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2 2, 1-{phenoxymethyl)benzotriazole (1)# 1-(thiophenoxymethyl)benzotriazole (2) FEA
%2l X A7 ARE 12y A7) (p<0)2} methylene group?l A Y il 2J& local dia-
magnetic effect{ Y=0(1)>8(2) ), 2z £vl2] FAlslels]e] (E;=Kcal/mol : acetone ; 42.2>
chloroform ; 39, 0)7} 45 methylene group ¢l 42t (Hpy)ok Solrlojol] B-e} 424 84]0]
Z7ts19ex (1)9] methylene groupol gl substituent chemical shift (CH,-3CS)ell vl#& AR
ovx] A4 JA (LFER) £A4L ofdlE & FoliA] F(F) (BT #4(1))-&2 2t 39 (R)- A%
7b o) 24 vehde $of 2)EAql kelgiet,

ABSTRACT. The increase of B-type hydrogen bonding character between the hydrogen atom(H v)
of methylene group in 1-(phenoxymethyl)benzotriazole(1} and 1-(thiophenoxymetyl)benzotriazole(2)
derivatives, and solvents was caused by some factors such as;electron withdrawing strength (#>0) of
X-substituent; local diamagnetic effect by Y atom (Y =0(1)>8(2)) with adjacent methlene group; and
solvent polarity parameter (Er=Kcal/mol; acetone; 42.2 > chloroform; 39.0). From the basis on the fin-
dings, linear free energy relationship (LFER) components on the substituent chemical shift of methylene
group (CH,-SCS) in (1) exhibited a tendency that resonance(R)-effect was much larger than field(F) (or
inductive(l))-effect in acetone and that the electrical effects were depend upon the solvent.
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Table 1. HOMO, LUMO energies (ev} and formal net charges of side chain atoms in(1)by EHT method

X Ogq Cp 2H,¢ HOMO LUMO
p-NO, —(.76884 0.68058 0.00576 -12.2906 -10.7971
»-CN -0.78642 0.68058 0.00496 -12,2829 -10.6775
p-Cl -0.79217 0.68059 0.00462 -12.2680 -10.2491
p-H -0.79506 0.68060 0.004438 -12.2605 -10.0205
p-CH3 ~0.79740 0.68062 0.00440 -12.2546 -9.8516
p-CH:0 -0.80205 0.68061 0.00430 -12.2505 -9.7501

& Summation values of two hydrogen atomic charge in methylene group.
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& (1)} 1-(thiophenoxymethyl) benzotriazo-
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1H-benzotriazole @ formaldehyde (Fluka
A)2 e Mannich 43102 o] g3l 22 1-
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chemical shift{¢5,85~7,.18 ppm)E sweep
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dem (1)9 MO %49 &322 CH,-SCS ¥
ofelshx] A7l A4195 Hammett Ho| gHEA|
g sletole (SSP)Al % Taft 2 SL & DSP 4|52*
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Fig. 1. Frontier orbital interaction between (1) and sol-
vents, acetone (LUMO:-10,6273ev & HOMO: -11.4043
ev) and chloroform (LUMO: -10.5673ev & HOMO:
-12.2304ev).
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Alelole st =Yg v F2 AE 2P
ol @oiid Aok, whap (1) Lol Y45 4}
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Fig. 2. Correlation relationship on the observed
CH2-SCS (ppm} of (1) (0) & (2)( 03}, and sigma( o) cons-
tant in deuterozcetone (—-) and deuterochloroform (-~}
solvents,

olefl A% AxALo 2 sl soft-soft 3 k-
o w2 dlojid Zolmgts X 7t AL A &
5 (p<0)Hy%t acetone 72| 2jojoll= y&=
d BEY H-ZgAe) 3 7de 2 Adngy 2=
2 leh, whebd  chloroform Xt} 24
acetone -Fol el Roislrl Qdeoju}A 5ol
anti § (BT : z=4.150D) "] el dipole
o ARz 7} Faskeze(1)3 acetone &
Zpbele] B (H- 282 #o okl 7)o 3}
© 8Qleg HL3 Ao},

