METHODS OF SYNTHESIS AND TECHNOLOGY OF DRUG PRODUCTION

SYNTHETIC ROUTES TO 3,4,5-TRIMETHOXYBENZALDEHYDE (REVIEW)
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3,4,5-Trimethoxybenzaldehyde (I) is a key intermediate in the synthesis of trimetho-
prim{2,4-diamino-5-(3,4,5-trimethoxybenzyl)pyrimidine], which, in addition to its antibac-
terial activity [9], possesses the property of significantly strengthening the bacteri-
cidal activity of sulfanilamide preparations; it is widely used in combination with the
latter in medical practice [9, 47].

The raw materials for the preparation of I are mainly vanillin (II) and 3,4,5-tri-
methoxybenzoic acid (TMBA), obtained in turn from gallic acid. Judging by the volume of
publications over the last 20 years, I is more frequently prepared from TMBA and its deri-
vatives. However, as regards the accessibility of raw material resources (chemical syn-
thesis and products obtained by treatment of wood), vanillin has the highest potential;
its yearly world production at present reached the level of 7400 tons [61] in 1982.

There is the possibility of using other forms of raw materials for the synthesis of
I on an industrial scale with one or another degree of restriction.

1. SYNTHESIS OF HALOGEN-CONTAINING INTERMEDIATES TO I

1.1. Halogenated Vanillin

1.1.1. 5-Bromovanillin was developed in 1909 as an intermediate by the direct bromina-
tion of vanillin [55], providing high yields of 5-bromovanillin (5BV, III) [63]. Vanillin
is brominated in AcOH [48, 71], containing sodium acetate [62], and also in 487 HBr [21,
53] or chlorinated hydrocarbons [21], using an excess of bromine (5-15 mole %) over the
stoichiometric quantity. The escaping HBr is not utilized, and the decomposition of un-
reacted bromine usually by the use of different reducing agents is recommended [62].

Among the insufficiencies of these methods is the related irrational expenditure of
difficultly available raw materials (Br,, HBr). Furthermore, the 5BV formed contains about
3% vanillin and thus requires extensive purification. In the present case, the desired
product (I) occurs in undesirable admixture with veratryl and 5-bromoveratryl aldehyde
[81].

The indicated insufficiencies in the synthesis of III significantly depresses the
usage of the oxidative bromination reaction. Information on the yield of this reaction
abroad (patents by Rhone-Poulenc) first appeared in 1986 [32, 35]. Simultaneously and
independently, the oxidative bromination reaction of vanillin was subjected to intense
study with the aim of identification of constituents to explain the mechanism of the
process and the character of the side reactions taking place [1].

The overall oxidative bromination reaction (using the most common oxidant, H,0,) is
described by the equation [1, 32, 35]:

[14-0.5Bre+4-0.5H20,—1114-H,0

The maximum values for the conversion of vanillin (not less than 927), and the yield
of III (now lower than 91%) occur in homogeneocus (AcOH [35] or AcOH + Ac,O [32]} and in
heterogeneous media such as two-phase systems of organic solvents (CHCl; [32], C,H,Cl1 [1])
and mineral acid solutions (HBr [32], H,SO, [1, 32]). Although the patents [32, 35] do
not indicate the contents of the mixtures of vanillin in 987 III, published data [1] indi-
cate that the observance of optimal conditions for the oxidative bromination gives a final
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content of the starting vanillin and minor components (3-bromo-4,5-dihydroxy-2,3-dibromo-
4,5-dihydroxy-, and 2,5,6-tribromo-3,4-dihydroxybenzaldehyde; di- and tribromo-substituted-
2-methoxyphenols) in III of less than 1Z. The consumption of bromine is 0.58 g per 1 g

of vanillin [1].

Another previously patented [33] means of preparing III consists of adding to a mix-
ture of vanillin, KBr, and succinimide in a two-phase system of dichloroethane/H,0, bromine
at first and then chlorine gas to the appearance of Br, which is destroyed with sodium
sulfite. The bromine consumption is 0.5 g per 1 g of vanillin. The overall yield of III
(including that isolated from the mother liquor) is satisfactorily high: 90.7% [33]. How-
ever, the melting point of III prepared by this method, according to [33] is 3-4°C lower
than the "standard" 98-997 III.

It should be noted that the use of other oxidants (for example NaOCl, or a mixture
of HNO; and HNO,) in the oxidative bromination of vanillin leads, as is known, to a lower-
ing of the yield of the desired product [32]. In addition, hydrogen peroxide as oxidant
is obviously important from the point of view of the protection of the environment [4].

