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Optimum condition in the synthesis of MTBO was found by the examination and
improvement of thiono-thiol isomerization of salithion. For the isomerization of
salithion were used acetone as the solvent, sodium iodide as the catalyst, potassium
carbonate as the acceptor of iodide ion, and methyl iodide as the methylating
agent. MTBO was crystallized from ether to give pure crystals which are stable
on storage for a long time. Salithion was readily demethylated by potassium
dimethyldithiocarbamate to give potassium saligenin cyclic phosphorothioate (KSCP).
KSCP was S-methylated by methyl iodide to give MTBO in high yield.

INTRODUCTION

Discovery of saligenin cyclic phosphate as a biologically active metabolite
of tri-o-tolyl phosphate (Casida eral., 1961; Eto et al., 1962) has led to the
extensive studies on synthesis and chemical, biochemical, and biological prop-
erties of many related compounds (Eto, 1969). One of them, 2-methoxy-4H-
1,3,2-benzodioxaphosphorin 2-sulfide (salithion) (4) has been produced in a
large quantity and practically used as an insecticide (Eto et al., 1963).

Its thiol isomer, 2-methylthio-4 H-1,3,2-benzodioxaphosphorin 2-oxide (MTBO)
(3) has been recently developed as a phosphorylating agent (Eto eral.,
1971; Sasaki et al., 1973; Tio et al., 1973) for the synthesis of various phos-
phate esters of biological interest, such as 3':5’-cyclic nucleotides (Eto et al.,
1974), 2":3'-cyclic nucleotides (Eto et al., 1971; lio et al., 1975), ribonucleoside
5-S-methyl phosphorothiolates (Eto et al., 1974), triose reductone 2-phosphate
(Shinohara et al., 1975), ribonucleoside 5'-phosphates (Eto, 1975), ribonucleo-
side 5'-pyrophosphates (lio et al., 1977), and cytokinin-like nucleotides (Eto et
al., 1976) .

1 A new phosphorylating agent, 2-methylthio-4 H-l, 3,2-benzodioxaphosphorin2-oxide.
Part VI. For Part V see reference (lio et al.. 1977).

z Present adress: Pesticide Chemistry and Toxicology Laboratory, College of Natural Re-
sources, University of California, Berkeley, California, USA.

3 Present address : Kumamoto Women's University, Ooe, Kumamoto.

4 Reprint requests should be addressed to this author.
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Scheme 1. Synthesis of MTBO.
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MTBO was initially synthesized by condensation of saligenin (1) and $-
methyl phosphorodichloridothiolate (2) whose synthesis is relatively difficult
(Scheme 1-A) (Kobayashi et al., 1969). Synthesis of MTBO was attempted by
isomerization of salithion applying Pistschimuka reaction (Scheme 1-B) (Eto ez al.,
1971; Sasaki et al., 1973; lio et al, 1973) and by demethylation of salithion with
potassium dimethyldithiocarbamate followed by S-methylation of demethylated
salithion with methyl iodide (Scheme 3) (Sasaki et al., 1974; Eto, 1975).

The present paper describes the results of examination of optimum condi-
tions for these methods for the synthesis of MTBO.

RESULTS AND DISCUSSION

I) Isomerization of salithion into MTBO by Pistschimuka reaction
Effect of dimethylformamide (DMF) or dimethylacetamide (DMA) on the isomerization
of salithion

We first reexamined the isomerization of salithion to MTBO applying the
Pistschimuka reaction which had been attempted by Sasaki et al. in polar sol-
vents such as DMF or DMA (Eto et al, 1971; Sasaki et al, 1973). Table 1
shows the effect of DMF or DMA on the isomerization of salithion.

In the presence of potassium carbonate, the use of acetone as the solvent
gave MTBO in about 50 % yield and a by-product Il (Rf=0.73), but unchanged
salithion remained (28 %) (A). Addition of DMF made unchanged salithion
disappear (B). The filtrate of the reaction mixture B was concentrated
and checked by TLC, which showed that the yield of decomposition product
increased because of degradation of MTBO during concentration procedure. In
the absence of potassium carbonate, the isomerization hardly proceeded (C).
Decreasing the amount of acetone increased the decomposition product (D).
However, the use of larger amount of acetone than in B had no significant
effect (E). Benzene was used instead of acetone, because benzene well dissolves
salithion and is inert in decomposition reaction of MTBO, but it suppressed
the isomerization of salithion as well as decomposition of the product (F).
Unchanged salithion remained by the use of DMF as the sole solvent on stand-
ing a 37°C for 12 hr (G). Since potassium carbonate not only accelerates the
isomerization of salithion but also may decompose MTBO on account of its
basicity, neutral salts such as potassium bromide and chloride were used. By
the use of potassium bromide and DMA (I) or potassium chloride and DMF (J),
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Table 1. Effect of DMF or DMA on the isomerization of salithion.

