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1. WF2Ey =

(a)

En

JFEE GR) A DBAERY (GR) BILFRIGEET S 572D, ROSTEMEL= 1L ¥
—OEEE (AGY) ZHZ DMENRDDH, ZOMEEELIRT D720 DFEE LT, EEOFIE
DIFET D, —DIIRIGRED EF 72 LI L0 IEH bRV X —Z2 82 2 FE O %
WS 5 HETHS (Figure la), —OHIE, 2 RN % 5k TH 5 (Figure 1b), fi
BLHIBBREO =XV X — 2 ZE L L VIRV X —CTH#ITT 28K (AGH) Z#i 2
LT, R ERRET S, Eo, LVIiRMRSEE (AGT<AGH TRIGZEITESELZ
ENTED, =Z20E, FEEROZRLX—%E) 5 1ETHD (Figure 1), JFESRIE
THLF—RIE (Goh > G%) I D%GE., EH bR L X =22 D7D E R )L
F—Z MK EDHZENTED (AG™H<AGH, ZOHEORRIZ, EHPROT L ¥ —
N HIEEE VA LIS OHEITZ AR TE D ENET 5N D (Figure2), FERRE Y &
HERIAR DT XN F=PNEmWEE (G°a<GB. D EVAGAs>0) . WES L 720 ZDORIG
XETRREE L 72D, L LKIERDTF AT —2EDDH 2 & TR —DE K3 s
FAIUE (G4 > G%. D EVAGAp <0), ZRLF—NEMLEMEHED Z ERFREL 725
(Figure 2a), F7z. RISOBREZHIE LT WR S ZEIT BV D, #HEEFRIEIC X D4Rk
W B1 LB )T LD ERN B2 BEL DA, K VIRMARSEG CRISHEITT 5139

A — B (b) A catalyst B ©
G*
G
Gt
ergy en v\ Energy G AG@i Energy G
G°
G G
Reaction coordinate Reaction coordinate Reaction coordinate

Figure 1. fUSDOHEIT R4 =00 F —[X,
(a) MBS (b) fRBEEUS (¢) SUSHI D= RN F—Z @258,

@ . ®)

Energy Energy G°p

Reaction coordinate Reaction coordinate

Figure 2. JFTELRD =X NLF—Z2@mb o A v b
(a) EICEDO AR & AR FTRECTH D (b) EE R ALS K 2 HlEIA Lo 0



R ELIC X D ER 5T < 72D (Figure 2b), —fMI72 051k L LT, SREASCHRME
Bl EOEBISEDFUGHI Z MW THREER D =RV F—2mb 5 FIENETOND, £D
fhoJikE LT, HFOOTHEERT S Z L TS ZM ESE2 HELMON TV,

RFEHZBRINOTHESFL LT, YZa7aRrev a7 Zortnwo-imEB8 3 H5
W 4 O/RBERIEEMRET NS, ZHOIKIRZREME T CHRIGAEITT 5721 T
| RFB—IREFEB OBHZLCELL 2 &L BE DT L IE R BN WA ORGSHE %2 779
72, AHERICBWTAS RSN TWD, AHEAERSBTLIMNIBWTH, 0T RS T
MFFREE DG H S TS (Scheme 1), HIAEWE L LTHMbND =2 %, MER
WBETHHP-T7 7 X bxEie, N7 T VT BHlaEEE G DERCIE, BEFEOE Y > (Ser)
RIS L > TV > (Lys) SO T 2 7 HA D-Ala-D-Ala &2 UK LIELF A THLT

A AT D 2 & THllaEE 2 ST 5, X= U 13 2 D D-Ala-D-Ala & (LI L |
OFTHRICEVEROE Y o EHEOCHIIRET D, S HIZ, WER#EEIZEOOT ROzl
RIS T HBALEUSRHEIT LS5 < | RISAMEILT 5, 2O XX =2 Y 3"y T I T
ORffaEEA A FHE T 5! (Scheme 1a), HLSAH & L THI G415 mitomycinC (X, —BET
HLHTVIVUERLTWS, 27 e K7 v 7L UTER L, AN TR LRI 25 1
%2 L TIEML S, B DNA 27 0% b L CRBIEE 2 TR L. DNA OBl %
FHEJ %? (Scheme 1b), XHHFFE=ETIX, WERMELZFFOMRY 7 07 ¥ ) —/L 1 3Btk
M FT DNA OT VXL ZERT Z EZH LML THDS, BRESMICB W TE R
ax U ERT e AL E ., KT OBEE L SRR ER Ty 7 n T a U R EKRT D, 2
D7 a7 s DNA OKREEMIIC K DA 52T DNA 237 L% b E41%  (Scheme
lc),

Flo, FERHER 2R3 Tl EmBEORPCHIEE Bfe 37 I W (4 n o—

(a) (b)
Penicillin )\\NHZ

H
R N s
bl N
S
R N DNA
o O:/EN"J< j( N ;
} CoH «x— O ﬁ “COH N

OH NH;
[ s ] “ omven®

Me
O OH Me H+ OHZ Me
H

Scheme 1. FHIVEH # £ >OT Ao+ D)



TEHIZBENTHOT A FITEEREE ZH -5 T 5, RN TO(LEROG I ERIRE, K
i, ARIR (FEIR~40°C FREE) | IRIREE, EHELRIERM R L, 2L Ol E =T 5, TDiz
DIRFNR R RIS ETT 2 0T B F 2 AW FOG IR I STV 5, 2020 4RI
EFH 5238 L7 bicyclo[1.1.0]butane 358K 31X, 7 X /VBOF A — /N ERIET D Z &M
WA SN TV DY (Scheme 2a), £/, OFTHZEAT L Z & THEKNTORIG)NEH A HE
W7o T2l b S ST %, Huisgen BRLIX, 73 R E 702 4 28l F CIRA

&L mIER O EmMEFERIE TR EITL Y 7Y —v § 252 506 T
%5, MOERER L IIRRET . KFTHEAFTEE CRIAERMDFAE L2z, 7 Ih
N Fa D —RICBWTEEN R FEE SLd, 7272 L, Sl ERIcEHzETH D72
O, ERNTORHICITMRT REFEIFR STV, ORISR L, Bertozzi H 137
NEACERIEEZEA LY 7t 7T 6 V., OFTATRAT—%2FHT5 2 &
THAfREE 2 LB L L2V 2 EBL L 72° (Scheme 2b), ZHUIC X D, AR T USAH A
REL 720 ZOHEFRRRIL 2022 E0 ) —VHEFE L L TESFEis TV, 20
212, OF Az F—DIERIL, AL FITHB T 2 BREOWEIGH 2 -3 721 TidZe <
EMLFERFICLEBRTHHOTHY | 5% I LR BHANEIFINS,

b R\N'N°N
a
@ ® R [Cu] _
N=N=N + =—=—R — k—<R'
bicyclo[1.1.0]butane .
carboxylic amide azide 4 5
o install
(@] @ strain N
R\NJKS = R-N"*N
) R. —
R ~ NM R‘N*N@Ne . Ve —
3 oH R $ o Cu free —R!

Scheme 2. O AZFRIA L7 I HA A Fao—58 o HAH



2. U9 B L BRIRRAL KSR

T T NI IR BIREFDEIRITHE S L@t kFETHY . — KL CoHan (0 2
3) D TREN, KRB FOBIZE>T/HEER (n=3,4), FEE (h=8-11), KREE
= 12) IZHEEIND, ROBRRS T ThH a7 a3l kFEEREL, FERL
THHIRDO T vE TN 525708 T o ORI ROGHEZ 77 97, 1885 A2 Baeyer I
BUREENEH Ch D L EZ, 7 a7 uXr ORIGHENEWEB Z/HEE A 109.5°05
60°1ZHED LN TN TH D LRE LTS, BIETIIY 7 a7 PSSO 7aT v

ANTFEHIEZ & SRNWI EBHLNCR>TEY, ZORITZTRITIFEL <2y, LarL,
OFTHOMEZCFICEA LR CIORBRITEERERP N H D EWVWR D, OTHOHE

TIERE LT T=2H v  Baeyer T =, van der Waals N9 4, Pitzer O3 T 57 (Figure
3), Baeyer 0T A A AN LAENLGTNDL I EIZLS>TELDLIOTATHY
vrnraneRv a7 sl 0ol NERICHAIFIZE G415, van der Waals ONT A
F. BB FEAREO 7 7 o TV — L 2R LY i O 2 LI o TELDHOT A
Thv ., SIERFEEL LTS MBILTW D, Pitzer 0T AHE=Z DR UNEEE L THIS

(a) Baeyer strain (b) van der Waals strain (c) Pitzer strain

HiH

AU i gH

H
Figure 3. {REH 2 O HOFEH
(a) Baeyer U9 (b) van der Waals UV 4% (c) Pitzer O 7
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Figured. > 7 a7 )V > OOT HT R LF—10



Strain Energy
(kcal/mol)
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0.0
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Figure5. > 7 07 )V 12 «cis-3 7 0 T )V o ODOT HZFLX—D g !

N IRDREREEN O TN LICL>TAELLZRLNOTADZ EE2ET, icbOF
HFEMEIND B DITITER O T AT VLOTHhE VS TEHEERNA LN TNDLER, Zih
TEE. BB L7 2 2HDWE 3 SOEEHRERE LTEHSND, a7 D
SARBEEBET DL V7 AT LT R TORER T3 L OUKER 12 BARA 72 A
E (G HA) THETELIVWTEEELZ LD, 20k, vrrad il
L COT AT R/LF— (SE: Strain Energy) 2ifkam <415 Z EDBE, BREHE DT AT
NX—0BRE 7T 7L LT RN Figure 4 (RS NTW5, /MNERTHDL V7 n7usl
V. Va7 E U ATENREN 275 B L1263 keal/mol & K& AR OFHT RLFX— %O,
ZHUTEIC Baeyer O T HADHFEIZEL DD TH D, 5 BRU ETIIOT AR LF—FA
WMz L, 8§ BERU ETIZHOEMAZIZIL DS, ZOEMIZFEIZ Van Der Waals DT A &
Pitzer 0T HDFEIZL D H DT, ZNHA—EKINIEROTHELEMETND, B, S HIZE
BENREL R 2BREMRD EFMBBEBBEZRMD Z LN TELD, OTATRILF
—lINE LD, BIRMEEMOOT AT, BREEIZT T < XY RIE R ARG S 2 5 A
THZETEIOLRDOTHNAEL S (Figure5), —HEERZEA LT/ r 7 B E552
kcal/mol DONTH TR NF—%F L, 7 a7/ & 07 27.7keal/mol IZ#T 5, 7272
L. ZOXIBRREREVRHONDDIZ=ZEBEROHLTHY | WEBROY 7 v 77 CLREITR
EREIFTECZY, CERIVBEPRELSARD &, cis ZHEA TIER L rans ZHEGR
SERAEEALTALEM B EEICBO B ZENTEL L9122 (Table 1), HlZIEN
BRICBIT A0 ARV =X, rans-> 7 047 7 1% 179 keal/mol, ¥ 7 a4 F o
1% 19.9 kcal/mol TH 2 LFHEAINTEY, voruFd s ¥ LOETENEN ST BV



kecal/mol & 72> T\ 512
Table 1. R LFIC LD 7 a7ty 7aT7bdxr OOTHRTFLF—2 (keal/mol)

Ring size cis-cycloalkenes trans-cycloalkenes cycloalkynes
7 5.8 25.2 (unstable) 25.4 (unstable)
8 6.8 17.9 19.9

9 11.4 16.4 13.4

AW TIL., ZNHDOOTHELSFDOIBLNBERO /a7 2Bl rsars bt
B trans-> 7 0 A7 T B NSE E L,

3. vrua SRy
Va7 AIREBERFHONERRICHEAS LI LAY THY . 7 a7 a3’
D WSO RFIRF LR EICIIFEEE T, 0 25°OfE TS > &2 s B,

FOldvraraNrTEREIND, BILKBIZL AR EOT IV UERREE IR
SYANAN

3.1. ARkiE
a7 AIEL ODFRBYSCEERLIZEEIN TWAR#EETH Y (Figure6) . DAL

o P,

a-pinene pentacycloanamoxic acid

piperarborenine B providencin

COZMG
H

Figure 6. 7 07 % L & &ie RKY)




(a) Reaction of diethyl malonate and 1,3-dibromopropane o o

0o o
Eto CMCO gt BT e base . Eto,c” é “CO,Et
2 2

8 9 10
(b) [2+2] Photocycloaddition

0 o o
R R
N *EL SOt
1 12 13 R 14

(c) [2+2] Cycloaddition of ketene

QO R
H
c -
g o
Cl
15 16 17
(d) Wolff rearrangement
(0] 0 (0]
C
18 19 20

Scheme 3. 7 17 % OAERKE

TN ETICHE LIRS TE " (Scheme3), L HALN S FiEE LT, HEHFE
TTO~a Bl F L8 L 13-U7aEeruNr 9 LoEE, HHvEm 11 &7
IV 12 DIERP2IBRAAINAZET 5405 (Scheme 3a, b), HERALAHIN TIZARM OALE
BRMENRE & R D0, S TFHRIGICT 5, @ E R OB ReIMEZRET 52 &
WZR o TRIRMEAFIET 2 2 &R TEDY, £, 715 ZHVWZRR2BR{EMm S 5 5
NTWDEN, T o2 HARRESEDIMNERD D7 L, RULREITHIFIN S - 7218 (Scheme
3¢), Wolff ERfiZFIH L Cv 7 m_u & /v 18 Mo BREINISZRTyrrur7 X 19 &
B/BOHELHDLY, LinL, U7 YV EEZNE LT 57 OB ORI EME L 725 (Scheme 3d) .
BIFRETIIL 7 v 7 2 OERIERBITHE IR A TE Y | 2005 FITiT/VA A/
THHZTF LT NI=g Ly 7Y R (BAICL) 7 LU ATy RBETHDH NI 71U v 7

, oSi
Osi R Tf,NH (cat.) «R
—_—
-0
H
21 22 23

(b)

(g
R  KHMDS
95

24

Scheme 4. UWIFRE TR LT 7 0 7 ¥ L ARE



4iF(HmH)%%ﬁkbkawi/—wi—?ﬂil&I@ﬁix?ﬂdzk@[%ﬂ
BALAHINZ 35 LT 52 (Schemeda), Z ORISIZEWT THNH AW 7=8H4 . R TF
A L7z THENSIR; NEOMIEE L THREL TWHEEX LN TWD, ZHULRFOKFIZE
THfELTH, ERT D THNH & 21 ORISIC XV EAET 5720, K3I12550 BtAICL &
IXR722 D mOVI A E RS, ROGERE LTiE 21 225 O Michael 1 & e < 5+ 7 v K
— M Lo THBRMER S NS, £o, 2014 FI2E 0 v 7Y v T RS TR ITERK
ARECTH D 2 (LT T NI 2T NV v aFiOE T = =L EWY 24 [TIRIERETH D
KHMDS # b EimEMz TME T 2L 7a 7 7 — L 28 RELN5 Z ARG L TW
%21 (Scheme 4b)

3.2, Rk

BROTAOMHEZRE )& LT, 7 a7 ¥ DRE—IREMEDORERISDRTE LS
bLRBITONLTWD, TORIGIT, FARICEZEEZ V556 L VWG EIcKlsh
%, BERERAZMNZEIE LTI, 1994 FICH EoiZn YT Lnsru 7 226 DAILVR
=)V afIZFA SIS Z & 2R THID TR L7 (Scheme Sa), KSR E LTI 26 7>
ORI VR = VEIERRE NS TH Y, 7 7a 21 2B TS, £, ATV T A
WA b HRE SN TV D, 1999 FITHA HITHMER LIZFE =k run 72 ) —L

BRI T C D/ T 0 MMl 2 ANWTRIS ST 2 A, exo-T VT &8
TH7 N 29 AT DI EER LTS (Scheme 5b), ZDKIGE, 7 a7 X U BRA~DIN
TV LAOBALIINE R TRISHPEITL TN D EBEZ BN TWD, S5, BbrIfnz
FRALIED 70 VRSB E STV D, 2024 FI2 Mai HlE, Ry vruar7 s ) —
V30 KL I UERKIGAH] 31 Eu Yy Ml A RKISSEL E T X CVBRBHE LSO

¢o H
RhCI( PPh3)3 Rh
[Rh] — > Rh] —
toluene, reflux N
Ph Ph
27

(a)

26

(b) (]
OH Pd(OAc),
O:f/Ph pyridine, MS3A, ethyl acrylate &Ph
toluene, 80 °C, O,
28 29

(c)

(ONg¥o) ‘
OH X
Ph ®Ij [RuCpP*(MeCN);](SbFe), oH

TFE, 60 °C, under air
o
30 31 32

Scheme 5. BB 4EZ HW-HMEER Y 7 07 % O KIGH]

10



H 7Y TRIGHZERFRCTHEITL, 32 BREMRTE D E2HEL T 5H? (Scheme 5¢),
EREEREE V72V B, Wagner-Meerwein #5701 I B 2 — VERAL 2 42 TR 5
HONREZN, 1984 412 Swindell Hidt Kr ¥ iEE “HOFT LR 7 u7 % ) —/L 3312
L MsCl & BV VU 2GS SE D EBRINKEUSAETT L, Rafifsa 285> 8 BR{ILEY
MBRFEOLND L EHE LTSS (Scheme6a), Z DT, L0 KUSHED @V —#k
bR ES A U S AUBBERE S B L VAR = VD AR A BRED ) & L C Grob BR
HPEIT LU TEBY RSO D, 72, 2004 F-1Z Venkateswaran & 235 L7261 Tld, v 7
07K ) =) 35 1Zx LvA AfETH D BFs ELO 2GS W5 &k B a— VER(L AN
TLEYZ aB211bEMm 36 BELND Z EAVRINLTU 5 (Scheme 6b), F 7=, ER{LA
ZRAWIZROSHE & LT, 2015 4RI Baran Hid, A7 2 A NEKEICHR LI /e T X ) —
JU 37T IZHKT L NIS & LixCOs 2S5 VR VEOERK E L bica vEAMMLE
L&Y 38 NELIND Z & ZHE LT 5% (Scheme 6¢), [RIERICE (LA Z H W= & Tlx
exo-7 VT ROV IR T H )= 39K LAY U EEITO L E REX U R 40
BENRT DI EDRHREIN TS (Scheme 6d), ZDOIGTIX, A Y = KHRKE LT
ERRL, ZOHBEIVFTa— LB EZEZ L TERIPEOND EEZEZXZ BN TND,

(@)

o)
o H b
MsCl/pyridine T T
L —_— —_— A
H H H H H
OH = “NHAc (omt “nhac “NHAC
33
(b) © 1)
4B—0
MeO

34
F3B- -H
H -~/ 0O
BF3*Et,0 |MeO &7 MeO O
benzene
O H o Y
36

HO /¢
O
35
) me? me?
HO, e o] e
20 NIS, LinCO5 ! 0’
AGOL AGOL
e Cd
37 38

(d)

o3 ( §o) SMe2 04
OH
40

Scheme 6. ERE&EZ HWRWEER Y 7 07 % ) — VO BR G
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UMRETH 7 v 7% U ORIGBHTICEID A TS, 2004 FITiX, MRS 7 v 7
J =)L 41 |2 Cul Zfilfit & U CEEHITH D NIS % i &1 2 L ABEENL R O R F—IRFEAE A
DOFAEDBEITL, BILK L7 Fr 2 036G56N05 2 L 23 LT 5% (Scheme 7a), 2014
X7 2 =LA D AR SN DR Y 7 07 % /) —)L 43 13, KEEFITFEAE T C TfOH
DEH IR L S SED &, ERVILRLEBR Y = FLr BB ONDLZ L%
WE L T 5 2! (Scheme 7b), ZAUIEFEFRIC K> CARMBHEET 2 Z & TEL D7 r 7R

IRERDKETHZLICE s TAELTVD EEX BN TND, £, 2017 FITITKE
MEBRMERR O 7 = = /U {LEY 45 ZTRIER CTh 5 KHMDS CTRUEET 5 & | RISIREE
HEOBIZE-TTaNT 46,4700 TNF T T v 48 i IRICAR T& 52 &
HEF S M LTV 53 (Scheme 7¢),

® w

@ on o

@Nj"“\OTBDPs NIS, Cul (cat) OTBDPS
"y Cyclohexane, reflux
n

41 42

44

(c)

ot O O )
OMOM KHMDS ‘{
spd UR U U

45 46 a7 48

Scheme 7. UHFZERICBITDH 7 v T ¥ o DiRFE—IRBEES DORENG

4. > rurT v

ruTH U ORBEIERETH L 7T 0L, RENMBREEZHS Y 70T L
T, v AN b EVOTAIRLX—EF LTS I EENICIEY I e T
VEFERVEERTHDLEEZ LN TS, DT HAZRAF—NREVZELPDLT, ¥
I aTT IR RONDHEE THY | TOEMIENR T 7 17 X CRIRIA < BFE S
LTV % (Figure 7).,
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OMe

Me

9 OMe
"'COzMe
D)

neofavelanone cyclomegistine illudane illudolactone
Figure7. > 7 077 &2 RARY

4.1. BRE

AT TFUDERIED—D L LT, 2-E RV EIE2-E U R 49 (DS A R 5
FERDH D, ZORISTIH, WEERZ 27 N EE7 7 X2 AR MR LIy 7 a7 7 2 50
64153 (Scheme 8a), Z DFIEIL 1964 T Corey HIZ L 5T 2-' 1 & W KGN
WESN TS, ZOREBEBMEE O SSRIRN A ZER Y 7 07T UK~
BEDSHIZE S LT 53, 2, BEICOTALE Y2 a[1.1.017 % » 51 OBIBRK S % F)H
Licvrm 72 o R ra7T s 52 OEMESEZL B I TS (Scheme 8b),
SHIZ, a7 Zr LRRRICERRIBIESINC L 57 n 7T o ElblE STV 5,
ZOFETIE, T/AXr 83 LTV 0 54 il T CRBHT 52 L CLEWBRDY 7 nT
TS EET DI EMNAEETH 53¢ (Scheme 8c)

(a)
L ——
NN o o
49 50

(b)

R
R e various methods D
B —

51 52 %
(©

;
R R R 1 RS

‘ I photocatalysts Rj:t R*
"
RS R6 hv RS

R2 R? Re
53 54 55

Scheme 8. > 7 1 77 L ARUE
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UMRET LI 7 u 7T UV OEMIEZ NS DAL TS, Fidov =) —L=x
—7 V21 EREFIZ ATV 22 EDORIRIZBNT, Rfafim A7 e LT=EEAZ b
TR A=V AT V55 ZHWIEGA, Yo T T 86 BELND T EEARE LT
% 2 (Scheme 9a), £7= 2024 FIX MY T TS R ST NORESHEDLA /) T— 58 %
HAunie A fafim 27 v & ORI 2 22BREAIc L > r7a 77 59 BEMRTEHZ
EEWE LTS (Scheme9b), ZDOHIEIX, kDA /7 — FMEAETHELE /o> T
TeUF LT IVaxy NEORAEZMGEIT 22 FiETHY, BIERME LTS Y TT
VL LiBr OAZA LD, @HAMER LR TERENEWVWZS, NV T7rES RO
BERILCRAf T 2TV IO Y) == a URNBE TH LD, ZEBROY 70T T
VEGHATRRZ R BHETRERTH D,

(a)
CO,Me OTBS

OoTBS Tf,NH (cat.) Cco,Me
R
H
21 55 56
(b) o) R OR4
o tBuLi RZ’\)kRs
P ) 3
R CBr, { R'——0OLi } - R2 R
R%,0 g
57 58 59

Scheme 9. UHFFEETHBE LIz 7 n 7T o AkiE

4.2. RE

a7 TR ZEOOTHI RN —LIER LI FEBPIES RSN TV D, 1996
££(Z Grubbs H1%., HE A BA%E L7= Grubbs & A2 AV 7 u 77 60 05V K
077 UHER 61 AT 5 HiEEZH ST L TWA® (Scheme 10a), RO G % v 7
BRyT RV A~y ERE L U TUTo A S T 5 & IRIRSE, AR,
FERFEIRG . IR CTH#IT T 2, ZOERIT, OTAHZ R X —OMHIERE ) O—K L&
ZBHb, Fil2, 2023 Fi2iE Meng H 2%, 230 Ml A W EMEER S 7 v 7T 2 62 DB
BR A O SLRIAY 72 C-C # & AERUG 2 85 LTV %% (Scheme 10b)

(a)

Grubbs 2nd (3 mol%
/\/OUO\/\ ( °) (@) O
benzene, 45°C,1.5h = =
60 61 (82%)
(b)
' Me, ,Bu
o] Coly (5 mol%) o] ! p’ !
ligand (5 mol%) N ! w
NBn + _~_ BF3K MeOH (2.0 equiv.) NBn | P !
. L M “Bu |
o) DMA, 70 °C, 16 h o) : ' :
62 63 (1.5 equiv.) 64 (79%, 98.5:1.5er) ligand

Scheme 10. > 7 2 75 DG

14



Fo, v uT T UoORME LT anBEFRIRISICE VR LY = 24k T 5
MRZET 505 (Scheme 11a), Z D i~ lE Woodward-Hoffmann BIJICF-S & | [RIFERYIZBRER
T4, xR u T T U ORBREREE XD L, BREOmXIZL VA L NEE
DEHEEARE 2 Hivd (Scheme 11b) . [EIFZOZRMEILEHLIE D SLIKHY 700 R & BRI 72280

DEEEZZTHN, —ROITEBREOE TR EENEER L 20 | ErEHO&

EHIEDIMUZ A < KO ICBBRT 2 Z &AM T AY, il 21X Bu L OMe % Ff
DI RTT 65 HMELTHERIES L, mm Bu EANMEZ RN -T2 66 D
DB LN D Z EDRAM BTN S (Scheme 11c), T OFBIRMEIL, Bu FEDO IR
EEBTOLIEBTIDRICEIDILOEEZLNRTND

(a)
[T X
Az

(b)

1
X R>£—% R
- —_—
_ outward | R2 inward RZ

R2
(c)
X X
—_—
tBu/)j A tBu._~ MeO._~
MeO
OMe tBu
65 66 67 (not observed)

Scheme 11. > 7 0 77 L D 4nEFERIRKIGZIBIT 5 RV 7 &R

5. trans-> 7 9 X 7T
5.1. trans-> 7 a A7 T OMWE

trans-> 7 O 7T L, BIRT VT D9 BEEID trans ZEREG Z R OR/NDOHOT
B5, TN BRI NS DOIX & b ST K DR ECNTHEITT D700 ROGITH
WA AIT R CORBFRENMAEL 2D, trans-> 7 047 7 3MIE 7 —EEA ZBEN
WZRE o728, BE IR —Fm ElodH D sp* RER T & ZIUTHES T2 sp® IRFBIFRFDEEE 4
DIRFFFIER—Fm s <, FOT IR DRV —2RNET 554, Zo0F
IBROIERICHEVED L, 10 BERTH D trans 7 072 TIRIEE A EOTHBR,

(a) (b) (©

;1 R'?

trans-cyclooctene [2.2]paracyclophane arene metal complex

Figure 8. HERF 2 FONEH LAY
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FEEHTREEEE LT, trans-> 7 0 A7 T 0% trans ZEFEA YA 5 RBFH O]
BRICK D EHERFE TR T I ENET ONLY, MlCEEREEZFFbFREE LI o
NRUBVRAHR L CTHPWEDEIBELFFONT 7 a7 7 U7 L— U8R A D
LTW5 (Figure 8), trans-> 7 a7 )V VXEMEARFZRD 5 208, D7 & J{LD
HIIRBHOEIIZKRELIEKET DI ENHMLNTNDY, 8 BERTHD trans-> 7 a4

T UAL30°CIZBNT 12=10° FFTH D & SN FMEDOHEKAR WO 2N TELH0, 9
BERD trans-> 7 1 ) X Tl hp=6 B, 10 BEROD trans-> 7 a7 € Tld hp=10" B &
BT DT ONFEER T VT 2G5 DIXRETH 5,

52. BRE

trans-> 7 0 A4 7 T o ORFEH R ERIEE ZoOmRt, —Dldcis-v 7 ud 7T 68 &R
AL T 2 HEETH DY (Scheme 12a), Z DHIETIX, JBIEH & 412 68 ([ IFRFT 21T 5 &
B L trans-> 7 a A 77069 L7 D B Z IS0 U B S A cis (R E trans
ROREW 2T &I T DA OBENC L > T 68 1ZiH L 69 12U 7 LiciER
T2, TOVATLEFMAL, i L7z 68 IZHEN 2 B3 2 R &l 2 & TEIRAIIZ 69
BRLZEMTEDL, ZOHEL68EMIEME LTI A LTI 20T % H1ETH 5% (Scheme
12b) . ZOHETIE, KOV Yo 7 VEEE L0 o TR AEE 2 B & LRV VR

bo —HT, ARICEZEBBLETHDL LW REND D,

(a)

Q=P
0—-O—-F-F e

Scheme 12. trans-> 7 a7 5 OERIE

WFENR trans-> 7 0 F 7 T B LRAL L E P BITHOILTW D, 1964 F1Z Cope ©
1T Pt BEK 73 2 W2 RlEaTIc K 0 e Bl 2 LT D (Scheme 13a), £72.
BAEALOBICHERT 2 BEEAZ X TV b DICTHZ & Teis-> /vt 7 7 68 1nH ¥

TIVIR trans-> 7 O F 7T 69 HERKT D HESBHE IILTW D, 1989 FFEITHHAHIE(-)- A
=X TVENLE LTROREEFBT AT L 74 ZHEHIE L THWD & 68 7225t
FIEMEZR 69 O D Z L Z2HE L T 5HY (Scheme 13b), FFETREHE LT, ZOK
JETIERISREIZ L 2% 7 VT 4 —DOREED B S 4v7z, BARBIICIE, FOSREE 2R 6
FEREEDEF T ABERERPHEL . S HICEHIRTORIG T FAREENH
O ERT 2D &0 BIREOWBENRES L TN D
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(C)
‘ ,,,,, jol fractional crystallization
Pt, -ag. NaCN Cp

CI’ NHZ
Me Ph
73 69
(diastereomer mixture) optically active TCO
(b) R R* Me
D ;
*R R* ‘ R* = i
74 o
hv
68 69

optically active TCO

Scheme 13. YCEIEVER trans-> 7 0 47 7 L DERE

53. trans-> 7 0 F 7T OF|H

rans-> 7 0 A7 T 3T b TV ERRY T Diels-Alder FUS3 AT L, #¢ < i Diels-Alder
FOSIZ K 0 ZHEDBBE LBRLAIEZ TR T 2 Z &R BTN S, ZORIGIKFTY
FRCHEICTET L, BIAERD L LTEROLE RN T 5, £ ORISEEES (k)T 1 ~ 10°
Mist TH 23, ZORMENS 7 ad s F LT Y RO Huisgen BALKIG &Y, ARG
FAEREERIEO—FE L L TBRERS FIH SN TWD?, rans-> 7 w77 OEMKIGH
& LT, 2021 4E{Z Royzen L3 L7-FIRZE T o b, O TIL, trans- 7 0t
T UL A RO R VL E Y UK 75 2 ERWNITES L, FRNTERRN OESFEALIC T b
TOVERONATRI) v —2BALTEHL 2 & T, BRI TORIED R S, BIE
AR 2 Z & 2R & 472> (Scheme 14)

o
‘@
NN —_—

Il
el
Biopolymer

75

Biopolymer

Biopolymer

Scheme 14. trans-> 7 04757 T 7007 U v 7 KOS EFIE U806 e i 7
IR AN

trans-> 7 O A7 T U DHEECFIZBIT DIGH BAFFE SN TV D, 2018 FITIE 51X,
trans-> 7 O F 7T 1T T 7 R IACKIS O b U CHERET 5 = L A4 LT A5
(Scheme 15a), Z O, RO EHLEEE & O cis-> 7 047 7 CIIfEEER R S

17



RN ERHALNZINTWD, Eio, R NV—7DOWETIE rans-> 7 0427 7 2 80 1%
FRIEE AR T NV VBT & U CHRET B 2 L VRSN TV A, BRI, =/ v 791
3D AHEA XRIED 1LA-MINBUGIZRT 5 v 20 MMl o S 2GRN 7 & L CRIAT
XL ENHLNIZESITN D (Scheme 15b),

(a) o]
)LN/BV (1.2 equiv.)
H
o
o P@O 77 (10 mol%) oi;
Ph/W.LOH Ph"
CH2C|2_ -30 °C Br
76 78 (99%)
N :
RhCI(C,H4)s], (2.5 mol%) e !
[ 2H4)2lo
1% 80 (10 mol%) 3
(e} ‘ + PhSnMe; NaOMe (50 mol%) :
(1.1 equiv) EtOH, 60 °C |
: 0 (TCO ligand)
[ 81 (9%, 93% ee) Tt '

Scheme 15. trans-> 7 @ 4 7 7 OBLFIZ BT A F]FE]

5.4. cistrans-13-> 7 0t X oo
trans-> 7 O F 7T NS I _HEEAEE AL cistrans-1,3-v 7 0ty 2T 0%,
FVEWOTHERXNLF =20, FHEMFICED L trans-> 7 0427 7 1% 19.1 keal/mol
DOTHZRNVX—THDHDIZK L. cistrans-1,3-> 7 v 47 % = % 26.5 kecal/mol TH
HEEHINTNDY®, FEFIZHENVOTHZRLF =D OWEICHENR =523,
EOOF LT HF—1P Z A WA HE L IEFBIIEI B0 BT Db Fhc e g - T
W5, BAIOERBEIE 1956 2D Cope © DIl EDIX DY, cis,cis-1,3-> 7 a4 7 XY
T2 83 DERRDTI 82 ZMELIZL 25, HWID 83 IR cistrans-13-2 7 wA 7 4
T84 PINH 5% THRO NI EHE LTS (Scheme 16a), 7235, 84 I3 & HITH Y
(a)

@
O/NM63

82 83 (41%) 84 (15% (unstable))
(b)
?TBSCOZMe CO,Me
VI X,—0TBS
B 200 °C ‘
H
85 86 (not obtained)
(c) _
MeO,C—=—=—CO,Me ., CO,Me
no-c —/" “co,Me
87 89

Scheme 16. cis, trans-1,3-> 7 0 F7 B L O DHE & RISH
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b L THRA RT3, HIEERE OSIR L L TR EICHBEFRETH D Z L VRS h
TW5, BRI cis,trans-13-> 7 0 A7 2V 0k, €37 a[420]4 7 #-7-= 2 O
B 72 anBFEBRIREISICE W EKT 5, L, 4nBFERIRAUSIEEH RS TH 0 Ak o X
INCHBREMEDY 7077 Tl KV OTHZRLF—D/NS W ANl MRS, —77
v/ u42014 7 #-7-= 2 Tl cistrans-13- 7 a4 7 2T DET X 50T AT RV
X — D7 OMBRT 5 H AN AR D 72 BB 2 7210 TS Ly, FEEE 1979
12 Untch BITHEER > 7 277 2 85 % 200 °C ([THNEA L 7= KB 21T o 7203, BABRIK 86 1345
BRI o T L HRE LTS (Scheme 16b), L2NL7R2N 6 cistrans-13-3 7 w7 2o x
CEIRT D Z EIEFENLETL D BT TV S, 1969 452 Bloomfield &3 B Y7 1[4.2.0]
Fo BT 8T ETREFLTUAINR Y ATV 88 HIMNENT L Z L T cis,trans-1,3->
vaty sz L ORAINE 89 ZA L, MIEICHEI L7 (Scheme 16c), &5
BT 51X 87 & cistrans-13-v 7 a4 7 2T OEEREZBEE L, PENITEALE
FAER T 2R A Z & b LT 5%,

W RE CIIMERY 7077 90 )64 U D cistrans-1,3- 7 a7 21 96 72 AW
T2 FHRSOL OBIFIZED LA TV 5% (Scheme 17), 96 D HBEEIXNEECH 503, R CTEFE
PR L UCIEET DD H D LB b, TORES. 90 (Zxt L Pd filt /772 T C
A— K7 =V VFEER I ZWINT D & trans M5B A > KU 92 AT HZ L2 HELT
Wn 0 R I FAEY cistrans-13-V 7 0 d 7 X296 NMAELTEY, Zh
ZRERE L TCRIGHEITL TS EE X biLD, SHIZ9% XU > ) — o —T VL%
Fiolzb, 7 oibhA 4 EREFHNEMZ D Z LT, trans 7 047 7 2 93 IZEHATEE
THDHZEHMELTND O Flo, PAMBAFET, 7Y =0 L9 2 M2 5 L P EER

96
short lived intermediate

R

Scheme 17. M4HIZEE CHE LI-MEBR Y 7 a7 70 bAEL S
trans-> 7 A AT BT DG
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T 95 BT D HIELHLNILTND O

trans-> 7 O A7 TV INEMEARF HFFO L D12, cistrans-13-v 7 a4 s X U b Ak
CHMEARFEATDHEEZLND, L L, XSG cistrans-13-v 7 a4 7 X%
BHRAFWBONTND, TO—FlE LT, ciscis-1,3-v7 a4 7 Z Pz rONEMENER
FIIEHN AR FTBRE CTIT 9 FERH 52, LnL, 20X 9 RRBBDT e florc
EFE o TWDB DI, cistrans-1,3-V 7 0t 7 4 VT ORLEERMEEIC L DE RO L &0,
ZORISHERRIEHTH D Z LICENTH LD EEZLND,

6. AWFFE OB

FRECOHERL L72 X D ISR Tl /WNEBER rans-> 7 0t 7 7 L0 o T OT AT
BRI EYOE M ZILET 2720142 RS ZBR LT 7=, RifFFETld, 0721k
EMDOISLRA AR MR ERETH I EAHEE LT, LTOMEEZITo T,

6.1.

i

BIFEEICBNTRE L TWD, FERMERY 7 07 ¥ ) —/L 97 BEEPHIEIC K- T)
FUBRZHE L, ZNEIRR D AR & 72 55T A2 R o 72, BBLANC K D IRFE—
RFFEE OB CITRERTHENTEX DM, 97 PHAERL H 5 Z>OHEEO T R L¥
—ICRERENRNEEBZ BN, 22 COTHSTFORIGHED S S ZFMH L, EEE R
BoiC & AT IR A 70 B S A 28 C X 2 ATREME A (UE L 72,

BREtORER, Mg 7 a7 % ) —n 97 Z{LHICTHLHY T E R I — KU B
(PIDA) THEETH L, e Fu 7T U fiafFo7 =) b L 98 345 57 (Scheme
18), AR TIHRME L TKkE_RGFESEDLZENEETHLZENHALNERY, VE R
077 CEROBRRFIIEEHRTH DL Z BRI,

Ebi, WAL LTk ERT N v AT AW AERWD L, 98 13ELNT. &6
AL LT LTe~I 7 X —0 99 AR LTZ, ZORIGTIERTBRO 98 A HfE{kE LT

PhI(OAC), ! O R
o .

