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KBEBLEDoZ OMOEIRIEEME, R ~—ZD(Lkihe EDOBEHDZE S Oy &k
LREETHY ., ZOMEEDORRBIC OV TIRFITE Y ARG BIL T OREEREDO—2 L LT
%< DN S TE R, RERBEELELE LCL, lIET7 v K= E D L+ 5=
7 — MEORBEFAIE OER (K 0.1) 7 ) = v — i3k EOGHEERERIEO D VR =L
W ~DREAIEIE (K 0.2) 22 ERISTEW R T =4 MR E WD b ORET b5, £z,
Mannich i7e & OREFFEZTEMEL L TODRIAT 284 et (R 0.3) 0T VAN E
LR S TWD (X 0.4), Diels-Alder KISD X 5 2 FIE LB BEHEEHET 2HEICEHTH S
GK05), B, R -BRI YTV IR ED I a ATy TV TRISEIZLO ETHH
4 b 2 FA T2 SOS BB ST D (K 0.6), LLED X H 1Tk A 72 sp® [RFE —sp® IRBAED
FERS R DAV TV DAY, Z A B OB TS B EEEAL 02 O BEBEHN I SRTE M 72 B hE
EHONLUOEANT L, HDHWIIHRESED Z L TR RFEEMELAHEE LTV 5,
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7
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EDG = electron-donating group
EWG = electron-withdrawing group
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—J. ERRO LD RIERIEL TR | BERISTEEREREDRWIE THEMEN TEN
X, KRR ARV — N OESLIZEN D AR S 5, FRZ, ERe AL AW ETE
BSOS, FT- R ERELBO FIELE L TURAICHIE SN TS, EOHFTHIEHE NG RE
—KFEREG 2 EEOICERE T 2 FENMERE SN TEY . &ETIE spP IKFE— 7k??f*/\7i’$§/~7 A
BREEANE BT D ENAREL 7o TS 2, spP [RFE —KBRER & sp’ R —sp° IRFAMG A~ &
TS D FELRESh TV D, @%@Mkbf%%ﬁi i%/J/%u%mm%kﬁé
Z & T spP IRFE—IKFEREA UMW 2R D sp fIRFE —sp’ & F,\f*/\ﬁ/ﬁi}ifh%iﬁibfb\é (X 0.7)%,
F72. 2014 R Yu HIET7 2/ BEBERIZ xﬂ/ W ATEM:R sp? IRFE —KFBREA EHRA 2T L%
ST Wﬁ?é%@%ﬁﬁbfmé(ﬁowm_@;okmﬁ BB AR 2 TR TS
Msp? IRFB—AKFREEEZFIH LI=TED, sp’ R wyﬁﬁé\@%ﬁf:iﬁ%i@f@—’)k L CHF3E
DA T,

10 mol % Pd(OAc),

| X Me 2 eugiv benzoquinone | A
|
2 equiv Cu(OAc
N + oo d (ORc) NG 0.7)
|'3 |'3 AcOH, O, 100 °C, 24 h
H Me”  ~O" "Me Me
2 equiv 80%
10 mol % Pd(OAc),
NPhth 20 mol % Ligand NPhth
H 3 equiv Ag(OPiv) H
/\n/NHAI’ . R—| R\/\H/NHAF (0.8)
) CH,CICH,CI, 80 °C o
air, 20 h
Ar = (4-CF3)CgF4 2.5 equiv

26 OO GO % Figure 0.1a 35 KOV 0.1b 1277 L7z, AR L7 R/ 7 sp® IRFE —
sp® IR FEAE D TERBUGIZ 31T 2 [R5 — IR FEREEREGLEALIL, FONEYEZR B REE DALEIC L - THUIE
I TWD (Figure 0.1a), F7z, sp’ IKFE — KB A UM AR D sp’ IR —sp® IR FEFE TGRS
BUWTIL, AR (R — KBRS & O Lo WALE TREGHEEE R T AL 5 (Figure
0.1b), ZAUZx L., BUSIEMERBRZ RFEH ECHBRICBEISE 2 Z LN TR, MATRA
BRI HET LT UVIE TRHEEZMHEET 2 Z LR L 72 0 | BEFOREGEENE L 13872 D87
TR B RRISICEDN D B2 b b, 20X BRIEXDORISEEITSE2MEDO—D2 L LT, &
L7 4 VEAEDSHICBNTHLN TS T =— 0 U —F 0 I RE2bND, T=—2 Ut —
X7, TAXAVERRENB-E KU RBEiE 4L 7 ¢ UHAZMY RS Z LT, @PCTTIL7
Y OFEEE D TICEBBREH EEBE TSV OMETH D, iKY, BRI S R4
M EELDZ LR, bED ERIGREETH > ELEICE R — REEES 2 RN BE S &
HZET, ZOMNBELERONEERET D2 ENAEETH D (Figure 0.2)4, ZZ CTFxz—r U4 —F
Y7 EFMA LT, SIS Lo &R — RSB E b &b & RNEMERIRHE — KBEREH DL

B E CTHE L 7o RICHRE - REBEVHBETCEIIL, AEERICET 28 LWEXDRKHE — Rk$E
T O AESE DRI D7 D & B 2 7= (Figure 0.1¢),



(a) Conventional C-C Bond Formation

C-C bond
,/O formation ~n - alkyl chain
, 7 >~
@ : reactive site
MOvvvvvvst  AAAAAAAAN

Q : catalyst

(b) C-C Bond Formation via C—H Bond Cleavage
C—H Bond C-C bond

Q Cleavage ,:' formation !
H —_— _—
J\M/\NW\/\lM/\/\; J\l\l\l\l\l\l\l\l?\l\l\/\

(c) C-C Bond Formation via Chain Walking

svrnnonanQor catalyst e W
B —— e

chain walking

D Qin Qe PRV VY, VWO

—_ = . —_— _— 1
i HHH ‘_HEHH ~ HHOQH ‘_HHHE '

C-C bond

:1] formation

HHH? T T HHH

Figure 0.1. Classification of C—C bond formation reaction

elimination [Pd]-H insertion [Pld]_H R
R\)\/[Pd]‘: R\/\\/\ —— R - R\,/% -
[Pd]
' R' /\ . R' /\
olefin olefin
exchange R ~Xu exchange R A,
[Pd]-H [Pd]-H
R /bé R /§<\

Figure 0.2. Mechanism of chain walking
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BRAZ K0 Bk & R E A AT R U v — DA SN TE 2 4 W OfF] L LT Brookhart & (X
BV A VBN R B ONRT U AR E WD Z LT, ZF L UVOEAKIG 2B LOT
I NBT AT NV EDIEEGRIS P BEITL, 2L OREATLENFREORY =F L 3G
DT EEHRE LTS (0.9,0.10), 26 DOKIGTIEHFFEO T VX LV EEMENS, F=—
VUG =R LIV EBROBEINEZ T2, AL T 4 UARADNEITT D 2 & TS AR
TOWERRIBIN TN D,



» high MW Me OEt2
« highly branched cat. A

Arf = 3,5-(CF3),CgH3

Pr Pr BAr
H H )
C—(CHy)y—C—(CHy), \
COOMe cat. B
iy catB [ (CHy (CH)w (0.10) , P;

CH2C|2 ?HZ CH3 'Pr N ,Pr
M Q/\k
COOMe OMe

prm— +

INOOWMEEZLEIT = — U —F U THEAFIA LI EE RN T 20 B S
HE9ITY, mF L UANOHARE )~ — R LIZT = — 0 U —F T E R DALEEIR
B2 EAKEbHE SN TS (K 0.11-0.14), 1% X, Brookhart &idoa- A I 2737 27 Al
EHWZ 1-~F 2 OESICEBWTHEE LD 20 7 0WR Y (1-~Fk2) B"EohbZ L%
WEL TS K01, Z0HE, RN F 2—r U3 —F 0 7280 RigE i ~BE L., XV
UG DV I NERIB RO N LB BID, Fio. ANKHE, TN SR T V7 AL & PES
TN A E T DD 1,6-V U EREICHNWSZE T, Fa—r U —F I 2 ROBR(LE
BRIGEREL TS (K 0.12)%, EFE-TAFAEEZATHERA L7 40 &2 AW TZBIC IR

FRIZBWTERICEESICHETT 52 E B AM L THAE0.13)%, = :7»¢/%m%
BTHv7andYUgEiktzt /) ~—L LTHNDZ LT, Y7 undb i ETRE—IRE
FEEDOHEEEZITo TS (K014, LEDL I, Fo—r U4 —F U 7 IE@ED FARO I
BOCHIAREATEY | BEORFNI LV ALERRAICHEOHEELITI 2L bR 2o T
%y

cat. A
e~~~ H poly-1-hexene (0.11)
CH,Cl, ’
88 branches per 1000 Cs
y (<< 167 branches)
/
(CHp)y — C

f
NaBAr" (CHz)m} (0.12)
\2 74 CH,Cl, / n

z z” 7\
cat. C R® N N R®
NaBAr', M

H aBATs (0.13) \
m m

CH,Cl,
cat. C

cat.Cf M=Pd, X=Me, Y =Cl
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CH,Cl, m
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BN ORI ENT WD, BIZITFERESIZA I EDOT V=V EE2KRIZLTca-v 1 2
VBN A SO T R BT DT AEHKICET SRR LRI RN T, Fa—r U —F T
DT )X —FEEEN 6.9 kcal/mol TH D Z & &A/R LT 5 %, F72, Brookhart & Fa-TA I U EL
FEHLOTFNNRNT T LGHRICEAL T, F2—2 T4+ —F 27 10kcal/mol UL F CTHAITT 5 Z
EEERITRLTND Y, INHOFREIFT == U —F U FREFITEZ DT WBRT
HDHILERELTND,

FL 7 4 VEAICBYWTE T == Ur—F JORARED SN TWNDE— T, Fo—V
A —F T EFIH LA N OEBIEIZ 720 8, Bl 21X, Heck SUGTR DT V7 v SR
WRIZBNWTT == U+ —F U IREITLTVD EBEZ LN SN N OGS TS
67, K 1X2,3-U 8 K7 T OARFH Heck MIGIZBWT, T UABAB LD B-t R U RIBigE%
TR ETT S Z E2HE LTS (Figure 0.3)0, FRUIKTI OT UV —/L— 3T U7 LG~
TN PEATHZ LKA RNAET 5, B-t R REBER, T o0 A—T 7 ik
ANEEET 52 LT, @RPBE LTHIK vV 35605, &EIC B-t B U FHEESET L
%, PR VI DD T 7 U 3RS 2 Z L2 X 0 EEBMIEOND, S 6T, T U — iRt
MFBHEIZE > T, HEOICEL L “EHEEOMENRLDLZ LN ZOREOFHETH S,

o) . AOTE Pd(OAc),/(R)-BINAP An, O . Ar @
\/_\/\ 'Pr,NEt, benzene /\_\// —
major minor

l Ar-[Pd] ‘wd]

A\r o _, Ar., o _, Ar, Y _, Arn, o _ A, o wHo A, o H
P@&; ;; %; ;; L; LL@]
Pdl  H [Pd]—H H-[Pd] [Pd]
I I I v v Vi

Figure 0.3. Asymmetric Heck reaction of 2,3-dihydrofuran

$7-. Sigman ST G AT E SO T L 32— L% U Z AR5 Mizoroki-Heck S it/ S MV R
DH T DR R LTV 5 (R0.15,0.16)7, 24D OIS TR E — RFEFETEHE, T =—
VU =X TR VEBRNPT NIV EREE L TWDIRFE EA~EBEIL, 7L — LB
IZT AT REIET b~ Efishb,



OH cat. Pdy(dba);

= o
2 cat. L1 1
RWR1 + ArN,PFg RMRZ (0.15) FsC‘@—Q j
DMF, rt N N,
L1

n Ar n
[Pd]—Ar l T ~[Pd]
— H*-DMF
[Pd]  OH chain walking OH
RWW RW[Pd]
n n R!
Ar Ar

cat. Pd(CH3CN)2(OTS)2
OH cat. Cu(OTf),

t. L1
wa + ArB(OH), ca RWJ\W (0.16)
DMF, 3A MS, Oy, 1t R3

R3 " Ar n

Sigman HIL AL D DAEEIZEET 2 A A/ L7201, RBEH LICARFREZBEA L EEE
HWemF2ToTnd, ZORIGTIEER D= F v FA~—DRN 2 HWTHEICH, Bk
DHXT VT 4 —=DPERIIZBNDTERIRFFS I, R ROEFIBFGHDL &0 D RN HE S
T GR0.17,0.18)%,

cat. Pd(CH3CN)2(OTS)2
cat. Cu(OTf),

OH cat. L1 Ph (0]
Y\/\;/\/ + PhB(OH), )‘/\/\N (0.17)
i DMF, 3A MS, Oy, rt v

e Me

(R) >99:1 er 65%
(R) >99:1 er

cat. Pd(CH3;CN),(OTs),
cat. Cu(OTf),

— 0
e
= OH cat N N7%gy  pn _0
M + PhB(OH), )‘/M (0.18)
Me DMF, 3A MS, Oy, rt Me

(R) >99:1 er 62%
(R) >99:1 er

X 0.17 B L O 0.18 OHEESGHERE % Figure 0.4a |29, b L. ZOMIGHF =—2 74—
XU T ERTIEDEITL TWD EIRE LTS E. BE VILOT VT e T V=g oy
LFENS LTtk BB REH E2HEND Z L REFEF EEBIIT LB OND, DF D,
HEA X E 72 R X 25 7 0 o OFRBEZ X 2 RO R RO RITE Z 57220 & T4
END, —J5, FRAX B I OHEE X 225 7 V7 OfFBENKL Z > 72568, REERITRE
NN EEZBND, FlzxIE, Figure 0.4b (TR T X D ICHIA X 2B D 7 V7 v OfREEN
Z YRR XIV 2 52 725G —ERBOAREEFERNERT S, 22T, X017, 0.18 1R T &
IIREIR DTS T A —DORFENL T AV, B PREX £1EXV 2T, £
NENKIST DD F o FA~—DEME 525 L PREND, LhL, EbbnxF
F A~ —OENL W TZRFHZB W TH RO AR FINEZ S > T R IKERIBELNTEY



INHOREREZIT T, BEELIL, ZORICOERBOBENEBRIIT VT U ORBENEZ 52 &7
<HEFTL TV B ERRTnE, 20, X015 2026018 ITRLIERTTF =—r Uvr—F 7
AR THITL WD EEZ DD,

(a) Proposed Mechanism for Chain-Walking Mizoroki-Heck Reaction of Alkene Bearing Alcohol Moiety

[Pd] H [Pd]
oH [PdI—Ph_ q;T/J\\//\\V/A\\/ Q>T//\\/z<\(/«\v/0H
Y\/\/\/ Mé Y
Vi Vil IX
H-[Pd]
Ph /s~ _-OH Ph OH Ph 2 OH
Me Me [Pd] Me [Pd]—H
X Xl Xl
[Pd]
- B
Me [Pd]
X1 (R)-product

(b) Racemization Process via Abstraction of Alkene Intermediate

H~[Pd] H-[Pd]
Ph}‘M,T’N\/OH — PWOH + [Pd-H Ph N -OH
Me Me Me
X XIV XV

| l
Ph _ OH Ph _ OH

| 11
P’WO PWO

e
(R)-product (S)-product

Figure 0.4. Mizoroki-Heck reaction of alkenes containing chiral carbon and alcohol moiety

—J, Fr—rUr—F 7 LEUOK#EL LT, 2BABEIT DR OB T L VN iR
B - R AR L, R E LTT V7 v DRk & 72 BAEIR % AR 2 BB 0 B L RS 73 &
V. UFICRT LD RREBOT Vo BMERIRIZE L X Z OB CH#EIT T2 L ZE 2 6T
W5 9 Bl 21X, Grotjahn 534G L= T /L7 =)L 7 )L a— )L BMAL SR, &K 30 [RFEH D
THEEAOBE R CTRIGATEEITT S (Figure 0.5)°, Z ORUGTIX, BUSHIHAB M2 U TR
DNEST NAr v ~EBBE I, W TT AT e RBERT L EV I ERAHEINL TS, 20
FISBREICB T, ZRENDRMA LT V7 RN HEON T % 2 & T, BAMIC
BRST EEBEIL TWA LT DD, GBROMBERREZ S VI RT, Fo—r U4 —
XU T ERRD IR L RS L OV ORRER R E < B D,



l
30 mol % Ru cat. Ru 1P

28 acetone-dg, 3 d 28

81% BuTNN—
Ru cat

o ™M <M M

R =—= PP VTR = MTRNTR s TR —— aldehyde + [M]
JJJJ\/\R /’b""/\R

+ +

[M] [M]

Figure 0.5. Stepwise isomerization of alkenyl alcohol

F72, 0.15-0.18 27" L7z Sigman 5 O & ILRAYIZ, Mazet 137 Va2 — V(i Z D7
N VO BIACBORIZEB W T, AFROFBRBRFEIS 2N EVWIFEREHE L TWnD (K
0.19), Z ORI TIE, WEHEOT V7 VAR T D Z LICE D | AFHERDBPBERLTNWDEEZ L
NNTEBY, ZORENLT = —r U —F U THEETITR S, BB BRI TeEREN6D07
VA DIRBERSHEIT LTS & B E IR T WA, £72, ZOMBERICE LTk, Mo L
TT T BENLT 5 L0 S fEEE LT RREO TN R EICHFET D LW HERBENME L TERY,
RAT 4 2 RT Dy MR R Z TREE A L TWD B2 b,

Cy,P. PC
5 mol % y2 \Pd/ v2

/ \
Me CI

OH
N
5.5 mol % NaBAr, M
Me
or

50 mol % cyclohexene

= OH
Y\/\,\:ﬂ:\/ CH,CICH,CI, 85 °C, 18 h OH
s
(R) >99:1 er W

_0O
Me

38%, 0% ee

VLEIR LIz K D T o v O R BEEERMEAL 2RI L CRONEE R 2 BB cX v, @ AIE
PEZRALE CORAMEENRE L 720 | BEFOFIEE IXR R D0 T ERERIEICERN D EEZEZ2 O
Do ZOXRIREATORISITN DfESN TS, BlzIiX, 7Aoo Revia /b
BT ETIE Vv a =0 A3 BERER FAMEAL 2 8 TR BRAA A & 13 H 70 2 R IR IR FENL £ TR ET
HZEEHELTND (020)% Z0X)IC8E— REMEDRIMKFZES~BE) LRI AHE
BEATHOBNT, 77D Raii Il 107 X OV 27 U Y 280 THE S
NTW5, 72, Ryu HITFT ) v ~DOT AT & ROMIKIGIZEWT, B KIZE Y A% n-T
UNLT =0 MR ERBT 5 Z L12 k0, DR VED oL TORFE—IRFEREA Ok
TT5Z2L2RHELTHDEE02D)%, DX 5T A7 v O EHEERECEZTIE L2356, &k
AN AR I — IR At G Y FLBR I 22 T8 & 7 DAL E CTHREA TR 2 5 2 E %0,



3CHy
& Y NN @ cl @ cl
\ \ \
C - Zr</\/\/\ (0.20)
H 3¢ K '3CH,
Hy

85%

10 mol % RuHCI(CO)(PPh3z); O [Ru]
)(/\/ — R (021)
benzene, reflux

R= aryl aIkyI
1.3 equiv 66-95%

IRFEDBEOT = — 2 U+ —F U T EREHNT 5 LB 2 DN AREA MG S 5T
%o BlZIE. Wolfe B35+ 7 X /D, i b SARANTIABREWDOD 7R WEED K £ TRB A
BEIL, RE-IRBHESRDET T2 E2WMEL TS (R 022)%, ZORIGTIEYT AT
VBRI SOEDEIT L TWA Z &b, T NS 5 2 L7 &R 0OBE 2 TiRkE
—IRFBREADIERL TN D EEZBND, £72, Baudoin HIFTATAEBIN a-7 2/ AT )L
DT V= /ALBIST BN T, KIGRFBENL TREBTERBETT 5 2 L 28 L Tns (X 0.23%
0.24%), 22T ND B ALYV —/MEBISIZEN T, TS o OfFBER D &7 A AAFADR N &
WIOHEMENELNTEY, ZOMBRLT == Ur—F U T ERTHETLTWND EEZ LN
5o 2B EUT Baudoin 5133 0.24 DISICEBWT, IRFBEEZRLIHITL TN &, KigRFET
BHDHIINKR=NVED v, 8, &, (AL TOREETEMRLIENETTTHZ L 2HMELTWDH, L, &RHFE
PNFEL 25icoNT -t RV FBBEIC L2 7 V7 RO AR EN T 5720, IERMET L
TV ZELHETHELTBY, ZOMGETIETF == Ur—F 0 70 HE 0 RMITHEIT L
TWRNWEZEZ bID,

cat. Pd,(dba); H
cat. P'Bu,Me*HBF
mHA1 + ArBr — : A (0.22)
r NaO'Bu, toluene, 110 °C N
H R\
Ar
H
Al\r
<j/\ [pd]l..CI\/>
N Ar- [Pd] N
Ar—[Pd] APl H A H o A



5 mol % [Pd(dba)s]

10 mol % DavePhos
R . R

CyoNLi
oo C)\,H N Ar-X oo C)\,Ar?’ (0.23)
2 2

toluene

5 mol % [Pd(allyl)Cl],

NB F 10 mol % DavePhos NH .
N2 Cy,NLi Ha, Pd(OH),/C 2 024)
+ Br .
MeOzC)\QAH toluene, 60 °C MeOH, H,0, AcOH MeOzC%
" F 20°C "
l 47% (n = 1)
Ha, Pd(OH),/C 33% (n = 2)
25% (n = 3)
chain o =
BN [PA=AT  walking _ NBn, NBn, 2% (n=4)

MeochHAH Meozc)\@/[Pd] Ar MeOZC)\H/\

n

LLED X RS S OBEN A R D FE GRS EN S DD E SN TNDEN, Fo—r Ut —
X U U Il NIEMERALE £ TR - IREM A A BB S TRHATE S 263 720,
ZITHRIE, F=—r U —F 7 EFIH LR AEEUIEZ 72 70 B OIE O — 2 & L CHeSE
THZEEHELL, FRC. :wyWjH%yﬁ%ﬁﬁﬁé%f—ﬁﬁﬁé%%ﬁmkLT\
T OB EEMELOS MIZHER L, 1L,6-F 7213 1,5- = > OBRIL BMAL IS IE m WO R 203
b o CTHERMENWRRKGTH Y, e Btz AV CTER SN TWD, 0K
72 IS D —-> % Figure 0.6 |29, fMEYEMEFE Ch D@ N R XVILO—FH D
TN CSELE, AR T XIX BAER L, S6IZH 9 —FHDOT VT DI VR A 2 LD
17922 L CHERERTHIE XX DERT D, EICB-E Y FBBEL2%&. 717 » OB E
Z5HE, BRE R RBREHAETDE L BITERBER XX NELND,

rtl 7,
Ci e <1M] H insertion M
X X

XVII XVII XIX
[M]-H H insertion
[M] B-hydride M
<:/li CE elimination
_—
XXl XXI XX

Figure 0.6. Cycloisomerization of 1,6-dienes

—J7, L7 4 CEOEBEN S SN In-Y T n27) W ILEBRERKSICE LT
ITREFIRR LN TND 12 WKiG@g%ilS/I/@%miﬁMﬁm% ER LTS (N
0.25)!%, F7=, FESIX 1,7-V = OBRICEMACRIS S B 2R TEITT 5 2 L 2l LT
L, RISHEEEZEZ OGNS 1L,6-P o ZHWEEA 1,7-P = DA X0 BRI RIS
T LV RRPHFELNTND ) i i LT\%%%iﬁﬁmﬂ&%miﬁm@%

10



AR CBRALBIEDEIT L TWD Z e B2 TEY . B LM DB LB OB & bl LT
<, ZIRAZ2EMALNEIT L TN Enbnnd (3X0.26,0.27)12¢¢,

T, BEEHOIIALT =0 AMlEEZ AW 1,7-B XN 1L,8-v = ORI EMAV G 2855 L
TR, e RBEHR IV U b HAERILEMRE LD (K 0.28), ARRINIEE —RFERE
ANERFFOBORE LICBEI L THEITLTWA EE2 NS e, Zo X HiT, BefEry M
fbxfs 1n-v= > OBRACEMACSOGIZBET 2 W& 13561 5 b 0o, B #EISHPAILR 5T
W5,

EtO,C = or EtOZC@ cat. Pd(ll) compound, HCI Et020><j|i; (0.25)
EtO,C N EtO,C = CHClg, reflux EtO,C

MeO,C = 1 mol % [Ru(cod)Clo], Meozc><ji/ 0.26)
MeO,C N IPrOH, 90 °C, 24 h MeO,C '
trans/cis = 84/16 94%
>80% isomer purity

MeO,C = 1 mol % [Ru(cod)Cly], MeOZC><I/rrH MeO,C ©.27)
. )
MeO,C =~ PrOH, 90 °C, 24 h MeO,C X MeO,C

72%
60% isomer puritity

5 mol % Ru cat. P P EREERCEEEEE )

=\ ! [ :
©\/\ 1 equiv OTMS ' MesNYNMeS ,
! ! 0.28)
' Clw I (
N N e

ClI~ |

n
Ts Ts no Ph
81% (n=1) | PCys .
58% (n=2) +____Rucat .

ZTIT, bLF=2—r U —F 72 VRO LRI ERUSITHAAT 2 & N TE UL,
X0 28672 1n-2 = U OBRL B EOSDNZANAT 2 5 L MFFCTX 5 (Figure 0.7), il 1%, 1,8-
VXX E AV, —FOA VLT 4 Ul eEe RY REDRIGIZE D XXV 24T ¥ 72
B, Fx—r U —F 71T LERVEKMBMETEBELZBH ST LT LS X,
Figure 0.5 & [FERICILBERBERIBEIL, BIUEEXXX B3 GEONLE26ND, ZOX IR
JEDER TEIIE, BENIAIBICH DA L7 4 U EFIF LT, @ ANEERIRE - KBRS Z IR
T IRBIEANEEMT D ENATREL 72 D72, sp? RFE —KEEEGOERELOH -/ Tik L
05D, I T, FEEEITF 2= UF—F T ERD In-V T OBALEMALIG OB & H
R U2 1T o 72,
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chain walking

XX XXIV XXVI

u

M B-hydride p M
eI/mmatlon insertion /f,
S -
XXX

XXIX XXvii XXvii

Figure 0.7. Proposed mechanism of cycloisomerization of 1,n-dienes via chain walking

B1IENOEIETIITZ o bl RT3 Uy AGERE ML U THW: In-v = D8Rb
BVHALSOSICOW TR Lz, 55 1 BCIIRE & UCBIRT V7 L & R T V7 B % DF
HFHo In-YrEAN, Fo—r U —% 07 ERDBALBRME LIS ORISR X ORISR
BT oataiT-7 (3X0.29), 52 HECTIIBRIR T 7 VERAL & ORI T VA7 L A O b Ok 4
72 1,n-V = OBALRMAL/ /KBRS 24TV, ARG O HE S & 2317 (3£ 0.30), =5
28 3 B CIIBRIR T V7 BRI A CIRBRIRNER T v o VBB A & DRk %4 72 1n-v = DRk
FMEAL K BIIBISIZ W TR L2 (R 0.31),

7 N/ \
cat. =N /N_
Pd_
c” “Me
MeO,C cat. NaBAr, MeO,C (0.29)
MeO,C Z  CH,CICH,CI, rt MeO,C
m
m
7 N/ \
cat. —N\ /N_
Pd
/ AN
Q c” Me H, (1 atm)
cat. NaBArf4 PtO, (0.30)
Z .
A~  CcH,CICH.CI, MeOH
m
m
7 N/ \
cat. =N N=
Pd R
R (o] Me H, (1 atm) k
cat. NaBAr, PtO WSR2
Z/\/\Rz ] 2 z&; (0.31)
CH,CICH,CI, rt MeOH
s A

12



Fo. FHABETIIMOKRKDa-T A I VHREA T L TEY DA U a2, b
EEANLTICH 08T U0 AR AR E UCRIFA Lz 1Ln-V 2 OBEEMEALESIZ DV TR
BiTolz, 7=ty hr )y RT Uy AER L RIRRICH 2 72 1n-v = OB EMAICE F ATRE
ThdrZ WLl (K032), £7lo, AFREZATLHEY D —FFH Y XTI T L
PEAZ WD Z & T, AFRIG~EBRTE S Z 2oL (F0.33),

Q c” Me  H,(1atm) L
/\)\ cat. NaBAr', PtO, MSR2
z or Z (0.32)

R']
R2
or Z Z
\/W W CH,CICH,CI, rt MeOH
m m
R']
0
ase
cat. —N_ N g2
Pd
/ AN
Cl Me H, (1 atm)
MeOZC = cat. NaBArf4 Pt02 M602C (O 33)
MeO,C ~  CH,CICH,CI MeOH MeO,C ( '

m
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ZN

FBI1E 7270 ba )RV L8EKERAVE Ln-U VEORIBEMSBRES

2
il

i Tl 72 BT, 1,6-38 KO 1,5-V = v O BHL RS 38R 2 72 RS £ 0 EER S h T
W =T A LT g CEORRES N Ln-Y T = I LRGN A < BN
#PHHIE ST 12, Figure 0.6 T/ L7z 1n-U =2 OBALEMALS IS T S H 5 720121%
F =2 U —F T BIORILOW T O 0t X 2T S HMENRNEL D,

% Z T, Widenhoefer L3RG L7=7 =F v b ) oR_T D0 A§HRE W= 1,6- = DBk
BMLRSICIER L7z (Figure 1.1)1%, 2 OIS TR, — RS ERMALEIS & Bre b | =Bk
FL 7 N E SO HEBRILEMN EAERM E L TR LN 5, Figure 0.5 TR L7 Y= DBRL
JO BAEAL SRS & FRRIC A F L oo mmo 2 SR RBIR DS AR T 5 08, ZDBITAL 7 1 o
DIRBEENTEZ 2 L0, AL 7 4 VOFFARETT 2 2 L0 LY, BAVRINC R E 2 =
FLT7 4 UBERTDEZEZDLNT VD, ZOBRETSROBEINA LT ¢ AZHED SN T
EERTHRRETHY, AEEZHNWS ZETF=—r U —F 0 72 RIEITSELND &
EZ LD,

4 mol % (phen)PdMeClI

E><:\/ 4 mol % NaBAr, E><ji 7N\ N\
E N CH,CICH,CI, 0 °C, 14 h E - \=
s

E = CO,Me 71% \Pd
98% isomeric purity c” “Me
L _paw| Bhyelide |_(Bhen)PaveCt
elimination

Bhydrlde H- [Pd] H [Pd]
e/lmmat/on ><:/( insertion >€i

Figure 1.1. Cycloisomerization of 1,6-dienes using (phen)PdMeCl by Widenhoefer

Z Z TYHFFEE TIX Widenhoefer & OffiiiA % 2752 (phen)PdMeCl Z V5 & L b2, v 71
ANFBU LR VT 4 VAR SO 1,8-Ym la B EEICHRE L., BRORIGETH S 1,n-
Y OBRLBMCISHRE 21T 2 & & Uiz, HNFEEICBIT 2HHEE TH D, &b
TARZERFIEIC IV T AU 2 B 2 it 217> T, B Y DVEk 4 b OB+
DINRNC T = — 2 U4 —F L T EEITSED E VI MAEZHG TV, FFic, 7=F v btrl v
N?VﬁA%Wﬁﬁﬁ%@%%*ﬁﬁéﬁé%ﬁ?%é*&ﬁfwémfwto:®;5ﬁAW

