPJAUCI 61 61 10 (IPnAul 71 71 IBu
5 [(CoHs)sPJAUCI 70 70 11 (IMes)AuCl 89 89
6 (IPr)AuCl 91 91 12 (ItBu)AuCI 83 83
[a]: Determined by 'H NMR 13 I'Bu-CO, O 0

FI AL WIS A SOSTEITE T FUBFASEIX S 417 (entries 1
and 2), KIZ, N7 2= ViRAT7 4 DT )VIRAT 7 A NIZTFIVIRAT 42 708 DV BT T
EH O ok RE WD A PREE ORI 35 KNEEITL, BRI ThE
41%, 61%, 70% T -7 (entries 3-5), LIRL72EH1T, NHC Bl 1-&L T IPr ELL 72/ mad:
(DEERZ DL, BUSITRAFIZHEEITL ., 91%IXRT H AR 355115 (entry 6), ©EFIT 11
542 8 CThHEREB L ORI NHC $5(8 Tl 1a DIERIFK FL, £ 52%, 19%E72-
7=(entries 7 and 8), AKIinE FLNZ LT RESIZIZRIFRFHIC, BFIEZR B RO L EGIX, $RIEA H
WD T VLT IV DBV RF L ALOS G L TP, LinL, AFEBR TRt
FO G D J5 D3 R R 7R T 23D, FASUGIXERIEIC LD 885K o ool 1
DEREBEZMLBEL LN DD, LIE TIISMBLERIZELDT L2 A RiE BRI,
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EHIZ, NHC BEERO T U FL DWW TH IR 58 | 7 e85 K TlE 84%IE, a—F
BEIATIE 7T1%INERE 72 7= (entries 9 and 10), ZOfE ENBIEZRF TR, RERLIOFVHED
7 3 TIRSBAALL . FOBSH AR AL LIS B HEEAME T L72&B 2 6D, NHC B D%
F EOBEMILE AT NVEL tert— T F NV FEIZIE 2 72 NHC BN 1-(IMes, TBu)JEBZSERIZ OV T
HRHEAT TN AREFRRE OIEZ R L, 224 89%. 83%INHE TUL 2 ALEMHR AL
7z (entries 11 and 12), NHC Bofiz 1%, ZAVH MBS ZFR GIRB LS L . BEA A A INEE 5%
g LR FEEEECH A TERIEN MO TS 1 %,

Bz X, e - F AR O 1A, B AR ER R T NHC Zffiie U CHIVWDES 3
27 VX LT 2 — VDAL VAT L AL EITL, BRI — R R — e R I 52 AT E%
WAL TS 2, Scheme 2-25 12T L5912, NHC()E ZEe ks B4 4% NHC-CO, £+
RAYD H NV ARF LT NBAL N T B LF LT La— L DT NF U R FITKL OREREL, 7
WALV LR RHRAN R AE R LT . VR = kT 57 v a— L D531 N R B8 33
ITU T, BRIR D —R R — IR EBETHEEHIZ NHC DA T ARG CEITL WA EE 2B
T3,

Scheme 2-25 NHC 2L 3 7 2 XL 7 )ba— L O BAb VAR TS AV R i

R R' . -
R' R' Cat M Rl Cat. o o
R%k + CO, O O N

f
scCO Nod Bu~
OH  45MPa 2 ¢ N

S/C = 50 60 °C, 15 h o) \—/
= >99%
N
O\ /O .o
9 BU‘N/\N’ Bu
O \:/ C02

/C /—7 By
o N/ \—/
B( H~- I
n \_
=, =
2 OH
O~ O
~C
fBu.N)%ﬁ,fBu
\—/
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AR IZ BV TH NHC BN 12380 DFEEL 72 %% . NHC-CO, fHINAZTERKR L, 7 1 UL
VT UATK U TR I bR FBE2E AL TS HEITL TV D AT HEMER %5 2 . NHC-CO,
RN NN Z CROGA RT3 JEHEE D3RI S A7 (entry 13),

KEU“ THE T CTEITT 2800, TI & TRRLIRFEINOD IV ASIU TR AT BOGSHETT
DT IIF 2> TORNEE 2 BND, IV SV RRITKIE FTO T RHERITHLZ LN mBN
TWDN, 1a DERALIINV R LD KSR EEZ 40 °C 275 30 °C I Fif 5 &, 2a @HK# X 78%
(AR N UTe, — 7 ROSIREEE 50 °C 12 BT THIERIT 85%I2720), b M\ W INEA135121T 40
°C 75»@@&#%%710 INHOFERED LITH 3 H#i LARE Ol RS FEBR T, QMI:F?%F 0.1
MPa, SUGREE 40 °C DA FERES L LT,

(3) BUGDRRFEZEAL
AB ) — VR AL T ZE{EIRFEIE 0.1 MPa, 40 °C 238155, BRIV ARF
JACSOSI R ORRIRE AL A TR~ T, 2Ok S % Table 2-5, Figure 2-2 (27”7,

Table 2-5 2a [RDOFRERZAL,

CHy—\
CH3——"\ (IPr)AUCI _5—\
N-CHz+ CO, — > O._N-cp
H 0.1 MPa CH;OH c 3
40 °C 5
s/C=50 1a 2a

[substrate] = 1.0 M

entry time, h % yield® entry time, h % yield?

1 0.17 4 6 2 35
2 0.50 10 7 4 60
3 0.67 12 8 6 77
4 0.83 17 9 10 84
5 1 20 10 15 91

[a]: Determined by "H NMR

100

+
80 . +
E 80 +
=
= 40 .
20
4
o *
0 5 10 15
time h
Figure 2-2 fRHEIRARIZIIT D 2a DBEALAI/VARF LA RIS DG 21E
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FOSBIMET 10 43 DS CRISIRIRD —EZ2Y 7V 7L, 'H NMR JITEZITHE, 4%D 2a 3
AR LT = (entry 1), BERETRGEIZIE- T 2a 13U, 15 BEEIE 21T 91%IXERIZ L 7= (entries
2-10), FFZALD T T 7 NOA SIS TIEFFEHIRIZIRNZ LN 00D, Bk 328912, — KAy
TR Z XD T N ANEEM O EBERIC IO, BT A AR RBLE VR LS 2 5D
3, Zan @i iRE W TH A ) — )L RTINSy a Bl - 2 EBEL . 7V B S B
TAHMIGH L CWBEEZ LD,

(4) 1RE T A% NS

ATEE TOERBREE RS, BIE T CERRULZ A5 X DRKIGIE, TIV DD AN NI R
A RS B P TIE/R N2 E DRSS, JOIRIREE D (bR E T Ch AR A MR o
E, “EM bR FEEEAOFIEEL TERAMENREEHES 2, 25T O iR R FE o fl it
WFRELTZOTZENRWPET A O LR FEFIAEEL O KIREIR G LIS TRk
TINVIRF L AV GH iR IR Tz, AR ) — VAT 2.0 mmol @ 1a (%L T, (IPr)AuCl fili% J
B/ =50 OFMHIEREL, £F 0.1 MPa DIRAH A% 2.0 L AT 40 °C, 15 B 44k
TR ST K% Table 2-6 121,

Table 2-6 R AT AZHA T COBRILINVRX T ALK G

CHs
CHy;——= AN
3 \ . (IPr)AuCl
N-CH3+ mixed gas O N-cy
H 0.1 MPa CH3;OH C 3
2.0 mmol 2.0 L total 40 °C,15h
s/iIc=50 1a 2a

[substrate] = 1.0 M
entry mixedgas %viv % yield?

1 CO, - 91
2 CO,/Ar 50/50 85
3 COAr 10/90 24
4 CO,/0, 50/50 80
5  CO,/CO 50/50 80
6  COyH, 50/50 75
7 CO,C,Hs  50/50 77
8  CO,/NO 50/50 59
9  CO,N,O  50/50 78

[a]: Determined by "H NMR
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T, TN EDIRE T AERRFILTZ, CO./Ar = 50/50 DIRALL(CO, 1% 1a 1ZkLTHI 20 24 &)
TlE2a DYLFEIL 85% THY, CO, D H%& H = Fi(entry 1)EREX72 7513720 > 7 (entry 2), LML,
COy/Ar IRA L% 10/90 & DEERIL 24%FE TIK FL7z(entry 3), 7=, BEFREDIRA T ATH,
R ITE PR A HERFL CdV (entry 4), BR(LAIFIZB T DMMED RENT, — 75, B2 L 12854
BRI D JIEDIE SIS ND—BILIRE, KFE, =T Lo hER, b ER I Fsw, R’
Ak 50/50 IREH A% AWZEZ A, INERIT 15 KR T 59-80% (entry 5-9)ZiEL ., 2a LIS DFEIA
RN 2% TH NMR I XORER LT, UL ED IO, “BbRFEITEELL FOE TS
ST DEEHIT, RBER P AHITIR A T2 ATREME DB D — R L IR BRI D ITRITIEE AL 72
< NHC-&:fil 2 0 i@ O A ST T BT,
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EI3H SoSAXELTIVOREEE A

F 2B ETIC AW SN Tl 7 SOS ST I D& | AY ) — VIR | AR T . R
{BIRFEIE 0.1 MPa, 40 °C [Z381F 5, BRAL VRS /AR SO 00 JE i F iR 4 5~ 72,
FT. INFETERALINARF L ALIE DR RSV TORW | IBIFENE T vd2b D7 mos
N NT I HE B TR ET LIRS R % Table 2-7 127”7,

Table 2-7 JEEUE MIHGPH: JENIIRAERT v

R1

R'—=—=—\ 2 4 co, (PnAUC _\5_\

H/N_R 2 Gmon O\C,N\Rz

0.1 MPa 4q °c 6

1a-1 2a-l
SIC =50
[substrate] = 1.0 M
amine R R2 time, h % vyield? amine R! R? time, h % yield?
la  CHj CH; 15 91 19 CH; CH,CH; 48 85
1b  CHsCH, CH; 15  83(63)° 1h  CH,; "C3H, 48 86
1c  (CH3),CHCH; 15 87 1 CH; CgHsCH, 15 83
1d  (CH3)sC CH; 15 81 1j  CHs; (CHz),CH 66 27
1e  (CHj);Si CH; 48 16 11 CH; H 24 36°
1f H CH; 15 16

[a]: Determined by "H NMR
[b]: Isolated yields in parenthesis
[c]: 6-endo cyclized urethane was observed in 31% yield.

FP 7 EOBHRILR ZAF NVIEL T, fix OT NVF KR T DA O GE A,
TR R T VRN IEATHIE R = CH;, CH5CH,, (CH3),CH, (CH3);C, R* = CH;,
1a-1d)Z HW 5813, Wb 81%EL ED BIFRINETERIRV L X2 527, — . 7%
VORI AT LV ER L B R = (CH;):Si, R? = CHs, 1)l i UL L= A i
2R 16% THZ 17, KT NAF 24 T5HE R =H, R? = CH;, 1) TH 16%ERILRIZEEF
ST, TIVFXVRIGEDO N AF N VNVHNT | AR ) — VG R LD N T AAZ AL 2% CER
TRFUNFEN LML, 2B T B BRSNS ZE T Y ALSN T AR Z 52 D2 DR FD
A TVVD(Scheme 2-26)7,

Scheme 2-26 #RfMIIC LA UL T L D P U AL G

AgX HX
R——=——SiR, R———Ag R——H
~XSiR, ~AgX
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Fo. R 7 v F o Ladiifid, MEFET. &7 B FINERE 525203 M6 TS
(Scheme 2-27),

Scheme 2-27 Kl 7 V¥ EEEEHRED G E DA T BT URFEDO A RL

.
[Au] amine

[Aul* + ="\ — =\ Au—=—\
NHCH, NHCH, NHCH

L7 UL T R e bEUSHRF TR UAEL, Rim7T %240, K7 /vx 1f
EBEDISIZENET B FIURFEDNAERKLT2EE 2 HND, —KIZHRCEDO T BT URICHE T
TFURFRIXZE CTHOIEITMA RSB RIS ThAT-0 , &7 v FINFEDO T ah
IRDETTLAIZLL, 1e 2 Af TIEBUG P Sz ATREMEN B D,

BT, TR RIOBEHIL R' 227 145, 730 EoBE#AL R % 2 T BT ONWT
atli-, =F /LR = CH;, R? = CH;CH,, 19)°7 2 /LA R' = CH;, R? = "C3H7, 1Thyzh o
HE Tl R SUBDEL Ao TS| I DULRIZZE NI 85%. 86%I LT, B R? 28
NRUPNVHEDOIER' = CHs, R® = CH,CeHs, 1) TH RIS BAFICHEITLIZ, — 7 RP 2D S &N
A7 ae LHER = CH;, R® = (CH;3),CH, 1) L7254, BRI T L, ROSHE % 66 Bi
FTIEIEL THARMOIRIL 27% Thh -T2, RP 37 ==/LHER' = CH;, R* = CeHs, 1K) DA
Scheme 2-28 IZR T 7 X AKX T DR TV — /U LBOSMESEL | 1,2-CEREFR 2U 78 50%,
AV IV A1 %DILER TR LI-Z8% 'H NMR ICEVRERR LT, 1k D X7 N-F L L7
SVATARIR, BREV DT A RBEAE D TFEAE T | AR AL R % 52 52 ENMB TS,

Scheme 2-28 & fliz LAT L F AT AR T — AV G

CHs—\ (IPr)AuCI
+ CO,
CH30OH
0.1 MPa

40°C, 15 h
1k 50% 41%
( N-H — » HC AN-H —  HyC N O, w C N
CH. Y —/ N AN N
3 -
AU [Au]
B 1T IR = CHs, R =H, 1WA W ZEAIIT I BB 7L 2 (IR 36%) 2%, ANE B

LA BINER 31% TRIAEL-, 7L LTI OB VAR L AL ISIZ BN T, A B
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BEONRNBERVLVA R 52 721D TORITHY, Z0D 6-endo BRALDFEMIZHOWTIEES 5 &

S,

A

I, TV— L BEENIZNER 7 L% BB IOV TORE B4 Table 2-8 [2F LD TRT, RHE
W7V — L OEE  NEENER T VX FEICH R TRISHENME T L., RIS T Tl
SO FERE L2 Te T eS| SOGREIE AT 48 REIZIEIX LT,

Table 2-8 FVE 3w JH&FH: 7V — L EHLNE T L

R1
R1 — \
— (IPr)AuCI
N-R* + CO, O. N-p2
H 0.1 Mpa CHsOH ¢ R
M8 40°c, 48 h S
1m-u 2m-u
S/C =50
[substrate] = 1.0 M
amine R’ R2  %yield? amine R RZ % vyield?
1m  CgHs CH, 76 19 4-NO,CgH, CH; 25

1n  4-CHzCgHy; CH; 75(69)° Ir  4-FCgH, CH; 59
10  4-CH;0CgH, CH; 53(39)° 1s  4-CICgH, CH; 56(55)°
1p  4-CNCgH, CH;z 45(33)° 1t 4-BrCgH, CH; 43(40)°

[a]: Determined by "H NMR 1u  CgHs H 47
[b]: Isolated yields in parenthesis

R' 87 x=/LHR' = CeHs, R*= CHy) THHIEE 1m % VR, 76%IET B L& %755
DIV, BRI LR FE T B S COBRIE IR X VAL R E RN E LTI IIARIZ LS
7e | I, RS TUR o 12 T G E B L A D R (p-RLEE) N EENLAE
(R'=4-CH;CgH,, R*= CHs, 1n)TH T5% IR TROGITEITLIZ, —F7, 7=/ oA 3
(R' = 4-CH;0C¢H4, R* = CH;, 10)°> 7 /H(R' = 4-CNC¢Hy, R* = CH;, 1p). =hiER' =
4-NO,C¢Hs, R*= CHs, 1q). /24 L/ (R' = 4-FC¢H,, 4-C1C¢Ha, 4-BrCeH., R*= CHs, 1r-1t)72 8 34
A LB TIHEEIR TL., Sl 56%E TR Chotz, MERS B ik T Co Mk
BSOS TIET V=B BIZe 7 75 =ha e E OB RO EEZS D EE DB AN S 18
DREEHBE A2 T 1208 AR T O L 1T 870D, ZOEBRIDRIZONTIE, 5 3 T
LD, o, MERROSIHEE L LGl TERD -T2 173 1u (R''= CeHs, R?= H)Z
e85 Ch UM REARIZHEEATL | IRIT 47%I122E LT,

F7=. Scheme 2-29 | 27”9 KT, 7 LN AT )V IE N E A ST E AVICOW THGTE

177, Thorpe-Ingold % F 12 L5 SUSDONIE FREISIZ3, IRITH T 3% Thho72, FH
1j OFREREIETEZDET 0 UL NALDRNSE LI D T X TEARBEA~D T /L2 DFL
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DIHIE I, BOSEATL S0 o7 leb EB 2 Hivd,

Scheme 2-29 711/ LA DEHIL A S FE D BRIV RFT U ALRS

CHs CHs
< . (IPr)AuCl QM

|_|/N—CH3 + CO, CI—I3T> O\C/N\CH3
0.1 MPa 40°C, 15 h ICI)
1v 2v
S/C =50 3%
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EAF Fe

FRETIIEIED “BALIRFLT 0 UL T EDOBRAL VARV L EOGEBIFE L, 4x(1)
SRR U TRV R R T 282 RV LT, 85RO RN L CEERBERRY
LR (NHO) DB THY 40 °C DIBFNZ2EAFITINT S-exo BRALLTZBRAIR T L2 D3R
HINZAGDNTz, BRI R LMD KIREDIRE T A TINDZEE AIRETHY
OB NI IS AFNC 22 LR R 3 E RN T R ITIEEZ R 2800, 7
2LV T DEAL IV D AL OGN Z I T, IS TRAF A RORELVS 7L
X OIFMACIC LD VS BRA A DT NN T 555 NSRRI EUG OfE S BT
BHZENEST BN,

Q& RALED KGR RS NDRIR L DIRG T AT | FRZ— LR FILAF T Ch il T
Z7R 9708 NHC ex(DAREI X m O AP Z 7~ 3 IRBEDE 2% CO,TREL TORMZ AIREL 975,
HEHRLOFELELTE ThD,

AR ) — VTR U D SIS v FIC RSB, CHECTRISHERZ UL, Bk
IR IS8 T CE R T IRIIRNER Y L3 T R IR IRV 202 5.2
HTEHRNE LTz, Z< O AER CTIIAEEMERE L L CRESND S F A xR HCF
A SELTeOITHIE AT DM BN DD, AR TIIARETHY LD @AY ) — L
T“/\i)ﬂ‘o@ﬁtztiﬁﬂﬁ%@ﬁ?%‘m‘i%tén@\Z)_I“h‘%i‘%i%kbé — 07 FAEBENET VX
VS OIE TIHIENEIHE T U7, @8 ERICEM LT WE BB RN T L X 1Tt
B HFBRNET VR AATESERIZ I OTEME LA 2 TN e Lilﬁ‘ék%/i%hé EJN
it 2 - S TR SIS BT DI AT CTh D7 VX L 7 LR S iR b iRk 38 & Ml
JEDERIDEFRRIZ, T T AT DHNNIFED anti FAINHSERRANHETTL , Z (RO AR
MO IG5z 72, LTD3> T RS ENL LTz T VA T D IMNE NSO 1 — S A—R DR
BTN/ CTHETTL Q0B EE 2 BND,

R1

Rl— IPr)AuCl
= Nere+ 0o, (IPr) \
H 0.1 MPa CH3OH O\C/N\Rz
40 °C, 1548 h i
O
up to 91%
/ — \
N N = mild reaction conditions

= remarkable tolerance to CO
P m gpplicable to internal alkynes
r

® selective anti addition
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D ffEE A Ty = K 2



F1HE HE MESSFRGELL TOT AT =NS8R R b

52 TETIE, OIS TR LIRFEL T LTIV 1 OB VR VAL
ZRRL, MEIRIOICHER YL XU 2B T DR LT, BRI, &(0)—NHC $&5K2 &
I ENE AR L A2 ) — L RO QRGN T 5-7AF T -1 3-AF Vo 2-4 0%
RIS G2 D% RN U, BOSIEHEE T CEITL, “BLIRFBLKFE -BLHR - —MLIRE
7L T EDIRE A A AIE T %, S(DIERITIET L LR DAL DI B
WD RF—IRBAIFFE G DO RKEHIFNIEAREL TNDTEMRIRIND,

BRI DT VR L ~OREAMBROBEREIX, —M%IZ Scheme 3-1 DIHITEZHND, 7
IV BN LTSS R (AT, TR SRSV TR EFEN B E5720  SE D
BIRBEAIINBEL TV =)V a8 IRB) & LR T %, TIK B (X, 7mb 228 OREFHITX
SThE—IRFBREADRAL, £ E 5 258010, MBLTEERE(C)E AT 5, MG EKE
LTEZLNDT N7 =GR D G RFNTE EICHY, e At AL Grignard R, A
BT D LK AR E ORI G BACAEMED ISR, /37U MMl A =T V¥
EHEEEIRE D Iy TV TG E DI TS | TV AR B AN R o
R L LTIV = LB IR DY BLEE - [ E SN2 Bl T8> THILND IO o TEIZD
DO, FOSHEREIC BT 58 BAESH B TR,

Scheme 3-1 4l 2 25 5O O HE 8 SO A%

E R'
R Nu
[Au]*
c R——R
E
Aul R A
R Nu R—R'
B A
Nu

—HRIS B EIE ARG D IRFEIRA L B A O, Scheme 3-2 (7R X1,
a) & REHFES ~DOT N F L O ARUSHLLIE, b) BN LI ANEIFNRS G163 DR E S
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INEDRIEBIEZE THEIT T 285 26N T, JRAIEL T, BT BRI S LT syn £
INTHEATT2—T7, %L anti FHINTHY, 7 ~OMIMZ Lo TERKRT DT VT =V EE R
DY E COBMEMEZRIE T HIET, FUSHEMZHEE TED, Lol —#OBIS-LA e
WTEMALZR Z T I REMA B A DL, B IHIB TERWEE b H D,

Scheme 3-2 7 VA7 = )L ASERO A IAER:

R R'
Au-Nu + R———R > >:< (a)
Au Nu
Au* Au R'
I -
R=— r * Nu —_— = (b)
R Nu

T NS T D REATINBOE D TSR | T OHAE THEAT 327 L AR 2N BUE
ORI, D)e—RIBRENLESI, ROSRT TT b 3 fifa% 0TI HBESN L5 6
EQFZRHFTRAET L/ RN ZHEE IR TS5, HONTT B PR AELRWREZRRFTL .
SEIRD T T oy Rz BT D 2 LT Ko THE - RESIL WD, T =L i ko B ARG %
LA FIZRT,

(1) & — KFEfa DL EN

Blum 5%, AR OHALKEIZI DT BN 3 RIZHOUNT, 7 == VEER D43 fif i & %
HAEL U T2 A BB SR D 7 1 ko 45 FR 635 K 508 SO 8 E (ko) % 7B BEL TVD,
Scheme 3-3 ITRSNIZAE D EBEHLOE = )LEEKRD kg 25 1.5 THAHDITH L AF /LG
TR ZIVEEIRAS 035,046 THY, &—sp” IRFBEA DI N T b 3% 002 enb
D35, LU, A REIEEBILIC L > CREENZF LA EL, mAT VR BEAINTT V7
ZIVEER (ke = 0.082)R°, TV ARG Z S DB (kret = 0.015)1F ket 2MEDINNT/INSVN, ZODOifE I,
LREIRT VT = VSR E G T % L CEERI R ThD,
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Scheme 3-3 HHEASHARD 7 T b 23R D IR RO

R-Au(PPh3) + HCI/Et,O R-H
(PPhs) >~ cb,Cly
3 equiv 1 equiv rt
[Au] —
[AU] _— o >:<7 [AU]\_
o~ MeO,C  COMe —
ke 0.015 0.082 1.5
[Au-CH;  [Au——!C,Hy  [Au]-CgHs
ke  0.35 0.46 1.0

TV TR BET AT VAZKIL A ST DL e ~OBRNIZIOTE LS T
NEHREFT D AT VD IIVIR Z)VERFE D Gy - NSRS HEITL . AEaFnBRIR 7 7 3 Ak
B ZAUCEEEIL | A AR RS IR S LT AV = L (DEEIRDS, BT A A DA
ET VIR FE AT L E DAL B S E > THE RSV TIY, 77 =/VEE RO HEEC
FREN L 72 e BRI Bl E L TRIBN TGS, B E MK T L2 T V7 = VBN D e Ji— IR 6
A OREICEF G L, Tahr 0zt 52870 T =)V ESERNEEECE- LB 25
Db, EBIZ, Scheme 3-4 [T T4 =0 AFPRIAD AR 'H NMR 5L00°'P NMR A7k
JIEIC LB RSB ERICE > THERSN TRV 7 3=V BHFBERTAT LO5y TR
BRI LD, 2O REIREL T, FELOA XY =7 AE A 2L DS RO AR S
%(Scheme 3-5)°,

Scheme 3-4 7L VR BT AT )LD 45N ERA LD H 5 {4 BLEfE

& 3 c
CoHsO-C — R™ . (Ar;P)AUCIAGOTS — &
>_ CH2C|2

2 2
2H5o\t/ o RR3 ] OQC/O RR3
—_——
R R? rt, 10 min

R! Au(PArs;) R! Au(PArs;)

~85%

Scheme 3-5 7Y =0 A KD Ak

9 (IDBu
C. Cot
OBU + (PrauNTf, —— > ? NTH,
CH,Cl, _
A rt
H Au(IPr)

Shi BiX, BFAMEEDOFERDIET TR ALD RV A D, 2-7 /L LT — )1
ERBL, S5-endo BRALIZE ST, Scheme 3-6 IR N7V U NEE A G e (DIEHE 52528
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LML TNDY, B b AR ISZ20 20 KRB INO% | ARk T 5 8—RE/BEIL.
RSB, AR T ElC T4 thibdt SR E 52 5, $i-. ZOIKIT, BT R ER
BHRFIEFERRITER L T, ZX0KICH L THiD TZETHY, THE H, 1 {EORN 7 /LA afE
s MZ T 12 RERILL B3 3712, SB RO E 2R > T\ D,

Scheme 3-6 HFE B HFIREE e85 RO A K

// X R2
JjN\N [(CeHs)3PIAUX cH _(\f{j/ AUP(CaHy)
- > Cghg—\ | uP(CgHs)s
ol SNR CH,Cl NN
6" rt, 1-4 h »

~90%

Q) BIRERODLTaNARRE LD T IV =S RO 7 a4y RO i
Ll IEIC 2B T AR AT T DR IGITB N T, B F A e R ) iiE i e &
ZHIVTWD, D7 | BIBE THL 7 maa(DFERICK U IR D T =4 A6 DR %
WML, 2 CHALIRO LB E LT, A F Ao MR E AR ST FiEE LD LN SN
(Scheme 3-7),

Scheme 3-7 7D IRIZE T 2R ORINZ LD DT A D) A D A K

LAUCI + AgX LAU*X" + Agc:ll

AT A MR Z DT VX AT T D RTINS IZIB N T, 7vr =v 4 ik
DARRDOBEIC, BN EEE RO 2 —T =F L LB O o7 abr LS RIAEL, 2
TUZE S TT N =R R D &—IRFRES O T BN 3 EBETTT 5, DD BIAETD
SRER AT Ko TR 752 LIc k0 &—IRFBHE GO T b Rzl 7r =V a8
K% B CE D ATREMED D,

Hashmi 5(%, N-7"'027 VX)L 7 LRI R ORI ER AV SO S DWW TS L T4, Scheme
3-8 IR IANT, R TRAESHIAT A UEEDEEAELE 1 YED N-7 1/ OLFL AL ARF Y
R R O AR T CTRIGSE T, 77 =T RIEDO A AR A T)D, N 7==/1
RAT 4 H BT D@ (DFERE WG GITIE, T = VR D BT > TRy,
Ll N-~TRERL_U(NHCO)EL T IPr(1,3-EA(2,6-2 A Y 7 B /v 7 2= )W) AIF Y —)L-2-
AVT NEENL 2 DBODEEEE WD, RiiT7 X BE R T == Vg N 7 VX %
HORE (R = H, CeHs)DS S5-exo BALLIH RIS 357 V7 = L&D R F 55, 7L
FATKTH N—H FA OIS ER LB BRZ 5 -2 571 )VIR=)VERFR DI KEZ /H.E720) | anti
LTtk E 52 5, — 07 TAFVEBRNIET VF &b DRE R = alky)z AV 72454
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RIS DALERIRVERZEAC L, 6-endo BRALLT=T N7 =) & )EEED SO HZEDHENNT
2o TVDY, ZHHD T =g kIL, &K T Bh= AT a4 452 1 Tl O B
b E i % 52 708 BRACSOUG O i PRI FE S 3 Z L3RRSIV TUNVD,

Scheme 3-8 N-712/3LX )L L ARFIIROBLEER O

Au(IPr)
_ IPr)Au
RZ—— R2 (
N=H & (PrnAuCiAgOTs + N(CHg)y —— = N r2— '\
0=C THF O_ N o-¢&
R’ rt, 24 h ¢ 1
R R
~99% ~88%

R2=H, CgHs R2?=alkyl

— 77, EREX Y S RITIRWE A S G | FERNMED T =40 &b DEEO IS 7 ki
FED NI T F o M)A &K & G- 2 5 (Scheme 3-9),

Scheme 3-9 BRIV &(N)EEHAIZKHTDERE ORI LD I FA M) &R D A B

LAuOH + NuH LAu*Nu™+ H,0

KT EE BRI BRI FE DM\ N2 | BT A M e (DS AR DS AL AN L IE BSOS U CTAE R LT el A
R, AF A AR I DTG G OTEME LA TER T 2GS )SE KN 7 a b 4y fif
T PICHBECEAZENHESN TS N7 m LR A VREF Y IR OB GIZ LD T
W= BEOARRIZBO T, ERe Y &EERNLELZENTEXDN, TLF K
DEHILICEDL T S ClL 6-endo BRALAE M Z 52 571 VARFHIRR® = alkyl)h Db
5-exo BALIKDT VA7 =V EHED AN ERANAF DD el | FZERO Ml o (L 5
72588 % 52 5 A getEd & 5(Scheme 3-10),

Scheme 3-10 N-7"2/ULX /LA LRFHIROBRIVEER DO

Au(IPr)
R2:—\ R2 {
N—H - .
o=C +  (IPPAU(OH) — 3\
R’ rt, 24 h c
R1

Scheme 3-11 lR T XA, 2-TAF =)L T = )—)L 2-TAF= LT =V D4 FNEBRAL S D
HRRET L ELTT A= 485K 08 Hashmi HIZE> THESIL TS, ZOHE, D5
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LEUENS R THTF A UM OFERE R ASETH, bR (DR RIERMALL THRIT L
T 5-endo BRALUT-$ERAERINENC AR5,

Scheme 3-11 2— 7 X =)L 7= /) — /L BL N 2—TIILF =)L T =V D4 FWNERALE S TP A

AR

/ CeHs  (IPr)AuCI/AgOTs Au(IPr)
5

N(C2Hs)3 A\

_—
* or THF et

XH rt, 24 h

(IPr)Au(OH) ~60%

X=0,NH

Ahn BIE N-7' 0 VX NVEZ B ERT IR Z, 7R =NV KIRA A | @RI &0 L 40E
RS ®DE, T = E&NERE DT ah R ERM ST B0 (L% b a2 0T
2-7 = = )LS TRV VAR — VA T A T E AR LT D(Scheme 3-12),

Scheme 3-12  N-7 /L LI LR HIR O

o [Au] O]
_NH L A A  — =
0=C, CH5CN O, N O, N
Ph H,0, rt c c
1:3.5 i Ph | Ph

Scheme 3-13 | /R T HALEMID LR EIRED N-7 0 LX)V 2 BEBR T IN O Ein
JETE, 5-exo BBILL, AWV VB EDOF /T N7 = /L&A B L 0 7 0OF /7 v
2 =V AIDNSERO R EUE IV AR LT- 5 2 DD EA(T Vi =)D EERBEL
51 AFPV U BRNERLEL TT 2L, 2R CEKMICT R kLT
ELSNTWAHEE 2 LD, /T N7 =V AMDRITE G IZKEEL TRV A T
—NE5 25, Flo, EA(T VT =) EUDEHADRIAET D, © AT V7 =L )& (IDEE R4 INE
T oL BITHIBEESEITL . E AT TV Y VNBLIORE AT — W) A k15,
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Scheme 3-13 N-7° /X)L )L 22 BEEE T IR EHEAL A () E Db Eim SO

AuCl, H Cl
H—— H — +
NH A\S—\ ) A/ ~NH
7 + AUC|3 —_— . + (@) % AUC|4
O_C\ CD3CN O\ //NH C/\ H o~ \Ph
Ph t ¢ Ph™™°N,
Ph H
H CI
Vo . H N
/ Au _CI NH :\C‘Ph
O Il AUC|4 —_— /O / / O
’ H ot CH.CN  Ph—C
_Cs Ph 3 \ H
Ph N+ 50 °C N
oxidation " / N\C
_oxidation Je S o —Ph
Ph—C |
\N H

AFIVEENBHLIZNET V¥ a2 D N-2-7 F =R RBEBETIROSE Hla)ick
LERALBOSIE PMEEIRIRMEDNELIRY | 6-endo BRALLT-A YV B atDF /T =/L4(11)
BEIR B L O A(T A =N ISR LR T2, /7 A7 =4 IDEERITAKITRIL TRE
THDHM, BRI VT =)y EIDEFARIARZETHY, =i T A FEASETHIBAE 1 TL T
A FH TN DL T DH(Scheme 3-14),

Scheme 3-14 N-(2-7 T =)L) 22 B &R T IR S L4 & O b5 i i

CH3%\NH ClzAu CHs C,L\‘GCI .
) X AuCl
oG MO Tgpon oM i T e
Ph rt N 0" Ph
CH; CI, Ci

o Au rth AuCly —— 7
I j|\/\u 4 CH;CN
C _C. rt

~t
Ph” \H CH; ~O” "Ph

Bertrand HIZL- T, Wit 5EZ A T DR T 7 L F L F LR (CAAC) & SCRFRLAL 1
IZh OB FA AT L — B (DR E VDB ER o7 I A S TS, RS
IO 7= DO RUR G RORAREL T, 5 THICH 3 BT/ ERELOT LR IEEZ R,
CAAC &(DEEAZ SUGSET-EZ A, Scheme 3-15 (R X972 48T L B=0 DI A DT V7
=NASER PR THZEE RNEL TS, I ah k7 a R e T T
I S VASER IS T a b S iR PICHEECE LB b nD, AR AT =T LD
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SNARECE L trans THY, Scheme 3-16 (IR T IV E—E B EBE~DT VX O AERR T, cis
DNARELE & 525 =B A P RIZAE R L TN EDRIRS LS,

Scheme 3-15 4 k7 E= LIhEH O T VA= )L E(DEEIRDERL

CgH
= o cf’iA? Au(CAAC)
A|u B(CeF5)a
NCHs 7 > CDCl, T\l\ CeHs  ~B(CqFs)s
| i \
CH, rt, 5 min cH ! CH3
98%
_ CeHs (CAAC)Au ~OTf k@i

CaHs + (CAAC)AUCI/AgQOTf —> / CGH5

C2Hs rt, 5 min CzH'25 °

95%
Scheme 3-16 3 BAZ®: PREIAL cis-=TF I &PEAD AL

_—\_ C6H5 C6H5
Au-L ZSAul
Ner *N-R
R R

Scheme 3-171277 9 E912, A VAT L DeRa T — AL BRSO AR E LT,

T I =& (DEER S Gagné b2 L > THEESIL TS, 22T, 7 uhe 2z 4570
(ZREEPEDIR MR RLE LT, 2,6-tert-7 F VDU DRI R THD, T/ =)V AR
ISOSSME T V=TV AR L #5280 H NMREBL O 'P NMRIIEIZLVIHS

SN TND, VIV AR RITRRIOBEZ R Th 7 ah A3 LI W ZE DD O HAL

THEY, VoIV AR LR THY, EOIEIEREIZHEEE T Ly = VK TH D,
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Scheme 3-17 7L OeRu7 U — LA LB H RO Hij

CH30,C CO,CHj CH30,C CO,CHj
[(CeH5)3PIAUNTT,
AU[P(CgHs)3]
o 6'15/3.
A O
N CH;0 OCHj,

CH3;0 OCH3; (CHa)sC

CHaCO,H
P(CgHs); or Br-| | [(CeHs)3sPIAUNTT,

CH40,C CO,CHs CHOC COLCH,
CHACO,H
"= ~AU[P(CgHs)3]
|| “AulP(CgHs)s]
CH30 OCH; CHO och,

Widenhoefer Hli%, 7L Ak 55 FRERE T Lax AL G I BEEL . AF AP a )
{RE 2207 224 5 nXA VT A — VORISR N TF VT SAFE T BB TITU,
5-exo BALLTZHLEE 7 /L or = Ll i A BAE - i Y5 L 2 L QU A (Scheme 3-18)", Zoogi{AI%, iR
T p-M s 2R DTN Lo TR T B RS, TRIERa 7S ke
FAALBWOEEERE G2 5, —07 EIEEE T THFAUAEEOIALT L a— 1 LOfL i
FEOEEATO L, B Scheme 3-17 LRLLINC, Feed b B E 525, ML
HF A DESRIT N ATHETHY | BT L = VSR LR R k% 2 5Na,

Scheme 3-18 7L D4y FNERa 7 /Lo Abo ko Bk

OH NEt; o TsOH o
2 equiv 1 equiv
LAuUOTs + Ph o AuL ——— » H
. 25°C Ph 25°C Ph
Ph A b N
-80°C ° FAL
t Au
P BU2 Ph 3 OTs
Ph

BF A AL T L ) — N Hath KTl b proton sponge™fF1E F CRIGSETH, Yx
L IET A SR IS T L = LB SO S LA R, Maier BIdEE 2 g E DT
N ) — BV, S-endo. 5-exo, 6-endo BRAbLT-T =)V KT IV = VEEIRE AL T0D
(Scheme 3-19)*°, —JHED “SEKIT, TFIATF LT FRFZ(TMTU)RE D & Tt 5 FL T2
FoTHE T VA =KL I F A4 M (DRI IR T Do TRV 7L HED
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BLFRICIONT, BTN = VSRR RAEE L THRNZ AR T2 DO | fill i i 5 H
TE**@*{ZF WSS, — T, TAF U ~OREMINCE DT WV r = VS RO A Bl FR 1 X IE v]
W THD,

Scheme 3-19 7L D55 FHNERET L2 AL o H 5 A H
OH base:

[LAU(CH3CN)J*SbFg™ base
+ K/\ AulL
A 5-endo Oi SbF - MesoN  NMe,
[LAU(CH5CN)]*SbF g~ (/\ _base <_7/4 ‘AuL SbF- ' i
“bexo Al

Me

PBu,
OH
Et
" _ base
[LAU(CHsCN)]*SbFg~  + SN %ese 5 ~AUL gpF. -
Et 6-endo /\I_A/u 6

Yu Hi35 2 F5 1 i Scheme 2-18 T/RUIEAF A L MAOAEEIC L D7 Vs /AR IS U
T AL DI E D e, FAETDIEDAIAL S THREI, AV 7RA= LA (D
RoOT b RPESIV, KSIMEIET5ZEE2 RNTEL TS, SHIT, ZOEEEHEROTR
MEZLT LI~ T UL F’Eﬁ{ZIK“C“EE;Z)/]’/?n%:ﬂz(ﬁ(l)ﬁ%ﬁi(l)@ HHEEICRRTIL T
(Scheme 3-20)%, IS X AR A Y 7 A= L D)EERDFIE T, 7/~ — (LR 27 L
HDBEZSNDHTEN D, Scheme 3-21 (TR T IO, MEDT AT VELO T NV ATH 2
REAINMZEOAFY =0 DEALZS S RNV AECDHZE NHDA Y 7 A=) VSR T DAL
LMD LA RIRESN DS,
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Scheme 3-20 7 V2> AL ST ISUT D 0 H )44 B i

OAc

o MS4A

A O + (PhsP)AU(OTF) + ROH toluene

N I rt, 4 h

a—7 2|
Bu
1:0.5:1.3
OAc OAC 9
o) “o
AX((?O OR + AcO (0} OrR * _
N AcO NH Bu
A—7 2 Au(PPhs)
37% 47% 91%/Au load
|
Scheme 3-21 /711 A=)L4&x(D)EEIAR D oA
oP
(OP), _(‘_(;nJ,
__O \>
—_ /\é + o +
O. .0 _Bu + O +(PhsP)Aut 1

’

(PhsP)AU--Au(PPhs)

c~ i C.
| > C. - (0]
Au(PPhy) <~ 0 -~ _
g ~(PhsP)Au* Bu
u

1l I Au(PPhg)

— R AR B T AR Z B - M E L. 2 OB EE DN T 52 80 Lo T fill SO
W2 EBRA BT DN T HEE B Z DN T WD, 155D R, ML TE 1o ) b <o
HIEI720 T2 BT e iR G O 72O D BEBEZRE MM E D, Lol Hd D I Mt
FBT N AT DA IR D TR E L TT A =L bl RS EES L COA BN RS T
WD, ENHDELIL, RO RER /2D 7 a b AR G FIR WV IR E W & AT D0
T a R MR T O MUGRRHIED TR L T o b iR AN 2 B2 8 L EALDTD D TR
MHEHINTND,

Scheme 3-22 125 2 TR L= 7 0 UL L7 I DB VAR F 2 WAL RO DO HETE S
WaRd, BLIRFEN T VXTIV ERE U TERRLIZ NS BAT L DT IVF
NI F A AL MEERIENLL(B), 25NV RF L AL T TT V7 =)V & 55K(C) %
Gz, ZhinTab fih sz CoL 2k 52 58501, BT A USSR FAESND
LV FIBRIZ Lo TR EIL TV D, ERTERIRE L THW WD 7 ma g (DA T T vr=
IVEBERD AR BRI T VBT AT AN LD T O SRR T T HEE 2D
Nb, 2T, ETab ARG RO e ik (kE A28 T, BERIS A TH
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DT WA =)VASEIR D BB /T REE E 2 L IREI CIlE T V7 =)V & (DR D & A ik 7=,

Scheme 3-22 7 1/ VXL T L DALV T AV G OHETE SRS

R_— R——
2 _ —_— . + N_CH3
N—CH3 * CO, L [amme—H] -o-¢
H \b
R
A\
O_ _N- + amine
C CHj; . R——
I [Au] B
0] /N CHs
A ~0-C
N\
+ @]
amine-H]
R -
4\$—\ R——
~ N—-CH

I \
O O
alkenylgold\/ B

intermediate
C
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F2H SN XATIVEBILRBEPOFEINDIT VT =/ DSEERD BB - &R E

Scheme 3-23 (2R 8912, FET TR MRS L T THF &2 VY, NHC 23ECALL7-ER asV 4x(T)
HEARIPH)Au(OHY ITH L, EiR. 0.1 MPa O “BLKHFEFRIHK T T 1 YEBD 1-AFLTI/2-T
Fr(a)yzERASHE, 1 B ELILZA, T30 & “RILIRFENSAER T DN SV B A
T IF AN Z STV AL LT NV =V 4a86K 3a D3 5bivTc, RIS T 3-7 ==/ 1-
AFNVTI2-7 e (AmMEL L L, $ET 57V = /LR 3m 2357z, 1a 3L 1m
DFIERI BRI VAR X AL BS TlE, 7V — VB2 5% E O 7 DRGSR~ T
D3, T =VEER(3a, 3mDAERITNTINHH)THY, 1a & 1m DOHICZEIT A LIV
7o ZNHDFERIT THF — R 2 bR I KD W RETHY . TR LR 73%,
86% CHEL 7 oy 2R fkfh &L TEBZ, PC NMR AT MUIE TIET L Z D 7 LR =
IVIRFIRIBSNADY 7T v(3a: § 1583 ppm, 3m: § 157.9 ppm)IZH1Z, NHC /LU R

