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U LA VIR OELE L YIMEIC T 2 RANIERTH B, 4V VT F—bDT LR AL & flliE
A, ERKTZHIVNI VEEEZ DI AT IVOBUREE & 2Z2E R X CRIEMOZEEICOWT, FHHE{k¥EE
FWTH Gt LTz, 2 OBRSEINOR T EARNZEFHERICDE, KINBREO T 3 )VF— & k¥ Z bz
MOPAC-PM6 £ T2 al—yay LT Lz, BT 224V Y7 F—re7)ba—)Lenv L4
MERISEEDS, 782 4 7 #3E HOMO & LUMO O T 3% )UF— 7% | i 4 % & #5770 Mulliken DXL
FEPEREM (IP + EA)2), & REVHBIRBTEI NG T LR RT. ZOY LR ALRISE, 1:2F)VHD6
EBRIMARIR T, BERIREOIEIL T 3L+ — (Ea)lF4~13 keal mol ' EMEFE Nz, AFILT IV EDY
L 7RSO EDES VD, ZREEAEEER LA L, Eah NS0z ki iz, EBRIREME D
BHBIX, 30 FRIOKEES & ZORANDHEMEING. FH3HRT7 I OmEm, Lidl 2 #itkho
70 b Y OMIRIEE E NCONDZIFIEL T, EaZfK FEE D LI NIz, V7 F— b KOG
TERT % 7V VIBORLE THIBOHRIFIE LU TIE, DROFEBFLD Ea Y11 keal mol ' LKL,

T Ik COICHRT B EMEEE Nz,

F—U—FK: AV T7F—k, ULEY, PM6, ¥ al—r3yv, HHbZXIVEF—, HILNI Vg,

6 a1 1 285K
1 FC®»IC

1930ERICK ) TRENZ AV TF—ET IV
I—)VEE DT L2 ACRISHBFEE N, ZERRRH
DORISICFFA L TR T LA AbE N, ERUh 2
BREMEZFFD T & D, Z L OWSERIRE L AL A E
nTns.

X-NCO + ROH — X-NH-C(=0)-OR (1)

AV YT F—MEIE ST LT IRE EFEL DA E
HZ, iLWOKERERIE H D, SoRIGERE LTIV Y
7F—Fr2HVE LRSI TEEDFIO—DL
O, BHBHEE, AR - BTSN AMRIE S T IR
BHENTWV3[1].

R LR ZZRINGESE, A, £k

TRELZT 5. KWk - Bac k57 v gy
MHIEICEFIHE NG, ZO X5 HEBOZ  OEER
T —Z %K. C. Frisch 513 1962 I HiESD [2], THE5E
NATIVHEFLEDNS.

BAZRXSHEZHAINTVS MVIZ V244V YT
F—  (TDI : CgH3(1-Me, 2,4-(NCO))) 7% ¥ kL & +5D
T2 AVATF—= D7)V a—)b & ORISR
(k) DU (log 4)13, Hammett D EHILER (o) & TN
WiE—ROMBEND O, HEDOKIGER (p)E1.98TH
D, REFHEEBEOIGEFRMNHHL TS, KE
ME T 3V F— (Ea) FEHHE X DB RGO & &, %
Fe RAMIEGMEDIENE <, ZOHiFAIE 5 ~13 keal mol ' T
H5. HLUSICEKBTDIETF LY a—)LEDKIG
fEHT T Eald 9 keal mol ' FRETH D, KISHKHETIZY
VA= )UDEEBI 5 OFADN R EN TV S 3] —77
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THMRPIEICEGRT 2 L7 3@k (Eald 9 keal
mol ) [4]7 EDRISER T DT, Z045 THIMHEE
DR, ERNBHNRETH 5D, 55
fIRIC 2 > TV [1].

