o+ oW

HA T RE 2R KRS H T v 878 T = )L 7K ER

BMORKEGUKD EERERET LAV X~ A

VY ADHERGRA~DSH

(GYSB G PNEPNES T ST E

KPRHW R

ARSI RN

mEmE AN

Yok = AR



H 7k

T3 VSR T = VAV KRER D AIEL & I H

i

TV R T = VAR KGR O Al Y

TV rSIR T =V KERME 2 T2 77 U VIR 72 1,3-0 = VB Ak
Bt 0 B

TN

AU vax UG VNN T = VKB Y 7T — R OB%
i

H1IVINTR T = VAL K ER D W AR AT

AU ax LG VNN T = VKB Y 7T — R OB%
A — SR SO D — et

TN

Myers 435 50 H i 2 33 1 b Sies 0D BA 5

i

TV T =LK ERMMIE & FH VN 72 Myers B ST IR R LG
D BAFE

TN

(+)-Oridamycin A D25 R & FPR DG Rt K OVEHERHT

i

(2)-Oridamycin A 35 X O Cy-epi RO E L E L OVEMIEMERHE 60
TN

11

13

17

22

23

27

35

41

42

46

55

56

67

68

69

152

159



Ac acetyl

AcOEt ethyl acetate

AgBF, silver(I) tetrafluoroborate

AgCl silver(I) chloride

AgOTf silver(I) trifluoromethanesulfonate
AIBN 2,2'-azobis(isobutyronitrile)

Ar aryl

AuCl gold(I) chloride

AuCl, gold(IIT) chloride

aq aqueous solution

Boc tert-butoxycarbonyl

Bn benzyl

Bs benzenesulfonyl

Bu butyl

-Bu t-butyl

n-BuLi n-butyllithium

-BuLi t-butyllithium

CeO, cerium(IV) oxide

CIMS chemical ionization mass spectrometry
DDQ 2,3-dichloro-5,6-dicyano-p-benzoquinone
DEAD diethyl azodicarboxylate

DMAP 4-dimethylaminopyridine

DMF N, N-dimethylformamide

DMP dess-martin periodinane

DMSO dimethylsulfoxide

DTBM di-z-butylmethoxyphenyl



EC, mediam effect concentration

ee enantiomeric excess

EDX energy dispersive x-ray spectroscopy
EIMS electron impact mass spectrometry
eq equivalent

Et ethyl

Et,O diethyl ether

EtOH ethanol

HAP hydroxylapatite

HCI hydrogen chloride

HgO mercuric( Il ) oxide

Hg(OAc), mercuric( Il ) acetate

Hg(OTY), mercuric( II) trifluoromethanesulfonate

Hg(OTFA), mercuric( II) trifluoroacetate

HgSO, mercuric( II') sulfate

HOTf trifluoromethanesulfonic acid

ICI iodine monochloride

IPNBSH N-isopropylidene-N’-2-nitrobenzenesulfonyl hydrazine
KBr potassium bromide

LD, medium lethal dose

LHMDS lithium hexamethyldisilazide

LiBr lithium bromide

Li,CuCl, dilithium tetrachlorocuprate(Il)

MALDI matrix assisted laser desorption/ionization
Mbs p-methoxybenzenesulfonyl

MC microcapsule

m-CPBA m-chloroperoxybenzoic acid

MW microwave



Me methyl

MeHgCl methylmercuric(IT) chloride
Mel iodomethane

MIC minimum inhibitory concentration
MOM methoxymethyl

Mts 2-mesitylenesulfonyl

n- normal-

NaBH, sodium borohydride

NaBr sodium bromide

NaCl sodium chloride

NBSH 2-nitrobenzenesulfonyl hydrazide
NOE nuclear Overhauser effect
Ns 2-nitrobenzenesulfonyl

Nu nucleophile

OMe methoxy

0s0, osmium(VIII) oxide

PEG polyethylene glycol

PG protective group

Ph phenyl

PI polymer-incarserated
PhHgCl phenylmercuric(IT) chloride
PhHgOAc phenylmercuric(Il) acetate
PMB p-methoxybenzyl

PPh, triphenylphosphine

ppm parts per million

Piv pivaloyl

Py pyridine

quant quantitative



rt
SEGPHOS
SEM
SM
SPhos

‘-
TBAF
TBS
TBDPS
Temp.
TEOS
TFE
TMU
TMS
TMSBr
TMSOTf
TMSE
TOFMS
p-Tol
Tf

Tf,0
TfOH
THF

Ts

room temperature
5,5'-bis(diphenylphosphino)-4,4'-bi-1,3-benzodioxole
scanning electron microscope

starting materials
2-dicyclohexylphosphino-2',6'-dimethoxybiphenyl
tertiary-

tetrabutylammonium fluoride
tert-butyldimethylsilyl
tert-butyldiphenylsilyl

temperature

tetraethyl orthosilicate
2,2,2-trifluoroethanol

tetramethylurea

trimethylsilyl

trimethylsilyl bromide

trimethylsilyl trifluoromethanesulfonate
2-(trimethylsilyl)ethyl

time of flight mass spectrometry
p-methyl phenyl
trifluoromethanesulfonyl
trifluoromethanesulfonic anhydride
trifluoromethanesulfonic acid
tetrahydrofuran

p-toluenesulfonyl



AR ERMEIL, Henbest 512 K25 TV L DA KU S DBRFE N & 7o T,
LA GA] & LT O3 R % 2 T & 7= (Scheme 1)." 1972 4214, Semenovsky & D 7' /L
— 7N, KKKV 7 A vl [Hg (OTFA) ] % 4 25 6 ~DOAELRIELIEMEIC L 5%
HELBOSIZRIA L7 2 & T, TR Y =Bkl & L TOKBIERRISH] &b
IZTEAE L 7221980 4E1X, Corey X° Hoye, Snider & 23517 A /L A{EM % 7~k § (x) -Aphidicolin
(9) X° (+) -Ancistrofuran (12), (+) -Velloziolone (14) D& FRAFFCICFIA L7 FhEN, T DE
flTH s

Scheme 1 /KERIERIKLAE H =T V7 DA% L IKERIE « BKERIEEE

Henbest, H. B. et al (1959)
Traylor, T. G. et al (1963)

Ri Ro HgX, F|‘1 'T'gx NaBH, Ry H
R R ROH RO R
3 ] 4 ) 4 Hg (0) R03 R4

Semenovsky, A. V. et al (1972)

| © Hg(OTFA), NaBH,
E——
X #’
TFAOHg Hg (0)
4 5 62% (2 steps) 6
Corey, E. J. et al (1980)
COzMe o
XxOPO(OEY), ~on
| 1) Hg(OTFA),
X —— > -
2) NaCl aq. =
) NaClad CIH X -
TBSO 7 60% TBSO_" o
Ho—: \H (2)-Aphidicolin (9)

—J5, 1983 4F, MR OFHLERRT - -T2 5 1%, (2)-Lansic Acid (17) DA RS
DIBFET 15 205 16 ~DEWRA R Y = U BALFIZBR L, @A AL LT
BT 2K MY 7 F— b+ [Hg(OT),1 #BA% L7=2



Hoye, T. R. et al (1981)

| OH 1) Hg(OTFA),
—_—
O 2)KBr
3) NaBH,

10 88% (3 steps) " (£)-Ancistrofuran (12)

NS

Snider, B. B. et al (1992)

| OH 1) Hg(OTFA),
EEEEEEE—

Nishizawa, M. et al (1983)

SO, p-Tol
S 1) Hg(OTf),*PhNMe,
| (1.2 eq)
. _—
2) NaCl aq. ClHg

15 74% (2 steps) (x)-Lansic Acid (17)

D%, 4 HICEDE T, Hg(OTH, ITAMRMEFROGHIE LT, #7226 AR H
M ST D (Scheme 2) . il 21E, 2000 4F, B KRF-ORS « @11 51X, (+)-Gelsemine
(20) DEAEROBFET, 18 205 DEALKINZ Hg(OTH , Z 5 Z & T, mEICHEER L
7219 ZHEEE L2 2010 21X, Snyder HD T —T7 N, BEAAXH Y 22 b
Hg (OTf), # W= A HFZ o7 ARG Z B%E L, (-) -4-Isocymobarbatol (23) D455 f&

R LTWND S

Scheme2 /KER NV 7 F— k& HUW =B DB

Yokoshima, S.; Fukuyama, T. et al (2000)

N N \ 0
1) Hg(OTf),*PhNMe, NH
_—
2) NaCl aq
3) NaBH,, NaOH o
BNNEt,Cl
18 63% (3 steps) (+)-Gelsemine (20)



Snyder, 8. A. etal(2010)

1) Hg(OTf), (1.1 eq)
Ligand 22 (1.2 eq)

OMOM then NaBr </, |
X — \—N N
Br  2) Br,, LiBr Br s
Oy, Pyridine ! @
21 OMOM 3g) Hel, THF (-)-4-Isocymobarbatol (23) | 02

___________________________

48% (3 steps), 90% ee
ZTOMIZH, K, Pl Jung, WE L2 L, UDllkkx 727 v—"7"7% Hg(OTh), =F|H
U CHEMIEE R DG ZHE LT\ 5 (Fig. 1).” &, M5 T ko4
TR T £ LTSI 5 (o) -Thallusin (29) D44 %2, Hg (OT), 12 L 5K Y = B4k

FOSZzFIR L72?
Hayashi, Y. et al (2005) Nishikawa, K. et al (2017) Jung, Y. H. et al (2017)
O
MeO Me
) N N Me
o, ™
. o
R R R N
OH O HO— H HO OH

R = n-Bu: (-)-Lepadiformine A (25) (=)-Codonopsinine (27)

epi-El-1941-2 (24)
R = Et: (-)-Lepadiformine B (26)

Sunazuka, T.; Omura, S. et al (2009) Yamamoto, H. et al (2014)

Bottromycin A, (28) (=)-Thallusin (29)

Fig.1 {bFER=EOKE Y 77— FBHW ST A B
LL, AEFE D Trost MEE LT haxa )/ 2= OMESCT A U W BREA
(BPA) BWHEET ZBREBOR 7 ) — o 7 I A MY —N2E LE2BIRICEB W T, 4%, KR
HWROSHI DAL FRN S HICHEL TV 72D, B2 DT 2 2L D IET TR
LI, BREEAM 2B L 7o Rk /TRE AR PUGSR DR N BEIZ R D, ZO X RE X
DY L, FHEIL, BAIAFREZRAKBMEOHRE L ZDSHICRYHEATE . £,
Hg (OTY) , S D B %E & 2 DFE LI DWW TR T 5 .

3



Scheme 3 KERIEZ V7= 7 V% o DA

1) Thomas, R. J. et al (1938): HgSO,
2) Stacy, G. W. et al (1955): HgO

Hg (Il) salt (0]

R——H >
H,S0,/H,0 R™ "CHs
30 31

LD, (LFERED HgSO, Z W=7 /L% o ~DKDOINKIGITESL TH D
(Scheme 3) ' #& AR b /KER [HgO] Zfilit & L CHW=F1H H 523, 50 mol% > HgO %
VBT D2 LD, MEERIROUGENRETH -2 WELIE, ARUSORRAYR
FIE S D BRI B BRI 5 Z & T, 2002 45, Hg(OTH, 12 3 Y EDT b T AF )L
U LT [TMU] Z 34 % S D3 Al 38 2 KIEIC 3 % Z & & AL H L7z (Scheme
4).12 0%, Hg(OTE), il =7 L% 5 NBRAL S (R FB-R B FE D TERRUK
JEIZEBIT 2 2 & T, @mW il EEEEL (1000=TON) Z /x5 7 U —/L - 4 VEBRILKIE %
BT DICE -T2

Schemed4 KK~V 77— FNE2HW=T7 1% R s

Nishizawa, M. et al (2002)

Hg(OTf),*3TMU o
(5 mol%)
20 (3.0eq)
....... (1)
CH3CN/CHZCI2
rt, 12 h quant. 33
Nishizawa, M. et al (2003)
OMe  ig(OTf),*3TMU OMe
(0.1 mol%) O
| ‘ B L Y O (2)
OM CH4CN, 1t, 3 h
n_C4H9 e 999 n'C4H9 OMe
34 ° 35

T U =L A VEALKIGIE, Hg(OTH, 87 /L% & o(p—n) BUgER 36 ZTER L= b,
Friedel-Crafts T OBRACSUSAHEITT 5 2 & TE =V KERFRIAE 37 24T 5. Zhn
in situ \ZHELTZ NY ZAm 2 2 2R VEEHOTEIIC L » T e hALEN T,
LR 3 #hA T A v ik 38 Zf& i L CRUKSME S AT T 2 il SR T 5



/ OMe OMe OMe
(TFO)H g(‘}@/ TfOHy/" ‘ TfOHg/\/" " 35
OMe

TfOH <~ n-C4Hg OMe 5 n-C4,Hy OMe
L A=l 24 7K R 1k NEE
D% b, Hg(OTD), Z W=7 V& ARSI 3R /18912 EOHN, 77X

ARV R EODHRBRENT 4 770y 7 PMIERISE LTEKRTE D& 5127k

- 72 (Fig. 2) " Har TiE, EIESHORH & 72 % Indolozocine X° Benzodiazepine 72 & D

BAESRIC BRI STV E D

Imagawa, H. et al (2004) Yamamoto, H. et al (2007)
Hg(OTf), Hg(OTf),
\/[/ (1 mol% (1 mol% R
949, 6''6 NHTs CH20|2 Ts
° >99% ee 80%
41 98% ce 12
Van der Eycken E. V. et al (2009) Maiti, G. et al (2012)
Ry o
2 0]
Hg (OTH), N = R, H | R,
5mo|% B NH, (2.2 eq) XX
CHZCIZ MW x Hg(OTf), —
Rs NH, (1 mol%) N R
up to 95% NH 45 16 1
44
Benzodiazepine core

Indoloazocine core

Fig.2 /KLY 77— MbBEZ 727 0% 2l ROG

—J5, 2008 4E, BEWSIXT X OB A 2 VEBEET S LT, TUAT
3 — L 47 T ROSHE & LTz 48 ~O R ER{b i 2 B%% L 72 (Scheme 5) .9 AT
RAEOBRETH o127 V7 v E B & DRSS TR L7z T 5.

Scheme 5 KR+ VU 7T — MEEZ HNZT VLT Va2 — VBEALEOS

_ Hg(OTf),
(0.1 mol%) \
- *NuH OH —— -*Nu + HQO

f Nu d \
" (CHLCI)y, rt N

L
ST 47 -2 48
Nu=NTs, C, O



Hg(OTH),
HgOT Hmf
Gy g ngf
- 48
Slun oA NG OH f*+
o 49 ? i .o 50 K‘HOTf v Hg(OTf),
i RIS o g BeksRAL H,0

AKBOSIE, 7l o OB T 1 h ALY A b LR DK AT A LTZZ LT, KO
Bl & 42 He (OT , WHEAT 2SR CTH 5. BB BRIt = b B4F T, 0b
(2, IWARBIZ K T, KEBEAT & 22 5 RFT VLT 3 —)VEALEOGSIC b B ST
W57 RIETIE, #MRT Ve A FELTHIBIS Communesin F(57) X° Palaw’

amine (60) 72 & D45 I HFIH S 4172 (Scheme 6) .1

Scheme 6 7 U /L7 )L 3 — )VEAL G & A AR 2EI 2 G L 7= 1)

Harmata, M. et al (2011)

Hg(OTf),
(2 mol%
CGHG 70 °C
15 min
63%
Funk, R. L. et al (2012)
Hg(OTf),
(2.5 mol%)
_—
CH,ClI,
rt, 16 h
86%
o
Hg(OTf) o) H
2 -
Ts—N (2 mol%)
HoN L =
= CH3NO, Ts” ” z\
OH o \\ OH
HO 84%
58 59

Palau’amine (60)



—J7, 2010 4, YBMRREOILARL L 1,3-3:4% T 61 12 2 mol% ® Hg (OTf) , & ¥
T5L, B0 =L RBRUEK 62 23 mit=RIZA KT 5 2 & &2 B L7z (Scheme 7) .
fithh D 4 J@ HEL At (Au, Ag, Fe 72 &) TlL, £ O E,Z BAARZ HIHH T X 720 2 & 3R
SNTEY, KEHEME ORMERBE SN AFHITH 5.2

Scheme 7 /KR NV 77— MM A2 Hu 72 13- = VBRI KG

Hg(OTf),
(2 mol%
(\_\; N\ %
NHTs CH20|2 rt Ts Ts

89% 62 (K= L »#Y) 63 (7 JLE)

ZORRIZ, KERMMBERE OPLAMEMN IR B 787, EHFIE 61 DT U ARIBRLIR 63 ~
DR LBALSOSOBRRICE T L. L L, BEFO Al KERE 2 72 SOE Tk
WR D RIFITEBNT S 62 & 63 DIRGWMZ G2 DR &7, ZOREICK LT,
RV, HRUKSEBUGH T V8 IR T = VoK ERYE 64 kGt - BT 2 2 & T, 63 B
7RBRALRUE % BA%E L 7= (Scheme 8) 2V Z D A1 V3R T = )WV AL KERD AL & IS IZ D0
TIE, H—ETHRT .

Scheme 8 7 /L N T = VAL KEROAIR LIS (B—F)

H HgCl
(4 mol%)
IAgOTH
(\:\7 oq  (4moI%) Q_\: D_\\;
NHTs = N

JEEE— .

CH2C|2, rt

61 >99% 63 62

PR U722 mE L Trb6 LIEG6L LT, BARRREAETEDO S &, KT OffH]
o & B9 2 KRG 3 AT [E TRiRE S 7z (Fig. 3) 2 AR, @Kok
HALED DO N Z W 72 Je O 20 © N DO e OVBRBE 2 U TR 2 Z L 25 H
BTHD. LTeh > T, AEILFSEIZIB W TIARGRIF DK & 72> 7o —F DSOS A
TR R IR o T2 b DD, FREWTIEIZ IS 1T D KERBSAI O FHIZ DWW TR, IRIEFRHA T
5.
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S mEBHAZLE e BRI,
! S FBL A - F & - - FR
EEKEEDIFRYE - s EDREFH-HH>EHED AR KR 2R
Bt MFEH-ARET KEBFILA L FAOY—)L
KERE-BE-HER ERAT7ILA L (DOFRHIEH)
KSRBATE L= ARLRAE REZHETO
Y —4 8lE KEBREZRAL: KERAFEDFEA
R KEEZ A= BIEE ZILE/—(VCM) KERMIBEAEEH-LT-
7ILTER RS PRYSL AL DRYE TOLARE

Fig.3 /KRG DML

LU, A% b KERISH 2 A A 7225 BOGH & U TR L T 721213, KERIE
DA RZ R Z L 0MA T, KREEMBE D7 Y —2 7 I A MY —Z BT 2 0E
WD, FET, TnbIZmiT TRVEA] & LT3 2507 —~ DKERFUS DOl
REEOSHN DRI & AT 2 FIEOMNL, SRR ~DOISH] Z4H L7z (Fig. 4) .

IKERIEEHDER

ZH1+ 288 RREEICK T AmMYMAA
JKER D fE A 5 V' KRR G DREE
JK ERBE iR D [E] YR - A0 22 W, K ER = It 71| 0D [B] 4R -
BRATLFEOMIL
WYERRIZE TS

B RS J EEHEAOKR

Fig.4 KEULEWOEEMIZI T 2588 & BEA~DEDY fHLA

EREBRBL Rl (UNEP) O K 5 &, KERER D T 70 5N T 22 70 42 7K SR D K EHH
He & ARIRBER O EY) » SLHEZRHFHOBE T H 5 .2 KR Y 2 ff ] d K OUKIRBESE
WOREIL, KEOSHNZBDNTHEROBETHY, 7 bz I—0BA»L b
HETHD. IO ZEEE 2 T, KERISOMIEAL & 3512, 45 % O KRS % B -
BAHT 2 FEOML 2 s L.



EXZNIINNR T = VKR 64 ZHIH L 7o AN —RBUGHI OB Z R, £7 64
OB FRI DD FRIATICE D FHATE. Z O E LT, ok X 0 & iz
PREICEN, v DU ACRTHEMEMENS E 2R L. 2L T, 64 ZREMERY ~v—
DRV a X U HEF L7z 66 Z A% L 7= (Scheme 9) Y 66 1%, MHERFIZHE 5K
RPN R Z 7RG & I BRI OKEE B U 7 T — R RGOS O E LTS TE
5. Z0ORYax Y URRBRANNERT VKB N 7T — FORFE & ROSHEIZE L

T _ETHLRT S,

Scheme 9 RV > X U ZEERM Y L NNRT =LK RNY 75— FOBRE (F_=)

. HgOTf [ p  :/RUYOFHY
(20 mol%)
©\/WOH 66 W
R
N
NHTS CH,Cly, rt

99% Ts
65 y 67
Recovery of 66 >99.999%

F77, KRS ORISR OB L LT, 64 LRNY 7T — hEfBEE LT UL
X 68 Lt TV RKREA 69 & DRFE-EHBEATMUGZ BT Lz ARk
¥ 70 X Myers LD EFBLSINIA T ZE T, 68 DT iRy MGE LTT IV
VT BERT D 2 & AR LT (Scheme 10). F72, ALUSOBAFROEIET, 64 /3]
IATEEREAI CTH D Z b AT Z LN TE . ZORBIIHE - E TR+ 5.

Scheme 10 Myers & ST LEE R LSS DOBHFE (5 =)

H
TS\N’N‘Boc H HCI in AcOEt
H N. _Ts Neutral
OTBDPS 69 Boc” "N silica gel H
RO R R)\/\ R!

68 71

AgOTf 5 mol%) Recovery of 64
(5 mol%) >95% vyield




T, B~ OIEHAE LT, 64 ZHIKD ETEMEE R T Oridamycin A (74) DEE K
(R L7z, ABFETIE, 74 OMETEMEAR BT 2 BAE 2 72 UM O s Oa sy — b
DOWESLE BRE LTz, TOREE LT, 64 LR NV 7T — M2\ U7 ABRIERIG
Z§EEEME9 2 Oridamycin A & Ci-epi-Oridamycin A DR/ AEERTHZ LN TE =

(Scheme 11). ZH 5 DEEICE L TlE, AimHENETIHR~NS.
Scheme 11  (z)-Oridamycin A DA E AR & FAEUAS AL K OTEMEREN (F50U )

H HgCl
TBDPSO \@ 64
(10 mol%

| AgOTf (10 mol%)
—_—

\ | then
TBAF
2 steps 80% e
PMBO 72 PMBO™ 73 i

HO,C
(x)-Oridamycin A (74)

Recovery of 64 >95%

10



B WK T = VAR AR & I
CoR e

2007 4F, Marks HI1Z X > T, % 13-V AbEW % SOLFEE & L7 il ER b SR 23
WA S 472 (Scheme 12) 29 1,3-2 = 2 75 2 B BA%E L 72 (CGC) Th (NMe,) , fitt i 2 N4
DI T, BIRMCT U VBRIBEIR 76 NERT HUSTH D, UEE, ARRUGITHEB S
OIS & R 2 T8 il & LCHER Sy, IWHMERZ LnZ &9 b ¥
LPNHHMERR TH LD Z LD, REGEMZEIZITFIA S TW W, £0D%, 2011
FITUE, Toste DT N—T73, RFe M EEZ AW ORET 13-V VBRALRIS
EWE L7122 REOSIE@E G FHIE CTBRALIKR 79 3ERRT 5 —FH T, ZHEGONME
HIRMEICRREZ IR LT RIG CTh 5. E 72, Toste H & FIRFAIZ Ndjera & D 7 /V— 7 & flfi 4
D4 @4 [ (PhyP) AuOTf, FeCl,, InBr, 72 £ 1 & HW 72 13-V = U B{ERS 23S LT
220 Lovl, “HEAEASOMEBERIPEORBEIZ OV TR FEERICHR & TV e, —H
FEA O ERMEARNEET 2HEBE LT, ZODE-T UKL LT UADTF
F AR IR 2R U CRUSDEITT 57280, T 6 OZENMEICAREMEF T 5728
LA E D Y

Scheme 12 ¥T4F, W& S 13-V = U BRALNIG

Marks, T. J. et al (2007)

(CGC)Th(NMey), ./ ’ \ .NMe,
& >O_L >C>—L SIS ~Thy
— CGDG 60 °C, 3 h N

| NMGQ
tBu
95% (76:77 =93:7) 76 (7 JLIX) 77 (EZL V) (CGC)Th(NMe.),
2 examples
Toste, F. D. et al (2011)
R (R)-DTBM-SEGPHOS- R R
R o (AuCI), (3 mol%) Rb Rm
_ — TN\ + B
NH AgBF,, (6 mol%) N < .. N s
O=S (I)-menthol (2 eq) . (79:80 = 8:2)
o) 42-96 79 (E/Z mixture ) 80
(Mbst) OMe ° up to 95% ee up to 53% ee
78

11



—7J5, Toste & & [RIFFHIZ, HBAFEEDOILASIX 13- 81 (2 Hg (OTS) , il % ¥
THEH—DOE =L ORI 84 MAERT D Z & i L7z (Scheme 13) " ARBUGRIE
Hg (OTf), N B E 72NE O _HEE A 2 BEmIIENT 52 & T 84 NE—LEY
ELTAMLIEEELR LTS, Scheme 13 DHEESUG A B =X L%, KEED B HF A
VEEACHFIC LY, 28I F A HFEENREAET S 2 L ERHRIORLE LD THD Y

Scheme 13 /KERIEARELIC K 5 13-V = U BRALNG

Hg(OT), (ot
_ Hg(OTf), | HgOTf m
(h (h ) — (5 \
nNHTs CH,Cl, ~NHTs ( N nTs
n=1,2 " Ts * H up to 98%

81 82 83 84

E @_ ory T EELKIRIERILE LT UL ERRE 1,3 T S TR
' HgOT

¥
HOTT

.
- ) “OTf

@HEL_ <W o= s G
TfOHQ@ @ o @ Tsss

HEVL, ARG Z BT 5700, MURKROSHIZ T A T, 7Uov
ROSEIRA 2 BRALSOS ZH T IR CTE o LM LTz, DFE D, Em VKSR IZ L - TH
FERRA AN 72 R — HRE & 2 RIRATIEM L2 2 &3 TE R, 86 <° 87 &k L
T, T UNRBAGIK 88 N EAMMIT /2D BT, ZOFEERGOS &, FH TS
WIKERFRIE A W2 13-V VBB OB R & il A 7.

12



B BN T = VAL KER O AL

F, EEWKEEOETILE LT, 7= LKA S LIS AR LT
(Table 1). YHFZ2E THEN. SN2 7 = =LK OTEMAL Gl (A # & 3 A R)
EBEC, RISEMHR L. g7 = =Lk (89) /HOTE it 7 = = /LK (90)
/AgOTf DR AR Z W= T, BIEEEE 61 MO HME L=7 U ARIBR{LIA 63 O
ARDPHERTEDHHO0, 1FIF 111 OlFETE =L URIBR(LIK 62 2345k L 7= (Entries 1,
2). FIT, IVEBWEIGAIE LTHIE X 74 e 7 2 =1 KEE01) & HVi- X
JaEt L7z (Bntry 3). Lan L, BUSREECHEBZNRIC L DME A2 5w, SRMEICKE
BRERBEERHTZ LIXTE R T,

Table 1 7 = = /L KSR SIEA1 % FI I L 7= SO 4k O Bt

Hg-reagent

oo Dx Qx
NHTS

Addltlve (5 mol%)

CHZCIZ rt
Entry Hg-reagent Addtive Time Yield? (63 : 62)°
1 QHQOAC (89) HOTf 72h 97% (49 : 51)
2 QHgCI (90) AgOTf 72h 96% (48 : 52)
F F
3 F@HQCI 91)  AgOTf 72h 95% (54 : 46)
F F

4 Combined yield of isolated 63 and 62.
b Determined by "H NMR spectroscopy and HPLC analysis.

Z D%, mmWEHE L UTHEET 20 F2RET 50T, WVASRT o OFHICE
ST, ANNKRT AL, 3HL2EFREEED _FEKR VRS T AL —T, =R
W n A DI LT ZE R E LG TH 220 — R, &Em O ER
EHONDTHEY B IN ST 7 TN T =V AEREPRRENZ EDRMONTND

(Fig. 5). £7z, BTXREMI FAX—Th D72, KF LOKFEFWBEENEGS, 7
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VXY F T N EOM IR K> TR NS =F AN (T =4 14h) T&E 532

Hey-Hawkins, E. et al (2011)

X (A) Benzene Adamantane m-Carborane
79 As 136 A3 143 A3
@H @ o 3Tl 2 BEFHADKIREE
H @ o —+EKIFRE— (CzB1oH12)
e : Carbon (BLERH)

o-Carborane (92) m-Carborane (93) p-Carborane (94) © B3 &R (HISREL)
Fig.5 VKT ACEMD 519 A X & WELRIME
K, ENTIE p- AR T 2 (94) ORGENHIRI VTN Z Enn, AFARER o-7

NWRT 2 (92) & m-BVRT 2 (93) B W I VN T = VA LKER 95 & 64 & YA

> L7z (Fig.6).

@:HQCI H @ HgCl
H

95 64
Fig. 6 H /=127 VA 2 LIm WA RR T kR

F9, 29327 TF NV FULFBUL] ZRINL TY =4 1Mk L7zDb, HibK
FRCWIET 5 Z & T 95 % 64 DA77 (Scheme 14). L2>L, HAYD 95 X° 64 IX
Bond, 2 00D NIRRT UNEREINTZ 96 ° 97 DAY E o7 AR L
96 X°97 725 b 95 X° 64 DFRIL 2 AT 723, SIRM 2 ik a RINT Z i T&E o Tz,
2T, ALK E WA AR S L, 7 == VKRR AR LAk a i L7z,

14



tBuLi (1.1 eq)

Scheme 14 ¥ L/KERZ N L8R T LK ERIE 0 7
THF, o °C,1h
then

e[ &
HgCl, (2 eq) H

92 55% 95 trace

+BuLi (1.1 eq)
THF, 0°C 1h

then

93

LS, 7 2= VKEMEEWIZ T TR EZTRINT D & MK RS T
HMHNTWAD, Bz

=/LHEAL KR (98)

TW5 (Scheme 15) % Z o AZEE 2T, £ o-,

@@

HgCl, (2 eq) 60%

@ HgCl

trace

Tdozen

X, 1925 4, Whitmore H1X, Z7raR/LAH, o-8E Fafd 7 =
I UELRINTHE 0-T— R 7= 2 —LA01) WNERR LT- &85 L

m-71)VIRT & 7 = = )LHEARK

R 102103 28K L, 2O 7 == /VILAERHEIT A - LT 95 064 OFHLA B IS

L.

FOREL LT, Yrzuax2o0, 0°C, 2 Y EOET UHEE 102 2103 12

¥ 56&, a—FRXUBUOAREILIZ, BEID 95 X0 64 DSEMICAERTDHZ &
ZRHELZ. Bo7=95 064 1%, fdtEnim<, ZEICH X B miEisTic Lo
T IEEZEZRET H 2 ENTE T (Fig. 7).

Scheme 15 7 = = )L /KERE 2 AWl Bk

Whitmore, F. C. and Hanson, E. R. (1925)

oH OH oH (I oH
[:i:]/HgCl HgCl :jf<HQC' N [:i:r/' +  HgXs
. I
O lp X =Cl and/or |
98 99 100 63% 101
tBuLi (1.1 eq) @ HgCl
° ICI (2 |
o-Carborane 1R 0°C,1h | Hg M, .
(92) then CH,Cl, H
PhHgCI (1.5 eq) H 102 0°C,1h 95

36% (2 steps)

15



tBulLi (1.1 eq)

m-Carborane THF 0°C, 1h

(93) then

0°C,1h

64
56% (2 steps)

cl H HgCl

Fig. 7 95 351 0% 64 OXHRE S i 1 A b

16

@ H HgCl I
ICI (2 eq)
_ ' H Hg EEEEEE—— + ©/
CH,Cl,
PhHgCI (1.5 eq) 103
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HERT IANR T = LKA 2 -
7 U IVIRIR 72 13- = VBRSO O B

B OEITCIR R X 0D, WA= L KERNE 95, 64 AFHRITE -2 D, 13-V

61 HHE L U CUGEAE B L7z (Table 2). F£9°, Entry 1LIRT X D1, 95 DA

ERAWTRIGE T2, LML, 24 FEOMISIZE W THERLSUSIEE TS, Rk
D 61 ZET HER Lo, 2T, 9512 AgOTE ZIEME(LAI & L Cin L TG
ZERE L7z (Bntry 2). RSB WTIE, BUSHEN—ZE L, 40 2O RJGHE TERAL
K63 & 6273973 DELTHARM L. m-TILRT U HEKD 64 & AgOTE & W= T

%, IFTEE7RINET 63 B4R L= (Entry 3). F£72, 64 & AgOTf OMAKHLE%E
WU, 4 mol% D fitiit &8 C 4 E B DI 63 AT 5 Z &b o 7.

(\:L Hg-reagent 01
— —_— —
NHTs N

. Lo

Additive Ts Ts
61 CH,Cl,, rt 63 62
Entry Hg-reagent (mol%) Addtive (mol%) Time Yield? (63 : 62)

1 HgCl - 24 h 0% (>99%)°
95

2 H (5 mol%) AgOTf (5) 40 min 94% (97 : 3)°

H HgCl
3 @ 64 AgOTHt (5) 40 min >99% (>99 : —)¢
(5 mol%)

4 64 (4 mol%) AgOTf (4) 70 min >99% (>99 : —)4

5 64 (3 mol%) AgOTf (3) 55h 98% (>99 : —)?

6 . AgOTH (5) 24 h 0% (95%)°

@ Combined vyield of isolated 63 and 62. © Recovery yield of 61.
¢ Determined by 'H NMR spectroscopy. ¢ Determined by HPLC analysis.

Entry 1,2 X TV6 DFERIND, B RKR T = A LKER 95 X° 64 13 AgOTf & DIfE A ¥ &

VARGMNE KT, ANVANR T =K R 7T — F~E B S5 2 & THEERE 2 58

17



9o Lmmeand (Fig. 8). F£7z, BRPEDOIEUL, 104 25F @\ /KA & U T
RET 5 2 & T, HEERAYICHENLZR 61 FSR O R —HAE & 2 R IRAISTEM L L2 7o 7

EBERELTND.
H 5 HgCl  AgOTf H @ HgOTf

64 AgCl 104
EX 5 YRR

HOTf

“OTf

TfOHg@ @ o @

107

61

——» 63

Fig. 8 ARMLTEMERR & SO o HEE A

WIT, BEECOWTHER L. £ TR LAY OBRILUS 2 e L7z (Table
3). VAFNEEET D I AT I R 108a DG TIE, “EAES OB EERE
ZH o T 109a DNERENCAER L7 (Bntry 1), 13-38% = O KRR (EZ = 4:1)
70 108b 705 b, mIERIZHE—O 109b 2 4ERL L7 (Bntry 2). 7ALIZ A FLHEESL T =
=NVEEAT D 108¢ < 108d 725 1%, HAE S ONLERIUE & LT F T o ABIREY 7R
BRALKG 3T U7z (Bntries 3, 4). 20 k7 o AW BLUSIZ DWW T, Fig. 9
(CHEEFOSHERE 27~ LT, T AL O BN B PRI ZE R N TAEREE & o7
112 7° 5 5-endo-trig B D BRAL ISP HET LIz T2 D72 EF X2 T 5.

18



Table3 JLE fRMEOKF (C-NfHE - LABRILED)
H HgCl
Eg Eg 64
(4 mol%)
AgOTf (4 mol%) Ox D_\;
\= oo + \
NHTs “— CH,Cly, rt ¥S ¥S
108 109 (Allyl) 110 (Vinylene)
Entry 108 Time/Yield? 109 (Ally:Vinylene)? 110
e - D D
NHTs “— 10 min 'INS — "I\'ls
108a >99% 109a (>99 : —) 110a
2 — e
— ; N — N \
NHTs 30 min Ts Ts
108b 94% 109b (>99: —) 110b
— _—
o = N S Lo
NHTs 15 min Ts Ts
108¢c 95% 109¢ (>99 : —) 110c
Ph”” “NHTs 15 min Ph™ 5 Ph™ 5
108d 94% 109d (>99 : —) 110d

R H
7 H/Ts — R7 N—Ts
N/ — =~ =~
1

112

2|solated yield of 109d. ? Determined by NOE assignment.

o RN
-NTs __
Em—— w”Q pr— R“\ N —
H Ts
113 (2,5-trans)

Fig. 9 7 ARERIUEDZ £

WAz, NEBRMALEWORUGE % fEFS L 7= (Table 4) . HLfi7ZR 114a 205 O G TlE, o
TMIE =L UBIBRBIR 116a AT 5 Z £ b o7z (Bntry 1). £ 2T, hiovsk
XV EEW246-FY AFILT = =)L 2R =L (Mts 1) I L7~ 114b & VN /-

(Entry 2). ABISITOWTIE, BOSHEME T 5 Z & 72 <, Entry 1 & [FERO 1 KO

19



RIS, BAYO 115b 2NN ER L. Z 0o Mts 522 H 95 114¢ <° 114d 025

b, H—07 U RBLIK 115¢, 115d 7345 5417~ (Entries 3, 4) .

Table 4 & MO BRT (C-NFES - NERILEW)

H HgCl
g B 64
(4 mol%)
H AgOTf (4 mol%)
NH = ——— >

) CH,Cly, rt

25)
|
+
z
-
®
E

PG PG
114 115 (Allyl) 116 (Vinylene)
Entry 114 Time/Yield? 115 (Ally:Vinylene) 116
Came e Lo
N\H//O N‘s’/o N\s’/o
1 \\o > \\O + \\O
1h
(ng) >99%
114a 115a (91:9)b 116a
= e Lo
N\H//O N\s//o N\s’/o
2 \\O > \\O + \\O
1h
98%
(MtsE)
114b 115b (>99:—) 116b
s Xane — X . X0
I}IH 5 min N N
Mts ~99% Mts Mts
114c 115¢ (>99:—) 116¢c
(E:Z=10:1)
Mts 97% Mts Mts
114d 115d (>99:—) 116d

2 Combined yield of isolated 115 and 116. © Determined by 'H NMR spectroscopy.



RNT, TV =P 2 EH L LT RFBIRFBRESTERI DBRAC S & 5l A T2
(Table 5). Entry 1 {Z/RT LIV A R T U —LE2HT S 1172 0>H1E, DT DI
= U URIBRAGIR 119a DA HER S NTZH DD, 117b <° 117¢ 2 HITHE—0 7T Y L8
BALEDNE SN D 2 &3> 7= (Entries 2,3) .

Table 5 JH —MEOKEF (C-CHE -« 7V — - 13- 3= MbEaW)

HgCl
@ 64 X
‘\—\; (4 mol%)
AgOTf (4 mol%) —
OMe
CH20|2, rt

—_—
MeO 118
Entry 17 Time/Yield? 118  (Ally:Vinylene) 119
> OMe
5 min
>99%
117a ° MeO 4182  (93:7) MO 4i0q
M CO-M M
Me0,C_JO2Me MeO,C_J 2"¢ Me0,C_J2Me
2 _ > —_—
1h OMe
97%
MeO  117b MeO 118b (>99:—) MeO 119b
TsN TsN TsN
= _ \
—_—
8 OMe 30 min OMe * OMe
98%
MeO MeO MeO
117¢ 118c (>99:—) 119c

a Combined vyield of isolated 118 and 119. ? Determined by "H NMR spectroscopy.
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FUUET  /NFG

ARETIE, 7 U ARGRIRE 7 4% 1 3-2 = U BRL RS OBRFICER O AT, 0tk
T, FHKBHERIETH L INVART =GR Z AR L, KA AgOTE & Fv 7o fi
BARIE A TN Uiz, ARUBSIFE 1336 UV v 2 & LT B HEE TR
RRFB-IRFRGE AT ORI ATRE T, 7 U ARSI 2R BRAE UG & U TR A R~
DISHAPIFRFSND.

