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Large Scale Synthesis of Non-Racemic 1,1’-Binaphthyl-2,2’-dicarboxylic acid 6 and Sequence

Products 7 and 8. (Comparison of methods reported in the literature)

The discussion of preparative scale synthesis yielding enantiopure dihydroazepine 8 via diacid 6 from
commercially available starting material will focus on practical aspects (Scheme S1 and Table S1).

The synthesis of enantiomers of 8 requires twelve steps when starting from 2-methylnaphthalene (20)
and might include one optical resolution procedure (Scheme S1). With this sequence a total yield of 30%
can be expected based on substrate quantities reported in the literature (Table S1). In early steps the
reactions were run on typically 40-400 mmol scale with the exception of step d where a 12.7 mmol scale
was reported. For the late steps -k up to 15 mmol of substrate could be reacted with usual laboratory

equipment without problems.
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Scheme S1: Synthesis of non-racemic 7 and 8 via 6 from 20 (Route A)

Enantiomers: Non-racemic material was commonly obtained by classical optical resolution of
diastereomeric compounds / salts at the stage of the diacid 6. Three practicable methods g1-¢3 should
be considered. The use of brucine as a resolving agent (g1) is hampered due to high price and toxicity.!

Method g2 uses the less expensive non-racemic 1-phenylethylamine but requires additional steps to
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cleave diastereomeric amides.? In method g3, finally, the preferred formed 1:2 salt crystallizes and was
separated from the mother liquor. The resolving agent was recovered in good yield but following this
protocol only one enantiomer of 6 was obtained.? The yields of all methods are typically in a range of
40% for each enantiomer.

An interesting report was published which significantly shortens the synthesis. The oxidation of
1-bromo-2-methylnaphthalene (21) with O: catalysed by Co(OAc): giving 24 (step m) is conducted in a
steel autoclave® and substitutes three steps b-d. The apparently easy operation without purification and
good yield (87%) on a large scale (482 mmol) makes this protocol very attractive saving time and man
power (same overall yield as b-d within 1%). Merely, the requirement of a 1L-autoclave which might be

not generally available is unfavourable.
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Scheme S2: Synthesis of 6 from 29 (Route B)

An alternative route to non-racemic 6 starts from (R)- or (5)-2,2’-dihydroxy-1,1’-binaphthyl (29)

which can be obtained by optical resolution using fractional crystallisation of N-benzylcinchonidinium
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clathrate complexes4>¢ on a 100 g scale but is also commercially available at a reasonable price. For the
preparation of 2,2’-dimethyl-1,1-binaphthyl (31) a Kumada coupling of bistriflate 30 with MeMgCl,
MeMgBr or MeMgl and Ni(dppp)Cl: as catalysts worked well.® The reaction proceeded on a 10-23
mmol scale without racemisation and was frequently reported.’,? ,%,1,1"Both, 30 and 31 were isolated in
pure form after simple filtration over silica in >99% and 95-99% yield, respectively.*

Dimethylbinaphthyl 31 was also obtained from 21 as a racemate or enantioselectively using chiral
catalysts. The Kumada type biaryl coupling was performed with aryl-Grignard reagents and aryl
bromides catalysed by Ni complexes to yield racemic 31 (61%, 12.6 mmol scale, 1 mol% Ni(PPhs).Cl2)'?
or enantioenriched 31 (69%, 13 mmol scale, 1 mol% (S)(R)-PPFOMe, 95%e.e. (R).configuration).'®* Other
protocols (including Suzuki-Miyaura coupling) requiring expensive chiral catalysts and/or starting
materials, seem less appropriate for multigram preparation.'4,15,16,17

For the stepwise oxidation of 31 to 6 NBS bromination was applied followed by
hydrolysis/oxidation either via diol 34 or directly from 32 to dialdehyde 33 which was finally treated
with KMnOs in acetone/water®* or H202, NaClO>, NaH2PO: in MeCN/water® to afford 6. Yields are
good to fair (1-0-p-g-s-t: 63% overall yield or v-p-r-s-t: 47% overall yield). When comparing Route A with
Route B the latter one will be preferable if non-racemic 6 is desired and enantiopure binaphthol 29 is
available. Disadvantageous is the need of expensive triflic anhydride in step n.

Finally, a two step sequences from 29 to 6 might be considered as well. In an early report the
bistriflate 30 was methoxycarbonylated under Pd(II)/dppp catalysis to afford the dimethylester of 6 in
83% yield.’® The use of CO and requirement of noble metal catalysis obviously hampered upscaling and
broad use of this protocol. Two other processes working on gram scale were recently reported. After
transformation of 29 to 2,2’-diethylphosphate 35 (quant. yield) this was treated with Li-naphthalenide
at -78 °C to give the di-lithio compound which reacted with COz to afford 6 in up to 89% yield (3.6 mmol
scale). The need of a column chromatography to purify 6 makes up-scaling more difficult (5 mmol scale
reported).”” In an other report triflate 30 was converted to diphenylester 36 using phenylformiate as CO
source and Pd(OAc)2/DPPP as catalyst which was followed by hydrolysis to afford 6.20 It is worth noting
that both processes can be performed stereoconservative, i.e. without racemisation.

Summarizing, for multigram synthesis of 1,1-binaphthyl-2,2’-dicarboxylic acid (6) two
comparable routes are available, starting from either 2-methylnaphthalene (20) (Route A, Scheme S1) or
2,2’-dihydroxy-1,1’-binaphthyl (29) (route B, Scheme S2). Preference will be given depending on the need
of racemic or non-racemic material. In the first case Route A is more convenient and requires 4 steps (if
reaction m can be performed) or 6 steps with an overall yield of 66-67%. If at this stage an optical
resolution is performed the yield will drop to 25-26% for each enantiomer of 6. In this case Route B is
superior yielding 63% of non-racemic 6. In contrast, the asymmetric biaryl coupling (Scheme 52, v)

requiring expensive catalysts and long reaction time is less appropriate particularly for large scale
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preparations. An evaluation of both routes based on time and manpower requirement is rather difficult
as the reported time for each step in Table S1 is a rough estimate on the published procedures and do
not include preparation/drying/evaporation of solvents. Nevertheless, for the preparation of 5-10 g of 6
an approximate time frame with 10-12 days for Route A and 7-9 days more for optical resolution (g2),

and 10-11 days for route B will be a valid approximation.