JERNL R TF = — 2 T 4 —F v TR L HEITSE LB E LTUTOEENRE X LD,
iT FHEUBRNL T 537 P At L, TR T 5 Z &Ik - T, KBS EFEY — 20
S ADBMRIZH DENEICIRE L, T ADOEEEZMEE LT 5 B-v KU REEES KO L7 AfiA
DEZ VT2, @EOBEIPNEMETT 700 eEZEx6Nn5, £z, 7=F v hnm
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U B FITIR o- R —MEOBRNF CThH DD, @R ENEFEERRER LRV, o7 787
B—THBT N LRSEETH LT, TAT COMBEREZ VI R THD EN) =
LbEZOLND,

213, 18-y 1a ZHEICA. 10 mol %D 7 = >F > kU 235 0% LK 2a 157E
T, /oo o BIRCTKIGEIToT2E 2 A, JBfRA VT ¢ VENLE S OBRIIK 3a 23 1
PRI L LT, GC IR 69%, 18% CTAHIT-, BIERM L L CIU@E S L 7 ¢ V% b o5k
1K da 7% 18% CRLEI S 7= = LTz, W< OO RIHER DTN SRR INE G 1.1). K
ISR DORR AT o728 2 A, 2a DR % 2.5mol %, WHEA SmL (T35 2 &I &0 Rk
AL, GC UL 84%T 3a B3 H iz (3K 1.1),

7 N N\
—N\ /N_
cat. C|/Pd\Me (2a)
E cat. NaBAr, E + E _
E . CH,CICH,CI, 1t 3h E E + other isomers  (1.1)
1a 3a 4a
E = CO,Me
0.1 mmol
10 mol % 2a, CH,CICH,Cl 2 mL:  69% GC yield 18% GC yield
2.5 mol % 2a, CH,CICH,CI 5 mL: 84% GC yield 10% GC yield

5T, 1a OERALEMELEISIZ I T DAL OB H1T - 72 (Table 1.1), FUSEHAAT: 3 IRFfH
F Tl 3a B L0 da OUCESHIMN L7223, SUGBRE 24 Ff##% Tld 3a DIEEBME T L, — 4 T4a
OWERBEEM LTz, T2 THRIMDIZE D 3a D da ~DOBMHEALOIHI 2 ATz 2 A, 10 H&ED
I EAXEUETRINLESGAIS, 3a DIERITOCIKR T T2 600, KGR ZE LIEHAEIC
b da DERDPINABNDZ LNl
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Table 1.1. Time dependence of cycloisomerization of 1,8-diene 1a

2.5 mol % 2a
3 mol % NaBAr',
loh
E (cyclohexene) E + E
CH,CICH,CI 5 mL, rt
E N 2 2 E E
1a 3a 4a
E= COzMe
0.1 mmol
additive time yield of 3a yield of 4a
none 3h 84% 10%
24 h 63% 33%
10 equiv 3h 78% 4%
cyclohexene
24 h 75% 6%

PUEDRER X Y TR S N HEE RS 2 DU T IR T, 1 U I, BRLIE 3a e A mbh %
Figure 1.2 (27”9, 7, MNEMHERTH L7 UL FU Rl 1la D DDA LT ¢ &)
DI E LD SARHPEABA DD /INS VR A L7 ¢ VUL & St L. 7V 04 B FlE XXX D3 AE A%
Th, ZIMEFa—rUa—F U SPETTH LT, ST VY LR ERRE AL & T
B, PEEXXXIL & 725, 0%, ) DAL 7 4 UBMEAT L Z LT, HERTKRIE
S S AUTIR XXXIV 2VERE L, %12, B-& U R, 17« v O = 52 & T,
B LT 0 AT D 3a B BIS, — K, XXX A5 XXX ~DF = —2 7 4 —F >

DBFRIZIBNT, B-&B RV FiiEEE @R OMEENE Z 5 2 & T, B (b AT L7 IER
R XXXVI RIS & LTERT S B2 LN, £/, XXXV 205 & HICB ML LI baw
XXXV MRS 2 A REME & B 2 b D, ARBUNZEUVT 3a 25EIRAYITAER T 2B BT > T
VIR, %L@?iH/?¢ ¥ OBRICBNT, VAT MO R D72 T
IV DIRBESHELT Lo WMLE T VA7 v OfRBENE 2 5 7= 8, HEFHAIC 3a 75@5; LT3
&ﬁwa“éoik\;ﬂ%®ﬁmu % T DR G ORI X 0T LTV S
CENFBERTNS %, A2k, MEEEHETH ST Uy AL KU R \A7V¢Af¢w
SR L 1a MBUS L, A F/ALERM XXXIX OERZ - THEL S LBEZ NS,
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chain walking

E [Pd]-H insertion g [Pd] E '
P —_— . =] '
E 7* >8/\[Zd]‘H e — ¢ [Pd] |

XXXI1 : XXX XXX

[Pd]-H

Pd syn
o [Pd] P-hydride
E ellmmatlon E
E
3a
‘ ﬁd]_H
X
E

XXXVII
E [Pd-Me  E [Pd] E
E>8/\ E&Me — E me * [P
N
1a XXXV XXXIX

Figure 1.2. Proposed mechanism of formation of 3a

W TILAEY da OHEEERNHNED— D% Figure 1.3 12737, {LEW 3a BER L%, 3a 2
Figure 12 T/R L7 b & b LB E L TWem & ITfom»baie FU FICHEENL, AT
5 Z TR XL 3 EKT 5, ZONE. BEMESOKEEZGI SRS ZERREL bl
W, BULEAR T L TROLERMERT V7 4a B3 FoN5,

g
| [Pd]
E recoordination g insertion g [Pd]
E E E
3a XL XLI
syn
B-hydride
elimination
syn
B-hydride H
E elimination E insertion E A
-~ [Pd] ——— [Pd]
E -[Pd-H E E
4a XL XLH

Figure 1.3. Proposed mechanism of formation of 4a

ARBS ORI LT, HEEMKSEEEZ TICE L DD ELTO X IIZEZOND, KA
HIEEPEIZ B W IR RED @WK A L 7 ¢ VEBL A2 B0 1la RFUTEAFEL TN D) 1a
MBS U CAlBE & BSOS L, 8a 2MERL L7212, la L ORI TEHCNIA LT 4 U REBHEITT D &
Zz b (Figure1.2), —7F ., FERHHREHE SND L, 3a DRENREL 72V | 3a A LD
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FVUT 4 URBNHEIT LERD D, FDRRIZ, Figure 1.3 [Z/R L72H A XL WA U, 4a ~O Mk
LT L, da OAERENMNT 2 B2 615,

ZIT, BE~OENEEICEAL T, 1la OKRNET VT > 7 aasFt >8a ONEIZA R IZEAL
FLRTWERET D &, RSB TII 7 a~F v L0 b la MBS U Tl & RS L.
Bax b 2%, —FH, RUSHEMICIHWT, la NHBEIND &7 maFt oM L TRl ~ & i
N2 Z & Tl 8a ~DOFEEMLZFHE L, Figure 1.3 (2”7 X 972 4da ~OBEMAL S IMZ Hh
%o UED X I 7RBEHIC LY v 7 a2 U BRORUSIF L LTV & RIS,

LU 6 ZIE TCOMFHIBW T, KRNI LR Th 5 3a D BAFRIEETHERKT 51
LD LT, da BIE U & T DA 72 BYERD AT DR MFAE L, M SRR A &
x5, SHIZ, FERMTHS 3a & ZOMORMERIL, BB IO FOREENTE AL
Ul @Dy YV AFN AT Lr7a~ 7T 74— GPC ZHWT Y, 3a @GR CHEEST 2
ZENREETH T, FDTD LLEIIR LT BUS DT i L O DR E 1L B RIE S O
WRETIT o Tz, LavL, O X9 RBUGHR T, 3R 722 SOCHE DT A INEECH 5, £,
AREOSZBET B & LT, oA HHEE LI SSEICIR SN TR Y | KISHEEIC
B3 2372 A E DI TV RD o T2,

I TARETIIET, RSO RMERAERD ORI BHHEORR 1T o T2, 61T, AHE
1a & AW 72 SRALEMEAVBOG D ROSHEREIZ BT~ 2 F 78 21T o 72,
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%1 HE ERERE A Y B E OB AR R 3a o B

AR L7220 F == U —F 7 %2RD 18-V OMBEMBRIL BMALISIZB W T, 3a
WEEEDE L THLNDILOD, 4a XL LT HZDOMDBIER L ORBERREETHY . £
AU SOS A BA O BT I B RIR AW O £ 1T o Tie, & 2Ty RGO B A RS O
AR 22 BEERS X O 2 B A9 L LT, BMEIK 3a O BEEEORF 21T - 72, RIS, ARBUE D58
BE LT, FEITRA oA L7 ¢ VEIERDOSEEN G SN TV A IBIRE A Y W5 a~
NPT T 4= ZER LT, ZOFETEEA VT 4 EOMBEREZRAT LT ALV T o
VEMREGEECE D 2RO TS, T T, BERMLKSHORAME, ZOTFEE
AWTHER L7 /ES, 3a % da B8 X O OMEMEERD S RICTBET 5 2 E N TE T, BIMEE
FIEE 95% & SERICHMRE DHET 2 Z LIXTERD ST DD, U3 78%T 3a 1572 (K 1.2),
7R BEUAR 3a ONLAEFAITE “BIR LB IR Sa SRR B D L LT, SEEHEIEZRE L T

W5,
2.5 mol % (phen)PdMeCl
o f
E 3 mol % NaBAr4 E , E + other isomers
E N\ CHyCICH,CI25mL, 1t,3h |E E

1a 3a 4a
E = CO,Me
0.5 mmol

purification by

25% AgNOg/silica gel
column chromatography c (1.2)
E

3a
78% isolated yield
dr 96:4, 95% purity

FEED FIEE VT, 7 u~de U BN E L Ofc 72 1n-Y = OBR(LEMLRIE & AR
YVIOHEEZ RS L7 (Table 12), 1,7-V = ZHWEEE, BB LT 0 Uiz D 3¢ 2 H
B ER 56%, T AT LA~ —H 97:3 T2, S HICRFEHEZMIT L2 1,9- = 1d I8 L 1,10-
v le ZFHWIEEA, TNENUEE 63%, 56% TE7-, SHITRBHOE W 1,14-0 = OBRAL
Bz T, HEENE 50% T 3f 24572, TNODOMIGDERME LT, EERMTH HER
bfk 3 RLEDMOFIESRD BRI S, R, REEEZHEIE D Z LTV, BIEDETE
T HMAL DB DBMEIT LI B OB IEZ DR L TnoTz, ZD72d, TV LEHOE W 1,14-7
T DX BRIEEERNEGAEICBWT, 2D ORIERY O 5TBET 2 72 9O 12 BLEFIER X0
TL7, o, AFEICBWTER LZBRILE 3 2820 T2 2 &N TE TR LT, il
DEMERL T D LN TERNSTZT T 7V a v BRVZZ EBIROE FICER > TN D,
LU, KRUSTIRT VT CHOEBEO R 5 V2 WG THIBRIC LB RS
FEOMEEDPEIT L, ZNEI 50%L ETEBRIKIK3 2155 Z LN TE T,

UL EOBRETOFER, BIEARREAEWOREBIZEB N TORTITOIL T ARG RIZEB W T, R
WEF VATV TEIa~ NTT 74— HNDHZLICLoT, ZRETHEEIREECTH - T-
BRAGIR 3 2l B HBEL . AR O 2 K D EERICAT O 2 LS ATRE L e o T,
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Table 1.2. Isolation of cycloisomerization products from 1,n-dienes bearing cyclohexene moieties

2.5 mol % (phen)PdMeCl (2a)

AgNOg/silica gel

E& 3 mol % NaBAr, column chromatography E
E A ~~ CH,CICH,CI 25 mL E
rt,3h 'm
1 3
0.5 mmol
substrate product yield purity
MeO,C MeO,C 56%, dr97:3 96%
MeO,C = MeO,C
1,7-diene (1c) 3c
MeO,C MeO,C 63%, dr97:3 96%
MeO,C = MeO,C
1,9-diene (1d) 3d
MeO,C MeO,C 56%, dr 97:3 96%
MeO,C N MeO,C
1,10-diene (1e) 3e
50%, dr 97:3 96%

MeOzC
MeOZC

1,14-diene (1f)

)
?

MeOzC
MeOZC

3f




%280 BRIRT VA AL & FEBRIRINER T L VL R R S D 1,6-V = v & O T R
T, Ak LU 3 8 ClIARRISDERCEMECEOSIZ BT D at 21T o 72, Frlo, AHiT
RSO EROBEIRFE L L TF = — 2 U+ —F 0 THELSMNCEE SN D BBOA - Bk
% 1) 39 BEREE) ALK IS BT A a2 T o 72 (R 1.3,1.4), ARUSHAF =—r T4 —F 7
TlE7e < | BeMER BAEAL OBE 2 1R CRURDSETT LT ERE L7254 SR RIIiE R E LT 1,6-
UMb BPAET DL E TSNS (Figure 1.4),

ami& = E& — E>< —>= 3a
/\/ /\,J"J\
[Pd]-H [Pd]_
H
E>8/\ IE&
E = ' N
+ : 1b
[Pd]-H _ intermediate ?__
+
L [Pd]-H

Figure 1.4. Cycloisomerization of 1a via stepwise isomerization

ZTZTNET AT L E D 1,6-V 2 b EHWTRIGEI T T2 & 2 A, KISEME S 23
FEEZICB W TE 3a B LW da OAERITIZ E A EHER SN2 o723 1.3), £/, RINTEMHFET
HDHNRTUTAE RY REMERLTWRNZ EZEEL, 1a & 1b O 11 BEWE KNGS HT-
H14), ZOIETIZ1aBLUC1b BETKELT 3a 252754, 3a OIEEN 100%E 785
D, 1a DAREIEPELT L, b (IS TIFE - 725 A IITE 50% T 3a 2 525 2 L L7 b,
B DIRE W % FRAT LT fESE . IR 41% TERABIR 3a M5 b5 & & HIZ, 48%D 1,6-2 = 1b
DR SN, 2FED, ZORISIZBWTAER L 3alZiZEA L 1laBROLOTHY | 1,6-7=
Y b IIFEAEKIEETICEDEE K- Z EBboTe, F£72, Ak L7z Tablel.l (23175
1,8-V = DR E RO ISICBWT, Y 1b OAERIIFOGTIZIZ E A EBEl SN2 o722
LEEETDE, ZOFERTHISEICBRISNZ b X 1la »OERLE LD TRV EARTFHES
Nb, ZORRNPOARKIETIE, AL 7 1 OB EMELIZ X - TlERED 1b 24T 5 2 & 72
<, FTx2—v U4 —F U T E2RTHEGTERBEITL TND Z &R E T,
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2.5 mol % 2

3 mol % NaBAr"
E 0 4 E , E (13)
E N CHCICHCI5 mL, rt E E

1b (E/Z = 93/7)

E = CO,Me 2h not detected not detected
0.1 mmol 23h trace not detected
2.5 mol % 2a
3 mol % NaBAr"
E +E mo’ A NePAT4 , E +E + 1 (14)
E ~ E N CHyCICH,CI5mL  E E 48%
1a 1b (E/Z = 92/8) m,3h 3a 4a (E/Z = 92/8)
E = CO,Me 41% 1% (0.048 mmol)
0.1 mmol (1a:1b = 1:1) (0.041 mmol) (0.0014 mmol)

5 2 fHil :fm% KBS ORISR BI T 5 872 5 A A 155 72012, ARHICIIRIRRFZTN %
FARF LIz 1,8-V = 1a-Dy DELEMALKIEE1T o T2, RISHROEKFED A H~D Z &
IZE - T, K VFEMRLUSHEICET 2R/ GO D L35 2 7o, BRIGEMEIE DA % fHE
R VBN ra~w 7o 74— CX 0BT L1280, B—DAkY 3a-D, G HiT,
ALK 3a-D, O THNMR 2 HIE L7c & 2 A, KimfrFED A FVHENLO B — 27 73 1.8H DR EE THl
M=z (X 1.5, Figure 1.5), ZAUTRumRHRE nMi@E*gE Lo TKBZBOE—INEDLLEZHD
ThodEBEZBIND, KikFE LOFEKFEOZHNPET LRWIGE . 2D 5y OEKFENS A FHE E
WHET D720, AFNAVEOE =X IHOMEL D, 2F 0, SEOFRIZ 0.8D 7y DEAKFE
ISRIGIRFZUNDRFBA~BE L2 Z L 2R LT D,

2.5 mol % (phen)PdMeClI AgNOg/silica gel

o f (D)(D)
E 3 mol % NaBAr', column chromatography  E H H (1.5)
E g :
E D CH,CICH,CI 25 mL, rt, 3h KB CDy oty
a
D (D)H H
(D)(D)
1a-D,
E = CO,Me 3a-D,
0.5 mmol 40% isolated yield
99%>D
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ﬁ 6.000
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0..:9 0.8

2.007
2.009
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1.017
0.981
0.939
0.931

y J
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6 5 4 3 2 1
Figure 1.5. "H NMR spectrum of 3a-D,

X5, EAFZEOSDMIZE L COBERESED7-H, H{'H} NMR ([Z X512 7728 2 A,
KR a LIAADIRFE b-d ETHEAKEZEOE— 7 BENI S, KigRBINLIZH > - EHKELB
L CTWDZ ENboo7z (Figure 1.6), £7-. DEPT0 ([ K DT 2{THoT-& 2 A, REDBX
We D7 F N 1:1:1 O =ZFRRIT /2> TN D I LR S L7z (Figure 1.7), DEPT90 (X—-2d K
RBFEE LTRFEEE =7 L LTBIT A2 FETHY, TNHORH L= RN AF LY ED
KFEO—OPEAKRIZEZHD ST CDH O —27 2R LTS EEZEZ2BND, ZORRNPLH b
BLOCICHKFEOTR IAANEE TND Z EBMERINTZ, UL EOFREIY  1a-D, D> 7 m~
X UBRHEROE S ~DOFEKRFEOBENIET L TE O T, EARENKREGRELNL a 25 NERIKE
b-d ~ERBEIL T2 b ol
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MBOQC
MeO,C . \/b\a
C D2
33-02
b b

d ; -
e
2.0 1.0 ppm

Figure 1.6. 2H{'H} NMR spectrum of 3a-D,

MeOZC —CDH-

35 30 25 20 15 10 ppm

Figure 1.7. DEPT90 spectrum of 3a-D,

T2 BN CH D 1a-D; L BRALIK 32-D; D ESI-MS A2 R LD LB A 1T - 7=, = O R % Figure
1.8 BX W' Table 1.3 127" L7=, ESI-MS A7 KL ODRNAE —27 OEfEL B L= & 2 A, X
JEDRTE TEDOHITITFEAEELL TN b oT, Z ORI TR TOEKEDOR
RIZEAEEITLTEBLT, D FNTOEKBOLZEBEITL TND LN T EEREL TV
Do
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MeO,C
MeO,C D

1 a-Dz

— N

MEOQC
MEOQC \/\
D2

3a-D2

e

I L) L) I I 1 ) 1
304.0 304.5 305.0 305.5 306.0 306.5 307.0 307.5 miz

Figure 1.8. ESI-MS Spectra of (a) 1a-D; and (b) 3a-D,

Table 1.3. ESI-MS area rations of 1a-D, and 3a-D;

entry compound ESI-MS area ratios

m/z=3042 m/z=3052 m/z=306.2 m/z=307.2

1 1a-D: 1% 82% 15% 2%
2 3a-D; 2% 77% 16% 4%

BONTRERZILICEKFZEOLHROMMEICE L TERETo72, £, KFanb b ~LEK
FOBET D HEESSHE 4 Figure 1.9 (277, BB TH D 1a-D, 2337 P 7 Lk B U REL,
FEANLTZ%, B-7 FAT 4 v V8RB BN T 5, IRFE—IKFERGOREENEL IV | C-D #EEH
RITTGLNEBNL LT C LD, B-D BBENEIT L, FEE DR, 4L 7 ¢ UARADBEITT S
ZET BT IEART 4 v IEHRE &2 BBV~ EBEIHNTDH, S HIZCHREAIZED B-
TART 4 v VR F 28T, B-H il KOG ORER, A L7 4 VAN ETT S Z & TH
HRFICEAFERB LU U0 ARKBE) LR ER H AR T 5, ZOMo H/D ZHORE & L
T, T D 20 FHTOA LT ¢ U ZHZ R DR S AAE LG22, ESI-MS OFER LY 4>
F-HITO H/D ZEOKREIZIFE A EEITL T W EEZBND,

25



Y [Pd] [Pd] H [Pd]
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[Pd] R /[Pd]—H H - D Pl
DR%‘\\// H —— D LD _— DR4Y _— le\‘//

HD H HD HD

H G F E

Figure 1.9. Proposed mechanism of H/D exchange between positions a and b

IRFE b D RFHE ¢ ~DHEKFZEDOEENL Figure 1.9 DR & LR TOOBEMEE 2D, £77, B2
B DR D—D% Figure 1.10a (279, Figure 1.9 (Z X VAR L7z H D L0 NEMI O R SE EIC
HD T ODRF—IKEEE D LO—FOEMLZZIT, 1 28T trans-d WAERT D, A7 4 UF
A& T, FEEKBZELND, AEORERIZED B-7T FTAT 4 v 7KL BNEMR L, BEAFEZ
FlEHLS Z & Ty eissMMPERT D, EHIT, T UHANEITT S Z L TRFE ¢ ~ L TAZEN
BEILIZENNELD, 0%, 7IAT 4 v 78K 05 trans-P 8 T HIZT V7 AN
T D Z & TREZ cICEAZBLIOVST VT ANRFEE LT RA Q NEKT S, ZORKTIX
trans-J—cis-M—trans-P O AKELE 2 HOA L 7 ¢ VAL L 7= P ESIEIC AR T 5, — 5. H
MWHAELDE )0 B-T TAT 4 v 785K R 2% 5% Figure 1.10b (2”3, ZOHAICIE
cis-Jotrans-M—-cis-P % #% CHEAKFEOLZHNPHETT D, DFE V| EHABROLZEPEITT H720I11T
trans 33 X W cis O FOREEZ RN T 5 Z ENME L 725720, 1a-Dy DERAGEMALISIZIB N T
H/D 2Z#i7 ¢ BE VA ETHEAT LI L W ORERIT, F=—0 U4 —F 0 7 OB\ T trans 35
I Wcis PRADOH T ZRHALIZZ L 2R LTS, RB, 25O H/D AZHOBFED 1T B-Iid
HELZ K DK L EOKFEORNANRIC L 22BN EZ b D, FEIZ, B-t B Y R
BThrHE. KIEIL253BELREINTND B, 20X 5 RENMEDRER S -7 LET
HL, BHAKFEZEANL TWRWIEH OMISZBW T, EARFE#RIERICB O TRl Sz H/D
KRB E RS ROBHL Y L O@BOBENEZ > TnD & FREND,
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R D
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Figure 1.10. Proposed mechanism of H/D exchange between positions b to ¢
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U EOFEKFIEREROERE L DL LU TFOMEY 725, ESIMS A7 hMLOEZE Y 43
F[E D H/D AT L TE S 7. & 52 NMR IC & AT 5 (k5 a-d T4 FIND H/D 554k
DHEEIT LTS Z Enbhotz, LED X 51251 H/D #2355 18100 H/D 238 & H
ZEE, DFNBRTHLI T == U —F U TR T T OfREEL D b D & A oRE T D
RTHDLEVWR D, DFED . KRUSITR R OfFHEZ 5 BFSH SBIE L T <. RE L2 &8
DREEE TSR OBEINEIT L TV D F = — 0 U 4 —F o TR L > TRIGHEITL T D
T EDPIRES LT, S HIT, Figure 110 [ 3ARIZ, RBOSIZEIT D BOSH A E LT trans 8 &
W cis FREEROE T 2R TCF 2—2 U4 —F U IPHEITL TV DRENFEELED E VD 2R
oz,

%‘ﬂ‘:
il

RETITV7a~twrREREA LT 0 o E20HE S 572 Ln-U = OFREEMALEISIZOWN
Tak~7z,

FP. AT R UBENMNE b 1n-Y T OERILEMELSIC BT D AR O BB B
DR A T o7z, EAERD THDBRILK 3 L2 OMBEMEIKRO B ITMERRE G U B F v %
Weh T A a~ NI T T 40—=PNENTHDLZENbNY, ZOFEEEHATDHIZETEH LT o
VI OBHEEO R DB In-Y = (n = 8-14) MOAERT HBRILA 3 2@ HETEL, ZhE
TARBIGDFRNTIZBIERIBEEWIZIR O TR, 202 EI2X - T, X0 AR O iR
EATH ZEMAREL Ip o7z,

W, BUSHEREIZRET 2T 21T o 72, £3. BRI LEER A R - A PR & L T4
D2 ENTRIND 1L,6-P= 2 1b ZHEITHW L Z A, INHITEAEHEIT LR -T2,
ZORERNS D Ln-Y T (n27) OBALEMACSINIT R & 31 2 B P S LB 2 % TR
FOSITEIT LTV v ) Z ERlbho T,

S ORDHEBIZET DA Z G570, BEARFIEREREIT o7, KLk OBRIGEMEAE
D HID D5 2 ii~T- L 2 A, 5 FHToO H/D Z8ITF L A EEITLTE L, 9FHNTO
H H/D ZEHPHEIT L TWD LW REREHRT-, S HIT, 5 TN TO H/D ZZHITAREA L 7 1 Al
DRFEHETOHEITL TND Z DD oTe, 2D DRERIIAKEN T = —r T4 —F 7
B CEITL TS Z LA FFLTWD, £70, 2D XK 9 72 H/D RZHNETT H720DI121E, F=—
VU —% U T OWBRIZEBWT cis KB L O trans (K T DT VA L oRT D AR A2 TRRA L L
TRDZEDBRETHY, 2D OFRUEDBAERRT 5 SIS BFET H 2 & bR s vz,

28



B2E RRTAVTUEAE b otk% 72 1n-Ux 2 OREEMAL/KFERIMIE

=

§

AR U7z KD IARBIS T, BAEEMAE OB & L TEARND TH 2 ERILIKLISMNT bk~
IR BWERDNERR T D72 BULRUS B RO R E HoIZiHEid 2 Z E R TH 72, Fic,
B Lo TIERT 2 BIEEOHEDN L <, GC WEIZLDEREMTARVWbDbH T, £ I T,
F1ETIIZINS BIEEDSBEORRE 24T o 1ok R, IR E A Y B SV END Z 82k D,
B IRBRRT Vo UEMLA O Ln-Y T2 b EARM TH D8RI 3 OB rIRE L 7o T,
LL, £O—FHT, ZOHEESE TERILEOIERIMET LTW D ATREMENR H Y | BRALAERD O
RN ILRAT SRR & LT > T e, £ 208 2 B TR BRI L& O B RREWITH LT
KFIIMEIEZEAT O Z & T, T VERLONLE D 572 5 A 2 BALIR DO E R 21T -T2, &5
2. ZOFEERARERERT D In-Ym o ~E@AT 2 2 & T RGO B )5 &6 2B
T HMEEA T o7,

%1 BRIR Ln-Y = v OB L B/ /K BRI OG

K 21T L DIC 1,8-T= 2 1a DEALEMLISITIB N T, BILIK 3a B8 LT 4a DAL, BR1E
BT B L T2 A RRBR AR D T 27 LA ~—3 L OFEBRILIR R B < 2o BMAR A AERL
T2, £ZTC, BILREMLEOE &L LOERYOBBEZ R 2T 5720, BRILEMEIEZEDORE
W kE L CleAL Al A2 P72 K SEUSINBUSIC & - TRFEL L. B b AR % fafnfh~ & 254
L7z, ZOFER, BB da 1ZKFELEN o2 b DD, BB 3a B L OZ Do BAERITE
BIICER S, BILERD 5a BEIOZOYPT AT LA~—% GC ([CLHERICE Y AFHILE
88%. T AT LA~—It95:5 THZ (3 2.1), 728, BILIK 5a ORI F1E NOESY HIEIC X
DIRELTZ, £72. F1LEICBWTHWENE 1,6- 2 1b & Z OKBERMBISEDO S L - T
KRFET D L, BRAKSa iZAE LT, SFIERILIE~E A SN D Z L biEGR L TR Y | RILEME
(B RNC B W TERAL LT L2 AE DB Sa ~E BRI N TND EB 2 HLD,

E E . E
>8/\ 2.5 mol % 2a E E E
X

E 3 mol % NaBAr, 3a 4a

E

CH,CICH,CI 25 mL

1a rt, 3h
E = COOMe ‘
0.5 mmol E . E
E SN

Hy (1atm) | 5
— . | a .
MeOH, rt = E ! E




F7o. X201 LFEBEOSEHTIZBWT, 10 Y80 7 o~ 2RI LSS SRR S
LT L. IR 86% T 5a #157= (2 2.2),

2.5 mol % 2a

3 mol % NaBAr, H, (1 atm)
MeO,C cyclohexene 10 equiv PtO, MeO,C 2.2)
MeO,C X CHCICH,CI25mL, rt,3h MeOH, rt MeO,C '

1a 5a
0.5 mmol 86%, dr 94:6

FEOYT DL D2 TF =2— 0 T 4 —F L T OROENEFTDL20, A7 4 O
HEEO R D 1,7-175 1.14-V = E TOREZ AW RILEMALBIS 21T o T2, W OREEIC
BWTHLY 7 e~y 2N LEHEA L RMETICEEITo 2560 I L TRz
{T->7= (Table 2.1), RFEFHOE 1,7-P =2 Se # WA, V7 o~ ORNEIT- 725
A1TIE. GCUNEE 84% T 5S¢ WA BT, ¥ 7 a~FtE U 2T L0 - 8BE10 b R K0T
HEIT L, 87%DHRT 5¢ 2 437-, RBHZMIE LI 19-Vor Z2HWEHALY 7 a~dr o
WINOFEIZEDL T RBEOINELA 2 v 7 a~Ft U 2RI L3270 2358 1T 5d H3Y
RIT%TRONT, —F7, XVAF VT 4 VRIOBEEEORENT: 1e £7213 I IZBWTIE, 7
FEUOTIMCE > TRESWRMET Lz, ZOHE. TAT » ONER~O BMAL O B3 1T
L7 EBRLIEA N2 <GB T, 1e £ If DL ICRBEENEL D EICE - T, F=o—r
UA—F T OBRBRIZBWNT, vkl LT URRBRET LT b EEI LR
Do T T, AN ZHNTICSSEIT T2 2 A WRIZF E L., Se. S 03 FNF IR 80%.
75% T BT,
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Table 2.1. Cycloisomerization of 1,n-dienes bearing dimethyl malonate moieties

2.5 mol % 2a ‘ H, (1 atm)
E 3 mol % NaBAr, E ’ PtO, E
_—
E Z~  CH,CICH,CI 25 mL E MeOH, rt E
m
rt,3h m 'm
1 3 5
0.5 mmol
E= COZMe
(m=1-4, 8)
MeO,C MeO,C
MeO2C MeO2C
5¢c 5d
84%, dr 96:42 77%, dr 96:42
87%, dr 95:5° 76%, dr 95:5°
(from 1,7-diene) (from 1,9-diene)
MeO,C MeO,C
MeO,C MeO,C
5e 5f
60%, dr 95:52 44%, dr 95:5°
80%, dr 92:8° 75%, dr 94:6°
(from 1,10-diene) (from 1,14-diene)

a) with 10 equiv cyclohexene, b) without cyclohexene

FNT, TRATELOZEIZONWTHAD 20, =F LT AT /L 1g, 7 F/NVT AT )L 1h %
FAWT=BALBEMAL 21T > 72 (Table2.2), =F VT ATV 1g W25 E (entry 3,4)I21, AT v
T ATV 1a WS (entry 1, 2) & FIEROIEE TERILIK 5g G HAL, FRZY 7 rAaF L%
W L7 WS B W T, IR 87% CERILIK 5g Mg b=, — . Y= 1h Z W54, fi
W% 2.5mol % DA (entry 5, ONTITFEEINFERITIHE SN2 7o loh, filiiE % 5 mol %l
HIRo L7 & 2 AIEN L L (entry 7, 8). o2 maFt o & HWARWELEC BV TEILA 5h 2
80% TIF BT (entry 7)o T AT VEMEDONLARDORNRITE L THEIIA S TIERWA, =27
NN ZZEZ THREENIZE AL LIZRETONRIIRES B LN N
(entries 3,5), F=—r U A —F L VB ILUPBRILBRICK T BT EAERNEEZZ NS,
= ZAT IO IRIAB G NN REL 8D 2 EI2L Y, JRE A2 b S 572 D12%<
OffEN VLI L 7oz, THOORRNOE XD & il ETORE L Ak DR HN = AT
IVERREDNIRIK I L VB I o T2 Z EN O ESOBE A E LTEZ NS, 72, 1,6-V D5
{EBMACSIE D T VA o OFRBERFEIC BN T, AT AN ORNLZ1E D & Vo T iiEF] 130 4 &
. ZTNOORNROIKRTIC K D NHEEDIKR T OB X bID,
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Table 2.2. Cycloisomerization of 1,8-dienes bearing various ester moieties

cat. 2a
NaBAr', (1.2 equiv Pd cat.) H, (1 atm)
RO,C w. or w/o cyclohexene PtO, RO,C
RO,C X CHoCICH,CI25mL, 1t, 3 h MeOH, rt RO,C
1g (R=Et) 5g (R = Et)
1h (R =Bu) 5h (R = 'Bu)
0.5 mmol
entry R 2a cyclohexene GC yield
1 Me 2.5 mol % none 88% (dr 95:5)
2 2.5 mol % 10 equiv 86% (dr 95:5)
3 Et (19) 2.5 mol % none 87% (dr 95:5)
4 2.5 mol % 10 equiv 83% (dr 95:5)
5 Bu (1h) 2.5 mol % none 51%?2 (dr nd®)
6 2.5 mol % 10 equiv 41%?2 (dr nd®)
7 5 mol % none 80%? (dr nd®)
8 5 mol % 10 equiv 72%?2 (dr nd®)

a) GC yield of major diastereomer, b) not determined

T AT NVENLZBRRIZ LTz AV BT ABERER 1 Z W2 58120%, 7 e~ 2imL
T2 AR 65% T S5i #1572, ZOLEWOMEITHEA S X SMEMEITIC LV RELTEY
(Figure 2.1), 3 DDORFIKFEDSLARILZEH Table 2.3 ORI LT FRSLAREL E (C /2> TS Z &
W0 | BALIE 5a 12815 D KIE NMR 72 EIC L D NS R &~ 5 2 L3R T& 1,

Table 2.3. Cycloisomerization of 1,8-dienes bearing Meldrum’s acid moiety

2.5 mol % 2a
0 3 mol % NaBAr', H, (1 atm) O
><O w or w/o cyclohexene PtO, ><O
o) X CH2CICH,CI 25 mL MeOH, rt e}
(¢} rt,3h o)
1i 5i
0.5 mmol
additive yield of 5i
none 59%, dr 92:8

10 equiv cyclohexene 65%, dr 90:10
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Triclinic, P-1
a=11.0933(10) A
b=11.5651(12) A
c=14.6276(13) A
o =83.478(3)°
p="77.578(2)°
y=60.886(3)°
R1=0.0787
wR>=0.1513
GOF=1.074

Figure 2.1. X-ray structure of Si.

