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Gener al

Al l reactions were carried out under an argec
compounds were used without furthrey tpalrudre awa :
obt aidiedst byl atzponofrom CGCakB. Col umn chgiolmadagr arg
gel 60N (KANTO KAGAKU, spherGCmlorneWatkroagl el Eo f6 Op
(neutral) ofliomarH iae NMRzepa@8tra wBRUKERCcorded
Aseh"d0OOH/ (400 MHZ/ 1a0n0d MHz) spectrometer.a | R spec
Shimadzu IRAffinity1S spectrophotometer using the attenuated total reflection (ATR) mode.

Mass spectra werkelOEGOV depe otnr oamm glt MERr . ki ussSrhH D Fono d e
and Mr . Yu(sGkSX TNavkRa tLaa Reerseetaarcyio, f FAgul tyl tur e, Ho
Uni veMeil tynhg poi nt sa Steaforé ResearehsSysterasdOptiMelt MPA100

and are uncorrected Mv i-Nsl R s pectra wHreaWdOUdsepdcomodphot on
UWis diffuse reflectance measutr7e/nde ngd e cwerroemert ee
(JASCO) with an integ&8mt0 ofnl sprhees e n cAe JABEAt rFAPn
coll ect excitationomndemméesaionespé€bérabsatl utoe
guantumFgyi wéde ¢al cul a0@d absiohgtehehG®8820mi nes
yields measurement syst ermes(aHavweadnap hsaut gplhwmiomd sccse
were measur e-doru<il mdg-ppldotsdmmgd eunting | ifetime sp
Quant-aauugLdODP36(fHamamat su photonics) . PXRD dat ¢
temperature using a Rigaku SmartlLab -aslypham (Ri
S 0 u rReeed. o x moE(eannt & 'l wer e measuredsOOWM &y BASCIALGS
volt ammebDbDMK oint admy oNgBFAslaMsBpporting el ectrol yf
shown in tBY MextSQEFE eméasur ed at Rtheelseatnr oddse
used as the working (disk) and counter electro
water suspension odm)albwermiomemusxi. deFT0.ct®Y cul at i
with the Gaussi anlflbeWw pea omgetarm esa ckfa gielsie boyo mp o u n
using the B3LYP met ho81Ghn bambbnatitonniwesh bhhbeEe



Experimental Section

Synt hetic procedures

o =~ ‘
it = o CBr,
N W, 8 N N PPh,
| \ —_—
HN NH; 95% CH3COOH aq. O N N O dry toluene
o
94% ° 95%
2 3

a : 4-RCgHsB(OH)2, b, ¢, d : (4-RCgH4BO)3

Br. Br
s ilse
N N Pd(PPha)s
| |
O N N7 O toluene-EtOH-H,0

B a:R=H,93%
4 b: R = CHj, 99%

¢:R=F,83%

d:R=Cl, 78%

e A
9 CBry

g . ‘ PPhs g ‘ ‘ PhB(OH), O‘ O
dly toluene I toluene-EtOH-HZO I
o

81% B TBr 93% O O
5 6

o
H Br. Br
H Q CBry
N N

o / N PPh N N PhB(OH)z
2 LI —mowee— G
95% CH3COOH ag. N N dry toluene N N toluene-EtOH-H,0
69% ° 19% B “Br 68%
7 8

<SS SS< I
PPhs

14% 99%

(o] [s]

¢ 95% CH3COOH aq. O O.O O dry toluene
[o] [s]
9

10

PhB(OH);

toluene-EtOH-H,0
80%

Sc hemePrSelp.ar &t, i lpin aw d
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2367-Tet r apl,edgd ,r89, 280t hr ag8i none

M10 equiv.)
95% CH3COOH aq.

25°C, 44 h
) 94%

A mi xtur et eotfr alaiBie mba, cﬁqﬂ?(]ln.o@ﬁe 5ndmo | )b eaifr(2d5 g, 8
750mol ) i nCOGHo 2fnL ) was S5StifrMreTdheant tiRe precipit
were coll ecitwad hteyd fwa tt thr Bvta® B di nd rviaecdugd (¥ .e§ &
asyal pbowddé@r yiel d.

'H NMR data were liidteeiffdtciarie.t o those in

11, 11-TéRyr aB2r,o3n06 | 7V afh el 82 ,az@t hraqui nodi met han

(4)
CBry (4.0 equiv.)
PPh3 (8.0 equiv.)
CH20I2
26 °C,19h

95%

A mixtuir(®2.0o6fB. B0l ) a@dgRBIMmMol ) i €i@0L)CH

was sa@6rrfeod 1 h2, a-te@,rfalpkredniydt 8a adzbat hr aGui none
(13g0 2. 00 wan® |l addedado.Aff hwearrmmixnbgu,rted h2 mi xt ur e W
stir26ed o@h.1 After dil urte aqgt iwowahsnivweaxttienmraeCtkehde wi t h
three times. The combined organic | ayers were
anhydrous AMgs*0 filtration, the solvedmhewas co
crude productCHMGisntvasts he dewictohltoausn tdeh b ercecsmedsu e wa
dr ii emd vtacc uddiL v¢ B wlsi tae ipmMWdeTThe reswas iagndcentrat e
undreerduced, ppmedsfired by col umn c¢c KHOHtad oggirvae hy o
(A0mg) aspawddyedltdt al 1..58 g, 95 %)

'H NMR data were identlical to those in literatu

2,316, 110t pmelrly,l 4t 8t 8% a2@t hraqui nadi met hane (

PhB(OH), (6.0 equiv.)