The potential possibilities for III as raw material for I have practically not been
realized even after 70 years, and it was used in the framework of the classical scheme
[through 5-hydroxyvanillin (IV)], considerably more rare than 5-iodovanillin (V). The
reason, apparently, lies in the necessarily more strenuous conditions for the substitution
of Br (compared to I) for the OH-group in aqueous basic medium. Further, the resultant
basic hydrolysis of III correspondingly depends on the quantity and chemical composition
of the metals used as catalysts (powdered copper or its alloys) [21, 49, 52, 66]. The
latter case naturally impairs reproducibility of the method. It is impossible to take
into account the tendency of III to enter into the Canizzaro reaction [59, 63]. However,
some workers establish the synthetically equivalent method of substituting halogen in III
or in 5-iodovanillin by an hydroxy or an alkoxy group in the 5-position [3]. Among these
is the methoxylation of III by analogy with 5-iodovanillin [52] leading to the formation
of a mixture of products including predominantly 5-bromovanillyl alcohol and its deriva-
tives [62].

Thus there has appeared in recent years a catalyst for the methoxylation of bromo-
aromatic aldehydes [71, 80] indicated mainly by the more technological schemes (1) as com-
pared with the classical schemes (2).
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1.1.2. 5-Jodovanillin. 5-Iodovanillin, obtained by the iodination of wvanillin with
I, in the presence of KI in aqueous solution of salts [77] or base [49] in a yield of 91Z,
is significant only for the preparative synthesis of I by the hydrolysis of the Ar-I bond
through 5-hydroxyvanillin (Scheme, 2a) [49] or by methoxylation through syringaldehyde
(VI) (Scheme, 3) [67].

1.1.3. 5-Bromo-3,4-dimethoxybenzaldehyde. Dimethylsulfate methylation of III in
basic medium with a yield of at least 80% gives 5-bromo-3,4-dimethoxy-benzaldehyde (VII)
[76], which may be considered [34] as a potential byproduct in the preparation of I (Scheme,
4) [69]. '

1.2.  Halogen Derivatives of 4-Hydroxybenzaldehvde.

This group of synthates presents rare examples of the preparation of I through 3,5-di-
bromo-4-hydroxybenzaldehyde (IX) based on 4-hydroxybenzaldehyde (VIII), in twe steps (Scheme,
5) with an overall yield of 65.5%; the process proceeds under conditions analogous to the
corresponding oxidative bromination of vanillin and the methoxylation of III {33]; and
in three steps (Scheme, 6) with the isolation of 3,4,5-trihydroxybenzaldehyde (X) with
an overall vyield of 28.4% [17].

Using a highly-selective method for monobromination of aldehyde VIII [80] {yield of
3,5-dibromo-4-hydroxybenzaldehyde (IX) = 4.5%; of 3-bromo-4-hydroxybenzaldehyde (XI) = 90%Z1,
bromide XI may give I according to the hypothetical scheme VIII - XI - II (84% from IV
[80]) - I. However, since aldehyde VIII remains more difficultly accessible and expensive
compared to vanillin, the chances of its usage in large-scale synthesis of I, including
the method of [33], are small.

2. SYNTHESIS OF HYDROXYBENZALDEHYDES —

IMMEDIATE PRECEDENTS TO I.

Hydroxybenzaldehydes — 5-hydroxyvanillin (IV) and syringaldehyde (VI) — are key inter-
mediates in the synthesis of I according to the Scheme: Ar!CHO - Ar2CHO, and are not ex-
pensive aldehyde groups. The least significant of this series, 3,4,53-trihydroxybenzaldehyde
(X) is referred to in Division 1.2. {(cf. also [30]).

2.1. 5-Hydroxyvanillin.

» 2.1.1. Preparation of 5-Hydroxyvanillin by Basic Hydrolysis of 5-Halovanillin. The
hydrolysis of S-halovanillin takes place by heating the starting ArX (X = Br, I) in dilute
aqueous basic solution in the presence of a copper catalyst. Typical examples of this
hydrolysis are given in Table 1. The result of the hydrolysis to a significant degree

is determined by the characteristics of the copper catalyst. Also, according to [66],

the substitution of copper bronze by 'active copper catalyst' [46] leads to the formation
of a mixture of VI, guaiacol, II, vanillic acid (XII), and 5-bromo-XII.

The process of hydrolysis of the less reactive IIT is intensified at the expense of
the use of increased temperature and pressure, and also a significant quantity of catalyst.

There exists the possibility under hydrolysis conditions of a side reaction of reduc-
tive dehalogenation of ArX taking place with the formatlon of vanillin, which depends on
the ratio of catalyst to ArX [21].

