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AGSCHCLAT DREEE % fifi - 72,

Ac ; acetyl

Ar ; aryl

B ; base

Bn ; benzyl

BrettPhos ; dicyclohexyl(2',4',6'-triisopropyl-3,6-dimethoxy-[1,1'-biphenyl]-2-
yl)phosphine

Bu ; butyl

Cat. ; catalyst

CN ; cyanide

Cp : cyclopentadienyl

CPME : cyclopentyl methyl ether

CoD ; 1,5-cyclooctadiene

Cy ; cyclohexyl

CyJohnPhos : (2-biphenyl)dicyclohexylphosphine

DAIBAL-H : diisobutyl aluminium hydride

dba ; dibenzylideneacetone

DCC ; N,N'-dicyclohexyl carbodiimide

dcpf : 1,1’°-bis(dicyclohexylphosphino)ferrocene

dcpp : 1,3-bis(dicyclohexylphosphino)propane

DDQ ; 2,3-dichloro-5,6-dicyano-p-benzoquinone

DIAD ; diisopropy! azodicarboxylate

DIPEA ; N,N-diisopropylethylamine

DMA ; N,N-dimethylacetamide

DMAP ; 4-dimethylaminopyridine

dmdba ; 3,5,3’,5’-dimethoxydibenzylideneacetone

DME ; 1,2-dimethoxyethane

DMP ; Dess-Martin periodinane

DMF . N,N-dimethylformamide



DMSO
dppe
dppf

dppp

EPhos
ESI-MS
Et

eq
EWG
GC

h
HMBC
HMQC

JohnPhos

LDA

LHMDS

m-CPBA
Me

min

N.D.

NMR

°C

Ph

dimethyl sulfoxide
1,2-bis(diphenylphosphino)ethane
1,1’-bis(diphenyllphosphino)ferrocene
1,3-bis(diphenylphosphino)propane
electrophile

dicyclohexyl(3-isopropoxy-2’,4°,6,7-triisopropyl-[1,1’-biphenyl]-2-

yl)phosphane

electrospray ionization mass spectrometry
ethyl

equivalent

electron-withdrawing group

gas chromatography

hour(s)

heteronuclear multiple-bond correlation spectroscopy
heteronuclear multiple quantum correlation
2-(di-tert-butylphosphino)biphenyl

iso

lithium diisopropylamide

lithium bis(trimethylsilyl)amide

metal

meta

m-chloroperoxybenzoic acid

methyl

minute(s)

normal

not detected

nuclear magnetic resonance

degree Celsius

ortho

para

phenyl



Piv ; pivaloyl

PMB ; p-methoxybenzyl

Pr ; propyl

R ; alkyl group or heteroatom

rec. ; recovered

rt ; room temperature

RuPhos : dicyclohexyl(2’,6’-diisopropoxy-[1,1’-biphenyl]-2-yl)phosphine
; y y

SM ; starting material

t ; tertiary

TBAF ; tetrabutylammonium fluoride

TBAI ; tetrabutylammonium iodide

‘BuBrettPhos ; [3,6-dimethoxy-2°,4°,6°-tris(1-methylethyl) [1,1’-biphenyl]-2-yl]bis(1,1-

dimethylethyl)phosphine

‘BuMePhos : 2-di-tert-butylphosphino-2’-methylbiphenyl

TBS ; tert-butyldimethylsilyl

temp. : temperature

Tf ; trifluoromethylsulfonyl

THF : tetrahydrofuran

THP : 2-tetrahydropyranyl

TIPS ; triisopropylsilyl

TLC ; thin-layer chromatography

TMS ; trimethylsilyl

Tol ; tolyl

Ts ; toluenesulfonyl

uv ; ultraviolet

XantPhos ; 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene

XPhos ; 2-dicyclohexylphosphino-2°,4°,6’-triisopropylbiphenyl
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Scheme 1. a- AIkyIation of enolate
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Scheme 2. Decarboxylative allylation
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Scheme 3. Decarboxylative allylation mechanism
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Scheme 4. Pd catalyzed decarboxylative benzylation
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Scheme 5. Enantioselective decarboxylative allylation

Pd,(dba); CHCl, o Q O

o o 5 _ o f o
0/\/ Ir:;/ngand g = S
o ee H H

Phs PhS PPh, Ph,P

2

9 10 Trost Ligand
o o Pd,dba 0 Y o
Phox Ligand R Q_<\ ]
o 92% ee N~ g,
PPh,
11 12 Phox Ligand

o ORBEAFROCIZ. EAKICE T 28 KRIGE LTHHv b4 Tuv % (Scheme 6), Stoltz 5
X TABKEET VMU IC X o TERPREE 14 25 AFINETHZ DL BT T()-
cyanthiwigin Z &K L 72 4V, Zhu & I3 A FRURERL T U A L ZFIF L. (-)-isoschizogamine O 5K % &
L Twad 49, 2ok, -7 F T AT VORUREE % 5 AR F A v 7Y v 7 ROGIEE A
DEWIETH 55, Pd fillfIcE o C-O AL T 2 2L BRETHY, 2D «a
fﬁo)'}’ VL E RV OMLIKIEAFIREN S, L7228> T, ARG TEAI AR =AALEYID o fif

ICsp? B LUV spikFREZEANT 2DIIREETH %,

Scheme 6. Total synthesis with enantioselective decarboxylative allylations
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Scheme 8. Pd catalyzed a-arylation of ketones
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Scheme 9. Formation of Pd enolate with aC-O scission
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Scheme 10. a-Functionalization of ketone with o.C-O scission
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Scheme 11. a-Alkynylation of carbonyl compound with haloalkynyl
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Scheme 12. a-Alkynylation of carbonyl compound with hypervalent iodine
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Scheme 13. a-Alkynylation of a-halocarbonyl compound
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Scheme 14. Formation epOX|de from a-halo ketone
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Scheme 15. a-Alkynylation of carbonyl compound for cross-coupling strategy
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Scheme 16. Decarboxylative alkynylation of ketone (This Work)
Workmg hypothe5|s
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b) Facile synthesis of a-hydroxy ketone derivatives
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AEAAAA AR AAKA AR AR AR AR AR AR A A AR AR AR AA A A A A A AR AR AR AR A A AR AA AR A A AR AA XA A A dhhhhdhidhiihiiiih
Tog-~a K= {bLEY) & 2“21@“% L OB EMEE A WEKIGTOREA Yy T Vit a
7 C-EIBIEA DMK E W=D ICHEFE L 72 b 7 v 2 X 2 Abic X o THEITS % 9, 2002 4E
I Zhang & 1% o- nlxwvﬁ%f_?‘ TAFZAfEDREHY 7Y v IDBETTH L BR
#H LT 3 (Scheme 17)4d, ZFREH v 7Y v 7 OMEEICHERCIE -~ v T 2 7 128 Pd(0)
LA 2 22 CPd T/ 9—F T(ERE T)BERT 3, il ZED L7 vz X2l
TPAdHEIRYV 2B L, EXMBEECX > THED Yy 7V v 7RKBEKT S5, PdT/ 7—F
oD HIBRLE RIS 2 EBARETH D, O-=/ F— P UENLTCEHDOF 7V A X XL
E3ETT 2 EE2 LT WS, MIGEBELTa-B T A7V 44 13ELAIE LTERL Tw
L, - BIZATNAR a- BT I FOGEICITEY) R FekigF 2 ERT 52T, 71
AHhy 7Y v ERMICGETT ST 2 FIEAEINTw L3500, a-v 7 F YOEAICITT A
TART I FLHEEL T, ofl C-RE{HEOAEE LV RKE N0, KmEH Y 7Y v 7 OHEF
OB HEECTH D, ZZTTAFZAREAIZHA RS b v OEHENZR afi 7L F =11k
NIGDOBFE KD b5,
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Scheme 17. Homo-couplimg of alkynes

2 mol% PdCl,(PPhs),

2 mol% Cul Ph
2, 9 1.2 eq Et,PIN Y
— e
Ph MeOJJ\/Br THF, rt, 99% F

Ph a7

37 44
Ph
= o
/
/ Pd° OJ\/B.—
P 47 € 44

M
Reductive OXid_a_tive
Elimination Addition

Ph—=——Pd"-—=——pPh

_Pd"Br

o}
> o
v )l\/Pd”Br‘—
MeO MeO
T T

Ph Ph
Cuo—( CuX
Ph // - é
OMe % cu / " /
2nd Transmetalation Pd" ) 37
Ph o 1st Transmetalation
FZ /g
/
cU/ MeO c

uX
U
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B P IC X AWUKIEZED 7 b v D a i T v F = AL RIGDFRET

ETAREEE LTI —ABE 7 2 F 2 48a ZHWT, KIBSFo R &
LT, TMNTOBE%4T - 72 (Table 1), 5mol%® Pd(dba), & 10 mol%® XPhos Ftfiz
THET. PArz vEEp, MEEKT 228 TaT7ArF =T b v 49a %I 56%
TfF7z(entry 1), 2D Z &5 Pdfilfic X 27 b v o afz C-OEEVIBTIZAEETH %
TEDIRBINT, ZOMRE D & ICH L RN FIRET 21T o 7243, XPhos BLAL T %
W7ol 2Bz 202 Ro0 s 2 L idikAaro/kz, PIYTAFAFRT
4V E T Z RN R W BRI i3 e RS ETTE T, R RT3 0 A TH
> 7z (entries 2-8), X IZ XPhos FCAL T ICHEE A3FEML L 72 B % W CRIG Z #RET L 72,
XPhos FLfi ¥ €T ) — Vi8N Z ety 7u~F LT 2 =2 VRk A7 4 Vi
WS AICIEERIZEINT 2 DA TH o 7=(entry 9), ZHICKH L, TV —ABKEH
T B AT % AV 72 56 1 IR RE O M 2 % ifERE C & 7z (entries 10-14), FFIC 2,4,6-F U A
V7ueLT ViR ET ) — A5 ICH T % BrettPhos DIGAICIE a-T v F =
kv 49a RUUK 24%TH 2 72, ARIGICEWTE T Y — VB ER> D B T IR I
RELSHEL, L0&E0T Y A E2GT 2N FE2HCZTRRVINELZ L 2 5
MHFIC D o 7z, LAEDORIRD O, UREDOETIE XPhos Z B+ LTHwaZ e &L
720
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Table 1. Ligand screening?

o

TIPS 5 mol% Pd(dba)
= ) 2 (0] TIPS
~ 9
Ph)l\/oj/ 10 mol% Ligand - Ph/u\/

o Toluene (0.1 M)

48a 130 °C, 30 min 49a
entry Ligand rec. 48a (%)¢ 49a (%)°
1 XPhos N.D 56
ST PoBuy % ND.

3b PCys 97 N.D
4b P'Bus 99< N.D.
5b dppe (5 mol%) 99< N.D.
6P dcpp (5 mol%) 99< N.D.
7b dppp (5 mol%) 90 N.D.
8 BuXantPhos (5 mol%) 94 N.D.
9 PPhCy, 97 N.D.
100 RuPhos 44 9
11 BuXPhos 77 N.D.
12b BrettPhos N.D. 24
13 JohnPhos 12 N.D.
14 CyJohnPhos 42 N.D.

9 Reactions were performed using Pd(dba), (5 mol %, 0.005 mmol),

ligand (10 mol%, 0.01 mmol), compoud 48a (0.1 mmol, 1 eq) in toluene

(1.0 mL). £ 0.5 ml of toluene were used. ¢ Yields were determined by "H

NMR.

ol )
PCy, O )o\2 O 2 °

XPhos RuPhos BrettPhos

PBu,  P'Bu, P'Bu,

JohnPhos BuXantphos
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FEHomIICBWCTHIYIIEONZD DD, ZONERFRECTH 722 L2 b,
FHCAEKT 2 EIERY O A 1T, HMBC, HMQC, ESI-MS % H\WT, % Dk
ERELLL A, 147 v 52 DK 7% THER L TWwWb Z & &2 L 72 (Scheme
18), T DEIERWIZ. MIGHEETH 2 Pd 7TV F SBEFYTH S o-TLF =
LT kv A9an b akFEEGIEFHLS LT, TF LY olEEEE &b icHhiEE w24
L. W25 DRICHIMEEIC X - THERR L 72 &£ # 2 5 1L 5 (Scheme 19),

Scheme 18. Isolation of byproduct 52 (Yields were determined by "H NMR.) o TIPS
o] TIPS 5 mol% Pd(dba), o TIPS FZ
)l\/o/ 10 mol% XPhos /U\/ Ph
Ph Toluene (0.1 M)~ Ph + Ph
(o] 130 °C, 30 min
48a; 0.3 mmol 49a; 56 % o
52; 7%

Scheme 19. Possible pathway forming 52

)OS/TIPS
o TIPS Reductive
(¢]

Ph Elimination 52
_—
493H\ TIPS b d\)]\
TIPS Ph

Ph)j\/Pd W

Z ORIERY) & W32 _ <, KICERE % #ET L 72 (Table 2), SOGIREEDS 70 °C DK
i, REISDJFEIZFE D . HIUPIE 3% o N7=DATH > 7= (entry 2), F 7= KIS
FEA3 90 °)CE 7213 110 °COBGA T, FHEHIHE L 2d oo, IO LT 6T,
IR IC & & F o 7= (entries 34), TDZ EAOLRIGIREZET X T, BIERYD
AR T T BHAEBRYOINEED BBMET 32 2 LB L 2k 5 72,

Table 2. Temperature effect?

o) TIPS 0 o] TIPS
Ph)J\/O/ ?Omn?:ﬁ%P;j(;dhzas) ; j\/nps , Ph Z
o Toluene (0.1 M) Ph Ph
48a temp., 2 h 49a 52

o]
entry temp. (°C) rec. 48a (%)° 49a (%)° 52 (%)

1 130 N.D. 56¢ 7

2 70 77 3 1

3 90 N.D 17 6

4 110 N.D 22 6

9 Reactions were performed using Pd(dba), (5 mol %, 0.005
mmol), ligand (10 mol%, 0.01 mmol), compoud 48a (0.1 mmol, 1
eq) in toluene (1.0 mL). ® Yields were determined by "H NMR.

SOGHREE 130 °CIT T XPhos Btz + % W72 KBS T BEAR S % F v CRii st
#{To7-(Table 3), M Az V[ARRICHBEAECHE m-Fo Ly, AvFL Vv, RV
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Xy EHAOWTHIEKICH EIZR SNk D o 72 (entries 2-4), 727 I FRBHC=1 Y
VR T ORI E /213 7 e b AR CIIRE CINERK T T 2R L o
7-(entry 5-10), F%Z b BEHARIC L o TRICHREIARTH 5 Pd AR ¥ 7 — FEL
TORM U ET L. HIO RIS HE S 7z L& 2 b 15 (Scheme 20), ——7 b
RBWTH 2 14-VAF Vv REEREL L CHOW BRI P vz v S IRIE R E 0 IR
THWY %152 2 & 3T % 7z (entry 11),

Table 3. Solvent screening?

o TIPS 5 mol% Pd(dba) Q TIPS
2 Z
Ph)l\/o/ 10 mol% XPhos 0 P TIPS z
Solvent (0.1 M) = +
fo) Ph Ph
130 °C, 30 min
48a 49a 52 g
entry Solvent rec. 49a (%)? 49a (%)° 52 (%)°
S S Toluene ______....ND__________.. 26 . 1o
2 m-Xylene N.D. 42 6
3 Mesitylene N.D. 30 3
4 Benzene N.D. 39 3
5 DMF N.D. 6 N.D.
6 DMA N.D. 15 N.D.
7 PrCN N.D. 15 N.D.
8 PhCN N.D. 19 N.D.
9 PhCF, N.D. 9 3
10 BUOH N.D. 19 N.D.
11 1,4-Dioxane N.D. 54 7

9 Reactions were performed using Pd(dba), (5 mol %, 0.005 mmol),
XPhos (10 mol%, 0.10 mmol), compoud 48a (0.1 mmol, 1 eq)
in solvent (1.0 mL).2 Yields were determined by TH NMR.

Scheme 20. Scrambling of Pd carboxylate

TIPS o TIPS
Jwoy® oy
Ph Pd _ o
fo) = o
R’ TIPS X
+ +
o \’I/TIPS polar solvent o
.0 =z Ph
Pd
Ph)l\/ ph)l\/Pd/\n/
(o] (o)
R’ Y
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IZ Pd & XPhos Befiz 7 @ &b # #5T L 72(Table 4), Pd iZ & L TE5 & @ XPhos Fthz 1
ERHOZEZFNKoR IR bR o= (ntry 2)o —/7. Pd I LT 4 58D
XPhos BChZ ¥ % FHW7- & &, ICKIX 73% % Tm L L 7= (entry 3), % Z T Pd & XPhos it
fifotx LA CEE L. Pd DK % MGt L 72 (entries 4-6). 2.5 mol%® Pd filt i %
72213 5mol% & IZITFRIBR D UK CTH % 76% CHIIW % 5- 2 7223, 1.0mol%® Pd
fili i % F o 72 BRI i}imﬂfféﬂ%i_ ILTHRICIER TR, HEER R L oz,
T IRER L LC Pd 2 N2 TG Z T 728 T AEEZEINT 2 DHTH -
727-® Pd A SOGICEE S L Tw 3 2 & 39320 o 7= (entry 7). Pd 125t L T & o i
R NAZ 5 ik 3NERDA EIX, 130 )COERSEHICE W TENETH 5 Pd(0)
RO ECL b ICETTNBz (R ET 20R1 B L LEEZONDE, T2
XPhos Fehr 113 Efli e BLf 7 Ch % 720, WLl &2 7 4 v T 2T 3
L TEDKRRAT 4 VENLT2 Pd D fEZEFICOIREZHS 2B TE 2 LEHEZ, »(L
Do DEEAL T % ET L 7= (entries 8,9), L2 L FHICK L CTHMWDOKIGIZ & ETL &
XY, FRZEINST2DATH o7, TOMBEEEE 2. Pd ikt % 2.5 mol%.
XPhos fithi F% 10 mol% % W CE %ot 275 2 & & L,

Table 4. Pd/Ligand ratio?

o] TIPS
o TIPS X mol% Pd(dba), Z
o) TIPS
)j\/o // Y mol% XPhos -~ // Ph
Ph Toluene (01 M) . p, + o
0 130 °C, 30 min
48a 49a 52 o
entry X (mol%) Y (mol%) rec. 48a (%)’  49a (%)° 52 (%)b
1 5 10 N.D. 56 7
2 5 5 N.D. 52 6
3 5 20 N.D 73 6
4 25 10 N.D. 76 6
> 1 4 46 45 3
6 L 4 46 42 3
7 0 10 100 N.D. N.D.
10 mol% XPhos
8 5 10mol% PPh, 99 N.D. N.D.
10 mol% XPhos
E > 10 mol% PCy, 92 N.D. N.D.

9 Reactions were performed using Pd(dba), (5 mol %, 0.005 mmol), XPhos (10
mol%, 0.10 mmol), compoud 48a (0.1 mmol, 1 eq) in toluene (1.0 mL). bvields
were determined by "H NMR. ¢ Reaction time was 9 h.
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INETRRTEZRITTlE. 0.1 mmol 27 — A 2BHAME VT RIGZITR
> Tz, ZTTRIC, ABAR~ORHA%ZEZE L. AT —0VT v 7~ORIEHES T
B LETE R L SR ZH VT, 03 mmol 27 — A TRIGETT-> 72, % DfE
B HEEICR 2 61% F TR T L 7z(Table5Sentry 2), MIGAMSPL AT — LV DOEHIZ X T
FOGHENOMRECHE N Z BT h o AR 2 F 2. ROCIREE & %2 BB L 72,
Z DR, 005 MDEEETHIRLAZLE A, ICRIZDbFhIcH L 7 (entry 3), $7-
L0 EH AR THE m-F oL YRR TOINEERSE T CRIE %2 T2 8 2 5,
HIYI DK X 84%ICTA £ L 7= (entry 4), 72, AKIGEMAET TR, KGiE 10 40T
TL, BICKCHWYI %525 2 L3bdo7=(entry 5), LA EDKET2 5. Pd il %
2.5mol%, XPhos Bithiz 1% 10 mol%fvy, m-F > L v i CHNEGE TR % 1T 5 5t % di S
fre L, RICHEERFHOMGT 2T e Lk

Table 5. Concentration effect?

(0] TIPS
i £ TIPS ?(f mollf;é;;(wdba)z 0 TIPS Z
mol% os Ph
Ph)l\/o z > /U\/
Solvent Ph Ph
O .
484 Reflux, 30 min 49a 52 &
f o/ \b

entry Solvent I;‘;Id (/;)2

1 Toluene (0.1 M) 76¢ 6 0.1 mmol scale
T Toluene (0.1 M) 61T 127 0.3 mmol scale

3 Toluene (0.05 M) 69 10

4 m-Xylene (0.05 M) 84 3

54 m-Xylene (0.05 M) 87 6

9 The reaction was conducted at 0.3 mmol scale.
b|solated yield. € Yields were determined by "H
NMR. 9 Reaction time was 10 min.
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55 =H BB P o Y

FEFEHEPH O 21T 1720, T T A% v RGO ERILD KE~DFE %
Ak L 7z(Table 6), 7 4 HF LicEm WEE 2D TIPS &, TBSH., FPY 7z = v YLk
TIRICHPHET L, ZNZh 87%. 62%. 26%DINETHIND o-TAF = AT b v &5 Z
oo —H AFANELCT7 2= NOT AR EICAFAREZRD TMS R0 GG, HIWY
FfEohT, BHRRGME S5 50HRTH 72"

Table 6. Effect of alkyne substituents
R 2.5 mol% Pd(dba),

(o]
(0] R
Ph)l\/o = 10 mol% XPhos /U\/
m-Xylene (0.05 M) Ph

48 O Reflux, 30 min 49
—( J\ \I/ (o] Si :
0 5i 0 sil /U\/
/U\/ )_ /u\/ P
Ph Ph
49a; 87% 53;62% 54; 26%
|
(o] Me (o] Ph (0] Si\
Ph Ph Ph
55; complex mixture 56; complex mixture 57; complex mixture

18
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ZZT, OEOIERGF LN TIPS KA T vRIGICROEEZHWCT, 7 bV
5y O FLEE P O 21T - 72(Table 7). £+ A KR ELOBEIRIE O E DFE % M
AEL 72, (L&) 480 & 48c DX I NTHED L B AZMICAFAREEZFE T 2HED
BEICIEROWINETHND o-T VX =AT b v 5272, —/FTLEY) 48d D L 5 I
AN ML A FAVEEE T 2 RE G, KGILETE S, HAEERZ BN 5 D H
ThHhotz, LAY 48e L 48f DX HICF 7 XL VIRD LA R T2 EEHT 2
EE Tz Z 0GR 74%., 80% CHIWYIZ 5 2 72, RICHER Lo@E#IkIc X 28
THZEICOWTREEL 72 XTMICETHERETHE A P FHD L I NN-U A
FAT I EEETIHRROEECHMELCRIGHETL, HD a7 A F =L
7k v 49g & 49h T N E NIE 73%, 84%IC T 7=, LAY 49h I B R AE SNz
oo, X MG SR IC L > CXx OME R R T 5 L 8 TE 2, — TR KT
HEAxHT 2 48i, 48], 48k, 48l TIHEINKICL LFEoTnd, ~uFvzeiatlLay
D KIS %A 725 H, WRICEPLEEAEOGEICIIHWIIR L Lkd -
=25, 7 v B 48m ZEEICH W BRI 3o v S v SIS ET L 72, %
UCHERGE 7 = 7 — VB8R 48n O/KEERLICN 3 2 BRERFTAEIX 2. B 25
52k o, F2TT7 ) —AEDEEASNBAAL, FTETIRFBEY TV,
TBS Tffi# L 7= 58 480, 48p. 48q % TG L 72558, 2 F R WK
THWW % 52720 Tb7eFuv o {37 =/ — B8k 49p I3EEM S
TCHfRF#ES 5 2 L T 49n ZIFE 87% TR, WBRICIEMIES F vicDo W THIRETL
Too BB, B, FHEEIRONEMIE T + v~ 48r, 48s, 48t, 48u ICEB VT T B A —
AEE o RFBDFEGTAL CEINIC T v ¥ = L3 EfT L. HW 2S5 2 LT
Too B AMRIBIGIE S v 48s & 48t TIIFFICEINE CHIWZ 52, /v m T aox
VHBBRT 3 2 L3R o T,
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Table 7. Substrate scope

o P TIPS 2.5 mol% Pd(dba), o TP
o =z 10 mol% XPhos
R)l\/ —_— 4
m-Xylene, reflux R 49
48 O 30 min
(o] TIPS (0] TIPS (0] TIPS
FZ F FZ
49b; 79% 49¢; 71% 49d; N.D.
o) TIPS (0} TIPS o TIPS
F Y A
! ! Ph MeO
49e; 74% 49f, 80% 49g; 73%
e b
o) TIPS ! o] TIPS
yZ I o LX”/Q é
e gl
e
Me,N MeO,C 495 40%
2 49h; 84% 9i; 40%
(o] TIPS (o) TIPS (0} _ TIPS
W Z Z
NC CF;
49j; 34% 49k; 36% OMe49I; 30%
(with 5 mol% Pd)
(o) TIPS (o] TIPS
(o] TIPS
W J@*/ z
F HO PivO
49m; 70% 49n; N.D 490; 60%
(0] TIPS (0] TIPS
= =
3M HCI
EtOH, 87%
THPO 49p; 67% TBSO 49q; 70%
(o] TIPS (0] TIPS
(0] TIPS (0] TIPS
49r; 59% 49s; 76% 49t, 83% 49u, 36%
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HE48f T, KIGDART =T v 7% RaT L 7z(Table 8)y A7 — L% K& T
ZICONTICRDOETA R S3, 5 mmol 27 — L TIRIE 66%FE TTALFERE o
7zo Table 2 1T/RLTH 2 K Hic, PdlEAEAE T, 130 °C% T Ial 2 iR D RFICEE D 4y
FEDBHE N TV B 720, AT =L ERE T IO TRIGIHER O FH L A3 <
Y, ZORICHEEONEPEIT L2 EZObNE, £ 2 THE 48f DAD m-*
L VIR DINEGE R Z HRTICITV. % 21T Pd/XPhos fill#itd m-F > L ViR % il 2 7=
2. WEDOH EFR kD o7z,

Table 8. Scale-up of decarboxylative alknylation
TIPS 2.5 mol% Pd(dba),

(¢]
o F 10 mol% XPhos o = TIPS
m-Xylene, reflux
0 .
Ph 30 min
48f Ph 49f

0.3 mmol scale ; 80%
2 mmol scale ;73%
5 mmol scale ;66%

AEAAAA AR AAKA AR AR AR AR AR AR A A AR AR AR A AR A A A A AR AR AR AR A A AR A A A A A A AR AA XA A A ddhhhdhddhiihiiiih
2y AR EICERVEBREZFFOGAICOARIGHEIT L b, ZNZho v Y VHEIC
FOTEmIOERELnsa—v T vy VB L 72(Table9), b Ia—vT VI ADKE N
TIPSEZFHT 258 ICHRD KWK THWY 2 5 27228, Emwy V7 o Pd~
DENLZHT Z itk ., TAFvEPEET2EICECEBIE B EZLNE, —
Ji. TBSEX Vb Py 7= U Aiza—v T v A KEnwas, EBOFEETIE TBS i
AT AHEOHBRINEIHNMEZES5 2722800, TAF VRO RGO 52 3 &t
DA REE I DT TRV EREBINS,

Table 9. Cone angle of silyl substituent

WS ma Y |
2ol e e
?l. \Ph > -;,_P:Sl\ > .%Sl\
160 ° 145° 139° 118°
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FVUET a-TAF =T b v OFFERL

AR L7249 ZH T, a-TAF =7 b v OFFEMRLE BT L 72(Scheme 21),
49f % TBAF THULEE4 2 Z kfﬂ%#%ﬁ‘éﬂk%é%%@éﬁ%ﬁ&t#\@ﬁ
BREY G D DHTH o7z, Grignard IGIC X > TTAra—1 59 ZHKL LI L L
REYIEO NS, HHREAYEBSLIOATH 72, TNODRIGHHEITL 7
W E LT, HEESRFICEWT a-TAFAT P YRR L TR EREZD
Nicled, PSS CH#EITT 2 0 PR ZRET L 72, 49f ZKRLF VRS I VLT
W32 & P RCx U GEIRIICGETTSEIT L, FE 7 Bov ¥ e 7 v a—)r 60 28
K 91% TR b7z, FoN/zHRET B LF LT L a— )L 60 % TBAF CTUEIT 3
& T TIPS D fREE T ICHET L. (LAY 61 23E 0% THRL N, T4 vk
SEEFET, a-7AF =7 b v 4f OB EEbick - TT7 I veEr I T TV
DREY) 62 BEK L 72, Z DERAEY % TBAF T T2 2L T7 7 v 63 2K 87%
THRELNZY, TIALKRA VEZ X T L64IC K > T v A v 65 %I 59% Cf7- 17,
ZDXIIC, LERBEYNIGEIRT A LICE VAL oo TAF AT + VIS TES
BRAERIGICHWS Z &23nfggch b, AHZGHRFHEECTH 2 &5 x5,

Scheme 21. Drlvatlzatlon of 49f

OH TIPS
=
58; N.D.
Ph

EtMgBr«CeCl;

TBAF, AcOH TW 59; ND.
THF, rt
o) TIPS TIPS OH
4 NaBH, TBAF 7
/©/u\/ MeOH, rt THF, rt
Ph 60; 91% 61; 90%

vo\ AuU(PPh3)CI, AgSbFy
O‘B\/& THF, rt

tert-AmylOH o (o}
THF, rt | D~k 1ear | D
—>
THF, rt
TIPS Ph Ph

R= Hsaznd TIPS 63; 87% (2 steps)

65; 59%
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BN RCHEROBE

KGO L 725 Pd HEIARZE#EAR S L CHEET 5 2 & C, FELAN T & )G
BRECBT 2 AR E LN S £ 2, PA0) Y v EERRTEK{ARTH % Pd(cod)(CH.TMS), %
EamE W72 KOS EBET L 72 19, 48g & XPhos @ b L v #RIC Pd(cod)(CH.TMS), %
FRTMAZE A, PdT/ 77— b 66 DMK 79% T 5 1172 (Scheme 22),

Scheme 22. Generation of Pd enolate complex 66 and heating Pd enolate complex 66

M, ,—TMs 1 eq XPhos \ j j ——————>  49g; 46% (GC)

+48g;1.0e
N /POI\_TMS ? T 2n Toluene
0.1 mmol toluene 130 °C, 10 min

\

Tt

66; 79%

TIPS

X A SRS AT IC X o TIS B 1172 Pd HREIASE (A 66 © ORTEP [ % Figure 1 178 L
72o Pd T/ 7 —} 66 ORGERRFEIL. PA(I)IC BRI 221 4 BCfi&E<H v, Bihz
JED 5 H & Dk XPhos DT Y —VEIEDA TV AL o Tt THEI N TSR
THb, XPhos IcfREINZ T Y —EM%Z AT 5 Buchwald Befz+ Tl ECHLHE D —
ORET Y —ABIROA T/ IckoT gt THEI LTV ZLRALNTEY, %
No LFRAMEZERL T\» 3 9, 7%/5 rD C=O & IHEMET 1L24ATH Y |
Wiy 7e 7 b v @ C=0 fEARED 121 AR WEZRLTWE 2 b afkFE L Pd D
AL TWSEC-/ 77— FOREZI->TWE Z EARI NI,

fBoN7ZPdx/ 7— & A VEES 130 °CITIENT % & & TIGE 46%12 T o-
TAXZAT + v 499 DEREMHER LTz, 2D L6 Pd T/ 77— 66 BAKIGD
HEACH 2 ATREMEDS R I NIz, $72. 2NODERESL S, PAd0)~DHE D C
—O A O INEERCEIT L, 2oZR T CIEIMALRF oA bIZET L 75
WIZEPHL P E ST, 2D L ORKIGOFEEEME T, BIREOERED 5 it
Z D% ORTTHINIEEOEIECH 2 LHEH S B,

Figure 1. Crystal structure of 66
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AFECIRBRIETL A v 7Y v 7L 57 P v D a i 7 v F = MMURIGDBIFICHEIN L 7278, 2.5
mol%® Pd filti, 10 mol%® XPhos FLALFFEE Ny m-F o L Vi, e vt — A 27 L
BARZMBGERT 2 Z2LICEoT a-TAFoAT P VYBRWINETHEOLNG ZLZRBLZ, T
FURMGOERLEOEE S IIRICICKRECESG L, TIPSEEZ T X VERIHICEAL ZHAICRD X
WINET o (L7 v F =AU Ef TS 5, FEERAFPEICB L Q35 ERS b v 20 <k BN
FYTHIERILRISHET L, B ES 272, ARICTEO N oo TAF = s b ik, ik
SN CTHRE IR FAESDTRETH 5 720 KNG TIE a il C-O FEAYINTIC X 2 Pd =/ 7 — b AERKA
BEEMRTH Y, Pdx / 7 — FMEERDO AR B X % O X #iiE WHEEIRNT 217\, 7 DRGE & fihT
Trlldic, MATEZLTPdT) 77— MR LEBYABOND L DIER LD,

Scheme 23. Palladium catalyzed decarboxylative a-alkynylation of ketone

_( J\ 2.5 mol% Pd(dba), < J\

10 mol% XPhos o Si

(o]
@l ” ) T mmecsn - @l )
reflux, 30 min

S8

XPhos

B R R T e e e B T B e o T B e e e o o P e o e o o P e e o o O P e e & P P P e S P P e P e S T P e e S P T P e e P T P e e S P P e P e S e T e e e B e P e S T P T e e e o D
B, UFRETCR LA T ) - A LEFEBFER 67 2RE L LCHWSE T, T YD affic 7 A
o7 —VEHEATE S Z & EIHL 2T LTV % (Scheme 24)2,

Scheme 24. Palladium catalyzed decarboxylative a-polyfluoroarylation of ketones

o 2.5 mol% Pd,(dba)y'CgHg o
o 10 mol% XPhos @
Y m-Xylene (0.05 M) o C

o reflux, 12 h
67 68

24



F_E PdEicks C-OMAUIMIzRELLAEZTL vV
AR RRBREIERIL T A F = M LR )G D BAFE

B MEYR
AR Cih_7 X H1C, a-b FeF o7 b viFElR 69 I Pd Z1EM & & % L BLAVFHIN2EfT L .

PdT/ 77—t ZW4RT 5 2 & 2855I L 72(Scheme 25), % 7-. BELIIAHINIZEER T ¢ #HP 2
ICHETT S 20 L, Z0 D 7o v 2R BETH 2 Z b BbhoTe, £ TEHIT
FOGHR NI D% EFESBFET UL, Z O Pd—C G ~DIEASISHET L, BERIE % #&H L <
“OoD C—CHBVIBETE 5 LF X7z,

Scheme 25. Addition of a-position of ketone to multlple bonds

0 o
o__R" Pd” Pd” -
Rkﬁ Y Fasr RJ\( SLOW J\( J\(
R O R
69

Z C- Pd Enolate

\{mmM
A g MM

R’ Pd_ O
AB
L 2 AT, EROBURIET o (27 N FAALKIGD 7' 1 & 2 &R L 7% Sk S O ff ARG 13 B
G T T 5 (Scheme 26)2Y, LA L7 b, TORIGTIX, n-7 U v Pd iR AE EplfRic = /
F—roREMEEFIHL, ZEEAGLICT E2ERD L, FIFTE 2% HEEIE Michael KIG3%
BRI DICRONT WD, —J, FHELFHE L 72 K6 (Scheme 25) Tl HEA Z it W»WT, ok
FL PdEDIEANC-T/ 7 —FDIREETH 2 Z & 25 X A ST 2 0 b L A TH Y, i
fLENTWRWELEFEAICH LT HlE O ARICHAETT 2 2 L 3 HffEh 3,

Scheme 26. Decarboxylative Michael addition and allylation

0, 0© Pd@

J\(u\o’f\/ —’RJYlL — )\ Jﬁ/\/

Z Ewe \l7,4-Addition

o o)
EWG EWG
R’ © pio® R)J\R(\(/
~— ' =
AE 74

ZZCEFER, HATILEMEEE LCT LV AFEIRL, HE 75 & Pd il & 0 BV G % W5t
T 52L& L7 (Scheme 27), 7L v IdERM_EEADO—D2TH Y, DL EEA LV D RICTES
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BoE K

W7z, Pd T/ 77— FHEERD Pd—C G ICHAICHARZ 5 2 L 2 MARFL 725, T74abb,
AKRIETIZC—OFEADLPAdICERLIMINL, P/ 79—+ AGZMERK L. #i\ > CVARMIZZZ T
27 Ly ORE_HEEAVPHEAT S L TPdHEERAH &b, ZoHEIEKIL r-7 Vv Pd HEIE
AH’a@FaEJ-Gﬂ?f@Hkﬁcw:c%fw) B2 E itk & & 2 b, 2 s Ry O BRI, 51
%t K RITIIMEED EIT 32 2 I, BRIR7 P v 76 3T 2 b D L FE 2 72, ZMyirafiﬁJza“ébﬂ
ﬁ7¥776i,X#V7IV4V%E%Hoﬁm$@ﬂ7F7f%D\A&I/ﬁ/%%wi
FrVIALT 4 VSRR T AR B, L#ﬁof\%%&f@Aﬁin%lﬁf
brrEZONDID, RRIGTRFMESFMFCTRICVETT 5720, 0 X5 i1 ORI TEE
HoLMRFING,

Scheme 27. Pd catalyzed decarboxylative cycloalkynylation of allene

o) R o)
om/ Cat. Pd(0) o
> R
40 Z
/ B [%3 B Y
75 76

LZAT, ANVKRZMULEYID afiicE T 2T L v D C—CREAGIBKIGIC X 2 BRILKIS I3
ZMEINTWDE 28, iz (3, Au flifiiic X 2 Conia-ene BUK G TR FEHL T L v @k
I X > TRICDFIREDRF 2 5, 2008 4E, Ma & IZHIBHIC T L v ZFoL&EY & Aufilill & o JK)GIc
BWT, IVRZNMMUEVID afkFE e T L vy T C-CREADPERT 5 2 & 2L L T\ % (Scheme
282)?0), F 7z, 2012 4FIC Poli b X yMLIC Do DiEWR A FFOT L v 192 H L T5L, TLVDa
NLCRIBDHEIT T 5 2 & % BLH L T % (Scheme 28b)%%9,

Scheme 28. Au(l)-catalyzed addition onto allene
a) y-Selective cyclization
Ma(2008)

o (o] 10 mol% (PPh3)AuCl (o]
5 mol% AgSbFy COEt
OEt > N
~  CHyCl, 68% B
/B v 7
o
77 78
b) a-Selective cyclization
Poli(2012)
o] o] 5 mol% AuBr; 0 o

J]\/U\ 2eqnBu/NOH
Cyclohexane, 80% =~ Bn—N Me
— ——»Y o >

79 80
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—J7. ANEZMAEEVID afii e 7L v OHULERR (B L) T C— CAEGTERIIG D W { D X
T % (Scheme 29)®), flz 1, 7L =LA T A7)V 8LICHMIEED n-7F L) F v LEZEHE 2
&L, TLYOHLKRICEWTH 727 C—CHEAHIER X 41 5 (Scheme 292)%%9, £ 7zPUlift R X %
MnwzzeTtrXL/ 7—F Al ZREH L. FRICT LY OHRORFE~DAINRIGO ETS 5
(Scheme 29b)*9, L2>L7&anib., INHLDORIGITWTNUDIEEAF v DT L v ~D RSN L
BHERIGTH Y, B AR LEYD afie T L v OHLKFETD C—CHREGTEKIL IZH
HINTnin,

Scheme 29. 3-Selective cycloaddition onto allene

a) Li-mediated addition

MeO,C CO,Me MeO,C CO,Me MeO,C CO,Me
10 mol% "Buli
—>
&P THF 91% *
N
> O P o P
81 82 ! 83 !
4 : 1

b) Sn-mediated addition

MeO,C._ _CO,Me, o 18eqsSnCl,  MeO,C CO,Me

2 2
1 eq Et3N . _Ph
\(/\/é " J\ CHCI362°/’ (N
/'B Y H Ph 2%~121 °
o o
84 85 86

l T\PhCHo

/()‘*?nCI3 MeO,C CO,Me

N - @A
\.

