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ARIEADIT. BT T AF v 7 BN EBox A 2 LA 20 - R 7 BN
AT TOICEHEREREZ LTS, 95 LIeABEEMOEMIEZ KRR T2 b O
AL Th D, AED TIxIT 287 e ISR E T 5 2 &, Frab e oal
OB 6 TEAA A OS2 G EBUCR N 2T EBELRHFETH L, PTH
EBSREMEAE AW FEL, 7aAx by 7Y UG C-H G ERE LA IILD L L
T, A2 AT CIEREE R OSBRI T 5 Z LB LTSN TE e, T
BEANTAFZEES TN D,

IHOLEEENOHE A DT N—TTlE, Fo—r U4 —F 2V aER LI filiEn 7261
BRFIEORRBEET>CER !, Fo—r U —F 7 EiF, TAFLERMENB-£ FY K
i FAZM YIRS Z & T, TAT BRI T2 &7 @BBRT VXV EABE)
T HHRTH D (Fig. 0.1),

S-hydride H further
chain walking

R elimination SN R insertion R R
M] —_— |\/\(\)/ _ e

[M] M]

Fig. 0.1. Mechanism of chain walking

Brookhart &3 1995 412, #AMER SBEHEEZ NN T = —0 U —F V2R D@57
FE BRI ORY) 2 F LR EDERIE ZWE L TUR, F=—r Ur—F 7z fn
Temm TARBICIERZ < EIND X)o7 3, —H TNy TOEKERFEE LT
b Fox DWIFET N—T 21T T & L TOTHELDMEIMTHON L LI >TETND Y



ARSZBNWTCTF 2= U4 —F T RIERT 22 L O—o0fRIE, @F ISR
RIS D EREFRAL N FIREE D 2 & Th D, T2 AT T =— v U+ —F T &
LTy T O R BTFE O SR 72 72 D —> & LT, YiFEE Tl Ln-V = VDB
(L BMEALSOS Z2AE LT D (Fig. 0.2)1, Z OIS TIEE T, R TELET YA R
U RFEICKR LT BE ORI 7 V7 LB - FAT D 2 & T C-Pd fEE DB S
N5, W T HLERNER ATREZRMEE CEBRIBE L, EONET V7 EA RN T L%
NRT DT LFEAENL - FEATHZ LT CCREAGEMMLLERAHET S, KklcA L
T4 UM E R D Z L TR E 525 LRI NT Yy e R REPHAT D, 20
KO F == U —F V%D 2 LT, WIS REE R ARG A T L OFERERAL
DT LT D,

Q cat. (phen)PdMeCl
cat. NaBAr,
\/W
X

CH,CICH,CI, rt z /N N\
—N =
X N/
Z=CO,Me 50-78% yields Pd
x=1-48 dr > 96:4 c” “Me
(phen)PdMeClI
l [Pd]—H T ~[Pd]—H
CF5
chain f
/ , BAr,= B
Q walking Q’[P d] insertion re
z z — >z
\/H\(\H CFy/ 4
X

X

[Pd]

Fig. 0.2. Palladium-catalyzed cycloisomerization of 1,n-dienes via chain walking



— BRI FEE D FERER D DB IALE IS 1 AALE RN 2 SO0 & LT 2 FIEIL, =R
B e A4 E(Remote Functionalization) & FEIZIVD 5, 7o & 2L, TV o DR BREERMEL 2 F] T
L7ziEREREIIH <o b TnD, ARHIE LTE 1974 FITHD THE SN
Schwartz FERNEET S AL, WH ISR 7 L X VBRI O E R L E2IT O 2 &N T
x % (Fig. 0.3, A)%, Z Dk 1990 FERL I, MR 7 V7 v OmIEE fER L3 A S
b & 51T o 7-(Fig. 0.3, B)be, LIk, EREBAMLC X 57 V7 v OEEE R (LI, 1¢
SEREECd - 72 FEBRE FEBT 5 FiEE LTIHEICWES ETHESRE ST 7,
O LT NTrDEFERREICENTIE, RISBRIMRTH D 7 T A EALIT TR R
FREAIND,

(A) stoichiometric remote functionalization

{
\ benzene, rt

(B) catalytic remote functionalization

cat. RhCI(PPhj)

NN+ HBpin > NS -Bpin
Z PN CH,Cl, 25 °C P

cat. Ni(cod), Q
cat. IMes
A"pp 4 s ~  _N__N
N N toluene, 130 °C /\/\i
AN
Ph

Fig. 0.3. Remote functionalization of alkenes




—J T, TN ENL OB REEARITHE < R FEEESRMEAL A AL E BRI IS HIE L 7= ik &
NTCWa, 22T V=T ha— LD R K - Heck Mk 8 IZBWTIL, Kim 7 Vo7
YOT V= AT T, ERALICATE T A Rex v e VR VEA~ET 5 2 L
ZEREN ) & U CA E R IR 7 R BREE R L AN AT 5 (Fig. 0.4, A), BFICUTAETIX, RE b~
DIEBANED 5TV 5 (Fig. 0.4, B), DFT FHHEIC L 2B L1770 TR Y . UG
AR TH DTN VEMML O BEREILICKE T CTF 2 — v U4 —F v BT L, BRI
LEMBERIRT o fE TEBMBRIRICBE L= b, BMbieli 7o s Az T
THEINTND 8

(A) Mizoroki-Heck arylation of non-allylic unsaturated alcohols

cat. Pd(OAc),

LiCl
H Ph
Q BusNCI 0 0
N DMF, 50 °C N N

linear (/) branched (b)
1:77%, I/b = 84/16
2:85%, I/b =83/17
3:88%, I’lb =82/18

n
n
n

(B) enantioselective Mizoroki-Heck arlyation of acyclic alkenyl alcohols

cat. Pdy(dba);
cat.

— 0
CF ]
OH 34<\:\,>_<\N 3 0

"By
Ar—NoPFg + Et Et
2FFe \/\)\Me DMF. 1t Y\)J\Me

Ar = 4-MeO,C-CgH, Ar
58% (er 90:10)

I

— Et
Me Me _H* Me
Ar

Ar Ar  [Pd"]
Fig. 0.4. Redox-relay Mizoroki-Heck reaction




L7eiR o> TT 7 Ak L CERE R 2 R LIfl L LTid, RISHARIZIIAKE
PEAINTERAMEDARE b0, & L <IIRGBRIA SO E R ATRE T & &R D
BERMEDBNETHL LD, OWTIhNIZE AL TH 5 (Fig 0.5,A), KLHIGRTHLT
N AL D EREIEARICHRE S TV v DERE AL, TR BRI 2T v v DR
B HERAE(Remote Difunctionalization of Alkenes) DBIZIEF TR HALTE Y | RIZHkEM) 72
FEETH D (Fig. 0.5, BY, ATEE, X<mon=7 7o wEERMLICkT 2 FilHe 5
THDOTHY 10 FUSBAMHRICI W TEEREE ZHEE LR S OnATEE 2L EIZIB VT
A PP IRIEME R A REEET D LD | HERR D > BT R G R 2 2t 5 6
TbdH D,

(A) mono functionalization (well-explored)
reagents
1 H metal catalyst 1\/\?
R \/\)\Rz R R2
reagents 0

metal catalyst
1 1
R \/\)\Rz Rg\)‘\ R2

(B) difunctionalization (challenging)

reagents

metal catalyst
1 1
R \/\)\RZ R R2

Fig. 0.5. Catalytic remote difunctionalization of alkenes



TN ORMALEFIA L CER B 2 KB T 5 EToEIT 2 AdbDH, FTH

2. TN o WA 5 2 & T S (Fig. 0.6, A), t&ziﬁﬁ%%ﬁ@ RESE LS
TLEOBT A7 U REMAET HBRICBW T, WE & 77 SSHAET LT 5B A, RS
BIAA I ERER VA SR W BIAERIN A U D, & LT IS, BRSO E

IR ERER LS EITT 5 2 & T 5 (Fig. 0.6, B),

LEERoT, Fx—r Ut —F 0 VPRI H#EIT L) 2 T, EmREEELZ L FEBT
EDEXCRERERFTHUNERD D,

[M] H
R\/\/\RZ g\/\RZ_‘ E ’/\\,\,\N\RZ 5\/\

| (B) efficient method for

\ remote functionalization

(A) suppression of alkene exchange alkene

exchange

1
R\/\/\Rz

undesired

Fig. 0.6. Challenges for catalytic remote difunctionalization of alkenes



Fr—r Ut —F 7 R DHER RO RN E LT, 1991 FlCHds s
R Mkl TR T EAEAENLE 2 ob oV U OER CERER A m ST
W5 (Fig. 0.7)%, ZORURTIX, BFIINZLIER -7 VLR ~DO B ZFIH L, b
EBETNT U ThoTokFE LICRFERERDEANIND, FEFEFIL, £ OBRKIGEELK
AIDILR B HE LT D %,

CO.Et cat. Pd(dba),
Ph—I |\ 2 NaH003
CO,Et BuyNCI CO,Et
* ; Ph =
DMSO, 80 °C n CO.Et

ZRYE 2

n n=2; 82%

n=4; 66%

Pd"—
L [Pd™ thégn\//\

Ph —
\)\6/)/\ [Pd”]_|

X

n

Fig. 0.7. Palladium-catalyzed arylation/remote carbofuntionalization of unconjugated dienes



D% 2018FITIE, = T 2 W e ) SV UEmEE T AT UAT I D 1,3-
R ERREALDHRE SN (Fig. 0.8)1e, ALUSTIX, A X T ¥ A 7 VR ZRETT UL
MATOHOFRENEAIND EEZ LTS,

29 LI RST N VENER L O U M ~ERER A B AT S 13- BRI ' 21T
HELT, Feo—r U —F 0 7 a5 EREEEOFITN < O EFIAH 5 A3, W
THHEICERARTZL 57 -7 VAHBUES A Z Z 91 7 ViR & B PR LE R
HRRZRED 2 A TORIENIZEAETH D,

Ar—I| Ph_B(OH)Z cat. Ni(COd)2
cat. DPPM H H
+ K3PO4 Ar. N N\ Ar. N N
- . N
H dioxane, 100 °C \/?\IT]—WNT\) \/I ?\jl/\)
/\/N N
.
N~
Ar = 4-MGCGH4

Fig. 0.8. Nickel-catalyzed 1,3-dicarbofuntionalization of

allylamines bearing pyrimidine directing group



Z ) LI CUME=RIL, BEICIR R TF == U —F U T B R D In-T = OB LR
BRI (Fig. 02)I2x%F LTt Ra v Ul 12 ZHAaA A 7255 1IN T Ol B RER b 2 it
LT\ 5 (Fig. 0.9)3, ZOIGTIE, RHTELE Y I ARG DT AERA~ILE ORIET L
U MEIAL, AT D2 L TCSi AR XN C-Pd A E KT 5, fil) T Fig.0.2 IR L
T BRALEIMEALEOG & FEROBREIC LY HEBREME L0, TAXAURT VT LR
Rev I b o fiGAX B AERITZET, HERIMIZET LT VXL T %2 E
25 EREFZ, Y UNART DT AERPEAT D,

cat. (Meyphen)PdMeCl

S~F , cat. NaBAr, SN
Z +  H-SiEt, Z ,
N CH,Cl, SiEts
X X
Z = C(CO,Me), 64-79% GC yields
x=15 7 N/ N\
i : —N N=
J [Pd]-SiEt, T _[Pd]-SiEt, od
c” “Me
[Pd] (Me,phen)PdMeClI
chain nn 4phen)PdMe
S e [Pd] walking /\/I/[pd] insertion K
Z = Z ey ———— 2 .
\/\9/</SiEt3 \/%/\/SIEQ SiEts
X X X

Fig. 0.9. Palladium-catalyzed hydrosilylation/cyclization of 1,n-dienes via chain walking



WFZEEE N B U7 BOG R (Fig. 092 W Tk, AWVNE 2 IRFELL EBEN - I ERER: &
BALTEBY, hoMET 2EREEICL > THEHEEZZ 1T TO R WRIEERFE S O L %
ER LTS, KRIGRE S BICHRARS TEBRTIEE UTHRAYLSH TV — D0k &
LT, AARLEOFBAERL Y BWERREOBEANRE Z 5D,

T 2 CEFIL, UMEEDBRE LI R & R0, AR EoFRERE VR Y
FEREFEDE A Z M AA AT BHIER B Lo 2 AfE+ o & & L,
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RFETR T FFEAELT ., C-B fEG SRR DI A 1 O 3 B RE LI DUV TR
BEFRERTIEREF N2 BEETHLRIIME SN 4BIZROND 14

Yin 5% 2019 4EI2, BUSBHIGS THH T IV o OBERERELICH: < EiEA v #E e LT,
RT Dy DA N 14-2 7 aaF P07 ) — Ul EmR R U ERS A L
72 (Fig. 0.10)4, ARG TIX, — DT I VENA~DT V=X TF =2 2 DD LT
2= =X TN E S TRT DT LHLABEI L, & USRI L E e -7 UL
HRERR YR v LT D 2L TEIT T2 8B 2615,

cat. Pd(acac),
Me4NCI

NaOA Ar Bpin
© + Ar—I| + Bypiny C:CICGO °c > U
3,

Ar = 4-COzMeCGH4 78%

[Pd"] (Pd']
L Ar Ar | 4,
T — O

Fig. 0.10. Palladium-catalyzed arylation/remote boration of 1,4-cyclohexadienes

ILIZRIFE OIX. =y 7F A ZE Wz 0-7 U — -1 T FHOR Y AL - 2@ T
U — b &S LTV A (Fig. 0.11) 14, KIS TIX, Kia7 Vo DRV v=v 7 kD
T 2= U —F T LT = T NVFLBRR DA ETEEIL, 7Y —n el
VREERIGTHZ ETH#ATT 2 EE X DD, RIS, R UNALIT I TSN IR
AT 5 2 LD BRI LE R XU PV HBARESE LTS E STV,
TN T LTEIFDELS RN T IARCBUEHTHLN, LV AF LU HOEWEE
WX L CHIRITE D b DDERINT WD, ZORIC, R OMBER A HWTT U~y
BUEOHEALR DT L D 1,3-R Y b - mRRAR L U LB AL L T D e,

cat. NiBr,*DME

cat. 0
azel
/\H,Ar —N N gy,

LiOMe pinB N Ar

+

B,pin, Ph—Br dioxane, 30°C Ph n=1,Ar=Ph 62% (rr 10:1)

n=2Ar=} o 31% (ir 5:1)
o)
n =3, Ar = 4-Me-CgHy4 21% (rr 15:1)
[Ni"Br
mavkwm;:mwwﬂYw
n
n

[Ni'"1Br

Fig. 0.11. Nickel-catalyzed boration/remote arylation of arylalkenes
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FETBEPORIEREZRNND Z LT, AT REBET AT VO VAR & BALT L F T X
HARTHEN - EHRT VXL EER L TEY, TN DORFE~DERIZ BT L
TWA(Fig. 0.12) 4, 7272 LZ2DLLIET VIO FRELEZEZLLOTHY | L V=R
DOERBEBEIT L2 b DIXT F T 8 Re 7B EUFHEERE AW L4- iR bo 1 4
Th b,

PUERNTE7ZL D12, C-B a0 A ;) ERE B OmE TP 72 < BUK
TILEBE BN ATRETH D DI T U ALY DAL, ~T v B e & o bk
HEMEAL 2 52 T T IR B v D,

iClae Bpin ! i

Bopiny  Bra_~_Ph g:: EICIz DME P | Q |
i LOMe & BN NHBn|

@ NMP, 50 °C o Ph BN ] |

o) A n=1; 71% (dr > 20:1) ‘-----mmmmeeooo- ;

n=2; 80% (dr 1:1)

Bpin Bpin
- —
o )n 0~ YNi"

Fig. 0.12. Nickel-catalyzed boration/remote alkylation of heterocyclic alkenes
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C-B #& OERZE 1 ) 5R HRER LA R T 2EROBIEZREE L Tla R U LT L
XOVEERNRE L e D BN DD, FEBRCZOREZEHAT 52 L C, BmeEEE e ER L
B3 BTV A (Fig. 0.13, A)BS, F727 07 UEEEITR L TR U VIR0 NSRS T o fif
NEBIZTOHDOHERREZEATARGLHONTEY 72L& 21F 1,1-27R U /L{k(Fig. 0.13,
B) 162 %> 1,1-78 U /L7 L% LAL(Fig. 0.13, O)!® e E ST\ 5, B DRI TIE, AV b
=T MEDDBIZTF == U —F L T DG BOBEN AR Y VI o ~HlE i, fi
PUSZRET 1L,1-EREEMEAEIT L T 5,

L7zido T, AU K a i TR WIERRI A~ GRFPLABEITE L L5 1cF=—0 v
G —F TGS 2 LERETCHED,

(A) Remote functionalization

cat. (PPh3)3CoH(N,)

X -Bpin benzofuran . .
+ cyclooctane Bpin Bpin
HBpin THF, 23°C [Co] Bpin

(B) 1,1-Diboration

cat. Ni(cod),
cat. Ligand

Bpin
~Ph + Bopin, LiOMe, EtsN pinB)\/\/Ph O O
(@)

toluene/THF ,130 °C

PCyZ PCyZ

pinB/\/\/Ph - 511/\/% Ligand

[Ni] pinB

(C) 1,1-Borylalkylation

cat. Ni complex Bn o
OCOA LiOMe  _ OCOA
A r . BnBr . - pinB)\/\/ r
dioxane, 30 °C
B,pi N—Ni—OH
2PIN3 AN
Br Br
L OCOA INi] J Ni complex
r i
inB .
pin /AEEJ\\/ . me/L\//\V/OCOAr

Fig. 0.13. Potential drawback: stabilization of alkyl complexes by a-boryl group
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PERRTE X512, BRAEBMEZ AT VA7 Omlg B RERLOBIFITART
PRERAY 72 3RE T H 0 | MAFTEE DB LEN L2 FILIAN Tk, R 7 v r Lo Vv
fr, ~7 a7 BN 7 s b 2 2 T IR OB R b 2 50 b OIZR 6N T
W, Fl22nbD%<1E, KISEEITI 5702 -7 VAV ETIL -2 DeHRe &
DOBIVFNCLE R T REROE R A LE L LTEY, KEOEEFRIENRENTZ E VR D,

MAFFEEDBAFE L T EISRITBN T, ERAIZIB T 2 RIEM RS OE A 5
R HREEE R FEETH D2, AREA K O AR E WA U R E R OB AN FEE
LT, ORI G RIS 2 KB D Z LT L IR T E D,
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BETE, Fo— U —F T RS In-Y DO KukvHEL - BILRSIZ o0
TR 5 (Fig. 0.14), F& 1L, HWFREDBHIE L7oMiir 2 280012, B FrrZ o
ATk RaRT 25D Z & T, BUSHIGR TH 57 V7 N A~F#EG R - oA YE
NEWR U REREEZEAT D Z LIRS Lz, ZHUIBET 2 EREIC L » TEMELE
ZAT TR WIERRAL O ERERAL & 32 C-B A ETERT 28 L& 1 T OiElR U Ehe ik
LWV D, £, CBREGOIENKZ ) ER _EREE I\ T, AUHERLE LT FeAR
T ERWEDTORTHLH 5,

K DOIRITFRREEICE E -T2, KT A4 OB v Rk 7 #E{bo Zp3 i
ITLTERIERIMNZ S AR LT Z 0D, RIGHIER THL TNV Tr ORI NN T T A
fbicki< . BALRTHREIKICE S ETOF 2 —0 T —F 0 VT BRENRNETH D Z L AVRE
SINDFERNBF O,

cat. (phen)PdMeCl

S~ ) cat. NaBAr, SN
g T z Bpin
X

X

l [Pd]—Bpin T —[Pd]—Bpin
[Pd]
chain M
Z/\/ “ (Pd] walking Z/\/I/[Pd] cyclization
Bpin = Bpin Bpin
X X
l challenging
/\/"Lb\
z .
\/\9/\/39'”
X

dominant byproducts

Fig. 0.14. Palladium-catalyzed hydroboration/cyclization of 1,n-dienes via chain walking
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FETIE, L6-vm ot Ruk v« BEBISIZOW TR~ 5 (Fig. 0.15), FH& 1L,
OB LR 2 B0 IC, 1,6-V e RuR T v ORIGICE VR Y LT
IR a2 FFEREGRT D FIEARTE LT,

BALATEBSCB T AT = — 0 U —F 0 V2 0E L LW B ThIUL, AU $#E
b RIEDDRLLSET LSS WO BERHANSG L,

(\/\\‘ cat. (Me4phen)PdMeCl ‘:/m \
/\/\ R cat. NaB4Arf4 G\\\/R
Z + H—I[B] 7

NN [B]

Fig. 0.15. Palladium-catalyzed hydroboration/cyclization of 1,6-dienes
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BT, T2—r U —F 75K In-VrOmElEY R U b LSS IZ D0
T~ 5(Fig. 0.16), HEH L., 1,6-P= HHEVRu o ZRISESEHZ ik, mUFHEL -
BALDRIZTF = — 2 U+ —F 0 7 % iR DWW O NEVE R IR FEIKFERE G DA 7 B & 2Rk
L7co RBUGE, 7vd VISR 2iERE A XA Z AL E#E LT ToRITh 5, =
VIHBEL LT I n-Y=r(m>6)bRIHFRETH Y . AWVIZHENL/Z C-B,C-C,C-B £ 9 3
DDOFEG DI G S AR Th o 7z,

IS E LTAERBOER IToT2 8 2 A, BAINT 2 DOFRURFREREALERTLZ
& T, BERER STV e o Tl U E R L RIS HEBARETH D Z E R0 o
77

FOGHEMEICRT 25 21T o 70 & 2 A, RKIGOEERIBER T H D i A AT M 72
C(sp’)-H f565 D C(sp’)-B fEG~DEHUL, TAFNANRT DT LFEL VR r L OFAM o
BAZEBVALEWVWHIBLWRBEEZ G2 ERHLNIRY . X5 5EE EEAED
BAFS IR 5 HEL R M RS B ATz,

t. (phen)PdMeCl
cat. (phen) e . B] FG,

r~A cat. NaBAr, Aher ke
ZWX +  [B]—[B] z — Z
y Bl FG,
\(‘3\/[Pd] [B]—I[B]

y Bl [Pd]—[B]

Fig. 0.16. Palladium-catalyzed remote diborylaton/cyclization of 1,n-dienes
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BUETIE, F2—rUr—F 07 2RDT VIR HHO®EE YR Y Iz 2N T
WD, BHZ, DA EOKBICBWTT U AR B ET NV VB E LTHWS Z
ET, TUARVEBEUVHOR Y VB L OERIRRFICAR Y VIEEZBEATE DL Z L& R
L72(Fig. 0.17), L7223 > CHAEOMPERICB W TIE, 77y FICEREREAEATH &
T, BISBIRE DR Y NRT D MU OF = — > 7+ —F 0 V% | B LR & fAA T =
ERKIBRLEITIELND Z ENH LN ST,

cat. (CF3pyox)PdMeCl Bpin

) cat. NaBArf,
/@M + Bopiny /@/\/\Bpin
R R

Fig. 0.17. Palladium-catalyzed remote diborylation of allylbenzene
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ILn-UTr Ok FukvRt - BILKE

i

il

Famlc B W CTREICI R 7218 Y . YRR IT T = — > vt —F U 7 &R A LIz il iy 224
A RIEDOBRZIT>TED, 2019 HFiZIZT =—> U —F 2 T %KD In-VZ U HHOE
R Vb - B E S L, 0 TN ComERE _FiER LA 2 L (Fig. 1.)3, 2o
BOSTIX, R TELCTZ L VAT D0 BEERA~EEOREG T V7 SRS, AT 5 2 &
T CSi AR LV C-Pd fEEETMT 5, W THERPEKAIEERIEE T/RT7 V7 A
HLBREEY L B OWNERT V7 NS T VXN RT DT AR FRAT D Z LT C-
C WEAZEHK L HEREWET D, KRBT AIANRT U LN KavIvd o iR
ABELRAERIT LT, HERIMNAAT T VXN T 2525 LRI, UV
IRT DT LR EET D,

cat. (Meyphen)PdMeCl

S~ , cat. NaBAr', SN
Z + H_SlEt3 Z .
NS VN CH,Cl, SiEts
X X
Z = C(CO,Me), 64-79% GC yields
x=1-5 7 N/ \
- =
j [Pd]-SiEt, T —[Pd]—SiEt, o
AN
¢’ “Me
(Pd] (Me,phen)PdMeCl
chain o, 4phen) e
Z/\/lx"‘ [Pd] walklng Z/\//l/[Pd] insertion 7 -
\/\9/</SiEt3 \/%/\/SiEQ—’ SiEts
X X X

Fig. 1.1. Palladium-catalyzed hydrosilylation/cyclization of 1,n-dienes via chain walking
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O XS ITHIFREN L L2 SUSRIZE W TR, mRAIS BT D RIEM s G D2
LD EIR T ERE R FTRE CTh D, RRISREAH R FERFLEE LTS T
< —ODHREE LT, AR EOFRAEN LY BWEREOEANEZ OND, T TH
FiL, EFEOAEAEBIEPICB W TEHEEREHI ZH > T DR U EHREOEAZHIEL,
B R URRIS 7 ZIEHTE RN EE R, T77bb, Ry 0cfaTe R
RARTUCERWDZENTENL, In-Y= Dk FrARvHEl - BIRISEZFEBRTE L0
TIEZR ) & AFEZEARGH % 32T 72 (Fig. 1.2),

cat. [Pd]

M : f SIS
S~ o oh—y  uNeBA -z
N [B]

Fig. 1.2. Working hypothesis for palladium-catalyzed hydroboration/cyclization of 1,n-dienes

via chain walking
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TNT U EEEE RaRT U ORISIZ R Y . BSOS RO T VI D B B 727
(2R T REREIE A HAT LA R FEIL, EREREMLOHIICE T 200 Z 500
HMHITWND I8 1992 4E(Z Evans B 1%, RhffEIZ X5 H 7 22—V AR T »(HBeat) & HIV 72
TN O RuR v R AR L TWEER, WNET V7 2x L TRmEIRM e e R
R O RACOERT L35 2 & & R L 72 (Fig 13)%, H# bk, BEIc k> Tr Yy ad
LT L NVBRIG BRI BT 5 2 & THEITT 5 LT 5,

cat. [Rh(nbd)(diphos-4)]BF4 2 OH
S A
3 1
1-ol: 68%
2-ol: 20%
3-0l: 12%

\/\/\/\ + HBcat
~ CH,CICH,CI, 20 °C

then oxidation

Fig. 1.3. Rhodium-catalyzed terminal-selective hydroboration of internal alkenes

#1Z Srebnik 5%, Rh iz L2 B2 — /LR Z > (HBpin) & VW= NER T /L7 o DR
H7e e Frk v FE i s L7z(Fig 1.4)%0, —i%IZ Rh iRl Te FrAR 7L LTE
Fa—nART7 U ERWESE, KEERICE ReR U FEERAEITT2 2 E08mbh T
% 18 Plske Rh SN bR B A2 W - [AEOEE R v F i< s sn s &
NIRRT, ZHBIZEB W TSGR T 5 7 V7 EAAZI IR TR LS O EHE
FEITEA IR,

cat. RhCI(PPhs);

SN AN+ HBpin S Bpin
Z PN CH,Cl,, 25 °C

92%

Fig. 1.4. Rhodium-catalyzed efficient terminal-selective hydroboration of internal alkenes

using HBpin as a hydroborane
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JFFim T HiIb_72@ Y . C-B A OB 9 3R H LI DU TUIARBIEE FRE A
TIEHREFIN 72 < . Fam TR 72 Yin BIC K> TG SN RTD 4 BRSNS 4, Zh
HOWMEIZEB N T, BEERES LN FTRETH 5 DILT U LR DINL, ~T v 51
P72 & O HREIEMAL 2 Z T TR b D, RS2 ETE 5 72012iE, -7 UL
FTE - VR E OB FINC R E R P RER O A LEE T HGENFEAL
Thb,

ZZTEHIT. CB B DI L TR ATEM RS OEME R DL LNE A T O
M EREELOER A B, Ln-Y Ok Frk v #Eb - BIKEOBRRBICET L,
T DREREFH —FHTIERD,
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FHT OSSO
§ 1.1.1. PIRRGES

S CTRLIZEY, In-P = OB - B R v U B ZEBL L T2 3,4,7,8-7 b
TAFNT 2 F v ba ) AFNRT DT LEERGa)Z it s L THW, 1,8- = (1a) & v
F 3=V T (HBpin, 2a)D UG ZAT I8 o T2, £ ORER, BBIREEL AT LTV FNART
daa DA S, BRI E T2 8 Rek v FEb - BICESOET AR S 1172 (Fig. 1.5),

Z DM b EE O LB BRI SN2, FhbDl LTEIREL piTdE 2 EETH
oz, = DIFR YV NVERBEAINTWRWERMTH Y | WHFOT V7 R KFE LS
T2 AERRI(A) K T v v D IR FEAL ST A R(B). BRAL & BT AETT L 7= A (C).
Z OMEEDOIFTEH MR TH 72, ZNEDOAEFRMICEL T, FFTELE TV T AL
RU RERYVHE LIS LD, i BARERBEEZ X o fEAFELRIZL ST
ERLTWDEEEBEZLND, ZLTH I —DF ARV VENEASNERTHY , NEHT
W URFRB LRI T V7 D Ra R v EESET L AERPID), KT v o
bt Rk R o HRET L2 RERE), 2 L THNY 4aa L0 551828 2 /NS WHKER
UREDHEAT LT & B 2 LD AR BRI S s,

2.5 mol % 3a

. 3 mol % NaBAr' SN :
E X CH,CICH,CI E Bpin | - \=
10mL, rt, 6 h I pd
1a 2a 4aa i N
(E = CO,Me) 2 equiv (MW = 382) : Me Cl
0.2 mmol ' 3a

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

E E o, E __other
+ + + + isomerization products
E E E (m/z = 254)
A B C
+ E><£\/ + E><:it\/ + dehydrogenative boration product
) ) ehydrogenative boration products
E Bpin E Bpin (m/z = 380)

D E

Fig. 1.5. Initial attempt
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§ 1.1.2. HEHEORKES

BOSGIEORES 217729 9 2T GCUEEZFMT 212H72 0 | HAVY) 4aa OBLEEZ fES L
Too NURNEANSINZEVERYD,ENIWT NS VBN AT A~ NI T 7 4—T
DOEEIREETH 57, FIATHIRIZCB T T Vo ViR E BT 2 L CREEERY U B 47
AR THD E VI AN D ST2720 e Z 65 bET U722, SBEHINEECTH 72, &
W NREI v~ 87T 7 4 —EL T, GPC LIEMNC LD 0BT & 2 A, T
P2 R 70 W IEBRALIRMD) D Sy BE X ATRE T o 72— 7T W T Vo B & b D FEBR(KIER
EYDSBEIREETH D Z LN otz, T 2T, £ PRIGHE DA KFZTRINZ i L
TT N VENLE S T2 72 W ER) A~ LSBT0 6 DT GPC 21772 ->7-& Z A KW
daa ZHHEEST 5 Z LN TE T2(eq. 1.1),

20 mol % PtO,
MeO.C N H, (balloon) GPC  MeO,C SN
2 _+  other 2 i (1.1)
MeO,C Bpin byproducts MeOH, rt, 18 h MeO,C Bpin .

