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ABSTRACT. Conformations of thioacetamide (TAA) and its protonated form were determined

using the CNDO/2 method, and the intermolecular interaction energies between the protonated
TAA and water were calculated.

It was found that: (1) protonation occurs preferentially on the N rather than on the S atom,
(2)sthe stabilization energy of intermolecular perturbation between the protonated TAA and water
was also large for the N-protonated TAA. This causes preferential CS bond cleavage due to Jar-
ge antibonding nature of the CS bond in the LUMO, and leads to an orbtal controlled reaction.
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Table 1. Energy components (a.u.} of TAA
(relative values are in kcal/mole).
Conformation
E
‘ Staggered Eclipsed
AE\‘OI 0' 0 0- 7
25 0.0 —6.1
A(Vn"‘ V«) 0'0 6'8
25 —3.8152 -3.8114
25 —16. 3385 —16. 3404
425 0.0 2.4
225 0.0 —8.5
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Table 2. Atomic and overlap populations predicted
{from ¢-g*through bond interaction) and calculated

Table 3. Energy components (a.u.) of S-protonated
TAA (relative values are in keal/mole).

(CNDO/2) for S and E forms of Thicacetamide.
£ Conformation
Predicted v
Proerty effect § E S(cis) | S(erans) | E(cis) |Eerans)
N{(charge) S<E 3.402 3. 4086 E —41. 0034|—40. 9980j—41. 0021 —40. 9979
H{(chage) > 0. 969 0. 956 4E, 0.0 3.4 0.8 3.4
Pre.c < 0.7248 |  0.7253 2253 0.0 | 1.4 |33 | 55
Pex > 07134 | 0782 4y vy | oo |—s0 | 41 | —21
7] (~CONH,)¢] <kA) #48}ke] 4% N-protonation 2%e —5. 46301 —5.4606| —5.4618 —5.4618
_‘1]:}-1‘3- O—protonationol -?—/ﬂ] '8]-2‘—]--‘& /\]-/a O] )\é 225:‘ —21. 6154|--21. 5996{=21. 6218|—21. 6078
Yoz} o)EF oz QSHAGBs, =2y 225 0.0 1.5 0.7 0.7
B g olu) 5. (—-CSNH)71 9 SdAE A724 423, 0.0 9.9 | —4.0 4.8

&7} Foxma S-protonations} N-protonation
< £ =zH4% 9.7 Qich

WA S-protonationd] tfdted AF A R B
2 97 (C—-Nej| dzted)o] FAA3 A7
ofafj g} e 7] Jejot st ol E ¥

\
N—_ Q -
N o N
/ \\5...-H+ / \e
H*""o
S{cis) S{trans}
! i
N N
P S
// \\s...-H+ // \S
-
E{cis) E(trans)

Qo] A HEE Table 3¢] a8}k

| EF B Sy EdlA BFE Ax Ao} ¢4
#3128 A S| one-electron stabilization, 23¢;
7t AFAFE 4431t z-one-electron sta-
bilizationgh& Z#3td FdA 3] PelAx §
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Table 4. Atomic and overlap populations predicted
and calculated (CNDO/2) for S-protonated TAA.

Property | Sredicted | iy | Sterams)
S (charge) cis<trans 5.870 5.872
N (chage) > 5.116 5.110
Ps.c > 0. 6494 0. 6479
Pex < 0.7123 0.7145
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Table 5. Energy components (a. v.) of N-protonated
TAA (relative values are in kcal/mole).

Conformation

= 56) | s@® | E® | E®
E. —41. 0229|~41, 0200 —41. 0201|— 41. 0168
4E,, 0.0 1.8 17 3.8
A25%, 0.0 33 | -0.9 0.1
4(Vu=V)| 0.0 |-15 2.6 3.7
25%; —5.8350, —5.8336| —5.8266) —5. 8250
2% |-21.5062-21. 5024 21. 51601—21. 5160
223%; 0.0 0.9 5.3 6.3
425 0.0 24 | ~62 |-—62
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Table 7. Energy components (a.w.) of protonated
TAA (relative valuea are in keal/mole).

: ' |
L |

Fig. 1. Coordinates axes chosen for the interacting
system. (m-approach to Cz of S-protonated TAA
¢=0° 6=0°).

Table 6. Interaction energies {e.v) for various ap-
proach of HyO molecule toward N{(S)-P-TAA (d=
3.0A and ¢=0°).

