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Abstract - A pair of atropisomers due to restricted rotation about C.$-Csp2 bond 

for I - ( 4 ' - n i u o b e n z o y 1 ) - 2 - ( 2 " - h y d r o x y n a p h t h y  was isolated. 

The crystal structures of a pairs of the atmpisomers indicate the presence of a 

significant through-space interaction between the aryl moieties. 

Rotamers about single bonds have been found in a wide variety of organic compounds as a result of the 

application of nmr spectroscopy to organic cornpo~nds.'~ However, there are few examples of isolation of a 

pair of atmpisomers, althrough they have attracted considerable attention from both theoreticalk and biologicalZ 

points of view. Recently, it has been proposed that atropisomers can be used as a probe for detection of 

intramolecular weak intera~tions.'~ In the system having parallel-stacked aryl gomps, it has been suggested that 

charge-transferkd or through-space pol& interaction3 is operative between the two aryl units. For an insight 

into the real nature of such interactions, the three-dimentional informations about a pair of atmpisomers seem to 

be essential. 



1160 HETEROCYCLES, Vd.  43, No. 6,1996 

In the course of our study on the synthesis of indolenines, we isolated two types of diastereomeric atrop- 

isomers [la,b (Csp3-Nsp2) and 2a,b ( ~ s ~ ~ - C s ~ ~ ) ]  of 1-(4'-chlorobenzoyl)-2-aryl-3,3-dimethylindoline and 

clarified the crystal structures of the four isomers?This paper describes the conformational feature of the 

aromatic rings on the basis of the X-ray crystallographic data for a pair of the 6nitrobenzoyl derivative (3a,b.). 

Coupling of 1-(4'-substituted benzoy1)-2-hydmxy-3.3-dimethylindolines with B-naphthol in the presence of 

BFpEt20 gave 1-(4'-substituted benzoy1)-2-(2-hydroxynaphthy1)-3.3-dimethylindon (3), which were 

separated into pairs of atropisomers by chromatography on silica gel." Of the compounds synthesized, we 

succeeded in determining crystal structuresS of a pair of atropisomers for the 4nitrobenzoyl derivative (3a and 

3b). As shown in Figures 1 and 2, both isomers have almost a same geometry except the naphthyl moiety. in 

which the 4-nitrophenyl group is nearly perpendicular to the amide plane conjugated with the benzene moiety of 

the indoline. The interplanar angles between the 4-nitrophenyl and naphthyl rings are of interest. The angles for 

3a and 3b are 29.2' 68 and 13.4'. respectively. 

Figure 1. Angles of Planes of Aromatic Rings for X-Ray Structures of a Pair of 
Atropisomers (3a,b). 

3a (X-ray) 3b (X-ray) 

Figure 2. Overlappings of Aomatic Rings Looking through Naphthalene Ring 
for X-Ray Structures of a Pair of Atropisomers (3a,b) 
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The views of overlapping of the aromatic rings through the naphthyl ring are shown in Figure 2, in which the 

important interatomic distances are shown for the estimation of degrees of the approach of the rings. The 

distance (db) between the atom of the 4-position of the 4-nitrophenyl ring and the one of the Cposition of the 2- 

naphthyl ring for 3b are considerably shorter than that (d,) of 3a, suggesting that in 3b, in spite of the 

presence of large steric repulsions between the aromatic rings, the two rings effectively overlap and approach 

one another. 

In order to know the nature of electronic interaction between the aryl groups of 3a and 3b, the molecular 

orbital (MO) structure optimizations were performed using semiempirical AM1 and PM3 SCF-MO methods ,6 

starting from the X-ray data and allowing full geometry optimization. The PM3 method could not reproduce the 

sp2 nature of the amide group, whereas the AM1 structure optimization7 approximately reproduced the 

planarity of the amide group. However, both MO methods could not reproduce the confonnational feature of 

the aryl rings observed in the crystal structure of 3b (see Figure 3). The interatomic distances (d. and db)  are 

considerably longer than those of 3a and 3b. In contrast to the X-ray svuctural data, db was calculated to be 

ca. 0.2 A longer than d.. 

These indicate that the aromatic rings are attracted by intramolecular forces which can not be assessed by 

present-stage semiempirical SCF-MO methods. 

3a (AMI) 3b (AMI) 

Figure 3. Overlappings of Aromatic Rings Looking through Naphthalene Ring for 
AM1-Calculated Geometries of a Pair of Atropisomers (3a,b) 

In the light of these informations, we reexamined the previouly reported X-ray structures of a pair of atrop- 

isomers (2a,b) for the 4-chlombenzoyl derivative."" The conformational features of the aryl moieties are 

essentially same to those observed in 3a,b (Figure 4). The interplanar angles between the two aryl groups for 

2a and 2b are 36.4' and 17.6'. respectively. In comparison of 2b with 3b, the angle for the 4-chlorohenzoyl 

derivative (2b) is larger than that for the Cnitmbenzoyl derivative (3b). This discrepancy may be attributable to 

the degree of acceptability of the 4-substituted benzoyl group. 
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Figure 4. Line Drawing of Crystal Structures of a Pair of Atropisomers for 

the 4-Chlorobenzoyl derivative (2a,brb 

The absence of a charge-transfer absorption band in solution but deep coloration of the crystal of 3b compared 

with 3a could not rule out that intramolecular charge-transfer interaction is a contributor of the aryUaryl 

interactions, wherein the naphtyl group behaves as a donor and the 4-nitrobenzoyl group as an acceptor.8 

These fmdings and observations suggest that aryYary1 interactions affect the stabilization of the ground-state 

structure and conformational change of the aryl units. 

The conformational study on the present and related systems is currently under investigation. 
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gcm", 2=8, Mo K a  radiation (50 kV-150 mA), k=0.7107 A, Num of RD=7350, Num of FOb,=2648, 

R4.078. The crystal structure contains two independent molecules in the asymmetric unit. Both molecules 

have almost the same geometry except for the nivo group. 

3b: C27H22N204, M=438.S. trigonal, Space group R?, a=26.153 (5), b=17.181 (II)A, v=10177(4)A3, 

h=1 .265  gem" (by flotation in aq. KI), Dc=1.288 @n", E 1 8 ,  Mo K a  radiation (50 kV-150 mA), 

k=0.7107 A, Num of RD=3417, Num of FOb,=1200, R4.083.  

The derails of the X-ray and MO calculation data will be appeared in a separate paper. The atomic 

coordinates at the present stage are available by E-mail. 
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7. J. J. P. Stewart, QCPE Bull., 1989.9, 10, idem, J. Comp. Chem, 1989.10, 209,221. The MO 

calculations were performed on a Fujitsu S-412 EWS using MOPAC V6.01. 

8. The AM1 MO calculation on 3b indicated that the HOMO and LUMO are almost entirely localized on the 

anilino and the nitrobenmy1 moieties, respectively, whereas the NHOMO is localized on the naphtyl moiety. 

The observed conformation is considered to be very favorble for the HOMO-LUMO interaction of both aryl 

rings. 
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