The mechanism of action of the copper catalyst similarly has not been studied. On
the character of the transformation of CuO it might be noted, for example, that the accom-
plishment of hydrolysis with quantitative yield also resulted in the isolation of Cu,0 [19].

The preparation of IV without the use of high pressure is possible only in case of
5-iodovanillin. Removal of difficulties connected with the nonreproducibility of catalytic
activity of different metallic copper catalysts in the hydrolysis of 5-iodovanillin is
possible by using salts of Cu(2+) [24] or freshly-prepared 'active copper catalyst' [46],
obtained by treatment of copper sulfate solutions with zinc dust. However, the vield of
aldehyde IV in this case does not exceed 68-70% [49] (cf. Table 1). Further, this reaction
leads to considerable excess base in the highly dilute solutions [49], as a result of which
the expected product IV with a single system becomes the method low. The presence in the
reaction mixture of traces of icdine (introduced with the starting 5-iodovanillin, or pos-
sibly formed as a result of the reaction: ArI + I + H,0 > ArH + I, + OH ) leads to

503



*(de3s uorieTdylzew oyl WolJ SITNSSI1 UO POSeq SUOTIBRTNOTED) UTTTTIUBA %] INOQE SUTBIUO)yy

*IA JO UOTIBTOST INOYJITM N0 PBTIIBD SSBI0AJyyy

+aaddod sy

[6¢]  (uoBoxltu) eaeydsoune 339Ul D, 651—851 = du g9 er1‘o S Uf HO®N+TOPHS 'OSnD ¢y 501 oe v !
{69l Yo L3} - . ) BINJXTW UOTIOEaX
G1-—0g! dw €6 GLE°0 awes 8yl Vv jJo jutod Sutjtog 21 02 1
auwes 9 — . .
Tw—_ UL ok *+08 9100 aoddos poIspmod 4 0gi ¥ 6L g
eues -0 I19pmog s 70T JUeTIfiad
[99] aures ayfJ, swes ayL syl 6¢'0 ®zuoag u:wumwuonwmwwwmowwwmwo ,.nwﬂwww.w_w.m. -
{zal sARTD0INY 9,TET-62T = du  gg 186" Ter D | 018003 01 8 14
,.\m..,om ZE uon €0 azuoxq yaddop | 013008 01 8 ig
% =
l6z] (uedoxphy) ewes oyl [erisiew 1°81BL 16 «910°0 :mw_mm _cw %wo%sw% HOEN+YOSND 17 201001 L Gi |
\ . . . ¢ 2INIXIW UOT]OESI
1z}l (us3oxatu) saeydsowqe IIBUT D ueT-7ET = du  g'gg 1'0—100 wayy pudy aeddoo paaspmng LG Jo jutrod Burirog L S’z 14
T —
ERlC] X1y 3% Hs_ . .
XXy :HOEN %
_iejox . AI Jo A3rrenb % foryex (asonpoad) SOoTISTI9]oRvIRYD | ‘UoT] 2 5 e
mw:u suoTitpuos [erseds 3o UoTIEOFPUL ‘preti orxnewraead| uorjeaedead -eanp am..nzum.,.wmsmw owﬂw_.._” ¢ wmmmm bt
-BI93TT | —e -
— sasiieied SUOTITPUOD SISATOIpAH _
(A ‘TII) XAV SUTTTTUBAOTBY JO s1sAT0apAH o1seq 1 HTAVL

504



deterioration of quality of the desired product and a decreasing yield of IV. 1In its own
turn, the isolation of IV from the reaction mixture (after acidification) requires a many-
step extraction, involving the use of significant quantities of flammable organic solvents
such as ethyl acetate, ether [49], or toluene [21] at high temperatures [21].

Thus, even with conditions for the regeneration of scarce and expensive I, (and KI)
the known means of obtaining IV by basic hydrolysis of 5-halovanillin from a technological
point of view is not optimal.

2.1.2. Preparation of 5-Hydroxyvanillin Based on Guaiacol. The patented method for
obtaining aldehyde IV from guaiacol according to the scheme [30], includes 2 stages of
selective oxidation: the bisoxymethyl compound XIII (under platinum catalysis) and dialde-
hyde XIV (with hydrogen peroxide as oxidant; yield in the steps = 947).

