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Design, Synthesis, and Quantitative Structure — —Activity
Relationship Study of Herbicidal Analogues of
Pyrazolo[5,1- d][1,2,3,5]tetrazin-4(3 H)ones
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A series of pyrazolo[5,1-d][1,2,3,5]tetrazin-4(3H)one derivatives were designed, synthesized, and
evaluated for their herbicidal activities where some of these compounds provided >80% control of
Brassica campestris at 10 ug/mL. Quantitative structure—activity relationship studies were performed
on these compounds using physicochemical parameters (electronic, Verloop, or hydrophobic) as
independent parameters and herbicidal activity as a dependent parameter, where herbicidal activity
correlated best (r > 0.8) with physicochemical parameters in this set of molecules. The herbicidal
activity against B. campestris was mainly affected by the molar refractivity (MR) for R?, Taft (Es,) for
R? or RS, Verloop (L) for R® or R5, and electronic parameters (Hammett's constants) for R*. The
optimal MR for herbicidal activity is 0.95. The herbicidal activity against Echinochloa crus-galli was
mainly related with the substituents’ hydrophobic parameter. The optimal & parameters for R; and
R, for herbicidal activity are 0.72 and 0.68, respectively. In general, these compounds showed greater
herbicidal activity toward B. campestris than E. crus-galli.

KEYWORDS: Pyrazolo[5,1- d|[1,2,3,5]tetrazin-4(3 H)one; hydrophobic; herbicidal activity; quantitative
structure—activity relationship (QSAR)

INTRODUCTION other areasy). The other objective of this study was to further
i - IR R6 - ;
Tetrazinone compounds represented an important class ofdnderstand the QSAR for'RR® through preparing a series of

heterocyclic compounds. They displayed a wide range of C (Figure 1 andTable 1) .
biological and pharmaceutical activitiel @) and have attracted
considerable attention. For example, mitozolomideand MATERIALS AND METHODS
terr_]o_zolomldeB (Figure 1.) exhibited outstandlng antineoplastic Synthetic Procedures.Proton NMR spectra were obtained at 300
activity a_nd_drew attention to gzolotetra_zme systems. For the \1h, using a Bruker AC-P300 spectrometer in CBHEblution with
sake of finding valuable herbicidal candidates, the imidazotet- tetramethylsilane as an internal standard. Chemical shift vah)es¢
razinone moiety was modified into pyrazolotetrazinone in our given in ppm. Elemental analyses were determined on a Yanaca CHN
previous report and some of them provided-88% control Corder MT-3 elemental analyzer. Melting points were taken on a
of Brassica campestriat 200ug/mL (3). It was also noticed = Thomas-Hoover melting point apparatus and are uncorrected. Solvents
that many compounds, containing the moiety of polysubstituted were dried by standard methods and distilled prior to use. Yields were
benzene ring, exhibited excellent inhibition activity against not optimized. _ ' _
protoporphyrinogen-p( OXidaS@-I and that the structure unit General Synthetlc Procedures for Diazonium Inner Salt (E) and
was crucial for their herbicidal activity. To find potent lead lel'lt?e?;ﬁgaziee (g)_bgc%?“g)‘)“ggiscr:‘%“e al) Wansﬂfg’“_meeds';edth‘f
; : i u Scri . u was synthesiz s

ggmﬁggggi the compound (Figure 1) was designed and literature describedr§. They were identified byH NMR spectroscopy.

At present, quantitative structuractivity relationships (QSAR), General Synthetic Procedure for Compound C §). The mixture

. - . - of 2 mmol of E and 2 mmol of aryl isocyanat& in 5 mL of
an important area of chemometrics, are widely utilized to study dichloromethane was stirred for 4@8 h at room temperature. After