Comments on Table S1

a: While the bromination of 2-methylnaphthalene (20) with Br2 in CSz yields up to 91% of 21 after
distillation, we found the use of HBr/H202 a more convenient method which could be upscaled to 0.5
mol yielding 95% of the desired product without purification (> 98%, NMR) and sufficiently pure for
the next step.

b: Treatment with excess NBS / AIBN in benzene or CCls gave the tribromide 22 in excellent yield.

c: The conversion to aldehyde 23 proceeds smoothly and should also work on multigram scale.

d: Although KMnO: oxidation performs satisfying the absence of heavy metal residues with the system
NaClOz/KH2POsmakes it more appropriate.

e: For esterification of 24 several protocols can be applied. Due to price and toxicity of Mel e2 is limited
to small scale preparations. The cheapest one is obviously the combination SOCl2/MeOH. No
chromatography is needed.

f: Many binaphthyl coupling methods are known but from the practical point of view the classical
Ullmann coupling in DMF is still attractive due to simplicity of the procedure, easy work-up and good
yields. Copper powder was activated by treatment with EDTA solution.?? The crude dimethyl 1,1’-
binaphthalene-2,2’-dicarboxylate was immediately hydrolysed and after extractive purification is
sufficiently pure.

g: At this stage an optical resolution may be performed.

h-k: These steps were already published for enantiomerically pure substrates and largely omit
chromatographic purification. Only for step k the mother liquor from the crystallisation was
chromatographed. Repetition with racemic substrate gave comparable yields (+2%).

i: Reaction with aqueous ammonia yielded exclusively the secondary amine 8, provided the reaction

temperature was kept at 60 °C. No tertiary amine or spiro-ammonium compound was detected.



Table S1. Synthesis of Diiodoazepine 8 from 2-Methylnaphthalene 22 (Overview)
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Step Reagent/conditions Scale (Mmol) Purification Time Yield Notes
a* HBr/H202 1 no 2d 95% a
b1= NBS/ABIN 425 chrom. 2d 97%
b2 NBS/ABIN 10 chrom. 2d 95%
c1?*  CaCOs/water 41 cryst. 1d 95%
2**  AgOAc/acetone-water 10 chrom. 2d 95%
da» NaClOz/KH2PO4 12.7 no 1d 94%
el H2S0s/MeOH 1 no 1d 72%
2?7 K2COs/Mel 100 chrom. 1d 95%
33 SOCl/MeOH 419 no 8h 96%
f' 1. Cu/DMF, 2. KOH/ MeOH ~401 extract. 3d 84% b
gll Brucine 88 cryst. 4-5d 40(R)/45(S)% c
g2 ; gggfﬁ:gghgg?me’ DCC/THE, MeCN 138 cryst. ~7d 39(S)/38(R)% o
¢3®  (R)-CHEA Me:NH/MeOH 30 cryst. 2d 38(R)% oe
h28 n-BuLi, TMP, MesSiCl, THF 15 precip. 2d 84% fg
;%8 BH3/THF 15 no 2d 84% fg
]'28 ICl/DCM 15 no 1d 90% fg
k%8 PBrs/DCM, THF 15 cryst. 2d 78% fgh
HBr/HOAc 5 no 4h 96% this paper

l NHs/CHsCN precip. 2d 80-90% this paper!
m3 02, Co(OAc)z2/butanone, HOAc 482 no 1d 87%
n?» Tf20, 2,6-dimethylpyridine/DCM 24 chrom., cryst. 1d 99%

2 MeMgBr, DPPP/NiCl2/cyclohexane 23.6 chrom., cryst. ~3d 90-92%
p* NBS, AIBN, hv/cyclohexane 14.2 chrom., cryst. 1d 88%
g% 1. NaHCOs/DMSO, 2. PDC/DCM 25 chrom. 2d 70%
731 1. KOAc, BusNBr/DMF, 2. KOH/dioxane-H20 8 cryst. 4d 88%
532 MnO:z/toluene 1.6 no 1d 99%
133 H202, NaClO2, NaH2POs/H20, MeCN 30 no 2h 91%
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u*?  Ni(PPhs)Clz, 21-Mg/benzene/Et20 12.6 distil. 2d 61% k
o3 NiBr, (S)(R)-PPEOMe, 21-Mg/toluene/Et:O 10 chrom. 5d 68% 95%e.e.
w'®  CIP(O)(OEt)2, NaH/THF 35 chrom. 4h quant. m
x¥  Li-naphthalene/THF then CO:2 3.5 chrom. 6h 89% m
y?° phenyl formiate, Pd(OAc)2/DPPP, Pr2EtN/neat 4.0 chrom. 3d 63% m
z20 KOH/MeOH, water 0.4n chrom. 2d 89% m

Legend: 2Pure by NMR (>98%). ® Two steps, no purification of intermediate. <Optical resolution. ¢Two steps. ¢Only one enantiomer isolated. f Yields reported
for enantiomerically pure material. 8 Synthesis was conducted on a 15 mmol scale with unchanged yield.3* " Mother liquor was chromatographed. !
Alternatively purified by crystallisation. | After two crystallisations. ¥ Excess of Grignard reagent of 21 used. ! Excess of 21 used; 99%e.e. after one cryst. ™
Reported for enantiopure starting material, no racemisation was observed. "In the paper the hydrolysis step is reported only on a 0.4 mmol scale but might

be upscaled without problems.
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1H- and ¥C-NMR spectra (If not otherwise noted spectra are recorded at room temperature in CDCls)