Reaction Re- Yield(%)?®
temper- action —_——— e ——
Solvent (ml) Salt ature time MTBO Salithion Decomposition product
o (hr) 1(Rf=0) I (Rf=0. 73)®
A Acetone (5) K,CO, 56 3 53 28 6 13
B Acetone (5) DMF (0.3) K,CO, 56 5 90 0 10
59" 0 41
C Acetone (5) DMF (0.3) 56 3 15 75 10
D Acetone (1) DMF (0.3) K,CO, 56 2.5 14 0 86
E Acetone(15) DMF (0.3) K,CO, 50 7 86 4 10
F Benzene (5) DMF (1.2) K,CO, 56 4 54 44 2
G DMF (3) K,CO, 37 12 72 14 14
H Acetone (5) DMA (0.4) KBr 37 4 53 38 9
I DMA (5) KBr 56 5 41 234 0 39
] ' DMF (10) KC1 48 12 60 529 0 40
K - KBr 37 12 7 91 2
L - KC1 37 12 10 89 1

The composition of reaction mixture: salithion (4.67 mmoles), methyl
iodide (5.64 mmoles), salt (4.67 mmoles), solvent (ml).
® Estimated from TLC. ® This compound may be o-(a-methylthio)cresol.
¢ After filtration and concentration. ¢ Isolated yield.

salithion disappeared. DMF and DMA evidently catalyze the isomerization
(Scheme 2-A), because the reaction hardly proceeds in the absence of the
solvents (K., L).

MTBO was isolated in 35.4 % vyield after the isomerization of salithion with
DMF and potassium chloride, followed by water wash.

The use of potassium iodide as the salt more rapidly promoted the isomer-
ization:. MTBO was produced even by standing at room temperature for 24 hr
and isolated in 45% yield after water wash.

Effect of various salts on the isomerization of salithion

DMF is effective as a catalyst for the isomerization of salithion, but may
promote the decompotion of MTBO. DMF is difficult to remove because of its
high boiling point. In the isolation procedure, evaporating the reaction mix-
ture to complete dryness changes MTBO and the decomposition product | (Rf=
0) into a solid insoluble in chloroform. In order to remove residual DMF and
the decomposition product, concentration was stopped just before the reaction
mixture dried up and the residue was dissolved in chloroform, and washed
with water. MTBO contained a trace of DMF even after the water wash.
Therefore, solvents with lower boiling point were desired to avoid this difficul-
ty. Acetone satisfies this requirement, but gives MTBO in low yield (Table 1-
A). The solvents and the salts listed in Table 2 were then examined.

By the use of 3-pentanone and lithium iodide, the yieid of MTBO was 94
% by estimation from the relative area ratio of TLC spots but the reaction
mixture gave two dark brown layers, suggesting that the actual yield of MTBO
was lower than the estimation. The use of lithium iodide or barium iodide in
acetone gave only the decomposition product.

Effect of 1,3-dimethylthiourea (DMTU) and 1,3-dimethylurea(DMU) on the isomerization
of salithion
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Table 2. Effect of various salts on the isomerization of salithion.

Yield (%)®

Solvent Salt MTBO Salithion Decomposition product
[ (Rf=0) T(Rf=0.73)
A 3-Pentanone K,CO, 49 30 2 18
B 3-Pentanone KI 51 44 5
C 3-Pentanone Lil 9 0 5
D 3-Pentanone LiCl 37 22 )
E Acetone Lil 0 0 100
F Acetone LiCl 60 30 10
G Acetone KHCO, 61 35 3
H Acetone Bal, 0 0 100

The composition of reaction mixture : salithion (4.67 mmoles), methyl
iodide (5.64 mmoles), salt (4.67 mmoles), and solvent (3 ml).

Reaction temperature, 37°C; Reaction time, 12 hr.

3 Estimated from TLC.

DMF (5) promotes the isomerization reaction by demethylation of sali-
thion (Scheme Z-A) (Sasaki et al., 1973). We searched for compounds which
have the similar structure as DMF and are soluble in acetone and water, but
insoluble in ether to be removable by water wash. Since 1,3-dimethylthiourea
(DMTU) (6) and 1,3-dimethylurea (DMU) satisfy the above requirements, they
were examined for the effect on the isomerization, as shown in Table 3.