Al AJ

Z ZTEHIX, Scheme 27 ICR"dT X oi1c, HFHNICTL VY EEALZ a-b FaF o7 b viFER
75 L Pd il & DG EMET L T2e £ DFER, WA F=AMLEVID afi TL v D BALTHI 727 C-
CHiADBIBM I N BT VF 2 MALRIGDORFICEII L 72, £72. EHHEBIEEZHWTZ 0#EE%
fRNT L 7= DT, ZDFHIc o WTiBR 3,

4R IC B VTR, PAT ) T— MEEABT & TLVYBKIEL T, n-7 Vv Pd#{k 88 AT B Z &8
W & LTV 5 (Scheme 3009, ZORIGTIE, 87 D PA—CHEAICT LY AL, AR ALEYID o fif
ETLVYDOHLKBRPBA)TC—CREAPERLINTVE, 2Ol b C—Pdii&ZEZETLPd) 77—+ T
X, 7L v oHLMRRICTHEARICHETT b0 LE LN,

Scheme 30. Insertion of Pd-enolate to allene
Me
=z
AN C
Pd N

a
’ ~
7 X-pd-cl_ | ———>| © Py
~| N 77% Pa—
2

Me n 88
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Gulias & 1 PdfifiiIc X 2 R vV C—HIEMALZFI L 72 % 7 Y v &R Z 8 L T\ % (Scheme 31)2), Z D
FOGTIE, Pd A AK ICT L YDA Y, n-7 Vv Pd Wik AL & 72 5 2 & C, RISH RO R E
ftEnzd, mEic, AL 2 HiRJTHIBEEDSETT L. BRIk 91 252 %, 7L v A h, AT 2 L EES
ELT, ¥V 722V TFLYRT ZYABIFARREINTREH, b zHuigaiciie HY
DAEEPIIHF LN TR, 2D XHIC, PA—C HAE~NDLEMEAEDIHFARIGICHE T, 7L v DHRIEH

AIRE 7 B E TN T B,

Scheme 31. Pd-catalyzed cycloaddition involving the activation of C(sp3)-H Bonds

©:Me
NHTf

89

=z

"Bu

20

"Bu

10 mol% Pd(OAc),

40 mol% Ac-Val-OH
1 eq Cu(OAc),*H,0
15 eq DMSO

1eq Cs,CO3, 71%

"Bu
/" "Bu
——
—_—
N—Pd
Tf
AL

28
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ZINTT SR ]

FH Pd fldic X3 C—O #EAYINZHEE LzT Ly offi A& BRI 7 v % = 4l
She D Bt

T FNICT L= AEAE G 3 258 96a Z LA NIRRT HIETHRK L 72(Scheme 32), 7' moL ¥
)L Claisen 5fZIC X > CT L =A T AT F 93 4 L7z, #t< Horner-Wadsworth-Emmons St i
LoTe=LxT—7L 94 &L, DAIBAL EJLHL K MIKGFIC Kk o T Fu ¥ oo b v 95 1572,
Z D%, DCCHiAIC X » THE 9%6a Z &K L 72,

Scheme 32. Synthesis of compound 96a
O O

EtO.
EtO” \HLOEt
1 mol% Hydroquinone 1.2 eq OFt
H CHO 1 mol% TsOH-H,0 G CHO 15 eq NaH Z A OFt
HO/\\\ > > 7
Ph Me Toluene, Dean-Stark, Ph Me THF, 0 °C~rt, 5 h, 73% Ph Me CO,Et
92 15eq  reflux, 38 h, 45% 93 94

(0]

H JJ\
o) 0 X o) TIPS

2.2 eq DIBAL-H 1.2 eq TIPS =
Et,0, -78 °C~-40 °C, 15 h; OH 1.2 eq DCC, 10 mol% DMAP 0/
2eq3 M HCI Ph Z  CHyCl0°Ctort, 3h,99% Ph Z 5
H,O/THF, rt, 8 h, 72% 4 Z

Me o5 Me 9%6a

B 72L& 96a % R CTRIERL S b v D o (LT v F = AL KIE T D S5 (Table 5 entry
5)% 212 5 mol%® Cp(Ally)Pd & 20 mol% D XPhos BLhz 7777 F. m-F > L v st ISR
% MET L 72 (Table 10)%, Z DR, KICEE % 100 °CLARIcT 2 L HO Y 7 a~F v /) v DAL
DRI E 7 23 b fERE & 7z,

Table 10. Temperature effect?

0 _ TIPS 5.0 mol% Cp(Allyl)Pd 0
=
7&/0/ 20 mol% XPhos TIPS
7 m-Xylene (0.05 M) - =
Ph “ o temp., 15 h Ph Z

Me 96a Me 97a
entry temp. (C°) Rec. 96a (%)® 97a (%)°

1 Reflux N.D. Trace

2 120 N.D. Trace

3 100 35 Trace

4 80 55 N.D.

9 Reactions were performed using Cp(Allyl)Pd (5 mol %,
0.005 mmol), XPhos (20 mol%, 0.02 mmol), compoud 96a
(0.1 mmol, 1 eq) in m-Xylene (2.0 mL). ® Yields were
determined by "H NMR.

FOGHREE 100 °CIC T XPhos Bz 1% V> T, IBBIRET % 1T - 72 (Table 11), m-¥ > L v/ [AlERIC IEHER
HHEEchs brveHvd e, b2 IcEKom L3RS N7 (entry 2), —77. BREEE S |
YO o LT F ZALKIGOBR & FERIC T I FREEL = b VIV RE 7 & OMMEAR IR E <
INHEDME T 3 2 A5 & 72 o 7z (entries 4-6), CPME. THF, DME 72 & D T — 7 i % 53 5 A<
SOGEATH & PR KE < & & L7z (entries 8-10), I DME T, 96a DKL 35% & b X
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ZINTT SR ]

W% R L7z, F72 XPhos FEhZ 7% 10 mol% ¥ TR & € T H PCROE T I B & 17 2> - 7z (entry
11),

Table 11. Solvent effect?

0 = TIPS 5.0 mol% Cp(Allyl)Pd 0
= 9
Jf/l\/o\n/ 20 mol% XPhos TIPS
pZ Solvent (0.05 M) .
Ph7 " © 100 °C, 15 h Ph Z

Me 96a Me  97a

entry Solvent Rec. 96a (%)b 97a (%)°

1 m-Xylene 35 Trace
T Toluene 3 T g

3 PhCF; 74 N.D.

4 DMSO N.D. N.D.

5 DMF N.D. trace

6 CH3CN N.D. N.D.

7 1,4-Dioxane N.D. trace

8 CPME N.D. 26

9 THF N.D. 30

10 DME N.D 35
e DME nND. T 4 XPhos 10 mol%

9 Reactions were performed using Cp(Allyl)Pd (5 mol %, 0.005
mmol), XPhos (20 mol%, 0.02 mmol), compoud 96a (0.1
mmol, 1 eq) in solvent (2.0 mL). b Yields were determined by
TH NMR. € 0.01 mmol of XPhos was used.

SOGEREE LT DME ZHwv, BT DR 27 ) —= v 7 %{T > 7=(Table 12), B4 B F 7213
FED R AT 4 VLT Z W72 BRIC T 4 < RIGHSHEST L 72 2> o 7z (entries 1-7), —7J7. Buchwald Z!fd
2RI %2152 2 LA TE 72, JohnPhos % F\V: 72X 13 36% CH Y2 M S vz
B, Vv Enyrsu~FTHs CylohnPhos Tld 2%IC & &% o 7z (entry 8 vs entry 9), ¥ 7
JohnPhos IZHE{ L 72 iz T3 % 'BuMePhos % i\ 723540 11X IR 19%1C & & F - 7= (entry 10), it
WTE 7 2= AT 246-F VA4 Y T 7 2 = VEEEH T2 EPhos 10\ TREES L 72 F5 58,
IV 19% T & - 7= (entry 11), — /5 T BrettPhos # iV 72 f& 8. ZHE CTTHRD L WIETH 3 47%T
HiO» S ohniz(entry 12), L22L VU v E% Bu He L& ICIZHN SO 0T, EHRES
ME 52 5DHTHo7z(entry 13), TD XS ICE 7 == AP OEK L U v FoBEBED &b 5
CERVEREZE T2 TICRWIECHWY % 5 2 21 H 5 72, BrettPhos BLiz 1 3475
I C-EER AM & O-BYER AM 23 HHERIRRE CIETES 5 Z L 28K & 3T\ % (Scheme 33)%), O-#
PR AMP D BRIC Pd UL DSSARINICZE L 720, T L VIALIZ PAICEDE 372 b ., SA6HEEIC X
B ECAL oS RAE X . ARSI ASIGOSET LT K2 ), KR ELZbDEEZ LN
%, ULEofERicHo&, C nLABEOME i BrettPhos Z itz & L THW3 Z & L7z,
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jK:-L\ Afs — S Parar v

Ao Av—F A Bl

Table 12. Ligand screening?

_ TIPS 5.0 mol% Cp(Allyl)Pd o
0\']/ 10 mol% Ligand TIPS
! SEDTE z
Me 96a Me 97a
entry Ligand Rec. 96a (%)° 97a (%)°
1 XPhos N.D 34
o eey T 7z g
3 PCy, 78 N.D
4 PBu, 27 N.D
5 P(o-tol); 47 N.D
6 dcpe (5 mol%) 42 N.D.
7 XantPhos (5 mol%) N.D. N.D.
8 JohnPhos N.D. 36
9 CyJohnPhos N.D. 2
10 ‘BuMePhos N.D. 19
11 EPhos N.D. 19
12 BrettPhos N.D. 47
13 tBuBrettPhos N.D. N.D.

9 Reactions were performed using Cp(Allyl)Pd (5 mol %, 0.005
mmol), Ligand (10 mol%, 0.01 mmol), compoud 96a (0.1
mmol, 1 eq) in DME (2.0 mL). ® Yields were determined by 'H

NMR. OiPr
PC
(‘OPB | -
Johnphos CyJohnPhos EPhos
OMe

l P!Bu,
Q Me!

‘BuMePhos BrettPhos

Scheme 33. Promotion of ligand substitution by BrettPhos

/ 0
Ligand substitution //
. "Pd_
Ar-. P' (0]
Cy,
(o}

)\
AN TIPS

AM; C-isomer

AM’; O-isomer
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- H—F H55—ERl

ARRIGIC BT, FRRIGE EQRIFIGIC X YV IERTREICE > Twb L FE X, KIGER
DIEFEIT DOV THET L 72(Table 13), % OFEHR, 0.02M £ THRE 22 LKA E L, 65%THR
Vinifg o iiz(entry 2), E HIC0.01M FTHIRT 2 LG 71% % < L L 7z (entry 3), & D5fF%
Fol gt & U CEVEEF#iPH O BT 2 1T 5 72,

Table 13. Concentration effect?

o / TIPS 5.0 mol% Cp(Allyl)Pd 0
7&/0\'/ 10 mol% BrettPhos TIPS
P DME (X M) o =
Ph =7 0 100 °C, 15 h Ph Z

Me 96a Me 97a
Entry DME (M) Rec. 96a (%)° 97a (%)®
1 0.05 N.D 47
2 0.02 N.D 65
3 0.01 N.D. 78(719

9 Reactions were performed using Cp(Allyl)Pd (5 mol %,
0.005 mmol), Ligand (10 mol%, 0.01 mmol), compoud 96a
(0.1 mmol, 1 eq) in DME (2, 5 or 10 mL). b Yields were
determined by "H NMR. ¢ Isolated yield.

KAKAKRAKR AR AR AR AR A A AR AR A AR AR AR AR AR AR AR AR AR AR AAR AR AR AR AR AR AR AR AR AR AAAARA XA hAhAhhdrhihhihihiikh
CE1FED [Pdfilllic X 2BREEZ S 7 b v D afi 7 v F = AALKIE] Tid PdiF & LT Pd(dba), % L
TV, REIGHRTIXENY 97a & Pd RO T CTH 5 dba PIEHOBRICHHIREECH o727
Cp(Ally)Pd % Pd i & L CfER L 7=,
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Adm B E R

T SVEE I oM

TAFVYRER T bALRVERE 7L v ORI A4 B 28 A L TG DRE o
AT 2 2 i L7z(Table 14)7, £, 7TA ¥ VKD T 4 F EDOBEBRIEICOWTRETL 72,
TBS H % 7 v F VRImICH 3 5 HE 96b TIXIEK 53% & HRRE DI CHIIMA G bz, —JiT
TAF RIS TMS A2 H 9 25 96c CIRHMOIGITHETE T, FERZEINT 205 TH -
72o BIEBPI IR CTECORVWDDOD, BZHLLEHT TMS E2WHEL, Pd 7 FV F &k 2
CETRIEPEIE LD TRV 2EEZTWD, DT TAF VEMICEFREE T HHEICD
WTHET L 72, {LAEPI96d, 96e D X 577 ==k, Tov A REE T 38 CIIHDOKIGAHE
fTL. 2121 67%., 45% CERILIARB RSNz, —TTETRIFETHZ Y 7t v 2 F i
HEREICH ZHE 96f CTix. HIWYAEO T, R ZEULL 72, m-+F VLB, o- b U A3k, &
Z7FNHE 7 22V ETh HORIGHEIT L. PRREOIGE THIY %15 b 7172 (969-96K).
13- RV VF XY =D XD 2IBHOHHERE FFOIE 961 % H T b UK 42% T HWIAE S
Nz BEOTTAF VRIS n-7 B e s -7 F 3, eV BEAEA L7258 96m-960 12D\
THGET L7228, IRIZZ 24 15%, 17%., 36% & {RINEKIC L Y E o/, HED 7 P AR =3
ET L v OMOBEIED KIG~DFEE IO W TR L7z, ZORR, 2 i e 3 MLICEBIEHAH 5 5
B 96p™e. 96q° DKL TIEZ NENRWIEKTHWNIZ SO N2, B % 72 70 »IHVE 96r°0 o
BRAUBRIG IR IC & & & o 70, RIRIEDZIHE X {H#EfTS 5 72 ® 1t Thorpe-Ingold #h5 % FIH 3
LTEBRETHLEEZLND,
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Table 14. Substrate scope

OMe
PC
e P R 5.0 mol% CpPd(Allyl) Q Y2
o 10 mol% BrettPhos R
DME, 100 °C, 15h
/'fy ° ) é MeO Q
o o Y
96 97 BrettPhos
o} J\ o o}
< \/ |
Si Si sil
Ph FZ )— Ph A 7< Ph FZ
Me Me Me
97a; 71% 97b; 53% 97c; N.D. (Rec. 96¢, 47%)
o o OMe o CF,
ph Ph Ph
Me Me Me
97d; 67%° 97e; 45%° 97f, N.D. (Rec. 96f, 92%)
L oo L . i ‘
Ph ‘ 3 Ph ‘ Z o ‘ //
Me Me X
97g; 54%% 97h; 55%° Me 97i; 57%°
o} o) Ph o 0
@ ® Ly
Ph ‘ Z Ph ‘ Z3 Ph ‘ Z
Me Me Me
97j; 48%¢ 97k; 58%99 971; 42%¢
o} o} o}
Phﬁ\/\/ Ph7lij\/k PhM
Me Me Me
97m; 15%° 97n; 17%° 970; 36%"
o o o
Me
TIPS Me TIPS TIPS
& Z A
97p; 63%° 97q; 71% 97r, 17%

9 Reaction temperature was 120 °C. ® Reaction time was 36 h. ¢ Reaction time was 34 h.
@ Reaction time was 32 h.
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Adm B E R

F1ED [Pdiliic X 2BRBEZNES 7 b v o afi 7 A = LRIE] TR 7V F VR TS S
WUV ANEDARLDPEATERDP272DDD, ARISTIEY VAR T Y =B, T
B, B BT RGO ET L7z, B 1ETIR. HIYTH S o-T A F =47 b v O =EHH A Pd
~BRET B LT, F YD o KEOBHUEER LB, 7D akFEDOR 7o b vfbickoTx
77— b U THRA REIRICHEITL CL E 5 & #F x 7-(Scheme 34a), —/7. ARRIGDEKYIIC
BOTHZEHMEED PAd KM T 2208 EZOLNEDOD, HDORIGL IZELY . T I AR
TNV FNANNANLET B kB EDOIKBOMEE I VR =AIED a KEBIZEEL FR0WEFEZDL
N, RS TRRCEISICE G ER 313 L OFEE L 5 2 7nd> - 72 & #EH] X L 3 (Scheme 34b),
¥ AR TR L E 7 n-7 Vv Pd WA Z R T 5 2 & T, BRI D@ B X EITTHIB
HEoWREMEE I, EEO VAR TV —dE TaAF sk o i T KSSHET
L7izedbEZ2bN5,

Scheme 34. Expected pathway of the product decomposition
a) Decarboxylative a-alkynylation of ketone

R'

(o] R’ (0]
A P4
R >, — R e —» complex mixture
Pd Pd
H H H
Lo,

pd’ Protection of triple bond by TIPS group

b) Decarboxylative cycloalkynylation

(o]
R
FZ ——> No decomposition
d W Pd
LR

AREZEFIA LT, 6 BERUANOERRESE A MET L 72(Scheme 35), 3 7cb b, 5 BEREERKICOEE
i3, HEiEE s, JEE 98 ZEINS 2 D A TH - 72(Scheme 35a), — /7. 7 BEREENIG
T, BHRIBAY® 5 2 2 DA TH - 7-(Scheme 35b)2, LI ED#ERL S, AKIGTIE, 6 BERD
BINRI LR CTE 32 EBHL IR T2,
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Scheme 35. Carbon chain length effect

) Five-membered ring-forming reaction

oy

98

5 mol% Cp(Allyl)Pd
10 mol% BrettPhos

o

DME (0.01 M)
100 °C, 15 h

Ph
> Rec. 98; 83% Me
— TIPS

99; N.D.

b) Seven-membered ring-forming reaction

TIPS TIPS

7

5 mol% Cp(Allyl)Pd

10 mol% BrettPhos
» complex mixture
DME (0.01 M)

100 °C, 15 h Ph

Me
Ph- Me | 101; N.D.

7L v EoEBRIEDOFEEICOWTHMETL 72(Scheme 36), 7L v D yfiric X F A% 4 2 HH
102 TIZHEY 104 1315519, LAY 103 28 43%4: 5% L 72 (Scheme 36a)™3, Z o fbA&Y) 103 121l
IHNC X > CTALZPdT ), 79— F AO LT L YD EHAICHEA LD BT, pKEBEEE
ELTRIVERLZDDEEZONDSE, T/2TL VYD oIl AFVIEZET Y 105 D54,
HivPizfmond, @RS %%5&5@&13’907‘;(Scheme36b)*14o BELLTL VYD o ik
FEOAFAEBIOT L VBEEREZE LD A FAEOVAERBEEICXLY, 7L vy ARKIGHERZ 5
3. HMREEYE S Z-bDEEZL TS

Scheme 36. Reactions of allenes containing methyl substituents
a) y-Methyl allene
TIPS

o. F 5 mol% Cp(Allyl)Pd Q Q
o 10 mol% BrettPhos TIPS
0 DME (0.01 M) Me _~  Me
Me /-ﬁ/Y\Me 100 °C, 15 h Me o p Y Me « p "
e
M
€ % 02 103; 43% 104; N.D.
(0]
? .0 R p-Hydrogen 0
Pd \n/ Insertion fo) R Elimination
1 —_— . _—
N [e) Me Pd \n/
Me = Me Mé ..' o Me S
Me H H Me
AO H H 103
AP
b) a-Methyl allene
P TIPS
o Oﬁ/ 5 mol% Cp(Allyl)Pd 9
10 1% BrettPh
o o OS: complex mixture TIPS
DME (0.01 M) Me =
Me Hy 100 °C, 28 h Me B
Me B Me
Me 106; N.D
105

T F v OFEARIGITOWT ARG L 72(Table 15), K7 v ¥ v 2H T 5HHE 107a W78
AT, OB ETE T, FEZENT 208 TH o715, BF L TALFvREOB 7w + vt
DBETL, Pd 7TRF YV FEB2 8T PdiEREELZbDEEZONSE, — )7, TAF VR

36



SA AR St A —— A

i I = RN - R sy 11

IC7 = = VHE 1070 B X N TMS £ 107¢Y 2 F 3 2 HEH o GAICd . BLISILETE T, a-T v
FoAT b 109 BERL 72, ARG T, Pd R AQICT A Vv AMEAT B, 7oAy ED
ESL L IREEDREC 5, L7zodo T, Pd R AQ 20 HIEEEREE. D0 F=ITHIMHEEIC

109 25 27-bDEE2bN 3,

Table 15. Addition of a-position of ketone to triple bonds
TIPS

Z 0
o 0% 5 mol% Cp(Allyl)Pd o TIPS
fe} 10 mol% BrettPhos - = TIPS /R
> R DME (0.01 M) 7 Me X7 Me Z
Me Z 100 °C, 15 h Me \ e
Me 107 108 109
TIPS TIPS TIPS
o o F o F
0 (o] (0]
o o o |
H si
Me é Me 4 Me 4
M M M
€ 107a € 107b € 107¢
Rec. 107a;100% Rec. 107b; N.D. Rec. 107c; N.D.
108a;N.D. 108b; N.D. 108c; N.D.
109a;N.D. 109b; 61% 109¢; 54%
TIPS TIPS o TIPS
0 / Reductive //
Decarboxylatzon Pd R Elimination R
—>
— <o, .
Me 2 Me A Me Z
Mé AR Me 109
Insertion
(o]
(o] (o] .
Reductive
= TIPS pecarboxylation /T“’S Elimination _ TIPS
.0 —_— —_—
Me x_Pd -CO; Me ~ _Pd Me ~~
Me fo) Mé Me X
R R
AS AT 108

T AT v ~DE A %) BRALKIE S Bt L 72 (Scheme 37)*18, BT 110 % Fl W TS 2 BiEt L 7=
25, T ¥ v ORIG(Table 15) & FERICERIL IS IFHETTR S, a-7 A F =47 b v 111 5 X BRIGH
[fitko 7 m b AUETH LAY 112 BERT DB TH > 7=,

Scheme 37. Addition of a-position of ketone to alkene
(0] TIPS o (o]

0 TP 5 mol% Cp(Allyhpd _
o Z 10 mol% Brettphos Z TIPS
Ph x © 1D5MhE (0.05M),100°C " N Ph ~ P &
Me Me Me Me
110 111; 30% 112; 14% 113; N.D.
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THE 96b-0 1FLAT D X S ICARK L 72(Scheme 38), o-& FrF 7 b+ v 95 LxfItd % 7 v A — gL o DCC
MW X o THERKL 72,

Scheme 38. Synthesis of substrate 96b-o

o 0 1.2 eq DCC o P
OH 0.1 eq DMAP 0/
—_—
=z CH,Cl, 30 Z
Ph R Ph )
Mé ~ 12eq ¢ =
95 96b-o0

B EE 96p IZLAT D X 9 AR L 72 (Scheme 39), SCHABEHIO 7L ==} UL 11420 DIBAL iZJTIC & - T
TL=ATFATe R 115 &M L. F < Horner-Wadsworth-Emmons MGic k> T =1z —5 L 116 & L,
DAIBAL iZJTHE < « MAKDAIC K 5T a-b FuF 7 b v 117 21572, % Dk, DCC #ifric & - TEH 96p
EERL T2,

Scheme 39. Synthesis of substrate 96p

Eto\9. 9
EtO” \HLOEt OEt

12eq OFt
CN 2 CO,Et
Pz 15eq DIBAL-H 15eq NaH =
“ toluene 78 °C THF, 50 °C, TRsoC 12h =
5h, 53%
114 116
o] TIPS

2.2 eq DIBAL-H P
Et,0, -78 °C~-40 °C, 15 h; 1.2 eq DCC Oj‘/
6 eq 3 M HCI 0.1 eq DMAP -z I

H,O/ THF, rt, 12 h TIPS CH,Cly, rt, 52 h Z

1.2 eq 3% (3 steps)

96p

OV 960 1T LAT D X 5 IC AR L 72 (Scheme 40), CHABEAI DO 7 L =L 7L 2 — )L 118305 L C Dess-Martin

BLICXoCTL=ATATE IO 2GR L7z, 2Dk, YI—FAZVERHWEZZRF A, Bk
V9V LD0ZRFYFOHKRICL-TT7rEL VY V121 2157, BN/ 7uEk ¥ v b Dess-Martin
Befb. i < REERICIC X - THE 96q AL 72,

Scheme 40. Synthesis of substrate 96q

o 1.5 eq CH, 2.0 eq LiBr OH
Me Me q+Mal Me o q Me
Me OH 1.2 eq DMP 2.0 eq Meli Me 2.5 eq AcOH Br
—— —ee ——
2 Chahman Me Hé THF, rt, 3 h 2 THEm1an o Ve ~
= = & 22% (3 steps) 2
118 119 120 121
o) TIPS
1.2 J2eqDMP__ DMP 2.0 eq DIPEA Me 0%
—_
CH,Cly, 1t, 3 h Me CHCN, 17 h Me g
TIPS 78% (2 steps) =~ 0
122 9%6q

MOFLE 96r ZLAT D X S ICA L 72(Scheme 41), 7L =470 I FN123 & B-7 P T AT V124 DT VF v
1. ko, BURBBIC X o T b v 126 A L7, %Dk, PMBHONIRE L 1T > 7-1%. DCCHEAIC &
o THY 96r AL 72,
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Scheme 41. Synthesis of substrate 96r

o o o
o o
BT 1.2 eq NaH PMBO 9.5 eq NaOH OPMB
Vs * P'V'BO\)I\/U\OEt THF, 1t 18 h 9% O reflux > ~
. . 24h .
123 124,12 eq 125 7 Z 126
1.2 eq DCC o} TIPS
20eqDDQ 0.1 eq DMAP o\“/
—_—
TH,CL 0 CH,CL, rt, 13 K ~
rt, 20 h TIPS 6% (4 steps) =~ 0
127 12eq %6r

MR 98 (ZLA T D X 5 ICAK L 72 (Scheme 42), 7L =ATATE F&VI v R AZVEDRIGICL Y =K F
UK 128 &KL, BALYVF v L0 RKF Y FoRICkTC7uxse FY v 129 #57, et FY v
130 %* & Dess-Martin fgfb. %t < SREZEHEIGIC X > THE 98 # &KL 72,

Scheme 42. Synthesis of substrate 98

o 1.5 eq CH,l, 2.0 eq LiBr OH
P 2.0 eq Meli /'7(<| 2.5 eq AcOH P Br
= H  THF 1, 19 h = THF, rt, 23 h =
Ph Me 80% 53% Ph Me
93 128 129
o) P TIPS
Ph
12eqDMP_ 20eqDPEA e 0/
CH CI2 rt CH,CN, rt, 19 RN 19h K 5
85 Ph Me TIPS 63% (2 steps .
130 ¢ (2 steps) X o8

12 F8 100 (ZLAF D X 9 ICA A L 72(Scheme 43), 7L = A7 AF & F 93 25 Wittig K6 DB SGIC X v 7
L=ATAT e F131 Z&R L. #i < Horner-Wadsworth-Emmons & i1C X > T =L —F L 132 #1577,
Z Dk, DAIBALEIC, Fi KD RIC X >Te Fuexs s b v 133 %#& R L, DCCHadIc X » THE 100
EERL T2,

Scheme 43. Synthesis of substrate 100 o o

® c© Eto\'F;
1.3 eqPhyP_OMe EtO” j)j\ost
o  125eqKOBu 12eq OFt Okt
P THF, 0°C~rt, 45h; 4'/7(\('4 1.5 eq NaH ¢./ Z CO,Et
= H 5eq 3 MHCI Ph Me O THF, 0 °C~rt Ph Me H
Phg;VIe H,0/ THF, reflux 131 21h, 75% 132
19 h, 50%
o] TIPS
2.2 eq DIBAL-H 1.2 eq DCC o. F
Et,0, -78 °C~-40 °C, 6 h; 0.1 eq DMAP
= + —_—
3eq3 M HCI HO CH,Clp, 1t, 3 h )
H,O/ THF, rt, 12 h, 72% Ph Me 12 eq TIPS ggo “
133 Ph Me

100

BEVE 102 (ZLAT D X 5 ICH L 72 (Scheme 44), SCRRBERIO 7L =77 b F 134830 xf L C Horner-
Wadsworth-Emmons SJGic X o T = A —F 0 135 & L, DAIBALZEIC. Hi ikofick-Te Fex o
7 b 136 BB 72, D%, DCCHAIC X » CTHE 102 # & L 7=,
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Scheme 44. Synthesis of substrate 102
o]

EtO\?P-
EtO” \HLOEt
o 12eq OFt oF 2.2 eq DIBAL-H Q o
1.5 eq NaH = t g0 ) H
‘/ | eq Na VW Et,0, -78 °C, 3 h; g . HO S
NF THF, 0 °C~rt, 12 h Mé Me Co,et 6e€d3MHCI Me /./\ N

Mé Me H,0/ THF, rt, 12 h M TIPS
134 135 136 12eq
TIPS
1.2 eq DCC o o%
0.1 eq DMAP
—_—
CH,Cl, 1%, 13 h o
14% (3 steps) Me N
=
Me
102

14 BT 105 (LA T X 5 I AL 72 (Scheme 45), SCHRBERIO 7L = v 77 b F 1373 xf L T Horner-
Wadsworth-Emmons )G ic &K > Ce =T —7/ 138 & L. DAIBAL=ZEJC. Fid MAKDRIc L > T Fe ¥
7 b v 139 87z, Z D%, DCCHEAIC X - THE 105 # AR L 7=,

Scheme 45. Synthesis of substrate 105

Eto\g a
EtO” j)LOEt
o

o 12eq OEt 2.2 eq DIBAL-H o
1.5 eq NaH N OFEt Et,0, -78 °C, 5 h; OH
=z HooTHRoc-13n 27 A 6eq 3 MHCI Me 7 THTON
Me Me e Me Co,Et H,0/ THF, rt, 24 h e TIPS
137 138 12eq

139

/
12 eq DCC o °§/
0.1 eq DMAP
CH,Cl, 1%, 13 h

7% (3 steps) Me -é

Me 105

15 HUH 107a lZLAT @ X 5 ICAK L 72 (Scheme 46), HEREEAIO B Fr X7 b v 144¥% KEEA Y 7 LI X D
iR A fT\>, Ki T v v 145 %157-DH, DCCHEAIC & » THRE 107a Z G L 72,

Scheme 46. Synthesis of substrate 107a

_ TIPS
o 0 o 12 eq DCC o 0%
OH 1.1 eq K,CO4 1.2 eq DMAP

™S = T — o

Me FZ MeOH, rt Me Vi HO” ™" CH,Cl, 0 °Cw~rt -
Mé 19 h, 26% Mé 12eq TIPS 24 h, 85% Me Z
144 145 Mé 107a

B FE 1070 1ZILA T @ X 5 ICA L 72 (Scheme 47), 4 V&1 v A F > F 25 Eschenmoser-Tanabe B K E I &
DTAF= AT by 148 ZEKRL, BEEA Yy 7Y v X o TT ¥ vERRIC Ph A2 EALZ, 2Dk,
Rubottom f#ftic ko Tk Fe ¥ 5 b v 149 Z &5 L. DCCHifric & o THHE 107b Z &KL 72,

Scheme 47. Synthesis of substrate 107b

2.0 eq iodobenzene
1.0 mol% Pd(PPhs3),

1.0 eq p-TsNHNH, 5.0 mol% Cul Ph
—_—
Me O CH,CIL/ACOH 211) Me 2 EuN/CHiCN (14)  Me =
Mé Me geCert, 12 h, 56% Mé rt, 20 h, 90% Mé
146 147 148
1.5 eq LDA _ TIPS
1.6 eq TMSCI 0 o 1.2 eq DCC o 0§/
THF, -78°C~rt, 11h; O 1.2 eq DMAP
> * HO” S o o o
1.0 eq m-CPBA Me = A CH,Cl,, 0 °C~rt ~ Ph
CH,Cl,, 0°C~rt, 3 h, 46% Mé 126 TIPS 12 h, 94% Me Z
149 o Me  1o7b
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T EVE 107¢ 1ZLAT D X S ICA L 72 (Scheme 48), SCEREERIO & FrF o i b v 14498 Fa vt — e o
DCCHfEfic X o THE 107c Z A L 72,

Scheme 48. Synthesis of substrate 107¢

0 o 1.2 eq DCC o 0%
OH_ s 1.2 eq DMAP o
Me Vi * HOJ\ CH,Cl,, 0 °C~rt ~ T™S
Mé 12e TIPS 3h,81% Me z
144 < €q

Me
107c¢

*8 R 110 Z AT ISR 3 THE R L 72 (Scheme 49), Claisen #5fiZiC X > C7 L= A7 AT & F 150 Z &R L

72. %t { Horner-Wadsworth-Emmons &Gic ko T = vz —5 4 151 & L. DAIBAL ZJICHE < Mk fiEic &
ST FrF 7 bvI152 %72, Z D%, DCCHiAIC L » THRE 110 Z &KL 7=,

Scheme 49. Synthesis of compound 110

Etof.:; o
EtO” \HLOEt

1 mol% Hydroquinone 12 eq OEt
HXCHO P mol%TsOH-H,0 WCHO 1.5 eq NaH = oy OF
—_ e
Ph Me HO Toluene, Dean-Stark, Ph Me THF, 0 °C~rt, 5 h, 70% Ph Me CO,Et
92 1.5eq Reflux, 38 h, 76% 150 151
o

HoP s
2.2 eq DIBAL-H o 12eq TIPS o P
Et,0, -78 °C~-40 °C, 15 h; OH 1.2 eq DCC, 10 mol% DMAP_ 0%
g s
2eq 3 MHCI oh CH,Cl,, 0 °Cto rt, 3 h, 99% Ph 5
H,O/THF, rt, 8 h, 75% x O

Me 152 Me 110
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PUE DFT 5HELZ o 72 G 0 £ 5K

ARFOGTIE, PAO)EAICEE 2SI LRy in L. R AU % 5 -2 % (Scheme 50), Scheme 27 I/~
L7 ERIGHEECIX. ZofiEfE AU © Pd—C &Il 7L v 23 A L. B EE % % IRk
hoT 2522 E2 T, —J, TlKAUICE T, BREICBRIESE S v, PRk AX 25
A FEWTTLYDBFAL, BRILIKROTZ 52 2K FE2ONDE, £ T, TNOL_DODFREEED L
HOPMERT 2D L NI 5K, DFT stRZHWICHERICB T 2ERK2fTo) 2L & L,
REICIEET VLA E LT 96°, ET BT LT 163 ZHW /228, 163 LHLMEETH 2
Johnphos T & SGASHEST L T > % (Table 12 entry 8) Z & 2> & i AN G 35 X U ER R o @ B % 8 PR i1
TaFiHTE 2 EZLNE, ThHETMUEY 96’8 X & T VECLAL T 153 % T B3LYP/6-
31G(d)(LANL2DZ for Pd)iC & b Hiffifk R ERBIREEZ KD, 155 172 i o Fodi{b % 5 I M06/6-
311+G(d,p,)(SDD for Pd)ic X - THT - 7= (Figure 2), Sl i@ v . Pd(0)EE AR~ D HE OREL I X
FRTHHCHETT 22 e b o> T3 720, A DFT sHE I X > T4E L 7= Pd
BEAR 1 200 DIRJICKEES A RR T 5 2 L L L, PAdEER | OFIREE X Figure 1 107K L 72 X A& HT
DIERESEICHKE LTz, PAEHE IR LCT L VRO “BHESWHEAT 2 L. BBIREE TS, %
FEEHLC, RN 252 22, COBEOEET A V¥ — (% 15.7kecal/mol TH -7z, —J7. PdEf
IS5 PdT/ 7—1F I~ BELL 72t%. 6 BEERIRREE(TS) Z#8H L. C(sp®) — C(spHit &
DI IN RO FZ N DD, OEDEE AT AL ¥ —13 35.0 keal/mol TH 2 Z L h b, K
SOGTIZBIERIA Mo &ic, 7L v RKind “Higa o Pd—C(spd)ftia iICffiA$ 2RI AFTH 3
EEZLNS, £/, PAdEK I ICBWTT L v ERIET BRTICHRIEDSETT 2 REDE 2 ON D
. T DEREDEFLIREE TSv DIEMAL = 2 v ¥ — 1% 19.0 kcal/mol & HERR B WEZ R L 72, L7228
5T, RIS TIX, PdEEHE | TR L 728, K7 L v D PAd—C(sp)fir~DIFALELZ H . 2D
%, WiREE, #e < EITHIBIEEZ B CRISOET T 2 RSP IR D AR TH 5 L m I iz, RiZIC,
B OREIKICDWTH DFT IR Z V. ARIGHEME O —HE O SJOGRIEIC O W TR L 72, T4 b
B, Pd A 1 2> 5 13EBIREE TSiwn ZHEC. BUREEDETS 2 23, Z DO (L AL ¥ —
1% 13.7kcal/mol & HERKINE B ICIIEAETTT 2 L E 2 b5, 721K VIN 2 5&E sk c
o> THRAEBY & 72 203, Z OEFEDOIEMAL = A v F — 1% 21.5 keal/mol TH - 7z,