the relationship between chemical structures and biological or ¢ reaction was completed as monitored by thin-layer chromatography,
other functional activities. QSAR has become increasingly the solvent was removed in vacuo. The crude product was purified by
helpful in understanding many aspects of chemitadlogical flash column chromatography on silica gel, using ethyl acetate
interactions in drug and pesticide research as well as in manypetroleum ether (V/V= 3:1) as the eluant to afford the pure target
product. The melting points, yields, and elemental analyses of
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Figure 1. Chemical structures of A, B, and C.
Table 1. Melting Points and Yields of Compounds C1-28 Table 2. Elemental Analysis of Compounds C1-28
yield mp elemental analysis (%, calcd)
compd R! RZ R R4 RS RS appearance (%) (°C) compd c H N
C1 CHsS F H Cl propynyloxy H yellow 34.3 132-134 c1 46.44 (46.63) 3.10 (2.99) 15.90 (16.00)
C2 CF F H CI propynyloxy H white 33.7 117-119 c2 4437 (44.41) 2.28(2.19) 15.21 (15.23)
C3 CH; F H Cl allyloxy H yellow 77.2 122-123 c3 49.95 (50.07) 3.87 (3.71) 17.15 (17.17)
C4 CHS F H Cl aljoy H yelow 608 129-130 ca 46,30 (46.42) 3.46 (3.44) 15.80 (15.92)
C6 CH; F H Cl npropoxy H white 39.7 103-105 cé 50.05 (49.82) 4.14 (4.18) 16.98 (17.09)
C7 CHsS F H Cl npropoxy H yellow 60.5 130-131 c7 46.16 (46.21) 3.72 (388) 16.03 (15.85)
C9 CHsS F H Cl ipropoxy H yellow 62.3 126-128 co 46.27 (46.21) 3.74 (3.88) 15.78 (15.85)
Cl0 CHsS H CRs H H H  yellow 851 145-146 C10 44.90 (45.11) 3.11(3.03) 17.56 (17.54)
Cil CF H CR H H H white 629 124-125 c11 42.60 (42.77) 2.33(2.15) 16.40 (16.63)
Cl3 CHS Chy H H H H o yellow 776 144-145 C13 44.95 (45.11) 2,90 (3.03) 17.44 (17.54)
Cl4 Cr CRs H H H H  yellow 583 Cl4 4254 (42.77) 2.38 (2.15) 16.37 (16.63)
liquid C15 49,02 (49.05) 3.40 (3.29) 19.22 (19.07)
Cl5 CH; H H CR H H  yellow 735 134-136 C16 4534 (45.11) 3.13(3.03) 17.43 (17.54)
Cl6 CHS H H CF H H yellow 70.1 150-151 c17 42,50 (42.77) 2.19 (2.15) 16.68 (16.63)
Cl7 CF H H CR H H  yellow 665 133-134 c18 45.01 (44.85) 2.72(2.76) 17.60 (17.43)
Cl8 CH3; CFs H CI H H Wh!te 84.6 149-150 C19 39.28 (39.53) 1.87 (L.77) 15.54 (15.37)
Cl9 CR CRy H CI H H  white 329 110-111 c20 44.74 (44.85) 2.73(2.76) 17.56 (17.43)
€20 CH; CI H H CR H  white 797 127-129 c21 41.68 (41.53) 2.54 (2.56) 16.18 (16.14)
C2l CHsS CI H H CFs H Wh!le 78.4 134-135 c22 39.40 (39.53) 1.64 (1.77) 15.49 (15.37)
C2 CFr CI H H CR H  white 483 116-118 c23 44.72 (44.85) 2.83(2.76) 17.56 (17.45)
C23 CH; H CR ClI H H white 84.6 130-132 C24 41.48 (41.53) 2.50 (2.56) 16.34 (16.14)
C24 CHs$S H CR3 Cl H H yellow 94.5 139-140 C25 39.59 (39.53) 1.65 (1.77) 15.38 (15.37)
€25 CH; CI H CF3 H Cl yellow 321 90-92 C26 41.38 (41.30) 2.46 (2.31) 16.09 (16.06)
C26 CHS CI H CF3 H Cl yellow  49.1 88-90 c27 36.90 (36.76) 151 (1.44) 14.03 (14.29)
C27 CF3 CI H CFR H Cl  yellow 326 78-80 c28 39.59 (39.53) 1.65 (1.77) 15.48 (15.37)
C28 CF3 H CR3 Cl H H yellow 44 108-109
Scheme 1 h at 28 ¢-1) °C. The lengths of 10 rape roots selected from each plate
were measured, and the means were calculated. The percentage
R! CO,C,H; R! CO,C-H;s inhibition was used to describe the control efficiency of the compounds.
T HCl 7\ The herbicidal activity was summarized Trable 4.
NN, T ONaNOy —— e Nn N E Inhibition of the Seedling Growth of Barnyard Grass [E. crus-galli
H © (L.) Beauv]. Ten E. crus-galliseeds were placed into a 50 mL cup
D covered with a layer of glass beads and a piece of filter paper at the
R} R* R3 R4 bottom, to which 5 mL of inhibitor solution had been added in advance.
The cup was placed in a bright room, and the seeds were allowed to
R? R® + (CCLORCO— R2 R g germinate for 65 h at 284(1) °C. The heights of the above-ground
¢ parts of the seedlings in each cup were measured, and the means were
HN R OCN R calculated. The percentage inhibition was used to describe the control
F R2 R efficiency of the compounds. The herbicidal activity is summarized in
N=N Table 4.
rt. CHCl GHOC (N R C
E + G ' < N RESULTS AND DISCUSSION
RN O R R