1998 4 Nguyen 5 (&, H-N=C=0 + n (CH30H), n = 1~3)
DAR ) =)V 5 AR —FEhT— 2 7215T, Z D ab initio
HEEIT->TWVWS., Z2Tn=20BRIREMED 6 S5
EFIVTHIHT, Ea TlSkcal mol ' LLFAE SN, &
BRGNS Nz [5]. AHE 2009 4 MOPAC-PM3
5T, 20114Fab initio 5 R T4 BERET IV ZHRHA LT
WD [6], EBETOMGEER SRV, £7220134F
Wagner 5 L HFHCZ < DBHIEX EROFHICDE, £<
Dab initio 1T, W NEERIRENERDIBRET
JVIZDEFHELTWS [7]. TDIE WA ART )VI—)b
LD Eal¥, XHATIX9 ~12 keal mol ' LHIEZ LA D,
20 keal mol ' LA FDOKREFWVEEMEZ>TWV5. 481
ET)VTIE Ea DEERE L O—B O HfkHIE 7 <, M
NHs.

Xlev L& IR ELE L BReMENT 5 OB 7 B T
&, EOVRTROEINT I U EENTON, EaT
1~11 keal mol ' BIEE N T3 [8]. MILSIE HEE
3T I VD E OISO R A 2, B3LYP/6-31+G
(dp) LJVTHRMT L7z 9. LA LEEREE OB ENH
%. Fle LEACRIEANDE /7 2 Vs & Ol E
O, BHLANRIHIEERZZEA LRSI,

EH BT AT 2 F D 72 RSB REE Sl D &,
T )V F— LA R b E D IR Z, MOPAC-PM61% T &
Ralb—ya UL, AEERZRIAL. X8
PHERIS TZ DRVEEREZICE 5k LT [10].

ZTTARIMTIE, UL MERIEDFERAEDBI% %,
PM6 L CTERMICHIATEZ 50, ROHEHZHE L.

1) K. C. Frisch 5 OZEEBROBEMRT = )bV T F—

FDKISTD, NAy sTay b oERE 217, &

HoTary T« 7HEEHRTHIAT .

2) PhNCO & H20, MeOH & DK IHD, 1Xf2E IV H

JSTEH [3-517, PM6ILTHRNT L, Ea&iBISIKRE

&, Z UTRISTED A2 DRz RiIC I 5 9 %.

3R DA VYT F— b DEBIEX DR [7] 1

DT LIRNTS 5.

4) 3T XV OMIEIE T, EadDjkd [8,9] 2 il ik

U, KGuafe & EH OV 2 OREE 2175 .

5) FEABR LT L2 UBIIROZE N L RIFEYNCBIfR T

2 J1VINI VDMK RS E) 2 fH S % .
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2 FIERREIBE

HAm (Fk) Y 7 F 7 SCIGRESS MO Compact 1.0.6
DPM6 2 IV Tz [11]. BEEIRREGHRNE & 2 0 BEFRET
BRGSO IS 13 Rl D [12] & R4S [10,13] THAMT L
feo Ialb—ya URNEE UT, KSR (Rco)
FBIZ0IA TOBETFTERME L, EREV(HOF)
HIARDEAT I 5IKZHE S T3V F—0fE M b= 3V F—
(Ea, kcal mol ") 215 7=.

3 JLA2MERIGDPMG6 STEER &
ER

3 x4V 7 F—rET7IVO—
WED L2 MERISNDT T Z)b
BERE O REEMNT

e 1T i X JzK. C. Frisch 5 O & 3 2] Part IVD
TableVII & Figure 212, 2D )& D Hammett D 7 = =
JVIEE L E Blo & ROGH L ER kDOREE, log k& D
M, MHBEGRER = 0.97 DENWIRELRBEHGENIRENT
W5, ULh UL d | I K 5 E SIELD o oFd
E AR [1].

