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Abstract — The CD spectra of 29 derivatives of 1,1-diphenylcy-
clopropane of known absolute configuration have been measured.
The minimum energy "perpendicular" conformation of these mple-
cules follows fraom the MMX calculations as well as from
available X-ray data. A contribution of substituents X and Y
in the 2-position of the cyclopropane ring to the ratatory
strength of the phenyl chromophores 15 evaluated and a simple
rule relating the size and doner character of the substituent

to the sign of the 'Lb and L: Cotton effects is proposed.

INTRODUCTION

Optical activity of chiral molecules containing isolated benzene ring
has been a subject of numerous investigations". Since the benzene chro-
mophore is highly symmetrical the rotational power 1s gained through in-—
teraction with chirally disposed substituents. A number of sector rules
have heen developed to correlate the optical activity of the benzene
chromophare associated with the forbidden 'Lb and 1La bands with the

!

substitution patter‘n1 2, Snatzke has studied the effect of the substitu-

tion pattern of the benzene ring on the sign and magnitude of the o

b
band Cotton effect®*.

»
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384 J. GAWRONSKI ef al.

Farticularly difficult to i1nterpret are chiroptical data for monosubs-—
tituted benzen?® derivatives. as these molecules show significant confor-—
mational mobilityi. Within this group of compounds a number of benzene
derivatives having a chiral center at ((-paosition have been investiga-—

ted®™®, but no general rule relating the chiroptical data to absolute

configuration has been proposed.

1,{-Diphenylecyclopropanes are good model compounds to study, as such
molecules., unlike ardinary benzene derivatives with alkyl chain substitu—
ent, have restricted rotation around the phenyl - cyclopropyl bond. In
this report we present the CD data for 1,i-diphenylcycloproparesz 2+ the
general formula shown in Fig.l (X #£ Y).

Fig.l

Previously published CD data on phenylcyclopropane derivatives have

been reviewed by Runges.

ABSOLUTE CONFIGURATION

A1l of the compounds studied here (Table 2) have absolute configura-—
tions known due to a series of chemical correlations carried out in one
of the authors’ laboratory (see references in EXPERIMENTAL).

CONFORMATION

For phenylcvclopropane derivatives two extreme conformations of the
phenyl ring with respect to the cyclopropane ring are possible : the
bisected conformation (A) and the perpendicular one (B), as viewed along

the C-C bond joining the two rings. A comprehensive analysis of the
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X-ray structural data of cyclopropane derivatives carried out by Allen*®

revealed systematic geometrical changes that constitute evidence for
conjugation of the cyclopropane with the f-acceptor group. In particular,
n-donation from the HOMO of the cyclopropyl into the LUMO of the phenyl
Qroup occurs in  a bisected conformation (A), while no effects due to

. . 10,1
orbital overlap are observed in the perpendicular conformation (B) L.

A (t=0) B (t=90°)

Numerous X-ray data show that while many phenylcyclopropane derivati-
ves show preference for conformation A (1t = 0—20°)‘2, those with steric
constraints that render the bisected conformation unfavourable would
prefer perpendicular conformation B (7 = 70~90°)f°. In particular,
1,1~-diphenylcyclopropane derivatives invariably show preference for the
perpendicular conformation of both phenyl rings as Jjudged from the
available X-ray data“, including those for the three 2,2-diphenylcyclo-
propanecarboxylic acids 41‘d, lll‘d and 22#“.

Dur Ml"l)(‘5 calculations on the derivatives of 1,1-diphenylcyclopropane
show consistently the minimum of steric energy for the perpendicular con—
formation. Table 1 lists the calculated torsion angles « and 3, as defi-
ned in Fig. 1., for the minimum energy conformers. Large differences
between &« and (3 values are found for 1,1i-diphenylcyclopropanes having a
bulky substituent X and a hydrogen atom as Y. These compouds have signifi-
cant values of angle y (Table 1) which is the measure of twist of the two
phenyl rings with respect to each other caused by the two substituents X
and Y (Fig.1).

The values in Table 1 for compounds 4, 11 and 22 differ slightly from
the values o and g3 determined by the X-ray structural analysis (4 =
a=-121% g = 107° **% 11 : o= -122°, g = 109° *% 22 ;: o = -103.5°
# = 108.1° 142, but the support for a slightly distorted perpendicular

conformation remains unchallenged.

