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Xt_is an object of this invention to provide 
a convenient and effective method for the manufacture 
of 2-alkoxymethylacrolein compounds useful in the 
preparation of pyridine and quinoline herbicide inter-

s mediates. There is also provided a process for the 
manufacture of 3-alkozymethylquinoline~ from 
2-alkozymethylacrolein. 

10 

15 

The present invention relates to a process 
for the manufacture of compounds of formula X 

ROCH -C-CBO 
2 II 

CH2 

(:C) 

wherein R is c1 to c6alkyl. 

The formula I alkozymethylacrolein compound 
is prepared by reacting an alcohol, ROB wherein R is as 
described for formula :c, with at least one molar 

20 equivalent of acrolein in the presence of an acid, a 
catalytic amount of a trisubstituted amine and a 
solvent to form an_ intermediate and reacting said 
intermediate with at least one molar equivalent of· 
formaldehyde in the presence of an acicl, a catalytic 

25 amount of disubstituted amine and a solvent to obtain 
the desired formula I compound. 

The invention further relates to a process 
for the manufacture of 2-alkoxymethylacrolein compounds 
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of formula I which comprises reactinq a suital:>le 
compound of formula XI 

wherein R is as described for formula I and W is CHO or 
CB(OR1 >2 and R1 is c

1 
to c4alkyl, with at least one 

molar equivalent of formaldehyde in the presence of an 
10 acid, a catalytic amount of a disul>stituted amine and a 

solvent. 
The inventiqn also relates to the use of 

compounds of formula I in the manufacture of important 
quinoline and pyridine herbicidal intermediates. 

15 The present invention provides a process for 
the manufacture of compounds of formula I. The com­
pounds of formula I may be used to prepare 3-alkoxy­
methylquinolines and s-alkoxymethylpyridine-2,3-di­
carboxylates which are key intermediate compounds in 

20 the preparation of 2-(imidazolin-2-yl)nicotinate 

25 

30 

herbicides. For example, the formula I compounds of 
the present invention may be used to prepare 3-alkoxy­
methylquinolines of formula XII 

wherein 
R is c

1
-c6a1Jty11 

OR4 

(I I I> 

35 R4 is hydroqen or c1-c4alkyl1 and 
R5, R6 and ~ are each independently hydroqen or oR4• 
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3-Alkoxymethylquinolines may be prepared by 
reactinq a substituted aniline of formula IV with at 
least one molar equivalent of a 2-alkoxymethylacrolein 
of formula I in the presence of an acid and a solvent 

5 and optionally in the presence of a substituted nitro­
benzene of formula v, preferably at an elevated tem­
perature, to form desired formula III compounds. The· 
above reaction scheme is shown in flow diaqram I. 

10 

15 

20 

25 

30 

FLOIJ DIRGRRM I 

R6 

ROCH2-C-CHO + + 
11 R1 NH2 CH2 

OR 4 

(I> <IV> 

Acids suitable for use in the process used to 
prepare formula III compounds are stronq orqanic and 
mineral acids such as sulfuric acid, phosphoric acid 
and hydrochloric acid. Solvents suitable for use in 
the process used to prepare formula III compounds are 

water and ROH alcohols whe~ein R is c1-c6alkyl. . 
Preferred solvents are ROH alcohols wherein R corres­
ponds to the R of ·the formula I compound with lllethanol 
beinq a most preferred solvent. · Reaction temperatures 
of from about 3o0 c to 120°c, preferably a.bout so0c to 
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110°c, are suitable fo~ use in the process used to 
prepare formula XII compounds. 

The thus-obtained formula III 3-alltoxyaethyl­
quinoline compounds may be oxidised to form s-alltoxy-

5 methylpyridine-2,3-dicarboxylic acids of formula VI. 

10 

15 

The above reaction scheme is shown in flow diaqram II. 

FLOW DIAGRAM II 

OR4 

<JI I) 

[Q] ROCH2"CJ(COOH 
- / 

I 
' N COOH 

<VJ) 

Among the methods suital:>le to oxidize formula 
XII compounds to formula VI compounds are nitric acid 
oxidation, base peroxide oxidation, base peroxide 

20 followed by sodium hypochlorite oxidation, chlorate 
catalyzed by vanadium oxidation, ozone oxidation and 
the like. 

