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Scheme S1. Synthesis of Fmoc-m-Abc?®°9-OH (1a) and Fmoc-0-Abc?®°9-0H (1b)

MeQO, i-PrMgCl; MeQ 1. HBr
CO2; H30" ACOH-H,0 (92%)
Br Br ——> Br CO5H >
THF (85%) 2. BrCH,COPh, KF
MeO MeO DMF (80%)

3. Br(CHz)gN HBoc, K2C03
DMF (77%)

2 3

1. m- or 0-H,N-CgH,4-B(OH),

R0 K,CO3, THF-H,0 R10
(63-69%) 7 N\ Zn
Br COzR; > CO,R, —> 1ab
2. Fmoc-Cl, pyridine ‘_ AcOH-H,0
R,0 CH,Cl, (91-100%) R3HN R,0 (94-96%)

4 R]_:H, R2:H
5 R;=H, R,=CH,COPh
6 R,=(CH,)aNHBoc, R,=CH,COPh

7a,b Ry=(CH,)3NHBoc, R,=CH,COPh, R3=H
8a,b R;=(CHy)sNHBoc, R,=CH,COPh, Rz=Fmoc

* Diether 6 was prepared in a previous publication.

! Gothard, C. M.; Rao, N. A.; Nowick, J. S. J. Am. Chem. Soc. 2007, 129, 7272-7273.
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TH NMR (500 MHz, 298 K, CD;SOCD;) spectrum of 7b
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RO Q ORRO

linear trimer 9La

H-(0-Abc?K)5-Ct

linear tetramer 10La
H-(m-Abc?K-0-Abc?K),-CO,H

O NH
OR
RO
OR

COH

NH,

OR
O,H

linear hexamer 9Lb
H-(0-Abc?K-Abc?K)3-COH

linear octamer 10Lb
H-(m-Abc?X-AbcZKo-Abc?K-Abc<),-CO,H

C. M. Gothard and J. S. Nowick

() o
Q
N
ro—/_)-0rpd  cou

NH,

OR
linear nonamer 9Lc OR
H-(0-Abc?K-Abc?K-Abc?K)3-CO,H
OR
COH

RO,
> "
o< or o= " or )
& ro-(pron
H RO OR
RO O K ‘OR N Y RO W OR o O
OO
° d e,
OR OR [¢}
linear hexamer 11La

H-(m-Abc?K)g-CO,H

linear octamer 11Lb

linear decamer 11Lc
H-(m-Abc?-m-Abc?-Abc?-m-Abc?¢-Abc?K)-CO,H
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linear dodecamer 11Ld
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Figure S1. Linear Abc® oligomers (9La-c, 10La-b, and 11La-d) showing the amino and
carboxylic acid groups (red) used in macrocyclization. (R = CH,CH,CH,NHBoc)
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trimer H-(0-Abc2K);-CO,H (9La)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

() or
(@)
R
H
RO Q ORRg COzH
O H OR NH2 R=CH2CH20H2NH2TFA
NM O
(@)
OR
linear trimer 9La
H-(0-Abc?X);-CO,H

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, A = 214)
2

1 blank 5

T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for Cs;H,4NgO4o [M] = 1041.53)
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TOF MS ES+
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%
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500 600 700 800 900 1000 1100 1200
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linear hexamer: H-(p-Abc2K-0-Abc?K),;-CO,H (9Lb)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

() o
0

N O
H
RO O ORRg COH

OR R = CH,CH,CHoNH,TRA

ROOR

H OR RO

OR

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, A = 214)

2

Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C114H149N18019 [M] = 2065.05)
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%
521.79
522.31 690.14
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456.02 ||1522- 805757932 . 690.49 1032.77/1033.78
: 576 702.14 1034.29
76.59 F702.44
0 +bk '“ll.'l 'lm'u " mL'L rhnth 1V W . V. orh " m/z
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linear tetramer: H-(m-Abc2K-0-Abc2K),-CO,H (10La)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

O-_NH coz
OR R = CH,CH,CH,NH,TFA
RO
OR

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, A = 214)

2

0.0 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C7gHgsN15015 [M] = 1382.71)

+ TOF MS ES+
100- 46197 [M+H] 3 1.26e4
+2
462.30 [M+H]
692.11
692.62
% 462.66
693.13
521.80
463.00 A 70343
443.01 484.32 [522.80 626.17 70‘;1141 58

i, lL“ru . L N m/z

400450 500 530 800 650 700 780 800 850 900 930 1000

523
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Supporting Information C. M. Gothard and J. S. Nowick

linear dodecamer: H-(m-Abc2K-p-Abc?K),-CO,H (11Ld)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

) ’

T
0 2 4 6 8
Minutes

10 12

(b) ESI Mass spectrum. (Calcd exact mass for Cy,gH57gN36037 [M] = 4112.10)

T+
+
[M 7H] TOF MS ES+
100- 588.68
588.82
o6+
588.56 [M+6H]
588.98 686.50 5+
| 686.67 [M+5H]
823.44
686.37/686.84 823.62
0,
%- 823,06 |B23.84
687.01
589.27 824.00
568.44 657,13 [M+4H]**
686.19| 1028.84
1028.62
592.55 48320 |691.15 827.83 1029.54
$28.65 1034.53
707.15 832.17 1039.59
0_ A'mu. :Ah " l.' L' y v !
550 600 650 700 750 @85 850 900 950 1000 m/z
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suppofa@r@eterization of crude (unpurifed) cyclehexamaen Sbiowick
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(0-Abc2K-p-Abc2K),

RP-HPLC of crude cyclohexamer triangle 9b
(5-90% acetonitrile with 0.1% TFA over 20 min, A = 214)

R= CH2CH2CH2N H2TFA

o m |
1 product g
02 — i
5 1 b
< :
0.1 :
- o~
0.0 4 k
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Minutes
Det 166 Results
Time Area Area % Height Height % Pk #
3.680 111117 10.46 27894 11.15 1
5.645 93691 8.82 22120 8.84 2
6.502 857708 80.72 200092 80.00 3
Totals
1062516 100.00 250106 100.00
ESI-MS of crude cyclohexamer triangle 9b
(EXBCt MS for C1 14H138N18018 = 204704)
4+ +
100 - 513.07 [M+4H] TOF MSES
512.82
512.80.)
513.33
[M+3H]3*
o | 683.50
513.58 683.19
683.86
513.82 684.18
523.57 | 570.30 690.81
462.39 551'01:570.60 r697_@,3 854.02
o A hpi A' v . orliadah ‘.A'MLI.: praT- y 'L e N . ‘ o miz
450 500 550 600 650 700 750 800 850 950 1000
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Supporting Information C. M. Gothard and J. S. Nowick

Macrocycle Symmetry (9a, 9b)

/ H ey 3

= 2\ /

RO /—OR > 2
\- " -//_17'-19' RO,
HOR  HN

N :\\:",
\\ /,
O

OR

cyclotrimer triangle 9a cyclotrimer triangle 9a
(3 fold symmetric conformer) (unsymmetric conformer)

cyclohexamer triangle 9b
(3-fold symmetry)

R= CH2CH2CH2N H3+CF3002-

528



Supporting Information C. M. Gothard and J. S. Nowick

Macrocycle Symmetry (9¢, 10a, 11a)

H\\ “ R RO O

H\\
. . R = CH,CH,CH,NH35"CF3CO5
cyclononamer trlangle 9c 1416
(3-fold symmetry) 1011 Rz 13 o

cyclotetramer parallelogram 10a cyclohexamer ring 11a

(2-fold symmetry) 29 (6-fold symmetry)



