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Ac: acetyl

Ac0: acetic anhydride

AcOEt: ethyl acetate

Ad: adamantyl

Boc: fert-butoxycarbonyl

Bn: benzyl

CPME: cyclopentyl methyl ether
DABCO: 1,4-diazabicyclo[2.2.2]octane
DBU: 1,8-diazabicyclo[5.4.0Jundec-7-ene
DCM: dichloromethane

DMAP: N, N-dimethylamino-4-pyridine
DMSO: dimethylsulfoxide

DMF: N, N-dimethylformamide

Et3N: triethylamine

Et,0O: diethyl ether

EtOH: ethanol

MeCN: acetonitrile

MeOH: methanol

NBS: N-bromosuccinimide

Ns: 2-nitrosulfonyl

ODCB: ortho-dichlorobenzene

PhMe: toluene

'PrOH: isopropylalcohol

THEF: tetrahydrofuran

Ts: p-toluenesulfonyl
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BHAREDOFREIE, Bl o AFES LIEE 5 8% < oGSt &9~ 2% FEH L <
& 7o ALE . AR, I X OB E O FilfHl % 1 5 A E A EGE O BT IC X 0 | EEICHRER(L X L7z 51K,
HEVEIAFREET 2LAEVOERN 2 EEABEF L T Y, 5 HTIREZRESCRREIEMEL O B3y
BHSFRIC B W TR 2R R WTEMR L mo T b, BEABEDOFRE. B XUz hictE ) sftinffiiEt&
MO RNEHE 2 LA CE 2 ER L U<, LA Lo BB ITEERMECH 5 L F X 5,

i b © b FH FREE, UTFTOWEIC X YV SBMESE T 2 RA2HRL ) 2eEx T
5, £3, IS T BHRAIKPLZELICH L CHBINLIE TH 5 7= 0 FEIENHHECcH 5, T Hic, Ak
FEOBRBEICH ) XNAZICRTHREINTED, LIELIEL T X 2 A dflibi 2 Skl & ik L <&
R ORI/ NI e &b, BYNCHEZ RS 5 2 L CHREY OB AR bR Y & R ATFET
H2LWFETE S, WP AEHES T L L T4 AF AT I/ ) P (DMAP) 287 & AALfillit &
L THBEICH LT 5 D (Scheme 1-1), B FilED b 5 1 DOFRHEIX. RAICHET 2 k%
DFEERE TR T2 2 & T, KRBT EEEICTF 2 —=v I/ TELHTH5, B. List bicks 7
oY vERMEE LEZAFET AR =G D (Scheme 1-2) DR LIRS, B2 RIRH K0 7% FLEEEH# &
L7=AFMES2BICHOHZBR S X5 ko7,

o AANTs 0,0
R + + +
Yy - AL §
~N T
| - NEts
N
DMAP
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\Rj/ ~
“I ] o 1 Eé
N 0 - ROJJ\ 5
o)\ 6.0

Scheme 1-1 DMAP #filifit e L7=7 va—1r DT v il

{Pecon
H

O OH
0 Q (30 mol%) Me M (‘;“"I"N H
)L + HJI\I/ME —_— Me )-\rs";o.a..H*‘.‘mO R
Me” “Me Nie DMSO Me Me g Me o
(EXCESS) 97% yleld
96% ee

Scheme 1-2 70 U V&l & L2 AFT L F—VRIG

TEDERLFIT BT, [ERICARWEMREEZH O TORRICE 37 I ANV ZAR—ZADIEKD
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Tz, FELOREZRECE Y, KRS L OICHAMEOREZ XA T2 L wx b, flz s T
fLEDOFREICX D, SRS LD IV ARsn v, WMloHELL Y R TFvicESH

5, A vx—uvy 75T (Figure 1-1a) O, N L GEIESERL T2, R LT T~vv—
v OMERIFERE LCHBE S 7o b & & bic, BEEMEIRD &3 28EEEED T~DI0H Y23 FE
INTw3, 72, 1980 FRUATIIRFZORBERIZ S 7774 e XA XYV FOARTHLIEEZ LN
TWwiz, Ll FUERUBICZ S —L vy 92 h—R v+ Fa—70cREI N2 EH %
FIRFCEY) (Figure 1-1b) 23R &, LI ZNLDEEETH L /v 77 2=V Dh G
RENTzo TS DILEPNIPIACEREE ICHEA D 725 & & bic, fEROYE I IV En - 5F
oG %ER L CHiBl R FE ks s ncn 3,

a)

rotaxane catenane

fullerene carbon nanotube cycloparaphenylene

Figure 1-1 JEF7F H %2 £ 2 FEkHE S T
a) 4 v & —ua vy 75T b) KR o 55 F (carbon nanotube DX 1Z 4 7 A b AC & Y Hix#)

Leigh 3 X O Papot & I3PIBAKI 2 ¥V —rou 2 X4 v 2RI L7258 DDS FiEZBFE L T3 ®
(Figure 1-2a), 2 ¥V — L eKEWE IV a—R 2=y F 2R by X=L F B0, BLUOH 77 o X
— Y OREWEE MBIV LTCHT MK LV 20 XX vicNL, #7727 Py X—FiCiE
KI5 2 Wiy D, Hid TAT 7 —XIC X BMAKDRIC L VD TR XY —Apiidnsg, 75
Holx, FVaxx3v28ALLACEBEMEZHIEL T» 2% 9 (Figure1-2b), 7 X ¥4 v OA[H)PEIC
Hik 3 2 WBRMEE 2 (L EREE A G b 5 2 & T, {ERDLEIMEE O 2 ICikiE L 7- H CAEEM
FHC R TREWIR CHOBESETT 2, 20 X5 RIGHEZH#EET 2123, ffifirokEicu £
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N
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gN\?‘\/o e}
O NH N
OH } \—-"-“N’ =N 0
0. _NH ‘\—/0.__NHo
w0 T TS
H o O™ enzymatic
2 0 degradation
cnd T G -
1
OH ﬁ onH <§LNOZ
H 0 é‘of i
Mf Hi 4
galactosidase
esterase %
“oy@ Yoie @
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b)

HEMA CEE LEMACEE

HEWACEE

+

tFECEE

Figure 12 1 % % 9> % i L 21 AT 5t
a) FPIRCHE b) BB

¥z, 77— L v ok LCld, REEHIPHTONEBER I I T2 (Figure 1-3a),
KINERT 7 7 — L VIZIHRESSEINSE 20, BIMEIE LCOMEZTF 2 —=v 7 LoD i
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DEG L 722 10, A COKAEFERIIFIHIVIEEZA L TV W2 2 h|EIN TR L, EYNE
HEVE L LCHICHBRF S LT b, EREMOBRICY 7 —L v RMICREZRTZd 0O 7 —
LY eEENTED, 2HHbRTFRAA Vv E2UET 2 LBVETH VHBFR T L LCHEHZ
NTw3 2, HFONEIZ7 7L voBBTFINREICELRE LS FE LR i, Aafl
SEFEOZEEIC D RS- TnE B, 75 —L v OFE{ oD 1 DL LT, 757 —L VEIKICH
I DR D TAFNEL B e BRWEEINTEL Y (Figure 1-3b), EIRIEASEEE I L 7-(&Af
RIFEEEOREIC L > T, 407 7L v oS RHOHoERERIICX>TxhZhF 7Y
TA=DRRT L, cNO6DF TV T 4 —ICIFHEEAFZND D00, 2 DOFEIFEEL F 7 v HPLC
KX MBERTH L L bHE > TRERERETH 5,

a)
~———exohedral fullerenes ——— ——— open-caged fullerenes ———
soluble organic semiconductor /
host molecules
EtOp_C-'\N COzEt \ J
VRN = “~._——=endohedral fullerenes ——
e ’. \ \
283 £
\_ ! A\ !\
N4 N
water soluble =
anti-HIV activity } various electronic properties
L% -
b)

bis-adduct open-caged

Figure 1-3 7 7 — L v OFHEAL
a) JGHTE~DER b) 77 —L VHEEKEEOXF 7Y 7 4 —

LLEDlD X 5 Rk B b a3 A < Sk A 80 T 2 KT, ST O 8l 2> & 13831 7 (s



BEOWEL IR OHECTH 2 L\ 2 5, ML EZHIIEE AR, X 5B 2 83 2 B
BITERTH Y. &Y DITHIBICHR R 72 G TR H 3 2 MR AR EIIC B W T X I % F
T2b0EE25%, UEoHRICHESE, AR CIIFREEKEZE T 2{LEW OIS % #itE T %
2 FiEORFEEZHIEL <. AR T Z V7B AT X 2 Bl TAEORFSICH Y T C &
L7,

F2ETR, A vE—uy T THiuxFI IZEHLZ (Scheme 1-3), k)7 = 7 — L Dfil
A EERFBIC L 2o 2 X9 v EBEORBICEFL, YFEowgFHhvers s v s 7
oy 7k e L CorRetE. B X ORBUCENREFRZE~DICH O Rz R L7219, £xh=
ANT T F—=F T rn XX O GBE~ DR % A7z,

Scheme 1-3 A FHERFIC X 3 0 2 4 v OfEESK (5 2 &)

HBIETIH, 77—V VRO —D2OTHLHINTT7 7—L VICEHL7Z% (Scheme 1-4), Hi17 7 —1
VIEBARBE T 5, O EREESNICHR T 25BN R F 7Y 7 4 —1xf L. Hif] oo v il
FERRIIC A E R L. FiBlF Z R e L CEBEZ R 2% £ 7 VB0 7 7 — L vEFER O G
FAFE L 72, ffeC. BEEERYNIC X 255kAa* 7V 7 1 — Ofiliii{b 22k & v oo GRS LI s
2 KRR 3 2 $ 7 R 2 3R L 72,

RoCco,°

IFUFAERE
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F2E ENGTERERLICK 02 F 9V OEFEAK

F1fi HRERS L CEEOWIESH

X XY VDT —vE LCOISHTTREE 2 5| B4 A RIESBFE S T E 72, A0 & %
PV EEIE T, B LERR T ORAIC X 2EARIER R L 55, Scheme 2-1 ITRER 7 A HGE
ZECEk L 72 19,
a) TV FFvy 7 AL VERS 2 TRES 2 EEB L OB 28 AR (e 2 X9 V) oXigic
DEEGA b v oS —FE AT B & Tl D e IE 5,
b) 7 VU v vy Ik W OBIRET R 23 12 & & Mo 7 E AR o BRIRWT R & BRALRE & 2K
NEETZLTcuxXFVERIEET 5,

a)
E— = —_
threading stoppering
complexation
rotaxane
pseudorotaxane
b)
: .
* entangling 3 e . clipping
complexation rotaxane

Scheme 2-1 fXFEM 7 v 2 ¥ 9 v HEKE
a) TV FFxy7TE b)) 7Y v Ik
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g:} He Me HEaTH
o 0 -
(— _> PFs o
Me (@] o] 0
N

b) d)

(€, [ by cyclodextrin
— —_—

HO,C
Figure 2-1 = % ¥ % v &RUCHIH & 1 2 5 7 RIHEEAFEH
a) KFMEG b) BAKES o) nn HAFH d) BUKMEMHAEER

BEAEWEBICHIH I N5 0 TFRIMEAER & L Cld, /KERHE 1729, B G 20, nn HAEMER 2, Bk
AR EAVER D% 215 2 FiEPHIZE S T\ % (Figure 2-1), FRICHE K OFEHIBFET 5. KERE
HEFAT 2T F ¥y v 7EOREN LG % Scheme 2-2 IC/R L 72, Stoddard 51, F BT v =
—y LML 24-7 7 v T—TNDIKEREEWEN L LT e XX VR T 5 L 2D T
HL 72 2 RKIGIC T Y VA BT 280 £ 9 v 23 Huisgen BRALIC K D A b v N—JEREZ D |
O X EyRHEMEREETH B T & G N7z 19 (Scheme 2-2a), £ D%, A O 13RI IC X 2 KR
EoT v rbic X 2773 9% (Scheme 2-2b), /NI S 1Z A X AKIGIT X 5 A b v = AL 200
(Scheme2-2¢) Z¥iE L7z, TNOLDOTEDORHRICIV v FH v HINKICAKT 2 LRS-
Teo L2L A G, JERAMFEICH T TR b2, iFEMNMD R E2 Y &k 2 BREROEENEAIZ N
L DOHETEIES TR,
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o Qg o Q&@O

CO,Bu

N \/@/\ﬁj\@\,N E j BuO,C—=
BuO,C
3 _ b+ (4.0eq) u _S/ \/@ O Hm\/ \/e_coziau

PFs o 0
T 'BuO,C CO,Bu
K—OE SO\) CH4Cly, reflux, 9 d z
(3.0eq.) 31% yield

i Qﬁ @ 0 ‘3@9
?

o]
) + \©)L J\@, (O -BPFG Ve
e i e} O

O
" K/O 0\) CHz2Clz, 1t, 3 hr

(1.1eq.) 89% yield

¢) [ — o o . 0 Q@D

0 [ j g o
@/\ﬁ g.\o 0’2 %)Lo Me ( -3 Ne
2 H U ¢ C T il
: AN o . Grubbs Il (5 mol%) ?@\ ,\/\)L

<y PR s i
K,O 0\) CHCly, reflux, 15 hr

(1.2 eq.) 72% yield

Scheme 2-2 KEMAZWE ) & L TIERINFEr 2 FFvoz v FF v v 7l
a) Huisgen BR{t b) KEEFET > il ¢) AL 74 v XA XL R

IV FFxy FRCBOTE NI, @RS LCHoarIE@d 2 AT 2EBEE X by ov—
LT, B 2 XY VO RICE AT 5, MR, Bie 2 X9 v KGR S FNRICIC XD 2R X
ﬁxbyﬂ~%&%%ﬁ?5’aﬁ%uﬂ#ﬁyéﬁuT ETH %, 2007 FIC Chiu & 1T FERIRE

CEX VR RigE IR ¢S5 2 LIc L X33 VERME D EEHE L T3 (Scheme 2-3), Akl
%%ﬁ%%%k#5;k&<\n%WﬁEKlD%Wﬁﬁﬁﬁﬁoﬁﬁg%@%éﬁéﬁ#%\Z?I
Yy rEemEng, 2y 2 ) v EREHe 2 3 v EBGEE LTEIRARE N2 0D, TR
JG & D il D b A% DFEHIIE Chiu H1 X 2R 3 F 20ICR5NTEH Y. BEMEICZ Lveosdiik
TH 5,



swelling

threading

pseudorotaxane rotaxane

b)

&
v‘s\%@ _"O 0@-\0 PF;
A +

- H,
86% yield L 0

pseudorotaxane

Fgugre
Sele ¥l5
IBH o.)

rotaxane

Scheme2-3 AV =V v 7ikick vz %4 vERK
a) B2 b) Chiu 51 X 3 KIS

AEDEROT., HEH TS 2RO B 2 Ik & ¢ 2 Fik & L O ERKRE FERIGIC
#HH L7 (Scheme2-4), T7abb, 4-t FaFo 7z VF A by oX—b LTHEEL W 720, fitn
Z2XY Vv EBKET ST, FEBERFMICLVIERT S 3,5-V7v%4- FrFo 7 2= Hp+s
AL v oN—RER IR, fEIC T X XYV EEATRE L B X 2, KRR, B OFIR D 72 0153
ERNT 280 0BEICEAY 2 ) v BIciEgEI iz wy, BTV —riirexay 7Y v IR
JGOFE L LCHHFRETH Y, mAXH v ELT 4 v 77 ay 7 OFHBRNEGREL L a MR
WL 72,
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+ ZKBI' OH O

G0

OH

threading

& Br

OH

+ l & ¢ Br
- —

dethreading " OH

&
rotaxane stopper formation

via swelling of aromatic ring
Scheme 2-4 WFFEHkHES: BRMIC X 2 FHFROPRICESS Ty FFry By s
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B2 HEGTHORYUEOER

ATATICIE R 72X S ICBALT V=2 G223y v idERAEPHGFCE 200, FEEVPFHRLRE
DTlE, ¥RV V247 TV 8T —TNHE0IEXOEREERKS LT IR EZFHVICEWT, 3,5-
Y7uET7 2o AR v S=E e LTI L 2SR RTFEL R o7z, —J7. 3,5-YAF AT =
=V 3ElT Scheme 2-2b,2c DFNCREEIN D LS ICA by X=Ffre LTHEHAEINTWDE, £ T, 3,5
THEZ 2 ZNHLISVAFAT 2NV HORE I RTS8 & Lz, DFTEE (B3LYP/6-31G(d))
I XV E O N UG IC BT, BEBE O MG ORI 7 7 v T AT — v R R IR L
FEZB L7222, 35-V7mET7 2= VT 94 A, 35-AF A7 2=1EiT 90A TH o7z
(Figure 2-2), U EDOFERP S, 35707 2= A FF35- VXA F 07 2=V FERISE, L IEZEN

LEDRA Py N—FEZHFLTWB I L EZRBINT,

3,5-dibromophenyl 3,5-dimethylphenyl
(no report) (many reports)

Figure 2-23,5- 7 0 € 7 = = LI L BEAID R b v S —FR{L D LL#E
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F 38 RISoWEIBRE B X CEHREIL

B Hiowz dy VERICEET AEEGL. BXOE 2 fioElaEko k& X T2 MRIcHE %,
3&9%?»7::»ﬁ%2F7ﬂ~%ﬁ\¢EFU#V71:»%%ﬁmﬁkLTHT%TV%:?A
H1a RSy, YRV V247 T V8T =T (2) BlmKa L L. 7=/ -V OEFEREEIIC

02 ¥9 v 3a DEEG % 1T o7 (Scheme 2-5), mi%ﬁfiﬁmmfwAL@%L&w#iumé
H)B L2 (14 48) % 7 kv LT 30 B L 2658, BEWITERLRERE &Y. e x x4
VBB L ERRBEI NS, BAVICH L 22 YBON-TrER v v 4 I F (NBS) #EA &
728 22520% EEINELRRLr XXV 3adfFos,

- ‘
Me Ry (\ ’\
N
@»H;\@ - O
Me Fre K,
1a(1.0eq.) 2 (1‘4 eq.)

insoluble in CHCIz

‘ @&ei [ ot

(’o o\ - (0 o'\ -
PFg 5 3 .
@, (0] Me o \ Br
Mg AP NBS (2.2 eq.) ~R-"
! o Hz/oJ\©\OH ST —— o M2 g OH
CHCl3 (0.1 M) ) CHCl5, o '\0 0) T
20°C, 0.5 hr Me o O 20°C, 1 hr J

o-@Q

- 3' clear solution - 3a 26% yield

Scheme 2-5 A HEREHZIC X 32 0 % X4 v A O HIKET

INEoER g L, EEMBERICX 3 7 27 — L OEMAL (Scheme 2-6a) ZHIFELTT7 I v D
%5t L 72 (Table 2-1entries2-6), ZZ T, 7 IV ORIMNE 7 = /7 — Vv OIEHECLER RS L — 7
T, HETHLZTvE=vLErODOT 0 P VYBERIC X Ve 2 XY VB R IRE T AEABES I
% (Scheme 2-6b), % Z T, @Y AREREELXRTT7 I voflE#{To/%, lat 2% 7 vkl Ld 30
SRR L7ZIREWICH L, 20 mol% DY & v Z 7ML T NBS Z{EH I ¢72 L 25 3a DIEIL 65% %
Tl EL (entry 2), DMAP %l 72 & ZAICEIZ 71% L CTHIE L7 (entry3), PV ZFAT IVH B
I DABCO % filtfit & L 72 b I8 X DMAP & [FIFEE CTH > 722" (entries 4, 5) « DBU % W72 fthod
7 I v EHEL CEHETIEDKT 24 L7z (entry 6), DBU IZHIRIVERME A E L, laoT7 vE=Y
L7 m b Al s b Tite 2 XY VIBERSHE SN IGEROET 28728 E 2 515, DMAP %
KRIIGIT 31T 5 Haifiit & U<, RIGEE ORI %2 1T > 72 (entries 7-10), 1,4-¥ A FH v, v r7unm X X
VROTE =PV ATERBIFARINET 3a 25505 —77, DMF TIZBHZE R PEEOK T 28 & iz
(entry 10), la DIFEEANC X 0 KFBREATEAERENC X 28n 2 F 9 VERPHEI NS 2 LIk 3 &
EzbNbd, . CHCL OO L BRET 21T 572 & A, 4mol%ICIK L 5 Z & T 3a DILKH 79%
F Tl LEL7 (entry 11), BARZTIX, 2 DRFRLAECHEIL S D A D RBRFMARIZE O NIRD o7z,
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Table 2-1 X)GSMF D &REAL

