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The crystal structures of seven N-phenylsuccinimides have been determined: N-phenyl- (I), N-(2-
fluorophenyl)- (1), N-(2-bromophenyl)- (lil), N-(3-fluorophenyl)- (IV), N-(3-bromophenyl)- (V),
N-(4-fluorophenyl)- (VI), and N-(4-bromophenyl)- (VII). The molecules showed marked twisting
around the C(6)-N(7) bond: The torsion angle between the least-squares planes of the benzene
and succinimide rings was never 0°, being 59.6° [for (I)], 63.5° (ll), 69.8° (Ill), 54.5° (IV), 59.8°
(V). 55.9° (VI), or 62.2° (VII). The relation of torsion angle to fungicidal activity against Botrytis

cinerea is discussed.

Cyclic imides such as N-phenylsuccinimides (1), procymidone
(2), and vinclozolin (3) show fungicidal activity against
Sclerotinia sclerotiorum and Botrytis cinerea.'™* To elucidate
the structural features in N-phenylsuccinimides which induce
these activities, we wished to examine whether the torsion angle
between the benzene and succinimide rings of N-phenyl-
succinimides (1) is changed by introduction of substituents into
the benzene ring, and, if so, whether there is any relation
between this angle and the biological activity.

X-Ray analysis is a good method for elucidating the influence
of steric and electronic effects of substituents on stereo structure
in the crystal state. However, there have been few X-ray studies
on the changes of geometry of bioactive compounds caused by
introduction of substituents, or on the relation of such changes
to biological activity.>®* Some crystal structures of cyclic N-
phenylimides have been reported, but without consideration of
biological activity’~® in relation to molecular geometry.

We report here the crystal and molecular structures of the
seven N-phenylsuccinimides (I)—(VII). The structural features
necessary for fungicidal activity are also discussed.

Experimental
Compounds (I)—(VII) were synthesized as reported pre-
viously;* the crystals used were grown from benzene solution.

X-Ray measurements were performed with a Rigaku four-
circle diffractometer AFC-6B, using graphite-monochromated
Mo-K, radiation. A single crystal was mounted on the
diffractometer and the unit-cell dimensions were determined by
least-squares calculations using 25 automatically centred
reflections in the range of 15° < 26 < 25°. The intensity data
for each compound were collected by the w-scan technique and
corrected for Lorentz and polarization effects, but not for
absorption.

The initial structure was obtained by direct methods.!°, by
the heavy-atom method, or by the isomorphous replacement
method. A preliminary determination of the structure of
compound (VII) has been reported already,® but in this study
we determined its structure independently without using the
reported structural parameters. The structures of compounds
(I)—(VII) were developed by difference Fourier syntheses
and/or block-diagonal least-squares calculations. Successive
refinements were performed using the anisotropic thermal
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parameters for non-hydrogen atoms. The positional parameters
of hydrogen atoms were calculated using values from standard
geometries of C-H bonds. The positional and isotropic thermal
parameters of the hydrogen atoms of compound (I) were refined
by least-squares calculations, but those of other compounds
were used only in the calculation of structure factors, not in the
least-squares calculations. The isotropic thermal parameters of
the carbon atoms, to which hydrogen atoms were attached, were
used as the parameters of these hydrogen atoms for compounds
(ID—(VII). The refinements were continued until values of
parameter shifts converged to within their deviations. The
crystal data and X-ray experimental details are listed in Table 1.
All calculations were performed by application of program
packages [RASA (supplied with AFC 6B), MULTAN,
X-STANP (written by Z. T.), and ORTEP'?] on the
PANAFACOM U-1400 computer in Tokushima Bunri Uni-
versity and at the computer centre of the University of
Tokushima. The atomic scattering factors used were taken from
International Tables for X-Ray Crystallography.!'?
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Table 1. Crystal data and experimental details for N-phenylsuccinimides

