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Introduction (henceforward saccharin) derivatives have a
high antifungal activities against some fungi,
It is well known that some 2- or 3-substitu- such as Pyricularia oryzae?, Alternaria so-
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lani, Monilia fructicolar, Stemphylium sarc-
inaeforme? and others.®¥

Furthermore, it was also reported that 2-
alkyl (or aryl) derivatives® and N-methyl
saccharin d, 1-trans-chrysanthemate® have the
insecticidal activities.

Becaues that leaf and neck blast became a
serious problem in Korea recently, we attem-
pted to develop a new effective fungicide for
this disease from 3-oxo-1, 2-benzisothiazole-1,
1-dioxide derivatives.

According to our preliminary studies”® on
the relationships between the structures of
some

saccharin derivatives and antifungal

activities against Pyricularia oryzae and
Fusarium ozysporum f. s.p. cucummerinum,
we observed that the antifungal activity of
their derivatives aganinst these fungi origi-
nated from the structural unit I and II on

the five membered ring.
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We have also known that the structural
unit I was shown to be more active than the
structural unit II for these fungi.

As part of a contintious program to develop
more effective and selective fungicides against
Pyricularia oryzae, we studied on the synthe-
sis and the relationship between the structu-
res and antifungal activities of 30 derivatives
with different groups at 2- and 3-positions.

In this paper, we report the results of our
studies on the synthesis of some saccharin
derivatives and their antifungal activities aga-
inst Pyricularia oryzae. We also discussed the
relationship between the structures and anti-

fungal activities.

Materials and Methods

1. Synthesis of the candidate compounds

Melting points were determined by capillary
method and not corrected. Infrared and prot-
on magnetic resonance spectra were determi-
ned on a Beckman model ACCLAB 9 spectro-
photometer and Brucker 80MHz spectrometer,
respectively. Tetramethylsilane (TMS) was
used as the internal standard for proton NMR.

2-Thiocyanomethyl saccharin (36), pseudo-
saccharin chloride(2), N-hydroxymethyl sacch-
arin(23), and N-chloromethyl saccharin (24)
were synthesized by Yoon’s procedures.®

3-Alkoxy and aryloxy derivatives (3—~12):
Pseudosaccharin chloride(2) (0.01 mole), the
corresponding alcohol (0.011 mole) and the
base (0. 01 mole), such as K,CO;, Na,CO;, NaOH
dissolved in a suitable
solvent, such as acetone (20~30m!l), DMF(10
~15ml), MeOH, EtOH and benzene. The reac-

tion mixture was refluxed or stirred at room

or pyridine were

temperature, poured into cold water, filtered,
washed with water and dried in air to give
the corresponding products(3~12) as the pow-
er or crystal. The reaction conditions, melting
points, yields and spectral data were shown
in Table 1.

Thiosaccharin(14) : Method A) The mixture
of saccharin(l) (0.0l mole, 1.83g), and P,S;
(0. 011 mole, 2.44g) was heated up to 170°C,
and then reacted at the same temperature
for 30 min. The reaction mixture was cooled to
room temperature. The product was extracted
with benzene (20m{ X 3times). After the benzene
layer was washed with water (50miX2times),
dried over MgSOy

concentrated under

the organic layer was
anhydrous, and then
reduced pressure to give the product(l4) as
yellow crystals in poor yield. mp 176~177°C
(lit. mp 178~178.5°C).1®

Method B) To the mixture of saccharin so-
dium salt(13) (0.05 mole, 11.2g), P.Ss (0.051

mole, 12.2g) and pyridine (50mi) were added
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slowly with stirring in ice bath. The reac
tion mixture was stirred at room tempera-
ture for 30 min, and then poured into the
mixture of cone-hydrochloric acid(20m!) and
«cold water(200m/) with stirring. The crystals
‘were filtered and dried to give the product
(14) as yellow needles in 949 yield. mp 177
-~178°C(lit. mp 178~178.5°C).1®

3-Alkyl(or aryl) thieoxo saccharin (16~21) :
“Thiosaccharin sodium salt(15) (0.01 mole)
“was dissolved in DMF (10~15m/), and the co-
rresponding halide was then added. The react-
ion mixture was refluxed with stirring or sti-
rred at room temperature, poured into cold
water, filtered, washed with water and dried
to give the corresponding product(16~21). The
reaction conditions, melting points, yields and
spectral data were shown in Table 2.