FH 1 121D 8EIC, Hammett D & 5 E £ o & PM6
FICk2 7027 4 7HGET 3OVF MWD, &V
BRI 52 200/5 2R LTz, %2 T Ll TableVII D
AR50 T 1S D & [2], PM6IEIC K Rt HEAS R %
Table 1 DM FNCH LS. FHH25]IC X% D Table VII
DI LR MNCRIEEEE k & log k7 #H 72, Table 1 H1
D (IP + EA)/2 fifilE Mulliken DEEXBEMEE [12,14] T, (2)
KTREND. [P, EA 3K~ PM6IEDHET )L F—

Table 1. Relationship between Frontier orbital parameters and

urethanization rates of substituted phenyl isocyanates

No  Substit. Frontier orbital data by PM6 Alcoholysis reaction rate®
IP=-Eiomo  EA=-Eumo  (P+EA)/2Y Kk x 10  logk

(eV) (eV) (eV) : x (sec™") iy
1 p-NO, 10.21 1.78 6 455 -2.34
2 m-NO, 10.03 1.74 5.89 36.3 -2.44
3 m-CF; 9.82 1.1 5.46 10.8 -2.97
4 m-Cl 9.57 0.79 5.18 7.65 -3.12
5 m-Br 9.63 0.82 523 7.63 -3.12
6 m-NCO 9.53 0.89 521 5.14 -3.29
7 p-NCO 9.17 1.02 5.1 3.89 -3.41
8 p-Cl 9.35 0.81 5.08 3.66 -3.46
9 H 9.35 0.45 49 1.09 -3.96
10 p-Me 9.05 0.32 469 0.66 -4.18
11 m-NCO, 9.25 0.78 5.02 2 -3.7
p—Me: TDI

a) Reference [2]: Part 1, p.143 Table VII and Figure 2 (28 °C).
b) Reference [12]: p. 47 (Mulliken' Electronegativity).
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Enomo, ELuomo D513 5N 5.
Mulliken DS PEPERE
(IP + EA)/2 = |(Enomo + ELumo)|/2 @)

NS OHEZ VTR T A BT, 2 (2) D Mulliken
DEXFEVEE L log k DR E BT ST & (R=097) W
FIRAL 72, TOH\EEATZF R X-NCO D C R HIDE
TEIE L OMHBIIR. D TEERONETH S IP L EA
MEDHFE5TH5. £9PM6IETA VYT F—hDXKE
TS E RIS PRIFRE/R & & 2R LTz,

32 JxZI)bAvVI T F—REK, TV
O—)b, 720 E GEEKERESR
BOnF) EDMRIGHEDLEE

KO NE—RIcXG) TRENDS. ZTDR-Y-H
DREMEEZIINETDT—EZNER@G)DEITH
[2,7,15].

Ph-N=C=0 + R-Y-H — Ph-NHC=O(YR) 3)

[ Bk © Ho0 < BtOH (Ea = 11.1 kealmol ') <
MeOH (10.1 kcalmol )<< MeNH; 4)

6 BB Ph-N=C=0C Xf 9~ % K% A FR-Y-H il D
MR S EDJF K ZFANRD T2, 31HEE I LT
Table 2 Z1FHE L 7z.

BAHDAGT RN S, RYHD @ WG TE, Mulliken D
BRZMEANENT & EHBR, DT En. L
LZNETE RV, BLAKIGHER, IPBXIUTRERFYN
F 7213 0) D Jii 1 #Efrf (Atomic Charge) & DFHEINH 5 11
5. JaryT a4 THEEHBEATE, SR R-Y-H
TIWEHOMO T )V F — (D X)) & KIRENLE T D,
PhNCOD LUMOHE & DEZ D WEETH 5. LidlF
RIC, /NEWIPE Atom CIIAMETRHBINDS. FHELWL

Table 2. Frontier orbital parameters of R-Y-H, the addition

reactions with PAN=C=0 and the relative rates

Entry Frontier orbital data of RXH Addition reaction rate®
R-Y-H P EA  (UP+EA)/2 Y Ea relative rate
No (V)  (eV)  (eV)  Atom. C” kcalmol'  No”
1 CH3NH, 9.42 -3.48 297 -0.49 1
2 CH3;0H 1053 -2.64 3.95 -0.53 10.1¢ 2
3 C,Hs;OH 105 -2.78 3.86 -0.56 11.1 3
4 H,0 1191 -4.07 3.92 -0.62 4

a) Reference [15]. b) Atom. C: Net Atomic Charge of the Y

atom in RYH by PM6. c¢) Reference [1b]. d) Reference [2],
p. 140; Activation energy (Ea, kcal mol ).
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FENEKIETRT D, RYHIZ27)F CPhNCO & &&
ToBIRIBALZD, ERIKETS)ZRTY L X V&R
52 %. RIGHEGHEOEEERDO LA E &, Eadflc
179 %.

