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Polyvinylch lor ide  (PVC)  was  hea ted  wi th  3-amino-3.,2,4-triazole  (ATA), Simidazoli-
done (IM) or Z-imidazolidinethione  (IMT) above the melting point of each uncleophile
from 4 to 96 hours to give products containing the nucleophilic substituent.
It was supposed that hydrogen atom of N-l imine of ATA and amidic hydrogen of IM
or IMT were substituted for chlorine of PVC. Among these preparations the p o l y m e r
combined with ATA exhibited a selective and strong herbicidal activity. Other biological
activities of these compounds were described briefly.

INTRODUCTION

There are many papers on synthetic macromolecular compounds with pesticid-
al or medicinal activity (Utsumi et al., 1967 ; Nakata et al., 1967; Hastings, 1970).
Poly (ethylene oxide) was treated with halogen to give halogen-substituted poly
(ethylene oxide) with pesticidal activity (Winslow et al., 1963).

Volkober et al. (1963) reported that poly (vinyl-2,4-dichlorophenoxy acetate)
obtained from polyvinylalcohol and 2,4-dichlorophenoxyacetic  acid had the her-
bicidal activity. Ascoli et al. (1957) synthesized poly (acryloyl-5-nitro-Z-furfural-
hydrazone) from polyacrylhydrazine and 5-nitro-2-furfural and found that the
polymer was antifungally active as strong as Snitro-furfural was.

Cornel and Donaruma (1965) discovered that poly(Z-methacryloxytropone)  ob-
tained from polymethacrylic acid and tropolone had a lower ED,, in an antineo-
plastic activtiy than that of the monomer, and that the polymer displayed a
broad spectrum of the antibacterial activity.

Kaneko et al. (1969) supposed that substitution and elimination occurred easi-
ly in the reaction of PVC with nucleophiles at a liquid-solid phase without forma-
tion of cross-linkage.

From these points of view, the authors tried to synthesize pesticidal macro-
molecular compounds. As an attempt, the reaction of PVC with ATA, IM or
IMT and biological activities of the products were investigated.

EXPERIMENTAL

Reaction of PVC with ATA (I-VIII)

Ten grams of PVC powder (n=l,lOO)  were heated with 55 g of ATA  for 26
hours at 16O”C--170°C.  The reaction mixture solidfied by cooling to room tem-
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perature was washed completely with water, methanol and tetrahydrofuran,
successively. Then the insoluble yellow precipitate was collected and dried in
vacua.  Yield 11 g. Chlorine cotent of the product was determined by Volhard’s

Table 1. Composition of products obtained from PVC and ATA.
I I

Product , Exotherm. Reaction
Elementary analysis /

.._ ._~~____~~_-._ _~_.

) decomp. (“C)
Found (76)

1 _~____
Color

No. time (hr)
/ C H N Cl

PVC 1 ,146,  472, 558 4 / 38.59 4.96 56.71 Colorless
-__

278, 312 8 I 49.45 6.11 28.15 15.16 1283, 307 9 j 49.53 6.28 30.43 13.76 ( Orange1
_

16
2:j
25
26
48
71
96

51.49 6.53 31.08 10.90
48.71. 6.04 33.70 11.55
51.07 6.40 32.80 9.73
50.62 6.47 31.33 11.58 1 Yellow

49.92 5.92 35.1449.56 5.95 36.67 ;j; I
48.31 5.94 38.54 7:21 1

Chlorine content of PVC is caicd. value.
III: II treated with 2% NaOH soln. under stirring for 2 hrs at 45°C.

At

Fig, 1. Differential thermal analysis of III, ATA and PVC. (III); 27 mg, ATA ; 5.5
mg, PVC; 5.7 mg, Chart speed : 2mm/min,  Heating rate : 20”C/min,  Sensitivity:k500pV,
Atmosphere : air.



Fig. 2. UV spectraof IV, XI and XV. IV: in 1N HCl,  X I and XV: in MeOH.
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Fig. 3. IR spectra of PVC, III and XI in KBr.

method (1877) after fused with sodium carbonate. Analytical data and exother-
ma1 decomposition points of various preparations are listed in Table 1. In a
differential thermal analysis (DTA) of (III), an exothermal decomposition at
271°C was observed as shown in Fig. 1. UV spectrum of (IV) in hydrochloric
acid solution showed a n-n*  weak absorbance at 255 nm due to carbon-nitrogen
doubIe bond (Fig. 2). IR spectrum of (III) in KBr is shown in Fig. 3.
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IR Y(:::)  cm-’ : 3340 (amine NH), 2940-2880 (methylene and methine CH), 3040-3010
(vinyl and conjugated vinyl C=CH),  1680-1620 (vinyl and conjugated vinyl
C=C), 1660-1480 (double bond C=N and single bond C-N), and 800-700 (single
bond C-Cl).