4aa 4aa
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§ 1.1.3. B/ F Ot

WHENEMNTED LT oT-DT, B i E1T72 > 7=(Table 1.1)"%, £71,10-7 =
Frbhr U rERRAAE L THO8K 3b 25 LIERDS 40%I2 1M E L7z (entry 2), $H1A
3a LD L RUFEOEALRITIMZA THMY~OZRRMES R EL TS Z &5 GC i
HrOFERNS 3o 7z (entry 2 vs 1), MOEER JERNL L LT, BV DU 2HT 56
BG)REY PrAX VY AR T HEERG)E AW TESEIL. BRWIZIZE A LIS
V77> 7= (entries 3, 4), _JERAT 4 VBT THD 1,3-EAXA(PT 7 BANFIIVRAT 4
INVTH AT HEEERGe)E WAL, BITBI S /e d o T (entry 5), 7Ri5/37
DU LR E IOV B RRET LT22N BUS L7270 72 (entry 6),

UL EX 0 BBEORBETTIE, 8K 3b Vo2 L & LT,

Table 1.1. Screening of Ligands

2.5 mol % Pd catalyst 3

+ pin .
MeO,C X CH,CICH,CI 10 mL MeO,C Bpin

rt, 6 h

1a 2a 4aa

0.2 mmol 2 equiv
R = R
| o]
Rl Y Vs 7 N\_/ N {?}4} . .
| =N_ N= =N_ N= =N_ N R PN y
! Pd Pd Pd OV pd CY

Me/ \CI Me/ \CI Me \CI Me/ Cl

3c 3d 3e
R = Me (3a)
H (3b)
entry 3 GC yield of 4aa

1 3a 22%

2 3b 40%

3 3c trace

4 3d trace

5 3e not detected

6 w/o Pd cat. not detected
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§ 1.1.4. BEEORKET
W CIABEDORMET 21772 > 7= (Table 1.2), Y7 nnr X X o O4A . JFEHE 9 BILL iz L
TeDCRITR T L7z (entry 2),  FL= 2 OBE S UERITIR T L7z (entry 3), ER# D GC gt
DFER T L2 A 2 RIS I Z < AERLL TV D Z &N ghole, =T
THE °7 & b TIRE & A ERISHETE T, BRMITEMELT LB S o7
(entries 4, 5), ZALHIZIBWTIE, WHLORMNL A E < EAKIE LT B2 Hivb,
PIEXD, Bl&fmE 12-U 7 nnn X R L THWASAZ L L L,

Table 1.2. Screening of Solvents

2.5 mol % 3b
M602C><:C\ + HBpin 3 mol % NaBArl MeO,C SN
MeO,C AN solvent 10 mL, rt, 6 h MeO,C Bpin
1a 2a 4aa
0.2 mmol 2 equiv
entry solvent GC yield of 4aa
1 CH,CICH,C1 40%
2 CH>Cl, 32%
3 toluene 33%
4 THF trace
5 acetone not detected
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§ 115, BIEEORKES

RN B DR 21772 > 72(Table 1.3), £ 20 20mL &35 &, BHIMOIRILF
BETHS), B Rk R OB ET LIZARY E ORIEMET LT\ Z &2 GC
RHTIC L > TR SN z(entry 2), L2 LD, SOICREEZBMESES L IURITET
L (entries 3,4), RV HFE2EE2VELEW(A, B, C, B L OUEEND B O AR & BN L 72
LM GC T OFRERN ORI, A7 VREMETLIEZ LT, A7 L o fih A
A AEEI LIS Rolc B BILD,

PIEXY, R 20mLICT 52 &8 Lz,

Table 1.3. Optimization of Solvent Volume

2.5 mol % 3b
MeO,C X CH,CICH,CI x mL MeO,C Bpin
rt, 6 h
1a 2a 4aa
0.2 mmol 2 equiv
entry CH,CICHC1 GC yield of 4aa

1 10 mL 40%

2 20 mL 42%

3 40 mL 26%

4 60 mL 24%
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§1.1.6. AT YBEOHG

W TART VY BOKRGTZ1T/2 > 7= (Table 1.4), T 204 M ELETDHE, BIOHOIL
FIL 54%F TH L L7z(entry 2), & HITHHIMEET 8 YwmE T 5 LURITIE T Lentry 3).
KT N D RahyRIEO BN ET L ARWE)DEIG N RE SBIMULE Z E23,
GC AT DFER N HRE S 7z 12,

Table 1.4. Optimization of Borane Loading

2.5 mol % 3b
MeOZC><ﬁ\ + HBpin —mol% NaBAr, MeO,C SN
pin .
MeO,C X CH,CICH,CI 20 mL MeO,C Bpin
r, 6 h
1a 2a 4aa
0.2 mmol X equiv
entry HBpin GC yield of 4aa
1 2 equiv 42%
2 4 equiv 54%
3 8 equiv 46%
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NI U UBEZEINESE S Z & TRIERY E BSm L LFEIILLTO L ) IR TE 5,
RTVRENEMLTESL L BILRBIV B TAFIARTI VU LAREE FERT Do
faer A 2B ADPMRNTEIT LT < R0 Rim7 V7 IO R e N ek #E b
FOGHHELT LS04 < 72 % (Fig. 1.6),

PLEXY, R T4 YMEHWDZ L E LT,

/\4%~[Nkm Zﬁy/% /\%;ﬂ <:Q:¥/
e T W[B] \/</\/[B] - [B]
p

1a [Pd] ¢ 4aa
Z = C(CO,Me),

H—[B]

Z/\/""’ln
(B]
[Pd]—[B] Hﬂ\eq/
E

Fig. 1.6. Effect of excessive borane loading
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§ 1.1.7. JRFEMGT

FEWN CTRUNREE DRRGES 21778 - 72 (Table 1.5), %A 0°C ~ME T S VGG E, TEROKT
MROBILD &L BT, WET Vo UEML A & DIEBRIR D B R O AR 4172 (entry
2), —J7T 40 °C ~FR S TG AT HIEDME T Lizdi(entry 3), ZOHAIZITHRVFEE
HERVMEEYIA, B, C, 3 X OUREO BIEAR) DA BN LT, Flo, RKISROANE
KBBONBBIZHARTEN ST EnD, MR RHNCIIE L Z ERRB S5,

Table 1.5. Optimization of Reaction Temperature

2.5 mol % 3b
MeO,C = 3 mol % NaBAr, MeO,C RN
+ HBpin .
MeO,C A CH,CICH,CI 20 mL MeO,C Bpin
temp, 6 h
1a 2a 4aa
0.2 mmol 4 equiv
entry temp GC yield of 4aa

1 rt 54%

2 0°C 38%

3 40 °C 31%
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2 v B AR O/
§1.2.1. [RFHE I OB HONT

INFETORBESEMEO S & T, EOMF %1772 5 7=(Table 1.6) 1%, GC U= H KX <K
TLTWDDIE, HEEOBE§ 11218 W TRbNTENL ThDH EEZTND, DDA
L7 4 VHOMOBEBENE L 725 &L WERME T T 2R LN, £, BIAERD E L
TIEREGT VT DO Rk vB oA BET LI ARE)OEIG NN L TBY | kE
BNEL 2D Z L CRILDBNERC R 52 b5,

Table 1.6. Palladium-Catalyzed Hydroboration/Cyclization of 1,n-Dienes

2.5 mol % 3b
W@”><;jii HBpin ol % NaBAr, MeO,C /™" ™
+ pin
MeO,C = CH,CICH,CI 20 mL MeO,C Boi
X pin
rt,6h X
1 2a 4
0.2 mmol 4 equiv
entry 1,n-dienes 1 4 isolated yield

1b 4ba 29%, dr>99:1

5 MeO,C =
MeOZC =

=
1 ngzg>x<:::iii§§ 1a 4aa 21%, dr > 99:1

MeO,C e '
3 hmoﬁ><:::/\V¢ le 4ca 16%, dr > 99:1
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053 Hi HEE UG
§ 1.3.1. HEELUCHERE

ARE TRz In-Y= Db Faky#El - BALSOHEERISHEIL, BITIHETH 5
Ln-v=r Dk Ru Uk BALEOG & RO CEIT T2 B2 o5, Y= 1ad
sz BN 5 (Fig. 1.7), £TETFTa— 1 RT v Qa)k hTF AL MRT U0 AERE) D o
FEEAZEI AL S TAZ U EELD ERIFHIA Y L RT O0 LSRG E 5 2 5, il
T, HEORET W o BEEERA~ENL, i< PA-B A ~DFFAIC LY C-B #& &7
LM TDH%, Fx—r U —F 0 TR DBCSICHEIT LTDOL, TILFNART VT L
FL)NRT v b oA AX B AR IS ZETHNY 4aa 2 525 LRIBRIC, AU LS
TIULERG)FAETH EE X TN D,

F 72 DEIAERMY(Fig. 1L.SIZBA LTI T O LS IZAL D B 2 b, BRILRTEREIC T
DT NENNTG DT LAHEURI) ERT UBRIET D &, KT V7O RukyFE Lo
BT LT AERE) P ERR T 5, — 5 CEBRALRTT MA@ EE L TV o R % &
IHEBRLDWAKFZER U FEMPBEL D & & BIZ, B RU RRT U0 APERICIEEE BN L
TALFEFEN)RA T 5, i< PEH FEB~DT A7 AFANDKIZAR T > 2a & RS THIE RN
TN DIRFABRC)NAERR L, BT 2 ERISETIZT VT AR EITT 5 & E DR
PR ERKT 5, B EFEORISURIE, BILEDOT AFN/3T7 20 AFEL)ICK LT H [FER
WZHEITT 2 &2 b5, KR T TIENFHRIGTHD o Fia A X ARG FARIGT
HHERLI Y BLHRITEIT LT RD 2 & T, K7 7D Kak uRboisn
AT LI AERE) NS 25— 05, FHRSFMETIIR Y V3T D0 LGRS RHNRIE L,
FRMACRCIRICSUG 72 & ORISUREST LToRER . AU R 2T ERWAERYIA, B, C) ML
mEZBND,
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NG /\/""'1,.
Z
G\/\/ \/\/\

1a
[Pd] (B]
[Pd] e
\\ /7™ pd—l
H—[B]
H
L 2a
[Pd]—Me
F

[Pd] = (phen)Pd?*

S~

z (B]

[B]
|
p \ 7 /hain
" [Pd] walking

L~ Bl = [B]
1a 4-m
E J

/\/%
\/\/\,@[B]

z/\/ ™ [PdI—H M

\Mé
N

Fig. 1.7. Proposed mechanism
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w5

]

ARETE, Fo—rUdr—F 7 %5 In-P O KakvHEl - BIERSIZ o0
Tk~

EHIT, x O 7N —T R LR 2 BRI, 18-V (la)k B a— /LR T L (2a)
ERHWEF 2= U= T RS e FakvRL - BLISOBIRIC KRS Lz, ARG
X, BEET A BRI Lo TR L2320 TR WIERRAL O B HRERL & 2 C-BiEA O
& EEL L= COFITH 5D, £7=, C-BFEG O 9 ER ZHREAIZBW T, &
VHERELTE FaRTa 20D TopTthd 5,

TR E LT, AUZENEASH TOARWEMERA,B,C)°, AUZBNEASH
TeFEBRALIRD, E)R BRI S 7o, SRR R, FRCHTEICEA L TIAR 7 &4 s
D LT BHCHL UIREEZENSELZ TRV SELND Z L2 RH L, &k
BT GC N 54% F CTRISDRREZUET 5 Z LB TET,

SRR 2 AR, 1,7- o (Ab)Re 1,9-Y T L (Le)laxt LT H UG #IT 5 =
CERM LT, ZoDT NS VMDD AF L NS 725 & R EREAINT
WRWERMEEROEIGIZRE REITRVD, R UENHEANI NI LR OB G 3 N5
DR DS D ATz,
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B_=E
1,6-YT Dt FuafvHRl - BILKIG

i

?W

—ETHRARZL I, FEIE FeART kb 1n-vmrot Kar vl - 8K
fi?&ﬁﬁ%ﬁ‘ L. ERMATEERESOEREEEZFZRT LD DORISHRERTH LTV
AL~ AR EOFRMERE W C-B faEMETcEr 2R L, L LAKR
IZBWTIX, K77 SO M e Rak v RV ) BIKISHNEETH Y | BLmiE
BRI AT XN ANT Oy AHERITE ReR T v ERGICKIS LSS Z &R LN
oo, AR, AxDH|EL TWDLTF == U+ —F 7 &fkD 1o = DB
BMACSOER 2P THOWLN TS LD ERIETH D Z Lnh, BALERRITEHSICETTT 5
HLOD, USRS TH DTNV DR Y WoRT D7 MMk . B LRI EERICES £ T
DF == Ut —F 2 THENNETH D LB X s Fig 2.1),

cat. (phen)PdMeCl

/" _ cat. NaBAr, SN
Z +  H-Bpin z .
\/\M/\ CHQC|CHQC| Bpin
X X
palll):t?;lt-ionj [Pd]~Bpin ] ~[Pd]—Bpin
[Pd]
chain “a,
ads [Pd] walking /\/I/[Pd] cyclization
z —Z | Z .
o <_Bpin <l BPin Bpin
X X X
j challenging
—F
z .
\/\W\/Bpm
X

dominant byproducts

Fig. 2.1. Probable obstacle for the palladium-catalyzed hydroboration/cyclization of 1,n-dienes via

chain walking

29 LIeE RN G AUFLERICRILETT 5%, RO LRI T 5T =
—V U =R T HRMELE LRWRIZE TS5 Ry R - BEUSZRREET 5 2 & T,
AR 2 T BT R B R ML ORI e A BRE R AN TN D LB AT,

35



—RIZ, RUREREDOEA L IZEIREE 2 HERT D FIEITA U FELER S
(Borylatve Cyclization Reactions) & FEIEZAL, AR A — RS Th 572 F OB ST
ANZATON TEL X, WEHE LTI A U R EORY AMaFfba R AW LN D08, =
EEEE LIHEIERON TN D 2

2001 41 Molander 51, ~ VU v L2 fulbEEe 257 2 = FliEic L5 1,5-%
LT L6-v=ror FarvHEl - BIURIGZ #E L (Fig. 2.2)%, ZOKISTIEX, 7%
= Kb KU REOAMM, Bk, i< FrRT7 LD o fEEAX BV AEZRTEITTDH L
hTnd,

H,O
N 22
Gy mesee [ B o
+
X H’B\N toluene, rt B-n THF OH
\ \

86%

H-[Sm]

[Sm]
C e Ay — 0
X [Sm]

Fig. 2.2. Organolanthanide-catalyzed hydroboration/cyclization of 1,5- and 1,6-Dienes



2018 42 Wang 51X, NHC R 7 v &HHW 1,6-P = DT U Nk v 3 - BALKES
Zds LTV 5 (Fig. 2.3)20, Z OIS TIL, EFREIEEZ OT T VE~DRY VT Y
TV DAANTHE T TRBBRIZEAEIT L, REICT A —A0bOKBRFBEINEZ 52
LTHITT D EEZLNTEBY, JUNLMRE Rakv#Eil - BLEOLEWR D,

Ph o | cat. AIBN Ph H,

N % HsB /\N)@ cat. CgH1gC(CHj),SH g /\N)(D
+

N/ CH4CN, 80 °C N N~/

l}] / \ /
Ts Ts 84%
RS* RS*

Ph
RSH RSH
AT
h
. / -

Fig. 2.3. Hydroboration/cyclization of 1,6-dienes with NHC boranes
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—7J7 2019 | Tian, Hong, Lin 5%, B ¥ —Mlo oy AMlEs Az 7 a4 oo
J SN E SO 1,6-T T DA AR T BB USROS 2 #E LT S (Fig. 2.4) 2, Z DG
TlXE RaR T o 2HOWTWD DT TIEZRWA, KT V7 UENL~D R ) a2 AL
2 < = ) VEMEA~ O AR T HRERDMERENTOL, A X ) —AnbTa b
bZ2Z T2 2 L THREEME 22 EEZZHNTEY, EROE Ruk vt - BIERISD
HITL TV D,

cat. [Rh] pinB— ‘ :

4 ~ H i '

) o c'\::t.oinNa - o ! 0] I | O\ :
e ' N

i . N—Rh—N_" l

O/g + Bopin; THF, rt, 24 h (OU ' AcO” | \OAC\\\ :
Me Me  Et OH, o Et:
91%, 95% ee ' [Rh] i

T 0
~Bpin

pinB}[Rh] plnB\ ]\Bpln p|nB\

Fig. 2.4. Rhodium-catalyzed asymmetric hydroboration/cyclization of cyclohexadienone-containing

Bpln

1,6-dienes with bis(pinacolato)diboron

S BIZRIZ V=%, [ARED RS Z SRR 230 )T H FEBL L TV 5 (Fig. 2.5) 219,

cat. CuCl . ' tE’;U '

\ cat. L* PinB— 4 l N, P |
o ' p o ~Me

2 KF, ‘BuOH : @: \:E i\;e :
+ Bopin . =~ u

o 2pPin2 THF, -20 °C o : N
Me Me : = '
Me |

55%, 86% ee 5 L*

Fig. 2.5. Copper-catalyzed asymmetric hydroboration/cyclization of cyclohexadienone-containing

1,6-dienes with bis(pinacolato)diboron
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UED Xz, RUyFEICHT THAEREMET 2= VEHORINTIFZE A LB T
BOT, FRZ1L,6-mr b REART ORKNTHRE ST,

ZIT, HEENE -EETICRM LR Z 2810 L LT, L6-VT Dk Rrky
Fb - BALSUS OBRICE T T 25 2 & & LI=(Fig. 2.6), AL, 1,6- =2 &9 L < A
DIV FEEICH L, HERERE L C-B A MA —BICERT 2HHFELZRIET 280
THY ., AEAREOFERENEWEIGE LTI TE D, TOREE2E ETih 5,

_ cat. [Pd]
‘ s
Z/\/ N H—[B] E:_al:_ ’_\l_a_B.Af A > ZO\/
\/\ [B]

Fig. 2.6. Working hypothesis for palladium-catalyzed hydroboration/cyclization of 1,6-dienes
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FHT OSSO
§2.1.1.  BfZFRrEt

EFT, FE-ETHARZ In-UrOERE RukvREb - BICRISOSEMZ v, &b H
fli7e 1,6-C=>DO—D2THLYT I N U ATFNLNTAT )V (Sa)b B a— LRI
QDU EAT T2, TORER, XIET DRV VA F I 7 a2 FHER 6aa 7> NMR
IR 33% TS, AE T2 Fek vt - BACRUS OHEITH RS S A7z (Table 2.1,
entry 1), EREVERME LTIRVBEEERWVERD THY . E72BREBEITL T
WAERIN R DU FEOFLHE LD TEAET H 2 &N GC TIC L > TR S
7o B TROBNERR EO 7= DI2iE, BIRMA [ LSS5 0ERH 5,

F—E T Ln-Y T OERE ReRvEl - BURISIZEWTE, 7=F v bhrl
VHETEBBUDRARIMICEISDEIT T Z 0N o TWe, 70, Z7=Fr hr v ki
BEHILAZE AT 52 LT, BRI 2 7 V7 VRS o i A A X7 U RTEVN
HETLDHZENRHINTWe, &2 TRIGE~DEEEZT D T2 DL TR 21T/ - 72,
EFT 4 OOAFNVETEBR SN 34,7,8-T N T AF N T =) ba U RN 2SO
K 3a Tid, BALERIFME T L2 RIERD O LD Uiz (entry2vs 1), T 72, KT
EDIEMIEL o - Z LW REBENT-, EEU Do) DAY U AR FIC
HLOERTIZ, RUBBNMTLEACHEAINLRVDICIZBRILBIZEAEEIT Lo T2
(entries 3,4), T HIFH —E TN E AT 5,

PUEED3478-T T AFALTzFr ba ) U EEAMTELTHOT VT AK3a%
MWTURBEORG 2179 Z & & LT
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Table 2.1. Screening of Ligands

2.5 mol % Pd catalyst 3

M902C><I/ opn L NaE Me°2c><:|L
+ pin )
MeO,C SN CH,CICH,CI 20 mL, rt, 6 h MeO,C Bpin

5a 2a 6aa

0.2 mmol 4 equiv

R = R

72 /2 /2 N/ 7\ \Oj :

; =N_ N= =N_ N= =N_ N— |

! N N .

; Pd Pd Pd :

: me” cl me” cl me~ cr !

| 3c 3d '

: R = Me (3a) :

5 H (3b) :

NMR results
entry Pd catalyst 3
conversion of Sa yield of 6aa

1 3b 88% 33%
2 3a 39% 29%
3 3¢ 94% trace
4 3d 78% 8%
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§2.1.2. LM

el CIRBEORET 21772 5 72(Table 2.2), ~FH 0B DCM #FEEE L TRETL
7o, WSRO A 1L & 30727035 72 (entries 2-4 vs 1),

bRV, 51&#i& DCE 2L LTHWS Z L& LT,

Table 2.2. Screening of Solvents

2.5 mol % 3a
MeOZC><I/ _ 3 mol % NaBAr' MeOZC><:IL
+ HBpin .
MeO,C SN solvent 20 mL, rt, 6 h MeO,C Bpin
5a 2a 6aa
0.2 mmol 4 equiv
NMR results
entry solvent - :
conversion of Sa yield of 6aa
1 CH,CICHCI 39% 29%
2 hexane 27% 17%
3 benzene 53% 21%
4 CHCl, 27% 14%
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§2.13. BHEEORKES

IR IR ORES 21772 o 72(Table 2.3), &4 10 mL ~EA S 25 LIERA M E L7
(entry 2 vs 1), FUGKH A 24 FEf~ER 5 & JFBHISERITHA L LRI 58% £ T L L
7z(entry3vs2), — T EZ D S D & bR ERUROEANRNUFE L, 2.5mL
IZBWTIERIT 72% F T EL7z(entry 5), LU 72 DI OV FIER =T D72
D578y Tz (entries 5-7), EREIAEMY & L TR, RURBBEAINTWRWAERY (B
B LA L ONR TTHIFERILIR) Th o7z, T BIEHE —HE T =D L FERIC LT, 23T
VU LAE RY FHEREZTWDEEZLND,

PLEX O EBEEIX 25 mL & Lo, WE&EZ D S8 CHRIRMEICIIRE 22 ki nd
O OEALEN A BT AEAN RSN, AT VIRERD D —EDMEE TIX, A7 VRENM
ETHZECRIEBMEESND EEBEZ NS, ZOEBIZOWTIRICELET 5,

Table 2.3. Optimization of Solvent Volume

2.5 mol % 3a
M602C><z/ i 3 mol % NaBArf4 MeOZC>O:/
+ HBpin )
MeO,C x CH,CICH,CI x mL MeO,C Bpin
r, 6 h
5a 2a 6aa
0.2 mmol 4 equiv
NMR results
entry CH2CICHxCl :
conversion of 5a yield of 6aa
1 20 mL 39% 29%
2 10 mL 58% 42%
3¢ 10 mL >99% 58%
4 5SmL > 999 69%
5 2.5mL > 999 76%
6 1.3 mL >99% 73%
7 0.6 mL >99% 73%
“Performed for 24 h.
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§2.14. ZOMOBmE (RN7 Y&, MONMRE, filifs)

WIZART &, POSRE, SO 21772 > 7 (Table 2.4), £THRT % 2 Y~
Jk U CHEMERENERITIRIZ E A EEENR RSN > 72— Tentry 2), S HIZHS LT
1 Yl 35 Liinfb & EIRPEDME T L7z (entry 3),

NWTART &2 288 E L CREMRGEITo70, £T10°CIC T2 &, BUERIEm EL
b DDF T 72 BAERE — 27 28 GC/MS M £ 0 B S, UG SRITSO0MEHMELZ 72 > 7 (entry
4), —J 40 °C~FIE L7z & Z APCRIZ0R0M L LT 79% & 72 o 723 entry 5), & 512 50 °C
~FRT D &R T L7 (entry 6),

RBICBOSIREZ 40°CE L T EORG 21 22 o7, it &E4 oI Lz e Z ARl
AR AN U CUCRITIR T L7z (entry 7). — 7 Tl &2 84N S & 5 & MCRIZFAIFEE CTH
ST BALELT L TR WSS DT LTS Z &2 GC iffr L v R S
7= (entry 8), ffEAHINIE 5 Z & TRILDIFRD M L, BIRISAMH SNIZEEZ BN
%o ZOEBIIONTIIHRICELET S,

UEXY, RT 288, KGR 40 °C, filfii i 5 mol %D entry 8 & Feili skt & L7z,

Table 2.4. Optimization of Borane Loading, Reaction Temperature, and Catalyst Loading

y mol % 3a
Meozc><z/ . HBoin 1.2y mol % NaBAr', MeO,C o
MeO,C x P CH,CICH,CI 2.5 mL MeOzC><:I\/ Bpin
temp, 6 h
5a 2a 6aa
0.2 mmol X equiv
. NMR results
entry HBpin temp -
conversion of 5a yield of 6aa
1 4 equiv rt >99% 76%
2 2 equiv rt >99% T7%
3 1 equiv rt 69% 46%
4 2 equiv 10 °C >99% 79%
5 2 equiv 40 °C >99% 79%
6 2 equiv 50 °C >99% 58%
7¢ 2 equiv 40 °C >99% 60%
8’ 2 equiv 40 °C >99% 81%

“Performed with 1.25 mol % of 3a and 1.5 mol % of NaBAr,.
bperformed with 5 mol % of 3a and 6 mol % of NaBAr’.
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W2 Yo

§22.1. TN UENICEBILEZRTZ R0 1,6-C = (7 UV EE )
Bon-mEsta ke, P T CENIICERL AR v 1,6- T (T Uk
BY) O %2 FH 7= (Table 2.5), = A7 /L(5a, 5b). 7 b > (le) TILEEN 2 2IZHRE
L. B % BAFR IR TH 2 7= (entries 1-3), 7V 32— /UK TH D 7 & T — b EBAL(5d)
EHTHEETHEENIER2ICEET D & EBICEADRILE KRy RbKE 5 272,
IR E LTHRUREEERWVAERDBHEINL Tz, 7 I U AR#EIR(Se-g) b FTHE T
&V Boc DEBIIPUSK I Z 14 BefIZIER L, £ LSO FE Tlddei 4 T TIE DS
SERICHAE L T T D B r U ¥ Vi EIRDME v/ (entries 5-7), £/, 2 DDV T AT )L
EEESEE L7-UD UG ERISESEL 2 EICLY, 6 BREABET I ELAETH-
770

Table 2.5. Palladium-Catalyzed Hydroboration/Cyclization of Diallyl Derivatives

5 mol % 3a
~ ~ 6mol % NaBAr,
z + HBpin Z .
S CH,CICH,CI 2.5 mL G\/Bpm
40°C,6h
5 2a 6
0.2 mmol 2 equiv
entry dienes 5 product 6 isolated yield*
o] 0
1 R=M N 19 >99:1
RO<§<I/ e 5a Roiéo; 6aa  81% (dr>99:1)
RO RO Bpin
2 o =Et 5b 6ba  76% (dr >99:1)
o] o]
o] o]
P o
3 meiéq 5 Meiéoy ' 6ca  73% (dr 98:2)
e N Me Bpin
o] o]
P o
AcO AcO '
4 A00:><1 5d ACQ}OVBW 6da  54% (dr 94:6)
5 R=Ts Se 6ea  70% (dr 98:2)
/\/ o
6" R*N\/\ =Boc 5f R*NijVBpin 6fa  54% (dr 93:7)
7 = COCF3 S¢ 6ga  70% (dr 93:7)
EtO,C P EtO,C .
. EtO,C EtO,C
EtO,C EtO,C

“Diastereomeric ratio was determined by GC analysis.
bPerformed for 14 h.
“Performed with 10 mL of CH,CICH,CI. Diastereomeric ratio was not determined because the minor

diastereomer was not observed.
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§222. TN UEMLICEREE AT S 1,6-

T TR T OT N AELCIEMEZ AT 5 1,6-0 = OUG b FEt L7z (Table 2.6), 7
BFNAIEEFTEVT G TR, T2 Y7 Vb ad & RRRE O ST B % 5
Z7z(entry 1), F£72 E ROILEGI-E)E WA THRBROINE L T A7 LA~ — T
B & 5 Z 7-(entry 2), L72723-> T, PEET LA L EBAE D SEARIZSUSHEIC K & 28 % 5.
2N ERTRBENT, — T, V7 a~F R UEALGH)R AT L B GK) A AT S 1,6-
TAZEBWTIE, ol T CIERHIER L L7z b O OBAEDSEST L TV 2R W AE R A3 IR
PN LTz, £ Z THESMRHN 1T 2 A, 5 TR 742D Pt
U (pyox) &35 2 LT, 55 TIHENLFEMEEHRD T =F > b Y (phen) &35 2 L TE
fEsh=n3m L2 & & HIcEEHIE R b L, ST 2 E % PREDINE TH 2 72
(entries 3,4),

Table 2.6. Palladium-Catalyzed Hydroboration/Cyclization of Substituted 1,6-Dienes

~ ~

¢ 5 mol % 3a <N
MeOzC><:\/\R +  HBpin 6 mol % NaBAr'y MeO,C R
MeO,C XN CH,CICH,CI 2.5 mL MeO,C Bpin
40°C,6h
5 2a 6
0.2 mmol 2 equiv
entry dienes 5 product 6 isolated yield*
MeO,C = R
! Me°20><<:::i%% i MO0 Y 6ia  74% (dr>99:1
’ N ! MeO,C Bpin ia o (dr>99:1)
ElZ = 83/17
MeO,C = MeO,C SN
E - 1 0 > .
2 MeO,C \( ) 5i-E MeO,C Bpin 6ia  73% (dr>99:1)

3’ MeO,C 5§ MeO,C /" 6ja  55% (dr99:1)
MeO,C N Me02C><j\/ Bpin

¢ MeO,C Z~ "Ph MeO,C ~ph .

