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ENTe BRI ERL OS2 BT, KO REVIKERME T RIVF— (Em) & 77 FRMELEH T3V F — (En)
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HB1ERES AV Y7 32— b eHWE T L2 VTR
HHICEEN TV, KIISNEIFAE X 72k 75%
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Figure 1. PM7simulations of water dimer and methanol dimer

structures (A).

Table 1. Comparison of the complex B, TS (C), and product
D(a — f) structures in Figure 3 by PM7, PM6 and B3LYP/6-
31+G (d,p) [3]

Method Structure  Distances(A) of bonds (a to f ) of structures in Figure 3

a b c d e f
PM7 Complex B 1.24 2.39 0.99 1.7 0.99 2.44
TS C 1.31 1.59 1.16 1.36 1.05 1.77
Product D 1.38 1.38 1.96 0.98 1.88 1.03
PM6 TS C 1.32 1.63 1.18 1.38 1.06 1.81
B3LYP® TS C 1.31 1.58 1.14 1.31 1.06 1.55
Product D 1.36 1.38 213 0.97 1.98 1.02

g B3LYP/6-31+G(d,p) of ref. [3].

Table 2. Comparison of the energies (Eub, Ein and E, in kecal
mol ") in Figure 2 by PM7, PM6 and B3LYP/6-31+G (d,p) [3]

Energies (Calculations) B3LYP/ Exp.[3]
in Figure 2 PM6 PM7 6-31G*[3]

Hyd Bond(Ey) 491 6.39

Itern. Ener. (£,,)  5.35 9.44 7.58°

Activ. Ener.(£Fa) 7.23 16.09 13.66 13

a: 758 = Ey, + £y, (keal mol™,

%139 . Figure 3 & Table 11C IRC[X] & 85K B & &
IREETSZ L TAERR Y L X D OMEE#RE RT. &
7z Table 2 I HTEHRPM6 & SRR [3] DL 3)VF—F— 2 &R
I HEENIATR E B (AH) TH D . Emy & A X/ —)L2
DFRIKER AT RN —  En 3V T R— e XX
J =)V 2@mkE DMHEEHIZRIVF—TH 5.

IKEEG AR, AB TR 7 2 Z)VA Y VT % —
b & Fil, TS C & AERGRD TIEFE—FHEIcH v , itk
I ELR% .

JE - RIEREE T, TS (& B) TOKEREESTEREFTD b, d,
f T, PM7HPM6 K D L, HAREMED a, ¢, e TEL,
FNBIEBILYPDT—RIGENT &N 5.
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A: PhNCO + 2MeOH

A 0.0(-92.89) C: Transition state (TS)
639 \(Eip) 0.26(-92.63)
Al
( )_9-44 Etn) (kcal mol™)
" -15.83(-108. _7'2_)_ 28.71
PhNCO.MeOH.MeOH — (-120.34)
B: Complex  PhNHCOOMe.MeOH
D: Product

Figure 2. PM7 simulation of the (PhANCO + 2MeOH) reaction:
The complex (B), transition state (TS: C), product (D) and
relative energies (AHy). (Each Hrenergy (kcal mol_l)). (subscript:

Hb; Hydrogen bond, In; Interaction and a; activation).

B b #38 C B, TS, ERGR E %7k§'?ﬁ'~§é.\ﬁ|3mﬁ%ﬁ
(SSRRER D, d, DY PM7 TR , B3LYP DHICIV. T3V
F—TIEPMTH Ena(6.39), Em(9.44), Eo(16.09) & & PMG6 fill
XD BEREV. DHUIFEIFOREEFHM T Ena & En HVKIC
B0, FORETELZE(L L, GRS B3LYPIZIT <
TolzfliEng.

[3] DIAkEDFRD B3LYP/6-31+G (d,p) FHHE T, &
FAEEIE 2 <ENT 2 DVBKEZ BT BRMETH
D, En HIZRENTOERY. TSEETIEPMT £, &
7z Ey = 13.66 kcal mol ' T, PM71it16.09 13 Z AUV . 7%
BED2DOEEAE13.0 [3] & 11.1 [6] EMIEAKEHD
TR T, ZDIRHEIR (6] ThE x> 7T LR E
ns.