CIRCULAR DICHRDISM
With the configurational and conformational data at hand we have sound

basis for the analysis of the chiroptical data of 1,1-diphenylcyclopropa-—
nes 1-29, collected in Table 2.
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Table 1. Conformation (MMX) of 1.i-diphenylcyclopropanes

Torsion angles

No. X Y o I&] r
(abcd? (fecd) (abef)
1 H Me ~125.5 116.3 - 7.3
2 H Bu -127.1 114.3 - 9.9
3 H CH_OH -127.9 112.9 -11.72
5 H COOH -128.3 112.6 -11.6
5 H CO0OMe -128.5 108.4 -14.8
6 H F -126.6 119.9 - 5.0
7 H c1 -126.1 115.2 - 8.5
10 Me CH_OH -117.9 114.3 - 2.7
11 Me COOH -118.4 113.8 - 3.2
12 Me F ~-116.8 122.0 4.2
13 Me c1 ~-117.7 115.7 - 1.3
i4 Me Br -117.4 114.8 - 1.8
17 CH,OH OMe —-114.4 122.4 &.0
18 CH_OH F -115.7 122.0 S.0
19 CH_OH Br -115.6 114.9 - 0.3
21 cooH OMe -112.1 123.9 8.5
22 COOH F -115.2 123.1 5.9
23 COOH c1 -114.2 117.5 2.3
24 cooH Br -113.9 1146.3 1.6

Due to restricted rotation of the phenyl groups these compounds
generally dispfay moderate to large Cotton effects within the 1Lb and 1L°
absorption bands. The 1Lb Cotton effect in the 275-250 nm range is
composed of vibronic bands of which only the well—-defined ones at the
longer-wavelength side of the 1Lb band are reported. These i1nclude the
bands with the maxima around 270, 263 and 257 nm, which are the most
intense ones, with the exception of 19 and 20 (see Tahble 2). These wvibro-
nic bands are in several cases accompanied by the secand progression of
CD maxima of opposite sign at 274 and 2646 nm, usually of lower i1ntensity.
In several cases there is only a small “"hump” observed at 276 nm (1-3, 6,
10, 23, 25). A common feature of the compounds showing a second progres-—
si1on of vibronic bands is the presence of at least one bulky substituent.

The ﬁ_q bantg Cotton effect appears 1n the spectral range close to
the corresponding UV maximum (219-225 nm), although in some cases it is
red-shifted down to 233 nm — depending on the sign and intensity of the
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Table 2. CD and UV data (acetonitrile solution)
for substituted i,1-diphenylcyclopropanes 1-29
- . 4 i
Configuration Lb L
Mo, X Y and sign
of rotation Az (X ] As (A y e (A )
Mmax max moax
1 H Me (RY—(-) +0.19(276) -—-1.12(270) - 2.0(223) 13400(222)
-1.48(267F) ~1.10(257)
2 H n~Bu (RY—(-) +0,15(276) —-1.35(270) -10,14221) 13T00:i222)
=2.24(263) -1.50(257)
3 H CHZUH (RY=—(=) +0,03(276)  -1.21(270) - 2.8(217) 13200(221)
-1.45{26%) -—1.05(25D
4 H cooH (R)—¢(=) —-1.50(268) -1.90(2637) -18.0(218) 13200(221)
-1.45(238)
5 H COOMe (RY—(-) -1.26(269 -1.48(263) -16.6(218) 13300(221)
=1.12(258)
b H F (R)Y—(+) +0.04(274) -0,.40(268) - 2,56(21%) 13000(219)
—0.51(261) —-0Q.ZE(256)
a
7 H Cl {(RY—(—) —Q.90(26F) ~1.04(2462) - 5.2(215) 13400220
=0.64(256)
3 H NC (RY—(=) —0.88(269) -1.00(262) -10.7(215) 13300(219)
—0.72{255)
? H NHCHD (RY—(-) -1.13(2469)  -1.18(2483) - Z.1(227) 137000219}
=-0,.80(25&)
10 Me CHZDH (RY—(-) —~Q.03(274) +0.27(270) - 2.7(231) 14000(224)
+Q, 24 (2867 +0.11(257)
11 ™Me COooH (RY—{(+) +0.70(270) +Q.B0((263) - T, QL22T) 13IGOO22T)
+0.50(257)
12 Me F (RY—(+) +0.47(271) +40,.354(264) + B.0(224) 13300222
+0.38(257
13 Me c1 {(RY~(-) +0.31(272) +0.25(265) + 8.8(230) 13000(223)
+0.10(258)
14 Me Br (RY—(-) +0.37(272) +0.28(265) +11.5(232) 11600(225)
+0.,15(297)
15 Me NC (RY~(-) +0.25(271)  +0.23(264) + 2.8(225) 13600(221)
+Q.12(257)
16 Me NHCHO (R)—(~) =0.33(272)  -0.30(26F) - 5,2(232) 13400(222)
-0.22(258)
17 CHZDH OMe (R)=(-) +0.45(272)  +0.46(268) + 7.2(228) 13000(223)
+0.49(258)
i8 CHZOH F (RY—(+) +O.37(271)  +0,44(264) + L£.8B(224) 13I000(221)