KZCO3 8 0 equiv.)
Pd(PPh3)4 (0.10 equiv.)
Toluene : EtOH : H,O0=10:1:1
reflux, 8 h

93%

A mi xture 11,0lfl-telt 2, ,albZx, o3rioet 7 ap h£4-n§ i 8a alz0a
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anthraqui M@ddiBme3tGiteh ¢ , phenybbmgdddno | 2€Q K (

(44ng , 041 mmol ) ap@SPREYPIDI ) in a mi dmuy e BE OM ol u
(6mL) and 6wmad)emwab6O0stifre8ad Aft deWcookhegreactio
mi xture was E¢ Othba etee dTihmietshombi ned organic | ayer
water and brine, andsdAf¢drovettaabhyonous h®lgSo

under reduced pressure. The crude product was f
(hexane/lBt OAG d9%®mg ) raesdod 9@ iyn el d.
'H NMR data were identlical to those in literatu

11, 11-Tétkridsfed hy | p2h e3ntyeiphady |41 Bt 8% ak@
anthraqui nalb)i met hane (

(CH3CgH4BO)3 (2.0 equiv.)
K,CO3 (8.0 equiv.)
Pd(PPh3),4 (0.05 equiv.)
Toluene : EtOH : H,0=10:1:1
reflux, 21 h
999

A mi xture 11,0lfl-telt2,albZx, o3ri0ét 7 aph4-n§i 8a alz0a

ant hraqui Ma8i8me,t Dd@moe ) r, inse(t4hlyddbpk o K7iOBeg 2. 00

mmo |l CQ(KL1gl8 . ththol ) ansg(GFan@BPBbNMOI ) in a mixture of
(A OnL) , EMOH é&ndimkdt evras( stifrakrehd aAtf tXe20@5cpol i ng t
the reaction mixtCHCEt hwaese etxitnreasc.t eTdh ewictohmbi ned o
wasdhewi th water and bri NaSQ@ aAfitdri £edl bvatianhyt
concentrated under reduced pressure. The crude
on silicaCHfé#4l) ( h ed@brgl) wvaismesdo!| 99% iyn el d.
Mp2542630. 1decoHnpNMR (400 3Mlpzp, ih.CIOCER® M), 7. 04
(8HJ=1t7,.6 Hz)  J=67786 HaMW,;'®, MMR ((12MHQ 3)&hbzp,m CDCI
151.64, 146.06, 144.10311,. 3104, 1 .1329,. 8123 7 .18238,. 7103 7 .16288,
21 14RATR3cm30563021, 2917,12B%2,136393,1469,2,1450,
1310, 1266, 1205, 1180, 1115, 1090, 1075, 1032,
761, 735, 66398, ®M1572, 601, ;65RMVS,( FE¥)YA%B 5D.234 48Z8) ,4°
873.33 (13 ,HBRV2. BBD) CearlXsB.7 2f. Br8 FORAMAM.:38885

o




11, 11-Té& tkri &2l dupolreon2y,| 31 6 phedyldt Bt 8Rak@
anthraqui nadi met hane (

(FCgH4BO)3 (2.0 equiv.)
K,CO3 (8.0 equiv.)
Pd(PPh3), (0.05 equiv.)
Toluene : EtOH : H,0=10:1:1
reflux, 24 h
839

A mi xture 11,0lfl-felt2x,alkx, 3ot ¥ aphe-nly i &8a alz0a

ant hraqui A@@iBgne Ofna hter, if sl (udohreonlyd r ¢7x3iAg2 . o | )
K:xCQ(.11g18. hthol ) anpdGRPan@P@én@ |l ) in a mi gonkrne of t o
Et OHmMLK) andmiat ewmas( st ifrizrdd Aft e2Xd@cootl hemgr ¢emcti o
mi xture was CeéiRlftrhacetee d iwietsior gaei comhyeed were w
water and brine, &NaIQdAfecdrovel tamhyomoud he so
under reduced pressure. The crude product was f
(hexCHCé+#1) toldfiug) yaesl baowi8@® iym el d.

Mp2742800Q deco0finpNMR (400 )Mipzp,ih. ZBAQUPI M), 7. 12

( 8HJ= t7,. 8 Hz) J= 78.074 Hz8)HI= 67,82C KBWR (d100 )MHz, CDC
Uppi62. 8F=(A47 Hz), 149. 11, 47420, Ht31.887. 541
(dgr= 8.0 Hz), 129. 55, 128 J¢5, 202 RATBRIsIc M127. 86,
3025 4318000, 298%, 0105H5R43,9,8 13884, 1229481 75131,16,
110110471 0 4198,0 11504 P 2P 8838109 7882762H7468 38

633 ,1 96 16519 , 7,57855 4 82,5 85500 47, 1L RMS ( Fn®)( %8 90. 24 (25), 889
(69), 888MHRMS (MFD) CabliMN:88f80r28 FOANSI.:28895

o

11, 11-Tétkrids dprhe nzy,|3)-1t éphadyldt Bt 8% ak@
anthragqui naodli met hane (

(CICgH4BO)3 (2.0 equiv.)
K,CO3 (8.0 equiv.)
Pd(PPh3), (0.05 equiv.)
Toluene : EtOH : H,0=10:1:1
80°C,24h
789