3-Benzothiazoyl-1, 2-benzisothiazole-1, 1-dioxide
{22) : The mixture of pseudosaccharin chloride
(2) (0.01 mole), acetone(10m!), 2-mercaptob-
enzothiazole (0.01 mole) and pyridine (1mi)
was stirred at room temperature for 20 min.
The reaction mixture was poured into cold
water, filtered, washed with water and dried
in air to give the product(22) in 909 yield.
Melting point and spectral data were shown
in Table 2.

N-Methyl (25), N-benzyl
{27,28,29) and N-benzoyl derivatives (31,32) :
Saccharin sodium salt(13) (0.01 mole) was
-dissolved in DMF(10~15m{). The corresponding
«hloride (0.01 mole) was added to above DMF

solution. After refluxing the reaction mixture

N-alkyl ester (26),

for 10min-4 hrs, the mixture was poured
into water with stirring. The precipitates
were filtered, washed with water and dried
in air to give the corresponding product.
Melting points and spectral data were shown
in Table 3.

N-Benzoyl saccharin(30) : N-Hydroxymethyl
saccharin(23) (0.01 mole, 2.1g) was dissolved
in acetone (10m!). After adding the benzoyl
<chloride »

(0.01 mole) to acetone solution,

1mi of pyridine was then added slowly.

The reaction mixture was stirred at room
temperature for 30min, and then poured into
ice water stirring. The precipitates were
filtered, washed with water and dried to
give the compoundV (30) in 809 yield. Mel-
ting point spectral data were in Table 3.
N-Benzyloxymethyl saccharin(33) and N-methyl
saccharin p-nitrobenzoate(35) : After N-hydro-
xymethyl saccharin(23) (0.01 mole, 2.1g) was
dissolved in acetone (10~15ml) or DMF (10~
15m!), the corresponding chloride (0.01 mole)
and the base (0.011 mole), such as pyridine,
K,CO; or Na,CO; were added to the above
solution. The reaction mixture was refluxed
for 20min-2hrs with stirring. The mixture
was cooled to room temperature and then
filtered,

washed with water and dried in air to give

poured into water with stirring,
the corresponding ether compound(33 or 35).
The experimental conditions, yields, melting
points and spectral data were shown in Table 3.

N-(p-nitrophenyloxy) methyl saccharin(34) :
The mixture of p-nitrophenol(8. 66X 10~*moles)
and KOH(0.5¢g) was dissolved in DMF (15mi).
The reaction mixture was heated to 110°C in
order to form potassium phenolate, and then
cooled to room temperature N-chloromethyl
saccharin(24) (8.66X10™3 moles) was added
to the above mixture. The reaction mixture
was stirred at room temperature for 30min,
and then poured into ‘water, filtered, washed
and dried in air to give the product (34) in
62% vyield. Melting point and spectral data

were shown in Table 3.

2. Antifungal Activity

The stock solutions(2, 000ppm) of each of the
candidate compounds were made by dissolving
in DMF. For the activity test, the stock solu-
tions were diluted with water to the approp-
riate concentrations. The activity test was
carried out at a range from 0.05ppm to 160
ppm. Pyricularia oryzae was isolated from
the Agricultural Experimental Station, College

of Agriculture, Gyeongsang National Univer-
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sity, Chinju, Korea in 1984. This fungus was
allowed to sporulate on Misatos’s medium at
25~28°C for 5~7 days.

Antifungal activities of the candidate com-
pounds against Pyricularia oryzae were deter-
mined by the agar medium dilution method.
The cultivation was performed at 256~28°C for
15~20hrs.

I;p (the concentration for 509 inhibition of
germination) values were estimated by the
method of Finney!’ using PDP 1,134 compu-
ter (DEC Co.).

Results and Discussion

1. Syntesis of the candidate compounds

An outline of the pathway for pathway for
the synthesis of 30 derivatives used in this
research is given in Scheme I~IIL

3-Alkoxy or 3-aryloxy derivatives(3~12)
were synthesized according to Yoon’s metho-
ds® from pseudosaccharin chloride(2) and the
corresponding alcohols. The reaction condi-

tions, melting points and spectral data were

Scheme |
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shown in Table 1. All analytical data, such as.
melting points in case of some compounds,
proton NMR and IR spectra of synthetic com-
pounds were agreed perfectly.