Bioassays.The herbicidal activities of the target compoun@d ¢
28) were determined witB. campestrid.. andEchinochloa crus-galli

Preparations. The syntheses oE, G, and C have been
reported (36, 7) (Scheme 1). The diazotization of compound
D using nitrous acid at-65 °C followed by neutralization with

L. Beauv as samples of annual dicotyledonous and monocotyledonoussaturated aqueous sodium carbonate gave 5-diazo-4-ethoxycar-

plants, respectively, using a previously reported proced)re=or all
of the bioassay tests, each treatment was repeated three times.

bonyl-1H-pyrazoleE (3, 6). G was synthesized as the literature
described (7) by reaction of triphosgene with aromatic amine.

Treatment. The emulsions of purified COmpOUndS were prepared by The target molecule@l descnbed |nTab|e 1, were obta|ned

dissolving them in 10@L of N,N-dimethylformamide with the addition

of 2 uL of Tween 20. The mixture of the same amount of walteN-

dimethylformamide, and Tween 20 was used as control.
Inhibition of the Root-Growth of Raf®. campestrid..). Rape seeds

by the cycloaddition o with aryl isocyanatés in anhydrous
CHCI, at room temperature.
QSAR Analysis.Different substituents were introduced into

were soaked in distilled water for 4 h before being placed on a filter th€ pyrazole and benzene rings of target prod@@tsTheir

paper in a 6 cnPetri plate, to which 2 mL of inhibitor solution had

herbicidal activities were given ifable 4.

been added in advance. Usually, 15 seeds were used on each plate. By replacing the methylsulfonyl group ¥R of related
The plate was placed in a dark room and allowed to germinate for 65 compounds of re8 by methyl, methylthio, or trifluoromethyl
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Table 3. H NMR of Compounds C1-28

compd 'H NMR (CDCl3), 6

c1 1.46 (t, 3H, 3Juy = 7.2 Hz, =CH,CHy), 2.59 (s, 1H, ~C=H), 2.71 (s, 3H, =SCHs), 451 (q, 2H, 3Juy = 7.2 Hz,
—CH,CH), 4.81 (5, 2H, ~CH,C=H), 7.29 (d, 1H, 3Jus = 6.0 Hz, Ar—H), 7.43 (d, 1H, 3Juy = 8.7 Hz, Ar=H)

C2 1.46 (t, 3H, 3Ju = 7.2 Hz, =CH,CHs), 2.60 (s, 1H, —=C=H), 4.53 (q, 2H, 3Juq = 7.2 Hz, =CH,CHj),
4.82 (s, 2H, —CH,C=H), 7.30 (d, 1H, 3Ju = 6.3 Hz, Ar—H), 7.46 (d, 1H, 30y = 9.0 Hz, Ar=H)

c3 1.46 (t, 3H, 30y = 7.2 Hz, =CH,CH3), 2.76 (5, 3H, —CHs), 4.50 (q, 2H, 3Jun = 7.2 Hz, —CH;CHs),
4.63 (M, 2H, ~CH,CH=CHy), 5.37 (m, 2H, ~CH,CH=CHb), 6.03 (m, 1H, ~CH,CH=CHy),
7.08 (d, 1H, 3Jyy = 6.3 Hz, Ar—=H), 7.41 (d, 1H, 3Jyy = 9.0 Hz, Ar-H)