TOoODF VT 4 UM A EFER A CEE LY 1 I L CO R EIT o, v/ natt
Y EBM UL T2GA 2L, BRIBIK 5§ OIERIT 44% Th o723, 10 HEDO V7 aAaF o &R
M4 252 & TERIL 57%FE Tl L L= (Table2.4), ZDHFET 7 a~F o 2M2 52 818D,
JERt DR LR ) L L2 Z &, FEHBS K OVERPIO b7 I REMLIC I S 7= il 2 >
I aAFR AL > TREESE D Z Licky, filEREsRNm E L7z BEZ WD,

Table 2.4. Cycloisomerization of aza-1,8-diene 1j

5 mol % 2a
Q 6 mol % NaBAr, Hy(1 atm)
w ro w/o cyclohexene  PtO,
TsN TsN
N~y CHCICH,CI25mL, it MeOH,rt
1j 5j
0.5 mmol
entry cyclohexene time 5j
1 10 equiv 24 h 57%, dr >99:1
2 none 24 h 44%, dr >99:1

T aX T UERL & ARG T VA L B ST 1,8-T 2 1k OBRILEMALEIRE{T o
Too Ik Z WA JREHERO T2 DIZ, il 10 mol %, 24 KA D SR 2 2 L7223, Bk
K 5k, SKDAFHEE 66%, VT AT LA~—k 96:4 THOLNZ, ZhbOBR{BIAIZEI LTI,
Curran & O L= Sk D7 v EVIENR T FVIEICE S fib 7o B 7 v[3.3.014 7 ¥ L ikEk 16
® H NMR A7 "L 7 b EDHIIZ L > THHEOHER 21T o7, T ORE, Curran
SOEAERMINSKE, ) —FHOTT AT LA~—MN 5k EHEOARY MLERL TN &
PHR 23 NIRRTV TH D LR TE T, ZOREICBNT, MISHBIEWELRIZ DUV TH
FUTRERIZ2 2 RIS DTS, BBt v 7 a Xu 7 VR E TR O BB o T v
TFUNBRBIZENLT DI ETINDLDT AT L OOT HBREE S, BOFES ZTERT 5729,
TNT L DZENIELS | S Ot EEZ Vgl Lic B X TnD,
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10 mol % 2a H, (1 atm)
E 12 mol % NaBAr", PtO, E E -
E N\ CHzCICHCI25mL, rt, 24h  MeOH, rt E E "N @3)

1k 5k 5k’
0.5 mmol major minor
E= COZMS

66%, dr 94:6

1n-V = > OBALBEMALRISIZ BN T RBH LIS FET DA S AT 5 2 eRd
THIH, ZMRRBEALZ D 1,8-V = 1l OB LEMALKISEIT 72 (K 2.4), FEREK DT
DIl 6 mol %, 24 FEM DO SSHEM 2 LB & U722, BRIBIR 51 2R 65% T -, Z OfER
X0, ARISIZBWT, ZHRRFEBZ TTF=—0 U —F U I REIT T2 ENARETH D Z
ERbhoTz, Ik, AR O SIARLEIL NOESY HITIC L VIRELTEY ., 3 D OALFRE
ARG T HKRBRETE TMHNIALE L TWD Z 0GR S v,

5 mol % 2a H, (1 atm)
MeO,C 6 mol % NaBAr', PtO, MeO,C 2.4)
MeO,C N« CHaCICH,CI25mL, t,24h  MeOH, rt MeO,C (\ ’
11 (dr 1:1) 51
0.5 mmol 65%, dr 98:2

NOESY

correlations

s

AREECTIIBRIR T V7 AL & R T V7 ML & & Ok 4 78 1,n-3 = ATk L CTBR BRI LK
FWMBIEDOFEERZEA Lz, ZOFEEZRANWD Z LIk, BIEREMALRIE OB RN 2 E &
179 2 EMARRIC /e o7 & & bITHix ZRBRALAE R & m R TR e,

TN OO R D 1n-Y T BN T, RBHOK ST K DIE~DEET D72 <
BRALDETT T 572 DI 8 IRF T DB OB BN L EE /2 1,14- = D BB EMAC SR & W 23855
B NRANIEDEITT D 2 EBNbhoTz, £io, T OBFEIN &k % 72 27 VEL
WCEZTHRBEDEKRDILEMEET-, R T I FEMiEZ O ATBWT S T L,
En U PUEERENSD ZENTE, BT, 7 aRr T UEKE LDV LI E Y
1[3.3.014 7 ¥ VIHEARB G LN, KA L7 4 ANOT VAALIZT VA FEEAEAN LT 1,8-Y
T ERAWTEGE O ARATIRICEAAETH Y | SMRFEEZBX TF=—2 U+ —F 2 IEIT L,
DT VxR NI E S OBRILER G LI,
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BIE FRRNET VT B Z b ok~ 72 1n-Vx » OREEMAL/KFERMRIE

T

il

FR2EETOMRHMNTIH, P O—FOT NV U NBRIRT NV o THDHIEDO R ERANTE T,
VA~ UVREMEAT DY 1a ZHWTEHAITE. BIERO PR XLV I2B8WT B-t
KU RBBEC X o TOlE ML 2 KFITME R OKFZD—> U< HEE XLVI &7 5,
S 5T XLVI 2 6 BT L7256 6. @RITERANCALE S 272D, 77 UdNER
FIZIRE &5 (Figure3.1a), — 5., YU OWNE T VT AMUEIEERIRO T V7 A2 L6,
DBEMERRERZ G520 LB DD, T OHEENUSHEN Z Figure 3.1b (R, HIXIFEIERK Y =
Y oim ZREEICHWES S, BIRT AV N A S oY v & ARRIC B BRI AGTNL £ Ta B A
Bl U7 A XLV 28MER T 2, §i TV 7 UARAIC L HEBRPEA XLIX & 725, 220
BAF LV EOKRFIZES>TBR-& RU REEEST 22 & s U ELL & 705, £72 XLIX O
R —IRFREE DRI Y L 2R TR EOKFEEZF| & H < Z & TRET V7 o HIEE LI 234
KT 5, IHIT, ZNHOFMEND S BICEMALNETT 5 2 & Thix 2 BERESY LI %
HzxbEE26N5,

T ZCHBRIRWNEL T L UL B b ok & 72 -V 2 OBERMAVEOSICB VLT, KHER
MG EfLAEDE D Z & TRILERM O EREIT- T,

(a) cyclic 1,n-diene

.\H
Pd]-H
E —>[ ] E insertion E [Pd]
R —— [Pd] ———
E N E E
1a XLIV XLV
syn
B-hydride wlPdl y ‘
elimination E H Isomerization E
—_—
e X
~Pd]—H
XLVI XLVII

(b) acyclic 1,n-diene

o H [Pd] l_EF’d] H
Pd]-
E Z R [ _ (_j]_ :| E =, insertion E c E
EN . o >~ [Pd] -7 -- > £ H, =— £
X
1m XLVl XLIX L
syn i N
B-hydride H-[pd] H [P<<]/ _ o L
elimination E X E = isomerization E = >
"""""" T E E><:|/\/\ i -
Pd]—-H
LI Li 1P| L

Figure 3.1. Proposed mechanism of cycloisomerization of (a) cyclic 1,n-dienes and (b) acyclic 1,n-dienes
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% 1HE IEBRIRNIR T L VEML A B 1n-V T v OB L RAMEAC R

FTWNEHT 7y RlcmF %z o8k 1,8-V = v 2 IV et 21772 3.1, 58]
W In-v =2 L REROBRICEMEALE D GC 3 LT GCMS M B\ THEELD BAER & — 7 23
S, HFELL T 50%% 8 2 5 ©— 27 13 M S s o T, T OBBETOERY OfENT S KEET & -
T, BIERIREWICH L, Bt A4 2 AW KBRS EIToT- 8 2 A, QM THH Y
7 a B HER GC IR 91% TR LT,

MeO,C N Meo,C SR
2.5 mol % 2a M9020><:|\/\ MeOZC><:|\/\
Meozc><:/iz 3 mol % NaBAr,
MeO,C . CH,CICH,Cl 25 mL
M802C =

1m rt, 6 h MeOZC

0.5 mmol MeO,C

H, (1 atm)

PtO, MeO,C SN
—_— (3.1)
MeOH, rt ~ MeO,C

5m
91%, dr 98:2

Z DERDDOSLIEREE A RET D720, FEOBEE LAY 17 & THNMR 3 LUV PCNMR IZ81F
5 #1772 (Table3.1), £9°. 'THNMR DA F L UEMLOT v Dby 7 MEIZEBWT b
7 v AR EM DALY 7 MELITVMEZ /R LT, EHIZ, BCNMRIZEBWT, 7 2 {EkD
BEEL &4 & [RIERIC ﬁWTﬁwFﬁ@/ﬁfwﬁﬁ:*Oﬁ@éﬂt_kﬂ% A RR W) DFE % ST,
RELEIZ N T VA THD ERE LR,

Table 3.1. Comparison of NMR spectra of Sm and similar compounds reported in literature
compound "H NMR BC NMR reference
62.51(dd,J=6.6,13.4Hz,2H) | & 173.4 (C=0) -

MeO SN
o j\/\ 5m) | 1.74 (dd, J= 9.8, 13.2 Hz, 2H)

<§< 82.39(dd,J=17.0,13.6 Hz, 2H) | 8 173.7,173.5(C=0) | Ref(17a)

1.95 (dd, J= 7.0, 13.6 Hz, 2H)

Hy §2.51(dd,J = 6.6, 13.6 Hz, 2H) | & 173.8 (C=0) Ref (17b)
Meo<§< 1.72 (dd, J= 10.8, 13.6 Hz, 2H)

COEBMOERZRKE LT OORKBREZ LN, £9, BIEBEMIICE>TRT U RIK
DR AR L, KBS NTZRRIE N E 2 5D (Figure 3.2, patha), Z OREKIZEBWTIE, 2a
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ZHWE 1,6- = OBALBMECRISIZEB W T, T U ARG ETTT 5 L HEE SN T
WA B F e SEBE LT 0 CEEDRILEDD . KFEIZ Ko T EFEBSIRE T DR
&z bivD(Figure3.2,pathb), 3.1 IZBWT, FRx REMANER LIZITE 0006 T, KFER
INEEARIE BT o ARPNRINIICSE DN 2 005, path b IZEBWTH R T 2 A REBIRIC S
2TeEBEZ NS, FlZIX, Figure 3.2 [ ZRT =@EH T L7 U ELE © DERILIK LIV O/KFEEIN
BOSIZEBWNT, TIVF VIR T 2 T AL 2 RET D SERELE ) HAKRFAEDNHEITTHZ LI2L - T
NI U ARE G 25 EHEEL TN D,

path a

H ) H
E><:\/\//\ cycloisomerization E><:‘i\:i hydrogenation E><j\'/\/i
—_—
E S E 2 E f
H H

path b
/ trans
cycloisomerization E E : hydrogenation
' : [P, Hy

. ! E H ﬂ R
E 1 T E R
G
E H

Figure 3.2. Possible pathway for Formation of Sm

FNT 7 rF L HD Ln-Y=r OBR(EEMLIE AT > 72 (Table 3.2), 1,7-¥= > 1n ZH
WA GC IR T1% TRy T AT VARV 7 a0 X VFFER 5n M5 iz, IREHE
—OME L7 1,8-V = DHE, GC IR 91% TERAILIK 50 BN H vz, S HITREHEMIZ LT
1,9-= > 1p, 1,10-P =2 1q ZHWTH RUSIHEIT L7z, HEBREKROTZOITKEmA L 7 1
NS 8 RFEDYDEBOBEINSLEL 2D 1,14-P T Ir IZBWTIE, BUSIFR L < #T L.
GC I3 80% T HMID HEBRILAEW Sr M3 54172, 1n OBRALEMALEIGIZIBV T, Sn DY
TNLSND In-T s LR L TR Do 2B & LT, B ERICHE L TR o 7o 2 &
P o5, FORKO—>E LT, 1,7-P OFKEET VA » OJE O SRR BREE 3 % DD
Ln-Y= v LR L TIABG > TWD T2, B8R L TOERMY & RO ZZ #3303 I < AT L7
MoletBZ b5,
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Table 3.2. Cycloisomerization of 1,n-dienes bearing crotyl moieties

2.5 mol % 2a H, (1 atm)
E . 3 mol % NaBAr, PtO, E SN
E ~#  CH,CICH,CI25mL, rt,24 h  MeOH, rt E
m m
1 5
0.5 mmol
substrate product yield
S, N
MeO,C MeO,C 77%, dr 92:8
MeO,C = MeO,C
1,7-diene 1n (E/Z = 82/18)
M,
MeO,C MeO,C 91%, dr97:3
MeO,C § MeO,C
1,8-diene 10 (E/Z = 82/18)
M,
MeO,C MeO,C 89%, dr 96:4
M802C P M602C
1,9-diene 1p (E/Z = 84/16)
M,
MeO,C MeO,C 89%, dr 96:4
MeO,C N MeO,C
1,10-diene 1q (E/Z = 80/20)
S, I
MeO,C MeO,C 80%, dr 93:7
MeO,C N MeO,C

1,14-diene 1r (E/Z = 82/18)

5r

S BT, TATIVEMLO R DIEBLRT Vo LA B D 1,8-V = I L TH BRI AT o2
(.3.2,33), ZF LT ZTIUEIEZ LD 18- 1s DA, BRVIK 5s 230K 83% TEH H L,

—73.

Z 68% Tilz, Y7 a8z b D 1,n-Y=r OMEE RIRIC= A7 VN % & &

-7 FNT AT IVENE O 1t O8I, S 5 mol %W 5 Z & TERIBIE 5t

<%

Z LTI o T, KIRSEREICE L Ofiiiit & A2 B E LT,

2.5 mol % 2a H, (1 atm)
EtO,C = 3 mol % NaBAr, PtO, EtO,C SN
3.2
EtO,C Xy CHzCICH,CI25mL,1t,24h  MeOH, it EtOC ©2)
1s 5s
0.5 mmol 83%, dr 95:5
E/Z = 80/20
5 mol % 2a H, (1 atm)
tB“OZC><<::fiii\\ oLt haBAs P10 tBuozC><<:];:::\\ (3.3)
'BuO,C Xy CH.CICH,CI25mL, rt, 24h  MeOH, rt 'BuO,C ’
1t 5t
0.5 mmol 68%, dr 96:4
E/Z=81/19

EJ/N
flfiE i 2.5 mol %eDIFIZIX, B Y VU

T I REMLZ D 1,8-2 = Tu OBRALEMALKFERINIE %1T > 72 (Table 3.3),
BK Su 23 6% & ARG THIHI S 4172 (entry 1),

52 ED
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Table 2.4 DIGA ERIERIZY 7 a~F2 OB RATHY . 7 a~Ft 220 YEMZT-
Ba . BRI 26%F TH L L7 (entry2), SO IZfillEZ2HC L, fillEEE: 10 mol % & U725 R,
BRALIK Su % 62% T3/ (entry 3),

Table 3.3. Cycloisomerization of acyclic aza-1,8-diene 1u

1u
E/Z = 84/16

cat. 2a

cat. NaBArf4 (1.2eqtoPd) H,(1atm)
cyclohexene PtO, BN
TsN
CH,CICH,CI 25 mL MeOH, rt
rt, 24 h 5u
entry 2a cyclohexene yield
1 2.5 mol % none 6% (dr 97:3)
2 2.5 mol % 20 equiv 26% (dr 97:3)
3 10 mol % 20 equiv 62% (dr 97:3)
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B2 f SEERT OV LR S0 1,8-Y T v DB B LR KSR BN

CEBRT AT N E DO 18-V IvICEE L T HMET AT o7z (Table 3.4), BUSMIZIFE L <
AT L, 27 m " F UFREA Sy Z I 88% TR (entry 1), £72, L14-V- 2 WS ET
IR 90% & FILE TEALIRDME DAL (entry 2), Z OFER KV ARBISIZENT, WET L7 v
ELT=EBHRT VT o THRER S RUSHET T2 Z ENbhroTz,

Table 3.4. Cycloisomerization of 1,8-dienes bearing trisubstituted alkene moiety

2.5 mol % 2a H, (1 atm) k
MeO,C._/ % 3 mol % NaBAr PtO, MeO,C
MeO,C X CHyCICH,ClI25mL, rt,24 h  MeOH, rt MeO,C
m m
1 5
0.5 mmol
entry diene 1 product yield of 5
, MeOC = MeO,C k 88%
MeO,C N MeO,C dr >99:1
1v 5v
2 Meozc><i\/\/\/\ Moo \k e
MeO,C N MeO,C dr >99:1
1w 5w

F72. Figure3.1 T/RL7Z X DT, FEBRRK In- DX H v 7 unF UV Eeblpnyo
v E MWL RMALRIS O SG 6. BHERBRWEREAMZ 525, — . B4 L7 1 UL
ZHo 1,8-Vrr 1v OBR(LEMALIKRDOGEIZB T, AF VT UELE b BB 3v & 4R
ME L ThHx27, =2 CBRILEMEALE, AgNOsy/> Y B TF N BT AT a~ 7T 7 4 —I X DR
HAToT2 & 2 A, 3v 2 HHEINGR 58% T3z (X 3.4),

AgNOg/silica gel

2.5 mol % 2a column "\
MeO,C = 3 mol % NaBAr', chromatography MeO,C o 64
MeO.C N\ CH,CICH,CI 25 mL MeO,C -
1v rt, 24 h 3y
0.5 mmol 58%
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B3 E/ AT ML E O 1n-Y = 2 OB/ FAINEUS

U bEFE otk %%T%é/I/kLT Pk RSB A2 DY = R0 b LT I REAL
L OMEIZRON TV, & 2 TRICDHEITIZIURR R BN LB TH 5 MR T H 72D
%/i%%ﬂqx%%wfﬁm%ﬁotoviXTwnn@%ékw@Lf\&mﬁﬁﬁ<\ﬁﬂ
HROTZOITfilEE 5 mol Y%o& B L LToh, BRILIKSx 2% 65% T btz (R 3.5), FEHIES
WCHAE L7220 b b7, BALRDILEPMERWER E oo =DliE, £7. ZRIRFDOHFIEDT-

O F2—rUA—F L TICLDEROBEN LV AEHHICEZ 72 2 ¢ B 65, EERIC
BAL BMEL OMLAERP O TH NMR IZBW T, o, B-REZFIT A T x5 B — 27 Bl S
oo Fio. BHIEDO ARSI K o TRIGRMAEEET 5 2 LI K W fEETERDMERE S 4D Thorpe-
Ingold W 18 DR 1m OYGA LN TNEL 25 Z E TRIBLROIEME T L2 b5 2
Lbivd,

5 mol % 2a Hy (1 atm)

= 6 mol % NaBAr, PtO, WIS
MeO,C MeO,C (3.5)
X CHyCICH,CI 25 mL, rt, 3h  MeOH, rt
1x 5x
0.5 mmol 65% GC yield

948 EREENLIC A T L OB E SO 1,14-V 0 OBRALRM RIS

S OIZT NI OEFEENL DR E TR D720, ATF L HOBR T ODA LT 4 L EL A
fh Loy =y ly ZHWERE 21T o7, IR 3 R, GCMS I X DT 21T o7& 2 A,
BALIRIZBI ST, o8 Bl S (K 3.6), REAA (LA Bl SN e o2 &
N, 1y & 2a BT D 2 & THRIBEDIIENEE TnD & X7,

2.5 mol % 2a o
<:/iZ/\/\/\ o m ©0)
XN CH,CICH,CI 5 mL, rt, 3h '
no cyclization
1y product detected

0.1 mmol
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ZIT, 1y LM ERED 22 2T 2 L7 7T AaRICBWTRIS S5, BlE, ~F
IZ R DU, AT L AT K20, AilaE To7c L 2 A, $EK 6 ZRIEEEEH TE K
3.7). ZDIREMD ESIMS A7 MERITELIZE Z A, $51K 6 2°5 BAry OEEERW-Z 0T
TN T T DAL O ED B ST,

Me  Cl
1y 2a 0.05 mmol
0.1 mmol 0.05 mmol
~ ] BAr,
7 N_/ N\
—N N=
P —— pd’ (3.7)

CH,CICH,CI 5mL
e
78

[M-BArf,]*
detected by ESI-MS

Flo, TOAEEHO HNMR 6 FAERM &b 5 —DDORMK L FHRINDE—27 136 4-6 fF
UTIT 3:1 OFRE CTEIM X7z (Figure 3.3), ZAL5 O EMEARD 'THNMR F7-1% BCNMR IZB1) 51t
327 N% Table 3.5 D entries 1 2 (Z/RT, ZNHDfEE 7 =) ha ) UENLFEIZEEY ¥
VBN A% b DFERLOR-T U VX T D0 AR O SCERE 10 & Ol A2 4T > 72, entry 1 TlEEARL
MThHDHEMEAROE—2 R Lz, ZOEMERD 'HNMR & LV B I ULVIIT @ '"H NMR A~
MV OALZEY 7 RSBV MEZ R L2, F£72, BC NMRIZEIT (L% 7 b it ME s 72>
Tco Flz, entry 21ZRLIZ6 DY O —DOEMMKRIZIBWNTIT LV & EATVEZ R L7z, b
W L IAL S OB NORCRIR D720, e AT TR, BLEDORER LV EIRL T
WBR-T VNIRRT DT NER 6 BERT D 2 & TBEDOIRIENEZ » TnD EEXTND,
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Figure 3.3. '"H NMR spectrum of 6
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Table 3.5. Comparison of NMR data of rt-allyl complex 6 and similar complexes reported in litrature!”

~ |BAr, " ort " Jott
7 N \ 7200 V/ 2\ 7 N N\
_N\ /N_ _N\ /N_ _N\ /N_
Pd Pd OMe Pd QMe
n S AN BN
4 2 4 /Me 3 2 r 1
6 Lv LVI
major isomer: minor isomer
=ca. 3:1
~Jorr ~Jorf
7 N/ N\ 7 N N\
=N_ N= =N N=
P,d P,d OMe
\4? 1 \45\
3 3 1
MeO"
LV LVl
entry complex '"H NMR BC NMR
1 6 0 5.44-5.54 (m, 1H, H2), 4.05-4.23 (m, 2H, H1, H3) | 5 115.1 (C2),
(major isomer) 1.87-2.13 (m, 4H, H4 H4") 81.3 (C1, C3)
2 6 0 5.54-5.62 (m, 1H, H2), 4.88-4.99 (m, 1H, H1 or -
(minor isomer) | H3”), 4.50-4.58 (m, 1H, H1 or H3")
3 LV 8 5.65 (t,J=1.7 Hz, 1H, H2) -

4.36 (ddq, J=11.7, 0.8 Hz, 1H, H3)
432 (ddd, J=11.7, 2.4, 0.8 Hz, 1H, HI)
4 LVI §5.72 (dd, J=12.7, 7.2 Hz, 1H, H2) -
5.46 (dq,J = 8.1, 6.8 Hz, 1H, H3)
4.44 (dd, J=12.7,7.2 Hz, 1H, H1)
5 LVII §5.77 (dd, J= 12.6, 7.9 Hz, 1H, H2) -
4.79 (dd, J=8.7,7.9 Hz, 1H, H1)
4.63 (dq, J = 12.6, 7.9 Hz, 1H, H3).

