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DFT study of the substituent cross—interaction effects on the
conformation of X-PhPhCH =NPh-Y

Wu Feng, Fang Zhengjun, Xie Xin, Huang Linjie
(School of Chemistry and Chemical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China)

Abstract: The conformations of N —benzylideneanilines X —PhPhCH = NPh-Y were studied by B3LYP
(DFT) hybrid method in combination with the 6-31G * split valence basis set. It was observed that the twist
angle of the benzylidene ring or aniline ring with respect to the rest of the molecule (7,0r 7,) estimated by the
DFT method are highly reliable, and 7, can be systematically regulated through X and Y substitution. The
substituent effects on 7, obtained from DFT calculations were investigated. It is demonstrated that substituent
cross—interaction has a certain influence on 7,, and a quantitative model was proposed to express such an effect.
The findings of the present study illustrate a practical method for expressing the relationship between substituents
and molecular conformation of the X—PhPhCH=NPh-Y compounds.
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1.1 BRERE

K Gaussview 09 RINFRFHEATIHER, 7E 6-31G * AV LA FiE AT J U5 3R 1S H SRR
S5k R 73— RE i 7 7RI , B B AR A 25 A0 B A AR 454 ), 13 B [R] IR L XFI Y X X-PhPhCH =
NPh-Y HIRFEIR S C=N [\ A 7, , AR S C=N HH 1A, B
1.2 PhPhCH=NPh-OMe & &

PhPhCH =NPh-OMe 3R FIJGH 7135 A3 58 °1.0.01 mol By 415 F S A1 0.01 mol it HY ISR A, i
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A1 #4444 PhPhCH=NPh-OMe 44 R34 4,

1.3 BEIFFK X-ray BRITH

Frd e G Pia TH B =2 L (3« 1) RGP R R AT — D RN A4 1R A
VG PRl LT

BEHUE G R/INK) L, 7E Gemini S Ultra, Oxford X—SF 2 5 fir S S W A8 , 76 295(2) K i
JET 2 S A8 bR Mo Ko A HRETEIR, L o 393007 SORCEEAT 4 5. 165 1) PhPhCH =
NPh-OMe S ARBAESEILER 1 ITAT Sl SR B R0 P 22 0 A, wR A A8 BT o, R Al st 7
HEBRZE Z2 IR A Fourier H AR FTA AE ST (9 AL b MIAS R e B d /D LB IE. B I &, AU
TRS GLIETE. SRS H b7 RS IE 43 3 6 ] SHELXS-97"'* 1 SHELXL-97 F2J7""" 52 1. F Platon %k
PR T AT R £l 3R 4T Mecury 2.3, CheXBAYD 12.0 4.

& 1 Act4 PhPhCH=NPh-OMe #) &tk 2 4
PhPhCH=NPh-OMe

Empirical formula CyHy;NO
Formula weight 287.35
Temperature 295(2) K
Wavelength 0.710 73 A
Crystal system, space group Monoclinic, P2,/c
a =6.0193(3) A a = 90°
Unit cell dimensions b=175336(4) A B = 92.767(4)°

¢ = 33.2660(14) A y = 90°
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Bk 1

PhPhCH=NPh-OMe
Volume 1506.75(13) A*
Z 4
Calculated density 1.267 Mg/m®
Absorption coefficient 0.607 mm™!
F(000) 608
Crystal size 0.36 mmX 0.30 mmX0.28 mm
Theta range for data collection 5.33° to0 59.99°
Limiting indices -6<h<6, -8<k<8, -34<i<37
Reflections collected / unique 6327 /2233 [R(int) = 0.036 4]
Completeness to theta 99.8%
Absorption correction Semi—empirical from equivalents
T\ and T, 0.811 1 and 0.848 4
Data/restraints/ parameters 223370/ 200
Goodness—of it on F? 1.042
Final R indices [ I>2sigma(1) ] R, = 0.058 3, wR,= 0.126 2
R indices (all data) R,= 0.082 0, wR,= 0.140 1
Largest diff. peak and hole 0.254 and -0.170 e. A3
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X-PhPhCH=NPh-Y 5} FZ 50l 2 iR JHF C,-C,—C=N iy 7,11 7,02 5 C =
N=Cy=C M.