Supporting Information C. M. Gothard and J. S. Nowick

Macrocycle Symmetry (10b)

cyclooctamer parallelogram 10b
(2-fold symmetry)

R = CH,CH,CHy,NH3 CF5CO,

S30



Supporting Information C. M. Gothard and J. S. Nowick

cyclotrimer triangle: cyclo(o-Abc?K); (9a)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

R = CH,CH,CH,NH,TFA

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, A = 214)

1 conformer 2 o
] = (70%)
0.4 -
5 A o
< ] conformer 1
0.2 (30%) . o
OD? | -
T T T T T T T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C57HggNgOg [M] = 1023.52)

+
[M+2H]2 TOF MS ES
.
100, -512.70 2.85e3
513.22
OA) 4
[M+H]
513.75 1023.62
523.70 024.63
524.24
1025.66 1137.43
524.74 62611 (115933
o3 1.1 ¥ R WU T hrerepeeeeprereeed A R miz
500 600 700 800 900 1000 1100 1200
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TH NMR (500 MHz, 298 K, D,0) spectrum of cyclotrimer triangle 9a

<

Supporting Information C. M. Gothard and J. S. Nowick
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F2 - Acquisition Parameters
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F2 - Processing parameters

Current Data Parameters
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cyclohexamer triangle: (o-Abc2K-p-AbcZK), (9b)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

R = CH2CH2CH2N H2TFA

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, A = 214)

2

Det 166

0 2 4 6 8 10
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C444H13gN158015 [M] = 2047.04)

[M+4H]4*
. 51278 TOF MS ES+
100 3.35e4
[M+3H]3*
683.48
0,
o 51303 683.14
683.80
513.56
684.16
513.81 [M+2H]2+
690.79 1024.27
514.06 f691.13 1023.77T1024.79
[0 J - L, N ; ISRV 1. TN P m/z
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cyclononamer triangle: (0-Abc2K-p-Abc2K-p-Abc?K),; (9c)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

R = CH,CH,CH,NH,TFA

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, A = 214)

1.54 Det 166 [ 15

1.0 1.0
o)
<

0.54 0.5

0.0 J 0.0

T T T T T T T
0.0 25 5.0 7.5 10.0 125 15.0 175 20.0
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C471Hy07N27057 [M] = 3070.57)

TOF MS ES+
100- 1.80e3
[M+6H]6*
512.96
[M+5H]*
615.43
% 513.13 615.23 [M+4H]4+
61562 768.83
769.08
615.84
769.34
51331 616.05 768.59 [M+3H]3+
513.47 1024.82
513.81 616.24 769.60 1024.4
1025.17
513.99 1024.1
(7 74.58 1062.78
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cyclotetramer: (m-Abc2K-0-Abc2K), (10a)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

O N NS0

O N O OR R = CH,CH,CHNH,TFA
(0]

(a) Analytical RP-HPLC (0-30% acetonitrile with 0.1% TFA over 10 min, A = 214)

2

T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C;gHggN12042 [M] = 1364.70)

[M+3H]3*
TOF MS ES+
100. 455.95 S E
[M+2H]2+
683.09
683.60
% A
456.29
456.67
684.14
457.01
684.65
437.01 654,66 ® 40,06
0 ..‘..,,A,,,,l,h.l.. m/z

400 450 500 550 600 650 700 750 800 850 900 950 1000
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cyclooctamer: (0-Abc2K-p-Abc2K-m-Abc2K-p-AbcZK),
parallelogram (10b)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, A = 214)

Det 166
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Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C5oH41g4N24054 [M] = 2729.39)

100 TOF MS ES+
1 2.30e3
[M+5H]* °
547.11
ol [M+4H]4*
683.72
547.30
547 3 683.48/683.97 3+
: [M+3H]
684.22 91096
547.93 911 37
548.13 684.50 910.68 [911.66
912.06
669.48 [M+2H]2+
0 N " T I iz
500 600 700 800 900 1000 1100 1200 1300 1400

S92



860°2¢ —
$S€°2E
[4484%

/rm
Teabeiul

Bothard and J. S. Nowick

62L87" €ST WOZH
wo/udd z0L0g" 0 HoWdd
H 06°67L £
Tad 005°T ded
H 07°6727 14
d 005°8 atd
o 76°LST >u
w 08°¢Z

s1o3swered 301d N E

00°% od
0 5]
060 & VA1°HNCHO®HO®HO = o
g Mam
ZEH 150008666 & NAXNOQJ?Q-v_NOD<|E|XNOD<|Q|XNOQ<|OV
9€559 1s
szajauered Bursseooid - 74 Qo—\ me_mo_m__m.hma L@ENHOOO_O\AO
ZHH S667E€6°667 1045
& 00°¢- 114
o8sm 00°ZT 5]
HI TOON
=s====== 1 TENNVHD ========
295 00000510°0 YIMOR
295 00000000°0 ISTN
298 0000000T"0 1
A 07867 L
9sn 00°9 E
9sn 00729 Ma
[a%3 o2
098 7L18660°S ov
ZH €70860°0 SEYAIE
ZH 028' 2108 HiIS
z sa
91 SN
0za INEATOS
87LT8 a
0¢bz 2044104
DUeqROIq Wl 5 HE0Yd
005ub HOAISNI
£7°€C _autL
50504007 a3eq

s1379ueIed UOTITSTIDOY - 24

1 0ND0¥d
1 ONgXE
LE-TT-B ENEN
ey3060 ¥ESD

sIajauweied ejeq JUSIIND

Supporting Information

/

N

\
/
\

(AN

\

-
=
=

o
kS
5
=

o o o o w [ ~ e B LAY
S b b ho o he b b b PTIS I NI bbb Lo bbb membnnone o g
SRERRRRER FEEREEEERER SBhk & 223 SPhNRhyapsabibbans 3 g
SRR EIABI L CERRSR88L8S SRIE8 L gSs REEESIBREILEIERE &
SRE8sRERg ENR2SE8I8RI 2g83L 8 833 SESYSIRRIETLISES S

qo} weibojs|esed Jaweo00joAo jo wnioads (02A ‘M 862 ‘ZHIN 00S) HIAIN H,

593



C. M. Gothard and J. S. Nowick

Supporting Information

wo/zH
wo /udd
75
udd

75
udd
w

w

sI8

9'9

8°9

0L L vL 9°L 8L 0°8 78 p's  wdd

TS€S87 €Y WOZH
TLLBOTO WOWdd
¥5°692¢ o
00579 ded
0%°6%2% 4
005°8 d1d
76°LST )]
0872t X

szs3awered 307d WWN AT
00°% od
0 6]
0€°0 a1
0 ass
WE Mam
TE000€6°66F 4s
9€559 Is
o3euered burssanoid - zd
S667EE6 66T 1048
00°€- T
00°eT d
HT TOON
==== 13 TANNVHD ========
0000051070 JAMOW
000000000 ISTIIN
000000010 Ta
0°86C 4L
00°9 aa
007729 Ma
48] o
$LLBE60"S (04
£%0860°0 SEIATA
0z8°2108 HMS
4 sa
9T SN
0za INZATOS
87LT8 ar
ogbz 20¥d'Tnd
puBqpROIq WW §  QHEO¥d
005ub WOMISNI
£V ET _dutL
§050L002 33ea
Jowered uoT3ITSTADOY - 74
1 ONDOEd
T ONdXE
LE-T1-Bo AWHN
©y2060 qas

sI379ueTed IR JUSIIND

000°8%
Tesbaqu

V4LEHNCHOHO!HO = o

U(3420QV-0-y70qY- Wy 0q\-G-y700y/-0)
qol welbojs|esed Jowe}o00|oAo

S94

=l
LSt
El

@
S
K
S

5L296°9
89TT°L
IPPST L
LE912°L
ITS6T L
[€09€°L
T9LEL
L0y L
396C7°L
189%% L
ITILY L
PESTS L
5GTES L
58L8S L
5LE09°L
T199°L
380TL L