1) solvent, (Q

£\ 0 -
(\O O’S 20°C,0.5hr 2 PFs
2) cat. (20 mol%) Me 0 . N =
Me + (0] (6] ~N
N NBS (2.2 eq.) H, OJ
Flz + 20 °C, 1 hr ¥ OH
3 OH o] 0] i > ) A
e b & ;
 /
1a 2(1.4eq) 3a
entry catalyst solvent catalyst loading yield of 3al?
1 none CHCI3 20 mol% 26%
2 pyridine CHCI3 20 mol% 65%
3 DMAP CHCI3 20 mol% 1%
4 EtsN CHCIs 20 mol% 66%
5 DABCO CHCIs 20 mol% 69%
6 DBU CHCIs 20 mol% 59%
7 DMAP dioxane 20 mol% 66%
8 DMAP CH2Cl2 20 mol% 67%
9 DMAP MeCN 20 mol% 71%
10 DMAP DMF 20 mol% 28%
11 DMAP CHCl; 4 mol% 79% (79%)!!
12 DMAP CHCI3 100 mol% 26%
[a] Determined by 'H-NMR spectroscopy with 1,3-dinitrobenzene as an internal standard
[b] The isolated yield is given in parenthesis.
a)
e s
1
Br Br
i .
R_O_Q_H......NRS fast R OH
b)
PFg R o=
R/\ﬁ '? R/xﬁ/\@ i H“Ilf PFg
oH R R

Scheme 2-6 7 I v filiAEA O EFEIGER
a) MR ERIC X 2 E oML b) e 2 3P VIBREG T 5 T vE =T LM
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Fafi Avix—ny 7EEOKR

% 175 'H-NMR IC X 2 T

HEEL 7z 3a 2 n 2 X9 v o3 uixFxH vy Tchid it i, FHTD 'HNMR ZA~<=7 b L& DL
IC X DR L 72, Figure 2-3 1C, RELIN-HHKD 4 (a), 22 FH 2 3ab). KD 2. BLU4L
2OERAY ) 2 ENEI/en kL A ET & b= b ) VRARES CHE L SR ER LR, 3a &
ZOWRERTHD 2L 4 LDART PV EHET 2L, Wl L2 2OV AL C-H 7 a b+ v (H,,
Ho) 28 \W 3 L) B ICKREYS > 7 b LT % 51 (Figure 2-3avs 2-3b), B X Mgl ExFL v 27 ) a—n
EALD 1D (Hy) 2SEHEIC/HZ L T % 55 (Figure 2-3b vs 2-3¢) 2 o3, BiFIZ T vE=7 Lo
2L C-HDBZ 7V v —TVERETLKE/EEZBEL T2 2L, EABFIIFEEEIC X YKy o
WFRPEDMET LC Ha 1Y 2 8D /KFE T OIREESIEFE M L 2 . YT AT LA MYy 7 aidldn
AL biclksseErzons, bl RO v 2 —wy 2FIcRGor 7Frzefee L
THILNTWDE B, /2, 3aDART bl 4 R 2DREVIIHBICER 2 AR L2525 L
DHER X 1172 (Figure2-2bvs2-2d), T, 4 KU 2 #BE 72T Tl 3aBER L AW & Z/RLTE
D, 3a PR XFH Y TEENILEZRL TS, Thbb, YYOHFRHED 3,5-V7rE7 = = LEL
232 Mg Licu 2 ¥ VIBRICE T, BORA Ly N—REZRT I EBHL LR o7,

&* fCHC\s ac r'y H,0 "z 54_5\_!0‘)
‘M__L l ___Jl/\ 2
b) 3a X X
e B i
‘ (° °\ ek,
Me e~ ,\0.: Br

:'5 Fi Mako O,) Br

-

BN

ds

® b d f
f 4 & , €

o CHCl c Me H Br
a H,0 2

ll \ U i # ; OH
T T 4I5 4Iﬂ T T

Figure 2-3 '"H-NMR (C X % &7 ORHEMFEHT (in CDCls + CDsCN)




F2H A vi—uy ZEEoRENE X ORISR

02 %Yy 3a [ LEEHOBKIEEE XM ZFAT IVICIVUE RS2 2 LT, KB X7 2
JERT e FafE NI 5 % TA%ICK TH 272 (Scheme 2-7), 5 (ZF/MICHETH Y, 3a THREI
BT VEZY LT VI—TNLADKEMEEXZTEKLE RO, A by =0 AMEE X 0B
WCRHIlig 2 Z & 23A[RE L 72 % 29, 5§ % DMSO H1 90°C T 18 REIINZA L 72 & & A, WA sy & Bl o) o fiF
HEd e BlE N o7, 513XV EWIRE (145 °C) TREFFEIMENT 2 & @il 5 & ko~ o ik L
NDRREEC X 2 B DT H AR OMEITT 2720, X VBERRZGETCOMIERITA TRV DD, 2
fiilcib 7z 3,5- 707 £ ZAVEOERKT 2 IS 2R b voy—& L CORRENEBIIC DA X 1
726

O(o‘:z—} o g'oQ:afg MG\QA'E:\QZZ;C

o} : Ac,0 (20 eq.)

it ] Br! EtN(50eq) Me ~N ] Br
H A +
B N g > o At o K
) Lo e ) o e 0" o
Me 00 Br v hr ko o) Br 90 °C, 18 hr L 2
' o

Me

Me

3a 574% 2
Scheme 2-7 N,O-7 & F M & fEEfk o WEE

¥z, NO-TFrba 2 x4y 5 o I RE B EZE2 2 LB TE 2720 X B miE iy
KXoT, ZDA vi—ay 7iEERHO & T2 2 & TE 72 (Figure2-4a), S5 1< B\ T, Bk
NORFBUCINTFHFROKRIRTF L. WkD 27 7V v T —T VOBRET & ORIC C-H--0 KEHE
(233 A,249 A) BTN 228, T OKFERHEITBRFPTHHFET 22 28 ' HNMR ICBEWTRBI
7= (Figure 2-4b), T 7xbH, SOOI TH S 4a & 5D EZNZNICOWTRFIL I N HFEROKZ
TFofbe 7 PR T 2L, SICBWVTIE d4a S HBLL T 1.5 ppm & BHEF IS > 7 P LTWwiz, T
D X5 KB EVPER I N EH AL, v 2 FH VBB X N-T2Flic XY BRLIC X b EEE
EREFLEKBRTE 7 v =T ABRIFTHERZEIEONZLICX2bDEEZLND,
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Me

(i) 4a |eren
‘\ b
a
I .\r Me 2 " .
(ii) 5 @ OA\
Me (Br
4a o
|
I T 1 1
9.0 8.0 7.0 6.0 ppm

Figure 2-4 7 & ALK D X Ffd f b
a) fERHLE b) Bl 4a & v X F ¥ 5 D H-NMR HK
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FSH EEEMAEwEHE
F1IEH [2]u &2 F 9 BRI BT B F 5 O HE T #iPH

53 HiCHEWTHEL L 72 5:fFic ko . HEEMHEHPHOMRET 21T o7, A b v ¥ —HiB{K & 75 2l
BDT x ) — VN OFEHEIH % Table2-2 ISR L7z, TYEZDVLERL 72/ —ABITF L VEHICK
DX N ISR LT b e X v 3b 28 3a LEBRICICR XSz, $7/24-7 =T 2 )
—VERIGEE TR SICN LT e X F 5y 3e BPINE IS BON, 3-e Faxe 72V R K
JGRL & T BRI ICR L Tid, 3.3 B ED NBS ZfFH 45 2 & CREREICH LAV FMis X U3 T
BFRTREFL TN b Y BB 3d 25 B%IETR LN,

AKEBECEWTIR 72/ —AD2ODF N MIDIH 1 DHORFENTIEAL 2 0HDRHKELA R
Py R—TER O EI N, 22T, 72/ —ADORbVIC 2-TeET 2 ) — A EKIICHT 5l
By 12z Jf@eke L, 1.1 JEO NBS 2FH IS MR, BMELBY o2 X3 v 3a 3G o7z, ZOfh
oo, ANVMEHT =7 — A RKIGICH T 2 2k L 3§25 28T, MADEREZ A v oi—
HAICHET 2R 23 H v BRERTE DL LEZOND, ERIC, AF A 3e), 7 vk 3f), A b F it
(Bg). = budk Bh), KA FFo ARV Gi) 28T 2% BEMe 235 v 3hRED L BIT
BINECABETH o 72, £72.6-L FRF o F 7 2L V2 A VER RIGH & 38T LTl
22U EDONBS FHWAZICH D L CS L TDAREFREHHET L, £/ BEMIAK 3j 235 6ﬂﬁotﬁ
—f D\ X F 4 I T NMR IE & EEICRICTRRED H 2 53, Z AUIZHEEER OFE, ERY) oE K~
DR WA, B X OIS X D EIEIMET 32 2 EBERTH L LEZ TS
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Table 2-2 7 =/ — VER{ o> /BT 54 FH & e

DMAP (4 mol%) o ow | oH
\/ 0 e NBS (1.1-3.3eq) e o N
:@ > ) l\ .
o o] CHCls, 20 °C, 1-2 hr \Q/[U ﬁz O) . Br,,
O” s
N/

ve Qoo (m=1~3)
1a1a Ab-j(n=00r1) 2(14eq) @
scope of dibromination (NBS: 2.2 eq.) scope of dibromination (NBS: 3.3 eq.)—

QPFE
"ot S

Co o)

3b: 73% 3c: 73% (isolated yield) 3d: 79% (isolated yield)
83% (NMR yield) 93% (NMR yield)
scope of dibromination (NBS: 1.1 eq.)

PFg ‘:2 ‘:2 ‘:2
Me + Br 1
0 © - : 0 0 - oilte) -
N, ( '\ PF, | ( \ PFq ( ‘} PFg
- 0 - o) o )
Me

(o] i
l"‘-ﬁ : : ~N — a
1 \©/ N | U /TQ \Q/ Hﬁ@
2 3 7 TOH |
l—p Me kO O.) Br\, &O O.) ko 0)
NBS = i
(1.1eq.) :
3a: 60% (NMR yield) i 3e:68% 3f: 55%
(o 0\ o o 0\ o o ow - o O‘» PFy
OMe Me O, NO, Me . CO,Me Me
N
\Q/ /\@ \Q, \Q/I’\H/Cj\@ Q HmOH
ko 0/ \p o) ) kp 0 )
39. 59% 3h® 36% (isolated yield) 43% (isolated yield) 1"-°:55% (isolated yield)

64% (NMR yield) 61% (NMR yield) 89% (NMR yield)
©lrun for 16 hr P’'MeCN was used as the solvent. [INBS (2.2 eq.) was used.

fenC, 7 = 7 — SR LS o BB EH #EIPH O R % 1T o 72 (Table2-3), 3,5-E A M U 7t m X F17

= = 3k), AT TR (D). 1-7’5?'\7‘/5‘11/ﬁ Bm), XU 9-Tv FUALK 3n) A+ yvoX—bF

2uxFF R, Wb BIFRNE TR LG, £/, 7=/ —AEET 58RO TH. KIGEDE W

ﬁWFhﬁlUﬂ7ﬂﬁ?Nf%WéHTW5ﬁm\L%&ﬁﬁmﬁm#LﬁTé KT Dnu £

FH v 30 BLU3p HBEONT, BT L LTHEFREZAEI AV 24-7 77 V82 —T L (6) THW7 -

G bR m X X3V 3q BEON, 72, NBS ICHF X T NIS #HWzfER, BRRbue x4 v
22



3a tAIBRICT v Rbe 2 X9V 3r PIE XS H . HIFRE Y ZEICHEEREETH - 77,

Table 2-3 A + v X—E({7, $wAksr. B X v 7 V5T 08 F #i B

5%

| b}

PF; ¢ H DMAP (4 mol%) 'aS '5
2. 0O 0:[-:-, NBS (2.2 eq)

RN e i : = Br )
\ + w, ! G _ —~t \
OH
o o
—/ kouo
2 or 24-crown-8 (6) 0
(14eq) &

scope of stopper structure (R) scope of ring and halogene atoms —

Q Q Q (o’_\og PEC

(O O‘é PFe i (o O‘\ PFe (O O’\ PFs D

e ol et e | P

F,C < (2.2 eq.)
@ @ @ 39:59% (isolated yield)

73% (NMR yield)

Br

3K: 75% 31: 65% 3m; 74%

H H {

( \ PFy . (O O'\ PFs O 0\ PFg (O o*} PFs

r) (@]
A@i \Q /ﬁ )g A@n L MEQH .
— H
OH Ho OH HO O OH
o o) o o) o o) zzeq Me \ @ (3
3n. 72% 3o. 64% 3p. 72% 3r: 84%

B2l [BlusFH oA
KEDOLE a2 XY v ER~DICHZER LT, 317 £ 4 v OHEKEMET L7 (Scheme 2-8), i
e LTREIC 7 =2 /) =A% BT LY T VYEZY LT R2AKL, 28 Y8 D 2 Z W TARKIGSEAEFIC
fFL72& A 8 1Dk 2 0L ORI NS 3]0 X F 3V 823 66%IE T H L7z (Scheme
2&)8@ﬁki$mmxﬁﬁmMﬁ X DR T 5 2 LA TE /- (Scheme 2-8b), & fbfidh <, 4
WOE ST v L7 7Y V=T ED N-H-0 KZEAS, TVvEZUVLAERKT afiLd
779 VI—=TNED C-H 0 KEMAVBLEILK I N T WD T & R éhto ¥/, TVEZT L
HRICKENETF AR E B o WGP ROR VY VEREZ, D OETEELRXVEVERBET2H
PO C o A2y F L T0BE &ﬁﬁﬂéﬂtouh6@\?ﬁﬁﬁﬁﬁﬁ@AL18@m%%
L BfEn X XY Vv ORRNEEKICHFS Lt EZLOND,
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Me i Ere OH
+ Q
DMAP (4 mol%) . ( 0 0\ &y -
* i), oy i SO X
= 2
o k o [‘-/N 7 tBr)
(@) a?
\o o)z

d Y CH3CN, 20 °C 1h7
(\ ’\ : r Me kO O)

H-bond (2.23-2.26 A for N-H...O: 2.33-2,37 A for C-H..0)
n-m interaction (3.45-3.47 A)

Scheme 2-8 a) [3]2 & ¥ % v DA b) X SfsE SiE
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Fefi RICEBRHORER

B ruxhy 7Y vk BHEE

BoNFeRZ2EFH VYO AT A4y ST ey 2 LTCOERABERBE TR, 2uxhy 7)) v 7RG
IZ X 338Gt 21T > 72 (Scheme 2-9), Pd-PEPPSI-IPr fillffi 3OF#E T, 5 & 7V — K u VL Dy
KR-BEBHAY TV 7LD AR TAT7 2= VB E A v o= e T 2m 2 X3 9 B3R X5
517z (Scheme?2-92a), AIGICENWTIZ, SR IA Yy 7V v Z7HEBEYID O-7 & F AFLHSE I oK 5y
[REZICLES CLrb, By 7)Y PRIGET %, KEBLH ) Y 2KERCUHET 22T x )
— AR 9 & L CHREL 7z, ¥ 7-. Pd-PEPPSI-IPent fill i 3VEEZE T, 10 & A F A Hignik3E & DiREH v 7Y
YZICKY PHENDG 35-VAFAT VB ER Py NI TR A XTIy 11 RO
(Scheme 2-9b), WINDRIGICEOCTHMAZMFICH Y RO A vEr—ny JiEEifER L2 E 70
AAy 7TV IRIGHPETLTEY, AFRCLV{Eohdnx I rvRur I versgvrs7m
v 7 & U CHRIBRREME S T O G UCHIHARETH 5 2 L AR I N7z,

a)
Q FSC\©/B(OH)2
(’o 0'\ CF,
o) o Br (3.0eq.)
Ve l-.\ \ Pd-PEPPSI-IPr 1 MKOH aq.
O’ e o Eike (10 mol%) (5.0 eq.)
Me ko 0) Br KsPO4 (6.0eq.)  THF/MeOH
dioxane/H20 70°C, 2 hr
80°C, 1 hr
5
b)

(’0 \ MeLi (5.0 eq.) (0 oy

0 o OAc ZnClz (5.5 eq.) O o OAc
5 l\ A Pd-PePPSI-IPent ~ Me i

Wy Br (10 mol%) U Vg Me
Me \.0 0-) THF ko o)

G tto 60 °C, 18 hr

10 11, 63%

Scheme 2-9 RF#E{b v % 4 v DFFE(L
a) BAR-EiA Y TV v ) REHY TV v

B2 TE I X B E R DRI

AFETHEINI B ZXH Vv 3alis-L FaF RV IAT VvESY LAREAZHE LTV, 4- N1
FURNVINLVIMITAFAT VRS LPNTF ) YV AFF (PQM) OFilkAE LCHHEI NG DL
ICEH L. PQM 2 A BKEH D B G2 ETT T 5 D Tld 7R\ A & & 2 72 (Scheme 2-102), T72bb, 1B X
FHV 3a2H PQM DAERIC X VE T FAR L 725, I Ny I T T v PQM & KBTS 5
& T HFIURT 255, v X X9 3a ZHER 4 KD 2 ~E RS B L HIFEL 72,

3a O THF &I EFIE DKL A ) v ZOKERZHM L. 70°C T 24 REIMEMEIE L 722 25, m X
F YV 3a 3 RIGHEF D HIHE LI 2 25 86% I, 55 3 k7T I v 12 23 38% N T 5 4172 (Scheme
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2-10b), FHICK L Tl 4 135 5N o 7225, 12 138k ic sk L CAR L 72L& ¥<d 3, 74
bbb, FEEFEELEY, BRSO ER L7272/ F2 P POQM 4K L, 3,5-VAF Ay
VT VBT 5 L TR R REEL 720 BT, 35-VAFARVIALT I VAR 25T D PQM LK
BT TR ELE2ZEEZLNS, B 4a 2 HIRCRHESMICH L T 12 132 B0 Bl
L DABDPELNT-72% (Scheme 2-10¢), ARG IC X 5 POM FAEMME X v 2 39 viGE B oHRTH
5T LDBREI NIz, PQM BAEEEICEWTIX, 777 v —T A OKBEMBAICL Y N-H 7' v b v
RENTWD & CHEEARIRICRT L, MEEMESATH Y 208 b IEEM MR S iR, 3,5-v
AFNARYILNT IV HBREEEE L CBEELZ2E2 b5 B3, FECTIEE 1 FHich7zXHic, v
XYV HLOEEND T OBIBEYNEEY X T LOFHFHEL LRI TV, KRIGRITER
FPICEHEEEETH 2 5 IZHETH 2 b DD, X 574 MR RES L X AV IZHTEL DDS Tk 4
SITRIEMRLOFAFE~ L JERA 393 115 2 L S HIFF T 5,

a)

o=~
3= =

O,__?%__Eff; _______ .