IR B SID 7 ) (3a: 6196.8 ppm, 3m: 6 195.7 ppm)ZHEsRL7=, 7=, HMBC HIEIZXD,
3a ® "C NMR A~ZMUCEITS 131.6 ppm DT F N EE B LI T VA=)V iRFEEL Tl
BL7=. —77.3m ® BC NMR A7 MNVHIETIE, BT LET AV r = ViR B ICRBENSY
7T, 135.9 ppm ICBIZES T2, ZIVHOEIE, Figure 3-1 [ZFELD7=IIT, KoHEAD LT
HLHT LTI 1a, 1M DPHLERSIDEIRTLZ 2a, 2m OXfILT 5k FE(2a: § 97.2

ppm, 2m: & 103.0 ppm)(Z bR TREERBES S 7L TRY, A ~DENLIZ L DR E SO L TV
%, Fiz. Figure 3-2, Figure 3-3 |2/ 35912, 3a BLU 3m D X #R B SR IEMNT 23 2720,
EBIZT IV E TBGIR B DECTZ NSV BEA T ST VR ATKEL anti (EINLT=T V=)L
SIS THLZ LA MR LT, MEREE LS 3a ORENRFEAEBLON &% Table
3-1, Table 3-2 IZ7/R L, 3m ORISR IBLORE S M % Table 3-3, Table 3-4 [ZR 7,

Scheme 3-23 7 /L7 = /L4 (DEEIR3) DAL

Au(IPr)
R—=—"\ + (IPr)Au(OH) + CO, R N\ R =CHs (3a), 73%
N=CHj; 0.1Mpa THF
H VTR 1 h O. N-gp. R=CeHs (3b), 86%
1aor1m 9 3
A= - o)
amine: Au=1:1 3a or 3m
H Au(IPr) ; H Au(IPr)
CH ~— 972 CH ~—1316 ' CgH 103.0 CgH <1359
34\$_\ 34\%_\ : SA\S_\ 6 5‘\%_\
()\C:/N\CH3 O\C/N\CH3 E O\C/N\CH?, O\C/N\CH3
I 1l ! I I
o} ; o} o)
2a 3a : 2m 3m

Figure 3-1 BRIRTVLH 2 ET7 MW= )V &E5K 3 ORIHMT Vo =/VERFE DAL 7k
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Table 3-1 Table 3-2
BaDEEMHIAR  3aDTELHEAA
Bond Length? (A) Bond Angle? (°)
C5-Aul  2.046 C5-Au1-C7 172.2
Aul-C7  2.029 01-C1-02  121.9
C1-01 1.362 O1-C1-N1  110.7
C1-02  1.230 02-C1-N1 1274
C1-N1 1337 01-C4-C3 1061
C4-O1 1437 01-C4-C5 1232
C3-C4 1.509 C3-C4-C5 130.8
_ ! - 1.4
01 ~ N1-C2 38 Au1-C5-C4 1155
Yo c2 N1-C3 1.452
L P2, ) Au1-C5-C6 1245
1 c4-C5  1.311
@ —C5—
s R1 = 0.0398 D C4-C5-C6  119.9
wR2 =0.1010 : C1-N1-C2 1239
Z=8 [a] : mean value C1-N1-C3 1116

Figure 3-2 3a ® ORTEP
C2-N1-C3 123.6

[a] : mean value

D Table 3-3 Table 3-4

L 3m OEERFESE  3m OEBAREA
Bond Length? (A) Bond Angle? (°)
C5-Aut  2.049 C5-Aul-C12 177.7

Au1-C12  2.021
C1-0O1 1.375
C1-02 1.207
C1-N1 1.349
C4-0O1 1.430
C3-C4 1.512

N1-C2 1.437
Au1-C5-C4 115.7
N1-C3 1.447

11 P2,/n (#14) Aul-C5-C6 1192
02  R1=0.0670 C4-C5 1329 C4-C5-C6  125.1

WR2=0.1400 cs5-c6 1478
z=8 C1-N1-C2  124.0

Figure 3-3 3m ® ORTEP [a] - mean value C1-N1-C3 1121
C2-N1-C3 1235

01-C1-02 121.6
01-C1-N1 109.5
02-C1-N1 129.0

01-C4-C3  106.2
01-C4-C5 125.5
C3-C4-C5 1284

[a] : mean value
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BEIR 3a D C4, CS HVDFES A DTN 360 ° THY, C4—C5 FEGEN 1.311 A Tholm2b
B, C4, C5 1ZEBIT sp> RFETHY, C4—C5 #EAN EREOME R I E AR T, 5k
3m 2OV T, C4, C5 JAVDFEES A DTN 360 °, C4—CS FEA KA 1.329 A THY, FIEEOHE
ECTHHIEMERTDNT, £, B THA LT 3a, 3m L[FC NHC B 125207 Lr=/1
G (DEEEDBEOHEF] P8 T, SIS RBFOREE R 2.03 A #iE THY, 4—
= VR BB ORE A RIL 2.04 A FEE L 3a (Aul-C7 =2.029 A, C5-Aul =2.046 A), 3m
(Aul—-C12=2.021 A, C5-Aul =2.049 A)L[FIFEE THDHZEM DT,

BONFT V= DS 3a 35 L0 3m MR RRICH Y 5 2 & A0 5 T, 2
NODOEEEZ AN TT LTIV 1a HDWOIE 1m OB VR LS E AR ) — v
TR LR FEIE 0.1 MPa, 40 °C [IZB W CRATZEZA, Zunadliiiz: =54 LR
TG MEA 7R LTz (Table 3-5), ZALHOHE R D REALI NV RF L IACSIGI T NV or =)V B R A%
H U ORI TL QOB ZEN S RFSND, FT 7 =LA ROIBRADER ¥ 45
{R(IPr) Au(OH)® [FI AR FE DRI M4 7R 3 2 LA oo T,

Table 3-5 7 /L7 =/L4&(DEER 3 Ofys

R

R——\ co Au cat _\5_\
— + —_—
N—CH, 2 “GH.0H O\C/N\CH3
H 0.1 MPa 40 °C. 15 h I
1aor1m ’ O
S/C = 50 2a or 2m
[substrate] = 1.0 M R Au cat % yield?
< Au(IPr) (IPr)AuCl 91
AN CH;  (IPr)Au(OH) 82
OcMNwcH, a .
('5 oH (IPr)AuCl 53
3a: R=CHj; o’ 48
3m:R= C6H5

[a]: Determined by "H NMR
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B3 T )BERD R

(1) TAT= e )EEROT e oy i

I, Scheme 3-24 | TR ULTZ XN, s A 7 VS IBIF 57 VA = )L RIS D A R o
LB (Z B L f30 727 N = V48R 3a, 3m 2D\ T, T ab fRER R Lz, TV
=)V A 3a, 3m D EAX ) — /LRI A 20 mM O FETHRELL . 1 Y BOREAINZ ., =il
T "HNMR A7 ML ORI 2L A B LT, ZOfEF. 3a(R = CHa)lE 1 B T 83%723 7 1k
VR T RS A BBV A 2a 5 2 =D x L, 3m(R = CeHs)Diin{lERI% 15%2L
EFEoTU=(Scheme 3-11), 7235, 3a i &b 51012, HEEAINZ §° B AY ) — VIR E L TR
ELTH 1 B TIRELAE IR TR o Tz, 7= /L EBLT-$EA 3m AT L EHR L
HOFER 3a ITH AT b 43 I OFE RIL, 26 2 5 3 SR Lizdoic, FHEBEN
T NX L Hb DT VX LTI DB VIR 2 WAV SISO SO R FE DS BN EE—E LT
W5,

3a BLU3m OF b G REOZITROT IO, &—RFEME DOEHIMEEOEWIZER
LTCWBEEBZLND, T, TIVXIIVENEBR LT V7 = )Ve55K 3a DD, &—fRH#E
EANIVETEE THLD, REFERFEL, Tabr DEZI0d 0, 32 FE 3 Hilor
LTl BOSIZ BT 27 A BB OBHELLN RITHOWThH | 7L OB RIS DR
FER0, 0 FINSREZ BB O FE Tldred | 7 b S fiRIZ D0 L2 A R D i B R A3 o B
BEL720 | RIROMBE I ELE RIEL CNDEEZDE RFRE - HEOIRNT L VB
T OVX VLTI DTSSR N L S BRI EI TE D,

Scheme 3-24 7V = )V4x 38K 3 OFFERIZ D7 o 3 i

Au(IPr) H
R R
) «m
+ CH;COOH ————
O N-CH, fteqy  CD:OD 0. N-~cH,
I I

[Au] = 20 mM
100

80

60

ER=CH;

40 ® R=CgHs

conversion, %

20

0 10 20 30 40 50 60
time, min
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(2) Tab RIS D B IR B DN R

552 B 2 Wi CORLIZINNC, EREOMBLAME T, BERBEN RN RO LI, FrZT mT 4
D IIRAL ) — )L ORI SN > TS, ZIT, TV =V RD A% ) — L
IZBITHEEZEHITHH T2, Scheme 3-25 (TR KT, T =/Le5ARD 20 mM EAK /—
IR AL, 'H NMR A~V ML ORRGZE L2823 LT, 3a OIRIKE Ar ZRBR T C 24 W]
PERLTZETA, 3a 1E 9% LV RS2 oT2, SHIZ, TR 325 T2V 3m (TFEAL
FUELIR o T2, TRUCHL, “ILRRBIR T CREOIREITIL, HRMEESIT, 3a
139 T 95%A5 7 mbe A3 RSV, 3m Th “RRLE R IR T T 13% 037 mhe i a2
i,

T E LR BDIEL THNNSIVEEAA L AR T DI, AX ) — b bk FEE
SOSUTIREED /~N—T AT VA AT DT LB TEY(Scheme 3-26), 1KIR T IR HIES,
FRIT AL U THIHE L R DN — 7 = 2T V% IR EME S FCrah R4 52
LIZED . NMR HIE TOMHITERTIL TV, Eckert HIZJ4UE, Scheme 3-26 127+ 200 oAl
TEHUT 6.16x107 (pK = 3.21)7 THHM, AX /—/L | “FR{LIRFEFRIAK T TT V7 =/ &bk
DT AR RIMEES =2 LD, ZOLEREDOBRME(pK, = 5.73) BT NAr =)V edko~
G RIZ B 5L TOB RTREMEDS E 2 HiLD,

Scheme 3-25 7'Oh 3 fRIZEITD “ELIRFE DO F

Au(IPr) D
CH CH
N N
+ CD3;OD —
O\C,N\CH3 rt o\C,N\CH3
1l 1l
o
3a 2a
[Au] =20 mM under Ar 9% (24 h)
under CO, (0.1 MPa) 95% (9 h)
Au(IPr) D
CegH CeH
615 \ 6''5 \
+ CD3;OD —
O\C/N\CH3 rt O\C/N\CH3
1] 1l
3m 2m
[Au] =20 mM under Ar <1% (24 h)

under CO, (0.1 MPa) 13% (24 h)

Scheme 3-26 A% /— /L& VIR FZED LD REEN—T AT )LD
Q
CH;OCOH

CH;0OH + CO,
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FaH SN TIVEOERBRE L RE ARG DEE TR ER

T VXL T DBV TR D AV S O R SRS O FER A B BN T A HBY T,
AR ERAAT o 72,

FT WIED S LRFBEFHS T AZ ) —/VEREEH | 40 °C, 1a DIRFE 1.0 M OFRIFITHE
S fRBEO IR % 10-40 mM OFEPH TS TRISEITV O, Axfilii :omf@}imﬁ@ﬁz%
K7- (Scheme 3-27), FUSBHIA 30-60 23 £ T 5 432 LICRSIRIRD—#Z ML, '"H NMR
AT E ST 2a DA EETEEL, LSO PIHIEEZ RO, TORERELL FITRT,

Scheme 3-27 & fifl 73 HE DY R 12 LA SO HEEE D 2L,

CHs—\
CHy——"\ co, (PnAuC _5_\
/N_CH3 + 2 > O\ /N\CH
H 0.1 MPa 2(')"38"'30 “om ¢ 3
[amine], = 0.2-1.2 M » 2000 min O
8.0 -5.0
y=0.152x +0.130 y =0.970x - 3.848
60 R?=0.999 R?=0.999
£ -
% 4.0 _§1-5 5
= 20
0.0 6.0
0 10 20 30 40 50 -2256 -205 -18 -165 -145 -1.25
[Au]y mM log[Aul,
Figure 3-4 &fili I 255 Figure 3-5 &:filiiiod 131 B (2645
ORI D r o SR DR o

Figure 3-4 (2789 L9IT, MDAV RIS B LB AR O R AT B2 L2k L CRWE R A 7R L
Figure3-5 (TR k47 2y FOFE R HE DK 1 DEIDFONIZ LD RERITEOIRE
2K L T IRDO IS THHERE LT, ZORERNG Al A 27 VI35 2 Hi TR Lo Y =3
TV ZRET IV = VSR D LRl AR IR BRI 5 E W2 e oD,

e T, Al D IR 4 20 mMIZE E L, 0.2-1.2 M O#LPH T 1a DA &2 28 S,
B IO IR 2 2V SH T 56 L RIS EE 43R D 7o, £ D& SR % Figure 3-6. Figure 3-7(C
R,
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5.0
y =2.600x + 0.545
4.0 R2=0.979 5.4 y = 0.744x - 5.501
£3p0 < R2=0.996
o
=20 L.58
=
1.0
0.0 6.2
0 0.5 1 1.5 075 -055 -035 -015 005 0.25
[amine]; M log[amine],
Figure 3-6 7 3 O E Iz +5 Figure 3-7 73 O EICHT D
BIGHIEE 07 2k B T oD T ek 47 o b

ZDRE R FFHIT AR 1T 1a O W EE 6§ D EFRPEDLARL W7 7y MIk
T ORE R K9 0.74 LIFELBIROMEE 2L SEMRAESNT,

FOSHERIC BT DT I OB+ AT,

BN DI NIV FEA T DELIEFE(Scheme 3-22, A—B)ZIBIT DN SIUBEA T 2
JE

T IV ZVEBSEIRD T = DA LI DT BNy fRiEFE(Scheme 3-22, C—A)NZEITD
TR ST PR

DT IINDFEEL L TNDHEEZHID,

FOGSIEEERUCB T DT IV RIS T A ES | LU T OIEREE L2 501%, mIRESRME TICE
FDT NI BB EDRACE DL DL L, IRDFTRENEZ & 2 T,
T IVNEDT N =N BSERD T b S RO E

Scheme 3-22 T/RLTZEIS, KRS TIET VB LAT AL TT A =)V KN Tk
VORSNAZETERIRDL AU WNAER T HZEEEL QD HIED “{LRFE FCH#ITT5
AR T, SUSHEE DT I ENNASIUVERT =0 MEO B O3 AR RIZ T T T
WRWesh EBED T IV T NV = VSRR D T a b S i a RS U TIE L TV ORI
U CHRRESR L7~ 7= ATRENEN D,
T UATED TN SIUFBAT L DT IV LD AT AR DR E

—RIT, BRI LD T L AR T BRI TlE, 7V DS OB O L FFEAS
BB T DHIETT IV DENIZFLEL . 7N T HRELEOERE DMK T D280
HIHIVTND, A% Tl Scheme 3-28 (7T L7/ ULE AT I DT L FABNL(X)
DOHNZT I ZEFR(Y) FIIVASIABAT L DEFR(Z) DN T DI LTINS AT DT
IV OB PR LIRS F . RS R 237 I O FEI T3 L CHFEEIR ORI 2 R L
eZEb B xS,
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Scheme 3-28 4%t 327 I OENNZ LD INSIU A A OB HE

H +amine
-
X —_—

—amine
NC
[Au]

+carbamate
+ -~——
—_—

[Au]
—carbamate
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S HFAAMEOT T NT IR 6 O _BLRFICK T AR SR IO v
(DEEIR 7 DT NVX Tk B R i

TV =)V SRR O A R LT, Scheme 3-22 | 2R L7291, BN L TR LT
WA NTRIF DA A AL DRI DRSNS | Scheme 3-29 (27T EHIc 71
INVENT IV DT IVERPEBITHLUTENL,, &—EFHEEG~0 BILIKFEH AL
S MR DA i (path a) &% T, SHIZE—RFEE I LTI AFU R HAL T VT =14
SR AN A BT BIR BRI 2 BB, LS MEKIT. TIL b IR TN
WA AL R LT . TR S Gl e BE 2 AR L TR 33 - e ln Lo Ch AR5
(path b) FIREMED DD,

Scheme 3-20 /L3~ M HEIC AT 57 /L3 DR ABRAARD T /14 = L bR A

R——
path a \N,H o )
/"~CH 2
=\ ~ T H\* — (Au]
R - RT\ \
(A" N~-CHs N-CHs —
' +CO - Ny
; }gz / [Au—0 C\\O g 3
- R—

pathb [Aul* + _ IN—CH3

L72~L. Scheme 3-2 127" 3 JDIZ, AN MESEIRIZRT T 57 V% OFFAIZE > THERLETD
TN =)VARBEIRITIEE | syn FIIMRIZ22% 85 2 65, 7m0V LTI OBV ARF
JALRIGIZ DR 2 BIOSSH MR 3 1% anti IR THL720 | i ABFRE R TG
HEATL COD ATRRPEIRW B DD | ZAUCBEEL T, Sl C LW A ATt 3550 - [
VIR AL G ~D B AR T 218 F: T, Scheme 3-29 path a TAERK T D417 I KR
FOI N MEDFERITH Y T D8RR ENE NGO, ZHDEHED FGPEIZ DWW TS
2 g0fabS1BZ ;9 Gl N N N

Scheme 3-30 (27" 9" EHIZ, MLV NHC 7 2 &85 R (IPr)AuCl SR 7 LA A% 2L
BRI BRI F A AEA(DESARITET L, 40 °C. 0.1 MPa D {3 E R IE T T 20
WEOVTF LTI ABLIN -7 ==)-1-7 0ty 5 A ERSE ., 15 BRI EL, 7105
S AR5 T B VRS L AV S A I, UL, SR A7 S5 i 45 A E T 52
EL7=#% . 'HNMR ZIET 5L REIGED 1-7 ==/L-1-7 1ty 5 BEILENDEEB I, 4())
SERICRIL YT LT | 4 RSG5 6 DVE RN 2 bhote, e
VBRI ED 1-7 2= b- -7 ey 5 R AL, Yr/anryy—x—7 Ll i T 5L 65K 6
DT Ty 7 RAE S 35U, Figure 3-8 12338910 X B HLAE SR E AT 2 35 272\, S A
6 [T TFA AT TF LTI ADEEERTHY, IR BE DRI B G- L TORVWERM ThH
BDIENDDHSTZ,
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Scheme 3-30 HF A AT TF LTI A)EEHEA 6 DARL

CoHs
— > | (IPr)Au—N=H | OTf
(CoHs)NH + CHy—==—CHs *+ (IPNAUCAGOTY + COz " o™ | (PAUTNE e
4 5 0.1MPa 40°c,15h
6
amine:alkyne:Au:Ag = 20:20:1:1 quant

Au1
&

P24/n (#14)

R =0.0282
@/ wR2 = 0.0860
Z=4

Figure 3-8 6 ® ORTEP

T DENLDRBEPMEESNDEE 2 HNDAY ) — NV ERIEE L THW A TH, §51K 6
DIHPERRKL  B—EHFAE IR T2 A LIRFBIB LT L F 2 O ASUGTHEIT Uo7z,
BER 6 TIXT IV DEITHLU CTHEEICENIL . Z L EOEBMBEZ SN bDEE 2 LD,

— 7 EREX VAL T LTI O RIS E ZBEIRFEFFR T8, TV E TR
IRFBINDERR T DIV NI FRA AL D3R TEUNL L T2 0V < ME R DM E R 5 2 22307
572, 725, Scheme 3-31 123 X2, THF W BER %Y &SR IPr)Au(OH) %L,
R, 0.1 MPaD " BRLIRERIR F T Y EOVZF LTIV 45 EHSE, 24 R L,
FISIRA MOV IE TR ELZ%, ' HNMR Z2RIET 5L, ik 6 3R 588 K 7 23455
NI ZENDNoT2, ZOBKIE THF— S 2L b0 PG IS L DRSS AT RETHY | IR 84%
T T oy 7SR E LTS D ALV, Figure 3-9 (123 X912, 85K 7 O X R EURE S & AT &
B, TIE DB GRENSER T DN SIUEBA T T LT B LTS Th
HEhhroTz,
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Scheme 3-31 WL 3~ EDEER T DA

O\\ CaHs
(CoHs5)oNH + (1Pr)Au(OH) + CO, C-N
4 0.1MPa 'HF (PAu—G  CyHs
rt, 24 h 7
amine:Au = 1:1 84%
7,
N
NG/
[\ \,}Fj /T'\\
- j\%v’

/3--/«:\; P2.,in (#14)

lﬂ\\ R =0.0590
wR2 = 0.1339

Figure 3-9 71/L/3~h&(D$E{K 7 © ORTEP
&51Z, Scheme 3-32 12779 KHIZ, THE H1, ER Y &(D)SEAIZ% L, 40 °C, 0.1 MPa ® 2k,
RFEFHLZ T TI Y EOVZF LTI 4 BIV -7 ==/b-1-7 0y 5 ZEASE, 15 B
FEL. 7T D5 TRV AR L AL BOS O R RIS 5, 7 Axi L TaL
N NSRBI T Vo =)V 1 — 32— MEiEE S D485 8 D& ka4, L,
AN MESER T DAERPHERSNDICEEFD | RIKJED 1-7 ==/L-1-7 8L § BEILEH
7=

Scheme 3-32 7L =)L &4ER 8 DA MRS

O, CoHs
(CoHs),NH + CHz3—==—CgH5s + (IPr)Au(OH) + CO, THF C-N
1 MP (IPr)Au—0 CoH
4 5 01MPa hec. 15 ; 2
amine:alkyne:Au = 1:1:1 53%
0

(IPr)Au O—Cf\/
= N(C3Hs),
CH; CgHs

8
not observed
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Z T AN MBI~ DT IV DA SUS D A REME 2B ZE3 5728 | Table 3-6 127§ &
N, IR IR T L 1-7 == /b-1-7 a5 OB G E i T,

Table 3-6 H/L VISR T L 1-7 ==/L-1-7 0t § LD BFHRG

O\\ /CzH5 //()

C—N L (IPr)Au 0-C
(IPr)Au—d \CZH5 + CH3—==—C¢Hs solvent >_i N(C2Hs)2
7 5 CH; CgHs

8
entry temp, °C time,h  solvent producte]
1 60 15 CeDsCD3;  decarboxylation product
2 65 24 CD3;0OD no reaction

[a]: Determined by "H NMR

TP, BV BN REEHA T L 1-T7 ==L 17 a5 DOERIRAEWME 60°C T 15
BEREIINEN L7222 A AR~ ME(DEEIR T O 7 F Vsl k L, Edh L Gl =F LT

4 BNEBEHNTAER Lz (entry 1), IKIZ, L~ NRALADENLOREEIC I AL S D TF A
PR ARZ R LT SOSRRIE 25 2 BED B WVEAY ) — L IR MR T & 1-7 =
=)L-1-7 Bt 5 DERIRA W% 65 °C T 24 BB 723, FUSIEREY D "H NMR A2k

JVICEAIZ R B2 > T (entry 2),

PLEXD, )T I8RO 4—22 R G5 LR B O AGR, W3 x)EE

ROTNF AR DEIEIHELS , ZIVHDFERNGT V7 = (DFERITAE RN 3

277,
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%6 fii M RUCHREIC BT 5B E

52 B R ORERIEIE T, NHC-E85RIZ L7 1 UL LTI D B L LR F AL
BEtE Scheme 3-22 DA 7L THEFTL CNVDZ &% RF T DG AR HIT,

Yuan 53T ARG OHSH B i CAEE SIS R - BREEO =% /L ¥ —% DFT #HEIC
FVELZEL | Scheme 3-22 (235175 B—C IZH YT DNV ASIUBEDOT VF AT 250N REZ
FEINBUGE OHFE D b BERED K &L | TSR THHLRRL CD7, Eio, lHITAY )
—IVOIREN RITZ OERBIREZ L EL T HZEIZIDB D LT TD, L,
IS CTIETe LA TN SREEMAINE TR0 W EB 2 DD S & R E RN T L E D
FH3, RRIGRENER 7 26 0 FB T B A~_RTE MRS BB ORI O 521509 S Efl i S %)
RIZAHBAD ANV R
T IV = VSR RN T\ HBERTRETHY DO T IR AR T DN I D AN R EE
AN XA A BB TN HEITL . 7L RGO B HIEIC LD RGPED FEN I DA
R
(CARFESID FEBRAE B L RS RAHE G TED 720,

Wang 63, @A 157 L AR 25K BOG O 2RI 31T DBAAL 1D KIE T 5
BZOWTHEREL, B AR 72ENL 2L TR T L ATk T D RIZFEO R E A IEHS D
— 5 BFEERENMAEHNDE T = VRO T O S DR S 415 2 &% FEFRAY
ICHABDNCL TG 2, ZOMEEEEZ DL 55 2 ECRUMBHIRRORE R, o- GO
NHC REUNL &b DR n- 0 i 5O W 5PN HDRAT 4 BB 1 FSH DB IRIZ -~ T
I—Jb\/ﬁﬁ%rbf__é:i T = V&SRO T ok A R DFEEE L R IF 22803, il He

EHELTWAI LA RIBL TS, 77, T a— L RRE R CRISMEtES -2 b, —
Eﬁ'ﬂ:}_‘ﬂ‘\‘ KR T COREED/N—T AT )VERRIZL D 7 a b i BRI LA 8B 2 b
Do

— 07 REFHEPMEL, 53 T NREEAINBOS B LV HEIT LW EE X HAVD IR IR B RPN
TV LN B R E LN ER T LR T ﬁﬁﬁ?ﬁ%ﬁ‘iﬁﬁ)ot:kﬁ%\ BONL T LTk
B REEAINBOGOMWEE T, BRI AFITHY, OO =3 /LX —FEEE T/ NS B 2D
o,

B 4B CTHIERMLIZIONC, 7oLV T U BV TR U IR FEES T AR, T HSST
IV AL R RO 3 A2 & CRUS L ES LD ATREMEN 8D, Lo, ARSI E E T
THREITL, ERa T I MR G- 2 720 ZENE | LSS A A BRI S D
AP IR B LR35, F, oL LT I DR L ROSOE I IE DR BE S
DTEMD NSV ERAT L OELOIBFRIZ I T DT I O ER RIT I ER TIdeL, 73
BEEOBENN A E>T, ZEOIINAIVEBAT L T B AOEEN LR L. Fab S50
HWENDHBED FFINRENEE 2 HILD,

LA D s, Scheme 3-22 O SGHEEIZ I 1T HHER BB LT Vo = v &SRO 7 1k 4y
fRAFR CThHHEE 2 BV,
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EI1HE Feo

B3 ETIX OB LD 7 VXN T IV DERL VAR L ARG O SOSAHERE 2B 5
ARESAZEEHRIEL T,
OHFRICHYS 57 7= &(DEkA 3a, 3m ARk HEEL 72, 55785k S kT
H—0 anti fIIETHY, SMEDSD TV SIUFBAF L DREFIIND A =K 2% LTS,
Fio, TSRO AR LT SITiE, 7TV RIEBATF VI CTEBBE L7 0L 07
v 1a, 7=/ VHETEBLZ 1m OBIZEIT 20 o7,

Au(IPr)
R—=——\ R QA
N—CH, * CO2 * (IPNAU(OH) = A
H 0.1 MPa ~o”' " TCHg
I
o

3a:R=CH; 73%
3Im:R= CGH5 86%
@F N Ar = BRI T T S VR LT I DBAEA VR S ARSI L CREIE AR 2 &

TR LT, FE 1a, 1m (2 K75 3a, 3m OfENEIL SR 2 ECTH W -rnadi ke F%ETh
0| AR ERE(H R ThHZEEF JE LR,

R

R—— co Au cat _\5—\
— +
N7CHa 2 "CH,OH Osco-N=CH,
H 0.1MPa 8" C
1aor1m ’ e}
S/C =50 2a or2m
[substrate] = 1.0 M R Au cat % yield
Au(lPr) (IPHAUCI 91
R CH,
A\ 3a 920
O N~cH, (IPr)AUCI 53
i CeHs
(0] 3m 48
3a:R= CH3
3m : R = CgHs

@7 NAr=/)L$E1K 3a, 3m O b S RICID LB BRY LV XA 157-, 3m XV 3a D7
Tab RS T RT NI END, kB G ORE TR E LD EHFEIT IS TREL
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BALTHIEDREEND, Fi2, ZOMEAIXE 2 FH 3 Hi CR U@ KD o 2L
fHRIN—E L, 7o DN HEEE B 5L CNDZEE IR TWD, Fio, AX ) — L DI
TIET I =V RIT T b 3R UV, T ELIRFE RS T Tld, A%/ —/Lficora
R RDINRS D LD oTo, ZOT LMD, SR DAY ) — VORI R —
DINIREE/ N—T TAT IVAERRIZHDH T ENRIBE D,

Au(IPr) H

R R
A\S_\ H* A\S_\ R=CH; fast

O, N-ch, O, N=cH
1l 1l

@) o

R=CgHs slow

@ TR FEIRAAT o7, T ORE R AR TR R L TR, 7S L7 Ivic
XL TH 0.74 IROPEFEARIFIEZR R LT, TV DSIERBIR L7258 E L UIRED T IV BT
T ZVABSER O T a b G R HE L TOD AR, IV SV ERA T DA~ DB [ E
LTV ATREMEDN T BN, W T T IR EAT T DRSS T, ANV XU BRA A AR
Fil S S DRLR B B IV RE 5 L & B 2 DA, IV SV R A OB ORI I 57
DILFENRITISHEIZ T EE 52 I NEEZ DD, LI > T, 7IVOEINZE> TR O
AN RAR T B =T DOPEN EFL, T abr SEPIEHS DS DD 7 DR
TERNC Lo T FRE AL, LR OB Z R LT2EE 2 b,

CHs—\
CHe—=—"\ (IPr)AUCI _5—\
N-CHz + CO; O, .N-cy
H 0.1 MPa  CH3OH o 3
40°C S
d[amine]

e a3 mina]0-74
at k[Au]'[amine]

AREEIRHONIEF 2 EORE BT TSV TR S O IT. Scheme 3-22 [ZRTHOTHD,
T IV = )VABBEROD T T Sy b R S B M Ch D it LT,
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B4

REAFNT7 8 T )L a— VO BAL VAR T L
B ERIH LT Vo = V&5 R DA Rk S



8
I
1

FLE S @MU IORIEINRF DAL RE OB LRI

B2 BMEE TR, 7T IV OBIE VAR L ORI LD HE R YL H
VAR, S RARGEOE A 2L D RATIE D DD, LL, W oicRs B ERY
LA LN DBRRT L ACE M ~DO BB RSN D | REUFIHRE & ORLE DN e D AN fafn 7
VHE R LTARILE~DIE AIIZE ST, AEFIIRFE R FERE A OIEMALIC A2
72 NHC Bfr 124 9 540 R 1T, OIEMREMETryEELAEZ R 28, @7 LF
(KT DR INC LD T v =V EE IR Z AP AL L TR BB CED LB R H D ZE00,
AR EIFUE B DA VAR L IAVSOG D W REME A IB IR TEDD TIIRVVINES R T2,

Bz 1T, T DI D RBAFIE AT DN SO IR, 7L LTI bR
BRANBITIRF—IRFE ZBEEA LSO T I T XL OB, ISR O B R
IRIZ R DR IMNZ2E R T B, Wb AR Th o, BARMIZIE, 7L
TIUDBIEESNA M EL T, LT OB MRENET BN,

RFE—IRIE T EREAICET A AN T ATF LT L

-6-ex0-dig BRALI T L2 OB G Al AT T L LTI

T a— VDB L VR AL S 7L LT v a—)L T L= LT b a— L

ZHNOOREIZ B AT ST OV, LU IZiR D,

(1) RFE-IRFE EMEITH TN S BOM NI LTV Z e BR TIATF LT L

IRFEIRFE S EAEA I, ZEEGICRT AU OMINIR E#ETHY  ZOBNLIR
HNTWD, 52 BBLOE 3T~z 7 ULX T OB VR S B4
DIFFER RS2 T T, e R - SRR E DO 1L ML, T DR F—RFB ZEEGELLOTIT
LD BAL TIVIRE L B BOG ~ERFZERBA LT, ZOfE R, %5 1 355 2 i Scheme 1-34 T/R
L72E91Z, NHC Bz a8 27 B2 MR)EHEADS, TI/ATF VT L DEAC ANV ARF L NAABG
DORELE L TH R THY | 2-7 /) — /Lt 30 °C, 2 bR 3 1.0 MPa SR Fi7e 54 C 5-
B = b-1,3- A XU 2- A4 R ER m 89% D IR TR LNAH T LA N E L7 (Scheme
4-1) 1, UL, 77 ORIV F U ARSI T2 NHC BUAL 126 D48 (1) 85
IRITAREATENE THDZ LD, MERR DI TN 25T,
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Scheme 4- 1 $EfiiA FHW=T L =TI DBV R T AL RS

S cat T Yy =
. Bn
>N + CO > O. _N- + O __N__ *t
N 2 "(CH,),CHOH o BT OsoNag TN
1.0 MPa °c I I |
30°C,6h 0 e} Bn
S/C = 50 ot
(IP)AUOCOCH; 0% 0% 0%
(IPr)AgOCOCH;  86% 6% 7%

ZORERITEERICE DT SV TN T I DEAE N RF D NACSS ERE | FRIE R AN 57275
YA i, TORUSHEESC PR Z DR~ DB ENHHLaRL TS, LinL, 77 =L
IR T — IR L E TERDBRETHLZENHMONTNDZ, P ERET L L TRG
TOT N =N PR R RO e TEIIE, MBESOSHAE I B4 2/ M6, @8R
fil Rk RE 2 B DI FH RN 220 8B 26D,

(2) 6-exo-dig BRI{LAFEMLI-BRIRT L X DI G AL RET 2L L7

TN ENT IV A —RERIR LT RE S LTIV R B bREBEEDBRL L ARF
JALERIZEY 6-exo-dig BRALDEITTHUZL, 6-7 XV T -1,3-4F TS r-2-4 0 & 525
DEMFEND, EBE, 5 2 35 1 i Scheme 2-23 T/RL7=L91Z, Boc (RSN IZARE T /LY
NT AT BT A M)A E T CRILL, NRERUVL AL 252520 MBI TND
(Scheme 4-2)%, LinL, REZ /UL T IV % “IRAGIRFIZE S TV RF AL T5BRI21%
AT DT R L DN FNERaT IS Z4H T 2 %R H5,

Scheme 4-2  tert-7 " VAR = U b EMZE AW 6-T VXU F -1 3-4F o) -2-4 &

Fil
H—=
o ) PhsPAUCI/AgSbF N
PN g O MNch,cat
N CHzclz 2vell5
%— H,CeH i
© CH2CeHs rt, 5 min 9

90%

() TNAa—NVFADRL IR AL S 7T VLT va—u T =7 )ba—)L
TINZHARRBEE O N T 1 L LT Va3 — L DAL VAR D AR ORE, — I gL
WSRO RO IR Z L HEE 35, B, 55 1 %5 2 Hi Schemel-40 TR
L7zl BER A bR E IV T A ST S LTIV DB L LR R
PACBOGDSETT %, ZAUSKEUAE R « S AR O 1A, SRZAVIC kIR R 238 A W] hE
PRARAT 420 NHC At LT, 7 L7 b a— bk I —R 2 — b3 gh R LA Rk
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TEHIEZE FHWTZ LT (Scheme 4-3)45,

Scheme 4-3 HHE AL L 25 3 7 /LT v a— )L OB VAR AL B
R' cat: (0] O_

R R' cat R‘HR' j\:
R%k + CO, . o 0o tBu\N X ﬁJBu
OH 45-10.0Mpa S°CO2 ¢ \—/
S/C = 20 60-100 °C, 15 h 3 N
>99%
P("C4Ho)s

— 75 BIERBRFOIHELIX, &RMia2 RV RELT, SRIEICIAT B LT L a—
VDRI BRAL VAR F U AL OGS, WED LIk E F CHIT T2 R ELTWD
(Scheme 4-4)8, 7'/ LX)V T I DEALIINVARF U AL EIZ R L Eim ORI D
Wz VB, 52 1,8-07 e 7n[5.4.0]-7-7>5 &2 (DBU) N b N AT 5,

Scheme 4-4 $R¥EIZEAE 3 7 0/ L LT L a— L OfER B L L AR AL B

R AgOCOCH, RwR,
— DBU (1.0 equiv
R=—k" . ¢o, (10equv) ]

.0

OH , gMmpg toluene 9

SIC =10 rt, 5h o)
>99%

HESIZATUT L Do N AT ) — LT L =T v m— VBB LDl B R
—Heck [U&Z “ERLERSE T TITV, BRI — R =M B kL T D (Scheme 4-5)7, ABUSTE,
i~ A KR 2D T D IR EE D TR LB THY | b Eim ORI+ D BSOS
ThD, IRF-IRF _HEREHTDHT Na— L OBRGIZEDERIR A — R R — L, Z0—3
(ZEEFD,

Scheme 4-5 /XTI AfIZ AT L =T va— L T EBLIRBELE TV — L NTARD I T
UNZZE I

R' Pn
R PdCl,(PPhs), R4 ;
& R* R® K,CO3, 1.5 eq R2 R3 R
RZ . + CO, + Phl - 3 o
OH DMACc \C/
R3 4.0 MPa 100 °C, 8 h I
S/C =50 up to 99%
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INBDO R el Ex AR TIZT 0 LTIV UA O RERFEGE A THT7IVBE
OB 57 L a— VDB IV AR AU RIS ~OWF R R A X% H BT, Al i AR
FYE T 27 VT = VAR IR DB R Z R T, £ FARSHIR CHLOER() RS T/ AF AT L
DEACTINVRF L ACSOSIZE R ThHZEIZE B LT, @8R AW TET VKL DT
N = VEERE AL EORIGHEZ LML, SHIZ, TR/ ULE LTIV AR LTIV
RRENNZZ LN T XL T L a— LT L =)L T La— LR DT )V = VSR E SRR
L. B AIBRAL A VIR S AL R O ATREMEZ SR L ZHNTRGEL T2, S5I2, TV =/LEER
ZHEP AL T AL IV RV AL E R BT 55T ASDO A e Z5 2, 7 ak DAk o
RETHNCEDE—IRFERE S UM E R, FUSL~ILTOMAEZER-LT,
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F28 TIIAFNATVDBRICINEX L LIS XD T NV =& () SEED & R E Rt
(1) TI/AF ATV HROT =& ()EERD ARk

% 3 BTN LTZ T V7 =L ESE RO A R IE IO THF IR . NHC 2SEZ L 7zER ey
& (NEEARUIPHAUOH)ZX L, 1 M EDOT I/ AF N T L 9 % R IR/ 5.0 MPa I, 40°C ©
OGS 7=, $8L0D NHC $REER(IPr)Ag(OCOCH3)IZ L% 9 DI ER L 7 VAR L AL UG T
X, CELIREDB S L2V eRa T I AEEUS AR LIz T2 | ASUSHINTE S T1To72, 20
et . BUSIR AP0 OB A 2T F TR ELTZEZA, BINETHT V=L e85k 10 73
TERITEDNT-(Scheme 4-6), 7B~ S ARBVRBE RO HAE M EITOE, BB A
Ty 7 RORE DS 83%IN R THLIIZ, Hifkdh X SMEIEMIT ATV, T/ AF AT L HkD
HIVSIUVBENE R A D B, y LD —FEAE AT U CTHANLTZ 5-ex0 BRALIAKD T )V or = )V A B R
DG ZMERR LTz, Figure 4-1 (2 10 @ ORTEP [X|%-, F£7z Table 4-1, Table 4-2 (ZiFfGE LS
WS (TG A—H— %R,

Scheme 4-6 7 /LA = VA 8ERDARR

Au(IPr)
X
. .R
V\ITI + CO, + (PPAWOH — >
THF O\C,N\R
5.0 MPa 40°C,20h N
o]
9; R= CH206H5 10
83%
colorless crystals
o Table 4-1 Table 4-2
f_; /3 10 DEFERFESE 10 O EHARRES
. ’fT{Lf-f\
-‘1,_.—-‘:” ; \’i \J\\\ Bond Length (A) Bond Ang|e (°)
J \n /f\.(/u\fa _______________________________________________
i lc13 \ \" Au1-C13 2.036(4) C11-Au1-C13 175.71(15)
Y, ) 8 @
"‘7\3 1. /3\5/ - C1-Aul 2023(3) Ay1_c11-C12  1259(4)
i L“ & mos /3’@}’ C1-01  1.340(5) Au1-C11-C10  113.4(3)
Cgf }‘ \E},_rﬁ,_f C1-02  1.212(5) C10-C11-C12  120.3(4)
3 c2 =~
P24/n (#14) i 1N1 C1-N1 1:3670)  ¢11-c10-co 115.8(4)
R =0.0288 02 =
WR2 = 0.0865 N1-C2 148009  c11-c10-01  1134(3)
Z=4 01

N1-C9  1.443(6) cg9-c10-01 102.1(3)
Figure 4-1 10 ® ORTEP C9-C10  1.515(5)

01-C1-02 122.5(4)
C10-C11 1.499(7) . . 4 108.6(3)
C11-C12 1.318(5) o, 4 N1 128.8(4)

C10-01 1.473(5)

92



8
I
1

OS5 10 12455 AT BV B2 B R 2 L > TG, 5 3 ETALE- 71
POVENLNT IV la RO T N = A (DBER 3a LRBRIC, 13-4 U0 ) ik as Db D0
C11-C12 fii £(1.318(5) A)L C10-C11 i £(1.499(7) A) Dt & RE LB D&, Al 2 “ B AT
B, 3a LTI DN BN R DI LN D, —J5 . CLI-AuL 554 1% 2.036(4) A THY., 5
K 3a D&—T N =)L FERE S (2.046 A)LFIFLE TH B,

F72, BC{H} NMR AN WUAZINT, LSRRI RS2 /1135 195.9 ppm I2,
LS R EOIVRE NV RFEITIRBSI DL 7L 38 158.8 ppm (CBIHIS N, — 7, £1C
BALET A= VBFRITRIBSNGS 7 TS 1744 ppm ISBIIS I, TR/ SR T3
RO 38 DRaffOBARD(EES 7 MG 1316 ppm)k il B2, KEISRST 7L TL
BHZEWDDD, MOT NAr = VARG & DT T WV Ar =)V IR FE DAL F 7 RO Ll A Figure 4-2
(ZEEDT,

