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ATP
BINAP
Bn
bpy
Bu

cat.
CoA
COD
Cp

Cy
DABCO
dba
DEIPS
DIBAL-H
DIPCI
DMAP
DME
DMF
DMSO
dppp
dr
dtbbpy
ee

Et

eq.

HE
HMPA
HPLC
IBX
Ipc
i-PP

acetyl
aqueous
aryl (substituted aromatic ring)
adenosine triphosphate
2,2"-bis(diphenylphosphino)-1,1'-binaphthyl
benzyl
bipyridine
butyl
catalytic
coenzyme A
1,5-cyclooctadiene
cyclopentadienyl
cyclohexyl
1,4-diazabicyclo[2.2.2]octane
dibenzylideneacetone
diethylisopropylsilyl
diisobutylaluminium hydride
diisopinocampheyl chloride
4-dimethylaminopyridine
1,2-dimethoxyethane
N,N-dimethylformamide
dimethylsulfoxide
1,3-Bis(diphenylphosphino)propane
diastereomeric ratio
4,4’-Di-tert-butyl-2,2’-dipyridyl
enantiomeric excess
ethyl
equivalent
hantzsch ester
hexamethylphosphoramide
high-pressure liquid chromatography
2-iodoxybenzoic acid
isopinocampheyl

iso-propylprenyl
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i-Pr iso-propyl

IR infrared (spectrum)

mCPBA m-chloroperoxybenzoic acid
Me methyl

n normal

NBS N- bromosuccinimide

NMP N-methylpyrrolidone

NMR nuclear magnetic resonance
NOE nuclear Overhauser effect
NOESY NOE correlated spectroscopy
P para

Ph phenyl

pin pinacolato

PPTS pyridinium p-toluenesulfonate
190% 2-phenylpyridine

Pr propyl

PTSA para-toluenesulfonic acid
quant. quantitative

rt room temperature

sat. saturated

sep septet

Sia siamyl: 1,2-dimethlpropyl

t tertiary

TBAB tetrabutylammonium bromide
TBAF tetrabutylammonium fluoride
TBAI tetrabutylammonium iodide
TBDPS t-butyldiphenylsilyl

TBS t-butyldimethylsilyl

TES triethylsilyl

Tf trifluoromethanesulfonyl

TFA trifluoroacetic acid

TFP Tri(2-furyl)phosphine

THF tetrahydrofuran

Thx 2-tetrahydropyranyl

THP thexyl: 1,1,2-trimethylpropyl
TIPS triisopropylsilyl

TLC thin layer chromatography
TMDB 4,4,6-trimethyl-1,3,2-dioxabotinane



TMP
T™S
Ts

TS
9-BBN
9-BBD

tetramethylpiperidide
trimethylsilyl
p-toluenesulfonyl

transition state
9-borabicyclo[3.3.1]nonane

9-borabicyclo[3.3.2]decane
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Devaprabhakara H 13 1,2-> 271/ F YTV 6 I3 5 & Frd v RL-BLIC % LT
Wwph, RPCREICL VR T v EEHERFH ¢, BT 2 L RO RFBICE T FER 2
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excess

<i« 0

6 9 88% 10 12%
12 6.9% 10 46%
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Me e 0O >—(
/El: HB\ B —— Me B\ Me B-0O
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Me
13 TMDB 14 15
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Me Me
Me Me O Me Meo >_27
/El;/ HB\ —_— Me B\ Me /B_O
Me Me o} 0 o
Me
16 TMDB 17 18
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RS T, T v X VALDNHEFT L /2%, Uang 5 13 IG%H % 'THNMR T—60°Ch 6 Eilf ¥ °F
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OH H
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~ XV VH(33-3) DM R ARG R L T 5,

TIPSO TIPSO TIPSO
NaOH aq
NBoc  (Sia),BH NBoc H,0, NBoc
—_— —_—
TeocN THF, rt: TeocN BR, 939 TeocN OH
H H =1: H
27 (2)-28 E/Z=1:20.4 (2)-29

Bu3Sn ( 3C02Me
NP

[Pd] —

91% (2 steps)
(Z2,2):(E,Z) = 14.3:1

73% (4 steps)

IHF>FHZ>C (35)

Scheme 7. ¥ & v 2 VHEORBEN LS TZLA~D 5 A
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XL 41A D X 5 N BEEIREEZ R CTT ) LAET L. anti-40 235 O LARERM: 5 5
Nz (A¥—L48A), —/i. @\ (Cy)BH 2 ECIEA X ¢ 5 &, £ L72(2)-41 5 b(E)-41
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(A) 9-BBN ‘g‘
T™S u THR | TMs o ™S BR, | | TMS_
nBu H nBU | E\H nBu et nBu BR,
—_ as
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o

slow nC5H11)LH H fast
39 0

89%, dr = 97:3
H T nC5H11)LH
OH OH /g
/Ey\ /Ey\ -« | MCeHuT o-BRe - % e
nC5H11 ", nC5H11 ", TMS\%/ h
T™MS hBu nBd TMS nBu BR,
nBu
anti-40 syn-40 41A (E)-41 (thermodynamic)

®) Cy,BH, THF ‘8\ ‘g\ i
™S

TMS temperature; T™MS TMS BR ; i > /
" 2
>=qH —_— >=T=QHH —_— >=/7
nBu H H nBu BR;

38 (2)-41 (kinetic) -

50 °C: 91%, dr = 91:9

1
rt: 86%, dr = 30:70 nCsHy~ H
39 %

—15°C: 90%, dr = 4:96
0 H ”CsHH)LH
OH OH /g
/y\ /Y\ | meeHy=o-BRe| 3 | TMS
nCsHyq 4 nCsHq4 4 nBu\?\/ ﬁ
TMS nBu nBu TMS nBU BR,
TMS
anti-40 syn-40 41B (E)-41 (thermodynamic)

Scheme 8. Wang 512 &2 7 L I d 2 AGERZ £ KOk 7z RIG
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Brown 5 (¥, —EEET L v 431Cxf9 2% Cy,BH Zfl\w/ze Fusv Kb, fi{ 7Lr7e
Kﬂ?%?ywm&m%ﬁﬁbfmé(x#~A9mJo:®%éfﬁwmg6®ﬁ%aﬁ
Y. TV NERNLAEST L 72 (E)-44 2> b 7 U MU ST L 72 anti-48 23 ENIAREIRINICE b
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3 == =% =0

wH Et20 0°C;
H H fast fast
43 (2)-44 (kinetic) 45 (E)-44 (thermodynamic)
O
ph i | ~78°C;
46
------------------------- OH NaOH aq OBR;

(_\/o (“lpc),BH Q;/,BRZ 0-B >r//

O-B
O_B - /E\;
=== Et0,0°C; H H BR, H BR,
H H fast fast
49 (2)-50 (kinetic) 51 (E)-50 (thermodynamic)
(0]
proH | -78°C;
_________________________ 46
5 5 OH NaOH aq /C')iR/Z*\
l 2 e : H20, Ph™
! - E Ph/ki/\ /é\ (RO 25\/\/
: I H : OH . 00 /\
| d | °
(lpe)BH ! anti-53 (>95% ee) 52 L
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M Z DfEH L. Brown b ALY L LT L VY OEHEOVREEIC X - TT Y VEE)T

DEERELLZ LB REBL TS,
F /2. EEW 10-TMS-9-BBD-H Z W72 7 L VIcxl 3 2 WARERK v Fat B, &

STAT e FIcxtd 237 VALK ZRE LT3 (R F—24 0B, —EIRT L v 58 ICh
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. ) Me BR,
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Me H toluene, 0 °C; © >35°C
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46 46
OH OH
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Me OH Me OH
anti-57 (84% ee)
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Ph PhPh
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y -BBD-H (Ro)zB>:/*BR2 : i (RO)XB (RO)ZB/E\;
H BR; H BR,
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/El:‘\"“H —_—
H
H H  chyel, slow
58 -10°C; (2)-59 (kinetic) 60 (E)-59 (thermodynamic)
(0]
Ph)LH \ -78 °C; (:)H
46 .
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: NaOH aq OH

' PR NN
. H20, . syn-62 (95% ee)

™S . e
Vggq | %?2537 l— 5
: oo 75% +
: B(OR), o Ph;z l:D_thh syn:anti OH
=91:9 -
Ph/\‘/\
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0-TMS-9 , 5o
OH

ent-53
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Roush & Ess b [dFtEALYZ T H Y RFEDOMNINOERRE L . 7 Y VIR ICE T 5:EH
REEDIBEFER L Z DI AN F—ZHE L THE(AF—L4 11", 7LV 63Tk L 9-BBN %
TER 7B, ZRZ AT 2025 & 7 RS IS 2 B IRAE TS-Z64 & E 1R % 4E K
B H O AT 2 BHIRAE TS-E64 %t T 5 & TS-Z64 @ T4 )V F —DJ7 2% 3.1kcal/mol
BWZ &Bbrol(AF—L4 11A), TNICEY EFRZTEBYE LT3 9-BBN TdHE
ARSI Z R R AT 5 2 L ARB I N, 72, 10-TMS-9-BBD-H 2\ 72 TT VU niig
MOBBREZHERL, ZOZAALF—%FEL TV E(AF*—2L4 11B), ZKOT IV F TR
ILEV(Z)-68 7> & 7 Y VEEAL % Z 3RS IRRE TS-Z269 ~D A V¥ — & 9-BBN # 72
FRD(2)-65 7> 5 TS-Z66 ~D T A )V F — % s % & 10-TMS-9-BBD T |¥+25.8kcal/mol TH
5 DIicxf L. 9-BBN Tld+19.3kcal/mol TH b, 10-TMS-9-BBD % [\ 27213 9 237 U VERfZIC
VI ANNF —DRRETH o7, UEDOFERrbEmV Ry FEAELH S Lick>TT
VAR 2 PIHC & 5 & & BRI N7z,

(A) HBR, = 9-BBN s H

9-BBN v TS-E64 e |\/|e/\:<—BR2 —_— TS-EGG

E -65 \
) AH}=93 (E)-65 AH¥ = —11.8\
_§. - AGE =237 Thermodynamic AGE=4.7
H-BR, _
s | A6-210 e 2
B;:‘;'H'”H ' X
L_// BR,
M H-BR, 67
AH = -26.1
63 .s. AAH = +19.3 / AG =-11.9
™S BR, /
9-BBN
TS-264 — > >=(7 — > TS-266
Me H
AH*;F =6.2 Z  (2)-65 AHE=—11.2
AG*=19.8 Kinetic AG*=56
AH =-30.5
AG =-18.7

(B) HBR, = 10-TMS-9-BBD-H

‘s_ AAH = +25.8

Me BR2 —_— R Me —_— R Me H
\;/7 ~ TSZ69 « N | T rsEee %;
BR

H BR2 2
Z (2)-68 AHi =-6.7 70 AHi =-5.7 E (E)-68
=94 =9.
Kinetic AGT=9 AGT=99 Thermodynamic
AH =-32.5 AH*=-27.9 AH = -34.4
AG =-19.7 AGH=-14.2 AG =-21.2

Scheme 11. 7L > (39 2 & KAk 7R DILRER M B3LYP/6-31(d,p) (kcal/mol)
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Ariza, Garcia blZa-> B ¥ 12-TLvicxd s FakvHl, il T7Tr7e Ficxd
27 VMG EIRE L Twd¥e, 7LV TR L, Cy:BH Z{EFH & 272, 7TA7e ¥
T3EBMT 2 LT VNMMEPET L. syn-syn KD Tda % EAEBM & L THZ72(AF — L4
12A), —H T, TAT e FTBHEET Cy,BH Z{EHE ¥ 2L, R TCRELZZEDT I
T FEAEM@Z)-12 3. T I NERML 2R THNICGERL2 T AT e F 73 RIS L. EWiazfk
ERPET 74 GO NTZ(AF =L 12B), SO 7L YOEHIERICE 5> TT U ALDER
WrZEb o IR DA anti-anti th 74b BEEE & L TR bR, FHEEREOEA
syn-anti 8 Td4e # FAEBM L L CH 2 7o ARISEKIGEOEWT VT v FIET, 7L viE
Riice Far RS ETT2 X511, TLVIchs 3 e F ok R G0 EWER
A TEDMA 2 5 BRI T H 5,

(A)

R R R
TBSO Cy;BH; TBSOA$:/78R2 4>TBSOA$:\; )\i\
—</ bl . R R
H H H BR

C'j2C|2 fast 2 X
71 0°Ctort (2)-72 (E)-72 74a

from (E)-71:(2)-71 = >95:5

(B) 5
R')LH
73
R Cv-BH R TBSO  OH TBSO  OH
TBSO Y2 TBSO BR, :
—_— —_—
CH,CI Y R R R
H 212 H 3
O0°Ctort x N
71 (2)-72 74b from (Z)-72 74c from (2)-72
R' = aliphatic R' = aromatic
(E)-72:(2)-72= 15:>85  (E)-72:(2)-72 = 20:>80
slow
R
TBSOAR
H BR,
(E)-72

Scheme 12. Ariza. Garcia b LB T L v Icd 5 b FakvZzbEIG
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Hong & 134 ffFF2% & [[REHIC, (Sia),BH ZH W72 7 L vV icx 4 2 VARER e F ek Y
F, B TAT e FITRT 27 ) MG Z#HRE L CTwaP, 7Ly 75iexf L, (Sia),BH
FERE R 2 L. T YV ANBMSIE SN, (2716 25T VT K77 ~D 7 U ALl T L.
anti-anti 718 % & W ALIREERYE 5 2 72 (X ¥ — 4 13A), [RERIC, ThxBH, Z % & (2)-76 7
L7 AT R 77T ~DT YMLBET L, anti-syn 18 BEEBPI & L THELNZ(AF — A
13B), —/7C. 9-BBN Zfi\»2% & 7 U VIR 3 EST L 72(E)-76 2> H D 7 U MEAHEST L |
syn-syn 18 % TP & L CTH 272 (A ¥ — L4 13C) AMIGIEF Y HRIEOEE X oFiic X
b ZEEHEOSARERETIICE) T w2 EREBITH B,

(A) 0
R')LH
R (Sia),BH R 77 TBSO  OH
TBSO—(/ TBSOA$=/—BR2 )>/|\
R R'
Me CH,Cly, 0 °C Mé Me’ =
x
75 (2)-76 anti-anti 78
major : minor =>7:1
0
(B) - )LH
R ThxBH, R 77 TBSO  OH
TBSO—(/ TBSOA§=/—BR2 :
R R'
Me CH,Cly, 0 °C Mé VEE
x
75 (2)-76 anti-syn 78
major : minor = 4.5:1
(C) o}

A
R R R
TBSO 9-BBN 1850 BR, —  »TBSO 77
. — R YR
CH,Cl, M fast Mé BR, \ e
40°C

75 (2)-76 (E)-76 syn-syn 78
major:minor = 10:1

Scheme 13. Hong 512 £ 27 L s 2 & Kok v &G
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¥ 72, Hong 537 L v IZXI 3 3 (Sia),BH % F W 72 VA AEIRN 2 b F vk v FB{C-FEL )G
(AF— L 14A) . IHRER e Frkv R, i 7TAr7e Ficts 37 )l (A% —
L 14B) 2 T HITHWT, (-)-lasonolide A D 3% ' 1 VB 83 I5 X 1F 89 D HAGEIRAY Zn i 2
KL Cwd, £/, BoNnzen viR7 77X 83 & 89 X U (-)-lasonolide A (90) O
BHEBEERL TV 5%,

(A) L (T T BZERIRIG £ RORIFRL-BIERIS

(Sia),BH, THF

BPSO OAc -78 to -30 °C; BPSO OAc TBAOH, H,0,, rt BPSO OH
Me

Me 86%, E/Z = 1/>20 Me
79 (2)-80 (2)-81

CH@SOZH
HO
AT EtOH, reflux

82%, dr = 11/1 ElOC o OH

82 83

EtO,C

o/

H

Zin
(0]

(B) 7L (T T BZKRRGE RORTHRLE (ZUILEHE LU TOFIA)

(Sia),BH, THF

BPSO OH —78 to —30 °C: BPSO OBR, 0=\_/OBn BPSO OH OH
_\_Bz.: : _\_31/78& 86 K/:\(:\/OH

Me Me 98%, single isomer \\ Me
84 (2)-85 87
BnO
S g ) OMe
o~ "o PTSA, MeOH, 50 °C W Ol
OzN\/\/\(\/OBn - Me, SO
\ Me 82%, dr = >20/1 7
88 OH g9
OH
o H
Me
Me O \ ‘0 O \\\\/\/\\\
Me = :
HO Meg O™\ ..Me
/ / \\\\\\
o OH

(-)-lasonolide A (90)
Scheme 14. Hong HIC & 27 L »IZWT 2 £ FARTRIERISDILA
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e — o

BTE XXy IV UES

S—H BE

2y 7V UEE (14-Y v 3, VRRZ2F V8 91) ‘adveve= v (92)
S XV Vv (33,93) O EOEYREERAYICIES Ao N s BEAEETH 5 (X
Do AL 7 4 vV ORMBEDHAAG DRI K VAL IR E TR EETNE 20, T
bRV DRNFEI I B & EBT 2 7201013, A% v 7Y T v HEE O LAREIRIY 20 PRI
BAEBPUHATH 5, THNE TIKRA RALEERERIESRE TN T2 b 0D, [A—Dkk
BhoAFy 7V T VBED 4 S COVRREMEREZEY 210 5 2 & IZHEOAEAK
FTHRG TR, HmEBEEOHAENLE TN TV 5, 5 TIROAERP 2 D IR 72
LDl DWW TR 37,

Me Ph
URZSF A (91) aS0OEO0=>A (92)

zz
THIUHIA (33) TS ZF (93)

Figure 1. RF v 7V T VIBEZ2 2 CEMEERAY
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BTE IAEERND DPERRGRAF v VY T VERE

Rawal H X7 V% v 94 1K LoXT ¥ LMEAFAE T, T IV~ T 4 F 96 ZfEHE &, 7'm
ETATVEGUAXF Yy 7V LY 97 REEL TV E(AF—L4 157, fohize= 1718 3
F 9713, 7vHRy PRIGICK > THAR-EifiA Yy 7Y v Z7Ic X Y EA L 7 4 vERT % A
FyTVLVANEEMTELLAREINTVE, ARIETE T BEANT T = a v
Y AMINCHEAT S % 720 SIAGERIICUER A L 7 4 v 97 355, T, Hi < BEEE A
y 7V ITOBHICEIY, TV VEORGLTTAF Ve AT 2MERAL 7 4V 99 Hie
JKTE D™,

R R*B(OH)
RZ R %\/Br RZ R 2 RZ R
o PdBr,(PhCN), —( % | o Cs,CO;4 -
o DME,0°Ctort | [Pd]  Br )/—)=<Br rt )/‘—)=<R4
94 BII' 95 97 R4 = aryl 98
R'=H, alkyl, Ph 79-86%

R2=H, alkyl, ester
R3=H, alkyl, ester

= R* R? R’
PtBus, Cul, HNiPr, R’
rt 929 A
4 _ R4
R* = alkyl, aryl 73-87%

Scheme 15. Rawal 52 & AIARBIRA A ¥ v 7Y T U BEE
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Micalizio S (Z 7 L= AT A2 =1 100 & T AF ¥ 101 DF X v e wiziZicih v 7Y v
JICEYVAF Yy TV TV 102 D VAEFRYECHEL T2 (XF—2L416A) ™4, L
L. 103D X9 ICT L = AALICKEEEE D 70 WEVE TIZVASERPERMK T 372 2 & it L C
Wb, ZONVREREICOWTRD L) iEERICHEEX VEIHEhTnd (RF—24
AR 104 24T B, HEWT104 D PrOFE TL =V T L

16B), 3. 71F 101 XV Ti

a2 — L 100 D/KEEEE CHEAA, TR ET L, 105 &7 b, Dk, 106 D L 51T L v DKEE

HEEUCHEH2S TiA ML, TV VHEDAL 7 4 v EMREINICAEL B, TL AT
IKFBIE D720 103 D X 9 B TlE 106 D X 5 RBBIREED E Nix iz, VAREIRMEDMK

TL7.

WEAE Micalizio S1Z 7 VAT A I — Ao oA Za7a S icitd3F 2y 20 ET

Bhy TV v IC kB RFy YT VRESRE S IRE L T BT

(A) BihyTU>T

[Ti] OH R*
. RS

OH
R’ R3
R4———RS
R2
100 101
R'=H, Me
R2= Me, OMe, ester
R3=H, Me
HO PMBO

L

Me OPMB
103 101a

(B) HEERICHEE

R1
RZ R3® 102

48-87%, single isomer

OPMB
HO
[Ti]
Me
102a major
64%, E/IZ = 3:1
OH

1 3 R*
R < R Proi
AWA
Ti RS

. . Ol 2 O-
[Ti] PrO~1;-OiPr R 100 ]

R¢—— R} — / - R R®
101 R R? 105
OH R*
- T RN R
RZ R®
102

OPMB
R5
A R
R4 :l:,,,,TrO
—_ A
R 1 | R?
06 OMe

Scheme 16. Micalizio 512 & BIEEIRME R 2 F v 7Y T UK
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You Ol Ir flt it 2 W7z =47 =1 v 108 D =AfiD C-H &7 YA —F%— T 109
tprzuRHy )V IRIGEHRE L THE(AF —4 17A), KMIGTIE ZEKDZF v 7
Yy N0 BECLERECE O NS, HEERIOHEEZ KICORT(AF—L417B), £3. t
=T =V V108 I Ir IEAEAL L C 1122 & 72 0 | A, BEfLickoTe=r 4 ) VY LA
f 112¢ AT 5, 2D, 109 OFELHIANC X o T 113 &7 0, iR ICEITTHBIREC X
STAF Yy 7V VMOBFONDE, 112D DX HICT =Y v OERMANC Ir IEAHE AT 2 7=
B, (ZEYDAF vy 7Y T 110 BERICES 3,

(A) Itz AWz RF v TS T EEE

\
il - > R1m
4 sasllee

ZSNH,  [I(COD)Cll,, KsPOy, [L] B*Ph
110 maijor
108 ajo O\P—N
o -
PO WL sro0m Yy o
R (6] (0) N
R'=H, X 7 NH, Z T R2
R? = alkyl, aryl, ester 1M1
(B) #HEERICHAE
N NN
1_ 1t
R R'—& _

N, I NH,
g H L " 108
110 R
XNy

R1—©f\ S
n—_ il >

[
N~H
/ H \Base
112a
0CO,Me
/:/_

R2 109 1
R- N
N H
RL@H] /

\
HH

J
Q

112b

112¢
Scheme 17. You I LB IAERN AR F v 7Y T U EHERE
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Sigman H5FE=AFY 7T —b 14 L T2y 15, T U —AFR e V116 & DOHEE
Ay TV ITRIGICE o TAF y 7V v MTZHEL T3 7, 087 Yy L7 120a & 120¢
DED L ONEERRETHAR-EHiAy 7Y v 7 RETT 2010k -oT, XAFy 7Yy 117
BEHNDE D, 1,5-P Y USBH LN RE 5, T DR, Pd il 23 7 A4S 21T 25 X
1T 120 ~DEMALDEIT T 2720, 2F v IV MTBEEIE L THELRE, ¥ =
VMY 7 T—F 14 oA L 7 4 vOIMEZIIRFE I NS, —Ti. a T VAT Py LT
120b ZFRH L 72 BMELIC X o THEL 24 L 7 4 VI B INICRE R EREERT 2729,
(EE)\ (ZEYDA ¥ v 7Y TV 117 S E AR ERECHL L Tw 5,

R3 Pd,(dba)z (3 mol%) R3 R3
KF 4

R1§/0Tf N R*B(OH), RSP R1WR R1W

114 R? 115 116 ’ R* 117 major RZ R*118 minor
R" = alkyl, aryl
R? = alkyl 44-85%

[Pd] R® = alky EIZ = up to >20:1

R* = aryl, vinyl

2

R2 _[Pd}__ R? N R R
R17ORS g3 [Pd] riooge PO rs  [Pd]

115 R' R’
119 120a 120b 120c
R4B(OH), R*B(OH),
111 111
R3 R3
4
R1W R1W/R
R?Z R* R?
118 minor 117 major

Scheme 18. Sigman » (2 & ZITFEIRF R F v 7Y T U EHEE
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Xu b4 Y F 122 ZRKEEH L L TRz S\ RISISHE <. Wittig KIGICE D, ZF v 7Y
TV 123 @\ EEEIRECHESE L T w3 (2 F — 4 19A)), HEE SOCHERS 2 ISR § (R F —
L 19B), 4 U F 122 D 121 ~D S\ KIGIC X D, 124 AL 3, RhcAhEURERIC k> T
AV FEPFHEL, 125722, Hiid. AV F125 T AT FED Wittig UBIC X > TAF v
TV V123 RO TS,

(A) IR R F v T ST M5

OBoc COR CHCls, 60 °C CO,R .
1 CO5R ]/ 2 CO,R  yield up to 99%
R | R’ E/Z = up to >20:1
PR3 R2CHO, rt or 60 °C
121 122 123 R2
R' = alkyl, aryl
(B) HEE R IR
C)
OBoc COzR t-BuO
( COR COZE/ COR o Witig COZ%O R
R! 5 R SH F<_<COZR / 2
“~ _CO,R PR RY R
121 co 124 3 125 123
2 PR
| @ 3 R?
PR,

122
Scheme 19. Xu 52 £ B IAGEINAYA R F v 7O T o EEE

Zhong HIIT ¥V 126 & TV AFRRT7 = — b 128 I T 2l E W2 ¥ v 7oz
VIESEARE L TV B(RA X — L4200 ARG TIE, FYAfifbe i 7V fbic X - Caz
REREED R E 5, AV AHEIE S ZAAICET L, SEAERIC e = il 127 24 580d
5, 720 T INMETIE RODEFILIK & {ZE L. R=H D& T y S#EIRIICTAT A ET L
129 25T 5 L R#FH OB A0 13 o BRI AT N3 EST L 72 130 %2 @ o aE R © 5 2 %,
(129, 130) 05 8 = Ak VR TH 720, e BR-EH A v 7Y v 7 X B iE A L
7 4 v O R CIEILCEREEROEASHECE 2 FETH B,

RG
R3 OPO(OR),
(Bpin),, KOtBuU R

3 p4 6
CuCl, Binap pinB [Cu] R4128R5 inB YA/ R
Rl-=-R. — = — = ° RS pinB
THF, 25 °C R' R2 R

126 127 R3=H, alkyl R'" R? R

R2
R' = alkenyl, aryl 4_ 129 130
2_ ey R =H, alkyl R® = H major R® # H major
R®=H, aryl RS = H, alkyl
57-84% 51-88%
E/Z = up to >20:1 E/Z = up to >20:1

Scheme 20. Zhong ©IC & B IAERNA R F v 72 T UBHEE
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Yoshikai H 7L ¥ 131 L 77T & F 133 ICh3 2 a0 &4 vy Afilliix v 72 2
Fou TV URBREREEREL T (R X =421 AKISTIE, 7L vicd 2L &
UICX o TZEDAL 7 4 V1R BECIAERETEL 2, i TT7 AT F 133 10T
5132 D7 VALETS 2, TOR TL VY OEIEST A FAENLT ) —AEIc ko
THRIMOALEERESRZED 5 2 & 2 L T2,

Col,, dppp
R? In, InBry
toluene, 40 °C
131 R2
R? = alkyl, aryl

Scheme 21. Yoshikai © 12 & 2 IAERMG R F v 7P T VEBEE

(0]
JJ\ 133
R" "H
[Col 1 AN
R' = alkyl, aryl o
2
R? R R
132 R?
134
R? = alkyl major
69-90%

EIZ = up to >20:1

20

135
R? = aryl major

36-60%
E/Z = up to >20:1



IAE, Chu DI NIl e 7+ b L Ny 7 Rl 2 A W7e 2% v 70 2 v ORI 72 &
LA RS LT3, Chu & 13 Rufifift & Ir il 2 fEviriF 2 2 & C, R—DT7 Y vh—=F
F—F136 L =A V75— F137 XV, RF v 7T V(EE)138 & (Z,E)-138 Z1EV &
F2ZLICIIL TS (RF—2422A), KRIGCOHEERICHEEZ IORT (RF— 24

137 23 0 fiffi > Ni fl i B LRI IN L 139a & 72 %, 136 @ Ni filliic X 2 —&E F&EITic
XoTAELZ139 L 139aDH v 7)) v 7T X 5> CT=Alid NifHi 139¢ 2825 L 3, &EEiC, &
TCHIBBEIC X > CT(E,E)-138 2 A AREIRIICERK L 7zo £72, D) —D0filir- 4 70 & L
T ROBHERRIEI LT W5, 136 @ 0 i Ni filtlii~DEELII NI X > TEL 7= i
Nif# 139d 725, —ETRICE N 13%e & 7%, Dk, 137 DL, i < EITHIMLEE I
X o C(EE)-138 MER L7z, ZOFE, IrfillitzH w2 &, L7 4 v O RMALHETL,
(Z,E)-138 D3 A& IRICAE LT 5,

(A) MLHERBNRRF W TS T ABEE

22B),

Ru(bpy)s(PFs)
Ni(OAc),-4H,0

2,2'-bipyridine 52-86%
I E/Z=up to°99 1
HE, DABCO (E,E)-138
DMSO, Blue LED ’
OBoc _/OTf
Ar = R/_ ]
136 137 [Ir(ppy)2(dtbbpy)PFg

Ni(OAc),-4H,0

2,2"-bipyridine Arﬂ\ 46-80%
HE. DABCO \—R E/Z = up to 95:5
DMSO, Blue LED (Z,E)-138
= 1 401
(B) #EERICHAE Ir-cat, hv

|somer|zat|on
Ar/W\R ﬂ\_
(E,E)-138 (Z,E)-138
TfO\Nim/\/\Ar IOt S ar
139¢ \g{ 139c \g{
A LaNi'X
139b
N|'X
Ni(0) SET AT
139e
OBoc
AT TfO. ., LNi° |
136 Ni N| X
I\I ‘—/ \\\/Ar
OTf 139d
R /=/ OBoc
139a R
137 Ar /
136

Scheme 22. Chu » O ILAEBIRAID DILAEFEERI D A F v 7Y T U #EHEE
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B FUILT Y — LS

S—H BE

SEBEAL 7 4 vEEDT IAT Y =S e oYX 3 FEH140)%, & U v B a— LB (141)°,
UYRZRXFVHEHON, TAazal) yHH142)° 7 & OEYEERAYICIE A b 3 EE A
HAEETH 5, TNORAYOMBEN LG EER T 27-01Ci1Z, 7I VT V) —UiEHED T
BRI ORI R AR BBETH 5, L L, CoFaEEicaEEng @it L 74 v
DONAARFIE IR O FHE LI BB THEG TR, T I AT ) — M 5E O ARERP
L ORF IR 2 3ETH 5,

M HO M
eo/go e
(@) CHO
Me
Me Me OH

E Ar

S U RO—JLA (141)

E Ar
Me Me OH
Me
XX Me

i‘:tl\;)\:o\/@:Me

O Cl

URIGF A (91) FRIo0YU> (142)
Figure 2. 7 U LT U — LIS EE BT 5 EWEERAY)

IR ek e LT, TIUAANTA P T 2 REGMICHZE TN, KRFEEIEK
RUIERTOHWONTEY ., Joullie HIEFTIATAI—L 143 L OVFH LTI 7 a2
F144 icxf L, AV v A 145 ZfHME 2 TT7 VA7 V) — i 146 ORESICEII L Tw»

5. $7z. X ORMBREIC I oTTRarz v ) vORAMREERL T3, ZHEEERLX

NTINT V= AEED PR RGN L T 523, Z OIRITHIRE TH - 77,
OK

Me

Me
Me
o HO
[\ WX 145 CI
Me toluene, reflux

QP |: 143: X'= OH 289 (2 steps)
144: X = Br

X310V >

Scheme 23. Joullie bic k272270l v Ooes
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B8 hy U IRIGERWETUILT Y —ILEEE

REFMBIGIC X 2T VT ) — A REED AR T, BREERFAMEL LI L IZRE L 7
5, /T, BREEAAEOECFEL L CESRBMIELHW2h v 7Y v I RIEHZET
bbb, FEMTEAY TV VY IRIGEHCET VAT ) — SRR O BT~ 31,

Buchwald 5137 Y AR m sk —+ 147 L BALT U — L 148 & DER-EHA v 7Y v 7ic X
27 VAT Y — AR 149 ORELERE LTV B (AF —L424), T I AT TRICHT 3 H
KR-EHA Y 7Y v 7 Tld. P 7V AAZMEOBED 2 FEEHOBEME(152a, 152b) &, -7 Y v
NZ Yy LFE153b AR T 5 153a & 153¢ O FHIIGIC L W ML L a-71 v 7Y v 7k
149 & y -1y 7Y v 7R 150 BT 5 vlREMED S 5. Buchwald b IXFLAZ T ZaHEi L. 71 v
7Y v FOAEERE G L 72, —77. ZEROT VAR w Ak —F 14720 L, G %E
T2EHLT7 4 vHREMLLZ 149a 35N 2 2 & EMEL T

[(allyl)PdCll, L, g@ N ‘ .

N K3PO4 aq, MeCN, 70 °C R, 149 R iPrA(Bu),
Bpin a-coupling product L1
>:/7 up to azy =99:1

47 N 148 R
X=Br, Cl, OTf [(ally)PdCI],, Ly O
R= OMe, ester, CF3 Ry / /

amide, alkyl
' y KsPO, ag, THF, 40 °C PCy,
150 L2
y-coupling product
up to a:y =1:99
7 A
- Pd—X /&/ﬁpd /&/ﬁR a-coupling
product
_ BR2 153a 149
152a L
R-X Sg2 R
148 ) Pd .
R transmetalation | reductive
+ > Pd — XH elimination
Pd X 153b
151
oxidative addition
— ~-Pd—X — >v// - >T// y-coupling
\ k Pd—R product
- BR, R
R 153c 150
s.2' 152b

Me>=/—>:/75pin [(ally)PdCl],, L, Me >=/_>:§4©7t5u
K3PO4 aqg, MeCN, 70 °C Me Me

76% axy =1:99
EIZ = 60:40 1492

147a

Scheme 24. Buchwald 512 £ 2 7 U LT U — LS DEEER)
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Ortar H5II7 I AT T —r154 L, TV —AbEFa— LR VL ATAr 1588 Dhy 7

Vv 7 mME LT, TRTALT I VEFE TN TO Ay 7Y v ZIEPRED b SR
THET L, 7 IAT U —UE 149 DRERICEIL T %, L L, ZHROT I AT 2T —
F15da . F7F v Fa—rrRuvigi1s5sa b ohy 7Y v rcikA L7 4 yEM L 72
RV 1490 & 5 2 DRER L 72 o 72,

1 Bpin —
R OAc PdCI,/2TFP R AN
/E/i = I > \ /
Rz 154 U 155 KF, THF, rt R, 149
R = OMe, ester, 58-91%
amide, alkyl

Me OAc O PdCI,/2TFP O
}:fipJ_ e 'CD
Me Me Bpin >:/_>:fe

KF, THF, rt
154a 155a Me Me 149p
61%, E/Z = 25:75

Scheme 25. Ortar 5227 VLT Y —ILEEE DG

Hegedus 5137 VAT 2T — 154 LTV —A X156 L DA v 7'V v 7 HE LTV 3
(AF =225, RFEEDEOCERETAEXZAL, Ay 7)Y v BT LTWw5, X5
Sy ZHEDTIAT 2T —F154a T V) — AL AX156a L DA v 7Y v 73 B¢ 31
L. ZHRoT VT ) — i 149¢ O SARZHRI LI L T 5,

1 SnM93 . —
R OAc Pd(dba),, LiCl R’ \ 7R
>:/7 = I > /
R — R DMF, rt
2 154 X 156 R2 149
R= OMe, ester 47-81%

Meﬁn@
156a
MewOAc Pd(dba)s,, LiCl Me

Me Me 154a DMF, rt Me Mé 149¢
76%, single isomer

Scheme 26. Hegedus 5 IZ & 2 7 U LT U — LIS DA
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S ~

B—E T L UICHT2IUEERNG L AR E-BRA S DR F

B MIRERE L OB

faamsE —H TRz X o, TL v ie T 2 i iERN R e FesvRick > T, ALk
T UK FENEYET VAL LTHY 2T ZASFRINTE R, ZhicxfL,
T LA 3 A ASEIR 7 b B u ok v B E-RC RS IF M A R ToME RS (L R
AR RE I N T Ao, Blice Fus v E-BLKGICE 2T I AT LI —AD
SEAREIRIG 72 A 130 7 v, E 720 Roush & IZVAAEIRIZ2 v F a kv RS EH W T,
10-TMS-9-BBD-H % H\» T HIC 7 Y MR(7 Z filfHl L T 2 23, 10-TMS-9-BBD-H D #1375
BThRVK, Zozo, X EHEICTHRTE 3y BERETT ) AMERMEHIE L, SLARERY
T IATAa—Ai2EY 3T o, M FOERICECT, XV ERMNRFERLERD
BreE2l, 20X RWRDIL, TLvICHT 2 VARRRNZ e F ok v EL-BICRE
DFHFEICHLY A 72,
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RIHEERRERT(AF—L 27) TLV 157 T2 e FasvRUKIETEET T L
Y ONRREE DN WALE, A S F v EAESMML ., EERNIC Z o+ 7 FZLEYI2)-
158 BT 2, Z DT REWET ) VIR X B P RICHFE L. H DT Y Ashr
R CENIFNICRER(E)-158 ~L BMALT 2, 20k, ZoT7 VAR ERIEIL, (E)-
158 2>(2)-158 DLAZ DT Y vk v F AV 2 BRI IC LU cE L, F—DT7 L vhb
EfRE ZhoA L7 4 vEEV TN RIGL 5, #Ed & Cil~7 Brown b D&
D X 5T, BT FRELE O STAREEE VN X FUTE L I T U AR AEFT L B IC
BERT VAVT N3 —(E)-160 55N 5 L& Z T2, —7i. Wang ¥ Roush b DHED X 9
TR 7 BRI DG E X ST, HERICE U Z R0 &R T RLEYI(Z2)-158 D& v EHN
AL ONLARREEIC X D . T Y RG] &, it < BELALIC X D T Y LT L 3 —b(2)-160
DAAREIRIICEONE L E 2, Thbb, Ay ERKOEE S A2HFEHT 2 LT I iR
FOEEZFIEH L, F—DT7 L vd 5T AT iAa—LDKR((E)-160, (2)-160)% HLEICTED
FFondEZ, MEICEFL %,

\ H-BR, Three selectivities

R ‘ . -
HBR — 1. regioselectivity
R1 2 T ,
N 11tH
/ Hl

2. face-selectivity

157 . 3. [1,3]-allylic rearrangement
H-BR, \ [1,3]-ally g
;’/ -§.