CH4CN/H,0, rt

NaOCI*5H,0
—] CH,Cl,, 40 °C
o

NaOCI+5H,0

CH,Cly, 40 °C

Scheme 18. #EERT 7 07 % 7 — )L ORRLANCZ X 2 BRAEL S
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BHLTWD Z LR, BEROBIEOMIBIZL > TRRLIERMEEZ D L
N ISV N Aoy
6.2. HE-FE

B_Em TR MR 7 v 7T D AnEF RS LV AL D cistrans-13-2 7 a4 7 2
v 86 OB AR, HHFFEETIILIAET, MR 7 v 77 2 85 2RI Lz 1254
ERELTEY., 86 DFENERPITTRINTE 72, O FWT W rans-v 7 vt o7 7
LHEI LT, cistrans-13-3 7 0 A 7 X P AT FO DT AT RILF—DE IS HEENKF
by, ZTOISABAILEON TS,

AIFFETIE, OFT AL ZEESITHMMEOmWER SR & OFTERHIZ L > T, 86 DLV
B EMEOBERTEEIT) 22 HNE Lz, x OBBERZR LR, A4
100 2z AW BRICATE O AeiEE 101 ZHEET 2 Z L IClIh L, £ oG L2 X i i s
FEFTIZ X VB S 202 L7z (Scheme 19a), Z D$ERIL 0°C &\ ) KIRERBESC, ACRIEE T
LE LN, RERIGZ B LIZfER, 7 0R A7 4 a2 FOIES LI X 0 EEmAt
FHBENAETH DL ENRSIL, FTLV T REHWD Z & TRWIMLFREIRME L EH
T 52 LITaTI L7- (Scheme 19b, ¢),

@) H ¢ )=
EN\ Y, CO,Me
COo,M
?TBSCOZMS 2Me X,—O0TBS
Oﬂ/ . (>—otes 100 ¢
Pt
. TONT
: o M
=
1

H
85 86 10

(b) <O O
o PAr,
CO,Me 0 PAr;
X,—OTBDPS <o O OTBDPS

|—"ci Qj/cozl\ne

P A
102 103 (up to 16% ee)
(c) I\
| N
N+ Pt-Cl CO,Me
iPr — OTBScoMe  TBSO—F ™BSco,me
104 (0.5 equiv.) | PPh,
85 (racemic) —— + Clw& —_—
: Pt Pr
H N /Nj/ H
85 (53% ee) I, o 85 (97% ee)
105

Scheme 19. B&EIZ X 5 cis,trans-13-> 7 a4 7 Z =  OE & RES~D
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BE BIERICK BRI NTE/ —LOMERRMRE—RRESOBRREORMR

El=N=R
1. Hi

a7z )=k RFEMEEREKICHR T 2 WOT R F—2 86, £ OfifiH
ZEREN ) & U CMBEFO KIS E R T, £ O— DB LA Z W BB IGN T H v b,
ZORISIE. B Rrd v Roafk & BRER Okl f 2 MLPICHE S & 25 L RIFRFIC, [RFE
JRF A2 BREMETELDRTHARKIE TS L, HICHBORNHER LI ZREL 7 nT 4
J =X, BRKEDNLEIZ L > TERDIBEEROAERM E 52 D120, & OBRRNLE O fil{#
ZIXER S b 720D (Figure 9) . BALANC X 2 BRSO IL, —MRANCRER DT A b L<
X7 UHNRAEL D LD ICHAERED R X 2@ 5% (Scheme20), 7 a7 % ) —)L
DORRKISNC E > TEMRT DT AL LIET PNV HRIEORENREZZEZ D L, =
Wl FA (FHN) b LIRS T FH L (FV V) BERESNS, KR T
DIHFFH e U RAFTUDBRIGLELDZRXAX =IO TF A OREMEZE S
hydride affinity & V9 FREEIZIES< & B =k VR I F 4 1% 231 keal/mol, X2 PIALE

GLx
@(Ei%ﬁ/ no R
n \gl;/R

(n

X

Figure 9. ZEMEL 7 07 % /) — )L ONEEIRIPEI R

(@)
OH HgO, I;
g‘k.OEt e ‘ 0 ont
o (0]
oM o
106 107 (35%)
(b) Q
oH HgO, Iy;
‘M' hv “iCN
ﬁ N K
0,
© 108 109 (59%) P ‘

' HO~-O -0 |

Qe TMSN;, Mn(OAc)s, bipy, BI-OH O Me_Me : !
Ph—ri1—Me Ne | :
Me Ph . 3

e CH4CN, 70 °C e Me

110 111 (43%) R ERELEEEE T ‘

Scheme 20. FR{LANIC LD 7 07 & 7 — L OBRRZEIG
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Hydride Affinity Bond Dissosination Energies

R™+H —= RH+AE R+H — RH+AE
Me\@r‘Me 2 H " u
Me
231 226 (kealimo) 965 897 (kealimo)

Figure 10. & NV RNEAIME & &S fRBET <L X —

TR NV T F A L 226 keal/mol £ ED TR F—DRE ZIH L THE D KREREN
7208 (Figure 10), £72, 7V HNVAERD LT S OFRETH DG MM 1L ¥ —H 5 =
W7 N E R DIV T DI VTIEXEILE R 96.5 keal/mol, 89.7 keal/mol & ZH 5 H =R
F—DORE SITH L THMIIREI NSNS, Thbb, ZNODNFA L HDHNET TN
NHEEZ B2 DEBREC R L X —ILIINO6DEIV /NS RDEZZ DIV, RUCDE
FEZHTOIFELWE TSNS, L, OTbama BEICHWD 2 & T, iRk
FHETCORIGHATREIZ D Z & T, DI MNRTRLXF—EZTHRRMEZHIFETE 5 LUE
L7z, BEIZOWTIE, YIRS TR L-fERMER S 7 07 % ) — L EIETHELND

(a)
Nu
H*, NuH O R

OH R @
2 b R
R°_base 114 (R2= H)
KHMDS,

162 °C
\ @ OH R1 R2

R2R1
OH R1

tertiary carbocation

H
" o

benzyl cation

Scheme 21. A2V THEE kbfﬁw5%?/7m7&/—w
(@) ZNFETOEMHIEEICE T DRI
(b) AWFFEIC IS THEIAIT D E LA L 2 BIZLRS CTHE S 5 TsHE & AR
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&% 113 Z 7= (Scheme21), N3 7 I E=1 il boO0 7 = =)L 112 (TR
BEEERSEL2 L TERTLHZENRTES 2, N3 1%, BOEELINAL 2L TENEN
BRI HAE CTORB—RFMHEOHREIEEZEZ L, 1140115 2 5.2 5 2 L RS IFR=EIC
X0t ST 5 2130 (Scheme 21a), M4 BEL 115 (X, b L OffER> 7 n 7 % 7 —/L 113
&l U TR DMEIRE L TV D 72, SRR KR E K E(LT 5, RBFETIE, OF I
£ 2R RO AL CBIUE A HIME L 117 ° 118 238NI AR T2 2 L 2 BIZ L L, it
FF L7~ (Scheme21b),
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2. flx OFALANC L AHEERY 7 07 % ) — )V OBRLHIBBAZL S

AWFFETIE, VAFNVEEZLOMEREY 7 a7 % ) —V 13a =3 E E L THW, FER
DEHIEEZEFTLH LT, BEFNFa2—=0 7 bAETHD, OIHHRFELT N-Z oo
A7 A4 2K (NCS), 23-7un-56-V37 )p-_2V% 7 (DDQ), ¥ 7k F¥Fv
g— R (PIDA), HCIO (KHEEHEFEEET NV o L LSO AIRHEE) ZMa L

(Scheme 22), NCS ZHWeHE, RIGITEITETREEIDAEI S HHEHR L 7> 72, DDQ
ZRWTZEE, IR TS EIT LR > T2 72 D MBE AT - 7228, JFEHS 2 LIEMEZ IR
BB LTz, PIDA #2356, TLC TRISOEITZ iR LB, HROEbE R
TICEMOFEN R INT, HAERDZHBEL T2 L ZAKERBILEL 2V FrT7 T
MEEM 119a TH DL ENHLMNER>T2, —J5, HCIO ZlR{bAl & LTHWS L K&
B L S Lo~ T2 — /0 1202 DR 50% CTHOLNTE, L DOREENG, PIDA &
HCIO % MWz L BUOSIZ W CREM 72 S F et 2175 2 L & LTz,

U7 R I RRUBUEBREAIE LT, MEERY 7 r T ¥ 2 —L 113a OFEE{LRIREHE
HOLEMEEBF LTz (Table 2), AKZHFESELRVEAITITEOYIIEONT, KISRITE
HEZRIR B & 72 o7 (entry 2) . K VW EE{LT) D3RV PhI(OCOCFs), & M5 & FUSITHEHE &
720, PIDA Z@->< VINZ 5 EWENR ELEZ Ln RRISITERE ) ORI S EE T
b5 Z L NRMEE Tz (entries 3and 4) , S H T B{LAIO B A2 O T LU A E L7z (entry
5), V%A CHaCl/HyO (ICE 5 LIRS 82%I21H E L7 (entry 6) , V&#EE MeCN/H,0 &

Cly

NCS (1.1 equiv.)

no reaction
CH,Cl,, 0°C, 24 h

oL

113a

DDQ (2 equiv.)
113a complex mixtuire
toluene, 80 °C, 24 h

PhI(OAc); (2 equiv.) O fo)
113a O
HFIP/H,O (9:1), 1t, 1h

119a (15%)

ag. NaOCI (4 equiv.)
AcOH (4 geuiv.)
113a

CH,Cly, reflux, 1 h

120a (50%)

Scheme 22. (LA DG
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L7Z35EED 83%EmINEKRTH 7= (entries7and8), 7=, 113a V777 LA —L (0.5
g ) THOWTLEINERCTHIYZET- (entry9), 728, AKISIZBW CNERAERYI
MR S Lo 7=,

Table2. 7 & h¥ 3 — RN K DE{LHIPBI D S lE it «
e (Ol

solvent, rt, time ‘O

119a

entry X Y solvent time (h) yield?(%)
1 H 2 HFIP/H,O (9/1) 1 15

2 H 2 HFIP 1 0

3 F 2 HFIP/H,O (9/1) 1 0

4¢ H 2 HFIP/H,O (9/1) 0.2 40

5 H 1.1 HFIP/H,O (9/1) 1 66

6 H 2 CH:Cl/H,O (9/1) 1 82

7 H MeCN/H20 (9/1) 1 97

8 H 1.1 MeCN/H20 (9/1) 1 83

9 H 1.1 MeCN/H20 (9/1) 1 86

“ Reactions were performed on a 0.1 mmol scale in solvent (1.0 mL). X = H; PIDA

((diacetoxy)iodobenzene) ® Isolated yields.© PIDA was added portionwise over 15 min.

‘- R2 PhI(OAc), (1.1 equiv.) O 0 R
@ MeCN/H,0 = 9/1, 1t, 1 h @ R?
H

1M9b R=CI,R'=H:62% 119e 99% 119f 59% 1199 97% 119h 0%
1M9¢cR=H, R =Cl:81% (complex mixture)
119d R=0OMe, R'=H: 91%

Scheme 23. 7 & b ¥ I — RPN K DHERLHIBRIZ O B E — %k
All reactions were carried out using 0.10 mmol of 113 (0.10 M), PIDA (1.1 equiv.), and
CH3CN/H20 (v/v=9/1, 1 mL), rt, 1 h. Isolated yield.
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Fe{b#l% PIDA 1.1 M4 &, A% MeCN/H.0 (viv=9:1)& LI=SE 2 st & LT, E
—EPEA R L7 (Scheme23), BB EO@EHRILICOWCITE R, BErit53E
EHICKREREEL 52T, BFR2ETYE Ka 77 UFEEERAE L (119b-d).,

BB THLTA T = R RLE L R T O A < BUSAEIT L2 (119,
f), IDIT, VAFAEE T 7 aAF i Ve LAY RROLE TH BIFRIGETHBY
215872 (119g), —FHCTE/AFNANEEETHTVE Fa 77 2 119h Ze<&50nT ., K%k
DEHEL LALEHORE IR TH > 7o, HESISHEEIC OV CIERiR T 2,

RIZEREAI & LC, HCIO Z#ist L7 (Table 3), Singleton H DA IZHS &, REliEF#E
i) N U O A ZEEEE CAUEE L C HCIO Z AR L72%, WG CI%, WHiEHREE R Y o A
KERE RANTZ56 . BEICBILESNTA~ITEX —/V 120a BXE LN, ZOKISIEFE
BVEMENZ &30 o 72 (Scheme 22), FFERMEDSEWERIL, RIEEREET U v LKE
BRFRSNCT SBENBL LT WD E B X2, £ 2 CTEIB TRV T WK EESE
BT b U 7 ATAKFIZ DR Et LY, £ OfS%E, CH.CL 1, EE TR+ 5 2
ETHREREOIGEE THEM R < 120a 2157 (entry 1), KINREZ EH 825 LN m E
L 7= (entries2 and 3), RfitE LT N U v AT KF LB D R4 1 YEIZE S LI2HE.
INRITIE T L7z (entry 4) , ISEED BB G RRET L7223 RO [7]_EIXRERR S 725> 72 (entries
S5and 6), 7T LA —L (0.5g) TRIGZEMLTYH, SMNETHIWMERD Z &N
TX7= (entry 7).

Table 3. HCIO (2 X 5 B&{LRIBBAK D G- Fiw T «

OH NaOCI+5H,0 (4 equiv.)
‘ AcOH (4 equiv.)
solvent, temp, 1 h

H

113a

entry solvent temp. (C°) yield? (%)
1 CHCl, 0 41
2 CHCl, rt 66
3 CH:CL 40 81
4¢ CHCl, 40 25
5 toluene 40 17
6 MeCN 40 43
74 CH:Cl» 40 72

“« Reactions were performed on a 0.2 mmol scale in solvent (2.0 mL). ? Isolated yields.

¢ NaOCI*5H,0 (1.0 equiv.) and AcOH (1.0 equiv.) were used. ¢ 2.0 mmol scale.
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WHLERIET N Y 7 A FKF L BiE 2 2 i 4 HETHOHV, CH.Cl, F1 CNEE T
TAHRMERESGMEE U, WE B2 M5 L7- (Scheme24), 7 muEBR B 2HT
% 113b, 113¢ TIEHBBAHFE LN L OO, A FF T (113d) T A7 2> (113e) &0
STBTEBERGTEREZFFOLOIISUSRNEL 720 BB RER SNz o7, T
HEROEFNEBRI LI @RS HEZ > TN EEFEXTND, —F, ik
FRYPEEE L7e M3 IXRER S RISDHEIT L, VA TFAEEZ A REREE LIEEE 113g THH
B % IR TR T,

EFJ AFUE 1130 X, B(LAlE LT PIDA 2 AWBIIFTEO(LEM R 2L H oz
Mole, ZOBBIZOWTIIBED & ZARHTH S, HCIO Zf kAl LTHWD &~
IT7 X =/ 120h EBZONDIREMELELRNBG T MR T HEY (121h & 121h°)
335472 (Scheme25a), HEEL7-7 X — /L 1200 1T T AT LA~—REMEEZEZ DN
L. FNEBELTH 'HNMR A7 MABEMTH 72, ZOBEE LT, Foiic4k
FIE 120h & EORBRETH L Rr¥ 7 o 122h OFEIRAM TH L B 272, R
FEWZE "THNMR HIE Tld, Me BEICHY % ©— 27 OEELMEEISCTEL L, SET
® BCNMR HIEIZ LY 122h £ &2 LD VKR VEDFEIRE SN, £ 2 TRIC
BRER(K 122h O 2 A 7-, filfii B> DMAP f71E F CHOKEEREZ M2 5 & 7T L&
NI M 123hW YT AT LA~ = 1:0.17 THLNLZ, ZO{EWT o XX
Y ORBEHEN DT D2 LR MREOEZFH L TCEYT AT LAY —DR
ERGDH 2 LINTE X MRS IERRITIC & > T2 OMENRE Sz,

@ OH R! , NaOCI-5H,0 (4 equiv.) @ OH
R AcOH (4 equiv.) O Rt
N R
@ i CH,Clp, 40 °C, 1 h @ L
13 120

R
O OH /S oH OO OH
9% o8 o
O Cl Cl O C
R
120bR=CI,R'=H:63% 120e 0% 120f 64% 1209° 53%
120cR=H,R'=Cl: 74% (complex mixture)

120d R =OMe, R'=H: 0%
(complex mixture)

Scheme 24. HCIO % FV 7= 2L RIBEA R D FE — e b

“ All reactions were carried out on a 0.10 mmol scale (0.050 M). NaOCl-5H,0 (4.0 equiv.), AcOH
(4.0 equiv.), CH,Cl,, 40 °C. ? Isolated yield. ¢ NaOCI1-5H,0 (10 equiv.), AcOH (10 equiv.).
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OH Me NaCIO-5H;0 (4.0 equiv)

AcOH (4.0 equiv.) . } 19%
CH,Cl,, 40 °C, 1 h (inseparable)
113h 121h + 121h"
% O o
OH Ac,0 (3.0 equiv.) OAc
' DMAP (10 mol%)
Cl C|
123h (X-ray) CHCly, 1t, 16 h
122h 123h 67% (2 steps)

dr=1:0.17

NaClO+5H,0 (4.0 equiv.)
AcOH (4.0 equiv.)

CH,Cl, 40 °C, 1 h

113i 121i 34% 121i' 8% not observed

Scheme 25. &/ A F/ARB L OEERLY 7 07 % ) — )L ORI B A

HEBEHORE 131 TRISZITY & IrEEO 7 & ¥ —/L 120i (3R TX 22075 7= (Scheme
25b), ROV ICNBEDOST Fr 1210 & RIPBERAM E L TE LN, OIS KD
WRT T H U BERT DALE TR R DAL T T AU NE L D HEG BRI
EATL2Z L2 L TvD (Scheme26), 37725, 113i 28 HCIO & RS L THHEIK D %
BH L, DR VDR Z BB I DL F A i NERT S, I A
FUNHEL 1210 BAER L R S D, —FH, BBV RIDF A iEEOREZE
EOTOAERLAENWEEZ NS, £72, 121il%, RPTEUZEH (ChL) 1Tk 12180
RUTNMLINE BT ﬁkéﬂt#%i%bk%@?%ék%i%ﬂé%

e Rr77r 119 OARERE LT, DDQ I X 58kt L=, 119a Z DDQ THL
BT 5L, RUVMIPRBILIIA T LN b ACEBINTALEY 124a HAER 90% T
Hoi7=% (Scheme 27),

i ii 121§ ii'
primary carbocation

Scheme 26. 113i ® HCIO TOEE{L,
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% O DDQ (2 equiv.) % O
toluene, 80 °C, 24 h
(0]

119a 124a 90%

Scheme 27. DDQ (T X % 119a Dfi{l

3. BOGHERICEAT 5 &4

HEgtEo> 7 a7 4% 7 —/L % PIDA THALRIBRAR T 2@ EDOWMEIZESE, KRISIEH
FAHRBEEZRE L TETL TV EHEE LR, 20K EHIET 5720, mE
BOAY ) —)VEANTEREIT 572 (Scheme28a), 20 YED A ¥ / —/L &ML CTEER
AT o728, W OEBLAZ W2 5E6 T HATZ O 1252, 126a IR S e o
72 ZORERIT, S TN TOBREBENZD, STRITORMIEL Y bELEIND D LEE
2 HNDH, 72, 119a 2 HCIO IZ KM bEMFAHEA LT 2 A, ~I 7 X —/L 120a H?
o7z (Scheme28b), Z DFEFEA D, HCIO IZ X HERLIE 1192 Z AL L CTH#EITT 2
RIS TH D 2 LRI ST,

INLORRE S EIC, KISHEZLLTO X 5 IZHEE L7 (Scheme29), 37, 113Dk
RV ERfFE—m 7 oA ICEREND (), i\ T, REIRBHEVHAAELTH
VIR VENARKRT D (i) . T ORIBFRIFRF EOIELFE SR INVEDF A NTHEL
BALAEITT 2 Gi) o RBEICT e FUOBBBEL e FrT7 70 119 BB IND, £,

(a)
PhI(OAC), (1.1 equiv.) O 0 O OH

. . OMe
MeOH (20 equiv.)
CH3CN/H,0 (9:1), 11, 1h O O

119a 79% 125a not observed

NaClO+5H,0 (4.0 equiv.)
AcOH (4.0 equiv.)
MeOH (20 equiv.)

‘ OMe
oF

126a not observed

CH,Cl,, 40°C, 1h

O NaClO+5H,0 (4.0 equiv.)
‘ (@] AcOH (4.0 equiv.)
O CH,Cly, 40 °C, 1 h

119a 120a 66%

Scheme 28. [ JSHEIEARNT I 5
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i’
sp2-rich 8-membered ring

Scheme 29. #£7E SRS

HCIO IZ X 2 b Tlx, BRIR 2O 0EF O LIARIZE D, 77X —/L 120 DI ERK
THEZEZLND, B, XUV ATFAUHREKIWIL 8 BERTIC sp? REFEIR T &2 & T/
D, RERBOTHERTHEEZLND, L L, BIIEEDE Z ARV H T4 R
i’ 2R L Cii NERT 2L TRIIIEET DI LT TERY, =, T/ AFIVED
B 130 TEE=RINARITF A KO RBZERFE RANKIDF A PEC D20, X
VONMIBT A b HOLREART HEEZOLND, WEBOLE 131 TIEE HFKI LR
HNF BB TREERTZOERE T, XD F 4 OHNERT 5 BRG I #E
ITLEEEZRBILD,

B 1132 3B LOVER 119a DI AT S Lz JIE L BEEERS A O BRI & 02k
ZHEER L7= (Figure 11), 113a TIZRU P U BOWIER ICHRT % 274 nm O B — 27 258
BlEniz, —J. 19aiE259nm (2%, 312,357 B3 LU 375nm OEFEERINERL, 20O
Bl EWIIIESEROIGRICER T2 B2 o b, BIEAIC X 2LABBIR O R, i
R T L7256 LT R R D E CORARIGET L, ERBIE SN L8RS
BIFRALEMNEOND Z ENRENT, ZOL I RKISEERT S L, —2D 5T Tix 72
FRIZISE U, TNE IR 25 R I 2 R T REM 0y T~ DIE AR T & 5, ARIGIZ
BWTERLAIE LTHWEZ HCIO X, AMERO—FETH D HERDERT 28(LAITH D
20 AERNTTIE, BAMEEREE, MEEMERREE, S OITIEEMEA ML RIC K DL RIET HER
BPEET D, LEER- T, AFRTW 72 I3 DX 5 20 Fix, 2 S ORRHBREIIN
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BEL TR Z (bS50 F 7 n—T7 ~DISAPEIRE S,

0.5

0.4 259 O

[0
2 0.3
@
2
2
g 0.2 ——119a
----- 113a
0.1
0]
200 250 300 350 400 450

wavelength (nm)
CH,CI,, 1.0 X105 M

Figure11. > 7 7% /—/L113a L2t Ru 77 119a DRILAT kL
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E=E BUOTHBR trans- P AP T UOOHIREBEFRFOER

El=N=R
1. Hi

HEYED cis-> 7 a7 7 v 127 3BT 2 Z L TRUBRBRKIETH 5 4nBE T ERIRGIC
KV [RIERIIZBRER L. cis,trans-> = 128 % 5 % % (Scheme 30a), Z O BHERIIG T AR 2
HIZHEITT 2720 cis,cis-3 TR0 trans,trans-> T ATER LRV, 2Ty r7ar7 7102
BN UNRKER LTIV 7 a[42014 7 #-7-= 2 129 MEEEO KIS TRER T IUX
cmmmm}y&mﬁ&&v:/BO#éﬁﬁé_k#%ﬁém5(&mWﬁ%hcmMM—
13- 7047 2T 130 & trans-> 7 047 72 69 DFFEALFEIZ L 50T AT R X —
IXZNEI 26.5, 19.1 keal/mol TH D, trans->7 a7 7 LV EOTHTH D cis, trans-
13-V 7 ad s 2o OWEITIZEBER R -5 SO0, ZOAEKRBNIIEF 2D 72T,

BB THLRLEZ@EY, 130 ORPIOE[AFIL Cope HIZLD2bDTHDLMN, AR LIALA
WIIRY ~— L L7z L HEIN TS (Scheme 16a), = DO%RID 7 V— 712 X % it £
PITHONTWD D, ZIEIKREZZEICHEEL 2 FIXBRNICHFER T2 &84, C-CREAXL b
FEVWCSHAEAETHLODOHRNHE SN TND™,

(@)

R! ] . R
. contratory ring-opening
[ -
R2 A R?
127 128
cis-cyclobutene cis,trans-diene
(b)
@u T~
129 130
bicyclo[4.2.0]oct-7-ene cis,trans-1,3-cyclooctadiene

Scheme 30. *7 177 » OIS TO 4nE BRI KG

WIS TIE, MEBRY 7 0 7T VbR CRAE S W cistrans-1,3-v 7 0t 2T
96 % FA\N = SUGBR%E 217> T 5 ¢ (Scheme 17), Pd filfiifFfE F CHidk L 3 —R7 =V
FHEREIMZD Z LT, trans fgEsA > RV UGS, 72, 961V = /) —/Lt—
TNV G T DT 7 b A 4RI L RE 1A ZHWINT 22 & T trans-> 7 a4
T U EBRAEETH D, LILEND, cistrans-13-v 7 a7 22T 96 HiK%EHEET 5
ZEIETERY, UL, cistrans-13-2 7 0 A 7 BT DOT RN RKETE LD
RIS Tod RGN ELRT 5720 TH D EEZX HILTWD (Scheme 16) . AFFFETIL, &
HCHRAELTCND EEXLND cistrans-13-V 7 a7 XV % 10 BEEICHEERET
HHEERE Lo, T7bb, Mk LTHEET 22 L2k v, higd X EEICRE
TELHDOTIF RV EEZ T,
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cis,trans-13-> 7 a A7 2V U R HBET 5 kL LT, EBEREZHWE=ET Lk
OSSR G Rt Lz, BBERITZED d#uEICT V7 v OnE MG S, B85
A5 dPENS TNV T OB ET 5 Z LIV REM L, BEERETRT 52 &
DAEIHAVTUW % (Dewar-Chatt-Duncanson £ /L7 Figure 12a), & OENLOEI1X, 77
YOOTHBBNMNEERELIRDZEDMONT WD, EBERE CTH LML 7 L7
Y OREETES K (L/mol) ZEEMICHE LG LD & cis-v 7 v A7 T 1L 144 M
THDHDIZH L, trans-> 7 a7 7 2 Tix 1000 M LLE & HIE STV 57 (Figure 12b)
ZOBENEFIA L, trans-> 7 0k T OB A RIS R E LTI L, BB 25
ERHENLSNTWD Y, -, AREIC L 2R bIThbnTRY, IR TH D rrans-> 7 1
F U T U EEMKE UTEMET 2 2 L T X RS SEERITIC X 0 2 Ok TAE E
HE LTS MA s —HAREDT —F 2T 5 Z & CTrans-> 7 nA 7 2 VT U AEDK
JoMED K 2 R T B b IFAE L TV AT, 2ok 5 mBICESE . XY RLER cis,trans-
13- 7matravarby BRESBEL DKL T E TREICHBT2ZLNTED
LEZ BECB T,

K
olefin + AQNO; === [olefin-AgNO;]

O &

cis-cyclooctene  trans-cyclooctene
K 14.4 > 1000

Figure 12. (a) Dewar-Chatt-Duncanson €7 /L (b)Y %47 1 & BB &R OfE & EE

2. cistrans-1,3-3 7 047 4 P x o —&BEER A RO SR

THEMEAICENL L O 8RR T D Z ERHE SN TWAERER A VT, rans-3
yaty Y EREROARERFT LT (Table 4), Pd*"<° Au™CIISEAR O RIL B
ST, 'THNMR Tl J=10.6 Hz ® cis-7 V7 VHED T 7 F VD35 54072 (entries 1 and
2), DT EMND, cistrans-13-V 7 A7 X DT U IEERRE T cis,cis-1,3-V 7 0 A T X
T 132a B LT ERERRAHT 7278, IRICERSEIR & L COMR 2/ L7z, AgiddRA
FrHThIa~ NTT T —& LTCEEILDBERE 2 RS 2 R o bR o5
HEZFTRE L+ 570 &L TOARfMKEE & OBMEOFm SN LMo EB R A 4 T
HoDY, TOH, ~FY T LFaTEF T b (hfacac) EEELERN)ZE T V2 L4
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ICHHET B LB RS DD LA STV, Z 2 TRIBRO S TSR D AR 2
SL72EZA, HNMRIZBWTC J=15Hz DT V7 AR E— 27 BN &, rans —EFES
DIFEDNRE SN (entry 3), SBIEARICHVTY, trans “HAEA D Jun BT 14 BE L&
WE O trans —HEER ERERBEBWVDIZRNZ ERMOLILTND 77, RO M THISS RO A4
OB L, JFEE X RARD TN =7 258070, AgDOBE L IXRR Y B —7 M
20T a—RNLTEY., JEZEMRICHS Z L IXRETH -7 (entry4), T OFLH I
fLENWEBHEEZ o727 ThH D LB 2 TWD, ST OEFALEIL[Ar]3ds' TH Y —
DA A 2 1E[Ar]3d!0 &7 D Rt E 2R/ As, Al O A A 1X[Ar]3d° £ 0 R

Table 4. cis,trans-1,3-> 7 0 47 % Vo L BERSEREZERT 5 &BIE OBt

?TBscone Metal salts O:Me
Oj/ conditions 06/ ores
H ‘M
85a 131a

entry conditions isolated yield? (%)
1 Pd(MeCN)CINOz (0.20 equiv.), CHCL, rt, 24 h 0?
2 AuCl (0.66 equiv.), EtO, rt, 18 h 0?
3 Ag20 (0.50 equiv.), hexafluoroacetylacetone (1.0 equiv.), CH2Cly, rt, 24 h 0°
4 Cu20 (0.50 equiv.), hexafluoroacetylacetone (1.0 equiv.), CH2Cla, rt, 24 h 0°¢
5 Fe3(CO)12 (0.66 equiv.), toluene, 60 °C, 24 h 0
6 RuCl3*H20 (0.20 equiv.), iPrOH/H20 (v/v =4:1), 100 °C, 2 h 0
7 trans-PtCla(collidine)(ethylene) (0.33 equiv.), CH2Clz, 1t, 48 h 85
8 trans-PtCla(collidine)(ethylene) (0.33 equiv.), (CICH2)2, 40 °C, 24 h 94
9 trans-PtCla(collidine)(ethylene) (0.33 equiv.), (CICH2)2, 60 °C, 4 h 95
10 trans-PtCla(collidine)(ethylene) (0.33 equiv.), (CICH2)2, 80 °C, 1 h 93
11 trans-PtCla(collidine)(ethylene) (0.33 equiv.), CH2Clz, 0 °C, 192 h 34
12 trans-PtClx(collidine)(ethylene) (0.33 equiv.), THE/H20 (v/v =9:1), rt, 24 h 55

“Yields are based on metal salts. * (Z Z)-cyclooctadiene 132a was detected. ¢ Unisolable

compounds were detected by 'H NMR.