I
Au(IPr) HsCO,C_ CO,CH; i Au(IPr)
174.4 | CH, \<—1316
I
AU(PPhS) | C4H9 SCH3
O\C/N\Bn \ i O\C/N\CH3 —

i - i PhsPAU \

© R R 1896 | ©

10 | 3a 131.5
I

Figure 4-2 i x OT /L7 =)V EFERICIIT AT VA =)V R FEDLF 7 |8

Figure 4-2 D/EIZ/RLTZ 2 DOEERIL, § 170~190 HAKREHHZ S 7 F VBB TODDITHRTL,
FD 2 DOFEARTIL 130 ppm T IZBUIE LD, %E T, T AT AR EEERS & Lio~T 1
JH A LD ML B A/ D EF 51250, Scheme 4-7 (TR X772 E oD RFEDSMEZFEFITHE
FHIWRINFAET DD EB 2 DID,

Scheme 4-7 7V =/V&EERIZI1TD B ALDO~T 0f D EFRIZNR
X x" X
Aull AuL Au/’

ZDOIIZ, $E5K 10 & 3alZ[F T NHC BUfL 72 R 3B E D 7 v =& ()SER ThDHIThH
Bbod | ZOMEIIREL BRI EM TEIND,
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(2) TN =VAEEER 10 DTSy fiR

% 3HI T2 IDIT, 1 EEBABLIC LD T AT AT L B OB IV RF L O
TliX, RPCELTT V=V G RN T vl 53 a2 58T, Al E 52 b I fil
DM AETHEEZBND, Z£2C, BIE CHRRLIZT Vo =)V &85 K 10 D7 a b 4y i il
Too TN =)V 88 R 10 DEAY ) — VERIRIZHT L C LY EOFEREZINZ | RIS OR R L% H
NMR ARZIUZEDBEFL7Z725, 1 R %S SOMTESEITL TN 28307 572 (Scheme
4-8), %5 3 F 4 3 fifi Scheme 3-24 T/RLIZIDIZ, T r/ UL AT I HROT )V =)L 485K 3a
D, RN T N iR A2 T BRIRTL 2 2ah R A R L IR TH D, — 5. $EE 10D
B /a AL RIS KTL ., HERR(pKa = 4.76 in H0)ZVbERVEEE D@ 7 == )L 7 I MRt
(PKa = 0.78 in HO)ZIRINT D&, BT v 3 fRBHEATL, 30 D 1&ICITe—RBHE N T 1
N3R5 TR T DEIRT L2 11 23 52% A Ak L T2, SOOI R 16 BRI IE X &,
BOSITFEREL, 11 2 E B S 27,

Scheme 4-8 7 /L7 =/)L4&851K 10 O 7 abh 45 fiF
Au(IPr) H

:&_\ (a)

+  CH3COOH a
OsoN~CH,CgHs pK,=4.76 ~ CDOD Os - N=CH,CgHs
5 1 equiv rt,1h ('3'
10 11
no reaction
Au(IPr) H
\ +  PhyNH-HCI > :S_\N (b)
O\C/ ~CH3CeHs pK, =0.78 CD:Cl O\C’ “CHyCeHs
1l i 1
o) 1 equiv rt, 30 min 5
10 11
52%

B2, 10 ZEAX ) — /L TEMRFE RS N TIRAEL T R MRIE TR T R
BENEITZ, ZOFMET T 3a X7 A= ABN TR T ahAbENHZ L5 3 & 3 fHi
Scheme 3-25 THEFRL T D, LL EDORE RN G, 85 10 1L BRI S Tl v iz
THHLO0, $ER 3a L0H SIS EMMENZ LM DND, LTzh3 > T, NHC S55 KD MBS 2 R E
RISTDIE, TN =P RRITAER T 200, ik Fuh R REETHY , UL 24
F A D FR L A D FAE R DT LB 2 HiD,
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(3) DFT #HICEDT N =& ()EEA K DR EEIR D 1A 1E DB 42

ATECIET 7 =& ()R DB L D5 RO Lo+ 82 FEBRAIC I L, 7V = VL
DFEIENZ LS TRUNEN KRE IR D Z AL LTz, £, T/ AT AT Lo O gt H
IVRF L AL BSIC B W T LG ERARED J7 28 7L =)L i A O 43 frab R 3 A RN
7= DI IEEE RTINSz, 22T, AHEALFEN FIEICED, TV =B IO
EREERDE IRRED LI AT THOZ LI LTz, 22Tl 55 3 BT WO CHRS & X B E T ic ko
SERAEIEZ B DM LTS5 R 3a O ST A—F—EFIMTHEEHIZ, TI/ AT AT LU HkK
DT N =)V BSERIZ DN TL, RERTHT CHEEMT 217> T 10 OULZ U E35R EoE# LA
AF NI LT T N = V85K 10 B XN 10D LE R E S DER~EEF LT V=
JUEREEIR 12 122\ T, ZNENHRET R Z1T o7, 7eds, AFFEITIE, BARE I seistE 5t
BRIt 2 —2 R AL, &R R T 175 L8 10 T Gaussian 099% Ve,

IXUOIT, Hifdn X SAEIEMENTIC LSO TR S 2 RS L LT, 851K 3a Ok
Wb AR Lo, ILBIEE L T B3LYPOA v, R E L TEBe B+ (&, #2) 1225\ T
1% SDD., DD JF TN TIE 6-311G*% AV o, Fio, oMaE%E L C(d) &2+ E Lz, &8k
ERIF DWW TIA RN 7T V4L £ LT SDD Ve,

FHRIZIRWT, @72 T REMTR N RIN B E S TRV | I b S
L, R IE L R TE—RBR OB A RDOCMETOMEL G52 25600  2REL T
TR IS S BV — 8 A R LTV, &8 AD HOMO LT HOMO-1 D#lLiE % Figure 4-3 IZ<L
7=
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Au(IPr) Au(IPr) Ag(IPr)
CHj3 \
N~ Nw N~
O\ﬁ/ CHs O\ﬁ/ CHs O\ﬁ/ CH,
o O O
3a 10 12

Figure 4-3 85K HOMO( - E¥) 5 L OV HOMO-1( FE¥)
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fﬁﬁ: 3a, 10°» HOMO (%, LU TT 7y BIZIRED > TIAEL TRY, TV OHfenii
IR BEND, BUBREAE T 5E, LTIV HRO T IV =/ ()R 3a Tl
IZHREA L QDT AT = VR FNCAR > TIEEL COD, DR FE-IRFE RS A ONE 5
Eﬁ: 1012V IR DO T N = VIR FB IR > THEIEL TWA e oT-, — 5, $REER
12 ® HOMO [FERIE 1 4s #ENA KB THY . ZOMIZ 5s #5HE £3d 2 WIE 12 LD 503 F(E
@“%.6 ZOBED ARG, 485K 3a, 10T HOMO-1 [ZHELIL TRV, &Jf 10 4s, 5s, 3d,2#)
HEIZRBSN TS, —J7, 885K 12 ® HOMO-1 1%, 77 O3 niE IC )R E S, 10°D
HOMO DJEIZIAIL T VD,

53 FHUEDOFHERE RDIL, 7V = VEREEAR L &SR D SUGSMED 24 BIREIC TE o7z,
UL, FEO T VA7 =LK 3a & 10122V T, HOMO O )L ¥ —HUEN A 2454,
ZNZEN-5.028 eV, -5.816 eV TH -7, $K 10’0 HOMO (%, LRV = FLX —HENITFET
B1=0IZ, REF AN T D EIMEDE FL OB ZEDRIES LD,

B A DB IRHEIZOVT, NBO FHEIZEH85K 3a, 10°FB LU 12 D BRI 1B T4 7D
ST B4 Figure 4-4 (TRL, BELT 5,

Au(IPr) Au(IPr) Ag(IPr)
Cst—\ :S—\ :S—\
o N< O, N~ O, N~
\n/ CH,3 \rr CH; Y CH;
o [o] [o]
3a 10’ 12

Figure 4-4 S8R0 H IR af

BEEIR 10 LEREKIR 12 Tl 358 SREEIRD I 3T IV =)V RSB DA D3RR EE GO DIR
L, FA R RBREADRKEDBLCNDEZENS, &R L0E 7 a b iR 52 04U ik
BT 5, SRR L THEET DL, $5R 3a 13T VL B ER T D 2 DD RBEINELAILSY
L TWDDIZRIL, $5R 10D T V7 = VR FEIZNT L AICHEL WL LN bnd, T72
Db, &K 3a OT NV = VBN T DO TTRED N—RTHY | 2o &—IRFHES O/ iH KE
7o, TRb A EDRIGERILLT WEEZ DD, ZIWLDT —Xh, [AERO B Z A T 56
& 3a & 10’ DREF AN T2 SOEHEDEWDBHHITED,
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% 3 i BILINRI VARG ERI B TR T I T Aa—AnoDT V= 4&(1)sk
EDE AL

(1) RET B NFNNT I OB N ATV MAUSIRIC R DT Vo = VR DA Rk

Scheme 4-9 127795912, NHC BN+ & Db Ry & (AR (IPrAU(OH) D THF 1A 12 5%f
L. =&, 0.1 MPa® (LR FE FTLYUED 4-T 2= )L-1-_U VTR -3-7F L (13) 2 EH S
LR LT, SONREWBIRFE R 2 E TR ET DL, 7 =/ 88K 14 H 155
o TR =R Z U DIRG IR DR G I LD AIRE THY . 7 & R kiR
SERRT DIV ERAA L IST VR T 6-exo BRILLTZASBERUL XU EEL ST V=
IVAESEIRDN LT T 7 IR FE S E LT TT%IEE T BT, 1°C NMR AXZ MUVHIEIZ BV T L
B DHIVIR=VIEITIR B ENDT 7T LAY 163.1 ppm &, TLEBRTL ARG ZS O AR
NEESANCBIIS T, $£72. 195.3 ppm (2 NHC DL H DS 7TV 2B LT, ATk
BLIET W =)VIRFE IR BESNAY 7T Vi 127.9 ppm ([CBLRAIS V=, F£7=. Figure 4-5 127~
T LS B X SRS IS L0 IV SRR T LR ASKIL anti SHINLT= 7 7 =04 (1) B
R CHDHZ LR LT, BELSNT/ T A—H—% Table 4-3, Table 4-4 (/"3

Scheme 4-9 74 = /L4 ()5 (14) DA K

Au(IPr)
CeHs—— CeH:s™
e’ \_NHCH,Cgh, * (PPAUOH) + co, . = [ |
13 0.1 MPa TH1Fh “C”CH,CeHs
14
77%
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K } Table 4-3 Table 4-4
N % N . N .
= ]”""'“\-f‘ff N 14 DEEREAR 14 O EEAME
A ~—{
j:/\/ \549 J\%_.f’j Bond Length (A) Bond Angle (°)
O [ C19-Aut  2.032(6)  c12-Au1-C19 172.6(3)
= N Aut L _ _
l YD AUT-C12 - 2.05(0) A 1_c12-c13 113.9(4)
= 29 C1-01  1.358(8)
AN Lo Au1-C12-C11 123.9(5)
?’l \‘Qd\igﬁ* "’ C1-02  1.216(8)  cq1_c12-C13 121.8(6)
Bt A (1 ] 1.
(\ o 0'1’;'\ - C1-NT 380 51ci1c12 118.066)
s (?——m {n N1-C2  14629) 1 oy ci0 11346)
P24/n (#14) = R N1-CO 146109  c1o_c11-c12 128.8(6)
_ 02 "
R=10.0708 P /‘\ C11-C12  1.318(9)
WR2 = 0.1345 - '-‘L C12-C13 1496( 01-C1-02 118.3(6)
7 =4 '\ffj _ -496(9) 01-C1-N1 117.5(6)

i -C1- 124.2
Figure 4-5 14 ® ORTEP 02-C1-N1 6)

C1-N1-C2  118.2(6)
C1-N1-C9  123.4(6)
C2-N1-C9  118.3(6)

C11-C12 #5&13 1.318 A THY. C11, C12 AV DFE S A DFINFIEIHKI 360 © ThHAHZ LN,
Cl1-C12 MIZ —HEfE B NS DN DND, —hN_URBZEBOFEEEI1L2.032 A THY ., fhod
T = VSR L RIRRE TSN, &—T W = VIR FZEB ORE A F1E 2.056 A L hifE LT
Y/l

(2) 7L T I a— VDB TIVR L AV S LD T VA =& (SR DA Rk

% 1Hi(3) TR AR m T v a— VDB VR D AL D J A THFFE Tl Wi
MBI ITE 34T L — /WZIRLIVTRY, 8 LT /L a— DB — R 2 —hD &Rk
LT fNE7e, 22T, TV oA IEEHLD 7 2/ VXL T DERAL I VAR L AL S
A[REZY NHC—& SR LA 7 /L F L7 b a— L (15) D E#Z R EFIZ AT, BRAL S
MREL THESND T V7 = V5RO G &R 2T,

Scheme 4-10 (2783 &912, NHC Bl 1- &b DER V4 (1) AR (IPr)Au(OH) D THF # kIt
L. %, 0.1 MPa ® " [#{b R T T 1 M ED 1-bRa%-2-7 F L (15)AEH S, 1 BRI #:
Uiz, BOSRA DR R Z)E PR EL TEONOM KD NMR AJMVERIELT-EZ
A T I AR DR N T L a— bt | BRAEAVRF UL EITL TWDZED D
ST, EEIET by — XU B DO DS ICL DR RN FTRE THY, LB BRI — AR R — M
EEH DT T = VEEER(16) 3R 80% CTHEfL 7ty ZIRAE & LTI DL, BC NMR A2
MUREIZIB T —R R — DAV R =)V IR B S DT 7 ) /uix 165.7 ppm IZ8LHIS AL,
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195.8 ppm {Z NHC #/V_U RO 7 F IV EMEGR LT, BICFEA L2 T VW = VIR FITRIBSIL
BT 1317 ppm IZBLHIS L, 7 OLE LTIV RO TV =)V 4B 3a, 3m BLD
RET O SNVENTIVHRD T IV =)V AR A 14 LR%ECTh-7-, £z, Figure 4-6 (Z/Rx3° 89
ZIRBED/N—T ZAT VINT VX AR anti AL, 5-exo BRAKICED AT DB AT —R R —h
FHELOT VT =B ()EERTHLHI L%, Hifish X SIEEMATICLOMER L, HESn:
f#it /7 A—4—% Table 4-5, Table 4-6 |- 9", C3-C4#E&131.321 A ThHHZL, C3,C4EDY
DFEEFADOFNIEIE IR 360 © THHZEN D, C3-C4 HDFEG N HAE A ThDHIENENT
b,
Scheme 4-10 7 /L4 = /L& ()8R (16) DA%

Au(IPr)
CHs
CH,——=— A\
3 \_ + (IPAu(OH) + CO,
o 0.1 MPa THF O ©
15 ' rt, 1h I
o)
16
80%
' J~C Table 4-5 Table 4-6
K / ‘ (\ 16 D FEHERFEA K 16 O FFELHEE
'ﬂ’ \ \/ \ Bond Length (A) Bond Angle (°)
) / Cc6 \ C6-Aul  2.026(3)  C4-Au1-C6 176.55(13)
C N .[A ,; AUT-CA  2033(4) e 00
C1-01  1.33505)  Au1-ca-c3 116.9(5)
C1-02  1.194(5)  (c3.c4-c5 1222(3)
Acs

c5 C1-03  1.349(5
o T 2 ® o1 csca 12350
’ \ 03-C2 14420)  41_caco2 105003
Pbca (#61) A / 03 C3-C4  13215) (o c3-ca 131503

R =0.0310 ot NS C4-C5 1.511(5)
WR?2 = 0.0897 01-C1-02  125.0(4)
2=8 502 01-C1-03  111.8(3)

. 02-C1-03 123.3(4
Figure 4-6 16 ® ORTEP @

C1-01-C3  109.7(3)

() TV =T A= VDBV RF L NACSIGIZ R D T Vo =4 (1) BB D 5 Rk

Scheme 4-11 127798912, NHC BUfZ 7-2H DR a4 ()EEA(IPr)Au(OH) D THF IEHRIZ %)
L. =&, 0.1 MPa ® (L IRFE FT1 Y BEOTL =T a— V(17 EASE, 1 B
7eLZA, 5-exo BRALLTZBRIR I — R R — M Z G 07 V7 =)L &EER 18 DU 76% T1Hi
720 O ABOKRRIRDEIRE T By —~F AR GIAEE RN R T 52 LT, 6T
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2y 7RO BRGSO, SEAROREEIL NMR, IR, JTHESHT I L OHRE S X S G R
LGz FE L7,

Scheme 4-11 7V =L & ()85 (18) DA%

Au(IPr)
. + +
V\OH (IPr)AuOH i 1002 THF O\C,O
AMPa ( 1h -
17 o)
18
76%

Bk 18 ® ORTEP [X% Figure 4-7 |2, {4 LSt /3T A—4—% Table 4-7, Table 4-8
R, SR 18 13 (1) S AR R R 7R B8R 2 Bl R DR IE A &> TUD, C4-CS5 [ DFE G EH
1.322(6) A THHZ LTI A, C4 JAVDFEE A DFN(359.7°)XIEIFE 360° CThHo7=Z e, C4 fR%E
D sp2 PENFRDBIL, C4-C5 I —HEfEA THDHZENDND, NHC £ C7-C8 fE AL C4-C5 #E
HEDRT AL 92.4°Th o7,

ZNHDOFERDG, NHC B 12 H DB RIZ L > TR D A Fn 7 I oA fafn 7 va—v
WHIED “FALIRFELIEL, BRIRT L 2 B WTBRIR D — R R — a2 L DT IV =)L 45
BEGRTELIEDN DTz, TV =V IRONAMEG iEEL T—HEDOBR{L L ARF
MERISEFIATEAZENERTHNT,
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%)
P2./n (#14)
R1=0.0296
wR2 = 0.0890
Z=4 /C7-C8-C4-C5: 92.4°
Side view Top view
Figure 4-7 & D
gure 4-7 §i{k 18 > ORTEP [X Table 4-7 Table 4-8
18 D LTS E 18 O L E kA f
Bond Length (A) Bond Angle (°)

C6-Aul  2.025(3
Aul-C4  2.033(4
C1-01 1.322(5
C1-02  1.185(6
C1-03  1.365(5
02-C3  1.527(6
C3-C4  1.494(6
C4-C5  1.322(6

C4-Au1-C6 177.12(15)

Au1-C4-C5 124.6(3)
Au1-C4-C3 119.2(3)
C3-C4-C5 115.9(4)

01-C3-C4  111.9(3)
01-C3-C2 101.2(3)
C2-C3-C4 113.6(3)

01-C1-02 126.7(4)
01-C1-03  111.1(4)
02-C1-03 122.2(4)
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A BRRVVEL BRIV —RR—MEREL DT T =L & (1) 8D REH:

(1) TAT= e )EEROT e oy i

5 2 Wi CE RSN SER DT VA = VBN - OlEBE DL 5 T — R R —IMEF DU,
— O REIFNT IR TN T L2 — )L O R ERAL LR AL BOG D EBUZ T3 EH
A 3HDT N =NV ABSEHR O T T 3 R R LT,

Scheme 4-12 |ZR T X2, REF 0/ VXL TIUHRD T IV =)V A5EHEA 14 OE Y 7an A
HVIRICR L, IR T, 1 S EOREEEINZ ., TH NMR AT MUZ KO RS EBIEE LT 24,
14 13PN T IR A fiES L, 5.43 ppm IZE = /L 7 b AR B END singlet D 7T L AR
L. NEBRVLELTHD -0 U N-6-_0 VYT 0-1,3-AF 0T v-2-4 19 MSE BRI AL
LT Z & mEsi LTz,

Scheme 4-12 7 /L7 =)V 488K 14 O 7 b 3 fRIZED 3-_U U -6-X0 P T -1,3-4 %
YOI 2-A4 19 DAERL

Au(IPr) H <—— 5.43 ppm (s)
CoHs™ + CH3COOHTCSH5 N + (IPr)AUOCOCHS
O. __N. ; 2Cl2 O..-N.
G” "CHyCeHs 1 equiv rt, 5 min G" "CHaCeHs
o) 19 O
14 quant

Scheme 4-13 12T J92, 2 LT La— LHERO T A7 =)V 5K 16 DEY /7rm A
HZAVRIRIZHRIL IR T, 1 Y EOFHRZINZ 72224, 16 [TE-Coc 7 abh srfEsiviz, H
NMR AT RAZEUNT 4.72 ppm (ZE =L 7 b AAZ)R B SIS quartet of triplets 27 /L 73
B, HERI—RR—NCHD 4T VT -1,3-UFF Y T0-2-4 0 20 NERMICAERK L2,
ZHERLT,

Scheme 4-13 7V =)V&481K 16 O o DRI LD 4-=F VT 0-1,3-UAF T -2-4
20 DARK

Au(IPr) H<—— 4.72 ppm (qt)
CHs Q CHj Q
+ CH;COOH—— + (IPr)AuOCOCHj3
N A 1eqUiV D2C|2 O\ -
5 rt, 5 min (.C)f
20
16
quant
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T VLT A — )V RO LB R — R — MR AL O TV = Vs 16 LiToe IR
B, EOREE BIEAR TH LA 18 DEEREIZ LD A IREt O 7 L =L T va—)v 17
ThHHZENDN-T-(Scheme 4-14), FVR=/VEEZE RN T B AL THEMALE I, 285K
TL =T Na— VKD RE N—T7 AT OVIMREEL =% . B 372 R BRI K> TBRAb L
N ACBOG D SOEDEITL, TV — AR LTI EE 2 HiD,

Scheme 4-14 7 V7 =)L &881K 18 O 7 b S RICEAD T L =)L T )La—)L 17 DAL

Au(IPr) Au(IPr)
+
+ CH3COOH 5 —(PNAY N,
O\C/ 1 equiv CD;0D O\C/O - CO, " oH
I rt, 10 min o quant
o H,O
18 17

NHC 8L Db F B G2 BT D S EERUL 2 19 R BB —A 1 —h 20
B ZEARET 0 LTI 13 R0 VX LT b3 —) L 15 [ ZOWT, oL LTI
ERED A T COfMBERIBR L VAR X U AL BOE Z 7k A 7= (Table 4-9, Table 4-10), L2 L, W
FTIBRBLAC B A % 52 55008 N2 T 28T TR - T,

Table 4-9 &fillc L ARET 2/ LTI 13 OB b /VRE S UL S

CeHs—— . (IPr)Au(OH)
\ co, —m—> X
NRCHCHs o 4 sza solvent CGHK\A
13 ' 40°C,15h O\C/N\CH206H5

S/C =50 I
[amine] =1 M 19
entry solvent % yield® % recovery?

1 CH3OH complicated

2 THF 16 16

3 toluene 28 22

4b toluene 29 14

5¢ toluene 1 71

[a]: Determined by 'H NMR. [b]: 3.0 MPa of CO,
[c]: [amine] = 0.1 M
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Table 4-10 & filiiz A7 YL L 7 L a— L 156 OBIL VR ALK S

CH;
Au cat _\5_\

CH3%\ + CO,

o__.0O

OH solvent ~c”

15 0.1 MPa 40 °C. 15 h Y

20 ©

S/C =50, [substrate] =1.0 M
entry cat solvent % yield @
1 (IPr)AuCl CH3OH 0
2 (IPr)Au(OH) CH5OH complicated?

3 (IPr)Au(OH) THF 0°

4 (IPr)Au(OCOCH3) THF 0

[a]: Determined by "H NMR.[b]: Hydroalkoxylation products was detected by GC-MS.
[c]: 11 was detected.

IS Tl T = VBSEIRO T T b G il i3 Cled 707 va— v b bRk
DRIMERT NZF AT BB BT DA — 32—k I — R R —hDRENEDHERFIZ OV T
BRI DMENDHY  ZNDE NS DR E TEeh 2T, BALHDNIe—RFERS
B ORHAONT DD EEFEN I E L5 TNDEEZDID,
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(3) T LIS DKEFHI LD SOG
REQFNT I« REAFN T L a— BB VIR AL S T T VA = )V A bl s B Stk
THAERTHIEND, < BREHEILO AIeE 2B S Uiz, Bl XX, 77 = V&5 RIX, N-~e s
ACANTEEAIRIRE DT b LA DR E NI ThE—RFEMAENREL, s AT
W= )V b5 2 5T ED R ST S (Scheme 4-15)12,

Scheme 4-15 7 /L7 =)L &8 KL N-~a P AL TERAIR LD

@)
R/\/AUP(C6H5)3+ N_X . R/\/X
CeDs
5 rt 95-96%
X =Cl, Br, |

BALAVR L LD 7 a b I B W, T ahr o bIcRE a7 Ak
FEDFIEPEIT T UL, 2T LROG~ERBACTEDAREMEN 8D, 22T, KK EFHIL
2L LTIV la HRO HBER VL XU 1EES DT NV = V&R 3a LORIGERETLIZ,

NMR #EHE H1 | 7V =)V R DO BT R N ARIEICKT L, IR T, Table 4-10 (/R 95K E
B~ AL EIZE I Z . IH NMR A7 MU X0 S % BB LT,

Table 4-11 7V =)L 4:581K 3a &R E-Hy a7 ALHI D SOt

Au(IPr) E

I R
+ EY + (IPr)AuY
O N-cHy n OsoN=cH,
I I
3a 21-E
entry EY  solvent time product %, yield?
1 I (CD3),CO 5 min 214l quant
2 NIS (CD3),CO 30 min 21l 78
3 NCS (CD3),CO 15 h 21-Cl 53
4 NBS (CD;),CO 3h 21-Br 46 (44)°
5  NFSI CD5;CN 6 h 21-F 47 (21)0

[a]: Determined by "H NMR.

[b]: Yield of protonated product 2a in the parenthesis.
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3a LIAVHE, HDWOIE N-F—FaTEEAIR(NIS)D SUGIZ L0 T VA =)V &SR D br— R F G
AITECONCBIZL , W5 T5 E-a—RUL 2y 21-1 Z8IRECE 2 722878, 1H NMR A~k
JWRIE . B BHTICEDIALNC e~ 7= (entries 1 and 2), N-Z TR AIR(NCS)ED S
PG DOFEREIHETTL ., 15 BEfE#% 10, E-ZmmyL-ZL 21-Cl % 53%INEETH-2 7= (entry 3),
— 77 N-7BEaZfEAIN(NBS)ED G TIX E-7 aEyLZ 21-Br Lebiz 7 mh o Jpfif 3
1TLT=o L2 2a MEIEL, ENETL 46%, 44%IETH-T=(entry 4), ZHIZIRAL TWDHKIZ
L7 b G IREDFEENE 2 HID,

Hashmi (%, FFEL T N-7 A4 _XB U ZVR= L AIR(NFSI) &7 V7 = V&S5 R D 5%
BRFLTODEDD, INAAaT N ALY | T = VIR LR b >y 7V LTy
T DBRPELILTUNG 12012018 = Dl |28, 7 LA KIC R L COAH]IE /e, 2T NMR 3%
BHE H . T = VbR 3a OB T ER=RAEIRICRL, IR T, FEREL T 1 &0 NFSI
ZMZ I H NMR A7 MUIZ KD GBI, ZOR55, 6 FEfE#£1Z, 2.03 ppm (2 3 7'mh
43 doublet of triplets ((Jue = 17.7 Hz, 5un = 2.3 HZ) DS 7 F A MBS, 9F NMR A7 L
\ZRUNT, —142.6 ppm (AT T ahr ED Ty TV 7 % w23 % quartet(Clue = 17.7 HZ)D> 7
FNBHIES ., ZRETITHRE DRV E-Z v AL 2 21-F 8 AT%AE R L2 L 3o Tz,
VA ER U o72h3 NBS ZHWEIGE LRIBR, 21% D7 nhAbShizy L4 2a 23EI4
L7=(entry 5),

Hashmi HOZRICHBIT AT DR TIZ, TAr = A& ()8ERIC F AR LRSI CER
D4R ANE 3 T2 1 #i Scheme 3-13, Scheme 3-13 (/R LIS AR ELL TE A (T VA
=) &(NEEERZ 52 Y D8 TR BE T DM R ES LD, NHC 5K TIZTE/ T Vo=
IVEER DRI 201, P DA Z DI ATREME N & 5,

WANCT A =T DR E L, T =LAk 3a L 1 D tert-7 F L AT Ly
INIaFARED R GEE Y 7aa 22 TRl T=e A, FUBHERIZIE AL, #iizicAC 4
DM T o R LS BRIR T L 2 2a A 16%4E A L7=(Scheme 4-16), A4 13C NMR
AR MUZEBNT, A= A= D AN A=)V EITIRESD 155.0 ppm D7 F VB IOT L
FUIRFITIFESND 79.5 ppm, 74.1 ppm DL 7 F IV NBLAIS =2 8B, UL XU R L=V
NI —/32—h 22 DD REBENT, mOVEBFEBFIMEZS O ALY, VR = VR
TEPEESL, BRER S DN Z 7 SHERI SIS,

Scheme 4-16 3a & tert-7 F LI AF LY IL 7T AR ED s

Au(IPr) H
CH34\S_\ CH—=— CH34\$_\
N—CHj
+ TBSCl —— /
O, N~ TBSO-C + O. Nen,,*AuCI(IPr)
~¢© CHs 1 equiv ﬁDZCIZ O ¢ CHs quant
. 22 2a O
3a 84% 16%
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Eof Fe

55 4 B CIINHC BAAL 725 D& () LB IV AR D AL SR, 7 B L LT
PSSO AREIRNT IR T v — VIRIZREB T A LA MRE L bR e Y ekl Db
BASSIZRDT N =V EBEER DB A AT, BT 5 NHC-EREERIC K> THERYL
VEDPERSITODT I ATF AT L OIS, 7T T IR EE LU TREE
DRIPDHRET /UL LTI, AMafi 7 va— el T L7 a— o7 L =)b
TNV RE Y T, ZORERELLTICEED D,

QT IAF LT L 9 DER NHC i 2 LA BV A VRS o AL O il AT 7 L DAk
Tk Arle, EOFER, eR e &8HA(IPAU(OH)E T/ AF LT L2 9 D )is% THF #15.0 MPa
D TALIRE TITHOZLIZ LS TT A = LEEK 10 & Tk SN R 83% CEAZ LT T L=,

Au(IPr)
X
. R
SN 4 o, + (IPAUOH
THF O\C,N\R
5.0 MPa 40 °C, 20 h C
o
9: R = CH,CgHs o
83%

colorless crystals

T IV =)V 10 D7 0 b 3 fRERRRTILIZE 2 A, A% ) —/V i 1 Y BEOFER L KOG,
BEIR 10 (X7 TR T DR E MR W ZEDSHIA L7, ZOMERYERICH S 35 7m0
VTSRO T VA = VAR 3a IXBROIRINZ I EC N T B b 3RS A O B idxt R
THY ., AR IS OFEEESE THD T IV = )VABSEIR O T b Sy iR EE DT )V = VLT O
B REEBELZ T HIEDHALNNI ST,
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Au(IPr)
+ CH.COOH ——— nhoreaction
O M cHyceH o CD;0D
- 2Lels 1 equiv rt, 1 h
o
10
Au(IPr) H
CHS‘&_\ CH3‘§—_\
3N + CH3COOH 3N
< CD3;0D N
N CH . 3 N A7
c 3 1 equiv . 1h ¢ CHg3
@) 0]
2
3 2 83%

@7 =)k 3a, 10 ORUGYEDFRIEE, TI/AF AT L OBRALIIVAF AL RS
(2B Dl L SRAME DIE PEDE WD JRRZEZ 232 BT, HEIFHTFIEICIY, 77
= a(N)EERB IO V= VER()E RO EIRBZ LB LTz, ZDHRER,
TV T IV RO T IV = VBSER 3a 1T T AT VT L RO T N =4
BEIR 10° DY T MR ITHY TR NATK T D RIGHEDMEL 725 TND T EAVRENT,

B IR FREA AR TER— IR FREA O MR R EL, B AL THRUGHHEEIT LT N EAVR
BSHTo, ZOEIND, TN = /VENL A DREIE L > TR O SOGTEIZREE L, fibiEsiE
[CEFET DL RSNz,

+0.234 +0.219 +0.340
Au(IPr Au(IPr Ag(IPr
0580 /. 208) (IPr) g(IPr)
CHs : -0.397 -0.402 _0.408 -0.438
+0.237 +0.107 +0.103
N N N
O N~cH, O N~cH, O N~cH,
| I i
o) o) o)
3a 10° 12

QBRI NV ARF L NACIE DS T ER Y e85 R (IPHAU(OH) X, REZ B/ L LTIV
13 LS L T, 6-ex0 BRAL L= T VA = )L &bk 14 2R I B2 72,
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Au(IPr)
CgHs—— CoHe XX
e \ NHCH,CgH, * (IPNAU(OH) +  CO; - O o N
13 0.1 MPa leh \gl:/ “CH,CgHs
14
77%

EHITREDIZZ LT B L LT La—)L 16, TL =L 7 La— L 17 B EEEC. WT
H 5-ex0 B b L7-, BRIR I — R R —NERZH DT VA =)L 455K 16, 18 DA R EN LT,

Au(IPr)
CH3
CHy—— A\
3 \  + (IPr)Au(OH) + CO, ——
15 o 0.1 MPa THF O ©
rt, 1h I
0]
16
80%
Au(IPr)
% +
. (IP)AUOH + CO e
" 0H o 2 THF 0.0
.1 MPa
17 rt,1h i
18
76%

ZNHORE BT AR T ORI T L3 — L DB VAR AV S DY, TV =0
S()EEEE 5 25— RN TILEERD L EFFET HHLDO TH S,

@7 N =) 488K 14, 16, 18 DT BN 3 fRERRFILTC, ZDOREF., 7V =/ e85k 14, 16
TSNS T O N RE LT ST AERIRTL 2 19 BRI — R 7 —h 20 2 E B 5 %
2o — 77, 81K 16 DREERMERTH LT N7 =LK 18 137 b k- THHER - B R ke =
L. EBO TV = AT va—v 17 52 7 AP BEREUGIZ R T IV = VSR D A R EZ D
TR R EDERAIRT L Z L T — R — DO DN AT BT ARE T B L LTI 13,
T LRV T L a— )L 15 OB VIR L AL RGO S it b s T2 23 S AR R
MIFELIL TR,
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Au(IPr) H
CeHs™ + CH;COOH | CeHs)\(\ + (IPr)AuOCOCH;
O. __NBn 1 equiv 2Ll - ..NBn
¢ Y 5 min ¢
@) 19 O
14 quant
Au(IPr) H
CH3J\§ﬂ CH3J\§ﬂ
+ CH3;COOH + (IPr)AuOCOCH;
N 1equiv D2C|2 O\C/
I rt, 5 min I
O 20 O
16
quant
Au(IPr) Au(IPr)
+
+ CHiCOOH————— /5 —(PDAY N,
o ° 1equiv CPOD 040 _co, X" oH
i rt, 10 min (5+ quant
18 H 17

OB N AR AR Z S LT SO0 B R LD W ReMEZ B 2 | 7V =L a8k 3a
EREFH T ACHIRL TN T aTARED RIS TR LT, TORER, &— KB RGNV FH
R N-aF AL NTFEAIRED S LS THRZEL, TV = NTGAREN ES DL &
21-E BELNDLZEND ST, FRZ, 7y RBATF AV EMETHS N-7 A4 a B AL R=
JVAIRNFSDE 3a EDFUGIZED  TAT =T IVATAR 21-F NVERLTHZE 2O TRVLNEL
7

Au(IPr) E
CH CH
SA\S_\ T
-, + EY ——— —my, * (IPDAUY

O\C,N CHs T O\C,N CH, (IPr)

I I

3a 21-E
E=1Br,ClLF

— D SO IV EFRE L= B USRIV O R R, HT= 7 il i 2 ViR e AV O iR
HEEDFRE 7D EE Z TS,
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ELIE E MBI TR EE D 6-endo-dig BALERAIKIE

TN ANTKET DR INE, FHINOBLE OEN N LA E BAIE RN E TS A e H 5, 5
TNERALZ S A . BREEN RN E 525, 70 VLT OBE VRSV LA
FORIZ BN T, IS TEAT - O RBGBE N E TR ORALO IR FITKR L THELT (5-exo-dig
BRAL) LTz 13-4 VP -2-4 0 BLOE R D DY DRI LTS T(6-endo-dig Bifb)L7-
3,4-PERu-2H-1,3-FF Y -2-A L AR LD B (Scheme 5-1),

Scheme 5-1 7w/ VXL T 2 DBV AV G DAL & IR IR

R% H* i ‘\_) N—H H* R_\§j

/

c'"°H  6-endo-dig "0-C 5-exo-dig O_ N~y

W\

carbamate

Baldwin Btz UL, 5-exo-dig BR k38 08 6-endo-dig BR (L I3V I 0 Al REZR BHER R CTH DA,
T VLT DB VR F L NALSSIZ BV TE, 5-exo-dig BRILAEITLIZ LB BRYL
ZUPERERINCAEOI, NBBRVLZATDBRIAE TG L2 L0856 AR
W, R ERFEEHOROBRILRIGZ D TH, 6-endo-dig BRILICEANBERYL XA RITIE
WIZIROND, LR T, 34-VERE-2H-1,3-4F P -2-4 v BLOSELl O EZ S SEFE N
HER D 6-endo-dig BRILIZLHE B E R,

(1) 6-endo-dig BR{LIZ KDV EN A XV Ak

%5 2 T 1 fi. Scheme 2-22 T/RULZIDIC, T A MEE()EEIRIZED Boc (RS /=7 mR
NENT I DEACKS3TIE, < DFEE D 5-ex0 BRALE NI S L, 5-7 ¥V T 2-1,3-4 %
PV 2-F v H G250, FRENE T VX &2b D, x0T vax s 7 kO B A H
W EIZIE, 100% 6-endo BRI UGS EI T T H T ED R E S 4L TV DH(Scheme 5-2) 4,
TV RGN T = =V BN E LT BVE CITAE R 6-endo BRAK AL D B-exo BRILIKRD
BAMERD KT VXL FEE TIX, 27T 5-ex0 BILIK~EEHBEIND, ZOZENDLETEER
T VF L~ 6-endo BRALDAFNCIRDMIMADDHIEN DD, FHZ N RIZT7 vak s A
Had 52 L2k~ T 6-endo B LAME LS TS T2,
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Scheme 5-2 /1 F A LA ()#EARIZLD Boc (SN2 7 /LT a7 OBRLK
Jits

R
R— R\(\ A
N—OCH,CgHs (IPr)AUCI/AgNTf,

/ = O NS + O N~0oCH,CeH
O-C, CH,Cl, C” "OCH,CgHs c 2CeMs

O rt, 1 h 5 &

R=CgHs 62% 8%

R=H 0% 79%

HF A A ()EERD DI KRN Z N A . 2- /== LT KD B — /S X—F
DRILIUEIE 6-endo FLIRD 24152 H(Scheme 5-3) S, NEMIIRINEL T V9 &b o7 oL
LT IVa— L RO B —R % — M 6-endo BRLARITHNZ | 5-ex0 B b3 T U BRIk 1 — AR R —
RV RRRIE L RIT A% BB 52407 5-ex0 BHEIKD B % 525,

Scheme 5-3 ZK$R(1) #1255 Boc RS- 7 /LT I0 DOBRALIUG

CeHiz——=—"\ CeH13 =
NH _Hg(OTf); N
%O_C\\ CH,Cl, el
0] rt, 30 min o
S/C =20 84%

(2) 6-endo-dig BRILAZ LD T/ AL

%5 2 EH5 1 i, Scheme 2-9 (RLTZHALE ()2 AWD 4-T L2 VR RO il BR L
JC AT IR RN T, FERICEm OV R = L akFEES ST RN T L% B8
DA 6-endo BRILIK/S-exo BRALIA = 3/1 OB THEKRTHIENHESN TS, L, =
DOBIDOAIZEER A7 6-endo BRL.DHIIE72\ N (Scheme 5-5)8,

Scheme 5-5 4 #kfkFEEHD 4-T VxR EEDOBLIUG

NG N

+ O

OCHs ¢ OCHj

(ONe)

S/IC =20

53% 17%

— 07, R EDH D - A AU TVR BRI R 5 6-endo SERAIBRAL S OB iR ) %
HESNTVD,
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Scheme 5-6 |2/~ T (2)-5-7 == )L-2-~ X T -4 A U TIVIR VB B FEE WG E L N7 v A
HAS L ANV IRAR L L TS L, LT 6-endo BRALANEIRIYIZHEIT 5, sREROfE T
BAMZ, BT LT 12 Y EON T )VA BAR L Z)VIR F e L 2 FRIE RGN L 7= S
T, MBI LEETHY, 6-endo BERALIERINMEIL 7 FIFLE F T T §5(Scheme 5-6)7,

Scheme 5-6 FRMZIZLD(2)-5-7 == /L-2-~X0 T -b-A LTIV IR U BR D ERAV I

CgH
CeHs——=— CeHs_~ N
HO-C \9 \9
o) o)

I\

amount of CF3SO3H  temperature 6-endo-selectivity
solvent rt 99/<1
0.5 equiv in toluene 65 °C 68/32

REEDIE(Z)-2-=2-4-A 2 T NVR U EED 6-endo BRALSUS A RALHEEMREEIC LD, IR T, THF
TR TR IKEITTHZEE RWEL, 7S OB LIS I > TERALON EEIE D 2
BT HIEEMIEL TD, 1B LT 2 BT NS VRN BRI RNER T L3 & Dk
B CIHIEE 6-endo BIRAGICSUGAETTT D03, E@W 3 k7 /L3 VB3 B 5 LA RIE
6-endo BR{bfA& L 5-ex0 BRALIKRD LA 2.1 DIREWNTI2%, 7 ==V IEHRZ B L3 L8R MET
SHIZIR FLT 6-endo BR{LARE 5-exo BRALIARD AR ELIE 1:1 12725 (Scheme 5-7)8,

Scheme 5-7 BALHENZ LD (2)-2-22 -4-A 2 VIR AR DB i

R
R—= N )
\ 2z O I, 4D
_ THF
0% 2472n o o
el

S/C = 10-20 R = CoHia 89% 6%
R = {C4Hq 62% 31%
R = CgHs 47% 47%

Fi2, (2)-2- 2 -4-A L TV RO BRALSUS CIEERIE ML U CTHER 372 285 Tn
%o IR T, DMF | JRRFIENT T V% 2t 2 (2)-2-2 -4-A 2 FIVR BRI L, il B oD RY
TIVA TR ZVIRARERRO T NI T VA m R iEERE N2 D& 6-endo IR S HETTT D
DIZXF L, IREEERCHERRIR A RN T- 554121 5-exo BINAIZ UG 23EE1T9 % (Scheme 5-8)79,
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BT, ZORGOIRIRME TR B L B IND Z DD > TS, IHERER A fillit L3515
DMF I CRGSHEDE, 6-endo BIRPEIL 64%E FREFEICEE FHDITRIL %é?/»—zwiﬂf =R
6-endo EERMEAN A L, SREERTZ M OIHRIL 85%I21ET 5,

Scheme 5-8 $RIEIZED(2)-2-0 2 T 1 -4-A L T VIR TR D BRAL SO

CgH
CeHis eH13
CGH13—\/\ AgX \(j

HO- C EMF ||

S/C =20 X =BF4 82% 11%
X = OCOCH;4 12% 88%

X =NOj 61% 34%

X =NOgj (in CH30H) 85% 11%

Flo, vrunrg o (2)-2-T 2 -A-A L TIVIR O BET AT VAT FTp B DR E A ERH
ZEJSL g AbE L 6-endo BRAGIRASRIRANIZAGEHNDHZ LD Yao HIZE-> TRES T
o 2 BB DL 3 EHLT VU HIE T, 6-endo BRALNEINAVICHES T 203, 4 BT L
é"%)oﬁé’féf“@ X 5-exo B VS L THETT95(Scheme 5-9)10, JLE L op @ AL D SEAR I
FO. T NF AT VBT DEF LI BRI BS A RN /2572 LB 2 Hivd, [FAFED K
i T AT VT (2)-2-T 2 -4-A 2 TIVIR e BB VT RS S T TH & 6-endo
BPEITK T2,

