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Abstract: A novel synthesis of methyl 6-acetylsalicylate as a key synthetic inter- 
mediate for methyl 2-[(4,6-dimethoxypyrimidin-2-yl)oxy]-6-[l-(methoxyimino) 
ethyllbenzoate (KIH-6127) was studied, and directed at 6-substituted pyrimidin- 
2-yl salicylate herbicides and their analogues. Three synthetic approaches were 
successful: a modification of the Sandmeyer reaction of 6-acetylanthranilate 
(Method A), a direct ring-opening reaction of 3-methylphthalide using potassium 
permangamate and magnesium nitrate (Method B), and a regioselective ortho- 
lithiation of the protected 3-hydroxyacetophenone (Method C). These methods 
were applicable for the synthesis of various 6-acyl salicylates. 

Key words: methyl 6-acetylsalicylate, herbicide, PS compound, KIH-6127, 
6-acylsalicylate, 3-methylphthalide, ortholithiation. 

1 INTRODUCTION 

Methyl 2-[(4,6-dimethoxypyrimidin-2-yl)oxy]-6- [l- 
(methoxyimino)ethyl]benzoate (KIH-6 127 ; Fig. 1, l)? 
has been found to be specifically effective against barn- 
yard grass (Echinochloa oryzoides Frit.) over a wide 
range of growth stages including pre-emergence applica- 

Fig. 1. Structures of compounds discussed in text: 1, KIH- 
6127; 2, pyrimidin-2-yl salicylate herbicides. 

* To whom correspondence should be addressed. 
7 The name pyriminobac-methyl has been proposed for this 
compound, but is not yet accepted by ISO. 

tion, and has excellent crop safety in rice.'.' In this and 
two subsequent papers, we describe investigations into 
the synthesis of 1 and its analogues. 

A series of pyrimidin-2-yl salicylates (Fig. 1, 2) were 
previously reported3 to have herbicidal activity. They 
act by inhibiting the plant enzyme acetolactate synthase 
(ALS), thereby blocking branched chain amino acid bio- 
~ynthesis.~ 

The study of pyrimidin-Zyl salicylates bearing 
common functional groups has already been made. 
Although most such compounds have good herbicidal 
activity, few possess a broad spectrum of activity and 
acceptable crop safety suitable for commercial  US^.^.^ 

A study of 6-substituted pyrimidinyl salicylates was 
therefore undertaken in an attempt to find other candi- 
dates having these desired properties. For this, certain 
key synthetic intermediates containing a highly reactive 
functional group linked to the 6-position of the sali- 
cylate moiety was required to enable the preparation of 
a variety of 6-substitutions. 

Previous studies of pyrimidin-2-yl salicylates have 
revealed the following: substitution at the 6-position of 
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the salicylate moiety is preferable for herbicidal and 
ALS inhibitory activities; electron-withdrawing groups 
contribute to ALS activity; and hydrophilic groups lead 
to better activity against grass-weeds than broad-leaf 
weeds. We considered that a 6-acyl group could be of 
interest, since it would be both hydrophilic and have an 
electron-withdrawing effect. A 6-acyl compound could 
also be used as an intermediate for the conversion to 
corresponding ketals, alcohols and imino compounds. 

We required a general and efficient synthetic method 
for the key intermediate methyl 6-acetylsalicylate (3). 
Such 6-acylsalicylates are virtually unknown, however, 
presumably because of the absence of a good synthetic 
route. In fact, only one process has been reported, in 
which methyl 6-acetylsalicylate, 3, was obtained from 3- 
nitrophthalic anhydride, 4, in poor 

This report describes the development of novel syn- 
thetic routes for 3 which are more practical and efficient 
than the reported method. These synthetic schemes 
were investigated: (i) Method A: improvement of the lit- 
erature procedure,'l-' (ii) Method B: a direct ring- 
opening reaction of 7-methoxy-3-methylphthalide 
(12)99'0 with potassium permanganate and magnesium 
nitrate, (iii) Method C: a directed ortho-lithiation of the 
protected 3-hydroxy acetophenone, 17.' '-13 

2 MATERIALS AND METHODS 

2.1 General procedure 

['HINMR spectra were recorded in 6 (ppm) on a JEOL 
JMN-PMX-60Si in deuterochloroform, using tri- 
methylsilane as an internal standard, while IR spectra 
and mass spectra were measured on Shimadzu IR-240 
and JEOL JMS-SX-102A spectrometers, respectively. 
All melting points were uncorrected. The structures of 
compounds were confirmed by NMR, IR and mass 
spectroscopy. 