Ph
O
@N
\
oy o
Ph

Bre

=

T

2.0578

EAILE
11.7939

| 4.1477

[2.0315

2.1162
| =-11bs

2.0879

[rel]

[
L:2]
=



S9

[124] o2

§962°EL —

Legg'el —

PLELYE —

0902 LS —_
0561 LS —

08L6°EC) —~_
£20t°L2L
Felo Ll —
SPST 821 =
peeeszl ——

v81L0el )
880l’LelL —f
Leseeel — —
zzireel —
Le69'8el —
00L1'0FL

[ppm]

I
20

I
100

I
120

I
140




S10

124

—
i

wwwwwww

ooooo

oooooo

[ppm]



S11

A

—

SOLY'ElL —

stel've —

005" LS —

69FLtTL
mEo.EFM_.r
£z8l'L2L

S8SY LZL —=
690L L2 .\ﬁ
Lezeszl -
vZLS 8T —
9LLy'6ZL
ocLgocl —|
vLet LEL
LL19zel
8LEOPEL
sLor'sel —
ersl ovl —

[ppm]

I
20

I
100

I
120

I
140




512

0
M
mmmmmm
]
_
N 95919 |
-
/ mmmmmm
._-Il
[ /T
< 16102
-
[ 7
.A 61661
7
juﬂ. Z910¢
o

1

[Ppm



513

[124]

[

—

8keg’el —

BLES'El —

reocre —

LOOL'LS —_
LGOF LG —

L928'8T1
ELLOLTL
90et' LT1 |
£919'121 &n
98LLITL —
Z151'821
£08z'821
£605'821 i
1806'821 |

ggz90el
G160°LEL |
soceeel
LSbtrLE] —
13et8c) —

J

6189°'6E1L
FLEL'GEL
SZBO°LPL —

[Ppm]




S14

SN
OO Ph D] Br

mmmmm

mmmmmm

6LE0
hhhhhh

o
o
8

rd

[Ppm]



S15

T

0L9L'61 ——
299202 —

e5ke LS —
e0gl'es —

Br

L |

6!

] — |

ZIPE'ET)

PELE L) -\
9805'L2) | _
$122'82) —=
691¥'821 —/=

L

Iy

9.55'8Z} —
9156zl —f
SrsLoel —|
Lrlooel |
6518081 —F

18zr8elL -

g961°0F1 —

[Ppm]

I
100

I
120

I
140




S16

1



S17

FovLlel ——
£eLgoz —

919€'85 ——
S66E°65 —

[ppm]

20

100

80r L2l
£6¥6'921 )
£eol Lzl |
griv' L2l
SPeo Ll
LLLYLEL
rL98'L2]
LBOE'8ZL —
LPLEBEL IN —
BEES'BEL
eLrE'egl -
LesEBEL N
8EEL°0EL
68€C°LEL
6L19°ZEL
SLIT'EEL
FEOO'FEL
9861°9E1
.nw 6EYT'BEL
- PLLLOFL —

120

140




518

e

[Ppm]

|

4 [re



S19

L]
a8}

T

LOSB'6) ——
602£°02 —

CLEE LS —
oere'es —

128O'VEL
§122'L21 \_
PPSY LZL |
9165'LZ|

orel lel

rLp1'8Z1
zg8z'8zl
6229'821 -
ecieszl ||
sl990gl
6669051 N
805605} |
peeeee) -

[Ppm]

I
100

I
120

I
140




S20

Ca B ?
]
Ph -
O
®N(j Bre
.9 o
Ph
]
- @
i i -t
/ oy
g A
L L J ﬁ J‘( /'J L_ﬂ o
G a o o o © =
s 6 4 2 [ppm]



S21

o

TL.a

L9050 —

096215 —

98E8°19 —

9LEB T

mmmn.hﬂ#
OPLY LT} )
EE.WEW
§99£°821 ~/
0LL5'8Z)
¥60£°621
£960°0E1 —|
9919'0£) | _
¥898'0€1
6L68'cEl —
lesL zel
8c19'8el —
1G99°6¢) —

o

P

[Ppm]

I
100

I
120

I
140




S22

!

L= el E=1{1 ]
=] = | || T
o Led Edi A
2 ===
I~
| |
T T
8

—1.9236

|

[re



523

10D

609502 —

LLZE' LS —

LSTE'19 —

PL50'SZ1
06L6'921
0.81'121

FLYS'LEL —
2998 L2l —
PESE8Z1 —|
rSIE8el —
OLLY'BEL —
99£2°621
LOvE'BTL
9£18'0EL
Ligelel —

[Ppm]

I
100

I
120

I
140




524

|

[re



S25

656500 —

FELY' LS —

[Ppm]

82LlE19 —

¥a8L 9L —
LO0O' LL —~
ozizLL—

I/

S9EB'¥CL
806L°L2L
09rF LEL —|
WA

100

120

$8.8'82 |
6929081 |
6F69°021
S0L6°0E1 -
T

i~
L

(A%

140




526

N
e

]
C

oooooo
mmmmmm

mmmmmmm

oooooo

mmmmmm

mmmmm
mmmmm

[ppm]



S27

[124] o

2a

SO0 LS IN —

LEEE'TO N —

9roL’Zel W —
LSOB'PEL N —
LLOL'9ZL N -
LOLB'9Z L N —)
SLPELEL N —=

6588°0E1 W
LIS6'0EL W
PEZO LEL W
826921 W
ziseeel W
65P6'2EL N |
ZLPL9EL N |
¥8Z1'6EL N
L99Z'6EL N —

gy

al
"

Vil

l
¥

i 4m._._

o

[ppm]