222 Jx WAV I T R — R EKDFEDORIGED
PM7 R &, BREIREETSHEBEDFHELANIVICK S
EW

AV YT 2= MEZ, ROITRT LIS, KERISL
THIVWN V72 R Tk ik UBEREE U 27 <, £ D%
ARV L RO Yy g M E L UTHR~IMEX
NTWV3 2] 7IVaA—=)VEDOEDEENETTH S .

(15 step) (2na step)
PhNCO + H,0 — TS — PhANHCOOH — PhNH, + CO>  (2)

HER [16] TIEPM6TET, CTO2ifE e LR AL (T )V
I— )V TDIINNI VIET AT IUE) & DORIGHEZE (1g
U 5 200 BT DO IR ERALTZ.

T T TRIKEDKIGD 1st AT v T O PMTFIEAHE(TS:
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Figure 3. IRC data of urethane (D) formation via the complex
(B) from the (PhNCO + 2MeOH) reaction.

Table 3. Comparison of the CPU time and TS structures (a — f)
by PM7, PM6, MP2-Full etc. for the reaction PANCO + 2H,0

QL «
e? d
Method CPU time Bond distances in TS structures and the deviations(A, A)

Run TS/IRC a b c d e f Total

1 PM7 4s%/30s® 1.312 1572 1.195 1319 1064 1.656

2 PM6 2s/220s 1317 1619 119 1332 1066 1.714

3 B3LYP" 9m/42m 1299 1.627 1149 1273 1.09 1476

4 CAM-B3LYP 11m/58m 1292 1593 1.128 1.292 1.067 1516

5 MP2 7d'/7h 1.308 1.606 1.15 126 1076 1478

6 MP2-FULL 8d/13h 1307 1.604 1.148 1.263 1.075 1.479

1 APM? 0.005 -0.03 0047 0.056 -001 0.177 0.195
2 APM6 001 0015 0042 0069 -001 0.235 0.249
3 ABS3LYP -0.008 0.023 0.001 0.01 0.015 -0.003 0.03
4 ACAM-B3LYP -0.015 -0.01 -002 0.029 -0.01 0.037 0.055
5 AMP2 0.001 _0.002 0.002 -0.003 0.001 -0.001 0.004

g s(sec), m(min), h(hr), d(day). h: Basis set: 6-31G*. i: MP2 Hard and CPU: Fujitsu
PRIMERGY CX400, Xeon E5-2680 (2.7GHz*8core) X 2 /node 16Processors
at Kyushu University. j: APM7 = PM7- (MP2 - FULL) (A).

= 18.43 (kcal mol ") (Ena = 6.40, Ei = 8.49).

INE, HiET )V 3 —)L DD Table 2D E, = 16.09
(kcal mol ') EHHE LT, RIGHEE + X%/ —)L> K, D
HERIEAHRLTWS . WIHB VNI IR AR U
W, AR LT BRRIE LA WO T, Fraicfibins .

% 7z Table 312, fiiFR [1b] ICIRNTEARGI R ISIC D X | 6 ff

DEIE L)V T Figure 3 [FIFED TS (a — f) & IRC fHTHE R
& ZDCPURIZ/R LTz, FSITICERIER DR L
U7z @kS A MP2-FULL I (FRICNN—FEYV T M) D
IR, i Ui £/l 2NE TOPM6 & B3LYP I &
BE5EBHOHAFHR TREREIERL G ofe, 22T
DRI E KB ZNMTE 5 X 5 IcE S NIz PMT
%, B3LYP CANMSIETE o T2 s BB FLE A Z2 5T LD
AT CAM-B3LYPIES AN, ZN 5 DMEREZ HE U7z .

KHFDTotallE aMSFETONIT, FBEELEDS.
BREEMHD (a, ¢, o) TIEFRERBWVITEZWVD, KEHEES
(MR, d, HDE W (GEFTPMT (0.2014), PM6 (0.319A))
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T, PM7 DR AL D MP2ITEL .