. 70°C, 24 h K,

3a 2 (38%) 2 (86%)

b)
OH
Q Br. Br
O(o 0‘2 -
Me [\ﬁ ] Br KOH(10eq -
o R OH THF/HZO @M @ﬁ @ Ij
\Oc;)

) Qw ﬁ )
Cf :;@ Rt ghes

& KOH (10 eq Me Br
N
i N + 12 (0%)
OH THF/HZO 2/1) OH
Me

Br
4’ (quant)

Scheme 2-10 = X ¥ ¥ VHHE ISR S 2 70 if )G a) PQM Filfilifk e LT 7 vE=7 4
b) HEMSMETD PQM FEAE 2 D Bl DI o) $ilipk s B o IR S ER
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EIHi Ah=HINTFTF—F I8 %3OSR~ ERH

o & F Y ATEEST SR A3 L b ICIENRTH 2 GG, BERABT FINLTHoTHA v Ex—my
IEEETER LRIV 74 =% AT LBHONTEY, AAHA=ANVTT7F—FT7 V74—
LR HEOOAAET )5 4 — EIEFR TS 3 (Figure 2-5). AWFIC X O BISE L7 0 % %9 v &K
FRICESE, AEMEEZA WA =ANT T F—F T u X FH v OERERET L 72,

Figure 2-5 R XX H VDA N =ZANTF7F—F TV T 4 —

ERN:IE T

Az YV IZRIC ka2 RS v ARE» OERESR T, 72/ AR HHEHRRKE BRI X 5
TR B2 n 2 X5 v AR ERFE Lz, IS 35V 7 v 7 c 2V ERHARE Y +59 7
ALy SN—fEAETLI RO L, BHICHEMNMAREER X XS v AT 4 v T 0y 7 DA
T U TR TERA~DICHANARFCE 2, I3V EY X7 L Z0RIBUCE RS T ~DBIFIC
JGR SR C % 2N e D IRGHASETT T2 2 e 2 R L 72, X 5l v & 4 VS TRy
TEBIE O FIICHT T, PR AMETERE Tl H 228, REAESIGC~DREBTREME 2R 2 & A
TE 7z,
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BIFE XFIAFHOT 7 — L VEEEDT I AALIC X B MEERERE SREE o E

F1fi MRERBIVCEEOWES#

77 —LVvOFEE BLXUANT7 7L Vv OFHBAEKEL L UMY - FHGICX VI N5
TFMRE BN TS, BTFMEEE7 7 — L VA TORBICHEBEENTEIC X W RERT. K
PORTENUIELDOBICREZHL 2, L WHIEBNGRGETSH 2, 2 TFFMEC L Y, KFTHE 7
Z7—L VOEM® (Scheme 3-1) Zipd L L CINE CHIRN G LPRNETH >N 7 7 —L Vi
PRT/RONDE LS iCkhoTE Y, M TOMHEEFHEICEES 2 WFFEAEFRICITHO T E 72 49, KT
N7 7 —L vOHRKICENTIE, 77 —L ¥V Co Db 3RS, 77 LAT —VTHKARER~I T & X
— VHIEA 262 23E L 72 B, 262 ZIKAFE T P AT VHEET CMET 5 & FALE 2> & KA it L <4
KT BT b vk 26b ~, REEROERERWAT 2 X 51Kk S T oNE S, FERDENICK NS
58T, KFTFENELT 26a 0 EKT 5, 2D, ST H0@26a DX %ZFAL 5 Z & T, KT
NE77—L VYOEEBETT 5,

fullerene Cgq

hemiacetal form 24a

H,0
PhMe
120°C

9000 atm
7

H,O0@24a H,0 encapsulated |
Scheme 3-1 3 FFHEICLBKFFREAII—LUDERK

FlEiIchigidL 2k oic, 77— viziFEtic X v, RFEME EoEREORER G, b L 125
M O B REELBCYNCEER 3% ¥ 7 V@& % BT 5 ), IO 7 7—1 viFEk 26a ICEH T2 L. B
HOBERERIIC X 2RI RF IV T4 —2HLTWBE I L0 5 (Figure3-1), COF 7Y F 4
— %, FEOE % concave M2 KT, CIP JENZHNIC 351 2 BIENEMLS S - & D HWIBEERIR 206, ELIE
fE2s & 0 @ E BRI S REEH R D ICHUE L Tv 3 b D% oS R, BEEHEI D ICHE L Tw3 b D% R KL
ERIND, 26a DETEETH Y. 1 BFECHAEZIRATEE 26¢ 132 DRI 2% 7 ) 7 4 —ICHK
LC. |gans| = ca. 0.2 LA T L L TERFEICRZVESERT D2HLTEY, FillF IAMELe L
TOJSHbARFE NG, LoarL, FIAENO7 7 — 1L vFEAROHFEEITHEIRF 7 v HPLC 1T X %57
KL CTE D BRI AFT GRS S B R L 78 o
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Ar __ Ar
% X__z_h‘,‘A!’ Ar’\"_.—---—-\[‘ &
WE Ty frE
LI S P AN
Lo\
HOI 2 OH HO OH
; clockwise
counterclockwise

26c¢: Large |gaps value: ca. 0.20

(1 0*to 10" order in conventional chiral organic molucures)

Figure 3-1 fI17 7 — L v 26a 35 X Uf 26¢ OERESBLINCHR T 2 R0 * 2V 7 14 —

CDEIRTIT—LVIEEDF T T4 — Il OoWTIHEERFEANEZ DD, FTALTT—L VEE
EARDMIEIAFERIR DI L A LR, 77— L v ERONBICHUERFT G T 2 LAY DO AT
B3 2 TH 2 0, TYXFVvA Y FOMINICLDIEONS 60-7Lubr ) Yy L Tit,
FWTF v F AR A T, V7 AT L AEFED Gl 2 FESFHFE XTS5 (Scheme 3-2a),
—J. 77—V vEKLEOBERERIICHKT X 7Y 7 4 — % T 2L EAHIT, 12T R T
HamE EORFIE SDEHWTH Y, MR FREOMEGNI—HI L 2 FF7E L eV, JeBR e L <t
FEOE TV Ll e ¥ Ik Rbm T I XA PR FERACEAETIMUICE Y F IR TF
TVNERT T — L v DM ARFT AR D% #H LT3 (Scheme3-2b), AXIGHRTIE, o5 * 7
N7 7 =L VOIERIT 3%ICLEEoTwan, FREDOFXF IV T4 —%2FT577—L vOP|DHTOf
RARFERK e LTl d DTdh 5,
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a) external chirality: well developed

PMP = 4-methoxyphenyl -
oh Ph 2@
h ‘BuS
Cz/\’b @Fle -
\/N \/CO?ME Ph E,h \éN VCOZME
(1.1eq)  ligand (11 mol%) (1.1€q) ligand (11 mol%)

AgACO (10 mol%) Cu(AcO)z (10 mol%)

PhMe, =15 °C, 2 hr PhMe, -15 °C, 2 hr

60% yield 88% yield
90% ee 90% ee

b) ltami's pioneering work: asymmetric tetra-allyl substitution

Ph,
o }—-Me

“P-N

o M
QI o r 7

(20 mol%)

PdCIz(PhCN)2
(10 mol%)

=
r

1,2-dichirolobenzene
0°C, 168 hr

13% yield, 88% ee

Scheme 3-2 ¥ 7 V7 7 — L v FHERD MBI AE G K

DEoERDD LEH T, ¥ 707 7 — L VEFEARO PR 7 T2 #k O FF I #lTr 2
& & L7z (Scheme 3-3), FAI17 7 — L VEEEAKROLF AR E L CTiDEBNEFEEZ. ¥V 74—
RS 2, O RBBEOAREFLTH S (Scheme3-3a), L2>L. Z DEFEII IS FEER DT & DK
JGTH Y, ¥ TN RBHERETEMABLIEL 2 DV ERN L IZE AR\, —Ji, 26a [T ERELLO EH# 5
DL LT~NITHR—APKBHELHNVFNVEEZEHE L T b, 22T, KEBHEOMBAZT v
MBI D L AR SR B B D3RI BE T H B & E 272 59 (Scheme 3-3b), L2>L7&aA 5, 26a 23
B3 2ERERIICHKRT 2% 7V 7 4 — % —MREAFMEECHANT 2 2 & 3RS Tldm v, —&I
EAF MBI AREEIC X VFREED M b O RIGEHE T 2 2t v FABEREZ I L Tv 5,
L2 L2 26a 5T 2% 70 74 — 3OO BFREERSNICHEKL <0, BOERIICE T 50
TF v F A2 —[BOVEEREED Z /NI R, it BB oBGE X — v ORI VHBE b HE o T
VARREE I I I wEFHEING,
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a) EEMBAFER: EREM

Oy, hv
L/ [
7.
assymetric
oxidation

Chiral O, equivalents
prochiral hopeded

asymmetric
O-acylation

-

catalytic
kinetic resolution

Scheme 3-3 fitBI{LA2840IC X 2B 7 7 — L v OAFE A

VARFEFEIC L o T LICK WF Z U F7 4 —DiJliE L LC, o Pl 2 15 /H 3 2 TR0 G
LEzZoND, IS E, TR 13 12 X B 0 -0 FR-1,7-FF — A D T P AbIC X B RFEIERFIME
ZHIFEL T3 % (Scheme 3-4a), filli-JLE M O/KFHEAIC X WV RE 2 T 2 B0 fiA 3 X Ok
DAEBICRH I NG LT, MERTRHEETD > 2 ENFZIEZET 20 TIC0T 2 =) v F 4R
WKIEEFEBRLCTWd, IHIC, AAh=ANTTF—FTAarxHy (52 FE 7H) O EE
225 BN b R R 1ZF R TH > 72 (Scheme 3-4b), BN % H 3 28l & ko © 5 Atk odE v
DI S 2 A FERE 2 DRI L <. 0 TR ICEE S 250 kBRI Ico L Eic =+ v 5 43%
R T o b 2T S22, LEOHRZ D Lic, il 2 imH 4 2 < Lo, RO 7 7
— L VB ORI SEICIR Y s e L, BIO 7 79— VT 1,7-VF—nr X F 4y
LHENT, MEAREERE L, BREEZIRLO A TR0, ST TOMIE L 3Rk 25 1%
DBREELFEZ DT H, FEDEREHC X 0 SRR DI ATRE & 2 72,
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CgH170,C COZCSHW

E‘ B ks
\ ,,,,,, \:\.\( N__JCOJCSHH
O cat. 13 10 mol%) CeHi 0.0
Ac20 (1 05 eq.) N
collidine (2.5 eq.) (S) O \ )
HO/VY\/\OH > Ho’\/YV\OAc

NHNs CHCl NHNs
. 3 n
prochiral -60 °C, 36 hr 90% yield, 97% ee

proposed mechanis -

% CO?CBH‘U i
N
b Qp

f
(0]
| Wq%
e 0 f
cat. 13 (1.5 eq.) )

O O-)
0 Ac20 (0.8 eq.)

Me O (0]
@/\AA@[\/ collidine (1.2 eq.) . \Q/O\i;@[a\\/olO X OO
o] N

CHCl; Me (_ )

QO O
~60 °C, 37 hr + -
2
Ns = 16 R” 0A
fé\s
d'o acetate recovered SM
(£) 63%, 40% ee  30%, > 99% ee

Scheme 3-4 77 73R BL A % F s 72 7 ARBE I X O 7o vam B i A A ek Al
a)oﬂ%L%Vﬁ~»@T§#ﬁﬂmb)}ﬁ ANTTF—F TR xH v OMERNEESSE

F2fi FINLHPLCICKBRLF VFI=—D0EE X N ZAREDRE

£ I0HLF 7V HPLC 2T 26a DfizF v FA~—% 0L, ¥ 7V 74 —DBLETHDII L%
E»D7-, £72F 7V HPLC BT 2K - B2zt &b oD F v FF~—I1CHYy T % 0 %2R
L7,

F3H BAOIKEBIE T > b DkRET
26a DHAOEIKIBIED 7 o MUICBET 2T 2T o 7205, FRE D 7 A biKIZEIN E iz o 72,
N TIEIC XY T MUERDB N E in o BN EZEEL 72,

FAH B BKREEE T SHREE & S RES
26a 7> b IAE X N, B OKEREE 2 63 2 FTHUEE 2 3%GT L YIIBRET 2T WITE O 7 o LA ET S
% LRl e,
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FSH RICSEAEREE

5 4 JiCiGHL A E 2 o MO STARRCE 2 BE L 72 B, fiA ofIEEEE 2 A3 2 M E v
TR LRI 2 BRET U 72 RAFIGEEEGRIDEF B ET I 2 M2 B L. & o I BRI
BIL CdBET 21T - 7

o8 M DIARHRICE S 5 RET

55 HiCRUFGHREZG 2 ME, 53X U020 T AT LA~ —IcBL T, ZARREICE L TEHE%
T MBI AESIRIC K 2 57405 2 v FH@EREOR L2l A7, 5§ 5 HioMiEor 727114 =
— XY ENZRHR CHEERIDCESE 2T IR 5 2 L 2 AL 7

BHI1E 7o ALANCE T 3 BeEt
W eBCRIFAKEAY S 2 AEIcEI L €. 7oA EOREEIC X RSB DR R~ D R
EHETL., X O ICEN R ERRINE DB PET T TR R L 72,

58 RICEEEIT B & CHEEERIRRE
HEPETLERESICICKITTHEICOWTHAEL, e ficoEREHLYE CHEESRINEE
RIEL 72,

CiEY T

AR TR 7 2 IHHA 7 7 — L VIEEAR DI FY] & 7 2 MIERLE LR FE 0 E 2 s 30 & v 5§
NN CERL 72, MEAWELZE T 2HETH o TH, MBEMEH%E 5> £ S EMRKEI 5L T H
REFERCH %2 3] 3 2 70 RS S A CH B T L 2R T T LB TE 1,
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FTaE K

2

AEAHILFDRRICHE G, 4 v 2 —my 7oyl » KB LEWITEI NS, LHkroH
M TR EBT 5 & & bic, FEBM 20 TEBCYBIVEES R 2L T, n2F 5 Vi3
ATERPEIC ok U CRIBUCE Ry TR T & LT, 7 7 — L VEBEIRIZETRVRF I I Bk U CRRREMEA R
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Reagents and anhydrous solvents were purchased from commercial suppliers and used without further treatment
unless otherwise noted. NBS was recrystallized from water. Reactions were magnetically stirred and monitored by
thin layer chromatography (TLC) using Silica gel 60 F2ss precoated plates (0.25 mm, Merck). Visualization was
accomplished with UV light, iodine stain and p-anisaldehyde stain. Purification of reaction products was carried out
by silica gel column chromatography using Silica gel 60 N (spherical, neutral, 63 ~ 210 pm, Kanto Chemical Co.,
Inc.), SiliaFlash® F60 (SiliCycle Inc.) or Yamazen Hi-Flash column equipped with Yamazen Smart Flash AI-580, or
preparative TLC (PTLC) on precoated plates (0.5 mm, silica gel Merck Kieselgel 60 F2s4). IR spectra were recorded
with a JASCO FT/IR-300 or VIR-100 spectrometer. 'H-NMR spectra were recorded on JEOL ECX-400 (400 MHz)
spectrometer, Bruker AVANCE NEO 400N (400 MHz) spectrometer, JEOL ECA-600 (600 MHz) spectrometer, or
Bruker AVANCE III 600US Plus (600 MHz) spectrometer and are reported in ppm using solvent as an internal
standard (CDCls at 7.26 ppm, CD30D at 3.31 ppm, acetonitrile-ds at 1.94 ppm, acetone-ds at 2.05 ppm, and DMSO-
ds at 2.50 ppm). 3C-NMR spectra were recorded on JEOL ECX-400 (101 MHz) spectrometer, Bruker AVANCE
NEO 400N (101 MHz) spectrometer, JEOL ECA-600 (151 MHz) spectrometer, or Bruker AVANCE III 600US Plus
(151 MHz) spectrometer and reported in ppm using solvent resonance as the internal standard (CDCl3 at 77.16 ppm,
CD30D at 49.00 ppm, acetonitrile-ds at 118.26 ppm, acetone-ds at 29.84 ppm, and DMSO-ds at 39.52 ppm). Data
are reported as follows: chemical shift; multiplicity; coupling constants (Hz); number of hydrogens. Multiplicity is
abbreviated as follows: s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. High Resolution
Mass Spectra (HRMS) were obtained using Bruker Impact HD mass spectrometer for ESI and APCI, JEOL JMS-700
for EI, JEOL JMS-T2000GC for FD, or Waters Xevo G3 QTof spectrometerpectrometer for ESI. Melting points were
measured by using Stanford Research Systems Optimelt, BUCHI Melting Point M-565 or Yanagimoto micro melting
point apparatus.
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1. Condition Screening for Rotaxane Synthesis (Table 2-1)

o O
(\ /\ cat. (20 mol%) Me . N
Me + o] o NBS (2.2 eq.) [’\N J
T 9 LA
- OH (6] O solvent, k‘
Me PFe K/o o 20°C, 1 hr Me
/

1a 2(1.4eq.) 3a

Ammonium salt 1a (19.4 mg, 50 umol) and dibenzo-24-crown-8 (2) (31.4 mg, 70 umol, 1.40 equiv.) were stirred in
solvent (0.50 mL, 0.1 M) at 20 °C. After 30 min, catalyst (10 pmol, 20 mol%) and brominating agent (0.110 mmol,
2.20 equiv.) were added to the mixture. After stirred for 1 h, the reaction mixture was diluted with AcOEt. The solution
was washed with Na»S>03 aq., IN HCI aq., and water. The organic phase was dried over Na;SO4 and concentrated.
The yield of rotaxane 3a was determined by '"H-NMR analysis of crude material with 1,3-dinitrobenzene as an

internal standard.

2. Analysis of H-Bond- and n/n-Interactions in Solid State Structure of Rotaxane 8.
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3. Details for X-ray Crystallographic Analysis

Single crystal of 5 was obtained by vapor diffusion of hexane into a solution of 5 in AcOEt at room temperature.
Intensity data were collected on a R-AXIS RAPID II with cylindrical IP detector using MoKa radiation. Crystal

data are summarized in Table S5. The structure was solved by a direct method (SHELXT-2014) and refined by a
fullmatrix least square method on F2 for all reflections (SHELXL-2014). All hydrogen atoms were placed using

AFIX instructions, while all other atoms were refined anisotropically.
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Table SS. Crystal data and structure refinement for 2238333.

Identification code 2238333

Empirical formula C44 H53 Br2 N Ol1

Formula weight 931.69

Temperature 113(2) K

Wavelength 0.71075 A

Crystal system Triclinic

Space group P-1

Unit cell dimensions a=10.0846(13) A a=84.028(6)°.

b=10.4210(14) A b= 86.033(6)".
c=22.6703)A  g=66.983(5) .