Scheme 5-9 (2)-2-=2 -4-A > JIVIR U BR AT )L D UG LA B AL RO

E E
R — = | \
N gt + EX ——— O« 1 ON R
RO-C CHxCl, ¢ R G
: r, 0.5-1h O o}
EX = I,, ICI, PhSeCl R'=HorR?-H R'#HandR?=%H

AT, Tian HIZEo T, 3TV Y AMMBEIZ L5 (2)-2-2 0 -4-A 2 F1 VAR VR T AT L D R
6-endo BRILAGELTHE T ARET NI EOMLEI 7 aRA Ty TV 7 UGN ERESITND,
PdCI2(PhCN), filliEf#7E . DMSO & | fefb Al L TR/ (BQ) B LU R Z Vo2
ECL 32 °C LIRS CTT N = VBB LTZ S BER T 7 R R KL RIS 5D
(Scheme 5-10)12, ZMD it~ Tk, Scheme 5-11 (R T HESIRZ SN TS, T70bh ., FEOT
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VAL NT YT A(INIZELALL  6-endo BRALDSEIRAUITHEITL CHTF A LAET V=035
UL | BAERKL, AL T4 DRTVT N DB ()BT IT A—RFERE A~
OB EFRA N ZHRETR—KE DB L AR EREL . ~F2 T L) R AN LY H Rk

2 T EEREA AT 2,

Scheme 5-10 /X720 A Z 5 (2)-2-20 -4-A 2 VIR AR = AT )L DIEIREY 6-endo BRL
ERRDEARET N LD a R Ty 7V 7 i

A\ - EWG Pd(PhCN),Cl,, BQ (0.5 eq) R
C2H50_C\\ DMSO, 02 (1 atm)
o 32°C, 26-110 h
1]
o}
S/IC =10 45-96%

Scheme 5-11 /T Az X AER LR T A 1> 7V 7 Ot O fil -1 7 L

R—
\
R _C\\o
/ d2+ %
d©) + H*
d%*
R—==
A
lfragmentatlon EWG RO_C\b
EWG Pd*
R Z
+
O EWG Pd
—/ R U
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-7 NF=NERBEFBRIBIONEDT AT VOIS T B D= A T VR O HE
JEIEREL THF RS TN BTE T Tl | SESFAMBE R ARFTS L TRY, 6-endo BR{LIEINME
XA NV R U BRIE S EL e DA N5, TV ATy REEfREOHIE LT, NILBIE, R7
VA BRAR AR TERC p-MV T ZVIR U FED KO TR IR A S5 0- 7 == L T =V R
FlE DBV Z 7k A, Scheme 5-6 T/RLTZ 2-To-4-A L VIR RO R EVE R L IR T
T 6-endo BRALAERMEL T 3- T2 A V<) R BEIICE 252 8% B TZ L Tvd(Scheme
5-12)7,

Scheme 5-12 F@figfitftlc 15 0-7 /L% =)L BEBE OBV S

Ph

NV
N CFsSOH  Pha ~
—" .
HOL toluene ON
(I? rt, 12 h 9
(@] (@]
S/C =100 97%

Crabtree 5%, Scheme 5-13 [Z/RLTZERUR AV D A(IN)RBEIZ L2 0-7 VX = V2 B EROER
{EROSD 7 ead/L A H 75 °C DT 6-endo JBIRAIIZHEIT T 52 8% RANEL TV, SRR
IT7 R RIEOBEHILICHBLZ P, Fue LV ERCT = VR BE B VTG, &
IR THINT DAV I~V % b2 58,

Scheme 5-13 ERURAU T AR XD 0-7 /v =L 7%2 BERR OBV G

X) Ir cat \(D
CH5CN O

° I
75°C,1h 8
S/C =33 R=CsH;  89%
PPhg
R=CgHs 91%
Ir cat = H
- /Ir\+ .
o ‘ 0o
PPhs

-7 VX =V BEFROEZELL T, 2-7 F = )L-3-=aF U 2T )L DBV S DS
SN TWD, N7 A afEieh | S LA () D X972 Lewis BRIELE T, ~ A7l lBEHIZLY
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100 °C FTMET DL ISR HEFTL ., 6-endo BRILARNIZZR I @RI EHND
(Scheme 5-14)Y, BAPEVRIEIC XD, €V BEET AL THZET, Lewis EEfRME~DELZ
P72 B, AL — RO EITUIZEHEES LTV,

Scheme 5-14 2-7 L% = /)L-3-=aF LT A7 /)LD Lewis fEfiiiZ 1% 6-endo B3{L s

R
N
NNy Cu(oThH, R~ | N
HO.,~~~ CF;COOH O o \F
° i 1l
& MW 100 °C, 20 min &
SIC =20 92-98%

(3) 7INLEMD 6-endo-dig BRIt
0-7 NF=)VE B ERETAT VIX, Scheme 5-9 (Z/RL7ZREFHIIZED 6-endo BRALSEH3 AT
BECTHDHD, FERIAED 0-7 VF = VL BHFBETIN T, 7% RInDOEHILIZIST 5-exo B
(b3S L CHET T3 % (Scheme 5-15)15,

Scheme 5-15 0-7 /% = /L& BEBRTIN IR LD )R X5 6-endo/5-exo Bl i

R “ ' R
N NaHCO; R~ \
CeHsHN + CH-CN CeHsN T CeHsN,
6r1sMIN~ 3 5N~ c

rt, 1h I 7

o) ’ O 0
R = CgHs 9% 90%
R =IC4Hq 7% 77%
R = CgH47 10% 86%

—J7, TIRDONHFEE DT X% L 6-endo BRALIER AN ARG EL T, 7 m8
JLEILTLT O 6-endo BRALSE SRS S TND, KR, KETHMET 7 /L L7
DEACTNVRF L NAICEIDARBEBRYVZ A IR T2 OREL T, I bIKFR L EE 1
EEHTHAVT R—h DT LTI O INCE DR EERYL T A R%DY Pereshivko ©
IZEVHEIN TS, T UL LTI AT F— b L T E RS T-% hF A4
S ()AEAFAE FINBAT DL T UL T EROT VX AIKTH0 %V\?*Ffﬁﬁu}imz’» 6-endo
BIRAYICHEI T35 (Scheme 5-16)Y, REIAIERINES 7 V2 o BB 2 -2 3581, @ IREDME T
L. 6-endo ER{LIEL 5-exo BRALIRDIFIZRIEAEKLT D, ﬁﬂil@i&b“(fﬂi’“%ﬁﬁb\f: B0 KT
N BB Z WG AT, 5-exo BRI HETT L7 AR B A3 ITAS H A8,
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Scheme 5-16 7'/ VLX)V T I AV T R— D R D R 72 S BER UL T D
one-pot Ak

2
R 1

1_— R R?
R2 R-=—  phpauciagott 17T

1_— + NR » 4 3
R T< , R4NCO W R4HN—C/ CHCI, R N\C,NR
NHR rt, 5 min N 50 °C, 15-22 h I
O o
S/C =6.7-20 41-95%

N-7" 2/ LT LT TIIAIN R =N HR 2 R R E T DRILOS FIRE T D, Toste HIE, A
VLRI T VR p-MV T ZVIRUEEA Y T X = D SIZED R T L T A RS T
AT A AL (VA FINEV T 528 C, BB AR %45 TV 5 (Scheme 5-17)%°, 5-exo BR1{t
BN EERMEL TRONDED D, B G ENE L2 5 HEROT VL A2 DR
VBT, 6-endo BRAEAERIE 30%Hm114 Il T 5,

Scheme 5-17 7/ A AV T FZ— D =555 Hv 7V 7 K

R CeH
R CeH 6Hs
HY06H5 PhyPAUCVAGNTS, Y7 Y ° N
R— + | + TsNCO >~ O. N + 0. N-
N\CﬁHs CHCl3 “C” CgHs ¢~ CeHs
rt-50 °C, 15-48 h N N
Ts” Ts”
SIC =20

6-endo/5-exo selectivity

R=4-CF3CeH, <5% >95%
R = CgHs 6% 94%
R = 4-CH;0CgH, 29% 71%
R = C4Hg 38% 62%

ZDEH7 6-endo BRALA A% G- 2 DS RE L CTHESN D A SIS RO G b HES
N5, 5 3 T4 1 fi. Scheme 3-8 IZ/RL7=IIIZ, IREAIRINER T V% &t D7 1/ L)Ll
WARFHINET T A UM NHC & () SR E D 7 S SUS & AFE F T4, 6-endo BRAEAY
HEATL, T =LA ()SERDSRIOICELNED, UL, HEEZ M T, A ()85 R% fil i & %
THOT L, BILAERD O 6-endo BEIRMEITIL T L, 5-exo BRALAKD L A3 55 3% (Scheme
5-18)21, XH|Z, KT NF L RoB FRNE R LT-7 0 VXV VAR IR OBRIL ST, W
THIDZEMTY 5-exo BRLIEBRAVNHEITT 2,
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Scheme 5-18 71/ L LA LRV IR L4 () EE RO SO LA BV i

o™= Ny _(UPPDAUCIAGOTS CH3% +CH3 N\
0=, THF O 2N O N
CeHg ™ 16h c c
[substrate] = 0.05 M CeHs CeHs
S/IC=20 37% 41%
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(4) 6-endo/5-exo IR PEDMH ]

AITET TR L 727 L2 3553 F PN SREZ AN B Z B 3 D48 - 6l~5, 6-endo BR{b
PR BLOMAIILL FOIIITELDHND,

D7 NV KO EHFLIZL 5T 6-endo/5-exo FIRITEIZEN DA IRIARNERT L% %1
DHBE DTN, 6-endo BRALDHEITL0F N, Fio, K7 /LS 2 HE Tl 5-exo BRALIR DO A3 E
F%L . 6-endo BRLAE A 5 2 DHNTFNHIL TR,

ORI R RN 582 K ET 580305, THE~FEVEEAIZISW T, 6-endo BR{LAS AR
(22 MM D 8D,

@o-T NF¥ =)V BEFRE, RNV BT )V IRV R S, FEIE VAR EEDIET
RERT VN ZH5 20T WD S,

Lol BB SO SR IZ Ko T AL EIRIRMENS B 5708 | BUR TITRF A7 FE3HE72< | 2R
P 3B T 2 ER S SN SI T HIB 720,

LIz C, 7 70 OBAE IV AR 2 AV BOGIZ 31T DAL B SR M H i O Fik%
BRTLHIEIZEST, NRBRYVLVZCORRMEG KA EBLT 57217 TR SMEBIZED
5-ex0/6-endo ER {100 AT = X LDFRINZ D723 5 L ]IFF S D,

ZI T H 2 EE IHEICBWCORAERYLAUMEIELTE L7 XTI, 4
(AR Z LD BRAL VAR F L AL 31T 5 6-endo BRALIEIR )72 SO S AR LT, SDIT,
BPPEFEEL O ER A AL FHNCHOMNCTHHI T, HERBIOANBRUL YL A2 5257
I =V A BEIR DA L - FEBEE Z D BUEPEIZ DWW THFFE LT,
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F28i BIET 2 INAXNTIVOBRIEINREVILRIGIZED 3,4-PeRr-2H-1,3-4F )
V-2 A VAR
(1) NEBBIRMEZ I HIRBE T

(IPNAUCH Z il U TV, SRR | JEBENETT Vo 2h 2 1277 /-2-7 F o (L) 2 A
BELT, Wbk 2E 0.1 MPa T, 40 °C D54 C, AAE IR 1.0 M, JLE /ML =50 (SHE—
U CRURZE AT, £ DR R % Table 5-1 1Z~7,

Table 5-1 BFEEBEFICIBITAE 170 XTI OBL VAR X S LR S

_ CHs CHs ™\
CHy—=—=\ (IPrAUCI R
NH, + CO; ——— o__N_* O, N~
1 0.1 MPa solvent ~C” H c H
. o I I
40 °C e} o)
S/C = 50, [substrate] = 1.0 M 23l 2|
entry solvent pKain H,O time, h conv, %% 23I, %% 2I, %P 231/(231+2l), %
1 THF 38 21 1 20(78/22) 5
2 (CH3),CHOH 165 48 46 19 27(98/2) 41
3 CH3;0H 15.5 24 57 31 36(75/25) 46
4 CICH,CH,OH 143 20 84 43 41(83/17) 51
5 CF;CH,OH 12.5 13 100 86 14(76/24) 86

[a]: Determined by 'H NMR. [b]: Z/E ratio in parentheses.

THF %85 T 38 I RS SH T U DR T 20%FEEIZE S E o7, NEERVLZ 23|
IFEAEAERE T, BERTLZ 21 25 20%IX R, E/Z = 78/22 DL TARL LTz (entry 1), — 7.
TaR AR LT, 2-T R ) L RORAS )b 2-ran T ) — 0D E U OfREER)R
] L9 5LE12 6-endo BRAGEAM 231 DICRIZZNEIL 19%. 31%, 43%IL=RITHI ML 7=
(entries 2-4), JVEEVEE DO RE\WT La— L 231 ARSI QD2 A E 2 SOICHEER
PEEED @ 2,2,2-N) 7 VA a s ) — ) W(TFE) &R W =82 A 13 R LANIC BSOS I TERE L.
231 DULHIL 86%IZ L 7= (entry 5),

231 1Z B8C NMRIZEVT 1515 ppm T LZ L D H VAR = VIR IBEIN DY 7 Mgl s,
ZOIEDDOTTF B ED, H, BC NMR AT ML DAL 7 OB SCkERE—F L, T3
TRV IR B D ERR LTV RI R D 6-endo B L SETTL CTARK LT 6-AF/L-34- kR
2H-1,3-A XV -2-A4 L THhDHI LN b o7,
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(2) Sl STRERIL 1D

WA, Ao STRFBRUNT - D M LA SR B ME~ D BE TR 572 1l OB b
R L%, TRE WA, R LR EIE 0.1 MPa T, 40 °C, ZEETIRE 1.0 M, JL/E/fliit
bt = 50 O TIT o7z, Table 5-2 (288722 SCRFEANL 1% D55 RO AR M 0 Heilhl 54
Y,

Table 5-2 HE 17 1/ VXL T I DOBRAL VIR 2 WAV S 3B DB 150 R

_ CH, CHs
CHy—=—\ LAUCI Rl _5_\
* O N~y
&

NH2 + COZ
0.1 MPa - I
40 °C o) @]
S/C =50, [substrate] = 1.0 M 23l 21

entry ligand, L time, h conv, %% 23l, %% 2I, %®" 231/(231+2l), %

1 IPr 12 100 86  14(76/24) 86
2 I'Bu 12 85 78 7(100/0) 92
3 PPh; 15 68 45  23(65/35) 66
4  PCy, 15 96 76 20(97/3) 79

[a]: Determined by "H NMR. [b]: Z/E ratio in parentheses

NHC BfZ -EL T, I'BU (1,3-3 tert-7 FILAIF ) —)L-2-A VT Neb Dbk E V=LA,
FOSDEALRITORAK F L7203, S BEBEEIRMEL 92%~E 1) EL7-(enrties 1 and 2), N7 ==/L
TRAT A BN AATH DA R, MRS S DI FL, 16 R O SO CHAL 3% 68%, /S
BERERE 66%E PR IZEE o7 (entry 3), ZAUTKIL, NI 7aA~F L LRAT 4 Z B 1
IZh e (entry 4)i%, N7 == ViRAT7 A U EIRIZHAR RAFRfE R %2 5 % | #5{L3E 96%., AN
BERBIIE 79% Thotz, LIchi> T, JVE I GMED @O SRR 128 D S5 AR D m L E
P L 6-endo BRAIBIMEZ R 2030025,
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EIE B LRI SAEATIVDOBRAE IV RE L AL 81T B G DR LA BRI
DFHEE

(1) 7Txr EOEBILH R

% 2 HiTRWZLT, 6-endo BRALERINAYT L X SRR OME REME Z | 2,2,2- )7 vAnxk )
— /L (IPAUCH SR T, ER{LIRFEIE 0.1 MPa, 40 °C |28\ T, 7/LF Ko &tk
DERALTI VAR MALBOG DAL E SR IRVEIZ KT T B OV T, £ORER% Table 5-3
(R T,

Table 5-3 7 /L% FOEHFLCLDERAL VAR AV SOG O TE E IR

R——\ _(PnAuCl W/\ _5_\

NH2 + CO2
1 0.1 MPa CF3CH20H | ||
40 °C (o) o)
S/C =50, [substrate] =1.0 M 23 2
entry substrate R time, h conv, %% 23, %% 2, %%° 23/(23+2) %

1 1w CsHq4 13 100 81¢  8(69/31)° 91
2 1x fC4Hy 12 75 67 8(77/23) 89
3 1y CH>=CHCH, 13 80 39  41(100/0) 49
4 1z 4-CH;0CgH, 48 59 41 18(72/28) 69
5 1u CgHs 46 81 30 51(83/17) 37
6 1aa 4-CF3CgH4 48 76 10 66(85/15) 13

[a]: Determined by "H NMR. [b]: Z/E ratio in parentheses [c]: Isolated yield.

BT L VIR = CoHa, W) 7 /L% KRS E R L 72N 7 /L% FEE LT, 13 Rfi T
BOGM5ERET2EEHIT, 6-endo BRILDEIRMEN 91%IZEL , X T H/RBERYL 2 23w A H
BN 2R 81% CHEHALT=(entry 1), MEEWT VLR = ICqHo, IX)E G TeNENT /L5 HE T
13, B EER T5%E SR D NRITORIE FLIZb DD, NEBRTL 2 23x 5389% &\ EIRMET
‘oz (entry 2), LinL, 7AF R TUNLHEA S S HE(R = CH=CHCH,, 1y) CHEGRIRIE
WK FL, NERUVLZY 23y EHERULZY 2y NIFEEORAWE 5 2 - (entry 3), & 2
FECRUIEAZ ) — )VRIZBITAE 2 7 a0 LTI OB VIR AL & FIREZ
TV /VIENBERLUIZNEET L 2SO 1u, 1z, 1laa OFUSTEITRL, FUGREE % 48 K
IZHER L Th ., #ixfb3-I% 59-81%! ’é:é:“iofco NP FOBEHILOE FHMEEISSU T, B
(LD EBIRIEDSZE L, ST P EAMEEETHDH ANV EA B DEE (R = 4-CH30C6Hs,,
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12)i% 69%DINVE TR EERVL X 232 & 5.2 7= (entry 4), —F, 7=V EENEH LB (R
= CeHs, 1U)IT®RINIL 63% THEERTVL XL 2u 2RI E 2 7= (entry B), SHIZ, XUBUERD
PRINNZEARKBIMEDOR) 7 VA AF )L LR = 4-CF30CeHq4, laa)Zt i E 13 =R A (87%)
ICHBBRTL X 2aa &5 2 1= (entry 6), 2O X, Ty EO@BEBRIEOE 50 m E3
%& . 6-endo BRI A RN 2R DM N A HALT,

F7=., Scheme 5-19 (/R XAIZ, 5 2 T EL T 1-AF VTR /-2-7F(1la)x v, TFE
W A ()ARBESR T, LR FRIE 0.1 MPa, 40 °C I[ZB W TERAL VRS L bR AT 25
ZIKOHEBRYLZ 2a 18 82%ARKLIZH, SREERVLZ 23a OERMIT 11%I2EEFD, 5§ 1
T DFRREBERTVZ DERMEESNDZ DT,

Scheme 5-19 & —# 7 a LX L 730 1a DLV RES UL

CH
CHj 3N
(IPr)AuCl %

CH3—\: + C02 _— O. _N_ + O\ ’N\CH
N—CH CF3CH,0H C” "CH,4 ¢ 3

/ 3 0.1MPa 3 I I

H 40°C,12h e} e}

1a 23a 2a

[amine] =1 M 11% 82% (100/0)

S/C =50

(2) K7 % HEORIE

Scheme 5-20 | Z/R 3 EH12, K7 V¥ %80 1-7 /-2-7 vt (lab)a, 2,2,2-N) 7 V4 BT
% —L i (IPNAUCH i AE T, —R{b 3T 0.1 MPa, 40 °C O EMCRICIIT Stz i A
oA RBERULZATAERE T, HERYL XY 2ab AR 40% CTAEKTHEEHIC 170
IXVERIVB AT JL-2- A5 1 24 78 16%INERTRIAELT, 5 2 BE 3 HiCRLIZIoIT, A%/
— VHIZBITFARSET VX HE (Fa S X7 0) 1f ORGIE, iR - fEEE 2 oinb e
(VT BEFUREHEATERL . ILEBR YL XA OUERIT 16%IZEE £573, BRI D & TFE
HCRIGNEToTeZET &7 BF IR GO T abh i MEtESiv, HERYL X OILEEN
M EL72EE 26D,
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Scheme 5-20 72 L)L 73 lab OEAL LR AL G

H
H—— o, _(PrAuCI 07\0/\N\H X \N7—\\—
I

C -
NHy * 2 = CE CH,OH cNH
01MPa 46°c, 14h o I
1ab ’ O
2ab 24
[amine] =1 M, S/C =50 40% 16%

2-AF > ar 24 1%, LERULZARY) 2ab RGO T L)L 7 1ab B OSRLT
RONDERM TH S, Scheme 5-21 (TR T IO, BRIRA—ARR—hET I EDRSIZEDER K
DL AR NDIVTEY,, TR EERIOBE TR T& 5, iz, 7a LT va—
T, CRLIRFED Z AR TOILH LA REB24(Scheme 5-21) Tl —H., R CARKR LB
KA —HRR—NMZH 1 BT7IVDREBEL, FHERL CB-A X/ 7 at’ /Ll — \A—NA)E G- 272
%, SOITH T INREEBOEPEITL BKZR TERIRT L 2 PR T 5 OB TR E S ¢
W5,

Scheme 5-21 7/ L)L T ba— L T3 “BLIRED =R TOTLZ ARk

(@) R 2
1 R
R R2 O. _NR3R* MRZ
:—k + CO; + NHRR* —— \(IT,” AN RN_O
OH R1 R2 o} or \”/ or \9/
o
R, R?xH R'=H
~H,0
1 1
R R? R’ R? = R? HO R R?
> k NH,R >—k H
0.0 —— HO O o) O——= RN._O
I RHN—C\\ RHN—C\\ I
(0] 0 0 o

F7=., Scheme 5-22 |Z/R” T X912, BRIRTL &2 2ab IZxf L T7 /0L 73 lab ZEH S
7o 6 AT TR LW DD | RTUT AMMEAAE N CERIRV LT DM ERK T 228
WAESNTNDE, ZOZEND, 2-A35 Y 1 24 DAERE &ML TS ATEEMEL & 2 DD,
LrL, 2ab 252 58FMRETIVNRISLT 24 252570, 2ab 3MERKLTZ£IZ 2ab &7
Y DIREEBIMEEL TODDRE | RSSO FEIL A Th D,
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Scheme 5-22 STV A LA BRIRTL 2 L7 L LTIV MBDBRIRTL T AR

»\_\ H—=— Pd(PPhs), _ \H

O. _N-
C H ¥ NH; toluene
o rt, 24 h
1ab
2ab 24
S/C = 2000 70%

129



i
(&3]
it

(3) 7r LR IALD BRI D F

IZ, Scheme 5-23 127”3 X912, TFE 1, (IPr)AuCH i iE/F7E . —Fe{b/R3EE 0.1 MPa, 40
°C IZBWT, 7 UL (ZE R oSN BRI S S IE OB NV R F L RIS AT T,
TSR NMEB RO E LT SV LT R 1z OFRIREL T, lac BE0 lad 24T
L. FOBRALINVARF AR S E T LTz, 7 a LR —BHROE 1k 7 v UL L7
(lac) i TSUEDFERET 140 IR 2 L Z L | SEEHRF (L) A~BRITE T LIb DD, RABR
LA OEIRIEE B L, —J7, CEBOT I (lad) TIESSIEEIT L~ T, 55 2 55 3
i, Scheme 2-29 T/RLIZEIIT, AZ/—/LFICEBWT, lac [T 2 7 a v rIis
v ORI NVRELNMLSUEBIEEALEITUI T ZE bR EZ DL, 1v OYE LIFARRIC,
2 OV NI B < T D T BT Lo TRARMEA~ DT L% OFEUL IR S AL, SRS HEITL S5
Bl BEZBND,

Scheme 5-23 aiE#a 7 2/ )L XL T I DB LI VRF UL

(IPr)AuCI \/\ _5_\

Ar————— + COz +
NHz 0.1 MPa CF3CH20H || ||
| 40°C,48h o) e}
1z 23z 2z
Ar = 4-CH30CgH,4 41% 18% (72/28)
[amine] =1 M, S/C = 50
Ar
Ar N
(IPAUCI hhd
Ar—= v 00 ——— > O N, * O Ny
NH, .1 mpg CF3CH20H i i
40 °C, 140 h (0] O
1ac 23ab 2ab
Ar = 4-CH30CgH, 59% 10% (100/0)

[amine] =1 M, S/C =50

Ar%k (IPr)AuCl

NH,* CO; —————— no reaction

CF3CH,OH
1ad 0.1MPa 403785

Ar = 4—CH3OC(5H4
[amine] =1 M, S/C = 50
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BAE ANEBRULVAAEROBERT
(1) HERBIOAREBRULZEREL DT V=& ()R B

REBRYL OB SRIVER B AT 2 F 0100415572012, 6-endo B 1L HIfH]
RELTIRESND T IV =L@ (1) RO HEEA iR 7=, 55 3 B8 2 i, ROV 4 %55 2. 3
L FERRI. NHC BER 3 4 (DEEAR(IPHAU(OH)D THF IR IZ %L T, =RiE., 0.1 MPa @ —fig{l,
IRBFHR T TLYHED 1-7/-2-7 F (U EAEHSHE, 1IFEHEFR L= (Scheme 5-24), &R
BMORIEZE TR EL-% ., Hr7oak/L AT IH NMR ZR1IE LTS R, ER e 4 (1)5
ROWMREMERTDHEEBIT, BITENLLTZ NHC OAIF Y — VB Fo7 ahlfgsnsg—H®
FROT 7 F L3, 7.15, 7.14 ppm (T4 3:7 OFE 7 LTRSS, ZDZEMNG, 2 FiSHD NHC 4
BERDERR L CWH LI LT, F7o, 377 OFES AL D —HE O 7 F 408 1.43 ppm, 1.57
ppm IZHBIES I, ENENAIZ Y — T ab D 15 (3 7 b 23 OREy iR E Th -7, TV
XU RIEDPATF VBRSNS 2 70 LRV T7 I 1la RO T VA7 =)L & (1) 351K 3a D48
BALICALE T HAF VIO T b D ZERRODOT 7 F 173, 1.55 ppm (ZBIHISNAZ L& Ex |
Scheme 5-24 (298978, 7L TRAUIRFDDECD NIV AT T LXK T
REAITINUT=T N r =)Vl HS 2 A IR L CUOVDEE 2T, IR X RS AT Ok
5. EARMOFERIL 5-exo-dig BRLL TALD anti (KD LB BRVL X UG EE ST )V =)L 4
(NVEEIRB) TH LD L, BRI DSERIT AN ASIUBEA T T LT LT 6-endo-dig
BRALL CTELARNERYL A AEE L ST L7 =4 ()R (25) Th HZ LAV LTZ, ZhHD
SERDIR BTN DN AT N AT LI a7 57 4 —IZ XD HES AT RETHY . Sy BELT-%%
ERE T R A H DI DR BT R D D AR A TOZ LI > CREREAD T Yy
WOFERPFOI, 25 % 23%, 3| & 60%IL =R CHEET 520N TET,

Scheme 5-24 7 V7 =4 (1) 851K (25, 3) DAL
1.43 ppm (t) 1.57 ppm (t)

| Au(lPr) - T Au(lPr)
Che™= NH, * (IP)AU(OH) + CO, H20 CH3\%\ b 0N
. THF O. N«
1 1:1 0.1MPa 4 44 Oc-Noy o TH
o o
[amine] =0.17 M 25 3l
23% 60%
cf) Au(IPr)

CHj

T A\
O\ /N\CH3
1.55 ppm () (l)l

3a
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25 O X HrHERE SIS AT OFE % Figure 5-1, Table 5-4, Table 5-5 (27537, C3, C4 AV Dk
AADOFNIF 360° THY, F/- C3I—CAKEEEN 1.314(6) A Th-o7-Z L5, C3—CAFEA N
HEAEA AL SO LA HEZR TEZ, £7-. Figure 5-2, Table 5-6, Table 5-7 |ZIZ T BB AW 31 D
X B ES A IS R O A £ L7, 31 O C3, C4 JAVDFEA A DT 360 °, C3—C4 fit &
F13 1.306(12) A THY, C3—C4 fEGIT0T —HEFEAMEEZRL TV,
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Table 5-4 Table 5-5
25 OEERFEAE 25 O EFRFEG A
__BondLength(A) Bond Angle? (°)
C6-Au1  2.019(5) C3-Au1-C6 176.09(18)
Aul-C3  2.033(5) 01-C1-02  117.1(4)
C1-01  1.2316)  o1-Cc1-N1  124.1(5)
C1-02  1.348(6) 02-C1-N1  118.8(4)
c4
] N11 P2.n 14) C1-N1  1.328(6) 02-C4-C3  122.7(4)
,g. ~ 1
02 w\\_..b 1 M R=0.0502 C4-02  1.447(6) 02-C4-C5 106.8(4)
wR2 =0.1045
I_L o 7-4 C3-C4  1.314(6) C3-C4-C5 130.4(5)
Figure 5-1 25 ® ORTEP N1-C1  1.328(6) Au1-C3-C4 123.9(4)
N1-C2  1.457(7) Au1-C3-C2 116.6(3)
C4-C5  1.500(7) C2-C3-C4 119.3(4)
C2-C3  1.479(7) C1-N1-C2 125.4(4)
Table 5-6 Table 5-7
3 DEHELFEARK 3l DEERAEA
S Bond Length (A) Bond Angle (°)

/;_ ‘ /L‘ C6-Aut  2.019(7) C4-Au1-C6 175.0(3)
N //"_ \,/‘,\.-\Q_ Au1-C4 2.050(8)

/\, % F \\, 01-C1-02  120.5(7)
/ A C1-01 1.21810) o1 cin1 128.7(8)

C1-02  1.355(10)  o02-c1-N1  110.8(7)

s O CI-NT 1336(1)  0p c3-c2  106.2(6)

? C3-02  1.445(9) 02-C3-C4  122.5(8)

o “/\ yﬂm s st C3-C4 1.306(12)  C2-C3-C4  131.2(8)

[¢ WRTOME N1-c2 1433(11)  Aut-ca-c3 116.9(6)

e C2-C3 1.529(12)  Aul-C4-C5 122.0(6)

Figure 5-2 3l ® ORTEP C3-C4  1.306(12) C3-C4-C5 121.1(8)

C4-C5 1.477(12) C1-N1-C2 113.1(7)
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I DHEIRYLZ U AMEEE 7 DR A R of & A I35 3 T/RLIZE 27RO 7 V=
(SRR 3a, 3m EREZRIEWITA o7, — 5 Lk I HROEEAR 25, 31 Ti, Figure
5-3, Figure 5-4 |29 8572, VL2 EDEREEHET DEERO VAR =)V ERSE M D 41 [#K
FHEA(N---0™ 2.839(6) A, 2.806(10) A)3ZE T i, VL Z U BH#s EICNH 7 BR 2/ L T05
ZNDOEHRIRHERI 2 1E Th D,

Figure 5-4 F&SHICRITDT N7 = VABEIR 31 D5y TR FERE S
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RNEBRYL X AEEEL ST V7 =)V AER 25 0 BC NMR A7 LG, 153.4 ppm (2771
RENVIRFBITIFBIND L7 T VERIS V=, 2, Figures-5 (2R3 8912, 35 3 2 HiC
LTz 5-exo-dig BRI L7-7 L Z A &1 -0 3a(s 158.3 ppm)=<° 3m (5 157.9 ppm) 2 LE 00 B fikk
SITHY, 5 4 T 3 HiT/RLIZ 6-exo-dig BRI LTV L Z U 4iE%H D 14(5153.1 ppm) & [FlFE
FEDETHLHZ LMD, REBRVL A ARG —RIRMERESE 2 DD, —T7, LERVL 24
EELOT N =)VABER 31 @ 1BC NMR A7 ML TCIL, HVR = VIRFITIRIESNDSY 7L
73 159.3 ppm &R HEERVL X MiE%d D 3a, 3m (S WL EICElIS L,

Fo 8 4 ECHRAINNC, B—T NI N RBERE S DT O RO TR ST, T
=B D BCNMR 7 F Db 7 BB & %, NEBRUL 2 HEZ S DR 25 T
X, BT A LT W =V RFTIFIBEND S VT8 1255 ppm [ZEHISH -, ZOEIT T
BBRUL A EREET TV =/ K 3a(5130.4 ppm)=<° 3m(5135.6 ppm). 50T 6-exo-dig
BRAGIR 14(5127.9 ppm)&0d @G Cho7z, —F . 3l DT V=V IRFICRBINDGY 7T
JUE131.8 ppm &, 3a DHD LIV ML E IZBIHIE T, WTTIUOfEDS . e fifa i icn T
VTRV HRD T N =V AR 10 (5174.4 ppm)IZ R TR ELE S 7 LTS,

Au(IPr) Au(IPr)
CH;—{=— 131.8
CHS%—ms.s 3‘\%_\
o\ /N\ O\ /N\
1534 —>C"H 1593 —=C H
(0] (@)
25 3l
Au(IPr) Au(IPr) Au(IPr) Au(IPr)
-~—— 1279 CHs; \4_130.4 CgHs \4_135.6 174 .4
CeHs™ ™
O\ /N\ O\ /N\CH O\ /N\CH O N\
1531 —> G "CHyCgHs 1583 —> C 8 1579—=C % (588 ,\9/ CH2CgHs
o) o) o) S
14 3a 3m 10

Figure 5-5 7 /L7r= L& kD b 7 Rkl
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() HERUVLZBEL DT NI =/VEEEIREN T VA ax s ) — VDR

TFE FZH1F5 NHC @ () RZ AL+ 25 1 7 v L LTI OBV RF T AL,
BOSIE, RERYLVA 2T ARMEL T2, Z RO LERYL A2 BEO E KO L ERYLH
UHNRAET D, ZRUTKIL, FET R MR TR LT V= () EE R OIR A I, anti
AR BB L2 Ak 2D O8ER 31 BNEAERYE/2->TEY, syn (IR OSEARITA L
TELT | SUSONLEBRIRNE  STARBRYEIC Z R EL T D, DFT FHEICED BLE A X A
FRHTIC I LIRS S 2 IS L L CL SREBRVL A REGEEL DA 25 L OBEA 3
DOREERGEILEAT TR B, 5K 25 38E(A 31 LEEfE LT 2.16 kecal/mol Z27E THhHZEM B
(2720 HERRENCA LB 25N 585K 31 28— BAR L% . BB A R85 K 25 ~0
B R CIE AR 7 e b D IRIZ KRS BER YL Z U M ERR L TS FIREMEDV RIRS LD, T
D ATREMEZRRGET 2728 NMR Yo7 V& 7V = L4l 25, 3l OB 7 AZ VIR
\ZXIL, 5 HEDON 7 /vArxs ) — NV EZ, B CHE L7z (Scheme 5-25), 'H NMR A7k
NOFRRRFEACZBIEL T DL, 25 13 14 BB L 2D o7z, — 5T, 3l 1T R < 1T L, 14
RFFI £ 1TI 72%73 25 12, 21% D382 72 b A~ L2 L LT, Fii/e{b &40 *H NMR A~k
JTHBBRARY) 21 LeRux Ve () 5RO Eim N LA & —EL | 21 OIAEE
ENEHF TR LTREEES D N-IL AT MER 31" CTha LM MRS L7 (Scheme
5-26), 97205 3l N7 VAT ) — )L OIRINZED, 25 BLO P ~ERMAL L2 L0300
ST, ZOLE | WEREDORNBERVL X 23 R ERYLZ L 21 B 231 O 3 E R
TAITENI LT EED D N-DL R~ MBIK 25 O A RRITHER SN T, T =/L 48K 3
b 25 OERIE, N7 VA RIS ) — VPR BRIERZ B IZEA G L TWAHZEAFEH L T
W5,

Scheme 5-25 7 /L7 =)L&85K 3l O 7 VA axk )— - L5 B

AU(|PI‘) Au(IPr) H AU(|PI‘)
CH CH CH
34\%_\ CF3CH,OH (5 equiv) CH3% . 34\%_\ 34\%_\
-+

O, N-p CD:Cly O N, O. . N-au(ipy O, N-y

1 rt, 14 h 1l 1l 1l

O O o O
3l 25 3r 3l

72% 21% 7%
H

\9’ “Au(IPr)
0]
25’
not observed
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Scheme 5-26 FLEERVLZ1 2| LeRuf Y & (1)$EARD KGIZED N-TL 3~ MR 3P DLk

H H

"N "N

O N~y + (HO)Au(IlPr) ——— O, N~ + H,0
9 H cD,Cl, 9 Au(IPr) 2

O rt, 1h
2| 3r

quant

W3ECARUIE 2T kDT A = /L4585 3a DB Z/0a AX L ARIFICRTL Th .
S5YUEDN 7 VA s ) —VERINL, iR FEELZN, 3a D 17T%R 7 e RS TR
BRUL A 2a e 52 e 2R SN b DD | BRILREMAVITHETT L2 > 7= (Scheme 5-27),

Scheme 5-27 7= )L&§EK 3a LN 7 VAo ) — )LD i

Au(IPr) H
CH CH
34\%_\ CF3CH,OH (5 equiv) 34\%_\
O\C,N\CH3 CD,Cl, O\C,N\CH3
6 rt, 15 h 6
3a 2a
17%

(3) Afhfilic XA TLERTL X 21 DR 7 vt 2D ATREVEDMGE

TLERYL A MEEZS OT A7 =)V EEEE 3 S TFE DIRINC IV A BRYL A MiEE2 S ST
IV = VAR 25 ~BMAL T2 EE RWE LI 00 il R AR LI R LA
VRAMNEBERTL AL 23l ~EEERMLL QWD A[EEM A %, Scheme 5-28 127~k X512, TFE
| RO (IPHAUCHI R L, —ER(LiKFEE 0.1 MPa, 40 °C FLEI R FE 1.0 M, S /it =50
D&M THEBRVL XY 21 & 12 B IGSE T, LinL, BRILKLIZSBBRYLZ 231 1FAERK
B9, 20 BEIEiT,
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Scheme 5-28 BRALA/LARNF T /AUARBE LS SAFIZ 31D 21 D BV ORRGE

H
CH
2\
(IPr)AuCl ]
O N-y+ CO, ——— > no reaction
9 0.1 MPa CF3CH.OH
) 40°C,12h
2|
S/C =50

(4) LEBRILV A BRAEL DT V=)L 3l 7L 2T RBRD

TEBRULVAAEGEEL ST N =V ESEA 31 & TFE (ZH M E DRV A /) — /L (pKa =
15.5 in Ho0)=°, Wi et oo i\ R (pKa = 4.76 in HoO) & fER S, BRI ML LS
BRI T D EUSHEDENE R B LTz, 3l OEI7anA AL RIS L, 5 Y EDAY ) —
VAR, FIR CHE L7-(Scheme 5-29), TH NMR A7 ML ORREFE(L 281239 5L . 31 /b
RNEBRYLVAAEEZL ST N =V eEEK 25 ~D R kIE 24 BT 5%ICEEEoTHED,
95%I% 3l DEEE ST, — 7. 5 Y BOFEEE INZ 7255 130N D E BN — R B
HOT R ENHEITL, RO BT 20 21 5393%, ANEERTLZL 231 S T%ERKR LT,
Thebb, HERT VT =/VEHER 3 INOIRBERT VT =V ek 25 ~DEMEkE 3l o7 mb
VORI BRICHY | W ERERNEE A DA TN 28I ko T WBRT V=L
1K 3 DHARBEBRT IV = )VA K 25 ~O BMELS AT REIC /2D b Tz,

Scheme 5-29 7V =)L &gk 3l LAY ) — )L F - 13 E R E O R

AU(|PF) AU(|PF) AU(|PF)
CH CH
2N\ CH5OH (5 equiv) CHs\%\ 3N
+
O\ /N\ O\ /N\ O\ /N\
o rt, 20 h o o
3l 25 3l
5% 95%
Au(IPr) H H
CH CH
3N\ CH3COOH (5 equiv) CHa_~ 3N\
> +
O\ /N\ O\ /N\ O\ /N\
ICI; H CDZCI? 9 H ICI; H
o) rt, 5 min o o
3l 18I 2]
7% 93%
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(5) BTV DERYLR AL ICBI T 55 %2

HEBYL X AEEEL DT NV =V ASEIR 31X T TFE 2RI LR BRUL X Uik
B OT N =V 25 ~ORMALPEITLIZZEND, REBRVLZ AT, 31 1Tk 5
T abhr O INERE CEITT 55 205,

FPALDRRIEEL T, L F DX AN =X LR3E 250D,
@) IR BRI T TR DAL CEBEL , 27 b3 & () A% L AR

Scheme 5-30 12/ R X, BRIRT L 22 3l D HIVR = UIRSE N T oAl L TEMALEZ T,
BHERL, VIR DT VX NN BUNL LT =7 v 4 () R AR DS E R L, 6-endo BR
EHHEITL T 25 2 52 D%k L7e D,

Scheme 5-30 77 /L3 4 AR Z R D BR YLK BAMHA L BOG

CH;—=—=— _nr CHa ~
¥ Nopy =— N-H O. N,
(7, HO-C ¢ H
L0
H 0
3 25

ZORREEIE, BRAL VR XL LSO W S THHT=D ., 5 4 FHFH 5 HiTRLEZ, TL=AT
Na— VRO T IV = VA5 13 1Tk L CHEBAAE A S B LRI LIS RO IO, 77
IV R RHRDNGFEIOD 7 a LV T U EE A AR T RTREME DS ® 5 (Scheme 5-31), LML,
N7 Anxi )—n b 3l ZRGSETH, 77 UL L7y LTRSS o= 2l b, 7
IIr = VA BEIR 31 716 25 ~DBRILR BMACEUSAS . ZOREEE THEITL TVD ATREME IR &7
ZTW5,

Scheme 5-31 777 /L3024 FR A NS D Bt b 18 B i

[Au]*
CH3::—\ — [Au]” CHy—=—\
N-H _co, NH,
HO-C 1

\

O

(b) EINSPALD T AT RIBITT TR BN, B~ G R % & D%

Gagosz b, Bz LT NF =R U —T VOBV ST BT, 6-endo BR{L L7
PERBETURNERINCAER THILERE L TD, ZORIGTIE, 5-ex0 BRILLIZ 04
FRVAD AR LIZOG | 1,2-7 V)L TR EITL TN BR TR Z AL, @03 BB 58488
IZ 6-endo BRALIRE 5% DHEAE D FEZZ 4L TV V5 (Scheme 5-32)%,
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Scheme 5-32 &l 5T L F= NP2 —F L DBV G

E0,C. oG
N [ArsPAUNCPh)[SbFs] 2 fj
o0 CH5NO,, 100 °C Ph” 0
[Aul* JAT
i l A Clau T
EtO,C_ . EtO,C [Au]
2N 22\ U [Aul .+
Q Etozc% 1,2-alkyl shiﬂ‘Etozcj\/j
)\ ﬁ o

—0
Ph /== 0
o Ph

7.