6 LVIII §5.50 (dd, J=11.5, 11.5 Hz, 1H, H2) § 114.0 (C2),
421 (dq,J=11.5, 6.1 Hz, 1H, H3) 79.8 (C1),
4.02 (dd, J=11.5, 6.4 Hz, 1H, H2) 77.9 (C3)
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6 OHETE RIS % Figure 3.4 ("9, 9. ATFANTIUT LGEERN 1y OKRmT7 VT v &K
ST HZEICEY TAFANRT Oy AFRR LIX AR T 5, ZOFMERIZBW T, AT
IR ENTKFE LD B BT 2R3 H 5, 'H NMR IZL D KA FLEOE—27 D
FERTND Z DOBPEDOBIRMEIT R e & PRREN D, AR LEFRELIX MO F = —r U4 —F
YIOBEITTHZ IR BRI T 2R b ) —FOWNEHT AT O E TEENABE L LX
LD, EDIWETATUNENMNT DI EICEVn-T U ANRT Uy AR 6 WEMLZ ETHRSR
Do

Z [Pd]-Me F [Pd]
N _ Me

N

1y LIX

[Pd] [Pd]

h Ik ",
— <:/\/\/\/\/\/\/Me \;\/i/\/\/\/\ e
~ /

~

LX 6

Figure 3.4. Proposed mechanism of formation of n-allyl complex 6
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W5 TuRE DA

ILn-V = OBAL RS EZRIA L CT R AR 7T 0PV DIRFBER THDL T AZ L 10 D
B E T2 (Figure 3.4), 1,12-2 = 7 OBRAGEMAL/KFBRINS 21T, GPC 1T K DA H%
BRALIR 8 DNHEEINER 57% TR O, BRLIR 8 L RIERY TH 2 IBRILIRD BN INEECTH > 72
oD MERITHFREICE EF o7z, S HITLEW 8 MK LT, AR R ITEL LT,
Z D%, BLREEE X O Barton BLREE 21T\, WURRIRFE 2 A T LU AL BT H L TTr A
10 % 61% (4 THE) THEZ 19,

2.5mol % 2a H, (1 atm)
E><::iiii::::::::f\ 3 mol % NaBAry PtO, E /S SN
E N CH,CICH,CI 25 mL, rt, 24 h MeOH, rt, 10h  E
7 8
E = COOMe 57% isolated yield
E/Z =82/18
0.5 mmol
o o)
6 M NaOH aq HO IS HOJLM<:]:::::::::::T\
—_—
EtOH, reflux, 15h  HO 155 °C, 3h
95% 0
9

i) (COCI),, benzene, rt, 2h

"y

~
@®N SNa
ye) ) SN
(@] , reflux, 20 min :
i) AIBN, Bu3SnH, reflux, 15 h
prostane 10
61% (2 steps)

Figure 3.5. Synthesis of prostane 10

WE
ARETIE, BRI A V7 ¢ U EL % D 1,n-2 = OB BAMAL/ /KBRS AZ DUV TR
FEIToT,

BRI T Vo AN A DY = DA L i U TR LR M e B RIR G & -
T, KBRS EAEDEDL Z LICLD, Biffies /a2 o ERBLOER Y Vv
DEICOARTIENEAETH D Z b olz, WEONEAL 7 & LT, @A L
T4 AR T, SEfRA LT o UBSEAARE CH o 7n, Eio. BRI E T ) AT VLA
eV ERAWCTHBRALRAES S, B IRRFEC b v T 2 RUSCHEBR(E B2
HEITTHZEnbroTo, —H BTN AZ AT LU E LTI BRILBOSDEIT L o 72,
ZOEAITE, BAEDEITETICERANEA L 7 4 VIETEEIL, 1-7 U ART Uy AR
B L, MEOIENEZ > TND EEZ TS, 2, M T 5 1,12-V= 0 X0 B LR
PRBEWINEISE L OB TREOFEEEZR T, EHEEDE L L THMONRD T aRAE TT 000D
EARBEREWMESTHZ LICbI LT,
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FBUE YO -FFH VY oRT Oy LKL AW 1Ln-V = OBR{LEMCR)G

=
il

B3 EETORMIBNT, L10-7 =F > ha U EEM1E LTHO/8T U0 AGERE filult
ELTHWTE 2, LanL, RRISICET 285K EORNLFOREICEAT 5+ kmiliifon
TELT. FHIIERH RN A 2 AV BREHI T > TW o7, 22T FH T 7 =T
Fa U VBN LR D ERFR IR E AT H /8T VU M E AW RE AT O 2 LT
LoT, EBRBSMEDR EE X 0B RISOHEZ B L,

B CEH IR G RN L LT, B VXYY VR FICER L, T O
OEFER JEFRNL & LT, BEEY PAFRNL O AL XYY RN 7R E OB E R
TR A DO TVD N, TS OB FIEE B KOS RIS E T 2 5E . £
Lo —HORF LOME TERWGENRZ N, — . BV FFH ) FKIT 2T B
Uy (Figure 4.12)0 B LN 2-B' Y U VAR U BEFHE(R (Figure 4.1b)2 & 7 X/ IRiFEKIN L&
REND T, Fra REHREL AN F EICHEAT L2 LR TE, IS VU ED 4 fLOEHR
HICEDEAHDIREB LAY VY VB EO 4 fLO BB X 5 SRR R X - TG %
BTHENTEDEVIFBE LI ENLIEHEZED TS, FRC, 72/ BRFERE )
R FICARFIRBZEANT D ENARETH VD . KRR T U0 A Z W T R RSB D
THIH S TG 72202325

2
R1 R1 R R’l
H
N MeONa N HZN)\/O / acid = 0
| — | Z M \ / \ :L
N~ Cs N OMe N  Nge
>N
NH
(b)
R’ R’
A R? condensation A
| on A _on o H
N HoN N Y\OH
(@] (e} RZ

R! R
chlorination X cyclization — O
= | P H - N 7N 1
N Nl N N7°g2
O R2?

pyridine-oxazoline
(pyox) ligand
R": electronic effect

R?: steric effect

Figure 4.1. Synthetic method of pyridine-oxazoline ligands

Bl Z1E, Bt Stoltz HITE Y P o—AXH U VENL 2 WD Z LT, BlRa, B-RERFI S L
= IALE W~ DIBATINT & D AF IR R OMELZERL L TWD (N 4%, ZORETIE
K& 72 TIEBINL DN TH B D ) VRN A WS A, FRoEbW T T A
BRMEZ > TT V=V ELZEAFRETHL Z 2P LN LTV D,
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— O
cat. O—<\ j
Q N N g, o
cat. Pd(OCOCFs),
+ AB(OH), @)
CH,CICH,CI
R R Ar

up to 96% ee

F72, R0.16,0.17 T/RL7IZE DI Sigman HI1E, BY P —AFH U /3T 20 MMl 2 v
=T N LA DT LV 32— )LD ARFE Mizoroki-Heck ML ZHE LTS 7, ZOWMETH, 7
WA ENEAS~D T V) — L ED A E T o FARREIZETT LTV D, o, ZORIGTIE
F =T =% TR BEMACOSN T U — VB OIS TS5 Z E A SR TERY .,
YD AR RGO AEREANTE T = U —F I BNEIT T A AR L
TW5, 2FE0, In-V= UVHOBREREMLRISIZBWT, B D r—AF 4 U T U0 Agh
KERNWLZ LT, Z7=2F 0 ba U o N_NTG O LERLRREICTF = — 2 U —F 0 T HHETT 5
ZENTRBIN TS,

VXY RN ERAWE YV EORMKIS b STV D (K 4.2),
Widenhoefer 51 1,6- Db Fai Ul « BEEISIZBWT, BV —FF3 ) X7
DU LR E WD Z E TAFGA~E R LTS 24, ZofRIT, vV YA Fy U U/
MFEZHANTSH | Ln-V = O BRILEMAVEIER & FER OB LRSS RAHEIT LG 5721 T2
<, AFRIG~OBEH b A THLZ L EZTTHDOTH D,

0
ass
3.5mol % N\ /N ‘ipr
Pd
/ AN
Cl Me
4 mol % NaBAr,
Me

MeO,C Z HSiEt; 1.5 equiv Meozc><j/ “4.2)
MeO,C AN CH,Cl,, =32 °C, 24 h MeO,C -, -SiEtg ’
82% vyield
>95% de, 87% ee

—F. 1 ETARFRZELZ ORI In VU OBREEMSICBWNT, T X T L AER
BNCIISDNEIT L2 2 2R~ T, ZOMRIFT = —2 U+ —F 2 7L L BRIEAGRALD IR
FREBSIT TR, ERBICHES LT W RE — KBRS 2 IBIRATIRE — RFEME G~ & B
MWHRETH D Z L &R L TW5 (Figure4.2a), = Z T, FHIHETHW =7 o xJ L pdEgiky =
DEALBMEALRIRIZB N T, b LARFENL % 23T U0 AR E VUL, 1Ln-Y =2 OBR1L
BMAL G2 T o F ARSI T S5 2 E N ATREIC 72 5 &5 2 7= (Figure 4.2b), HFIC, Hifl
IRATF L AT D IRFEIKRFEHRE D DIRFAIRERECG D ARE LN TR L 72D LR TE 5,
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(a) diastereoselective cycloisomerization of 1,n-dienes via chain walking

! H H 5
EC/HH P E [Pd] E P E
E NP L E E : E

major diastereomer

i E@H
e
‘ E N

major enantiomer

= R1
\[Pd*]
chain walking

[Pd*] = :
chiral palladium catalyst

Figure 4.2. (a) diastereoselective and (b) enantioselective cycloisomerization of 1,n-dienes

sp® IKFR—KFE GG O EEE RERACEIS DI 20 Hilt TIX sp® IREFEKFEREE DIRFE —
IRFEREE ~OEHBOSIZET 28T TE 2%, £ E LTUL () @RI A/ A4 R
FED R FEIRFAEE~DOFFASE, (i) BAKFEERD KIS, (i) 1,5-8 KU K7 h &5 MG, (iv)
[RFE—IKFEREC D D EHERFBBRE S DR AR D RS ENRET bvd, —J5, Figure 4.2 12
R LT KRS RSN BN T E IR A BE S5 2 LIV ATF VD — &~
T UTFABRRANTE R LT D 2 LA ARR L AedUT, BiTo e sp? IRFBE—AKER A OARFE R
FOSDOFEE2VIED,

T TEFIT In-v o OBRIEBEMALKSIZBNT, 72t e ) UENFICEZTCRILE
EFR JERN A THLHEY DA XY UEAAE WD Z L TL3) RISTED BB XD (i)
AFERIS~D R A B L7,
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FLHI BV Y R T Uy AERE WAL 7R 1n-U = OBAL R LK FET
TN

IXLDIZE Y Vo4 U R (pyox)PdMeCl (2b) Z filiit & L CHV= 1n-2 = U FHOBRAL
BMEALSUSIZOW TR ZATV, 7 =) 2 ha ) o R_T 00 AERE W5 & Ok E1T-
7z(Table 4.2-4.4), FUSEHITZENENOEEICBITH7 =) ha ) o RXT o0 AR E Wz
LA OR#ESM EE A Lz, Table 4.2-44 TiE, BY U —AXH U oK 2b 2O ZRER L
7 =) b U R (phen)PdMeCl(2a) % AWV I2 A8 O R 20 CORL TV 5,

F9. EBRIRNIA L 7 4 VEMLE O Ln-V IOV TR EIT- 72, 1,8-V = 1o DB
L BMEALSOE T, IR 93%, V7 AT LA~ —L 88:12 TERALIK 50 & 157- (Table 4.2, entry 1),
Fo, L4y Ir ZHWEGEAIC S, S5r DR 89% T HAL7E (entry 2), T AL 5 OfEFIE,
T2 S b Y URT IOy AEREAWEGEICR LN 18-T 0D 1,14-U T L RS
EHMELZEEZOINEOKTEZMHEHITESLZEZRLTEY, Fo—rUtr—F U FHEORHE
R EL TWDARENZTIBT LD TH D, —FH, AT IIVENL 2 = F VT AT L L,
T FNT AT L LTEGAICIE, RO TR 617 (entries 3,4), £7=. b7 I NEL
ZHovTy lu ZAVESAICHIRITE T Lz,
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Table 4.2. (pyox)PdMeCl catalyzed cycloisomerization of acyclic 1,n-dienes

R 2.5 mol % 2b H, (1 atm)
Z/\/\ R2 3 mol % NaBArf, PtO,
\/\M/\ CH,CICH,CI5mL, rt,24h  MeOH
n
1
0.1 mmol

yield (dr) yield (dr)
entry diene product obtained obtained
with 2b with 2a°®

, MeOC Z MeO,C SN 93% 91%
MeO,C N MeO,C (88:12) (97:3)

10 50
E/Z=81/19
,  MeOC = MeO,C SN 89% 80%
MeO,C N\ MeOC (89:11) (93:7)
1r 5r
E/Z = 82/18

EtO,C = EtO,C 76% 83%
EtO,C N EtO,C (90:10) (95:5)
1s
EIZ = 80/20
4o BUOC Z 'BuO,C 56% 68%
BuO,C N BuO,C (nd) (96:4)
1t
EIZ = 81/19
5 andh N 47% 62%
A (76:24) (93:7)
1u
E/Z = 80/20

a) 5 mol Pd cat., 6 mol % NaBA'
b) 10 mol % Pd cat., 12 mol % NaBAf4, 20 equiv cyclohexene
c) described in chapter 3
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BT, ZEBRT VT ML E B 1n-Y T OBAL B LSIZOW TR E1T > 7= (Table
43), YUy ZHWIESE BGE Sv BIE 89% THLIL, 7 =T bl XT Uy AgEE
ERAWESGA ERREOREEZ 5 27, —JF. L4V lw ZHWTEHEITITIE 93% & @i
T Sw MELI (entry 2), 7 =T bu U LT Uy A AR WEZEA L bIERSH EL
7=

Table 4.3. (pyox)PdMeCl catalyzed cycloisomerization of 1,n-dienes bearing trisubstituted olefin

2.5 mol % 2b H, (1 atm) k
MeO,C Z 3 mol % NaBAr, PtO, MeO,C
MeO,C . CHyCICH,CI5mL, 1t,24h  MeOH MeOZC><:LM/\
n n
1 5
0.1 mmol

yield (dr) yield (dr)
entry diene product obtained obtained
with 2b with 2a?

, MeOC = MeO,C k 89% 88%
MeO,C “ MeO,C (>99:1)  (>99:1)

1v 5v
_ WL
9 MeO,C MeO,C 93% 90%
MeO,C N MeO,C (>99:1) (>99:1)
1w 5w

a) described in chapter 3
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WIZ, BIRA VT 4 VL2 D 1n-V = BT ST 21T o 72 (Table4.4), 7 m~Ft
BRI A B 1,8-Y T2 la ORUSIEICE 80% CRILIK Sa 252, 7=F > ba Y ig vy
PR Z W26 & R U TICRITORIR T LTS (entry 1), F72, 7 u~dvr2NL 78
A, 72t br U RGOy AR AW RIR TIERE RINEOETR O ho e, v

VO o—AxH U R Uy AgERE AW RO TIERE SIEME T L (entry2), 2D

%/E[\\

FEIRE2ICEE L TE LT, v a8 B +5 2 LIk~ T, TR
R Z VIZK KRV IO TR LN EEZ TS, &Ik LI4-U=r If ZHWEEA
X 5f DILRIT 81%~Et A L=, —JF., 7 a7 iz b 1,8-Y T 1k ORJETIE,

R 5k DILERIT 37%~E KT L7= (entry 4),

Table 4.4. (pyox)PdMeCl catalyzed cycloisomerization of cyclic 1,n-dienes

! 2.5 mol % 2b H, (1 atm) '
MeO,C 3 mol % NaBAr, PtO, MeO,C
MeO,C X CHaCICH,CI5mL, it, 3h MeOH MeO,C
n
1

5
0.1 mmol
yield (dr) yield (dr)
entry diene product obtained obtained
with 2b with 2a®
1 80% 88%
(98:2) (95:5)
oa MeO,C MeO,C 63% 86%
MeO,C N MeO,C (98:2) (95:5)
1a 5a
3 MeO,C MeO,C 81% 75%
MeO,C N MeO,C (98:2) (94:6)
1f 5f
, MeO,C MeO,C 37% 66%
MeO,C N MeO,C (95:5) (94:6)
1k 5k

a) with 10 equiv cyclohexene
b) 10 mol % Pd cat., 12 mol % NaBA',, 24 h
c) described in chapter 2

UEORREELDDE, 7T bu ) UK ERWESGE L3RR v A%y
U R A WS A, 18- u b L4-Y oL RESEEZMEL THICRIZFERER LU
BV TRILKR A G272, ZOZ b, BV AFH VRT3 AERIE7 =F v b
2 UBER LI LT, T —r U —F U TMBEAEROGEL N ESEONHEBEZHND,
—J7, fikl EORECIRMAIN BB DRFEELICS <725 2 & T, JBHBLROIR N 2B S
DHBE LB, Fx—r U —F T OMENEN—F T, MEREROK TICER 550 H
LEHRAILTWD, B -F XYY XTI T AERE WIS EIC, Fa—r U —F
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7 DR LT D LRI, 77 OZHERENE 725 L0 ) BREERNOEBLETH &
TV V) UL ENHRORLELZ LICKY ., CORDT AT U REEEL Db ol Z L
WIRR LB Z TN D,
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F2H VU AXY YU VRN TNT VT AR E VO 1n-Y T OARFFERIE ALK
ESAIIEANS

WIHITIE, 727 b U URI VT LAGREFRRICE ) DoAY LoNT D Al
MELRD 1,n-¥ = VOB EMAVSONITHEAFTRE TH D Z L bholz, £2T, BV —F
XYY VENL T FICRFIRFBEZEAT D Z & T, ARERILBEIELSE DR G~ R % 3 A
Too 7ok ARENZIUT D AR ORER SIARELE TR E TE T2y, R 4.2 (278 L7z Widenhoefer
LOWME LT 1,6-= Dt Fr i U W/EBLEOE 2 12361 DA AR E & Rk D b D & LT
H%LTmé

F. EEHL LTIV v E IV TRFEDORET 21T o7 (Table4.5), AF ¥V U U5 EIZ
p7?”%%%ﬂLkh7vﬁbﬁﬁk@TTT@Q@T%%%&B%HOKk;5%&@&%
26%ee TERALIR Sv & 5 2 7= (entry 1), He\ T, MISIREZ-10°CIZ L= & 2 A, Sv DI 47%
~ERETLELOD, = F rF A~ —iBRIZET 65%ee ~LF E L7z (entry2), SISIEEDIKTIZ
FVERHE LRGN T L2 200 ROGRRZIER L7z L 2 AT o FA~—mRIRIIZE Y
T MR A B L7Z (entries 3,4), FFIT, SUSKEHZ 96 IReEIIZ L7235A 12, K 62%., 65%ee T
BRALIK Sv 2 5.2 7= (entry4), BANLTDOAFIRFE LOELILEY -0 l:/l/% IEZTEZ A W
X 77%E B B LS, = v F 4~ —iil R iﬁ%wkﬁTLt(mwﬁ BOAL D ETHIZhF

EELSELZEEHMNE LT, BV UVREICRNY Zuda A FVIEE A LT 85K 2e 2 AW
e ZA PRFRORM ELTEb DD, RFMFHEIT 55%E KT L7z (entry 6), F7-. entry 7 Tl
A N LA U= S5R of 2t U CHWZ & 2 A, BRALIK Sv 230K 60%., 60% ee THFH
A, entryd EHEEG L C, INERBL O S U F A @RS IR L,

Table 4.5. Asymmetric cycloisomerization of 1,8-diene 1v

R1
o
10mol % Pdcat- 2 1, (1 atm) {/j\>_<\ j
MeO,C 7 12 mol % NaBAr,  PtO, MeO,C =N_ N7 ga
MeO,C N\ CH,CICH,Cl40mL MeOH MeO,C N PN

v temp, time 5v Cl Me
0.1 mmol Pd cat. 2

entry Pd cat. R! R? temp time yield ee
1 2¢ H ‘Bu rt 24 h 67% 26%
2 2¢ H ‘Bu -10°C 24 h 47% 65%
3 2¢ H ‘Bu -10°C 48 h 56% 65%
4 2¢ H ‘Bu -10°C 96 h 62% 65%
5 2d H Pr -10°C 96 h 77% 57%
6 2e CF3 ‘Bu -10°C 96 h 68% 55%
7 2f OMe ‘Bu -10°C 96 h 60% 60%
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F7o. L14-U =2 w ZHOW T AFBRCEML//KEBTINEER b RERIZIT - 72 (3 4.3), Table4.4,
entry 4 DRMFD TRIGEAT 7oL T A, MR 76%, 65% ee TERALIK Sw 21572,

10 mol % 2c
MeO,C 7 12 mol % NaBAr',
MeO,C . CH,CICH,CI 40 mL

1w -10°C, 96 h
0.1 mmol
H, (1 atm)
PO, Me020><:|)\ “3)
MeOH Me0,C™ N\, A~
5w
76% GC yield
65% ee

=

ARETIEIECY DA FH YU T Dy ARt L THWE Ln-v = OR{LEMA
DN TR~ 7~

U AX YV RGOy AR 2D ZAVESGATH, Ty hr ) v T U T A
K 2a LRERIC, BRAx 72 In-V =N HBBRIVEME 522 2 N ninole, KT, ALV 74 v
MOBEHEAMITL THOIRDE FIXIEEALBHISN T, Fx— 0 Ur—F o RO RBEIK
72 br U UNTG VT LRI bR &R E T,

Fro, BV VA FY YU UERNA BICARFIRFE LGN LTEEE 2¢f 2 W TRFLUS~D
BB ZIT -T2, TOME, Vv v B X Iw OBLEMALEUSIZB W T, = F @RI
FOGHHELT L. FREREDOARFIE TR Sv B8 XN sw 2 52 72,
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e i

BFFRTIE, Fo—rUr—F U TEFMAT 2 Z I8 BEfFOTIETIIAE SIS IR #E 7
F RICBI DA MEIEORRBEIT o7, FRZ, NI VU LAMEEZANS Z L2k, Fx—v
U —F% 7wV ORI RMALIE S AAT Z E S FTREL 72 0 | xR LY un b
HERBEEEET L2 LTI LT,

F1ETEHV I a~F vV RBREBLOERET V7 VEML A2 SO Ln-v =2 1 OB LRI
BIL Tk ~7e, ARBRJSICRT D HlEEE LT, FHIMWMESH VDTNV EMNIeh T Lo n
~ N NTT T4 —=PEDHTHHZ EERHB L, FARM TH IBRLRME R 3 2MERHE, 2
DOFEIT NV VHOEBORE S 1n-U B EAETHY, xR EIOT VX LEE
BT HRALIK 8 ZHEE L=, 7o, ARSICBIT28BOBEER & LT, B bl
FOF == 0 4 —F 2 TSN EITHE S DA, B BAE( LS 2 R 7= 55 0 A 1b %
MW= ER I L OE KSR ERIC LY | RS TSI e, Fo—rUr—F
VIR AR L THEITLTWD E WS IR ARG, 2D O IR B M) B LA £ 721X
F =2 U —F L TEEO TN TRIEREIT L TV ENERTIRIEL 785 & &b, 51,
F = U —F T ARG~ ERBBHL TS ETEERALTHL EEZ TS,

B2 BETIIBRIRT V7 UL E B 1n-V o OB BN K BRMBUGSC R L Tih 7=, BR
(LR O BYERIES ISR LT, BB b A& 2l & U CHW KBRS ETTS Z &Ik
0. BRILEMLOEREZRD AT ZENAGEL ooTe, TAT VIMOEREO R 1n-vT
S x e~ VBT AT VHEKICEA AR TH Y, et s a43.0]/ 7 U B EREES
BT EITEH LTz, EHIT, hI VT R REMLZ © 0 1,8-Y =0 Z AW GEI b SOSITHEIT L,
vy aFkrborn ) DUBERE S, v raXrT U A S 1,8-T L DB R
(EBUSIKFBRMSSIC B DT B RRRICH L LERBRAER S, B2 7 a[33.0147 %~
FEANE LN, REH LD EZ LD 18-V BT, “fRREL BN 1241
BALDEIT L, DIEOT A VHEAT 5 LERIEAMEBET S L b AfRETH -T2,

% 3 ECIIEBRIRNE T v LA S0 1,n-Y = v D BB EMAL KRN BE L Tk~
Too %52 BB DT EFRRIS, T A7 CRIOBBEDRZR D 1n-v o 0 o — D572
HYTCHEARRETHY ., vy aRe g0 n Y r i OB BRINER OREEEA LR
BT 22N TEL, SHICEEBRIFRRT VS VARV ENTE, BEOA Y T L=
Mo, A YT VEEEAN L HERILEY ~OERE PR Th o7, £z, U I —H i
T ZATNVERE OV ORLEMELKIE BT 5 2 LR bhroTe, —F, ATF LUK
DIHT_ODF VT 4 U HEESE I WSS, -7 VXTI AR AR
REA, M ITE L TWD Z L3000 | KRS ZHET S 5 72 OITITEEE OERENALIC =k
FIFMEHEIRFE, FE N AT I RERKLEATHOL LW MR EET, 72, ARIGIZET
5 ERACAERP OFFEIZ DN T OB EATO RHET 5 1,12-V = > OBAL ML /KB BN R
FOBTROFEEZR T, AHEMME L LTMONDE TS0 AR T T 0V DB & B K
5 LI LT,

Ho2EBIOE I ELBL T, xR Ln-Y = OBR(CEMAVIKZ RIS & 0 2% 8k
BREBRT LIRS LT, R CR L TF=—r Uvr—F 72 LAV T 0 VEA
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KIS H bbb L1, FTo—r U —F 0 7 E2FH LZKIGMZEBWNT, BEOERKIILD
BIREEZ AT HEERERCTH D, AFEICBWTEER In-Y= BN EHAARETH D &
WIHFERIZ, A%, FTo—r Ut —F U 7 EFIA LEEAERISAE N T OB RIEZRREIE
L ECTHEHBERMATHLEZEZTND,

HEABETIIE) D =430 T D0 AR A L U CHWE 1n-V = DB LR
EEOSIZB L Cak_tz, 7= F v ha ) o RT oy AR E WA L RRICEEA ey =0
BALEMEALSOSICB W T, Fo—r U —F 0 72T S Exn T2 LERILAME 5 2 7=, ¥
2, BV —FF Y R T Oy AL, T CHIOEBEAZ XL CHICEOK TR A
ST, Fx—r U —F U T EGRIETIETCNDZ ERbholz, EHIT, JEFEMER
BV —FXY U RGOy AEREAEEE L THWD Z SI2 LY RELEME LG E R
FOG~ERT D Z ENETH -7, ARIED L IIC, 2D AF LU RFE—AFBEEDI D
—H wIRF—IRFBREE~EBRT DAFINNTD 70 BB RERIEE L TORBESHR
TX 5,

AWFFETIX, T VT L2 AN = O RC R CSOCOBRFEZ B L T, ZNETH
B RRUSIZBWTHA SN TI R o F = —r U —F U JICET H2EERMA 215G, 4
%, F=z—r U+ —F 713 Ln- P UHOBRICRMACSIGE D72 5F 0 #kx el B TRSUGIT
BOWTHANEA TN EEZ BN, AR > TEONRZMAEZ RIS, i alsEo
—O L LTHEELTW Z NSNS,
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KEBRIE

General Methods. Unless otherwise noted, all reactions were carried out under nitrogen and all
commercial reagents were used without further purification. Complexes 2a%’, 2b-2f were prepared according
to a literature procedure reported by Vrieze and coworkers for methylpalladium chloride complexes.’® NaH
was washed three times with hexane prior to use. Anhydrous DMF and THF were purchased from Kanto
Chemical Co. Inc and used as received. Hexane and dichloromethane were purified using a Grubbs solvent
purification system. Dichloroethane was distilled from P,Os. Malonic esters and 3-cyclohexenol were
distilled from CaSOs. 'H, ZH{'H} and 3C{'H} spectra were recorded on a JEOL ECX-400, AL-400, or
ALPHA-400 spectrometer. 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 was performed on a JEOL JMS-T100LCS. Flash column chromatography was carried
out with silica gel 60N (Kanto Chemical Co., Inc.).

1=

Preparation of 1,n-Diene 1.

General Procedure A for Preparation of 1,n-Dienes 1.

1) NaH, DMF 1) NaH, THF

2) Br _ 2) Br@
RO,C. M \/@n\/ rRo,c M RO,C

R02c><

B — B — e
" ROZCW RO,C =

n n

To a suspension of NaH (1.38 equiv) in DMF was slowly added malonic ester (1.25 equiv, ca. 0.5 mmol
per 1 mL of DMF) at 0 °C, and the mixture was gradually warmed to room temperature. The bromoalkene
(1 equiv) was added dropwise to the flask and the mixture was stirred for 1 day. After this period, a saturated
aqueous solution of ammonium chloride was introduced to the mixture, which was then extracted with Et,O
three times. Combined organic portions were washed with brine, quickly dried over Na>SOs, filtered, and
concentrated. Column chromatography of the crude material on silica gel (hexanes/EtOAc) afforded the
desired alkenylated malonic ester.

To a suspension of NaH (1.4 equiv) in THF was slowly added the alkenylated malonic ester (1 equiv,
ca. 0.2 mmol per 1 mL of THF) at 0 °C, and the mixture was gradually warmed to room temperature. 3-
Bromocyclohexene (1.05 equiv) was added dropwise to the flask and the mixture was stirred for 1 day. After
this period, a saturated aqueous solution of ammonium chloride was introduced to the mixture, which was
then extracted with Et,O three times. Combined organic portions were washed with brine, quickly dried over
NaySOy4, filtered, and concentrated. Column chromatography of the crude material on silica gel

(hexanes/EtOAc) afforded the desired 1,n-diene 1.
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1,8-Diene 1a. 33% isolated yield over 2 steps. IR (neat): 3074 w, 3033 m, 2950 s,

MeO,C 2840 m, 1735 s, 1641 m, 1434 5, 1296 s, 1239 5, 1145 5, 1085 m, 993 m, 914 s, 724 m,

Me0C 1a N 670 m cm™'; '"H NMR (400 MHz, CDCl3): § 1.23-1.39 (m, 3H), 1.46-1.60 (m, 1H),

1.72-1.83 (m, 2H), 1.84-1.99 (m, 4H), 2.00-2.10 (m, 2H), 2.84-2.93 (m, 1H), 3.69 (s,

3H), 3.72 (s, 3H), 4.92-5.05 (m, 2H), 5.61-5.84 (m, 3H); *C NMR (100 MHz, CDCls): § 22.4, 24.0, 24.4,

249, 324, 33.9,39.7, 51.8, 52.0, 61.3, 114.8, 127.9, 128.2, 137.9, 171.1, 171.5; HRMS (ESI-TOF) m/z:
[M+Na]" calcd for Ci¢H24NaO4 303.1572. Found 303.1571.

1,6-Diene 1b. Compound 1b was prepared following the General Procedure A

MeO,C except that 3-bromocyclohexene was used for the first alkylation step and 1-bromo-2-

Me0C 1b NN pentene for the second step. 49% isolated yield over 2 steps (£:Z = 92:8). IR (neat):

3033 m, 2953 5, 2840 m, 1731 s, 1435 m, 1292 m, 1221 s, 1145 m, 1069 m, 1045 m,

971 m, 864 w, 820 w, 724 w, 669 w, 620 w cm’!; 'TH NMR (E-isomer, 400 MHz, CDCls): 0.93(t, J = 7.3Hz,

3H), 1.25-1.37 (m, 1H), 1.47-1.60 (m, 1H), 1.73-1.85 (m, 2H), 1.91-2.01 (m, 4H), 2.59-2.65 (m, 2H), 2.84-

2.91 (m, 1H), 3.68 (s, 3H), 3.70 (s, 3H), 5.28-5.37 (m, 1H), 5.47-5.55 (m, 1H), 5.65-5.75 (m, 2H); 3C NMR

(E-isomer, 100 MHz, CDCls): 6 13.8,22.4,24.3,24.9,25.7,36.1,39.4,51.8,52.0,61.9, 123.3, 128.1, 128.3,
136.3, 171.0, 171.3; HRMS (ESI-TOF) m/z: [M+Na]* caled for CisH24NaO4 303.1572. Found 303.1576.

1,7-Diene 1c. 42% isolated yield over 2 steps. IR (neat): 3460 w, 3077 w, 3031 m,

MeO,C 2950 s, 2840 m, 1729 s, 1642 m, 1434 s, 1220 s, 1146 s, 1083 m, 994 m, 914 m, 799 w,

Me02C 1c ~ 757 m, 724 m, 670 w, 559 w cm’!; 'TH NMR (400 MHz, CDCls): 6 1.27-1.39 (m, 1H),

1.47-1.60 (m, 1H), 1.74-1.83 (m, 2H), 1.91-2.09 (m, 6H), 2.86-2.97 (m, 1H), 3.70 (s, 3H),

3.73 (s, 3H), 4.94-5.06 (m, 2H), 5.63-5.85 (m, 3H); '3C NMR (100 MHz, CDCls): § 22.4, 24.4, 24.9, 29.0,

32.0,39.9,51.9,52.1,61.0, 114.8, 127.9, 128.5, 137.7, 171.2, 171.5; HRMS (ESI-TOF) m/z: [M+Na]" calcd
for CisH2,NaO4 289.1416. Found 289.1425.

1,9-Diene 1d. 44% isolated yield over 2 steps. IR (neat): 2929 s, 1730 s, 1640

MeO,C w, 1434 m, 1240 s, 1145 m, 993 m, 912 m, 724 w, 669 w cm!; 'H NMR (400 MHz,
MeOC™ 7 CDCls): & 1.15-1.44 (m, SH), 1.46-1.60 (m, 1H), 1.72-1.82 (m, 2H), 1.84-1.98 (m,
4H), 2.01-2.08 (m, 2H), 2.85-2.92 (m, 1H), 3.68 (s, 3H), 3.71 (s, 3H), 4.91-5.01 (m,

2H), 5.63-5.83 (m, 3H); 3C NMR (100 MHz, CDCLy): § 22.3, 23.9, 24.2, 24.8, 29.0, 32.6, 33.2, 39.5, 51.6,
51.9,61.2, 114.3, 128.0, 128.2, 138.5, 171.2, 171.5; Anal. Caled for C17Hz604: C, 69.36; H, 8.90. Found: C,

69.37; H, 8.89.

1,10-Diene 1e. 33% isolated yield over 2 steps. IR (neat): 3075 w, 3031 m,

MeO,C 2930 s, 2858 m, 1728 s, 1640 m, 1435 s, 1299 m, 1236 s, 1145 5,994 m, 911 m,
Me0C 1e N 756 m, 724 m, 669 m cm’!; '"H NMR (400 MHz, CDCls): & 1.11-1.43 (m, 7H),
1.47-1.59 (m, 1H), 1.72-1.82 (m, 2H), 1.84-1.98 (m, 4H), 1.99-2.06 (m, 2H), 2.84-
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2.92 (m, 1H), 3.69 (s, 3H), 3.72 (s, 3H), 4.90-5.01 (m, 2H), 5.63-5.84 (m, 3H); 3*C NMR (100 MHz, CDCl;):
$22.3,24.3,24.4,24.8,28.4,29.3,32.7,33.6,39.5,51.7,51.9,61.3, 114.2, 128.0, 128.2, 138.8, 171.3, 171.7;
HRMS (ESI-TOF) m/z: [M+Na]" caled for Ci1sH2sNaO4 331.1885. Found 331.1879.