Y
H @
C=N~—r, G
T]
C2
X = 0OMe, Me, H, CL F, CN, OH;
Y = OMe, Me, H, C1, F, CN, OH;

X
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X Y (X)) op(X) oY) ap(Y) Ac? () ()

1 OMe OMe 0.29 -0.56 0.29 -0.56 0.00 0.59 155.09
2 OMe Me 0.29 -0.56 0.01 -0.18 0.01 0.89 149.12
3 OMe H 0.29 -0.56 0.00 0.00 0.07 1.02 147.17
4 OMe Cl 0.29 -0.56 0.42 -0.19 0.25 1.10 147.09
5 OMe F 0.29 -0.56 0.45 -0.39 0.11 1.76 148.47
6 OMe CN 0.29 -0.56 0.51 0.15 0.87 1.56 142.42
7 OMe OH 0.29 -0.56 0.33 -0.70 0.01 0.94 153.13
8 Me OMe 0.01 -0.18 0.29 -0.56 0.01 0.69 154.24
9 Me Me 0.01 -0.18 0.01 -0.18 0.00 0.89 149.32
10 Me H 0.01 -0.18 0.00 0.00 0.03 0.86 147.41
11 Me Cl 0.01 -0.18 0.42 -0.19 0.16 0.89 147.16
12 Me F 0.01 -0.18 0.45 -0.39 0.05 0.87 148.90
13 Me CN 0.01 -0.18 0.51 0.15 0.69 1.29 144.21
14 Me OH 0.01 -0.18 0.33 -0.70 0.04 0.83 152.36
15 H OMe 0.00 0.00 0.29 -0.56 0.07 1.51 155.98
16 H Me 0.00 0.00 0.01 -0.18 0.03 0.79 149.44
17 H H 0.00 0.00 0.00 0.00 0.00 0.84 147.57
18 H Cl 0.00 0.00 0.42 -0.19 0.05 0.93 147.28
19 H F 0.00 0.00 0.45 -0.39 0.01 0.93 148.47
20 H CN 0.00 0.00 0.51 0.15 0.44 0.89 144.45
21 H OH 0.00 0.00 0.33 -0.70 0.14 0.78 154.18
22 Cl OMe 0.42 -0.19 0.29 -0.56 0.25 0.33 156.42
23 Cl Me 0.42 -0.19 0.01 -0.18 0.16 0.73 150.10
24 Cl H 0.42 -0.19 0.00 0.00 0.05 0.88 147.86
25 Cl Cl 0.42 -0.19 0.42 -0.19 0.00 1.07 147.59
26 Cl F 0.42 -0.19 0.45 -0.39 0.03 0.79 149.56
27 Cl CN 0.42 -0.19 0.51 0.15 0.19 1.07 144.61
28 Cl OH 0.42 -0.19 0.33 -0.70 0.36 0.69 155.09
29 F OMe 0.45 -0.39 0.29 -0.56 0.11 0.51 155.81
30 F Me 0.45 -0.39 0.01 -0.18 0.05 0.87 149.81
31 F H 0.45 -0.39 0.00 0.00 0.01 0.88 147.73
32 F Cl 0.45 -0.39 0.42 -0.19 0.03 1.06 147.50
33 F F 0.45 -0.39 0.45 -0.39 0.00 0.80 149.28
34 F CN 0.45 -0.39 0.51 0.15 0.36 1.07 144.54
35 F OH 0.45 -0.39 0.33 -0.70 0.19 0.73 154.73
36 CN OMe 0.51 0.15 0.29 -0.56 0.87 0.67 156.90
37 CN Me 0.51 0.15 0.01 -0.18 0.69 0.77 150.68
38 CN H 0.51 0.15 0.00 0.00 0.44 0.39 148.31
39 CN Cl 0.51 0.15 0.42 -0.19 0.19 1.03 148.06
40 CN F 0.51 0.15 0.45 -0.39 0.36 0.90 149.93
41 CN CN 0.51 0.15 0.51 0.15 0.00 0.83 145.00
42 CN OH 0.51 0.15 0.33 -0.7 1.06 0.65 156.01
43 OH OMe 0.33 -0.70 0.29 -0.56 0.01 0.67 154.98
44 OH Me 0.33 -0.70 0.01 -0.18 0.04 0.88 149.31
45 OH H 0.33 -0.70 0.00 0.00 0.14 0.90 147.40
46 OH Cl 0.33 -0.70 0.42 -0.19 0.36 1.03 147.21
47 OH F 0.33 -0.70 0.45 -0.39 0.19 0.97 148.89
48 OH CN 0.33 -0.70 0.51 0.15 1.06 1.04 144.43
49 OH OH 0.33 -0.70 0.33 -0.70 0.00 0.77 153.98