3
'
7

(uoibai onjewole) qoL weibojajesed JoweooojoAo jo wnioads (02A ‘M 862 ‘ZHIN 00S) HIAN H,



860°C¢€

§SE'CE
ﬁ

Teabazul

C. M. Gothard and J. S. Nowick

WD /ZH $2202°65 WOZH
wo/udd z%811"0 WOWdd
ZH LB 668 (£}
udd 008" T ded
ZH 69°6%2C T4
udd 005" % aud
w 6" LST 5]
w 082z o]
szejswered j01d ¥NN AT
00°% 2d
0 4]
ZH 0€°0 €1
0 ass VALEHNCHO®HOHO = ¥
Wa Mam
ZHIL 2€000€6° 667 is NA -0- 1]~ -q- - v
Sesss = 31z0AV-0-y1z00V-Wiy;70qY-0-y;70qY-0
sreaseTed Buysseood - ua dol welbojo|jeled Jawe)o00|0A
ZHH S667E€6°667 1045
€0 00°¢- T1d 0
298N 00°2T 14 »
HT ToNN S
======== 1] TANNVHD ========
295 00000510°0 IMOH
295 00000000°0 LSTEN
295 0000000T°0 i
A 0°86C aL
09sm 009 aa
09sm 00" 29 na
jak3 93
095 7LL8660°S el
ZH £70860°0 SHTYAId
ZH 02872108 HMS
z sa
91 SN
oza INEATOS
8TLT8 al
0¢bz 903dTNd
pueqpeoq ww g qHE0¥d
005ub WOELSNI
3334 _autl
50504002 a3eq
sIe3aweIRd UOTITSTNDOY - 24
m T OND0¥d
= 1 onaxa
..& Le-11-B0 NN
ey3060 SN
m SI333weled eleQ JusIIn)
—
L
[
(@)]
[
t
o
o
o
QUu
N B R G e w W ww - S -
S H SRENBSE GERBREaSmLESR S 50 O b M

(uoibaui oneydie) qo weibojs|eled Jawejo0o0joAd Jo wnipoads (02 ‘M 862 ‘ZHIN 00S) HIAN H,



C. M. Gothard and J. S. Nowick

Supporting Information

0 T 4 € i S 9 L 8 udd
7,,,,,,,,,77,,,,,,,,77,,,,,,,,7,,,,,,,,77,,,,,,,,77,,,,,,,,77,,,,,,,,7,,,,,,,,,77,,,,,,,,7
= 5] 2] =] 5] |5 | |co| <[ o] <l o] [ 5] n] o s s | g
K S] 2 SRE 3||18|4|% 23] (3] |5]8l8]3]6|S|D 3
I S SIS SEIEIHSEHEERIE ;
P
Wo/ZH LSEES 66T WOZH
wd/udd Z166€°0 HoHad
2H 6667~ [
udd 0010~ ded
2 LE" 667 1
udd 000°6 atd
wd> §6°LST 0
w 08°22 X
szejawered J01d AN QT
00'% d
0 5}
00 = V41HNCHOHOHO = ¥
et Mam
ZH YE610€6° 667 is NAV_NOQd?Q:v_NOD(:E:XNOQ(?Q-!NOQ(:OV
9£559 1s
sxeqanered Bursse00%4 - o qol welbojajeled 1owel000}0Ad
1045
11
1
To0N %
w
038 000005T0°0 TIMOW
298 00000000°0 LSTUON
298 0000000T°0 1
¥ 0°0€E BL
o8sn 00°9 E
088N 007°29 ua
(48] o
098 $LLB660S ov
2H £50860°0 SEYQLd
2H 028°2108 1S
4 sa
43 SN
oza IN3ATOS
82L18 a
0¢bz 2044104
pUeQPEOIq WM §  QHEOYd
005ub WIISNT
ST°0 _surg
9050L002 EEL
SIajsuereq :0ﬂu.ﬁmﬂswud -z
1 0ND0¥d
i ONdX3
LE-TT-BD NN
ey3060 ¥asn
SI3jsWered ejeq JuUSIIND
bbbk cobhbbRNNbD bbb s bhhbbbnbnao g o g
SELeNRgR 2SSBELSRNBRE CENRNRRSS R R E -] g
RIRRRAER SRAEIRAREIIN E2RES8383 GRBIaxseRIANAGS

qol weiboja|esed Joweoo0joAo Jo wnioads (O2A ‘M 0€E ‘ZHIN 00S) HIAN H,



C. M. Gothard and J. S. Nowick

Supporting Information

S97

59 0°L ) 0°8 58 udd
7 7 1 1 7 1 1 1 7 7 1
S e o & a ol [=] |o] e - g
[ . . = 1O O P A o &
a2 3 5 I e 2 H
3l |8 = 2 1 I e 1= b R E3 £
ud/ZH 6208L°S9 WOZH
wo/udd 8STET 0 HoWdd
ZH §5°6667 2
udd 0009 dazd
ZH LE'667Y 14
udd 0006 atd
w 56°LST )
w 08°zz X
szejawered JoTd AN QT
00°% od
0 5]
ZH 0€°0 81
0 8ss
i VALHNCHO®HO®HO = ¥
ZHH $E6T0E6°667 s z
9£559 1S (- —1]]- (- -
s19jawered Bursssnoid - ¢d AV—NOQ( Q V,_NOD< w V,_NOD< Q KNOQ( Ov
ZHi 56676667667 T0as qol welbojg|eied Jowe}o00joAd
€p 00°¢- 114
oesn 00°CT 14
HI TOON
======== 1] TINNVH) ========
298 00000510°0 MIMOR
295 00000000°0 ISTHN
295 0000000T"0 0
¥ 0°0¢€ EL
o8sn 00°9 0
o8sn 00729 Ma
218 B
098 7L18660°S o
ZH £70860°0 SEHAIE
ZH 028° 2108 HIS
4 sa
43 SN
0za INEATOS
82LT8 a
0ebz 903d'TNd
pueqpeOIq WM S (HEOYd
005ub WISNT
S0 _autL
90504002 33eq
sIajawered uoT3ISTNbOY - 74
T ONDO¥d
v ONAXE
LE-TT-B AN
©y3060 itz
S1333werIed eleq JusIIN)
L\/L S 5 L\L\L/L/L S 4 R S
[T W B @ @ S oa o k<t
a8 2 g 22RI2 H 3§ a3 g =
ex = = LRILR 2 & - 83 S

(uoibai onjewo.le) qol welibojojjesed Joweio00[oAo Jo wnioads (02a ‘M 0€€ ‘ZHIN 00G) YN H,



C. M. Gothard and J. S. Nowick

Supporting Information

wd/zH §0T9°LY WIZH
wo/udd 0ESET 0 WoHad
ZH €L°858 44
wdd g1L°T Jit:¢
25 670097 4
wdd €08° ¥ aud
w G6°LST 0
w 08°2Z X
szajauered j07d ¥ AT

00°% od

0 )