On the other hand, thiosaccharin (14) was.
prepared from saccharin sodium salt(13) and
P,S; in pyridine in 949 yield.

In order to synthesize 3-alkyl or 3-aryl th-
iooxo derivatives, we can use two possible
procedures, that is, one is the method that ps-
eudosaccharin chloride(2) is reacted with the
corresponding mercaptans, and the other is
that thiosaccharin sodium salt(15) is reacted
with the corresponding halides.!? Because of
the economical efficiency, we chose the latter,
but only compound(22) was synthesized from
pseudosaccharin chloride(2) and 2-mercaptobe-
nzothiazole. All analytical data of these com-
pounds were agreed perfectly. The reaction
conditions, melting points, proton NMR and
IR spectra were shown in Table 2.

In addition, we attempted to synthesize N-
alkyl or N-aryl derivatives according to sch-

eme III. Reaction of saccharin sodium salt(13)
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oe)
(24)

with some corresponding halides afforded the

corresponding alkyl or aryl derivatives. The

experimental results were shown in Table 3.
We exected to give the corresponding aryl
esters when N-hydroxymethyl saccharin (23)
was reacted with the corresponding acid ha-
lide, but we obtained only N-benzoyl sacchar-
in(30) in excellent yield instead of the corre-
sponding ester when N-hydroxymethyl sacch-
arin(23) was reacted with benzoyl chloride in
acetone. We also obtained N-benzoyl saccharin
(30) in 75% yield when saccharin sodium salt

Scheme I
0
0 ©-GCl
@;NCHZOH -
0’0
(23) ON

Re-CHy () —CHOONH;

{299
-THOR (26) ©
<H©® (2D .?_@ 30
~(Hy-© (28)
E—@{l 31
-8-@}402 132
R=-Uh:® (33
<©-N0; (34
0
€-@N0; (35
9
OH -t 30

was reacted with benzoyl chloride in DMF.

On the other hand, reaction of N-hydroxy-
methyl saccharin(23) with p-nitrobenzoyl ch-
loride afforded the corresponding ester(35) in
15% yield (Scheme IV). Because of the acade-
mic interest, these reactions are under fur-

ther investigation in our laboratory.

2. Relationship between the structures

and antifungal activities(SAR)

The antifungal activities as Is(ppm) of the
candidate compounds were shown in Table 4.

4
F 0 (35)
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Each compound was classified into three struc-

tural units, such as SOR system containing

|
R—O0—C=N—80,— unit,

—C—NR—S50;— unit and SSR system contain-
I
(o)

system containing

OR 0
N
N
5 OLNR
O \O O/ \O

SOR system SNR system
The order of the antifungal activity of the

three systems was shown as the followings:
SSR>SOR>SNR

CHSON 3 ~CH, -0, > —CHQOC—C-:>-N09~

0
il

L -0, >

-@—@-01

Among eleven derivatives of SNR system,

-CHQ@—OET, >

the strongest antifungal activity was shown
by N-CH,SCN. It was reported that compound
has a high antifungal activity against Alter-
naria solani, Monilia fructicolar and Stemp-
hylium sarcinaeforme by Chien-pen Lo.? This
compound also has a high antifungal activity
against Pyricularia oryzae according to our
research.

On the other hand, we attempted to change
R-groups of the structural unit of SNR syst-
em in order to increase the antifungal activ-
ity. When R-groups of C=NR unit iﬁ this sy-
stem were changed to alkyl, —CH,COOR, —
CH;—aryl, —CO—-@—R’, —OR and —CH,0CO
—R@’, only two groups, such as —CH,0--
{3—N0,(13.8ppm) and —cH,0c0-¢ >
—NO;(24. Oppm) increased the antifungal act-

ivity against Pyricularia oryzae.

|
ing R—S—C=N—S0,— or —C—NR~—S50,—
Il
]

unit on the five membered ring of saccharin

SR
[::1 NR N
=4

/ \O O \O

SSR system

Among the three structural units, the order
of activity of SNR which has the lowest anti-
fungal activity was as follows:

9
H-G-NHy >
1

~CH,~f > =CHy0CH,—f > —CHs, -@—yﬁ > =CH>-C1 >

In SOR system, the strongest antifungal ac-
tivity was shown by 3-phenyloxy derivative
(10). The order of the antifungal activity of
SOR system was as follows:

—@=—CH,0> —CH,CH,CH—(Me),> 2,4,6
~trinitrophenyl >—CH;CN> —(CH;);CH;> —

CHQCH3> '—CH3> —CHzCHzCl> ——(n-propyl)
>—CH,COOEt

In SOR system, compounds(3~6) containing
ethyl,
n-proryl and n-butyl did not show a high an-

small n-alkyl groups, such as methyl,

tifungal activity, whereas the compeound{7)
containing isoamyl group was showh to be
more effective than these compounds contain-
ing small n-alkyl groups (about 20 times).
Among eight compounds of SSR system,; the

' antifungal activity of thiosaccharin against

Pyricularia oryzae was shown to be similar

- that of the derivatives which have a low act-
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Table 4. Is values of each compound against Pyricularia oryzae*

" Compound SO R series 18 -(H® 0.16
No
R g ppm)
PP 1 19 -ty @ 2.05
3 —CHB L4119
20 -CHzg'@ 2.70
L ~CH,(Hy 43.31
; CHyCH CHy 52.47 21 ~CHCH=CH, 2.30
6 22 " L.18
CHH O 4224 ;
‘ CHs . Compaund - SNR series
- ~CHCHyH 2.09 No 1
7 "ty CHs R ISQ(ppml
- 1 37
8 CHCN 3473 | P CHySCN
25 =L H3 LB .43
9 ~CHCHCI L522 o6 O 70 .24
10 -© 0.21 27 -t 39. 46
-LH~<o-C | 57.29
1 H® 156 28 B ,
12 ’N@‘mz 2.41
: 30 L-© 48.43
Compound S S R series 31 '?’@{I 79.10
No 0
R lgplopm) | 32 -t 38.32
14 Thiosaccharin LiLy 33 -CHs0-CH, & 4401
16 - 253 | 4, -CH0-GD,  13.87
0
17 ~CHy CH,OH 083 | 35 ~CH-0-(<©NQ 24.08

*In order to compare with otherAcompounds, Isp value of Oryzemate was determined under the

same conditions. I (ppm)=39. 66.

ivity in SNR and SOR systems, whereas the

compounds containing RS+(|J'=N—SOZ— stru-
ctural unit on the five membered ring were
shown to be more effective than oryzemate
(from about 250 to 10 times). The order of
the antifungal activity of SSR system was as

follows: )

—CH,@> —CH,CH,OH>> p-chlorobenzyl>
allyl> methyl> —CH,CO@>> 3-benzothiazol-
yI= thiosaccharin

In conclusion, the most active structural u-

nit is R——S—-(lizN—SOz— on the five-member-
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Scheme V

0 CH,CH=Crp
,\N

/

o0

ed ring among the three structural units.

—_—

According to Uchiyama®® and Hiroyasu,'®
saccharin which is a final stable degradation
product of Oryzemate containing allyloxy gr-
oup at 3-position is converted from allyl-o-su-
Ifaminobenzoate formed by ring-opening hyd-
rolysis-of Oryzemate in plants (scheme V).
Thus, we can think that the antifungal acti-
vity of these derivatives is related to the rate
of their hydrolysis in plants\‘ or in testing sy-
stems. It was also reported by Meadow and
his co-worker'® that the hydrolysis for these
three systems was as follows; SSR SOR SNR.

On the other hand, Hettler' has reported
CHAPMAN-MUMM rearrangement of some S-
OR derivatives at high temperature to the co-
rresponding SNR derivatives, whereas the si-

milar rearrangement of SSR derivatives to:

the corresponding N-substituted thiosaccharin
is not easy. Therefore, SSR derivatives are
more effective than SOR and SNR derivatives.

In summary, the antifungal activity of each
structural system is intimately related to the
rat;e of hydrolysis in plants or in testing sy-
stems and the rearrangement to other deriva-
tives which have a low activity or are inac-
tivg. ‘
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