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acac
APCI

aq.

Ar

BINOL

Bn

Bu or n-Bu
Bz

DMF
DMSO

ee

equiv

ESI

Et

HPLC
HRMS

i-Pr

MOM
MS

MTBE
nbd
ND
NMR

PG
Ph

quant

rac

acetyl

acetylacetonate

atmospheric pressure chemical ionization
aqueous solution

aryl

1,1°-bi-2-naphthol

benzyl

normal butyl

benzoyl
N,N-dimethylformamide
dimethyl sulfoxide
enantiomeric excess
equivalent

electrospray ionization

ethyl

high performance liquid chromatography
high resolution mass spectrometry
isopropyl

ligand

methyl

methoxymethyl

mass spectrometry

mesyl (methanesulfonyl)
methyl tert-butyl ether
norbornadiene

not determined

nuclear magnetic resonance
nosyl (2-nitrobenzenesulfonyl)
protecting group

phenyl

quantitatively

alkyl

racemic

room temperature



-Bu

Tf

TfO
THF
TMEDA
TMS

Ts

tert-butyl

trifluoromethanesulfonyl
trifluoromethanesulfonate
tetrahydrofuran
N,N,N',N'-tetramethylethylenediamine
trimethylsilyl

tosyl or p-toluenesulfonyl

Halogen
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F—E
-8 AEVRFEEKME
P BRI FIZB N T, B FED 402 fH (n=0,1,2...) W= dHE, 2 FiE
BI)FHNCZEL 720 | ZOREE FEBE L VD W IEE A E 0l (n=0,1,2...)
DEGENINER, KEBBEMESDF L 20 REEIRT D, AEAEIZE = v VA E BT, £ 0
LRI FE = RV X — L 2 VTR 5 2 &N CT&E D, K 1-1 £l L 9 icdt
BRD—ET D50 FIZB N T n BHAENMRIZNADSEITIE B2y ZVANZHED DD,
-1AD TAET 2D OX S ICHERPA LT AT 25 FTiE, n B
R 5700, BN 02 (n=1,2...) OHEITIIARLENLL, EOED 4n ff
(n=1,2...) OBRIFLENT D, ZOWRELOE THIIX 1964 4512 Heilbronner! (2 &
S T\ S 4, 1966 F-Z Zimmerman? (2 XL 0, 7 v A2 M 3 L7 AEXE 2 W T il
THRF NP O TE DL Z LR RINTND,

sign
Hiickel inversion Mébius

1-1. R B AT 2070 n EAAH 8 BER - St BROEHE) ¢

1-2. BN\ sn BROMBMEE () LMAREE h) ¢

7u A bMEHWT, IEn AROEE OVFREE s+ ONEFEEEZ TRT 556, Enf
TFEDTERZ T2, NEIZ n EF 27z LTV < & BBE OB &R, G D561
IRFEFR L 705, PIAIER 12 (R TIENATE « 8n E-RIT, PGz & Y RO5 &1
LD, LU L ALEMNRA B Y AREBERTH L6, K12 AITRTLIICEnHA
FBOLMB FIT/2% &5 ICEFHENRE S, F2LIACHZSh T2, fER, 18
TFREILEEL 2D, TIRDOBLIENAED 8n BT RO A LY AP RIIM B EZ & D720
KERL 2%,



Méobius
1-3. Herges HIZ K> THB S NI DL TER A B AR5

WDLTEIR A B AIALZ DAL, 2003 F4Z Herges HIZ K> THESN TS (K 1-
3) 5, AU AN RITETE OFBEFHME L IZR R 2RI, 72tk
IR~ DB & FEG T S AL TLLR, AR L LTHERZED TV D H 00, dt
B FIRFmBIRZ & DT W, =R RS T7T A A2 BRI N D A B D 2%
ROEGHIIHEEL 72> T D, ZNETELDOMEEIZLY , Z2OT VA - BRDHAAL D
NTWDHHDOD, ZOWMEITEBNRSILTND &7,

B ACIRHRROFSUTA—

==

1-4. AU AMBRZOXFT VT 41—

AT A RETRT DT, 1 WRRDPR ENLDLER DD, K 14 ITRT X DI,
REN DT ANTRFHENY & RIFFHR D O “FERH Y | TN THEERERICH 5, 2F Y,
A BT ZMBRIIAEC R T LG L 72D, LI LD b, A B U AR DRFERL
T, A BT ZIBROEFITIMA T, R EN DTz —I7 (ZHIEHS 20503 5 T2 O IR EET



HDH S, TOXIREFT, 2019 FIZHF B, FT 070000 AEREAMBLICHV, =
FTUTF AR RBRLSE TR E T HA TR MR Y —%2 /3 5[10]> 7 =N
77 2= L UBERO BRI LTS 0 T XTI NIRRT VI FT AT ML D7 a7
T == LA OREIIC BT T ANIC T FRANRIV N BEHOI T LT T 7
a O HHUEEDE 52%IUER « 58%ee, 2FEHDOH T L7 T 7 2 a2 Tl 12%I0F - 95% ee
THIELEMRHBES N TWD, L LARns, RfETIE, (10137 237 7 = = L i
BRI DA BRI EED B 0 BB 4% TH D 2 & @ffize s 7 va 2w Al 100 mol%
VETHDLEVSTERS S (X 1-5),

R R
o] o]
/R/‘O \ y 0—R
74 R
( . |
R
V4

o+

(o]
[Rh(cod),]BF 4/(S)-BINAP (100 mol%)

] P . 2
= /
|R\ “=_o o_=" IRI CH,Chy. 1t 16
V4
[10] 7 eRTFT7e=b

R =n-Bu 52% yield, 58% ee (1° eluent)
12% yield, 95% ee (2™ eluent)

X 1-5. A SHICE DT FARRPRD22BBLSE# TR ETAHA DA bR Y
—Z AT H[10]> 7 0T 7 =L VHEROANFERK 0

FE=H ZERLhAEDRABLS FOFREFER

MO DR
(S)or (R) , (S)or(R) (RRR) ——
srazLAe= | BRSO — 1y ago
(SS.8) —

RRR _miepen | |BRY smEnch

(S) or (R)
X 1-6. —HI Ui A B A% A OREIK X

nETAHDNER L THR T 2 2 L TAE U RAMBER E 0D 2 L2 i Tim Uz, 3%
FROR TN D EEACHIBRIT ARV 20, EEER Uiz A By ZEBSROE RS BRI
BETH D, FlzIX, ZHERENARTIEIARFRTI=2L720 | T OEMEKITIHG L\ OFET
Do =M tnicr=y hNOERR=ZBEEZERLIZGE. RPMbEm LR D720
BRI ED (K 1-6), REN2=y FDOXT VT 4 —=NETR DG, LR



N—JET 5 L~ a s, TR L, =20 tha=y hD 5 b—20nER 58
A A LB EEEEZ A thd, —HRALWAE Y ARERO T AT LA~ —IL,
ZhEN—EEERA TN EEREZR LN E 2D EHEL AT RAERTH D OO
WEITE B0 D,

INETE=EHAUNA B Y AEROE KT =S STV 5, 2014 45, Herges'! 513,
Bl 1-7 IR —HAUAA B ZALEROGHBIEZER L, Aliv=y MZ 1.I’-EF
TFNERERNDZETHIO=ZEFER LA BT ZLEROERITHEE L TWD,

O Cu(OAGC),, pyridine/MeOH

Eglinton reaction

X 1-7 A=y MZ1.I-BF 7FLERERAWYO —EHR LA BT AMLER

Bt & 72 DEACDBRALISIZIE, M7 FEREMEZ B L 555 F W Bglinton )it % 36
LTV, BARRYIZIE, 3 H&ED Cu(OAc) f#7E T, IR T 5 HRHEHEE, FHE 3 HEOD
Cu(OAc), /% T 8 HEEHL, 5123 H¥ED Cu(OAc), #MMx T 12 HfEHE, KIZ 30°CT 1
HEEFEL, 1 HZEIZ10°CHIE L T 70°CE THIE L, 70°CTE B2 3 BT HZ LT
W Eglinton SR & 784G SETW 5, BIERM E LT, HRILZEERE SEER, uElk, +
TRAEARMPESN TS, ARTIE, T IEO LI-EF 7 FAFERE RSB
ATz, —HEfEERTADRRRIEE (S,S,SE, HEERLR LILdDRS,S). (RRS)D
BONDAREMERH D, L LR G, EEEISIL, —RERYa CAUROABER LE YT A
TUFBBREK E o> TS, =T FA~—IZXF T NN T L FOTHBERRETH
HHO0, TIRD rac-2,2’-Y 7 BE-1,1-EF 7 F /L5 7 TR, BRI 1% E W0 &7
S TND, BRI 24n E T TA LU A GFHFHETH D 4nn RIS NDH DD 1,1°-
EF7F =y NNO oD F 7 XL O HAE DFT 5 (B3LYP/6-31G*) Tl )
78.8°, X #AGERMEAT CIL s 79.4° L BT, 7 X L ORI THEN BN TND Z
EWNTRBEIN TN D,

2018 F-{Z1d Herges 1%, R Litr=>» M5~V Z28HTH5Z L T2HIH D =
HERUNA BT ARG T OEMERSE LTS 120 ~Y & URIBAIZS L, —H Perkin
B & SEBRAUBOG & 8 TREIC AU B VB = RIKOARICEREI L T\ b, HEBRIEKIGIZT
ARZHRALNACTARERDTOTT U FAEPRE (U7 A7 LA~—iE 1:1) BikE
Do oI 4 DORMERIREMEHRRTH LT, VT AT LA~Y—O5BEHI R D
DODOTEIREHKIZE EEF-oTND (K 1-8),



[X] 1-8. . Perkin St & WEBRALS R THRE L T~V B U BRIR = EIRK DAL 12

2020 4F(Z Garcia-Garibay, Zhu, Moore & D 7 /L—"7 1%, YU 77 U EERIZ LD T 0% o A
HYv AW, AT 2R E OS] B U ORI ZEROEKEHRE L TV D (K
1-9) B, BHEGRAHEEIC LV RO YT AT LA~ =N 6Nn5 L DO PPM & MMP O
TIRE LCHESNTWD, AT 30n BFR @nt2) THY AT RAEERE 2
%o L2L7e36, DFT #tHE & CVIRIEDRER G| BBKROIEITIZE A LR LT, 3
OOV B AIENENINL L TWVD Z EARIBEN TN D, GRRICEWTHERILATERA
FTOWEIGRD TR Z ERREE 7> TN D,

10 mm%@,
60 mol% PhSIOH,

5 AMS, CHCI,, 60 °C
I

ot
l 4
| &

K19 BV 7T UKL AT AF U AZ LA DAY ZMEEHTH[5]~V &
VAR EERO G B

INHHE SN IFNT. WIS T EIREGRTH Y, =F o F A BRI B RUTER
ENTWARN, VT AT LARRND = o F RN 2 Z BIRO A L. Phikaoarse T
—Y THDLDOHRRLT | AU RMEREMEA~DIGH, 7 hAhxa ) I =7 vkt 2DBLA
MO EERFELE 2> TVND,

Fmgi ZERChAEVRKZS FELUESMOERL
AIEi TR~k DT, ZERALAA B Y AMBEROTF U FARRWNOTT AT LA
B2 ERIEIIRBAH TH D2 DD, HFHNTHEEZR R Z W =HEA LA Y A



AL PR = AR DO ARF G RN G Sh T b,

2020 4, AR HIEH 1-10 ITRTEFRICH R A R E T VA L o=y MR LT,
WART » 7V v T &iTH 2 LT, BRR=ZERNOBRRIVEROIREYZ 1 B TARL.,
GPC FERUZ CTH L BARZA7HEL TV D ¥, Z LTIV FERITHE 72 FUE D B (R R R) A% 6%
I, (SSS)KEZ A%INRTHEEL T\ D, LLARRL, A A TEA L TWAHERIR
SERE, n B TEMEE LRV, A BT AERITIE AR B0,

O.Q OTf Ni (cod), (3.5 equiv.)

2,2'-bipyridyl (3.5 equiv.)

>
0.0 OTf  THF (0.02 M), 70 °C, 18 h
(R)or (S)

(R,R,R) : 6% yield
(S,S,S) : 4% yield

1-10. ¥ T NVARE )L Ad L ra=y "OWUAD v 712 L 5B =8RG 14

2019 FERR)I « S5 1%, JeFIITHIFE 2 BINOL FFE8KIckt LIuAR Y » 7Y v 72479
T T RITEEROBIRS &R AE SRR L. GPC FERLUC T HBBER = K% F N En s
({7 BINOL 5875 . (R RR)-1K% 18%ILR, (S,8.8)-1K% 15%INRIZTHTWS (K
1-11) 15,

OO Ni (cod), (2.33 equiv.)
2,2"bipyridyl (2.38 equiv.
MeO Br pyridyl ( quiv.)

cod (2.72 equiv.) MeO

y
MeO . DMF-toluene (0.08 M) MeO
90 °C, 4 days

(R) or (S)

(RRR): 18%
(S,S,S) : 15% OMe

1-11. JEFERTHIREE 7 BINOL B8 A LA T » 7Y U T2 X DB =8RG 1S



ARG DFT GHRE L O X B EIT ORISR, BT 7 Fra=y NNOTFT T L DO
O TEAITITTELZ L TE Y ERRN I LRI TN D, GRICEN TS Z&IED
HOERAIEITEE L <. GPC KRN LETH D,

FEH ZERChAEDRERFFOUTHAY

AITET TR L2 BRI - A S 238 LT 5 BINOL —&#fAl%, BINOL 2= h® 2>
DOF 7 FNEBEORT HAMITERZ L TSI L TH D, & 512 BINOL [ LA E
PERE LT\ 572, BINOL RS OEZORE R, IR =B ITE =AERHE T
<. BATERABIE VS & 725, #U2, BINOL AL AL L 72D,

2 TR, AT A A RTREZRBR U SEmEIZE ST A Z ENTEIUR, eIk
A ARERIC/R D ETFHE L, BERMIZE, B 1-12 1273 X 912 BINOL == v ~M#EIZ
FERY U —E2HATHE, BILEOOT A BRI TE BRI E 2 1E = AT
&D, bbb, BINOL WD — >0+ 7% L ORINIAT 5 AL 90 D 60 FE
L7025, 2014 1T Herges HIZ KXo THAR SN EF 7 TF L=y Ve AT 5H —HRA LA
B ARy VITEAEN 788°THDH I &b, AR—H—%EATHI LT, =
NETHESINTZOFOFRTHROBUNAEL LD, AREICENTH Y o —%2EET
52 L TERRMAMIRTE, £ A MR UM ZBUKERETHIE, ST~V kD=
BENORDL ZHRA LN ALY ZLERSFOEKbAIREE 725, SRR TITY 7
—LLTp- 7=y BT HAETR 3 EEST 1 ZENEWE L. KAy TOx) v
F BRI DD T AT LB S A2 3 Et LT,

F&I)I-5 #2019 BHIAEIAZEIK 1

X 1-12. ZERENAETAMEZESTOU T A 20 BEEPA LT A 3 &K

SE/NE SRGEHE

HES 152G T DIZHT0 | WITRT 3 DOGMNV— MaeEx T, Thbb, v )7
FNZBIKL —BKL O FH EHEA - WY T RIS ERTRE T 50— RO,
EF T FERKO BRI 2277 b= AEMLAEA L THOFRBRIED v 7 v 7 ROSIZ &



DR 3 BAREEETHIL— MO, T L CHER2Z=y by RG22 8 TRIZ—2Z8(2
BRIRZEBAKEZERT2L— @ THD (M 1-13),

DOHFRE_EHAEFTHHY 7)) v I2#RIGETHEMIL— b

X 1-13. B A B A 3 BIRO AL — b

T2 RETORER, L— PO L DIZE Y BT 1 OERUTHD) LT, Al tamsCos &
TEAML— PO, FZETHAMLV— FQOREM L HF oI5 1 OREERFFEIZ OV
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BE HIK-EREITIVITEFALEZERLAAEDRE RO AR
F—f SRIL—LOREE

2-1. R ZEHEAR - BN Y T ERNOE LT DA RGETEO

AT Cii 72 Akt OO BAR 2K 2-1 |RT, B 7 FVHER2 & “EKR3 O &
AR - EIH A v ) T ROSERTRE T ORI =EE 1 OB Th D, REMIETIE, £
IR ORERIBELED 2 & 3 VD Z LT, FEEER UV S —EEER CAVARDEY 4310 6
AEEE B DLID,

FZH StEEOEEER

FFE. T I E O TASEGHEOOMF 21T o7z (K2-2), HifkD 2,7-E Fr
X7 aLy @) OF RV T7T— METHI LTS & BRIVKETHRIZ, 5 EEHHAY
FALSTSNATT 2 E TR UBRT ATV 6* % T5%IRIZTAK LTZ, Fon7- 6 LD 4-
S—R-1-TaE_B U LD BHD Yy 7 T RISIZE Y T & 72%DUER THEE L
oo B UT=0 77U o ZHTERA 71256 L T 40 mol%? VO(acac), Bk & /E &85 Z & T,
FRLHIR T 7V o Z OG5 #4T L C BINOL #5E1K 8 78 83%IURICTHELNTZ, AL
72 BINOL iHEk 8§ D7 = / —Phe Rux v iz A FLo—F L LCR#ELEE, VT
AR T 2R 7 FAERUSIC LY 45%IRICTHPOEER 2 2457-,

10



Tf,0 (1.2 equiv.) Bapin, (1.4 equiv.)

S : dppf)PdCly*CH,Cl, (4 mol%
pyridine (7.5 equiv.) (dpp )KOAcZ: (2.529q2u(iv.) b)
HO OH CHoCly, rt, 21 h HO OTf dioxane, 75 °C, 18 h HO
4 5 75% 62
I—@Br (1.5 equiv.)

PA(PPh3), (4 mol%) OO .
K2COj (2.0 equiv.) VO(acac), (40 mol%)  HO
THF :H,0 = 5: 1, Ho ; O CH,Cl,, rt, 48 h HO .
75°C, 24 h B OO
8

Bpin
48%

72 % 83%

1)n-BuLi (2.5 equiv.)

-78°C, 1h
NaH (3.0 equiv.) OO 2)iPrO-Bpin (3.0 equiv.) OO ]
Mel (3.1 equiv.) MeO Br  .78°C,thenrt.,14 h MeO Bpin
DMF, r.t., 16 h MeO O B THE MeO O Bpin
80% 45%
2

9

222, BT FIOVEHER2 DT IKERK

WICEF 7 F N BRI OF & IREGHRERT Lo, TR 4 225F 7 MOM {R#K

102 Z AL, 554072 10a 12 20 mol%® VO(acac), $HIAZBRILHI Y ~ 7V o 7 i D
filfi & U CTE &85 2 & T rac-BINOL #58(K 112° % 87%IURTH/Z, Na DT =/ — )b
PEe P e XA Fro—7 e UThRi# L7tk RERE VT MOM ExRET S
Z L T BINOL #FE(K 135 % 2 LfE 87%IUK T3/, BINOL iF &R 13 2E/ M) 77—
ME 14 ICFFE L%, 14- 7oLy PRl B SR - Bl 7Y U %179
LT, RUNRIZTE T 7 FLFEKIS 20T AT LA—REME LTS, &#%IZ15
DZHODT7 =)=V Fax s N 77— MELTHB &R 3 % 60%IUHEIZTY
TATUVA—REME LT,

11



NaH (1.2 equiv.) OO
MOMCI (1.1 equiv.) VO(acac), (20 mol%)  MOMO OH
T
HO OH CH,Cly, rt., 20 h MOMO OH CH,Cly, r.t., 36 h MOMO OH
4 2% 10a° 87% OO

rac-11a®
NaH (3.0 equiv.) OO OO
Mel (3.1 equiv.) MOMO OMe conc. HCI (8 mL/mol) HO OMe
R N
DMF, rt., 18 h MOMO OMe THF, 0°C, 4 h HO OMe
87% OO quant. OO
rac-12* rac-13°

(HO)ZBQB(OH)Q (0.5 equiv.)
i Pd(PPh3)s (5 mol%)
Tf,0 (1.2 equiv.) OO 3)a ;
¢ TfO OMe K,COj3 (1.0 equiv.)

pyridine (7.5 equiv.)

