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ABSTRACT. STO-3G level computations were performed on n-propylamine, n-propylamine

radical and cis— and trans—ethylene diamines in order to investigate structural contributions of (nz
/m) and (n—g*) structures to the energy variations accompanying the conformational changes. It
was found that (5z/5) and (47/4) structures had attractive and repulsive nonbonded interactions,
respectively, which were approximately additive. anti(n-¢*) structures had more stabilizing
hyperconjugative interactions than syn(z-c*) structures, but due to the large internuclear repul-
sion the net effect was destabilizing in the former in contrast with the net stabilizing contribu-
tion in the latter. Moreover it was found that the stabilizing z—nonbond structure, (5z/5) was
always cooperatively reinforced by the more stabilizing anti(n-0*) interaction, whereas the
destabilizing (47/4) structure was accompanied by the less stabilizing syn(n-0*) interaction. This
type of cooperativity was found general through-bond interaction of the terminal lone pair lobes
split the enegry levels into two, n+=—ﬁ(n1+ng) and n_=71—2——(n1——n2), the latter being the
lower level, which can be shown using simple overlap patterns of the two lobes with a common

vicinal ¢* orbital.
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Table 1. Bond parameters for X;—C;—C3-Xy systems.

Compounds

Angle (deg.)

Length (A)

n-propylamine

(X1=Cy, X4=Ny)

n-propylamine
radical
(X1=C1, X4=Ny)
Ethylene diamine
(X1=Ny, X4=Ny)

£C1CC3=109.5
LC2C3CN4: 110 0
~<HNH=106. 8
£HCH=109.5
ZHCH=116.4

£ N1CzCs
=4 C2C3N4

=110.0

CiCo=CyCs=1.54
CsNg=1.47
NH=1.014
CH=1.09

NiCa=C3Ny
=1.47
CoCs=1.54

—90,0)3
oz A3 Pﬁi" 2= 3§EH°ﬂ AH A= =2
2738 At Table2 2 ¥l (90,90)36
o] 7t dAsz (90, —90)F ol I Eor
A FALE & F At (0-0F) s TEE
(6z/5) Tz WA velde o] W 1-8
Zpe 2] 7} kg 3t = tjalel] 2-AH Jpubukey
A7 2A FAE G 2 Un/4) T2 B P A
B (0% T2E 1-3AAYASE F5)
A7 5t 223 A wbe v A & A, 1-4
2 g 2-AANAE kAT A E
2y &3 2o
2%E; : (90, 90) > (0, 90)>( 90, 90)>(9o 0)>
(0, 0)>(—90, 0)>>(90, —90) > (0, —90)
>(— 90, 90)
: (90, —90)>(0 —90>>< 90, —90)>
(90, 0)>(0, 0)>( 90, 0)>>(90, 90) >
(0, 90) > (—90, 90).
of #A R F¥ (5z/5)FxE 1-4A E 2-AA

Table 2. Relative energies and overlap populations
for n-propylamine.

(n;) order of
A 0% ) |4E; stability
conforft’ilsns 7-NBI inte-}(cal1 9% P
rac- |/mo Varl Ve
tion 2E;
(90,90) | 2(57/5)|antilp 1] 7| 7l0.6x1073
B 1.2X107
(90, 0) 57/5 0[1.48' 4] 4| 410.5%10™3
(0, 90) 57/5 antill.75 2| 8| 8|1.2x1073
(90, —90) 5m/5| synl2.71 7| 1| 110.7x1073
) 47/d —14x1073
(0,0 00 013.23 5| 5| 5 |eeeeeceennn
(—90, 90) 4n/Aantil3.52) 3| 9| 9 |—11x10-3
‘ 52/5 1.2x1073
(0, —90) dr/4| synld.47) 8| 21 2{—14x103
(—90, 0) 4z/4) 010503 6| 6| 6|—11x103
(—90, —90)| 2(4z/4)| synls.26| 9| 3| 3|—11x1073
—14x1073

AEr; relative to —171.19094 a. u.
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W3 ahow Agse AL FUT + 3
ek, g ez o] ¥l A Pre 2

A 2y AAe AL Az AAE 2T

(n-0%)ameis (90, 0) - (90, 90) (90, 90) + (90, 0),
(0,0) + (0, 90) (0, 90) + (0, 0),

(=90, 0) + (—90, 90)—(—90, 90)+( 90, 0)

EAAEEA 97 (A151) 67

e AdAY Py ar1E wladted FozA
AR e# (P5~0.6x1073)0) 1} ubE o] =
71 (piff~—11%107%) meope F38] H-9-olA
(pi = Z7F 1.2%X107° ¥ —14X107%) Fdjg
of vebd& & F7F Utk

Table 201 A (nz/m) F27F AA oA o u
AE BRI AldE Gr/5)Fzd WA —1.
75+0. 01kcal /mol, (4::/4)%&01] A +1.79
+0. 01kcal/mol & A A=Yz (n-0*)F2
HA = Rt Ao AAE o] &3t g4
o2 2 37E AAEY e
4E=0.33
AE=0.32
AE=0.31