I
100

I
120

I
140




528

I

e e

rel]

oW =+ 0| =| |d|T||©S [+ w w [=] [

= [y ] (=111 | (LD || (D == [ (2] [=] o

=+ =] o\ = | || 00||r= [ [ [=] [=] o

o | oo o S]olle jo{ H\ Jo‘ Jo{ Jm{

L“J u | L“\L“J . ““L\“I“U“L B — "'I B I i N i B | i}
8 6 4

[ppm]



S29

]
Y]

1609 LS —

FLEE'Z9 —

49
Segassh
0

0Zr8'Zel —
FOLL¥EL —,
1898°921 '\
L¥BL9Z] J&ﬁn
§981°L21 =
6F0L L21

[ppm]

SE95°L21
Preg LT
S8vL L2l -
0056°L21 —
ZELEBEL
SE0T 821
£895°821
S098'821
0ESL0EL
BS9Z LEL
668L'ZEL
SEBL'EEL
ZBLY'EEL
OLLO'PEL
0516'SEL
FLLT'BEL
Lezr'ecl —

BALU

I
100

I
120

I
140




S30

[124] s2
1 1

[ppm]



S31

[124]

Sl

BZEY' LS —

£905°29 —

[ppm]

£899'ZZ1
Z0S0'SZL u,,,r
901921 \
02C8'9Z1
goLE LZ1

LOI¥ LZ1
6ZYS L2]

Z566°12L
050181 —|
0She 821
¥285'821
$59L°821
Zezeezl -
G592 62Z1
9Le0'LeL -
0LZZ LEL
191t 181
981’ ZeL
00F8 £eL
9050' P L
65CZ 901
ZLLL'BEL
£69L° 801
ZZor 6L
oFsl oFL
809L L¥L —

I
100

I
120

I
140




S32

OO

e

AMJLM

g U_ _JJC A
B A BB B BN A

[Ppm]

1



S33

[I?4] g ¥ s z ! 0-

/@T
) =

rriZ'0




S34

3a
D

378K

O-d6,

it

BOEL'LS N —

186T IO IN —

L
C0

LOSB'EZL N —
BELT9ZL N\
LOLS'SZ ) —
6509°921
9ELE L)
068E° L1
S06Y° L2 —ii=
EEER' LTI
81907821 —|
L8rz8el
LoLS'62l —f
S96L°0EL
SELE0EL N
6SEY 0EL |
BELEEEL N )
LP8S°LEL N —

o

[ppm]

I
100

I
120

I
140




S35

I T I T T T
4 2 [ppm]

el]

1.5

1.0

0.5

-0.0



d

P

S36

J t‘

2

[au]
[
]

IMSO-dE,

/)
[

L2ZZ'0

:

[ppm]




S37

[124]

oc 0z

378K

-
]

VISO-d6,

3h
I

]
3
D

0195°LS N —

1860 L9 N —

Q

o

[ O - O |
0%
.

{7
@

BLBIEZL N
9e86'5Z1 W |
LOPZ 921 |
9/86'9Z1
1981921 %
6556921 —FE
928e° 121
6Lt 221 —
GGE1 L2
6686'LZ1
rorZ 8zl
esleszl
vrriocl
SLLE0SL W
Lolg'0gl
LEZ8 LEL IN
LISH'ZEL IN
rLreeel W
oreL’scl W
S6.8'LE1L W
6298'821 W
zigreel IN -

=

[ppm]

I
40

I
100

I
120

I
140




S38

oooooo

[Ppm]

mmmmmmmm

wwwwww

mmmmm




S39

[ppm]

<
/m
6880 |




5S40

[124] 0z ol

£68Y' LS N —

SLIT 9N —

OPEL 2L IN
1S01'9Z1 |
£182'9Z} W |-
LGt 9Z1
90.5' 921 %
6219921
S0LL' 221 L
2R A
G106 121
£885'LZ1
6252821 -
zose'azl
189z 021 —F
Lozeocl —|
peceocl N -
geeeeel IN -
zZiLee el N -
622LLE1 N L
Z9le8cl N
98881 N
¥szl6cl N -
82GL681 N -

378K

-
]

MSO-d6,

D
G
L

[ppm]

100

120

140



S$41

[124]

Sl

oL "] 0
Il Il Il Il Il 1 Il 1

4a

W
—

02602
0280 |

|
___ i
0000°% |

!

[ppm]




542

£958°LS —

SOLL'ES —

0901°LZL —=
L9021}~/
8695 LZ1 .\
G1ZE'8Z1 .\W
1801°6Z1
1925621
G089'6ZL W —f -
slseoct |
e6r6 08l —f
9200°v<L
LLLT9EL
zize'sel —~

POLS ZPL —
EBLSERL —

[ppm]

I
60

I
100

I
120

I
140




543




S44

[124]

A
=

9185 LG —

9096°29 —

S901'+Z1
18LF'SZL
LI81'9Z1
8885'9Z1
PEOL'9ZL
6LLL'9ZL
2518921
9996'9Z1 —
eGhELTL
88£9'2Z1
0£L0°821 -
898871
9981821
06b6'8Z1
916£'6ZL
Z96£°0EL
L9F0 LEL
8688 LEL
9ZrELEL
1BE0ZEL
699221
LLS6ZEL
9819'eEl
ZSbE'SEL
SrlE9tcl
£ZLETPL
gsisepl —

[ppm]

I
100

I
120

I
140

I
160




545

[124]

g0
Il 1

4
4c

DMSO-d6

solvent:
378K

[ppm]

vS8LZ |
SOl




S46

a
4c

0-d6

solvent. DM

OLLL9G N —

895129 N —

(0]

[

Q“”O
Q) p O
O~

LIEEPZL IN
1289°SZL |
LeL8'SZL N —\L
PS96'STL
o A A Ry —
0921’9z} w\ﬁ
L269'9Z1
GZE8'9Z1 —
0LoL 2L
0820°821 —
tLie821
6rrogzl i _
seerezl |
pLE9'6ZL N |
80SL6TL —j—
zrleoct —i-
Lose'sel N
LLLOZEL W
zoig'sel W
0L9L°62) IN —|
0L08'L¥L N —
rLO9'ZrL IN

[ppm]

I
60

I
100

I
120

I
140




547

.