R H
BR, — BR, - H
(E)-158 [1,3]-allylic 159 [1,3]-allylic (2)-158
t t
Thermodynamic rearrangemen rearrangemen Kinetic
[0X] ‘ Challenges ‘ [0X]
Control the rate of [1,3]-allylic rearrangement
R H large HBR, : Slow Z selective RE(*OH
\:Q—OH small HBR; : Fast E selective H
(E)-160 (2)-160

Scheme 27. 7 L v 1239 3 SRR £ F 0K FAL-BAL RIS O R IRES
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BTET T LrOER

TL VI 2 VAERN e Frr v R e T21CHh0, FTHELRLZTL Y
HEMAWR L 7z, ZLDIC—EIRT L Y OABICETF L7, 161 O/KEEHE%Z TBDPS £ TR
L 162 & L7z, 162 1CXf9 5 Crabbe 7L v &AIC X b, —@EIRT L v 163 215722, FkOG
HTET 166 Z & L7213, 72, 167 ICXf 35 Crabbe 7 L vV A HKIC X > T 168 2157214, %
Dk, WEEEDKIEH % TBDPS B TR L T 169 Z & L 72,

TBDPSCI, Et;N (CH,0),, Cy,NH
HO—\ DMAP TBDPSO—\ Cul TBDPSO—
\\ CH,Cl,, 0°C to rt \\ dioxane, 100 °C
161 quant 162 74% 163
TBDPSC', Et3N (CHZO)m IPerH
Hoﬁi DMAP TBDPSO*(-\K CuBr TBDPSO-H):
\\ CH,Cl,, 0°C to rt \\ dioxane, 120 °C
164 quant 165 61% 166
(HCHO),,, iPr,NH, nC<H nC<H
Csti gy HO—( o TBDPSCI, imidazole  1pppso—d
HO)\
1,4-dioxane, 110 °C DMF, rt
167 168 77% (2 steps) 169

Scheme 28. Crabbe 7 L v &l IC & 2 —BH T L > D&

FWT LI-EBRT L Y OERICET Lz, 2-7 F v-1-4—L 170 I &3 % Johnson-Claisen
WEAZIC Ko C LI-EBRT LY 1T 28K L7z, BoN=TL VY 1Tl DT ATV %EILL T,
172 & L 7=, AU 72 172 olEgED/KEE L % TBDPS JE CHR#EL T 173 2 &KL 72,

MeC(OEt); HO
HO propinoic acid EtO,C LiAIH,4
\%Me : \_%
150 °C Me THF, 0 °C
Me
170 171 172

TBDPSCI, Et3N TBDPSO

DMAP
CH2C|2, 0°Ctort Mé
20% (3 steps) 173

Scheme 29. Johnson-Claisen 85i7iC £ 2 1,1-“B¥7 L > DERL
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2-7F V-1-F— N 174 DKFEE: A TsbL LT 175 A L 72, 1556072 175 1Tk 3 S\’ )X
JGIC X > T 1L1-EET L v 176 &L 7215,

CyHexMgCl,
HO TsCl, KOH - TsO CuBr (10 mol%)
= Me ) = Me )
Et,0, 0 °C THF, —40 °C
Me
174 175 69% 2 steps 176

Scheme 30. S22 R & WL 11-Z BT L > DA

1-78E2-TF v 177 EFRNVLTATE FICH L, A VT LZRMT 2 ET LA
ETL. LI-@EB T L v 178 2 52 721, it o /K S % TBDPS B CIRFE L 179 Z =K T
AW L7z, 72, Bn B CRF#EL 72 180 21372, [FERIC, 1-7 0 E2-TF V177 L ~FHFF—
NIXTT B A v LRz Barbier SOGIC X 0. LI-EET L v 181 2157, EEED K

3% TBDPS i CIR#E L 72182 & . Bn ETCREL - 183 2 2N FNEKL 7=,
TBDPSCI, Et3N

DMAP TBDPSO—\/
o CH,Cl,, 0°Ctort Me
a
Br H)J\H d HO 70% 179
\%Me _>=-:
In, H20, rt Me
177 95% 178
BnBr, NaH BnO

DMF, 0°C to rt Me

77% (2 steps) 180
nCsHq4

TBDPSCI, imidazole ~TBDPSO

DMF, rt Me
0
nCsHq” “H nCsHq 94% (2 steps) 182
Br _ HO
\%Me
In, THF/H,O = 1, rt Mé
nCsHq
177 84% 181 BnBr, NaH, TBAI BnO

DMF, rt Me

59% 183

Scheme 31. Barbier Ko x W= 11-Z“ BT L > D5
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T BRTLY 190 285K LTz, RV TF v-l-A— L 184 2 HPUTFECTEHEL 72 7 u S
Fvr v 188 Icxf L, TFA ZEHIE 2 L0 FAT L= AL EITL., BRIKT L v 189 3
Bonzs, 5o 7 L v 189 DKEEHZ TBDPS H CR#E L T 190 Z &KL 72,

cat. TsOH-H,O TMSCH,|

nBuLi in Hex ™S
HO\H// THPO\H// THPO\H/
DHP, 0 °C . THF:HMPA = 7:1 .

184 185 —-78°Ctort 186
quant 94%,
cat. PPTS =~ "TMS IBX ? = TMS
HOy 7 Z
EtOH/ H,0= 5, 60 °C 5 DMSO, rt 4
187 188
91% 85%
OH TBDPSCI OTBDPS
TFA imidazole
CH,Cl,, =78 °C DMF, rt
51% 189 91% 190

Scheme 32. IRIK T L > DERK

BT, ZEBET LY EZAEMR LT, 191 X O R CHAEI LT T VITKT 5 Wittig KIGIC
FOE@BHTL V193 28K L2 BoNA=7 1L v 193 DT A5 L% DIBAL-H ICCTiEIC L.
194 & L7z, $i\>T 194 O/KIER A TBDPS CR#EL., 7L v 195 &KL 7=,

0
PhsP
3 OEt
o Et:;N, Me 192 o DIBAL-H in hexane  HO
EtO >
Me\)J\m ° Me Me
CH,Cl, Me Ve CH,Cl,, ~78 °C
191 193 194
71%
TBDPSCI, Et;N
DMAP TBDPSO—\I
CH20|2 Me Me

44% (2 steps) 195
Scheme 33. —ZB#7 L > DEH
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BB RURAEORET & MUKEORXE

E—1E —BRT7LIIHTEE RAarTE(L

HroryERELZHCTHEATER Z7a~Fo AT Ly 31T 5 FasyHlbs
BatL7z (FD, £, &FvEAEKICOWT, [FEOME L 7-H & 24 i C RS
AT L 720 9-BBN 1 0 ‘CTRIGDTERE Lis o727, BRTKIGE 2 (v F ) —1,
2), JFRIDOMH K L =W 2 g4 % & | 9-BBN % Fl W 72 BRIC R b e ar @R ¢, EfRo 7
YAT N —(E)-196 2355172 (=~ F U —1), (Cy).BH*. (Thx)BH, (=¥ } U —3,5)
TITVAGEREMET L7z, —J7. (Sia),BH Z W 2 & VAGERESWIL L, ZROo T I 7T
= (2)-196 BEEFPE LBz (v ) =T, Z2DXHIC, FA—DT L v 43 %
bEWRE ZEROT VAT a—ABMED 531F b7z, 9-BBN TIERGK % 24 Wil & <finig
LT BRI IcZEiZ e d 572 (v b U —2), ThxBH, DA ZEBYINNRL - (T
YUY —6) B, Z LSO v REE I SOGRH & X3 & E RO STARERMED A F L C
W R E o7 (v ) —4,8), (Sia),BH ZEiRCEMA ¥, 24 FEIIGE 25 & 0 °C,
24 B ofE R L Ik~ ERBRER S Sicm Lz (= U —9),

Table 1. 77 &AE & RISKBOKRET

HBR,, THF, temp.; Q
OH
43 H,0,, NaOH agq. (E)-196 \ OH —

(2)-196

entry Borane reagent temp. reaction time yield EIZ
1 9-BBN BH rt 30 min 86% 13.3:1
2 9-BBN [?\i rt 24h 53% 12.9:1
3 (Cy),BH O\ /O 0°C 5 min 59% 5.4:1
4 (Cy),B 0°cC 24 h 72% 8.5:1
5 (Thx)BH, 0°C 5 min 70% 3.8:1

>—*>BH2

6 (Thx)BH, 0°C 24 h 0%
7 (Sia),BH 0°C 5 min 89% 1:4.3
8 (Sia),BH ﬁ)\ﬁjﬁ/ 0°C 24 h 62% 1:1.9
9 (Sia),BH rt 24 h 65% 4.5:1

43 (150 umol), HBR; (1.5 equiv), THF (0.1M), temp. reaction time; then H,0, (30% aq., 1 mL), NaOH aq. (3 M 1 mL), 0 °C, 1 h.
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BIE 11-"8BT7L T A ROk EL

FIC, LI-Z@ER7 Ly 179 12T 2 e FridvRbzilaz, —EET L v OB L Fkk
IC 9-BBN TIIE WIAREIRIECERDO T VAT A=V (E)-197 2 527- (v P Y —1), %
7. (Cy):BH. (Thx)BH, TIZ V. HAERESK T L2 (=¥ PV —2,3), —/T. (i-PP),BH)T
ZALAEIRE WL L. Z R EYI(2)-197 BREERME LB onz (v ) —5), &

51T, (Sia),BH Z M3 &R, ZAGERME L b ica b L, (2)-197 2S@E AR IcE s h
(v —4), TOXSICAFEILI-EBBET7L Y179/ LCHEHRETH O, 7
R 2 R B AL 7 4 v EEOILAGERECEY 23 5 2 IglIh L .

Table 2. 11- 2B 7 L T B FOr v E (bR ZREDBE)

TBDPSO—\/ HBR,, THF, temp.; TBDPSO—H TBDPSOyOH
Me OH

Me H,02, NaOH aq. Me
179 (E)-197 (2)-197
entry borane temp. reaction time yield Eiz
1 9-BBN rt 40 min 89% 10.9:1
2 (Cy),BH 0°C 5 min 83% 1:2.1
3 (Thx)BH, 0°C 5 min 64% 2.0:1
4 (Sia),BH 0°C 5 min 97% 1:8.3
5 (-PP),BH 0°C 10 min 80% 1:6.7

Reaction conditions: 179 (150 ymol), HBR5 (1.5 equiv), THF (0.1M), temp. reaction time;
then H,O, (30% aq., 1 mL), NaOH aq. (3 M 1 mL), 0 °C, 1 h.

A O e e 0

9-BBN (Cy),BH (Thx)BH, (Sia),BH (i-PP),BH
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F-IE BT LN AE FAKTUE

—EHT L VR LI-SEET L i L GEREDSFEHL L 72 9-BBN & (Sia),BH %
e, Z@ElR7L Yy 195 K3 2 e FrivHEbiidiaiz, Lo L, 9-BBN TIIRIGATE
fEe TR A RIS 2R o7 (v P Y —1), —J7. (Cy).BH % 2% & hiEE TG
DHEFT L. E REIRINICERYIE)-198 23S o7z (=~ b Y —2), (Sia),BH TlZZh Tl
[ERR I BRI ZHRD T Y AT Ara —@2)-198 #5272 (=} Y —3),

Table 3. =B 7 L (I d % & Kok wHERG

TBDPSO Me
TBDPSO HBR,, THF, temp.; _>=>7 TBDPSO~>:>—OH
Me Me H20,, NaOH aq Me OH M

195 (E)-198 "° ° (2198
entry borane temp. yield Eiz
1 9-BBN rt 4% (SM 68% ) 13:1
2 (Cy),BH rt 51% 8.6:1
3 (Sia),BH 0°C 69% 1:8.4

Reaction conditions: 195 (150 pmol), HBR; (1.5 equiv), THF (0.1M), temp.;
then H,O, (30% aq., 1 mL), NaOH ag. (3 M 1 mL), 0 °C, 1 h.

A OO0 Ay

9-BBN (Cy),BH (Sia),BH
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Bk REEE RICH
ZETAE LS RN /== BU

S DAORVALN

E/ 2B

=

EPNZIWIEICIER, & F ety R -

JGIC B B AREIRYEIC O W T HER L 72 (R ¥ — 4 34), (Thx)BH, @ AAHBE 2 40T 3 %

DD, K7 R IEREL DT AR

13 8 Z EIRVE DS FEH S % 17 D3

ED/NE W 9-BBN TldE\w ESERENFI L, Em X 4
ATE, UEDORERIZAF — L4 2710 LEEKGHE

. & FRFRUEALOSAREEFIC XY 7 Y AR T N0 TH B LEZ NS,

H,0,, NaOH aq
(E)- 196 (a -196
BH
>+BH2 O\ /O w)\B)w/
B
H H
9-BBN (Thx)BH, (Cy),BH (Sia),BH
EiZ 13.3:1 3.8:1 5.4:1 1:4.3
Steric hindrance around the borane
Small Large
Stereoselectivity
E Z

Scheme 34. KU ZAED KT = FE I

BROLDIARIEE & SLAER M DR
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¥ 72, 9-BBN TIRIGKEZIER L T IARERMICEL A b o722 &2 b, KA
Je L7230 5 DI CREICHEHICE L TWB 2 E AR I N7z (A F — 4 35A), — /5. (Sia),BH
TlE 5L 24 W] 2 X T 2 & VAARBEIREDME T L Cwd 2 &b, RIGKH S 7 Clix 7
FHIE L T oz EZ2 N3 (RAF—435B), £7-. 0 C& FiR TR0
L2 Ao MEICX o TH 7 Y MMM &5 C & 3R T & 7 A EDORER XY

v HEAEOGE T OFEIC L o TT VNN OHERKZ K ELT 5 2 L 3bh o7,
HBR,, THF, temp.; Q
H,0,, NaOH aq —\_ - OH
43 (E)-196 OH (2)-196
BH
30 min 24 h
(A) 9-BBN —

E/lz  13.3:1 12.9:1

. 5 min 24 h,0°C 24 h, rt
(B) (Sia),BH B — >
H ElZ 1:4.3 1:1.9 4.5:1

Reaction conditions: 43 (150 umol), HBR, (1.5 equiv), THF (0.1M), temp. reaction time;
then H,0, (30% aqg., 1 mL), NaOH aq. (3 M 1 mL), 0 °C, 1 h.

Scheme 3b. mr U ZAEOESSE & T U ILERLDERE

LI-ZE7 L vicid 5 e F ok v R LIconT, FRICH Y RHEDEm T & FER
TEDMBAZTE L 72, v R 2 & 7 B ILENL D ZARFEE 23/ S WIS~ & 7 a3
D & & REIRER LB L 72(A ¥ — 4 36), (i-PP).BH O A LN b oD, —E&E
a7 Ly oBR RIS, &Y REAEM N E v 9-BBN Tl EEREAREL, dvF
REOBE I BT Z ERESFI T 2R CTE 2, —7, —ET L v Og

72 h) (Thx)BH, & (Cy).BH D37 AEIR M 25005 L 72,

TBDPSO—\/ HBR,, THF; TBDPSO—H TBDPSO—>:/70H
_
Me OH

Me H,0,, NaOH aq
179 (E)-197 (Z2)-197
BH
ﬂﬂ >+BH2 O\ /O w)\ )ﬁ/
9-BBN (Thx)BH, (Cy),BH (Sia), (i-PP),BH
E/iz  10.9:1 2.0:1 1:2.1 1:8.3 1:6.7
Steric hindrance around the borane
Small Large
Stereoselectivity
E ~ - Z

Scheme 36. = 7&K & ITFOEIRM DBIR(1,1-“ BT L >)
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RIGHEDT VNG OB T % 2T 2729, 'HNMR EBa%ilAa7z (K3), v 7a~Fou
7LV 43 OFE THF SIS L 1.0 S8 O 9-BBN X4 v — %2 {FH X &, 'THNMR I TRIGH %
BIRL7z, 313 200F ¥ —ra2ml7, ABERICHEL Z7u~Fo LT LV 43, B oS
K6 10 531%, C 236 60 7D NMR F ¥ — FTh b, BER S &, FR2S kL.,
FEHRFN1IBE2BICHY T IR L 74 Y= RERK L2, 2 2D R T ELADITH v
TNV ERBIC X ) MUE R RE T E 2, SO, T 2\ T Y VERRLASEST L 72 E R
DT INFYHEILAEMOAELTEY, (E)-199 & (2)-199 DAEHIZ 1071 TH > 72, 60 0%
DCDOF¥— b TRERBTERICHE L, £/, TINVFVHEILAEYDO EZHEH 5L, B
DF v —F LIRITFRIC 1081 TH L b o7z, UEXY, B COF¥—FTEZ
EAZE L CuirnZ &205, 9-BBN ZHWATLYVIEHT 2 e FrivELcid, Hw7
VBRI S Y, SOGHER S CICPIICES 5 2 L SR TE 72,

9-BBN (2.0 equiv.)
~ * ° _BR
dg-THF, rt 1.2 2

43 1 23 (E)-199—3\—BR2 T2 (2199
A: 43
3
1 d-THF
“ | |
JUIJU J |L Jl‘\_
B: 43 + 9-BBN, 10 min; (E)-199:(2)-199 = 10.7:1
3 d-THF
2 2 1 1 9-BBN l
5 u
g o 1
_ M_,,E | I
ﬂubtpw Jr\J"L/l.l\bUUU\A JUL_J‘ . JH\__
C: 43 + 9-BBN, 60 min; (E)-199:(2)-199 = 10.8:1
2 1 d-THF
2
}L’g | 5 |
I s /RS- f
W T A |

5‘,9 S‘,B S‘,? Slﬁ SIS SI4 5!3 5‘,3 5‘1 5!0 4!9 4!8 4I,7 4‘6 4‘5 4‘4 4‘3 4!2 4‘,1 4‘,0 3‘9 3‘,8 3!7 3‘5 3IS
"H NMR spectra (400 MHz) in the hydroboration of allene 43 with 9-BBN in ds-THF.
(A) allene 43 in ds-THF; (B) allene 43, 9-BBN (2.0 equiv.) in ds-THF, rt, 10 min;

(C) allene 43, 9-BBN (2.0 equiv.), rt, 60 min in ds-THF.

Figure 3. NMR %=E&(9-BBN)

36



e\, (Sia).BH Z V72 Z 58RI v F ek v RZLKIED 'THNMR 12T NMR FE5#
ATz (K4), v 7a~F LT L v 43 OFE THF BEICH L 2.0 & D (Sia),BH % {EH
2, 'THNMR IC CRIGHRZBIHFL 72, M4 Ic=2DF v — a2l ARERTHZL 71
~F LT LV B ARG 10 5H%D NMR F v — [ C 23 24 FffEl D NMR 7 v — F TH 5,
OGHMGT 10 73 CIHEBISTERICHE L, REFT 1 FL 2FICHY T 24 L7 4 vE—27 28
AR L7z, 2 2D RV EEMIER LA L T4 v DAy 7Y v ZEBE Y IR % RE
T&7-, ZOFE (E)-200 & (2)-200 DAERKIIZ 1:42 TH o772, KICHHED S 24 KD C
DF v —+rTRTIAVFYENEYO EZ IR L, ZOEKILIZ3.8:1 THo7z, PLEX
. (Sia)BH Z W77 L vichid 2 & Fuds v EURIGICE TS 7 U VMG AHETT 5 C
LEMERTE -, LA, D7 UAEGRAIIZ 9-BBN & LR TIEHICEL AoThkh, FUH
REOER T 2R T LI Lo TT I MEMENHICE 2 2L Db o7z,

(Sia),BH (2.0 equiv)
+ 3 B(Si
dg-THF, rt 1 2 (Sia),

43 1 5 3 (E)-200 —3\_B(Sia)2 1 5 (2)-200
A: 43
1 3 d-THF
L’LU IHL Jlt_

B: 43 + (Sia),BH, 10 min; (E)-200:(2)-200 = 1:4.2

2-methyl-2-butene

2 'h 1 fi
— \ |

20 E 1 g I
W‘ E "l’l | i

L
C: 43 + (Sia),BH, 24 h; (E)-200:(2)-200 = 3.8:1

2-methyl-2-butene d-THF
2 1 M\ |
— g s _
" §AR | |
Wi WL ™ U U L

5‘.9 5‘.8 5‘.7 5‘6 5‘5 5‘4 5‘3 SI'_’ Sll SIO 4[9 4!8 4‘.7 4‘6 4‘5 4‘4 4‘3 4"_’ 4‘1 4‘0 3‘9 3!8 3[7 3!6 3!5
"H NMR spectra (400 MHz) in the hydroboration of allene 43 with (Sia)BH in ds-THF.
(A) allene 43 in ds-THF; (B) allene 43, (Sia),BH (2.0 equiv.) in dg-THF, rt, 10 min;

(C) allene 43, (Sia),BH (2.0 equiv.), rt, 60 min in ds-THF.

Figure 4. NMR %E((Sia),BH)
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BNED EE

F—1E —EBEIRTVLVICNTSEe FARvRE

BT b BT STAGEIRE AR L 72 9-BBN & (Sia),BH Z VT, —@Efa7 L Vx4
LA EIRN e e F ek v RSO RE —REZBE L7z (R¥—24 37), YoRH
T% 9-BBN Tl EABEEKYTE S, (Sia),BH TlX ZIKBFEAEKP L LTSIz,

<method A>
9-BBN (1.5 equiv.), THF, rt; E V4
R NaOH aq, H,0, R R OH
> \=\_ \=/_
<method B> OH

(Sia),BH (1.5 equiv.), THF, 0 °C;
NaOH aq, H,0O,

TBDPSO—\_\I sz: nCsHqy
TBDPSO— TBDPSO—
166 163 43

169
72% 42% 86% 88%
<method A>
E/Z=4.4:1 E/Z=9.1:1 E/Z=13:1 E/Z = 16:1
83% 84% 89% 92%
<method B>
E/Z=1:2.3 E/Z=1:24 E/Z=1:4.3 E/Z =1:>20

Scheme 37. —BIR 7 L V(I 23 A& A £ K Ok E=16-B 56
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BTIE 11-"BBT7L T A RakyEL

BT LI-EEA T L v a3 2 REIR e v B ek v B C-ER U OG0 FE — i & iR
L7z (RF—2L438), —EIETLYORRLFERKC, WTFhofHics\\wTd 9-BBN TiI E
B FERY)TH O, (Sia)BH Tk Z A3 EAEB L LCTHE LN, RRISIFERT L v
190 iICxf L CHBEHRRETH o 7o T 72, WHEOKEEEDFEET 271 181 TH 2.5 FRED
FYRREE S EEHOVRERECT VAT A a—A 2B 53T bd-, ARSI, B
DEBABALY T AEFIEARS ThLEERA L 7 4 v R EOAREIRW E Y 5
bNBRIGE o7z, —J7. BnBECfRi#EI 2T L v 183 OH# . 9-BBN TIHAEKYI MR
NnNixhr o7z,

<method A> E g4
9-BBN (1.5 equiv.), THF, rt;
R’ R R OH

: NaOH aq, H,0, h

R, <method B> R, OH R,
(Sia),BH (1.5 equiv.), THF, 0 °C;
NaOH aq, H,0,

TBDPSO nCsHyy
‘—\/ TBDPSO > TBDPSO
Me
Me M€ Me
173 179 176 182
<method A> 85%, E/Z = 1.8:1 89%, E/Z = 11:1 60%, E/Z = 6.0:1 93%, E/Z = 13:1
<method B> 92%, E/Z = 1:41 97%, E/Z = 1:8.3 73%, E/Z=1.6.6 95%, Z (single)
nCsHq4 nCsHyq OTBDPS
HO BnO—\l BnO
Me Me Me
181 180 183 190
<method A> 69%*, E/Z =7.8:1 56%, E/Z = 3.8:1 0%, --- 84%, E/Z = 6.4:1
<method B> 47%*, E/Z = 1:>20 72%, E/Z =1:5.3 78%, E/Z = 1:>20 92%, E/Z = 1:>20

*2.5 equivalents of the borane reagent was used.

Scheme 38. 1,1-—B¥: 77 L > (2T 2 IERIRAYA b F Ak F=b-BR10 K
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=1 HEEOIUAKEEOFHER

HETHETLvOEBIEDOVARE L, v Fod v RL-BILRIGIC I T 272 AGER M &
DERICDOWTER L7 (AF—2439), H—IH, FIHOME LD, EHLHE R, R? O 2K
EBETIE E 9-BBN &, (Sia)BH & b ICEHOWIRERMES R L 7z, £/, BT LV X

Db L1-EIET LYy DTN E CALRERMES RS 2 A S Lz,
<method A>
) 9-BBN (1.5 equiv.), THF, rt; ] 2 . s
R NaOH aq, H,0, RH R/E/fOH
R, <method B> R, OH R,
(Sia),BH (1.5 equiv.), THF, 0 °C;
NaOH aq, H,0,
TBDPSO—\_\I sz nCgHy4
TBDPSO— TBDPSO—
166 163 43 169
size of R' Small Large
<method A> E/Z = 4.4:1 E/Z=9.1:1 E/Z =131 E/Z =16:1
<method B> E/Z=1:2.3 E/Z=1:24 E/Z=14.3 E/Z = 1:>20
TBDPSOQO nCsHy4
TBDPSO > TBDPSO
Me Me Me
173 179 182
size of R! Small Large
<method A> E/Z=1.8:1 E/Z =111 E/Z =131
<method B> E/Z=1:41 E/Z=1:8.3 Z (single)
Scheme 39. 7 L > OB#EDIKESE & SAERE O BER
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CORIICOVWTRD X HICE LT (RF—140), BIFEROERINPKREL AL L, &
FESRINICE U 72 2R 7 U v d v BLAEYI(Z)-202 DEHRFER &, & 7RI L O AEE
WML, X9 @-202 PAKEICKRDE, ZDT=o, TV NEMAHETT % 9-BBN TIX(E)-202 I
FEIOMEE . MO AEIRES R L 2 F 272, £ 72, (SiapBH O &1, &7 Rl T
M3 2 EBIREE 201 ICB VT, B R & & Vv REOTEEENKE 20, HERME:S
[ k325, 600, Hid 7 VRN D VIRRFEORET X VIEL 2 5720 ASERES A E
L7z&E 27,

— | =
H BR, BR
(2)-202 [1,3]-allylic [1,3]-allylic (E)-202
L rearrangement rearrangement .
Kinetic Thermodynamic

Scheme 40. 7L 29 % & FBR o HR DR IGEERE

Ny PN CIRHE S N HVE 183 1K % 9-BBN 2wz ERERN e KRy ELT
WFHBIDOT VAT V3= (E)-203 MG o 7o 72, BIERYIZEEL-FHE. 204 X5
BRI 32% TIHONTZZ LB b o T2(AF — 4 41), T DEIEKY) 204 OHEE 4 RS
ERDEIICEZ T2, HWEFRMICET T 205 2257 VABEAICK D 206 72 b, FtlvT_yv
INAF R R RREORE AR T Y 207 BEL D, TP Ty 207 TS e
FrrvRb, RZICEBECLHEICE > TRET VAT LI =L 28 BMEbNTZ L E X T,

nCsHqq 9-BBN (1.5 equiv), nCsHqq nCsHy4
Bn04< THF, rt, 1 h; BnO OH
Me NaOH aq, H,0, Me OH Me
183 (E)-203 204
0% 32%
NaOH aq
9-BBN J H,O, [
nCsHiq nCsH1 nCsHi1 4 BBN nCsHqq
Bn04$'=/—BR2 Bnow </ y. VBRz
—_— — —_—
Me Me BR, Me Me
205 206 207 208

Scheme 41. BIAERKY) & HETE £ R EAE
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B B—F0ELY

AT —Ex2 Dk (RF—L442), F—ETIET L VITNT 2 VZARERPZE Frk
¥ FAC-BEACSOS DBAFEICHL Y #HA 72, 9-BBN Z > 2 & | s EGERIICA U7z (2)-211 25 7 Y
WVHERAL 2358 2 IS HEFT L C(E)-211 ~ & BYEL L, Fed BILALIc X > T, EfRDT Y AT

I — JW(E)-212 23 WAL REIR M CREZEC % 72, NMR EBRIC X 0 . 7 U VIR I3 ROCBIR1E %
ICPHNCIEL T2 2 eSO L o7z, —77 T, (Sia)BH Z H\» % & 7 U VBRI &

B CMALALIIC X > C ZHRD T VAT v a—(2)-212 % @i RERINICA R T & 72, DA
e El=oT LYo T IAT A= VDONAREEERIED 57T b B FEDORFEICHK
L 7ze RRIETE, 7L v OBEBIEDOE R S O VASEREICHE L Cw b 2 L3O 2L %
D, EEL BB EEOIARERERREIH L 72, 72, ARICIEF—EBRT LY 209 DA% D
F.OLI-TEET LY 210 IS EMFRETH b . LARGIE REE R ZiER L 7 4 v R ECIL
OERIECIEE T 2 ERM ARG & o T2,

NaOH aq, R2

 9BBN >:/* h HOp h
1 OH

THF, rt fast R

(2)-211 (E)-211 (E)-212

R? E selective
R'] - /

slow

209: R' = H, R? = alkyl

(Sia),BH R? BR, R2 OH
210: R' = alkyl, R?=alkyl ———————> >:/7 g >:/7
NaOH aq,

THF, 0°C R’ !
(2)-211 H,0, (2)-212

Z selective

Scheme 42. £E—ZD F & o
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BIE ARERID DPERGE A F v TP T URBRE

B T L ITNT AIEERNG E R OR T RIS DIGH

I

fmen ~E TR X D IR F vy TV VR R AEVIETERAYICIL C 2 b 5 HE R
IHHETH 5, TN E TICKRA 2 L EIRW 72 G GRS 40T & 7223, PO 2 T DAZik
A2 BEIAE Y 01T 2 FEOHAEIRZREN LFTETH 2, COLIBERDODS LIL
REIRI 2> DICRAI 72 2 % v 79 2 ERE OMESLICHL Y A 72, R A R 2 RICR S
(AF—L43), F—BTELTIAT AT =LKL, €= ZX & DM NME-Stille 71 v 7
Vv 7 BRI NERF Yy 7YV TV R ICRNICERTE 2 2 E 272, $72. & FrkvHl-
AL RIGIC X o THED 423727 VAT 2 — L DVARLFE & & 2 v 2 X DL % i 2
beniF, A—0oT7LvyhrbAFxy 7Yy OMEHEES CORRERSAEICIEY 55175
NBRIGE 725 EZ MRICEFL 7,

p={{{

R2
R2
R BusSn
""""" =L T __/Jr- _/_}
2 =
OR R R, R/_
]

R E E N E E E z
X .

AH-/\z- stille

E - R?
. R’ R 2 I /
S L PueSn_ R 1 senping Rl__/f—J/ R

T RIRE
E RORD%EE z z Z E Z z

AFv TSI

Scheme 43. &ECEIEE (ILASERIRFID DURM A X F v 7Y T %)
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¥, ZHo =V 2 X(2)-217 DERICH Y fHA TS (AF — L 44A), 5-~F v v-1-A—
213 OKIEHA TBS HECHR#EL, TAF v Rk a vERLL 215 & Lz, BoNAETAF=
NI—Y R 25 TS5V 4 I FEIGICK Y VIRERNIC Z ko T v = r3a—UF 216
AL 722, BuLi I X - TV FA{L L. BusSnCl Z{EH & #(2)-217 & L7z, T DEE, (2)-217
BALETH Y. BusSnCl HERDEIEEM 30BN CH o 72, £ 2T, —[ETBS EzbrEL
TARXHKORIERY L EEL. FIE TBS HCREL b L T, (£)-217 2372,

e C, EfRD €=V XX (E)-217 DERKICI Y #A 72 (AF—L444B), TLF V214 D7
NF VU RIZ 7L 219 & L7z, HENToNT VY AR e Fr XX = I X
D ERD v =)L R X(E)-217 % MARERINICE R L 7221,

(A) ZEDE ZJLZAZDER

TBSCI, Et3N
5 on DMAP 3 oS NIS, AgNO; P 3 OTBS
CH,Cl, THF, rt [
213 0°Ctort 214 215
85% 91%
H
QN
S, NH;
L
NOZ , Et3N | tBulLi, Bu3SnCI SnBu3 TBAF
3_oTBs 3 OTBS
THF:/PrOH= 11, rt l\/&/ THF, -78 °C l\/ﬁ\/ THF, rt
o 216 (2)-217 67% 2 steps
TBSCI, Et3N
SnBU3 DMAP SnBu3
_OH 3_oTBS
\ CH20|2 I\/H\/
218 0°Ctort (2)-217

65%

(B) EADE ZJLZA X DEHL

BusSnH, Pd,dbag

NBS, AgNO3 3 OTBS PPh
3 _0OTBS . ° . 3
/ﬁ\/ & BU3SH/M\/OTBS

Acetone, rt Br THE. rt

214 84% 219 38% (E)-217
Scheme 44. £ =)L XA X 217 DEEL
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A1y 7Y v AT, —ERT LV 169 IS 3 AEIR I e N v kv RL-IBL G I
LoTEW AT IATALa—AL20%, TNENH—F A4 —F 221 ~EZEfL 7=,

nCsHy4 CICO,Me, Pyridine nCsHq4
TBDPSOt TBDPSO
CH,Cly, 0 °C
 \om 000, _\—OCOZMe
(E)-220 ° (E)-221
nCsHqq CICO,Me, Pyridine nCsHy
TBDPSOUOH TBDPSOUOCOZMe
- CH,Cly, 0 °C -
(2)-220 97% (2)-221

Scheme 45. 7 UL Hh—Hhx— bk 221 DERK

7. LI-ZEET L V182 XY REIRINICEY 3027 Y AT v a—n 222 & —F A+
— MbLL., 223 &AL 72,

nCsHqq nCsH1
TBDPSO CICO,Me, Pyridine TBDPSO
CH,Cl,, 0 °C
Mé OH 2v2 Mé 0CO,Me
(E)-222 98% (E)-223
nCsHy4 o nCsHyq
TBDPSO OH CICO,Me, Pyridine TBDPSO 0CO,Me
CH,Cl,, 0 °C
Me 22 Me
(2)-222 93% (2)-223

Scheme 46. 7 UL H—Hhx— k 223 DERL
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BFonzT IV —F 4 — FE)-221 L HARL7ZE =V X X(E)-217 & DA H-/IMZ-Stille 77
v 7V v 7% P T, DMF &, LiCLA7E T Pd il 2 10 mol%isil s 2 & 71w 7Y v 733
HETL. AFy TV T V(EE)-224 ZEICETHERTE 72, B2V RX(2)-217 ZHWThH, 7
vy 7 v ZRERRICEIERCHEIT L. 2 F v 7Y LV (EZ)-224 & IAREIRIICAEKTE 72,

BusSn
_ o ntshq
szdbag CHC|3 (10 mol A’) TBDPSO OoTBS
)
LiCl, DMF, rt _\—/ )
nCgHq4 80%, E only (E.E)-224
TBDPSO
(E)-221 OCO,Me
Bu3Sn\_(/—)20TBS
(2)-217 nCsHy; OTBS
: . 5M11
Pdzdbag-CHCl3 (10 mol%) TBDPSOt (Qa
LiCl, DMF, rt /
88%, E/IZ = 17.0:1 (E,Z)-224

Scheme 47. 7 UL h—RFx— ~H-221 &£ DHEE-/NMZ-Stille Hy 7 > 7

BT, TIUAH—FRF— F(2)-221 ITxf L, ¥ =1 2 R(E)-217 & DAEH-/ME-Stille 77 v 7
Vv 7B L, IR EFABROEE UM T 2 L mIETH Yy 7Y v IREIT L7z, L
L. AL 74 VORMELAKRI Y, 2F Yy 7YV TV (EE)-224 BFAEEME LTEbNT, 2K
DEZNVRAX(Z)217 ZFWThH, Ay 7Y v ZIEFRRICEIEETET L2 b oo, FBE{tic
XYV 2AFy TV V(D224 DBTFEEEYE LTE LN,

BuzSn

(E)-217 (3;0TBS

Pd,dbag CHCl; (10 mol%) nCsHy
. TBDPSO OTBS
LiCI, DMF, rt N/ s
93%, E/Z = 12.9:1 (E,E)-224

nCsHyq
TBDPSOUOCOZMe

(2)-221 BusSn,  (/%0T8S

(2)-217
Pd,dbaz-CHCI; (10 mol%) nCsHq1  OTBS
. TBDPSOt ({,
LiCI, DMF, rt /
96%, EIZ = 14.3:1 (E,Z)-224

Scheme 48. 7 UL h—HRFx— ~Q-221 &£ DHEE-/NMZ-Stille By 7 > 7
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TV NAH—FF— F(E)223 & €L RX(E)-217 & DEH-/ME-Stille 71y 770 v 7 %R A
72 DMF iAitd . LiClFEE T Pd i % S mol%iisins 2 &, A1y 70 v 23 EICR CHEIT L

2%y 7Y T V(EE)-225%5 %7, &
IC 2 % v 7Y T v (E,Z)-225 35

nC5H11
TBDPSO
Me

(E)-223
E/Z = 12.2:1

0CO,Me

Scheme 49.