Advantageously, the formula I compounds of 
the present invention may also be reacted with an 

25 Q-halo-p-Jteto ester in the presence of an ammonium salt 
to form the correspondin9 pyridine-2, 3-dica.rboxylate 
product as shown in flow 4ia9ram III. 
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Flow Diagram III 

ROCH 2-C-CHO 
. II + 

CH 2 

(I) 

ROCH 2 C02C2H5 

u:x 
C02C2H5 

Further, 2-alkoxymethylacrolein compounds of 
formula X may be reacted with a dialkyl dihalomaleate 
in the presence of ammonia to form the desired pyri­
dinedicarboxylate product as shown in flow diaqram xv. 

Flow Diagram IV 

ROCH 2-C-CHO 
II + 

Cl-C-COOC H 
11 2 5 

CH 2 Cl-C-COOC2H5 

( I ) 

ROCH 
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It has now been found, that the alkozymethyl 
compounds of formula x may be effectively prepared in 
an efficient process from readily available starting 
materials. xn accordance with the method of invention, 

5 an appropriate alcohol having the formula, ROH wherein 
R is c1 to c6 alkyl, may be reacted with at least one 
molar equivalent of acrolein in the presence of an 
acid, a catalytic amount of a trisubstituted amine and 
a solvent to form an intermediate and the intermediate 

10 may be reacted with at least one molar equivalent of 
formaldehyde in the presence of an acid, a disubsti~ 
tuted amine and a solvent to form the desired formula x 
alkoxymethylacrolein compound. The reaction is shown 
in flow diagram v. 

15 

~o 

5 

Flow Diagram V 

+ 
1. H , NC R2 >3 

2. HCHO 
+ H ,NH<R3>2 

ROCH 2-C-CHO 
II 
CH2 

<I> 

xn general, the formation of the intermediate 
and the formula X product are temperature dependent, 
that is, increased reaction temperature increases the 
rate of formation. convenient reaction times may be 
obtained by increasing the reaction temperature to 
about 20° to 110°c, preferably about·1s0 to 100°c. 
suitable reaction solvents are water or mixtures of 

. . 

water and a water-miscible organic solvent. Acids 
suitable for use in the present process are strong 
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mineral acids, preferably polybasic acids such as 
sulfuric acid and phosphoric acid. Trisubstituted 
amines, B(R2 )3 , wherein R2 is c1-c,alkyl, c1-c,alkanol 
and the like are suitable for use in the present 

5 invention. Disubstitue4 amines, 1111(R3) 2 , wherein R3 is 
c 1-c6alkyl, preferably 4ibutylamine, may be used in the 
inventive process. Xt is intended form.aldehyde be used 

. . 
in any of its readily available forms and preferably as 
an aqueous solution of about 37% concentration. 

10 Advantageously, compounds of formula X may 

15 

20 

25 

also be prepared by reacting a compound of formula XI 

wherein R is c1-c6alkyl and w is CHO or CH(OR1 >2 and R1 
is c1-c4alkyl, with at least one molar equivalent of 
formaldehyde in the presence of an acid, a catalytic 
amount of a disubstituted amine, 1111(R3) 2 wherein R3 is 
c1-c4alkyl, and a solvent. The reaction is shown in 
flow diagram VI. 

Flow Diagram VI 

<I I> 

Compounds of formula IX. may l>e prepared 
according to methods known. in the art... file formal-

30 dehy4e employed in the.· above process may be in ·any of 
its readily available forms and preferably as an 
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aqueous solution of about 37%. Acids suitable for. use 
are strong mineral acids such as those mentioned 
hereinabove and preferably sulfuric acid or phosphoric 
acid. The reaction is temperature dependent, therefore 

5 convenient reaction times may be obtained by elevating 
the reaction temperature to about 20° to 110°c, prefer­
ably about 75° to 100°c. 

Zn order to present a more clear understand­
ing of the invention, the following examples are set 

10 forth. The examples are primarily for the purpose of 
demonstrating more specific details thereof and the 
invention is not to be limited thereby except as 
defined in the claims~ 

Unless otherwise noted, all parts are parts 
15 by weight. The term BKR designates nuclear magnetic 

resonance spectroscopy. 

20 

25 

BDllPLB 1 

Preparation of 3-(Jlethozyaethyl>-a-quinolinol 

+ 

A solution .of methanol and sulfuric acid 
(10.0 g, 0.1 mol) is heated to 6S0 c, treated with . 