L..;Li

©
(]
-
2
ol

190

=T
Lo

At

FalL

| |2 |
o
e
2
|

o
o
o
2
o

LS66"L

[Ppm]




548

[124] og 0z ol

L6LY'EL —

9696’61 —

S0FP'SE —

956565 —

821099 —

SE55°L6 —

C4Hg

CeEY' LT
LOLY LTL —

G501 LZ1 UW =

slL9l'8gl N,
§598'321
£9.8'0C1
cole'sel —

00eg'LEL —

- BZ9E"IFL —

[Ts]

[Ppm]

20

I
100

I
120

I
140




549

m
0

hno_..MH

09EL'ZT

LBLE" L

Zro0

650

:

6L0°

A

000

ZZi6' |

[ppm]




S50

m
L0

CELY 0 —
Leel’ le —

£522'65 —

Lere's9 —

£886'96 —

620" LZ1
9190'821 —=
8z¥L'8zL —/
99£8'821 —/—
1269061 —

6ZLT'SEL —
9LLE'LEL —

BELY LY —

[ppm]

100

120

I
140




S51

4
4.

g

[ppm]

1



S52

ersl’ee —

LIYS 29—
§220°89 —

z8L9'9L
9G66°9. W
6ZLELL

FeSes'96 —

188E L2l
6061 L2 —\

£191'821 —F=
9559821 u\w
+208'8Z1 —/
vzsLoel —
LLeegel —
LIPS LEL —

Lest L¥l —

[ppm]

100

120

140




S53

[124]

ol

=
COx

M

161671 |

00002 |

Eri0's

LPEOD'Z |

£Zio'e

[ppm]




S54

EL9G°26 —

8c89'9.
8000°LL W
881E L1

cerlle —

SELY9ZL
$809'921 —=
A
sbee Lzl —
1861081 —

LELLPEL —
Z029'Sel —
0es0'9eL —

rre8Ll'eEl —

[ppm]

I
100

I
120

I
140




S55

Fah
e s tabee

—_

rel]

[

—2.0899

—2.0482

[ppm]



S56

EP89'T9 —

atvLlee —
olet'es —

LISE'SZL
Sb91'SZL W
6960'9ZL ——
1282521
0620° L2 ~
pZOE LZ1
9851'6Z1 e
veeroel —

E9L8'EEL —,
cLIOPEL e
£090°FEL

691LT'9EL —

SLIEBEL —_
6E00°6EL —
sLigeelL —

[ppm]

I
100

I
120

I
140




S57

[I24] oz
1 1 _

Ph

(L
L

Ph

[Ppm]




S58

rOBS' P —

SC69°5T1
LbSLST] —
LPSL LTl —~_
5929121 —
osgl8zL —/_
909z 821 —/f
0L09'6Z1 —_
A
orogoel —f
eLrrZEL
0992'ecl -
9100°9¢1
S0SL6EL —

PESE LY —

[Ppm]

100

Ph
Ph

L
C

120

140




S59

1



S60

[124]

o 0z

Lerlvr —

6L6L°STL
Zr29'521 |

0210921 uﬂu
091£'9ZL —

BE9S L2 —;

00Z9°LZ1 —
osiL Lzl -
5060821 I
1St1°8Z1

ovze'szlL |
1516621
eeze0cl i
eeerzel -
ezeszel
vereeel [
16zs€elL
1860'9€1
Leee'sel
proL-6el —

[ppm]

I
100

I
120

I
140




[124] zl ol 8 9 ¥ z
1 1 1 _ 1 1 1 _ 1 1 1 _ 1 1 1 _ 1 1 1 _ 1 1 1 _ 1

Se61

_—-ll
1
[ A 9£80S |

TT—————= ¥Z66'L |

————=, 08102

— =
oLrlz |

v9iT8
m SECLZL |
oooo.mm

[
(s _

[ppm]



562

09to' vy —

PYOLSTL
z608'S2) |

60v6'52]
88l L2l —=
L6ve L2l ~-
LSEG LTL /-
z8sz'szl —
£9z8'8z1 —j
6679621~
9e01'0¢
Lzigoel -
8zov'zel )
leegeel —
£190'9g1

9Lle62l

8520°0F |

vooc orl —

=

[ppm]

I
100

I
120

I
140




563

2 2'dicarbox

1-hiphen

! SiMe;

COOH

! COOH

SiMes

I W
o

Wi .

[=“x_|

[rel]

8

0303
0538

[ 18.0000

2.0111

6 4 2 [ppm]




564

Sl
1 1 1 1 _ 1 1
b -4 Al
s 55 &
= 88 =
[} O O 5]

speZedl ——
garLogl —

ElerveEL —
ELLYLEL N —~_

9280°'8EL ——

£52L8EL —

890LELL N —

[ppm]

50

100

150



S65

2-divi)dimethanol

— T 6GL D]

f IEL6L |
1EL6L

SiMe;
OH
OH

SiMe;

j

996" |
713

4

N —

=

L20

[Ppm]



S66

=
[4¥]
g
ey
@
=
[
=

Sl
1 1 _ Il 1
§928'6
0928°19 —
§£3
(2]
£Lge'9gl —
oFve’0EL —
SEEV'PEL —
0966°0P L ——
BEOL Pl —

zezr'erl —

OH

SiMe;

I
[Ppm]

I
100

I
120

I
140




S67

[

3,3-Difodo-[1, 1

iphenyl]-2 2"-diyl)dimethanol

.9691

.0466

4 2.1319

2.0989

1.9965 »