4 Meozo><i::;:\ Sk M802C><C:]\~/BMn 6ka  53% (dr >94:6)

“Diastereomeric ratio was determined by GC analysis.
bperformed with 5 mol % of 3d, 1.3 mL of CH>CICH,CI, rt.
“Performed with 4 equiv of 2a, 10 mol % of 3b, 5 mL of CH,CICHCl, rt.
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HI3H b FuRT oA
§ 2.3.1. HB(Etpin) (2b) D7

HBpin ® A F/VJk 4 % = F LI CE# L7 HB(Etpin) 2b) TG E{To72 8 2 A, 5k
X7 2ITHA{E L T NMR U 50% T B B9%) 6ab MBI S 172(eq 2.1), L2>L72235, NMR
BELRGC/MS HTIZEBNT 6ab LV b 2/ SV miz B Z2 R THEEORIAERM N FEL TH
D, ERbDIFT 77X 2 BTNV T E(GT 50D Thole, ZNWHIZT Y AT N0
Fhrma~ 777 4—X GPC CORBENREETH o772, IGH DAL,
BRI CTHD TN MR E BT 5 2 L 2 BIICKERIMEIT o2 2 A, T AR
IF5EEITIHR L THY 6ab Z IR 27% CHEES 5 Z L A TE T,

Et 5 mol % 3a Et
P Et . P Et
E O/‘g<Et 6 mol % NaBAr, E . O/§<Et
+ ] !
E N H”B\O gt CH,CICHyCI25mL E B‘O Et
40°C,6h
5a 2b 6ab
E = CO,Me HB(Etpin) 50% NMR yield
0.2 mmol 2 equiv
Et Et
. E@ié’ J&E‘
~o Et (2.1
ca. 8% NMR yield
H, (balloon)

30 mol % PtO,

LB g
2 drop HCI
MeOH 2 mL E B~o” “Et

rt, 16 h

6ab
27%, dr 95:5
(based on 5a)
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§2.3.2. HBhex (2¢)D M5t

b RrR 7 & LTHBhex 20)& V=L Z A, NMR UK 58% C H W) 6ac 238 <
72(eq. 2.2). L/ L7225, NMR B LN GC/MS Z3HHIZHBNT 6ac LV & 2 /NS m/z %
AT EBORAERDPFELTEY, ERbDIIT /a2 BT rr #6350
DThHoTz, YV AT NIa~w NTT7 4—TiE7—VU 7 L, GPC TIIoBEn K <H
L ETHINTZTD, BIEFEDORT > 2b WL FRRIC, SOS% OMAERD I3 LT
KRFERMEAT T2 L Z A, TV ARITEEIZHK L, BB 6ac ZINEE 49% T
HEES 52 LN TE,

5 mol % 3a
E X H/B\O CH,CICH,CI25mL E B\O

40°C,6h
5a 2c 6ac
E = CO,Me (HBhex) 58% NMR vyield
0.2 mmol 2 equiv

E (6]
* E><ji/8ii (2.2)

5% NMR yield

H, (balloon)
30 mol % PtO,

2 drop HCI E><:I:/O>i
MeOH 2 mL E Bso

rt, 16 h

6ac
49%, dr 97:3

48



§2.3.3. HBdan (2d) D5
bt RFaARZ oL LT HBdan Qd) & V2 & Z A, FUSIZBEICHEIT L (NMR U 91%) |

H %) 6ad % IR 83% T D Z E N TET2(eq. 2.3)2, A7 & LT HBpin Z HW =4 &
0 b RIGSONERIE B U2y, R % ZRRICESS 2 F1ED Bpin TIEMESL I TS Z
EITMAZTEVIELMBNTZART o THDHZ & )5, HBpin & FAWV CTHREMBF 21772 > T
%(§22.1), 72¥, HBdan & T/ o OROGEIE LTIE, AF L EOMKFER TR LD I
DN TN D 3, ARJEIE, HBdan 2 W=7 V7 VO B Ra ik B Eo#)H TORT
»Hb,

O 5 mol % 3a O
ST ) B e L
E N 4By CH,CICH,CI 2.5 mL E B.

N
H 40°C,6h H (2.3)
5a 2d 6ad
E = CO,Me (HBdan) 83%, dr >99:1
0.2 mmol 2 equiv
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FaHi b RuiRvEb - BIAERDOFHENL

EMIEEE DN DM, 34-UTAFAER Y DU ERLERETLEHLONMLNT
W5 2 KOS TIRZ O E BHICAFARRIT VAT I VEN G — TR THELET
LB, EORHEWMN AR AR Y FRERELZEATH LN TE D720, AEAEKR EO
HRAMETRTZENTED EERT,

§24.1. AT—NT v T FEBFHCTINLT I 5e DRIG

BN EBNEGD T2, A7 — % EIFTRIIC BT D S ERl iz, o7 Vv
T UHEBICBW TR BIGEMENLTVWD YT 5e 21RO 22.1), BHFHD 75 EFTHD
1.5 mmol A — /L TG EIT 5 72(eq. 2.4), Z DFER. 0.2 mmol A7 — /LD L R DILR
THIY 6ea #1305 Z LNy hhotlz, ETRIERM TH DAY FEEE LR NERDIC
BALC% . 0.2mmol A7 — )L DEF &L FEEDOZEIRMETH U Tz,

_ 5 mol % 3a .
~= ~ 6 mol % NaBAr,
TsN + HBpin TsN ,
\/\ CH,CICH,CI 19 mL Bpin
40°C, 14 h 2.4)
5e 2a 6ea
1.5 mmol 2 equiv 69%, dr 98:2

(0.2 mmol scale: 70%, dr 99:1)
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§242. v FaiRvH#l - BIAERY 6ea DT U — Ak

e D N U 7 A v RT — MEZRAWEAR - Bilih > 7Y U TROR B #BBITT Y —
IAbE AT, ETHERN 6ea & KHF, &GS EHZ LT, M7t aiR7—METIC
BH LTy WNT, 1L 42T /7 70FR_R0BUEDN T )V TRIGETSTZEZA T
U — AR 8 25 2 TFE, UL 37% T H A7z (eq. 2.5),

5 equiv KHF, o
TsN . TsN
Bpin MeOH 1mL BF3K

H,0 0.1 mL
6ea rt, 3d; 80 °C, 3d 7
0.1 mmol 45%, dr 99:1

10 mol % Pd(dppf)Cl,
2 equiv

o8

Br

3 equiv Cs,CO4 o CN
TsN

toluene 1.2 mL
H,0 0.1 mL

(2.5)

8
37%, dr 99:1 (2 steps)
(81% based on 7)
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§242. t FuarvFEit - BRICAEKRY 6ea DL
NaBO; Z W=7 )L )LRa R 2T )L ORRVIZES T 5 BEH 26 25& |2k 237~
LA BET D7 a—L 9 2R 93% T D Z & 23 TE 72(eq. 2.6),

A\ W\

3 equiv NaBO3*4H,0
ToN ToN
° G\/Bpin 4 h ® GVOH

THF 1 mL (2.6)

H,0 1 mL
6ea 9

0.1 mmol, dr 99:1 93%, dr 99:1
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055 Hi HEE SUGHEE
§2.5.1. DBpin(2a-d)% i\ 7= )i

FOSHAEIZ B 2 M A2 15 5 7o KB L S V7278 7 o DBpin OIS %1T 2 72(eq. 2.7),
ZOFER, HAFRR VR BRILOSERD E LT, KA TFALERBI OV 7 a0 b
DAF VN T U ANNZEARBNEAN SN AR N X2 5:1 OLERTHR S, ito
T BRLBRICAR T V ERUST DRIBBEICB VT, R P T AF v 7oy banFe—r
VA —F T Lo TBBLED 2 30027,

_ 5 mol % (Me4phen)PdMeCI
MeO,C _ 6 mol % NaBAr',
+ DBpin
MeO,C N CH,CICH,CI 2.5 mL
40°C,6h

5a 2a-d D (2.7)

0.2 mmol 2 equiv —
MeOZC ° D + M602C h
MeO,C Bpin MeO,C Bpin

ca. 5:1
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§2.5.2. HEELOHERE

ARETIRARIZ 1,6-P Ok RuR vl - BICRISORISHERIL, BT TH 5 1n-
vzrot Kar vl - BALES & [AEROHERE CHETT 5 L B 2 b D (Fig. 29), T4
T ENTFHMNT T LEHROVR o FERA X BV AER T EIZE ST, A X
ET D ERIFIZAR Y VR DT KAERP)VE 525, K\ T, FEE 5 OKRGT Vo AL
DBERA~EINL, Pd-B Fia~FATHZ LT CB A EBK LD LIRS ETT D
(Q—R—S), HEZEIZTNAXNNRT T LFHEO)NRT L 2 L o fiGAX BV AT &
THHIW 6 525 LEFIC, RUART O AEP)RFEAET D EEZLTND,

TN A THEAKRFEREROMERNS, BILRIC N T VU LN 7 a2y kT
TV —F T Lo TBELIZOEE), RTVERIETHZ L TERME G2 5 &
WORKEBIFIET D EEZE2DBND,

TV CERNLAZ I S O E A A B D HVE (5], SKICB W TIERIERILEN Z < Bl ST
25, ZAUTBRLIERE(Q-RS)PREETH U | BRILATEMEIZIHB W TR T RIS LB T
bHEZEZOND, AT L L T2 X2 ZHWEERZ, 7 a0 ETRAKE
L U 7= A 3 % < B S 7223, ZHUIB B OR T v L ORISBEES—P)AE#E L < |
SILOET NI URBNEAT LT K Rolcleb B X bivd,

[Pd]—Me
o

H—[B]
/ 2a
H—Me /

[Pd] = (Me4phen)Pd?*

i Z/\/““R
[B] = Bpin ya\s
Pdl—[B] \\ - /7R
P \/7\\
) [Pd]—[B]
Q
z R
//”’ Clvﬂl “\\
H—B]'// 6 = H~—[B]
Y
[Pd] chain [Pd]
Z Z Z
(B] <:I\/[B] \/</[B]
S’ S R

Fig. 2.9. Proposed mechanism
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TR & L B DRI LA T DO K D128 2 TV 5D, [RIEEDOAREEA %2 V7= Widenhoefer 5
I2ED1,6-=rDe kv Z it ide Ra v Ul BSOS Iz TiE, v 7 Vi
EMEWEAITE Rad T v L BEEBO 7 X VAR O SRR & S Tn 5,
L7235 TARBISIZENT b, WIEENZ VR T TIEIR T v L DT AF V& RFED KGR
{CIRFR(S—-P)AEI E 22 D) | IR Z D S5 2 L TUBMEtESh - B2 65, —
HTRT VRENHIEWEAE, Lot Ka ) il - BALRSIZ B W T BR LB 2
HWTHDHEENTWD, TOEODAKGRICB N T, &AM SE5 Z & THRILBR
Q—-R-S)MMEESI N L FEHETE D,
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w5

(]

ARETIE, 1,6-V= DO RukvH#Eb - BIERISIZOW TR~ Tz,

FEIIF-ETHONMAE L LI, FURBEOT = — U —F U TN L
BNWY T B THNIRE L S RIEPETT 5 LB XARMIICETF L LR 1,6-V T
G rFrRTrQFHWEE RrRvHRl - BIERISZRET 5 2 LTI Lz, R
S R AT RN T a2 R 1,6-V T b e KRR T U inb AT 52 LT
LD TCORITH D,

AP O AR 2 FR T2 AE R, 1,6-V = & LCHMMAR YT Vb amIZ T Tl
Bex RBREE T NV v FICH T 20EWBFIARRETH D . Wb HREED D & \WOUL
FCHIME G252 L3 ahole, BARRER AR VAV L THMit &2 ToCHY | JA
<HWBILD Bpin 7217 T2 < | Bpin & IZERR DS EZRTZ LN B5 Bdan 72 8%
ST HE ReRT U ZHOWTEARRETHD Z ENnnol,

AEIGEOARAMEEZRTEOOISHRBRR 1T 72, W OO EMIEEME OBk E LT
MO TWVWD34-UT AT AR ) D0 KHEIZAFARRYS T IALT I VENL — LR
THETE L2720 T, BAShERURFRELZHW I ORIEHBMLAIRETH DL Z
L HRFEELT,
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o
1Ln-P o DERYR Y UL - BRI

i

% il

RTINS, Y A 7 LV OBRGHIEE ISR N T TF == U —F T a2
%kb@wlé/I/%ET%Mi~T? 2B LU IECHICTHEIT LIS D 2 Lo
7o — . UAFEENRE LTS In-Y Ok Ry vl BEEISIZE W T, B
BRI H T DT AHLRT == U 4 —F 7 R GREIRIGEBN ~BE) L5 5 = &
DNEKFEIERHFEBRIZ LV 5> TE Y (Fig. 3.1)83, Bk %] OF=—r U3 —F 0 7 %1%
AT 52 LIck2EBIEREELEHTELLEZZ O,

(HD (HyD
.‘b
Q cat. (Meyphen)PdMeCl
. cat. NaBArf4
Z + D_SIEt3 Z .
X CH,Cl, SiEts
Z = C(CO,Me), ab =81
7 N _/ \
[Pd]—SiEts =N N=
l [Pd]—SiEt, pd
. AN
D‘SIEta C|/ Me
(Me4phen)PdMeCl
[Pd]
chain
"Pd] walking
‘IPd B D —
z\/<[/\]/SiEt3 z SiEt z SiEt,

Fig. 3.1. The possibility of post-cyclization chain walking
suggested by the hydrosilylation/cyclization with a deuterium-labeled hydrosilane
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ZITEHZ, FUVRELEBIORILRICBT AT = — 2 Ur—F  V2IGH L=
bR HRERAE O EZ BIE T 2L L L, 72bb, L6-Vm U EEHEZHAW, AU EFESE L
Tt RaR7 iifRxToRe s 2RIGEES Z EnTEiut, AU H#Eb - Bk CiE
WAL COR Y T, TROLERTR Y b - BGOSR TS 5D T ifxm#kﬁ’ﬁ%fﬁuﬁﬁ
%L C 7= (Fig. 3.2), 728, _@}im BOWCIIMSEEMERE L LR Y LTV AfEA 18
LTCWB7d, [SEFEBET LD, TAXAART T LFHEE AR U OT 6 F/\
A B AN TZDZE%N%ZD#\ 2O X BREFROWMEFNIR SN TND 77,

cat. (L)PdMeCl
H \ B
/\/\H’ cat. NaBAr', & ‘>x\/
Z x + BB e > Z

\/\ B

_ [Pd]-B

[Pd]-B o-bond
metathesis
H [Pd]

chain
Y L H / J_IPd
7 /{Lﬁj’]: cyclization Z@iﬁ walking G\/ ]
Z —
\/</ B B

Fig. 3.2. Working hypothesis for palladium-catalyzed remote diborylative cychzatlon of 1,6-dienes

via post-cyclization chain walking
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—WIZ, T CEEEICRH L TY A ZVRIEM-M M =Si, B, Sn 2 &) fHnEE5 2 &
T22O0D C-M G EWEET D SIT E A A & L{k(bismetalation) & FEI T, A H 72 B RK
FiEL LTHLS D OMER TR TE 2 8, @mHE, )72 e 2 X 2 iz nwT 2 20
C-M #5613 vinal 7213 geminal fZIZ3EF A S 415 (Fig. 3.3, left), % 7= vicinal iZ1Z53 7N C-C
FEAR A AIAT Z LIZ X BBRIL - BA XA XL 2 A5 TE Y (Fig. 3.3, right), T2
AV, VAV, DTV, Ty, ERAVZ VIR L TERSN TN D

metal M M
catalyst >
/ R P metal
= ~ catalyst Z "M
R + M—-M V4 . + MM — Z
\ A S M
M
metal /_<

catalyst R M

Fig. 3.3. Conventional catalytic bismetalation of alkenes using dimetal reagents

(formation of vicinal/geminal bonds)

—05. Rk T NV VB E R WTEA . K VBENTZALIEIZ 2 5D C-M FEA ETERT 5
ZLIFHRETH D, BT, 13-T XV BT LT E R AZ L 0 52175 2 & T, 1,4-
B A A HIALDEIT T BB 5N T D(eq. 3.103%, VAR Z AW 1,4-PRY
JAL B RIS STV D (eq. 3.2)°%,

_~_SiMe,H

N o cat. NiCl,(PEt3), (3.1
(\ +  HMe,Si—SiMe,H 90 °C HMe,Si

% Bpin
cat. Pt(PPhy) f\/
ﬁ + pinB—Bpin = > _ (3.2)

toluene, 80 °C pinB

Fo BATFERBREBGT DTN VBT D EARA XX UL 2T o 12856, C-C ik
BOYIW T2 2D C-M FEA ZBENT-ALE ~EANT 56 50 50TV S (eq. 3.3)°12,

\ cat. Pt(PPhj), Bpin
+ inB—Bpin 3.3
X P P toluene, 80 °C pinB/\A G-3)

LU D, 2B IFIEE O SUSTEM /LB~ C-M FEA 2L L TR . @ UGN
HREFRALIZBIT D C-MAFE BT A D B R A Z BITEHE STV,

Z 2 TCEEIL. RUSHIAR O C-M #ESTERICHES . NEMSERALICHIT D C-M #EH o
HGEZRIER, T700H I E TERINTRWY A 7O Fiei bt Td b MxHE ©
AAZNALDFEB A BN, 1n-TY = DER YAV b - BILORDOBRBIZETF LTz, 5
ZETIEEDORERIZONWTIRR D,
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FHT OSSO
§3.1.1.  BlL FRrEt

B TR In-V ORI - B FeR RSBV THN TV 1,10-7 =
T hr U AFART DT AGER 3D A S U CTHWY, RO E =V BIZ T v F L
ZHO1L6-YT 5 LAY AT hURa L (10a)D UG ETT 72 o 72 (Table 3.1), & Dt F.
R FEb - BRAEDRZIZ, TAF VBRI A U FEPNEA S IVIZAERY) 1lia OERDELIH S
. BRET YR Y L « BSOS O TS HER Sz, ERBIAERY & LT, BRIEE
PRI A TR R BEIT LA LT 4 R 2RV NV ATFNVEERTH a2
R, T U CBRALREMAENET Lo A L 7 ¢ R EER S Tz,

ool CHRUNL TRREt 21T 70 o 7o, 72 BB OERE=RIZEI LTI, GCIZBW TR —2
& DAFBEMINEET B > 72720 NMR LR Z HNTW 5, BN FOFKE LT, ZnETO
Bt CF o= U —F 0 VP EIT T2 L 2B LW T =F by B Y
V. BRIV ERANWSZ L LT, EITCTET 3478-T RTIATF LT =)
ca U BT E SO 3a 2 VD & lis{bER LR & HIZIE T Lz(entry 2), fLOE
TR JERN AL LTEEY Do Y Dt d ¥ U a2 ok 3¢ 0 3d AV
HIZBWTH BB S =2y, B3k S ERIT & B IR T L 7= (entries 3, 4).

LLE X0 PBEORGTCIX, 1,10-7 = > ha U VBN S O8EA 3b 2l iV 5 2
Rl Oy el
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Table 3.1. Screening of Ligands

MeO,C = )
+ B,piny
MeOzC A
5i 10a
0.2 mmol 4 equiv

major byproducts

MeO,C
MeO,C Bpin

1.3 mol % Pd catalyst 3

1.5 mol % NaBAr',

CH,CICH,CI 0.5 mL

40 °C,12h

MeO,C
M902C

- Bpin
><:|\/Bpin

11ia

LR R

: o |

PR NV N g 7 N__/ N\ 7 N\ 4 j :

; =N_ N= =N_ N= =N_ N— |

! N/ N s N/ I

; Pd Pd Pd !

: Me”  Ci me” ci me” o

! 3c 3d ;

i R = Me (3a) :

! H (3b) ;

entry Pd catalyst 3 conversion of 5i¢ GCyield of 11ia

1 3b >99% 70%
2 3a 69% 45%
3 3¢ 60% 32%
4 3d 85% 50%

“Determined by 'H NMR analysis.
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§3.1.2. BEEEORKFT

BEWN T D MFT 21772 5 7-(Table 3.2), @A 2 Fi> &% 2 SN A EHR T F /LTl
FOSHEE A EHIT Lo T(entry 2), 7 BB A X & HWTEGAITICERE LT L
7z(entry 3), IRALKFER OB Z W51 T B IR M) | L (entries 4-8), FFl2 7
B UUREEAE D T & T 82%F TRk Liz(entry 8), WAL H FEHIZERICHEAE L T
WD D5 BRI MR T & B R O@RIRVEL M BT A EmA AL, S HiZv s m
A AR O TAMBE 2 2 fHIZHIN S 7250 T CIRIEED 86% £ T L L7
. TH DM ERE & LTz (entry 9)32, HBpin & W= HA1C T, FEBRIL DRI Y
T o TEY, BILRIEREICK TS o AEA X BV AR I VIZK NI ERRIES
o, A7 v &OBPFERIIZRT D,

Table 3.2. Screening of Solvents

1.3 mol % 3b
MeO,C ><j% L % NaBAr, Meozc><:|i/vépi"
MeO,C X solvent 0.5 mL, 40 °C, 12 h MeO,C Bpin
5i 10a 11ia
0.2 mmol 4 equiv
entry solvent conversion of 5i“ GC yield of 11ia
1 CH,CICH2C1 >99% 70%
2 EtOAc 13% 3%
3 CH>CL >99% 63%
4 toluene >99% 74%
5 xylenes >99% 75%
6 mesitylene >99% 81%
7 hexane >99% 77%
8 cyclohexane >99% 82%
9° cyclohexane >99% 86%

“Determined by '"H NMR analysis.
bPerformed with 2.5 mol % of 3b and 3 mol % of NaBAr',.
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o5 2 i FRELEE R O R
§3.2.1. BREAFFAMEICOWT

EEOV I — A2 EET 5D I & CRRISFRDEREEETFAM: %4 MGk L 72 (Table 3.3.)%,
TF BB LD tert-7 F L A7 L (5m), 7/LFAENBLOT V—L7r hrBSo)afFT 5
FEEICBWTRAZRIHETHIM A 5 2 7= (entries 1-5), F 721 /LR U BGBp)R°Y A —/1(5q)
AT OB TCOERAZHE R O 2 L RSB ETT Lz (entries 5, 6), ZAUITI&
BIZZ AT b, YU ZEAT D 2 & THERZHEEL TWD, oA — a2 DL EL
(BT U VHE(Ss) TIRE LT RE & HIVAERM & 5 2 7= (entries 7-9), RiEHEEZ DT I
HLEHAETHY, P AT I RGOS N 74 a7 b7 2 FGuiiz b oY=y
MOHXIET D e Rr Y UKL 5 X 7 (entries 10, 11),
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Table 3.3. Palladium-Catalyzed Remote Diborylative Cyclization of 1,6-Heptadiene Derivatives with

Various Linker Moieties

2.5 mol % 3a )
S~F 3 mol % NaBAr', WS- Bpin
Z + B,piny Z .
A cyclohexane 0.5 mL GVBP""
40 °C, 12 h
5 10a 1
0.2 mmol 4 equiv
entry dienes 5 product 11 isolated yield®
1 5i 0o 1lia  81% (dr 99:1)
RO .\\\\/Bpin
— 0 .
2 =Et 51 RO Bpin 11la  84% (dr 99:1)
3 ='Bu S5m (¢ 11lma 81% (dr 99:1)
O
4 R =Me 5n . w~_Bpin 1lna 70% (dr 97:3)
R Bpin
5 R =Ph S0 S 1loa 64% (dr 97:3)
O
HO .\\\\/Bpin
6° 5p HO Bpin 1lia  53% (dr 99:1)
(6]
7¢ R=H 5q 11sa  23% (dr 99:1)
RO - Bpin
8 3<:/\% =Bn 5r }OV O 1Ira 51%
RO Bpin
9 =Si'BuMe, 5s 11sa  57% (dr 97:3)
10 s~~~ R=Ts 5t w~_-Bpin 1ta  27% (dr 97:3)

R-N RfNi:j\‘/ .
114 M R=COCF; Su Bpin 1lua  66% (dr 94:6)

“Diastereomeric ratio was determined by GC analysis.

PReaction time was 24 h, and isolated as 11ia after esterification of 11pa.
“Isolated as 11sa after silyl protection of 11qa.
dPerformed with 5 mol % of 3b and 6 mol % of NaBAr%, 64 h.
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§322. HEWHT VT AL OEEZONT

fe T, =R TR U L BIULSOL ZRRGET A 720 1,6- V= NS BIT 2 WE T V7 AL

DR G~ T=(Table 3.4), N7 V7> EOT IVFNAHBREW 1,6- = 2k LTH R
DHEIT L, R ARV AL « BRI Z RAFZRINHETH 2 7= (entries 1-3), S HIZ, 7 mF
BUEMAERT AU bEHARETH Y . NEMEZRTE K C (sp’)-H fi & OALE I KON
R 72 C-B i B~ DAL A 12 C HiBR L7 ZBR A U WABAK 11ba 2375 5 417 (entry 4),
ERIBENTT AT UABRIPETHE LN L b, BIEBRICH AT VT AXFE il =
EBELYAr RIS L TWD Z NG nDb, ThRbbH, KCH T =—r U4 —F 7
ERRTCHATT 5 Z EMFFsinL b,

Table 3.4. Palladium-Catalyzed Remote Diborylative Cyclization of 1,6-Dienes with Various Internal

Alkene Moieties
1 1 i
R R2 2.5 mol % 3b R ( Bpin
E Zy 3 mol % NaBAr, E -0 >x <R2
. .
E X Bapinz cyclohexane 0.5 mL E Bpin
40°C,12h
10a 1
(E = CO,Me) 4 equiv
entry dienes 5 product 11 isolated yield”

NS
E B
><:\/v 5v E><:|\,Bpin Pin 1iva  79% (dr 99:1)
E = £ N\~ Bpin
2 Sw ><:|\, , Twa  74% (dr 99:1)
AN E Bpin
E 7 E AN Bpin
. E><:\/\/\/\/\ s ><j\« , 1xa  59% (dr 99:1)
AN E Bpin

4b 5b 11ba 43%

m m
m

E Bpin

“Diastereomeric ratio was determined by GC analysis.
bPerformed with 1.2 mol % of 3b, 1.5 mol % of NaBAr's, 0.5 mL of xylene. Isolated product contained

ca. 7% yield of other diastereo/regioisomers.
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§3.23. VAR oM

Wz, VR v v Ol FH#LPH & FREE L 72 (Table 3.5)%*, Bopina (102)D A F /LI % = F /L He~E
TR T2 VAR E o (10b) TIE, B BRI L L TR EE DI T HI & 5 2 7= (entry 1),
NRERTHD 132-VAF VR F Ukt bovRn Ot bitho Ty, flx I
IROEARA R F NIV 2T hARar10e)REA~NF L7 ) aZ hyRe i (10d)
EZHWESGETH, MEEZHENSE 5 2 & THREDZERICHET 5 & & bIckST 54
) 2 B 72038 T B 2 7z (entries 2, 3), HBEICEAME T LRI, SV ANV AT L0\
Y RNTTT7 4 —ICBWTELL T =V I LIl Th D,

Table 3.5. Palladium-Catalyzed Remote Diborylative Cyclization of 1,6-Diene Si with Various

Diborons
2.5 mol % 3b
Meozc><:/i-"‘¢ . B,(OR) 3 mol % NaBArf, MeOZC>O:/\/ B(OR),
MeO,C X : ! cyclohexane 0.5 mL MeO,C B(OR),
40°C,12h
5i 10 1
0.2 mmol 4 equiv
entry diborons 10 11 isolated yield”
Et Et
b Et——O  O~{ Et .
1 B-B 10b 11ib 85%, dr 98:2
Et o 0 Et
Et Et
o O 44%, dr 99:1
2 >< Bt }< 10¢ ic _
O O (65% NMR yield)

o O 46%, dr 98:2
34 B—B, 10d 11id )
o O (74% GC yield)

“Diastereomeric ratio was determined by GC analysis.
bPerformed with 0.4 mmol of 10b.
“Performed with 10 mol % of 3b, 12 mol % of NaBAr,.

dPerformed with 5 mol % of 3b, 6 mol % of NaBArf,. Diastereomeric ratio derived from stereocenter

on the boronate moiety could not be determined because the diastereomers were indistinguishable.
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§324. 1n-TxT(n>6)DRAt

BT, LoV ORFEEF TR 5T, ZOBE, BHLHBRICBIT 5T = — 2 v 4 —%
YT BE T LN TH L EEZX NS, £T1L7T-V U Ab)DIREIToT2 L T
7. AHIL T BEIE DR U LK 12ba 230K 32% TE B (eq.3.4), LRRIVERM L L
TIE, RIGT VT AR T BPEAS VTV RWERD TH > Te, TV T o M E L
EATLI L EZ BID,

2.5 mol % 3b Bbin
MeO,C M, v B 3 mol % NaBAr, MeO,C - Bp
MeO,C = 2PNz cyclohexane 0.5 mL MeO,C Boin
40°C, 12 h P!
1b 10a 12ba
4 equiv 32% yield

(3.4)

major byproducts

W Bpi .
M302C AN pin MeOzc AN
Me0,C MeO,C
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Yt B & HEE U RSO MR %2177 - 72 (Table 3.6), % L U EE 10 mL FCTfT
9 LRI 44%FE Tw) B L7z (entry 2), WIEE AN EHZ LT, 7T o RE bHHFE
FEMIHICE RN EICHE LT EBEZ T D, SO N4 FT18-Y=ra)ls XN 1,9-
P A)DPUSEAT D L ST DA I E UL 48%, 37% THF B L7 (entries 3,
4)

ABOSTIE, (RN CTH o7 THVICHENZALEIZIIT D 3 DOREE O 75
R LTV D,

Table 3.6. Sequential Formation of Three Distant Bonds Using 1,n-Dienes (n > 6)

2.5 mol % 3b

MeO,C = 3 mol % NaBAr, Me0,C - Bpin
MeO,C = * Bopin xylene 10 mL MeO,C Boi
* 40°C, 6 h . Bpin
1 10a 12
4 equiv
entry dienes 1 product 12 isolated yield”
10 «__ _Bbpi 32% (dr 98:2)
MeO,C = 1, MeoC DN .
MeO,C = MeO,C _ a
Bpin

44% (dr 98:2)

Bpin

M902C = MGOQC AN\ o ]
3 Meozc:xi::::ii¥§ 1a MeOQC><i:]\‘/»\\,Bpm 12aa  48% (dr 99:1)

W

Bpin
MeOzC = MeOZC N .
4 MeOZC><:/\t\/ le Meogc><:|\/\/\8pin 12ca  37% (dr 99:1)

“Diastereomeric ratio was determined by GC analysis.

bPerformed with 0.5 mL of cyclohexane, 12 h.
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§3.2.5. VT VIMLEMORKT

KOMMEZT T, Fo—r U —F 0 7 2MEL LAWY T VLAY OIS b
L 7-(Table3.7), 1,6-F T NIKT DS T, U7 Vb~ VBT ATV AT L(5a)D
FOGZAT 9 &, W7 T RIS AR U IVERN B AN S NWIZ LEBREEY) 13aa MR 58%, ¥
T AT LA —>99:1 THEL T (entry 1), S HIZTV A —/VFHERGED)L, T VAT I
BTKE L THISHEIT U, 5t 5 AR 2 5 % 72 (entries 2, 3),

HE TR Y | ASUSITEM A YT b DA ZOVRIRIC K D VA XUt - B LG %
B LTZWD TORITH 5,

Table 3.7. Palladium-Catalyzed Diborylative Cyclization of Diallyl Derivatives

2.5 mol % 3b
~ , 3 mol % NaBAr Boin
z + Bopin, Z .
A cyclohexane 0.5 mL O\/Bpm
40°C,12h
5 10a 13
0.2 mmol 4 equiv
entry dienes 5 product 13 isolated yield®
O (6]
= RN
MeO MeO © "Bpin .
1 Meoiéq Sa M90<§<j\/ Bpin 13aa 58% (dr >99: 1)
O (6]
= N
AcO AcO ' Bpin .
(0] /\/ (o] ,\\‘\B .
pin
3 N 5 N<:JV | 13ga 52%(dr96:4
FBC>\* N g Fsc>\* Bpin g o ( )

“Diastereomeric ratio was determined by GC analysis.

bPerformed with 10 mol % of 3b and 12 mol % of NaBArf,, 48 h.
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H3HET mME YR Y AR DL R

§3.3.1. FbLEUL

NaBO; # W=7 L ¥R a LR 25 )L OILIZ BT 5B 20 2 5% (10, mREYRY
JALAR 12ba OB L Z4TIR o728 2 A, 2 DD C-B A NEIRIL SNV 4 —/L 14 BRI
IERTHE BTz (eq. 3.5),

K Bpi K OH
MeOQC><:|;:/\ PN 3 equiv NaBO4+4H,0 Meozc><:|;:/\
MeO,C = MeO,C
e0, Bpin  THF/HZO (viv=1/1) 1.5 mL e0, OH
rt, 4 h 3.5)
12ba 14
0.1 mmol 81%, 98:2 dr

98:2 dr

Fo bRomibont, BEEYT 5 Z L 72 < CBry ZHWiz Appel St (7 rE1k) 35 &t
JTATR o728 2 A, BET 5 Y7 nEbK 15 28 BAFR IR THE S L7 (eq. 3.6),

1) 3 equiv NaBO3+4H,0
THF/H,0 (viv=1/1) 1.5 mL -

A\ B i W\
MeO,C Bpin 2) 2.2 equiv PPhy MeO,C Br (3.6)
12b 3.2 equiv CBry 15
a
0.1 mmol CH,Cl TmL, rt, 4 h 73%, 98:2 dr
98:2 dr (2 steps)

LRI A R, R R TH D . SR E IO ST Bk
FERALOWTNOTEIC L > THERIN T ARWEDKIGETH S,
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§3.3.2. &K - BN SV TS

BEROT NI AR VBT AT T 280K - B0 v 7 ) U RL 0 BB, #H
AR bR Ira & 4-F U LA a A F LT aEwXvB Dl v ) v Tk L
ZAEITU—MEIR 16 REARM E L THHIT(eq. 3.7), 7V —/VHEITIRFEHOE W
T OBITHANESNTEY | ArEEEERIZBR ST, SEIIDABRE VR KRENWSE T

DAy TV TRIEHRETH T EFEZBND,

4 mol % Pd,(dba),

BnO SN A, 8mol % RuPhos
BnO Bpin Br” 8 equiv NaO'Bu

toluene 1 mL

H,0 60 pL

80 °C, overnight

11ra 6 equiv
0.1 mmol Ar = 4-CF3-CgHy

BnO -
BnO Bpin
(3.7
16

65%
(single regioisomer)

ZZ T, LRy TV T ROETH v ) TS E TR NI - 72 Bpin FEO A A
et Uiz, § 33.1L.E R CFEEZHWTELERAT- & A, MR < C-B A OBRLL
DEIT L, T2 7 a—)b 17 AR 94% TH: 517 (eq. 3.8).