Scheme 50. Expected pathway of cyclization

| Insetion 7@\/ \"/ —DecarboXylatlon |
| 0 / R r
Decarboxylation Pd Z Insetion
Z
co, -
AX
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model substrate and ligand

) Me O
o
&
Me Z o O PMe, e
Figure 2. Reaction profile with proposed structures of Intermediates based on DFT calculations

9%’
153
M06/6-311+G(d,p,)(SDD for Pd)(Solvent = THF)//B3LYP/6-31G(d)(LANL2DZ for Pd)

Me
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FHE R GHPUEN

KRG TIE, A AU(Scheme 50)IC B W T T L Y BSHAT 2B, % DA % RA7EDE NI L -
ThkA RBRIMLEY % 5 2 2 [REMED B % 23, 6 BERLAY 97 D AZEIRIC5 2 T3, £ I T,
6 BERILAY) 97 2@ IRMICH 2 2HEICBIL <, DFT St ZHVWCE b IcERT 2 it L -
(Figure 3), 7L v @ 20D "HifEH 2w Pd—C(sp®) ffe~ & AT 51T, 1) 6-exo-dig(B JKFE~ DI
) 2) 5-exo-trig(a B~ DKL), 3) 7-endo-trig(y IKE~DIKE)D 3 DDFEHRE 2 b D, KT
k72 X 5 Ic(Figure 2). 6 BER{LAY) 97 5 2 % 6-exo-dig BRL T3, BEIRAE(TS) & LT
JEASMETT L. # DI 4 v F — 13 15.7 keal/mol TH - 7=, —J5. 5-exo-trig Br{l. X O* 7-endo-trig
BAL CRIGDEST T 2 BE. Z L2 2 TS smem X X TSin 7mem DBAREEZ R T2 2 L 2RI N
720 TSt smem Z R T 2 BROMEMEAL = A 0 F— 1% 17.3 kcal/mol, —77. TSt mem ZEHT 2D =
FUF —13>45 keal/mol & HEED b7z, 2o DfFHRIT. AKIGICBWTOEIRKIC 6 BR{LAEY
97T BMEKT 2 L v ) EFERIC—HL T3, M, b OERIREICE T 2EH LA VF—D
HEWIE, KO XS ICHHATE 5, TSuismem Tldy 7 F YD afii(CHD3 T L v D afii(CH~FIINT 2 B
I Pd & COEDK T T, MMREENEL S, MA TS5 EBRPBRICK>TELS H L H L oK
R L CTOVEEET L VEE AL F -G ABE ONZLEEXONS, —J7. TSt 7mem T
X, Pd & CEXFAEDBOT I NVNOTAEXUVERROTAREL 522 L TREREELZALF
—BREL 5, —J, TSI 7 L v OEMNTH 2 ENREIC XY, C— CHRATERDE. 7
HROWEPNE L D, VAR ZEIC X Y 5-exo-trig Bi{b 3 X O 7-endo-trig BRALIC X > CTH L 2 T
LT = PAdFEL Y B 6-exo-digBR{LIC X 2L 2 T F L PAFEOEE BB I NS,

6-exo-dig 5-exo-trig 7-end-trig
15.7 kecal/mol 17.3 kcal/mol 46.6 kcal/mol
£
3

TS5 5mem

Figure 3. Proposed Structures of Transition States in the Formation of a 5-, 6-, or 7-Membered Product Based on DFT Calculations
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AKIFZE Tl o iz C-O fEGOMILHIFHNIC X > TAE L % Pd HRfEAICER L, 7L v offi AxiEh
TRBATAFAURIGICE D v 7 u~F ) vV EBOREFICHIN L 729, 5mol%d Cp(Allyl)Pd,
10 mol%® BrettPhos FCf7 F177E Py 1,2-3 A b F o o & vt 100°CTHET 2 2 & Tid L »
INECTHORLESB/ONE 2 e 2 AL, RBIUKISTIX, $TLW C—C #HEaBAarR=
B akFETLVvO BRFLOMICEK I L, TLr¥F=rio yRE~OBHLLDHIC, TFX
Thyvra~xy ) VIEBRPERTE 5, BLWIMCX>TELZPDdT ) 7= FBTL YD B
RE~SEHFADBLT AN =R LTHE T ERDFTHEICK o TRB I N9,

Scheme 51. Pd catalyzed decarboxylative cycloalkynylation of allenes

5.0 mol% Cp(Allyl)Pd
10 mol% BrettPhos; R
/Y o DME (0.01 M) //
Zp 100 °C, 15 h B

a Y

OMe

O I OMe
PCy,

BrettPhos
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WFLYRTAT v Ehy 7Y v I N=bF = LI TRRKIGOR 217572, TAaxs 7Ly 154,
HETL=ATZT AT AI55, TALFATLY 156 %Ay 7 ) v 7= F =L LGECRENDOA Y 7 ) v
7RO NT, HHRRAYE S 2 % O R pEE 48f % BN % D A TH - 72(Scheme 52),

Scheme 52. Insertion of allenes

(o] TIPS 5 mol% Cp(Allyl)Pd (o] TIPS R
)k/o = . P 10 mol% BrettPhos - = o | P TIPS
Ar r DME (0.05 M), 80-100 °C~ Ar A
r

/
- © R= OMe; 154, 15¢eq 9-15h R .
Ar = 4-PhCgH, COLEt 155, 2 eq 157; N.D. 157" N.D.
48f
/",ﬂ:@ : 156, 2eq
V\S S

$hETAT v ERYy T I N=bF =L LEKIETIR, JARALA Y, T VIZDWTHET%IT > 7225,
Ay TV IEERELNT., a-TAFZAT bV A9 B3G5 D DA TH - 72 (Scheme 53),

Scheme 53. Insertion of alkenes
a) Norbornene

TIPS
lo) _ TIPS 5 mol"fa Cp(Allyl:]Pd o
10 mol% BrettPhos
o z + P L /U\/
Ar)l\/ \[/ ﬁb DME (0,05 M), 100 °C Ar Ar =z
o 15h o
Ar = 4;;:C6H4 155;3 eq 156; N.D. 49f: 16%

TIPS

V4

b) Enone
o P TIPS ) ?Omol‘y;;Cp(AllylllPd TIPS S fo) o
% BrettPhos
0 = mo /U\/
Ar)j\/ 7/ . @ BMEQT M) 100 ¢ o N /
0o 15 h Ar

Ar = 4-PhCgH, 157; 2 eq 158; N.D.
48f

49f; 9%
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FHE . WEROIREETRL T A X AL CTIRINEETH o 72 H R = A B BREER o (2 E BRI R)E
FRE Lz, Thbb, HEROBRIER T VX MALRIGTIET U afl, Ry Y bicfRo Tz
B, 7T hbvo ol C-OfEAUINIICLX>TELS C—Pd/ 7—MITEHT S Z LT, PR T
NEZNALEZERLTE T, /2. 7 F v D afii C—OfEE D PSSR ICERLAfT N X > TAHE L 72 Pd
T/ 7—F AY 25 DOBURIEIENC L ZFIHL T, NERLEREGOMAEM S H L WERILK

Jo %z BAFE L 72,

Scheme 54. Pd catalyzed decarboxylative alkynylation of a-hydroxyketone derivatives by C-O bond cleavage
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General Information

All reactions were performed under an atmosphere of nitrogen unless otherwise stated. Acetonitrile and THF
were purified under nitrogen using The Ultimate Solvent System (Glass Counter Inc.). Toluene, m-xylene, 1,4-
dioxane and 1,2-dimethoxyethane were distilled from Na/benzophenone ketyl and stored under nitrogen. All
other reagents were purchased from commercial source and used as received. Column chromatography was
performed on silica gel (Wakogel® FC-40, neutral, 20-40 um, FUJIFILM Wako Chemical Corporation) with
the indicated solvents as an eluent. Analytical thin-layer chromatography was performed on Silica gel 60 PF s,
(Merck).

H NMR spectroscopy was recorded on JEOL ECA500 (500 MHz), ECX400P, ECS400 or ECP400 (400
MHz) NMR spectrometer. Chemical shifts are reported in ppm from the solvent resonance as an internal
standard (CDCls: 6= 7.26 ppm). NMR data are reported as follows: chemical shifts, multiplicity (s: singlet, d:
doublet, t: triplet, g: quartet, m: multiplet, br: broad signal), coupling constant (Hz), and integration. *C NMR
spectroscopy was recorded on JEOL ECA500 (125 MHz), ECX400P, ECS400, or ECP400 (100 MHz) with
complete proton decoupling. Chemical shifts are reported in ppm from the internal reference (CDCls: 6= 77.00
ppm). Mass spectra were obtained on JEOL JMS-T100GCv mass spectrometer.

Experimental Details

F—E PdMtIic XAMKBZHESI 7P VD a T AHF=
WAL FG D FiFE
Synthesis of Starting Materials

General Procedure A: Synthesis of Bromoketones
NBS
o TsOH «H,0

(o]

A literature procedure was applied.t A two-necked flask was charged with methylketone (2.0 mmol). The
flask was equipped with a condenser and nitrogen balloon. Then, anhydrous MeCN (12 mL), TsOH+*H20 (516
mg, 3.0 mmol) was loaded. To the stirring solution was added N-bromosuccinimide solution in MeCN (383 mg,
2.15 mmol in 12 mL MeCN) dropwise. The mixture was refluxed for 3 h. The progress of the reaction was
monitored by means of TLC analysis. The reaction mixture was cooled to room temperature and then evaporated.
The resulting liquid was dissolved in 50 mL EtOAc. The solution was washed with water and brine (15 mL
each). The organic layer was dehydrated with Na,SO4 and then purified by column chromatography to afford
bromoketone.

General Procedure B: Synthesis of Starting Material 48

TIPS TIPS

o) o)
B Ho\’/ DIPEA o\'/
@ CHiCN, 1t, 3 h @
0 0

3-(Triisoprosilyl)propiolic acid was prepared according to a literature procedure.?

Phenacyl bromide and 3-(Triisoprosilyl)propiolic acid (1.1 equiv.) was dissolved in MeCN (0.1 M). To the
solution was added N,N-diisopropylethylamine (2 equiv.) dropwise with stirring. The solution was stirred for 3
h (monitored by TLC) at room temperature and then evaporated. The residue was purified by column
chromatography to afford the desired product.
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In a flask containing a stirring bar, 3-(triisoprosilyl)propiolic acid (680 mg, 3 mmol), 2-hydroxyacetophenone
(commercially available, 449 mg, 3.3 mmol) and PPh3 (449 mg, 3.3 mmol) was dissolved in THF (20 mL). To
the solution was added diisopropyl azodicarboxylate (0.47 mL, 3.3 mmol) dropwise with stirring at 0 °C. The
solution was stirred for 4 h (monitored by TLC) at room temperature. Aqueous NH4Cl were added at room
temperature, and the mixture was extracted with EtOAc three times. The combined organic layer was washed
with brine, dried over Na,SQOs, and evaporated under reduced pressure. It was then purified by silica gel column
chromatography (hexane/AcOEt, 20:1), affording 857 mg of compound 48a as a white solid (74%). *H NMR
(400 MHz, CDClg, rt, 8/ppm): 7.90-7.92 (m, 2H), 7.61 (m, 1H), 7.50 (m, 2H), 5.42 (s, 2H), 1.09-1.18 (m, 21H).
13C NMR (100 MHz, CDCls, rt, 5/ppm): 190.84, 152.11, 134.01, 133.91, 128.89, 127.76, 95.81, 93.33, 66.84,
18.42, 10.91. HRMS (EI) calcd.for C17H2:05Si [M-"Pr]* m/z 301.1260, found 301.1251.
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Corresponding phenacyl bromide was purchased from commercial source (TCI).

By following general procedure B, the reaction of corresponding phenacyl bromide (426 mg, 2.0 mmol) with
3-(Triisoprosilyl)propiolic acid (589 mg, 1.3 mmol) in the presence of diisopropylethylamine (0.45 mL, 2.6
mmol) in 6 mL MeCN delivered 717 mg of compound 48b as white solid (100%). *H NMR (400 MHz, CDCls,
rt, 8/ppm): 7.81 (d, J = 8.1 Hz, 2H), 7.28 (d, J = 8.1 Hz, 2H), 5.39 (s, 2H), 2.42 (s, 3H), 1.09-1.18 (m, 21H). 3C
NMR (100 MHz, CDCls, rt, 8/ppm): 190.44, 152.18, 145.02, 131.45, 129.57, 127.87, 95.87, 93.23, 66.80, 21.76,
18.44,10.93. HRMS (EI) calcd.for C1sH2303Si [M-'Pr]* m/z 315.1416, found 315.1417
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Corresponding phenacyl bromide was prepared according to literature procedure.

By following general procedure B, the reaction of corresponding phenacyl bromide (351 mg, 1.65 mmol)
with 3-(Triisoprosilyl)propiolic acid (410 mg, 1.81 mmol) in the presence of diisopropylethylamine (0.32 mL,
1.81 mmol) in 4.5 mL MeCN delivered 302 mg of compound 48c as white solid (51%). *H NMR (400 MHz,
CDCls, rt, 8/ppm): 7.71 (d, J = 12.1 Hz, 2H), 7.36-7.44 (m, 2H), 5.40 (s, 2H), 2.42 (s, 3H), 1.10-1.18 (m, 21H).
13C NMR (100 MHz, CDCls, rt, 5/ppm): 191.01, 152.14, 138.80, 134.78, 133.96, 128.74, 128.27, 124.93, 95.86,
93.27, 66.91, 21.31, 18.42, 10.92. HRMS (EI) calcd.for C1gH2303Si [M-iPr]" m/z 315.1416, found 315.1417.

48d

Corresponding phenacyl bromide was prepared by following general procedure A. The spectrum data
matched to that of literature.?

By following general procedure B, the reaction of corresponding phenacyl bromide (215 mg, 1.0 mmol) with
3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 314.3 mg of compound 48d as colorless liquid (88%). *H NMR (400 MHz,
CDCls, rt, 8/ppm): 7.58-7.60 (m, 1H), 7.40-7.44 (m, 1H), 7.27 (m, 2H), 5.25 (s, 2H), 2.52 (s, 3H), 1.11 (m, 21H).
13C NMR (100 MHz, CDCls, rt, 5/ppm): 194.25, 152.14, 139.27, 133.95, 132.68, 132.31, 128.04, 125.78, 95.82,
93.25, 68.01, 21.19, 18.43, 10.92. HRMS (EI) calcd. for C1sH230:Si [M-'Pr]* m/z 315.1416, found 315.1417.
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Corresponding phenacyl bromide was purchased from commercial source (TCI).

By following general procedure B, the reaction of corresponding phenacyl bromide (249 mg, 1.0 mmol) with
3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 399 mg of compound 48e as white solid (quant.). *H NMR (400 MHz, CDCl;,
rt, 8/ppm): 8.42 (s, 1H), 7.88-7.99 (m, 4H), 7.58-7.66 (m, 2H), 5.56 (s, 2H), 1.05-1.19 (m, 21H). **C NMR (100
MHz, CDCls, 1t, 8/ppm): 191.01, 152.14, 138.80, 134.78, 133.96, 128.74, 128.27, 124.93, 95.86, 93.27, 66.91,
21.31, 18.42, 10.92. HRMS (EI) calcd.for C24H3003Si [M]* m/z 394.1964, found 394.1964.

48f
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Corresponding phenacyl bromide was purchased from commercial source (TCI).

By following general procedure B, the reaction of corresponding phenacyl bromide (275 mg, 1.0 mmol) with
3-(Triisoprosilyl)propiolic acid (272 mg, 1.2 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 391 mg of compound 48f as a white solid (93%). *H NMR (400 MHz, CDCl;,
rt, 8/ppm): 7.98-8.00 (m, 2H), 7.70-7.72 (m, 2H), 7.62-7.64 (m, 2H), 7.42-7.50 (m, 3H), 5.45 (s, 2H), 1.11-1.19
(m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 190.45, 152.15, 146.69, 139.52, 132.56, 128.99, 128.45,
128.37, 127.48, 127.24, 95.82, 93.37, 66.87, 18.43, 10.91. HRMS (EI) calcd.for Ca3H250:Si [M-Pr]* m/z
377.1573, found 377.1573.

48g
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Corresponding phenacyl bromide was purchased from commercial source (TCI).

By following general procedure B, the reaction of corresponding phenacyl bromide (458 mg, 2 mmol) with
3-(Triisoprosilyl)propiolic acid (589 mg, 2.6 mmol) in the presence of diisopropylethylamine (0.45 mL, 2.6
mmol) in 10 mL MeCN delivered 385 mg of compound 48g as white solid (51%). *H NMR (400 MHz, CDCl;,
rt, &/ppm): 7.88-7.90 (m, 2H), 6.94-6.97 (m, 2H), 5.37 (s, 2H), 3.88 (s, 3H), 1.09-1.18 (m, 21H). *C NMR (100
MHz, CDCls, rt, 8/ppm): 189.32, 164.13, 152.21, 130.10, 126.97, 114.08, 95.93, 93.16, 66.62, 55.52, 18.42,
10.94. HRMS (EI) calcd.for C1sH2304Si [M-'Pr]* m/z 331.1366, found 331.1354.

48h
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Corresponding phenacyl bromide was prepared according to literature procedure.*

By following general procedure B, the reaction of corresponding phenacyl bromide (242 mg, 1.0 mmol) with
3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 142.6 mg of compound 48h as white solid (37%). *H NMR (400 MHz, CDCls,
rt, 8/ppm): 7.80-7.82 (m, 2H), 6.64-6.66 (M, 2H), 5.35 (s, 2H), 3.07 (s, 6H), 1.12 (m, 21H). 3C NMR (100 MHz,
CDCls, rt, 8/ppm): 188.48, 153.85, 152.38, 129.98, 121.82, 110.75, 96.19, 92.72, 66.52, 39.98, 18.45, 10.97.
HRMS (EI) calcd.for C2,H33sNOsSi [M]* m/z 387.2230, found 387.2216.
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Corresponding phenacyl bromide was prepared according to literature procedure.®

By following general procedure B, the reaction of corresponding phenacyl bromide (165 mg, 0.64 mmol)
with 3-(Triisoprosilyl)propiolic acid (158.5 mg, 0.7 mmol) in the presence of diisopropylethylamine (0.22 mL,
1.28 mmol) in 6.4 mL MeCN delivered 207.9 mg of compound 48i as white solid (81%). 'H NMR (400 MHz,
CDCls, rt, 8/ppm): 8.15-8.17 (m, 2H), 7.96-7.98 (m, 2H), 5.41 (s, 2H), 3.96 (s, 3H), 1.12 (m, 21H). *C NMR
(100 MHz, CDCls, rt, 8/ppm): 190.58, 165.99, 152.35, 137.10, 134.61, 130.09, 127.77, 95.67, 93.86, 67.04,
52.58, 18.54, 10.93. HRMS (EI) calcd.for C19H230sSi [M-'Pr]* m/z 359.1315, found 359.1315.
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Corresponding phenacyl bromide was purchased from commercial source (TCI).

By following general procedure B, the reaction of corresponding phenacyl bromide (220 mg, 1 mmol) with
3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 339 mg of compound 48j as white solid (92%). 'H NMR (400 MHz, CDCl;,
rt, 8/ppm): 8.02-8.00 (M, 2H), 7.82-7.80 (m, 2H), 5.38 (s, 2H), 1.15-1.11 (m, 21H). 3C NMR (100 MHz, CDCls,
rt, &/ppm): 190.09, 151.90, 136.88, 132.74, 128.30, 117.57, 117.28, 95.43, 94.21, 66.77, 18.40, 10.90. HRMS
(E1) calcd.for CigH2003Si [M-"Pr]* m/z 326.1212, found 326.1212.

48k
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Corresponding phenacyl bromide was prepared by following general procedure A (79%). The spectrum data
matched to that of literature.®

By following general procedure B, the reaction of corresponding phenacyl bromide (208 mg, 0.78 mmol)
with 3-(Triisoprosilyl)propiolic acid (192 mg, 0.85 mmol) in the presence of diisopropylethylamine (0.27 mL,
1.56 mmol) in 7.8 mL MeCN delivered 309.1 mg of compound 48k as white solid (96%). *H NMR (400 MHz,
CDCls, 1t, 8/ppm): 8.03 (d, J = 8.1 Hz, 2H), 7.77 (d, J = 8.1 Hz, 2H), 5.40 (s, 2H), 1.12 (m, 21H). 3C NMR
(100 MHz, CDCls, rt, 8/ppm): 190.45, 152.09, 136.75, 135.37 (q, J = 32.5 Hz), 128.33, 126.10 (q, J = 2.9 Hz),
123.44 (q, J = 274 Hz), 95.66, 94.12, 66.93, 18.52, 11.04. *F NMR (376 MHz, CDCls, rt, 8/ppm): —63.19.
HRMS (EI) calcd.for CigH20F303Si [M-Pr]* m/z 369.1134, found 369.1136.
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Corresponding phenacyl bromide was prepared by following general procedure A (69%).

The spectrum data matched to that of literature.’

By following general procedure B, the reaction of corresponding phenacyl bromide (490 mg, 2.1 mmol) with
3-(Triisoprosilyl)propiolic acid (530 mg, 2.3 mmol) in the presence of diisopropylethylamine (0.73 mL, 4.2
mmol) in 20 mL MeCN delivered 779 mg of compound 48l as colorless oil (99%). *H NMR (400 MHz, CDCl;,
rt, /ppm): 7.42-7.45 (m, 2H), 7.42-7.38 (m, 1H), 7.15-7.17 (m, 1H), 5.40 (s, 2H), 3.86 (s, 3H), 1.10-1.19 (m,
21H). BC NMR (100 MHz, CDCls, rt, §/ppm): 190.75, 160.01, 152.12, 135.24, 129.88, 120.56, 120.16, 112.06,
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95.86, 93.36, 66.92, 55.45, 18.42, 10.95. HRMS (EI) calcd.for CisH2304Si [M-Pr]* m/z 331.1366, found
331.1366.
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Corresponding phenacyl bromide was prepared by following general procedure A (61%).
The spectrum data matched to that of literature.®
By following general procedure B, the reaction of corresponding phenacyl bromide (132.2 mg, 0.61 mmol)
with 3-(Triisoprosilyl)propiolic acid (152 mg, 0.67 mmol) in the presence of diisopropylethylamine (0.21 mL,
1.2 mmol) in 6.1 mL MeCN delivered 192.2 mg of compound 48m as colorless liquid (87%). *H NMR (400
MHz, CDCls, rt, 8/ppm): 7.93-7.98 (m, 2H), 7.15-7.20 (m, 2H), 5.37 (s, 2H), 1.12 (d, J = 8.2 Hz, 21H). ®*C
NMR (100 MHz, CDCls, rt, 8/ppm): 189.46, 166.25 (d, J = 251.9 Hz), 152.10, 130.55 (d, J = 9.6 Hz), 116.19

(d, J = 22.0 Hz), 95.74, 93.66, 66.65, 18.45, 10.96. F NMR (376 MHz, CDCla, 1t, 8/ppm): —102.92. HRMS
(EI) calcd.for C7H20FOsSi [M-Pr]* m/z 319.1166, found 319.1166.
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Corresponding phenacyl bromide was purchased from commercial source (TCI).

By following general procedure B, the reaction of corresponding phenacyl bromide (215 mg, 0.61 mmol)
with 3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 204 mg of compound 48n as white solid (57%). *H NMR (400 MHz, CDCls,
rt, 8/ppm): 7.83-7.51 (M, 2H), 6.91-6.89 (m, 2H), 5.38 (s, 2H), 1.06-1.16 (m, 21H). 3C NMR (100 MHz, CDCls,
rt, 8/ppm): 189.68, 161.28, 152.51, 130.45, 126.67, 115.79, 95.72, 93.83, 66.68, 18.41, 10.92. HRMS (El)
calcd.for C17H2104Si [M-"Pr]* m/z 317.1209, found 317.1197.
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Phenacyl propionate 48n (360 mg, 1 mmol) was dissolved in CH,Cl, (10 mL). To the solution was added
pivaloyl chloride (0.14 mL, 1.2 mmol) and triethylamine (0.17 mL, 1.2 mmol) dropwise with stirring at 0 °C.
The solution was stirred for 15 h (monitored by TLC) at room temperature and then evaporated. The residue
was purified by column chromatography to afford compound 480 as white solid (330 mg, 74%). *H NMR (400
MHz, CDCls, rt, 8/ppm): 7.96-7.94 (m, 2H), 7.21-7.19 (m, 2H), 5.39 (s, 2H), 1.37 (s, 9H), 1.10-1.18 (m, 21H).
13C NMR (100 MHz, CDClg, rt, 8/ppm): 189.76, 176.36, 155.58, 152.11, 131.35, 129.42, 122.15, 95.79, 93.51,
66.72, 39.23, 27.04, 18.44, 10.95. HRMS (EI) calcd.for C2H290sSi [M-'Pr]* m/z 401.1784, found 401.1784.
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Phenacyl propionate 48n (360 mg, 1 mmol) and pyridinium p-toluenesulfonate (12.6 mg, 0.05 mmol) were
dissolved in CH.Cl, (5 mL). To the solution was added 3,4-dihydro-2H-pyran (0.14 mL, 1.5 mmol) dropwise
with stirring. Saturated aqueous NaHCO3 were added at room temperature, and the mixture was extracted with
CH.CI; three times. The combined organic layer was washed with brine, dried over Na,SO., and removed under
reduced pressure. The residue was purified by column chromatography to afford compound 48p as white solid
(417 mg, 94%). 'H NMR (400 MHz, CDCls, rt, 8/ppm): 7.90-7.86 (m, 2H), 7.13-7.09 (m, 2H), 5.53 (t, J = 2.9
Hz, 1H), 5.37 (s, 2H), 3.80-3.86 (m, 1H), 3.60-3.64 (m, 1H), 1.86-2.01 (m, 3H), 1.58-1.73 (m, 3H), 1.07-1.20
(m, 21H). ®C NMR (100 MHz, CDCls, rt, 8/ppm): 189.42, 161.68, 152.21, 129.94, 127.55, 116.30, 96.05, 95.95,
93.15, 66.65, 62.01, 30.01, 24.99, 18.44, 18.38, 10.96. HRMS (ESI) calcd.for CzsH3s0sNaSi [M+Na]* m/z
467.2230, found 467.2224.
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Phenacyl propionate 48n (360 mg, 1 mmol) was dissolved in DMF (10 mL). To the solution was added tert-
butyldimethylsilyl chloride (200 mg, 1.3 mmol) and imidazole (280 mg, 4 mmol) with stirring at 0 °C. The
mixture was extracted with EtOAc three times. The combined organic layer was washed with brine, dried over
Na,SO,, and removed under reduced pressure. The residue was purified by column chromatography to afford
compound 48q as colorless oil (437 mg, 92%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.82-7.86 (m, 2H), 6.88-
6.91 (m, 2H), 5.36 (s, 2H), 1.10-1.18 (m, 21H), 0.99 (s, 9H), 0.24 (s, 6H). **C NMR (100 MHz, CDCl;, rt,
d/ppm): 189.41, 161.03, 152.18, 130.02, 127.51, 120.25, 95.94, 93.11, 66.63, 25.53, 18.42, 18.22, 10.95, —4.41.
HRMS (EI) calcd.for CasH4204Siz [M]* m/z 474.2622, found 474.2622.
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By following general procedure B, the reaction of bromoacetone (134 mg, 1 mmol, purchased from
FUJIFILM Wako) with 3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of
diisopropylethylamine (0.35 mL, 2 mmol) in 10 mL MeCN delivered 271 mg of compound 48r as white solid
(92%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 4.71 (s, 2H), 2.19 (s, 3H), 1.09-1.17 (m, 21H). 3C NMR (100
MHz, CDCls, rt, §/ppm): 200.63, 151.96, 95.63, 93.66, 69.01, 26.11, 18.41, 10.92. HRMS (EI) calcd.for
C12H1903Si [M-'Pr]* m/z 239.3660, found 239.1104.
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Corresponding bromoketone was prepared according to literature procedure.® The spectrum data matched to
that of literature.®
By following general procedure B, the reaction of bromomethyl cyclopropyl ketone (163 mg, 1 mmol) with
3-(Triisoprosilyl)propiolic acid (249 mg, 1.1 mmol) in the presence of diisopropylethylamine (0.35 mL, 2
mmol) in 10 mL MeCN delivered 85 mg of compound 48s as colorless liquid (28%). *H NMR (400 MHz,
CDCls, rt, 8/ppm): 4.89 (s, 2H), 1.94-1.99 (m, 1H), 0.95-1.16 (m, 25H). °C NMR (100 MHz, CDClg, 1t, 8/ppm):
202.79, 152.11, 95.85, 93.46, 69.23, 18.52, 17.31, 11.73, 11.02. HRMS (EI) calcd.for C14H2103Si [M-"Pr]* m/z
265.1260, found 265.1260.
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Corresponding bromoketone was prepared according to literature procedure.®
By following general procedure B, the reaction of bromomethyl cyclohexyl ketone (678 mg, 3.31 mmol) with
3-(Triisoprosilyl)propiolic acid (823 mg, 3.63 mmol) in the presence of diisopropylethylamine (1.15 mL, 6.62
mmol) in 30 mL MeCN delivered 378 mg of compound 48t as yellow liquid (33%). *H NMR (400 MHz, CDCls,
rt, 8/ppm): 4.80 (s, 2H), 2.40-2.46 (m, 1H), 1.66-1.86 (M, 5H), 0.93-1.44 (m, 26H). **C NMR (100 MHz, CDClI;,
rt, 8/ppm): 205.18, 152.01, 95.83, 93.23, 67.48, 47.32, 28.09, 25.63, 25.42, 21.01, 18.42, 10.93. HRMS (EI)
calcd.for C17H2703Si [M-"Pr]* m/z 307.1729, found 307.1730.

48u

BEN
o Si
o F

By following general procedure B, the reaction of 1-bromo-3,3-dimethyl-2-butanone (purchased from TClI,
358 mg, 2.0 mmol) with 3-(Triisoprosilyl)propiolic acid (498 mg, 2.2 mmol) in the presence of
diisopropylethylamine (0.7 mL, 4 mmol) in 20 mL MeCN delivered 363.3 mg of compound 48u as colorless
waxy solid (56%). H NMR (400 MHz, CDCls, rt, 8/ppm): 4.95 (s, 2H), 1.21 (s, 9H), 1.11 (m, 21H). 3C NMR
(100 MHz, CDCls, rt, 8/ppm): 206.52, 152.19, 95.81, 92.98, 65.32, 42.86, 26.14, 18.43, 10.94. HRMS (EI)
calcd.for C1sH2505Si [M-'Pr]* m/z 281.1573, found 281.1573.
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3-(tert-butyldimetheylsilyl)propiolic acid was prepared according to the literature procedure.*

3-(tert-butyldimetheylsilyl)propiolic acid (995 mg) was dissolved in H>O (4 mL). To the solution was added
10% NaOH ag. (2 mL, 5.1 mmol) dropwise with stirring. The solution was stirred for 10 min at room
temperature. To the mixture were added the solution of phenacyl bromide (995 mg, 5 mmol) in EtOH (8 mL).
The mixture was refluxed for 4 h and then evaporated. The residue was purified by column chromatography to
afford compound 53’ as white solid (934 mg, 62%).*H NMR (400 MHz, CDCls, rt, 5/ppm): 7.90-7.92 (m, 2H),
7.60-7.64 (m, 1H), 7.48-7.52 (m, 2H), 5.42 (s, 2H), 0.98 (s, 9H), 0.20 (s, 6H). 3C NMR (100 MHz, CDCls, rt,
d/ppm): 190.68, 152.04, 134.00, 133.79, 128.86, 127.71, 94.62, 94.46, 66.84, 25.87, 16.46, -5.33. HRMS (EI)
calcd.for C13H1303Si [M-'Bu]* m/z 245.0634, found 245.0626.
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54", 79%

3-(triphenylsilyl)propiolic acid was prepared in an analogous manner of TBS derivatives by following a
literature method.'® A crude product was used without further purification. *H NMR (400 MHz, CDCls, rt,
8/ppm): 11.00 (s, 1H), 7.65-7.67 (m, 6H), 7.36-7.44 (m, 9H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): 135.73,
131.37, 130.59, 128.32.

3-(Triphenylsilyl)propiolic acid (1.7 g, 4 mmol), 2-hydroxyacetophenone (540 mg, 4 mmol) and PPhs (1.31
g, 5 mmol) were dissolved in THF (30 mL). To the solution was added diisopropyl azodicarboxylate (0.71 mL,
5 mmol) dropwise with stirring at 0 °C. The solution was stirred for 7 h (monitored by TLC) at room temperature.
Sat. NH4Cl was added at room temperature, and the mixture was extracted with EtOAc three times. The
combined organic layer was washed with brine, dried over Na>SO4, and removed under reduced pressure. The
residue was purified by column chromatography to afford compound 54° as white solid (1.41 g, 79%). *H NMR
(400 MHz, CDCls, rt, 8/ppm): 7.91-7.94 (m, 2H), 7.61-7.68 (m, 7H), 7.46-7.52 (m, 5H), 7.39-7.43 (m, 6H),
5.46 (s, 2H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): 190.57, 151.98, 135.64, 134.08, 133.81, 131.14, 130.50,
128.92,128.20, 127.77,97.16, 90.88, 67.05 HRMS (ESI) calcd.for C9H2203sNaSi [M+Na]* m/z 469.1236, found
469.1230.
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General Procedure C: Decarboxylative Alkynylation
o TIPS
Z Pd(dba),, XPhos 9 TIPS
R)l\/oj‘/ m-Xylene, reflux, 30 min o R/U\/
o
In a flask, starting material 48, Pd(dba). (2.5 mol%) and XPhos (10 mol%) were dissolved in m-xylene (0.05

M). The solution was refluxed for 30 min under nitrogen and then evaporated. The residue was purified by
column chromatography to afford desired product.

49a

By following general procedure C, the reaction of corresponding phenacyl propionate (103.4 mg, 0.3 mmol)
in the presence of Pd(dba)2 (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
76 mg of compound 49a as yellow oil (84%). *H NMR (400 MHz, CDCls, rt, /ppm): 8.03-8.05 (m, 2H), 7.55-
7.59 (m, 1H), 7.44-7.48 (m, 2H), 3.88 (s, 2H), 0.94-1.07 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm):
193.23, 135.24, 133.41, 128.84, 128.48, 100.05, 86.88, 32.30, 18.47, 11.13. HRMS (EI) calcd.for C19H2s0Si
[M]* m/z 319.1909, found 319.1901.

49b

By following general procedure C, the reaction of corresponding phenacyl propionate (107.6 mg, 0.3 mmol)
in the presence of Pd(dba) (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
75 mg of compound 49b as yellow oil (79%). *H NMR (400 MHz, CDCls, rt, §/ppm): 7.93 (d, J = 8.1 Hz, 2H),
7.24 (d,J=8.1Hz, 2H), 3.84 (s, 2H), 2.40 (s, 3H), 1.02-1.02 (m, 21H). **C NMR (100 MHz, CDCls, rt, §/ppm):
192.80, 144.25, 132.85, 129.15, 128.94, 100.30, 86.55, 32.19, 21.64, 18.48, 11.15, 10.86. HRMS (EI) calcd.for
C20H300Si [M]* m/z 314.2066, found 314.2059.

49c

By following general procedure, the reaction of corresponding phenacyl propionate (107.6 mg, 0.3 mmol) in
the presence of Pd(dba). (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-Xylene delivered
67 mg of compound 49c as yellow oil (71%). *H NMR (400 MHz, CDCls, rt, /ppm): 7.82-7.85 (m, 2H), 7.31-
7.38 (m, 2H), 3.85 (s, 2H), 2.39 (s, 3H), 0.97-1.06 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 193.32,
138.20, 135.28, 134.14, 129.37, 128.34, 126.02, 100.24, 86.67, 32.33, 21.22, 18.45, 11.12. HRMS (EI) calcd.for
Ca0H300Si [M]" m/z 314.2066, found 314.2057.

49e

S N
)_

By following general procedure C, the reaction of corresponding phenacyl propionate (118.4 mg, 0.3 mmol)
in the presence of Pd(dba). (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
78 mg of compound 49e as yellow oil (74%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 8.62 (s, 1H), 8.06-8.08
(m, 1H), 7.86-7.95 (m, 3H), 7.55-7.63 (m, 2H), 4.00 (s, 2H), 0.95-1.17 (m, 21H). *C NMR (100 MHz, CDCls,
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rt, /ppm): 193.09, 135.68, 132.55, 132.33, 130.92, 129.57, 128.61, 128.36, 127.73, 126.74, 124.18, 100.25,
86.93, 32.43, 18.47, 11.11. HRMS (EI) calcd.for C23sHz00Si [M]* m/z 350.2066, found 350.2054.