+0.32(258)
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Table Z continued

19 CHZDH
20 CHZDM
21 COOH

22 COOH

23 CODH

24 COOH

25 CoOMe
26 F

27 F

28 F

29 F

Br

e Br

DMe

Cl

Br

C1

BEr

J

NHCOO4Bu

(R)y—(=)

(R)~ (=)

(RY=~(+)

(RY—(+)

(R)—(—)

(R)=(=)

(RY—(-)

(R)—(—=)

(R)=(=)

(R)Y—(-)

(S)—«(—)

J. GAWRONSKI1 et al.

+0.24(272)
+0. 15 (266)

+Q, 19(273)
+0. 13 (2866)

+0.38(272)
+0. 19 (258)

+0.26(271)
+0. 192(257)

+0,10(274)
—0.40(262)

+0.13(2748)
+0. 0P (266)

+0.09(2748)
+0.20(262)

~-0.13 (269}
—0. 12(257)

=0, 13(271)
—0.16(254)

—0.14(271)

—0.36(269)
—~0.32(25&)

—0Q.05(26%)
—0Q.09(262)

=0.08(26%)
—0.10(262)

+0.30(265)
+Q,26(264)
Q.34 (269)

~0.10(287)
~0.28(269)
—0. 1B (262)
—-0.35(269)
~0.17(2&62)

=0.19(263F)

—0.06(265)

Q.41 (262)

+11.8(231)

+12.5(23F2)

<

+1Z.0(218)

d
+10,.7(217)

+ 2.0(224)

—-10.4(213)

14000(222)

11600 (225

13800(223)

13100 (222)

13300(224)

12200 (224)

12500(224)

12800 (220)

12600(221)

12000(220)

12600(219)

Additional hgnds

a
d
f

strong CD band at still sharter wavelength.
effect

prec

either be due tag the n—n* Cotton effect of the carboxylic group (11,

+1.0

ede

at

the L
a

231 nmg
+0.4 at 24% nm,

+2.46 at 231 nm:

b

Cotton

+1.8 at 233 nm;
-0.9 at 232
9 +0.9 at 247 nm, -0.8 at 233 nm

L]
nm;

{see

22) or due to a halogen substituent.

bigquous correlation of the absolute
Cotton effects.

rati

compound 6,

All derivatives with X

aon d

Since

here 1t is pertinent to evaluate the

oes not

two

correlate

phenyl chromophores

H and

unambiguously

unlike others in the series 1-9,

+0.7 at

+0.8 at 243

footnotes to Table 2)

absolute configuration

with

contribution of each

nm;

231 nmg

(R)

si1gn of

An additional CD maximum may

which may

21,

(1-9, Fig.
1) display negafive 1Lb and 1L° Cotton effects., hence allowing the

urnam—

configuration with the sign of these
It is af interest to note here that the absolute configu-—
the

Lal . as
D

has positive rotation.
are present in the compounds studied

phenyl group
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to the rotational strength associated with the 1Lb and 1Lq bands.
The superposition of the two projections along the C -C
aryl cyclopropane
bond with the phenyl ring perpendicular to the plane of projection shows

the two contributions, trans and cis, from substituent Y (Fig. 2V,

(+) XorH E Y (cis) (=)

{=}trans)Y *H or X +)

3]

Fig.

According to Schellman16 a regional gquadrant rule can be deviseag for
both ﬁ_b and 1L° band Cotton effects, as defined by the nodal plane of
the benzene p orbitals and the plane orthogonal to the preceding one and
passing through the med_ceydom@pune bond. The trans-Y substituint

gives a negative contribution as corroborated by the fact that the Lb

and ‘La Cotton effects of (-)-(1R,2R)-trans—-1-methyl-2-phenylcyclopropane
(C, ¥ = Me) and (-)-(1R,2R)-trans-2-phenylcyclopropanecarbouylic acid
(C, Y

CODH)Y are also negat:ve‘7 but of lower amplitudes. As the cis
sterecisomers of the two compounds mentioned above (D) also have negative
rotat1ons1° it is reasonable to assume that in 1 and 4 both phenyl groups
cis and trans to the substituent Y give negative rotatory contributions

to the 1Lb and 1La Cotton effects, relative to hydrogen atoms.

Ph H H H

H>v<Y PWY

c D

Concerning the relative magnitude of the contribution of different Y
substituents it can readily be deduced that carbon substituents give the
strongest contributions (1-8), followed by isomtrile (B8), formamido (9)
and chlorine (7) substituents, with fluorine (6) substituent providing
the smallest contribution (Table I).