CFj3
\\/©/ 3 equiv NaBO3-4H20

BnO
BnO Bpin
16
0.05 mmol

rt, 4 h

THF/H,0 (v/v=1/1) 2 mL
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F 4 i SUSHEREICEIT D ET
§3.4.1. NTTUTLHK3D L TUAR T 10a DG

FEPRETH D37 D7 LKL DR b v ORRSAETT R o 12 (Fig. 3.4), £ THIEKAT
HDHr7anRT Uy AR 3 EURE S 10a DG ERATZD, OGS OEITIIMER S 7
Mo 7-(Fig. 3.4, a), — 5T, 7 udifk3b & NaBAry Z L85 2 & ThF AU PED X
TV LEERF BE LT 2 & & 'THNMR 8 X OVHRMS JlE THER L7, Z ORISR/
WRERIOYRB Y 10a 22728 25, HRITSUGAEIT L CRISRARANLERL 25
& & 112 MeBpin 28 NMR I3 83% T B V7= (Fig. 3.4, b), FUGH D /37 20 AEKITIES
TR LT &% 2 B, MEEITIRE TE TWRW, 2B, WTF A U MEGsERE R e oo
o fEG A X'V AT 5 AT SCHR Y 2B W TIE, R RIZAE U 2 85RITEC oM o fiE L
WO FERDBRIN TN D,

(phen)PdMeCl + Bypiny no reaction
CDCIS, rt
3b 10a
1.1 equiv
b)
(phen)PdMeCl + NaBAr,
3b 1.2 equiv
lCDCI& rt
1.1 equiv Bypin, (10a)
[(phen)PdMe][BAr,] S Me-Bpin
rt
F 83% NMR yield

Fig. 3.4. NMR experiments on reaction of palladium complex 3b

F IR 72 VR U b - BILE%E CDCL {81 N CiTle o7& 2 A, VR U ubiRdE
B4 11ia (2012 T MeBpin 7% NMR UZE 79% CHRL L TV 5D 2 & 2349303 7= (eq. 3.9),
2.5 mol % 3b

MeO,Co /" 3mol%NaBAT: _ MeOLC . -Bpin . _
MeO,C N P2 5Dely 1.3 mL MeO,C Bpin Me=Bpin (3.9)
40°C, 12 h
5i 10a 11ia 79% NMR yield
0.5 mmol 4 equiv 60% GC yield (based on [Pd])

PLEXY . BiEMRCTHDE BT A LANERF NIRRT AEER F AR BN TR e
Y ERIST AT LT, MeBpin 4T D Z Lyl
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§3.42. 2FEEOYRT A& WS ER

ASGEDOEELWIRTH 5 C(sp’)-H FiA D C(sp’)-B fEB ~DOEHIBEIL, oA A X &
VAERDBDEMELTWDEN, ZOHA 2 DORY AVEEFHO VR Uy Il kT
%(eq. 3.10),

cat. (L)PdMeClI
H ;i
I~ cat. NaBAr', RONSS
Z x + B—B 7z
\/% B
- [Pd]-B
[Pdl=5 o-bond (3 10)
metathesis B-B :
’“(wy . Pl chain
V7 R H : \ Pd
7 cyclization o k@’ walking (‘>X\/[ ]
Z [Pd] E— Z X —— Z

% ZC. Bopiny(10a) & Bopiny-das(10a-das) D5 E /IR G 2 TN T BE 4 F20 38ee 247725 Z &
T, REERDPESND ) E D DRGEE L 7= (Fig. 3.5), T OHEHE, [Bpin % 2 >3 545k
Y 1lia), [B(pin-din)% 2 2B T 5 45Y) 1ia-da) (2%, [Bpin & B(pin-din) & L4 1
DFTOF T DAY ia-diz) 75 GC HAEL 1:1:2 OIREW & L CTHEEEE 79% T 5
Nice LER->T, HELTND LI o EAFEVATHEITLTND Z EITTFELR
WS RBEF T,

/%h+p'BB'+(p'd)BB(p'd)
inB—Bpin in- —-B(pin-
E X P 12 12

5i 10a 10a-dy,
E=CO,Me 2 equiv 2 equiv
0.2 mmol
. w~_-Bpin E - B(pin-dy3)
E><:|\/Bpin " E><j\/B(Pin-d12)
2.5 mol % 3b 11ia 1ia-dyy

3 mol % NaBAr,
cyclohexane 0.5 mL

E .\ B(pin-dy,) / Bpin
40°C,12h +
E Bpin / B(pin-dy5)

11ia-dj,

11ia : 1Mia-dy,: 1Mia-dp=1:1:2
total 79% vyield

Fig. 3.5. Competition experiment using two different diborons
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§343. KT 2a LR m L 10a DEifFER

HBpin(2a) & Bopino(10a) D FHEBR AT o7& 2 A, VRV BRI A T Rak vk
b« BRALEDG B AV (Fig. 3.6), B RRARUREDFNEL WS 2, VAR e ORIGTIEAE

CRWBRIERM LN LG HBpin DL B RIET D LB A BND,

E ><:\/%
E X

E = CO,Et
0.203 mmol

2.5 mol % (phen)PdMeCl

. 3 mol % NaBAr' E N_-Bpin BN
+ Bypiny + HBpin . . . |
cyclohexane 0.5 mL E Bpin E Bpin

40 °C,12h
2 equiv 2 equiv (SK-19-2) [508.3]
ca.19%
£ N Bpin E N
E Bpin E Bpin
+

Boi
£ pin
E Bpin

isolated = 28.1 mg isolated = 42.7 mg
ratio = 70:30 (NMR) ratio = 84:11:5 (GC)

Fig. 3.6. Competition experiment using HBpin and Bpin,
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§3.4.4. HEELOHERE
ARETIRATZ -2 OEFER Y /AL - BBACSUG OHEE FOCHEREIL, §3.4 DFER &

AT Ch D In-Y=or Dk Fai Ul - BLKISEBEIZT S L LT X 5 I8 T
THEEBEZLNAFig3 N, ETEAE T 2T VAR 10a)s BT AT U0 AGEK
FVNERM o fEA A X 2 A2 > T MeBpin 242 0 % & FIRFIZAR U LT 207 AEER(G)
G R D VT, BHEOKEGT Vo o DEEIRA~BUAL, HE< Pd-B G ~DfAIZLY C-B
faa B L, BIEDHETT T 2 (Y>Z—-AA), ftld TRT VT LPLRF =—r U —F
TICESTTAXNAVERGETBEI LI-OL, AULTETAXANRT DT AFEAA)N TR
Y102) AR o FEEA X BV AEZRITZETHMIWME 525 LRI, AU AT
v LRGN AT S,

K H
[B] A
borylation
via [Pd]—[B]
o-bond metathesis G
A
10a / [B]—Me
, ‘\\\\%[Pd] / Z/\/WH
(B] [B]—I[B] \_,\\\/ [Pd]—[B]
AA 10a X
[Pd]—Me
chain F
walking [Pd] = (phen)Pd?*
[Pd] H
RN H
Z X ,
[B] A )
Bl

V4 \/

Fig. 3.7. Proposed mechanism
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w5

]

ARETIE, Fo—rUA—F 755 In-P = VEOERY R U UL« BILRSIZ D0
Tk~

FHII AR I n-Y VR DORRIC L AT 2= U —F TR D mER YR
U Al - BALBOG 2 BA%E UTe, ARBUSTIE, BOSBAGRT Vo AT 5 C-B B LW
31N C-C FEBTER & W 5 BREIALICHET T =R O ATEMEe C(sp®)-H #&& D C(sp®)-B
FEESOERPEITL TR, 7T VI T 2R E A A X AL ZZER L7241 TO
& 7e o7z,

AREOG O AR 2 R~ 7R R, 1,6-V o b U Tix ek 2 A4 5 JE e, Bk
IZEEIBEIT SO RE WIEENFIH A TH Y | xHET 5k YA U vl - B LS
AR A PREFE ~ BAFIRINGR T H 2 7o, FAROGRIZ, 7 UV ULEMZ b EM FTRETH
0. WMEFDRNoTe T OB DR Y b - RGOS bR L Te, BATE 587
FEBEOMF BITR>TEY | A2 RFHEOLOZXINT 2R N HEARETH
ST, £, In-V=r (> 6)EHWTHRIGAEIT L, kN TH - 70 TBEN A
BT D 3 DOREH OB /RS Ak LT,

EHILERY ARV AL - BALAER OIS & L CTERMOE R HITRhoT- L 2 A BAS
Nz 2 DORVFERRELTEMN T2 2 & T, 1ERERIN TV h o o Eie itz
RN EBIARECTH D 2 LB h o T,

FOGHEREICBET 2 st 21T o 7c & 2 A, RGO BEERIMEE TH MR ATEME 72
C(sp’)-H #5E D C(sp?)-B f A ~DEHIL, TIF NIRRT VT LFE VR OB 6 fke
AZEVALEWVWHIBLWRIBEEZ G ENRHLNIRY . X5 5EE _EREE LM
TN D BN E DL,

76



e
T IUNRBUVEDOERY RV VL

i

oo

SETHRAREE I %%if@fm Bk %) OF =—2 U —F T EERTS
LT, L6 EURe L BEE YR U AL BALROREBIFE L, T B Om
ﬁfxf&wm%%mbtoﬁﬁﬁilmyz/m>® XU CH RS HEIT L7223, 1,6-
DI ANZHARTICRITER S | R 7 V7 ENLIS KA DN EN S V72 BIAE B 53 B2 (2 A Ak
L7, 2T In-=(m>6)2EHE L2Ga, N7V 7L R REERET VO
FOSHEZ VT ol 2 2R LTEY, Fo—r Ut —F U THICERT LT VT
b R REEREEDHTOT NG P ETT LT K Rl 2 AR LTS,

ZOFRIFLTO XL 22BN 5, Fim Cli_72L 918, — KIS a-B U AT L Lk
RITHZEIC /25 Z E MM B IVTN D 1310, REERIZEBWNTEH, NI ART VT MM
DR T VT DDA Y NV o MORFE~NBIRAICEEI L, Feld TT b7 o aginsik
ﬁ#é@g4nﬂ1%%%&WZ%VT?I*V?f%%Vﬁ%%EELﬁDIGVIV%
BIZBWTIE, AUFEbE & BICBRIENESCOICEITT 5720, ZORBIRHE & LB
2 bivd,

s PAHBL |
S S P

y : y ‘
: [Pd] ! g
| \ i
E S~ E . _~I[B]
Z\/Q\;/”% T Z@\ﬁ/
Y| e
: [Pdl-H ! ’
E byproduct
E 1 ' byproducts
o
: » (Bl
[Pd]

Fig. 4.1. Probable obstacle for the palladium-catalyzed remote diborylative cyclization

of 1,n-dienes (n > 6) via chain walking
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SRR Z LB & IR YR ) b E EBLT 2D —o L LT, Fx—r Ui —
XU EDERFPOLOBENEZ, RUNED o L TIEARWVERBAL~FES| S8 5 5E8E 2
bND, T2 TTVARCEB UL, AFRREGRBEL TH D 9 2| khx B EA
T 5 Z L CIIRA - BT RRR AT LTV, TR Tk 72 X912, FEERIZ Yin b o-
TV =N 1-T N BT R L BT V= L DR #EL - EwRT U — b E s
LTEY, XU TORRPLERRE A ER L TG ¥, 22 TEHIL, 7 U R
VEVEAEEE LTHWIIE, RUANRT U MMEBEOT = U —F T2 Ko T
BBV ATRBEREIED o (LD LR DNALA~BIRICBEI L, B{LE2 0B L Ly v
TNIRENR Y AR Y WAL B FEBLITE DO TlidleW s EAEERG A 3 C 7= (Fig. 4.2),

cat. (L)PdMeClI
cat. NaBAr', B

[Pd]—B o-bond [Pd]=B
metathesis B—B
chain
Ar/Y\B walking [Pd]
[Pd] Ar B
chain
walking 1
[Pd]
Ar B

Fig. 4.2. Working hypothesis for palladium-catalyzed remote diboration of allylbenzenes

via chain walking

78



BTN L D12, CB MDA S 7V OElR T E RO W37

< FHTEBLA~R U RERELZEAT L6, Yin 518D 14-v 7 a2 [
W2 1,3-7 U =l s WU D —BINZIR B D W, Fiz, T EEICHL T2 S0
C-B ft & & BT BEN T AL~ e AT AT 5 FiEIE, B = TR ~_2ER A U AL -

BALIGD T 5,
F I TEHIT, BLREREAEVEL L WVIER YR Y MO ERE B, TV AR

FAEREE L LIeOSOBH% %?Lto%wifi%®#%_owffmé
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FHT OSSO
§4.1.1. PG

BT 1n-Y = DER VAR VL - BALBOSIZEB W THW TV 1,10-7 =
Y ha U RAFART DT AR 3D AAEEE L THW, bo & b EMIRT U LU U
THLT VAR By 18a ZT7 NV EEE LTERY, BEXE T2 hUARe (10a)D)X
JinZA1T7% > 7=(Table 4.1, entry 1), T OFER, T AF VBRI &R D NANITHR T HEINEA S
VTR 19aa 75 NMR IR 18% CTARL L TR Y, BRIET 5 1,3-V R U LIS DHELT
DRI NT-, Tz, REORMERTH D B- A F VAT L (AB), BKFERTFLE, B K
1k U B EORVERY b B S,

BUSEMZEt T 210H 720 . MHERNEBRE 21T o7, FTMUSKMEZ 4 0D 1 Th
5 3WRIC Lz & 2 A, #infb=R e B A% 19aa OIERITE TR T L2, fxbRIckt4 53
PPEIIFRIFRE CTH -7 (entry 2), IV AT % 2 ¥ &IOS LizE 2 A, Ifb=iEmEL
7203, BHEOY 19aa OYLEITIF & A Er B L7222 h - 7z (entry 3),

UEXD | BIEHE entryl DFRUETHEBZROB 21T 2L & LT

Table 4.1. Initial Attempt

2.5 mol % 3b Bpin

N\
3 mol % NaBArf, )\/\ ' :

NF +  Bypin i \= =
Ph 2pin cyclohexane 0.5 mL Ph Bpin : N /N |
. ' Pd !
40°C,12h i :

18a 10a 19aa ' Me” \CI
0.2 mmol 4 equiv ' !
1 3b 1
Bpin

o+ p P Npoin  * P " Bpin

B-methylstyrenes hydroboration dehydrogenative
products borylation products
o - conversion of NMR yield of
entry deviation from standard conditions

18a“ 19aa

1 none 73% 18%

2 performed for 3 h 61% 15%

3 2 equiv of Bopiny 87% 20%

“Determined by GC analysis.
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§4.1.2. FENLTFRET

el TR TRRET 21T o 7o, BN T OB L L CiE, = Tk _-mfE o R Y b To
MREBBICT D10, Bl&fiEd 7= bl EEY DY EUDARHY Y Uk
HAnanZ bt Lz, £93478-T h 7 AF A7) bl U aENL T & LTH DK 3a
TIE, BER LR D & HIIE T Lz (entry 2), MiDE%REHE JERNMIFL LTEE Y VU %
BT D8RG A WD ENGRITAE T Lz entry 3), B U P4 %3 U o @d) & -5
BT DY 59%F Tl b L7z (entry 4), $5K3d 128D Y U2 4 LI CF EEEHEA LT
BEAR 3g 22 I35 13RS Db R & 72 > 72 (entry 5),

W% DCE & LG ORF biTo72, 7= F v br ) VFEESCE Y Y O 0 2R T
E LTI D8R TIHIZ & A ERISHHEIT L7270y o 7o (entries 6-9), —F TE U P FF 4> U
Y Bd)E AW EIIIGEENR 57% TH Y (entry 10), FFZE Y V2 4 01T CFs 24 E A L 72 B
MFE2HT L8R 3IgZHND & IEED 67%%E Tl - L7 (entry 11),

PLEX 0| 85K 3g #hci ek & L CUIBORE2ITH> 2L & LT,
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Table 4.2. Screening of Ligands

2.5 mol % Pd catalyst 3 Bpin
3 mol % NaBArf,
/\/ + i 4 - )\/\ .
Ph B2pin, solvent 0.5 mL Ph Bpin
40 °C,12h
18a 10a 19aa
0.2 mmol 4 equiv
conversion ~ NMR yield
entry Pd catalyst 3 solvent
of 18a“ of 19aa
1 1
1 R R R'=H 3b  cyclohexane 73% 18%
il NN
=\ =
2 Me/Pd\CI R!'=Me 3a  cyclohexane 28% 8%
7 N/ N\
3 7N\Pd/N7 3¢ cyclohexane 54% 8%
VEGN Y
2
4 @o R2=H 3d  cyclohexane  88% 59%
gy
5 we g R2=CF; 3g  cyclohexane 83% 41%
6 R R' RI=H,R’=H 3b DCE 49% trace
R N \_gt
7 =N N= R'=Me,R*=H 3a DCE 46% trace
R® pd R
8 me” el R'=H,R’*=Me 3f DCE 96% trace
7 N/ N\
9 7N\Pd/N7 3¢ DCE 28% trace
VRGN
2
10 @O R2=H 3d DCE 98% 57%
gy
11 we g R? = CF; 3¢ DCE 96% 67%

“Determined by GC analysis.
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§4.1.3. BIEOMT

HITE T, 2XT D0 LK 3g 2 WA OB L LTDCE, &7 a4 Z/EE L
T2, 22 CIES] & & OV H 5 7= (Table 4.3, entries 3-5), & WL A2 RS L& 2
DIVAFEEET TV TIIISDNIE L A EHEIT LDy > T (entry 3), DCM & HWW 255 13UGER
WNETART Liz(entry 4), FHEHEROEBEE AW T-5E BIRIZFEBRE TH - 7228, Hif-/a
MR — 27 BRELTEY | BUSRDBRORBEMEIT /> T D Z &8 GCFEHTIZ K> ThHrdro
7= (entries 5-7),

LEED, 5l&#Ht& DCE s LTHWDL Z &k LT,

Table 4.3. Screening of Solvents

2.5 mol % 3g Bpin
R e
18a 10a 407, 12h 19aa
0.2 mmol 4 equiv
entry solvent conversion of 18a“ NMR yield of 19aa

1 CH,CICHCI 96% 67%
2 cyclohexane 83% 41%
3 EtOAc 13% trace
4 CHxCl 96% 63%
5 toluene 98% 66%
6 trifluorotoluene 98% 61%
7 anisole not determined” 67%

“Determined by GC analysis.

bSolvent peak overlapped.
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§4.1.4. VIR L BOSIRE ORET

FE TRt & RONRE ORRFT 21T - 7o (Table 4.4), EBEZ (KT S 7255 1TEREN O
AKX T L7273 (entry 2), & 2 I S B 70 55 1IZITICRIZZEGIZ AR S V72> > 7= (entry 3),
W CTRISREDRET 21T o7, £3 50 E~FIRIEHGE, DCRICEIIR 6o
7z(entry 4), —HF CTEIRA~TIF S &, PERITOCM E LT 72%E 7257 (entry 5), & 512 10
JE~TFTHILEOM EIZ R S /ehy > - (entry 6), IBENME T T2 Sidinfb3p3m EL T
HRICB LTI, $EEDZEMN TG L TnD LEZBND,

Table 4.4. Screening of Solvents

2.5 mol % 3g Bpin
PN+ Bopin; ZI—T:ZI?H’\TCIIB,A;:;Q 12 h Ph)\/\Bpi”
18a 10a 19aa
0.2 mmol 4 equiv
entry CH:CICHxCI temp conversion of 18a“ NMR yield of 19aa

1 0.5mL 40 °C 96% 67%
2 0.25mL 40 °C 96% 57%
3 1 mL 40 °C 99% 66%
4 0.5mL 50°C 96% 66%
5 0.5 mL rt >99% 72%
6 0.5 mL 10 °C >99% 72%

“Determined by GC analysis.

84



%28 B oM
§42.1. T UV UEEORR
INETITHRLNTA&ME2 S LT, HWEORGEZ1T o 7-(Table 4.5), /STALIZ A F IV H%E
AT 5 HE CIXFRREOIERTH MBS Hiv/e— 7 Tlentry 2), 7V A u iz A3 5 HEH
TIHIRDOE TR A S (entry 3), HEEHROT VARP U DA LD L, B LD
HEEAT LT AR EEIN LT D 2 & D3 GC fRATIZ & o TR S L721E 0 BOGBHER D
B CRISENBLS LB L, RUDALTO o fiAA LTI AN DITL o - ThE
MrndH 5,

Table 4.5. Screening of Allylbenzenes

2.5 mol % 39 Bpin
3 mol % NaBArf
= 4 Bopi 4 . .
/@/\/ 2piny CH,CICH,CI 0.5 mL /@/\/\Bpln
R rt, 12 h R
18 10a 19a
0.2 mmol 4 equiv
entry allylbenzene 18 product 19 NMR vyield
_ Bpin
| [:::f/\\// 18a [::j/)\»/A\an 192a 72%
/ Bpin
2 /[:::T/\\// 18b /J:::]/)\v/”\amn 19ba 70%
Me
Me
_ Bpin
3° /©/\/ 18¢ /@MBpin 19ca 42%
F
F
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053 Hi HEE UG

§ 4.3.1. HEELUCHEAE

ARETIHRARTET VARB U OEEY AR Y MM OHEEROCHRE X, 85 =5 Tl 7o 3R
EBREBIZTLHE, LTOLOICHITT A B2 b5 (Fig43), ETEAETaT hUhn
Y (102) & T F A ANENT VT MEHRAC) BB o fH A Z & 2 AT XK 5T MeBpin &4
U5 ERBRHZAR Y NWRT Uy AERAD)E 5 2 5, fiil T, FE ORGGT V7 o ISR~
fir, i< Pd-B fEE~DFEAIZLY C-B KB EZKT D(AF), fitll T/37 0 LAHFLRF
T U —F LTI E TR VIMI~BEI L, AR VR T Uy AEAG) Y
A 10a)E ERE o G A X B RAE/ T L THIMAE 52 5 LRIFERZ, AU AN
7 VU LEERAD) N HAET S,

borylation PhM[B]

va Pd]—[B
o-bond metathesis [ ] [ ]
10a [B]—Me

H—H
Pd [Pd]—Me A
[)\]% AC Ph /\
Ph [B]

[Pd]—[B]

[Pd] = (4-CF5-pyox)Pd?*

walklng

Pﬂ
AF

Fig. 4.3. Proposed mechanism
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S

HETCIX, Fo—r U —F T ERDLET VAR E UVHOEREY AR U ABIZ DN TR

7,

EFIL. R L ORISIZEBNTT U ARC B UVEHEZEICHWS Z L T13-TUR Y L
&R LTz, BHEOMBSRICBW T, 77y FICHFFREZEAT S Z LT, RSB
HORI NG DT M DOF = —2 U —F 7 %, BAGBREZMAGAT Z &7 2
I<HEITSHEENA Z ERBBMNITR ST,
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A

AR TIE, BETHHEMRETH LT 7 VHOENR B LOBIRICE Y
WIE FRC Y2 7 EDT N IR LR FEREZ OGS ED 2 LT OGBMBRTH S
TN L~ REE R EOFAMERE WA RERELBEA LN L @ S #E72R
ERRALIZI T D C-CHEES° C-B BB & FTRE & 7~ 5 HrBlixlE B RE AL OBRFE I L
7o

BT, T U —F T ERL In-Y D Raky#El - BALE ST O
Tk~

FET, YW ESBIRE LR A R, 1,8-Y (1a)d B a— LR T 2 2a)E AW
leFx2—rUt—F 7 aikbt FukvHEb - BALOS OIS LT, ARBORIE, B
BT D BRI L o TEMAL 22T T WRBA O B ieR L & 12 C-B & DI % 52
BLEMDTORTH D, £, C-B A OERE L =R iR licls T, AU HEK
ELTE RERTZ VEHANWEYD TORTHH D,

FRBIERY E L, AUZBNEASHTOARWEMERA,B,C)°, A UZEMNEA SN
T2IEBRALIRD, EY DN Bl S T2, RMERFToORER, FrCaiE 1B L CTIAR 7 v oY &4 Hn
EHHZLT, FEAECHELUIBEHEAENSES 2 TRV SELND Z & & A
L. B GC IR 54% £ TG DR R A2 YGET H 2 LN TE T,

FEE 3 PR 2 f TR R, 1,7- = (1b)R° 1,9- = (L) kf LT H e 795 2
LERH LI, ZoDT T VENOBOAF L N A2 %L LA, RUENEASH
TWRWRMERDOEI IR E BRI R T2b DD, RUHENEA S - IERILADE
BRI DR BT, WTIORKREZHWHGEIZBW TS, K7 V7 LD
HiffiZg e RerR v R EOBBET LIZRIAERI N L AR LT Z L0 b, RISEERTH
DT NT DRI NNT VT MUK . BRILATTPRIIEICELS S TOF == U4 —F
TBENRKNEETH D Z LRI T,

BETIE, L,6-mr ot RuakvHEl - BILEINIZ DWW TRz,
FHEILF-BTHONEMAE L LI, FURBEOT = — U —F U T H2NTELE L
BNWY T U THIIRE L S BRIEPETT 5 LB XARIRICEF L LR 1,6-0 T
Gt FrRTrQxMAnice FrRvHRl - BICEUSZBFET D Z LTI Lz, R
SR, RUATAX L7 a2 U H6)E 1,6- 2 b RuRI o b amMT 52 L
WP LT Tl TH 5,

AEOEDOAREZ R T T2ODOISHER 1T 72, W DD OEYTEEMEOFK E LT
HONTWD34-UT A AEr ) D rd REICAFARRST IAT I VAN — T2
THEETE LT TR, BASNEARUVREFREZHW I OR2EHW LW ETH D Z
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EARIEE LT,

BEETIE, Fo—r Ub—F U I ERD In-T T OEFFIR Y UL - BALKISIZ O
Tk~

FHFETH2EETII/RIZMAL L LIC, AUHRL R TR CBISF=—> U
— X T ERDERBATEERFEGOERERE AR L, L6-VT VR e RS
LA EROR I ML BULRIS RN ERTES 2 L2 R Lis, ARISIE, 745 8
KT DR E A A Z AL Z R LTeRID TORITH %,

ARBE O AR Z W ART R, 1L,6-V T & U Cix ERERL 2 AT 2 JEE(5i-5u)%,
BALRICRIR DSB8 T D IO R & WEEGv-500FIHEETSH Y | MIST @Y R Y
AL s BALBOS AR (12) 2 B 2 T2, FTARBOSRIT, EE E LTYT U AbE (53, 5d, 5g)
WZHHEAFRETH Y . REFI Do - HZe GEMRTIZZARV) P HHo VR Y vl - B
LS HER Lz, BATE 5RVEBTEEORF BIT-o TRV, ix R2FEO b O &%
THYHRR AN LEANRETH ST, £72. In-Y= (> 6, )EHWTH L HET
L. HWZHENT- C-B,C-C,C-B &9 3 DOREA OHEFREE L AfE TH -7,

S LMY ARV UL - BACAERDIOIGH & L CERYOEBR LT -8 2 A, BASHh
72 2 DORUFEERELIEHT S 2 & T, MERETIHER ST e d o Tz ixlE B hREs
b Z RN EBLIARETH D Z L 3o,

BOSHEREC BT Dt 21T 272 & 2 A RSO BHEEIBE T b 2158 WAL O RIEME 7R
C(sp®)-H FEA D C(sp’)-B fE A ~DZEHIL, TILXNRTFT VT LFEE DR DED o fES
AZEVRAENIBLWRIBREGL I L EZW LML, 572 5EE FRER OB
\ZEN D B R A 1572,

FUETIE, FTo—r U+ —F 7 2RDT VAR EBHOER Y AR Y AR DN T
K7z,
FHRIFE-EETICHBIMAL S &1, BLmfEL LE & LRWER YR Y W boFEEL
ZHEL, TUVILRCBUA8)E VAR B 1022 G SHl 2 A, 1,3-UR U b #ERk
L7z, BIEOHBLRIZB WX, TA7 Yy BICEBRREZEANT S Z LT, EHBEORY
NNTG T IMEBEDTF == U —F 2 7% B R AT 2 & 2 <R K LT
SHEONDZEDBHLNI R T,

T s OERB ZEREEITIHEFICRON T Y | REEILRRETH L, AFEIR,
E<HoNTZT T O TERRAMUICHT 2 EMEBE T LOTHY . KUSHHRIZIBNT
HBEREHE AR L2205 RIS ANEERALEIC BN T O A AN OF 7 2GR 2 8T 5
WD GERR IS T I B IS 2RI T 2 b DO TH H 5, FRITAE A EOA RPN
BV C-B G O A 9 =k B RE ML OWMEFIT D72 < | EIREREELAFHETH D
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DIET VLR DAL, ~T 1 R BB 7 & O B BE AL 2 52 7o AL IR B
T\,

ORI IRRPDO S & FEEZIT, C-B FEH O & TE B ANEME RS A DLW A R D
Bl A 7OmE _BEREALOE, BILOT0ISHREBICKS) Lz, 0SS h
TV TomEE A A Z b FEBR Lz, ZORISIIX [T VF AT Py AL VR
YORIT o fEEAXEVA] EVWIBLVWRBENSGENTEY, S b5 _Fhek
EOBAZIENR 57205 T < L BERIEITIZ R D o 7= Fi A A B 4 B Al 5 s 0 SR BRI & o 73
M EDLERBNERLTH D,
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General Information

'H, BC{'H}, "B{'H} and '""F NMR spectra were recorded on a JEOL ECS-400, ECX-400
spectrometer. Chemical shifts were reported in ppm relative to residual solvent peak. In *C {'H} NMR
spectra, boron-bound carbons were not detected in most cases because of quadrupolar relaxation. Gas
chromatography (GC) analyses were performed using a CBP-10 capillary column (25 m x 0.22 mm,
film thickness 0.25 pm). IR spectra were recorded on a JASCO FT/IR-410 infrared spectrometer. ESI-
MS analyses were performed on a JEOL JMS-T100LCS. Flash chromatography was carried out with
silica gel 60N (Kanto Chemical Co., Inc.). Melting points were determined on a Stanford Research
Systems MPA 100 instrument. Gel permeation chromatography (GPC) was carried out with JAI
LaboACE LC-5060.
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Solvent and Materials

Unless otherwise noted, all reactions were carried out under nitrogen. Anhydrous dichloromethane,
THEF, toluene, hexane, and DMF were purchased from Kanto Chemical Co., Inc. and passed through
solvent purification columns (Glass Counter Solvent purification system). NaH was washed three
times with hexane prior to use. Dimethyl malonate (S1) and Diethyl malonate (S2) were purchased
from nacalai tesque and used as received. Dimethyl Sulfide Borane (S3) was purchased from TCI and
used as received. Dimethyl allylmalonate (S6) was purchased from Aldrich and distilled from
DRIELITE®. 3,4-diethylhexane-3,4-diol (S4),*° Di-tert-butyl malonate (S5),*' 3-Allylpentane-2,4-
dione (S7),* 2-allyl-1,3-diphenylpropane-1,3-dione (S8),¥ and tert-butyl allyl(but-2-en-1-
yl)carbamate (S9)* were prepared according to the literature procedures. Pinacolborane (2a) was
purchased from Aldrich and used as received. 1,2-Dichloroethane was purchased from Kanto
Chemical Co., Inc. and distilled from P,Os. Diene substrate 1a-c,'® 5¢, 5d,'%¢ 5e,* 5, 5g,47 5h,*
5i,%¢ 5j,'?b 5k,'?* and 5t,* were prepared according to the literature. Borane 2¢,% 2d,’! 2a-d,> and
diboron 10b> were prepared according to the literature. Diene 5i-E was synthesized from E-
crotylbromide®* using a procedure similar to the one for preparation of 5i, and the analytic data was in
accordance with the literature.'”® Palladium complexes 3a-c,'® 3d,'d 3e,5 3f, '# 3g!d and NaBAr,*°

were prepared according to the literature.
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E1E

Genaral Procedure for Palladium-Catalyzed Hydroboration/Cyclization of 1,n-Dienes.
2.5 mol % Pd cat. 3b

MeO,C = . HEo 3 mol % NaBAr', MeO,C BN
MeO,C = PN CICH,CH,Cl20 ML MeO,C ,
g t, 6 h r” "Bpin

1 2a 4

4 equiv

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with diene 1
(0.2 mmol, 1 equiv), borane 2a (0.8 mmol, 4 equiv), palladium complex 3b (0.005 mmol, 2.5 mol %),
and 1,2-dichloroethane (20 mL). After stirring for 5 min, NaBAr's (0.006 mmol, 3 mol %) was added
and the mixture was stirred at room temperature for 6 h. The reaction mixture was passed through a
short plug of silica gel (4:1 hexane/EtOAc). All the volatile materials of the eluate were removed by
rotary evaporation and further reduced under vacuum to afford the crude product.