CHoClp, 0°C, 7 h HO OMe THF : EtOH :H,0=6:1:3
80°C, 15h
37%

0,
rac-14 62% 16 as diastereomixture

Tf,0 (2.2 equiv.)
pyridine (7.5 equiv.)
- >

DCM, r.t., 20 h

60% 3 as diastereomixture

X 2-3. B FT7FNL_BIK3I DT IEERK

F=H StIEROEEZAVE-ZERK-BERIVIIVT Ok

WICAF DN HER 2 & &K 3 W T, ZEHAK - BlA v 7Y v 7 a R e T
DR 1 OGERF L (K2-4), BIAERDDA CIZ < WARKJS S (Condition A)
L. 2014 FEICHFMIEN LI a TG T o= L UHHEKORL ESBK - By T VK
JSZE A LT B AR EOSSF (Condition B) ¢ A fiiat L7z, £V E D RIGHEKZ{% TLC
T=HX U UZICTCER LTIz & 2 A, RIGBA 12 FERIRRICHT 7272 AR v AR L, 51
23 MEEHRHR L 72 & 2 A, Z8IR 3 BRIl Shvc, ARBUS TIEEEERR vk & —E]
P DAV R T 2 AREMER H D, B L < Bz TLC EO =S5O ARy D H b, Rf
=0.12 [(hex : EtOAc =2 : 1) x 2 [EI|OALEW D m R E o OFE R, BRI TH S 1 O TR
L —E L7, 'H-NMR fi#T 2> & Flallinia CAVR & — [l VRO o7 27 LA
~—IRAEWAERN THEENT, FEHZ 7B IREZ AW Z & T 4 FEORERIRG M
C,. YUBTNANITRZEDYT AT VA —OHHIREETH O . F7UEERE 5% &
RWER L Ap oo, £ 2T AR 1 O XV EEMZRNT 21T 5 72912, HFPRNTHIFL 72 RO
AW THESEBE 21T > 7o,

12



2 Double Suzuki-Miyaura
Coupling

HRMS (APCI) calculated for [M+H, Cg,H5;06]": 1165.4463
found: 1165.4502

Condition A Condition B
Pd(PPh3)4 (25 mol%) PdCI;(PPha)s (25 mol%)
K2CO5 (2.0 equiv.) KOH(15 equiv.)
THF : H,O =10:1 (1.0 mM), 80 °C THF (1.0 mM), 80 °C -
ref) K. ltami et al., Org. Lett., 2014, 16,2174

Hex : EtOAc=2:1x2 Hex : EtOAc=2:1x2
[ ] e O o o [ ] [ J [
e o e o o o
2 + — » notchange — e
(1.0 equiv.) 1h 12h e o o o o 23h o o ° 1
¥
o o o o [ )
t--F-@®-0--0--@ -i--F-0-0--0--0
2 3 2A28B 2 3 2A28B
+ + + +
3 3 3 3
+ + + +
A B A B

2-4. BT FN BRI OTE IKERK

FUE AFMERTEEOMENTESR

UHFIEETIX, 2 77 M=V ORFRBICHI T » 7Y o T RISIZAE R S0 N F vy
LfBBE(R,S,S)-16 DBIFEIZEEI L T\ D 3, A 0O = DD/ G0 LR ERALAS R A
B ThD 2-F77 b—VIFEER Ty A2 RRICEE LT 2 & & b ICHRER A & R RIS
D ZETEMELBEEIC L0 SO AR L, fER. SR O m T o F AR v )
7R TH % BINOL &A% SIBIRMICE- 25 (X2-5), £ZC, 277 b—L#FHEKT D
RED v TV T RN KT T Ml (R, S,S)-16 ZiE AT 5 Z & TO)-8 A L., =
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BIRES,SS)-1 ORFiGE HiE LT,

tBu O R -
o | oo ;
/R (5 mol%) O/é:\o v HO P
/C@ 00 ’ > Ho +Hp0 AVA
AT catieeg | e [
& . N s
_NL\\(O X % 8l (R,S.9)16
tBi O (S)-BINOL (5 mol %)
- - up to 97% ee
Dual Activation Chem. Commun. 2008, 1841.

Chem. Commun. 2008, 4113.

2-5. ZETEMEAUEBEREIC TRMLIIARE D v 7Y VRS RN T DT SRR 3

OO NaH (3.1 equiv.) O‘
(Ra,S,5)-16 (5mol%)  HO Br Mel (3.1 equiv.) MeO Br
) H t. M
CH,Cly, 20 °C, 72 h o] O Br DMF, r.t., 16 h e0 O B
83% 82%
(S)-8

(S)-9
78% ee

79% ee
1)n-BuLi (2.5 equiv.)

-78 °C, 1h
2)iPrO-Bpin (3.0 equiv.) CO
o 20 0n s .40 © R ° Bpi
519 Recrystallization $)9 78°C,->-10°C, 15 h, > 50 °C, 2h MeO O pin
. THF MeO .
78% ee 7% 97% ee Bpin
59%

(S)-2
96% ee

2-6. HLER(S)-2 DAL

BINOL #H3E(K 7 DAL A F L IR, T2 07 AAFIMIE(R,, S, S)-16 % 5mol%H
T 20°C » ZBREHA T, 72 REREET 2 Z L CHIIO D » 7V » T{RD(S)-8 73 83%IX
K T%ee (THLNZ, 7B IREGMR (X2-2) LREIERMIIZTES)-8 DT =/ —hE
Fafd iz 2T Lo —T L LTR#ET D2 & T, (59 % 82%IE, 78%ee T, (S)-
9 &7 iRV U D DEIRILBIEIC THMEmZ1T 9 2L T 78 IRE b
ELTHRELER., BHEND 97%cee D(S)-9 & TT%INRIZTHZ, Dk, U FAHbaik
HT DR FEINITE D . 59%ILEK, 96% ee (2T HAJHEIR(S)-2 #1537,

WIZE T 7 F V8K 3 ORFEREMT Uiz, Z8IK 3 OR 7 —1 T v 7 EkFIC,
Tf{ATdH 5 BINOL FHEK 13 BNEMESFMHFICARE TH Y . FHAFE S BAFEKE 720
X UBERGUREMER LD Z LN Lz, £ 2 TR VLMK E IR
BINOL #F3E(AD G R & BT L 7o, BRSO 5 T ABI S 72 BINOL #5582 7 A
YL, ENOFHEREE 2-1ITRT 2T 7 b ViFER 10 OFRLIAET D v 7V v TR
WCCARFERT D2 LM Lz, BEFHEKT, T U0 A2 1 mol%MH V., i



fEAF Lo 20°CIT T 135 RFEEER L 72 2R, TBS fRaER 10b 2 » 7' o Z R A &
L7856, HHEJO BINOL #5384 11b 23 94%IXE, 95%ee & fix b R WD F o F A
PETH LN, LoLAnG, FE b & > 7 U 7K 11b OPPESC REEN IS, &
VAT NTT N DEERREETH D Z L, S DICEDRDFEHIZIB T TBS KN
KFELT RV WA%ﬂﬂb\éﬂﬁi’E%*ﬁ:’Cﬂm% SNDHZENHH LIz, BETLZHT

. B fE R THE O NTALFERNC LR E R UVRER 117 HRTRIC Z &K EZ B s
L7,

# 2-1. BINOL #FEK 11 OARF A R EHt

R34 R NMR vyield of 11 ee of 11
OO 10b  OTBS 94 95
(RsS,S)-16 (1 mol%)  HO R 10¢ OBn 73 80
HO

R 02 CH;Clz,20°C, 135 h HO R 10d OAc most of 10¢ recovered
5,6,10 5 OTf most of 10d recovered
1 6 Bpin 63 78

15



BnCI (1.1 equiv.) OO
o _KeCOs (15 egiuv) (Ra,S,S)-16 (1 mol%)  HO OBn
DMF, 60°C,16h  HO OBn Oy, CHyCly, 20 °C, 120h HO OBn
44% 10c 73%

(S)-11c
80%ee
NaH (3.0 equiv.)
Mel (31 equiv.) MeO OBn OH 2/C (10%W/W MeO
DMF, 0°C,24h M€ OBN  EtoAc,rt, 24h H, V€O
75% quant.
(S)-17 (S)-13
Tf,0 (2.4 equiv.)
DIPEA (3.0 equiv.) o
DMAP (20 mol%) MeO OTf recrystallization (5118
- 5 _
DCM, r.t., 18 h MeO OTf o
97% OO 79% >99% ee
(S)-18
79% ee

Pd(PPhs), (10 mol%)

K,CO3 (18 equiv.)
S)-18 + B in—< >—B in
(5) P P THF : H,O0=5:1

>99% ee reflux, 20 h
(6.0 equiv) (1.0 equiv.) 81%
51% of (S)-18
recovered

2-7. ZHIK(ES)-3 DAREE L

Tl 2 it L7 . BmIC & IR(S,S)-3D AR, X2-7 IR /0— M TRk L7z,
WRIECEHDN D E 7 R U VAR10e 2 44% IR TR 7%, B/ XU UE10e DL A TF 1
WRIRIZ RGN T 0 M (R,,S,S)-16% 1 mol%isI LT, BAFRIRFHA T T20°C, 12015 i
T DL Thy 7Y U TEDES)- 1z T3%INEE, 80% ee (2 THTZ, BINOL #HEMA(S)-
NeD DD 7 = /) —Ne RaxTrz A FLo—T7 e UTR#E LR, N ULEE
BITSAFICCBRET H Z & T, (5)-13% TR TTS%IRIZ T 72, BRMES:E F CRZEET
& > 7-BINOL #HEMR(S)-131F, =i, EXFEFAR T THRLITOMNETT 2HN 721
LR SRR (X2-3) HRIEETHD Z L0 EWiEmtEZ HfF L
T, (5)-13% Y b U 7 T — ME(S)-18~ & 0T AH LA 5 2 & THRP IR
WiEEA EA2 B Lz, BETOREE. HH9D(S)-181X97%INRICTHE S, F 7 /VHPLC HIE
NOITRRE I FMENRTENTND Z EE2MHER LT, HFONT(©S)-181X, 7 rak/LA
X B O ERIEEEIC X D R Bl LD 7 Ifma ik o2 2T,
R BRI 72 (S)-18 2 T9% IR TG H Z LIZPI LT, Hie< HEAR - Bl v
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TV, T L VR RIS L(S)-18% 1 (624 8) IZHWASZ & THRW
(5,8)-3M381%IVE T B, REJSD(S)-18% 2 U 7 N1 T IAERILS1%ILR TEIT L

77

BRE NFMRTREEERAVV-ZERK-EiRNY T T ORE

MeO OO O Bpin .

eeavas

(S)»-2
96% ee
21.6 mg

(0.03 mmol)

30.0 mg
(1.0 equiv.)

Pd(PPhs), (30 mol%)
KoCO3 (15 equiv.)

THF : H,0 = 10 : 1 (1.0 mM)

reflux, 48 h
4%

(S,S,9)-1 OMe
1.5 mg OMe

2-8. = HAK(S.S,S)-1 DARFERK

HFHNAURR BRAR(S)2 & ZRAR(S.S)-3 & MEIC A - Eilin v 7Y v 210 k%
SIS ORF E1T 272 (1028), ()2 £(8.5)3 LIETH 24 (TR 7L LKA T
7= Condition A DARFISEMZ A L7 L Z A, TLCE=X U > 7T, 7 IRAmRE
RSB 27 L, AT 48 BRI ICFURKS)-2 DIk A R L7z, a1 (5% Ik
LVT AT LAY —KORAEY) LA U RFEORT(LaW 2 HEEL T, "H-NMR f#H7 & O
FRBEETROYAT 21T - T2k, 3 1 OALBMO D Loshic & L1z, Dy xdFriik %
AT % H-NMR F v — b (X2-9) BELNIEZ ENE, 4%PERTIED Db DD(S,S,S)-1

WER LTI EHERE SN D,
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j H H

; N H3CO E E Q

3 ‘/ H H

| (‘

B ‘ ‘

LJ‘L\J'N// JLJ “ i A . / LW

T | |

353588

2-9. ZEIK(S,S,S)-1 D H-NMR F v — |

SEW
1. Demadrille, R.; Moustrou, C.; Samat, A.; Guglielmetti, R. Heterocycl. Commun. 1999, 52, 123.

2. Horibe, T.; Nakagawa, K.; Hazeyama, T.; Takeda, K.; Ishihara, K. Chem. Commun. 2019, 55,
13677.

3. a) Somei, H.; Asano, Y.; Yoshida, T.; Takizawa, S.; Yamataka, H.; Sasai, H. Tetrahedron Lett.
2004, 45, 1841. b) Takizawa, S.; Katayama, S.; Sasai, H. Chem. Commun. 2008, 4113.

4, Metz, A. E.; Podlesny, E. E.; Patrick J. Carroll, P. J.; Klinghoffer, A. N.; Kozlowski, M. C. J. Am.
Chem. Soc. 2014, 136, 10601.

5. Castro, P. P.; Georgiadis, T. M.; Diederich, F. J. Org. Chem. 1989, 54, 5835.

6. Ishii, Y.; Matsuura, S.; Segawa, Y.; Itami, K. Org. Lett. 2014, 16, 2174.

7. C.W.Lim, S. Lee, Tetraheron. 2000, 56, 5131.
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F=F SFRBIENIYTIVTRIEEZRAVS=ERLAAE IR AEROMBENRET SR
F—8 ARL—tOEE

FETIE, =00 T T FEREARFER LIRS, ZEHWAR - BilL Y 7Y 7T
THEADORINZ=y "EEMAE LB 1 2572, LOLRRL, BINEIT 4% & fid T
B < BRI 7R EREAT LTI > T, REMSGATREZR A& L — b & LT, o F IR kY
B PV T ERRGEET D ZHEHA LN A B Y ABEFEOMBEARFT AR ERGT LZ,
bbb, BF T FNEREEAE BROSIZA WD A RL— T 5, 8t & 72 2 PHERRATBEA 21
X, BEICARICRTI L T\ D “8BIK3 & F 7 b—iF8ik 22 L ogek - Bl v 7V S
IS TERTE D B2 (1K3-1),

D TFRBRILH
FENVTIVT
_

B = OO
nyFIvY 2 x HO +
e ——

3-1. pFHNLRIAF A v 77V U T ROSICE D =HR LN A BT R BEFBEDOERK

SH EFARAMBEORFESR

Bopin, (1.2 equiv.)
PdCl,(dppf)*CH,Cl, (4 mol%)
KOACc (3.0 equiv.)
HO HO
O dioxane, 80 °C, 20 h O
7 Br 21 Bpin

91%

Pd(PPhs), (10 mol%)
K3PO4 (6.0 equiv.)
THF :H,0=5: 1

80 °C, 24 h

(2.1 equiv.)

61%

3-2. PHBRAIERIA(S,S)-20 DAk

DIRNBACRIRFE 7 > 7 2 7 S OFERTBRAES,S)-21 S~ T 7 b—n
FHER 22 DA EIT o7 (K3-2), BEEd 6 (X 2-2) LiilRD 4-3 — R-1-7 22X ¥
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YEDEAK EHA TV TS E VAR LT T EEA U RSS2 & TR
AT AT )L 22 & 91%DILER THEE L 72, " &I&S.S)-3 & 22 (2.1 48) LK - =il
1y 7 T ROGIZ K0 B RIPABRRIBEIAR(S,S)-21 & 61%ILF THT-,

BZW SFRDYTILT ORE

(S,9)-20 Lo
CH,Cl, only
(Ra,S,S)-16 (15 mol%) . *
S,5)-20 no reaction . | o
8 (CH,CI), (20 mM) 50 °C, 27 h ® ¢ ¢ |CH)Cl,:MeOH=95:5
Air, 30 °C, 14 h / y
(S,S)-19 L e-e- Hex : EtOAc=1:1

3-3. TR U T AR, S,S)-16 (2 X 5 (S,8)-20 D4y INERILES A >~ U v T RO

WIZAGF HALTZ(S,8)-20 D BT 20 LR, S,S)-16 & 550+ NEgbr A » 7Y
TROGEBRET L (3-3), (S92 D 12-Y7nnxiy 20mM) I AR, S,S)-16

(15 mol%) ZNMZZEXRFEHAT « 30°CIZ T 14 FEEIBHE L7 2 A, TLCE=X VY ' F/ T
IS DHEITIZR SN0 o T2, (5820 D 12-27 11w 2 kT HAREEARME D — K &
B Z. (5,520 DRI EARET D S0°CIZ IR L, 27 KRR L7, f5%. TLC LICH®
ZEAR(S,S)-19 DA ZE MR X D EENS,S)-20 XV b FEBIEOLA Y D LR D RS
i,

S-2736_APCI #16 RT: 0.21 AV: 1 NL: 1.18E7
: FTMS + p APCI corona Full ms [500.00-1500.00]
582.2129

933.7762 o
11(}00{)00j M(?Me
10000000
9000000

=2 550000
& 1’000000a
£ 60000003 | @ :8
E 1200,
5000000 — zoolszss
\ 1125,3060
4000000* 745.3228
suoouoo- ‘
6634545
20000003} | 329 2307 \ | e77.2882 1274.3442
1000000 “ h ‘ l 1142213824
= ‘ Me
0- ” 1 hl l s N LT | F (ST NN 8 S _19 OMe
1000 1200 1450 ( ’S)
miz :

3-4. ZH{K(S,S)-19 ® HRMS (APCI) F+v— b

RAEHICIE, ARt e EWIT o BEREe “HMU EOREMTHL ZENHALIZ LD
D, wEfREE RSN (X 3-4) [CTHRMOE—27 BHERTE 722 & NMR f#T (X 3-
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5) o H YTV TR 2H SEES RS 2 D DARIGIZE T D EAMDIE
HE)=8IRS,S)-19 THDH Z ENMIRB Iz, W, BN U T A5EK, TMEDA #i(11)
PR, VO(acac), S5 Z AT » 7"V U FROSZHWEBRIZIE, BOSITIE E A EHE#IT LA2nh
BHERIREME 52 2 DA T, HHY=EIK(S,S)-20 DAERITFHER TE 20> T,

crude _' ‘

' [ ] ) e T___________ -
Il ‘H [ ,} Wl « , (s.5)-20

_ ‘! (S,5)-19 ' ‘

R W W R Bl S

3-5. PABRANERIR(S,S)-20 Do3FWEALEY T » 7V 7 O D crude, PABRRTEEAR(S,S)-
20 OV = BAR(S,S)-19 @ 'TH-NMR F v — |

33 TR T RUGSEEEIRE 20mM TOAFINH v 7 U 7 ST, (S.S)-19 1357 B IR #
REIVER E DIREW L T oT-, & 2 CRIGEBEREL 2mM 1725 Z & T 7RG H
KOAY I~ —ORIEZIMZ, @RS TS JUSIROIR T 25 8 L Tl A 30
mol%I|Z I 7 L(S,5)-20 D5y WAL B~ 7"V v 7 b et L (1% 3-6).

OMe

(R, S,S)-16 (30 mol%)

CICH,CH,CI (2 mM), 50 °C, 120 h, Air 1O

HO ) )
OO O 65% isolated yield

(S,5)-20 .
20.9'mg OMe (183’?;13 OMe
(0.018 mmol) (0.012 mmol)

Xl 3-6. Fcitl SGSMIT I T B (S,8)-20 D4y T-INERLI S » 7 v 7 I

FER, BIAERDOAERITIZE A ER LT, BIBABRIKSS)-19 B EAMY & L TUILE 65%
I CHBEECTX 7 (K 3-6), AIZIHBWT 2 mM (2 EVEE B 2 [ 7E LALEE 2 40 mol%, 50

21



mol% & HMN ST H(S.S5)-19 DINROE FIZR Shiedotz, F7-fliEE 30 mol%fd K

12, FWEEEZ 1mM,0.5mM &R L T & RUEE T RIBICED T2 2 & 2R L T
W5,

B AEVABEEEAOSFEBERERY LT ILEDLLE

I—+@ Me

NaH (12.0 equiv.)
Mel (40.0 equiv.)

DMF, 0 °C thenrt., 24 h
79% yield

Me
(S,5)-19 OI\%

=D

eI
MeO O O Bpin
(S)-2

3-7.(5,8)-19 D A FNAKIZ L D A © 7 ZEFNE = AK(S,S,S)-1 DEFL

Pd(PPh;), (30 mol%)
K,CO3 (15 equiv.)