Volume 2179.8(5) A3

Z 2

Density (calculated) 1.420 Mg/m?

Absorption coefficient 1.919 mm'!

F(000) 964

Crystal size 0.300 x 0.100 x 0.100 mm?
Theta range for data collection  1.807 to 27.482°.

Index ranges -11<=h<=13, -13<=k<=13, -29<=]<=29
Reflections collected 34523

Independent reflections 9938 [R(int) = 0.0488]
Completeness to theta = 25.242°  99.9 %

Refinement method Full-matrix least-squares on F?
Data / restraints / parameters 9938 /0/527

Goodness-of-fit on F2 1.135

Final R indices [[>2sigma(I)] R1=0.0503, wR2 =0.1264

R indices (all data) R1=0.0693, wR2 =0.1371
Extinction coefficient n/a

Largest diff. peak and hole 0.611 and -0.637 e. A3
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Single crystal of [8+H>O*DMEF * Et;O] was obtained by vapor diffusion of Et,O into a solution of 8 in DMF at room
temperature. Intensity data were collected on a Rigaku XtaL.aB P200 diffractometer Cu-K a radiation. Crystal data
are summarized in Table S6. Data collection, cell refinement, data reduction and analysis were carried out with the
CrysAlisPro (Rigaku Oxford Diffraction). These structures were solved by intrinsic phasing methods with the
SHELXT program and refines using SHELXL with anisotropic displacement parameters for non-H atoms.
Supplementary crystallographic data were deposited at the Cambridge Crystallographic Data Centre (CCDC) under
the numbers CCDC-2238333 and CCDC-2238334. They can be obtained free of charge from via

www.ccdc.cam.ac.uk/data request.cif.

41



Table S6. Crystal data and structure refinement for 2238334.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 67.684°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient

Largest diff. peak and hole

2238334
C79 H111 Br2 F12 N3 020 P2
1872.46

93.0K
1.54184 A
Monoclinic
Plnl
a=11.75170(10) A a=90°.
b=10.61770(10) A b= 98.6890(10)°.
c=35.0721(3) A g=90°.
4325.93(7) A3

2

1.438 Mg/m?3

2.363 mm-1

1948

0.1 x0.1x0.1 mm?

2.549 to 72.188° .

-13<=h<=14, -12<=k<=12, -43<=1<=43

64155
14412 [R(int) = 0.0414]
100.0 %
Semi-empirical from equivalents
1.00000 and 0.80757
Full-matrix least-squares on F2
14412/2 /1073
1.025
R1=0.0496, wR2 = 0.1365
R1=0.0500, wR2 = 0.1369
0.368(5)
n/a
1.587 and -1.207 e. A
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4. Preparation of Substrate and Characterization Data

Synthesis of aminophenols S3

General procedure A: reductive amination

A~ c|) NaBH, RSN

R NH2 + —_—— = N Ar
A" THF  THF/EtOH H

§1 s2 s3

Amine S1 (1.10 or 1.50 equiv.), and aldehyde S2 (1.00 equiv.) were stirred in dry THF (0.4 M). After stirred for 8—
16 h, the reaction mixture was diluted with EtOH, and NaBH4 (10.0 equiv.) was added to the mixture at 0 °C. After
stirred at room temperature for 2 h, the reaction mixture was quenched with NH4Cl aq. and extracted with CHCl; for
3 times. The collected organic phase was dried over Na>SOj4, and concentrated. The crude material was purified with
silica gel column chromatography (eluent: CHCl;/MeOH: 49/1 to 19/1) to give amine S3.

S3al), S3b? and S3m> were reported compounds.

OH
e /\/©/
N N
H/\©\ e N H/\©\
OH H OH
Me
Me
S3a S3b S3m

According to general procedure A, S3¢ (224 mg, 93% yield) was obtained from S1a*® (297 mg, 2.20 mmol) and
S2a% (396 mg, 2.00 mmol) as a white solid.

Me NH, o” Me N
+ O NaBH, H
Me OH Me O OH
S1a S2a S3c

m.p. 134-136 °C
TH-NMR (400 MHz, CD;0D) 5: 7.51 (d, J = 8.0 Hz, 2H), 7.44 (d, J = 8.8 Hz, 2H), 7.35 (d, J = 8.0 Hz, 2H), 6.94 (s,
2H), 6.90 (s, 1H), 6.85 (d, J = 8.5 Hz, 2H), 3.74 (s, 2H), 3.67 (s, 2H), 2.29 (s, 6H).

3C-NMR §: 158.2, 141.4, 140.2, 139.1, 138.5, 133.5, 130.0, 129.7, 128.9, 127.4, 116.6, 53.5, 53.2, 21.4.

IR (ATR, cm') 3548, 3295, 3021, 2914, 2844, 1607, 1590, 1500, 1453, 1434, 1378, 1267, 1238, 804;

HRMS (ESI): caled for C2Ho4NO [M+H]*, 318.1852; Found, 318.1867

According to general procedure A, S3d (224 mg, 93% yield) was obtained from S1a (149 mg, 1.10 mmol) and S2b
(122 mg, 1.00 mmol) as a white solid.

M M OH
© NH, ~ OH © N
. O/\©/ NaBH, H
Me

Me
S1a S2b S3d

m.p. 122-125 °C
TH-NMR (400 MHz, CD:OD) §: 7.14 (t, J = 7.8 Hz, 1H), 6.93 (s, 2H), 6.90 (s, 1H),6.79 (d, J= 7.8 Hz, 1H), 6.77 (d,
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J=2.0 Hz, 1H), 6.69 (dd, J = 8.0, 2.0 Hz, 1H), 3.65 (s, 2H), 3.64 (s, 2H), 2.29 (s, 6H).

13C-NMR (101 MHz, CD;OD) &: 158.7, 141.9, 140.2, 139.1, 130.5, 129.7, 127.4, 120.7, 116.4, 115.1, 53.5, 21.3.
IR (ATR, cm') 3298, 3049, 3005, 2916, 2852, 1639, 1607, 1582, 1481, 1453, 1389, 1338, 1281, 1246, 1154, 1074,
856, 830, 774, 692;

HRMS (ESI): caled for C16HxoNO [M+HT*, 242.1539; Found, 242.1541.

According to general procedure A, S3a’ (495 mg, 77% yield) was obtained from S1a® (406 mg, 3.00 mmol) and S2¢
(402 mg, 2.00 mmol) as a white solid.

Me NH, _ Br Me N Br
" O/\©: NaBH, H

I OH
Me OH Me
S1a S2c S3a’

m.p. 123-128 °C
TH-NMR (400 MHz, CD;0D) &: 7.43 (s, 1H), 7.11 (d, J = 8.3 Hz, 1H), 6.92 (s, 2H), 6.91 (s, 1H), 6.84 (d, /= 8.0
Hz, 1H), 3.65 (s, 2H), 3.63 (s, 2H), 2.29 (s, 6H).

13C-NMR (101 MHz, CD;OD) &: 155.3, 139.7, 139.1, 134.3, 132.1, 129.7, 127.5, 117.4, 53.2, 52.4, 21.3.

IR (ATR, cm') 3250, 3016, 2917, 2847, 2359, 1630, 1604, 1590, 1470, 1434, 1408, 1284, 1234, 1199, 1038, 1003,
842, 810;

HRMS (ESI): caled for C16H1oNOBr [M+H]*, 320.0645; Found, 325.0655.

According to general procedure A, S3e (421 mg, 82% yield) was obtained from S1a (406 mg, 3.00 mmol) and S2d
(272 mg, 2.00 mmol) as a white solid.

Me NH, Me Me N Me
Me OH Me
S1a S2d S3e

m.p. 127-128 °C

TH-NMR (400 MHz, CD;0D) &: 7.01 (s, 1H), 6.94 (dd, J = 8.0, 1.8 Hz, 1H), 6.91 (s, 2H), 6.89 (s, 1H), 6.70 (d, J =
8.0 Hz, 1H), 3.62 (s, 2H), 3.58 (s, 2H), 2.28 (s, 6H), 2.17 (s, 3H).

I3C-NMR (101 MHz, CD;OD) §: 155.8, 140.3, 139.0, 132.3, 131.0, 129.6, 128.1, 127.4, 125.5, 115.5, 53.4, 53.2,
21.4,16.2.

IR (ATR, cm) 3257, 3012, 2949, 2911, 2833, 2374, 2348, 2311, 1746, 1605, 1505, 1447, 1356, 1342, 1262, 1222,
1208, 1122, 1091, 856, 839, 820, 810;

HRMS (ESI): caled for C17H22NO [M+H], 256.1696; Found, 256.1685.

According to general procedure A, S3f (460 mg, 83% yield) was obtained from S1a (406 mg, 3.00 mmol) and S2e
(313 mg, 2.00 mmol) as a white solid.
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Me\©/\NH2 . 04\®EC| - Me\©/\ﬁ/\©:0|
Me OH - Me o
S1a S2e S3f

m.p. 133-137 °C

IH-NMR (400 MHz, CD;OD) &: 7.26 (s, 1H), 7.06 (d, J = 8.3 Hz, 1H), 6.92 (s, 2H), 6.90 (s, 1H), 6.85 (d, J = 8.0
Hz, 1H), 3.65 (s, 2H), 3.63 (s, 2H), 2.28 (s, 6H).

BC-NMR (101 MHz, CD;OD): § 154.3, 139.7, 139.1, 131.7, 131.3, 129.8, 129.4, 127.5, 121.7, 117.8, 53.3, 52.5,
21.3.

IR (ATR, em) 3017, 2976, 2941, 2921, 2872, 1626, 1588, 1476, 1435, 1406, 1293, 1244, 1198, 1044, 1006, 876,
845, 815;

HRMS (ESI): calcd for C1sHioNOCI [M+H]*, 276.1150; Found, 276.1155.

According to general procedure A, S3g (430 mg, 79% yield) was obtained from Sla (297 mg, 2.20 mmol) and S2f
(304 mg, 2.0 mmol) as a brownish solid.

M M oM
© NH, ~ OMe © N ©
+ O/\©: NaBH, H
— OH
Me OH Me

S1a S2f S3g

m.p. 114-117 °C
TH-NMR (400 MHz, CD;0D) : 6.92 (s, 2H), 6.90 (s, 1H), 6.87 (d, J = 8.8 Hz, 1H), 6.80 (s, 1H), 6.75 (d, J = 8.3
Hz, 1H), 3.84 (s, 3H), 3.63 (s, 2H), 3.60 (s, 2H), 2.28 (s, 6H).

3C-NMR (101 MHz, CD;0D) &: 148.3, 147.6, 140.2, 139.0, 133.3, 129.6, 127.4, 120.9, 116.7, 112.7, 56.4, 53.3,
53.1,21.4.

IR (ATR, cm') 3301, 2990, 2934, 2867, 2841, 2365, 2310, 1606, 1577, 1504, 1469, 1444, 1361, 1334, 1281, 1248,
1224, 1157, 1131, 1068, 1030, 1006, 873, 822, 710;

HRMS (ESI): caled for C17H2NO, [M+H], 272.1645; Found, 272.1636.

According to general procedure A, S3h (464 mg, 81% yield) was obtained from Sla (297 mg 2.20 mmol) and S2g

(334 mg, 2.00 mmol) as an orange powder.

Me NH, _ NO, Me N NO,
" O/\©: NaBH, H
—_— OH
Me OH Me
S$1 3h

a S2g S

m.p. 143-144 °C

TH-NMR (400 MHz, DMSO-ds) &: 7.83 (d, J= 2.0 Hz, 1H), 7.45 (dd, J = 8.6, 2.1 Hz, 1H), 7.02 (d, J = 8.5 Hz, 1H),

6.93 (s, 2H), 6.86 (s, 1H), 3.65 (s, 2H), 3.62 (s, 2H), 2.24 (s, 6H).

13C-NMR (101 MHz, DMSO-ds) 8: 152.7, 139.6, 136.9, 136.2, 135.1, 129.9, 128.2, 125.9, 124.4, 119.7, 51.8, 50.7,
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20.9.

IR (ATR, cm') 3060, 2955, 2916, 2776, 2628, 2593, 2468, 1603, 1534, 1507, 1434, 1417, 1352, 1255, 1188, 1146,
1071, 993, 846, 821;

HRMS (ESI): calcd for C16Hi9N2O3 [M+H]*, 287.1390; Found, 287.1396.

According to general procedure A, crude S3i was obtained from S1a (297 mg, 2.20 mmol) and S2h (360 mg, 2.00
mmol). Treatment of 4N HCl in dioxane (5 mL) afforded S3f- HCI (569 mg, 85% yield) as a pale yellow crystal.

+
Me NH, _ CO,Me Me N CO,Me
" O/\@[ NaBH, H,
_— - OH
Cl
M OH

e (HCI treatment) Me
1

S1a S2h S3j-HCI

m.p. 105-108 °C

TH-NMR (400 MHz, CD;0D) &: 8.02 (s, 1H), 7.66 (brs, 1H), 7.14-7.00 (m, 4H), 4.19 (s, 2H), 4.16 (s, 2H), 4.00 (s,
3H), 2.33 (s, 6H).

3C-NMR (101 MHz, CD;0D) &: 172.5, 164.7, 141.5, 140.0, 134.8, 133.5, 133.4, 130.1, 124.6, 120.7, 115.3, 54.6,
53.3,52.5,22.7.

IR (ATR, cm') 3364, 3243, 3005, 2954, 2921, 2782, 2728, 2647, 2440, 1676, 1614, 1496, 1462, 1444, 1427, 1343,
1325, 1293, 1261, 1214, 1093, 971, 853, 842, 793, 740, 704;

HRMS (ESI): caled for C1sHzNOs [M—CI]*, 300.1594; Found, 300.1581.

According to general procedure A, S3j (270 mg, 93% yield) was obtained from Sla (149 mg, 1.10 mmol) and S2i
(172 mg, 1.00 mol) as a reddish solid.

Me NH, Me N

e e, e PO,

Me oH Me

S1a S2i S3j

m.p. 126-129 °C

'H-NMR (400 MHz, CDs0D) é: 7.89-7.58 (m, 3H), 7.37 (d, /= 8.0 Hz, 1H), 7.11-7.03 (m, 2H), 6.96-6.87 (m, 3H),
3.82 (s, 2H), 3.68 (s, 2H), 2.28 (s, 6H)

3C-NMR (101 MHz, CD;OD) &: 156.5, 140.2, 139.0, 135.7, 134.7, 130.3, 129.74, 129.66, 128.2, 128.1, 127.5, 127 4,
119.5,109.8, 53.7, 53.5, 21.3.

IR (ATR, cm') 3258, 3053, 3030, 3022, 3011, 2992, 2980, 2966, 2941, 2922, 2907, 2862 2360, 1631, 1606, 1573,
1508, 1501, 1488, 1457, 1373, 1358, 1335, 1319, 1270, 1250, 1233, 1212, 1167, 1151, 1124, 1092, 1069, 928, 897,
865, 847, 835, 806, 709, 695;

HRMS (ESI): calcd for C20H22NO [M+H]", 292.1696; Found, 292.1694.

According to general procedure A, S3k (260 mg, 74% yield) was obtained from S1b (265 mg, 1.10 mmol) and S2j
(122 mg, 1.00 mmol) as a white solid.
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' /\© NaBH, H
— OH
CF, OH CF4

S1b S2j S3k

m.p. 102-105 °C
TH-NMR (400 MHz, CDsOD) 5: 7.94 (s, 2H), 7.83 (s, 1H), 7.14 (d, J= 7.5 Hz, 2H), 6.74 (d, J = 7.5 Hz, 2H), 3.88
(s, 2H), 3.66 (s, 2H).

13C-NMR (101 MHz, CDsOD) &: 157.8, 144.6, 132.6 (q, J = 33.3 Hz), 131.1, 130.9, 130.0 (m), 124.9 (q, J = 273
Hz), 121.7 (m), 116.2, 53.4, 52.4.

IR (ATR, cm') 3260, 3068, 2936, 2864, 2797, 2679, 2286, 1614, 1595, 1515, 1461, 1386, 1356, 1279, 1244, 1161,
1125, 1114, 1062, 905, 877, 704, 682;

HRMS (ESI): caled for C16H14FsNO [M+H]*, 350.0974; Found, 350.0982.

According to general procedure A, S31 (497 mg, 97% yield) was obtained from Sle¢ (369 mg, 3.00 mmol) and S2k
(298 mg, 2.00 mmol) as a brownish oil.

M
Me ©
NH, N
/O/\ + Oéj@\ NaBH4 /@\/\H/\Q\
H M M H
O Me Me e e (¢}

S1c S2k S3l
TH-NMR (400 MHz, CDsOD) &: 7.20 (d, J = 7.8 Hz, 2H), 6.79 (s, 2H), 6.76 (d, J = 7.5 Hz, 2H), 3.74 (s, 2H), 3.63
(s, 2H), 2.22 (s, 6H), 2.20 (s, 3H).
13C-NMR (101 MHz, CD:OD) &: 157.9, 138.1, 137.7, 133.9, 131.2, 131.1, 129.9, 116.2, 54.1, 46.6, 21.0, 19.6.
IR (ATR, cm') 3297, 3005, 2918, 2857, 1612, 1594, 1514, 1476, 1446, 1375, 1359, 1247, 1170, 849, 826,
HRMS (ESI): caled for C17H2NO [M+HT*, 256.1696; Found, 256.1704.

According to general procedure A, S3n (225 mg, 36% yield) was obtained from Sle¢ (369 mg, 3.00 mmol) and S21
(412 mg, 2.00 mmol) as a yellow solid.

NH, O I N
/©/\ + o~ NaBH, O H/\©\
HO O - O OH
S1c S2| S3

n

m.p. 164-166 °C

TH-NMR (400 MHz, CD;0D) &: 8.45 (s, 1H), 8.13 (d, J= 8.5 Hz, 2H), 8.02 (d, J = 8.0 Hz, 2H), 7.50-7.44 (m, 4H),

7.29 (d, J= 8.5 Hz, 2H), 6.84 (d, J = 8.5 Hz, 2H), 4.62 (s, 2H), 3.90 (s, 2H).

13C-NMR (101 MHz, CD;OD) &: 158.0, 133.0, 132.0, 131.6, 131.4, 131.3, 130.2, 128.5, 127.2, 126.0, 125.1, 116.3,

54.2,44.4.

IR (ATR, cm'') 3288, 3035, 3007, 2936, 2920, 2883, 2373, 2349, 2310, 1747, 1610, 1592, 1515, 1442, 1338, 1261,
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1243, 1202, 1071, 885, 829, 732;
HRMS (ESI): caled for C2;H20NO [M+H]*, 314.1539; Found, 314.1534.

According to general procedure A, S30 (388 mg, 75% yield) was obtained from Sl¢ (270 mg, 2.20 mmol) and S2m
(300 mg, 2.00 mmol) as a reddish solid.

M
NH;, p Me © N
+ 0/\@ NaBH, H
HO —— HO OH
H
°© Me

Me
S1c S2m S30

m.p. 120-125 °C
TH-NMR (400 MHz, CDsOD) 5: 7.14 (d, J = 7.8 Hz, 2H), 6.8 (s, 2H), 6.75 (d, J = 7.3 Hz, 2H), 3.65 (s, 2H), 3.60
(s, 2H), 2.20 (s, 6H)

13C-NMR (101 MHz, CD;OD) &: 158.0, 153.6, 131.0, 130.1, 130.0, 129.9, 125.6, 116.4, 52.8, 52.7, 16.9.