The crude material was transferred to a Schlenk tube, then methanol (2 mL) and platinum oxide
(0.06 mmol, 30 mol %) was added. A balloon filled with hydrogen was attached to the tube, and brief
evacuation, and backfilling with hydrogen gas were repeated three times. The mixture was stirred
overnight at room temperature. The resulting mixture was then diluted with Et;O and filtered through
Celite. All the volatile materials in the eluate were removed by rotary evaporation. Gel permeation

chromatography afforded the desired remote hydroboration/cyclization product 4.

Hydroboration/cyclization product 4aa. General Procedure B
was followed with 47.6 mg of diene 1a (0.198 mmol) and 102 mg of
pinacolborane 2a (0.797 mmol). The product 4aa was obtained in
54% GC yield and the further purification afforded 4aa in 29% yield
(20.9 mg, 0.0568 mmol, dr > 99:1) as a colorless oil: 'H NMR

4aa (391.78 MHz, CDCl3): 6 3.70 (s, 6H), 2.48-2.55 (m, 2H), 1.73-1.80
(m, 2H), 1.56-1.72 (m, 2H), 1.38-1.53 (m, 2H), 1.23 (s, 12H), 1.03-1.20 (m, 2H), 0.87 (t, J = 7.4 Hz,
3H), 0.66-0.84 (m, 2H); 3C{'H} NMR (98.52 MHz, CDCls): & 173.4, 173.4, 82.9, 58.2, 52.6, 47.1,
46.7, 40.1, 40.1, 27.8, 26.3, 24.8, 24.8, 12.4; "B{'H} NMR (125.70 MHz, CDCI3): & 32.9 (brs); IR
(neat): 2977 s, 2957 s, 2930 s, 2875 m, 1736 s, 1435 m, 1379 s, 1317 s, 12525, 1199 s, 1166 s, 1146
s, 1056 w, 1022 w, 968 m, 884 w, 849 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]" caled for
Ci9H33BNaOs 391.2262; Found 391.2263.
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Hydroboration/cyclization product 4ba. General Procedure B

0
~o SN o was followed with 50.4 mg of diene 1b (0.198 mmol) and 102 mg
_0 EI>\O of pinacolborane 2a (0.799 mmol). The product 4ba was isolated
e} in 21% yield (16.1 mg, 0.0421 mmol, dr > 99:1) as a colorless oil:

4ba "HNMR (391.78 MHz, CDCl5): § 3.70 (s, 6H), 2.47-2.55 (m, 2H),

1.72-1.79 (m, 2H), 1.41-1.57 (m, 4H), 1.27-1.38 (m, 2H), 1.23 (s,

12H), 1.03-1.14 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H), 0.73-0.78 (m, 2H); 3C{'H} NMR (98.52 MHz,

CDCls): 6 173.4, 173.4, 82.9, 58.3, 52.6, 46.9, 44.9, 40.5, 40.0, 36.6, 26.2, 24.8, 22.6, 12.4; "B{'H}

NMR (125.70 MHz, CDCl3): 6 33.0 (brs); IR (neat): 2977 m, 2956 m, 2929 m, 2874 m, 1736 s, 1459

m, 1436 m, 1407 w, 1379 s, 1319 m, 1250 s, 1198 m, 1166 m, 1146 s, 968 w, 848 w cm™'; HRMS (ESI-
TOF) m/z: [M+Na]" calcd for C20H3sBNaOg 405.2419; Found 405.2418.

Hydroboration/cyclization product 4ca. General Procedure

~o 7 SN B was followed with 53.1 mg of diene 1¢ (0.198 mmol) and 102
_0 B/O mg of pinacolborane 2a (0.795 mmol). The product 4ca was
o) (‘)\/K isolated in 16% yield (12.2 mg, 0.0308 mmol, dr > 99:1) as a
colorless oil: 'H NMR (391.78 MHz, CDCls): & 3.70 (s, 6H),

4ca 2.51(dd,J=13.4,7.1 Hz,2H), 1.75 (dd, J=13.5, 10.1 Hz, 2H),

1.19-1.64 (m, 20H), 1.03-1.14 (m, 2H), 0.88 (t, J = 7.4 Hz, 3H), 0.76 (t, J = 7.5 Hz, 2H); *C{'H}
NMR (98.52 MHz, CDCls): 6 173.5, 82.9, 58.2, 52.6, 47.0, 44.9, 40.5, 40.1, 33.5, 30.9, 26.3, 24.8,
24.2,12.5; "B{'H} NMR (125.70 MHz, CDCl5): & 33.0 (brs); IR (neat): 2977 s, 2956 s, 2926 s, 2874
s,2857s, 17365, 1460 s, 1435 s, 1407 m, 1379 s, 1318 s, 12525, 1197 s, 1146 s, 1025 m, 968 m, 878
m, 848 m, 820 w, 721 w, 673 w, 579 w, 544 w, 518 w cm’!'; HRMS (ESI-TOF) m/z: [M+Na]" calcd
for C21H37BNaOg 419.2575; Found 419.2575.
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B2E

General Procedure for Preparation of 1,6-Dienes 5a and Sb.
ROZC> . /\/ 3 equiv NaH RO,C =
RO,C Br THF, rt, overnight RO,C N

S1:R = Me 3 equiv 5a
S2: R=Et 5b

To a suspension of NaH (3 equiv) in THF (2 mL per 1 mmol of the malonic ester) was slowly
added malonic ester S1 or S2 (1 equiv) at 0 °C. The solution was warmed up to room temperature, and
allyl bromide (3 equiv) was added to the mixture, which was stirred overnight and then quenched by
addition of a saturated ammonium chloride solution. The resulting mixture was extracted three times
with Et,0O. The combined organic portions were washed twice with brine, dried over MgSOs, filtered,
and concentrated. Purification of the crude material by column chromatography (hexane/EtOAc =

20:1) gave the 1,6-dienes 5a and Sb.

_ Diene 5a. General Procedure A was followed with 6.61 g of S1 (50.0 mmol) and
MeO,C
2 ><:\/ 18.6 g of allyl bromide (154 mmol) to obtain in 81% yield (8.63 g, 40.7 mmol) as
X
52 a colorless oil. The analytical data were in good agreement with those reported in

literature.!

_Diene 5b. General Procedure A was followed with 0.809 g of S2 (5.05 mmol) and

EtO,C

EtO§C><:/\ 1.82 g of allyl bromide (15.0 mmol) to obtain in 72% yield (0.869 g, 3.62 mmol) as
X

5b a colorless oil. The analytical data were in good agreement with those reported in

literature.>’
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Preparation of Hydroborane 2b.>
Et Et

HO—/_Et O~/ Et
BH3°SMe, + - H-B
HO Et DCM8mL,0°Ctort, 2h ‘o~ \Et
Et Et
S3 S4 2b
1.4 equiv 9.5 mmol 69%

Hydroborane 2b was prepared using a procedure similar to the one for preparation of borane 2¢.*
To a solution of diol S4 (1.66g, 9.52 mmol) in dichloromethane (8 mL) was slowly added dimethyl
sulfide borane S3 (90% assay, 1.1 g, 13 mmol) at 0 °C. The solution was warmed up to room
temperature and stirred for 2 h. Then, the volatile materials such as dichloromethane, dimethyl sulfide,
and the residual dimethyl sulfide borane were carefully removed by rotary evaporation using a water
bath without heating. Distillation of the resulting material under reduced pressure (oil bath temp: 60 °C,
ca. 50 mmHg) afforded borane 2b as a colorless liquid in 69% yield (1.20 g, 6.52 mmol): '"H NMR
(391.78 MHz, C¢Dg): 6 4.28 (q, J = 162.0 Hz, 1H), 1.52-1.61 (m, 4H), 1.39-1.48 (m, 4H), 0.79 (t,J =
7.5 Hz, 12H); BC{'H} NMR (98.52 MHz, C¢D¢): & 88.4, 26.5, 8.9; ''B{'H} NMR (125.70 MHz,
CsDs): 0 26.9 (brs); IR (neat): 2979 s, 2947 s, 2886 m, 2575 m, 1459 m, 1384 m, 1359s, 1314 m, 1289
m, 1207 m, 1182 m, 1142 w, 1113 m, 910 s, 889 m cm™'; HRMS (DART-TOF) m/z: [M+H]" calcd for
Ci10H22BO; 185.1707; Found 185.1705.
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General Procedure for Palladium-Catalyzed Hydroboration/Cyclization of 1,6-Dienes.

~< T~
S

14 , 3
(S 5 mol % 3a Y
X/\/\Y 6 mol % NaBAr, N Y
+  HB(XR
(N (XR), CICH,CH,CI 2.5 mL B(XR)2
40°C,6h
5 2 6
2 equiv

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with diene 5 (0.2
mmol, 1 equiv), borane 2 (0.8 mmol, 4 equiv), palladium complex 3a (0.01 mmol, 5 mol %), and 1,2-
dichloroethane (2.5 mL). After stirring for 5 min, NaBAr’ (0.012 mmol, 6 mol %) was added and the
mixture was stirred at 40 °C for 6 h. The reaction mixture was cooled to room temperature and passed
through a short plug of silica gel (4:1 hexane/EtOAc). All the volatile materials of the eluate were
removed by rotary evaporation. Silica gel column chromatography (or gel permeation chromatography

in some cases) afforded the desired hydroboration/cyclization product 6.

Hydroboration/cyclization product 6aa. General Procedure was

0
~o o 0 followed with 42.3 mg of diene 5a (0.199 mmol) and 50.4 mg of
_0 é\O pinacolborane 2a (0.394 mmol). Silica gel -chromatography
o) (hexane:EtOAc = 5:1) afforded 6aa in 81% yield (54.7 mg, 0.161 mmol,

6aa
dr>99:1) as a colorless oil: '"H NMR (391.78 MHz, CDCl3): § 3.71 (s,

3H), 3.70 (s, 3H), 2.62 (dd, J=12.9, 7.0 Hz, 1H), 2.51 (dd, /= 13.2, 6.6 Hz, 1H), 1.76 (dd, J = 13.2,
10.8 Hz, 1H), 1.70 (dd, J=12.9, 11.0 Hz, 1H), 1.47-1.64 (m, 2H), 1.24 (s, 12H), 1.02 (dd, J = 15.4,
4.6 Hz, 1H), 0.97 (d, J = 6.1 Hz, 3H), 0.62 (dd, J = 15.4, 8.9 Hz, 1H); *C{'H} NMR (98.52 MHz,
CDCls): 8 173.5,173.4,83.0,58.0, 52.6,43.0,42.6,42.4,42.4,24.9,24.7,17.2; "B{'H} NMR (125.70
MHz, CDCl3): 6 32.9 (brs); IR (neat): 2977 s, 2954 s, 2930 s, 2873 s, 1734 s, 1436 s, 1379 s, 1323 s,
1256 s, 1208 s, 1146 s, 1068 m, 1047 m, 1016 m, 992 w, 968 s, 883 m, 847 s, 676 m cm™; HRMS
(ESI-TOF) m/z: [M+Na]" calcd for C17H20BNaOg 363.1949; Found 363.1949.

Hydroboration/cyclization product 6ba. General Procedure was

0
0 N 0 followed with 47.6 mg of diene Sb (0.198 mmol) and 51.0 mg of
~_0 BI\O pinacolborane 2a (0.398 mmol). Silica gel chromatography
o) (hexane:EtOAc = 8:1) afforded 6ba in 76% yield (55.2 mg, 0.150

mmol, dr > 99:1) as a colorless oil: 'H NMR (395.88 MHz, CDCl5):
0 4.10-4.22 (m, 4H), 2.60 (dd, J = 13.6, 6.8 Hz, 1H), 2.47 (dd, J = 13.6, 6.8 Hz, 1H), 1.75 (dd, J =
13.6,10.9 Hz, 1H), 1.70 (dd, J=13.6, 10.9 Hz, 1H), 1.45-1.63 (m, 2H), 1.21-1.25 (m, 18H), 1.01 (dd,
J=15.4,4.5Hz, 1H), 0.97 (t, J= 6.1 Hz, 3H), 0.61 (dd, J=15.2, 8.8 Hz, 1H); *C{'H} NMR (98.52
MHz, CDCl3): 6 173.0, 172.9, 83.0, 61.2, 61.1, 58.1, 43.0, 42.5, 42.4, 42.3, 24.9, 24.7, 17.3, 14.0;
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HB{'H} NMR (125.70 MHz, CDCI3): 6 32.7 (brs); IR (neat): 2979 s, 2958 m, 2928 m, 2873 m, 1735
s, 1464 m, 1447 m, 1378 s, 1323 s, 1254 s, 1206 m, 1146 s, 1098 m, 1046 m, 968 m, 884 m, 861 m,
847 m, 676 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" caled for Ci9H33BNaOs 391.2262; Found
391.2263.

Hydroboration/cyclization product 6ca. General Procedure was

o)
o 0 followed with 35.3 mg of diene Sc¢ (0.196 mmol) and 51.9 mg of
é\O pinacolborane 2a  (0.405 mmol). Silica gel chromatography
0 (hexane:EtOAc = 5:1) afforded 6¢a in 73% yield (44.2 mg, 0.143 mmol,

6ca
dr 98:2) as a colorless oil: 'H NMR (391.78 MHz, CDCls): § 2.64 (dd, J=

12.8, 6.3 Hz, 1H), 2.53 (dd, J=12.8, 6.3 Hz, 1H), 2.08 (s, 3H), 2.08 (s, 3H), 1.54 (dd, J=13.0, 10.8
Hz, 1H), 1.35-1.50 (m, 2H), 1.48 (dd, J=12.8, 11.0 Hz, 1H), 1.25 (s, 12H), 1.00 (dd, J= 15.4, 4.2 Hz,
1H), 0.95 (d, J= 6.1 Hz, 3H), 0.61 (dd, J=15.5, 8.5 Hz, 1H); 3C{'H} NMR (98.52 MHz, CDCl5): &
205.5, 83.0, 73.1, 43.0,42.1, 39.4, 39.0, 26.3, 24.9, 24.7, 17.3; "B{'H} NMR (125.70 MHz, CDCl;):
0 32.5 (brs); IR (neat): 2978 s, 2955 s,2927 s, 2871 s, 1719 s, 1698 s, 1375 s, 1323 s, 1268 m, 1216 s,
1166 s, 1146 s, 1106 m, 1006 w, 968 s, 883 m, 847 s, 676 w, 619 w, 579 m cm’!; HRMS (ESI-TOF)
m/z: [M+Na]" calcd for C17H290BNaO4331.2051; Found 331.2052.

0 Hydroboration/cyclization product 6da. General Procedure was
)J\O o OJ% followed with 48.0 mg of diene 5d (0.200 mmol) and 51.2 mg of
O:><:lVB,\ pinacolborane 2a (0.400 mmol). Silica gel chromatography
W © (hexane:EtOAc = 5:1) afforded 6da in 54% yield (39.7 mg, 0.108
© 6da mmol, dr 94:6) as a colorless oil: 'H NMR (391.78 MHz, CDCl3): &
3.90-3.94 (m, 4H), 2.04 (s, 6H), 1.79 (dd, J=13.4, 6.8 Hz, 1H), 1.73 (dd, /=13 .4, 6.8 Hz, 1H), 1.42-
1.59 (m, 2H), 1.23 (s, 12H), 0.98-1.11 (m, 3H), 0.93 (d, J = 6.3 Hz, 3H), 0.57 (dd, J = 15.3, 8.8 Hz,
1H); BC{'H} NMR (99.55 MHz, CDCl3): & 171.3, 83.0, 68.3, 68.3, 43.0, 42.5, 41.8, 41.3, 40.9, 24.9,
24.7,20.9, 17.5, 10.9; "B{'H} NMR (125.70 MHz, CDCl5): § 32.8 (brs); IR (neat): 2979 s, 2952 s,
28705, 1736's, 1467 s, 1373 s, 1321 5,1239 5, 1146 s, 1108 m, 1034 5, 969 s, 884 m, 848 s, 676 w, 641
w, 605 m, 579 w cm’!; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci9H33BNaOs 391.2262; Found
391.2263.
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Hydroboration/cyclization product 6ea. General Procedure was

followed with 49.1 mg of diene 5e (0.195 mmol) and 47.8 mg of

o OJ% pinacolborane 2a (0.373 mmol). Silica gel chromatography
O//(IS)I—NGVE”\O (hexane:EtOAc = 4:1) afforded 6ea in 70% yield (51.9 mg, 0.137
mmol, dr 98:2) as a colorless oil: '"H NMR (391.78 MHz, CDCls): &
7.70 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 7.9 Hz, 2H), 3.60 (dd, J = 9.8,
7.2 Hz, 1H), 3.46 (dd, J=9.8, 7.2 Hz, 1H), 2.79 (dd, J = 9.8, 5.6 Hz, 1H), 2.76 (dd, J= 9.8, 5.6 Hz,
1H), 2.42 (s, 3H), 1.52-1.69 (m, 2H), 1.21 (s, 12H), 0.92 (dd, J = 15.7, 4.5 Hz, 1H), 0.88 (d, /= 6.5
Hz, 3H), 0.52 (dd, J = 15.7, 9.2 Hz, 1H); 3C{'H} NMR (98.52 MHz, CDCl5): § 143.1, 143.1, 129.5,
127.4,83.3,54.8,54.7,41.8,40.9, 24.8, 24.7, 21.5, 15.5, 12.8; '"B{'H} NMR (125.70 MHz, CDCl5):
8 32.3 (brs); IR (neat): 3064 w, 3028 m, 2977 s, 2930 s, 2877 m, 1598 m, 1494 m, 1468 s, 1382 s,
1343's,1272 5, 1239, 1214 5, 11595, 1093 s, 1040 s, 1017 s, 1009 m, 967 s, 882 m, 847 s, 815 s, 787
s, 709 m, 662 s, 588 s, 549 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C19H30BNNaO4S
402.1881; Found 402.1880.

6ea

In a 1.5 mmol scaled reaction, General Procedure A was followed with 376.6 mg of diene Se (1.50
mmol) and 382.7 mg of pinacolborane 2a (2.99 mmol). Silica gel chromatography (hexane:EtOAc =
4:1) afforded 6ea in 69% yield (390.3 mg, 1.03 mmol, dr 98:2) as a colorless oil.

Hydroboration/cyclization product 6fa. General Procedure was
O>~N<:!:/ ?J% followed with 39.7 mg of diene 5f (0.201 mmol) and 51.8 mg of
%—o B\o pinacolborane 2a (0.405 mmol) except that the reaction time was 14
6fa h. Silica gel chromatography (hexane:EtOAc = 6:1) afforded 6fa in
60% yield (39.3 mg, 0.121 mmol, dr 93:7) as a white solid: Mp 65-
70°C; '"H NMR (391.78 MHz, CDCls, a mixture of rotamers): 8 3.48-3.72 (m, 2H), 2.76-2.85 (m, 2H),
1.64-1.81 (m, 2H), 1.44 (s, 9H), 1.22-1.22 (m, 12H), 1.03-1.08 (m, 1H), 0.97-1.00 (m, 3H), 0.58-0.67
(m, 1H); C{'H} NMR (98.52 MHz, CDCls, a mixture of rotamers): § 154.4, 83.2, 53.3, 53.3, 52.8,
52.7,41.9,41.3,41.2,40.5,28.5,28.5,24.8,24.8,24.7,24.7, 15.6, 15.5; "B{'H} NMR (125.70 MHz,
CDCl): 8 32.6 (brs); IR (KBr): 2978 m, 2952 m, 2934 m, 2889 m, 2867 w, 1693 s, 1481 m, 1458 m,
1409 s, 1381 s, 1366 s, 1355 s, 1324 s, 1307 m, 1271 w, 1254 w, 1218 m, 1146 s, 1126 m, 1075 m,
968 m, 882 m, 848 m, 771 m, 676 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C17H3.BNNaOQO4
348.2317; Found 348.2316.

Hydroboration/cyclization product 6ga. General Procedure was
@) N i:l\‘\/ IOJ% followed with 38.0 mg of diene 5g (0.197 mmol) and 51.1 mg of
F7?; B\o pinacolborane 2a (0.399 mmol). Silica gel chromatography
FF (hexane:EtOAc = 6:1) afforded 6ga in 70% yield (44.0 mg, 0.137 mmol,
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dr 93:7) as a colorless oil: 'H NMR (391.78 MHz, CDCls, a mixture of rotamers): 8 3.81-4.00 (m, 2H),
3.01-3.19 (m, 2H), 1.70-1.99 (m, 2H), 1.25 (s, 13H), 1.05-1.15 (m, 4H), 0.66-0.73 (m, 1H); *C{'H}
NMR (98.52 MHz, CDCls, a mixture of rotamers): & 155.3 (q, %Jcr = 36.6 Hz), 155.2 (q, 2Jcr = 36.6
Hz), 116.5 (q, 'Jcr = 286.6 Hz), 83.5, 83.4, 54.2, 54.2, 53.5, 53.5, 53.4, 53.4, 53.3, 53.3, 53.3, 53.2,
42.3,41.5,39.8,38.9,24.8,24.8,24.7,15.2,15.0, 12.5; "B{'H} NMR (125.70 MHz, CDCl;): & 32.5
(brs); ’F NMR (368.64 MHz, CDCl3, a mixture of rotamers):  —72.3, —72.2; IR (neat): 2979 s, 2936
s,2880s, 1687 s, 1591 w, 1517 m, 1460 s, 1382 's, 1252's, 1202 s, 1138 s, 1006 m, 968 s, 950 m, 935
m, 903 w, 883 s, 847 s, 758 s, 715 s, 676 m, 622 m, 579 m, 544 w, 526 m cm’'; HRMS (ESI-TOF)
m/z: [M+Na]* calcd for C1sH23BF3NNaO; 344.1615; Found 344.1615.

E1O.C Hydroboration/cyclization product 6ha. General Procedure was
2 .
EtO,C QJ% followed with 78.5 mg of diene 5h (0.197 mmol) and 50.8 mg of
Eté)écc B\O pinacolborane 2a (0.397 mmol) except that 10 mL of 1,2-
tO2

dichloroethane were used. Gel permeation chromatography afforded
6ha in 41% yield (42.4 mg, 0.0805 mmol) as a colorless oil: 'H NMR
(391.78 MHz, CDCls): 6 4.09-4.24 (m, 8H), 2.26 (dd, J= 14.0, 3.5 Hz, 1H), 2.02-2.17 (m, 3H), 1.42-
1.55 (m, 2H), 1.20-1.31 (m, 24H), 1.03 (dd, /= 15.7, 3.8 Hz, 1H), 0.91 (d, /= 6.1 Hz, 3H), 0.57 (dd,
J=15.5,8.3 Hz, 1H); BC{'H} NMR (98.52 MHz, CDCls): § 171.0, 170.9, 169.5, 169.5, 82.9, 61.4,
61.2,61.2,59.5,59.0,37.2,37.0, 35.2, 34.0, 24.9, 24.7, 19.7, 14.0, 13.9, 13.8; "B{'H} NMR (125.70
MHz, CDCls): 6 32.8 (brs); IR (neat): 2979 m, 2937 m, 2906 m, 2872 m, 1735 s, 1465 m, 1445 m,
1371 s, 1325 s, 1301 s, 1262's, 1186 s, 1146 's, 1100 s, 1032 s, 969 m, 866 m, 848 m, 773 w, 678 w,
623 w, 580 w, 563 w cm’!'; HRMS (ESI-TOF) m/z: [M+Na]" caled for C26H43BNaO19549.2842; Found
549.2844.

6ha

Hydroboration/cyclization product 6ia. General Procedure was

N followed with 44.8 mg of diene 5i (0.198 mmol) and 52.1 mg of
o)
B/ pinacolborane 2a (0.407 mmol). Silica gel chromatography
"0

(hexane:EtOAc = 7:1) afforded 6ia in 74% yield (51.7 mg, 0.146 mmol,
dr>99:1) as a colorless oil: 'HNMR (391.78 MHz, CDCl;): 8 3.71 (s,
3H), 3.70 (s, 3H), 2.59 (dd, J=13.0, 7.0 Hz, 1H), 2.53 (dd, /= 13.5, 7.2 Hz, 1H), 1.76 (dd, J = 13.5,
11.0 Hz, 1H), 1.72 (dd, J=13.0, 10.8 Hz, 1H), 1.59-1.71 (m, 2H), 1.32-1.43 (m, 1H), 1.24 (s, 12H),
0.96-1.12 (m, 1H), 1.01 (dd, J=15.4,4.7 Hz, 1H), 0.89 (t, /= 7.4 Hz, 3H), 0.62 (dd, J=15.4,9.1 Hz,
1H); BC{'H} NMR (98.52 MHz, CDCl5): § 173.5, 83.0, 58.0, 52.6, 49.2, 42.3, 41.2, 39.9, 25.7, 24.9,
24.7,12.5; "B{'H} NMR (125.70 MHz, CDCl5): 8 32.6 (brs); IR (neat): 2976 s, 2956 s, 2928 s, 2876
s, 1736s, 1461 s, 1435 s, 1377 s, 1323 5, 1250 s, 1207 s, 1166 s, 1145 s, 1055 m, 1028 m, 968 s, 949

6ia
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m, 883 m, 848 m, 819 w, 704 w, 676 w, 579 w, 545 w cm’!; HRMS (ESI-TOF) m/z: [M+Na]" calcd
for Ci1sH31BNaOs377.2106; Found 377.2103.

Hydroboration/cyclization product 6ja. General Procedure was
followed with 50.4 mg of diene 5j (0.200 mmol) and 52.6 mg of
pinacolborane 2a (0.411 mmol) except that 3.14 mg of the palladium
complex 3d (0.0103 mmol, 5 mol %) and 1.3 mL of 1,2-dichloroethane

6ja were used and performed at room temperature. Silica gel
chromatography (hexane:EtOAc = 8:1) afforded 6ja in 55% yield (41.4 mg, 0.109 mmol, dr 99:1) as
a white solid: Mp 83-87°C; '"H NMR (391.78 MHz, CDCls): § 3.68 (s, 3H), 3.66 (s, 3H), 3.00 (dd, J
=14.6, 9.4 Hz, 1H), 2.65 (dt, J = 12.3, 5.4 Hz, 1H), 2.15-2.27 (m, 1H), 1.74-1.79 (m, 1H), 1.64-1.68
(m, 2H), 1.56 (dd, J = 14.6, 8.5 Hz, 1H), 1.47-1.54 (m, 1H), 1.40-1.42 (m, 1H), 1.16-1.35 (m, 15H),
1.01-1.14 (m, 1H), 0.93 (dd, J = 15.5, 4.8 Hz, 1H), 0.55 (dd, J = 15.5, 9.4 Hz, 1H); 3C{'H} NMR
(98.52 MHz, CDCls): 6 171.5, 171.3, 83.0, 62.9, 52.5, 52.1, 46.9, 45.4, 39.6, 33.4, 25.5, 24.9, 24.7,
24.3,24.0,20.5; "B{'H} NMR (125.70 MHz, CDCl5): § 32.9 (brs); IR (KBr): 2988 m, 2976 m, 2951
m, 2929 m, 2868 m, 1734 s, 1460 m, 1450 m, 1430 m, 1408 m, 1382 s, 1366 s, 1320 s, 1261 s, 1227
s, 1211's, 1200 m, 1171 m, 1141 s, 1065 m, 1033 m, 966 m, 920 w, 883 w, 848 m, 696 w, 674 w, 549
w cm'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C20H33BNaOg 403.2262; Found 403.2262.