PhHgCl (1 5 eq) 0 OC, 1h

56% (2 steps)

H H t-BulLi (1.1 GQ) H HgCI
o ICl (2 e
THF,0°C,1h | . Hg (2 eq)
then @ CHCl,
103

m-Carborane
(93) n -

cl
Hg

64 (4 mol%)
AgOTT (4 mol%)

—_
CH20|2, rt Ts
61 70 min >99% 63
64 (4 mol%)
C\:L AgOT (4 mol%) Ox
NH —_— _— N\ —
Mits e e Mts
114b 115b
CO.M CO,M
MeO,C_J 2 ¢ MeO,C_J 2¢
_ 64 (4 mol%)
AgOTf (4 mol%) _
—_—
OMe CH,Cly, rt OMe
1h 97%
MeO MeO
117b 118b

A Carbaboranylmercuric Salt Catalyzed Reaction; Highly Regioselective Cycloisomerization of 1,3-Dienes

Yamamoto, H.; Sasaki, I.; Shiomi, S.; Yamasaki, N.; Imagawa, H. Org. Lett., 2012, 14,2266-2269.
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BE R YR U RURI LN R T =L
KER RV 77—~ DB

BAETOKBRILEVMDERFTEE?
9 8t (5 1900 1)
EE - BEBHKIEDEHIE AR = KIEBEROERNRERNLE
- BRERRCEEROENEREEEC
* Os,IbRu...12t (E&) * Pt .. 31t
* Pd...64t * Au...297t (EEZER 721)

a gl TAEOKR~TI 77— (2013) 0 KIREA (2017) © Bl SEEFR~TU7 /L7 2— (2016)

HAIZI T B AKROEFRFEERIIF 8 IZDIF Y, REENERITIIRMERNVER
ThHM LirL, FRk 284, EHESEN E L TKERSHINMEE L2 &b, 5%, &
BRI X OEROK SR OB AN FRIZS I & 72 5 2 L7zd - T, BEFF O KEREL S0k
RAFIE LT2pE2E T vt 2BV T, AKRERICE D 5 RABE D BIFE KR & DA I 1]
BRI DI2DD Y AT LOREEN B OMEIZ 2> TV D,

—J T, H4H%(Os,Ru, Rh, Pd, Pt, Ir) R°4& 7 EOA/DMEO W@ B, (LFROSICE
JAMIEEERNE N LD, L a2 E TERILSFIA SR TS L
L, 20608 BIIEMTHY, FAI =T AL TTAEEbIME SN TWD D,
ZE TR HR IS D 2 &REER Y A T AOBBESREBOICER SN T,
AHALTF DB TIE, FrIZ AARAIIFEE DS, [ - BFH ATRE 72 R — R SOG A
ERRTDHILT, ZONHEEI LTS, BIZIE, HRKFEONKRSIL, A5 O
OB B R EE 2 UL A A I =7 A[0s0,] RV AF LU FEMO~A 7 a s
T /UIZEA L2 Mc-0s0, (121) DBAFE 2P L TV 5 (Scheme 16) 2 121 (X UEE(L A A
L=V LD DT N v DV A = MEOGIZTE R ISR &4, BUE TR E T
W5, E7, RIRKRFOEHLIE, AREAKOERS THDHE FrF T /324 |
(HAP) W& @A 4 L ZWHEEZH L CWDH Z LICEHL, 3 fivT=v Lz HEELE
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Ru-HAP (124) ZBH3s L7=7" HI/E, 124 1IT7 Vv a— V225 b T 57 ) — v B R
—RfE LTI SN TS, D% Y, HAP HEF G R OER T O IF L L,
INT VT AREL, = 7L, Pt-Mo &4 7 FOHEFFHI LTI L T 5 3

Scheme 16 TR LI FL7 A — A fRIE S KOS

Os
Kobayashi, S. et al (1998)
= N
MC-0s0, 121 OH V4
R O (o)
H,0, Acetone, OH \ J RURFLVEM
120 CH3CN, rt, 12 h 199 — vroOh7el
Recovery of 121 >99% Microcapsule (MC)-OsO, 121
Ru
Kaneda, K. et al (2000)
02 (1 atm) H\O/H
OH Ru-HAP 124 OH H o Rl o
---Ru---
8 8
123 70 °C 81% 125 n
Ru-Hydroxyapatite (HAP) 124
Au, Pt Pd
Kobayashi, S. et al (2007): PI-Au 126 Uozumi, Y. et al (1999): Pd-PEP 129
Kobayashi, S. et al (2008): PI-Pt 127 Kobayashi, S. et al (2003): PI-Pd 130
Kaneda, K. et al (2015): Pt-Mo/HAP 128 Kaneda, M. et al (2005): Pd-HAP 131
Polystylene Cl
ysty pH
v Pd—;
P\
HO Au OH N %Hy@ Ph
Au o n
0]
Polystylene

PEG-PS resin-supported Palladium-Phosphine Complex
Polymer-Incarcerated (P1)-Au 126 (Pd-PEP 129)

Z DA, Scheme 16 DHPITTRT X D12, HAERFEO/PMBIZ I D@mm Tt 7 s K
(Polymer-Incarcerated) i [ il i [PI-Au] ™ (126) X°, 77 F R ZEFTOMELIT L - T
RYVTF L7 a—L R RFLornrT7 MEESEL Y B — X (PEP) #HEH
RT DT BIRAT 4 EEAR[PA-PEP] % (129) 72 MBI STV 5

—J7, AREUZE L TIE, SFIEED LA - fix KRB IZ XK > THilikd Slica Bond Pheny®
(132) ZJREHZ > U A O NVHER 7 = = L KER Y 7 F — | [SiPh-HgOT(] (134) 3B %%
STV D (Scheme 17) 2 134 1%, KERD R & ZE e sp’o fEG BT HDMWEICEHR
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U 7=[EIX - FEFIH ATRR 22 K ERWI DAY — Rl TH Y, AKEMBE D7 Y — I AR
—ZET DWW SEAITH D, L, —MOKISHEE TIE, 0.1~02%FFHE D
KON D Z & DRI AL TN D D Javi L7 KR okt &3 b & T o 7
e, EOX D R TKIBENIH L TS ONIFFETE TWeho o, Z0
JRIRZB S0 5 2 &R TE T, K0 ZEME & AP 7o AR — RS
MR TEDLDOTIIRVNEB X T2,

Scheme 17 > 7 7 = = )L/KER MV 7 7 — F OFHELE SOSH]
AR EBifE ELHI (2012)

H'g(OAc)Z
si Microwave 1) TfOH
i — > Si @—HgOAc —> i @HQOTf
AcOH 2) Wash

Silica Bond® 140°C, 1 h
Phenyl (132)

Si :YUATIL

133 SiPh-HgOTf 134
(Hg-loading: 0.2 mmol/g)

nCiHe  SiPh-HgOTf 134

gz 1%
= (20 mol%) N\ n-CyH
CHoCl, "I\'ls
NHTs rt, 20 min >99%
135 136

Recovery of 134 >99.9% (Hg leaching 0.091%)

TDEZDOL L, 134 OFHEE L 72D T = = )V IKEMLAEW O BT 5 Uk &
1To7c. £ LT, TOFEDOHF CTHBRIEV L Z 20 72.% 1958 4, Dessy HI1X V7 /L
FIKRTV T = = )VKIR7R EOZEM 2 M+ 2 BT, M b/KkZFEZ iz 137a-d
Doy iR SEER %2 1T > T 5 (Scheme 18) .

Scheme 18 /KEULE W) EHEALIKSE LD SOGHE

Dessy, E. D. et al (1958)

HCI
R-Hg—-R —— » R-HgCl + HR
137 DMSO/Dioxane
\\—HgJ/ > @ @ >7Hg—< Me-Hg-Me
137a 137b 137¢ 137d
& ORIGIE 170 100 1 0.2

(1EXS 7 R )
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ZFLT, V7= KER13Tb 1T A Y T u KR 137¢ L0 BERIC K - T 100 5 H
RSN T VI L ERE L TWD. ZOMEEE L2, FHIL SiPh-HgOTE 2> 5 Dk
FROIWIUZHDONT 1 DOGERZ LT 72 (Fig. 10) . Bl 21X, 138 7B BRALRIS D HEIT L 7=
A, BEIIRPICEAE L HOTf 12X > T 139, 0 —&EiEAN 7 u hoAfban<T, A
=T LA A 140, T 136 DA LRI SiPh-HeOTE 2342 &5 (Pass A). L
ML, Pass BIZRT XIS, K ERY ~—24UG LT 7 = =/VER, T3—I2H HOTE
X o T e bALESN=HGAEE, 140, 005 141 284 C, RAITKEEESIRILHT 7]

BEMES @,
Si .
4 S S si @Hgow
Ph Pass A |7h / =
TfOHg/ n-C4Ho Hg HOTf oTf ; o
74 / — n-CUyRg
) n- C4H9 n- C4H9
N N)
NHTs T
139, 140,

Hg(OTf),

Pass B /
PTf
TfOH f Hg
_OTf @E\gfn'cﬂ"g
n- C4H9 ©\/gin C4H9 N

N N Ts
Ts Ts

1395 1405 141

Fig. 10 /K& H O

KON DR DT, Z ORGUIZATEF VTR, FEFITE = THRE LV
RIR T SV KEREE DO TEMEIZBR WV ELBR 2 f NV 2L B 15~16 RX— VIR LIz N
AT =NV OTR T, WA NRT =7 = =/LKER 102 X 103 705 7 = =)L)
FHHALTI95 064 R LT, RTRETIX, HANRT v EKRBNBHE LAY

LR EN TRV, Lo T, DANKRT o TKRRE LG LR — Rk %
FRCEAUE, 134 £V HAKEROIRIL DD 72 liEE & U CHEEET 2 FTREEAS F .
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R VIR T = VR L KER D WA

2T, ET AR T =V KERIE O MHEEMERE & S0 CRARGE L 72, 7 = =V koK
§R(90) & NV NR T = AEALKER 64 HZNENT T ma AL R L, (LR R
@ HOTf Z W25 Z & Torfif B 2 Lol U 7= i B K 2 O C ROG TR 2 AL B3
HZ LT, RETICEEND 90 & 64 #ZiZE 4 'H-NMR IZ T & L7z (Fig. 11) . BlBg
RWZ LT, 7 = = VAL KERIZ HOTE OWIN & FIRFIC D e E D, 120 FEEZ IS
TR IS NI, —T5T, 64 ITEIIMEIEZ R L, KRR (120 KeH) © HOTE 25
IZBWTY, BEIFET DI Ehbnol.

100 90
(]

32 60 1
g 90 64
o — — 64
3 40 A —
&}
]
o

20 1

0 . . , 48 BRI R D Rt R H

0612 24 48 72 96 120
Time (h)

HKSRSEE + HOTS (1 eq), BIE/KTHIE, 'H-NMR TIEHRE (CHBr,) & AL T EBAIE

Fig. 11  HOTf Z iR L7= 64 & 90 O 4y fif sk fE 525k

7 = = UL RER OB A FE T 2720, P BBE v 2 —E@ L0 ZhH o
t &, HPLC-ICP-MS ZHIE L7=. ZOfEE, 90 OLISHEENHIE, 5o HeCl <
Hg (OTf), & Al — D ' —27 8% — 3 &N (Fig. 12). ©E 0, 90 [T T4 Y HOTE
I= &> T Ph-Hg #EDPAZ L, Hg(OTH), = HeCl, 72 & D K URIC /R S i & HE
s,
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WEHHFR A — BE BE EELOLRNE

CPS (x107)
10 ¢ H HgCl
PhHgCI+TfOH
- D RIGTEE
64
8 | PhHgCI
Hg2* —_ HgCl,
6 | “ —_ Hg(OTH),
m-Carbaboranyl
4 - HgCl
—_— PhHgCI
2 L
0 50 100 150 200 250 300 350 400 Time (s)
¢ OTf NaCl
HgCl  HOTf HgCl aCl aq
©/ 9 HgCl CgHg + HgCly
“H-OTf H NAOTT
a
20 142, 142

Fig. 12 4 O/KEHEHIL L 93 O KLFE#E & @ HPLC-ICP-MS fi#4T

—7F, 64 [ZOWVWTIIAREEFHEDN ERAICTH WX, <~ R kT 5
AMEEMEZHER L W EWe, ZOREE, 64 OWEA R GRATH S 300 mg/kg
ORAFKERBNTY, DO~ T RIEIEIZE LRV LX) o 72 (Table 6) .

Table 6 DV 3R T = VAV KERZ ~ o A5 L= Atk rE 325

NREEFHE )L R SeEEok RN

a) REEBICNT BNV RDEFH EOKS (n=5)
Day0 Day2 Day4 Day6 Day8 Day10 Day12 Day14
Vehicle 5 5 5 5 5 5 5 5
50 mg/kg 5 5 5 5 5 5 5 5
100 mg/kg 5 5 5 5 5 5 5 5
150 mg/kg 5 5 4 4 4 4 4 4
300 mg/kg 5 5 3 3 3 3 3 3
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DT, 64 D LD [T EERIIZ 300 mg/kg LA EERFLL TWHD, BEFOKERE &
L TChH, 64 13D TRFEME/MLAEW Th 5 (Fig. 13).2 £, 64 1TIXA T ILKERD K
O IR EME I A BlE I VN

BrnKRIEDEE (YR -EOKS)

H HgCl
(1) HgCl, LDy, = 6.0 mg/kg
(2) PhHgOAc LDy, = 13.3 mg/kg
)
)

64 (3) PhHgCI LD, = 60.0 mg/kg
(4) MeHgCl LDsg, = 58.0 mg/kg
LDg, = 2300 mg/kg (MeHgCID #iE &4 : < 0.76 mg/kg)

Fig. 13 flix O/KEIFIZ BT D FHiEO g

BB U72fERIN S, DIVANR T AIARE) %R ) ~— EKPEERE D 5 A Tretk L
MAMEZ MG R 720 FThD L WL, 64 2K L LI A —REUSHIOBAFIZE

F L7 (Fig. 14) .

_______________

e | mRmkERE

EEEE n! | ¢ CHoREDBNRE
#EA ! L KRR O Y R [EE)

Fig. 14 877272 8 — RGBS A OBt
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S —

e (R N VA= = S AN - il by v () VA N el
KER MU 77— FDBAFE

RN, NN T 0, Fig 15T X918, 2 Y BEOHEEEZHW T T =4
fbL7=0b, B 7 %A Z BFERITEANT 2 Z E BB TH 5.7 Z DORUGRME
2R 2 2 & TARY—RRFEOR R A 7T

2) R1 Ro
@ ) Ro-l @

R1 Rz aIkyI 144

]

H@H
93
Fig. 15 WA NRNKRT o~D Y o —i8 Ak

BARNY7297751% Scheme 19 IR L7, 93 % 2 Y &D +-BuLi ZHWWTY 7 =41k L7z
Db, V=D M)A MR Ua— K7 HeClL # 2 ENIINL T,
F9°145 2R L 7=, HeCL OWRIMIE, 5mM OEFREMETITH) Z & T, 15—V D

Scheme 14 1277 L=V AR T 296,97 IZH Y35 " BAbiK D LR & B/ NRIZEE 8 5

ZLIZBEOT. 145 1%, BT T u FUBEETICBWTOARSGICHAET 52 80D,

HEET 5 Z < @BEHWTESL 146 ~LE =, ZDO%, AgOTf & HW\CTiEMEL

L, @EED AgOTf % ML=V P83 528 T, NV T7T7—ME147 & L7z,

Scheme 19 ~#J— R /KR O 775

1) +BulLi (2.0 eq)

H H s , HgCl H*
THF, ~78 °C, 30 min { (MeO)si gC
2) (MeO)3SiC3Hgl (1.0 eq) { EtOH

0 °C, 10 min reflux, 5 day
93 then HgCl, (3.0 eq) 145
-78 °C, 5 min
. AgOTf (.2 eq) .
Hgcl ., 20 min HgOTf
| ¥ —_— | |
b X then K S/
washed with
RUSOFHY 146 toluene 147
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Fig. 16 (21X, fix Ofg% HWTEA L7z 146 %7~ L7=. AcOH, TFA,HOTf Ci, a) (2
AT EITKH RS L IEBEROR Y ~—0k s s — 5T s N TRY ~—
L7146 13 b) TR LTZRLIRORY =0 SN D Z &R broTe. Kk ekl
EREITH 2 & T, 2 mol/L OEFRIFIET, 400 rpm THELE L7 HMEGERT 5 &,
RGO 2)—PE D BRI 3G 2 7T 146 3G DD 2 Lo lo. FHHR L7 146 13,
BILKALIR TR EEIRIC L 0 KB 2B H L, 429 mmol/g LIRE L. F7o,
PRI 228 um B L7z,

&%k

Hg loading; 4.29 mmol/g

FIGHFE: 2.28 um

FLFE (um)

a) AcOH, TFA, HOTf fEAEF  b) 2 M HCl aq AR . N
c) RYU N —DH T HEEHETER)

Fig. 16 R¥—Z /L 3R 5 =Lk 146

Z D%, 147 ~EIEMHL Lo AR5 — R 3 (20 mol%) # VT, =TI L 13-
T 117a 5 118a ~DERALIE Z 15T L 72 (Scheme 20) . L72>L, 118a DA AL
WTELH0?, 5 HREOHEIZE W THRISIEFZERHET, 50%DRGEE 117a %
BT DGR E o7

Scheme 20 ) —R/KERYE 147 O SOSTERFT

_ 147
— (20 mol %) —
OMe ’ OMe
CH,Cl,
rt, 5 day
MeO 4474 350 MO 118a

(Recovery of 117a 50%)
Recovery of 147 99.999%*7 a BTt ETRNENEETHE
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Al L7AE R0, B, R Ral3Eo il %2374 7= (Scheme 21). BARHYIZI,
T RIT hXRTTUTUITEOS]IZMNZ 52 & T, R ~—HEzoimib & i, RISEE
DMIEEZH2 T D 72D O+ 43 7o OG22 e R L 7= AR — RO~ BiF L7129

Scheme?21l T K5 = ¥ 35 (TEOS) Z ¥l L 7= 3 3K oo 3 il

. 2 M HCl aq
1) +BulLi (2.0 eq) {
H H vk , Hgcl | TEOS (neq)
THF, —78 °C, 30 min (MeO);Si A 9
2) (MeO)ssiansl (1.0 eq) EtOH
0 °C, 10 min reflux, 5 day
96 then HgCl, (3.0 eq) 145
—78 °C, 5 min
QB
EtO-Si—OEt
OEt
RIGZEE=ET 2R OxHy
TEOS

AgOTf (2 eq)

rt, 20 min 5 HgOTf
Hgcl ————>
then

washed with
toluene 66

P :/RUYAOFHY

148

FEFFEE DN EH /LT, TEOS % 3 Y&ENH 20 YEE TRA LR Y v —% i
L, ZTNENORIGHEZHER LT (Table 7). DR L LT, Entry 2 18T X 51
TEOS % 5 YEMMLTI=R Y =~ =03 b RUFRRIGEZ R T Z L b olz. £, K
fil 2 2 BRI L & UG, 85— 3 21 2=V D 64/AgOTE D & Ll 425 &,
A= Rl 66 2 TN SO TIE T VO VEGEPED M B L, 117a 7725 118a DAH3
BRI ERLT D 2 &b o Tz,
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Table7 TEOS #RINE D i AL,

/\/@/HQOTf
CH2C|2 rt

117a MeO  118a MeO 119a

Product (%)?

Entry  TEOS (eq) HgLoading® e (1) Recovery (%) of 66

(mmol/g) (118a:119a)°
1 3 2.30 14 60 (>99 :-) >09.999
2 5 2.22 12 94 (>99:-) >99.999
3 10 0.97 13 88 (>99 : -) 99.999
4 20 0.74 15 87 (>99:-) 99.999

|
aETIRMLEFIRAEHEETHE P lsolated yield. ¢ Determined by 'H NMR spectroscopy.

IO ORREND, 5480 TEOS ZIRM Lo U >rm X3 4G VSR 7 =LK
RV 7T — b 66 % i 7o AN — Rl & U CiEE L7z, 66 DRLE/SAIX  Fig. 17 12
R UTz. PRI FRIE 327 um Th 5. Fiz, EBEMNE FEEEEHOTRY ~—Rii
R LI2D G, T RVF =00 X 5 61E (EDX)IZ L - T, 148 LiEMELED 66
DOFLFARLZ MEHT L7z (Fig. 18) . AgOTf TIEME(L L7266 22 51%, FU 7 F— MEOHE
RIGHR THDL 7 v FEOEL—T PRI TEY, 148 DR A AV NEA Z 2
FOSIZ E - T, OTEICAZMA S NIZ Z L AR LTV D, AT TIE, DRl
HIEE STV DD, M A Z7 V AROGIZ K o TE U SR E O i S iz b
DEEBEZTND.

33



R OFxH BB HILNRS=)LKEER)TZ5— (SICB-HgOTH)
HgOTf

T

TEOS (5 &) 66 Hg loading = 2.22 mmol/g

LEE:

FEHHFE: 3.27 pm

HALFE (um)

Fig.17 66 DKi{-/3Ai & AR E 7 BMEE (SEM) (2 X D i kKX

EEEET EEER

HgCl HgOTf
P P
+AgCl
148 66

Fig. 18 148 & 66 O T /L X — /3 #H X #1435 (EDX) it
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FUUET A — RSO EE — ikt
I, K| 7T — MUERISIZIB T 2 R — Rl 66 OULHMEZMER L7z, %
P, RB-REEETR S THHT U — s P VB ERIGIZ O W TR L 7= (Table 8) .
—ECTHMISMEEZMERE L7 117b, 117¢ 21308, 117d ZHRE L LA v R—A0b
O Friedel-Crafts % OBVt & 374 7= (Entries 1-3) . ZDOFER, WINOEEN»L LT
U VRN 72 118b, 118¢,118d 28 RAFRINRTAEK L. —FHT, 7YV — -z -
VI aERE LT 117e DD DAES AN IC & 5 2 EERLOG TIE, ZHEEG O
ERICHIET 2 Z LT L <, 7 U AVBRIGIR 118e & =L URIBR{KIK 119e 23
6:1 DL THERT D LN -7 (Entry 4).

Table 8 EH—xtEofmst 13-V U BIbKS, C-CHEd)

HgOTf
P
X\x N@ " ”
— 66
— (20 mol %) — \
OMe - > OMe + OMe
CH,Cl,, rt
MeO 117 MeO 118 MeO 119

Entry Time/Yield®

120 Recovery of 66° Product (118 : 119)¢
CO-M CO,M M
MeO,C_J 2¢ MeO,C_J 2 "¢ Me0,C_{OMe
24 h
—_—
Me 88%
>99.999%
(>99: —
117b 118b 119b
‘\—\; TsN TsN
14 h = \
86% OMe OMe
>99 : —
>99.999% MeG ( ) MeG
117¢c 118c 119¢
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15h = =

929 U NTs (599 ) U NTs
. >99 : —
>99.999% 1184 1194
OMe OMe OMe
A 38h .
67%
.7 _ . (6:1)
(E:Z=5:1) ~09999% i

118e 119e

2 Combined yield of isolated 118 and 119. . BT KL R FIRE N ER TRIE
¢ Determined by 'H NMR spectroscopy.

WU, ANVRT I R OBRALRIS ZE L7z (Table 9). ALUSIZRBW T, Xt
J&T 5 7 U VRIBRALAR S IR Do i SR S AE AR U 72 SO #4 Ol iBE[a] U 3R &, BL4FC,
TXT 99.999% L) b2 iR L7=.

Table 9 JE MoKzt 13- UBLKIE, C-NFEA)

HgOTf
P N@
)n 66 )n )n

— (20 mol %) \
_ . N — + N
NHPG CHCly, rt PG PG
n=0:61,108 n=0:63,109 n=0:62,110
n=1:114 n=1:115 n=1:116
T 1 a
Entry Substrate Time/Yield"/ Product

Recovery of 66°

D=l s Do s oo
NHTs “—

(¢}
93% N bg0:_) T8
61 >99.999% 63 62
_ 18h
NHMts == 90% Mits s99:—) M
> L=
108e >99.999% 109e 110e
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3 +
NHMts\—
(>99:

96%
o —)
114b >99.999% 115b 116b
NH =
i T e e (599 -
114c >99.999% 115¢ 116¢c
NH =
! 92°/o
(>99:
114e >99.999% 115e 116e

2 |solated yield. ? BITTALEFIAL A EEZTHE

TUNLTNa—LaERE L LERILEIL O 2BV T Y Baf 7 Mt %2 7~ L 72 (Table
10). Entries 5-7 |27~ L 72 Friedel-Crafts ZUER(LEGNCIHB W TIIMEGE R Z ML B & LT
OGS & ey 2 3 I e <, RS L7eBR{BIR 2155 Z LN T 7.

Table 10 & —BMEORKRE (7 VAT v a— LV BIERE)

HgOTf
P

/\/@/ >

S A

— (20 mol %)

NuH OH Nu \

CH,Cls
65, 149 67, 150
o,
Entry Substrate Time/Temp./Yield? Product Recg;/ :22( ®)
8 h, rt
1 N\ >99.999
NHTs >99% Ts
67
o @Q_f _ ehrt N >99.999
o Ts
NHTs 3 Yo 150a
_ 10 h, rt
3 e N \ >99.999
NHTs OH 93% Ts
149b 150b
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4 ﬁ _ 2hnt \ >99.999
NHTs “—OH NTs

71%
149c 150c
OH 6 h, reflux N
5 Meo — > MeO >99.999
149d 70% 150d
OMe OMe
OH 12 h, reflux A N\
6 _ > +
70% 8:1) OMe 99999
149e
MeO MeO 150e, 150,
= OH 18 h, reflux —(
7 TsN_ TsN_ >09.999
149f 78% 150f

a |solated yield. 2 E@IT AL R FIRF I E L THIE

TUNTa—)L b AR T I RSO MRF-EZREESTERES O & RER
<HETL, MFILTEWTORENS Y, XS LA &S5 Z L 23T 7= (Table
11). £72, 66 & EEMIZ[EIN T 7=,

Table 11 JEE —fMEOBRE (59 1M C-N G TR IER)

HgOTf
N /\@/
66 0. 0O

N/

)Oi/\ + O“s”o (20 mol %) Ry > “NH
= .S . - > 3 :
Ry R, HoN"""Rg 152:R=p-Tol o 154: R = p-Tol
151 153: R = OMe aakc R1/\)\R2 155: R = OMe
Entry  Substrate Product/Yield/Time Recovery (%)
of 66
154a: 92%, 6 h
1 OH NHSO,Rs (R p-Tol) >99.999
M - M
5 155a: 87%, 5 h 99.999
151a (R = OMe) >99.
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154b: 97%, 26 h

3 HO\@ ©/NHSOQR3 (R = p-Tol) >99.999
—_—
155b: 92%, 16 h
4 ’ >99.999
151b (R = OMe)
154¢: 78%, 3 h
5 HO (R = p-Tol) >99.999
U - E>—NH302R3
155¢: 70%, 0.5 h
6 151c (R = OMe) >99.999
154d: 90%, 7 h
7 ’ .
OH NHSO,R, ~ (R=p-To) »99.999
—_—
Ph/\)\ P 155d: 79%, 6 h
8 1970, >99.999

151d (R =0OMe)

a |solated yield. P BITT AL IR FIRE A EE THIE

THF= LT =V 2156 OERALKIS ™ e B EEIICA » R—L 157 AR L7

(Scheme 22) .

Scheme 22 7 /L= U ARIELER AL S i~ D FI H

HgOTf
P
P n-C4Ho o6 (20 mol%)
@( > mn-C4H9
N
CHQC|2, rt, 1.5h
NHTs Ts

99%

156 Recovery of 66 157
>99.999%

FR U721, KB 7T — Ml RS2 2 RFREE L L CofF HMEZ i
T&EEZEND, RIS, BEOFERAZRIZOWTHRF L. R LT VAT a—
/L 65(0.5 mmol) (2% LT, 20 mol%® 66 % A\ TH v K L E B AT - 7.

Table 12 (27”9 K 9 1Z, iz BRIHT 5 Z &SRS RERIFIER T a2 & - 7273,
BRAUIK 67 1T EERIICAER L, 66 & iE &ICFEIN T E 72,
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Table 12 R¥—R/KEBEOFFIH - FIEMEL OB

@\_L m
(20 mol%)
NHTs “—OH > NN

Ts
65 CH20|2, rt 67
Run | 1st 2nd 3rd 4th 5th 6 th
Yield? E >99% >99% >99% >99% >99% >99%

Recoverbi >99.999% >99.999% >99.999% >99.999% >99.999% >99.999%

Time E 2.5h 2.5h 2.5h 2.5h 4 h 5h

Cleaning and

Reactivation _|

€ 15th 16 th 17 th 18 th 19 th 20 th

>99% >99% >99% >99% >99% >99%
99.999% >99.999% >99.999% >99.999% >99.999% >99.999%

12 h 12 h 12h 16 h 24 h 48 h

a|solated yield. O BTTRALRFIAAEEZTHE ¢Run 71, 6.5 h, >99%, >99.999%; Run 81, 6.5 h, >99%,
>99.999%; Run 9™, 7 h, >99%, >99.999%; Run 10", 7.5 h, >99%, >99.999%; Run 11!, 7.5 h, >99%,
>99.999%; Run 12, 8 h, >99%, >99.999%; Run 13, 9 h, >99%, >99.999%; Run 14", 10 h, >99%, >99.999%.

20 [B1H OFFIA TIE, OSOTERIC 48 Rl 208 e Lz, LA L, Fig. 19 1R Lz X

T, AL 66 ZMERET, 1 R LI-0b, AgOTf THIGMALT 5 L, 48 KEfo
OG22 B & L7l 66 7%, 21 [B1H OIS TIE 3 REREICERE C& 7=, 2Dk, H
TEPE(L L7z 66 2 T 3 DO RSZ s L7z, REEREHTEL Z &R bholz.

Cleaning

HgCl
P
148

Fig. 19 HHAIHO 7= OIEH bE

5 HOOTE 5 M HCl aq
rt, 1 day
66

AgOTf
rt, 20 min

Reactivation
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SBALE /N

KRETIL, DNANRT = VKRG OYVENIIE 21T 5 2 LT, DR T =LK
BRlZxt L CRET, BELIRVKEEEM TH L Z e 2R L. £ LT, AXFIEFIH
LAY —RBUGA] 66 Zixat L7z, 66 134 HIRAUZ W £ 2 /KERIENNER 27~ 9 & [F)RF
(&, BEROKIR MY 77— FREISDE L 2 TE 5. £z, vl - a5 2
& TBERE A ETE SH 2 Z N ATRET, 4%, Hg(OTH), (2480 54 M Hofkise i F w]
REZR /KSR & L THRIAK M S s Z L nfifssns.

. HgOTf
S
// |/\/@

66
I RUAFyy

v BUWEIR=
V EEHELERE
wyvnsyoemikgs KR LDs (Y7 X) = >300 mg/kg

5 HgOTf [ p  :/RU>OFHY > 1st
(20 mol%) 99% ‘ A&
_~_OH y 25h 2 M HCI
@(\/\/ 66 ©\/>_/ v 0 AgOTf
NHTs CH2C|2, rt N E*]Jﬁa

Ts 5 th 2% th
99% 99% 99%

65 67
Recovery of 66 >99.999% 4h v 48 h

A heterogeneous mercury salt catalyst stabilized by m-carbaborane

Yamamoto, H.; Yamasaki, N.; Hamauchi, H.; Shiomi, S.; Sasaki, I.; Seyama, K.; Mima, Y.; Nakano,
M.; Kawakami, T.; Miyataka, H.; Kasai, Y,; Imagawa, H. RSC Adv., 2015, 5, 94737-94742.
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% =3  Myers BE ST MR L Ot D B 3
B e

1996 4, Myers 5%, N-/ /Lt KTV [NBSH] (159) Z W CTT7 U LT /b2 — b
158 220, “HFEA ORI E Lo T2 T V161 ~ &8 GETTIMEE B L RG22
L 7z (Scheme 23) .*” =30 °C DAKIE F THIESST 2 Z & T160 457D 5, 0°C LA EIZ
AT 52 LT, 2V (Ns ) OBk & iz B ES D BRI HEITT 2 S Th
5. AREOSIE, FEED 160 DARLZET, BERIRE =2 b — L RNER I NN,
2006 4, Movassaghi 573 NBSH D1 ¥ 711 /LA X U FEIKTH % IPNBSH (162) % [
FHLZ LT, "R T ORGETHNBEIECSZ TREIZ LY 2%,
IPNBSH % K&l & LizT7 Vb KTV R 163 1XLET, 163 DA I AL & MK SR
T5Z & CHERISNETT D2 RIETH 5. IRE & B IS 2 8872 <, &
B L TA Y T a A I MARSE L CT IV o~ B TE D,

Scheme 23 /I /Lt KT U2 % U7z Myers A& St BilEe L SOS

Myers, A. G.; Movassaghi, M. et al (1996)

O,N DEAD HoN . — ArSO,H
OH H :I:j PhgP //\VJTS —N, H
+ N — X —
R /\)\ R H2N S _an o R1 R2 . R1)\/\ R2
1 2 N 30 °C =0°C
158 00 Ns&) 160 161
NBSH (159) L (unstable)

Movassaghi, M. et al (2006)

DEAD N
} 0 PP =N\  TFEM0
Ns

158 + E— 161
THF, 0 °C Ry X R, Deprotectoin
IPNBSH (162) 163
_ (stable)
H* ]
weak H* o\</'o NO» 1 Ny
>:N\N’NS H,O Hzl\ﬂN:\&;’/ Hl'\i“N H
P N X .
Ri R R X R Ry s Ro
Acetone 1 2 ArSO,H
163 164 165 161




% 72, Myers X> Movassaghi &1, BA%E L 72 eI EE SR LG % (-) -Tetracycline (166)
X (=) -Acylfulvene (167) D =& RICFIHT 5 Z & T, TOFHAMEZEZEL TV 5 (Fig.
20) 4 JI T, BEHE - KB, Trauner O 7 )V—T708, KRKISE /Ny B 7 TV Ha
A R ® (+)-Lyserigic acid (169) X°, Caribenol A (172) D'E#&ERICFHH L TWA 2 LivL,
WFROBRIZEBNT Y, MEFELT 572007 Vv K7 Y RREIRIE, HEREE
M-t RIVRREAIE T VAT L a—L L OREBEHBRFISICL > THilEN T
D, ZTHETMERIGEE LTTUAE RS RRTFHR I -6IE720.

Myers, A. G. et al (2005) Movassaghi, M. et al (2006) Fuji, N.; Ohno, H. et al (2011)
~p HO,C
HO_ N ?
’ ' OH
9098 g™

R = H; (-)-Acylfulvene (167) o )
(-)-Tetracycline (166) R = OH; (-)-Irofulven (168) (+)-Lyserigic acid (169)

Trauner, D. et al (2017)

Sy IPNBSH S H
: DEAD :
| PhsP
" —_— — “, E—
7 / ’ then 7 / '
HO (0] HFIP, H,O 0
170 171 Caribenol A (172)

Fig.20 Myers B35 eI RE b IOS & T2 B ROF9E

—F, FHEOFET 5= TIE, Hg(OT),filkllEx HW\W/=7 U 7 r=a—L 151 &
ZNVAR T X R 152, 153 & OO FRRFR-ERMEETERREUR * Z#HdE LT\ 5 (Eq. 1,
Scheme 24). 2012 121X, TV AT A a— L ET VLV U V=T~ BT 5 L
T, ANKRUT I RRREH & DRIEMED M =T 52 &2 RH L, TBDPS X4 H7 5
TUNALL I LT —FT 17T E NN-TEF NV Rk KTV (178) L OF R T VAT
I MRS~ ERBA L T 5 (Eq.2) Y
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Scheme 24 /KEE bV 77— MbBEZ X255 77 Vv7T I 4B

Yamamoto, H. et al (2011)

0 0 Hg(OTf 0. .0
OH s’ (2gr$10I 32) _S!
)\A + H2N RS T R3 NH (1)
R4 =~ "Ry r,2h
151 R; = p-Tol: 152 Ry ™ R, Rj=p-Tol: 154
R; = OMe: 153 R; = OMe: 155
H,N-R;  TfOH R
Rs HO% HN™ '3
2N
R, R, R R R™ Oy Re N
! 2 HgOTf Ro R
Hg(OTf), HgOTf ‘\-"OTf Hg(OTf),
173 174 175 176
Yamamoto, H. et al (2012)
(AcE)
(o) Hg(OTf), Ts
OTBDPS Y (2 mol%) i
_ + H N'N\S - > Ac” "NH ... )
R1 RZ 2 /7N H-N
0 0O () CHaNO, Rz/\)\ R,
177 178 179

FHFIL, 25O Hg(OTH, il 7 U 7 X (b IG % B %25 % 1 C, Ak L 7= Myers
FOGSORISAETH 2 7B 165 ~L AW ERT Vv e RT Y MuaWa, K
s s & U TR T & AU, B 22& el # b s & LTS TE 2O TR
mEEz T BARRIITIE, Scheme 25 12779 K 912, N-Boe-N'- Lk R F 2 R (69)™
ZREZA & LT 180 2 MY L7-1%, MRALBE+ % Z & T Boc A MR T4, hi i
DRt & 2RI, 165 2 Lo ZFH LRSS EIT T 2 D TRV & B 2 7. FERIZ,
181, [P LT UL vk KT U0 181, 0 B ILE R LG ST L7261 b s X
NTEY, WIFFIRENo7?
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Scheme 25 Myers AY3& ST EE AL i~ D s H
H (BocE)
Ts., .N__O
N
YT -
OH 69 H YV NTs H*
----------- >
I:‘1)\/\ Ro Hg catalyst R1/\)\ R, —Boc
151 180
H ArSO,H N1 N
— r . R —_— H
N Ts 2 HTAN 2
H N™ oo > NI - = )\/\
/\)\ R 5\ R R1 R2
Ry ™Y R, 1 2
181, 165 161
TS
N_ _H —AFSOZH
H N
ref. 53
R/\)\Rz
1815
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HRT IANR T = KR 2 -
Myers %1% 5T I B 2 58 S O BR %

%7, (E)-Undec-6-en-5-01(182a) Z L AAE & LT, =ik, Y7 mnm X &,
N-Boc-N-hI VB R R 69 (1.5 4&) L7 VAT I J{bi)s %7k 72 (Table 13).
RIS, RTEE (55 ZFE) THIJE L 7oA — R 66 (20 mol%) = v 7=, LaL, 24
RO BOSIZB W TS B E T2 183 10T 10% L b T, &k L7z 184 73
TR & 7572 (Entry 1). 184 235 183 ~DOEHa 3 A28, SR/ 5 5% R
ZEFTERNoT.

Table 13 R — R KERMANEE % F N7 R E-22 EhE SR e D Et

HgOTf
P /\/@/
H
N

=
n'C4H9 n'C4H9 H (1 5e ) CH2C|21 rt n_C“.H9 X n_C“.H9
182 6o 183
Entry S“f’étg;‘te ?;ggos)t Time Product (%) Recg?/g‘?:J (%)
1 OH 182a 20 24 h 10 (34)° >99
2 OTBDPS 182b 20 24 h 47 (12)9 >99
3 182b 20 48 h 45 >99
4 182b 40 24 h 43 >99
a |solated yield. n-C4Hgr, o~ NM-CaHg
b 66 was recoverd using a filter paper. (E/Zmixture)
¢ Isolated yield of homodimer 184.
9 Recovered yield of 182. n-C,4Hg n-C,4Ho
184

HH DL, BIEITHMNIZE BT 22 REA 178 % VT2 R 3R- 2 5/50E BT OGS O B
IR T, RISHEEE 151b 62 ) Lt —T /L 186 ~E A F 5 L, “BIkiK 185 »
Bl 2 R HNH T & 5 Z L ZBRIC A LTz (Fig. 21) Y 2 2T, KIGEEHE 182a
DKIEH:A TBDPS & U /b —7 )L~ &8 L 72 182b & FV TG & FRiET L 72 (Entry
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2).TBDPS U /L= —7 /L 182b & L7 TlE, THE TOHK & FRIC &L n/t
Rl 7e <, B 183 DINRS LR HMHAICH 7=, LavL, 47% D PREEEIZIRA
BE -2 LR 204 BRORISIZBEW TS 2D KRB S 7= 2 L5, Entry 3 <0
41T L 9IZ, 2 B OGS 40 mol%Ofift % VT H S &E R ATz, L, Z
NHDOTRIZE Y FEOWERIIMR TE 2 HO0, NROUEIZEN LA v
RT3 TE o,

Hg(OTf),

OH Ts 2mo|% TS
SuRr
Ac CH3N02
151b 178 25% 179 25%
Hg(OTf),
OTBDPS Ts (2 mol%) Ts
Ac CHaNO, N Ac
186 178 82% 179 0% 48

Yamamoto, H.; Yamasaki, N.; Yoshidome, S.; Sasaki, [.; Namba, K.; Imagawa, H.; Nishizawa, M. Synlert 2012, 1069

Fig.21 7UNA UL —T7 0% O ZIERO A G

T T, OEODIETFITIEN -T2, 64 & AgOTE % V7B — A& Gl L7z,
ZIET64 24D T, TLC #ERD=H D UV B4 (365 nm) IZ X > T, 64 (ZiF AN
T ATHRT DR 28N B D 2 LIRS (Fig. 22). L72i- T, Kk
FETRRITAIEDS R S D 2 & I RPIUTHAET D & T, BHfRABT 2 Z &L THAE
T 5 64 DHEOLEFDIZ, N, 64 EINTEHLEZ 2. Z0BEZDOLE, £7,
HiE, YZun X, Smol%e® 64 & AgOTE & VTR &2 A 7= (Table 14) . A
JESRIFIZEB W T, Entry 1IZRT X912, T 005 0 CTHESHR L, 183 DK% fife
RTHZENTEZ, LL, PERIE 2% E Y, HBREEEIRG YO
SENTe. BUGRITEHEL L72s, BHEAEE U7 SOSERIED O 1%, S 7edt 2480 (2,
TN T = Vb KER 64 2 ) TNV T Ky a~ N T T 7 4 —IZL > TEEIZ
[FY C & 7=,
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Hexane:AcOEt = 4:1
UV (365 nm) BB 5TRE

H HgCl
T KX
64

Fig.22 TLCIZ L5 WK T = VKR OHERR

Entry 1 (27~ L7 SO G TU, A 183 OsRIZH 69 D3 i A3 HEAT U 7= FIREMEN B
ZHNTEZ ENnG, WIT0°C TORISERAT (Bntry 2) . ARSI WLTIE, RN
S, 183 % T8%DIR TS Z LN TE 2. 3mol%?® 64/AgOTf % AV T i
PEZ RS L7220, BOSKFROIER L N DR T 2 < #ER & 72 o 7= (Entry 3) . LA LR

FS, Entry 2 128 L720°C, 5mol%? 64/AgOTf(1:1) Z Feimseft & L=,

Table 14 1 /L3R 7 = VA b KER &2 AV 72 S f it

H HgCl
/AGOTH

PN
OTBDPS . /H\ Boc 64 Boc”  “NTs
— Ts N —_— X
n'C4H9 n'C4H9 H 15 CH20|2 n'C4H9 n'C4Hg
182b gg (1:5¢9) 183
Entry 64/AgOTT Temp. Time e, ecovery (%)

1 5 mol% rt 5 min 52 >95

2 5 mol% 0°C 10 min 78 >95

3 3 mol% 0°C 1h 69 >95

4 |solated yield.