Compound @ aan (1 (1v) V) (VD (VII)
Formula C,HoNO, C,oHsFNO, C;(HgBINO, C,;,H,FNO, C,,HgBrNO, C,;,;H,FNO, C,,HgBrNO,
M 175.19 193.18 254.08 193.18 254.08 193.18 254.08
Lattice Monoclinic  Orthorhombic Orthorhombic ~ Monoclinic Monoclinic Monoclinic  Orthorhombic
Space group P2,/a Pca2, Pca2, P2,/n P2,/a Ce P2,2,2,
alA 12.975(3) 11.064(2) 10.534(2) 18.818(5) 15.179(4) 10.588(3) 7.843(3)
b/A 5.628(3) 10.271(2) 11.638(2) 6.313(1) 6.232(2) 11.943(4) 19.719(3)
c/A 11.898(3) 8.053(2) 8.104(2) 7.779(2) 10.666(3) 7.574(3) 6.419(2)
B/° 101.77(2) 90 90 99.83(2) 105.66(2) 107.55(3) 90
V/A3 850.6(5) 915.1(4) 993.5(4) 910.6(4) 971.6(5) 913.2(6) 992.7(5)A3
VA 4 4 4 4 4 4 4
D,/g cm™3 1.368 1.402 1.698 1.409 1.737 1.405 1.700
F(000) 368 400 504 400 504 400 504
wMo-K )/mm™? 0.104 0.121 4.357 0.122 4455 0.122 4.360
Crystal size (mm) 02 x03x0602x02x0502x04x0503x04x0403x03x0404x06x0602x03x06
Scan mode o ® ® ® o ® ®
Scan rate (min?!) 4 4 4 4 4 4 4
2000x /° 55 60 60 60 60 60 50
No. of unique reflections 2328 1627 1756 3051 3301 1512 1767
No. of observed reflections® 1049 670 779 1185 1131 1017 747
R 0.039 0.063 0.045 0.085 0.060 0.066 0.051
R, 0.037 0.061 0.046 0.090 0.064 0.065 0.054
Structure solution® D D I D D D H

4 Reflections with F, > 60 (F,) were considered observed. * D, I, and H denote direct methods, isomorphous replacement method, and heavy-
atom method, respectively.
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Figure 1. Stereoview of N-phenylsuccinimides (I)—(VII); thermal ellipsoids are shown at the 509, probability level
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Table 2. Atomic co-ordinates (x 10*) with e.s.d.s in parentheses and equivalent temperature factors B, (x 10%in A)

3
Beq = ZZ_Z(aiajBij)

@ x y z B, v) x ¥ z B,
) 7 684(2) 9 033(5) 1485(2) 360 ca) 6 898(6) 1182(15) 7 587(8) 277
CQ2) 8413(2) 9 106(5) 781(2) 415 C@2) 6 265(6) 1 669(16) 8 288(9) 301
C(Q3) 9122(2) 7 280(6) 797(2) 429 Cc@3) 6 301(7) 3 587(18) 8 944(9) 378
C@4) 9114(2) 5351(5) 1513(2) 403 C4) 6 984(7) 5004(17) 8938(9) 388
C(5) 8 384(2) S 240(5) 2214(2) 344 C(5) 7 639(6) 4 576(16) 8261(9) 338
C(6) 7 683(2) 7 086(5) 2197(2) 296 C(6) 7 583(6) 2 623(15) 7 596(8) 260
N(@7) 6921(2) 6983(4) 2909(2) 316 N 8237(5) 2123(12) 6903(7) 273
C(8) 6 863(2) 8 644(5) 3768(2) 378 C®) 8773(6) 261(18) 7 148(8) 335
o) 5904(2) 8 045(6) 424102 436 C9) 9 270(6) 123(18) 6 119(9) 393
C(10) 5528(2) 5 644(6) 3729(2) 444 C(10) 9011(7) 2112(19) 5293(10) 415
C(11) 6159(2) 5217(5) 2 815(2) 351 C1) 8331(7) 3268(17) 585009) 371
0(12) 7479(Q2) 10 235(4) 4037(2) 544 0(12) 8 817(5) —922(11) 8039(7) 450
0(13) 6 052(2) 3648(4) 2116(2) 484 0(13) 7 935(5) 4912(13) 5465(7) 527