0 Hydroboration/cyclization product 6ka. General Procedure was
‘\‘\AQ followed with 38.0 mg of diene 5k (0.197 mmol) except that 107.2 mg

~
o
_0 0 of pinacolborane 2a (0.838 mmol, 4 equiv), 6.58 mg of the palladium
B
0 o) complex 3¢ (0.0195 mmol, 10 mol %), 20.9 mg of NaBArs (0.0236
6ka mmol, 12 mol %) and 5 mL of 1,2-dichloroethane were used and

performed at room temperature. Gel permeation chromatography
afforded 6ka in 53% yield (43.7 mg, 0.105 mmol, dr > 99:1) as a white solid: Mp 67-72°C; 'H NMR
(391.78 MHz, CDCl3): 'H-NMR (CDCls) & 7.24-7.28 (m, 2H), 7.15-7.19 (m, 3H), 3.70 (s, 3H), 3.65
(s,3H),2.97 (dd, J=13.5, 2.2 Hz, 1H), 2.59-2.63 (m, 1H), 2.23-2.25 (m, 2H), 1.75-1.87 (m, 4H), 1.25
(s, 12H), 1.10 (dd, J = 15.4, 3.3 Hz, 1H), 0.74 (dd, J=15.4, 8.0 Hz, 1H); 3C{'H} NMR (98.52 MHz,
CDCl): 6 173.3,173.2, 141.1, 128.8, 128.3, 125.8, 83.1, 57.9, 52.6, 52.6,49.0,42.1, 41.4, 40.1, 39.5,
24.9,24.7; "B{'H} NMR (125.70 MHz, CDCl3): 4 32.6 (brs); IR (KBr): 3027 w, 2979 w,2952 w,
2916 w, 2876 w, 2859 w, 1736 s, 1458 m, 1437 m, 1374 m, 1335 m, 1298 w, 1257 m, 1234 m, 1208
m, 1166 m, 1143 m, 1107 m, 1043 w, 968 w, 847 w, 750 w, 702 w cm™'; HRMS (ESI-TOF) m/z:
[M+Na]* calcd for C3H33BNaOg 439.2262; Found 439.2262.
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Hydroboration/cyclization product 6ab. General Procedure was

0
~o o o followed with 42.3 mg of diene 5a (0.199 mmol) and 74.8 mg of
o é borane 2b (0.406 mmol) to obtain the crude product in 50% NMR
- ~0
o) yield. Further purification was performed with hydrogenation and

6ab Gel permeation chromatography as follows. The crude material was
transferred to a Schlenk tube, then methanol (2 mL), platinum oxide
(0.06 mmol, 30 mol %), and HCI (2 drops) were added. To the tube was attached a balloon filled with
hydrogen, briefly evacuated, and backfilled with hydrogen gas three times, which was stirred
overnight at room temperature. After the reaction, the solution was diluted with Et,O and filtered
through Celite, and all the volatile materials of the eluate were removed by rotary evaporation. Gel
permeation chromatography afforded the product 6ab in 27% yield (21.5 mg, 0.0542 mmol, dr 95:5)
as a colorless oil: 'H NMR (391.78 MHz, CDCls): § 3.70 (s, 3H), 3.70 (s, 3H), 2.62 (dd, J = 13.4, 6.6
Hz, 1H), 2.49 (dd, J = 13.4, 6.6 Hz, 1H), 1.68-1.79 (m, 2H), 1.62-1.67 (m, 8H), 1.46-1.59 (m, 2H),
1.04 (dd, J = 15.6, 3.9 Hz, 1H), 0.96 (d, J = 6.3 Hz, 3H), 0.87-0.92 (m, 12H), 0.60 (dd, J = 15.6, 9.1
Hz, 1H); BC{'H} NMR (98.52 MHz, CDCls): § 173.5, 173.5, 88.1, 58.0, 52.5, 43.1, 42.6, 42.4, 42.3,
26.3,26.1,17.2, 8.8, 8.7; "B{'H} NMR (125.70 MHz, CDCl5): § 32.0 (brs); IR (neat): 2973 s, 2954
s, 2884 s, 1735 s, 1458 s, 1436 s, 1385 s, 1348 s, 1256 s, 1205 s, 11725, 1144 s, 1115 s, 1043 s, 991
m, 973 m, 957 m, 930 s, 858 m, 826 m, 704 w, 674 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" calcd
for C21H37BNaQOg 419.2575; Found 419.2577.

Hydroboration/cyclization product 6ac. General Procedure was

0
~o o 0 followed with 42.8 mg of diene 5a (0.202 mmol) and 50.9 mg of borane
_0 é\O 2¢ (0.398 mmol) to obtain the crude product in 58% NMR yield. Further
0 purification was performed with hydrogenation and Gel permeation

6ac chromatography as follows. The crude material was transferred to a

Schlenk tube, then methanol (2 mL), platinum oxide (0.06 mmol, 30 mol %), and HCI (2 drops) were
added. To the tube was attached a balloon filled with hydrogen, briefly evacuated, and backfilled with
hydrogen gas three times, which was stirred overnight at room temperature. After the reaction, the
solution was diluted with Et;O and filtered through Celite, and all the volatile materials of the eluate
were removed by rotary evaporation. Gel permeation chromatography afforded the product 6ac in
49% yield (33.6 mg, 0.0988 mmol, dr (anti:syn) 97:3) as a colorless oil: '"H NMR (391.78 MHz,
CDCl3): 6 4.10-4.19 (m, 1H), 3.71 (s, 3H), 3.70 (s, 3H), 2.60 (dd, /= 13.4, 6.6 Hz, 1H), 2.48 (dd, J=
13.4, 6.6 Hz, 1H), 1.66-1.77 (m, 3H), 1.41-1.58 (m, 3H), 1.26 (s, 6H), 1.23 (d, J = 6.3 Hz, 3H), 0.95
(d, J= 6.1 Hz, 3H), 0.88 (dd, J = 15.3, 5.2 Hz, 1H), 0.50 (dd, /= 15.3, 8.3 Hz, 1H); 3C{'H} NMR
(98.52 MHz, CDCls): 6 173.6, 173.6, 70.5, 70.5, 64.5, 58.0, 52.5, 45.9, 45.9, 43.2, 43.2, 42.7, 42.7,
42.6,42.6,42.2,42.2,31.2,28.1,28.0,23.2,17.4, 17.3; "B{'H} NMR (125.70 MHz, CDCl;):  29.1
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(brs); IR (neat): 2973 s, 2953 5,2930s,2912 s, 2873 5, 1734 s, 1435 5, 1391 s, 1304 s, 1254 5, 1207 s,
1165 s, 1099 s, 1053 m, 996 w, 957 w, 941 w, 894 m, 857 m, 813 w, 796 w, 768 m, 704 w, 532 w, 514
w cm'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci17H20BNaOg 363.1949; Found 363.1947.

Hydroboration/cyclization product 6ad. General Procedure was

~o i o N O followed with 42.2 mg of diene 5a (0.199 mmol) and 66.3 mg of
_0 E:\ O borane 2d (0.395 mmol). Silica gel chromatography (hexane:EtOAc
o) H =5:1+2% Et;N) afforded 6ad in 83% yield (63.0 mg, 0.166 mmol,

6ad dr>99:1) as an yellow sticky oil: '"H NMR (395.88 MHz, CDCls):

8 7.10 (t, J=7.7 Hz, 2H), 7.01 (d, J = 8.6 Hz, 2H), 6.31 (d, J=7.2
Hz, 2H), 5.68 (br s, 2H), 3.72 (s, 6H), 2.52-2.62 (m, 2H), 1.76-1.85 (m, 2H), 1.50-1.62 (m, 2H), 1.14
(dd, J=15.0, 4.1 Hz, 1H), 1.02 (d, J = 5.9 Hz, 3H), 0.67 (dd, J = 15.0, 9.3 Hz, 1H); BC{'H} NMR
(99.55 MHz, CDCl3): & 173.4, 141.0, 136.2, 127.5, 119.5, 117.4, 105.5, 57.9, 52.7, 43.8, 42.5, 42.5,
42.5,18.9, 17.5; "B{'H} NMR (125.70 MHz, CDCls): & 30.6 (brs); IR (neat): 3396 s, 3053 m, 2952
S,2925 m, 2871 m, 17255, 1629 s, 1601 s, 1509 s, 1434 s, 1412 s, 1372 s, 1335 m, 1260 s, 1199 m,
1145 s, 1038 m, 909 m, 859 w, 821 m, 767 s, 732 m, 644 m, 610 m cm’'; HRMS (ESI-TOF) m/z:
[M+Na]" calcd for C21H2sBN2NaOy4 403.1800; Found 403.1799.
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Transformations of Hydroboration/Cyclization Product.

Synthesis of 8

o\\(ls? y o O/? 5 equiv KHF, o\\(.-s.) \ o
— y _
B\O MeOH/H,0 BF3K

rt, 3d;80°C,3d

6ea 7,45%, dr 98:2
0.1 mmol

10 mol % Pd(dppf)Cl,
2 equiv

jop
Br

3 equiv Cs,CO3

(6] W CN
(ONI] h
~S—N
95°C, 17 h m

toluene/H,0

8, 37%, dr 98:2 (2 steps)
(81% based on 7)

Alkylarene 8 was prepared from 6ea referring literatures for preparation of alkyl trifluoroborate salt
from alkylboronic acid pinacol ester’* and Suzuki-Miyaura cross-coupling reaction of alkyl
trifluoroborate salt.>>

A 25 mL PFA bottle containing a magnetic stirring bar was charged with hydroboration/cyclization
product 6ea (39.4 mg, 0.104 mmol), KHF, (39 mg, 0.50 mmol), MeOH (1 mL), and H>O (0.1 mL).
The bottle was capped, and the mixture was stirred at room temperature for 3 days, and further at 80 °C
for 3 days. After cooling to room temperature, all the volatile materials were removed. A process, in
which the residue was dissolved in toluene (1 mL) and concentrated in vacuo to remove the residual
water, was conducted three times. Acetone (3 mL) was added to the resulting material, which was then
filtered, and concentrated to obtain a colorless sticky solid. The solid was collected and triturated,
washed with Et;O (3 mLX3) to remove the residual pinacol, and dried in vacuo to obtain trifluoroborate
salt 7 as a white deliquescent powder in 45% yield (16.8 mg, 0.0468 mmol, dr 98:2): Mp 116-124°C;
"H NMR (391.78 MHz, acetone-de): & 7.67-7.70 (m, 2H), 7.40 (d, J= 8.1 Hz, 2H), 3.58 (dd, J = 10.0,
7.3 Hz, 1H), 3.40 (dd, J=9.8, 7.3 Hz, 1H), 2.73 (t,J=10.0 Hz, 1H), 2.63 (t, /= 9.6 Hz, 1H), 2.41 (s,
3H), 1.50-1.28 (m, 2H), 0.83 (d, J = 6.5 Hz, 3H), 0.36-0.46 (m, 1H), —0.32-—0.21 (m, 1H); BC{'H}
NMR (98.52 MHz, acetone-de): 6 143.6, 135.8, 130.2, 128.2, 56.6, 55.8, 44.8, 44.7, 44.7, 44.7, 42.6,
21.3, 15.7; "B{'H} NMR (125.70 MHz, acetone-d¢): & 1.6-5.0 (brm); 'F NMR (368.64 MHz,
acetone-ds): 6 —139.6; IR (KBr): 3035 w, 2957 m, 2924 m, 2898 m, 2878 m, 2814 w, 1637 w, 1599 m,
1458 m, 1420 m, 1399 m, 1376 s, 1333 s, 1308 s, 1290 m, 1258 m, 1161 s, 1092 s, 1030 s, 970 s, 927
s, 815 m, 765 m, 709 m, 666 s, 593 s, 565 m, 549 s cm’'; HRMS (ESI-TOF) m/z: [M-K]~
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Ci3H1sBF3NO>S 320.1109; Found 320.1109.

The solid 7 (16.8 mg, 0.0468 mmol, dr 98:2) was transferred to a 10 mL Schlenk tube containing a
magnetic stirring bar, Pd(dppf)Cl, (7.28 mg, 0.00994 mmol), 4-bromobenzonitrile (36.6 mg, 0.201
mmol), and Cs,CO3 (97.3 mg, 0.299 mmol). Toluene (1.2 mL), H>O (0.1 mL) was added to the mixture,
which was then stirred at 95 °C for 17 h. The reaction was allowed to cool to room temperature and
then concentrated. Purification of the crude material by gel permeation chromatography gave
alkylarene 8 as a white solid in 37% yield (13.5 mg, 0.0381 mmol, dr 98:2): Mp 88-92°C; 'H NMR
(391.78 MHz, CDCl3): 8 7.64-7.67 (m, 2H), 7.55-7.58 (m, 2H), 7.30-7.32 (m, 2H), 7.17 (d, /= 8.3 Hz,
2H), 3.54 (dd, J = 9.9, 7.1 Hz, 1H), 3.26 (dd, J = 10.0, 7.1 Hz, 1H), 2.89 (dd, /=9.9, 7.9 Hz, 1H),
2.77-2.84 (m, 2H), 2.40-2.46 (m, 4H), 1.76-1.92 (m, 2H), 0.92 (d, J = 6.3 Hz, 3H); C{'H} NMR
(98.52 MHz, CDCl3): 6 145.2, 143.5,133.7, 132.4, 129.6, 129.4, 127.4, 118.7, 110.4, 54.5, 52.5, 46.8,
38.6,38.2,21.5, 16.5; IR (KBr): 3088 w, 3065 w, 2984 w, 2960 w, 2932 w, 2877 w, 2850 w, 2226 m,
1606 w, 1596 w, 1505 w, 1459 w, 1415 w, 1399 w, 1335 s, 1302 w, 1191 m, 1159 s, 1119 m, 1090 m,
1040 m, 1016 m, 845 m, 820 m, 667 s, 584 s, 550 s cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for
C20H22N>NaO,S 377.1294; Found 377.1292.
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Synthesis of 9

O\\9 o 0 3 equiv NaBO3*4H,0 O\\9 o
S_N | S_N
B<g t, 4 h OH

THF/H,0

6ea 9, 93%, dr 98:2
0.1 mmol

Alcohol 9 was prepared from 6ea using a procedure similar to the one for the oxidation of alkylboronic
acid pinacol ester.?

To a vigorously stirred solution of 6ea (39.7 mg, 0.105 mmol) in THF/H>O (1 mL each) at room
temperature was added sodium perborate tetrahydrate (46.3 mg, 0.301 mmol). After stirring for 4 h,
the mixture was extracted three times with Et;O. The combined organic portions were washed with
brine, quickly dried over Na,SOg, filtered, and concentrated. Purification of the crude material by silica
gel column chromatography (hexane:EtOAc = 1:2) gave alcohol 9 as a colorless clear solid in 93%
yield (26.3 mg, 0.0976 mmol, dr 98:2): Mp 56-60°C; '"H NMR (391.78 MHz, CDCls): § 7.70-7.73 (m,
2H), 7.32 (d, J = 8.1 Hz, 2H), 3.59-3.62 (m, 1H), 3.49 (dd, J = 9.6, 7.4 Hz, 1H), 3.42-3.46 (m, 2H),
3.12 (dd, J=10.1, 7.2 Hz, 1H), 2.77 (dd, J = 9.6, 8.1 Hz, 1H), 2.44 (s, 3H), 1.79-1.98 (m, 2H), 1.36
(brs, 1H), 0.95 (d, J= 6.5 Hz, 3H); *C{'H} NMR (98.52 MHz, CDCl5): 5 143.4, 133.4, 129.6, 127.6,
63.2, 54.8, 50.6, 47.8, 35.0, 21.5, 17.1; IR (KBr): 3559 m sh, 3054 w, 2968 w, 2937 w, 2882 w, 1597
w, 1491 w, 1474 w, 1467 w, 1385 w, 1326 m, 1302 m, 1289 w, 1155 s, 1088 m, 1034 m, 1015 m, 817
m, 804 m, 786 w, 663 s, 589 m, 549 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Caled for
C13H19NNaOsS 292.0978; Found 292.0977.
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E3E

Preparation of Deuterium-Labeled Diboron 10a-d»4.
The titled diboron was prepared from pinacol-di> following the procedure.®' Pinacol-di> was

prepared with the McMurry coupling under low temperature conditions*’ using acetone-ds as a ketone

substrate:
1) 1.5 equiv TiCly, THF 200 mL OH
o —60 °C, 30 min DsC-CDs
)J\ 2) 3 equiv Zn, reflux, 3 h
DsC CD
DsC” CDs 3) K,CO3 ag, 30 min 3~ oH” 8
102 mmol 56%

In a 500 mL three-necked flask charged with a magnetic stir bar, acetone-ds (6.58 g, 102 mmol)
was added via syringe and diluted with dry THF (200 mL). After cooling to —60 °C, TiCls (16.5 mL,
152 mmol) was slowly added, and the solution was stirred at the same temperature for 30 min. Then,
Zn dust (19.1 g, 298 mmol) was added, and the mixture was further stirred at 70 °C for 3 h. The
reaction was quenched by slow addition of a saturated aqueous solution of K»CO3 with vigorous
stirring at 0 °C, and the mixture was stirred further for 30 min at room temperature. The insoluble
materials were removed by filtration and washed with Et;O. The filtrate was washed with brine, dried
over NaSQy, filtered, and concentrated to give a yellow oil. The oil was dissolved in distilled water
and cooled to 0 °C to afford a white solid. The solid was dried azeotropically by refluxing in benzene
in a Dean-Stark trap, and evaporation of the volatile materials provided pinacol-di» as a colorless oily

solid (3.73 g, 56% yield). The analytic data were in accordance with the literature.®!

General Procedure for Preparation of 1,6-Dienes Sm, Sv, Sw, 5x.

1) NaH, THF
=z H
- H
rRo,c. M 2) B NN ROZC><:/\\M;
ROZC></\ RO,C N
S5:R'=Bu 5m
S6:R'=Me 5v, 5w, 5x

To a suspension of NaH (1.4 equiv) in THF (ca. 5 mL per 1 mmol of the allylbromide) was slowly
added the monoallylated malonic ester S5 or S6 (1 equiv) at 0 °C. The solution was warmed up to
room temperature, and the allylbromide (1.2 equiv) was added. The mixture was stirred for 12 h and
was then quenched by addition of a saturated ammonium chloride solution. The resulting mixture was
extracted three times with Et;O. The combined organic portions were washed twice with brine, dried
over MgSQy, filtered, and concentrated. Purification of the crude material by column chromatography

(hexane/EtOAc) gave the 1,6-dienes 5m, 5v, Sw, 5x.

107



BUO,C _ Diene Sm. General Procedure was followed with 0.759 g of S5 (2.96 mmol)
tBuOZC><:\i% and 0.528 g of crotyl bromide (3.90 mmol), and diene Sm was obtained as a

colorless oil in 97% yield (2.06 g, 8.57 mmol, £/Z = 85/15) after silica gel

column chromatography (hexane/EtOAc = 40:1): 'H NMR (391.7 MHz,
CDCl3): 6 1.43-1.46 (18H, m), 1.61-1.67 (3H, m), 2.46-2.58 (4H, m), 5.08-5.11 (2H, m), 5.21-5.30
(1H, m), 5.47-5.71 (2H, m); 3C NMR (98.5 MHz, CDCl;, E-isomer): § 18.0, 27.9, 35.2, 36.5, 57.9,
81.1, 118.6, 124.9, 129.4, 132.8, 170.2; IR (neat): 3078 w, 3004 w, 2978 s, 2933 m, 1729 s, 1642 w,
1455 m, 1392 m, 1368 s, 1294 s, 1249 s, 1222 s, 1171 s, 1144 s, 1050 w, 1031 w, 992 w, 968 m, 917
m, 847 m, 745 m, 649 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci1sH30NaO4" 333.2036;
Found 333.2036.

5m

_ Diene 5v. General Procedure was followed with S6 (2.72 mmol) and 0.378
m:8§g><:\i\/ g of (E)-1-bromopent-2-ene (2.54 mmol), and diene Sv was obtained as a
5v colorless oil in 21% yield (0.128 g, 0.533 mmol) after silica gel column
chromatography (hexane/EtOAc = 25:1): '"H NMR (391.7 MHz, CDCls): §
0.95 (3H,t,J=7.5Hz), 1.99 (2H, dq, /= 7.5,7.5 Hz),2.57 (2H, dd, J="7.4,0.8 Hz), 2.63 (2H, d, J =
7.4 Hz), 3.71 (6H, s), 5.07-5.12 (2H, m), 5.18-5.27 (1H, m), 5.51-5.58 (1H, m), 5.59-5.70 (1H, m);
13C NMR (98.5 MHz, CDCls): § 13.8, 25.7, 35.7, 36.8, 52.3, 57.9, 119.1, 122.2, 132.4, 137.2, 171 .4,
IR (neat): 3079 w, 3031 w, 2958 m, 2874 w, 1736 's, 1642 w, 1437 m, 1281 m, 1213 s, 1143 m, 1050
w, 996 w, 971 m, 922 m, 857 w, 655 w, 560 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]* caled for
C13H20NaO4* 263.1254; Found 263.1254.

_ Diene 5w. General Procedure was followed with 0.684 g of S6 (3.97

ngig><:/\\/\ mmol) and 0.719 g of (£)-1-bromohex-2-ene (4.41 mmol) and, diene 5w

5w was obtained as a colorless oil in 29% yield (0.297 g, 1.17 mmol) after

silica gel column chromatography (hexane/EtOAc = 15:1): 'HNMR (391.7

MHz, CDCls): 6 0.87 (3H, t,J = 7.3 Hz), 1.35 (2H, tq, J= 7.3, 7.3 Hz), 1.96 (2H, dt, /= 7.3, 7.3 Hz),

2.58 (2H, dd, J = 7.3, 0.6 Hz), 2.63 (2H, d, J = 7.4 Hz), 3.71 (6H, s), 5.08-5.12 (2H, m), 5.19-5.27

(1H, m), 5.46-5.54 (1H, m), 5.59-5.70 (1H, m); '*C NMR (98.5 MHz, CDCls): 4 13.6, 22.5, 34.7,35.7,

36.8,52.3,57.9, 119.0, 123.4, 132.4, 135.5, 171.4; IR (neat): 3079 w, 2956 s, 2873 m, 1738 s, 1642

w, 1437 s, 1325 m, 1284 s, 1210 s, 1143 s, 1056 m, 995 m, 971 m, 920 m, 856 w, 656 w, 561 w cm™';
HRMS (ESI-TOF) m/z: [M+Na]" calcd for C14H22NaO4™ 277.1410; Found 277.1411.
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MeO,C ><:/i\/\/\/\ Diene 5x. General Procedure was followed with 0.610 g of
MeO,C A S6 (3.54 mmol) and 0.908 g of (£)-1-bromodec-2-ene (4.14
5x mmol) and, diene Sx was obtained as a colorless oil in 59% yield
(0.652 g, 2.10 mmol) after silica gel column chromatography (hexane/EtOAc = 20:1): 'TH NMR (400.0
MHz, CDCl3): 6 0.88 (3H, t,J= 6.9 Hz), 1.26-1.35 (10H, m), 1.97 (2H, dt, J = 6.8, 6.8 Hz), 2.58 (2H,
d,/J=74Hz),2.62 (2H, d,J=7.4 Hz),3.71 (6H, s), 5.08-5.12 (2H, m), 5.18-5.25 (1H, m), 5.46-5.54
(1H, m), 5.59-5.70 (1H, m); 3C NMR (100.0 MHz, CDCl;): § 14.1, 22.6, 29.1, 29.1, 29.4, 31.8, 32.6,
35.7,36.8,52.3,57.9, 119.0, 123.1, 132.5, 135.8, 171.4; IR (neat): 3079 w, 2954 m, 2926 m, 2855 m,
1737 s, 1642 w, 1436 m, 1323 w, 1284 m, 1213 m, 1142 w, 1035 w, 994 w, 970 w, 919 w, 858 w, 698
w, 547 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C13H3NaO4 333.2036; Found 333.2037.

Preparation of Diene 5n.

MeOC + /\/% 1.5 equiv CSQCO3 MeOC /’L"L.
MeOC>\/\ Br DMF 6 mL, rt, 12 h MeOC §
S7 1.2 equiv 5n
3.5 mmol 68%

Diene 5n was prepared from S7 using a procedure similar to the one for the allylation of 1,3-
diketone.*?

To a solution of S7 (0.483 g, 3.5 mmol) in DMF (6 mL) at 0 °C was added Cs,COs (1.72 g, 5.3
mmol), and the mixture was stirred for 10 min. Crotylbromide (assay 85%, 0.667 g, 4.2 mmol) was
added dropwise to the mixture, which was then stirred at room temperature for 12 h. After separating
with the organic layer, the aqueous layer was extracted three times with Et2O. The combined organic
portions were washed twice with water and with brine, dried over MgSQs, filtered, and concentrated.
Purification of the crude material by column chromatography (hexane:EtOAc = 10:1) gave 0.458 g
(68%, E/Z = 83/17) of the diene 5n as a colorless oil: 'H NMR (399.6 MHz, CDCl3): 6 1.64 (3H, dd,
J = 6.6, 1.2 Hz), 2.09-2.10 (6H, m), 2.58-2.67 (4H, m), 5.08-5.17 (3H, m), 5.47-5.62 (2H, m); 13C
NMR (98.5 MHz, CDCls, E-isomer): 6 18.0,27.2, 33.7, 34.9, 70.5, 119.1, 124.1, 130.0, 132.2, 206.0;
IR (neat): 3078 m, 3024 m, 2980 m, 2920 m, 2857 m, 1698 s, 1640 m, 1438 s, 1357 s, 1186 s, 1165 s,
1130 m, 997 m, 968 s, 620 w, 592 m cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C12H1sNaO>
217.1199; Found 217.1198.

Preparation of Diene So.
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PhOC . S~ 1.5 equiv Cs,CO3 phoc><z%
PhOC>\/\ Br DMF 7.5 mL, rt, 12 h PhOC A
s8 1.2 equiv 50
5 mmol 23%

Diene S0 was prepared from S8 using a procedure similar to the one for the allylation of 1,3-
diketone.*?

To a solution of S8 (1.31 g, 5 mmol) in DMF (10 mL) at 0 °C was added Cs,CO3 (2.44 g, 7.5 mmol),
and the mixture was stirred for 10 min. Then, crotylbromide (assay 85%, 0.951 g, 6 mmol) was added
dropwise to the mixture, which was then stirred at room temperature for 12 h. The organic layer was
extracted three times with Et2O. The combined organic portions were washed twice with water and
with brine, dried over MgSOy, filtered, and concentrated. Purification of the crude material by column
chromatography (hexane:EtOAc = 20:1) gave 0.354 g (23%, E/Z = 89/11) of diene 50 as a colorless
oil: "H NMR (399.6 MHz, CDCl;): & 1.30 (Z-isomer, 1H, dt, J= 6.7, 0.8 Hz), 1.58 (E-isomer, 2H, dd,
J=6.4,1.2Hz),2.89-2.98 (4H, m), 4.95 (2H, tt, /= 34.4, 11.6 Hz), 5.06-5.14 (1H, m), 5.25-5.54 (2H,
m), 7.31-7.35 (4H, m), 7.42-7.47 (2H, m), 7.82-7.86 (4H, m); 3C NMR (98.5 MHz, CDCls, E-isomer):
6 18.1,36.4,37.5,66.6,119.4, 123.7, 128.6, 128.9, 130.3, 131.8, 133.0, 136.4, 198.8; IR (neat): 3072
w, 3025 w, 2978 w, 2934 w, 2917 w, 2854 w, 1661 s, 1639 w, 1596 m, 1579 w, 1447 m, 1271 m, 1213
m, 1182 m, 730 m, 690 m cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2,H2,NaO, 341.1512;
Found 341.1513.

Preparation of Diene Sp.

MeOzC /’Ll't,. 6 M NaOHaq HOZC /,Ll'l/\
MeO,C AN EtOH 1.4 mL, rt, 12 h HO,C RN
5i 5p
1.2 mmol quant.

To a solution of 5i (0.272 g, 1.2 mmol) in EtOH (1.4 mL) was added NaOH aq (6 M, 10 mL), and
the mixture was stirred for 18 h. After cooling to 0 °C, an aqueous HCI solution (6 M) was added to
adjust the pH value to ca. 4. The organic layer was extracted three times with Et,O, and the combined
organic portions were washed twice with water and with brine, dried over MgSOQs, filtered, and
concentrated. Further removal of the volatile materials in vacuo at 90 °C for 20 min afforded 0.244 g
(quant., E/Z = 81/19) of diene 5p as a white solid: Mp 76-78°C; '"H NMR (398.5 MHz, CDCl3): &
1.62-1.67 (3H, m), 2.62-2.73 (4H, m), 5.13-5.19 (2H, m), 5.28-5.36 (1H, m), 5.56-5.77 (2H, m); '3C
NMR (98.5 MHz, CDCls, E-isomer): & 18.0, 37.1, 38.0, 58.1, 119.9, 123.5, 131.0, 131.5, 176.0; IR
(KBr): 3083 m, 2980 m, 1704 s, 1438 m, 1397 m, 1293 m, 1230 m, 967 m, 921 m, 681 w cm™'; HRMS
(ESI-TOF) m/z: [M-H] Calcd for CioH1304 197.0819; Found 197.0820.
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Preparation of Diene 5q.

Me020><z”\4, 1.5 equiv LiAIH, H0:><:/i%
MeO,C AN Et,O 60 mL, rt, 12 h HO N
5i 5q
10 mmol 81%

To a suspension of 0.63 g of LiAlH4 (15 mmol) in 60 mL of Et;O was added dropwise 2.35 g of Si
(10 mmol) at 0 °C for 10 min. The reaction mixture was warmed to room temperature and stirred for
24 h. After cooled to 0 °C, a saturated aqueous solution of potassium tartrate and an aqueous KOH
solution were added to the mixture, which was then stirred vigorously for 10 min. After collecting the
organic layer, the aqueous layer was extracted three times with Et;O. The combined organic portions
were washed with brine, dried over Na,SOy, filtered, and concentrated in vacuo. Purification of the
crude material by column chromatography (hexane:Et:O = 1:2) gave 1.42 g (81%, E/Z=79/21) of the
diene 5q as a colorless oil: '"H NMR (399.6 MHz, CDCls): & 1.63-1.68 (3H, m), 1.99-2.11 (6H, m),
3.57-3.60 (4H, m), 5.04-5.13 (2H, m), 5.40-5.65 (2H, m), 5.79-5.90 (1H, m); '3*C NMR (98.5 MHz,
CDCls, E-isomer): 6 18.1, 34.8.36.1,42.2, 68.4, 118.0, 126.0, 128.7, 134.1; IR (neat): 3366 s br, 3074
w, 2917 s, 2883 s, 2856 m, 1638 m, 1439 s, 1059 s, 1026 s, 970 m, 914 s, 654 w cm™'; HRMS (ESI-
TOF) m/z: [M+Na]* Calcd for CioHisNaO> 193.1199; Found 193.1198.

Preparation of Diene Sr.

4 equiv NaH
HO = 3 equiv BnBr BnO =
HO N THF 20 mL, rt, 12 h BnO N
59 5r
3 mmol 81%

The diene 5r was prepared from 5q using a procedure similar to the one for Bn protection of 2,2-
diallylpropane-1,3-diol.®?

To a suspension of NaH (0.62 g, 12 mmol) in THF (15 mL) at 0 °C was added 5r (0.388 g, 3 mmol).
A solution of benzyl bromide (0.81 mL, 9 mmol) in THF (5 mL) was added, and the reaction mixture
was stirred for 12 h. A solution of K,CO3; in MeOH was added to the reaction mixture, which was
stirred for 3 h, with the aim of quenching excess BnBr. The resulting mixture was extracted three times
with Et,O, and the combined organic layers were dried over MgSO4 and concentrated in vacuo.
Purification of the crude material by column chromatography (hexane:EtOAc = 40:1) afforded 0.645
g (81%, E/Z = 78/22) of the diene 5r as a colorless oil: 'TH NMR (395.8 MHz, CDCls): § 1.59-1.64
(3H, m), 2.02-2.14 (4H, m), 3.29-3.31 (4H, m), 4.47 (4H, s), 5.01-5.05 (2H, m), 5.33-5.59 (2H, m),
5.74-5.86 (1H, m), 7.28-7.37 (10H, m); '*C NMR (99.5 MHz, CDCls, E-isomer): § 18.1, 35.0, 36.4,
42.1,72.5,73.1, 117.4, 126.4, 127.3, 127.3, 128.0, 128.2, 134.6, 139.0; IR (neat): 3065 m, 3028 m,
2913 m, 2856 s, 1638 w, 1496 m, 1453 m, 1363 m, 1100 s, 1027 w, 999 w, 970 m, 914 m, 734 s, 697
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s cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C24H30NaO, 373.2138; Found 372.2137.