R-T
C% F2s %;‘R +1_
A O\g@cHa «_OFCH-N(CHsle = @;(ﬁ;o + CHs-0-CH=N(CHsl
. 5 11
3 CHsl + O=CH~-N(CHa)2
g Crv L o e -
Oy wm ~SNHCHs “R=0 _ ~2NHCHs
B @/g OCH = S=C i, — o T HSTCG
4 6 3 7

INHCHs
C. CHsl + S=C(NHCHs)2 —* CH3s-S-C-NHCH:s
7

Scheme 2. Proposed mechanism of the isomerization of salithion by (A)
DMF or (B) DMTU, and (C) reaction of DMTU with methyl iodide.

Addition of methyl iodide to the mixture containing DMTU gave white
crystals (7) immediately. Standing the mixture at the room temperature for
0.5 hr produced MTBO in 63 % yield (A). By heating it at 56°C for 3.5 hr,
salithion disappeared and MTBO was formed almost quantitatively (A). The
reaction mixture containing DMU needs heating for the isomerization (B).
The use of potassium carbonate with DMTU or DMU accelerated the decom-



Synthesis of MTBO 29

Table 3. Effect of DMTLJ or DMU on the isomerization of salithion.

Yield (%)®

Additi Reaction Reaction
itive i
temp((e[ggure t(l;lns MTBO Salithion Decomposition product
I (Rf=0)11 (Rf=0. 73)
A DMTU 25 0.5 63 37
56 3.5 99 0 1
B DMIJ 25 0.5 0 100 0
56 7.0 77 32
C DMTU K,CO, 25 0.5 56 14 0 25
56 3.0 0 0 25
D DMU K,CO, 25 0.5 83 100 0
56 3.5 22 15
56 7.0 0 0 100
E DMTU -CH,I 25 0.5 0 100 0
25 0.5 13 73 13
+CH,I 56 1.0 65 26 9
F DMTU Nal-CH,I 0. 33 65 32 3
G DMTU Nal-CH,I 56 0: 08
+CH,I 56 0. 66 80 15" 0 20

The composition of reaction mixture: A, B, C, D, and E, salithion (4.67
mmoles), methyl iodide (5.64 mmoles), DMTLJ or DMU (9.34 mmoles),
salt (4.67 mmoles), and acetone (5 ml) ; F and G, DMTU (4.67 mmoles),
other reagents are the same as the above.
» Estimated from TLC. ® lIsolated yield.

position to make the yield of MTBO lower (C, D). The addition of methyl
iodide to the mixture after treatment of salithion with DMTU (E) showed no
effect on the isomerization, indicating that DMTU has no ability to demethyl-
ate salithion by itself. Thus, we propose a concerted reaction shown in
Scheme Z-B.  Sodium iodide was used with DMTU, inasmuch as iodide ion is
effective to the demethylation of salithion. White crystals began to appear on
reflux for 20 min without adding methyl iodide (F). These crystals may be
the compound 7. MTBO was produced in 65 % yield without addition of
methyl iodide (F). The methyl group removed by iodide ion was supposed to
be used for the isomerization as methyl iodide. After salithion was refluxed to-
gether with DMTU and sodium iodide for 5 min, methyl iodide was added to
give MTBO in 80 % vyield. After extraction with chloroform followed by water
wash, MTBO was isolated in only 13 % yield.

Addition of methyl iodide to the mixture of salithion, DMTU, and acetone
produces white crystals, which are of N,N’,S-trimethylthioformamidium iodide
(7) made from DMTU and methyl iodide (Scheme 2-C).

Effect of sodium iodide and potassium carbonate on the isomerization of salithion

The use of the compounds requiring water wash for the removal has dis-
advantage that the procedure may decompose MTBO. Acetone is appropriate
as the solvent, sodium iodide as the catalyst which is soluble in acetone and
insoluble in chloroform, and potassium carbonate as the reagent which pre-
vents the reaction mixture from coloring by release of iodine molecule which
oxidizes MTBO.

Table 4 shows that sodium iodide promotes not only the isomerization but
also the decomposition (A). Decreasing the amount of sodium iodide dimin-
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Table 4. Effect of sodium iodide and potassium carbonate on the isomer-
ization of salithion.