Our three methods A, B and C are summarized in 
Figs 2-4. Other starting compounds were prepared by 
previously reported 

Typical examples of synthetic procedures are given 
below. 

2.2 Syntheses of methyl 6-acetylsalicylate (3) 

2.2.1 
literature procedure; Fig. 2)  
Crude acid chloride 5 was obtained by the reported 
methods.'.' Anhydrous magnesium chloride (100 g, 
1.05 mol) was added to a mixture of diethylmalonate 
(160 g, 1 mol) in acetonitrile (500 ml) at 5°C for 10 min. 
Subsequently, triethylamine (210 g, 2.1 mol) was added 
at 0-5"C, and the mixture was stirred at room tem- 
perature for 1 h. After cooling to o"C, a solution of 
crude 5 (234 g, 1 mol) in acetonitrile (50 ml) was added 
dropwise to the resulting mixture at 0-5"C, and the 
mixture stirred at room temperature for 2 h. The 
resulting solution was poured into a mixture of concen- 
trated hydrochloric acid (20 ml) and ice/water (1.5 litre). 
The precipitate was collected by filtration, washed with 
water and dried to give crude 6 in 87% yield. This was 
then converted into 8 by the original method.'l 

A solution of 8 (160 g, 0.7 mol) in ethyl acetate 
(500 ml) was subjected to hydrogenation in the presence 
of 10% Pd/C (12.5 g) under pressure (30 atm H,) with 
cooling to below 30°C. The solution was filtered and the 
precipitate washed with ethyl acetate (50 ml x 3). 

The combined ethyl acetate solutions were concen- 
trated to give crude 9, which was triturated with diisop- 
ropylether (IPE) + hexane (2 + 1 by volume; 250 ml) to 
give a light yellow powder, 9, in 90% yield (124 g); m.p. 
76-78°C (Lit.,'l 76.5-77.5"C), ['HINMR 6 :  2.46 (s, 3H), 
3433 (s, 3H), 5.17-5.66 (brs, lH), 6.29-7.34 (m, 3H) ppm; 
IR (potassium bromide): 3500, 3450, 1710, 1690, 
1280 cm-'. 

Method A (improvement in steps 3,6, 7 of 

Method A 

(Step 1) MeOH, reflux ; (Step 2) SOCI, , reflux ; (Step 3) MgCI, , Et3N. CH,(CO,Et), , 

MeCN , 0-5°C then r.t ; (Step 4) conc. HCI , H 2 0 ,  90°C ; (Step 5) Mel, K2CO3, MeCN , reflux ; 

(Step 6) H, , PdlC , AcOEt ; (Step 7) NaNO, , conc. HCI , H,SO,, toluene, 83°C . 

Fig. 2. Synthesis of methyl 6-acetylsalicylate (3) from 3-nitrophthalic anhydride (Method A). 
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(Step 1 )  MeMgl , ether -THF, r. t ; (Step 2) 2eq BuLi, hexane, COz ; -60°C ; 

(Step 3) KMnO, , Mg (NO3), * 6 HzO, HzO , 70-80 "C, 3 hr ; (Step 4) Me1 , KzCO3, 

DMF , r.t , 2 0  hr ; (Step 5) 2.5 eq. BBr3 , CH,CI, , c -15°C . 

Fig. 3. Synthesis of methyl 6-acetylsalicylate (3) from 3-methoxybenzaldehyde (Method B). 

Sodium nitrite (15 g, 0.22 mol) was added to a solu- 
tion of 9 (40 g, 0.21 mol) in a mixture of concentrated 
sulfuric acid (49 g), ice (200 g) and water (200 ml) held 
below 0"C, and the mixture stirred below 5°C for 
10 min. This mixture was then added to a vigorously 
stirred mixture of toluene and water (2 + 1 by volume; 
750 ml) at 83°C during 1 h. Stirring was continued for 
an additional 20 min. The resulting toluene layer was 
separated, washed with water, dried and concentrated 
to give crude crystals (28.5 g), which were washed with 
hexane + ethyl acetate (4 + 1 by volume; 28 ml) to give 
almost pure 3 in 65% yield (26 g); m.p. 95-96°C (Lit.,' 

7.60 (m, 3H), 10.2 (s, 1H) ppm; IR (potassium bromide): 
3200, 1700, 1590, 1470, 1370, 1300, 1280, 1190, 1120, 
1070,910,760,760 cm- ' ; MS m/z :  194 (M'). 