%72, Scheme 26 (27”9 &L 512, Hg(OTL),<°> PhHgCI/AgOTE, &A1 T 7 L L,
fiz DNA AfREANTH RS ZMR Lz, Lo, Bl L7z 64/AgOTE % kA% 54
ZRHETZEIETERoT.
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Scheme 26 = DO Ath Dl EEEEK &2 FH V72 KO0

Catalyst
Catalyst . - AuCl
(5 mol%) Hg(OTh), !
182b + 69 — > 183 * Hg(OTf/TMU - AuCly
(1.5 eq) CHoClp - PhHgCI/AgOTf - In(OTf)g
up to 67%

64/AgOTf Z WV CTEIRIZ 183 21556 Z LR TEX 2 &b, RIZI83 DT VT
v sDEH TR AT (Scheme 27). Boc O NiARGEIT, HACKE WM L -k~ F v
IR Z NS 5 2 & CEIRMICHEIT L7, ERLT- 186 1%, HWIMERO BRI THEA L
e U BN DOIFE T CRBIGIEL, NI IVEOREEN S 187 #TT 7w
188 AR T 5 Z L b oTo. HiE U 7V % VT2 186 75 188 ~O UG L BIR
DI ThHoTeD, RN FEZRMTZ EnTEl.

Scheme 27 183 725 7 )V o ~D 43I HA RS

H H Neutral
N_ _Ts  HClin AcOEt N Ts  gilica gel H,N\\N
BOC N H N g /\)\ )\/\
T
n'C4H9/\)\n-C4H9 rt, 8 h R/\)\R rt R X R R >R
= I~ 2%
183 quant 186 1 = MCatlo 187 82%  1es

RIZ,182b 215> 188 ~DVU AR N Ui & 7k A 72 (Scheme 28) . EARAYIZIZL, 64/AgOTE
fil iz T 182b & 69 OT U LT I VRIS AT 2 Te D BT, Hafb/KFE OFR T~ F
JWIRIR 2 RPN L=, £ D%, Boc FEOMLRFENTERE LR C, HES U 7L
EMZ TR L. ARORE, RI23 TREKRBET LS TH o720, 182b 7 HIFE
72 < 188 WAL L, 64 b EEAYIC[EIL T X 7.

Scheme 28 U Ry MEEIZEBIT DT VA7 Doy 12k

H HgCl
@//AgOTf
(5 mol%) Neutral H

OTBDPS N Boc 64 HCI silica gel, rt L
+ Ts~ "N~ - - = > R >R
n-C4Hg 7 “n-C4Hg H CH,Cl, AcOEt, rt
(1.5eq) g°c Recovery of 64 R = n-C4Hy
182b 72 > 95% 188

64% (3 steps)
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WIT, KREISEIECRIT D HE RISV THERR L 7= (Table 15). 215 OFEE K
FHCOWTIE, BT VAT 2 AEEIRICOWTESEZBWN -2 06, —ET YLt
RZYR190,191 ZHEE L7206, TOT7 o ~OEBE R T,

F7, vr/u~nFbUBHEK 186 o0 T VLT I AMEKISEIToTe. ARISIER
I LSEITL 74% DR T 190 Z4537- (Entry 1) . KIZ, 190 (ZHEA Lk OEEEE © F VR
e U AT Va2 RINL, Boc KDONilri# & MEREUEZIT o7z, b DRUG
IZOWTHRERSEITL, BIE 537 uadtr (120) 28 BAF 2R CTAR LTz,
Entry 2 (ORI EHOT UL Y )Lm—7 /0 189a 7> 5 1, 191a, 192a ~& B TE /-,
Entry 3 (2777 189b 225 192b ~D G b £ D IZhEITT 5 Z & BSbh oz, 191b 25
192b ~DEFA LN E, ZHEAE G 2 A~ & BT D L ENH D72, 43%
DILRIZE E o722y, BRID192b 2 FEFME L THEL Z LR TE . £, WTh
DI S b ERIIZ 64 Z BT X 7.

Table 15 & kMo ms O

H
OTBDPS a) 64/AgOTI (1 1) /N\ _Ts b) HCl in C) Neutral
(5 mol%) Boc N AcOEt silica gel
R, Z "Ry t 69 e —_— R1/\/\ R,
° Ri™ ™ R rt rt
(156q CHeCl0°C
186, 189 =€ 190, 191 120, 192
Entry Substrate 190, 191 120, 192
OTBDPS
a)1.5h b) 18 h c) 36 h
1 N,NHBoc @
74%°2 Ts 86% (2 steps)
o/ b
186 > 95% 190 120
OTBDPS a)th BocHN. \ i b)8h c)5h
2 AN NN
/\)\/\/\ W\/\ Ph Ph
Ph Ph g4%2 Ph Ph 75% (2 steps)
189a > 95%P 191a 192a
BocHN
OTBDPS N
a) 15 min NTS  b)y72hc)32h _—
3 = S ©/\/\
81%4 43% (2 steps)
> 95%P
189b 191b 192b

2|solated Yield. ? Recovery of 64.
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WA, FERIFRIEE NS DT Uy U v —T7 )b & FW TG & fERE L 7= (Table
16). Kl 7 = =/)VIAEH T 5 189c 7> 513 191¢, & 191¢, D FIERIN 57% & 18% DIL
KA LT (Entry 1). 191¢, & 191, 1ZW T L7 0~ 7T 7 4 —CThHBEEFRET, H
BEL 72 191¢c, & 191¢, 1%, TNENBERILSISITf T2 & TT V> 191¢,, 191¢, ~ &
BN 191, 2 HIE E BRI HEIT L, B—D 192¢, DAHD 75% DILEE TH AL

L7=. 191, > Bl ZIENIRE 572 192¢, (E/1Z=15:1) I’ &L T-.

Table 16 & kOB @

. H
OTBDPS a) 64/AgOTf (1:1) _N_ _Ts b)HClin c)Neutral
(5 mol%) Boc N ili
AcOEt silica gel
R SR+ T2 S — > = R7>ATR
189 (156q CHeCl0°C R 'R rt t
2 €q 191 192
]

Entry Substrate 191 192

BocHN b)3h «¢)24h
ocHN. o ) )

Ph/\/\/\
ph/\/\)\ 75% (2 steps)

91c, 192¢,
o 57%°
oteDps @3
]
pZ
Ph > 95%P
189¢c TN NHBOC  b)6h  c)24h (E/i 15:1)
/\/\/\
Ph/\)\/\ 72% @ steps) "
1goa  191C2 192c,
b)6h ¢)24h
82% (2 steps)
OTBDPS

191d
a)3h 1 po%a

_NHB
> 95%P TsN oc

b)12h ¢)24h (E/Z=4:1)

18%9  80% (2 steps)

191d, 192d,

a|solated Yield. © Recovery of 64.
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Wiz, “ERMEEW189d ZIE L LT VT 2 JALRIG EE L7 (Entry 2). K
BB WT S, Entry 1 & [FERIC 191d, & 191d, O FBAERA A% U 7=, B L 7= 191d,
& 191d, DEFLEE2 B b, R20L Y Entry 1 & [FEEIZ, 191d, 2> B 13 E #4RAYIC 192d,
AR L, 191d, 22513 192d, (E/Z = 4:1) B 55 007=.

INDORERNG, 189 ZRUGHE L T2 69 # W=7 V7 I VLIS TIX, Al
i 44 N— VIR T SDORIE A = AL LT, T U FF R RIS ELT
TOHRBOGEMET D EEZTWD. £, ERLET O EZ ERIZOWTE
Fig.23 DL HIZBELZL TS, Myers HbOREIZED &, TUALALE=/Lt RTT R
DD D ANV IR = VIO BBESOS T E BRI T L, cis- 7T B DERMPERLTH 2
TS5V 7~ hr BB IGPETT 5.9 LizA-> T, 191¢, X 191d, 7 H 13,
cis-VT B 193, DRIRINCAER T D2 T, ET AT BNERLIEEEZLNRD. —
T, 191¢,X° 191d, 2> 5 1%, y MLITFE Y 32 7V XL H O SEARREE DO 2D & BT ) 1
(ZZETR trans-P T B 1930 DERD RS D7D, TDT VAN GENGAELT Z

EPBIEINTLEEZTND.

A)
H
I N 1,5-sigmatropic
H N. N ~Ts -TsH H 4N elimination H
—_— /\/\/
R /vy H R1/5\),,\/ '?l Ry 7~
1 5 Y Y
191c4,d; 193, (cis-diazene) 192¢,,d, (E-selective)
B)
'T' Pass A R
: 1,5-sigmatropic 1
JENVRLE (Majo) R, N”H ool
PP W et F«MM\ R,
RN = R, -TSH Ry v >« Ro
s 192c,,d, (E,Z-mixture)
191c,,d, 193g (cis-diazene)
\ -N2
Pass B H , _ }'}'
(Minor) _N radical reaction AN
Ry N - > Ry N
-TsH )\)\/\ W
R, Z R» Ry & Ry
193¢ (frans-diazene) 193¢

Fig.23 7V v D E/Z &R EER

W, BHIE A AT 5 NEBRMILAEY 189e-g °T v 1 2 77 2 189h > B D K is % He
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7 L7z (Table 17). 189e ZFE & LIS B IX, RRINER T 2T VAIREY
191e (syn/anti = 1:3) AR L7, LasL, 191e IBRAWIE, WROMEFL G L - TH
—® 192 [ZWHKT D Z L nboro7= (Entry 1). “HEHEESICATFLEEZHT S 189f X°
189g 75 DFUGTIE, BAFRIRTH—0 191f < 191g 245K L7-. 191f, 191g /05
DOEFLEOG S BAFICEIT L, it L7z 192f & 192g B4R L7-. 72, BUERO
RELT, 18h Z#HE L LIS TIHE, 0°CICBITL7 VAT I IS DOE&METY
T 192h MER L TC.

Table 17 & MO ©

H
OTBDPS a) 64/AgOTt (1:1) _N_ _Ts b)HClin ¢) Neutral
(5 mol%) Boc™ N AcOEt  silica gel
R ~ R *+ 72 N /\)\ > > R/\/\R
15 CH,Cl,, 0 °C R 'R rt rt
189 (1.5eq) 191 192
Entry Substrate 191 192
OTBDPS N~ \HBoc
a)6h syn/anti=1:3)  b)18h c)24h Q
] i i
79%° 86% (2 steps) CH,OEt
CHOBt 95040 CH,OEt
189e 191e 192e
OTBDPS N~ HBoc
: a)lh )14 h c)24h
2
79%2 79% (2 steps)
> 95%P
189f 191f 192f
OTBDPS N~ \HBoc
: a)4h b)48h c)12h
3
\Q( 82%2 87% (2 steps) OAc
OAc 5 g59%b
189¢g 191g 192g

OTBDPS

a)4h
AN
o/ a
OTBDPS 62% O

o/ b
189h >95% 192h

/

a|solated Yield. ? Recovery of 64.

189h 7> 5 192h ~DOHEE FUGHERE I Fig. 24 (/R L=, ABRISTIE, 7T U AT 2 (B
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Il k- T 194 WELZZ LT, b9 —HFOvuax U ENERICHBEL- & 2T
W5, DO, I MIUIVENBEET A Z T, MREEAEE LN = 195
DERKRL, 7 FNEREOKZELZ 7o FoJRE U TREFERIGHET L SHERI L

Tn5.

BocHN. _Ts
N

(bTBDPS

194 194,

192h

Fig.24 184i 75 189i DHEE S HkE
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N TS i

ARETIE, 7V Uz —7/1182b & N-Boc-N'-h /L b KT R 69 & D5y1-[#]
T IUNT X ACBORDS, 64/AgOTE ABESE T, ZIRMICHEIT T2 LA MLz, £
7o, Boinl7T Ve 7Y RFEK 183 2 HW\ T Myers B O FALESIZREB L
o, —HOKISIEY Ry EFETIZBWTHRMICETT 5. 4%, BB LEEZh
O DFUSHE RIS S D Z ST L72u.

H HgCl
@//AQOH
(5 mol%) ”Neutral

H
OTBDPS N 64 HCI silica gel, rt
N. _B gel, r
+ Ts” °N oc 4>4>f> R)\/\R
n-C4Hg 7~ "n-Cy4Hg H CH,Cl, AcOEt, rt
(1.5 eq) 0°C Recovery of 64 188 R=n-C4Hy
182b 69 > 95%
64% (3 steps)
_ ” B
9 0’0 Neutral 1 Ny
BocHN. _Ts HCI HNY & silica gel N, H
) s o d
g NN o P SR R R
2
183 R=nC4He 181, 165 188

m-C,B,H, HgCl/AgOTf-Catalyzed Reaction for Reductive Deoxygenation
Yamasaki, N.; Kanno, M.; Sakamoto, K.; Kasai, Y.; Imagawa, H.; Yamamoto, H.

Synlett 2018, 29, 169-175.
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;2 @% (+)-Oridamycin A D5k &
AR DG RiEs I ONEPEREAM

CoR e

BAKOEEH THDLIADERORREF T n L7 =T BICLoThHlERIEND
KAETRE, A7 T, T, UF X EOUWKEBIIZIBNT, D THRAN 7o kY
[T 5 (Fig. 25) .3 — kB9, BHMITEHEEREIND Z LD, K EHREFRIE
L= HEFSCFEIN N IFAE TS, — RIS LR L CRESREEZ L. 207w, KhE
X R 72 TR ] OBRRENIE S TE 7. T, A A OFHEDE
EFALTHT 7 A N—ZBHKENICIN TS 280 A% LRSI T0d. LiL,
TS OKAECEIE ST AIIRA L0 LN ATRERIC 100 45 LL E g% EiET
5T EBRHEINTND D

BIMJT: Clustering fish serial killer BIFJT:R et D en aqua u Canada de 2011

a (177) R (U, 73, UrE)

Fig. 25 KIEWRATIELTZFIN, Hafa

L7235 T, BURTIIBUK D EHIOFIRIZ L R FEHFEDR R TH 5. Hukh eHl
[ZiE, 2T, SBARETAERIC X o TERER % 753 Malachite green (197) 23 &
AT & 7= (Fig. 26) . Malachite green [J/KEEMIEH L & L TRARTH 72, —HIOHE
FHED 1 th OFEKREITK LTI 26 [ ERD TEMTZ 7= 2 L h, FHHFER CTILL
LU= L, H< b RREMWI~DFEN AN - BT EOSR WD ER S Tn
T2 &R, ROBREIIHT HHEEDBERNBEE o722 & T, 2005 FOFEFLEOLIE
(P o TR & 72 7= BIE T, IR A ~=2 kL% 43 % Bronopol (198) 73,
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PUKIEAIE L THE—RAIINTNDEDOHRTHS” LirL, Bronopol 7w L r=
TIBIZKT A E/ VBB IR X 175 pg/mL &55<, fEf= A MNIERERS. £,
7 a LT =TIRT AR DNMENZ D, 7 e L TIRI Uy aly EOKESAEY
2R L THRWEEZ R T 2 ERmE S TVn D Y

oot -0

HO OH

O Malachite green (197) Bronopol (198)
EMINDENAEMETIEDE HATHE—DIKAEH

Fig.26 /K71 E¥RIZN T 2 B H PR 3EN

ZORIBRERDOE &, NMEERFOEF HITH 7' m b 7 =7 JRITERMEO WK
B ERIOERFENIE A R L, 2010 4, BHREA L7 F~A U ZXE KS84 B b
Oridamycin A (74) % BB - #5ERE L2274 1%, V7oL 7 =7 Boh CH FFIChifE s
72 %785 L F Ikt LT 3.0 pg/mL TRhHA JEHE L, Bronopol & Hii LT 6135 IR
WP TE M &2 779 (Table 18) . £7=, V7' L7/ =7 BICHT 2 @BIRENE N Z £ b,
Bronopol (DO L8772k Al E L TUSHBHREES A TWAS. L, Bllkick
Wi, Oridamycin PEAERR THIARAIRERAM AV IR Z LD, EIHMITKT D
FEHTOMHRITHAES TR, £, KB EICHTHEAETF LR RHTHS.

DX RO L L, FEHEHIL Oridamycin A O [Z2EMHG ) < [EAEFRIICH
Fay Y — VDR OFEEE LT, Oridamycin A 38 X OSEEAR O Ak & 5 L 7=,
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Table 18 Oridamycin A & Bronopol & @ J% 4 A

MIC : R/NFEBEIEEE (ug/mL) Oridamycin A Bronopol

Saprolegnia 3.0 175

Parasitica '
Chlorella vulgaris
_ 100 0.37
(roL3) ~
ECsq : FEEXEERE (ug/mL)
Oridamycin A (74) Daphnia pulex 625 14
Streptmyces sp. KS841k (=¥>1)
NS ERE

FH DA RFEIZE T LT B P Tl Oridamycin A DG ITE < G STV h
ST, 2015 4F, PEBFREO LI O V—F b =a—a—7 2u— 72 ) v THF5E
FTO Trotta 7%, (FIZFRIFFHIC 74 O T & I AR Z #H4 L7z (Scheme 31) % Bllx D7
N—TILE DB TH TN, LD BMEMESEITIE, Snider 23BA%E L 72 Mn (OAc) ,
& Cu(OAc), & H 72 202 705 205 ~D 7 ¥ I VERALEOE 0 LRI ST 5.
£, TOFEE, TP AKEO Krische 5O 7 V—T7 W, WA LAV VY
LfilfhE 208 2 VT, 73— 206 L =R FX T R 207 0D, C-HIEMHAEBRI ORI
PRI FEAER A GRS & T D RFREMAERE LI Lo, WThOREKD 74 DA
BTy Moo — R TH Y, Hik D EHIOAIR Z BIE 2 7RO A e, A
B = AL DI Doy — ) DERRIE S L THIIHAMEICZ Ly, FEHIT 74 OeE
A e SR, 2 OBEBUEROE R E FIREIC T DI m WGV — R OBIR A i L7z,
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Scheme 31 Z N E TIZHRE XN EEHH

1) Li, A.; et al (2015) (Total 9.6% from 199)
2) Trotta, A. H. (2015) (Total 6.6% from 199)

Ro
Mn(OAc);

| . N (2 eq)
N R, — | R

o Cu(OAc),

(1eq) :
R, = OH, Br CO4R3 Rs0,C -1

199 R, = Indole, OH, OAc  48-52% 201
Rs = Me, TMSE

200

X\
Mn(OAc)5 A\}\Ju Q/\XJ/ Cu(OAc), w
0 N o o
- (0] - @) A
M CoR A

RO,C * RO,C -H
203 204 205

L cf . Snider, B. B. Chem. Rev. 1996, 96, 339

Krische, M. J.; et al (2016)

ToI
o
CoMe _ (#)-207 CcOMe N > To|2
T PN . (+)74

R)-IrLn 208 HO

HO KsPO, HO— ~ (Total 14.4% N
206 90% yield 209 from 206) . Mo
34:1 dr98% ee : > (R)-IrLn 208

HEBINNLE LT L— b OIS % Scheme 32 (R, T U —/L e T« f U &EAE LT
210 Z G HE & LT, 64 & AgOTf Z W= 4 T ABALRISZ X 0 b T o ARALD
211 Z#E55 9 5. £ LT, ABRENEO ZHEEG 2 BN 01T, A RO BRI
%% R L8k 2 Gl T 21F8ThH 5.

Scheme 32 ZKERfEEIC X 2 & v TABILKIG 2 B & L 72(2)-4 ) <A > v A DEERIIZE

PGO 210
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% __Hi (x)-Oridamycin A DEHRL &
C;-epi KOG RE L OEYTE M

£7°, HIROFEE T 7 =4 —/v 212) N HREFHEIZ L2 > T, =2 - A a1 213
ZFHEL L 72,9 RN, 40 mol% @ Li,CuCl, @ THF ¥k L IRA L, 0°C 5:fE T, TBS %
CKMBIEZRE LT m-v XX L7 ) =vildE 214 23 T L C, BRALATBEIA 216
ZIHEL U 7=, 72, [FIFFIC TBDPS & CR#E L7272 Ll L7z

Scheme 33  ERALHTEX A D F 84
OR

214: R = TBS (4 eq)
215: R =TBDPS
CiMg (10 eq) OR
| Li,CuCl,
| | \ OAc (0.4 eq) |
N OAc THF/Et,0 (1:2
8 steps (57%) O 20 (1:2) \ |

15 min, 0 °C

216:R=TBS >99%

MeO 213 72 :R=TBDPS 98%

WRUNT, 64/AgOTE A filfit & U 7= L BB S A Mgt L7z (Table 19). £9°, ¥ 7 mn
AH U 0°C ST, 216 % SUSEEIT 20 mol% D 64 & AgOTE % AV TR & ik A
Tz, FOSRITEHEAKTRUIS 52 LT, RILKEHERN L6427 L0~ 7T 7
4 —IZTHR L. RIS BIE, IfFEY, AL 64 ZEENIICEITE 7223,
BALIKIIM R BRERL DAL b, RT BN 13 D TERT L ERnbhoTz. Zh
B OALEBMERIZOWTIE, TBAFIZL D TBS £EHRELTT7 =/ — A ~EEH LT
DL, TNENESI LI, ZO%, R EZENRD Z LT, bTNINELSET
HTEIETEREN, AR 2MEE LT, AV b« T BEROMBEZRRT D Z &1T
TE 7)o 7= (Entries 3-5). L7rL, XV @EV TBDPS a4 5 72 # H & 44T,
AV ML T ONARREE 2 8T TN T AL CTOBRALUS DRI HEITT 5 2 LR bho
7= (Entry 6). TBDPS SO ifri# ¢, TBAF ALHLZ L - CHIEZRHEITL, AL L7273
EIRIRNHG D Z S TkF LTz,
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Table 19 % v 5 & BALKIG DG

OR 64

AgOTf
| CH,CL 0°C TBAF (1.5 eq)
l then THF, 11,1 h
washed NaCl aq quant.
PMBO™  216: R =TBS
72 : R =TBDPS
Entry R 64 (mol%) (An?o?;/l;f) Time Pzgcsju;cég;)a Recc;}/%rz/b(%)
1 216 20 20 10 min 76 (3:1) >95
2 216 - 20 1 day trace (87%)°
3 216 20 10 30 min 80(3:1) >05
4 216 10 10 30 min 80(3:1) >95
5 216 5 5 3h 68 (3:1) >95
6 72 10 10 30 min 80 (73 only) >95 (>95)d

2 Combined yield of isolated 73 and 217. ? Isolated yield. ¢ Recovery of SM.
9 Reactions performed on one-pot operation.

WWNT, 73 OKEERAZ N 77— ME~EZEH L, Buchwald-Hartwig SUSNZ X 57T
=V DEN% RS T2 (Scheme 34) 0 ARISIE, KE &3 8E L7 &4 & HITHEL
THZET, EEMIC 219 ~EFHELZOHWT, 219 OT X/ Hae B ALK
=)V [Bs ] CE# L, DDQ IZ L % PMB R DFRZE & Dess-Martin i {b 2% C, $4%& 7
AT R221 & L. K< A BREROD WUARER & OREEEIZIZINEEA 11— 7273, Burnell 50
FME5EBI 221 LIRFIEO +BuOK ZiRA L CNEGER L-0b, 3 vfkxF L
[Mel] THLEE 2% Z LT, HINE LT T b K222 2187, ARKIEE, 221 O
BIZE - THELIET ) T — MDBEER A FVEEO SIARREE 2#81) T Mel & KT 5720,
T AT VAT 222 OHRPERT D, £ D%, Pinnick BBk K- T 222 7 v
T REZINRAE L, RIET Y U E Ml Z HHOVTAF LT X7 /0223 & LT,
ZLT, ARHO _EHKEE m-CBPAIZL D =ARF v R~k L.
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Scheme 34 T R¥ FiEETOHINL— b

I OTf Aniline, Cs,CO4

OH
Ti,0 Pd(OAC), (10 mol%) NH
Pyridine SPhos (15 mol%)
CH,Cl, Toluene
5 min, 0 °C 12 h, reflux
quant 98% PMBO 219
1) DDQ t+-BuOK (5 eq)
CH,Cl,/H,0 (20:1) Toluene
PhSO,CI 0°C,12h 80°C, 1 h
CH2C|2 2) DMP, CH2C|2 then
/Pyridine (1:1) rt,1h Mel (20 eq)
18 h, rt
98% 88% (2 steps) 68%
PMBO
1) NaCIO, NaH,PO,
2-methyl-2-butene
THF/t-BuOH/H,0 (1:1:2)
NBs rt, 6 h NBs m-CPBA
_—> —_—
2) Mel, K2003 THF: rt, 24 h
DMF . | 95% O,
80 °C, 10 min . H :
2929 2 steps 85% MeO2C - 223 MeOQC ~=H 224

Z O, 57z 224 OTARF T RiX, Oridamycin A OKEREED SEAR[L S & 13 & 7p
L0, Fe TARF Y FOMBRKISEZRE LIcSa, SUKRE IR OZEND 2 L TORH
BR UG DMESE UC 3NLITKIEEEZ AT 5 226 555137 TH 5 (Fig. 27).

Fig. 27 DA R T L 912, WOSHBLFEN G702 227 1 HIE, 3L TORBRMESL L

T, 2PLIKIRI A% 228 IS A 722 %
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NH l , COMe E ) 0., GO:Me RO
) . |
2y RO H : 2 ]T/\ o

H MeO,C ~ H MeO,C ~
225 226 E 227 228

Oridamycin A

Fig.27 T ¥ FORBRKIGICE T 2 /KEBEED 7 EHERYE

VT T UAFET, 224 [ZiEEIEO TMSBr & TMSOTS Z RN L CRIBRIIE 21T 9 &,
TR Y 2L CORBRIEAEIT L, 30 ux ke a3 2 230 3Amk Lz. FEES
DERRTIL, TDk, 24 FEEIMNBGE L= H, TBAF THUEET 5 Z LT, 27
ko229 ~ & 254 L7z (Scheme 35). 230 725 229 ~D X, MEGERT 5 Z & T 230
O Br JE:73 @RI E D TMSBr H2R D Br & REZEMNIGT 52 L T231, &0 2 AF 0
TATNE R RN N Y TIOVELE & 72 HET PRI R E TR 231, D3 T F A
— 3 D HBr OBENET LIZRR TH DL EBEZ TS, 72751, 2O Br kD1
RRHRIZDOWTIE, A%, FEMARME 2 ERTGEL TS BRERH D.

BFoie 229 1%, Et,O & MeOH DIRGHEEICIER L, ~ 7 322U MR ERNT 5
Z&T, —FITBs EOWiREL U DBELE T, ELT, 233 DY T =T
UL R NT U A A W LT U — Ty Y U T ORI Lo TV
PN =S LW UTE Y RIS, BEEIKGIRIZ L > TAF L= XT V2 il L T,
Oridamycin A ODEER LR LT, BEET 7 =F— A0 HRIE 103%, 24 TROS
L— b THDH. AR LTz 74 1%, Fig. 28 (TR X 51T, AL HE LI REKHD
'H-NMR ¥ — b L BRI TDHZ L&l L.
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Scheme 35 (x)-4 V) ¥ <A > v ADEEK

TMSBr (3 eq)

NBs TMSOTT (3 eq) then NBs
2,6-lutidine (6 eq) TBAF
Toluene THF .
0., o reflux, 24 h 0 °C, 15 min .
MeO,C -1 204 One-pot92%  MeO,C -1 229
B TMSBr/TMSOTf TBAF
Me Me
Br R H peliminat
] i ! ! -elimination
inversion gy >~ ™SO, -
\ | \
Br T™MSO™ ),
TMSO Y 4 Moo,
(chair) (boat)
231, 231g 232
Pd(OAc), (30 mol%)
Mg powder Cu(OAc), (2.5 eq) NaCN
. NH 2D NH 77 o (274
MeOH/Et,0 (1:1) PivOH/Dioxane (1:10) DMSO
rn,6h Air, 115 °C, 56 h 120°C,3h
93% 82% Total 10.1%
HO . HO - (from 212)
MeO,C “H o o33 MeO,C = H 234

FVEIATY ARRY
"H-NMR (400 MHz in CD,0D)

(R)-AVFRALY ABRS
1H-NMR (500 MHz in CD,OD)

Fig. 28 KAWL G AL DO H-NMRF v —h
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KIZ, Oridamycin A OFELUA L LT, KEEIEN WO NAK{LS:TH % C,-epi-Oridamycin
A (239) DERIZHEF L7z (Scheme 36) . AREAUIZISVTIE, Oridamycin A DAL L
TR LR F T R 24 0D OFEZRAT-. £7°224 X B MR L, TMSBr
ZURINLCINEGERE L7z, TLC 12XV 235 OERE MR L7=%IZ, hU 7T IR XN
74 K& AIBN 212 T Br JZ2FRE LT 236 ~LEW =, ZD#IL, Oridamycin A &
[FIRRDFINET Bs & BrEL, DAY —/VEREZREL T, BT 239 D&k % #E
% L7,

Scheme 36 Cs-epi-% V) <A > v ADEK

TMSBr (3 eq)

NBs —  »
CgHg (wet)
reflux, 30 min Br

BusSnH (6 eq) ©
AIBN (20 mol%)

— > NBs
reflux, 15 min
92% (One-pot

from 224)

Pd(OACc), (30 mol%)

Cu(OAc), (2.5 eq) - NaCN
PivOH/Dioxane (1:10 DMSO
Air, 115 °C, 56 h 120°C, 3 h
71% . 77%

HO" "y H

MeO.,C ~ 238

C3-epi-Oridamycin A 239

B L2 T4 & 239 12OV T, B IR ESR S FERT OF A T
iEE, 37 v 7 =T RIS D iE R RER 21T o 72 (Table 20) . BUBRZR AR &
LT, Ak L7 Oridamycin AlX, 70 L7 =787 v F BIx L T/ BERLIEE
FEM 0.5 pg/mL &, RIRW D Oridamycin A DE L 0 FWEEZ /R LT, 2 ORI
WTCITBIE, “O0REMEEZEZE X TV D, OEDTHMIC, KLV b EME R 74
DELNIEZ ENLEIEMEICENR T2 ThD. HH0EDE, AMN T B IRT
DT EMS ent-IKOTTHFRNGUK T EVEVEZ R T AREMETH 5. ent-IRD H DIEMED
MRS CEAUL, PUKD ETEMRISH T 57 77—~ a3 7+ 7 OBEBRIFIZEN H LE X T
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D, Btk BHDHESL Liz/b— b 2RI, RO EHIE O T ent- KOS BEC R
BERDZERL I I, Fl BRI GO 2 &I L2V,
Fo, FEIL PUKAEAIE LTOSHZREAT, 74 £ 239 DIV a4 5
MK LRI 217 o 72, #R 1 /IBHIEHEAE (OECD) D7 A M A R T A THEL T
HE L7emERY 7w b 7 =TI R A R T AR DD 50 f5~100 f5 LA LD EE T
XLDT, IVa~OmERBEInNs I enbhrol. ZOHRNG, ERERA~D
BN DI NP CAIOBERM{EAEY & L CEBHEA~OISA B HIfFTE 5 EZ 2T
5.

Table20 ¥ 70 L 7=7J@IIT 5 EY0EERHE & S ¥ v a 2tk HE SR

EIIIRY: MR ARAOIIET O st Sod & odtFEbIE

Br NO,
HO OH
~ =PZie Ho,C+H ()7 HOC M 53
R/ANFEFREIEEE (ug/mL) JHZm *
ok b
Saprolegnia Parasitica 1759 § TZJ 3.0 1.0
= AR 0.5
Saprolegnia Subt R i 1.0
aprolegnia Subterranea AHE 05 .
ECso : 3 HuiXEEEE (ug/mL)
Daphnia pulex
X 1.4
(SY>0) 92 50

@ Flores S. et. al., Int. J. Mol. Sci. 2016, 17, 1366
bTakada, K. et. al., J. Nat. Prod. 2010, 73, 698
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[ = TR

ARIETI, Pk EIEMEZRT Oridamycin A D EHRITEZ1T - 72, JEEPEL LT
64 & AgOTf Z W72 12 006 13 ~D X 7 NBRALIGZFIT 5 2 & T, =BRMHEDH
AREHAZHEEE L, Oridamycin A DRAERE R T 5 2 LN TE 2. L LI ARGV —

ME, 73 ZgtPRAE U CTRR2 2BIER G RO I TE 5. EERIZ Oridamycin A @
Cy-epi 8239 AR L, Oridamycin A L 32, 7L 7=7 53 Fh, 7 L=
TR D HUETE AN L7z, 200 OREIEMAEIC X0, 3 (KERHE D LR LY
TP IO B RIETHERBERECTHDLI Z 2R L. 5%, Z0aAEH L
(2, Oridamycin A F 72 (FFELUEA D & FEFEICFIH FTRE R LK BRI SN D Z & iT
W 5.

3
1) H HgCl Total 18.1%
(from 72)
64
(10 mol%)
TBDPSO AgOTf (10 mol%) (2)-Oridamycin A (74)

CHZC|2, 0 oC, 30 min

’

MIC = 0.5 pg/mL
(Saprolegnia Parasitica)

| 2) TBAF (1.5 eq)

| | THF, rt, 1 h
PMBO 72 80% (2 steps) MBO" 73
Recovery of 64 >95%
N amm——
Total 16.6%
(from 72)

Cs-epi-Oridamycin A 239

MIC = 1.0 pg/mL
(Saprolegnia Parasitica)
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A LTI KEBHAEOBEYLFERAS S UKIEERZEYDORBIBERERICHT1=/KEHEE
DT)V—=UFIRAMN)—ZEBRAT D 2 &2 B, KEBABEEOH 72 B OERE &4t
(2, % OKEERSORHEZ B « FFRIHT 2 FEOMSL 2 B L.

E—E L, HHKERISHI DN AR T = A KR ZAIRL L, AF & AgOTE % M
W27 U AVRLRINA 70 1,3-360% = U BRAL UG 2 B LTz

FEZETIL, AR T = VKRB OMMEMEZ1T 5 2 & T, ISR T =K
B L TRET, BB IRVWKEEw Th L L 2R L. 2L T, AAN
R T = NVIREE AR LI A —REOSH] R Y a4 U BUERL T L8R T = LK ER
N 7T —hERIE L.

FZETI, DANRT = AHEEKIRE AgOTE 2l L L7=7 U v U e —T7 1
& N-Boc-N'- M b b RT Y REDOGyFRIRF-LEHRMETERIS 2T L. S 61,
Boniz7 Ve R7Y MMeans Myers BLEITTHIBLZE RIS OBFEIC BRI L
Te. F£7o, ANNRT = UHARKERBENL TR SSHI TH D Z & b R LTz,

FOETIL, HANRT = VKR E AgOTE 2 W72 v T DBV & S B s
& LG, Hikd BEM: % 77§ Oridamycin A & C,-epi-Oridamycin A DA% % Rk L7-.
72, Gk L7z Oridamycin A TR L0 K0 BlTxt L CVIEM 2R3 — 5T,
IV L TCEEEORWVMEAE TH D Z L AR L.

T —HEDORY I LT, BRI TREZ2 K ERIE M3 25 & L, KERBER oD
FRDZIANT 1o 270k QS22 5 2 L 2 WfF 9 5. A1, BAFE Lo U 3R T = VKRR
0, KFUELFEO S LR LBRICHFHTHZL2E L TRRIEMHLS.
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ARE, A, FEBREMEIZ OV T

FRIZHWT D D72 WR Y, ROSIET VTR T T, SEEIETHRKO b 0220 E F
U7z, BOSEETITRRE S & U IXBE R LA RRN st B K s, Wik - i 35
Wi Uie., WO EITHIET, v —2 U —2 R L—Z — T 7o 7z, Hfr i

J& 27 v~ k25 7 4 —(TLC)iZ Merck Kiselgel 60F 254(025 mm)Z i L7=. AR v D
FrHI21E 250 nm KX 356 nm @O UV T 7OWE, 2% p-7 = AT /LT b R-5% N
e X ) —VIRIRICIR LT, MBS 2 Z & TR L7z, $£72, avEzEsnLizv
HFMIRT ZE TR LI EE S Y A F VT Ay a~ 7T 7 4 —XBIR{LZFIA
J@ U 17 60 (BRIR, 63-210 mm)Z VY, FimWi@s U b AN T A a~w NS T T
4 —IXT I T AT A 48 Cosmosil 140 C18-PREP F 721X 75 C18-OPN = L7=. 7
< 7T 7 4 —IZfEALEEERIZ viv TRLE. GEREKII e~ 777 40—
(HPLC)iZ% H A3 Y4t ML JASCO PU-987 il 7 v~ k7R > 7, JASCO PU-2080plus ! 7 v~
MR T2 AN, Biids & L TRAZEHE JASCO UV-970 Rk s, JASCO

UV-2075 Rl 2, EEEERTEL RID-10A Bk H a8 2 V7=,

YT — 21220\ T
EEBESEE ([alp)tE, H A EIASCO P-1030%5E Y5t 2 IV CHRIE L7z, JRAMRIRIN A ~2
27 R V(LA FIR & B&9) 1% B A4y YEJASCO FT-IR4105 2 FAW T, ROREE THRIE L2, K208

LA A T R JL(NMR & FR9)IE, Varianth# Gemini-200%, Unity-200%, Mercury-300
7 MR-4007% , Mercury-500 , Unity-6007%, & 7= |3Brukerttf fiH ~ 7 — 7 ZBBO
cryoprobe % fl\ Y 72AVANCE III HD 500 MHz spectrometer % VT, 7 F 7 A F /LT
V(TMS)ZENEERE L U CHllE L7e. F72, HIERBLIIE Y v a R/l ACDCL), AN
> ¥ (CDy), FEDMSO(C,D(S0,), T A % / —/L(CD,0D) % =, (b2 7 ()& ppm
AL TR L, MO ERD)EHZBAL THIE Lz, v 7L, —&EfiEs, _Eitxkd, =
Hg A, WEMREZq, HEMRZquin, ZEMREM TR L. FELE5Tbre Lz, B
BOMT AT FVELTMS &I, AARE AR AX-5008 2 HWT, (k51 1k
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ECLITCLE /ST, XX E R A 4 2 AbiE(LL TFAB & B9) & Waterst:% SYNAPT
C2SiHDMS #fWT, =L 7 b A7 L—A A ALECLFESIEE D ZRE LZ. 72
B, BEHHT AT FL ENMR Unity-600 O HIE 138 & SCHL R fefgat o &% —I1C

{RHE L 7=,
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(E)-N-(Hepta-4,6-dienyl)-4-methylbenzenesulfonamide (61)

61
(E)-Hepta-4,6-dien-1-01'"” (1.0 g, 8.9 mmol)?® CH,Cl, (30 mL)##Z!Z, NEt, (4.5 g, 44.5 mmol),
DMAP (220 mg, 1.8 mmol), MsCl (1.2 g, 10.7 mmol) % 0°C Tz 7%, TDFEFOIEE
T30 SrffEEE Uiz, ROSEEWIZ AR K ZEIN L T CH,CL, T L, A % KA
g~ 7 %30 A TCHMR S, IEIB R IR LT, 15 57278 % TsNH, & KOH @ DMF (20
mL)EEIRIZ 120 °C TMNx 7%, ZOEEORET 2 FEEHEP L. KISRAEME =
BFETHEILE, REKEZHRMLTEL T Lz, AH%HE%2 8Kk~ 7 x> v
ACH MRS, IBREBREMRLTE. BonlEEEz 7670~ N7 77 4 —(~FH )
e F /L 10:1) TR L T 61 (1.7 g,73%) % 15%7=. 61: colorless syrup, FT IR (neat) 3283,
3085, 3063, 3025, 3014, 2929, 2868, 1651, 1599 cm™; 'H NMR (300 MHz in CDCL,) & 1.56
(2H, quin, J = 7.2 Hz), 2.07 (2H, dt, J = 7.2, 6.9 Hz), 2.43 (3H, s), 2.94 (2H, dt, J = 6.0, 7.2 Hz),
470 (NH, brt,J = 6.0 Hz),4.97 (1H, br d,J = 10.2 Hz), 5.07 (1H, br d, J = 17.1 Hz), 5.56 (1H,
dt,J =69, 15.3 Hz), 5.98 (1H, br dd, J = 10.2, 15.3 Hz), 6.25 (1H, ddd, J = 102, 10.2, 17.1 Hz),
7.30 (2H, br d, J = 8.1 Hz), 7.75 (2H, br d, J = 8.1 Hz); *C NMR (75 MHz in CDCL,) & 21.54,
29.00, 29.40, 42.60, 115.50, 127.07, 129.69, 131.94, 133.19, 136.82, 136.88, 143.37; HRMS

(CI*) m/z caled for C,,H,,O,NS [M*+H] 266.1215, found 266.1205.

(E)-N-(2,2-Dimethylhepta-4,6-dien-1-yl)-4-methylbenzenesulfonamide (108a)

108a
(E)-2 2-Dimethylhepta-4,6-dien-1-amine” (140 mg, 1.0 mmol)?> CH,Cl, (5 mL)&#ZIZ, Et;N
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(0.43 mL, 3.0 mmol)3 X O DMAP (24.4 mg, 0.2 mmol) & L T X 72. IR\ T, KIGRE
P2 TsCl (229 mg, 1.2 mmol) & 0 °C TUSHI L C, =R T 1 RefEfEd: L7z, fafngiik s
WL RS ZEIE S, A% BELO THItE L7s. AR KRR~ 7 x> 7 A
THEE S, RBREGE L. SohRiEs v VATV T LI~ NI T 7 4 —
(~F Y /AcOEL 5:1) THEHL L T 108a (244 mg, 83%) % #57=. 108a: white powder; FT IR
(neat) 3285, 3085, 3035, 3008, 2963, 2926, 2871, 1650 cm™; '"H NMR (300 MHz in CDCl,) &
0.86 (6H,s),1.98 (2H,d,J = 7.5 Hz),2.43 (3H,s),2.68 (2H, d,J= 7.2 Hz),4.35 (NH, t,J = 7.2
Hz), 5.00 (1H, br d, J = 10.2 Hz), 5.10 (1H, br d, J = 16.5 Hz), 5.58 (1H, dt, J = 7.5, 14.7 Hz),
6.00 (1H, dd, J = 102, 14.7 Hz), 6.26 (1H, dt, J = 10.2, 16.5 Hz), 7.30 (2H, d, J = 7.8 Hz), 7.72
(2H, d, J = 7.8 Hz); *C NMR (75 MHz in CDCl,) & 21.45, 24 .83, 34.58, 42.44,52.74, 11542,
126.97, 129.61, 13025, 133.93, 136.83, 143.16; HRMS (CI*) m/z caled for C,H,,NO,S

[M+H]* 294.1528, found 294.1522.