A mi xture 11,0lfl-felt2,alkx,o03ro08t ¥ aphe-nyt &8a alz0a
ant hraqui ndo@ 2 énge,t. lo@moel 9 r, kcsh(l gohregnlyd r &3 thge2 . 00
mmo | YCQ(KL1gl8 . tmtho!|l ) ansg(GFRan@BPBENOI ) in a mixture of
(2 onL ) , EmMIOH dndimikdat evias (8t f ®2rde.d Aaftt er2dcooti heg t o
reaction mi xtur e H@ilatsh rext rtaicnieesd. wlihteh combi ned o

o
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washed with water and bNab@e Afared rdartii @h, o v enre &l
concentrated under reduced pressure. The crude
on silicaCHfé#4l) ( hexdgi@emg) n@ds aagki7d iymel d.
Mp30063013. 2decodhinpNMR MHIZz0,0 S BECH /M. 8B3,d I=8.Hiz)

7.22 (Q4H7. 4,Hz) ,J=7816 H&H, IJ=d, 718 HBH,IJ=6,77% ( 8H,
HzJE NMR (100 ;)Mipp h4@D®I5, 147.47, 144.43, 141.20
129 .18, 86, 128. 6,4 RATIR:R.M8B8H5812 B.OHRB, 2986, 2955,
1520, 1484, 1451, 1396, 1374, 1269, 1205, 1179
827, 810, 804, 791, 785, 766, 734,56D2,4665,465
LRMS ( Fnilzf %9$59. 12 (10), 958.12(23), 957.12 (37),
953. 13 (40M,7DPHRAS 12FD) C@HcodN: 9f5@r. 1 6 9FMaclund :
952.16801

11, 11-Té2yr aB9,0ofn0ot hr aqui nodi met hane (

9 CBry (2.7 equiv.) Br I &
PPh3 (5.2 equiv.)
D e — U0
! 26°C, 14.5 h I
Br Br
5 81% 6
To a sol uvantomr aU48gXLMO& 0. 1 mmolYy. and, CBB8. 4 mmol )
CHC4( 300 mL) wa(s2 7a.dd e, PIPh4 mmol ) at 26 . After
the precipitates wereCifi Therrads aintdi wa stieldt rwa tt én
CHCit hree times. The combined organic | ayers we
owe anhydrou#ffMgBOfiltration, the solvent was

The crude product was purified by co6(u8nndd hr ome
g) @aclleeusrs cryst al in 81% yield.
'H NMR data wedrhesiedémfliildalertad ur e.

11, 11 ,-Tle2t,rlaZpth.@mrytthr aqui nddi met hane (

Br__Br PhB(OH), (6.0 equiv.) O O

| KoCO; (8.0 equiv.) |
O‘O Pd(PPha), (0.05 equiv.) O‘O
Toluene : EtOH: H,0=10:1:1
| reflux, 24 h |

Br” “Br 93% O O
6

A mixtur e off et rladlrdpdoh,r A3 ui néo(d B img t2Ibad@mME| ) |
phenyl bor®3ngt. meadldy)CQIXK7Mg2. ol ) angd(lBadan@PPh
12em) in a mixture of toluene (3 mL), Et OH (0.

S8



120fozrshh. After25cooltihreg rte@acti on mi EttQAtcer was ext
ti mes. The combined organic | ayer s awehryed rwoaussh e d
MgSi©O After filtration, the solvent was concentr
was purified by column chr omatOogtra (ddiidgd nasi | i c e
an or an®e¥H syaleild.i n

'H NMR daitdae mteirceal tol’ hose in literature.

1,4-Teft BR®aA&dt hraqgqdi none (

o]

[¢] HHH (0]
H,N NH, Ie) (10 equiv.) _N Ng
CI T )
HoN NH; 95% CH3COOH aq. N N
o
7

0 25°C, 69 h
2 69%

A mi xtur et eotfr a2af#Biembg 6qRA{L nGhe 6. 00 mmol ) and gl yo
water, 13.7 mL, LDOHmmgl ) (2409 %) (fparsA 6Oteihr r e d
stirring, the prédygi giittatread i wear endo lwlashteedd wi t h
redi ssolved in EtOH f{&100 ILH, aandsthered|l ati 810 w
(882 mg) as a gray solid in 69% yield.

'H NMR data were identlical to those in literatu

11, 11-TéRyr aBlr,odntodt 8 aa@t hraqui ndaBdi met hane (
N % N CBry (2.6 equiv.) NBr BrN
| N PPh; (5.2 equiv.) / N
QLX) . O
o) 25°C,16 h
Br Br
7 19% 8

A mixtuk(ed.odf7 CBr 12 .;86mmdl §J, ald. BGBO! ML) nwdsy
stiagedor 1 hl, 4a4ndi 8harbat hr adquUl nOM4eg7R wmo |
added to atheAfmiwearr mi g ,t @« h2& miad utsi foedlat h.

After diluting with water, t he ps eclihpi treetseud twaen
filtrate was etxhraetedmest hTICHCEtombi ned organi
water and brineyroansdMyBiOceerovet taahyon, the so
under reduced pressure. The crude product was f
(hexane/ E4=OMd/1CHE(I 466F agnigy e as 1a% whietled.sol i d i n
'H NMR daitdae mteirceal tol® hose in literature.



1, 11 ,-Te2t,rlazplh,ednty8t 82 a-2@t hr aqui ndd)ilmet hane (

PhB(OH), (6.0 equiv.)