[Ppm]

[rel]

12

10



568

—_
nhenyl]-2, 2 -divildimethanol o
¥ s .=
=]
(3]
I — & L = oW
=0 oW (1] - B
= = = = (3] w
oW - 1] =] d |
—o® oo ] ~
= =1 2 oo o "]
—— — -— w =
Ll L)
1 | r
! -
(<]
OH
O OH |
|
| o
e
- o
[=]
—
1
I ' ' I ' T ' I T —
140 120 100 80 60 [ppm]



S69

[124]1 o1

[Ppm]

M 88+0° |-
S850° |




S70

[124]

oz

SLY9LE —

Lologol —

9Fe9'Esl ——
08L0°0CL —

BPLSLEL —

SELOOPL ——
S00L° L —

[Ppm]

I
40

I
100

I
120

I
140




571

[Ppm]




572

=
h o

crog’es —

0595001 —

NH

v

CECE'LEL —
ericesl —

02¥e'8El ——
SLIS6EL —

BEEE'CPL —

Y

Lk

o

Y

[Ppm]

I
100

I
120

I
140




S73

a4 A4 =
1da 2
[ ==}
| |
N® Br° -
| |
| D
—
| ©
—
— D
r A A ’
A . El i l o
(=] (2] = [ =
= r- (=] (3] = -
2] [ == (] (=]
‘m. @ ‘o‘ ‘q q‘
Ly - " - B
T

[Ppm]



S74

[124]

or
_ 1 Il

ELSE L9 —

6leLE0L —

5106°821L —
LPLZ0EL —

LBES'EEL —

LI0E' Pl —
ZevLlevl —

[Ppm]

I
100

I
120

I
140




S75

[124]

oz

[y]

J
&

0990°91

[Ppm]




S76

[124]

T

£Log'st —

9LZL'LZL
LBLL'LZL —\
§GLE'LZL —
vOLL'8Z) L%
L6St 621 —/
09eL'6Z1

SLYEreElL —

98T bl —~_
SLLOTHL —
00sg'zvl —

e

2y

bl Lt s ) ”wu

[Ppm]

I
40

I
100

I
120

I
140




S77

[124]

=

0
! 1 L | ) )
w_ | E
o
=
] - o
— M
.
___ I
IS86°C |
___-l
— =
—
— @
— =
66008 |
£688°G |
00002+ w




S78

[124]

or

A

—

00Ze’st —

SPL6'STL

1S9Z°9Z1

e11Z'1Z1

8L16°LZ1 —\
sSh9' Lz ]

68L9°LTL —f
9666°LZ) |
£e0L'821
¥8eL'8Z1
06L0°0E)
v8svzel |
sz6z'eel
905t be L
sLeggel —

LEVE LD —
=154 - - M

e

-

and

o

Ly

L

& s
O~

[Ppm]

I
100

I
120

I
140




[124] op oc 0z ol 0
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

579

leel'e |
£ZiT'8

| ¢00 Wu

m@

[
Ty
T

[ppm]



S80

[

—

oved’ st —

£926'9Z1 |
§860°LZ1
mmmu.hﬂw
e
Leat LzL )
ge18'8zl —f
elsL ezl
gg8lLe'ezZl
£e8zT el —

LEVO OV —,
68YT OVl —=
L98L 0Vl %
v9Z9 Ll
L919°zrL

1l

[ppm]

I
100

I
120

I
140




in DMSO-ds

S81

16

53
Seghed

‘%——-—

W

2.0343

[ 6.0987
_4/—

[Ppm]

rel]

(=]

2.0

1.5

1.0

05

-0.0



582

in DMSO-ds

]
-

BBZE LTl N —

£P6C'29 —

core’vs —

BZe0'LE6 —

%)
98

3
o

|

6V69'SZ1
96L.9'9Z1
FLOE9ZL |
§991°121 ~\-
G882 121 —
o8re LZ1 |
6361121
1662821
90rt'8Z1
£958'821 -
6ve6081 —f
0Z66°0E1 I
ovee LEL i
98.0'tvel i
08Z6'vel —|
18L6°SEL | _
g8lz'Lel —/
ee90 Ll —

I
[Ppm]

I
100

I
120

I
140




583

)

sotNey
CCr

Ar=Ph

}{

|

:

BES0'S

J

LPOO'L

gliel |

Brig’l

066
ched

L.

eEFFLL

1544
68

Zerl’

g6l6

e

[ppm]




[124] 0z

S84

gcleeE —

S0ZL 1S —

e6Fet' LS —

188L'OL—,
8666'9L e
LLLE'LL

rorl'sel
L99E'STL
0cls'sel
0909°S21
LBYO'STL
ZeEL’SeL
98s.L'6cl
§98L°GZ1
LS0Z°921 —
685921 —
182L 921 —
peESL LEL
92ES' LTI
1885 L21
rasl lel
SOv8'LEL
£CIE L21
1686 LT1
L8882
08tS'8C1
LS60°6T1
LloL'egl
L90L0EL
6F90°CEL
PeLEZEL
6BLY'EEL
SPEY'EEL
€BLSZEL
PEETEEL
9EGB'EEL
PSLLPEL
S866'FEL
0LEO'9EL
ELLT9EIL
E6F9'EEL
E6tF0oP1 —
oLos’0F1 —

17a

[ppm]

100

120

L)

potVey

160

CO

180




[124] gl 0l g0
_ i 1 1 i 1 1 1 i 1 1 1 i 1

S85

§l00%Z |

o

Ar
Ar

POL
C

[ppm]