For disubstituted derivatives 10-29 the observed 1Lb and 1La Cotton
effects should result from the difference of contributions of substitu-
ents X and Y, according to Fig. 2. However, the order of contributions
of different substituents does not seem toc Ffollow strictly the order

established for monosubstituted derivatives (Table ).
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Table Z. Decreasing contributions of substituents X, Y to the rotatory

strength of 1Lb and ‘Lq bands of 1,1-diphenylcyclopropanes

Monosubstituted (X or Y = H) Disubstituted (X, Y # H?
‘Lb n—Bu, COOR, CHZDH, Me, NHCOR, Me, CHZDH, I, Br,
NHCHO, NC, C1, F, H Cl, NC, COOR, F, OMe
1La COBR, n-Bu, CHZDH. Me, NHCOR COOR. CHZDH. Me.
NC, Cl, NHCHO, F, H NC, Br, Cl, F, OMe
The Cotton effects of derivatives having X = Me (10-16) ingdicate a do-~

minating caontribution of the Y = NHCHO substituent (16), as both ’La and

1L Cotton effects are negative. Two other Y substituents, CHZDH (10)

a;; COOH (11) give stronger contributions., compared to X = Me, to the ’La
Cotton effect - but not to the ﬁ“b Cotton effect. For other derivatives
having hetero substituents (12-15, 17-20) the dominant contribution of
the methyl or hydroxymethyl group 1s evident. Derivatives of Z,.IZ-aiphe-
nyl—-i-cyclopropanecarbouylic acad (X = COOH, 21-25) follow the sbove
order for disubstituted 1i,i-diphenylcyclopropanes, giving positive ﬁ_a
and 1Lb Cotton effects (however additional strong negative vibronic bands
are associrated with the ﬁ_b Cotton effect of halogenoacids 23 and 24).
Finally, the halogenated 1,1l1~diphenvicyclopropanes 26~29 give CTcoctton
effects reflecting the relative magnitudes of the contribution of hetero-
atom substituents (the relative contribution of F and I to the ﬁ_o Cotton
effect in 29 is difficult to assess due to the multiplicity of the CD
bands 1n the region 220-250 nm).

Comparison of the substituent contributions to the Cotton effects of
mona— {1-9) and disubstituted (10-25) 1,i-diphenylcyclopropanes suggests
that two factors are operative : steric sffects and substituvent electro-—
nic properties. In cases where X = H steric effects of the Y substituent
appear to dominate. Thus alkyl, CHZOH and COOR groups contribute stron-—
ger than other Y substituents. This may correlate to some extent with the
degree to which the two phenyl rings are twisted with respect to each
other (angle » in Table 1). When X # H steric effects appear to con-—
tribute to a smaller extent, as the derivatives 13 and 14 with simlar
van der Waals radii of X and Y substituents still produce strong Cotton
effects, particularly the one associated with the 1Lq band. In this case
a combination of donor properties and the size of the substituents seems
to determine their magnitudes of contribution, as shown in Table 3. Thus,
for 1,i-diphenylcvclopropane derivatives of the general formula given in

Fig. 1 positive 1L and 1Lb Cotton effects are expected when Y gilves
a
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a stronger contribution compared to X and negative Cotton effect when
the stronger contribution is from the X substituent; the sequence aof con-
tributions being determined according to Table 3.

Finally it should be noted that while Cotton effects of disubstituted
1,1i-diphenylcyclopropane derivatives can satisfactorily be correlated
with the absolute configuration of these compounds. the negative sign of
Ea]n value for derivatives 13-15, 17, 19 and 20 is rather confusing in
view of the pns:tive-‘Lb and ’La Cot ton effects measured for these

campounds.

EXFERIMENTAL

The CD spectra were recorded with either a JASCO Model J-500 spectro-
polarimeter or with a Jobin-Yvon III dichregraph. The UV spectra were
recorded with a Cary 219 spectrophotometer.
Enantiomers of some compounds reported here were actually measured

and the CD data were correlated to 100 % e.e. Sources af compounds :119,

220, ent—321, ent—42Lzz, ent-5 (prepared by CHzNz estrification of
ent-2y, &%, 7**, ent-8%%, ent-5%%, 10°°, ent-11 %%, 12%, ent-13 0,
1428, 157, ent-16%%, 17%%, 18%, ent-19°°, ent-20"", ent-21°°, 22",

23%%, 24'%, 25 (prepared by CHN, estrification of 24), ent-26°,

ent-27%, ent-28%", and ent-29°-.
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