CH,-SCSol| olx}g LFER, £olo} (1) o
(2}l X,Y 7} 9sgdel wa} CH,-SCS ol =%
© LFER 9] 243 4o 9248 Axs7] 93
o] obs. CH,-SCS=ps 9 positive correlation
A (Fig. 2)2%¢ X A8 phenyl group s
BT group ¥ ring current<l ¢ anisotropic
effect 9} delocalized shielding effect 23]z Y
WAl 2% local diamagnetic effect 53} guf
8 FA4e] ate} H,oh folalele] H-74|7|o)
o8t Hyo) HAWES} 223 Ao maja
B XA E 7|F o8 CH,-SCS7} oj55m 9le
o ZBs Rvhz) WEE 2_E2e) chemical
shift ol 2|%t substituent-induced change = <
PRoe ALl 4 4 9k, $55 SSP
H2)~(6))S2 2% F& 434 (r<0,910)
YERdATH, BE AR X7} AHAAE ¥4
(p>0)CH.-SCS 7} down shift 31" n WA& 7}
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Fig. 3. Intermolecular association (B type H-bond} be-
tween Y(O(1) or S(2)) and deuteroacetone.

A YH9Ae Xoko Fuel dilq SAset
oxonium ¢|&% HE2Z o (BT o*) 4ol A

24 g As= wisd) F{pt2p)oldev, ¢
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(1)CDCl, : obs. CH;-SCS=0.2330+6.484 (2)
{1)CD,COCD, : obs. CH,-SCS=0.2510+6.807

{3)

(2)CDCl, : obs. CH,-SCS=0.2800+5.914 (4}
{5)

PYAAL 2| golE} Ale|e) AA 3
s3t& Asabg (Fig, 1)elA a8 wish Zo]
DN (donnicity)?*7} 17,091 CD,COCD:2 enol
8 (6x1077%)7 % Y A Apolofl FAslE A-%
o] H-AgRk= keto ¥3 Hy Atolol FAs]e
B-3o H-Adol| & z-complex(Fig. 3)7}

methylene group§& ©-% deshielding3t2.2

(2)~(5)4 . 2 B ¥ association shift(E =
H-bond shift, ACH,-SCS)+ 40.30ppm H=
down shift 3}x)3t, AN (accepticity)?*7} 23,1
gl CDCloll A& chloro group 8 @7i=et AL
8= Hyd] entropy effectoll 2l3lod <3t H-7
g A, m=g 2L Loz Y71 S
A4 OU=E wigtol wet Y1k local
diamagnetic effectol €&l CH,-SCS & X2
o2 5 oo 22 FH-e| vehll= ACH,
-SCS(40, 30ppm) &t o 20 7pAE 80,58
ppm U5 down shift 3tz gich, wekd H-FA
2 2, d-dinitro group X&) ojglel (1) A
3 8to] iy HgEold HuMZ 2AR3dle F &
o Alolo] HAEE H-2A¥ A7% 53 4
e ojabzel Mz 4R,
o|9} 7& CH,-SCSeol vlxl¥ LFER 9 24
7 go o]&XL AE37| Hslel Taft 42 SL
Aol BLE AR (Table 2)BHE e=p/n2 &
AE]%= medium function(e)® (%< blending
coefficient(1)%, A=p,/09 Ar=r/f)2 2 ¥l
(Np=A(1)/2 (2% Np/=2as(1)/ar(2))7
A(EE A1) 9 Np(=E Np)>1e B34S e}
W= CDCl, ®ohe CD,COCD, 7 FolA
2 (xohe (1)e] Iz F)-EZded
g R-EAE Jehiglen zagAle (1) %4
2o Agelglet, nEm o'=portmot =
fF+ R Aol ALY CH,-SCS=po’ (EE ps)el
BA2EE CH,-SCSel mlxls X9 A7 &
e Audspenl glolA o] F Ale] g AEE
A5tz &S & 4 Au+