2.2 Syringic Aldehyde (SA)%

2.2.1. Methoxvlation of 5-Halovanillin in the NaOMe—MeOH System. The failure of
experiments on the methoxylation of 5-BV at 163-205°C under pressure in the presence of
copper shavings [62] dominated for a long time the opinions on the use of 5-icdovanillin
in the synthesis of SA (the latter formed under the action of a 4-fold excess of powdered
copper catalyst in an autoclave at 124-128°C to give a yield of 85.5% [67]), which we dupli-
cated in our recent work [5]. The situation changed after that, however, as a result of
Japanese studies [80] at Upjohn Company for the methoxylation of III which suggested the
catalyst system CuCl,~MeONa—MeOH-DMF [71]. The yield of SA ranged from 83 [71] to 99%
(upon carrying out the reaction in a sealed ampule at 120°C) [69].

In accord with recommendations [71], it is necessary to provide effective removal
of the MeOH in the methoxylation process. Comparative study of the methoxylation of III
with removal of MeOH at a temperature of about 100°C, using CuCl, CuCl,, and CuCl,-3Cu(OQH),
showed that under the above conditions the catalytically active form is preferably the
Cu(1+) ion [2].

For the preparation of SA (without isolation in the form of the Na-salt) from III
a significantly more complex catalyst system containing the following components: Cu(OAc),—
MeONa—MeOH-DMA—ethylenediaminetetraacetic acid—trimethyl phosphite—lysine hydrochloride—
morpholine also has been used {33].

The use of DMF as a component of catalytic systems was discovered as a new possibility
for the classical type of catalyst from powdered copper. The results of special studies
[51] have established that even a 107 concentration of DMF in the reaction mixture with
high surface area copper dust (particle size about 4 um) for 2 h at 120°C provides more
than 90% conversion of III. Promotion by the addition of Cul increases the rate of reac-
tion. Repeated use of the catalyst is not recommended because intense side reactions take
place.

2.2.2. Other Methods for the Preparation of SA. Also worthy of mention is the exist-
ence of an earlier industrial means of preparing SA with a yield of 757 according to the
scheme [64]:

MeO

Oyt
HO CH—CX313—-—> p74

MeO
X

as well as a variant of the Claisen rearrangement with overall yield of SA of from 67.5
to 72% with subsequent oxidation of compound XVII in the system nitrobenzene—507 aqueous
base [65] (see scheme on following page).

Oxidation of olefins of the type XVII in the indicated reaction may also employ
KMnO, in the presence of H,I0, on a solid carrier (Al,0,;). The yield of aldehyde was from
20 to 79% ([821.

*The preparative synthesis of SA by the demethylation of I under the action of various
agents is not considered in this review.
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Common to both reactions [64, 65] is the possibility of obtaining both the carbinol
XV and 2-allyloxy-1,3-dimethoxybenzene (XVI) from pyrogallol.

3. OBTAINING 1-METHOXYLATEDHYDROXYBENZALDEHYDE

Methylation of hydroxybenzaldehyde IV [21, 29, 38, 40, 48] and VI [20, 69] with di-
methyl sulfate by heating in an organic solvent (usually acetone) in the presence of a
basic agent leads easily to a high yield. Besides dimethyl sulfate, trimethyl phosphite
[24, 35, 31] or dimethyl sulfite [24, 25] can be used. In a heterophasic system the
"liquid—liquid" process is catalyzed by quaternary ammonium chloride salts [33], since
in the methyl trialkyl series (Cyz-C,,) of amine hydrochleorides ("Adogen 464") the methoxy-
lation of VI proceeds at ordinary temperatures with vields of 96% [71].

4. . OBTAINING I BY OXIDATION OF 3,4,5-TRIMETHOXYTOLUENE

In the last decade the synthesis of I by the selective oxidation of 3,4,5-trimethoxy-
toluene (XVIII) according to the scheme [39] underwent intensive development in Japan,
which apparently explains the leading position of the Japanese firm in the world produc-
tion of synthetic p-cresol [7], from which XVIII can be prepared in 3 steps with overall
yield of 857 [39}*%. 1In the beginning of the 1980's the electrochemical oxidation of XVIII
[60, 74] was adopted on an industrial scale, but a less energetic catalytic oxidation with
oxygen in the liquid or vapor phase was shown later. Concrete examples are given in
Table 2.

It is indicated that compatible usages of Cu- and Co-catalysts allow the accomplish-
ment of the low-temperature oxidation of XVIII in methanolic solution with NaOH with high
selectivity [42].