N

@

carbene complex

AT BT, Scheme 5-33 1277731912, 5-exo B b L7= 7 LA = L& 85K 31 3Rk L=
b, CEESICH LTI B BRI THARC AR RBIE X BRERL, 1,2-0 7 R T
6-endo {A~LFEMEALL TWDATBEMENE 2 Bivs,

Scheme 5-33 /L0 4 R AR A Br HE R B AV SO

A +
R r: [ ULA H AU H [Au] H [Au]
\ R 12-snift U % R% L R%
—_— —_— —_— + —_—

O_ N~ O N~ O__N O. _N O.__N
9 H 9 H \9/ \H \9/ \H \9/ \H
(e} (e o) o)
3l X 25

l —[Aul
H
N
O. N,
9 H
(@]
23

CORBEETHILT, L FOEREREDNHTHILNTED,

O7 V¥ KB G E L2 E A5 A2 6-endo BRALIEIR MDA ELTWD, Zh
X, HEBRET VT = VRO R F—IRFE ZHEANEFEBICRLIETT e O INE %
TR <D, BMALDHE NI Ao T B X DLW TED,

@TFE % N2 WM i Tl DA SIUER T VXA L T anti £HI1L7 3l 28 CTEHL
5 Z RO HBBRYLVE DHPFLI TS, Lol TFE OIS AERRIZIT, E ROBRIR
LA ARG B FEALTEY, Scheme 5-34 [ 2R T LI, TV = VR~ TFE HiskoD 7 mhy
FIMZ IV AT DTSR RIAR X DR FE— KSR G ORRE | fi 7 b OB L0 syn
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IS 927 Vv =)V &858 3l-syn 2 5% | E R L BRY L X AR Z RIS D280
WA TED,

Scheme 5-34 71L& RS syn (IR~ BMALOER

[Aul* R R
H —~J_H AU

R *IAu] —H+
o\ /N\ O\ /N\ N /N\
¢ ‘a ¢ "
o) o) o)
X 3l-syn

ZD(D)DFREE TOBRILKFMEALNZ Y LB 2 HNHT0 , BIfE, DFT stREICEA MRS L O
PEALARR R DPRIREAT o TODD, TR DN I TR T 24 %Y VAR BT A i
(Scheme 5-35)73ied TLETHY , Z D% D E LD D TR /LF —[FEEEN REIRDHIE
Db, FHESEGOFBEFHRATND,

Scheme 5-35 A% VAR AT A4 WK

H [Au] H [Au]
R\, R
CO N~ +O/ N~
e e
o (@]
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FH5Hi NHC-&(I)/N7vAuxs )— LRI XD 6-endo-dig BRILEIG~D R

ATEIZ IV T NHC-& ()R Z WA 7 L L 70 DB VAR 3 ALK IO T
FRMEEE D@ TFE ZIE L CTHWD S ILBERT V= /L& RO BRI K %% T 6-endo B
LERFLNDZEE HANE LT, ZOBRIERIBEE IO BAL SN B W THRERE T UL, 8
LT =4 () A Z#E H 95 5-exo BRLI )RR <> 5-exo/6-endo BR{L 3 BEA T 4R I1CH
WTh 6-endo BRALIAZIRINIZIEOND ATREM 30D, £ 2 C, NHC-4x(I)/TFE filtlf 2%, Lo
TN IEOBALROSICHEA L, BIRAIS BRIERSEEL CO—fPEEBELTZ,

(1) 7L X L IVRFYIRN 26 DB

% 3 EE L HilB LOARTES 1 HIT ORLIZINC, IBIIENE T L% At D7 m L L v
RFHIN 26 DA F AL M4 (1) LA ER(LG I, 5-exo BR{kE 6-endo BRILANHEA L, EIR
PEITFEEL L7220, £ 2 T2 DOFRIZEBWT NHC-4:(1)/TFE fili e 28 i L7=, FLEEE 0.05 M,
FEE IR = 20 DRI CTRISEAToToR5 % Table 5-8 1Z7~7

Table 5-8 &fitiiiz kA7 0/ L L LR FYIR 26 DBV

— CH
CHs Ny _Aucat CHs% 3N\
/ T an g +
O:C\ rt, 20 h O\C,/N O\C/,N
26 CeHs CeHs
[substrate] = 0.05 M, S/C = 20 27 28
entry Au cat solvent 27, %% 28, %% 27/(27+28), %
1 (IPr)AuCl/AgOTs  THF 26 29 47
2 (IPr)Au(OH) CF5;CH,0OH 18 10 64
3 (IPr)Au(OH) (CF3),CHOH 12 4 75

[a]: Determined by 'H NMR.

THFREEH . NHC 74 ()EE R LT 1 S &0 p-MLx= 2L R RER(NVE N A, SR Th
FA BRI A ST, | T 20 KIS EIT->72824, 6-endo & 27 7% 26%. 5-exo &
28 78 29%4E ik L7z (entry 1), ¥IZ, TFE H, NHC R/ & ()5 A2 il - U CHRIML C=RIRT
FOSEATH S BOSDEAMEERIE 28% F TR FL72H DD, 6-endo 4R 11T 64% % Clr) L7z (entry
2), KOERMEREEDE 1,1,1,3,3,3-~F V7 /LA 11-2-7 118 ) — )L(HFIP) P C RS E R R T2 82,
6-endo FEIRMEIL 75%FETH) LUy TR VEIZIR T L. SO OER ERIT 16%IZLEF o7z
(entry 3),
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(2) 4-~F UK 29 DBRALEIZ L DT/ ARk

52 3 1L ENCRULIEZIDNC, 4-T VX VR R 29 DAL A ()WL DBRLEUGIE, 5-exo 3
REGTHY, 6-endo BRALSSIFTHEITLN, £ 2 T2 ORIZx L TH NHC-4:(I)/TFE filii%
i A LT, ERE ()R At LRV, FEEIRE 0.05 M, B/ttt = 20 54T
St EAT TG %, Table 5-9 [Z/RL7=,

Table 5-9 4-~3 0 B LR VR 29 DERAVINZ L DT 7R B R

CH3%> (IPAU(OH)  CH3._~ CH, \
_ rt, 20 h O. + _§_>
HO C\b I ON

I |C|3
29 O 0
[substrate] = 0.05 M, S/C =20 30 31
entry  solvent 30, %% 31, %% 30/(30+31), %
1 CH5CN 8 66 11
2 CF3;CH,OH 39 28 58
3 (CF3),CHOH 23 12 66

[a]: Determined by 'H NMR.

F9, T Er=RNVH SR T 20 FEE OGS B T72E2 A, 6-endo BRILL7=7 278 30 2 8% Lk
L7=DIZHFL . 5-ex0 BgLL7=T77h> 31 2% 66%E K L7=(entry 1), KIZ, TFE I&EEH TSR
HBHL. 6-endo BN ELIE 58% £ ClAl L L7=(entry 2), JVEEMEE D E HFIP B Co UG A R A7
23, B b =R1T 35%I 21K F L., 6-endo &R kbt 66%12EE F 7= (entry 3),

ZD XN, 5-exo/6-endo BRALAFE AT D RO 5-exo B LIEIRANAR R IV T, NHC-42(1)
fikliZ TFE ZYRBEE L CTHIWT, 6-endo 3R LA A ESWHZ LTI LI, LinL, LiIZLIESh
BETEMEDME R 2L Eb10, BIRPEICH [ EORHPIRSI TN | Bfitlfio TRRE X5
RO LETHD,
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HOHE xLD

W5 5 B IR A V- TR LR ELE 1 T LTI DB L ARF L ALK
JSCEDARNEBRY LA AR AR LT, BRVIRINER T VX 2B 25 17 Iv & ik #
EDOBAL N R AL G FIE T, 2,2,2- N7 v A axH )— )L CI{THZ I K> TR
IR BRINPE TR BBRYL 2 (34-UERE-2H-1,3-4 VU0 -2-4 ) 4572, — 5, FHFERNES
T b DI T RS LS BRY LA RPWENME T L, #iE42 TFE DR
hni iéﬂiafﬁﬂwf:w/f/ KD BERT VT =)V SEIR A~ DRI B R 2 B E 2
Bl RFE—IRFE CEEANBELEEICRDEEDOT N, Tabr O INEZ TR, BIAK
FMACBUSHEITLO T <o TR, NRERVLZAERMN M ELIZLE BN,

R
R——\ (IPr)AUCI A
NH2 + COz > O N
0.1 Mpa CFaCH;OH ¢
: 40°C, 12-48 h g
23
41-86%

Flo . RERULZL OE L IBIPER B AT T 2F N0 E/[572012, 1-73/-2-7
F 11 & NHC bR eV e85 A (IPr)Au(OH) &, “Ifb iR FEIFPHR T ChISSE kL7254
RO R ERAT, ZORR, RERBIVHBRYL XL, ST V=L &8k 25,
3 DIREMDAFOI, BT LI~ T T7 4—Z LD M O HBEE B X S ST IC Il
7o

Au(IPr) Au(lPr)
ot NH, + (IPAU(OH) + CO, mi- S b 0N
: THF O. N~
1l 1:1 0.1MPa 4 4 Oso-Noy o VH
0 0
[amine] = 0.17 M 25 3l
23% 60%

HEES OSSR L TN 7 VA rs ) — Vsl LREVL XU HiEEb 27V
=VEBEEIR 3l MO RNBIRULVZUEEEZS DT V=V EEEIR 25 ~O B L fEER STz, T
DFERDD, USFEHR T, —H, LERULZARELL DT NV = VR AR | BRILK
BV CSUSPEITU TS BERYL XA EZL DT A = VAR~ BE, &— R FERES
DT BN R LS TRBERYLV A AR T DA = AL TRIGHETL TWAIED D)oT,
TV =R 31 D 25 ~OBRHERFEMEALIL, BB —IRE B AT 57 R O
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(CEOI N A Z AR L., 1,2-3 7 M THEITL CWDEE X TV, T ab gl
BRI H Y | U7 EENEE OREPEIRAR L L T TFE 238N+ 5221210 . Bk KA LA A R
HEDHAZENTET,

[Au] Auly
R . Ay, ~ [Au]. H [Au]
N R 1,2-shift R% R% H R%
O N~ O, .-N-~ O N O. N O...N
9 H 9 H \9/ \H \9/ \H \9/ \H
o o o} O o]
30 X
l—[Au]* 25
H
b
O ~-N.
¢
o)
23

FTo BRSNS BRIEREUSE L CO— A BT D728, T = Ve RE R R LT
ST 9D 5-ex0 BRALIAZ 5 2 DI R IZ TFE VA5 F L7=, T OfE R, 6-endo R EIL )
U AR ANEIRA S BBRTERGEL TR ThHIEER LT,

AREETHBRATERITBRAEANV R AL OSCED 3,4-PERE-2H-1,3-4 %% -2-4 D
HIDERBI T D, LT, RERVVZAIHEBRYLVZ A ANEOEGTENA R TB8ZE00,
FERESIEICBITLE/~— 2G5 FIELL TO AR VAR T L RUS BRI TEDEE R
NQAYR
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KL T, BFER TRV (NHO)Z BN 1L T8N, —M{bikFEH WD
T OV T I D BRI VAR X VAL BOGIZ R LT IR o T C v g A s ik
EUTHEREL | JAV T i P P & B RE AR A . MRSy T DI A M2 E D RFRE | Z DR A
=KX BE BN LT OWF e R E DT,

1 B TIXALFEEREL COA T OB FESILTOD R LR R OIS
WCHEBE LU, FRIC LR FB LT aT 4 72T IV DBAE LD ISV R ERB T O Z
B, BREFFRMEDO BN T R EATHLZ LRI, €D LT, I FETICREIN T
TR FED DD T L Z A RRIEE BOSERI LI U7, SR TIIAIZED BHEL T, v
SISO R BAL AW ~DR IS DB T AT . T 0T7 e OIGHAICA
7 11 A BESIRICEA AR 72 (7 LT IV) OBAL VAR AL SO % fil i 5
JSRREF DX — R ELTRRELT,

52 ECIE, @%IIUHEL 11 e RMBICEST m XL 7 1 OBR{EIVRF L
EBOGE R LTz, T4 DRAT 4 VBN A0 N-~T B L (NHCO)DSELAL L 7= 4, $R., 4
ERO RS REA RIR U 7RG SR RN -2 LT 1,3-B2(2,6- 4/ 7 B )V T == W)X/
—L2-AVT 2 (IPr) &t D7 i (D)EEARIPr)AuCl 23 @ W EMEZ R 92 8% R 2 Uiz, BRS, X
SRR U TAZ ) — VA WD EBRZE IR NNE N SR DI I DT, E DD SRS S 2 i b LT
BB/ = 50, (L ERSEIE 0.1 MPa, 40 °C DIRFNZ2 ST UL LTI D BAL
TIVRE L IALSOEDHEITL, Fiei I%IETHERYL X /(2)-5-T XV T 2-1,3-4% 31
DDA 2 INEIRITE LI,

AR, LR B A MORELIREG L, (LR FORELIR TS T 72050
R, TIVIE L TR FBIZLD T — S A— MR THEH B P Tl N ZED R I N, S
BIZ, D JTE AR ESIND — B L IR FE M D/ Ny T KA Z R A L Ch AL IR AR L,
KBS DRBERYET A D {0 IR 8 2 SR AOICHE - BT ReZe i E IR bk L TH AR C
HHZED DT,

F2, TR ANTHT DA INEOG THWSNE 2L DA flR T, BEMEREE LT
HESND AT A AEEDEERE R P CARSELT-OHEZUINT 23, AR CIIAZE T
HY | BN MR oo &R A TED, MMED B WAY ) — VOIS TIX, 405
DO aafi i OfFBEDMERES L, T VX 2 OEALAN I BEZR T A L SR E L TV HEE
65,

BSOS A RE PR 2R LT A R . SV E CRUSEI D7 W ITENE T L v BB DD |
R ISBIRTLZ D EONTZ, FEBRNET VX 2b DR CIIOSE IR F L2238, 7%
Fig LICE L GEERILAS S IEOE 1| 7 I B RS ORERIE CIXRE B L LR
XA HELT LT,

TR AKET DTN SIUBEO AN anti FIRANTHEITL, ZIKD 5-7 V7 -1,3-F %4
SN2 DI Z T, LTei3o T, BB U727 A Ak D E DD 71—
INA=RDREIMNERR TEITL TWDHEEZLND,
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Scheme 6-1
R-—— (IPr)AUCI R’ N
N_R2 + CO2
H/ 0.1 MPa CH3OH O\C/N\RZ
1 40 °C, 15-48 h 2 i
(0]
up to 91%
/_\
N N m applicable to internal alkynes

= mild reaction conditions

m anti selective
IPr

m tolerance to CO

% 3 ETIEAOMBICLE T LR T DBV R AL S D AT = X8 ELT
Scheme 6-2 | Z/RT IS A 7NV EREET D202 HEL T, ST EIERTHLT VA7 =/ 4:(D)
BEARD HEEA TR I T DRGSR SE AL R FIRIC IO~ -,

Scheme 6-2
R — + A N—CH
N—CH; + CO, = |amine-H] _ 3
/ Oo-C
H N\
R
N\
O. /N\CH3 + amine -
I [Au]+ —
(e} /N—CH3
“0-C
N\
+ @]
[amine—H]
[Au] (A
R N\ :
R—
O\C/N\CH3 _ /N_CH3

I X\
o] o}
aIkenngolN/

intermediate
IR T, T BN AREETH D THF W, ZER{GIRFEE 0.1 MPa D44 C NHC ER XY/

EMEERIPHAWOHNIH LT 1 B ED [-AFLTI2-7F 2 1a ZEASEIZLZA, B2
VEEIT AR ATH LT anti (LT BBV 250 DT L = L el 3a B3 —
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AL TEDIZ, ERERY &SR 3-7 2= /L-1-AF LTI /2-7at’ 1m EbRSEE T
TRIGL, RS 27 V7 =)V 455K 3m 3551072, 1a BLON 1m OftBERIER(L L RF L
LS T, TV — VBB A S D% E O B3OSR DN BN T3, T =V &6k 3a,
3m OARITNT NG THY | BH DM ZEIT AL T,

Scheme 6-3
Au(IPr)
— R
R——
N—CH, + CO, + (|PF)AU(OH)W N
H 0.1 MPa Osc-N~CH,
n
0]

3a: R=CHj 73%

3m:R= C6H5 86%

AR ) — VR 7 a0V T I 1alixt L, TV =V BER 3a w2 VB /Rl = 50 @
SMETIRINL . A LIRSEIE 0.1 MPa, 40 °C OSC 15 FEf S SHT2L2Ah, RV Z
2a 7 90%UL R TIEDHIL, 7 & AR(IPr)AuC] % W 23A(91%) & A& DO fifiE A R LT,
T = VAR 3m Lrnn &g Rz VT2 Am OBRILIIVR L UL EIGE ENZE N 48%.,
53%L AR EDFERTHY | T =)V BEE RN BRIV AR 2 ARG Ol U TR 9%
ZEEMERLI,

Scheme 6-4

- + CO, ——— »
H 0.1MPa /8" C
1aor1m ’ (o)
S/C =50 2a or 2m
[substrate] = 1.0 M R Au cat % yield
Au(lPr) (IPr)AUCI 91
R CH,
A\ 3a 90
Osc-N~cH, (IPHAUCI 53
I CeHs
o) 3m 48
3a:R= CH3
3m : R = CgHs

T I VBRSO T L 2 AL BB OWEREC B 5 7 ek Sy i iR A BT 572012, 7
JVIr =LA BEIR 3a DEAY ) — VIRIRICKT LT 1| YEOFBEZHRMNLUZE R, 3a D&—RE
ADBHZIL, 1 FRIRICIZHEBRYL Y 2a DY 83%INETHER LI, — . T =/Lebkk
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3m O bR TR RIS T C 1RGO L EERYL 2 2m OYEET 15%I2E 8 F
272, 3m XY 3a DI BTN G REZTROTNIEND | R FEE G OREEN R B oL
DEHIE LS TRESENT DLW RBIND, Fo, ZOMAIE, 5 2 BTORLIET AR VR
PEO BRI LAFRBIE O E N E—EL | T rh e SRR NER L LR F L AL S S O L H
BEFEIZBE G L QOB EE LKL TG, o, HAY /— LI ClI 7 Bl AMEEECHHIZHBIDS
T T = VSR 3a, 3m TR EICAFET 5 — . ZOWIRIC LR FEZENT D
&L TN RPN ESNDZ LB RANE Uiz, ZOFERND MR SIZIBNT, AX ) — e T
FRALIRFE D SUSIC LV RBR D /N—T AT VAR L TEBY, ZOFMEE D\ EASAY ) — LDV
BN ROER DO —>THDHEHEH TES,

Scheme 6-5
Au(IPr) H
R R
A\S_\ H* A\S_\ R=CH; fast
¢ CHs ¢ CHs  Rr- CeHs  slow
(@] (@]

E5IZ, BSOS OB R FEBREIT O, 56 2 B THALNIFE RS DY TSI 255
BREA T, 7L T I 1a OB IVRF L AV SIZ BV T, NHC SEN L7 o
B (DEEARIPT)AUCT DR EET K2 RS DO WIEE D ZAb A~ TR R, bSO 3 4
PEIRDIREEITH L CT—IROMEREDRO BTz, — 7 mULF LTI 1a ikt U Th RERICHGE
L72EZA, K9 0.74 IRODIEE AT AR 928D DD > 72(Scheme 6-6), ZiUiE, TV EED |5
RN SUS S EEZ T2k R Th D, EilL7zddic, 730 “EMLIRFBICL DA
PRI SR DR B IXBI 5- L2 B 2 DD e, TV = )V ESE RO 7 a b 43 ffal FEH3 b
WEAIIENZ LD, RIS DT I NT VA =V RO 7 b 3 fifaLEL CWbHEE 2 HND,
TIAT LR FESIEL NN SV R T B =D N (T =T LT — A=) & 5.
2, T RNAREL CTT N =)V BEERDO T a b 53 ffa T 2600 mIRESRETIETIV O
FEAEAE I Lo TR AHI RS, FFEEFOR OB RLIZEE X DD, &3 BERLONIH 2 &
DFEFN IS TREIE DY 17 /1 (Scheme 6-2)BNEAFIF I, T =& RO 7 1k
VORI AL B BECH D VIR RRICEE LT,

Scheme 6-6
CHa—\
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Scheme 6-7
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Scheme 6-8
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4\ +  CH3COOH s 4\ (a)
\C/ \CH2C6H5 1 equiv CD3OD \C/ \CH206H5
I rt, 1 h I
o) o)
10 11
no reaction
Au(IPr) H
3 N + PhyNH-HCI > d N (b)
o TCH,yCgHs 1 equiv CD,Cl, o' TCHyCgHs
(”) rt, 30 min (u)
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Scheme 6-9
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Scheme 6-10
Au(IPr)
— AN
CGHS—\_NHCH ot (IPNAUOH) + €O, . Cofs o0
2%e6'15 N~ NS
13 0.1 MPa THF G CHyCeHs
rt, 1h S
14
77%
Au(IPr)
CHs—(
CH3T\0H + (IPHAUOH) + CO, ——> AN
0.1 MPa THF Nod
15 i, 1h G
o}
16
80%
Au(IPr)
ko
X" 0H + (PP AuOH + CO, —>THF S 0
0.1 MPa c
17 rt, 1 h 7
18
76%
TV =)V 14,16 [XE Y 7 am AR RIR T 1 Y BOFRBREUGL , RO S BBRULS

19, BB —FRF—h 20 ZE &M G2 T208, TV =T va— Ll ROEEK 18 13—
R— OB  BLRERZ R CIREI O T Va— 1T 252 7=,

FETa L NLTI 13, TV LT L a— )L A5 NSO T A S VSR D ARk E . F
DTN IR LD BRAC TNV IR L A B DIEEDI AL — R THEA T D2 M0 il BR
EANRF L AR D EBE IARFL | BUSRIFORE Z R A T, RET B SLF LTI 13 D
RS TIE, 28D 19 13560 DD ., Zy FeN 7 I MUSIGEBE L, BHER %
B2 12728 372 G U E ST, o, 77 ba—L 15 OB{L VRS
TIACBOS AR CIIETT L7270 o 1o, AR 2 T ST DT DI B R T L — L fii
Tt AT B3I EE L T = VA R T a3 RS D DI 4y PR R E A T
SETCEIR T2 ZENRK EB 2 HiD,

156



&
it

Scheme 6-11
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Scheme 6-12
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Scheme 6-13
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Scheme 6-14
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Scheme 6-15
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General Methods

Solvents were purchased from Kanto Chemical Co., Inc. or Nacalai Tesque, Inc. were dried by
refluxing over sodium benzophenone ketyl (toluene, THF, ether), P,Os (CH,Cl,, CH;CN), or CaH,
(methanol, 2-propanol, tert-butyl alcohol) and distilled under argon. Carbon dioxide (99.999%) was
purchased from Showa Tansan. (IPr)AuCl, ' (IMes)AuCl, > (I'Bu)AuCl,’ [P(C¢Hs);]AuCl, *
[P(OC,Hs);]AuCL* [P(C,Hs);]AuCL® (IPr)AgCL?* (IPr)CuCl,’ (IPr)AuBr’ (IPr)Aul,’ (IPr)AuOH,’
I'Bu-CO,* and (PCy3)AuCl* were prepared according to the literatures. Other reagents were used as
delivered unless otherwise noted. 'H(300.40 and 399.78 MHz), *C(100.53 MHz) and "’F(376.17
MHz) NMR were recorded with JEOL JNM-LA300 and JNM-ECX400 spectrometers. The NMR
chemical shifts were referenced to SiMe, by using residual protio impurities in the deuterated
solvent. Abbreviations for 'H NMR data are as follows: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet, or br = broad. Elemental analyses were carried out using a PE2400 Series 11
CHNS/O Analyzer (Parkin Elmer). Analytical gas chromatography was performed with a Shimadzu
GC-17A gas chromatograph equipped with a DB-1 capillary column (0.25 mm x 30 m) purchased
from Agilent Technologies. IR spectra were recorded on a JASCO FT/IR-610 spectrometer. Mass
spectra (MS) were obtained with a JEOL JMS-SX102A instrument at Material Analysis
Suzukake-dai Center, Technical Department, Tokyo Institute of Technology. Recycling preparative
HPLC was performed on a Japan Analytical Industry LC-918 system connected to RI and UV

detectors.
Chapter 2

Preparation of propargylamines

1-Methylamino-2-propyne (1f) was purchased from Aldrich Chemicals and was used after
purification by distillation. Compounds 1a-1e, 1g-1k were prepared by propargylation of primary
amines by treatment with the corresponding propargyl chlorides or bromides and a base. 1l was
prepared by propargylation of di-fert-butyl iminodicarboxylate (Boc,NH) by treatment with the
corresponding propargyl chlorides or bromides and a base. Then deprotection of Boc moiety on the
amino group was performed in a THF solution of HCL. 1m-1v were prepared by Sonogashira

coupling of the corresponding aryl halides and terminal propargylamines’.

Characterization data for products
1-Methylamino-2-butyne (1a)

CHy—= 1-Chloro-2-butyne'® (6.25 g, 70.6 mmol) was added dropwise to a 100 mL
N—CH3 round-bottomed flask containing neat methylamine (ca. 50 mL) at -30 °C

H . . . .
and stirred overnight at room temperature. Grounded potassium hydroxide
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(7.97 g, 142 mmol), the reaction mixture was stirred for 1 h. A colorless liquid was obtained by trap
to trap distillation under reduced pressure.The mixture was distilled under reduced pressure by
trap-to-trap. The liquid was dried over CaH, and distilled under reduced pressure by trap-to-trap
again to afford 2.66 g (45%) of 1-methylamino-2-butyne as a colorless liquid. '"H NMR (399.78
MHz, CDCl;, 1t, 8/ppm): 1.10 (brs, 1H, NH), 1.79 (t, 5JHH =2.4 Hz, 3H, CH;C), 2.42 (s, 3H, NCH;),
3.30 (q, *Jun = 2.4 Hz, 2H, CH,N); *C{'H} NMR (100.53 MHz, CDCl;, tt, 8/ppm): 3.5 (CH;C=C),
35.4 (NCH3), 40.4 (C=CCH,), 77.3 (C=CCH,), 79.0 (C=CCH,); IR (CHCl;, cm™): 3335 (b),
2923 (b), 2498 (b), 1473 (m), 1444 (m), 1332 (w), 1231 (w), 1129 (m), 1098 (m), 1051 (w), 973 (w),
810 (m), 664 (m), 535 (w); HR-MS: [M '] Calcd for CsHoN: 83.0735; Found: 83.0735.

1-Methylamino-2-pentyne (1b)

CH3CHy—"\ c This compound was synthesized from 1-chloro-2-pentyne (10.2 g, 99.5
N—CH
H ® mmol) and methylamine (~50 mL) in a similar manner as described

for 1a. Colorless liquid; 1.26 g (13%). 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 0.99 (brs, 1H,
NH), 1.06 (t, *Jun = 7.4 Hz, 3H, CH5CH,), 2.13 (qt, *Jun = 7.4 Hz, *Jyn = 2.2 Hz, 2H, CH;CH,),
2.38 (s, 3H, NCH;), 3.27 (t, *Jun = 2.2 Hz, 2H, CH,N); “C{'H} NMR (100.53 MHz, CDCl;, rt,
&/ppm): 12.3 (CH,C=C), 14.1 (CH;CH,), 35.3 (NCH3), 40.4 (C=CCH,), 77.3 (C=CCH,), 85.0 (C
=CCH,); IR (CHCls, cm™): 3335 (b), 2979 (b), 2498 (b), 1566 (W), 1444 (m), 1319 (m), 1229 (W),
1129 (w), 1096 (m), 975 (w), 803 (m), 664 (m); HR-MS: [M + H'] Calcd for C¢H oN: 98.0964;
Found: 98.0965.

1-Methylamino-4-methyl-2-pentyne (1c)
L This compound was synthesized from 1-chloro-4-methyl-2-pentyne (2.77 g,
>T\N—CH 23.8 mmol) and methylamine (ca. 50 mL) in a similar manner as described
H for 1a. Colorless liquid; 1.80 g (68%). 'H NMR (399.78 MHz, CDCl;, rt,
O/ppm): 1.14 (d, 3JHH = 6.8 Hz, 6H, (CH;),CH), 1.27 (brs, 1H, NH), 2.43 (s, 3H, NCHj3), 2.54 (septet
of t, *Jun = 6.8 Hz, *Juy = 1.6 Hz, 1H, (CH;),CH), 3.33 (d, *Juy = 1.6 Hz, 2H, CH,N); “C{'H}
NMR (100.53 MHz, CDCl;, 1t, 8/ppm): 20.6 ((CH;3),CH), 23.3 ((CH3),CH), 35.3 (NCH3), 40.4 (C=
CCH,), 77.0 (C=CCH,), 89.5 (C=CCH,); IR (CHCl3, cm™): 3336 (b), 2973 (b), 2496 (b), 2249 (w),
1671 (w), 1565 (w), 1466 (s), 1444 (s), 1384 (m), 1364 (m), 1320 (s), 1182 (m), 1124 (s), 1105 (s),
1047 (w), 973 (m), 877 (m), 798 (s), 664 (s), 522 (w); HR-MS: [M + H'] Caled for C;H4N:
112.1121; Found: 112.1118.
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1-Methylamino-4,4-dimethyl-2-pentyne (1d)
L This compound was synthesized from 4,4-dimethylpent-2-yn-1-yl
%T\/N—CH;s metanesulfonate'’ (3.88 g, 20.4 mmol) and methylamine (ca. 50 mL) in a
H similar manner as described for 1a. Colorless liquid; 673 mg (26%). 'H
NMR (399.78 MHz, CDCl;, 1t, &/ppm): 1.19 ((CH5);C), 2.42 (s, 3H, NCH3), 3.33 (s, 2H, CH,N),
4.20 (s, 1H, NH); "C{'H} NMR (100.53 MHz, CDCl,, rt, /ppm): 27.4 ((CH;),C), 31.3 ((CH;);C),
35.3 (NCH3), 40.5 (C=CCH,), 76.3 (C=CCH,), 92.3 (C=CCH,); IR (CHCls;, cm™): 3465 (b),
2972 (b), 2462 (b), 2238 (w), 1686 (s), 1479 (s), 1455 (s), 1422 (s), 1393 (s), 1366 (s), 1263 (s),

1250 (s), 1151 (s), 1061 (w), 1027 (w), 957 (w), 872 (m), 834 (W), 578 (W), 537 (w), 460 (w);
HR-MS: [M + H'] Caled for CsH¢N: 126.1277; Found: 126.1280.

1-Methylamino-3-trimethylsilyl-2-propyne (1e)
\ 1-Bromo-3-trimethylsilyl-2-propyne (5.21 g, 27.3 mmol) was added
_/Si%\N_CH3 dropwise to a 100 mL round-bottomed flask containing methylamine (ca.
H 50 mL) by distillation under reduced pressure from 40% aqueous solution
at -30 °C and stirred overnight at room temperature. Saturated NaHCO; aq was added and extracted
with diethyl ether, dried over Na,SO,, and concentrated under reduced pressure. The residue was
purified by distillation to afford 1.43 g (10%) of the title compound as a colorless liquid. 'H NMR
(399.78 MHz, CDCls, rt, 8/ppm): 0.14 (s, 9H, (CHs);Si), 1.10 (brs, 1H, NH), 2.44 (s, 3H, NCHj5),
3.37 (s, 2H, CH,N); PC{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 0.06 ((CH3);Si), 35.3 (NCH3),
41.1 (C=CCH,), 88.0 (C=CCH,), 104.4 (C=CCH,); IR (CHCls, cm™): 3336 (b), 2960 (b), 2490
(b), 2166 (m), 1497 (w), 1672 (w), 1473 (m), 1445 (m), 1328 (m), 1252 (s), 1132 (w), 1105 (m),
1048 (w), 1024 (m), 992 (s), 962 (m), 846 (vs), 646 (m), 587 (w), 445 (m); HR-MS: [M + H'] Calcd
for C;H ¢NSi: 142.1047; Found: 142.1049.

1-Ethylamino-2-butyne (1g)
CHy—= This compound was synthesized from 1-chloro-2-butyne (3.04 g, 34.5
N—CH,CH3 mmol) and ethylamine (ca. 40 mL) in a similar manner as described
H for 1a. Colorless liquid; 384 mg (11%). '"H NMR (399.78 MHz,
CDCls, rt, 8/ppm): 1.08 (t, *Juy = 7.1 Hz, 3H, CH,CH;), 1.49 (brs, 1H, NH), 1.79 (t, *Jiy = 2.4 Hz,
3H, CH;C=C), 2.69 (q, *Jun = 7.1 Hz, 2H, CH,CHj3), 3.34 (q, *Juy = 2.4 Hz, 2H, CH,N); "C{'H}
NMR (100.53 MHz, CDCl;, rt, 8/ppm): 3.5 (CH;C=C), 15.0 (CH,CHj3), 38.4 (C=CCH,), 43.0
(CH,CHs3), 77.3 (C=CCH,), 78.8 (C=CCH,); IR (CHCls, cm™): 3319 (b), 2968 (b), 2496 (b), 2360
(w), 1601 (w), 1559 (w), 1479 (w), 1458 (m), 1441 (m), 1383 (m), 1358 (w), 1321 (m), 1232 (m),
1133 (m), 1095 (m), 1051 (w), 1018 (w), 969 (w), 909 (m), 870 (w), 822 (m), 795 (m), 563 (w);
HR-MS: [M + H'] Caled for C¢H;,N: 98.0964; Found: 98.0965.
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1-Propylamino-2-butyne (1h)
CHy—= This compound was synthesized from 1-chloro-2-butyne (5.81 g, 66.0
N-"C3H; mmol) and propylamine (26.2 g, 443 mmol) in a similar manner as
H described for 1a. Colorless liquid; 1.35 g (18%). 'H NMR (399.78 MHz,
CDCl,, rt, 8/ppm): 0.88 (t, *Jyy = 7.3 Hz, 3H, CH,CHz), 1.25 (brs, 1H, NH), 1.47 (tq, *Jun = 7.3 Hz,
3Jun = 7.3 Hz, 2H, CH,CH3), 1.78 (t, *Jun = 2.4 Hz, 3H, CH;C=C), 2.59 (t, *Juy = 7.3 Hz, 2H,
NCH,CH,), 3.33 (q, *Juy = 2.4 Hz, 2H, CH,N); *C{'H} NMR (100.53 MHz, C,D,Cl,, rt, 8/ppm):
3.80 (CH;C=C), 12.1 (CH,CHs;), 23.2 (CH,CHj3), 38.7 (C=CCH,;), 50.9 (NCH,CH,), 77.9 (C=
CCH,), 79.2 (C=CCH,); IR (CHCls, cm™): 3325 (b), 2962 (b), 2253 (m), 2203 (m), 1794 (w), 1646
(w), 1560 (w), 1458 (s), 1381 (m), 1333 (m), 1131 (m), 1100 (m), 1049 (w), 901 (vs), 820 (m), 650
(s), 619 (W), 545 (w), 475 (w); HR-MS: [M + H'] Caled for C;H4N: 112.1121; Found: 112.1120.

1-Benzylamino-2-butyne (1i)
__ This compound was synthesized by a reported procedureu. 'H NMR
/N—CHZCGHE, (399.78 MHz, CDCls, rt, 8/ppm): 1.62 (brs, 1H, NH), 1.83 (4, Jan =
H 2.2 Hz, 3H, CH;C=C), 3.36 (q, >Jun = 2.2 Hz, 2H, CH)N), 3.84 (s,
2H, NCH>), 7.24-7.34 (m, 5H, C¢Hs); "C{'"H} NMR (100.53 MHz, CDClj, rt, 8/ppm): 3.6 (CH;C=
(), 38.0 (C=CCH,), 52.7 (NCH,C¢Hs), 77.3 (C=CCH,), 79.2 (C=CCH,), 127.1 (Ar), 128.45 (Ar),

128.47 (Ar), 139.9 (Ar).

I-Isopropylamino-2-butyne (1j)"

CHy——= This compound was synthesized from 1-chloro-2-butyne (2.14 g, 24.3

N mmol) and isopropylamine (8.22 g, 139 mmol) in a similar manner as

H described for 1a. Colorless liquid; 708 mg (26%). 'H NMR (399.78 MHz,

CDCl;, 1t, 8/ppm): 1.02 (d, *Juy = 6.2 Hz, 6H, NCH(CH),), 1.35 (brs, 1H, NH), 1.79 (t, *Jyyy = 2.4

Hz, 3H, CH;C=C), 2.95 (sept, *Juy = 6.2 Hz, 1H, NCH(CHs),), 3.34 (q, *Jun = 2.4 Hz, 2H, CH,N);

PC{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 3.51 (CH;C=C), 22.6 (NCH(CH3),), 36.1 (C=
CCH,), 47.1 (NCH(CHj;),), 77.4 (C=CCH,), 78.6 (C=CCH,).

N-(But-2-yn-1-yl)aniline (1k)

CHB%\N @ This compounds was synthesized by a reported procedure'. "H NMR
H (399.78 MHz, CDClj, rt, 8/ppm): 1.81 (t, *Juy = 2.3 Hz, 3H, CH;C=C),

3.89 (q, *Jun = 2.3 Hz, 2H, C=CCH,N), 6.68-6.71 (m, 2H, Ar), 6.76-6.80 (m, 1H, Ar), 7.20-7.24 (m,

2H, Ar); "C{'H} NMR (100.53 MHz, CDCl;, 1t, 8/ppm): 3.63 (CH;C=C), 34.1 (C=CCH,), 76.2

(C=CCH,), 79.1 (C=CCHy), 113.5 (Ar), 118.3 (Ar), 129.3 (Ar), 147.5 (Ar).
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1-Amino-2-butyne (1)
CHS%\N—H To a 100 mL round-bottomed flask containing an acetonitrile solution (50

H mL) of di-tert-butyl iminodicarboxylate'® (Boc,NH) (4.63 g, 21.3 mmol),
potassium terz-butoxide (2.56 g, 22.8 mmol) was added and stirred at room temperature for 1 h.
But-2-yn-1-yl 4’-methylbenzenesulfonate'’ (5.27 g, 21.0 mmol) was added dropwise to the
suspension and stirred overnight at 70 °C. The resulting mixture was filtered and the filtrate was
concentrated under reduced pressure and purified by flash chromatography on silica gel (eluent:
hexane/ethyl acetate = 3/1, Ry = 0.68) to afford di-tert-butyl but-2-yn-1-ylimidodicarbonate (Boc,-11,
60% yield).
A concentrated solution of aqueous HCI (12 M, 3 mL, 36 mmol) was added to a THF solution (1
mL) of Bocy-11 (3.39 g, 12.6 mmol) and stirred overnight at room temperature. The solvents were
evaporated under reduced pressure and then KOH (2.10 g, 37.5 mmol) was carefully added and the
resulting mixture was stirred for 1 h at room temperature. The organic compounds were extracted
with diethyl ether and dried over Na,SO, and concentrated under reduced pressure. The title
compound was obtained as a colorless liquid (292mg, 34%) by trap-to-trap distillation in the
presence of CaH,. '"H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.50 (brs, 2H, NH>), 1.78 (t, *Jyy = 2.0
Hz, 3H, CH;C=C), 3.35 (q, “Jun = 2.0 Hz, 2H, CH,N). "C{'H} NMR (100.53 MHz, CDCl, rt,
&/ppm): 3.5 (CH;C=C), 31.7 (C=CCH,), 78.1 (C=CCH,), 80.1 (C=CCH,).

1-Methylamino-3-phenyl-2-propyne (1m) 18
i : L To an 80 mL Schlenk flask charged with PdCI,(PPh;), (67.2 mg, 95.7
o N—CHj pmol) and Cul (39.3 mg, 206 pumol) in triethylamine (10 mL),
H iodobenzene (1.18 g. 5.8 mmol) and 1-methylamino-2-propyne 1f (600
mg, 8.7 mmol) were added under Ar atmosphere. After stirring overnight at room temperature, the
resulting mixture was concentrated under reduced pressure. The residue was purified by distillation
(1 mmHg/b.p. 62-70 °C) under reduced pressure to afford 614 mg (73%) of the title compound as a
colorless liquid. '"H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.21 (brs, 1H, NH), 2.53 (s, 3H,
NHCH3), 3.60 (s, 2H, CH,N), 7.28-7.29 (m, 3H, Ar), 7.41-7.43 (m, 2H, Ar); “C{'H} NMR (100.53
MHz, CDCls, rt, &/ppm): 35.5 (CH3C¢Hs), 40.9 (CH,N), 83.6 (C=CCH,), 87.6 (C=CCH,), 123.4

(Ar), 128.1 (Ar), 128.3 (Ar), 131.7 (Ar).

I-Methylamino-(4’-methyphenyl)-2-propyne (1n)"’
This compound was synthesized from p-iodotoluene (2.22 g,
CH —
3 < > \/N—CH3 10.2 mmol) and 1f (1.10 g, 15.9 mmol) in a similar manner as
H described for 1m. Colorless liquid; 631 mg (39%) (distillation
conditions: 1 mmHg/b.p. 70-78 °C); 'H NMR (399.78 MHz, CDCl;, tt, 8/ppm): 1.28 (brs, 1H, NH),
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2.33 (s, 3H, CH;CeHs), 2.53 (s, 3H, NHCH3), 3.59 (s, 2H, CH>N), 7.08-7.10 (m, 2H, Ar), 7.29-7.32
(m, 2H, Ar); *C{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 21.5 (NCH;), 35.5 (CH3C¢Hs), 41.0
(CH,N), 83.7 (C=CCH,), 86.9 (C=CCH,), 120.3 (Ar), 129.1 (Ar), 131.6 (Ar), 138.1 (Ar).

1-Methylamino-(4’-methoxyphenyl)-2-propyne (° 10)*
This compound was synthesized from p-iodoanisole (4.64 g,
CH3O@%\N—CH3 19.8 mmol) and 1f (1.88 g, 27.2 mmol) in a similar manner as
H described for 1m. Colorless liquid; 1.43 g (41%) (distillation
conditions: 1 mmHg/b.p. 75-82 °C); 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 2.00 (brs, 1H, NH),
2.54 (s, 3H, NHCHs), 3.60 (s, 2H, CH,N), 3.79 (s, 3H, CH;0), 6.80-6.83 (m, 2H, Ar), 7.34-7.36 (m,

2H, Ar); "C{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 35.4 (NCH3), 40.9 (CH,N), 55.3 (CH;0),
83.6 (C=CCH,), 85.7 (C=CCH,), 114.0 (Ar), 115.4 (Ar), 133.1 (Ar), 159.5 (Ar).