I ¢ )= OTBS
PUNS
Cl COzMe

trans-PtCly(collidine)(ethylene) 132a
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BTN DELDLEDERIEEZRLELOLEEZ LGNS, 7ok, MEERCHISE RO BLEE X
N#ECH 7=, Fe®° RuS CTOSE A gt L7z 2 FEEHEUN DOFE R L 72 57281 (entries 5 and
6), —J. A&—=F L UERERAWD L EAEK 131a BE L7 (entry 7). ZDfbE
WISV BTN T TN T Ara~vy N7 T 7 4 —CHEAEETH Y | FiR - 225+ TH A
LECh o7z, 'HNMRIZ KV RFE—RKFE _EESD CHHRO L 7T NADT v 7V T E
¥ () BN 13.6Hz THHT=Z DD trans —BRAZFFOZ LRS-, A& RIL,
MeOH 7> b AT 2 2 & THESRDIHE O, X BbaEEmir217o L. rans-v 7 1
FI AT B EROASIERTH D Z LRSI, e 0 °C . AKCRIFHIZR
TOLEEERBE LN Z D, [RERESCKOFET T 4nETBRIREIESEZY 55 2
EDREE T2 (entries 8-12), —fXEUICEINL T DB TEEDOAYIN K& 25138 (A
HMETTOLDIFE) BN LAHMOLNATEY SRR LIc&BE O ClX PEIEEANL T
DOIHN IR N EZ 2 DN D88 Lo LA SR AHBEcE 28 Ea L LT, =F
VUMM T T ERRICDOETTZRE L TV DH EEB X TS, £z, ZEBEND
EIFRIGEDIR T O E W IIERPLETCHLHZEDERLTHHHDT, VIV WTNT T
LAy T 7 4 —THRERATRERT ERERBERMER LIz EZ BN 5D,

EE Mz matd 2 L, U VER KD &Ev TBDPS 4 60 85 X, 9 BEROD 85¢
THEWIE TR A7 (Figure 13), BRWNICERE T4 510 85d 1L, KFEDH CTHRLS
NELOXDLARLZETHY BRIV ALV U B FVERWDRERD -2, B
VEREE A LBRWNICE BT sp? REFTFEE AT 85e THE WK THEHKEN S LI,

Cl )=
. el )
[N i Cl
| | C:)S’

- (0.33 equiv.)
X

: CHyCly, 1t
85b-g

CO,Me CO,Me

> OTBDPS | 50TBS
8 Il 9 I )

Pt A P

Cl [ Cl [

= =

131b 99% 131c 85%

CO,Me OMe CO,Me
W \>—0TBDPS N, OTBS X, OTBS
9 4‘,MP{CI 5~ “ Osg/ g )= e

NI NS loff TN

o N o N o N

= = =

131e 92% 131F 40% 131g 0%

Figure 13. F@&85K 0 BE —ix M
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Top View

¢ C5 c3
CO,Me
4
c2
3 % 0TBS
l—"cl c1 @
2 "Pt,
To N Side View o
=
C2
131a c3
C5 ca ’

Figure 14. F&85(K 131a © X i S i@t
OKFRT (A) X trans —EREEORFBRFICHEE L TND b DDHRER)

TATNVHAEZBRICL A FF T ATFOVRITER L72 85 (2B W\ TH HRRE DOILE T A el
PN Z &G, B RIEOFEIIHIDLTEIRT 4nETEROEPETT 2 2
LRSS Tz, BRAICHUEIR T % &1 85g 120V Tk 'H NMR TOBBIIZATRE T - 7=
LoD, BEEIREECh o7, VI AWTN BT A a~ NS T 7 4 —TOHBERRATZ L Z
GFRL. ciscis-v 7 nA s XY ARG ER/RLER LI oT, éiiij

COzMe
132g'

3. A@WE O & RO 2O

A8 131a 0 X BESEMEERENT 21T\ cistrans-13-3 7 a0 2 Vo o Ok &
L COMERFHEZ B 6202 L7z (Figure 14) . B@JETX rrans- _BEFEGICOAHEALL T
V. n? CTHULL TV D, rans- _HEiE & O RFBIFFFOMEREL. 141 A Li@F O ZHEi A (1.33
A L bHELTEY, BiES (1.54A) X0 IXEN-T2, trans _EREE EHBRT D RFE
JRT- L Z DB EMAT 4 SORFFRT (C!,C%LC,CYH 1XRA—FE Eicixia<, 0 HfA
(£C'CC*-CY 1T 132°ThH T2, Z ORI, sp? REFTNHAEND DB FHEI2LY
PP IRBIRTERIZ 7> TWDBT2OTHD EEXDLND, TOMER, C-C OEERITHES &
“HEAOFHDO LI BRNDbP LB TEmMIND 15 BREEDOLOIREIERLT
WHEHEESND (N8 ORFIEF BT 140 A), SHIT, frans “EFEE L cis —
HEAOZHEA (2C-C-C-C°) [X53°DEENHY ., EELTWnEEZ LD,

WIZ, cistrans-1,3- 7 0 A7 B VT DOT BT RLX — L QRO ER B
BR® s EE2, BRI TEBLET A L OOTHZ R LT =L T —
A& R E X Bk B E T CEBBICHIE LIERN T 2 —% (BARSHAR L)
OIS D Z LRG> T DY, Yates Hlik, 77 DOTHNRKEL R2DHIFE
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P-C FBED B 720 . C-CHEBEIIR < 20 . E£72. rrans —EEG AR T 2 RFBRF L2
DEE GO 4 DORFBRFVB LT HA /NS RDLZIEERLNILTND, L
Mo cistrans-13-> 704 7 X AZBWTHLEFDO L ) RMERRAELND EEZT-, X
R RS AT 21T - 72 1314, 131¢, 131d (I2OW T, fEAA. MAE. “HALZEERLE
(Table5), trans->7 A7 2 VT OBOTAHIEL, C-C HES (1.54A) X v vV CN
Hifa (147A) 28088 131d 2 b RE <, IRWTERE 8 BER 131a, £ L TREEN
—OMWR TR 9 BEROEK 131e i b OTHININWEEZ BND, trans B G % &
e (LC-C-C—CY) X, BOTHPKRELRDIZON TS o7z (131d<131a
<131c), ZAUE, BOOTHBKE S RDITH., $EBRIZ L 2 RENMDRENKRE 2D
72902, sp? IRFBIFET-O p MENEMT 2 Lo IcAE» b0t 522 Tnb 2 tic kb L
Bz, TRENHFERTH o7, RIT sp? KFBIRFOFEE A (LC-CC3, LC>-C3-CY)
AT DL, LC-C-C OAFEITTRINDSOTHOEMELITHEINNS < RoTWHD
%5 (131d<131a<131c), T b sp? RFJFEF O p HEOMEIN L sp® IRFEIF OHIBRY 25 E A
TH D 109.5° IZ[0> TREL R TWNAHHEEZ LD, LvL, LC-C-C* DA
AITIIREREN 2o T, ZOFHHE LT C D sp? REBRTTH Y OTAERET 5 &
IIREEETDIZS W ENETF D, trans “HFEAE (C-C) ZW#ET 5 L. wrans->
suaF s 2T OERRELETOEITIZFEALER OGN >T, P-C JR 1O &
Pt-N OB Z Z N2l 2 L OFTHPKREL 2 HI2ON T PC MIFEL 2> TH
D, W2, PN IZEL<L o Tn5d, ZHIOTHANRKELS D L, AEFTFMHH OM
Ep38< 720 | ZORRAS-RBRFOMEVNE RD7OEEEZ HILD, PN [FIEHHE
OEIME, BALFO T A THHATE D, FT U AEE LT TV ALOERNLAIC
FoTERLEDHEEDVHDOONDINREOZETHY | T ALOEMLF O it 57358 <
5 EZTDOMBIIREL 2D, ZD7 Pt—>C O ORI PN BRI MR L

Table 5. A& R DOREER LLES

CO,Me CO,Me CO,Me

4 4
3,—0TBS 3,—0TBS /\3 X,—OTBS  -oc oo
8 ‘2 llll Ptl 9 ‘2 lll ptC| TsN' 8 ‘2 llll P{CI 3 3 4
1 X 1 1 7ONTY i
Cl [ Cl ‘ Cl [ ! ‘:, Cl
7 7 AN 2"pt
\ / X
! Cl ‘
131a 131c 131d ; P
131a  131c  131d 133 134 1 133
/C4-C;C5-Cq (°) 1323 1368 1299 1316 137.7 3 Q o 3
! 2
£C4-C5-C3 () 1214 1242 1184 12541 1214 : 94 3
Z£Cy-C3-Cy (°) 1193 1227 1208 1160 1188 i 8 | i
Cy-Cs (A) 1.407 1406 1.399 1363 1.330 ! 2 NO,
Pt-C (A) 2164 2164 2144 2165 - : 134
PN (A) 2086 2077 2095 208 - T
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TN EEBEZTND,

BB\ trans-> 7 v A7 XU UK 131a & trans-> 7 v A7 T 2 13488 KOV A &SR
13377 % i3 5, trans —EFEEE (C-CP) X trans-> 7 a4 7 2 o U8k kb EL .
WIZ trans-> 7 a4 7 7 U8R trans-> 7 a7 T U DIEE 725 TvD (131a>133>134)
Z MmN, spPRFBIRFLABEEND OB G 220T, spPRFERFERICAR DL Z LIZE-T
FENMET DO EBEZILND, FiZ, OTHTXLF—DOREV131a TiX, AENH
OHEENR L VIR 220  ERE LT CCHRAEDESDICHEL TS LHREND, —F
T, SRR A DR 134 Tk, — R “EEEGOES (133 A) IGEWEEZ R LT,
LnLZDoDT7 X =4 (ZiEfA, #EA. P-C HEE. PN EERED (CBAL TE. 094
DR/NZ K DA ZRMEAR LN o7, ZORIERIL, Yates H3HE L7 K 1T, B
HEEEFFOOT AW TIE, SEICL D 0T AR T — L AEEROfEER /T A
—ZOMEN—BLRWGENHL L E2BMNT 20D THD ¥, ZDI2D, trans-2 7 1
Fo BV MR 131a & trans-3 7 0 A7 T UK 133 ZESERE L COTREERT D
T EWETERD T, LNLZN G, cistrans-1,3- 7 a7 X U g KRE L O HEIZ R
WL, SEROEERRFED O OTHORNEHET LT ENARETH DL Z LR LN E
ol

4. SEROALZFERIMEE

4.1. BOSL A

4.1.1. U ¥ UBANLA AT

DN BESEROEN 7RO RSBk A2 b 5| ERAIT o7, B 7L LCE D
VUBER135ac Z A D L, SEEOE Y VUERNL NS H Z LR o T2 (Scheme
31), UV O CAfoBERIEN 7 v ek (1352), MEEHR (135b), A hF i (135¢) O
HOEZNEIRML, Z8% "THNMR CTZRME L7, #l& LT Figure15 /% 131a & 135

COzMe 002Me

X —0TBS X —0TBS
¢l ¢l

“Pt NS N Pt NT

X N + | = % N + |
c’ ) = CDCl3, 1t, 24 h ol &

% X Pz Me
Me X
131a 135a-c 131a'-c' 137
(1.0 equiv.)

135 X 131a: 131a'-c’

a Cl 85:15
b H 60:40
c OMe 50:50

Scheme 31. vV ¥ VBN ACHA S Jiis @

“ All reactions were carried out on a 20 umol scale. 135a—c (1.0 equiv.), CDCl; (0.6 mL), rt.
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X,—O0TBS OéaOTBS
b= Pt,CI Loy . = o . N‘ A
o N : ~ . CDCly 1t o N : e
Me H
131a 135b 131b' 137
(1.0 equiv.)
100%
80% |
60% | — -
—o—131a
40% B O— —0
—o—131b'
20% |
O% 1 1
0] 5 24
Time (h)

Figure 15. &85k 131a &L F V2 135b O SSHIE DRERFZE AL @

“A reaction was performed on a 20 pmol scale in CDCls (0.6 mL).

DRHSEDREIFZELZ '"H NMR THIE L., ZNENOEOEIGZ 77 7L LTIzt D T
5, BHORE & IR T AL TWD 2 ERD D, WTRORIE Y 24 B LN
IEERRBISZE L, TR0 AR oR G (131a:131a’—) 2~ 5L, EFEERE
WA FFOE Y U NE EASRFICENL T D Z Lo 72 (Scheme3l), 2O Z & X, H
E~DOBEFHEGEN, MEROBN BN LEEICHTESTH L 2R LTS, 2, KRGS
BWCHEERY 7 a7 7 2 85a 3l s e o Tz,

4.1.2. T IV AR

F72. T ARG R L2 (Scheme 32), BARAYICIX., A&EK 131a & rans-3

CO,Me CO,Me
OTBS
~x>—O0TBS : CO,Me X>—O0TBS ?TBSCOQMe
s ll=—¢ + — . Sl +

PLAS s CDCl;, Py 5
cr H c ) A

Z Pz
131a 85¢c 131c 85a

Scheme 32. A&$5KRE T V7 o DARZHA S @

“All reactions were carried out on a 32 umol scale. 85¢ (1.0 equiv.), CDCIs (0.6 mL), rt.
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100%

80%
60%
—o—131a

0,
40% —e—131c
20%

0% 1 1 1

0 100 200 300 400

Time (h)
Figure 16. H-&8#5(K 131a & trans-> 7 v /G2 = U RiBER 85¢ DAHARE

sna )P YT URERATH D Y 1n[5.2.0]/ F-7-= 2 85¢ A, '"HNMR TR %2
BRI L7 (Figure 16), ZOfEH., ©U P UBf1 & RIERIZ T V7 o O HER S 172,
v Y UBNF DB EITA R L b 24 R IZITEEIZEL TWens, T CRIETo
AT A HEAL TORERH R TH Y | 25 BfKEE THPFEISITEL TO RV Th-o
2o 25 BEREBE D HEERD I RIR 2 R SN2 T O EfMRIBE AR E TE RV EH
Wr LHIE IS T L2y, FISGET A ICIE S HICEWERPAMLETH S L PRI D,

413. RAT7 4 v BIOANT 1 RENTAH

Bz & LT hY 7=2=)Lik A7 ¢ (PPhy) ZMx 5L, 2V DU RNAHL7-sE RS
trans-> 7 WA 7 2T IBINS T, MEBRY 7 n 7T L 85a 35 b 72 (Table 6), PPh;
Z1YEELTHE, ROCFRZ 24 FFf & U CTHRISITHREREE T, 85a 28 48% & Hav, K
DEIL S 47z (entry 1), 2 Y EAWHA, 30 40 TRIGITHERE L. IR 91% CTHgiR > 7 =

Table 6. IRA T 42 « Z)LT 4 R&E W T-EBAL FASH s

CO,Me
‘», > cl OTBS Lewis base (X equiv.) ?TBSCOZMe
" PhsP, ,PPhy
o NN CH,Cly, tt, time ! + P
| : cI” cCl
= H
131a 85a 138
entry Lewis base X time yield of 85a (%)
1 PPh; 1 24 48
2 PPh; 2 05 91
3 tetrahydrothiophen 3 24 42
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TTrBRELRTE (entry 2), TORE, KEUCHAWV Y B AV EEE Y v~ 7T T 4
— DR R cis-PtClL(PPhs), (138) DfFfEA RS L1z, £7-, fhoffi& L TALT
4 RCTHLT I FaFA 7= 2HNTHHEE T 52 L2300 o7 (entry 3), EY
VUBNLF WM LTS B IR L 7 . v m T T 85 [ TBIR S R o TN,
ZOFEWE, PLTIZRTEY , B FO RN T AR D bDTEEEZ NS,

b7 o AR &L, FmE I ATEE R OB T FOSIZ BN T, B D ~ T o A2 dH HEd
N DB OB A RHET DR D Z &L Th 5%, S EIENL T A AW T2 B 1 %
— R 72 N T o AN EIN K Z WIIAIZAE X% & PPhs~sulfide > alkene > pyridine & 720 | Z Ui
FATENLF Dot GEMEIZHKRT D, ZHIIWED & PPhs X°7 F I B ReFA 7 =TT 7
VEVVUTDUNHBELMEERL 7 n T T 88a DELND T ENgD, L LR TV
T EMAIGE AT N CEEDBBIRISI D EEZX LD, ZHEBHl S o
Too ZOEME LTIE, 77 idet BN+ 2K E L rans MAIZEREMEE ORE WED
MFEVLEETLEDEEEZLND, TV X0 Lot GO W AT ¢ U1K, trans-
PtCly(PPhs), 234 U 724812 cis-trans AT X o T cis-PtCly(PPhs), &\ 9 Z2E 7 ik~ L 28
aINDTeD, BEARART 4 VEERBAERKT 2 EZ 2 6N DY, T DA cis K~D
BRI REEIC L VR S0 EEx 5nd (Figure 17), A1 A4 BB L7200
HEIXF T AR NSNWEZDTHY, B2 DR AR L WEHIZA4® Eo
BFEEDNNSS RO ARZENT HDEEEZEZ LD,

i isomerization i
|—F | #rc

cl 7L
trans-PtCl,(alkene), cis-PtCly(alkene),

9' isomerization (fl

PthfFTt*PPhs PthfP‘t*CI

Cl PPhg

trans—PtCIz(PPh3)2 CiS-PtClz(PPhg)Q

Figure 17. i VOEALTRY Pr(I1)EE A D BAtAL
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42. TIVXNALORET

H&sEEo Vv ) — V=T VN ORIGHEZB O T 5720, 7 vk A 4
BOSFNZ XD U VBT N F AL /et LTc, 7 v F /ARSI S 582 CTHIZE L
7z trans-> 7 O A 7 T B RIEICHE S To, F DOFER FTLEDO T L ALK 140 3R S 4177,
=7 UV 139 35 D7z, 2 ORE L X SRS s AT IZ K > TIRIE L 72 (Scheme
33), BUGHEREE LTI, 7 ot A s Lo T U VENN, AU T— FH
SEWETLHZ LT T VVASHR I NERT 2, ZThide-7 VLK & OFMERRERIC
Y| i TRF—IRFEEOERRIC LV LER-T VAR 139 L7257 2B X TV D, n-
T UNRIIREFOARME 2SO AL TWS D, & 525 RS Z R~
< 139 ORBEANZ L BT F AL Z i A=Y, RERE L TvarrBUATFANLHT 7 R
VLT =AU ERWEDR BHERIREME 72D T DTG DIV AR 141 1TE &
GG AR EOEBENER LIMAEW THDL ETHEL TN,

MeO,C_ M
CO,Me o] o0 M
o
CO,Me
Céa OTBS  118-crown-6+K][F] (2 equiv.) Q/ 2 > P{C'
""" H Mel (3.0 equiv. ~ TUNT
C[/Pt,N N ( quiv.) CII'DLN x cl N‘ _
L THF, 50 °C, 10 min \
131a 139 (59%) 140
\ (w/o Mel, rt, 1.5 h: 75%) (not detected)
S)
F R R
R H H
vl o >0
10
=3 C! — (\Pt — Pt
P Hol N7 Hol N
cl | ‘ = ‘ =
=
131a i ii
? MeO,C.__CO,M ?
€0, Ve
©/cone e Na® CO,Me
(3.0 equiv.)
/\Pt'N SN \Pt,N RS
Cl \ _ THF, 0°Ctort, 18 h MeOZC‘/ \ y
MeO,C
139 141 <10%

HRMS detected

Scheme 33. F@&F5KD T L F LA LgE

5. MEPERF ORI L D HF B OB
50, FTNRAT 4

cis,trans-13-> 7 a4 7 X VT ATEMARAF E BT HH, AKX TV T 4 — & FF
D, TIT, WEHUIZHWA R AT 0 v EHFEEERLDIZTHZ LT, A&tk =)
F A~ — 2 A U E G BN TE 5 L& 2 7= (Scheme34), & Z T, fix OY5FNE
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PEZREAE « ZJERINL DR A T ¢ 2 AN T8l 2 et Lc, A8 % 131b & LR AR
A7 4@ SEGPHOS (CP1) Z MW o A #IRMIT < B L0 > 72, SEGPHOS DU
JRFIZEB L TV D 7 = = )VELCE#HEL 45 A L7z DM-SEGPHOS (CP2) TiIH T 72372228

BIFPERHER SNz, 2T, L@@V EEER % £ DTBM-SEGPHOS (CP3) % W
EBIRMENRM EL, 16% ee ONFME T 7 a7 Tr o’ Eonl, REOEKEZ L
BINAP (CP4) ZHWTHBIMEIIBIE I N2 o7, PN U T R TH L FIEMRNLT
(CP5, CP6) HIRFET L7z @IRMENR 2L Higwdy, Z< b Lntiehnotz, £z, P-
chirogenic 72BN (CP7-9) HRFT L7226 6 H@IRMEITH 272,

CO,Me
\ OTBDPS OTBDPS
,,,, CP (0 5 equiv.) : CO,Me
CHZCIZ H
131b 85b
i 1
PAr Rz PPh, 0
PAr |
2 PPh, PPh, N%
R1 '
iPr
CP1;R'=R2=H 15 min, 46%, 0% ee CP4 CP5

CP2;R'=Me, RZ=H 10 min, 29%, 8% ee 15 min, 46%, 0% ee 15 min, 30%, 6% ee
CP3; R" = tBu, R = OMe 15 min, 44%, 16% ee

S o L
O o
N
“Bu P\/\P
MeO OMe : B
0 ”

CP6 cp7° CP8 CcpP9?
5 min, 39%, 0% ee 24 h, 50%, 0% ee 5 min, 37%, 0% ee 5 min, 15%, 0% ee

21.0 equiv.

Scheme 34. ¥ 7 /LR A 7 4 T K D HeSEAROEEEFRILT 53 E

HEENER Y 7 0 7T ORLRBLE XL T O & 9 IZIRIE L7 (Scheme 35), £9°% 7
NH T ENTHEELT-ZNENOMEER Y 7 a7 7 ORFIRE 2 58k L. @512 Pt E&EIE (S))
-131b, (Rp)-131b % & fkif% . X MAEMIEEMITIC L > TEHAFZRE L, 4nEFERRIED
FOGRFRIEICESEMER S 7 0 77 U ONRELE A WHE L7z, £ O0O%IZ HPLC OfRFrR¢H
LRIENE GRS 7 v 7T v OSIARRCE & bk LT,
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CO,Me

X,—OTBDPS
OTBDPS |~"ci

i___CO,Me “pt
: \
- =
H
OTBDPS ) (-)-85b (T:l — (Rp)-131b
Ojrcozme chiral column H”Et”N\ p COMe
: cl TBDPSO\%

OTBDPS
H CO,Me Cl‘Pt‘\\‘ ‘
85b _— Z N
[ Cl
H S
(+)-85b (Sp)-131b

Scheme 35. HEPRs 7 0 77 o 85b ORI SLARELE O P-E

52, XTNATIVERWEDT AT LAY —IE

RO EIEE LT RIS L 208 2R %A, F 7 07L& WR L OB LR
BIXF—THLIN, X TAVREREMAEESELETOT AT UA~Y—ERD, VT AT L
F~ — R IIEC PR E DN R 2R D IO WEIREE DRI KD EINFREL 72 D, RS
ICBWTBRBEDHIENTRETH Y, Cope BN trans-2 7 0 A7 T DWEESEI DT
(R)-(+)-phenethylamine % Ff. - IZFF>H@sfA 2GR L, Tz milmth 45 2 & Thxa 2
NWFHEZEDDH Z LITHE LT D * (Scheme 36).

fractional crystallization;

C@,P{CI aq. NaCN
Ty |

(racemic) Me Ph optically active

Scheme 36. Cope H 2 X 5 HEEO YT 27 LA~ —EIC L D FHHE

cis,trans-13-> 7 0 F 7 X2 2 THRIBEO FIENTRETH D EE 2. BEtx2iT-o 72
(Scheme 37) ., (R)-(+)-phenethylamine Z i, FIZFFOHE—TF L UK EZ G LY 7 07
TU LB LY, BONT-AEEIE (Sp)-142a & (Rp)-142a DIREYIE 'H NMR |2 X
D1LLDOYT AT VA= THLZENGNY VBTN TAIa~w NTTT7 4—T
ORBEIREECTH 72, FERLERFI L2 & 2 A, HEERAH L7720 X ik i g

H l(jt' .N.<Ph CO,Me CO,Me
¢ H2 e TBSO—# X,—O0TBS
oTBS cIN] l—"cl
: CO,Me (0.33 equiv.) Pt “Pt, e
HN * c N
: CDClg, rt, 18 h PS8
A s Me” “Ph Me” “Ph
85a (Sp)-142a (R,)-142a

71% (dr = 1:1)
Scheme 37. cis,trans-13-> 7 047 X P2 DY T AT LA —EOMG
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WraiT o7, BRI L CL B T O FICIE YT AT LA~—0%0 1:1 TEEN T\,
BT AT VA —ORAEMERR L LTZBRIIE ES O — et 5720, 2
DOENIIEF IR r—ATHDHE NI D, ZTOXIICHERETICRR DN THRADLZ LT
SRR A ARTTRE & 72 o T2l 2 072 2011 FEOREZ BT L, VT AT LA~v—ndk
FEARIX 90 100 BlEE LOVELE Le o720, 2011 4FRERCO CSD (77U » Uil
HIET — X RX—R) ORBEIN 568,653 F THoT=Z ENLIEFICB LW —ATHD &
WX 52, HFEHEIE VO ARKOBREITRND OO, 2D K D Aeifbdh L 7 5 EH Bk
AL, VT AT LAY —%2F LA LT (Scheme38), X7 /W4T LA THEEL7-—F)
YFAT IR ITIAT I VRN EAT IR F LUK A RS S ELH L TYT A
T LA — (Sp)-142a, (Rp)-142a #157-, T D Zfbdb S8, BRI EONT-O X7
RSN 21T o 70 TORER, 778 b L EFFRT O TOKERE DFEIT
WS4/ (Table 7, Figure 18), P77 AT LA~ —iRAW DR TIL S, KR+, R, &R+ T
KRFREE L TIY ., £ON-Cl HEREIXZE432224,3329A Th o7z, —F S (KD I,
Ry R D THEGL ST/ E KT E DFEEN R Sy, £ O N-Cl EBE Xz n 2
A13.297 A (+0.075 A), 3.372 A (+0.043A) L FEEEN R < 72> TV D Z L fEER S e, (LEW
DFERAIZITARERE G 7210 TR OREEDEIE /R kR x4 RN L T D e, KHE
AL DLREDEDREY T AT LA~ —HiER ORI TF LS L T DN ERE ST
D DIXREETH 273, N-Cl HMOFEMEIZ L 2 KFE-HEORIENBZEDO R EEZ TV
Do

¢l Ph CO,M
| e
e
é] Hy Me x—0TBS
oTBS ¢l
. COMe (05 equiv.) “Pt,
_— c )"f'?
. CDCly, tt, 15 h e P
(-)-85a (R,)-142a 82%
Cl Ph
H'“F:’t”N>< CO,Me
oTBS ¢ e e TBSO—F
CO,Me . cl ‘
(0.5 equiv.) \Pt
CDCla, 1t, 15 h A
H 3
Me/'\Ph
(+)-85a (Sp)-142a, 84%

Scheme 38. 7 /L7 X VAR IR OHEEROBE T 27 LA ~—DARK
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Table7. 7 AF LA ~—IRAMEHE—T 27 LA~ —0 XSG sa i & i 5 57
7R UER R (Ns, NRIZZNZN S, IR, RKICEENDIT I T r b))

distance = diastereomer mixture single diastereomer single diastereomer

(A) (Sp)-142a + (Rp)-142a (Sp)-142a (Rp)-142a

Ns—Cl1 3.222 3.297 - +0.075
Nr—Cl 3.329 - 3.372 +0.043

Figure 18. (Sp)-142a O X 5 st i & g pr
B D mf Ik FE”EEETR L TN D
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53. ¥iElA X v U VENLFIZ K D E R Y F
XFTIWERAT 4 AN K DHFERERT T AT LA~ —ETILEREO @O ENLER T
X otz MO FEIC L D082 A Te, FREIZIT OB, TNENDOREEE
WEERIRMEDRELS 2D EEXDND, TDTD, FTNVERAT 4 NI XD NHFEHEITITA
WCRBEG DD > T2 72 D+ I UE DN 72 o 7o & B 2 7= (Figure 19a), & 2T, mAR
BaE YD rans-> 7 A A7 X VT 2UAZIN cis MR E S 2 BT DB O FHIE T L
7= (Figure 19b), PH 1L D 1T NEFIEMERNL T %2 FF0 RuNZ K D trans-v 7 a4 7 7 » DXFESy
FaHE L TR0, AfOATFH YU EEZEATIUTASE THL T DEINTE D
DTIERWNEEZZS, L LAan b REIINEERIONENLIRIEZ BRSOk L, P2
X FE GO RN & 22 5 72D R A LM FE2HND Z LT TERY, £ 2 CHIEDH DR
N7 4 ) BRI SN TV B RICEREZE T, rans MIZIZE 0 —/LAFE LI
BORENL T OERRICHET L7 (Figure 19¢), 2-27 / U Y (143) & L-NY J — /L& JH
BhE UM biligh & & HICMBYEERT 5 2 & TEANL T 144 Z 5K L72% (Scheme 39), 7235,
ZOENITIE 2 TREGENBES TH OV ARFRITT IV BEROXFHEET I /) 7 ra—
NTHDHED, BREOEERSCETNT 2 —=0 /R LT VI EBRIETHD, Gk L

(@) (b)
X

7

legtfgl—\ /PD* (}E’?to*

Meozc@ MeOZC:C,jI
TBSO TBSO

(c) oxazoline moiety pyrrole moiety
=z
o | A - -
N N N
| Cl | [ |
S/ """ e \) N Pt-Cl N Pt-Cl
R :

Figure 19. R"EGOEGL A2 fRIM L 72 BBl O E

iPr H Pt C'
TOH (1.4 equiv) crpe

NH, 1\ CI J\ J \

/@ ZnCl, (0.5 equiv.) o ] N {BuONa (1.0 equiv.) (0.5 equiv.) O N O N
= N + Pt
N N PhCI, reflux, 14 h 3/ THF, 0°C,2h  CH,Cly, 1t, 16 h 3/'\' Rt-cl y"‘ Rte|

Pr Pr = iPr cl

143 144 78% 145 79% (2 steps) 146 12% (2 steps)

Scheme 39. FH X771V v ROERL
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(a) J

o . CO,Me
-
— pt- TBSO—F
N—FRt-cl o]
oTBS iPr = oTBS Pt
COMe " 445 (0.5 equiv.) COMe @ NT\
+ Pt complex N Pr
: (CH,Cl),, 80 °C, 5 h : f
A H ©
85a (racemic) 85a34% (53% ee) 147 27% plausible structure
b
(®) oTBS

PPh3 (2.0 equiv.)