ZH 0€°0 a1

0 55

W2 M

ZH E6TOE6 667 s
9559 15
sxsjsuered Butsssooid - zd
ZHN S667EE6 667 1045
0 00°€- 114
0381 00°2T bt
HI TOON
======== 1] TANNVHD ========
295 000005100 MAMOH
935 000000000 ISTION
235 000000010 0
¥ 0°0€E A
2981 00°9 q
0980 00%°29 Ma
a8 94

039S $LL8660°S [o}4
ZH €70860°0 STAATA
25 078°7108 HUS

4 sa

143 SN

oza LNEATOS
87LI8 a

0¢bz D03dTNd
pUBQpROIq W G (HEOAd
00sub WOSLSNI

ST°0 _surg
9050L00T a3eq
SI13]8WeIRd UOTITSTNDOY - 74
T ONDO¥d

4 ONdXE
L€-T1-Bo AN
ey3060 i)

sIsjaWered BIRQ JUSIIND

€90°%

190L0°¢

IHIT T

L99LT T

920°9T

L5681 T—

LT T——

0€987°¢C

7E6°TT

/

1100€°¢

9ETE"T

3

S 0'¢ G'¢ 0% Sy udd

120 ¥
LE0' 2T
806°GT
0086 —
TLE L
785°6
TezBaur

VALEHNCHO®HOHO = ¥
NAV_NOQ,Q-Q-V_NOQ(-E-V_NOQ<|Q-XNOQ<-OV
qol welibojs|eted 1awe}o00|oAd
0]
(o]
N

(uoibau oneydie) qoi welbojs|eled JowejooojoAo jo wnioads (02a ‘M 0EE ‘ZHIN 00S) HIAN H,



C. M. Gothard and J. S. Nowick

Supporting Information

wo/zH
wo/udd
ZH

wdd
ZH

udd
wo

w

513

0¥

08 00T 0CT

80TH5°G€E8 WOZH
987%9°9 WOWdd
FETELLT [4:1
6%0°2C dzd
89°£T81C 4
908" €ELT dtd
Ly'8 o)
08°¢C X

s133awered 301d ¥NN AT

00°Z od
0 )
00°T a1
0 ass
W& Mau
06T708L"STT s
9€559 18
9jsuered bursssooid - zd
11052227005 2048
v5°€C 4861
09°1 214
00°00T 2addd
HI 2o
91237eEM 70¥d0d)
==== 73 TANNYHD ========
89STH6L"STT 1048
00°T- 114
00°ST 14
plas 0N
==== 13 TANNYHD ========
000005T0°0 it
000000000 1STHH
000000€0°0 TP
000000520 b
0°0z€ M
00°9 ki
00§°9T Ma
796591 o
0L¥76L0°T ¢
4443180 STAALL
TE0" €0€0€E HMS
4 sa
000%T SN
oza LNEATOS
81759 a
0€opbz 908d'Id
-HT IDI1dD WM QHEOd
0050410 WOIISNT
el _surp
LTS0L00T 93eQq
Jsuwered UOTITSTNDOY - 74
1 ONOO¥d
48 ONdXE
LE-TT-Bo ENEN
ey1060 qESN

sI79UeIRd BIEQ JUSIIND

9€°92

SETLY

99°L9

£€°89

$TETT
€5 FTT
LS*STT
T8°STT
$6°STT

=]
=
)
B

qol weibojs|esed Jowejo00|oA0 Jo wnioad

]
=
=
&

I
1)
et
=)
=3

]
=
@
3

9]
NS
=l

)
>
o
S

)
=
=

§9°8ZT

-
)
et
et

n

VALPHNCHOHOHO = ¥

NAv_Non<-Q-v_NOQ<-E-¥NOQ<-Q-V_NQQ<-OV
qol welbojs|eted Jowe}o00}oAo

D b b [ =
R A R R R R TR S oy oy oo o el
Gohaaidbbosahied [EESRARWEVEV Y g
Lo onnoaWw®o o Lo wbe ®
ARl n3T3ad SAROEL B

‘M 02€ ‘ZHIN SZ1) YN D¢,



wo/zH
wo/udd
ZH

wdd

ZH

udd

wo

w

C. M. Gothard and J. S. Nowick

513

Supporting Information

0zt 0€T 071 0sT 091 wdd
| | | | | |
M oA et th et ket
iyl )
089LE"6TE WZH
9T6€5°7 WOWdd
€9°60T71 2
LLT'TTT dazd
v T6€TC 14
0L0°0LT da1a
Lv'8 b 6]
08°22 ol
szsawered 107d AN QT
00°Z od
0 )
00T a1
0 8ss
W2 Mau
06T708L"STT s
9€559 18
9jsuered bursssooid - zd
11052227005 2045
S €T 4554
09°'1 21d
00°00T 20ddd
i1 2o VALEHNCHO®HOHO = ¥
91z3Tem 793d0dd z
==== 7] TENNVHD ========
(z09V-0-y70qV-W-yz0qY-0-yz0qy-0)
o R qol welbojs|jesed Jowe)d00|9Ad
00°ST 1 o
plas TONN o
==== 13 TANNYHD ======== —
000005700 MIMO n
000000000 LSEEON
000000€0°0 TP
000000520 i
0°0z¢ a1
009 a
005°9T Ma
' 96571 9%
0L7P6L0"T ov
[4443TH1 SEYAId
TE0"€0E0E HMS
[ sa
000%T SN
0za INEATOS
81759 a
0€opbz 908d'Id
-HT IDIdD W G QHEOMA
0050410 WOIISNT
PET ety
L150L00Z 33eq
Jeuered uoT3TsTNbOY - 74
1 0ND0¥E
A ondxa
LE-TT-Bo ENEN
®Y3060 i
SIsjaweled eieq JusIian)
e e e ) g g e e R SR SR SR SR S SRS I RN eRning el el el e rel rel el e o e bbb oo o o oy oy o o ]
LEOOOAaNn DS Som R R R N @ @0 S SS R A Ll oo me s PRe L n; e g
R 2uBREERY5E YReks3ny 3 EaksBs S I 23I3RBSRY ERRE BB 3

(uoibali o

Jjewoue) qo} welbojs|eted Jsawejooojohd jo wnipoads (02 ‘M 0Z€ ‘ZHIN GZL) HIAN Og,



C. M. Gothard and J. S. Nowick

Supporting Information

wd/ZH 996€7°LS
wd/udd 199570
ZH L°L020C
wdd 1597091
ZH 60°LISTC
wdd 690" TLT
w Lp'8
w 08°z¢

89T 69T 0LT

wdd

X

s133awered 301d ¥NN AT

00°¢
0
ZH 00°T
0
W
ZHW 06T708LSTT
9€5599

Is

s1s7auered Butsssooid - zd

ZH 1052227005
0 75°€C
& 09'T
0380 00°00T
HI
9TzaTEM
======== ] TANNVED

ZHW 8%5TH6LSTT
p 00°T-
o8sn 00°ST
OET

098 0000051070
095 0000000070
038 000000€0°0
095 0000005270
A 0°0ze
o9sn 00°9
09sn 008791
S79657T
098 (LPPELO'T
ZH 27T2€9%°0
ZH T€0 €0€0€
4
00071
oza
8T%59
0£0opbz
-HT IDLdD Ww §
0050410
el
LTS0L00T

2048
[qutd
21d
20ddd
0N
70¥dadd

MO
ISTION
P

INEATOS
a
508d10d
QHE04d
HO¥ISNT
SUTL
Tereq

s1938ueIRd UOTITSTNDOY - 74

T

48
LE-TT-Bo
ey1060

ONDOYd
ONdxd
YN
¥asn

sI3jsweled eIRQ JUSIIND

ZHOGE=r
€40200

87291

9L 29T

$0°€9T
(AR %]