1-(3’-Methylaminoprop-1°-ynyl)benzonitrile ( 1p)19
i ) L This compound was synthesized from p-iodobenzonitrile (3.00 g,
NC o N—CHj 13.1 mmol) and 1f (1.21 g, 17.5 mmol) in a similar manner as
H described for 1m except for purified by a silica gel
chromatography (elunt: ethyl acetate) instead of distillation. Orange powder; 891 mg (40%); 'H
NMR (399.78 MHz, CDCl;, rt, 8/ppm): 1.41 (brs, 1H, NH), 2.54 (s, 3H, NHCH;), 3.64 (s, 2H,
CH,N), 7.48-7.50 (m, 2H, Ar), 7.58-7.60 (m, 2H, Ar); “C{'H} NMR (100.53 MHz, CDCl,, rt,

8/ppm): 35.6 (NCHs), 40.9 (CH,N), 82.2 (C=CCH,), 92.5 (C=CCH,), 111.5 (Ar), 118.6 (N=0),
128.3 (Ar), 132.1 (Ar), 132.3 (A1)

1-Methylamino-(4’-nitrophenyl)-2-propyne ( 1q)19
i ) L This compound was synthesized from p-iodonitrobenzene (4.97
NO2 o N-CH; & 20.0 mmol) and 1f (1.80 g, 26.0 mmol) in a similar manner as
H described for 1m except for purified by a silica gel
chromatography (elunt: ethyl acetate) instead of distillation. Black powder; 707 mg (19%). 'H NMR
(399.78 MHz, CDCl;, rt, 8/ppm): 2.01 (s, 1H, NH), 2.56 (s, 3H, NHCH;), 3.67 (s, 2H, CH,N),
7.53-7.57 (m, 2H, Ar), 8.15-8.18 (m, 2H, Ar); "C{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 35.6

(NCH3;), 40.9 (CH,N), 82.1 (C=CCH,), 93.4 (C=CCH,), 123.6 (Ar), 130.3 (Ar), 132.4 (Ar), 147.0
(Ar).
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1-Methylamino-(4’-fluorophenyl)-2-propyne (1r)
i : L This compound was synthesized from p-fluoroiodobenzene (2.60 g,
F o N—CHj 11.7 mmol) and 1f (1.05 g, 15.2 mmol) in a similar manner as
H described for 1m. Pale yellow liquid; 153 mg (8%) (distillation
conditions: 1 mmHg/b.p. 60 °C); 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 1.30 (brs, 1H, NH),
2.51 (s, 3H, NCH,), 3.57 (s, 2H, CH>N), 6.93-6.99 (m, 2H, Ar), 7.34-7.39 (m, 2H, Ar); "C{'H}
NMR (100.53 MHz, CDCl;, 1t, /ppm): 35.5 (NCH3), 40.8 (C=CCH,), 82.6 (C=CCH,), 87.2 (C=
CCH,), 115.6 (d, *Jcr = 22.1 Hz, 3°C), 119.4 (d, *Jor = 4.0 Hz, 1°C), 133.5 (d, *Jcr = 8.2 Hz, 2°C),
162.4 (d, 'Jep = 249.2 Hz, 4°C); "’F{'H} NMR (376.17 MHz, CDCl;, tt, 8/ppm): -111.4; IR (CHCl,,
em™): 3335 (b), 2996 (b), 2380 (w), 1678 (s), 1508 (w), 1489 (s), 1400 (w), 1331 (w), 1236 (W),
1092 (s), 1015 (m), 920 (w), 896 (w), 830 (m), 662 (m), 526 (w), 498 (w), 404 (w); HR-MS: [M +
H+] Calcd for CioH;;FN: 164.0870; Found: 164.0870.

1-Methylamino-(4’-chloromophenyl)-2-propyne (1s)
: : L This compound was synthesized from p-chloroiodobenzene (4.85
c o N—CHj g, 20.3 mmol) and 1f (2.05 g, 29.6 mmol) in a similar manner as
H described for 1m. Pale yellow lipuid; 731 mg (20%) (distillation
conditions: 1 mmHg/b.p. 80 °C); 'H NMR (399.78 MHz, CDCl;, tt, 8/ppm): 1.34 (brs, 1H, NH),
2.51 (s, 3H, NCH;), 3.58 (s, 2H, CH,N), 7.22-7.26 (m, 2H, Ar), 7.30-7.33 (m, 2H, Ar); “C{'H}
NMR (100.53 MHz, CDCl;, rt, 8/ppm): 35.5 (NCH3;), 40.9 (C=CCH,), 82.6 (C=CCH,), 88.6 (C=
CCH,), 121.8 (Ar), 128.7 (Ar), 132.9 (Ar), 134.1 (Ar); IR (CHCls, em™): 3338 (b), 2949 (b), 2799
(m), 2495 (w), 1901 (w), 1651 (w), 1594 (w), 1489 (s), 1471 (m), 1444 (m), 1397 (w), 1346 (m),
1330 (m), 1256 (m), 1130 (m), 1092 (s), 1051 (w), 1015 (m), 969 (w), 951 (w), 829 (s), 610 (W), 526
(m), 494 (w), 414 (w); HR-MS: [M + H"] Calcd for C,,H,;CIN: 180.0575; Found: 180.0579.

1-Methylamino-(4’-bromophenyl)-2-propyne (1t)
i : L This compound was synthesized from p-bromoiodobenzene (5.66
d o N—CHj g, 20.0 mmol) and 1f (1.75 g, 25.3 mmol) in a similar manner as
H described for 1m. Orange liquid; 289 mg (6%) (distillation
conditions: 1 mmHg/b.p. 145-160 °C); "H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 1.37 (brs, 1H,
NH), 2.51 (s, 3H, NCH5), 3.57 (s, 2H, CH,N), 7.23-7.27 (m, 2H, Ar), 7.38-7.42 (m, 2H, Ar).
PC{'H} NMR (100.53 MHz, CDCls, t, 8/ppm): 35.5 (NCH3), 40.9 (C=CCH,), 82.6 (C=CCH,),
88.8 (C=CCH,), 122.3 (Ar), 131.6 (Ar), 133.2 (Ar); IR (CHCls, cm™): 3335 (b), 3009 (b), 2799 (w),
2379 (w), 1901 (w), 1674 (m), 1640 (m), 1588 (m), 1550 (w), 1487 (s), 1445 (w), 1395 (m), 1345
(w), 1330 (w), 1255 (w), 1097 (w), 1072 (s), 1050 (w), 1011 (s), 969 (w), 826 (s), 664 (W), 523 (W);
HR-MS: [M + H+] Calcd for CoH;;BrN: 224.0069; Found: 224.0074.

168



o
5

1-Amino-3-phenyl-2-propyne (1 u)!

i : L This compound was synthesized from bromobenzene (7.19 g, 45.8 mmol)
o N—H and l-amino-2-propyne (3.69 g, 67.0 mmol) in a similar manner as

H described for 1m. Colorless liquid; 720 mg (12%) (distillation conditions:

1 mmHg/b.p. 70-75 °C); "H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.44 (s, 2H, NH,), 3.64 (s, 2H,
CH,N), 7.28-7.30 (m, 3H, Ar), 7.40-7.42 (m, 2H, Ar); "C{'H} NMR (100.53 MHz, CDCl,, rt,
&/ppm): 32.3 (CH,N), 82.5 (C=CCH,), 90.3 (C=CCH,), 123.3 (Ar), 128.1 (Ar), 128.4 (Ar), 131.6

(Ar).

2-Methylamino-4-phenyl-3-butyne (1v)

CHj This compound was synthesized from iodobenzene (1.22 g, 5.98 mmol)
<:> T :N— CH and 2-methylamino-3-butyne® (304 mg, 3.66 mmol) in a similar
3

/

H manner as described for 1m. Colorless liquid; 53.6 mg (9%)
(distillation conditions: 1 mmHg/b.p. 130-150 °C); 'H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.43
(d, *Jun = 6.8 Hz, 3H, CHCH), 3.64 (q, *Jun = 6.8 Hz, 1H, CHCH3), 2.69 (q, *Jun = 7.1 Hz, 2H,
CH,CHs), 3.34 (q, *Jun = 2.4 Hz, 2H, CH,N), 7.27-7.31 (m, 2H, Ar), 7.41-7.43 (m, 3H, Ar); "C{'H}
NMR (100.53 MHz, CDCls, rt, 8/ppm): 22.3 (CHCH3), 34.1 (NCH3), 47.5 (C=CCH), 83.1 (C=
CCH), 91.6 (C=CCH), 123.4 (Ar), 128.0 (Ar), 128.3 (Ar), 131.7 (Ar).

Synthesis of cyclic urethanes

Propargylamines 1 (2 mmol) were added to a methanol (2 mL) suspension of Au catalyst (0.04
mmol) in a 20 mL Schlenk flask under Ar atmosphere. The flask was charged with CO, and stirred at
40 °C for 15 or 48 h. The resulting mixture was evaporated under reduced pressure. The crude
mixture was dissolved in CDCIl; with durene as an internal standard and the product yield was
determined by 'H NMR. The mixture was purified by a silica gel chromatography (eluent:

hexane/ethyl acetate = 1/2) to afford the corresponding cyclic urethanes 2.

Characterization data for 2
(Z)-3-Methyl-5-ethylidene-1,3-oxazolidin-2-one (2a)
White powder; 91% (NMR vyield); '"H NMR (399.78 MHz, CDCl;, tt,

CH,
_\§ﬁ 8/ppm): 1.66 (dt, *Juyy = 7.0 Hz, *Jyy = 2.2 Hz, 3H, CH;CH), 2.90 (s, 3H,
O. _N<
“c”TCHs NCHy), 4.09 (dg, Vi = 2.2 Hz, i = 2.2 Hz, 2H, CCH,N), 4.59 (qt, “Jiui =
o 7.0 Hz, “Jun = 2.2 Hz, 1H, CH;CH); “C{'H} NMR (100.53 MHz, CDCl,, tt,

d/ppm): 9.8 (CH;CH), 30.5 (NCHs), 49.8 (CH,), 97.2 (CH3CH), 141.5 (CHCO), 156.1 (NCO,); IR
(cm'l, KBr): 1770 (C=0); Anal. Calcd for CgHoNO,: C, 56.68; H, 7.13; N, 11.02. Found: C, 56.61; H,
7.16; N, 11.03.
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(Z)-3-Methyl-5-propylidene-1,3-oxazolidin-2-one (2b)
CH5CH, \ Pale yellow liquid; 82% (NMR vyield), 63% (isolated yield); "H NMR
% (399.78 MHz, CDCl, 1t, 8/ppm): 0.97 (t, *Juy = 7.5 Hz, 3H, CH;CH),),
2.15 (dqt, *Jun = 7.5 Hz, *Juy = 7.5 Hz, *Juy = 1.7 Hz, 2H, CH;CH,),
2.90 (s, 3H, NCH3), 4.09 (dt, *Jyy = 2.0 Hz, *Jyy = 1.7 Hz, 2H, CCH,N),
4.57 (tt, *Jyy = 7.5 Hz, *Jyy = 2.0 Hz, 1H, CH,CH); *C{'H} NMR (100.53 MHz, CDCl, rt, 8/ppm):
14.1 (CH;CH,), 18.3 (CH;CH,), 30.6 (NCH;), 49.9 (CCH,N), 104.8 (CH,CH), 140.6 (CHCO),
156.3 (NCO,); IR (cm”, CHCL): 1778 (C=0); HR-MS: [M + Na'] Caled for C;H;;NNaO,:
164.0682; Found: 164.0684.

()\c:/N\CH3
1]

O

(Z)-3-Methyl-5-(2’-methylpropylidene)-1,3-oxazolidin-2-one (2c¢)

Pale yellow viscous liquid; 87% (NMR vyield); "H NMR (399.78 MHz, CDCl,,
>_\§_\ rt, 8/ppm): 0.96 (d, *Jyy = 6.7 Hz, 6H, (CH:),CH), 2.75 (qt, *Jun = 6.7 Hz,
O\C/N\CH3 *Jun =1.5 Hz, 1H, (CH;),CH), 2.89 (s, 3H, NCH), 4.06 (d, *Ju = 1.5 Hz, 2H,
~ CCH,N), 4.42 (dt, *Jyn = 6.7 Hz, “Juyy = 1.5 Hz, 1H, CH,CH); “C{'H} NMR
(100.53 MHz, CDCl;, 1t, 8/ppm): 23.0 ((CH;),CH), 25.0 ((CH3),CH), 30.6 (NCH3), 49.9 (CCH,N),
110.4 (CH=C), 139.4 (CH=C), 156.3 (NCO,); IR (cm, CHCl;): 1752 (C=0); Anal. Calcd for

CsH1sNO,: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.85; H, 8.40; N, 8.80.

(Z)-3-Methyl-5-(2°,2 ’-dimethylpropylidene)-1,3-oxazolidin-2-one (2d)
White powder; 81% (NMR yield); 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm):
W 1.14 (s, 9H, (CHs);C), 2.90 (s, 3H, NCH), 4.06 (d, “Ju = 2.2 Hz, 2H,
O.c-N~CH; CCHiN), 4.49 (t, “Jun = 2.2 Hz, 1H, (CH3);CCH); *C{'H} NMR (100.53
C MHz, CDCLs, rt, 8/ppm): 30.4 ((CHs)C), 30.5 (CHy),C), 31.7 (NCH), 50.6

(CCH,N), 112.8 (CH=C), 139.1 (CH=C), 156.4 (NCO,); IR (cm"', KBr): 1712 (C=0); Anal. Calcd
for CoHsNO,: C, 63.88; H, 8.93; N, 8.28. Found: C, 63.80; H, 8.95; N, 8.19.

(Z)-3-Methyl-5-trimethylsilylmethylene-1,3-oxazolidin-2-one (2e)

—\Si This compound was not isolated. 16% yield (NMR yield); 'H NMR (399.78
/ ¥ MHz, CDCl;, tt, 8/ppm): 0.16 (s, 9H, (CH3);Si), 2.93 (s, 3H, NCH3), 4.15 (d,

O.cN~CH;  *Jiyu = 2.2 Hz, 2H, CCH:N), 4.74 (t, “Jiy = 2.2 Hz, 1H, (CH3);CCH).
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3-Methyl-5-methylene-1,3-oxazolidin-2-one (2f)"
Pale yellow powder; 16% (NMR yield). "H NMR (399.78 MHz, CDCls, tt, 8/ppm):
O, N-ch 2.91 (s, 3H, NCH3), 4.16 (dd, *Jyy = 2.4 Hz, *Juyy = 2.4 Hz, 2H, CCH,N), 4.28 (dt,
8 *Jun = 3.1 Hz, *Jyn = 2.4 Hz, 1H), 4.72 (dt, *Juy = 3.1 Hz, “Jyy = 2.4 Hz, 1H);
BC{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 30.6, 50.6, 86.6, 148.9, 155.9.

(Z)-3-Ethyl-5-ethylidene-1,3-oxazolidin-2-one (2g)
CH?’_\§j Pale yellow liquid; 85% (NMR yield); 'H NMR (399.78 MHz, CDCl;, rt,
4\ 8/ppm): 1.12 (t, *Juy = 7.3 Hz, 3H, NCH,CHs), 1.63 (dt, *Jyy = 6.8 Hz,
ST TCHC s sy — 2.3 He, 3H, CHiCH), 331 (¢, Vi = 7.3 Hz, 2H, NCH,CH,),
o 4.06 (dq, *Jun = 2.2 Hz, “Jyn = 2.3 Hz, 2H, NCH,C=CH), 4.57 (qt, *Jum
= 6.8 Hz, “Juy = 2.2 Hz, 1H, CH;CH); "C{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 10.0
(CH;CH), 12.5 (NCH,CHs), 38.5 (NCH,CH3), 47.1 (CH=CCH,N), 97.2 (CH;CH), 141.9 (CHCO),
155.6 (NCO,); IR (cm”, CHCL): 1774 (C=0); HR-MS: [M + Na'] Caled for C;H;;NNaO,:
164.0682; Found: 164.0678.

(Z)-3-Propyl-5-ethylidene-1,3-oxazolidin-2-one (2h)

Pale yellow liquid; 86% (NMR yield); 'H NMR (399.78 MHz, CDCls, tt,
&/ppm): 0.89 (t, *Juy = 7.5 Hz, 3H, CH,CH3), 1.54 (tq, *Jun = 7.5 Hz, *Jun
= 7.2 Hz, 2H, CH,CH;), 1.64 (dt, *Juyy = 7.0 Hz, *Juy = 2.2 Hz, 3H,
CH;CH), 3.22 (t, *Jun = 7.2 Hz, 2H, NCH,CH,), 4.06 (dq, *Ji; = 2.2 Hz,
*Jun = 2.2 Hz, 2H, NCH,C=CH), 4.57 (qt, *Juy = 7.0 Hz, “Jyy = 2.2 Hz, 1H, CH;CH); “C{'H}
NMR (100.53 MHz, CDCls, rt, 8/ppm): 10.0 (CH;CH), 11.1 (CH,CHs), 20.6 (CH,CH;), 45.4
(NCH,CH,), 47.7 (CH=CCH,N), 97.3 (CH3CH), 141.9 (CHCO), 156.2 (NCO,); IR (cm™', CHCl;):
1765 (C=0); HR-MS: [M + Na'] Calcd for CgH;;NNaO,: 178.0835; Found: 178.0838.

CH; A

N-
O\C/ nC3H7
1l

O

(Z)-3-Benzyl-5-ethylidene-1,3-oxazolidin-2-one (2i)”

CHs A White powder; 83% (NMR yield); '"H NMR (399.78 MHz, CDCls, rt,
8/ppm): 1.67 (dt, *Jyy = 7.0 Hz, *Jyy = 2.2 Hz, 3H, CH;CH), 3.95 (dq,
“Jun = 2.2 Hz, *Jyy = 2.2 Hz, 2H, CCH,N), 4.45 (s, 2H, NCH,C¢Hs),
4.55 (qt, *Jun = 7.0 Hz, *Jyy = 2.2 Hz, 1H, CH;CH), 7.26-7.38 (m, 5H,
Ar); PC{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 10.0 (CH;CH), 47.2 (CCH,N), 48.0
(NCH,CgHs), 97.7 (CH5CH), 128.2 (Ar), 129.0 (Ar), 135.3 (Ar), 141.7 (CHCO), 156.1 (NCO,); IR
(cm™, KBr): 1776 (C=0);

O\C’N\CHchHS
I

0]
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(Z)-3-Isopropyl-5-ethylidenel,3-oxazolidin-2-one (2J)
CHj A 27% (NMR yield); 'H NMR (399.78 MHz, CDCls, tt, 8/ppm): 1.17 (d, *Jiyy =
d N 6.7 Hz, 6H, CH(CHs),), 1.67 (dt, *Jyy = 7.0 Hz, *Jyy = 2.2 Hz, 3H, CH;CH),
c \( 4.04 (dq, *Jun = 2.2 Hz, *Juy = 2.2 Hz, 2H, CCH,N), 4.15 (septet, *Jyy = 6.7
Hz, 1H, CH(CHs),), 4.59 (qt, *Juy = 7.0 Hz, *Juy = 2.2 Hz, 1H, CH;CH);
BC{'H} NMR (100.53 MHz, CDCls;, rt, &/ppm): 10.0 (CH;CH), 19.8 (NCH(CH,);), 43.0
(NCH(CH,);), 44.7 (CH=CCH,N), 97.2 (CH3CH), 142.2 (CHCO), 155.3 (NCO,).

(Z)-5-Ethylidene-1,3-oxazolidin-2-one (2l)
CHsN_\ 2| was obtained as a mixture of ZE isomers (Z/E = 75/25). 36% (NMR yield);
& N... 21-Z:'HNMR (399.78 MHz, CDCls, tt, 8/ppm): 1.67 (dt, *Juu = 7.0 Hz, *Jun =
\9/ : 2.2 Hz, 3H, CH;C=C), 4.17 (dq, *Jun = 2.2 Hz, *Jyn = 2.2 Hz, 2H, CH,N), 4.60
° (qt, *Jun = 7.0 Hz, *Juy = 2.2 Hz, 2H, CH,), 6.37 (brs, 1H, NH); C{'H} NMR
(100.53 MHz, CDCL,, tt, 8/ppm): 10.0, 44.1, 97.6, 144.1, 158.0 (NCO,); 2I-E: 'H NMR (399.78
MHz, CDCLs, tt, 8/ppm): 1.52 (dt, *Jiy = 7.0 Hz, *Jyyy = 1.8 Hz, 3H, CH3C=C), 4.20 (dqd, *Jiy = 2.2
Hz, *Jyn = 2.2 Hz, *Juy = 0.9 Hz, 2H, CH,N), 5.18 (qtd, *Jyn = 7.0 Hz, *Jiyy = 2.2 Hz, *Jyyn = 0.9 Hz,

1H, CH;CH), 6.34 (brs, 1H, NH).

(Z)-3-Methyl-5-benzylidene-1,3-oxazolidin-2-one (. 2m)8
White powder; 76% (NMR yield); 'H NMR (399.78 MHz, CDCl;, rt,

N 8/ppm): 2.96 (s, 3H, NCH;), 4.29 (d, *Jiu = 2.1 Hz, 2H, NCHC), 5.50 (t,
OscN~CHy  “Jim = 2.1 Hz, 1H, CeHsCH), 7.20 (t, *Jin = 7.3 Hz, 1H, Ar), 7.32 (dd,
I
o) *Jun = 7.3 Hz, *Jyy = 7.6 Hz, 2H, Ar), 7.56 (d, *Juy = 7.6 Hz, 1H, Ar);

PC{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 30.6 (CH,N), 51.0 (NCH3), 103.0 (C¢HsCH), 126.9,
(Ar), 128.3 (Ar), 128.6 (Ar), 133.6 (Ar), 141.8 (CHCO), 155.8 (NCO,). IR (cm™, KBr): 1781
(C=0).

(Z)-3-Methyl-5-(4’-methylbenzylidene)-1,3-oxazolidin-2-one (2n)

CH White powder; 75% (NMR yield), 69% (isolated yield); 'H NMR
3

N (399.78 MHz, CDCL,, tt, 8/ppm): 2.33 (s, 3H, CH;CsHy), 2.98 (s,
O.c-N~CH,  3H, NCH3), 430 (d, i = 2.1 Hz, 2H, CCHN), 547 (t, “Jim =
1]
o) 2.1 Hz, 1H, CgH4CH), 7.12 (d, *Juss = 8.1 Hz, 2H, CH3CyHy), 7.44

(d,*Jun = 8.1 Hz, 2H, CH3C¢H,); “C{'H} NMR (100.53 MHz, CDCls, tt, 8/ppm): 21.2 (CH;C¢Hy),
30.6 (NCH3), 51.0 (CCH,N), 103.0 (CeH4CH), 128.2, 129.3 (aromaticC-H), 130.7 (CCH), 136.7
(CCH), 140.9 (CCH), 156.0 (NCO,). IR (cm™, KBr): 1778 (C=0); Anal. Calcd for C;,H;3sNO,: C,
70.92; H, 6.45; N, 6.89. Found: C, 70.77; H, 6.32; N, 6.90.
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(Z)-3-Methyl-5-(4’-methoxylbenzylidene)-1,3-oxazolidin-2-one (20)
White powder; 53% (NMR yield), 39% (isolated yield); '"H NMR

CHZ0 \
(399.78 MHz, CDCL,, rt, 5/ppm): 2.98 (s, 3H, NCHs), 3.80 (s, 3H,
O.c-N~CH;  CH;0), 4.29 (d, “/iys = 2.1 Hz, 2H, NCH,C), 5.45 (t, “Jis = 2.1
I
o) Hz, 1H, CHLCH), 6.84-6.87 (m, 2H, CeHa), 7.48-7.50 (m, 2H,

CeH.); PC{'H} NMR (100.53 MHz, CDCI;, rt, 8/ppm): 30.6 (NCH3), 51.0 (CCH,N), 55.3 (CH;0),
102.6 (CeH4CH), 114.0 (Ar), 126.3 (Ar), 129.6 (Ar), 139.9 (CCH), 156.0 (NCO,), 158.5 (Ar). IR
(cm'l, KBr): 1776 (C=0); Anal. Calcd for C,H3NOs: C, 65.74; H, 5.98; N, 6.39. Found: C, 65.35;
H, 5.88; N, 6.42.

(Z)-4-(3’-Methyl-2’-oxo0-oxazolidin-5-ylidenemethyl) benzonitrile (2p) 19
Orange powder; 45% (NMR yield), 33% (isolated yield); "H NMR

NC
N (399.78 MHz, CDCl;, tt, 8/ppm): 3.01 (s, 3H, NCH), 4.35 (d, *Jun
O.c-N~CH, = 2.1 Hz, 2H, NCH,C), 5.53 (t, “hm = 2.1 Hz, 1H, CgH.CH),
I
o) 7.57-7.64 (m, 4H, CeH,); “C{'H} NMR (100.53 MHz, CDCl,, tt,

d/ppm): 30.7 (NCHj;), 51.1 (CCH,N), 101.6 (C¢H4CH), 110.0 (Ar), 119.1 (N=C), 128.6 (Ar), 132.4
(Ar), 138.2 (CCH), 145.0 (Ar), 155.1 (NCO,); Anal. Calcd for C,H(N,O,: C, 67.28; H, 4.71; N,
13.08. Found: C, 67.22; H, 4.68; N, 13.25.

(Z)-3-Methyl-5-(4’-methylbenzylidene)-1,3-oxazolidin-2-one (2q)"°
Black powder; 25% (NMR vyield); 'H NMR (399.78 MHz, CDCl;,

O.N
N rt, 8/ppm): 3.01 (s, 3H, NCHs), 3.82 (d, “Jux = 1.2 Hz, 2H,

O\C/N\cH3 NCH-C), 6.16 (t, “Jyn = 1.2 Hz, 1H, C¢H,CH), 7.68-7.70 (m, 2H,

o CeHy), 8.16-8.18 (m, 2H, CeH,); “C{'H} NMR (100.53 MHz,

CDCls, tt, 8/ppm): 30.6 (NCH3), 51.2 (CCH,N), 101.2 (CsH,CH), 112.9 (Ar), 128.7 (Ar), 132.5 (Ar),
138.2 (CCH), 145.9 (Ar), 155.0 (NCO»).

(Z)-3-Methyl-5-(4’-fluorobenzylidene)-1,3-oxazolidin-2-one (2r)

E White powder; 59% (NMR yield); "H NMR (399.78 MHz, CDCl,, rt,

N S/ppm): 2.98 (s, 3H, NCH), 4.30 (d, “Jin = 2.0 Hz, 2H, NCH,C),
O.c-N~CHy 547 (t, i = 2.0 Hz, 1H, CgH,FCH), 6.97-7.03 (m, 2H, 3°-CH,y),
I
o) 7.50-7.55 (m, 2H, 2-CH,,); "F NMR (376.17 MHz, CDCl, tt,

8/ppm): -114.59 (FC¢H,); "C{'H} NMR (100.53 MHz, CDCl, rt, 8/ppm): 30.6 (NCH3), 50.9
(CCH,N), 101.9 (C¢H4CH), 115.5 (d, 'Jep = 22.1 Hz, 3’-CHa,), 129.7 (d, 'Jor = 3.9 Hz, 1’-CH,,),
129.9 (d, 'Jep = 7.7 Hz, 2°-CHa,), 141.3 (d, *Jer = 1.9 Hz, C¢H4CH), 155.7 (NCO,), 161.6 (d, 'Jer =
247.3 Hz, 4’-CF,,); IR (cm'l, KBr): 1780 (C=0); Anal. Calcd for C;;H(FNO,: C, 63.76; H, 4.86; N,
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6.76. Found: C, 63.95; H, 4.84; N, 6.73.

(Z)-3-Methyl-5-(4’-chlorobenzylidene)-1,3-oxazolidin-2-one (2s)
White powder; 56% (NMR yield), 55% (isolated yield); '"H NMR

cl
N (399.78 MHz, CDCL, 1t, 8/ppm): 2.97 (s, 3H, NCHs), 4.29 (d, *Jiu =
O.cN~CHs 1.9 Hz, 2H, NCH,C), 545 (t, i = 1.9 Hz, 1H, CeH,CICH),
I
o) 7.26-7.28 (m, 2H, 3’-CH,,). 7.46-7.49 (m, 2H, 2’-CH,,); “C{'H}

NMR (100.53 MHz, CDCl;, rt, 8/ppm): 30.6 (NCH3), 51.0 (CCH,N), 101.9 (C¢H4CH), 128.7 (Ar),
129.5 (Ar), 132.1 (Ar), 132.5 (Ar), 142.2 (C¢H4CH), 155.6 (NCO,). IR (cm’l, KBr): 1799 (C=0);
Anal. Calcd for C;1H;oCINO,: C, 59.07; H, 4.51; N, 6.26. Found: C, 58.80; H, 4.51; N, 6.42.

(Z)-3-Methyl-5-(4’-bromobenzylidene)-1,3-oxazolidin-2-one (2t)
White powder; 43% (NMR yield), 40% (isolated yield); '"H NMR

Br
N (399.78 MHz, CDCls, rt, 8/ppm): 2.98 (s, 3H, NCHs), 4.29 (d, “Jyy =
O.c-N~CH, 2.1 Hz, 2H, NCH,C), 544 (t, “Ju = 2.1 Hz, 1H, CgH,CICH),
I
o) 7.40-7.44 (m, 4H, C¢H4Br); “C{'H} NMR (100.53 MHz, CDCl,, rt,

d/ppm): 30.6 (NCH;), 51.0 (CCH,N), 110.0 (C¢H4CH), 120.6 (Ar), 129.8 (Ar), 131.7 (Ar), 132.5
(Ar), 142.4 (C¢H4CH), 155.5 (NCO,). IR (cm™, KBr): 1779 (C=0); Anal. Calcd for C;H;oBrNO,: C,
49.28; H, 3.76; N, 5.22. Found: C, 49.54; H, 3.68; N, 5.07.

(Z) -5-Benzylidene-1,3-oxazolidin-2-one (2u)
White powder; 47% (NMR vyield); 'H NMR (399.78 MHz, CDCl;, rt,
% 8/ppm): 4.40 (d, “Jyy = 2.0 Hz, 2H, CH>), 5.52 (t, *Jyy = 2.0 Hz, 1H,
C/N\H CeHsCH), 7.21 (dd,*Juy = 7.5 Hz, *Juy = 7.5 Hz, p-Ar), 7.33 (t, *Juy = 7.5
O Hz, m-Ar), 7.56 (d, *Jyn = 7.5 Hz, o-Ar); "C{'H} NMR (100.53 MHz,
CDCls, rt, 8/ppm): 45.2 (CH,), 103.4 (C¢HsCH), 127.0, 128.3, 128.6, 133.5 (CHs), 143.9 (CHCO),

157.2 (NCO,). IR (cm’l, KBr): 1763 (C=0); Anal. Calcd for C,(HoNO,: C, 68.56; H, 5.18; N, 8.00.
Found: C, 68.73; H, 5.12; N, 7.79.

N

(Z)-3,4-Dimethyl-5-benzylidene-1,3-oxazolidin-2-one (2v)

CH This compound was not isolated. 3% (NMR yield); '"H NMR (399.78
3

A MHz, CDCl,, rt, 8/ppm): 1.21 (d, *Jiuus = 6.7 Hz, 3H, CHCH), 2.33 (s, 3H,
O.c-N~CHs  CHyCeHL), 2.94 (s, 3H, NCHs), 4.43 (dq, “ius = 2.1 Hz, "y = 6.7 Hz, 2H,
I
o) NCH,C), 5.48 (d, “Jins = 2.1 Hz, 1H, C¢H,CH), 7.42-7.60 (m, 5H, Ar).
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Chapter 3

Synthesis of /1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[(1E)-1-(3’-methyl-2’-0xo0-oxazolidin-5-ylidene)ethyl|gold (3a)

Au(IPr) 1-Methylamino-2-butyne 1a (42 mg, 508 umol) was added to a THF (5 mL)
CHsz N solution of (IPr)Au(OH) (307 mg, 508 umol) in a 20 mL Schlenk flask under

o N Ar atmosphere. The Schlenk flask was charged with CO, and stirred at rt for
~c ~CH
C 3

o)

1 h. The resulting mixture was evaporated and washed with ether. The
residue was recrystallized from acetone/pentane (1.0 mL/10 mL) to give the
3a (264 mg, 73% yield) as colorless crystals. 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 1.23 (d,
Jun = 7.0 Hz, 12H, (CH3),CH), 1.34 (d, *Jyn = 7.0 Hz, 12H, (CH;),CH), 1.55 (t, 3H, *Jyn = 2.1 Hz,
CH5C=C), 2.59 (sept, *Jun = 7.0 Hz, 4H, (CH;),CH), 2.68 (s, 3H, NCH3), 3.41 (q, Jun = 2.1 Hz, 2H,
CH,), 7.14 (s, 2H, NCH=CHN), 7.29 (d, *Juy = 8.0 Hz, 4H, Ar), 7.48 (t, *Juny = 7.8 Hz, 2H, Ar);
PC{'H} NMR (100.53 MHz, CDCls, tt, 8/ppm): 19.2, 24.0, 24.5, 28.9, 30.2, 51.3, 122.8, 124.0,
130.3, 131.6 (AuC=C), 134.6, 139.6 (AuC=C), 146.0, 158.3 (NCO,), 196.8 (NCN); IR (cm™', KBr):
1750 (C=0); Anal. Calcd for C33H44N30,Au: C, 55.69; H, 6.23; N, 5.90. Found: C, 55.53; H, 6.03;
N, 5.72.

Synthesis of /1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[(1E)-1-(3’-methyl-2’-oxo0-oxazolidin-5-ylidene)benzyljgold (3m)

This complex was synthesized from 1-methylamino-3-phenyl-2-propyne

Au(IPr)
QA 1m (77 mg, 528 umol) and (IPr)Au(OH) (302 mg, 501 pumol) in a similar
o N manner as described for 3a. Colorless crystals; 335 mg (86%); 'H NMR
~c~ ~CH
,Cf 8 (399.78 MHz, CDCls, rt, 8/ppm): 1.24 (d, *Jyun = 6.7 Hz, 12H, (CH;),CH),
O

1.32 (d, *Jyy = 7.0 Hz, 12H, (CH5),CH), 2.62 (sept, *Juy = 7.0 Hz, 4H,
(CH3),CH), 2.72 (s, 3H, NCHs), 3.49 (s, 2H, CH,), 6.87 (t, *Juy = 7.8 Hz, 1H, Ar), 6.95 (dd, *Jiyyy =
7.8 Hz, *Juyy = 7.8 Hz, 2H, Ar), 7.15 (d, *Juy = 7.0 Hz, 2H, Ar), 7.20 (s, 2H, NCH=CHN), 7.33 (d,
*Jun = 7.8 Hz, 4H, Ar), 7.54 (t, *Jun = 7.8 Hz, 2H, Ar); “C{'H} NMR (100.53 MHz, CDCls, rt,
8/ppm): 24.1, 24.4, 28.8, 30.0, 52.0, 122.7, 123.9, 124.3, 126.9, 130.2, 130.4, 134.6, 135.9 (AuC=C),
139.4 (AuC=C), 143.9, 146.1, 157.9 (NCO,), 195.7 (NCN); IR (cm™, KBr): 1763 (C=0); Anal.
Caled for CasHN3O5Au: C, 58.99; H, 5.99; N, 5.43. Found: C, 58.81; H, 5.93; N, 5.19.

Protonolysis of the alkenylgold complexes with acetic acid.

Acetic acid (10 mmol) was added to a CD;0D (0.5 mL) solution of alkenylgold complex 3a or 3m

(10 mmol) in a NMR tube. The '"H NMR monitoring was performed at room temperature.
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Reaction of the alkenylgold complexes in deuterated methanol under CQO,.

Alkenylgold complex 3a or 3m (20 mmol) was dissolved in CD;0D (1.0 mL) in a 20 mL Schlenk
flask under Ar atmosphere. The flask was sealed with a septum, charged with 2.0 L of CO, through a
balloon and stirred at room temperature. The formation of urethanes was monitored by 'H NMR

spectroscopy.

Kinetic experiments.

(IPr)AuCl (0.01-0.04 mmol) and durene (an internal standard for NMR analysis; 0.08 mmol) were
dissolved in methanol (1.0 mL) in a 20 mL Schlenk flask under an Ar atmosphere. The flask was
sealed with a septum, charged with 2.0 L of CO, through a balloon and stirred at 40 °C.
Propargylamine 1a (0.2-1.2 mmol) was added to the solution via syringe. A portion of the reaction
mixture was collected every 5 or 10 min and diluted with CDCl; (0.5 mL) for determination of the
product yield by "H NMR spectroscopy.

Reaction of internal alkyne and carbamic acid with gold(I) catalysts
To an 20 mL Schlenk flask charged with (IPr)AuCl (29.8 mg, 47.9 pumol) and AgOTf (13.6 mg, 52.9
pmol) in toluene or methanol (1 mL), diethylamine 4 (85.5 mg, 1.17 mmol) and 1-phenyl-1-propyne
5 (118 mg. 1.01 mmol) were added under Ar atmosphere. The Schlenk flask was charged with CO,
and stirred at 40 °C for 15 h. The resulting mixture was filtered and the filtrate was evaporated and
washed with ether. The residue was recrystallized from CH,Cl,/pentane (1.0 mL/10 mL) to give 6
(38.7 mg, quantitative) as colorless crystals.
[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene][diethylamine[gold(I)
triflate (6)

CoHs 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 0.70 (t, *Jiyy = 7.1 Hz, 6H,

(IPNAu—N=H | OTf N(CH,CH),), 1.23 (d, “Juu = 6.8 Hz, 12H, CH(CHj),), 1.29 (d, “Jyy =

CaHs 6.8 Hz, 12H, CH(CH;),), 2.31-2.43 (m, 2H, N(CH,CHj;),), 1.23 (sept,
*Jun = 7.1 Hz, 4H, CH(CH,),), 2.93 (m, 2H, N(CH>CH3),), 5.08 (t, *Jyn = 9.5 Hz, 1H, NH), 7.28 (s,
2H, imid-H), 7.30 (d, *Jiy = 7.8 Hz, 4H, Ar), 7.53 (t, *Ju = 7.8 Hz, 2H, Ar); “C{'H} NMR (100.53
MHz, CDCl;, rt, 8/ppm): 14.0 (N(CH,CHjs),), 24.2 ((CH3),CH), 24.4 ((CH;),CH), 29.0 ((CH3),CH),
49.0 (N(CH,CHs),), 123.4 (Ar), 123.6 (Ar), 129.9 (NCH=CHN), 145.7 (Ar), 173.3 (NCN); "“F
NMR (376.17 MHz, CDCls, rt, 8/ppm): -78.3; Anal. Calcd for C3,H47AuF;N305S: C, 47.58; H, 5.86;
N, 5.20. Found: C, 47.47; H, 5.68; N, 5.20.
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Synthesis of /1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[N,N-diethylcarbamato]gold(l) (7)
o C,Hs Diethylamine 4 (43.0 mg, 588 pumol) were added to a tetrahydrofuran (3

A\ /

C-N mL) solution of (IPr)Au(OH) (305 mg, 506 umol) in a 20 mL Schlenk flask
(IPDAU—O CaHs under Ar atmosphere. The flask was charged with CO, and stirred at room
temperture for 24 h. After the resulting mixture was evaporated and washed with ether, the residue
was purified by recrystallization from tetrahydrofuran/pentane (1.0 mL/10 mL) to give 7 (297 mg,
84% yield) as colorless crystals. 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 1.10 (t, 3Jun = 7.2 Hz,
6H, N(CH,CH3),), 1.23 (d, *Jun = 6.8 Hz, 12H, CH(CHs),), 1.36 (d, *Juy = 6.8 Hz, 12H, CH(CHs),),
2.53 (sept, *Juy = 6.8 Hz, 4H, CH(CH3),), 2.64 (q, *Jun = 7.2 Hz, 4H, N(CH,CHs),), 7.19 (s, 2H,
imid-H), 7.30 (d, *Jun = 7.9 Hz, 4H, Ar), 7.53 (t, *Jun = 7.9 Hz, 2H, Ar); “C{'H} NMR (100.53
MHz, CDCl;, rt, 8/ppm): 15.4 (N(CH,CHjs),), 24.1 ((CH3),CH), 24.5 ((CH;),CH), 28.9 ((CH;),CH),
44.0 (N(CH,CH3),), 123.4 (Ar), 124.2 (Ar), 130.7 (NCH=CHN), 133.9 (Ar) 145.7 (Ar), 182.8
(NCN); IR (KB, cm'l) 1603; Anal. Calcd for C3,HssAuN3;0,+0.25THF: C, 55.07; H, 6.72; N, 5.84.

Found: C, 54.88; H, 6.54; N, 5.59.
Chapter 4

Synthesis of 1-Benzylamino-2,3-butadiene (9)**

n To a 100 mL round-bottomed flask containing (Boc),O (12.1 g, 55.4
'V\N/CHZC6H5

[
H

mmol) was added dropwise 1-benzylamino-2-propyne (7.78 g, 53.6
mmol) and stirred for 4 h at room temperature. The resulting mixture was
concentrated under reduced pressure and purified by flash chromatography on silica gel (eluent:
hexane/ethyl acetate = 8/1, Ry = 0.43) to afford Boc-protected propargylamine.

To a 200 mL three-necked flask charged with CuBr (1.66 g, 11.5 mmol) in toluene (90 mL), the
Boc-protected amine (50 mmol), diisopropylamine (7.93 g, 78.4 mmol) and HCHO (37wt% aq, 7.13
g, 87.9 mmol) were added. After stirring the mixture for 20 h under reflux conditions, the resulting
mixture was cooled to room temperature and filtered through a silica gel plug. The filtrate was
evaporated and diluted with diethyl ether (50 mL). The resulting solution was washed with saturated
NH,4CI aq (3 x 20 mL), dried over Na,SO,, and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel (eluent: hexane/ethyl acetate) to afford
Boc-protected allenylmethylamine (Boc-9, 79% yield).

To a concentrated solution of aqueous HCI (12 M, 31.5 mL, 378 mmol) was added dropwise Boc-9
(40 mmol) in diethyl ether (50 mL) at 0 °C, and stirred overnight at room temperature. After cooling
the resulting solution at 0 °C, NaOH (16.0 g, 400 mmol) was carefully added and the mixture was

stirred for 1 h at room temperature. The organic compounds were extracted with diethyl ether (2 x
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30 mL), washed with HO (30 mL), dried over Na,SO,, and concentrated under reduced pressure.
The residue was purified by distillation to afford 5.03 g (79%) of the title compound as a colorless
liquid. "H NMR (399.78 MHz, CDCls, rt, 8/ppm): 3.28 (dt, *Jyy = 6.4 Hz, *Juyy = 3.1 Hz, 2H;
CHCH,NH), 3.82 (s, 2H; C¢HsCH,), 4.78 (dt, “Jun = 6.7 Hz, *Jyy = 3.0 Hz, 2H; CH,=C=CH), 5.24
(tt, *Juu = 6.6 Hz, *Jyy = 6.7 Hz, 1H; CH,=C=CH), 7.23-7.33 (m, 5H; aryl). °C{'H} NMR (100.53
MHz, CDCls, rt, 8/ppm): 47.1, 52.9, 76.0, 89.1, 126.9, 128.2, 128.3, 139.9, 208 .4.

Synthesis of /1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[1-(3-benzyl-2-oxooxazolidin-5-yl)vinylgold (10).

A 50 mL autoclave reactor was charged with (IPr)Au(OH) (583

= mg, 0.968 mmol) and 9 (157.0 mg, 0.986 mmol) in THF (20

N_ N mL). After the reactor was pressurized to 5.0 MPa, the reaction

;E mixture was stirred for 20 h at 40 °C. The resulting mixture was

/L\(\N transferred to a Schlenk tube and removed the solvent in vacuo.