I
3




586

17b

oF6S'6E —

6L06°1S —

V2L’ LG —

£geE'PEL
rlee'rl
LYPEY'SEL
£295°621
9109°621
889L°521
S96L°S21 —;
pozge'sel
L188°SZ1 —
erolL'9gl —
[41r3-11"
-
eBET L1
Pe9T’ LEL N
LLLELEL
g8stilel
6515 LEL
£665°LCL
SPEo'Lil
P18 LEL
gLOL L2)
CLLLLEL
gclLoeel
6690°821
CELL'BEL N
alge'sel
L&LY'8E1L
6898°821
S1880C1
ETLLLEL
€L0E°2EL IN
902L°2E L
1925 2EL
9grseel IN
02FE"2E L
LECLEEL
€60L°EC]
098L°EEL
9LrTPEL
SLLO'SEL
8251°9E1
6582°9E1
826L°LE]
FE9T'BEL
geeciorl —

CO

Ar
Ar,

e

Ar = 2-naphthyl

1

Ar

[ppm]

I
50

I
100

I
150

I
200




S87

—1.8498 l —

—

o=

[vd|(=]

o=

oo
T

o0 @0 o
e 15 3]
wi=r w L]
] [=] Qo -

MR |
T T T T

8 6 4 2 [ppm]

[rel]




[124]

09

588

0
T

9LST'ES —

COLL'99 —

LEOB'9E —

30
Seq

LESL'LZ)
AR
6189121 —=
LZ10°8Z1 %
voce'azl —/
pp69°8Z1
9208'6Z1 —
ZobgLeL Lwn
wioiel
sozo'zel
ZZELGEL —

E6¥SBEL —

LIBO' P ——
srce vl —

[ppm]

100

CJ
J

120

140




589

BELL'Z
6LLTE

o
=1
@

[

820
cETO'Y

ﬁ

8966 _m_H

FLO'Z |

ow

000'2 |

:

[ppm]

T
4

— o




S90

[124]

or

Oy
T

8slev9 —
COEY'99 —

9189°201 —

0ZP6 9Z1
6980°LZ1 —,
£085 L2 —=
womw.hﬁuﬁ
PeLL LTI

mmwm.mﬂkw
S800°0E1 —
sorz ocl

ocee oel —f
ELZLLEL -
89.L°z8)
sLISPEL —~ _
6226921 —

ereL'orl —

CESEErl —

[ppm]

I
100

I
120

I
140




molecules-280155-supplementary proofreading S91

X-ray Analysis

23.03.2018

Experimental data and CCDC-Codes can be found in Table S2. Crystal data, data collection parameters,

and structure refinement details are given in Tables S3 to S10. Crystal structures visualized in Figure 51

to 54.
Table S2: Experimental parameter and CCDC-Code.
Detect Time/ F

Sample Machine Source Temp. ? ector me #Frames r:’:lme CCDC

Distance | Frame width

Bruker [K] [mm)] [s] [°]

3a D8/ Kryoflex Mo 100 40 100 735 0.55 1825002
8 D8/ Kryoflex Mo 100 35 6.4 3372 0.40 1825003
16 D8/ Oxford Mo 100 50 15 3532 0.35 1825004
17b D8/ Kryoflex Cu 100 34 50 1830 0.70 1825005
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(S,R*)-2",6'-Diphenyl-3',5,5',7-tetrahydrospiro[dibenzo[c,e]azepine-6,4"-dinaphtho[2,1-c:1',2'-e]azepin]-

6-ium bromide (3a)

X CuA c
@)
/C44A C56A _ SIZA
S C53A
C55A
O A
O c54a L)

Figure S1: Crystal structure of 3a, drawn with 50% displacement ellipsoids. The asymmetric unit is built up by 1
and 2*1/2 independent molecules of 3a. The 2*1/2 molecules, one counter ion and CHCls molecules are omitted for
clarity. All three moieties form the same chiral arrangement. The centrosymmetric space group forces the inverse
chiral form. Four voids with each 451.2 A3 (9.6% of unit cell) had to be excluded from refinement. The corresponding
value of electrons is 109.5 each. We could not find satisfactory positions for solvent atoms.

Table S3: Sample and crystal data of 3a.

Chemical formula CsoHasBrClsN Crystal system monoclinic
Formula weight [g/mol] 945.42 Space group C2/c
Temperature [K] 100 V4 16
Measurement method \fand \w scans Volume [A?%] 18676.7(11)
Unit cell
Radiation (Wavelength o
adiation (Waveleng MoKa (A=0.71073) | dimensions [A] | 329747(11) 90
[AD o
and [°]
Crystal size / [mm?] 0.118 x 0.03 x 0.019 33.7652(11) 119.5218(14)
Crystal habit clear colourless needle 19.2774(7) 90
. Absorption
Density (calculated) / 1.345 coefficient / [mm- 1.258
[g/cm?] .
Abs. correction Tmin 0.6858 Abs. correction 0.7452
Tmax
Abs. correction type multiscan F(000) [e] 7712
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Table S4: Data collection and structure refinement of 3a.
-39<h<39,-40<k< | Thetarange for
Index ranges 40,-23<1<23 data collection [°] 442610 50.784
Reflections number 134422 Data /restraints / 17153/0/1049

parameters

Refinement method

Least squares

Function minimized

¥ w(Fo? - F2)?