W or BEFBINSE, op HIFHIBE, A0 = | [op(X) +op(X) I =[ap(Y) +op(Y) T2 HBUREERLAE IS S

B 3 MeO-PhPhCH=NPh-CN # % # kL B
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2.4 PhPhCH=NPh-OMe ©FRIRE L&

ft44 PhPhCH =NPh—OMe [y 5 (k&5 H 1T S B 5%, LS T LA S0 AL A 00 4 A BRI F C=
N SRR U0 i 5 T AL B AE A Ak T A 7, A 1.99 ©, Al 7, My 158, 14°,
B L5 R DFT Jrik, 76 6-31G # AP EXF X-PhPhCH = NPh=Y 43 F-E 7 LA f Al H 4 B2 A K.
SSK A BIFGE 13507 7 LA — 72 1

B 5 PhPhCH=NPh-OMe # &4 4k 25 # B

2.5 ERKRE Y X r, B0
# 3 R G Y X-PhPhCH=NPh-Y " IUfURE X [B5E , Y 22 B, R PR F C=N i) —Hif 7,
SPEE Y 115 R0 S BRI RO S B RN R 2R th 2R 3 AT 7, X oo (Y) o (Y) BIH A ARG
VERCUF PRt 2216 1.28° ~ 1oAY N AL 2 3 1 p, (V) BEHL o, (V) BUE/D , XL Y BUREE 95
ROVERT TH A 7y AR IE /N T HAE B AL
&3 BAREXEE,Y BAH, 7, 3 o, (Y) oo, (Y) 8= 2z R

X pr(Y) pr(Y) n R R? N F
OMe -6.28+2.87 -12.99+1.96 7 0.959 5 0.920 6 1.44 23.19
Me -4.65+2.56 -10.39+1.74 7 0.949 9 0.902 3 1.28 18.49
H -4.89+3.27 -12.12+2.23 7 0.940 1 0.883 8 1.64 15.21
cl -4.93+3.17 -13.18+2.17 7 0.951 1 0.904 6 1.55 18.96
F -4.75+2.95 -12.61£2.01 7 0.954 1 0.910 3 1.48 20.30
CN -5.15+3.13 -13.58+2.13 7 0.955 1 0.912 2 1.57 20.76
OH -4.36+2.75 -11.88+1.88 7 0.954 4 0.910 9 1.38 20.46