49f

S PN
ioasls

By following general procedure C, the reaction of corresponding phenacyl propionate (126.3 mg, 0.3 mmol)
in the presence of Pd(dba)2 (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
90 mg of compound 49f as yellow oil (80%). *H NMR (400 MHz, CDCls, rt, 5/ppm): 8.11-8.13 (m, 2H), 7.67-
7.69 (m, 2H), 7.62-7.64 (m, 2H), 7.46-7.50 (m, 2H), 7.41-7.43 (m, 1H), 3.90 (s, 2H), 1.02-1.14 (m, 21H). $3C
NMR (100 MHz, CDCls, 1t, 8/ppm): 192.87, 146.07, 139.81, 134.03, 129.47, 128.95, 128.28, 127.26, 127.13,
100.15, 86.96, 32.41, 18.50, 11.17. HRMS (EI) calcd.for Cz,H250Si [M-"Pr]* m/z 333.1675, found 337.1671.

49g

By following general procedure C, the reaction of corresponding phenacyl propionate (112.3 mg, 0.3 mmol)
in the presence of Pd(dba)2 (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
72 mg of compound 499 as yellow oil (73%). *H NMR (400 MHz, CDCls, rt, /ppm): 8.00-8.02 (m, 2H), 6.89-
6.92 (m, 2H), 3.85 (s, 3H), 3.80 (s, 2H), 1.01-1.10 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 191.68,
163.67, 131.16, 128.30, 113.60, 100.52, 86.39, 55.40, 32.03, 18.46, 11.12. HRMS (EI) calcd.for C2oHz00:Si
[M]* m/z 330.2015, found 330.2001.

49h

[o]

~
o

By following general procedure C, the reaction of corresponding phenacyl propionate (113.3 mg, 0.292
mmol) in the presence of Pd(dba). (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene
delivered 84 mg of compound 49h as a yellow solid (84%). X-ray quality orange crystals were obtained by
freezing a saturated hexane solution of 49h at =30 °C. 'H NMR (400 MHz, CDCls, rt, 8/ppm): 7.90-7.94 (m,
2H), 6.59-6.62 (m, 2H), 3.76 (s, 2H), 3.03 (s, 6H), 0.98-1.06 (M, 21H). *C NMR (100 MHz, CDCls, rt, §/ppm):
191.06, 153.48, 131.03, 123.22, 110.44, 101.41, 85.50, 39.91, 31.65, 18.51, 11.16. HRMS (EI) calcd.for
C21H33sNOSi [M]" m/z 343.2331, found 343.2331. Crystallographic data: M = 687.17, yellow, block, monoclinic,
P-1 (#2), a=8.5598(5) A, b = 13.7308(7) A, ¢ = 18.0870(8) A, o.= 75.225(5)°, p = 85.888(6)°, v = 88.512(6)°
V =2050.16(18) A%, Z = 4, Deaic = 1.113 glcm®, T =—140 °C, Ri(WR2) = 0.0822 (0.224).

49i
TIPS

o
/@M
MeO,C

By following general procedure C, the reaction of corresponding phenacyl propionate (96.2 mg, 0.239 mmol)
in the presence of Pd(dba). (3.4 mg, 0.00597 mmol) and XPhos (11.3 mg, 0.0239 mmol) in 4.8 mL m-xylene
delivered 34 mg of compound 49i as yellow oil (40%). *H NMR (400 MHz, CDCls, rt, §/ppm): 8.10-8.13 (m,
4H), 3.95 (s, 3H), 3.89 (s, 2H), 0.97-1.01 (m, 21H). C NMR (100 MHz, CDCls, rt, /ppm): 192.74, 166.13,
138.47,134.12,129.70, 128.78, 99.37, 87.58, 52.48, 32.59, 18.47, 11.11. HRMS (EI) calcd.for C21H3005Si [M]*
m/z 358.1964, found 358.1957.
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49j
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By following general procedure C, the reaction of corresponding phenacyl propionate (110.9 mg, 0.3 mmol)
in the presence of Pd(dba), (8.6 mg, 0.015 mmol) and XPhos (28.6 mg,0.06 mmol) in 6 mL m-xylene delivered
33 mg of compound 49j as yellow oil (34%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 8.14 (d, J = 8.4 Hz, 2H),
7.77 (d, J = 8.4 Hz, 2H), 3.88 (s, 2H), 0.98-0.99 (m, 21H). C NMR (100 MHz, CDCls, rt, 8/ppm): 191.96,
138.20, 132.35, 129.33, 117.82, 116.66, 98.82, 88.28, 32.59, 18.45, 11.09. HRMS (ESI) calcd.for
C20H27NNaOSi [M+Na]* m/z 348.1760, found 348.1759.
49k

o
W
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By following general procedure C, the reaction of corresponding phenacyl propionate (123.8 mg, 0.3 mmol)
in the presence of Pd(dba)2 (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
40 mg of compound 49k as yellow oil (34%). *H NMR (400 MHz, CDClg, rt, 8/ppm): 8.15 (d, J = 8.1 Hz, 2H),
7.73 (d, J = 8.1 Hz, 2H), 3.89 (s, 2H), 0.97-1.03 (m, 21H). C NMR (100 MHz, CDCls, rt, 5/ppm): 192.43,
137.97,134.71 (g, J = 30.5 Hz), 129.23, 125.60, 125.57, 99.19, 87.92, 32.63, 18.45, 11.12. 1°F NMR (376 MHz,
CDCls, rt, 8/ppm): —63.11. HRMS (EI) calcd.for C17H20F:0Si [M-"Pr]* m/z 325.1236, found 325.1234.

TIPS

49|
TIPS

(o]
Q*/

OMe
By following general procedure C, the reaction of corresponding phenacyl propionate (125 mg, 0.334 mmol)
in the presence of Pd(dba). (4.8 mg, 0.0083 mmol) and XPhos (15.9 mg, 0.0334 mmol) in 6.6 mL m-xylene
delivered 35 mg of compound 49l as yellow oil (34%). *H NMR (400 MHz, CDClg, 1t, §/ppm): 7.62-7.64 (m,
1H), 7.54-7.54 (m, 1H), 7.34-7.38 (m, 1H), 7.10-7.13 (m, 1H), 3.87 (s, 2H), 3.85 (s, 3H), 1.02-1.17 (m, 21H).
13C NMR (100 MHz, CDCls, rt, 8/ppm): 193.01, 159.77, 136.67, 129.47, 121.57, 120.11, 112.76, 100.02, 86.82,
55.41, 32.36, 18.49, 11.17. HRMS (EI) calcd.for C2oHz00Si [M]* m/z 330.2015, found 330.2015.

49m
TIPS

o
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By following general procedure C, the reaction of corresponding phenacyl propionate (108.8 mg, 0.3 mmol)
in the presence of Pd(dba), (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-Xylene
delivered 67 mg of compound 49m as yellow oil (70%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 8.07-8.11 (m,
2H), 7.11-7.15 (m, 2H), 3.84 (s, 2H), 0.98-1.04 (m, 21H). **C NMR (100 MHz, CDCls, rt, /ppm): 191.71,
165.89 (d, J = 255.6 Hz), 131.69, 131.59, 115.65 (d, J = 22.5 Hz), 99.80, 87.24, 32.37, 18.48, 11.13. F NMR
(376 MHz, CDCls, rt, 8/ppm): —104.26. HRMS (EI) calcd.for Ci7H20FO3Si [M-Pr]* m/z 275.1267, found
275.1267.

49n
(o] TIPS (o] TIPS

/@/“\/ HCl W
—
H,O/EtOH

THPO HO

49p 49n; 83%
By following general procedure C, the desired compound 49n was not obtained at all.

An ethanol solution of 49p (75 mg, 0.187 mmol) was added 3M aqueous HCI (0.1 mL, 0.3 mmol) and the
mixture was stirred for 3 h at room temperature. The mixture was neutralized with 1 M aqueous Na;COs (5 mL)
and extracted with CHClI; three times. The combined organic layer was dried over Na.SO. and volatiles were
removed under reduced pressure. The residue was purified by column chromatography to afford compound 49n

58



KER DR

as white solid (49 mg, 83%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.99 (d, J = 8.4 Hz, 2H), 6.91 (d, J=8.4
Hz, 2H), 3.84 (s, 2H), 1.01-1.10 (m, 21H). *C NMR (100 MHz, CDCls, rt, 5/ppm): 192.84, 161.03, 131.68,
128.03, 115.43, 100.18, 86.76, 32.04, 18.49, 11.15. HRMS (EI) calcd.for Ci16H2:0,Si [M-"Pr]* m/z 273.1311,
found 273.1311.
490

TIPS

(o)
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By following general procedure C, the reaction of corresponding phenacyl propionate (133.4 mg, 0.3 mmol)
in the presence of Pd(dba) (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
72 mg of compound 490 as yellow oil (60%). *H NMR (400 MHz, CDCls, rt, /ppm): 8.06-8.08 (m, 2H), 7.14-
7.16 (m, 2H), 3.86 (s, 2H), 1.36 (s, 9H), 0.87-1.05 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 191.91,
176.34, 155.12, 132.64, 130.41, 121.64, 99.80, 86.99, 39.16, 32.26, 27.00, 18.48, 11.12. HRMS (EI) calcd.for
C21H2003Si [M-"Pr]* m/z 357.1886, found 357.1886.

49p
TIPS
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THPO

By following general procedure C, the reaction of corresponding phenacyl propionate (133.4 mg, 0.3 mmol)
in the presence of Pd(dba), (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-Xylene
delivered 81 mg of compound 49p as yellow oil (67%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.98-8.01 (m,
2H), 7.05-7.08 (m, 2H), 5.51 (t, J = 2.9 Hz, 1H), 3.80-3.86 (m, 3H), 3.58-3.63 (m, 1H), 1.85-2.00 (m, 3H), 1.58-
1.72 (m, 3H), 0.94-1.06 (m, 21H). **C NMR (100 MHz, CDCls, rt, /ppm): 191.84, 161.17, 130.99, 128.86,
115.82, 100.50, 95.91, 86.42, 61.91, 32.08, 29.99, 24.98, 18.48, 18.37, 11.12. HRMS (ESI) calcd.for
C24H36NaOsSi [M+Na]* m/z 423.2331, found 423.2341.

49q
TIPS

o
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By following general procedure C, the reaction of corresponding phenacyl propionate (142.4 mg, 0.3 mmol)
in the presence of Pd(dba). (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
91 mg of compound 49q as yellow oil (70%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.96-7.98 (m, 2H), 6.85-
6.87 (m, 2H), 3.80 (s, 2H), 1.01 (s, 21H), 0.98 (s, 9H), 0.23 (s, 6H). 3C NMR (100 MHz, CDCls, rt, 8/ppm):
191.85, 160.53, 131.18, 128.85, 119.87, 100.59, 86.51, 32.15, 25.55, 18.49, 18.23, 11.17, -4.42. HRMS (EI)
calcd.for CzsH420,Si, [M]* m/z 430.2723, found 430.2723.

49r

/ji\/;g?/IWS

By following general procedure C, the reaction of corresponding propionate (84.7 mg, 0.3 mmol) in the
presence of Pd(dba), (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-Xylene delivered 42
mg of compound 49r as yellow oil (59%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 3.28 (s, 2H), 2.33 (s, 3H),
1.07-1.09 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 202.75, 100.15, 85.90, 36.14, 28.53, 18.54, 11.20.
HRMS (EI) calcd.for C11H190Si [M-'Pr]* m/z 195.1205, found 195.1205.
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By following general procedure C, the reaction of corresponding propionate (76 mg, 0.25 mmol) in the
presence of Pd(dba); (3.5 mg, 0.0062 mmol) and XPhos (11.4 mg, 0.025 mmol) in 5 mL m-Xylene delivered
50 mg of compound 49s as yellow oil (76%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 3.42 (s, 2H), 2.33-2.39
(m, 1H), 1.05-1.10 (m, 24H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 204.55, 100.24, 85.76, 36.08, 19.06,
18.54, 11.88, 11.18. HRMS (EI) calcd.for C13H210Si [M-'Pr]* m/z 221.1362, found 221.1362.

49t
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By following general procedure C, the reaction of corresponding propionate (105.2 mg, 0.3 mmol) in the
presence of Pd(dba), (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered 76
mg of compound 49t as yellow oil (83%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 3.32 (s, 2H), 2.82-2.88 (m,
1H), 1.66-1.94 (m, 5H), 1.20-1.35 (m, 5H), 0.99-1.09 (m, 21H). **C NMR (100 MHz, CDClg, rt, 8/ppm): 207.75,
100.35, 85.40, 48.51, 34.01, 28.38, 25.77, 25.55, 18.57, 11.20. HRMS (EI) calcd.for C16H270Si [M-'Pr]* m/z
263.1831, found 263.1831.

49u
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o
M

By following general procedure C, the reaction of corresponding propionate (97.4 mg, 0.3 mmol) in the
presence of Pd(dba), (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered 30
mg of compound 49u as yellow oil (36%). *H NMR (400 MHz, CDClg, rt, 8/ppm): 3.47 (s, 2H), 1.20 (s, 9H),
1.02-1.07 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 208.42, 100.28, 85.14, 44.58, 30.13, 26.60, 18.56,
11.20. HRMS (EI) calcd.for C14H2s0Si [M-'Pr]* m/z 237.1675, found 237.1675.

52
o TIPS
o P TIPS 2.5 mol% Pd(dba), o 1P //
= 10 mol% XPhos Ph
Ph)l\/o\“/ —»30 — =
in. Ph Ph
o
48a 49a 52 O

In a flask, starting material 48a (103.4 mg, 0.3 mmol), Pd(dba). (2.5 mol%) and XPhos (10 mol%) were
dissolved in toluene (0.05 M). The solution was refluxed for 30 min and then evaporated. The residue was
purified by column chromatography to afford 52(9 mg, 7%)."H NMR (400 MHz, CDCls, rt, 8/ppm): 8.15-8.17
(m, 2H), 8.02-8.04 (m, 2H), 7.56-7.61 (m, 2H), 7.46-7.52 (m, 4H), 4.93 (dd, J = 9.7, 3.7 Hz, 1H), 4.04 (dd, J =
17.8,9.7 Hz, 1H), 3.35 (dd, J = 17.8, 3.7 Hz, 1H), 0.88-1.09 (m, 21H). *3C NMR (100 MHz, CDCls, rt, 8/ppm):
197.15, 193.98, 136.33, 135.20, 133.34, 133.32, 129.20, 128.59, 128.37, 128.23, 104.01, 87.26, 39.82, 36.28,
18.43, 11.04. HRMS (ElI) calcd.for C27H3402Si [M]* m/z 418.2328, found 418.2311.
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By following general procedure C, the reaction of corresponding phenacyl propionate (90.7 mg, 0.3 mmol)
in the presence of Pd(dba) (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
47 mg of compound 53 as yellow oil (61%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 8.01-8.03 (m, 2H), 7.56-
7.58 (m, 1H), 7.45-7.48 (m, 2H), 3.87 (s, 2H), 0.88 (s, 9H), 0.07 (s, 6H). *C NMR (100 MHz, CDCls, 1t, 8/ppm):
193.00, 135.32, 133.48, 128.74, 128.54, 98.95, 88.83, 32.13, 25.95, 16.52, -4.75. HRMS (EI) calcd.for
C16H220Si [M]* m/z 258.1440, found 258.1432.

0o

o

By following general procedure C, the reaction of corresponding phenacyl propionate (133.8 mg, 0.3 mmol)
in the presence of Pd(dba)2 (4.3 mg, 0.0075 mmol) and XPhos (14.3 mg, 0.03 mmol) in 6 mL m-xylene delivered
32 mg of compound 54 as yellow oil (26%). 'H NMR (400 MHz, CDCls, rt, 8/ppm): 8.05-8.08 (m, 2H), 7.60-
7.67 (m, 7H), 7.33-7.50 (m, 11H), 4.04 (s, 2H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 192.49, 135.47, 135.28,
133.60, 133.33, 129.86, 128.84, 128.65, 127.90, 103.33, 85.80, 32.49. HRMS (ESI) calcd.for C2gH203Si
[M+Na]* m/z 469.1236, found 469.1230.

Table 8: 2 mmol Scale Reaction
TIPS

0O o
o/ Pd(dba),, XPhos _ Z
o m-Xylene, reflux, 30 min o
Ph Ph

48f 49f; 73%

TIPS

Phenacyl propionate 48f (841 mg, 2 mmol) was dissolved in m-xylene (38 mL). The solution was refluxed
for 5 min. To the mixture was added the m-xylene (2 mL) of Pd(dba), (28.1 mg, 0.05 mmol) and XPhos (95.3
mg, 0.2 mmol) at this temperature and then refluxed for further 30 min. VVolatiles were removed under reduced
pressure. The residue was purified by column chromatography to afford desired product 49f (549 mg, 73%).

Scheme 21: Derivatization of 49f
Reduction of keto group

o P TIPS OH TIPS
Z NaBH, Z
—_——
MeOH
Ph Ph

60

In a round-bottomed flask equipped with a stirring bar, 49f (113 mg, 0.3 mmol) and NaBH, (13.6 mg, 0.36
mmol) were mixed in MeOH (3 mL). The solution was stirred for 4 h (monitored by TLC) at room temperature.
The mixture was extracted with EtOAc three times. The combined organic layer was washed with brine, dried
over Na,SO., and removed under reduced pressure. It was then purified by silica gel column chromatography,
affording 103 mg of compound 60 as white solid (91%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.58-7.62 (m,
4H), 7.45-7.50 (m, 4H), 7.36-7.39 (m, 1H), 4.92 (t, J = 6.5 Hz, 1H), 2.79 (d, J = 6.5 Hz, 2H), 2.57 (s, 1H), 1.04-
1.11 (m, 21H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): 141.48, 140.87, 140.72, 128.72, 127.23, 127.09, 127.06,
126.28, 104.22,84.04, 72.14, 30.94, 18.55, 11.15. HRMS (EI) calcd.for CzsHs33Si [M-OH]* m/z 361.2352, found
361.2301.
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Deprotection of TIPS

OH TIPS OH H

/@)\/ TBAF W
e ——
THF
Ph 60 Ph
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Alcohol 60 (80 mg, 0.21 mmol) was dissolved in THF (3 mL). To the solution was added 1 M THF solution
of TBAF (0.23 mmL, 0.23 mmol) dropwise at 0 °C. The mixture was stirred for 2.5 h at room temperature and
was quenched with water. The mixture was extracted with EtOAc three times. The combined organic layer was
washed with brine, dried over NazSO4, and removed under reduced pressure. Purification by silica gel column
chromatography delivered 42 mg of compound 61 as white solid (90%). The spectrum data matched to that of
literature.*®

Au-catalyzed cyclization
TIPS

o) TIPS Au(PPhy)Cl o o
A AgSbFg \\\ \\\
_—
CHCl,
Ph a9f Ph Ph
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o
TBAF \\\
—_—
THF
Ph 63;87%

In a round-bottomed flask equipped with a stirring bar, 49f (113 mg, 0.3 mmol), Au(PPh3)CI (29.7 mg, 0.06
mmol) and AgSbFs (20.6 mg, 0.06 mmol) were dissolved in CHCI; (dried over MS4A, and bubbled with N
stream, 3 mL). The solution was stirred for 3 h (monitored by TLC) at 50 °C and then evaporated. The residue
was purified by column chromatography to afford 28 mg of 62 (42%). According to NMR analysis, another
fraction would be TIPS-furan 62’ judged by characteristic signals at 6.77 ppm and 6.71 ppm (each signal was a
1H doublet with a coupling constant of 3.3 Hz that resembles to 2-phenyl-5-(triisopropylsilyl)furan showing the
same signal pattern at 6.65 ppm and 6.73 ppm),** though this fraction was contaminated by inseparable TIPS-
containing by-product(s). The residue was dissolved in THF (3 mL). To the solution was added 1 M THF
solution of TBAF (0.66 mmL, 0.66 mmol) dropwise at 0 °C. The mixture was stirred for 6 h at room temperature
and was quenched with water. The mixture was extracted with EtOAc three times. The combined organic layer
was washed with brine, dried over Na;SO4, and removed under reduced pressure. Purification by silica gel
column chromatography delivered 58 mg of compound 63 as white solid (87%). The spectrum data matched to
that of literature.’®

Allylation
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To a dry flask were charged 49f (56 mg, 0.15 mmol), 64 (48 mg, 0.34 mmol) and tert-amylalcohol (32 pL,
0.3 mmol) under nitrogen. The resulting mixture was stirred under nitrogen at room temperature for 27 h.
Purification of the reaction mixture by column chromatography on silica gel gave desired product 65 as a yellow
oil (38 mg, 59%). *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.59-7.61 (m, 2H), 7.55 (s, 4H), 7.42-7.46 (m, 2H),
7.34-7.36 (m, 1H), 4.89 (s, 1H), 4.74 (s, 1H), 2.86 (d, J = 1.4 Hz, 2H), 2.73 (d, J = 6.8 Hz, 2H), 2.67 (s, 1H),
1.55 (s, 3H), 0.97-1.03 (m, 21H). *C NMR (100 MHz, CDCls, rt, 6/ppm): 144.42, 141.99, 140.89, 139.63,
128.69, 127.14, 127.02, 126.66, 125.81, 115.71, 104.32, 84.69, 74.79, 49.27, 34.92, 24.31, 18.53, 11.15. HRMS
(EI) calcd.for [M—H2O]* m/z 414.2743, found 414.2738.
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Scheme 22: Palladium Enolate Complex
Synthesis of Palladium Enolate 66

N —TMS
Pd + XPhos +
N\ —TMS

1 equiv.

In a glove box, a vial equipped with a stirrer bar was charged with XPhos (95.4 mg, 0.20 mmol) and 48g
(74.9 mg, 0.20 mmol). The solids were dissolved in 2 mL of toluene under vigorous stirring. Then, to the clear
solution was added Pd(cod)(CH,TMS); (57.2 mg, 0.20 mmol) in one portion. The gold reaction mixture was
stirred for 12 h at room temperature. Then the resulting orange solution was transferred to a peer-shaped flask
with toluene rinse (2 mLx2). The solution was evaporated in vacuo to leave an orange oil. Addition of
hexane/evaporation sequence was repeated 10 times to remove cyclooctadiene and TMSCH,CH,;TMS
azeotropically. The resultant orange powder was washed with hexane three times (first washing was bright
orange, but second and third ones were pale yellow) to give yellow powder (150.69 mg, 79%). Recrystallization
for X-ray analysis was achieved by cooling the solution of 66 in PhCFs/pentane (ca 1:4) at =35 °C for several
days. 'H NMR (500 MHz, Toluene-ds, =30 °C, &/ppm): 8.44 (s, 2H), 6.86-7.24 (m, overlapping with solvent
signal), 6.60 (s, 1H), 3.72 (s, 2H), 3.53 (s, 1H), 3.32 (s, 3H), 3.20 (s, 1H), 2.47 (d, J = 61.9 Hz, 4H), 2.09 (s,
overlapping with solvent signal), 0.83-1.72 (m). *C NMR (125 MHz, Toluene-ds, =30 °C, §/ppm): 199.52,
162.33,157.13, 155.04, 149.85, 146.96, 146.81, 135.69, 135.41, 132.35, 131.53, 131.30, 129.91, 126.60, 124.07,
123.06, 112.77, 105.90, 105.84, 77.91, 54.17, 35.00, 33.65, 31.46, 29.19, 28.24, 27.17, 27.09, 27.00, 25.94,
25.85, 23.80, 23.45, 18.55, 16.14, 11.20 (complexity due to P-C coupling). 3P NMR (202 MHz, Toluene-ds,
=30 °C, &/ppm): 36.31. Crystallographic data: M = 957.63, yellow, block, monoclinic, P2i/c (#14), a =
107586(4) A, b =30.2721(10) A, ¢ = 17.3424(6) A, B = 92.621(7) °, V = 5642.2(3) A3, Z = 4, Dearc = 1.127
glem3, T = —140 °C, Ry(WR2) = 0.0626 (0.1804). Elemental Analysis: The product would be partially
contaminated with solvent which was observed by X-ray crystallography but was not fully characterized. Calc.
C,67.72; H, 8.31; O, 6.68; P, 3.23; Pd, 11.11; Si, 2.93, found C, 69.43; H, 8.53.

Heating Complex 66
—_—> 49

0\
on
P
el
o Toluene,

Q o’/\'\ 130°C, 10 min.  46% (GO

TIPS

In a glove box, a vial charged with Pd complex 66 (9.6 mg, 0.01 mmol) and magnetic stirrer bar was added
toluene (0.1 mL) and the vial was tightly capped. The vial was quickly removed from the glove box and was
heated with preheated metal bath at 130 °C for 10 min to give black solution. To the mixture was added n-
eicosane as an internal standard and the solution was analyzed by GC to indicate formation of 49g in 46% yield.
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Synthesis of Starting Material
Synthesis of a-Hydroxy Ketone 95

O O

Eto. 3
EtO” \HLOEt
1 mol% Hydroquinone 12eq OEt okt
HeeHo 9 : N CHO 1.5 eq NaH P
X HO/\\ 1 mol% TsOH-H,0 ¢/>( eq Na 2 W
Ph Me N Toluene, Dean-Stark, PH Me  THF 0°C~rt,5h,73% PH Me Co,Et
92 1.5eq  Reflux, 38 h, 45% 93 94

o

2.2 eq DIBAL-H

Et,0, -78 °C~-40°C, 15 h; OH

2 eq3 M HC - Phﬁ;

H,O/THF, rt, 8 h, 72% Mé 95/

A 300-ml round bottomed flask was charged 2-phenylpropionaldehyde (6.71 g, 50 mmol), 2-butyn-I-ol (4.2
g, 75 mmol), TsOH<H,0 (95 mg, 0.5 mmol) and hydroquinone (55 mg, 0.5 mmol). The flask was equipped
with a condenser, a Dean-Stark water separator and nitrogen balloon. Then, anhydrous toluene (50 mL) was
loaded. The solution was heated under reflux for 36 h and then evaporated. The residue was purified by column
chromatography (eluent: Hexane/EtOAc = 50:1), affording 3.05 g of B-allenyl aldehyde 93 as a brown oil
(35%). IR (neat): 1725, 1445, 699 cm™. 'H NMR (400 MHz, CDCls, rt, 8/ppm): & 9.55 (s, 1H), 7.41-7.38 (m,
2H), 7.32-7.29 (m, 3H), 5.58 (t, J = 6.9 Hz, 1H), 4.95-4.93 (m, 2H), 1.54 (s, 3H). *C NMR (100 MHz, CDClI;,
rt, 6/ppm): 6 208.4, 198.9, 140.1, 128.9, 127.5, 127.3, 92.6, 78.5, 54.3, 20.9. LRMS (EI) m/z 172 [M*], 153,
143.

To a suspension of 60% sodium hydride (702 mg, 17.6 mmol) in anhydrous THF (30 mL), Phosphonoacetate
(3.78 g, 14.1 mmol) in THF (60 mL) was added at 0 °C, and the reaction mixture was stirred at 0 °C for 1 h. To

the solution was added aldehyde 93 (2.02 g, 11.7 mmol) in dry THF (30 mL) at O °C. The reaction mixture was
stirred at roo for 12 h. The mixture was extracted with Et,O three times. The combined organic layer was washed
with brine, dried over NaSQ,, and evaporated under reduced pressure. The residue was then purified by silica
gel column chromatography (hexane/AcOEt, 30:1) to yield 2.064 g of desired compound 94 as a yellow oil,
which was the mixture of E/Z isomers (73%). IR (neat): 2978, 1954, 1719, 1642, 847, 764, 700 cm™. 'H NMR
(400 MHz, CDCls, rt, 8/ppm): 6 7.41-7.36 (m, 2H), 7.31-7.24 (m, 2H), 7.21-7.13 (m, 1H), 6.50 (s, 0.3H), 5.69
(td, J = 6.6, 2.3 Hz, 1H), 5.27 (s, 0.7H), 4.90-4.86 (m, 2H), 4.23 (q, J = 7.2 Hz, 0.7H), 3.83-3.72 (m, 2H), 3.62-
3.42 (m, 1.3H), 1.60 (s, 1H), 1.55 (s, 2H), 1.37-1.30 (m, 3H), 1.05 (t, J = 7.1 Hz, 2H), 0.95 (t, J = 6.9 Hz, 1H).
13C NMR (100 MHz, CDCls, rt, 5/ppm): 6 207.1, 207.0, 164.4, 164.3, 147.8, 147.6, 145.0, 132.9, 128.0, 127.9,
126.5, 126.2, 125.9, 116.1, 99.8, 98.6, 78.1, 77.9, 66.9, 64.1, 61.0, 61.0, 43.0, 42.3, 30.5, 27.6, 14.9, 14.5, 14.2,
13.6 (two carbons missing). LRMS(EI) m/z 285 [(M-H)*], 271, 143.

To a stirred solution of ester 94 (2.06 g, 7.19 mmol) in dry Et,O (22 mL), DIBAL-H (158 mL ofa 1 M
solution in toluene, 15.8 mmol) was added under N at -78 °C. The reaction mixture was stirred at -40 °C for 12
h. A saturated aqueous solution of potassium sodium tartrate tetrahydrate (30 mL) was added to the reaction
mixture, and it was left to stir for several hours until the organic and aqueous layers had completely separated.
The mixture was extracted with Et,O three times. The combined organic layer was washed with brine, dried
over MgSO4, and evaporated under reduced pressure to give the crude as a yellow oil, which was used without
further purification in the next step. To a stirred solution of the crude alcohol in THF (32 mL) was added HCI
(16 mL of a 3 M solution in H,0, 48 mmol) at room temperature. After 24 h, the reaction mixture was quenched
by saturated solution of NaHCOs3; (30 mL). The mixture was extracted with Et,O three times. The combined
organic layer was washed with brine, dried over MgSO., and evaporated under reduced pressure. The residue
was then purified by silica gel column chromatography (hexane/AcOEt, 5:1) to yield 1.192 g of desired
compound 95 as a yellow oil (77%). IR (neat): 3469, 3057, 2969, 1955, 1719, 1038, 835 cm™. *H NMR (400
MHz, CDCls, rt, 8/ppm): § 7.37-7.31 (m, 4H), 7.25-7.21 (m, 1H), 5.49 (t, J = 6.6 Hz, 1H), 4.95-4.89 (m, 2H),
3.99 (dd, J =19.2, 4.6 Hz, 1H), 3.75 (dd, J = 19.2, 4.6 Hz, 1H), 2.94 (t, J = 4.8 Hz, 1H), 2.88 (d, J = 15.1 Hz,
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1H), 2.82 (d, J = 15.1 Hz, 1H), 1.59 (s, 3H). C NMR (100 MHz, CDCls, rt. &/ppm): 5 208.0, 206.6, 145.8,
128.5, 126.7, 126.0, 99.4, 78.4, 69.3, 49.8, 40.9, 26.7. LRMS(EI) m/z 216 [M"*], 201, 185.

General Procedure D: Synthesis of a-Acyloxy Ketones
1.2 eq DCC

16 mol% DMAP
Phﬁ/ J\ CH,Cl,, 0 °Cto rt, 3ho 7&//
1.2 eq
a- Hydroxy ketone (1 eq) and 3-(triisoprosilyl)propiolic aC|d (1.2 eq) were dissolved in CHxCl; (0.25 M). To
the solution were added N,N'-dicyclohexylcarbodiimide (1.2 eq) and 4-dimethylaminopyridine (10 mol%) with
stirring at 0 °C. After a further 5 min at 0 °C, the ice bath was removed, and the reaction mixture was stirred for
3 h at room temperature (monitored by TLC). The precipitate was removed by filtration over a pad of Celite.

Then the filtrate was evaporated. The residue was purified by column chromatography to afford desired product.

General Procedure E: Synthesis of Aryl Propiolic acids17

B
4.0 eq PPhy ' 20eqn BulLi
2.0 eq CBr4 CO2 Bubbling
@ CH CI2 THF -78 °C

TriphenylPhosphine (20 mmol) was added to a solution of carbon tetrabromide (10 mmol) in dry
dichloromethane (50 mL). Upon addition of aldehyde (5 mmol), the solution slowly faded away. The reaction
mixture was stirred at ambient temperature until the completion of the reaction. After removal of solvent, the
residue was repeatedly triturated with hexane and hexane solution was concentrated. Finally, the mixture was
subjected to column chromatography to afford the (2,2-dibromovinyl) arene. A solution of (2,2-
dibromovinyl)arene (6 mmol) in10 mL of dry THF at —78 °C was treated with a solution of n-BuL.i in hexane
(1.56 M, 7.5 mL, 12 mmol) under nitrogen atmosphere. After stirring for 1 h at =78 °C, the reaction mixture
was warmed to 25 °C during 1 h, and cooled to —78 °C. Carbon dioxide was bubbled through the solution for

30 min at —78 °C, and the mixture was allowed to warm gradually to room temperature. The mixture was poured
into water, and diethyl ether was added to it. The aqueous layer was separated and washed further with ethyl
acetate. The aqueous part was acidified with 3 M HCI and extracted with diethyl ether three times. The organic
layer was washed with brine and dried over anhydrous magnesium sulfate. Evaporation of solvent afforded pure
arylpropiolic acid.

96a

o TN

By following general procedure D, the reaction of a-hydroxy ketone (1.08 mg, 5.0 mmol) with the
corresponding propiolic acid® (1.36 g, 6.0 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (1.24 g,
6.0 mmmol) and 4-dimethylaminopyridine (61 mg, 0.5 mmol) in 20 mL CHCl; delivered 2.14 g of compound
96a as a colorless liquid (100%). IR (neat): 2944, 2866, 2173, 1956, 1717, 1221 cm™. *H NMR (400 MHz,
CDCls, rt, 8/ppm): & 7.39-7.31 (M, 4H), 7.24-7.21 (m, 1H), 5.49 (t, J = 6.6 Hz, 1H), 4.96-4.88 (m, 2H), 4.48 (d,
J=16.5Hz, 1H), 4.25 (d, J = 16.9 Hz, 1H), 2.92 (d, J = 15.1 Hz, 1H), 2.86 (d, J = 15.1 Hz, 1H), 1.57 (s, 3H),
1.16-1.07 (m, 21H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): & 206.6, 200.6, 151.8, 146.0, 128.4, 126.7, 126.1,
99.4,95.7,93.2, 78.4, 69.4, 50.1, 40.8, 26.5, 18.4, 10.9. HRMS (EI) calcd. for C26Hzs03Si [M*] m/z 424.2434,
found 424.2437.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid® (221 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCI. delivered 355 mg of compound
96b as a colorless liquid (93%). IR (neat): 3059, 2930, 2176, 1955, 1715, 1223 cm™*. *H NMR (400 MHz, CDCls,
rt, 8/ppm): & 7.39-7.31 (m, 4H), 7.24-7.22 (m, 1H), 5.48 (t, J = 6.6 Hz, 1H), 4.91 (dd, J = 6.4, 5.0 Hz, 2H), 4.49
(d,J=16.9Hz, 1H), 4.24 (d, J = 16.5 Hz, 1H), 2.91 (d, = 15.1 Hz, 1H), 2.84 (d, J = 15.1 Hz, 1H), 1.57 (s, 3H),
0.96 (s, 9H), 0.17 (s, 6H). *C NMR (100 MHz, CDCls, rt, 8/ppm): & 206.6, 200.4, 151.8, 145.9, 128.5, 126.7,
126.1, 99.4, 94.6, 94.4, 78.4, 69.5, 50.1, 40.8, 26.4, 25.9, 16.5, -5.3. HRMS (ESI) calcd. for Ca3H3NaOsSi
[(M+Na)*] m/z 405.1862, found 406.1867.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid?® (170 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CH.ClI, delivered 102 mg of compound
96¢ as a colorless liquid (30%). IR (neat): 2965, 2177, 1955, 1715, 1223 cm™. 'H NMR (400 MHz, CDCls, rt,
d/ppm): 8 7.39-7.31 (m, 4H), 7.22 (tt, J = 7.1, 1.7 Hz, 1H), 5.48 (t, J = 6.8 Hz, 1H), 4.96-4.87 (m, 2H), 4.50 (d,
J=16.8 Hz, 1H), 4.23 (d, J = 16.8 Hz, 1H), 2.90 (d, J = 15.0 Hz, 1H), 2.84 (d, J = 15.4 Hz, 1H), 1.57 (s, 3H),
0.23 (s, 9H). **C NMR (100 MHz, CDCls, rt, 8/ppm): & 206.6, 200.3, 151.8, 145.9, 128.5, 126.7, 126.1, 99.4,
95.9, 93.6, 78.4, 69.5, 50.1, 40.9, 26.4, -1.0. HRMS (EI) calcd. CxH24NaOsSi for [M*] m/z 363.1392, found
364.1403.
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Corresponding propiolic acid was purchased from commercial source (TCI).

By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid (175 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CH.ClI, delivered 273 mg of compound
96d as a colorless liquid (79%). IR (nujol): 2923, 2853, 2220, 1735, 1694, 1172 cm™. *H NMR (400 MHz,
CDCls, rt, 8/ppm): & 7.46-7.44 (m, 2H), 7.34-7.30 (m, 1H), 7.28-7.19 (m, 6H), 7.13-7.09 (m, 1H), 5.38 (t,J =
6.6 Hz, 1H), 4.84-4.76 (m, 2H), 4.44 (d, J = 16.9 Hz, 1H), 4.17 (d, J = 16.5 Hz, 1H), 2.81 (d, J = 15.1 Hz, 1H),
2.75 (d, J = 15.1 Hz, 1H), 1.45 (s, 3H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): & 206.6, 200.5, 152.9, 145.9,
133.0, 130.8, 128.6, 128.5, 126.7, 126.1, 119.3, 99.4, 87.8, 79.8, 78.4, 69.6, 50.1, 40.9, 26.5. HRMS (EI) calcd.
for Cz2H1703 [(M-Me)*] m/z 329.1178, found 329.1170.
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Corresponding propiolic acid was prepared according to general procedure E. The spectrum data of the
propiolic acid matched to that of literature.?