Preparation of (V-2) by the treatment of (VI) with alkali

Five grams of (VI) were heated in 100 ml of 2 % potassium hydroxide solu-
tion under stirring for 4 hours at 30°C. After the reaction was finished, the
precipitate remained was filtered, washed well with water and tetrahydrofuran,
then dried in vacua.  Yield of yellow solid (V-2) was 4.7g.

Anal. found (%) : C; 52.81, H; 6.83, N; 33.77, Cl; 8.59
Empirical formula : (C,,H,,N,zC1),,,,
The presence of primary amine in (V-2) was detected by Van Slyke method

(Austin, 1950). (V-2) was treated with phenyl  isothiocyanate to give a sulfur
containing substance whose sulfur was identified by Lassaigne’s test.

Reaction of PVC with IM (IX-XIV)

Ten grams of PVC powder (n=l,lOO)  were heated with 66 g of IM for 9
hours at 16O”C-170°C.  The reaction mixture was cooled to room temperature to
solidify. Then the solid mass was washed completely with water, methanol and
tetrahydrofuran, successively. The resulting orange solid was dried in vacua.
Yield of (XI) was 7.3 g.

Empirical formula : (C,,H,,N20C1).=,,,
In the DTA curve of (XI), the exothermal peaks were observed at 234°C and

432°C (Fig. 4). UV A,,, (MeOH)  was 209 nm (Fig. 2). The IR spectrum of
(XI) presented absorptions of amide NH, vinylic methine C=CH, methylene and
methine CH, amidic carbonyl NH-CO, vinyl and conjugated vinyl C==C, single
bond C-N, and methinic chloride C-Cl  at 3440, 3040-3010, 2940-2880 and 1450, 1750-
1600, 1480, and 700-600 cm- I, respectively (Fig. 3).

Analytical data of products prepared from PVC and IM at different reaction
conditions are summarized in Table 2.

At

200 400
t%

600

Fig. 4. Differential thermal analysis of XI and XV. (XI) ; 50 mg, (XV) ; 30mg,  Chart
speed : Zmm/min, Heating rate : 20”C/min,  Sensitivity: 4250.~tV,  Atmosphere  : air.
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Table 2. Composition of products obtained from PVC and IM.

Product Reaction ,
Elementary analysis

No.
,

time(hr) ’ temp. (“C) 1
Found (%I

I- -6 ~~~ H N Cl

IX
X

x”I:
XIII
XIV

5

i;
14
27
64

160 - 170 55.83 6.54 9.25

140  160

~

- - 150 170 54.00 56.75 6.21 6.50 a. 7.89 59 15. 14
150 - 1611 6.37 28.52
150 - 160 11.69 a. 2

/ 150 - 360 14.35

Reaction of PVC with IMT (XV-XVII)

Five grams of PVC powder (n=l,lOO)  were heated with 49 g of IMT for 9
hours on an oil bath at 2OO”C-205°C.  After the reaction was over, the mixture
was cooled to afford solid mass. The resulting product was washed with water,
methanol, carbon disulfide, acetone and tetrahydrofuran, successively, then dried
under reduced pressure. A brown solid product (XVII) was obtained in 2.3 g
yield.

The empirical formula of (XVII) was (C,,H,,N,S,Cl),=,,,.
The DTA of (XV) showed the exothermal decompositions at 243°C and 408°C.

UV spectrum of (XV) is shown in Fig. 2 . IR spectrum of (XVII) in KBr is
shown in Fig. 5. IR Y ‘z”,:) cm-’  : 3450 (thioamide NH), 3040-3010 (vinylic methine
C=CH),  2940-2880 (methylene and methine CH), 2050 (isothiocyanate NCS), 1680-
1620 (vinyl and conjugated vinyl C=C),  1495 (single bond C-N), 1460-1120  (cyclic
thioamide NH-C-N), and 700-600 (single bond C-Cl).

Analytical data of different preparations are illustrated in Table 3.

Table 3. Composition of products obtained from PVC and IMT.
--___

Elementary analysis
Product , R e a c t i o n  ~~~

No.
Found (%)

time(hr) ,__.~ ~~~ ~~~~~~~~  ~~~_ ~~~~

I__~_______  ~~~ 1 c ~~ II N Cl

z
,I 19.56 6.10 14.24
,I 48.79 14.30 7.06

XVII !I 51.6.4 ;: ;; 15.90
XVII1 ; 52.91 6.til

23.36 10.25

IXX I 51.91 6.57 13.20

XVIII : XVII refluxed in 4% KOH soln.
IXX : XVII refluxed in cont. aq. ammonia.