30 o-aminophenol (4.36 g, 0.04 mol) and o.;.D.itrophenol . 
_(2.78 g, 0.02 mol) ~ heated to 10°c, treated ·with 
methoxymethacrolein (6.0 g, 0.06 mol) over 40 minutes 
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at 85° to 9o0 c and diluted with water. The aqueous 
mixture is adjusted to al>out pH 2 with 50% sodium 
hydroxide solution and filtered. The filtrate is 
adjusted to al>out pH 7 with 50% sodium hydroxide 

5 solution an4 extracted with chloroform. The combined 
orqanic extracts are concentrated in vacuo to qive the 
title. product as a solid which is identified by 1H and 
13cNMR spectral analyses. 

Usinq essentially the same procedure, but 
10 substituting o-anisidine for ,2-aminophenol, a-methoxy-

3-(methoxymethyl)quinoline is obtained. 

15 

20 

25 

BDllPLB 2 

Preparation of 5-(Ketho~ethyl)-2,3-pyridine4icarbo­
z.ylic aci4 

OH 

A mixture of 3-(methoxymethyl)-a-quinolinol 
(0.92 g, 4.9 mmol) in water is treated with 50% sodium 
hydroxide sol.ution (1.0 g real., 25.0 mm.ol), heated to 
85°c and treated with 30% hydrogen peroxide solution 
(3.4 q real, 100.0 mmol) over 2 hours while maintaininq 

30 the temperature between 65°-9o0 c. The reaction mixture 
. . 

(26.o g) is then cooled to room temperature, assayed by 
BPLC and found to contain 3.15% of the title product 
(80% yield). 
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BDllPLB 3 

Preparation of Diaethyl s-<aethozyaethyl>-2.3-pyri4ine-
4iaarJ>onlate 

OH 

10 ozone is bubbled through a solution of 
3-(methoxymethyl)-a-quinolinol (0.145 q, 0.78 mmol) in 
90% acetic acid at room temperature. After 20 minutes, 
the reaction mixture is concentrated in vacuo an4 the 
resulting solid is dissolved in 95% ethanol and treated 

15 with excess diazomethane. After stirring at room 
temperature for 14 hours, the reaction mixture is 
treated with acetic acid and concentrated in vacuo to 
qive a yellow oil. Plash chromatoqraphy of the oil. 
using silica qel and a 4:1 to 2:1 hexanes/ethyl acetate 

20 solution qives the title product as a colorless oil, 
0.072 g (41% yield), which is identified by 1B and 
13CIDIR spectral analyses. 

25 

30 

Bpvpµ;! .C 
Preparation of Kethyl 3-forayl-s-<aethozyaetbyl>­
picolinate 
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ozone is bubbled through a solution of 
a-methoxy-3-(methoxymethyl)quinoline (0.134 q, 0.66 
mmol) in a 9:1 acetonitrile/water mixture at o0 c. 
After 10 minutes, the·reaotion mixture is concentrated 

5 in vacuo and the resultinq oil is dissolved in methanol 
and treated with excess diazomethane. After stirrinq 
for 14 hours at room temperature, the reaction mixture­
is treated with acetic acid and concentrated in vacuo 
to obtain a red oil. Fl.ash chromatography of the o_il 

10 using silica gel and a 3:1 hexanes/ethyl acetate 
mixture gives the title product as a colorless oil 
which is identified by 1

1DfMR spectral analysis. 
Using essentially the same procedure, but 

substitutinq 90% acetic acid for the 9:1 aceto-
15 nitrile/water mixture, the title product.is obtained as 

a colorless oil which_ is identified by 1BNKR spectral 
analysis. 

BD1IPLB 5 

Preparation of 2-aetho~ethylacrolein fro• acrolein 
20 A stirred mixture of acrolein (112q, 2.0 

:mole) , methanol (310q, 9. oa mole) , triethanolam.ine 
(7.Sq, o.os mole) and 85% phosphoric acid (5.7q, 
0.049 mole) in water is heated at reflux temperature 
for 9 hours, cooled to room temperature and filtered. 