7L h

LNz,
Bu3Sn

(E)- 217—\+OTBS

Pd,dbay-CHCl5 (5 mol%)

B =L AR (2)217 & T b RIS RIE 220 37 g

nCsH11

TBDPSO OTBS

LiCl, DMF, rt
95%, E/Z =12.0:1

Bu3Sn\_(/—)ZOTBS

(2)-217
Pd,dbas CHCl, (5 mol%)

Me
(E,E)-225

nC5H11 OTBS
TBDPSO (Vs

LiCl, DMF, rt
91%, E/IZ =12.4:1

— R — ~H-223 £ DHEH

Me /

(E,2)-225

-/Nk2-Stille Ay U v

oW T, 7Y AH—FR A — F2)223 L E =L RAX(E)-217 & DEH NME-Stille 7y 7°) v 27

BRIz, (2)-221 ZHWIZBRE R Y By E
A ¥y 7Y I V(Z,E)-225 & @I D O AGEIRIVIC A
LIRSy TV v IREIT L, RF Yy VI V(Z,2)-225 HEIERIC

T35, Ay 7Y v IrnEITL,
B TE 7z, &

=L R X(2)-217 T
EEVE SRS RVAL St N

BN LEICk Y . FA—DT7 L vhbARFy 7Y v oPUEE T~ COVARERMEE A

Do,

nCsHqq

TBDPsoyOCOZMe ]

Me
(Z2)-223

Scheme 50. 7 U LA

BusSn

(E)-217 (3;0TBS
Pd,dbas-CHClj (5 mol%)

LiCl, DMF, rt
79%

BusSn,  (/%0TBS

(2)-217
Pd,dbas CHCI5 (5 mol%)

— R Fx— D223 L DHEH

LiCl, DMF, rt
80%
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OTBS

nC5H11 /_‘_/)4
TBDP304§:/J

M
¢ (zE)-225

OTBS
(s

nC5H11
TBDPSO /

Me  (z2z)-225

-/\A2-Stille By 7 7



TUNA—FRA—F 221 & 223 OO REREOZLICOWT, KISHE#E» 5 X
DEICELE LT, T, TIAA—FA—F 21OV TEZS (RAF¥—2L451), 221 0
flio Pd ICEEALIIFTIN L, ZIKD 0-T V¥ T Oy LH(Z)-226 AL 5, T D(Z)-226 HE =
WVAR(E)21T & b 7 v A X Z AL, fii < EITHIBEEASHES T 3 duE, B e Ficx % v 7Y
IV (ZE)224 035005, Ll b IV 2AZAMET BHIIC, 0-T VAT Yy LTE(2Z)-
2mﬁ\ﬂTUwﬂiyvbﬁnh%ﬁmLf\EW@oTU»ﬂ?V&A@wmnmaﬁ
WAL L7ze Z Dk, 2V RAX(E)217 £ D+ 7 v A X Z0AL, BITTHBEEIC X D 2 F v 7Y
I YV(EE)-2 DPROoNT=DTEEE 2T,

\_r LoPd° AN
(E,E)-224 (2)-221
338 5T B LRl B (L EO {1
R
\— y
. R (B)-217 , SnBus R /—Pd'L
—\_ /T I '
(B)-228 "¢k NS> 2 XL (2)-226
s 2D SEARIELL
nbuj
(E)-217 R
2273\;/<Pd"Ln
hS>ZAF)LE X R
(E)-226 \()j(”L” / h >—//
1
'-nPd\X 227b

Scheme 51. 7Y/ h—Rx— k 221 ([T T B HEE-/MM2-Stille hy TV 7
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—H T T I A—F A — b 223 % V7256 TR EMALHETT L 220> 5 72 (R F — 4.52),
THRER LT ZHRD 0-T Vo35 2y LH(Z)-229 ICH VT, VIKEESRE (ko ol
X V. (2)-229 D5 DEMALINEL . FBITE)21T LD+ TV A X ZAMMEIBET L2, £ D7
W, AF¥ v TVITV(ZE)225 B X (Z,2)-225 BIREIRNICERKTE - E 2 T,

R nCeH
5111
R /E/J/— TBDPSO‘&Z/*OCOZMe
0
" L,Pd

pESaw: )T [ =SR]l
Rl
R' \_
_/
= (1217 snBu, x
R)lz/—Pd“Ln / R)lz/—Pd”Ln
Mé  (2)-231 RIEEE T (CET Me (2)-229
RS> AL
R
\=\SnB
us R
(E)-217 230a )i{ i
R Me ’ n
RS> ZAFIUE X R
Meﬂadlan / \ >T//
(E)-229 X L.Pd Me

X 230b
Scheme 52. 7 U I h—kRx— bk 223 1209 2 EB-/\F2-Stille A 7V &
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B acaobro=> ADOASREIFE

E£—IH HIRER

AF¥y TV VG RA T 2EYEERRYOFICIZ, adrrer=v A (92) S, T
AU FNA (232) 2V =27 v TV FA (233) PAREDLHIIC, AFy TV VD alfiicKk
W7 COMBERREZH T 2ILEMBL HFEST 2 (M 5, 2070, Tho RAYIOK)
KB EFERT 5103, 2F vy 7V v o UEED AR MAOHIf O Ak 6, afio

R EREE D VAGIH 2 MHTH 5,
Me Me (0] OH

STS5>TURA (232) oA /\FILTU RNA (233)
Figure 5. a-b RAaF X &y 7Y o E4E2HT 549 EERIRY

Al—DO7ATeF 24207 LoATAI—N 235 2 TF Y FHERNCART 285 T
L TNE TIClREINT W32, F—HICTHEZL A F vy 7V T VKR, [A—oD
TLY2BS2pHbAFy 7YI Y236 D4FEEECOVEREEREZFEY DTN KIGTH 5,
ZDD AEFT LML L2 AF vy 7Yz LR A S bEIE, RIVICE E
Nda-t Fafr2fy 7YV EED 8§ A COVIREMEREL BIEICEY 5313 540537
BB EREL 5 (RF— L4 53), REREIEEZHCNLIE, 27rer=v ADa-t
FrFoRFy 7Y v HEEZERENICERTE 3 EFE 2. AMITERICET L 7

M
M ——Me oP opP
o 1
)J\ R)\/ R)\’/\/\/R
R Me AFYITSI> Me
FEFLZIE ~
234 235 e 236

AEFZLZIE QEBH) x AFYVISIUBEE (4188) = a-EROFSAFYISI> (8T1EFE)
Scheme 53. a-t FO X 2 F v 7Y T SO T ARFEN & R RS
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£TIH BEE - Beh L OEYER

Me Me (0] OH
=
ol < OH M | H oM
eO o N \ﬂ/ e
) Me o

Me
Figure6. a7t =>A (92) O3S

aZmrEa =y A(92)F 1985 FIC Jansen H I X o THEEME corallococcus coralloides D
BWR XL VHBEINZKRY 75 FTh 550, FHEIL Jansen HIC X o THRIE I, Z DS
SEABLE (X Konig 523 KD X 5 ICHREL TWwb (A F— 24 54) %, Mosher T A 7 /L 237 IZ5f
3 % R Mosher 5% 1T & 5 T 24 [KEEHE D TR EDBPIE STz (RAF— L4 54A), 7z,
7RV ADF Y VRICK o THE U 2- A F -7V XV 238 ICX1 35 F 7L GC
FEFTIC X O . TALO VML ZE L T b (R ¥ — L4 54B), #iE Lofige L. Afllo
a-tFeFor2Fy Yz viEzat Rz viffie, Ao 2 — MIEZED
o VEREIA ST o NG, EPRETEE LTid, #IHD DNAKAFERNA R Y X 7 —¥ & D
BFERICX Y, V77 v viitEZEREE & 77 LGHERICN T 2 PG ERHE S T
IARELEN

(A) Modified Mosher method ds-Jg (ppm)

(+0.04

+0.08
042" +0.05

MeQ Me O OH

(B) Ozonolysis of Corallopyronin A

Me Me (6] OH
= | , H 0s; (@] , OH
OH M N_. _OMe —>
0”0 X N © HOWO
Me) Me (0] H20, Me
JSOEO=>A (92) 2-AF)L-T )LD )LEE 238

Scheme 54. a5 OO =Y A DT IARE DRE
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a7uava=v A92)DELKIGIZ Konig 5ICX > TRD I I ICRIEINT WL (A F—
LS5y, TeFAz=y b 239 DHRICE W E[MT Z 72 b 241 BAERL, A NA— ]
fbenfr7Vvva=y 240 DWRICL > TH[MZ Z 7 AV P22 BEL B, Z DIk, K
7272241 7 72772 b 242 D Claisen % 4 7 Offity, i 77 Fvibick -
o vBRMI PR INE, 20k, AL 74 voREE Ik TRFy 7PV 244 &
7Y, REBECTIAOBLicksTasrerr=yv A92)L%R D,

(0] (0]

H
PR M _N__owme
Me~ “SCoA CoAS \H/
239 240 O
SCoA
SCoA
Me 1) Claisen type reaction
2) lactonization

Me Me (@] OH

) 243 Me °

Me Me (@] OH

Me Me (0] OH

JSOEO=>A (92)

Scheme 55. I 70O =Y A DESFIRE
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$£=18 WBEDOEHM
aunvro=y AlTINFE TICKalesse HIT X 2 E2H R — T 4T\ 5%, Kalesse &
| Sy O Y

37 7 =F—NQ45) XD 4 TRTHFELZT AT F 246 iIxf L, BIEHFHEL 72

I 247 DfINIC Xk 5T ZA L 7 4 v EBAL =, U 7KBEOEE., i< DIPClLIC X 3

AEFEICIC K T, “HKIEZ & - v F BRI L fEito/KIRE %2 TBS KTk

HELT249 L L7z, 249 XV 3 THETEHE L = AL 7 #+ v 250 I2X19 % Julia-Kocienski A L 7

4 VMLICX 5 TRF Yy YTV (Z,E)-251 % EZ L 611 TiR72, Z Dk, T AT VEHLDIEIT,

EUETALI—ALDBLICE D TATE R 252 ~LFELE, Chickhaduoro=ry A

DRV T VI DRI L 72,

Me
ZnMe
247 Me Me O
OTBS
OH Me
geraniol (245) 4 steps 56% OTBS 248
2] M " o
Ny e e
At Me Me O
OEt
OEt - > OTBS Me
3 steps 61% oTBS Me 3 steps 54% N S//O
95% ee 249 , , 250
° OTBS N ] O
\N—N\
Ph
(0]
Me H H
OTBS Me OTBS
90%, E/Z = 6:1 2 st 799
° 251 steps 9/o 252
Me

12 steps from geraniol

Scheme 56. Kalesse Hic& 2350 A=_> ADRY T ERADERK
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T2, (-2 buRL V2SS H 4 TRTHELZT AT v 254 DA VirfRic Xk - CT
LNT e F255 %A L7z, fOoNAT AT e F2551Ch3 2 256 xflw/zv=ah2xml7T
NV F =G, K BEEIC X - T 257 21597z, 257 % P v BT % & 7 v 258 % if%
L Cvnm v ERERAL 259 OREEEICHKII L 72, 2Dk, 6 TIETHM T 7 77 A v F 260 % A

LTw3,
256 oyo
OTBS o) OTBS ™SOS
MMG - 03
- — >
Me Me Me Me oxidation
(—)-citronellene (253) 4 steps 71% 254 90% 255 2 steps 76%
>< c?° ¢
o0 o OTBS el OTBS = | OTBS
= —_— -
OWW toluene o) o Ne)
257 Me reflux 258 Me 75% 259 Me
0" >oTBS
= | ’
— N_ _OM
"o R
6 steps 12% Me
260

Scheme 57. Kalesse b ick 30 00— Aot 0 B OERK
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Fontfllen vER7 7 27 A b 260 10 L, LITMP Z{FH & & C ¥ w v BRE &2 EfE
VFAfEL 261 & L7z, EU7z2061 &, BIEAKRLEEMZ Z 72 v 252 %Ry 7Y v
2602 O LT, DT 262 DKEEE O, Hi BiffEE KT, a7vrn=v A
92)D AR EERL 72,

Me Me (6]
O/\OTBS O/\OTBS OoTBS Me
_ Li U ) 252
| H o LiITMP | . Me
e
0“0 N N 0“0
— o _ o
Me 260 (6] THF, -78 °C 261 Me 78°Ctort
L . 47%
Me Me OH 0" oTBS
— 1) MnOz, CH2C|2, rt
| H
OTBS M N_ _OM -
eO o \/ \n/ e
J L I 2) TBAF, THF, 0 °C to rt
Me 262
26% 2 steps
Me Me (e} OH
=
OH M | H oM
eo o \/ \n/ e
J Me (0]
Me

JSOEO0=>A (92)
Scheme 58. Kalesse HIC&2a5aER=Z> A DDA
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BUIE  SAETE

RICAF—L 53 1R LTza-t Fr¥s 2%y 7Y VEEE R B o2 & EHE %2 7R (%
F—L59) TT=A NI VBEHID 4 TRCTHFELAZT AT & F 246 ICHT 5, £FT
L=Aic X 0 AFEKEEE L SO IC A T L v iiE R —ZICGE AL 263 T 5, il
T, BALZ LI-“EHT L v 263 KX LT, fEZL2XFy 7Y vgSERE 2 EH 5 i,
Kalesse & D& B 251 Z 2R MICATE 5 & F 2 72,

Me (0] =
Me Me AE7LZILE

--------------- > H

y WOH ............... z Moa ............... -

© , o) Me
t
geraniol (245) Steps 246
AFvITT> Me Me 0

B

Me Me (0] OEt

M --------------- - OTBS Me
(o) SR -
J e

OH 263 Me Me 251
Kalesse's intermediate
Me Me (0] OH
7z

"""""""""" - Sl OH M | N._OM
--------------- > e e

™o S~y

5 steps J Me @)

Me
JSOEOZ=>A (92)

Scheme 59, a0 = A DO5HEHH
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BRIE 70> A0ORY T VRN OILMAER A HEEE

F9. T IKDOT LV (£)268 DEFICETF L72(AF— L4 60), Kalesse H D SFiEICHE >
CT 7=2A=145 D Mn BBLICX > TT AT F264 & L. Kl AV F 265 & D Wittig )X
JOIC X D REF T 2T 0266 & L7z, i\ T, mCPBA ZFlWCTZRFIALL, oz H

FUR207 DI VEBEHCZBLEHMICL > TT AT K246 & L2, Bon=7Lr7
b N& 1-78%2-7F D THF * KIEABREICN L, 4 v Yo LrZ2RNT5 LT L=t p

HEITL, 7 IR0 T L v (£)263 BEFONz, TDT LV (£)263 IARETH 7720,
[EHIC/KEEHE % TBS TIR#E L, 2 TRINE 67%TT £ (kDT L v/ (£)268 &KL 72,

(0]
Ph3P. OEt
Me Me MnO, Me Me H 265 e
MeWOH CH,Cl, 1t Mewo CH,Cly, 1t
geraniol (245) 264
98% (2 steps)
Me Me Q mCPBA Me Me Q HIO,-2H,0
MGWOB > MGWOEt
Me CH,Cly, —20 °C o Me THF, 0 °C to rt
266 85% 267 81%
Br
N — Me TBSCI
Me o] . Me Me o imidazole
H Indium
OEt OEt DMF

0 Me THF/H,0 = 1, rt OH Me 0°C to rt

246 74% ()-263 67% (2 steps)
Me Me 0]

OEt
OTBS Me
(£)-268

Scheme 60. 54 AN 7 L > (£)-268 DEFL
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BT T7AT e FIgA L, Brown D& L TWALRFT L bz il /=20 REFANL
FEeLTAVE ) AV T2 ANEEETAETa L XALERT Y 269 #FHVWEEARAKFTL =L
&

EDHETT L 720 #E < /KEEFHE D TBS fRFEIC X » ZTRRIE 79%, T F v F A 94% ee T
HID 7 L v (R)-268 235 H 7=,

1. d(lpC)ZB
269 =Me
Me O Et,0, —100 °C Me Me O
HMMOH OEt
(0] Me 2. TBSCI, imidazole OTBS Me
246 DMF, rt (R)-268
79%, 94% ee

Scheme 61. "& 7 L =)Lt

AR 268 DT F v FAMPEFK T F T vHh T L OD-H IC X - THRIE L 72 (1K 7).

Chiral HPLC chart of TBS ether 268 (94% ee)
CHIRALPACK OD-H, 250x4.6 mm, UV 254 nm, iPrOH/hexane 1:1500(v/v), 1.0 mL/min

1606

o
2
=

=10000:

Sigral

—20000.

2
L

—30287

7=0 Tirri‘?min] Bb 5
No. Tr Area Height Area (%)
1 7.29 10025.9 849 3.1755
8.09 305702.2 20175 96.8245

=151

—10000+

Chiral HPLC chart of racemic TBS ether 268

Sigal

—200004

—28614

=
3
=

828

55 70 wg‘c[amw 20 95
No. Tr Area Height Area (%)
1 7.44 189334 13250 49.9099
2 8.28 190017.8 11778 50.0901

Figure 7. ¥ 2 )L 0D-H A Z LF v — k




T BB DA E R R T 5720, TL=AT A2 —A 263 XY Mosher T & T L (S)-
270 & (R)-270 ~ L FHE L 72, (5)-270 & (R)-270 (X3 224 Mosher 51T & 0 . KEEH D7k
L2 % RGE L 72( R ¥ — L 62)%,

Me Me (0] Me Me O
(R)-MTPACI, DMAP
MOEt MOEt
OH Me CH,Cl,, rt (0] O Me
(S)
263 58% MGO;/ECF (S)-270
Ph 3
M M (0] M M (0]
© © (S)-MTPACI, DMAP © ©
MOEt MOEt
OH Me CH,Cl,, rt O (0] Me
Ph:/[ (R)
263 60% NCF (R)-270
MeO 3
+0.05
0 12/\ +0.06 V/
- Me < Me +0.02 O
OEt
( (@) O\ K Me
+0.06
H(a): -0.03 +0.11
Js-0r (Ppm) CFs
MeO

Scheme 62. %R Mosher 7£1Z & ALK RTE
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o LI-"ERT Ly 268 ICHf L, ZHERN e Ve kRO ZER L 72, EiR
T(Sia)BH Z{EH & &72& 5, 91% & @ D VAGERINICT VLT v 3 — 1 (2)-271 5
Fo N7z, RRIGIE 3 2 OFEREZ FRFICHIEIL T2, 1 DHIZEREERECTH 2, =X
TARY Ty BHEGET a2 7L VERNICRISHET L2, 2 DHIEERECTH 5, £
HoOEm\ TBS A #E T 2 X 5 ICRICHHETT 2729, 268a DX HICT L VD DD "Hif
HBD 5B IMUlo " EHFES O BHEFERICKIG L 720 3 DHIZVZMAERETH 5, 268a D
X oiC, 7L v OREE O/ E I EHERIIC(Sia),BH 234N L 72, £ 72, &EEi\V(Sia),BH %
T2 729, 272a 225 272b ~D 7 Y VERAL M X 4, #5 < BRALALEIC X 0 Z A& IR

WAV STz,
V4 Me Me (0]

Me Me o (Sia),BH, THF, rt; o BRI
OEt OEt B RN
OTBS Me NaOH aq, H,0, OTBS Me = i
268 HO (2)-271 W SRR
91%, Z (single)
H Me Me
RZB\/\l/y /‘/“\l/y X — R B/M
\ - 2
H;' .p" OTBS OTBS OTBS OTBS
268a 272a 272b 272¢

Scheme 63. Z&FIRAA b K OR7FEC G

ERWI(Z)-271 DAL X NOESY 1 X W iRE L 7=,

C\Me Me (0]
B M
HO OTBS e

(2)-271 (500 MHz, CDCls)

Figure 8. NOESY £ (J)-271 OILIATE
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Ny TV ITDED FoNTT IATAI =221 T VIV —FRE— (2273 ~¢

ZA L T e <L BRI L 72 & = v R X(E)-274% L DA HIMZ-Stille 77 v 77 ) v 7RI E
CEFT L. Kalesse 5 OEHIRZE)-251 5 2 7co T DI, x-7 YA 7 Py LfRZEHEH
U CTHRUALDET L 7 2R RIER(EE)-251 BV BIER S N2 b 0D, FuiifEREca 7
rEB=Y ADKY I VEEOABITEI L 72,

7 Me Me o) CICO,Me

Me Me O
pyridine
OEt OEt
OTBS M OTBS M
HO © CH,Cl MeO,CO ©
100%
SnBus 5 Me Me (0]
e~ (E)-274 OEt
OTBS Me
cat. Pdydbas-CHClIj J . >
LiCl, DMF, rt Me (Z,E)-251 5 steps
100%, (E,E):(Z,E) = 1:15.5 Kalesse's intermediate
Me Me O OH
= | H
OH Me N. _OMe
™o Sy
) Me (0]
Me E Z SO

JSOEO= A (92)

Scheme 64. 25O A®DRY T UERAOITIAEIR A SR
WO T AT b F 246 55 Kalesse H1x 8 THE 17% TAF v 7Y T V(Z,E)-251 AL T
WEDICKH L, AF—LS3ICRLEAFT LML EREL LA Fy 7V VR

vk R A
B EERIEIC X D, 5 TR 72% &R G R 2 ER L 7=,

Kalesse's synthesis

B Me Me 0 8 steps 17%
Me 0 REZLIUE opy  95%ee, EIZ=6l1
H
MOB - OTBS Me Our synthesis
(e} Me —~——
246 Z:F%;é%:l:/ Me (Z,E)-251 5 steps 72%
/. 0,
Kalesse's intermediate 94% ee, E only

Scheme 65. a-E FRF X% v 7PV TUBEFEEABW-RY T UEAOER
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AF¥ Y TYLNZE)25 DAL T 4 v DIAREF L NOESY EERIC X U IRIE L 72, 'THNMR,
BCNMR (I Kalesse H D5 & FERIC—H L 72d DD, HEEIZWOFRF52 R LTz, BE%
EHELCHENAEZIEL T, WINDHFOFTE2RL 7%,

( Me Me 0 Our sample: (Z,E)-251:(E,E)-251 = 15.5:1, 94% ee
OEt [a]?®p +16.8 (c 4.19, CHCl3)  [a]?*D +17.6 (¢ 1.00, CHCI3)
/ OTBS Me
) Kalesse's sample: (Z,E)-251, 95% ee
Me” | mmrmmmmmmmosmososomomoo oo oo
(Z,E)-251 (500 MHz, CDCls) [a]?%5 —21.7 (¢ 4.19, CHCly)

Figure 9. YARTE - NOESY 358 & LLIEHE

% 2T\ (Z,E)-251 DAFIKEER DAL 2 H S 2210 % 729, Mosher T A 7 AL % 54
720 (Z,E)-251 D T A7 V% DIBAL-H ICX V=L LT, TAI—IW(ZE)-275 & L7z, fHoh
72 TV a2 —)\(Z,E)-275 D/KIEH % Bn B CIR#E L(Z,E)-276 & L7z, #i\» T, (Z,E)-276 O TBS
EEREL, TAa—N(ZE)-27T &KL 72,

Me Me (e} Me Me
OEt DIBAL-H OH
OTBS Me OTBS Me
) CH,Cl,, —78 °C J
Me (Z,E)-251 91% Me (Z,E)-275
Me Me
NaH, BnBr OBn TBAF
OTBS Me
THF, rt THF, rt
49% Me (Z,E)-276 91%
Me Me
OBn
OH Me
MeJ (Z,E)-277

Scheme 66. 7 YL 7L 23— IL(ZE)-2T7T DEEX
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BoN7T Va2 —I(Z,E)-271 % SKE RIKZNZ LD Mosher T ATV 278 ~EFFEL 7z,
Mosher T & 7 1(S)-278 & (R)-278 IC X3 % SR Mosher 15212 & 0 SR {LF % PJoE L 7=,

Me Me Me Me
OBn  (R)-MTPACI, DMAP OBn
OH Me > 0.0 Me
CHoCly, 1t ) Meof[ ()
Me IOCF
Me (Z,E)-277 74% PR '3 (5)278
Me Me Me Me
OBn  (S)-MTPACI, DMAP OBn
OH Me 0.0 Me
CH,Cly. J f[ (R)
Me (Z,E)-277 59% Me MeO 73 (R)-278

H(a): +0.06
oa6 N H(b): +0.08  {

Me Me +0.01
C (

OBn

™ H(a): +0.10

) 0 H(b): +0.05
Ph

Me CF3
MeO

Js-0r (ppm)

Scheme 67. S E Mosher 3£1Z £ 5 Mosher T X5 )L 278 DI AR TE
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S Mosher #EIC X o TR ¥ v 7Y LV (Z,E)-251 DAFKEEFIZLEARDVIFLETH B T
EBTRBI N, 2T T, A¥ v T YT V(ZE)251 ITRE>Twb AFy 7Y 1 V(EE)-251
DIENE~DHELZROLPICT 2720, WL LEZAFy 7V T VEREZHCTRAF y 7Y
T V(E,E)-251 DE & i A T2,

2FwvIT>
Me Me 0 B Me Me 0
_______________ -
OEt - oo - Me/\ OEt
OTBS Me EE OTBS Me
268 (E,E)-251

Scheme 68. EEEDRF v 7T v OERMEHE

TL V268 1T 5, EERN e Fedy RIS E@ET L7 (R4, 7LV 268
ISV TV RIRATADREET 5720, #@H 7+ v FAFEOMHIC X 2 BIRIEOHET 235
SN, 2070 ERGIHSE S 7 9-BBN X4 = —% T, E@ﬁ%btoosﬂiw;
YFY—=1)R 075 FERE(ET VY PY = 2)TIRIERISRAERE o7z, 1.0 FEEZH WS & EE
DIERITHR L, @R O WIREIRECE)-27T1 25 272(= v F U —3), 20 HFE(T v
FY—4)YOREEZH S LICE2ME T L, 'THNMR I CTY T V23 RIG L 7= Bl AE ) 231
RENTz, YO F X NOESY EEIC X v g L7z (1K 10),

Table 4. EASEIRIVZ £ R a7 R CRIG
9-BBN-dimer (X equiv.)

Me Me (0] THF (50 mM), rt; Me Me (0]
OEt HO OEt
OTBS Me H20,, NaOH aq OTBS Me
268 (E)-271
ield
entry X equiv. yiews

268 (SM) (E)-271 (TM)
1 0.5 27% 70%, E/Z = 1:14.3
2 0.75 10% 73%, E/Z=1:13.5
3 1.0 0% 74%, E/IZ = 1:13.9
4 2.0 0% 38% (impure)

f‘ Me Me 0

HO
A OEt
OTBS Me

(E)-271 (500 MHz, CDCl3)
Figure 10. NOESY EE&(H-271 O ITFARTE
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BoNZT INT A I—I(E)2Tl %/ —FF— ME)2T3 ~E B L 72, #td, E= L AKX
(E)-274 & DAHNMZ-Stille 77y 770 v ZITEBMICET L, A ¥ v 7Y T V(E,E)-251 % E5L
HEIRIIC S 2 724 (E,E)-243 DAL 13X NOESY EERic X W i@ L 7= (X 11), (E,E)-251 D
HeheeE#BIE L 728 24, ((a]®p 1.0 (¢ 1.00, CHCL) TH o7z (ZF— L 69), Z D720,

A ¥y IV I V(EE)-251 1. (Z,E)-251 DIIENRE DO FF5 % s L5 2 EK Tl 7w 2 & 238
LTI o7,

Me Me O

CICO,Me, Pyridine Me Me O
HO OEt MeOZCO/\WOEt
OTBS Me CHxCl, 0°C tort OTBS Me
(E)-271 85%, E/Z = 13.7:1 (E)-273
SnBU3
LiCl, Me—//_(E)-274
. Me Me (0]
Cat. Pdydbaz-CHCl3 (E,E)-251:(Z,E)-251 = 14.1:1, 94% ee
Y o R,
DMF, rt OTBS Me [a]?®p —1.0 (c 1.00, CHCI5)
100%, (E,E):(Z,E) = 14.1:1 (E,E)-251

Scheme 69. X v 7T (£BH-251 DERS

(" Me Me o)

Me™ XX OEt
OTBS Me

(E,E)-251 (500 MHz, CDCls)
Figure 11. NOESY %8 (£ £)-251 ik ARTE

F/. TN = N(ZE)2I5%~ Y VB X o TT VT b F(Z,E)-252 ~ & 58 L Kalesse
O & IR L 725, RE A2 L X8 CHBEEE R HE L7228, WINbHoffs %2R L 7z,

Me Me Me Me (0]
OH MnO, H
OTBS Me > OTBS Me
J CH,Cly, rt )
Me (Z,E)-275 50% Me (Z,E)-252

Our sample: (Z,E)-252:(E,E)-252 = 15.5:1, 94% ee

[a]?®p +17.9 (¢ 3.83, CHCl3)  [a]®p +19.8 (¢ 1.00, CHCI5)

Kalesse's sample: (Z,E)-252, 95% ee

[4]2°p —26.2 (c 3.83, CHCly)

Scheme 70. Kalesse DA FEMA(ZE)-252 DERLE FENED LB
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bofiRzxicEen s (M12), 2F v 7Y TV (Z,E)-251 1k L, L DERECHbEL
FEZMIE L7275, % DfElE Kalesse b DG & WiDff5%2Rm L7 (K 124), £/, &L
(Z,E)-251 1IT& T\ 3 R RREE)-251 13515 2 s d 2 BN TIZRd > 72, R
(Z,E)-252 1Tht L, A4 DR CHESEE 2 HIE L 7223, Kalesse © DR L iD= %R L 7z
(X 12B).
(A) (Z,E)-251DLEhEE DL & (E,E)-251D7E

Me Me (0] Me Me 0
. ! OFt Me™ X OEt
OTBS © OTBS Me
) (Z,E)-251 (E,E)-251
Me
Our sample: (Z,E)-251:(E,E)-251 = 15.5:1, 94% ee (E,E)-251:(Z,E)-251 = 14.4:1, 94% ee
[a]??p +16.8 (¢ 4.19, CHCIl3)  [a]?**p +17.6 (¢ 1.00, CHCI3) [a]?®p —1.0 (c 1.00, CHCIs)

Kalesse's sample: (Z,E)-251, 95% ee

[a]?°p —21.7 (c 4.19, CHClI3)

(B) (Z,E)-252DtLHENEDHE

Me Me (0]

OTBS Me

MeJ (Z,E)-252

Our sample: (Z,E)-252:(E,E)-252 = 15.5:1, 94% ee

[a]?3p +17.9 (¢ 3.83, CHCl3)  [a]*®p +19.8 (c 1.00, CHCI;)

Kalesse's sample: (Z,E)-252, 95% ee

[a]?°5 —26.2 (c 3.83, CHCIs)

Figure 12. KEREDITERTE (MEXE DR F &)
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LB E DS D FF 5 % ok L 2R IRNIEH S 2 c e b e o 7z, L2 L, 2D D Mosher T A 7
L 270, 278 ICXf T B Mosher IEIC K V. AL 7R F v 7Y T V(Z,E)-251 DKIEFL DT
RLZIEARD RATHZ EEZLND, T35 Mosher TRAT L 270, 278 D7 I /Iy 7
F DEOME (K 13A) 1Z. Kalesse & Kénig & D Mosher T A 7L 279, 237 D7 I AL
7 boEoMER (XK 13B) & —FLTwad,

(A) AR TAMUIZMosherLRAFILD 55-5z (ppm)

0s-0g (ppm) of our sample

H(a): +0.06 '
—  +0.06 (" *0.05 _oqgx H(b): 008,00
-0.12 +0.02 . M M '
Me Q Me (O e <\ e (
-0.03" X\
OEt \\ OBn
( OMTPA\ k Me 0N OMTPA \ Me <
+0.06 H(a): +0.10 +0.04 -
H(a): —0.03 +0.11 H(b): +0.05 )
(B) iFAREDRE
0s-0r (ppm) of Kalesse's sample 0s5-0r (ppm) of Kénig's sample
+0.04 —~.  +0.08 (*0.04
-0.12
—O-OZ_\M M( Me C Me (+0.0D  OH

€ © 2 —0.12 7%

-0.15" X\
OEt N
07\ \/N OMe
OMTPA \ Me ) hig
+0.04 Me ©

M
OTBS 279 ° 237

Figure 13. Mosher TRX T IIL D4 2 hL> 7 hZEDHE
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A — A A — =

BEoH BIEOXED

IMCHE R e D, TV Y XD ZERERNIHEY 2T 27 Vv —FAr—F e, v =
NAREDERENMEStlle 7y 7V v 7RG, Ax v 7Y VRSSO AGERI 2D I
I 72 WL DBHFE LY MHA 72,

LI-Z@EE7 L V182 X OED 3T 72T VA —FA—1+ 2238, E=ALRR2TEDH Y
TV v SIREM T e T L, AF Yy SV 225 ONUEESTCOVEEMEEEH
TEAED T B L ICHIh L7ze I XY | IREIRN 2 DICRN 2 2 % v 7Y = v Sk
ZHEL LT,

nC5H11 nCSH']'] nCSH11
—/\ R1
E/Z =131 Me OR R Me /- Me 4
nCsHy, (E)-223 (E)-217 . (E,E)-225 (E,2)-225
PO [Pd], LiCl 95% 91%
—_—
Me X DMF, rt
182, P = TBDPS R
nCsH1q nCsHy /_R1 nCsH
5111 /
(Sia),BH PO‘&JOR BusSn R PO PO
Z only Me Me Me
(2)-223 (2)-217 (Z,E)-225 (Z2,2)-225
R = CO,Me R'=C,4HgOTBS 79% 80%

Scheme 71. IMAFEIRID DYERAIMR R F v 7 T U BEE

T AFT Lo ETEL L AFy Py ViR R A GbE. 25 ru=yv AD
R Y T VIO ABITZEICH Y FHA 72, FBEO T LT & 1 246 2> 6 Kalesse b (3 8 TFE 17% T
A%y YT V(ZE)251 EHERLTWEDICHL, RETLoALEFEL LA Fy 7TV
VIESREDR A A DEIC XD, 5 TR 72% LR R A R EK L 7,

Me Me O OH
=
OH M | H OM
e e
J om0 Y
Me Jsoeo=>A  Me © _
Kalesse's synthesis
Me Me 0 8 steps 17%

AE7 L)L

! Me O OEt 95% ee, E/Z=6/1
MOH > OTBS Me Our synthesis
(0] Me .
AFvITIST> J 5 steps 72%
24 e ) -251
6 HEA Me (Z,E)-25