211

Type
E;
O-proton, N-proton.
B —48. 4870 —48.4811
25 —29.9184 —29.7778
A E(Ol 0. 0 3‘ 7
225 0.0 86.0
AV o=V 0.0 —82.3

Type

E: N-protonated TAA | S-protonated TAA

r~approach/c-approach|z-approach|s-approach
E, —0.0088 —0.0802 0.0135] —0.1157
E, 0. 0138 0. 0153 0.0389 0.0212
E, —0.0386) —0.0230f —0.0019, -0.0206
E; —0.0393] —0.0137; —0.01668] —0.0099
E., —0.9704] —0.0454| -0.3015 -—0.0233
E ~1.0434| —0.0115 —0.4031 —0.1483

2 o<9lc}. charge transfer 91X E,, &£ ¥
& (Ao FojAr),

~ 2H?
E,= “aE @)

A7 A JEE Exomo—Ewmo® FlA2E F
2348 s-ndAAH Py -2 PAAS
(HOMO)7} w5 g4 (LUMO)E HZ3te
Aol VA 4EE 7raAA F1° charge transfer
AAH AR E AR EF} 2o E 20}
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Teble8 oA B CHJLONH,2) N-protona-
tion A o] O-protonation & AR} H,089
A7 A 5RL o ¥R 71 0. 1 keal /mole 5kE H
fA s, 22y ukge] AxdAlQ 4 As B
A A O-protonation ¢] R 3tuz o7&
Aol JFE FAE= & Aelrh. 53 F3F
£ VA9 Holg FA] Bgtdk Aol7] HFo
22 92 O-protonated form € AX zP=
RAo| b8

}A] CH,CSNH,2] N-protonated form 9]
Ygoz Eoprt odde HO7 z-F2(0=
90°) 89 387 ¢ JegE ARG

Fig. 2% B9 E.& ¢=0°Qwl9} ¢=240°

Table 8. Interaction energies {(e.v) for various ap-
proach of H,O toward Q(N)-protonated acetamide
(d=3.0A end $=0°)

Type
E; O-protopated AA | N-protonated AA

n—appr:;hlo—apprgt-:h w-approach/s-approach
E, (.0144 |—0.1240 0.0184| —0.1296
Es 0.0260 | 0.0146 0. 0388; 0.0193
E; —0.0020 ;—0.0229| -0.0105| —0.0263
E; —=0.0117 |—0.0071; —0.0141] —0.0085
Eq —0.0236 |—0.0194 —0.0339 —0.0200
E,.. 0.0031 |—9.1588] —0.0013 —0.1651

4E.
Gealimony | 39 | 01 3.8 2.0

e 7Hg =29k 0~120°4 0l o) A= E, Fo} 7
oF AAA o2 40°UH kA3t xSt S
Z AA, E, %] £33 AL 7 vyl
7 37 Mg Rez & &

Fig. 32 6% 0°2 23 A7z 6% 0~180°
E IAAZwe] $A% Jx2Ag A s}
E AR Ae)t), 8=0°YA st =180 W+
EEAE] -z @A) Hestenyg ga
Fede ATl n 6=90°Y9 = H,09 o-
2P AR} A3 o-F 2 Pl

o] 2N 2yl z-FTlE E. T 74
7t Fok8t o-F 2 E 3 197t e

0.0 45 90 135 58
D\.\.__/.—_’E/w
S'-O,Z-
@
w
0.4 — .
L ]
o8t e \:
Slot
-0g"
/
—l.o%/

Fig. 3. Angular(®) dependence of interaction ener-

gies at 4=3.0A and $=0° between H;O and N-pro-
tonated TAA.

Table9. Interaction energies(e.v) for z-approach of
HO ($=0°) toward N-protonated TAA as distance is
varied.

Fig. 2. Angular (¢) dependence of interaction ener-
gies at d=3, 0A and #=0°, for z-approach of H,0
toward N-protonated TAA.

N g ] diA)
_pk 3 4 ] 5
E, —0.2011 | ~0.03%|  —0.0052
Es 0.0303 0. 0006 0. 0000
E; —0,0803 | —0.0067 —0.0019
E; ~0.0436 | —0.0077 —0.0019
E, —0.8355 [ —0.0240 ‘ —0.0006
Ee —1.0802 | —0.0743 | —0. 0096
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= len] Pl X Eolrleg Al&o] slE A
Ad& Zzhet AR,

Table9 ol & 0=0°, ¢$=240°Yw} B2 Az2e]
wHeEE FAL 43F3E Ay d3E o9
L

o] oA By AAAAE HAQR(E) 0
AA o2 Fgsn AHAAE A 253
£ A=YTe] F5 Lo E B3 E. Y
29 2 dadse] devdz lEf ¥ 4 sivh

2 479 AR 9F 2044 AEE JI3F
Axt

(1) CH,CSNH: ¥ S-protonation Br}= N-
protonation ©] -f¥) &tc},

(2) AYAA ¥4 F7-& N-protonation
5 Ao dF Ao] S-protonation D Ao 1|
A 2r} o]t

(3) N-protonation 5] CH;CSNH,%} H,0 7}9]
¥l-2-¢ orbital controlled o]t}

o] 32 A&-& CHiCSNH o} 43w wi-ge) A
CS Zgdste] CN AgH gt S48 e
wrte A9R%E A4dA s Ay £

2 QATE 19808 E FRR SxAgdTea
T8 ZAeln oo Wele] FnY g 74
3tz el
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