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Zusammenfassung—Die zwei Phenylchromophore ecines optisch aktiven 1,2-disubstituierten
1,2-Diphenylethans geben unabhingig voneinander Cotton-Effekte innerhalb des Wellenlingenbereichs
der a-Bande. Durch Bildung der Summen-und Differenz-CD-Kurve fiir ein threo/erythro Paar erhilt man
CD-Spektren, die fiir jedes “Halbmolekiil” charakteristisch sind, und die im allgemeinen zwei
0-0—Linien um 37230 cm~' aufweisen. Aus deren Vorzeichen kann die absolute Konfiguration an
jedem der Chiralititszentren eindeutig bestimmt werden.

Abstract—The two phenyl chromophores of optically acuve 1,2-disubstituted 1,2-diphenylethanes give
independent Cotton effects within the wavelength range of the «-band. By drawing the sum and difference
CD curves for a threo/erythro pair CD spectra characteristic for each “half-molecule” are obtained, in
which generally two 0-0-lines appear near 37230 cm ~'. From their signs the absolute configuration at
each centre of chirality can be determined unequivocally.
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1,2-Disubstituted 1,2-diphenylethanes contain two
phenyl chromophores, which do not interact (or at
least do not interact strongly) with each other within
the energy range corresponding to the absorption
within the -band (250-280 nm). In a following paper
we will give details about all Cotton effects found for
such compounds, and also on the determination of

their absolute configuration from their circular di-
chroism bands at shorter wavelengths.

In general within the range of the a-band in the
UV-spectrum one finds only weak absorption, but
very pronounced fine structure. At least two series
can be identified also in solution spectra, namely the
one which has its origin in the 0—0-transition (spac-
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Fig. 1. Solvent dependence of the CD spectrum of 26 (a) ethanol; (b) ethanol-acetonitrile 3:1; (c)
ethanol-acetonitrile 1:1; (d) acetonitrile. Abscissa linear in wavenumbers (1 unit = 10°cm —!).
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ing approx. 920cm '), whereas the second 1 shifted  rarely with erythro compounds, but are quite fre-
to the blue by approx 520cm ' (1 quantum of the  Quently found for their threo-isomers. In such cases
non-totally-symmetnc vibration v,) * In the CD spec-  the shape of these fine structure bands changes also
tra both senes can also be identified and have even  quite drastically with a change of the solvent. One
sometimes opposite signs.’ We nouced empincally  extreme such case 1s shown 1n Fig 1.

that such bisignate CD-curves appear only very For each optically active 1.2-diphenylethane denv-
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ative we thus expect at least four distinct senes, and Ao = — A, cos w,

It seems a hopeless task to determine the absolute
configuration for one such compound from its Cot-
ton effects within the 2-band region because of their
overlap If on the other hand the corresponding
threo:erythro pair with the same constitution 1s avail-
able., we can make use of the fact that the two
chromophores absorb quite independently Under
this assumption the sum of the two CD-spectra
should give a curve charactenstic for one “half-
molecule™, and the difference another one for its
second “half-molecule”™ Using 54 differently subsu-
tuted compounds of this type (¢f Scheme 1) we
checked empuirically this assumpuon and found that
in nearly all cases one can indeed determine un-
equivocally the absolute configuration of each “half-
molecule”™ This procedure did not work for a few
positively charged ammonium salts, for most of the
investigated carboxylic esters of ( — }-menthol 1t 1s
not difficult to determine the absolute configuration,
although we are dealing here with diastereomers
including one additional chiral alcohol moiety
Which of the two compounds of such a pair 1s the
threo and which the erythro 1somer s, of course,
easily deduced from 'H-NMR spectra,* if 1t 1s not
known from chemical correlations

In order to avod difficulties which might anse
from the presence of several CD senes we concentrate
on the 0-0-transinons. whose positions can be sur-
prisingly well predicted from Petruska’s formula,’ for
which one needs two parameters (/ and ). which are
tabulated for many substitutents These parameters
have been obtained from the UV spectra. For subsut-
uents lacking rotational symmetry, they refer of
course to werghted average values over all possible
conformations For a detailed discussion of the CD
bands such average values are however not sufficient,
since even such fines which are lying very close to
each other can easily be resolved in the CD spectrum,
if they have different signs As these bathochromic
shifts (similar to the transiton moments, which can
be predicted from  Platt’'s  “spectroscopic  mo-
ments”’) are caused by p m-conjugation (“hyper-
conjugation”), the contnbution of any bond not
coplanar with the plane of the benzene nng can be
descnbed by a cos’-function