Reaction Yield (%)™
Additive time Decomposition

(hr) MTBO Salithion propduct
A Nal (5 0.5 70 17 13
1.0 57 4 40
1.5 36 0 64
B Nal (0.5) 0.5 42 52 6
5.0 56 36 9
C Nal (1) K,CO, (10) 1.0 64 29 7
15 72 13 9
4.0 90 1 9
D Nal (30) K,CO, 4.0 86 6 9
Acetone (450 ml) 50 85  40m 2 14
E Nal (10) K,CO, 3.5 86 12 2
Acetone (150 ml) 4.5 86  46™ 11 3
F Nal (10) K,CO, 3.5 73 21 6
Acetone (80 ml) 5.0 8 3 11 4
G Nal (15) K,CO, 3.0 66 27 7
CH,I (225) 4.5 81 14 5
Acetone (150 ml) 6.0 93  32m 1 6

The composition of reaction mixture: A, B, and C, salithion (5mmoles),
methyl iodide (6 mmoles), acetone (15 ml), and salt (mmoles) ; D. E, F,
and G, salithion (150 mmoles), K,CO; (300 mmoles), methyl iodide (180
mmoles), Nal (mmoles), and acetone (ml). Reaction temperature, 56°C.
® Estimated from TLC. ® Isolated yield.

ishes the rate of the isomerization (B). The use of potassium carbonate in
addition to sodium iodide gave a precipitate after 1 hr. MTBO was produced
in good yield after 4 hr (C). Preparation of MTBO on the scale of 30 times
as large as C gave the similar result. After cooling and evaporating the mix-
ture to dryness, the residue was extracted with chloroform. Chloroform-solu-
ble fraction was evaporated to dryness to isolate MTBO in 40 % yield. Exami-
nation of different amounts of compositions of the reaction mixture gave the
result in Table 4 (E, F, and G). The conditions where the isomerization com-
pletely proceeds were found.

The use of sodium iodide and potassium carbonate has a great advantage
that does not need a washing with water in order to isolate MTBO.

The purification of MTBO

MTBO is highly reactive and is subject to hydrolysis. The decomposition
products of MTBO are acidic enough to catalyze the decomposition. There-
fore, it is necessary to purify MTBO in order to store it stably. One of the
purification methods is distillation (Kobayashi et al., 1969) which requires high
temperature (144-5°C at 0.1 mmHg), often resulting in the decomposition par-
ticularily in the case of contamination by DMF. The purification of MTBO
was attempted by two methods, column chromatography and crystallization.

Silica gel column chromatography was carried out with chloroform as the
solvent. However, it was unsuitable for the purification of MTBO, inasmuch as it
decomposed MTBO to give a new decomposition product (Rf=0.73) instead of ef-
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fectiveness in the separation of MTBO from salithion or the decomposition pro-
duct | (Rf=0). It was suggested that the decomposition product of Rf=0.73
is o-(a-methylthio)cresol which was found as one of the reaction products of
MTBO with ethanol (Sasaki et al., 1973) because of its Rf value and its positive
tests indicating existence of phenolic OH and methylthio groups. The decom-
position of MTBO may be caused by the cataytic action of slica gel as an acid.

MTBO was able to be crystallized from ethanol. Crystallization of MTBO
was attempted in the following solvents: acetone, benzene, chloroform, ethyl
acetate, ether, and hexane. Ether was the most appropriate solvent of them
for the crystallization. MTBO was crystallized from ether as white scaly cry-
stals. Elemental analysis and NMR spectrum indicated MTBO remained intact
after the recrystallization procedure. The existence of a group of S-methyl
phosphorothiolate, phenyl protons, and methylene protons whose spin couples
with that of phosphorus atom was confirmed by NMR spectroscopy (Fig. 1-C).

Since the decomposition product | (Rf=0) isinsoluble in ether, it is readily
removed by the procedure of the crystallization. MTBO purified by this
method is considerably stable: on storage for 2 months at room temperature
(below 20°C) in a desiccator, MTBO gave no decomposition product insoluble
in ether and was pure on the basis of TLC, and its crystalline shape did not
change. Therefore, colder and dry storage makes MTBO be kept intact for a
longer time.

Il) Synthesis of MTBO from demethylated salithion

It is suggested that the separation of the step of the demethylation of
salithion from that of the synthesis of MTBO by S-methylation of demethylat-
ed sdlithion makes the yield of MTBO higher. Demethylation of salithion was
attempted by the use of dimethylthiourea and sodium iodide, but demethylation
product was not isolated. Demethylation of salithion with potassium dimethyl-
dithiocarbamate (Scheme 3-B) and S-alkylation of demethyl salithion (Scheme
3-C) was performed by Sasaki et al. (1974). This procedure was examined.