Hydrolysis of isothiocyanate (XVII) with alkalis

One-fifth grams of (XVII) were refluxed with 50 ml of 4 % potassium hydrox-
ide solution for 8 hours. By cooling, a brown powder (XVIII) was obtained
from the reaction mixture. The product was filtered and washed well with
water and methanol, and dried in vacua. Yield 0.5 g. The presence of primary
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Fig. 5. IR spectra of XVII, XVIII and IXX in KBr.

amine and sulfur in the product was recognized by Van Slyke  and Lassaigne’s
test respectively. (XVIII) did not reveal the presence of absorbance at 2050 cm-’
in the IR spectrum due to isothiocyanate.

(XVII) was also hydrolyzed in cont.  ammonium hydroxide solution by heat-
ing for 16 hours at 90°C to give a solid product (1Xx) which was similar with
(XVIII). IR spectra of (XVII), (XVIII) and (1Xx) are shown in Fig. 5.

BIOASSAY AND BIOLOGICAL ACTIVITY

Herbicidal activity

(V-l) and (V-2) were examined for an effect on seedling growth or germina-
tion of radish, rice (NORIN No. 18) and barnyard millet at 100 and 500 ppm as
a suspension under light (Crafts et aI., 1962). Forty seeds of radish and barn-
yard millet, and 20 seeds of rice were used for the examination. The assaying
temperature was 25°C for radish and 30°C for rice and barnyard millet. The
observation was continued for 6 or 15 days. The inhibiting effect was defined
as average grown-length of roots, stems and cotyledons of each plant compared
with that of the control. An average value was also taken for number of roots
of rice. The results are listed in Table 4.

(V-l) had certain effects on the germination and the growth of roots of
barnyard millet. Namely, its inhibiting rate was about 40 % at 500 ppm, where-
as it accelerated the growth of stems and roots of radish. (V-2) repressed
markedly the growth of stems and roots of radish at 100 ppm. On the other
hand, (V-l) and (V-2) promoted the growth of cotyledons and roots of rice at
100 ppm.

Therefore, it was elucidated that (V-l) and (V-2) were more selective herbi-
cide than ATA and their effectiveness was stronger than that of ATA.
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Table 4. Herbicidal and plant regulatory effects of V-l and V-2.

SampleControl

Hz0 i ATA V-l V2

Concentration (ppm) I / 100 / 500 100 ( 500
i

Germinat ion  (%) 80.2 ~ 87.5

L e n g t h
I-

Stem 2.94G 0.95Y 0.5Y
R a d i s h  i

~
<cm> Root ~ 3.35W ! 0.38Y 0.2Y ,

4.3YG~ 4.lW
3.7W 5.4G

0.4YG ~ 0.86G
0.41w  0. SlW

~ Chlorosis of
1 cotyledon (%)

Germination (%)
Barnyard
millet ~ Length Cotyledon

I (cm> i Root

42.5 1 35 ~ 47.5

4.7G 0.2Y 0.2Y 6. IG I4.5G 7.4G  i 4.5G
2.9w 0 . 7 x 0.15x 3.4w  I l.7W / 3.3W ~ 3.3W

100 1 3 00 ; 95 90 1 (ii) 1 0 0 100
I

Germination (96)
I-

Rice Length i Cot&$on
(cm> 1

0. 78G 4.05Y  / 0.4Y
5 .  7 W  2.75Y 1 0.35Y

3.OlG  1 2.61G  ~ 2.54G  , 1.46G
5.6W 4.2W 1 7.27W i 5.82W

4.4 1 0.95 1 1 1.7 i 4.4 4.2 1 4.2Number of root

G : Green, W: colorless, Y : yellow, X : lose plant.

Table 5. Effect on metamorphosis of housefly by oral administration.
Time(hr)

21 24 27 29 44 46
Sample* .

XI I 22 55 64 G7 93 97
XVI 1 52 69 83 89 9,1 99

Control I 27 51 6.4 67 94 95

Number of adult emergence from 100 pupae. *Concentration : l.,UOO  ppm.