THT val = e -

if A,1s a parameter charactenstic for the C Z-bond
of the moiety C;H, C-Z, and ), 15 the torsional angle
between the bond C Z and the line perpendicular to
the plane of the nng

Figure 2 shows the six conformations which are
believed to correspond to energy minima dunng a full
rotation around the pivot-bond of one phenyl (Bn
refers to the second (substituted) benzyl moiety) Of
these 1l and IV can be safely excluded (at keast if Z
1s not H or F). and also 11l 1s not too probable Of
the remaining three conformations V1 will give only
a very small contnbution to the Cotton-effect. be-
cause Z and Bn adopt enantiotopic positions, so their
contnbutions to the Cotton-effects will cancel to a
great extent We are thus left with mainly con-
formations | and V. which must for mere reason of
symmetry give contnbutions to the CD of opposite
signs, and this irrespective of the special type of sector
rule or hehicity rule which might be apphcable At
least in the case that Z 1s a hetero atom with greater
electronegativity than that of carbon its parameter A,
will be smalier than A,,. 1¢ the 0 0-band of con-
former V will be shghtly more shifted towards the red
than that of conformer I This situation 1s depicted 1n
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Fig. 2 The sux preferred conformations of s phenyl mosety

of a 1.2-disubsututed 1.2-diphenylethane around one of the

Ph-C bonds (Z 15 a substituent. Bn the second (substituted)
benryl grouping)



1374

FoIVt depn RO
12X A0
4-50 /M

2 - W
i 8eg ALASE
- A
PAES ¥ BTN
FE LR
S Se st AL
:-_ e
.
b4 "
Nio1Tedd i W
1T-0 !

ST B TRAR RAFER 2N

mA
[LORTR

AL
A1
A
AL

Y

N. Berova er o/

R H

VIITr 12 1D, P

U-y e

NIV

TR,

et et e

Roron
111 -6 (R
$5-10 LW
SR
$28 ‘A.hek’ .0,

F-111:

«
1
<

lre

—
~
[

o

- =

-~ Kﬂ - eon
S

I v ade d.

sy e P2 1.

H CoomM

A0

— W
.

Al

[

"

“ALE )

.

V>
SR ACR R

A, ,0

VI
< .
.

1AL
A-Lb b
::‘v‘ th e
e,
J]- 4

cthae 1,

IS T TUR NIRRT o | 2.



Crrcular dichroism of optically active |.2-distnbuted |.2-dipheny] ethanes

Fig 3 together with the signs of the sector rule for the
B,.-band as earlier’ denved empincally (B,, refers. of
course, as usual to the full symmetry of the benzene
chromophore) For the absolute configuration of the
“half-molecule™ given 1n Fig. 3 one should then
obtain for the two O O-lines the bisignate CD
shown The relative magnitudes of the two CD hnes
depend of course on the nature of Z. the preferred
conformation of the second benzyl moiety, the sec-
ond substitutent on the other C of the ethane moety,
and (mainly) on the posiuon of the conformational
equihbnum [ 2 V. As the different groups Z con-
trnibute only to the CD of conformer V but not to that
of 1 the first mentioned band (the one at longer
wavelengths) will show stronger vanation than the
other band 1n the CD spectra of different compounds.

As in a few rare cases one of the two hines does not
wcll show up in these sum or difference spectra one
should note that the border-line between these two
0 O-lines 1s found to be 37.230cm ' The first CD
line always occurs at wavenumbers smaller than this,
whereas the second hine 1s found at this wavenumber
or at a shightly larger one The first might be 100 small
to he detectable, the second 1s always present. but it
might appear only as a minimum (of opposite sign)
In between two other sharp hnes rather than as the
usual maximum