THF : H,O =10:1 (1.0 mM)
reflux, 48 h

N—F@ X VAR LTZ(S.S)-19 D DMF iEICk L, 0°CICT NaH (12 4&) A1z, Mel
(40 4 &) ZIRM LT, 24 FEREE . JFEFO(S,S)-19 73 TLC BRI THK L= D & feadtk .
BT AREENC LY B ZEIR 1 % 719%DIR TE- (K 3-7),

NL—1rO

Y/ SPPN

2N ®)
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¥ 3-8. L— FOK V@ THK LIALE® 1 DZFNZEI 'H-NMR 7+ — |k
N— FQTEMRLIALEW 11E, v— FOD ZHEA B/ A v 7Y VRIS TEM LT
(5,5,5)-1 & 'H-NMR ([¥] 3-8) MOEFEANRY MT—ZN—F LT, WD >~ 7
VU ZROGE S BRAICHEEIT L, —EHRER CIRES,SS)-1 OBRDBERT D2 L 2R L
7=

X 3-9. il A F /v L7z —[alEEE3 UAVA(S,S,S)-1° & 2 ml#nia UAVIR(R,S,S)-1° DRkt

SEOERHKTIE, — FOKOL— FQDOWT U T S — R4 AR ER L,
FEER CAVRO AR CEX e o T, £ 2 CRIAIC K D, B A Fv—[EER-2 Uik
(85,5,9)-1° & F:[mldxia UIR(R,S,S)-1° % 43 &7 WML EM & llsiret L7z (K 3-9), AT
w—@%*@un%@&wv&¥E%@Eh¢ms&y%h@ﬁF_TWLMLtk_é\
BB TE DA 220N (S, S, 8)-1° D22 ERLIE T R L X —[T 284.14 keal/mol TV | [z U
R(R,S,S)-1° D% FEFLJHE = R )L — i%HWMWMﬂT%Mfﬁiﬁﬁi*»%~@#i7%
keal/mol (27°CIZHVNT[(S,S,9)-1°V/[(R,S,S)-1"]=0.997) & 72 -7=, (S,.5)-19 D4y WNELI A
v 7 T OGS DOEBIRAE & BRALKO L ERUE & O3 )L ¥ —Z2 % HERERT 52 &
FREETIIH 2 OO =ZFEROBHENEFITHR SN TND Z LD, Nk
v 7V T ROG ORI & ZEREE R LF—IXFIER — BN, TOZRLF—E
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P8 S RPWER S FINPABRSOG 2 RHE U, A5 R, — R CAUR(S,S,S)-1 DA DR L T-—
LEZLND, M. (58,5)-1"0 HOMO, HOMO-1, HOMO-2 % DFT 2l (Method: BO7TM-
V, Basis set: 6+311+G(2DF,2P)[6-311G*], Geometry: B3LYP/6-31G(d), Energy: -3453.551891
hartrees) L72& Z A, BINOL O#lithES 7 U 7 ¢ —EHAL TCOHLENIHNZ & DRREB I N7,
T TAFLF Y v TIESSS)-1 OFFEE ST 21T > 72,

ShE XREREN

Space group: C 22 2,
R,=7.60%

WR, =22.76 %

GOF =1.031

Flack Parameter = 0.11(5)

SIDE VIEW

3-10. (S,8,8)-1 O il

J— R@DOWNIZ LV . — [N CHKS,S.S)-1 D 2 7T AN ATREE 72572, 1+
DEDOMERNREIZ I 572 2 LD | ST T HRE S X SRS 2 st L7 (X 3-10), #%
BAR—Y—FHHFR T 2= LU RT 4 A —F—LTWVDEHDOD, BF 7 F/VEKNO
EARAAE & ©F 7 F VB OO MEITIZIE 60 ETHY . M LIZIE=AROS FiEE L

WTE7z (K3-11), B F 7 FVEKEO Mm-S 1.58° ST s 2 R LT
WD EMBH AT ZAEFHRENPMIFFCE DR NE LN,
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EFI7FIILERRNO_TmADTEY : 66.38°

MeO OO @ OO OMe
MeO O O O O OMe

EF7FIILERBO_mADTEY :1.58°

EF7FILEEDED A ELIZIX60°
X 3-11. (S,S,5)-1 D & F 7 F)LEIEN « [ Ik M Ol oD £ i

@O Top view

0,DFH 1 91.9° MeO OMe
0,14 :43.8° e
M. Hasegawa, Y. Imai et al., Chem. Commun., 2019, 55, 2749
MeQ OMe
OMe
O OMe
(S,8,81 MeO 7 Y OMe
0,MFH : 69.44° MeO OMe
6,0FH : 2.05° E=fa

[X] 3-12. (S,S5,8)-1 D AX—H—ZhiL : BRI « 5H 06 O =&K7L DLk
X 3-12 127898 Y 2019 SRR « 5H 603844 L T2 BINOL EfER = fR DG

F—H LSS LELMTHE T 2L A= — 5B A LT-Z LT, PHRBY HTE
DYV FICHEBINTNAZ ELHLNE 25T,
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0 SO0,
MeO OO OO OMe

FORLUETIZLUDBO ZEmAD Y : 40.47°

-40° +40°
1

BB FI79LF|

3-13.(SSS)-1 DF 7 XL T 2= L DOBO HA

X S AR AT I, (SS.5)-1 7 X LT 2= L DO AL 4047 Th
HZEwRLIE (K3-13), LL2nDh, A=Y —HHKRT 2= L O—HRT 4 A4
— X =L TWDIENRZT NG, BRDO—DIZAN—Y —FHFERORLEHNE 2
AT KR TO 7 = = L U 0258 4 TH-NMR (2 CELHI L7 (X 3-14), E THF &
i SRS —100COIRE FC NMR ERAITo72L 2A, DI 7 ==L IR
THE—I BMMERESY 7 b L, BT e — RIS T 2 O T OB MR % NMR 52
BRICCHER T 5 Z LIXTE o le, IREEFZE TH-NMR FERR) HRKIE N2\ Th 7 =
=L UEBALIZIEEE LTV D 2 E AR ST,
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“173 K (-100 °C) J

1193 K

4213 K
233 K

phenylene

| RT T

:pam per Milion : Prosen

3-13. (S,8.5)-1 DIEE A28 1H-NMR F + — b (in THF-dg)

EARE (S, S,S)1 DYtEREE

it = F22, PABRAIERIAT J 1 7'(S,5)-23 K O = &1 (S,S,9)-1 D4R AN AR I A~
FLZRIE Lz ([K3-15) , Hfr = h22i2 7 5172270 nm & 108320 nmAsf it WL A3 A
BRAIEA T F 1 /' (S,9)-23 TILZNZ 275 nmKZ U830 nm~& > 7 h L, —&#K(S,S,9)-1T
FEBICREREMA~E ST R L, #7272340 ORI A HER SN T-, —BIESFIERIC &
DIERPKRELS RSTCZ LICERT 2 LR InD, EARAIEAYT 1 7(S,S)-23 %
N=&IR(S,S,S)-1DCD A7 hbiE, & $12250 nm~270 nm {37 &% 18325 nm~330 nm
W2 (+) ®=y FUghE, 270 nm~310nm {FTis (=)D =y FURB RO, AT
—HR(S,S,9)-11Z1E360 n T ITHT 7272 (=)D =y b USRI HEGRR T E T2, A UL R
EIZEL VAR TN ANXT VT 4 —Th s eSS (X3-16) .
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1.5

250 300 350 400

wavelength (nm)

(S.S,S)-1 (0.01 mM, in CHCI,)

3-15. Hifiir = b 22, BABREIENAT 1 7' (S,8)-23 K TX(S,S,S)-1 DERA AR A~ kv

wavelength (nm)
(S,S,S)-1 (0.01 mM, in CHCl,)

3-16. PABRRIEEIAY w1 7(S,9)-23 L UVYS,S,5)-1 D CD A7 kL
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RIELSHBDORE

B FDONARN R 2o THHRES N QOB AL Y A F Tt 2o 7 VR Z il 19— AR 2 5 2 1
CIIMED IR TN, AE T AT F ORGP - TODb 00D | 2D 4 R
2L, FCH, EFHENZR S ERUNAE T AL RO A RITER S T -7z,

EF T FVEKITEA T2 TR TV 2=y N Chd, oD FTHL D HE A NINE
= 1 WUENERDIO THENORND, SEFLT, BT 7T VEROMICT7 ==L VRO LH72D
I —E B S BRI T O FOVE RO R D INSK Y . FORE RS AR Tk
L CAETRAGFERERDOTIIRVEE 2 | B F 7 TV EEOEARF 2352 & CRAE
P72 ZHRAUNAL T AR RE AR TEDEE ZIRFEITV, LLFORRZS -,

TERARERMYTIVTEFRALE=ERLAACORBFETROER (B2%)

BIRZBIR 32T AL, L PIIATEIROE AT L, TEIRERL 2 LT 2T
F~—iREMTHL 8K 2 O _HWAR-EIHy TV T Bt LA bt &
® H NMR F—MIEHE T AR #7250 D HRMS (APCI) ([T HMF 3 M55
NTCWDZEERER LTz, RIT, AT B EAR(S)-2 & T 8RAR(S,S)-3 L . —HnA-
BN TV T EATHT2EZH A%INRTHLL DD | BRIk Z8AK(S,S,8)-3 215D LI HLTZ,
Bk = 81K(S,S,5)-3 D H-NMR fi#ATIOARERAL G 13 D i Fifiil T 5 Z &2 Rt LTz,

OO O Bpin OO O OO P(PPhy)s (30 mol%)
MeO! P MeO OMe KoCOj (15 equiv.) MeO
MeO O Bpin MeO. OTFTfO OMe  1yF.H,0=10:1(1.0mm) MeO
e reflux, 48 h
(5.5)-3

4% yield
(S)-2

DFARABIEDYTIVTERANB=ZERLNAEIRFEROMBENFEFSR (F=F)

B B CIIOR BRI e AL D R R 5 T OB BRI REN LT D 0 | IO s XK
Tholc, £ZT 2-FT T M= VFFERDOREFBACT > TV TNH 8073 KT D0 LA F bt
(Ro,S,9)-16 (ZXDERALATERIAR(S,S)-20 D53 FWNER{LRI T > 7V 7 %8R EOUZ(S,S,S)-1 DA RAE
BIL7- fEH 30 mol%DfilIEE(R,S.S)-16 % V>, 225 FEFHA T, 50°C, (S,S)-20 D H/E
2mM % 120 FFRFERT 228 THMBABRIR(S,S.S)-19 % 65%INRIC TR THI LRI,
(55519 O_D>D7x/)— e RaF A AT N —T L EUTR#ELIZ%, 5 _E TAKL
ToRE SR (S,S,8)-1 LHH L=E 2 A W LA DO NMR B — 2134~ C—F L7, il (R, S.9)-16 %
FWDERALRIBRIAR(S,S)-20 D5y - NER L7V 7 Clk, T AT L ARIRIIZ(S.S.S)-1 & 52
HZEERHALINIUT, WFREE ZERUNACTAE SRR 1 Ot FF T AT
ARG IR T LT,
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(o}
t-Bu
(Ra,S,S)-16 (30 mol%) RO
o . RO
CICH,CH,CI (2 mM), 50 °C, 120 h, Air

65% yield

Diastereoselective Reaction

S,S)-20 S,S,5)-19 (R=H
(5:5) NaH (12.0 equiv.), Mel (40.0 equiv.) | (55,819 )
DMF, 0°Ctort., 24 h
! ’ S,5,5)-1(R=M
79% yield (S:S,5)1 (R =Me)

FoN72(5S.9)-1 1%, BEARRAET 254 nm OXA R T DL F OALE R TIELHLNER-
TWD, AT AKERE X 0 AT FHAMELE L COISHICEER b2 b,
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A

FTHEZFEZ T TNV & £ LI RIORFEFL SRR R S % AR e s om
SIEKEIANT- L ET,

AW ZAT D12 T2 ) REIREHIR 2 W2 12 S HFRE, HEEZ 5 £ LI REIORSFEESE
FHARTERT 4 BB R A 0 B RGO T2 L E T

AIFFROZATIC D72 EHEEHIFE L TS SRR E 2o 72 & £ L7 RIRK T E
FERAHTIERT AR WA AEICIR IV LE T,

AR MED DI H 72 ) A RMEBE, HfREAZ W& £ LIeRARRT I ITRd e
WS BEHO - LET,

AR ZHED DIZHT2 0 AR HIE, HIREZ W72 & £ Lo RIS EZER SR
AR SARREZ AT B - L E T,

ARG T THIEES IS 72 0 F L7 RICOREPESER PO TEFTIR B AT & o 2 — DRI
HALE L B £,

MRUNDEZE DL BRI EZ T W&, RICET I TN, EOARL
ka*ﬁ, T FVMRISOL L 0BG LET,

NFNT DT 0 B el &2 W2 72 & F L2 RIRR S EER 2T e AT 40+ & AL 2 9E 5y

e
%J?’ %1‘% EHNTZLET,
(2. BFFEAETE 2 B UISER 26 TS R IR, KAITD L EE#HWZ L ET,
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ES

Genaral information:

FERGR AL 227 R JL(NMR)DHIE L JEOL INM-ECS400 ("H-NMR 400 MHz, '3C-NMR 100
MHz), AVANCEIII700 (‘H-NMR 700 MHz, 3C-NMR 175 MHz)% fl\ 7z, &iBtofbFs 7 b
1% 6 fli(ppm) C/R L, AEUFEAERIL T EMHz) TR LTe, By 7Y 73— singlet
(s). doublet (d). triplet (t), qualtet (q), multiplet (m)T/% L7z, 'H-NMR Ofb> 7 hI@E Y
2RV AEEETIE 7 v e ARV A (7.26 ppm)d HWET BT A F LT 2(0.00 ppm), H
DMSO & EH Tl DMSO (2.50 ppm)% ., BC-NMR Dby 7 MIEZ 1 v kL AEEETE
7R (77.00 ppm)Z LN EIVREIERE L L THWTR® 72, HEoEEIL LTQ
Orbitrap XL (Thermo Fisher Scientific)% V7=, HPLC Z3#TiZ JASCO HPLC system (JASCO PU
980 pump and UV 975 UV/Vis detector) & V7=, S84 IR A 27 |k JL1E V=770 (JASCO)
Z ATz, CD A2 kL J-1500 (JASCO) % i 7=,

ST B O3 U TLC 13 Merk Silica Gel 60 Fasy Z iz, U BTNV I T homa~ 757
+ —® Si0 IE Kanto Silica Gel 60 (40-100 um) % i\ 7=, TIIRORIEIL S &7 5/ E21THT
R Lo, 83U ABEIRAREE(R, S, S)-16 13 3CHk ' #5812 L CGRELL 7=,

1)Takizawa, S.; Rajesh, D.; Katayama, T.; Sasai, H. Synlett, 2009, 1667
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HOOTf

5

BRFHER T, 2,7-Y FerXsF 74 L (15 mmol, 2.4 g)?® DCM #&iE(50 mL)IZ &Y ¥
> (7.5 equiv., 112.5 mmol, 9.1 mL)Z 1 2.7z, 0°CIZHEIL, MK KU 7vAd | A X 2 ALk
VFE (1.2 equiv., 18 mmol, 3.0 mL)Z % F L. =RiE T 21 BEREHE# L=, IMHCIIERZ M2 T
B ZAF 1L S 724, K@% DCM T 3 Rl A 2 i tik ool L, g ~Y

AN & S A R SRR ATV 5 OMAERY ST, B b HARYIX
UGN T AT a~< N7 T 7 ¢ —(hexane : EtOAc=3: DIC X W ERIL, 5§ #1572, (2.1
g, 7.1 mmol, 47% yield)

55372 "H-NNR T — MMISCHROfE & —3 L 7=, (C. Moustrou, et al., Eur. J. Org. Chem. 2003,
2799)

AT

6

Bpin

FAH 7 Z 2 2|2 5 (1.5 mmol, 438 mg). Bypiny (1.4 equiv.,, 2.1 mmol, 533 mg) .
Pd(dppf)Clo-CH,Cl (4 mol%, 0.06 mmol, 49 mg), KOAc (2.5 equiv., 3.75 mmol, 368 mg) % 1 %,
T7I7AaNEEEIILIZOL, BRITAZB/ASEDL Z L4 ZHVIRL TEREAKIT
W L7etk, UAF Y (1S mL)Z2 Mz, 75°CT 18 R L=, =RIEE CHmAIL., ffnth
b7 =0 DAKESIE &2 N2 CROG %A% 1 S8 EtOAc Z N2 THI L7z@iE2 T4 5
WIZ DY BR R, KB A EtOAc T 3 FEfl . A & fafn &K CURiR L, RitEg
MU T AR G Z RS CTRERMEZ TV 6 O Z1STz, 15OV HAR
WISV N T T L7 a~ s 757 ¢ — (hexane : EtOAc=3: DICX VKR L. 6 &2 75%
IR THH72, (305 mg, 1.13 mmol, 75% yield)

55472 'TH-NNR F ¥ — MMISCHROfE & —E L7, (C.J. Springer, et al. Bioorg. Med. Chem.
2013. 21. 1284.)

L

7

Br

Yiara— MREIERERY T2 A AR T 5 A 3|2 6(5.0 mmol, 1351 mg), 1-7 12 E-4-H
— R (1.5equiv., 7.5 mmol, 2122 mg), Pd(PPhs)s (5.0 mol%, 0.25 mmol, 289 mg), K.CO;
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(2.5 equiv., 12.5 mmol, 1728 mg)Z Mz, 77 AaANEZHZEZ LT=Db, BHEHAZIKASHE
HZ xR KL CTERFMK FIZ L%, THF(50mL), H.,O(10mL)Z %, &S
T 24 REREIHE L7e, |IRE THAIL, fafnfb T v = AOKIEIR 2 N % TR & 1%
1k S, KE% BtOAc C 3 R, AHEZ Rk CoiE L, Mg hY v AIcXY
AHE)E & R S ORI 21TV 7 OMAERYE2T-, SO HAERYIZT ) 7L
NI Lrv<w 7T 74— (CHChIZ L VKR L 7 21572, (1091 mg, 3.65 mmol, 73% yield)
'H-NMR (CDCl; 400MHz): 3 7.85 (d, 1H, J=3.21 Hz), 7.83 (d, 1H, J=3.21 Hz), 7.77 (d, I1H,J=
9.16 Hz), 7.58 (m, 4H), 7.53 (dd, 1H, J=1.83, 8.24 Hz ), 7.20 (d, 1H, J=2.75 Hz), 7.12 (dd, 1H, J =
2.29,8.70 Hz), 5.10 (s, 1H). 3C-NMR(CDCI3, 100 MHz): & 153.83, 140.81, 138.02, 134.81, 131.90,
129.64, 128.96, 128.48, 128.22, 124.22, 123.00, 121.64, 118.04, 109.75 HRMS (APCI) calcd for
C1H12BrO (M+H)*; 299.0066, found 299.0065.

QW
HO
HO
9opYa
8

7 (0.4 mmol, 120 mg) & VO (acac), (40 mol%, 0.16 mmol, 42 mg)% DCM (2 mL)\Z % fiE S H, 22

RIRPHART ., IR T 48 WFfHIfi#E L7z, BUGHE ., BUERME 21TV 8 DM AR 21572, 55

AWM ) AN T T 57 v~ 8757 — (hexane : EtOAc=3: DIZ X D FER L,
8 Z157=, (99.1 mg, 0.17 mmol, 83% yield)

'H-NMR (CDCl; 400MHz): § 8.02 (d, 2H, J = 8.70 Hz), 7.98 (d, 2H, J = 8.24 Hz), 7.58 (dd, 2H, J =

1.83, 8.24 Hz), 7.43 (m, 6H), 7.32 (d, 2H, J= 1.83 Hz ), 7.27 (m, 4H), 5.14 (s, 2H).

(e
MeO
MeO
SORYa
9

F AT Z A 2|2 8(0.225mmol, 134mg)E Iz, 77 AaNEEZEII LTeDb, BRI A%
MASHDZ &&=k L TERFHK FIZ L72%, DMF (2.25 mL)% Il x CIEfiE St
7oo KT L VIEE% 0°CIZ FiF,. NaH (60% in mineral oil, 3.0 equiv., 0.675 mmol, 27 mg) % /Il
Z. 1 FEHEIR O Lo, BERE A 0°CIZ T, 33— RA X2 (3.1equiv., 0.70 mmol, 0.04
mL)Z i F L, =R T 16 R Lz, fafififb T v &= v LOKEIR A N2 TS 245 1k
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S, KE%A DCM T 3 FEfli, AR 2K & fafn 8K CHed L, Mg U U ALY
AR 2 vl S8 TR 21TV 9 OMARD 2157, ST HAERMIZT Y 7L
BT L ma~ 7T 74— (hexane : EtOAc=4: DIZ LV ERIL, 9 457, (112.8 mg, 0.18
mmol, 80% yield)

'H-NMR (CDCls, 400MHz): 8 8.01 (d, 2H, J = 9.16 Hz), 7.94 (d, 2H, J = 8.24 Hz), 7.52 (dd, 2H, J =
1.83, 8.70 Hz), 7.48 (d, 2H, J = 9.16 Hz), 7.40 (m, 4H), 7.29 (s, 2H), 7.22 (m, 4H), 3.80 (s, 6H).