1,14-Diene 1f. 36% isolated yield over 2 steps. IR (neat): 3075 w,

MeO,C 3016 w, 2926 s, 2855 s, 1731 s, 1640 w, 1434 m, 1237 s, 1146 m, 910
Me2C 1" S m, 993 m, 723 m cm!; 'H NMR (400 MHz, CDCl3): § 1.15-1.41 (m, 15
H), 1.47-1.59 (m, 1H), 1.74-1.82 (m, 2 H), 1.85-1.97 (m, 4H), 2.00-2.07

(m, 2 H), 2.84-2.92 (m, 1 H), 3.69 (s, 3H), 3.72 (s, 3H), 4.90-5.02 (m, 2 H), 5.63-5.74 (m, 2H), 5.76-5.86 (m,
1H); 3C NMR (100 MHz, CDCls): & 22.4, 24.4, 24.6, 24.9, 28.9, 29.1, 29.3, 29.4, 29.5, 30.0, 32.9, 33.8,
39.6,51.8,52.0,61.4, 114.1, 128.1, 128.3, 139.2, 171.4, 171.8; HRMS (ESI-TOF) m/z: [M+Na]" calcd for

C2H36NaO4 387.2511. Found 387.2507.

Preparation of 1,n-Diene 1a-D,.
The reduction of an aldehyde?, the chlorination of an alcohol’® and the ring opening reaction’! were

carried out following the procedures reported in literatures.

O LiAID, D D
@)L EtO (_7)4 thionyl chloride O o
s2
Na,Et,0 HO\/\/\(D TsCl, pyridine TSO\/\/\/D
D CH2C|2 D
s3 sS4
1) NaH, THF
1) NaH, DMF 2) Br@
MeOZC><H 2) 815 MeO,C._ M MeO,C
MeO,C™ Y\, MeOZCM MeO,C x-P
D D
S5 1a-D,

To a suspension with 5.0 g of LiAID4 (119 mmol) in 120 mL of Et,O was added dropwise 7.80 g of
methyl tetrahdrofuran-2-carboxylate in 80 mL of Et,O at 0 °C for 1 h. The reaction mixture was heated to
reflux for 1 h. After cooled to 0 °C, 5 mL of water, 15% NaOH aq, water 15 mL were added subsequently.
The flask was warmed to room temperature and stirred for 1 h. After the period, the reaction mixture was
filtered. The filtrate was evaporated to ca. 100 mL and dried MgSOs, filtered, concentrated. The products
was purified by Kugelrohr distillation (100 °C, 490 mmHg) to obtain 527 g of 2-
(hydroxymethyl)tetrahydrofuran-d> S1 (50.6 mmol, 85%).

To a solution of 5.27 g of 2-(hydroxymethyl)tetrahydrofuran S1 (50 .6 mmol) in 4.18 g of pyridine
(52.8 mmol) was slowly added 6.0 g of thionyl chloride (50.4 mmol) at 0 °C. The flask was warmed to room
temperature and stirred for 3 h. After the reaction mixture was diluted with Et,O, the solution was washed

five times with water and then with brine, and the resulting solution was dried over MgSQOs, filtered,
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concentrated. The crude product was purified by Kugelrohr distillation (40 °C, 15 mmHg) to obtain 1.58 g
of 2-(chloromethyl)tetrahydrofuran-d> S2 (12.8 mmol, 27%).

To suspension of 541 mg of Na in 20 mL of Et;O was added dropwise 1.27 g of 2-
(chloromethyl)tetrahydrofuran-d> S2 (10.4 mmol). The flask was heated to reflux for 2 h. After cooled to
room temperature, the reaction mixture was poured to ice water. After a saturated aqueous solution of
ammonium chloride was added, the mixture was extracted four times with E;O. Combined organic portions
were washed with brine, dried over MgSOa, filtered, concentrated. The crude product was purified by
Kugelrohr distillation (80 °C, 380 mmHg) to obtain 502 mg of 4-propen-1-ol-d> S3 with small amount of
starting material. The crude product was used in the next step without further purification.

To a solution of 1.64 g of tosyl chloride (8.6 mmol) in 6 mL of CH,Cl, were added 890 mg of pyridine
(11.3 mmol) and 4-propen-1-ol-d> S3 at 0 °C. The reaction mixture stirred for 3 h at 0 °C. After the period, 6
mL of water was added and the mixture was extracted with Et;O, washed with 30 mL of 2M HCI, 20 mL of
5% NayCOs3 aq and 20 mL of water, dried over MgSQs, filtered, concentrated. Column chromatography of
the crude material on silica gel (98:2 to 84:16 hexane/EtOAc) afforded 931 mg of tosylated product S4 (3.84
mmol, 37% over 2 steps).

To a suspension of 434 mg of NaH in 8 mL of DMF was added 1.49 g of dimethyl malonate (11.2 mmol)
at 0 °C. After the flask was warmed to room temperature, 58 mg of KI (0.34 mmol) and a solution of 931 mg
of tosylate S4 (3.84 mmol) in 5 mL of DMF were added. The reaction mixture was heated to 70 °C for 18 h.
After the flask was cooled to room temperature, a saturated aqueous solution of ammonium chloride was
induced to the mixture, which was then extracted three times with Et,O. The combined organic portions were
washed with brine, Na;SOys, filtered, concentrated. Column chromatography of the crude material on silica
gel (96:4 hexane/EtOAc) afforded 657 mg of alkylated dimethyl malonate-d> S5 (3.24 mmol, 85%).

To a suspension of 178 mg of NaH (4.53 mmol) in 15 mL THF was added 657 mg of the alkylated
dimethyl malonate-d> S5 (3.24 mmol) at 0 °C. After the flask was warmed to room temperature, 3-
bromocyclohexene was added to the reaction mixture. The reaction mixture was stirred for 17 h. After the
period, a saturated aqueous solution of ammonium chloride was induced to the mixture, which was then
extracted three times with Et,O. The combined organic portions were washed with brine, Na,;SOs, filtered,
concentrated. Column chromatography of the crude material on silica gel (96:4 hexane/EtOAc) afforded 701
mg of the diene 1a-D; (2.48 mmol, 77%): IR (neat): 3032 m, 2996 m, 2959 s, 2865 m, 2840 m, 1733 s, 1697
m, 1601 w, 1448 m, 1434 s, 1296 m, 1202 s, 1176 s, 1145 m, 1124 m, 1085 m, 1064 m, 1048 w, 1018 m, 990
m, 922 m, 727 m cm’'; '"H NMR (400 MHz, CDCl3): & 1.23-1.38 (m, 3H), 1.46-1.64 (m, 1H), 1.70-1.83 (m,
2H), 1.85-1.99 (m, 4H), 2.01-2.09 (m, 2H), 2.83-2.94 (m, 1H), 3.69 (s, 3H), 3.72 (s, 3H), 5.60-5.80 (m, 3H);
H NMR (60 MHz, CHCl5): 4 4.99, 5.04; 3C NMR (100 MHz, CDCls):  22.4, 24.0. 24.4, 24.9, 32.4, 33.8,
39.7, 51.8, 52.1, 61.3, 128.0, 128.4, 137.9, 171.3, 171.7; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
Ci6'H2?HoNaOs4 305.1698; Found 305.1691.

General Procedure B for Preparation of 3a, 3c-3f.
To a Schlenk flask charged with 4.2 mg of palladium complex 2a (0.012 mmol) was added 25 mL of

dichloloethane, 1,n-diene 1 (0.5 mmol) and 13.3 mg of NaBAr’ (0.015 mmol), and the mixture was stirred
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at room temperature. The resulting mixture was passed through a short column of silica gel (10:1
hexane/EtOAc) and concentrated. After quenching, the reaction mixture was purified though AgNOs/silica
gel column chromatography.'* Fractions with high purity were selected by TLC and GC analyses and
collected to obtain the cycloisomerization product (>95% purity by GC).

Cycloisomerization product 3a. 78% isolated yield. IR (neat): 3024 m, 2966 m,

MeO,C 2889 m, 2874 m, 2841 m, 17325, 1645 w, 1455 s, 1435, 1379 w, 1249 s, 1199 s, 1177

Me02C s, 11585, 1129 s, 1115 s, 1086 m, 1056 m, 1042 m, 973 m, 895 m, 849 m, 826 m, 810

m, 741 m,707 m, 510 w, 503 w, 425 w, 411 s cm’!; 'TH NMR (400 MHz, CDCl5): 8 0.89

(t, J=17.3 Hz, 3H), 1.07-1.18 (m, 1H), 1.19-1.40 (m, 4H), 1.45-1.63 (m, 2H), 1.78-1.90 (m, 1H), 2.00-2.06

(m, 2H), 2.12-2.20 (m, 1H), 2.81-2.91 (m, 2H), 3.71 (s, 3H), 3.71 (s, 3H), 5.66-5.77 (m, 2H); '3C NMR (100

MHz, CDCl3): 6 14.3, 21.4, 21.7, 25.0, 37.1, 38.8, 43.6, 44.3, 45.7, 52.2, 52.6, 63.3, 126.4, 128.1, 171.2,
173.4. HRMS (ESI-TOF) m/z: [M+Na]" calcd for C16H24NaO4 303.1572. Found 303.1572.

Cycloisomerization product 3c. 56% isolated yield. IR (neat): 3024 s, 2964 s, 2875

MeO,C s, 28555,2841s, 1735 s, 1651 s, 1459 s, 1435 s, 1380 m, 1362 m, 1261 s, 1200 s, 1158

MeO,C 30 s, 1124 s, 1084 s, 1057 s, 1036 s, 1022 s, 969 m, 947 m, 889 m, 825 m, 810 m, 780 m,

763 m, 741 w, 704 s, 586 w, 531 w, 507 m cm™'; 'H NMR (400 MHz, CDCls): § 0.90 (t,

J=7.3 Hz, 3H), 1.10-1.40 (m, 3H), 1.52-1.66 (m, 2H), 1.71-1.84 (m, 1H), 1.96-2.10 (m, 2H), 2.14-2.22 (m,

1H), 2.79-2.95 (m, 2H), 3.72(s, 3H), 3.73 (s, 3H), 5.65-5.78 (m, 2H); '*C NMR (100 MHz, CDCls): § 12.5,

21.7,25.0,27.5,38.3,43.7,45.4, 46.2, 52.2, 52.6, 63.2 126.3, 128.1, 171.2, 173.4; HRMS (ESI-TOF): m/z:
[M-+Na]" calcd for Ci1sH22NaO4 289.1416; Found 289.1418.

Cycloisomerization product 3d. 63% isolated yield. IR (neat): 3023 s, 2954 s,

MeO,C 2927s,2877s,2857s,1734 s, 1651 m, 1458 m, 1435s, 1379 m, 1247 s, 1199s, 1177

Me0,C 3d s, 1156 s, 1129 5,1088 s, 1056 s, 1044 s, 978 m, 955 m, 930 m, 889 w, 855 m, 826

m, 810 w, 781 w, 741 m, 706 m, 610 w, 537 w, 508 m, 498 m, 489 m cm™!; '"H NMR

(400 MHz, CDCI3): 6 0.88 (t, J = 6.6 Hz, 3H), 1.07-1.64 (m, 9H), 1.75-1.89 (m, 1H), 1.92-2.10 (m, 2H),

2.10-2.25 (m, 1H), 2.79-2.94 (m, 2H), 3.71 (s, 3H), 3.72 (s, 3H), 5.65-5.79 (m, 2H); '*C NMR (100 MHz,

CDCh): & 14.0, 21.7, 22.9, 25.0, 30.4, 34.5, 38.8, 43.6, 44.5, 45.7, 52.1, 52.5, 63.2, 126.3, 128.0, 171.2,
173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C17H26NaO4 317.1729; Found 317.1722.

Cycloisomerization product 3e. 56% isolated yield. IR (neat): 3023 m,

MeO,C 2954 s,2927 s, 2871 s, 2856 s, 1736 s, 1651 w, 1458 s, 1434 s, 1378 w, 1249 s,
MeO,C 30 1200 s, 1174 s, 1155 s, 1129 5, 1092 s, 1055 m, 987 m, 955 w, 892 w, 846 w, 825
m, 810 m, 776 w, 706 m, 536 w, 508 w, 493 w, 479 w cm’'; "H NMR (400 MHz,

CDCl): 6 0.88 (t, J = 6.8 Hz, 3H), 1.06-1.40 (m, 9H), 1.46-1.66 (m, 2H), 1.74-1.91 (m, 1H), 1.93-2.10 (m,
2H), 2.10-2.24 (m, 1H), 2.76-2.97 (m, 2H), 3.71 (s, 3H), 3.72 (s, 3H), 5.60-5.82 (m, 2H); '*C NMR (100
MHz, CDCl3): 6 14.0, 21.7, 22.6, 25.0, 27.9, 32.0, 34.8, 38.8, 43.6, 44.6, 45.7, 52.2, 52.5, 63.2, 126.3, 128.1,
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171.2, 173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci1sH2sNaO4 331.1885; Found 331.1876

Cycloisomerization product 3f. 50% isolated yield. IR (neat):
MeO,C 3023 w, 2950 m, 2925 s, 2854 m, 1736 s, 1458 w, 1434 m, 1247 s, 1199
Me02C 3f m, 1180 m, 1154 w, 1128 w, 1118 w, 1100 w, 1055 w, 1028 w, 806 w,
704 w cm!; TH NMR (400 MHz, CDCl3): 8 0.88 (t,J = 6.8 Hz, 3H), 1.06-1.40 (m, 17H), 1.46-1.63 (m, 2H),
1.76-1.88 (m, 1H), 1.99-2.07 (m, 2H), 2.11-2.21 (m, 1H), 2.81-2.92 (m, 2H), 3.71 (s, 3H), 3.72 (s, 3H), 5.64-
5.79 (m, 2H); 3C NMR (100 MH, CDCls): § 14.1, 21.7, 22.7, 25.0, 28.3, 29.3, 29.6, 29.6, 29.9, 31.9, 34.9,
38.8,43.6,44.6,45.7,52.2, 52.6, 63.3, 126.3, 128.1, 171.2, 173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd
for C2;H36NaO4 387.2511; Found 387.2501.

Deuterium Labeling Experiments.

2.5 mol % 2a AgNOg/silica gel

E 3 mol % NaBAr', chromatography E (a)(a)
E D E d
A CH,CICH.CI, rt, 3 h 5 c A CDy M4
D (D)B B a
1a-D, (D)(D)
E = CO,Me 3a-D,

40% isolated yield
single diastereomer

Cycloisomerization of 1a-D; was carried out following general procedure B. Fraction with high purity

were selected by GC analysis and collected to give 3a-D; in 40% isolated yield as a single diastereomer

(>99% purity).
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Preparation of 1,n-Dienes 1.

1,8-Dienes 1g and 1h were prepared following general procedure A.

1,8-Diene 1g. 40% isolated yield over 2 steps. IR (neat): 3076 w, 3034 m, 2979 s,

EtO.C 2935s,2838 m, 1723 s, 1700 m, 1653 w, 1641 m, 1447 s, 1389 m, 1367 m, 1300 s, 1214

F102C 19 N5, 11445, 1096 s, 1032 s, 912 m, 862 m, 756 m, 724 m, 669 m, 667 m cm™'; '"H NMR

(400 MHz, CDCls): 8 1.24 (t, J = 7.3 Hz, 3H), 1.26 (t, J = 7.3 Hz, 3H), 1.27-1.56(m,

4H), 1.724-2.13 (m, 8H), 2.80-2.97 (m, 1H), 4.08-4.29 (m, 4H), 4.87-5.08 (m, 2H), 5.58-5.82 (m, 3H); 13C

NMR (100 MHz, CDCl3): 6 14.2, 14.2,22.4,24.8,24.3, 24.9,32.2,33.9,39.4, 60.7, 60.8, 60.8, 114.8, 128.0,

128.3, 138.1, 170.8, 171.2. HRMS (ESI-TOF) m/z: [M+Na]* calcd for C;sHxsNaO4 331.1885. Found
331.1887.

1,8-Diene 1h. 42% isolated yield over 2 steps. IR (neat): 3076 w, 3035 m, 2977

i:zgzg s,2932s,2838 m, 1719 s, 1641 m, 1477 m, 1455 s, 1392 s, 1368 s, 1299 s, 1256 s,

’ 1h S 11718, 1053 m, 992 m, 973 m, 910 m, 881 m, 851 s, 811 w, 748 m, 725 m, 670 w, 662

m cm!; 'TH NMR (400 MHz, CDCl3): § 1.30-1.56 (m, 22H), 1.73-2.01 (m, 6H), 2.01-

2.10 (m, 2H), 2.75-2.85 (m, 1H), 4.91-5.06 (m, 2H), 5.61-5.86 (m, 3H); 3C NMR (100 MHz, CDCl5): § 22.7,

23.6,24.1,25.1,28.0,28.0,32.2,34.1,39.0,61.3,81.0, 81.0, 114.8, 127.0, 129.5, 138.3, 170.1, 170.5; HRMS
(ESI-TOF) m/z: [M+Na]* calcd for C2H3sNaO4 387.2511. Found 387.2503.

Preparation of 1,8-Diene 1i.
1,8-Diene 1i was prepared by a procedure similar to the one for the synthesis of 1,6-dienes reported by
Osakada and coworkers.* Pd{P(OPh);}4 was prepared according to the literature procedure reported by

Ikariya and coworkers.3?

Meozc><_|/\/\ S H02C><-|/\/\
—_—
MeO,C X EtOHH,0 HOL N
o
H,SO, o o

acetone, Ac,0 O H Pd{P(OPh)s}4 o
><O SN MS 4A, toluene ><O N

6] 6]
1i

Dimethyl (4-pentenyl)malonate was prepared following the first part of the General Procedure A. To a
mixture of 2.5 mL of 6 M NaOH aq (3 equiv) and 2.5 mL of ethanol was added 1.01 g of dimethyl (4-
pentenyl)malonate (5.04 mmol) under air and the mixture was heated to reflux for 16 h. After cooled to rt,

the resulting mixture was neutralized by adding a 6 M solution of HCI and extracted with Et,O three times.
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Combined organic portions were quickly dried over MgSOQsa, filtered, and concentrated to obtain 839 mg of
the dicarboxylic acid (4.87 mmol, 97%), which was used for the next step without further purification.

To a solution of 839 mg of the dicarboxylic acid (4.87 mmol) in a mixture of 2.4 mL of acetic anhydride
and 0.8 mL of acetone was added a drop of conc. H»SO4 at 0 °C, and the mixture was stirred at room
temperature for 1 day. The resulting mixture was mixed with water and extracted with chloroform three times.
Combined organic portions were washed with brine, quickly dried over MgSQOys, filtered, and concentrated.
Column chromatography of the crude material on silica gel (5:1 hexanes/EtOAc), followed by gel permeation
chromatography (GPC), afforded 440 mg of the alkenylated Meldrum’s acid (2.07 mmol, 43%).

To a mixture of 383 mg of the alkenylated Meldrum’s acid (1.80 mmol), 13.5 mg of Pd{P(OPh)3}4
(0.0100 mmol), 468 mg of MS 4A in 1 mL of toluene was added 197 mg of 3-cyclohexenol (2.01 mmol),
and the mixture was heated at 80 °C for 4 h. After cooled to rt, the resulting mixture was filtered, mixed with
water, extracted with Et;O three times. Combined organic portions were washed with brine, quickly dried
over MgSQy, filtered, and concentrated. Column chromatography of the crude material on silica gel (10:1
hexanes/EtOAc) afforded 250 mg of 1,8-diene 1i (0.855 mmol, 47%): IR (KBr): 2925 m, 2913 w, 2859 w,
1770 s, 1734 s, 1643 w, 1458 w, 1393 m, 1380 m, 1272 s, 1207 s, 1111 m, 1060 m, 987 m, 915 m, 889 m,
718 w cm!; 'TH NMR (400 MHz, CDCls): & 1.33-1.42 (m, 2H), 1.46-1.58 (m, 2H), 1.71 (s, 3H), 1.74 (s, 3H),
1.77-1.86 (m, 2H), 1.95-2.01 (m, 2H), 2.02-2.18 (m, 4H), 2.81-2.89 (s, 1H), 4.95-5.04 (m, 2H), 5.66-5.80 (mm,
2H), 5.83-5.89 (m, 1H); '3C NMR (100 MHz, CDCls): § 22.0, 24.7, 25.3, 25.4, 28.9, 30.9, 33.6, 33.6, 45.7,
58.4,105.6,115.4, 124.8, 130.9, 137.3, 168.1, 168.6. Anal. Calcd for C17H2404: C, 69.84; H, 8.27. Found: C,
69.51; H, 8.17.

Preparation of 6-Aza-1,8-Diene 1j.
N-4-Pentenyl-p-toluenesulfonamide was prepared according to the literature procedure reported by

Hsung and coworkers. 33

1) NaH, DMF
oage
TsHN
X

1j

X

A 300 mL three-necked flask was charged with 541 mg of NaH (60% oil suspension, 13.5 mmol), which
was washed twice with 20 mL of hexanes and suspended in 25 ml of DMF. To this suspension was added a
solution of 1.15 g of N-4-pentenyl-p-toluenesulfonamide (4.79 mmol) in 50 mL of DMF dropwise at 0 °C,
and the mixture was stirred at rt for 15 min. Then 2.17 g of 3-bromocyclohexene was added dropwise to the
mixture, which was stirred further at rt for 3 h. After this period, a saturated aqueous solution of ammonium
chloride was introduced to the mixture, which was then extracted with Et,O three times. Combined organic
portions were washed with brine, quickly dried over MgSOQs, filtered, and concentrated. Column
chromatography of the crude material on silica gel (20:1 hexanes/EtOAc) afforded 1.29 g of the desired 6-
aza-1,8-diene 1j (5.38 mmol, 84%): IR (neat): 3066 w, 3027m, 2937 s, 2867 m, 1641 m, 1599 m, 1495 s,
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1449 m, 1393 m,1338 s, 1224 m, 1161's, 1091 s, 995 s, 912 m, 815 s, 741 m, 673 s, 585 s, 549 s cm™'; 'H
NMR (400 MHz, CDCls): § 1.44-1.64 (m, 2H), 1.65-1.80 (m, 2H), 1.82-1.97 (m, 4H), 2.00-2.07 (m, 2H),
2.42 (s, 3H), 2.94 (ddd, J = 14.6, 10.7, 5.4 Hz, 1H), 3.10 (ddd, J = 14.6, 10.7, 5.4 Hz, 1H), 4.42-4.50 (m, 1H),
4.95-5.09 (m, 3H), 5.73-5.84 (m, 2H), 7.28 (d, J = 8.3 Hz, 2H), 7.71 (d, J= 8.3 Hz, 2H); 13C NMR (100 MHz,
CDCL): §21.5,21.8,24.4,28.9,31.0,31.2, 44.0, 55.3, 115.0, 127.1, 127.8, 129.6, 132.0, 137.8, 138.2, 142.9.
HRMS (ESI) caled for [M+Na]" (C1sHosNNaO,S) m/z 342.1504. Found 342.1500.

Preparation of 1,n-Diene 1k.

— > PBr

S6

1) NaH, THF

’ 2) Br—<;|
Me0,C MeO,C
M902C-></\/\ MeO,C SN

1k

Following the procedure reported by Ryu et al.*, 3-bromocyclopentene S6 was obtained in 38% NMR
yield (39.1 mmol) as a mixture with CCls. The crude mixture was used in the next step without further
purification.

To a suspension of 559 mg of NaH (60 % oil suspension, 13.9 mmol) in 60 mL of THF was slowly
added 2.08 g of dimethyl (4-pentenyl)malonate (10.3 mmol) at 0 °C, and the solution was gradually warmed
to room temperature. 3-bromocyclopentene S6 (as mixture of CCls, 39.1 mmol) was added dropwise to the
flask and the mixture was stirred for 1 day. After this period, a saturated aqueous solution of ammonium
chloride was introduced to the mixture, which was then extracted three times with Et2O. Combined organic
portions were washed with brine, quickly dried over Na;SOs, filtered, and concentrated. Column
chromatography of the crude material on silica gel (40:1 hexane/EtOAc) followed by gel permeation
chromatography afforded 1.67 g of the 1,8-diene 1k (6.27 mmol, 63%): IR (neat): 3075 w, 2997 m, 2953 s,
2866 m, 2850 m, 1733 s, 1641 m, 1607 m, 1436s, 1242 s, 1085 s, 1046 s, 1002 5, 917 s, 856 m, 840 m, 782
m, 726 m, 636 m, 579 m cm™'; '"H NMR (400 MHz, CDCls):  1.22-1.45 (m, 2H), 1.65-1.75 (m, 1H), 1.81-
2.09 (m, 5H), 2.22-2.30 (m, 2H), 3.37-3.45 (m, 1H), 3.68 (s, 3H), 3.71 (s, 3H), 4.93-5.05 (m, 2H), 5.71-5.83
(m, 3H); 3C NMR (100 MHz, CDCls): § 23.9, 25.2, 31.7, 32.8, 33.9, 494, 51.9, 52.1, 61.1, 114.9, 131.4,
132.1, 138.1, 171.7. 171.9; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH2»NaO4 289.1416; Found
289.1410.

Preparation of 1,n-Diene 11.

The Johnson-Claisen rearrangement, the reduction of the ester and the bromination were conducted

following the procedure of synthesis of 5-bromo-3-methylpent-1-ene.*
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1) NaH THF
1) NaH, DMF

|v|e02<:>< 284 MeOC MeO,C
Me0,C™ Y\, Me020></\<\ MeO,C A
.

11
dr 1:1

A 200 mL three-necked flask with Dean-Stark apparatus and reflux condenser was charged with 6.3 g
of 2-penten-1-ol (73.2 mmol), 223 mg of propionic acid (3.01 mmol) and 25 mL of (EtO);CMe (136 mmol)
and heated at 145 °C for 4 h. After this period, the reaction mixture was cooled to room temperature and
diluted with Et,O. The organic layer washed twice with a 2 M aqueous solution of HCI, and then with water
and brine. The resulting solution was dried over Na,SOs, filtered, concentrated. The crude product was used
in the next step without further purification.

To a solution of ethyl ester S7 in 60 mL of THF was carefully added 1.8 g of LiAlH4 (47.4 mmol) at
0 °C and stirred at this temperature for 1 h. After this period, the reaction mixture was quenched with MeOH
and a 2 M aqueous solution of HCI, and the resulting mixture was stirred at room temperature for 2 h. The
filtrate was extracted three times with Et;O. Combined organic portions were washed twice with brine, dried
over NaSQOs, filtered, and concentrated. The crude product was used in the next step without further
purification.

To a solution of alcohol S8 in 7.4 mL of pyridine (91.7 mmol) was added dropwise 25 g of phosphorus
tribromide (92.4 mmol) at -40 °C for 20 min. The reaction mixture warmed to room temperature and stirred
for 1 h. After this period, the reaction mixture was poured into ice water and extracted three times with Et,O.
Combined organic portions were washed with a 1 M aqueous solution of NaOH and then with brine. The
resulting solution was dried over Na SO, filtered and concentration. The crude product was used in the next
step without further purification.

A 300 mL three-necked flask was charged with 1.53 g of NaH (60% oil suspension, 38.3 mmol), which
was washed three times with hexane and suspended in 85 mL of DMF. To this suspension was added 4.63 g
of dimethyl malonate (35.0 mmol) at 0 °C and the mixture was gradually warmed to room temperature. The
bromoalkene S9 was added dropwise to the flask and the mixture was stirred for 26 h. After this period, a
saturated aqueous solution of ammonium chloride was introduced to the mixture, which was then extracted
three times with Et,0. Combined organic portions were washed with brine, quickly dried over Na;SOs,
filtered, and concentrated. Column chromatography of the crude material on silica gel (99:1 to 95:5, 90:10
hexane/EtOAc), followed by gel permeation chromatography, afforded 256 mg of alkylated
dimethylmalonate S10 (1.12 mmol, 3% over 4 steps).

A 50 mL three-necked flask was charged 67.7 mg of NaH (60% oil suspension, 1.69 mmol), which was
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washed three times with hexane and suspended in 5 mL of THF. To this suspension was added 256 mg of
alkylated dimethylmalonate S5 (1.12 mmol) in 2 mL of THF at 0 °C and the mixture was gradually warmed
to room temperature. 247 mg of 3-bromocyclohexene (1.54 mmol) was added dropwise to the flask and the
mixture was stirred for 25 h. After this period, a saturated aqueous solution of ammonium chloride was
introduced to the mixture, which was then extracted three times with Et;O. Combined organic portions were
washed with brine, quickly dried over Na,SOys, filtered, and concentrated. Column chromatography of the
crude material on silica gel (99:1 hexane/EtOAc) afforded 217 mg of 1,8-diene 11 (0.705 mmol, 64%) as a
1:1 mixture of two diastereomers: IR (neat): 3075 w, 3033 m, 2952 s, 2932 s, 2874 m, 2840 m, 1731 s, 1641
w, 1449 m, 1434 s, 1397 w, 1379 w, 1299 m, 1240 s, 1217 s, 1200 s, 1154 s, 1128 m, 1111 m, 1093 m, 1050
m, 1038 m, 995 m, 913 m, 887 w, 872 w, 836 w, 797 w, 753 w, 724 m, 671 w, 621 w, 586 w cm’!; 'H NMR
(400 MHz, CDCl3): 6 0.83 (t, J = 7.4 Hz, 3H, diastereomer 11-A), 0.83 (t, /= 7.4 Hz, 3H, diastereomer 11-
B), 1.07-1.46 (m, 5H), 1.46-1.59 (m, 1H), 1.70-1.90 (m, 4H), 1.90-2.02 (m, 3H), 2.81-2.92 (m, 1H), 3.69 (s,
3H), 3.72 (s, 3H), 4.91-5.07 (m, 2H), 5.41-5.56 (m, 1H), 5.61-5.74 (m, 2H); '3C NMR (100 MHz, CDCls): §
11.5 (1C), 11.5 (1C), 22.4 (2C), 24.3 (1C), 24.4 (1C), 24.9 (2C), 27.5 (1C), 27.5 (1C), 29.2 (1C), 29.2 (1C),
30.6 (1C), 30.7 (1C), 39.6 (1C), 39.6 (1C), 46.0 (1C), 46.1 (1C), 51.8 (2C), 52.0 (2C), 61.3 (1C), 61.3 (1C),
114.9 (1C), 114.9 (1C), 128.0 (1C), 128.1 (1C), 128.3 (1C), 128.3 (1C), 142.3 (1C), 142.3 (1C), 171.3 (1C),
171.4 (1C), 171.7 (2C); HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH2sNaO4 331.1891; Found 331.1891.

