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VT REA A B O S S HERE 2 RS B 72 DI, B3LYP/6-31G** L\ )L 35 K U —Fi1d MP2/6-31G**
L X)L T3, 5-diacetyl-1,4-dihydro-2,6-dimethylpyridine, 3,5-dibenzoyl-1,4-dihydro-2,6-dimethylpyridine 3 & T
3,5-dibenzoyl-1,4-dihydro-2,6-diphenyl-pyridine D5 )LV F ¥V iFE(A DI ILT B B- 7 b VI B ORI IED
KRS 72 ab initio 7y FENETE 2 WV Tk Tz, R TORKIGIC DWW TLEME & BB IRIEDOME S 722k
7z, RISHRIATSH % FLUORAL-PAE KD ERIGICDOWNT, KoF% 1AMZ % &1 & H PCM MP2/6-
31G** L)L TOREMEALIEEE Y 47.15 keal/mol > 5 25.35 keal/mol N> 3% & hibh o Fz.

Keywords : 77 7Ll , & 7 N0 ZJEWGREE, )V F 2V V8, RIVLT VT € R, FLUORAL-P

1 EC®IC

FIVLTIVT b REFRFTORMPREICEENT
B0, v INY ZAEBEROFREKRYEDOCEDTHD,
TR &R, BENK T & ORI REIRZ 5| &t
TLTWBEEZILNTWS. iz, KIVLT VTR
BHEPAMEZR D LEWmE TN, TOMICEMIRICH
BI2ELERFBIVLT VT REKIGE LR L HEAE
o THRINCER T DB B [1-5].

WHO X BNEREIFME & LT, 3070 TOWRERZ
0.08 ppm EEDH TV B [6]. IE[EA10.0ppmiCR B L IE
IR G 52 LI TEARLAED, 20ppmZ#HATL
x5 &, MUGEDRIBICHIMZKT, FREHICKHD,
5-10 CRakhH LT - T, EMOERA D ZBNHH
%. &oT, FIVLTIVT e ROZNEE R IERHICHS
CEWREELELES.

RIVLTIVT & ROBNBEHIEICIE—RIcE 7 &
FILT 2 N VERHCEND (7. TRFIVT ik
B7EFILTH Y B-PF ) T VRS LAL Y
WKHRIVLTIVTE RZ2 L1 DHAETKIGEES &, IV
FD VAN ERT B RISZRIAT 5. VTV VRS
413 410 nm AT WRINACR 2 7 B B I 2619 2 D T,

T OWMGREZHET ST LK DRIVLTIVTE RO
BEZIRET 2T EHNHEL 5.

Lh L, TOHEKZWL ODMESDH . Keh
BEWTZDMANBRETH S &, KIBHTDORISTH
BIDELTORIVLT VT ROBITICIFZFDE F
T A EeEMNTERNVCE, TLTHBREE LEIC
410 nm (R OWRIGEREMEE LBELTLES & TH
% [8-13].

AR B, B-¥ 7 b ¥ T H %pentane-2,4-dione
(PENYB X UZ0D T = Z VAL TH % 1-phenyl-1,3-
butanedione (PEN2) & 1,3-diphenyl-1,3-propanedione (PEN3)
DIFFEOS> L1 E T Ve T LR ZLEHN D
A EEE B Lick D, KHHTO7EFILT &
VRS K BWENIEEL 755 T &R LTz [14,15].

B-Tr k> & UTPEN3Z V% &IKIAH A Tl IS
LEWHZAEN T AP TRERIGL, SIVLTIVTFE R
D7z 09 LWITRENIE S 5 & W o Fe RO
HhbsdT e, p-Y7 v LTPEN2EWVWS & £1L
BT AR CEERAFE L TERELENT LR EN
WETN TS,

HKLFLIC &7 FHELEZ W TBR-I 7 B
F IV FREAND SO E 21 TH> TWB M, —iB
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Figure 1. Reaction mechanism of the formation of lutidine derivative.

DREGIC & 8 E 5> TB O TOLREME L EBIIREE (TS)
EHRETETCOHAED -T2 [16,17]. AW T, Z{E
1T ARTDIVF T 2V EEEARA RO RSk I K U iE
FONRIRHD T DFE—RREE LT, SAMHH TDPEN]
M 5 4R X N % 3,5-diacetyl-1,4-dihydro-2,6-dimethyl-
pyridine (D4 #% Dimethyl &) & PEN2D 5 K & 1 %
3,5-dibenzoyl-1,4-dihydro-2,6- dimethylpyridine (L241% Phenyl
&) & PEN3 5 4K & 5 3,5-dibenzoyl-1,4-dihydro-2,6—

diphenylpyridine (L1#% Diphenyl {4 ) D)LV T 2 iFE A
WD SIGHERE 72 ab initio 77 FHE 2 IO CREIC KR
FHUTOTHET 5.