(e
()eer
MeO .
9@

2

F AR T Z 22129 (0.1 mmol, 624 mg)Z Mz, 77 AaWNEEEIZLTEDOL, BHRHT A%
MASHEDLZ L& =D R L TERFFX FIC L%, THF 2 mL)Z Mz, -718CE TH
HIL7=, n-BuLi %% (in Hexane, 2.1 mol/L, 2.5 equiv., 0.12 mL)% 10 57 LA B2 TSR IZ
T L, -78°CC 1 Wit #: L 7=, iPrO-Bpin (30 equiv., 0.3 mmol, 61 uL)% SRR T L.
FBlE THRAICHIR L7z, S HIZEIE T 14 REREERE ., fafniE 7 €= 2K 2
A TS &5 S, KJE% EtOAc T 3 Eifi, AiE 4 fafn K Coeid L. Biiig )k
Vw7 AL AHERE A S S CRIERME 21TV 2 OMARYZ 5T, 507 AR
WXV NI T L7~ s 757 ¢ — (hexane : EtOAc =3 : DIC K W EERIL . 2 2157,
(32.5 mg, 0.045 mmol, 45% yield)

'H-NMR (CDCl;, 400MHz): & 7.98 (d, 2H, J = 8.70 Hz), 7.92 (d, 2H, J = 8.70 Hz), 7.71 (d, 4H, J =
8.24 Hz), 7.98 (d, 2H, J = 8.70 Hz), 7.98 (dd, 2H, J = 1.83,0 8.70 Hz), 7.46 (d, 2H, J = 8.70 Hz), 7.36
(d, 4H, J = 8.24 Hz), 7.35 (m, 2H), 3.79 (s, 6H), 1.30 (s, 24H)

MOMO II II OH

10a

FRAMT F 2 3(227-P RaxF 7 XLy (75mmol, 1209 % Mz, 7T AaNzHE2ZE
WL, BERHAZMASELZ L& —[lfYIR L TERFHX TIZ L%, DMF (75
mL)Z N2 TS 7, KIBIZ X VIR 0°CIZ FiF, NaH (60% in mineral oil, 1.2 equiv.,
90mmol, 3.6 9) &AMz, 1 KSR TR L7z, MEREZ OCIZ N, Zrr A F L AFv
T —7 /L (1.1 equiv., 83 mmol, 6.3 mL)Z i [ L. =8& T 20 REfEfE#E L7z, fafnfifbr o€
=0 LK N2 TROS &5 1 S, /K@% EtOAc C 3 EHhH, A#E 4k & fafn i
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KTHEE L, BilET b U 7 A K0 ARE 2 i S CRUEIRME ATV 10a DAY %
BT, BONTHAERDITI Y B AN T A7 a~ 8757 4 — (hexane : EtOAc =5 : 1~
3:DICKVKERIL, 10a 21572, (5.3 g, 26.0 mmol, 35% yield)

35372 "H-NNR % — MISCHROE & —3 L7z, (M.C.Kozlowski, et al., J. Am. Chem. Soc.
2014, 136, 10601)

MOMO I I OH
MOMO OO OH

rac-11a

10 (10 mmol, 2.4 g) & VO (acac) (20 mol%, 2 mmol, 530 mg)% DCM (50 mL)(ZIAfiE S8, 224
FPAST ., =R T 36 Reffiis: L7z, RUGE. MUERME 21TV lla OMAERM A5, 55
WIZHARMII S D B Z N T e~ 7T 7 4— (hexane : EtOAc =3 : DI X W KERIL
11a #4572, (1.6 g, 4.0 mmol, 80% yield)

55372 "H-NNR T — MISCHROE & —F L7z, (M.C.Kozlowski, et al., J. Am. Chem. Soc.
2014, 136, 10601)

MOMO I I OMe
MOMO OO OMe

rac-12

F AT Z 222 11 (3.98 mmol, 1620 mg) = Mz, 77 AaNEEZE|IZLI-D6L, R A
ZIMASEDZ & & —FlfR DR L TERFMX FIZ L7, DMF (40 mL)Z Il x TEfig <
T2 KT L VIRFEZ 0°CIZ T, NaH (60% in mineral oil, 3.0 equiv., 12 mmol, 480 mg)% /Il
Z. 1 FFHEIR T Lo, BEREA 0CIZ FiF, 33— RA X > (3.1equiv., 12.4 mmol, 0.77
mL)Z i T L. =L T 18 Bpf#i#: L7z, fafntfifb” > &= v LKimiR Z2 A TRIs &5 1k
S, JKJE% EtOAc C 3 i, AiE 2Kk & fafn B EKCHd L, Mg MU v Ak
0 AR A R S S CRUEIRME A 1TV 12 O 2157, 5O MAERmIZ ) 1o
NHTh7a~<x 777 ¢— (hexane : DCM =1:4)IC K W EERLL | 12 & 93% IR TH/=,
(1601 mg, 3.68 mmol, 93% yield)

5472 'THINNR 7 v — MISCEROfE & —# L7=, (M.C.Kozlowski, et al., J. Am. Chem. Soc.
2014, 136, 10601)
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HO l l OMe
HO OO OMe

rac-13

12 (2.12 mmol, 920 mg) % THF (42 mL)IZ¥AfE S, 0OCTHFR L. RISEIRICIRER: (8.5mL)
I T L7z, 0°CT 2 Refilfi#ipte. MERER 8.5 mL)A{H F L. 0°CT 2 e L
720 BORVEIITOK & fafnRERAKFE T b U U 2KEKZ &> < 0 Iz CTRISZE LS, KE
% DCM C 3 Rl RS & fafn Bk Ty L, filg T R U U A2 R0 A 2 i s
B CRERNE 21TV 13 OMAERM 21572, {ONTHMAERYI Y BTSNV T L7 v~ K
77 7 4 — (hexane : EtOAc =2 : DIZX DR L, 13 % 81% IR TH7Z, (591.7 mg, 1.71
mmol, 81% yield)

572 'THANNR T v — M ISUIROE & —# L7=, (M.CXKozlowski, et al., J. Am. Chem. Soc.
2014, 136, 10601)

TfO I I OMe
HO OO OMe

rac-14

ZHFREHA T, 13 (0.50 mmol, 173 mg)?® DCM (S mL)Z B Y V2 (7.5 equiv., 3.75 mmol,
0.30mL)Z M X 7=, 0°CIZHAIL, MK U ZuAdnm XX ALk (1.2equiv., 0.6 mmol,
169 mg, 0.10 mL)Z{ii F L. 0 °CT 7 e+ L7z, fafitfifby &= LKEK AN A T
BOS 245 1 S 721%, /KIE% EtOAc T 3 Bofiit, A 2 fafn &K Coeid L. Aiiig) k
U oL L) AHEE & R S CRIERE 21TV 14 ORLARY 21572, 1557 HARY
WXV BTN H T AT a~ 87T 7 4 —(hexane : EtOAc=2: DIZ L VKR L, 14 % 37%UIX
FTH7-, (88.3 mg, 0.185 mmol, 37% yield)

'H-NMR (CDCls, 400MHz):  8.01 (d, 1H, J=8.70 Hz), 7.93 (dd, 2H, J = 1.83, 8.70 Hz), 7.79 (d, 1H,
J=8.70 Hz), 7.52 (d, 1H, J = 8.70 Hz), 7.30 (d, 1H, J=9.16 Hz), 7.21 (dd, 1H, J = 2.29, 9.16 Hz),
6.99 (d, 1H, J = 2.29 Hz), 6.95 (dd, 1H, J = 2.29, 8.70 Hz), 6.32 (d, 1H, J = 2.29 Hz), 4.75(s, 1H),
3.80 (s, 3H), 3.76 (s, 3H)
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F AT Z 2 2|2 14 (0.15 mmol, 71.8 mg), p-7 ==L AR L (0.5 equiv., 0.075 mmol,
12.4 mg), Pd(PPhs)s (5 mol%, 7.5 umol, 8.7 mg), K>COs (1.0 equiv., 0.015 mmol, 20.8 mg)% /N
2.7 TAANEBEZZIZLIEOL, BRAAZMASED T &% =m0 R L TERFHK
Tz L7=#%, kb= (0.83mL), EtOH (0.42), H,O (0.14 mL)Z Nz, 80°C T 19 MEfE#E#R L
Too FBIRE THAIL, fAfELT o B= U LKERZ M2 TS ZEIESE, KE% EtOAc
T3 R, ARE A SR TR L, BRER T N U U AT K0 ARRE & R S CORE
WAEZAT 16 DHERM ZAGT2, 15 ONTHERMIZ I BTN T hoa~ b7 T 7 4
— (Hexane : EtOAc=2:1 ~ 1.5: DICEVER L, o7 AT VA~ —RAEWELT16 &
62%IN R THH7-, (68.7 mg, 0.0934 mmol, 62% yield)

ZEHFPAR T 16 (78.7 umol, 57.8 mg)®D DCM ¥&#Z(1.57 mL)IZ B U 2> (7.5 equiv., 0.59 mmol,
472N Z 72, 0°CIZHHEI L, K R Y ZuFm A X ALK VR (2.2 equiv., 0.173 mmol,
28ul) & F L. SRIRT 20 B #R L7, IMHCHAK 212 CTRsZ 81k S8 21%. K
Z DCM T 3 B, AR % fafn K CHead L. Wi U U A K ARE 2 il S
B CRIERME 21TV 3 OMARM /5T, FOIVHAEREI Y BTN T L7 v~ b
75 7 4 —(hexane : EtOAc=2: )IZ X VR L, U7 ATF L A~—BEWE LT3 257,
(46.9 mg, 46.9umol, 60% yield)

RO OO O (S 8(R H, X =Br) 79% ee

(R=Me, X=Br) 78% ee

RO OO O (R = Me, X = Bpin) 96% ee
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F AT Z 2 3|2+ 7 b—/L 7 (0.4 mmol, 119.7 mg), —AEF T LEEARREE(RA,S,S)-17

(5 mol%, 0.04 mmol,14.7 mg), DCE (2.0 mL)% /1 X, ZEX 55 T, 20°CT 72 FRfifE#E L7,
UG WIERRME 21TV (S)-8 DM A 13T, 15O MAERMII ) BTNV T 50
n~ 2777 4 — (hexane: EtOAc=3: DI XL VKR L. (5)-8 #1372, (99.0 mg, 0.17 mmol,
83% yield, 79% ee),

FHALTZ(S)-8 ZJFEHT rac9 KO rac2 OERIELZHEMAT 5 Z LT, ZILEIUS)9 (82%,
78% ee), (S)-2 (59%, 96% ee)ll THL L7z, (S)-9 Z B LIZEERE T/ v a k)L A /~F%H iR
AR E O THERZIT VO ee 2RI, ee XX TNV A T 2% V- HPLC oHric L W &
HL7-,

(S)-8: (DAICEL CHIRALPAK IB, hexane/iPrOH = 7/1, flow rate = 1.0 mL/min, A = 264 nm; 15.7
min and 22.4 min).

(S)-9: (DAICEL CHIRALPAK IB, hexane/iPrOH = 7/1, flow rate = 1.0 mL/min, A = 335 nm; 7.1 min
and 9.1 min).

(5)-2: (DAICEL CHIRALPAK IB, hexane/iPrOH = 7/1, flow rate = 1.0 mL/min, A = 260 nm; 8.3 min

and 9.7 min).

/“\ 10b (R = TBS)

OO 10c (R =Bn)

HO OR 10d (R = Ac)

10b: S AR T T 2=3(22,7-V Fafx 7 7% Ly (7.0mmol, 1120 mg) . 4-F A F LT 2
JEUYY (2mol%, 0.14 mmol, 17.1 mg)Z Iz, DCM (25 mL)IZIEfiE S 72, KIgIZE Vi
& 0 CIZ T, FUxZF 7T 2 (1.0 equiv.,, 7.0 mmol, 0.98 mL)Z Iz, 10 34H#R L7=,
tert-7 F )V AT U a U R (1.1 equiv., 7.7 mmol, 1161 mg)Z 1z, =EIE T 2 FEfHE
FRU7-, ST = LKRIRZ M2 TR ZEIE S E, KE% DCM T 3 EEfili,
A & AR B CHEE L, BREET R U U AC X0 AR & i S ORI IR 21T
10b OHUERY 2157, B DN TZHARMIZ S ) AV H T 57 a~ b7 5 7 ¢ — (hexane:
EtOAc=4: DIC L VER L, 10b % 44% L THT-,

HF 67z TH-NNR F ¥ — MICEROME & —F L7z, (K. H. Ahn, et al. Asian J. Org. Chem.
2014, 3,1089.)

10c: 7 A7 5 2232 27-P RuFxF 7% L2 (80 mmol, 12.8 g). fREEH U 7L (1.5
equiv., 120 mmol, 16.58 g)% 1z, DMF (100 mL)IZIAfR & w7=, Hifb-<> 2L (1.1 equiv., 88
mmol, 10.13 mL)Z 1 F L, 18 IKff#] 60°CTIHR#E L7z, PUSEEIRIZE L, il L7k z &
A RABIT L EY R\, fafiE T = MK E X . KB EtOAc T 3 JE
i, A 2 K & AR B K CUE L, Bl b U 7 A X0 A 2 s SO R
MaZATV 10c DAY ZRT-. 5O NTCHAERMII Y BTN T B ou~< v 7T 7 4
— (hexane : EtOAc=4: 1~2: DICL DR L, 10c % 44% I THT-,
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iz THANNR F v — MEICEROME & —E L7, (T. Ito, et al. J. Org. Chem. 2008, 73,
3875)

10d: 2,7-t Kef% o7& L (7.0 mmol, 1120 mg)% DCM (23 mL)IZ{Efig s, hU =
FLT 2 (3.0equiv., 21 mmol, 2.9 mL)Z 1z, 0°C "(Afﬂu‘:o iﬁft?t%/v(l.o equiv., 7.0
mmol, 0.50 mL)% DCM(11.5 mL) TAR L 72K & SOSTEIRIZ 15 00T T - < DT L,
IR T 6 BEREIHLIE L2, I MHCI KSR Z N2, AHEE%E DCM T 3 i, AHE 2 fafn
IREBKFE T N U 7 DOKERIK & BB CYeid L, il U U AIC KD AE 2 g S
HCRERNE 21TV 10d OMAERD G2, HFONTHMAERMIZI Y DTNV T L7~
k25 7 4 — (hexane : EtOAc=2: DIZ L VR L, 10d & 10%ILR TH7-,

(S. H. Xiang, B. Tan et al. Angew. Chem. Int. Ed. 2020, 59, 11374)

OO 11b (R = OTBS)
= ¢ (R = OBn)

11d (R = OAc)
HO R 11e (R=0OTf)
11f (R Bpin)

Ta by 7T 7 h =110 (0.4 mmol,), £/ 3T T T AGERARIE(R,,S,S)-17 (1 mol%, 0.004
mmol, 2.93 mg), DCE 2.0 mL)Z /%, 2255 T, 20°CT 135 FRFfifE#E L=, > a—h
AT LRV RIEER 7 = F L, BEREMREEZITO 11 OMAERD 2572, U A Ry
Yo 2NEERE L LT 'H-NMR & W TR %2 BAES - 7=,

11b: 155472 'TH-NNR F v — MICHROME & —E L7z, (K. Ishihara, et al., Chem. Commun.,
2019, 55, 13677.)

1le: 1554172 'TH-NNR F ¥ — MMICHROME & —# L7z, (C.W.Lim,S. Lee, Tetraheron. 2000,
56, 5131.)

11f: 554172 'TH-NNR F % — NI SCEROfE & —# L7z, (K. Ishihara, et al., Chem. Commun.,
2019, 55, 13677.)

e: T AH 7 F 2 212 10¢ (13 mmol, 3253.9 mg), %/ 0 LEEIRAREE(R,,S,S)-16 (1 mol%,
0.013 mmol, 95.2 mg). DCE (65mL)% %, 22 FHA T, =i T 120 B L=, =0
B 21TV e DA 25T MAERMII L VBTN T Do a<x s 7T 74—
(hexane : EtOAc =3 : IZ X W KR L 7=, (2366 mg, 4.8 mmol, 73% yield, 80%ee) 1% H417= 'H-
NNR F¥— bk TJZ)'CF@(@{ L —E L7, (C.W.Lim,S. Lee, Tetraheron. 2000, 56, 5131.)

ee [EF T V1 T L& FV 2 HPLC 3#ric L 0 B L7z,

(DAICEL CHIRALPAK IB, hexane/iPrOH = 7/1, flow rate = 1.0 mL/min, A = 300 nm; 22.9 min and
33.2 min).
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MeO I I OBn
MeO l ! OBn

(S)-17

F AT Z A 22 11e(4.8 mmol, 2366 mg)E Iz, 7T AaNEEEZLZOL, EFRTA
ERASE DI & &Sm0 IR L THEERMS TIC L%, DMF @8 mL)Z I x CIAfE S8
7oo KT L VIEE % 0°CIZ T, NaH (60% in mineral oil, 3.0 equiv., 14.4 mmol, 576 mg) % JIl
Z. 1 RFREIRCHEE Lz, BEIREZ 0°CIC NI, 3 — KA % (3.1equiv., 14.9 mmol, 0.93
mL)Z# F L, ST 24 B L2, faFE LT v = v 2K & N2 C OS2 45 1k
X, K@% EtOAc T3 FEfitH, AE 2 Kk & fafn B /K CHRgE L, Mg U v Ak
D RIS A L S TCIRERME 21TV N S)-17 DAY 2157, SO - HAERMIZS Y B
FNTT NI~ b7 7 ¢ — (hexane : EtOAc=5: )IC X VR L, (S)-17 & 75%IRT
572, (1896 mg, 3.6 mmol, 75% yield)

55372 "H-NNR F % — MISCHROfE & —3F L7z, (C. W. Lim, S. Lee, Tetraheron. 2000, 56,
5131.)

MeO I I OH
MeO l ! OH

(S)-13
F AT Z 2 3(Z(5)-17(3.6 mmol, 1896 mg), PdA(OH)./C (10% w/w, 190 mg) &Nz, 7 T A=
WEBEZIZLTZDOL, KETAZRASEDLZ LA ZFHEY IR L CERFAX FIC L%,
EtOAc 36 mL)Z Il 2. =i C 24 BEfEEE L7, UGk, EiRZE T4 F A2 X0 B B
&, BEEMEZITVS)-13 OMARRD 25T, Bon ARSI ) BTN F7 5 a~
27"Z 7 4 — (hexane: EtOAc=3: DIZ X VR L, (5)-13 E&MITFF7=, (1245 mg, 3.6 mmol,
quant.)
5472 'THINNR F v — MISCEROE & —# L7=, (C.W. Lim, S. Lee, Tetraheron. 2000, 56,
5131))
ee |X¥ 7 VAT L& V- HPLC ofric K v HH L7,
(DAICEL CHIRALPAK IE, hexane/iPrOH = 7/1, flow rate = 1.0 mL/min, A = 314 nm; 13.5 min and
15.5 min).
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MeO I I OTf
MeO ! l OTf

(S)-18
F AT Z 2 21Z2(8)-13 (3.07 mmol, 1064 mg), 4- A F /LT 2/ U ¥ (20 mol%, 0.61 mmol,
TSmg)a Mz, 77 AaNEEEILIZOL, BERTAZWASELZ L& =RV IKL T
ERFHKATICTLT2%, DCM Bl mL)&Z %, 0°CIZ&EIL 7=, DIPEA (3.0 equiv.,9.21 mmol,
1.6mL), K NU Z/Am XK ALK (2.4 equiv.,7.37 mmol, 1.21 mL)Z IEIZHH F L.
FIRT 18 FEMEEE L7, fafifi by o= LKEIRE A2 TG 1L S ¥, KEE
DCM T 3 FEfhH, AHE 2K & Bk Cotve L, il U o A X0 Hi)E 2 i)
ST IRAE 2 1TVN(S)-18 DA 157, 5 DN IHAERWIZ SV BTSN AT L7 |
~ 87 Z 7 4 — (hexane : EtOAc =3 : NIZ K VEH L, (S)-18 & 97%IL=, 79%ee Tz,
(1818 mg, 3.0 mmol, 97%, 79%ee)

FHh7 'TH-NNR F v — MISCHROfE & —F L7z, (C.W.Lim, S. Lee, Tetraheron. 2000, 56,
5131.)

ee lX¥ 70 7 A% - HPLC 3 #Tic X 0 B L7,

(DAICEL CHIRALPAK IA, hexane/iPrOH = 20/1, flow rate = 1.0 mL/min, A = 300 nm; 5.8 min and
6.3 min).