147 @ ———————>

CHaCly, rt, 30 min ot

85a 69% (97% ee)

Scheme 40. FH X7 /LU T NI L D8R Y 7 0 77 o OBEERIEF 0 E

TeBfLF & BaICEAL S, BEF 145 28R LTo, OB, =F L OALED R D8R
146 LiF o2, THENOIEIT, X BAESEEMITIC L > TRIE L7z, 2 osfkz v
THEBR Y 7 1 77 > 85a DB & 57 7= (Scheme 40a) , YAl 2~ 7 mm = % L & L 80 °C
THRISZEAT D & 5 Rl CRAEIO BesEEATHA L, AR EZZ b L HARK 147 A
IR 27% L HgBe s 7 1 77 1 85a DM 34% Tl &7z, B E iz 85a DL X

66%THY, INETOMMNOP TR BEVETH >/, OB 147 2 PPh (2L Y
i35 & 85a MO, TOKRFEMEIL 9% ee TH Y, BINSNIZMERY 7 07T v
LITWipxF o F A~ —"Td o7 (Scheme 40b) , Hff 4172 147 Z & L T\ % & 'THNMR
WCBWTKREBICH =R E— 7 BHBLIL TWAH Z &R, ZHo b AR ThHLZ L
MNMR A7 RLEWHEER STz, 2 2 CAUTHT- 2 B — 7 XA &85 K 147 O BMERT
bHEEZOND,

RKEZLOHETERHERE 2 LI TICHRE T 5 (Scheme 41), FTHEERT 7 077 2 85a 2% 4n

A CO;Me CO,Me
O
T N~ TBSO—~ pr, TBSO—Z

Pt Cl Cl— Pt

oTBS CO,Me
CO,Me Pr olef/n rotation
TBSO—~ M

A H,C=CH,
+)-85 S,)-86
(+)-85a (Sp)-86a (Ry)-86a ﬂ (S,)-86a (Ry)-86a ﬂ (Sp)-86a
oTBS
: COQMS COzMe COzMe COzMe
X slow
Oj/ O§ oTBS O§C|OTBS ‘ N—0TBS  jpr
H \ l,lPt,\N ‘—I f t t ,ll’Pt/"/N
olefin rotation ;0
(-)-85a (R)-86a H,C=CH, /PW:-CY@ Cl Wo
o
148 148'

Scheme 41. #f € [ g
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CO,Me

TBSO—*
cl |
Pt
/ N~
f r
OTBS OTBS
COMe COMe 147 (1 equiv.) CO;Me
‘ — ‘ N,—0TBS |
- CH,CI), 80°C,1h -
i (CHZCl),. =
(1)-85a (97% ee) (Ry)-86a (1)-85a (80% ee)

Scheme 42. X7 /L) v REFOASEKO A L 7 4 UG

BRI LY trans-> 70 A7 X T 86a L 7eh, Z 2 CRANLFDOSIREEIZ LY
BIRPIE Sp (RICENLT D, 2 OFf PerfE & ORN @Y (147 L 147) B2 61503,
IDOIHLOELLENN 147 £ LTHEEFCE /2B 2TV 5, 147 & 47ROV, Pt-nis
AoEERS L < IIBsE —8EOREIC L VIR IV H B B2 b, ZIUIERTHLES
2D H 5%, Fio, HEfSN - A&HEK 147 2O v F A4~ —(-)-85a DA T TR
PRI 5 & 85a DNFMBEEDMET L2 2 &b SEIRTEAE & 7 V7 L OAH (147-148, 147
148°f) 1T Z > T D EE X HID (Schemed2), WFHEIAMILEEROZARICELD b
DIZLBEZ BNDN, TORBIFIRBREEIC L > CHEIREBIZE LEL B2 b5,
LMo T R DEIOREER 9 BERTH D trans-> 7 v ) F P 8K E O D 85E8121%.
BT DOAREG ORI R ESLRIMFDPULETHDH EEZTND
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FOE R

VIED X DICEFIT, YFRECHEINICIHE SN TV O BHEMICEEREE L H T2
BRI PR SR U B BR DL IRAY 22 B RS I T 3D < Tl 2 O RS BR %6 & BB L 72,

OT BT OREDO—2TH 5 IS ORIEZHIE LT W E WS FEEND . FEBEN
MEER LRy 7 m 7 2 ) — NV E B L L, BENBFERETHDLHE =M NKIFH
EEZRAR DN ATFF DL, IR vEE R TE ZRIIVR T TF A B
BINCAETSEDLZ ENTE, RAMBIZINE THE SN CW IR L CORALE
CIXRIR Y TR EREFEALEHNIE LN, L0 ROERLAITH Dk R
D EL S LI HET Lo~ 7 ¥ — MG 7, IR LA RN Tl A mERD
—FETH DIFFERDERT DBALAITH B2, — DD Tl - H15E - BRb A b L 2 TIG
BELENENRE R T B AR T L0077 n—T7L LTORBPEFEIND,

OB FIEENT XN X =R ULEWEERFARTHD L VI FHLRLEDET
WBTZD, MRy 7 a7 T o bELDHEOTHMEEW TH D cis,trans-13-2 7 a7 X
T DR EToTe, ZOEMBEEITOT ARG T ELOICHBET S Z LT TE e
ST, OFT AW LRWNER ZRT 2 AelEE VD 2 & TREICHEMAE LTH
BEd 2 2 L3 T&E e, AEEEII=ER. KRBEFTHHEOLNLZ LD, AERNERRICE
WY cistrans-13-> 7 0 d 7 X2 UNARTDH I ENRRBREINT, BEARETEF
cis,trans-1,3-3 7 0 A7 2 X L ORFEGE RN UKD T AT LA~ —IEIC K 55
RABIED, BORTFTOT AT LA —REVOEEEPEONDLZ EEZH LT LT,
HZFEOBEN DR EHF LI RWERTIEH T2 b OO0, FHEOK FAE I ITIE
BB LW —ATHDH I LBmhole, SIEOKRFLENTF T NVRAT 4 AL DHEN
BIEOREZBLE L, Hll NN-U T FEEET 52 LX) @ ORI TR A &
R LAFRENEATO ZENAREL I oTe, RIFRA & LT, v o/m7 2y (T7 V)
Rtrans-vrat s E Ty (Yrad T r) OOTHAZRAX—E AN X525 KG
DRk 2 7o B COIS A 2 9 5,
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General Information. For reactions that require heating, oil bath was used as a heat source. Column
chromatography was performed on Kanto Kagaku Silica Gel 60 N (spherical, neutral) 100-210 pm.
Reactions and chromatography fractions were analyzed by thin-layer chromatography (TLC) carried
out on Wako Silica gel 70 F,s4 TLC Plate-Wako with visualization by ultraviolet (UV) irradiation at
254 nm, phosphomolybdic acid, anisaldehyde, ninhydrin, and/or potassium permanganate staining.
NMR was recorded on a JEOL JNM-LA (500 MHz for 'H and 126 MHz for *C) or a JEOL JNM
ECZ600R (600 MHz for 'H and 150 MHz for '3C) and measured in CDCl; unless otherwise mentioned.
Chemical shifts and coupling constants are presented in ppm 6 relative to tetramethylsilane and Hz,
respectively. Chloroform-d, (8 77.0 ppm) was used as an internal standard for *C NMR. Abbreviations
are as follows: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad. IR spectra were
recorded on a Shimadzu IR Affinity-1 and the wave numbers of maximum absorption peaks of them
are presented in cm™'. High-resolution mass spectra (HRMS) were recorded on a JEOL MS700
spectrometer (FAB) or a SHIMADZU LCMS-IT-TOF fitted with an ESI. Melting points were
determined on YANACO micro melting point apparatus. X-ray single crystal diffraction analyses were
performed on a Rigaku XtaLAB P200 apparatus. All reagents were purchased from chemical
companies and used as received. Dehydrated solvents were purchased for the reactions and used

without further desiccation unless otherwise mentioned.

Preparation of Substrates 113a—h. Synthesis of substrates 113a—i was carried out in accordance

with the reported procedure’!. Compound 113h was known?'.

O on (2aR",10bR")-2,2-Dimethyl-1,10b-dihydrocyclobuta[l]phenanthren-2a(2H)-ol
‘- (113a). White solids, Mp. 122-124 °C; 'H NMR (500 MHz, CDCl;) § 8.02 (dd, J =

H
8.0, 1.0 Hz, 1H), 7.95 (d, J = 8.0 Hz, 1H), 7.46 (dd, J = 7.4, 1.7 Hz, 1H), 7.40 (ddd,

J=17.4,74,1.7Hz, 1H),7.36 (ddd, J=7.4,7.4, 1.5 Hz, 1H), 7.29 (ddd, J=7.6, 7.6, 1.5 Hz, 1H), 7.24
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(ddd,J=7.4,7.4,1.1 Hz, 1H), 7.15 (dd, J= 7.2, 1.1 Hz, 1H), 3.72 (dd, J= 9.7, 9.7 Hz, 1H), 2.14 (brs,
1H), 2.05 (dd, J=10.3, 9.7 Hz, 1H), 1.47 (s, 3H), 1.19 (dd, J=10.3, 9.7 Hz, 1H), 0.84 (s, 3H); *C{'H}
NMR (126 MHz, CDCl3)  136.5, 135.8, 132.3, 130.6, 130.1, 128.3, 128.2, 127.9, 127.6, 126.8, 123.4,
122.6, 74.1,45.7, 43.8, 38.6, 26.8, 24.2; IR (neat) 3406, 2963, 752, cm™'; HRMS (ESI) m/z: [M + Na]*

Calcd for Ci1gH;sONa 273.1250; Found 273.1247.

(2aR*,10bR")-4-Chloro-2,2-dimethyl-1,10b-dihydrocyclobuta[/]phenanthren-
2a(2H)-ol (113b). Colorless oil, '"H NMR (500 MHz, CDCls3) & 7.90 (d, J = 8.6 Hz,

1H), 7.84 (d, J=17.2 Hz, 1H), 7.41 (d, J=2.3 Hz, 1H), 7.32 (dd, J = 8.6, 2.3 Hz, 1H),

7.27 (td, J=72, 1.4 Hz, 1H), 7.23 (td, J= 7.2, 1.4 Hz, 1H), 7.11 (dd, J=7.2, 1.1 Hz,
1H), 3.65 (dd, J= 9.6, 9.5 Hz, 1H), 2.25 (brs, 1H), 2.05 (dd, J = 10.7, 9.6 Hz, 1H), 1.42 (s, 3H), 1.17
(dd, J = 10.7, 9.6 Hz, 1H), 0.83 (s, 3H); 3C {'H} NMR (126 MHz, CDCL;) & 137.5, 136.3, 133.1,
130.9, 129.8, 129.7, 128.33, 128.28, 128.2, 126.9, 124.1, 123.3, 74.0, 45.6, 43.7, 38.7, 26.6, 24.1; IR
(neat) 3390, 2967, 1447, 764 cm~'; HRMS (FAB) m/z: [M + Na]" Caled for C;sH;7CIONa 307.0866;

Found 307.0871.

O on (2aR*,10bR")-9-Chloro-2,2-dimethyl-1,10b-dihydrocyclobuta[/]phenanthren-
‘- 2a(2H)-ol (113c¢). Colorless oil, 'H NMR (500 MHz, CDCl3) § 7.95 (dd, J=7.5, 2.0

" Hz, 1H), 7.85 (d, J = 8.6 Hz, 1H), 7.47-7.45 (m, 1H), 7.40 (td, J = 7.2, 2.0 Hz, 1H),
7.37 (td,J=7.2,1.7 Hz, 1H), 7.24 (dd, /= 8.6, 2.3 Hz, 1H), 7.14 (d, /=2.3 Hz, 1H),

3.67 (dd, J=10.0, 9.5 Hz, 1H), 2.14 (brs, 1H), 2.06 (dd, J = 10.0, 10.0 Hz, 1H), 1.46 (s, 3H), 1.18 (dd,
J=10.0, 9.5 Hz, 1H), 0.83 (s, 3H); °C {'H} NMR (126 MHz, CDCl3) & 138.3, 135.5, 133.3, 131.2,
130.1, 129.2, 128.2, 127.9, 127.8, 126.8, 124.8, 122.4, 74.0, 45.8, 43.4, 38.4, 26.6, 24.1; IR (neat)
3395, 2963, 1443, 764 cm-'; HRMS (FAB) m/z: [M + Na]" Calcd for C1sH;7C1ONa 307.0866; Found

307.0862.
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OMe (2aR*,10bR")-4-Methoxy-2,2-dimethyl-1,10b-dihydrocyclobuta[/]phenanthren-
O OH )/ 2a(2H)-ol (113d). White solids, Mp. 9395 °C; 'H NMR (500 MHz, CDCls) 5 7.88
. (d,J=9.7 Hz, 1H), 7.80 (d, J= 7.5 Hz, 1H), 7.22 (td, J = 7.1, 1.4 Hz, 1H), 7.15 (td,

J=17.3,1.1 Hz, 1H), 7.07 (dd, J=17.5, 1.1 Hz, 1H), 6.92-6.89 (m, 2H), 3.80 (s, 3H),
3.62 (dd, J=9.7, 9.7 Hz, 1H), 2.31 (brs, 1H), 2.01 (dd, J = 10.7, 9.7 Hz, 1H), 1.41 (s, 3H), 1.16 (t, J
= 10.7, 9.7 Hz, 1H), 0.83 (s, 3H); °C {'H} NMR (126 MHz, CDCl;) & 158.9, 137.4, 135.6, 130.6,
128.1,126.9,126.7,125.3,124.0,122.7,114.9, 113.8, 74.3,55.3,45.5,43.7,38.5,26.9, 24.2; IR (neat)
3410, 2959, 1485, 768 cm-!; HRMS (ESI) m/z: [M + Na]* Caled for C1oH2002Na 303.1356; Found

303.1356.

(7bR*,9aR")-9,9-Dimethyl-8,9-dihydrocyclobuta[3,4|naphtho[2,1-b]|thiophen-

9a(7bH)-ol (113e). Colorless solids, Mp. 75-77°C; '"H NMR (500 MHz, CDCls) &

7.65 (d, J=17.7 Hz, 1H), 7.47 (d, J = 5.3 Hz, 1H), 7.42 (d, J = 5.3 Hz, 1H), 7.26 (td,
J=175,1.4Hz, 1H), 7.19 (td, J= 7.5, 1.4 Hz, 1H), 7.15 (dd, J = 7.5, 1.7Hz, 1H), 3.79 (dd, J = 10.0,
10.0 Hz, 1H), 2.28 (brs, 1H), 2.03 (dd, J = 10.6, 10.0 Hz, 1H), 1.46 (s, 3H), 1.27 (dd, J = 10.6, 10.0
Hz, 1H), 1.07 (s, 3H); '>C {'H} NMR (126 MHz, CDCL;) § 138.2, 136.3, 135.3, 129.3, 127.6, 127.2,
126.81, 126.78, 123.5, 122.2, 74.1, 46.2, 45.5, 38.1, 26.6, 24.0; IR (neat) 3426, 2963, 748, 718 cm';

HRMS (ESI) m/z: [M —H,O + H]" Calcd for Ci6H;sS 239.0889; Found 239.0890.

OO on (2aR",12bR")-2,2-Dimethyl-1,12b-dihydrobenzo[c]cyclobuta[a]phenanthren-
| ] 2a(2H)-ol (113f). White solids, Mp. 114-116 °C; 'H NMR (500 MHz, CDCls) &

O " 8.64-8.62 (m, 1H), 7.97 (d, J = 7.7 Hz, 1H), 7.85-7.83 (m, 1H), 7.72 (d, J = 8.6

Hz, 1H), 7.51-7.47 (m, 3H), 7.25-7.16 (m, 3H), 3.71 (dd, J=10.2, 10.0 Hz, 1H), 2.44 (brs, 1H), 1.88
(dd, J=10.5,10.0 Hz, 1H), 1.46 (s, 3H), 1.23 (dd, /= 10.5, 10.2 Hz, 1H), 0.56 (s, 3H); *C {'H} NMR
(126 MHz, CDCl3) & 136.8, 134.1, 133.5, 131.8, 131.1, 129.8, 129.7, 128.8, 128.2, 127.4, 127.3,
127.11, 127.07, 126.3, 125.6, 125.4, 74.9, 46.5, 45.6, 36.3, 26.0, 24.2; IR (neat) 3387, 2967, 745 cm™

! HRMS (ESI) m/z: [M + Na]* Caled for C22H20ONa 323.1406; Found 323.1408.
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(2aR*,10bR")-2,2a-Dihydro-10bH-spiro[cyclobuta[/]phenanthrene-1,1'-

cyclohexan]-10b-ol (113g). White solids, Mp. 120-122 °C; 'H NMR (500 MHz,

CDCls) 8 8.01 (dd, J=7.7, 1.4, 1H), 7.93 (d, J= 7.7 Hz, 1H), 7.47 (dd, J= 7.7, 1.4
Hz, 1H), 7.38 (td, J = 7.5, 1.7 Hz, 1H), 7.34 (td, J= 7.5, 1.4 Hz, 1H), 7.29 (td, J = 7.7, 1.4 Hz, 1H),
724 (td, J=17.2, 1.4 Hz, 1H), 7.14 (dd, J= 7.5, 1.7 Hz, 1H), 3.66 (dd, J=10.3, 9.5 Hz, 1H), 2.31 (dd,
J=10.6, 10.3 Hz, 1H), 2.15-2.14 (m, 2H), 1.76-1.71 (m, 2H), 1.59 (m, 1H), 1.52-1.42 (m, 2H), 1.29
(td, J=12.9,3.4, 1H), 1.14 (qdd, J= 12.7, 3.4, 3.4 Hz, 1H), 1.14 (dd, J = 10.6, 9.5 Hz, 1H), 1.02 (qdd,
J=12.9, 2.9, 2.9 Hz, 1H), 0.93 (m, 1H); 3C {'H} NMR (126 MHz, CDCL;) & 136.8, 135.4, 132.3,
130.6, 130.1, 128.3, 128.1, 127.9, 127.4, 126.8, 123.4, 122.5, 74.9, 49.9, 43.3, 36.3, 35.5, 31.6, 26.1,
22.7,22.2; IR (neat) 3368, 2924, 1447, 748 cm~'; HRMS (ESI) m/z: [M + Na]" Caled for C1H,,0Na

313.1563; Found 313.1565.

General Procedure for Oxidative p-Cleavage of 113a—i with PIDA. To a solution of cyclobutanol
113a-h (0.10 mmol) in CH3CN/H2O (v/v = 9:1, 1.0 mL) was added PIDA (0.11 mmol) at ambient
temperature under Ar atmosphere, and the resulting solution was stirred for 1 h. After the completion
of the reaction, the solvent was removed under reduced pressure. The residue was purified by column

chromatography (hexanes/EtOAc) to give dihydrofuran 119a-h.

O 2,2-Dimethyl-2,3-dihydrophenanthro[9,10-b]furan (119a). The reaction was

O ° conducted according to the general procedure with cyclobutanol 113a (25.0 mg, 0.10
O mmol), and PIDA (64 mg, 0.20 mmol). Purification by silica gel column
chromatography (hexanes/EtOAc = 10:1) afforded compound 119a (24.5 mg, 97% yield) as a white
solid. Mp. 121-122 °C; "H NMR (500 MHz, CDCls) 8 8.69 (d, J= 7.7 Hz, 1H), 8.65 (d, J = 8.3 Hz,
1H), 8.09 (dd, J=17.5, 1.4 Hz, 1H), 7.67-7.57 (m, 4H), 7.51-7.48 (m, 1H), 3.37 (s, 2H), 1.65 (s, 6H);
13C {'"H} NMR (126 MHz, CDCl3) § 152.1, 131.2, 130.6, 126.9, 126.6, 126.34, 126.29, 123.23, 123.16,
122.98, 122.96, 122.5, 122.2, 113.3, 87.6, 42.6, 28.8; IR (neat) 2970, 1359, 752 cm~'; HRMS (ESI)

m/z: [M + H]" Calcd for C1sH;70 249.1274; Found 249.1264.

55



¢ 10-Chloro-2,2-dimethyl-2,3-dihydrophenanthro[9,10-b]furan  (119b).  The

% 0 reaction was conducted according to the general procedure with cyclobutanol 113b

O (28.4 mg, 0.10mmol), and PIDA (35 mg, 0.11 mmol). Purification by silica gel
column chromatography (hexanes/EtOAc: 10:1) afforded compound 119b (17.5 mg, 62% yield) as a
white solid. Mp. 88-90 °C; '"H NMR (500 MHz, CDCls) & 8.58 (d, J = 8.9 Hz, 1H), 8.57 (d, J = 8.0
Hz, 1H), 8.06 (d, J = 2.3 Hz, 1H), 7.61-7.59 (m, 2H), 7.57 (dd, J = 8.9, 2.3 Hz, 1H), 7.49 (ddd, J =
8.5,5.6,2.9, 1H), 3.36 (s, 2H), 1.64 (s, 6H); °C {H} NMR (126 MHz, CDCl5) § 151.1, 132.4, 130.5,
129.5,127.2,126.8, 126.2, 124.7, 123.6, 123.4, 123.2, 123.1, 121.6, 114.7, 88.0, 42.6, 28.8; IR (neat)

2970, 752 cm-'; HRMS (FAB) m/z: [M + H]* Caled for C1sH16CIO 283.0890; Found 283.0892.

5-Chloro-2,2-dimethyl-2,3-dihydrophenanthro[9,10-b]furan (119c¢). The

reaction was conducted according to the general procedure with cyclobutanol 113¢

(28.4 mg, 0.10 mmol), and PIDA (35 mg, 0.11 mmol). Purification by silica gel
column chromatography (hexanes/EtOAc: 10:1) afforded compound 119¢ (22.8 mg, 81% yield) as a
white solid. Mp. 99-101 °C; '"H NMR (600 MHz, CDCls) § 8.59 (d, J = 7.6 Hz, 1H), 8.53 (d, J=9.0
Hz, 1H), 8.08 (d, /= 7.6 Hz, 1H), 7.65 (ddd, J= 8.3, 6.9, 1.4 Hz, 1H), 7.62 (dd, J= 7.6, 6.9 Hz, 1H),
7.56 (d,J=2.1 Hz, 1H), 7.41 (dd, J= 9.0, 2.1 Hz, 1H), 3.32 (s, 2H), 1.64 (s, 6H); '*C {'H} NMR (151
MHz, CDCls) 6 153.1, 132.9, 131.8, 130.8, 126.8, 126.5, 124.9, 124.8, 123.4, 122.9, 122.4, 122.3,
122.1, 112.5, 88.0, 42.4, 28.7; IR (neat) 764 cm™'; HRMS (ESI) m/z: [M + H]" Calcd for CisH;sC1O

283.0884; Found 283.0882.

10-Methoxy-2,2-dimethyl-2,3-dihydrophenanthro[9,10-b]furan (119d). The

reaction was conducted according to the general procedure with cyclobutanol 113d

(28.0 mg, 0.10 mmol), and PIDA (35 mg, 0.11 mmol). Purification by silica gel
column chromatography (hexanes/EtOAc: 10:1) afforded compound 119d (25.3 mg, 91% yield) as a
white solid. Mp. 121-122 °C; 'H NMR (500 MHz, CDCls) & 8.57 (d,J=9.2 Hz, 1H), 8.55 (d,J=8.3
Hz, 1H), 7.59 (dd, /= 7.9, 1.0 Hz, 1H), 7.52 (ddd, J = 8.0, 6.9, 1.2 Hz, 1H), 7.47 (ddd, J = 8.3, 6.9,

1.4 Hz, 1H), 7.42 (d, J = 2.9 Hz, 1H), 7.26 (dd, J = 9.2, 2.9 Hz, 1H), 4.00 (s, 3H), 3.37 (s, 2H), 1.65
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(s, 6H); *C {'H} NMR (126 MHz, CDCls) § 158.3, 151.7, 129.4, 126.8, 125.9, 125.5, 124.7, 123.6,

123.3, 122.9, 122.7, 117.2, 113.8, 102.0, 87.5, 55.5, 42.7, 28.8; IR (neat) 2966, 752 cm~'; HRMS

(FAB) m/z: [M + H]" Caled for C1oH1005 279.1385; Found 279.1380.

& o 2,2-Dimethyl-2,3-dihydrothieno[2',3':3,4|naphtho[2,1-b]furan  (119¢). The
O reaction was conducted according to the general procedure with cyclobutanol 113e
(25.6 mg, 0.10 mmol), and PIDA (35 mg, 0.11 mmol). Purification by silica gel

column chromatography (hexanes/EtOAc: 10:1) afforded compound 119e (25.2 mg, 99% yield) as a
white solid. Mp. 127-128 °C; '"H NMR (500 MHz, CDCls) § 8.32 (d, J = 8.3 Hz, 1H), 8.00 (d, J=5.2
Hz, 1H), 7.65 (d, /= 8.0 Hz, 1H), 7.55 (d, /= 5.4 Hz, 1H), 7.52 (dd, J = 6.9, 1.2 Hz, 1H), 7.45 (ddd,
J=8.3,6.9, 1.2 Hz, 1H), 3.39 (s, 2H), 1.66 (s, 6H); *C {{H} NMR (126 MHz, CDCl;) & 150.6, 138.1,
129.6, 125.8, 125.4, 125.2, 124.3, 123.6, 123.2, 122.9, 122.5, 113.5, 89.2, 42.3, 28.7; IR (neat) 2970,

756 cm~'; HRMS (ESI) m/z: [M + H]" Calcd for C6H;508S 255.0838; Found 255.0839.

OO o 2,2-Dimethyl-1,2-dihydrobenzo[3,4]phenanthro[1,2-b]furan (119f). The
‘O reaction was conducted according to the general procedure with cyclobutanol
113£(30.0 mg, 0.10 mmol), and PIDA (35 mg, 0.1 lmmol). Purification by silica

gel column chromatography (hexanes/EtOAc: 10:1) afforded compound 119f (17.6 mg, 59% yield) as
a yellowish oil. "H NMR (500 MHz, CDCl3) § 9.10 (dd, J = 8.6, 8.3 Hz, 2H), 8.09 (d, J = 8.6 Hz, 1H),
8.02 (d, J=8.0 Hz, 1H), 7.92 (d, J = 8.6 Hz, 1H), 7.72(d, J = 7.7 Hz, 1H), 7.67 (t, J = 7.7 Hz, 1H),
7.63-7.59 (m, 2H), 7.53-7.50 (m, 1H), 3.44 (s, 2H), 1.67 (s, 6H); *C {'H} NMR (126 MHz, CDCl;)
o 152.7, 137.5, 133.4, 131.4, 130.4, 128.8, 128.7, 128.3, 128.1, 127.3, 126.5, 126.3, 126.0, 125.7,
123.0, 122.7, 120.6, 120.2, 114.9, 87.9, 42.6, 28.8; IR (neat) 2970, 760 cm~'; HRMS (ESI) m/z: [M +

H]" Caled for C22H190 299.1430; Found 299.1429.

3'H-Spiro[cyclohexane-1,2'-phenanthro[9,10-b]furan] (119g). The reaction

was conducted according to the general procedure with cyclobutanol 113g (29.0

mg, 0.10 mmol), and PIDA (35 mg, 0.11 mmol). Purification by silica gel column
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chromatography (hexanes/EtOAc: 10:1) afforded compound 119g (28.0 mg, 97% yield) as a colorless
solids. Mp. 128-129 °C; "H NMR (500 MHz, CDCls) 6 8.69 (dd, /= 7.3, 2.1 Hz, 1H), 8.66 (d, /= 8.3
Hz, 1H), 8.16-8.13 (m, 1H), 7.66 (td, J= 6.9, 1.7 Hz, 1H), 7.65-7.62 (m, 2H), 7.60 (td, J= 6.9, 1.2
Hz, 1H), 7.50 (ddd, J = 9.2, 8.3, 1.6 Hz, 1H), 3.31 (s, 2H), 2.05-2.01 (m, 2H), 1.98-1.92 (m, 2H),
1.84-1.79 (m, 2H), 1.65-1.53 (m, 4H); 3C {'H} NMR (126 MHz, CDCls) & 152.1, 131.2, 130.7,
126.9, 126.5, 126.3, 126.2, 123.2, 123.0, 122.93, 122.86, 122.6, 122.2, 113.0, 89.5, 40.9, 37.6, 25.3,
23.1; IR (neat) 2931, 752 cm-'; HRMS (FAB) m/z: [M + H]" Calcd for C21H2;0 289.1592; Found

289.1598.

General Procedure for Oxidative B-Cleavage of 2a—i with NaOCI-5H,O/AcOH. To a solution of
cyclobutanol 113a-i (0.10 mmol) and NaOCI-5H,O (0.40 mmol) in CH>Cl, (2.0 mL) was added
AcOH (0.40 mmol) at 40 °C under Ar atmosphere and the resulting solution was stirred for 1 h. After
the completion of the reaction, the reaction mixture was quenched with sat. Na>S,0j3 aq. and extracted
with EtOAc three times. The combined organic layers were washed with sat. NaHCOs aq. and brine,
dried over Na SOy, filtered, and concentrated in vacuo. The residue was purified with silica gel column

chromatography (hexanes/EtOAc) to give hemiacetal 120a-g.

O oH (3aS8",11bS")-3a-chloro-2,2-dimethyl-3,3a-dihydrophenanthro[9,10-b]furan-
‘ ° 11b(2H)-ol (120a). The reaction was conducted according to the general procedure

O ° with cyclobutanol 113a (25.0 mg, 0.10 mmol), NaOCI-5H,0O (132 mg, 0.40 mmol)
and AcOH (46 pL, 0.40 mmol). Purification by silica gel column chromatography (hexanes/EtOAc:
10:1 to 3:1) afforded compound 120a (24.4 mg, 81% yield) as a white solid. Mp. 113-115 °C; 'H
NMR (500 MHz, CDCl3) & 8.00 (dd, 1H,J=7.7, 1.7 Hz), 7.92 (dd, 1H, J= 7.2, 2.0 Hz), 7.88 (dd, 1H,
J=1.7,09 Hz), 7.74 (dd, 1H, J= 7.4, 1.7 Hz), 7.48 (td, 1H, J="7.7, 1.4 Hz), 7.38-7.46 (m, 3H), 3.42
(brs, 1H), 2.99 (s, 2H), 1.57 (s, 3H), 0.76 (s, 3H); 'H NMR (500 MHz,CsDs) & 8.06-8.08 (m, 1H),
7.54-7.57 (m, 1H), 7.50-7.53 (m, 2H), 7.11-7.14 (m, 2H), 7.02-7.08 (m, 2H), 3.20 (s, 1H), 2.82 (d,
J=12.9 Hz, 1H), 2.64 (d, J = 12.9 Hz, 1H), 1.47 (s, 3H), 0.65 (s, 3H); *C {'H} NMR (126 MHz,

CDCl3)0 135.7, 133.7, 131.3, 130.7, 129.8, 129.1, 128.6, 128.5, 128.3, 127.0, 124.0, 123.8, 101.9, 80

58



7,74.5,51.3,31.2,28.2 ; IR (neat) 3502, 2974, 756, 732 cm~'; HRMS (ESI) m/z: [M + Na]* Calcd
for CisH;7CIO2;Na 323.0809; Found 323.0808. X-ray crystallographic analysis (CCDC 2080625):
Recrystallization from pentane/MeOH gave colorless platelets suitable for X-ray crystal structural
analysis: orthorhombic P21212; a = 10.3098(3), b = 11.4153(3), ¢ = 12.3089.205(3); V' = 1448.63(6),

Z=4,D,=1.379.

cl (3aS8",11bS*)-3a,10-Dichloro-2,2-dimethyl-3,3a-dihydrophenanthro[9,10-
O OHO b]lfuran-11b(2H)-ol (120b). The reaction was conducted according to the general
O‘ procedure with cyclobutanol 113b (28.4 mg, 0.10 mmol), NaOCI-5H>O (132 mg,
0.40 mmol) and AcOH (46 pL, 0.40 mmol). Purification by silica gel column
chromatography (hexanes/EtOAc: 10:1 to 3:1) afforded compound 120b (21.1 mg, 63% yield) as a
white solid. Mp. 114-116 °C; 'H NMR (600 MHz, CDCl5) & 8.01 (d, J= 2.1 Hz, 1H), 7.88-7.87 (m,
1H), 7.91 (d,J=9.0 Hz, 1H), 7.73-7.72 (m, 1H), 7.46-7.42 (m, 3H), 3.43 (s, -OH), 3.03 (d, /= 13.1
Hz, 1H), 2.99 (d, J = 13.1 Hz, 1H), 1.56 (s, 3H), 0.78 (s, 3H); '*C {'H} NMR (126 MHz, CDCl;) &
135.8, 135.5, 134.6, 129.90, 129.86, 129.81, 129.3, 128.8, 128.4, 127.4, 125.3, 123.9, 101.4, 81.2,
74.5,51.2,31.2,28.1; IR (neat): 3541, 2974, 1477, 764, 729 cm-'; HRMS (ESI) m/z: [M + Na]* Calcd

for C1gH16C1,02Na 357.0420; Found 357.0438.

O oH_ (3a8",11bS¥)-3a,5-Dichloro-2,2-dimethyl-3,3a-dihydrophenanthro[9,10-
CI b]lfuran-11b(2H)-o0l (120c). The reaction was conducted according to the general
4 procedure with cyclobutanol 113¢ (28.4 mg, 0.10 mmol), NaOCI-5H,O (132 mg,
0.40 mmol) and AcOH (46 pL, 0.40 mmol). Purification by silica gel column chromatography
(hexanes/EtOAc: 10:1 to 3:1) afforded compound 120c¢ (24.8 mg, 74% yield) as a white solid. Mp.
109-111 °C; 'H NMR (500 MHz, CDCls): § 7.99 (dd, J = 7.4, 1.7 Hz, 1H), 7.86 (d, J = 8.6 Hz, 1H),
7.82(dd,J=17.7,1.1 Hz, 1H), 7.72 (d, J=2.3 Hz, 1H), 7.49 (td, J=7.4, 1.7 Hz, 1H), 7.45 (td, /=74,
1.3 Hz, 1H), 7.40 (dd, J = 8.6, 2.3 Hz, 1H), 3.42 (s, 1H), 2.97 (d, /= 13.2 Hz, 1H), 2.89 (d, J=13.2

Hz, 1H), 1.57 (s, 3H), 0.84 (s, 3H); *C {'H} NMR (126 MHz, CDCls): § 137.8, 134.1, 133.6, 129.9,
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129.4, 129.3, 129.0, 128.4, 127.2, 125.5, 123.7, 101.8, 80.6, 74.6, 51.5, 31.1, 28.4; IR (neat): 3510,

2974, 764 cm~'; HRMS (ESI) m/z: [M + Na]" Calcd for C1sH;6C1202Na 357.0420; Found 357.0422.