33 PhNCOE A2/ —)VEDRIGD
PM6> =2l —> 3V

Table 2 TR L7A, T EaHOHEBRT—ZDH % X
2/ —)VDRISICDEFT .

LE T B 72 Sk [51D, s (H-N=C=0 + nMeOH)
DT AR =K IEFRA\Dab initio 5 BT 142 B# 1,
PM6 £ T DTS, (Ph-N=C=0 + nMeOH)D n=1% n=2
DM D EIT, FERIERDE S TH 5.

1) n=10K

PhNCO & MeOH & 1:1tt D, FHEEHELEFETES
4.25 keal mol "L L7e (R EAEM T %)L F — 1 1n) 4
BEREADEENRED NI, FHITHA, PhNCO &
MeOH & DH4L TER R PANHCOOMe 5L LTz, Z D
FSHFEDERIRIE (TS) DT —RIFRD K S TH 5.

Ea=23.62kcal mol ', REERENEL : 1272.6i cm ', I
5B : NCO—HOMe.

T D Eafiil3 Table 20D, Ea=10.1kcal mol ' & D A
5. ERBEBIRENES R0, n= 1 KISKEE TR
W,

2) n=20K%

n =2 TOfEMFIEA —D) & ENTHE R Z Figure 11TR
9. BHGE A3 T DOHOFAL, BIFFIHEICHWEZ A &
J— )V RAK OKEREA T Hb = 4.76 keal mol ™' (S2ERfiE 4.6
~5.9 keal mol-' [16]) 2 & L 721, Cl& %4 & PhNCO &
DOPSETE 51T4.90 keal mol ' (AHEAEFH T3 ILF— © n)

A: PhNCO +2MeOH (Imajin. vib.: 414i cm™)

(A) : 0.0(-91.42) . Transition state (TS)
(Ai§'76 (Hb) ~-2.43(-93.85)
4.90 Mm (keal mol-1)

|
L

-9.66(-101.08) -28.30
PhNCO.MeOH.MeOH —(-119.72)
B: Complex  PhNHCOOMe.MeOH
D: Product

Figure 1. PM6 simulation process of the reaction (PhNCO +
2MeOH), and the stable complex (B), transition state (C), Fa
and product (D) energies, relatives (Parenthesis: HOF (kcal
molfl)). Hb: Hydrogen bond energy, In: Interaction energy.
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B: Complex PANCO.2MeOH D PENHCOOMe MeOH
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§0 -035gabl 0939 3 RET—
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Figure 2. PM6 simulation of reaction between PhNCO and
two moles of MeOH.

Lt Uz 6 BEREEABTH 5. Bld MeOH —NCORD

BAIPERS & L2 AT DIKEAE G2 A9 5. B LERIR

HEC (TS), AR D 213 %3 1) L ARDIBRIETH 5.
Figure 21C B, C, DOKIEZ(L & TS TDIRC (HufR

SO B2 7R S, K Tz Eafil, REEURENGEHZ NEld 5.
Ea=7.23 keal mol !

K BAREEL © 1081 em ™!, HREES | NCO-HOMe.

C O Eafiild Table 2 DSER{E Ea IV, MEEEREHALE
1, Table 1 & Table 2 T & HtjdH & Ik & 115 NCO-MeOH
(FHRYTH O, FIZNCONDHDMIMIIKERSEE
TWVWAMeOHM S ENS. DIEDX S IEn=2D,
6 HERPHIAB LB IRAE CRFH DA G M HEE T h
5.

34 PhNCO LK, AZ2/—]IVBKUAF
VT =2 EDRIGIE T DREKT

IKEEUTGAFLVT I CDONWTE, 0O 8Bikk
PhNCO & DT, 33HMERDOPM6 S I ol — a7
170, %54 Figure 13 & U Figure 2 & FIRED T )V F—
T 7 A, LFEEMIFS NIz, Table 31CZ DK
P DT — & %779, Entry 2 DF—ZIX3.31H2) D X
2 —)VORRAEROEHKITH 5.