Preparation of Diene Ss.
3.75 equiv TBSCI
HO = 4.5 equiv imidazole TBSO =
HO N DCM 10 mL, rt, 18 h TBSO AN
59 5s
2 mmol 94%

The diene 5s was prepared from 5q using a procedure similar to the one for TBS protection of 2,2-
diallylpropane-1,3-diol® with slight modifications.

To a stirred solution of 5q (0.345 g, 2 mmol) in DCM (10 mL) at room temperature was added
imidazole (0.6 g, 9 mmol) and ferz-butyldimethylsilyl chloride (1.1 g, 7.5 mmol). After stirred for 18
h, the mixture was diluted with hexane and washed with a saturated NaHCO3 solution. The organic
layer was dried over MgSQO4 and evaporated in vacuo. Purification of the crude material by column
chromatography (hexane) gave 0.757 g (94%, E/Z = 81/19) of diene 5s as a colorless oil: 'H NMR
(395.8 MHz, CDCl3): 6 0.01 (12H, s), 0.89 (18H, s), 1.59-1.66 (3H, m), 1.87-1.99 (4H, m), 3.30-3.35
(4H, m), 5.01-5.06 (2H, m), 5.36-5.55 (2H, m), 5.75-5.85 (1H, m); '*C NMR (99.5 MHz, CDCl;, E-
isomer): 6 -5.6, 13.1, 18.1, 18.2, 25.9, 27.9, 33.7, 35.1, 35.4, 43.3, 63.9, 64.1, 117.1, 125.7, 126.0,
126.7,127.6, 134.8; IR (neat): 3075 w, 2955's, 2929 5,2899 s, 2857 s, 1471 m, 12555, 1091 5,913 m,
835 s, 669 m cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C2HasNaO,Si, 421.2929; Found
421.2929.

Preparation of Diene Su.

1) DCM/TFA 19 mL(v/v=2/1)
rt, overnight

/~"  2)NaOH aq _ S~
BocN NH
\/\ \/\
S9 S10
7 mmol
1.1 equiv TFAA o
S10 1.1 equiv pyridine >—N/\/%
2 mmol CH,Cl, 10 mL, rt, 3 h CF, X
5u
43%

Deprotection was conducted by stirring a solution of S9 (1.39 g, 7.10 mmol) in DCM/TFA (2:1 v/v,
19 mL) overnight at room temperature, which was made basic by addition of 1 M NaOH solution. The
mixture was extracted three times with Et;O, and the combined organic portions were dried over
MgSO4. The solvent was carefully evaporated, and the obtained product S10 was used in the next step

without further purification.
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To a solution of S10 (0.228 g, 2 mmol) and pyridine (0.174 g, 2.20 mmol) in DCM (10 mL) at 0 °C
was carefully added TFAA (0.475 g, 2.2 mmol), and the mixture was stirred at room temperature for
12 h. Then, the mixture was extracted with Et;O and washed with a saturated NaHCO3 solution. The
organic layer was dried over MgSO4 and concentrated. Purification of the crude material by column
chromatography (hexane:Et,O =20:1) gave 0.182 g (43%, E/Z=89/11) of diene 5u as a colorless oil:
"H NMR (395.8 MHz, CDCl3): 8 1.67-1.74 (3H, m), 3.90-4.07 (4H, m), 5.15-5.31 (2H, m), 5.33-5.44
(IH, m), 5.61-5.82 (2H, m); 3C NMR (98.5 MHz, CDCl;, a mixture of E/Z isomers and their
rotamers): 8 12.9, 13.0, 17.6, 17.7,42.2, 43.1, 47.5, 47.6, 47.9, 48.5 (q, *Jcr = 2.8 Hz), 48.7 (q, *Jcr =
2.8 Hz), 49.0 (q, “Jcr = 3.8 Hz), 116.5 (q, 'Jcr = 282.8 Hz), 118.5, 118.6, 119.0, 119.1, 123.3, 123.6,
124.1, 124.5, 129.5, 129.6, 130.9, 131.0, 131.1, 131.3, 131.8, 131.9, 156.5 (q, 2Jcr = 35.7 Hz), 156.6
(q, 2Jcr = 35.7 Hz) (The carbonyl carbons of the Z isomers were not detected); '°F NMR (368.6 MHz,
CDCl): 6 -102.8, -102.8, -102.7; IR (neat): 3088 w, 3019 w, 2971 w, 2924 w, 2888 w, 2860 w, 1695
s, 1646 w, 1453 m, 1206 s, 1164 s, 1143 s, 986 m, 969 m, 932 w, 757 w, 710 w, 676 w cm’!; HRMS
(ESI-TOF) m/z: [M+Na]" Calcd for CoH2F3NNaO 230.0763; Found 230.0764.
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General Procedure for Palladium-Catalyzed (Remote) Diborylative Cyclization of Dienes with

Diborons.
2.5 mol % (phen)PdMeClI
H \
Z/\/\ﬁ . Elep 2MO% NaBAr', . “Q,\/[B]

\/Hm\/ cyclohexane 0.5 mL [B]

40 °C, 12 h m
5,1 10 11, 13,12
0.2 mmol 4 equiv

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with diene 5 or
1 (0.2 mmol, 1 equiv), diboron 10 (0.8 mmol, 4 equiv), palladium complex 3b (0.005 mmol, 2.5
mol %), and cyclohexane (0.5 mL). After stirring for 5 min, NaBAr’s (0.006 mmol, 3 mol %) was
added and the mixture was stirred at 40 °C for 12 h. The reaction mixture was cooled to room
temperature and passed through a short plug of silica gel (1:1 hexane/EtOAc). All the volatile materials
of the eluate were removed by rotary evaporation. Removal of the remaining diboron by Kugelrohr
distillation (25 pa, 120 °C, 30 min), followed by silica gel column chromatography afforded the desired
(remote) diborylation/cyclization product 11, 12 or 13.

was followed with 45.0 mg of diene 5i (0.199 mmol) and 203 mg of
MeO,C_/ 7" >"""0" ™ diboron 10a (0.799 mmol). 86% GC yield. Silica gel chromatography
Me02C><:|\ (hexane:EtOAc = 5:1) afforded 1lia in 81% yield (77.5 mg, 0.161
0 mmol, dr 99:1) as a colorless oil: '"H NMR (400.0 MHz, CDCl3): 6 0.61
(1H, dd, J=15.4, 9.1 Hz), 0.67-0.88 (2H, m), 1.03 (1H, dd, J = 15.4,
4.5 Hz), 1.07-1.27 (25H, m), 1.38-1.43 (1H, m), 1.64-1.78 (4H, m),
2.51-2.60 (2H, m), 3.69 (6H, s); 1*C NMR (98.5 MHz, CDCl3): & 24.8,
24.8,24.8,24.9,27.3,40.0,41.3,42.4,49.7,52.5,52.6, 58.0, 82.9, 83.0, 173.4,173.5; "B NMR (125.7
MHz, CDCl3): 8 32.7 (brs); IR (neat): 2978 s, 2951 m, 2929 m, 1736 s, 1435 m, 1377 s, 1320 s, 1253

s,1210s, 1145 s, 1109 m, 968 m, 884 w, 847 m, 673 w, 578 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]*
calcd for Cp4H42B>NaOsg 503.2958; Found 503.2957.

/? Remote diborylative cyclization product 11ia. General Procedure

11ia

Remote diborylative cyclization product 11la. General Procedure
éo/? was followed with 45.0 mg of diene 11la (0.199 mmol) and 202 mg of

‘\\\\/ ~
Et02C><j\ © diboron 10a (0.798 mmol). Silica gel chromatography (hexane:EtOAc =

F1020 5:1) afforded 11la in 84% yield (84.9 mg, 0.167 mmol, dr 99:1) as a
O/B\O colorless oil: 'HNMR (391.7 MHz, CDCl5): 6 0.61 (1H, dd, J=15.3,9.2

% Hz), 0.66-0.74 (1H, m), 0.82-0.86 (1H, m), 1.04 (1H, dd, J = 15.5, 4.5

11la Hz), 1.11-1.15 (1H, m), 1.20-1.28 (30H, m), 1.34-1.39 (1H, m), 1.63-
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1.69 (1H, m), 1.72-1.76 (3H, m), 2.51 (1H, dd, J=13.5, 7.4 Hz), 2.56 (1H, dd, J= 12.9, 6.8 Hz), 4.10-
4.22 (4H, m); 3C NMR (98.5 MHz, CDCls): 5 14.0 (1C x 2), 24.7, 24.8, 24.8, 24.9, 27.3, 39.8, 41.2,
42.3,49.7,58.1 61.1, 61.1, 82.9, 83.0, 172.9, 173.0; ''B NMR (125.7 MHz, CDCIl;): & 32.4 (brs); IR
(neat): 2978 s,2931 m, 1732 s, 1447 m, 1375 s, 1320 s, 1252 s, 1209 m, 1147 s, 1109 m, 1047 w, 969
m, 884 m, 847 m, 674 w, 577 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C26HssB2NaOs
531.3271; Found 531.3271.

Remote diborylative cyclization product 11ma. General
/? Procedure B was followed with 62.1 mg of diene Sm (0.200 mmol) and

Buo,c/ "0 g f diboron 1 il
2 ><j\ mg of diboron 10a (0.798 mmol). Silica gel chromatography

BuOC (hexane:EtOAc = 3:1) afforded 11ma in 81% yield (91.4 mg, 0.162
O’B\o mmol, dr 97:3) as a white solid: Mp 92-94 °C; 'H NMR (391.7 MHz,

% CDCl3): 6 0.60 (1H, dd, J=15.5, 9.0 Hz), 0.65-0.74 (1H, m), 0.79-0.87

1Mma (1H, m), 1.02 (1H, dd, J=15.4, 3.9 Hz), 1.09-1.18 (1H, m), 1.23 (12H,

s), 1.23 (12H, s), 1.35-1.41 (19H, m), 1.61-1.75 (4H, m), 2.37 (1H, dd,
J=13.5,7.4Hz), 2.45-2.46 (1H, m); 3*C NMR (98.5 MHz, CDCls): 5 24.8 (2C x 2), 24.9, 24.9, 27 .4,
27.9 (3C x2),39.6,41.0,42.1,49.7, 59.4, 80.4, 80.5, 82.8, 82.9, 172.1, 172.3; "B NMR (125.7 MHz,
CDCl3): 6 32.5 (brs); IR (KBr): 2981 m, 2938 m, 1722 s, 1474 m, 1370 s, 1328 s, 1277 s, 1215 m,
1171 s, 1149 s, 969 m, 848 m, 744 w, 578 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]* calcd for
C30Hs4B>NaOg 587.3897; Found 587.3897.

Remote diborylative cyclization product 11na. General Procedure
0 9& B was followed with 39.8 mg of diene 5n (0.204 mmol) and 203 mg of
Me B diboron 10a (0.799 mmol). Silica gel chromatography (hexane:EtOAc =
Me 4:1) afforded 11na in 70% yield (64.3 mg, 0.143 mmol, dr 97:3) as a
© O/B\o colorless oil: 'H NMR (395.8 MHz, CDCl5): § 0.60 (1H, dd, J=15.4, 8.6
% Hz), 0.66-0.75 (1H, m), 0.80-0.88 (1H, m), 1.02 (1H, dd, J = 15.4, 4.1
Hz), 1.07-1.15 (1H, m), 1.21-1.28 (25H, m), 1.48-1.59 (3H, m), 1.66-
1.75 (1H, m), 2.07 (6H, s), 2.51-2.61 (2H, m); '*C NMR (99.5 MHz,
CDCls): 624.7,24.8,24.9,24.9,26.3 (1Cx 2),27.2,36.7,39.2,41.2,49.5, 73.1, 82.9, 83.0, 205.6 (1C
x 2); "B NMR (125.7 MHz, CDCl5): 8 32.8 (brs); IR (neat): 2977 s, 2928 m, 1719 m, 1698 s, 1446 m,
1378s,1319 s, 1214 m, 1163 s, 1145 s, 1109 m, 968 m, 884 m, 847 m, 673 w cm™'; HRMS (ESI-TOF)
m/z: [M+Na]" Calcd for C24H42B2NaOg 471.3060; Found 471.3060.

11na
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O/? Remote diborylative cyclization product 110a. General Procedure B

o <§<:|;\/é\o was followed with 64.1 mg of diene 50 (0.201 mmol) and 202 mg of
Ph diboron 10a (0.201 mmol). Silica gel chromatography (hexane:EtOAc =
0 B 6:1) afforded 11oa in 64% yield (73.5 mg, 0.128 mmol, dr 97:3) as a
Qo colorless solid: Mp 50-53 °C; 'H NMR (399.6 MHz, CDCls): § 0.67 (1H,

% dd, J=15.4, 8.6 Hz), 0.71-0.89 (2H, m), 1.05 (1H, dd, /= 15.4, 5.0 Hz),

11oa 1.10-1.29 (25H, m), 1.44-1.54 (1H, m), 1.69-1.82 (2H, m), 1.95-2.06 (2H,

m), 2.90-3.00 (2H, m), 7.26-7.29 (4H, m), 7.35-7.39 (2H, m), 7.73-7.84 (4H, m); '3C NMR (98.5 MHz,
CDCl3): 624.7,24.8,24.8 (2C x 2),27.1,40.9,41.4, 43.3, 49.8, 68.0, 82.9, 83.0, 128.4, 129.3, 132.7,
132.7, 135.9, 136.0, 198.4, 198.4; "B NMR (125.7 MHz, CDCls): § 32.7 (brs); IR (KBr): 3061 m,

2977s,2928 s, 1666 s, 1597 s, 1580 s, 1448 s, 1378 s, 1318 s, 1248 5, 1145 s, 1107 m, 968 s, 730 m,
700 s cm’'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C34H46B2NaOg 595.3372; Found 595.3373.

Reaction of diene Sp and conversion to 11ia for isolation

2.5 mol % (phen)PdMeClI

HO,C Z 3 mol % NaBAr', HO,C w~_Bpin
HO,C N * Baping cyclohexane 0.5 mL HOZC><j\/Bpin
40°C,12h
5p 10a 11pa

0.2 mmol 4 equiv 69% NMR yield
(not isolated)

10 equiv K2003

6 equiv Mel MeO,C \_-Bpin
DMF 5mL, rt, 18 h MeOQC><:|\/Bpin
11ia
53%, 99:1 dr

General Procedure B was followed with 39.3 mg of diene 5p (0.198 mmol) and 201 mg of diboron
10a (0.793 mmol), and remote diborylative cyclization product 11pa was obtained in 69% NMR yield.
Compound 11pa could not be isolated in a pure form and was obtained as a mixture with other
(cyclo)isomerization or/and borylation products. With the aim of isolation by derivatization,
methylation of carboxylic acid moieties was conducted following the literature procedure.®* The crude
material containing 11pa was dissolved in DMF (5 mL), and K>COs (0.283 g, 2.04 mmol) and Mel
(0.172 g, 1.21 mmol) was added to the solution. After stirring at room temperature for 18 h, the organic
layer was collected, and the aqueous layer was extracted three times with Et,O. The combined organic
portions were washed three times with water and brine, dried over MgSQy, filtered, and concentrated.
Purification of the crude material by column chromatography (hexane:EtOAc = 5:1) gave

esterification product 11ia as a colorless oil in 53% yield (50.5 mg, 0.105 mmol, dr 99:1).
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Reaction of diene Sq and conversion to 11sa for isolation

2.5 mol % (phen)PdMeCl
HO o, . 3 mol % NaBAr, HO - Bpin
H0:><1 + Bopiny cyclohexane 0.5 mL H0:><:|\/Bpin
40°C,12h
5q 10a 11ga

0.2 mmol 4 equiv ca. 30% NMR yield
(not isolated)

2.5 equiv TBSCI

3 equiv imidazole TBSO - Bpin
DCM 5 mL, rt, 24 h TBSO}O\/Bpin
11sa
23%, 98:2 dr

General Procedure was followed with 34.4 mg of diene 5q (0.202 mmol) and 202 mg of diboron
10a (0.795 mmol), and remote diborylative cyclization product 11qa was obtained in ca. 30% NMR
yield. Compound 11qa could not be isolated in a pure form and was obtained as a mixture with other
(cyclo)isomerization or/and borylation products. With the aim of isolation by derivatization, TBS
protection of hydroxyl moieties was conducted following the literature procedure.®® The crude mixture
containing 11qa was dissolved in DCM (5 mL), and imidazole (94.6 mg, 1.38 mmol), and tert-
butyldimethylsilyl chloride (218 mg, 1.44 mmol) was added to the solution. After stirring at room
temperature for 18 h, the mixture was diluted with hexane and washed with a saturated NaHCO3
solution. The organic layer was dried over MgSO4 and concentrated in vacuo. Purification of the crude
material by column chromatography (hexane) gave TBS-protected product 11sa as a colorless oil in

23% yield (29.8 mg, 0.0456 mmol, dr 98:2).

was followed with 71.0 mg of diene 5r (0.202 mmol) and 202.2 mg of

Remote diborylative cyclization product 11ra. General Procedure
ﬁo\\v/B;’%;;: . .
Bn0:><:|\ o diboron 10a (0.796 mmol). Silica gel chromatography (hexane:EtOAc

BnO = 7:1) afforded 11ra in 51% yield (62.0 mg, 0.103 mmol, dr was not
O’B\o determined) as a colorless oil: '"H NMR (399.6 MHz, CDCls): § 0.54

% (1H, dd, J=15.4,9.5 Hz), 0.61-0.69 (1H, m), 0.76-0.84 (1H, m), 1.00-

1ra 1.06 (4H, m), 1.19-1.25 (25H, m), 1.53-1.56 (1H, m), 1.65-1.73 (1H, m),

1.81-1.86 (2H, m), 3.30-3.36 (4H, m), 4.50 (4H, s), 7.25-7.31 (10H, m);
BC NMR (99.5 MHz, CDCls): & 24.8, 24.8, 24.9, 25.0, 27.7, 38.9, 40.9, 41.6, 45.2, 49.6, 73.0, 73.1,
75.2,75.3,82.8,82.8,127.1,127.2,127.2, 127.3, 128.2 (2C x 2), 139.1, 139.1; "B NMR (125.7 MHz,
CDCls): 6 33.1 (brs); IR (neat): 3087 w, 3063 w, 3029 w, 2977 m, 2925 m, 2855 m, 1453 m, 1372 s,
1318 s, 11455, 1101 s, 968 m, 847 s, 735 m, 697 m cm™!'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for
C36Hs54B2NaOg 627.3999; Found 627.4000.
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B was followed with 79.3 mg of diene 5s (0.198 mmol) and 203 mg of
TBSO e diboron 10a (0.800 mmol). Silica gel chromatography (hexane:EtOAc
TBSO}O\ =20:1) afforded 11sa in 57% yield (73.7 mg, 0.113 mmol, dr 97:3) as

O’B\o a colorless oil: '"H NMR (395.8 MHz, CDCls): 6 0.00 (6H, s), 0.01 (6H,
s), 0.48 (1H, dd, J=15.0, 10.0 Hz), 0.64-0.68 (1H, m), 0.74-0.83 (3H,
m), 0.86 (18H, s), 1.01-1.07 (2H, m), 1.23 (25H, s), 1.49-1.52 (1H, m),
1.69-1.74 (3H, m), 3.27 (2H, d, /= 9.1 Hz), 3.37 (2H, d, J = 9.1 Hz);
BC NMR (99.5 MHz, CDCls): 6 -5.5 (2C x 2), 18.3 (1C x 2), 24.8,24.8,24.9 (2C x 2), 25.9 (3C x 2),
27.7,37.6, 40.3, 40.7, 47.1, 49.8, 66.8, 66.8, 82.8 (2C x 2); ''B NMR (125.7 MHz, CDCl5): § 32.9
(brs); IR (neat): 2977 s, 2954 s, 2929 s, 2899 s, 2856 s, 1470 m, 1372 s, 1317 s, 1254 s, 1146 s, 1090
s,969m, 848 s, 8365, 775s,669 wcm''; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C34H70B2NaOgSiz
675.4789; Found 675.4790.

/? Remote diborylative cyclization product 11sa. General Procedure

11sa

, followed with 52.9 mg of diene 5t (0.199 mmol) and 203 mg of diboron 10a

Remote diborylative cyclization product 11ta. General Procedure B was
OJ§<
,\\\\/B\O o1 . _ .
TSNG\ (0.800 mmol). Silica gel chromatography (hexane:EtOAc = 3:1) afforded

11ta in 27% yield (28.1 mg, 0.0541 mmol, dr 97:3) as a colorless oil : 'H

oo NMR (391.7 MHz, CDCL3): § 0.54 (1H, dd, /= 15.8, 9.5 Hz), 0.59-0.75 (2H,
m), 0.93 (1H, dd, J = 15.8, 4.8 Hz), 1.05-1.24 (25H, m), 1.43-1.51 (1H, m),
1ta 1.56-1.65 (1H, m), 1.68-1.78 (1H, m), 2.43 (3H, s), 2.79 (2H, q, /= 9.1 Hz),

3.48 (1H, dd, J=9.8, 7.5 Hz), 3.57 (1H, dd, J=9.8, 7.5 Hz), 7.30 (2H, d, /= 7.9 Hz), 7.70 (2H, d, J
= 8.1 Hz); *C NMR (98.5 MHz, CDCl3): § 21.5, 24.8 (2C x 2), 24.8 (2C x 2), 25.9, 40.0, 48.5, 53.2,
54.9, 83.1, 83.2, 127.5, 129.5, 134.0, 143.1; "B NMR (125.7 MHz, CDCl;): § 32.6 (brs); IR (neat):
2977 m, 2928 m, 2887 m, 1734 w, 1597 w, 1468 w, 1344 s, 1214 m, 1160 s, 1030 w, 968 m, 883 w,
846 m, 814 m, 664 s, 589 m, 548 m cm™'; HRMS (ESI-TOF) m/z: [M+Na]" caled for C26Ha3B2NNaOgS
542.2889; Found 542.2890.

Remote diborylative cyclization product 11ua. General Procedure B

o . B\/? was followed with 41.2 mg of diene Su (0.198 mmol) and 201 mg of
>\_Nij%\/ © diboron 10a (0.794 mmol) except that 3.31 mg of 3b (0.00981 mmol) and
10.6 mg of NaBAr'; (0.0120 mmol) was used and reaction time was 66 h.

N - .
o 0 Silica gel chromatography (hexane:EtOAc = 4:1) afforded 11ua in 66%
% yield (60.6 mg, 0.131 mmol dr 94:6) as a colorless oil: 'H NMR (399.6
11ua MHz, CDCl3, 20 °C): 6 0.63-0.85 (3H, m), 1.06-1.12 (1H, m), 1.19-1.31
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(25H, m), 1.62-2.01 (3H, m), 2.99-3.17 (2H, m), 3.80-3.95 (2H, m); 1*C NMR (99.5 MHz, CDCls, a
mixture of rotamers): 8 9.5, 13.1, 24.7, 24.8, 24.8, 25.3, 25.6, 38.0, 40.5, 46.3,48.9, 51.8 (q, *Jcr = 2.8
Hz), 52.7, 53.3 (q, *Jcr = 2.8 Hz), 54.3, 83.1, 83.2, 83.4, 83.4, 116.3 (q, 'Jcr = 287.1 Hz), 155.2 (q,
2Jcr=38.1 Hz); "B NMR (125.7 MHz, CDCl3): 6 32.5 (brs); '°F NMR (372.5 MHz, CDCl3, a mixture
of rotamers): 6 —72.29, -72.23; IR (neat): 2979 m, 2932 m, 1694 s, 1458 m, 1380 s, 1325 s, 1246 m,
1204 m, 1143 s, 968 w, 846 m, 714 w cm'; HRMS (ESI-TOF) m/z: [M+Na]® Caled for
C21H36B2F3NNaOs 484.2624; Found 484.2625.

Remote diborylative cyclization product 1lva. General
MeO,C SN O . ,

Me02C><:l\ (‘)\/K Procedure was followed with 49.1 mg of diene Sv (0.204 mmol) and

B. 202 mg of diboron 10a (0.798 mmol). Silica gel chromatography

QP (hexane:EtOAc = 5:1) afforded 11va in 79% yield (79.8 mg, 0.161

mmol, dr 98:2) as a colorless oil: '"H NMR (391.7 MHz, CDCI5): &

11va 0.61 (1H, dd, J = 15.4, 9.1 Hz), 0.68-0.82 (2H, m), 0.95-1.10 (2H,

m), 1.24-1.36 (25H, m), 1.40-1.49 (2H, m), 1.52-1.78 (4H, m), 2.52-2.60 (2H, m), 3.70 (6H, s); '3C

NMR (98.5 MHz, CDCl3, 40 °C): 6 22.7, 24.8, 24.8 (2C x 2), 24.9, 36.2, 40.5, 41.5, 42.3, 47.6, 52.5,

52.5, 58.3, 82.9, 83.0, 173.4, 173.5; "B NMR (125.7 MHz, CDCIl3): § 33.0 (brs); IR (neat): 2978 s,

29298, 1736's, 14355, 13725, 1321 s, 1251 s, 1211 5, 1145 s, 1110 m, 968 m, 884 m, 847 m, 674 w,
578 w cm’!; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C2sHa4B2NaOg 517.3115; Found 517.3114.

0 Procedure B was followed with 50.8 mg of diene Sw (0.200 mmol)

Remote diborylative cyclization product 11wa. General
MeOZC><:|‘\\/\/ 0 and 203 mg of diboron 10a (0.800 mmol). Silica gel

MeO,C chromatography (hexane:EtOAc = 5:1) afforded 1lwa in 74%
o’B\o yield (73.7 mg, 0.145 mmol, dr 99:1) as a colorless oil: '"H NMR

(391.7 MHz, CDCls): 6 0.61 (1H, dd, J=15.5, 9.2 Hz), 0.76 (2H,

11wa t,J=7.5 Hz), 0.99-1.09 (2H, m), 1.19-1.29 (25H, m), 1.30-1.48

(4H, m), 1.52-1.78 (4H, m), 2.50-2.61 (2H, m), 3.70 (6H, s); '3C NMR (98.5 MHz, CDCls):  24.3,
24.7,24.8 (2C x 2), 24.9, 30.9, 32.9, 40.4, 41.5, 42.2, 47.4, 52.6 (1C x 2), 58.1, 82.8, 83.0, 173.4,
173.5; "B NMR (125.7 MHz, CDCl5): 6 33.2 (brs); IR (neat): 2879 s, 2927 s, 2858 m, 1734 s, 1435 s,
1378 s, 13208, 1254 5, 1210's, 1145 s, 1110 m, 968 m 882 w, 846 m, 673 w, 546 w cm™'; HRMS (ESI-
TOF) m/z: [M+Na]" caled for Co6H46B2NaOg 531.3271; Found 531.3270.
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O/? Remote diborylative cyclization product 11xa.
I}

V604G SN Bg General Procedure B was followed with 61.3 mg of
Me020><j\ diene 5x (0.197 mmol) and 203 mg of diboron 10a
(0.800  mmol).  Silica gel chromatography
(hexane:EtOAc = 5:1) afforded 11xa in 59% yield (65.6
mg, 0.116 mmol, dr 99:1) as a colorless oil: 'H NMR
T1xa (391.7 MHz, CDCl5): 6 0.63 (1H, dd, J = 15.4, 8.9 Hz),
0.76 2H, t,J=7.7 Hz), 0.96-1.08 (2H, m), 1.26-1.31 (34H, m), 1.33-1.47 (3H, m), 1.52-1.78 (4H, m),
2.53 (1H, dd, J = 13.5, 7.4 Hz), 2.59 (1H, dd, J = 13.1, 6.9 Hz), 3.71 (6H, s); '*C NMR (98.5 MHz,
CDCl3): 6 24.0.24.7,24.8 (2C x 2),24.9,28.3,29.4,29.5,30.0, 32.4,33.2,40.4,41.5,42.3,47.6,52.6
(ICx2),58.1,82.8,83.0, 173.4, 173.5; '"B NMR (125.7 MHz, CDCI3): § 33.0 (brs); IR (neat): 2977
s,2925s,2855m, 1736 's, 1435 m, 1378 s, 1320 s, 1253 s, 1211 m, 1164 s, 1145 s, 1110 w, 968 m,
883 w, 846 m, 673 w, 578 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]* calcd for C3oHs4B2NaOs
587.3897; Found 587.3897.

B.

o O

was followed with 51.2 mg of diene 5b (0.203 mmol) and 203 mg of
diboron 10a (0.800 mmol) except that 0.81 mg of 3b (0.0024 mmol), 2.77

mg of NaBAr's (0.00312 mmol), and xylene was used as a solvent. Silica
MeO,C /O/? gel chromatography (hexane:EtOAc = 5:1) afforded 11ba in 41% yield
B«
0]

MeOQC

%j( Remote diborylative cyclization product 11ba. General Procedure B
0]

/

O-g

(ca. 93% regioisomeric/diastereomeric purity) as a colorless solid: Mp 49-
1ba 52°C; TH NMR (391.7 MHz, CDCl3): 8 0.52 (1H, dd, J= 15.4, 10.0 Hz),
0.86 (1H, tt, J=12.9,2.5 Hz), 0.95 (1H, dd, /= 15.4, 4.2 Hz), 1.03 (1H, ddd, /= 12.9, 12.6, 12.6 Hz),
1.20-1.29 (26H, m), 1.47-1.50 (1H, m), 1.53-1.61 (2H, m), 1.68-1.71 (1H, m), 1.77-1.83 (1H, m),
2.15-2.26 (1H, m), 2.62 (1H, dt, J= 12.6, 5.4 Hz), 3.00 (1H, dd, J = 14.6, 9.6 Hz), 3.68 (3H, s), 3.69
(3H, s); '3C NMR (98.5 MHz, CDCl3): § 21.8, 24.7, 24.7 (2C x 2), 24.7, 24.9 (2C x 2), 25.1, 33.2,
39.2,46.0,46.7,52.2,52.5,63.1,82.8,83.0,171.3,173.5; "B NMR (125.7 MHz, CDCl3): 6 32.4 (brs);
IR (KBr): 2978 s, 2930 s, 2860 m, 1736 s, 1434 s, 1382 s, 1321 s, 1255 s, 1223 5, 1144 s, 1110 m,
1061 m, 1009 w, 967 m, 883 m, 850 m, 705 w, 671 w, 578 w cm™!'; HRMS (ESI-TOF) m/z: [M+Na]"

calcd for Co6H44B2NaOg 529.3115; Found 529.3115.
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Et o Remote diborylative cyclization product 11ib. General
0 Et Procedure B was followed with 44.7 mg of diene 5i (0.197 mmol)

R B<
MeOZC><j‘\\/ O B andi132 mg of diboron 10b (0.360 mmol). Silica gel chromatography

Me0,C (hexane:Et,O = 5:1) afforded 11ib in 85% yield (100 mg, 0.169 mmol
o’B\o dr 98:2) as a colorless oil: "H NMR (399.6 MHz, CDCls): 6 0.51 (1H,

Etﬁ_&Et dd, J=15.9, 10.0 Hz), 0.59-0.67 (1H, m), 0.72-0.77 (1H, m), 0.82-

11ib 0.84 (24H, m), 1.01 (1H, dd, J = 15.9, 4.3 Hz), 1.06-1.10 (1H, m),

1.30-1.40 (1H, m), 1.52-1.73 (20H, m), 2.45 (1H, dd, J = 13.6, 7.2
Hz), 2.52 (1H, dd, J = 13.6, 6.8 Hz), 3.63 (6H, s); 3C NMR (98.5 MHz, CDCL): 5 8.7, 8.8 (2C x 3),
9.4 (C-CH,-B), 14.7 (C-CH,-B), 26.1, 26.3 (2C x 3), 27.3, 40.0, 41.3,42.4,49.7, 52.5 (1C x 2), 58.0,
87.9, 88.0, 173.5 (1C x 2); "B NMR (125.7 MHz, CDCL): & 32.0 (brs); IR (neat): 2977 s, 2947 s,
2884's, 1736's, 1457 m, 1435 m, 1384 s, 1349 s, 1252 s, 1206 m, 1113 m, 1026 w, 972 w, 929 m, 858
w cm''; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C3HssB;NaOg 615.4210; Found 615.4210.