Br 5331(1) —326(2) 8283(1) 462
am
(1) 303(7) 3722(7) —2627(10) 426 (V)
CQ2) 289(8) 5033(10) —2935(12) 566 c) 3 862(6) —9636(5) 1661(9) 354
) 1 247(10) 5758(7) —2276(12) 600 Q) 2 505(6) —9706(5) 1 307(9) 405
C4) 2 125(8) 5217(8) —1316(12) 588 C@3) 1 858(6) —8 854(6) 1 861(8) 395
C(5) 2 118(7) 3872(7) —1006(11) 455 (o(C)] 2 499(6) —7904(6) 2 760(10) 422
C(6) 1212(6) 3 141(6) —1674(9) 332 C(5) 3 855(6) —17833(5) 3 118(9) 366
N7 1 150(5) 1 761(5) —1397(8) 339 C(6) 4 527(5) —8701(5) 2 592(8) 310
C(8) 235(7) 1157(7) —472(10) 407 N() 5930(4) —8628(4) 2951(6) 294
c) 532(7) —280(7) —427(11) 462 C@®) 6 824(6) —9469(5) 3 889(9) 390
C(10) 1 734(8) —425(7) —1328(12) 494 C©) 8 186(6) —9109(6) 3908(10) 431
c@1) 2 068(6) 911(7) —1956(10) 388 C(10) 8 008(6) —7967(6) 2896(10) 422
0(12) —590(5) 1 711(5) —146(8) 517 C(11) 6 539(6) —7762(5) 2287(9) 370
0O(13) 2914(5) 1247(5) —2762(9) 603 0(12) 6 519(5) —10289(4) 4 536(8) 595
F —556(4) 2972(4) —3278(7) 666 0o(13) 5948(5) —7027(4) 1 353(8) 576
F 531(4) —8923(4) 1 528(7) 609
I x y z B,
ca 15409 352509 —2521(15) 335 (VIn
CEZ; 22121)1) 168 128; 5 886213; 360 c() 6 165(17) 6 442(5) 8 263(17) 350
c@3) 1204(12) 5324(8) —2234(15) 415 C(2) 6468(17) 7 069(5) 9313(19) 419
C(5) 2028(9) 3 658(9) —879(15) 353 C4) 5057(15) 6 640(5) 12 341(21) 327
) 1 024(9) 2994(8) _1519(13) 295 ) 4807(16) 6 026(5) 11383(17) 306
N(7) 964(7) 1821(7) —1119(11) 276 C(6) 5349(14) 5947(5) 9371(18) 289
c®) 6709) 1 356(8) _a04) a8 N(7) 5105(11) 5294(4) 8 322(13) 269
o) 302(9) 88(9) 14(15) 341 C®) 4172(14) 5211(5) 6 550(18) 299
(10) 1 289(10) _135(8) _963(14) 330 o) 4493(17) 4 496(5) 5704(21) 403
(i) 1 831(10) 1021(9) _1710013) 330 C(10) 5436(15) 4151(4) 7 521(25) 407
0(12) —725(7) 1 899(6) 653(11) 482 C(11) 5925(15) 4709(5) 9 005(19) 340
0B e IO adiy B om mo en s
Br 1207(1) 2665(D) 3462(4) 475 Br 6 388(2) 7979(1) 12 674(3) 585
av)
cq) 5 888(3) 8 650(11) 8 094(8) 445
C(2) 5184(4) 9 294(14) 7469(11) 644
C(3) 4929(4) 11 226(16) 7 715(13) 796
C(4) 5383(5) 12 704(13) 8612(11) 732
C(5) 6 103(4) 12 173(11) 9 307(9) 535
C(6) 6 336(3) 10 140(10) 9038(7) 367
N(7) 7055(2) 9 519(8) 9 696(6) 340
C(@®) 7227(3) 7 675(10) 10 683(7) 401
C(9) 8 027(3) 7332(12) 10 833(8) 495
C(10) 8318(3) 9256(12) 9995(9) 487
C(11) 7 663(3) 10 510(11) 9244(7) 421
0(12) 6 801(2) 6 630(8) 11 268(6) 549
O(13) 7633(3) 12 106(8) 8 388(6) 626
F 4747(3) 7 882(11) 6 562(8) 1119
Results and Discussion ORTEP!? stereodrawings in Figure 1, and their bond lengths
Fractional atomic co-ordinates for compounds (I)—(VII) are and angles are listed in Tables 3 and 4, respectively. The results

given in Table 2. Their molecular structures are presented as are not corrected for thermal motion effects, but these effects
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Table 3. Bond lengths (A) with e.s.d.s in parentheses