96-97"C), ['HINMR 6 :  2.41 (s, 3H), 3.84 (s, 3H), 6.69- 

2.2.2 Method B (direct ring opening reaction of a 
phthalide: Step 3 ;  Fig. 3 )  
Potassium permanganate (14.2 g, 0.09 mol) in water 
(200 ml) was added dropwise to a mixture of a solution 

- Method C 

om OH 15 

__t 

6Bn 
16 17 

n 

18 19 

Step 5 - 

(Step 1) BnBr , KzCO3, reflux, 5 hr ; (Step 2) (EtO),CH , (HOCH,), , 

pTsOH , 120 "C, 1.5 hr ; (Step 3) BuLi, CIC0,Me , toluene, r.t ; 

(Step 4) H, , Pd/C , AcOEt, r.1 ; (Step 5) 5% HCI , MeOH, r.t , 6 hr 

Fig. 4. Synthesis of methyl 6-acetylsalicylate (3) from 3- 
hydroxyacetophenone (Method C). 

of magnesium nitrate hexaphydrate (30.7 g, 0.12 mol) in 
water (250 ml) and 129*'0 (10.5 g, 0.059 mol) at 70- 
80°C over 3 h with vigorous stirring. The mixture was 
then stirred at 70-80°C for an additional hour. 

The resulting precipitate (manganese dioxide) was fil- 
tered off and washed with diethyl ether (4 x 50 ml). The 
filtrate was extracted with ether (100 ml), washed with 
water, dried and concentrated to give crude 13 in 82% 
yield (8 g, 0.048 mol). 

Without purification, 13 was treated with methyl 
iodide (7.2 g, 0.05 mol) in the presence of potassium 
carbonate (7 g, 0.05 mol) in N,N-dimethylformamide 
(50 ml) at room temperature for 20 h to give a crude 
residue 14 which was triturated with IPE + hexane 
(1 + 2 by volume; 30 ml) to afford pure 14 in 92% yield 
(7-95 g); m.p. 67-68°C (Lit.,' 65-65-5"C), ['HINMR 6 :  
2.25 (s, 3H), 3.78 (s, 3H), 3-86 (s, 3H), 6.86-7.66 (m, 3H) 
ppm; IR (potassium bromide): 3400, 3000, 1740, 1695, 
1590,1470,1280,1120,1080 cm-'. 
A solution of 14 (7 g, 0.039 mol) in dichloromethane 

(50 ml) was treated with 2.5 equiv. boron tribromide 
(24 g, 0.098 mol) below - 15°C for 2 h, then neutralized 
with aqueous sodium hydrogen carbonate. The 
dichloromethane layer was separated, dried and concen- 
trated to give 3 in 35% yield (2.65 g); m.p. 95-96°C. 
The NMR and IR spectra were identical with those of 
the material produced by Method A. 

2.2.3 
3-hydroxy acetophenone; Fig. 4 )  
A mixture of 3-hydroxyacetophenone, 15 (34 g, 
0.25 mol), benzyl bromide (47 g, 0.275 mol) and pot- 
assium carbonate (34.5 g, 0.25 mol) in acetonitrile 
(1 litre) was heated at reflux for 5 h. The precipitate was 
filtered off and washed with acetonitrile (3 x 60 ml). 
The combined acetonitrile solutions were concentrated 
to give crude 16, which was distilled at b.p. 165-17loC/ 
1.2 mm Hg to give 53.68 g of 16 as a colourless oil 
(95% yield); ['HINMR 6 :  2.39 (s, 3H), 4.94 (s, 2H), 

Method C (directed ortho-lithiation of protected 
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6.8-7.6 (m, 9H) ppm; IR (neat): 3000, 1680, 1480, 1580, 
1435,1350,1270,1020,740,680 cm-'. 

A mixture of 16, triethoxymethane (227 g, 1.5 mol) 
and para-toluene sulfonic acid monohydrate (2-5 g) in 
ethylene glycol (375 ml) was stirred at 120°C for 1.5 h. 
The resulting mixture was extracted with toluene, 
washed with saturated sodium hydrogen carbonate and 
water, dried and concentrated to give 17 in 94% yield 
(64 g); m.p. 37-39°C; ['HINMR 6 :  1.63 (s, 3H), 3.50- 
4.13 (m, 4H), 5.01 (s, 2H), 6.7-7.7 (m, 9H) ppm; IR 
(neat): 2960, 2860, 1590, 1480, 1440, 1375, 1260, 1200, 
1030,865,700 cm-'. 