O—C‘:\\ /D The residue was recrystallized from acetone/pentane to give the

o 10 (634 mg, 83%) as colorless crystals. 'H NMR (399.78 MHz,

CD,Cl, tt, 8/ppm): 1.17 (d, *Jyun = 6.7 Hz, 12H; (CH5),CH), 1.23 (d, *Ji = 7.0 Hz, 6H; (CHs),CH),

1.26 (d, *Jyn = 6.7 Hz, 6H; (CH3),CH), 2.43 (dd, “Jyn = 8.5 Hz, *Juy = 8.5 Hz, 1H; NCHHCH), 2.51

(sept, *Jun = 6.8 Hz, 4H; (CH3),CH), 2.77 (dd, /iy = 8.4 Hz, *Jiyy = 8.4 Hz, 1H; NCHHCH), 3.87

(d, >y = 15.3 Hz, 1H; NCHHC¢Hs), 4.41 (d, Jyn = 15.2 Hz, 1H; NCHHCHs), 4.46 (dd, “Jiy = 4.4

Hz, *Juy = 1.7 Hz, 1H; CHH=CAu), 4.57 (dddd, *Jiy; = 8.9 Hz, *Jiy = 8.9 Hz, *Jyy = 1.9 Hz, *Jyyy =

1.9 Hz; CH,=CCH), 5.35 (dd, *Juy = 4.5 Hz, “Jyy = 1.7 Hz, 1H; CHH=CAu), 7.14 (s, 2H;

NCH=CHN), 7.16-7.41 (m, 13H; aryl); "C{'H} NMR (100.53 MHz, CD,Cl,, 1t, 8/ppm): 23.6, 23.7,

24.2,28.7, 48.0 NCH,C4¢Hs), 51.1 (NCH,CH), 82.6 (AuCCHO), 116.8, 123.1, 123.9, 123.9, 127 4,

127.8, 128.6, 130.2, 134.5, 137.1, 145.9, 158.8 (NCO,), 174.4 (AuC=CH,), 195.9 (NCN). IR (cm,

ATR): 1748 (C=0). Anal. Calcd for C3yH43AuN;0,: C, 59.46; H, 6.14; N, 5.33. Found: C, 59.37; H,
6.35; N, 5.28.

Protonolysis of the alkenylgold complex 10 with acetic acid.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 10 (7.9 mg,
10.0 pmol), 1,3,5-trimethoxybenzene (0.62 mg, 3.69 umol) and acetic acid (0.02 M in CD;0D, 0.5
mL). The mixture was monitored in the '"H NMR spectrum for 1 h at room temperture. The 'H NMR

analysis indicated no conversion of 10.

Protonolysis of the alkenylgold complex 10 with diphenylamine hydrochloride.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 10 (14.5 mg,
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18.4 umol), 1,3,5-trimethoxybenzene (1.1 mg, 6.50 pmol) and diphenylamine hydrochloride (5.3 mg,
25.8 pumol). The mixture was monitored in the 'H NMR spectrum for 1 h at room temperture. The 'H
NMR analysis indicated 59% conversion of 10 and formation of 11 (59%) and (IPr)AuCl (59%)

within 30 min.

3-Benzyl-5-vinyl-1,3-oxazolidin-2-one (11)>.
— Colorless oil. '"H NMR (399.78 MHz, CDCls, rt, &/ppm): 3.12 (dd, 2JHH =
d NQ 8.9 Hz, *Jyn = 7.2 Hz, 1H; NCHHCH), 3.54 (dd, *Juy = 8.7 Hz, *Juyyy = 8.7
°c’ Hz, 1H; NCHHCH), 4.38 (AB pattern, /iy = 15.0 Hz, 1H; NCHHC4Hs),
4.46 (AB pattern, “Jyy = 14.9 Hz, 1H; NCHHCHs), 4.87-4.92 (m, 1H;
CH,=CHCHO), 5.28 (d, *Jiy; = 10.3Hz, 1H; CHH=CH), 5.39 (d, *Juy = 17.1 Hz, 1H; CHH=CH),
5.85 (ddd, *Juyy = 17.0 Hz, *Juy = 10.4, *Juy = 6.4 Hz, 1H; CH,=CH), 7.27-7.37 (m, 5H; aryl).
PC{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 48.2, 49.2, 73.8, 118.7, 127.9, 128.0, 128.8, 134.4,
135.6, 157.8.

Computational Studies

The computations were performed using Research Center for Computational Science, Okazaki,
Japan. All calculations were conducted using Gaussian 09 (revision D.01) program employing
Becke’s three-parameter functional with the nonlocal Lee-Yang-Parr correlation functional
(B3LYP?). The geometry optimizations were performed using SDD effefctive core potential (ECP)
along with its associated basis set for gold and 6-311G* basis set for the other typical atoms. This
combination of the functional and the basis sets reproduced the structure of alkenyl complexes 3a

and 10’ confirmed by X-ray analysis.
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Details of the DFT study
Complex 3a

Optimized structure

Total electronic energy

Zero-point correction

Thermal correction to Energy

Thermal correction to Enthalpy

Thermal correction to Gibbs Free Energy
Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies

Sum of electronic and thermal Free Energies

W
5

/

180

Hartree/Particle
-1734.884558
0.707199
0.750395
0.75134
0.62531
-1734.177359
-1734.134163
-1734.133219
-1734.259248

kcal/mol
-1088656.542
443.7740909
470.8799913
471.4729877
392.3879654
-1088212.767
-1088185.662
-1088185.069
-1088264.154



Complex 10’

Optimized structure

Total electronic energy

Zero-point correction

Thermal correction to Energy

Thermal correction to Enthalpy

Thermal correction to Gibbs Free Energy
Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies

Sum of electronic and thermal Free Energies

complex 12

Optimized structure

Total electronic energy

W
5

/

181

Hartree/Particle
-1734.875975
0.708271
0.750710
0.751654
0.627636
-1734.167705
-1734.125265
-1734.124321
-1734.248339

Hartree/Particle
-1746.078135

kcal/mol
-1088651.156
444.4467811
471.0776567
471.6700257
393.8475525
-1088206.709
-1088180.078
-1088179.486
-1088257.308

kcal/mol

-1095680.617



Zero-point correction

Thermal correction to Energy

Thermal correction to Enthalpy

Thermal correction to Gibbs Free Energy
Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies

Sum of electronic and thermal Free Energies

o
5

/

182

0.707439
0.750160
0.751104
0.625857
-1745.370696
-1745.327975
-1745.327031
-1745.452278

443.9246932
470.7325265
471.3248955
392.7312131
-1095236.693
-1095209.885
-1095209.293
-1095287.886
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Calculated natural atomic charges.

IPr IPr IPr
0.234 / 0.219 / 0.340 /
_0.580 Au _0.397 AU _0.409 Ag
CH;—X ~0.408 CH,—=( —0.402 CH,—= -0.438
0.237 —0.196 0.107 -0.172 0.103 —0.173
_0.5480\C/N\CH3 _0_565O\C/N\CH3 _0_567O\C/N\CH3
Il Il Il
o o o
_0.631 0632 _0.635
3a 10° 12

Compared to 10’ and 12, the polarization between alkenyl carbon and metal atoms of complex 12
was found to be larger, thus 12 considered to be more susceptible to protonolysis.
Whereas the alkene moiety of 10 was not polarized, that of 3a polarized in the positive and negative,

so complex 3a was suggested to be more reactive toward the electrophiles such as proton.

Synthesis of alkenylgold complexes

Unsaturated amines or alcohols (500 pmol) were added to a tetrahydrofuran (7 mL) solution of
(IPr)Au(OH) (500 pmol) in a 20 mL Schlenk flask under Ar atmosphere. The flask was charged with
CO; and stirred at room temperture for 1-2 h. The resulting mixture was evaporated and washed with

ether then recrystallized from acetone and n-pentane.

1-Benzylamino-4-phenyl-3-butyne (13)
This compound was synthesized by a reported procedure®.
= Colorless liquid; 3.81 g (40%); 'H NMR (399.78 MHz, CDCl,,
NHCH,CgHs .
rt, 8/ppm): 1.73 (br, 1H, NH), 2.65 (t, *Juy = 6.6 Hz, CCCH,),
2.90 (t, *Juy = 6.6 Hz, CH,N), 3.87 (s, 2H, NCH,C¢Hs), 7.24-7.42 (m, 10H, Ar); "C{'H} NMR

(100.53 MHz, CDCls, rt, &/ppm): 20.6, 47.6, 53.4, 81.8, 87.9, 123.6, 127.0, 127.7, 128.1, 128.2,
128.4,131.6, 140.2.

CHy—=—\ 1-hydroxy-2-butyne (15) was purchased from Tokyo Chemical Industry Co.,
OH  1td. and was used after purification by distillation.

2,3-Butadiene-1-0l (17)

. This compound was synthesized by a reported procedure”. "H NMR (399.78 MHz,
S"C0H opgy, rt, 8/ppm): 4.10-4.16 (m, 2H; CH,OH), 4.83-4.87 (m, 2H; CH,CCH),

5.31-5.37 (m, 1H; CH,CCH). “C{'H} NMR (100.53 MHz, CDCls, t, 8/ppm): 60.2, 77.1, 90.9,
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207.7.

[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2 H-imidazol-2-ylidene]
[(1E)-1-{(3’-benzyl-2’-0x0-1’,3’-0xazinan-6’-ylidene)benzyl}|gold (14)

Au(IPr) This complex was synthesized from
CoHs™ X 1-benzylamino-4-phenyl-3-butyne 13 (40 mg, 157 pmol) and

O\E/N\CHzceHs (IPr)Au(OH) (97 mg, 160 pmol) in a similalr manner as described for

(o) 3a. Colorless crystals; 107 mg (77%). H NMR (399.78 MHz,
CDCls, rt, 8/ppm): 1.20 (d, *Jyuy = 6.9 Hz, 12H, (CH3),CH), 1.25 (d, *Ji = 6.9 Hz, 12H, (CH;),CH),
2.21 (t, *Jyn = 6.1 Hz, 2H, COCH,CH,), 2.59 (sept, *Jun = 6.9 Hz, 4H, (CH;),CH), 2.83 (t, *Juy =
6.1 Hz, 2H, CH,CH,N), 4.48 (s, 2H, NCH,C¢Hs), 6.84 (t, *Juyy = 7.3 Hz, 1H, Ar), 6.93 (t, Jyy = 7.5
Hz, 2H, Ar), 7.03 (dd, Jug = 8.2 Hz, 1.2 Hz, 2H, Ar), 7.16 (s, 2H, NCH=CHN), 7.24-7.34 (m, 7H,
Ar), 7.46 (t, *Juyy = 7.8 Hz, 2H, Ar); "C{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 24.1, 24.2,
28.8, 30.1, 44.4, 52.4, 58.3, 122.6, 123.5, 123.9, 126.8, 127.2, 127.9 (AuC=C), 128.5, 130.1, 134.0,
134.6, 137.3, 142.8, 143.5 (AuC=C), 144 .8, 145.9, 153.1 (C=0), 195.3 (NCN); IR (cm™", KBr): 1691
(C=0); Anal. Calcd for C4sHs5;AuN30,: C, 62.56; H, 6.07; N, 4.86. Found: C, 62.35; H, 6.34; N,
4.84.

[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene|
[(1E)-1-(2’-0x0-1’,3’-dioxolan-4’-ylidene)ethyl]gold (16)

This complex was synthesized from 1-hydroxy-2-butyne 15 (40 mg, 571 pmol)
and (IPr)Au(OH) (304 mg, 503 pumol) in a similar manner as described for 3a.
Colorless crystals; 281 mg (80%). 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 1.23
OcC (A, i =69 Hz, 12H, (CH3),CH), 1.32 (d, i = 6.9 Hz, 12H, (CH3),CH), 1.56
o] (t, 3H, *Juy = 2.0 Hz, CH:C=C), 2.64 (sept, *Jun = 6.9 Hz, 4H, (CH;),CH), 4.16
(9, *Jun = 2.0 Hz, 2H, CH>), 7.15 (s, 2H, NCH=CHN), 7.30 (d, *Juyn = 7.7 Hz, 4H, Ar), 7.51 (t, *Jun
= 7.7 Hz, 2H, Ar); "C{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 19.1, 24.1, 24.5, 28.9, 68.1,
122.9, 124.0, 130.5, 131.7 (AuC=C), 134.4, 139.0 (AuC=C), 145.9, 155.7 (OCO,), 195.8 (NCN). IR
(cm’l, KBr): 1799 (C=0); Anal. Calcd for C3;,H4;N,O3;Au+H,0: C, 53.63; H, 6.05; N, 3.91. Found:
C, 53.55; H, 5.88; N, 3.86.

Au(IPr)
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[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[1-(2’-0x0-1",3-dioxolan-4’-yl)vinyljgold (18)

This complex was synthesized from 1-hydroxy-2,3-butadiene 17 (14
mg, 201 pmol) and (IPr)Au(OH) (103 mg, 171 pumol) in a similar

N/_\N manner as described for 3a. Colorless crystals; 91 mg (76%). 'H NMR
,:E (399.78 MHz, CD,ClL, rt, 8/ppm): 1.23 (d, *Juy = 6.7 Hz, 12H;
%\ﬁo (CH3),CH), 1.33 (d, *Jyuyn = 6.7 Hz, 12H; (CH3),CH), 2.58 (sept, *Juu =
o-¢ 6.9 Hz, 4H; (CH;),CH), 3.42 (dd, *Juy = 8.3 Hz, *Jyy = 8.9 Hz, 1H;

COCHH), 3.90 (dd, *Jyy = 8.1 Hz, *Juy = 8.1 Hz, 1H; COCHH), 4.58
(dd, *Jyy = 4.2 Hz, *Jyy = 1.4 Hz, 1H; CHH=CAu), 4.83 (dd, *Juy = 8.0 Hz, *Juy = 8.0 Hz;
CH,=CCH), 5.40 (dd, “Jyy = 4.0 Hz, *Jiyy = 1.2 Hz, 1H; CHH=CAu), 7.20 (s, 2H; NCH=CHN), 7.33
(d, *Jun = 8.0 Hz. 4H; aryl), 7.53 (t, *Juy = 7.8 Hz, 2H; aryl); C{'H} NMR (100.53 MHz, CD,Cl,,
tt, 8/ppm): 23.7, 24.2, 28.8, 70.5, 87.0, 120.3, 123.2, 124.0, 130.4, 146.0, 155.8, 172.5, 195.4; IR
(cm'l, ATR): 1782 (C=0); Anal. Calcd for C3;H41AuN,05: C, 55.01; H, 5.92; N, 4.01. Found: C,
55.21; H, 6.14; N, 4.00.

Protonolysis of the alkenylgold complex 14 with acetic acid.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 14 (8.8 mg,
10.2 pmol), durene (1.8 mg, 19.4 pmol) and acetic acid (0.02 M in CD,Cl,, 0.5 mL). The 'H NMR
analysis indicated full conversion of 14 and formation of 19 (quantitative) and (IPr)Au(OCOCH;)*

(quantitative) within 5 min.

(Z)-3-Benzyl-6-benzylidene-1,3-oxazinan-2-one (19)

CeHs/\(\ White powder; Quantitative (NMR vyield); 'H NMR (399.78 MHz,
O\g”N\CHZCGHs CDCls, tt, 8/ppm): 2.66 (t, *Jiy = 6.1 Hz, 2H, COCH,CH,), 3.29 (t,
o) *Jun = 6.1 Hz, 2H, CH,CH,N), 4.63 (s, 2H, NCH,CHs), 5.43 (s, 1H,

CeHsCH), 7.19-7.23 (m, 1H, Ar), 7.29-7.38 (m, 7H, Ar), 7.65-7.67 (m, 2H, Ar); “C{'H} NMR
(100.53 MHz, CDCls, t, 8/ppm): 27.6, 43.4, 52.9, 107.8, 126.9, 127.9, 128.1, 128.4, 128.8, 128.9,
133.7, 136.1, 145.8, 150.7 (NCO,); IR (KBr, cm™): 1722; Anal. Caled for C;sH;;NO,+0.5H,0: C,
74.98; H, 6.29; N, 4.86. Found: C, 74.98; H, 6.45; N, 5.03.

Protonolysis of the alkenylgold complex 16 with acetic acid.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 16 (6.3 mg,
9.02 pmol), durene (2.1 mg, 15.6 pmol) and acetic acid (0.02 M in CD,Cl,, 0.5 mL). The '"H NMR
analysis indicated full conversion of 16 and formation of 20 (quantitative) and (IPr)Au(OCOCH3;)

(quantitative) within 5 min.
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(Z)-4-Ethylidene-1,3-dioxolan-2-one (20)
H Colorless liquid; Quantitative (NMR vyield); '"H NMR (399.78 MHz, CDCl;, tt,
CH?"\S_\ 8/ppm): 1.73 (dt,*Jyy = 7.0 Hz, *Jyy = 2.1 Hz, 3H, CHs), 4.72 (qt, *Juy = 7.0 Hz,
O. O “Juu = 2.1 Hz, IH, CH;CH), 4.95 (dq, *Juu = 2.1 Hz, “Jun = 2.1 Hz, 2H, CH,);
G BC{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 10.1, 67.4, 98.3, 141.8, 153.1
(0CO,); IR (CHCI;, cm'l): 1828; HR-MS: [M + Na'] Caled for CsH¢NaOs:
137.0209; Found: 132.0212.

I
@)

Protonolysis of the alkenylgold complex 18 with acetic acid.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 18 (6.9 mg,
9.88 umol), 1,3,5-trimethoxybenzene (0.62 mg, 3.69 umol) and acetic acid (0.02 M in CD;0D, 0.5
mL). The "H NMR analysis indicated full conversion of 18 and formation of 2,3-butadiene-1-ol 17
(quantitative) and (IPr)Au(OCOCH;) (quantitative) within 10 min.

Reactions with halogenic electrophiles.

Formation of (E)-5-(1’-Iodoethylidene)-3-methyl-1,3-oxazolidin-2-one (21-I)
| An NMR tube equipped with a J-Young valve was charged with alkenylgold
CHs AN complex 3a (18.6 mg, 26.1 umol), durene (2.6 mg, 19.4 pmol) and
O\C/N\CH3 (CD3),CO (0.5 mL) and then I, (6.7 mg, 26.4 umol) was added to the
('5 solution at room temperature. The 'H NMR analysis indicated full
conversion of 3a and formation of 21-l (quantitative) and (IPr)Aul
(quantitative) within 5 min. "H NMR (399.78 MHz, CDCls, rt, 8/ppm): 2.41 (t, *Jyy = 2.3 Hz, 3H,
CHCI), 2.95 (s, 2H, NCH3), 4.07 (q, *Jun = 2.3 Hz, 2H, CCH,N); "C{'H} NMR (100.53 MHz,
CDCls, tt, 8/ppm): 23.8 (CH;CI), 30.5 (CCH,N), 54.2 (NCH3;), 69.7 (CH;CD), 141.7 (CHCO), 155.7

(NCO»).

Formation of (E)-5-(1’-Chloroethylidene)-3-methyl-1,3-oxazolidin-2-one (21-Cl)
Cl An NMR tube equipped with a J-Young valve was charged with alkenylgold
CHs AN complex 3a (18.8 mg, 26.4 umol), durene (3.1 mg, 23.1 pmol) and
O\C/N\CH3 (CD3),CO (0.5 mL) and then N-chlorosuccinimide (4.3 mg, 32.2 umol) was
(')' added to the solution at room temperature for 15 h. The 'H NMR analysis
indicated 53% conversion of 3a and formation of 21-Cl (53%) and
(IPr)AuN(COCH,), (53%). 'H NMR (399.78 MHz, CDCls, rt, 8/ppm): 2.11 (t, *Jyy = 2.3 Hz, 3H,
CH;CI), 2.96 (s, 2H, NCH3), 4.18 (q, *Jun = 2.3 Hz, 2H, CCH,N); "C{'H} NMR (100.53 MHz,
CDCls, tt, &/ppm): 18.6 (CH5CCl), 30.6 (CCH,N), 49.7 (NCH3), 108.6 (CH;CCl), 138.7 (CCICO),

155.3 (NCO,).
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Formation of (E)-5-(1’-Bromoethylidene)-3-methyl-1,3-oxazolidin-2-one (21-Br)

Br An NMR tube equipped with a J-Young valve was charged with alkenylgold
CH
N\ complex 3a (19.0 mg, 26.7 umol), durene 3.2 mg (23.8 umol) and (CD;),CO

O\C/N\CH3 (0.5 mL) and then N-bromosuccinimide (5.6 mg, 31.5 pmol) was added to
6 the solution at room temperature for 3 h. The 'H NMR analysis indicated
90% conversion of 3a and formation of 21-Br (46%), 2a (44%) and
(IPr)AuN(COCHS,), (90%). 21-Br: "H NMR (399.78 MHz, CDCls, 1t, 8/ppm): 2.28 (t, *Jyy = 2.3 Hz,
3H, CH;CI), 2.96 (s, 3H, NCH;), 4.12 (q, *Jun = 2.3 Hz, 2H, CCH,N); "C{'H} NMR (100.53 MHz,
CDCl;, tt, 8/ppm): 20.4 (CH;CBr), 30.6 (CCH,N), 51.3 (NCHj;), 98.1 (CH;CT), 139.6 (CHCO),

155.4 (NCO,).

Formation of (E)-5-(1’-Fluoroethylidene)-3-methyl-1,3-oxazolidin-2-one (21-F)

F An NMR tube equipped with a J-Young valve was charged with alkenylgold
CH
N complex 3a (21.6 mg, 30.3 pmol), durene (2.9 mg, 21.6 umol) and CD;CN

O\C/N\CH3 (0.5 mL) and then N-fluorobenzenesulfonimide (9.6 mg, 30.4 pmol) was
6 added to the solution at room temperature for 6 h. The 'H NMR analysis
indicated 68% conversion of 3a and formation of 21-F (47%), 2a (21%) and
(IPr)AuN(SO,C¢Hs), (68%). 21-F: "H NMR (399.78 MHz, CDCls, 1t, 8/ppm): 2.41 (t, *Jiy = 2.3 Hz,
3H, CH5CI), 2.95 (s, 2H, NCH3), 4.07 (q, *Jun = 2.3 Hz, 2H, CCH,N); °’F NMR (376.17 MHz,
CDCls, tt, 8/ppm): -142.6 (q, *Jur = 17.7 Hz, FCH,C); "C{'H} NMR (100.53 MHz, CDCl;, rt,
&/ppm): 13.3 (d, *Jer = 24.9 Hz, CH,CF), 30.9 (CCH,N), 47.4 (NCH3), 129.4 (d, *Jor = 173.5 Hz,
CH;CF), 143.0 (d, 'Jep = 232.9 Hz, CFCO), 155.7 (NCO,).

Formation of tert-Butyldimethylsilyl but-2-yn-1-yl(methyl)carbamate (22)

CHy——"\ An NMR tube equipped with a J-Young valve was charged with
N—-CH

tBuMeZSiO« ® alkenylgold complex 3a (17.3 mg, 24.3 pmol), durene (2.9 mg, 21.6
o pmol) and CD,Cl, (0.5 mL) and then terz-butyldimethylsilyl chloride (4.3

mg, 28.5 umol) was added to the solution at room temperature for 15 h. The '"H NMR analysis
indicated full conversion of 3a and formation of 22 (84%), 2a (16%) and (IPr)AuCl (quantitative).
"H NMR (399.78 MHz, CDCls, tt, 8/ppm): 0.27, 0.28 (s, 6H, (CH5),Si), 0.94, 0.95 (s, 9H, (CH5);C),
1.80, 1.81 (t, 3H, CH3;), 2.92, 2.95 (s, Juny = 16.5 Hz, 3H, NCH;), 3.97, 4.04 (q, Jun = 2.1 Hz, 2H,
CCH,N); “C{'H} NMR (100.53 MHz, CDCL, rt, &/ppm): -4.7, (3.37, 3.53), 17.7, 25.6, (33.65,
33.72), (38.2, 39.3), (74.05, 74.12), (79.5, 79.6), (154.8, 155.0).
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Chapter 5

Preparation of propargylamines

1-Amino-2-propyne (1ab) was purchased from Tokyo Chemical Industry Co., Ltd. and was used
after purification by distillation. 1w-1y were prepared by propargylation of di-fert-butyl
iminodicarboxylate (Boc,NH) by treatment with the corresponding propargyl chlorides or bromides
and a base. Then deprotection of Boc moiety on the amino group was performed by HCI in THF. 1z,
1aa, 1ac, 1ad were prepared by Sonogashira coupling of the corresponding aryl halides and

terminal propargylamines.

Characterization data for propargylamines

1-Amino-2-octyne (1w)

NG — = This compound was synthesized from 1-chloro-2-octyne (4.22 g, 29.2

N—H mmol) and Boc,NH (6.47 g, 29.8 mmol) in a similar manner as described

H for 11. Colorless liquid; 32% yield (1.19 g). '"H NMR (399.78 MHz, CDCl;,

tt, 8/ppm): 0.89 (t, *Juy = 7.1 Hz, 3H, CHs), 1.25-1.39 (m, 4H, CH,CH,CH,C=C), 1.47 (brs, 2H,

NH,), 1.48 (dq, Jun = 7.1 Hz, *Juyy = 7.1 Hz, 2H, CH;CH,), 2.16 (tt, *Juyy = 2.2 Hz, *Jyy = 7.1 Hz,

2H, CH,C=C), 3.39 (t, *Juy = 2.2 Hz, 2H, CH,NH,); "C{'H} NMR (100.53 MHz, CDCl;, rt,

&/ppm): 13.9, 18.6, 22.2, 28.5, 31.0, 31.7, 80.8 (C=CCH,), 82.7 (C=CCH,); IR (CHCl;, cm™):

3383 (b), 2959 (b), 1585 (w), 1467 (m), 1381 (m), 1337 (m), 1233 (w), 1133 (w), 1061 (w), 983 (w),

890 (m), 664 (m); HR-MS: [M+H "] Calcd for CgH,(N: 126.1277; Found: 126.1280.

4,4-Dimethyl-1-amino-2-pentyne (1x)

L This compound was synthesized from 1-chloro-4,4-dimethyl-2-pentyne (3.63
; o N—H & 19.1 mmol) and Boc,NH (4.23 g, 19.5 mmol) in a similar manner as

H described for 11. Colorless liquid; 13% yield (282 mg). '"H NMR (399.78
MHz, CDCL, 1t, 8/ppm): 1.19 (s, 9H, (CH5)sC), 1.39 (brs, 2H, NH>), 3.38 (s, 2H, CH,NH,); "C{'H}
NMR (100.53 MHz, CDCls, rt, 8/ppm): 27.2, 31.1, 31.7, 79.3 (C=CCH,), 91.0 (C=CCH,); IR
(CHCls, em™): 3446 (b), 2970 (b), 2359 (W), 2240 (w), 1683 (m), 1477 (w), 1456 (w), 1393 (w),
1363 (m), 1262 (s), 1099 (m), 1014 (w), 810 (w) 537 (w); HR-MS: [M+H *] Caled for C;H4N:

112.1121; Found: 112.1123.

1-Amino-5-hexen-2-yne (1y)’'
Ha A mixture of  di-fert-butyl  prop-2-yn-1-ylimidodicarbonate
— (Bocz-1ab)’® (2.92 g, 11.4 mmol), allyl bromide (1.5 mL, 17.4 mmol),

HP =
N—H Na;SO; (733 mg, 5.81 mmol), K,CO; (1.58 g, 11.4 mmol), DBU (0.9
H/
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mL, 6.03 mmol), and Cul (438 mg, 2.30 mmol) was stirred at room temperature in DMF (12.5 mL)
for 2 h. The solution was then diluted with Et,0O (50 mL) and washed with H,O (10 mLx 5). The
organic phase was dried over Na,SOy, filtered, and evaporated, leading to a compound Boc,-1y as a
white solid (2.56 g, 76% yield). A concentrated solution of aqueous HCI (12 M, 3 mL, 36 mmol)
was added to a THF solution (1 mL) of Boc,-1y (2.56 g, 8.66 mmol) and stirred overnight at room
temperature. After the solvents were removed under reduced pressure, KOH (1.2 g, 21.4 mmol) was
carefully added and the residue was stirred for 30 min at room temperature. The organic compounds
were extracted with diethyl ether and dried over Na,SO, and concentrated under reduced pressure.
The residue was purified by distillation (65-70 °C, 10 mmHg) to afford 152 mg (18%) of the title
compound as a colorless liquid. "H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.36 (brs, 2H, NH,), 2.96
(dddt, *Jyyn = 10.0 Hz, *Juy = 16.8 Hz, *Jiyyy = 5.0 Hz, 2H, CHCH,C), 3.43 (t, *Juy = 2.3 Hz, 2H,
CH,NH,), 5.10 (ddt, “Jyy = 1.5 Hz, *Juy = 10.0 Hz, *Juyy = 1.7 Hz, 1H, H®), 5.30 (ddt, 2/ = 1.5 Hz,
3Jun = 16.9 Hz, *Jiy = 1.8 Hz, 1H, H"), 5.81 (ddt, *Jyn = 10.0 Hz, *Jyyn = 16.8 Hz, *Jyyy = 5.0 Hz, 1H,
CH,=CH); "C{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 23.0, 31.7, 79.0 (C=CCH,), 83.3 (C=
CCH,), 115.9, 132.7; HR-MS: [M+H +] Calcd for C¢H oN: 96.0808; Found: 96.0805

3-(4’-Methoxyphenyl)-1-amino-2-propyne (1 z)33
L This compound was synthesized from p-iodoanisole (2.39 g, 10.2
CHs0 ::: o N—H mmol) and 1ab (699 mg, 12.7 mmol) in a similar manner as
H described for 1m. Colorless liquid; 163 mg (10%) (distillation
conditions: 1 mmHg/b.p. 105-110 °C); 'H NMR (399.78 MHz, CDCl;, tt, 8/ppm): 1.43 (s, 2H, NH>),
3.63 (s, 2H, CH,NH,), 3.80 (s, 3H, CH;0), 6.80-6.84 (m, 2H, Ar), 7.32-7.36 (m, 2H, Ar); “C{'H}

NMR (100.53 MHz, CDCls, rt, 8/ppm): 32.2, 55.2, 82.2 (C=CCH,), 88.8 (C=CCH,), 113.9, 115.3,
132.9,159.4.

3-(4’-Trifluoromethylphenyl)-1-amino-2-propyne (1aa)

To an 80 mL Schlenk flask charged with Pd(PPh;),4 (99.0 mg, 85.6

CF3©%\N_H pmol) and Cul (210 mg, 1.10 mmol) in tetrahydrofuran (30 mL)
H and triethylamine (12 mL), p-bromotrifluoromethylbenzene (6.1

mL, 44.2 mmol) and fert-butyl prop-2-yn-1-ylcarbamate (Boc-1ab)** (6.23 g, 40.1 mmol) were
added under Ar atmosphere. After stirring the mixture at 80 °C overnight, the resulting mixture was
filtered and the filtrate was concentrated under reduced pressure. The residue was purified by flash
chromatography on silica gel (eluent: hexane/ethyl acetate = 5/1) to afford 7.44 g (62%) of the
Boc-1aa as a white powder. A concentrated solution of aqueous HCI1 (12 M, 3 mL, 36 mmol) was

added to a THF solution (10 mL) of Boc-1aa (2.97 g 9.93 mmol) and stirred for 2 h at room
temperature. The precipitate was collected by filtration. The solid was washed with diethyl ether and
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aqueous KOH (10 M, 2 mL) was added and the mixture was stirred for 1 h at room temperature. The
organic compounds were extracted with diethyl ether and dried over Na,SO,4 and concentrated under
reduced pressure. The residue was purified by distillation (110-125 °C, 1 mmHg) to afford 876 mg
(44%) of the title compound as a pale yellow liquid; "H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.46
(s, 2H, NH,), 3.67 (s, 2H, CH,NH,), 7.49-7.51 (m, 2H, Ar), 7.55-7.57 (m, 2H, Ar); "C{'H} NMR
(100.53 MHz, CDCls, 1t, 8/ppm): 32.2, 81.2 (C=CCH,), 92.8 (C=CCH,), 122.6, 125.2 (q, 'Jic =
3.8 Hz), 127.0, 129.6, 129.9; '°F NMR (376.17 MHz, CDCl;, rt, 8/ppm): -62.7 (s, CF3); IR (CHCl,
em™): 2961 (b), 1921 (w), 1682 (b), 1618 (m), 1514 (w), 1417 (m), 1325 (s), 1171 (s), 1131 (s), 1068
(s), 1018 (m), 969 (w), 954 (w), 1131 (s), 844 (m), 599 (w); HR-MS: [M+H "] Caled for C;oHoF;N:
200.0682; Found: 200.0683.

4-(4’-Methoxyphenyl)-2-amino-3-butyne (1ac)

L This compound was synthesized by reported procedure®. 'H

CH:0 ::: o :N—H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.42 (d, *Juy = 6.7 Hz,
H 3H, CHCHs), 2.13 (s, 2H, NH,), 3.78 (s, 3H, CH30), 3.91 (q, *Jun

= 6.7 Hz, 1H, CHNH,), 6.79-6.82 (m, 2H, Ar), 7.31-7.33 (m, 2H, Ar); "C{'H} NMR (100.53 MHz,

CDCls, rt, 8/ppm): 24.4, 39.3, 55.2, 81.5 (C=CCH), 92.0 (C=CCH), 113.8, 115.2, 132.9, 159.3.

4-(4’-Methoxyphenyl)-2-amino-2-methyl-3-butyne (1ad)
To an 80 mL Schlenk flask charged with PACIy(PPh3), (135 mg,
CH?’OA@%K_H 192 pmol) and Cul (74.7 mg, 392 pumol) in tetrahydrofuran (10
H mL) and triethylamine (20 mL), p-iodoanisole (2.38 g. 10.2
mmol) and 2-amino-2-methyl-3-butyne (950 mg, 11.4 mmol) were added under Ar atmosphere.
After stirring the mixture at 80 °C overnight, the resulting mixture was washed with NH4Cl aq and
extracted with ether. The organic phase was dried over Na,SO,, filtered, and concentrated under
reduced pressure. The residue was purified by flash chromatography on silica gel (eluent: ethyl
acetate to methanol) to afford 1.15 g (60%) of the title compound as light yellow powder. "H NMR
(399.78 MHz, CDCls, rt, d/ppm): 1.48 (s, 6H, C(CH3),), 1.71 (s, 2H, NH>), 3.79 (s, 3H, CH;0),
6.80-6.82 (m, 2H, Ar), 7.31-7.33 (m, 2H, Ar); "C{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 31.9,
45.6,55.2,79.7 (C=C), 95.5 (C=CCH), 113.8, 115.5, 132.8, 159.2; IR (KBr, cm™): 3340 (m), 2970
(b), 2360 (m), 1885 (w), 1643 (w), 1606 (s), 1570 (w), 1508 (w), 1469 (m), 1441 (m), 1377 (w),
1362 (m), 1304 (m), 1292 (m), 1269 (m), 1246 (s), 1205 (m), 1168 (s), 1108 (m), 1069 (w), 1029 (s),
1004 (m), 938 (w), 914 (w), 877 (s), 830 (s), 643 (W), 616 (m), 556 (m), 521 (w), 478 (w); Anal.
Calcd for C1,HsNO (189.26): C, 76.16; H, 7.99; N, 7.40. Found: C, 76.28; H, 8.37; N, 7.30.
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Carboxylation of primary propargylamines

Carboxylative cyclization of 11
1-Amino-2-butyne 11 (24.9 mg, 0.36 mmol) was added to a 2,2,2-trifluoroethanol (0.5 mL)
suspension of (IPr)AuCl (6.6 mg, 10.6 pmol) in a 20 mL Schlenk flask under Ar atmosphere. The
flask was charged with atmospheric CO, and stirred at 40 °C for 13 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCl; with durene as an
internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: ethyl acetate) to afford the
corresponding six-membered cyclic urethanes 231 and five-membered cyclic urethanes 2I.
6-Pentyl-3,4-dihydro-2H-1,3-oxazin-2-one (231)*°

White powder; R = 0.57 (ethyl acetate); 86% (NMR yield); 'H NMR (399.78

o N MHz, CDCl;, 1t, 8/ppm): 1.86 (dt, *Jyy = 0.7 Hz, *Jyy = 1.8 Hz, 3H, CH3), 3.87
g H (ddq, *Jus = 1.8 Hz, *Ju = 3.2 Hz, *Jiw = 1.8 Hz, 2H, CH,N), 4.81 (tqd, *Jiuss =

3.2 Hz, *Jyn = 0.7 Hz, “Juyy = 1.7 Hz, 1H, C=CH), 5.74 (brs, 1H, NH); “C{'H}
NMR (100.53 MHz, CDCl,, rt, d/ppm): 18.4, 40.3, 94.2, 148.2, 151.5 (NCO,); Anal. Calcd for
CoH;sNO,: C, 63.88; H, 8.93; N, 8.28. Found: C, 64.03; H, 8.94; N, 8.14.
5-Ethylidene-1,3-oxazolidin-2-one (21)
H White powder, Ry = 0.76 (ethyl acetate); 14% (NMR yield, Z/E = 77/23); 2I-Z:
CH34\$_\ 'H NMR (399.78 MHz, CDCls, tt, 8/ppm): 1.67 (dt, *Jyuy = 7.0 Hz, *Jyy = 2.2
Hz, 3H, CH;C=C), 4.17 (dq, *Jun = 2.2 Hz, *Juyy = 2.2 Hz, 2H, CH,N), 4.60 (qt,
¢ M 3= 7.0 Hz, Y = 2.2 Hz, 1H, CHyCH), 6,37 (brs, 1H, NH); "C{'H} NMR
o (100.53 MHz, CDCls, t, 8/ppm): 10.0, 44.1, 97.6, 144.1, 158.0 (NCO,); 2I-E:
'H NMR (399.78 MHz, CDCls, tt, 8/ppm): 1.52 (dt, *Jyy = 7.0 Hz, *Juyy = 1.8 Hz, 3H, CH5C=C),
4.20 (dqd, *Juy = 2.2 Hz, *Jyy = 2.2 Hz, *Juyy = 0.9 Hz, 2H, CH,N), 5.18 (qtd, *Jyy = 7.0 Hz, *Jyy =
2.2 Hz, *Juy = 0.9 Hz, 1H, CH;CH), 6.34 (brs, 1H, NH).

O,

Carboxylative cyclization of 1w

1-Amino-2-octyne 1w (111 mg, 0.89 mmol) was added to a 2,2,2-trifluoroethanol (1 mL) suspension
of (IPr)AuCl (13.2 mg, 21.2 pmol) in a 20 mL Schlenk flask under Ar atmosphere. The flask was
charged with atmospheric CO, and stirred at 40 °C for 13 h. The resulting mixture was evaporated
under reduced pressure. The crude mixture was dissolved in CDCI; with durene as an internal
standard and the product yields were determined by 'H NMR spectroscopy. The products were
separated and purified by a silica gel chromatography (eluent: hexane/ethyl acetate = 1/1) to afford
the corresponding six-membered cyclic urethanes 23w and five-membered cyclic urethanes 2w.

6-Pentyl-3,4-dihydro-2H-1,3-o0xazin-2-one (23w)
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White powder; Ry = 0.32 (hexane/ethyl acetate = 1/1); 81% (123 mg,
isolated); '"H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 0.89 (t, 3JHH = 7.0 Hz,
G H 3H, CHy), 1.28-1.32 (m, 4H, CH,CH,CHy), 1.52 (tt, Jin = 7.3 Hz, *Ju = 7.3
Hz, 2H, CH,CH>), 2.11 (ttd, *Juy = 7.3 Hz, *Jyy = 1.6 Hz, *Jyy = 0.9 Hz, 2H,
CH,CH,>C=C), 3.89 (tdd, *Juy = 7.3 Hz, *Jun = 3.2 Hz, *Jyn = 1.9 Hz, 2H, CH,N), 4.79 (tdd, *Jyy =
3.2 Hz, “Juy = 1.7 Hz, *Ju = 0.9 Hz, 1H, C=CH), 5.90 (brs, 1H, NH); “C{'H} NMR (100.53 MHz,
CDCls, tt, 8/ppm): 13.9, 22.3, 25.6, 31.1, 32.3, 40.3, 93.6, 151.7 (NCO,), 151.8; IR (KBr, cm™):
1759 (C=0); Anal. Calcd for CoH;sNO,: C, 63.88; H, 8.93; N, 8.28. Found: C, 64.03; H, 8.94; N,
8.14.

5-Hexylideneoxazolidin-2-one (2w)

White powder; R¢ = 0.46 (hexane/ethyl acetate = 1/1); 8% (12.6 mg, mixture

"CsH14
_\5—\ of ZE isomers Z/E = 69/31); 2x-Z, '"H NMR (399.78 MHz, CDCl;, rt,
OxﬁxN\H S/ppm): 0.89 (t, Juw = 7.0 Hz, 3H, CH;), 120-141 (m, 6H,
o) CH,CH,CH>CHs), 2.15 (ttd, *Jyy = 7.4 Hz, *Juyy = 1.9 Hz, *Jyy = 7.4 Hz, 2H,

CH,CH,>C=C), 4.20 (tdd, *Jiyy = 1.9 Hz, *Jyyn = 3.2 Hz, *Juyy = 1.9 Hz, 2H, CH,N), 4.59 (tt, *Jyy =
7.4 Hz, *Jyn = 2.3 Hz, 1H, CH=C), 5.09 (brs, 1H, NH); “C{'H} NMR (100.53 MHz, CDCl;, rt,
8/ppm): 14.0, 22.4, 24.8,29.0, 31.3, 44.0, 103.5, 143.3, 157.8 (NCO,); 2x-E; 'H NMR (399.78 MHz,
CDCls, 1t, 8/ppm): 0.89 (t, *Ji = 7.0 Hz, 3H, CHs), 1.20-1.41 (m, 6H, CH,CH,CH,CH3), 1.87 (ttd,
3Jun = 7.4 Hz, “Jyn = 1.9 Hz, *Jyy = 7.4 Hz, 2H, CH,CH,C=C), 4.20 (dt, *Jyy = 2.7 Hz, *Juy = 1.9
Hz, 2H, CH,N), 5.15 (brs, 1H, NH), 5.18 (tt, >y = 7.4 Hz, *Jyy = 2.7 Hz, 1H, CH=C).

Carboxylative cyclization of 1x
4,4-Dimethyl-1-amino-2-pentyne 1x (46.9 mg, 422 pumol) was added to a 2,2,2-trifluoroethanol (0.5
mL) suspension of (IPr)AuCl (6.5 mg, 10.4 umol) in a 20 mL Schlenk flask under Ar atmosphere.
The flask was charged with atmospheric CO, and stirred at 40 °C for 13 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCIl; with durene as an
internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: hexane/ethyl acetate = 1/2) to
afford the corresponding six-membered cyclic urethane 23x and five-membered cyclic urethane 2x.
6-(tert-Butyl)-3,4-dihydro-2H-1,3-oxazin-2-one (23x)
White powder, Ry = 0.53 (hexane/ethyl acetate = 1/2); 67% (NMR vyield), 45%
>‘\(\ (29.5 mg, isolated); 'H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.14 (s, 9H,
O.o-Nvyy  'CH,C=C), 3.91 (dd, 2H, Jun = 3.3 Hz, *Jyn = 1.9 Hz, 2H, CH,), 4.85 (td, *Jiy =
. 3.3 Hz, “Jyy = 1.7 Hz, 1H, CH,), 5.37 (brs, 1H, NH); *C{'H} NMR (100.53
MHz, CDCls, tt, 8/ppm): 27.2, 34.5, 40.3, 90.7 151.8 (NCO,), 158.9; IR (KBr, cm™): 1715 (C=0);
Anal. Calced for CgH3sNO,: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.90; H, 8.73; N, 9.03.