Table 2. DSP analysis on the CH2-SCS of (1) and (2} by Taft and SL equations

Taft

SL

Compds. Solvents . P IC f . C n¢ r“
me - 1.1x10-3 1.3x10-3 1.180 10x103 1.2x103 1.206 6 0915
1] CDCl3 0.140 1.233 1.664 0.143 0.213 1.489 0.967-0.974
1) CD;COCD; 0.072 0.368 5.111 0.079 0.319 4.038 8 0970
2 CDCly 0.197 0.268 1.452 0.170 0.341 2.005 4 0.810-0.855
2) CD;COCD; 0.246 0.766 3.113 0.325 0.751 2.311 4 (.993-0.998

CDCly;:Np =115
CD4COCDyNp = 1.64/

CDClyNp'=0.74¢
CD,COCD;Np’=1.75¢

e)for £}=pp/ Py, 22’ lor Y=rif, cthe number of data used in the correlation, dcorrelation coefficient, ¢Data for the two
hydrogen atomic charges of methylene group in isolate system, /Np = A1/ A(2} & ENp'=A' (1M A(2).
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Table 3. Solvent dependence and LFER component on the CH,~SCS of (1) and (2)

Compds. Sotvents, Charton Swain-Lupton
®R %L R A%RY  A%L? %R %F R? A%R  AmFE
wF - 54.17  45.83 118 - - 4288  57.12 0.75 - -
1} CDCly 6247  37.53 1.66 0.00 20.60 5227  47.73 1.10 0.00 19.34
()  CDCOCD3 83.07 16.93 4.91 20.60 000 7161 28.39 2.52 19.34 0.00
? CDCly 59.21 40.78 1.45 0.00 1647 5560  44.40 1.25 0.00 3.50
20  CDCOCD3 75.69  24.31 3.11 16.47 000 5910  40.90 1.44 3.50 0.00

?Ratio of %R & %L {dr %R & %F), *difference of %Rior %L, %F) vaiues between CDCly and CD3 COCD,;, “isolate

system,

dH, goiysiol g dakdel LFER 9o =4
€ Charton®? Swain-Lupton™o| A<tsl (6)
~{(8)4 o8 Fald ] (Table 3ol Taft
A9 oot ppake ()3 (8)Al%oll WLl oy
e % delocalized effect(%R)& & 25 745k
A Aol Yz 0~coghe yEME ¢ R}
© 0~100 Ate]9) Zhg 7kRlme welg ol o]
ek, % localized effect(%L)sF 7to] wem
A ALE 4 gle olge] glepr,

% R=1006/A+0, (£E£=100¢/1+¢)  (6)

=4, Williamson® Soll ¢J& F o} R o) sz
SLAlel 4431 QAL £t & (DI (8)Al
HEE Aole BRL FE localized effect
FI-EHE NG %FE 7% 4 Qo 49
VATE Fol RAGEY Aold +ejn wge
B3] % gholchee,

%R=100¢|7] /(| f| +¢| #}) (7)
%L (2 %F)=100- %R (8)

Taft 42 SLAS 2AAS$E  (6)~ (8)A]
483t 74 CH,-SCSell w4+ LFERS =
Aoll B A A (Table 3), =JAY (1)l
HE FEe DD-E3F ZPSE localized
effect (L)& A3t HAsted (6)4o) He3 A
Folle F Edrh R (R2LYE 723olon,
(DAl 283 Aol 2H,9) LR v)4
T P-237) R-E3pc} oF7) 8 (F2R)A
oIteh, ot ZAXE T YAEY enA
ol oA @7 E2H(Ca<2Hy) 7} [- AR
o F-E3be] g3olete dxe] daim 2 nyg

el (DA A89 CDCl 3 1) Agoe
R- A7} F-E3uct o) 24 (R2F)G 78
olgent, 2 o)de] Aol F Z3}e) ujr} o
2~5:19 ¥|EE R-EH7} of & 7Asko|qir),
222 @A H&3F A @+ CD,
COCD; FollH 5 &) u)7} 3.1 o]AakeE R-
a7} glent 2 olglelle CDCL £ (19 A%
st 2 B¥Ae vehhz Ut =3, = 19
o A (A%R, A%F =+t A%L)E FAA
ASLE ehiiglon] (DA H43 (2)9 A%
ol 2 &7} 2ghe}, oloh PR AlAlREE £ &
el 34 slelale (Er(Keal/mol)?* | CHCl,=
39, 0<CH,COCH,=42.2)2} Y = 9] local
diamagnetic effect 7} 242 ((1) (Y=0)>
(2}(Y=5)) B-89] H-AgAel 275l uwe}
Fl#es 1)-27438c} R-&27 A4 Qske
vli& Reg Huxich