By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid (211 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CH.ClI, delivered 230 mg of compound
96e as a white solid (61%). IR (nujol): 2923, 2214, 1715, 1602, 1291, 1157 cm™. *H NMR (400 MHz, CDCls,
rt, /ppm): & 7.53 (d, J = 8.2 Hz, 2H), 7.40-7.32 (m, 4H), 7.23 (t, J = 7.3 Hz, 1H), 6.88 (d, J = 8.2 Hz, 2H), 5.51
(t, J = 6.6 Hz, 1H), 4.96-4.88 (m, 2H), 4.56 (d, J = 16.9 Hz, 1H), 4.29 (d, J = 16.9 Hz, 1H), 3.84 (s, 3H), 2.93
(d, J =15.1 Hz, 1H), 2.88 (d, J = 15.1 Hz, 1H), 1.58 (s, 3H). *C NMR (100 MHz, CDCls, rt, §/ppm): & 206.7,
200.8, 161.7, 153.2, 146.0, 135.1, 128.5, 126.7, 126.1, 114.3, 111.1, 99.4, 88.8, 79.3, 78.4, 69.5, 55.4, 50.1,
40.9, 26.5. HRMS (EI) calcd. for C23H1904 [(M-Me)*] m/z 359.1283, found 359.1274.

96f
CFs

(0]

7&0 =
F
Ph—~_7 O

Me

Corresponding propiolic acid was prepared according to general procedure E. The spectrum data of the
propiolic acid matched to that of literature.?

By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid (221 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCI; delivered 324 mg of compound
96f as a pale yellow oil (79%). IR (neat): 3250, 2971, 2933, 2233, 1955, 1715, 1616, 1290, 1174 cm™. *H NMR
(400 MHz, CDCls, rt, 6/ppm): & 7.68 (d, J = 8.2 Hz, 2H), 7.64 (d, J = 8.2 Hz, 2H), 7.41-7.33 (m, 4H), 7.26-7.22
(m, 1H), 5.51 (t, J = 6.6 Hz, 1H), 4.98-4.89 (m, 2H), 4.59 (d, J = 16.5 Hz, 1H), 4.31 (d, J = 16.9 Hz, 1H), 2.93
(d, J = 14.6 Hz, 1H), 2.87 (d, J = 14.6 Hz, 1H), 1.59 (s, 3H). 3C NMR (100 MHz, CDCls, rt, 8/ppm):  206.7,
200.2, 152.4, 145.9, 133.2, 132.4, 128.5, 126.7, 126.1, 125.5, 123.5, 123.2, 99.4, 85.4, 81.4, 78.5, 69.7, 50.2,
40.9, 26.4. °F NMR (376 MHz, CDCls, rt, 8/ppm): & -63.1. HRMS (ESI) calcd. for C24H19FsNaOs [(M+Na)*]
m/z 435.1184, found 435.1171.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid?® (192 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCl, delivered 324 mg of compound
969 as a colorless oil (90%). IR (neat): 3057, 2928, 2211, 1955, 1714, 1298, 1213, 1156 cm™. *H NMR (400
MHz, CDCls, rt, 8/ppm): & 7.41-7.32 (m, 6H), 7.27-7.21 (m, 4H), 5.51 (t, J = 6.6 Hz, 1H), 4.93 (ddd, J = 16.6,
10.1, 6.2 Hz, 2H), 4.56 (d, J = 16.9 Hz, 1H), 4.30 (d, J = 16.5 Hz, 1H), 2.93 (d, J = 15.1 Hz, 1H), 2.94 (d, J =
15.1 Hz, 1H), 2.88 (d, J = 15.1 Hz, 1H), 2.34 (s, 3H), 1.59 (s, 3H). *C NMR (100 MHz, CDCls, rt, 8/ppm): &
206.7, 200.6, 153.0, 146.0, 138.4, 133.6, 131.8, 130.2, 128.5, 126.7, 126.1, 119.1, 99.4, 88.2, 79.5, 78.4, 69.6,
50.2, 40.9, 26.5, 21.1 One aromatic carbon is missing probably due to overlapping. HRMS (ESI) calcd. for
C24H22NaOs [(M+Na) ] m/z 381.1467, found 381.1449.
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Corresponding propiolic acid was prepared according to general procedure E. The spectrum data of the
propiolic acid matched to that of literature.?

By following general procedure D, the reaction of o-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid (235 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCI. delivered 331 mg of compound
96h as a yellow oil (84%).IR (neat): 3057, 2931, 2220, 1955, 1713, 1236, 1202 cm™. *H NMR (400 MHz,
CDCls, rt, 8/ppm): & 8.15 (s, 1H), 7.85-7.81 (m, 3H), 7.58-7.53 (m, 3H), 7.42-7.39 (m, 2H), 7.35 (td, J = 6.7,
2.0 Hz, 2H), 7.27-7.23 (m, 1H), 5.52 (t, J = 6.6 Hz, 1H), 4.98-4.90 (m, 2H), 4.60 (d, J = 16.9 Hz, 1H), 4.32 (d,
J=16.5Hz, 1H), 2.95 (d, J = 14.6 Hz, 1H), 2.89 (d, J = 15.1 Hz, 1H), 1.60 (s, 3H). *C NMR (100 MHz, CDCls,
rt, &/ppm): & 206.7, 200.6, 152.9, 146.0, 134.5, 133.9, 132.6, 128.5, 128.4, 128.2, 128.2, 128.0, 127.9, 127.0,
126.7,126.1, 116.5, 99.4, 88.3, 80.0, 78.4,69.7, 50.2, 40.9, 26.5. HRMS (ESI) calcd. for C2;H22NaOs [(M+Na)*]
m/z 417.1467, found 417.1450.
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Corresponding propiolic acid was prepared according to general procedure E. The spectrum data of the
propiolic acid matched to that of literature.?*

By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid (235 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CH.ClI, delivered 291 mg of compound
96i as a colorless liquid (74%). IR (neat): 3058, 2929, 2217, 1955, 1714, 1253 cm™. *H NMR (400 MHz, CDCls,
rt, 8/ppm):6 8.32 (d, J=7.8 Hz, 1H), 7.96 (d, J = 8.7 Hz, 1H), 7.89-7.84 (m, 2H), 7.62-7.56 (m, 2H), 7.49-7.41
(m, 3H), 7.38-7.34 (m, 2H), 7.26-7.25 (m, 1H), 5.52 (t, J = 6.6 Hz, 1H), 4.96-4.93 (m, 2H), 4.62 (d, J = 16.9 Hz,
1H), 4.36 (d, J = 16.5 Hz, 1H), 2.97 (d, J = 15.1 Hz, 1H), 2.91 (d, J = 15.1 Hz, 1H), 1.61 (s, 3H). 3C NMR (100
MHz, CDCls, 1t, 8/ppm): 6 206.7, 200.6, 153.0, 146.0, 133.6, 133.3, 133.0, 131.6, 128.5, 128.5, 127.7, 126.9,
126.7,126.2, 125.7, 125.1, 116.9, 99.4, 86.2, 84.4, 78.5, 69.7, 50.2, 40.9, 26.5. HRMS (EI) calcd. for C2;H2,03
[M*] m/z 394.1569, found 394.1562.

96j

By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid®! (192 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCl delivered 331 mg of compound
96j as a colorless oil (92%). IR (neat): 3059, 2928, 2221, 1955, 1714, 1182 cm™. *H NMR (400 MHz, CDClIs,
rt, 8/ppm): 8 7.53 (d, J = 7.8 Hz, 1H), 7.41-7.39 (m, 2H), 7.36-7.32 (m, 3H), 7.25-7.22 (m, 2H), 7.18 (1, J = 7.5
Hz, 1H), 5.51 (t, J = 6.6 Hz, 1H), 4.95-4.91 (m, 2H), 4.57 (d, J = 16.9 Hz, 1H), 4.31 (d, J = 16.9 Hz, 1H), 2.94
(d, J = 15.1 Hz, 1H), 2.89 (d, J = 15.1 Hz, 1H), 2.48 (s, 3H), 1.59 (s, 3H). *C NMR (100 MHz, CDCls, rt,
d/ppm): & 206.7, 200.7, 153.0, 146.0, 142.4, 133.5, 130.8, 129.8, 128.5, 126.7, 126.1, 125.8, 119.2, 99.4, 86.9,
83.5, 78.4, 69.6, 50.2, 40.9, 26.5, 20.5. HRMS (EI) calcd. for C24H2203 [M*] m/z 358.1569, found 358.1558.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid?? (211 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCI; delivered 161 mg of compound
96k as a white solid (38%). IR (nujol): 2928, 2222, 1952, 1739, 1702, 1292, 1171 cm™. 'H NMR (400 MHz,
CDCls, rt, 8/ppm): 6 7.66-7.58 (m, 6H), 7.48-7.33 (m, 7H), 7.31-7.22 (m, 1H), 5.51 (t, J = 6.8 Hz, 1H), 4.98-
4.89 (m, 2H), 4.58 (d, J = 16.8 Hz, 1H), 4.31 (d, J = 16.8 Hz, 1H), 2.94 (d, J = 15.0 Hz, 1H), 2.88 (d, J = 15.0
Hz, 1H), 1.59 (s, 3H). *C NMR (100 MHz, CDCls, rt, 8/ppm): § 206.7, 200.6, 152.9, 146.0, 143.7, 139.8, 133.6,
129.0, 128.5, 128.2, 127.3, 127.1, 126.7, 126.2, 118.1, 99.4, 87.9, 80.4, 78.5, 69.6, 50.2, 40.9, 26.5. HRMS (EI)
calcd. for C29H2403 [M*] m/z 420.1725, found 420.1717.

By following general procedure D, the reaction of o-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid?? (229 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CH.ClI, delivered 200 mg of compound
961 as a colorless oil (59%). IR (neat): 2969, 2925, 2211, 1955, 1714, 1233 cm™. *H NMR (400 MHz, CDCls,
rt, 8/ppm): & 7.40-7.38 (m, 2H), 7.36-7.32 (m, 2H), 7.25-7.21 (m, 1H), 7.15 (dd, J = 8.0, 1.6 Hz, 1H), 6.99 (d, J
= 1.4 Hz, 1H), 6.79 (d, J = 8.2 Hz, 1H), 6.01 (s, 2H), 5.50 (t, J = 6.6 Hz, 1H), 4.97-4.88 (m, 2H), 4.55 (d, J =
16.5 Hz, 1H), 4.29 (d, J = 16.9 Hz, 1H), 2.93 (d, J = 15.1 Hz, 1H), 2.87 (d, J = 15.1 Hz, 1H), 1.58 (s, 3H). **C
NMR (100 MHz, CDCls, rt, 8/ppm):6 206.6, 200.6, 153.0, 150.2, 147.6, 146.0, 129.0, 128.5, 126.7, 126.1, 112.5,
112.3, 108.7, 101.8, 99.4, 88.4, 78.8, 78.4, 69.5, 50.1, 40.9, 26.5. HRMS (EI) calcd. for C2sH20s [M*] m/z
388.1311, found 388.1306.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid?*?® (135 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248
mg, 1.2 mmol,) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CH,Cl. delivered 288 mg of
compound 96m as a colorless liquid (93%). IR (neat): 2967, 2875, 2239, 1955, 1717, 1635, 1246 cm™. *H NMR
(400 MHz, CDCls, rt, 8/ppm): & 7.39-7.31 (m, 4H), 7.24-7.21 (m, 1H), 5.49 (t, J = 6.6 Hz, 1H), 4.95-4.87 (m,
2H), 4.49 (d, J = 16.5 Hz, 1H), 4.23 (d, J = 16.9 Hz, 1H), 2.90 (d, J = 15.1 Hz, 1H), 2.84 (d, J = 15.1 Hz, 1H),
2.31 (t,J =7.1 Hz, 2H), 1.65-1.58 (m, 2H), 1.57 (s, 3H), 1.00 (t, J = 7.5 Hz, 3H). *C NMR (100 MHz, CDCls,
rt, 8/ppm): 4 206.7, 200.7, 152.7, 146.0, 128.5, 126.7, 126.1, 99.4, 91.3, 78.4, 72.4, 69.4, 50.1, 40.9, 26.5, 21.0,
20.7, 13.4. HRMS (EI) calcd. for C19H1903 [(M-Me)*] m/z 295.1334, found 295.1333.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid®* (144 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol,) and 4-dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCl, delivered 299 mg of compound
96n as a pale yellow liquid (92%). IR (neat): 2972, 2932, 2241, 1955, 1715, 1221 cm™. *H NMR (400 MHz,
CDCla, rt, 8/ppm): & 7.39-7.31 (m, 4H), 7.24-7.22 (m, 1H), 5.49 (t, J = 6.6 Hz, 1H), 4.93-4.90 (m, 2H), 4.49 (d,
J=16.9 Hz, 1H), 4.23 (d, J = 16.9 Hz, 1H), 2.90 (d, J = 15.1 Hz, 1H), 2.84 (d, J = 15.1 Hz, 1H), 1.57 (s, 3H),
1.27 (s, 9H). *C NMR (100 MHz, CDCls, rt, 8/ppm): § 206.7, 200.7, 152.9, 146.0, 128.5, 126.7, 126.1, 99.4,
98.3,78.4,77.3,77.0, 76.7, 71.0, 69.4, 50.1, 40.8, 29.9, 27.6, 26.5. HRMS (EI) calcd. for C20H2103 [M*-Me]
m/z 309.1491, found 309.1485.
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By following general procedure D, the reaction of a-hydroxy ketone (216 mg, 1.0 mmol) with the
corresponding propiolic acid?. (180 mg, 1.2 mmol) in the presence of N,N'-dicyclohexylcarbodiimide (248 mg,
1.2 mmol,) and 4-Dimethylaminopyridine (12 mg, 0.1 mmol) in 4 mL CHCl, delivered 292 mg of compound
960 as pale yellow liquid (84%). IR (neat): 2933, 2207, 1955, 1714, 1257cm™. *H NMR (400 MHz, CDCls, rt,
d/ppm): 6 7.39-7.31 (m, 4H), 7.24-7.20 (m, 1H), 6.47-6.45 (m, 1H), 5.49 (t, J = 6.6 Hz, 1H), 4.95-4.87 (m, 2H),
4.50 (d, J =16.9 Hz, 1H), 4.24 (d, J = 16.9 Hz, 1H), 2.90 (d, J = 15.1 Hz, 1H), 2.85 (d, J = 15.1 Hz, 1H), 2.16-
2.14 (m, 4H), 1.66-1.58 (m, 4H), 1.57 (s, 3H). *C NMR (100 MHz, CDCls, rt, /ppm): & 206.6, 200.8, 153.2,
146.0, 142.8, 128.4, 126.6, 126.1, 118.3, 99.4, 90.2, 78.4, 77.8, 69.5, 50.1, 40.8, 28.0, 26.5, 26.0, 21.8, 21.0.
HRMS (EI) calcd. for C23H2403 [M*] m/z 348.1725, found 348.1729.

Synthesis of 96p from B-allenyl nitrile
o

EtO.
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To a stirred solution of allenyl nitrile 1142 (155 mg, 1.05 mmol) in dry toluene (3.5 mL), DIBAL-H (1.58

mL of a 1 M solution in toluene, 1.58 mmol) was added under N at -78 °C. After 5 h, a saturated aqueous
solution of potassium sodium tartrate tetrahydrate was added to the reaction mixture, and it was left to stir for
several hours until the organic and aqueous layers had completely separated. The mixture was extracted with
Et,0 three times. The combined organic layer was washed with brine, dried over MgSQ4, and evaporated under
reduced pressure. Then, the residue was purified by silica gel column chromatography (hexane/AcOEt, 20:1) to
yield 84 mg of desired compound 115 as a brown oil (53%). IR (neat): 2927, 2853, 1725, 1449, 841 cm™. 'H
NMR (400 MHz, CDCls, rt, 6/ppm): 6 9.32 (s, 1H), 4.95-4.92 (m, 1H), 4.88-4.86 (m, 2H), 1.87-0.83 (m, 10H).
13C NMR (100 MHz, CDCls, rt, 8/ppm): & 209.1, 202.4, 92.3, 77.8, 50.0, 30.7, 25.7, 22.3. LRMS (EI) m/z 150
[M*], 149, 121, 111.

To a suspension of 60% sodium hydride (238 mg, 5.96 mmol) in anhydrous THF (13 mL), Phosphonoacetate
(1.28 g, 4.76 mmol) in THF (26 mL) was added at 0 °C and the reaction mixture was stirred at the same
temperature for 1 h. To the solution was added aldehyde 115 (596 mg, 3.97 mmol) in dry THF (13 mL) at the

same temperature. The reaction mixture was stirred at 50 °C for 3 h. The mixture was extracted with Et,O three
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times. The combined organic layer was washed with brine, dried over NaSO., and evaporated under reduced
pressure. Then, the resideu was roughly purified by silica gel column chromatography (hexane/AcOEt, 20:1) to
the desired compound 116 as a yellow oil, which was used without further purification in the next step. To a
stirred solution of the crude ester 116 in dry Et;O (6.8 mL), DIBAL-H (2.91 mL of a 1 M solution in toluene,

2.97 mmol) was added under N at -78 °C. After 8 h, a saturated aqueous solution of potassium sodium tartrate
tetrahydrate was added to the mixture, and it was left to stir for several hours until the organic and aqueous
layers had completely separated. The mixture was extracted with Et,O three times. The combined organic layer
was washed with brine, dried over MgSO4, and evaporated under reduced pressure to give the crude product as
a yellow oil, which was used without further purification in the next step. To a stirred solution of the crude
alcohol in THF (6.8 mL) was added HCI (2.7 mL of a 3 M solution in H,O, 8.1 mmol) at room temperature.
After 4 h, the reaction mixture was quenched by saturated aqueous solution of NaHCOs3 (30 mL). The mixture
was extracted with Et,O three times. The combined organic layer was washed with brine, dried over MgSQOa,
and evaporated under reduced pressure. Then, the residue was roughly purified by silica gel column
chromatography (hexane/AcOEt, 5:1) to yield desired compound 117 as a pale-yellow oil. It was used without
further purification in the next step. The crude a-hydroxy ketone 117 and 3-(triisoprosilyl)propiolic acid (139
mg, 0.61 mmol) were dissolved in CH2Cl; (2.0 mL). To the solution were added N,N'-dicyclohexylcarbodiimide
(126 mg, 0.61 mmol) and 4-dimethylaminopyridine (6.1 mg, 0.05 mmol) with stirring at 0 °C. After a further 5
min at 0 °C, the ice bath was removed, and the reaction mixture was stirred for 52 h at room temperature. The
precipitate was removed by filtration over a pad of Celite. Then the filtrate was evaporated. The residue was
then purified by silica gel column chromatography (hexane/AcOEt, 20:1) to yield 193 mg of desired compound
96p as a yellow oil (3%, 3steps). IR (neat): 2930, 2865, 2172, 2119, 1954, 1716, 1662, 1212 cm™. 'H NMR
(400 MHz, CDCls, rt, 8/ppm): & 5.15 (t, J = 6.8 Hz, 1H), 4.79 (d, ] = 6.8 Hz, 2H), 4.69 (s, 2H), 2.45 (s, 2H),
1.71-1.63 (m, 2H), 1.53-1.39 (m, 6H), 1.28-1.21 (m, 1H), 1.13-1.09 (m, 21H). °C NMR (100 MHz, CDCls, 1t,
d/ppm):4 207.4,201.1, 151.9,97.1,95.8,93.2, 77.2, 70.0, 37.7, 36.5, 33.1, 25.8, 22.2, 18.4, 10.9. HRMS (ESI)
calcd. Co4H3sNaOsSi for [(M+Na)*] m/z 425.2488, found 425.2474.

Synthesis of 96q from e-allyl alchol

Me (¢} 1.5 eq CH,l, o 2.0 eq LiBr OH

Me,
1.2 eq DMP Me 2.0 eq Meli 2.5 eq ACOH Me Br
Me OH > Me H — . Me —>» Me
Z CHyCly rt, 2h ~ THRt3h &~ THF 1t 14h P2
z a & 22% (3 steps) ="
118 119 120 121

J2eqDMP %/ )l\ 20eqDIPEA M"e"%/o\”/
CHzClz rt, 3 h T1ps g:écr; s;tep1s7)h /.4 !
122 26q

The alcohol 118% (402 mg, 3.18 mmol) was dissolved in in anhydrous CH,Cl, (30 mL) under N.. To the
solution was added DMP (1.62 g, 3.82 mmol) at 0 °C. The ice bath was removed. The reaction mixture was
stirred for 2 h at room temperature. The reaction mixture was quenched by saturated aqueous solution of
NaHCOs and NazS:0s. The mixture was extracted with CH:Cl> three times. The combined organic layer was
washed with brine, dried over MgSO., and evaporated under reduced pressure to give the crude as a yellow oil,
which was used without further purification in the next step. To a solution of the crude aldehyde 119 and CHal;
(0.36 mL, 4.29 mmol) in THF (12 mL), methyllithium (1.15 M in Et,0, 5.0 mL, 5.72 mmol) was added at 0 °C
under Ar. After 30 min, the reaction mixture was stirred for 3 h at room temperature. The reaction mixture was
guenched by H,0. The mixture was extracted with Et,O three times. The combined organic layer was washed
with brine, dried over MgSQ., and evaporated under reduced pressure to give the crude as a yellow oil, which
was used without further purification in the next step. To a solution of the crude epoxide 120 and LiBr (392 mg,
4.51 mmol) in THF (23 mL), acetic acid (0.32 mL, 5.65 mmol) was added at room temperature. The reaction
mixture was stirred for 14 h at the same temperature. The reaction mixture was quenched by saturated aqueous
solution of NaHCQOg;. The mixture was extracted with AcOEt three times. The combined organic layer was
washed with brine, dried over Na;SO4, and evaporated under reduced pressure. The residue was then purified
by silica gel column chromatography (hexane/AcOEt, 1:20) to yield 154 mg of desired compound 121 as a
colorless oil (22%, 3 steps). IR (neat): 3466, 2962, 1954, 1469, 1073, 842 cm™. *H NMR (500 MHz, CDCls, rt,
d/ppm):4 5.10-5.04 (m, 1H), 4.67-4.65 (m, 2H), 3.69 (dd, J = 10.3, 1.8 Hz, 1H), 3.64 (d, J = 10.3 Hz, 1H), 3.39
(t, J =10.3 Hz, 1H), 2.26 (d, J = 3.0 Hz, 1H), 2.19-2.14 (m, 1H), 2.01-1.95 (m, 1H), 0.96 (s, 3H), 0.94 (s, 3H).
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13C NMR (126 MHz,, CDCls, rt, 8/ppm): § 209.8, 85.5, 77.5, 73.9, 38.9, 38.6, 38.2, 23.1, 22.5. LRMS (CI) m/z
218 [M*], 125, 139.

The alcohol 121 (154 mg, 0.70 mmol) was dissolved in in anhydrous CH>Cl, (7 mL) under N>. To the solution
was added DMP (357 g, 0.84 mmol) at 0 °C. The ice bath was removed. The reaction mixture was stirred for 3
h at room temperature. The reaction mixture was quenched by saturated aqueous solution of NaHCO3; and
Na,S20s. The mixture was extracted with Et2O three times. The combined organic layer was washed with brine,
dried over MgSO., and evaporated under reduced pressure to give the crude as a yellow oil, which was used
without further purification in the next step. The crude acyl bromide 122 and 3-(triisoprosilyl)propiolic acid
(179 mg, 0.66 mmol) were dissolved in MeCN (2.6 mL). To the solution was added N,N-diisopropylethylamine
(0.23 mL, 1.32 mmol). The solution was stirred for 17 h at room temperature and then evaporated. The residue
was then purified by silica gel column chromatography (hexane/AcOEt, 50:1) to yield 198 mg of desired
compound 96q as a colorless oil (78%, 2 steps). IR (neat): 2945, 2867, 2173, 1956, 1715, 1220 cm™. *H NMR
(400 MHz, CDCls, rt, 8/ppm): & 5.02-4.97 (m, 1H), 4.94 (s, 2H), 4.69 (td, J = 4.5, 2.1 Hz, 2H), 2.26 (td, J = 5.1,
2.6 Hz, 2H), 1.21 (s, 6H), 1.18-1.07 (m, 21H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): § 209.9, 205.7, 152.1,
95.9, 93.0, 85.1, 74.7, 66.0, 46.7, 38.7, 23.9, 18.4, 10.9. HRMS (ESI) calcd. for C21H3:NaOsSi [(M+Na)*] m/z
385.2175, found 386.2182.

Synthesis of 96r from B-allenyl bromide

o o
> Br 1.2 eq NaH PMBO 9.5 eq NaOH OPMB
é'/\/ * PMBO\)I\/”\ THF, 1t, 18 h OBt 770, reflux
ou T Z Z
. = =
123 124; 1.2 eq 125 126
1.2 eq DCC TIPS
20eqDDQ 0.1 eq DMAP
—_—
CHZCIQ/ H,O CH,Cl,, rt, 13 h /
rt, 20 h TIPS 6% (4 steps)
127 12 eq

To a suspension of 55% sodium hydride (160 mg, 3.6 mmol) in anhydrous THF (3 mL), B-keto ester 124
(960 mg, 3.60 mmol) in THF (3 mL) was added at 0 °C, and the reaction mixture was stirred at 0 °C for 30 min.

To the solution was added allenyl bromide 123? (400 mg, 3.0 mmol) at 0 °C. The reaction mixture was stirred
at room temperature for 18 h. The mixture was extracted with Et,O three times. The combined organic layer
was washed with brine, dried over MgSO., and evaporated under reduced pressure. Then, the residue was
roughly purified by silica gel column chromatography (hexane/AcOEt, 10:1~5:1) to yield 281 mg of desired
compound 125 as a yellow oil, which was used without further purification in the next step. To a solution of the
crude B-keto ester 125 in H,O (9.0 mL) was added NaOH (334 mg, 8.36 mmol) at room temperature. The
reaction mixture was heated under reflux for 24 h. The mixture was extracted with Et,O three times. The
combined organic layer was washed with brine, dried over MgSQ., and evaporated under reduced pressure.
Then, the residue was roughly purified by silica gel column chromatography (hexane/AcOEt, 5:1) to yield 84
mg of desired compound 126 as a pale yellow oil, which was used without further purification in the next step.
To a solution of the crude PMB ether 126 in CH2Cl»/H20 (10:1, 3.7 mL), DDQ (154 mg, 0.68 mmol) was added
at 0 °C. The reaction mixture was stirred at room temperature for 20 h. The reaction mixture was quenched by
saturated aqueous solution of NaHCOs. The mixture was extracted with CHCI; three times. The combined
organic layer was dried over MgSQ, and evaporated under reduced pressure to give the crude as a pale yellow
oil. Then, the residue was roughly purified by silica gel column chromatography (hexane/AcOEt, 4:1) to yield
51 mg of desired compound 127 as pale yellow oil, which was used without further purification in the next step.
The crude a-hydroxy ketone 127 and 3-(triisoprosilyl)propiolic acid (109 mg, 0.48 mmol) were dissolved in
CH.CI; (1.6 mL). To the solution were added N,N'-dicyclohexylcarbodiimide (99 mg, 0.48 mmol) and 4-
dimethylaminopyridine (5 mg, 0.04 mmol) with stirring at 0 °C. After a further 5 min at 0 °C, the ice bath was
removed. The reaction mixture was stirred for 11 h at room temperature. The precipitate was removed by
filtration over a pad of Celite. Then the filtrate was evaporated, and the residue was then purified by silica gel
column chromatography (hexane/AcOEt, 50:1) to yield 59 mg of desired compound 96r as a yellow oil (6%, 4
steps). IR (neat): 2945, 2867, 2173, 1956, 1718, 1219 cm™. *H NMR (400 MHz, CDCls, rt, §/ppm): § 5.21-5.15
(m, 1H), 4.75-4.69 (m, 4H), 2.59 (t, J = 7.1 Hz, 2H), 2.35-2.28 (m, 2H), 1.15-1.05 (m, 21H). *C NMR (100
MHz, CDCls, rt, 8/ppm): 6 208.3, 202.0, 152.0, 95.7, 93.5, 88.7, 76.5, 68.8, 37.4, 21.1, 18.4, 10.9. HRMS (ESI)
calcd. for C19H30NaOsSi [(M+Na)*] m/z 357.1862, found 357.1865.
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Synthesis of 98 from p-allenyl aldehyde

o 1.5 eq CH,l, o 2.0 eq LiBr OH
P 2.0 eq Meli .M 2.5 eq AcOH P Br
= H THRr,19h & THF, 1,23 h ~ 2*
Ph Me 80% Ph' Me 53% Ph Me
93 128 129
o TIPS
o Q Ph i
1.2 eq DMP B 2.0 eq DIPEA Y
_ . ro, HO —_ 3 Me
CHyCly, 1t 2° x CH5CN, 1t, 19 h K 5
85h Ph Me TIPS 63% (2 steps .
130 12 eq o (2 steps) X 98

To a solution aldehyde 93 (1.3 g, 7.5 mmol) and CH2l, (0.91 mL, 11.3 mmol) in THF (30 mL), methyllithium
(1.16 M in Et;O, 12.9 mL, 15.0 mmol) was added at O ° C under Ar. After 30 min, the reaction mixture was
stirred for 19 h at room temperature. The reaction mixture was quenched by H.O. The mixture was extracted
with Et,0 three times. The combined organic layer was washed with brine, dried over MgSQO., and evaporated
under reduced pressure It was then purified by silica gel column chromatography (hexane/AcOEt, 1:20) to yield
1.119 g of desired compound 128 as red oil (80%, diastereomer mixture).IR (neat): 2978, 1955, 1723, 1494,
700 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.48-7.44 (m, 2H), 7.36-7.32 (m, 2H), 7.27-7.23 (m, 1H),
5.37-5.33 (m, 1H), 4.89-4.81 (m, 2H), 3.27 (dd, J = 4.1, 2.7 Hz, 0.4H), 3.19 (dd, J = 4.1, 2.7 Hz, 0.6H), 2.76
(dd, J=5.0, 4.1 Hz, 1H), 2.63 (dd, J =5.9, 3.2 Hz, 1H), 1.40 (s, 1H), 1.39 (s, 2H). *C NMR (100 MHz, CDCls,
rt, 8/ppm): & 207.7, 128.3, 128.2, 126.9, 126.7, 95.8, 95.4, 77.5, 58.4, 58.3, 44.3, 22.4, 22.3. LRMS (EI) m/z
185 [(M-H)*], 171, 143, 77.

To a solution epoxide 128 (1.12 g, 6.01 mmmol) and LiBr (1.04 g, 12.02 mmol) in THF (60 mL), acetic acid
(0.86 mL, 15.03 mmol) was added dropwise at room temperature. The reaction mixture was stirred for 23 hr at
same temperature. The reaction mixture was quenched by saturated solution of NaHCOs. The mixture was
extracted with AcOEt three times. The combined organic layer was washed with brine, dried over Na;SO4, and
evaporated under reduced pressure. It was then purified by silica gel column chromatography (hexane/AcOEt,
10:1) to yield 833 mg of desired compound 129 as yellow oil (53%, diastereomer mixture). IR (neat): 3437,
3056, 1671, 1496, 701 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.44-7.40 (m, 2H), 7.38-7.33 (m, 2H),
7.28-7.24 (m, 1H), 5.59 (t, J = 6.6 Hz, 0.4H), 5.49 (t, J = 6.9 Hz, 0.6H), 4.96-4.86 (m, 2H), 4.22 (dd, J = 10.5,
1.8 Hz, 0.4H), 4.14 (dd, J = 10.5, 1.8 Hz, 0.6H), 3.63 (dd, J = 10.5, 1.8 Hz, 0.6H), 3.47 (dd, J = 10.5, 1.8 Hz,
0.4H), 3.30-3.25 (m, 1H), 1.49 (s, 1.8H), 1.45 (s, 1.2H). *C NMR (100 MHz, CDCls, rt, 8/ppm): 8 207.7, 207.5,
128.6, 127.0, 126.9, 126.8, 95.9, 95.8, 78.6, 78.0, 77.9, 77.3, 47.1, 36.9, 22.2, 21.5. LRMS (EI) m/z 266 [M*],
251, 143.

The alcohol 129 (154 mg, 0.70 mmol) was dissolved in in anhydrous CH,Cl, (7 mL) under Na. To the solution
was added DMP (357 g, 0.84 mmol) at 0 °C. The ice bath is removed. The reaction mixture was stirred for 3 hr
at room temperature. The reaction mixture was quenched by saturated solution of NaHCOj3; and Na;S;0s. The
mixture was extracted with Et,O three times. The combined organic layer was washed with brine, dried over
MgSOs4, and evaporated under reduced pressure. It was then roughly purified by silica gel column
chromatography (hexane/AcOEt, 10:1) to yield desired compound 130, which was used without further
purification in the next step. Crude a-bromo ketone 130 and 3-(Triisoprosilyl)propiolic acid (649 mg, 2.87
mmol) was dissolved in MeCN (8.0 mL). To the solution was added N,N-diisopropylethylamine (0.83 mL, 4.78
mmol) dropwise with stirring. The solution was stirred for 19 h at room temperature and then evaporated. It was
then purified by silica gel column chromatography (hexane/AcOEt, 10:1) to yield 810 mg of desired compound
98 as colorless oil (63%, 2 steps). IR (neat): 2944, 2866, 2173, 1955, 1717, 1220 cm™. 'H NMR (400 MHz,
CDCls, rt, 8/ppm): & 7.39-7.35 (m, 2H), 7.33-7.27 (m, 3H), 5.74 (t, J = 6.8 Hz, 1H), 4.93 (d, J = 6.8 Hz, 2H),
4.84 (d, J = 16.8 Hz, 1H), 4.72 (d, J = 16.8 Hz, 1H), 1.59 (s, 3H), 1.16-1.06 (m, 21H). *C NMR (100 MHz,
CDCls, rt, 8/ppm): 6 208.2, 201.7, 151.9, 141.7, 129.0, 127.6, 126.7, 95.8, 93.8, 93.1, 78.8, 77.3, 77.0, 76.7,
66.3, 54.6, 24.0, 18.4, 11.0. HRMS (ESI) calcd. C2sH34NaOsSi for [(M+Na)*] m/z 433.2175, found 433.2163.
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Synthesis of 100 from B-allenyl aldehyde
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100
To (Methoxymethyl)triphenylphosphonium Chloride (2.67 g, 7.8 mmol) in THF (3 mL), KO'Bu (841 mg,
7.5 mmol) in anhydrous THF (3 mL) was added at 0 °C dropwise and the reaction mixture was stirred at 0 °C

for 1 h. aldehyde 93 (1.03 g, 6.0 mmol) was then added in dry THF (3 mL) at O °C. The reaction mixture was
stirred at rt for 4.5 h. The mixture was evaporated under reduced pressure and diluted with hexane. The
precipitate was removed by filtration over a pad of Celite. Then the filtrate was evaporated under reduced
pressure to give the crude as a yellow oil, which was used without further purification in the next step. To a
stirred solution of crude vinyl methyl ether in THF (20mL), HCI (10 mL of a 3 M solution in H20, 30 mmol)
was added at rt. After 21 h, the reaction mixture was quenched by saturated solution of NaHCO3 (30 mL). The
mixture was extracted with Et,O three times. The combined organic layer was washed with brine, dried over
MgSQ,, and evaporated under reduced pressure. The residue was purified by column chromatography (eluent:
Hexane/EtOAc = 20:1), affording 560 g of desired compound 131 as yellow oil (50%). IR (neat): 2967, 1954,
1703, 1072, 1028 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 9.63 (d, J = 2.3 Hz, 1H), 7.41-7.32 (m, 4H),
7.29-7.22 (m, 1H), 5.50 (t, J = 6.9 Hz, 1H), 4.95-4.92 (m, 2H), 2.80-2.78 (m, 2H), 1.57 (s, 3H). *C NMR (100
MHz, CDCls, rt, 8/ppm): 6 206.9, 202.6, 146.0, 128.6, 126.7, 126.1, 99.0, 78.6, 54.0, 40.1, 27.5. LRMS (EI)
m/z 186 [M*], 171, 143.

To a suspension of 60% sodium hydride (180 mg, 4.5 mmol) in anhydrous THF (18 mL), Phosphonoacetate
(966 mg, 3.6 mmol) in THF (9 mL) was added dropwise at 0 °C and the reaction mixture was stirred at 0 °C for
1 h. To the solution was added aldehyde 131 (560 mg, 3.0 mmol) in dry THF (9 mL) at same temperature. The
reaction mixture was stirred at rt for 21 h. The mixture was extracted with Et,O three times. The combined
organic layer was washed with brine, dried over NaSQa, and evaporated under reduced pressure. It was then
purified by silica gel column chromatography (hexane/AcOEt, 20:1) to yield 672 mg of desired compound 132
as yellow oil which were mixture of E/Z isomers (75%). IR (neat): 2978, 1954, 1721, 1643, 1240, 700 cm™. 'H
NMR (400 MHz, CDCls, rt. 8/ppm): & 7.40-7.37 (m, 2H), 7.34-7.29 (m, 2H), 7.22-7.18 (m, 1H), 6.15 (t, J = 7.4
Hz, 0.4H), 5.42-5.37 (m, 1H), 5.05 (t, J = 7.4 Hz, 0.6H), 4.88-4.84 (m, 2H), 4.26 (g, J = 7.2 Hz, 1.2H), 4.19 (q,
J =7.0 Hz, 0.8H), 3.81-3.72 (m, 0.8H), 3.62 (g, J = 6.9 Hz, 1.2H), 2.89-3.03 (m, 1.2H), 2.77-2.66 (m, 0.8H),
1.42 (s, 1.2H), 1.40 (s, 1.8H), 1.34 (t, J = 7.0 Hz, 1.8H), 1.30-1.25 (m, 4.2H). *C NMR (100 MHz, CDCls, rt,
o/ppm): 207.1, 163.9, 147.1, 147.1, 145.9, 128.2, 128.2, 126.5, 126.3, 126.2, 126.1, 125.1, 112.5, 99.4, 77.6,
77.3,77.0, 76.7, 67.8, 64.2, 60.9, 60.8, 42.2, 41.7, 38.6, 38.0, 26.6, 26.4, 15.4, 14.4, 14.2. LRMS (EI) m/z 300
[M*], 271, 227.