4-Methyl-N-(2-(penta-2 4-dien-1-yl)phenyl)benzenesulfonamide (108b)

NHTs “—

108b

LAY 108a & [FIAED FNEIZHE > T, (E)-2-(Penta-2 4-dien-1-yl)aniline™ (382 mg, 2.4 mmol)
75 108b (722 mg, 96%) % 157-. 108b: white powder; FT IR (neat) 3278, 3083, 3065, 3034,
3011, 2971, 2924, 1650, 1599 cm’'; (E-isomer) 'H NMR (300 MHz in CDCl,) 6 2.39 (3H, s),
3.10 (2H,d,J= 6.3 Hz),5.04 (1H,br d, J = 10.2 Hz), 5.10 (1H, br d, J = 17.1 Hz), 5.59 (1H, dt,
J=63,153 Hz),590 (1H,dd, J = 10.2, 15.3 Hz), 6.25 (1H, dt, J = 10.2, 17.1 Hz), 6.57 (NH,
brs),7.08 (3H, m),7.21 (2H, d, J = 8.4 Hz), 7.37 (1H, d, J = 7.8 Hz), 7.60 (2H, d, J = 8.4 Hz);
(E-isomer) *C NMR (75 MHz in CDCLy) § 21.56, 34.55, 116.95, 124.39, 12625, 127.13,
127.61, 129.56, 130.41, 131.04, 132.47, 132.71, 134.64, 136.14, 136.57, 143.79; HRMS (CI*)

m/z calcd for C;iH,,NO,S [M]*313.1136, found 313.1136.

(E)-4-Methyl-N-(octa-5,7-dien-2-yl)benzenesulfonamide (108c)
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108c
{69 108a & [FIEED FIRIZHE S T, (E)-Octa-5,7-dien-2-amine” (37.5 mg, 0.3 mmol)7> &

108¢ (80.7 mg, 96%) % 157=. 108c: white powder; FT IR (neat) 3278, 3083, 3065, 3034, 3011,
2971, 2924, 1650, 1599 cm™; 'H NMR (300 MHz in CDCl,) 6 1.03 (3H, d, J = 6.3 Hz), 1.46
(2H, q,J =8.1 Hz), 2.03 (2H, m), 2.43 (3H, s), 3.32 (1H, m), 4.21 (NH, br d, J = 8.4 Hz), 4.98
(IH,brd,J=10.2 Hz),5.07 (1H, brd, J = 16.8 Hz), 5.53 (1H, dt,J = 6.9, 15.3 Hz), 5.93 (1H,
dd,J=10.2,153 Hz), 6.25 (1H, dt,J =10.2, 16.8 Hz), 7.30 (2H, d,J =8.7 Hz), 7.76 (2H, d, J
= 8.7 Hz); *C NMR (75 MHz in CDCl;) § 21.49, 21.56, 28.44, 36.76, 49.44, 115.17, 127.01,
129.62, 131.48, 13370, 136.97, 138.10, 143.17; HRMS (CI) m/z caled for C,.H,,NO,S [M+H]*

280.1371, found 280.1386.

(E)-4-Methyl-N-(1-phenylhepta-4,6-dien-1-yl)benzenesulfonamide (108d)

108d

Ph

L& 108a & [FEED FIAIZHE > T, (E)-1-Phenylhepta-4,6-dien-1-amine®” (56.4 mg, 0.3
mmol)7> 5 108d (94.4 mg, 92%) % #537=. 108b: colorless syrup; FT IR (neat) 3277, 3085, 3063,
3031, 3007, 2971, 2925, 2859, 1805, 1651, 1600 cm™; '"H NMR (300 MHz in CDCl;) 8
1.77-2.05 (4H, m), 2.36 (3H, s),4.27 (1H,q,J =7.2 Hz),4.74 (NH, m),4.98 (1H,br d, J=10.2
Hz),5.08 (1H,brd,J=17.1 Hz), 5.57 (1H, dt, J = 6.6, 15.0 Hz), 594 (1H, dd, J = 10.2, 150
Hz), 6.26 (1H, dt,J =10.2,17.1 Hz), 6.98 (2H, m), 7.12 (2H, d,J = 8.4 Hz), 7.16 (3H, m), 7.53
(2H, d, J = 8.4 Hz); "C NMR (75 MHz in CDCl,) 6 21.42,28.74,36.87,57.78, 115.33, 126 49,
12701, 127.30, 128.39, 129.25, 131.83, 133.22, 136.94, 137.54, 140.59, 142.90; HRMS (CI)

m/z calcd for C,,H,,NO,S [M+H]" 342.1528, found 342.1520.

(E)-4-Methyl-N-(octa-5,7-dienyl)benzenesulfonamide (114a)
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114a
{EE% 61 & IREED FIRIZHES T, (E)-Octa-5,7-dien-1-amine'” (189 mg, 1.5 mmol))> 5
114a (305 mg, 78%) % 157=. 114a: colorless syrup; FT IR (neat) 3285, 3084, 3063, 3029, 3006,
2930, 2861, 1651, 1599 cm™; 'H NMR (300 MHz in CDCL,) & 1.32-1.52 (4H, m), 2.03 (2H, dt,
J=69,75Hz),243 (3H, s), 2.94 (2H, dt, J = 6.3, 6.6 Hz), 428 (NH, br t, J = 6.3 Hz), 4.97
(IH,brd,J=10.2 Hz),5.08 (1H,brd, J = 17.1 Hz), 5.60 (1H, dt,J = 6.9, 15.3 Hz), 5.99 (1H,
dd,J= 105,153 Hz), 627 (1H, dt, J = 102, 17.1 Hz), 7.30 2H, d, J = 84 Hz), 7.73 (2H, d. J
= 8.4 Hz); >C NMR (75 MHz in CDCL,) 6 21.52, 25.98, 28.98, 31.82, 43.00, 115.07, 127.06,
129.66, 131.40, 134.29, 136.90, 137.02, 143.31; HRMS (CI) m/z caled for C,;H,,NO,S [M+H]"

280.1371, found 280.1363.

(E)-2,4,6-Trimethyl-N-(octa-5,7-dien-1-yl)benzenesulfonamide (114b)

114b

LAY 108a & [REED FNEIZHE > T, (E)-Octa-5,7-dien-1-amine (100 mg, 0.8 mmol) &
2 4,6-trimethylbenzenesulfonyl chloride (MtsCl) (210 mg, 1.0 mmol)7%> % 114b (227 mg, 92%)
% 157-. 114b: white powder; FT IR (neat) 3304, 3087, 3033, 2972, 2937, 2859, 1651, 1604,
1565 cm™; '"H NMR (300 MHz in CDCl,) d 1.36 (2H, m), 1.46 (2H, m), 2.01 (2H, q,J = 6.6
Hz), 2.30 (3H, s), 2.64 (6H, s), 2.89 (2H, q, J/ = 6.9 Hz), 4.50 (NH, br t, / = 6.3 Hz), 4.96 (1H,
brd,/=99Hz),508 (1H,brd,J=16.8 Hz),5.58 (1H, dt,J =69, 15.0 Hz), 598 (1H, dd, J =
9.9, 15.0 Hz), 6.27 (1H, dt, J = 9.9, 16.8 Hz), 6.96 (2H, s); "C NMR (75 MHz in CDCl,) 6

21.70, 23.74, 26.82, 29.76, 32.58, 43.16, 11591, 132.23, 132.72, 135.01, 137.80, 139.81,
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142.90; HRMS (CI) m/z caled for C,;H,,NO,S [M+H]* 308.1684, found 308.1681.

(E)-N-(2,2-Dimethylocta-5,7-dien-1-yl)-2,4,6-trimethylbenzenesulfonamide (114c)

114c
{bE¥ 108a & [AEED FIEIZHE > T, (E)-2,2-Dimethylocta-5,7-dien-1-amine ™ (100 mg, 0.7
mmol) & MtsCl (175 mg, 0.8 mmol)7)> & 114¢ (226 mg, 96%)% 157=. 114c¢: white powder;
FT IR (neat) 3308, 3032, 2962, 2935, 2871, 1651, 1604, 1566 cm™; 'H NMR (300 MHz in
CDCl,) 6 0.83 (6H, s), 1.23 (2H, m), 1.89 (2H, m), 2.30 (3H, s), 2.62 (2H, d, J = 6.9 Hz), 2.64
(6H,s),4.43 (NH, brt,J =69 Hz),496 (1H,brd,J =10.2 Hz), 5.08 (1H, brd, J = 17.1 Hz),
5.57 (1H,dt,J=69,153 Hz),597 (1H,dd,J=10.2, 15.3 Hz), 6.26 (1H, dt, /= 10.2, 17.1 Hz),
6.96 (2H, s); "C NMR (75 MHz in CDCl;) § 20.93, 22.96, 24.92, 26.84, 33.65, 38.67, 52.13,
114.92, 130.83, 131.93, 133.40, 134.90, 137.08, 138.95, 142.10; HRMS (CI) m/z calcd for

C,,H;,NO,S [M+H]* 336.1997, found 336.1988.

N-[2-(Hexa-3,5-dien-1-yl)phenyl]-2.,4,6-trimethylbenzenesulfonamide (114d)

(E:Z=10:1)
-

Mts
114d

LA 108a & [FIAED FNEIZHE - T, (E)-2-(Hexa-3,5-dien-1-yl)aniline?” (114 mg, 0.8 mmol)
& MitsCl (220 mg, 1.0 mmol)7)> & 114d (271 mg, 95%) % 157-. 114d: colorless syrup; FT IR
(neat) 3286, 3081, 3033, 3005, 2974, 2937, 2871, 2852, 1651, 1603 cm™'; (E-isomer) 'H NMR
(500 MHz in CDCl,) 6 2.29 (2H, q,J = 7.0 Hz), 2.31 (3H, s), 2.51 (6H, s),2.62 2H,t,J=7.0
Hz),5.02 (1H,brd,J=10.0 Hz), 5.13 (1H,br d, J = 17.0 Hz), 5.68 (1H, dt, J = 7.0, 15.0 Hz),
6.05 (1H,dd,J=10.5,15.0 Hz), 6.30 (1H, dt,J=10.0, 17.0 Hz), 6.32 (NH, br s), 6.90 (1H, d, J
= 8.0 Hz), 6.94 (2H, s), 7.06 (1H, t,J = 8.0 Hz), 7.13 (1H, t,J = 8.0 Hz), 7.16 (1H, d, J = 8.0

Hz); (E-isomer) "C NMR (125 MHz in CDCl;) 6 20.99, 23.15, 30.56, 32.94, 115.78, 125.38,
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126.72, 126.88, 129.89, 132.03, 132.06, 133.32, 13391, 134.27, 136.50, 136.84, 139.24,

142.53; HRMS (CI) m/z calcd for C,,H,,NO,S [M+H]" 356.1702, found 356.1704.

(E)-1-(Hepta-4,6-dienyl)-3,5-dimethoxybenzene (117a)

OMe

MO 417a

ZZZHER 19 & RIERO FNRIZHE > THEL L7=. 117a: colorless syrup; FT IR (neat) 3083,
3036, 2998, 2935, 2852, 2837, 1595 cm™; '"H NMR (300 MHz in CDCl;) 6 1.71 (2H, m), 2.12
(2H,dt,J =69,7.2 Hz),2.55 2H, t,J = 7.8 Hz), 3.76 (6H, s), 4.95 (1H, br d, J = 10.2 Hz),
508 (IH, brd, J=16.8 Hz), 5.70 (1H, dt, J = 6.9, 15.0 Hz), 6.06 (1H, dd, J = 10.5, 15.0 Hz),
6.29 (1H,t,J = 2.1 Hz), 6.31 (1H, dt, J = 10.2, 16.8 Hz), 6.33 (2H, br d, J = 2.1 Hz); "C NMR
(75 MHz in CDCl,) 6 30.58,32.01, 35.64, 55.17,97.64, 106.43, 114.85, 131.33, 134.77, 137.19,

144.69, 160.66; HRMS (CI) m/z caled for C,.H,,0, [M+H]" 233.1541, found 233.1543.

(E)-Dimethyl 2-(3,5-dimethoxybenzyl)-2-(penta-2,4-dien-1-yl)malonate (117b)

MeOZC COQMe

OMe
MeO 117b
Z3E 3R 19 & RO FIAIZHE > TR L 7=, 117b: white powder; FT IR (neat) 3085, 3001,
2952, 2839, 1747, 1611 cm™'; '"H NMR (300 MHz in CDCl,) 8 2.61 (2H, d, J = 7.5 Hz), 3.18
(2H, s),3.73 (6H, s),3.75 (6H, ), 5.04 (1H, br d, J = 9.9 Hz), 5.14 (1H, br d, J = 16.2 Hz), 5.59
(1H,dt,J=75,150Hz),6.12 (1H, dd, J =99, 150 Hz), 6.23 (2H, d, J = 2.4 Hz), 6.29 (1H, dt,
J =99, 162 Hz), 6.23 (1H, br t, J = 2.4 Hz); *C NMR (75 MHz in CDCl,) § 35.40, 38.53,
5240, 55.14, 59.09, 98.87, 107.99, 116.55, 128.04, 135.16, 136.56, 137.89, 160.54, 171.09;

HRMS (CI) m/z caled for C,,H,,0, [M+H]* 348.1574, found 348.1573.
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(E)-N-(3,5-Dimethoxybenzyl)-4-methyl-N-(penta-2,4-dien-1-yl)benzenesulfonamide (117c)
TsN ‘\_\;
OMe

MeO
117¢c

22 SCHK 19 & [RAR O FNAIZHE > THREL L 7=. 117¢: white powder; FT IR (neat) 3087, 3036,
3000, 2970, 2871, 2839, 2255, 1614 cm™; '"H NMR (300 MHz in CDCl,) 6 2.44 (3H, s), 3.73
(6H, s),3.79 (2H,d, J = 6.6 Hz), 4.26 (2H, s), 5.05 (IH,br d, J =9.6 Hz), 5.11 (1H,br d, J =
16.5 Hz), 5.34 (1H, dt,J=6.9, 153 Hz),5.94 (1H,dd, J=9.6, 153 Hz), 6.16 (1H, dt,J = 9.6,
16.5 Hz), 6.36 (2H, s), 7.31 (2H, d, J = 8.4 Hz), 7.74 (2H, d, J = 8.4 Hz); >*C NMR (75 MHz in
CDCl,) 6 21.51, 48.44, 50.39, 55.30, 99.92, 106.09, 117.98, 127.22, 129.69, 135.14, 135.74,
137.49, 13829, 143.28, 160.86; HRMS (CI) m/z caled for C,H,.NO,S [M+H]* 388.1583,

found 388.1582.

F VTR T = LK R D
— &bk 97

H
&<

97 H
m-71 /LR Z (360 mg, 2.5 mmol)? THF (10 mL){AI (2, +-BuLi (~32 Z VIRIE T 1.59 M,
1.75 mL)Z-78°C TR L, IEEW% 0°C T30 i L. Wiz, HAb/KkER(830 mg,
2.5 mmol)® THF (15 mL)¥%#k % 0 °C TIREWIZINZ, 0°C T 1 KfE#E# L7Z. 1 M HCI
EWIL TG AE 1L X, AcOEt THit L, /KfH% AcOEt Tt L7=. AHsHH %
K~ 730 LA TTHRESE, IRERIRGE L. o EREEZ T L7 a~ N5
T g —(FY R TV 5:1) TR L C 97 (723 mg, 60%) % 157=. 97: white powder;
'H NMR (300 MHz in CD,OD) § 1.30-3.30 (20H, m, B,,H,, x 2), 3.44 (2H, br s, CH x 2); °C

NMR (125 MHz in CD,0OD) 6 60.09, 60.53, 74.78, 83.92; HRMS (CI') m/z calcd for

C,H,,B,,Hg [M]* 492.3289, found 492.3280.
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o-Carbaboranyl(phenyl)mercury (102)

Hg
gE(H1m

o-71 VR 7 (360 mg, 2.5 mmol)?® THF (10 mL){AIK T, +-BuLi ("2 & IR 1.59 M,

1.75 mL)%-78°C T L, A% 0°C T30 R L=, &I, 7= =/LKiR7 1
7 A R(785mg, 2.5 mmol)? THF (15 mL){&#& % 0 °C TIREMITIN A, 0°C T 1 FFffE
L7, 1 M HCl 2RI TS ZEIE S, AcOEt T L, /Kf8% AcOEt T
L7z, A2 BKmiiE~ 7 % v 7 AT S, RiRGIEAE L7z, S oniikks
ThIa< NI T T =TV BT L 10:1) TR L T 102 (208 mg, 30%) % 15
7=. 102: white powder; 'H NMR (400 MHz in CDCL,) 6 1.30-3.20 (10H, m, B,,H,,), 3.62 (1H,
br s, CH), 7.27 (2H, m, CH x 2), 7.42 (3H, m, CH x 3); HRMS (CI") m/z calcd for C{H,B,,Hg

[M]* 424.1889, found 424.1869.

o-Carbaboranylmercuric chloride (95)

@HQCI
H

95

0-71 ViR 7 /(360 mg, 2.5 mmol)?® THF (10 mL)AW#ZIZ, t-BuLi (<22 % U IRIEH 1.59 M,

1.75 mL)%-78°C T L, IBEW%E 0°C T30 R L=, &I, 7 ==KV v
7 A R(785mg, 2.5 mmol)? THF (15 mL){&#& % 0 °C TIREMITIN A, 0°C T 1 FFf#E
FEL72. 1 M HCl 2300 L TS &1L S, AcOEt Tt L, /K#H% AcOEt T
L7, AHMEZEKRE~ 727 LA TEBESYE, IBRRIEMR L. FohikiEs
CH,CI, (25 mL)ZIEfE L, 0°CITHmHEI L=, KT, ICI (773 mg, 4.8 mmol)% 0 °C T
TL, O EORE T L. Z0%, AE/KERINL T ELO Tl L .

AR 2 KR~ 7 % V0 A TR S, JEB%IRG L. BohikiEsz b7 47
0~ 777 4 (YU TF L 5 ) TR LT 95 (341 mg, 41%)%157=. 95:

white solid; m.p. 289 °C;'H NMR (300 MHz in CD,0D) & 1.30-3.30 (10H, m, B,,H,,), 3.40
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(1H, br s, CH); *C NMR (125 MHz in CD,OD) & 62.36, 78.98; HRMS (CI*) m/z calcd for
C,H,,CIB,,Hg [M]" 382.1186, found 382.1207. 95 (100 mg) was crystallized from AcOEt (3
mL) at room temperature. CCDC 862694 contains the supplementary crystallographic data.

This data can be obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/data_request/cif.

m-Carbaboranyl(phenyl)mercury (103)
H@/Hg
103
LAY 102 L [REED FNEIZHE-> T, m-IVAR T (360 mg, 2.5 mmol)2> 5 103 (488 mg,
46%) % 1%7=. 103: white powder; 'H NMR (400 MHz in CDCL,) 6 1.50-3.01 (10H, m, B,(H,,),

3.06 (1H, br s, CH), 7.25 (2H, m, CH x 2), 7.43 (3H, m, CH x 3); HRMS (CI") m/z calcd for

C,H,B,,Hg [M]* 424.1889, found 424.1905.

m-Carbaboranylmercuric chloride (64)

H @ HgCl

64
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LA 95 & D FIEICHE > T, m-F /LA T (360 mg, 2.5 mmol)2>5 64 (540 mg, 56%)
21572, 64: white solid; m.p. 280 °C;'H NMR (300 MHz in CD,0OD) & 1.30-3.30 (10H, m,
B,oH,,), 3.49 (1H, br s, CH); "C NMR (125 MHz in CD;0D) & 60.36, 75.08; HRMS (CI*) m/z
calcd for C,H,,CIB,,Hg [M]* 382.1186, found 382.1196. 64 (100 mg) was crystallized from
AcOEt (4 mL) at room temperature. CCDC 862695 contains the supplementary
crystallographic data. This data can be obtained free of charge from The Cambridge

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

BRALIE DB Ak

2-Allyl-1-tosylpyrrolidine (63)

Rau

Ts
63

64 (76 mg, 0.2 mmol)?®> CH,Cl, (20 mL)A# 12, AgOTf (51.4 mg, 0.2 mmol) % iR THl z 7=
%, TOFEEOEE T2 WEEEE L. RWT, 61(1.32g,5.0 mmol) DK CH,CI, (30
mLY&HE % 0 °C TIREWIZIZ, 0°C TT70 R L. SRS AR Y B 7
LRy RIZE LT, FEBTF L CHVIAATE R, IBE L. BonkEash 7 571
~ NI T T 4 —(~FH R T L 10:1) TR LT 63 (131 g, 92%)%137-. 63:

white powder, FT IR (neat) 3075, 2975, 2875, 1640, 1598 cm™; 'H NMR (300 MHz in CDCI,)
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0 1.44-1.83 (4H, m), 2.28 (1H, m), 2.43 (3H, s), 2.59 (1H, m), 3.16 (1H, dt, J = 7.2, 10.2 Hz),
3.39 (1H, m), 3.66 (1H, m), 5.07 (1H, brd,J=7.8 Hz),5.09 (1H, brd, J = 15.9 Hz), 5.79 (1H,
ddt, J = 69,78, 159 Hz), 7.31 (2H, d, J = 8.4 Hz), 7.73 (2H, d, J = 8.4 Hz); "C NMR (75
MHz in CDCly) & 21.55, 23.98, 30.07, 40.88, 49.20, 59.69, 117.62, 127.50, 129.62, 13461,
134.76, 143.26; HRMS (CI") m/z caled for C,,H,,)NO,S [M+H]" 266.1215, found 266.1203.
Purity of 63 (62:63 ratio) was determined by HPLC analysis in comparison with the 49:51
mixture of 62 and 63 as an authentic sample (which was afforded from Table 1, Entry 1).
[normal phase column (MOMURA CHEMICAL, DEVELOSIL 60-5, Mfg. No. 1502425, 250 x
10 mml.D.), hexane/AcOEt, 10:1, 2.0 mL/min, detection at 245 nm, t; 33.0 min (62) and 36.0

min (63)].

63
62:63 rate (49:51) 62:63 rate (-:>99)
62 63

2-Allyl-4 4-dimethyl-1-tosylpyrrolidine (109a)

T

Ts
109a

LAY 63 L FEIEED FIEIZHE - T, 108a (28 mg, 0.1 mmol)72> 5 109a (26.5 mg, 95%) % 15+
72. 109a: colorless syrup; FT IR (neat) 3073, 2959, 2927, 2873, 1639, 1599 cm™; '"H NMR (300
MHz in CDCl,) § 0.51 (3H, s), 1.02 (3H, s), 1.51 (1H, dd, J = 9.0, 12.9 Hz), 1.64 (1H, dd, J =
72,129 Hz), 2.40 (1H, m), 2.43 (3H, s), 2.80 (1H, m), 3.12 (2H, s), 3.65 (1H, ddt,J = 3.3, 7.2,
9.0 Hz), 5.07 (1H, br d, J = 9.9 Hz), 5.09 (1H, br d, J = 17.1 Hz), 5.14 (1H, ddt, J = 7.2, 99,

17.1 Hz), 731 (2H, d, J = 7.8 Hz), 7.73 (2H, d, J = 7.8 Hz); "C NMR (75 MHz in CDCl,) &
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21.55, 25.85,26.36, 37.26,40.57,45.52,59.48, 61.54, 117.73, 127.43, 129.54, 134.33, 135.37,

143.22; HRMS (CI) m/z caled for C, H,,NO,S [M+H]* 294.1528, found 294.1512.

2-Allyl-1-tosylindoline (109b)

L

Ts
109b

LAY 63 L [FIEED FIEIZHE - T, 108b (31.3 mg, 0.1 mmol)7> 5 109b (29.4 mg, 94%) % 15
72. 109b: colorless syrup; FT IR (neat) 3074, 3046, 3031, 2977, 2953, 2923, 2854, 1641, 1599
cm™; 'H NMR (300 MHz in CDCl,) & 2.34 (3H, s), 2.38 (1H, m), 2.60 (2H, m), 2.72 (1H, dd, J
=973, 16.2 Hz), 4.29 (1H, m), 508 (1H, br d, J = 10.2 Hz), 5.09 (1H, br d, J = 17.4 Hz), 5.79
(1H,ddt,J=72,10.2,174 Hz),7.02 2H, br d, J = 6.3 Hz), 7.15 (2H, d, J = 8.1 Hz), 7.20 (1H,
m), 7.52 (2H, d, J = 8.1 Hz), 7.65 (1H, d, J = 8.1 Hz); °C NMR (125 MHz in CDCL,) & 21.52,
33.07, 41.00, 61.63, 117.41, 118.34, 124.69, 125.11, 126.98, 127.67, 129.54, 132.02, 133.36,
135.17, 14141, 143.77; HRMS (CI) m/z caled for C,H,)NO,S [M+H]" 314.1215, found

314.1211.

2 5-trans-2-Allyl-5-methyl-1-tosylpyrrolidine (109c)

109¢c

LAY 63 L FIEED FIEIZHE - T, 108c (30.0 mg, 0.1 mmol)7> 5 109¢ (29.4 mg, 98%) % 15
72. 109c: colorless syrup; FT IR (neat) 3075, 2969, 2930, 2872, 1638, 1599 cm™; '"H NMR (600
MHz in CDCly) & 1.32 (3H,d, J = 6.3 Hz), 1.46 (2H, m), 1.57 (1H, m), 1.63 (1H, m), 2.31 (1H,
ddd, J = 1.1,6.7, 139 Hz), 2.43 (3H, s), 2.62 (1H, ddd, J = 1.2, 5.6, 13.9 Hz), 3.67 (1H, m),
3.68 (1H,m), 5.07 (1H, dd, J = 2.4, 10.8 Hz), 5.09 (1H,dd, J = 2.4, 17.4 Hz), 5.80 (1H, ddt, J =
72,108,174 Hz), 7.30 (2H, d, J = 8.4 Hz), 7.73 (2H, d, J = 8.4 Hz); *C NMR (150 MHz in

CDCl,) & 21.48, 23.23, 28.80, 31.93, 41.39, 57.49, 61.21, 11745, 127.53, 129.56, 134.75,
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135.20, 143.14; HRMS (CI) m/z caled for C,;H,,NO,S [M+H]* 280.1371, found 280.1386.

2 5-trans-2-Allyl-5-phenyl-1-tosylpyrrolidine (109d)

\“E[\>_\:

Ts
109d

Ph

LAY 63 L FIEED FIEIZHE- T, 108d (54.0 mg, 0.16 mmol)7> 5 109d (48.9 mg, 92%) %
#37=. 109d: colorless syrup; FT IR (neat) 3064, 3029, 2975, 2942, 2872, 1871, 1811, 1734,
1640, 1599 cm™; 'H NMR (300 MHz in CDCl,) & 1.61 (2H, q,J = 6.9 Hz), 1.90 (2H, m), 2.38
(1H, m), 2.43 (3H, s), 2.85 (1H, m), 3.86 (1H, m), 4.69 (1H, t,J = 6.9 Hz), 5.09 (1H, br d, J =
93 Hz),5.11 (IH, br d,J = 17.1 Hz), 5.82 (1H, ddt, J = 7.5, 9.3, 17.1 Hz), 7.29 (5H, m), 7.37
(2H, t, J = 72 Hz), 7.70 (2H, d, J = 8.1 Hz); *C NMR (75 MHz in CDCl,) § 21.49, 29.14,
3423, 41.19, 61.57, 64.79, 117.57, 126.19, 126.98, 127.63, 128.26, 129.58, 134.72, 134.87,

142.57, 143.38; HRMS (CI) m/z caled for C,,H,,NO,S [M+H]" 342.1528, found 342.1523.

2-Allyl-1-tosylpiperidine (115a), (E)-2-(Prop-1-enyl)-1-tosylpiperidine (116a)

\

_ N
535

§j%Sa QGa

{LE® 63 L [RIEED FNEIZHES T, 114a (33.8 mg,0.11 mmol)2> 5 116a & 115b (9:1) DR

E¥(33.2 mg, 98%) % 157-. 116a: white syrup; FT IR (neat) 3075, 2969, 2930, 2872, 1638,

1599 cm™; 118a "H NMR (400 MHz in CDCL,) § 1.25-1.63 (6H, m), 2.29 (2H, m), 2.42 (3H, s),

297 (1H,dt,J=2.8,13.6 Hz),3.76 (1H,dd, J = 3.6, 13.6 Hz), 4.10 (1H, br q, J = 6.4 Hz), 5.02

(1H,brd,J =104 Hz),5.03 (1H,br d, J = 18.0 Hz), 5.70 (1H, ddt, J = 7.2, 10.4, 18.0 Hz), 7.27

(2H, d, J = 6.8 Hz), 7.72 (2H, d, J = 6.8 Hz); °*C NMR (75 MHz in CDCl,) & 18.37, 21.72,

24.75,26.78,34.17,40.95, 52.66, 117.27, 127.16, 129.84, 135.17, 138 .91, 143.09; HRMS (CI)

m/z calced for C,sH,,NO,S [M+H]" 280.1371, found 280.1383.
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115a: white powder; FT IR (neat) 3028, 2939, 2858, 1598 cm™'; '"H NMR (300 MHz in CDCl,)
0 1.39-1.69 (6H, m), 1.57 (3H, dt,J = 1.5, 6.6Hz),2.41 (3H, s), 2.92 (1H, dt,J = 3.0, 12.0 Hz),
3.67 (1H,brd,J=12.0 Hz),4.54 (1H, m), 5.33 (1H,ddq,/=1.5,6.6, 15.3 Hz), 5.56 (1H, ddq,
J=15,6.6,153 Hz),7.26 (2H, br d, J = 8.4 Hz), 7.65 (2H, br d, J = 8.4 Hz); "C NMR (100
MHz in CDCl,) 6 17.72, 18.97, 21.46, 25.12, 30.44, 41.61, 54.78, 127.26, 127.44, 128.23,
129.22, 137.63, 142.69; MS (CI) m/z 280 (M"+H); HRMS (CI) m/z calcd for C,sH,,O,NS

(M*+H) 280.1371, found 280.1375.

2-Allyl-1-(mesitylsulfonyl)piperidine (115b)

N

\Mts
115b

LAY 63 L FIEED FIEIZHE-> T, 114b (33.8 mg, 0.11 mmol)7> 5 115b (33.2 mg, 98%) %
1%7-.115b; FT IR (neat) 3076, 3030, 2977, 2938, 2862, 1640, 1604, 1565 cm-1; 1H NMR (300
MHz in CDCI3) 6 1.60 (4H, m), 1.69 (2H, m), 2.29 (3H, s), 2.44 (2H, m), 2.60 (6H, s), 3.00
(1H, dt,J = 132,24 Hz),3.46 (1H,br d, J = 13.2 Hz), 3.84 (1H, m), 494 (1H, br d, J = 10.2
Hz),5.01 (1H,brd,J = 16.8 Hz), 5.52 (1H, ddt, J = 16.8, 10.2, 7.2 Hz), 6.92 (2H, s); °C NMR
(75 MHz in CDCI3) § 18.55, 21.01, 22.86, 25.30, 26.59, 34.07, 40.13, 51.98, 117.11, 131.82,
133.33, 134.98, 140.15, 142.06; HRMS (CI) m/z caled for C,;H,,NO,S [M+H]+ 308.1684,

found 308.1679.

2-Allyl-1-(mesitylsulfonyl)-5,5-dimethylpiperidine (115c¢)

e

‘Mts
115¢

LAY 63 L FIEED FIEIZHE-> T, 114¢ (33.5 mg, 0.1 mmol)%> 5 115¢ (33.2 mg, >99%) %
1572, 115c¢: colorless syrup; FT IR (neat) 3076, 3023, 2976, 2942, 2861, 1641, 1604, 1566

cm™; 'TH NMR (300 MHz in CDCL,) 6 0.76 (3H, s), 0.88 (3H, s), 1.25 (1H, m), 1.47 (2H, m),
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1.88 (1H, tt,J =4.5,14.1 Hz), 2.23 (1H, m), 2.29 (3H, s), 2.40 (1H, m), 2.59 (6H, s), 2.81 (1H,
d,/=129Hz),3.00 (1H,dd,J=15,129 Hz),3.87 (1H,m),491 (1H,brd,/J=11.4 Hz),4.96
(1H, br d, J = 17.4 Hz), 547 (1H, m), 6.91 (2H, s); "C NMR (75 MHz in CDCl,) 6 20.95,
22.79, 2292, 23.18, 29.16, 30.31, 31.85, 33.52, 51.27, 51.57, 117.14, 131.74, 133.56, 134.82,

139.83, 141.93; HRMS (CI) m/z calcd for C,,H;,NO,S [M+H]* 336.1997, found 336.2005.

2-Allyl-1-(mesitylsulfonyl)-1,2,3 4-tetrahydroquinoline (115d)

< S N‘: \
Mts

115d
LAY 63 L [FIEED FIBIZHE - T, 114d (35.5 mg, 0.1 mmol)72> & 115d (34.4 mg, 97%) % 15
7=. 115d: colorless syrup; FT IR (neat) 3075, 3028, 2972, 2928, 2852, 1641, 1603 cm™; 'H
NMR (500 MHz in CDCl,) & 1.65 (1H, m), 2.02 (1H, m), 2.12 (1H, dt, J = 8.0, 14.0 Hz), 2.30
(3H, s), 2.33 (1H, m), 2.46 (6H, s), 2.64 (2H, m), 420 (1H, m), 498 (1H, br d, J = 17.5 Hz),
499 (1H, br d, J = 10.5 Hz), 5.69 (1H, ddt, J = 7.0, 10.5 Hz), 6.92 (2H, s), 7.07 (1H, m), 7.08
(2H, br s), 7.19 (1H, m); *C NMR (125 MHz in CDCl,) & 21.01, 2321, 2338, 25.35, 29.72,
37.61,53.08, 117.57, 125.28, 126.26, 126.67, 128.80, 132.12, 134.35, 135.79, 140.32, 142.59;

HRMS (CI) m/z caled for C,,H,.NO,S [M+H]* 356.1684, found 356.1678.

1-Allyl-6,8-dimethoxy-1,2,3 4-tetrahydronaphthalene (118a)

(E)-6,8-Dimethoxy-1-(prop-1-enyl)-1,2,3 4-tetrahydronaphthalene (119a)

_ \
OMe OMe
MeO 118a  MeO 119a

L& 63 & FEIEEDFNEIZHE > T, 117a (23.2 mg, 0.1 mmol)7>5 118a & 119a DIEEM
(93:7,34.4 mg, 97%) % 157-. 118a: colorless syrup; FT IR (neat) 3072, 2995, 2933, 2857, 2835,

1637, 1606, 1593 cm™; '"H NMR (300 MHz in CDCl;) 6 1.50-1.84 (3H, m), 1.90 (1H, m), 2.06
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(1H, m), 2.46 (1H, m), 2.70 (2H, m), 2.98 (1H, m), 3.77 (3H, s), 3.79 (3H, 5), 5.00 (1H, br d, J
=10.5Hz),5.01 (1H, brd,J=16.8 Hz), 5.86 (1H,dddd, J=5,1,8.7,10.5, 16.8 Hz), 6.21 (1H,
d,J =27 Hz), 628 (1H, d, J = 2.7 Hz); "C NMR (75 MHz in CDCL,) 8 17.88, 25.42, 30.07,
31.19, 38.66, 55.21, 96.15, 104.22, 115.24, 122.31, 138.60, 158.20, 158.27; MS (CI) m/z 233
(M*+H); HRMS (CI) m/z calcd for C,sH,,0, (M*™+H) 233.1542, found 233.1547.

119a: colorless syrup. FT IR (neat) 2995, 2931, 2853, 2836, 1605, 1593 cm; '"H NMR (500
MHz in CDCl5) 6 1.62 (3H, br d, J = 6.5 Hz), 1.64-1.73 (2H, m), 1.75-1.84 (2H, m), 2.70 (2H,
m), 3.60 (1H, br s), 3.75 (3H, s), 3.78 (3H, s), 5.10 (1H, ddq, J = 15.0, 6.5, 1.5 Hz), 5.52 (1H,
ddq,J=15.0,6.0, 1.5 Hz), 6.23 (1H, br s), 6.28 (1H, br d, J = 2.0 Hz); "C NMR (125 MHz in
CDCl,) 6 18.00, 18.03, 28.66, 29.86, 34.10, 55.19, 55.44, 96.23, 104.32, 12047, 124.07,
13491, 138.72, 158.38, 158.51; MS (CI) m/z 232 (M"); HRMS (CI) m/z calcd for C,5H,,0,

(M") 232.1464, found 232.1462.

Dimethyl-4-allyl-5,7-dimethoxy-3,4-dihydronaphthalene-2,2(1H)-dicarboxylate (118b)

M
Me0,C_JO02Me

OMe
MeO  118b
L& 63 & FEIEED FNEIZHE > T, 117b (38.7 mg, 0.1 mmol)7> & 118b (37.9 mg, 98%) % 15
72. 118b: colorless syrup; FT IR (neat) 3072, 2999, 2953, 2839, 1739 cm™'; '"H NMR (300 MHz
in CDCL;) 6 1.95 (1H, dd, J = 7.2, 13.5 Hz), 2.19 (1H, m), 2.55 (2H, m), 3.14 (2H, br s), 3.27
(1H,ddt,/=3.0,7.8,8.4 Hz),3.58 (3H, s), 3.74 (3H, s), 3.76 (3H, s), 3.77 (3H, 5),4.99 (1H, br
d,J=102Hz),5.01 (1H,brd,J = 17.1 Hz),5.69 (1H, ddt, J = 6.9, 10.2, 17.1 Hz), 6.23 (1H. d,
J =27Hz),628 (1H,d, J = 2.7 Hz); "C NMR (75 MHz in CDCl,) & 31.04, 33.91, 36.26,
3947,52.54,52.75,54.03,55.11,55.19,97.04, 104.30, 116.36, 119.24, 135.96, 136.76, 158.28,

158.55,171.16, 172.61; HRMS (CI) m/z caled for C,,H,,0, [M]* 348.1573, found 348.1582.
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4-Allyl-5,7-dimethoxy-2-tosyl-1,2,3 4-tetrahydroisoquinoline (118c)

TsN

OMe

MeO
118c

LA 63 L FEIFED FNEIZHE > T, 117¢ (38.7 mg, 0.1 mmol)7> & 118¢ (37.9 mg, 98%) % 15
7=. 118c: colorless syrup; FT IR (neat) 3073, 2999, 2938, 2922, 2841, 2254, 1638, 1612 cm™;
'H NMR (300 MHz in CDCl;) 6 2.36 (1H, m), 2.43 (3H, s), 2.44 (1H, dd, J = 3.3,9.9 Hz), 3.66
(1H,d,J=15.6 Hz), 3.75 (3H, s),3.79 (3H, s),3.96 (1H,d,J =114 Hz),4.61 (1H,d,J=15.6
Hz),5.13 (1H,brd,J =99 Hz),5.19 (1H, br d, J = 17.1 Hz), 592 (1H, ddt,J =6.9,9.9,17.1
Hz),6.14 (1H,d,J=2.1 Hz),6.30 (1H,d,J=2.1 Hz), 7.34 (2H,d,J=8.1 Hz),7.73 (2H,d,J =
8.1 Hz); "C NMR (75 MHz in CDCl,) 6 21.54,33.11, 37.06, 45.83,47.80, 55.33,97.04, 101.17,
117.30, 118.89, 127.80, 129.63, 132.86, 132.91, 136.71, 143.54, 157.88, 159.06; HRMS (CI)

mz caled for C,,H,,NO,S [M+H]* 388.1583, found 388.1581.
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/ﬁ%‘—% 39%‘%‘\%1/\

ICP-MS f&#T

ICP-MS#i##TIXSannac © O FIENZHE - THIE L7=. HPLCE L ICP-MSSAF 1L TRtz 3

#) L7z, HPLCO¥EARILFig. SR LTz,

HPLC conditions ICP-MS Conditions

Mobile phase (A+B)

A =L-Cystein (500 mg/mL
ystein ( mg/mL) Carrier gas flow rate .......0.54 L/min

L-Cystein-HCIH,0 (500 mg/mL) Make-up gas flow rate ..... 0.1 L/min

pH = 2.3 with HCI aq. (The solution

Option gas (20% O, in Ar) ........9%
was prepared with 18 MQ-cm water.) Spray chamber temperature.... -5 °C
B =Methanol Sampling depth ............... 8.0 mm

Injection volume = 50 uL (0.1-0.5 mg/mL)

Fig.S1. REAR S

RY P U BER D NN T =)VKER Y 7 T — b O

HgCl HgOTf
= P
148 66
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m-71 V73R 7 2/(576 mg, 4.0 mmol)?> THF (10 mL)&KIZ, t-BuLi (<22 & EIEH 1.59
M, 50 mL, 8 mmol)%-78°C TR L, IEAEM% 0 °C T30 e L7z, Wiz, 3-2
— K7 )Y A RF 27078 mL, 4.0 mmol)?® THF (15 mL){&F##% % 0 °C Tk
ANz, 0°C TI10 MR L=, 0%, -718°CICHERHAIL, D EFDIRE
T 0.005 M HgC1,/THF ¥A#% (800 mL)Z 1z 7=. 0°C T 10 WHHEEL=DbH, =/ NKR L
— X — T AR 2. R T, SOBFRIEIZ TEOS (4.4 mL, 20 mmol) & EtOH (40 mL),

2 M HCI (440 mL) % =R TUHI LT, 100 °C T 400 rpm OFHFHHRE TS5 H WAL L 7=,
Z D%, BRI Z EIRICHA L7005, AH%(1.0 pm) % T BB AR % 2884 7K (400
mL), FEfE=F /1400 mL), CH,Cl, (400 mL) T¥E#, AW L7-0bL, BEGRETH I L

< 148 (2.65 ) & 157~

66 ~DIEMEALIE

148 (100 mg, 0.22 mmol)? CH,C, (6 mL)#&¥#& %2, AgOTf (114 mg, 0.44 mmol) % =i T
Mz 7=%, =OFEFEOMRE T 20 SEIEE L. RWT, A0 um) %z T H fafE g
Biv% /L (10 mL x3) TP L, AgOTf Z#FrEL7-. =D, CH,CL (10 mL x3)T
el L, HZ2EHRT 5 2 LT 66 Zf57z.