K6 ik TR S YIT 7, 5Y BIBUREES AR S, NIET 6 n] & BUREL Y X il 7, 193

Wi EAT T2 M) A 2 e R R WTIUCEE Y X i A A WL RS 700, B2 Y BBt r B8 T 3 R

U AN Cry HEIN) S Z BUCSE Y W7 BE 138, FHLA A3 R (o, 9/ ) 18T 6 25X Slope = -7.12 =
0.99 Z7m B Hp LAY RLAR, HOR/N R T RERAE & W P U, Y MBS EL o (Y) F1m, BRI 2.
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154 - slope=—10.98 + 2.15
R=0.9159
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2.6 EURE X3 r, BRI
4 AEARMEAY) X-PhPhCH=NPh-Y ritfQ3E Y [ , X A2 L, KA F C=N [ 1) £ 7,
5 HREE X 1915 80N SEONERUN S5 R S5 3. 12 4 AT, 7, X oo (X) Fl o (X)) [, AH G
B Bt 25 7E 0.07° ~0.63°3 FEl N 281K 3% 4 v p, (X)) BLAELAN p o (X) BUAEAH ZE A, X BB X UL Y
VRN RSSO X T E A T, BRI 2.
k4 BARERY B X B, 8 o (X) foop(X)agmjaz R

Y pr(X) pr(X) n R R? N F
OMe 3.46 = 0.75 1.78 + 0.51 7 0.940 1 0.883 7 0.37 15.20
Me 1.96 + 0.23 1.34 + 0.16 7 0.984 8 0.954 8 0.12 64.29

H 1.18 + 0.22 0.97 + 0.16 7 0.967 9 0.936 9 0.12 29.69
cl 1.21 £0.14 0.81 + 0.10 7 0.984 5 0.969 2 0.07 63.01

F 2.10 £ 0.56 0.96 + 0.38 7 0.907 7 0.823 9 0.28 9.36
CN 0.95 + 0.19 0.48 + 0.13 7 0.947 7 0.898 2 0.10 17.64
OH 4.67 +1.25 2.15 + 0.86 7 0.906 7 0.822 1 0.63 9.24

K7 ik TR S Y 7, 5 X RBUCEES BRI 7 WA UEE X R, BOR
Wi AT Z AT 2 P 2R R W HOIUEE XXt i, A WA R G L2800, B 24 XA L T RE D0 R
I HL A B (ry 380 S Z BUEE X R HE 5 BE T30, AL A3 K (ry DIN)

157
[
slope=2.28 + 0.55
; R=0.880 2
ﬂi- 156
o
g
ﬁT’
I
<
=
R 155
n
154 | | | I I |
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8

o (X)

A7 AREAESHIAARKE X GRA KL o (X)F 7, 940K M

27 BREXFMRKE YN _HEHRH -, WP

H TP XY X A, MR A SGERESE 7 IBUREE XY [ i AR AL, A 7,
ARG A T 7, (S BUREES L o) Fl o RIK A5 BI( D).

7, = 147.53 + 2.240(X) = 5.000,(Y) + 1.360,(X) - 12.400,(Y) ;

R =0.948 9,R* =0.904 6,5 = 1.24,n = 49  F = 99.51.

R ST BUCIE C=N R E AR 3RS Ao” = { [op(X) +0(X) ] =[ox(Y) +
or(Y) ]} R i BRI XORTY [RIE AR TR g, X R Y (AR LV AR SCth 223 Ao SRBFZE X f Y
) S AR P B, U R IERT 7, AORE A 7, (S BUREE S o), 00 1 Ac” LK, 15 5120(2).

7, = 147.43 + 1.730,(X) = 5.120,(Y) + 1.13g,(X) - 12.640,(Y) + 1.29A0";

R =0.9530,R* =0.908 1,S = 1.20,n = 49, F = 85.00.

Fea (1) RN (2) B, S5 8 BT A B AAH DG , OG22 8k 0.948 9 T3 0.953 0, b i 22
H1 1.24 FEARE] 1.20.5% UL AERF 21k 54 X-PhPhCH =NPh-Y R EURIEXT i1 7, MM, 250 Ao’
R 10 1 BUA QL XA Y [ A2 A i XA Y A HLAE .