5. OBTAINING I BASED UPON GALLIC ACID

Gallic (3,4,5-trihydroxybenzoic) acid (GA) is a widely-available natural compound,
that occurs mainly in the form of glycosides in many higher plants. Industrially signifi-
cant sources of GA are mainly four in number: Gallae turcicae, Quercus lusitanica (beech
fam.), Gallae Chinensis, and Rhus Semialata (sumac fam.) [16]. However, because of the
limited area of vegetation of the above-mentioned plants [6], GA obtained from natural
sources does not satisfy the requirements of large tonnage production. It is known that
the means of preparing [72, 75] synthetic GA based upon 4-hydroxybenzoic acid is awkward
and difficult. In addition, the number of steps in the synthesis of I starting from GA
is larger compared with the Schemes described in Parts 1-4. In confirmation of this,
chemical schemes are provided below beginning with the key intermediate: 3,4,5-trimethoxy-
benzoic acid (XIX):

Scheme a [57]:

SOCH PhNH, 1. PCLs

XIX=——= Ar():&CL T ArCONHPh gt I
3. HOAc

HCI, H.0

Ar = 3,4,5-trimethoxyphenyl (here and later).

*It is interesting to note that in a 1978 publication {78] the Japanese investigated the
use of gallic acid as a raw material for the synthesis of XVII.
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Scheme b (McFadyen—Stevens Reaction) [79]:

XlX' ROH ArCONHNHaPhSOzCL
2. N;H,-H.0 XXI

Na;COy I

— ArCONHNHSO,Ph 202ty

R = Me, Et.
Scheme ¢ (Oxidation of Hvdrazide XXI):
XX1—~1
; gxiga?t: oxygen/air gas in butylamine [50], potassium hexacyanoferrate(3+) [8, 12,
13, 15, 36].

Scheme d (oxidation of carbinol XXII):

ArCH;OH—I
XXH -

Oxidant: sodium hypochlorite under PTC ('Aliquat 336') [23], Cr0,; in glacial AcCH
(11, 23}, MnO,, K,Cr,0, [56], pyridinium chlorochromate [58], tetrabutylammonium chromate
[54], air/oxygen in aqueous base in the presence of metals of the platinum group [37].

Carbinol XXII may be obtained by catalytic hydrogenatlon of the mixed anhydride
ArCOOCOOR, where R = ET or iso-Bul[l0, 11, 23, 22].

Scheme e (Rosenmund eduction of chloroanhydride XX) [18, 27, 28, 68, 70, 83]:
xx HPd |
A variation of this scheme is the reduction of the mixed anhydride [18]:
ArCOOCOOEt 1228

Scheme f (reduction of the ester XIX with a complex of medal hydrides with isolated I
in the form of the butyl sulfite derivative [14]):

ArCOOR L:_Na(MeOCH,CH,0E) ,AlH
r¢ ORZMorpholme !

In addition, the Reissert synthesis of I starting from chloroanhydride XX also has
been described [73].

On the basis of the examination of these materials it can be concluded that the most
promising industrial routes for the production I are from 5-bromovanillin through syringic
acid, and the route through the oxidation of XVIII.
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REACTION OF AROMATIC DIAZO DERIVATIVES WITH GLYCINE AND GLYCINE
METHYLAMIDE*

V. I. Nifontov, N. P. Bel'skaya, UDC 615.277.3:547.236.1}.012.1
0. A. Bagaeva, L. V. Krupnova,
N. M. Khvorova, and M. A. Bobarykina

We have previously shown [1, 3] that when the pH, temperature and ionic strength of
the solution correspond to the biological values (pH 7.4, 37°C and u = 0.178), free amino
acids and also terminal basic amino groups of peptides can take part in the formation of
unstable disubstituted triazenes with aryldiazo derivatives, which subsequently undergo
rapid transformation into 1,3-diaryltriazenes.

In continuation of the investigations carried out in [3], the present work is devoted
to a kinetic study of the reactivity of aryldiazo derivatives (I-III) in reaction with
glycine and glycine methylamide, similar to the chemical model of the glycine target of
natural proteins and peptides.

EXPERIMENTAL (CHEMICAL)

The course of the reactions, the composition of the reaction mixtures and the purity
of the synthesized compounds were monitored chromatographically on 'Silufol UV-254" piates
in the systems of PrOH — 0.2 N ammonia (3:1), Rf,, CHCly; — EtOH (6:1), Rf, BuOH-AcOH—water
(4:1:1) Rfs. The UV spectra were taken on a "Beckman'" spectrometer, model 26 "Kinetic"
(USA), the IR spectra on a UR-20 spectrophotometer in KBr tablets, and the PMR spectra on
a "Bruker'" WH-80 spectrometer (90 MHz) with tetramethylsilane as internal standard.

The diazo derivatives I-III were synthesized according to [4]. The results of the
elemental analyses corresponded to the calculated values.

*Communication IX; for VIII see {3].
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