IR (ATR, cm) 3166, 2913, 2323, 1610, 1595, 1518, 1493, 1450, 1219, 1153;

HRMS (ESI): caled for C1eHaoNO, [M+H], 258.1489; Found, 258.1477.

According to general procedure A, S3p (455 mg, 67% yield) was obtained from Sle¢ (270 mg, 2.20 mmol) and S2n
(469 mg, 2.00 mmol) as a brownish solid.

b
NH, _ Bu Bu N
. om©: NaBH, H
HO —— HO OH
OH b
Bu

1
S1c S2n S3p

m.p. 204-209 °C
TH-NMR (400 MHz, CDCls) &: 7.12 (s, 2H), 7.10 (d, J = 8.3 Hz, 2H), 6.62 (d, J = 8.3 Hz, 2H), 5.14 (brs, 1H), 3.74
(s, 4H), 3.20 (brs, 2H), 1.41 (s, 18H).

13C-NMR (101 MHz, CD:OD) &: 157.2, 154.0, 138.9, 132.1, 131.7, 131.0, 126.2, 115.8, 58.8, 58.0, 35.5, 31.0.

IR (ATR, cm'') 3642, 3615, 3308, 2959, 2913, 2861, 2364, 2310, 1613, 1592, 1519, 1467, 1428, 1389, 1340, 1319,
1234, 1211, 1156, 1094, 973, 869, 823, 772;

HRMS (ESI): caled for C22H3,NO, [M+H], 342.2428; Found, 342.2421.
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Synthesis of aminophenol S6: the axle of [3]-rotaxane 8

NaBH4
EtO
THF/EtOH
OEt
1c S2p S4

- aq \/©/\ /\©\
THF/H,0

I=z

T,

Me NH,
Me
Me S1a Et;N  NaBH, /QHQ/\H/\@\
N
THF THE/EtOH  M© OH

S6

According to general procedure A, amine S4 (849 mg, 90% yield) was obtained from amine S1¢ (406 mg, 3.00 mmol,
1.10 equiv.) and aldehyde S2p (619 mg, 3.30 mmol, 1.10 equiv.) as a brownish oil.

TH-NMR (400 MHz, CDCls) &: 7.44 (d, J= 8.0 Hz, 2H), 7.32 (d, /= 8.0 Hz, 2H), 7.09 (d, J= 8.3 Hz, 2H), 6.65 (d,
J=8.3 Hz, 2H), 5.49 (s, 1H), 3.99 (brs, 2H), 3.82 (s, 2H), 3.70 (s, 2H), 3.66-3.42 (m, 4H), 1.23 (t, J= 7.0 Hz, 6H).
I3C-NMR (101 MHz, CDCls) 6: 155.9, 139.3, 138.3, 130.4, 129.9, 128 .4, 127.0, 115.9, 101.6, 61.3, 52.7, 52.4, 15.3.
IR (ATR, cm™) 3295, 2929, 2974, 2880, 1613, 1515, 1444, 1337, 1250, 1172, 1093, 1051, 996, 825;

HRMS (ESI): calcd for C19H26NO3; [M+H]", 316.1907; Found, 316.1919.

To a stirred solution of amine S4 (820 mg, 2.6 mmol) in THF (13 mL) and water (13 mL) was added 12 N HCI aq.
(2.2 mL, 10 equiv.) After 18 h, reaction mixture was concentrated and residue was washed with EtO to give aldehyde
S5 (663 mg, 92% yield) as a white powder.

m.p. 240-245 °C

TH-NMR (400 MHz, DMSO-ds) 8: 10.03 (s, 1H), 9.79-9.76 (m, 1H), 9.71 (brs, 2H), 7.96-7.94 (m, 2H), 7.80-7.74
(m, 2H), 7.36-7.33 (m, 2H), 6.80 (d, J= 8.3 Hz, 2H), 4.20 (s, 2H), 4.04 (s, 2H).

BC-NMR (101 MHz, DMSO-ds) 8: 192.9, 158.1, 138.6, 136.3, 131.8, 130.8, 129.6, 121.7, 115.4, 49.8, 49.1.

IR (ATR, cm™) 3370, 2993, 2926, 2787, 2713, 2595, 2361, 1681, 1611, 1579, 1560, 1520, 1462, 1417, 1309, 1268,
1215, 1180, 975, 822, 798;

HRMS (ESI): calcd for C1sHisNO, [M—CI1]*, 242.1176; Found, 242.1187.

Amine S1a (202 mg, 1.50 mmol, 1.50 equiv.), EtsN (209 pL, 1.50 mmol, 1.50 equiv.) and aldehyde S5 (278 mg, 1.00
mmol, 1.00 equiv.) were stirred in dry THF (0.4 M). After stirred for 10 h, the reaction mixture was diluted with
EtOH, and NaBHj4 (10 eq.) was added to the mixture at 0 °C. After stirred at room temperature for 2 h, the reaction
mixture was quenched with NH4Cl aq. and extracted with CHCI3 for 3 times. The collected organic phase was dried
over NaxSOs, and concentrated. The crude material was purified with silica gel column chromatography (eluent:
CHCl3/MeOH/Et;N: 49/1/0.05) to give diamine S6 (349 mg, 97% yield) as a brownish oil.
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TH-NMR (400 MHz, CDCLs) 8: 7.29 (s, 4H), 7.08 (d, J = 8.3 Hz, 2H), 6.95 (s, 2H), 6.91 (s, 1H), 6.65 (d, J = 8.0 Hz,
2H), 4.21 (brs, 4H), 3.80 (s, 2H), 3.78 (s, 2H), 3.75 (s, 2H), 3.69 (s, 2H), 2.31 (s, 6H).

3C-NMR (101 MHz, CDCls) &: 156.3, 139.3, 138.5, 138.1, 129.84, 129.76, 128.9, 128.7, 128.6, 126.2, 115.9, 53.0,
52.8,52.4,52.3,21.3

IR (ATR, cm'') 3292, 3011, 2915, 2850 2818, 2675, 2594, 1608, 1514, 1446, 1378, 1360, 1248, 1169, 1094, 824,
761;

HRMS (ESI): caled for C24HzoN2O [M+H], 361.2274; Found, 361.2281.

Preparation of amine * HPF salts 1

General procedure B-1

cl PFs
R + R . + R
R/\H n 4 N HCI R/\” n NH4PFg aq R/\” n
) 2 2
OH dioxane OH MeOH OH
S3 1

Aminophenol S3 was dissolved in MeOH (0.2 M), and 4N HCI (25 equiv.) in dioxane was added to the solution at
room temperature. After stirred for 30 min, the reaction mixture was concentrated in vacuo., then residue was
dissolved in MeOH, and 20% NH4PFs aq. was added to the solution. The precipitate was collected by filtration and
washed with distilled water to give HPFs salt 1. When the salt was not precipitated, the mixture phase was extracted
with AcOEt The collected organic phase was dried over Na,SOs, and concentrated. The obtained salt 1 was used for

the next reaction without further purification.

General procedure B-2

PFs
N
RN n R HPFg aq. RN A
R &) — R (&)
OH
S3 1

Aminophenol S3 was dissolved in MeOH (0.2 M), and 60% HPFs aq. (1.5 equiv.) and distilled water (double volume

R

OH

of MeOH) was added to the solution at room temperature. Precipitate was collected by filtration and washed with
distilled water to give PF¢ salt 1. When the salt was not precipitated, the mixture phase was extracted with AcOEt.
The collected organic phase was dried over Na,SOs, and concentrated. The obtained salt 1 was used for the next

reaction without further purification.

1a
According to general procedure B-1, 1a (1.39 g, 89% yield) was obtained from the corresponding amine S3a (965
mg, 4.00 mmol) as a pale red crystal.
m.p. 190-195 °C (decomp.)
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'TH-NMR (400 MHz, CD3;OD) &: 7.29 (d, J = 8.0 Hz, 2H), 7.06 (s, 3H), 6.84 (d, J = 7.5 Hz, 2H), 4.10 (s, 4H), 2.33
(s, 6H).

I3C-NMR (101 MHz, CD;0D) 8: 159.9, 140.2, 132.7, 132.3, 132.0, 128.6, 122.9, 116.9, 51.7, 21.2.

IR (ATR, cm!) 3325, 3248, 3227, 3015, 2920, 2861, 1613, 1587, 1520, 1466, 1408, 1378, 1260, 1113, 882, 811, 761,
703, 555;

HRMS (ESI): caled for Ci1sH20NO [M—PF¢]*, 242.1539; Found, 242.1543.

.
Me N
Ha

Me
1b

According to general procedure B-1, 1b (253 mg, 79% yield) was obtained from the corresponding amine S3b (204
mg, 0.800 mmol) as a white crystal.

m.p. 202-205 °C (decomp.)

TH-NMR (400 MHz, CDs0D) &: 7.11-7.05 (m, 5H), 6.76 (d, J= 7.8 Hz, 2H), 4.11 (s, 2H), 3.19 (t, /= 8.0 Hz, 2H),
2.89 (t,J="7.8 Hz, 2H), 2.33 (s, 6H)

I3C-NMR (101 MHz, CD;0D) &: 157.7, 140.2, 132.3, 132.1, 130.8, 128.5, 128.3, 116.7, 52.4, 49.9, 32.4, 21.2

IR (ATR, cm™) 3613, 3258, 3235, 3014, 2922, 2374, 2310, 1612, 1601, 1518, 1470, 1416, 1375, 1283, 1251, 1173,
882, 846, 803, 753, 556;

HRMS (ESI): calcd for C17H22NO [M—PFs]*, 256.1696; Found, 256.1707.

1c

According to general procedure B-1, 1¢ (319 mg, 86% yield) was obtained from the corresponding amine S3¢ (254
mg, 0.800 mmol) as a white powder.

m.p. 196-201 °C (decomp.)

TH-NMR (400 MHz, CDsOD) é: 7.61 (d, J= 7.3 Hz, 2H), 7.48 (d, J = 8.0 Hz, 4H), 7.07 (s, 2H), 7.06 (s, 1H), 6.87
(d, J=8.3 Hz, 2H), 4.20 (s, 2H), 4.12 (s, 2H), 2.31 (s, 6H).

I3C-NMR (101 MHz, CDsOD) & 158.5, 143.4, 140.1, 132.5, 132.04, 131.99, 131.5, 130.1, 129.0, 128.6, 127.9, 116.7,
51.9,51.7,21.2.

IR (ATR, cm!) 3336, 3249, 3228, 3012, 2921, 1611, 1597, 1529, 1503, 1465, 1408, 1250, 1201, 1176, 957, 934, 884,
807, 761, 706, 556;

HRMS (ESI): calcd for C»H24NO [M—PFs]*, 318.1852; Found, 318.1851.
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PFg

Me\©/\ﬁ/\©/OH
H;

Me
1d

According to general procedure B-1, 1d (176 mg, 76% yield) was obtained from the corresponding amine S3d (145
mg, 0.600 mmol) as a white crystal.

m.p. 183-186 °C (decomp.)

'H-NMR (400 MHz, CD;0D) &: 7.27 (t, J = 7.8 Hz, 1H), 7.08 (s, 3H), 6.92 (d, J= 7.5 Hz, 1H), 6.88 (s, 1H), 6.86
(d, J=7.6 Hz, 1H), 4.11 (s, 4H), 2.33 (s, 6H).

I3C-NMR (101 MHz, CD;0D) &: 159.2, 140.2, 133.7, 132.2, 132.1, 131.4, 128.6, 121.8, 117.7, 117.5, 52.0, 51.9,
21.2.

IR (ATR, cm™) 3623, 3501, 3304, 3247, 3226, 3012, 2921, 1610, 1592, 1466, 1406, 1273, 1257, 1164, 930, 833,
811, 761, 694, 555;

HRMS (ESI): calcd for C16H20NO [M—PFs]*, 242.1539; Found, 242.1543.

PFe

Me ﬁ Br
Ha
OH

Me
1a'

According to general procedure B-1, 1a’ (713 mg, quant.) was obtained from the corresponding amine S3a’ (480 mg,
1.50 mmol) as a white powder.

m.p. 213-218 °C (decomp.)

TH-NMR (400 MHz, CD30D) &: 7.60 (s, 1H), 7.28 (d, J = 8.3 Hz, 1H), 7.09 (s, 1H), 7.06 (s, 2H), 6.94 (d, J = 8.3
Hz, 1H), 4.10 (s, 4H), 2.33 (s, 6H).

I3C-NMR (101 MHz, CDs;0D) &: 156.7, 140.2, 136.1, 132.2, 132.1, 131.7, 128.6, 124.6, 117.5, 111.2, 51.9, 51.0,
21.2.

IR (ATR, cm’") 3474, 3254, 3227, 2921, 1610, 1580, 1498, 1467, 1407, 1294, 1261, 1186, 957, 878, 856, 829, 80,
703, 755, 556;

HRMS (ESI): calcd for C1sHioNOBr [M—PF¢]*, 320.0645; Found, 320.0646.

PFe

Me ;\]/\@EMe
Hz
OH
Me

1e

According to general procedure B-1, 1e (619 mg, quant.) was obtained from the corresponding amine S3e (383 mg,
1.50 mmol) as a white powder.
m.p. 171-176 °C (decomp.)
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TH-NMR (400 MHz, CD;0D) &: 7.17 (s, 1H), 7.10 (d, J = 8.0 Hz, 1H), 7.08 (s, 1H), 7.05 (s, 2H), 6.80 (d, J = 8.3
Hz, 1H), 4.07 (s, 2H), 4.06 (s, 2H), 2.33 (s, 6H), 2.20 (s, 3H).

3C-NMR (101 MHz, CD;0D) &: 157.9, 140.2, 133.7, 132.3, 132.0, 129.8, 128.6, 126.6, 122.7, 116.0, 51.8, 51.6,
21.2,16.1.

IR (ATR, cm') 3589, 3462, 3252, 3229, 3010, 2920, 2867, 1612, 1582, 1506, 1465, 1404, 1359, 1273, 1215, 1188,
1123, 959, 866, 833, 813, 762, 704, 555;

HRMS (ESI): caled for C17H2,NO [M—PFe]*, 256.1696; Found, 256.1688.

PFe

Me I:'l/\©:0|
Hy
OH

1f

According to general procedure B-1, 1f (651 mg, quant.) was obtained from the corresponding amine S3f (414 mg,
1.50 mmol) as a white powder.

m.p. 213-218 °C (decomp.)

TH-NMR (400 MHz, CD3;OD) é: 7.44 (s, 1H), 7.24 (d, J= 8.3 Hz, 1H), 7.07 (s, 3H), 6.96 (d, J= 8.5 Hz, 1H), 4.11
(s, 4H), 2.32 (s, 6H).

I3C-NMR (101 MHz, CDs;OD) &: 155.6, 140.2, 132.9, 132.2, 132.1, 131.1, 128.6, 124.3, 122.1, 118.0, 51.9, 51.1,
21.2.

IR (ATR, cm™) 3501, 3471, 3254, 3228, 2922, 2360, 1612, 1579, 1503, 1466, 1427, 1408, 1294, 1262, 1192, 1055,
957, 878, 830, 810, 755, 704, 556;

HRMS (ESI): calcd for CisHi9NOCI [M—PFs]*, 276.1150; Found, 276.1151.

PFe

Me Kl/\@[OMe
Hz
OH
Me
19

According to general procedure B-1, 1g (270 mg, 81% yield) was obtained from the corresponding amine S3g (217
mg, 0.800 mmol) as a pale red powder.

m.p. 175-179 °C (decomp.)

TH-NMR (400 MHz, CD;0D) &: 7.06 (s, 3H), 6.98 (d, /= 8.5 Hz, 1H), 6.92 (s, 2H), 4.08 (s, 2H), 4.07 (s, 2H), 3.86
(s, 3H), 2.32 (s, 6H).

I3C-NMR (101 MHz, CDs;0D) &: 150.1, 148.0, 140.2, 132.2, 132.0, 128.6, 124.8, 122.9, 117.8, 112.9, 56.4, 51.7,
21.2.

IR (ATR, cm™) 3500, 3246, 3225, 3014, 2923, 2845, 1613, 1597, 1583, 1514, 1466, 1409, 1277, 1245, 1135, 1023,
957, 878, 859, 826, 809, 761, 706, 555;

HRMS (ESI): calcd for C17H22NO, [M—PF¢]*, 272.1645; Found, 272.1652.
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Me\©/\ﬁ/\©iN02
Hy
OH
Me
1h

According to general procedure B-1, 1h (296 mg, 86% yield) was obtained from the corresponding amine S3h (229
mg, 0.800 mmol) as a pale-yellow powder.

m.p. 220-223 °C (decomp.)

'H-NMR (400 MHz, CDsOD) é: 8.23 (s, 1H), 7.70 (d, J= 8.8 Hz, 1H), 7.22 (d, J= 8.8 Hz, 1H), 7.09 (s, 3H), 4.24
(s, 2H), 4.17 (s, 2H), 2.33 (s, 6H).

I3C-NMR (101 MHz, CD;0D) &: 156.0, 140.3, 139.2, 136.0, 132.1, 128.6, 128.3, 124.2, 121.8, 52.2, 50.7, 21.2.
IR (ATR, cm™) 3312, 3249, 3229, 3154, 3085, 3012, 2921, 1633, 1612, 1582, 1540, 1494, 1466, 1432, 1411, 1339,
1321, 1297, 1256, 1170, 1136, 1080, 961, 929, 876, 846, 831, 797, 758, 704, 596, 553;

HRMS (ESI): calcd for C16Hi9N2O3 [M—PFs]*, 287.1390; Found, 287.1388.

PFs

Me K‘ CO,Me
AP
OH

1i
According to general procedure B-1, 1i (325 mg, 91% yield) was obtained from the corresponding amine HCI salt
S3i-HCI (285 mg, 0.800 mmol) as a white powder.
m.p. 192-196 °C (decomp.)
1H-NMR (400 MHz, CDs0OD) &: 8.01 (s, 1H), 7.59 (d, J= 8.8 Hz, 1H), 7.08 (s, 3H), 7.04 (d, /= 7.0 Hz, 1H), 4.17
(s, 2H), 4.14 (s, 2H), 3.97 (s, 3H), 2.33 (s, 6H).
I3C-NMR (101 MHz, CD;0D) é: 171.1, 163.4, 140.2, 138.4, 133.4, 132.12, 132.09, 128.6, 123.3, 119.4, 114.1, 53.1,
52.0,51.2,21.2.
IR (ATR, cm™) 3253, 3230, 3148, 3125, 3011, 2957, 2926, 1680, 1612, 1588, 1496, 1447, 1406, 1353, 1334, 1300,
1265, 1218, 1098, 884, 823, 763, 742, 705, 596, 556;
HRMS (ESI): calcd for C13H21NO3; [M—CI]*, 300.1594; Found, 300.1586.

