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ABSTRACT. MO theoretical studies on the conformation and the acid-catalyzed nucleophilic
substitution of N-acetylpyperidone were carried out by EHT, CNDO/2 and the orbital mixing analytical
methods.

MO calulations show that the most preferred conformation is the half-chair, cis—trans form and
the protonation occurs most readily on the acetyl carbonyl oxygen. These results were interpreted
in terms of conjugative, electrostatic and steric effect.

From orbital mixing analysis, we found also that the reactivity of protonated carbonyl carbon is

greatly enhanced due to increase in positive charge (for charge controlled reaction) of the carbonyl
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carbon atom.

Accordingly, the acetyl cleavage will be preferred in the nucleophilic substituton (acid-catalyzed

hydrolysis) to the ring cleavage.
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Fig. 1. Numbering scheme of heavy atoms.
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Table 1, Determination of conformation of N-acteylpiperidone by EHT and CNDO/2.

the result by CNDQ/2)

ELH - OFF - TR AR - 2ER

(Values in parenthesis are

} Form N-Atomic orbital] « B 7 ' T ‘ ¢ {class | total energy(kcal/mole)
1 | Chair sp3 (equatorial) 60 | 350 50 | 310 50 TT | —24963.31
2 | Chair sp® (equatorial) | 240 | 350 50 | 310 50 CT | —25004.43
3 | Chair sp® (axial) 300 | 110 50 | 310 50 TT | —24928.80
4 | Chair sp® (axial) 120 | 110 50 | 310 50 CT | —25003.66
5 | Half-chair sp? 0 0 0| 310 60 TT —25059. 23 (—66994. 66)
t B
6 ‘ Half-chair sp? 180 0 0| 310 60 CT —25059. 08(—67024. 81)
7 ‘ Twist-half chairi sp? 0: 45| 45315 60 | TT | —25045.67
8  Twist-half chair| sp? 180 45| 45]315 60 | CT | —25047.74
9  Twist-half chair sp? 0 45 45 | 340 60 TT —25039. 27
10 . Twist-half chair sp? 180 | 45| 45340 60 | CT | —25031. 28
11 | Twist-half chair| sp? 0| 45, 45|330.25| 60 | TT| —24837.61
12 ‘ Twist-half chairj sp® 0 45 45 | 345.25 | 60 TT | —24879.09
13 Twist-half chair, sp? 0 45 45 | 332.75 | 60 TT | —24686.53
14 4 Boat sp? = =t = = — | TT| —24546.92
a : dihedral angle between A4O4C3Np and ACsNyCe, S : dihedral angle between 4CsNoCq and AN,CgOy,
7 : dihedral angle between AC;NyCg and 4ANzCe¢Cs, 7 : dihedeal angle between ACgCsCs and  ACsCsCyg,
0 : dihedral angle between 4N,C¢Cs and ACeCsCo, TT : trans—trans, CT : cis-trans.
Table 2. Energy component analysis for hafl-chair forms of N-acetylpiperidone.
QCC
ET Eelec ZZEI' Vm Vnn Vee
cis-trans —106. 7676 —405. 8300 —51. 9152 —439. 5620 299. 1224 353. 9748
trans-trans —106. 7636 —405. 0847 —51. 9120 ~437. 9666 298. 3211 353. 1727
E in Hartrees
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Fig. 2. Formal atomic charges and bond indexes for
pentadienyl systems of trans-trans and cis-trans N-ace-
tylpiperidones.
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Table 3. Energy component analysis for protonated forms (in hartrees).
stasicnel ] Jymto. jlotel enere ¢ jlroival en2rgy Pcterntial energies. Order of
Lnsle Zn coo N .
22:51 Von Ve Voo stability
Lk
ST Te T -107.2517 | o-218l0822 -64.9550 310.7705 | 353.0932 | -449.2803 1
ur 8 |
: ":~‘f5>c\,.
3.) ITA I -i07.2391 | -415.% 312 ~54.6838 307.4621 | 352.0074 | -446.8313 3
=18 i
L A £=120
RSN SR X —105.3180 | -420.6392 -§5.0890 114.0202 | 355.5702 | ~456.3524 8
/[J:. Ny Z=3
o7 N HY 52122
IR I ~105.3753 | -417.7435 -54.3478 310.8582 | 353.3957 | -450.5153 7
Z=180
4 4 §=122 ]
SN oA T ~107.2333 | -415.7%523 -54.5592 303.4727 | 3511515 | ~445.0635 5
Z=0
Lo ar
€=120 ]
C/‘\(C?\,e- DA II] -107.2335 | -415.0865 -64.5720 308,802 | 35,4166 | -445.6457 4
(‘ #=180
L ©=122
O fp 34 -157.2902 | -413,1392 -55.0735 310.2420 | 353.0656 | -449.3342 2
e 'O,Ge. ”
NG W N[ smi20 i
- 7R II -137.2523 | ~$40.0434 -64.8215 3o2.euae | 351.,427% | -425.8885 &
Z=130 |
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Table4. The AO coeflicients of 7-MO’s for pseudo-pentadienyl systems (0,-Cy5-Np-Ce~O7) of cis-trans

and trans-trans N-actylperidones.