BRALATERAA O F B

(E)-3-(Hepta-4,6-dien-1-yl)-1-tosyl-1H-indole (117d)

x _NTs

117d
TINYT 2= VIRAT 4 A% F(1.0g, 42 mmol)% THF (7 mL, 0.3 M)IZIAfEL,

-78°CC n-BuLi (™~FH R 1.6 M, 2.6 mL, 42 mmol)& Mz 7. {REW%-78°CT 30
MR L, 4-(1-tosyl-1H-indol-3-yl)butanal® (720 mg, 2.1 mmol)?> THF &% % -78°C C
REWITINZ Tz, %IRRT 8 Refiii#E L7ot%, BUS &AL T =0 AKEEIR CREL L
7= AR ZEHLT o F =0 LZKIRIR(x2)F L Ofafn &K T Lz, IR\ T, A%
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FH%Z MgSO, TRz S, WERME L, ISEKEZ Y o rsa~< N7 57 4 —(~F
B :AcOEt = 10:1) TR L T 117d #4537-(307 mg, 40%). 117d: white powder; FT IR
(neat) 3019, 3083, 3063, 3034, 3006, 2928, 2856, 2535, 1914, 1798, 1738, 1599 cm™'; '"H NMR
(300 MHz in CDCL,) & 1.76 (2H, quin. J = 7.2 Hz), 2.62 (2H, q, J = 7.2 Hz), 2.27 (3H, 5), 2.64
(2H,t,J =72 Hz),4.96 (1H,d,J = 9.8 Hz),5.09 (1H,d, J = 17.4 Hz), 5.89 (1H, dt, J = 7.2Hz,
15.3 Hz), 6.04 (1H, br dd, J = 10.5 Hz, 15,3 Hz), 6.30 (1H, dt, J = 84 Hz, 16.8 Hz), 7.14 (2H,
brd,J=84Hz),7.28 (1H,brt,J=72Hz),7.30 (1H,s),7.44 (1H,d,J =72 Hz),7.71 (2H, d,
J=84Hz),798 (1H,d, J = 8.1 Hz); °C NMR (75 MHz in CDCL,) § 21.4,24.3,282, 320,
113.8,115.1,119.4,122.9,123.1,124.5, 122.6, 122.6, 126.6, 129.7, 1310, 131.5, 134.3, 135 .2,

135.3, 137.1, 144.6; HRMS (CI") m/z caled for C,,H,;NO,S [M]* 365.1450, found 365.1451.

1-[(3E 8E)-4, 8-Dimethylundeca-3.8,10-trien-1-yl]-3,5-dimethoxybenzene (117¢)

MeO OMe

(E:Z=5:1)
| 117e

(2E)-3,7-Dimethyldeca-2,7 9-trien-1-yl acetate®” (476 mg, 2.14 mmol)% THF (2.2 mL)|Z{&f#
L, 0°CT Li,CuCl, ™ 0.1 M THF }&i#%(0.43 mmol, 43 mL)Z¥RIML7=. IRE¥W% 0°CT
15 pMEFE L, B5-UA X IR0k~ 7R3 7 LD 02 M EtO (9.53 mmol,

48.2 mL){a# 2 0 °C TN A 7=, 0°CT 2 WFfilfii#k L72t%, BUSH % 1 M HCl KESi Tl
HLU7-. A% % ELO [ L, 1 M HCI KA (x2), 7REK(x2)1 L ORHEK THid
L7z, IRWTC, AHMHEZ MgSO, THzM &S, UERMEL, mEZ V5 vrm~ b
T 7 4 —(~FH 2 AcOEt =40 : 1) TR L T 117e (659 mg, 98%)% 157=. 117e: white
powder; FT IR (neat) 2999, 2931, 2854, 2835, 1593 cm™; 'H NMR (400 MHz in CDCL,) 81.51
(2H, m), 1.57 (3H, s), 1.75 (3H, s), 1.97 (4H, m), 2.30 (2H, q, J = 7.6 Hz), 2.58 2H, t,J = 7.6
Hz), 3.76 (6H, s), 4.97 (1H, dd, J = 1.4 Hz, 10.4 Hz), 509 (1H, dd, J = 1.4 Hz, 16.8 Hz), 5.17
(1H,m), 5.83 (1H, d, J = 10.4 Hz), 6.30 (1H, t,J = 2.4 Hz), 6.36 (2H, d, J = 2.4 Hz), 6.58 (1H,

dt,J = 10.4 Hz, 16.8 Hz); "C NMR (100 MHz in CDCl;) & 15.9, 16.6,26.1,29.7, 36.4, 39.3,
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394,553,97.7,106.5,114.5,123.8, 1254, 133.5, 135.7, 139.8, 144.8, 160.7; HRMS (CI") m/z

calcd for C, H;,0, [M+H]"; 315.2324, found 315.2326.

2-Allyl-1-(mesitylsulfonyl)pyrrolidine (108e)

108e
b6 108a & [FIEED FIRIZHES T, (E)-Hepta-4,6-dien-1-amine (100 mg, 0.8 mmol) &

2 4.,6-trimethylbenzenesulfonyl chloride (MtsCl) (210 mg, 1.0 mmol)”> 5 108e (227 mg, 92%)
% 157-. 108e: white powder; FT IR (neat) 3313, 3084, 3028, 2972, 2937, 2858, 1604, 1565
cm’'; '"H NMR (300 MHz in CDCl,) & 1.53 (2H, m), 2.03 (2H, q,J = 7.2 Hz), 2.28, (3H, s),
2.61 (6H, s), 2.88 (2H, q,J = 6.6 Hz), 447 (NH, br t, 6.0 Hz), 4.94 (1H, d, J = 10.3 Hz), 5.01
(1H,d,J =168 Hz), 5.52 (1H, dt, J = 7.2 Hz, 15 Hz), 593 (1H, br dd, J = 10.3 Hz, 16,8 Hz),
6.22 (1H, dt, J = 10.3 Hz, 16.8 Hz), 6.94 (2H, s); °C NMR (75 MHz in CDCL,) & 21.0, 23.0,
29.0, 29.5, 420, 115.6, 1320, 133.2, 133.6, 136.8, 139.1,142.2; HRMS (CI") m/z calcd for

C,H,,NO,S [M+H]*; 294.1528, found 294.1528.

N-(2,2-Dimethyloct-7-en-1-yl)-4-methylbenzenesulfonamide (114e)

X =S

Ts
114e

{bE¥ 108a & [FEED FIAIZHE > T, (E)-2,2-Dimethylocta-5,7-dien-1-amine (189 mg, 1.5
mmol)7> 5 114e (305 mg, 78%) % 15:7-. 114e: white powder; FT IR (neat) 3283, 2916, 2870,
1650, 1598 cm™; '"H NMR (500 MHz in CDCIl,) 6 0.85 (6H, s), 1.28 (2H, t, J = 8.5 Hz), 1.96
(2H,dt,J=7.0Hz,85Hz),2.43 (3H,s),2.69 (2H,d,J=7.0 Hz),4.42 (NH, br t, 6.0 Hz), 4.96
(IH,J =10 Hz),5.08 (1H,d, J =17 Hz), 5.62 (1H, dt, J = 6.5 Hz, 15 Hz), 6.01 (1H, dd, J =
10.5 Hz, 15 Hz), 6.28 (1H, dt, J = 10.5 Hz, 17 Hz), 7.31 (2H,d, J=8.0 Hz), 7.74 (2H,d, J =
8.0 Hz); "C NMR (75 MHz in CDCl,) § 21.5,24.8,269,33.8,38.7,52.7,115.0,127.1, 129.7,

131.0, 1350, 136.9, 137.1, 143.4,; HRMS (CI*) m/z caled for C,;H,.NO,S [M]*; 307.1606,
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found 307.1608.

(E)-N-[2-(4-Hydroxybut-2-enyl)phenyl]-4-methylbenzenesulfonamide (65)

:: NHTs “—OH

65
223 SCHk 16b & [RAR O FNAIZHE > THREL L 7=. 65: white powder; FTIR (neat) 3504, 3277,

3064, 3032, 2924, 2870, 1597 cm™; 'H NMR (500 MHz in CDCL,) & 2.40 (3H, s), 3.05 (2H, d, J
=6.0 Hz), 4.11 (2H, br s), 5.55 (1H, dt, J = 5.5, 15.5 Hz), 5.69 (1H, dt, J = 15.5, 6.0 Hz), 6.49
(NH, brs), 7.11 (2H, m), 7.19 (1H, t, J = 7.5 Hz), 7.24 (2H, d, J = 8.0 Hz), 7.34 (1H,d, J = 8.0
Hz), 7.61 (2H, d, J = 8.5 Hz); °C NMR (125 MHz in CDCL,) & 21.58, 34.55, 63.05, 124.57,
126.40, 127.13, 127.74, 129.14, 129.67, 130.50, 131.47, 13242, 134.79, 136.73, 143.89;

HRMS (CTI") calcd for C,;H,,O,NS [M+H]"; 317.1086, found 317.1086.

(Z)-N-(2-(4-Hydroxy-2-methylbut-2-en-1-yl)phenyl)-4-methylbenzenesulfonamide (149a)

e~
NHTs

149a
Z3E 3k 16b & [RlR O FINAIZHE - THHSL L 7=, 149a: white powder; FT IR (neat) 3500, 2920,
2253cm™; '"H NMR (300 MHz in CDCLy) & 1.92 (OH, br s), 2.39 (3H, s), 2.99 (2H, s), 4.16 (2H,
d,J =63 Hz),534 (1H, dt,J = 12, 6.6 Hz), 6.86 (1H, s), 7.14 (6H, m), 7.39 (1H, d, J = 8.1
Hz),7.61 (2H,d,J =84 Hz),7.67 (1H,d,J = 8.0 Hz), 7.71 (2H, d, J = 9.5 Hz); "C NMR (125
MHz in CDCL,) § 16.35, 21.58, 42.09, 58.98, 124.12, 126.00, 126.17, 127.05, 127.76, 129.64,
131.14, 13222, 135.43, 136.81, 137.34, 143.83; HRMS (CI") m/z caled for C,;H, NO,S [M]*;

331.1242 found 331.1235.

(E)-6-(Tosylamino)hex-2-en-1-o0l (149b)

149b
225 3CHK 16b & FIERO FINRIZHE > THBL L 7=, 149b: colorless syrup; FT IR (neat) 3493,
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3272, 2932, 2863, 1597 cm™; '"H NMR (300 MHz in CDCl,) & 1.54 (2H, tt, J = 6.9, 7.9 Hz),
202 (2H,dt,J =54,69 Hz), 241(3H, s), 291(2H, dt, J = 6.2, 6.9 Hz), 4.03 (2H, br s), 4.50
(1H,t,J = 6.2 Hz, NH), 5.54 (2H, m), 7.28 (2H, d, J = 8.2 Hz), 7.72 (2H, d, J = 7.6 Hz); °C
NMR (75 MHz in CDCl,) 6 21.5, 28.9, 29.1, 42.6, 63.5, 127.1, 129.8, 130.3, 131.3, 1370,

143.5; HRMS (CI") calcd for C,;H,,NO,S [M+H]"; 270.1164, found 270.1159.

(E)-N-(7-Hydroxyhept-5-en-1-yl)-4-methylbenzenesulfonamide (149c)

149c
225 3CHK 16b & FIERO FINRIZHE > THBL L 7=, 149c¢: colorless syrup; FT IR (neat) 3280,

2933, 2855 cm™; '"H NMR (300 MHz in CDCl;) 6 1.48 (4H, m), 1.99 (2H, dd,J = 6.3, 11.1 Hz),
243 (3H,s),2.94 (2H, dd, J =6.6,13.5 Hz), 3.59 (OH, t,J = 6.0 Hz) 4.06 (2H, d, J = 2.7 Hz),
4.79 (NH, br s), 5.60 (2H, m), 7.30 (2H, d, J = 6.6 Hz), 7.74 (2H, d, J = 6.6 Hz); "C NMR (75
MHz in CDCly) 6 21.54, 28.9, 31.5, 31.94, 42.99, 63.6, 127.1, 129.6, 129.7, 132.2, 136.9,

143.4; HRMS (CT") caled for C,,H,,NO,S [M+H]"; 284.1320, found 284.1316.

(E)-6-(3,5-Dimethoxyphenyl)hex-2-en-1-ol (149d)

OH
MeO
149d

OMe
225 3K 16a & [AARO FNEIZHE > THHEL L7z, 149d: colorless syrup; FT IR (neat) 3389,
2999, 2934, 2857,2838, 1598 cm™; '"H NMR (300 MHz in CDCI,) & 1.71 (2H, m), 2.09 (2H, dt,
J=6.6,78 Hz),2.56 (2H,t,J =7.5 Hz), 3.78 (6H, s), 4.09 (2H, t,J = 5.4 Hz), 5.68 (2H, m),
6.30 (1H, t, J = 2.1 Hz), 6.34 (2H, br d, J = 6.1 Hz); °C NMR (75 MHz in CDCl,) & 30.82,
31.99, 35.89, 55.40, 63.58, 9791, 106.77, 129.81, 132.46, 145.01, 160.92; HRMS (CI") m/z

calcd for C,,H,,0; [M]* 236.1412, found 236.1408.

(E)-6-(3-Methoxyphenyl)hex-2-en-1-o0l (149¢)
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OH

149e¢
MeO

225 3K 16a & [AAROFNEIZHE > THHE L72. 149e: colorless syrup; FT IR (neat) 3358,
3028, 2999, 2932, 2857, 2839, 1924, 1842, 1731, 1669, 1602, 1584 cm™; '"H NMR (300 MHz in
CDCl,) 6 1.25 (OH, t,J =7.8 Hz), 1.72 (2H, m), 2.09 (2H, dt,J = 6.9, 7.7 Hz), 2.60 2H, t, J =
7.7Hz),3.80 (3H,s),4.10 (2H, t,J =7.8 Hz), 5.68 (2H, m), 6.75 (3H, m), 7.20 (1H,dd,J =74,
8.8 Hz); °C NMR (75 MHz in CDCL,) 6 30.55, 31.62, 35.28, 54.98, 63.43, 110.83, 114.12,
12077, 129.09, 12931, 132.40, 143.83, 159.42; HRMS (CI') m/z caled for CH,0, [M']

206.1307, found 206.1302.

(E)-6-(1-Tosyl-1H-indol-2-yl)hex-2-en-1-o0l (149f)

— OH
TsN_

149f
22 SCHk 16a & [RIRED FIRICHE - TR L 7=, 149f: colorless syrup; FT IR (neat) 3369,
3046, 2931, 2864, 1596, 1567 cm™; '"H NMR (300 MHz in CDCl,) 81.86 (2H, m), 2.18 (2H, dt,
J=74,80Hz),2.33 (3H,s),3.00 (2H,brt,J=74Hz),4.10 2H,brd,J=4.3 Hz),5.71 (2H,
m), 6.38 (1H, brs), 7.16-7.28 (4H, m), 7.41 (1H,ddd,J=0.6,1.2,7.8 Hz), 7.60 2H,d,J =84
Hz), 8.16 (1H, br d, J = 8.1 Hz); >C NMR (75 MHz in CDCl,) 6 21.52, 28.29, 28 40, 31.68,
63.68, 10891, 114.80, 120.06, 123.48, 123.85, 126.21, 129.70, 129.77, 132.35, 136 .05, 137.16,

141.90, 144.65; HRMS (CI*) m/z caled for C,,H,;0,NS [M*] 369.1399, found 369.1394.

BRALIE DB Ak

FEARFIA . 7T UFRMKT, =R TERILATE0.3-0.6mmol)®> CH,CL, ###4(0.15 M)

1266 (20 mol%) & Mz 7-. IREME A =N =—H—Z% T 280 rpm T L 7-.
FOS O#&pia TLC AT Ko THIBr L, A4 JEmEIc X0 RE L. 8K A BE T T
RS, Bz VAV ra~ 797 4 —TCHRE L CERM 25T,
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1-Allyl-6,8-dimethoxy-1,2,3 4-tetrahydronaphthalene (118a)

117a (93.2 mg, 0.401 mmol)% CH,CL, (7 mL, 0.3 M)IZIAfE L, =ik T66 (36.0 mg, 0.08
mmol, Hg 1604 mgtH )2 Mz 7. ZOFEEORET1 2IFHIEIHE L, A TAET D
Z L T66% BN LTz, AIRZIERRME L, JOMEEZ U BTN a< 8T T 7 4 —(
X AcOEt=10 : 1) THH L C118a% #57-(87.4 mg, 0.376 mmol, 94%). KIZ, 117a
B L U665 HWVTHERL S, 663 L ONEIKRH OARSIRALEZRIE L7 /55 o iEiK
AN ZE R TARIE S8, USFRIE %2 64%milk 6 K UN61 %I D3 « 1%5#%(2 mL) THr
R U7 JRE %115 °C T3040 [, R\NT, 140 ° C T304 FIMEA L=, 5 5 =iRE%(20
uL) % 7&K TS mLIZA R L, 10%SnCLIEKR &2 W CTiEJe L, iR (5 mL)D/KERE A &
Z AT K W BIE L7z, Table SHZ/RT X 912, 0.016~0.047 ppbiZFHY 35
Hg(0)& L T0.079~0.237 ngO/KEEHEPRE S NI LD > T, AT D66DFEHE
W(E T2 13K EBDIRA)IT<0.001%72 - 7=

Table S1

Dimethyl-4-allyl-5,7-dimethoxy-3,4-dihydronaphthalene-2,2(1H)-dicarboxylate (118b)

LA W118a & [FAED FNEIZHE - T, 117b (140 mg, 0.4 mmol)»>5118b (123 mg, 0.351
mmol) Z# fF72. F£7z, AT D66DFEEY (L IZIT/KELBDIwIL)IL<0.001% 72 - 7.
'H,"C-NMR A7 "7 —2 %, F—ETHE LIbameE BT 52 L 28 LT,

4-Allyl-5,7-dimethoxy-2-tosyl-1,2,3 4-tetrahydroisoquinoline (118c)
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fbE&®118a L RIEED FIEICHE > T, 117¢ (155 mg, 0.4 mmol)7)>5118c (133 mg, 0.343
mmol)  #37-. F£7=, AT D66 DFKEY)(FE T IT /KB OIA)IL<0.001% 72 - 7.
'H°C-NMRAXY MTF—21%, F—HTHBLIbEME BT D & 2R L.

1-Allyl-9-tosyl-2,3.,4,9-tetrahydro-1H-carbazole (118d)
x NTs

118d

L& W118a L [FHED FIEICHE - T, 117d (110 mg, 0.3 mmol)7>5118d (101 mg, 0.276
mmol) & 372, E7o, A D66DIREYI(E T2 I1TAKBDIFAL)IE<0.001%72 - 7.

118d: white powder; FT IR (neat) 3071, 3032, 3000, 2933, 2855, 1911, 1731, 1683, 1638, 1598
cm; 'TH NMR (500 MHz in CDCLy) & 1.67-1.82 (3H, m), 2.03 (1H, m), 2.18 (1H, m), 2.29 (3H,
s), 246 (1H, m), 2.67 (1H, dt, J = 3.5 Hz, 12 Hz), 2.90 (1H, m), 3.44 (1H, dt, J = 2.5 Hz, 8.0
Hz),5.09 (2H, brt,J = 10 Hz, 18 Hz), 5.94 (1H, m), 7.11 (2H,d, J = 8.0 Hz), 7.21 (1H,dt, J =
1.0 Hz,7.5 Hz),7.26 (1H, dt,J = 1.5 Hz, 7.5 Hz), 7.30 (1H, dd, J = 1.0 Hz, 7.5 Hz), 7.52 (1H, d,
J =80 Hz),8.14 (1H, d, J = 8.0 Hz); *C NMR (125 MHz in CDCL,) § 17.1,21.1,21.5, 260,
33.6,39.2, 1154, 1164, 1182, 1199, 123.6, 124.2, 126.2, 129.6, 130.8, 135.5, 136.1, 1373,

139.4, 144.3; HRMS (CI*) m/z caled for C,,H,,NO,S [M+H]* 366.1528, found 366.1530.

(1)-(18 4aS,10a5)-1-Allyl-5,7-dimethoxy-1 4a-dimethyl-1,2,3,4,4a2,9,10,10a-octahydrophena
nthrene (118e¢)

(2)-(18 4aS,10aS5)-5,7-Dimethoxy-1,4a-dimethyl-1-[(E)-prop-1-en-1-yl]-1,2,3,4,4a,9,10,10a-
octahydrophenanthrene (119e)

OMe

MeO OMe

118e 119e
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LAY 118a & [FAEDO FNEIZHE - T, 117e (100 mg, 0.318 mmol)7> 5 118e (67.2 mg, 0.213
mmol) & 119e (11.4 mg, 0.036 mmol)Z#37=. F7=, AU D 66 DFEEW(E 1T /KBD
L) $<0.001%72 > 7. 118e: colorless syrup; FT IR (neat) 3071, 2944, 2924, 2856, 1636
cm™; '"H NMR (500 MHz in CDCI,) 6 0.93 (3H,s), 1.11 (1H, dt, J = 3.0 Hz, 13.0 Hz), 1.29 (3H,
s), 1.31-1.24 (3H, m), 1.59-1.46 (1H, m), 1.78-1.66 (3H, m), 1.94 (1H,dd,J=7.0 Hz, 13.5 Hz),
2.15 (1H, dd, J = 8.0 Hz, 13.5 Hz), 2.74-2.87 (2H, m), 3.05 (1H, dt, J/ = 3.5 Hz, 13.0 Hz), 3.75
(6H, s), 5.01 (2H, m), 5.82 (1H, m), 6.18 (1H, d, J = 2.5 Hz), 6.27 (1H, d, J = 2.5 Hz); °C
NMR (150 MHz in CDCl,) & 18.5,19.1,20.4,21.6,33.0,36.5,36.9,37.0,39.2,48.9,49.9,55.0,
55.1,97.6,104.8,116.9, 130.4, 135.5, 138.8, 157.8, 159.6; HRMS (CI") m/z caled for C, H;,0,
[M]"; 314.2246, found 314.2231. 119e; colorless syrup; FT IR (neat) 3155, 2953, 2929, 2857,
1793 cm™; '"H NMR (600 MHz in CDCl,) 6 0.99 (3H, s), 1.18 (1H, m), 1.20 (3H, s), 1.34 (1H,
m), 1.45 (2H, m), 1.59 (1H, m), 1.68 (3H, dd, J = 1.8 Hz, 12.0 Hz), 1.79-1.70 (1H, m), 1.86 (1H,
dd,J=6.0Hz, 12.6 Hz), 191 (1H,dd,J = 1.8 Hz, 12.6 Hz),2.84 (2H, m), 3.05 (1H, dt,/J =24
Hz, 13.2 Hz), 3.75 (3H, s), 3.75 (3H, s), 5.38 (1H, m), 5.56 (1H, m), 6.19 (1H, d, J = 2.4 Hz),
6.27 (1H, d, J = 2.4 Hz); "C NMR (150 MHz in CDCl;) 6 18.5, 18.8, 19.1, 19.2, 32.3, 33.7,
38.0, 369, 38.8, 39.3,54.7, 550, 55.1, 97.6, 104.9, 119.5, 1299, 136 .9, 138.7, 157.7, 159.8;

HRMS (CI*) m/z caled for C,,H,,0, [M]*; 314.2246, found 314.2240.

2-Allyl-1-tosylpyrrolidine (63)

{b&¥ 118a L [FEED FIEIZHE > T, 117¢ (106 mg, 0.4 mmol)7> 5 118¢ (98.6 mg, 0.372
mmol) Z1F7-. F7z, AT D 66 DIEKEW(FE TITKEDHRIN)IT<0.001%72 > 7.
'H°C-NMR 27 b7 =4 %, F—HTHBLIbEmE BT 52 L2l L.

2-Allyl-1-(mesitylsulfonyl)pyrrolidine (109e)

Hau

Mts
109e

LAY 118a & [FAED FNEIZHE - T, 108e (160 mg, 0.545 mmol)/> 5 109e (144 mg, 0.491
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mmol)Z 1372, E£72, AHETD 66 DILEW(ETZIFKIMOFI) H<0.001%72 - 7=.109e:
white powder; FT IR (neat) 2974, 2939, 2873, 1639, 1604, 1565 cm™; '"H NMR (300 MHz in
CDCly) 8 1.69-2.05 (5H, m), 2.21 (2H, m), 2.28, (3H, s), 2.63 (6H, s), 3.10 (1H, dt, 6.0Hz, 9.9
Hz),3.36 (1H,dt,J=7.2,12.8 Hz),3.87 (1H, m),4.95 (1H,d, /=64 Hz),4.96 (1H,d,/ =93
Hz), 5.59 (1H, m), 6.94 (2H, s); "C NMR (75 MHz in CDCl,) 8 21.0,22.9, 242, 30.5, 39.5,
478, 58.5, 117.5, 1319, 133.3, 134.6, 140.1, 142.5; HRMS (CI"*) m/z caled for C,;H,,NO,S

[M+H]"; 294.1528 found 294.1520.

2-Allyl-1-(mesitylsulfonyl)piperidine (115b)

L& W118a L [FHED FIEIZHE - T, 114b (123 mg, 0.4 mmol)7>5H115b (113 mg, 0.367
mmol) Z# fF72. F£7z, AT D66 DB (L IZIT/KEBDIwIL)IL<0.001% 72 - 7.
'H,"C-NMR A7 "7 —2 %, F—ETHE LIbameE BT 52 L 2B LT

2-Allyl-1-(mesitylsulfonyl)-5,5-dimethylpiperidine (115c¢)

LA W118a & [FAE D FNEIZHE - T, 114¢ (101 mg, 0.3 mmol)?2>H115¢ (96.9 mg, 0.288
mmol) Z fF72. F£7z, AT D66 DB (L IZITKEBDIwIL)IL<0.001% 72 - 7.
'H,"C-NMR A7 "7 —2 %, F—ETHE LIbameE BT 52 L 2B LT,

2-Allyl-5,5-dimethyl-1-tosylpiperidine (115e)

e

\Ts
115e

LAY 118a & [FARD FNEIZHE - T, 114e (123 mg, 0.4 mmol)’> 5 115e (104 mg, 0.338
mmo) & 372, E72, AP D 66 DIKEEW(FE T-IF/KBLDOIFI) H<0.001%72 - 72 .115€:
white powder; FT IR (neat) 3076, 2951, 2863, 1640, 1599 cm™; 'H NMR (500 MHz in CDCI,)
& 0.88 (3H,s),0.90 (3H,s), 1.22 (1H, dt, J = 4.5 Hz, 14 Hz), 1.31 (1H, dt, J = 3.5 Hz, 14 Hz),

1.52 (1H, dt,J =4.5 Hz, 14 Hz), 1.76 (1H, m), 1.95 (1H, dt, J = 5.0 Hz, 13.5 Hz), 2.28 (1H, dt,
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J=90Hz, 13.5Hz),241 3H,s),2.67 (1H,d,J =13.0 Hz),3.31 (1H,dd,J = 1.5 Hz, 13.0 Hz),
405 (1H, quin., J =5.0 Hz), 495 (2H,d, J = 12.5 Hz), 5.58 (1H, m), 7.27 (2H, d, J = 8.0 Hz),
7.68 (2H, d, J = 8.5 Hz); "C NMR (125 MHz in CDCl,) 8 21.5,23.0, 23.5,29.0, 30.4, 31.6,
32,6, 51.2, 519, 117.3, 127.0, 129.5, 1349, 138.6, 142.8; HRMS (CI') m/z calcd for

C,,;H,,NO,S [M+H]*; 308.1684, found 308.1666.

1-(Phenylsulfonyl)-2-vinylindoline (67)

g e

Ts
67

1A% 118a & [FAED FNEIZHE - T, 65 (95.0 mg, 0.3 mmol)’> 5 67 (89.7 mg, 0.3 mmol)
. £, AT O 66 OFREEYI(ETITKEEDIRAIL) H<0.001%72 > 72 .67: white
powder; FTIR (neat) 3069, 3013, 2953, 2922, 2851, 1735, 1603 cm™; '"H NMR (500 MHz in
CDCl,) & 2.65 (1H, dd, J = 3.0 Hz, 16.5 Hz), 2.94 (1H, dd, J = 10.0, 16.5 Hz), 4.76 (1H, m),
5.16 (1H,d,J = 10.0 Hz), 5.39 (1H, d, J = 17.0 Hz), 591 (1H, ddd, J = 6.0, 10.0, 17.0 Hz), 7.03
(2H, m), 7.22 (1H,t,J =7.0 Hz), 7.39 (2H, t,J = 8.0 Hz), 7.53 (1H, t,J = 7.5 Hz), 7.67 (1H, d,
J=80Hz),7.71 2H, d, J = 9.5 Hz); *C NMR (125 MHz in CDCL,) & 34.97, 63.88, 11591,
116.89, 124.64, 125.12, 127.08, 127.87, 128.97, 131.23, 133.02, 137.44, 138.32, 141.30;
HRMS (CI*) calcd for 285.0824 [M]*; C,(H,;0,NS, found 285.0807.
2-Methyl-1-tosyl-2-vinylindoline (150a)

@D@
Ts

150a
LA W118a & [FAED FNEIZHE - T, 149a (118 mg, 0.356 mmol)7> 5H150a (92.8 mg, 0.296
mmol) & 1572, E72, AURF D66 DFEEY(F 12 IFKBOUIL) H<0.001%72>7-. 150a;
white powder; FT IR (neat) 3068, 3030, 2973, 2924, 2853, 2256, 1916, 1644, 1599 cm™; 'H
NMR (300 MHz in CDCl,) & 1.78 (3H,s), 2.38 (3H, s), 2.96 (1H, d, J = 162 Hz), 3.13 (1H, d,
J=162Hz),5.15 (1H,d, J = 10.5 Hz), 531 (1H, d, J = 17.1 Hz), 6.10 (1H, dd, J = 10.5 Hz,

17.1 Hz), 6.94 (1H, dt,J =09 Hz, 7.2 Hz), 7.09 (1H, dd,J =09 Hz, 7.5 Hz), 7.15 (1H, dt, J =
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0.6 Hz, 7.5 Hz),7.23 (2H,d, J = 8.1 Hz),7.51 (1H,d,J = 8.1 Hz), 7.79 (2H, d, J = 8.4 Hz); °C
NMR (75 MHz in CDCl,) & 21.5,252,448,720, 1138, 1140, 122.8, 1249, 1270, 127.7,
128.6, 129.5, 138.7, 141.3, 141.8, 143.5; MS (Cl) m/z 313 [M]"; HRMS (CI*) m/z calcd for

C,H,,NO,S; 313.1136 found 313.1129.

1-Tosyl-2-vinylpyrrolidine (150b)

B

Ts
150b

LAY 118a & [FIEED FNEIZHE - T, 149a (105 mg, 0.356 mmol)7)> 5 150b (83.4 mg, 0.332
mmo) & 372, £72, A D 66 DFEEYI(E T2 ITKLDIHIL) H<0.001%72 > 7=. 150b:
white powder; FT IR (neat) 3133, 3028, 2915, 2865, 1596 cm™; 'H NMR (300 MHz in CDCI,)
& 1.59-1.85 (m, 4H), 2.43 (s, 3H), 3.24 (m, 1H), 3.44 (1H, ddd, J = 4.8,7.6,10.4 Hz), 4.14 (1H,
m), 5.11 (1H, dd, J = 1.5, 104 Hz), 527 (1H, dd, J = 1.5, 17.2 Hz), 5.81 (1H, ddd, J = 6.2, 10.
4,172 Hz),7.30 (2H,d,J = 8.3 Hz), 7.72 (2H, d, J = 8.3 Hz); °C NMR (300 MHz in CDCl,) &
21.65,23.88,32.44,4891,62.04, 115.43,127.68, 129.70, 135.36, 138.84, 143.36; HRMS (CI")

calcd for C;H,,O,NS [M+H]*; 252.1058, found 252.1049.

1-Tosyl-2-vinylpiperidine (150c)
150c

LAY 118a & [FAED FNEIZHE - T, 149¢ (101 mg, 0.356 mmol)7> 5 150¢ (32.0 mg, 0.072
mmol) & 1372, £72, AT D 66 DIXKEW(E I IFTKEBOIRI) $<0.001%7Z>7-. 150c:
white powder; FT IR (neat) 2925, 2857, 1732, 1597 cm™; 'H NMR (300 MHz in CDCl,) 6
1.33-1.56 (m, 4H), 1.65 (2H, m), 241 (s, 3H), 2.96 (1H, m), 3.44 (1H, m), 7.66 (1H, m), 4.60
(1H, m), 5.13 (1H, dd, J = 1.5 Hz, 10.4 Hz), 527 (1H, dd, J = 1.5, 17.2 Hz), 5.70 (1H, ddd, J =
52,104,172 Hz), 726 (2H, d, J = 8.3 Hz), 7.70 (2H, d, J = 8.3 Hz); *C NMR (75 MHz in
CDCLy) & 19.1, 21.6, 25.0, 29.7, 417, 55.1, 117.2, 127.4, 129.5, 135.6, 138.0, 142.9; HRMS

(CI") calcd for C,,H,,0,NS [M+H]"; 266.1214, found 252.1207.
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6,8-Dimethoxy-1-vinyl-1,2,3 4-tetrahydronaphthalene (150d)

\

150d
OMe

{EE 118a & [ARED FINAIZHE - T, IMEGEFESE T, 149d (84 mg, 0.356 mmol)7)> & 150d

MeO

(69.0 mg,0.316 mmol) = 457=. £ 7=, AR D 66 DFEREW(F =13 /KL DIFN) H<0.001%
72> 72.150d: colorless syrup; FT IR (neat) 3076, 2996, 2937, 2866, 2835, 1633, 1610 cm™; 'H
NMR (300 MHz in CDCL;) 6 1.66-1.89 (4H, m), 2.72 (2H, m), 3.67 (1H, m), 3.76 (3H, s), 3.78
(3H,s),4.68 (1H,dt,J=17.2,19 Hz),498 (1H,dt,J=10.2,1.9 Hz),5.94 (1H,ddd, J = 17.2,
10.2,5.6 Hz), 6.24 (1H,d, J = 2.5 Hz), 6.29 (1H, d, J = 2.5 Hz); °C NMR (75 MHz in CDCl,)
0 17.94, 28.08, 29.76, 35.09, 55.01, 55.20, 96.06, 104.22, 113.50, 119.23, 138.82, 142.28,

158.43, 158.48; HRMS (CI") m/z calcd for C,,H,;0, [M]* 218.1306, found 218.1297.

6-Methoxy-1-vinyl-1,2,3 4-tetrahydronaphthalene (150e,)

8-Methoxy-1-vinyl-1,2,3 4-tetrahydronaphthalene (150e,)

N \
OMe
MeO 150e, 150e,

{EE 118a & [AERD FNEIZHE-> T, MMBGERSM T, 149e (73.4 mg, 0.356 mmol)7> 5
150e, (41.6 mg, 0.221 mmol) & 150e, (5.4 mg, 0.029 mmol) = 157=. F7=, AIKFD 66 DF%
BWY(E T2 13KEB DRI $<0.001% 72 > 7=. 150e,: colorless syrup; FT IR (neat) 3075, 2996,
2932, 2857, 2834, 1635, 1608, 1576 cm™'; '"H NMR (300 MHz in CDCl,) & 1.63-1.75 (2H, m),
1.85-1.96 (2H, m), 2.75 (2H, t,J = 5.5 Hz), 3.39 (1H, q,J = 6.6 Hz), 3.77 (3H, s), 5.01 (1H, ddd,
J=176,19,1.1 Hz),5.06 (1H, ddd, J = 10.8, 1.9, 0.8 Hz), 5.84 (1H, ddd, J = 17.6, 10.8, 8.1
Hz),6.62 (1H,d,J=2.6 Hz), 6.70 (1H,dd, J = 8.4, 2.6 Hz), 7.07 (1H,d, J = 8.4 Hz); "C NMR
(75 MHz in CDCL,) & 20.74,30.01, 30.19,42.99, 55.16, 111.83, 113.50, 114.70, 130.31, 13043,
138.15, 143.39, 157.66; HRMS (CI*) m/z calcd for C,;H,,0 [M*+H] 189.1279, found 189.1255.

150e,: colorless syrup; FT IR (neat) 3077, 3034, 2998, 2933, 2866, 2834, 1907, 1823, 1732,
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1635, 1600, 1583 cm™; 'H NMR (300 MHz in CDCI,) 81.64-1.92 (4H, m), 2.76 (2H, m), 3.76
(1H,m), 3.78 (3H, s),4.68 (1H, dt,J=17.2,1.8 Hz),4.99 (1H, dt,J = 10.2, 1.8 Hz), 5.96 (1H,
ddd, J=17.2,10.2,5.6 Hz), 6.67 (1H, br d, J = 8.2 Hz), 6.72 (1H, dd, J =7.7,0.7 Hz), 7.11
(1H, dd, J = 8.2, 7.7 Hz); "C NMR (75 MHz in CDCl;) 6 17.89, 28.03, 29.31, 35.54, 55.40,
107.41, 113.80, 121.52, 126.47, 126.86, 138.47, 142.14, 157.55; HRMS (CI") m/z calcd for

C,H,,0 [M*+H] 189.1279, found 189.1254.

9-Tosyl-4-vinyl-2,3.4,9-tetrahydro-1H-carbazole (150f)

TsN_
150f

b5 118a & RO FIRIZHE - T, MENEFR S T, 149f (127 mg, 0.356 mmol)7)> H 150f
(110 mg, 0313 mmol) % 157=. F7=, AT D 66 DEREWY(F I-13/KEDIFN) H<0.001%
72 7=. 150f: white powder; FT IR (neat) 3071, 3046, 3000, 2937, 2861, 1913, 1829, 1793,
1732, 1636, 1598 cm™'; 'TH NMR (300 MHz in CDCL,) §1.67-1.91 (4H, m), 2.32 (3H, s), 2.92
(1H, dt, J = 6.3, 16.2 Hz), 3.06 (1H, dt, J = 4.8, 16.2 Hz), 3.53 (1H, dt, J = 4.5, 7.2 Hz), 4.90
(1H, ddd, J =09, 1.8, 17.1 Hz), 5.05 (1H, ddd, J = 0.9, 1.8, 10.2 Hz), 5.86 (1H, ddd, J = 7.2,
10.2, 17.1 Hz), 7.13-7.26 (4H, m), 7.39 (1H, dd, J = 0.9, 7.5 Hz), 7.64 (2H, br d, J = 8.1 Hz),
8.14 (1H, br d, J = 7.8 Hz); ®*C NMR (75 MHz in CDCl,) $19.79, 21.55, 24.76, 29.01, 36.80,
11435, 115.46, 119.18, 123.05, 123.75, 126.30, 129.76, 129.98, 136.05, 136.20, 136.38, 140.68,

144.47; HRMS (CI*) m/z caled for C,,H,,0,NS [M*] 351.1293, found 351.1290.

(E)-4-Methyl-N-(pent-3-en-2-yl)benzenesulfonamide (154a)

NHTs
AN

154a
(E)-pent-3-en-2-ol (43.0 mg, 0.5 mmol)& /L7 I F(128.4 mg, 0.75 mmol)%Z CH,CI, (8

mL, 0.3 M)IZ¥EfE L, I T 66 (45.1 mg, 0.1 mmo)Z M Z7=. =D FE £ DOIEE TS FEH
L, AHTABTDHZLT66 2B L=, ARAEWITEENL, KCEEEZV YD
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TN a< 8757 4 —(~FH 2 AcOEt = 10: 1) THEL L T 154a % 1572(110 mg, 0.460
mmol). F7=, AT D 66 DFEEY(F 7213 /KIBDIKIL) H<0.001%7->7-. 154a: white
powder; FT IR (neat) 3277, 3031, 2976, 2932, 2877; '"H NMR (400MHz in CDCL,) § 1.15 (3H,
d,J=68Hz), 151 (3H,brd,J =64 Hz), 242 (3H, s), 3.84 (1H, m), 463 (NH,brd, J = 6.8
Hz),5.18 (1H,ddq, J = 1.6,6.8, 152 Hz), 543 (1H,ddq, J = 1.2, 6.4, 152 Hz), 7.28 (2H, br d,
J =8.0Hz),7.74 (2H, br d, J = 8.0 Hz); *C NMR (100 MHz in CDCl,) 8 17.5,21.5,21.9,51 4,
126.6, 12722, 129.5, 131.8, 138.1, 143.1; HRMS (CI") m/z cacld for C,H,(NO,S [M+H]*

240.1059, found 240.1058.