PFe

ROA RSN
H,
OH
Me

1j
According to general procedure B-1, 1j (223 mg, 89% yield) was obtained from the corresponding amine S3j (175
mg, 0.600 mmol) as a brownish powder.
m.p. 211-216 °C (decomp.)
'H-NMR (400 MHz, CD;0D) &: 7.85 (s, 1H), 7.76 (d, J= 8.8 Hz, 1H), 7.72 (d, J= 8.3 Hz, 1H), 7.43 (d, J= 8.5 Hz,
1H), 7.14 (s, 1H), 7.13 (d, J = 8.4 Hz, 1H), 7.07 (s, 3H), 4.29 (s, 2H), 4.14 (s, 2H), 2.31 (s, 6H)
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I3C-NMR (101 MHz, CD;0D) : 157.6, 140.2, 136.6, 132.2, 132.0, 130.9, 130.8, 129.4, 128.6, 128.4, 128.0, 126 .4,
120.3,109.8, 52.2, 51.9, 21.2

IR (ATR, cm) 3467, 3371, 3250, 3229, 3014, 2920, 1643, 1613, 1584, 1513, 1487, 1411, 1368, 1286, 1238, 1181,
1148, 878, 856, 810, 760, 556;

HRMS (ESI): caled for C20H22NO [M—PF¢]*, 292.1696; Found, 292.1688

1k

According to general procedure B-1, 1k (278 mg, 94% yield) was obtained from the corresponding amine S3k (210
mg, 0.600 mmol) as a white powder.

m.p. 191-196 °C (decomp.)

TH-NMR (400 MHz, CD3OD) &: 8.13 (s, 2H), 8.07 (s, 1H), 7.33 (d, J = 8.3 Hz, 2H), 6.85 (d, J= 8.5 Hz, 2H), 4.42
(s, 2H), 4.22 (s, 2H)

I3C-NMR (101 MHz, CD;0D) &: 160.1, 135.9, 133.4 (q,J = 33.8 Hz), 132.7, 131.9 (m), 124.5 (q,J =273 Hz) 124.3
(m), 122.6, 117.0, 52.6, 50.6

IR (ATR, cm™) 3256, 3232, 2360, 1617, 1582, 1522, 1465, 1415, 1398, 1373, 1279, 1173, 1131, 1111, 963, 891, 823,
758, 705, 683, 556;

HRMS (ESI): calcd for Ci1¢H14F3NO [M—PF¢]*, 350.0974; Found, 350.0985.

Me PFes

+
N
N L
Me Me OH

11

According to general procedure B-1, 11 (416 mg, 69% yield) was obtained from the corresponding amine S31 (383
mg, 1.50 mmol) as a white powder.

m.p. 200-205 °C (decomp.)

TH-NMR (400 MHz, CDsOD) &: 7.38 (d, J = 8.0 Hz, 2H), 6.90 (s, 2H), 6.89 (d, J= 7.6 Hz, 2H), 4.23 (s, 2H), 4.13
(s, 2H), 2.23 (s, 3H), 2.19 (s, 6H).

I3C-NMR (101 MHz, CDs;0D) &: 160.1, 140.8, 139.4, 133.2, 130.6, 126.6, 122.4, 117.0, 52.1, 44.5, 21.1, 19.5.

IR (ATR, cm™) 3493, 3206, 3136 2927, 1613, 1597, 1519, 1454, 1417, 1349, 1257, 1248, 1213, 1179, 832, 556;
HRMS (ESI): calcd for C17H22NO [M—PFs]*, 256.1696; Found, 256.1703.
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According to general procedure B-1, 1m (212 mg, 85% yield) was obtained from the corresponding amine S3m (163
mg, 0.600 mmol) as a white powder.

m.p. 199-204 °C (decomp.)

TH-NMR (400 MHz, CDs;OD) é: 7.32 (d, J = 8.3 Hz, 2H), 6.85 (d, J = 8.0 Hz, 2H), 4.11 (s, 2H), 2.62 (s, 2H), 1.99
(brs, 3H), 1.84-1.75 (m, 3H), 1.75-1.66 (m, 3H), 1.55 (s, 6H)

I3C-NMR (101 MHz, CD;0D) &: 160.0, 133.0, 122.3, 116.9, 59.1, 52.8, 40.4, 37.4, 33.1, 29.3.

IR (ATR, cm'!) 3604, 3389, 3272, 3241, 3141, 3033, 2907, 2850, 2323, 1606, 1578, 1520, 1457, 1418, 1396, 1251,
1225, 1180, 810, 732,554;

HRMS (ESI): calcd for C1gH26NO [M—PFs]*, 272.2009; Found, 272.2005.

1n
According to general procedure B-1, 1n (293 mg, 98% yield) was obtained from the corresponding amine S3n (204
mg, 0.650 mmol) as a yellow powder.

m.p. 180-182 °C (decomp.)

TH-NMR (400 MHz, DMSO-ds) &: 9.78 (s, 1H), 9.13 (brs, 2H), 8.77 (s, 1H), 8.19 (t, J = 8.2 Hz, 4H), 7.65-7.58 (m,
4H), 7.45 (d, J=8.7 Hz, 2H), 6.88 (d, /= 8.7 Hz, 2H), 5.09 (s, 2H), 4.38 (s, 2H).

I3C-NMR (101 MHz, CDs0D) &: 160.2, 133.3, 132.4, 131.6, 131.3, 130.4, 128.5, 126.4, 123.6, 122.5, 117.1, 52.0,
42.0.

IR (ATR, cm!) 3644, 3546, 3271, 2935, 2756, 2325, 1610, 1594, 1519, 1442, 1389, 1268, 1205, 1177, 829, 781, 728,
555;

HRMS (ESI): calcd for C»2H2oNO [M—PFs]*, 314.1539; Found, 314.1536.

10

According to general procedure B-2, 10 (109 mg, 34% yield) was obtained from the corresponding amine S3o (206
mg, 0.800 mmol) as a reddish powder.
m.p. 179-183 °C (decomp.)
TH-NMR (400 MHz, CDs;OD) é: 7.27 (d, J = 8.0 Hz, 2H), 7.02 (s, 2H), 6.84 (d, J= 7.8 Hz, 2H), 4.06 (s, 2H), 4.01
(s, 2H), 2.22 (s, 6H)
I3C-NMR (101 MHz, CD;0D) &: 159.8, 155.7, 132.6, 131.2, 126.3, 123.0, 122.9, 116.9, 51.5, 51.4, 16.6
IR (ATR, cm™) 3604, 3426, 3253, 3230, 2921, 2362, 2163, 1614, 1581, 1521, 1494, 1466, 1407, 1301, 1216, 118]1,
1159, 945, 885, 833, 810, 755, 555;
HRMS (ESI): calcd for C16H20NO, [M—PF¢]*, 258.1489; Found, 258.1501.
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1p
According to general procedure B-1, 1p (318 mg, 82% yield) was obtained from the corresponding amine S3p (273
mg, 0.800 mmol) as a pale orange powder.
m.p. 125-130 °C
TH-NMR (400 MHz, CDs;0OD) é: 7.30 (d, J = 6.5 Hz, 2H), 7.26 (s, 2H), 6.85 (d, J= 8.0 Hz, 2H), 4.10 (s, 2H), 4.08
(s, 2H), 1.43 (s, 18H).
I3C-NMR (101 MHz, CD;0D) §; 159.8, 156.4, 139.8, 132.7, 127.9, 123.2, 123.0, 116.9, 52.2, 51.5, 35.6, 30.6.
IR (ATR, cm™) 3628, 3524, 3236, 2957, 2916, 2880, 2805, 1614, 1601, 1521, 1434, 1398, 1362, 1241, 1216, 1134,
824,771, 555;
HRMS (ESI): calcd for C»H3:NO, [M—PF¢]*, 342.2428; Found, 342.2425.

2PFg

According to general procedure B-2, 7 (211 mg, 81%) was obtained from the corresponding amine S6 (144 mg) as a
white powder.

m.p. 246-250 °C (decomp.)

TH-NMR (400 MHz, acetonitrile-ds) &: 7.52 (s, 4H), 7.32 (d, J= 8.3 Hz, 2H), 7.12 (s, 1H), 7.07 (s, 2H), 6.88 (d, J=
8.8 Hz, 2H), 4.24 (s, 2H), 4.23 (s, 2H), 4.17 (s, 4H), 2.32 (s, 6H).

I3C-NMR (101 MHz, acetonitrile-d3) 6 159.1, 139.8, 132.94, 132.89, 132.1, 131.7, 131.6, 131.0, 128.7, 122.2, 116.6,
52.5,52.2,51.6,51.4,21.2.

IR (ATR, cm") 3612, 3249, 3227, 3148, 2922, 1615, 1582, 1523, 1467, 1410, 1262, 959, 878, 831, 807, 756, 706,
555;

HRMS (ESI): calcd for C17H22NO [M—2PF¢—H]*, 361.2274; Found, 361.2285.

Synthesis of brominated axle 4 and 4a
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To a solution of BocyO (0.550 mmol, 120 mg, 1.10 equiv.) in DCM (10 mL) were added amine S3a (0.500 mmol,
121 mg) and EtN (0.700 mmol, 98 pL, 1.40 equiv.) at room temperature. After 12 h, the reaction was quenched with
1IN HCl aq., and the resulting mixture was extracted with CHCl; for 3 times. The combined organic phase was washed
with brine, dried over Na>SOs, and concentrated under reduced pressure. The crude material was purified with silica
gel column chromatography (eluent: hexane/AcOEt: 7/1) to give Boc-protected product S7 (159 mg, 93% yield) as
a white solid.

m.p. 73-77 °C

TH-NMR (400 MHz, CDCl3) 8: 7.07 (brs, 2H), 6.90 (s, 1H), 6.79 (brs, 4H), 5.83 (brs, 1H), 4.33 (brs, 2H), 4.26 (brs,
2H), 2.30 (s, 6H), 1.51 (s, 9H).

I3C-NMR (101 MHz, CDCls) 8: 156.4, 155.3, 138.2, 130.0, 129.6, 129.0, 125.9, 125.4, 115.5, 80.4, 49.2, 48.8, 28.6,
21.4.

IR (ATR, cm!) 3387, 3009, 2978, 2918, 2867, 2854, 2363, 2348, 2310, 1672, 1612, 1514, 1450, 1420, 1366, 1301,
1241, 1218, 1155, 1119, 1094, 871, 833;

HRMS (ESI): caled for C21H27NNaOs [M+Na]*, 364.1883; Found, 364.1877.

To a solution of phenol S7 (0.400 mmol, 137 mg) in CHCI3 (8 mL) were added DMAP (0.0400 mmol, 4.89 mg, 10
mol%) and NBS (0.880 mmol, 157 mg, 2.20 equiv.) at room temperature. After stirred for 4 h, the reaction mixture
was diluted with AcOEt. The organic phase was washed with Na,S,03, IN HCI aq., and water, dried over Na;SOs,
and concentrated. The crude material was purified with silica gel column chromatography (eluent: hexane/AcOEt:
7/1) to give brominated product S8 (182 mg, 91% yield) as a white solid.
m.p. 97-100 °C
TH-NMR (400 MHz, CDCI;3) &: 7.07 (brs, 2H), 6.90 (s, 1H), 6.80 (brs, 4H), 5.83 (brs, 1H), 4.61-4.29 (m, 2H), 4.29—
3.95 (m, 2H), 2.30 (s, 6H), 1.51 (s, 9H).
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I3C-NMR (101 MHz, CDCl3) &: 148.6, 138.3, 137.5, 133.1, 131.7, 129.2, 126.1, 125.4, 109.8, 80.7, 49.8, 48.2, 28.6,
21.4.

IR (ATR, cm™) 3266, 2970, 2920, 2361, 2308, 1647, 1551, 1475, 1424, 1402, 1361, 1301, 1283, 1158, 1114;
HRMS (ESI): calcd for C1H2sBr,NNaOs [M+Na]*, 522.0074.1883; Found, 522.0062.

Boc-amine S8 (0.340 mmol, 170 mg) was stirred in 4N HCI in dioxane (5 mL, 58.8 equiv.) at room temperature.
After stirred for 1 h, the reaction mixture was concentrated in vacuo. The residue was washed with Et;O to give
ammonium salt S9 (138 mg, 93% yield) as a white solid.

m.p. 183-187 °C

TH-NMR (400 MHz, CD30D) &: 7.60 (s, 2H), 7.08 (s, 1H), 7.06 (s, 2H), 4.10 (s, 2H), 4.08 (s, 2H), 2.33 (s, 6H).
I3C-NMR (101 MHz, CD;0D) &: 154.0, 140.2, 135.2, 132.2, 132.1, 128.6, 126.0, 112.6, 52.1, 50.4, 21.2

IR (ATR, cm!) 3252, 2949, 2914, 2812, 2779, 2752, 2694, 2681, 2614, 2440, 2360, 1606, 1580, 1554, 1480, 1447,
1434, 1415, 1359, 1313, 1287, 1236, 1155, 856;

HRMS (ESI): calcd for C21H27NNaO3 [M—CI1], 397.9750; Found, 397.9762.

According to general procedure B-1, 4 (99.4 mg, 73% yield) was obtained from the corresponding amine HCI salt
S8 (109 mg, 0.250 mmol) as a white powder.

m.p. 219-222 °C (decomp.)

TH-NMR (400 MHz, CD30D) &: 7.62 (s, 2H), 7.08 (s, 1H), 7.07 (s, 2H), 4.13 (s, 2H), 4.11 (s, 2H), 2.33 (s, 6H).
I3C-NMR (101 MHz, CD;0D) &: 153.7, 140.2, 135.2, 132.1, 132.0, 128.6, 126.1, 112.4, 52.1, 50.4, 21.2.

IR (ATR, cm™) 3505, 3488, 3244, 3223, 2920, 2325, 1613, 1587, 1568, 1482, 1467, 1407, 1333, 1286, 1248, 1172,
1153, 958, 883, 856, 810, 768, 707, 555;

HRMS (ESI): calcd for C13H26NO [M—PFs]*, 397.9750; Found, 397.9742.

To a stirred solution of ammonium salt S9 (21.8 mg, 0.0500 mmol) in DCM (0.25 mL) and DMF (0.25 mL) were
added Ac,O (23.4 pL, 0.250 mmol, 5.00 equiv.), EtsN (69.7 uL, 0.500 mmol, 10.0 equiv.), and DMAP (1.22 mg,
0.0100 mmol, 0.200 equiv.) was added. After 20 h, the reaction mixture was diluted with Et,O, washed with 1N HCI
and brine, dried over Na>SOs, and concentrated. The crude material was purified with preparative TLC (eluent:
hexane/AcOEt: 4/1) to give acetylated product 4a (26.7 mg, quant.) as a colorless oil.

TH-NMR (400 MHz, DMSO-dp) 3: 7.52 (s, 1.33H), 7.44 (s, 0.67H), 6.89 (s, 0.67H), 6.85 (s, 0.33H), 6.79 (s, 0.67H),
6.77 (s, 1.33H), 4.55 (s, 0.67H), 4.52 (s, 1.33H), 4.46 (s, 1.33H), 4.43 (s, 0.67H), 2.38 (s, 1H), 2.37 (s, 2H), 2.23 (s,
4H), 2.21 (s, 2H), 2.11 (s, 2H),

2.07 (s, IH).

I3C-NMR (101 MHz, DMSO-ds) 8: 170.9, 170.5, 167.4,144.4, 144.2,139.8, 139.2, 137.8, 137.5, 137.4, 137.1, 131.6,
130.5, 128.8, 128.6, 125.7,124.5, 117.3, 116.8, 51.9, 49.8, 48.4, 47.7, 21.6, 21.6, 21.0, 20.2.

IR (ATR, cm™) 2922, 2852, 1775, 1645, 1604, 1557, 1456, 1397, 1367, 1239, 1202, 1171, 987, 883, 740;

HRMS (ESI): caled for CooH2iBroNOs [M+H]*, 481.9961; Found, 481.9941.
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5. Experimental Procedure for Rotaxane Formation and Characterization Data

General procedure C: rotaxane formation

I
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Ammonium salt 1a-q (50 umol) and 2 or 24-crown-8 (6) (70 umol, 1.40 equiv.) were stirred in CHCI3 or MeCN
(0.50 mL, 0.1 M) at 20 °C. After 0.5-2 h, 0.1 M solution of DMAP in CHCl; (20 pL, 2.0 umol, 4 mol%) and NBS
or NIS (55-165 umol, 1.10-3.30 equiv.) were added to the mixture. After stirred for 1 h, the reaction mixture was
diluted with AcOEt, washed with Na,S,03 aq., 1 N HCI aq., and water, then dried over NaxSO4 and concentrated.
The yield of rotaxane 3a-r was determined by "H-NMR analysis of crude material with 1,3-dinitrobenzene as an
internal standard. The crude product was purified with preparative TLC (eluent: CHCl3/MeOH: 19/1) to give

rotaxane 3a-s.

Me 0 O\ Br
,\H )
o " 0 OH
Me k‘O&ig)) Br
3a

According to general procedure C, 3a (39.2 mg, 79% yield) was obtained from 1a (19.4 mg, 50 pmol), NBS (19.6
mg, 110 pmol) and 2 (31.4 mg, 70 umol) as a pale orange solid.

m.p. 228-230 °C (decomp.)

TH-NMR (400 MHz, acetonitrile-ds) 8: 7.54 (s, 1H), 7.45 (s, 2H), 6.98 (s, 3H), 6.83-6.77 (m, 8H), 4.68-4.62 (m,
2H), 4.47-4.40 (m, 2H), 4.12-3.97 (m, 8H), 3.83-3.75 (m, 8H), 3.67-3.57 (m, 8H), 2.22 (s, 6H).

I3C-NMR (101 MHz, acetonitrile-d) 5: 151.4, 148.0, 139.7, 134.5, 132.6, 131.5, 127.7, 127.4, 122.2, 113.1, 110.5,
71.6,71.1, 68.8, 53.3,51.5,21.2.

IR (ATR, cm™) 3141, 3069, 2922, 2753, 2364, 2310, 1747, 1592, 1505, 1455, 1293, 1251, 1211, 1122, 1054, 951,
836, 774, 744, 555;

HRMS (ESI): calcd for C40Hs0BraNOy [M—PF¢]*, 846.1847; Found, 846.1851.
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According to general procedure C, 3b (36.8 mg, 73% yield) was obtained from 1b (20.1 mg, 50 pmol), NBS (19.6
mg, 110 pmol) and 2 (31.4 mg, 70 umol) as a pale green solid.

m.p. 96 °C (decomp.)

TH-NMR (400 MHz, acenotnitrile-ds) &: 7.28 (brs, 2H), 6.99 (s, 2H), 6.97 (s, 2H), 6.91 (s, 8H), 6.87 (s, 1H), 4.51—
4.44 (m, 2H), 4.19-4.14 (m, 4H), 4.08-4.04 (m, 4H), 3.84-3.77 (m, 8H), 3.68-3.63 (m, 4H), 3.56-3.50 (m, 6H),
2.71-2.64 (m, 2H), 2.16 (s, 6H).

I3C-NMR (101 MHz, acetonitrile-d3) &: 148.4, 139.3, 133.1, 132.9, 131.4, 131.2, 128.3, 122.5, 113.7, 111.3, 71.6,
71.1, 69.0, 53.3, 50.3,31.9, 21.2.