STEAA

7 B EHEIC 1 Gaussian09 721 7S LRSI L 72
[18]. B-I 7 R UMBIVF Y VFEANERT ZETOD
THRE NS FEKIGZ Figure 11717,

FRE NS OHEREICIAY, HF/3-21G, HF/6-31G**,
MP2/6-31G** L\ )L CPEN1, PEN235 X UF'PEN3 D%
FhYEEEDEE LT, VFYVEBEERNERT S
F ToOMEREL B K CERIREOM G REL 21T >
fo. IRBFGHRZ1T> THERBIUCERKRETDHZD
ZER L, YusliEz T o T 3V F— (iR
72 [16,17]. LA L, MP2/6-31G** LX)V TPEN2 B XU
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PEN3 /15 D& RISHEREET R T2 DO TS ZRD B T &
WCEah->Teiz8®, B3LYP/6-31G* LNV CEEEE
frotz.

NS OFRESHPORRETH D, RIGEIKIER
MTH30, ZOREEERTHZHPCMEEZHAWVT
PCM MP2/6-31G** L N)V TR DG H 217 - 7. GHE
MUR U 72 h - 72 PEN2 3 K T'PEN3 0 5 O JZ I A% IC
B L CTIdHATSH % FLUORAL-P A ER T NE 40 5
SANDHEKIGZFELULEFIE LTz, THIT4Dh 55D
7 PENI, PEN23 K U'PEN3D3FHICZ N FN170F
DH0%Z A, MP2/6-31G** L \)L ¥ KX U PCM MP2/6-
31G** L)L TLIE M B K BB IRE DS b 217
Tolz. EBITTABROMEEIITEH & METd 2 720I, 7K
DETIVE LTHOD T I, 2AEHTADET IV E
L TH:Si0 %3 F7% Llhn A 72315 & MP2/6-31G** L\ )b
Tiro k.

3 BREER

Figure 1D [ )& 8 #% 12 78 o T Dimethyl /A 0 B3LYP/6-
31G** LU T ORI 3 )V F—fE % Figure 21T /79 .
Phenyl {4, Diphenyl {AIC DWW T I T %)V F—ELIAMZIA
BTHoHER L. 21538 HIDEKIGT
W —HEERZER U IRICKIODE TS % 2 &My
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Figure 2. Relative energies of Dimethyl compound along the reaction coordinate at B3LYP/6-31G** level. Units are shown in kcal/mol.

Moz,

1, 4755, 5756, 1005 11D NI R )V F—
ICE <> TWa. chii2BXUT 7T T oz
L TWBD, 5 rFHGERIETIE 7T~ DERT %
IR F—ZEETERVIZDORELZENLTLES
TeHTH%.

B3LYP/6-31G** THiiti g (b L 72V 72 2 aF 8k D
I % )V F — (& Dimethyl & T-1.72 kcal/mol, Phenyl {A
T2.62 kcal/mol, DiphenylfA T7.94 kcal/mol & 7% O,
Dimethyl KD —H/LZETH B EWnh ol =izl
B3LYP Tld size consistency Ziii/z L T iz e, H<
X TBERETHS.

Dimethyl {& D MP2/6-31G** L X )L T D4h 55, 5/
56, 100 511D T 3 )b F — [ BE (347.71 keal/mol,
33.08 kcal/mol, 58.33 kcal/mol & 7% D, PCM MP2/6-
31G** L N JU T D T % )b F — [ BE 13 47.15 keal/mol,
27.01 kcal/mol, 49.23 kcal/mol & 7% > 7z. 4/ 550D T %
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IVEF—FREEE S F O 2B b b o e, o DT 3V
F—[EEE L PCM L2 FI W T2 /5 O T30 )L F —BEREAME <
Zolz.

PCMIEIC K BTEHENROE D AR T, BiFE Nzl
EDIHEH LT XV F—DIK FHA S NEh > Tefedd, &
SICHEED T L LTI FOHOB KT 17 FDH,SI0
ZahICEREZITo T

153 FOH0Z M A T2 58, MP2/6-31G** L\ )L THl
Wi b U7z 45 5 5 D Dimethyl {&, Phenyl{&, Diphenyl
R D I 3 )b F — [ B 1 34.44 keal/mol, 43.89 keal/mol,
42.29 keal/mol & 7% 5 7z. Dimethyl & 0D T % )b 3 — [ Bt
WEEHHP & PCMIEZ VTR R K D &K< ko7 %
7z, 3FEFED 5 B Dimethyl /KD T 3% ) F —[EBED R & /)N
&< 79, Phenylfk & Diphenyl fkD T 3 )L F—hE 13 &
F O Lo fz. PhenylKIZ/KIBTR T TH RIGT
BT ENMEINTWVED, KEBEKRT TG LR
Diphenyl AKX O T3 )V F—[REEENE K> TLE > TV
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%. T3 Phenyl (RDZERIRAEDHEE O Phenyl BV4a U
NTVBIEDRLEICE> 2T N —DDFKE LTE
AbNs.