(uoibal jAuoqued) qgl weibojsjeled Jawejo00]oA0 Jo wnioads (O

$2°99T

Ty 59T

VALPHNCHO®HOHO = ¥

NAv_Noner.v_NOQ<-E-V_NUQ<-Q-XNOD<|OV
qol welibojsjesed Jowe}o00]oAd

@
3

‘M 02€ ‘ZHIN SZ1) HIAN D¢,

S101

el
Esi
=



C. M. Gothard and J. S. Nowick

Supporting Information

wo/zH
wo/udd
ZH

wdd

ZH

udd

wo

w

513

0°87T G'87T 07671 A 0°09T G091 0°19T G 14T 0°29T AN wdd

951997 0€ WOZH
LLEFT O WOWdd
96°£998T [4:1
065°L¥T dzd
$0°€926T 4
89T €9T dtd
Ly'8 o)
08°¢C X

s133awered 301d ¥NN AT

00°C 2d
0 6
00°T a1
0 gss
W& Mam
06T708L"STT as
9€559 IS
s7auered Butsssooid - zd
11052227005 204s
paree t11d
09°T 1
00°00T 20ddd
HT 20NN
9123TEM 7D¥dadd
==== 73 TINNVHD ========
8¥5T¥6L STT 1048
00°T- T1d
00°ST Td
OET ToNN
==== TJ TINNVH) ========
000005T0°0 MO
0000000070 LSEION
000000€0°0 1P
000000SZ°0 Ta
0°oze L
00°9 aa
005791 Ma
S79657T o
0L¥P6L0"T ()4
TTeesro SEIAId
TE0 €0€0E HMS
4 Sa
00071 SN

oza INEATOS
8T%59 aL
0¢opbz 204d'Id
-HT IDLdD Ww g  (HE0¥d
0050420 WOMISNT
Fe'T _surp
LTS0L00T 93eQq
Jsuwered UOTITSTNDOY - 74
T ONOO¥d
4 ONdXZ
LE-T1-B0 HHEN
'y3060 ¥asn

sI3jsweled eIRQ JUSIIND

/ 0l
L

VALEHNCHO%HOHO = o

NAv_NOQ<-Q-v_N0Q<-E-xmon<-Q-v_Non<-ov
qol welbojg|esed Jowe}o00joAd

5102

el
Esi
=

TS°6%T
697671
6L°67T
T€°05T
€8705T
L0"TST
9T 15T
£5° 15T

(1 uoisuedxa uoibal onewole) qol weibojojjesed J8we000oAd Jo wnioads (O2A ‘M 02€ ‘ZHIN GZL) YN Og,



C. M. Gothard and J. S. Nowick

Supporting Information

wo/zH
wo/udd
ZH

wdd

ZH

udd

wo

w

513

82T 0€T 4% peT 9¢T udd

STPZ0 €L WOZH
L5085°0 NOWdd
TT°P9LST 2
0€e" STt dzd
90°627LT 4
L9G"8ET dTd
Ly'8 )l
08°2¢ X0

szajsuered J01d WWN AT
00°C 2d
0 6
00°T a1
0 gss
W& Mam
06T708L"STT as
9€559 IS
s7auered Butsssooid - zd
11052227005 204s
paree t11d
09°T 1
00°00T 20ddd
HT 20NN
9123TEM 7D¥dadd
==== 73 TINNVHD ========
8¥5T¥6L STT 1048
00°T- T1d
00°ST Td
OET ToNN
==== TJ TINNVH) ========
000005T0°0 MO
0000000070 LSEION
000000€0°0 1P
000000SZ°0 Ta
0°oze L
00°9 aa
005791 Ma
S79657T o
0L¥P6L0"T ()4
TTeesro SEIAId
TE0 €0€0E HMS
4 Sa
00071 SN

oza INEATOS
8T%59 aL
0¢opbz 204d'Id
-HT IDLdD Ww g  (HE0¥d
0050420 WOMISNT
et _surp
LTS0L00T 93eQq
Jsuwered UOTITSTNDOY - 74
T ONOO¥d
4 ONdXZ
LE-T1-B0 HHEN
'y3060 ¥asn

sI3jsweled eIRQ JUSIIND

4%

297921

o€
1z
le 62 gz 2z 6L | 4 el
0z
9z / 8l
vz
€z
9l
sz ww
1z

VAL°HNCHO®HO%HD = ¥

NAV_Nond?Q-xNOQ(-E-XNOQ(-Q-V_NOQ<-OV
qo| welbojajeled 1oweo00joAd

5103

el
Esi
=

P9 82T
S9°8ZT
SET6CT
00°0€T
€CTT0ET
€770ET
FETEET
T9°EET
L8 FET
LS°SET
PLTGET
$6°GET
T 9ET
S0°LET
87 LET

(Z uoisuedxas uoibal onewole) qol weibojojjesed Jswe000(0Ad Jo wnioads (O2A ‘M 02€ ‘ZHIN GZL) YN Og,



i STT 911 LTT 811 61T 0zt 114 448 wdd
| | | | | | | | | |
X
2
(@)
zZ It oY g Ge
9] z = & K2R by 9
Hi6Z=r \ N ZH 6z =" e
= €40 ey €40 ee
O w/zH SE0LT'¥S WOZH 8¢
C  wo/udd 190¢7°0 WOWdd
® ZH 98766171 2
-  Mdwme aza 144 /€
et ZH S6°9EPST 14
[\ wdd €14°22T aud
< wo 158 )l
5 R .- ZH l6C =" ZH |62 ="
sxe3jawexed J01d NN AT mn_o [
O 40
. 00°Z od
> 0 )
X ZH 00°T a1
&) 0 8ss
W2 Mau
ZH{ 06T708L°SCT s
9€559 18
sao3jouered burssaooid - zd
ZH{ 1105222005 2045
€0 S €T 4554
8 09'1 21d
098N 00°00T 20ddd
HT 2O0N
L > VALCHNCHO®HOHO = ¥
======== 7] TENNYHD ========
¢(\70Q -0y, 0q Y-y, >0qV-0-y,,00 /-0
ZHH 8%5T76L°SCT 1048 AV_N Qv v_@N qv M_N qyv MC n\aﬁd« v
€ 00°1- 11d
seen 00-<1 b qQ} weliboj|sjjeled Jswejd00|d0Ad <
plas TONN o
======== ] TENNYHD ======== —
295 000005T0°0 MIMO n
295 00000000°0 LSEEON
295 000000£0°0 1P
295 00000052°0 i
¥ 0°02E a1
0981 0079 aa
0981 005°9T Ma
' 96571 9%
098 0LbP6LO'T ov
ZH 2726970 SEYAId
ZH T€0" €0€0€ HMS
[ sa
000%T SN
0za INEATOS
81759 a
0€opbz 908d'Id
-HT IDIdD W G QHEOMA
0050410 WOIISNT
et _surp
LTS0L00T 93eQq
s1938ueIRd UOTITSTNDOY - 74
[
1 0ND0¥E
il A ondxa
..& Le-11-B2 BN
ey3062 i
m SIs3j3wered eieq jusiiny
—
S
£
(@)]
£
t
o
o
o
3
= = = bom omme e = = o o e e e UN o
= = = S g g = = ) IS} IS} | | I =1
S = I 5o Rabkoa 5 5 3 3 2R R B S g
9 in n o o b - o 8 % S o L oe W
2 < % B e EeNY & 3 N = 2 8 & R S