C4 1.46 (t, 3H, 3JHH =72 Hz, —CHchg), 2.71 (S, 3H, —SCHg), 450 (q, ZH, 3\]HH =72 Hz, —CHchg),
4.63 (M, 2H, ~CH,CH=CHy), 5.41 (m, 2H, ~CH,CH=CHy), 6.04 (m, 1H, ~CH,CH=CHy),
7.08 (d, 1H, 3Juy = 6.0 Hz, Ar=H), 7.42 (d, 1H, 3J4 = 9.0 Hz, Ar—H)

c5 1.46 (t, 3H, 3Juy = 6.9 Hz, ~CHoCHs), 4.53 (4, 2H, 3Jun = 6.9 Hz, —CH,CHs), 4.64 (m, 2H, —CH,CH=CH}),
5.43 (M, 2H, ~CH,CH=CHb), 6.05 (m, 1H, ~CH,CH=CHy), 7.07 (d, 1H, 3} = 6.3 Hz, Ar—H),
7.44.(d, 1H, 3 = 9.0 Hz, Ar—H)

6 1.07 (t, 3H, 3y = 7.2 Hz, =CH,CH,CHy), 145 (t, 3H, 3Ju = 7.2 Hz, ~CO,CH,CHy), 1.87 (m, 2H,
3Jun = 7.2 Hz, =CH,CH,CH3), 2.75 (s, 3H, =CHs), 3.98 (t, 2H, 3Juy = 6.8 Hz, —CH,CH,CHj),
4.49 (g, 2H, 3y = 7.2 Hz, =CO,CH,CHs), 7.04 (d, 1H, 30 = 7.2 Hz, Ar—=H), 7.39 (d, 1H,
3y = 9.2 Hz, Ar—H)

C7 1.07 (t, 3H, 3Ju = 7.2 Hz, =CH,CH,CHs), 1.45 (t, 3H, 3Jun = 7.2 Hz, =CO,CH,CHs), 1.88 (m, 2H,
3Jun = 6.8 Hz, =CH,CH,CH3), 2.70 (s, 3H, =SCH3), 3.98 (t, 2H, 3Jun = 6.8 Hz, —=CH,CH,CHs),
450 (q, 2H, 3Juy = 7.2 Hz, =CO,CH;CHs), 7.04 (d, 1H, 3Juy = 6.0 Hz, Ar-H), 7.40 (d, 1H,
3JHH =8.8 HZ, AF—H)

C8 1.08 (t, 3H, 3JHH =7.2Hz, —CH2CH2CH3), 1.45 (t, 3H, 3JHH =6.8 Hz, —COZCHchg), 1.88 (m, 2H,
3Juy = 6.8 Hz, =CH,CH,CH3), 3.99 (t, 2H, 3Jun = 6.4 Hz, —=CH,CH,CHs), 4.52 (q, 2H,
3JHH =72 Hz, —COZCHzCH3), 7.04 (d, 1H, 3JHH =64 Hz, AT—H), 7.42 (d, 1H, 3-]HH =88 Hz, AI’-H)

c9 1.40 (d, 6H, 304y = 7.2 Hz, —CH(CHs)), 1.45 (t, 3H, 3Juy = 7.2 Hz, =CO,CH,CHs), 2.70 (s, 3H, ~SCHy),
450 (q, 2H, 3JHH =72 Hz, —COZCHcha), 453 (m, 1H, —OCH(CHg)z), 7.08 (d, 1H, BJHH =64 Hz,
Ar-H), 7.39 (d, 1H, 3Juy = 8.8 Hz, Ar=H)

C10 1.46 (t, 3H, 3Ju = 7.2 Hz, =CH,CHs), 2.72 (s, 3H, =SCHa), 4.51 (q, 2H, 3Jun = 7.2 Hz, =CH,CHs,),
7.84 (m, 4H, Ar—H)

ci 1.46 (t, 3H, 3y = 7.2 Hz, CH,CHy), 4.53 (q, 2H, 3 = 7.2 Hz, —CH,CHs), 7.85 (m, 4H, Ar—H)

C12 1.46 (t, 3H, 3JHH =72 Hz, —CHchg), 2.76(5, 3H, —CH3), 450 (q, 2H, 3~]HH =72 Hz, —CHcha),
7.75 (m, 4H, Ar—H)

C13 1.46 (t, 3H, 3Juy = 7.2 Hz, =CH,CHs), 2.71 (s, 3H, =SCHa), 4.50 (q, 2H, 3Jun = 7.2 Hz, =CH,CHs),
7.75 (m, 4H, Ar—H)

cl4 1.45 (t, 3H, 3y = 7.2 Hz, =CH,CHy), 451 (q, 2H, 3y = 7.2 Hz, —CH,CH), 7.77 (M, 4H, Ar—H)