OO on (3a8",11bS™)-13b-Chloro-2,2-dimethyl-1,13b-
o)
‘ dihydrobenzo|[3,4]phenanthro([1,2-b]furan-3a(2H)-ol (120f). The reaction was
Cl
O conducted according to the general procedure with cyclobutanol 113f (30.0 mg,

0.10 mmol), NaOCI-5H,0 (132 mg, 0.40 mmol) and AcOH (46 pL, 0.40 mmol). Purification by silica
gel column chromatography (hexanes/EtOAc: 10:1 to 3:1) afforded compound 120f (22.5 mg, 64%
yield) as a white solid. Mp. 114116 °C; '"H NMR (500 MHz, CDCls) § 8.55 (d, /= 8.3 Hz, 1H), 8.39
(d, J= 8.6 Hz, 1H), 8.17 (s, 1H), 7.98-7.95 (m, 1H), 7.89-7.85 (m, 1H), 7.68-7.64 (m, 1H), 7.61-
7.57 (m, 1H), 7.48 (dd, J=9.5, 1.7 Hz, 1H), 7.46 (t, J = 6.4 Hz, 1H), 7.44 (dd, J = 9.5, 1.7 Hz, 1H),
3.49 (brs, 1H), 2.94 (s, 2H), 1.59 (s, 3H), 0.68 (s, 3H); *C {'H} NMR (126 MHz, CDCl;) § 136.0,
132.6,132.2,132.0, 130.5, 130.2, 129.8, 128.6, 128.2, 128.1, 128.0, 127.3, 127.0, 126.8, 125.0, 124.5,
102.3, 80.8, 75.2, 51.2, 31.1, 28.3; IR (neat)1365, 756 cm~'; HRMS (ESI) m/z: [M + K]* Calcd for

szH]gClOzK 389.0705; Found 389.0713.

(3a'S%,11b'S")-3a'-Chloro-3',3a'-dihydro-11b' H-spiro[cyclohexane-1,2'-

phenanthro[9,10-b]furan-11b'-0l (120g). The reaction was conducted

according to the general procedure with cyclobutanol 113g (29.0 mg, mmol),
NaOCI-5H>0 (132 mg, 0.40 mmol) and AcOH (46 pL, 0.40 mmol). Purification by silica gel column
chromatography (hexanes/EtOAc: 10:1 to 3:1) afforded compound 120g (18.1 mg, 53% yield) as a
colorless oil. '"H NMR (600 MHz, CDCl;) § 8.01 (d, J= 7.6 Hz, 1H), 7.91 (d, J = 7.6 Hz, 1H), 7.87
(d, J=8.3 Hz, 1H), 7.75 (dd, J=17.6, 1.4 Hz, 1H), 7.48 (td, J=7.6, 1.4 Hz, 1H), 7.43 (td, J=8.3, 1.4
Hz, 1H), 7.41-7.38 (m, 2H), 3.48 (brs, 1H), 2.93 (d, J= 13.5 Hz, 1H), 2.85 (d, J = 13.5 Hz, 1H),
1.99-1.93 (m, 1H), 1.90-1.89 (m, 1H), 1.78-1.75 (m, 1H), 1.51-1.48 (m, 1H), 1.40-1.36 (m, 2H),
1.27-1.24 (m, 1H), 1.18-1.15 (m, 1H), 1.07-1.03 (m, 1H), 0.91-0.88 (m, 1H); '3C {'H} NMR (151

MHz, CDCl3) & 136.1, 134.1, 131.2, 130.5, 129.7, 129.1, 128.6, 128.4, 128.2, 127.1, 123.9, 123.6,
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101.3, 82.6, 75.7, 49.5, 40.3, 36.7, 25.1, 23.6, 23.5; IR (neat); 3507, 2932, 756, 729 cm~'; HRMS

(ESI) m/z: [M + Na]" Caled for C2H2;ClO2Na 363.1122; Found 363.1126.

(8%)-1-(($*)-9-Chloro-10-0x0-9,10-dihydrophenanthren-9-yl)propan-2-yl acetate

and (8$*)-1-((R*)-9-chloro-10-0x0-9,10-dihydrophenanthren-9-yl)propan-2-yl

acetate (123h). To a solution of cyclobutanol 113h (49.0 mg, 0.21 mmol) and
NaOCI-5H,0 (273 mg, 1.66 mmol) in CH>Cl» (2.0 mL) was added AcOH (95 pL, 1.66 mmol) at 40 °C
under Ar atmosphere and the resulting solution was stirred for 30 min. After the completion of the
reaction, the reaction mixture was quenched with sat. Na>S,0s aq. and extracted with EtOAc three
times. The combined organic layers were washed with sat. NaHCOj aq. and brine, dried over Na;SOs,
filtered, and concentrated in vacuo. And then, the crude was dissolved in CH>Cl, (2 mL) and acetic
anhydride (59 pL, 0.62 mmol) and 4-dimethylaminopyridine (2.6 mg, 0.021 mmol) successively
added to the mixture at ambient temperature and the resulting solution was stirred for 16 h. After the
completion of the reaction, the reaction mixture was quenched with H,O and brine, then extracted with
EtOAc three times. The combined organic layers were washed with sat. NaHCO3 aq. and brine, dried
over Na,SQg, filtered, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (hexane/AcOEt = 10:1 to 3:1) to afford product 123h (45.6 mg, 67% over 2 steps) as
colorless solids in a 1 : 0.17 diastereomeric ratio. '"H NMR (500 MHz, CDCl;) § 8.28 (dd, J= 8.0, 1.4
Hz, 0.17H), 8.13 (d, J= 7.7, 1H), 8.06 (d, J= 8.6 Hz, 0.17H), 8.04-8.02 (m, 0.17H), 8.00 (d, /= 8.0
Hz, 1H), 7.98-7.96 (m, 1H), 7.87 (ddd, J = 8.6, 8.0, 7.6 Hz, 1H), 7.75-7.69 (m, 1.34H), 7.49-7.43
(m, 3.51H), 4.95 (dqd, J = 8.9, 6.3, 3.2 Hz, 1H), 4.47 (dqd, J=11.2, 5.7, 2.9 Hz, 0.17H), 3.32 (dd, J
=14.0, 11.2 Hz, 0.17H), 2.85 (dd, /= 14.8, 8.9 Hz, 1H), 2.78 (dd, J= 14.8, 3.2 Hz, 1H), 2.69 (dd, J =
14.0, 2.9 Hz, 0.17H), 1.61 (s, 3H), 1.17 (s, 0.51H), 1.13 (d, J = 5.7 Hz, 0.51H), 1.12 (d, J= 6.3 Hz,
3H); 3C {'"H} NMR (126 MHz, CDCl;, signals from the minor diastereomer are marked with an
asterisk) 8 192.4, 191.9*%, 169.9, 169.5%, 137.6, 137.0*, 136.1, 136.0%, 135.2*, 135.1, 129.7%, 129.5,
129.2,129.14,129.10, 129.0*, 128.9%, 128.8, 128.7, 128.3, 127.7*%,123.9, 123.7*, 123.3%, 123.2, 69.5,
67.9%,67.5,66.1%,48.9%,47.3,20.9,20.5,20.2*%, 19.9* (three peaks are unidentified.); IR (neat) 1736,

1690, 1450, 1238, 729 cm™'; HRMS (ESI) m/z: [M + Na]" Calcd for C1oH;7C10sNa 351.0758; Found
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351.0769. Recrystallization from toluene/pentane gave colorless prisms suitable for X-ray crystal

structural analysis.
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LS

General Information. For reactions that require heating, oil bath was used as a heat source. Column
chromatography was performed on Kanto Kagaku Silica Gel 60 N (spherical, neutral) 100-210 pm.
Reactions and chromatography fractions were analyzed by thin-layer chromatography (TLC) carried
out on Wako Silica gel 70 F,s4 TLC Plate-Wako with visualization by ultraviolet (UV) irradiation at
254 nm, phosphomolybdic acid, anisaldehyde, ninhydrin, and/or potassium permanganate staining.
NMR was recorded on a JEOL JNM-LA (500 MHz for 'H and 126 MHz for *C) or a JEOL JNM
ECZ600R (600 MHz for 'H and 150 MHz for '3C) and measured in CDCl; unless otherwise mentioned.
Chemical shifts and coupling constants are presented in ppm 6 relative to tetramethylsilane and Hz,
respectively. Chloroform-d (& 77.0 ppm) was used as an internal standard for '>’C NMR. Abbreviations
are as follows: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet; br, broad. IR spectra were
recorded on a Shimadzu IR Affinity-1 and the wave numbers of maximum absorption peaks of them
are presented in cm™'. High-resolution mass spectra (HRMS) were recorded on a JEOL MS700
spectrometer (FAB) or a SHIMADZU LCMS-IT-TOF fitted with an ESI or CSI (cryospray ionization)
cryospray: micrOTOF II (Bruker Daltonics) Nebulizer gas temperature: -20°C. Melting points were
determined on YANACO micro melting point apparatus. X-ray single crystal diffraction analyses were
performed on a Rigaku XtaLAB P200 apparatus. All reagents were purchased from chemical
companies and used as received. Dehydrated solvents were purchased for the reactions and used

without further desiccation unless otherwise mentioned.

Preparation of Substrates

Methyl (1R*,65%)-6-((tert-butyldiphenylsilyl)oxy)bicyclo[4.2.0]oct-7-ene-7-carboxylate (85b)

CO,Me
m (1.05 equiv.)
OTBDPS
O/OTBDPS TH,NH (2 mol%) Oﬂ/cone
CH,Cly, rt, 14 h :
212 A
85b

To a solution of enol silyl ether (1.96 g, 5.82 mmol) in CH2Cl, (20 mL) was added methyl propiolate
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(544 pL, 6.11 mmol, 1.05 equiv.) and a 0.08 M toluene solution of Tf,NH (1.46 mL, 116 pmol, 2
mol%) sequentially. After being stirred for 14 h, saturated aqueous NaHCO3 and hexane were added
to the reaction mixture. The aqueous layer was extracted with hexane twice. The combined organic
layers were dried over Na;SOs, and then concentrated under reduced pressure. The residue was
purified by silica gel column chromatography (hexane/diethyl ether 40/1) to give the desired

cyclobutene 85b (435 mg, 17%) as a colorless solid.

Colorless solids. Mp 74-76 °C; "H NMR (500 MHz, CDCl;) & 7.72 (dd, J = 7.9, 1.3 Hz, 2H), 7.44—
7.31 (m, 8H), 6.66 (d, J= 1.4 Hz, 1H), 3.66 (s, 3H), 2.65 (t, /= 3.8 Hz, 1H), 2.08 (ddd, J=13.5, 4.8,
4.8 Hz, 1H), 1.85 (ddd, J = 13.5, 11.2, 5.4 Hz, 1H), 1.46-1.38 (m, 1H), 1.34-1.19 (m, 5H), 1.02 (s,
9H); *C {'H} NMR (126 MHz, CDCl3) § 161.7, 149.1, 142.1, 135.92, 135.86, 135.0, 134.8, 129.5,
129.4, 127.34, 127.30, 78.6, 50.9, 50.0, 32.2, 26.8, 22.5, 19.2, 17.74, 17.71; IR (neat) 2932, 2859,
1724, 1254, 1107, 702 cm™'; HRMS (ESI) m/z: [M + Na]" Calcd for C26H3,05SiNa 443.2013; Found

443.2013.

4-((tert-Butyldimethylsilyl)oxy)-1-tosyl-1,2,3,6-tetrahydropyridine (S1)

TBSCI (1.2 equiv.)
Nal (1.2 equiv.)

(\:/[/O NEt; (1.2 equiv.) Q/OTBS
TSN MeCN, reflux, 2 h TN

S1

To a stirred solution of ketone (2.50 g, 10.0 mmol) in acetonitrile (15 mL) was added triethylamine
(1.7 mL, 12.0 mmol, 1.2 equiv.), fert-butyldimethylchlorosilane (1.81 g, 12.0 mmol, 1.2 equiv.) and
sodium iodide (1.80 g, 12.0 mmol, 1.2 equiv.). After being stirred for 14 h at reflux, saturated aqueous
NaHCOs and Et;O were added to the reaction mixture. The aqueous layer was extracted with Et,O
twice. The combined organic layers were dried over Na>SOs, and then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/ethyl acetate) to give
the desired silyl enol ether S1 (3.69 g, 91%) as a colorless oil. '"H NMR (500 MHz, CDCl5) & 7.67(d,
J=28.2Hz, 2H), 7.31 (d, /= 8.2 Hz, 2H), 4.72 (m, 1H), 3.58 (dt, J=5.7, 2.6 Hz, 2H), 3.22 (t, J=5.7

Hz, 2H), 2.42 (s, 3H), 2.16 (m, 2H), 0.88 (s, 9H), 0.09 (s, 6H); 3C {'H} NMR (126 MHz, CDCl5)
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8 148.8,143.5, 133.5,129.6, 127.6,99.2, 43.7, 43.2,29.8,25.7,25.5,21.5, 17.9, -4.6; IR (neat) 2927,
2855, 1678, 1342, 1157 cm™; HRMS (ESI) m/z: [M + H]" Caled for C13H30NO3SSi 368.1716; Found
368.1732, [M + Na]" Caled for CisH290NO3SSiNa 390.1530; Found 390.1526, [M + K]" Calcd for

C13H20NO3SSiK 406.1269; Found 406.1277.

Methyl (15%,65%)-6-((fert-butyldimethylsilyl)oxy)-3-tosyl-3-azabicyclo[4.2.0]oct-7-ene-7-

carboxylate (85d)
COzMe
‘ ‘ (1.5 equiv.)
oTBS
@/OTBS TH,NH (5 mol%) O:E/COzMe
ToN CH,Cly, 1t, 1 h TN~
H
s1 85d

To a solution of enol silyl ether S1 (3.03 g, 8.24 mmol) in CH»Cl; (20 mL) was added methyl propiolate
(1.15mL, 12.4 mmol, 1.5 equiv.) and a 0.08 M toluene solution of Tf,NH (5.1 mL, 410 umol, 5 mol%)
sequentially. After being stirred for 1 h, saturated aqueous NaHCO3 and hexane were added to the
reaction mixture. The aqueous layer was extracted with hexane twice. The combined organic layers
were dried over Na>SOj, and then concentrated under reduced pressure. The residue was dissolved in
THF (60 mL) and subsequently treated with acetic acid (0.50 mL, 1.0 equiv.) and 1 M THF solution
of tetrabutylammonium fluoride (8.2 mL, 1.0 equiv.). After being stirred for 30 min, saturated aqueous
NH4CI and EtOAc were added to the reaction mixture. The aqueous layer was extracted with EtOAc
twice. The combined organic layers were dried over Na;SO4, and then concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (hexane/EtOAc) to give the

desired cyclobutene 85d (1.39 g, 35%) as a colorless oil.

"H NMR (500 MHz, CDCls) § 7.65 (d, J = 8.1 Hz, 2H), 7.31 (d, J= 8.1 Hz, 2H), 6.51 (d, J = 0.9 Hz,
1H), 3.73 (s, 3H), 3.67 (dd, /= 13.5, 3.4 Hz, 1H), 3.40 (dd, /= 13.5, 3.4 Hz, 1H), 3.38 (ddd, /= 11.7,
5.4, 4.0 Hz, 1H), 3.14 (ddd, J = 12.6, 12.6, 4.3 Hz, 1H), 2.73 (t, J = 3.0 Hz, 1H), 2.44 (s, 3H), 2.21
(ddd, J=14.0, 4.0, 4.0 Hz, 1H), 1.96 (ddd, J = 14.0, 12.6, 5.4 Hz, 1H), 0.80 (s, 9H), -0.015 (s, 3H), -

0.022 (s, 3H); '°C {'"H} NMR (126 MHz, CDCl5) & 161.4, 147.0, 143.3, 142.8, 135.2, 129.7, 127.0,
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76.0, 51.3, 50.4, 42.7, 40.7, 31.0, 25.5, 21.5, 17.8, -3.1, -3.4; IR (neat) ; HRMS (ESI) m/z: [M + Na]*
Caled for CyH33NOsSSiNa 474.1741; Found 474.1739; [M + K]* Caled for CaH3NOsSSiK

490.1480; Found 490.1462.

tert-Butyl((6,7-dihydro-5H-benzo|[7]annulen-9-yl)oxy)diphenylsilane (S2)

TBDPSCI (1.2 equiv.)
Nal (1.2 equiv.)
(0] NEt; (1.2 equiv.)

OTBDPS
MeCN, reflux, 2 h .

S2

To a stirred solution of ketone (2.10 g, 13.1 mmol) in acetonitrile (16 mL) was added triethylamine
(2.9 mL, 20.8 mmol, 1.6 equiv.), fert-butyldiphenylchlorosilane (4.0 mL, 15.6 mmol, 1.2 equiv.) and
sodium iodide (2.40 g, 16.0 mmol, 1.6 equiv.). After being stirred for 43 h at reflux, saturated aqueous
NaHCOj3 and hexane were added to the reaction mixture. The aqueous layer was extracted with hexane
twice. The combined organic layers were dried over Na;SO4, and then concentrated under reduced
pressure. The residue was purified by a short pad of silica gel (hexane/ethyl acetate) to give the desired
silyl enol ether S2 (4.47 g, 86%) as a colorless solid. Mp. 58-59 °C; '"H NMR (500 MHz, CDCls)
8 7.81-7.77 (m, 5H), 7.47-7.43 (m, 2H), 7.42-7.38 (m, 4H), 7.33 (dt, J=17.5, 1.2 Hz, 1H), 7.24 (dt, J
=17.5, 1.2 Hz, 1H), 7.17 (dd, J= 7.5, 0.9 Hz, 1H), 5.09 (t, J = 6.9 Hz, 1H), 2.48 (t, J = 6.9 Hz, 2H),
1.87 (tt, J= 6.9, 6.9 Hz, 2H), 1.68 (td, J = 6.9, 6.9 Hz, 2H), 1.09 (s, 9H); '*C {'H} NMR (126 MHz,
CDCl3) 0 149.4,141.1,138.2, 135.6, 133.1, 129.6, 128.7, 127.6, 127.4, 126.7, 125.8, 109.5, 33.2, 32.9,
26.6,23.5,19.4; IR (neat): 3070, 2930, 2893, 2857, 2158, 1634, 1427, 1236, 1132, 1113, 881, 822 700

cm™'; HRMS (ESI) m/z [M + H]* Caled for C27H3108Si 399.2139; Found 399.2136.

Methyl (2aR*,9bR*)-9b-((tert-butyldiphenylsilyl)oxy)-2a,4,5,9b-tetrahydro-3H-

benzo[a]cyclobuta|c][7]annulene-1-carboxylate (85¢)
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CO,Me
: OTBDPS  EtAICI, (30 mol%)
. CH,Cl, 1t, 3 h

S2 85e

(2.0 equiv.)

PS

OTBD
: CO,Me

To a solution of silyl enol ether S2 (468 mg, 1.17 mmol) in CH>Cl, (10 mL) were added methyl
propiolate (195 pL, 2.34 mmol) and a 1.0 M hexane solution of EtAICl, (0.36 mL, 0.36 mmol, 30
mol%) sequentially. After being stirred for 3 h at room temperature, the resulting mixture was
quenched with saturated aqueous Rochelle salt and stirred vigorously for at least 30 min. The aqueous
layer was extracted with hexane twice, and the combined organic layers were washed with brine, dried
over Na,SO4, and then concentrated under reduced pressure. The residue was purified by silica gel
column chromatography (hexane/Et,O = 19/1) to give a colorless oil. To the colorless oil was added
MeCN (ca. 1.5 mL) and the solution was stirred in an ice bath until a solid formed. After then, the
resulting suspension was filtered to afford the desired cyclobutene 85e (219 mg, 39%) as the colorless
solid. Mp. 86-87 °C; "H NMR (600 MHz, CDCl3) § 7.67 (d,J= 7.6 Hz, 2H), 7.43 (d, J= 6.9 Hz, 2H),
7.39 (dd, J =17.6, 6.9 Hz, 1H), 7.33 (d, J = 7.6 Hz, 1H), 7.32-7.29 (m, 3H), 7.22-7.18 (m, 3H), 7.11
(d, J=6.9 Hz, 1H), 7.02 (dd, J=7.6, 7.6 Hz, 1H), 6.78 (s, 1H), 3.62 (td, /= 13.1, 6.9 Hz, 1H), 3.18
(s, 3H), 2.96 (dd, J = 13.1, 2.8 Hz, 1H), 2.65 (dd, J = 13.8, 6.9 Hz, 1H), 1.82 (dddd, J = 12.4, 12.4,
6.2, 6.2 Hz, 1H), 1.70-1.65 (m, 1H), 1.62 (dddd, J = 12.4, 12.4, 6.2, 6.2 Hz, 1H), 0.94 (s, 9H), 0.82
(dddd, J = 13.8, 13.8, 13.1, 6.2 Hz, 1H); '*C {'"H} NMR (151 MHz, CDCls) § 162.0, 151.5, 140.5,
138.9, 138.8, 136.0, 135.7, 134.7, 133.9, 129.4, 129.3, 128.9, 128.4, 128.2, 127.1, 126.8, 126.0, 85.2,
55.3, 50.5, 30.3, 26.8, 25.6, 24.2, 19.8; IR (neat): 2930, 2857, 1724, 1427, 1312, 1250, 1173, 1103,
1094, 991, 758, 737 cm™'; HRMS (ESI) m/z [M + K]" Calcd for C3;H340;SiK 521.1909; Found

521.1910.

tert-Butyl((3,6-dihydro-2 H-thiopyran-4-yl)oxy)dimethylsilane (S3)
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TBSCI (1.2 equiv.)
Nal (1.2 equiv.)

(:/ro NEt; (1.2 equiv.) O/OTBS
S MeCN, rt, 14 h S

S3

To a stirred solution of ketone (1.16 g, 10.0 mmol) in acetonitrile (13 mL) was added triethylamine
(1.7 mL, 12.0 mmol, 1.2 equiv.), fert-butyldimethylchlorosilane (1.81 g, 12.0 mmol, 1.2 equiv.) and
sodium iodide (1.80 g, 12.0 mmol, 1.2 equiv.). After being stirred for 14 h at room temperature,
saturated aqueous NaHCOj; and hexane were added to the reaction mixture. The aqueous layer was
extracted with hexane twice. The combined organic layers were dried over Na,SOs, and then
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/ethyl acetate) to give the desired silyl enol ether S3 (2.29 g, quant.) as a colorless oil. 'H NMR
(500 MHz, CDCls) 6 5.07 (tt, J=4.3, 1.5 Hz, 1H), 3.16 (td, /= 4.3, 2.0 Hz), 2.76 (t, J = 6.0 Hz, 1H),

2.28 (tdd, J= 6.0, 2.0, 1.5 Hz, 1H), 0.91 (s, 9H), 0.14 (s, 6H).

Methyl (1R*,65%)-6-((fert-butyldimethylsilyl)oxy)-3-thiabicyclo[4.2.0]oct-7-ene-7-carboxylate

(54)
COzMe
I (1.05 equiv.)
OTBS
OTBS Tf,NH (5 mol%) T _CO,Me
| g
S(j/ CH,Cly, rt, 1h S~
H
S3 S4

To a solution of enol silyl ether S3 (1.15 g, 5.0 mmol) in CH>Cl, (25 mL) was added methyl propiolate
(645 pL, 7.5 mmol, 1.5 equiv.) and a 0.08 M toluene solution of TH,NH (3.1 mL, 250 pmol, 5 mol%)
sequentially. After being stirred for 1 h, saturated aqueous NaHCOs and Et;O were added to the
reaction mixture. The aqueous layer was extracted with Et,O twice. The combined organic layers were
dried over Na;SOs, and then concentrated under reduced pressure. The residue was dissolved in THF
(20 mL) and subsequently treated with acetic acid (285 pL, 1.0 equiv.) and 1 M THF solution of

tetrabutylammonium fluoride (5.0 mL, 1.0 equiv.). After being stirred for 30 min, saturated aqueous
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NH4ClI and Et,O were added to the reaction mixture. The aqueous layer was extracted with Et,O twice.
The combined organic layers were dried over Na>SOj4, and then concentrated under reduced pressure.
The residue was purified by silica gel column chromatography (hexane/EtOAc) to give the desired
cyclobutene S4 (1.39 g, 31%) as a colorless oil. '"H NMR (500 MHz, CDCl3) 8 6.98 (d, J = 0.9 Hz,
1H), 3.75 (s, 3H), 2.96-2.91 (m, 2H), 2.81 (ddd, J=11.5, 7.7, 4.3 Hz, 1H), 2.64 (ddd, J=11.5, 9.2,
4.3 Hz, 1H), 2.58 (ddd, J=9.7, 8.6, 6.3 Hz, 1H), 2.24 (ddd, J= 14.0, 9.2, 4.3 Hz, 1H), 2.14 (ddd, J =
14.0, 8.0, 4.3 Hz, 1H), 0.86 (s, 9H), 0.06 (s, 3H), 0.03 (s, 3H); 1*C {'"H} NMR (126 MHz, CDCl5)
8 161.9,147.9, 143.1, 76.7, 76.6, 51.19, 51.16, 31.7, 25.7, 25.5, 24.6, 21.1, 17.9, -3.1, -3.3; IR (neat)
2951, 2932, 1724, 1254, 1103, 837, 775 cm™'. HRMS (ESI) m/z: [M + Na]" Calcd for C;5sH2603;SSiNa

337.1264; Found 337.1281.

Methyl (1R*,65%)-6-((tert-butyldimethylsilyl)oxy)-3-thiabicyclo[4.2.0]oct-7-ene-7-carboxylate

3,3-dioxide (85g)

0]

| _OH
C O)ko (0]
(j?g/scognne (\j?;/scognne

(2.0 equiv.)

i CH,Cly, 0°Ctort, 2 h O;”S G
s4 859

To a solution of cyclobutene S4 (220 mg, 0.700 mmol) in CH2Cl, (10 mL) was added 3-
chloroperoxybenzoic acid (contains ca. 30% water, 252 mg, 1.40 mmol, 2.0 equiv.) at 0 °C. After 2 h,
the reaction mixture was quenched with saturated aqueous NaHCO3 and Na»S,0s, and Et,0, then the
phases were separated. The aqueous phase was extracted with Et,O twice. The combined organic
layers were washed with saturated aqueous NaHCO; and brine, dried over NaSOQs, filtered and
concentrated under reduced pressure. The residue was purified by silica gel column chromatography
(hexane/EtOAc) to give the desired cyclobutene 85g (89.9 mg, 37%) as a colorless solid. Mp. 116—
118 °C; "H NMR (500 MHz, CDCl5) & 6.96 (d, J= 0.9 Hz, 1H), 3.78 (s, 3H), 3.46 (ddd, J=9.2, 8.9,
8.6 Hz, 1H), 3.36 (ddd, /=13.7,9.2, 4.0 Hz, 1H), 3.17 (s, 1H), 3.16 (ddd, /= 10.0, 7.5, 7.5 Hz, 1H),

3.10 (ddd, J =19.5, 10.0, 6.0 Hz, 1H), 2.48 (ddd, J = 14.9, 9.2, 4.0 Hz, 1H), 2.36 (ddd, J = 14.9, 8.9,
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4.3 Hz, 1H), 0.87 (s, 9H), 0.08 (s, 3H), 0.05 (s, 3H); 1*C {'"H} NMR (126 MHz, CDCl3) § 161.1, 145.2,
142.6,75.7,51.5, 50.8, 46.8, 30.0, 25.5, 25.3, 17.8, -3.3, -3.6; IR (neat) 2955, 2932, 1724, 1312, 1254,
1119, 837, 779 cm™'; HRMS (ESI) m/z: [M + Na]" Calcd for CisH2605SSiNa 369.1162; Found

369.1165.

General Procedure for Pt—-TCA complexes 131a—g.

To a solution of cyclobutene 85a—g in CH.Cl, or toluene (1.0 mL) was added
PtClz(collidine)(ethylene) complex at room temperature under Ar atmosphere. After the completion of
the reaction, concentrated in vacuo and the residue was purified by flash column chromatography

(silica gel) or preparative thin layer chromatography (PTLC) to give complex.

CO,Me trans-PtC1z(2°,4°,6’-trimethylpyridine)[7-8-7*- methyl (1Z,7E)-2-((tert-
X,—0TBS
|- cl butyldimethylsilyl)oxy)cycloocta-1,7-diene-1-carboxylate] (131a). The reaction
‘Pt,
cl’ A . .
L was conducted according to the general procedure with cyclobutene 85a (104 mg,

0.351 mmol, 3.0 equiv.), and PtCly(collidine)(ethylene) (48.6 mg, 0.117 mmol, 1.0
equiv.) in CHxCl; (1 mL) for 2 days. Purification by silica gel column chromatography
(hexanes/EtOAc = 10: 1 to 3: 1) afforded compound 131a (67.9 mg, 99%) as a yellow solid. Mp.
144 °C (decomp.); '"H NMR (500 MHz, CDCl5) & 7.01 (s, 1H), 7.00 (s, 1H), 5.96 (dd, J = 13.6, 1.9
Hz, 1H), 5.39 (td, J = 13.6, 2.6 Hz, 1H), 3.82 (s, 3H), 3.17 (s, 3H), 3.16 (s, 3H), 2.63-2.60 (m, 1H),
2.52(dd, J=18.3,10.0 Hz, 1H), 2.45 (ddt, /= 19.1, 8.1, 2.1 Hz, 1H), 2.35 (s, 3H), 2.23-2.12 (m, 2H),
1.88-1.82 (m, 1H), 1.80-1.72 (m, 1H), 1.51-1.44 (m, 1H), 0.96-0.85 (m, 9H), 0.25 (s, 3H), 0.17 (s,
3H); *C{'H} NMR (126 MHz, CDCl;) & 167.0, 164.9, 158.3, 157.6, 125.0, 112.6, 92.9, 82.9, 51.1,
41.7,32.7, 30.9, 25.83, 25.69, 25.64, 24.4, 20.7, 18.5, -3.8, -4.1; IR (neat) 2932, 1724, 1582, 1250,
1192, 849, 756 cm™'; HRMS (FAB) m/z: [M + H + Na]* Caled for Co4H4CI.NO;PtSiNa 706.1696;
Found 706.1686. X-ray crystallographic analysis: Recrystallization from MeOH gave yellowish

prisms suitable for X-ray crystal structural analysis.
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qOMe trans-PtCL(2’,4’,6’-trimethylpyridine)[7-8-72-  methyl  (1Z,7E)-2-((tert-

| X,—OTBDPS
"""/pt’i § butyldiphenylsilyl)oxy)cycloocta-1,7-diene-1-carboxylate] (131b). The
cl
I
=

reaction was conducted according to the general procedure with cyclobutene 85b
(76.5 mg, 0.182 mmol, 3.0 equiv.), and PtClx(collidine)(ethylene) (25.2 mg, 60.6 umol, 1.0 equiv.) in
CH:Cl: (1 mL) for 2 days. Purification by PTLC (hexanes/EtOAc = 3: 1) afforded compound 131b
(48.7 mg, 99%) as a yellow solid. Mp. 165 °C (decomp.); '"H NMR (600 MHz, CDCl;) § 7.79 (dd, J
=17.3, 1.6 Hz, 2H), 7.74 (dd, J= 7.7, 1.4 Hz, 2H), 7.45-7.39 (m, 6H), 7.02 (s, 1H), 7.00 (s, 1H),5.97
(dd, J=13.7,2.6 Hz, 1H), 5.39-5.33 (dt, /= 13.7 Hz, 2.6 Hz, 1H), 3.84 (s, 3H), 3.19 (s, 3H), 3.15 (s,
3H), 2.53-2.48 (m, 1H), 2.35 (s, 3H), 2.23 (dd, J=18.2, 9.9 Hz, 1H), 2.07 (ddd, J=18.2, 12.4, 6.9
Hz, 1H), 2.06-2.02 (m, 1H), 1.96 (ddd, J = 13.0, 6.9, 6.1 Hz, 1H), 1.47 (ddd, J = 18.2, 12.6, 6.1 Hz,
1H), 1.30-1.24 (m, 1H), 1.21-1.16 (m, 1H), 1.05 (s, 9H); *C{'H} NMR (126 MHz, CDCl;) & 165.5,
164.8, 158.4, 157.6, 151.0, 135.3, 135.1, 133.2, 132.8, 130.00, 129.97, 127.91, 127.89, 125.1, 125.0,
111.6,93.1, 83.0,51.2,40.0, 32.7, 31.1, 26.1,25.7, 24.0, 20.7, 19.4; IR (neat) 2932, 2859, 1728, 1589,
1188 cm™'; HRMS (CSI) m/z: [M + Na]* Calcd for C34H43C1,NO5PtSiNa 829.1932; Found 829.1933.
X-ray crystallographic analysis: Recrystallization from EtOAc gave yellowish prisms suitable for X-

ray crystal structural analysis.

Cco,Me trans-PtC1y(2°,4’,6’-trimethylpyridine)|8-9-72-methyl (1Z,8E)-2-((tert-
\,,,,;/CPTBS butyldimethylsilyl)oxy)cyclonona-1,8-diene-1-carboxylate] (131c). The reaction

/Ihé\ was conducted according to the general procedure with cyclobutene 85¢ (69.5 mg,
0.224 mmol, 3.0 equiv.), and PtCly(collidine)(ethylene) (31.0 mg, 74.6 umol, 1.0 equiv.) in CH2Cl; (1
mL) for 2 days. Purification by PTLC (hexanes/EtOAc = 3: 1) afforded compound 131¢ (44.2 mg,
85%) as a yellow solid. Mp. 171 °C (decomp.); 'H NMR (600 MHz, CDCls) § 6.99 (s, 2H), 6.00 (d, J
= 14.0 Hz, 1H), 5.46 (ddd, J= 14.0, 11.7, 2.8 Hz, 1H), 3.82 (s, 3H), 3.15 (s, 3H), 3.10 (s, 3H), 3.05-
3.01 (m, 1H), 2.68 (dd, J = 12.9, 2.3 Hz, 1H), 2.33 (s, 3H), 2.17 (ddd, J = 13.8, 12.3, 3.4 Hz, 1H),

2.08-2.00 (m, 1H), 1.93 (ddd, J = 13.8, 8.3, 4.8 Hz, 1H), 1.85-1.81 (m, 1H), 1.71-1.66 (m, 3H), 1.45—
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1.43 (m, 1H), 0.94 (s, 9H), 0.23 (s, 3H), 0.18 (s, 3H); *C {'"H} NMR (151 MHz, CDCl3) § 166.1, 165.9,
158.3, 157.5,150.9, 125.0, 112.8, 90.4, 85.6, 51.1, 33.7, 32.0, 25.9, 25.8, 25.7, 24.6, 24.2, 20.7, 18.5,
-3.7, -3.9; IR (neat) 2932, 2856, 1728, 1628, 1462, 1254, 1196, 833 cm™'; HRMS (ESI) m/z: [M +
Na]* Caled for CasHaiCILNO5PtSiNa 719.1773; Found 719.1793. X-ray crystallographic analysis:

Recrystallization from MeOH gave yellowish prisms suitable for X-ray crystal structural analysis.