BFHN72, (S)-18 (1818 mg, 3.0 mmol, 79%ee) % 7 1 B 7R /b I /~F Y UARA TR X 0 PG &
ATV T & I O EITH S E T, fidha A0 LIERNE 217 9 2 & TRFAMER(5)-18 %
572, (1434 mg, 2.35mmol, >99%ee)

(S,5)-3

Yoan— MEEIZRERY AT SO 2B T 5 2 3122 (S)-18 (6.0 equiv., 2.86
mmol, 1744 mg), 1 4-_" B URa e A(E S a—/)= A7 /L (1.0 equiv., 0.48 mmol,
157 mg). Pd(PPhs)s (10 mol%, 0.048 mmol, 55.0 mg). K2CO; (18 equiv., 8.57 mmol, 1184 mg)%
Mz, 77 AaNZEHEIL TEREZMASEDL L2 =F#V IR L TERFAKXTICL
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7-f%. THF (28.6 mL), H>O (5.7 mL)Z ANz, IBIESM: T C 20 RpflE#R L=, =R E THmA
L. SaFEAb T o = U LOKIEIR &2 I A TS & A5 1k S 721 /K8 Z EtOAc T 3 FERl,
AHEE & AU AR K TS L, BREE T N U U AIC L 0 AHE & ol S ORI R 21T\ 3
DOHERD 5T, BONTHAERWII Y DTSNV E T A7 a~ 7T 7 4 — (hexane :
EtOAc=3: DIZ X VR L, 3 2157, (385.6 mg, 0.386 mmol, 81% yield, 51% yield based on
recovered (S,5)-18)E 7. RIIHD(S,S)-18 Z[FIUL L 72, (886.5 mg, 1.45 mmol, 51% recovered)
'"H-NMR (CDCl3,400MHz): § 8.02 (d, 2H, J = 5.04 Hz), 8.00 (d, 2H, J = 5.04 Hz), 7.93 (dd, 4H, J =
1.83, 8.70 Hz), 7.54 (dd, 2H, J = 1.83, 8.70 Hz), 7.51 (d, 2H, J=9.16 Hz), 7.45 (d, 2H, J=9.16 Hz),
7.33 (s, 4H), 7.19 (m, 4H), 7.01 (d, 2H, J = 2.75 Hz), 3.78 (s, 6H), 3.77 (s, 6H) '*C-NMR(CDCI3,
100 MHz): 6 156.13, 155.19, 148.01, 140.27, 138.79, 134.44, 133.81, 130.63, 129.85, 129.52, 128.69,
128.33, 127.96, 127.60, 123.39, 122.51, 120.20, 119.65, 117.96, 116.98, 116.86, 114.96, 113.57, 56.55,
56.40. HRMS (APCI) calcd for Cs;H37010S2 (M+H)™; 999.1727, found 999.1730.

SO

21

F A7 Z 2 2|2 7 (1.0 mmol, 299.2 mg), Bapin, (1.2 equiv., 1.2 mmol, 304.7 mg).
Pd(dppHClo-CH,Cl, (4 mol%, 0.04 mmol, 32.7 mg), KOAc (3.0 equiv., 3.0 mmol, 294.5 mg) % fll
Ry 7ITAANEZEEIZL TEREZMASEDL 2 A0 IRL TERFHKTICLE
%, UAFH L (10 mL)Z iz, 80°CT 20 FefifEHE L7-, |ilECHmAIL, fafitr v
F= U LK AINZ TROG 25 IR S8, Kig% EtOAc T 3 Ehl, AHE 2 fafn ik
THES L iR T U U AT X0 AR 2 ol S B CRUERSE 217V 21 OMAERD Z 1572,
BoNHARWIS VDIV T A7 a~ N7 57 4 — (hexane : EtOAc=3: 1)IZ X 0 ¥
B, 21 2787, (316.5mg, 0.91 mmol, 91% yield)

'"H-NMR (CDCl3, 400MHz): $7.92 (m, 3H), 7.84 (d, 1H, J = 8.24 Hz), 7.78 (d, 1H, J=8.70 Hz), 7.73
(d, 2H, J=8.24 Hz), 7.61 (dd, 1H, J = 1.83, 8.70 Hz), 7.21 (d, 1H, J=2.29 Hz), 7.11 (dd, 1H, J =
2.75, 8.70 Hz), 5.04 (s, 1H), 1.38 (s, 12H) '3C-NMR(CDCI3, 100 MHz): & 153.84, 143.89, 138.95,
135.29, 134.82, 129.56, 128.27, 128.23,  126.71, 124.48, 123.30, 118.01, 109.84, 83.94, 24.86

Bpin

HRMS (APCI) caled for C22H24BO3; (M+H)*; 347.1813, found 347.1814.
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(S,S)-20 (R = H)
(S,S)-23 (R = Me) OMe
Vo Ly 7 EIZ(S,S)-3 (0.256 mmol, 255.8 mg), 21 (2.1 equiv., 0.538 mmol, 186.2 mg), Pd(PPhs)4
(10 mol%, 0.0256 mmol, 29.6 mg), K3PO4 (6.0 equiv., 1.54 mmol, 326.0 mg)&Z Nz, 7T A3l
EEZEIZLEOL, EFRTAZWMASEDLZ L2 =0 KL TERFHK FIZLZE,
THF (5.12mL), HO (1.02mL)Z M %, IR T T 24 R L7z, EIRE THAIL, £
T T ' =0 DAKEIR ZINZ CTRISZAFIE SE, KE% EtOAc T 3 Efli, AHE%
BRI R K TUE L. BRBET MU U LIS &0 AHE 2 o S TR R 2170 (S,9)-21 O
WAEBME ST, SFONTEHERMII I BTNV T L7 a~ 87T 7 4 — (hexane :
EtOAc=1.5: DIZ X VB L, (55)-20 #1537, (181.8 mg, 0.159 mmol, 62% yield)

'"H-NMR (DMSO-ds, 400MHz): 9.78 (s, 2H), 8.11 (d, 4H, J=9.16 Hz), 8.06 (d, 2H, J=8.70 Hz), 8.02
(d, 2H, J=8.70 Hz), 7.91 (s, 2H), 7.79 (d, 2H, J= 8.70 Hz), 7.73 (m, 6H), 7.64 (m, 8H), 7.51 (dd, 2H,
J=1.83,8.70 Hz), 7.42 (d, 4H, J = 8.24 Hz), 7.32 (s, 4H), 7.18 (s, 2H), 7.14 (m, 4H), 7.04 (dd, 2H, J
=2.29,8.70 Hz), 3.75 (s, 6H), 3.73 (s, 6H).

F AT F X 21Z(8,5)-20 (0.02 mmol, 22.7 mg)&E Mz, 7T AaANEBEIZLIOL, EH
HALTMASHED Z L2 =R IR L TERFIXTIZ L%, DMF (1.0 mL)Z 2 TH
fif 7=, KIIZ L VIREZ 0°CIZ FiF. NaH (60% in mineral oil, 10 equiv., 0.2 mmol, 8.0 mg)
M4, 1 EESECTHEE L, BEREZ 0CCIC NI, 33— KA (15equiv., 0.3 mmol,
0.02 mL)Z{iE F L. =i T 24 BpE#EHR L7, fafntie” &= v DKEIR 2 N A TRUs %
f# ik &, JKIEZ EtOAc T 3 FEfhit, AFEE 2K & fafn ek Toed L, ik~ U 7 A
L0 HHERE & Rl S CUEIRME 21TV (S,5)-23 DHLAERM 2 157-, 557 HABDIX
VORIV T AT a~< b T 7 ¢ — (hexane : EtOAc=1: I X DR L, (5.9)-23 #E&
MIZF3+7, (23.3 mg, 0.02 mmol, quant.)

'H-NMR (CDCls, 700MHz): & 7.99 (d, 2H, J = 6.02 Hz), 7.98 (d, 2H, J = 5.59 Hz), 7.94 (d, 2H, J =
8.12 Hz), 7.91 (d, 2H, J = 8.60 Hz), 7.87 (s, 2H), 7.78 (d, 2H, J = 8.60 Hz), 7.72 (d, 2H, J=9.03 Hz),
7.62 (m, 6H), 7.53 (dq, 4H, J = 6.02 Hz), 7.46 (m, 6H), 7.45 (d, 2H, J=7.31 Hz), 7.38 (s, 2H), 7.33
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(s, 2H), 7.32 (s, 4H), 7.14 (d, 2H, J = 2.15 Hz), 7.12 (dd, 2H, J = 2.58, 8.60 Hz), 3.92 (s, 6H), 3.79 (s,
6H), 3.77 (s, 6H). 3C-NMR(CDCI3, 175 MHz): § 157.89, 155.32, 140.49, 140.20, 139.82, 138.48,
138.42, 138.41, 134.76, 134.19, 129.26, 129.24, 129.08, 128.56, 128.52, 128.44, 128.42, 128.10,
128.06, 127.80, 127.57, 127.51, 124.51, 123.28, 123.27, 123.14, 123.02, 119.63, 119.57, 118.75,
114.11, 114.07, 105.94, 56.86, 56.82, 55.30. HRMS (APCI) calcd for CssHezOs (M+H)"; 1167.4619,
found 1167.4634

F 27 5 2 712(8,5)-20 (18.3 umol, 20.0 mg). K% 3T T 7 AGEARAIE(R,,S,S)-17 (30 mol%,
2 mmol, 42 mg), DCE (9.2 mL)Z /M z, ZER5FHE T, 50°CC 120 REfEEE Lo, RIS,
JERRAEZ1TUNS,S,S)-19 DMAERM Z T, G OIVHERMII VBTN T Hra~
277 4 — (hexane : EtOAc=3: DIZ X VR L, (S,S,9)-19 ZfF7=, (17.2 mg, 15.1 pmol,
85% yield)
'H-NMR (CDCl3, 400MHz): 87.96 (m, 6H), 7.87 (m, 6H), 7.41 (m, 12H), 7.23 (d, 4H, J = 10.53 Hz),
7.14 (s, 2H), 7.09 (m, 12H), 5.25 (s, 2H), 3.794 (s, 6H), 3.790 (s, 6H) HRMS (APCI) calcd for
CsaHs5706 (M+H)"; 1137.4150, found 1137.4156.
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(S,S,5)-1
v LU 7 EIZ(S,S,8)-19 (22.0 umol, 25.0 mg) A Nz, 7T AaNEEEIZ L TEREMAS
BHZLHE MR IE L CTERFEMA NI LZ%., DMF (0.44 mL)% N2 CIRfiR SH7-, K
W X W IEE % 0°CIZ TS, NaH (60% in mineral oil, 12.0 equiv., 0.265 mmol, 10.6 mg) % Il %,

1 BB R L7z, BEIREZ 0°CIC P, 93— RA X (40.0 equiv., 0.879 mmol, 55
umL)Z 3 F L, ZRIR T 24 BEFIBEEE U7o, B b7 > = 7 AOKIRIR 2 N % C RO & 5 1k
S, KJE% DCM T 3 FEfhit, A 42K L fafn ik Coeid L, Bilis T Y o A2k b
BHEJE % o S TR 2 1TVN(S,S,8)-1 DRARM 2157, 15 DI HAERYIZ ) B
FNHT NI~ 87T 7 4 — (hexane : EtOAc=1:1)IZ X VKR L. (S.S5.9)-1 Z/57-, (20.2
mg, 17.3 umol, 79% yield)

'H-NMR (CDCls, 400MHz): § 7.96 (d, 6H, J = 8.70 Hz), 7.87 (d, 6H, J = 8.70 Hz), 7.44 (d, 6H, J =
8.93 Hz), 7.41 (dd, 6H, J= 1.83, 8.70 Hz), 7.20 (d, 6H, J= 1.83 Hz), 7.08 (s, 12H), 3.80 (s, 18H). 13C-
NMR(CDCI3, 100 MHz): § 155.70, 139.85, 138.25, 133.95, 129.18, 128.52, 128.34, 127.38, 123.18,
123.13, 119.48, 114.33, 57.01. HRMS (APCI) caled for CsqHeiOs (M+H)*; 1165.4463, found
1165.4464.
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(S,S,5)-1 A410

T L7 EIZIZS,SS)-19  (22.0 pmol, 25.0 mg)E Nz, 7 T AaNEEZEZ L TEREN
ANSEDZ & AR =RE YR L TERFRHR FIZ L2, DCM (0.44 mL) & I 2 CVEfR S t72,
KIBIZ L VIR % 0°CIZ TS, BB #A#E (in DCM, 1.0 mol/L, 10.0 equiv., 0.20 mL){i§ F L C
0°C T 4 FEMFEHE Lz, KEMA TS ZEIESHE, KE% DCM T 3 Eflit, AiE 2t
TR TG L, il b Y O LI L0 IS 4 2 S TRIERME 2170 (S.S,S) -6 D
WAEBME ST, SFONTEHERMII I DTNV T L7 a~ 87T 7 4 — (hexane :
EtOAc =1: DICX 0 EER L, 1'2%7=, (20.9 mg, 19.3 umol, 88% yield) 'H-NMR (CDCl;,
400MHz): & 7.96 (d, 6H, J = 9.16 Hz), 7.89 (d, 6H, J = 8.24 Hz), 7.47 (dd, 6H, J = 1.83, 8.70 Hz),
7.37 (d, 6H, J = 8.70 Hz), 7.17 (s, 6H), 7.12 (s, 12H), 5.29 (s, 6H). *C-NMR(CDCI3, 100 MHz): &
152.79, 139.61, 139.03, 133.99, 131.24, 128.87, 128.59, 127.43, 123.45, 122.46, 117.74, 110.12
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DFT StE &R

SS, S,Sz-1 ’"OHOMO, HOMO-1, HOMO-2

Method: B97M-V

Basis set: 6+311+G(2DF,2P)[6-311G*]
Geoetry: B3LYP/6-31G(d)

Energy: -3453.551891 hartrees

FATAWAN

HOMO HOMO-1 HOMO-2

(S,S,S)-1

e

g
H
b

Orbital Energy (eV)
o -

il

-5.38 eV -5.40 eV -544 eV

SS,S,SZ-1ODHOMO, HOMO-1, HOMO-2 (i)

(S,S,S)-1

]
H
°

Orbital Energy (eV)
o e

HOMO HOMO-1 HOMO-2
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(S,S,5)-1PHOMO, HOMO-1, HOMO-2 ()

(S,S,9)-1
. HOMO HOMO-1 HOMO-2
SS,S,SZ-W)HOMO, HOMO-1, SHOMO?_+ (HOMO-1)
&
(S,S,S)-1
1= HOMO HOMO-1 (HOMO) + (HOMO-1)
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SS,S,SZ-10)HOMO, HOMO-1, SHOMO)/ + (HOMO-1)

— & (HOMO) + (HOMO-1) %

i

.Orblul Energy (OVI)
i
[111°

L

HOMO HOMO-1 (HOMO) + (HOMO-1)

S,S,S)-1MOHOMO, HOMO-1, (HOMO) + (HOMO-1)

(S,S,S)-1

LUMo

Orbital Energy (eV)
o 'S

FACE
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58,8,82-1 NDOHOMO, HOMO-1, HOMO-2

o A

,I
3

Orbital Energy (eV)
iy 3 i
‘Il”ié
[111°
'
,é :
S 2
>
"
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reql57-1

Table 1 Crystal data and structure refinement for req157-1.

Identification code reql57-1

Empirical formula Cr09H174012
Formula weight 2877.47
Temperature/K 103.15

Crystal system orthorhombic

Space group C222,

a/A 18.44220(10)

b/A 21.8454(2)

c/A 41.2164(3)

a/° 90

pB/e 90

v/° 90

Volume/A3 16605.2(2)

Z 4

Pealeg/om’ 1.151

u/mm'1 0.543

F(000) 6096.0

Crystal size/mm? 0.143 x 0.119 x 0.103
Radiation CuKoa (A =1.54184)
20 range for data collection/° 6.628 to 147.59
Index ranges -22<h<22,-22<k<26,-51 <1<5l1
Reflections collected 131586

Independent reflections 16561 [Rj, = 0.0380, Rgjgpma = 0.0202]
Data/restraints/parameters ~ 16561/721/1337
Goodness-of-fit on F2 1.034

Final R indexes [I>=26 (I)] R =0.0760, wR, =0.2190
Final R indexes [all data] =~ Ry =0.0813, wR, = 0.2276

Largest diff. peak/hole / ¢ A30.56/-0.51
Flack parameter 0.11(5)
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Table 2 Fractional Atomic Coordinates (><104) and Equivalent Isotropic
Displacement Parameters (A2X103) for req157-1. U, is defined as 1/3 of
the trace of the orthogonalised Uy tensor.

Atom X y Z U(eq)

041 14712.5(17) 13020.2(12) 6304.5(6) 61.1(6)
02 7982.0(16) 9320.9(15) 4976.0(8) 70.6(7)
083 11554.9(19) 14440.1(15) 59827.1(9) 77.4(8)
029 15961.1(17) 12942.9(15) 5833.2(8) 71.8(8)
095 11052 (2) 13246.9(18) 5503.3(8) 80.6(9)
C3 8492 (2) 9390.4(19) 5211.7(10) 58.8(8)
Cl6 12464 (2) 11641.9(18) 5379.0(9) 58.2(8)
C31 14863.3(19) 12136.3(16) 5990.0(8) 49.7(7)
C17 12195 (2) 11258.9(19) 5136.7(9) 59.2(8)
C25 14838 (2) 12524.6(15) 5690.0(8) 51.4(7)
C36 14942.3(19) 11489.5(16) 5964.3(8) 50.7(7)
Cl1 10695 (2) 10406 (2) 5570.6(9) 61.4(9)
C20 13637 (2) 12114.5(15) 5535.7(8) 51.6(7)
C32 14804 (2) 12399.8(16) 6292.3(8) 51.8(7)
C21 14248 (2) 12483.0(15) 5471.1(8) 51.5(7)
C26 15404 (2) 12919.2(18) 5613.0(9) 60.0(9)
C19 13089 (2) 12041.8(106) 5313.8(9) 55.3(8)
C35 14941 (2) 11122.8(17) 6249.5(9) 56.7(8)
C6 9579 (2) 9546 (2) 5680.2(10) 61.7(9)
C82 11416 (2) 13461 (2) 6141.0(9) 61.3(9)
C22 14266 (3) 12812.0(16) 5171.7(8) 60.3(9)
C7 9586 (2) 9900.6(16) 5389.9(9) 54.4(8)
Cl12 10156 (2) 10323.5(17) 5344.7(9) 55.8(8)
C24 13134 (3) 12365.1(18) 5009.6(9) 64.8(10)
C39 15047 (2) 10567.5(17) 5634.0(9) 58.4(8)
C8 9028 (2) 9819.7(16) 5155.2(9) 54.0(8)
C40 15010 (2) 11194.2(16) 5661.3(8) 52.2(7)
C43 14999 (12) 10266 (14) 5317 (6) 43(3)
C94 10217 (3) 13667 (2) 6587.4(12) 71.2(11)
C13 11300 (2) 10836 (2) 5506.5(10) 62.0(9)
C78 11254 (2) 12430 (2) 6384.0(9) 65.0(9)
C27 15408 (3) 13254.5(18) 5322.9(11) 69.7(11)
Cl15 12146 (2) 11618 (2) 5682.7(10) 69.5(10)
C4 8499 (2) 9034 (2) 5499.2(11) 67.2(10)
Cl18 11621 (2) 10865.4(19) 5199.7(9) 59.8(8)
C23 13687 (3) 12733.1(18) 4946.0(9) 69.3(11)
C38 15043 (3) 10209.5(18) 5922.1(11) 70.5(11)
C73 11520 (3) 11941 (3) 6555.2(11) 74.6(12)
C81 11854 (2) 13956 (2) 6088.0(10) 66.6(10)
C77 11695 (2) 12945 (2) 6307.9(9) 65.8(10)
C5 9031 (2) 9111 (2) 5721.4(11) 69.7(10)
C37 14998 (3) 10476.7(19) 6218.3(10) 68.4(10)
Co66 11030 (3) 11437 (2) 6648.5(11) 75.5(12)
C28 14861 (3) 13195.5(17) 5106.1(9) 68.9(11)
C34 14878 (3) 11416 (2) 6554.2(9) 64.7(9)
C85 10648 (2) 13457.8(19) 6027.3(10) 63.0(9)
C63 10077 (3) 10479 (2) 6836.1(12) 77.2(13)
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Atom
C93
C10
C33
C59
C90
C86
Cl14
C79
C89
C80
C9
C76
C60
C55B
C74
C56
Cg4
C42
C75
C201
C54B
C87
Cl
C88
Co6l
C206
C202
C205
C30
C62
C96
CI1
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C92
C53B
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Ve
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6695
7559
6191
6346
7448
6475
5830
7044
6948
6574
6760
6677
6769
6690
7134
7701
7615
7384

54

1
1
(
(
1
1
1
1
1
1
1
1
1
(
1
1
1
1
1
1
(
1
1
1
1
1
(
(
(
1
1
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

6)
1)
8)
9)
2)
2)
1)
2)
7)
0)
1)
1)
1)
o)
4)
o)
6)
2)
3)
6)
S>)
5)
6)
6)
7)
9)
2)
3)
2)
8)
5)
2)
8)
2)
S))
3)
2)
6)
2)
3)
2)
2)
2)
2)
2)
3)
3)
7)
3)
4)
3)

96.

97.
94.
99.
98.