Br Br
K,CO3 (8.0 equiv.)

[/N Ng Pd(PPhs), (0.05 equiv.)

1)
SN NT Toluene : EtOH : HyO=10:1:1

reflux, 7 h
Br Br
8

68%

A mixture otfetlrlablrmnd? 8haaz0at hr aqui Bd Bilmet megn e

15é&nol ), phenyl borowsma! YWQ(KH71ing, mdg, 293:gmol ) an
(9.2 mongo, )7.im a mixture of tol udme 3( 3InLmL )wa sEtsOH
at 120r 7 h. A2484er theolriemgtti@n mi xQUht br was ext

ti mes. The combined organic | ayers were washed
MgS:©O After filtration, the solvent was concentr
was purified by column chirBm@aAo g+ &pOhSy4a .03ngrisgr)é i C
as an orange solid in 68% yield.

'H NMR data were idenelical to those in literatu

2,3 Tét 7aphemtytthr aqdPnone (

o
O OH .
o (20 equiv.) O o O
TsOH (0.05 equiv.) O‘O
CH3COOH
0o reflux, 15 h o

14%
9 10

A mi xtlu-pden o & qu2 hrigrRe htho,U-hy dr-,d phenyl-Zeyhc| opent
lone (1.00 g@npdoDOemenpUl)f oni 19 aMgi dOOmohp hydr at e
CHCOOHMK L) was rsetfifl crfeAf taeoro | i261 gt he mi xdiulruet ewda s
wi t h awadt eerx t r a g£thtetdr avé Tthhé @eHs mbi ned organic | ayers
wateatur at edgaMadH®O i ne, and dridAfotver fainhtyda toiu
sol vent was concentr altheed curnoddeerc tpr endausc epdu rpirfei sesdu r!
chromatography oHCs$31)i ¢ @l @ledvdg() h ssh a® wd enr

1% vyield.

'H NMR data were idenflical to those in literatu

S10



11, 11-TéRyr aB2r,03706 | 7 a poh,etnbytlhr aqui noldli met hane (

O 0 O CBr, (4.0 equiv.)
O‘O PPh3 (8.0 equiv.)
Toluene
S0 Ol &I
99%

10 1"

A mi xtugr@6ermgfy 98Bal ) a@dBPP.hthol ) tionl (deniyg was
stiafded or. 1Toch t he s us p2e n3stédo mia polg snBaldhdeady i none

( @ 2ng, 200 drhde miwvas uheat ed aAf tceerbl u2dgf diohé& h.
reacti on dniéaviutr e awaslxetrr,act editwirtele C@H mes. The coc
organic | ayers were washed with watser Afaner br i
filtration, the solvent waBh e oarceedhdcrt@ tvweads upudreirf
by column chromatogr £piGly=1pnt clilfflicehg ) gebki tadhhex ane
powdd@r¥% yiel d.

Mp>40Q'H NMR (400 )Mipp,ih. ®BE)| 77..2158 (12H,. 0@), 7.1
(8H,'Em)NMR (100 3)M¥pzp,m4ODGI7, 139.43, 138.75, 134
128. 05, 1;2@ADRs/c MBO.77/H, 335259, 2926160208683761726,
15319449 6T 4 11 37892 2 6128,2 2121 4,0 2160 @, 0609, 9,9808 7669, 6 9 2,

650 262468568 65625 0BLRMS( Fri)( %) : 827.76 (24), 826.7
(44), 823.76 (bp), 822, 7MHRMEB0)Y,FD§g2LahRu( 66 ),r &
819.86115; Found: 819.86086.

2,316, 10Ot pmelri®y,l-Aa@t hraqui ndd)i met hane (

PhB(OH), (6.0 equiv.)
K,CO3 (8.0 equiv.)
Pd(PPhj3), (0.05 equiv.)

Toluene : EtOH: H,0=10:1:1
reflux, 24 h

A mixtlul,ellofélt,alk?, o3rmoet VaPhdaayhraqui ndd2met hane
mg ,5Cmo !l ) , phenyllihog®0 dmmo | 8.€ Qd@ Gng , 2 Odhmo | ) and
Pd( Bsf8h. M7 . Bniol ) i n a mi Bmu)y e EBB8MMH)0(d@Dred8wdt er (C
mL) was stif o2edd. aAf tle2r@®5cooltihmg rteacti on mi xtur e
wi Eh OAbree ti mes. The combheddwiorigawatet agpdsb
dried over anhWdteus fMgEDOati on, the solvent W
pressure. The crude product was purified by col
=20) t olV(80Omeg ) passh eal pbowd @ yi el d.