A. 2(CHINH +CSe ——  [CHINHz) T(CHINCS) T —K2Ms (CHMLNCS:K + CHRNH + Hz0
8 9
s
S 0 S
Op- 1 Op?
B 5 O (CHyeN-Cm8K — @/Ffo\sK + (CHs):N-C~SCHs
4 9 10 I

o]
0p10k AN OTE-SR
C ©/V<5\S TR = [ L0 T +kx
10 3

Scheme 3. (A) Synthesis of potassium dimethyldithiocarbamate, (B) de-
methylation of salithion by potassium dimethyldithiocarbamate, and (C) S-
alkylation of demethylated salithion.
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Fig. 1. NMR spectra of (A) salithion, (B) KSCP, and (C) MTBO.

Demethylation of salithion with dimethyldithiocarbamate

Salithion reacted with potassium dimethyldithiocarbamate (9) in ethanol to
give crystals of potassum saligenin cyclic phosphorothioate (KSCP) (10) as shown
in Scheme 3. The structure of KSCP was characterized by elemental analysis
and by NMR spectra. The NMR spectrum of KSCP (Fig. 1-B) is almost the
same as that of salithion (Fig. 1-A) except the absence of the signals of the
protons of P-0-CH, (¢ 3.89, doublet, J=14Hz). The intact retention of the
benzodioxaphosphorin ring structure was confirmed by the spin-spin coupling
between the methylene protons of the benzyl group and phosphorus atom
(J=15Hz).

S- Methylation of demethylated salithion with methyl iodide

Potassium saligenin cyclic phosphorothioate (KSCP) (10) reacted with
methyl iodide in acetone to form MTBO, being accompanied by precipitation
of potassium iodide as shown in Scheme 3-C.
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When acetone was used as the solvent, MTBO was isolated in good yield
(87.5%) after extraction with ether. It was confirmed by TLC that the prod-
uct was pure MTBO. The use of ether instead of acetone as the solvent in
the same reaction gave MTBO in only 6% yield. Acetone was used in the
following experiments, though acetone dissolves a small amount of potassium
iodide which promotes decomposition of MTBO.

Although anhydrous potassium carbonate which removes water in the sol-
vent and plays as an acceptor of iodide ion was added to the same reaction
system, no good effect on S-methylation of KSCP was observed: the yield of
MTBO was 54%.

The relationship between reaction time and the yield of MTBO at room
temperature (27.5°C) was examined by weighing the yield of MTBO at different
reaction times.

Figure 2 shows that the yield of MTBO attains to the maximum 89 % at
about 30 min. The amount of unchanged material was considerably great
within 20min. The yield of MTBO lowered on account of the decomposition
after 40 min.

The preparative scale of the reaction system also gave MTBO in 83.3 %
yield.

100

60

Yield (%)

40 +
3 F
20 F
10

0 10 20 30 40 50 60
Reaction Time {min}

Fig. 2. Relationship between yield of MTBO and time of reaction of
KSCP with methyl iodide.

CONCLUSION

In the thiono-thiol isomerization of salithion to MTBO applying Pistschi-
muka reaction, the use of acetone as the solvent gave MTBO in low yield, but
the use of DMF incereased the yield. However, the use of DMF has a disad-
vantage that DMF is difficult to remove from the reaction mixture: the evap-
oration of the reaction mixture containing DMF to dryness changes MTBO
into a material insoluble in the solvent such as chloroform. This fact suggests
that MTBO and the decomposition product of MTBO polymerize by catalytic
action of DMF under concentrated and heated conditions. Therefore, in order
to remove DMF without decomposition of MTBO, the reaction mixture needs
to be carefully concentrated to avoid complete dryness, dissolved in chloroform,
and washed with water. The water wash promotes the hydrolysis of MTBO.
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Since MTBO obtained by the above procedure is contaminated by a small
amount of its acidic decomposition products which promote the breakdown
of MTBO, it is not sufficiently stable on storage for a long time.

In order to store MTBO stably it is desired to obtain MTBO in dry and
pure state. The use of the combination of various catalysts and acetone as a
readily removable solvent was examined in order to proceed the isomerization
smoothly. 1,3-Dimethylthiourea is effective as the catalyst but needs the wa-
ter wash to remove it. Sodium iodide accelerates the isomerization. Potassium
carbonate is efficient as an accepter of iodide ion, preventing the coloring of
the reaction mixture by liberation of iodine molecule. The use of combination
of sodium iodide and potassium carbonate stimulates the isomerization in acetone.
MTBO was extracted with chloroform from the evaporated residue of the
reaction mixture. The product is sufficiently usable as a phosphorylating agent,
but unsuitable for the storage for a long time. Recrystallization of MTBO
from ether was found to be the most appropriate for purification: the decom-
position product of MTBO is hardly soluble in ether, and MTBO is obtained as
white crystals from ether.