General Procedure C for Cycloisomerization/Hydrogenation of cyclic 1,n-Dienes.

cat. 2a H, (1 atm)
cat. NaBAr, PtO,

ZW CH,CICH,CI, rt MeOH, rt
n
1

To a Schlenk flask charged with 4.2 mg of palladium complex 2a (0.012 mmol) was added 25 mL of
dichloloethane, 1,n-diene 1 (0.5 mmol), (0.5 mL of cyclohexene (5 mmol), if added) and 13.3 mg of NaBAr,
(0.015 mmol), and the mixture was stirred at room temperature. The resulting mixture was passed through a
short column of silica gel (10:1 hexane/EtOAc) and concentrated. The resulting material was transferred to
a Schlenk flask using chloroform and volatile materials were removed under vacuum. 5 mL of methanol and
22.7 mg of platinum oxide (0.100 mmol) was added to the flask to form a suspension. A balloon filled with
hydrogen gas was attached to the flask, which was then briefly evacuated and backfilled with hydrogen gas
three times. The mixture was stirred overnight at room temperature and filtered through Celite. In the case
where GC analysis was performed, n-docosane as an internal standard and the solution was subjected for the
analysis. Gel permeation chromatography was performed to isolate cycloisomerization/hydrogenation
product 5 (In some cases, the cycloisomerization was performed for only 1 h to minimize the amount of

tetrasubstituted olefin product 4 and facilitate the isolation of 5 by GPC).
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Bicyclo[4.3.0]nonane 5a. 88% GC yield (without using cyclohexene). 86% GC

MeO,C yield (using 10 equiv of cyclohexene). 59% isolated yield (The reaction was performed

Me0C 5a for 3 h using 10 equiv of cyclohexene). IR (neat): 2927 s, 2858 m, 1736 s, 1451 m,

1434 m, 1260 s, 1230 s, 1196 m, 1173 s, 1128 m, 1070 m, 1027 w, 920 w, 843 w cm’!;

'"H NMR (400 MHz, CDCIs): 4 0.87 (t, J= 7.2 Hz, 3H), 0.90-1.07 (m, 2H), 1.11-1.56 (m, 8H), 1.58-1.69 (m,

3H), 1.79-1.86 (m, 1H), 1.89-2.03 (m, 1H), 2.62 (ddd, J = 12.6, 5.3, 5.3 Hz, 1H), 2.91 (dd, J = 14.6, 9.6 Hz,

1H), 3.66 (s, 3H), 3.68 (s, 3H); 3C NMR (100 MHz, CDCl3): § 14.4, 20.6, 21.4,24.2,24.8, 25.5, 37.0, 37.3,

37.7,44.4,45.5,52.2,52.5,63.3,171.2, 173.5. Anal. Calcd for CisH2604: C, 68.06; H, 9.28. Found: C, 67.94;
H, 9.14.

Bicyclo[4.3.0]nonane Sc. 87% GC yield (without using cyclohexene). 84% GC

MeO,C yield (using 10 equiv of cyclohexene). 14% isolated yield (The reaction was performed
MeozC 5¢ for 1 h using 10 equiv of cyclohexene). IR (neat): 2929 s, 2855 s, 1737 s, 1434 s, 1248 s,

1195 s, 1173 s, 1127 s, 1101 m, 1070 m, 1020 m, 915 w, 841 w, 706 w cm’!; 'H NMR

(400 MHz, CDCl3): 6 0.88 (t, J = 7.2 Hz, 3H), 0.91-1.10 (m, 2H), 1.12-1.32 (m, 3H), 1.40-1.57 (m, 3H),
1.61-1.71 (m, 3H), 1.82-1.99 (m, 2H), 2.64 (ddd, J= 12.6, 5.2, 5.2 Hz, 1H), 2.91 (dd, J= 14.6, 9.2 Hz, 1H),
3.68 (s, 3H), 3.70 (s, 3H); *C NMR (100 MHz, CDCl3): § 12.5,20.7,24.2,24.8,25.4,27.5,37.2, 38.9, 44.0,
45.5,52.2,52.5,63.2,171.2, 173.5. Anal. Calcd for Ci5sH2404: C, 67.14; H, 9.01. Found: C, 66.92; H, 9.00.

Bicyclo[4.3.0]nonane 5d. 76% GC yield (without using cyclohexene). 77%

MeO,C GC yield (using 10 equiv of cyclohexene). 21% isolated yield (The reaction was
Me0C 5d performed for 1 h using 10 equiv of cyclohexene). IR (neat): 2926 s, 2856 s, 1738 s,
1452 m, 1434 m, 1255 s, 1230 s, 1197 m, 1172 s, 1128 m, 1070 m, 1031 w, 930 w

cm’!'; 'TH NMR (400 MHz, CDCls): 8 0.87 (t, J = 7.0 Hz, 3H), 0.91-1.09 (m, 2H), 1.12-1.35 (m, 7H), 1.40-
1.57 (m, 3H), 1.59-1.70 (m, 3H), 1.79-1.87 (m, 1H), 1.90-2.02 (m, 1H), 2.63 (ddd, /= 12.6, 5.4, 5.4 Hz, 1H),
2.90 (dd, J= 14.6, 9.6 Hz, 1H), 3.67 (s, 3H), 3.69 (s, 3H); '3C NMR (100 MHz, CDCl5): § 14.1, 20.6, 22.9,
24.2,24.8,25.5,30.5,34.7,37.1,37.7,44.4,45.5, 52.2, 52.5, 63.3, 171.2, 173.5. Anal. Calcd for C17H2304:

C, 68.89; H, 9.52. Found: C, 68.60; H, 9.54.

Bicyclo[4.3.0]nonane Se. 80% GC yield (without using cyclohexene). 60%

MeO,C GC yield (using 10 equiv of cyclohexene). 28% isolated yield (The reaction was
MeozC 5e performed for 1 h using 10 equiv of cyclohexene). IR (neat): 2925 s, 2855 s, 1737
s, 1451 m, 1434 m, 1230, 1196 s, 1170 s, 1129 5, 1070 m, 981 m, 916 w, 843 w,

707 w cm!'; 'TH NMR (400 MHz, CDCl3):  0.88 (t, J = 7.1 Hz, 3H), 0.91-1.09 (m, 2H), 1.12-1.36 (m, 9H),
1.40-1.57 (m, 3H), 1.59-1.70 (m, 3H), 1.79-1.87 (m, 1H), 1.90-2.03 (m, 1H), 2.63 (ddd, J=12.7,5.4, 5.4 Hz,
1H), 2.90 (dd, J = 14.6, 9.8 Hz, 1H), 3.67 (s, 3H), 3.69 (s, 3H); '*C NMR (100 MHz, CDCls): § 14.0, 20.7,
22.6,24.2,24.8, 255, 28.0, 32.1, 35.0, 37.2, 37.7, 444, 45.5, 52.2, 52.5, 63.3, 171.2, 173.5. HRMS (ESI)

calcd for [M+Na]* (C13H30NaO4) m/z 333.2042. Found 333.2037.
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Bicyclo[4.3.0lnonane 5f. 75% GC yield (without using

MeO,C cyclohexene). 44% GC yield (using 10 equiv of cyclohexene). 9%
MeozC 5f isolated yield (The reaction was performed for 3 h using 10 equiv of
cyclohexene). IR (neat): 2925 s, 2853 s, 1736 s, 1455 s, 1433 s, 1378 w,

1251s,13305,1196's, 1172 s, 11295, 1070 s, 1045 m, 1027 m, 979 w, 939 w, 893 w, 721 w, 417 s cm’!; 'H
NMR (400 MHz, CDCIl3): 6 0.88 (t, J =7.3 Hz, 3H), 0.91-1.09 (m, 2H), 1.13-1.37 (m, 17H), 1.40-1.59 (m,
3H), 1.60-1.71 (m, 3H), 1.80-1.88 (m, 1H), 1.90-2.03 (m, 1H), 2.64 (ddd, J = 12.7, 5.4, 5.4 Hz, 1H), 2.91
(dd, J=14.6, 9.5 Hz, 1H), 3.68 (s, 3H), 3.70 (s, 3H); '3C NMR (100 MHz, CDCl5): § 14.1, 20.7, 22.7, 24.2,
24.8, 25.5, 28.3, 29.3, 29.6, 29.6, 29.9, 31.9, 35.0, 37.2, 37.7, 44.4, 45.5, 52.2, 52.5, 63.3, 171.2, 173.5.

HRMS (ESI) calcd for [M+Na]* (C22H3sNaO4) m/z 389.2668. Found 389.2663.

Bicyclo[4.3.0]nonane 5g. 87% GC yield (without using cyclohexene). 83% GC

EtO.C yield (using 10 equiv of cyclohexene). 29% isolated yield (The reaction was performed

F102C 59 for 1 h using 10 equiv of cyclohexene). IR (neat): 2927 s, 2856 s, 1732 s, 1454 s, 1367

s. 12315, 1178 s, 1126 s, 1068 s, 1034 s, 854 m, 804 w, 705 w, 634 w, 525 w, 443 s,

421 s cm!; 'TH NMR (400 MHz, CDCls): 6 0.87 (t,J= 7.2 Hz, 3H), 0.911-1.743 (m, 19H), 1.80-1.89 (m, 1H),

1.90-2.034 (m, 1H), 2.53-2.67 (ddd, J= 12.3, 5.4, 5.4 Hz, 1H), 2.82-2.96 (dd, J = 14.6, 9.6 Hz, 1H), 4.01-

4.251 (m, 4H); 3C NMR (100 MHz, CDCl5): 8 14.0, 14.1, 14.4,20.7,21.4,24.1,24.8, 25.5,37.0, 37.4, 37.6,

444, 452, 61.0, 61.0, 63.4, 170.1, 173.0. HRMS (ESI) calcd for [M+Na]* (CisH30NaO4) m/z 333.2042.
Found 333.2051.

Bicyclo[4.3.0]nonane 5h. 51% GC yield (without using cyclohexene). 41% GC

;:zgig yield (using 10 equiv of cyclohexene). 23% isolated yield (The reaction was
5h performed for 3 h using 10 equiv of cyclohexene). IR (neat): 2985 w, 2934 m, 2851 w,

1726 s, 1653 m, 1457 m, 1366 m, 1257 m, 1123 m, 846 w cm’!, '"H NMR (400 MHz,

CDCl3): 6 0.88 (t, J= 7.2 Hz, 3H), 0.92-1.12 (m, 2H), 1.12-1.41 (m, 5H), 1.44 (s, 18H), 1.48-1.58 (m, 4H),
1.58-1.76 (m, 2H), 1.82-2.01 (m, 2H), 2.46-2.56 (ddd, J=11.4, 5.4, 5.4 Hz, 1H), 2.82 (dd, J= 14.6, 9.4 Hz,
1H); 3C NMR (100 MHz, CDCls): 8 14.4, 20.8, 21.4, 23.9, 24.9, 25.6, 27.8, 27.9, 36.9, 37.6, 37.8, 44.4,
449, 64.5, 80.4, 80.9, 170.0, 172.4. HRMS (ESI) calcd for [M+Na]* (C22H33NaO4) m/z 389.2668. Found

389.2678.

Bicyclo[4.3.0]nonane 5i. 65% GC yield (without using cyclohexene). 59% GC

0]
><O yield (using 10 equiv of cyclohexene). 43% isolated yield (The reaction was performed
o for 1 h using 10 equiv of cyclohexene). Mp 80-81 °C; IR (neat): 2920 m, 2857 m, 1766

6]
5i s, 1733 s, 1450 w, 1390 m, 1285 w, 1242m, 1207 m, 1139 w, 1087 m,1042 m, 1011 m,

965 m cm™!; "TH NMR (400 MHz, CDCl3): 6 0.92 (t,J=7.1 Hz, 3H), 1.08-1.60 (m, 10H), 1.69-1.87 (m, 8H),
2.03-2.22 (m, 3H), 2.37 (ddd, J=12.7, 5.4, 5.4 Hz, 1H), 2.69 (dd, J=13.2, 8.8 Hz, 1H); '*C NMR (100 MHz,
CDCL): 6 14.4,20.2,21.4,24.5,25.7,25.8,28.3,29.5,35.7,37.7,39.5,43.7,52.1, 58.1, 104.5, 168.3, 170.5.
Anal. Calcd for C7H2604: C, 69.36; H, 8.90. Found: C, 69.24; H, 8.59.
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7-Azabicyclo[4.3.0]nonane 5j. 44% GC yield (without using cyclohexene). 57% GC
TsN yield (using 10 equiv of cyclohexene). 17% isolated yield (The reaction was performed for
24 h using 10 equiv of cyclohexene). IR (neat): 2953 m, 2835 m, 2918 m, 2855 m, 1599 w,
1495 w, 1474 w, 1450 w, 1377 w, 1339 s, 1308m, 1289 w, 1260 w, 1211 w, 1166 s, 1156 s,
1098 m, 1051 m, 1038 m, 1020 w, 997 w, 824 m, 708 w, 663 s. 590 s, 549 s, 539 w, 493 w cm’!; 'H NMR
(400 MHz, CDCl3): 6 0.72-0.87 (m, 4H), 1.11-1.53(m, 9H), 1.55-1.69 (m, 2H), 1.90-1.99 (m, 1H), 2.02-2.15
(m, 1H), 2,42 (s, 3H), 2.75 (t, J = 9.3 Hz,1H), 3.58-3.67(m, 2H), 7.30 (d, /= 8.3 Hz, 2H), 7.71 (d, J = 8.3
Hz, 2H); *C NMR (100 MHz, CDCl5): 8 14.2,21.0, 21.2, 21.5, 23.6, 24.7, 30.6, 34.4, 38.4, 43.2, 53.2, 60.1,
127.3,129.5, 135.3, 143.0. HRMS (ESI) calcd for [M+Na]* (Ci1gH27NNaOS;) m/z 344.1660. Found 344.1660.

Cyclic product 5k. 66% GC yield. 19% isolated yield. IR (neat): 2954 s, 2871 s,

ngi?&\ 1737 s, 1457 s, 1451 s, 1435 5, 1379 m, 1246 s, 1197 s, 1154 m, 1127 s, 1085 s, 1026
Sk m, 967 m, 938 m, 904 w, 890 w, 874 w, 8401 w, 808 m cm’!; 'H NMR (400 MHz,
CDCL): 8 0.88 (t, J = 7.2 Hz, 3H), 1.09-1.42 (m, 6H), 1.45-1.84 (m, 6H), 2.11-2.22 (m, 1H), 2.68 (dd, J =
13.5, 7.5 Hz, 1H), 3.18-3.27 (m, 1H), 3.69 (s, 3H), 3.71 (s, 3H); 3C NMR (100 MHz, CDCl3): & 14.3, 21.5,

26.8,29.3,31.7,37.5,41.5,45.6,50.3, 51.0, 52.0, 52.5, 62.7, 171.9, 173.6; HRMS (ESI-TOF) m/z: [M+Na]*
calcd for CisH24NaO4 291.1572; Found 291.1564.

5

Cyclic product 51. 65% GC yield. 29% isolated yield. IR (neat): 2934 s, 2859 s,

MeO,C 1737 s, 1460 s, 1435 s, 1380 m, 1335 m, 1317 m, 1268 s, 1230s, 1199 s, 1172 s, 1132
MeO,C

? s, 1118 s, 1072 s, 1058 s, 1034 s, 1011 m, 981 m, 967 m, 939 w, 926 m, 909 m, 840 m,

51 813 m, 772 m, 709 m cm™'; 'H NMR (400 MHz, CDCl;): § 0.85 (t, J = 7.2 Hz, 3H),

0.88 (t, J= 7.3 Hz, 3H), 0.91-1.71 (m, 13H), 1.76 (dd, J = 14.6, 7.4 Hz, 1H), 2.05-2.15 (m, 1H), 2.20-2.31
(m, 1H), 2.64 (dt, J= 11.6, 5.5 Hz, 1H), 2.69 (dd, J = 14.7, 10.4Hz, 1H), 3.68 (s, 3H), 3.70 (s, 3H); *C NMR
(100 MHz, CDCL): § 11.9, 12.7, 20.6, 21.4, 24.0, 24.9, 25.2, 25.3, 32.3, 38.4, 40.0, 41.9, 45.3, 52.2, 52.4,
63.4, 171.2, 173.3; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH3oNaO4 333.2042; Found 333.2038.
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X-ray Crystallographic Data
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Figure S1. X-ray structure of 5i. The unit cell contains two independent molecules, each of which is an

enantiomer of the other, and the structures are displayed separately.
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Table S2. Crystal data and structure refinement for 5i.

Empirical formula C17H2604

Formula weight 294.38

Temperature 93(2) K

Crystal color, habit Colorless, Needle

Crystal dimensions 0.50x 0.10 x 0.10 mm

Crystal system Triclinic

Space group P-1

a(A) 11.0933(10)

b (A) 11.5651(12)

c(A) 14.6276(13)

a (%) 83.478(3)

B 77.578(2)

7 (°) 60.886(3)

V (A3) 1601.1(3)

z 4

Density (calculated) 1.221 mg/m3

F(000) 640

Absorption coefficient 0.085 mm-1

Theta range for data collection 3.21t027.48°

Reflections collected 15750

Independent reflections 7235 [R(int) = 0.1003]

Number of parameters 154

Goodness-of-fit on F2 1.074

Final R indices [[>2sigma(I)] R1=0.0787
wR2=0.1513

R indices (all data) R1=0.1829
wR2=10.2011

* Goodness of Fit = {S[w (|Fo| — [Fe[)*] / (Nobs — Nparameters)}
1/2
bR = [[Fo| - [Fell/ £ [Fol, R, = {E[w (Fo| — [Fe?] / E[wF]}

74



Table S3. Atomic coordinates (x 104) and equivalent isotropic displacement parameters (Azx 103 ) for 5i.
U(eq) is defined as one third of the trace of the orthogonalized U1 tensor.

X y z U(eq)
c() 2176(5) 1122(5) 5960(3) 36(1)
CQ2) 1934(5) 1696(5) 4984(3) 30(1)
CQ3) 2774(5) 2421(5) 4602(3) 29(1)
C(4) 2575(4) 3007(4) 3622(3) 24(1)
C(5) 3157(5) 1937(4) 2869(3) 28(1)
C(6) 3869(4) 2402(4) 1970(3) 23(1)
C(7) 3491(4) 3868(4) 2205(3) 23(1)
C(8) 3351(4) 3816(4) 3272(3) 24(1)
C(9) 2698(4) 5182(4) 3709(3) 28(1)
C(10) 1375(4) 6209(4) 3350(3) 30(1)
c(11) 1669(5) 6268(4) 2274(3) 31(1)
C(12) 2146(4) 4917(4) 1874(3) 28(1)
C(13) 5459(4) 1572(4) 1850(3) 26(1)
o(1) 6086(3) 1146(3) 2488(2) 31(1)
0(2) 6212(3) 1325(3) 961(2) 27(1)
C(14) 5585(4) 1955(4) 149(3) 25(1)
0(3) 4190(3) 2101(3) 273(2) 28(1)
C(15) 3332(4) 2349(4) 1124(3) 24(1)
0(4) 2163(3) 2519(3) 1142(2) 31(1)
C(16) 6441(5) 992(5) -646(3) 34(1)
C(17) 5553(5) 3270(5) -42(3) 31(1)
C(18) 6431(5) 1795(5) 6320(3) 40(1)
C(19) 6377(5) 2238(5) 5292(3) 34(1)
C(20) 7816(4) 1969(4) 4711(3) 26(1)
Cc(21) 7730(4) 2488(4) 3702(3) 23(1)
C(22) 6839(4) 4008(4) 3659(3) 26(1)
C(23) 7554(4) 4525(4) 2796(3) 23(1)
C(24) 8773(4) 3222(4) 2270(3) 24(1)
C(25) 9150(4) 2203(4) 3087(3) 26(1)
C(26) 10117(4) 789(4) 2738(3) 29(1)
C(27) 9643(4) 404(4) 1978(3) 31(1)
C(28) 9417(5) 1410(4) 1169(3) 32(1)
C(29) 8306(4) 2792(4) 1516(3) 28(1)
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C(30)
0(5)
0(6)
C(31)
O(7)
C(32)
0(8)
C(33)
C(34)

8261(4)
8811(3)
8285(3)
7780(4)
6580(3)
6492(4)
5528(3)
7233(5)
8922(4)

5201(4)
4870(3)
6259(3)
6666(4)
6482(3)
5413(4)
5263(3)
8152(4)
5924(4)

3104(3)
3794(2)
2600(2)
1738(3)
1762(2)
2189(3)
2090(2)
1656(3)

921(3)

25(1)
30(1)
28(1)
24(1)
27(1)
24(1)
31(1)
35(1)
29(1)
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Table S4. Bond lengths [A] and angles [°] for 5i.

C()-C(2)
C(2)-C(3)
C(3)-C4)
C(4)-C(3)
C(4)-C(5)
C(5)-C(6)
C(6)-C(15)
C(6)-C(13)
C(6)-C(7)
C(N-C(8)
C(7)-C(12)
C(8)-C(9)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(13)-0(1)
C(13)-0(2)
0(2)-C(14)
C(14)-0(3)
C(14)-C(17)
C(14)-C(16)
0(3)-C(15)
C(15)-0(4)

CR3)-CQ2)-C()
C(2)-CB3)-C4)
CR3)-CAH)-C(®)
CB)-CH-CEG)
C(®)-C(4)-C5)
C(#H-C(5)-C(6)
C(15)-C(6)-C(13)
C(15)-C(6)-C(5)
C(13)-C(6)-C(5)
C(15)-C(6)-C(7)
C(13)-C(6)-C(7)
C(5)-C(6)-C(7)

1.526(6)
1.521(6)
1.527(6)
1.538(5)
1.545(6)
1.565(5)
1.504(6)
1.523(6)
1.595(6)
1.532(5)
1.533(6)
1.531(6)
1.528(6)
1.537(6)
1.527(6)
1.198(5)
1.363(5)
1.446(5)
1.445(5)
1.500(6)
1.511(6)
1.358(5)
1.209(5)

111.8(4)
113.9(4)
113.3(3)
112.8(4)
104.1(3)
107.7(3)
112.13)
110.8(3)
109.7(3)
112.8(3)
106.8(3)
104.3(3)

C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(25)
C(21)-C(22)
C(22)-C(23)
C(23)-C(30)
C(23)-C(32)
C(23)-C(24)
C(24)-C(29)
C(24)-C(25)
C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(30)-0(5)

C(30)-0(6)

0(6)-C(31)

C(31)-0(7)

C(31)-C(34)
C(31)-C(33)
0(7)-C(32)

C(32)-0(8)

C(20)-C(19)-C(18)
C(21)-C(20)-C(19)
C(20)-C(21)-C(25)
C(20)-C(21)-C(22)
C(25)-C(21)-C(22)
C(21)-C(22)-C(23)
C(30)-C(23)-C(32)
C(30)-C(23)-C(22)
C(32)-C(23)-C(22)
C(30)-C(23)-C(24)
C(32)-C(23)-C(24)
C(22)-C(23)-C(24)
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1.537(6)
1.537(6)
1.533(5)
1.534(5)
1.544(6)
1.561(5)
1.503(6)
1.515(6)
1.588(6)
1.535(6)
1.552(6)
1.528(6)
1.517(6)
1.532(6)
1.526(6)
1.219(5)
1.363(5)
1.426(5)
1.440(5)
1.514(6)
1.518(6)
1.357(5)
1.203(5)

113.2(4)
112.5(3)
114.3(3)
112.0(3)
104.2(3)
107.93)
112.4(4)
110.8(3)
110.2(3)
106.2(3)
112.5(3)
104.5(3)



C(8)-C(7)-C(12)
C(8)-C(7)-C(6)
C(12)-C(7)-C(6)
C(9)-C(8)-C(7)
C(9)-C(8)-C(4)
C(7)-C(8)-C(4)
C(10)-C(9)-C(8)
C(9)-C(10)-C(11)
C(12)-C(11)-C(10)
C(11)-C(12)-C(7)
0(1)-C(13)-0(2)
O(1)-C(13)-C(6)
0(2)-C(13)-C(6)
C(13)-0(2)-C(14)
0(3)-C(14)-0(2)
0(3)-C(14)-C(17)
0(2)-C(14)-C(17)
0(3)-C(14)-C(16)
0(2)-C(14)-C(16)
C(17)-C(14)-C(16)
C(15)-0(3)-C(14)
0(4)-C(15)-0(3)
0(4)-C(15)-C(6)
0(3)-C(15)-C(6)

112.9(3)
102.5(3)
112.2(3)
113.3(3)
116.0(3)
105.0(3)
113.4(4)
110.2(3)
110.3(4)
110.4(4)
118.2(4)
124.1(4)
117.6(4)
122.6(3)
110.7(3)
110.8(4)
110.4(4)
105.3(4)
106.1(3)
113.3(4)
121.7(3)
116.3(4)
124.3(4)
119.4(3)

C(29)-C(24)-C(25)
C(29)-C(24)-C(23)
C(25)-C(24)-C(23)
C(26)-C(25)-C(21)
C(26)-C(25)-C(24)
C(21)-C(25)-C(24)
C(27)-C(26)-C(25)
C(26)-C(27)-C(28)
C(29)-C(28)-C(27)
C(28)-C(29)-C(24)
0(5)-C(30)-0(6)
0(5)-C(30)-C(23)
0(6)-C(30)-C(23)
C(30)-0(6)-C(31)
0(6)-C(31)-0(7)
0(6)-C(31)-C(34)
0(7)-C(31)-C(34)
0(6)-C(31)-C(33)
0(7)-C(31)-C(33)
C(34)-C(31)-C(33)
C(32)-0(7)-C(31)
0(8)-C(32)-0(7)
0(8)-C(32)-C(23)
0(7)-C(32)-C(23)

112.3(4)
112.8(3)
102.1(3)
117.1(3)
112.2(4)
104.6(3)
114.3(4)
109.9(4)
110.4(4)
110.3(4)
117.1(4)
123.8(4)
119.1(4)
122.0(3)
111.2(3)
111.1(3)
109.9(3)
106.7(4)
105.2(3)
112.7(3)
121.7(3)
117.2(4)
123.9(4)
118.8(4)
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Table S5. Anisotropic displacement parameters (Azx 103) for 5i. The anisotropic displacement factor

exponent takes the form: -27:2[ h2a*2yull +  +2hka*b*Ul2 ]

ull U22 U33 U23 Ul3 ul2
c(1) 52(3) 32(3) 27(2) 5(2) -8(2) 23(2)
CQ2) 38(2) 29(3) 27(2) 12) 4(2) -20(2)
Cc(3) 38(2) 29(3) 24(2) -1Q2) -6(2) -19(2)
C4) 28(2) 20(2) 24(2) 2(2) 7(2) -12(2)
C(5) 36(2) 27(3) 27(2) 2(2) 3(2) -19(2)
C(6) 24(2) 25(2) 24(2) 3(2) 3(2) -14(2)
C(7) 25(2) 22(2) 27(2) 12) -6(2) -14(2)
C(8) 28(2) 28(3) 21(2) 2(2) 9(2) -17(2)
C©9) 27(2) 30(3) 29(2) 3(2) 4(2) -16(2)
C(10) 25(2) 27(3) 36(2) -6(2) 1(2) -13(2)
c(11) 30(2) 24(3) 39(3) 1Q2) 7(2) -12(2)
C(12) 28(2) 26(3) 31(2) 4(2) 7(2) -13(2)
C(13) 31(2) 20(2) 30(2) 2(2) 0(2) -16(2)
o(1) 36(2) 31(2) 29(2) 4(1) -14(1) -14(1)
0(2) 22(1) 29(2) 26(2) 1(1) 4(1) -10(1)
C(14) 25(2) 33(3) 20(2) 3(2) -6(2) -16(2)
0(3) 25(2) 38(2) 24(2) 4(1) 3(1) -17(1)
C(15) 30(2) 21(2) 25(2) 3(2) -5(2) -14(2)
0(4) 27(2) 38(2) 33(2) 3(1) 4(1) 20(1)
C(16) 35(2) 34(3) 32(2) -6(2) 1(2) -17(2)
c(17) 36(2) 33(3) 27(2) 3(2) -6(2) -19(2)
C(18) 56(3) 34(3) 30(3) 0(2) 2(2) 25(3)
C(19) 37(2) 33(3) 29(2) 3(2) -12) -18(2)
C(20) 30(2) 27(3) 24(2) 2(2) -8(2) -15(2)
c1) 24(2) 19Q2) 26(2) 4(2) 7(2) -12(2)
C(22) 26(2) 22(2) 26(2) 12) 0(2) -11(2)
C(23) 27(2) 25(2) 22(2) 1) -6(2) -16(2)
C(24) 19(2) 25(2) 27(2) 12) 4(2) -10(2)
C(25) 22(2) 25(2) 31(2) 3(2) 302) 11(2)
C(26) 24(2) 22(2) 39(3) 0(2) -5(2) 11(2)
C(27) 29(2) 24(3) 36(3) 4(2) -12) -13(2)
C(28) 35(2) 27(3) 35(3) -8(2) 302) -14(2)
C(29) 30(2) 26(3) 272) 302) 4(2) -13(2)
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C(30)
0(5)
0(6)
C(31)
0(7)
C(32)
0(8)
C(33)
C(34)

26(2)
33(2)
37(2)
26(2)
27(2)
26(2)
23(2)
42(3)
33(2)

24(2)
33(2)
27(2)
26(2)
25(2)
23(2)
34(2)
27(3)
30(3)

26(2)
27(2)
28(2)
24(2)
34(2)
22(2)
37(2)
37(3)
26(2)

-4(2)
0(1)
3(1)
2(2)
3(1)
0(2)
2(2)
2(2)
2(2)

0(2)
-10(1)
-13(1)
-10(2)
-9(1)
-6(2)
-8(1)
-1(2)
-3(2)

-14(2)
-16(1)
-20(1)
-14(2)
-15(1)
-11(2)
-15(1)
-19(2)
-17(2)
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Table S6. Torsion angles [°] for 5i.