IR (ATR, cm™) 3144, 3063, 2922, 2371, 2360, 2310, 1593, 1503, 1469, 1453, 1352, 1319, 1250, 1207, 1102, 1054,
952, 833, 735, 709, 556;

HRMS (ESI): calcd for C41Hs52BraNOy [M—PF¢]*, 860.2003; Found, 860.2043.
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According to general procedure C, 3¢ (39.2mg, 73% yield) was obtained from 1¢ (23.2 mg, 50 pmol), NBS (19.6 mg,
110 pmol) and 2 (31.4 mg, 70 pmol) as a pale brown solid.
m.p. 166 °C (decomp.)
TH-NMR (400 MHz, CDCI;3) 8: 7.60 (s, 2H), 7.56 (s, 2H), 7.38 (d, J= 8.0 Hz, 2H), 7.28 (d, J = 8.3 Hz, 2H), 6.86—
6.68 (m, 11H), 4.74-4.63 (m, 2H), 4.55-4.45 (m, 2H), 4.16-3.97 (m, 8H), 3.88-3.70 (m, 8H), 3.63-3.34 (m, 8H),
2.16 (s, 6H)
I3C-NMR (101 MHz, CDCI3) 8: 149.1, 147.5, 138.7, 138.5, 134.9, 131.5, 131.3, 130.8, 130.6, 130.1, 126.68, 126.65,
121.7, 112.6, 110.3, 70.8, 70.3, 68.1, 52.7, 52.2, 21.3
IR (ATR, cm!) 3474, 3144, 3066, 2921, 2873, 2163, 1593, 1504, 1452, 120, 1207, 1123, 1100, 1054, 951, 833, 741,
556;
HRMS (ESI): calcd for C4sHs4BraNOy [M—PF¢]*, 922.2160; Found, 922.2173.
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3d
According to general procedure C, 3d (39.1 mg, 73% yield) was obtained from 1d (19.4 mg, 50 pmol), NBS (29.4
mg, 165 umol) and 2 (31.4 mg, 70 pmol) as an off-white solid.
m.p. 186-191 °C (decomp.)
TH-NMR (400 MHz, CDCl;) &: 7.49 (brs, 2H), 7.30 (s, 2H), 7.13 (s, 1H), 6.98 (s, 1H), 6.94-6.86 (m, 4H), 6.82-6.76
(m, 4H), 5.17-5.10 (m, 2H), 4.45-4.38 (m, 2H), 4.33-4.26 (m, 4H), 4.04-3.98 (m, 4H), 3.84-3.77 (m, 4H), 3.74—
3.68 (m, 4H), 3.55-3.48 (m, 4H), 3.13-3.06 (m, 4H), 2.31 (s, 6H).
I3C-NMR (101 MHz, CDCl;) 6: 151.2, 147.2, 137.8, 134.6, 133.3, 130.2, 129.8, 126.7, 121.9, 114.8, 114.2, 113.6,
112.6,70.9, 70.2, 68.7, 53.7, 53.4, 21 4.
IR (ATR, cm) 3460, 3135, 3069, 2923, 1744, 1593, 1504, 1452, 1250, 1209, 1123, 1104, 1054, 953, 833, 741, 556;
HRMS (ESI): calcd for C40H49BrsNOy [M—PF¢]*, 924.0952; Found, 924.0960.
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According to general procedure C, 3e (31.6 mg, 68% yield) was obtained from 1e (20.1 mg, 50 umol), NBS (9.79
mg, 55 umol) and 2 (31.4 mg, 70 umol) as an off-white solid.

m.p. 197-202 °C (decomp.)

TH-NMR (400 MHz, acetone-ds) 8: 7.58 (brs, 2H), 7.49 (d, J = 2.0 Hz, 1H), 7.11 (d, J= 1.5 Hz, 1H), 7.02 (s, 2H),
6.99-6.93 (m, 4H), 6.93-6.86 (m, 5H), 4.71-4.65 (m, 2H), 4.64-4.59 (m, 2H), 4.39-4.17 (m, 8H), 3.96-3.81 (m,
8H), 3.65 (s, 8H), 2.18 (s, 6H), 2.10 (s, 3H)

I3C-NMR (101 MHz, CDCls) § 151.1, 147.5, 138.7, 131.8, 131.5, 131.0, 130.7, 126.7, 126.3, 124.9, 121.9, 112.8,
109.9, 70.9, 70.4, 68.4, 52.6, 51.7, 21.4, 16.8.

IR (ATR, cm™) 3500, 2921, 2325, 1740, 1613, 1592, 1505, 1455, 1434, 1250, 1210, 1120, 1107, 1091, 1054, 951,
835, 744, 555;

HRMS (ESI): calcd for C41Hs3BrNOg [M—PFs]*, 782.2898; Found, 782.2922.
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According to general procedure C, 3f (26.1 mg, 55% yield) was obtained from 1f (21.1 mg, 50 umol), NBS (9.79
mg, 55 umol) and 2 (31.4 mg, 70 umol) as a pale orange solid.

m.p. 194-198 °C (decomp.)

TH-NMR (400 MHz, CDCl3) &: 7.54 (brs, 2H), 7.46 (d, J= 1.8 Hz, 1H), 7.32 (d, /= 1.8 Hz, 1H), 6.95 (s, 1H), 6.89—
6.86 (m, 6H), 6.80—6.76 (m, 4H), 4.66—4.60 (m, 2H), 4.37-4.30 (m, 2H), 4.17—4.04 (m, 8H), 3.84-3.78 (m, 8H), 3.55
(s, 8H), 2.24 (s, 6H).

I3C-NMR (101 MHz, CDCl;) &: 149.1, 147.3, 138.9, 132.9, 131.2, 130.6, 126.5, 126.2, 122.0, 120.5, 112.7, 110.0,
70.3, 68.5,52.8,51.1,21.4

IR (ATR, cm™) 3151, 3069, 2921, 2873, 2854, 1593, 1505, 1455, 1434, 1252, 1212, 1123, 1091, 1055, 951, 838;
HRMS (ESI): calcd for C4HsoBrCINOg [M—PFs]*, 804.2336; Found, 804.2297.

39
According to general procedure C, 3g (27.9 mg, 59% yield) was obtained from 1g (20.9 mg, 50 pmol), NBS (9.79
mg, 55 umol) and 2 (31.4 mg, 70 umol) as an off-white solid.
m.p. 191-194 °C (decomp.)
TH-NMR (400 MHz, acetone-ds) &: 7.67 (s, 2H), 7.21 (d, J = 8.5 Hz, 1H), 7.02 (s, 2H), 6.94 (d, J = 8.5 Hz, 1H),
6.92-6.84 (m, 8H), 6.77 (s, 1H), 4.88-4.82 (m, 4H), 4.244.12 (m, 8H), 3.97-3.87 (m, 8H), 3.84 (s, 3H), 3.65 (s,
8H), 2.10 (s, 6H).
I3C-NMR (101 MHz, acetone-ds) 5: 149.0, 148.5, 145.3, 138.7, 133.0, 131.0, 127.9, 125.3, 122.0, 120.2, 113.0, 110.7,
110.6,71.7,71.3, 68.6, 56.6, 53.6, 53.0, 21.3.
IR (ATR, cm™) 3144, 3063, 2920, 2374, 2324 1594, 1505, 1455, 1352, 1289, 1250, 1210, 1123, 1102, 1055, 1036,
952, 835, 774, 742, 556;
HRMS (ESI): calcd for C4iHs3BrNOo [M—PF¢]*, 798.2847; Found, 798.2881.
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3h
According to general procedure C, 3h (17.3 mg, 36% yield) was obtained from 1h (21.6 mg, 50 pmol), NBS (9.79
mg, 55 pumol) and 2 (31.4 mg, 70 umol) as a yellow solid.
m.p. 187-190 °C (decomp.)
TH-NMR (400 MHz, acetonitrile-ds) 8: 7.89 (d, J = 2.5 Hz, 1H), 7.61 (d, J = 2.3 Hz, 1H), 7.37 (brs, 2H), 6.96-6.83
(m, 11H), 4.49-4.42 (m, 2H), 4.40—4.35 (m, 2H), 4.15-4.02 (m, 8H), 3.84-3.74 (m, 8H), 3.61-3.53 (m, 8H), 2.13 (s,
6H).
I3C-NMR (101 MHz, acenonitrile-ds) &: 148.4, 139.2, 138.7, 137.0, 136.6, 132.9, 131.1, 129.3, 127.7, 127.7, 124.6,
122.2,113.4,71.6,71.0, 69.1, 52.8, 52.7, 21.2.
IR (ATR, cm™) 3147, 3069, 2921, 2877, 1738, 1607, 1541, 1503, 1453, 1437, 1249, 1209, 1120, 1101, 1052, 950,
840, 743;
HRMS (ESI): calcd for C40HsoBraN2O11 [M—PFs]*, 813.2592; Found, 813.2572.
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According to general procedure C, 3i (20.9 mg, 43% yield) was obtained from 1i (22.3 mg, 50 umol), NBS (9.79 mg,
55 umol) and 2 (31.4 mg, 70 umol) as an off-white solid.

m.p. 88-90 °C

TH-NMR (400 MHz, CDCls) 8: 10.64 (s, 1H), 7.69 (d, /= 6.3 Hz, 1H), 7.48 (brs, 2H), 7.37 (d, /= 7.3 Hz, 2H), 7.14—
6.47 (m, 11H), 4.80-4.53 (m, 2H), 4.53 — 4.32 (m, 2H), 4.27-3.08 (m, 27H), 2.21 (s, 6H)

I3C-NMR (101 MHz, CDCl5) &: 169.7, 169.6, 162.0, 161.9, 148.1, 147.9, 147.3, 147.1, 146.8, 146.6, 138.8, 138.7,
136.7, 136.6, 131.5, 131.5, 131.4, 130.9, 126.4, 126.3, 124.1, 122.5, 122.5, 121.6, 117.8, 117.7, 115.7, 115.5, 113.6,
113.5,113.3, 112.5, 112.3, 112.0, 70.9, 70.9, 70.8, 70.2, 70.2, 70.1, 69.6, 68.2, 68.0, 67.9, 53.0, 52.5, 51.8,21.3

IR (ATR, cm™) 3359, 3157, 3085, 2923, 2874, 1721, 1677, 1591, 1499, 1448, 1404, 1353, 1322, 1297, 1249, 1211,
1128, 1093, 1055, 952, 833, 795, 729, 556;

HRMS (ESI): calcd for C4Hs:BrNO; [M—PF¢]*, 826.2797; Found, 826.2817.
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According to general procedure C, 3j (26.5 mg, 55% yield) was obtained from 1j (21.9 mg, 50 umol), NBS (19.6
mg, 110 umol) and 2 (31.4 mg, 70 pumol) as a pale red solid. MeCN was used as the reaction solvent instead of CHCl;3
m.p. 199-204 °C (decomp.)

TH-NMR (400 MHz, CDCls) &: 7.81 (d, J= 8.8 Hz, 1H), 7.72 (s, 1H), 7.66 (brs, 2H), 7.56 (d, J = 9.0 Hz, 1H), 7.49
(d,J=8.5Hz, 1H), 7.24 (d, J= 8.8 Hz, 1H), 6.88 (s, 3H), 6.85-6.79 (m, 4H), 6.76-6.70 (m, 4H), 4.81-4.75 (m, 2H),
4.56-4.50 (m, 2H), 4.15-4.05 (m, 8H), 3.82-3.74 (m, 8H), 3.48 (s, 8H), 2.18 (s, 6H).

I3C-NMR (101 MHz, CDCl5) &: 151.6, 147.5, 138.6, 132.3, 131.7, 130.9, 129.7, 129.6, 129.2, 128.2, 127.5, 126.8,
126.0, 121.9, 118.3, 112.7, 106.1, 70.9, 70.4, 68.3, 52.8, 52.5, 21 4.

IR (ATR, ecm) 3503, 3177, 3069, 2923, 2877, 2365, 2325, 1740, 1606, 1592, 1505, 1455, 1431, 1385, 1352, 1250,
1213, 1122, 1052, 951, 835, 744, 556;

HRMS (ESI): calcd for C44Hs3BrNOg [M—PFs]*, 818.2898; Found, 818.2910.
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According to general procedure C, 3k (41.5 mg, 75% yield) was obtained from 1k (24.8 mg, 50 pmol), NBS (19.6
mg, 110 pmol) and 2 (31.4 mg, 70 umol) as an off-white solid.
m.p. 187-191 °C (decomp.)
TH-NMR (400 MHz, CDCls) & 7.96 (s, 2H), 7.78 (s, 2H), 7.61 (s, 2H), 7.43 (s, 1H), 6.84-6.73 (m, 4H), 6.67-6.59
(m, 4H), 5.04-4.93 (m, 2H), 4.59—4.51 (m, 2H), 4.22-3.55 (m, 24H).
I3C-NMR (101 MHz, acetonitrile-ds) &: 152.3, 147.5, 135.9, 134.5, 131.7 (q, J = 33.5 Hz), 130.9, 126.4, 124.0 (q, J
=273 Hz), 123.1 (m), 122.2, 113.0, 111.2, 71.7, 71.1, 68.6, 52.0, 51.7.
IR (ATR, cm) 3465, 3137, 3077, 2921, 2880, 2364, 2310, 1744, 1597, 1505, 1486, 1455, 1437, 1394, 1374, 1280,
1251, 1214, 1173, 1119, 1097, 1085, 1062, 951, 827, 791, 739, 702, 683, 556;
HRMS (ESI): calcd for C40H44Br2FeNOg [M—PFs]*, 954.1282; Found, 954.1308.
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According to general procedure C, 31 (32.8 mg, 65 % yield) was obtained from 11 (20.1 mg, 50 umol), NBS (19.6
mg, 110 pmol) and 2 (31.4 mg, 70 umol) as an off-white solid.

m.p. 198-203 °C (decomp.)

TH-NMR (400 MHz, CDCls) é: 7.73 (s, 2H), 7.18 (s, 2H), 6.89-6.84 (m, 4H), 6.76-6.72 (m, 4H), 6.59 (s, 2H), 4.90—
4.83 (m, 2H), 4.29—4.22 (m, 2H), 4.09—4.02 (m, 8H), 3.82-3.73 (m, 8H), 3.62-3.58 (m, 4H), 3.41-3.37 (m, 4H), 2.20
(s, 6H), 2.14 (s, 3H).

I3C-NMR (101 MHz, CDCl5) &: 149.7, 147.2, 140.1, 137.9, 133.0, 129.7, 127.8, 124.6, 121.8, 112.5, 109.5, 71.0,
70.4,68.2,51.4,47.5,21.2, 19.5.

IR (ATR, cm) 3063, 3007, 2972, 2924, 2853, 2378, 2361, 2348, 232, 2308, 2162, 2024, 2016, 1992, 1968, 1591,
1508, 1502, 1482, 1473, 1456, 1452, 1433, 1417, 1397, 1375, 1364, 1353, 1339, 1319, 1292, 1253, 1210, 1164, 1120,
1102, 1072, 1061, 1049, 955, 918, 834, 775, 746, 556;

HRMS (ESI): calcd for C41Hs52BraNOy [M—PF¢]*, 860.2003; Found, 860.2028.
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According to general procedure C, 3m (38.0 mg, 74% yield) was obtained from 1m (20.9 mg, 50 umol), NBS (19.6
mg, 110 umol) and 2 (31.4 mg, 70 umol) as a white solid.
m.p. 192-196 °C (decomp.)
TH-NMR (400 MHz, CDCls) &: 7.82 (s, 2H), 6.99-6.85 (m, 8H), 6.75 (brs, 2H), 4.61-4.53 (m, 2H), 4.30-4.26 (m,
4H), 4.15-4.11 (m, 4H), 3.95-3.80 (m, 8H), 3.71-3.63 (m, 4H), 3.40-3.35 (m, 4H), 2.78-2.68 (m, 2H), 1.85 (s, 3H),
1.62 (d, J=12.3 Hz, 3H), 1.41 (d, J= 12.3 Hz, 3H), 1.24 (s, 6H).
I3C-NMR (101 MHz, CDCls) &: 150.4, 147.6, 134.9, 126.7, 122.0, 113.1, 109.6, 71.2, 70.5, 68.5, 62.0, 52.2, 39.5,
36.3,32.0, 27.7.
IR (ATR, cm™) 3462, 3168, 3092, 2903, 2850, 2360, 2163, 1593, 1505, 1455, 1427, 1250, 1208, 1123, 1101, 1055,
951, 835.99, 739, 556;
HRMS (ESI): calcd for C4HssBroNOy [M—PF¢]*, 876.2316; Found, 876.2332.
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According to general procedure C, 3n (38.1 mg, 72% yield) was obtained from 1n (23.0 mg, 50 pmol), NBS (19.6
mg, 110 pmol) and 2 (31.4 mg, 70 umol) as a pale orange solid.

m.p. 188 °C (decomp.)

TH-NMR (400 MHz, acetonitrile-ds) &: 8.44 (d, J= 9.0 Hz, 2H), 8.35 (s, 1H), 7.96 (d, J = 8.5 Hz, 2H), 7.70 (s, 2H),
7.63-7.60 (m, 4H), 7.52-7.49 (m, 2H), 6.71-6.65 (m, 4H), 6.48-6.40 (m, 4H), 5.58-5.48 (m, 2H), 5.14-5.04 (m,
2H), 3.93-3.82 (m, 4H), 3.81-3.72 (m, 8H), 3.70-3.64 (m, 4H), 3.53-3.42 (m, 8H).

I3C-NMR (101 MHz, acetonitrile-ds) &: 151.2, 147.6, 132.6, 131.9, 131.8, 131.6, 130.4, 128.4, 128.2, 126.2, 124.5,
122.2,122.1, 112.8,110.9, 71.7, 71.2, 68.8, 51.9, 46.2.

IR (ATR, cm™) 3462, 3135, 3064, 2920, 2873, 2378, 2323, 1593, 1504, 1452, 1248, 1205, 1123, 1100, 1054, 952,
832, 736, 555;

HRMS (ESI): calcd for C4sHs0BraNOy [M—PF¢]*, 918.1847; Found, 846.1821.
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According to general procedure C, 30 (32.3 mg, 64% yield) was obtained from 1o (20.2 mg, 50 pmol), NBS (19.6
mg, 110 umol) and 2 (31.4 mg, 70 umol) as a white solid.

m.p. 172-177 °C (decomp.)

TH-NMR (400 MHz, acetonitrile-d3) 8: 7.47 (s, 2H), 7.40 (brs, 2H), 6.93 (s, 2H), 6.85-6.69 (m, 8H), 4.66-—4.57 (m,
2H), 4.37-4.29 (m, 2H), 4.15-3.92 (m, 8H), 3.85-3.71 (m, 8H), 3.63 (s, 8H), 2.10 (s, 6H).

I3C-NMR (101 MHz, acetonitrile-d) &: 154.7, 151.3, 148.1, 134.5, 130.5, 127.6, 125.2, 123.5, 122.2, 113.1, 110.5,
71.6,71.1, 68.8, 53.2, 51.3, 16.6.

IR (ATR, cm™) 3154, 3070, 2917, 2871, 2373, 2350, 2310, 1592, 1505, 1455, 1430, 1349, 1319, 1251, 1205, 1160,
1121, 1097, 1053, 949, 837, 738, 774, 556;

HRMS (ESI): calcd for C40HsoBraNO1o [M—PFs]*, 862.1796; Found, 862.1821.
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According to general procedure C, 3p (39.5 mg, 72 % yield) was obtained from 1p (24.4 mg, 50 pmol), NBS (19.6
mg, 110 pmol) and 2 (31.4 mg, 70 umol) as a pale orange solid.

m.p. 222-225 °C (decomp.)

TH-NMR (400 MHz, CDCI5) 8: 7.51 (brs, 2H), 7.29 (s, 4H), 6.88-6.79 (m, 4H), 6.79-6.64 (m, 4H), 5.39 (brs, 1H),
4.69-4.55 (m, 2H), 4.55-4.39 (m, 2H), 4.26-4.08 (m, 4H), 4.08-3.95 (m, 4H), 3.86-3.74 (m, 8H), 3.74-3.65 (m,
4H), 3.65-3.52 (m, 4H), 1.36 (s, 18H)

I3C-NMR (101 MHz, CDCl5) &: 154.9, 149.9, 147.0, 136.9, 133.2, 126.6, 126.3, 122.4, 121.8, 112.3, 109.6, 70.8,
70.3, 67.9, 53.1, 50.6, 34.5, 30.3.