Kalesse's intermediate 94% ee, E only

Scheme 72. 2> 0 0= A DS
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B=E  MEERD DPERINA T U ILT U —ILEEEE

B T L ITNT AIEERNG E R OR T RIS DIGH

EHU

faameas TRz X 51, T I AT U — VIS IR EYNEERAYICL S o 5 B 7
BRI G T H 5 AREEIEZ RS (RAF—L73), A¥ v 7V T VEEDORLFRRIC, T
LV X VREIRINICED 20 727 Vv T v a— A gF8kRicn L, 7V — v A X & o)
Fstille 7y 77V v 7 ASEATEIT, T VAT U — RO SR 20 IR 7o gk
b eE2, MECEFL 2,

iy

9-BBN

[0] R Rl_

4—> N —
—\_OR Ar

£ R3Sn—Ar £ Ar

R’ [Pd(0)]
e  —
‘—, Rl_/—OR R Ar
(Sia),BH _ \:/_
(€l b4 Z Ar
IL{EEEIRRY AHH-/z-Stille
E rRORDIZFEE hyITV>o

Scheme 73. ERLEIES © 7 U LT Y — LESEDIAERITY DINRI A

TLVA82 XV, EfERN e FehkvR 2R L SO NT YV vh—FK L — b (E)-
223 %L, ZAF v 7Y DR EERRIC DMF 9 LiCl 7748 T PdadbayCHCL: % 5 mol% il
Ty TV IRBETL, TIAT Y — A HEEE)-280 % AEIRINICHEEE CX 72,

BussnO
nCsH4

nCsHqq

TBDPSO Pd,dbag-CHCI3 (5 mol%) TBDPSO
Me OCO,Me LiCl, DMF, rt Me
(E)-223 91% (E)-280

Scheme 74. EEOT VLT U —ILEEEDREE
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fenC, 7N A —FKA— M (2)-223 ICH L. FRROSFEHETUH ST 2L, Ay 7Y v 7IZR
IFRIECTHEIT L7200, AL 74 voRMEBRbNZ(zy Y —1), ZOFE LiCl %
WNEFTIChy 7Y v rakikAa s & BT ICRISET L, 7Y T U — Ui (2)-280
DILASEIRINICAT & 7z, PLEIC X0 BRI 2 DRI 22 7 ) v T ) — VRS D R
ZHESL L 77,

Bu3Sn
nCsH Pedbay CHC 19 nCsfhy
TBDPSO‘&z/*OCOZMe 2dbas-C 3 (5 mol%) TBDPSOW
Me DMF, rt Me
(2)-223 (Z2)-280
entry additive yield
1 LiCl 53% E/Z=1:55
2 none 76% E/Z =1:>20

Scheme 75. ZtAD 7 UL T V) — LS DHEE
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BTET A/NR I N EOREFERN LSRR,

B—1E EHEE - BEh L U0AEYET

Lobatamide 283 Boyd b & #iff I X o CENZENFH Y DO—FETH % Applidium lobatum®*

& 7T LEMIF SRR E Psudomonas sp.Q38009%4 X ) Hifffx -~ v 74 FTH B, un

FEIZTZTIATY) — &2 S 15 BRE~/70v x5 27 P vz HoEEKE L, ©

2 3
F 3 PO AR D BRI 5 A~C BIRE SN T2, movx 3 FEO VRS
Boyd b & #3Mf H 1T & o THRIE T4, Z DI ZARBLE 1 Porco  DEHIC X - THL 21T
I N7zt
Me —
FULTU—IL ey — oMe
—N /
HO" OMe L
oy TFIEK N, D/ERA EIEIN:
X, -OMe
Me O)\/l\/\/n\”/R WN
& OJ/WF = RC

Figure 14. A/\& I REDRSE

ONZ I FCIENCI-60 b FEEMIAER 7V —vic & o T, A& gt U sEhEfHE
¥ 72, WHHEOWKKA 7 a F v ATP 77—+ (V-

WEHEZ RS Z DL DT T o T B8,
Z. TN F TIT V-ATPase [H

ATPase) [HEEHZRT Z EBME I NT WS, FEE W &IC
EHEHZRTIEBHAON TR avaFvA4T v A (281) LITEAL L, BERED V-ATPase

FHEE S, T D V-ATPase Z i ERIICFHE 3~ 258k, Z D7z movx I VL, Hi7z
7/ B o SIS e S 1t 2 G 9 6 & L VR I 7z, BBRER W AEYEERAY) <

b5,

Me

O2HFTAS A (281)
Figure 15. V-ATPase [HEFAHZRT a v hF <A1 > A DEE
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Porco & 1 IREEEEMBINTZEIC X o Ty BV FAMESID 7 = 7 — KB, =9 I FE T
D NH. % U FAFEEBALD A v b7 o B O 123, V-ATPase FE/EFH % 73 729 IC B /5
WEECTH 2T & BMEL T Bk

o OH

o O H

Me N M
0] o \H/\/\\N/O e

O/\F=RC (140) O

Figure 16. V-ATPase FHZE1EMA IC EE A EB(L
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BTIE BEDOEMS

INFETICPorco bICXZu N2 I FCOEEEPMEINT VS, 2,6-t FrF LR

5282 LD 3TFET28I ~LBEL, HONT-283 DRy INfiixBEL T284 &
L. ZO®%R=TRCHERT 774+ 285 # AL L 7z,

Br Br
HO Me

—_— —_—

O OH EE—— O o} O

6] _— (6] OTBS
OH 07L 07L 0
3 steps

3 steps NC—/
282 283 284 285

Scheme 76. Porco 5 DEFIRT T 7 A > b 285 DE L

286 DAL 7 4 v OIRF AL, Kt EEERINK D EE GO ESEIL, Tk
RELF287 & L7z, 287 1T L CRFBHAMPREL, ZTHRT288~LFEL L, Bbhr
TAF=r7nw I F288% EREIRNICE =LA X289 ~L AL, fitd I vERIcL-T
B3 =Y N 290 L 72, 290 IR L, Porco HAFAFEL 72T I F 291 LT I ML

WKkoTxZFIF292 2L 7Y, igic, BifR#EICX>TZFINT7 I 7 A 293 %

=7z,
Pd(PPhs),
o) ODEIPS Br  BusSnH
EtO)J\/\
286 2 steps, 30% 3 steps, 76% 86%
>99% ee
NSy -OMe
o 291
CuTC, 1,10-phenanthroline
O ODEIPS I2 O  ODEIPS dba, CS,CO;
S B )J\/l\/\ | >
EtO X oNPYs THF EtO N DMA, 65 °C
289 73% 290 52%
j\/?i'ipi H LioH 0 OH H
N OMe AN _OM
EtO X \n/\/\\N © HO S \H/\/\\N ©
292 77% 203

Scheme 77. Porco bDITF I K757 X k293 DERK
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FINBRTANLEFALT LA —L204 T2 badra=y MLazfET, ¥T7VRE
RO v = VEENGAEE 296 2RI L | HIEFHH L 27T e F 297 1PNl 298 Y T AT
LA=—2: 1 THERLE, Bonzavflv =12 =12 X299 ~ ML, AL
THEBRT 77 AV 285 L OHMNMEStille hy T v Ik T, TIUAT Y — ki
300 OVAERII R AT L T b, BT, =FIF7 772+ 293 LHEe L. 301
L L7z, ZDh, NIEEFICLE~2r7u T2 b vk, Hid BifR#EIC X Y ey I F C (140)

DA EERL T 5,

|v|
\\ Cp,ZrHCI [Zn] o
CH20|2, rt; ) _ H >
"ODEIPS ——— § B, _
Me . m
Vo Etzz”’Me ODEIPS 68%, dr = 2:1 "'ODEIPS 2 steps, 91%
/ Me
294 295 N\Me 296 208
SH
Br
o;<< OTBS 7 Ar Q OH ¥
e ne— 285 e HO NS OMe
293 O
TBSO' SnBusz  [Pd], AsPh, TBSO' N
THF, 70 OC L o OTBS
ODEIPS ? 95 3 steps, 43%
Mé 66% Me DEIPS (n
299 300
Me
TBSO'"
OH —_—
---OH o) ’ —_— y
Me N Me )\/I\/\
/g‘\/\/ \ﬂ/\/\\N,OMe 2 steps, 27% o \/N\”/MN/OMG
HO 301 0

OJV4 = RC(140) O

Scheme 78. Porco 5D A/1NZ I K C OLse
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BZIE SEREES

ML L72T VAT Y —AREEZHNIEE N X I VHOIRN LGB ERTE 5 L%
Z. BAZ I FHOGHIFEICE T L, RICEBEIEZ R T (A F—2479), 1L1-EHT L
¥ 302 IS5 Z RERI e F ek v LRSI X0, 7Y 7 v a — L iEERZ)-
303 336 NDEEXT, FHONZ(2)-303 LTV —LAX 304 & DEH-/NME-Stille 77 7Y
VI RBERTIE, e NZ I VEOET 5T VAT Y —UiE(Z)-305 233 AGEIR 2> D IR
MICHRTE D EEZTZ N TT T AV 306 LDOffity. ~20 77 b b2 ETE LR
ICXoTrAZ I VEHOF T 2 @EH 307 BT 2 DL L, 155 /-4 EH 307
XL, BRI ENENOFZRMAEICHIST 2 ) I FMAHZEATE L, vy & I FEHEOM
MR EERE D, AWIE TR, FEZLL 72T VAT ) — A RE8EE W 72(2)-305 DILAGE
R 7RSSR IC o W CHLY FHA 72,

5 R3Sn Z Ar
Me Me 304 o Me
Pplo( - P1O"'§;\~OR [Pd] O# P1O
____________ -
j; """""" . 5

ZIEIRE AH-/\H2-Stille ¢ 0
OP? b ROKRYE(L oP? coupling op2 Q7L
Me Me Me
302 (2)-303 (2)-305
OH OH
= HN R
0 bl
306 (0]
=)
XoOZ70 h>AE
307
HEER O/\5 = %8

Scheme 79. B/\% I REOREESERETE
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EUE 11-Z“EMT L DOER

AR ICH Y (LI-ER T Ly R ED 7 T 7 AV P 3B3OAEBICEY flA7Z (R F — 280),
BERI D Fik1c X - T L-FLEE A v 308 D/KEREL % TBS B CfR# L T 309 & L. DIBAL-H iC
TEILLT310 Z AL 72, Hil> T, Wittig RIGIC X o TRFE#HEZMREL = F—1 311 % E
RERICR RS, JfonzF—A 311 I L, -7 B E2-TF VIHFET, A VYT L %%
M2 T7Lonb25 8T L, LI-ERTLY 3R 2 T ATLA~—1:1 T5 %27,
KEER % TIPS HCREL THNO T L v 313 A TE /2, 313 DY T 2T LA~ — 357
WitCch o727, TR TATLA—RBEYOF EHIICHNE L & LT,

OMe TBSCI. imidazol OMe H
0 , imidazole 0 DIBAL-H o
OH - OTBS . OTBS
Me CH20|2, rt Me CH20|2, -78 °C Me
308 quant 309 91% 310
Br Me
Z O
Phyp” F ‘7/ Indlum TIPSCI, imidazole TIPSO
—_—
(E)
Benzene, rt oTs THF/H0=1,r1t DMF, 0 °C to rt
OTBS
84%, E/Z = >20/1 Me 312 75%, 2 steps Me 313

dr=1:1
Scheme 80. 1.1-ZEB¥T7 L > 757X FDERMK
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BAE JERGE FRRTRE

HiVo 1L,1-ZiE#HRT7 Vv 313 35 o /-0 <, ZHERNZ e FutvRbLzidi7z, 0 °C
T(Sia),BH #{EH & ¥ % &, HIOT VLT a—1(2)-315 1ZEH1C L5 5 s JFkE % [
INF 2fRE ol (v b Y —1), 2T, RICSKMHFEZER L T 5 L e P oty R LT
L. ZHWDT VAT A3 —1(2)-315 @R P O RERIICE 272 (v FY—2), KK
JCDOVAEREX ZNE CLHEBRIC, ROX S ICHRBLTCWwWBLEZRT, Thbb, HEDE
i\ TIPS Bia skl 2 X 5 i, HHERICe FeR v R E»ETL, Zhko 7 )V vk vk
LEYI(2)-314 234 L %, @&\ (Sia),BH I X 0 (2)-314 7> 5 D 7 U VEERI 2506 & e, Hie < g
LA X 0 ZAKRD T VAT 3 — 1 (2)-315 BE WL EREcE o - L 272,

Me 1 002 i Me z ] Me z
“H _ NaOH aq
TIPSO— d=¢ (Sia),BH TIPSO BR; H,0, TIPSO OH
THF, Temp.
oTBS emp §—OTBS §—OTBS
M Me
Me 343 L °© (2314 (2)-315
entry Temp. yield
1 0°C trace
2 rt 93%, E/Z =1:>20

Scheme 81. Z#&EIRMYA b R Ok 7 Eb-BR 10 b

77



FENIE TULTY —LEBE0BE

61 Hv 7Y ITHBEOER

HH-NMe-Stlle 71y 7 v 7 Ic BT 3 IEDOVEEEDFERIHS 2T 5 720, {Ri#ER
ThHDHY I NIEEFELRE L 72(R ¥ — 24 82), TES FETIZHMNORER 313b 255 ind -
7z(= v b U —1), TBS %, TBDPS £ TIIHRED & MR CERKY) 313¢, 313d 2355172
(=¥ P U =2, 3) Htd ZHERW R e F ek v R -G IE TBS 2, TBDPS #:&H 6 3

ECECHEIT L, ZRD T U AT A 3 — 1 (2)-315¢, (£)-315d % SLARERICE T X 72,

Me Me Me V4

Ho_j\ [P]CI, imidazole PO f (Sia),BH, THF, rt; POAT\*OH

DMF, 0 °C to rt NaOH aq, H,0,
OTBS OTBS OTBS
Me 312 Step 1 Me Step 2 Me
(Z2)-313a: P = TIPS (2)-315a: P = TIPS
(Z2)-313b: P = TES (Z2)-315b: P = TES
(Z2)-313c: P = TBS (Z2)-315¢c: P = TBS
(Z2)-313d: P = TBDPS (Z2)-315d: P = TBDPS
entry P yields
Step 1 Step 2

0 TIPS 81% 93%, E/IZ =>1:19

1 TES 0%

2 TBS quant 80%, E/Z=>1:19

3 TBDPS 51% 80%, E/IZ=>1:19

Scheme 82. REEDIRET & JHOEIRAZA b K Ok 7 EZ-BR1 &S
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il MZ-Stille 71 v 7Y v PRIED 72D, FoN7T Y AT V3= (2)-315 DKIEE % X
FAH—KRFI— (2316 ~L LWL 72, YD) AARERLCH BIFRIECHETL, HD
71y 70 v I EE(2)-316 B b T,

Me Me
PO OH CICO,Me, pyridine PO 0CO,Me
CH2C|2, rt
OTBS OTBS
Me Me
(2)-315a: P = TIPS (Z2)-316a: P = TIPS
(Z2)-315b: P = TBS (Z)-316b: P = TBS
(Z2)-315c: P = TBDPS (Z)-316¢c: P = TBDPS
entry P result
1 TIPS quant
2 TBS 96%
3 TBDPS 95%

Scheme 83. 7 YU H—FRzx— FDERK

HHNMZ-Stille 77y 7Y v 7 BT 2 HEORBEOEZIHL 2 IC T 2720, (RIEHD
TIPS BT Y VT a3 —(Z)-315a ICxH L., A OB OB A %A ATz, T & F VM K©2Z)-
317, 7 v 74 FiKZ)-318 2 T NZ NEPCRTELL 72,

Me
Ac,0, DMAP, Pyridine T|PSO‘§=\*OAC

Me °
CHzclz, 0°Ctort OTBS
Me
TIPSO OH quant (2)-317
OTBS
Me Me
(2)-315a
TsCl, DMAP TIPSO Cl
CH,Cly, 1t
75% OoTBS
Me  (z-318

Scheme 84. [RBEDELLZEB DA

79



6.2 T U—ILRAXDERK

- NMe-Stille 77y 7Y v 2B T, T Y —ARXEAK L 72(A F — L4 85), BEHID Tk
Kk oT,2,6-Ye Fa X o QAR 282 %7 & b= FCfRi#E L., THO % H\ > Tl o /K3
P T77—MELT320ELZY FON72320CK L, ¥YF v E LICIHFAET., Pdfiliis
ERHEE7Z, ~FHTFASTFVvERAVEET ) =L ZAX 3042 1 PEHE L 2EON LD -7
(ZV ) =1) — s ~NFFRAFAIFUANEETRTLLEHNDOT U —L AKX 304b 230K
THELNZ(Z v b U =2),

OH OH Acetone, SOCI, O><O O><O

DMAP (5 mol %) Tf,0, Pyridine
o _ o . o)
CH,Cl,, 0 °C -

OH DME, rt OH
282 93% 319 97% 320
(Rgsn)z, LiCl
cat. Pd(PPh3),, O><O .
entry (R3Sn), R yield
CC®
dioxane, 100 °C
SnR, 1 (BuzSn), Bu trace
304a: R = Bu 2 (Messn)z Me 86%
304b: R = Me

Scheme 85. 7 U —JILZRXT7 574> k304 DERK
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6.3 T ULTYU—ILIEEDHE

SARERN R Z AL 7 4 VO L T ) — AL 2R X 304b DEEATE 72D T, 45 H-ME-
Stille 7y 7V v 7N X 27 VAT V) — A HEiE@2)-305 DEEBET L7 (RS, T A —F
F—1M2)316 L 7V =L RZAX304b X L, —EF -HioOREFFZEH L2 24, HHD
H v 7Y v IR EZ)-305 RO NTHREZRIIT 2D0HTHo7z(= v P Y —1), 80°C~FimL
THHMMISE O N> 72(= v b ) —2), LICl 2R3 % LEHE O LY HBE b Nz (=
YR U =3), 80°C~FiT B & Ahy 7Y v T L, ARIGR 2 5 B0 G b iz 3, A
L7 4 YRR 72(E)-305 BAEAEEY E LCHEO, HWDO T VAT Y — i (2)-305 13
LEIPLPEONARDPoT(Z Y P —4), By TV v IICE T EHERLO R E L 72,
TIPS £ & 0 & VAKEE O/NE v TBS B TIRINER DI 023 b 1A 1 L 7223, SEARERYED K
BEIRONWEPo72 (v Y —=5), —J7, TIPS H X Y 3 E &\ TBDPS A2 L, h v
TV v iRIE e A EETETER A RN 2R E o7 (=Y Y —6),

Table 5. 1y 7Y > ZICH T 2 HRME & REE DRSS

z OA( E Ar Z Ar
(0] O
Me Me
Me;Sn
PO OCOzMe 304b PO (6]

O7L
§_ Pd,dbas-CHCl; (10 mol%) g_ §_ 0 0
oTBS additive, DMF, temp. oTBS oTBS O7L

Me Me Me
(Z2)-316a: P = TIPS (E)-305a: P = TIPS (Z2)-305a: P = TIPS
(Z2)-316b: P = TBS (E)-305b: P = TBS (Z)-305b: P = TBS
(Z)-316¢c: P = TBDPS (E)-305c: P = TBDPS (Z)-305c: P = TBDPS
entry allyl carbonate 316 temp. additive yield

1 316a rt 0%

2 316a 80 °C 0%

3 316a rt LiCl trace

4 316a 80 °C LiCl 37%, E/IZ =6.9:1

5 316b 80 °C LiCl 43%, E/IZ = 6.4:1

6 316¢ 80 °C LiCl trace

allyl carbonate 316 (10 umol), 304b (2.0 equiv.), LiCI (5.0 equiv.), DMF (10 mM), 24h
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fen T, BMBEEZMET L7z (R6). 71T R@)-317 TIRERMIZHF LR o7z( v b
Y —1), il % ClIC L72(2)-318 Tl EERDAEYI L 256 17, IR VFER & o7z

(v bVY—=2), —/T(2)-318 Tlt. FRELFET. LICLOHRMAR LICH Yy 770 v 7 TS
2 eHbhrotz (v Y —3),

Table 6. BuBtE DIRET

0 0
V4 E Ar Z Ar
Me MesSn Me
304b
TIPSO X Pdydbaz-CHCI3 (10 mol%) TIPSO

additive, Temp., DMF
OTBS

Me (2)-316: x = 0CO,Me
(2)-317: X = OAc

(Z)-305
(Z2)-318: X = CI
yields*
entry X additive Temp.
SM 305 (TM)

0 OCO,Me LiCl 80 °C 0% 37%, E/IZ =6.9:1
1 OAc LiCl 80 °C 92% 0%
2 Cl LiCl 80 °C 0% 13%, E only
3 Cl none rt 78% 10%, E only

316, 317, 318 (10 umol), 304b (1.5 equiv.), LiCl (5.0 equiv.), DMF (10 mM), 24h, *The yields were determined
by "H NMR using mesitylene as an internal standard.
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ERThHy TV v IREKRELNLEZT I A0 T4 F @318 ioxt L., HES R
Crotophorbolone D REKICH W72 560F 2 25 12, Pd fill% Pd(PPhs)s~ & Z88H L, CuTC & %
h )T LML IGEThy 7Y v 7l Bz, Z OfEFR, 67% L IR m L., E/ZH
b 3.7:1 L KIERSIHREREOSEN R ONZ(Z VY P —1), /2, 7Y —AZAXDEENR
VARERPEICKE CHE L, 25FE~LHECT L EZED 111 & ZHRBTFAEI L LTS
bz (v bV =2), TV AL ZAXDFEY 10 FE~LHCT L, X O I AREREL M
ELLEZE1:49THhy 7Y v 7 K@)-305 BF o7 (v b Y —=3),

Table 7. 7SMFE 7 —IL A X DEEDEHE
O%
O

Me Me3Sn

TIPSO 304b (X equiv.)

conditions, rt
OTBS

O7L

itions, 0 0
oTBS oTBS 07L
Me

(2)-318 Me (E)-305 Me (2)-305
entry [Pd] 304b additive yield*
0 Pd,dbas-CHCI; (10 mol%) 1.5 equiv. none 11% E only
1 Pd(PPh3)4 (10 mol%) 1.5 equiv. CuTC (3.0 equiv.), Ko,CO5 (1.0 equiv.)  67%, E/Z=3.7:1
2 Pd(PPh3)4 (10 mol%) 2.5equiv. CuTC (3.0 equiv.), K,CO3 (1.0 equiv.)  84%, E/Z=1:1.1
3 Pd(PPh3)4 (10 mol%) 10 equiv.  CuTC (3.0 equiv.), K,CO3 (1.0 equiv.)  87%, E/IZ=1:4.9

(Z)-318 (10 ymol), 304b, CuTC (3.0 equiv.), KoCO3 (1.0 equiv.), DMF (10 mM), rt, 24h
*The yields were determined by "H NMR using mesitylene as an internal standard.
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FenT, IRIAZREA G L 72K 8) Mz volffb A F L v CRIFERAHEEL & 53, IX
KMETF L7z (v b —1,2), THF, YA ¥ v, T b= I ATREIETH Y 7Y v
TRZ)-305 F O N2 b DD, SEREME T L2 (v b Y —3-5), —/5 T, DMF £ b
b FED & NMP % DMSO ARGl X 0 B GArAERMEAFRB L 72(= v + Y —6,7), I
EVRFEIRMEE B ICRIFTH o 72 NMP AL L Lz(= v + U —6),

Table 8. A D&Y

o o E Ar Z Ar
Me Me
Me3Sn
TIPSO cl (10 equiv) o0 0 TIPSO
o)
Pd(PPhs), (10 mol%) o O
OTBS CuTC, K,CO3, Solvent, rt OTBS oTBS 07L
Me Me Me
(2)-318 (E)-305 (2)-305
yields*
entry solvent
(2)-318 305
0 DMF - 87%, EIZ=1:4.9
1 toluene 35% 59%, E/Z=1:0.3
2 CH,Cl, 27% 28%, E/IZ=1:4.9
3 THF - 87%, E/IZ=1:0.3
4 dioxane - 89%, E/Z=1:0.3
5 MeCN - 88%, E/Z=1:0.8
6** NMP = 84%, E/IZ=1:5.4
7 DMSO - 46%, EIZ=1:5.7

(Z)-318 (10 ymol), 304b (10 equiv.), CuTC (3.0 equiv.), K,CO3 (1.0 equiv.), Solvent (10 mM), rt, 24h
*The yields were determined by "H NMR using mesitylene as an internal standard. ** isolated yield
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X IR A OEINAN & BT L 72(3R 9)o dBIIAIZ RV 7 < THOUERICE LI b o 72038, 37
OEREAMET L72(= v bV —1), Lil ZA0AIE LT 2 & iERMERm L (=v
FY—=2), 22T, HADIVREFZOBMA LM L7z, Z ORGSR, Nal 2T 2 & T
b AREIRESFKIE L2 (v Y —=3), 72, HIFloFEL 3.0 52T, IX
KORERER b icm EL7z(= v+ ) —4),

Table 9. 7NF D& ET

OA( E Ar Z Ar

(0] 0]
Me Me
Me3Sn
TIPSO Cl (10 equiv.) 304b TIPSO TIPSO
Pd(PPha), (10 mol%) o 0
oTBS CUTC. NMP. 1t oTBS 07L
Me additive (X equiv.) Me
(2)-318 (2)-305
entry additive (X equiv.) yield*

0 K,COj (1.0 equiv.) 84% E/Z = 1:5.4

1 none (1.0 equiv.) 84% E/IZ=1:3.7

2 Lil (1.0 equiv.) 86% E/Z = 1:7.1

3 Nal (1.0 equiv.) 84% EIZ=1:91

4 Nal (3.0 equiv.) 95% E/Z =1:12.6

5 K (1.0 equiv.) 75% EIZ = 1:4.2

6 TBAI (1.0 equiv.) 88% E/Z=1:6.0

(Z)-318 (10 ymol), 304b (10 equiv.), CuTC (3.0 equiv.), additive (X equiv.), NMP (10 mM), rt, 24h
*The yields were determined by "H NMR using mesitylene as an internal standard.
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F=f F=ZDF L

UITICE=Z32%2F LD, FAFRLEZTL VIINT 3 VMERP 2 e F ok vz -
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DRI IR E 2 ST L 7=,
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nCsHq e nCsHy4

9-BBN  TBDPSO E Pd,dbag CHCI5 (5 mol%) 1 BDPSO E
[0] Me OCO,Me LiCl, DMF, rt Me
E/Z = 13:1 (E)-223 91% (E)-280
nCsHy4
TBDPSO
Me 182 Bu:ﬁn@
nC5H11 nC5H11
‘ (Sia),BH ~ TBDPSO OCOMe  py,dbas-CHCI5 (5 mol%) TBDPSO
—_—
[0] Me z DMF, rt Mé Z
Zonly (2)-223 76% (2)-280

Scheme 86. ILASEIRAID DUNEKRAT7Z T UL T U — LI E DI EDFHR

LIAMAFALLVFEEL - 1L1-ER 7L Y 313 1 L. L L 7= F k% o 7= & g o

LoTu "I VHOAET LT VAT ) —HEZ)-305 % & L AGEIRI 20 SR THK T
X7,

Me 1. (Sia),BH Me
OMe 2. TsCI, DMAP

OH \
Me 3.[Pd] O ) 0
57% (5 steps) OTBS 0O

304 © 0 07L
208 Mé MogSn Mé  TBS
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66% (3 steps), E/Z=1:12.6

Scheme 87. ANXZ I FEEDHBT A7 VLT U —ILIESEDBE
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AWFZETIET L VIR 2 P8R 2 v Fa sy BC-BILIG R L 72, 72, BAF
L7z Fik e Al NMEStlle 71y 7Y v 7Ol GbEIc X o T, EYRNEERADICIEL 6
NEAFy TVTURGEL T VAT Y — VR O ST AGEIRI 2> D PRI e R L 2 7 L 72,
EHic, WL L-FiEEHAZaarn= v Atz I FEOSKIFZEICE D A2,

1M BIOERN A B N Ok YR {C-BAL S DR

F—oT7LyvrbtyZRREoEmIzflfis s L7 VI OEEZHIEIL., 7Y
LT N =DV BIEICAED 43010 5 2 LTI L7z, 9-BBN %5 & 7 U vifinfis

LT L. BN ERYICTH D ERDT IAT ra—An3F LR LCfEoh
720 (Sia):BH % I\ % & 7 U VBR300 &, SRR AERYICH 5 ZIKDT Y LT a—
NG5z 72 RS —BET L Y72 T Th LI-EET7 Ly @7 L v Iick LT
FATBETH . STAREIHA N2 @A L 7 4 v 2B ORI CIE Y 431 2 2 & 3
%72,

NaOH aq,

2
9-BBN /g . /EL M0 R
1 OH
THF, rt R 2 fast (E) R
2 kinetic thermodynamic E selective
R /
R/‘1 /slow
R'=H, R? = alkyl

N B I )
NaOH aq,

THF, 0 °C R' (2) R'
H0,

kinetic
net Z selective

RFy TOIET YT U —ILES DI EERN D DRI A=
FAF L 727 L vicxt 3 2 &R e F o s v R -BURs e . GH-M2-Stille h v 7
VY 7 DMABRDRICIY, ZAFX vy 7Py BIOT IAT Y — AR ARERP) 2>
IR 7 RSk 2 T L7 S LI-SB T L VICk 0BV DT AT I AT Aa—A %A
—HRA— b ~EEWL ., i EHNMEStille 7y 7Y v S RER L, 2HICX Y, [F—o 7T
LYy b RFy TV ONEE COVERENGEL, TI AT ) — U HEO AR LEE B
EAED 31T 5 2 LTI L 7=,
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A. Experimental Procedures: 91-127
A-1. Synthesis of allenes
A-2. Stereodivergent hydroboration of allenes
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General Details. Reactions were performed in oven-dried glassware fitted with rubber septa under an
argon atmosphere. DMF was distilled from CaSQs. Pyridine was distilled from sodium hydroxide. DMF,
pyridine, CH>Cl, and 1,4-dioxane were dried over activated 3A molecular sieves. THF (dehydrated,
stabilizer free) and Et,O (dehydrated, stabilizer free) was purchased from KANTO CHEMICAL CO.,
INC. Commercial reagents were used without further purification. Thin-layer chromatography was
performed on Merck 60 Fas4 precoated silica gel plates, which were visualized by exposure to UV (254
nm) or stained by submersion in p-anisaldehyde solution or ethanolic phosphomolybdic acid solution
followed by heating on a hot plate. Flash column chromatography was performed on silica gel (Silica
Gel 60 N; 63-210 or 40-50 mesh, KANTO CHEMICAL CO., INC.) and basic alumina (Alumina,
Activated, about 200 mesh, WAKO PURE CHEMICAL INDUSTRIES, Ltd.). Preparative layer
chromatography was performed on Merck PLC silica gel 60 F254. "H NMR spectra were recorded at
500 MHz with JEOL ECA-500 spectrometer or 400 MHz with JEOL ECS-400 spectrometer. *C NMR
spectra at 125 MHz with JEOL ECA-500 spectrometers. Chemical shifts are reported in ppm with
reference to solvent signals ['H NMR: CDCl; (7.26), ds-THF (3.58); *C NMR: CDCls (77.16); ’F NMR:
CsFs (—164.9)]. Signal patterns are indicated as br, broad; s, singlet; d, doublet; t, triplet; q, quartet; m,
multiplet. MPLC was performed on Yamazen, YFLC AI-580. Infrared spectra were recorded using a
BRUKER ALPHA FT-IR spectrometer. Mass spectra were measured with Waters, LCT Premier XE
(ESI-TOF).
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A-1. Synthesis of allenes

(HCHO)n, iProNH, nC-H nC=H
nCsHyq Cul HO s TBDPSCI, imidazole TBDPSO o
HO % - = - =
1,4-dioxane, 110 °C H DMF, rt
167 168 7% 169

Allene 169: diisopropylamine (3.3mL, 24 mmol) was added to a mixture of alcohol 167 (2.12¢g, 16.8
mmol), Cul (241mg, 1.26 mmol), paraformaldehyde (808 mg, 26.9 mmol) and 1,4-dioxane (25 mL) at
room temperature. The resulting white suspension was warmed to 110 °C, stirred for 12 h. The mixture
was filterated through a pad of silica gel (Et2O/Pentane 1:9), and concentrated to give allenyl alcohol
168, which was used in the next step without further purification.

tert-Butyldiphenylchlorosilane (4.4 mL, 16.9 mmol) was added to a solution of allene 168 (2.16 g,
15.4 mmol), imidazole (1.15 g, 16.9 mmol) and DMF (31 mL) at room temperature. The resulting white
mixture was stirred at the same temperature for 16 h, quenched with H,O (15 mL), and extracted with
hexane (2x 20 mL). The combined organic extracts were dried over Na,SOs, and concentrated. The
residue was purified by silica gel column chromatography (hexane) to afford allene 169 (4.92 g, 77%):
a colorless oil; IR (film) 3071, 2957, 2931, 2858, 1957, 1465, 1428, 1111, 1069, 701, 506 cm™'; '"H NMR
(500 MHz, CDCls) & 7.71-7.66 (m, 4H), 7.44-7.39 (m, 2H), 7.39-7.33 (m, 4H), 5.08 (ddd, J=17.5, 6.6,
6.6 Hz, 1H), 4.55 (ddd, J = 10.6, 6.6, 1.4 Hz, 1H), 4.47 (ddd, J = 10.6, 6.6, 1.4 Hz, 1H), 4.21 (ddddd, J
=7.5,69,57,14,1.4Hz, 1H), 1.63-1.47 (m, 2H), 1.31-1.12 (m, 6H), 1.06 (s, 9H), 0.84 (t,J= 7.2 Hz,
3H); C NMR (125 MHz, CDCl;) & 207.8 (C), 136.2 (CH), 136.1 (CH), 134.6 (C), 134.5 (C), 129.6
(CH), 129.5 (CH), 127.6 (CH), 127.5 (CH), 94.4 (CH), 75.7 (CH»), 72.5 (CH), 38.4 (CH>), 31.8 (CH>),
27.2 (CHs), 24.7 (CHz), 22.7 (CHy), 19.5 (C), 14.1 (CH3); HRMS (ES]I), calcd for C,sH3sOSi" (M+H)"
379.2457, found 379.2449.

TBDPSCI, Et;N
HO DMAP TBDPSO
> - >
Mé CH,Cly, 0 °C to rt Mée
178 70% 179

Allene 179: N,N-Dimethylaminopyridine (DMAP, 5.7 mg, 47 mmol) was added to a solution of allene
178 (78.2 mg, 930 umol), TBDPSCI (290 uL, 1.1 mmol), triethylamine (310 pL, 2.2 mmol) and CH,Cl,»
(9.3 mL) at 0 °C. The resulting white mixture was allowed to warm to room temperature, stirred at room
temperature for 18 h, quenched with H,O (10 mL), and extracted with CH>Cl, (2x 10 mL). The combined
organic extracts were washed with brine (5 mL), dried over Na;SO4, and concentrated. The residue was
purified by silica gel column chromatography (hexane) to afford allene 179 (209 mg, 70%): a colorless
oil; IR (film) 3071, 2931, 2857, 1963, 1472, 1428, 1112, 1068, 824, 701, 504 cm™'; "H NMR (500 MHz,
CDCl3) 6 7.73-7.67 (m, 4H), 7.46-7.35 (m, 6H), 4.64 (qt, J=2.9, 2.6 Hz, 2H), 4.15 (t, J=2.6 Hz, 2H),
1.73 (t, J = 2.9 Hz, 3H), 1.06 (s, 9H); *C NMR (125 MHz, CDCl;) & 206.1 (C), 135.8 (CH), 133.9 (C),
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129.7 (CH), 127.8 (CH), 98.7 (C), 75.2 (CHa), 65.6 (CHa), 27.0 (CHs), 19.5 (C), 15.5 (CHs); HRMS
(ESI), calcd for Co1Hy,0Si* (M+H)* 323.1831, found 323.1829.

o]
nCsHy” “H nCsHyy
Br HO
= Me
In, THF/H,0 = 1:1, 1t Me
177 84% 181

Allene 181: 1-Bromo-2-butyne 177 (1.5 mL, 17 mmol) was added to a mixture of indium (3.94g, 34.3
mmol), hexanal (2.9 mL, 24 mmol) and THF/H,O (1:1, 34 mL) at room temperature. The mixture was
stirred for 22 h at room temperature, quenched with saturated aqueous NaHCO3 (10 mL), filtrated with
celitte, and extracted with EtOAc/hexane (1:4, 2x 20 mL). The combined organic extracts were dried
over NaxSOs, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:19) to afford allene 181 (2.21 g, 84%): a colorless oil; IR (film) 3335, 2955, 2929,
2859, 1959, 1376, 1340, 1013, 842 cm™'; "TH NMR (500 MHz, CDCls)  4.76 (qd, J = 3.2, 2.3 Hz, 2H),
4.04 (ddt,J=7.2,5.2,2.3 Hz, 1H), 1.70 (t,J= 3.2 Hz, 3H), 1.66—1.47 (m, 3H), 1.46—1.24 (m, 6H), 0.89
(t, J = 6.9 Hz, 3H); *C NMR (125 MHz, CDCl;) § 205.1 (C), 102.2 (C), 76.7 (CH,), 72.7 (CH), 35.2
(CH>), 31.9 (CH>), 25.3 (CHz), 22.8 (CHz), 14.4 (CHz3), 14.2 (CH3); HRMS (ESI), calcd for CioH;90"
(M+H)" 155.1436, found 155.1430.