An alternative method for the synthesis of MTBO is more effective: sali-
thion is demethylated with potassium dimethyldithiocarbamate to give potassi-
um saligenin cyclic phosphorothioate (KSCP) followed by S-methylation of
KSCP to form MTBO in good yield. Recrystallization of MTBO from ether is
efficient also in this case. This stepwise method gives a few advantages as
follows: 1) MTBO is readily prepared in high yield because each step of re-
actions proceeds smoothly under mild conditions ; 2) pure MTBO preparation is
easily obtained without contamination of salithion; and 3) the related com-
pounds of MTBO can be easily prepared by the reaction of KSCP with other
alkyl halides as alkylating agents.

Thus, MTBO was readily prepared in pure form from the thiono-isomer,
salithion, by thiono-thiol isomerization.

EXPERIMENTAL

General method
i) Materials

2-Methoxy-4 H-1,3,2-benzodioxaphosphorin 2-sulfide, salithion (purity 94%),
supplied by Sumitomo Chemical Co., was recrystallized from methanol and
from ether. Dimethylformamide (DMF) was dried by co-distillation with ben-
zene followed by distillation. Acetone was dried over anhydrous calcium sul-
fate and distilled. Methyl iodide was purified by distillation. Other reagents
were of reagent grade.
ii) Detection of the compounds

MTBO, salithion, and their decomposition products were detected on thin-
layer chromatogram (TLC). Thin-layer chromatography was performed with
microchromatoplate (2.5 x 7.5 cm) of silica gel G (Merck) by the use of the
solvent system, mainly a mixture of chloroform and ether (9 :1v/v). The Rf
values of MTBO and salithion in the solvent system are 0.95 and 0.50, respec-
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tively. Their Rf values in other solvent systems are listed in Table 5. MTBO
and related compounds were detected by palladium chloride reagent (Niessen
et al., 1962) (compounds having partial structure of P-SCH, or P=S are vis-
ualized as yellow or dark brown spots, respectively) and by heating at 100°C
for 5 min after spraying alcoholic potassium hydroxide followed by diazotized
sulfanilic acid (compounds having phenolic OH group produce yellow spots).
Amines were detected as blue spots by cobalt-thiocyanate reagent (Lane, 1965).
11i) Spectroscopic measurements

NMR spectra were measured with a Hitachi Parkin ElImer R-20 High Reso-
lution NMR Spectrometer (60 MHz). UV spectra were obtained with a Shima-
dzu spectrometer MPS-50.
iv) Determination of the yields of MTBO

The yields of MTBO were determined by weighing after isolation. The
state of the progress of the reaction was observed by the yields estimated from
relative ratio of areas of spots of the products on TLC of the reaction mixture
after visualizing by diazotized sulfanilic acid. This sufficiently satisfied the aim
of examination of optimum conditions, though actual yields were lower than
the estimated yields in such a case as precipitation occurred in the reaction
mixture.

Effect of dimethylformamide (DMF) or dimethylacetamide (DMA) on the
isomerization of salithion

A mixture of salithion (1.0g,4.67 mmoles), methyl iodide (0.35ml, 5.64
mmoles), the salt (4.67 mmoles) listed in Table 1, and the solvent was allowed
to stand at designated temperature. After a definit time, the reaction mixture
was subjected to TLC. The yields estimated and isolated are listed in Table 1.

Synthesis of MTBO with potassium chloride and DMF

A mixture of salithion (30 g, 0.139 mole), potassium chloride (10.3 g, 0.138
mole), methyl iodide (12.9ml, 0.208 mole), and DMF (300ml) was heated at
55°C for 8 hr. After observed formation of MTBO and disappearance of sali-
thion by TLC, the reaction mixture was filtered and the filtrate was concen-
trated in vacko. The residue was dissolved in chloroform again. The chloro-
form solution was washed successively with ice water, 0.1% NaOH solution,
and then ice water. Resulting emulsion was centrifuged. The chloroform
layer was separated, dried over anhydrous sodium sulfate at 5°C overnight, and
filtered. The filtrate was evaporated to dryness in vacuo to give 10.6g of
MTBO (in 35.4 % yield). It was observed that the MTBO preparation contain-
ed neither decomposition product | (Rf=0) nor salithion but a trace of DMF.