C15 1.46 (t, 3H, 3JHH =72 Hz, —CHchg), 2.76 (S, 3H, —CHg), 450 (q, ZH, 3JHH =72 Hz, —CHQCHg),
7.85 (m, 4H, Ar—H)

C16 1.46 (t, 3H, 3Juy = 7.2 Hz, =CH,CHs), 2.71 (s, 3H, =SCHa), 4.50 (q, 2H, 3Jun = 7.2 Hz, =CH,CHs),
7.85 (m, 4H, Ar—H)

c17 1.46 (t, 3H, 3wy = 7.2 Hz, =CH,CHy), 4.53 (q, 2H, 3 = 7.2 Hz, —CH,CHs), 7.87 (m, 4H, Ar—H)

C18 1.45 (t, 3H, 3JHH =72 Hz, —CHchg), 2.75 (S, 3H, —CHg), 450 (q, ZH, 3JHH =72 Hz, —CHQCHg),
7.70 (m, 3H, Ar—H)

c19 1.45 (t, 3H, 3Juy = 7.2 Hz, =CH,CHy), 452 (q, 2H, 3y = 7.2 Hz, —CH,CHs), 7.72 (m, 3H, Ar—H)

C20 1.46 (t, 3H, SJHH =6.8 Hz, —CHch3), 2.76 (S, 3H, —CH3), 450 (q, 2H, SJHH =6.8 Hz, —cHzCHg),
7.84 (m, 3H, Ar—H)

c21 1.46 (t, 3H, 3Juy = 7.2 Hz, ~CHoCHs), 2.71 (s, 3H, =SCHs), 4.50 (g, 2H, 3Juy = 7.2 Hz, ~CH,CHs),
7.82 (m, 3H, Ar—H)

c2 1.46 (t, 3H, 3y = 7.2 Hz, =CH,CHy), 4.53 (q, 2H, 3y = 7.2 Hz, —CH,CHs), 7.83 (m, 3H, Ar—H)

C23 1.46 (t, 3H, SJHH =72 Hz, —CHch3), 2.75 (S, 3H, —CH3), 4.49 (q, 2H, SJHH =72 Hz, —CHzCH3),
7.88 (m, 3H, Ar—H)

C24 1.46 (t, 3H, 3JHH =72 Hz, —CHchg), 2.71 (S, 3H, —SCH:;), 450 (q, ZH, 3\]HH =72 Hz, —CHQCHg),
7.90 (m, 3H, Ar—H)

c25 147 (t, 3H, 30wy = 7.2 Hz, =CH,CHy), 2.77 (5, 3H, —CHz), 451 (q, 2H, 3y = 7.2 Hz, ~CH,CHy),
7.84 (s, 2H, Ar=H)

c26 1.38 (t, 3H, 30y = 6.8 Hz, ~CHoCHs), 2.71 (s, 3H, —CHs), 4.38 (q, 2H, 3Juy= 7.2 Hz, —CH;CHs),
7.84 (s, 2H, Ar—H)

c27 1.46 (t, 3H, 30y = 6.8 Hz, ~CHoCHs), 4.42 (4, 2H, 3Jun = 6.8 Hz, —CH,CHs), 7.87 (s, 2H, Ar—H)

c28 1.45 (t, 3H, J = 7.2 Hz, ~CH,CHs), 4.53 (, 2H, J = 7.2 Hz, —CH,CH), 7.90 (m, 3H, Ar-H)

groups, the herbicidal activity was generally improved. When
a trifluoromethyl group existed at the meta-position in the
benzene ring, most of them (C) showed similar inhibition at
100 and 1Qig/mL (e.g.,C10,C20,C23,C24, andC28) forB.

observed that introduction of a polysubstituted benzene ring also
improved the bioactivity. For example, whert,AR?, RS, R4,

R5 and P were methyl, hydrogen, trifluoromethyl, chloro,
hydrogen, and hydrogen, respectively, the corresponding com-

capestris. When the substituent at the para-position in benzenepound C23 provided 89% control oB. campestrisat 10 ug/

ring was chloro- or trifluoromethyl groups, most of the

mL. In order to gain insight into structurectivity relationships

corresponding compounds showed lower herbicidal activity of compound<C, the data were analyzed by a physicochemical-