(n=0%) syns (90 0)+(9o —90)— (90, —90)+(90 0,

(0, 0)+(0 —90)—(0, —90) + (0, 0),

AE=0.32+0.01 kcal/mol
4E=—0.59
AE=—0.60

(—90.0) + (—90, —90)—(—90, —90) + (—90,0), JE=—0.61

AR AE 29 (5r/5) D (n-6%) & A
3 5aoE, @r/d) L (M EXHEE
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= R;s =6 Ry
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Fig. 1. Electron densities and bond populations for
the n—propylamine.
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Table 3. 1-Electron energy components for z— and

g-electrons.
243 E; 240E; AV,
(90,90) 0.0 0.0 20.0
(90, 90) 3.5 9.9 0.0
(90, —90) 27.5 89.6 412.2
(—90, —90) 31.5 98.3 391.9

B - RE%
~Co®e] Az e Fedoz s 2 e
Bolx &g Tabled 2 ¥ A5 % + slvh
Pyzke 2 oblze) ASelA nth =3 4
Aol QHY whe] s} it
Ag & 4 o olHd Aol antiz (2 A
A3)BY -AANIAE anti-(FHBF Y 1-
AANIA 2o BAA, =& o B 1-
AANAAE syn- B 1-AANYA 22k B
Ao FehES S Aoz d4d 4z
2golyl AR AS wzzdolls e

AAE AAE = e EobEel ade
through-bond coupling &3] t}5, =ojzd st =

A AARY FzALoez dquAst & oY
7 Fh9e w2 oA EHE UAA 2 9
o]} coupling oA GE)= otdl ezt 2
o 3-AAA ] A A= E=AE,—24E, & F
A Aol n & (Fig. 2) 4-AAAY A58 2-4
AAL Aol Hode g Foz 4T
Aol e},

Table2 2 4 2Y5-E coupling V=] & F3f
2 w53t g

Table 4. Relative energies and overlap populations
for n-propylamine radical.

(n;) order olfl
: *) |4E stability
ii(;x:r':rma z-NBI | inte- }scafl vy P
rac- |/mo. m ee
tion 2E;
(90,90) [2(5z/5)|anti-| 0| 1| 9| 9] 0.5x1072
o anti: 1.2x1073
(0, 90) 5z/5 anti:]1.24) 2| 8% 8| 1.2x1073
(90, 0) 5n/5|anti-1.70] 4| 7| 7| 0.5x1072
(—90,90)| 4z/4| syn-2.11] 3| 6| 5|-7.0%10°3
o 57/5| anti: 1.3x1073
0,0) 0 0 12277] 5| 4] 6 l-eeeeeeeeen
(90, —90)| 57/5|anti-12.78] 7| 5| 4| 0.6x107
Lo 4drn/4| syn: —14x1073
(—90,0) 4n/z| syn-|3.63 6| 2| 31-7.1x10°3
(0, —90) | 4n/4| syn:3.82] 8| 3| 2|—14x10"2
(—90, —90)2(47/4)| syn-l4.73 9| 1| 1 |-7.0%x10"3
syn: —14x10°?

(in kcal/mol.)

4E7; relative to —170. 54012 a. u.
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and a are the energies associated with having the

electron localized on the C - and N:, respectively.
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Table 5. Relative energies and overlap populations
for trans-ethylene diamine.

der of
n-0%)|4E,| " 1
c‘onforma- 2-NBI I(nte r-) kcaf stability P
tions action |mol |22 E; V,,,\ V..
(90,90) |2(sz/5)l2(anti) 0] 1] 6| 6] 1.2x1073
1.2x1073
(90, 0) 57/5| antil.38] 2| 5| 5| 1.1x107
I An/4| syn
(~90, 0) 57/5 anti2.50] 4| 3| 3|—14x1078
1.3x1073
(0, 0) 0 03.25 31 4l 4 leeaennins
(—90,0) | d4z/z| syn3.85 5| 2| 2|-14x107?
(-90, -90)|2(47/4) [2(sym) 4. 44 6| 1| 1|—14x10
—14%107%

AEr; relative to —186.91639 a. u.
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Fig.3. Electron densities and bond populations for
the n-propylamine radical.
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Fig. 4 Electron densities and bond populations for

the trans-ethylene diamine.
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Table 6. Relative energies and overlap populations for
cis—ethylene diamine.

Confor- (n-o®) |- 4Er order of stability
mations interaction| kcal/mol 9SE, | Vi | Vi
(90,90) | anti 0 3| 3| 3
syn
( 0 90) syn 1.38 4 2 2
(90 —90) 2(anti) 5.13 1 5 5
(90 0) anti 6.72 2 4 4
(— 0 —90) 2(syn) 8.54 5 1 1

AEr; relative to —186. 90570 a. u.

NBI %= A2 g 83x =
o gk &4 w wolx] gErh webA z-NBI
7} F29 kgl v AT dFE Eeldtd 2
A7l ook, 28y ao* A5G0l 1-3
A 2-AAe A gl vl A= G FL = H
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1112 o 55
6
CN / N/ CN /
2anti anti anti, syn

(90, —90) (90, 0) (90, 90)
(AV ) tor 2.79  2.04 0.0
(AVn) dasn 4.80 1.52 0.0
(4V,)Hs s—C: 4.58  1.83 0.0
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29 (A)7} kAo (—90, 90)F ol 4 = 9. Okeal/
mol 24 % £91(S)¢) oA 7} kAT F9]
gh. (—90,90)8 oA SESI ol = FA
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Fig.5. Electron densities and bond populations for
the cis-ethylene diamine.
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ozt AL HAAH FiFgez sueHH
FAS FAtE =T & 992 vyl

QP gave @% oE 29 ¥ 8%
A739 AQez FRIU L) oo FAHE
ol .
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