3ME D EafEild, X(4) & Table 2 DFERD 5 i 74 7 i
ELTWA. AF)VT7 2V TIEFHCPANCO £ D CT D
In (Interaction energy) MK & <, —J7 T Eafliid/hE L.
& ZDOEOCKIGTEDIRRK & flrE 5. HIBEHIHAB

DOI: 10.2477/jccj.2015-0073

Table 3. Simulation results of addition reactions of PANCO
with H,0, MeOH and MeNH>

Entry Reaction int.(kcal mol™)) Transition state(kcal mol”')  Exp. data
No  Reagents Hb In Ea__ Imagin. Vib. (cm™)  £a
1 2H,0 4.91 5.35 9.12 414i
2 2MeOH 4.76 491 7.23 108i 10.1[2]
3 2MeNH, 2.84 9.28 4.12 216i

K0 5L, Z2Tho0Y L 7bE Ea hVNEL T D
ST R, BHREFHAT S.

& T A TTable 3 1D, JKTOHD = 4.91 keal mol ™' 13,
PM6 (GG @ BLZerf125 °C @ MM VA Y ) C it
fELTak —BRMEIC LT NEE DT, 2MeOH
TEaVRT MoKEMBENRENS. ZThbDT X)L
F—IFFREICE SN, RGOk T — % [16] &
DRV, TOTLIF36HTHLABRS.

35 X-NCOEAZ/—)VEDRIGDXE
T KB RIGMEZEDIREE & #HEE

AV T F—FXNCOTXMWETKREMETHZ &
I LR AMERIGHEER G) DK S IcH# &3 [7]. Ly
LXK FEH D, RFHT R IZRRN TR,

n-Alkyl < MePh < Ph < NOPh

% 7~ SiH3;CH, < Me < FCH,—- 5)

—HHEHAWETDIOEZL D7)V aA— )LDy LR
1t D Eaftil39.1~11.5 keal mol ' & R X N T W 3 [2].
TDID KIS, Table 1 X D PANCOD ZF N L IFIE[A U
TH%. T TXDRMEMF4FEDH, CHs, FCHy, PhD
X-NCOILDE, XX/ —)VEDREDYIal— 3
VT, PANCOD T — & L [1#gd % Table 4 Z K L 7z.
Entry 10 (PhNCO+MeOH) D 7 — & 13 3.3TH & Table 31C
RU, BIAL7z. Figure 31 Entry 4 DD, PM6 & XL
#ik [5] D ab initio 1 TOEFSIRRE TS MG % 737

TORICK D PMOIEIC X B EafiD R NE, NG AR E
KROENNT—2 &, FLPODab initio FHHEICEK S
AIERERE B IFIE LTV B LI N5,

T T TEntry 4D 1In = 7.61 keal mol i3 BLH# 1T K Z Lo,
FNEyIalb—Yarickb, HN=C=0DHN
MeOH & DIKEMEICHE L TWB T LIS T LAy
holz.

FOGHEE In T/, FICEalciR? LHMiE 5. it
C Eagt & THIXY B IS O RRGE & G-I I RETH 5.
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Table 4. Simulation result of addition reactions of X-NCO

with methanol

Entry Reagent Reaction Transition state(kcal mol') Exp. data®

No X-NCO In” Ea__ Imagin. Vib. (cm™") £a°

1 PhNCO 4.9 7.23 108i 9.1-11.5

2 MeNCO 56 9.95 275i

3 FCH,NCO 535 8.1 137 Me > CH,F®

4 HNCO 7.61 12.79 293 16.5°
a,c. Reference [2]: kcal mol ' b. Interaction energy, kcal

mol . d. Relative Ea. e. Reference [5], ab initio calc. data.

Figure 3. Transition state structures of the reaction (HNCO +
2MeOH: Entry 4) by PM6 (and by ab initio of reference [5])
in Table 4.