n-Butyllithium-hexane solution (1-6 M ;  168 ml, 
0.27 mol) was added to a solution of 17 (64 g, 0.23 mol) 
in toluene (500 ml) below 6°C during 30 min. The 
mixture was stirred at room temperature for 3 h, and 
cooled to 5°C. Methyl chloroformate (26 g, 0.27 mol) 
was added over 30 min to the resulting mixture, which 
was then stirred at room temperature for 2 h and 
poured into water. The organic layer was washed with 
water, dried and concentrated to give crude 18, which 
was triturated with IPE + hexane (2 + 1 by volume; 
250 ml) to give white crystals of 18 in 73% yield (55 g); 
m.p. 95-96°C; ['HINMR 6 :  1.72 (s, 3H), 3.5-4.2 (m, 
4H), 3.87 (s, 2H), 5.10 (s, 2H), 6.7-7.7 (m, 8H) ppm; IR 
(potassium bromide): 1720, 1580, 1450, 1260, 1030, 
735 cm-'; MS m/z: 328 (M'). 

A mixture of 18 (49 g, 0.15 mol) and 10% Pd/C (5 g) 
in ethyl acetate (500 ml) was stirred until the theoretical 
amount of hydrogen had been consumed. Filtration and 
concentration gave 19 in 95% yield (33.9 g); m.p. 142- 
143°C; ['HINMR 6 :  1.83 (s, 3H), 3.4-4.2 (m, 4H), 3.92 
(s, 2H), 6.7-7-5 (m, 3H) ppm; IR (potassium bromide): 
3300,1690,1580,1460,1290, 1195, 1030,800,735 cm-'. 

A solution of 19 (29 g, 0.12 mol) in methanol (60 ml) 
was treated with 0.5% hydrochloric acid (4-2 g, 
0-6 mmol) at 35°C for 4 h or 5% hydrochloric acid (1 g, 
1.4 mmol) at room temperature for 6 h, neutralized 
with aqueous sodium hydrogen carbonate and 
extracted with ethyl acetate. The ethyl acetate layer was 
washed with water, dried and concentrated to afford 3 
in 71% yield (16.5 g); m.p. 95-96°C. 

Alternatively, a solution of 18 (39 g, 0.12 mol) in 
methanol (60 ml) was treated overnight with hydrogen 
in the presence of 10% Pd/C (3 g) and 5% hydrochloric 
acid (1 g, 1.4 mmol), giving 3 in 95% yield (22.1 g); m.p. 
95-96°C. The NMR and IR spectra were identical with 
those of the material obtained by Method A. 

3 RESULTS AND DISCUSSION 

3.1 Method A (Fig. 2) 

Our improvements in steps 3, 6 and 7 of Fig. 2 have the 
following advantages over the conventional methods.'*' 

Instead of using a large excess of ethyl malonate and 
magnesium methoxide, we have found that a com- 
bination of one molar equivalent of ethyl malonate and 
magnesium chloride, and two molar equivalents of 
t r ie th~lamine '~ gave 6 in excellent yield (87%). As a 
result, the work-up procedure was much simpler since 
the need to remove a large excess of ethyl malonate was 
eliminated. 

Hydrogenation of 8 under pressure (30 atm H2) was 
found to reduce the reaction time (from 8 h to 1 h) in 
step 6. The yield of 9 was strongly dependent on the 
solvent employed. Hydrogenation performed in ethyl 
acetate gave 9 in excellent yield (90%). The use of meth- 
anol gave two by-products 20 and 21 as shown in Fig. 
5 ,  together with a moderate yield of 9 (c.  70%). 

In the final step, hydroxylation of the diazonium salt 
of 9 gave a low yield of 3 (32%) as reported' with poor 
reproducibility. Use of a two-phase system (toluene/ 
10% hydrochloric acid) in the Sandmeyer reaction of 9 
was explored to give 3 in an improved yield since 
further degradation of the product 3 was prevented. 

3.2 Method B (Fig. 3) 

Because of the low overall yield in the seven-stage syn- 
thesis of Method A, we examined other approaches to 
3. For the construction of 3, a direct ring-opening reac- 
tion of protected 7-hydroxy-3-methylphthalide was con- 
sidered to be an important step as shown in Fig. 3. 
7-Methoxy-3-methylphthalide 12 was readily prepared 
from commercially available 3-methoxybenzaldehyde 10 
(steps 1,2).'*'' 

After unsuccessful attempts using conventional 
methods such as Jones reagent in acetone, we assumed 
that the ring-opening reaction under acidic conditions 
may precede further oxidation, and re-cyclization to the 
y-lactone. 