(e}

Br nCan)kH oS TBDPSCI, imidazole  1gpngo_d 0
e e —————— S S J%:
In, THF/H,0 = 1:1, 1t M DMF, rt Ve
177 181 94% (2 steps) 182

Allene 182: 1-Bromobut-2-yne (1.5 mL, 17 mmol) was added to a mixture of indium (3.94 g, 34.3 mmol),
hexanal (2.9 mL, 24 mmol) and THF/H,O (1:1, 40 mL) at room temperature. The mixture was stirred for
12 h at room temperature, and extracted with EtOAc/hexane (1:4, 2x 10 mL). The combined organic
extracts were dried over Na,SOs, and concentrated to give allenyl alcohol 181, which was used in the
next step without further purification.

t-Butyldiphenylsilyl chloride (4.9 mL, 19 mmol) was added to a solution of the above allenyl
alcohol 181, imidazole (1.28 g, 18.8 mmol) and DMF (17 mL) at room temperature. The resulting white
suspension was stirred at the same temperature for 18 h, quenched with H,O (10 mL), and extracted with
hexane (2x 10 mL). The combined organic extracts were dried over Na,SOs, and concentrated. The
residue was purified by silica gel column chromatography (hexane) to afford allene 182 (6.30 g, 94% for
2 steps): a colorless oil; IR (film) 3071, 2956, 2932, 2858, 1960, 1463, 1428, 1111, 1060, 701, 505 cm"
s TH NMR (500 MHz, CDCl3) 8 7.74-7.64 (m, 4H), 7.46-7.32 (m, 6H), 4.42 (dqd, J=9.5, 3.2, 0.9 Hz,
1H), 4.38 (dqd, J=9.5, 3.2, 0.9 Hz, 1H) 4.19 (tdd, J = 6.9, 0.9, 0.9 Hz, 1H), 1.64 (dd, /J=3.2, 3.2 Hz,
3H), 1.58-1.49 (m, 2H), 1.23-1.03 (m, 4H), 1.07 (s, 9H), 0.81 (t,J = 7.2 Hz, 3H); '*C NMR (125 MHz,
CDCl3) 6 206.6 (C), 136.1 (CH), 136.0 (CH), 134.7 (C), 134.3 (C), 129.6 (CH), 129.5 (CH), 127.5 (CH),
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127.4 (CH), 100.0 (C), 75.3 (CH), 73.9 (CH,), 35.7 (CH,), 31.6 (CH,), 27.2 (CHs), 25.0 (CH,), 22.6
(CHa), 19.6 (C), 14.1 (CHs), 12.6 (CHs); HRMS (ESI), calcd for CogH3OSi* (M+H)* 393.2614, found
393.2601.

nCsHiq nCsH1q
HO BnBr, NaH, TBAI BnO
.
Me DMF, rt M
181 59% 183

Allene 183: Sodium hydride (63% in oil, 120 mg, 3.16 mmol) was added to a solution of allene 181 (325
mg, 2.11 mmol), BnBr (280 pL, 2.3 mmol), TBAI (77.9 mg, 211 pmol) and DMF (4.0 mL) at 0 °C. The
resulting glay mixture was stirred for 18 h at room temperature, quenched with saturated aqueous NH4Cl
(2 mL), and extracted with hexane (2x 4 mL). The combined organic extracts were dried over Na>SOa,
and concentrated. The residue was filtrated through a pad of silica gel (hexane). The mixture was then
purified by MPLC (Yamazen Ultra Pack Column B, 26x300 mm, EtOAc/hexane 0:100 to 8:92, 20
mL/min, 183: Tr = 16.0 min) to afford allene 183 (306 mg, 59%): a colorless oil; IR (film) 3031, 2954,
2929, 2859, 1958, 1456, 1371, 1089, 1069, 844, 697 cm™'; '"H NMR (500 MHz, CDCls) § 7.36-7.31 (m,
3H), 7.30-7.24 (m, 2H), 4.70 (dqd, J=10.0, 3.2, 0.9 Hz, 1H), 4.64 (dqd, /= 10.0, 3.2, 0.9 Hz, 1H), 4.56
(d, J=11.7Hz, 1H), 4.33 (d, /= 11.7 Hz, 1H), 3.84 (dd, J= 7.2, 7.2 Hz, 1H), 1.73-1.63 (m, 1H), 1.65
(dd,J=3.2,3.2 Hz, 3H), 1.58-1.49 (m, 1H), 1.43-1.20 (m, 6H), 0.87 (t,J = 7.2 Hz, 3H); *C NMR (125
MHz, CDCls) 6 207.3 (C), 138.9 (C), 128.4 (CH), 128.1 (CH), 127.6 (CH), 97.8 (C), 80.7 (CH), 74.0
(CH), 70.1 (CH2), 33.5 (CH>), 31.8 (CH2), 25.6 (CH>), 22.8 (CH>), 14.2 (CH3), 12.6 (CH3); HRMS (ESI),
calcd for Ci7HosO" (M+H)* 245.1905, found 245.1916.

OH TBDPSCI, imidazole OTBDPS
< />:: DMF, rt < />::

189 91% 190
Allene 190: fert-Butyldiphenylchlorosilane (460 uL, 1.8 mmol) was added to a solution of allene 189
(109 mg, 876 umol), imidazole (239 mg, 3.50 mmol) and DMF (9.0 mL) at room temperature. The
resulting white mixture was stirred at the same temperature for 16 h, quenched with H,O (5 mL) at 0 °C,
and extracted with hexane (2x 5 mL). The combined organic extracts were dried over Na,SOs, and
concentrated. The residue was filtrated through a pad of silica gel (hexane). The mixture was then
purified by MPLC (Yamazen Ultra Pack Column B, 26x300 mm, EtOAc/hexane 0:100 to 13:87, 20
mL/min, 190: Tr = 21.0 min) to afford allene 190 (290 mg, 91%): a colorless oil; IR (film) 3071, 2930,
2856, 1962, 1427, 1107, 1076, 1014, 842, 700, 504 cm™'; 'TH NMR (500 MHz, CDCls) & 7.70-7.66 (m,
4H), 7.43-7.32 (m, 6H), 4.53-4.47 (m, 2H), 4.28 (dddd, /=5.8, 3.5, 1.7, 1.4 Hz, 1H), 2.45 (ddddd, J =
11.5,11.4, 4.0, 3.2, 3.2 Hz, 1H), 2.05-1.97 (m, 1H), 1.85 (ddddd, J = 13.2, 9.7, 9.7, 3.7, 3.7 Hz, 1H),
1.71-1.60 (m, 2H), 1.57-1.42 (m, 2H), 1.37 (ddddd, /= 13.2, 6.6, 6.6, 3.8, 3.8 Hz, 1H), 1.07 (s, 9H); 1*C
NMR (125 MHz, CDCl3) ¢ 203.3 (C), 136.1 (CH), 136.0 (CH), 134.8 (C), 134.3 (C), 129.60 (CH),
129.55 (CH), 127.6 (CH), 127.5 (CH), 104.4 (C), 74.9 (CH,), 71.1 (CH), 35.7 (CH,), 28.1 (CH»), 27.1
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(CHs), 26.8 (CH,), 21.7 (CH,), 19.6 (C); HRMS (ESI), calcd for CoHs0Si* (M+H)* 363.2144, found
363.2150.

A-2. Stereodivergent hydroboration of allenes

9-BBN, THF, rt;
QI .0, NaOHaq Q ' QJOH
43 86%, E/Z = 13.3:1 (E)-1;\>OH 7(2)-196

[General procedure A: hydroboration with 9-BBN]

Allylic alcohol (E)-196: 9-Borabicyclo[3.3.1]nonane (9-BBN, 0.5 M in THF, 460 uL, 230 umol, 1.5
equiv.) was added to a solution of allene 43 (23 uL, 160 umol) and THF (1.5 mL, 0.1 M) at room
temperature. The solution was maintained at room temperature for 30 min. The reaction was then
quenched with 3 M NaOH aq (1 mL) and 30% H>0O- aq (1 mL) at 0 °C. The resulting mixture was stirred
for 1 h at the same temperature, and extracted with EtOAc (2x 1 mL). The combined organic extracts
were washed with brine (1 mL), dried over Na>SOs4, and concentrated. The residue was purified by silica
gel column chromatography (EtOAc/hexane 1:9) to afford a mixture of allylic alcohol (E)-196 and (Z)-
196 (19.0 mg, 86%, E/Z = 13.3:1). For analytical samples, two isomers were separated by HPLC
(PEGASIL Silica 120-5, 250%x20 mm, EtOAc/hexane 1:4, 10 mL/min, (E)-196: Tk = 17.3 min, (£)-196:
Tr = 17.0 min): (E)-196: a colorless oil; IR (film) 3319, 2924, 2851, 1448, 1009, 969 cm™'; '"H NMR
(500 MHz, CDCls) 6 5.64 (dd, J = 15.5, 6.0 Hz, 1H), 5.58 (dtd, /= 15.5, 5.4, 0.6 Hz, 1H), 4.08 (d, J =
5.4 Hz, 2H), 2.02-1.91 (m, 1H), 1.78-1.56 (m, 6H), 1.36-1.21 (m, 2H), 1.16 (tt, /= 12.3, 3.2 Hz, 1H),
1.12-1.02 (m, 2H); C NMR (125 MHz, CDCl;) § 139.4 (CH), 126.4 (CH), 64.2 (CH>), 40.4 (CH), 32.9
(CH>), 26.3 (CH>), 26.1 (CH>); HRMS (ESI), calcd for CoH,0" (M+H)" 141.1279, found 141.1286.

(Sia),BH, THF, 0 °C;
* OH
H,0,, NaOH aq —
XOH

43 89%, E/Z = 1:4.3 (E)-196 (2)-196

[General procedure B: hydroboration with disiamylborane (Sia),BH]

Allylic alcohol (£)-196: 2-Methyl-2-butene (600 pL, 5.6 mmol, 2.1 equiv. to borane THF complex) was
added to borane THF complex (0.92 M in THF, 3.0 mL, 2.8 mmol) at 0 °C. The solution was maintained
for 1 h at the same temperature to give disiamylborane (calculated as 0.77 M in THF).

Disiamylborane (0.77 M, 330 pL, 250 umol, 1.5 equiv.) was added to a solution of allene 43 (25
pL, 170 umol) and THF (1.5 mL, 0.1 M) at 0 °C. The solution was maintained for 5 min at 0 °C, and
quenched with 3 M NaOH aq (1 mL) and 30% H»0- aq (1 mL) at 0 °C. The resulting mixture was stirred
for 1 h at the same temperature, and extracted with EtOAc (2x 1 mL). The combined organic extracts
were dried over Na,SO4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to afford a mixture of allylic alcohol (E)-196 and (£)-196 (21.5
mg, 89%, E/Z = 1:4.3): (Z)-196: a colorless oil; IR (film) 3328, 2924, 2851, 1448, 1004 cm™'; '"H NMR
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(500 MHz, CDCL3) & 5.49 (dtd, J = 10.9, 6.9, 0.9 Hz, 1H), 5.39 (ddt, J=10.9, 9.5, 1.5 Hz, 1H), 4.20 (dd,
J = 6.9, 4.0 Hz, 2H), 2.35-2.23 (m, 1H), 1.75-1.56 (m, 5H), 1.35-1.03 (m, 6H); *C NMR (125 MHz,
CDCls) & 139.4 (CH), 126.6 (CH), 59.0 (CHa), 36.7 (CH), 33.5 (CHa), 26.0 (CH,), 25.9 (CH,); HRMS
(ESI), caled for CoH 70" (M+H)" 141.1279, found 141.1280.

(Cy),BH, THF, 0°C ;
CEI H,0,, NaOH aq Q ' CEJOH
43 59%, EIZ = 5.4:1 (E)-1;L o (2)-196

[hydroboration with dicyclohexylborane (Cy).BH)]
Allylic alcohol (E)-196: Cyclohexene (560 uL, 5.5 mmol) was added to borane THF complex (0.33 M
in THF, 8.4 mL, 2.8 mmol) at 0 °C. The solution was maintained for 1 h at the same temperature to give
dicyclohexylborane (calculated as 0.31 M in THF).

Dicyclohexylborane (0.31 M, 740 uL, 230 umol) was added to a solution of allene 43 (23 uL, 160
umol) and THF (1.5 mL) at 0 °C. The solution was maintained for 5 min at 0 °C, and quenched with 3
M NaOH aq (1 mL) and 30% H>O; aq (1 mL) at 0 °C. The resulting mixture was stirred for 1 h at the

same temperature, and extracted with EtOAc (2x 1 mL). The combined organic extracts were washed

with brine (1 mL), dried over Na>SOs, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to afford a mixture of allylic alcohol (E)-196 and (£)-196 (13.0
mg, 59%, E/Z=5.4:1).

(Thx)BH,, THF, 0 °C ;
sz: H,0,, NaOH aq Q ' Q_FO”
43 70%, E/Z = 3.8:1 (E)-r;L oH (2)-196

[hydroboration with thexylborane (Thx)BH,]
Allylic alcohol (E)-196: 2,3-Dimethyl-2-butene (330 pL, 2.8 mmol) was added to borane THF complex
(0.92 M in THF, 3.0 mL, 2.8 mmol) at 0 °C. The solution was maintained for 1 h at the same temperature
to give thexylborane (calculated as 0.83 M in THF).

Thexylborane (0.83 M, 280 pL, 230 umol) was added to a solution of allene 43 (23 pL, 160 pmol)
and THF (1.5 mL) at 0 °C. The solution was maintained for 5 min at 0 °C, and quenched with 3 M NaOH

aq (1 mL) and 30% H»0, aq (1 mL) at 0 °C. The resulting mixture was stirred for 1 h at the same

temperature, and extracted with EtOAc (2x 1 mL). The combined organic extracts were washed with
brine (1 mL), dried over Na>SOs, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to afford a mixture of allylic alcohol (E)-196 and (£)-196 (15.6
mg, 70%, E/Z=3.8:1).
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TBDPSO—\ 9-BBN, THF, rt; TBDPSOH TBDPSOVOH
+
H H OH

H,0,, NaOH aq H

163 42%, E/Z = 9.1:1 (E)-321 (2)-321
Allylic alcohol (E)-321: Following the general procedure A, allene 163 (46.7 mg, 151 pumol) was
converted to a mixture of (£)-321 and (£)-321 (20.7 mg, 42%, E/Z = 9.1:1). For analytical samples, two
isomers were separated by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm, EtOAc/hexane 1:5,
10 mL/min, (E)-321: Tr = 19.2 min, (£)-321: Tr = 16.1 min): (E)-321: a colorless oil; IR (film) 3338,
3071, 3049, 3014, 2957, 2929, 2856, 1428, 1379, 1112, 702, 505 cm™'; "H NMR (500 MHz, CDCls) &
7.72-7.65 (m, 4H), 7.47-7.36 (m, 6H), 5.92 (dtt, J = 15.5, 4.6, 1.7 Hz, 1H), 5.79 (dtt, J=15.5, 4.6, 1.4
Hz, 1H), 4.22 (ddt, J = 4.6, 1.7, 1.5 Hz, 2H), 4.17-4.12 (m, 2H), 1.29-1.23 (m, 1H), 1.07 (s, 9H); "*C
NMR (125 MHz, CDCl3) & 135.7 (CH), 133.8 (C), 130.8 (CH), 129.8 (CH), 129.0 (CH), 127.8 (CH),
63.9 (CH>), 63.4 (CH»), 27.0 (CH3), 19.4 (C); HRMS (ESI), caled for C20H260,SiK" (M+K)" 365.1339,
found 365.1329.

TBDPSO— (Sia)sBH, THF. 0°C; TBDPSOH TBDPSOyOH
+
H H OH

H,0,, NaOH aq H

163 84%, E/Z = 1:2.4 (E)-321 (2)-321
Allylic alcohol (£)-321: Following the general procedure B, allene 163 (46.4 mg, 150 pmol) was
converted to a mixture of (£)-321 and (£)-321 (41.0 mg, 84%, E/Z = 1:2.4): (£)-321: a colorless oil; IR
(film) 3347,3071, 3024, 2928, 2856, 1427, 1108, 1073, 1027, 700, 504 cm™'; "H NMR (500 MHz, CDCl5)
0 7.73-7.66 (m, 4H), 7.48-7.37 (m, 6H), 5.72 (dtt, /= 11.5, 5.7, 1.2 Hz, 1H), 5.64 (dtt, J=11.5, 6.3, 1.5
Hz, 1H), 4.27 (ddt, J=5.7, 1.5, 0.9 Hz, 2H), 4.02 (ddt, /= 6.3, 1.2, 0.9 Hz, 2H), 1.55 (brs, 1H), 1.06 (s,
9H); *C NMR (125 MHz, CDCls) 8 135.7 (CH), 133.5 (C), 131.1 (CH), 130.0 (CH), 129.9 (CH), 127.9
(CH), 60.4 (CH,), 58.9 (CH,), 26.9 (CH3), 19.2 (C); HRMS (ESI), calcd for CH270,Si" (M+H)*
327.1780, found 327.1777.

nCsH 9-BBN, THF, rt; nCsHiq nCsHiy
TBDPSO TBDPSO‘&j\» . TBDPsoyOH
H H,0,, NaOH aq H OH H
169 88%, E/Z = 15.7:1 (E)-220 (2)-220

Allylic alcohol (E)-220: Following the general procedure A, allene 169 (58.7 mg, 155 pumol) was
converted to a mixture of (E)-220 and (£)-220 (53.9 mg, 88%, E/Z = 15.7:1). For analytical samples,
two isomers were separated by HPLC (PEGASIL Silica 120-5, 25020 mm, UV 254 nm, EtOAc/hexane
1:4, 10 mL/min, (E)-220: Tr = 12.5 min, (£)-220: Tr=11.9 min). (£)-220: a colorless oil; IR (film) 3311,
3071, 2956, 2931, 2857, 1471, 1427, 1111, 1080, 701, 505 cm™'; "H NMR (500 MHz, CDCls) § 7.70—
7.64 (m, 4H), 7.46-7.32 (m, 6H), 5.55 (dddd, J = 15.5, 7.2 ,1.4 ,1.2 Hz, 1H), 5.39 (dddd, J = 15.5, 5.7,
5.7,0.9 Hz, 1H), 4.18 (ddd, /= 7.2, 6.3, 6.3 Hz, 1H), 3.95-3.85 (m, 2H), 1.54 (ddt, /= 13.5, 6.3, 5.7 Hz,
1H), 1.44 (dtd, J=13.5, 8.9, 6.3 Hz, 1H), 1.30-1.20 (m, 4H), 1.20-1.11 (m, 2H), 1.06 (s, 9H), 0.84 (t, J
=7.2 Hz, 3H), 0.80 (dd, J = 6.3, 6.3 Hz, 1H); *C NMR (125 MHz, CDCls) § 136.2 (CH), 136.1 (CH),
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134.89 (CH), 134.85 (C), 134.5 (C), 129.7 (CH), 129.6 (CH), 129.2 (CH), 127.6 (CH), 127.5 (CH), 74.1
(CH), 63.3 (CH,), 37.9 (CH), 31.9 (CHa), 27.2 (CHs), 24.5 (CHa), 22.7 (CHa), 19.5 (C), 14.2 (CHs);
HRMS (ESI), caled for CosHs0,Si* (M+H)" 397.2563, found 397.2556.

NnCsHq4 ) o, NnCsHy4 NnCsHyq
TBDPSO— (Sia)BH, THF, 0°C; 1pppgg . TBDPSO OH
H H,0,, NaOH aq H OH H
169 92%, E/Z = 1:>20 (E)-220 (2)-220

Allylic alcohol (Z£)-220: Following the general procedure B, allene 169 (57.7 mg, 152 pumol) was
converted to a mixture of (£)-220 and (£)-220 (55.4 mg, 92%, E/Z = 1:>20): (£)-220: a colorless oil; IR
(film) 3336, 3071,2957,2931, 2858, 1471, 1428, 1111, 1044, 702, 506 cm™"; 'TH NMR (500 MHz, CDCl5)
8 7.72-7.65 (m, 4H), 7.47-7.35 (m, 6H), 5.49 (dddd, /=11.2, 8.9, 1.4, 1.4 Hz, 1H), 5.33 (dddd, /= 11.2,
7.7, 5.7, 0.9 Hz, 1H), 4.40-4.33 (m, 1H), 3.69-3.57 (m, 2H), 1.66—1.54 (m, 1H), 1.50-1.40 (m, 1H),
1.29-1.14 (m, 6H), 1.05 (s, 9H), 0.84 (t, J= 7.2 Hz, 3H), 0.61 (dd, J = 6.6, 4.3 Hz, 1H); *C NMR (125
MHz, CDCIls) 6 136.2 (CH), 136.1 (CH), 135.0 (CH), 134.5 (C), 134.3 (C), 129.8 (CH), 129.7 (CH),
128.3 (CH), 127.7 (CH), 127.5 (CH), 69.5 (CH), 58.7 (CH>), 38.3 (CH»), 31.8 (CH»), 27.1 (CH3), 24.7
(CH,), 22.7 (CH>), 19.4 (C), 14.1 (CH3); HRMS (ESI), calcd for C»sH370,Si" (M+H)" 397.2563, found
397.2566.

TBDPSQ TBDPSOQ, TBDPSQ

9-BBN, THF, rt;
OH

H,0,, NaOH aq

Me Me OH Me

173 85%, E/Z =1.8:1 (E)-322 (2)-322

Allylic alcohol (E)-322: Following the general procedure A, allene 173 (50.7 mg, 151 pumol) was
converted to a mixture of (£)-322 and (£)-322 (45.4 mg, 85%, E/Z =1.8:1). For analytical samples, two
isomers were separated by HPLC (PEGASIL Silica 120-5, 250%20 mm, UV 254 nm, EtOAc/hexane 1:4,
10 mL/min, (E)-322: Tr = 25.6 min, (£)-322: Tr = 20.1 min): (E)-322: a colorless oil; IR (film) 3319,
3070, 2930, 2857, 1667, 1471, 1427, 1110, 1089, 701, 504 cm™'; 'H NMR (500 MHz, CDCls) & 7.68—
7.63 (m, 4H), 7.45-7.35 (m, 6H), 5.41 (ttq, /=6.9, 1.4, 1.4 Hz, 1H), 4.12 (dd, J= 6.9, 6.0 Hz, 2H), 3.75
(t, J= 6.9 Hz, 2H), 2.27 (t, J = 6.9 Hz, 2H), 1.62-1.60 (m, 3H), 1.08-1.05 (m, 1H), 1.05 (s, 9H); '*C
NMR (125 MHz, CDCls) 6 137.0 (C), 135.7 (CH), 134.1 (C), 129.7 (CH), 127.8 (CH), 125.5 (CH), 62.8
(CH,), 59.5 (CH,), 42.7 (CH,), 27.0 (CH3), 19.4 (C), 16.6 (CH3); HRMS (ESI), calcd for C2,H300,SiNa*
(M+Na)* 377.1913, found 377.1912.

TBDPSQ TBDPSQ TBDPSQ,

\ (Sia),BH, THF, 0 °C; ¥>:\> . L>:/>OH
Mé H,0,, NaOH aq Mé OH Me
173 92%, EIZ = 1:4.1 (E)-322 (2)-322

Allylic alcohol (Z£)-322: Following the general procedure B, allene 173 (50.7 mg, 151 pumol) was
converted to a mixture of (£)-322 and (£)-322 (49.0 mg, 92%, E/Z = 1:4.1): (£)-322: a colorless oil; IR
(film) 3333, 3071, 2958, 2931, 2858, 1668, 1472, 1388, 1110, 1086, 998, 702, 504 cm™'; '"H NMR (500
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MHz, CDCL:) § 7.69-7.64 (m, 4H), 7.69-7.64 (m, 6H), 5.66-5.61 (m, 1H), 4.04 (dd, J = 6.3, 5.5 Hz,
2H), 3.67 (t, J = 6.3 Hz, 2H), 2.36 (t, J = 6.3 Hz, 2H), 1.76 (t, J = 5.5 Hz, 1H), 1.70-1.67 (m, 3H), 1.05
(s, 9H); 3C NMR (125 MHz, CDCl3) § 137.5 (C), 135.8 (CH), 133.5 (C), 129.9 (CH), 127.9 (CH), 126.7
(CH), 62.0 (CH,), 58.8 (CH,), 35.1 (CHa), 27.0 (CHs), 23.6 (CHs), 19.2 (C); HRMS (ESI), calcd for
CxH310,8i" (M+H)" 355.2093, found 355.2081.

NOESY experiments for (E)-322 and (£)-322

TBDPSQ TBDPSOQ
" —0H
M, —OH )
(E)-322 (500 MHz, CDCl3) (2)-322 (500 MHz, CDCly)
9-BBN, THF, rt;
+
H202 NaOH aq Me OH Me
60%, E/Z = 6.0:1 (E)-323 (2)-323

Allylic alcohol (E)-323: Following the general procedure A, allene 176 (20.5 mg, 150 pumol) was
converted to a mixture of (E)-323 and (£)-323 (13.8 mg, 60%, E/Z = 6.0:1). For analytical samples, two
isomers were separated by HPLC (PEGASIL Silica 120-5, 25020 mm, UV 254 nm, Et;O/hexane 1:4,
10 mL/min, (E)-323: Tr = 34.0 min, (£)-323: Tr= 27.5 min). (E)-323: a colorless oil; IR (film) 3320,
2925, 2852, 1662, 1448, 1078, 1080, 999 cm™'; 'H NMR (500 MHz, CDCl5) 6 5.39 (tqd, J=6.9, 1.4, 0.9
Hz, 1H), 4.16 (d, /= 6.9 Hz, 2H), 1.89-1.81 (m, 1H), 1.80-1.73 (m, 2H), 1.72-1.63 (m, 6H), 1.33-1.08
(m, 6H); C NMR (125 MHz, CDCl;)  145.2 (C), 121.6 (CH), 59.7 (CH>), 47.3 (CH), 31.9 (CH>), 26.8
(CH>), 26.5 (CHa), 14.8 (CH3); HRMS (ESI), calcd for C1oHi10O" (M+H)" 155.1436, found 155.1443.

C;ZZ (Sia) 2BH THF, 0 °C; C;jk C;:f
H,0,, NaOH aq
73%, E/Z = 1:6.6 (E)-323 (2)-323

Allylic alcohol (Z£)-323: Following the general procedure B, allene 176 (20.6 mg, 151 pumol) was
converted to a mixture of (£)-323 and (£)-323 (17.1 mg, 73%, E/Z = 1:6.6): (£)-323: a colorless oil; IR
(film) 3337, 2925, 2852, 1657, 1448, 1377, 1089, 1018, 990, 890 cm™'; "H NMR (500 MHz, CDCl;) &
5.34 (tqd, J=17.2, 1.4, 0.6 Hz, 1H), 4.15 (ddd, J= 7.2, 2.0, 1.2 Hz, 2H), 2.48-2.40 (m, 1H), 1.78-1.72
(m, 2H), 1.72-1.65 (m, 4H), 1.52-1.24 (m, 7H), 1.20-1.10 (m, 1H); *C NMR (125 MHz, CDCls) &
145.5 (C), 123.3 (CH), 58.7 (CH»), 40.1 (CH), 31.5 (CH>), 26.6 (CH>), 26.3 (CH>), 19.8 (CH3); HRMS
(ESI), caled for CioH 190" (M+H)" 155.1436, found 155.1433.
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NOESY experiments for (E)-323 and (£)-323

C%;\L %OH
MeU OH

Me

(E)-323 (500 MHz, CDCl3) (Z)-323 (500 MHz, CDCl3)

TBDPSO—\ 9-BBN, THF, rt; TBDPSOH TBDF’SO‘>:/>OH
+
Me

H20,, NaOH aq Mé OH Mé
179 89%, E/Z = 10.9:1 (E)-197 (2197

Allylic alcohol (E)-197: Following the general procedure A, allene 179 (48.6 mg, 151 pumol) was
converted to a mixture of (E)-197 and (£)-197 (46.0 mg, 89%, E/Z = 10.9:1). For analytical samples,
two isomers were separated by HPLC (PEGASIL Silica 120-5, 25020 mm, UV 254 nm, EtOAc/hexane
1:4, 10 mL/min, (E)-197: Tr=22.3 min, (£)-197: Tr=17.9 min): (E)-197: a colorless oil; IR (film) 3333,
2931, 2857, 1428, 1112, 1007, 824, 702, 504 cm™; '"H NMR (500 MHz, CDCl3) & 7.71-7.58 (m, 4H),
7.47-7.35 (m, 6H), 5.75 (tq, J = 6.6, 1.4 Hz, 1H), 4.21 (d, J = 6.6 Hz, 2H), 4.07 (s, 2H), 1.63 (brs, 3H),
1.17-1.10 (brs, 1H), 1.08 (s, 9H); *C NMR (125 MHz, CDCls) § 138.1 (C), 135.7 (CH), 133.7 (C), 129.8
(CH), 127.8 (CH), 122.6 (CH), 68.2 (CH»), 59.2 (CH>), 27.0 (CHz3), 19.4 (C), 13.7 (CHs); HRMS (ESI),
caled for Co1H200,Si" (M+H)* 341.1937, found 341.1952.

TBDPSO— (Sia),BH, THF, 0 °C; TBDPSOH TBDP80‘>:/>OH
+
Me

H,0,, NaOH aq Me OH Me

179 97%, E/1Z=1:8.3 (E)-197 (2)-197
Allylic alcohol (£)-197: Following the general procedure B, allene 179 (48.3 mg, 150 pumol) was
converted to a mixture of (£)-197 and (£)-197 (49.4 mg, 97%, E/Z = 1:8.3): (£)-197: a colorless oil; IR
(film) 3339, 3071, 2932, 2857, 1472, 1428, 1111, 1076, 1023, 823, 740, 702, 614, 504 cm™'; '"H NMR
(500 MHz, CDCl3) & 7.72-7.66 (m, 4H), 7.47-7.37 (m, 6H), 5.46 (tq, /= 6.9, 1.2 Hz, 1H), 4.19 (s, 2H),
3.93 (d, J = 6.9 Hz, 2H), 1.83 (d, J = 1.2 Hz, 3H), 1.29 (brs, 1H), 1.05 (s, 9H); '*C NMR (125 MHz,
CDCl3) 6 138.6 (C), 135.8 (CH), 133.5 (C), 129.9 (CH), 127.9 (CH), 125.8 (CH), 62.9 (CH>), 58.7 (CH>),
26.9 (CH3), 21.5 (CH3), 19.3 (C); HRMS (ESI), calcd for C21H230-SiNa" (M+Na)" 363.1756, found
363.1767.

NOESY experiments for (E)-197 and (£)-197

TBDPSO‘>:\> TBDPSOQOH
Mé| ) —OH me_}
(E)-197 (500 MHz, CDCl5) (2)-197 (500 MHz, CDCl5)
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nCsHs 9-BBN, THF, rt; nCsHi nCsHiy
HO HO HO OH

H,0,, NaOH aq

Me Me OH Me

181 69%, E/Z = 7.8:1 (E)-324 (2)-324
Allylic alcohol (E)-324: 9-Borabicyclo[3.3.1]nonane (9-BBN, 0.5 M in THF, 780 pL, 390 umol) was
added to a solution of allene 181 (24.0 mg, 156 pmol) and THF (1.5 mL, 0.1 M) at room temperature.
The solution was maintained at room temperature for 1 h. The reaction was then quenched with 3 M
NaOH aq (1 mL) and 30% H»0, aq (1 mL) at 0 °C. The resulting mixture was stirred for 1 h at the same
temperature, and extracted with EtOAc (2x 1 mL). The combined organic extracts were washed with
brine (1 mL), dried over Na,SO4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to afford a mixture of allylic alcohol (E)-324 and (Z£)-324 (18.5
mg, 69%, E/Z = 7.8:1). For analytical samples, two isomers were separated by preparative layer
chromatography (EtOAc/hexane 1:1): (E)-324: a colorless oil; IR (film) 3328, 2954, 2930, 2859, 1670,
1461, 1378, 1055, 1003 cm™'; "TH NMR (500 MHz, CDCls) & 5.63 (ddqd, J = 6.5, 6.5, 1.5, 1.2 Hz, 1H),
4.23 (dd, J=12.6, 6.5 Hz, 1H), 4.20 (dd, J = 12.6, 6.5 Hz, 1H), 4.02 (t, J = 6.9 Hz, 1H), 1.66 (s, 3H),
1.63-1.48 (m, 2H), 1.53 (dt, J= 8.3, 6.6 Hz, 2H), 1.41-1.18 (m, 6H), 0.89 (t, J = 6.9 Hz, 3H); 3*C NMR
(125 MHz, CDCls) & 141.2 (C), 124.8 (CH), 77.4-76.9 (CH) x1, 59.3 (CH>), 35.0 (CH>), 31.9 (CH>),
25.6 (CHy), 22.7 (CH>), 14.2 (CH3), 11.9 (CH3); HRMS (ESI), calced for CioH20," (M+H)" 173.1542,
found 173.1537.

nCsHaq ' o nCsHaq nCsHaq
o (Sia),BH, THF, 0 °C; Ho . Ho OH
Me H,0,, NaOH aq Mé OH Mé
181 47%, E/Z = 1:>20 (E)-324 (2)-324

Allylic alcohol (£)-324: 2-Methyl-2-butene (600 puL, 5.6 mmol) was added to borane THF complex (0.92
M in THF, 3.0 mL, 2.8 mmol) at 0 °C. The solution was maintained for 1 h at the same temperature to
give disiamylborane (calculated as 0.77 M in THF).