25 The filtrate is diluted with water and treated with a 
37% formaldehyde solution (162q, 2.0 mole formalde­
hyde), concentrated sulfuric acid (11.6q, 0.11 mole), 
and dibutylamine (27q, 0.21 mole), heated at reflux 
temperature for 4 hours, cooled to room temperature and 

30 extracted with methylene chloride. The extracts are 
combined and concentrated and the concentrate is vacuwn 

. . 

distilled to give the title product, 88q (44% yield) bp 
64-66°/70mm Bq, identified by NKR anaiysis •. 
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BDllPLB 6 

Preparation of 2-ethozyaethylacrolein froa acrolein 
A stirred mixture of anhydrous ethanol 

(235.5q, s.12 mole) and acrolein (77.3q, 1.38 mole) is 
treated with 0.7 ml concentrated BCl and NB4Cl (6.0q, 
0.11 mole) and heated to reflux temperature over a 3 

s hour period. The reaction mixture is heated at reflux 
temperatures for 
Dean Stark trap. 
mixture is vacuum 

18 hours in a flask fitted with a 1 
The trap is removed and the reaction 
distilled. The distillate is redis-

tilled, and 42q is added to a stirred mixture of water, 
10 o.8q of concentrated B2so4 , hydroquinone (o.osq, 

0.45 mmole) and dibutylamine (1.78q, 0.014 mole). A 
37% formaldehyde solution (19.sq, 0.24 mole) is added 
to the reaction mixture simultaneously-at 80°-85°c. 
The reaction mixture is stirred for 6 hours at ao0

-

15 as0 c, cooled to room temperature and extracted with 
hexanes. The extracts are combined and ·fractionally 
distilled to yield the title product, identified by lfMR 

analysis. 

20 BDVPLB 7 

Preparation of 2-aethoxyaethylacrolein froa 1.1.3-
trillethozypropane 

To a mixture of 96% sulfuric acid (3.0q, 
0.024 mole), dibutylamine (6.7q, o.os2 mole) and 

25 hydroquinone (1.6q, 0.013 mole) in water at 8s0 c, is 
added a mixture of 1,1,3-trimethoxypropane (120.&q, 
0.90 mole) and 37% formaldehyde solution (84q, 1.1 mole 
formaldehyde) over a 1.25 hour period. The reaction 
mixture is heated at reflux temperature for s hours, 

30 cooled to room temperature and extracted with methylene 
chlori4e. The extracts are.combined and fractionally 
distilled to qive the title product, identified by mm 
analysis. 
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BDllPLB 8 

Preparation of 2-aetho:zyaethylacrolein fro• 8-aethozy­
aethylpropional4ehy4e 

A mixture of p-methoxymethylpropionaldehyde 
(44g, 0.43 mole), 37% formaldehyde (40.Sg, 0.52 mole), 
dibutylamine (6.8q, 0.053 mole), 96% sulfuric acid 
(3.oq, 0.029 mole) and hydroquinone (O.&q, o.oss mole) 

s in water is heated at reflux temperature for 2 hours, 
cooled to room temperature and extracted with methylene 
chloride. 'l'he extracts are combined and fractionally 
distilled to give the title product, 20.sg (48% yield), 

10 

identified by KMR analysis. 

BDllPLB 9 

Preparation of 2-alkoz;yaethylacrolein .froa 8-alkozy­
aethylpropionaldehyde 

Usinq essentially the same procedure de-
15 scribed in Example 4 and substituting the appropriate 

p-alkoxymetbylpropionaldehyde, the following compounds 
are obtained: 2-butozymethylacrolein, 1.4g (28% yield), 
identified by NMR analysis and 2-isopropoxymethylacro­
lein, 1.4q (22% yield), identified by IUIR analysis. 
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:c claim: 

1. A process for the manufacture of a 
compound of formula :c 

ROCH -C-CRO 
2 II 

CH2 
:c 

·· .. 
··· ... __ 

wherein R is c1 to c6 alkyl, which is characterized by 
reacting ROH wherein R is c1 to c6 alkyl with at least 
one molar equi valeJit o·f acrolein in the presence of a 
mineral acid, a catalytic amount of a trisubstituted 
amine and a solvent, wherein the solvent is water or a 
mixture of water and a water-miscible organic solvent, 
to form an intermediate and reacting said intermediate 
with at least one molar equivalent of formaldehyde in 
the presence of a mineral acid, a catalytic amount of a 
disubstituted amine and a solvent, wherein the solvent 
is water or a mixture of water and a water-miscible 
organic solvent, to form the formula :c compound. 

2. A process for the manufacture of a 
compound of formula I 

ROCH -C-CHO 2 II 
CR2 

J: 

wherein R is c1 to c6alkyl, which is characterized by 
reacting a compound of formula I:C 

111111111111111111111111111111 
* C L M S * 
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wherein R is c1 to c 6 alkyl and w is CHO or CH(OR1>2 
and R1 is c1-c4 alkyl; with at least one molar equiva­

lent of formaldehyde in the presence of a mineral acid, 

a catalytic amount of a disubstituted amine and a sol­

vent, wherein the solvent is water or a mixtur• of 

water and a water-miscible orqanic solvent. 