X 72 RHPTS L IRCE B ;[ (&, PM7, B3LYP, MP2 T
RAREANL, 7 HAL, 7 HLL L TH S . MP2 13 i MEBETH
BYATLRTODEDTH D . ARSI 3EMNIEE ICHE
OMCHENERT 2R TH 5D THEREELICER R Z 5
Lz HIWrE N5 . K m U 7ePM7iElE, (808 TRy
M, 23y 3 2 T OER B E R A S T, BB L
FERIAE TOMARDIIFENS .

2.3 Diels-Alder (DA) & DPM7% T D
FRAT

231 742IJ T BD)EIF LY (ET) DDARG

MR DI IED Tt X & TxIVF—IE, Figure 4
(PM7-TS{% T DA« #itdh 3 R A BB (A H) &
Table 4 (FHHEIEIC & % TR )VF—DE ) DI CEINT
% . THUd Figure 2 CIKZRMEE OB G M HENRTE D 5.
BD & ET fi{Dn/n, C-H/nlEHIC K % Ein = 3.63 keal mol
D2 EAL % BOEEA: XR), C(TS: E, T3)VF — ) 2 8%
TDDOY7unFt U Z4HKT 5. B(Rin = 3.62 A) 13F
YRR C C-H/n fERAVRE S 1, C DA R TSHE
(R =213 A) ERIRH T, EHENS .

Table 4 TIHELT 3V F— E, ICDE, MOPAC2016

b d . i +
A: Butadiene + Ethene C: Transition state (TS) g, | =2.13

&% \13.24 (849 iem™)
13{2\73 4 . 00 EI =\16.86(kcal mol”!
r6b g Enp36 fa =\6-86(keal mol™)
P S e
1 hd B B: Complex D . 49.09
Ri1=3.62, Ry 3 =3.64 D: Cyclohexane
B: Complex

Figure 4. PM7-TS simulation of DA reaction (BD + ET),
and the complex (B), transition state (TS: C) and product (D)

energies: relative energies AHr (kcal molfl).

Table 4. Comparison of the energies (E1n and Fa (kcal molfl))
in Figure 4 by PM7, PM7-TS, CBS-QB3 [7] and MP2-FULL

etc., and two experimental data [8], [9]

Energy PM6 PM6- PM7 PM7-TS CBS- MP2- Exp. Data

D3H4 QB3[7] FULL [8]/ [9]
Ey, 0.9 2.5 24 3.6 2.7
135 265 249 206 16.9 22° 151 27.5/24.2

AE? 45 29 -14 51
a AE,= E, - 22.0 (kcal mol™).
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HR— LR — V[AlKE Houk 55 0D CBS-QB3 51 £,(22.0 keal
mol“) [71 & D%, AE, Z#E . 722 DDEERE [8] &
DEEE Tz, R [7] TlEZE < Dab initio sHEAE %

CBS-QB3fH & HLit U, 72 [9] D FEERfE 24.2 (keal mol ')
EDEBIELIRL TS [8]. DEERED S| FIEHR
[10]TRS5N BN, ﬁ%@@w}) ShidHv. EHLOD
B3LYP, MP2, MP2-FULL O Ey,, E, &t i ff (kcal mol ') 1&
K4 (0.1,22.1), (2.6, 15.3), (Table 471 : 2.7, 15.1) TH > /=
B3LYP & Eny DFHIFREDMERTE NS .

Table 4 FFDFIRIET — X (En, E2) DM S, BXRZH
fOXOH LNV R ZT Y TELENKEL KD  Ea
TMP2EFEA & ORSEMNE S N, GHEREE O L AVRME
NG . BBE, HOKE SO E 35750, X
HTRHEICHEHESNZDT, ZOREMRLESEE%IRT
5.

232 ARV EAI TV (CP)EEKI LA VEEMA)D
DA K

CP & MA D DA S G AR ZEIREDNH O, BT
Y RA(Z Y RAD, @RTE TSV EROBEIRENEN T
ETHHEINS . ZDOKIST T X1d Figure 5D 2 /51
(Endo & Exo) TEIEMN%. Complex B & TS COKZW
ENIZ ORISFHEEEE R12 T, 837 £22A)THS.
ZOMWMETOIFEDOTX)IVF— O~B) FEXROMFRICH S
T EMREE NS ([1d]. Table 51 MP2 L5 TOHIY [11]
ZEURIEEICHK S T — 2 2R T .