Disiamylborane (0.77 M, 620 uL, 480 umol) was added to a solution of allene 181 (29.6 mg, 192
umol) and THF (1.9 mL, 0.1 M) at 0 °C. The solution was maintained for 5 min at 0 °C, and quenched
with 3 M NaOH aq (1 mL) and 30% H>O- aq (1 mL) at 0 °C. The resulting mixture was stirred for 1 h at
the same temperature, and extracted with EtOAc (2x 1 mL). The combined organic extracts were dried
over Na,SOs, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:9) to afford a mixture of allylic alcohol (E)-324 and (£)-324 (29.6 mg, 47%, E/Z =
1:>20): (£)-324: a colorless oil; IR (film) IR (film) 3321, 2929, 2861, 1662, 1453, 1378, 1117, 1001 cm
'; 'TH NMR (500 MHz, CDCl3) § 5.55-5.50 (m, 1H), 4.50 (dd, /= 7.2, 6.9 Hz, 1H), 4.25 (ddq, J = 12.6,
8.0, 0.9 Hz, 1H), 4.07 (ddq, J = 12.6, 6.3, 1.2 Hz, 1H), 1.90 (brs, 2H), 1.74 (ddd, J= 1.2, 1.2, 0.9 Hz,
3H), 1.68-1.58 (m, 1H), 1.52-1.43 (m, 1H), 1.39-1.17 (m, 6H), 0.88 (t, J = 6.9 Hz, 3H); 3C NMR (125
MHz, CDCl3) 6 141.8 (C), 126.2 (CH), 70.1 (CH), 58.2 (CH»), 35.1 (CH>), 31.9 (CH>), 25.6 (CH»), 22.7
(CH>), 18.1 (CH3), 14.2 (CH3); HRMS (ESI), calcd for C1oH200,Na" (M+Na)* 195.1361, found 195.1359.
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NOESY experiments for (E)-324 and (£)-324
nCsHy4 nCsHqq
Hog HO@»OH
M, —OH me)

(E)-324 (500 MHz, CDCl3) (2)-324 (500 MHz, CDCly)

nCsHis nCsHyy nCsHis
TBDPSO— 9-BBN, THF, rt; TBDPSO TBDPSO OH

Me H,0,, NaOH aq Me OH Me

182 93%, E/Z = 13:1 (E)-222 (2)-222

Allylic alcohol (E)-222: Following the general procedure A, allene 182 (60.1 mg, 153 pumol) was
converted to a mixture of (E)-222 and (£)-222 (58.3 mg, 93%, E/Z = 12.9:1). For analytical samples,
two isomers were separated by HPLC (PEGASIL Silica 120-5, 25020 mm, UV 254 nm, EtOAc/hexane
1:4, 10 mL/min, (E)-222: Tr = 13.3 min, (£)-222: Tr=11.5 min). (£)-222: a colorless oil; IR (film) 3343,
2956,2931, 2858, 1465, 1428, 1111, 1063, 999, 702, 504 cm™; "H NMR (500 MHz, CDCls) § 7.68-7.64
(m, 4H), 7.46-7.31 (m, 6H), 5.17 (t, J= 6.6 Hz, 1H), 4.05 (t, /= 6.6 Hz, 1H), 4.02-3.89 (m, 2H), 1.62—
1.44 (m, 2H), 1.58 (s, 3H), 1.24-1.05 (m, 6H), 1.07 (s, 9H), 0.83 (t, J = 7.2 Hz, 3H), 0.67 (brs, 1H); *C
NMR (125 MHz, CDCl3) 8 140.2 (C), 136.2 (CH), 136.1 (CH), 134.7 (C), 134.5 (C), 129.65 (CH),
129.60 (CH), 127.6 (CH), 127.4 (CH), 125.2 (CH), 78.9 (CH), 59.0 (CH>), 35.7 (CH>), 31.8 (CH»), 27.2
(CH3), 25.0 (CH>), 22.7 (CH»), 19.5 (C), 14.1 (CH3), 11.4 (CH3); HRMS (ESI), calcd for C26H300,Si"
(M+H)" 411.2719, found 411.2705.

nCgH1q4 nCsH4q nCsHqq

(Sia),BH, THF, 0 °C;
TBDPSO%I TBDPSO—§:\> . TBDPsoyOH
Mé H20,, NaOH aq Me OH Me
182 95%, Z (single) (E)-222 (2)-222

Allylic alcohol (£)-222: Following the general procedure B, allene 182 (59.3 mg, 151 umol) was
converted to (£)-222 (59.0 mg, 95%, single isomer): (£)-222: a colorless oil; IR (film) 3343, 2956, 2931,
2858, 1463, 1427, 1111, 1061, 1007, 702, 506 cm™'; 'TH NMR (500 MHz, CDCls) § 7.72-7.67 (m, 2H),
7.67-7.64 (m, 2H), 7.48-7.33 (m, 6H), 5.27-5.20 (m, 1H), 4.43 (dd, /= 8.3, 5.7 Hz, 1H), 3.72 (ddd, J =
12.6, 8.4,3.5 Hz, 1H), 3.61 (ddd, /= 12.6, 7.5, 6.1 Hz, 1H), 1.77 (d, J= 0.9 Hz, 3H), 1.63—1.48 (m, 2H),
1.21-1.04 (m, 4H), 1.06 (s, 9H), 1.01-0.92 (m, 2H), 0.80 (t, /= 7.2 Hz, 3H), 0.55 (dd, J=17.5, 4.0 Hz,
1H); *C NMR (125 MHz, CDCls) & 140.0 (C), 136.15 (CH), 136.08 (CH), 134.33 (C), 134.25 (C),
129.83 (CH), 129.79 (CH), 127.7 (CH), 127.5 (CH), 125.7 (CH), 71.1 (CH), 58.4 (CH»), 35.9 (CH»),
31.8 (CH»), 27.1 (CH3), 25.1 (CH>), 22.6 (CH>), 19.5 (C), 17.9 (CHs), 14.1 (CH3); HRMS (ESI), calcd
for C26H330,SiNa" (M+Na)" 433.2539, found 433.2538.
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NOESY experiments for (E)-222 and (£)-222

nC5H11 I‘IC5H11
TBDPSOR TBDPSOQOH
Me,  —OH me )
(E)-222 (500 MHz, CDCl5) (2)-222 (500 MHz, CDCl,)
5o nCsHy4 9-BBN, THF, rt; ncsHﬂVOH
Mef H,0,, NaOH aq Me
183 32%, E (single) 204

Homoallylic alcohol 204: Following the general procedure A, allene 183 (37.9 mg, 155 umol) was
converted to homoallylic alcohol 204 (7.8 mg, 32%, single isomer): 204: a colorless oil; IR (film) 3347,
2956, 2924, 2872, 2856, 1666, 1458, 1379, 1045 cm™'; '"H NMR (500 MHz, CDCls) § 5.25 (tqt, J = 7.2,
1.4, 1.2 Hz, 1H), 3.66 (t, J= 6.3 Hz, 2H), 2.25 (tq, J = 6.3, 0.9 Hz, 2H), 2.01 (dt, J = 7.2, 7.2 Hz, 2H),
1.64-1.62 (m, 3H), 1.56 (brs, 1H), 1.39-1.23 (m, 6H), 0.89 (t, J = 6.9 Hz, 3H); *C NMR (125 MHz,
CDCl3) 6 131.1 (C), 128.7 (CH), 60.2 (CH>), 42.9 (CHz), 31.7 (CH>), 29.6 (CH>), 28.2 (CH>), 22.7 (CH>),
15.8 (CH3), 14.2 (CH3); HRMS (ESI), calcd for CioH200K"™ (M+K)* 195.1151, found 195.1151.

nCsHis (Sia),BH, THF, 0 °C; nCsHis nCsHyy

BnO BnO . BnO OH
H,0,, NaOH aq

Me Me OH Me
183 78%, E/Z = 1:>20 (E)-203 (2)-203

Allylic alcohol (£)-203: Following the general procedure B, allene 183 (37.3 mg, 153 pumol) was
converted to a mixture of (£)-203 and (£)-203 (31.3 mg, 78%, E/Z = 1:>20): (£)-203: a colorless oil; IR
(film) 3373, 3031, 2930, 2858, 1665, 1454, 1376, 1068, 1003, 734, 697 cm™'; '"H NMR (500 MHz,
CDCl3) 6 7.37-7.24 (m, 5H), 5.66-5.61 (m, 1H), 4.51 (d, /= 11.8 Hz, 1H), 4.26 (d, J = 11.8 Hz, 1H),
4.16 (ddq,J=12.6,7.5,0.9 Hz, 1H), 4.14 (dd, J=17.5, 6.6 Hz, 1H), 4.04 (ddq, /= 12.6, 6.3, 1.2 Hz, 1H),
1.77-1.68 (m, 4H), 1.50-1.16 (m, 8H), 0.87 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl;) & 139.0
(©), 138.8 (C), 128.5 (CH), 128.3 (CH), 127.9 (CH), 127.7 (CH), 76.4 (CH), 70.2 (CH>), 58.4 (CH>),
33.8 (CHy), 31.9 (CH>), 25.6 (CH»), 22.7 (CH»), 18.0 (CH3), 14.2 (CH3); HRMS (ESI), calcd for
Ci7H260:Na" (M+Na)* 285.1831, found 285.1830.

NOESY experiments for 204 and (£)-203

nCsH14

C5H11WOH BnoQOH
Me Me ,_)
204 (500 MHz, CDCls) (2)-203 (500 MHz, CDCly)
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OTBDPS 9-BBN, THF, rt; OTBDPS OTBDPS
190 84%, E/Z = 6.4:1 (E)-325 (2)-325

Allylic alcohol (E)-325: Following the general procedure A, allene 190 (55.3 mg, 153 pumol) was
converted to a mixture of (£)-325 and (£)-325 (49.1 mg, 84%, E/Z = 6.4:1). For analytical samples, two
isomers were separated by HPLC (PEGASIL Silica 120-5, 250%20 mm, UV 254 nm, EtOAc/hexane 1:4,
10 mL/min, (E)-325: Tr = 16.1 min, (£)-325: Tr = 14.6 min). (E)-325: a colorless oil; IR (film) 3320,
3071, 2931, 2857, 1672, 1472, 1427, 1109, 1080, 1007, 701, 503 cm™; '"H NMR (500 MHz, CDCls) &
7.71-7.63 (m, 4H), 7.46-7.31 (m, 6H), 5.41 (td,J=6.9, 0.9 Hz, 1H), 4.12 (dd, /= 6.9, 3.7 Hz, 1H), 4.06
(d, J= 6.9 Hz, 2H), 2.48 (ddd, J = 13.5, 8.0, 4.3 Hz, 1H), 1.96 (ddd, J = 13.5, 7.5, 4.3 Hz, 1H), 1.83
(ddddd, /= 12.9, 8.0, 8.0, 4.0, 3.7 Hz, 1H), 1.67-1.54 (m, 2H), 1.50 (ddddd, J = 16.6, 8.3, 8.0, 4.3, 4.0
Hz, 1H), 1.43 (ddddd, J = 16.6, 8.0, 7.5, 4.3, 3.7 Hz, 1H), 1.35 (ddddd, J = 12.9, 8.0, 7.8, 4.0, 3.7 Hz,
1H), 1.09 (s, 9H), 0.88-0.77 (m, 1H); *C NMR (125 MHz, CDCl;) § 145.0 (C), 136.1 (CH), 136.0 (CH),
134.6 (C), 134.4 (C), 129.70 (CH), 129.67 (CH), 127.62 (CH), 127.55 (CH), 120.1 (CH), 74.9 (CH),
58.5 (CHy), 37.0 (CH»), 27.7 (CH>), 27.2 (CH3), 26.3 (CH>), 22.7 (CH»), 19.5 (C); HRMS (ESI), calcd
for C24H330,Si" (M+H)" 381.2250, found 381.2244.

OTBDPS (Sia),BH, THF, 0 °C; OTBDPS OTBDPS
_ + OH
H,0,, NaOH aq OH
190 92%, EIZ = 1:>20 (E)-325 (2)-325

Allylic alcohol (Z£)-325: Following the general procedure B, allene 190 (56.0 mg, 154 pumol) was
converted to a mixture of (£)-325 and (£)-325 (54.2 mg, 92%, E/Z = 1:>20): (£)-325: a colorless oil; IR
(film) 3331, 3070, 2931, 2856, 1471, 1427, 1111, 1094, 1066, 1040, 1017, 701, 505 cm™'; '"H NMR (500
MHz, CDCls) 6 7.72-7.67 (m, 2H), 7.67-7.62 (m, 2H), 7.48-7.33 (m, 6H), 5.17 (ddd, J = 8.0, 6.6, 1.4
Hz, 1H), 4.61 (dd, J=2.9,2.9 Hz, 1H), 3.62-3.51 (m, 2H), 2.69 (dddd, J=12.9, 12.9, 4.6, 1.4 Hz, 1H),
2.04 (ddddd, J=13.2,13.2,12.9,4.0, 3.7 Hz, 1H), 2.02-1.96 (m, 1H), 1.92—1.81 (m, 2H), 1.55-1.48 (m,
1H), 1.32 (ddddd, J = 12.9, 12.9, 12.9, 4.6, 4.0 Hz, 1H), 1.28 (dddd, J = 13.2, 13.2, 3.7, 2.9 Hz, 1H),
1.06 (s, 9H), 0.52 (dd, J= 6.9, 4.9 Hz, 1H); *C NMR (125 MHz, CDCl3) § 144.0 (C), 136.1 (CH), 135.9
(CH), 134.2 (C), 134.1 (C), 129.9-129.8 (CH x2), 127.8 (CH), 127.6 (CH), 121.8 (CH), 66.8 (CH), 58.1
(CH»), 35.8 (CH»), 32.7 (CH»), 28.5 (CH»), 27.1 (CH3), 20.7 (CH>), 19.5 (C); HRMS (ESI), calcd for
C24H3:05SiNa" (M+Na)" 403.2069, found 403.2057.

NOESY experiments for (E)-325 and (£)-325

OTBDPS OTBDPS
A~\' Z OH
OH
A ‘/‘
(E)-325 (500 MHz, CDCI3) (2)-325 (500 MHz, CDCl3)
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A-3. Mechanistic details of hydroboration ("H NMR experiments)

9-BBN (2.0 equiv.)
RS + 3 BR
dg-THF, rt 1 2 2

3 d-THF
: 8 't !
2 4 1 l
B . i Il
dUULF\_,_,V f\lkhhll\\_,l,‘\jly'\,\ )“g_J\ JH\_
C: 43 + 9-BBN, 60 min; (E)-199:(2)-199 = 10.8:1
2 1 d-THF
WL : |
e e I
J1“ ,M " s | H
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Figure S1. '"H NMR spectra (400 MHz) in the hydroboration of allene 43 with 9-BBN. (A) allene 43 in
ds-THF; (B) allene 43, 9-BBN (2.0 equiv) in ds-THF, rt, 10 min; (C) allene 43, 9-BBN (2.0 equiv) in ds-
THEF, rt, 60 min.

Figure S1A: allene 43: 'H NMR (400 MHz, ds-THF) § 5.07 (td, J= 6.9, 6.4 Hz, 1H), 4.64 (ddd, J = 6.9,
3.2, 0.5 Hz, 2H).

Figure S1B: In a glove box, NMR tube was charged with allene 43 (11 uL, 73.0 umol) and ds-THF (750
uL). 9-BBN dimer (18.4 mg, 75.5 umol, 1.0 equiv) was added to the solution at room temperature. The
"H NMR was recorded after 10 min (total reaction time: 10 min). '"H NMR indicated the presence of
allylic boranes 199 ((E)-199:(2)-199 = 10.7:1): (E)-199: 'H NMR (400 MHz, ds-THF) & 5.65 (dtd, J =
15.1, 7.8, 1.1 Hz, 1H), 5.16 (ddt, J = 15.1, 6.9, 1.4 Hz, 1H). (£)-199: 'H NMR (400 MHz, ds-THF) §
5.54 (dtd, /= 11.0, 8.0, 0.9 Hz, 1H), 5.03 (ddt, J=11.0, 9.2, 1.8 Hz, 1H).

Figure S1C: The 'H NMR was recorded after 50 min from Figure S1B (total reaction time: 60 min).

Starting material 43 was perfectly converged. However, the £/Z ratio of the generated allylic boranes
199 was the identical to the ratio after 10 min: ((E)-199:(£2)-199 = 10.8:1)
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(Sia),BH (2.0 equiv) :
+ .
dg-THF, rt 12 __/BSak

43 1 2 3 (E)-200 —3\_B(Sia)2 1 5 (2)-200
A: 43
1 3 d-THF
| |
\
Il [H‘ L

B: 43 + (Sia),BH, 10 min; (E)-200:(2)-200 = 1:4.2

2-methyl-2-butene

2 'AJ f‘
S | |
25 1 g N l
AULPM'U‘ —;»;;j i \ I

C: 43 + (Sia),BH, 24 h; (E)-200:(2)-200 = 3.8:1

2-methyl-2-butene d-THF

2 1 M\ ‘
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Figure S2. 'H NMR spectra (400 MHz) in the hydroboration of allene 43 with (Sia).BH. (A) allene 43
in dg-THF; (B) allene 43 (Sia),BH (2.0 equiv) in ds-THF, rt, 10 min; (C) allene 43, (Sia).BH (2.0 equiv)
in dg-THEF, rt, 24 h.

Figure S2A: allene 43: 'H NMR (400 MHz, ds-THF) & 5.07 (td, J = 6.9, 6.4 Hz, 1H), 4.64 (ddd, J = 6.9,
3.2,0.5 Hz, 2H).

Figure S2B: 2-Methyl-2-butene (50 uL, 450 umol) was added to a solution of borane dimethylsulfide
complex (15 pL, 150 pmol) and ds-THF (700 pL) at O °C. The solution was maintained for 1 h at the
same temperature to give disiamylborane (calculated as 0.20 M in ds-THF)

In a glove box, NMR tube was charged with allene 43 (11 pL, 76.0 umol). disiamylborane (0.20 M,
770 pL, 150 pmol, 2.0 equiv) was added to a NMR tube with a rubber septa using a double ended needle
at 0 °C. The solution was allowed to room temperature, and the rubber septa was replaced with a plastic
cap. The '"H NMR was recorded after 10 min (total reaction time: 10 min). 'H NMR indicated the
presence of allylic boranes 200 ((E)-200:(Z)-200 = 1:4.2): (E)-200: 'H NMR (400 MHz, ds-THF) & 5.54
(dt,J=15.3,7.6 Hz, 1H), 5.16 (ddt, J = 15.3, 7.1 Hz, 1H). (Z)-200: '"H NMR (400 MHz, ds-THF) & 5.48
(dt,J/=10.8, 8.0 Hz, 1H).

Figure S2C: The '"H NMR was recorded after 23 h and 50 min from Figure S2B (total reaction time: 24
h). '"H NMR indicated that allylic borane (£)-200 became the major isomer: ((£)-200:(Z)-200 = 3.8:1)
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A-4. Stereodivergent Synthesis of Skipped dienes and allylic benzene

nCsHaq nCsHq4

CICO,Me, pyridine

- =

TBDPSO TBDPSO

Mé OH CH,Cl2, 0°C Mé 0CO,Me

(E)-222 98% (E)-223
Allylic carbonate (E)-223: Methyl chloroformate (260 pL, 3.4 mmol) was added to a solution of a
mixture of allylic alcohols (£)-222 and (£)-222 (933 mg, £/Z = 12.9:1, 2.27 mmol), pyridine (280 uL,
3.4 mmol) and CH>Cl, (22 mL) at 0 °C. The resulting solution was maintained for 1 h at 0 °C, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:19) to
give a mixture of allylic carbonates (E)-223 and (Z£)-223 (1.04 g, 98%, E/Z = 12.2:1). For analytical
samples, two isomers were separated by HPLC (PEGASIL Silica 120-5, 250%20 mm, UV 254 nm,
EtOAc/hexane 1:19, 10 mL/min, (E)-223: Tr= 13.3 min, (£)-223: Tr= 12.8 min). (E)-223: a colorless
oil; IR (film) 3071, 2931, 2858, 1749, 1589, 1262, 1111, 1064, 702 cm™'; 'TH NMR (500 MHz, CDCl5) &
7.68-7.63 (m, 2H), 7.62-7.57 (m, 2H), 7.44-7.31 (m, 6H), 5.30-5.25 (m, 1H), 4.57 (dd, J=12.3, 7.2
Hz, 1H), 4.52 (dd, J=12.3, 6.9 Hz, 1H), 4.02 (t, /= 6.3 Hz, 1H), 3.77 (s, 3H), 1.65-1.63 (m, 3H), 1.51—
1.40 (m, 2H), 1.21-1.12 (m, 2H), 1.12-0.98 (m, 4H), 1.05 (s, 9H), 0.80 (t, J = 7.2 Hz, 3H); *C NMR
(125 MHz, CDCl3) & 155.9 (C), 143.5 (C), 136.1 (CH), 136.0 (CH), 134.6 (C), 134.1 (C), 129.7 (CH),
129.6 (CH), 127.6 (CH), 127.5 (CH), 119.4 (CH), 78.4 (CH), 64.4 (CH>), 54.8 (CH3), 35.5 (CH>), 31.7
(CH»), 27.2 (CH3), 24.7 (CH>), 22.6 (CH»), 19.5 (C), 14.1 (CH3), 11.8 (CH3) ; HRMS (ESI), calcd for
CasH4004SiK*" (M+K)* 507.2333, found 507.2320.

nCsH1y nCsHys

CICO,Me, pyridine
TBDPsoyOH TBDPSO—g:/>OCOZMe
Mé CH,Cl,, 0 °C Mé
(2)-222 93% (2223

Allylic carbonate (Z)-223: Methyl chloroformate (420 uL, 5.3 mmol) was added to a solution of allylic
alcohol (£)-222 (1.46 g, 3.55 mmol), pyridine (430 pL, 5.3 mmol) and CH>Cl, (35 mL) at 0 °C. This
solution was maintained for 1 h at 0 °C, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:19) to give allylic carbonate (£)-223 (1.54 g, 93%): a colorless oil;
IR (film) 3071, 2956, 2932, 2858, 1750, 1589, 1265, 1111, 702 cm™'; 'TH NMR (500 MHz, CDCl;) §7.69—
7.64 (m, 2H), 7.63—7.58 (m, 2H), 7.45-7.32 (m, 6H), 5.29-5.24 (m, 1H), 4.40 (dd, /= 7.8, 6.3 Hz, 1H),
4.24 (ddq, J=12.1, 6.9, 0.9 Hz, 1H), 4.20 (dd, J=12.1, 6.9 Hz, 1H), 3.73 (s, 3H), 1.78 (d, /= 0.9 Hz,
3H), 1.57-1.44 (m, 2H), 1.20-1.11 (m, 2H), 1.11-0.90 (m, 4H), 1.05 (s, 9H), 0.79 (t, J = 7.2 Hz, 3H);
3C NMR (125 MHz, CDCls) 8 155.8 (C), 143.5 (C), 136.0 (CH), 134.4 (C), 133.9 (C), 129.78 (CH),
129.75 (CH), 128.5 (CH), 127.7 (CH), 127.6 (CH), 119.8 (CH), 71.4 (CH), 63.7 (CH,), 54.7 (CH3), 36.0
(CH»), 31.8 (CH>), 27.1 (CH3), 24.9 (CH»), 22.6 (CH>), 19.5 (C), 18.2 (CH3), 14.1 (CH3); HRMS (ESI),
caled for CosH4004SiNa™ (M+Na)* 491.2594, found 491.2611.

107



tBuLl, BuzSnCl TBAF

I\:}H;OTBS Bugsn\:}/-);OTBS Bu3Sn\:}A:0H

THF, =78 °C THF, rt
216 (2)-217 67% 2 steps 218

Alcohol 218: -Butyllithium (1.6 M in pentane, 2.8 mL, 4.6 mmol) was added dropwise over 5 min to a
solution of vinyl iodide 216 (1.43 g, 4.19 mmol) and THF (21 mL) at —78 °C. After maintaining for 15
min at —78 °C, tributyltin chloride (1.3 mL, 4.6 mmol) was added to the solution. The resulting solution
was maintained for 10 min at —78 °C, quenched with saturated aqueous NH4Cl (10 mL) at —78 °C, and
extracted with hexane (2x 10 mL). The combined organic extracts were washed with brine (10 mL) and
dried over Na,SO4. The solution was concentrated to give vinylstannane (£)-217> which was unstable on
silica-gel and immediately used in the next reaction without further purification.

Tetrabutylammonium fluoride (1.0 M in THF, 8.4 mL, 8.4 mmol) was added to a solution of above
vinylstannane (£)-217 and THF (21 mL) at room temperature. This solution was maintained for 14 h and
concentrated. The residue was filtrated through a pad of basic alumina to afford alcohol 218 (1.10 g, 67%
for 2 steps): a colorless oil; IR (film) 3330, 2957, 2926, 2871, 2855, 1598, 1460, 1376, 1340, 1070, 874,
865, 692, 668, 596, 504 cm™; '"H NMR (500 MHz, CDCl5) § 6.51 (dt, J = 12.3, 7.2 Hz, J ('""Sn- and
198n-H) = 143.7, 137.2 Hz, 1H), 5.80 (dt, J=12.3, 1.2 Hz, J ("""Sn- and '"”Sn-H) = 84.2, 59.6 Hz, 1H),
3.66 (td, /= 6.6, 5.5 Hz, 2H), 2.06 (tdd, /= 7.2, 7.2, 1.2 Hz, 2H), 1.63-1.56 (m, 2H), 1.54-1.41 (m, 8H),
1.31 (qt, J = 7.4 Hz, 6H), 0.96-0.83 (m, 15H); 1*C NMR (125 MHz, CDCl;) & 148.8 (CH), 128.4 (CH),
63.0 (CH>), 36.9 (CH>), 32.6 (CH,), 29.3 (CH,), 27.4 (CH,), 26.1 (CHz), 13.8 (CH3), 10.3 (CH>); HRMS
(ESI), caled for C1sH3s0OSnK* (M+K)*" 429.1582, found 429.1569.

TBSCI, Et;N
DMAP

B%Sn\_ﬁ;OH Buﬁn\_ﬁ;oms

CH,Cl,, 0°C to rt

218 65% (2)-217

Vinylstannane (Z£)-217: tert-Butyldimethylsilyl chloride (253 mg, 1.68 mmol) and DMAP (10.8 mg,
88.5 umol) were added to a solution of alcohol 218 (689 mg, 1.77 mmol), EtsN (540 pL, 3.9 mmol) and
CH)Cl, (8.9 mL) at 0 °C. The solution was allowed to warm to room temperature, maintained for 12 h
and quenched with H,O (4 mL). The resulting mixture was extracted with CH,CH» (2x 2mL). The
combined organic extracts were dried over Na>SOs, and concentrated. The residue was filtrated through
a pad of basic alumina to afford vinylstannane (£)-217 (575 mg, 65%): a colorless oil; IR (film) 2957,
2928, 2857, 1598, 1254, 1104, 836, 775 cm™'; 'H NMR (500 MHz, CDCls) 8 6.50 (dt, J=12.3, 7.2 Hz,
J ("""Sn- and '"Sn-H) = 144.3, 138.0 Hz, 1H), 5.80 (dt, J = 12.3, 0.9 Hz, J ('""Sn- and '"*Sn-H) = 85.1,
59.9 Hz, 1H), 3.61 (t, J= 6.6 Hz, 2H), 2.03 (dtd, /= 7.2, 7.2, 0.9 Hz, 2H), 1.58-1.37 (m, 10H), 1.30 (tq,
J=172,72 Hz, 6H), 0.92-0.85 (m, 6H), 0.89 (s, 9H), 0.89 (t, J = 7.2 Hz, 9H), 0.05 (s, 6H); 3*C NMR
(125 MHz, CDCls) & 149.2 (CH), 128.1 (CH), 63.4 (CH,), 37.1 (CH>), 32.8 (CH»), 29.4 (CH>), 27.5
(CHy), 26.4 (CHy), 26.1 (CHs), 18.5 (C), 13.9 (CH3), 10.4 (CH,), —5.1 (CH3); HRMS (ESI), calcd for
C24Hs30SiSn"™ (M+H)" 505.2888, found 505.2882.
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[Synthesis of Skipped Dienes]

4

Bussn™ S Fotes
nCsHyqq nCsH
-217 511
TBDPSO B TBDPSO OTBS
) )
cat. Pd,(dba)y CHCl, LiCl al
Me OCO,Me DMF, rt Me
(E)-223 5% (E,E)-225

Skipped diene (E,E)-225: In a glove box, a solution of allylic carbonate (E)-223 (19.9 mg, £E/Z=12.2:1,
42.5 umol), vinylstannane (E)-217 (31.8 mg, 63.1 mmol) and DMF (5.3 mL) was added to a mixture of
LiCl (18.0 mg, 425 pumol) and Pd,(dba);-CHCI; (2.2 mg, 2.1 umol) at room temperature. After stirring
at room temperature for 12 h, the mixture was quenched with H,O (4 mL) at 0 °C, and extracted with
hexane (3x 2 mL). The combined organic extracts were dried over Na>SOa, and concentrated. The residue
was purified by preparative thin-layer chromatography (EtOAc/hexane 1:35) to afford an inseparable
mixture of skipped dienes (E,E)-225 (24.5 mg, 95%, (E,E):(Z,E) = 12.0:1). For an analytical sample,
(E,E)-225 was isolated by HPLC (PEGASIL Silica 120-5, 250%20 mm, toluene/hexane 1:9, 10 mL/min,
Tr= 20 min). (E,E)-225: a colorless oil; IR (film) 3071, 2956, 2931, 2858, 1255, 1110, 836, 701 cm™;
"H NMR (500 MHz, CDCls) § 7.69-7.64 (m, 2H), 7.64-7.60 (m, 2H), 7.43-7.29 (m, 6H), 5.33 (dtt, J =
15.2, 6.6, 1.2 Hz, 1H), 5.26 (dtt, J=15.2, 5.4, 1.4 Hz, 1H), 5.02 (t, /= 7.2 Hz, 1H), 3.98 (t, /= 6.6 Hz,
1H), 3.59 (t, /= 6.6 Hz, 2H), 2.57 (ddd, /= 7.2, 5.4, 1.2 Hz, 2H), 1.97 (tdd, /= 7.5, 6.6, 1.4 Hz, 2H),
1.57-1.55 (m, 3H), 1.54-1.42 (m, 4H), 1.40-1.32 (m, 2H), 1.20-1.12 (m, 2H), 1.12-0.97 (m, 4H), 1.04
(s, 9H), 0.89 (s, 9H), 0.79 (t, J = 7.2 Hz, 3H), 0.05 (s, 6H); *C NMR (125 MHz, CDCl;) & 136.9 (C),
136.2 (CH), 136.1 (CH), 135.0 (C), 134.6 (C), 130.4 (CH), 129.5 (CH), 129.4 (CH), 128.5 (CH), 127.5
(CH), 127.4 (CH), 124.7 (CH), 79.5 (CH), 63.3 (CH>), 35.7 (CHz), 32.51 (CH>), 32.48 (CH>), 31.8 (CH>),
30.7 (CH), 27.2 (CH3), 26.1 (CH3), 25.9 (CH»), 25.1 (CH>), 22.7 (CH»), 19.5 (C), 18.5 (C), 14.1 (CHz),
11.0 (CH3), -5.1 (CHs); HRMS (ESI), calcd for Ci3sHe302Si2" (M+H)" 607.4367, found 607.4376.

Bu3Sn\_}/-);OTBS
nCsHyq o nCsHy, OTBS
TBDPSO (@-217 TBDPSO (Qs4
cat. Pdy(dba)s-CHClIj, LiCl 7a
Me OCO,Me DMF, rt Me
(E)-223 91% (E,2)-225

Skipped diene (E,Z)-225: In a glove box, a solution of allylic carbonate (E)-223 (19.6 mg, E/Z=12.2:1,
41.8 umol), vinylstannane (£)-217(33.8 mg, 62.7 mmol) and DMF (5.2 mL) was added to a mixture of
LiCl (17.7 mg, 418 pmol) and Pd,(dba);-:CHCIl;3 (2.2 mg, 2.1 pmol) at room temperature. After stirring
at room temperature for 12 h, the mixture was quenched with HO (4 mL) at 0 °C, and extracted with
hexane (3x 2 mL). The combined organic extracts were dried over Na>SOs, and concentrated. The residue
was purified by preparative thin-layer chromatography (EtOAc/hexane 1:35) to afford an inseparable
mixture of skipped dienes (E,2)-225 (23.0 mg, 91%, (E,Z):(Z,Z) = 12.4:1). For an analytical sample,
(E,Z)-225 was isolated by HPLC (PEGASIL Silica 120-5, 25020 mm, toluene/hexane 1:9, 10 mL/min,
Tr= 20 min). (E,Z)-225: a colorless oil; IR (film) 3072, 2931, 2858, 1255, 1110, 836, 701 cm™!; '"H NMR
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(500 MHz, CDCL3) § 7.70-7.63 (m, 2H), 7.63-7.59 (m, 2H), 7.43-7.29 (m, 6H), 5.33 (dtt, J= 10.6, 7.2,
1.8 Hz, 1H), 5.21 (dtt, J= 10.6, 7.2, 1.4 Hz, 1H), 4.98 (td, J= 7.2, 1.2 Hz, 1H), 3.96 (t, J = 6.7 Hz, 2H),
3.61 (t,J = 6.6 Hz, 2H), 2.68-2.56 (m, 2H), 2.03 (tdd, J="7.5, 7.5, 1.4 Hz, 2H), 1.59-1.57 (m, 3H), 1.54—
1.49 (m, 2H), 1.49-1.43 (m, 2H), 1.42-1.34 (m, 2H), 1.21-1.12 (m, 2H), 1.12-0.94 (m, 4H), 1.04 (s,
9H), 0.89 (s, 9H), 0.79 (t, J= 7.2 Hz, 3H), 0.05 (s, 6H); '*C NMR (125 MHz, CDCL) & 136.6 (C), 136.2
(CH), 136.1 (CH), 135.0 (C), 134.6 (C), 129.8 (CH), 129.5 (CH), 129.4 (CH), 128.2 (CH), 127.5 (CH),
127.4 (CH), 125.0 (CH), 79.4 (CH), 63.3 (CHa), 35.7 (CHa), 32.6 (CH,), 31.8 (CHa), 27.2 (CHs), 27.1
(CHa), 26.13 (CHs), 26.07 (CH,), 25.9 (CHa), 25.1 (CHa), 22.6 (CH,), 19.5 (C), 18.5 (C), 14.1 (CHs),
11.1 (CHs), -5.1 (CHs); HRMS (ESI), calcd for C3sHe;02Si* (M+H)* 607.4367, found 607.4337.

4

Bu,sn >4 Pores oTBS
nCsHq 217 CsH )
TBDPsoyOCOZMe B TBDPSO fstin. s
" cat. Pd,(dba)y-CHCl, LiCl
e DMF, rt Mé
(2)-223 79% (2,E)-225

Skipped diene (Z,E)-225: In a glove box, a solution of allylic carbonate (£)-223 (22.6 mg, 48.2 umol),
vinylstannane (E)-217 (32.6 mg, 64.8 mmol) and DMF (6.0 mL) was added to a mixture of LiClI (20.4
mg, 482 umol) and Pd,(dba);*CHCIs (2.5 mg, 2.4 pmol) at room temperature. After stirring at room
temperature for 12 h, the mixture was quenched with H,O (4 mL) at 0 °C, and extracted with hexane (3x
2 mL). The combined organic extracts were dried over Na SO, and concentrated. The residue was
purified by preparative thin-layer chromatography (EtOAc/hexane 1:35) to give skipped dienes (Z,E)-
225 (23.1 mg, 79%). (Z,E)-225: a colorless oil; IR (film) 3071, 2930, 2857, 1255, 1109, 836, 702 cm™';
"H NMR (500 MHz, CDCl3) § 7.70-7.66 (m, 2H), 7.64-7.60 (m, 2H), 7.44-7.30 (m, 6H), 5.21 (dt, J =
15.2,6.6 Hz, 1H), 5.14 (dt, /= 15.2, 6.3 Hz, 1H), 5.05 (td, J="7.5, 1.2 Hz, 1H), 4.49 (t,J= 7.0 Hz, 1H),
3.58 (t,J=6.6 Hz, 2H), 2.38-2.26 (m, 2H), 1.91 (dt, /= 7.5, 6.6 Hz, 2H), 1.75 (d, J= 1.2 Hz, 3H), 1.52—
1.43 (m, 4H), 1.37-1.28 (m, 2H), 1.18-1.09 (m, 2H), 1.08-1.01 (m, 2H), 1.04 (s, 9H), 1.01-0.93 (m,
2H), 0.89 (s, 9H), 0.78 (t, J= 7.2 Hz, 3H), 0.04 (s, 6H); *C NMR (125 MHz, CDCl3) § 137.0 (C), 136.1
(CH), 136.0 (CH), 135.0 (C), 134.4 (C), 130.5 (CH), 129.6 (CH), 129.5 (CH), 128.9 (CH), 127.6 (CH),
127.5 (CH), 124.9 (CH), 71.1 (CH), 63.3 (CH>), 36.0 (CH>), 32.5 (CH>), 32.4 (CH>), 31.9 (CHz»), 30.7
(CH>), 27.2 (CH3), 26.1 (CH3), 25.8 (CH»), 25.1 (CH>), 22.6 (CH»), 19.5 (C), 18.5 (C), 17.9 (CHz3), 14.1
(CH3), —5.1 (CHs); HRMS (ESI), calcd for C3sHe30,Si," (M+H)" 607.4367, found 607.4343.

Bu3Sn\_}/-):OTBS oTBS
nCsHq4 7217 (Q4
TBDPsoyOCOZMe (2)- nCsH )
TBDPSO
Me cat. Pdy(dba)s-CHCl3, LiCl
DMF, rt Me
(2)-223 80% (2,2)-225

Skipped diene (Z,2)-225: In a glove box, a solution of allylic carbonate (£)-223 (19.7 mg, 42.0 umol),
vinylstannane (£)-217 (35.0 mg, 69.5 umol) and DMF (5.3 mL) was added to a mixture of LiCl (17.8
mg, 420 pmol) and Pd(dba);-CHCI3 (2.2 mg, 2.1 pmol) at room temperature. After stirring at room
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temperature for 12 h, the mixture was quenched with H,O (4 mL) at 0 °C, and extracted with hexane (3x
2 mL). The combined organic extracts were dried over Na,SQOa, and concentrated. The residue was
purified by preparative thin-layer chromatography (EtOAc/hexane 1:35) to give skipped dienes (Z,2)-
225 (20.4 mg, 80%). (Z,Z)-225: a colorless oil; IR (film) 3072, 2931, 2858, 1255, 1109, 836, 701 cm™';
"H NMR (500 MHz, CDCls) 8 7.71-7.67 (m, 2H), 7.66-7.60 (m, 2H), 7.44-7.29 (m, 6H), 5.26 (dtt, J =
10.6, 7.5, 1.7 Hz, 1H), 5.09 (dtt, J = 10.6, 7.2, 1.4 Hz, 1H), 5.01 (td, J= 7.5, 1.5 Hz, 1H), 4.50 (dd, J =
7.5, 6.6 Hz, 1H), 3.59 (t, J = 6.6 Hz, 2H), 2.39 (dddd, J = 16.1, 7.5, 7.2, 1.7 Hz, 1H), 2.31 (dddd, J =
16.1,7.5,7.2, 1.7 Hz, 1H), 1.87 (tdd, /= 7.5, 7.5, 1.4 Hz, 2H), 1.74 (d, J = 1.5 Hz, 3H), 1.53-1.43 (m,
4H), 1.35-1.28 (m, 2H), 1.20-1.11 (m, 2H), 1.11-1.03 (m, 2H), 1.05 (s, 9H), 1.03-0.95 (m, 2H), 0.90 (s,
9H), 0.79 (t, J = 7.2 Hz, 3H), 0.05 (s, 6H); *C NMR (125 MHz, CDCl;) § 137.1 (C), 136.1 (CH), 136.0
(CH), 134.9(C), 134.4 (C), 129.7 (CH), 129.57 (CH), 129.56 (CH), 128.4 (CH), 127.6 (CH), 127.5 (CH),
125.0 (CH), 71.2 (CH), 63.3 (CH>), 36.0 (CH>), 32.6 (CH>), 31.9 (CH>), 27.2 (CHz3), 27.0 (CHy), 26.1
(CHs), 26.0 (CH»), 25.7 (CH>), 25.1 (CH»), 22.6 (CH>), 19.5 (C), 18.5 (C), 17.9 (CHs), 14.1 (CH3), 5.1
(CH3); HRMS (ESI), calcd for C3sHe302S1," (M+H)" 607.4367, found 607.4366.