COMe trans-PtCly(2°,4°,6’-trimethylpyridine)[6-7- 7*-methyl (4Z,6E)-4-((tert-

S oTBS
TsN ‘ Cl

o NN (1314)
=

butyldimethylsilyl)oxy)-1-tosyl-1,2,3,8-tetrahydroazocine-5-carboxylate]

The reaction was conducted according to the general procedure with cyclobutene 85d (157 mg, 0.349
mmol, 5.0 equiv.), and PtClx(collidine)(ethylene) (28.9 mg, 69.7 umol, 1.0 equiv.) in CH>Cl, (1 mL)
for 7 days. Purification by diol silica gel chromatography (hexanes/EtOAc = 2: 1) afforded compound
131d (44.9 mg, 77%) as a yellow solid. '"H NMR (500 MHz, CDCls) § 7.67 (d, J = 8.3 Hz, 2H), 7.31
(d, J = 8.3 Hz, 2H), 7.02 (s, 2H), 5.99 (dd, J = 13.5, 2.3 Hz, 1H), 5.27 (ddd, J = 13.5, 11.2, 2.6 Hz,
1H), 4.72 (dd, J=10.3, 2.6 Hz, 1H), 3.82 (dd, J= 15.5, 8.9 Hz, 1H), 3.79 (s, 3H), 3.32 (dd, /= 11.0,
11.0 Hz, 1H), 3.16 (s, 3H), 3.14 (s, 3H), 2.86 (ddd, J = 19.5, 7.7, 2.3 Hz, 1H), 2.79 (dd, J = 15.8 Hz,
7.7 Hz, 1H), 2.67 (dd, J=19.5, 9.5 Hz, 1H), 2.42 (s, 3H), 2.37 (s, 3H), 0.93 (s, 9H), 0.25 (s, 3H), 0.17
(s, 3H). °C {'"H} NMR (151 MHz, CDCl3) § 165.9, 164.2, 158.1, 157.7, 151.5, 143.7, 135.6, 130.0,
126.9, 125.3, 125.2, 113.0, 86.0, 80.8, 51.2,49.5, 44.2,42.9, 31.6, 25.8, 25.7, 22.6, 21.5, 20.7, 18.5,
14.1,-3.8, -4.2. IR (neat) 2953, 1728, 1626, 1580, 1341, 1252, 1194, 1159, 1092, 934, 901, 835, 787,
731 em’'. Recrystallization from hexane/EtOAc gave yellowish prisms suitable for X-ray crystal

structural analysis.
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CO,Me trans-PtC1,(2°,4’,6’-trimethylpyridine)[8-9-72- methyl (8E,102)-11-((tert-

\—OTBDPS
\.,_ butyldimethylsilyl)oxy)-6,7-dihydro-5H-benzo[9]annulene-10-carboxylate]

Pt
el (131e).

2

S

The reaction was conducted according to the general procedure with cyclobutene
85e (46.5 mg, 96.3 umol, 2.0 equiv.), and PtCly(collidine)(ethylene) (20.0 mg, 48.2 umol, 1.0 equiv.)
in CH>Cl, (1 mL) for 2 days. Purification by silica gel chromatography (hexanes/EtOAc) afforded
compound 131e (38.7 mg, 92%) as a yellow solid. "H NMR (600 MHz, CDCls) § 7.50 (d, J = 6.9 Hz,
2H), 7.46 (d, J= 6.9 Hz, 2H), 7.38 (dd, /= 7.6, 6.9 Hz, 1H), 7.34 (dd, /= 7.6, 6.9 Hz, 1H), 7.29 (ddd,
J=17.6,6.9, 6.9 Hz, 3H), 7.24 (dd, J = 7.6, 6.9 Hz, 3H), 7.05 (dd, J = 6.9, 6.9 Hz, 1H), 6.95 (s, 1H),
6.91 (s, 1H), 6.88 (d, J=7.6 Hz, 1H), 6.83 (dd, J= 7.5, 7.5 Hz, 1H), 6.06 (d, J = 14.5 Hz, 1H), 4.96
(ddd, J = 14.5, 11.0, 4.1 Hz, 1H), 3.68 (s, 3H), 3.05 (s, 3H), 2.97 (s, 3H), 2.40-2.35 (m, 2H), 2.32—
2.24 (m, 2H), 2.31 (s, 3H), 2.20-2.16 (m, 1H), 1.92-1.88 (m, 1H), 0.95 (s, 9H); *C{'H} NMR (151
MHz, CDCl3) 6 166.7, 158.0, 157.6, 157.2, 150.9, 139.1, 135.6, 135.5, 135.4, 132.2, 132.1, 131.9,
129.9, 129.7, 129.5, 129.3, 127.3, 126.1, 125.0, 113.2, 86.1, 83.4, 51.4, 30.5, 29.9, 28.1, 26.6, 25.5,
25.2,20.6, 19.7; IR (neat) 2932, 2859, 1709, 1589, 1431, 1180, 1115, 910, 729 cm™'; HRMS (FAB)
m/z: [M+ H]J" Caled for C30Hs6CI:NO3PtSi 869.2272; Found 869.2258. Recrystallization from EtOAc

gave yellowish prisms suitable for X-ray crystal structural analysis.

CH,OMe trans-PtCl(2°,4°,6’-trimethylpyridine)[3-4-7*- tert-butyl(((1Z,3E)-2-
| ) C|OTBS (methoxymethyl)cycloocta-1,3-dien-1-yl)oxy)dimethylsilane (131f). The
C,’Pt’N N reaction was conducted according to the general procedure with cyclobutene 85f

(82.8 mg, 0.293 mmol 5.0 equiv.), and PtCly(collidine)(ethylene) (24.3 mg, 58.6
mmol, 1.0 equiv.) in toluene (1 mL) for 7 days. Purification by PTLC (hexanes/EtOAc = 3: 1) afforded
compound 131f (16.0 mg, 40%) as a yellow solid. Mp. 120 °C (decomp.); '"H NMR (600 MHz, CDCl5)

§ 7.01 (s, 2H), 6.04 (dd, J = 13.8, 2.3 Hz, 1H), 5.31 (td, J = 13.8, 2.3 Hz, 1H), 4.56 (d, J = 10.9 Hz,
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1H), 4.42 (d, J = 10.9 Hz, 1H), 3.45 (s, 3H), 3.22 (s, 3H), 3.16 (s, 3H), 2.57-2.48 (m, 1H), 2.41-2.35

(m, 1H), 2.35 (s, 3H), 2.31-2.17 (m, 2H), 2.09 (qd, J = 12.3, 6.6 Hz, 1H), 1.87 (ddd, J = 15.5 Hz, 10.0

Hz, 6.9 Hz, 1H), 1.74 (qd, J= 12.3, 5.9 Hz, 1H), 1.49-1.42 (m, 1H), 0.92 (s, 9H), 0.10 (s, 3H); *C {'H}

NMR (151 MHz, CDCl3) & 158.5, 157.6, 154.5, 151.0, 125.1, 116.7,93.2, 88.2, 69.5, 57.9, 39.2, 32 4,

31.5,25.8,25.7,25.5, 25.3, 25.1, 20.7, 18.0, -3.9, -4.2; IR (neat) 2928, 2859, 1628, 1169, 841 cm™;

HRMS (ESI) m/z: [M + Na]" Calcd for C24H41CI,NO,PtSiNa 691.1824; Found 691.1830.

trans-PtCly(2’,4°,6’-trimethylpyridine)[6-7-7*-methyl (4Z,6E)-4-((tert-butyldimethylsilyl)oxy)-

3,8-dihydro-2H-thiocine-5-carboxylate 1,1-dioxide (131g).

0,8

0,8

COgMe

N,—0TBS
"z,' Cl
""/Pt',N \ 85g (102 mg, 0.293 mmol, 5.0 equiv.), and PtClx(collidine)(ethylene) (25.2 mg,
cl
|

>

The reaction was conducted according to the general procedure with cyclobutene

58.6 umol, 1.0 equiv.) in CH>Cl, (1.5 mL) for 5 days.

The complex 131g could only be detected by NMR as a mixture of 85g and
OH g

N decomposition products, and it fully degraded to cis,cis-cyclooctadiene 132g’ upon

OMe

passage through a silica gel. The presence of a peak with J = 13.17 Hz, characteristic
s1

of a platinum complex 131g, confirms the formation of a #rans double bond.
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Figure 20. "H NMR spectra after the reaction (13.5 — -1.5 ppm; mixture of 85g, 131g and

decomposition products)
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Figure 21. Expanded NMR spectrum (7.1 — 5.1 ppm).

Peaks indicating trans double bonds with J = 13.17 Hz in the region of 6.20 ppm and 5.35 ppm were

identified.
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Procedure for Pt complex (Sp)-142a and (R)-142a.

ngt'”N_<Ph CO,Me CO,Me
o Hz2 e TBSO—# X, —0TBS
0oTBS Cl | |—~"ci
: _COMe  (033equiv) Pt “pt.
H2N ‘CI + C|I NH2
: CDCl, 1t, 18 h P& B8
A & Me” “Ph Me” “Ph
85a (Sp)-142a (R,)-142a

To a solution of cyclobutene 85a (36.6 mg, 124 umol, 3.0 equiv.) in CDCI3 (0.5 mL) was added chiral
amine-Pt complex (17.1 mg, 41.1 umol) in CDCIl; (0.5 mL) at room tempetature under Ar atmosphere.
After the completion of the reaction, the solvent was removed under reduced pressure. The residue
was purified by flash column chromatography (silica gel; eluent: hexane/EtOAc = 3:1) to give Pt
complex (Sp)-142a and (R,)-142a (20.1 mg, 71%) as a yellow solid in a 1:1 diastereomeric ratio. 'H
NMR (500 MHz, CDCl3) 6 7.40-7.37 (m, 2H), 7.35-7.31 (m, 3H), 5.92 (dd, J = 13.2, 2.0 Hz, 0.5H),
5.86 (dd, J=13.2,2.0 Hz, 0.5H), 5.17 (ddd, J=13.2, 2.5, 2.5 Hz, 0.5H), 5.14 (ddd, /= 13.2, 2.5, 2.5
Hz, 0.5H), 4.37 (br dd, /=9.7, 9.7 Hz, 0.5H), 4.35 (br dd, J=9.7, 9.7 Hz, 0.5H), 4.00 (br d, /=9.7,
Hz, 0.5H), 3.90 (br d, J=9.7, Hz, 0.5H), 3.81 (s, 1.5H), 3.80 (s, 1.5H) 2.59-2.48 (m, 2H), 2.44-2.39
(m, 1H), 2.19-2.13 (m, 1H), 2.02 (ddd, J = 12.0, 12.0, 6.6 Hz, 0.5H), 1.97 (ddd, J = 12.0, 12.0, 6.6
Hz, 0.5H), 1.88 (d, J = 6.9 Hz, 1.5H), 1.84 (d, J = 6.9 Hz, 1.5H), 1.87-1.80 (m, 1H), 1.75-1.64 (m,
1H), 1.45-1.38 (m, 1H), 0.941 (s, 4.5H), 0.938 (s, 4.5H), 0.25 (s, 1.5H), 0.24 (s, 1.5H), 0.18 (s, 1.5H),
0.17 (s, 1.5H); '*C {!H} NMR (125 MHz, CDCl;) § 167.3, 167.1, 165.0, 164.9, 142.2, 142.1, 129.23
(1C), 129.20 (1C), 128.7 (1C), 126.3 (1C), 126.2 (1C), 112.4, 112.3,91.2,91.0, 84.7, 84.6, 55.7, 55.5,
51.2,51.1,41.7,41.6, 32.6, 30.9,25.81 (1.5C), 25.79 (1.5C), 24.3, 22.10, 22.05, 18.5, -3.79, -3.81, —
4.1 (1C); IR (neat) 3206, 2932, 2859, 2361, 1721, 1678, 1582, 1439, 1373, 1254, 1196, 1065, 914,
849, 787, 733 cm’'; HRMS (ESI) m/z: [M + Na]* Calcd for C24H39C1LNO;PtSiNa 705.1616; Found

705.1638.
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Synthesis of 145

cl
Pr H"'?“Q'
Y\OH (1.4 equiv.) i I\ C""E"H i
NH, 0 N 0 N Cl o) N
I\ znCl, (0.5 equi \ NaO{Bu (1.0 equi | 0.5 equi
NCD nCl, (0.5 equiv.) , H Ne u (1.0 equiv.) N @@ (0.5 equiv.) g/N‘ IIIIII F_"t*CI
H PhCI, reflux, 14 h v THF, 0°C,2h | o4 Na~ | CHClz it 16h 4 =
144 145

(S)-4-isopropyl-2-(1H-pyrrol-2-yl)-4,5-dihydrooxazole (144).

ZnCl; (370 mg, 2.71 mmol, 0.5 equiv.) was melted in vacuo and then cooled under an atmosphere of
Ar. A slurry of pyrrole-2-carbonitrile 500 mg, 5.43 mmol, 1.0 equiv.) and (R)-valinol (784 mg, 7.60
mmol, 1.4 equiv.) in chlorobenzene (15 mL) was added and the reaction mixture was subsequently
stirred under reflux for 16 h. The solvent was removed in vacuo and the residue chromatographed on
silica gel using a 1:1 ethyl acetate/hexane mixture as eluent (Rr = 0.54). The obtained 144 was
complexed with Zn and dissolved in a mixture of CHCI3 and aq. NH3 (28%) solution (v/v = 1/1) was
stirred for 1 hour. The aqueous phase was extracted with CHCIls twice. The combined organic layers
were washed with brine, dried over NaSQOs, filtered, and concentrated under reduced pressure. The
residue was purified by flash column chromatography (silica gel; hexane/EtOAc) to give 144 (760 mg,
78%) as a colorless solid. Mp. 103-105 °C; 'H NMR (500 MHz, CDCl5) & 10.90 (br s, 1H), 6.88 (s,
1H), 6.72 (dd, J=3.7, 1.3 Hz, 1H), 6.23 (dd, J=2.9, 2.9 Hz, 1H), 4.39 (dd, J= 8.9, 8.6 Hz, 1H), 4.15
(dd, J=17.5,7.5 Hz, 1H), 4.07 (ddd, J=9.5, 7.2, 6.3 Hz, 1H), 1.80 (qd, J = 6.6, 6.6 Hz, 1H), 0.96 (d,
J=6.9 Hz, 3H), 0.90 (d, J = 6.9 Hz, 3H); '*C {'H} NMR (126 MHz, CDCls) & 158.6, 122.1, 120.0,
112.5,109.4, 71.8, 70.1, 33.0, 18.6, 18.2; IR: 3129, 3071, 2959, 2870, 1651, 1431, 1362, 1134, 964,

741 cm™. HRMS (ESI) m/z: [M + H]" C10H14N20 Calcd for 179.1179; Found 179.1178.

Pt-ethylene complex 145

To a solution of 144 (59.8 mg, 336 pumol, 1.0 equiv.) in THF (10 mL) was added NaO7Bu (32.3 mg,
336 pumol, 2.0 equiv.) at room temperature under Ar atmosphere. After 2 h, concentrated in vacuo and
the residue was dissolved in CH>Cl, (10 mL) and [PtClx(ethylene)], (98.7 mg, 168 umol, 0.5 equiv.)

was added. After 16 h, the reaction mixture was filtered and concentrated in vacuo. The residue was
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purified by flash column chromatography (silica gel; eluent: hexane/EtOAc) to give Pt-ethylene
complex 145 (115.3 mg, 79%) as a yellow solid. "H NMR (600 MHz, CDCls) § 7.41 (s, 1H), 6.68 (d,
J=2.8 Hz, 1H), 6.27 (dd, J= 3.4, 2.0 Hz, 1H), 4.56 (dd, J= 14.5, 4.8 Hz, 1H), 4.54 (dd, /= 18.6, 8.3
Hz, 1H), 4.50-4.36 (br m, 4H), 3.82 (ddd, /= 8.9, 5.4, 3.4 Hz, 1H), 1.87 (sep d, J= 6.9, 3.4 Hz, 1H),
0.92 (d, J = 6.9 Hz, 3H), 0.86 (d, J= 6.9 Hz, 3H); *C {'H} NMR (126 MHz, CDCl3) § 172.2, 133.8,
123.7,115.3, 110.3, 71.3, 70.1, 64.9, 30.6, 18.8, 13.7; IR: 2963, 1597, 1524, 1427, 1188, 988, 748 cm"
! HRMS (FAB) m/z: [M + H]" C12H;3CIN,OPt Calcd for 436.0756; Found 436.0748. Recrystallization

from EtOH gave yellowish needles suitable for X-ray crystal structural analysis.

Pt complex 147 (*Structure is not determined.)

CO,Me To a solution of cyclobutene 85a (29.1 mg, 98.2 umol, 1.0 equiv.) was added

~—0TBS

""z,, /S’Pr chiral Pt complex 145 (21.4 mg, 49.1 pmol, 0.5 equiv.) in dichloroethane (1 mL)
Cl—PtrmmmN
\

\N , o at 80 °C under Ar atmosphere. After the completion of the reaction detected by

TLC, the solvent was removed under reduced pressure. The residue was purified
by flash column chromatography (silica gel; eluent: hexane/EtOAc) to give Pt complex 147 (18.4 mg,
27%) as a yellow solid. '"H NMR (600 MHz, CDCl3) 8 7.42 (s, 1H), 6.65 (d, J= 2.0 Hz, 1H), 6.25 (dd,
J=3.4,2.0Hz, 1H), 5.94 (dd, /= 13.8, 2.8 Hz, 1H), 4.54 (dd, J=9.0, 2.1 Hz, 1H), 4.40 (dd, J=9.0,
8.3 Hz, 1H), 4.32 (ddd, /= 13.8, 12.0, 2.8 Hz, 1H), 3.64 (ddd, J = 8.3, 2.8, 2.1 Hz, 1H), 3.55 (s, 3H),
2.58 (dd, J=17.9,10.6 Hz, 1H), 2.56 (d, J=10.3 Hz, 1H), 2.38 (ddd, /= 17.9, 8.3, 2.8 Hz, 1H), 2.25
(ddd, J=13.8, 6.3, 6.3 Hz, 1H), 2.15 (ddd, /= 18.3, 12.0, 6.3 Hz, 1H), 1.88 (ddd, /= 18.9, 10.3, 6.6
Hz, 1H), 1.85 (sep d, J=6.9, 2.6 Hz, 1H), 1.63 (ddd, /=252, 11.5, 5.4 Hz, 1H), 1.54 (ddd, J=21.0,
12.0, 9.5 Hz, 1H), 0.93 (s, 9H), 0.90 (d, J = 6.9 Hz, 3H), 0.79 (d, J = 6.9 Hz, 3H), 0.19 (s, 3H), 0.18
(s, 3H); *C {'H} NMR (126 MHz, CDCl5) & 171.5, 165.3, 164.0, 134.3, 123.8, 114.8, 111.2, 109.9,
82.16, 82.09, 71.5, 63.9, 51.1, 40.2, 31.8, 31.5, 31.0, 25.4, 23.8, 18.9, 18.2, 14.3, -3.2, -3.4; IR (neat)

2951, 2930, 1719, 1595, 1520, 1423, 1252, 1217, 1200, 1184, 1036, 881, 849, 824, 808, 783, 741 cm”

I HRMS (FAB) m/z: [M + H]" C26H4CIN204SiPt Caled for 704.2250; Found 704.2265.
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Ligand exchange reactions

CO,Me CO,Me

X,—0TBS N,—0TBS
= ¢
Pt NS —_ . “Pt NS
SUNT + | _— SUNT + |
c’ ) = CDClg, tt, 24 h e Z
% X Pz Me
Me X
131a 135a-c 131a'c’ 137

C-4 substituted lutidine 135a_c was placed in a microtube. CDCls (0.6 mL) was added, and Pt complex
131a (1.0 equiv.) was added. The reaction was stirred for 30 seconds, and then the mixture was

transferred to the NMR tube and analyzed directly.
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X 0TBS X,—O0TBS
cl ¢l

“Pt, [N - . “Pt, N

/ N X + ‘ -~ / N X + ‘
c’ ) = CDCl3, 1t, 24 h ol Z

Pz Cl _— Me
Me cl
131a 135a 131a’ 137

The reaction was conducted according to the general procedure with lutidine 135a (3.29 mg, 23.2
pmol, 1.0 equiv.), and Pt complex 131a (15.9 mg, 23.2 umol, 1.0 equiv.) in CDCIs (0.6 mL). NMR

measurements were made after 5 min, 2 hour, 4 hours and 24 hours.

Figure 22. '"H NMR spectra of the reaction of 131a with 135a (8.0 —-0.5 ppm):

(a) immediately after mixing, (b) after 2 h, (c) after 4 h, (d) after 24 h.
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(b) 2 h
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Figure 23. "H NMR spectra of the reaction of 131a with 135a (7.4 — 5.0 ppm):

(a) immediately after mixing, (b) after 2 h, (¢) after 4 h, (d) after 24 h.
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c
Z~y  CDClyt,24h | ZSMe

131a 135b 131b’ 137

The reaction was conducted according to the general procedure with lutidine 135b (4.06 mg, 37.9
pmol, 1.0 equiv.), and Pt complex 131a (25.9 mg, 37.9 umol, 1.0 equiv.) in CDCIs (0.6 mL). NMR

measurements were made after 5 min, 1 hour, 4 hours and 24 hours.

| (@) 5 min |“

| ‘Wl
| (b)1h |
u ©) |

»

J
] | AL ”' \
UL Aoz '

0.5

0.4

0.3

0.2

0.1

7.0 6.0 5.0 4.0 2.0 1.0 0

Figure 24. "H NMR spectra of the reaction of 131a with 135b (8.0 —-0.5 ppm):

(a) immediately after mixing, (b) after 1 h, (¢) after 4 h, (d) after 24 h.
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[—"ci
Pt H
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Z

Figure 25. "H NMR spectra of the reaction of 131a with 135b (7.7 — 5.0 ppm):

(a) immediately after mixing, (b) after 1 h, (¢) after 4 h, (d) after 24 h.
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~,—0TBS N, —0TBS
l—"ci l—"cl
P NT —_— . P N
,t'N X + | - /t'N X + |
o Z~ome CPCla 1,24 h o ZMe
Me OMe
131a 135¢ 131¢' 137

The reaction was conducted according to the general procedure with lutidine 135¢ (2.79 mg, 20.3
pmol, 1.0 equiv.), and Pt complex 131a (13.9 mg, 20.3 pmol, 1.0 equiv.) in CDCIs (0.6 mL). NMR

measurements were made after 5 min, 1 hour, 4 hours and 24 hours.

Figure 26. '"H NMR spectra of the reaction of 131a with 135¢ (7.5 — -0.5 ppm):

(a) immediately after mixing, (b) after 1 h, (c) after 4 h, (d) after 24 h.
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Figure 27. "H NMR spectra of the reaction of 131a with 135¢ (7.4 — 5.0 ppm):

(a) immediately after mixing, (b) after 1 h, (¢) after 4 h, (d) after 24 h.
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Desilylation by fluoride ion

CO,Me o

N,—0TBS COMe
\,, Cl [18-crown-6+K][F] (2.0 equiv.)
P{ TPt X
of NTS THF, t, 1.5 h o M\
| _ Y
131a 139

Procedure for m-allyl platinum complex 139.

To a solution of Pt-complex 131a (51.3 mg, 75.0 pmol, 1.0 equiv.) in THF (1.5 mL) was added [18-
crown-6°K][F] (48.4 mg, 150 umol, 2.0 equiv.) at room temperature under Ar atmosphere. After the
completion of the reaction, the reaction mixture was quenched with H»O, and the phases were
separated. The aqueous phase was extracted with EtOAc twice. The combined organic layers were
washed with brine, dried over NaSQy, filtered and concentrated under reduced pressure. The residue
was purified by flash column chromatography (silica gel; eluent: hexane/EtOAc = 3:1) to give m-allyl
platinum complex 139 (29.9 mg, 75%) as a colorless solid. "H NMR (500 MHz, CDCl3) § 7.05 (s, 1H),
6.90 (s, 1H), 5.73 (br dd, J=31.2, 7.5 Hz, 1H), 4.59 (br ddd, /J=9.7, 7.2, 7.2 Hz, 1H), 3.55 (s, 3H),
2.97 (s, 3H), 2.68 (s, 3H), 2.53-2.48 (m, 1H), 2.42-2.37 (m, 1H), 2.30 (s, 3H), 2.15-2.03 (m, 2H),
1.71-1.50 (m, 3H), 1.39-1.32 (m, 1H); *C {'"H} NMR (151 MHz, CDCls) § 204.0, 170.1, 159.1,
158.6, 150.1, 124.8, 124.0, 90.8, 62.2, 61.2, 52.5, 43.7, 27.6, 25.51, 25.45, 24.5, 22.3, 20.7; IR (neat)
2947, 1717, 1624, 1462, 1285, 1227, 1042, 918, 729 cm™'; HRMS (FAB) m/z: [M + Na]* Calcd for
Ci13H24CINOsPtNa 555.0990; Found 555.0980. Recrystallization from hexane/iPrOH gave yellowish

prisms suitable for X-ray crystal structural analysis.

87



Decomplexation by PPh3

COzMe
N,—OTBS oTBS
¢l PPhs (1.0 or 2.0 equiv.) : COMe
,Pt‘N X -
o N CHyCl, 1t :
~ A
131a 85a

To a solution of Pt-complex 131a (48.5 mg, 60.0 pmol, 1.0 equiv.) in CH2Cl, (1.0 mL) was added
PPh; (1.0 equiv. or 2.0 equiv.) at room temperature. After the completion of the reaction or 24 h, the
reaction mixture was concentrated under reduced pressure. The residue was purified by flash column

chromatography (silica gel; eluent: hexane/EtOAc) to give 85a.

Kinetic resolution by chiral phosphine

General procedure for optimization of reaction conditions (Scheme 34)

To a solution of Pt-complex 131b (48.5 mg, 60.0 pumol, 1.0 equiv.) in CH>Cl, (1.0 mL) was added
chiral phosphine (30.0 umol, 0.5 equiv.) at room temperature. After the completion of the reaction, the
reaction mixture was concentrated under reduced pressure. The residue was purified by flash column
chromatography (silica gel; eluent: hexane/EtOAc) to give 85b. The enantiomeric excess of 85b was
determined by YMC CHIRAL Amylose-SA column, hexanes/z-butyl methyl ether, 97:3 v/v, v =0.25

mL/min, A =254 nm, 25 °C, tr(major) = 27.5 min, tr(minor) = 31.7 min.
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85b (racemic sample)

mAU
254nm,4nm

240 25.0 26.0

PDA Ch1 254nm

E-o# R
25.148
29.522

ol ey
LI

Py
(=]

27.0

=

3925
3299

85b (after the reaction with CP3)

mAU

254nm,4nm
200
175
150
125
100
75
50
25

0.0

240 25.0

PDA Ch1 254nm
E-94 R
1 24.654

2 29775
.I.

O
[=]

ol

26.0

27.0

&
9480
5425

it

28.0 29.0 30.0
miE &%
125774 50.076
125391 49.924
251165 100.000
28.0 29.0
miE EE%
329447 57.885
239693 42115
569140 100.000
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Kinetic resolution by chiral N,N-ligand

I\
| N CO,Me
N Pt-Cl
. = TBSO—~
oTBS iPr \ ‘ OTBS
: _CO,Me 145 (0.5 equiv.) N‘\\Pt:N r : " _CO,Me
/
: (CH,Cl),, 80 °C, 5 h ©—< ]/
H 0
85a (racemic) 147 85a

To a solution of Pt-complex 85a (29.1 mg, 98.2 yumol, 1.0 equiv.) in dichloroethane (1 mL) was added
Pt complex 145 (21.4 mg, 49.1 umol, 0.5 equiv.) at 80 °C under Ar atmosphere. After the completion
of the reaction, the reaction mixture was concentrated under reduced pressure. The residue was
purified by flash column chromatography (silica gel; eluent: hexane/EtOAc) to give Pt complex 147
(18.4 mg, 27%) as a yellow solid and recovered cyclobutene 85a (8.8 mg, 34%). The enantiomeric
excess was determined by YMC CHIRAL Amylose-SA column, hexanes/z-butyl methyl ether, 97:3

v/v, v=0.25 mL/min, A =212 nm, 25 °C, tr(major) = 21.0 min, tr(minor) = 19.3 min.

85a (racemic sample)

mAU MPa
Z212nm,4nm |
60
50—
75.0
40—
30— 500
20
250
10
0
. T 0.0
175 20.0 min
PDA Ch2 212nm
E-o% REEN =FS [CEid EE%
1 19.261 40072 884929 50.029
2 20.902 37462 883919 49.971
&5t 1768848 100.000

85a (recovered cyclobutene)
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mAU MPa
80—212nm.4nm

70~
60
50—
40
30

20 |

180 190 200 210 220  min

PDA Ch2 212nm
E—vi | R =r miE g%

1 19.237 80158 1767812 76.302

2 20.885 22585 549045 23.698

&l 2316856 100.000

Decomplexation of 147

CO,Me
TBSO— ‘
NN\F’Y\‘; or PPh, (2 equiv.) (j?g?COzMe
@—/< j/ CH,Cly, rt, 30 min. E
O H
147 85a

To a solution of Pt-complex 147 (4.61 mg, 6.55 umol, 1.0 equiv.) in CH2Cl, (0.25 mL) was added
PPh; (3.43 mg, 13.1 umol, 2.0 equiv.) at room temperature. After 30 min, the reaction mixture was
concentrated under reduced pressure. The residue was purified by flash column chromatography (silica

gel; eluent: hexane/EtOAc) to give 85a.
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85a (after the reaction)

mAU
212nm,4nm
150
125
100
75
50
25
0
17.5 20.0
PDA Ch2 212nm .
E-h# BRI B [EiLi
1 19.332 2348 50261
2 20.987 138267 3322200
At 3372462

Ef%
1.490
98.510
100.000
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X-ray crystallographic data

Data collection and Structure solution details: Single crystal X-ray data for compounds was collected
on a Rigaku XtalLaB P200 diffractometer Cu-Ka radiation. Data collection, cell refinement, data
reduction and analysis were carried out with the CrysAlisPro (Rigaku Oxford Diffraction). These
structures were solved by intrinsic phasing methods with the SHELXT program and refines using

SHELXL®’ with anisotropic displacement parameters for non-H atoms.

93



X-ray crystallographic data of 119a
Jdc
JH
@o

Figure 28. ORTEP view of the compound 119a with thermal ellipsoids drawn at the 50% probability level.
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Table 8. Crystal data and structure refinement for 119a

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

B/

v/

Volume/A3

4

0 caleg/em’

w/mm’!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 0 (D]
Final R indexes [all data]
Largest diff, peak/hole / e A3

Flack parameter

C12H10.6700.67

165.54

93

monoclinic

P2,

11.2426(2)

9.4308(2)

13.0196(2)

90

102.070(2)

90

1349.91(4)

6

1.222

0.573

528.0

0.1 X 0.1 X 0.05
CuKa (A =1.54184)
6.942 to 147.28
-13<h<13,-8<k<I11,-16<1<15
9899

4379 [Rint = 0.0247, Rsigma = 0.0262]
4379/1/471

1.057

R1=0.0330, wR> =0.0893
R1=0.0342, wR> =0.0903
0.14/-0.21

-0.18(10)
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X-ray crystallographic data of 120a

Figure 29. ORTEP view of the compound 120a with thermal ellipsoids drawn at the 50% probability

level.
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Table 9. Crystal data and structure refinement for 120a

Empirical formula
Formula weight
Temperature/K
Crystal system

Space group

a/A

b/A

c/A

al’

B/

v/

Volume/A3

4

0 caleg/em’

w/mm’!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 0 (D]
Final R indexes [all data]
Largest diff, peak/hole / e A3

Flack parameter

C1sH,7CIO;

300.76

93

orthorhombic

P21212,

10.3098(3)

11.4153(3)

12.3089(3)

90

90

90

1448.63(7)

4

1.379

2.341

632.0

0.02 X 0.02 X 0.02
CuKa (1 =1.54184)
10.57 to 147.824
-8<h<12,-14<k<8,-15<1<15
5471

2667 [Rint = 0.0420, Rgioma = 0.03861]
2667/0/228

1.156

R =0.0715, wR, =0.2072
R =0.0738, wR, =0.2110
0.73/-1.01

0.04(5)
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X-ray crystallographic data of 123h

Qc
JH
Qcl

Qo

Figure 30. ORTEP view of the compound 123h with thermal ellipsoids drawn at the 50% probability

level.
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Table 10. Crystal data and structure refinement for 123h%

Empirical formula
Formula weight
Temperature/K
Crystal system

Space group

a/A

b/A

c/A

al’

B/

v/

Volume/A3

4

0 caleg/em’

w/mm’!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 0 (D]
Final R indexes [all data]
Largest diff, peak/hole / e A3

C1oH,7ClO;

328.77

93.0

triclinic

P-1

8.3541(8)

9.1679(9)

11.2868(7)

97.195(7)

91.769(7)

110.544(9)

800.48(13)

2

1.364

2.216

344.0

0.01 X 0.01 X 0.01
CuKa (A =1.54184)
7.922 to 147.344

-10 £ h<9,-11 <k<10,-13 <1< 11
10371

2922 [Rint = 0.0762, Rgioma = 0.0686]
2922/0/211

1.136

R; =0.0829, wR, =0.2288
R;=0.1078, wR, = 0.2522
1.15/-0.60
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X-ray crystallographic data of 132g’

Qc

JH
Qo
s

Figure 31. ORTEP view of the compound 132g” with thermal ellipsoids drawn at the 50% probability

level.
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Table 11. Crystal data and structure refinement for 132g’

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

al’

B/

v/

Volume/A3

4

0 caleg/em’

w/mm’!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 0 (D]
Final R indexes [all data]
Largest diff, peak/hole / e A3

CoH 12058

232.25

93

triclinic

P-1

7.5704(4)

8.1538(3)

8.3956(2)

106.016(3)

93.631(3)

90.909(4)

496.82(3)

2

1.552

2.941

244.0

0.1 X 0.1 X 0.05
CuKa (1 =1.54184)
10.992 to 143.284

9 <h<6,-9<k<10,-10<1<10
6816

1857 [Rint = 0.0339, Rgioma = 0.0209]
1857/0/139

1.106

R; =0.0449, wR, =0.1340
R1=0.0454, wR> =0.1346
0.41/-0.89
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X-ray crystallographic data of 131a

T O Z O T O

v0000 ©

Figure 32. ORTEP view of the compound 131a with thermal ellipsoids drawn at the 50% probability level.
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Table 12. Crystal data and structure refinement for 131a.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/lA

b/A

c/A

al

Br

v/

Volume/A3

4

0 caleg/cm’

o /mm!