The ring-opening reaction of 12 with aqueous pot- 
assium permanganate under alkaline conditions af- 
forded only undesired 3-methoxyphthalic acid 22 in 
61% yield, which is presumably formed by further oxi- 
dation of 13. In the oxidation of 1,2-bis(l-hydroxyethyl) 
benzene with potassium permanganate, the addition of 
magnesium nitrate hexahydrate has been reported to be 
effective for preventing over-oxidation to form 1,2- 
diacetylbenzene magnesium salt.' Application of this 
reaction mixture to our ring-opening reaction of 12, fol- 
lowed by methylation, resulted in clean conversion to 
14 in good overall yield (75%). 

20 21 

Fig. 5. Two major by-products in hydrogenation of 8. 
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In the final step, a selective demethylation of the 2- 
methoxy group of 14 was performed with 2.5 equiv. 
boron tribromide below - 15°C to give 3. 

3.3 Method C (Fig. 4) 

Although the above Methods A and B are satisfactory 
for most purposes for the syntheses of a variety of 6- 
sustituted pyrimidin-2-yl salicylates, we required a more 
economic procedure for the key intermediate 3 in the 
KIH-6127 project under study. According to other 

directed ortho-lithiation of a protected 1,3- 
disubstituted compound such as 17 should be feasible, 
which, after methoxycarbonylation, should afford 18 as 
depicted in Fig. 4. 

This synthetic approach commenced with protection 
of the hydroxy group of 15. Thus, benzylation of 15 
with 1.1 equiv. of benzyl bromide in the presence of 
potassium carbonate in acetonitrile gave 16 in 90% 
yield. 

Next, the acetyl group of 16 was protected using an 
excess of ethylene glycol in the presence of para- 
toluenesulfonic acid in refluxing toluene for 8 h, to give 
17 in 74% yield. Even after this prolonged reaction, 
some starting materials 16 still remained. When the 
mixture of 16 and ethylene glycol was treated at 120°C 
for 1.5 h in the presence of triethoxymethane (6 equiv.) 
in order to transacetalize, a dramatic rate enhancement 
(from 16 h to 1.5 h) was observed. Analysis of the 
organic layer (GLC) revealed a 94% yield of 17. 

The directed ortho-lithiation of 17 was then exam- 
ined. As cryogenic reactions are undesirable from an 
industrial point of view, the reaction was tried around 
room temperature. The intermediate lithium salt proved 
to be stable enough to proceed following methoxy- 
carbonylation at room temperature, which is a great 
advantage. 

Treatment of 17 with phenyl lithium or butyl lithium 
in various solvents, followed by addition of methyl 
chloroformate, gave 18 in 13-73% yields as shown in 
Table 1. 

The yields of lithiation followed by methoxy- 
carbonylation were found to be dependent upon the 
solvent employed. It was fortunate that toluene, which 
is a preferred solvent for industrial use, gave excellent 
results. In order to examine the relationship between 
solvent type and the yield of 18, the lithiation reaction 
in twice the normal volume of hexane (a half molar con- 
centration of lithium) was examined. The generated 
lithium salt of 17 was clearly soluble and resulted in a 
much higher yield of 18 (55-66%). This finding suggests 
that the reaction depends on the solubility of the 
lithium salt of 17. 

Subsequent deprotections, i.e. reduction of the benzyl 
group and hydrolysis of the ketal, of 18 and 19, gave 19 
and 3 in 95 and 71% yields, respectively. Alternatively, 

TABLE 1 
Lithiation & Methoxycarbonylation of 17 in Various Sol- 

vents" 

Reagents Solventsb Yield (%)' 

PhLi Hexane 13 
(15% benzene sol.) Ether 14 

Benzene 54 

BuLi Hexane 22 

Toluene 73 
Hexaned 55-66 

(1 5% hexane sol.) Benzene 53 

17: Li reagent: ClC0,Me = 1 : 1.17: 1.1 (equiv.). 
0.38 M concentration. 
Isolated yield. 
Twice vol. of hexane (0.19 M) was used. 

simultaneous deprotection of the benzyl and ketal 
groups could be performed to give 3 in 95% yield, with 
hydrogenation on Pd/C in the presence of a catalytic 
amount of hydrochloric acid. 

This efficient procedure gave 3 in high overall yield 
(65%) based on starting 15, with Method C being 
clearly superior to Methods A and B. A variety of 6- 
acylsalicylates could also be obtained by employing 
Method C. Method C holds a key position as a novel 
synthetic route for the preparation of 1. 

In conclusion, we have succeeded in developing a 
novel synthetic route to 3. 
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