Mp29729%8.;4 NMR (400 )Mipzp,ih. @@HQ@IdI=1. 3 Hz).%4. 30

S11



(8HJ= t7,. 4 Hz) ,J=71286, (ZH4 9@z 12H, 1), 7.07 (4H,

J= 1.4,;'% BMRIz() 100 s Mbpzp,h42DGI1, 141.17, 140.58,

134.63, 130.41, 129.77, 129.RABR3cL™®3BA73855127. 39
3002599 1570614 7124481 4 412338 4132 7191 5151 3,0 3100 1,08099 6 4

925, 981777769, 725409 74,4 86 266519 67,6 75 3650 ;4L RBS ( FD)

mz( %pL4.(BR,138(B) 12 897 )MP6 (16606 (MB )1 RS ( FD)

Cal c CekHsf802r. 344 FOUM.d3 4621

S12



NMR spectra of new compounds
(@)

2. 452

120

(b)

140 120 100 80 60 40
Slppm(™*C)

21.431

20

Figure S1.(a)'H NMR and (b)"*C NMR spectra olLb in CDCk.
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(@)

ffffffffffff
R e S e

W

Lt

T
8 7 6 5 4 3 2
)
Bippm('H)
= FE RO TNNOEREE G
=g SEESEIBRREEE F5
53 CIERBEEBRBRES I8
o S = —roiniower W
25 ZESTEEEaHaEER 22

Ll 1|ll‘ J )t

180 160 140 120 100 80 60 40 20
Slppm(™*C)

Figure S2.(a)*H NMR and (b)*C NMR spectra ol.cin CDCk.
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(@)

SRR
ffffffffffff
R e S

N

8.0

40

Slppm('H)

(b)

LS9 8 Sonnmowor

el pdivmtad sl et N bl Nttt

140 120 100 80 60 40 20
Slppm(™*C)

Figure S3.(a)'H NMR and (b)**C NMR spectra old in CDCk.
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(@)

(b)

mmmmmm
NNNNNN
B

Br.

Br

Br Br
1"
7 5 4 3 1 0
B/ppm("H)
EBEC 8252 =
sasd iRss £
| | Br__Br
WY |
o : 900 :
Br Br
1"
“I\ ‘ | L
140 120 100 80 60 40 20 0
Sippm(™C)

Figure S4.(a)'H NMR and (b)"*C NMR spectra ol 1in CDCk.
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(@)

PR B O @m e ST D i D o O

%\g\qu

v
o °
3
8 7 6 5 4 3 2 1 0
Slppm('H)
CRRSNECEESERE
Pl e
pee- s chichichichs fa b
| |
\ / w‘/),J M///)
WA e
v
140 120 100 80 60 40 20 0
Slppm(™*C)

Figure S5.(a)'H NMR and (b)**C NMR spectra ofV in CDCk.

S17




X-ray Analyses

Crystal structures

(a) (b) (c)
S e . . P
L oS Ny 4 %4 ,f{x 5
VTR D N PN _Alys i
o, __,:/"u-&\ A h > '-—..f‘-é:\ g # N #—:H,. e \__f
Ao | N N A A
% N 5 N <
LA ,\\’ g ‘;\ °d
F-form F-form T-form

Figure S6. ORTEP dr awialt @Bf oafrfCHC} s ol viad @r gdsdt afl 1 o m
CHCY¥ hex abFg)orn mHGS$ ol Yreetce gesdt afCrHoGEt Qld n(dCTif or m
wi t hcowtsataildn (sed¢ vgslt afOHECH Et OPH)TShod vent mol ecul es

omitted for clarity. Thermal =ellipsoids are shc
(a) (b) (c)
""-vri’a-..,;,\_‘;, };«’;_;: - ¥ -y
R o b S U 0, sa
}:r SRS o ~; __T;*“'—';‘f"‘j/"
-l SR 7 N
o W ‘ £ 4 >
> % &
F-form P-form
(d) © (M Bt
R DY P ;E"\ T sy .La/s"'
SNy S AR PRI A R 2 s S
N> o lin =< | P ‘
o % 5 o K J;;{\ sl \%_“\)
P-form TF-form TF-form
@ 0) -
N A e ESL AN
NS S
o < Wy P sl
7T W NS
o : - ' PV &
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Crystal Dat a
Method

A suitable crystal was selected andasure@n aRigakuXtaLAB Synergy(Cu-Ka radiation,
| =1.54184; ) with HyPix diffractometer. The crystal was keptl&) K during data collection.
Using Olex2! the structure was solved with the SHELXTstructure solution program using
Intrinsic Phasing and refined with the SHEL¥! refinement package using Least Squares
minimization.

Tabll€ryst al L[iWat draod f

1] 1V (a) F-form (b) F-form (c) T-form
Recrystallisation solvent CHClg/hexane  CH.Cly/hexane CH.Cl/hexane CHCIs/EtOH CH,CI,/EtOH
Colour and shape Yellow block Colourless plate Yellow plate Yellow plate Red block
Solvate Non Non CH.Cl, CHCl3 None
Empirical formula C35H24NA C54H44 CslH42N4C|2 C51H41N4C|3 C50H40N4
Formula weight 512.59 812.99 901.88 936.33 816.96
Temperature/K 150 150 150 150 150
Crystal system triclinic triclinic monoclinic monoclinic triclinic
Space group P-1 P-1 P2)/n P2y/n P-1
a[Al 9.93699(14) 10.81378(14) 16.5930(3) 16.58736(14) 9.75804(18)
b [A] 13.4375(2) 19.7207(2) 16.7981(3) 17.18100(13) 10.24335(19)
c [A] 20.7105(3) 32.0682(4) 17.4925(3) 17.25022(14) 12.5631(2)
U [ A] 100.7714(13)  87.3043(10) 90 90 109.5893(17)
b [ A] 95.4569(12) 80.5761(11) 100.4761(18) 101.0383(8) 92.4238(15)
2 [ A] 102.2024(12)  88.2988(10) 90 90 114.6339(18)
Volume [A3] 2629.12(7) 6737.26(15) 4794.45(16) 4825.14(7) 1050.81(4)
Zz 4 6 4 4 1
} cag [cm?] 1.295 1.202 1.249 1.289 1.291
e [ Thm 0.6 0.515 1.559 2.066 0.582
Crystal size [mn7] g'i U 015a g'zsu 01U 12x01x005 0.6x05x005 04x02x02
Reflections collected 31474 85233 31137 31612 11871
Independentreflections 10588 27336 9524 9741 4276
Rint 0.0339 0.0332 0.0708 0.0311 0.0251
Data/restraints/parameters 10588/0/721 27336/0/1729  9524/0/604 9741/0/613 4276/0/289
GOF 1.035 1.032 1.158 1.54 1.034
R1 [I >=20 (1) 0.0613 0.0645 0.1134 0.0961 0.0436
wWR2 [1>=20 (1 0.1668 0.1753 0.2821 0.3134 0.1136
R1 [all data] 0.0664 0.0702 0.1534 0.1003 0.0458
WR2 [all data] 0.1720 0.1806 0.3074 0.3248 0.1155
CCDC 2176740 2176741 2176742 2176743 2176744
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Tabl2CrSyst allb.dat a

