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ABSTRACT. Conformation of ¢is-2-butenedialdioxime, a newly synthesized compound, was
assigned by means of nuclearmagnetic resonance, extended Hiickel molecular orbital method, and
Pople’s model of anisotropic effect.

It was confirmed that two carbon-carbon single bonds are conrotatorily twisted from the molecular
plane of six sp? orbitals of carbon—carbon double bond, The conformation of minimum energy is
found to be twisted by 25°

2 v)Fo] gt
A E
BB 1) REES kR g
2-butenedial & AAA cis~- D trans-2-butene " QH oy 4’4 H\ —— H\G—Nw o
dialdioxime (2-BDDO) & 4A3ts, NMR 84 o >=( \
DY) cis-RIETHI ] T (conformation) 7} A} 7} ““ Ho““
FY BEGdA TR (9 2L HiRE
ME7F o ot s 22 JEEEEEL 2ol o "
B AEL W o Avh zElve] BEL T " H N Ho \eor

*College of Engineering, Kyungpook National Uni-
versity, OVl

o X
29 e il R e Rag pEREe 9 =< oy’
N N}
HO’;



19634 Hoffmann?e] A<t FHARAA =y
< ZE ARARES FEEETRY HEER
& 2F 28stx ez 559 HEIH #
5% (moleular geometry)ol] djgtd] gEkslA]l 2 B
Fo =7l Wil wetd 5F] EESRA 1E
HEE RIAIIIRA 2ETFAIVAE AT
A BB BIVEER (conformer)E Ztopd <
el =3 NMR spectrume]) =3 & BEHE
H (anisotropic greup) 2} 78 wr] & 3 (shielding
effect) & 5 F9 H{TLaY Bige] Lk

uwzhx EEelAe BFEANE o 8 FEF
Hte R A& Popled] model*4E $43t4
FELEEHA  cis-2-BDDO2t 2 BEEBY
2rans-2-BEDDO (IV~VI) Q] Figte) Wist TEHY
s Wejazk et

ol E % H

1. EEEXHE 02 2 HAL  Hoffmann? o)
ALY FANE FFE Ao FTAE )}
Zol ¥AE T4%=Z de 2E 4R BEFE
ETFe LCAOZR EMAA,

;=2C;; (1)
o|AL WEWez F A T KEFF
AE =k

|H,-j—"ES,'j[:0 (2)
AAA =g W Hy; & 84802, i#jold
T geley zElz Ex :ﬁ'—%lOT", S
7 ;ga$01:¢._

S pAHAAAE e e} S Tablel 3 72
Slater < T'?a Ag3te] A s, zelz F

24P (H)L Table 28
Jinzebe] el FTFEEF ol2shdfel
AT N e DaAT. FYALL Wolls
berg-Hermholtz’9] b o] wla} b A (3)el) 4]
A A3k 2, ol# B K= Hoffmann®] AH$-
& 2 1.75% o83kt

7o)l  Clementise}

Hij:‘K'(Hif"erj) Sij (3)
1EFYAE 4 ()8 €9 d¢ & A=

g

Table 1. Slater exponents.

Atom Valuve I Atom Valne
H 1. 000 N 1. 950
C 1. 625 | O 2.275

Table 2. Coulomb integrals. 55

Electron Value (eV) 1 Electron  Value(eV}
Nas ~26.00 | O ~17.76
N.» -13.40 | Cas —21.40
Oss -35.30 | Cop —11.40

Table 3. The bond lengths® of 2-butenedialdioxime,

Bend Length(A) | Bond Length(A)
Conjugated C=C 1.7 || C~H  1.09
Conjugated C-C 1.48 ; N—0O 1. 44

Conjugated C=N 1.30 O—H 0.%6
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Fig. 1. (1) Diagram (A], (B} and [C): Long range shielding due to the >>C=C< double bond, Ls:ed on Pople’s
values®* for the principal susceptibilities, The figure on the contours represent shieding in ppm,
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nczative  values

-denoting deshielding. These three diagrams are sections in the X-Y plane with the Z coordinate equal to 0, 1 and

2A

(2) Diagtam (D], (E} and (F}: Long range shielding due to the >C=0 double bond, hased on Pople’s
value % for the principal susceptibilties, Three diagrams are sections in the X-Y plave with the Z coordinats

-equal to 0, 1 and 2 A.
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Table 4. The coordinstes® of four protons in coordinate systems of three double bonds of plapar cis-2-butene-
iodialdzime conformer.

Proton ] H, ! H, | H, : H,
Coordinste | X Y z| X Y z, X Y z| X Y Z
. [ >C=C< | 0.8 228 0 | -252 128 0| 128 —0.90 0 | —123 —0.94 0
[=3 _ N | ;
° >C=N ‘ 131 —15 0 i —1.20 0.9 0 | ~L29 -344 0 | —248 —127 O
jé: (left) | I i :
E . >C=N— i-120 094 0 | -459 0 0 | -0.8 -223 0 | 316 -228 0
| trigho | 2 s e T e
* X and Y axes are in the plane of six sp? orbitals and orgin

of coordinate is the centre of each double bond. 9.643\’%)(

Teble 5. The coordinatis* of four protens in coordinate systems of three double bonds of cis-2-butenedialdioxime
conformer with two C--C single bonds conrotatory-twisted (25°) from the plane of six sp? orbitals of C-—C double

bond.