(¢ uoisuedxa uoibai onjewo.le) qgl welibojojjesed Joweoo0[oAo Jo wnioads (02a ‘M 0Z€ ‘ZHIN SZL) YN Og,



C. M. Gothard and J. S. Nowick

Supporting Information

mm.Wma
| |

oo.jmﬂ mo.%ma oa.bma mﬂ.jmﬂ om.%ma mm.%ma om.jmﬂ mm.%ma EQQ
| | | | | | | | | | | | | | | | |

wd/ZH 06¥15°¢C WOZH
wo/udd 666100 WoWdd
ZH 6€°2272LT 4]
wdd $z6°9¢T ded
ZH €L°6LTLT 4
wdd 08" LET ata
wd S6°¥%T Pl
uw 08°2¢ 0

szaauered J07d WiN QT

00°C 2d
0 6]

ZH 00°T a1
0 8ss

i Mau

ZHW 06T#08L SCT s
9€559 15
sa9jauered Bursssooid - g4
ZH{ 11052227005 203s
@ 75° €T T
€ 09°T 1d
0981 00° 00T 7addd
HI 2o0N
91zZaTEM 799dadd
ss====== 7] TANNVHD ========
ZH 85STH6LSTT 1048
& 00°T- 114
0881 00°ST 1d
bl TN
ss====== ] TINNVHD ========
035 000005T0°0 ity
235 00000000°0 1STAH
235 000000£0°0 1P
035 00000052°0 10
¥ 0°0Z€ A
0981 00°9 5
0981 005" 9T Ma
5796591 o4

095 0LF¥6LO'T [0):4
ZH 7226970 STUALL
ZH T€0"€0€0€E HMS
¥ sa
000%T SN

0za INEATOS

8159 a
0¢opbz 908dT0d

-HT IDIdD WM S QHEOYd
0050410 WOEISNI
PE'T _autg
L1S0L00Z EEL
s19jaueIRd UOTITSTNDOY - 74
1 OND0¥d

ai ONdXE
LE-TT-Bo ENEN
Y3060 qES

s1379UeIRd BIRQ JUSIIND

VALPHNCHOHOHO = ¥

NAv_NoQ<-Q-v_NOQ<-E-V_N0Q<-Q-XNOQ<|OV
qol welbojs|esed Jowe}o00]0Ad

5105

9l
Gl

=]
Esl
E

S0°LET
8T LET

(Vg uoisuedxe uoibal ojewoJe) qol weibos|eled jawejoo0joAo jo wnuoads (02A ‘M 02€ ‘ZHIN SZ1) HIAN D¢,



C. M. Gothard and J. S. Nowick

Supporting Information

599 0°L9 S L9 0°89 689 udd

61

wo/zK €LIST'9T WOZH
wo/udd 178210 WOWdd
mm L9°L2€8 2
udd 807" 99 ded
24 £6°5698 i 99 1G 0S
udd 9¢1°69 atd
uw L8 b5}
u 08'2z %

s133awered 301d ¥NN AT

€g

00°Z od
0 5] PAS]
2H 00°T a1 [o]e4
0 8ss
W2 Mau
ZH{ 06T708L°SCT s vS
9€559 18
s1ajeuered Butssanoid - gd
ZH{ 1105222005 2045
€0 S €T 4554
8 09'1 21d
098N 00°00T 20ddd
i o VALCHNCHO®HOHO = ¥
91z3Tem 793d0dd
memmeRes o3 THNNGHD ======== NA 0] -d-\,>0 -W-y>O -0-y-0 |Ov
W22aV-0-yz0QV-W-y70qY-0-yz0qY
ZH{ 8%5T76L°SCT 1045
e erszy 0is qo} wesbojsjjeled Jawe}o00[0Ad
039sn 00°ST Td 8
plas TONN o
======== ] TENNYHD ======== —
295 000005T0°0 MIMO n
295 00000000°0 LSEEON
295 000000£0°0 1P
295 00000052°0 i
¥ 0°02E a1
98N 00°9 a
298N 005" 9T Ma
' 96571 9%
098 0LbP6LO'T ov
ZH 2726970 SEYAId
ZH T€0" €0€0€ HMS
[ sa
000%T SN
0za INEATOS
81759 a
0€opbz 908d'Id
-HT IDIdD W G QHEOMA
0050410 WOIISNT
PET ety
L150L00Z 33eq
s1938ueIRd UOTITSTNDOY - 74
1 0ND0¥E
A ondxa
LE-TT-Bo ENEN
®Y3060 i
SIsjaweled eieq JusIian)
3 33 33 2 ]
8 5 2 3 ] =
5 N SIS S

(1 uoisuedxa uoibai oneydie) qol weibos|esed Jaweo00joAd Jo wnuoads (O2A ‘M 02Z€ ‘ZHIN SZ1) HIAN D¢,



C. M. Gothard and J. S. Nowick

Supporting Information

SL'9¢

00°LE ST°LE 05°LE SL°LE 00°8¢ G7°8¢ 06°8¢ GL" 8¢ udd

WD /ZH EFES €T WZH
wd/udd 09L0T°0 WOWdd
ZH €1°6657 2
udd g95°9¢ dazd
ZH TL°L06Y 14
udd 810" 6¢ atd
w Lp'8 b 6]

w 08°z¢ ol

s133awered 301d ¥NN AT

00°C 2d

0 6

ZH 00°T a1

0 gss

W& Mam

ZHW 06T708L°STT as
9€559 IS
s1s7auered Butsssooid - zd
ZHW TT0SCTT00S 204s
ap $5°€T t11d
P 09°'1T 1
0981 00°00T 20ddd
HT 20NN
9Tz3TEM 7D¥dadd
======== 7] TANNVHD ========
ZHW 8%STV6L’STT 1048
p 00°1- T1d
039sn 00°ST Td
OET ToNN
======== TJ TANNVHD ========
098 0000051070 MO
095 0000000070 LSEION
098 000000€0°0 TP
095 0000005270 Ta
A 0°0ze L
0981 0079 aa
09sn 008791 Ma
S79657T o

098 (LPPELO'T ()4
ZH 27T2€9%°0 SEIAId
ZH T€0 €0€0€ HMS

4 Sa
00071 SN

oza INEATOS

8T%59 aL
0¢opbz 204d'Id

-HT IDLdD Ww g  (HE0¥d
0050420 WOMISNT

el _dutl
LTS0L00T 33eQ

s1938ueIRd UOTITSTNDOY - 74

1 0ND0¥E
A ondxa
LE-TT-Bo ENEN
®Y3060 ¥asn

sI3jsweled eIRQ JUSIIND

LG

N@/ /
19 09 5 8g

¥9
€9

VAL°HNCHO%HOHD = ¥

NAV_NOQJ?Q-XNOQ(-E-XNOQ(-Q.XNOQ(-OV
qol welbojsjeled 1oweo00}oAd

$107

95T LE
STTLE
$9T°LE
8T9°LE
90L"LE
TEL'LE
685°8¢

wdd

(Z uoisuedxa uoibal oneydiie) qoi welbojs|esed JawejooojoAo Jo wnipoads (0Ca ‘M 0Z€ ‘ZHIN GZL) HIAN O,



C. M. Gothard and J. S. Nowick

Supporting Information

792 79z 9°9¢2 8°9¢ 0°LT T udd

€5E9€E°L WOZH
$5850°0 WOWdd
LO"ELTE [4:1
72092 dzd
96°077¢ 4
LSE'LT dtd
68°¥ o)
08°¢C X

s133awered 301d ¥NN AT

00°Z od
0 )