of

@ F (® P- () P- () P (e TF- () TF- (g) TF- (h) TF- () T-
form form form form form form form form form
Recrystallisation EtOAc/  EtOAc/  CH.Cl/  CHCly/ CH,Cl,/  EtOAc/  EtOAc/  CHCl/  EtOAc/
solvent EtOH EtOH hexane EtOH hexane hexane EtOH EtOH hexane
Yellow Orange Orange Orange Reddish Reddish Reddish Reddish Red
Colour and | | | | |
shape plate plate plate plate -orange -orange -orange -orange plate
plate block plate plate
Solvate 2EtOH  H,0 CHocl,  O-SCHC g‘FCHZ 2‘e5hexa g'5EtOA CH.Cl,  None
3 2
Empirical CesHeoN  CeaHsoN  CesHsoN CeasHass  CeasHas  CeHssN CeeHsoN CesHsoCl CeaHasN
formula 402 40 4C|2 N4C|1_5 C|N4 4 40 N4 4
Formula weight 965.2 891.08 957.99 932.75 915.52 916.15 917.11 957.99 873.06
Temperature/K 150 150 150 150 150 150 150 150 150
Crystal system ~ monocli - monacli - monocli - monocli iinic  wicinic wiclinic wriclinic  MOnoch
nic nic nic nic nic
Space group P2,/n P2,/n P2,/n P2)/n P-1 P-1 P-1 P-1 12/a
a[Al 13.7381 13.0186( 13.0605 13.1532 13.8714( 13.8366( 13.8378 13.8559( 28.1936(
0(16) 7) 5(8) 7(10) 3) 2) 4(18) 4) 3)
b Al 19.2903( 15.5503( 15.9366 15.8059 14.3596( 14.3012( 14.3149( 14.3395( 5.66772(
2) 6) 4(9) 4(9) 3) 2) 3) 3) 5)
A 20.7162( 25.0921( 24.8247 251230 155180( 15.4141( 15.3314( 15.2345( 32.3675(
3) 8) 0(16) 1(16) 4) 3) 2) 3) 3)
O [ A] % % % 9% )87.623(2 %7712( lejsng( )73.943(2 9
b o[ A] 105.087 103.288( 102.652 102.274 70.622(2 71.2750( 71.4192( 71.145(2 107.839
1(12) 4) 1(6) 0(7) ) 16) 12) ) 2(11)
o [ Al % % % 9% )61.366(2 %2700( elséj3275( ;31.450(3 9
Volume [A] 5300.81( 4943.7(4 5041.58( 5103.68( 2533.36( 2504.14( 2496.59( 2488.83( 4923.45(
11) ) 5) 6) 11) 9) 8) 13) 9)
z 4 4 4 4 2 2 2 2 4
} caieg [cm?] 1.209 1.197 1.262 1.214 1.2 1.215 1.22 1.278 1.178
e [ thm 0.562 0.549 1.511 1.245 1.008 0.539 0.558 1.531 0.526
Crystal size 05x0.1 835 i 05x02 04x02 08x04 04x02 03x02 06x0.2 06x0.1
[mm? x 0.02 0'02 x 0.03 x 0.05 x 0.1 x 0.15 x 0.03 x 0.03 x 0.05
S;ffc‘;te'gns 35360 35436 34101 34613 30266 28717 29691 30911 17160
'rZ‘f’I:ggQgsem 10752 10077 10179 10384 10267 10106 10091 10236 4926
Rint 0.0378 0.1381 0.0262 0.0189 0.0512 0.0330 0.0203 0.0416 0.0218
Data/restraints/ 10752/0/ 10077/0/ 10179/0/ 10384/0/ 10267/0/ 10106/0/ 10091/0/ 10236/0/ 4926/0/3
parameters 675 625 653 653 662 645 657 645 09
GOF 1.016 1.023 1.045 1.065 1.038 1.044 1.034 1.034 1.069
R1 [ | >=2 0.0487, 0.0888, 0.0516, 0.0725 0.0880 0.0480 0.0479 0.0718 0.0446
wR2 [ | >= 0.1270 0.2273 0.1413 0.2231 0.2615 0.1283 0.1367 0.2030 0.1160
R1 [all data] 0.0596 0.1802 0.0549 0.0755 0.0931 0.0514 0.0507 0.0770 0.0463
WR2 [all data] 0.1343 0.2836 0.1443 0.2264 0.2679 0.1315 0.1397 0.2083 0.1175
CCDC 2176745 2176746 2176747 2176748 2176749 2176750 2176751 2176752 2176753
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Tabl3eCrSystallc data of