C()-C2)-CB)-C4)
C(2)-CB)-CH-C(®)
C(2)-CB)-CH-CG)
CB3)-CH-C(5)-C(6)
C(8)-C(4)-C(5)-C(6)
C(4)-C(5)-C(6)-C(15)
C(4)-C(5)-C(6)-C(13)
C(H-C(5)-C(6)-C(7)
C(15)-C(6)-C(7)-C(8)
C(13)-C(6)-C(7)-C(8)
C(5)-C(6)-C(7)-C(8)
C(15)-C(6)-C(7)-C(12)
C(13)-C(6)-C(7)-C(12)
C(5)-C(6)-C(7)-C(12)
C(12)-C(7)-C(8)-C(9)
C(6)-C(7)-C(8)-C(9)
C(12)-C(7)-C(8)-C(4)
C(6)-C(7)-C(8)-C(4)
CB3)-CH-C(®)-CO)
C(5)-CH-C(®)-CO)
CB3)-CH-C(®)-C(7)
C(5)-CH-C(®)-C(7)
C(7)-C(8)-C(9)-C(10)
C(4)-C(8)-C(9)-C(10)
C(8)-C(9)-C(10)-C(11)
C(9)-C(10)-C(11)-C(12)
C(10)-C(11)-C(12)-C(7)
C(8)-C(7)-C(12)-C(11)
C(6)-C(7)-C(12)-C(11)
C(15)-C(6)-C(13)-0(1)
C(5)-C(6)-C(13)-0(1)
C(7)-C(6)-C(13)-0(1)
C(15)-C(6)-C(13)-0(2)
C(5)-C(6)-C(13)-0(2)
C(7)-C(6)-C(13)-0(2)
O(1)-C(13)-0(2)-C(14)

179.6(4)
176.2(4)
-65.8(5)
-140.8(4)
-17.6(4)
-128.7(4)
107.1(4)
-7.0(4)
149.2(3)
-87.2(4)
28.9(4)
27.9(4)
151.4(3)
-92.5(4)
-47.4(5)
-168.3(3)
80.2(4)
-40.7(4)
-74.5(5)
162.6(3)
159.6(3)
36.7(4)
47.3(5)
-74.3(5)
-53.1(5)
59.5(5)
-60.0(4)
53.8(4)
169.0(3)
-157.6(4)
-34.0(6)
78.4(5)
23.9(5)
147.4(4)
-100.2(4)
-170.5(4)

C(18)-C(19)-C(20)-C(21)
C(19)-C(20)-C(21)-C(25)
C(19)-C(20)-C(21)-C(22)
C(20)-C(21)-C(22)-C(23)
C(25)-C(21)-C(22)-C(23)
C(21)-C(22)-C(23)-C(30)
C(21)-C(22)-C(23)-C(32)
C(21)-C(22)-C(23)-C(24)
C(30)-C(23)-C(24)-C(29)
C(32)-C(23)-C(24)-C(29)
C(22)-C(23)-C(24)-C(29)
C(30)-C(23)-C(24)-C(25)
C(32)-C(23)-C(24)-C(25)
C(22)-C(23)-C(24)-C(25)
C(20)-C(21)-C(25)-C(26)
C(22)-C(21)-C(25)-C(26)
C(20)-C(21)-C(25)-C(24)
C(22)-C(21)-C(25)-C(24)
C(29)-C(24)-C(25)-C(26)
C(23)-C(24)-C(25)-C(26)
C(29)-C(24)-C(25)-C(21)
C(23)-C(24)-C(25)-C(21)
C(21)-C(25)-C(26)-C(27)
C(24)-C(25)-C(26)-C(27)
C(25)-C(26)-C(27)-C(28)
C(26)-C(27)-C(28)-C(29)
C(27)-C(28)-C(29)-C(24)
C(25)-C(24)-C(29)-C(28)
C(23)-C(24)-C(29)-C(28)
C(32)-C(23)-C(30)-0(5)
C(22)-C(23)-C(30)-0(5)
C(24)-C(23)-C(30)-0(5)
C(32)-C(23)-C(30)-0(6)
C(22)-C(23)-C(30)-0(6)
C(24)-C(23)-C(30)-0(6)
0(5)-C(30)-0(6)-C(31)
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-176.8(4)
-178.2(4)
63.6(5)
141.9(3)
17.8(4)
-106.7(4)
128.4(4)
7.3(4)
-151.3(3)
-27.9(5)
91.6(4)
87.9(4)
-148.7(3)
-29.2(4)
75.7(5)
-161.7(4)
-159.5(4)
-36.9(4)
47.9(4)
169.0(3)
-80.0(4)
41.1(4)
72.7(5)
-48.3(5)
53.9(5)
-59.6(5)
60.4(5)
-54.4(4)
-169.2(3)
157.1(4)
33.5(5)
-79.4(5)
-22.0(5)
-145.7(4)
101.4(4)
174.6(3)



C(6)-C(13)-0(2)-C(14)
C(13)-0(2)-C(14)-0(3)
C(13)-0(2)-C(14)-C(17)
C(13)-0(2)-C(14)-C(16)
0(2)-C(14)-0(3)-C(15)
C(17)-C(14)-0(3)-C(15)
C(16)-C(14)-0(3)-C(15)
C(14)-0(3)-C(15)-0(4)
C(14)-0(3)-C(15)-C(6)
C(13)-C(6)-C(15)-0(4)
C(5)-C(6)-C(15)-0(4)
C(7)-C(6)-C(15)-0(4)
C(13)-C(6)-C(15)-0(3)
C(5)-C(6)-C(15)-0(3)
C(7)-C(6)-C(15)-0(3)

8.2(5)
-37.3(5)
85.8(4)
“151.1(4)
34.6(5)
-88.3(4)
148.9(4)
176.5(4)
-3.4(6)
153.8(4)
30.9(6)
-85.6(5)
-26.4(5)
-149.3(4)
94.2(4)

C(23)-C(30)-0(6)-C(31)
C(30)-0(6)-C(31)-0(7)

C(30)-0(6)-C(31)-C(34)
C(30)-0(6)-C(31)-C(33)
0(6)-C(31)-0(7)-C(32)

C(34)-C(31)-0(7)-C(32)
C(33)-C(31)-0(7)-C(32)
C(31)-0(7)-C(32)-0(8)

C(31)-0(7)-C(32)-C(23)
C(30)-C(23)-C(32)-0(8)
C(22)-C(23)-C(32)-0(8)
C(24)-C(23)-C(32)-0(8)
C(30)-C(23)-C(32)-0(7)
C(22)-C(23)-C(32)-0(7)
C(24)-C(23)-C(32)-0(7)

-6.2(5)
35.8(5)
-86.9(4)
150.0(4)
-38.3(5)
85.1(4)
_153.4(4)
“172.2(4)
10.8(6)
“157.1(4)
-33.1(6)
83.0(5)
19.7(5)
143.7(4)
-100.2(4)
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535

General Procedure D for Preparation of 1,n-Dienes 1m-t, 1w.

1) NaH, THF
2) /\)\
Ro,c._ M Br R:  RO,C Z R,
ROZCW RO,C =
n n

To a suspension of NaH (1.4 equiv) in THF was slowly added the alkenylated malonic ester (1 equiv,
ca. 0.2 mmol per 1 mL of THF) at 0 °C, and the mixture was gradually warmed to room temperature. The
bromoalkene (1.05 equiv) was added dropwise to the flask and the mixture was stirred for 1 day. After this
period, a saturated aqueous solution of ammonium chloride was introduced to the mixture, which was then
extracted three times with Et,O. Combined organic portions were washed with brine, quickly dried over
NayS0Os, filtered, and concentrated. Column chromatography of the crude material on silica gel

(hexane/EtOAc) afforded the desired 1,n-diene 1.

MeO,C ><K Acyclic 1,8-diene 1m. 95% isolated yield from dimethyl 2-(4-pentenyl)malonate
Me0,C X and 1-bromo-2-pentene. IR (neat): 3077 m, 3030 m, 2959 s, 2932 s, 2873 s, 2845 s,

1741 s, 1669 w, 1641 s, 1458 s, 1436 s, 1372 m, 1292 s, 1269 s, 1249 s, 1228 s, 1201
s, 1181 s, 11445, 1083 s, 1038 s, 1000 s, 971 5,913 5, 838 m, 822 m, 781 w, 737 w, 697 w, 634 w, 592 w cm
!, 'TH NMR (400 MHz, CDCls): 6 0.94 (t, J= 7.6 Hz, 3 H), 1.21-1.31 (m, 2H), 1.83-1.89 (m, 2H), 1.93-2.09
(m, 4H), 2.58 (d, J=7.3 Hz, 2H), 3.71 (s, 6H), 4.93-5.05 (m, 2H), 5.16-5.27 (m, 1H), 5.52 (dt, J=15.1, 7.1
Hz 1H), 5.66-5.89 (dt, J = 15.1, 6.1 Hz, 1H); '3C NMR (100 MHz, CDCIl3): & 13.8, 23.2, 25.6, 31.7, 33.7,
35.8,52.2,57.8, 114.9, 122.5, 136.8, 138.1, 171.9; HRMS (ESI-TOF) m/z: [M+Na]" calcd for CisH24NaO4
291.1572; Found 291.1570.

1m

Meozc><zi‘~ Acyclic 1,7-diene 1n. 79% isolated yield (E:Z = 82:18) from dimethyl 2-(3-
Me0,C n butenyl)malonate and crotyl bromide. IR (neat): 3074 m, 2954 s, 2858 m, 1739 s, 1643

Bz=8218 1 14445, 1270, 1203 s, 11395, 1040's, 973 5, 916 s, 807 m, 699 m, 641 m, 559 m cnr
!, 'TH NMR (400 MHz, CDCls): 8 1.67 (m, 3H), 1.92-1.98 (m, 4H), 2.59 (d, J = 7.3 Hz, 2H, E-isomer:), 2.69
(d, J=7.8 Hz, 2H, Z-isomer) 3.70 (s, 6H, E-isomer), 3.72 (s, 6H, Z-isomer), 4.92-5.06 (m, 2H), 5.18-5.29
(m, 1H), 5.46-5.65 (m, 1H), 5.68-5.83 (m, 1H); '*C NMR (100 MHz, CDCls, E-isomer): & 18.0, 28.3, 31.5,
35.9,52.3,57.5, 115.0, 124.5, 129.7, 137.5, 171.7, HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci3H20NaO4
263.1259; Found 263.1261. The analytical data of the major isomer was good agreement with trans 1,7-diene

reported in literature.3®

83



Me02C><z4:“\ Acyclic 1,8-diene 1o. 79% isolated yield (£:Z = 82:18) from dimethyl 2-(4-
Me0,C 10 X pentenyl)malonate and crotyl bromide. IR (neat): 3074 w. 2952 s, 2864 m, 1739 s,

Elz =8218 1644 w, 1442 s, 1372 w, 1261 s, 1200 s, 1139 s, 1038 m, 1006 m, 971 m, 916 m, 845
w, 782 w, 739 w, 699 w, 642 w cm!, '"H NMR (400 MHz, CDCl3): § 1.20-1.33 (m, 2H), 1.59-1.68 (m, 3H),
1.80-1.93 (m, 2H), 1.97-2.12 (m, 2H), 2.57 (d, /= 7.3 Hz, 2H, E-isomer), 2.67 (d, J= 7.3 Hz, 2H, Z-isomer),
3.71 (s, 6H, E-isomer), 3.69 (s, 6H, Z-isomer), 4.91-5.06 (m, 2H), 5.16-5.29 (m, 1H), 5.43-5.64 (m, 1H),
5.68-5.84 (m, 1 H); 3C NMR (100 MHz, CDCls, E-isomer): & 18.0, 23.2, 31.7, 33.7,35.8, 52.2, 57.7, 114.8,
124.6, 129.5, 138.0, 171.8; HRMS (ESI-TOF) m/z: [M+Na]* calcd for Ci4sH»NaO4 277.1416; Found
277.1413.

Acyclic 1,9-diene 1p. 90% isolated yield (E:Z = 84:16) from dimethyl 2-(5-

m:gzg% hexenyl)malonate and crotyl bromide. IR (neat): 3077 m, 3027 m, 2997 m, 2953 s,

1p 2930 s, 2859 s, 1737 s, 1672 w, 1641 m, 1437 s, 1378 w, 1278 s, 1261 s, 1237 s,

Fam e 1201 s, 1134 s, 1044 m, 1022 m, 995 m, 970s, 913 s, 859 w, 820 m, 697 m cm™!,

'"H NMR (400 MHz, CDCl3): 8 1.11-1.24 (m, 2H), 1.33-1.44 (m, 2H), 1.57-1.68 (m, 3H), 1.79-1.91 (m, 2H),

1.98-2.10 (m, 2H), 2.57 (d, J = 7.1 Hz, 2H, E-isomer), 2.66 (d, J = 7.1 Hz, 2H, Z-isomer), 3.70 (s, 6H, E-

isomer), 3.71 (s, 6H, Z-isomer) 4.89-5.05 (m, 2H), 5.16-5.30 (m, 1H), 5.43-5.64 (m, 1H), 5.70-5.85 (m, 1H);

3C NMR (100 MHz, CDCls, E-isomer): 8 18.0, 23.2, 28.9, 32.0, 33.3, 35.8, 52.3, 57.8, 114.5, 124.6, 129.5,
138.6, 171.9; HRMS (ESI-TOF) m/z: [M+Na]" calcd for CisH24NaO4 291.1572; Found 291.1569.

Meozc><\/”/i/“\/\ Acyclic 1,10-diene 1q. 68% isolated yield (£:Z = 80:20) from diemthyl 2-
MeO,C
2 1q X (6-heptenyl)malonate and crotyl bromide. IR (neat): 3076 w, 3026 m, 2996 m,

£lZ = 80720 2952's,2930's, 2858 s, 1736's, 1672w, 1641 m, 1437 s, 1377 w, 1270 s, 1201 s,
1134 s, 1032 m, 996 m, 970 s, 911 s, 861 w, 820 w, 726 w, 697 w cm!, 'H NMR (400 MHz, CDCls): 5 1.11-
1.21 (m, 2H), 1.25-1.43 (m, 4H), 1.61 (dd, J = 6.8 Hz, 1.5 Hz, 3H, Z-isomer), 1.64 (dd, J = 6.3, 1.5 Hz, 3H,
E-isomer), 1.78-1.89 (m, 2H), 1.96-2.10 (m, 2H), 2.57 (d, /= 7.3 Hz, 2H, E-isomer), 2.66 (d, /= 7.3 Hz, 2H,
Z-isomer), 3.70 (s, 6H, E-isomer), 3.71 (s, 6H, Z-isomer), 4.88-5.07 (m, 2H), 5.17-5.28 (m, 1H), 5.43-5.64
(m, 1H), 5.72-5.85 (m, 1H); '*C NMR (100 MHz, CDCls, E-isomer): & 18.0, 23.6, 28.5,29.1,32.1, 33.6, 35.8,
52.2, 57.8, 114.3, 124.7, 129.5, 138.9, 171.9; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CisH26NaOs
305.1729; Found 305.1734.

Meozc><z“/“~\/\/\/\ Acyclic 1,14-diene 1r. 82% isolated yield (E:Z = 82:18) from
Me02C Tr X dimethyl 2-(10-undecenyl)malonate and crotyl bromide. IR (neat): 3076
Eiz=82/18 w, 3026 m, 2996 m, 2926 s, 2855 s, 1736 s, 1641 m, 1436 s, 1377 w,

1267 s, 1201 s, 1134 m, 1040 m, 994 m, 969 s, 910 s, 859 w, 820 w, 722 w, 698 w cm™!; 'TH NMR (400 MHz,
CDCl): 6 1.08-1.20 (m, 2H), 1.20-1.32 (m, 10H), 1.32-1.43 (m, 2H), 1.60-1.68 (m, 3H), 1.79-1.89 (m, 2H),
1.98-2.09 (m, 2H), 2.56 (d, J = 7.4 Hz, 2H, E-isomer), 2.66 (d, J = 7.6 Hz, 2H, Z-isomer) 3.70 (s, 6H, E-
isomer), 3.71 (s, 6H, Z-isomer), 4.89-5.05 (m, 2H), 5.17-5.30 (m, 1H), 5.49-5.64 (m, 1H), 5.75-5.88 (m, 1H);
BCNMR (100 MHz, CDCls, E-isomer): § 18.0, 23.8,28.9, 29.1,29.3,29.4,29.4,29.7,32.2,33.8, 35.8, 52.2,
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52.2,57.8,114.1,124.7,129.5, 139.2, 172.0, 172.0; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C20H34NaO4
361.2355; Found 361.2350.

E10,C ><:C\ Acyclic 1,8-diene 1s. 85 % isolated yield (£:Z = 80:20) from diethyl 2-(4-
EtO,C ~. pentenyl)malonate and crotyl bromide. IR (neat): 3078 w, 3026 w, 2987 m, 2958 w,
E/ZJZOIZO 2906 m, 2858 w, 2843 w, 1733 s, 1672 w, 1641 w, 1445 m, 1390 w, 1367 m, 1297 m,
1266 s, 1224 s, 1196 s, 1037 m, 995 m, 968 m, 913 m, 913 m, 860 m, 779 w, 735 w,
698 w cm!'; 'TH NMR (400 MHz CDCl;3): & 1.11-1.34 (m, 8H), 1.59-1.69 (m, 3H), 1.81-1.90 (m, 2H), 1.99-
2.09 (m, 2H), 2.57 (d, J="7.3 Hz, 2H, E-isomer), 2.66 (d, J= 7.8 Hz, 2H, Z-isomer), 4.17 (q, J= 7.0 Hz, 4H),
4.90-5.05 (m, 2H), 5.18-5.32 (m, 1H), 5.43-5.63 (m, 1H), 5.69-5.84 (m, 1H); '3*C NMR (100 MHz, CDCls,
E isomer): 6 14.1, 18.0, 23.1, 31.5, 33.8, 35.6, 57.5, 61.0, 114.9, 124.7, 129.4, 138.1, 171.4; HRMS (ESI-
TOF) m/z: [M+Na]* calcd for CisH26NaO4 305.1729; Found 305.1723

BuO,C

o, Acyclic 1,8-diene 1t. 69% isolated yield (£:Z = 82:18) from di-tert-butyl 2-(4-
‘BuOZC><I/\

pentenyl)malonate and crotyl bromide. IR (neat): 3078 w, 3004 m, 2979 s, 2933 s,

Eiz =1:;3/17 2866 m, 1727 s, 1641 m, 1477 m, 1456 s, 1393 s, 1368 s, 1294 s, 1274 s, 1254 5, 1214

s, 1149 s, 1033 w, 998 m, 967 m, 911 m, 884 w, 849 s, 794 m, 731 w, 707 w cm™!; 'H NMR (400 MHz,

CDCls: 8 1.22-1.32 (m, 2H), 1.44 (s, 18H), 1.61-1.67 (m, 3H), 1.74-1.82 (m, 2H), 2.01-2.10 (m, 2H), 2.48

(d, J=7.8 Hz, 2H, E isomer), 2.57 (d, /= 7.8 Hz, 2H, Z isomer), 4.93-5.05 (m, 2H), 5.18-5.30 (m, 1H), 5.44-

5.62 (m, 1H), 5.71-5.84 (m, 1H); *C NMR (100 MHz, CDCl;, E-isomer): § 17.9, 23.0,27.9, 31.1, 33.9, 35.3,

58.1, 80.8, 114.8, 125.0, 128.9, 138.2, 170.7; HRMS (ESI-TOF): m/z: [M+Na]* calcd for CyoH3sNaO4
361.2355; Found 361.2349.

Acyclic 1,8-diene 1v. 55% isolated yield from dimethyl 2-(3-butenyl)malonate

m:gzgﬁ and prenyl bromide. IR (neat): 3077 w, 2953 s, 2928 s, 2863 s, 2360 m, 2342 m, 1736

v s, 1541 w, 1507 w, 1436 s, 1379 m, 1291 s, 1274 s, 1214 5, 2297 s, 1175 s, 1118 m,

Fiz =8t 1080 m, 1057 m, 1007 m, 955 w, 914 m, 842 w, 815 w, 788 w, 735 w, 695 w, 667 w,

642 w cm'; 'TH NMR (400 MHz, CDCls): 6 1.21-1.31 (m, 2H), 1.60 (s, 3H), 1.69 (s, 3H), 1.83-1.90 (m, 2H),

2.01-2.09 (m, 2H), 2.60 (d, J = 7.6 Hz, 2H), 3.70 (s, 6H), 4.90-5.04 (m, 3H), 5.71-5.83 (m, 1H); *C NMR

(100 MHz, CDCl3): 6 17.8, 23.4,26.0,31.1,31.7, 33.8, 52.3, 57.6, 114.9, 117.6, 135.5, 138.1, 172.0; HRMS
(ESI-TOF) m/z: [M+Na]" calcd for CisH24NaO4 291.15723; Found 291.15632.

Em Acyclic 1,8-diene 1w. 59% vyield from dimethyl 2-(10-
E ~ undecenyl)malonate and prenyl bromide. IR (neat): 3076 m, 2926 s, 2855 s,

1w 1738 s, 1674 w, 1641 m, 14365, 1378 m, 1283 5, 12755, 1226 s, 1173 5, 1119
s,1058's,994 5,963 w, 956 w, 910 s, 849 w, 816 w, 788 m, 723 m, 696 w cm™!; '"H NMR (400 MHz, CDCl;):
6 1.07-1.19 (m, 2H), 1.19-1.32 (m, 10H), 1.32-1.42 (m, 2H), 1.58 (s, 3H), 1.60 (s, 3H), 1.78-1.88 (m, 2H),

1.98-2.08 (m, 2H), 2.60 (d, J = 7.1 Hz, 2H), 3.70 (s, 6H), 4.83-5.05 (m, 3H), 5.72-5.89 (m, 1H); °*C NMR
(100 MHz, CDCl): 5 17.8, 24.0, 26.0, 28.9, 29.1, 29.3, 29.4, 29.4, 29.8, 31.1, 32.2, 33.8, 52.2, 57.7, 114.1,
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117.7,135.4,139.2,172.2; HRMS (DART-TOF) m/z: [M+H]" calcd for C21H3704 352.2692; Found 353.2686.

Preparation of 6-Aza-1,8-Diene 1u.

1) NaH, DMF
=
N \/\/\

1u

A 300 mL three-necked flask was charged with 840 mg of NaH (60% oil suspension, 21 mmol), which
was washed three times with hexane and suspended in 80 mL of DMF. To this suspension was added a
solution of 3.5 g of N-4-pentenyl-p-toluenesulfonamide (14.6 mmol) at 0 °C . Then 2.24 g of crotyl bromide
(16.5 mmol) was added dropwise to the mixture, which was stirred further at room temperature for 24 h.
After this period, a saturated aqueous solution of ammonium chloride was introduced to the mixture, which
was then extracted three times with Et,O. Combined organic portions were washed with brine, quickly dried
over NaySOy, filtered, and concentrated. Column chromatography of the crude material on silica gel (20:1
hexane/EtOAc) afforded 4.11 g of the desired 6-aza-1,8-diene 1u (14.0 mmol, 96%, E:Z = 84:16). IR (neat):
3076 w, 3028 w, 2971 m, 2921 s, 2867 m, 1641 m, 1599 m, 1494 m, 1449 s, 1378 m, 1340 s, 1305 m, 1215
w, 11595, 1092 s, 1019 m, 969 s, 942 s, 852 w, 816 s, 779 m, 736 s, 717 s, 700m, 654 s, 551 s, 516 w, 506 w
cm’!'; 'TH NMR (400 MHz, CDCls): 8 1.56-1.69 (m, 5H), 1.98-2.08 (m, 2H), 2.42 (s, 3H), 3.10 (d, /= 7.6, 7.4
Hz, 2H), 3.72 (d, J= 6.5 Hz, 2H, E isomer), 3.85 (d, /= 7.0 Hz, 2H, Z-isomer), 4.92-5.05 (m, 2H), 5.19-5.31
(m, 1H), 5.52-5.64 (m, 1H), 5.69-5.82 (m, 1H), 7.29 (d, J = 7.9 Hz, 2H), 7.65-7.72 (m, 2H); '3C NMR (100
MHz, CDCls, E-isomer): 6 17.6, 21.4, 30.6, 30.7, 46.4, 49.8, 115.0, 125.7, 127.1, 129.5, 130.1, 137.2, 137.6,
142.9; HRMS (ESI) m/z: [M+Na]* calcd for C1sH23NNaO,S 316.1347; Found 316.1352.

Preparation of 1,n-Diene 1x.
MeOZC><ﬁ NaOH HOZC><K
MeO,C N EtOHH,0  HOC SN
m S11
KHCO3, CH3l =
155 °C ~. DMF AN

S12 1x

To a mixture of 7.8 mL of 6 M NaOH aq (46.8 mmol) and 2.5 mL of ethanol was added 639 mg of 1m
(2.01 mmol) under air and the mixture was heated to reflux for 19 h. After cooled to room temperature, the
resulting mixture was neutralized by adding a 6 M solution of HCI and extracted three times with Et,O.
Combined organic portions were quickly dried over MgSQs, filtered, and concentrated to obtain the
dicarboxylic acid quantitatively, which was used for the next step without further purification.

The dicarboxylic acid heated at 155 °C for 1.5 h to obtain monocarboxylic acid, which was used for the
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next step without further purification.

To a 50 mL Schlenk flask charged with the monocarboxylic acid S12 in 3 mL of DMF was added 458
mg of KHCOj3 (4.57 mmol) and 658 mg of Mel (4.64 mmol). After stirring at room temperature for 37 h, the
reaction mixture mixed with water and extracted three times with ethyl acetate. The combined portions
washed with brine, dried over Na,SOs, filtered, concentrated. Column chromatography of the crude material
on silica gel (98:2 hexane/EtOAc) afforded 364 mg of 1,8-diene 1x (1.72 mmol, 74% over 3steps): IR (neat):
3078 m, 2935 s, 2873 s, 2858 s, 1737 s, 1641 s, 1737 s, 1641 s, 1458 s, 1436 s, 1375 m, 1348 m, 1269 s,
1249 s, 1211 s, 1191 s, 1166 s, 1056 m, 1032 m, 993 s, 968 s, 911 s, 827 m, 748 w, 639 w cm™!'; 'H NMR
(400 MHz, CDCl3): 6 0.95 (t, J = 7.6 Hz, 3H), 1.32-1.41 (m, 2H), 1.43-1.53 (m, 1H), 1.55-1.66 (m, 1H),
1.93-2.08 (m, 4H), 2,11-2.20 (m, 1H), 2.22-2.32 (m, 1H), 2,35-2.44 (m, 1H), 3.66 (s, 3H), 4.91-5.04 (m, 2H),
5.26-5.36 (m, 1H), 5.44-5.54 (m, 1H), 5.72-5.85 (m, 1H); 3C NMR (100 MHz, CDCI3): § 13.9, 25.5, 26.6,
31.2, 33.6, 35.3, 45.8, 51.3, 114.6, 125.6, 134.5, 138.4, 176.3; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
Ci3H2,NaO» 233.1517; Found 233.1526.

Preparation of 1,n-Diene 1y.

1) NaH, DMF 1) NaH, THF
2) Br. =
NG
Ph028><H 1 Pho,s M 2) Br PhO,S =
PhO,S™ PhOZSW PhO,S =
11 1
s13 s14

Mg Z Mg =
———— PhO,S —_
MeOH/THF = MeOH/THF AN
1
s15 Ty

Alkylation in the first and second step were carried out according to the procedures reported by
Benedetti et al.>” and Trost et al.3®, respectively. Desulfonylation was carried out following the procedure

reported by Ogasawara and Takahashi et al.*

To a suspension of 880 mg NaH (60% oil suspension, 22 mmol) in 40 mL of DMF were added 5.91g
bis(phenylsulfonyl)methane (19.9 mmol) and 5.16 g of 11-bromo-1-undecene (22.1 mmol). The reaction
mixture was heated to 70 °C and stirred for 15 h. After cooled to room temperature, a saturated aqueous
solution of ammonium chloride was introduced to the mixture, which was then extracted three times with
CH,Cl,. Combined organic portions were washed with brine, quickly dried over MgSQOu, filtered, and
concentrated. Column chromatography of the crude material on silica gel (75:25 hexane/EtOAc) afforded
5.26 g of alkylated bis(phenylsulfonyl)methane S13 (11.7 mmol, 59%).

To a suspension of 241 mg NaH (60% oil suspension, 22 mmol) in 35 mL of DMF was added 2.22 g of
alkylated bis(phenylsulfonyl)methane S13 at 0 °C, and the mixture was gradually warmed to room
temperature. 949 mg of 1-bromo-2-pentene (22.1 mmol) was added dropwise to the flask and the mixture

was stirred for 36 h. After this period, a saturated aqueous solution of ammonium chloride was introduced to
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the mixture, which was then extracted three times with CH>Cl,. Combined organic portions were washed
with brine, quickly dried over MgSQOs, filtered, and concentrated. Column chromatography of the crude
material on silica gel (91:9 hexane/EtOAc) afforded 1.67 g of the 1, 14-diene S14 (3.23 mmol, 65%).

To a suspension of 2.39 g of magnesium (100 mmol) in 50 mL of MeOH was added 1.67 g of 1, 14-
diene S14 (3.23 mmol) in 10 mL of THF at 0 °C. The reaction mixture was warmed to room temperature and
stirred for 3 h. After this period, 2 M HCl aq was introduced to the mixture, which was then extracted three
times with Et,O. Combined organic portions were washed with brine, quickly dried over MgSQs,, filtered,
and concentrated. The crude material was eluted on silica gel with hexane and EtOAc subsequently to afford
780 mg of the mono(phenylsulfonyl)-1,14-diene S15 (2.07 mmol, 64%).

To a suspension of 1.5 g of magnesium (64.1 mmol) in 50 mL of MeOH was added 780 mg of the
mono(phenylsulfonyl)1, 14-diene S15 in 5 mL of THF at 0 °C. The flask was warmed to room temperature
and stirred for 16 h. After this period, 2 M HCI aq was introduced to the mixture, which was then extracted
three times with Et,O. Combined organic portions were washed with brine, quickly dried over MgSQa,
filtered, and concentrated. The crude material was eluted on silica gel with hexane. The fraction was purified
by Kugelrohr distillation (230 °C, 10 mmHg) to afford 313 mg of the 1,14-diene 1y (1.32 mmol, 64%): IR
(neat): 3077 m, 2963 s,2927 s, 2854 s, 1641 m, 1460 s, 1440 s, 1416 w, 1372 w, 1350 w, 1301 w, 991 m, 966
s,909 s, 721 m, 635 w cm’!; 'H NMR (400 MHz, CDCls): 8 0.96 (t, J = 7.3 Hz, 3H), 1.18-1.46 (m, 18H),
1.90-2.09 (m, 6H), 4.85-5.06 (m, 2H), 5.32-5.49 (m, 2H), 5.75-5.88 (m, 1H); *C NMR (100 MHz, CDCl5):
6 14.0, 25.6 ,29.0,29.2,29.2,29.5, 29.5,29.6, 29.6, 29.6, 29.7, 32.6, 33.8, 114.1, 129.4, 131.8, 139.3; Anal.
Calcd for C17Hsz: C, 86.36; H, 13.64. Found: C, 86.33; H, 13.43.

Preparation of 1,12-Diene 7.

1) NaH, DMF

NN
Meo,cH 2 Br MeO,C

MeO,C™ MeOZC>\/\/\/\/\

S16
1) NaH, THF
/W\/\/\ PN N
2) Br MeO,C =
MeO,C AN
7

A 300 mL three-necked flask was charged with 1.17 g of NaH (60% oil suspension, 29.4 mmol), which
was washed three times with hexane and suspended in 46 mL of DMF. To this suspension was added 3.02 g
of dimethyl malonate (22.9 mmol) at 0 °C and the solution was gradually warmed to room temperature. 3.47
g of 9-bromo-1-nonene (16.9 mmol) was added to the flask and the reaction mixture stirred for 12 h. After
this period, a saturated aqueous solution of ammonium chloride was introduced to the mixture, which was
then extracted three times with Et,0. Combined organic portions were washed with brine, quickly dried over

MgSO0s, filtered, and concentrated. The crude product was purified though silica gel column chromatography
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(95:5 hexane/EtOAc) to afford 2.85 g of alkylated dimethyl malonate S16 (11.1 mmol, 66%).

A 300 mL three-necked flask was charged with 0.97 g of NaH (60% oil suspension, 24.2 mmol), which
was washed three times with hexane and suspended in 61 mL of THF. To this suspension was added 2.83 g
of alkylated dimethyl malonate (11.1 mmol) at 0 °C and the solution was gradually warmed to room
temperature. 2.86 g of 1-bromo-2-decene (13.1 mmol) was added to the flask and the reaction mixture stirred
for 16 h. After this period, a saturated aqueous solution of ammonium chloride was introduced to the mixture,
which was then extracted three times with Et;0. Combined organic portions were washed with brine, quickly
dried over MgSOQy, filtered, and concentrated. The crude product was purified though silica gel column
chromatography (40:1 hexane/EtOAc) to afford 3.38 g of 1,12-diene 7 (8.56 mmol, 77%, E:Z = 82:18): IR
(neat): 2952m, 2926 s, 2855 m, 1739 s, 1462 w, 1199 m, 1031 w, 970 w, 910 w cm’!; 'H NMR (400 MHz,
CDCl3): 6 0.88 (t, J= 7.1 Hz, 3H), 1.07-1.42 (m, 20H), 1.77-1.89 (m, 2H), 1.90-2.10 (m, 4H), 2.57 (d, J =
7.3 Hz, 2H, E-isomer), 2.65 (d, J = 7.3 Hz, 2H, Z-isomer), 3.70 (s, 6H, E-isomer), 3.71 (s, 6H, Z-isomer),
4.87-5.04 (m, 2H), 5.11-5.26 (m, 1H), 5.40-5.56 (m, 1H), 5.72-5.88 (m, 1H); '*C NMR (100 MHz, CDCls,
E-isomer): 6 14.1, 22.6,23.8, 28.8,29.0,29.0, 29.1,29.4,29.7,31.8, 32.1, 32.6, 33.7,35.8, 52.2, 57.8, 114.1,
123.4, 135.3, 139.1, 172.0; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C4H4,NaOs 417.2981; Found
417.2981.
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Cycloisomerization/Hydrogenation of Acyclic 1,n-Dienes.