Methyl (E)-pent-3-en-2-ylsulfamate (155a)

NHSO,OMe
™

155a
L& 154a L [FRED FIEIZHE - T, (E)-pent-3-en-2-o0l (43.0 mg, 0.5 mmol) & A F /L AT 7

A — 1 (83.5 mg, 0.75 mmol)7%> 5 155a (78.0 mg, 0435 mmol) 2 #57-=. F 7=, AHF D667
FREW(E T2 13KEBE DRI $<0.001%72 > 7=. 155a: colorless oil; FT IR (neat) 3298, 2980,
2958 2935, 2016, 2884 cm™; 'H NMR (300 MHz in CDCl;) 6 1.31 (3H, d, J = 6.9 Hz), 1.70
(3H, dq,J = 09 Hz, 6.6 Hz), 3.82 (3H, s), 4.00 (1H, m), 4.26 (NH, br s), 544 (1H, m), 5.71
(1H, ddd, J = 1.2 Hz, 6.3 Hz, 15.3 Hz); >*C NMR (75 MHz in CDCl,) 6 17.6, 21.5,52.2, 56.2,

127.4,131.5; HRMS (CI") m/z caled for C;H,;NO,S [M]*; 179.0616 found 179.0613.

N-(Cyclohex-2-en-1-yl)-4-methylbenzenesulfonamide (154b)

[:::T/NHTS

154b

{bE154a & RO FINEIZHE > T, cyclohex-2-en-1-0l (49.0 mg, 0.5 mmol) & F /LT 3
K (128.4 mg, 0.75 mmol) % 154b (122 mg, 0.485 mmol) & 157=. F7=, AIEF D66DFEEY
(F 213K ERDI) H<0.001% 7 - 7=. 154b: white powder; FT IR (neat) 3279, 3028, 2934,

2863, 1428, 1328 cm™; 'H NMR (300 MHz in CDCL,) & 1.51-1.60 (4H, m), 1.93 (2H, quin, J =
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3.6 Hz),2.43 (3H,s),3.82 (1H,dd,J = 3.3,6.3 Hz), 443 (NH,d, J = 8.4 Hz), 5.33 (1H, ddt, J
=2.1,3.6,102Hz),5.76 (1H,ddt,J = 2.1,3.6,10.2 Hz), 7.29 (2H, d,J = 8.7 Hz), 7.77 (2H, d,
J = 8.7 Hz); "C NMR (75 MHz in CDCl,) & 19.3,21.5,24.5,30.3,49.0, 127.0, 129.7, 131.6,

138.3, 143.2; HRMS (EI") m/z calcd for C,;H;,NO,S [M*]; 251.0980, found 251.0981.

Methyl cyclohex-2-en-1-ylsulfamate (155b)
NHSO,0Me

©/ 155b

L& 154a L [FRED FIBIZHE - T, (E)-pent-3-en-2-o0l (49.0 mg, 0.5 mmol) & A F /L AT 7
A — 1 (83.5 mg, 0.75 mmol)7%> 5 155b (88.0 mg, 0.46 mmol) & 157=. F£ 7=, AHF D66D5%
BY(E T2 13KEB DRI $<0.001% 72 > 7=. 155b: colorless syrup; FT IR (neat) 3300, 3030,
2940, 2865, 2839 cm™'; '"H NMR (300 MHz in CDCI;) & 1.67 (3H, m), 1.99 (3H, m), 3.84 (3H,
s),3.98 (1H, m), 4.51 (NH, brd, J = 8.0 Hz), 5.68 (1H, m), 5.90 (1H, m); °C NMR (75 MHz in

CDCL,) 0 192, 24.6, 29.8, 49.8, 56.3, 126.5, 132.2; HRMS (CI") m/z caled for C;H,,NO,S

[M+H]"; 192.0694, found 192.0693.

N-(Cyclopent-2-en-1-yl)-4-methylbenzenesulfonamide (154c)

@—NHTS

154c
fbE154a & [REED FIRIZHE > T, cyclopent-2-en-1-0l (42.0 mg, 0.5 mmol) & b /L7
K(128.2 mg, 0.749 mmol)% 154¢ (92.4 mg, 0.389 mmol) & 157=. F7=, AR+ D66 DFEHEE
W(F 7213 KERDIRA) H<0.001%72 - 7=. 154¢; white powder: FT IR (neat) 3276, 3061,
2927, 2854 cm’'; 'TH NMR (300MHz in CDCl,) & 1.51 (1H, m), 2.07-2.25 (2H, m), 2.36 (1H,
m), 2.44 (3H, m), 4.39 (1H, m), 4.68 (NH, d, J = 9.3 Hz), 543 (1H, br dd, J = 2.1, 5.7 Hz), 5.85
(1H,dd,J=2.1,5.7 Hz),7.31 (2H, d,J = 8.4 Hz), 7.78 (2H, d, J = 8 4 Hz); °*C NMR (75 MHz
in CDCL,) § 21.5,30.8, 31.5,59.8, 127.1, 129.7, 130.4, 135.0, 138.1, 143.3; HRMS (CI") m/z

calcd for C,,H,(NO,S [M+H]*; 238.0902, found 238.0887.

104



Methyl cyclopent-2-en-1-ylsulfamate (155c¢)
@—NHSOQOMe
155¢

{bE¥154a & [REED FIRIZHE > T, cyclopent-2-en-1-o0l (42.0 mg, 0.5 mmol) & A F /LA 7
7 A— [(128.4 mg, 0.749 mmol)?> 5155¢ (61.9 mg, 0.349 mmol) & 157=. F7=, AEHF D
66 DFREEW(E T2 13K DRI H<0.001% 72 - 7. 155¢: colorless oil; FT IR (neat) 3612,
3313, 3062, 2956, 2856 cm™; '"H NMR (300 MHz in CDCIl,) 6 1.76 (1H, m), 2.40 (3H, m), 3.85
(3H, s), 439 (NH, br s), 4.52 (1H, m), 5.77 (1H, ddt, J = 1.8, 3.9, 5.7 Hz), 6.01 (1H, m); °C
NMR (75 MHz in CDCL;) 6 30.9, 31.4, 56.3, 60.6, 130.1, 135.8; HRMS (CI*) m/z calcd for

CH,,NO,S [M+H]" 178.0538, found 178.0539.

(E)-4-Methyl-N-(4-phenylbut-3-en-2-yl)benzenesulfonamide (154d)

NHTs

Ph X

154d
LA W154a & [FAEED FNEIZHE > T, (E)-4-phenylbut-3-en-2-ol (44.5 mg, 0.3 mmol) & k3

L7 2 K(77.0 mg, 0.45 mmol)Z154d (81.7 mg, 0271 mmol) & 157=. 7=, AR D66D
FEREW(F T2 13K ERDIFN) B <0.001% 72 - 7= 154d: white powder; FT IR (neat) 3271, 3058,
3026, 2976, 2929. 2870 cm™'; 'H NMR (400 MHz, CDCl,) § 1.27 (3H, d, J = 6.6 Hz), 2.34 (3H,
s),4.05-4.15 (1H, m), 5.08 (1H, br s), 5.83 (1H,dd, J = 6.8, 16.0 Hz), 6.28 (1H, d, J = 16.0 Hz),
7.14-720 (7H, m), 7.75 (2H, d, J = 8.4 Hz); *C NMR (100 MHz, CDCl,) § 214,219, 51.6,
1263, 127.2,127.6, 128 4, 129.5, 130.1, 130.5, 136.1, 138.1, 143.3; HRMS (CI*) m/z calcd for

C,H,NO,S [M+H]*; 238.0902, found 238.0887.

(E)-Methyl (4-phenylbut-3-en-2-yl)sulfamate (155d)
NHSO,OMe

Ph N

155d
L&Y 154a & [RIERD FNEIZHE > T, (E)-4-phenylbut-3-en-2-ol (44.5 mg, 0.3 mmol) & A F

VAV T 7 A — ~(50.0 mg,0.45 mmol) % 155d (57.2 mg,0.237 mmol) % 157=. F7=, A&
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D 66 DILEEY)(E T2 1T/KERDIFAL) $<0.001% 72 > 7=. 155d: white powder; FT IR (neat)
3301, 3083, 3058, 3027, 2978, 2954, 2932, 2882, 1697, 1520 cm™; 'H NMR (400 MHz in
CDCl,) 6 142 (3H,d, J = 6.8 Hz), 3.08 (3H, s), 4.22 (1H, m), 4.79 (NH, d, J = 7.2 Hz), 6.14
(IH,dd,J=6.8,16.0 Hz),6.58 (1H,d,J =160 Hz), 7.23 (2H,t,J =7.6 Hz), 7.26 (2H, d, J =
7.6 Hz), 7.36 (1H, t, J = 7.6 Hz); "C NMR (100 MHz in CDCl,) 8 21.5, 52.4, 56.4, 126 4,
126.5, 127.6, 1280, 128.6, 129.6, 131.1, 136.1; HRMS (CI*) m/z calcd for C,,H,;NO,S [M']

241.0762, found 241.0751.

2-Butyl-1-tosyl-1H-indole (67)

©\/\>7n'C4H9
N

Ts
67

6% 118a & [FIRED FIAIZHE S T, N-(2-(hex-1-yn-1-yl)phenyl)-4-methylbenzenesulfo-

namide'” (164 mg, 0.5 mmol)”> 5 157 (164 mg, 0.5 mmol) = 157=. F7=, AT D 66 D%
BWY(E T2 13KEB DI $<0.001%72 > 7=. 157: white powder; FT IR (neat) 3051, 2958,
2930, 2871, 1596, 1454, 1376, 1218, 1179 cm™'; 'H NMR (200 MHz in CDCl;) 6 0.96 (3H, t, J
=74Hz), 148 (2H, m), 1.73 (2 H, quin, J=7.4 Hz),2.33 (3H,s),2.98 (2H, t,J =7.4 Hz), 6.38
(1H,s), 7.15-7.29 (4H, m), 7.40 (1H,d,J = 7.8 Hz), 7.61 (2H,d,J = 7.8 Hz), 8.16 (1H, dd, J =
0.8,7.8 Hz). "C NMR (50 MHz in CDCl,) & 13.88,21.44,22.43,28.69, 30.95, 108.56, 114.78,
120.00, 123.41, 123.71, 126.19, 129.71, 129.84, 136.22, 137.19, 142.49, 144.54; HRMS (EI")

calcd for C,,H,,NO,S [M*] 327.1293, found 327.1283.

A - FEE(EORRES

66(44.9 mg, 20 mol%) % I\ 7= 65 (159 mg, 0.5 mmol)7> & 67 ~D B &, L& 118a
ERBED FNEIZHE - T 20 F#E D R U7, FHEMHEGE O SQ21~23 [BIH OEER)IL, 65
(159 mg, 0.5 mmol)Z fV T 50 mol% D F{EMAL L 7= 66 % AV TITo 72,

66 DOYEFF L OFIEMEALEE « 2 M HCLAHR(30 mL)IZ, FHE A L 7= filiE 66 (220 mg) % =
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BCTHRIML, A=A Ny=2—h—%HNT280rpm T 1 HEEHE L. 20, A
Z TR L, 781 & 7888 7K (60 mLx2), MeOH (50 mL), Et,0 (50 mL)35 £ O CH,CL, (50

mL) T L T L, PO, T MrEZZle L 7=,

107



1]

/ﬁ%‘ %‘5 39%‘%‘\%1/\

13

TBDPS > 12 %7 U )L —F LR D 7§

(E)-tert-Butyldiphenyl(undec-6-en-5-yloxy)silane (182b)
OTBDPS

n'C4H9 = n'C4H9
182b

(E)-undec-6-en-5-01" (670 mg, 3.93 mmol)®DMF (13 mL){&#Z(Z, TBDPSCI (1.2 mL, 4.72
mmol) & A I Z > —/ (803 mg, 11.8 mmol)%0 °C T X 7=DH, =R TR #E L 7.
REAREZWIM L TS EE IS, G E~% Y Mg F V@ DTt Lz, A
AR & KRR ~ 7 % o A TR S, JRIB%IRNE L7z, oz ) 7
NT v~ NI T T 4 — (~FH I /AcOEt 50:1) THEL L CT182b (244 mg, 83%) % 1%
7=. 182b: colorless syrup; FT IR (neat) cm™; 3071, 3049, 2997, 2958, 2932, 2895, 2858; 'H
NMR (300 MHz in CDCL,) § 0.83 (6H, m), 1.04 (9H, m), 1.25 (8H, m), 1.52 (2H, m), 1.86 (2H,
q,J = 6.6 Hz),4.04 (1H, q,J =72 Hz), 523 (1H, dt, J = 6.6 Hz, 153 Hz), 5.36 (1H, ddt, J =
1.2 Hz, 7.2 Hz, 153 Hz), 7.30-7.44 (6H, m), 7.64-7.70 (4H, m); *C NMR (75 MHz in CDCl,)
§ 13.99, 14.10, 19.37, 22.19, 22.62, 27.11, 31.31, 31.79, 37.85, 74.77, 127.20, 127.37, 129.25,
129.38, 131.18, 132.82, 134.70, 134.76, 135.95, 136.06; HRMS (CI") m/z calcd for C,,H,;OSi

[M-H]" 407.2770 found 407.2669.

tert-Butyl(2-cyclohexen-1-yloxy)diphenylsilane (186)

OTBDPS

186
b5 182b & [REERD FINEIZHE S T, 2-3 7 m~F -t / —/L (250 mg, 2.45 mmol)7)> 5 186
(840 mg, 1.12 mmol, 98%) % 157=. 186: colorless syrup; FT IR (neat) 3070, 3048, 3027, 2998,
2031, 2892, 2858, 1956, 1888, 1822 cm'; 'H NMR (300 MHz in CDCl;) & 1.08 (9H, s),

1.36-1.49 (2H, m), 1.58-1.78 (2H, m), 1.78-2.08 (2H, m), 4.22 (1H, m), 5.60 (1H, ddt, J = 2.1,
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2.7,10.2 Hz), 5.70 (1H, ddt, J = 1.2, 3.9, 10.2 Hz), 7.34-7.45 (6H, m), 7.67-7.71 (4H, m); °C
NMR (75 MHz in CDCL,) 6 19.21, 1941, 25.04, 27.01, 32.18, 67.20, 127.50, 129.20, 129 .49,
130.81, 134.62, 135.85, 135.87; HRMS (CI") m/z calcd for C,,H,;0Si [M]* 336.1909, found

336.1904.

(E)-tert-Butyl[(1,7-diphenylhept-4-en-3-yl)oxy]diphenylsilane (189a)

OTBDPS

Ph = Ph

189a
{LE182b & [FIEED FNEIZHE - T, (E)-1,7-diphenylhept-4-en-3-01’® (1.32 g, 4.96 mmol)7>

»189b (2.43 g, 4.81 mmol, 97%) % 157-. 189b: colorless syrup; FT IR (neat) cm™; 3068, 3025,
2999, 2930, 2893, 2856; 'H NMR (300 MHz in CDCl;) 8 1.06 (9H, s), 1.75 (2H, m), 2.18 (2H,
q,J=72Hz),249 (4H, m),4.12 (1H, q,J = 6.3 Hz), 531 (1H, dt, J = 6.0 Hz, 15.6 Hz), 5.95
(IH,dd,J=6.6 Hz, 15.6 Hz), 7.02 (1H,d, J = 6.6 Hz), 7.09-7.44 (16H, m), 7.64-7.70 (3H, m);
C NMR (75 MHz in CDCl,) 8 19.37,27.07, 27.16, 31.12, 33.89, 35.48, 39.72, 74.06, 74.13,
125.53,125.74,127.29, 127 48, 128.26, 128.37, 129.38, 129.50, 130.61, 133.05, 134.44, 134 49,
135.93, 136.05, 141.84, 142 .44; HRMS (CI") m/z calcd for C;sH,,0Si [M+H]"; 505.2927, found

505.2923.

(E)-tert-Butyldiphenyl[(1-phenylbut-2-en-1-yl)oxy]silane (189b)

OTBDPS
=

189b
223 SCHRS1 & [RAAR O FNAIZHE > THREL L 7=. 189b: colorless syrup; FT IR (neat) cm™; 3070,
3050, 3030, 2998, 2960, 2932, 2889, 2857, 1589; '"H NMR (300 MHz in CDCl,) 6 1.67 (9H, s),
1.52 3H, ddd, J=0.9 Hz, 1.8 Hz, 6.6 Hz), 5.09 (1H, d,J= 6.9 Hz), 5.31 (1H, ddd, J = 0.9 Hz,
6.6 Hz, 15.3 Hz), 552 (1H,ddd, /= 1.8 Hz, 6.9 Hz, 15.3 Hz), 7.17-7.25 (7TH, m), 7.32-7.45 (4H,
m), 7.52 (2H, dt, J = 1.5 Hz, 6.0 Hz), 7.70 (2H, dt, J = 1.5 Hz, 6.0 Hz); "C NMR (75 MHz in

CDCl,) 6 17.53, 17.59, 1946, 26.99, 27.08, 76.77, 125.55, 126.09, 126.81, 127.35, 127.74,
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128.06, 129.44, 133.77, 134.47, 135.88, 136.02, 144.19; HRMS (CI") m/z calcd for C,sH;,0Si

[M+H]*; 387.2144, found 387.2146.

(E)-tert-Butyldiphenyl[(1-phenylhex-4-en-3-yl)oxy]silane (189c)

OTBDPS

Ph =

189¢c
b6 182b & [FER D FNAIZHE > T, (E)-1-phenylhex-4-en-3-ol*? (725 mg, 4.11 mmol)7> &

189¢ (1.65 g, 3.99 mmol, 97%)% 157=. 189c: colorless syrup, FT IR (neat) cm™; 3069, 3048,
3025, 2996, 2961, 2931, 2890; '"H NMR (300 MHz in CDCl,) 6 1.06 (9H, s), 1.54 (3H, dd, J =
1.5 Hz, 6.0 Hz), 1.77 (2H, m), 2.54 (2H, ddd, J = 3.0 Hz, 6.9 Hz,99 Hz),4.13 (1H,q, /= 6.3
Hz),5.27 (1H, ddd, J = 6.0 Hz, 6.0 Hz, 15.3 Hz), 543 (1H, ddd, J = 1.5 Hz, 7.2 Hz, 15.3 Hz),
7.05 (2H, dd, J = 1.5 Hz, 3.6 Hz), 7.14-7.25 (2H, m), 7.31-7.45 (6H, m), 7.66 (4H, m); "°C
NMR (75 MHz in CDCl,) 014.19, 17.57, 19.37, 26.69, 27.12, 31.22, 31.62, 39.76, 74.16,
125.54,126.30, 127.30, 127 .48, 128.22, 128 .31, 129.37, 129.50, 133.68, 134.42, 134.54, 135.90,

136.04, 142.38; HRMS (CI") m/z calcd for C,4H,,0Si 415.2457 [M+H]"; found 415.2453.

tert-Butyldiphenyl{[(2R,E)-1-[(2S 4aS 8aR)-2,5,5 8a-tetramethyldecahydronaphthalen-1-yl

]pent-3-en-2-yl]oxy}silane (189d)
OTBDPS

189d
{EE182b & AR D FNEICHE - T, (2R.E)-1-[(2S4aS,8aR)-2,5,5 8a-tetramethyldecahy-

dronaphthalen-1-yl]pent-3-en-2-01*> (329 mg, 1.18 mmol)7> %> 189d (580 mg, 1.12 mmol, 95%)
%1572, 189d: colorless syrup; [a]**, = + 15.6 (¢ =0.2, CHCL,), FT IR (neat) cm™; 3069, 3047,
2993, 2931, 2855; '"H NMR (400 MHz in CDCl,) § 0.65-0.76 (7H, m), 0.81 (3H, s), 1.03 (9H,
s), 1.32 (1H, m), 1.18-1.52 (18H, m), 1.62 (1H, m), 3.96 (1H, dt,/J=4.8 Hz, 8.4 Hz), 5.11 (1H,

dd, J = 6.0 Hz, 15.6 Hz), 5.35 (1H, ddd, J = 1.6 Hz, 3.2 Hz, 15.6 Hz), 7.31-7.42 (6H, m),
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7.62-7.68 (4H, m); °C NMR (75 MHz in CDCl,) & 15.75, 16.42, 17.32, 14.40, 18.40, 19.36,
21.54,27.14,30.38, 33.29, 33.46, 34.51, 35.39, 38.02,39.11,42.19, 48.34, 56.73,73.87, 125.59,
127.08, 127.27,129.16, 129.33, 134.63, 134.72, 135.04, 136.06, 136.19; HRMS (CI") m/z calcd

for C,sH,,08i [M-H]*; 515.3709, found 515.3715.

tert-Butyl{[(15*,65%)-6-isopropyl-3-methylcyclohex-2-en-1-ylJoxy}diphenylsilane (189e)

OTBDPS

CH,OEt

189e

LA 2182b & R D FINEIZHE > T, (18%,55%)-5-(ethoxymethyl)cyclohex-2-en-1-01"” (520
mg, 3.33 mmol))7’> 5189 (1.26 g, 3.20 mmol, 96%)% 57=. 189e: colorless syrup; FT IR
(neat) cm’™; 3070, 3050, 3030, 2998, 2960, 2932, 2889, 2857, 1589; 'H NMR (300 MHz in
CDCl,) 6 1.07 (9H, s), 1.16 (3H, t, J = 7.2 Hz), 1.36 (3H, dt, J = 2.7 Hz, 12.0 Hz), 1.67-1.88
(2H, m), 1.90-2.04 (2H, m), 3.28 (2H, m), 3.41 (2H, q,J = 7.2 Hz), 434 (1H, m), 5.57-5.68 (2H,
m), 7.35-7.46 (6H, m), 7.70 (4H, m); *C NMR (100 MHz in CDCl,) § 15.16, 19.14, 26.98,
28.62, 33.32, 35.75, 66.22, 98.86, 75.33, 127.18, 127.51, 129.52, 131.86, 134.37, 135.83;

HRMS (CI*) m/z caled for C,sHy,0,Si [M-H]*; 393.2250, found 393.2245.

tert-Butyl{[(15*,65%)-6-isopropyl-3-methylcyclohex-2-en-1-ylJoxy}diphenylsilane (189f)
OTBDPS

189f
{bE#)182b & [FlEE D FNEIZHE - T, (18*,65%)-6-isopropyl-3-methylcyclohex-2-en-1-01"
(680 mg, 4.41 mmol)7> 5 189f (1.66 g, 4.23 mmol, 96%) % 157-. 189f: colorless syrup; FT IR
(neat) cm™; 3070, 3050, 3030, 2998, 2960, 2932, 2889, 2857, 1589; 'H NMR (400 MHz in
CDCl,) 6 0.52 (3H, d, J = 6.8 Hz), 0.75 (3H, d, J = 6.8 Hz), 1.05 (9H, s), 1.26 (1H, m), 1.41

(1H,m), 1.54 (3H, s), 1.70-1.89 (3H, m), 4.07 (1H,dd,J = 1.6 Hz, 3.6 Hz), 526 (1H,d,/J=1.6
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Hz), 7.34-7.41 (6H, m), 7.70-7.72 (4H, m); "C NMR (100 MHz in CDCl,) & 17.40, 19.40,
20.03, 21.26, 23.26, 25.55, 27.14, 29.33,47.32,70.36, 125.02, 127.30, 127.47, 129.30, 129.43,
13442, 135.00, 136.00; HRMS (CI') m/z calcd for C,H;OSi [M]*; 392.2535, found

392.2530.

2-{(15* SR*)-5-[(tert-Butyldiphenylsilyl)oxy]-4-methylcyclohex-3-en-1-yl}propan-2-yl
acetate (189g)

OTBDPS

OAc
1899

L& 182b & FIEED FNEIZHE > T, 2-[(18* 5R*)-5-hydroxy-4-methylcyclohex-3-en-1-
yl]propan-2-yl acetate ™ (680 mg, 4.41 mmol)7>% 189g (1.66 g, 4.23 mmol, 96%) % 157=.
189g: colorless syrup; FT IR (neat) cm™; 3070, 3050, 3030, 2998, 2960, 2932, 2889, 2857,
1589; '"H NMR (500 MHz in CDCl,) 6 1.07 (9H, s), 1.21 (1H, dt, J = 3.5 Hz, 13.0 Hz), 1.37
(3H, s), 1.43 (3H, s), 1.52 (3H, s), 1.76 (1H, m), 1.85 (1H, dd, J = 1.5 Hz, 6.0 Hz, 13.0 Hz),
1.92 (3H, s), 291 (1H, m), 2.36 (1H, m), 4.04 (1H, s), 547 (1H, dd, J = 1.5 Hz, 3.5 Hz),
7.35-7.44 (6H, m), 7.70 (4H, m); °C NMR (125 MHz in CDCL,) 8 19.52,21.52,22.48,23.11,
23.20, 26.64, 27.10, 32.76, 37.53, 69.89, 12441, 12741, 127.51, 12948, 129.61, 13441,
134.71,136.07, 136.17, 170.47; HRMS (CI") m/z calcd for C,4H,,0,Si [M-H]*; 449.2512, found

449.2520.

(E)-2,2,11,11-Tetramethyl-3,3,5,8,10,10-hexaphenyl-4,9-dioxa-3,10-disiladodec-6-ene

(189h)

OTBDPS

OTBDPS

189h

LAY 182b & FIKED FIEIZHE > T, (E)-14-diphenylbut-2-ene-1,4-diol ™ (783 mg, 3.26
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mmol), TBDPSCI (1.5 mL, 7.82 mmol), imidazole (1.33 g, 19.6 mmol)7)>© 189h (2.24 g,
mmol, 94%)% 1572. 189h: white powder; FT IR (neat) cm™; 3069, 3048, 3028, 2957, 2930,
2856; '"H NMR (300 MHz in CDCl,) 6 0.97-1.51 (18H, s), 4.98 (2H, m), 546 (1H,dd,J = 1.8
Hz, 4.8 Hz), 6.52 (2H, dt,J=1.5 Hz, 6.0 Hz), 6.57 (1H,dd, J = 1.8 Hz,4.8 Hz), 7.17-7.23 (2H,
m), 7.32-7.45 (4H, m), 7.70 (2H, dt, J = 1.2 Hz, 3.0 Hz); °C NMR (75 MHz in CDCl,) 6 19.38,
26.94, 76.25, 75.67, 126.17, 126.37, 126.85, 127.24, 127.28, 127.34, 129.40, 12943, 132.29,
132.90, 133.28, 133.83, 133.96, 135.85, 135.89, 143.39; HRMS (CI*) m/z caled for C,H.,0,Si,

[M-H]"; 715.3428, found 715.3416.

TINT I AL DAY

%%J

64 (56.9 mg, 0.150 mmol)?0.1 M #E/KCH,CI, (1.5 mL)/A#RIZ, AgOTf (38.5 mg, 0.150

0.1 M /SR T = LK ERfilIE(C,B, H, HgCl/AgOTH) D

mmol) & IR TMA 7%, TOFEEOWRE T MR L. MEBRROBKEZ K E -
TR L7c. A L 72 fiklilnx, 70 = ORI, mss CHOE LR ThhiE 2 ~
3HRRFTE S,

tert-Butyl (E)-2-tosyl-2-(undec-6-en-5-yl)hydrazine-1-carboxylate (183)

N
Boc” "NTs

n'C4Hg/\)\n'C4Hg

183

182b (1.08 g, 2.64 mmol) & tert-butyl 2-tosylhydrazine-1-carboxylate® (69) (755 mg, 3.96
mmol) @ CH,CI, (8.7 mL)&EIZ, HANIFHH L7 0.1 M I/ 3R T = /LK R (1.32
mL)% 0 °C THIZ, 0°C T 10 /MR L7z, WIZ, ZREKETIMN L TS 25 1R SH,
G % CH,CL, C 3 [l L7z . A Z BOKRiEE~ 7 %2 > U A CHIG S, IRiH%E
Bl GonigEasbhorra~ 777 4 —(~XVUEHR=F L 20:1 05
4:1) THEL LT 180 (902 mg, 2.06 mmol, 78%) & 64 (48.2 mg, 0.127 mmol, 96%) % 157=.

180: colorless syrup; FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856; 'H NMR
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(500 MHz in DMSO, 70 °C) & 0.85 (6H, m), 1.25 (20H, m), 1.93 (3H, m), 2.43 (3H, s), 4.18
(1H,br d,J = 6.0 Hz), 5.27 (1H, m), 547 (1H, m), 7.36 (2H,d, J = 7.5 Hz), 7.79 (2H,d,J = 7.5
Hz), 8.59 (NH, br s); °C NMR (125 MHz in DMSO, 70 °C) 6 14.06, 21.36,21.96, 22.18, 27.92,
28.13,28.25, 28.47, 30.92, 31.68, 32.38, 62.06, 80.09, 128.22, 128.60, 129.55, 129.67, 143.80,

155.48; HRMS(CI") m/z calcd for C,;H,N,O,S [M-H]"; 437.2474, found 437.2479.

Homodimer (184)

n'C4Hg W n'C4Hg

(Ez=21) o

n-C4Hg N n-C4Hg
184

184: colorless syrup; FT IR (neat) cm™; 2957, 2929, 2859; 'H NMR (400 MHz in CDCl,)
0 0.85-0.92 (12H, m), 1.13-1.59 (24H, m), 2.03 (4H, m), 3.68 (2H, m), 5.19 (major 1H, ddt, J =
1.2 Hz, 8.0 Hz, 15.2 Hz), 5.32 (minor 1H, ddt, J = 1.6 Hz, 7.6 Hz, 15.6 Hz), 5.48 (4H, m); °C
NMR (125 MHz in CDCl,) 6 (major peak) 13.93, 14.10, 22.17, 22.64, 27.80, 31.56, 31.97,
35.78, 76.67, 131.60, 133.23; (minor peak) 13.95, 14.11, 22.22, 22.76, 27.64, 31.47, 31.97,
35.08, 78.30, 132.08, 132.11; HRMS (CI*) m/z calcd for C,,H,,O [M]"; 322.3236 found

322.3238.

tert-Butyl 2-(cyclohex-2-en-1-yl)-2-tosylhydrazine-1-carboxylate (190)

.NHB
S

Ts
190

LA W180 & [FIAEED FNEIZHE - T, 186 (113 mg, 0.337 mmol) & 69 (145 mg, 0.506 mmol)
725190 (91.1 mg, 0.249 mmol, 74%)% 15T, 64 (6.28 mg, 0.0166 mol, 98%) % [F1IL L 7-.
190: colorless syrup; FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856; MS (Cl)
m/z 367 [M+H]"; HRMS (CI") C,;H,,N,0,S m/z calcd for 367.1692, found 367.1710. 190D 'H,
PC-NMR AN fvidn —2~—IZ X VEHTINEETH - 72720, IROBEBoc/b 4 THERE
L.
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tert-Butyl (E)-2-(1,7-diphenylhept-4-en-3-yl)-2-tosylhydrazine-1-carboxylate (191a)

BocHN

191a

{LAY180 & [REED FNEIZHE - T, 189a (173 mg, 0.343 mmol) & 69 (147 mg, 0.515
mmol)7)> 5191a (91.1 mg, 0.249 mmol, 74%) % 15T, 64 (6.40 mg, 0.0169 mol, 98%)% A1
L 7z. 191a: colorless syrup; FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856; MS
(Cl) m/z 437 [M-H]"; HRMS (CT") C,;H;,N,O,S m/z calcd for 437.2474, found 437.2479. 191a
D'H, "C-NMR A7 fudn —4 < —{Z L0 Rt R T o o 72720, RO PiBoc k& T
R L7z

tert-Butyl (E)-2-(4-phenylbut-3-en-2-yl)-2-tosylhydrazine-1-carboxylate (191b)

BocHN.
OCPNTs

©/\)\
191b

ILA%180 & [FAED FNEIZHE> T, 189b (130 mg, 0.355 mmol) & 69 (144 mg, 0.504
mmol)7>5191b (89.9 mg, 0.271 mmol, 81%)% 15T, 64 (5.98 mg, 0.0160 mol, 95%) % ]I
L 7z. 191b: white powder; FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856; MS
(Cl) m/z 417 [M+H]"; HRMS (CI") C,,H,,N,O,S m/z calcd for 417.1848, found 417.1825. 191b
D'H, "C-NMR A7 fuidn —4 < —{Z L0 it R T o - 72720, RO PiBoc k& T
filei® L 7=. 191b (50 mg) was crystallized from Hexane/AcOEt (4 mL, 5:1) at room temperature.
CCDC 1556661 contains the supplementary crystallographicdata for this paper. The data can be

obtained free of charge from The Cambridge Crystallographic Data Centre via

www.ccdc.cam.ac.uk/getstructures.
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tert-Butyl(E)-2-(6-phenylhex-3-en-2-yl)-2-tosylhydrazine-1-carboxylate (191c,) tert-Butyl

(E)-2-(1-phenylhex-4-en-3-yl)-2-tosylhydrazine-1-carboxylate (191c,)

.NHBoc
BocHN NTS TSN
Ph/\/\)\ Ph/\)\/\
191c¢; 191c,

LA W180 & [RIAED FNEIZHE - T, 189¢ (130 mg, 0.355 mmol) & 69 (144 mg, 0.504 mmol)
72 5191¢, (85.4 mg, 0.192 mmol, 57%) & 191¢, (27.0 mg, 0.061 mmol, 18%) % 15T, 64 (6.14
mg, 0.0162 mol, 96%) % [A]IX L 7=. 191¢;: colorless syrup; FT IR (neat) cm™; 3234, 3132, 3027,
2976,2927,2859; MS (Cl) m/z 445 [M+H]"; HRMS (CI") C,,H;;N,0,S m/z calcd for 445.2161,
found 445.2174. 191c¢,: colorless syrup; FT IR (neat) cm™; 3234, 3133, 3027, 2974, 2927, 2859;
MS (Cl) m/z 444 [M]"; HRMS (CI") C,,H;N,O,S m/z calcd for 444.2083, found 444.2056.
191¢,5 L O191c, D'H, "C-NMRZ L7 huidin —& <~ —|Z X 0 ETIREETH - 72720,

RO RiBoc/bIA THEGE L 7=

tert-Butyl-2-{(E)-5-[(2S 4aS ,8aR)-2,5,5 8a-tetramethyldecahydronaphthalen-1-yl]pent-3-en
-2-yl}-2-tosylhydrazine-1-carboxylate (191d,)
tert-Butyl-2-{(E)-1-[(2S 4aS ,8aR)-2,5,5 8a-tetramethyldecahydronaphthalen-1-yl]pent-3-en

-2-yl}-2-tosylhydrazine-1-carboxylate (191d,)
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BocHN\NTS TSN,NHBOC

191d, 191d,

{LE%180 & [FEED FNEIZHE> T, 189d (130 mg, 0.355 mmol) & 69 (140 mg, 0.488
mmol)7> 5191d, (110 mg, 0.202 mmol, 62%) & 191d, (32.0 mg, 0.059 mmol, 18%) % 15 T, 64
(5.98 mg, 0.0160 mol, 98%)% [E]UX L 7=. 191d,: colorless syrup; [a]”, = + 13.0 (c = 1.4,
CHCL,), FT IR (neat) cm™; 3377, 3313, 3325, 3138, 2931, 2849; MS (Cl) m/z 545 [M-H]*;
HRMS (CI") C;,H,yN,O,S m/z calcd for 545.3413, found 545.3421. 191d,: colorless syrup;
[a]*, =+ 15.6 (¢ = 0.4, CHCL,); FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856;
MS (Cl) m/z 545 [M-H]"; HRMS (CI') C;,H,,0,0,S m/z caled for 545.3413, found 545.3411.
191d,35 L 0191d, D'H, "C-NMR A7 kLo —4& < —|Z L VR INEE T - 72720,
R D iBoc LA THER L 7.

tert-Butyl 2-(5-(ethoxymethyl)cyclohex-2-en-1-yl)-2-tosylhydrazine-1-carboxylate (191e)
TSN,NHBoc
(syn/anti = 1:3)
CH,OEt
191e
L& 180 & RO FNEIZHE - T, 189e (123 mg, 0.311 mmol) & 69 (134 mg, 0.467 mmol)

7> 5191e (104 mg, 0.246 mmol, 79%)% 15T, 64 (5.69 mg, 0.0150 mmol, 96%) % [FIIL L 7=.
191e: colorless syrup; FT IR (neat) cm™; 3308, 3240, 3139, 3028, 2975, 2925, 2855; MS (Cl)
m/z 423 [M-H]"; HRMS (CI") C,,H;,N,O,S m/z calcd for 423.1954, found 423.1963. 191eD'H,

PC-NMR A7 huidw —& < —Z L VT INEECTd - 72728, IROMiBoc b4 TR
L7723, Syn/antith b iiBocfbi& THIE L7z,

tart-Butyl 2-[(15*,65%)-6-isopropyl-3-methylcyclohex-2-en-1-yl]-2-tosylhydrazine-1-

carboxylate (191f)
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NHB
TsN” ¢

191f
LA 180 & [FIAE D FNEIZHE - T, 189f (125 mg, 0.318 mmol) & 69 (137 mg, 0.477 mmol)

7> 5191f (104 mg, 0.245 mmol, 77%)% 15T, 64 (5.92 mg, 0.0156 mol, 98%) % [BIUL L 7=.
191f: colorless syrup; FT IR (neat) cm™; 3387, 3308, 3234, 3138, 2956, 2930, 2871; MS (CI")
m/z 421 [M-H]"; HRMS (CT*) C,,H;;N,O,S m/z calcd for 421.2187, found 421.2174. 191fD'H,
PC-NMR AN fvidn —Z~—IZ XV EHTINEETH - 72720, IROBiBoc/b i THERE
L7=. 723, Synlantibt & iBoc /bAK THE L=,

tert-Butyl 2-[(1R*,55%)-5-(2-acetoxypropan-2-yl)-2-methylcyclohex-2-en-1-yl]-2-tos
ylhydrazine-1-carboxylate (191g)
T_SN,NHBOC

OAc
191g

{LE%180 & [REED FNEIZHE - T, 189g (147 mg, 0.326 mmol) & 69 (140 mg, 0.489
mmol)7)> 5191g (128 mg, 0.267 mmol, 82%) %15 T, 64 (5.99 mg, 0.0158 mmol, 97%) % [F]IY
L 7z. 191g: colorless syrup; FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856; MS
(Cl) m/z 481 [M+H]"; HRMS (CI") C,,H;\N,O,S m/z calcd for 481.2372, found 481.2365. 191g
D'H, "C-NMR A7 fujdn —& < —|Z L0 it R T o o 72720, RO PiBoc k& T
Tl L7z

(1E ,3E)-1,4-Diphenylbuta-1,3-diene (109h)

PN liln

192h
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LA W180 & [FIAED FNEIZHE > T, 189h (246 mg, 0.343 mmol) & 69 (147 mg, 0.515 mmol)
2> 5192h (43.9 mg, 0.213 mmol, 62%) % £37C, 64 (6.26 mg,0.0165 mol, 96%) % [EI{L L 7-.

192h: white powder; FT IR (neat) cm™; 3077, 3055, 3016, 2946; '"H NMR (500 MHz in CDCl,)
8 6.67 (2H, dd, J = 3.0 Hz, 12.8 Hz), 6.96 (2H, dd, J = 3.0 Hz, 12.8 Hz), 7.22-7.26 (2H, m),
7.32-7.35 (4H, m), 7.44-7 46 (4H, m); *C NMR (125 MHz in CDCl,) § 126.38, 127.56, 128.66,

129.23,132.81, 137.33 ; HRMS (CI") m/z caled for C,(H,, [M]"; 206.1006 found 206.1104.

YA K& % VW 7= i BocA b S it DA % (186, 1907, 191a-h’ & K509 5)

(E)-4-Methyl-N-(undec-6-en-5-yl)benzenesulfonohydrazide (186)

N
H \N/Ts

n-C4H9/\)\n-C4H9

186
183 (156 mg, 0.310 mmol)(Z, HE{k/KFE DOFERE = F /L¥EEHE(1.0 M, 6.2 mmol, 6 mL)% 0 °C
TMATZDOS, =T 5 R L. ZREKEZRNL TRISEFIESE, A%
Et,O THIH L7z, A A2 SRR~ 7R 0 A TR SE, MR%RMHET 52 LT
1572 186: yellow syrup; FT IR (neat) cm™: 3368, 3029, 2956, 2928, 2870, 2858. 'H NMR (300
MHz in CDCl,): 6 0.87 (6H, m), 1.13-1.33 (8H, m), 1.52-1.67 (2H, m), 1.86 (2H, q,J = 6.6 Hz),
242 (3H, s), 3.40 (NH,, s),4.39, (1H, q,J = 7.5 Hz), 5.18 (1H, ddd, J = 1.5 Hz, 7.5 Hz, 15.6
Hz), 5.50 (1H, dt, J = 6.6 Hz, 15.6 Hz), 7.29 (2H, d, J = 7.8 Hz), 7.73 (2H, d, J = 7.8 Hz); °C
NMR (75 MHz in CDCL,): 8 13.86, 14.00, 21.48, 22.11, 22.28, 28.28, 31.05, 31.65, 31.95,
60.35, 125.44, 128.25, 128.37, 134.54, 134.94, 143.51; HRMS (CI") m/z calcd for C,;H;,N,0,S

[M+H]*; 339.3006, found 339.2907.