@ F (® F ( F (W F (¢ F  TP- (9 TP- (h) TP- (i) TF-

form form form form form + form form form form
semiP-
form
Recrystallisatio  EtOAc CH,Cly/ CH,Cly/ CHCly/ CHCly/ CHCly/ CH,Cly/ EtOAc/ CHCly/
n solvent hexane EtOH EtOH hexane hexane  hexane  EtOH hexane
Colour and Yellow Yellow Yellow Yellow Orange Red Red Red Reddish
block plate plate plate plate needle needle needle orange
shape
plate
Solvate goac  22°Ct LICR - ocuc, o CHCls  CH,Cl, EtOH  CHCls
2 2
Empirical CG4H44N Cé?Zd';h,sl C(_E,llzsil;':slfl C52H38C| C50H38F4 C51H37C| C51H38C| C52H42F4 C51H37N
formula 402F4 510574 512504 5F4N4 N4O 3F4N4 2FaN4 N4O 4F4C|3
4 4
Formula weight  977.03 910.16 995.08 1127.66 906.94 1008.29 973.85 934.99 1008.29
Temperature/K 150 150 150 150 150 150 150 150 150
Crystal system monocll monocll monocll monocll triclinic m_onoch monocll monocll triclinic
nic nic nic nic nic nic nic
Space group P2/n P2/n P2,/n P2,/n P-1 C2/c P2/n P2y/n P-1
a[A] 12.7508 12.6622 12.7522( 12.8660 13.3387( 25.6556( 25.5002( 25.5161( 10.1200
3(13) 2(15) 3) 4(12) 2) 5) 17) 2) 9(13)
b A 22.3845( 21.9556( 22.7801( 24.1764( 16.6099( 9.8373(2 9.7673(4 9.80781( 13.5095(
2) 3) 8) 2) 5) ) ) 8) 2)
A 17.8818 17.6375( 17.1545( 17.2873 18.4931( 40.0763( 40.489(4 39.5463( 18.6161(
6(15) 2) 6) 1(17) 6) 7) ) 4) 3)
U [ A] 90 90 90 90 ;?8'333( 90 90 90 é?lzé;%
b [ A] 98.8812( 99.1661( 97.596(3 99.5946( 94.699(2 96.4440( 95.796(7 94.5123( 97.5345(
9) 11) ) 9) ) 18) ) 9) 12)
o [ A] 90 90 90 90 ;05'688( 90 90 90 2%2272(
Volume [A] 5042.66( 4840.72( 4939.6(3 5302.07( 3681.3(2 10050.6( 10032.9( 9866.08( 2457.54(
8) 11) ) 9) ) 3) 12) 15) 6)
z 4 4 4 4 3 8 8 8 2
} caleg [cm] 1.287 1.249 1.338 1.413 1.227 1.333 1.289 1.259 1.363
e [ tm 0.72 0.929 1.929 3.449 0.685 2.142 1.648 0.696 2.19
Crystal  size 04x04 1.0x07 04x02 03x02 03x01 24 * 07 ~x 08 x 05 x
[mm?] x 0.2 X 0.1 %01 % 0.05 % 0.02 004 x 0.02 x 0.05 x 025 «x
' ' ' ' ' 0.03 0.02 0.03 0.1
S;lecctte'gns 32543 29221 30617 32287 41870 30470 62192 61118 29396
'rZ‘f’I:ggQgsem 10208 9726 9950 10723 14790 9912 20204 19771 9922
Rint 0.0228 0.0659 0.0303 0.0304 0.0299 0.0341 0.1222 0.0282 0.0360
Data/restraints/  10208/0/ 9726/0/6 9950/0/6 10723/0/ 14790/0/ 9912/0/6 20204/0/ 19771/0/ 9922/0/6
parameters 657 23 66 685 932 92 1334 1279 49
GOF 1.04 1.075 1.086 1.013 1.036 1.036 1.088 1.044 1.064
R1 [ I >=2 0.0670 0.0756 0.1064 0.1052 0.0527 0.0914 0.1267 0.0796 0.0854
wR2 [ | >= 0.1951 0.2183 0.2531 0.3110 0.1451 0.2775 0.3382 0.2347 0.2582
R1 [all data] 0.0700 0.0817 0.1123 0.1109 0.0609 0.1044 0.2382 0.0998 0.0898
WR2 [all data] 0.1979 0.2248 0.2561 0.3170 0.1508 0.2920 0.4033 0.2561 0.2632
CCDC 2176754 2176755 2176756 2176757 2176758 2176759 2176760 2176761 2176762
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Tabl eCrSyds.t alld. dat a