@D Emend > Emexo: mhti & DR D (SOD) [11]10 5

@ Eaend < Eaexo © ROSIEE , IHMH LT IOV F—D 5

® Epend > Epexo - “EBINZENED S

MP2 i [1111F O~® & &iifi7z L TW3 . PM77% £ 31%
& B3LYP{£IE @DV ARZER T & @0 il S i (& FA

- 1 nend Efn.ex
TSe:nd Tsexo
€X0
Deng Complex.endo Complex.exo Doy

Product.endo (Hy keal mol ™) Product.exo
Figure 5. Stereoselective (CP + MA) DA reaction processes,
and the two complexes (Bend, Bexo), transition states (TSend,

TSexo), and products (Dend, Dexo).

J. Comput. Chem. Jpn., Vol. 17, No. 2 (2018)



Table 5. Comparison of the three energies (Emn, Ea and Ep)
for DA stereoisomers in Figure 5 by PM7-TS and B3LYP/6-
31+G (d,p) [3] etc.

Energies B3LYP/[11] MP2/[11] Exp.[12]
PM6 PM7 _PM7-TS 6-31G(dp) 6-31G(dp) /Exp[13]
Endo: start: 0.0 (kcal mol™)

Epes 19 43 6.3 18 72
Faed 241 20.1 48 16 6.9 12.3[12]
Epey -32.7 -28.8 -46.5 —44.5 -33.8 /8.5[13]

Exo: start: 0.0 (kcal mol™)

Eour 3 54 8.1 19 6.2
Faex 25.1 21.2 7 17 8 14.8[12]
Epey =337 -299 472 -47.2 -34.2

HRTWD . EnOFHIED M TH 2 M, & 0 #hIHRNR E, i
T PM7-TSIE MP2{HICIEL , KD LEX LWL el Eh
5. HUE, M2fEOEEREX O /NS L ARBFEED—DIE.
PM7-TS Tld 85WMEHZD L RE S A2 /3T A—&2—
HRKICE>TWVWARTERNEZLNS. KIDINT A —
R—UEEICEHEE TR THA S . £BILYPIE D I En
Ml TRyNE DFER T, ZORD FENEfE NS .

—JFTCMP2IETE EnfliDb T FIAT 7.2 kealmol ' &,
BT D Egy ERIFREICKEDN T2 £, BadFODCD -
MA E{ADIFEZH/RS % . Berson 5 [12b] 139-7 = =)L
TV TRy () -k LA VRO MESG T
FEDA I 21T, ZDRIGIKIEA L Pt Th-> Tz
EE LTV . oM FRISHABZ RET 5 . 5%
R SOGERRDFEHLAMEIRNMR, UVHIIER £ TH 5
Nz EHWENS . MR TOHEWIHT & [1a, 1e]72 &
THS NI MRS ST\ ORI & AR E N
2.

24 JFIZIVITVECONEAE/FHE
RORFMEEM L (VD74 boO=
R 5D PMTETOREM

Figure 6 7% E3F D YV F T =)L T 7 > D B E A (open:
Vo) & PABRA (close: VIe) & DYEGEIRT + F 7 2 XL
RMRDTINA ZE UTHREENTVS [4], AR

[1c] TlEZ DY PEBIS DR & B s B, SIS
WHEZPM6TY I aL— g Uil U, ab initio 1545 R
[14] LR WRITDME S T, FIES B ER L 7.

T TCRZOMBEDD - Foilin T OEZEENDT
FoE LR AT DWW T PMTEE 2B I U 72 Figure 6 &
Table 6 279"

B 5 52050 C Phi& 2 0K 13 1 52 E 1A VIo.pn, Viepn & & E4

DOI: 10.2477/jccj.2017-0069

VIO.Ph :Y=Ph

Vlc.ph :Y=Ph

Vlo cpo : Y =CHO Vlecpo: Y = CHO ; Unstable
Figure 6. Valence isomerization of substituted dithienylethenes
(VIo.pn, VIc.pn) and (VIo.cho, VIe.cho).