H
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5-(2°,2’-Dimethylpropylidene)oxazolidin-2-one (2x)
White powder, Ry = 0.58 (hexane/ethyl acetate = 1/2); 8% (NMR yield, Z/E =
m 77/23); 2x-Z: 'H NMR (399.78 MHz, CDCl;, rt, &/ppm): 1.15 (s, 9H,
Ny C4HsC=C), 4.14 (dd, 2H, *Jun = 3.3 Hz, “Jun = 1.9 Hz, 2H, CH,), 4.50 (t, "
o) =2.2 Hz, 1H, CH,), 5.63 (brs, 1H, NH); “C{'H} NMR (100.53 MHz, CDCl;, rt,
8/ppm): 30.3, 31.7, 44.6, 113.2, 141.3, 157.7 (NCO,); IR (KBr, cm™): 1771
(C=0); Anal. Calcd for CsH;3NO,: C, 61.91; H, 8.44; N, 9.03. Found: C, 61.65; H, 8.39; N, 8.89;

2x-E: 'H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.08 (s, 9H, ‘C4HoC=C), 4.35 (dd, 2H, *Jyy = 0.9
Hz, *Juy = 2.7 Hz, 2H, CH,), 5.22 (td, *Juyy = 2.7 Hz, *Juy = 0.9 Hz, 1H, CH,), 6.07 (brs, 1H, NH).

Carboxylative cyclization of 1y
1-Amino-5-hexene-2-yne 1y (97.4 mg, 1.02 mmol) was added to a 2,2,2-trifluoroethanol (1 mL)
suspension of (IPr)AuCl (12.3 mg, 19.8 umol) in a 20 mL Schlenk flask under Ar atmosphere. The
flask was charged with atmospheric CO, and stirred at 40 °C for 13 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCl; with durene as an
internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: hexane/ethyl acetate = 1/2) to
afford the corresponding six-membered cyclic urethane 23y and five-membered cyclic urethane 2y.
6-Allyl-3,4-dihydro-2H-1,3-0xazin-2-one (23y)
Light orange powder, Ry = 0.40 (hexane/ethyl acetate = 1/2); 39% (NMR
Haj\/\(\ yield), 33% (46.8 mg, isolated); "H NMR (399.78 MHz, CDCl;, rt, 8/ppm):
2.89 (ddddt, *Jiy = 6.9 Hz, “Juy = 1.5 Hz, “Jyy = 1.4 Hz, *Juyy = 1.3 Hz,
*Jun = 1.6 Hz, 2H, CHCH-C), 3.91 (ddt, *Juyyy = 3.3 Hz, *Jyyy = 1.8 Hz, *Juy
= 1.6 Hz, 2H, CH,N), 4.84 (ttd, *Juyy = 3.1 Hz, “Jyy = 1.5 Hz, *Jyyy = 2.2
Hz, 1H, C=CH), 5.15 (ddt, *Juyy = 1.4 Hz, *Jyy = 6.9 Hz, *Jyy = 1.3 Hz, H), 5.19 (ddt, Jyy = 1.4 Hz,
Jun = 13.9 Hz, *Jyy = 1.4 Hz, H"), 5.49 (brs, 1H, NH), 5.82 (ddt, *Jyy = 17.0 Hz, *Juyy = 10.2 Hz,
*Jun = 7.0 Hz, 1H, CH,=CH); "C{'H} NMR (100.53 MHz, CDCl;, rt, 8/ppm): 36.7, 40.4, 94.3,
118.5, 131.9, 150.2, 151.1 (NCO,); IR (KBr, cm™): 1763 (C=0); Anal. Calcd for C;HsNO,: C,
60.42; H, 6.52; N, 10.07. Found: C, 60.52; H, 6.62; N, 9.86.
(Z2)-5-(3’-But-en-1’-ylidene)oxazolidin-2-one (2y)

Ha Orange powder, R¢= 0.50 (hexane/ethyl acetate = 1/2); 41% (NMR yield),
" — 39% (46.2 mg, isolated); 'H NMR (399.78 MHz, CDCL,, rt, 8/ppm): 2.92
AN (ddddt, *Jyy = 7.7 Hz, *Jyy = 6.3 Hz, *Jiy = 1.2 Hz, *Jiy = 1.8 Hz, *Jyyyy =

O\C,N\H 1.6 Hz, 2H, CHCH,CH), 4.22 (ddt, *Juyy = 0.9 Hz, *Jyy = 2.1 Hz, “Jyyy =

5 1.6 Hz, 2H, CH,N), 4.63 (tt, *Juy = 7.7 Hz, *Juy = 2.1 Hz, 1H, CH=C),

5.15 (ddt, “Jyn = 1.8 Hz, *Jiyy = 6.9 Hz, *Jyy = 1.2 Hz, HY), 5.07 (ddt, 2/
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= 1.8 Hz, *Jyy = 17.1 Hz, *Jyy = 1.8 Hz, H"), 5.52 (brs, 1H, NH), 5.81 (ddt, *Jiy = 16.8 Hz, *Jyyy =
10.4 Hz, *Jyy = 6.3 Hz, 1H, CH,=CH); “C{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 29.0, 44.0,
100.7, 115.1, 135.9, 144.0, 157.1 (NCO,); IR (KBr, cm™): 1768 (C=0); Anal. Caled for
C7HsNO,+0.25H,0: C, 58.53; H, 6.67; N, 9.75. Found: C, 58.31; H, 6.31; N, 9.74.

Carboxylative cyclization of 1z
3-(4’-Methoxyphenyl)-1-amino-2-propyne 1z (163 mg, 1.01 mmol) was added to a
2,2 2-trifluoroethanol (1 mL) suspension of (IPr)AuCl (11.8 mg, 19.0 pmol) in a 20 mL Schlenk
flask under Ar atmosphere. The flask was charged with atmospheric CO, and stirred at 40 °C for 48
h. The resulting mixture was evaporated under reduced pressure. The crude mixture was dissolved in
CDCl; with durene as an internal standard and the product yields were determined by 'H NMR
spectroscopy. The products were separated and purified by a silica gel chromatography (eluent:
hexane/ethyl acetate = 1/2) to afford the corresponding six-membered cyclic urethane 23z and
five-membered cyclic urethane 2z.
6-(4’-Methoxyphenyl)-3,4-dihydro-2H-1,3-oxazin-2-one (23z)
CH30 Orange powder; Ry = 0.30 (hexane/ethyl acetate = 1/2); 41% (NMR
yield), 28% (57.6 mg, isolated); 'H NMR (399.78 MHz, CDCls, rt,
8/ppm): 3.83 (s, 3H, CH;0), 4.10 (dd, *Jiyyy = 3.5 Hz, *Jyy = 1.5 Hz, 2H,
S H CHy), 5.45 (td, *Jun = 3.6 Hz, “Jun = 1.4 Hz, 1H, CgHsCH), 5.46 (brs,
1H, NH), 6.88-6.91 (m, 3H, Ar), 7.55-7.57 (m, 2H, Ar); "C{'H} NMR
(100.53 MHz, CDCIl;, rt, 6/ppm): 40.8, 94.0, 124.6, 128.5, 129.3, 149.0, 150.9 (NCO,). IR (KBr,
em™): 1719 (C=0); Anal. Caled for C;;H;;NOs: C, 64.38; H, 5.40; N, 6.83. Found: C, 64.43; H,
5.47;N, 6.79.
5-(4°-Methoxybenzylidene)oxazolidin-2-one (22)

Light yellow powder; Ry = 0.44 (hexane/ethyl acetate = 1/2); 18%
AN (NMR vyield), 7% (14.3 mg, mixture of ZE isomers Z/E = 72/28);
O, N~y 2z-Z 'H NMR (399.78 MHz, CDCls, rt, 8/ppm): 3.81 (s, 3H,
S CH-0), 4.38 (d, *Jyy = 2.0 Hz, 2H, CH,N), 5.47 (t, *Juyy = 2.0 Hz,

1H, CH=C), 5.48 (brs, 1H, NH), 6.87 (d, *Jyy = 8.8 Hz, 2H, Ar),

7.50 (d, *Juy = 8.8 Hz, 2H, Ar); 2z-E: 'H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 3.87 (s, 3H,
CH:0), 4.52 (d, “Jun = 2.4 Hz, 2H, CH,N), 5.49 (brs, 1H, NH), 6.26 (t, *Juy = 2.4 Hz, 1H, CH=C),
6.89 (d, “Juy = 9.7 Hz, 2H, Ar), 7.03 (d, *Jun = 9.7 Hz, 2H, Ar).

CH30

Carboxylative cyclization of 1u
3-Phenyl-1-amino-2-propyne 1u (136 mg, 1.04 mmol) was added to a 2,2,2-trifluoroethanol (1 mL)
suspension of (IPr)AuCl (12.2 mg, 19.6 umol) in a 20 mL Schlenk flask under Ar atmosphere. The
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flask was charged with atmospheric CO, and stirred at 40 °C for 46 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCl; with durene as an
internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: ethyl acetate) to afford the
corresponding six-membered cyclic urethane 23u and five-membered cyclic urethane 2u.
6-Phenyl-3,4-dihydro-2H-1,3-oxazin-2-one (23u)*®
White powder; Ry = 0.72 (ethyl acetate); 30% (NMR yield); "H NMR (399.78
_ MHz, CDCls, t, 8/ppm): 4.13 (dd, *Juy = 3.6 Hz, *Jyy = 1.5 Hz, 2H, CH,),
O. _N.  5.53 (brs, 1H, NH), 5.59 (td, *Jun = 3.6 Hz, “Juu = 1.6 Hz, 1H, C4HsCH),
I 7.36-7.41 (m, 3H, Ar), 7.61-7.64 (m, 2H, Ar); "C{'H} NMR (100.53 MHz,
CDCl;, rt, 8/ppm): 40.8, 94.0, 124.6, 128.5, 129.3, 149.0, 150.9 (NCOy).
5-Benzylidene-1,3-oxazolidin-2-one (2u)
Light brown powder; Ry = 0.77 (ethyl acetate); 51% (NMR vyield, Z/E =
N 83/17); 2u-E: "H NMR (399.78 MHz, CDCl;, rt, 8/ppm): 4.56 (d, *Jyn = 2.6
N~y Hz, 2H, CH>N), 5.49 (brs, 1H, NH), 6.31 (¢, “Jun = 2.6 Hz, 1H, CH=C),
7.31-7.35 (m, 5H, Ar).

Carboxylative cyclization of 1aa
3-(4’-Trifluoromethylphenyl)-1-amino-2-propyne 1aa (198 mg, 0.99 mmol) was added to a
2,2 2-trifluoroethanol (1 mL) suspension of (IPr)AuCl (12.6 mg, 20.3 umol) in a 20 mL Schlenk
flask under Ar atmosphere. The flask was charged with atmospheric CO, and stirred at 40 °C for 48
h. The precipitate was collected by filtration. The solid was washed with methanol and
five-membered cyclic urethane 2aa-Z was obtained as light yellow powder (106 mg, 44%). The
filtrate was evaporated under reduced pressure. The residue was dissolved in CDCI; with durene as
an internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: ethyl acetate) to afford the
corresponding six-membered cyclic urethane 23aa and five-membered cyclic urethane 2aa.
6-(4’-Trifluoromethylphenyl)-3,4-dihydro-2H-1,3-0xazin-2-one (23aa)
CF; R = 0.20 (ethyl acetate); 10% (NMR vyield); 'H NMR (399.78 MHz,
CDCl;, rt, 8/ppm): 4.17 (dd, *Juy = 3.6 Hz, *Juy = 1.3 Hz, 2H, CH>),
5.20 (brs, 1H, NH), 5.72 (td, *Jiy = 3.6 Hz, “Jyy = 1.8 Hz, 1H, C=CH),
G H 764.7.66 (m, 2H, Ar), 7.73-7.75 (m, 2H, Ar); '°F NMR (376.17 MHz,
CDCls, 1t, 8/ppm): -62.7 (s, CF3);
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(Z)-5-[4’-(Trifluoromethyl)benzylidene]oxazolidin-2-one (2aa-2Z)
Light yellow powder; Ry = 0.32 (ethyl acetate); 54% (NMR yield),
CFS% 44% (106 mg, isolated); 'H NMR (399.78 MHz, DMSO-dq, Tt,
O. N~ &/ppm): 3.38 (d, “Juy = 2.0 Hz, 2H, CH,N), 4.73 (t, /s = 2.0 Hz, 1H,
CH=C), 6.68-6.70 (m, 4H, C¢H,), 7.52 (brs, 1H, NH); *C{'H} NMR
(100.53 MHz, DMSO-d, rt, 8/ppm): 40.1, 99.8, 124.7 ('Jzc = 272 Hz,
4-C), 125.7 CJyc = 3.8 Hz, 2°-C), 126.5 (*Jrc = 31.7 Hz, 3°-C), 128.3, 138.7, 148.9, 156.1 (NCO,);
F NMR (376.17 MHz, DMSO-d,, rt, 8/ppm): -60.7 (s, CF3); IR (KBr, cm™): 1790 (C=0); Anal.
Calcd for C; HgFsNO,: C, 54.33; H, 3.32; N, 5.76. Found: C, 54.09; H, 3.40; N, 5.67.
(E)-5-[4’-(Trifluoromethyl)benzylidene]oxazolidin-2-one (2aa-E)
H Light yellow powder; Ry = 0.48 (ethyl acetate); 10% (NMR yield); 'H
I‘\J\C//O NMR (399.78 MHz, acetone-dg, rt, 8/ppm): 4.72 (d, 4JHH = 2.4 Hz, 2H,
3 CH,N), 6.32 (t, *Jyn = 2.4 Hz, 1H, CH=C), 7.38 (brs, 1H, NH), 7.43 (d,
CF3 / Jun = 8.3 Hz, 2H, CgHy), 7.67 (d, *Jun = 8.3 Hz, 2H, C¢Hy); “C{'H}
NMR (100.53 MHz, acetone-dg, rt, 8/ppm): 45.5, 103.0, 125.4 (IJFC =
271 Hz, CF3), 126.4 (Jpc = 3.8 Hz, 2°-C), 128.1 (“Jpc = 31.6 Hz, 3°-C), 128.6, 139.8, 151.8, 156.1
(NCO,); "’F NMR (376.17 MHz, acetone-dg, rt, 8/ppm): -62.8 (s, CF3); IR (KBr, cm™): 1788 (C=0);
Anal. Calcd for C;;HgF3NO»: C, 54.33; H, 3.32; N, 5.76. Found: C, 54.24; H, 3.45; N, 5.80.

Carboxylative cyclization of 1ab
1-Amino-2-propyne 1ab (60.2 mg, 1.09 mmol) was added to a 2,2,2-trifluoroethanol (1 mL)
suspension of (IPr)AuCl (12.6 mg, 20.3 pmol) in a 20 mL Schlenk flask under Ar atmosphere. The
flask was charged with atmospheric CO, and stirred at 40 °C for 14 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCIl; with durene as an
internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: hexane/ethyl acetate = 1/2 to
acetone) to afford the corresponding five-membered cyclic urethane 2ab and five-membered cyclic
urea 24.
5-Benzylidene-1,3-oxazolidin-2-one ( 2ab)37
\§j Light red solid; Ry = 0.35 (hexane/ethyl acetate = 1/2); 40% (NMR yield); 'H NMR
(399.78 MHz, CDCl,, rt, 8/ppm): 4.24 (ddd, *Jyy = 2.1 Hz, *Jyy = 2.1 Hz, *Jy = 0.9
G Hz, 2H, CH,N), 4.29 (dt, “Jyn = 3.1 Hz, *Jyi = 2.1 Hz, 2H, CHH=C), 4.74 (dtd, “Jyy =
° 3.1 Hz, *Jyn = 2.1 Hz, *Jyy = 1.0 Hz, 2H, CHH=C), 6.62 (brs, 1H, NH); “C{'H}
NMR (100.53 MHz, CDCls, rt, 8/ppm): 44.3, 86.8, 151.4, 157.8 (NCO,).
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5-Methyl-1-(prop-2-yn-1-yl)-1,3-dihydro-2H-imidazol-2-one (24)*’

\ Light yellow powder; Ry = 0.39 (acetone); 16% (NMR yield); '"H NMR
\N\_/N\H (399.78 MHz, CDCl, t, 8/ppm): 2.14 (d, “Juy = 1.5 Hz, 3H, CHy), 2.25 (1,
¢ *Jun = 2.4 Hz, 1H,), 4.41 (d, *Jyn = 2.4 Hz, 2H, CH>), 6.01 (q, "/ = 2.4 Hz,

1H, C=CH), 9.31 (brs, 1H, NH); “C{'H} NMR (100.53 MHz, CDCl, tt,
8/ppm): 10.3,29.9, 71.9, 78.3, 104.7, 119.3, 154.6 (NCO,).

Carboxylative cyclization of 1ac
4-(4’-Methoxyphenyl)-2-amino-2-methyl-3-butyne 1ac (181 mg, 1.03 mmol) was added to a
2,2 2-trifluoroethanol (1 mL) suspension of (IPr)AuCl (12.5 mg, 20.1 pmol) in a 20 mL Schlenk
flask under Ar atmosphere. The flask was charged with atmospheric CO; and stirred at 40 °C for 140
h. The resulting mixture was evaporated under reduced pressure. The crude mixture was dissolved in
CDCl; with durene as an internal standard and the product yields were determined by 'H NMR
spectroscopy. The products were separated and purified by a silica gel chromatography (eluent:
hexane/ethyl acetate = 1/2) to afford the corresponding six-membered cyclic urethane 23ac and
five-membered cyclic urethane 2ac.
5-(4’-Methoxyphenyl)-3,4-dihydro-2H-1,3-0xazin-2-one (23ac)
CH30 White powder; Ry = 0.38 (hexane/ethyl acetate = 1/2); 59% (NMR
CHs yield), 39% (87.4 mg, isolated); 'H NMR (399.78 MHz, CDCls, rt,
&/ppm): 1.37 (d, *Jun = 6.4 Hz, 3H, CCH;NH), 3.81 (s, 3H, CH;0),
S H 431 (qdd, Yuw = 64 Hz, Juw = 3.2 Hz, Juy = 1.4 Hz, 2H,
CH,CHs3), 5.10 (brs, 1H, NH), 5.37 (dd, *Juyy = 3.2 Hz, “Jyyy = 2.2
Hz, 1H, CH;0CH,CH), 6.88-6.91 (m, 2H, Ar), 7.54-7.57 (m, 2H, Ar); *C{'H} NMR (100.53 MHz,
CDCls, tt, o/ppm): 24.3, 46.9, 55.3, 98.3, 113.8, 124.3, 126.0, 147.4, 151.6 (NCO,), 160.4; IR (KBr,
cm'l): 1732 (C=0); Anal. Calcd for C,H3NOs: C, 65.74; H, 5.98; N, 6.39. Found: C, 64.04; H,
5.89; N, 6.05.
(Z)-5-(4’-Methoxylbenzylidene)-1,3-oxazolidin-2-one (2ac)
CH;0 \ CH, VYhite 1?0wder; R¢= 0.52 (hexane/ethyl acetate = 1/2); 10% gNMR
: — yield); 'H NMR (399.78 MHz, CDCls, rt, &/ppm): 1.49 (d, "Jun =
O.~N~H 6.4 Hz, 3H, CHCHs), 3.81 (s, 3H, CH;0), 4.63 (qdd, “Jiuw = 2.1 Hz,
6 2H, CHCH,), 5.23 (brs, 1H, NH), 542 (d, “Juy = 1.8 Hz, 1H,
CeH4CH), 6.85-6.89 (m, 2H, C¢Hy), 7.50-7.53 (m, 2H, CeH,); “C{'H} NMR (100.53 MHz, CDCl,,
rt, &/ppm): 30.6 (NCHj3), 51.0 (CCH,N), 55.3 (CH;0), 102.6 (C¢H4CH), 114.0 (Ar), 126.3 (Ar),
129.6 (Ar), 139.9 (CCH), 156.0 (NCO,), 158.5 (Ar).
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Carboxylative cyclization of 1a

1-Methylamino-2-butyne 1a (87.9 mg, 1.06 mmol) was added to a 2,2,2-trifluoroethanol (1 mL)
suspension of (IPr)AuCl (13.6 mg, 21.9 umol) in a 20 mL Schlenk flask under Ar atmosphere. The
flask was charged with atmospheric CO, and stirred at 40 °C for 12 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCl; with durene as an
internal standard and the product yields were determined by 'H NMR spectroscopy. The products
were separated and purified by a silica gel chromatography (eluent: hexane/ethyl acetate = 1/2) to
afford the corresponding six-membered cyclic urethane 23a and five-membered cyclic urethane 2a.
2a was afforded in 82% (NMR yield).

3,6-Dimethyl-3,4-dihydro-2H-1,3-0xazin-2-one (23a)

Light yellow solid; Ry = 0.55 (hexane/ethyl acetate = 1/2); 11% (NMR yield);
'H NMR (399.78 MHz, CDCls, 1t, 8/ppm): 1.84 (dt, 3H, Jyy = 1.8 Hz, *Jyy =
G CHs 0.9 Hz, CHyC=C), 2.98 (s, 3H, NCH), 3.79 (dq, *Juss = 3.2 Hz, Ju = 1.8 Hz,
2H, CH,), 4.78 (qt, *Jun = 0.9 Hz, *Juyy = 3.2 Hz, 1H, C=CH); “C{'H} NMR
(100.53 MHz, CDCls, rt, 8/ppm): 18.4, 35.9, 47.5, 94.2, 148.4, 150.7 (NCO,); IR (KBr, cm™): 1732
(C=0).

Synthesis of alkenylgold complexes 25 and 3l
1-Amino-2-butyne 11 (38 mg, 550 umol) were added to a tetrahydrofuran (3 mL) solution of
(IPr)Au(OH) (301 mg, 500 pmol) in a 20 mL Schlenk flask under Ar atmosphere. The flask was
charged with atmospheric CO, and stirred at room temperature for 1 h. The resulting mixture was
evaporated and washed with ether and the product isomers were separated by basic silica gel
chromatography (eluent: ethyl acetate) from the residue. Then each complex was recrystallized from
acetone and n-pentane (acetone/n-pentane = 1/10).
[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[6-methyl-2-o0x0-3,4-dihydro-2H-1,3-oxazin-5-yl[gold (25)

Au(IPr) Colorless crystals; Ry = 0.65 (ethyl acetate); 80.2 mg (23%); 'H NMR (399.78

CHz_~ MHz, CDCls, tt, 8/ppm): 1.22 (d, *Juy = 6.8 Hz, 12H, CH(CH3),), 1.32 (d, *Jyn =
O Ny, 6.8 Hz, 12H, CH(CH3),), 1.43 (t, “Juy = 1.8 Hz, 3H, CH3), 2.58 (sept, *Juy = 6.8
g Hz, 4H, CH(CHs),), 3.54 (dq, *Jun = 1.8 Hz, *Jyy = 1.8 Hz, 2H, CH,N), 4.57 (brs,

1H, NH), 7.15 (s, 2H, NCH=CHN), 7.28 (d, *Juy = 7.9 Hz, 4H, Ar), 7.49 (t, *Jun
= 7.9 Hz, 2H, Ar); "C{'H} NMR (100.53 MHz, CDCls, rt, 8/ppm): 21.3, 23.9, 24.4, 28.7, 48.5,
122.8, 123.9, 125.5 (C=CAu), 130.3, 134.3, 145.7, 145.8 (C=CAu), 153.4 (NCO,), 195.4 (NCN); IR
(KBr, cm'l): 1721 (C=0); Anal. Caled for C;H4AuN;0,0.5H,0: C, 54.39; H, 6.13; N, 5.95.
Found: C, 54.31; H, 6.21; N, 5.84.
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[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
[(1E)-(2-oxo00xazolidin-5-ylidene)ethyl]gold (31)

Au(IPr) Colorless crystals; R¢ = 0.75 (ethyl acetate); 209 mg (60%); 'H NMR (399.78
CH:\ MHz, CDCls, tt, 8/ppm): 1.23 (d, *Jun = 6.9 Hz, 12H, CH(CH5),), 1.33 (d, *Jun

O N-y =69 Hz I12H, CH(CHs),), 1.57 (t, “Jun = 1.9 Hz, 3H, CHs), 2.58 (sept, “Juu =
6.9 Hz, 4H, CH(CHa),), 3.54 (d, *Jun = 1.9 Hz, 2H, CH,N), 4.75 (brs, 1H, NH),
7.14 (s, 2H, NCH=CHN), 7.28 (d, *Jyn = 7.8 Hz, 4H, Ar), 7.49 (t, *Jyy = 7.8 Hz,
2H, Ar); “C{'H} NMR (100.53 MHz, CDCl;, 1t, 8/ppm): 19.2, 23.9, 24.4, 28.7, 44.9, 122.7, 123.9,
130.2, 131.8 (CAu=C), 134.4, 142.0 (CAu=C), 145.8, 159.3 (NCO,), 196.5 (NCN); IR (KBr, cm™):
1759 (C=0); Anal. Calcd for C3;;H4,AuN;0;: C, 55.09; H, 6.07; N, 6.02. Found: C, 55.14; H, 5.96;
N, 5.99.

Computational Studies

The computations were performed using Research Center for Computational Science, Okazaki,
Japan. All calculations were conducted using Gaussian 09 (revision D.01) program®® employing
Becke’s three-parameter functional with the nonlocal Lee-Yang-Parr correlation functional
(B3LYP?). The geometry optimizations were performed using SDD effefctive core potential (ECP)
along with its associated basis set for gold and 6-311G* basis set for the other typical atoms. This
combination of the functional and the basis sets reproduced the structure of alkenyl complexes 25

and 3l confirmed by X-ray analysis.
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Complex 25
Details of the DFT study

Optimized structure

(]

Total electronic energy

Zero-point correction

Thermal correction to Energy

Thermal correction to Enthalpy

Thermal correction to Gibbs Free Energy
Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies

Sum of electronic and thermal Free Energies

W
5

/

200

Hartree/Particle
-1695.568820
0.680247
0.721473
0.722417
0.600754
-1694.888573
-1694.847347
-1694.846403
-1694.968066

kcal/mol
-1063984.695
426.8611147
452.7308008
453.3231693
376.9785418
-1063557.834
-1063531.964
-1063531.372
-1063607.716



Complex 3l

Optimized structure

Total electronic energy

Zero-point correction

Thermal correction to Energy

Thermal correction to Enthalpy

Thermal correction to Gibbs Free Energy
Sum of electronic and zero-point Energies
Sum of electronic and thermal Energies
Sum of electronic and thermal Enthalpies

Sum of electronic and thermal Free Energies

W
5

/

Hartree/Particle ~ kcal/mol

-1695.564558 -1063982.020
0.679586 426.4463313
0.721078 452.4829347
0.722022 453.0753032
0.599928 376.4602194
-1694.884972 -1063555.574
-1694.843480 -1063529.537
-1694.842536 -1063528.945
-1694.964630 -1063605.560

Reactions of alkenylgold complex 25, 31 or 3a with 2,2,2-trifluoroethanol.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 25, 3l or 3a
(10 pmol), durene, and 2,2,2-trifluoroethanol (0.1 M in CD,Cl,, 0.5 mL). The reaction was

monitored by 'H NMR spectroscopy at room temperature. The 'H NMR analysis indicated no

conversion of 25, 93% conversion of 3l to form 25 (72%) and 3I’ (21%) and 17% conversion of 3a

to form 2a (17%).

(Z2)-[1,3-Bis{2,6-bis(propan-2-yl)phenyl}-1,3-dihydro-2H-imidazol-2-ylidene]
(5-ethylidene-2-oxooxazolidin-3-yl)gold (3I)

H

"N

Os o N=Au(Pr)

I
@)

This compound could be synthesized by following procedure.
(Z)-5-Ethylidene-1,3-oxazolidin-2-one 2l (9.8 mg, 86.6 nmol) was added
to a ether (1 mL) suspension of (IPr)Au(OH) (54.5 mg, 90.4 umol) in a
20 mL Schlenk flask under Ar atmosphere and stirred at room

temperature for 1 h. The precipitate was collected by filtration. The solid

was washed with ether and title compound was obtained as a white powder (12.6 mg, 21%). The
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filtrate was evaporated under reduced pressure and the residue was washed with a small portin of
ether to afford title compound as a white powder (7.9 mg, 13%). '"H NMR (399.78 MHz, CDCl;, rt,
8/ppm): 1.22 (d, *Juy = 6.7 Hz, 12H, (CHs),CH), 1.34 (d, *Ji = 7.0 Hz, 12H, (CH;),CH), 1.56 (dt,
*Jun = 6.7 Hz, *Jyy = 2.3 Hz, 3H, CH;C=C), 2.55 (sept, *Juy = 6.9 Hz, 4H, (CH),CH), 3.70 (dq,
*Jun = 2.2 Hz, *Jyn = 2.3 Hz, 2H, CH,), 4.08 (qt, *Jun = 6.7 Hz, *Juyy = 2.1 Hz, 2H, CH,), 7.17 (s, 2H,
NCH=CHN), 7.30 (d, *Jyn = 7.8 Hz, 4H, Ar), 7.51 (t, *Juyn = 7.8 Hz, 2H, Ar); "C{'H} NMR (100.53
MHz, CDCl;, tt, 8/ppm): 10.1, 24.0, 24.4, 28.8, 52.7, 90.7, 123.1, 124.2, 130.6, 134.0, 145.6, 149.6,
162.8 (NCO,), 176.9 (NCN); IR (KBr, cm™): 1746 (C=0).

Possible isomerization of 2| at condition of carboxylative cyclization.

5-Ethylidene-1,3-oxazolidin-2-one 21 (54.3 mg, 480 umol) was added to a 2,2,2-trifluoroethanol (0.5
mL) suspension of (IPr)AuCl (6.1 mg, 9.81 umol) in a 20 mL Schlenk flask under Ar atmosphere.
The flask was charged with atmospheric CO, and stirred at 40 °C for 12 h. The resulting mixture was
evaporated under reduced pressure. The crude mixture was dissolved in CDCl; with durene as an
internal standard and the conversion of 2l was determined by 'H NMR spectroscopy. The '"H NMR

analysis indicated no conversion of 2.

Reactions of alkenylgold complex 3| with methanol.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 3l (8.5 mg,
12.2 pmol), durene (3.7 mg, 27.6 umol), and methanol (0.1 M in CD,Cl,, 0.5 mL). The reaction was
monitored by '"H NMR spectroscopy at room temperature. The '"H NMR analysis indicated 5%

conversion of 31 to form 25 (5%).

Reactions of alkenylgold complex 3l with acetic acid.

An NMR tube equipped with a J-Young valve was charged with alkenylgold complex 3l (8.0 mg,
11.5 pmol), durene (3.4 mg, 25.3 pumol), and acetic acid (0.1 M in CD,Cl,, 0.5 mL). The reaction
was monitored by '"H NMR spectroscopy at room temperature. The '"H NMR analysis indicated full
conversion of 31 to form 231 (7%) and 21 (93%) within 5 min.

Au-catalyzed cyclization of N-(but-2-yn-1-yl)benzamide 26.

CHz3——— N-(But-2-yn-1-yl)benzamide 26 was synthesized by reported procedure™. 'H
NH
o=c NMR (399.78 MHz, CDCls, tt, 8/ppm): 1.84 (t, Jun = 2.4 Hz, 3H, CH3),

CeHs  4.20 (dq, Juw = 5.0 Hz, *Jun = 2.4 Hz, 2H, CH,), 6.22 (brs, 1H, NH),
7.41-7.45 (m, 2H, Ar), 7.48-7.50 (m, 1H, Ar), 7.77-7.79 (m, 2H, Ar); C{'H} NMR (100.53 MHz,
CDCls, 1t, 8/ppm): 3.5, 30.3, 74.5, 79.9, 127.0, 128.6, 131.6, 134.0, 167.0.
N-(But-2-yn-1-yl)benzamide 26 (500 pumol) were added to a 20 mL Schlenk flask charged with
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solvent (10 mL) and Au catalyst (25 pmol) in under Ar atmosphere. The mixture was stirred at room
temperature for 20 h. The resulting mixture was evaporated under reduced pressure. The crude
mixture was dissolved in CDCl; with durene as an internal standard and the product yields were
determined by 'H NMR spectroscopy.
6-Methyl-2-phenyl-4H-1,3-oxazin (27)*"
CH, % 'H NMR (399.78 MHz, CDCls, rt, 8/ppm): 1.86 (dt, *Juyy = 0.7 Hz, *Jyy = 1.8 Hz,
\ 3H CHy), 411 (dg, Jun = 1.8 Hz, *Jyy = 3.2 Hz, “Jyy = 1.8 Hz, 2H, CH,N), 4.73
C (tqd, *Jun = 3.2 Hz, *Juyyy = 0.7 Hz, *Juyyy = 1.7 Hz, 1H, C=CH), 7.39-7.48 (m, A,
Cols 3H), 7.93-7.89 (m, Ar, 2H).
(Z)-5-Ethylidene-2-phenyl-4,5-dihydrooxazole (28)™*
CH3—\§_\ "H NMR (399.78 MHz, CDCls, tt, 8/ppm): 1.76 (dt, *Jyy = 7.0 Hz, *Jyy = 2.2 Hz,
3H, CH;C=C), 4.17 (dq, *Ju = 2.2 Hz, *Jyn = 2.2 Hz, 2H, CH,N), 4.60 (qt, *Jiy =
7.0 Hz, *Jyy = 2.2 Hz, 1H, CH;CH), 7.38-7.51 (m, Ar, 3H), 7.94-8.03 (m, Ar, 2H).

N7

¢
CeHs

Au-catalyzed cyclization of 4-hexynoic acid 29.

CHy——= 4-Hexynoic acid 29 was synthesized by reported procedure®. '"H NMR (399.78
MHz, CDCL, tt, 8/ppm): 1.77 (t, *Jun = 2.4 Hz, 3H, CHz), 2.42-2.48 (m, 2H,
CCCH,CH,), 2.54-2.58 (m, 2H, CCCH,CH,); “C{'H} NMR (100.53 MHz,
CDCls, tt, 8/ppm): 3.4, 14.4,33.7,76.6, 76.9, 178.3.

4-Hexynoic acid 29 (500 umol) were added to a 20 mL Schlenk flask charged with solvent (10 mL)

HO-C

\

and (IPr)Au(OH) (25 pmol) in under Ar atmosphere. The mixture was stirred at room temperature
for 20 h. The resulting mixture was evaporated under reduced pressure. The crude mixture was
dissolved in CDCI; with durene as an internal standard and the product yields were determined by
'H NMR spectroscopy.
6-Methyl-3,4-dihydro-2H-pyran-2-one (30)"°
CHyw_~ "H NMR (399.78 MHz, CDCls, 1t, 8/ppm): 1.89 (dt, *Jy = 1.1 Hz, *Jiyy = 1.8 Hz, 3H,
@ CH3), 2.29 (tdq, *Jun = 7.5 Hz, *Juy = 4.0 Hz, *Jyy = 1.8 Hz, 2H, CHCH,), 2.58 (t,
S 3Jun=7.5Hz Yy = 3.2 Hz, “Jyy = 1.8 Hz, 2H, CH,C=0), 5.00 (tq, *Jiyy = 4.0 Hz,
*Jun = 1.1 Hz, 1H, C=CH).

(Z)-5-Ethylidenedihydrofuran-2(3H)-one (31)"'
3H, CH;C=C), 2.63 (t, *Juy = 9.4 Hz, C=CCH,), 2.80 (tqd, *Jyun = 9.4 Hz, *Jyyy =

C” 1.8 Hz, “Jun = 1.8 Hz, 2H, CH,C=0), 4.62 (qt, “Jun = 6.9 Hz, *Juy = 1.8 Hz, 1H,
CH;CH).

CH3—\§_> 'H NMR (399.78 MHz, CDCl;, 1t, 8/ppm): 1.68 (dt, *Jiy = 6.9 Hz, *Jyy = 1.8 Hz,

)
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X-ray structure determinations for 2a, 3a, 3m, 6, 10, 14, 16, 18, 3l and 25

All measurements were made on a Rigaku Saturn CCD area detector equipped with
graphite-monochromated Mo-Ka radiation (A = 0.71070 A) under nitrogen stream at 123 K.
Indexing was performed from eighteen images. The crystal-to-detector distance was 45.05 mm. The
data were collected to a maximum 26 value of 55.0°. A total of 720 oscillation images were collected.
A sweep of data was carried out using @ scans from —110.0 to 70.0° in 0.5° steps, at y = 45.0° and ¢
=0.0°. A second sweep was performed using @ scans from —110.0 to 70.0° in 0.5° steps, at y = 45.0°
and ¢ = 90.0°. Intensity data were collected for Lorentz-polarization effects as well as absorption.
Structure solution and refinements were performed with the CrystalStructure program package. The
heavy atom positions were determined by Direct methods (SIR2002), and the remaining
non-hydrogen atoms were found by subsequent Fourier techniques. An empirical absorption
correction based on equivalent reflections was applied to all data. All non-hydrogen atoms other than
solvent molecules were refined anisotropically by full-matrix least-square techniques based on F~.
All hydrogen atoms were constrained to ride on their parent atom. Relevant crystallographic data are

compiled in Table S1-S10.
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Table S1. Crystallographic data for 2a

2a

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value

Dcalc

Fooo

n(MokKa)

Exposure Rate

No. of Reflections Measured
No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

CsHoNO,
127.14

colorless, prism
monoclinic
P2y/c (#14)

a= 5.6873)A
b= 17.14709) A
c= 6.926(4) A
B=110.433(8)°
V=633.06) A’
4

1.334 g/cm’
272.00

1.005 cm '

32.0 sec./®

5073

1413

118

0.0632

0.1507

1.000

2 2.2 22112
RI=3 |[Fof - [Fell /2 |Foly WR2=[ £ (W (Fo - F) W EW(FS) ]
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Table S2. Crystallographic data for 3a

3a

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

C33H44AuN30,
711.70

colorless, prism
monoclinic

P2, (#4)

a= 12.931(2) A
b= 20981(2) A
c= 24.074(3) A
B=104.552(5)°
V=6322.0(11) &’
8

1.495 g/cm’
2864.00

47.023 cm’

6.0 sec./”
70865

28647
1581
0.0398
0.1010
1.000

2 2.2 22112
RI=3 |[Fof - [Fell /2 |Foly WR2=[ £ (W (Fo - F) W EW(FS) ]
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Table S3. Crystallographic data for 3m

3m

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

C33H46AuN30O,
773.77

colorless, block
monoclinic

P2/n (#14)

a= 9.1636(4) A
b= 36.3602) A
c= 21.4472(10) A
B=97.684(3)°
V=7081.8(6) A’
8

1.451 g/em’
3120.00

42.044 cm’|

16.0 sec./”
79277

16152
885
0.0670
0.1400
1.000

2 2.2 22112
RI=3 |[Fof - [Fell /2 |Foly WR2=[ £ (W (Fo - F) W EW(FS) ]
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Table S4. Crystallographic data for 6

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

C3H47AuF;N;058
807.76

colorless, prism
monoclinic

P2i/n (#14)

a= 11.491(2) A
b= 18.244(3) A
c= 17.348(3) A
B=97.07512)°
V=3609.1(8) A’
4

1.486 g/cm’
1624.00

41.969 cm’

10.0 sec/’
29530

8259
438
0.0282
0.0860
1.000

2 2.2 22112
RI=S |[Fol - [Fell/ £ [Fol, WR2 = [ (w (Fo -F.) Y Ew(Fo)]
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Table S5. Crystallographic data for 10

10
Empirical Formula C39H43AuN;O,
Formula Weight 787.79
Crystal Color, Habit colorless, prism
Crystal System monoclinic
Space Group P2y/n
Lattice Parameters a=13.6513)A

b=18.232(3) A
c=15.056(3) A
B=106.926(2)°
V=3584.8(11) A°

Z value 4

Deaic 1.460

Fooo 1592.00
nw(MoKa) 41.542 cm™
Exposure rate 10.0 sec./®
No. of Reflections Measured 29453

No. of unique reflections 8219

No. Variables 454

R1 (I>2.00s(1)) 0.0288
WwR2 (All reflections) 0.865
GOF on F° 1.000

R1 =3 ||Fo| - |Fd|| / T |Fo|, WR2 =[ = (W (Fo - F*)* ) T w(F,2)*]"?
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Table S6. Crystallographic data for 14

14

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

CasHs2AuN3 0O,
863.89

colorless, prism
monoclinic

P2,/n (#14)

a= 12.5042) A
b= 19.8154) A
c= 16.172(3) A
L= 97.68112)°
V=13970.8(12) A3
4

1.445 g/em’
1752.00

37576 cm

10.0 sec./”
32619

8978
512
0.0581
0.1345
1.000

2 2.2 22112
RI=3 |[Fof - [Fell 1 |Foly WR2=[ £ (W (Fo - F) W EW(F) ]
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Table S7. Crystallographic data for 16

16

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

C32H41AuN>O3
698.65

colorless, prism
orthorhombic
Pbca (#61)

a= 15.729(2) A
b= 17.4152) A
c= 2259903)A
V=6190.7(10) A°
8

1.499 g/cm’
2800.00

48.019 cm’

16.0 sec./”
48693

7084
384
0.0310
0.0897
1.000

2 2.2 22112
RI =2 ||Fo| - |Fel| / 2 |Fof, WR2=[Z (W (Fo -Fc) )/ Zw(Fo) ]

211



o
5

Table S8. Crystallographic data for 18

18
Empirical Formula CsHy  AuN,O5
Formula Weight 698.65
Crystal Color, Habit colorless, prism
Crystal System monoclinic
Space Group P2y/n
Lattice Parameters a=10.1533) A

b=16.657(4) A
c=18.566(5) A
B=95.620(4)°
V=3125.0(13) A’

Z value 4

Deaic 1.485

Fooo 1400.00
nw(MoKa) 47.563 cm’™
Exposure rate 16.0 sec./®
No. of Reflections Measured 25387
No. of unique reflections 7030

No. Variables 384

R1 (I>2.00s(1)) 0.0296
WwR2 (All reflections) 0.890
GOF on F° 1.000

R1 =3 ||Fo| - |Fd|| / T |Fo|, WR2 =[ = (W (Fo - F*)* ) T w(F,2)*]"?
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Table S9. Crystallographic data for 25

25

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

C32H4AuN30,
697.67

colorless, prism
monoclinic

P2,/n (#14)

a= 11.939Q2) A
b= 19.076(3) A
c= 13.998(3) A
p= 92.29712)°
V=31855(9) A"
4

1.455 g/em’
1400.00

46.645 cm’

10.0 sec./”
25857

7287
385
0.0397
0.1045
1.000

2 2.2 22112
RI=3 |[Fof - [Fell /2 |Foly WR2=[ £ (W (Fo - F) W EW(FS) ]
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Table S10. Crystallographic data for 3l

3l

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal System
Space Group

Lattice Parameters

Z value
Dcalc
Fooo
n(MokKa)

Exposure Rate
No. of Reflections Measured

No. of unique reflections
No. Variables

R1 (I>2.000(1))

wR2 (All reflections)
GOF on F*

C32H4AuN3;0,
697.67

colorless, prism

monoclinic
P2,/n (#14)

a=
b=
C=

ﬂ:

12.008(3) A
18.153(4) A
14.902(3) A
94.072(4) o

V=32402(12) A’

4

1.430 g/cm’
1400.00

45.857 cm’

10.0 sec./”
26615

7437
385

0.0659
0.1496

1.000

2 2.2 22112
RI=3 |[Fof - [Fell /2 |Foly WR2=[ £ (W (Fo - F) W EW(FS) ]
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