()] an () av) (2] (VD (VID)
C(1)-C(2) 1.386(12) 1.369(12) 1.379(14) 1.391(13) 1.401(21) 1.382(12) 1.428(15)
C(1)-C(6) 1.385(4) 1.398(10) 1.372(14) 1.387(12) 1.371(13) 1.392(13) 1.368(15)
C(2)-C(3) 1.376(4) 1.400(14) 1.383(16) 1.336(13) 1.378(15) 1.361(12) 1.359(17)
C(3)-C4) 1.380(4) 1.360(14) 1.375(16) 1.372(15) 1.363(15) 1.391(13) 1.372(15)
C(4)-C(5) 1.385(12) 1.404(11) 1.387(15) 1.411(15) 1.404(22) 1.380(13) 1.371(15)
C(5)~-C(6) 1.378(4) 1.363(10) 1.409(14) 1.384(9) 1.399(14) 1.382(11) 1.369(16)
C(6)-N(7) 1.429(12) 1.436(8) 1.405(12) 1.418(12) 1.423(20) 1.429(11) 1.465(13)
N(7)-C(8) 1.398(3) 1.402(10) 1.393(13) 1.402(8) 1.401(13) 1.415(16) 1.362(14)
N(7)-C(11) 1.390(4) 1.41309) 1.389(13) 1.400(10) 1.370(13) 1.391(11) 1.392(13)
C(8)-C(9) 1.504(10) 1.513(10) 1.497(14) 1.505(9) 1.492(22) 1.500(10) 1.531(15)
C(8)-0(12) 1.200(5) 1.185(10)  1.191(12)  1.188(10)  1.190(12)  1.183(10)  1.203(13)
C(9)-C(10) 1.521(6) 1.522(12) 1.503(15) 1.523(11) 1.510(17) 1.548(10) 1.540(19)
C(10)-C(11)  1.508(12)  1.508(10)  1.518(14)  1496(13)  1.507(21)  1.503(16)  1.504(16)
C(11)-0(13) 1.201(4) 1.190(9) 1.196(14) 1.203(8) 1.202(14) 1.181(14) 1.189(15)
C*-F* 1.331(9) 1.331(13) 1.353(11)
C*-Br* 1.904(11) 1.885(10) 1.904(10)
% C* denotes the carbon atom to which the substituent F or Br is attached.
Table 4. Bond angles (°) with e.s.d.s in parentheses
] I (IIm) av) M (VD) (VI
C(6)-C(1)-C(2) 118.5(4) 121.8(8) 122.1(10) 116.3(8) 118.8(10) 118.9(10) 116.8(10)
C(1)-C(2)-C(3) 120.4(4) 116.5(8) 119.0(10) 124.1(8) 121.3(10) 119.0(7) 119.0(10)
C(2)-C(3)-C(4) 120.4(6) 122.6(8) 120.7(9) 119.1(8) 119.0(13)  123.0(7) 122.3(10)
C(3)-C(4)-C(5) 119.9(4) 119.9(8) 119.9(10) 120.4(9) 121.7(10) 118.1(10) 119.5(11)
C(4)-C(5)-C(6) 119.13) 118.4(7) 120.109) 118.1(6) 118.1(10) 119.5(7) 118.6(10)
C(5)-C(6)-C(1) 121.5(6) 120.6(6) 118.2(9) 121.9(6) 121.1(12) 121.4(6) 123.7(10)
C(5)-C(6)-N(7) 119.7(3) 121.1(6) 118.8(9) 120.6(6) 119.8(9) 119.7(7) 119.5(9)
C(1)-C(6)-N(7) 118.8(4) 118.2(6) 122.9(9) 117.4(8) 119.19) 118.9(9) 116.7(10)
C(6)-N(7)-C(8) 123.6(4) 123.6(6) 123.5(8) 122.9(7) 122.4(8) 123.5(9) 124.0(8)
C(6)-N(7)-C(11) 123.2(3) 121.7(6) 122.9(8) 123.8(5) 123.6(11) 123.0(8) 121.6(9)
C(8)-N(7)-C(11) 113.2(7) 114.5(5) 113.6(8) 112.8(6) 113.6(12) 113.3(5) 114.3(8)
N(7)-C(8)-C(9) 107.2(7) 106.7(6) 106.9(8) 107.2(8) 107.19) 107.309) 108.5(9)
N(7)-C(8)-0(12) 124.2(6) 124.5(7) 124.5(9) 124.3(6) 124.5(12) 124.8(6) 125.3(9)
C(9)-C(8)-0(12) 128.6(3) 128.7(7) 128.5(10) 128.5(7) 128.3(10) 127.909) 126.1(10)
C(8)-C(9)-C(10) 105.8(4) 105.9(6) 106.9(8) 106.2(7) 106.2(9) 105.9(10)  102.5(10)
C(9)-C(10)-C(11) 104.7(3) 106.5(6) 104.7(8) 104.9(5) 105.1(11) 104.8(10) 106.2(8)
C(10)-C(11)-N(7) 108.0(5) 106.2(6) 107.5(8) 108.6(5) 107.9(12)  108.5(7) 106.8(9)
C(10)-C(11)-0O(13) 127.9(3) 129.7(7) 127.4(10) 128.1(7) 127.2(10) 128.1(11) 128.0(10)
N(7)-C(11)-0(13) 124.1(6) 124.0(6) 125.1(9) 1234(7)  1249(12)  123.3(6) 125.2(10)
C-C-X* 118.8(6) 120.3(7) 117.0(9) 118.6(8) 119.2(7) 117.7(8)
X-C-C* 119.3(7) 117.6(8) 118.8(7) 1200(11)  117.8(10)  119.8(8)
X is F or Br.