3. The process accordinq to claim 1 or 2, 

wherein the reaction temperature is about 20°~ to 

110°c: the acid is selected from the _qroup consistinq 

of sulfuric acid, phosphoric acid, hydrochloric acid 

and hydrobromic acid: the trisubstituted amine is 

selected from the qroup consistinq of tri(c1-c4-

alkyl)amine and tri(c1-c4alkanol)amine and-wherein the 

disubstituted amine is di(c1-c4alkyl)aliline. 

4. The process accordinq to claim 1 or 2 

wherein the trisubstituted amine is triethylamine or 

triethanolamine and wherein the disubstituted amine is 

dibutylamine. 
I 

s. A compound havinq the structural formula 

wherein 
R is c1~c6alkyl: 
R4 is hydroqen or c1-c4alkyl: and 

· R5 , R6 and a, are. each independently hy4roqen or oR
4

• 

11\1111! 1111~ 111!1 Ill~ 111\11 
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6. The compound according to claim s select­
ed from the qroup consistinq of 3-(methoxymethyl)­
a-quinolinol and a-methoxy-3-(methoxymethyl)quinoline. 

7. A process for the preparation cf a 
compound of formula IIX 

wherein 
R is c1-c6alkyl; 

OR 4 
(I I I) 

R4 is hydroqen or c1-c4alkyl; and 
R5 , R6 and R7 are each independently hydroqen or oa4 , 
which is characterized l>y reacting a compound of 
formula l:V 

OR 4 

<IV) 

wherein R4,· a5 , R6 and a, are as descril>ed al>ove with 
at least one molar equivalent of a compound of formula 
I 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
* C L M S * 

ROCH -C-CHO 
2 II 

CB2 

(l:) 
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wherein R is as described above in the presence of an 
acid and a solvent and optionally in the presence of a 
compound of formula v 

R,~ 
R7~N02 

OR4 

<V> 
wherein R4 , R5 , R6 and a, are as described above to 
form the formula III compound. 

a. The process accordinq to claim 7 wherein 
tbe formula v compound is present; the_ reaction temper­
ature is about 30°c to 120°c and the acid is selected 
from tbe group consisting of sulfuric acid, phosphoric 
acid and hydrochloric acid. 

9. A proce~s for the preparation of a 
compound of formula III 

wherein 
R is c1-c6 alkyl; 

OR 4 

<I I I) 

R4 is hydrogen or c1~c4 alkyl; and .. 
R5 , R6 and R7 are each independently bydroqen or OR4, 
which is characterised by reactinq ROH wherein R is c1 
to c 6 alkyl with at least one molar equivalent of 

' lllllll ""'' "'" ""' " llll * C L M S * 
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acrolein in the presence of a mineral acid, a catalytic 
amount of a trisubstituted amine of the formula N(R2 ) 3 , 
wherein R2 is c1-c4 alkyl or c1-c4 alkanol, and a first 
solvent wherein the first solvent is water or a mixture 
of water and a water-miscible organic solvent, to form 
an intermediate and reacting said ·intermediate with at 
least one· molar equivalent of formaldehyde in the 
presence of a mineral acid, a catalytic amount of a 
disubstituted amine of the formula NH(R3)2 , wherein R3 
is c1-c6 alkyl, and a second solvent wherein the second 
solvent is water or a mixture of water and a water­
miscible organic solvent to form a compound of formula 
:c 

ROCH -C-CHO 2 II 
CH2 

(I) 

wherein R is as described above, reacting at least one 
molar equivalent of the compound of formula :c with a 
compound of formula IV 

OR4 

<IV> 
wherein R4, R5 , R6, and R7 are as described above, in 
the presence of an acid and a third solvent and option­
ally in the presence of a compound of formula v 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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OR4 
(V) 

wherein R4, R5 , R6 and R7 are as described above to form the formula XXX compound. 

10. The process accordinq to claim 9 wherein the formula v compound is present: the reaction temper­ature is about 3o0 c to 120°0: the acid is selected from the qroup consisting of sulfuric acid, phosphoric acid and hydrochloric acid: and wherein the third solvent is selected from the group consisting of water and a c1-c6alcohol. 

11~11J mm! 11111111~ 111\11 
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