Effect on the metamorphosis of housefly

The effect of (XI) and (XVI) on the metamorphosis of housefly was examined
under constant humidity at 27°C. A mixture composed of 50 mg of (XI) or
(XVI), 12.5 g of mouse food yeast, 12.5 g of wheat bran and 25 ml of water was
used as diets for the oral administration of immature larvae of housefly. The
100 larvae grown in two days after hatching were employed  for the assay-
ing. The results are shown in Table 5. (XI) did not reveal any effect on meta-
morphic changes of pupation and adult emergence, whereas (XVI) promoted the
metamorphic change from pupae to adults.

Mammalian toxicity

(XI) and (XVI) of odorless samples were employed as the oral administra-
tion in order to examine the toxicity (Rokwski, 1964). Yeast baits contained
0.5 and 196 of (XI) or (XVI) respectively were tabletted to a hard cylinder with
n cm3 volume. The cylinder baits were orally administered to 4 ddN adult mice
maintained at 25°C. The toxic effects were judged from changes of body weight,
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I : : : : :
Days  1% 8 Days 0.5% 8

25.

I * ; :
12 3 4 5 1 2 3 4 5

Days 1% p Days 0.5% ?

Fig. 6. Toxicity of XI in oral administration for male or female ddN adult mouse.
Sample was 1% or 0.5 % bait. C : control.

hair arrangement and mobility. The results are shown in Figs, 6 and 7. Mice
survived normally in both sexes and the mobility was also normal. However,
(XVI) repressed apparently the increase of body weight of the mice. But (XI)
was unlikely to repress that.

RESULTS AND DISCUSSION

The evidence of nucleophilic reactivity of ATA to PVC was given from
chemical shifts and integrated values in the NMR spectrum and the integration
curve. The chemical shift (6 ppm) and integrated value of proton of ATA are
shown as follows :

l;-iH 12.1 (1 )
5.8 (2) ti&,L,//:"

750)

4

Integrated values are shown in parentheses.
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I : : : : :

Days  1 % 8 Days 0.5% 8

25 ..
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-vw
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Fig. 7. Toxicity of XVI in oral administration for male or female ddN adult mouse.
Sample was 1% or 0.5 % bait. C : control.

The NMR data suggested that a group at 3-position of ATA had no imine
but amine form, that an imine group at l-position was nucleophilically more
reactive than any other atoms in ATA.

On the other hand, a molecular model of ATA indicated that the ring skele-
ton of ATA and the amino group at 3-position were located each other on a
same plain. From the NMR data and the steric location, it was concluded that
the imine of l-position reacted more easily with PVC methine than the amine of
S-position to form carbon-nitrogen bond by the S, mechanism. In addition, it
was supposed that vinyl and conjugated vinyl groups of the product were form-
ed by the nucleophilic attack of ATA to methylenic hydrogen of PVC under
an elimination of hydrochloride in an E mechanism.

The product obtained from PVC and ATA  showed the presence of primary
amine by Van Slyke method and the presence of the absorption (3440 cm-l) due
to NH group in IR spectrum. IR spectrum also showed the absorptions at 3040-
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3010 cm-’ and 1680-1620 cm-l due to vinyl groups.
In the DTA curves, endothermal peaks were 163°C and 283°C and exothermal

one was 506°C in ATA, while exothermal points of PVC were 446°C 472°C and 558
“C. In comparison with DTA curves of PVC, ATA and PVC combined with ATA,
these compounds showed quite different curve and exothermal and endothermal
peaks. This fact explained that the PVC combined with ATA was not a mixture
of two components.

It was deduced that the product contained N-l-substituted ATA, vinyl and
conjugated vinyl groups, and unreacted methinic chloride. Although the arrange-
ment of these groups was not clarified, the general structure of the product
might be drawn as follows:

Values of a, b, c and n varied according to the reaction condition. In the
case of (V-2), a=3, b=2,  c=l and n=91 were calculated from the empirical for-
mula.

In the reaction of PVC and IM, a nucleophilicity of IM to PVC can be es-
timated from chemical shifts of protons of IM. The chemical shifts of amidic
or ethylenic proton were 5.2 or 3.5 ppm at 6 value respectively. The chemical
shifts suggested that the amidic proton was more reactive than ethylenic proton
in the S, reaction which occurred easily in melted IM.

The formations of vinyl and conjugated vinyl groups were expected to go
forward under E reaction related to Zipper effect in the action of nucleophilic
IM to methylenic hydrogen of PVC.

S, and E mechanisms in the reaction of PVC and IM were similar to those
of PVC and ATA.

IMT also reacted with PVC in the same way as IM. Namely, the structure
of the product from PVC and IM or IMT was supposed from analytical data
to be as follows: (XI) ; R=IM-H, a = 2, b = 1, c= 1, d= 0, n=137.  (XVII); R=
I M T - H ,  a=l,  b=2,  c=l, d=l, n=lOO.