Atom X y

C102 10404 (8) 14071 (6)
C48 14699 (7) 10562 (4)
C47 14702 (7) 10300 (4)
C45 15449 (5) 9491 (3)
C44 15454 (5) 9758 (3)
052 9163 (10) 7726 (06)
C50 8690 (12) 7248 (11)
051 9608 (13) 7587 (5)
C49 9343 (17) 6992 (7)
C236 7226 (8) 10915 (9)
C241 6643 (9) 10646 (8)
C240 5982 (8) 10581 (9)
C239 5902 (8) 10785(11)
C238 6484 (9) 11053 (11)
C237 7146 (8) 11119(10)
C242 7756 (18) 11276 (18)
C235 7921 (17) 11190 (20)
C232 7193(10) 10958 (8)
C231 7049 (9) 10810 (8)
C230 6499 (9) 10398 (8)
C229 6093 (9) 10134 (8)
C234 6237 (10) 10282 (9)
C233 6787 (11) 10694 (10)
C214 13044 (10) 10162 (10)
C212 12578 (6) 9714 (7)
C213 12627 (8) 9656 (8)
C208 12208 (10) 9233 (10)
C209 11729(8) 8858 (7)
C210 11673 (0) 8912 (6)
C211 12094 (7) 9337 (7)
C2 12992 (14) 10534 (18)
C29 12679 (15) 10163 (106)
C41 12900 (20) 10260 (20)
Cs1 12630 (30) 9910 (20)
C54 12120(20) 9450 (20)
C53 11890(20) 9358 (18)
C52 12165(19) 9710 (17)
C221 12176 (16) 9542 (10)
C217 12450 (11) 9708 (8)
C216 13015(15) 10125(12)
C215 13258 (17) 10290 (15)
C220 12940 (19) 10038 (15)
C219 12378 (17) 9622 (14)
C218 12138 (13) 9459 (10)
C100 10109(17) 13763 (13)
C46 15188 (13) 9717 (18)
C248 11421 (9) 12227 (6)
C247 10510(10) 12059 (9)
C246 10142 (9) 11357(10)
C245 9203 (9) 11284 (9)
C244 8634 (17) 11947 (11)



Atom
C243

C54A
C53A
C58A
C57A
C55A
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Table 3 Anisotropic Displacement Parameters (AZX 103) for req157-1. The
Un

Anisotropic displacement factor exponent takes the form:
-2n?[h2a*2U,;+2hka*b*Uqpt...].
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Table 4 Bond Lengths for req157-1.

Atom Atom Length/A

041
041
02

02

083
083
029
029
095
095
C3

C3

Cl16
Cle
Cl16
C31
C31
C31
C17
C25
C25
C36
C36
Cl11
Cl1
Cl1
C20
C20
C32
C21
C26
C19
C35
C35
C6

Co

C6

C82
C82
C82
C22
C22
C7

C7

C24
C39
C39
C39
C8

C43

C32
C42
C3

Cl1

C81
C84
C26
C30
C86
C96
C8

C4

C17
C19
C15
C25
C36
C32
Cl18
C21
C26
C35
C40
C12
C13
C10
21
C19
C33
C22
C27
C24
C37
C34
C7

C5

C9

C81
C77
C85
C23
C28
Cl12
C8

C23
C40
C43
C38
cs!
C48

.367 (4
.387
.360
.424
.365
.431
.372
.427
.379
.394
.383
.418
.394
.471

(5
(5
(5
(6
(6
(5
(6
(6
(7
(5
(6
(6
(6
.384 (6
.500(5
.424 (5
.377(5
.389(6
.416 (5
.391 (5
.423 (5
411 (5
.373(6
.482 (6
.424 (6
.411 (5
.372 (5
.420 (5
.428 (5
.402 (6
.442 (5
.421 (6
.414 (5
.425(5
.398 (6
.420 (7
.369 (6
.418 (6
.491 (6
L4277 (6
.407 (6
411 (5
.424 (5
.325(7
.375(5

(3

(6

(7

(3

R = = = T = = T = T e O S R R S e N e T e T e T e e T e T = T S e S e S e e S S S e T T = T = T e T T = T e T = S S =Y

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

Atom Atom
C89 (91
C76 C75
C60 Ceo1
C55B C56
C55B C54B
C74 C75
C56 C62
C56 C57B
C56 C57A
C56 C55A
C201 C206
C201 C202
C201 C207
C54B (C54B2
C54B C53B
C87 (88
Cco61 Ce62
C206 C205
C202 C203
C205 C204
c91 (C92
C57B C58B
C53B C58B
C53B 052
C204 C203
C72 C71
C70 C67
C64 C65
C69 C68
C97 (C98
Cc97 C102
Cc99 (98
C99 C100
C101 C102
C101 C100
C48 C47
C47 C46
C45 C44
C45 C46
052 C50
051 C49
051 C53A
C236 C241
C236 C237
C236 C242
C241 C240
C240 C239
C239 C238
C238 C237

€235 C232
61

Length/A
1.401 (9
1.414 (8

1.439(10

1.24(3
1.42(3
1.377(10
1.400(10
1.55(4
1.30(5
1.68(3

1.371(12

.367 (11

1.463(12

1.97 (7
1.36(3
1.354(9
.333(10

=

1
1.310(14
1.383(1
1.408(
1

R
w
o
—

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

1.397(15
1.35(3)
1.3900
1.3900
1.522(17)
1.3900
1.3900
1.3900
1.3900

1.49(3)



Atom Atom Length/A

C43
Co4
Co4
Cl13
C13
C78
C78
C27
CI5
C4

C38
C73
C73
C81
C77
Co66
Co66
C66
Co66
C34
C85
C85
C63
C63
C63
C63
C63
C93
C93
C10
C59
C59
C59
C90
C86
C79
C79
C89

C44
C93
C90
C18
Cl4
C73
C77
C28
Cl4
C5

C37
C66
C74
C80
C76
C72
Co67
C65
C68
C33
C90
C86
C60
C70
C71
Co4
C69
C92
C97
C9

C60

C55B
CS55A

C89
C87
C80
C76
C88

1.43
.370
.418
.398
.403
.372
.423
.353
.390
.351
.356
.475
.395

e T T T e e S S S S e e

14X 2-Y,1-Z; 22-X,+Y,3/2-Z

Atom Atom Length/A

C232 C231
C232 C233
C231 C230
C230 C229
C229 C234
C234 C233
C214 C212
C212 C213
C212 C211
C213 C208
C208 C209
C209 C210
C210 C211
c2  C29

C29 (41

C29 (52

C41 Cs1

C51 C54

C54 C53

C53 (€52

C221 C217
C217 C216
C217 C218
C216 C215
C215 C220
C220 C219
C219 C218
C248 C247
C247 C246
C246 C245
C245 C244
C244 C243

C54A C54A2

C54A CS3A
C54A C55A
C53A C58A
C58A C57A

62

B

1.

R N = = T T S e e e S S S = T = T e e e S

3900
.3900
.3900
.3900
.3900
.3900
.4990
.3936
.3921
.3881
.3892
.3842
.3880
.5017
.3920
.3913
.3857
.3871
.3871
.3859
.4976
.3933
.3942
.3849
.3880
.3870
.3857



Table 5 Bond Angles for req157-1.

Atom Atom Atom Angle/* Atom Atom Atom Angle/*

C32 041 C42 117.7(3) C79 C80 (81 120.0(5)
C3 02 (I 117.6(4) Clo C9 Co6 122.5(4)
C81 083 (84 119.8(4) Cc77 C76 C79 117.4(5)
C26 029 C30 117.5(4) C77 C76 C75 119.6(5)
C86 095 (96 118.6(4) C75 C76 C79 123.0(5)
02 C3 C8 116.7(3) C59 C60 Ce63 119.3(6)
02 C3 4 122.9(4) C59 Co60 Co61 119.3(6)
Cc8 C3 (4 120.4 (4) Cc61 C60 C63 121.4(4)
C17 Cl6 CI19 120.3(4) C56 C55BC59 121.6(16)
Cl15 Cle Cl17 118.4(4) C56 C55B C54B 120 (2)
C15 Cl6 CI19 121.3(4) C54B C55B C59 117.7(18)
C36 C31 C25 120.2(3) C75 C74 C73 120.4(5)
C32 C31 (C25 120.5(3) C55B C56 (62 120.4(13)
C32 C31 C36 119.3(3) C55B C56 C57B 122.3(16)
C18 C17 Cl6 120.6(4) C62 C56 C57B 116.3(14)
C21 C25 (31 120.9(3) C62 (C56 CS5A 116.9(15)
C26 C25 (3l 121.0(3) C57A C56 Ce62 133(3)
C26 C25 C21 118.1(3) C57A C56 CS55A 108 (3)
C35 C36 C31 119.8(3) C714 C75 C76 120.6(5)
C40 C36 C31 121.9(3) C206 C201 C207 118.2(10)
C40 C36 C35 118.3(3) C202 C201 C206 117.7(7)
Cl12 CI11 CI13 120.5(3) C202 C201 C207 124.1(11)
Cl12 Cl11 Cl10 118.6(4) C53B C54B C55B 120.5(18)
C10 CI11 Ci13 120.9(4) C88 (87 (86 118.8(6)
C19 C20 cC21 121.9(3) C87 (C88 (89 121.8(5)
041 C32 (C31 117.2(3) C62 Col C60 120.7(6)
041 (C32 (33 122.0(3) C205 C206 C201 123.2(7)
C31 C32 (C33 120.8(3) C201 C202 C203 120.9(8)
C25 C21 C22 120.0(3) C206 C205 C204 121.6(8)
C20 C21 C(C25 122.0(3) C61 C62 C56 122.3(8)
C20 C21 C22 118.0(3) Cc92 C91 (89 121.2(6)
029 C26 C(C25 115.8(3) C58B C57B C56 114 (2)
029 C26 C27 122.7(4) Cco91 C92 (93 121.1(6)
C25 C26 C27 121.5(4) C54B C53B C58B 120.8(13)
C20 C19 Cl6 121.6(3) 052 (C53B C54B 122.1(18)
C20 C19 C24 118.7(4) 052 C53B C58B 116.6(19)
C24 C19 Cl6 119.7(3) C203 C204 C205 116.0(8)
C37 C35 (36 119.0(3) C202 C203 C204 120.5(9)
C34 (C35 C36 118.6(3) C57B C58B C53B 121.2(18)
C34 (C35 (37 122.4(3) C71 C72 C66 125.9(7)
Ccs Co6 C7 118.6(4) c63 C70 Co7 116.6(7)
Cs C6 (9 123.5(4) C70 Co67 C66 123.8(9)
co9 Co6 C7 117.9(4) c63 C71 (C72 117.4(9)
C81 C82 C77 119.4(4) C65 Co64 C63 126.3(8)
C81 (82 (85 120.9(4) Co6 Co65 Co64 116.5(9)
C77 C82 (85 119.7(4) C68 C69 (63 124.4(9)
C23 C22 C21 119.0(4) C69 C68 C66 118.4(8)
C28 (C22 C21 118.9(4) C93 C97 (98 125.2(18)
C28 (C22 (C23 122.0(3) C93 (C97 Cl102 123.2(19)
C12 C7 Cé6 118.3(4) Cc98 C97 Cl102 110(2)
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Atom Atom Atom Angle/® Atom Atom Atom Angle/*

Cl12 C7 C8 122.0(3) C98 (C99 (100 122.2(14)
C8 C7 Co 119.7(3) C100 C101 C102 119.6(16)
Cll Cl12 C7 122.3(3) Cc99 (C98 (C97 123.4(16)
C23 C24 C19 120.9(4) C101 C102 C97 124.4(14)
C40 C39 (43 121.1(12) C47 (C48 (43 122.9(13)
C40 C39 (38 118.6(3) C48 C47 C46 114.0(15)
C38 C39 (43 119.8(12) C46 C45 C44 124.6(18)
C3 C8 (7 119.1(3) C45 C44 (43 121.7(12)
C3 C8 gl 119.9(3) C53B 052 C50 121.7(16)
C7 C8 (gl 120.9(3) C53A 051 C49 119.6(13)
C39 C40 C36 122.1(3) C241 (C236 C237 120.0
C48 C43 (C39 122 (2) C241 C236 C242 116.6(14)
C48 C43 C44 114.1(18) C237 (C236 C242 115.7(14)
C44 C43 (C39 120.7(18) C236 (C241 C240 120.0
C93 (C94 (90 122.3(5) C239 (C240 C241 120.0
C18 C13 Cl11 120.7 (4) C238 (C239 C240 120.0
Cl18 C13 Cl14 117.6(4) C239 (C238 C237 120.0
Cl4 C13 Cl11 121.7(4) C238 (C237 C236 120.0
C73 C78 C77 121.6(4) C231 (C232 C235 120.9(18)
C28 (C27 C(C26 120.6(4) C231 (C232 C233 120.0
Cl6 Cl15 Cl4 121.5(4) C233 (232 C235 115.1(18)
C5 C4 (3 120.3(4) C230 (C231 C232 120.0
C17 Cl18 C13 121.4(4) C231 (C230 C229 120.0
C24 (C23 (C22 121.4(3) C234 (C229 C230 120.0
C37 (C38 (C39 121.0(3) C229 (C234 C233 120.0
C78 C73 C66 119.7(4) C234 (C233 C232 120.0
C78 C73 C74 119.8(5) C213 C212 C214 121.0
C74 C73 Co66 120.4(5) C211 C212 C214 120.9
083 C81 (82 116.8(4) C211 C212 C213 118.1
083 C81 (80 122.5(4) C208 C213 C212 121.1
C82 C81 (80 120.7(5) C213 C208 C209 119.9
C82 C77 C78 121.8(4) C210 C209 C208 119.6
C76 C77 C82 120.3(5) C209 C210 C211 120.2
Cc76 C77 C78 117.9(4) C210 C211 C212 121.0
C4 C5 Cé6 121.8(4) C41 C29 C2 120.9
C38 (C37 (35 120.9(4) C52 C29 2 120.9
C73 Co66 C67 123.7(6) C52 (C29 (41 118.2
C72 Ce66 C73 126.7(5) C51 C41 C29 121.03(6)
C72 Ce66 C67 109.6(7) C41 C51 C54 120.1
C65 Co66 C73 117.7(7) C53 (C54 Cs1 119.4
C65 Co66 C68 124.1(8) C52 (C53 Cs54 120.12(5)
C68 Co66 C73 118.2(5) C53 (C52 C29 121.0
C27 (C28 (C22 120.7(3) C216 C217 C221 121.1
C33 C34 (C35 121.2(3) C216 C217 C218 117.9
C90 C85 (82 119.6(4) C218 (C217 C221 121.0
C86 C(C85 (82 121.4(4) C215 C216 C217 121.2
C86 C85 (C90 118.9(4) C216 C215 C220 120.1
C70 Ce63 Co60 116.0(5) C219 (C220 C215 119.4
C71 C63 C60 117.3(7) C218 C219 C220 120.2
C71 Ce63 C70 126.5(7) C219 (C218 C217 121.1
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Atom Atom Atom

Co4
Co4
C69
Co4
C97
C97

C9

C34
C60

C63
C63
C63
C93
C93
C93
C10
C33
C59

C55A C59

C94
C89
C89
095
C85
C85
CI15
C80
C90
C91
C91

14X 2-Y,1-Z; 22-X,+Y,3/2-Z

C90
C90
C90
C86
C86
C86
Cl4
C79
C89
C89
C89

C60
C69
C60
C92
Co4
C92

Cl11

C32
C55B
C60

C85
Co4
C85
C87
095
C87
C13
C76
C88
C90
C88

Angle/

114.6(
128.6(
121.
118.
119.
121.
116.
122.
120.
122.
118.
119.
122.

~ o~ ~ ~ ~ ~ ~ o~ ~ o~ ~ PP~ ~ PP A~~~ ~
Y O U b D O 01 O O 0O W D OO IO

P W o P oy W N O o U1 @

Atom Atom Atom

C101
C45

C246
C247
C244
C243

C100 C99
C46 C47
C247 C248
C246 C245
C245 C246
C244 C245

C54A2C54A C53A
C54A2C54A C55A

CS3A
051

051
C54A

C54A
C54A
CS58A

C57A
C56
C59
C59
C54A

C54A C55A
C53A C54A2
C53A C58A
C53A 051
C53A C54A2
C53A C58A
C53A C54A2

C58A C53A
CS57A C58A
C55A C56
C55A C54A
C55A C56
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Table 6 Torsion Angles for req157-1.

A B C D Angle/*
041C32 C33 C34 177.

=

02 C3 C8 (7 -178.
02 C3 €8 (8! -0.
02 C3 C4 G5 178.

083C81 C80 C79 -177.
029C26 C27 (C28 177.
095C86 C87 (88 -179.

C3 C4 C5 Co 1.
Cl6C17 Cl18 ClI3 -0.
Cl6C19 C24 (C23 179.

Cl6Cl15 Cl14 CI3 0.
C31C25 C21 C20 5.
C31C25 C21 C22 -174.
C31C25 C26 029 -2.
C31C25 C26 C27 175.
C31C36 C35 (C37 178.

C31C36 C35 C34 -1.
C31C36 C40 C39 -176.
C31C32 C33 C34 -1.
C17C16 C19 C20 -137.
Cl17Cl6 Cl19 C24 41.

C17Cl16 C15 Cl4 0.
C25C31 C36 C35 -177.
C25C31 C36 C40 1.
C25C31 C32 041 0.
C25C31 C32 (33 179.
C25C21 C22 (23 176.

C25C21 C22 C28 -2.
C25C26 C27 (C28 -1.
C36C31 C25 C21 66.

C36C31 C25 C26 -110.
C36C31 C32 041 -178.
C36C31 (C32 (33 -0.
C36C35 C37 (38 -1.
C36C35 C34 (C33 0.
Cl1C13 C18 C17 -179.
Cl1CI13 Cl14 CI5 179.

Cl1C10 C9 Ce6 0.
C20C21 C22 C23 -2.
C20C21 C22 C28 178.
C20C19 C24 (23 -1.
C32C31 C25 C21 -112.
C32C31 C25 C26 69.

C32C31 C36 C35 1.
C32C31 C36 C40 -179.

C21C25 C26 029 179.
C21C25 C26 C27 -1.

C21C20 C19 Cl6 178.
C21C20 C19 C24 -1.
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C90
C90
C90
C86
C86
C86
Cl4
C79
C89
C80
C80
C9
C9
C9
C76
C60
C60
C60
C60
C60
C60
C60
C60
C60
C55B
C55B
C55B
C55B
C55B
C55B
C74
C74
C74
C74
C56

C56
C56
C84
C84
C42
C42
C201
C201
C54B
C54B

C85
C89
C89
C85
C85
C87
CI13
C76
Co1
C79
C79
Co6

C6

Co

C79
C63
Co63
C63
Co63
C59
C59
C59
C59
Col
C59
C59
C56
C56

C55B C54B (C54B2

C86
C88
C91
C90
C90
C88
CI8
C75
C92
C76
C76
C7

C7

(O]

C80
C70
C71
Co4
C69

C87
C87
C92
C94
C89
C89
C17
C74
C93
C77
C75
Cl12
C8

C4

C81
Co67
C72
C65
C68

C55B C56
C55B C54B
CS55A C56

C55A C54A

C62
C60
C60
Co62

C56
C63
Col
C61

C57B C58B
C54B C53B C58B
C54B C53B 052
C73 Co66 C72
C73 Ce66 C67
C73 C66 C65
C73 C66 Co68

C55B C54B C53B
C57B C58B C53B

083
083
041
041

C206 C205

C8l1
C81
C32
C32

C82
C80
C31
C33
C204

C202 C203 C204
C55B C56  C62
C55B C56 C57B

C54B2 C54B C53B C58B
C54B2 C54B C53B 052

C54B C53B C58B C57B
C54B C53B 052 C50
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A B
C21 C22
C21C22
C26 C25
C26C25
C26 C27
C19Cl16
C19Cl16
C19 C20
C19 C20
C19 C24
C35C36
C35 C34
Cc6 C7

Cc6 C7

C6 C7

C82 C81
C82 C77
C82 C77
C82 C85
C82 C85
C82 C85
C82 C85
C7 C6

C7 C6

CI2Cl1
C12Cl11
Cl2Cl1
C12C7

C12C7

C39 C43
C39 C43
C39 C38
8 C3

cs C7

C40 C36
C40 C36
C40 C39
C40 C39
C40 C39
C43 C39
C43 C39
C43 C48
C94 C93
C94 C93
C94 C93
€94 C90
€94 C90
CI3Cl1
CI3Cl1
C78 C73

C
C23
C28
C21
C21
C28
C17
CI5
C21
C21
C23
C40
C33
Cl12
C8
C8
C80
C76
C76
C90
C90
C86
C86
Cs
C9
CI3
CI13
C10
C8
C8
C48
C44
C37
C4
Cl12
C35
C35
C43
C43
C38
C40
C38
C47
C92
C97
C97
C89
C89
Cl12
C10
C66

D

C24
C27
C20
Cc22
Cc22
C18
Cl4
C25
Cc22
Cc22
C39
C32
Cl1
C3

cs!
C79
C79
C75
C94
C89
095
C87
C4

C10
C18
Cl4
C9

C3

cg!
C47
C45
C35
C5

Cl11
C37
C34
C48
C44
C37
C36
C37
C46
C91
C98

C102

C88
C91
C7
C9
C72

-177.

177.
=-177.
29.