(exceptC15, C18, andC23). The comparison betwedlil8 and
C23 implied that the presence of trifluoromethyl group may

based QSAR (Hansch) approach using physicochemical param-
eters as independent and herbicidal activity data (% 1) at 100

have some influence on their metabolism process. It was alsoug/mL being converted to lo§l/[(100 — 1) x MW]} listed in
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Table 4. Herbicidal Activity of Compounds (% I; Concentration, «g/mL)

B. campestris root test

E. crus-galli cup test

compd 100 10 100 10

C1 0 0 321 0

C2 0 0 28+2 0

C3 0 0 24+2 0

C4 25%2 0 221 0

C5 2%1 0 16+2 0

C6 0 0 18+1 0

C7 2+1 0 12+1 0

C8 51 0 201 0

C9 132 0 201 0

C10 372 34+2 0 0

Cl11 142 0 1+1 0

C12 86 +2 5%1 6+2 0

C13 23+2 0 0 0

Cl4 9+1 71 9+2 0

C15 90£2 822 10£1 0

C16 181 4+1 221 2x1

C17 2+1 0 18+2 9+1

C18 63£2 0 141 61

C19 0 0 212 0

C20 65+2 61+2 0 0

Cc21 13+2 0 11+2 2+1

C22 101 0 2x1 0

C23 89+2 89+1 4+1 0

C24 24+1 22+1 26+2 0

C25 25%2 4x1 221 0

C26 9+1 3x1 28+1 3+2

Cc27 22+2 2+1 15+1 0

C28 14+1 13+2 0 0

Table 5. Topological and Physicochemical Parameters of Compound
C

compd  (MR-0.95)? Eso o L X10bs  xjcalcd
C1 0.19 -0.46 0.23 6.58 -3.84
C2 0.20 —0.46 0.23 6.58 -4.15
C3 0.15 —0.46 0.23 6.22 —2.55
Cc4 0.19 -0.46 0.23 6.22 -3.12 -3.79
C5 0.20 —0.46 0.23 6.22 —4.35 -4.10
C6 0.15 —0.46 0.23 6.05 -2.52
c7 0.19 —0.46 0.23 6.05 —4.34 -3.76
C8 0.20 -0.46 0.23 6.05 -3.95 -4.07
C9 0.19 —0.46 0.23 4.80 -3.47 -3.59
C10 0.19 0 0 3.30 —2.83 —2.95
Cl1 0.20 0 0 3.30 -3.41 -3.26
C12 0.15 —2.40 0 1.00 -1.78 -2.04
C13 0.19 —2.40 0 1.00 -3.13 -3.28
Cl4 0.20 —2.40 0 1.00 -3.63 -3.59
C15 0.15 0 0.54 1.00 -1.61 -2.09
C16 0.19 0 0.54 1.00 -3.26 -3.33
C17 0.20 0 0.54 1.00 -4.31 -3.65
C18 0.15 —-2.40 0.23 1.00 -2.37 -2.34
C19 0.20 -2.40 0.23 1.00 -3.89
C20 0.15 -0.97 0 3.30 -2.34 -1.97
c21 0.19 -0.97 0 3.30 -3.46 -3.21
C22 0.20 -0.97 0 3.30 -3.61 -3.52
C23 0.15 0 0.23 3.30 -1.66 -2.01
C24 0.19 0 0.23 3.30 =31 -3.25
C25 0.15 -0.97 0.54 1.00 -3.12 -2.36
C26 0.19 -0.97 0.54 1.00 —-3.68 -3.60
Cc27 0.20 -0.97 0.54 1.00 —3.24 -3.91
C28 0.20 0 0.23 3.30 —-3.45 -3.56
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Figure 2. Relationship between observed and calculated activity by eq 1.

Table 6. Correlation Matrix of the Parameters Used in QSAR Study

(MR—0.95)2 Eso o Ln
(MR—-0.95)2 1.000
Es, 0.242 1.000
oy -0.072 0.359 1.000
In 0325 0.412 -0.295 1.000

were not involved in the following QSAR analysis. Preliminary
QSAR analysis showed the molar refractivity [(MR0.95¥]

(r = 0.822) for R, and the Verloop paramete.{) parameter

for RS or R® (r = 0.381), to a certain extent, showed correlation.
In the case of di-ortho or eineta substituents, only the
substituent with higher Bor Ly, values was under consider-
ation. Stepwise regression analysis of different combinations
of these parameters were studied, which led to the derivation
of eq 1, with the best correlatiom & 0.880).

