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Abstract

In order to seek the meolecular basis of higher insecticidal activity of the carbamates with
two methyl groups, m—xylyI—N~methylcarbamate(MXNMC) than the corresponding unsubs-
tituted phenyl N-methylcarbamate(PNMC), these two derivatives have been studied by
molecular orbital(MO) theoretically using extended Hiickel theory(EH’I‘), and analysis of
regression and linear free energy relationship(LFER). The most stable stereo structure(Z,Z)
shows that the phenyl group occupies vertical(#=90°) position on the plane of the N-meth-
ylcarbamyl group. Regression analysis shows that especially good correlation exists between
the pl,, values and the calculated MO quantities when the hydrogen atomic charge of meta-
position and of m-methyl groups, and LUMO energy are taken as variables. The LFER
analysis on the carbamylation indicates that field(F) effect(60%) is slightly larger than
resonance(R) effect(40%) in PNMC(F>R), whereas, in case of MXNMC, R effect(98.6%)
is much larger than F effect(1.4%)(R>»F). From the basis on the findings, the enhance-
ment of insecticidal activity of MXNMC may be the result of hyperconjugation by m-methyl

groups.
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Table 1, Spacial length (A) between carbon atom (C,) of carbonyl group and hydrogen or
carbon atom of m-dimethyl group and meta position in (Z,Z) conformer (6=90°)

PNMC MXNMC
H(C.)—Cy 5.715 H,(C,)—Cao 4.707
H(C)—Cso 4.760 H, & Hy(C,)—C; 5.754
C..—Cy 4.755 H,(Cis)—Cy 6.150
Clz-czl) 4. 120 Hz & H3(C18) _Czo 6. 720
H(C.s)—Cso 6.010 Cy—Cao 5. 064
C1—Cao 4.955 Cis—Cuo 6.118
h T T T T 1 1 L

AETDTI\L( Kcat.“mol.)

[¢] 60 120 180

Rotation angle (8°}

Fig. 1. Total energy vs. rotation angle(ph-0
axis) of phenyl N-methyl-carbamate by EHT
MO calculation
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Fig. 2. Molecular structure(Brocktehurt model)
and numbering scheme of para-substituted phe-
nyl N-methylcarbamate(PNMC : R=H) and m-
xylyl-N-methylcarbamate (MXNMC : R=CH;
(Hy, H; & He(Cir & Cis))(Z,2) (X=p-NO,, p-Cl,
p-H, p-CH; & p-OCH,). Benzene ring of phe-
noxy part is distorted(§==90°) from the plane
of the trans N-methylcarbamyl skeleton
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Table 2, Net charges of meta-position and carbonyl carbon atom by EHT calculation and plg

values in PNMC & MXNMC

% PNMC
pl;» C1z HGyo) C14 H(Cu) Cao
p-NO, 2.52 0.026 0.032 0.025 0.032 1.5844
p-CN 3.77 0.026 0.028 0. 026 0.028 1.5844
p-Cl 3.62 ~0. 004 0. 031 —0.005 0.031 1.5844
p-H 3.70 —0.095 0.030 —0.098 0.030 1.5843
p-CH, 4.00 —0. 069 0.027 —0. 070 0.028 1.5843
p-CH,0 4.10 —0.097 —0. 032 ~—0. 089 0. 034 1.5843
MXNMC
C 7 st
X Dl C11 N : C1s Czu
H, H, & H, H, H, & H;
p-NO, 5.38  —0.081 0.019 0.037  —0.081 0.019 0.037 1.5843
p-CN 4.32 —0.086 0.022 0.035  —0.077  0.022 0.035 1.5843
p-Cl 5.68  —0.081 0. 023 0.085  —0.081 0.023 0.035 1.5843
p-H 522  —0.086 0.023 0.03¢  —0.086 0.023 0.034 1.5843
p-CH, 572  —0.089 0.022 0.035  —0.077 0.022 0.034 1. 5842
p-CH,0 5.96  —0.188 0.013 0.057  —0.034 0.023 0.033 1.5842
a) Ref. 9, b) Ref. 8.
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Table 3, LUMO and HOMO energies (ev) of PNMC and MXNMC by EHT calculation
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Table 4. Correlation regression equations for the insecticidal activity with variables

Substrate No. Equations n r r?
PNMC 3 plsy=-10.539QH(C,,) +3.822 6 0. 486 0.684
@ ply,=0. 553LUMO -8, 604 6 0.873 0.934
) plse=0. 525LUMO — 2, 308QH(C,,) +8. 390 6 0.878 0.937
MXNMC 6) plae=—41. 111QH,(C;) +6.414 5 0. 600 0.775.
N plgp=0. 913LUMO —14. 080 5 0. 400 0.632
6] pls=0. 048LUMO—39, 480QH,(C,;) +6. 809 5 0.630 0. 800

: Number of compounds used in each regression equation.

r Correlation coefficient of each fit.

