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Kayaku Gakkaishi, Vol. 60, No. 3, 1999

bEREDRENH B, Lo T, I TR
Mulliken Population AnalysisEic & b, 7z =WVZER

'@@&&ﬁ%ﬁrhv/—wﬁwuaoxoewat

Y it e O AN o
2.2 HMERTFEOEY : ’

CFhT /—woﬁ&rﬁfio?ﬁ&%ﬂﬁ%hﬂﬁ L%
TVIHETCETOREL v, = okawoBa R
R-NO2E &G DM S (MR A NF¥ =) IR0 —D
20185 THA5, Lo L, TFF V=R
BT 570, RARKSOHABBECINVE—ERDS
ONEBTH S, =T, REEHOBBELT,
UT 0 3BRERE L7

¥, H—IBIdic & AREROS BB
Thb, it NRATHRSNBERTHD, Rdd
bbb L, NIRERSOBERBERLTEY,
EHa bR OEFE k- 'cﬁ& b5, FhIV/—D
e, HERIN-NEEECNESOLEENI %> T
By, NNNESOWEI1a=528b=141, C-N#S D
4, a=648b=20TH %, VEEFMITHORKOIT

HDEERLTVS, R()BEASERIETELVAN

YEZE100, RRCHESLERSIHAXEL
RVEHOE 2B LI ITHRBILLAERTH B, 0
¥ V1120100108V I3 ERA O ERE D — (LA
ATWBZ EETRT,

Sy
.1.-wob Rﬁ);u )
Tk T B
100 /& (Ni-N)?
VER VE
Ni=-,-b
N =1%N
ng

Ri | FEOREEQ) 0 REMRTSHE0K
ab | HEDMRITL > THE 2R '
Vi | ROMFIC L 2 ER(HAK3S, ARR33.3)

BRFAORAEROH—LOESVWE QR TER
F5L0Th b, Thut, BOERMEEHEE L]
H-7 b7V — e il L, ~ﬁﬁ%*§wz t’a‘ol
CBEANEVNIY, H—LLTHEY, ﬁi&ﬁﬁ(
/Pt % 2 Twh,

b = =S (R-R(IHT)) ﬂ_zgmémam» J
Ri.ifBORER ;

— 11—



= WFig 2R T RED 32 V¥ —Z(AE) T
5, Thit, REBRTAHZEILEAREMZRZNV
F—b BT o 7 EIV—NIZDWTH, $LDOE

G, NI-CS¥EDBEDATHY, & oﬁ%ﬁ%ﬁz
BOREZANVY—-LEZ, :
Zho ke K Lf:&;ﬂlﬁl:tsc-uscm«: X

B ON3-NARESOMUBIGHBT A ENRBRS I
Twalt®, CORBTORMBLINVX-DHNR
BREEV, L L, FHEOLHHATCHRARBEOTFOR
EHENEL, RARIANVK -2 ROLI ENTER
Pote NI-N2ESDHBROFAMTHo 7 Thbid
HHCREFRFI=OR LI LOFREESTH D, L
oMo T, RABRLANK-E2RDBIENTELR

A REBAEREE (Tose) TH 5o ChOEDF—F 12T
TRONIL>TRESNTWAELDEAW,
3. EREER o i
31 BRREAFIE o

Table 10% 1 BRBIZXX 2 251-Ph-7 b5 /—;v
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WORTEE & XBHLERITIC L 2 S0 EROERMY
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: + Hy — >'_ .
 H~ \N\,N L . \N—N/\
N—N @ y : '
m e
AE=E(3)-{E(1)+E(2))

AE: the stabilization energy by formation of tetrazole ring
E: the total energy of the optimized structure -

Fig.2 The concept of ring stabilization energy AE

Tablet Optimaized parameters of 1-phenyl-1H-tetrazole derivatives

Bond length " '|Dihedral® Total =~ |Tesc® L® b9 AE?
_. .| N1-N2 N2=N3 N3-N4 N4=C5 C5-NI N1-Ph| angle | Energy _ .
(A) 1O @ |©  @i/mol)
MP:/631G* Ph 1.3546 13242 13615 13265 1.3540. 1.4225| 386 |-487.8413 [ 181 83.5 -0.0105 35.1
HF/6-31G* 13307 12524 13383 12805 13338 14206 389 |-4863023| |
expl.® 1346 1298 1351 1302 1342 1431 | I8 =

MP:/631G* p-CRPh [ 13551 13236 13617 13262 13546 14204| 380 |-9468717)175 833 -00127 298

m-ChPh | 13551 13232 13620 13260 13548 14208| 375 |-946.8715[167 3.1 -0.0139 283

pOH-Ph | 13547 13246 13614 13267 13539 14209 |- 40.1 |-562.8742( 219 $3.7 -0.0099 416
E . © /-'m-OH:Ph [ 13540 13245 13614 13267 13537 14230| 386 |-562.8743[189 838 -0.0091 287
Rl p-CHs-Ph | 13546 - 13245 13614 13267 13540 14219| 387 |[-527.0126[184 836 -0.0101 376

! " m-CEb-Ph[ 13543 13247 13613 13268 13537 14231| 359 |-527.0127|184 837 -0.0092

Al "pNO:Ph [ 13554 13228 13621 13256 13552 14199 372 [-691.8468 196 829 -0.0154 157
ar m-NO:Ph| 13559 13217 13629 13250 13562 1.4186| 329 |-691.8473[163 8§23 -0.0194 2.3

|1 MP2/6-31G* H | 13471 '1.3254 13622 1.3240 1.3489 - -
a) Expenmental data from ref.24

b) The torsion an,le between the tetrazole plane and phenylplane

, ‘ ¢) From ref.1

R d)Bird's aromaticity index"'”’
g e)h= % (RR(IHT)}+

-257.5357| 211 83.8 0 34.8

N

T (Re-R(IHT)}

Ri is the i th bond lensth Ri ( 1HT) is the i th bond length of IHT
| . ) Ring stabilization energy as shown in Fig.2 : T
k
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nng charge sum of the total atomic charges of the tetrazole ring
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Ab initio MO study on the thermal stability of 1-phenyl-1H-tetrazoles

Yoshio OHNO*, Yoshiaki AKUTSU*, Mitsuru ARAI*,
Masamitsu TAMURA* and Takehiro MATSUNAGA**

Ab initio MO calculations of 1-phenyl-1H-tetrazoles were carried out, in order to explain a
substituent effects on its high thermal stablhty and to estimate the thermal stability of the other
tetrazoles. -

Similar to 1H-tetrazole, five bonds in the tetrazole ring have intermediate lengths between
single and double bond lengths. Phenyl and tetrazole rings are not both on one plane showing no
interaction. Three indexes addopted as a measure of thermal stability indicate that the more equal
the bond lengths of the ring are and that the bigger the stabilization energy by ring formation is, the
more thermally stable they are.

It is found out that there is the relationship between the thermal stability and the ring charge.
That is, the more negative the ring charge is, the more thermally stable the tetrazole is. Also, there
is a good relationship between the thermal stability and the energy level of orbital of which orbital
is an anti bonding type with respect to.the N3-N4 bond. The higher the energy level is, the more
thermally stable the tetrazole is.

( * Department of Chemical System Engineering, School of Engineering,
The University of Tokyo, 7-3-1, Hongo, Bunkyo-ku, Tokyo 113-8656, Japan,
** National Institute of Materials and Chemical Research, 1-1, Higashi,
Tsukuba, Ibaraki 305-8565, Japan )
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