X1 = log{I/[(100 — 1) x MW}

where MW is molecular weight and

X1 = 3.419 (+00.893)- 31.053 (+4.580) (MR- 0.957 +
0.274 (£0.137) Es— 1.320 (£0.519), — 0.141 (&

0.060)L,, (1)

wheren = 23,r = 0.881,s = 0.4135, and= = 15.615.

The analysis indicates that (i) the coefficients of the (MR
0.95¥ terms meant that the MR for'fiad an important impact
on the herbicidal activity and the optimum value of MR for
herbicidal activity was about 0.95 (such as ethynyl group), the
compound that showed the highest herbicidal activity; (ii) the
presence of bulkier substituents with positive Ealues at the
ortho-position of the benzene ring positively contributed for the
activity; (iii) the electronic-donating groups for the para-position
in the benzene ring helped to elevate their herbicidal activity;
and (iv) for the dimeta substituents @Rand F), herbicidal
activity was mainly affected by the substituent with the higher
Verloop parameter () value. Because the sums of the values
at the substituent pairs performed less well than the maximum,
this suggested that a steric clash with the tetrazinone carbonyl
was important.

The intercorrelation of variable was given Trable 6, and

Table 5 as dependent parameters. The values of the physico-the calculated activities for them by eq 1 were in good agreement
chemical parameters in the study were taken from the literaturewith the observed activity (Table &ndFigure 2).

(9), and multiparameter linear regression analysis was carried Variations in the herbicidal activities againgt crus-galli

out using SYBYL 6.9 (Tripos Inc.).
Variations in the herbicidal activities agairBt campestris

were also analyzedr@ble 7). Because the herbicidal activity
for C10, C13, C20, andC28was zero, the four target molecules

(Table 5) were first analyzed. Because the herbicidal activity were also not involved in the following QSAR analysis.

for C1-3, C6, andC19 was zero, the five target molecules

Preliminary QSAR analysis showed the hydrophobic parameter
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Table 7. Topological and Physicochemical Parameters of Compound