A
Cl
Cl
C88
C206
C206
C202
C205
C30
C30
C62
C62
Co62
C62
C96
C96
C91
C57B
C92
C92
C58B
C72
C207
C207
C70
C70
C70
Co67
C71
C71
C71
Co4
Co4
Co4
C65
C69
C69
C69
Co68
Cc97
C98
98
C102
C102
C48
C48
C44
C44
052
051
C49

B C D Angle/
02 C3 (8 -161.8(5)
02 C3 (4 20.0(6)
C89 C91 (C92 177.3(7)
C201 C202 C203 -0.6(14)
C205 C204 C203 4.5(14)
C201 C206 C205 -1.0(12)
C204 C203 C202 -6.0(16)
029 C26 C25 172.2(5)
029 C26 C27 -5.8(7)
C56 C57BC58B -176.9(18)
C56 C57ACS58A 173 (3)
C56 C55AC59 7(3)
C56 C55AC54A -178.8(18)
095 (C86 (85 149.8(5)
095 C86 (87 -30.4(8)
C89 (88 (87 -178.2(7)
C56 C62 C61 175.3(16)
Cc93 C97 (98 38(3)
C93 (C97 Cl102 -156.6(16)
C53B 052 C50 13(3)
Cc66 Co67 C70 -0.5(11)
C201 C206 C205 179.3(9)
C201 C202 C203 179.2(11)
C63 Co60 C59 -29.1(7)
C63 Co60 Co1 149.1(6)
c63 C71 C72 6.7 (13)
ce6 C72 C71 0.8(12)
C63 C60 C59 155.6(6)
C63 C60 Ceol -26.2(8)
Cc63 C70 Co67 -6.5(12)
Cc63 Co60 C59 35.0(8)
C63 C60 Col -146.9(7)
C63 C69 C68 -8.5(13)
C66 C68 C69 0.9(14)
Cc63 C60 C59 -151.4(7)
C63 C60 Col 26.8(9)
C63 C64 C65 7.9(12)
C66 C65 Co4 -1.6(13)
C93 (C92 C91 ~-177.2(12)
C97 C102 C101 1(2)
C99 C100 C101 6(4)
C97 C98 (C99 2(3)
C101 C100 C99 -3(3)
C43 (C44 C45 -16(2)
C47 C46 C45 9(3)
C43 (C48 C47 15(3)
C45 C46 C47 -11(3)
C53B C58B C57B 170 (3)
C53A C58A C57A 171 (3)
051 C53A C54A -154(2)
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A B
C78 C73

C78 C73
C78 C73
C78 C73
C78 C77
C78 C77
CI15Cl16
CI15Cl16
C15Cl16
C4 C3

C4 C3

C18CI3
C23C22
C38C39
C38 C39
C38C39
C73C78
C73 C78
C73 C66
C73 C66
C73 C66
C73 C66
C73 C74
C81 C82
C81C82
C81 C82
C81 C82
C77 C82
C77C82
C77 C82
C77 C82
C77C78
C77C78
C77C76
C5 Cé6

C5 Cé6

C5 Cé6

C37C35
Co66 C73
C66 C72
C28C22
C34 C35
C85(C82
C85 C82
C85 C82
C85 (82
C85C90
C85C90
C85 C86

C63 C60

C
C66

C66
C66
C74
C76
C76
C17
C19
C19
C8

C8

Cl4
C28
C40
C43
C43
c77
C77
C72
C67
C65
C68
C75
C77
C77
C85
C85
C81
C81
C85
C85
C73
C73
C75
C7

C7

C9

C34
C74
C71
C23
C37
C81
C81
C77
C77
C89
C89
C87

Col

Co67

C65
C68
C75
C79
C75
C18
C20
C24
C7

cs!
C15
Cc27
C36
C48
C44
C82
C76
C71
C70
C64
C69
C76
C78
C76
C90
C86
083
C80
C90
C86
C66
C74
C74
C12
Cs

C10
C33
C75
C63
C24
C38
083
C80
C78
C76
C88
C91
C88

C62

-0.4

A B C D Angle/

C49 051 CS53A(C54A2 -161(2)
C49 O51 C53AC58A 36 (4)
C236 (C241 C240 C239 0.0
C241 (C236 C237 C238 0.0
C241 (C240 C239 C238 0.0
C240 (C239 C238 C237 0.0
C239 (238 C237 C236 0.0
C237 (C236 C241 C240 0.0
C242 (C236 C241 C240 -148(2)
C242 (C236 C237 C238 148 (2)
C235 (C232 C231 C230 156 (2)
C235 (C232 C233 C234 -158(2)
C232 (C231 C230 C229 0.0
C231 (C232 C233 C234 0.0
C231 (C230 C229 C234 0.0
C230 (C229 C234 C233 0.0
C229 (C234 C233 C232 0.0
C233 (C232 C231 C230 0.0
C214 C212 C213 C208 -178.6
C214 C212 C211 C210 178.5
C212 C213 C208 C209 0.0
C213 C212 C211 C210 -0.3
C213 (C208 C209 C210 -0.1
C208 C209 C210 C211 0.0
C209 C210 C211 C212 0.2
C211 C212 C213 C208 0.2
C2 C29 C41 (51 -178.5
C2 C29 (C52 (53 178.5
C29 C(C41 C51 C54 -0.1
C41 (C29 (C52 C53 -0.3
C41 C51 C54 C53 -0.1
C51 C54 (C53 (C52 0.1
C54 (C53 C52 C29 0.1
C52 (C29 C41 (51 0.3
C221 C217 C216 C215 -178.5
C221 C217 C218 C219 178.5
C217 (C216 C215 C220 -0.1
C216 C217 C218 C219 -0.3
C216 C215 C220 C219 0.0
C215 (C220 C219 C218 0.0
C220 C219 C218 C217 0.2
C218 (C217 C216 C215 0.2
C100 C99 (C98 (97 -5(3)
C100 C101 C102 C97 0(3)
C46 (C45 C44 (43 15(2)
C248 (C247 C246 C245 -174.9(19)
C247 (C246 C245 C244 8(4)
C246 (C245 C244 C243 -42 (4)
C54A2C54A C53A 051 -13(3)
C54A2C54A C53A C58A 157 (3)
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A B
C63 C70

C63 Co4

C63 C69
C93 Co%4
C93 C9%4
C93 C97
C93 C97
CI10Cl11
C10Cl11
C10Cl11
C59 C60

C
Co67
C65

Co68
C90
C90
C98

C102 C101

C12
C13
CI13
Col

C59 C55B C56
C59 C55B C56

D
C66

C66

C66
C85
C89
C99

C7

C18
Cl4
Co62
C62

C57B
C59 C55B C54B C54B2
C59 C55B C54B C53B

C90C9%4 (C93 (92

Co90C9%4 C93 (C97
Co90C85 C86 095

L4X,2-Y,1-Z; 22-X,+Y,3/2-Z

-166.6(1

-175.5

Angle/°
0(1
-3.4(1
8 (1

-176.2(

3(
169(

-1.
137.5
-42.4
-1.2

12
8 (
-6
(

179

-1.3
176.7(

4
7
2
9
6
5
6
9
3
7
2
3
8
2
179.3 (4

3)
4)
6)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

2 (
(
(
(
(
1
(
1
(
1
(

A B C D
C54A2C54A C55A C59

C54A2C54A C55A C56

C54A2C53A C58A C57A
C54A C53A C58A C57A
C53A C54A C55A C59
C53A C54A C55A C56
C53A C58A C57A C56
C57A C56 C62 (61
C57A C56 C55A C59
C57A C56 C55A C54A
C55A C59 C60 C63
C55A C59 C60 C61
C55A C56 C62 (61
C55A C56 C57AC58A
C55A C54A C53A 051
C55A C54A C53A C54A2
C55A C54A C53A C58A
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-175.7(

-3. 7(

Angle/ °

-14

6
-175

7
(
2
1(
(
2
S (
-164 (
172 (
-14
1

6 (

1

1(

(

(

S (

-175

6)
5)
5)
4)
2)
3)
)
3)
2)
3)
9)
2)
6)
5)
3)
-162 (4)
3)



Table 7 Hydrogen Atom Coordinates (A x 10* and

Isotropic Displacement Parameters (Az ><103) for req157-1.

Atom
H17
H20
H12
H24
H40
H94
H78
H27
H15
H4
H18
H23
H38
H5
H37
H28
H34
H10
H33
H59A
H59
H14
H79
H80
H9
H74
H84A
H84B
H84C
H42A
H42B
H42C
H75
H&7
HIA
HIB
HIC
HS88
H61
H206
H202
H205
H30A
H30B
H30C
H62
H96A
H96B
H96C

X
12407.13
13603.58
10167.34
12762.45

15030.9
10705.38
10762.59

15798.2
12322.92

8129.27
11442.45
13698.65
15071.61

9031.6
15004.82
14879.67
14877.16
11029.31
14783.58
10340.37
10330.69
11364.24
13344.81
12868.88
10123.28

12440
12366.28
12154.19
11648.01
14761.92
15298.12
14447.65
13192.38

9646.43

7003.44

7078.81

7422.65

8720.24

8638.31

7750.59

8759.42

6675.45

16788.9
16958.05
16464.93

7890.72

10633.8
10758.11
11434.38

y
11267.13

11910.69
10559.22
12313.56
11436.05
13696.98
12425.65
13525.62
11877.55
8739.8
10611.06
12948.84
9776.26
8862.93
10228.67
13415.39
11175.61
10117.27
12222.46
9472.89
9552.05
11217.33
13466.39
14314.76
9432.99
11578.24
14916.59
15124.84
15311.48
13751
13213.7
13160.51
12400.89
13209.87
9004.07
9263.81
8613.83
13359.66
10305.31
11191.28
12009.28
11525.25
13118.7
13243.51
13713.04
9540.53
13042.72
12465.64
12780.12

3

4926.
5738.
5151.
4852.

64
79
07
51

5470

6658.
6314.
5278.

62
59
11

5850

5535.
5030.
4745.
5906.

94
67
92
81

5910.6

6407.

62

4907.4

6746.
6024 .
6784.
7182.
7196.
5959.
6414.
6172.
6110.
6752.
5735.
6095.
5796.
6573.
6683.
6755.
6637.
5381.
4872.
5233.
5142.
5746.
6720.
5613.
6352.
5783.
5540.
5916.
5715.
6877.
5081.
5314.
5137.

36
36
36
37
75
14
66
89
57
32
96
92
46
83
81
58
26
92
33
81
13
98
34
55
45
59
99
03
67
96
72
35
11

U(eq)

70

71
62
67
78
63
85
78
84
83
81
72
83
85
84
82
83
78
92
72
96
96
88
100
91
91
115
131
131
131
128
128
128
118
116
141
141
141
119
118
140
159
152
168
168
168
129
139
139
139



Atom
H91
H57B
H92
H204
H203
H58B
H72
H20A
H20B
H20C
H70
H67
H71
Ho64
H65
H69
H68
H99
H101
HO98
H102
H48
H47
H45
H44
H50A
H50B
H50C
H49A
H49B
H49C
H241
H240
H237
H240
H24P
H24Q
H23A
H23B
H23C
H231
H230
H229
H234
H233
H21A
H21B
H21C
H213
H208
H209

X

8300.
7545.
8549.
6562.
7657.
7972.
10277.
8933.
9367.
9273.
10692.
11522.
9484.
11032.
11815.

99
64
06
24
84
47
57
39
31
11
57
57
91
91
37

9342.6

10128.
9114.
11001.
8860.
10737.
14487.

67
18
16
15
86
29

14431.7

15667
15767

.81
.89

8470.9

8308

8961.
9395.
9619.
8830.
6697.
5583.
7543.
8141.
7968.
7498.
7922.
8291.
8026.
7326.
6400.
5716.
5959.

.29
04
03
15
27
84
61
74
09
58
55
74
05
98
51
11
72
71

6886.1

13348.
13353.
12734.
12953.
12248.
11441.

23
02
73
02
21
75

y

13574.

8612.
13743.
12089.
12406.

7812.
11438.
11075.
11652.
11050.
10391.
11153.
10686.
10008.
10804.
11187.
11973.
13361.
14223.
13319.
14275.
10954.
10462.

9099.

9599.

7079.

7404.

6925.

6766

6784.
7008.

79
54
45
44
89
26
06
21
14
12
85
02
66
96
35
89
21
74
93
99
49
97
75
07
64
63
96
68
.69
11
62

10506.4

10396.
11302.
11443.
11004.
11611.

86
38
56
98
65

11270

10883.
11570.
10989.
10296.

9853.
10102.
10795.
10386.

87
81
93
92
07
24
25
78

9941.9

10451
9910

9198.

8567

.41
.54
63
.34

6306.
7184.
6844 .
6273.

64
51
23
77

6527.5

7512.
6276.
5634.
5774
5991.
7242.
7083.
6454.

6769.

6640.

6779.

6663.
7850.
7695.
7317.
7144.
5068.
4554.
4917.
5403.
7680.
8021.
7990.

85
84
93

.79

97
54
13
93
08
95
85
77
77
16
03
51
93
68
19
37
83
02
67

7836.3

7461.
7570.
6900.
7165.
7703.
7206.

6904 .

6960.

7494 .

7208.
7143.
6670.
6545.

6961.

7503.
7628.
6451.
6142.
6178.
6929.
72009.
6924.

31
86
37
68
94
16
89
88
34
48
39
33
48
99
34
19
43
96
98
99
11
68

U(eq)
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133
143
134
153
168
162

86
373
373
373

88

90

83

92

98

92

90
127
137
125
113

93
102

69

70
235
235
235
237
237
237
118
128
136
216
216
216
202
202
202
129
109
123
130
140
355
355
355
195
164
149



Atom x y z U(eq)

H210 11346.68 8656.97 6361.58 110
H211 12050.19 9370.56 6083.66 145
H2A 13342.26 10828.35 6304.25 307
H2B 13236.07 10260.84 6063.37 307
H2C 12601.53 10754.06 6105.87 307
H41 13252.84 10564.58 6854.3 362
H51 12789.26 9974 .54 7276.23 373
H54 11929.92 9212.52 7169.52 358
HS53 11537.31 9050.27 6636.5 346
H52 12002.41 9641.4 6215.27 326
H22A 11781.21 9244.96 7109.78 207
H22B 12571.63 9362.79 7257.35 207
H22C 11997.31 9910.93 7239.47 207
H216 13236.89 10299.92 6946.43 273
H215 13643.41 10576.17 6432.9 261
H220 13106 10151.89 5969.96 244
H219 12157.73 9448.52 6027.9 208
H218 11753.33 9172.23 6542.05 229
H24A 11459.4 12656.6 7946.43 160
H24B 11579.29 11962.26 8058.01 160
H24C 11729.04 12156.43 7689.66 160
H24D 10227.02 12168.89 7976.04 221
H24E 10374.94 12360.68 7612.2 221
H24F 10222.93 11056.35 7822.88 271
H24G  10440.59 11221.1 7460.47 271
H24H 9198.56 11074.63 7311.41 186
H241 8966.02 11004.06 7680.93 186
H24) 8739.11 12134.77 7274.95 264
H24K 8126.45 11799.88 7480.06 264
H24L 8322.59 12868.49 7724.93 213
H24M 8542.08 12381.07 7997.65 213
H24N 9158.91 12718.24 7791.14 213
HS8A 8317.98 7695.06 7402.94 141
H57A 7868.09 8449.79 7124.88 121
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Table 8 Atomic Occupancy for req157-1.
Occupancy

Atom  Occupancy

C43 0.5
C55B 0.63(5)
H57B 0.63(5)
H58B 0.63(5)
C70 0.495(9)
Ho67 0.495(9)
Co4 0.505(9)
H65 0.505(9)
Co68 0.505(9)
C99 0.5
H101 0.5
C102 0.5
H48 0.5
C45 0.5
H44 0.5
HS50A 0.49(2)
051 0.51(2)
H49B 0.51(2)
C241 0.25
H240 0.25
C237 0.25
H240 0.25
C235 0.25
H23C 0.25
H231 0.25
C229 0.25
H234 0.25
C214 0.3333
H21C 0.3333
H213 0.3333
C209 0.3333
H210 0.3333
C2 0.3333
H2C 0.3333
H41 0.3333
C54 0.3333
HS53 0.3333
C221 0.3333
H22C 0.3333
H216 0.3333
C220 0.3333
H219 0.3333
C100 0.5
H24A 0.5
C247 0.5
C246 0.5
C245 0.5
C244 0.5
C243 0.5
H24N 0.5

Atom
H59A
C54B
C53B
C72
H70
C71
Ho64
C69
H68
H99
C98
H102
Cc47
H45
052
H50B
C49
H49C
H241
C239
H237
H24P
H23A
C232
C230
H229
C233
H21A
C212
C208
H209
C211
H2A
C29
Cs1
H54
C52
H22A
C217
C215
H220
C218
C46
H24B
H24D
H24F
H24H
H24J
H24L
C54A

O O O O O O

0
0
0

.495
.495
.495
.505
.505
.505

o O o O

.63
.63
.63

5
5
5
9
9
9
9
9
9

[ISNEINTAN
— — — U U U U U~ — — — — — — — —

(@)
~ o~~~ O O O O O ~ ~ ~ ~ ~ ~ ~ ~ ~

o

O O O O O O O o O~ = W L
N
)]

O O O O O O O O O o o o o o o
w
w
w
w

~ o o o g o o U

(@)} .

Atom  Occupancy

H59 0.37(5)
C57B 0.63(5)
C58B 0.63(5)
H72 0.495(9)
Co67 0.495(9)
H71 0.495(9)
C65 0.505(9)
H69 0.505(9)
C97 0.5
C101 0.5
H98 0.5
C48 0.5
H47 0.5
C44 0.5
C50 0.49(2)
H50C 0.49(2)
H49A 0.51(2)
C236 0.25
C240 0.25
C238 0.25
C242 0.25
H24Q 0.25
H23B 0.25
C231 0.25
H230 0.25
C234 0.25
H233 0.25
H21B 0.3333
C213 0.3333
H208 0.3333
C210 0.3333
H211 0.3333
H2B 0.3333
C41 0.3333
H51 0.3333
C53 0.3333
H52 0.3333
H22B 0.3333
C216 0.3333
H215 0.3333
C219 0.3333
H218 0.3333
C248 0.5
H24C 0.5
H24E 0.5
H24G 0.5
H24I1 0.5
H24K 0.5
H24M 0.5
C53A 0.37(5)
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Atom  Occupancy Atom
C58A 0.37(5) HS58A
H57A 0.37(5) C55A
Experimental

Single crystals of CygoH{74015 [req157-1] were []. A suitable crystal was selected and [] on a Rigaku XtaLAB PRO

diffractometer. The crystal was kept at 103.15 K during data collection. Using Olex2 [1], the structure was solved with the
SHELXD [2] structure solution program using Dual Space and refined with the SHELXL [3] refinement package using Least

Squares minimisation.

1. Dolomanov, O.V., Bourhis, L.J., Gildea, R.J, Howard, J.A.K. & Puschmann, H. (2009), J. Appl. Cryst. 42, 339-341.

Occupancy Atom
0.37(5) C57A

0.37(5)

2. Sheldrick, G.M. (2008). Acta Cryst. A64, 112-122.
3. Sheldrick, G.M. (2015). Acta Cryst. C71, 3-8.

Crystal structure determination of [req157-1]

Crystal Data for CogoH 7401, (M =2877.47 g/mol): orthorhombic, space group C222; (no. 20), a = 18.44220(10) A, b =

21.8454(2) A, ¢ = 41.2164(3) A, V'=16605.2(2) A3, Z=4, T=103.15 K, p(CuKo) = 0.543 mm™!, Dcalc = 1.151 g/cm3, 131586
reflections measured (6.628° < 20 < 147.59°), 16561 unique (Rjy¢ = 0.0380, Rgjoma = 0.0202) which were used in all calculations.

The final Ry was 0.0760 (I > 20(I)) and wR, was 0.2276 (all data).

Refinement model description

Number of restraints - 721, number of constraints - unknown.