ZH 00T a1

0 ass

W& Mau

ZH{ 06TH08L"STT s
9€559 18
s1ajeuered Butssanoid - gd
ZHW 11052227005 2048
P ¥5°€T 4861
0 09°T 214
23851 00" 00T 2addd
HI 2o
91237EM 70¥d0d)
======== 7] TANNVHD ========
ZHW 8%STY6L"STT 1048
€ 00°1- 114
039sn 00°ST Td
plas 0N
======== ] TINNVHD ========
238 000005T0°0 it
235 00000000°0 1STHH
238 000000£0°0 1P
238 00000052°0 b
¥ 0°0Z€ M
0381 00°9 ki
2881 005°9T Ma
796591 o

038 0LPP6LO'T ¢
ZH 22269770 STAALL
ZH TE0"€0€0€ HMS
4 sa
000%T SN

oza LNEATOS

81759 a
0€opbz 908d'Id

-HT IDI1dD WM QHEOd
0050410 WOIISNT

¥ET _autl
L150L002 33eq

s1938ueIRd UOTITSTNDOY - 74

1 0ND0¥E
A ondxa
LE-TT-Bo ENEN
®Y3060 ¥asn

sI79UeIRd BIEQ JUSIIND

¢l

99

0.

69
89
19

VALEHNCHOHOHO = ¥

NAv_NOQ<-Q-v_NOQ<-E-¥N0Q<-Q-V_NOQ<-OV
qo0l welibojs|esed Jowe}o00]94d

5108

el
Esi
=

19€°92
6€L°9T
206°9T
9€6°9C
T10°Le

(¢ uoisuedxa uoibai oneydiie) ol weibojs|eled Jaweo00joAd Jo wniyoads (02A ‘M 0Z€ ‘ZHIN GZ1L) JIAN Og,



C. M. Gothard and J. S. Nowick

Supporting Information

0 4 € i4 S 9 L 8 udd
7 ,,77, ,,,,77,,,,,,,,77,,,,,,,,77,,,,,,,,7,,,,,,,,,77,,,,,,,,77,,,,,,,,7
R - = e [ ]
o |5 |S] w s = = 5] |5 [ 1 1 e = PSS P O g
PR 1 R P S ul = of o |= lolalal [m [wliel |- |s|x &
bl (O == I b= I 1 I N &3] R ﬁ&%%&%ﬂnﬁfwm B
wd/ZH TSEES 66T HoZH
wo/udd z166€"0 HoHdd
ZH 6667~ 17
wdd 0010~ aed
ZH L7667 T4
wdd 0006 atd
u 6€° 9% 5]
uw 08°2z X
sao3awered J0Td WHN QT
00°% od
0 6]
ZH 0€°0 a1
0 €ss
Wa Mam
55 VALEHNCHO®HOHO = ¥
9£559 1s
sejaueted Bursssooid - zd NAV,_NOQ<|QIV,_NOQ(lEIKNOQ(lQl!NOQ(IOV
ZHN S667€€6°667 1045
A segre 0is a0l weibos|jeled Jowejo00|oAd
el oot Q
o
........ 13 TENNYHD ======== —
288 000005T0°0 MM w
295 00000000°0 ISTHOH
295 0000000T°0 0
¥ 07867 il
esn 00°9 Ed
o8sn 007°29 Ma
218 B
098 7LL8660°S ov
ZH £70860°0 STIqLE
ZH 028°2108 HMS
4 sa
91 SN
a0eam INEATOS
82LT8 a
oebz 903dT0d
pueqpeolq ul S QHE0¥A
005ub HMSISNT
9€°0 g
90504002 33eq
sI83j8ueIed uoT3TSTNOOY - 74
1 ONDO¥d
S ON&XE
LE-T1-Bo AN
eyjobo qESN
SI3j3weIed eleQg JUIIIND
o > ool Lok wwoohb NN NwWEO DD D00 NN Shm D DD W i i e e e D1 DT b o ke g
g 282Eha SRR RCELSBERRRE3RRRIENS 338 R R TR R B R R i e R i i R - ]

qo} welbojs|esed jowejo00}oAo Jo wnipads (QOEAD ‘M 862 ‘ZHIN 00S) HIAN H,



C. M. Gothard and J. S. Nowick

Supporting Information

wo/zH
o /udd
zq
wdd
zq
udd
wo
wo

ZH

ZHN

S'9

” 08 58 wdd

o
~
[Te)

621°C
660°C
000°¢
2LP 1T
£6€°9T
816°1T
951°8
080°¢
S08°T
Tezbazur

LT08L" 59 WOZH
8STET'0 WoWdd
85°666C 4
000°9 ded
LE" 6677 4
000°6 dtd
6€°97C )l
0822 X
szajawered J07d ¥WN QT
00°% od
0 5]
0€°0 a1
0 gss
Wl MaM
T8900€6 667 as
9€559 18
szajsuered Bursssooid - 74
G667EE6 66T T0ds
00°€- 11d
00°¢T d
HT TOON
=== 13 TENNYHD ========
000005T0°0 MIMON
00000000°0 LSHION
0000000T°0 a
0°862 4L
00°9 aa
00%°29 Ma
[4t) R
$LLBE6O"S (04
£90860°0 SHNAIA
028°2108 HMS
4 sa
9T SN
aoea INIATOS
8ZLT8 aL
oebz 204dTNd
pueqpeoxq ww 5 QHEO¥d
005ub HOAISNI
9€°0 _dutL
9050L002 EREl
sze)8uered uoT3TSTNROY - 74
1 ONDO¥d
S ONdX&
Lg-11-Bo FHEN
3060 pictonl

sI9jsWeIed BIRQ JUSIIND

VAL°HNCHO%HOHD = ¥

NAv_NOQ(-Q-V_NOQ(-EQNOQ(-Q-XNOQ(-&
qol welbojs|eted Jawe)o00|oAd

~
~
[ B T O
PR o i i o o L i i e e e e o 1 G o o k<t
=~ EURAICEREELEILTS 20D = S
2SS SRS TSN baab 3
SER S SERRE el s oada ==

(uoibai onewole) qoL weiboja|esed Joweo00joAo jo wnioeds (AOEAD ‘M 862 ‘ZHIN 00S) HIAN H,



0'¢ 4 0°€ S'¢ 0% wdd

1
o IS 5 w = b o S IS g
3 3 4 3 3 Z b kS 3 E
3l B 3 2 3 IS & 3 ® 2
X
2
(e}
P4
(9p]
)
o
C
©
o
—
®
<
—
[e]
/25 6918029 WOZH
/udd 817210 HOWdd
= ZH 957608 £
udd 619" T ded
- ZH 2075202 4
Qudd 1577 and
uw 6€977 )
w 08'22 %
sa1awered j01d NN AT
00°% 2d
0 5]
ZH 0€°0 81
0 €ss
WE Mam
2l 18900€6° 667 is VALCHNCHOHOHD = o
9€559 15
szejauwered fursssoorqd -
: s NAV_NOQ<-Q-xNon<-E ~yz20V-0-y700V/-0)
B .
el T qo} welbojs|jesed Jowejo00|9Ad
o9sm 00°ZT 14 —
HI o0 —
=s====== 1] TINNVH) ======== m
295 0000051070 MIMOR
995 000000000 ISEEON
295 0000000T"0 i
¥ 07867 3L
29sm 00°9 aQ
29sm 007" 29 na
453 93
038 7LLB660"S [0
ZH €70860°0 SENA1d
ZH 028°2108 HiIS
4 sa
9T SN
0£a INEATOS
87LT8 a
0¢bz 90¥dI0d
DPURQDROIQ W G QHEOEd
005ub HOSISNI
9€°0 _autg
90504002 33eq
sIajawered UOTITSTNDOY - 74
I ONDO¥d
[ H ONdXE
o Le-T11-Bo W
= ey3060 ¥ESN
(] SI9j5WeIRd BIRQ JUSIIND
£
L
[
(@)]
[
t
o
o
o
>
S — LSRN SR NY ) [SESENEN) W W W W WwWwww w [ e
o S5 b 5 Lo oCobbmbbnn W boooooo e g
i Se S8a S SE33 TEESIBEI L & ERSHa3Id 0% =
a =+ RI3 a HE2E3 FRIIHIZIRE @ SRR ZERA =23