Cycloisomerization of acyclic 1,n-dienes were conducted following general procesure C.

MeOQC><:|/\/ Cyclic product Sm. 91% GC yield. 55 % isolated yield. IR (neat): 2983 s, 2852
Me0C 5m N s, 1739 s, 1443 s, 1375 m, 1257 s, 1183 m, 1136 s, 1086 s, 1029 m, 946 m, 873 m, 745

s, 707 m, 461 m, 437 m, 428 m cm’!; 'H NMR (400 MHz, CDCls):  0.89 (t, J= 7.2
Hz, 6H), 0.99-1.15 (m, 2H), 1.15-1.59 (m, 8H), 1.75 (dd, J = 13.4, 10.0 Hz, 2H), 2.51 (dd, J=13.4, 6.6 Hz,
2H), 3.70 (s, 6H); 3C NMR (100 MHz, CDCl3): 8 14.4, 21.3, 36.0, 40.5, 45.2, 52.6, 58.3, 173.4; HRMS
(ESI-TOF) m/z: [M+Na]" calcd for CisH26NaO4 293.1729; Found 293.1726.

MeO,C
o 5n 1738 s, 1442 s, 1378 m, 1254 s, 1191 s, 1135 s, 1086 s, 1020 m, 946 m, 862 m, 814 w,

776 w enr'; '"H NMR (400 MHz, CDCLs). 8 0.90 (t, J = 7.4 Hz, 6H), 1.03-1.19 (m, 2H), 1.38-1.52 (m, 2H),
1.51-1.66 (m, 2H), 1.78 (dd, J = 13.2, 10.1 Hz, 2H), 2.53 (dd, J = 13.2, 7.0 Hz, 2H), 3.72 (s, 6H); 1’C NMR
(100 MHz, CDCLs): 8 12.4, 26.3, 40.1, 46.6, 52.6, 58.2, 173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for
C13H2Na0; 265.1416; Found 265.1423.

MeOzC><j:; Cyclic product Sn. 77% GC yield. 16% isolated yield. IR (neat): 2964 s, 2870 s,

MeO,C SN Cyclic product So0. 91% GC yield. 33% isolated yield. IR (neat): 2958 s, 2922 s,
Me02C><5°:|\/\ 2874 s, 1736 s, 1436 s, 1380 m, 1248 s, 1197 s, 1139 s, 1077 m, 1021 m, 971 m, 944
w, 865 w, 819 w, 705 m, 668 m cm™!; 'H NMR (400 MHz, CDCl3): § 0.87 (td, J= 7.3,
2.2 Hz, 6H), 0.97-0.15 (m, 2H), 1.16-1.68 (m, 6H), 1.75 (dd, /= 13.2, 9.9 Hz, 2H), 2.51 (dd, J=13.5, 7.0
Hz, 2H), 3.99 (s, 6H); *C NMR (100 MHz, CDCl3): § 12.4, 14.3, 21.3, 26.3, 36.0, 40.0, 40.5, 44.8, 47.0,
52.6,58.2, 173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C14H24NaO4 279.1572; Found 279.1570.

MeO,C ><j\j\/ Cyclic product Sp. 89% GC yield. 47% isolated yield. IR (neat): 2958 s, 2929
MeO,C s, 28745, 2859 s, 1738 s, 1460 s, 1435 s, 1380 w, 1251 s, 1220 m, 1198 s, 1175 s,

5
i 1139, 1095 m, 1077 m, 1053 w, 1020 w, 941 w, 857 w, 819 w, 731 w, 706 w, 694
w em’'; 'H NMR (400 MHz, CDCL3) § 0.85-0.95 (m, 6H), 1.01-1.15 (m, 2H), 1.15-1.37 (m, 4H), 1.37-1.67
(m, 4H), 1.76 (dd, J = 13.4, 10.1 Hz, 2H), 2.53 (dd, J = 13.2, 7.2 Hz, 2H), 3.72 (s, 6H); 13C NMR (100 MHz,
CDCL) & 12.4, 14.0, 22.9, 26.3, 30.4, 33.4, 40.0, 40.6, 45.0, 47.0, 52.6, 58.2, 173.4; HRMS (ESI-TOF) m/z:
[M+Na]* caled for CisHaeNaO4 293.1729; Found 293.1736.

MeO,C N Cyclic product 5q. 89% GC yield. 68% isolated yield. IR (neat): 2958 s,
Meozc><j\/\/\ 2927 s, 2873 s, 2858 s, 1737 s, 1460 s, 1435 s, 1379 m, 1251 s, 1197 s, 1173 s,

> 1138 s, 1097 m, 1056 m, 1022 m, 944 w, 860 m, 818 w, 757 m, 669 w cm™'; 'H
NMR (400 MH, CDCl3): § 0.83-0.93 (m, 6H), 1.01-1.16 (m, 2H), 1.16-1.37 (m, 6H), 1.38-1.66 (m, 4H), 1.76
(dd, J = 13.4, 10.0 Hz, 2H), 2.52 (dd, J = 13.4, 7.1 Hz, 2H), 3.72 (s, 6H); '3C NMR (100 MHz, CDCl;): §
12.4, 14.1, 22.6, 26.3, 27.9, 32.1, 33.7, 40.1, 40.6, 45.0, 47.0, 52.6, 58.3, 173.4; HRMS (ESI-TOF) m/z:
[M+Na]" calcd for Ci¢H2sNaO4 307.1885; Found 307.1875.
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MeO,C N Cyclic product 5r. 80% GC yield. 55% isolated yield. IR (neat):
MeOZC><:|\/\/\/\/\ 2961s,2925s,2873 s,2855 s, 1737 s, 1460 s, 1435 s, 1379 m, 1251 s,

” 11975, 11725, 1138 s, 1102 m, 1023 m, 944 w, 858 w, 819 w, 721 w crw’
!, TH NMR (400 MHz, CDCl3): 8 0.83-0.93 (m, 6H), 1.00-1.16 (m, 2H), 1.16-1.36 (m, 14H), 1.37-1.66 (m,
4H), 1.76 (dd, J = 13.4, 10.4 Hz, 2H), 2.52 (dd, J = 13.2, 6.8 Hz, 2H), 3.72 (s, 6H); '3C NMR (100 MHz,
CDCls): 6 12.4, 14.1, 22.7, 26.3, 28.2, 29.3, 29.6, 29.6, 29.9, 31.9, 33.8, 40.0, 40.6, 45.0, 47.0, 52.6, 58.3,
173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for C20H3sNaO4 363.2511; Found 363.2507.

E10,C N Cyclic product 5s. 83% GC yield. 46% isolated yield. IR (neat): 2960s, 2931 m,
Et020><j\/\ 2874 m, 1733 s, 1464 m, 1366 m, 1250 s, 1182 s, 1138 m, 1097 m, 1030 m, 862 m, 802

> w, 708 w cm!'; 'TH NMR (400 MHz, CDCls): 8 0.78-0.99 (m, 6H), 1.01-1.15 (m, 2H),
1.20-1.68 (m, 12H), 1.70-1.82 (m, 2H), 2.51 (dd, J = 13.7, 7.2 Hz, 2H), 4.17 (qd, J= 7.1, 1.0 Hz, 4H); 1*C
NMR (100 MHz, CDCl3): 6 12.4, 14.0, 14.3,21.3,26.3,36.1,39.9,40.4, 44.7,47.0, 58.4, 61.2, 173.0; HRMS
(ESI-TOF) m/z: [M+Na]* calcd for CisH2sNaO4 307.1885; Found 307.1887.

BUO,C RN Cyclic product 5t. 68% GC yield. 36% isolated yield. IR (neat): 3004 s, 2961 s,
tBquC><:|\/\ 2931s,2874s, 1726 s, 1477 s, 1458 s, 1392 s, 1368 s, 1278 5, 1256 s, 1206 m, 1175

s, 1139's, 1094 m, 1077 m, 1036 m, 1016 w, 1004 m, 961 w, 921 w, 888 w, 850 s, 813
w, 752 m, 739 m, 721 w emr'; 'H NMR (400 MHz, CDCL): § 0.85-0.93 (m, 6H), 1.01-1.15 (m, 2H), 1.17-
1.67 (m, 26H), 2.42 (dd, J = 13.6, 7.4 Hz, 2H); '3C NMR (100 MHz, CDCls): § 12.5, 14.4, 21.3, 26.4, 27.8,
36.2, 39.7, 40.2, 44.7, 47.0, 59.6, 80.7, 172.3; HRMS (ESI-TOF) m/z: [M+Na]* calcd for CaoHseNaO4
363.2511; Found 363.2512.

5t

TsNG::\ Cyclic product Su. 60 % GC yield (with 20 equiv of cyclohexene). Su was isolated
5u from a combined crude mixture of several batches of cycloisomerization/hydrogenation
reactions of 1u. IR (neat): 2956 m, 2929 m, 2870 m, 1596 m, 1493 m, 1460 m, 1397 w, 1380
w, 1338 s, 1304 m, 1289 m, 1216 w, 1164 s, 1103 m, 1047 m, 1012 m, 819 m, 709 w, 664 s, 594 s, 549 s cmr”
I; TH NMR (400 MHz, CDCl;3): 8 0.80-0.88 (m, 6H), 0.97-1.33 (m, 4H), 1.33-1.68 (m, 4H), 2.44 (s, 3H),
2.76-2.87 (m, 2H), 3.41-3.50 (m, 2H), 7.33 (d, /= 7.8 Hz, 2H), 7.70 (d, /= 8.3 Hz, 2H); *C NMR (100 MHz,
CDClh): 6 12.3,14.1, 21.1, 21.5, 25.2, 34.6, 43.8, 46.0, 53.0, 53.4, 127.5, 129.5, 133.7, 143.2; HRMS (ESI-
TOF) m/z: [M+Na]* caled for CisH2sNaO»S 318.1504; Found 318.1507.

oo k Cyclic product 5v. 88% GC yield. 76% isolated yield. IR (neat): 2958 s, 2932 s,
Mzo§g><j\/\ 2873 s, 1737 s, 1463 s, 1436 s, 2387 m, 1369 m, 1252 's, 1197 s, 1173 s, 1149 s, 1038

Sv s, 964 m, 940 m, 819 m, 804 w, 704 w cm™'; "H NMR (400 MHz, CDCl5): 4 0.80 (d, J
= 6.7 Hz, 3H), 0.84-0.93 (m, 6H), 0.99-1.10 (m, 1H), 1.16-1.54 (m, 4H), 1.62-1.74 (m, 2H), 1.78 (dd, J =
12.9, 9.5 Hz, 1H), 1.88 (dd, J = 13.5, 10.8 Hz, 1H), 2.33 (dd, J = 13.6, 8.0 Hz, 1H), 2.48 (dd, J=13.6, 7.4
Hz, 1H), 3.70 (s, 6H); '*C NMR (100 MHz, CDCl3): § 14.3, 17.3, 21.3, 22.1, 28.6, 35.5, 36.6, 40.3, 41.6,
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51.1,52.6,52.6,58.3,173.3, 173.4; HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci15H26NaO4 293.1729; Found
293.1727.

k Cyclic product 5w. 90% GC yield. 31% isolated yield. IR (neat):
m:8§g><j\/\/\/\/\ 2055 s, 2926 s, 2872 m, 2854 s, 1737 s, 1460 m, 1435 m, 1387 m, 1369
Sw m, 1251 s, 1198 m, 1170 m, 1149 m, 1134 m, 1103, 1093, 1043, 1027,

959 w, 945 w, 866 w, 853 w, 819 w, 722 w cm’'; 'H NMR (400 MHz, CDCls): 6 0.80 (d, J = 6.8 Hz, 3H),
0.84-1.14 (m, 7H), 1.17-1.38 (m, 14H), 1.42-1.55 (m, 2H), 1.61-1.75 (m, 2H), 1.79 (dd, J = 13.4, 9.3 Hz,
1H), 1.89 (dd, J= 13.4, 10.5 Hz, 1H), 2.34 (dd, J = 13.4, 10.5 Hz, 1H), 2.49 (dd, J= 13.2, 7.8 Hz, 1H), 3.72
(s, 6H) ; 3C NMR (100 MHz, CDCL): § 14.1, 17.3, 22.1, 22.7, 28.2, 28.6, 29.3, 29.6, 29.6, 29.9, 31.9, 34.3,
35.5,40.4,41.9, 51.1, 51.1, 52.6, 58.3, 173.3, 173.4; HRMS (DART-TOF) m/z: [M+H]" caled for C21H3004
355.2848; Found 355.2849.

RN Cyclic product 5x. 65% GC yield. 47% isolated yield. IR (neat): 2957 s, 2927 s,

MeOZCAO\/\ 2872 5,28465s,1738 s, 1464 s, 14365, 1377 m, 1364 m, 1262 m, 1194 s, 1169 s, 1135

> m, 1057 w, 1014 w, 9278 w, 888 w, 855 w, 827 w, 751 w, 740 w cm’!; 'H NMR (400

MHz, CDCls): 6 0.89 (t,J=7.3 Hz, 6H), 0.98-1.12 (m, 2H), 1.18-1.29 (m, 2H), 1.30-1.60 (m, 8H), 2.00-2.21

(m, 2H), 2.76 (quint, J = 8.3 Hz, 1H), 3.66 (s, 3H); '*C NMR (100 MHz, CDCls): 4 14.4, 14.4, 21.4, 21.5,

35.4,36.7,36.7,37.1,41.8, 44.7,46.2, 51.6, 177.3. HRMS (ESI-TOF) m/z: [M+Na]" calcd for Ci3H24NaO»
235.1674; Found 235.1674.

Cycloisomerization of 1,8-diene 1v.

Cycloisomerization of 1,8-diene 1v was carried out following general procedure B.

"\ Cycloisomerization product 3v. 58% isolated yield. IR (neat):3074 w, 2956 s,

MeO,C

M:O§C><:I\/\ 2927s,2873m, 1737 s, 1644 m, 1436 s, 1379 m, 12525, 1197 s, 1170 s, 1136 m, 1106
v m, 1064 m, 1038 m, 1008 w, 971 w, 946 w, 892 m, 867 w, 847 w, 818 w, 765 w, 739

w, 704 w cm’!; 'TH NMR (400 MHz, CDCls): & 0.88 (t, J = 7.2 Hz, 3H), 0.99-1.10 (m, 1H), 1.18-1.49 (m,
3H), 1.67 (s, 3H), 1.73-1.91 (m, 2H), 2.06 (dd, J=13.2, 11.4 Hz, 1H), 2.15-2.26 (m, 1H) 2.45 (dd, J=13.1,
7.3 Hz, 1H), 2.57 (dd, J = 12.6, 6.5 Hz, 1H), 3.73 (s, 6H), 4.79-4.73 (m, 2H); '3C NMR (100 MHz, CDCl5):
o 14.3, 18.9, 21.2, 35.6, 39.4, 40.1, 42.3, 52.7, 53.5, 58.0, 112.0, 145.0, 173.2; HRMS (ESI-TOF) m/z:
[M+Na]" calcd for CisH24NaO4 291.1572; Found 291.1564.
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Reaction of 1,14-Diene 1y.

=
+ 2a + NaBAr,
N CH,CICH,CI, 1t, 3 h

1y
~ |BAr,

7 N \
=N =

N /7

Pd ]

M
4 2 4 Me
\/\/\/\/\/\/\

A 20 mL Schlenk flask was charged with 16.8 mg of (phen)PdMeCl (0.50 mmol) and 5 mL of
dichloroethane, 23.6 mg of 1,14-diene 1x (0.10 mmol) and 44.7 mg of NaBArfs (0.050 mmol) and the mixture
was stirred at room temperature for 3 h. After the period, the reaction mixture concentrated in vacuo. The
residue was washed three times with hexane and extracted three times with dichloromethane. The solution
was concentrated in vacuo to afford r-allyl complex 6: The assignable peak of major isomer: 'H NMR (400
MHz, CDCls): 8 8.83 (dd, J=4.8, 1.0 Hz, 2H), 8.40-8.56 (m, 2H), 7.89 (t,J=2.9 Hz, 2H), 7.83 (dd, /= 8.2,
5.0 Hz, 2H), 7.70 (s, 8H), 7.46 (s, 4H), 5.44-5.54 (m, 1H, H2), 4.05-4.23 (m, 2H, H1, H3), 1.87-2.13 (m, 4H,
H4 H4’); 3C NMR (100 MHz, CDCls): 6 81.3 (C1, C3), 115.1 (C2).; The assignable peak of minor isomer:
'"H NMR (400 MHz, CDCls): 4.50-4.58 (m, 1H, H4 or H4"), 4.88-4.99 (m, 1H, H4 or H4"), 5.54-5.62 (m,
1H, H2); HRMS (ESI-TOF) m/z: [M-BAr's]" calcd for C30H4sNoPd  537.2461; Found 537.2454; Isomeric
ratio ("H NMR): major product/minor product = ca. 3/1.
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Synthesis of Prostane 10.

Decarboxylation of monocarboxylic acid 9 was carried out following the procedure reported Curran et

al.20

2.5 mol % 2a H, (1 atm)
Em 3 mol % NaBAry PtO, E /S SN
E N CH,CICH,CI 25 mL, rt, 24 h MeOH, rt, 10h  E
7 8
E = COOMe 57% isolated yield
EIZ = 82/18
0.5 mmol
o o)
6 M NaOH aq HO IS o' m
—_—
EtOH, reflux, 15h  HO 155 °C, 3h
95% 0
9

i) (COCI),, benzene, rt, 2h

"y

~
@l}l SNa
0® , reflux, 20 min SN
i) AIBN, BusSnH, reflux, 15 h O\/\/\/\
prostane 10
61% (2 steps)

Cycloisomerization/hydrogenation of 1,12-diene 7 was carried out following general procedure C to
afford cyclic product 8 in 57% isolated yield. IR (neat): 2954 s, 2925 s, 2855 s, 1737 s, 1459 s, 1435 s, 1378
w, 1253 s, 1197 s, 1168 s, 1133 s, 1100 m, 1020 w, 943 w, 860 w, 818 w, 723 w cm™'; 'H NMR (400 MHz,
CDCl): 6 0.88 (t, /= 6.7 Hz, 6H), 0.99-1.14 (m, 2H), 1.15-1.41 (m, 22H), 1.43-1.58 (m, 4H), 1.75 (dd, J =
13.4, 9.8 Hz, 2H), 2.52 (dd, J = 13.5, 6.3 Hz, 2H), 3.71 (s, 6H); 3*C NMR (100 MHz, CDCls): § 14.1, 22.7,
28.2, 29.3, 29.6, 29.9, 29.9, 31.8, 31.9, 33.7, 40.5, 45.4, 52.6, 52.6, 58.3, 173.3; HRMS (ESI-TOF): m/z:
[M+Na]" calcd for C2sH4sNaOs 419.3137; Found 419.3143.

To a mixture of 0.33 mL of 6 M NaOH aq (2 mmol) and 1 mL of ethanol was added 79.0 mg of 8 (0.20
mmol) under air and the mixture was heated to reflux for 15 h. After cooled to room temperature, the resulting
mixture was neutralized by adding a 6 M solution of HCI and extracted three times with Et,O. Combined
organic portions were quickly dried over MgSQOs, filtered, and concentrated to obtain 69.9 mg of the
dicarboxylic acid (0.19 mmol, 95%), which was used for the next step without further purification.

The dicarboxylic acid heated at 155 °C for 1.5 h to obtain monocarboxylic acid, which was used for the
next step without further purification.

To a solution of monocarboxylic acid in 1.3 mL of benzene and 0.03 mL of DMF was added 18.5 pL of
oxalyl chloride (0.22 mmol). The reaction mixture stirred at room temperature for 2 h. After this period,
volatile materials were removed under vacuum. The crude product was used for the next step without further

purification.
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To a solution of 6.5 mg of DMAP (0.053 mmol) and 35.0 mg of 2-Mercaptopyridine N-oxide sodium
salt (0.23 mmol) in 2 mL of benzene was added a solution of carboxylic acid chloride in 1 mL of benzene.
The reaction mixture was heated to reflux for 20 min. After cooled to room temperature, to the flask was
added a solution of 32.0 mg of AIBN (0.19 mmol) and 165 mg of BuzSnH (0.57 mmol) in 1 mL of benzene.
The mixture was heated to reflux for 15 h. After cooled to room temperature, 133 mg of iodine was added to
the flask and stirred at room temperature for 2 h. The reaction mixture was diluted with hexane and the
organic layer was washed twice with a saturated aqueous solution of Na,SOs3, dried over MgSQOg, filtered,
and concentrated. Column chromatography of the crude material on 10% K>COas/silica gel with hexane
afforded 32.2 mg of prostane 10 (0.11 mmol, 61%): IR (neat):2955 s, 2923 s, 2854 s, 1466 s, 1378 w, 1341
w, 1301 w, 722 w cm’!; 'TH NMR (400 MHz, CDCls): 3 0.88 (t, J = 6.6 Hz, 6H), 0.98-1.38 (m, 28H), 1.38-
1.57 (m, 4H), 1.70-1.83 (m, 2H); '3C NMR (100 MHz, CDCl5): § 14.1, 22.7, 23.9, 28.6, 28.6, 29.4, 29.4,
29.7,30.0,30.1,31.9, 32.3, 35.3, 46.0; Anal. Calcd for CxHao: C, 85.63; H, 14.37. Found: C, 85.50; H, 14.22.
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4

General Procedure E for Cycloisomerization/Hydrogenation of 1,n-Diene 1.

2 2 meeeeees
R;\)R\ cat. 2b H, (1 atm) R’ RL [ o E
7 = R3 cat. NaBAr', (1.2 equiv to 2b) PtO, . WSR3 E \ 7 N :| !
- N
N CHZCICHCI, 1t time MeOH, rt : N\Pd/ -

' N

. 5 1 o Me
n=1,9 o ?P _______
Z=CO,R, NTs

To a Schlenk flask charged with 0.8 mg of palladium complex 2b (0.0025 mmol) was added 5 mL of
dichloloethane, 1,n-diene 1 (0.1 mmol), (0.5 mL of cyclohexene (5 mmol), if added) and 2.7 mg of NaBAr?,
(0.003 mmol), and the mixture was stirred at rt. The resulting mixture was passed through a short column of
silica gel (10:1 hexane/EtOAc) and concentrated. The resulting material was transferred to a Schlenk flask
using chloroform and volatile materials were removed under vacuum. 1 mL of methanol and 4.5 mg of
platinum oxide (0.02 mmol) was added to the flask to form a suspension. A balloon filled with hydrogen gas
was attached to the flask, which was then briefly evacuated and backfilled with hydrogen gas three times.
The mixture was stirred overnight at rt and filtered through Celite. In the case where GC analysis was

performed, n-docosane as an internal standard and the solution was subjected for the analysis.

General Procedure F for Asymmetric Cycloisomerization/Hydrogenation.
Asymmetric cycloisomerization/Hydrogenation of 1,n-dienes were carried out following general
procedure A. Enantiomeric excesses of cyclic products 5v and 5w were determined by 'H NMR with

Chirabite-AR* (purchased from Tokyo Chemical Industry Co., Ltd.).

Preparation of Pyridine-Oxazoline Complexes 2.

R5
RS 0
7 N\ j
(codyPaMec + /N P - - Q_QN s
\ /) \ ., CHzclz,rt N R
N N7 R4 Pd
/ AN
Cl Me
2

2-(2-Pyridyl)-4,5-dihydrooxazole was prepared according to the literature procedure reported by
Sigman et al.*! Optically-active pyridine-oxazoline ligands were synthesized according to the literature
procedure reported by Stoltz et al.,”?® and the spectra of these pyridine-oxazoline ligands were in good
agreement with the data reported by Stoltz et al.??* (R* = ‘Bu, R’ = H), Bolm et al.*> (R* = 'Pr, R® = H) and
Sigman et al.??® (R* = ‘Bu, R’ = OMe, CF3). Pyridine-oxazoline palladium complexes 2 were prepared

according to the literature procedure reported by Vrieze and coworkers for methylpalladium chloride

96



complexes?®. Complexes 2 were obtained as mixtures of trans/cis isomers due to the unsymmetrical nature
of pyridine-oxazoline ligands. The analytical data of the palladium complex 2d (R* = 'Pr, R® = H) were in
good agreement with the data reported by Widenhoefer et al.'’® and the structures of major isomers of

complexes 2a, 2¢, 2e, 2f were determined based on the assignment of complex 2d reported in reference 24b.

— o) Pyridin-Oxazoline Palladium Complex 2b. 63% yield (96:4 isomeric mixture) from
\ N/\ /\Nj (cod)PdMeCl and 2-(2-pyridyl)-4,5-dihydrooxazole. Mp 186-190 °C (decomposed); IR
/Pd\Me (neat): 2980 w, 2941 w, 2875 w, 1647 m, 1591 s, 1490 m, 1466 w, 1438 w, 1406 s, 1291 w,
2b 1282 m, 1262 m, 1160 m, 1089 m, 1045 w, 1015 m, 990 w, 923 m, 791 m, 738 m, 665 w, 658
m, 640 w cm’!; 'TH NMR (400 MHz, CDCl3, major isomer): 8 1.00 (s, 3H), 4.13 (t, J = 9.8 Hz, 2H), 4.92 (t,
J=9.8 Hz, 2H), 7.63-7.71 (m, 1H), 7.78 (d, J = 7.3 Hz, 1H), 7.98 (t, /= 7.8 Hz, 1H), 9.02 (d, J = 4.9 Hz,
1H) ; 3C NMR (100 MHz, CDCls, major isomer): 5 -8.6, 51.2, 71.5, 123.4, 128.9, 138.5, 142.6, 149.7, 169.5;
Anal. calcd for CoH;OCIN,OPd: N, 9.18 C, 35.43; H, 3.63.; Found: N, 9.13; C, 35.34; H, 3.57.

Cl

— o) Pyridine-Oxazoline Palladium Complex 2¢. 30% yield (81:19 isomeric mixture)
\ N/\ /\Nj',tBu from (cod)PdMeCl and (S)-4-tert-butyl-2-(2-pyridyl)-4,5-dihydrooxazole. Mp 158-
CI/Pd\Me 161 °C (decomposed); IR (neat): 2957 m, 2892 w, 1636 m, 1586 s, 1489 w, 1476 w, 1404
2c s, 1394 s, 1366 m, 1254 m, 1210 w, 1163 m, 1159 m, 1093 w, 1016 w, 1006 w, 931 m,

810 w, 799 w, 745 w, 665 m, 642 w cm’!; 'H NMR (400 MHz, CDCls, major isomer): & 1.02 (s, 3H), 1.03 (s,
9H), 4.08 (dd, /= 9.0, 3.2 Hz, 1H), 4.62 (t, J=9.3 Hz, 1H), 4.90 (dd, /= 9.3Hz, 2.9 Hz, 1H), 7.63-7.71 (mm,
1H), 7.79 (d, J = 7.8Hz, 1H), 7.98 (td, J= 7.7, 1.6 Hz, 1H), 9.08 (d, J = 4.9 Hz, 1H); *C NMR (100 MHz,
CDCls, major isomer): 6 -5.4, 25.7, 35.5,70.5, 73.2, 123.6, 128.8, 138.4, 142.7, 149.8, 168.7; Anal. calcd for
Ci3H1sCIN,OPd : N, 7.76; C, 43.23; H, 5.30. Found: N, 7.69; C, 43.43; H, 5.23.

FAC Pyridine-Oxazoline Palladium Complex 2e. 94% vyield (89:11 isomeric

©_<\03 mixture) from (cod)PdMeCl and (S)-4-tert-butyl-2-(4-trifluoromethyl-2-pyridyl)-4,5-

N N7 "By dihydrooxazole. Mp 145-150 °C (decomposed); IR (neat): 2967 w, 2893 w, 1643 w,

C|/Pd\Me 1602 m, 1491 w, 1446 m, 1391 s, 1374 m, 1342 m, 1323 s, 1278 w, 1247 m, 1184 s,

2 1140 s, 1107 w, 1077 m, 930 m, 904 w, 867 w, 794 w, 752 w, 719 w, 674 m cm’!; 'H

NMR (400 MHz, CDCl3, major isomer): 6 1.05 (s, 9H), 1.10 (s, 3H), 4.13 (dd, /= 9.0, 2.9 Hz, 1H), 4.70 (4,

J=9.2 Hz, 1H), 4.96 (dd, J = 9.4, 2.9 Hz, 1H), 7.88-7.92 (m, 1H), 7.98-8.01 (m, 1H), 9.29 (d, J = 5.4Hz,

1H) ; *C NMR (100 MHz, CDCls, major isomer): & -4.4, 25.7, 35.6, 70.9, 73.6, 119.7 (q, J= 3.8 Hz), 121.7

(q, J = 274.0 Hz), 124.7 (q, J = 3.8 Hz), 140.7 (q, J = 35.7 Hz), 144.0, 150.9, 167.7; Anal. calcd for
CisHisCIFsN,OPd : N, 6.53; C, 39.18; H, 4.23. Found: N, 6.41; C, 39.32; H, 4.40.
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MeO Pyridine-Oxazoline Palladium Complex 2f. 59% yield (71:29 isomeric

@_on mixture) from (cod)PdMeCl and (S)-4-tert-butyl-2-(4-methoxy-2-pyridyl)-4,5-

N N7 "By dihydrooxazole. Mp 115-120 °C (decomposed); IR (neat): 2957 m, 2919 m, 2889 w,

C|/Pd\Me 2850 w, 1595 s, 1458 m, 1431 m, 1393 s, 1368 m, 1306 m, 1236 s, 1157 m, 1093 m,

& 1035's, 1006 s, 926 m, 879 w, 844w, 798 w cm’!; 'H NMR (400 MHz, CD>Cl», major

isomer): 6 0.79 (s, 3H), 0.99 (s, 9H), 3.92 (s, 3H), 4.02 (t, J = 8.8 Hz, 1H), 4.61 (t,J=9.1 Hz, 1H), 4.86 (t,J

=9.4,2.9 Hz, 1H), 7.08 (t, J=6.1,2.7 Hz, 1H), 7.28 (d, J= 2.7 Hz, 1H), 8.70 (d, J= 6.1 Hz, 1H) ; 3C NMR

(100 MHz, CDCl,, major isomer): & -6.6, 25.9, 35.9, 56.9, 71.0, 73.8, 111.8, 113.6, 144.7, 151.1, 167.9,
169.5; Anal. calcd for C14H,1CIN,O2Pd : N, 7.16; C, 42.98; H, 5.41. Found: N, 6.85; C, 43.36.; H, 5.44.
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