Final R indices

all data R1=0.0870, wR2 =0.1394

1>20(1) R1=0.0529, wR2 =0.1249

Goodness-of-fit on F2

1.035

Largest diff. peak and
hole [e A~]

1.46/-1.15

Weighting
scheme

w=1/[0?(F?)+(0.0583P)?+67.0953P]

where P=(Fo*+2F2)/3
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2,6-Diiodo-4,5-dihydro-3H-dinaphtho[2,1-c:1',2'-e]azepine (8)

)

Figure S2: Crystal structure of 8, drawn with 50% displacement ellipsoids. The asymmetric unit is built up by 2
independent molecules of 8. Counter Ion, CHCls and second independent moiety omitted for clarity. The two
moieties form different chiral arrangements. Anyhow the chiral space group is proofed by Flack Parameter =
0.000(2).
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Table S5: Sample and crystal data of 8.
Chemical formula C2sH1sBrClsl2N Crystal system monoclinic
Formula weight [g/mol] 866.8 Space group P21
Temperature [K] 100 V4 4
Measurement method \f and \w scans Volume [A3] 2927.7(3)
.. Unit cell
Radiation (Wavelength |/ "\ (A=071073) | dimensions [A] 11.8178(7) 90
[AD o
and [°]
Crystal size / [mm?] 0.253 x 0.217 x 0.204 17.2708(10) 94.2551(19)
Crystal habit clear colourless block 14.3841(8) 90
. Absorption
Density (calculated) / 1.967 coefficient / [mm- 4.076
[g/cm?] 1
Abs. correction Tmin 0.6217 Abs. correction 0.746
Tmax
Abs. correction type multiscan F(000) [e’] 1648

Table Sé6: Data collection and structure refinement of 8.

Index ranges

-16<h<16,-24<k<
24,-20<1<20

Theta range for
data collection [°]

3.456 to 60.186

Reflections number

185276

Data / restraints /
parameters

Refinement method

Least squares

Function minimized

2 W(F02 - Fc2)2

Final R indices

17236/1/629
all data R1=0.0229, wR2 = 0.0496
>20(I) R1 =0.0215, wR2 = 0.0491

Goodness-of-fit on F2

1.048

Largest diff. peak and
hole [e A~

1.09/-0.68

Weighting
scheme

w=1/[0%(Fo?)+(0.0231P)24+2.2240P]

where P=(F042Fc2)/3
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(S,5)-2,6-Diiodo-3,3',5,5'-tetrahydro-4,4'-spirobi[dinaphtho[2,1-c:1',2'-e]azepin]-4-ium bromide (16)

Figure S3: Asymmetric unit of 16, drawn with 50% displacement ellipsoids. CHCls omitted for clarity. The chiral
space group is proofed by Flack Parameter = 0.059(3).

Table S7: Sample and crystal data of 16.

Chemical formula Ca7H36BrClslaN Crystal system orthorhombic
Formula weight [g/mol] 1161.18 Space group pP212121
Temperature [K] 100 V4 4
Measurement method \f and \w scans Volume [A?] 4402.1(5)
Unit cell
Radiati 1 h o
adiation (Wavelengt MoKa (A=0.71073) | dimensions [Al 8.9851(5) 90
[A]) o
and [°]
Crystal size / [mm?] 0.161 x 0.152 = 0.048 11.0959(7) 90
Crystal habit clear colourless block 44.154(3) 90
. Absorption
Density (calculated) / 1.752 coefficient / [mm- 2.736
[g/cm?] 1
Abs. correction Tmin 0.6645 Abs. correction 0.747
Tmax
Abs. correction type multiscan F(000) [e’] 2272
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Table 8: Data collection and structure refinement of 16.

23.03.2018

Index ranges

-14<h<14,-18<k<
18,-72<1<69

Theta range for
data collection [°]

4.598 to 71.546

Reflections number

168354

Data / restraints /
parameters

Refinement method

Least squares

Function minimized

¥ w(Fo? - F2)?

Final R indices

20447/0/523
all data R1=0.0360, wR2 = 0.0736
I>20(1) R1=0.0318, wR2 =0.0721

Goodness-of-fit on F2

1.085

Largest diff. peak and
hole [e A~]

1.42/-2.32

Weighting
scheme

w=1/[0%(Fo2)+(0.0296P)2+5.3285P]

where P=(Fo*+2F2)/3
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(R,5%)-2,6-Di(naphthalen-2-yl)-4-(((S,R*)-2'-(naphthalen-2-ylmethyl)-[1,1'-binaphthalen]-2-yl)methyl)-
4,5-dihydro-3H-dinaphtho[2,1-c:1',2"-e]azepine (17b)

3 \"'\A\‘ﬁ

,,\\@‘

O
Q 1 @) 73
O Y c32

Figure S4: Asymmetric unit of 17b, drawn with 50% displacement ellipsoids. CH2Cl> omitted for clarity.
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Table S9: Sample and crystal data of 17b.

Chemical formula C77Hs7ClsN Crystal system triclinic

Formula weight [g/mol] 1208.93 Space group P-1

Temperature [K] 100 Y4 2

Measurement method \f and \w scans Volume [A?] 3019.4(5)
Unit cell

Radiation (Wavel h o

[ ;]‘;‘at“’“ (Wavelengt CuKa (A=1.54178) | dimensions [A] | 12.3238(10) 71.502(2)
and [°]

Crystal size / [mm?] 0.259 x 0.198 x 0.098 13.5521(11) 86.172(4)

Crystal habit clear colourless block 19.1746(19) 84.204(3)
Absorption

Densi lcul

ensity (calculated) / 1.33 coefficient / [mm- 2.952

[g/cm?] 1

Abs. correction Tmin 0.6112 Abs. correction 0.7536
Tmax

Abs. correction type multiscan F(000) [e] 1256

Table S10: Data collection and structure refinement of 17b.
-15<h<13,-16<k< | Theta range for
I .902 to 146.862
ndex ranges 16,-23<1<23 data collection [°] 6.902 to 146.86

D .

Reflections number 31469 ata/ restraints / 11696/15/766
parameters

Refinement method Least squares all data R1=0.0750, wR2 = 0.1912
Final R indices

Function minimized X w(Fo? - F2)? 1>20(I) R1=0.0707, wR2 = 0.1869

Goodness-of-fit on F2

1.084

Largest diff. peak and
hole [e A3]

1.30/-1.38

Weighting
scheme

w=1/[0%(Fo?)+(0.0876P)2+5.0094P]

where P=(F042Fc2)/3
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