MO E(Hartrees)| Oy G| N ’ G | O
7:1 —0. 6140 | 0. 3665 0.2876 |  0.2072 0. 1402 [ 0. 1422
2 —0.5671 [ —0.2777 { —0.1684 [ 0. 0657 0. 1481 0. 2776
cis-trans 1
73(HO) —0.4524 | 0.5328 0.1114 , —0.6731 | 0. 0664 0. 3786
7 (LU) 0. 1361 ‘ 0.2107 | —0.2442 | —o0.1012 l 0.6612 | —0.5402
75 (NLU) 0.1952 | 0.48%2 | 0.6348 | 0.2757 | —0.2005 0.1331
7:1 ] —0.6384 | —0.3023 | —0.248 | —0.2121 | —0.2143 | —0.2717
2 | —o0.5616 | —0.3331 | —0.2073 : 0. 0579 0. 2605 0. 4290
trans-trans I
75 (HO) —0.4506 ' 0. 5213 0.1122 | —0.6779 | 0. 0638 f 0. 3677
7 (LU) 0.1437 | —0.2404 0.2834 | 0.0755 | —0.6353 | 05324
25 (NLU) 0. 1943 0.4665 | —0.6032 | 0.2751 | —o.2468 | 01813
trans)oll Al 2% m2]9] shzud whaql Cel of R FAAR e A3 pseudo-penta-
AO AF7t LE351A olAld st By 491 dienyl system®] z-LUMOEE &3t9itt. o)k
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reaction o] 2] = (soft) nucleophilefo] Csxthi
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Adupdg o4 F Atk olEE AFHL N-o}
Ao Eel 2 A Fuil AW A Zbgel =3
MO Al A A&} 7ot 2 28l Laurent et al,
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orn] Aulsl = A Eolth, 5 Laurent et al. &
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Table5. AO coefficients of the nz-LUMO’s (z’y) for pseudo-pentadienyl systems of protonated cis-trans

and trans-trans N-actylpiperidone.

. Formal atomic charges AQ coefficients of LUMO (z) E
Proténated forms

Cs Co O, Cs N, Ce 0, (Hartrees)
CTA 1 0. 4399 0.3433 | —0. 3509 0.7541) —0.3126] —0.2157 0.2421] —0°1250
CTA I 0. 4425 0.3420 | —0. 3479 0. 7517 0.3167] —0.2192 0.2457] —0.1225
CIR 1 0. 3604 0.3043 0.1018 —0.0918 —0.1474 0.5697| —0.5227] —0.0944
TTA 1 0. 4326 0.3389 | —0. 3556 0.7490, —0.3230] —0.2066) 0.2298 —0.1246
TTA II 0.4434 0.3391 | —0.3527 0.7503 —0.3226] —0.2081 0.2298 —0.1247
TTR 1 0. 3753 0. 4409 0.1720) —0.1600] —0. 2295 0.7867; —0.4023 —0.1547
TTR II 0. 3499 0. 4399 0.1652) —0.1217] —0.2624 0.7911} —0.3865 —0.1586

o

He] CoF N7Ee] A2 A Bt mesans
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bl A oFg =] AUt %Ziffh} 2 otA e
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Q‘iz Y wo” Nors LHO/ CHs
0 + H*
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ORBITAL MIXING ANALYSIS
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& 58, A7 A= FAA BoF wEel A

= static orbital mixing +-& e H=

= & (DY BAT T me zANA gobx

3122_ HIJ, (8)

ol Cy9 H3 & BiEM M st 94
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Table6. Mixing coefficients, Cj4, of the protonated
N-acetylpiperidone.

Pr%f)n:;ed Cu Cau | Cu Cu Css
CTAII 0.001} 0.015{ —0.190] 0.502] 0.656
CTRI | —0.027| 0.083 —0.017] 0.718 —0.117
TTA1 0.025 —0.012 0.188 0.530| —0.614
TTAII 0.025 —0.012; 0.188 0.530] —0.615
TTRII 0.029] —0.105| —0.159] 0.804| 0.187

e. g- perturbed LUMO (zy’) can be represented as
(for CTA 1)
74"=0. 00171 +0. 01572—0. 19073+ 0. 50274+ 0. 65675

FAE (5 TTAIH TTAID) 7 orbitale] LU.
MOd| &350 Eo7te A=t 2234 &%
S ¢ F U mopd staryd ko] g4
A7t Z7ks)E (TTA =% CTA) A%dE &
5 759 £90] 2A dejvtz, =8 stzrd
Aol FAARIL HE Sl vlady B
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HOMO(z3) = & F orbital (7 @ 7y vt
7t F Axolt, oA Eqy—Eqy=
15Eco—Ew) ©7] @&z = HOMOS]
Cs & Co] AO A7t wig- F7] s Folth,
oj¢} - BFAE FiH N-otA L 5] &2 £
A9 —F3tct 2

Ol FAAAZ S8 AFE (TTA =
£ CTA) Ci® H37F LUMOY C; AO Al+%
g, BAAINES Ho dx E Ol FAAA
717 5 A$e = (TTR =+ CTR) Gy
3¥ G AOY AT % R, BAANES =
o}, o= ¥ A 94 N-ohAeE ] Ea] Eo A
9} whzrhA o] o}, 2

A HEANA 4 =E ERs
L9 5 7F e,
(1) N-otAlg = je] £

Sest o)

ZE dH &£ half-

chair, cis-trans Flo]=},

(2) BETHANE BERZT & ok42 slzw
g A4, Ol et zlo] HHsHer,

(3) BTt Bind stzrdEe] das BE
7t F7ks] 2 LUMOS! AO Al57F #|k=
o}, webA B BTt Bing st
e Ba s FAE Ao] o Awc)

@) BETFHEME obid stzryd s, O
ot Aol FFISt=R olAld gilic] FIE
RERS HRT Ao gm=),

(5) Static orbital mixing& F=Z NLUMO7}
LUMOe| 285 Aoz dAdrt,

ol g2
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