Synthesis of MTBO with potassium iodide and DMF

A mixture of salithion (20 g, 0.0925 mole), potassium iodide (3 g, 0.018 mole),
methyl iodide (9 ml, 0.145 mole), and DMF (20 ml) was kept at room tempera-
ture (25°C) for 24 hr. TLC showed the formation of MTBO (70 %), and ex-
istence of unchanged salithion (10 %) and decomposition product (20 ). The
mixture was carefully concentrated to avoid complete dryness in vacuo and
dissolved in chloroform (50 ml). Chloroform solution was washed with water
4 times and dried over anhydrous sodium sulfate. After filtration, the filtrate
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was evaporated at reduced pressure to give MTBO (8.95g) in 45 % yield. The
residue was solidified on cooling. MTBO was recrystallized from ethanol at
-15°C to give MTBO (4.33g, 21.7%) pure on the basis of TLC.

Effect of various salts on the isomerization of salithion

A mixture of salithion (1 g, 4.6 mmoles), methyl iodide (0.35 ml, 5.6 m
moles), the salt (4.6mmoles) listed in Table 2, and the solvent (3ml) was
allowed to stand at 37°C for 12 hr. The mixture was checked by TLC.

Effect of 1,3-dimethylthiourea (DMTU), and 1,3-dimethylurea (DMU) on the
isomerization of salithion

A mixture of saithion (4.67 mmoles), methyl iodide (5.64 mmoles), DMTU
or DMU (9.34 mmoles), potassium carbonate or sodium iodide (4.67 mmoles),
and acetone (5ml) was kept at the temperature listed in Table 3. The vyield
was estimated from TLC.

N,N'’,S-Trimethylthioformamidium iodide (9)

DMTU (8) (1.042g, 10 mmoles) was dissolved in acetone (5 ml). To the
solution was added methyl iodide to form white crystals (9) in 2 min. White
needle-like crystals (2.31g, 94.3%) were obtained after filtrated, washed with
acetone and dried in wvacuo.

Ana. Found : C, 19.70 ; H, 442 ; N, 11.32. Cdcd. for C,H..N.SI: C, 19.50 ;
H, 4.51; N, 11.40 %.

Purification of MTBO by silica gel chromatography
i) Search for the solvent

The solvents were sought from the Rf values of MTBO, o-(a-methylthio)-
cresol, and salithion in TLC with silica gel G microchromatoplate (Table 5).

Table 5. Rf vaues of MTBO and related compounds in TLC.

o-(a-Methylthio)-

Solvent MTBO oresol Salithion
Chloroform 0.18 0.84
Benzene 0 0.32 0.70
Hexane 0 0 0
Ether 0.61 0.93
Acetone 0. 93 0.93 0.93
Ethyl acetate 0. a4 0.91
Chloroform-benzene (9 : 1) 0.14 0.45 0.83
Chloroform-Ether (9 : 1) 0.50 0.73 0. 95
Chloroform-Hexane (9 : 1) 0 0.33 0. 74
Chloroform-Benzene (1 : 1) 0.09 0. 38 0. 74
Chloroform-Acetone (9 : 1) 0.63 0.73 0. 89
Benzene-Acetone (9 : 1) 0.36 0.59 0.75

ii) Synthesis of MTBO and silica gel chromatography

A mixture of salithion (1 g), methyl iodide (0.8g), potassium carbonate
(0.75g), DMF (1.28ml), and acetone (10ml) was refluxed for 4 hr. After
check of formation of MTBO by TLC, the mixture was filtered and filtrate was
evaporated to dryness. The residue was dissolved in chloroform and applied
to a column (1.1 x 12.5 cm) of silica gel (0.05-0.2 mm, 5 g) packed by dry method.
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Chloroform was made to flow through the column. The 4ml-fractions were
collected. All the fractions were checked by TLC.

Crystallization of MTBO

i) Search for the solvents for crystallization

MTBO was dissolved in solvents to examine the solubility and stability of
MTBO for the solvents. The stability was checked by TLC after standing the
solution at room temperature for 1 day.
ii) Crystallization of MTBO from ether

Crude MTBO (12.96 g) prepared by the method in Table 4-D was dissolved
in ether (75ml) by heating under reflux. Insoluble material was filtered off.
The filtrate was chilled at -15°C to give white scaly crystals. The crystals
were collected by filtration and dried over phosphorus pentoxide in vacuo to give
5.2g of MTBO. MTBO was readily crystallized from ether by adding small
amount of this crystals as seed. It has a melting point of 44°C, and is pure on
the basis of TLC.