Scheme 2 gives an overview over all “half-
molecules™, how their CD-spectra were obtained, and
the solvent used For convemence only onc possible
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Fig 3. Top Propxtions onto a plane perpendicular to the

benzene nng of conformations | and V (¢f Fig 2) of the

absolute configuration shown kft Bottom Bisignate CD

curve wmithin the range of the two 0-0-hines for a mixture
of these two conformers (for details see text)

enantiomer 1s presented, although in some cascs the
CD spectra have been constructed for both en-
antiomers, or even only for the mirror image to that
given in Scheme 2 As usual the enantiomer of Q 13
called E-Q. Only for the diasteromeric ( — -menthol

_.-28

Fig 4 CD curves of 8 and 28 (1n acetonitnle). abscassa as in Fig |
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Table | Powutions and (twice the) As -values for the first two 0-0-lines of “'half-molecules™ I through XIV
as obtarned by addition or subtraction of onginal CD-<curves

“half-rolecule® | parent ~olecuies olvert? first OO0 - .ine aand 0-0 - line
! U-¢ ¢ - 37425 (-0.410)
1 Q-1 r 16873 (+0.0)7) 37369 (0. 322)
1t 43-19 v 3T64 (40,129} 17909 (0. 141)

441 . 37286 (40,5191
N 37369 1+0. 1900
F-111 108 A 1037 (-0.179) 17453 (40, 20%)
2-28 A 1M (-0.089) 17%6 (+0.188)
A-n* IS (-C1200 37994 (0. 248)
89 (-0.029! 17453 (0. N D)
- 37594 (0. 342)
rv -
E-Iv 5 A 36420 (0.1691
3202 (0.3 -
o %364 (0. 141! 37509 (+0.147:
ND (-0.2340)
¢ 16364 0. 140! 17509 (#0104}
MO (-0.272)
08 A IN4T (0.221) 37538 (0.107)
o 17064 (-0.108) 17453 (40,219}
P MWD (0.7 17480 (+0. 24
1445 A 3N (<0.399) -
v 17046 F %955 (=0.080) IS (0. 2%5)

— - ) o=
v Qe F I (s0. 3291
VT 828 A 1017 (+0.050 1748 (0. 280)

Aet® IXN2 (#0.066) 3109 (<C. 32
- 17N (0. 46N
- 31369 10,380
9-29 A 34023 190.029)C) 17286 (-0.49):
%390 (-0.058)
-4 A - 1425 (C.2)7.
¢ - 37340 (<0.193:
PR A WO (0,01 VY 0L 0N
36T 10,000 ¢!
N 16049 (0.259)€" 1210 (0,50
E-\TL 57 A 319 (-o..'uq.:: 13425 100, 162)
168°9 (.024)
1 36232 1o 105 3T L0260
Fa A 60 10N €
% 00,048 ") 35 eCL 200
i O L — _
VIte y-x A INX («N137)
o 1T 1.0
; IR e gk
JERN] n 15945 (w036 <)
16831 (C.on€ 1350 (CLedn
ol [N £ - 12420 0 Ny
ivds £ 6028 en DBE) 3% 0.1
143 £ YAN? (1T 37481 (-0 1Y)
“-L: F IS e OTC 3TASE {021

SRS U S S _—— . B}

x 1leqd F - 17278 (oC. )81
57620 10.085:

ey " - 37141 1e0. 116)

110 (-0.03%)

<- E - 11286 (0. 323




Circular dichroism of optically active 1.2-distnbuted 1.2-diphenyl ethanes (RER)
Table | (Comd)

Tartm eeute” [rune e wiccuies {wdvere? ] i oo - duee sccone 00 1w
xt 1404 A 1955 (+0.13)) 37369 (~0.613)
X1t -

F-x11 PITSY! A 37909 (+0.798)
c 17397 (+0.500)
e o ) - .
Xt 10 A 1Y (0. 189)
15-3¢ A 16928 (=0.03N) 37369 1-0.234)
0 - V1258 1-0.742)
14048 o} - 172%8 (-0.642)
1852 A 36819 (+0.046) 17481 (-0.248)
v 37197 (0. 30)
o - 37%9 (<0.672)
wie A 16900 (+0.081) IUSY 10.219)
¢ 37197 (0. 4341
(¢} 37425 (<0.670)
b4y A 1NM7S (+0.198) 171793 (-0.164)
L 3NN (+0.066) 1707 1-0.169)
&n A IN20 (+0. 1161 3107 1-0.121)
t 1092 («00.09 1) 1619 (-0.1%7)
P LpL) A - 37453 (<. 3%9)
4] - 3ITN) (0. 180
22-4) A 11T 1e0.0%9) 17424 (-0.))%)
n 316954 (+0.076) I (=0.2%6)
8- 0 19714 0,507 37258 (-1.000)
—— P