3 o2, ethanol Fold 77}z) carboxylic
acid 2} diazophenylmethane #¢] 8hgo A= %
A 28 Aol Rlagrl Espg4
5 %R7t Fkske Ageldn (s 7ol
-OCH,-group¥ wl& %R=3628 ®ugd
the CD,COCD, 4l para- 3 & wilx)$-5 4]
T Cipse®l BC-SCS 9} Ao|g} gl slelole) o}
9 AR AAE olag vl 28 A%)e] T4
# R-afe] F14 L AER gt (YR=
62)%cqlo] A2 glom® Luhsl wislitol oje}
o ox 5 ANEQ) 7| Es} Sof ojEAo
= H3RE ¥ u g vl Yo,

o} 2L BR1EL orolly e Ao} vk
e A9sta 9ley E3), CD,COCD, £vi4
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Table 4. Ortho substituent constants (lit.) of nitro group

X s a* o oy op F R
2-Nitro?* 0.70(0.712, 0.808, 0.55%) 0.96(0.759  0.8%(1.209 079 0.51 0.70(0.678)  0.50 (0.169)
2,4-Dinitro.  1.48(1.49%) 1.75 2.13(1.249 144 066 137 0.75

aB. C, Baguley, W. A. Denny, B. F, Cain and G. J. Atwell, J. Med. Chem., 24, 170 (1981), bref. 14. p. 93 ¢L. J., Solomon
and R. Filler, /. Am. Chem. Soc., 85, 3492 (1963), ¢C. G. Smith, K. K. Lam, J. A. Kirby and J. Posposil, }. Org. Chem., 34,
2090(1969), ¢M. T. Tribble and J. G. Trayham, J. Am. Chem. Soc. 91, 370 (1969). /G.B. Balin and D. D. Perrin, Quar?,

Rev. 20, 75 (1966). £ reb, 13.

ol (1)2] CH,-SCSl mizl+& A37] (X)9 &
H7b F(zme I)-E3nc R-A37F @54
2 9L v|x|m 98- field induced o-bond
polarization(Fe)¢] ¥eoivi= methylene group
Z Hrot X} =+ phenyl group 8l =-field Al
ololl #-bond system 22 A% CD,COCD, ¥
A&l gz, 28)r Hysk CD,COCDs Alolel
soft-soft & #A.x ZHukEof 233 F43 dipole
interaction 2.2 A3 B-¥e9 H-72¥a
z-complex®?(Fig, 3)& $3l 34 (Rx) £
7} FABIA sl el CDCly gl M+
<3t H- 283 g-bond system & %3l R-%
FRoHe F2 localized effect & vehliy Ao
2 g, ol Solo] W& H-ZAYE $8
LFER ¢] §ui o324 Aleloll AaAal o]z} 3l
+€ %3iw H A9 3o A3 H-2%] &
ol Falole gol dFslo) YA g™

avjsz ool g2 3R A4 bond
system ¢| t}El W H- A< 53 LFERY
ZA0] fof o EHUZ UF3 AT FAAHQ
A7} o] FojA ok st

Ortho A#Y| 4%, (1)%F 2, 4-dinitro group
AL 2-nitro group I Hy Apolel] A=
t %2 B- 39 H-A¥el =& proximity
effect 8¢ normal electrical effect & TAH
ortho effect*® <Qldld 5 £u 3¢ obs,CH,
-SCS=p (=& Zo)BA (Fig, 2)ol QoiA =
Azl daEg et F2 AEAE e,
F& ARAAT o) FolArke AL AZ B
H &4 wgo Aoyl FAA o WS Alolg] f
AHAde] & =32z ()~ (AL EAz 7
3k 2, 4-dinitro group{c=1,48)3 2-nitro
group(e=0,70) o4 FIHI g #%
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