N-(Cyclohex-2-en-1-yl)-4-methylbenzenesulfonohydrazide (190°)

[j\,NH
N 2

Ts
190’
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LA W186 & [FIAED FNEIZHE-> T, 190 (91.1 mg, 0.249 mmol), HEfb/KFEDOEERE = F LR
#%(4.98 mL, 4.98 mL)7)>5190° (66.6 mg, 0.249 mmol, quant.)% 157=. 190a’: yellow syrup;
FT IR (neat) cm’'; 3366, 3026, 3061, 2934, 2863; "H NMR (300 MHz in C,D,) & 1.32-1.78 (6H,
m), 1.93 (3H, s), 3.19 (NH,, s), 4.96 (1H, m), 5.23 (1H, dt, /= 1.2 Hz, 10.2 Hz), 5.61 (1H, m),
6.83 (2H, dd, J = 3.9 Hz, 7.8 Hz), 7.85 (2H, dd, J = 3.9 Hz, 7.8 Hz); "C NMR (100 MHz in
C.Dy) 0 21.18,21.43,24.55,26.82,56.0,126.3, 128.32, 129.72, 133.28, 136.00, 143.42; HRMS

(CT*) m/z caled for C,;H,,N,0,S [M+H]*; 267.1167 found 267.1150.

(E)-N-(1,7-Diphenylhept-4-en-3-yl)-4-methylbenzenesulfonohydrazide (191a’)

H,N
2" "NTs

PhW\/\ Ph

191a’

LA W186 & [FIAED FNEIZHE - T, 191a (154 mg, 0.288 mmol), HEfb/KFEDOEERE = F LR
#%(5.76 mL, 5.76 mmol)?>5191a’ (97.7 mg, 0.288 mmol, quant.)Z157-. 191a’: yellow
syrup; FT IR (neat) cm™; 3368, 3029, 2956, 2928, 2870, 2858; 'H NMR (300 MHz in CDCl,)
0 0.87 (6H, m), 1.13-1.33 (8H, m), 1.52-1.67 (2H, m), 1.86 (2H, q, J = 6.6 Hz), 2.42 (3H, s),
3.40 (NH,, s),4.39, (1H,q,J =7.5 Hz),5.18 (1H, ddd, J = 1.5 Hz, 7.5 Hz, 15.6 Hz), 5.50 (1H,
dt,J = 6.6 Hz, 15.6 Hz), 7.29 (12H, d, J = 7.8 Hz), 7.73 (2H, d, J = 7.8 Hz); "C NMR (75 MHz
in CDCl,) 6 13.86, 14.00, 21.48, 22.11, 22.28, 28.28, 31.05, 31.65, 31.95, 60.35, 125.44,
128.25, 128.37, 134.54, 134.94, 143.51; HRMS (ESI*) m/z calcd for C,jH;,N,0,S [M+H]";

339.3006 found 339.2907.

(E)-4-Methyl-N-(4-phenylbut-3-en-2-yl)benzenesulfonohydrazide (191b”)

191b’

LA W186 & [FIEED FNEIZHE-> T, 191b (88.9 mg, 0.271 mmol), Hifk/kFEDEHRT T L

AW (5.42 mL, 5.42 mmol)’>5191b’ (85.9 mg, 0.271 mmol, quant.)%157=. 191b’: yellow
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syrup; FT IR (neat) cm™; 3367, 3084, 3061, 3025, 2978, 2928, 2857; 'H NMR (400 MHz in
C¢Dy) 0 1.79 (3H, d, J = 6.9 Hz), 2.74 (NH,, s), 5.00 (1H, m), 5.25 (1H, ddt, J = 0.9 Hz, 8.1 Hz,
16.2 Hz),6.23 (1H,d,J =16.2 Hz), 6.75 (1H,d, J = 8.1 Hz), 7.03-7.16 (2H, m), 7.17 (2H, dt, J
=12Hz,7.6 Hz), 7.26 (1H, m), 7.30 (2H, d,J = 8.0 Hz), 7.74 (2H, d, J = 8.0 Hz), 7.65 (2H, d,
J =8.0 Hz); "C NMR (100 MHz in C,D,) 6 17.7,21.1,34.02,56.3, 132.3, 135.3, 1359, 126 8,
127.7, 1280, 1279, 128.3, 128.7, 143; HRMS (CI") m/z caled for C;H,;N,O,S [M+H]";

317.1324 found 317.1337.

(E)-4-Methyl-N-(6-phenylhex-3-en-2-yl)benzenesulfonohydrazide (191c¢,’)

H,N .
27 NTs

N
191C1’

Ph

{LAW186 & [FIEED FNEIZHE-> T, 191¢, (85.4 mg, 0.192 mmol), Hifb/kFEDEHFRT T L
YA (3.84 mL, 3.84 mmol)7» 5191¢,’ (66.3 mg, 0.192 mmol, quant.)Z57=. 191¢,’: yellow
syrup; FT IR (neat) cm™; 3364, 3064, 3027, 2929, 2855; 'H NMR (400 MHz in CDCl,) 6 1.48
(3H,dd,J=1.2Hz, 6.8 Hz), 1.65 (1H, m), 1.96 (1H, m), 2.36 (3H, s), 2.57 (2H, m), 3.40 (NH,,
br s), 437 (1H, q, J = 6.8 Hz), 5.15 (1H, ddd, J = 1.2 Hz, 7.6 Hz, 15.2 Hz), 551 (1H, m),
7.09-7.13 (3H, m), 7.19-7.24 (4H, m), 7.65 (2H, d, J = 8.0 Hz); "C NMR (100 MHz in CDCl,)
0 13.10, 16.79, 27.24, 29.06, 55.54, 121.07, 122.24, 123.58, 123.67, 123.69, 124.70, 125.28,
12994, 137.04, 139.04; HRMS (CI') m/z caled for C,H,sN,0,S [M+H]"; 345.1637

found 345.1634.

(E)-4-Methyl-N-(1-phenylhex-4-en-3-yl)benzenesulfonohydrazide (191c,’)

TsN~
PhW\

191¢,’

{LE186 & R D FNEIZHE > T, 191¢,(87.2 mg, 0.197 mmol), Hfb/KkFEDOEEEE T L

A #%(3.94 mL, 3.94 mmol))>5191¢,’ (68.1 mg, 0.197 mmol, quant.)% 157=. 191¢,’: yellow

121



syrup; FT IR (neat) cm™; 3367, 3084, 3061, 3025, 2978, 2928, 2857; 'H NMR (400 MHz in
CDCl,) 6 1.17 (3H, d, J = 6.8 Hz), 2.25 (2H, m), 2.42 (3H, s), 2.59 (2H, d, J = 8.0 Hz), 3.30
(NH,, s),4.67 (1H, quin., J = 6.8 Hz), 5.25 (1H, ddt,J = 1.6 Hz, 6.0 Hz, 15.6 Hz), 5.51 (1H, ddt,
J=1.6Hz, 68 Hz, 15.6 Hz), 7.14 (2H, dd, J = 1.2 Hz, 84 Hz), 7.17 (2H, dt,J =12 Hz, 7.6
Hz), 7.26 (1H, m), 7.30 (2H, d, J = 8.0 Hz), 7.74 (2H, d, J = 8.0 Hz); °C NMR (100 MHz in
CDCly) 6 17.20, 21.57, 34.02, 35.31, 55.40, 125.90, 128.27, 128.31, 128.39, 128.48, 129.55,
132.94, 134.64, 141.48, 143.76; HRMS (CI") m/z calcd for C,;H,sN,0,S [M+H]*; 345.1637

found 345.1612.

4-Methyl-N-{(E)-5-[(2S 4aS 8aR)-2,5,5 8a-tetramethyldecahydronaphthalen-1-yl]pent-3-en

-2-yl}benzenesulfonohydrazide (191d,’)
HoN

“NTs

191dy’
LA 186 & A D FINEIZHE - T, 191d,(110 mg, 0.202 mmol), HEfk/KZEDEHE T F LR
% (4.04 mL, 4.04 mmol)7>5191d,” (90.1 mg, 0.202 mmol, quant.)Z157=. 191d,’: yellow
syrup; [a]®, = + 9.6 (¢ = 0.3, CHCL,); FT IR (neat) cm™; 3368, 2927, 2856, 2850; 'H NMR
(500 MHz in CDCL,) & 0.78-0.83 (4H, m), 0.85 (3H, s), 1.04-1.11 (2H, m), 1.20 (3H,d,J =52
Hz), 1.26-1.72 (16H, m), 1.81 (1H, m), 2.08 (1H,t,d,J= 5.5 Hz),2.43 (3H, s), 3.57 (NH,, br s),
4.68 (1H, quin., J = 5.2 Hz), 527 (1H, dt, J = 6.0 Hz, 15.5 Hz), 5.46 (1H, m) 7.31 2H,d, J =
8.0 Hz), 7.76 (2H, d, J = 8.0 Hz); ®C NMR (125 MHz, in CDCL,) § 15.10, 15.25, 16.33, 17.38,
17.45,17.57,18.46,21.57,21.58,21.62,29.26,29.30, 29.70, 29.84, 29.86, 33.32, 33.53, 34.78,
34.82, 38.20, 38.24, 39.61, 39.63, 42.10, 53.41, 53.65, 55.37, 55.56, 56.73, 127.45, 128.03,
128.21, 128.31, 18.35, 129.24, 129.54, 129.57, 134.39, 134.68, 134.86, 134.93, 143.70; HRMS

(CT*) m/z caled for C, H,,N,0,S [M]*; 446.2967, found 446.2970.
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4-Methyl-N-{(E)-1-[(2S 4aS 8aR)-2,5,5 8a-tetramethyldecahydronaphthalen-1-yl]pent-3-en

-2-yl}benzenesulfonohydrazide (191d,’)
NH,

TsN”~

191d,’
LA 186 L R D FINEIZHE- T, 191d, (105 mg, 0.193 mmol), HE{b/KZFEDEEE = F L
YA (4.04 mL, 4.04 mmol)7/>5191d,’ (88.7 mg, 0.193 mmol, quant.)% 157=. 191d,’: yellow
syrup; [a]*', =+ 21.2 (c = 0.4, CHCL,); FT IR (neat) cm™; 3368, 3258, 2925, 2957, 2857, 2852;
'H NMR (400 MHz in CDCl;) & 0.80-0.96 (12H, m), 1.10-1.78 (18H, m), 2.43 (3H, s), 4.38
(1H, q,J = 3.2 Hz, 8.4 Hz), 4.97 (minor product peak, 1H, dt, J = 7.6 Hz, 15.2 Hz), 5.20 (1H,
ddd,J=3.2 Hz, 7.6 Hz, 15.2 Hz), 5.32 (minor product peak, 1H, dd, /= 6.0 Hz, 15.2 Hz), 5.55
(1H, m), 5.2-5.65 (2H, m), 7.33 (2H, m), 7.75 (2H, m); HRMS (CI") m/z calcd for C,;H,;N,0O,S

[M+H]*; 447.3045, found 447.3038.

N-[5-(Ethoxymethyl)cyclohex-2-en-1-yl]-4-methylbenzenesulfonohydrazide (191e’)
TN T2 ,
(syn/anti = 1:3)

CH,OEt

191¢’
LA W186 & [RIAED FNEIZHE - T, 191e (104 mg, 0.246 mmol), M b/KFEDOEERE = F LR
#(4.92 mL, 4.92 mmol)7%> 5 191e’ (78.0 mg, 0.246 mmol, quant.) % 57-. 191e’: yellow syrup;
FT IR (neat) cm™; 3366, 3267, 3205, 2973, 2929, 2863, 2800; '"H NMR (300 MHz in CDCl,)
0 1.16-1-24 (3H, m), 1.57-2.27 (4H, m), 2.44 (3H, s), 3.27-3.31 (2H, m), 3.45 (2H, m), 4.66
(1H, m), 4.79 (syn 1H, m), 5.15 (syn 1H, m), 5.25 (1H, m), 5.97 (1H, m), 7.30 (2H, d, J =8.0

Hz), 774 (2H, d, J = 8.0 Hz); HRMS (CI*) m/z caled for C;H,,N,0,S [M+H]"; 317.1324

found 317.1337.
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N-[(15%*,65%)-6-Isopropyl-3-methylcyclohex-2-en-1-yl]-4-methylbenzenesulfonohydrazide
(191f)

-NH
TsN 2

191
LA 186 L R D TFINEIZRE - T, 191f (104 mg, 0.245 mmol), HifL/KZEDOEHE T F LR

#%(4.90 mL, 4.90 mmol)7> 5191 (79.2 mg, 0.245 mmol, quant.) % 57-. 191f; yellow syrup;
FT IR (neat) cm™'; 3359, 2956, 2926, 2870, 1723; '"H NMR (500 MHz in CDCI,) 6 0.86 (3H, d,
J =70 Hz),094 (3H,d,J =7.0 Hz), 1.26-1.38 (5H, m), 1.51 (1H, dt, J = 2.5 Hz, 10.0 Hz),
1.70-1.74 (1H, m), 1.89-2.07 (3H, m), 2.48 (3H, s), 3.41 (NH,, br s), 4.54 (1H, m), 4.72 (1H, s),
733 (2H, d, J = 8.0 Hz), 7.79 (2H, d, J = 8.0 Hz); >*C NMR (125 MHz in CDCl;) 6 15.96,
21.15,21.24,21.59, 2345, 26.34, 30.39, 41.30, 59.25, 11947, 128.24, 129.61, 135.36, 143 .42,

143.67; HRMS (CI") m/z calcd for C,,H,;N,O,S [M+H]"; 323.1793, found 323.1798.

2-[(15*,5R*)-4-Methyl-5-(1-tosylhydrazineyl)cyclohex-3-en-1-yl]propan-2-yl acetate
(191g”)

_NH
TsN™ 2

OAc
191¢°

{LE186 L R D TFINEIZHE - T, 191g (128 mg, 0.267 mmol), Hifk/KZE DOEEE T F LR
#%(5.34 mL, 5.34 mmol)7> 5191g’ (102 mg, 0.267 mmol, quant.) Z #37=. 191g’: yellow syrup;
FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929, 2857, 2856; '"H NMR (500 MHz in CDCl,)
0 1.24 (3H, s), 1.39 (3H, s), 1.61 (3H, s), 1.72-1.81 (3H, m), 1.86 (3H, s), 2.07 (1H, m), 2.43
(3H,s),2.73 (1H,dt,J =3.0 Hz, 14.5 Hz), 3.54 (NH,, s),4.55 (1H,d,J=5.5Hz),5.79 (1H,J =
4.0 Hz), 7.33 (2H, d, J = 8.0 Hz), 7.79 (2H, d, J = 8.0 Hz); "C NMR (125 MHz in CDCl,) 6

20.88, 21.55, 22.34, 22.60, 23.99, 26.64, 29.71, 29.77, 37.38, 56.41, 84.54, 128.00, 128.05,
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129.68, 130.56, 135.24, 143.74; HRMS (CI*) m/z calcd for C,,H,N,0,S [M]*; 380.1770, found

380.1771.

B 22 584K S D A B )

(E)-Undec-5-ene (188)
n-C4H9/\/\n-C4H9
188

188 (156 mg, 0.310 mmol) DFElE = F /LIAH(6 mL)IZ, HET U B 73 g2 Em T
oDt ZIRT6 RERIHEE L. SUSHRIZS Y B 7 0 6 ~F 5 2/l = 5 /1(100:1)
THhH - A%, IRME L. BoNTEEL I T 270~ 7T T ¢ —(~F Y U /HEE
TFIL 20:1 05 4:1)THEL L T 188 (39.2 mg, 0.254 mmol, 82%)% 157=. 188: colorless
syrup; FT IR (neat) cm™; 2957, 2931, 2871; '"H NMR (400 MHz in CDCL,) 6 0.88 (6H, m), 1.27
(10H, m), 1.97 (4H, m), 5.39 (2H, m); "C NMR (100 MHz in CDCl;) 6 14.31, 14.43, 22.54,
22.90, 29.689, 31.75, 32.18, 32.64, 32.93, 130.64, 130.71; HRMS (CI") m/z caled for C,;,H,,

[M]"; 154.1722 found 154.1720.

Cyclohexene (120a)

g

120
L& 188 L RO FIEIZRE- T, 190’ (1.35 g, 5.04 mmol), A Et,0(2 mL)iZ L C
Ailtk, 77— rn— LV TRETDHZ L TI120 (357 mg, 433 mmol, 86%)% 157=. 120:
colorless liquid; FT IR (neat) cm™; 3154, 3092, 2927, 2854, 2837; 'H NMR (300 MHz in
CDCl,) & 1.60 (4H, m), 1.99 (4H, m), 5.67 (2H, t, J = 1.5 Hz); *C NMR (75 MHz in CDCl,)

0 22.61,25.13, 127.21; HRMS (CI") m/z calcd for C(H,,[M]"; 82.0783, found 82.0783.

(E)-Hept-3-ene-1,7-diyldibenzene (192a)
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PR N py
192a

LA W188 & [RIAED FNEIZHE - T, 191a’ (145 mg, 0.333 mmol)7%>5192a (62.5 mg, 0.250
mmol, 75%)% 157-. 192a: colorless syrup; FT IR (neat) cm™; 2953, 2922, 2852; 'H NMR (300
MHz in CDCL,) & 1.66 (2H, quin., J = 7.2 Hz), 2.02 (2H, m), 2.32 (2H, m), 2.57 (1H,t, J = 7.2
Hz), 2.67 (1H, t, J = 7.2 Hz), 545 (2H, m), 7.14-7.18 (5H, m), 7.23-7.24 (4H, m); “C NMR
(100 MHz, in CDCL,) & 31.22, 32.03, 34.45, 35.29, 36.12, 125.62, 125.72, 128.24, 128.48,
12991, 130.61, 142.13, 142.63; HRMS (CI') m/z caled for C,,H,, [M]"; 250.1722, found

250.1748.

(E)-But-2-en-1-ylbenzene (192b)
©/\/A

192b
LA W188 & [FAED FNEIZHE - T, 191b° (102 mg, 0.321 mmol)7/>5192b (18.2 mg, 0.138
mmol, 43%)% 1572. 192b: colorless syrup; FT IR (neat) cm™; 3050, 3019, 2976; 'H NMR (300
MHz in CDCL,) 6 1.69 (3H, m), 3.21 (2H, d, J = 5.7 Hz), 5.55 (2H, m), 7.16-7.25 (2H, m),

7.28-7.31 (3H, m); "C NMR (75 MHz in CDCl;) 8 17.91, 39.06, 125.88, 126.37, 128.35,

128.88, 130.05, 141.08; HRMS (CI") m/z calcd for C,(H,, [M-H]"; 131.0861 found 131.0863.

(E)-Hex-4-en-1-ylbenzene (192c,)
Ph” NN

192c;
LA W188 & [FAED FNEIZHE - T, 191¢,” (117 mg, 0.340 mmol)7> 5192¢, (40.8 mg, 0.255
mmol, 75%) % #37=. 192¢,: colorless syrup; FT IR (neat) cm™; 3085, 3062, 3025, 2960, 2931,
2855; '"H NMR (500 MHz in CDCl;) 6 1.65-1.70 (5H, m), 2.02 (2H, m), 2.60 (2H, t), 2.67 (2H,

m), 5.63 (2H, m), 7.17 (3H, m), 7.28 (2H, m); "C NMR (100 MHz in CDCl,) 8 17.96, 31.29,
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32.14, 35.38, 125.19, 125.60, 128.24, 128.46, 131.07, 142.67 ; HRMS (CI") m/z calcd for

C,H, [M]*; 160.1252 found 160.1245.

(E)-Hex-3-en-1-ylbenzene and (Z)-Hex-3-en-1-ylbenzene (192c,)
(E/Z=15:1)
PhW

19202

LA W188 & [RAED FNEIZHE - T, 191¢,’ (108 mg, 0.313 mmol)7>5192¢, (36.1 mg, 0.225
mmol, 72%) % #37=. 192¢,: colorless syrup; FT IR (neat) cm™; 3023, 2968, 2923, 2854; 'H
NMR (400 MHz in CDCl,) (E-isomer) 8 0.96 (3H, t, J = 7.6 Hz), 2.00 (2H, m), 2.30 (2H, m),
2.67 (2H, m), 5.63 (2H, m), 7.17 (3H, m), 7.28 (2H, m); *C NMR (100 MHz in CDCl,)
(E-isomer) O 13.88, 25.56, 3444, 36.14, 125.65, 128.19, 12831, 128.44, 132.63, 142.20;

HRMS (CI*) m/z caled for C,H,, [M]*; 160.1252 found 160.1245.

(4aR 68 ,8a5)-1,1,4a,6-Tetramethyl-5-[(E)-pent-3-en-1-yl]decahydronaphthalene (192d,)

192d,

LAY 188 & AR D FNEIZHE - T, 191d,” (132 mg, 0.296 mmol)A> 5 192d, (63,7 mg, 0.243
mmol, 82%)% 157-. 192d,: white powder; [a]*', = + 31.0 (¢ = 0.4, CHCL,); FT IR (neat) cm™;
2923, 2856, 2850; 'H NMR (400 MHz in CDCl,) 8 0.79 (3H, d, J = 8.0 Hz), 0.83 (3H, 5), 0.86
(3H, d, J = 8.0 Hz), 1.03-1.61 (13H, m), 1.63 (3H, m), 1.64-2.02 (6H, m), 540 (2H, m); “C
NMR (125 MHz, in CDCL,) & 15.73, 16.74, 17.86, 18.31, 18.83, 21.96, 26.06, 29.56, 30.05,
31.34,33.67,33.89, 35.15, 38.64, 39.87, 41.49, 53.10, 57.04, 12471, 132.42; HRMS (CI*) m/z

calcd for C,H,, [M]*; 262.2661, found 262.2268.

(4aR 68 ,8a5)-1,1 ,4a,6-Tetramethyl-5-[(E)-pent-2-en-1-yl]decahydronaphthalene and

(4aR 68 ,8a5)-1,1 4a,6-tetramethyl-5-[(Z)-pent-2-en-1-yl]Jdecahydronaphthalene (192d,)

127



(E/Z=4:1)

192d,

LA W188 L [FEED FNEIZHE-> T, 191d,’ (114 mg, 0.255 mmol)7» 5192d, (53.4 mg, 0.204
mmol, 80%)% 157=. 192d,: white powder; [a]*', = + 16.0 (¢ = 0.2, CHCL,); FT IR (neat) cm™;
2995, 2923, 2850; 'H NMR (400 MHz in CDCl,) 8 0.84 (15H, m), 0.95 (3H, t, J = 7.2 Hz),
1.04-1.14 (2H, m), 1.32-1.70 (12H, m), 1.86 (2H, m), 1.98 (2H, quin, J = 7.2 Hz), 2.16 (1H, m),
5.25-5.45 (2H, m); *C NMR (100 MHz in CDCl,) & (trans) 14.05, 15.25, 16.38, 17.62, 18.49,
21.57, 25.68, 29.14, 29.49, 29.69, 33.31, 33.35, 38.22, 39.57, 42.15, 53.97, 56.75, 129.185,
132.49. (cis) 14.08, 15.38, 16.38, 17.51, 17.95, 21.57, 25.69, 29.10, 29.22, 30.99, 31.90, 34.80,
38.28, 39.57, 42.15, 52.75, 56.69, 12435, 132.06; HRMS (CI*) m/z calcd for C,H,, [M+H]";

262.2661, found 262.2657.

4-(Ethoxymethyl)cyclohex-1-ene (192e)

i ~CH,OFt

192e
LA W188 & [RIEED FNEIZHE - T, 191e’ (121 mg, 0.374 mmol)7>5192e (45.1 mg, 0.322
mmol, 86%)%1%7-. 192e: colorless syrup; FT IR (neat) cm™; 3023, 2976, 2922, 2854; 'H
NMR (400 MHz in CDCL,) & 1.97 GH, t, J = 6.8 Hz), 1.26 (2H, m), 1.72 (1H, m), 1.80-1.93
(2H, m), 2.03-2.15 (3H, m), 3.03 (2H, quin, J = 6.4 Hz), 3.48 (2H, q,J = 6.8 Hz), 5.70 (2H, m);
“C NMR (100 MHz in CDCL,) 6 14.91,24.29,25.44,28.29,33.56, 66.02, 75.39,125.74,

126.81; HRMS (CI*) m/z caled for CoH,,O [M+H]"; 141.1279, found 141.1279.

(3R*,6R*)-3-Isopropyl-6-methylcyclohex-1-ene (192f)
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192f
LA W188 & [FIEED FNEIZHE - T, 191f (125 mg, 0.389 mmol)7)> 5 192f (42.4 mg, 0.307
mmol, 79%)% 157=. 192f: colorless syrup; FT IR (neat) cm™; 2958, 2925, 2847; '"H NMR (300
MHz in CDCl,) 6 0.88 (3H, d, J = 6.8 Hz), 0.89 (3H, d,J = 6.8 Hz), 0.96 (3H, d,J = 7.2 Hz),
134-1.55 (3H, m), 1.59-1.71 (1H, br), 1.86 (1H, m), 2.16 (1H, m), 5.58 (2H, m):"*C NMR (100
MHz, in CDCl;) 619.78, 19.97, 21.26, 21.98, 28.90, 29.39, 32.18, 41.48, 129.89, 133.46;

HRMS (CT*) m/z caled for C,,H,; [M]*; 138.1409, found 138.1403.

2-(4-Methylcyclohex-3-en-1-yl)propan-2-yl acetate (192g)

OAc
1929
ILAW188 L [REED FNEIZHE - T, 191g° (62.5 mg, 0.318 mmol, 87%)7>5192g (139 mg,
0.366 mmol) % 15:7=. 192g: colorless syrup; FT IR (neat) cm™; 3313, 3238, 3138, 2957, 2929,
2857, 2856; 'H NMR (400 MHz in CDCl,;) d 1.29 (1H, dd, J = 5.6 Hz, 12.0 Hz), 1.41 (3H, s),
1.44 (3H, s), 1.66 (3H, s), 1.76-1.87 (2H, m), 1.93-2.09 (6H, m), 2.21 (1H, m), 2.35 (1H, dt, J =
44 Hz, 140 Hz), 537 (1H, dd, J = 1.2 Hz, 2.4 Hz); °C NMR (100 MHz, in CDCL,) & 19.99,
22.50, 23.08, 23.81, 25.03, 26.33, 30.84, 37.30, 42.50, 84.84, 120.28, 133.97, 170.52; HRMS

(CI*) m/z caled for C,,H,,0, [M-H]"; 195.1385, found 195.1356.

T VR N ROSDOREET

182b (129 mg,0.316 mmol) & 69 (136 mg, 0.474 mmol) @ CH,CI, (0.85 mL)AHRIZ, HHi
(CAHHE L7200 M UV SR T =LK EMIE(158 pl) A0 °CTMA, 0 °CTI04HE#: L
oo WIZ, 1.0 M HALKF/MERE T F VEG.0 mL) Z3IL T, =R TBockkd itk
ENTLCCTHER SN D E TR L2, WIS, T U D730 9L T, BiBoc
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ERRMIDERT D2 E TR L, ~FF /MR /L4 THH, BEREELL. &
bNTEEREE N T L0~ N T 7 4 —(NFV UM TV 20102 54: 1) THRLL T

188 (31.2 mg, 0.202 mmol, 64%) & 64 (5.9 mg, 15.6 umol, 99%) % 1%7-.
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BRALHIERA DG Ak
Scheme S1 o 9
P
)S( ~(OMe),
1) mCPBA N
/K/\)\/\ CH,Cl,, 3 h,0°C O\/\)\/\ K>COg3
AN AN — > N N -
OACc ) NalO,, HIO, Ohc MeOH
212 THF/H50 (10:1) S1 0°Ctort,8h
2h,rt
2 steps 90% 90%
1) TBSCI
Imidazole 1) PMBCI, NaH
/\)\/\ DMF, 1 h, rt THF, rt, 1 day
N —_— > NS OTBS —_
FZ OH 5 hBuLi, THF Ho. #Z 2) TBAF
Paraformaldehyde THF, 8 h, rt
S2 12h-78°Ctort S3 3) Ac,0, Pyridine
2 steps 87% 8h,rt
3steps 82%
OR
214: R = TBS (4 eq)
215: R = TBDPS
CiMg (10 eq) OR
| Li,CuCl,
If OAc (0.4 eq) |
—_—

o THF/Et,0 (1:2) Il

15 min, 0 °C
MeO 213 216:R=TBS >99%

72:R=TBDPS 98%

HElg 7 2 =4 —/L (212) (200 g, 1.02 mol)% CH,CI, (2.5 L)IZIAEf# L, 0 °CTm-CPBA
(>65% M, 228 g, 1.02 mmol)DCH,CL 2.5 LYK Z P> VI F L=, TDOFEEDIRE
TARFIREE L, B K TIRAMZLIL L. Z0%, AHEMHEZ1.0M KL KRTEKX2)
BEROY, 7KK, fEMBHEAKTHE L. RWT, AHFEAZMeSO, Tz s, BER
ML, JOSEEE Y SV a~ NI 57 4 —(~FH 2 AcOEt=8 : )THHR L T
TRX Y R&EH72(199 g, 0938 mol, 92%). KIZ, TARFT (199 g, 0.938 mol)% THF
EFREEK(10:1,2.2 LYDIRATABLZIMAE L, 0°CTNalO, (120 g, 0.563 mol) & HIO, * 2H,0
(235 g, 1.03 mol) & ENZA T T F L=, O£ OEE CIREHE L, BEKER
BN Z T, D%, AL EMEEKERKX2), BLO, ZAEK, ffMElEKkT
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P L7z, IRWNT, AHEMEZMgSO, TRz S, UEIRM L, RISEEZ U BT r
B~ hJT 7 4 —(~F W AcOEt = 5:1) TR L TS1%2 4572 (156 g, 0.938 mol, 98%).
S1D'H,"C-NMRIZ T b & 5% k64 DM E I —E T 5 Z & H i LT-.

Wiz, S1 (156 g, 0.938 mol) & MeOH(1.8 L)ZIFfE L, 0°CTREEY Y 7 (259 g, 1.78
mol) & dimethyl 1-diazo-2-oxopropylphosphonate (216 g, 1.12 mo)Z ¥ L, 0°CH 5 =R
FTIRAIINE L C8IFMRIE L7z, £ 0%, BIHEAZRMEL, ELOLZARE KL, A
WAL T > =7 DOKIRIR & fafn &K CHeig L=, R\ T, AHEMH 2 MgSO, Tz
S, WML, R Z U AV a< 757 4 —(~F % AcOEt = 3:1)
TR L CS2%1572(105 g, 0.844 mol, 90%). S20 'H,”C-NMRIE 5 3L Hk64b & —E 75
e aERE L.

wIZ, S2 (36.0 g, 290 mol)ZDMF(580 mL)IZ¥Af# L, 0 °CTTBSCI (52.5 g, 349 mmol)
LA XY —)L (592 mg, 870 mmol) A AN L7z, IR TIRFEHEIEL7=0b, ~FH%
& AcOEt (4:1)DIRGVAIE L ZRBIK Z N2 1=, AR A ZREK & fafn ik oo L7z,
RNT, AR AZMgSO, THIE S, WUERME L, JEEZ L U Wy v rn~< 73
7 4 —(~FH 0 AcOEt =20 : 1) THH L CTBSIR % 1572(65.8 g, 276 mmol, 95%). TBS
{&; FT IR (neat) cm™; 3313, 2956, 2930, 2889, 2858; 'H NMR (300 MHz in CDCl,) § 0.67 (6H,
s),0.90 (9H, s), 1.64 (3H, t, 1H, J = 0.3 Hz), 1.95 (1H, t, J = 2.7 Hz), 2.28 (4H, m), 420 (2H,
ddd, J = 0.9 Hz, 1.8 Hz, 6.3 Hz), 5.35 (1H, m); °C NMR (75 MHz, in CDCL,) & -5.17, 16.05,
17.16, 18.26, 25.89, 38.09, 60.03, 68.56, 83.78, 125.62, 134.74; MS (CI*) m/z 238 [M]*; HRMS
(CI") C,,H,,0Si m/z calcd for 238.1753, found 238.1725.

WIZ, TBSIK (64.0 g, 268 mmol) % THF (895 mL)|Z¥&fi# L, -78°C Cn-BuLi (1.6 M~
WK, 251 mL, 402 mmol)Z AN R 7=. {REWA-78°CT 1 R L, NTHRNLLT
LT B R (12.1 g, 402 mmol) D THFAHZ (50 mL) % -78°C CIR AN Z 7=, 0°CH 5 =R
FCIRAITHINE U CIR2RFMIRIR L7212, PO 2T =7 LOKESHK CTARBE L 7.
AR ZEALT T = AKIRIE(x2) B L ORI &K T Lz, IRWT, AiiE %
MgSO, TRz S, BITEERME L, MtREE v Vv rsa~ N 7T 7 4 —(~FH
AcOEt = 8:1) THH L TS3%1572(66.3 g, 247 mmol, 92%). S3; FT IR (neat) cm’; 3431,

2957, 2926, 2857,2286,2223,1671; 'H NMR (300 MHz in CDCl;) & 0.75 (6H, s), 0.90 (9H, s),
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1.62 (3H,s),2.21 (2H,t,J = 6.9 Hz), 2.33 (4H, m), 4.21 (4H, m), 5.36 (1H, ddd, J = 1.8 Hz, 2,7
Hz, 6.9 Hz); °C NMR (75 MHz, in CDCL,) & -5.27, 15.96, 17.36, 18.24, 25.82, 38.08, 50.70,
60.09, 79.06, 85.12, 125.23, 135.11; MS (CI*) m/z 269 [M+H]*; HRMS (CI*) C,;H,,0,Si m/z
calcd for 269.1937, found 269.1932.

KIZ, S3(66.0 g, 246 mmol)% THF (820 mL)IZ¥#Af# L, 0 °C TNaH (60% 41 /V5&#EY,
19.7 g, 492 mmol) Z LB 53T T2 72, IREWM%A0 °CT 1 R L, N7 A h¥
N7 v R (50 mL, 369 mmol) 0 °CTIRAMIIIN 2 72. 0 °CH 5 =ik £ TR~ 1T
DR U CI2BE AR L7128, MOSYZELO & R /K CILER L7-. =Dk, AHMEHEL
T U =T AKIRIR(x2)F L OMERI A K THEE L=, R\ T, AHEFE &2 MgSO, Tzl
S, BWUERME L. RIS, UGTERE (64.0 g, 268 mmol) % THF (250 mL)IZIAf#E L, 0 °C
TTBAF (1.0 M THFA, 369 mL, 369 mmol)%0 °C THIZ 7=. RAW % SR CHEMH
L, O ZELO LT =0 LK T LT, ABEEET E=0 A
K (x2) 8 L OBk THiE L7z, IRV, AHEFE 2 MeSO, Crag X, J8ER
ML, MO Y r v~ 777 4 —(~FHP 2 1 AcOEt = 8:12°52:1) TH
L CTERAAA VRO T Vv a— K& 157 (540 g, 197 mmol, 80%). 7 /L= —/L{K; FT
IR (neat) cm’™; 3431, 2957, 2926, 2857, 2286, 2223, 1671; 'H NMR (500 MHz in CDCl,)
8124 (OH, t,J = 7.0 Hz), 1.70 (3H, s), 2.26 (2H, t, J = 7.0 Hz), 2.38 (2H, m), 3.81 (3H, s),
4.10 (2H,d,J =2.0 Hz),4.15 (2H, d,J = 7.0 Hz),4.51 (2H, s), 548 (1H, dt, J = 1.0 Hz, 7.0Hz),
6.78 (2H, m), 7.27 (2H, m); *C NMR (125 MHz, in CDCL,) § 16.08, 17.62, 38.28, 55.29, 57.30,
59.31,71.02, 76.66, 86.26, 113.81, 127.72, 129.65, 129.75, 137.76, 159.35; MS (CI*) m/z 269

[M+H]"; HRMS (CI") C,5H,,0,Si m/z calcd for 269.1937, found 269.1932.

(E)-8-[(4-Methoxybenzyl)oxy]-3-methyloct-2-en-6-yn-1-yl acetate (213)
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Wiz, TILa—/LK(50.0 g, 182 mmol)% £V 20 (360 mL)IZIEME L, 0 °C THE KRR
(51.6 mL, 546 mmol) %0 °C CHI 2. 7=. {REW % FEiR TSR L, RIS ZEL,OL 1M
HEER CALEL L 7=, AR Z 1 M HEBE(x2)F & OFREEK, fafn Atk Tl L7z, IR\ T,
A A A MgSO, THZIR S F, BJEIRME L, RNRIEZ > U B SV a~ N7 T 7 —(~
4 2t AcOEt = 4:1) THHL L T213% 15:72(57.6 g, 182 mmol, quant). 213: FT IR (neat) cm™;
2997, 2938, 2912, 2853, 1739; '"H NMR (500 MHz in CDCL,) & 1.73 (3H, s), 2.03 (3H, s), 2.39
(2H, dt,J = 1.5 Hz, 3.5 Hz), 3.80 (3H, m), 4.11 (2H, t,J = 2.5 Hz), 4.51 (2H, s), 4.59 (2H,d, J
=7.0Hz),541 (1H,dt,J = 1.5 Hz, 6.0Hz), 6.88 (2H, dd, J = 1.5 Hz, 8.5 Hz), 7.27 (2H, dd, J =
1.5 Hz, 8.5 Hz); ®*C NMR (125 MHz, in CDCL,) & 16.29, 17.54, 21.00, 38.29, 55.27, 57.25,
61.19, 70.94, 76.58, 86.12, 113.79, 119.50, 129.56, 129.74, 140.27, 159.33, 171.05; MS (CI')

m/z 315 [M-H]*; HRMS (CI") C,,H,;0, m/z calcd for 315.1596, found 315.1578.

(E)-t-Butyl{3-{9-[(4-methoxybenzyl)oxy]-4-methylnon-3-en-7-yn-1-yl}phenoxy}dimethylsil
ane (216)

OTBS

PMBO 216

213 (25.0 g, 79.0 mmol)% THF (79 mL)IZ#f# L, 0°C T Li,CuCl, ® 0.1 M THF {&#%(31.6
mmol, 316mL)Z RN L7=. IRAWE 0°CT 15 L, FalcRR L7 ) =FR
3 214 @ 0.75 M Et,0 (316 mL, 237 mmol)i&i % 0 °CTHIZ7=. 0°CT 15 L
Tt%, RIS EBREAL T e = T ORISR CHLBE L7, A% B0 (i L, fa
FHEAL T > = 0 DOKIRIE(x2), 7REK(2)B L ORI BHK CliE Lz, kT, A
PEFE %2 MgSO, TRz S, WIEEM L, A VDSV a~ NI T 7 4 —(~FH
> :AcOEt =30:1) T % L T 216 (37.8 g, 79.0 mmol, quant) % 157 . 216; colorless syrup; FT
IR (neat) cm™'; 2953, 2930, 2856, 1602, 1584; 'H NMR (500 MHz in CDCl,) 8 0.19 (6H, s),
0.97 (9H, s), 1.57 (3H, s),2.20 (1H, t,J = 7.5 Hz), 2.31 (3H, m), 2.57 (2H, t, J = 7.5 Hz), 3.80

(3H,s),4.11 (2H,t,J = 2.0 Hz),4.51 (2H,s), 459 (2H,d,J = 7.0 Hz), 5.24 (1H, dt, J = 1.0 Hz,

134



7.0Hz), 6.54 2H, m), 6.76 (1H,d,J=7.0 Hz), 6.87 (2H, dt,J =2.0 Hz, 7.0 Hz), 7.11 (1H, dt, J
=20 Hz, 7.0 Hz), 7.28 (2H, m); >C NMR (125 MHz, in CDCl,) 6 -4.39, 15.81, 18.01, 18.21,
25.72,29.82, 35.86, 38.62, 55.28, 57.32, 70.89, 76.18, 86.84, 113.78, 117.35, 130.24, 125.51,
12485, 129.03, 129.72, 129.77, 134.15, 143.79, 155.54, 159.30; HRMS (CI") m/z calcd for
C,,H,,0,Si [M]*; 478.2903, found 478.2908.
(E)-tert-Butyl{3-{9-[(4-methoxybenzyl)oxy]-4-methylnon-3-en-7-yn-1-yl}phenoxy}diphenyl
silane (72)

OTBDPS

PMBO 72

216 L [FIEED FIET 213 (25.0 g,79.0 mmol) & 215 (0.6 M THF &%, 237 mL, 395 mmol)
M 72 (46.7 g, 77.4 mmol, 98%) % #37=. 72: colorless syrup; FT IR (neat) cm™; 3070, 3048,
3029, 2998, 2931; 'H NMR (400 MHz in CDCL,) & 1.10 (9H, s), 1.50 (3H, s), 2.11 (2H, q,J =
7.6 Hz),2.17 (2H,t,J =7.6 Hz),2.29 (2H, m), 2.44 (2H, t,J = 7.2 Hz),3.79 (3H, 5), 4.11 (2H, t,
J=20Hz),4.51 (2H,s), 5.14 (1H, dt, J = 1.2 Hz, 7.6 Hz), 5.56 (1H, ddd, J = 0.8 Hz, 2.8 Hz,
8.0 Hz), 6.60 (1H, t,J = 1.6 Hz), 6.66 (1H, d, J = 8.0 Hz), 6.87 (2H, dt, J = 1.6 Hz, 8.8 Hz),
6.96 (1H,t,J = 8.0 Hz), 7.27 (2H, m), 7.33-7.44 (6H, m), 7.71 (4H, m); °*C NMR (100 MHz, in
CDCL,) § 15.76, 18.00, 19.49, 26.56, 29.68, 35.77, 38.58, 55.28, 57.32, 70.96, 76.16, 86.87,
113.78,117.02,119.82, 121.27, 124.81, 127.72, 128.80, 129.70, 129.77, 129.83, 133.08, 134.04,
135.53, 143.56, 15549, 159.29; HRMS (CI") m/z caled for C,H,O,Si [M]"; 602.3216,

found 602.3219.