oV 2+ 14 A 36982 (-0.065) 11538 (+0.164)
¢} - 17258 («0.674)
‘ 200 A %955 (-0.0521 17369 (0. 11N
I AR A - 3TN (00, 132)
028 A 16955 (=0, 1141 32481 (+0.162)
13 - 37197 (+0), 364)
¢} 317425 (#0.57))
&-82 A 3010 (-0.078) IT4BY (+0.199)
3 - 17397 (0. X00)
c - 17197 («0.%T)
%00 A 33002 (-0.106) 37622 (+0.132)
I3 N0 (-0.085) 17651 (+0.143)
Q%-9) t 3N (-0.069) 1II0T (0O, 152)
PRy A 1064 (-0, 10%) 37425 (#0246}
n 3037 (-0. 2001 17425 («0.08%)
2794 A IN64 (<0.054° 1T4%) (40.29%)
o] 36982 (0.9 37369 («.'90)

2-16 1) w21 (c.ot0 1092 (1019118
3B (-0.070)
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a) For ablreviatiana ¢f. Fopmula schayre 2.
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esters of the “half-molecules™ contaiming the aad
grouping both formulae are presented.

As anllustration the procedure 1s outhined for the
CD spectra of "half-molecules’™ 111 and VII, which
can ¢.g be obtained from the CD<urves of the
diastereomenic pait 8 and 28 Their relative (as well
as absolute) stereochemistry 1s known from chemcal
methods® but could also have been obtained from the

anly G line W0 wroms) position (avont ™ salts nvolwved) .
add:ticral line fram not fully compensarad D of p~chloro-pharyl roicty.
A&Lticral tine from a0t fully compensa’od T of p-metxary -phory ] mOlety.

‘H-NMR spectra  the sphitting of the signals for the
two hydrogen atoms of the ethane moiety 1s 9.2 Hz
for 28 (threo-isomer) and 6.1 Hz for 8 (erythro-
1somer).” The CD spectra in the range between 300
and 244 nm of 8 and 28 (recorded with a computer-
resolution of 0.2nm) are shown n Fig 4. therr
difference and sum curves in Fig 5 The first corre-
sponds to twice the CD-curve of “half-molecule” VII.
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Fig S CD curves for the two "haif-molecules’ VIl and E-l{[. obtained as the difference and sum cunves,
resp. of 8 and 28 Abscissa as in Fig 1. Ac-values are double those for the “half-molecules”

the two 0-0-lines are marked by hatching. and only
these two are used for the determination of absolute
configuraion The sum spectrum corresponds to
twice the CD of the “half-molecule™ E-111, and again
only the first two CD-hnes (hatched) are used. In
both spectra the two 0-0-lines are casly discernible
and their signs are in agreement with those given 1n
Fig 3

Table | summanzes the results and demonstrates
convincingly that by this combinaton of the two
curves of a corresponding threo;erythro pair the
absolute configuration for both centres of chirahty
can be determined unequivocally, provided that the
amunes are measured in thewr neutral forms Only in
one other case apparently wrong signs are obtained
(XIV = 34 — 16). this might be due to the fact that we
are here deahing with diastercomenc and not with
enantiomenc halves, or (more probably) due to in-
complete compensation of the CD hines of the p-
chlorophenyl moiety In ali other examples of di-
astereomers including the chiral menthol moiety 1nto
the “half-molecule’ no such deviations from the rule
are found

The data show furthermore, that the (substituted)
benzyl group (at least when we discuss the introduced
bathochromic shifis) is in each case a more powerful
perturber for the benzene chromophore than the
group Z. even 1if the latter 15 not a heteroatom

EXPERIMENTAL
CD data were obtained with a Dichrograph Mark 111
(ISA Jobin- Yvon) connected on-hine to a PDP-8¢. Nowe
wat chiminsted by curve-smoothing according to the

Goluy -Savitzky algonihm® (best parabola of degroe 3 fitted
to 25 consecutive points) The detailed data of all Cotton
cffects are given in a following paper
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