should be small, as shown by the equivalent thermal parameters
B, in Table 2.

Figure 2 shows the bond lengths and angles as means of the
values for all seven compounds. All the bond lengths and angles
had normally accepted values, except the C(2)-C(3) bond in
compound (IV) which is exceptionally short (1336 A) as
compared with the values in the other compounds (1.359—
1.400 A). This value was therefore omitted in the calculation of
mean values. This short bond length may be ascribed to the
expanded thermal motional effect of C(2) and C@3) in
compound (IV). The thermal ellipsoids of these atoms in the
ORTEP drawing (Figure 1), and the large values (6.44 and 7.96
A?) for the equivalent thermal parameters B, of C(2) and C(3),
respectively (Table 2), suggest large thermal librations for these
two atoms. As expected from the molecular structures, the mean
values of the bond lengths and angles in Figure 2 show a
complete two-fold rotational symmetry around the C(6)-N(7)
bond. In the benzene ring, the mean bond lengths between
carbon atoms and the mean internal angles are similar, being
very close to the corresponding standard values. Furthermore,

the sum of the three bond angles around the carbon atom to
which a substituent (N, F, or Br) is attached is in the range
359.9—360.0°, indicating that the benzene ring of the N-
phenylsuccinimides (I)—(VII) is essentially planar and that the
substituents lie in the plane. These data were confirmed by least-
squares plane calculations as described later.

The mean length (1.429 A) of the C(6)-N(7) bond (Figure 2)
is less than the sum of the single-bond radii of the C and N
atoms'* (1.47 A), and within the lower limit of the range
(1.431—1.483 A) of C-N bond lengths of aniline deriv-
atives.! =!8 This value is also less than the conjugated N-C(«)
bond length (1.45 A) in the peptide linkage.!® Sheldrick et al.2°
have reported that the lengths of the two C-N bonds in 1,3-
diphenylspiro[imidazolidine-2,2’-indan]-1‘,3’-dione have small
values (1.378 and 1433 A), owing to their double-bond
character (complete and partial double-bond characters,
respectively). The bond length of C(6)-N(7) (1.429 A) for the N-
phenylsuccinimides is very similar to this partial double bond
length, suggesting that the C(6)-N(7) bond participates in the
conjugated system of the benzene ring.
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Figure 2. Atomic numbering, mean bond lengths (a), and mean bond
angles (b) of N-phenylsuccinimides; mean values are the averages for
compounds (I)—(VIL); values in parentheses are standard deviations

The sums of the bond angles around the atoms N(7), C(8),
and C(11) were 359.8, 360.0, and 360.0°, respectively, indicating
that these atoms assume planar sp? hybridization. The lengths
(1.191 and 1.195 A) of the carbonyl bonds C(8)-O(12) and
C(11)-O(13), respectively, are shorter than the corresponding
value of 1.24 A for a peptide linkage.!® The lengths (1.395 and
1.392 A) of the N(7)-C(8) and N(7)-C(11) bonds, respectively,
are longer than that (1.32 A) for a peptide linkage.