: Index of determination representing the proportion of variance in the dependent variable accounted for

regression.

Q : Net charge; subscripts indicate carbon atom and hydrogen atom of m-dimethyl group and meta position.
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Table 5, Linear free energy relationship analysis for the insecticidal activity
Substrate No. Equations n r re Aor ) %R %F
PNMC )] Plyo=—0. 84201 —0. 5830 +3. 762 6 0.739 0.890 0.69 — —
10 plse=—1.024F —0. 868R+3. 878 6 0.765 0.875 0.85 40.00 60.00
MXNMC D plse=-0. 10901 —1. 8500r+5. 254 6 0.762 0.873 17.00 — -
12) plse=-—0.019F —1. 702R 5. 288 6 0.754 0.868 90.50 98.60 1.40
S @ F#AA 2= phenylcarbamate$} phenyl- b) Sacher, R.M. and Olin, J.F.: J. Agr.
phosphate F %A 5o glo} A m-methyl groupe) Foed Chem., 20 : 354(1972)
o3 Autg FEF I At ¥ otz g, 4, Rosenberry, T.I.: Adv. Enzymol.,, 43:103
(1975)
= = 5. Wilson, 1.B., Hatch, M.A. and Ginsburg, S.:
J. Biol. Chem., 235 : 2312(1960) ‘
2 71 8] m-methyl groupe] X33 m-xylyl N- 6. Metcalf, R.L. and Fukuto, T.R.: J. Agr.
methylcarbamatestMXNMC)7 ®| X 85 phenyl Food Chem., 15 : 1022(1967)
N-methylcarbamates(PNMC)2.c} & A4&%22 7. Hetnarski, B. and O’'Brien, R.D.: J. Agr.
S Ul = of & dotr] g3 olF F & Food Chem., 23:709(1975)
=A 50 #4 Huckel(EHT) o] Eoff wE E A4 8 Metcalf, R.L., Fukuto, T.R. and Frederi-
=(MO) o] 23 3 % AfolviA #AA(LFER) ckson.: J. Agr. Food Chem., 12 : 231(1964)
A gt dFH AT A AT A T2 9. Goldblum, A., Yoshimoto, M. and Hansch,
+ phenyl groupe] N-methylcarbamyl groups) C.: J. Agr. Food Chem., 29 : 277(1981)
Hol| didte 2 (0=90°)¢ FH(Z,2D)e)g e, 10, Metcalf, R.L. and Fukuto T.R.: J. Agr.
3 AL L ply, A4E3 meta-¢ 2 2 m-methyl Food Chem., 13 : 220(1965)
group®] F£9= A3 LUMOs| v =9 A A" 11. Nishioka, T., Fujita, T., Kamoshita, K. and
MOgZ& HE2 APE 497 AR & A3 Najima.: Pesticide Biochem. Physiol., 7 : 107
AS Ve gch. Carbamylation whe] 3+ 1977
LFER® 4 A5, PNMCo A 39 R)-53040 12. Sung, Nack-Do: Unpublished(1988)
%R A (F) 53(60%)7F %2t Ro v (F> 13, Ban, T. and Nagata, C.: Jap. J. Pharmacol.,
R), MXNMC9 7 %o R-77(98.6%)7} F- 16 : 32(1965)
E3A4%)RTG €53 & FRIFHE 2gd. 14, Hansch, C. and Deutsch, F.W.: Biochem.
ol8} e A zHE MXNMCY #4&FLo] & Biophys. Acta., 126 : 117(1966)
R =& 22 m-dimethyl groupe] 93 hypercon- 15, Eto, M.: Organophosphours Pesticide,, Or-
jugation®} A stelz o]z}, ganic and Biological Chemistry, Ch. 4, p.
157, CRC Press, Cleveland, Ohio(1974).
2 1182 ¥ 16. a) Burn, G.: J. Chem. Phys., 41 : 1521(1963)
b) Yates, K.: Hiickel Molucular Orbital The-
1. Metcalf, R.L. and March, R.B.: J. Econ. ory, Academic Press, New York(1978)
Enfomol., 43 : 670(1950) 17. Chapman, N.B. and Shorter, J.: Correlation
2. Buchel, K.H. ed: Chemistry of Pesticides, Analysis in Chemistry. Recent Advances,
pp. 125~155, John Wiley & Sons, N.Y. Plelnum Press, New York and London(1978)
(1983) 18. Hansch, C. and Leo, A.: Substituent Cons-

3. a) Metcalf, R.L., Fukuto, T.R. and Winton,
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