Table 6. Thermal stability (AHr) estimation of valence
isomers, (VIopn, VIcpn) and (VIo.cho, VIe.cno) by PM7,
B3LYP/6-31G* and PM6

Vlo.p, Vic.p, Vlo.go ~ Vlc.gno  Substit. Effect

Thermal stabil. 60°C* Stable Stable Stable  Unstable
a. B3LYP/6-31Gx[14]

A H; (relative, kcal mol™) 0 13.2 0 213 8.1

b. PM6, A H; (relative) 0 -5.73 0 177 76
(Re-c) (A) (3.81 1.55) (3.81 1.55)

c. PM7, A H; (relative) 0 501 0 11.81 6.8
(Re-c) (3.86 1.53) (3.88 1.53)

a: [14] J. Phys. Chem. A, 116, 10973(2012).

LETEHY, CHO EHUAILBHER A VIo.cro T2 LETH S .
CDOHEEZ, Table 6 D 1ITHIIRT . ZDHFEZ, ZOF
70 a & bITRSRTH [1c] & [14] D2 JTHEOFE R, P
HETWERY. LA Le OPMTIEXIZIEFFHEOEEZR
LT3, B15 c D PhATIZZ DERREE AH HVINE <,
CHOR TR REVDTEBET— X ZFHIHTES .

3 S

1. PM7 137K KA G ik, ROGHTEE A | ERIRRE
FERROREETIRIZIETHREEND D |, BILYP DFEE
EBZZELEHS .

2. IKFEREB T HIVF— (Emp) PEELTFIVF— (Em) D
PG T, PM7 5513 MP2 74 & 1T, B3LYP & R,
DREVEZ G A, PR AE (B) OfFEZ2 @< R L.
[RGB D R DOWEEELR R I N, K671t AT
DFERDIFAEZ AT 5 RED IR E NS . £ ORI
BB EIR T D UV, NMR O RER & 5B S
SR ETHA S .

3. IS b 3OV FE— (B) FH T H PM7 1E PM6 K D FEER
S EIE 5 2 % T NS A TAEIRMEM 2 & Tl
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B3LYP LX)V & D & PM7 R PM7-TSEENEDH 5N S .
B3LYP (& 3.6A {3 D7 MIAH BAEFH AT O A2 A EHi
TNns .

4. FHEREE O L7 MOPAC2016 /N3 )V R =7 VTl
I3V 3 2 COEHHRIT VI THIR 2 DT, BHEPHE
BB CORMINEH R E NS .

A C W 72 SCIGRESS MO Compact 1.0.6 38 X U
Gaussian 09D (3 VLS K 2AIEIREE £ > 2 —RiE O
LEDT, A2 —0 THRITEMN T 5 . RiwLD—h
WWHARI VY 2 — 2222017 R 2 (BEATT) T
HELZ.
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Molecular Simulation of Hydrogen Bonds, Diels-Alder Reactions,
Urethane Formation from Isocyanates and
Photochromism of Dithienylethenes by
New MOPAC2016 Hamiltonians and the Evaluation

Kenichi SOMEKAWA", and Takehiko UEDA
Graduate School of Science and Engineering, Kagoshima University 1-21-40 Korimoto, Kagoshima 890-0065, Japan

Recently MOPAC2016 hamiltonian was announced to be opened up by improvement of weak bond energies in
molecules and their reactions.

We then simulated basic hydrogen bonds, stereoselective Diels-Alder reactions, practical urethane formation from
isocyanates and photochromic cyclization/cycloreversion of references [1] by use of the PM7 levels. The calculated
molecular structures and some energies were speculated by experimental data and other ab initio level informations.
The hydrogen bond structure and energies (Ey;,), interaction energies (Ey,), activation energies (£,) of the two reactions
by PM7 and PM7-TS were inferred to be improved from PM6 and similar to MP2/6-31+G (d,p) etc., and to come from
by the good balance of small interaction energies such as dispersion energies. The large £y, energies by PM7 and
MP?2 suggest to check the existence of the intermediate complexes B in the two kinds of reactions by low temperature
NMR etc..

The improved and compact MOPAC2016 (PM7 etc.) are very recommended to use in educational and experimental
fields.

Keywords: MOPAC2016, PM7, B3LYP, MP2, Isocyanate, Urethane, Diels-Alder reaction, Photochromism, Activa-

tion energy, Molecular simulation, Hydrogen bond, Molecular interaction energy,
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