F(000)

Crystal size/mm?

Radiation

2@ range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A3

C4gH73CI4N206Pt2Si2
1367.28

93

triclinic

P-1

11.7042(3)

15.2175(4)

16.3774(3)

74.727(2)

89.060(2)

77.188(2)

2741.15(12)

2

1.657

11.983

1360.0

0.2 X 02 X 0.02
CuKa (A =1.54184)
5.6 to 146.502

-14 < h < 13,-18 < k < 18,-20 <1
34441

10408 [Rint = 0.0296, Rgigma = 0.0204]
10408/0/600

1.081

R1=0.0340, wR>=0.0961
R1=0.0352, wR>=0.0975
2.66/-1.55
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Table 13. Bond Lengths for 131a.

Atom Atom Length/A Atom Atom Length/A
Ptl Cl119 2.3051(9) C11 C12 1.391(5)
Ptl CI120 2.2977(10) C11 Cl6 1.505(6)
Pt N10 2.084(3) C45 C46 1.392(6)
Pt 2 2.153(4) C45 C44 1.388(6)
Pt ) 2.172(4) C45 50 1.498(6)
Pt33 CI51 2.3079(10) Cc7 Cé6 1.525(6)
Pt33 Cl52 2.2953(11) Cc7 C8 1.361(6)
Pt33 N42 2.088(3) C39 C40 1.352(6)
Pt33 C41 2.180(4) C39 C38 1.527(5)
Pt33 C34 2.149(4) C9 C8 1.480(6)
Sis4 053 1.676(3) C44 C43 1.388(6)
Si54 Css 1.881(5) Cal C40 1.472(6)
Sis4 C59 1.871(4) Cal C34 1.401(6)
Si54 C60 1.860(5) C15 Cl14 1.386(6)
Si26 025 1.675(3) C15 C17 1.502(6)
Si26 32 1.859(5) 43 C49 1.495(5)
Si26 C27 1.887(5) col C40 1.487(6)
Si26 C31 1.852(5) Co6 Cs5 1.552(6)
053 C39 1.358(5) 21 8 1.485(6)
062 o1 1.331(5) I3 Cl4 1.391(6)
062 C63 1.442(5) I3 12 1.383(6)
025 Cc7 1.362(5) C13 C18 1.503(5)
022 21 1.346(6) c37 38 1.541(6)
022 23 1.441(5) C37 C36 1.538(7)
024 21 1.212(5) C34 35 1.497(6)
064 3 1.213(6) Cs5 Cs8 1.523(7)
N10 C11 1.354(5) C55 C56 1.536(8)
N10 cis 1.357(5) Css Cs7 1.541(7)
N42 Cc47 1.358(5) C36 C35 1.552(6)
N42 43 1.357(5) cs C4 1.548(7)
c47 C46 1.376(6) C4 3 1.552(6)
c47 48 1.510(6) C30 27 1.550(8)
2 9 1.409(6) c27 28 1.564(7)
2 3 1.489(6) c27 €29 1.544(7)
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Table 14. Bond Angles for 131a.

Atom
CI120
N10
N10
N10
N10
C2
C2
C2
Cc9
Cc9
CI52
N42
N42
N42
N42
C41
C41
C34
C34
C34
053
053
053
C59
C60
C60
025
025
025
C32
C31
C31
C39
C61
C7
C21
Cl1
Cl1
C15

Atom
Pt1
Pt1
Pt1
Pt1
Pt1
Pt1
Pt1
Pt1
Pt1
Pt1
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Si54
Si54
Si54
Si54
Si54
Si54
Si26
Si26
Si26
Si26
Si26
Si26
053
062
025
022
N10
N10
N10

Atom
Cl119
Cl19
CI120
C2
C9
Cl119
CI120
C9
Cl119
CI120
CI51
CI51
CI52
C41
C34
CI51
CI52
CI51
CI52
C41
C55
C59
C60
C55
C55
C59
C32
C27
C31
C27
C32
C27
Si54
C63
Si26
C23
Ptl
C15
Ptl

Angle/®
175.52(3)
88.34(10)
87.20(10)
157.01(16)
164.82(15)
90.48(13)
93.78(13)
38.01(17)
95.04(12)
89.17(12)
175.34(4)
88.91(10)
86.45(10)
163.32(14)
158.61(15)
94.88(12)
89.69(12)
91.37(13)
92.80(13)
37.76(16)
109.7(2)
112.70(19)
102.67(19)
110.0(2)
112.3(2)
109.4(2)
113.7(2)
108.5(2)
103.0(2)
110.1(2)
108.6(3)
112.8(3)
137.2(3)
113.8(4)
137.7(3)
114.5(4)
119.53)
119.93)
120.5(3)
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Atom
053
C40
C40
C2
C2
C8
C47
C45
C40
C34
C34
N10
N10
Cl4
N42
N42
C44
062
064
064
C7
022
024
024
Cl14
C12
C12
C36
C15
C39
C39
C41
C41
C41
C3s
C13
C58
C58
C58

Atom
C39
C39
C39
C9
C9
C9
C46
C44
C41
C41
C41
C15
C15
C15
C43
C43
C43
Co1
Co1
C61
C6
C21
C21
C21
C13
C13
C13
C37
Cl4
C40
C40
C40
C34
C34
C34
C12
C55
C55
C55

Atom
C38
0353
C38
Pt1
C8
Pt1
C45
C43
Pt33
Pt33
C40
Cl4
C17
C17
C44
C49
C49
C40
062
C40
Cs
C8
022
C8
C18
Cl4
C18
C38
C13
C41
C61
C61
Pt33
C35
Pt33
Cl1
Si54
C56
C57

Angle/®

113.3(4)
119.8(4)
126.9(4)
70.2(2)

119.3(4)
119.6(3)
120.7(4)
120.7(4)
118.7(3)
69.9(2)

119.2(4)
120.3(4)
117.6(3)
122.1(4)
120.5(4)
117.6(4)
121.9(4)
115.4(4)
123.0(4)
121.6(4)
123.2(4)
114.6(4)
123.1(4)
122.2(4)
120.9(4)
117.4(4)
121.7(4)
117.6(4)
121.0(4)
117.9(4)
126.4(4)
115.2(4)
72.3(2)

120.5(4)
120.2(3)
120.6(4)
111.03)
109.8(4)
109.1(5)



C47
C43
C43
N42
N42
C46
C9

C9

C3

N10
N10
C12
C46
C44
C44
025
C8

C8

N42
N42
N42
C47
C47
C47
C2
C2
C2
Cl1
Cl11
Cl1
C45
C45
C45
C7
C7
C7

Pt33
Pt33
C47
C46
C48
C48
Pt1

C3

Pt1

C12
Cl6
Cl6
C50
C46
C50
C6

025
C6

121.2(3)
118.9(3)
119.7(4)
121.0(4)
116.7(4)
122.3(4)
71.7(2)

122.2(4)
119.8(3)
120.8(4)
117.7(3)
121.4(4)
121.4(4)
117.4(4)
121.1(4)
113.5(3)
119.2(4)
127.2(4)

Table 15. Torsion Angles for 131a.

A
Ptl
Ptl
Ptl
Ptl
Ptl
Pt1
Ptl
Ptl
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Pt33
Si54

B
N10
N10
N10
N10
C2
C2
C9
C9
N42
N42
N42
N42
C41
C41
C41
C34
0353

C
C11
C11
C15
C15
C9
C3
C8
C8
C47
C47
C43
C43
C40
C40
C34
C35
C39

C12
Cle6
Cl14
C17
C8

C4

C7

C21
C46
C48
C44
C49
C39
Co1
C35
C36
C40
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Cs6
Cs6
C57
C39
C37
C4
Cc7
Cc7
C9
(O8]
C34
C2
C30
C30
C28
C29
C29
C29

C55
C55
C55
C38
C36
C5
C8
C8
C8
C4
C35
C3
C27
C27
C27
C27
C27
C27

Angle/®
-177.7(3)
0.7(5)
177.7(3)
-2.0(5)
113.6(3)
174.6(3)
135.3(3)
-49.5(5)
-174.2(3)
5.8(5)
174.2(3)
-3.3(5)
-132.0(3)
54.8(5)
-115.2(4)
-174.2(3)
128.7(4)

Si54
C57
Si54
C37
C35
C6
(O
C21
C21
C3
C36
C4
Si26
C28
Si26
Si26
C30
C28

108.2(4)
109.5(5)
109.3(3)
122.4(4)
114.6(4)
117.2(4)
117.4(4)
126.1(4)
116.3(3)
113.6(4)
104.8(4)
104.8(3)
110.8(4)
109.8(4)
107.3(4)
109.1(4)
110.0(5)
109.9(5)



Si54
Si26
Si26
0353
0353
0353
053
053
053
062
062
025
025
025
025
025
025
022
022
024
024
064
064
N10
N10
N42
C47
C47
C2
C2
Cl11
Cl11
C45
C45
C7
C9
C46
C44
C41
C15
C15
C43

053
025
025
Si54
Si54
Si54
C39
C39
C39
Co61
Co61
Si26
Si26
Si26
C7
C7
C7
C21
C21
C21
C21
Co61
Co61
Cl11
CI15
C47
N42
N42
C9
C9
N10
N10
C44
C44
C6
C2
C45
C45
C34
N10
N10
N42

C39
C7
C7
C55
C55
C55
C40
C40
C38
C40
C40
C27
C27
C27
C6
C8
C8
C8
C8
C8
C8
C40
C40
C12
Cl4
C46
C43
C43
C8
C8
CI15
CI15
C43
C43
C5
C3
C44
C46
C35
Cl11
Cl11
C47

C38
C6

C8

C58
Cs6
C57
C41
Co1
C37
C39
C41
C30
C28
C29
Cs

C9

C21
C7

C9

C7

C9

C39
C41
C13
C13
C45
C44
C49
C7

C21
C14
C17
N42
C49
C4

C4

C43
C47
C36
C12
Cl6
C46

107

-51.8(5)
47.2(6)
-134.8(4)
62.6(4)
-176.8(3)
-57.7(5)
178.5(4)
-9.1(7)
147.5(4)
31.8(6)
-155.6(4)
-55.3(4)
-175.1(3)
65.9(4)
-148.8(4)
-179.9(4)
5.4(7)
-33.3(6)
152.0(4)
150.0(5)
-24.7(6)
-150.2(5)
22.3(6)
1.0(6)
-1.0(6)
0.6(6)
-1.3(6)
-178.8(4)
52.6(5)
-132.2(4)
0.1(6)
-179.6(4)
-0.4(7)
177.0(4)
-103.6(5)
88.4(5)
2.1(6)
-2.2(6)
-87.9(5)
-0.1(6)
178.3(4)
1.2(6)



C43
C6

C6

C6

C37
Cl4
C40
C40
C40
C34
C34
C12
C55
C50
C50
C18
C18
C59
C59
C59
C59
C38
C38
C38
Cl6
C36
C5

C48
C8

C23
C23
C32
C32
C32
C32
C60
C60
C60
C60
Co63
Co63
C3

N42
C7
C7
C5
C36
C13
C39
C41
C41
C41
C41
C13
Si54
C45
C45
C13
C13
Si54
Si54
Si54
Si54
C39
C39
C37
Cl11
C37
C4
C47
C7
022
022
Si26
Si26
Si26
Si26
Si54
Si54
Si54
Si54
062
062
C2

C47
C8

C8

C4

C35
C12
C38
C34
C34
C40
C40
Cl4
053
C46
C44
Cl4
C12
053
C55
C55
C55
C40
C40
C36
C12
C38
C3

C46
C6

C21
C21
025
C27
C27
C27
053
C55
C55
C55
Co61
Co61
C9

C48
C9

C21
C3

C34
Cl1
C37
Pt33
C35
C39
Co61
CI15
C39
C47
C43
CI15
Cl1
C39
C58
Cs6
C57
C41
Co1
C35
C13
C39
C2

C45
Cs

024
C8

C7

C30
C28
C29
C39
C58
Cs6
C57
064
C40
Pt1

108

-178.8(4)
2.2(7)
-176.9(4)
85.4(5)
44.6(6)
-1.8(6)
-33.1(7)
-112.5(3)
132.3(4)
-50.1(5)
136.7(4)
1.9(6)
-54.2(4)
177.7(4)
-177.8(4)
-178.1(4)
178.1(4)
68.7(4)
-61.8(5)
58.7(4)
177.9(4)
-0.9(6)
171.5(4)
-83.2(6)
-177.4(4)
104.3(5)
-46.7(5)
-179.5(4)
33.4(7)
8.3(6)
-168.4(4)
-66.1(5)
69.8(4)
-50.1(4)
-169.0(4)
-173.7(4)
176.1(4)
-63.4(4)
55.8(5)
-5.7(6)
172.3(4)
114.2(4)



C3

C17
C27
C31
C31
C31
C31

C2

CI15
Si26
Si26
Si26
Si26
Si26

C9

Cl4
025
025
C27
C27
C27

C8
C13
C7
C7
C30
C28
C29
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-132.2(4)
178.6(4)
56.8(5)
176.6(4)
-168.7(3)
71.4(4)
-47.5(5)



X-ray crystallographic data of 131b

Figure 33. ORTEP view of the compound 131b with thermal ellipsoids drawn at the 50% probability

level.
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Table 16. Crystal data and structure refinement for 131b

Empirical formula Co.71H12.29Clo.57N0.2000.86Pt0.20S10.29
Formula weight 230.798

Temperature/K 93

Crystal system monoclinic

Space group P2

a/A 13.8463(2)

b/A 8.7337(1)

c/A 15.2846(3)

al’ 90

Br 113.213(2)

v/ 90

Volume/A3 1698.73(5)

Z 7

0 caleg/cm’ 1.579

o /mm! 9.774

F(000) 803.8

Crystal size/mm? 0.1 X 0.1 X 0.05

Radiation CuKa (A =1.54184)

20 range for data collection/® 6.3t0 144.3

Index ranges -17 < h <£16,-10 <k <10,-18 <1< 15
Reflections collected 11103

Independent reflections 5212 [Rint = 0.0506, Rgigma = 0.0384]
Data/restraints/parameters 5212/1/387

Goodness-of-fit on F> 1.041

Final R indexes [[>=2 o (I)] R; =0.0378, wR, = 0.1000

Final R indexes [all data] R1=0.0379, wR, =0.1001
Largest diff, peak/hole / e A~ 1.07/-0.88

Flack parameter 0.244(4)
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Table 17. Bond Lengths for 131b.

Atom
Pt00
Pt00
Pt00
Pt00
Pt00
Sil
Sil
Sil
Sil
0005
C007
C007
Co007
0008
C009
C009
CO00A
CO00A
C00B
CO00B
C0o0D
C0o0D
COOF

Atom Length/A
C100 2.3054(13)
CoODI  2.161(5)
NOOP  2.098(5)
Coltl  2.130(6)
il 2.2983(14)
0005 1.673(4)
C007 1.890(6)
C009 1.880(8)
Col6 1.867(6)
C4 1.340(7)
COOL 1.543(9)
Co13 1.541(8)
COIC  1.543(9)
C00S 1.196(8)
COOH  1.408(9)
COON  1.383(10)
COOH  1.404(10)
CcooY  1372(10)
Co17 1.370(12)
COIB  1373(10)
Cool 1.456(8)
Co11 1.414(8)
COON  1.377(10)

Table 18. Bond Angles for 131b.

Atom
C0o0D1
NOOP
NOOP
CO111
COo111
Co111
Cl11
Cl11

Atom
Pt00
Pt00
Pt00
Pt00
Pt00
Pt00
Pt00
Pt00

Atom  Angle/®
Cl00 93.36(17)
Cl00 87.10(15)
C00D1  164.8(2)
Cl00 87.84(19)
C00D1 38.5(2)
NOOP  156.6(2)
Cl00 176.74(4)
C00D1  89.67(17)

Atom
COOF
C00G
C00G
C001I
C001I
C00J
C00J
CoOM
C000
C000
NOOP
NOOP
C00Q
COOR
COOR
C00S
CooT
Ccoov
Co11
C012
C012
Co014
O01E

Atom
C4
COOF
Co17
Co014
CO01B
CO01B
Co10
CO001I

112

Atom
CooYy
cooT
C016
C00S
C4
CO1A
C4
CO01B
Co014
Co017
Co014
CO01B
C017
coov
C010
O01E
C010
C016
C019
C019
CO1A
Co15
Co1G

Atom
C00J

COON
C000
NOOP
NOOP
NOOP
COOR
C00S

Length/A
1.396(9)
1.375(8)
1.405(9)
1.489(8)
1.368(8)
1.563(8)
1.522(8)
1.501(9)
1.389(9)
1.398(12)
1.354(8)
1.349(9)
1.499(10)
1.382(9)
1.392(10)
1.334(8)
1.407(10)
1.398(9)
1.499(8)
1.555(9)
1.525(9)
1.496(10)
1.450(7)

Atom
CO1A
C009
Co014
Pt00
Pt00
Co014
Ccoov
0008

Angle/”

119.0(5)
121.4(6)
119.8(7)
120.5(4)
118.9(4)
120.6(5)
120.9(6)
121.5(5)



Cl11
Cl11
C007
C009
C009
Co016
Co016
Co016
C4
COOL
C013
C013
Co1C
Co1C
Co1C
COOH
COON
COON
Co0Y
C01B
C00I
C011
C011
Co0Y
Co016
CO0A
C00S
C4
C4

Pt00
Pt00
Sil
Sil
Sil
Sil
Sil
Sil
0005
C007
C007
C007
C007
C007
C007
C009
C009
C009
CO0A
C00B
C00D
C00D
C00D
COOF
C00G
COOH
C00I
C00I
C00I

NOOP
Co111
0005
0005
C007
0005
C007
C009
Sil
Sil
Sil
COOL
Sil
COOL
C013
Sil
Sil
COOH
COOH
Co017
Pt002
Pt002
C00I
COON
Co0T
C009
C00D
C00D
C00S

89.66(15)
95.28(18)
102.6(2)
107.9(3)
112.5(3)
109.4(3)
110.4(2)
113.5(3)
137.7(4)
108.2(4)
110.0(4)
110.0(5)
109.6(4)
109.2(5)
109.8(6)
118.6(5)
123.3(5)
118.1(6)
120.2(6)
121.1(8)
119.1(4)
69.6(3)
120.5(5)
120.5(6)
122.2(6)
120.4(6)
115.0(5)
119.0(5)
125.0(5)

Table 19. Torsion Angles for 131b.

A
Pt001
Pt001
Pt001
Pt00
Pt00
Pt00

B

C0o0D
C0o0D
C0o0D
NOOP
NOOP
NOOP

C D
C001I C00S
C001I C4
CO011 Co19
C014 C000
C014 CO015

CO01B C00B

O01E
O01E
C010
Co16
COOF
CO0T
CO0D
Co19
Co19
CO1A
NOOP
Co15
Co15
C00G
CO0V
Co0V
C000
C00Q
C00Q
Co12
Co12
COOM
NOOP
NOOP
CO1G
CO0I
C00J
C00J

Angle/®
-63.2(5)
127.6(5)
116.5(3)
-177.3(5)
4.4(5)
178.4(6)
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C00S
C00S
Co0T
Coov
Ccooy
C010
C011
C011
C011
C012
Co014
Co014
Co14
Co16
Co16
Co16
Co17
Co17
Cco17
C019
CO1A
C01B
C01B
C01B
O01E
C4
C4
C4

0008
C00I
C00G
COOR
CO00A
COOR
Pt002
Pt002
C00D
C019
C000
C000
NOOP
Sil
Sil
C00G
C00B
C00B
C000
C011
C00J
C00B
C00B
CooM
C00S
0005
0005
C00I

122.8(6)
115.7(5)
119.9(6)
121.3(6)
119.3(6)
118.6(6)
71.9(3)

121.4(4)
118.7(6)
115.3(5)
120.0(7)
121.8(6)
118.2(5)
120.9(5)
121.8(5)
117.2(6)
118.0(7)
121.9(8)
120.1(8)
103.8(5)
116.7(5)
121.7(7)
120.4(7)
117.9(5)
114.7(5)
119.0(5)
115.0(5)
125.9(5)



Pt00
Pt001
Pt001
Sil
Sil
Sil
Sil
Sil
Sil
0005
0005
0005
0008
0008
0008
C009
C009
CO0A
C00B
C00B
C00D
C00D
C00D
C00G
C00G
C00I
C00I
C00J
COOM
C000
CO011

NOOP
C011
C011
0005
0005
C009
C009
Co16
Co16
C4
C4
C4
C00S
C00S
C00S
COOH
COON
CooYy
Co017
C01B
C00I
C00I
C011
C00T
Co16
C00S
C4
CO1A
C01B
Co014
C019

C01B
C00D
C019
C4
C4
CO0OH
COON
C00G
coov
C00I
C00I
C00J
C00I
C00I
O01E
CO00A
COOF
COOF
C000
NOOP
C00S
C4
C019
C010
coov
O01E
C00J
C012
NOOP
NOOP
C012

COOM
C00I
C012
C00I
C00J
CO0A
COOF
C00T
COOR
C00D
C00S
CO1A
C00D
C4
C01G
CooY
Co0Y
COON
C014
C014
O01E
C00J
C012
COOR
COOR
C01G
CO1A
C019
C014
C01B
CO1A

0.3(6)
112.6(3)
175.4(6)
169.2(6)
-14.5(6)
-178.8(5)
-179.5(5)
174.2(5)
-174.3(5)
175.1(5)
7.1(7)
-135.2(5)
-17.5(7)
151.0(6)
-5.1(7)
-3.8(7)
0.3(8)
-3.2(7)
0.6(9)
-0.5(9)
161.5(5)
-0.7(7)
89.9(6)
0.1(7)
1.0(7)
175.9(5)
40.7(7)
82.2(6)
-178.6(6)
1.7(9)
-44.8(6)
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X-ray crystallographic data of 131¢
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Figure 34. ORTEP view of the compound 131¢ with thermal ellipsoids drawn at the 50% probability level.
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Table 20. Crystal data and structure refinement for 131c.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

0 caleg/cm’

o /mm™!

F(000)

Crystal size/mm?

Radiation

2® range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A~

Flack parameter

Ci9.9sH32.8Cl1 6N0o.sO2.4Pt0 8Si0.8
556.47

93

monoclinic

Pc

12.0011(2)

16.5991(3)

28.7716(4)

90

100.6480(10)

90

5632.83(16)

10

1.640

11.675

2770.0

0.2 X 0.05 X 0.05
CuKa (A =1.54184)
6.174 to 144.338

-14 = h <12,-18 =k =20,-34 <1 =< 35

42787

16898 [Rint = 0.0696, Rsigma = 0.0623]
16898/2/1221

1.092

R;1=0.0540, wR> =0.1434
R;1=0.0551, wR>=0.1442
2.80/-1.89

0.408(8)
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Table 21. Bond Lengths for 131c.

Atom
Pt01
Pt01
Pt01
Pt01
Pt01
Pt02
Pt02
Pt02
Pt02
Pt02
Pt03
Pt03
Pt03
Pt03
Pt03
Pt04
Pt04
Pt04
Pt04
Pt04
Si0C
Si0C
Si0C
Si0C
SiOE
SiOE
SiOE
SiOE
SiOF
SiOF
SiOF
SiOF
Si0G
Si0G
Si0G
Si0G
O00H

Atom
CI0A
CIOB
NOOU
Co1G
Co1zZ
Cl08
Cl109
C00J
NO00O
C020
Cl107
Cl0D
C012
NO13
CO1L
Cl05
Cl06
NOON
C024
co2v
O00H
C026
co2y
CO3F
0019
CO1E
C02B
CO2F
0015
C028
C02Q
CO03B
O00K
C03D
C030
CO3R
CoOIM

Length/A
2.300(4)
2.296(4)
2.088(13)
2.157(16)
2.193(16)
2.296(4)
2.291(4)
2.152(14)
2.075(14)
2.170(14)
2.294(4)
2.301(4)
2.156(14)
2.057(13)
2.186(14)
2.303(4)
2.290(4)
2.107(12)
2.144(15)
2.136(15)
1.676(11)
1.877(18)
1.866(18)
1.86(2)
1.672(12)
1.861(18)
1.84(2)
1.844(19)
1.673(12)
1.895(18)
1.859(18)
1.84(2)
1.727(15)
1.933)
1.753)
1.753)
1.334(18)

Atom
C010
C010
Co11
Co11
Co11
C012
C012
NO13
0014
0015
C017
Co017
C018
0019
CO1A
CO1A
CO01B
Co1C
Co1C
C01D
CO1F
Co1G
Co1G
CO1H
Co11
Co11
Co1J
COIK
COIK
COIK
CoO1IM
CoOIM
COIN
C010
CO1P
Co1Q
Co1Q
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Atom
Co1U
CO3A
C029
Co2U
C036
CO1L
C02J
CO2A
C031
C017
CO1P
C02D
CO2N
COo1U
C021
C02T
coly
C02G
C039
C020
CO1P
Co1X
Co1zZ
COIR
CO2A
CO2N
C038
CO1L
Co1T
COo1U
CO02P
Cco2w
CO2N
CO2A
C020
C02C
CO02H

Length/A
1.54(2)
1.502)
1.402)
1.41(2)
1.48(2)
1.42(2)
1.472)
136(2)
121(2)
1.34(2)
1352)
1.532)
1.49(2)
1.360(19)
1.502)
1.56(2)
1.502)
1.50(2)
1.56(2)
1.52(2)
1.502)
1.49(2)
1.472)
1.52(2)
136(2)
1.402)
1.45(2)
1.472)
1.45Q2)
137(2)
1.532)
1352)
1.402)
1.54(2)
1.49(2)
1.532)
1.552)



0001  COIT 1.24(2) COIR €022  1.36(2)

CO0J €020 1.42(2) COIS CO2K  1.402)
CO0J €039  1.46(2) COLV €025  1.542)
000K CO3K 1.33(2) COIW C02D  1.57(2)
O00L C031 1.33(2) COIW C02G  1.55(2)
O00L C035 1.45(2) COIX C02C 1.55(2)
COOM  000Q 1.21(2) COlY C02U 1.33(2)
COOM 000V  1.304(18) C01Z C03C 1.47Q2)
COOM CO2W  1.51(2) C021 CO2R  1.55(2)
NOON COIR  1.34(2) C024 CO2T  1.52(2)
NOON CO2K  1.36(2) C024 CO02V  1.38(2)
N00O COOW  1.346(19) C026 €027 1.47(3)
N00O COlY  1.40(2) C026 CO2L  1.54(3)
000P  COIT  1.35(2) C026 CO3E  1.55(2)
O00P  C023  1.422(19) C028 C02Z 1.543)
COOR NOI3  1.38(2) C028 €030 1.53(3)
COOR  COIN  1.39(2) C028 €037  1.56(3)
COOR  CO2M  1.49(3) CO2B  C02X  1.54(3)
C00S COlI  1.41(2) CO2B  C03G 1.51(3)
C00S €025  1.40(2) C02B  CO3H 1.57(3)
000T COIF  1.19Q2) CO2H €021  1.53(2)
NOOU COID 1.33(2) C02I  CO3K  1.59(2)
NOOU CO1]  1.387(19) C02] €03l  1.57Q2)
000V  C033  1.456(17) CO2K  C02S  1.46(2)
COOW CO016  1.51(2) CO2P CO2R  1.55(2)
COOW C029 1.37(2) CO2V  CO2W  1.49(2)
CO00X COID 1.38(2) C031  C03C  1.49(2)
CO0X €025 1.39(2) C032 CO3R  1.54(4)
000Y COIF  1.349(19) CO3A CO3N  1.41(3)
000Y CO2E  1.460(19) C03C CO3K 1.32(2)
C00Z CO1S  1.37(2) CO31  CO3N  1.52(4)
C00Z C022  1.40(2) C03]  CO3R  1.46(3)
C00Z C034 1.53(2) C03Q CO3R  1.78(5)

Table 22. Bond Angles for 131c.