To a stirred solution of ester 132 (672 mg, 2.23 mmol) in dry Et,O (6.8 mL), DIBAL-H (49 mLofalM
solution in toluene, 4.9 mmol) was added under N at -78 °C. After 6 h, a saturated solution of potassium sodium
tartrate tetrahydrate (10 mL) was added the mixture was left to stir for several hours until the organic and
aqueous layers had completely separated. The mixture was extracted with Et,O three times. The combined
organic layer was washed with brine, dried over MgSQ,, and evaporated under reduced pressure to give the
crude as a yellow oil, which was used without further purification in the next step. To a stirred solution of crude
alcohol in THF (4 mL) was added HCI (2 mL of a 3 M solution in H.O, 6 mmol) at rt. After 12 h, the reaction
mixture was quenched by saturated solution of NaHCO3 (30 mL). The mixture was extracted with Et,O three
times. The combined organic layer was washed with brine, dried over MgSOa, and evaporated under reduced
pressure. It was then purified by silica gel column chromatography (hexane/AcOEt, 3:1) to yield 369 mg of
desired compound 133 as pale yellow oil (72%). IR (neat): 3443, 2969, 1954, 1719, 1287, 700 cm™. *H NMR
(400 MHz, CDCls, rt, 8/ppm): 7.37-7.30 (m, 4H), 7.20-7.24 (m, 1H), 5.36 (t, J = 6.6 Hz, 1H), 4.88 (d, J = 6.9
Hz, 2H), 4.12 (s, 2H), 3.02 (s, 1H), 2.27 (t, J = 7.8 Hz, 2H), 2.19-2.05 (m, 2H), 1.41 (s, 3H). 3C NMR (100
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MHz, CDCls, rt, 8/ppm): & 209.5, 206.9, 146.4, 128.4, 126.4, 126.3, 99.0, 77.7, 68.0, 41.4, 35.1, 34.3, 26.7.
LRMS (EI) m/z 230 [M*], 199, 171.

a-Hydroxy ketone 133 (230 mg, 1 mmol) and 3-(Triisoprosilyl)propiolic acid (272 mg, 1.2 mmol) was
dissolved in CH,CI; (4 mL). To the solution was added N,N'-Dicyclohexylcarbodiimide (248 mg, 1.2 mmol)
and 4-Dimethylaminopyridine (12 mg, 0.1 mmol) with stirring at 0 °C. After a further 5 min at 0 °C, the ice
bath is removed and the reaction mixture is stirred for 3 hr at room temperature (monitored by TLC). The
precipitate was removed by filtration over a pad of Celite. Then the filtrate was evaporated. It was then purified
by silica gel column chromatography (hexane/AcOEt, 20:1) to yield 375 mg of desired compound 100 as
colorless oil (86%). IR (neat): 2944, 2867, 2173, 1954, 1718, 1231 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm):
6 7.37-7.30 (m, 4H), 7.23-7.19 (m, 1H), 5.35 (t, J = 6.6 Hz, 1H), 4.87 (d, J = 6.4 Hz, 2H), 4.61 (s, 2H), 2.31 (t,
J=7.8 Hz, 2H), 2.17-2.02 (m, 2H), 1.40 (s, 3H), 1.17-1.07 (m, 21H). *C NMR (100 MHz, CDCls, rt, 8/ppm):
8207.0,202.7,151.9, 146.6, 128.3, 126.3, 99.0, 95.7, 93.5, 77.6, 68.6, 41.3, 34.7, 34.6, 26.7, 18.4, 10.9. HRMS
(ESI) calcd. for C7H3sNaOsSi [(M+Na)*] m/z 461.2488, found 461.2475.

Synthesis of 102 from B-allenyl aldehyde

o 0
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102

Toa suspension of 60% sodium hydride (600 mg, 15 mmol) in anhydrous THF (30 mL), phosphonoacetate
(3.49 g, 13 mmol) in THF (60 mL) was added dropwise at 0 °C and the reaction mixture was stirred at same
temperature for 1 h. To the solution was added aldehyde 134?° (1.24 mg, 10 mmol) in dry THF (30 mL) at same
temperature. The reaction mixture was stirred at room temperature for 12 h. The mixture was extracted with
Et,0 three times. The combined organic layer was washed with brine, dried over NaSQ., and evaporated under
reduced pressure. Then, it was roughly purified by silica gel column chromatography (hexane/AcOEt,
50:1~20:1) to the desired compound 135 as a yellow oil, which was used without further purification in the next
step. To a stirred solution of crude ester 135 in dry Et,O (6.3 mL), DIBAL-H (4.62 mL of a 1 M solution in
toluene, 4.62 mmol) was added under N at -78 °C. After 3 h, a saturated solution of potassium sodium tartrate
tetrahydrate was added the mixture was left to stir for several hours until the organic and aqueous layers had
completely separated. The mixture was extracted with Et,O three times. The combined organic layer was
washed with brine, dried over MgSQO., and evaporated under reduced pressure to give the crude as a yellow oil,
which was used without further purification in the next step. To a stirred solution of crude alcohol in THF (4.2
mL) was added HCI (2.1 mL of a 3 M solution in H20, 6.3 mmol) at rt. After 12 h, the reaction mixture was
guenched by saturated solution of NaHCOs. The mixture was extracted with Et,0O three times. The combined
organic layer was washed with brine, dried over MgSQ,, and evaporated under reduced pressure. Then, it was
purified by silica gel column chromatography (hexane/AcOEt, 5:1) to yield 244 mg of desired compound 136
as pale yellow oil (14%, 2 steps). IR (neat): 3465, 2962, 1961, 1718, 1055 cm™. *H NMR (400 MHz, CDCls, rt,
d/ppm): 6 5.20-5.07 (m, 2H), 4.19 (s, 2H), 3.16 (s, 1H), 2.41 (s, 2H), 1.64 (dd, J = 7.2, 3.2 Hz, 3H), 1.14 (s, 3H),
1.14 (s, 3H). 3C NMR (100 MHz, CDCls, rt, 8/ppm): & 208.6, 202.4, 99.9, 83.5, 69.6, 50.0, 34.6, 28.5, 28.4,
14.5. LRMS (El) m/z 168 [M+], 137, 109.

a-Hydroxy ketone 136 (168 mg, 1.00 mmol) and 3-(Triisoprosilyl)propiolic acid (271 mg, 1.20 mmol) was
dissolved in CH2Cl, (4.0 mL). To the solution was added N,N'-Dicyclohexylcarbodiimide (248 mg, 1.20 mmol)
and 4-Dimethylaminopyridine (12 mg, 0.10 mmol) with stirring at 0 °C. After a further 5 min at 0 °C, the ice
bath was removed and the reaction mixture is stirred for 13 hr at room temperature. The precipitate was removed
by filtration over a pad of Celite. Then the filtrate was evaporated. It was then purified by silica gel column
chromatography (hexane/AcOEt, 20:1) to yield 368 mg of desired compound 102 as colorless oil (98%). IR
(neat): 2944, 2867, 2173, 1716, 1221 cm'™. *H NMR (400 MHz, CDCls, 1t, 8/ppm): & 5.21-5.11 (m, 2H), 4.69
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(s, 2H), 2.43 (s, 2H), 1.65 (dd, J = 7.1, 3.4 Hz, 3H), 1.14 (s, 6H), 1.13-1.06 (m, 21H). 3C NMR (100 MHz,
CDCls, rt, 8/ppm):  202.4, 201.2, 151.9, 100.1, 95.8, 93.3, 88.5, 69.7, 50.2, 34.5, 28.3, 28.3, 18.4, 14.5, 10.9.
HRMS (ESI) calcd. for Co2HssNaOsSi [(M+Na)*] m/z 399.2331, found 399.2319.

Synthesis of 105 from B-allenyl aldehyde
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To a suspension of 60% sodium hydride (600 mg, 15 mmol) in anhydrous THF (30 mL), phosphonoacetate
(3.49 g, 13 mmol) in THF (60 mL) was added dropwise at 0 °C and the reaction mixture was stirred at same
temperature for 1 h. To the solution was added aldehyde 137 (1.24 mg, 10 mmol) in dry THF (30 mL) at same
temperature. The reaction mixture was stirred at room temperature for 13 h. The mixture was extracted with
Et,0 three times. The combined organic layer was washed with brine, dried over NaSO., and evaporated under
reduced pressure. Then, it was roughly purified by silica gel column chromatography (hexane/AcOEt, 20:1) to
the desired compound 138 as a yellow oil, which was used without further purification in the next step. To a
stirred solution of crude ester 138 in dry Et,O (9.0 mL), DIBAL-H (6.00 mL of a 1 M solution in toluene, 6.00
mmol) was added under N, at -78 °C. After 5 h, a saturated solution of potassium sodium tartrate tetrahydrate
was added the mixture was left to stir for several hours until the organic and agqueous layers had completely
separated. The mixture was extracted with Et,0 three times. The combined organic layer was washed with brine,
dried over MgSO., and evaporated under reduced pressure to give the crude as a yellow oil, which was used
without further purification in the next step. To a stirred solution of crude alcohol in THF (5.4 mL) was added
HCI (2.7 mL of a 3 M solution in H,O, 8.1 mmol) at rt. After 24 h, the reaction mixture was gquenched by
saturated solution of NaHCOs. The mixture was extracted with Et,O three times. The combined organic layer
was washed with brine, dried over MgSQa, and evaporated under reduced pressure. Then, it was roughly purified
by silica gel column chromatography (hexane/AcOEt, 10:1~5:1) to yield desired compound 139 as pale yellow
oil, which was used without further purification in the next step. a-hydroxy ketone 139 (91 mg, 0.54 mmol) and
3-(Triisoprosilyl)propiolic acid (147 mg, 0.65 mmol) was dissolved in CH,Cl, (2.0 mL). To the solution was
added N,N'-Dicyclohexylcarbodiimide (134 mg, 0.65 mmol) and 4-Dimethylaminopyridine (6 mg, 0.05 mmol)
with stirring at 0 °C. After a further 5 min at 0 °C, the ice bath was removed and the reaction mixture is stirred
for 15 hr at room temperature. The precipitate was removed by filtration over a pad of Celite. Then the filtrate
was evaporated. It was then purified by silica gel column chromatography (hexane/AcOEt, 50:1) to yield 99 mg
of desired compound 105 as pale yellow oil (7%, 3 steps).

Synthesis of 107b from Isophorone Oxide
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o] o]
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To a stirred solution of Isophorone Oxide (2.31 g, 15 mmol) in dry CH,CIo/AcOH (2:1, 22.5 mL) was added
p-TsNHNH: (2.79 g, 15 mmol) in CH>CIl,/AcOH (2:1, 22.5 mL) under N at -20 °C. the reaction mixture was
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stirred at 0 °C for 1 h. The reaction mixture was stirred at rt for 12 h. The combined organic layer was washed
with brine, dried over MgSQ,, and evaporated under reduced pressure. The residue was purified by column
chromatography (eluent: Hexane/EtOAc = 10:1), affording 1.16 g of desired compound 146 as colorless liquid
(56%). The *H NMR spectrum of the product matched to that of literature.*

To a stirred solution of ketone 147 (1.16 g, 8.38 mmol) in dry CHsCN (22.4 mL) was added EtsN (28 mL),
lodobenzene (1.9 mL, 3.42 g, 16.8 mmol ), Pd(PPhs)4 (97 mg, 0.084 mmol) and Cul (80 mg, 0.42 mmol) under
N». the reaction mixture was stirred at room temperature for 20 h. The precipitate was removed by filtration
over a pad of Celite. Then the filtrate was evaporated. It was then purified by silica gel column chromatography
(hexane/AcOEt, 10:1) to yield 1.61 g of desired compound 148 as colorless oil (86%). IR (neat): 2959, 1714,
1442, 692 cm™. *H NMR (400 MHz, CDCls, 1t, 8/ppm): & 7.40-7.37 (m, 2H), 7.29-7.25 (m, 3H), 2.52 (s, 2H),
2.45 (s, 2H), 2.15 (s, 3H), 1.13 (s, 6H). *°C NMR (100 MHz, CDCls, rt, 8/ppm):5 208.4, 131.5, 128.2, 127.6,
123.8, 87.8, 82.7, 52.6, 33.9, 32.3, 32.2, 27.2. LRMS(EI) m/z 214 [M*], 199, 157.

To astirred solution of diisopropylamine (0.63 mL, 455 mg, 4.5 mmol) in dry THF (20 mL) was added MeLi

(3.8 mL of a 1.2 M solution in toluene, 4.5 mmol) under N at -78 °C. The reaction mixture was stirred at same
temperature for 30 min. To the solution was added ketone 148 (643 mg, 3.0 mmol) in THF (10 mL) and stirred

at -78 °C for 30 min. To the mixture was added TMSCI (0.61 mL, 520 mg, 4.8 mmol) at -78 °C and stirred at rt
for 11 h. The reaction mixture was quenched by saturated solution of NaHCOs. The mixture was extracted with
Et,0 three times. The combined organic layer was washed with brine, dried over MgSQOs, and evaporated under
reduced pressure to give the crude as a yellow oil, which was used without further purification in the next step.
To a stirred solution of the crude silyl enol ether in CH,Cl, (10 mL) was added m-CPBA (518 mg, 3.0 mmol)

at 0 °C. The reaction mixture was stirred at rt for 3 h. The reaction mixture was quenched by saturated solution
of Na;S;0s3. The mixture was extracted with Et,O three times. The combined organic layer was washed with
brine, dried over MgSOa, and evaporated under reduced pressure. It was then purified by silica gel column
chromatography (eluent; hexane/AcOEt, 5:1~2:1) to yield 320 mg of desired compound 149 as white oil (46%).
IR (neat): 3467, 2961, 1719, 1442, 692 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): 7.41-7.38 (m, 2H), 7.29
(t,J=3.2 Hz, 3H), 4.24 (s, 2H), 2.49 (s, 2H), 2.47 (s, 2H), 1.17 (s, 6H). *C NMR (100 MHz, CDCls, rt, 8/ppm):
5209.0,131.5, 128.3, 127.8, 123.6, 87.2, 83.2, 69.6, 47.6, 34.3, 32.6, 27.4. LRMS (EI) m/z 230 [M"], 213, 199.

a-Hydroxy ketone 149 (320 mg, 1.39 mmol) and 3-(Triisoprosilyl)propiolic acid (377 mg, 1.67 mmol) was
dissolved in CH2Cl, (5.6 mL). To the solution was added N,N'-Dicyclohexylcarbodiimide (345 mg, 1.67 mmol)
and 4-Dimethylaminopyridine (17 mg, 0.14 mmol) with stirring at 0 °C. After a further 5 min at 0 °C, the ice
bath is removed and the reaction mixture is stirred for 12 hr at room temperature (monitored by TLC). The
precipitate was removed by filtration over a pad of Celite. Then the filtrate was evaporated. It was then purified
by silica gel column chromatography (hexane/AcOEt, 20:1) to yield 571 mg of desired compound 107b as
colorless oil (94%). IR (neat): 2945, 2867, 2173, 1716, 1221, 680 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm):
d 7.41-7.39 (m, 2H), 7.30-7.27 (m, 3H), 4.74 (s, 2H), 2.50 (s, 2H), 2.48 (s, 2H), 1.17 (s, 6H), 1.13-1.09 (m,
21H). 3C NMR (100 MHz, CDClg, rt, 8/ppm): 6 201.5, 151.9, 131.5, 128.2, 127.7, 123.6, 95.7, 93.4, 87.3, 83.1,
69.7, 47.6, 34.3, 32.4, 27.3, 18.4, 10.9. HRMS (ESI) calcd. for C27H3sNaOsSi [(M+Na)*] m/z 461.2488, found
461.2475.

Synthesis of 107¢ from a-hydroxy ketone
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a-Hydroxy ketone 1443 (226 mg, 1 mmol) and 3-(Triisoprosilyl)propiolic acid (272 mg, 1.2 mmol) was
dissolved in CH2Cl, (4 mL). To the solution was added N,N'-Dicyclohexylcarbodiimide (248 mg, 1.2 mmol)
and 4-Dimethylaminopyridine (12 mg, 0.1 mmol) with stirring at 0 °C. After a further 5 min at 0 °C, the ice
bath is removed and the reaction mixture is stirred for 3 hr at room temperature (monitored by TLC). The
precipitate was removed by filtration over a pad of Celite. Then the filtrate was evaporated. It was then purified
by silica gel column chromatography (hexane/AcOEt, 20:1) to yield 353 mg of desired compound 107c as
colorless oil (81%). IR (neat): 2959, 2867, 2173, 1718, 1221, 680 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm):
8 4.71 (s, 2H), 2.43 (s, 2H), 2.27 (s, 2H), 1.13-1.09 (m, 22H), 0.16 (s, 9H). °C NMR (100 MHz, CDCls, rt,
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8/ppm):  201.5, 151.9, 104.5, 95.8, 93.3, 87.4, 69.7, 47.4, 33.8, 32.8, 27.2, 18.4, 10.9, 0.1. HRMS (ESI) calcd.
for CasH42NaOsSi, [(M+Na)*] m/z 457.2570, found 457.2560.

Palladium-Catalyzed Decarboxylative Cyclization of a-Acyloxyketones Having an Allene Moiety in the Tether
General Procedure F: Palladium-Catalyzed Decarboxylative Cyclization

5.0 mol% Cp(Allyl)Pd 0
\[/ 10 mol% BrettPhos R
on / DMEQOTM) . oh &~

Mée Me
96 97

In a sealed tube, starting material 96, (Cp)Pd(Allyl) (5.0 mol%) and BrettPhos (10 mol%) were dissolved in
1,2-dimethoxymethane (0.01 M). The solution was heated at 100 °C or 120 °C for 15~36 h under nitrogen and
then evaporated. The residue was purified by column chromatography to afford desired product.

97a
o)
I
Ph Z )*

By following general procedure F, the reaction of the corresponding propionate (41.1mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 100 °C delivered 27 mg of compound 97a as a yellow oil (71%). IR (neat): 2942, 2864
2173, 1719, 1683, 1233 cm™. 'H NMR (400 MHz, CDCls, rt, 8/ppm): 8 7.31-7.29 (m, 4H), 7.22-7.19 (m, 1H),
6.15 (s, 1H), 3.08 (s, 2H), 2.88 (s, 2H), 2.81 (d, J = 13.9 Hz, 1H), 2.58 (d, J = 13.9 Hz, 1H), 1.48 (s, 3H), 1.10-
1.05 (m, 21H). C NMR (100 MHz, CDClg, rt, 8/ppm): & 208.7, 146.7, 132.4, 130.1, 128.5, 126.5, 125.6, 104.0,
83.9, 53.9, 43.1, 41.9, 29.0, 27.5, 18.6, 11.2. HRMS (EI) calcd. for CzsH3sOSi [M*] m/z 380.2535, found
380.2528.

97b

\ /
Si
Ph Z 7<
By following general procedure F, the reaction of the corresponding propionate (38.3 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 100 °C delivered 18 mg of compound 97b as a yellow oil (53%). IR (neat): 2928, 2856,
2173, 1941, 1868, 1718, 1250 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.31-7.30 (m, 4H), 7.23-7.18 (m,
1H), 6.11 (s, 1H), 3.06 (s, 2H), 2.88 (s, 2H), 2.81 (d, J = 14.2 Hz, 1H), 2.58 (d, J = 14.2 Hz, 1H), 1.48 (s, 3H),
0.94 (s, 9H), 0.11 (s, 6H). *C NMR (100 MHz, CDCls, rt, §/ppm): & 208.5, 146.8, 132.4, 129.9, 128.6, 126.5,
125.6, 103.0, 86.2, 53.9, 43.1, 41.8, 28.9, 27.4, 26.1, 16.5, -4.5. HRMS (EI) calcd. for C;,H30Si [M*] m/z
338.2066, found 380.2064.

97d

L
Ph?

By following general procedure F, the reaction of the corresponding propionate (34.4 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 20 mg of compound 97d as a yellow oil (67%). IR (neat): 3057, 2964,
1716, 1277 cm™. 'H NMR (400 MHz, CDCls, 1t, 8/ppm): § 7.43-7.41 (m, 2H), 7.33-7.29 (m, 7H), 7.22-7.21 (m,
1H), 6.12 (s, 1H), 3.26 (s, 2H), 2.97 (s, 2H), 2.83 (d, J = 13.7 Hz, 1H), 2.60 (d, J = 13.7 Hz, 1H), 1.51 (s, 3H).
3C NMR (100 MHz, CDClg, rt, 8/ppm): & 208.7, 146.8, 132.4, 131.6, 130.1, 128.6, 128.3, 128.0, 126.5, 125.6,
123.3, 85.6, 83.5, 54.0, 43.2, 41.9, 28.8, 27.1. HRMS (EI) calcd. for CzH2O [M*] m/z 300.1514, found
300.1509.
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97e
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By following general procedure F, the reaction of the corresponding propionate (37.4 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 15 mg of compound 97e as a yellow oil (45%). IR (neat): 2963, 2930,
1716, 1604, 1248 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.37-7.32 (m, 6H), 7.22 (q, J = 4.6 Hz, 1H),
6.83(d, J=7.6 Hz, 2H), 6.11 (s, 1H), 3.81 (s, 3H), 3.24 (s, 2H), 2.96 (s, 2H), 2.83 (d, J = 13.9 Hz, 1H), 2.59 (d,
J =13.9 Hz, 1H), 1.50 (s, 3H). °C NMR (100 MHz, CDCls, rt, 5/ppm): & 208.8, 159.3, 146.8, 133.0, 132.2,
130.3, 128.6, 126.5, 125.7, 115.4, 113.9, 84.0, 83.2, 55.3, 54.0, 43.3, 41.9, 28.8, 27.1. HRMS (El) calcd. for
Caz3H220, [M*] m/z 330.1620, found 330.1626.

979
L0
Ph

By following general procedure F, the reaction of the corresponding propionate (35.8 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 17 mg of compound 979 as a yellow oil (54%). IR (neat): 3056, 2964,
2920, 1716, 1601, 1279 cm™. 'H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.33-7.29 (m, 4H), 7.25-7.17 (m, 4H),
7.11(d, J=6.8 Hz, 1H), 6.12 (s, 1H), 3.25 (s, 2H), 2.97 (s, 2H), 2.83 (d, J = 13.6 Hz, 1H), 2.60 (d, J = 13.6 Hz,
1H), 2.33 (s, 3H), 1.51 (s, 3H). **C NMR (100 MHz, CDCls, rt, 8/ppm): & 208.6, 146.8, 137.9, 132.4, 132.2,
130.1, 128.9, 128.6, 128.6, 128.2, 126.5, 125.7, 123.1, 85.2, 83.6, 54.0, 43.3, 41.8, 28.8, 27.1, 21.2. HRMS (EI)
calcd. for Ca3H220 [M*] m/z 314.1671, found 314.1662.

‘O 0
o

By following general procedure F, the reaction of the corresponding propionate (39.4 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 20 mg of compound 97h as a yellow oil (57%). IR (neat): 3056, 2964,
1715, 1234 cm'*. *H NMR (400 MHz, CDClg, rt, 8/ppm): & 7.94 (s, 1H), 7.82-7.76 (m, 3H), 7.51-7.46 (m, 3H),
7.36-7.31 (m, 4H), 7.23 (td, J = 5.7, 2.9 Hz, 1H), 6.16 (s, 1H), 3.31 (s, 2H), 3.01 (s, 2H), 2.85 (d, J = 14.0 Hz,
1H), 2.62 (d, J = 14.0 Hz, 1H), 1.53 (s, 3H). *C NMR (100 MHz, CDCls, rt, 8/ppm): & 208.5, 146.8, 133.0,
132.7,132.5,131.3, 130.1, 128.6, 128.5, 127.9, 127.7, 127.6, 126.5, 126.5, 125.7, 120.6, 86.0, 83.8, 54.0, 43.3,
41.9, 28.9, 27.2(one aromatic carbon missing). HRMS (EI) calcd. for CxH2-0 [M*] m/z 350.1671, found
350.1661.

97h
Ph

97i
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By following general procedure F, the reaction of the corresponding propionate (39.4 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-

dimethoxyethane at 120 °C delivered 20 mg of compound 97i as a yellow oil (57%). IR (neat): 3061, 2964,
2250, 1932, 1715, 1231 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm):5 8.34-8.31 (m, 1H), 7.86-7.81 (m, 2H),
7.67-7.65 (m, 1H), 7.56-7.49 (m, 2H), 7.44-7.40 (m, 1H), 7.38-7.31 (m, 4H), 7.25-7.21 (m, 1H), 6.26 (s, 1H),
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3.42 (s, 2H), 3.04 (s, 2H), 2.87 (d, J = 14.2 Hz, 1H), 2.63 (d, J = 13.7 Hz, 1H), 1.54 (s, 3H). *C NMR (100
MHz, CDCls, rt, 5/ppm): & 208.5, 146.8, 133.4, 133.2, 132.6, 130.3, 130.1, 128.6, 128.4, 128.3, 126.7, 126.5,
126.3, 126.0, 125.7, 125.2, 121.0, 90.6, 81.6, 53.9, 43.3, 42.0, 28.9, 27.4. HRMS (ESI) calcd. C,sH22NaO for
[M*] m/z 373.1568, found 373.1557.

97j

I 4
Ph//

By following general procedure F, the reaction of the corresponding propionate (35.8 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 15 mg of compound 97j as a yellow oil (48%). IR (neat): 3059, 2965,
1717, 1276 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.39 (d, J = 7.3 Hz, 1H), 7.33-7.32 (m, 4H), 7.23-
7.19 (m, 3H), 7.13 (dd, J = 8.0, 3.0 Hz, 1H), 6.17 (s, 1H), 3.30 (s, 2H), 2.97 (s, 2H), 2.84 (d, J = 14.2 Hz, 1H),
2.60 (d, J = 14.2 Hz, 1H), 2.42 (s, 3H), 1.51 (s, 3H). **C NMR (100 MHz, CDCls, rt, 8/ppm): & 208.5, 146.8,
140.0, 132.4, 131.9, 130.2, 129.4, 128.6, 128.0, 126.5, 125.6, 125.5, 123.1, 89.5, 82.4, 54.0, 43.2, 41.9, 28.9,
27.2, 20.8. HRMS (EI) calcd. for C23H2,0 [M*] m/z 314.1671, found 314.1667.

97k

o) lPh
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By following general procedure F, the reaction of the corresponding propionate (42.0 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 17 mg of compound 97k as a yellow oil (45%). IR (neat): 3057, 3029,
2964, 1715, 1233 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.60-7.54 (m, 4H), 7.51-7.43 (m, 5H), 7.38-
7.30 (m, 4H), 7.24-7.21 (m, 1H), 6.15 (s, 1H), 3.28 (s, 2H), 2.99 (s, 2H), 2.85 (d, J = 14.2 Hz, 1H), 2.61 (d, J =
14.2 Hz, 1H), 1.52 (s, 3H). *C NMR (100 MHz, CDCls, rt, /ppm): & 208.5, 146.8, 140.8, 140.4, 132.4, 132.0,
130.1, 128.8, 128.6, 127.6, 127.0, 127.0, 126.5, 125.7, 122.2, 86.3, 83.3, 54.0, 43.3, 41.9, 28.9, 27.2. HRMS
(El) calcd. for C2sH240 [M*] m/z 376.1827, found 376.1810.

97l
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By following general procedure F, the reaction of the corresponding propionate (38.8 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 20 mg of compound 102l as a yellow oil (58%). IR (neat): 2965, 2899,
1717, 1601, 1213 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.33-7.30 (m, 4H), 7.22 (q, J = 4.3 Hz, 1H),
6.94 (dd, J = 8.0, 1.6 Hz, 1H), 6.87 (d, J = 1.8 Hz, 1H), 6.74 (d, J = 7.8 Hz, 1H), 6.10 (s, 1H), 5.96 (s, 2H), 3.22
(s, 2H), 2.95 (s, 2H), 2.83 (d, J = 13.7 Hz, 1H), 2.59 (d, J = 13.7 Hz, 1H), 1.50 (s, 3H). *C NMR (100 MHz,
CDCls, rt, 8/ppm):5 208.6, 147.6, 147.4, 146.8, 132.3, 130.2, 128.6, 126.5, 126.0, 125.7, 116.6, 111.6, 108.4,
101.2, 83.9, 83.2, 54.0, 43.3, 41.9, 28.8, 27.0. HRMS (EI) calcd. for Ca3H2003 [M*] m/z 344.1412, found
344.1402.

By following general procedure F, the reaction of the corresponding propionate (31.0 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
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dimethoxyethane at 120 °C delivered 4 mg of compound 97m as a yellow oil (15%). IR (nheat): 2963, 2930,
2872, 1716, 1275 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.32-7.29 (m, 4H), 7.21 (g, J = 4.6 Hz, 1H),
6.04 (s, 1H), 2.99 (d, J = 1.4 Hz, 2H), 2.89 (s, 2H), 2.80 (d, J = 13.7 Hz, 1H), 2.57 (d, J = 14.2 Hz, 1H), 2.19-
2.15 (m, 2H), 1.54-1.50 (m, 2H), 1.48 (s, 3H), 0.98 (t, J = 7.3 Hz, 3H). **C NMR (100 MHz, CDCls, rt, §/ppm):
5208.9,146.9,131.7,130.9, 128.5, 126.5, 125.7,83.4,75.9, 54.0,43.2,41.8,28.9, 26.5, 22.4, 20.8, 13.5. HRMS
(El) calcd. for C19H220 [M*] m/z 266.1671, found 266.1662.

By following general procedure F, the reaction of the corresponding propionate (31.0 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 5 mg of compound 97n as a yellow oil (17%). IR (neat): 2955, 2917, 1659,
1592, 1070 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.32-7.30 (m, 4H), 7.23-7.20 (m, 1H), 6.05 (s, 1H),
2.98 (s, 2H), 2.87 (s, 2H), 2.80 (d, J = 13.7 Hz, 1H), 2.58 (d, J = 13.7 Hz, 1H), 1.49 (s, 3H), 1.22 (s, 9H). **C
NMR (100 MHz, CDCls, rt, 8/ppm): & 209.0, 147.0, 131.7, 131.0, 128.5, 126.5, 125.6, 92.3, 74.3, 54.0, 43.1,
41.8, 31.2, 28.9, 27.5, 26.3. HRMS (ESI) calcd. for CxH24NaO [(M+Na)*] m/z 303.1725, found 303.1712.

(0]
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By following general procedure F, the reaction of the corresponding propionate (31.0 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 100 °C delivered 11 mg of compound 970 as a yellow oil (36%). IR (neat): 3055, 3024,
2930, 2861, 1716, 1268 cm™. 'H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.35-7.29 (m, 4H), 7.23-7.19 (m, 1H),
6.07-6.06 (m, 1H), 6.04 (s, 1H), 3.13 (s, 2H), 2.90 (s, 2H), 2.80 (d, J = 14.2 Hz, 1H), 2.57 (d, J = 14.2 Hz, 1H),
2.13-2.07 (m, 4H), 1.65-1.57 (m, 4H), 1.49 (s, 3H). *C NMR (100 MHz, CDCls, rt, 8/ppm): § 208.7, 146.9,
134.2, 132.0, 130.5, 128.6, 126.5, 125.7, 120.6, 85.3, 82.6, 54.0, 43.2, 41.8, 29.4, 28.8, 27.0, 25.6, 22.3, 21.5.
HRMS (ESI) calcd. for C2;H24NaO [(M+Na)*] m/z 327.1725, found 327.1715.
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By following general procedure F, the reaction of the corresponding propionate (33.4 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 120 °C delivered 24 mg of compound 97p as a yellow oil (63%). IR (neat): 2927, 2863,
2174, 1719, 1462, 1020 cm™. *H NMR (400 MHz, CDClg, rt, 8/ppm): & 6.06 (s, 1H), 2.99 (s, 2H), 2.83 (s, 2H),
2.37 (s, 2H), 1.56-1.37 (m, 8H), 1.34-1.22 (m, 2H), 1.11-1.03 (m, 21H). *C NMR (100 MHz, CDCls, 1t, 8/ppm):
5 210.0, 131.9, 128.7, 104.3, 83.7, 51.5, 42.5, 39.0, 37.8, 27.4, 25.6, 21.7, 18.6, 11.3. HRMS (ESI) calcd. for
C23H3sNaOSi [(M+Na)*] m/z 381.2590, found 381.2578.

97q o A(J\
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By following general procedure F, the reaction of the corresponding propionate (36.3 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-

dimethoxyethane at 100 °C delivered 23 mg of compound 979 as a yellow oil (71%). IR (neat): 2942, 2865,
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2172, 1717 cm™. *H NMR (500 MHz, CDCls, 1t, 8/ppm): & 5.76 (br, 1H), 2.98 (s, 2H), 2.93 (s, 2H), 2.28-2.27
(m, 2H), 1.13 (s, 6H), 1.07-1.05 (m, 21H). *C NMR (126 MHz, CDCls, rt, 8/ppm):  213.4, 130.6, 121.1, 104.3,
83.2, 43.4, 40.7, 40.3, 27.4, 24.2, 18.6, 11.2. HRMS (ESI) calcd. for CHzNaOSi [(M+Na)*] m/z 341.2277,
found 341.2272.
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By following general procedure F, the reaction of the corresponding propionate (33.4 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 100 °C delivered 5 mg of compound 102r as a yellow oil (17%). IR (neat): 2942, 2864,
2173, 1720, 1463, 1019 cm™. 'H NMR (400 MHz, CDCls, rt, 8/ppm): & 5.94 (t, J = 1.6 Hz, 1H), 3.00 (s, 2H),
2.88 (s, 2H), 2.47 (br, 4H), 1.09-1.07 (m, 21H). C NMR (100 MHz, CDCls, rt, 8/ppm): § 209.9, 131.2, 122.3,
104.1, 83.5, 42.6, 38.3, 27.5, 24.8, 18.6, 11.3. HRMS (ESI) calcd. for C1gH3NaOSi [(M+Na)*] m/z 313.1964,
found 313.1956.
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By following general procedure F, the reaction of the corresponding propionate (37.6 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 100 °C delivered compound 103 as a yellow oil (43%). It was not purified, and yields was
determined by *H NMR. *H NMR (400 MHz, CDCls, rt, 8/ppm) § 6.39 (dd, J = 17.4, 11.0 Hz, 1H), 5.76 (s, 1H),
5.08-5.03 (m, 2H), 2.94 (s, 2H), 2.38 (s, 2H), 1.78-1.62 (m, 2H), dimethyl group was not assigned.
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By following general procedure F, the reaction of corresponding propionate (43.9 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and BrettPhos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane at 100 °C delivered 24 mg of compound 109b as yellow oil (61%). IR (neat): 2944, 2866,
1713, 1464, 1240, 883 cm™. *H NMR (400 MHz, CDCls, rt, 8/ppm): & 7.39-7.37 (m, 2H), 7.27-7.25 (m, 3H),
3.29 (s, 2H), 2.79 (s, 2H), 2.49 (s, 2H), 1.15 (s, 6H), 1.10-1.01 (m, 21H). *C NMR (126 MHz, CDCls, rt,
o/ppm): 6 203.6, 131.5, 128.2, 127.6, 123.8, 100.3, 87.7, 86.0, 82.8, 50.0, 37.1, 33.9, 32.2, 27.1, 18.6, 11.2.
HRMS (ESI) calcd. for C2H3sNaOSi [(M+Na)*] m/z 417.2590, found 417.2575

109c

By following general procedure F, the reaction of corresponding propionate (43.5 mg, 0.1 mmol) in the
presence of (Cp)Pd(Allyl) (1.1 mg, 0.005 mmol) and Brettphos (5.4 mg, 0.01 mmol) in 10 mL 1,2-
dimethoxyethane delivered 21 mg of compound 109c as yellow oil (54%). IR (neat): 2959, 2866, 2174, 1724,
1464, 1249 cm™. *H NMR (500 MHz, CDCls, rt, 8/ppm): & 3.28 (s, 2H), 2.71 (s, 2H), 2.30 (s, 2H), 1.09-1.08
(m, 21H), 0.14 (s, 9H). °C NMR (126 MHz, CDCls, rt, 8/ppm): § 203.6, 104.9, 100.3, 86.8, 85.9, 50.0, 37.0,
33.4, 324, 27.0, 18.6, 11.2, 0.1. HRMS (ESI) calcd. for Cz3Hs2NaOSi, [(M+Na)*] m/z 413.2672, found
413.2658.
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Computational Studies of the Reaction
General computational details

All calculation reported in the present study were carried out using density functional theory with the
B3LYP or M06-2x functional, as implemented in the Gaussian 16, Revision C. 01. For ease, a model complexes
X were used instead of Y and the structures of them are described in Figure SX. Geometry optimization
calculations were performed at the B3LYP/BSL1 level of the theory under the condition of tight SCF convergence
criteria (scf=tight) with an ultrafine integration grid (int=(grid=ultrafine)). BS1 refers to the basis sets employed,
which were LANL2DZ for Pd atom and 6-31G(d) basis sets for all other atoms. After optimization of structures,
frequency calculations were performed at the same level of the theory to confirm that the obtained structure
were either a stationary point (no imaginary frequencies) or a transition state (one imaginary frequency). The
IRC calculations were performed for each transition state structure to confirm the transition state connects the
reaction pathway between the starting materials and the products. Thermal corrections to the Gibbs energy at
373K (100 °C) were calculated by frequency calculation. Single-point energy calculation were performed for
all optimized geometries at the M06-2x/BS2 level of theory with solvents effects simulated by a polarizable
continuum model (PCM) solvation model (THF). BS2 refers to the basis sets employed, which were SDD
pseudopotential for Pd atom and 6-311+G(d,p) basis sets for all other atoms.