NOESY experiments for skipped deines (E,E)-225, (Z,E)-225, (E,Z)-225 and (Z,Z)-225

TBOPSO___ nCsHqq_OTBDPS
4
n%HMWOTBS L\WOTBS
Me_/ Me\ 7 ‘
(E.E)-225 (500 MHz, CDCly) (Z,E)-225 (500 MHz, CDCly)
N
TBDPSO - TBDPSO
”05H11m nCsHi, ) Qioras
M
© oTBS Me
(E.2)-225 (500 MHz, CDCly) (2,2)-225 (500 MHz, CDCl3)

[Synthesis of Allylic benzene]

nCsHq4 PhSnBus nCsHq4 nCsHqq
TBDPSOﬁj\» TBDPSO . TBDPSOW
Pd,(dba)s-CHCl, LiCl,

Me OCO,Me Me Me
DMF, rt

(E)-223 91% (E)-280 (2)-280

Allylic benzene (E)-280: In a glove box, phenyltributylstannane (25 pL, 78 pmol) was added to a
mixture of allylic carbonate (E)-223 (24.3 mg, E/Z = 12.2:1, 51.8 umol), LiCI (22.0 mg, 518 pumol)
Pdy(dba);*CHCI3 (2.7 mg, 2.6 umol) and DMF (1.0 mL) at room temperature. After stirring at room
temperature for 24 h, the mixture was quenched with H,O (1 mL) at 0 °C, and extracted with hexane (3x
2 mL). The combined organic extracts were dried over Na>SO4 and concentrated. The residue was

purified by silica gel column chromatography (hexane) to afford an inseparable mixture of allylic
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benzene (E)-280 (22.1 mg, 91%, (E)-280:(£)-280 = 10.6:1). For an analytical sample, (E)-280 was
isolated by HPLC (PEGASIL Silica 120-5, 250%20 mm, hexane, 10 mL/min, Tr = 14.6 min). (£)-280: a
colorless oil; IR (film) 3070, 3028, 2956, 2930, 2896, 2857, 1603, 1471, 1427, 1111, 1058, 700, 505 cm
!; TH NMR (500 MHz, CDCl3) 8 7.67-7.63 (m, 2H), 7.62—7.58 (m, 2H), 7.41-7.30 (m, 4H), 7.29-7.21
(m, 4H), 7.18-7.14 (m, 1H), 7.09-7.05 (m, 2H), 5.22 (t, J = 7.2 Hz, 1H), 4.02 (t, J = 6.9 Hz, 1H), 3.26
(d, J=7.2Hz, 2H), 1.69 (s, 3H), 1.50 (dt, J= 7.8, 6.9 Hz, 2H), 1.20-1.00 (m, 6H), 1.04 (s, 9H), 0.79 (4,
J=7.2 Hz, 3H); *C NMR (125 MHz, CDCls) § 141.4 (C), 137.6 (C), 136.14 (CH), 136.08 (CH), 134.8
(C), 134.5(C), 129.53 (CH), 129.47 (CH), 128.5 (CH), 128.4 (CH), 127.5 (CH), 127.4 (CH), 125.8 (CH),
125.2 (CH), 79.4 (CH), 35.8 (CH»), 33.9 (CH»), 31.7 (CH), 27.2 (CH3), 25.1 (CH>), 22.7 (CH>), 19.5
(C), 14.1 (CH3), 11.3 (CH3); HRMS (ESI), calcd for C3,H430Si" (M+H)" 471.3083, found 471.3105.

nCsHiy PhSnBu, nCsHis
TBDPSOW TBDPSOW
Pdadbas CHCI,

Me DMF, rt Me

(2)-223 76% (2)-280
Allylic benzene (Z)-280: In a glove box, phenyltributylstannane (25 uL, 75 pmol) was added to a
mixture of allylic carbonate (£)-223 (23.5 mg, 50.1 umol), Pd»(dba);-CHCI; (2.6 mg, 2.5 pmol) and
DMF (1.0 mL) at room temperature. After stirring at room temperature for 24 h, the mixture was
quenched with H,O (1 mL) at 0 °C, and extracted with hexane (3x 2 mL). The combined organic
extracts were dried over Na,SOs, and concentrated. The residue was purified by silica gel column
chromatography (hexane) to give allylic benzene (£)-280 (17.9 mg, 76%, single isomer): a colorless
oil; IR (film) 3069, 3053, 2957, 2929, 2856, 1493, 1453, 1427, 1111, 1058, 700, 506 cm™'; '"H NMR
(500 MHz, CDCls) 6 7.71-7.67 (m, 2H), 7.67-7.62 (m, 2H), 7.44-7.29 (m, 6H), 7.21-7.16 (m, 2H),
7.15-7.11 (m, 1H), 6.97-6.92 (m, 2H), 5.28-5.23 (m, 1H), 4.60 (t, /= 6.9 Hz, 1H), 2.97 (d,/J=17.5
Hz, 2H), 1.80 (td, /= 1.4, 1.2 Hz, 3H), 1.59-1.47 (m, 2H), 1.18-0.97 (m, 6H), 1.07 (s, 9H), 0.78 (t,J
=7.2 Hz, 3H); *C NMR (125 MHz, CDCl;) 8 141.6 (C), 137.9 (C), 136.11 (CH), 136.09 (CH), 134.8
(C), 134.4(C), 129.64 (CH), 129.61 (CH), 128.5 (CH), 128.4 (CH), 127.61 (CH), 127.55 (CH), 125.8
(CH), 125.2(CH), 71.2 (CH), 36.2 (CH>), 33.6 (CH>), 31.9 (CH>), 27.2 (CH3), 25.2 (CH>), 22.6 (CH>),
19.5 (C), 18.0 (CHs), 14.1 (CH3); HRMS (ESI), caled for C3>H430Si" (M+H)" 471.3083, found
471.3106.

NOESY experiments for (E)-280 and (Z£)-280

nCsHyq nCsHyy
TBDPSO TBDPSOQ—@
Mev Me J
(E)-280 (500 MHz, CDClg) (2)-280 (500 MHz, CDCly)
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A-5. Synthesis of the Western Fragment of Collaropyronin A

%(Ipc),B
y Me Q 269 ——Me Me Me Q TBSCI, imidazole
MOB MOE
o Me Et,0, =100 °C OH Me DMF, rt
246 263 79% (2 steps), 94% ee
Me Me O
Me Me o (Sia),BH CICO,Me, pyridine
OEt OEt
OTBS Me THF, rt HO OTBS Me CHClp, 0 °Ctort
268 91%, single isomer (2)-271 100%
SnBug
Me Me o Licl, -/ (E)-274 Me Me o
Pd,dbaz-CHCI3 (5.0 mol%)
OFt OTBS M o8
e
OTBS M
Me0,CO © DMF, rt
(2273 100%, (Z,E):(E,E) = 15.5:1 Me (Z,E)-251
M o) d(lpc)zB\_ M M o) M M o)
e 269 —— Me e e TBSCI, imidazole e e
H
MOH N —— MOB - 0 - MOH
o Me Et,0, 100 °C OH Me DMF, rt oTBS Me
246 263 79% (2 steps), 94% ee 268

Ethyl-(R,2E 4E)-8-((tert-butyldimethylsilyl)oxy)-2,5,9-trimethylundeca-2,4,9,10-tetraenoate (268)
A 100 mL 2-neck flask equipped with a three-way stopcock and a rubber septa was charged with a
solution of n-BuLi (1.54 M in hexane, 890 puL, 1.3 mmol) and THF (1 mL) at —10 °C. 2-Butyne (110 pL,
1.4 mmol) was added to the solution of n-BuLi at —10 °C. The resulting solution was stirred for 10 min
at—10 °C, and stirred for 30 min at room temperature. A solution of “(Ipc).BCI (498 mg, 1.55 mmol) and
Et,O (5.0 mL) was added to the above solution at —78 °C via cannula. The resulting solution was stirred
for 10 min at —78 °C, and stirred for 30 min at room temperature. The solvents were removed under
reduced pressure (5 mmHg) by connecting a vacuum manifold to the three-way stopcock to give crude
propargylborane 269.

A solution of aldehyde 246 (140 mg, 665 umol) and Et,O (17 mL) was added to a white suspension
of propargylborane 269 and Et,O (15 mL) at —100 °C. The mixture was stirred for 2 h at —100 °C, and
quenched with 30% H>0, aq (1.5 mL) and 1 M NaOH aq (1.5 mL) at —100 °C. The mixture was stirred
for 15 min at 0 °C, and extracted with EtOAc (3x 20 mL). The combined organic extracts were dried
over Na;SOy, and concentrated. The residue was filtrated through a pad of silica gel (EtOAc/hexane 1:9)
to afford the crude allene 263, which was immediately used in the next reaction without further
purification.

Imidazole (226 mg, 3.33 mmol) was added to a solution of the crude allene 263, tert-
butyldimethylchlorosilane (501 mg, 3.33 mmol) and DMF (6.5 mL) at 0 °C. The resulting pale yellow

solution was maintained at room temperature for 12 h, and quenched with H>O (3.0 mL). The mixture
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was extracted with hexane (3x 20 mL). The combined organic extracts were dried over Na,SO4, and
concentrated. The residue was purified by silica gel column chromatography (Et,O/hexane 1:49) to
afford TBS ether 268 (199 mg, 79%): a colorless oil; [a]*p +11.8 (¢ 1.00, CHCl5); IR (film) 2954, 2930,
2857, 1960, 1706, 1635, 1252, 1108, 837, 776 cm™' ; 'TH NMR (500 MHz, CDCls) 8 7.46 (dq, J= 11.7,
1.4 Hz, 1H), 6.13 (dq, J = 11.7, 1.2 Hz, 1H), 4.65 (dqd, J = 10.0, 3.2, 0.9 Hz, 1H), 4.59 (dqd, J = 10.0,
3.2,0.9 Hz, 1H), 4.21 (q, J= 7.2 Hz, 2H), 4.11 (dddd, J="7.2, 6.3, 0.9, 0.9 Hz, 1H), 2.22 (ddd, J= 15.5,
10.3, 5.7 Hz, 1H), 2.11 (ddd, J = 15.5, 10.3, 6.0 Hz, 1H), 1.93 (d, /= 1.2 Hz, 3H), 1.88 (d, J = 1.4 Hz,
3H), 1.75 (dddd, J=13.2,10.3, 7.2, 6.0 Hz, 1H), 1.71-1.62 (m, 1H), 1.64 (dd, /= 3.2, 3.2 Hz, 3H), 1.31
(t, J=17.2 Hz, 3H), 0.89 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H); '3*C NMR (125 MHz, CDCls) § 206.2 (C),
169.1 (C), 147.8 (C), 134.4 (CH), 124.9 (C), 120.9 (CH), 100.8 (C), 74.4 (CH>), 74.1 (CH), 60.6 (CH>»),
37.0 (CH>), 34.4 (CH»), 26.0 (CH3), 18.3 (C), 17.5 (CH3), 14.5 (CH3), 12.63 (CHs), 12.56 (CHs), 4.5
(CH3), —5.0 (CH3); HRMS (ESI), calcd for C»H3903Si (M+H)" 379.2668, found 379.2669.

Chiral HPLC chart of TBS ether 268 (94% ee)
CHIRALPACK OD-H, 250%4.6 mm, UV 254 nm, iPrOH/hexane 1:1500(v/v), 1.0 mL/min
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—10000;
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No. Tr Area Height Area (%)
1 7.29 10025.9 849 3.1755
2 8.09 305702.2 20175 96.8245

Chiral HPLC chart of racemic TBS ether 268
£
QBEMEE 76 TimB:_t[[)min] BID 95

No. Tr Area Height Area (%)
1 7.44 189334 13250 49.9099
2 8.28 190017.8 11778 50.0901
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Me Me (o]
M M o
© ° (Sia),BH
OEt OEt
OTBS Me THF, rt HO oTBS Me

268 91%, single isomer (2)-271
Ethyl-(R,2E,4E,97)-8-((tert-butyldimethylsilyl)oxy)-11-hydroxy-2,5,9-trimethylundeca-2,4,9-
trienoate ((£)-271)
2-Methyl-2-butene (310 pL, 2.9 mmol) was added to borane THF complex (0.94 M in THF, 1.5 mL, 1.4
mmol) at 0 °C. The solution was maintained for 1 h at the same temperature to give disiamylborane
(calculated as 0.78 M in THF).

Disiamylborane (0.78 M in THF, 460 uL, 360 umol) was added to a solution of allene 268 (90.8
mg, 240 umol) and THF (1.5 mL) at room temperature. The solution was maintained for 10 min at room
temperature, and quenched with 1 M NaOH aq (1 mL) and 30% H>0: aq (1 mL) at 0 °C. The resulting
mixture was stirred for 1 h at 0 °C, and extracted with EtOAc (2x 2 mL). The combined organic extracts
were dried over Na>SOs4, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:9) to afford allylic alcohol (£)-271 (87.0 mg, 91%, single isomer): a
colorless oil; [a]**p +9.5 (¢ 1.00, CHCI); IR (film) 3460, 2953, 2930, 2857, 1704, 1633, 1258, 1110,
1077, 836, 775 cm™'; '"H NMR (500 MHz, CDCls) 8 7.45 (dq, J= 11.7, 1.4 Hz, 1H), 6.13 (dq, J=11.7,
1.2 Hz, 1H), 5.44-5.38 (m, 1H), 4.43 (dd, J = 8.0, 5.4 Hz, 1H), 4.27-4.21 (m, 1H), 4.21 (q, /= 7.2 Hz,
2H), 4.13-4.07 (m, 1H), 2.21 (ddd, J = 14.9, 10.6, 5.2 Hz, 1H), 2.07 (ddd, J = 14.9, 10.3, 5.4 Hz, 1H),
1.93 (d,/J=1.2 Hz,3H), 1.88 (d, /= 1.4 Hz, 3H), 1.77 (dddd, /= 13.5, 10.6, 8.0, 5.4 Hz, 1H), 1.74-1.72
(m, 3H), 1.61-1.52 (m, 1H), 1.31 (t, J = 7.2 Hz, 3H), 0.90 (s, 9H), 0.06 (s, 3H), 0.01 (s, 3H); *C NMR
(125 MHz, CDCl3) 6 169.1 (C), 147.6 (C), 141.6 (C), 134.3 (CH), 125.00 (C), 124.96 (CH), 120.8 (CH),
70.4 (CH), 60.6 (CH>), 58.6 (CH2), 37.1 (CH>), 34.7 (CH>), 25.9 (CHs), 18.4 (CH3), 18.3 (C), 17.5 (CH3),
14.5 (CHs), 12.6 (CH3), —4.6 (CH3), —4.8 (CH3); HRMS (ESI), calcd for C2Hs0O4SiNa® (M+Na)*
419.2594, found 419.2597.

NOESY experiments of (£)-271

CMe Me 0}
MOEt
A/OTBS Me

HO
(2)-271 (500 MHz, CDCl3)

Me Me (0] Me Me (@]
CICO,Me, pyridine
OEt OEt
° OTBS M
HO OTBS Me CH,Cly, 0 °C tort Me0,CO e
(2)-271 100% (2)-273

Ethyl-(R,2E 4E ,97)-8-((tert-butyldimethylsilyl)oxy)-11-((methoxycarbonyl)oxy)-2,5,9-
trimethylundeca-2,4,9-trienoate ((£)-273)

Methyl chloroformate (20 pL, 260 umol) was added to a solution of allylic alcohol (Z£)-271 (74.3 mg,
187 umol), pyridine (25 uL, 310 mmol) and CH>Cl, (2.0 mL) at 0 °C. This solution was maintained for
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40 min at room temperature, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:19) to give allylic carbonate (£)-273 (84.7 mg, 100%): a colorless oil;
[a]®p +11.2 (¢ 1.00, CHCl3); IR (film) 2955, 2930, 2857, 1750, 1704, 1634, 1262, 1109, 1084, 837 cm ™ !;
"HNMR (500 MHz, CDCl3) § 7.45 (dq, J=11.7, 1.2 Hz, 1H), 6.13 (dq, /= 11.7, 1.2 Hz, 1H), 5.38 (ddq,
J=28.0,6.6,1.2 Hz, 1H), 4.73 (ddd, J=12.6, 8.0, 0.6 Hz, 1H), 4.63 (ddd, J=12.6, 6.6, 1.2 Hz, 1H), 4.44
(dd, J=8.3, 5.2 Hz, 1H), 4.21 (q, /= 7.2 Hz, 2H), 3.78 (s, 3H), 2.23 (ddd, J = 14.9, 11.5, 5.2 Hz, 1H),
2.07 (ddd, J=14.9, 11.2, 5.4 Hz, 1H), 1.93 (d, /= 1.2 Hz, 3H), 1.89-1.87 (m, 3H), 1.80-1.71 (m, 4H),
1.61-1.52 (m, 1H), 1.31 (t,J=7.2 Hz, 3H), 0.89 (s, 9H), 0.06 (s, 3H), 0.00 (s, 3H); '*C NMR (125 MHz,
CDCl3) 6 169.1 (C), 155.9 (C), 147.5 (C), 145.2 (C), 134.3 (CH), 125.1 (C), 120.9 (CH), 119.1 (CH),
70.5 (CH), 63.6 (CH>), 60.6 (CH>), 54.9 (CHz3), 37.1 (CH»), 34.8 (CH»), 25.9 (CH3), 18.4 (CH3), 18.3
(C), 17.5 (CH3), 14.5 (CHs), 12.6 (CH3), —4.7 (CH3), —4.9 (CHs); HRMS (ESI), calced for C24H4206SiNa”
(M+Na)" 477.2648, found 477.2651.

SnBug
Me Ve o Licl, Mef(E)-274 Me Me 9
Pd,dbag-CHC; (5.0 mol%) OFt
OEt Iy OTBS Me
oTBS M :
Me0,CO ©
(2)-273 100%, (Z,E):(E.E) = 155:1 Me (2,E)-251

Ethyl-(R,2E 4E 97,12 E)-8-((tert-butyldimethylsilyl)oxy)-2,5,9-trimethyltetradeca-2,4,9,12-
tetraenoate ((Z,E)-251)

In a glove box, a solution of allylic carbonate (£)-273 (67.5 mg, 148 pmol), vinylstannane (E)-274 (74.3
mg, 224 pmol) and DMF (2.0 mL) was added to a mixture of LiCl (62.7 mg, 1.48 mmol) and
Pd»(dba);*CHCI; (7.7 mg, 7.40 umol, 5 mol%) at room temperature. After stirring at room temperature
for 15 h, the mixture was quenched with H,O (4 mL) at 0 °C, and extracted with EtOAc (2x 3 mL). The
combined organic extracts were dried over Na>SO4 and concentrated. The residue was purified by KF
silica gel column chromatography (5% w/w KF-silica; EtOAc/hexane 1:49) to afford an inseparable
mixture of skipped dienes 251 (62.1 mg, 100%, (Z,E):(E.E) = 15.5:1). Skipped diene (Z,E)-251, which
was corresponding to the reported data by Kalesse: a colorless oil; [a]**p +17.6 (¢ 1.00, CHCI;), [a]**p
+16.8 (¢ 4.19, CHCls); IR (film) 2954, 2930, 2892, 1706, 1635, 1254, 1109, 1078, 836 cm™!; '"H NMR
(500 MHz, CDClIs, 15.5:1 mixture of stereoisomers, signals of the major isomer are reported) 6 7.46 (dq,
J=11.7, 1.4 Hz, 1H), 6.13 (dq, /= 11.7, 1.2 Hz, 1H), 5.43 (dqdd, /= 15.2, 6.0, 1.2, 1.2 Hz, 1H), 5.38
(dddq, /=15.2,6.0, 6.0, 1.4 Hz, 1H), 5.17-5.12 (m, 1H), 4.48 (dd, /= 8.0, 5.4 Hz, 1H), 4.21 (q,J=7.2
Hz, 2H), 2.78-2.61 (m, 2H), 2.21 (ddd, J = 15.2, 10.6, 5.2 Hz, 1H), 2.06 (ddd, J = 15.2, 10.3, 5.4 Hz,
1H), 1.93 (d, /= 1.2 Hz, 3H), 1.87 (bs, 3H), 1.74 (dddd, J = 13.2, 10.3, 8.0, 5.2 Hz, 1H), 1.68-1.66 (m,
3H), 1.66-1.63 (m, 3H), 1.61-1.49 (m, 1H), 1.31 (t, /= 7.2 Hz, 3H), 0.89 (s, 9H), 0.04 (s, 3H), 0.00 (s,
3H); 3C NMR (125 MHz, CDCl3) § 169.2 (C), 148.1 (C), 138.3 (C), 134.4 (CH), 129.6 (CH), 125.5
(CH), 124.8 (C), 123.9 (CH), 120.7 (CH), 70.0 (CH), 60.6 (CH»), 37.3 (CH>), 34.6 (CH>), 30.8 (CH>),
26.0 (CH3), 18.3 (C), 18.0 (CH3), 17.9 (CHs), 17.5 (CH3), 14.5 (CH3), 12.6 (CH3), —4.6 (CH3), —4.8
(CHs3); HRMS (ESI), calcd for C,sHasOsSi™ (M+H)" 421.3138, found 421.3138.
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NOESY experiments of (Z,E)-251

( Me Me o)
OEt
/OTBS Me

(Z,E)-251 (500 MHz, CDCls)

Me

A-6. Synthesis of the (E,E)-Isomer of the Western Fragment

Me Me o Me Me O
9-BBN dimer
ogf ——— XX HO OEt
OTBS Me THF, rt OTBS Me
268 74%, E/Z = 13.9:1 (E)-271

Ethyl-(R,2E AE 9F)-8-((tert-butyldimethylsilyl)oxy)-11-hydroxy-2,5,9-trimethylundeca-2,4,9-
trienoate ((E)-271)

In a glovebox, 9-BBN dimer (14.7 mg, 60.2 pumol) was added to a solution of allene 268 (19.1 mg, 50.4
pmol) and THF (1.0 mL) at room temperature. The solution was maintained for 1 h at room temperature,
and quenched with 1 M NaOH aq (500 pL) and 30% H>0O» aq (500 pL) at 0 °C. The resulting mixture
was stirred for 15 min at 0 °C, and extracted with EtOAc (3x 5 mL). The combined organic extracts were
dried over Na,SO4, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:4) to afford an inseparable mixture of allylic alcohols 271 (14.7 mg, 74%, E/Z =
13.9:1): a colorless oil; [a]**p —1.7 (¢ 1.00, CHCl5); IR (film) 3431, 2954, 2930, 2857, 1704, 1633, 1258,
1110, 1079, 836, 776 cm™!; 'H NMR (500 MHz, CDCls, 13.9:1 mixture of stereoisomers, signals of the
major isomer are reported) & 7.45 (dq, J=11.7, 1.4 Hz, 1H), 6.12 (dq, J=11.7, 1.2 Hz, 1H), 5.86-5.53
(m, 1H), 4.21 (q, J = 7.2 Hz, 2H), 4.20 (dd, J = 7.2, 3.4, Hz, 1H), 3.98 (dd, /= 7.2, 5.2, Hz, 1H), 2.18
(ddd, J=14.6, 10.3, 5.2 Hz, 1H), 2.08 (ddd, J = 14.6, 10.6, 5.7 Hz, 1H), 1.92 (d, /= 1.2 Hz, 3H), 1.87
(d, J=1.4 Hz, 3H), 1.68 (dddd, /= 13.2, 10.3, 7.5, 5.7 Hz, 1H), 1.64-1.62 (m, 3H), 1.62—1.55 (m, 1H),
1.31 (t, J = 7.2 Hz, 3H), 0.89 (s, 9H), 0.04 (s, 3H), —0.01 (s, 3H); '*C NMR (125 MHz, CDCls) § 169.2
(C), 148.0 (C), 141.1 (C), 134.5 (CH), 124.9 (C), 124.5 (CH), 120.8 (CH), 77.4 (CH), 60.6 (CH»), 59.3
(CH»), 36.9 (CH»), 34.5 (CH>), 26.0 (CH3), 18.3 (C), 17.5 (CHa), 14.5 (CH3), 12.6 (CH3), 11.7 (CHa3), —
4.4 (CHs), —4.8 (CHs); HRMS (ESI), calcd for C2,H4004SiNa" (M+Na)* 419.2594, found 419.2584.

NOESY experiments of (£)-271

ﬁ Me Me (e}

HO OEt
vOTBS Me

(E)-271 (500 MHz, CDCl3)
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M M M M
€ € 9 CICO,Me, Pyridine € € 9

HO OEt MeO,CO OEt
oTBS Me CH,Clp, 0°Ctorrt oTBS Me

(E)-271 85%, EIZ =13.7:1 (E)-273

Ethyl-(R,2E 4E ,9E)-8-((tert-butyldimethylsilyl)oxy)-11-((methoxycarbonyl)oxy)-2,5,9-
trimethylundeca-2,4,9-trienoate ((E)-273)

Methyl chloroformate (10 uL, 140 umol) was added to a solution of allylic alcohols (E)-271 (E/Z =
13.9:1, 10.8 mg, 27.2 umol), pyridine (10 pL, 140 pmol) and CH>Cl, (1.0 mL) at 0 °C. This solution

was maintained for 40 min at room temperature, and concentrated. The residue was purified by silica gel

column chromatography (EtOAc/hexane 1:19) to give an inseparable mixture of allylic carbonates (E)-
273 (10.6 mg, 85%, (E)-273/(£)-273 = 13.7:1): a colorless oil; [a]**p —4.5 (¢ 1.00, CHCI5); IR (film)
2955,2930,2857,1751, 1704, 1635, 1444, 1261, 1109, 1082, 836, 776 cm™'; 'TH NMR (500 MHz, CDCl;,
13.7:1 mixture of stereoisomers, signals of the major isomer are reported) 6 7.45 (dq, J=11.7, 1.4 Hz,
1H), 6.11 (dq, J = 11.7, 1.2 Hz, 1H), 5.57-5.51 (m, 1H), 4.74-4.59 (m, 2H), 4.21 (q, J = 7.2 Hz, 2H),
3.98 (dd, J=17.2,5.4, Hz, 1H), 3.77 (s, 3H), 2.17 (ddd, /= 15.5, 10.6, 5.4 Hz, 1H), 2.07 (ddd, J = 15.5,
10.3, 5.7 Hz, 1H), 1.92 (d, /= 1.2 Hz, 3H), 1.87-1.86 (m, 3H), 1.71-1.56 (m, 2H), 1.69—1.67 (m, 3H),
1.31 (t, J = 7.2 Hz, 3H), 0.89 (s, 9H), 0.03 (s, 3H), —0.02 (s, 3H); *C NMR (125 MHz, CDCls) § 169.1
(C), 156.0 (C), 147.8 (C), 144.5 (C), 134.4 (CH), 124.9 (C), 120.9 (CH), 118.9 (CH), 77.1 (CH), 64.4
(CH»), 60.6 (CH»), 54.9 (CH3), 36.8 (CH>), 34.4 (CH»), 25.9 (CH3), 18.3 (C), 17.5 (CH3), 14.5 (CHz),
12.6 (CHs), 12.0 (CH3), —4.5 (CH3), —4.9 (CH3); HRMS (ESI), calcd for C2HsO6SiNa® (M+Na)*
477.2648, found 477.2643.

SnBu
Licl, MeﬁE)-ﬂi

Me Me o Pd,dbas-CHCl; (5.0 mol%) Me Me o
MeO,CO OEt VEE OEt
OTBS Me DMF, rt OTBS Me
(E)-273 100%, (E,E):(Z,E) = 14.1:1 (E,E)-251

Ethyl-(R,2E 4E ,9E, 12E)-8-((tert-butyldimethylsilyl)oxy)-2,5,9-trimethyltetradeca-2,4,9,12-
tetraenoate ((E,E)-251)

In a glove box, a solution of allylic carbonates (E)-273 (E/Z = 13.7:1, 10.0 mg, 22.0 pumol,),
vinylstannane (E)-274 (24.0 mg, 59.4 pmol) and DMF (2.0 mL) was added to a mixture of LiCI (9.3 mg,
220 pmol) and Pdx(dba);-CHCl; (1.1 mg, 1.1 pmol, 5 mol%) at room temperature. After stirring at room
temperature for 16 h, the mixture was quenched with H>O (1.0 mL) at room temperature, and extracted
with hexane (5x 3 mL). The combined organic extracts were dried over Na,SO4 and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:99) to afford an inseparable
mixture of skipped dienes 251 (9.3 mg, 100%, (E,E)-251:(Z,E)-251 = 14.1:1): a colorless oil; [a]*’p —
1.0 (¢ 1.00, CHCI3); IR (film) 3020, 2955, 2930, 2857, 1705, 1633, 1254, 1109, 1077, 966, 836, 775
cm!'; 'H NMR (500 MHz, CDCls, 14.1:1 mixture of stereoisomers, signals of the major isomer are
reported) 6 7.46 (dq, J=11.7, 1.4 Hz, 1H), 6.12 (dq, J=11.7, 1.2 Hz, 1H), 5.43 (dqdd, J=15.2, 6.0, 1.4,
1.4 Hz, 1H), 5.38 (dddq, J = 15.2, 6.0, 6.0, 1.4 Hz, 1H), 5.31-5.26 (m, 1H), 4.21 (q, J = 7.2 Hz, 2H),
3.95-3.92 (m, 1H), 2.77-2.61 (m, 2H), 2.17 (ddd, /= 15.2, 10.3, 5.4 Hz, 1H), 2.06 (ddd, /= 15.2, 10.0,
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5.7 Hz, 1H), 1.92 (d, J= 1.2 Hz, 3H), 1.87 (d, J = 1.4 Hz, 3H), 1.72-1.63 (m, 1H), 1.66—1.62 (m, 3H),
1.61-1.53 (m, 1H), 1.57-1.55 (m, 3H), 1.31 (t, /= 7.2 Hz, 3H), 0.88 (s, 9H), 0.02 (s, 3H), —0.03 (s, 3H);
BC NMR (125 MHz, CDCl;3) 8 169.2 (C), 148.3 (C), 137.9 (C), 134.5 (CH), 129.4 (CH), 125.2 (CH),
124.7 (C), 124.2 (CH), 120.8 (CH), 78.2 (CH), 60.6 (CH>), 37.2 (CH,), 34.6 (CH,), 30.8 (CH>), 26.0
(CH3), 18.4 (C), 18.0 (CHs3), 17.5 (CHs), 14.5 (CH3), 12.5 (CH3), 11.1 (CHs), —4.4 (CH3), —4.9 (CHa3);
HRMS (ESI), calcd for C2sHasO3Si" (M+H)* 421.3138, found 421.3142.

NOESY experiments of (E,E)-251

'/i Me Me O

Me” " OEt
OTBS Me

(E,E)-251 (500 MHz, CDCls)

A-7. Stereochemical Determination of the Western Fragment

Determination of the absolute stereochemistry of 263

Me Me (@] Me Me (@]
(R)-MTPACI, DMAP
MOEt MOEt
OH Me CH,Cly, rt (@] (@] Me
(S)
263 58% Meoi (S)-270

(S)-MTPA ester (S)-270

(R)-(—)-a-Methoxy-a~(trifluoromethyl)phenylacetyl chloride (21 pnL, 110 pmol) was added to a solution
of alcohol 263 (14.8 mg, 56.0 umol), DMAP (14.0 mg, 112 pmol), and CH>Cl, (1.0 mL) at 0 °C. The
solution was maintained for 15 min at room temperature, and concentrated. The residue was filtrated
through a pad of silica, and purified by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm,
EtOAc/hexane 1:20, 10 mL/min, TR = 21.9 min) to give (S)-MTPA ester (§)-270 (15.5 mg, 58%): a
colorless oil; [a]**p +1.8 (¢ 1.00, CHCl3); IR (film) 3063, 2983, 2951, 2852, 1960, 1747, 1702, 1634,
1451, 1252, 1169, 1109, 1017, 990 cm™'; 'H NMR (500 MHz, CDCl3) & 7.56-7.52 (m, 2H), 7.43 (dq, J
=12.0, 1.4 Hz, 1H), 7.42-7.37 (m, 3H), 6.10 (dq, /= 12.0, 1.2 Hz, 1H), 5.39 (dd, J = 6.7, 6.7 Hz, 1H),
4.80 (dqd, J =10.9, 3.2, 1.4 Hz, 1H), 4.70 (dqd, J = 10.9, 3.2, 1.4 Hz, 1H), 4.21 (q, J = 7.2 Hz, 2H),
3.57-3.55 (m, 3H), 2.24-2.12 (m, 2H), 1.99-1.85 (m, 2H), 1.92 (d, /= 1.2 Hz, 3H), 1.89-1.86 (m, 3H),
1.58 (dd, J=3.2, 3.2 Hz, 3H), 1.31 (t, /= 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) 8 207.3 (C), 169.0
(C), 166.1 (C), 145.8 (C), 134.0 (CH), 132.3 (C), 129.8 (CH), 128.5 (CH), 127.5 (CH), 125.7 (C), 123.4
(q, J=288.5 Hz, CF3), 121.6 (CH), 96.9 (C), 84.7 (q, J = 27.6 Hz, C—CF3), 77.4 (CH), 76.7 (CH>), 60.6
(CH>), 55.6 (CH3), 36.4 (CH>), 30.7 (CH,), 17.3 (CH3), 14.5 (CH3), 14.4 (CHa), 12.6 (CH3); 'F NMR
(470 MHz, CDCls) 6 —74.6 (CF5); HRMS (ESI), calcd for Cy6H3OsFsNa™ (M+Na)* 503.2021, found
503.2023.
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(S)-MTPACI, DMAP
MOEt MOEt

OH Me CH,Cly, 1t 0__0 Me
(R)
263 60% Phi

(R)-MTPA ester (R)-270

(5)-(+)-a-Methoxy-a-(trifluoromethyl)phenylacetyl chloride (14 pL, 76 pmol) was added to a solution
of alcohol 263 (10.2 mg, 37.8 umol), DMAP (9.2 mg, 75.6 umol), and CH,Cl, (1.0 mL) at 0 °C. The
solution was maintained for 20 min at room temperature, and concentrated. The residue was filtrated
through a pad of silica, and purified by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm,
EtOAc/hexane 1:20, 10 mL/min, TR = 21.5 min) to give (R)-MTPA ester (R)-270 (11.0 mg, 60%): a
colorless oil; [a]*p +49.4 (¢ 1.00, CHCL); IR (film) 3063, 2983, 2951, 2852, 1960, 1747, 1702, 1634,
1450, 1252, 1170, 1110, 1017, 990, 718 cm™'; '"H NMR (500 MHz, CDCls) § 7.58-7.52 (m, 2H), 7.44—
7.37 (m, 4H), 6.04 (dq, J=11.7, 1.2 Hz, 1H), 5.41 (dd, J=7.2, 6.3 Hz, 1H), 4.83 (dqd, /=10.9, 3.2, 1.4
Hz, 1H), 4.76 (dqd, /= 10.9, 3.2, 1.4 Hz, 1H), 4.21 (q, J = 7.2 Hz,2H), 3.57-3.55 (m, 3H), 2.13-2.02
(m, 2H), 1.91 (d, J= 1.2 Hz, 3H), 1.91-1.78 (m, 2H), 1.84-1.81 (m, 3H), 1.70 (dd, /= 3.2, 3.2 Hz, 3H),
1.30 (t,J=7.2 Hz, 3H); *C NMR (125 MHz, CDCl3) 4 207.4 (C), 169.0 (C), 166.2 (C), 146.0 (C), 134.0
(CH), 132.4 (C), 129.8 (CH), 128.5 (CH), 127.5 (CH), 125.6 (C), 123.5 (q, J = 287.9 Hz, CF3), 121.5
(CH), 97.1(C), 84.6 (q,J=27.6 Hz, C—CF3), 77.4 (CH), 76.8 (CH>), 60.6 (CH>), 55.6 (CH3), 36.2 (CH>»),
30.7 (CHa), 17.2 (CHs), 14.7 (CHs), 14.5 (CH3), 12.6 (CHs); F NMR (470 MHz, CDCl;) § —74.4 (CF3);
HRMS (ESI), calcd for C26H310sF3Na” (M+Na)* 503.2021, found 503.2020.