Atom  Atom  Atom  Angle/ Atom  Atom Atom  Angle/®
CI0OB  Pt0l1 CI0A  175.33(14) O00T COIF 000Y 122.9(15)
NOOU  Pt01 CI0A  88.1(3) O00T COIF CO1P  124.7(15)
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NOoOU
NOoOU
NOoOU
C01G
Co01G
Co01G
C01zZ
C01zZ
Cl09
C00J
C00J
C00J
NO00O
NO00O
NO00O
NO00O
€020
C020
Cl07
C012
C012
C012
NO013
NO13
NO13
NO13
CO1L
CO1L
Cl06
NOON
NOON
NOON
NOON
C024
C024
co2v
co2v
co2v
O00H
O00H
O00H
Cco2Y

Pt01
Pt01
Pt01
Pt01
Pt01
Pt01
Pt01
Pt01
Pt02
Pt02
Pt02
Pt02
Pt02
Pt02
Pt02
Pt02
Pt02
Pt02
Pt03
Pt03
Pt03
Pt03
Pt03
Pt03
Pt03
Pt03
Pt03
Pt03
Pt04
Pt04
Pt04
Pt04
Pt04
Pt04
Pt04
Pt04
Pt04
Pt04
Si0C
Si0C
Si0C
Si0C

ClOB
C01G
C01z2
CI0A
ClOB
C01z2
CI0A
ClOB
Cl08
Cl08
Cl09
€020
Cl08
Cl09
C00J
€020
Cl08
Cl09
Cl0D
Cl07
Cl0D
CO1L
Cl07
Cl0D
C012
CO1L
Cl07
Cl0D
Cl05
Cl05
Cl06
C024
co2v
Cl05
Cl06
Cl05
Cl06
C024
C026
co2y
CO3F
C026

87.3(3)
157.1(6)
163.2(6)
90.7(5)
93.7(5)
39.6(6)
94.9(4)
89.4(4)
174.89(13)
91.9(4)
93.2(4)
38.3(5)
89.3(4)
85.8(4)
154.3(5)
166.3(5)
96.3(5)
88.2(5)
175.82(13)
91.1(4)
93.1(4)
38.1(6)
89.2(4)
87.0(4)
156.7(6)
164.8(6)
94.7(4)
88.5(4)
174.93(14)
89.3(3)
85.7(3)
156.1(6)
165.9(5)
89.0(4)
95.9(4)
95.1(4)
89.6(4)
37.7(6)
111.0(7)
111.4(7)
102.4(8)
110.2(8)
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000Y
C01X
Co1z
Co1z
C02A
C00S
NOoOU
NOoOU
COo1T
Co1U
Co1U
C012
C012
CO1K
O00H
O00H
Co2w
COOR
Co17
Co17
€020
C02C
NOON
NOON
C022
C00z
0001
0001
O00P
0019
0019
CO1K
C02G
Co1G
N00O
Cco2U
co2uU
Co1G
C03C
C03C
C00J
C00J

COIF
C01G
C01G
C01G
CO11
Co1J
Co1J
Co1J
CO1K
COIK
COIK
CoIL
CoIL
CoOIL
COIM
COIM
COIM
COIN
CO1P
CO1P
CO1P
Co01Q
COIR
COIR
COIR
Co1S
CoIT
CoIT
CoIT
Co1U
Co1U
Co1U
COIW
CO1X
Co1yY
co1y
o1y
Co1Z
Co1Z
Co1Z
€020
C020

CO1P
Pt01
Pt01
C01X
CO2N
C038
C00S
C038
CO1L
CO1L
CO1T
Pt03
CO1K
Pt03
CO02P
Co2wW
CO02P
CO2N
CO1F
€020
CO1F
CO2H
CO1H
C022
CO1H
C02K
O00P
CO1K
CO1K
C010
CO1K
C010
C02D
C02C
C01B
NO00O
C01B
Pt01
Pt01
C01G
Pt02
CO1P

112.4(14)
116.4(11)
71.5(9)

123.1(16)
121.4(15)
122.7(14)
117.6(16)
119.7(14)
115.0(13)
119.6(13)
123.8(15)
69.8(9)

124.3(14)
119.0(10)
115.7(13)
120.7(13)
123.6(14)
123.2(15)
126.3(16)
119.3(14)
113.3(13)
117.3(13)
118.1(14)
121.2(15)
120.6(15)
121.4(15)
119.4(15)
124.0(17)
116.5(14)
114.6(13)
119.9(13)
125.5(14)
113.1(13)
109.9(14)
114.8(14)
121.4(14)
123.6(16)
68.9(9)

119.8(11)
121.8(14)
70.2(8)

122.6(14)



CO3F
CO3F
0019
0019
0019
C02B
CO2F
CO2F
0015
0015
0015
C02Q
CO03B
CO03B
000K
000K
000K
C030
C030
CO3R
COIM
€020
€020
C039
CO3K
€031
000Q
000Q
000V
COIR
COIR
C02K
COOW
COOW
o1y
Co1T
NO13
NO13
COIN
C025
Co1D
Co1D

Si0C
Si0C
SiOE
SiOE
SiOE
SiOE
SiOE
SiOE
SiOF
SiOF
SiOF
SiOF
SiOF
SiOF
Si0G
Si0G
Si0G
Si0G
Si0G
Si0G
O00H
C00J
C00J
C00J
000K
O00L
CooM
CooM
CooM
NOON
NOON
NOON
NO00O
NO00O
NO00O
O00P
COOR
COOR
COOR
C00S
NOoOU
NOoOU

C026
o2y
COIE
C02B
CO2F
COIE
COIE
C02B
€028
C02Q
CO3B
€028
€028
C02Q
C03D
C030
CO3R
C03D
CO3R
C03D
Si0C
Pt02
C039
Pt02
Si0G
C035
000V
CO2W
CO2W
Pt04
C02K
Pt04
Pt02
o1y
Pt02
€023
COIN
Co2M
Co2M
col1J
PtO1
Co1J

111.8(9)
109.8(10)
113.7(8)
108.6(7)
102.7(7)
111.0(9)
111.0(9)
109.5(9)
109.0(7)
112.4(8)
102.7(8)
110.8(8)
112.6(10)
109.0(11)
110.4(10)
112.9(11)
109.7(9)
97.3(16)
122.9(17)
101.6(16)
137.8(10)
71.6(8)
125.6(15)
119.1(10)
126.8(12)
115.1(14)
123.7(15)
121.5(13)
114.8(13)
119.5(10)
121.5(13)
118.9(10)
121.2(12)
118.1(14)
120.6(10)
115.5(13)
119.1(17)
117.7(15)
123.1(15)
121.6(15)
119.3(10)
122.3(14)

120

CO1P
CO1A
COIR
Co2T
o2V
o2V
C00S
C00X
C00X
C027
C027
C027
Co2L
Co2L
CO3E
C02Z
C02Z
C030
C030
C030
C037
COOW
NO13
CO11
CO11
C02X
C02X
C03G
C03G
C03G
CO3H
Co01Q
Co17
Co1C
C021
CO2H
Co12
NOON
NOON
CO1S
CO11
COIN

C020
C021
C022
C024
C024
C024
C025
C025
C025
C026
C026
C026
C026
C026
C026
C028
C028
C028
C028
C028
C028
C029
CO02A
CO02A
CO02A
C02B
C02B
C02B
C02B
C02B
C02B
c02C
C02D
C02G
CO02H
C021
C02J
C02K
C02K
C02K
CO02N
CO02N

Pt02
CO2R
C00Z
Pt04
Pt04
Co2T
o1V
C00S
o1V
Si0C
Co2L
CO3E
SioC
CO3E
Si0C
SiOF
C037
SiOF
027
C037
SiOF
Col1
Co010
NO13
Co010
SiOE
CO3H
SiOE
C02X
CO3H
SiOE
Co1X
COIW
COIW
Co01Q
CO3K
C031
Co1S
C02S
C02S
Co18
Co18

118.0(10)
117.6(13)
120.2(16)
114.7(11)
70.9(9)

122.6(14)
121.9(15)
116.2(14)
121.9(15)
111.6(13)
107.5(16)
110.4(17)
110.1(12)
106.5(18)
110.5(13)
106.3(14)
110.2(18)
111.7(12)
109.7(16)
108.8(18)
110.1(13)
120.3(15)
115.1(14)
122.6(14)
122.2(16)
110.8(14)
107.3(19)
112.4(14)
107.0(18)
110.4(19)
108.9(13)
116.8(14)
114.6(13)
119.8(14)
115.7(13)
114.6(13)
110.1(13)
117.9(15)
119.7(13)
121.9(15)
121.4(15)
123.6(15)



Co1J
COOM
NO00O
NO00O
€029
C01D
CO1F
CO01S
C01S
€022
CO3A
C029
C029
Co2U
CO1L
CO1L
C02J
COOR
CO02A
CO02A
Co017
0015
0015
CO1P
CO01U
C021
C02G
NOOU
NOOU
C00X

NOoOU
000V
Coow
Coow
Coow
C00X
000Y
C00Z
C00z
C00Z
C010
C011
C011
C011
C012
C012
C012
NO013
NO013
NO013
0015
Co017
Co17
Co17
0019
CO1A
co1C
C01D
C01D
C01D

Pt01
C033
Co16
€029
Co16
C025
CO2E
C022
C034
C034
CO01U
C02U
C036
C036
Pt03
C02J
Pt03
Pt03
Pt03
COOR
SiOF
CO1P
C02D
C02D
SiOE
C02T
C039
C00X
C020
C020

118.1(11)
114.7(13)
117.4(14)
122.2(16)
120.4(14)
122.6(16)
112.7(13)
117.4(14)
121.4(15)
121.0(15)
117.7(15)
116.6(14)
119.5(15)
123.9(15)
72.1(8)

124.8(15)
117.3(11)
120.5(12)
120.8(10)
118.6(14)
139.6(10)
120.6(14)
116.2(14)
123.2(15)
140.7(10)
118.2(14)
115.4(14)
119.6(15)
118.3(13)
122.0(16)

121

COIN
C01M
co2p
C024
co1y
C024
C024
Co2w
C01M
C01M
cozv
O00L
0014
0014
C00J
CO3N
Co1z
CO3K
CO3K
CO3N
O00K
C03C
C03C
CO3A
Si0G
C032
C032
C03J
C03J
C03J

CO02N
C02pP
CO02R
C02T
co2u
co2v
co2v
cozv
Co2w
Co2w
Co2w
C031
C031
C031
C039
CO3A
C03C
C03C
C03C
CO03I
CO3K
CO3K
CO3K
CO3N
CO3R
CO3R
CO3R
CO3R
CO3R
CO3R

CO1I
CO2R
C021
CO1A
CO011
Pt04
Co2w
Pt04
COOM
co2v
COOM
C03C
O00L
C03C
Co1C
C010
C031
C01Z2
C031
C02J
C02I
O00K
C02I
C03I
C03Q
Si0G
C03Q
Si0G
C032
C03Q

115.0(14)
112.8(12)
116.1(13)
109.3(14)
121.2(15)
71.4(9)
122.1(13)
119.9(10)
125.5(14)
119.3(13)
114.6(13)
114.2(15)
122.7(16)
123.0(17)
111.1(14)
124(2)
113.0(14)
120.4(15)
126.1(17)
113.2(18)
114.1(14)
123.1(16)
122.8(16)
1212)
97.8(19)
115(2)
100(2)
115.2(18)
115(2)
110(3)



X-ray crystallographic data of 131d

Figure 35. ORTEP view of the compound 131d with thermal ellipsoids drawn at the 50% probability

level. A hexane molecule was included in a unit cell.
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Table 23. Crystal data and structure refinement for 131d.

Empirical formula
Formula weight
Temperature/K
Crystal system
Space group

a/A

b/A

c/A

a/°

B/°

y/°

Volume/A3

Z

Pealcg/cm’

wmm-!

F(000)

Crystal size/mm?

Radiation

20 range for data collection/°
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [[>=20c ()]
Final R indexes [all data]
Largest diff. peak/hole / e A

C33Hs1CIN,O5PtSSi
881.90

93

triclinic

P-1

11.5942(4)
13.2152(3)
13.3920(4)
78.604(2)

85.900(2)

70.011(3)
1890.27(10)

2

1.549

9.383

890.0

0.2 x0.1 x0.05
CuKa (A =1.54184)
6.734 to 144.178

-13<h<14,-13<k<16,-16<1<16

24446

7153 [Rine = 0.0820, Rsigma = 0.0517]

7153/0/403
1.072

R1=0.0475, wR>=0.1305
R; =0.0483, wR, =0.1310

1.42/-1.88
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Table 24. Bond Lengths for 131d.

Atom
Pt01
Pt01
Pt01
Pt01
Pt01
S003
S003
S003
S003
Si05
Si05
Si05
Si05
0006
0008
0009
0009
NOOB
NOOB
NOOC
NOOC
C0o0D
C0o0D
CO0E

Atom
Cl102

Clo4

NOOB
C00G
CO0L
0007
O00A
NO0OC
C00S
0006
C00J

CooU
Ccoov
C00D
COOF
COOF
Co11

CO0E
C001I

COOH
C000
COON
COoP
C00Q

Length/A
2.3060(12)
2.2934(13)

2.097(4)
2.168(5)
2.117(5)
1.442(4)
1.432(4)
1.635(4)
1.765(6)
1.677(4)
1.873(6)
1.883(6)
1.875(6)
1.349(6)
1.208(6)
1.334(6)
1.459(7)
1.363(6)
1.338(6)
1.490(6)
1.481(6)
1.523(7)
1.361(7)
1.383(8)

Table 25. Bond Angles for 131d.

Atom
Clo4

NOOB
NOOB
NOOB
NOOB
C00G
C00G

Atom
PtO1
Pt01
Pt01
Pt01
Pt01
Pt01
Pt01

Atom
Cl102
Cl102
Clo4
C00G
COOL
Cl102
Clo4

Angle/’
176.42(4)
89.07(12)
87.37(12)
160.20(19)
161.6(2)
89.44(14)
94.03(14)

Atom
CO0E
COOF
C00G
C00G
COOH
CO00I
CO00I
CO0K
CO0K
CO0K
COoOL
CooM
CooM
COOR
COOR
CooU
CooU
CooU
C00X
Co012
Co012
Co17
Co018
Co19
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Atom
Co0Y
COOP
CO0L
COOP
COON
CooT
CooOw
C00Q
CooT
Co014
C000
C00S
C00X
C00S
Co16
C00Z
Co10
C013
C012
Co15
Co16
C018
Co019
C0191

Atom
COOL
COOL
CO0oP
NO0OC
NOOB
NOOB
cooT

Length/A

1.491(7)
1.486(6)
1.402(7)
1.475(6)
1.549(7)
1.385(7)
1.505(7)
1.387(8)
1.380(8)
1.508(8)
1.504(7)
1.405(8)
1.389(8)
1.380(8)
1.397(9)
1.545(8)
1.538(8)
1.550(8)
1.402(9)
1.507(9)

1.381(10)

1.36(2)
1.56(2)
1.37(3)

Atom
C00G
C00G
C00G
COOH
C001I
C001I
C001

Atom
Pt01
CO0OP
Pt01
COON
Co0T
COOW
COOW

Angle/®

69.0(3)

118.3(5)
121.0(3)
113.9(4)
121.0(5)
117.8(4)
121.2(5)



COOL
COOL
COOL
0007

0007

O00A
O00A
O00A
NO00C
0006
0006
0006
C00J

C00J

Coov
C00D
COOF
COOE
C00I

C00I

COOH
C000
C000
0006
0006
CO0OP
NO0OB
NO0OB
C00Q
0008
0008
0009

Table 26.

A

Pt01
Pt01
Pt01

D
C00Q
Co0Y

Pt01 Cl02 94.35(15)
Pt01 Cl04 88.92(15)
Pt01 C00G  38.17(19)
S003  NOOC 107.4(2)
S003  C00S  107.5(2)
S003 0007  120.0(2)
S003  NOOC  106.7(2)
S003  C00S  107.6(3)
S003  CO00S  107.0(2)
Si05 C00J  111.0(2)
Si05 CO0U  103.9(2)
Si05 COOV  109.5(2)
Si05 CO0U  112.5(3)
Si05 COOV  109.7(3)
Si05 CO0U  110.1(3)
0006  Si05 138.6(3)
0009 Col11  114.3(4)
NOOB  PtO1 119.0(3)
NOOB  PtO1 120.93)
NOOB COOE  120.0(4)
NOOC  S003 117.6(3)
NOOC  S003 117.2(3)
NOOC CO0OH 116.2(4)
C00D COON  113.2(4)
CO00D COOP  119.3(4)
CO00D COON  127.0(4)
CO0E  C00Q 120.1(5)
CO0E  CO0Y 118.9(5)
CO0E  CO0Y  121.0(5)
COOF 0009  123.3(4)
COOF  COOP  122.0(4)
COOF  COOP  114.1(4)
Torsion Angles for 131d.

B C

NO0OB COOE

NO0OB COOE

NO0OB Co001

Co0T

C00Q
C00T
C00T
C00G
C00G
C000
C00X
C00D
No00oC
C00D
C00D
C00G
COOE
C00S
CooM
COOR
COOR
CO0K
C00z
C00z
C010
C010
C010
C013
CooM
C00X
Co16
Co16
C012
Co17
C0191

Angle/®
-175.1(4)
3.7(6)
176.1(4)

125

CO0K
COOK
COOK
COOL
COOL
COOL
CoOM
COON
C000
Coop
Coop
Coop
C00Q
COOR
C00S
C00S
C00S
CO00T
Ccoou
coou
Ccoou
Ccoou
Ccoou
Ccoou
C00X
C012
C012
C012
Co16
C018
C019

C014
C00Q
C014
Pt01
C000
Pt01
C00S
COOH
COOL
COOF
C00G
COOF
CO0K
Co016
S003
S003
COOM
C00I
Si05
C013
Si05
C00Z
C013
Si05
C012
C015
C00X
C015
COOR
C019
C018

121.1(6)
117.5(5)
121.4(6)
72.9(3)
120.6(5)
120.1(4)
118.8(5)
122.4(4)
102.0(4)
125.4(4)
118.5(4)
115.5(4)
120.8(5)
119.8(6)
119.2(4)
120.5(4)
120.3(5)
120.6(5)
110.4(4)
109.4(5)
109.3(4)
109.2(5)
110.1(5)
108.5(4)
121.4(6)
118.8(6)
118.5(6)
122.7(6)
121.1(6)
121.5(17)
120(2)



Pt01
Pt01
Pt01
Pt01
Pt01
S003
S003
Si05
Si05
0006
0006
0006
0006
0006
0006
0007
0007
0007
0007
0008
0008
0009
0009
O00A
O00A
O00A
O00A
N00B
NO00B
No0oC
No0oC
No0oC
COOE
COOE
C00G
COOH
C00I
C00I
C00J
C00J
C00J
C00J

NO00B
C00G
C00G
C00G
COOL
NO00C
NO00C
0006
0006
Si05
Si05
Si05
C00D
C00D
C00D
S003
S003
S003
S003
COOF
COOF
COOF
COOF
S003
S003
S003
S003
COOE
C00I
S003
S003
COOH
NO00B
NO00B
COOL
NO00C
NO00B
NO00B
Si05
Si05
Si05
Si05

C00I

COOL
Ccoop
Ccoop
C000
CO0OH
C000
C00D
C00D
coou
coou
coou
COON
Ccoop
Ccoop
No00oC
No00oC
C00S
C00S
Ccoop
Ccoop
coop
Ccoop
No00C
No00C
C00S
C00S
C00Q
Co0T
C00S
C00S
COON
C00I

C00I

C000
C000
COOE
COOE
0006
coou
coou
coou

Coow
C000
C00D
COOF
No0oC
COON
COOL
COON
COoP
C00Z
C010
C013
COOH
COOF
C00G
COOH
C000
COoOM
COOR
C00D
C00G
C00D
C00G
COOH
C000
COOM
COOR
COOK
COOK
COOM
COOR
C00D
C00T
CooOw
No0oC
COOL
C00Q
CooY
C00D
C00Z
C010
C013

-3.7(6)
-115.4(5)
-135.3(4)
53.0(6)
-175.1(3)
118.8(4)
-158.2(3)
-25.5(7)
155.1(4)
-175.5(4)
64.4(4)
-55.6(4)
152.2(5)
-9.4(8)
179.8(5)
-38.4(4)
175.5(4)
39.2(5)
-142.8(4)
-149.0(5)
22.1(7)
34.4(7)
-154.6(5)
-168.3(4)
45.6(4)
169.8(4)
-12.3(5)
-0.2(8)
-2.0(8)
-75.9(5)
102.0(5)
100.5(6)
-0.1(7)
-179.8(5)
-88.0(5)
55.2(5)
1.1(7)
179.9(5)
-43.1(6)
64.3(5)
-55.8(5)
-175.8(4)
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COOL
COOL
COOM
COOM
COON
COON
C000
CO0P
COOP
COOP
C00Q
C00S
C00S
C00S
C00S
Co0T
C00U
CO0V
CO0V
CO0V
CO0V
COOW
C00X
C00X
C00X
Co0Y
Col1
Coll
Col14
Col14
Co15
Co16
Co16
Co17

C00G
C00G
C00X
C00X
C00D
C00D
NO00C
C00D
C00G
C00G
COOK
S003
S003
COoOM
COOR
COOK
Si05
Si05
Si05
Si05
Si05
C00I
COOM
COOM
C012
COOE
0009
0009
COOK
COOK
C012
COOR
COOR
C018

COOP
COOP
Co12
Co12
COOP
COOP
COOH
COON
COOL
COOL
CO0T
N00C
N00C
CO0X
C016
C00Q
0006
0006
CO0U
CO0U
CO0U
CO0T
C00S
C00S
C016
C00Q
COOF
COOF
C00Q
CO0T
C016
C00S
C00S
C019

C00D
COOF
CO015
Co16
COOF
C00G
COON
COOH
Pt01
C000
C00I
COOH
C000
C012
C012
COOE
C00D
C00D
C00Z
C010
C013
COOK
S003
COOR
COOR
CO0K
0008
COoP
COOE
C00I
COOR
S003
COOM
C0191

-54.1(7)
134.3(5)
-178.0(6)
1.3(9)
171.2(5)
0.4(8)
-94.8(5)
-28.3(8)
-114.8(4)
129.9(5)
2.9(9)
76.8(4)
-69.3(4)
-0.1(9)
0.9(9)
-1.8(9)
-164.3(5)
78.1(6)
-58.3(5)
-178.4(4)
61.6(4)
177.7(5)
177.2(4)
-0.8(8)
-1.7(9)
-178.9(5)
1.3(8)
177.9(5)
179.0(5)
-177.9(6)
177.6(6)
-177.5(4)
0.4(8)
67(4)
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X-ray crystallographic data of 131e

Figure 36. ORTEP view of the compound 131e with thermal ellipsoids drawn at the 50% probability
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Table 27. Crystal data and structure refinement for 131e.

Empirical formula Co.75H11.25Clo.5No.2500.75Pt0.25S10.25
Formula weight 217.466

Temperature/K 93

Crystal system monoclinic

Space group P2./c

a/A 18.6512(3)

b/A 11.4470(2)

c/A 18.1742(3)

al’ 90

Br 105.866(2)

v/ 90

Volume/A3 3732.38(11)

4 16

0 caleg/cm’ 1.548

o /mm! 8.945

F(000) 1735.9

Crystal size/mm? 02 X 02 X 0.05

Radiation CuKa (A =1.54184)

2® range for data collection/’ 4.92 to 144.48

Index ranges 22 <h <16,-10 <k <13,22 <1< 22
Reflections collected 27891

Independent reflections 7218 [Rint = 0.0385, Rsiema = 0.0238]
Data/restraints/parameters 7218/0/432

Goodness-of-fit on F> 1.043

Final R indexes [I>=2 0 (I)] R; =0.0362, wR> = 0.0895

Final R indexes [all data] R;=10.0369, wR, = 0.0900
Largest diff, peak/hole / e A~ 2.11/-1.38
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Table 28. Bond Lengths for 131e.

Atom
Pt00
Pt00
Pt00
Pt00
Pt00
Si00
Si00
Si00
Si00
0005
0006
0006
NO007
NO007
0008
C009
C009
CO00A
CO00A
CO00B
CO00B
C0o0D
CO0E
CO0E
CO0E
COOF

Atom
Cl100
Cl1
NO007
CO00A
COOK
0005
C001I
COOP
C00S
C00D
Co00C
C00Z
C009
C00G
Co00C
CO0L
C000
CO00B
COOK
Co00C
C00D
COOF
CoOM
COON
C000
COOH

Length/A
2.2869(10)
23111(11)

2.075(3)
2.177(4)
2.161(5)
1.668(3)
1.872(4)
1.896(5)
1.866(4)
1.365(5)
1.326(5)
1.439(5)
1.354(5)
1.353(6)
1.198(5)
1.503(6)
1.370(6)
1.460(5)
1.393(6)
1.493(5)
1.338(6)
1.497(5)
1.388(6)
1.504(6)
1.381(6)
1.413(6)

Table 29. Bond Angles for 131e.

Atom
Cll1

NO007
NO007
CO00A
CO00A

Atom
Pt00
Pt00
Pt00
Pt00
Pt00

Atom
Cl100
Cl100
Cll
Cl100
Cll

Angle/’

174.48(4)
88.57(10)
86.85(10)
94.91(11)
88.86(11)

Atom
COOF
C00G
C00G
COOH
COOH
CO00I
CO00I
Co00J
CO0K
COOP
CO0P
CO0OP
C00Q
C00S
C00S
Co0T
Coov
COOW
C00X
Co0Y
Co10
C013
CO015
Co16
Co19
CO1A
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Atom
CooT
CoOM
CooU
C00J
C00Q
C00X
Co15
CooOw
Co11
COOR
Co014
C018
Co0Y
Ccoov
Co16
C012
Co10
Co11
Co019
C012
C013
C017
CO01B
C017
CO1A
CO01B

Atom
cooT
CoOM
CoouU
CoouU
C00J

Length/A

1.393(6)
1.380(6)
1.500(6)
1.511(7)
1.403(7)
1.392(7)
1.392(7)
1.548(7)
1.495(6)
1.532(6)
1.551(7)
1.522(7)
1.368(8)
1.396(6)
1.396(6)
1.387(6)
1.389(7)
1.542(7)
1.380(7)
1.382(7)
1.380(8)
1.359(9)
1.386(8)
1.382(8)

1.370(10)
1.373(11)

Atom
COOF
C00G
C00G
C00G
COOH

Atom
COOH
NO007
NO007
CooM
COOF

Angle/®

119.1(4)
120.5(4)
117.3(4)
122.2(4)
127.5(4)



CO0A
CO0K
COOK
COOK
COOK
C00I

CO0OP
CO0oP
C00S
C00S
C00S
C00D
C00Z
C009

C00G
C00G
COOL
C000
C000
C00B
COOK
COOK
Co00C
C00D
C00D
0008
C00B
C00B
C00B
COOF
COOF
COON
C000
C000
COOH
Co00T

Pt00
Pt00
Pt00
Pt00
Pt00
Si00
Si00
Si00
Si00
Si00
Si00
0005
0006
N007
N007
N007
C009
C009
C009
CO0A
CO00A
CO00A
C00B
C00B
C00B
cooC
cooC
cooC
C00D
C00D
C00D
COOE
COOE
COOE
COOF
COOF

NO007
Cl00
Cl1
NO007
CO0A
0005
0005
C00I
0005
C00I
CooP
Si00
CooC
Pt00
Pt00
C009
NO007
NO007
COOL
Pt00
Pt00
C00B
CO0A
CO0A
CooC
0006
0006
0008
0005
0005
C00B
COOM
COOM
COON
C00D
C00D

166.44(15)
87.09(13)
98.34(13)
156.08(15)
37.45(15)
111.34(17)
109.35(18)
113.1(2)
101.14(17)
110.9(2)
110.4(2)
135.8(2)
115.2(3)
118.1(3)
122.1(3)
119.8(4)
118.1(4)
120.7(4)
121.2(4)
116.6(3)
70.6(2)
127.2(4)
112.6(3)
123.7(4)
122.3(4)
123.3(4)
113.2(3)
123.3(4)
117.8(3)
113.6(3)
128.5(4)
122.3(4)
117.3(4)
120.4(4)
126.2(4)
114.7(4)
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C00Q
C00Q
C00X
C015
C015
Coow
CO00A
C011
C011
C00G
COOE
COOR
Co14
Co014
C018
C018
C018
Ccooy
Coov
Co16
Co16
C012
C010
C011
C019
C012
C013
Coow
Ccooy
Co17
C01B
Co17
Co16
CO1A
C01B
CO1A

CO0OH
COOH
C00I
C00I
C00I
C00J
COOK
CO0K
COOK
CoOM
C000
COoopP
CoopP
COoopP
COoopP
COoopP
COoopP
C00Q
C00S
C00S
C00S
CO00T
coov
Coow
C00X
Cooy
C010
C011
C012
C013
C015
Co16
Co17
C019
CO1A
C01B

COOF
C00J
Si00
Si00
C00X
COOH
Pt00
Pt00
CO0A
COOE
C009
Si00
Si00
COOR
Si00
COOR
C014
COOH
Si00
Si00
Coov
COOF
C00S
C00J
C00I
C00Q
Coov
COOK
C00T
C010
C00I
C00S
C013
C00X
C019
C015

116.9(4)
115.5(4)
123.2(4)
119.2(4)
117.2(5)
111.5(4)
71.9(2)

117.0(3)
119.1(4)
120.7(4)
121.1(4)
113.2(3)
109.2(3)
108.8(4)
109.5(3)
107.5(4)
108.5(4)
123.0(5)
120.4(3)
122.6(4)
116.9(4)
122.4(4)
121.1(4)
116.3(4)
121.4(6)
120.0(4)
120.1(5)
108.6(4)
118.4(5)
119.7(5)
120.9(6)
121.5(5)
120.6(5)
120.5(6)
119.2(6)
120.6(6)



Table 30. Torsion Angles for 131e.

A B C D Angle/
Pt00 N007 C009 COoL 3.6(4)
Pt00 N007 C009 C000 -176.4(3)
Pt00 N007 C00G cooM 175.8(3)
Pt00 N007 C00G CooU -2.9(3)
Pt00 C00A C00B C00C -68.7(3)
Pt00 C00A C00B C00D 124.5(3)
Pt00 C00A COOK Co11 111.4(3)
Pt00 CO0K CO0A C00B 109.3(2)
Pt00 CO0K Cco11 COOW 169.1(3)
Si00 0005 C00D C00B -125.5(4)
Si00 0005 C00D COOF 58.7(4)
Si00 CooI C00X C019 -171.7(4)
Si00 CooI Co15 C01B 172.0(4)
Si00 C00S coov Co10 -175.5(4)
Si00 C00S Co16 Co017 174.8(5)
0005 C00D C00B CO00A 171.0(3)
0005 C00D C00B C00C 5.5(4)
0005 C00D COOF CO0H -129.7(3)
0005 C00D COOF C00T 47.2(4)
0006 CooC C00B CO00A 135.5(3)
0006 CooC C00B C00D -57.5(4)
N007 C009 C000 COOE 0.7(5)
N007 C00G CooM CO0E 0.3(5)
0008 Co0C C00B CO00A -40.6(5)
0008 CooC C00B C00D 126.4(4)
C009 C000 COOE cooM -1.0(5)
C009 C000 COOE COON 176.9(4)
CO00A C00B C00D COOF -14.0(5)
C00A CO0K co11 COOW 85.7(4)
C00B C00D COOF CO0H 55.2(5)
C00B C00D COOF C00T -128.0(4)
C00D COOF COOH C00J -7.9(5)
C00D COOF COOH C00Q 174.0(4)
C00D COOF COo0T C012 -176.2(4)
COOE cooM C00G CooU 178.9(4)
COOF COOH Co0J COOW -111.3(5)
COOF COOH C00Q Co0Y 2.0(5)
COOF CooT Co12 Co0Y 1.8(5)
CO0H C00J Coow Co11 86.8(4)
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COOH
C00I
C00I
C00J
C00Q
C00S
C00S
Coov
C00X
C010
C015

C00Q
C00X
C015
Coow
CooYy
Ccoov
Co16
C010
C019
C013
C01B

Ccooy
C019
C01B
C011
C012
C010
Co17
C013
CO1A
Co17
CO1A

C012
CO1A
CO1A
COOK
C00T
C013
C013
Co017
C01B
Co16
C019

0.7(6)
-0.4(6)
0.1(6)
-32.0(5)
-2.6(6)
0.1(6)
1.2(7)
-0.2(7)
-1.3(6)
-0.5(7)
1.4(7)

133



X-ray crystallographic data of 139

—

Figure 37. ORTEP view of the compound 139 with thermal ellipsoids drawn at the 50% probability
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Table 31. Crystal data and structure refinement for 139.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

P calcg/em’

o /mm!

F(000)

Crystal size/mm3

Radiation

20 range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 ¢ ()]
Final R indexes [all data]
Largest diff. peak/hole / e A

CisH24CINO;Pt

532.926

93

monoclinic

P2/n

10.66469(15)
12.48612(16)
13.94605(15)

90

93.2445(11)

90

1854.09(4)

4

1.909

15.609

1019.8

0.1 X 0.1 X 0.05
CuKa (A =1.54184)
10.16 to 144.2

-12 <= h < 13,-15 = k < 14,-17
13441

3562 [Rint = 0.0312, Rgigma = 0.0192]
3562/0/222

1.014

R; =0.0265, wR, = 0.0708
R; =0.0267, wR, = 0.0710
0.81/-0.95
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X-ray crystallographic data of (Sp)-142a + (R))-142a

Figure 38. ORTEP view of the compound (Sp)-142a + (Rp)-142a
with thermal ellipsoids drawn at the 50% probability level
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Table 32. Crystal data and structure refinement for (Sp)-142a + (Rp)-142a.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

0 caleg/cm’

o /mm™!

F(000)

Crystal size/mm?

Radiation

2® range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A~

Flack parameter

CsH1233Clo.67N0.330Pt0 3351033
227.21

93

monoclinic

P2,

17.7568(3)

8.7295(2)

18.2081(3)

90

103.958(2)

90

2739.06(9)

12

1.653

11.992

1352.0

0.1 X 0.1 X 0.05
CuKa (A =1.54184)
5to 144.422

21 =h =21,5=<k =10,-22 =1 =22

21660

8476 [Rint = 0.0327, Rsigma = 0.0345]
8476/1/592

1.109

R;=0.0248, wR> = 0.0669

R; =0.0255, wR> =0.0673
1.02/-1.09

-0.031(4)

137



X-ray crystallographic data of (Rp)-142a.

Figure 39. ORTEP view of the compound (R,)-142a with thermal ellipsoids drawn at the 50%
probability level
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Table 33. Crystal data and structure refinement for (Rp)-142a.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

0 caleg/cm’

o /mm™!

F(000)

Crystal size/mm?

Radiation

2® range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A~

Flack parameter

C43H73CL4N2O6Pt:Sin
1367.28

93

monoclinic

P2,

17.7293(3)
8.69110(10)
18.5679(3)

90

105.223(2)

90

2760.68(8)

2

1.645

11.898

1360.0

02 X 02 X 0.1
CuKa (A =1.54184)
4.932 to 144.664

21 =h =16,-10 =k = 10,22 =1 =< 22

41362

10343 [Rint = 0.0607, Rsigma = 0.03661]
10343/1/592

1.069

R;=0.0361, wR> =0.0983
R1=0.0374, wR>=0.0991

1.53/-1.59

-0.029(7)
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X-ray crystallographic data of (S,)-142a.

Figure 40. ORTEP view of the compound (S})-142a with thermal ellipsoids drawn at the 50%
probability level
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Table 34. X-ray crystallographic data of (Sp)-142a.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

0 caleg/cm’

o /mm™!

F(000)

Crystal size/mm?

Radiation

2® range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A~

Flack parameter

C24H39CIL,NO3PtSi
683.64

93

monoclinic

P2,

9.25100(10)
8.88490(10)
17.3684(2)

90

104.6240(10)

90

1381.33(3)

2

1.644

11.890

680.0

02 X 0.1 X 0.1
CuKa (A =1.54184)
5.258 to 144.248

-11 <= h =< 11,-10 = k = 10,-19 =1 = 21

19249

5298 [Rint = 0.0509, Rsigma = 0.0285]
5298/1/297

1.041

R; =0.0335, wR> = 0.0881
R;=0.0336, wR, =0.0883
2.18/-1.47

-0.015(10)
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X-ray crystallographic data of 145

0000 ¢

Figure 41. ORTEP view of the compound 145 with thermal ellipsoids drawn at the 50% probability
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Table 35. Crystal data and structure refinement for 145.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

0 caleg/cm’

o /mm™!

F(000)

Crystal size/mm?

Radiation

2® range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A

Flack parameter

C12H;7CIN,OPt

435.812

93

orthorhombic

P21212,

6.51051(15)

9.55887(19)

21.7527(4)

90

90

90

1353.74(5)

4

2.138

21.089

811.0

0.2 X 0.05 X 0.05
CuKa (A =1.54184)
8.12 to 146.06

7 <h<5,-11 <k <11,-26 <1 <27
18888

2666 [Rint = 0.0514, Rgioma = 0.0226]
2666/113/159

1.046

R; =0.0494, wR, = 0.1288
R; =0.0504, wR, =0.1293
3.31/-2.98

-0.040(6)
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X-ray crystallographic data of 146
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Figure 42. ORTEP view of the compound 146 with thermal ellipsoids drawn at the 50% probability
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Table 36. Crystal data and structure refinement for 146.

Empirical formula

Formula weight
Temperature/K

Crystal system

Space group

a/A

b/A

c/A

al’

Br

v/

Volume/A3

Z

0 caleg/cm’

o /mm™!

F(000)

Crystal size/mm?

Radiation

2® range for data collection/’
Index ranges

Reflections collected
Independent reflections
Data/restraints/parameters
Goodness-of-fit on F?

Final R indexes [I>=2 o (I)]
Final R indexes [all data]
Largest diff, peak/hole / e A~

Flack parameter

C12H;7CIN,OPt
435.812

93

orthorhombic
P21212,

5.7574(2)
7.9069(3)
29.0552(10)

90

90

90

1322.69(9)

4

2.189

21.585

811.0

0.1 X 0.1 X 0.05
CuKa (A =1.54184)
11.6 to 144.68

4 <h=<17-9=<k<=<9-35
8456

1 <35

2525 [Rine = 0.0735, Rsigma = 0.0393]

2525/462/157

1.032

R;=0.0580, wR, = 0.1508
R;=0.0585, wR, =0.1510
5.69/-4.28

0.056(7)
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