Details:
1. Fixed Uiso

At 1.2 times of:

All C(H) groups, All C(H,H) groups
At 1.5 times of:

All C(H,H,H) groups
2. Restrained distances

C242-C236

1.506 with sigma of ©.02
C242-C237

2.509 with sigma of ©.02
C242-C241

2.509 with sigma of 0.02
C236-C240 = C232-C230

with sigma of 0.04

C245-C247 = (C246-C248 = (C243-C245
with sigma of 0.01
C243-C244 = C244-C245
with sigma of 0.01
C241-C236 = C231-C232
with sigma of 0.02
C241-C240 = (C231-C230
with sigma of 0.02
C238-C240 = (C234-C230
with sigma of 0.04
C239-C238 = (C229-C234
with sigma of 0.02
C239-C240 = (C229-C230
with sigma of 0.02
C239-C237 = C229-C233
with sigma of 0.04
C238-C237 = C234-C233
with sigma of 0.02
C237-C242 = C233-C235
with sigma of ©.04
C237-C236 = (C233-C232
with sigma of 0.02
C241-C242 = C231-C235
with sigma of 0.04
C236-C242 = (C232-C235
with sigma of 0.02
C238-C236 = (C234-C232
with sigma of 0.04
C241-C239 = (C231-C229
with sigma of 0.04
C241-C237 = C231-C233
with sigma of 0.04

N
u

C245-C246

n
n

C244-C246

C246-C247 = C247-C248

3. Uiso/Uaniso restraints and constraints
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C53 = C2
sigma of 0.02
€201 = C202
2A with sigma
€221 = C217
2A with sigma
C243 C244
sigma of 0.02
C209 = C214
2A with sigma
€60 = C59
= C58B = C57B
sigma of 0.04
C235 C242
C240 = (234
sigma of 0.01
€229 = C230 =
2A with sigma
4. Rigid body

C29

C55B =

c41 Cc52 C51 C54: within 2A with

and sigma for terminal atoms of 0.04 within 2A

C207 C205 C203 C204 C206: within

of 0.04 and sigma for terminal atoms of ©.08 within
C216 = C218 = C215 = C219 = C220: within

of 0.02 and sigma for terminal atoms of ©.04 within
C245 C246 c247 C248: within 2A with

and sigma for terminal atoms of ©.04 within 2A

C212 = C213 = C211 = C208 = C210: within

of 0.04 and sigma for terminal atoms of ©.08 within
C56 = C62 = C61 = C54B = C53B

051 = 052 = C49 = C50: within 2A with

and sigma for terminal atoms of 0.08 within 2A

C232 C231 C230 C229 C241
C239 = (C233 = (C238 = (C237: within 2A with

and sigma for terminal atoms of ©.02 within 2A

C231 €232 C233 C234 = C235: within

of 0.04 and sigma for terminal atoms of ©.08 within
(RIGU) restrains

2A

2A

2A

2A

c51, €2, €29, C41, C52, C53, C54

with sigma for 1-2 distances of ©.004 and sigma for
c221, C217, C21e, C218, C215, C219, C220

with sigma for 1-2 distances of 0.004 and sigma for
C243, C244, C245, C246, C247, C248

with sigma for 1-2 distances of ©.004 and sigma for
C209, C214, C212, C213, C211, C208, C210

with sigma for 1-2 distances of ©.004 and sigma for
C237, C238, C240, C239, C241, C236, C242

1-3 distances of 90.004

1-3 distances of 90.004
1-3 distances of 0.004

1-3 distances of 9.004

with sigma for 1-2 distances of ©0.004 and sigma for 1-3 distances of 0.004
5. Others
Sof(C64)=Sof(H64)=Sof(C65)=Sof(H65)=Sof(C69)=Sof(H69)=Sof(C68)=Sof(H68)=1-
FVAR(1)

Sof(C72)=Sof(H72)=Sof(C70)=Sof (H70)=Sof(C67)=Sof (H67)=Sof(C71)=Sof (H71)=FVAR(1)
Sof(051)=Sof(C49)=Sof(H49A)=Sof (H49B)=Sof (H49C)=1-FVAR(2)
Sof(052)=Sof(C50)=Sof (H50A)=Sof (H50B)=Sof (H50C)=FVAR(2)
Sof(H59A)=Sof(C55B)=S0f (C54B)=Sof(C57B)=Sof (H57B)=Sof(C53B)=Sof(C58B)=

Sof (H58B)=1-FVAR(3)

Sof(H59)=Sof (C54A)=Sof(C53A)=Sof (C58A)=Sof (H58A)=Sof(C57A)=Sof(H57A)=
Sof(C55A)=FVAR(3)

Fixed Sof: C43(0.5) C97(0.5) C99(8.5) H99(©.5) C101(8.5) H101(0.5) C98(0.5)
H98(0.5) C102(0.5) H102(@.5) C48(0©.5) H48(©.5) C47(©.5) H47(@.5) C45(0.5)
H45(0.5) C44(0.5) H44(0.5) C236(0.25) C241(0.25) H241(0.25) C240(0.25)
H240(0.25) C239(0.25) C238(0.25) C237(0.25) H237(0.25) C242(0.25) H240(0.25)
H24P(0.25) H24Q(0.25) €235(0.25) H23A(0.25) H23B(0.25) H23C(0.25) €232(0.25)
€231(0.25) H231(0.25) C230(0.25) H230(0.25) €229(0.25) H229(0.25) C234(0.25)
H234(0.25) C233(0.25) H233(0.25) €214(0.33333) H21A(0.33333) H21B(0.33333)
H21C(0.33333) C212(©.33333) (C213(0.33333) H213(0.33333) (C208(0.33333)
H208(0.33333) C209(0©.33333) H209(0.33333) (C210(0.33333) H210(0.33333)
€211(0.33333) H211(©.33333) (2(0©.33333) H2A(©.33333) H2B(@.33333) H2C(0.33333)
C29(0.33333) (C41(0.33333) H41(0.33333) C51(©.33333) H51(0.33333) (54(0.33333)
H54(0.33333) C53(0.33333) H53(0.33333) C52(0.33333) H52(0.33333) (C221(0.33333)
H22A(©.33333) H22B(0.33333) H22C(0.33333) C217(0.33333) (C216(0.33333)
H216(0.33333) C215(©.33333) H215(0.33333) (€220(0.33333) H220(0.33333)
C€219(0.33333) H219(0.33333) C218(0.33333) H218(0.33333) C100(0.5) C46(0.5)
C248(0.5) H24A(0.5) H24B(0.5) H24C(@.5) C247(0.5) H24D(0.5) H24E(0.5)
C246(0.5) H24F(0.5) H24G(0.5) C245(0.5) H24H(0.5) H24I(0.5) C244(0.5)
H243(0.5) H24K(0.5) €243(0.5) H24L(0.5) H24M(08.5) H24N(0.5)

6.2 Free rotating group:

C214(C212,C213,C208,C209,C210,C211), (C2(C29,C41,C51,C54,C53,C52), C221(C217,
€216,C215,C220,C219,€218)

6.b Secondary CH2 refined with riding coordinates:

C247(H24D,H24E), C246(H24F,H24G), C245(H24H,H241), C244(H243,H24K)

6.c Me refined with riding coordinates:

€207 (H20A,H20B,H20C), C242(H240,H24P,H24Q), C235(H23A,H23B,H23C), C214(H21A,
H21B,H21C), C2(H2A,H2B,H2C), C221(H22A,H22B,H22C), C248(H24A,H24B,H24C),
C243(H24L,H24M,H24N)
6.d Aromatic/amide H
C17(H17), C20(H20),
C27(H27), C15(H15),

refined with riding coordinates:

C12(H12), C24(H24), C40(H4®), C94(H94), C78(H78),

C4(H4), C18(H18), C23(H23), C38(H38), C5(H5), C37(H37),
C28(H28), C34(H34), C18(H1@), C33(H33), C59(H59A), C59(H59), Cl4(H14),
C79(H79), C80(H8@), C9(H9), C74(H74), C75(H75), C87(H87), C88(H88), C61(H61),
C206(H206), C202(H202), C205(H205), C62(H62), C91(H91), C57B(H57B), C92(H92),
C204(H204), C203(H203), C58B(H58B), C72(H72), C78(H70), C67(H67), C71(H71),
C64(H64), C65(H65), C69(H69), C68(HE8), C99(H99), C1e1(H1@1), C98(HI8),
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C102(H10@2), C48(H48), C47(H47), CA5(HA45), C44(H44), C241(H241), C248(H240),
C237(H237), C231(H231), C230(H230), C229(H229), C234(H234), C233(H233),
C213(H213), C288(H208), C209(H209), C210(H210), C211(H211), C41(H41), C51(H51),
C54(H54), C53(H53), C52(H52), C216(H216), C215(H215), C220(H220), C219(H219),
C218(H218), C58A(H58A), C57A(H57A)

6.e Fitted hexagon refined as free rotating group:
€236(C241,C240,C239,C238,C237), C232(C231,C230,C229,C234,C233)

6.f Idealised Me refined as rotating group:

C84(H84A,H84B,H84C), C42(H42A,HA2B,H42C), C1(H1A,H1B,H1C), C30(H30A,H30B,
H3@C), C96(H96A,HI6B,HI6C), C50(H50A,H50B,H50C), C49(HA9A,HA9B,HA9C)

This report has been created with Olex2, compiled on 2021.12.09 svn.r5202d8cf for OlexSys. Please let us know if there are any errors or if you would like to have additional
features.
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checkCIF (basic structural check) running

checkCIF/PLATON (basic structural check)

Structure factors have been supplied for datablock(s) req157-1

THIS REPORT IS FOR GUIDANCE ONLY. IF USED AS PART OF A REVIEW
PROCEDURE FOR PUBLICATION, IT SHOULD NOT REPLACE THE EXPERTISE
OF AN EXPERIENCED CRYSTALLOGRAPHIC REFEREE.

No syntax errors found. CIF dictionary
Please wait while processing .... Interpreting this report

Structure factor report

Datablock: req157-1

Bond precision: C-C = 0.0073 A Wavelength=1.54184
Cell: a=18.4422(1) b=21.8454(2) c=41.2164(3)
alpha=90 beta=90 gamma=90

Temperature: 103 K

Calculated Reported
Volume 16605.2(2) 16605.2(2)
Space group c2221 c2221
Hall group C 2c 2 C 2c 2

. 4(C84 H60 06 9(C7 H8 C7 He6, 4(C 2(C84 He60O 06 4.5(C7 H8 0.5(C7

Moiety formula H;), 8(C H2)), ( > » ¥ Hé), C6 H14 » o 5o
Sum formula C418 H346 024 C209 H174 012
Mr 5752.91 2877.47
Dx,g cm-3 1.151 1.151
Z 2 4
Mu (mm-1) 0.543 0.543
Fooo 6092.0 6096.0
Fooo' 6108.73
h, k, lmax 22,27,51 22,26,51
Nref 16807[ 9020] 16561
Tmin, Tmax 0.925,0.946 0.470,1.000
Tmin' 0.925
Correction method= # Reported T Limits: Tmin=0.470 Tmax=1.000 AbsCorr =
MULTI-SCAN
Data completeness= 1.84/0.99 Theta(max)= 73.795
R(reflections)= ©.0760( 14751) YziézifIECtlons): 0.2276(

S =1.034 Npar= 1337

The following ALERTS were generated. Each ALERT has the format
test-name_ALERT_alert-type_alert-level.
Click on the hyperlinks for more details of the test.

-
PLAT250_ALERT_2_B Large U3/U1 Ratio for Average U(i,j) Tensor .... 5.9 Note

@Alert level C
PLAT041_ALERT_1_C Calc. and Reported SumFormula Strings Differ  Please Check

PLATO68_ALERT_1_C Reported FO00 Differs from Calcd (or Missing)...  Please Check
PLAT089_ALERT_3_C Poor Data / Parameter Ratio (Zmax < 18) ........ 6.68 Note
PLAT234_ALERT_4_C Large Hirshfeld Difference C59 --C55A . 0.17 Ang.

And 2 other PLAT234 Alerts

More ...

PLAT244_ALERT_4_C Low 'Solvent' Ueq as Compared to Neighbors of C201 Check
PLAT250_ALERT_2_C Large U3/U1 Ratio for Average U(i,j) Tensor .... 3.7 Note
And 3 other PLAT250 Alerts

More ...

PLAT260_ALERT_2_C Large Average Ueq of Residue Including C201 0.141 Check
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And 11 other PLAT260 Alerts

More ...
PLAT340_ALERT_3_C Low Bond Precision on C-C Bonds ............... 0.00728 Ang.
PLAT601_ALERT_2_C Unit Cell Contains Solvent Accessible VOIDS of . 74 Ang**3
PLAT721_ALERT_1_C Bond Calc 1.40(6), Rep  1.38700 Dev... 0.01 Ang.

C51 -C54 1555 1_555........ # 263 Check
PLAT790_ALERT_4_C Centre of Gravity not Within Unit Cell: Resd. # 1 Note

C84 H60 06
PLAT911_ALERT_3_C Missing FCF Refl Between Thmin & STh/L=  0.600 28 Report
PLAT918_ALERT_3_C Reflection(s) with I(obs) much Smaller I(calc) . 7 Check

JAlert level G
FORMUO1_ALERT_1_G There is a discrepancy between the atom counts in the
_chemical_formula_sum and _chemical_formula_moiety. This is
usually due to the moiety formula being in the wrong format.
Atom count from _chemical_formula_sum: C209 H174 012
Atom count from _chemical_formula_moiety:C209 H173 012
FORMUO1_ALERT_2_G There is a discrepancy between the atom counts in the
_chemical_formula_sum and the formula from the _atom_site* data.
Atom count from _chemical_formula_sum:C209 H174 012
Atom count from the _atom_site data: C209.0035 H173.0033 012
CELLZ01_ALERT_1_G Difference between formula and atom_site contents detected.
CELLZ01_ALERT_1_G WARNING: H atoms missing from atom site list. Is this intentional?
From the CIF: _cell_formula_units_Z 4
From the CIF: _chemical_formula_sum C209 H174 O12
TEST: Compare cell contents of formula and atom_site data

atom Z*formula cif sites diff
C 836.00 835.99 0.01
H 696.00 691.99 4.01

(0] 48.00 48.00 0.00
PLAT002_ALERT_2_G Number of Distance or Angle Restraints on AtSite 20 Note
PLATOO3_ALERT_2_G Number of Uiso or Uij Restrained non-H Atoms ... 61 Report
PLATO12_ALERT_1_G No _shelx_res_checksum Found in CIF ...... Please Check
PLAT042_ALERT_1_G Calc. and Reported Moiety Formula Strings Differ ~ Please Check
PLAT045_ALERT_1_G Calculated and Reported Z Differ by a Factor ... ~ 0.5000 Check
PLATO72_ALERT_2_G SHELXL First Parameter in WGHT Unusually Large 0.17 Report
PLAT142_ALERT_4_ G s.u. on b - Axis Small or Missing .............. 0.00020 Ang.
PLAT143_ALERT_4_G s.u. on c - Axis Small or Missing .............. 0.00030 Ang.
PLAT172_ALERT_4_G The CIF-Embedded .res File Contains DFIX Records 3 Report
PLAT176_ALERT_4_G The CIF-Embedded .res File Contains SADI Records 17 Report
PLAT178_ALERT_4 G The CIF-Embedded .res File Contains SIMU Records 8 Report
PLAT187_ALERT_4_G The CIF-Embedded .res File Contains RIGU Records 5 Report
PLAT230_ALERT_2_G Hirshfeld Test Diff for C56 --C55A . 6.6 s.u.

PLAT300_ALERT_4_G Atom Site Occupancy of C97 Constrained at 0.5 Check
And 112 other PLAT300 Alerts

More ...
PLAT301_ALERT_3_G Main Residue Disorder .............. (Resd 1 ) 31% Note
PLAT301_ALERT_3_G Main Residue Disorder .............. (Resd 2 ) 7% Note

PLAT302_ALERT_4_G Anion/Solvent/Minor-Residue Disorder (Resd 4 ) 100% Note
And 10 other PLAT302 Alerts

More ...

PLAT304_ALERT_4_G Non-Integer Number of Atoms in ..... (Resd 7 ) 3.75 Check
And 5 other PLAT304 Alerts

More ...

PLAT335_ALERT_2_G Check Large C6 Ring C-C Range C55B  -C59 0.34 Ang.

And 3 other PLAT335 Alerts

More ...

PLAT380_ALERT_4_G Incorrectly? Oriented X(sp2)-Methyl Moiety ..... C207 Check

PLAT410_ALERT_2_G Short Intra H...H Contact H61 ..H71 . 2.08 Ang.
X,Y,Z = 1_555 Check

PLAT410_ALERT_2_G Short Intra H...H Contact H65 ..H74 . 2.10 Ang.
X,¥,Z = 1_555 Check

PLAT410_ALERT_2_G Short Intra H...H Contact H68 ..H78 . 2.10 Ang.
X,Y,z = 1_555 Check

PLAT413_ALERT_2_G Short Inter XH3 .. XHn  H61 H24P . 2.11 Ang.
X,¥,z = 1_555 Check

PLAT413_ALERT_2_G Short Inter XH3 .. XHn  H20C ..H71 . 2.10 Ang.
X,¥,2 = 1_555 Check

PLAT432_ALERT_2_G Short Inter X...Y Contact C42 ..C55A . 3.05 Ang.

1/2+x,1/2+y,z = 5_555 Check
PLAT432_ALERT_2_G Short Inter X...Y Contact C63 ..C246 . 2.90 Ang.
2-X,Y,3/2-z = 3_756 Check
PLAT432_ALERT_2_G Short Inter X...Y Contact C73 ..C243 . 3.05 Ang.
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2-x,y,3/2-z = 3_756 Check

PLAT722_ALERT_1_G Angle Calc 121.00, Rep 119.90 Dev... 1.10 Degree
C41 -C51 -H51 1_555 1_555 1_555 # 422 Check
PLAT773_ALERT_2_G Check long C-C Bond in CIF: C54B --C54B 1.97 Ang.
And 5 other PLAT773 Alerts
More ...
PLAT779_ALERT_4_G Suspect or Irrelevant (Bond) Angle(s) in CIF ... 31.00 Deg.
C54A -C53A -C54A  1_555 1_555 3_756...... # 502 Check
PLAT789_ALERT_4_G Atoms with Negative _atom_site_disorder_group # 55 Check
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 2 Note
C84 H60 06
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 3 Note
C7 H8
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 4 Note
C7 H8
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 5 Note
C7 H8
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 6 Note
C7 H8
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 9 Note
CH3
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 10 Note
CH2
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 11 Note
CH2
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 12 Note
C H2
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 13 Note
CH2
PLAT790_ALERT_4_G Centre of Gravity not Within Unit Cell: Resd. # 14 Note
CH3
PLAT811_ALERT_5_G No ADDSYM Analysis: Too Many Excluded Atoms .... ! Info
PLAT860_ALERT_3_G Number of Least-Squares Restraints ............. 721 Note
PLAT910_ALERT_3_G Missing # of FCF Reflection(s) Below Theta(Min). 2 Note
PLAT912_ALERT_4_G Missing # of FCF Reflections Above STh/L= 0.600 50 Note
PLAT913_ALERT_3_G Missing # of Very Strong Reflections in FCF .... 1 Note
PLAT933_ALERT_2_G Number of HKL-OMIT Records in Embedded .res File 51 Note
PLAT978_ALERT_2_G Number C-C Bonds with Positive Residual Density. 3 Info
PLAT992_ ALERT_5_G Repd & Actual _reflns_number_gt Values Differ by 2 Check

0 ALERT level A = Most likely a serious problem - resolve or explain

1 = A potentially serious problem, consider carefully

29 ALERT level C = Check. Ensure it is not caused by an omission or oversight
190 ALERT level G = General information/check it is not something unexpected

10 ALERT type 1 CIF construction/syntax error, inconsistent or missing data
43 ALERT type 2 Indicator that the structure model may be wrong or deficient
9 ALERT type 3 Indicator that the structure quality may be low
156 ALERT type 4 Improvement, methodology, query or suggestion
2 ALERT type 5 Informative message, check

It is advisable to attempt to resolve as many as possible of the alerts in all categories. Often the minor alerts
point to easily fixed oversights, errors and omissions in your CIF or refinement strategy, so attention to these
fine details can be worthwhile. In order to resolve some of the more serious problems it may be necessary to
carry out additional measurements or structure refinements. However, the purpose of your study may justify
the reported deviations and the more serious of these should normally be commented upon in the discussion
or experimental section of a paper or in the "special_details" fields of the CIF. checkCIF was carefully
designed to identify outliers and unusual parameters, but every test has its limitations and alerts that are not
important in a particular case may appear. Conversely, the absence of alerts does not guarantee there are no
aspects of the results needing attention. It is up to the individual to critically assess their own results and, if

necessary, seek expert advice.

Publication of your CIF in IUCr journals

A basic structural check has been run on your CIF. These basic checks will be run on all CIFs submitted for
publication in IUCr journals (Acta Crystallographica, Journal of Applied Crystallography, Journal of
Synchrotron Radiation); however, if you intend to submit to Acta Crystallographica Section C or E or
IUCrData, you should make sure that full publication checks are run on the final version of your CIF prior to

submission.

Publication of your CIF in other journals

Please refer to the Notes for Authors of the relevant journal for any special instructions relating to CIF

submission.
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PLATON version of 20/01/2022; check.def file version of 19/01/2022

Datablock req157-1 - ellipsoid plot

46 Y

- (200122)

PLATON-Jan 23 17:15:48 2022

N

-41  reql57-1 C2221 R = 0.08

Prob
Temp

S0
103

RES= 0 26 X

Download CIF editor (pubICIF) from the IUCr
Download CIF editor (enCIFer) from the CCDC
Test a new CIF entry
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