The resulting A6°* (= ds - or) values

;1005
042 N +0.06
- Me <\ Me +0.02 o
OEt
( (6} O\ & Me
+0.06
H(a): -0.03 +0.11
H(b): -0.07 Ph

05-0g (PPM) CF3

MeO
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Determination of the absolute stereochemistry of (Z,F)-251

Me Me (@] Me Me
OEt DIBAL-H OH NaH, BnBr
OTBS Me OTBS Me
J CH,Cl,, -78 °C J THF, rt
Me (Z,E)-251 91% Me (Z,E)-275 49%
Me Me Me Me
OBn TBAF OBn
OTBS Me OH Me
J THF, rt J
Me (Z,E)-276 91% Me (Z,E)-277
Me Me (@] Me Me
OEt DIBAL-H OH
OoTBS Me e —— OTBS Me
) CH,Cl,, 78 °C )
Me (2,E)-251 91% Me (2,E)-275

(R,2E AE,9Z,12F)-8-((tert-butyldimethylsilyl)oxy)-2,5,9-trimethyltetradeca-2,4,9,12-tetraen

-1-0l ((Z,E)-275)

Diisobutylaluminium hydride (1.0 M in hexane, 300 uL, 300 umol) was added to a solution of skipped
dienes 251((Z,E):(E,E) =15.5:1,41.5 mg, 98.6 umol,) and CH»Cl, (2.0 mL) at —78 °C. This solution was
maintained at —78 °C for 1 h, and quenched with saturated aqueous (+)-potassium sodium tartrate (5 mL).
The resulting mixture was stirred for 2h at room temperature, and extracted with CH>Cl» (2x 5 mL). The
combined organic extracts were dried over Na,SO4, and concentrated. The residue was purified by silica
gel column chromatography (EtOAc/hexane 1:9) to give an inseparable mixture of allylic alcohols (Z,E)-
275 (34.1 mg, 91%, (Z,E):(E,E) = 15.4:1): a colorless oil; [a]*p +9.1 (¢ 1.00, CHCIs); IR (film) 3328,
3022,2953, 2929, 2856, 1449, 1251, 1071, 1005, 965, 836, 774 cm™'; "H NMR (500 MHz, CDCls, 15.4:1
mixture of stereoisomers, signals of the major isomer are reported) 6 6.24 (dq, J = 11.2, 1.4 Hz, 1H),
6.03 (dq,/=11.2, 1.2 Hz, 1H), 5.43 (dqdd, /= 15.2, 6.0, 1.2, 1.2 Hz, 1H), 5.38 (dddq, /= 15.2, 6.3, 6.0,
1.4 Hz, 1H), 5.13 (ddq, J = 7.2, 7.2, 1.2 Hz, 1H), 4.48 (dd, J = 8.0, 5.7 Hz, 1H), 4.09 (brs, 2H), 2.78—
2.62 (m, 2H), 2.14 (ddd, J = 15.2, 11.2, 5.4 Hz, 1H), 1.99 (ddd, J = 15.2, 10.6, 5.7 Hz, 1H), 1.80-1.78
(m, 3H), 1.77-1.75 (m, 3H), 1.71 (dddd, /= 13.5, 10.6, 8.0, 5.4 Hz, 1H), 1.68-1.66 (m, 3H), 1.65 (dddd,
J=06.0,1.4,1.4,1.2Hz, 3H), 1.51 (dddd, J=13.5, 11.2, 5.7, 5.7 Hz, 1H), 1.42—1.22 (m, 1H), 0.89 (s,
9H), 0.04 (s, 3H), —0.01 (s, 3H); *C NMR (125 MHz, CDCls) § 139.4 (C), 138.4 (C), 134.7 (C), 129.7
(CH), 125.4 (CH), 123.7 (CH), 121.7 (CH), 120.1 (CH), 70.1 (CH), 69.3 (CH>), 36.8 (CH>), 34.8 (CH>),
30.8 (CH»), 26.0 (CH3), 18.3 (C), 18.0 (CH3), 17.9 (CH3), 16.8 (CH3), 14.2 (CH3), —4.6 (CH3), —4.8
(CH3); HRMS (ESI), caled for C»3Hs30,Si" (M+H)* 379.3032, found 379.3031.
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Me Me Me Me

OH NaH, BnBr OBn
OTBS Me OTBS Me
THF, rt
Me (Z,E)-275 49% Me (Z,E)-276

(((R,2E,5Z,10E,12E)-14-(benzyloxy)-6,10,13-trimethyltetradeca-2,5,10,12-tetraen-7-yl)oxy)(tert-
butyl)dimethylsilane ((Z,E)-276)

Benzyl bromide (5 puL, 40 pmol) was added to a solution of allylic alcohols 275 ((Z,E):(E.E) = 15.4:1,
13.6 mg, 35.9 umol), NaH (63% in oil, 2.1 mg, 53.9 pmol), and THF (1.0 mL) at 0 °C. The resulting
glay mixture was stirred for 23 h at room temperature, quenched with saturated aqueous NH4Cl (2 mL),
and extracted with Hexane (2x 4 mL). The combined organic extracts were dried over Na>SOs, and
concentrated. The residue was filtrated through a pad of silica gel (EtOAc/hexane 1:19), and purified by
preparative layer chromatography (EtOAc/hexane 1:9) to afford an inseparable mixture of benzyl ethers
276 (8.2 mg, 49%, (Z,E):(E,E) = 15.4:1): a colorless oil; [0]**p +6.8 (¢ 1.00, CHCl5); IR (film) 3026,
2953, 2929, 2886, 2856, 1453, 1378, 1251, 1072, 966, 836, 775 cm™'; 'TH NMR (500 MHz, CDCls, 15.4:1
mixture of stereoisomers, signals of the major isomer are reported) o 7.39—-7.32 (m, 4H), 7.32-7.24 (m,
1H), 6.25 (dq, J=11.2, 1.2 Hz, 1H), 6.05 (dq, /=112, 1.2 Hz, 1H), 5.43 (dqdd, /=152, 6.0, 1.2, 1.2
Hz, 1H), 5.38 (dddq, /= 15.2, 6.3, 6.0, 1.2 Hz, 1H), 5.17-5.09 (m, 1H), 4.48 (dd, J= 7.7, 5.4 Hz, 1H),
4.46 (s, 2H), 3.99 (brs, 2H), 2.78-2.63 (m, 2H), 2.14 (ddd, J = 14.9, 11.2, 5.2 Hz, 1H), 1.99 (ddd, J =
14.9, 10.6, 5.7 Hz, 1H), 1.81-1.79 (m, 3H), 1.77-1.75 (m, 3H), 1.72 (dddd, J = 13.2, 10.6, 8.0, 5.2 Hz,
1H), 1.68-1.66 (m, 3H), 1.65 (dddd, J = 6.0, 1.4, 1.2, 1.2 Hz, 3H), 1.51 (dddd, /= 13.2, 11.2, 5.7, 5.7
Hz, 1H), 0.89 (s, 9H), 0.05 (s, 3H), 0.00 (s, 3H); *C NMR (125 MHz, CDCls) & 139.3 (C), 138.7 (C),
138.5 (C), 132.2 (C), 129.8 (CH), 128.5 (CH), 127.9 (CH), 127.6 (CH), 125.4 (CH), 123.8 (CH), 123.7
(CH), 120.2 (CH), 76.5 (CH>), 71.5 (CH>), 70.1 (CH), 36.8 (CH>), 34.8 (CH>), 30.9 (CH>), 26.0 (CH3),
18.4 (C), 18.0 (CH3), 17.9 (CH3), 16.9 (CH3), 14.4 (CH3), 4.6 (CH3), —4.8 (CH3); HRMS (ESI), calcd
for C30H430,SiK" (M+K)" 507.3061, found 507.3073.

Me Me Me Me
OBn TBAF OBn
OTBS Me - OH Me
THF, rt
Me (Z,E)-276 91% Me (Z,E)-277

(R,2E,5Z,10E,12E)-14-(benzyloxy)-6,10,13-trimethyltetradeca-2,5,10,12-tetraen-7-ol ((Z,E)-267)

Tetrabutylammonium fluoride (1.0 M in THF, 70 pL, 70 pumol) was added to a solution of benzyl ether
276 (Z,E):(E,E)=15.4:1,21.6 mg, 46.1 pmol) and THF (1.5 mL) at 0 °C. This solution was maintained
for 24 h at room temperature and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:4) to give alcohol (Z,E)-277 (14.9 mg, 91%): a colorless oil; [a]*p
+20.5 (¢ 1.00, CHCIy); IR (film) 3413, 3026, 2937, 2917, 2885, 1452, 1381, 1352, 1086, 1069, 1028,
967,737,698 cm™'; '"H NMR (500 MHz, CDCls) & 7.38-7.32 (m, 4H), 7.31-7.24 (m, 1H), 6.25 (dq, J =
11.2,1.4 Hz, 1H), 6.07 (dq,J=11.2, 1.2 Hz, 1H), 5.44 (dqdd, /=15.2, 6.0, 1.4, 1.2 Hz, 1H), 5.39 (dddq,
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J=152,6.0,5.7, 1.2 Hz, 1H), 5.31-5.26 (m, 1H), 4.55 (dd, J = 6.9, 6.6 Hz, 1H), 4.47 (s, 2H), 3.9 (brs,
2H), 2.81-2.65 (m, 2H), 2.16 (ddd, J = 15.2, 10.3, 5.2 Hz, 1H), 2.06 (ddd, J = 15.2, 9.5, 6.0 Hz, 1H),
1.84-1.75 (m, 1H), 1.79 (d, J = 1.2 Hz, 3H), 1.77 (d, J = 1.4 Hz, 3H), 1.73-1.71 (m, 3H), 1.67-1.55 (m,
4H); 3C NMR (125 MHz, CDCl3) § 138.75 (C), 138.67 (C), 137.2 (C), 132.5 (C), 129.7 (CH), 128.5
(CH), 127.9 (CH), 127.6 (CH), 126.1 (CH), 125.5 (CH), 123.6 (CH), 120.6 (CH), 76.5 (CH,), 71.6 (CH>),
69.5 (CH), 36.6 (CHa), 33.2 (CHa), 30.6 (CH), 18.0 (CH3), 17.6 (CHs), 16.7 (CHs), 14.4 (CHs); HRMS
(ESI), caled for Co4H340.K* (M+K)" 393.2196, found 393.2200.

Me Me Me Me
OBn (R)-MTPACI, DMAP OBn
OH Me O (@] Me
CH,Cly, 1t J Meoj S
Me S CF
Me (Z,E)-277 74% PR 73 (8)-278

(S)-MTPA ester ((S)-278)

(R)-(—)-a-Methoxy-a-(trifluoromethyl)phenylacetyl chloride (15 pL, 77 pmol) was added to a solution
of alcohol (Z,E)-277 (13.6 mg, 38.4 umol), DMAP (9.4 mg, 76.7 umol), and CH>Cl, (1.0 mL) at 0 °C.
The solution was maintained for 2 h at room temperature, and concentrated. The residue was filtrated
through a pad of silica gel (EtOAc/hexane 1:19), and purified by HPLC (PEGASIL Silica 120-5, 250%20
mm, UV 254 nm, EtOAc/hexane 1:49, 10 mL/min, TR =23.9 min) to give (S)-MTPA ester (5)-278 (16.3
mg, 74%): a colorless oil; [a]*p —31.0 (¢ 1.00, CHCI); IR (film) 3063, 3028, 2944, 2919, 2886, 2853,
1744, 1496, 1451, 1382, 1351, 1259, 1184, 1168, 1122, 1017, 991, 966, 697 cm™'; 'H NMR (500 MHz,
CDCl3) 6 7.53-7.48 (m, 2H), 7.42-7.37 (m, 3H), 7.36-7.32 (m, 4H), 7.31-7.26 (m, 1H), 6.23 (dq, J =
11.2, 1.2 Hz, 1H), 6.02 (dq, J=11.2, 1.2 Hz, 1H), 5.83 (dd, /= 7.2, 7.2 Hz, 1H), 5.45 (dqdd, J = 15.2,
6.0, 1.2, 1.2 Hz, 1H), 5.38 (dddq, /= 15.2, 6.0, 6.0, 1.2 Hz, 1H), 5.37 (dd, J="7.7, 6.3 Hz, 1H), 4.47 (s,
2H), 3.98 (brs, 2H), 3.56 (q, J = 0.9 Hz, 3H), 2.93-2.78 (m, 2H), 2.08 (ddd, J = 14.0, 9.7, 6.0 Hz, 1H),
2.03 (ddd, J = 14.0, 9.2, 5.7 Hz, 1H), 1.95 (dddd, J = 13.2, 9.2, 7.2, 5.7 Hz, 1H), 1.80-1.78 (m, 3H),
1.77-1.71 (m, 1H), 1.76-1.74 (m, 3H), 1.66-1.62 (m, 3H), 1.53-1.51 (m, 3H); *C NMR (125 MHz,
CDCls) 6 165.8 (C), 138.7 (C), 137.4 (C), 133.1 (C), 132.5 (C), 131.6 (C), 129.73 (CH), 129.65 (CH),
129.3 (CH), 128.50 (CH), 128.46 (CH), 127.9 (CH), 127.7 (CH), 127.5 (CH), 125.9 (CH), 123.5(q, J =
289.1 Hz, CF3), 123.2 (CH), 121.2 (CH), 84.7 (q, J = 27.6 Hz, C-CF3), 76.4 (CH,), 74.8 (CH), 71.7
(CH»), 55.6 (CH3), 36.1 (CHy), 31.0 (CH»), 30.7 (CH>), 18.0 (CHs), 17.7 (CH3), 16.7 (CH3), 14.4 (CHs);
F NMR (470 MHz, CDCl3) 8 —74.7 (CF3); HRMS (ESI), calcd for C3Hs O4F3K* (M+K)* 609.2594,
found 609.2582.
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Me Me Me Me

OBn  (S)-MTPACI, DMAP OBn
OH Me 0.0 Me
) CH,Cly, rt ) PhI ()
Me (Z,E)-277 59% Me MeG CFs (R)-278

(R)-MTPA ester ((R)-278)

(8)-(+)-a-Methoxy-a-(trifluoromethyl)phenylacetyl chloride (10 pL, 59 pmol) was added to a solution
of alcohol (Z,E)-277 (10.4 mg, 29.3 umol), DMAP (7.2 mg, 58.6 umol), and CH>Cl, (1.0 mL) at 0 °C.
The solution was maintained for 30 min at room temperature, and concentrated. The residue was filtrated
through a pad of silica, and purified by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm,
EtOAc/hexane 1:49, 10 mL/min, TR = 21.5 min) to give (R)-MTPA ester (R)-278 (9.8 mg, 59%): a
colorless oil; [a]*p +17.4 (¢ 1.00, CHCI3) ; IR (film) 3064, 3028, 2946, 2920, 2852, 1744, 1496, 1452,
1381, 1270, 1252, 1183, 1169, 1121, 1017, 991, 967, 698 cm™' ; '"H NMR (500 MHz, CDCls) & 7.52—
7.48 (m, 2H), 7.41-7.37 (m, 3H), 7.37-7.32 (m, 4H), 7.31-7.25 (m, 1H), 6.22 (dq, J=11.2, 1.2 Hz, 1H),
598 (dq,/J=11.2, 1.2 Hz, 1H), 5.89 (dd, J=7.7, 6.3 Hz, 1H), 5.44 (dqdd, J=15.2, 6.0, 1.2, 1.2 Hz, 1H),
5.40 (dd, J=17.5, 6.3 Hz, 1H), 5.38 (dddq, J = 15.2, 6.3, 6.0, 1.4 Hz, 1H), 4.46 (s, 2H), 3.98 (brs, 2H),
3.53(q,J=1.2 Hz, 3H), 2.93-2.79 (m, 2H), 1.98 (dd, /= 7.7, 7.7 Hz, 1H), 1.89 (dtd, /= 13.2, 7.7, 6.0
Hz, 1H), 1.79-1.77 (m, 3H), 1.73-1.71 (m, 3H), 1.70-1.61 (m, 1H), 1.69-1.67 (m, 3H), 1.64-1.61 (m,
3H); *C NMR (125 MHz, CDCls) 8 166.0 (C), 138.7 (C), 137.5 (C), 133.0 (C), 132.7 (C), 131.8 (C),
129.8 (CH), 129.7 (CH), 129.2 (CH), 128.5 (CH), 127.9 (CH), 127.7 (CH), 127.5 (CH), 127.5 (CH),
125.9 (CH), 123.6 (q, J = 288.5 Hz, CF3), 123.3 (CH), 121.1 (CH), 84.6 (q, J = 27.6 Hz, C—CF3), 76.4
(CH), 74.5 (CH), 71.6 (CH), 55.5 (CH3), 35.9 (CH>), 30.9 (CH>), 30.7 (CH>), 18.0 (CH3), 18.0 (CHs),
16.6 (CH;3), 14.4 (CH3); 'F NMR (470 MHz, CDCl;) & —74.4 (CF;); HRMS (ESI), calcd for
C34H4104F;3K" (M+K)" 609.2594, found 609.2593.

The resulting A6®® (= Js - dr) values?

H(a): +0.06 +0.03
046 N Hb):+0.08 ("

Me Me +0.01
( (

-0.03~
OBn

— o\ & +0.04 Me
° \ H(a): +0.10
) H(b): +0.05

+0.01

Me CF3
MeO

05-0r (PPM)
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A-8. Synthesis of the allylic aryl moiety of Lobatamides

Me Me
H Br,
o \%Me L .

Indium HO TIPSCI, imidazole TIPSO (Sia),BH, THF, rt;

. —_— B —

) THF/H,0 =1, 1t o
OTBS 20 =11 DMF, 0 °C to rt NaOH aq, H,0,
Me OTBS OTBS

311 Me 312 75% 2 steps Me 313 93%, E/Z = 1:>20

dr=1:1

o~
o o}

Me Me Me

Meﬁn%
TIPSO OH TsCl, DMAP TIPSO Cl 304b TIPSO
; —_— —_—

CHyCly, 1t g_ PA(PPhy)s (10 mol%) g_ o P
oTBS OTBS CuTC, Nal, NMP, rt " OTBS O~
e

Me 75% Me
(2)-315 (2)-318 95%, E/Z =1:12.6 (2)-305
Me Me
H Br,
@] \%Me o
Indium HO TIPSCI, imidazole TIPSO
- - o
& THE/H,0 = 1, rt .
oTBS 20=1 DMF, 0 °C to rt
Me OTBS 75% 2 st OTBS
311 Me 312 o 2 steps ve 313

dr = 1:1
Allene 313: 1-Bromobut-2-yne (110 pL, 1.3 mmol) was added to a mixture of indium (241 mg, 2.10
mmol), aldehyde 311 (225 mg, 1.05 mmol) and THF/H>O (1:1, 4.2 mL) at room temperature. The mixture
was stirred for 5 h at room temperature, and quenched with saturated aqueous NaHCOs (10 mL). The
mixture was filtrated with celite, and concentrated. The residue was filtrated through a pad of silica gel
to give allenyl alcohol 312, which was used in the next step without further purification.

triisopropyllsilyl chloride (1.5 mL, 7.3 mmol) was added to a solution of the above allenyl alcohol
312, imidazole (494 mg, 7.26 mmol) and DMF (5.0 mL) at 0 °C. The resulting white suspension was
stirred at room temperature for 16 h, quenched with HO (10 mL), and extracted with hexane (2x 10 mL).
The combined organic extracts were dried over Na;SQ4, and concentrated. The residue was purified by
silica gel column chromatography (hexane) to afford allene 313 (334 g, 75% for 2 steps): a colorless oil;
'H NMR (500 MHz, CDCls) 5 5.72 (ddd, J = 15.7, 6.3, 0.9 Hz, 2/2H), 5.60-5.53 (m, 2/2H), 4.76-4.72
(m, 2/2H), 4.69-4.59 (m, 4/2H), 4.32 (qd, J= 6.3, 5.7 Hz, 2/2H), 1.63-1.59 (m, 6/2H), 1.20 (dd, J = 6.3,
0.9 Hz, 6/2H), 1.12-0.98 (m, 42/2H), 1.12-0.98 (m, 18/2H), 0.05 (s, 3/2H), 0.049 (s, 3/2H), 0.047 (s,
3/2H), 0.036 (s, 3/2H); HRMS (ESI), calcd for C24H490,Si>" (M+H)" 425.3271, found 425.3281.

Me Me

TIPSO%/ (Sia),BH, THF, rt; TlPsog:\»OH

NaOH aq, H,0,
OTBS OTBS

Me 313 93%, E/Z = 1:>20 Me 315

Allylic alcohol (£)-315: 2-Methyl-2-butene (810 pL, 7.6 mmol) was added to borane THF complex
(0.91 M in THF, 4.0 mL, 3.6 mmol) at 0 °C. The solution was maintained for 1 h at the same temperature
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to give disiamylborane (calculated as 0.76 M in THF).

Disiamylborane (0.76 M in THF, 2.5 mL, 1.9 mmol) was added to a solution of allene 313 (400 mg, 942
umol) and THF (9.4 mL) at room temperature. The solution was maintained for 10 min at room
temperature, and quenched with 1 M NaOH aq (1.5 mL) and 30% H>O, aq (1.5 mL) at 0 °C. The resulting
mixture was stirred for 1 h at 0 °C, and extracted with EtOAc (3x 5 mL). The combined organic extracts
were dried over NaxSOs, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:19) to afford two diastereomers of allylic alcohol (£)-315 (389mg,
93%, dr = 1:1): a colorless oil; "H NMR (500 MHz, CDCl5) 6 5.73-5.65 (m, 2/2H), 5.58-5.52 (m, 2/2H),
5.43-5.37 (m, 2/2H), 5.03 (d, J = 5.2 Hz, 2/2H), 4.33-4.27 (m, 2/2H), 4.27-4.20 (m, 2/2H), 4.16-4.10
(m, 2/2H), 1.71-1.69 (m, 6/2H), 1.09 (dd, J= 6.3, 1.7 Hz, 6/2H), 1.11-1.02 (m, 42/2H), 0.88 (s, 18/2H),
0.87 (s, 18/2H), 0.04 (s, 3/2H), 0.033 (s, 3/2H), 0.031 (s, 3/2H), 0.02 (s, 3/2H); HRMS (ESI), calcd for
C24Hs5003S1:K* (M+K)" 481.2936, found 481.2928.

NOESY experiments of (£)-315

Me’r}

TIPSO‘§:41\>OH
§—OTBS

Me
(2)-315 (500 MHz, CDCl5)

Me,
Me V4
TIPSO Cl
TIPSO OH TsCl, DMAP
g_ CH,Cly, rt g_
OTBS
0,
OTBS 75% Mé

Me 2315 (2)-318

Allylic Chloride (Z£)-318: p-toluenesulfonyl chloride (62.0 mg, 325 umol) was added to a solution of
allylic alcohol (£)-315 (110 mg, 271 umol), DMAP (46.3 mg, 379 pmol) and CH,Cl, (2.7 mL) at room
temperature. The solution was maintained for 27 h at the same temperature and concentrated. The residue
was purified by silica gel column chromatography (hexane) to give two diastereomers of allylic chloraide
(Z)-318 (85.2 mg, 75%, dr = 1:1): a colorless oil; 'H NMR (500 MHz, CDCl3) § 5.77-5.71 (m, 2/2H),
5.59-5.52 (m, 2/2H), 5.42-5.37 (m, 2/2H), 5.09 (d, J=5.2 Hz, 2/2H), 4.32 (dq, J = 6.3, 5.4 Hz, 2/2H),
4.19-4.09 (m, 4/2H), 1.74-1.70 (m, 6/2H), 1.20 (dd, /= 6.3, 1.4 Hz, 6/2H), 1.14-0.95 (m, 42/2H), 0.882
(s, 18/2H) 0.876 (s, 18/2H), 0.05-0.02 (m, 12/2H); HRMS (ESI), caled for C24H490,CIK" (M+K)*
499.2597, found 499.2580.
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304b

Pd(PPh3)s (10 mol%) §—O$BSO 0
oTBS CuTC, Nal, NMP, rt /
Me Me
(2)-318 95%, E/Z = 1:12.6 (2)-305

o\~
o) o}
Me Me
Me3zSn
TIPSO cl TIPSO
—_—_—

Allylic Benzene (£)-305: In a glove box, a solution of allylic chloride (£)-318 (25.0 mg, 43.4 umol,),
arylstannane 304b (185 mg, 434 umol) and NMP (4.3 mL) was added to a mixture of CuTC (31.0 mg,
130 pumol), Nal (23.0 mg, 130 pmol) and Pd(PPhs)4 (6.3 mg, 4.3 pmol, 10 mol%) at room temperature.
After stirring at room temperature for 21 h, the mixture was quenched with H,O (2.0 mL) at room
temperature, and extracted with EtOAc (3x 5 mL). The combined organic extracts were dried over
Na,SO4 and concentrated. The residue was filtrated through a pad of silica (EtOAc/hexane 1:49) and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:4) to
afford an inseparable mixture of allylic benzene 305 (31.1 mg, 95%, (E)-305:(Z)-305=1:12.6, dr=1:1):
For an analytical sample, (£)-305 was isolated by HPLC (PEGASIL Silica 120-5, 250x20 mm,
Et,O/hexane 1:49, 10 mL/min, Tr = 16 min). (£)-305: a colorless oil; '"H NMR (500 MHz, CDCl;, 1:1
miixture of diastereomers) 6 7.39 (dd, J= 8.0, 7.7 Hz, 2/2H), 6.94 (d, J= 7.7 Hz, 2/2H), 6.81 (d, J= 8.0
Hz, 2/2H), 5.75-5.67 (m, 2/2H), 5.56-5.50 (m, 2/2H), 5.38-5.31 (m, 2/2H), 5.26-5.51 (m, 2/2H), 4.34—
4.24 (m, 2/2H), 3.97-3.86 (m, 4/2H), 1.70 (s, 12/2H), 1.71-1.68 (m, 6/2H), 1.18 (dd, J = 6.3, 2.6 Hz,
6/2H), 1.12-0.95 (m, 42/2H), 0.89-0.86 (m, 18/2H), 0.06-0.01 (m, 12/2H); HRMS (ESI), calcd for
C34Hs305S1:K" (M+K)" 641.3460, found 641.3453.

NOESY experiments of (£)-305 and (E)-305

Me‘\v Me “
TIPSO~~~ TIPSO J O o)
07L
(0] o]
§—OTBS 07L §—OTBS
Me Mé
(Z)-305 (500 MHz, CDCl3) (E)-305 (500 MHz, CDCl3)
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B. Comparison of Spectral Data of the Western Fragment

B-1. Comparison of '"H NMR of the Western Fragment

26 21

Me Me
23
27 24
22 19
29 -0 OTBS

Me 30

18 o

OEt

Me
17

a1 (z,E)-251
Kalesse’s synthetic sample our synthetic sample
Proton "H NMR (400 MHz, CDCls) "H NMR (500 MHz, CDCls)
18 7.49-7.43 (m, 1H) 7.46 (dq, J=11.7, 1.4 Hz, 1H)
19 6.13 (dq,/J=11.9, 1.4 Hz, 1H) 6.13 (dq,J=11.7, 1.2 Hz, 1H)
30,29 5.49-5.32 (m, 2H) 5.43 (dqdd, /=152, 6.0, 1.2, 1.2 Hz, 1H)
5.38 (dddq, J=15.2, 12.0, 6.0, 1.4 Hz, 1H)
27 5.18-5.12 (m, 1H) 5.17-5.12 (m, 1H)
24 4.48 (dd,J=17.9,5.4 Hz, 1H) 4.48 (dd,J=8.0,5.4 Hz, 1H)
Et 4.21(q,J=7.1Hz, 2H) 4.21(q,J=7.2 Hz, 2H)
28a,28b | 2.83-2.60 (m, 2H) 2.78-2.61 (m, 2H)
22a 2.28-2.16 (m, 1H) 2.21(ddd, J=15.2,10.6, 5.2 Hz, 1H)
22b 2.07 (ddd, J=14.7,10.2, 5.8 Hz, 1H) | 2.06 (ddd, J=15.2,10.3, 5.4 Hz, 1H)
17 1.93 (s, 3H) 1.93 (d,J=1.2 Hz, 3H)
21 1.88 (s, 3H) 1.89-1.86 (m, 3H)
23a 1.79-1.70 (m, 1H) 1.74 (dddq, J=13.2, 10.3, 8.0, 5.2 Hz, 1H)
26 1.68-1.67 (m, 3H) 1.68-1.66 (m, 3H)
31 1.66-1.63 (m, 3H) 1.66—-1.63 (m, 3H)
23b 1.59-1.48 (m, 1H) 1.61-1.49 (m, 1H)
Et 1.31(t,J=7.1 Hz, 3H) 1.31(t,J=7.2 Hz, 3H)
TBS 0.89 (s, 9H) 0.89 (s, 9H)
TBS 0.04 (s, 3H) 0.04 (s, 3H)
TBS —0.00 (s, 3H) —0.00 (s, 3H)
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B-2. Comparison of *C NMR of the Western Fragment

26 21

Me .. Me . O
29 Ao OTBS Me
.y MeJ %0 (2,E)-251
Kalesse’s synthetic sample our synthetic sample
3C NMR (100 MHz, CDCl;) 3C NMR (125 MHz, CDCls)

C-15 169.2 169.2 (C)
C-20 148.0 148.1 (C)
C-25 138.3 138.3 (C)
C-18 134.4 134.4 (CH)
C-30 129.7 129.6 (CH)
C-29 125.5 125.5 (CH)
C-16 124.9 124.8 (C)
C-27 123.9 123.9 (CH)
C-19 120.7 120.7 (CH)
C-24 70.0 70.0 (CH)

Et 60.6 60.6 (CHy)
C-22 373 37.3 (CHy)
C-23 34.6 34.6 (CHy)
C-28 30.9 30.8 (CHy)
TBS 26.0 26.0 (CH3)
TBS 18.4 18.3 (O)
C-31 18.0 18.0 (CHz3)
C-26 17.9 17.9 (CHs)
C-21 17.5 17.5 (CHa)

Et 14.5 14.5 (CHa)
C-17 12.6 12.6 (CH3)
TBS —4.6 —4.6 (CHs)
TBS 4.8 —4.8 (CH3)
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B-3. Comparison of the Optical Rotation of the Western Fragment

Our synthetic western fragment (Z,E)-251 was found to be indistinguishable from a Kalesse’s
synthetic sample based on 'H NMR, *C NMR, and HRMS except for its optical rotation (Our sample:
[a]?p +16.8 (c 4.19, CHCls, 94% ee), Kalesse’s sample: [a]*°p —21.7 (¢ 4.19, CHCl3, 95% ee)). Although
our synthetic sample (Z,E)-251 contained an inseparable isomer (Z,E)-251 in 15.5:1 ratio, it did not
reverse the optical rotation ((E,E)-251:(Z,E)-251 = 14.4:1, [a]*p —1.0 (¢ 1.00, CHCl3, 94% ee).

Our sample: (Z,E)-251:(E,E)-251 = 15.5:1, 94% ee

[a]??p +16.8 (c 4.19, CHCl3)  [a]?*p +17.6 (¢ 1.00, CHCl3)

SnBuj
. Me Me o
Me Me o] Licl, Mef(E)-ZM Me Me o
Pd,dbas CHCI; (5.0 mol%) OFEt
OEt 0TBS Me oMe OEt
MeO,CO oTBs Me DMF, rt oTBS Me
(2)-273:(E)-273 100% Me (Z,E)-251 (E,E)-251
(Z,E):(E,E) = 15.5:1 (inseparable)
Our sample: (E,E)-251:(Z,E)-251 = 14.4:1, 94% ee
[]?®5 —1.0 (¢ 1.00, CHCl3)
SnBuj
LiCl, Me—f(E)-274 Me Me o)
Me Me Q Pd,dbas-CHCl; (5.0 mol%) Me Me o okt
Me0,CO OEt Me™ S OEt * diBs Me
oTBS Me DMF, rt OTBS Me
(E)-273 100% (E,E)-251 Me (Z,E)-251

(E,E):(Z,E) = 14.1:1 (inseparable)

Kalesse's sample: (Z,E)-251, 95% ee

[a]?°5 —21.7 (¢ 4.19, CHCl3)

M M ) M M o) M M o
© © 1. (NH4)gM0;054-4H,0 ° © © ©
OEt H,0,, EtOH, 0 °C to rt OEt OEt
0TBS Me 0TBS Me + 0TBS Me
2. KHMDS, acetaldehyde
No S DME, 60 °C o rt J
N 326 Me (Z,E)-251 Me (2.2)-251

NN 68% (2 steps), (Z,E):(Z.2) = 6:1

Ko6nig’s group determined the stereochemistry of the secondary alcohol by using the modified
Mosher’s method of corallopyronin A (92). Kalesse’s group constructed the secondary alcohol by the
enantioselective reduction of 327 with (-)-DIPCI, and determined the stereochemistry by using the
modified Mosher’s method. We also unambiguously determined the stereochemistry of the secondary
alcohol by using the modified Mosher’s method. These results supported that the stereochemistry of both
Kalesse’s and our synthetic samples was corresponding to that of the natural product, although the reason

of the disagreement involving the optical rotations was not clear.
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85-0r (ppm) of Konig's sample

+0.08 +0.04
04z N .
Me Me ( +0.05 O OH

-0.127 2
H
07\ \/NTOME
) 0 Me o
Me
237
Js5-0r (ppm) of Kalesse's sample
Me Me (0] Me Me (o}
) _30 ©
Ot 1. (-)-DIPCI, THF, =30 °C OEt
°© Me 2. TBSOTY, 2,6-Iutidine oTBs Me
OTBS 327 CH,Cly, 0 °C OTBS 249
76% (2 steps), 95% ee
OTBS
H(a): +0.06

J5-0g (ppm) of our sample

N H(b): +0.08 ( +0.03

-0.16 +0.01
+0.06 +0.05 Ve '
—01z . w00z (
M M
° ° ( -0.03~ X
OBn
OFt \ A\
& 6 ~ OMTPA Me ~
( OMTPA Me H(a): +0.10  +0.04 +0.01
+0.06 H(b): +0.05 :
H(a): —0.03 +0.11 Vo
:=0.07
v 210 278
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S8 HHE-/I=2-Stille Hhy 7Y v 7ot

N % V72  THINRICEALIZ 22 D2 o 7225, VARERMESE T L2(= v R Y —1),
FROFEMA] (v b Y —=2) 27 vHRLEZOHFMA (v Y —4,6,9,12) TIEZAEREDMK
T U720 RS TAREREPME T T 2858 e o7z (v P VY —7,13), —/ T, KI 2R
AV EZROFMAIZRH S L, CNTETIY EOTARERESRELZ(= v b ) —3,5,
16)o D WAILAEIRPER FIL L 72 Nal 2003 2 &b 2 adiscth e Lz(= v + U —5),

OA( E Ar Z Ar

(6] (6]
Me MesSn Me
TIPSO Cl (10 equiv.) 304b TIPSO
g_ Pd(PPh3)4 (10 mol%) g_ (6] (6]
oTBS CuTC, NMP, rt oTBS 07L
Me additive (1.0 equiv.) Me
(2)-318 (2)-305
entry additive yields*
(2)-318 305
0 K,COs - 84% E/Z=1:5.4
1 none - 84% E/Z=1:3.7
2 LiCl 63% 10% E/Z=1:1.0
3 Lil - 86% E/Z=1:71
4 LiF - 88% E/Z=1:0.6
5 Nal - 84% E/Z =1:9.1
6 NaF - 80% E/Z=1:0.9
7 Na,CO; - 82% E/Z = 1:1.2
8 Kl - 75% E/Z =1:4.2
9 KF - 84% E/Z=1:1.3
10 KOAc - 90% E/Z=1:5.2
11 KOtBu 78% 7% EIZ=1:1.0
12 CsF 36% 60% E/Z=1:3.5
13 Cs,CO3 60% 50% E/Z =1:1.0
14 TBAB - 82% E/Z=1:53
15 TBAI - 88% E/Z=1:6.0

(Z)-318 (10 ymol), 304b (10 equiv.), CuTC (3.0 equiv.), additive (1.0 equiv.), NMP (10 mM), rt, 24h
*The yields were determined by "H NMR using mesitylene as an internal standard.

Table 10. Zsh0#| D

ArB AR EY
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