(1)

(2)
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1) S DFT Jy e ABFAE TR B A X—PhPhCH = NPh—Y 43 T 80 30, 3155 45
ARSI 2 T R BFIC I 7 R 0 5 R RS

2) RFRCRRIE X A Y RIS LSRR S C =N SFIAHLIRR B (BT 7,) OB MAR, (L
$ 55 C=N G A 7, B X R Y A5 G5 (b 24 Y 10 sk T B R, SRy T
LA LRI R (TR 7 () B X ROWE R TRE T, TR 7 Bk

3) X-PhPhCH =NPh-Y 3 THI R HIRARE X FURICIE Y SERISING , S5 Ao Ale i 1 i it
WAL XY AR AR X Y BRI TR P S5 M R JE X A1 Y AT BLE2E X-PhPRCH =NPh-Y 43
T JLA AR R AR MO 5 2 g R0 P LA X ~PhPRCH = NPh—Y WA TE WS bR EL AT —
SR RS AT I T IR SRS AR RO A, 75 MR R G R LR P e b
B RS — 5 R

Sk

V] JEHRG, EH A A o §- [ M AL B2 s, 1994.

2] 20 AT M S5 R T ] e Ak, 2008, 31(9) : 28-30.

3] FEWTH AT AT KU , A A KR R I A B S PR T ] A P, 2004, 24(7) ¢ 761-766.

4] AR A RIS RIS HERE D . 22« 22 P 588 K7, 2009.

51 ZARFR. Schiff LAWY & L Z5 A S PERFFE [ D ] HE K IE 2%, 2007.

6] Fie. H B Ay RIEC A P A AR RAE B AEWTEMERFSE [ D)3 5 - P B RS, 2007,

7] KA RSN 2R B S A R B G Y IR S e () ] AL LR 5T & ,2004,33(4) - 26-29.

8] Binnemans K, Galyametdinov Y G, Van D R, et al. Rare—earth—containing magnetic liquid crystals[ J]. Journal of the
American Chemical Society, 2000, 122(18) ; 4335-4344.

[9] Ha S T,Foo K L, Lin H C,et al. Mesomorphic behavior of new benzothiazole liquid having Schiff base linker and terminal
methyl group[ J]. Chinese Chemical Letters, 2012,23(7) :761-764.

[10] A, Bl , 5 =28 , 5. 3 Ay Bk P 9 A8 X0 A 257 it BR080 20 1 19 ORI AR RIS [0 ). e 5 7, 2010, 25(3) ¢
305-310.

[11] Das S, Nag A, Goswami D, et al. Zinc(II)— and copper( 1) —mediated large two—photon absorption cross sections in a bis—
cinnamaldiminato Schiff base[ J]. Journal of the American Chemical Society, 2006, 128(2) ; 402-403.

[12] Fang Z J, Cao C Z, Chen J F, et al. An extending evidence of molecular conformation on spectroscopic properties of
symmetrical bis—Schiff bases[ J].Journal of Molecular Structure, 2014(1063) ;307-312.

[13] Fang Z J, Cao C Z. Effect of molecular conformation on spectroscopic properties of symmetrical Schiff bases derived from 1,4-
phenylenediamine[ J ].Journal of Molecular Structure,2013(1036) ; 447-451.

[14] J5 IEZE IR HEAE K A 05 6 A5 RO 1S H A UL [ D ]V g R, 2013.

[15] Schmeyers J, Toda F, Boy J, et al. Quantitative solid—solid synthesis of azomethines[ J]. Journal of the Chemical Society,
Perkin Transactions 2,1998(4) : 989-994.

[16] Sheldrick G M. SHELXS-97, program for crystal structure solution[ M]. Germany: University of Gottingen, 1997.

[17] Sheldrick G M. SHELXL—-97, program for crystal structure refinement] M ]. Germany: University of Gottingen, 1997.

[18] Fang Z J, Cao C Z. Effect of molecular conformation on spectroscopic properties of symmetrical schiff bases derived from 1,4—
phenylenediamine[ J |. Journal of Molecular Structure, 2013(1036) ; 447-451.

[19] Cao C Z, Lu B T, Chen G F. Investigation of the substiuent specific cross—interaction effects on >C NMR of the C=N
bridging group in substituted benzylidene anilines[ J]. Journal of Physical Organic Chemistry, 2011(24) . 335-341.