IR (ATR, cm™) 3654, 3611, 3552, 3469, 3170, 3073, 2923, 2873, 2854, 1740, 1594, 1504, 1457, 1432, 1247, 1208,
1120, 1104, 1053, 953, 843, 829, 737;

HRMS (ESI): calcd for C46Hg2BraNO19 [M—PFs]*, 946.2735; Found, 946.2752.
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According to general procedure C, 3q (26.4 mg, 59% yield) was obtained from 1a (19.4 mg, 50 pmol), NBS (19.6
mg, 110 pumol) and 2 (24.7 mg, 70 umol) as a pale orange solid.
m.p. 176-178 °C (decomp.)
TH-NMR (400 MHz, CDCls) é: 7.73 (s, 2H), 7.43 (s, 2H), 7.03 (s, 3H), 4.57-4.49 (m, 2H), 4.26-4.32 (m, 2H), 3.32—
3.63 (m, 32H), 2.34 (s, 6H).
I3C-NMR (101 MHz, CDCI3) &: 150.3, 138.8, 134.7, 131.3, 131.2, 127.5, 127.2, 109.6, 70.6, 52.7, 50.7, 21.4.
IR (ATR, cm) 3458, 3285, 3077, 2888, 2163, 1606, 1560, 1483, 1456, 1415, 1350, 1289, 1250, 1118, 1087, 953,
828, 735, 708, 555;
HRMS (ESI): calcd for C3HsoBraNOy [M—PF¢]*, 750.1847; Found, 750.1827.
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According to general procedure C, 3r (45.8 mg, 84% yield) was obtained from 1a (19.4 mg, 50 umol), NIS (24.7 mg,
110 pmol) and 2 (31.4 mg, 70 pmol) as a pale orange solid.
m.p. 184-189 °C (decomp.)
TH-NMR (400 MHz, CDCls) &: 7.69 (s, 2H), 7.53 (brs, 2H), 6.95 (s, 1H), 6.88-6.82 (m, 6H), 6.79-6.76 (m, 4H),
4.63-4.56 (m, 2H), 4.34-4.28 (m, 2H), 4.17-4.04 (m, 8H), 3.84-3.78 (m, 8H), 3.56 (s, TH), 2.24 (s, 6H).
I3C-NMR (101 MHz, CDCls) 8: 153.9, 147.2, 140.7, 138.9, 131.2, 131.2, 128.2, 126.6, 121.9, 112.7, 81.7, 70.9, 70.3,
68.2,52.7,50.3,21.4.
IR (ATR, cm™) 3145, 3067, 2921, 2871, 2372, 2350, 2310, 1746, 1593, 1505, 1455, 1435, 1408, 1252, 1215, 1121,
1088, 1054, 951, 836, 743, 556;
HRMS (ESI): calcd for C40HsolaNOg [M—PF¢]*, 942.1570; Found, 942.1592.

Synthesis of [3]-rotaxane
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Ammonium salt 7 (65.2 mg, 0.100 mmol) and crown ether 2 (126 mg, 0.280 mmol, 2.80 equiv.) were stirred in MeCN

(1.0 mL, 0.1 M) at 20 °C. After 30 min, a solution of DMAP in MeCN (0.1 M, 40 uL, 4 umol, 4 mol%) and NBS

(39.2 mg, 0.220 mmol, 2.20 equiv.) were added to the mixture. After stirred for 1 h, the reaction mixture was

concentrated in vacuo. The resulting solid was washed with CHCl3, and dissolved in minimal amount of MeCN. By

addition of Et;O to the solution, the resulting precipitate was collected by filtration and washed with Et,O to give

rotaxane 8 (113 mg, 66% yield) as a white powder.

m.p. 229-234 °C (decomp.)

TH-NMR (400 MHz, acetonitrile-ds) § 7.40 (s, 6H), 7.20 (d, J = 8.0 Hz, 2H), 7.06 (d, J = 8.3 Hz, 2H), 6.94-6.72 (m,

21H), 4.72-4.64 (m, 2H), 4.60-4.54 (m, 2H), 4.54-4.46 (m, 2H), 4.40-4.33 (m, 2H), 4.09-3.51 (m, 48H), 2.14 (s, 6H).

I3C-NMR (101 MHz, acetonitrile-ds) &: 151.4, 148.4, 148.0, 139.4, 134.4, 134.2, 133.3, 132.6, 131.3, 130.9, 130.3,

127.7,127.2,122.2,122.2,115.4, 113.3, 113.1, 110.5, 71.6, 71.6, 71.1, 71.1, 68.8, 68.7, 21.2.

IR (ATR, cm™) 3147, 3136, 3122, 3097, 3080, 3065, 3057, 3033, 3022, 3011, 2971, 2939, 2902, 2871, 2841, 2372,
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2362, 2349, 2326, 2309, 1747, 1715, 1593, 1507, 1457, 1442, 1351, 1254, 1221, 1122, 1104, 1088, 1057, 948, 838,
745, 556;
HRMS (ESI): caled for C72Ho:BraN2017 [M—2PFe]?*, 707.2376; Found, 707.2400.

6. Derivatization of rotaxanes

Acylation of rotaxanes

0O O - O O
( \ PFe ( \
Me 9] " O\ Br Ac,0 (20 eq.) Me 0 O\ Br
[’\N J Ets;N (50 eq.) [’\N J
o M2 0 OH o A° 0 OAc
k‘ ) MeCN k‘ )
Me o O Br 40 °C Me (ONNO) Br
@ o @
3a 5

To a solution of rotaxane 3a (32.7 mg, 0.0329 mmol) in dry MeCN (0.30 mL) were added AcO (62 pL, 0.658 mmol,
20.0 eq.) and EtsN (229 pL, 1.65 mmol, 50.0 eq.). After stirred at 40 °C for 24 h, the reaction mixture was diluted
with CHCl;s. The organic layer was washed with 1N HCI aq., and NaHCOs aq., dried over Na>SO4 and concentrated.
The crude product was purified with preparative TLC (eluent: hexane/AcOEt: 1/2) to give rotaxane 5 (22.7 mg, 74%
yield) as a white solid.

m.p. 213-218 °C

TH-NMR (600 MHz, DMSO-ds, 418 K) &: 8.82 (s, 2H), 6.89-6.84 (m, 8H), 6.65 (s, 1H), 6.41 (s, 2H), 4.96 (s, 2H),
4.59 (s, 2H), 4.10-4.04 (m, 8H), 3.70-3.67 (m, 4H), 3.53-3.51 (m, 4H), 3.32 (s, 4H), 2.97-2.88 (m, 4H), 2.32 (s,
3H), 2.07 (s, 6H), 1.95 (brs, 3H).

I3C-NMR (151 MHz, DMSO-ds, 418 K) &: 170.3, 166.1, 147.5, 142.5, 140.3, 139.0, 135.9, 133.8, 126.3, 123.1,
119.7,113.7, 111.3, 69.8, 68.9, 67.5, 48.0 (br), 20.5, 20.0, 19.3.

IR (ATR, cm™) 3095, 2871, 2374, 236, 2345, 2309, 1771, 1649, 1590, 1503, 1450, 1408, 1250, 1203, 1179, 1122,
1104, 1048, 952, 911, 771, 748;

HRMS (ESI): caled for C4sHs4BroNOy; [M+H]*, 930.2058; Found, 930.2045.
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Large scale experiment
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Ammonium salt 1a (581 mg, 1.50 mmol) and crown ether 2 (702 mg, 1.57 mmol, 1.05 equiv.) were stirred in CHCl;3
(15 mL, 0.1 M) at 20 °C. After 30 min, DMAP (7.33 mg, 4 mol%) and NBS (587 mg, 3.30 mmol, 2.20 equiv.) were
added to the mixture. After stirred for 3 h, the reaction mixture was diluted with AcOEt. The organic layer was washed
with Na>S»>03 aq., IN HCI aq., and water, then dried over Na>SO4 and concentrated to give crude rotaxane 3a. To a
solution of the crude product in dry MeCN (15 mL) were added Ac2O (2.84 mL, 30.0 mmol, 20.0 equiv.) and Et;N
(10.5 mL, 75.0 mmol, 50.0 equiv.). After stirred at 40 °C for 17 h, the reaction mixture was diluted with CHCls. The
organic layer was washed with 1N HCl aq., and NaHCOs aq., dried over Na>;SO4 and concentrated. The crude product
was roughly purified with silica gel column chromatography (eluent: hexane/AcOEt: 2/3 to 1/3). The obtained
product was further purified by recrystallization from EtOH and hexane to give rotaxane 5 (993 mg, 71% yield).
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Ammonium salt 1b (1.20 g, 3.00 mmol) and crown ether 2 (1.61 g, 3.60 mmol, 1.20 equiv.) were stirred in CHCI3
(30 mL, 0.1 M) at 20 °C. After 30 min, DMAP (14.6 mg, 4 mol%) and NBS (1.17 g, 6.60 mmol, 2.20 equiv.) were
added to the mixture. After stirred for 3 h, the reaction mixture was diluted with AcOEt. The organic layer was washed
with Na>S>03 aq., IN HCl aq., and water, then dried over Na,SO4 and concentrated to give crude rotaxane 3b. To a
solution of the crude product in dry MeCN (60 mL) were added Ac,O (2.84 mL, 30.0 mmol, 10 equiv.) and Et;N
(8.36 mL, 60.0 mmol, 25.0 equiv.). After stirred at 40 °C for 17 h, the reaction mixture was diluted with CHCls. The
organic layer was washed with 1N HCl aq., and NaHCOs aq., dried over Na>SO4 and concentrated. The crude product
was roughly purified with silica gel column chromatography (eluent: hexane/AcOEt: 2/1 to 1/2). The obtained
product was further purified by recrystallization from EtOH and hexane to give rotaxane 10 (1.21 g, 43% yield) as a
white powder.

M.p. 213217 °C

TH-NMR (600 MHz, DMSO-ds, 343 K) &: 8.35 (s, 2H), 6.99-6.77 (m, 8H), 6.72 (s, 1H), 6.46 (s, 1H), 4.22-3.93 (m,
10H), 3.92-3.71 (m, 2H), 3.66-3.57 (m, 4H), 3.56-3.45 (m, 4H), 3.45-3.31 (m, 2H), 3.31-3.22 (m, 4H), 3.04-2.91
(m, 4H), 2.31 (s, 3H), 2.14 (s, 6H), 1.81 (s, 3H).

I3BC-NMR (150 MHz, DMSO-ds, 343 K) &: 169.3, 166.8, 147.5, 142.4, 141.9, 138.6, 136.1, 134.6, 127.0, 124.1,
120.2, 114.1, 111.6, 70.3, 69.2, 67.8, 47.1, 31.7, 20.6, 20.2, 19.8.

IR (ATR, cm™) 3850, 3073, 3024, 2878, 1771, 1626, 1529, 1505, 1453, 1424, 1363, 1252, 1218, 1202, 1181, 1127,
1107, 1057, 950, 751, 739;

HRMS (ESI): caled for C4sHssBroNOy [M+H]*, 944.2215; Found, 944.2176.
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Suzuki-Miyaura coupling
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A mixture of rotaxane 5 (93.2 mg, 0.100 mmol), K3PO4 (127 mg, 0.600 mmol, 6.00 equiv.) and Pd-PEPPSI-Ipr®
catalyst (6.79 mg, 0.0100 mmol, 10.0 mol%) in dioxane (1.60 mL) and water (0.40 mL) was stirred with Ar bubbling
for 15 min. 3,5-Bistrifluoromethylphenylboronic acid (77.4 mg, 0.300 mmol, 3.00 equiv.) was added to the mixture.
After stirred at 80 °C for 1 h under Ar atomosphere, the reaction mixture was filtered through celite pad with eluting
by AcOEt, and concentrated under vacuo. The residue was dissolved in THF (1.0 mL) and MeOH (1.0 mL), followed
by addition of 1 N KOH agq. (0.50 mL, 5.0 equiv.). After stirred at 70 °C for 3 h, the reaction mixture was acidified
with IN HCI aq., and extracted with AcOEt for 3 times. The combined organic phase was washed with brine, dried
over Na;SO4 and concentrated. The crude material was purified by silica gel column chromatography (eluent:
hexane/AcOEt: 1/2) and GPC (eluent: CHCL3) to give rotaxane 9 (91.7 mg, 79% yield) as a white solid.

M.p. 231-235°C

TH-NMR (600 MHz, DMSO-ds, 373 K) 8: 8.56 (s, 2H), 8.32 (s, 4H), 8.04-7.96 (m, 1H), 7.78 (s, 2H), 6.79 (s, 8H),
6.63 (s, 1H), 6.35 (s, 2H), 5.15-4.96 (m, 2H), 4.66 (s, 2H), 4,10-3.89 (m, 4H), 3.87-3.04 (m, 20H), 2.25-1.27 (m,
9H).

I3BC-NMR (151 MHz, DMSO-ds, 373 K) &: 170.6, 147.4, 141.6, 139.3, 136.4, 135.7, 133.8, 132.4, 132.0, 130.0,
129.3 (q,/=31.5Hz), 128.1, 126.7, 126.3, 125.6 (m), 123.1 (q, J =273 Hz), 122.6, 119.8, 119.7, 118.8, 111.3, 69.7,
69.5, 68.6, 68.5, 67.5, 67.3, 50.8, 50.2, 47.3,21.4, 20.4.

IR (ATR, cm™) 2927, 2913, 2898, 2886, 1621, 1615, 1595, 1505, 1455, 1373, 1280, 1248, 1212, 1178, 1129, 1059,
947,902, 846, 739, 706, 683;

HRMS (ESI): calcd for CssHs7F12NOjo [M+H]*, 1156.3864; Found, 1156.3848.

Negishi coupling
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To a suspension of ZnCl, (750 mg, 5.50 mmol) in THF (6.5 mL) was added a solution of MeLi in CPME (1.43 M,

3.50 mL, 5.00 mmol) at 0 °C under Ar atomosphere. A part of the resulting solution (0.2 mL) was added to a solution
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of rotaxane 10 (18.9 mg, 20 umol) and Pd-PEPPSI-IPent” (1.58 mg, 2.0 umol, 10 mol%) in THF (0.8 mL), which
was stirred with Ar bubbling for 15 min in advance. After stirred at rt for 4 h and 60 °C for 14 h, the reaction mixture
was filtered through celite pad with eluting AcOEt, and washed with NH4Cl aq. The organic layer was dried over
NayS0s, and concentrated. The crude material was purified with preparative TLC (eluent: hexane/AcOEt: 1/2) to
give rotaxane 11 (10.3 mg, 63% yield) as a white solid.

m.p. 156-161 °C

TH-NMR (600 MHz, acetonitrile-ds, at 343 K) &: 7.67 (s, 2H), 6.89 (s, 8H), 6.73 (s, 1H), 6.58 (s, 2H), 4.34 (s, 2H),
4.16-4.03 (m, 10H), 3.65-3.53 (m, 8H), 3.44 (m, 2H), 3.31 (m, 4H), 3.07-3.04 (m, 4H), 2.23 (s, 3H), 2.17 (s, 6H),
2.00 (s, 3H), 1.94 (s, 6H).

I3C-NMR (150 MHz, acetonitrile-ds, at 343 K) &: 172.0, 170.1, 149.8, 147.1, 141.2, 140.2, 138.4, 132.7, 128.6, 128.5,
125.8,121.9, 113.3,72.0, 71.0, 69.8, 50.1, 49.3, 33.7, 22.0, 21.7, 20.9, 16.4.

IR (ATR, cm™) 2916, 2875, 1753, 1628, 1590, 1504, 1451, 1245, 1214, 1189, 1108, 1055, 951, 740;

HRMS (ESI): calcd for C47Hei1NOy; [M+H]", 816.4317; Found, 816.4307.

Dethreading reaction

OH
Br: Br

o) _
(O » PFe
Me 0 + O\ Br
(4
N, o _KOHaq _
0 Q OH———~
THF
Me KOCg)) Br 70°C, 24 h K/O
3a 12 2

To a stirred solution of rotaxane 3a (19.9 mg, 0.02 mmol) THF (0.40 mL) or secondary ammonium salt 4 was added
IN KOH agq. (0.20 mL, 10.0 equiv.) at room temperature. After stirred at 70 °C for 24 h, the reaction mixture was
neutralized by sat. NH4Cl aq. and extracted by AcOEt for 3 times. The combined organic phase was washed with
brine, dried over Na,SO4, and concentrated in vacuo. The yield of dibenzo-24-crown-8 (2) was determined by 'H-
NMR analysis of crude material with 1,1,2,2-tetrachloethane as an internal standard, and the crude material was
purified by silica gel column chromatography (eluent: CHCls/MeOH: 199/1) to give tertiary amine 12 (5.10 mg, 38%
yield) as a colorless oil.

TH-NMR (400 MHz, CDCls) &: 7.39 (s, 4H), 6.90 (s, 3H), 5.82 (brs, 2H), 3.46 (s, 2H), 3.42 (s, 4H), 2.33 (s, 6H).
I3C-NMR (101 MHz, CDCI3) &: 148.4, 138.4, 138.1, 134.0, 132.4, 129.1, 126.9, 109.8, 58.2, 56.7, 21.5.

IR (ATR, cm™) 3487, 2959, 2920, 2850, 1714, 1606, 1561, 1472, 1407, 1360, 1318, 1259, 1223, 1155, 1119, 1034,
866, 851, 795, 734;

HRMS (ESI): caled for Co3H2iBrysNO> [M+H]*, 659.8379; Found, 659.8374.
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Control experiment for rotaxane-dethreading

PFg
Me + Br Me Br
N KOH aq. N
Hy — =, H
OH THF OH
Me Br Me Br
4 4'

70°C, 24 h

To a stirred solution of secondary ammonium salt 4 (5.45 mg, 0.01 mmol) in THF (0.20 mL) was added 1N KOH aq.
(0.10 mL, 10.0 equiv.) at room temperature. After stirred at 70 °C for 24 h, the reaction mixture was neutralized by
sat. NH4Cl aq. and extracted by AcOEt for 3 times. The combined organic phase was washed with brine, dried over
Na»S0s, and concentrated in vacuo. The crude material was purified by silica gel column chromatography to give
free secondary amine 4’ (4.11 mg, quant.) as an orange solid.

m.p. 158-160 °C (decomp.)

TH-NMR (400 MHz, DMSO-ds) 6: 7.53 (s, 2H), 7.42 (brs, 1H), 6.99 (s, 2H), 6.91 (s, 1H), 3.73 (s, 4H), 2.25 (s, 6H).
I3C-NMR (101 MHz, DMSO-D6) &: 151.2, 137.2, 132.5, 128.8, 126.5, 111.9, 51.0, 49.7, 20.9.

IR (ATR, cm) 3295, 2929, 2974, 2880, 1613, 1515, 1444, 1337, 1250, 1172, 1093, 1051, 996, 825,

HRMS (ESI): calcd for CisHi7Br,NO [M+H]*, 397.9750; Found, 397.9747.

B I3IEICET 5 EER

F3EICBT 2 ERME L MLEYT — X 2T,
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