of

(a) P-form (b) P-form (c) TE-form (d) T-form
Recrystallisation solvent CHCI,/EtOH CH.Cly/hexane CHCls/hexane CHCls/hexane
Colour and shape Orange plate Orange plate :?;ctlgishorange Red needle
Solvate CHCl3 CH.Cl, CHCl3 None
Empirical formula C61H37N4C|7 C51H33N4C|5 C51H37C|7N4 C50H36N4C|4
Formula weight 1074.09 1039.65 1074.09 954.73
Temperature/K 150 150 150 150
Crystal system triclinic monoclinic triclinic orthorhombic
Space group P-1 P2)/n P-1 P22,2
a[A] 13.2185(5) 13.13701(8) 13.8192(2) 17.5899(5)
b[A] 15.7122(5) 15.53185(9) 14.2692(2) 24.5607(6)
cA] 25.1598(8) 25.04601(14) 15.4824(2) 5.46102(14)
U [ A] 91.884(3) 90 74.8558(14) 90
b [ Al 101.524(3) 102.7632(6) 70.7523(14) 90
2 [ A] 93.318(3) 90 61.4238(16) 90
Volume [A?] 5106.3(3) 4984.17(5) 2511.37(8) 2359.26(11)
A 4 4 2 2
4 caieg [cm?] 1.397 1.385 1.42 1.344
e [ Thm 3.907 3.502 3.972 2.634
Crystal size [mnT] 0.15x0.15x0.01 0.4x0.2x0.1 0.15x 0.15x 0.05 0.5x0.05x 0.05
Reflections collected 56442 30493 30619 8107
Independent reflections 20217 10068 10148 4279
Rint 0.0875 0.0210 0.0420 0.0299
Data/restraints/parameters  20217/0/1297 10068/0/640 10148/0/649 4279/0/307
GOF 1.019 1.024 1.056 1.074
R1 [I >=240 1) 0.1065 0.0396 0.0952 0.0440
wWR2 [ >=2 (1 0.2955 0.0994 0.2723 0.1195
R1 [all data] 0.1454 0.0415 0.1061 0.0482
wR2 [all data] 0.3320 0.1008 0.2849 0.1219
CCDC 2176763 2176764 2176765 2176766

S24



Mol ecul ar packing in the crystals

(a) 1a : F-form

(c)1a: T-form

B2k

Figul®dMoBecul airn ptatceo fnagy sthhgelbs a@axdf{lseft, mi ddl e,
right, r[és)oct@hCés oyl)r eetce y(sftra@ mCit/sheedx, @IdF¥ o r m

i CTHGIsol ragcer y sft mdOMiGEe @) Hhn @ cT-f or m wd rtyhotud !l | i sat i c
s ol yreenctr y sftra@mGysEtdPDH)
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(a) 1b : F-form

Fi gul2&dMo®Secul airn ptaltckoi tbgy o naJbs headi s (I eft, middl
right, r[¢ shpfeocrtd liter® i leyr aetc r y sftradEmh O A @ /d,E toRYHo r m

i H:O sol vae er y(s t a bHrti GAd/ ,EAmMOH)RP-f or mCHCrk sol vat e
(recr ysftra€mdlstealxlane)
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(d) 1b : P-form

Fi g6d&ol ecul airn ptalt&oiftbmy o naJbs headi s (I eft, middl
right, r €@ sMfeocrtd vierG:d @Il yraetcer y sft radCril G/Isket dQ He)) F

form GHCiDo I5vraetcer y(sftradCrhiCis e dx, an@fl)Ff or @ . i5Shexane

s ol weaetcer y(sftradenh O/Aleedx]a n e )
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(g) 1b : TF-form

\
\7.5

N
\/

K

)
Q'A

Fi g6d&Mol ecul airn ptac&koifbmgy osna)bs haeaxdi s (|l eft, middl
right, r[égpFé ot iDv BIEYSOA qr eetca y sftradmh © A e/dE HIGH )
for@HCIs ol wetca y(sftra@miCiy/sEetd@H)diT¥ omwmt ko wtst al | i sat i c
s ol Yreenctr y sftradkth OAe/dhex ane)
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(a) 1c : F-form

(b) 1¢ : F-form

(c) 1c : F-form

Fi g6d.80l ecul airn ptac&kofwmy s glbs headi s (I eft, middl
right, r € spfeart nEv kObsyo)l \raetcer y sft raderh OfE€lHf or m i n

0. 2503Blol vraetcer y(sftraCHGisleelx, an@dd)f or m 5iQ€ik.02 vat e
(recrysftraCmdysEdPH)
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(d) 1c : F-form

Fi g6d.80l ecul airn ptac&kofwmy s glbs headi s (I eft, middl
right, r[¢ sPfeocrtd QikkgBly ) (reetce y sftradmi G/Isket dFdif-f or m

( mdl) an-Bf eemi2()mmeAHSs o Irwatre sf{trad n pCEEd a n(éf) )R

form iz8 0CMGlce y(sftra€ii G/Isheed a n e )
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(g) 1c : TP-form

Fi g6d.80!l ecul aignh ptak kot ey snglbs headi s (I eft, middl
right, r g Bfcarinv €( iyedd d2 ) moil.&4 sCoH vradcer y(sftmdo mi sed
CHCY hexamg)Pf or m -1( mah d2 ) moil n Et OHe csroyl svfastbemi 6 e d
Et OAc/ ,Btn@HAYf or m is38 0oCME&ltcea y(sftradi G/Isheeda n e )
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Figsd#ol ecul airn ptac«oifdmgy snhalbs haeaxdi s (|l eft, middl
right, r fa Peomi o hd2)molsHCI| s ol eva@ntyest(@bini sed
CHGIEt ABPf or m L hs odHraetcer y(sft radCiC 5 b d x, a ndeh)d F

f or @HIGS ol yweetcea y sftrad M G/Isheedx]a.n e )
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