The presence of isothiocyanate group in (XVII) was recognized by the IR
spectrum (yNcs  2050cm-I) and hydrolysis with alkalis. The formation of the

-_cH,-_c+-  5 -CH+H-

;I SN
SC<>

- -CHs-;,FH-
: N

-1
(,Mi)BA (A) S C N

:%H

- -zHQH- - y;H,W

E7H+ y

S C N1 S C N1 (8)
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isothiocyanate are supposed as follows; IMT-substituted PVC (A) is formed by
the reaction of PVC and melted IMT. Then IMT served as both a solvent and
a nucleophile in this reaction acts as a basic catalyzer which attacks thioamidic
proton of (A). Finally, the isothiocyanate group may be formed.

In general, because of the insolubility of synthetic macromolecular compounds
and the resistance to biological decomposition, it might be expected that the
products would be biologically inactive. Nevertheless, the combined product
showed considerable biological activities.

As mentioned already, there are some reports that pesticides combined with
polymer had the activity corresponding to the content of its component. How-
ever, there is so far no paper which deals with to elicit a selectivity or in-
crease of an activity by means of combination with polymer.

The selective activity of the PVC-ATA product to the seedling growth and
leaf chlorosis of plants was revealed unexpectedly. Considering ATA-content
in the polymer, the herbicidal activity of one (V-2) of the PVC-ATA product
was 2-3 times greater than that of ATA in the inhibition of growth of radish,
whereas it was less effective on the chlorosis of radish than ATA. Therefose,
it is thought that the biological effect of the combined product on radish differs
from that of ATA.

As for barnyard millet, both of (V-l) and (V-2) accelerated the growth of
a cotyledon and a root. Besides, for rice the two products had no effect on the
germination, but they promoted the growth of a cotyledon. (V-l) promoted the
growth of a root and a stem of radish.

It could be seen from Table 4 that (V-Z) was more selective than ATA was,
and that its effective concentration was more dilute than that of ATA. The
difference of the activity between (V-l) and (V-2) might be depend on the
structure of each compound. While (V-l) is salt of hydrochloric acid, (V-2) is
free from hydrochloride.

As to the metamorphosis of housefly and the mammalian toxicity, (XI) had
no effect, but (XVI) accelerated about two times within 21 hours in the meta-
morphic change under the oral administration of immature larvae. However,
(XVI) showed the same toxic effects on ddN adult mouse in a few days.

ACKNOWLEDGEMENTS

The authors would like to express their grateful acknowledgement to Dr.
K. Wada and Mr. S. Nashiro for the DTA.

REFERENCES

Ascoli, F., G. Casini, M. Ferappi and E, Tubara 1967 A Polymeric nitrofuran derivative
with prolonged antibacterial action. J. Med. Chem., 10: 98-99

Austin, A. T. 1950 The chemistry underlying the Van Slyke determination of a-amino  acids.
J. Chem. SOL, 1950: 149-157

Cornel, R. J. and L. G. Donaruma 1965 Poly-2-methacryloxytropone, A synthetic biologically
active polymer. J. Polymer Sci., A 3 : 827-828

Crafts, A. S. and W. W. Robbins 1962 Weed control (3rd ed.). McGraw Hill Book Co., New



124 H. Naruse and K. Maekawa

York, pp. 233-264, 293-317
Hastings, G. W. 1970 Macromolecular chemistry and medicine. Angw. Chem. intern. Ed., 9 :

332-344
Kaneko, M. and H. Tsuchida 1969 Reviews of reactions of polyvinylchloride with amines. J.

Synth.  Org. Chem. Japan, 27: 111-124
Nakata, S. 1967 Goseikobunshi to Iyaku. Kagaku, 22: 1124-1135
Rokowski, A. P. 1964 Selective rat-toxicant. Sci., 144: 412
Utsumi, I and T. Ida 1967 Goseikobunshi no Iyaku eno Ooyo. Kobunshi, 16: 494-498
Volhard, J. 1877 Die Anwendung des Schwefel cyanammonium in der Massanalyse. Ann. d.

Chem., 190: 1-66
Volkober, Z, and I. S. Varga 1963 Synthesis of macromolecular herbicide. Vyscomol. Soed.,

5: 139-144
Winslow, A. W. 1963 Germicidal,  fungicidal and insecticidal poly(ethylene  oxide)-halogen

compositions. Chem. Abst.,  58: 11910