Remote diborylative cyclization product 11ic. General Procedure

X g/jL B was followed with 45.0 mg of diene 5i (0.199 mmol) and 179 mg of
m:gzg&\/ o diboron 10c¢ (0.795 mmol). 65% NMR yield. Silica gel
x chromatography (hexane:EtOAc = 1:1) afforded 1lic in 44% yield

o 0O (39.1 mg, 0.0865 mmol, dr 99:1) as a colorless oil: '"H NMR (391.7

MHz, CDCls): 6 0.50 (1H, dd, J = 15.4, 9.8 Hz), 0.58-0.66 (1H, m),

1ic 0.72-0.80 (1H, m), 0.86-1.15 (14H, m), 1.32-1.43 (1H, m), 1.58-1.77

(4H, m), 2.50-2.62 (2H, m), 3.57 (8H, s), 3.69 (6H, s); '3C NMR (98.5
MHz, CDCl3): 6 21.8,21.9,27.4,31.5,31.6,40.1,41.3,42.6,49.7, 52.5, 52.5, 58.1,71.9, 71.9, 173.6,
173.6; "B NMR (125.7 MHz, CDCl5): 8 29.6 (brs); IR (neat): 2959 s, 2931 s, 2885 s, 1734 s, 1479 s,
1433 s, 1417 s, 1377 s, 1308 s, 1251 s, 1197 s, 1161 s, 1080 m, 1009 m, 931 w, 858 w, 813 m, 742 w,
665 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]* calcd for C22H3sB2NaQOg 475.2645; Found 475.2645.

Remote diborylative cyclization product 11id. General Procedure B

?>§\ was followed with 44.4 mg of diene 5i (0.196 mmol) and 201 mg of

MeO,C '\\\/B\O diboron 10d (0.792 mmol). 74% GC yield. Silica gel chromatography
Me02c><j\ (hexane:EtOAc = 12:1) afforded 11id in 46% yield (43.4 mg, 0.0904
o/B\o mmol, dr (anti:syn) 98:2) as a colorless oil: '"H NMR (395.8 MHz,

CDCl3): 6 0.47-0.62 (2H, m), 0.65-0.74 (1H, m), 0.85-0.92 (1H, m), 1.03-

11id 1.12 (1H, m), 1.22 (3H, d, J=3.6 Hz), 1.23 (3H, d, J= 3.6 Hz), 1.25 (6H,

s), 1.26 (6H, s), 1.33-1.40 (1H, m), 1.40-1.50 (2H, m), 1.57-1.67 (2H, m), 1.69-1.76 (4H, m), 2.48-
2.58 (2H, m), 3.69 (3H, s), 3.70 (3H, s), 4.10-4.19 (2H, m); 1*C NMR (98.5 MHz, CDCl3, many signals
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appeared due to the presence of a stereocenter in two dioxaborinane moieties): & 23.2,23.2,27.5,27.5,
27.5,28.1,28.1,31.2,31.3,31.3, 40.1, 40.2, 41.5,42.7, 42.7, 42.8, 45.8, 45.9, 49.6, 49.6, 49.7, 49.7,
52.4,52.5,58.0,64.4,64.4,64.5,70.3,70.4,70.5, 173.7; "B NMR (125.7 MHz, CDCl3): § 29.1 (brs);
IR (neat): 2973 s, 2931 m, 1735 s, 1433 m, 1390 s, 1302 s, 1250 s, 1208 s, 1161 m, 1091 w, 943 w,
891w, 799 w, 767 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C24H4,B2NaOs 503.2958; Found
503.2958.

0 B was followed with 47.5 mg of diene 1b (0.197 mmol) and 203 mg of

|
RS B< .
MeOzC><j‘\/\\/ 0 diboron 10a (0.800 mmol) except that xylene (10 mL) was used as a
MeO,C Bfﬁ solvent and the reaction time was 6 h. Silica gel chromatography

/? Remote diborylative cyclization product 12ba. General Procedure

0 (hexane:EtOAc = 5:1) afforded 12ba in 44% yield (43.4 mg, 0.0878

mmol, dr 98:2) as a white solid: Mp 53-56 °C; '"H NMR (391.7 MHz,

CDCl3): 6 0.65-0.89 (4H, m), 1.12-1.28 (26H, m), 1.42-1.53 (2H, m), 1.68-1.82 (4H, m), 2.52 (2H, dd,

J=13.5,7.0 Hz), 3.69 (6H, s); *C NMR (98.5 MHz, CDCls): § 24.8,24.8,27.7,40.2,47.2,52.5, 58.1,

82.9, 173.4; "B NMR (125.7 MHz, CDCI3): 4 32.5 (brs); IR (KBr): 2978 s, 2930 s, 1735 s, 1435 s,

1374 s, 1318 s, 1249 s, 1201 s, 1144 s, 1109 m, 968 m, 884 m, 848 m, 741 w, 673 w, 578 w cm™!;
HRMS (ESI-TOF) m/z: [M+Na]" calcd for C2sH44B2NaOg 517.3115; Found 517.3115.

12ba

B was followed with 52.1 mg of diene 1a (0.204 mmol) and 202 mg of

Remote diborylative cyclization product 12aa. General Procedure
9E
‘\\\\/B\ .
MeO,C 0 diboron 10a (0.795 mmol) except that xylene (10 mL) was used as a
MeO,C solvent and the reaction time was 6 h. Silica gel chromatography

o’B\o (hexane:EtOAc = 5:1) afforded 12aa in 48% yield (49.7 mg, 0.0977
% mmol, dr 99:1) as a colorless oil: 'H NMR (395.8 MHz, CDCls): 5 0.66-
12aa 0.89 (4H, m), 1.03-1.35 (27H, m), 1.37-1.70 (5H, m), 1.76 (2H, dd, J =

13.8,9.5 Hz), 2.48-2.54 (2H, m), 3.70 (6H, s); 3*C NMR (99.5 MHz, CDCl3): § 22.6, 24.8, 24.8, 24.8,
24.8,27.7,36.6,40.0, 40.6, 45.0, 47.4, 52.6 (1C x 2), 58.2, 82.8, 82.9, 173.4, 173.4; "B NMR (125.7
MHz, CDCl3): & 32.9 (brs); IR (neat): 2977 s, 2928 m, 2862 m, 1735 s, 1435 m, 1372's, 1319 s, 1250
s,1199m, 1146 s, 1110 m, 968 m, 848 m, 672 w, 578 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" calcd
for Ca6H46B2NaOg 531.3271; Found 531.3270.

O/? Remote diborylative cyclization product 12ca. General
|
Procedure B was followed with 53.6 mg of diene 1¢ (0.199 mmol)

W B<
MeO,C SN0
MeO,C -0 and 200 mg of diboron 10a (0.788 mmol) except that xylene (10

12 (‘)\/K mL) was used as solvent and the reaction time was 6 h. Silica gel
ca
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chromatography (hexane:EtOAc = 5:1) afforded 12ca in 37% yield (38.7 mg, 0.0741 mmol, 99:1 dr)
as a colorless oil: '"H NMR (399.6 MHz, CDCls): & 0.66-0.89 (4H, m), 1.02-1.10 (1H, m), 1.19-1.23
(26H, m), 1.30-1.51 (5H, m), 1.53-1.58 (1H, m), 1.64-1.70 (1H, m), 1.72-1.79 (2H, m), 2.48-2.54 (2H,
m), 3.70 (6H, s); 3C NMR (98.5 MHz, CDCls): & 24.3, 24.8, 24.8 (2C x 2), 24.8, 27.7, 30.9, 33.5,
40.1, 40.5, 45.0,47.5,52.6 (1C x 2), 58.2, 82.8, 82.9, 173.4, 173.4; "B NMR (125.7 MHz, CDCl;): &
33.2 (brs); IR (neat): 2977 s, 2927 s, 2857 s, 1735 s, 1435 s, 1372 s, 1318 5, 1253 5, 1199 s, 1145 s,
1005 m, 968 s, 848 s, 740 w, 673 m, 578 w, 545 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]" caled for
C»7H4sB2NaOg 545.3428; Found 545.3427.

0 Diborylative cyclization product 13aa. General Procedure B was

MeO,C BT
M eO§C><j\ o followed with 41.7 mg of diene 5a (0.197 mmol) and 203 mg of diboron
10a (0.800 mmol). Silica gel chromatography (hexane:EtOAc = 5:1)

/B\
%_@ afforded 13aa in 59% yield (46.4 mg, 0.0995 mmol, dr > 99:1) as a white
solid: Mp 89-91 °C; 'H NMR (391.7 MHz, CDCls): 6 0.55 (2H, dd, J =
13aa

15.3, 9.6 Hz), 1.06 (2H, dd, J = 15.3, 3.4 Hz), 1.24 (24H, d, J= 1.1 Hz),
1.53-1.65 (2H, m), 1.71 (2H, dd, J=13.1, 11.1 Hz), 2.61 (2H, dd, /= 13.1, 6.4 Hz), 3.70 (6H, s); 1*C
NMR (98.5 MHz, CDCl3): & 24.7, 24.9, 42.0, 43.9, 52.6, 57.9, 83.0, 173.4; "B NMR (125.7 MHz,
CDCl3): 6 32.6 (brs); IR (KBr): 2978 s, 2924 m, 1745 s, 1728 s, 1439 m, 1412 s, 1375 s, 1318 s, 1265
s, 1208 s, 1159 s, 1144 s, 1107 m, 1071 m, 1025 m, 968 m, 881 m, 846 s, 807 m, 676 w, 578 w, 548 w
cm’'; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C23H40B2NaOs 489.2802; Found 489.2801.

o ~Ng-O Diborylative cyclization product 13da. General Procedure B was
ACO}Q C‘)\f followed with 48.0 mg of diene 5d (0.199 mmol) and 201 mg of diboron
B 10a (0.795 mmol). Silica gel chromatography (hexane:EtOAc = 3:1)

%:@ afforded 13da in 35% yield (34.5 mg, 0.0698 mmol, dr 99:1) as a colorless

oil: "H NMR (395.8 MHz, CDCl3): § 0.52 (2H, dd, /= 15.2, 8.8 Hz), 1.04-

1.11 (4H, m), 1.20-1.27 (26H, m), 1.78 (2H, dd, /= 13.1, 5.9 Hz), 2.04 (6H,

s), 3.93 (4H, s); '*C NMR (99.5 MHz, CDCls): § 20.9, 24.7, 24.9, 40.6, 42.8, 43.3, 68.4, 82.9, 171.3;
"B NMR (125.7 MHz, CDCl5): & 33.0 (brs); IR (neat): 2977 s, 2931 s, 1742 s, 1468 m, 1371 s, 1317

s, 1242 s, 1144 s, 1107 m, 1036 s, 969 s, 883 m, 846 s, 674 w, 604 w cm™'; HRMS (ESI-TOF) m/z:
[M+Na]" Calcd for C2sH44B>NaOg 517.3115; Found 517.3115.

13da

123



o o0 Diborylative cyclization product 13ga. General Procedure B was
>—'\<:,\ EC‘;)\/K followed with 38.9 mg of diene 5g (0.201 mmol) and 202.9 mg of diboron
o B 10a (0.799 mmol) except that 6.69 mg of 3b (0.0198 mmol) and 21.4 mg of
%_@ NaBAr'; (0.0241 mmol) was used and the reaction time was 48 h. Silica gel
chromatography (hexane:EtOAc =3:1) afforded 13ga in 52% yield (47.1 mg,
0.105 mmol, dr 96:4) as a white solid: Mp 113-115 °C; '"HNMR (399.6 MHz,
CDCl): 6 0.64 (2H, ddd, J = 16.0, 10.1, 2.6 Hz), 1.10-1.15 (2H, m), 1.21-1.26 (24H, m), 1.77-1.95
(2H, m), 3.01 (1H, t,J=11.5 Hz), 3.12 (1H, t,J = 10.5 Hz), 3.90-3.98 (2H, m); '*C NMR (98.5 MHz,
CDCl3): 6 12.4 (C-CH2>-B), 24.6, 24.7, 24.8 (2C x 2), 40.4, 42.9, 53.0, 53.9, 83.4 (2C x 2), 116.3 (q,
Jcr = 286.5 Hz), 155.1 (q, Jcr = 37.5 Hz); "B NMR (125.7 MHz, CDCl;): & 32.6 (brs); '°F NMR
(368.6 MHz, CDCl3): 6 =72.2; IR (KBr): 2980 m, 2919 m, 2892 m, 1697 s, 1461 m, 1408 m, 1375 s,
1323 's,125555,1209 s, 1168 s, 1134 5,968 m, 883 m, 846 m, 757 w, 714 m, 676 w, 578 w cm™'; HRMS
(ESI-TOF) m/z: [M+Na]* Calcd for C20H34B2F3NNaOs 470.2467; Found 470.2468.

13ga
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Transformation of Remote Diborylative Cyclization Products.

Synthesis of 14

W\ Bpin N OH
Me02C><j;:/\ PN 4 equiv NaBO3*4H,0 Me02C><j;:/\
MeO,C = MeO,C

€0 Bpin THF/H,O (v/iv=1/1) 1.5 mL €0, OH
rt, 4 h
12ba 14
0.1 mmol, 98:2 dr 81%, 98:2 dr

Diol 14 was prepared from 12ba using a procedure similar to the one for the oxidation of
alkylboronic acid pinacol ester.?® To a vigorously stirred solution of 12ba (48.9 mg, 0.0989 mmol) in
THF/H>O (0.75 mL each) at room temperature was added sodium perborate tetrahydrate (45.8 mg,
0.297 mmol). After stirring for 4 h, the mixture was extracted three times with Et2O. The combined
organic portions were washed with brine, quickly dried over Na>SOs, filtered, and concentrated.
Purification of the crude material by silica gel column chromatography (hexane:acetone = 10:1) gave
diol 14 as a colorless oil in 81% yield (22.1 mg, 0.0805 mmol, dr 98:2): "H NMR (399.6 MHz, CDCI):
6 1.37-1.46 (2H, m), 1.65-1.76 (2H, m), 1.78-1.88 (4H, m), 2.18 (2H, br s), 2.54 (2H, dd, /=13.2, 6.8
Hz), 3.60-3.74 (10H, m); 3C NMR (98.5 MHz, CDCls): § 36.5, 40.1, 42.0, 52.8, 58.6, 61.6, 173.1; IR
(neat): 3375 s br, 2929 s, 2879 s, 1730 °s, 14355, 1263 s, 1199 s, 1168 s, 1116 m, 1048 s, 999 m, 957
w, 862 w, 707 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]" Calcd for C13H22NaOg 297.1309; Found
297.1308.

Synthesis of 15

1) 3 equiv NaBO34H,0
THF/H,O (v/iv=1/1) 1.5 mL Br

\ Bpin RS
MeO,C SINEPI _ MeO,C SN
MeO,C Bpin 2) 2.2 equiv PPh; MeO,C Br

12b 3.2 equiv CBry 15
a
0.1 mmol, 98:2 dr DCM 1 mL, rt, 4 h 73%, 98:2 dr

Dibromide 15 was prepared from 12ba via oxidation with sodium perborate followed by Appel
reaction.® To a well stirred solution of 12ba (45.0 mg, 0.0910 mol) in THF/H>O (0.75 mL each) at
room temperature was added sodium perborate tetrahydrate (46.1 mg, 0.299 mmol). After stirring for
4 h, the mixture was extracted three times with Et;O. The combined organic portions were washed
with brine, quickly dried over Na>SOs, filtered, and concentrated. DCM (1 mL) and CBr4 (116 mg,
0.349 mmol) were added to the resulting material, and the mixture was stirred at 0 °C for 5 min. Then,
PPh; (59 mg, 0.22 mmol) was added to the reaction mixture, which was then stirred at room
temperature for 4 h. All the volatile materials were removed by rotary evaporation, and purification of
the crude material by column chromatography (hexane:EtOAc = 7:1) gave dibromide 15 as a colorless
oil in 73% yield (26.4 mg, 0.0659 mmol, dr 98:2): '"H NMR (395.8 MHz, CDCls): § 1.72-1.92 (6H,
m), 2.07-2.14 (2H, m), 2.55 (2H, dd, J = 11.6, 4.8 Hz), 3.31-3.37 (2H, m), 3.45-3.50 (2H, m), 3.73
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(6H, s); 3C NMR (99.5 MHz, CDCl3): & 31.8, 36.9, 39.3, 43.4, 52.9, 58.5, 172.6; IR (neat): 2998 m,
2952'5,2898 m, 2842 m, 1732 s, 1434 s, 1256 s, 1200 s, 1155 s, 1105 m, 1053 m, 1008 w, 940 w, 861
w, 752 w, 645 w, 563 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for Ci3H20BraNaO4 422.9600;
Found 422.9600.

Synthesis of 16

CF;
) 4 mol % Pdy(dba)s \/©/
80 - Bpin . CF3 8 mol % RuPhos BnO
BnO Bpin /©/ 8 equiv NaO'Bu BnO Bpin
Br

toluene 1 mL/H,O 60 pL

1ra 6 equiv 80°C,24h 16
0.1 mmol 65%

Monoarylation product 16 was prepared from 11ra using a procedure similar to the one for Suzuki-
Miyaura cross-coupling reaction of alkylboronic acid pinacol ester.*®

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with remote
diboryltive cyclization product 11ra (56.0 mg, 0.0970 mmol), Pdx(dba)s; (3.7 mg, 0.004 mmol),
RuPhos (3.8 mg, 0.008 mmol), and NaO'Bu (77.2 mg, 0.8 mmol). Toluene (1 mL), H,O (60 pL), and
1-bromo-4-(trifluoromethyl) benzene (90 pL, 0.6 mmol) was added to the mixture, which was then
stirred at 80 °C for 24 h. The reaction was allowed to cool to room temperature and diluted with Et:O.
The resulting mixture was filtered through a plug of Celite, and the filtrate was concentrated. Silica
gel column chromatography (hexane:EtOAc = 10:1) of the crude material gave monoarylation product
16 in 65% yield (37.7 mg, 0.0634 mmol) as a yellow oil: 'H NMR (399.6 MHz, CDCl3): & 0.49 (1H,
dd,/=15.2,9.1 Hz), 0.90 (1H, dd, /= 15.2,4.5 Hz), 0.99-1.02 (2H, m), 1.11 (12H, s), 1.21-1.29 (2H,
m), 1.55-1.57 (1H, m), 1.77-1.87 (3H, m), 2.41-2.49 (1H, m), 2.62-2.67 (1H, m), 3.28 (4H, d, J=11.5
Hz), 4.41-4.48 (4H, m), 7.19-7.23 (12H, m), 7.42 (2H, d, J = 8.0 Hz); 3*C NMR (98.5 MHz, CDCl;):
0 15.2 (C-CH>-B), 24.7, 24.9, 34.6, 35.3, 39.2, 41.1, 41.3, 45.3, 46.7, 73.1, 73.2, 75.2, 75.2, 82.9,
124.4 (q, 'Jer = 272.8 Hz), 125.1 (q, *Jcr = 3.7 Hz), 127.3, 127.3, 127.3, 127.4, 127.8 (q, 2Jcr = 31.9
Hz), 128.2 (2C x 2), 128.5, 138.9, 139.0, 147.1; "B NMR (125.7 MHz, CDCls): § 32.2 (brs); 'F NMR
(368.6 MHz, CDCl3): 6 —62.1; IR (neat): 3088 w, 3064 w, 3030 w, 2977 s, 2925 s, 2856 s, 2786 w,
1617 m, 1496 w, 1454 s, 1416 m, 1371 s, 1325 s, 1249 m, 1206 m, 1163 s, 1121 s, 1067 s, 1018 m,
968 m, 884 w, 846 m, 826 m, 735 m, 698 m, 612 w, 596 w cm’'; HRMS (ESI-TOF) m/z: [M+Na]"
Calcd for C37H46BF3NaO4 645.3334; Found 645.3334.
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Synthesis of 17

CF3 \/©/CF3
BnO ‘\\\\/©/ 3 equiv NaBO3*4H,0 BnO o
BnO Bpin THF/H20 (V/V=1/1) 2 mL BnO OH

rt, 4 h

16 17
0.05 mmol 94%

Alcohol 17 was prepared from 16 using a procedure similar to the one for the oxidation of
alkylboronic acid pinacol ester.?® To a vigorously stirred solution of 16 (30.9 mg, 0.0519 mmol) in
THF/H>O (1 mL each) at room temperature was added sodium perborate tetrahydrate (23.7 mg, 0.154
mmol). After stirring for 4 h, the mixture was extracted three times with E,O. The combined organic
portions were washed with brine, quickly dried over Na,SQs, filtered, and concentrated. Purification
of the crude material by column chromatography (hexane:AcOEt = 3:1) gave the alcohol 17 in 94%
yield (25.0 mg, 0.0488 mmol) as a colorless oil: "H NMR (391.7 MHz, CDCls): § 1.15 (1H, dd, J =
13.2,10.3 Hz), 1.25 (1H, dd, /= 12.7, 9.3 Hz), 1.29-1.38 (1H, m), 1.55-1.73 (2H, m), 1.75-1.87 (2H,
m), 1.91 (1H, dd, J=12.9, 7.3 Hz), 2.44-2.52 (1H, m), 2.60-2.68 (1H, m), 3.29 (2H, s), 3.30 (2H, s),
3.41 (1H, dd, J=10.5, 6.1 Hz), 3.59 (1H, dd, J = 10.7, 4.2 Hz), 4.44 (2H, s), 4.45 (2H, s), 7.17-7.28
(12H, m), 7.43 (2H, d, J = 8.3 Hz); '3*C NMR (98.5 MHz, CDCl3): § 34.5, 36.2, 36.4, 39.5, 41.0, 45.9,
47.5,65.5,73.2 (1C x 2), 75.0, 75.2, 124.3 (q, 'Jcr = 272.4 Hz), 125.2 (q, *Jcr = 3.7 Hz), 127.4 (3
signals, 2C x 2 + 1C x 2), 127.8 (q, 2Jcr = 31.9 Hz), 128.3 (2C x 2), 128.5, 138.7, 138.7, 146.8; '°F
NMR (368.6 MHz, CDCl3): 6 —62.1; IR (neat): 3409 m br, 3087 w, 3064 w, 3030 w, 2923 s, 2857 s,
2788 w, 1617 m, 1496 m, 1454 s, 1416 m, 1361 m, 1325 s, 1251 w, 1162 s, 1220's, 1067 s, 1018 m,
907 w, 825 m, 735 s, 698 s, 596 w cm™'; HRMS (ESI-TOF) m/z: [M+Na]* Calcd for C31H35F3NaOs
535.2431; Found 535.2431.
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Mechanistic Considerations.

Reaction of palladium complex 3b with NaBAr’s

(phen)PdMeCl + NaBArf, [(phen)Pd-Me]" [BAr,]”

CDC|3, rt

3b 1.2 equiv F
0.1 mmol

To an oven-dried NMR tube, palladium complex 3b (3.35 mg, 0.00993 mmol) was charged and the
tube was purged with N. Then, degassed CDCls (0.7 mL) was added via syringe, and NaBAr; (10.6
mg, 0.0120 mmol, 1.2 equiv) was added, sealed and subjected to NMR analysis (Figure S1). Complete
disappearance of 3b along with formation of the palladium species F was observed: '"H NMR (391.8
MHz, CDCls): & 1.39 (3H, s), 7.46-7.48 (3H, m), 7.70-7.71 (6H, m), 7.83 (1H, dd, J = 8.2, 5.3 Hz),
7.88 (1H, dd, J=8.1,4.9 Hz), 7.92 (1H, d, J=9.0 Hz), 7.95 (1H, d, /= 9.0 Hz), 8.47 (1H, dd, /= 8.3,
1.1 Hz), 8.52 (1H, dd, /= 8.3, 0.9 Hz), 8.92 (1H, d, /=4.9 Hz), 9.38 (1H, dd, /= 4.6, 1.0 Hz); HRMS
(ESI-TOF) m/z: [M-BAr'4]* Calcd for Ci3H;1N2Pd 300.9952; Found 300.9952. The analytic data for

F are in good agreement with those for similar cationic phenanthroline methyl palladium complexes.®

Reaction of F with diboron 10a

(phen)PdMeCl + NaBArf, —— > [(phen)Pd-Me]" [BArf4]’
CDCls, rt

3b 1.2 equiv F
0.1 mmol

1.1 equiv Bypin,
 —— MeBpin

Molecular Weight: 142
83% NMR yield

In an NMR tube purged with N», cationic methyl palladium complex F was generated following the
above-mentioned procedure. To this solution was added Bopins (2.74 mg, 0.0108 mmol, 1.1 equiv) at
room temperature, and the color of the yellow solution immediately changed to red, then dark brown
within 2-3 second with the concomitant formation of MeBpin in 83% NMR yield (1,3,5-
trimethoxybenzene was used as an internal standard): "H NMR (391.8 MHz, CDCls): § 0.26 (3H, brs),
1.25 (12H, s). The analytic data was in accordance with the literature.®® GC/MS analysis also supported
the formation of MeBpin (Figure S1).
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Figure S1. Formation of MeBpin detected by GC/MS
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Formation of MeBpin in remote diborylative cyclization of diene 5i with diboron 10a

2.5 mol % Pd cat. 3b

MeO,C Z + Buoi 3 mol % NaBAr, _ MeO,C - Bpin . .
MeO,C N P2 cpel, 1.25 mL MeO,C Bpin Me—Bpin
40°C, 12 h
1 2a 4a 79% NMR yield

0.5 mmol 4 equiv 60% GC yield (based on [Pd])

The reaction was conducted following General procedure in a 0.5 mmol scale expect that CDCI3
was used as a solvent. An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was
charged with diene 5i (113 mg, 0.499 mmol), diboron 10a (505 mg, 1.99 mmol), palladium complex
3b (4.16 mg, 0.0123 mmol,), 1,3,5-trimethoxybenzene (internal standard) and CDCIl3 (1.25 mL). After
stirring for 5 min, NaBAr's (13.5 mg, 0.0152 mmol) was added, and the mixture was stirred at 40 °C
for 12 h. The crude mixture was directly subjected to NMR analysis, which indicated the formation of

MeBpin in 79% yield.

Competition experiment using diboron 10a and 10a-d»4

/%h+p'BB'+(p'd)BB('d)
inB—Bpin in- -B(pin-
E X P 12 pin-aq2

5i 10a 10a-d24
E=CO,Me 2 equiv 2 equiv
0.2 mmol
E “\\\/Bpin E ‘\\\\/B(piﬂ-d»]z)
E Bpin  E B(pin-dy,)
2.5 mol % 3b 11ia 11ia-d,,
3 mol % NaBAr',
cyclohexane 0.5 mL E - B(pin-dy2) / Bpin
40°C,12h +
E Bpin / B(pin-d;5)
11ia-d12

11ia : 11ia-dy,: 1Mia-dp;=1:1:2
total 79% yield

The general procedure was followed with 44.8 mg of diene 5i (0.198 mmol), 101 mg of diboron
10a (0.397 mmol, 2 equiv), and 111 mg of diboron 10a-d»4 (0.399 mmol, 2 equiv). Purification of the
crude mixture by silica gel column chromatography furnished 77.4 mg of a colorless oil as a mixture
of 1lia, 1lia-di; and 1lia-da4 (1:2:1 GC area ratio, total 79% isolated yield). The existence of the
crossover product 11ia-d12, which accounts for half of all the products, supports that the C—B bond

formation proceeds via formal sigma bond metathesis (Figure S2, S3 and S4).
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GG analysis

25.483 / 4a-d12

25.070 / 4a-d24
™~ 25.845 / 4a

L L L B L L L I L L B L R LR R I LR R R

20 21 22 23 24 25 26 271 28 29 &

Peak Ret. time Area Areal% Product "
1 25.070 89007 25. 1905 da-d24
2 25. 483 180605 51.1146 4a-d12
3 25. 845 83722 23. 6949 4a

Figure S2. GC analysis on the products obtained from the reaction using 10a and 10a-d>4
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Figure S3. GC/MS analysis on the products obtained from the reaction using 10a and 10a-d24
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Figure S4. GC/MS analysis on the products obtained from the reaction using 10a and 10a-d24 (same

as Figure S3, m/z region 400-500 expanded)
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General Procedure for Palladium-Catalyzed Remote Diborylation of Allylbenzenes.

2.5 mol % 3g Bpin
3 mol % NaBArf
Z +  Bypin : i
/@N P2 CH,CICH,CI 0.5 mL Bpin
R i, 12 h N
18 10a 19a

0.2 mmol 4 equiv

An oven-dried 10 mL Schlenk tube containing a magnetic stirring bar was charged with alkene 18
(0.2 mmol, 1 equiv), diboron 10a (0.8 mmol, 4 equiv), palladium complex 3g (0.005 mmol, 2.5 mol %),
and CH,CICH, (0.5 mL). After stirring for 5 min, NaBAr (0.006 mmol, 3 mol %) was added and the
mixture was stirred at room temperature for 12 h. The reaction mixture was diluted with EbOAc (4
mL) and hexane (4 mL) and passed through a short plug of silica gel (4:1 hexane/EtOAc). All the
volatile materials of the eluate were removed by rotary evaporation. The crude material was subjected

to NMR analysis with fluorene as an internal standard.

Remote diborylation product 19aa. General Procedure was followed
w with 24.4 mg of alkene 18a (0.206 mmol) and 203 mg of diboron 10a
o, .0 .
"B’ (0.798 mmol). Product 19aa was obtained in 72% NMR vyield.

B/O In a separate experiment, product 19aa was isolated as follows. After the
\IK reaction completed, all the volatile materials of the eluate were removed

19aa by rotary evaporation. Removal of the remaining diboron by Kugelrohr
distillation (25 pa, 120 °C, 30 min), followed by silica gel column

chromatography afforded 19aa as a colorless oil: "H NMR (391.78 MHz, CDCl3): § 7.26-7.09 (m, 5H),
2.25 (t, J=17.9 Hz, 1H), 1.99-1.89 (m, 1H), 1.79-1.69 (m, 1H), 1.21 (s, 12H), 1.20 (s, 6H), 1.18 (s,
6H), 0.79-0.73 (m, 2H); '3C NMR (98.5 MHz, CDCl3):  143.3, 128.6, 128.1, 125.1, 83.2, 82.8, 27.1,

24.8,24.6, 24.6.

Remote diborylation product 19ba. General Procedure was
followed with 26.5 mg of alkene 18b (0.200 mmol) and 204 mg of
B” diboron 10a (0.802 mmol). Product 19ba was obtained in 70% NMR

g-© yield.
eﬁf
Me

19ba
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Remote diborylation product 19ca. General Procedure was
followed with 27.2 mg of alkene 18c (0.200 mmol) and 204 mg of
diboron 10a (0.802 mmol). Product 19¢ca was obtained in 70% NMR
yield.
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