Figure 31C 153 H,Si0 7 Dimethyl {RIC I 2 TREIE L
T it bR E & TS O MRS Figure 227”9, T3 )b F—[&
13 40.06 keal/mol TH o 7z. KUHHI D T3 )L F — ikt

XOMEL, 1D TOHOZEMA T3V F— HEEX D &
WZ EWbnd. 2L, DEicdd Uiz X 5 I H.Si0
DSi & 4D OJFETHHEE L TNB T Wb d [17].
RICPCMEZ AN T I FOH0Z A 24550
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ROWENE Figure 7 Figure 41787

J

Figure 3. Schematic view of 4, TS, and 5 of Dimethyl compound with one H>SiO molecule at PCM MP2/6-31G** level. Thick

arrows show the movement of the protons.
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Figure 4. Schematic view of 4, TS, and 5 of Dimethyl compound with one water molecule at PCM MP2/6-31G** level.

DOI: 10.2477/jccj.2015-0006

33



H0 T x5 FMAZ% & 4flo 7 a b > ks 5§l
IKBEIL, Kopro7a sy 4flicBEidsZ & TH
wic 7 a s BRI TR AT B 2 & H
/n%. Phenyl, Diphenyl{k& [EfEIC 7 10 b BE)Z LT
B LT\ %, PCM MP2/6-31G** L XN)LT 157 1D H,0
WA #2455 50D Dimethyl, Phenyl, Diphenyl {4 T %
JU F — B BE 13 25.35 keal/mol, 42.45 kcal/mol, 41.06 kcal/
mol & 7% 5 7z, Dimethyl /&% 5 #0153 7 D H0 % Jin
ZlezxoVbF—EEX D LIEFITEVMEE GToTz. Th
&, AT ISRz K5 ICH0 3 7OV & U TE
350Kk >7z&&E X 5MN%. Phenyl, Diphenyl
RO T 3 )V F —REREZ KHT 210 FOH0Z A o
TR)VF—FEREL LR B & KERE(RER NG5
Jz. BICEIBXNTZX 51T, Phenyl (kI KA T & S
THTEMREINTOBZD, KERH TG LR
Diphenyl A X O T3 )V F—FERENEH < Ko TLE > TV
%. PhenyKIC DWW TIZHHEDEIR ZMat DB L X
5N%.

ARFL TR ED K SV TF Y VBB ERDIVF
Y IRERAE R D OGN 2 R % 72 1C, Dimethyl f&
& Z DOEMIEN R 2 FE T % 72 Phenyl, Diphenyl {A£D
FIVF D VBRI BT BB- T b 2 BRSO
W87z ab initio 7y FHEILZ IV TG LTz, 4055 0D
Dimethyl {4 T3 )L F—[HEEE L PCMIE T 10 D H0 2
M Z Tz T3V F —FEEE DR B AR & 75 > T2 T IR
RO RIET EHRBENTZ. 7215 FOHSI0%)
TZIMA TG LIS LR A 57, SiliTL4
D O IR LT UE 5 e DS B D TR 2 Mgt s
wWeEBbn.
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Theoretical Study on Reaction Mechanism of

Lutidine Derivative Formation

Ryo ISHIKAWA?, Yasuko Y. MARUO®, Keiji KOBAYASHI? and Hiroyuki TERAMAE™
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b Department of Environment and Energy, Tohoku Institute of Technology, Yagiyama, Sendai, Miyagi 982-8577, Japan

The reaction mechanism of lutidine derivative formation, 3, 5-diacetyl-1, 4-dihydro-2, 6-Dimethylpyridine, 3,
5-dibenzoyl-1, 4-dihydro-2, 6-dimethylpyridine and 3, 5-dibenzoyl-1, 4-dihydro-2, 6-diphenyl-pyridine from the cor-
responding B-diketone is studied by using B3LYP/6-31G** level and partly MP2/6-31G** level. The optimized struc-
tures and the transition state structures of all the elementary reactions are calculated. The activation energy of the
clementary reaction of the formation of reaction intermediate FLUORAL-P is greatly reduced from 47.15 kcal/mol to
25.35 keal/mol at PCM MP2/6-31G™ level when adding one H,O molecule.

Keywords: molecular orbital, sick building syndrome, lutidine derivative, formaldehyde, FLUORAL-P
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