(uoibau oneydie) qoi welbojs|jesed JowejooojoAo Jo wnioads (AOEAD M 862 ‘ZHIN 00S) HIAIN H,



Supporting Information C. M. Gothard and J. S. Nowick

cyclohexamer ring: (m-Abc?K); (11a)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

RO o
Nagug W
N RO H OR

RO Q H ---- OR N Y
o R = CH,CH,CH,NH,TFA

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, A = 214)

1.0

1.0
Det 166

5 0.5 0.5
<

0.0 v - 0.0

T T T T T T T
0.0 25 5.0 7.5 10.0 125 15.0 17.5 20.0
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for Cq44H13gN15801g [M] = 2047.04)

TOF MS ES+
100- [M+4H]4+ 1.30e4
513.137
3+
% [M+3H]
5+ 683.966
683.638
[M+5H]
684.307
411.065
410.867 513.390
411.263 513.927
684.647
411.470 | 514.180 [M+2H]2+
716.618
411.668 499173 514422 1 1025.017
0 T | RSN J". U WD U 0 S e M SOS—— Y >’
400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
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cyclooctamer ring: (m-Abc2K-m-Abc2K-m-Abc2K-p-Abc2K), (11b)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

OR R = CH,CH,CH,NH,TFA

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, A = 214)

Det 166
0.2 0.2
D a o
<
0.1 F0.1
00-———AJ 0.0
T T T T T
0 2 4 6 8 10

Minutes

(b) ESI Mass spectrum. (Calcd exact mass for C5oH1g4N24054 [M] = 2729.39)

100 342.1 6 TOF MS ES+
7 +
[hﬂ+6fﬂ 2.91e3
+
[M+5H]°
456.0
456.2
4558 [M+4 H]4+
456.3 5470
o 547.2
546.8 a3
saza OO [|\/|+3|_|]3+
343.1 683.8
(1565 911.0 o4
285.1 w10 s121 547.6 £84.0 9107 918.3 [M+2H]
’ ' 568.8
261. ‘ (
0 - "'ll=”|'\"I']|'i'l'|”d'w' !A”"I"kllls:' m/z

300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500
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Supporting Information

Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 20 min, A = 214)

RO Z

C. M. Gothard and J. S. Nowick

cyclodecamer ring
(m-Abc2K-m-Abc2K-p-Abc2K-m-Abc2K-p-AbcZK), (11c)

HwOR

OR

R = CH,CH,CH,NH,TFA

Det 166
1.0 4 1.0
=)
< 0.5 0.5
0.0 —’sjh — 0.0
0.0 2?5 5?0 7?5 1OI.0 12I.5 1’:':.0 17I.5 20.0
Minutes
(b) ESI Mass spectrum. (Calcd exact mass for C9gHo39N30030 [M] = 3411.74)
100+
[M+6H]®*
% | 570.13 [M+5H]5+
569.98
570.29
683.94
570.46 684.18 +
[M+4H]*
497_2‘;9721927.56 570.62 683.5
49713 497.68 580.49 605,96 854.6860 .
L 599.63 719.34 k(g :
Y RN W FUSPIERN T Y PP Vo T 1.V, PV - Do V. et m/z
460 500 540 580 620 660 700 740 780 820 860
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cyclododecamer ring: (m-Abc?K-p-Abc2K), (11d)
Analytical RP-HPLC chromatograph and mass spectrum (ESI-MS)

Q ROR
© O

O N OR Q °
Q oR RO Q OR
i R = CH2CH2CH2NH2TFA

(a) Analytical RP-HPLC (5-50% acetonitrile with 0.1% TFA over 10 min, A = 214)

0.4 -

) ,
<
0.2 L

0.0 M — -

0 2 4 6 8 10 12
Minutes

(b) ESI Mass spectrum. (Calcd exact mass for CyogHo76N36036 [M] = 4094.09)

[M+5H]°*

100 - 819.91 TOF MS ES+

819.89 | 820.07
820.13

820.31
819.73

6
% | IMe7H]™ [M+6HP" 2050 IM+4H]

586.16 1024.42
586.03 | 586.18 683.38 |683.87

683.99

550 600 650 700 750 800 850 900 950 1000  miz
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Molecular Modeling Studies

Macrocycles 9a-c, 10a,b, and 11a-d were modeled as simplified homologues in which
the propyloxyammonium (OCH,CH,CH,NH;") side chains were replaced with methoxy (OMe)
groups (9a’-c’, 10a’,b’, and 11a'-d"). Each molecule was modeled using Maestro/MacroModel
v8.5 with the MMFFs implementation of the MMFF force field and MCMM conformational
searching. The Ar-Ar and Ar—N bonds were rotated during the search procedure. Rotations
about the Ar—-CO and Ar-O bonds were not performed. Amide linkages were assumed to adopt
trans conformations and were not allowed to adopt cis conformations (except where noted
otherwise). 1000 Monte-Carlo search steps were performed for each structure, and no effort was
made to assure that all of the lowest-energy conformers or the global minimum were identified.
(Thorough identification of all low-energy conformers is not practical for the larger structures,
and is only marginally practical for the smaller structures.) For each molecule, the lowest energy

conformer and an overlay of the conformers found within the lowest 5.00 kJ/mol are shown.
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The modeling should be interpreted with several caveats: (1) The MMFF and MMFFs
force fields lack good parameters for some of the stretches, bends, and torsions associated with
the structures. (2) The MMFFs force field is designed to enforce planarity of the amide nitrogen
atoms and may therefore overemphasize the conformational regularity of the structures. (3) The
absence of H,O solvation in the modeling should decrease the effect of hydrophobic interactions

in structures. (4) Conformers with cis-amide linkages will not be identified; those lacking
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intramolecular hydrogen bonds between the ortho-methoxy group and the amide NH group, or

with alternative rotations about the Ar-OMe bonds may not be identified.

Cyclotrimer Triangle 9a’

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (39 conformers).

Cyclohexamer Triangle 9b*

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (51 conformers).
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Cyclononamer Triangle 9c’

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (80 conformers).

Cyclotetramer Parallelogram 10a’

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (15 conformers).
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Cyclooctamer Parallelogram 10b’

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (3 conformers).

Cyclohexamer Ring 11a’

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (19 conformers).
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Cyclooctamer Ring 11b'

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (21 conformers).

Cyclodecamer Ring 11c’

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (173 conformers).
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Cyclododecamer Ring 11d*

lowest energy conformer found superposition of conformers found
within lowest 5.00 kJ/mol (235 conformers).
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Cyclohexamer Ring 11a’ (cttctt- and tttttt-conformers)
A model of the cttctt-conformer of 11a' was generated using Maestro/MacroModel v8.5 with the

MMPFFs implementation of the MMFF force field and is shown next to the tttttt-conformer.

tttttt-conformer of 11a’ cttctt-conformer of 11a'
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