C -2.90
=
i
3 (7R3 + 2
compd #R' (AR m  mp () ARE+ ARG X2obs  X2ealed % -3.90
c1 061 037 014 071 050 0.10 297 -3.03 ©
C2 088 077 014 071 050 0.10 -3.07 -3.30
c3 056 031 014 071 050 0.60 -311 -343
c4 061 037 014 071 050 0.60 -319 -3.14 -4.90
C5 088 077 014 071 050 0.60 -3.38 -3.42 -4.90 -3.90 -2.90
Cé 056 031 014 071 050 1.05 -3.27 -354
C7 061 037 014 071 050 105  -351 -325 _ o Observed .
cs 088 077 014 071 050 1.05 397 -352 Figure 3. Relationship between observed and calculated activity by eq 2.
C9 061 037 014 071 050 0.36 -3.25 -3.09
Cl0 061 037 0 0 0 0.88 -4.03
Cli 088 077 0 0 0 0.88 —462  —4.30 Table 8. Correlation Matrix of the Parameters Used in QSAR Study
Cl2 056 031 08 0 0 0 -3.76  -3.86
C13 061 037 08 0 0 0 -3.82 5 (TR3+
Cl4 088 077 08 0 0 0 -3.63 -3.84 AR (AR o A () 7RO+ 7RY)
Ci5 05 031 0 088 0.77 0 352 -3.40
Cl6 061 037 0 0.88 0.77 0 -315 -3.11 7R 1.000
Cl7 08 077 0 088 0.7 0 328 -3.39 (7R 1.000  1.000
C18 056 031 088 071 050 0 -339 -3.08 o 0.094  0.098  1.000
C19 088 077 088 071 050 0 -323 -3.07 Tp 0224 -0225 -0383  1.000
C20 056 031 071 0 0 0.88 -431 (7mp)? -0.205 -0.205 -0.324 0.977 1.000
c21 061 037 071 0 0 0.88 -355 —3.82 S (AR + -0.048 -0.051 -0.192 -0.079 -0.120 1.000
C22 08 077 071 0 0 0.88 -435  —4.09 7RS + 7TR)
C23 056 031 0 0.71  0.50 0.88 -3.95 354
C24 061 037 0 0.71  0.50 0.88 -306 -3.25
€25 05 031 071 08 077 071 -319 336 Table 9. Topological and Physicochemical Parameters of Compound
C26 061 037 071 088 0.77 0.71 -3.08 -3.07 C
C27 088 077 071 088 077 0.71 344 334
c28 088 077 0 071 05 0.88 -3.52
Xlobs T (np)z Tt Xzobs chalcd
1 1\2 — 2 =
[aR" + (7RY)7] (r = 0.391) for R, (e + ()2 (r = 0.721) c4 312 071 050 060 319 337
for R4, andZ(nR + 7R°> + 7RO) for R3, R ,and P (r = 0.253), . c5 —4.35 0.71 0.50 0.60 -3.38 321
to a certain extent, showed correlation. Stepwise regression C7 -4.34 0.71 0.50 1.05 -351 -3.40
analysis of different combinations of these parameters was C8 -3.95 071 0.50 105 -3.21 -3.45
studied, which led to the derivation of eq 2, with a best c9 —347 0.71 0.50 0.36 —3.25 —3.22
i - cl1 -3.41 0 0 0.88 -4.62 -4.10
Cl4 -3.63 0 0 0.00 -3.63 -3.69
= log{I/[(100— 1) x MW]} C15 -1.61 0.88 077 0.00 -3.52 -3.48
C16 -3.26 0.88 0.7 0.00 -3.15 -3.27
where MW is molecular weight and C17 -4.31 0.88 077 0.00 -3.28 -3.13
C18 -2.37 0.71 0.50 0.00 -3.39 -3.20
_ 1 2 C19 -2.34 0.71 0.50 0.00 -3.23 -3.21
X2 =34.520 (+15.107)%R" — 23.985 (4+10.389) (nffa + co1 346 0 0 0.88 355 ~410
0.289 (£0.171)r, + 2.264 (+0.809)7, — 1.663 (+0.958) c22 -3.61 0 0 0.88 -4.35 -4.08
2 3 5 6 c23 -1.66 0.71 0.50 0.88 -3.95 -3.68
(7p)” — 0.230 (:|:0.135)z(JTR + 7R> + 7R°) — 16.006 c24 -3.10 0.71 0.50 0.88 ~3.06 —3.49
C25 -3.12 0.88 0.77 0.00 -3.19 -3.29
(£5.317) (2) C26 -3.68 0.88 0.77 0.00 -3.08 -3.21
c27 -3.24 0.88 0.7 0.00 -3.44 -3.27

wheren = 24,r = 0.844,s = 0.2524, and= = 6.994.
Equation 2 indicated that the substituen? Rositively
contributed for the activity while 8 R5, and P at the benzene
ring negatively contributed. The coefficients of the &#Rand
7R terms meant that the hydrophobic parametdRYj for R?
had an optimum value fa€ and was about 0.72 (such as chloro
atom, 0.71). The coefficients of the g% and zrp terms also

meant that the hydrophobic parameters)(for R* had an _
optimum value forC and was about 0.68 [such as &FHH,(1- X2 = —4.166 (£0.272)- 0.130 (+0.082) XT+ 2.499 (+

pyrrolidyl), 0.69]. This result showed that when the other 1.098)m, — 2.241 (+1.378) (g) 0.433 (+0.202)r,, (3)
conditions were the same antR! andzp were 0.72 and 0.68,

respectively, the corresponding compounds had the highestwheren = 20,r = 0.798,s = 0.2793, and- = 6.561.
herbicidal activity. The intercorrelation of variable was given The coefficients of X1 term meant that, for the same
in Table 8, and the calculated activities for them by eq 2 were compound, its herbicidal activity againBt campestriswas

When the herbicidal activity against whether crus-galli or

B. campestrisvas zero, the corresponding compound was not
included. In the case of @heta substituents, only the substituent
with the larger hydrophobic parameter.{) was under consid-
eration.

in good agreement with the observed activifyable 8 and about 1.3 times that againkt crus-galli. The coefficients of
Figure 3). the (73)? and s, terms also meant that when the hydrophobic
In addition, the selectivity betweek. crus-galli and B. parameter #,) for R* was about 0.56, the selectivity for

campestridor this kind compounds was studied and led to the inhibiting the seedling growth dE. crus-galliwas the highest.
derivation of eq 3, with best correlation€ 0.798) (Table 9). The intercorrelation of variable was givenTable 10 and the
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-3.0 showed greater herbicidal activity towaBl campestristhan
E. crus-galli.
-3.5
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