7272 L PM6IED UINE W Eafiz 52 A H 5.
F X O FRIHEE Db & KEFES d & D25
ETOENMT DV TIEI6IH TN,

3.6 PM6 EICKBKEEEFHEE TDKRE

3335 THIAB L BRIRKEECOEIHICD E, W
Bl i\ WO T2 K DK EAS & R AR DG T, PM61E
WkE e, XV F—IZRFEN, a7 ek
(Roo =2.40A) 7z 5. 72, MENDH 2 T &b NTz. HlHK
DIKERES BRI OWTIE, D [16] D5EEICIEL
WIE IR (Roo = 2.95A)WVREN, TOI 3 )LbF—
DOHERNGENT S H 5. JEICKES O [17] D Figure 4.51C
&, MOPAC-AM1 TD /87 higkiiE L. 6-31G** &
PM3 TOEMRMEENHENT SN TV, S HEPM6eIET
FOVF—FHI T & BUEF7ZW, G TOMELIZ D> Tz
— 7 H T PME DS, [12]1D 8113 THERE — BA DS
(7 T = - F 2 UE) OIRSEAE SR S R
OGOV F—fii & & Bif TH 5 T L 2N L.
MOPAC 3B B 1B 5 DAL 2 BIR O ks 1S 72, 51HE
INTRA—=RZOWETH ELTE. FHENRTHENR
30D, RN I NS,

AREOFFE T, PM6IEDKEISE S BIKFHM DR~
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Table 5. Comparison of the TS structures (a- f in Figure 3) by
ab initio”, PM6 and PM6-D3H4” methods

Method Distances (A) of a = f in TS structure of Figure 3

a b c d e f
ab initio® 1.61 114 1.28 1.07 1.49
PM6 1.3 165 1.17 14 1.07 1.75

PM6-D3H4 131 162 117 1.38 1.12 1.59

n, AV 7 F— MOKEDN G FRIER U TRE ik
BRERIRRECICHAAT NS L ¥, BPCOMIELE Z
NS5O IIVF—LZD7E, EH LT RIVF— (Ea) DFT
i ciEmd Lz fiich s, BB B, ClHEEHET,
Eal3EEREISEN L TV 5.

Bl U — A E N MOPAC2016 Ti&, #1507k
WEREOHOHEMFATZ R IVF—2 X 0MEER HE
TEDHLVETIVANI L ST Y PM6-DIHAFHERL
ENTWA. Z T TTable 51C, Table 4 & Figure 31C/RL
7z Entry 40D, (HNCO + 2MeOH) )& D TSHEEICD X,
PM6 &, SCHk [519 ab initio FHEL%Z L C PM6-D3H4 &f
BO3FD IR 2R .

PM6-D3H4 TIXFHC b I K UKEMANMED & fOFH
HEADY ab initio DTAUTEL, ZTDNIIV DTV TDK
BRI ENS.

4 AVVT7F=bDULRZUMEKRIG
NDE IR T = > ORELERE O

FIEICRILTZD, T2 A VY7 F— b EeAFEDK
SPED, EHEINTWBTIDIE VA —)b & DRS00 il
WELTEZLDEIWT I UNTANEN, Eaflidi1~
11 keal mol " IZIKA U [8], WM ENTWVA. Ffilifid
1ELL EDIEEEH & b & DHE R END % [18].

T T TRZDHEAME, 33HTHH L72PhNCO & X
2/ —=)VEDKEND, "V IFIVT IV OfMAER O
RO)D, 43 FRISRDY I aLb—yarEiFS. i
D Ea 7' 7.23 keal mol ' 0 5, EaNPBIL T ENET A
50, FIERIRAE TOMBEDNT AR D O ZfifiHd
3.

Et3N 6
PhNCO + 2MeOH ——3— 5 PhANHCOOMe.MeOH (6)

% T T % 9PhNCO £ 2MeOH & D %7 5& {b.(3.31H :
4.90 keal mol ') &, PhNCO & EtN DZE(LH} 8.66 keal
mol ' & KEWIEM~ZS, Figure 4D ALICRT. ZLE(L
WEFITKFERE S Hb) & CTHEB XU CH/FRHIC K ED

J. Comput. Chem. Jpn., Vol. 15, No. 2 (2016)



P
13N, ¥

) 110
: S P26
. e 00¢;
o ¥
= HOF =-130.65
HOF =-21.22
Et:N 1

PhNCO-EN
Al

B

Figure 4. Interaction between PANCO and Et;N (A1), and the
catalytic reaction with 2MeOH for the urethane (B).