Proton H, | H, i H, : H,
Coordinate o x Y z!x v z!' x vy z| x Y 2
T : >C=C< | 0.9 218 —0.40|-244 132 —0. 4o;| 123 —0.94 0 | —1.23 —0.91 0
i =N— : ' |
= 0 7 gy (P10 094 0 1-439 —0.04 106-0.52 ~2.18 ~0.40) ~3.21 228 0.50
—_ . H
Z ) PC=N- | 0o7 c141-143-12 0.9 0 '~135 3.6 —0.50 —2.40 ~L33 0.40
‘ (right) | \ =1 -1.4 ]“ . . :" .35 —3.36 0. | —2.40 . .

* X end 'Y axes are in the plane of six sp? orbitals and origin

v : .
of coordinate is the centre of each double bond. I-}-C—E#N{—X
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Table 7. The calculated coulomb energies® of the nonbonded interaction of three cis-2-butenedialdioxime
conformers,

Coulomb energies®

Conformer Formal charge Distance (3) e —— e ——
eV/ mole Kecal/mole
1] (~0.3095) (—0.3095) 1.55 0. 4443 10. 25
H H
(I (+0.1163) (+0.1163) 1.76 0. 0487 1.12
N H
(11} (—0.4155)  {(+-0.1804) 1.67 ~0.3013 —6.95
*IE = 4:‘::. dr, where r is distance between two atoms, e is formal charge and z, is dietectric constant.
| JAE=E-Eq Table 6. The total electronic energies of six confor-
T O °\ M . mers of 2-butenedialdioximes.
8 i :: \N “\i"}ou TS e T T L ERERTIL . . S
3- \ H;;</ )2:‘/‘ N7 Total electronic energy
g -5t NG A
x x H, \H Conformer Keal Energy barrier
» Kecal/mol
dlSI’OTOfOI"y o .
-10r ¢is-BDDO 1 —20417. 78 66. 07
\conrofctory I —20473. 49 10. 36
IiI —20449. 06 13.78
2E-I5F - . e e a——
! ‘ trans-BDDO 1V —20483. 84 0. 00
’ A% —20464. 78 192. 06
-20r VI ~20481. 28 2.57
(f)" |(')° 2|0° ?;;0" 40° Table 8. The change of calculated total electronic
rotational angle, 6 energies of ¢fs—2-butenedialdioxime with roatational

angle of C—C single bonds.

Tota] eIectromc energy

Fig. 3. The change of total electronic energy of cis-
2-butenedialdioxime with rotational angle of C—C

single bonds Rotational angle Kcal/mole  Energy barrier
2. 2MFHAK U BEHEHE @y _O w0k 0w
BHT §X. & 479 A998 ceg-  Diowloy 10 —mia 2w
BDDOS) E?{EE?E 2% 38felng 4(2) wrotatory 167 —2047.46  -7.39
L Disrotatory 2§ ~20450. 55 —10.49
o 3% AIRE FoA A BFM AR A L TR S
ol ﬂgéiw}:ﬁ_g o R RPLBHY ERS conmm} s —r
1 — _ﬂ_ . g 4.
sk 2 FAA A BT Aol %*"ﬂm’:’ Conrotatoy  15°  —20454.30  —14.24
© Table 67, ZEFMA= Table 7, 8 R Conrotatory  20°  —2046L.23  —21.16
Fig 3o el e, Conrotatory  25°  —20462. 91 —-22.85
REAHPRO| o5t BH2| Jtin7 (&} 8  Conrotatory  H° —20460.01  —19.95
W Tabled, 59 Fag 19] POPICQ*} w2 :E.E}I_ _Conrotatory 40° —20448. 07 ‘—8 01

A 5yl A e A TEESS REHE

RS o] Axte] oA F el d = KFHA AFEAd e Aol (dryen)E AAT e
i o] BRSO 3] (dry,pp) R 5 methine  Table 99 100] MU T ZSA AR
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Table 9. The long range shielding (in ppm) by the anisotropic effect of each double bond of planar cis-2-
‘butenedialdioxime conformer, calculated by Pople’s model®# and equation (5).

Proton
Long range shiedlng
_I‘Lx H;, H.: H.:'
Foc=ce —0.55 0.00 —0.80 —-0. 80
Gucox- (left) —~0.75 ~1.00 —0.17 —0.02
o-c=xn- (right) —1.00 0.05 —-0.65 ~0. 04
z —-2.30 —0.95 —1.62 ~—0.8
dr I?}}a—f}{b] =135 IfH(—"”J}]Jl =0.76
Observed |‘:'H,,—-1'm,| =0. 65 1'1'11(-?[.14' =0. 49

Table 10. The long rang shielding (in ppm) by the anisotropic effect of each double bond of c¢fs-2-butenedizldio-
xime conformer with two C—C single bonds conrotatory-twsited (25°) from the plane of six sp? orbital of C—C
double bond, calculated by pople’s model3* and equation (5).

Proton
Long range shielding -
H, H, H, H,

O:cacc —0.47 0.03 | -0.80 —0.80
osc=n- (left) —0.07 —0.90 | ~0.15 —0.02
osc=n- (right) ~0.95 0. 04 —0.50 —0.04

z -1.49 —0.83 —1.45 —0.87

4z ]rHa_7H51=0t66 ! |eH.—7ua! =0.58
Observed |r3a—Tns | =0- 65 1 THc— il =0. 49
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