0.1 M AV R T =L KERflE(C,B,H, HgCl/AgOTT) D FH #

64 (2.28 g, 6.01 mmol)?0.1 M #E/KCH,CI, (60 mL){A#ZIZ, AgOTf (1.54 g, 5.99 mmol)%

0°CTMAT-4%, =i T30H ML Lz, BHFREOWK A K& B> TREM L7,
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Oridamycin A B X OB EERDO A%

(£)-(4bS ,8aR)-8-{[ (4-Methoxybenzyl)oxy methyl}-4b-methyl-4b,5,6,8a,9,10-hexahydrophe

nanthren-2-ol (73)

72 (20.8 g, 34.5 mmol) % CH,CL, (345 mL)IZI&f# L, 0 °C T m-C,B,,H, HgCVAgOTf (1:1)
® 0.1 M CH,Cl, (34.5 mL, 3.45 mmol)i&ii % 0 °C TIMZx7=. DO FEDRE TIREM %
3MFRREE L, RIS & fafn K CREE L=, AR E SBEL =05, KFHZ%Z CHCL,
T3 EHH L7e. W T, A% MgSO, TRz S, BUERME L7-. ML FRE % THF
(34.5 mL)IZ¥f# L, 0 °C T TBAF (1.0 M THF &%, 51.8 mL, 51.8 mmol)% 0 °C T/Hll x 7=.
BEWZ 0°C T 1ML, RIS%E EL,0 & 1 M M TALEL L, AHHE A2 fafn &t
KTHeH LIz, ZDt%, AHFHZ MgSO, TS, WUERM L, USEREE v U b
TNy a< N7 T 7 4 —(~FH 2 AcOEt = 8:1 75 3: 1) TR LT 73 (101 g, 277
mmol, 80%) & 64 (1.26 g, 3.32 mmol, 96%) % 157=. 173; white syrup; FT IR (neat) cm™; 3340,
2935, 2911, 2862, 2829; 'H NMR (500 MHz in CDC1,) § 1.01 (3H, s), 1.64 (3H, m), 2.13 (1H,
m), 2.24 (2H,d,J = 4.8 Hz), 2.41 (1H, dt,J = 2.5 Hz, 13.5 Hz), 2.85 (2H, m), 3.80 (3H, s), 3.86
(2H,d,J =11.5Hz),4.10 (1H,d, J = 11.5 Hz),4.39 (1H,d,J = 11.5 Hz), 446 (1H,d, J = 11.5
Hz),5.01 (OH, brs),5.75 (1H,d,J = 2.5 Hz), 6.53 (1H, d, J = 2.5 Hz), 6.60 (1H, dd, J = 3.0 Hz,
8.5 Hz), 6.87 (2H, dt,J = 2.5 Hz, 9.0 Hz), 7.16 (1H, d, J = 8.5 Hz), 7.25 (2H, dt, J = 2.5 Hz, 9.0
Hz); *C NMR (125 MHz, in CDCl,) & 20.00, 2231, 23.23, 29.27, 33.38, 35.35, 42.14, 55.29,
55.27,71.14,72.84, 112.60, 113.75, 115.37, 125.38, 126.46, 129.51, 130.49, 135.16, 137.13,

139.51, 152.28, 159.10; HRMS (CI") m/z calcd for C,,H,;0, [M]"; 364.2038, found 364.2045.
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(£)-(4bS ,8aR)-8-{[ (4-Methoxybenzyl)oxy methyl}-4b-methyl-4b,5,6,8a,9,10-hexahydrophe
nanthren-4-ol (217)

HO

PMBO

217

73 L [FER D FET216 (1.00 g, 2.09 mmol)7> 5 73 (456 mg, 1.25 mmol, 60%) & 217(152 mg,
0.418 mmol, 20%) % 157=. 217; white syrup; FT IR (neat) cm™; 3344, 2958, 2937, 2903, 2875,
2834; '"H NMR (300 MHz in CDCL,) 6 1.22 (3H,s), 1.56 (3H, m), 2.09 (1H, ddt,J= 1.8 Hz, 6.0
Hz, 10.8 Hz), 2.23 (2H, m), 2.52 (1H, d, J = 12.9 Hz), 2.88 (2H, m), 3.22 (1H, dd, J = 4.5 Hz,
12.9 Hz), 3.80 (3H, s), 3.90 (1H,d,J = 114 Hz),4.07 (1H,d,J =114 Hz),442 (1H,d, J =
114 Hz),447 (1H,d,J = 114 Hz),4.95 (OH, s),5.75 (1H,d, J = 3.0 Hz), 6.44 (1H,dd, J = 2.5
Hz,4.8 Hz), 6.68 (1H,dd,J=0.9 Hz, 7.8 Hz), 6.88 (2H, dt,J =2.7 Hz, 8.9 Hz), 6.94 (1H, t,J =
7.8 Hz),7.27 (2H, dt, J = 2.7 Hz, 8.7 Hz); "C NMR (75 MHz, in CDCl;) & 17.10, 19.79, 23 .81,
31.66,32.04,37.01,45.15,55.29,71.13,73.14,113.74, 113.79, 122.77, 126.18, 127.33, 129.50,
130.64, 132.86, 134.94, 138.95, 154.61, 159.08; HRMS (CI*) m/z caled for C,,H,;0, [M]%;

364.2038, found 364.2039.

(£)-(4bS ,8aR)-8-{[ (4-Methoxybenzyl)oxy ]methyl}-4b-methyl-4b,5,6,8a,9,10-hexahydrophe
nanthren-2-yl trifluoromethanesulfonate (218)

oTf

PMBO 218

73 (10.0 g, 27.4 mmol)% CH,CI, (274 mL)IZ{&Ef# L, 0°CTE Y ¥/ (11.0 mL, 137 mmol)
K NY 7T — 69 mL,41.] mmo)ZIRM L7z, =R T 1R L7z b, ¥
KEINZ o, AR % 28R K & fafn K CHde L7z, N C, AHtE% MgSO, T

e XA, RN T D 2 & C 218 2 1572(13.6 g, 27.4 mmol, quant). 218: pale yellow oil; FT
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IR (neat) cm-1; 2936, 2857, 2838; 1H NMR (300 MHz in CDCI3) & 1.03 (3H, s), 1.64 (3H, m),
225 (4H, m), 2.42 (1H, dt,J = 3.0 Hz, 13.5 Hz), 2.96 (2H, dd, J = 4.8 Hz, 8.7 Hz), 3.80 (3H, s),
3.86 (1H,d,J = 114 Hz), 409 (1H,d,J = 114 Hz), 441 (1H,d,J = 11.4 Hz), 443 (1H,d,J =
114 Hz),5.77 (1H, d, J = 2.7 Hz), 6.88 (2H, dt, ] = 1.0 Hz, 8.7 Hz), 6.98 (1H, t, J = 2.4 Hz),
701 (1H, dd, J = 2.7 Hz, 8.4 Hz), 7.26 (1H, dd, J = 1.0 Hz, 8.7 Hz), 7.36 (1H, d, J = 8.7 Hz);
3C NMR (75 MHz, in CDCL,) & 19.68, 22.18, 23.05, 29.20, 33.13, 35.96, 41.54, 55.28, 71.35,
72.77,113.76, 118.03, 121.43, 126.10, 126 .26, 129.49, 134.90, 138.49, 147.38, 147.54, 159.10;

HRMS (CI*) m/z caled for C,,H,,F,0,S [M]*; 496.1531, found 496.1530.

Buchwald-Hartwig i DO FiEt (Table S2)

Table S2
Aniline (1.5 eq)
CSQCO3, Pd(OAC)2
Ligand PPh,
PPh,
Toluene, reflux OO
PMBO
218 :
PMBO : BINAP
Pd(OAC)2 Ligand 032003 . .
Entry (mol%) (mol%) (eq) Time Product (%)? ! i-Pr
| Cy,P
1c 20 XPhos (30) 1.2 24 h 5 (27)b L iPr O >
2 20 XPhos (30) 3.0 3h 77 5 i-Pr
' XPhos
3 20 XPhos (30) 5.0 3h 97
4 20 PPh; (30) 5.0 24 h 66 i OMe
E Cy,P
5 20 (#)-BINAP (30) 5.0 3h 21 ; O =
- 10 SPhos (15) 5.0 12h 98 : SPhos

alsolated yield. ® Recovery of SM. €cf) J. Org. Chem. 2009, 74, 4720-4726.
%218 (0.1 mmol), 7=V >/(0.15 mmol), /L >/(1.0 mL)% VTGSt % fcifb L

7= (Entries 1-7).
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(2)-(4bS ,8aR)-8-{[ (4-Methoxybenzyl)oxy |methyl}-4b-methyl-N-phenyl-4b,5,6,8a,9,10-hexa

hydrophenanthren-2-amine (219)

PMBO 219

218 (13.6 g, 274 mmol) % fiifitsE b /Lt (91 mLIIIEMEL, =ET7 =V »(3.75 mL,
41.1 mmol), REEE 7 2 (44.6 g, 137 mmol), Pd(OAc), (615 mg, 2.74 mmol), SPhos (1.69
g, 411 mmo)Z WM L7, MBGERSAET, 3R LZ06, |RETHAIL, v
A7 NsSy RCAHIE, Filg=F /LTl L7z, ARz IERME L, oikiEz > U 7B
TNy a< N7 57 4 —(~FH 2 AcOEt = 10:1) THRL L C 219 #457-(11.8 g, 269
mmol, 98%). 219: colorless syrup; FT IR (neat) cm™; 3389, 3031, 2953, 2932, 2907; 'H NMR
(300 MHz in CDCL,) 6 1.05 (3H, s), 1.67 (3H, m), 2.16 (1H, ddd, J = 3.6 Hz, 6.3 Hz, 13.2 Hz),
2.26 (2H, m), 2.65 (1H, dt, J = 1.0 Hz, 12.9 Hz), 2.89 (2H, m), 3.80 (3H, s), 3.86 (1H,d, J =
11.7 Hz), 4.10 (1H,d,J = 11.7 Hz),4.90 (1H,d,J =114 Hz),4.92 (1H,d, J = 114 Hz), 5.59
(NH, s),5.76 (1H,d,J = 1.0 Hz), 6.87 (5H, m), 7.07 (2H, m), 7.24 (5H, m); "C NMR (75 MHz,
in CDCly) & 20.12, 22.33, 23.29, 2949, 3241, 35.53, 42.28, 55.30, 71.24, 7291, 113.75,
115.83,117.31,118.53,120.39, 125.13, 126.19, 129.23, 129 41, 130.68, 135.36, 136.69, 140 .41,

140.45; HRMS (CI*) m/z caled for C,H,:NO, [M]*; 439.2511, found 439.2508.

(£)-N-{(4bS 8aR)-8-{[(4-Methoxybenzyl)oxy]|methyl}-4b-methyl-4b,5,6,8a,9,10-hexahydrop

henanthren-2-yl}-N-phenylbenzenesulfonamide
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219 (103 g,234 mmo) & &V ¥ (I8 mL)IZIAE L, 0 °C TR B A k=127 1l
K(8.97 mL,70.2 mmol) & sl L7=. iR T IS KM L7=DH, EL,0 & I M HERZ I
Z, FHEAE & ZREEK L A K TS L. V0T, A E2 MgSO, TR S+,
WIEREME LY A Z Vs~ 777 4 —(~FHP 2 AcOEt=5:1) TR L T 220 245
72(14.6 g, 22.2 mmol, 94%). 220: colorless syrup; FT IR (neat) cm™; 3064, 3031, 2958, 2934,
2852; 'H NMR (400 MHz in CDCL,) & 1.01 (3H, s), 1.23 (2H, m), 1.63 (3H, m), 2.24 (3H, m),
240 (1H,d,J = 13.2 Hz), 2.85 (2H, m), 3.80 (3H, ), 3.85 (1H,d, J = 11.2 Hz),4.07 (1H,d, J =
11.2Hz),4.37 (1H,d,J =112 Hz),443 (1H,d,J= 112 Hz),5.75 (1H, s), 6.87 (2H, dt, J = 2.8
Hz, 8.4 Hz), 6.98 (2H, m), 7.24 (8H, m), 7.48 (2H,t,J = 8.0 Hz), 7.59 (1H,dt,J = 1.2 Hz, 6.8
Hz), 7.72 (2H, m); *C NMR (100 MHz, in CDCl,) & 19.86, 22.15, 23.14, 29.11, 33.11, 35.5,
41.71, 5528, 71.27, 72.83, 113.75, 125.10, 12520, 126.15, 127.39, 127.82, 129.09, 129.18,
129.39, 130.58, 132.65, 135.13, 136.89, 138.60; HRMS (CI*) m/z caled for C,H,,NO,S [M]*;

579.2443, found 579.2446.

(£)-N-[(4bS 8aR)-8-Formyl-4b-methyl-4b,5,6.8a,9,10-hexahydrophenanthren-2-yl]-N-phen

ylbenzenesulfonamide (221)

onc " 991

220 (10.3 g,23.4 mmol)% CH,CL/H,0(10:1, 240 mL)IZ}&f# L, 0 °CT DDQ (7.03 g,31.0
mmol)Z N L7=. 0 °C 22O =R E THRAICINE L, 18 KfEfE#E L7z, CH,CI, & fiafn
HEKEZINZ, AR K E K CTHE L. IR\ T, HH#M% MgSO, T
R S, BUERME L7z, IRWTC, ROGFRE A CH,CL, (206 mL)IZEf#EL,0°CTT A+
—F LI —TF L (18.74 g,20.6 mmol) % 0 °C THlZ7-. IREW A EIR T 1 KR
L, EWE CHCL & ffEE /K COE L, A2 Ak ciELz. £o
%, AHAHA MgSO, TR S, BERMEL, VA5V ra~ 7T 7 4 —(~F
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> AcOEt = 8:1) CHFHL L C 221 24372(10.2 g, 19.0 mmol, 92%). 221: colorless syrup; FT
IR (neat) cm™; 3064, 2963, 2920, 2833, 2718, 2257, 1682; 'H NMR (400 MHz in CDCl,)
0 1.01 (3H, s), 1.56 (2H, m), 2.33 (1H, dt, J = 3.6 Hz, 12.8 Hz), 2.53 (3H, m), 2.95 (3H, m),
6.83 (1H,d,J=2.8 Hz),6.96 (1H,d,J =3.0 Hz), 7.03 (1H, dd, J = 2.0 Hz, 8.4 Hz), 7.26 (6H,
m), 748 (2H,t,J =7.6 Hz), 7.60 (1H, dt, J = 7.6 Hz), 7.70 (2H, d, J = 7.6 Hz), 9.48 (1H, m);
“C NMR (100 MHz, in CDCl,) & 18.60, 22.07, 24.61, 28.42, 31.85, 35.66, 40.06, 124.58,
125.32,127.44,128.41, 128.84,129.08, 132.70, 136.97, 140.61, 141.45, 141.33, 145.71, 152 .46,

194.63; HRMS (CI*) m/z caled for C,H,,NO,S [M]*; 457.1712, found 457.1699.

(£)-N-[(4bS 85 8aR)-8-Formyl-4b 8-dimethyl-4b,5,8,8a,9,10-hexahydrophenanthren-2-yl]-

N-phenylbenzenesulfonamide (222)

oH = 222

221 (8.25 g, 154 mmol)%& h /L= (154 mL)IZIAfE L, =RIE T +-BuOK (6.90 g, 61.5
mmol)Z M L7=. 80 °C T 1 FFifE#E L7 b, =il F THEI L T Mel (19.2 mL, 308
mmol)Z Mz 7=. B, 80°C T I KM L=DL, RIRFEFTHAILZDH B0 & &
BAKCTREL L7, M A ek Tl L, MgSO, TR S, JUERMEL Y
NN v~ NI T T 4 —(~FHP 2 AcOEt = 8:1) THERL L T 222 24572(5.76 g, 10.5
mmol, 68%). 222: white powder; FT IR (neat) cm™; 3063, 3024, 2966, 2933, 2872, 1717; 'H
NMR (400 MHz in CDCl,) § 1.13 (3H, s), 1.23 (3H, s), 1.82 (2H, m), 2.15 (2H, m), 2.56 (1H,
dd,J = 2.0 Hz, 17.2 Hz), 2.81 (2H, m) 5.66 (1H, dd, J = 2.8 Hz, 10.0 Hz), 591 (1H, ddd, J =
2.0 Hz, 5.6 Hz, 10.0 Hz), 6.96 (1H,d, J = 2.4 Hz), 701 (1H, dd, J = 2.4 Hz, 8.4 Hz), 7.29 (5H,
m), 7.48 (2H, t,J = 8.0 Hz), 7.56 (2H, dt,J = 1.2 Hz, 6.8 Hz), 7.70 (1H, d, J = 1.2 Hz, 6.8 Hz),
9.81 (1H, s); *C NMR (100 MHz, in CDCl,) & 19.60, 23.14,25.31, 31.15, 36.62, 39.75, 49.94,

50.43,125.89, 127.06, 127.28, 127.47, 127.74, 128.39, 128.63, 128.89, 129.20, 129.66, 132.71,
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136.12, 138.73, 140.56, 141.35, 145.66, 204.87; HRMS (CI*) m/z calcd for C,H,,NO,S [M]*;

471.1868, found 471.1867.

(£)-Methyl(1S 4aS,10aR)-1 4a-dimethyl-7-(N-phenylphenylsulfonamido)-1.,4,4a,9,10,10a-he

xahydrophenanthrene-1-carboxylate (223)

¢

MeO,C 223

222 (2.76 g, 5.85 mmol) % THF/t-BuOH (1:1, 30 mL) DIRATEBEZEAf#E L, 0 °C T NaH,PO,
KR (4.57 g/30 mL, 29.3 mmol) & NaClO,(1.99g, 17.6 mmol) Z ¥R L 7=. =iE T 1 KFH
L7205, ELO L ZARK TR L7-. A2 fafi ik T L, MgSo, Tz
MR, WUTIRME Lo, RIZ, SFEE % DMF (20 mL)IZIEfFE L, 2R T Mel (3.64 mL,
58.5 mmol) & [REET U 7 A (4.04 g,29.3 mmol) & NN 2. 7=. IRE W% 80 °C T 1 KEfEIRH L,
BOE) %~ 4 2 /AcOEt (4:1) & ZRBE/K CULER L, AR Z 788K & fafn /K Toeve
L7-. 20t%, A#¥HE%Z MgSO, TS+, BIERML, YUV hornrua~v 7o 7
A —(~FH 2 1 AcOEt = 6:1) THEHL L T 223 #1572(3.29 g, 5,67 mmol, 97%). 223: white
powder; FT IR (neat) cm™; 3064, 3025, 2921, 2880, 2838, 1726; 'H NMR (500 MHz in CDCI,)
81.10 (3H, s), 1.36 (3H, s), 1.69 (1H, dd, J = 1.0 Hz, 10.0 Hz), 1.84 (1H, dd, J = 5.5 Hz, 13.5
Hz), 2.08 (1H, d, J = 17.5 Hz), 2.23 (1H, dd, J = 5.0 Hz, 13.5 Hz), 2.49 (1H, dd, J = 2.5 Hz,
17.5 Hz), 2.67 (1H, dt, J = 2.0 Hz, 12.5 Hz), 2.80 (1H, dd, J = 3.0 Hz, 13.0 Hz), 3.63 (3H, s),
5.72 (2H, m), 6.93 (1H, d, J = 2.0 Hz), 701 (1H, dd, J = 2.0 Hz, 8.5 Hz), 7.16 (1H,d, J = 8.5
Hz), 7.25 (5H, m), 7.46 (2H,t,J = 7.0 Hz), 7.57 (1H, t,J = 7.0 Hz), 7.70 (2H, d, J = 7.0 Hz);
3C NMR (125 MHz, in CDCL,) & 20.84, 23.45,23.51,27.54,31.41, 36.66, 40.26, 45.03, 49.87,
51.59,124.38,125.72, 12727, 127.34, 127.65, 128 28, 128 .42, 128.75, 129.10, 131 41, 132.63,
136.59, 138.37, 140.47, 141.34, 146.23, 175.94; HRMS (CI*) m/z caled for C;,)H,;NO,S [M]*;

501.1974, found 501.1978.
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(£)-Methyl(6aR,7R,7aS 8aR 9aS)-7 ,9a-dimethyl-3-(N-phenylphenylsulfonamido)-5,6,6a,7,7

a,8a,9 9a-octahydrophenanthro[2,3-b]oxirene-7-carboxylate (224)

¢

NBs

MeO,C > 224

223 (2.60g, 5.18 mmol) % THF (52 mL)IZ#fi# L, 0 °C T m-CPBA (M >65%,6.88 g,25.9
mmol)Z I L7=. 50°C T24 KR L7, |EETWMAI L TELO & 1M K2
T U O AKERCOE LT, A & S R K CHeif L, MgSO, THuE: S+,
WIEEME L, 10%KEBAI Y UV LEBRELEZV VDIV I a0~ KT T T 4 —(~FH
AcOEt = 6:1) CHHL L C 224 #1572(2.55 g, 4.92 mmol, 95%). 224: white powder; FT IR
(neat) cm’'; 3064, 2967, 2945, 2912, 2885, 2839, 1718; 'H NMR (400 MHz in CDCL,) § 1.10
(3H,s), 1.48 (3H,s), 1.66 (1H,d, J = 12.8 Hz), 1.72 (1H, dq, J = 4.8 Hz, 11.2 Hz), 1.88 (1H, d,
J=152Hz),2.12 (1H,dd, J = 4.4 Hz, 12.8 Hz), 2.43 (1H, dd, J = 6.0 Hz, 15.2 Hz), 2.74 (1H,
m),3.41 (1H,dd,J =4.0 Hz, 5.6 Hz), 3.56 (1H,d, J = 4.0 Hz), 3.70 (3H,s),6.89 (1H,d, /=24
Hz),7.01 (1H, dd,J =24 Hz,8.4 Hz),7.11 (1H,d, J = 8.4 Hz), 7.26 (5H, m), 747 (2H, t, J =
7.6 Hz),7.58 (1H, tt, J = 1.6 Hz, 7.6 Hz), 7.67 (2H, m); >*C NMR (100 MHz, in CDCl,) § 20.17,
23.80, 25.22, 31.65, 36.07, 38.90, 43.96, 44.06, 51.69, 52.73, 57.71, 125.87, 127.41, 127.72,
128.27, 128.31, 128.82, 129.18, 132.69, 136.66, 138.53, 140.50, 141.36, 145.79, 176.00; MS

HRMS (CI*) m/z caled for C3,H,,NO,S [M+H]*; 518.2001, found 518.2007.

(£)-Methyl(1R 4aS,10aR)-1 4a-dimethyl-2-0xo0-7-(N-phenylphenylsulfonamido)-1,2,3,4,4a,9

,10,10a-octahydrophenanthrene-1-carboxylate (229)
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MeO,C ~ 229

224 (1.00 g, 1.93 mmol)% /LT (9.6 mL)IZIEMAEL, 0°C T2,6-vF > (1.12mL,9.65
mmol), TMSOTS (1.05 mL, 5.79 mmol), TMSBr (764 pL, 5.79 mmol)Z s/l L 7=. JIZEAE
LT 24 FERIFEFE L7 H, 0 °C £ THAIL T TBAF (154 mL, 15.4 mmol)Z ¥ L 7-.
0°C TI5 R L7200 D, BLO L fafufifb 7 =0 LKA TR L7, A1
IR AR Tl L, MgSO, TS, MIERML, YV s nvrsua~w N7 7
4 —(~FH 2 AcOEt = 4:1) TR LT 229 %#1572(921 mg, 1.78 mmol, 92%). 229:
colorless syrup; FT IR (neat) cm™; 3059, 2959, 2926, 2861, 1712; '"H NMR (500 MHz in
CDCl,) & 1.28 (3H, s), 1.48 (3H, s), 1.75 (2H, m), 2.13 (2H, s), 2.49 (1H, ddd, J = 2.0 Hz, 6.0
Hz, 13.0 Hz), 2.56 (1H, dq, J = 2.0 Hz, 15.0 Hz), 2.76 (1H, m), 2.87 (1H, dt, J = 3.0 Hz, 17.0
Hz), 3.10 (1H, dt, J = 6.0 Hz, 13.0 Hz), 3.70 (3H, s), 6.96 (1H, d, J = 2.0 Hz), 7.01 (1H, dd, J =
2.0 Hz, 8.5 Hz), 7.19 (1H, d, J = 8.5 Hz), 7.26 (3H, m), 7.31 (2H, m), 7.48 (2H, t, J = 7.5 Hz),
7.60 (1H, t, J = 7.5 Hz); °C NMR (125 MHz, in CDCl,) § 20.88, 21.13, 22.57, 31.55, 37.29,
37.89, 38.85, 52.25, 53.52, 57.40, 125.73, 126.45, 127.78, 128.97, 128.76, 128.88, 129.26,
132.76, 136.35, 139.14, 140.57, 141.32, 14541, 173.91, 207.63; HRMS (CI*) m/z calcd for

C,,H,,NO.S [M]*; 517.1923, found 517.1914.

(£)-Methyl(1R 25 4aS,10aR)-2-hydroxy-1.,4a-dimethyl-7-(phenylamino)-1,2,3,4,4a,9,10,10a

-octahydrophenanthrene-1-carboxylate (233)
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229 (776 mg, 1.50 mmol) % Et,0/ A % / —/L(1:1,40 mL)IZIAfE L, |IE T~ 7/ 2 7 Lk
(720 mg, 30.0 mmol) Z ¥ L7=. 40 °C T 6 BfMHFE L= b, W AZEN L. Kk
TR ELO L EAFNERALT o = U LK 2 IR0 L CABEAR 2 fafn & ik Tokid L
7o, AHfEZ MgSO, CTHAE S, WIERM L, 10%KBI Y U LEIRE LTSI AT
nNrua< N7 7 4 —(~FH 2 AcOBt = 2:1) TR L C 233 #4372(507 mg, 1.40 mmol,
93%). 233: colorless syrup; FT IR (neat) cm™; 3059, 2959, 2926, 2861, 1712; 'H NMR (500
MHz in CDCly) 6 1.28 (3H, s), 1.48 (3H, s), 1.75 (2H, m), 2.13 (2H, s), 2.49 (1H, ddd, J = 2.0
Hz, 6.0 Hz, 13.0 Hz), 2.56 (1H, dq,J =2.0 Hz, 15.0 Hz),2.76 (1H, m), 2.87 (1H, dt, J = 3.0 Hz,
17.0 Hz), 3.10 (1H, dt,J = 6.0 Hz, 13.0 Hz), 3.70 (3H, s), 6.96 (1H,d,J=2.0 Hz), 7.01 (1H, dd,
J=20Hz,85Hz),7.19 (1H,d,J =8.5 Hz), 7.26 3H, m), 7.31 (2H, m), 748 2H,t,J=7.5
Hz), 7.60 (1H, t, J = 7.5 Hz); "C NMR (125 MHz, in CDCl,) 6 20.88, 21.13, 22.57, 31.55,
37.29, 37.89, 38.85, 52.25, 53.52, 57.40, 125.73, 126.45, 127.78, 128.97, 128.76, 128.88,
129.26, 132.76, 136.35, 139.14, 140.57, 141.32, 145.41, 173.91, 207.63; HRMS (CI") m/z calcd

for C3,H,,NO,S [M]*; 517.1923, found 517.1914.

(£)-Methyl(3S 4R 4aR ,13bS)-3-hydroxy-4,13b-dimethyl-2,3,4.4a,5,6,8,13b-octahydro-1H-n

aphtho[2,1-b]carbazole-4-carboxylate (233)

233 (381 mg, 1.05 mmol) & 14-F %4221 mL) & B8 U EEQR.1 mL)IZEME L, iR T
Pd(OAc), (70.7 mg, 0.315 mmol), Cu(OAc), (70.7 mg, 0.315 mmol) % Wil L 7=. ZEKAF1E T,
INBGERGE T 48 BFRIEHE L7 DB, 10%KEH ) U L ZIRG LI U BTNy RTAH
i, FERT T LTS LTz, AIREBIERME L, 10%REH Y U LEZRE LI AT
Ny a< NI 7 4 —(~FH 2 AcOEt = 4:1) THEI L T 234 #457-(285 mg, 0.756

mmol, 72%). 234: pale yellow syrup; FT IR (neat) cm™; 3525, 3408, 3295, 2951, 2875, 28752,
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1700; 'H NMR (500 MHz in CDCL,) 8 1.17 (3H, 5), 1.53 (3H, 5), 1.55 (1H, m), 1.66 (1H, dt, J
=40 Hz, 13.5 Hz), 2.04 (2H, m), 2.25 (2H, m), 2.56 (1H, dt, J = 3.5 Hz, 13.5 Hz), 3.00 (1H, m),
3.11 (1H, dd, J = 3.5 Hz, 15.5 Hz), 3.22 (1H, dt, J = 4.5 Hz, 12.0 Hz), 3.55 (1H, d, J = 12.0 Hz),
371 (3H,s), 7.03 (1H, s), 7.19 (1H, m), 7.35 (2H, m), 7.83 (NH, br s), 7.96 (1H, s), 7.99 (1H, d,
J = 8.0 Hz); *C NMR (100 MHz, in CDCL,) & 21.30, 23.61, 23.75, 29.27, 33.02, 38.22, 28.90,
49.03, 5131, 52.81, 78.15, 109.64, 110.45, 117.02, 119.11, 11991, 122.15, 123.38, 12545,
133.56, 138.14, 139.39, 140.06, 178.60; HRMS (CI*) m/z caled for C,,H,,NO, [M]*; 377.1991,

found 377.1984.

(£)-Oridamycin A (74)

234 (52.0 mg, 0.137 mmol) % & 7k DMSOQ2.7 mL)IZIAfR L, H|IR T 7 14bF FU U A
(615 mg, 2.74 mmol)Z#M L7=. 130 °C T 24 BRI FE L= b, B L. BUG
FRIEIZ, B0 & 1.0M R CTUE L7=D b, A Z fafn K Tl Lz, £ 0,
MgSO, Tz, WIERML, Vg Vv ru~ /o7 4 —MHO/CH,CN =
10:1) THEHL L C 74 % 41572(40.8 mg, 0.112 mmol, 82%). 74: white syrup; FT IR (neat) cm™;
3525, 3408, 3295, 2951, 2875, 2852, 1700; 'H NMR (500 MHz in CD,0OD) § 1.28 (1H, s), 1.50
(3H,s), 1.52 (1H, m), 1.61 (1H, dt, J = 3.5 Hz, 13.5 Hz), 1.93 (1H, m), 2.13 (1H, m), 2.24 (1H,
dd, J = 6.0 Hz, 13.5 Hz), 2.32 (1H, dq, J = 4.0 Hz, 12.5 Hz), 2.60 (1H, d, J = 13.5 Hz), 2.98
(1H, ddd, J = 6.0 Hz, 13.5 Hz, 16.5 Hz), 3.09 (1H, dd, J = 4.0 Hz, 16.5 Hz), 3.25 (1H, dd, J =
4.5 Hz, 12.0 Hz), 709 (1H,d, J = 7.5 Hz), 7.28 (1H, dt, J = 1.0 Hz, 7.5 Hz), 7.34 (1H,d, J =
8.0 Hz), 7.96 (1H,s), 7.96 (1H, d, J = 8.0 Hz); °C NMR (125 MHz, in CD,0D) & 2242, 24 51,

24.69, 30.22, 33.96, 29.53, 39.93, 40.30, 49.72, 54.02, 79.01, 110.57, 111.32, 117.42, 119.24,
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120.48, 12597, 134.41, 140.02, 140.29, 141.96, 181.03; HRMS (CI") m/z caled for C,;H,sNO;

[M]"; 363.1834, found 377.1835.

Fig. S2 "C-NMR O Lt

(£)-Methyl(1R 25,35 4aS,10aR)-3-bromo-2-hydroxy-1.4a-dimethyl-7-(N-phenylphenylsulfo

namido)-1,2,3,4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (235)

¢

NBs

MeO,C “H 235

224 (33.3 mg, 0.0643 mmol) Z BifEE L~ (0.96 mL)IZIM# L, 0 °C T TMSBr (25.5
uL, 0.193 mmol)Z ¥AN L 7=, MEGEE T 2 REMIE L7200 b, BIERM L. IGFk
BE 10DRED Y U LERE LTV BTNV a~ KT T 7 4 —(~FH 2 AcOEt =

2:1)CTHEHRL LT 235 2 157=. 235: pale yellow syrup; FT IR (neat) cm™; 3502, 3064, 2950,
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2870, 1722; 'H NMR (400 MHz in CDCL,) & 131 (3H, s), 1.37 (3H, s), 1.57 (1H, m), 1.74 (1H,
dd, J = 2.0 Hz, 12.8 Hz), 2.07 (4H, m), 2.77 (4H, m), 3.74 (3H, s), 4.29 (1H, dt, J = 8.8 Hz,
12.0 Hz), 491 (1H,d, J = 12.0 Hz), 6.92 (1H, d, J = 2.4 Hz), 6.98 (1H, dd, J = 2.4 Hz, 8.8 Hz),
706 (1H, d, J = 8.8 Hz), 7.27 (7H, m), 7.59 (1H, tt, J = 1.2 Hz, 6.8 Hz), 7.79 (1H, dt, J = 1.2
Hz. 6.8 Hz); °C NMR (100 MHz, in CDCL,) & 19.46, 21.01, 30.17, 30.65, 39.01, 48.29, 48.97,
50.54, 53.07, 54.71, 72.29, 125.99, 12737, 127.74, 128.36, 128.51, 128.85, 129.21, 132.73,
134.93, 138.80, 140.54, 14131, 147.92, 175.22; HRMS (CI*) m/z caled for C,,H,05 [MT';

675.0290, found 675.0298.

(£)-Methyl(1R 2R 4aS ,10aR)-2-hydroxy-1,4a-dimethyl-7-(V-phenylphenylsulfonamido)-1,2

3.4,4a,9,10,10a-octahydrophenanthrene-1-carboxylate (236)

¢

NBs

MeO,C “H 23

224 (333 mg, 0.643 mmol) & PR L~ ¥ /(9.6 mL)IZ#fE L, 0°C T TMSBr (255 uL,
1.93 mmol) Z W L7z, NMNENEF T2 K L7c0b, BRETWAIL TR 7F L
ARX/NT A R (1.04 mL, 3.56 mmol) & AIBN(21.1 mg, 0.129 mmol) Z ¥#RA1 L7=. JNEGE T
TS HREEE L0 b, ZA-KAS L) Z RN LT, Z O, ROSIRGY) %2 WIEIRAE L,
IS FREZ 10% RV U LEBRE LTV YD FVIa~ T T 7 4 —(~FH o
AcOEt = 2:1) THEHL L T 236 #4372(301 mg, 0.589 mmol, 90%). 236; white syrup; FT IR
(neat) cm™'; 3457, 3064, 3028, 2952, 2930, 2875, 2839, 1710; 'H NMR (500 MHz in CDCl,)
80.99 (3H,s), 1.35 (3H, s), 1.37 (1H,d, J = 4.5 Hz), 1.74 (2H, m), 1.93-2.04 (4H, m), 2.30 (1H,
m), 2.78 (2H, m), 3.66 (3H, s), 4.19 (1H, s), 6.92 (1H, d, J = 2.5 Hz), 6.97 (1H, dd, J = 2.5 Hz,
8.5 Hz),7.16 (1H, d, J = 8.5 Hz), 7.26 (SH, m), 7.48 (2H, dt, J = 1.0, Hz, 7.5 Hz), 7.59 (1H, dt,
J=10Hz,7.5Hz),7.71 (2H, m); *C NMR (125 MHz, in CDCl,) § 13.62, 17.52,20.33, 20.35,

22.54, 22.56, 23.75, 27.06, 27.85, 31.75, 32.53, 38.07, 44.51, 47.70, 51.31, 70.46, 127.33,
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127.77, 127.79, 128.25, 128.27, 128.82, 128.84, 129.17, 129.18, 132.68, 147.32, 177 .43;

HRMS (CI") m/z caled for C,H;;NOSS [M]*; 519.2079, found 519.2073.

(£)-Methyl(1R 2R 4a$,10aR)-2-hydroxy-1,4a-dimethyl-7-(phenylamino)-1,2,3,4,4a2,9,10,10a

-octahydrophenanthrene-1-carboxylate (237)

236 (236 mg, 0.454 mmol)% A % / —/1(9.1 mL109 mg, 4.54 mmol)Z s/l L 7=. 40 °C T 3
REMIRERE L7200 b, W2 IRME L7, RIGFRIEIC Et,O &by > & =7 AKIEK
ZUSIN L CA AR 2 fafn K Ceid L=, AHFE %2 MgSO, Tt S, IR L,

10%RWEH Y 7 LERBE LTV ATGNrsa~ NI T 7 4 —(~F P AcOEt=2:1)T
FEEL L C 237 2 1572(165 mg, 0.436 mmol, 96%). 237: colorless syrup; FT IR (neat) cm™;
3526, 3389, 2956, 2927, 2880, 1714; 'H NMR (500 MHz in CDCl,) 6 1.03 (3H, s), 1.36 (4H,
m), 1.76 (2H, m), 2.01 (4H, m), 2.32 (1H, m), 2.81 (2H, m), 3.67 (3H, s), 4.21 (1H, s), 5.58
(NH, s), 6.76 (1H,d, J = 2.5 Hz), 6.89 (2H, dt, J = 1.0 Hz, 8.5 Hz), 7.15 (1H, d, J = 8.5 Hz),
7.24 (2H, m); “C NMR (125 MHz, in CDCl,) §20.64, 22.60, 23.79, 27.19, 32.05, 32.79, 37.76,
45.05, 47.79, 52.24, 51.27, 70.66, 11645, 117.36, 11791, 120.46, 126.46, 129.29, 136.49,
14039, 141,05, 143.61, 177.57; HRMS (CI*) m/z caled for C,,H,NO.S [M]"; 3792147,

found 379.2143.

(+)-Methyl(3R 4R 4aR,13bS)-3-hydroxy-4,13b-dimethyl-2,3 ,4,4a,5,6,8,13b-octahydro-1H-n

aphtho[2,1-b]carbazole-4-carboxylate (238)
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237 (150 mg, 0.395 mmol)% 14-A4FH (79 mL) & B3 U »ER(0.79 mL)IZIEfE L,
Z£{f T Pd(OAc), (26.6 mg, 0.119 mmol), Cu(OAc), (179 mg,0.988 mmol)% ¥/l L 7=. 225
EAETR, MBGEFET 48 RERIHPE LD, 10%REES ) U LAEIRE LT22 U 7108
v R TAE, BT F /L Ttif L7, ARARIERNE L, 10%RE0 ) U LERE LI
YUAFNTa~ N T T T 4 —(~F P AcOEt = 4:1) THHL L C 238 2 4537-(106 mg,
0.280 mmol, 71%). 238: pale yellow syrup; FT IR (neat) cm™'; 3516, 3410, 3295, 2930, 2875,
1714; '"H NMR (500 MHz in CDCI,) 6 1.14 (3H, s), 1.40 (3H, s), 1.84 (1H, m), 1.92 (1H, dd, J
= 4.0 Hz, 14 Hz), 2.10 (3H, m), 2.28 (1H, m), 2.41 (1H, m), 3.06 (2H, m), 3.69 (3H, s), 4.25
(1H,s),7.07 (1H, s), 7.18 (1H, m), 7.35 (2H, m), 7.87 (1H, br s), 7.96 (1H, s), 8.00 (1H, d, J =
7.5 Hz); "C NMR (125 MHz, in CDCl;) & 20.86, 23.46, 23.85, 27.30, 32.84, 33.48, 38.42,
4535, 47.84, 51.27, 70.64, 109.70, 11042, 116.80, 119.87, 122.00, 123.47, 125.32, 133.99,
138.06, 139.86, 140.03, 177.69; MS (CI") m/z 377 [M]*; HRMS (CI") C,,H,,NO; m/z calcd for

377.1991, found 377.1996.

(2)-C;-epi-Oridamycin A (239)

238 (26.0 mg, 0.069 mmol)% & 7K DMSO (2.7 mL)IZIEfiEL, IR TY 7 b hU v A

(308 mg, 1.37 mmol)Z ¥ L7=. 130 °C T 24 Kl L7z h, WS L. G
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FRIEIS, BLO & 10M R TR L 7= Db, A2 Bk Tits L. 201k,

MgSO, Tzl s, WIERML, WE Vv nvru~ 7o 7 4 —MHO/CH,CN =
10:1) THEHL L T 239 % 1572(20.8 mg, 0.055 mmol, 80%). 239: colorless syrup; FT IR (neat)
cm’'; 3525, 3408, 3295, 2951, 2875, 2852, 1700; 'H NMR (500 MHz in CD,0D) & 1.26 (3H, s),
1.38 (3H, s), 1.81 (1H, ddd, J = 3.0, 6.5 Hz, 13.5 Hz), 1.93 (1H, dt, J = 3.5 Hz, 13.5 Hz), 2.08
(1H,dd, J = 2.0 Hz, 12.0 Hz), 2.15 (2H, m), 2.18 (1H, dt, J = 6.0 Hz, 13.5 Hz), 2.43 (1H, m),
3.10 (1H, m), 3.05 (2H, m), 4.13 (1H, t,J = 2.5 Hz), 7.07 (1H, s), 7.09 (1H,dd, J = 1.0 Hz, 8.0
Hz),7.29 (1H, dt, J = 1.0 Hz, 7.0 Hz), 7.35 (1H, d, J = 8.0 Hz), 7.96 (2H, m): "C NMR (125
MHz, in CD,0D) & 20.86, 23.086, 23.44, 26.96, 32.70, 33.57, 38.36, 45.50, 70.03, 109.25,
10998, 116.05, 117.86, 119.11, 121.76, 123.22, 124.57, 133.39, 138.61, 13945, 140.62,

180.01; HRMS (CI") m/z calcd for C,;H,sNO; [M]*; 363.1834, found 377.1835.
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