Key transition structures (insertion vs. decarboxylation) and their energies

)\ ¥ TS,.u (P cis to acyl) Me s

9 TS.v (P cis to acyl)
< AG*=19.7 kcal/mol AG# = 19.9 kcal/moi
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Key transition structures (regioselectivity) and their energies

5-exo-trig

ol
f—

)
N [, 3 ?
9 /J-u TS\.v 5mem (P cis to acyl)

24.9 kcal/mol

9

46.6 kcal/mol

TSt 7mem

Detailed information for calculated structures

“
A,
¥ 4
Me

@
i3 /‘zl
Y

TSi.v_7mem (P cis to acyl)

56.7 kcal/mol

Me |

MO06/6-311+G(d.,p) (PCM, solvent = THF)
Electronic energy [Hartree]: -1741.85097703
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.77
Entropy [cal/mol+K]: 233.737

TTOoOO0O0O0O0O0OTI

0.08754400
-1.59836600
1.87349700
-1.72876900
-1.48549000
-3.24815500
3.17902300
1.36815200
-0.79369100
-1.83836500

0.52511800

-0.97486100
-1.41925100
-1.63161300
-2.52328300
-0.25036900
-1.25223600
-2.51980900
-2.16595700
-0.82124300

-0.62803400
-1.08771700
-1.70495400
-2.80064500
-0.09241600
-0.69519500
-0.92757600
-1.93577800
-2.99270500
-3.52679800
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-2.56736900
-2.32449400
-0.54041100
-1.47999300
-4.29615300
-3.47922100
3.52946300
3.98489000
3.17827200
-5.55888900
-4.13536000
-4.76032600
-2.40521300
2.41062900
-5.79434800
-6.35365200
-4.93261600
-1.32083300
-2.47905700
1.82514600
2.10969200
-6.77512100
-0.32233100
-1.30878700
-1.48002400
-3.31662400
1.23895800
-0.39514900
0.50373800
-1.54853100
0.33532500
1.63416400
0.38122400
2.34478300
1.27770900
3.20567300
1.67083900
0.11443000
4.23992000
5.15641400
4.50168100
3.90037500
1.25299300
1.94622800
0.63570800
4.81260600
5.63798800
4.65825900
5.11843900
3.79018700
2.90689600
4.61806200

-2.32872700
-3.19037500
-3.00889100
-2.28631700
-0.29341100
0.33727600
-2.30649600
-1.24499800
-0.24921900
0.21125100
-0.72714000
0.81763900
0.45440600
-2.33585800
0.76078000
0.16924000
1.26257200
1.33989600
-0.29676000
-3.40149100
-1.36013800
1.15334100
1.43581400
2.05075900
-0.19618800
-0.97294500
-4.46267900
0.66250000
2.12136500
-0.79488700
-4.87747200
-4.98225800
0.73746000
4.07089800
3.08504300
4.91490600
1.85199000
3.45165800
5.93462300
5.52372100
6.35873700
6.76107900
-0.15937800
0.67463000
-0.31022300
-1.81766900
-1.71161100
-0.84490000
-2.53414700
-3.69360200
-4.06391700
-3.63770200

KER DR

-2.89630300
-0.31823600
-0.35355100
0.97336800
-1.62754700
0.57183900
0.15728800
-1.67939500
-0.48365500
-1.31617800
-2.60849200
0.87667900
1.60191800
1.19751000
-0.05713200
-2.05558800
1.85268800
1.42418000
2.78355100
1.68203200
1.58710700
0.19627400
2.40537400
0.59173900
3.75457500
2.93334300
2.17575900
3.56443000
2.25184700
4.65895500
1.73169500
3.04745500
4.32037900
-0.20348100
-0.35346500
-0.08437200
-0.22443600
-0.57010200
0.05356300
0.49438700
-0.92380500
0.68999800
-2.20236100
-2.31276900
-3.08720800
0.87284500
0.15752700
1.35485600
1.64333000
-0.45286800
-0.97477800
-1.17060500
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4.06898400

KER DR

-4.41154100 0.32666200

MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.85039166
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.703

Entropy [cal/mol*K]: 223.642

ITOO0OOIOITOOOIIIIIIOOOOOOTS

0.98156100
-0.27187800
2.43863600
0.60654400
-0.37651400
-2.02073900
3.94527900
1.80713100
1.60355800
0.72441000
0.09034100
-0.92604100
0.63290500
-0.87896100
-2.31814500
-3.07573000
4.44652100
4.20397400
4.48435800
-3.62997200
-1.51888800
-4.39084800
-2.87389900
4.21949200
-4.67385900
-3.82842400
-5.19674800

-0.12563900
1.95729600
-2.74279500
2.96595900
3.14610300
1.84504100
-2.56785200
-3.48890500
3.19440300
2.35685700
3.90464800
4.04727600
3.43787800
2.68034900
2.22580600
1.42272600
-1.14861800
-3.26922900
-2.87876100
2.24221400
2.50260500
1.47186800
0.89054200
-0.17959000
1.88078200
2.53785600
1.15228600

-0.50956200
-0.16248200
0.20589500
1.10667500
-1.58443900
0.41895400
0.44641400
0.94075200
0.71467400
2.00518000
1.33375400
-1.29325900
-1.89094300
-2.43435200
1.73714800
-0.42848300
0.85145800
1.24688800
-0.46009100
2.20920600
2.41371700
0.05883800
-1.81144500
-0.30656300
1.36093100
3.23549600
-0.59605600
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TS

-2.20964600
-3.41479600
3.11888800
5.12821100
-5.70171400
-2.07476800
-1.82780400
-3.27183200
-3.94194200
2.37034100
-2.59792200
-1.57004700
-3.69039200
2.22151700
2.22492000
-2.49188500
-1.36481100
-0.45578200
-2.09673700
0.21950100
-0.45164800
-2.97586200
-3.98821200
-2.60122300
-3.05233700
1.77862600
2.41387700
0.82341100
5.97013700
6.18738400
6.50487400
6.37527300
3.75892700
2.67447500
3.95586700
4.15562500

-0.33093100
1.56081000
0.23407000
0.21189500
1.89688500

-0.85302300
-0.87737900
1.03904800
2.49981900
0.87002800

-0.16912300
-1.80547100
1.57396100
0.41050000
1.94555700
-0.57950800

-1.67528000

-0.86411900

-2.33334400
0.02683200
-1.16728400

-3.13856100
-3.19000500
-4.16641000
-2.72919700

-2.06326400

-1.98613900

-2.54540500

-1.23528000

-1.93490400

-1.58033400

-0.25577000

-0.67588300

-0.57713600

-1.39227100
0.29847100

KER DR

-2.01403700
-2.92097200
-0.89994600
-0.77273100
1.71309000
-3.30310700
-1.15612100
-4.20795700
-2.77093900
-1.85430800
-4.40263400
-3.44306100
-5.05659300
-2.83169100
-1.81460300
-5.40340100
2.70280700
1.89944600
3.40894300
2.43631600
0.63590700
4.25032600
3.83060600
4.33188200
5.26518100
-0.94995200
-1.83461200
-1.16672600
1.09923500
1.91327500
0.20553000
1.38116100
2.14877700
2.04254200
2.95520400
2.45763400
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M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.82270374
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 341.795

Entropy [cal/mol*K]: 222.707

OOIIIIIOOIOIOITOOOIIOOOOITIOIIOOOIIIIIIOOOOOOTS

-0.77227700
0.97525300
-3.32349300
0.27588800
1.73510000
2.42880900
-4.69996000
-3.02636900
-0.48319400
-0.21280400
1.03900000
2.48326500
0.94909200
2.20832800
2.58815400
3.40805200
-4.69566700
-5.28097800
-5.19098600
3.71120200
1.82377900
4.54164900
3.29241300
-3.87364500
4.70130500
3.80546500
5.29194300
2.29079700
4.22799000
-2.66418200
-4.34130500
5.58502300
2.22033600
1.58990900
4.14971600
5.01398000
-1.55158500
3.14230100
1.44853300
4.87740600
-1.25813500
-1.32719500
3.08417300
0.15797000
-0.23674600

-0.73878200
-0.69581700
0.24156100
-0.12775100
-2.31868700
0.39507400
0.04993000
1.28607300
-0.85484300
0.83532600
-0.05783300
-2.17966400
-2.98450300
-2.78295700
1.55290100
0.08156200
-0.21087100
0.95200000
-0.80075600
2.36807000
1.83614100
0.90182600
-1.05978300
-1.45155300
2.03216500
3.26007600
0.65498100
-1.06093000
-2.10687300
-1.77839000
-2.19730900
2.65463200
-2.10226000
-0.23195900
-3.14889700
-2.10512100
-2.59960000
-3.15056200
-2.08426900
-3.95565900
-3.35520500
-2.85035700
-3.95796900
3.37381400
2.12141200

-0.02809300
1.56067200
-1.70117900
3.16826700
2.02743200
1.24194500
-1.08067700
-2.25661200
3.47489700
3.00808200
3.95055700
2.81498500
2.39674100
1.16047300
2.02009500
0.26702900
0.45201600
-1.29821900
-1.57495400
1.88383600
2.73320000
0.16385300
-0.69154500
0.76129100
0.96357600
2.49655900
-0.58218200
-1.67666300
-0.67208600
0.32191400
1.40838000
0.85247700
-2.60533600
-1.72282300
-1.59782000
0.07916300
0.57364800
-2.56564000
-3.37061800
-1.56528000
-0.15621700
1.60871800
-3.29085000
-0.78590500
-0.14839300

88



ITITTOIITIIOIIOIITITOOOO

0.47301000
-0.63526600
-0.11469700
0.84523100

1.83339000

0.12583800

0.87487200
-2.36250500
-2.78797800
-1.47935600
-6.15042200
-6.77471500
-6.58705300
-6.19984400

-4.13264100
-3.09505400
-4.73872100
-4.16455800

TSi-n P cis to acyl

4.43039600
2.12384800
1.07825700
5.69982200
5.63745700
5.98056600
6.51343800
-0.90744100
-1.86589100
-0.68957500
-0.45580000
0.41654500
-1.32395700
-0.63552000
1.01528400
1.23513100
1.90353800
0.84279400

KER DR

-1.28707700
1.02777700
-0.90576400
-1.90188600
-2.37459600
-2.68118900
-1.16654800
-1.63023900
-1.92893700
-2.24231700
0.90136000
0.67893400
0.39253200
1.98228300
1.20769100
0.93859800
0.99002000
2.29008900

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.82270374
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 341.751
Entropy [cal/mol+K]: 225.851

ITITOo0O0O000OTE

0.66535300

-0.63911600
2.73593100
0.35507000

-1.99072900

-1.44941400
4.23712100
2.25146300
0.70104200
1.22336600

-0.24373200

0.48543000
-0.55563500
-1.97797400
-0.86929900

0.50644200
-2.17513700
-1.82361800
-2.57286300
0.11395000
-1.48946900
-1.33973400

-0.60584300
1.18696500
-0.25225500
2.70784600
1.86741700
0.78572100
-0.39137300
0.70361100
3.04041500
2.47840700
3.49503600
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-2.62666000
-1.50882100
-2.59598100
-0.84950200
-2.63722300
4.70258800
4.71380900
4.55010400
-1.40945200
0.07749500
-3.19169000
-3.35638300
3.99435000
-2.59347100
-0.91874000
-4.10127200
-2.73078700
-4.71185900
2.72203500
4.61026500
-3.04438900
-3.42908100
-1.68864100
-5.41245000
-5.20962400
1.75448000
-4.77164500
-2.91917000
-6.45740600
1.29474300
1.75046800
-5.31426900
-0.64584900
-0.04717900
-1.12152700
0.65884800
-0.35302400
-1.69622600
-2.72552100
-1.11986000
-1.72501200
1.88891100
2.24396600
0.86072600
6.22177800
6.75855400
6.47050900
6.59613300
4.40791600
3.33624100
4.91851900
4.76109300

-0.07091100
1.31972400
0.93195200

-3.35219800

-2.28433400

-0.35070000

-2.46729300

-2.15355400

-4.60760600

-3.29326300

-3.55860500

-1.12662700
0.54845800

-4.71225300

-5.49561100

-3.63454000

-0.26725400

-0.90885100
0.54461000
1.30131600

-5.68316900
0.79390400

-0.42664600
0.14852600

-1.56485200
1.33844200
1.00649700
1.45484300
0.30605500
1.00776200
2.41054800
1.83487500
4.24580000
2.91666100
5.35273400
2.47386100
2.30556900
6.68495000
6.62508200
7.29158700
7.22091500

-1.33572200

-1.48263700

-1.71744500

-0.28643200

-0.93810900

-0.60233800
0.73469900
0.12047900
0.11012300

-0.52406600
1.14704500

KER DR

2.54590400
2.41516500
1.06736300
1.26716200
0.01482500
-0.19081400
0.35452000
-1.39096700
1.03385400
1.82249200
-0.19392400
-0.59665300
-1.18746200
0.30755800
1.42277500
-0.78333700
-1.51286700
-0.29616300
-1.57369300
-1.68265500
0.12047500
-2.09049600
-1.77584700
-0.87629100
0.41315000
-2.20016800
-1.77315100
-2.78534200
-0.62206700
-3.13234200
-2.01836300
-2.22034300
0.84460400
0.73365000
0.97121400
1.64908800
-0.37090300
1.12511200
1.50034000
1.83435300
0.16840100
-1.30094400
-2.32116000
-1.24581800
-0.44487800
0.25352100
-1.46504600
-0.30509400
1.25199800
1.47010700
1.97844800
1.39849500
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M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.91488651
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 344.095
Entropy [cal/mol*K]: 225.057

O0O0OIIOOO0O0OIOITOOOIIIIIIOONOOOOTS

0.87247200
-0.26920300
2.61643400
0.61605300
-0.35612300
-2.01648600
4.07052900
1.79903800
1.61002700
0.73131300
0.09397500
-0.87520100
0.66446800
-0.87906100
-2.30869600
-3.07721100
4.51875100
4.25106600
4.66089200
-3.62029400
-1.50665200
-4.39083100
-2.87984900
4.11824600
-4.66846900
-3.81434400
-5.19947800
-2.21990900
-3.41607000
3.05555700

-0.01387900
1.94431200
-2.72235700
2.93483800
3.12459200
1.82971500
-2.65198000
-3.40072700
3.16666600
2.31925400
3.86993700
4.04268500
3.36941000
2.67022400
2.21550700
1.41716300
-1.20414000
-3.31523900
-3.01558700
2.24229700
2.48362700
1.47375400
0.88575600
-0.27067300
1.88462000
2.54006700
1.15830700
-0.33769700
1.56022100
-0.46080400

-0.50300600
-0.18222700
0.17613300
1.09325100
-1.60077200
0.41231500
0.56050400
0.76447400
0.69797700
1.98757600
1.32229500
-1.30483300
-1.91073300
-2.44387700
1.73112100
-0.43216400
0.88281000
1.41172100
-0.29398700
2.20516000
2.40764700
0.05794100
-1.81492500
-0.23560700
1.36048600
3.23164800
-0.59549800
-2.01586300
-2.92351200
-1.05048500
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4.64504300
-5.69527600
-2.08250600
-1.83989700
-3.27131700
-3.94066400

2.36575000
-2.59962600
-1.58034300
-3.68606200

2.04969100

2.78544500
-2.49094500
-1.36338900
-0.46154500
-2.10463200

0.21173600
-0.46284200
-2.98988800
-4.00017700
-2.61823800
-3.07203700
2.31779800

2.68330800

1.22032100
6.04127300

6.30946500

6.56900900

6.40939100
3.82406700

2.73435000
4.07644300
4.16476500

0.68264800
1.90634500
-0.85712700
-0.88361800
1.04013400
2.50061200
0.62873300
-0.16927600
-1.81091200
1.57717900
0.45390700
1.62401400
-0.57794600
-1.68130400
-0.86883100
-2.34341500
0.03013500
-1.16873000
-3.14964600
-3.19849000
-4.17880400
-2.74443700
-1.86358000
-2.39879500
-1.87598900
-1.21231000
-1.88613300
-1.54769200
-0.21123200
-0.70846000
-0.67335100
-1.36528200
0.30328600

KER DR

-0.28841500
1.71546600
-3.30505000
-1.15706100
-4.21096700
-2.77284700
-1.76789400
-4.40496700
-3.44610100
-5.06007800
-2.79953300
-1.61896200
-5.40618700
2.73886000
1.93075800
3.43011300
2.46334800
0.67505300
4.26173900
3.83655400
4.34254800
5.27798100
-1.06140200
-1.95197400
-1.23556200
1.09469300
1.91686400
0.19393100
1.35023200
2.17990000
2.08503900
3.02235600
2.43084800

MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.81560729
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.52
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Entropy [cal/mol*K]: 234.039

ITTIOOO0O0O0O0OIIIIIOOIOIOITIOOOITIOOOOIOIIOOOIIIIITIOONONOOOOTS

0.34848800
-1.13004400
2.69357700
-0.72899200
-0.92328500
-2.91567500
3.84747000
1.64874000
0.31124500
-0.79332500
-1.38443200
-1.48117800
0.14907900
-1.25857200
-3.52474100
-3.69884000
4.63852000
3.46456700
4.55075700
-4.87991600
-2.94110100
-5.06638700
-3.16362500
5.10850500
-5.65798800
-5.32054300
-5.66333100
-2.23048900
-3.63925300
4.77523000
5.77005700
-6.71724600
-1.76438600
-1.88798800
-3.16982700
-4.36850400
4.41840900
-2.22611000
-1.04216300
-3.53994000
3.52970300
4.98628500
-1.85838500
0.02693600
0.21637800
-0.12226800
1.36435900
-0.81299600
-0.29344500
0.12800700
0.21997700
-1.35257900

0.27749000
-1.40098300
-1.27193000
-2.18116200
-2.78937800
-0.95481300
-2.11835500
-1.25725900
-2.51164800
-1.45485400
-3.03298600
-3.66867700
-2.99909800
-2.50320700
-0.88675300
-0.69057400
-1.56326100
-3.11312700
-2.26228100
-0.59509400
-1.07051400
-0.42149500
-0.67863800
-0.14637900
-0.37122500
-0.54987500
-0.22528200
0.28663800
-1.60716900
0.94168500
-0.05271900
-0.14839700
0.29975100
1.03678800
-1.59197500
-2.35229400
2.03539500
-0.64059200
1.05284900
-2.32347000
2.58308000
2.42854600
-0.62886000
4.21297100
2.78940400
5.41063800
2.27200800
2.03993200
6.85283200
7.22003800
7.37310400
7.13380700

KER DR

-0.57516800
-0.95729500
-1.28232800
-2.57584700

0.22692900
-1.03005700
-0.76979000
-0.43594600
-2.51226000
-3.38910200
-2.78609700
-0.11189200

0.25446900

1.22375100
-2.29544200

0.12274500
0.46016000
-0.49880300
-1.59893100
-2.43786600
-3.19017800
-0.04376300

1.51799400
0.14651800
-1.30422000
-3.42967900

0.84230600
1.92812500

2.45880600
0.79233400
-0.71806200
-1.39780300
3.24493400

1.22195400

3.77280300

2.15086600
1.41537200
4.16781600
3.54815600

4.48630000
1.10607500
2.25767800

5.19022100

-0.24393200
-0.36082500
-0.14432000
-0.26095600
-0.56755100
-0.02573900
0.91768100
-0.84326600
-0.05746300
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2.74714000
3.63974500
1.93388300
5.88669300
5.59705200
6.54522900
6.46648500
3.79344100
2.89989900
3.47433900
4.37995300

-0.65610900
-0.71278500
-0.03072400
-2.45639000
-3.50382600
-2.41510300
-2.13225300
-1.61223700
-0.99233500
-2.64224300
-1.26359200
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KER DR

-2.48165200
-3.09424100
-2.84012200
0.64821400
0.80243000
-0.22834200
1.51989800
1.74356500
1.65687700
1.94575200
2.60137300

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.81599972
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.339
Entropy [cal/mol+K]: 229.684

OTIOIIOOOIIIIIIOCOOOOO0OOTS

0.53432400
-0.84720500
3.04712200
-1.11017300
-0.12601300
-2.53453000
4.34979200
1.99200500
-0.14626600
-1.44349700
-1.83279300
-0.83103900
0.79502000
0.13062900
-3.61627600
-2.78365700
5.08828200
4.12495300
5.06166700
-4.92677800
-3.44383700
-4.11330500

-0.72457400
0.49329600
0.40868600
-0.44310200
2.09157100
0.83425000
0.75224200
0.65290100
-0.51087700
-1.45674400
0.05082800
2.63230800
1.87126500
2.69719100
0.11820700
1.80232800

-0.42076000
1.52691100
1.18027000
0.37006300
-0.64773000
2.05621200

0.24418400
1.58268700
1.14192300
3.14632000
2.12956900
0.93100600
0.43844100
0.36073500
3.65824400
2.91080000
3.80423400
2.76975300
2.67612600
1.26046600
1.47228600
-0.07412900
-0.27562800
-0.30269000
1.15591400
1.07068300
2.21893000
-0.44392500
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-1.71263400
4.23359000
-5.17809800
-5.74242400
-4.30010000
-0.81941300
-1.63373900
2.97918600
4.82205300
-6.19515400
0.14992800
-0.90328000
-0.66192500
-2.33057500
1.75300300
0.23563800
0.83641800
-0.60618300
1.48067600
1.03916500
0.99356300
-2.66243900
-1.61038700
-3.53769500
-1.38414200
-0.97491400
-4.59178600
-5.54285300
-4.33924200
-4.75282400
3.01982400
3.93414200
2.09379900
5.70650200
6.42662100
4.93136400
6.23829600
6.22566800
5.82667600
6.88648600
6.83598500

2.56327700
-1.27131400
1.35437800
-0.20048900
2.80285200
1.90475800
3.95960100
-1.63459700
-1.75864300
1.56629800
2.63366500
0.83046600
4.68237500
4.47502500
-2.11757200
4.01873900
2.11259700
5.76160800
-3.06800200
-1.69504700
4.58050600
-3.20935100
-2.19786300
-4.04457500
-1.50416200
-2.13907700
-5.04981100
-4.59944100
-5.82234100
-5.54719900
-0.06807000
-0.19107600
-0.38038200
-1.38807500
-0.85545600
-1.81752700
-2.20808300
0.20166600
0.85549400
0.80050200
-0.57298300

KER DR

-0.78513200
-1.21964400
0.11743000
1.50558100
-1.21039400
-1.64494200
-0.65539300
-1.23852600
-2.00394200
-0.20081500
-2.33754900
-1.78897100
-1.34791400
0.00109100
-1.37876700
-2.18827600
-2.99888900
-1.23132800
-0.92042500
-2.08759800
-2.72780100
-0.99197700
-0.96973400
-1.05256700
-1.96625500
0.16923700
-1.13398200
-1.44398000
-1.87075700
-0.16976400
2.40841800
2.97802000
2.88114500
0.76060700
1.39520100
1.40089000
0.26384500
-1.11665400
-1.90063200
-0.47939300
-1.59701100
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KER DR

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.79603584
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 341.269
Entropy [cal/mol*K]: 226.281
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0.42409900
-1.03366300
3.09667800
-1.46983500
-0.29707200
-2.64068300
4.35542400
1.98024700
-0.54521600
-1.86126600
-2.19241600
-1.00709100
0.59868100
0.00450800
-3.81638100
-2.73198200
5.12936900
4.05567900
5.02973500
-5.06744300
-3.76539800
-4.00364800
-1.55083400
4.23977800
-5.16290200
-5.95865400
-4.06908800
-0.65465200
-1.36863200
3.09641500
4.62034100
-6.13159600

-0.78570900
0.50440700
-0.01038100
-0.43755600
2.05923900
0.96173900
0.68625200
0.51537300
-0.58916400
-1.41892100
0.09315000
2.58892400
1.79234000
2.70206800
0.35805400
1.91021000
-0.19038000
1.63334200
0.91456300
0.69907000
-0.38908300
2.25513600
2.56622100
-1.27352100
1.66208500
0.21383300
2.98633500
1.82494400
3.95415300
-1.76785600
-1.71840600
1.94226000

0.43310800
1.65981700
1.14348700
3.18170700
2.31308900
0.88612400
0.66573000
0.70416000
3.74684800
2.90178100
3.81049500
2.95687200
2.88021600
1.48532600
1.36356500
-0.16348500
-0.39366500
0.20886500
1.49944200
0.85214100
2.14680300
-0.64625800
-0.80335000
-1.00064900
-0.14979800
1.24000100
-1.44690700
-1.59012500
-0.68395400
-0.57481500
-1.92456700
-0.55450300
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0.41408200
-0.80612200
-0.29723100
-2.06713200

1.82668100
0.59940100

1.09835100
-0.16492100

1.56379700

1.28421400

1.43322700
-2.66823500
-1.58729300
-3.56163400
-1.17678500
-1.14116600
-4.63659200
-5.54134200
-4.34683700
-4.89894000
3.21501700
4.17718700
2.34194900
6.36577000
7.06496000
6.08215800
6.89908700
5.60949100
4.76004200
6.24168300
6.20010500

2.46494100
0.75739300
4.58714600
4.53412500
-2.25942900
3.84126500
1.87930300
5.66071000
-3.19131900
-2.03478100
4.33319800
-3.15445300
-2.18334700
-3.95597300
-1.54838400
-2.09528600
-4.92078900
-4.42757700
-5.68065800
-5.43885100
-1.20889200
-1.53800500
-1.78123400
-0.87034700
-0.11776500
-1.53058900
-1.47653900
0.73423200
1.19618800
1.53499200
0.18248200

KER DR

-2.22238600
-1.73054500
-1.31499500
-0.08556000
-0.68404900
-2.08425800
-2.82993500
-1.20762500
-0.18521500
-1.60563200
-2.57833400
-1.19811300
-1.05356400
-1.36144400
-2.02853400
0.17059700
-1.56626600
-1.94278300
-2.30253100
-0.63570300
1.80446400
2.17957800
2.09836900
0.24031700
0.62552900
1.06554100
-0.50152100
-1.53414000
-2.04905000
-1.13160700
-2.27549700
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MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.85874291
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 343.729
Entropy [cal/mol*K]: 225.63
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0.35610200
-1.30762800
3.15492600
-2.10385600
-0.68010000
-2.71974000
4.36379600
2.02329300
-1.31477100
-2.52034400
-2.87793500
-1.48388000
0.08258500
-0.21171600
-4.03327300
-2.50911600
4.87690800
4.08039300
5.15288300
-5.12646100
-4.21719100
-3.62323000
-1.15642500
3.80473600
-4.92203700
-6.13030300
-3.45391400
-0.30327100
-0.76086100
3.01479900
3.59306100
-5.76430300
0.92287700

-0.90170500
0.56317700
0.00876200
-0.40343600
2.05535200
1.21313400
0.68785000
0.51785000
-0.68134500
-1.32600100
0.15569600
2.57379700
1.72957400
2.74100000
0.81658900
2.12614600

-0.20765300
1.68559800
0.78600800
1.32345500
0.10256300
2.64334200
2.56786900

-1.24734100
2.25176800
0.99407000
3.34660400
1.67617000
3.90718000

-1.82157300

-1.41682900
2.65989200
2.12425000

0.66439200
1.67459200
1.22246400
3.03244800
2.57499300
0.67523900
0.63435200
1.21814500
3.73866000
2.61859700
3.56855900
3.10843800
3.28943900
1.86560700
0.97517000
-0.38807600
-0.58755300
0.29112000
1.39046300
0.27262800
1.76976800
-1.06597100
-0.85067800
-0.92728800
-0.74525300
0.52661800
-1.87664600
-1.52171600
-0.70009900
0.01119600
-1.98157600
-1.29738200
-2.01937300
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-0.60706600
0.46939000
-1.42379100
1.66796200
1.31497200
1.56411800
0.76196500
1.44296700
1.35692400
2.26797500
-2.64120200
-1.56310300
-3.53215200
-1.12540600
-1.16743200
-4.60354200
-5.49272300
-4.29153000
-4.90098300
3.33922200
4.35161900
2.59584700
6.23504100
7.00145100
6.17221300
6.57649800
5.06801100
4.12478400
5.80458300
5.42502700

0.64383100
4.34677200
4.60456800
-2.37369400
3.45414100
1.42539800
5.38594200
-3.25281600
-2.50518100
3.79783900
-3.20144800
-2.23988600
-3.98942600
-1.55898800
-2.21904900
-4.93830000
-4.42481200
-5.66821900
-5.49422000
-1.45264700
-1.71911000
-1.85573900
-0.86938500
-0.11188200
-1.53546300
-1.47025400
0.72177000
1.20557500
1.50451000
0.15309900

KER DR

-1.67918500
-1.19186800
-0.19347900
-0.16968100
-1.85471600
-2.55030600
-1.06423400

0.44005800
-1.20693100
-2.24947100
-1.23133600
-1.00498600
-1.46088200
-1.93433000

0.23833400
-1.74457300
-2.13113900
-2.50188200
-0.84688200

1.46919800

1.77909600

2.15937600
-0.25778800
-0.04926600

0.60901300
-1.10789700
-1.80271800
-2.08000000
-1.58597700
-2.66950600

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.84718493
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.333
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Entropy [cal/mol*K]: 230.228
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0.84045400
-1.32941600
1.95910500
-1.44081500
-2.35938800
-2.25354200
0.96711200
3.12130600
-1.06916500
-0.80567600
-2.47269000
-3.39902300
-1.94641700
-2.29870500
-2.42193000
-2.80087700
1.30376500
0.84341900
-0.01441900
-3.12446100
-2.00965700
-3.51964700
-2.68388700
1.39859600
-3.68285300
-3.23669300
-3.93909900
-1.43802800
-3.84812700
2.43644800
0.48815600
-4.23662500
-1.35709800
-0.52424800
-3.76698200
-4.82003400
3.46904600
-2.52060200
-0.38339000
-4.67785600
4.21556200
3.62680300
-2.45661400
2.56736100
1.48167000
3.44272600
0.32599300
1.72637900
4.59948500
4.71347100
4.47196600
5.51194200

-1.36808300
-1.20293000
1.34905400
-1.59161600
-2.53799600
0.38095400
2.47472500
1.38689600
-2.61274800
-0.93004800
-1.53614900
-2.43963200
-3.49365600
-2.51397300
1.19377600
0.81018200
3.47513600
3.03962700
2.02143700
2.39612300
0.88532800
2.01795200
0.05640700
2.71636400
2.80749000
2.99924300
2.34354400
-0.27807300
-0.29616200
2.65685600
2.19313200
3.73998300
-0.97030300
-0.00298300
-0.98389700
-0.04604100
2.59150900
-1.32656900
-1.23582200
-1.25907000
1.80558700
3.31976400
-1.87062400
-2.59261400
-3.38322700
-2.00314300
-3.00517800
-4.23972200
-1.39186800
-1.76452900
-0.30470500
-1.63683400

KER DR

-0.75192900
-1.45315500
-1.13899100
-3.25543400
-0.71629000
-1.24770500
-0.83125600
-0.74463800
-3.38313600
-3.84856700
-3.61777700
-1.04494900
-1.04948300
0.37046300
-2.38346600
-0.00936800
0.30722200
-1.76967500
-0.64365000
-2.32626900
-3.33760600
0.01808800
1.27398300
1.62925200
-1.11813500
-3.22263500
0.96553100
1.82645100
1.97831700
2.42364600
1.93253200
-1.05536000
3.03566000
1.30857200
3.18873100
1.56083600
3.22368500
3.71890500
3.43557600
3.71364100
3.12423400
4.01766200
4.65692300
0.33543300
0.99010800
-0.28591500
0.52693800
1.81893700
-0.93199400
-1.95729200
-0.96292200
-0.37588800
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1.44599900
0.63222000
2.25167600
0.11394800
-0.02788200
-0.82254900
0.29530000
2.58215200
3.45175300
2.47703500
2.75729300

0.22943600
0.56087900
-0.20807400
4.45849800
5.00783800
3.93431400
5.18852000
4.27534400
3.62080900
4.80489500
5.02376700

KER DR

-1.98716900
-2.63785800
-2.58499600
0.42090700
-0.51857800
0.64766900
1.21758300
0.00441000
-0.05595600
-0.95104600
0.78548100

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.81587804
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 340.869
Entropy [cal/mol*K]: 236.77
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-0.02100900
2.12393700
-2.16469100
2.26432300
3.44557300
2.74172800
-2.03557500
-3.24000700
2.08959400
1.49168600
3.25180100
4.42372300
3.18944900
3.48456300
2.77524500
3.16588100
-3.32595800
-1.37673900
-1.47324000
3.23139700

-1.10536900
-0.35770200
1.02061100
-0.21972100
-1.59450800
1.26635700
1.69971100
0.86941100
-1.21906900
0.44104000
0.13129700
-1.24093200
-2.52261700
-1.80262500
2.36043700
1.45866600
2.15146200
2.57205000
1.01032700
3.61479300

0.90541500
1.52071600
1.09142900
3.35870800
1.14781000
0.88643400
-0.27544100
1.65339500
3.76934100
3.75977200
3.67593500
1.48985700
1.66838100
0.07816200
1.76852900
-0.45413200
-1.00114000
-0.14515700
-0.92061500
1.36334300
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2.45133600
3.64219600
3.14873700
-4.20678300
3.67632400
3.24305300
3.96995900
1.95111500
4.34478300
-5.51320100
-3.67654800
4.04046700
1.95274300
1.01363700
4.34588500
5.27855900
-6.81977100
3.14942800
1.01629100
5.28182500
-7.33886900
-7.44504300
3.14958800
-1.81188000
-0.61740300
-3.02916200
0.48863800
-1.25189500
-4.46743300
-4.74086900
-4.83312900
-4.97971900
-0.87124900
-0.13422600
-1.05454400
-2.90162800
-2.21762600
-2.39217000
-3.77921500
-4.07423900
-4.38633800
-3.42747700
-4.96462700

2.23961300
2.72371300
0.39201600
0.93527300
3.79549000
4.43877700
2.86347900
-0.21357200
0.01482800
0.89557300
0.03634800
4.76426300
-1.18880900
0.08246600
-0.95900800
0.47876600
0.84517000
-1.56672000
-1.65025200
-1.24523600
0.54008800
1.10913000
-2.32785300
-2.02173200
-3.46203200
-2.13245700
-3.09847700
-4.23995100
-2.22100300
-2.94929700
-1.23192700
-2.48992200
0.59998100
1.40694400
0.34442800
2.74527200
3.59288100
1.99873800
3.09912800
3.22638500
2.83430700
4.09798500
3.56526800

KER DR

2.79613400
-0.83388700
-1.50026800
-1.28712700

0.05629600

2.07117900
-1.86011500
-1.91089700
-2.13382700
-1.23073700
-1.60952000
-0.27416600
-2.90972400
-1.44912700
-3.13288400
-1.82671800
-1.16964300
-3.52104700
-3.20991700
-3.60523100
-0.26214200
-2.02148300
-4.29627600

0.45032700
-0.38612900

0.61272800
-0.00461100
-1.01077000

0.79578500

1.56864900

1.10356700
-0.13621800

1.73739900

1.65706900

2.78521200
-2.36759000
-2.23006400
-2.98929800
-2.91930700
-0.19432600

0.77531100
-0.03204100
-0.73506200

102



Q
;‘(j;f

-

J

KER DR

MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.83829351
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.007
Entropy [cal/mol*K]: 245.464

TOOOITOOOOIOIIOOOIIIIIIOONOOOOTS

0.01698100
-2.16615700
2.25865500
-2.23507600
-3.51930000
-2.85074200
2.31673900
3.23013200
-2.00055000
-1.47249000
-3.21991400
-4.46930200
-3.23619300
-3.63754900
-2.98530900
-3.23464600
3.70343100
1.69441900
1.79990500
-3.50311800
-2.69199500
-3.77510400
-3.10251400
4.54173000
-3.90979700
-3.59170100
-4.07275400
-1.84326000
-4.24835900
5.79664000
4.02178500

-0.79093900
0.04655700
1.31761100
0.57604400
-1.21811300
1.48976400
1.66827200
1.36481200
-0.30395500
1.33136300
0.95761100
-0.79029700
-2.04129300
-1.61485300
2.72884300
1.39015200
1.91957300
2.56668200
0.86526300
3.84635500
2.83273900
2.51958000
0.14471300
0.64807800
3.73910400
4.78996300
2.43402800

-0.38401600

-0.47871500
0.56825800

-0.27223900

-0.99997900
-1.57220700
-0.92523800
-3.34320400
-1.53263200
-0.63550700
0.56384700
-1.66076100
-3.95039700
-3.55118100
-3.63213600
-1.86917600
-2.19627900
-0.52292700
-1.28415000
0.72677200
1.20694200
0.70481500
1.10407500
-0.62852400
-2.32273400
1.36071000
1.54480700
1.10244800
0.69878100
-1.15958300
2.40208100
1.86944800
2.06637600
0.74387800
1.37468300
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<

-4.32127100
-1.73505700
-0.94476600
-4.13975200
-5.22862000
7.04933900
-2.88157500
-0.75029900
-5.03768800
7.32456400
7.86765500
-2.79591200
1.79508700
-0.10628600
2.83511400
-0.86604300
0.58585800
4.09147100
4.33163100
4.92782900
4.05256100
0.88511600
0.16311200
0.93342100
3.46947900
2.81885200
2.99651100
4.42117600
4.40758000
4.59035000
3.78859800
5.36736600

4.59807300
-1.51697300
0.09852900
-1.61335600
-0.07342000
0.47340100
-2.13699100
-1.90509400
-2.08589900
0.31203900
0.55779100
-3.01723300
-1.59519600
-3.92756500
-2.21481900
-3.12353400
-4.76931400
-2.93684500
-3.57381100
-2.23872200
-3.58489000
1.02379300
1.76607700
1.01650800
2.19723000
3.07037500
1.34132500
2.39571400
3.13205200
2.96306700
4.03132700
3.32097200

KER DR

1.22148700
2.67888400
1.49654400
2.87186700
1.82879600
0.37513500
3.17905600
2.92524900
3.26107300
-0.66599700
1.08905800
3.81042100
-0.61724100
-0.17644300
-0.43085600
-0.57944900
0.23111100
-0.22823800
-1.08946800
-0.09356000
0.65718600
-1.47932600
-1.11811100
-2.57159000
2.71251700
2.85281000
3.20986100
3.21763200
0.57518400
-0.48711000
0.68876100
1.06890100

MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1553.27433073
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 331.440
Entropy [cal/mol+K]: 219.911
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0.19998500
1.89755600
-2.59015600
1.46031100
2.15850400
3.63109100
-2.96154900
-3.42006100
0.45936900
1.43480100
2.16126800
2.85441700
1.19713400
2.55460600
4.56277700
4.06897400
-4.44801100
-2.61700900
-2.34630800
5.90079100
4.24417200
5.42685800
3.17280700
-4.90987700
6.33508100
6.59769600
5.75845100
2.04060200
3.49075300
-6.05882500
-4.20092700
7.37558800
1.25593000
1.84125500
2.70289900
4.35588900
-7.20150800
1.58512000
0.39095400
2.96410800
-7.31919600
-8.08246500
0.96453500
-1.27335400
-2.16570700
-3.23731100
-3.12053200
-4.21944000
-3.26170300
-1.12384900
-0.76507400
-0.99377500
-4.52790500
-4.15045900

0.20354400
-1.49916200
-0.94650700
-2.97771000
-2.24475500
-1.11747200
-1.42520000
-0.62052600
-3.31840300
-2.68838000
-3.80907900
-3.08949200
-2.58350500
-1.47838800
-2.16635000
0.20637900
-1.35435000
-2.46858100
-0.85301500
-1.93286900
-3.18756500
0.42609400
1.39584700
0.10132000
-0.62523700
-2.76404500
1.44288000
1.49462300
2.48110300
0.54198100
0.82282400
-0.42489500
2.65453300
0.71146900
3.63630000
2.41623000
0.99422300
3.72557600
2.71644300
4.46360700
1.31056200
1.06977400
4.61594400
1.54291400
2.37963600
3.37482500
4.04859200
2.89345500
4.00009900
-1.01372000
-2.03651200
-0.73208600
-1.83159300
-2.85794700

KER DR

-0.29905600
-0.37635600
-0.98754000
0.65311500
-2.05246300
0.14988700
0.41850500
-1.81928400
0.37112100
1.70782900
0.52766300
-2.02365300
-2.45034900
-2.72504000
0.23495500
0.38581300
0.84643300
0.50655100
1.12331500
0.54209300
0.04555900
0.68199500
0.34074200
0.81290500
0.76281600
0.60320200
0.87159900
1.18087600
-0.48522100
0.37035600
1.22354900
1.00305600
1.17892600
1.90815800
-0.48263300
-1.13944800
-0.08116500
0.34304800
1.82877400
-1.13702200
-1.11649200
0.55501700
0.33537800
-0.26870800
-0.28652000
-0.33425400
-1.19352000
-0.42811200
0.56885400
-1.34690600
-1.17720500
-2.39437300
2.31773700
2.41726300

105



ITTOIT

-3.93544100
-5.56498400
-5.33133100
-5.29499400
-4.98975700
-6.37304300

TSi.v P cis to acyl

-1.18886500
-1.81346300
-2.26161500
-1.94643700
-3.30261000
-2.22787700

KER DR

2.98060700
2.67041500
-0.02633900
-1.07043000
0.04159600
0.31162200

MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.81785805
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 341.307
Entropy [cal/mol*K]: 232.144

O0O0OIOITOOOIIIIIIOOOONOOOTS

-0.54814700
0.63934600
-2.92098000
0.40896100
0.11613100
2.46961100
-4.07820500
-2.72041800
-0.63185800
0.60491000
1.08204600
0.75744600
-0.91064000
0.12758700
2.97972500
3.36988300
-4.58744400
-4.91777700
-3.79997200
4.34279500
2.29552100
4.74687300
2.98361800
-3.43765700

-1.54637600
-0.04791300
-0.46283100
-0.12564400
1.68230000
-0.25139400
-0.51840900
0.52285600
0.14322500
-1.12709000
0.58816200
2.38873800
1.75185300
1.91517900
-1.38857900
0.60950200
0.80703300
-0.99763900
-1.21564400
-1.66348800
-2.07852600
0.32369500
1.79669000
1.46941600

-0.14555600
-1.38496000
-1.53148600
-3.21623500
-1.05772000
-1.20324800
-0.52773200
-2.24741300
-3.41753500
-3.60571300
-3.70265700
-1.59386000
-1.43003300
0.00548400
-1.85813700
-0.53221400
0.10019500
-1.05660000
0.27303600
-1.90054700
-2.34393500
-0.60553500
0.29010400
0.85676300
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5.23646600
4.70093500
5.43553700
2.23518200
3.44696500
-3.05441600
-2.91924600
6.30560300
1.94626800
1.87669400
3.15089300
4.03341400
-2.66616500
2.39900800
1.36674100
3.50825100
-1.89504500
-3.10130900
2.16988100
0.78176200
-0.82357600
1.89638000
-1.57361300
-0.69498300
3.17982700
3.80890900
3.73396400
3.02115100
-2.07291700
-2.56951900
-1.64539000
-5.67068700
-6.49786000
-5.26446500
-6.07818300
-5.20459900
-4.46942400
-6.04265300
-5.59078700

-0.79026900
-2.54999700
0.98987700
1.64954500
3.07487500
2.71703400
0.82514800
-0.98196500
2.75844900
0.66517600
4.18329200
3.19873200
3.96382100
4.02809000
2.62752700
5.16709200
4.27553900
4.74399900
4.88974200
-1.87674600
-2.74487500
-2.03003600
-2.85666200
-2.93100900
-2.21514600
-2.94650400
-1.27021900
-2.57651400
-1.67361300
-2.58169200
-1.81694600
0.43538800
-0.10542400
-0.20322800
1.33833600
1.74208400
2.01943000
1.24107400
2.65197200

KER DR

-1.28026400
-2.41617500
-0.09347300
1.46908100
-0.06009700
0.76106400
1.57185100
-1.30832500
2.26666200
1.75801400
0.73473400
-0.96703900
0.67415400
1.90100500
3.17655400
0.44221100
-0.02850300
1.29694000
2.52202200
1.46734900
2.27307000
1.97332900
1.30285400
3.43562200
2.63462600
2.11343500
2.70035100
3.65986500
-1.60711300
-1.25131300
-2.59970500
1.14239500
0.66547700
1.93623900
1.61039200
-0.95305900
-1.70909200
-1.45340000
-0.47992600

107



I

KER DR

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.90632517
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 343.393
Entropy [cal/mol+K]: 219.132

OO0O0OIIOOO0O0OIOITOOOIIIIIIOONOOOOTS

0.66173200
-0.76808200
4.27232000
-1.77474400
0.21054900
-2.00274600
3.14929000
5.44658300
-1.06280700
-2.39985600
-2.40802900
-0.43962900
0.82812300
0.85697300
-1.96130700
-3.02406800
2.13856100
2.62516600
3.58841200
-2.89790400
-1.18991700
-3.96838400
-3.17546100
1.64526100
-3.91255400
-2.83394000
-4.75134500
-4.20709900
-2.37118100
2.49558500

-0.79501700
0.24618600
1.11176200
-1.00909800
0.96230700
1.55677000
2.08741800
1.41162600
-1.67662400
-1.57939800
-0.51442500
1.31979800
0.14221000
1.77717500
2.79869000
1.33449800
2.19206400
1.72084600
3.06275300
3.79895100
2.99538100
2.34554400
0.07686600
0.80294900
3.57007500
474719400
2.16174500

-0.82978900

-0.15748600

-0.32916000

-0.21690600
1.44885600
-0.31217500
2.35870500
2.83969100
1.00138400
0.00176200
-0.22285600
2.85649500
1.66842100
3.10268300
3.64528900
3.22453200
2.50317000
1.65848600
0.04542500
-1.16829300
0.89559800
0.23284800
1.39765300
2.39412400
-0.19180900
-0.75482100
-1.54069100
0.47182300
1.92415000
-0.92246200
-0.46666600
-1.88114500
-1.45317900
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0.86230600
-4.65386500
-4.42513600
-4.84596700
-2.59265500
-1.59296600

1.93353600
-3.62056100
-5.23131900
-1.97241500

2.47058100

1.18308500
-3.79902100
0.83984400

1.79390100
0.05818600

1.23462700

2.95501200
-0.84263400
-0.97212500
-1.83104100
-0.44564200
3.83359400

4.61513900

3.76729100
2.84846200

3.22221600

3.70142200

2.15533700
0.97531500

0.45213200

1.34440800

0.24125400

0.77817700
4.33625600
-1.94550000
-0.65177300
-1.26820200
0.55666900
-1.57194200
-2.16567500
-2.63462300
-1.42377400
-2.48939900
-1.62857700
-3.02521800
-2.68048400
-2.19233400
-3.21873600
-2.06655600
-1.95708400
-4.01782700
-5.00827800
-3.55517800
-4.16319100
-0.27884000
-0.70913200
-0.91326700
2.78203400
3.78909500
2.17037800
2.85522900
3.12002900
2.76526300
4.13269700
3.18679100

KER DR

-2.30073100
0.26255900
-1.27836700
0.39418900
-2.69778800
-2.13194900
-1.81229300
-2.39874300
-1.04156900
-3.57685800
-1.59070000
-2.59975400
-3.03915500
1.07456600
2.18033400
0.28891500
3.28732100
1.79299400
-0.54179000
-0.08746200
-0.63081900
-1.55380600
-0.74127100
-1.37769300
0.16211300
-2.41728100
-2.19778200
-2.73082100
-3.26343600
-0.78760600
0.10314900
-0.58780400
-1.60028400

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.89532991
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B3LYP/6-31G(d)

KER DR

Total thermal energy [kcal/mol]: 342.423
Entropy [cal/mol*K]: 216.521

TOOO0OOOIIIITIOOIOIOITOOOIIOOOOIOITIOOOIIIIIIONOOOOTS

0.72388600
-0.74419300
4.27954700
-1.86704800
0.23114100
-1.87160700
3.15340300
5.42042200
-1.22296800
-2.52817200
-2.46482300
-0.41554100
0.79023100
0.93860400
-1.69183900
-2.94544000
2.30481000
2.50180800
3.58848900
-2.54220500
-0.88071900
-3.80235600
-3.23987000
1.82316200
-3.60878800
-2.37226000
-4.62516400
-4.44549900
-2.37161200
2.62532800
1.09518900
-4.28440000
-4.76739800
-5.12922800
-2.69551300
-1.45020100
2.07728700
-3.89295600
-5.70354100
-2.01630500
2.56912300
1.40916600
-4.14880200
0.42687500
1.59694900
-0.36359000
1.08741400
2.72383800
-1.31479700
-1.69903900

-0.75852700
0.27056600
1.10253600
-0.95579200
0.83407900
1.68867600
2.11956800
1.36077300
-1.72131900
-1.41656500
-0.46724500
1.18008700

-0.04690300
1.62455300
2.91895800
1.56267300
2.18805200
1.81500500
3.09322800
4.00208500
3.03952700
2.65682400
0.32120000
0.79356100
3.86905900
4.93865900
2.54914600

-0.36964300

-0.13055400

-0.34898900
0.74510700
4.70047600

-1.48988800
-0.02584700

-1.24734900
0.41115700

-1.60722500

-1.93207900

-2.01292400

-1.57485300

-2.51458900

-1.69800900

-2.79575800

-2.72798600

-2.61920300

-3.55796800

-2.35292700

-2.81965000

-4.52695600

-5.16238900

-0.22486000
1.39990600
-0.00939600
2.20585500
2.86325800
0.99876900
0.08667400
0.32029100
2.64868400
1.46986300
2.98262200
3.67676400
3.19599100
2.59906400
1.65363400
0.08103000
-1.20600200
0.91808500
0.33296500
1.42887700
2.36294500
-0.11677500
-0.70007100
-1.56654900
0.54365100
1.95276200
-0.81825100
-0.49505000
-1.70570200
-1.34329900
-2.37790100
0.36278400
-1.26269100
0.27657300
-2.47875400
-1.89433800
-1.68730000
-2.25858900
-1.08665400
-3.26146000
-1.35123000
-2.54219900
-2.86664000
0.60383900
1.80142600
0.13942500
2.88941900
1.35662100
-0.38513900
0.42392000
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-2.17727600
-0.87322100
3.90879500
4.74631600
3.84311700
3.18079800
3.54150600
4.05535400
2.60452500
1.12170100
0.47011300
1.48092500
0.51225600

-4.01172500
-5.17720600
-0.27941500
-0.63414700
-0.98151000
2.70829100
3.72097900
2.07089600
2.74662700
3.15015200
2.83005900
4.16195200
3.20572200

KER DR

-0.82774900
-1.15023100
-0.53707100
-1.15084800

0.30841400
-2.37738900
-2.16088800
-2.54916100
-3.30900300
-1.01541200
-0.19834700
-0.79357100
-1.92613100

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.9188206
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 343.486
Entropy [cal/mol+K]: 234.017

ITITIO0OOO0O00OTS

0.95552500
-0.62574200
2.71039900
-1.39030000
0.36215400
-2.03002700
1.21781200
3.51225800
-0.56714900
-2.05365200
-1.94910000
-0.25802300

-0.44555800
-0.86702300
2.92759600
-2.54953600
-1.00046000
0.26258100
3.20640300
3.47281000
-3.25989800
-2.65409100
-2.74682400
-1.26349200

-0.64338100
1.10732500
0.25527000
1.06076800
2.66693000
1.55947400
0.34565900
0.98931000
0.95193700
0.20189900
1.98156800
3.53044000
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1.10207900
0.90584800
-1.86475800
-3.25513300
0.46172400
0.80366900
1.08500600
-2.86792600
-0.93931200
-4.25884900
-3.56376900
0.80653100
-4.07711600
-2.70231200
-5.19263900
-4.71166200
-2.76318400
2.11592200
0.14080700
-4.87155200
-5.03857500
-5.33889200
-3.08989900
-1.88158800
2.38146000
-4.22644200
-5.92510500
-2.45474500
3.36387200
1.82899600
-4.47765700
1.60462300
4.34973000
2.01114500
3.96263200
4.78623000
2.49645600
2.99442700
1.67777100
3.22001800
3.18869100
3.85633300
3.82827900
0.89380900
0.64308000
1.97203700
0.38017400
-1.05185600
-1.40793000
-1.29936900
-1.60613100

-1.78622300
-0.07500800
1.12213200
0.31311200
3.07113200
2.47218100
4.19720500
2.00077200
1.10315800
1.19323500
-0.51885700
1.72989700
2.03219100
2.64811600
1.22680000
-1.32944000
-0.48079600
1.22913900
1.39000900
2.70750600
-2.09374000
-1.37240300
-1.24578700
0.15127100
-0.04134500
-2.05664000
-2.72215400
-1.20482600
-0.48716000
-0.35181300
-2.65418400
-2.33421800
-1.78832600
-3.48030400
-2.42416300
-1.13601700
-4.85118800
-4.97464500
-5.58201700
-5.13316800
1.91439900
2.46313000
1.17902800
4.20520100
5.18672700
4.18968100
4.11097000
3.19016300
2.41969900
4.16945100
3.08903400

KER DR

2.48980100
2.87486500
2.66021500
0.84220000
-0.99377800
1.05310000
0.79393700
3.06852000
3.22508800
1.28105700
-0.35985300
-1.62326100
2.37838700
3.92528100
0.72675500
-0.37001100
-1.51238300
-1.60909500
-2.41776100
2.68382600
-1.49037400
0.51646300
-2.63313500
-1.53131700
-2.19838300
-2.62590800
-1.47360000
-3.51391100
-2.08259500
-3.08354100
-3.49792300
-0.40917700
1.33175500
-0.26303500
2.23405600
0.46395200
-0.08371400
0.88737600
-0.12451900
-0.86008000
-0.78714500
-1.46870000
-0.28656800
-1.95991900
-1.53868500
-2.15617800
-2.92360900
-0.75074300
-0.06209900
-0.32379100
-1.69225900

CO; (carbon dioxide)
MO06/6-311+G(d,p) (PCM, solvent = THF)
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KER DR

Electronic energy [Hartree]: -188.560829811
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 8.933
Entropy [cal/mol°K]: 51.165

C 0.00000000 0.00000000 0.00000000
o) 0.00000000 0.00000000 1.16930900
) 0.00000000 0.00000000 -1.16930900
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Vil

KER DR

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1553.34777834
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 333.104
Entropy [cal/mol+K]: 208.268

O0O0OIIOO0OO0O0OIOITOOOIIIIIIONOONOOTS

1.01188000
-0.86050100
3.40671000
-1.52805000
-0.29712300
-2.42360000
2.73985700
3.64870200
-0.68864500
-1.99147200
-2.26872800
-1.00207900
0.64842400
-0.10791900
-3.15075400
-2.91356500
1.38155700
2.60246800
3.41272500
-4.32240600
-2.79493200
-4.09979800
-2.26716400
1.52383800
-4.79980100
-4.85424400
-4.48446800
-1.90576300
-2.07255300
2.65118600

0.86675900
0.92905200
-2.09356500
2.63006800
0.49191700
-0.05365800
-3.22694000
-2.12597100
3.28165200
3.02983000
2.61685100
0.79651200
1.01786500
-0.58143600
-0.43064800
-0.45001200
-2.77942500
-4.07998400
-3.53200400
-1.18005100
-0.13983800
-1.20754500
-0.13225600
-1.39640800
-1.57350300
-1.45106100
-1.49179000
1.17319500
-1.16064800
-0.58133600

0.07514700
-1.41944100
-1.14934100
-1.72441200
-3.13217800
-1.17540200
-0.39697000
-2.34083300
-1.97826600
-0.81942200
-2.53120300
-3.91256100
-3.29544100
-3.21341200
-2.31876300
0.09779400
0.22048100
-1.06810800
0.41774100
-2.24058600
-3.30130900
0.15315600
1.40532000
0.85779600
-0.99202400
-3.14850300
1.12826500
1.77224000
2.34642600
0.73776900
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TSvin-ix

0.85216000
-5.71458900
-1.35790800
-2.07987200
-1.52451700
-2.34512000

2.67055700
-1.16318600
-1.08470400
-1.38131500

3.50887200

2.19176600
-0.73952000

1.23584500

1.41196900

1.62236500

2.34578400

0.69276100

2.01114400
3.74494300

4.66736300

3.96716700
0.98473500

0.92045100

1.71726500

0.00769500
0.29906900

0.60019800

0.13589000
-0.65175700

-1.20334100
-2.15370300
1.44182000
1.99564200
-0.89524200
-2.17915400
0.69140800
0.40994100
2.46169000
-1.70759400
1.35915700
0.79452400
0.62016900
2.85257900
4.06178300
5.50953900
5.77475400
6.05150200
5.91171200
-0.89893500
-1.13991200
-0.03224300
-3.78619300
-4.80249000
-3.79117700
-3.52970400
-2.79668600
-2.17936500
-3.81942500
-2.41177100

KER DR

1.69395500
-0.90694600
3.02836600
1.08829400
3.60112000
2.08287700
1.39433000
3.94670700
3.28253700
4.30893700
1.22215400
2.36667100
4.92499300
-0.02402500
-0.08402800
-0.15578500
-0.93883000
-0.37877900
0.78955800
-0.27243100
0.27993100
-0.90166000
1.32314700
0.91584400
2.13882800
1.74881300
-0.87894900
-1.73082000
-1.24230400
-0.49887200

MO06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1553.30990001
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 332.21

Entropy [cal/mol+K]: 211.885
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0.65355700
-1.35498800
3.73935600
-2.10439200
-1.06716000
-2.84458800
3.64442800
3.83285400
-1.32801700
-2.42995000
-2.95998900
-1.90072600
-0.18191900
-0.84915400
-3.77439000
-3.06887200
2.34958500
3.70071400
4.51309500
-4.88675100
-3.62777900
-4.19622000
-2.20653500
2.13137100
-5.09570300
-5.58085700
-4.37301600
-1.88372200
-1.77199500
2.77378000
1.51189300
-5.95740800
-1.15048000
-2.23832900
-1.03572600
-2.01014900
2.55535800
-0.72256200
-0.92005200
-0.71240400
3.39396000
2.25459300
-0.15757700
1.35656100
1.36433900
1.36695500
1.36249100
0.48741800
2.25527300
3.71823700
4.74370600
3.46793700
2.50082100

0.85761800
1.14046500
-1.09818100
2.81882100
1.18860900
0.03196600
-2.42811600
-0.99716700
3.56888100
2.92101800
2.99855500
1.61039900
1.80918400
0.18157500
-0.00456000
-0.80704300
-2.52883200
-3.24027100
-2.50665400
-0.84272600
0.63267900
-1.65118700
-0.86240000
-1.23471500
-1.67874100
-0.84067400
-2.27981700
0.28628100
-2.10786100
-0.04645900
-1.31682300
-2.33987200
0.19491700
1.25659400
-2.20143300
-3.00826800
1.16706400
-1.04802500
1.09916900
-3.17576300
1.85381600
0.96686100
-1.11913100
2.62743200
3.82757400
5.25922300
5.86205400
5.55630700
5.55767100
0.11299200
0.26622300
1.00071200
-3.68966100

KER DR

-0.02660700
-1.15401600
-1.75209000
-0.88580700
-2.98944500
-0.97843500
-1.03140900
-2.96073800
-1.06533700
0.15336400
-1.54651100
-3.56120900
-3.15852400
-3.35671400
-2.03313600
0.14420000
-0.17707800
-1.76262200
-0.36076500
-2.01616900
-2.89903800
0.14013000
1.36107600
0.59267600
-0.92074800
-2.85231700
1.00820000
2.10057700
1.84887900
0.35138200
1.48509100
-0.88541100
3.28544400
1.76965900
3.03005300
1.28889900
1.18045500
3.75450900
3.84179000
3.38764700
1.12883800
2.20680600
4.68016600
0.72259200
0.97631800
1.27389600
0.35587700
1.86074500
1.84943600
-0.83207200
-0.45504800
-1.42192500
0.83019800
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2.68652800
3.33389100
1.58762000
1.14303800
1.04916600
1.25684600
0.21214200

-4.63628700
-3.51134600
-3.80629800
-2.82542200
-2.06333600
-3.80471500
-2.82964300

KER DR

0.30836900
1.52031500
1.42596100
-1.09935700
-1.87961000
-1.58283800
-0.52306600

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1553.36620059
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 333.522
Entropy [cal/mol*K]: 211.653

OTIOIITIOOOIIIIIIOOOOOONTZ

0.52907700
-1.14140200
2.97628800
-1.09419300
-0.96609200
-2.95561400
3.47044400
2.47693400
-0.06584400
-1.35521500
-1.76872800
-1.61847700
0.07853100
-1.20307600
-3.88702800
-3.43536000
2.85038000
3.29612900
4.55888300
-5.25485300
-3.53572800
-4.82101300

-0.11700700
1.32127500
0.07309000
3.03620400
1.66692500
0.90732500

-1.35127400
0.48772300
3.40035000
2.99478400
3.73474000
2.47631700
1.91618400
0.75598600
1.82799700

-0.32296300

-2.09380000

-1.90976700

-1.28086100
1.56785300
2.77200200

-0.57440300

0.21944500
-0.57473300
-2.03229600

0.13777700
-2.39178700
-0.45732600
-1.85599500
-3.06316000

0.06059700

1.19964000
-0.37003300
-2.73909700
-2.60148100
-2.94981500
-0.96880600

0.05618500
-0.62880800
-2.78052900
-1.70967200
-0.98603200
-1.37634600

0.02180300
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-2.58108600
2.49961900
-5.72448100
-5.94502700
-5.18610200
-1.74884000
-2.67934200
2.69535200
2.43903500
-6.78796200
-1.05341000
-1.69851600
-1.97869900
-3.31230500
2.95529400
-1.16702300
-0.43597500
-2.07279800
4.03869300
2.45819100
-0.63138900
2.57872200
2.33009300
2.02871200
0.98144400
2.20410600
2.65622000
3.21164500
4.30061900
2.74656400
3.89278500
4.21233900
4.78294400
3.47196200
1.60568500
0.87286800
1.88488000
1.11384800

-1.39867000
-1.10787500
0.35233700
2.30543800
-1.51402200
-1.16534400
-2.70997700
0.27537400
-1.56687300
0.12856000
-2.21824900
-0.17166500
-3.75913800
-2.90502200
1.04032300
-3.51742500
-2.01905100
-4.76550300
0.97938500
0.52025400
-4.33478900
2.45800500
3.64223000
5.07198400
5.27224000
5.48033300
5.63753800
0.94949600
1.12143500
1.92650100
-3.09655900
-3.79379900
-2.57912400
-3.68866600
-2.88381000
-2.22032800
-3.66354200
-3.36553200

KER DR

0.64413700
0.49576700
-0.48853400
-1.38694100
0.42689300
1.75497600
0.15068500
0.44554600
1.48443500
-0.49145400
2.35828600
2.18833900
0.74857000
-0.71096500
1.74738400
1.85845500
3.22990500
0.34913700
1.95555000
2.57524100
2.33398400
1.75107300
1.78073300
1.82927900
1.57082200
2.83235600
1.12919200
-0.81522200
-0.71944100
-0.96536500
-0.08251100
-0.86729100
0.29540800
0.73950100
-1.08547000
-1.55776400
-1.80695900
-0.23326600
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TSi-11_5mem

KER DR

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.82768663
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.180
Entropy [cal/mol<K]: 224.857

TOOOITOOOOIOITIOOOIIIIIIOOOONOOOTS

-0.94875100
0.77321000
-3.55672300
0.18883800
1.36461000
2.35222300
-4.76776000
-3.49318500
-0.65205000
-0.17243200
0.97144400
2.26148600
0.58856700
1.59655600
2.65165100
3.29422000
-4.27872200
-5.44303900
-5.30924500
3.87096200
1.92284400
4.52384700
3.04620900
-3.16233900
4.81847500
4.07244000
5.24397900
2.03821500
3.86137000
-2.17159400
-3.47470000

-0.40763500
-0.81532400
1.23462600
-0.28439000
-2.53867400
0.10454000
0.57622100
2.42848100
-0.93113200
0.74345700
-0.37106500
-2.50269500
-3.08781000
-3.06317300
1.19426000
-0.28971300
-0.39963400
1.34100900
0.02012200
1.86469800
1.54069300
0.38320600
-1.37062400
-1.24148200
1.44766400
2.70818400
0.07525100
-1.22773400
-2.51370700
-1.92382800
-1.75292300

-0.11297700
1.44983500
-1.43848700
3.11543800
1.79140000
1.17173600
-0.79642600
-1.66413900
3.38496200
3.04346300
3.87635300
2.41800000
2.32978800
0.86343900
2.00421200
0.18960100
0.29248800
-0.40276300
-1.57771900
1.90940300
2.72641700
0.12766400
-0.81190700
-0.34134300
0.97785300
2.56359100
-0.62538200
-1.77958600
-0.84432200
0.41435500
-1.25001500
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5.77527000
1.83860100
1.43705700
3.65625700
4.65119100
-2.13873300
2.63991300
1.06005900
4.29065200
-1.24119600
-3.02984200
2.48089800
0.66188800
0.08178300
1.12514800
-0.39591500
0.13327500
1.67587400
0.95676900
1.91763100
2.59109200
-2.42345600
-2.66572300
-1.53649600
-5.40362400
-6.25672100
-5.75964600
-5.06162600
-3.79887700
-2.98922800
-4.63189900
-3.43266300

TSi-11_smem P Cis to acyl

1.95663400
-2.22270000
-0.32349900
-3.50759100
-2.62572700
-3.06168500
-3.36632200
-2.09571700
-4.39020100
-3.44076200
-3.68085800
-4.13841800
3.55283200
2.31735700
4.59530300

2.28918700

1.31643100
5.85163500

6.35820500

6.53872200
5.68484400

0.29751600
-0.40880800

0.87527300
-1.37939000
-0.82088800
-1.96392500
-2.07497000
0.37743500

1.07690100

0.95105600
-0.30840700

KER DR

0.89830700
-2.73940100
-1.78573800
-1.80253900
-0.10559500

1.10453300
-2.75063400
-3.48720400
-1.80924800

1.57773600

1.21092100
-3.49880500
-0.49945300
0.01903200
-0.90644900

1.16394700
-0.80503000
-1.40285300
-2.05859200
-0.58252100
-1.98434400
-1.76350600
-2.55806700
-2.03018600

0.69542600

1.09779500
-0.16171200

1.46947300
1.53068900
1.29300600
1.95310400

2.30119300

MO06/6-311+G(d,p) (PCM, solvent = THF)
Electronic energy [Hartree]: -1741.81642847
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 342.035
Entropy [cal/mol*K]: 226.767

Pd 0.88956300 0.10839000 -0.37072000
120
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TITOIITOOOOOOIIIIIOOIOIOIIOOOIIOOOOIOIIOOOIIIIIIOOOOONT

-0.93428000
2.03181800
-0.21640700
-1.93790900
-2.15536500
3.50201900
1.57406100
0.39313300
0.43585100
-0.99014200
-2.74856900
-1.25693100
-2.35173600
-1.97011800
-3.24075100
3.91847700
4.09720200
3.61509600
-2.84492000
-1.12509100
-4.12117100
-3.51200800
2.81552500
-3.93563900
-2.67116300
-4.95244300
-2.55957900
-4.76361200
2.50527000
2.76946100
-4.63066200
-2.84081000
-1.58951100
-5.04663800
-5.50982500
2.97238100
-4.08415100
-2.08405000
-6.01713900
2.46122200
3.88670000
-4.30141400
0.97793300
0.99758400
0.97456100
1.26253900
0.70415100
0.97078500
0.14851200
1.90556400
0.85337300
1.22534500
1.24293500
0.17656800

-0.29687100
-2.94973300
-0.88316300
1.14785500
-1.61053300
-3.01448800
-3.38988200
-0.05304100
-1.74437300
-1.13675000
0.82143900
1.80331000
1.69627400
-2.90689600
-1.38253300
-1.57659200
-3.41397000
-3.68855300
-3.94954700
-3.11556400
-2.44109900
-0.07719600
-1.02522200
-3.71275200
-4.93763500
-2.25755400
0.53247600
0.54342500
0.35755100
-1.54506100
-4.51212700
1.73848700
0.06455100
1.74753800
0.08442000
1.47923600
2.35114500
2.19718400
2.21715700
2.42328900
1.49479800
3.29194500
4.12765400
2.66657100
5.33663600
2.01705000
2.18541100
6.79249900
7.14123200
7.16164800
7.26287300
-2.20322600
-2.67399000
-2.13930400

KER DR

1.24930200
0.19268700
2.84578000
1.81629200
0.77461600
-0.18202600
1.23474600
3.21347300
2.68177600
3.57839400
2.47554100
2.36499900
0.96991200
1.28923800
-0.11337000
-0.57401100
0.64328200
-1.04463900
0.98191300
1.93473000
-0.39030200
-0.78681700
-1.50549500
0.14917400
1.39913900
-1.06552100
-1.61877100
-0.63673100
-1.55750800
-2.46152800
-0.09346400
-2.26200300
-1.76251600
-1.28177100
0.00656300
-2.09112800
-2.09428700
-2.89200400
-1.14411200
-1.92793800
-2.68612200
-2.59268500
0.98519600
0.93918800
1.06201100
1.95902100
-0.23079400
1.15811100
1.79526800
1.59794400
0.17417500
-0.82633800
-1.80800200
-0.53285500
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C
H
H
H
C
H
H
H
TSi-11_7mem
« ]

5.23209600
6.04536300
5.14758100
5.51586800
4.08789500
3.16591500
4.87370900
4.36723600

-1.57750800
-1.99314600
-2.18289200
-0.55924500
-0.71743300
-0.66364700
-1.14373600

0.30805900

KER DR

-1.38307200
-0.77715700
-2.29376700
-1.67127700
0.69080000
1.28030600
1.32470200
0.43496100

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.77999368
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 341.624
Entropy [cal/mol+K]: 225.037

O0O0OITIOITOOOIIIIIIOOOOOOTI

0.88097100
-0.32374900
3.24928600
-0.10590200
0.16046000
-2.15783900
4.49020200
2.99307100
0.93654400
-0.30312200
-0.75644400
-0.46090700
1.20821700
0.06257700
-2.95547700
-2.79315100
4.26895700
5.15018900
5.01044300
-4.34714300
-2.49265100
-4.19571500
-2.06751900
3.46073700

-0.56660800
0.50834700
-1.91566500
-0.48095700
2.20461600
0.58306600
-1.03309400
-2.79990300
-0.39056800
-1.53341200
-0.13152500
2.53687100
2.17726400
2.91099400
-0.32634500
1.53001300
0.40022500
-1.60580000
-0.88398000
-0.28251900
-1.08728600
1.57461600
2.47204900
1.13156300

-0.17526900
1.50268200
-0.29410200

3.04664600
2.04888600
1.27669600

-0.07338000

0.51390900
3.36400900
2.82837700
3.85512200
2.88724100
2.36138800
1.22321000
1.99244300
0.43648700
0.58094600
0.58893400
-1.02840800
1.92894200
2.60827000
0.40779700
-0.46995200
-0.47354200
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-4.97267000
-4.93363200
-4.67451700
-1.41310100
-2.11581300
2.21848200
4.06166100
-6.05672100
-0.80671900
-1.40799700
-1.49921400
-2.63546300
1.88837300
-0.84122100
-0.31725500
-1.53892900
2.65415600
0.87185400
-0.36786500
-2.32159600
-1.29393800
-3.17543700
-1.17945600
-0.56639000
-4.20311500
-4.20282700
-5.20250500
-4.04834600
2.39782400
2.99435100
1.63012200
5.65084000
6.29305700
6.16433200
5.54694800
3.61341200
2.64570900
4.25306200
3.47169600

0.68463900
-1.00270500
2.30869500
1.98497400
3.85779800
0.78379300
1.71050300
0.73679500
2.87432000
0.91483500
4.74128700
4.24028500
0.30554500
4.25015700
2.48978800
5.81118300
0.28377100
0.27082100
4.93684200
-3.24543200
-2.20480100
-4.10439400
-1.46012500
-2.15892000
-5.13957400
-5.74586400
-4.70014100
-5.81677400
-1.76209300
-1.69471200
-2.53070600
1.06046300
0.46836900
1.16559100
2.06086100
0.25904200
-0.24112800
-0.33392700
1.24566100

KER DR

1.14606800
2.49237400
-0.23417900
-1.61259300
-0.24931600
-0.85014900
-1.18286100
1.09345400
-2.50319500
-1.80875300
-1.13679500
0.62579100
-2.15465700
-2.26666200
-3.39438100
-0.94918600
-2.92809500
-2.53907500
-2.96353900
-0.97990900
-0.98279300
-1.00813200
-1.97416000
0.08411300
-1.04613800
-0.13179900
-1.15649400
-1.89544300
-1.54145500
-2.44726500
-1.62932700
0.74615500
1.40767000
-0.21723100
1.18272700
1.96168800
1.89528700
2.62556200
2.41795000
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TSi-i1_7mem P cis to acyl

M06/6-311+G(d,p) (PCM, solvent = THF)

Electronic energy [Hartree]: -1741.76787402
B3LYP/6-31G(d)

Total thermal energy [kcal/mol]: 341.613
Entropy [cal/mol*K]: 224.210

OITOOOIIOOOOIOIIOOOIIIIITIOONOOONOTS

0.83427900
-0.97488400
1.59981100
-0.39941600
-1.66205400
-2.44065600
3.11419100
1.15173600
0.33825200
0.10097500
-1.22331400
-2.51088000
-0.84891400
-1.97030600
-2.43791600
-3.53007100
3.99489500
3.51254100
3.25640400
-3.48634500
-1.59956400
-4.58571800
-3.63433300
3.40560700
-4.57565100
-3.44921300
-5.41731200
-2.64298400
-4.76910200
2.14533600
3.94963400
-5.40496900
-2.76979900

-0.21931100
-0.05347900
-2.69002500
-0.61834300

1.60942500
-1.13972100
-2.82625200
-2.90946800

0.12186600
-1.58492400
-0.67142200

1.51551700

2.15140900

2.16145500
-2.43100500
-0.77138300
-1.55349400
-3.26658800
-3.55674300
-3.32725400
-2.74705400
-1.68209500

0.53128700
-1.05179100
-2.94619900
-4.31382600
-1.38938900

0.95308900

1.34209000
-0.62085700
-1.32910700
-3.62866800

2.15637500

-0.42143700
1.28086000
0.09830200
2.94258800
1.71500000
0.92240100

-0.14503500
1.21913000
3.26174200
2.86542700
3.66214000
2.40005100
2.20459200
0.82722200
1.48318100
0.08887900

-0.49907900
0.77583600

-0.95434100
1.27554800
2.09318400

-0.08986500

-0.63415000

-1.80737200
0.49541500
1.72965900

-0.72512900

-1.53403400

-0.46635900

-1.91659800

-2.71624700
0.33004300

-2.22878200
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-1.76108700
-4.89923500
-5.54367000
1.06535200
-3.89853500
-1.98456500
-5.78024500
1.26451100
0.17771200
-3.99654400
2.10914400
1.69441700
2.45646900
1.59304400
1.46496900
2.87352300
3.25482300
2.03257100
3.66344600
0.61375500
0.79267000
-0.42265800
5.43685400
5.83809900
5.49057900
6.08918600
4.00054600
3.00296800
4.46452800
4.58425400

0.33700300
2.54459900
1.03256500
-1.20847300
2.95761100
2.46700700
3.16236800
-2.01290400
-0.63551300
3.89642300
3.70135800
2.29880400
4.86194200
1.72648000
1.79104500
6.26013900
6.56128100
6.92059800
6.44512200
-2.49497600
-3.26229100
-2.54648200
-2.04388000
-2.53038500
-2.76199500
-1.19744900
-0.54911500
-0.21079300
-1.00995600
0.33780000

KER DR

-1.68289200
-1.16178400
0.23032800
-2.63270700
-2.04394100
-2.91262500
-1.00863600
-3.33954900
-2.89564200
-2.58207600
0.79346600
0.84437300
0.78641700
1.93910800
-0.32347000
0.77808500
-0.20546400
1.02415700
1.51658400
-1.05747300
-1.80673300
-0.72227700
-0.73776900
0.15802600
-1.56547800
-0.98138500
0.66687900
0.95518400
1.54734400
0.39848900
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