A0: PhNCO + 2MeOH + Et;N

A0—— -109.26 (kcal mol™)

Complex.1:-8.66 . 1

AI_N\-117.92 A

H . C: Transition state (TS)
ydro. bond:-4.76 -122.68 C

A2 -126.73

%T Complex.2:-7.97 \\Bco {FaA3.92

= -130.65 complex PhNHC(=0)OMe

—
D: Product /14.1
-144.90
PhNHC(=0)OMe.MeOH.Et;N

Al: PhANCO.Et;N + 2MeOH
A2: PhNCO.Et;N + MeOH.MeOH

Figure 5. Energy profile of catalytic urethane formation from
PhNCO and 2MeOH by Et;N. Energies (HOF: kcal mol_l).

ERBERN, RMTRLUT.

RICAITDNCOHBE X &2 — )V “RIKMH YD E 0,
MeOH.MeOH 0 O & O[] £ D $2 3T C b 22 7 Bl e 81 A B
(Figure 4 45 : HOF = —130.65 kcal mol-' © 1% Beom) A
JFoNTz. T OWEGE & RITZT % 5T HEHEE(A) TEGN
O ERH OHE —BHhR NS, RPN ESIERZR
9. AN F AR F g2 R

8C-100: 1.54, 100-26H: 1.63, 26H-13N: 1.12(A)

HIBEGNAMeOHOH % — HHifE L THH, XD
MeO &NCODSCE DK% FD %. 7535 Figure 4
DAL AR/ —)VESE{OPANCO & EN & DIEFHKXT
& %. Figure 51, Figure 1 FRRDRIGEFE & RO )V
F— (HOF) Z/R 9.

ALCIE AR =2 FOZRIVF—EHALTY
%. FIEA2TRAZ /= )VoOKEREEEBIMLTWVS.
Complex.1 & Figure SOOI HAEH %, Complex.21d%Z D%
DRARJ — )V BKDIEH T DL E(7.97 keal mol ')
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Molecular Simulation of Potential Energies, Steric Changes
and Substituent Effects in Urethane Formation Reactions

from Isocyanates
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Urethane resins show peculiar coatings, adhesives and cushions. The urethane formations from isocyanates with
alcohols etc. are accompanied by carbamic acids, the esters, and their decomposed compounds for material perfor-
mances. The steric and energy changes in the basic reaction processes of isocyanates, and the catalytic reaction by
triethylamine were speculated by MOPAC-PM6 simulation, and the simulations compared with them by other meth-
ods. Thus, K. C. Frischs' analysis that the reactivities between substituted phenylisocyanates and an alcohol are related
to Hammett substituent constants,c (R = 0.97), was correlated with Mulliken's electronegativity, (/P + EA4)/2 by PM6
method (R = 0.97). The reactions were speculated to proceed via hydrogen-bondings and six-membered ring 1:2 com-
plexes of isocyanate with alcohol (water or amine) and by the activation energy of Ea = 4~13 kcal mol™!. The higher
reactivity is pointed out by the calculated smaller £a value. The calculations including PM6-D3H4 were also effective
for the reactivity of X-NCO. The 4 molecules' catalytic reaction of PANCO with 2MeOH by Et;N was speculated to be
accelerated from Ea = 7.23 kcal mol ! to Ea = 3.92 kcal mol ™!, The transition state structure showed the easy proton
transfer by Et;N. Hydrolyses of carbamic acid and the methyl carbamate ester were compared for urethane properties,
and the decomposition of the acid to diphenylurea via aniline etc. and the stability of the ester were speculated by the

calculated Fa and transition state structures.

Keywords: Urethane, [socyanate, Carbamic acid, PM6, Activation energy, Six-membered 1:2 complex
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