Anal. Found: C, 44.70; H, 4.47. Calcd. for CH,PO,S: C, 44.50; H, 4.20 %

NMR §¢s: 2.40 (3H, doublet, /=16.5Hz, P-S-CHy), 5.37 (2H, doublet, J=
16.5Hz, J/=2Hz, Ph-CH,-0-P), 6.9-7.5 (4H, Ph-H).

Establishment of the method for preparation of MTBO by Pistschimuka
reaction

A mixture of salithion (64.8 g, 300 mmoles), potassium carbonate (82.6 g,
600 mmoles) , sodium iodide (3 g, 20 mmoles), methyl iodide (22.5 ml, 360m
moles), and acetone (300 ml) is refluxed for 4 hr. The reaction mixture is
cooled and evaporated to dryness. To the residue is added ether (100 ml) and
refluxed. The adhesive precipitate is filtered off. The filtrate is chilled at.
-15°C and is allowed to stand after seeding of MTBO to form white crystals.
The crystals are collected by filtration and dried in vacuo to give 15.4g
(23.8 %) of MTBO.

Preparation of potassium dimethyldithiocarbamate

Dimethylammounium dimethyldithiocarbamate (8) was readily prepared only
by mixing dimethylamine with carbon disulfide (2 :1, moles/mole) (Brown and
Harris, 1949).

Anal. Found: C, 35.91; H, 8.43; N, 16.86. Calcd. for CH;N.S,: C, 36.11; H,
8.49; N, 16.84%'.

The potassium salt (9) was obtained by adding an equivalent aqueous po-
tassium hydroxide solution to the aqueous solution of 8 followed by evapora-
tion to dryness. It was observed that co-evaporation of the residue with iso-
propanol gives hygroscopic crystals of 9 but no crystals with ethanol.

Anal. Found : C, 22.67 ; H, 4.64 ; N, 8.85. Calcd. for C;H:NS,K: C, 22.62 ; H,
3.77; N, 8.79%.

Potassium saligenin cyclic phosphorothioate (KSCP) (10)

Salithion (118.89 g, 0.55mole) was dissolved in ethanol (250ml) on gentle
heating and cooled to room temperature. Potassium dimethyldithiocarbamate
(9) (79.7 g, 0.5 mole) was also dissolved in ethanol (150 ml) in the same man-
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ner. The solution of salithion was added dropwise over a period of 40min to
the solution of 9 with stirring at 40°C. White crystals were produced in 20 min
from start of the addition. The reaction mixture was further stirred at 40°C
for an additional 1 hr. The precipitate was collected by filtration. The cake
was washed twice with chloroform to remove unchanged salithion. Drying
the cake invacuo gave white powdery crystals of KSCP (99.2 g, 82.7 %). mp.
204-209°C

Anal. Found: C, 35.14; H, 2.90; P, 13.20. Calcd. for C.H:O,PSK: C, 34.99;
H, 2.52; P, 12.89%.

UV A%%nm (E) : 268 (1150) and 275 (1040) at pH 2, 7 and 12.

NMR é222: 5.33 (2H, doublet, J=15Hz, J'=2Hz, Ph-CH,-O-P), 6.9-7.4 (4H,
Ph-H)

NMR spectrum of salithion
d%Cls: 3.89 (3H, doublet, /=14 Hz, P-0-CH,), 5.35 (2H, doublet, /=14 Hz,

™S

J'=1Hz, Ph-CH,-O-P), 6.9-7.4 (4H, Ph-H).
S-Methylation of demethylated salithion with methyl iodide

i) Examination of the reaction solvent

A mixture of KSCP (2.4 g), methyl iodide (0.68 ml), and acetone (5 ml) was
stirred for 35min at room temperature (27.5°C) to give a white precipitate of
potassium iodide (1.28 g). After the precipitate was filtered off, the filtrate
was evaporated to dryness at reduced pressure. The residue was refluexed
with ether. The ether-soluble portion of the solution was evaporated to dry-
ness to give 1.89 g of the product. It was confirmed by TLC that the product
was pure MTBO.
ii) Effect of potassium carbonate

Anhydrous potassium carbonate (1.38g) was added to the same reaction
system described in i) in order to examine the effect of potassium carbonate.
iii> Determination of reaction time

The relationship between reaction time and the yield of MTBO at room
temperature (27.5%) was examined by weighing the yield of MTBO at different
reaction times by the use of the same reaction composition described in 7).
iv) The reaction system on preparative scale

A mixture of KSCP (24 g), methyl iodide (8.40 ml), and acetone (50 ml)
was stirred for 30min at room temperature, followed by the same procedure
to give MTBO (18 g) in 83.3 % yield.
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