From these results, the features of the C-N bonds in these
succinimides may be summarized as follows. (i) The C(6)-N(7)
bond is shorter than a normal single C-N bond, and longer than
a normal C=N double bond, probably as a result of sp?
hybridization between C(6) and N(7). (ii) The N(7)-C(8) and
N(7)-C(11) bonds are shorter than a C-N bond in a peptide
linkage. (iit) The C(8)-0(12) and C(11)-O(13) bonds are shorter
than a C=O bond in a peptide linkage. (iv) The bonds around
N(7), C(8), and C(11) are all planar. These results suggest that
the O(12)-C(8)-N(7)-C(11)-O(13) bond system in the
succinimide ring is not fully conjugated, and is not conjugated
with the benzene ring. The bonds C(8)=0(12), N(7)-C(6), and
C(11)=0(13) appear to be somewhat isolated, and to have a
partial resonance structure.

Next, we consider the differences in molecular structures of
compounds (I)—(VII). The geometry of the carbon hexagon in
the benzene ring is known to be deformed by introduction of a
substituent, the deformation being most marked at the
substituted carbon atom: the internal angle of a substituted
carbon atom may differ considerably from 120°, to about 114 or
125°.2'-23 Deformations of this type were observed in the N-
phenyl succinimides (I)—(VII). Although all the mean internal
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Figure 3. Conformational energy profiles around the C(6)-N(7) bond
in compounds (I), (I), (IV), and (VI); curve (a) is for (I), (IV), and
(VI), and curve (b) for (II); Filled circles (@) denote the energy at the
angle determined by X-ray analysis

angles of the unsubstituted carbon atoms of the benzene ring
were very close to 120°, those of the halogen-substituted carbon
atoms were greater than 120°, indicating deformation: the
increments in the internal angle from 120° brought about by
substitution with fluorine were 1.8 (II), 4.1 (IV), and 3.0° (VI),
and those observed on substitution with bromine were 2.1 (III),
1.3 (V), and 23° (VII) (see Table 4). Thus the effect of
substitution by a fluorine atom was greater than that by a
bromine atom, probably because of the greater electronegativity
of the former. On the other hand, the bond lengths between
carbon atoms in the benzene ring were very similar, as observed
with monosubstituted benzenes.?!~23

The least-square planes of the benzene and succinimide rings
were determined by equation (1) (Table 5). Values of the
coefficients of equation (1) and the deviations from the plane are
summarized in this Table. Since the absolute maximum
deviation from the least-squares plane of the benzene ring for
the seven compounds was very small (0.017 A), the benzene ring
can be regarded as essentially planar in all cases. Furthermore,
the coplanarity of halogen and N atoms attached to the benzene
ring is very high, consistent with the internal bond angles shown
in Figure 2.

Deviation from planarity in the succinimide ring is greater
than that in the benzene ring in all these compounds. This
deviation is very great in compounds (I) and (VII) but less than
the estimated standard deviation (e.s.d.) by a factor of 3 in the
other cases. Furthermore, the exocyclic atoms C(6), O(12), and
O(13) attached to ring nitrogen or carbon can also be regarded
as coplanar with the succinimide ring. The deviations for
compounds (I) and (VII) were three times the e.s.d.s. Thus, the
conformation of the five-membered ring of these compounds is
deformed from a planar structure, to give an envelope form
puckered at C(9).

As summarized in Table 5, the torsion angle between the
benzene and succinimide rings depends on the nature and
position of the substituent in the benzene ring. In the
unsubstituted compound (I), the torsion angle is 59.6°
Substitution of a fluorine or bromine atom at the ortho-position
increased this angle, and the effect of bromine (about 10°
increase) was greater than that of fluorine (about 4° increase).
However, substitutions of fluorine atoms at the meta- and para-
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Table 5. Least-squares planes and deviations (A) of the atoms from the planes; atoms used in calculating the least-squares planes by equation

(1) are denoted by asterisks

Ax+By +Cz=D )
Planes 1)) I (I (Iv) v) (VD) (VID)
(a) Phenyl group
A 6.619 6.033 5.848 8.145 5.753 —1.505 6.890
B 2.620 —1.580 —2.457 1.920 —2.687 5.401 —6.572
C 7.186 6.635 6.520 —-17.079 7.317 6.683 2.198
D 8.518 1.338 0.860 0.718 9.212 5.740 1.840
C(1)* 0.001 0.000 0.007 0.008 —0.008 -0.007 —0.010
C(2)* —0.002 —0.011 0.001 0.001 0.009 —0.001 0.017
C(3)* 0.000 0.015 —0.008 —0.009 —0.006 0.006 —0.009
C@4)* 0.003 —0.007 0.007 0.008 0.002 —0.003 —0.007
C(5)* —0.004 —0.004 0.000 0.001 —0.001 —0.005 0.014
C(6)* 0.002 0.008 —0.007 —0.009 0.005 0.010 —0.004
F or Br 0.032 0.034 0016 0.004 0.020 0.103
N(7) —0.017 0.004 —0.014 —0.008 0.008 0.000 0.027
(b) Succinimide group
A 6.414 —5.614 —6.192 —0.612 9.359 —1.663 6.467
B —2973 —1.615 —-1972 3.283 3.190 —5.789 5.107
C 6.841 6.823 6.411 6.585 4.368 6.572 —3.229
D 4.360 0.018 —0.250 9.084 11.404 —4.057 3.292
N(7)* —0.007 0.005 0.011 —0.006 —0.002 0.015 0.026
C(8)* 0.049 —0.015 —0.029 0.028 0.012 —0.003 —0.047
C9)* —0.064 0.019 0.036 —0.035 —-0.016 —0.009 0.068
C(10)* 0.058 -0.017 -0.029 0.027 0.016 0.017 —0.085
C(1)* —0.036 0.008 0.011 —0.015 —0.009 -0.020 0.037
0O(12) 0.155 —0.063 —0.095 0.096 0.066 —0.002 —0.162
0(13) —0.115 0.029 0.009 —0.053 —0.023 —0.110 0.127
C(6) —0.036 —0.063 —0.001 —0.191 —0.152 —0.030 0.179
(c) Torsion angles between the two planes
0/° 59.6 63.5 69.8 54.5 59.8 55.9 62.2
positions decreased the torsion angle to similar extents (both
about 4°), whereas bromine atoms at these positions had little
54 effect. It is noteworthy that the benzene and succinimide rings
are not coplanar but are twisted around the C(6)-N(7) bond.
- As just described, the major difference among the seven N-
PREIPY phenylsuccinimides is in the torsion angles between the benzene
4 and succinimide rings. These values were determined for the
crystal state, but it was important to know the relation between
4 ® o0 the structure in the crystalline state and the stable molecular
3 7 \ conformation determined by molecular orbital calculation. We
g have therefore calculated the dependence of the total energy ()
3 4 of N-phenylsuccinimide (I) and its fluoro derivatives (II), (IV),
and (VI) on the torsion angle (0) by the extended Hiickel
method;?* changes of E with increments of 5° of 0 were
T calculated. As shown in Figure 3, the energy profiles of (I), (IV),
and (VI) are the same, but different from that of (II). In all cases,
2 -‘L the torsion angle found in the crystal state, 0, , was at or near
L, the 6 value for minimum energy, indicating that the observed

&Y T T T T T

40 50 60 70 80 90

eobs.l"

Figure 4. Relationship between the torsion angle 8,,, and fungicidal
activity of N-phenylsuccinimides. The angle 0, is that between the
least-squares planes of the benzene and succinimide rings. Fungicidal
activity, pls,, is the negative logarithmic value of the molar con-
centration required for 509 inhibition of mycelial growth of Botrytis
cinerea

torsion angle corresponds to the most stable conformation
determined by molecular orbital calculation. Thus, we may
expect that N-phenylsuccinimides have the same structure in the
crystal state as under the conditions in which they exhibit
biological activity.

Takayama and Fujinami* have determined the fungicidal
activities of N-phenylsuccinimides against Botrytis cinerea.
Figure 4 shows the relationship between activity and the torsion
angle 0, . Interestingly, the activity tends to increase with
decrease in 0,,, suggesting that the planar conformation is
favourable to fungicidal activity.
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