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ABSTRACT

Phenolic derivatives can be formylated in the ortho position selectively. In
thisresearch at first magnesium phenoxide was synthesised by the reaction
of white powder of magnesium methoxide and phenol in toluene asanon-
polar solvent. Secondly para-formal dehyde was reacted with magnesium
phenoxides. The resulting product was purified after several timeswashing
with acid and distilled water and then its characterization by MSand FTIR
spectrum analysis. FTIR spectrum deliberation shows the good
orthoselectivity of the product. M'S spectrum Deliberation shows anionic
peak in m/z 122 as phenolic base peak and with abundances of 100%,
another peak in m/z 121 with abundance of 93.75 elucidate the elimination
of phenolic proton % and the final peak in m/z 93 with abundance of 87.5
assigned to the elimination of CHO from deprotonated phenol. These
analyzing which has less been asserted in the articles show the synthesis
of product with this method besides of having high orthoselectivity has
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about 87% yields.

INTRODUCTION

Sdlicylealdehyde asintermediatesin the chemical
industry hasmany applications. Most of itsusageisin
producing coumarine. Coumarinisachemical that is
used inmost commercia soaps, spices, perfumesand
plating™.

Furthermoreitisastarting material in synthesisof
Aspring?, Salicylddehydeisaso known asacharac-
teristic component of buckwheat groutsaroma. Com-
mon buckwheat has been grown in Europefor centu-
riesand isnow animportant alternative crop; itsprod-
ucts have been associated with preventative nutrition.
In Central and Eastern Europe and in some parts of
Japan, buckwheat grainiscooked and useasafeed or
make it into powder form. Working methods of
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Formylation of Aromatic Compounds (such as Duff,
Riemer-Tiemann, Vilsmeier, Gattermann), can be ef-
fectivewhen phenol hydroxyl derivative produce but
free phenol formylation viathis methods, most of the
timehaslow yield or weak ortho-formylation or domi-
nant para-formaldehyde. Phenol can be ortho-
formylated by forma dehydein the presence of acata-
lyst suchasmetd sdts(for exampleusingthesdt of Sn,
Fe, Ti, Cr, Zr) but some of these reactions generally
require high pressure®S. The purpose of thisresearch
istointroducethe method of synthesisof salicyl ade-
hyde from para-formaldehyde, that has not the prob-
lems of former methods such as Poor quality product
and Low efficiency of thereaction.

Vilsmeier reagent (DM F-POCI3) was used asan
efficient formylating agent. Severa sterolshaving sec-
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hydroxyl group at 3/17-position have been modified
into respectiveformate esters. Themethodissimple,
mild, chemosel ective and provides sec-alcoholic pro-
tectioningoodyidds.

oH DMF
© POCI4
Toluene

Figurel: Formylation of salycyl aldehydeusing vilsmeier
reagent

Gattermann reactionismainly given by alkyl ben-
zenes, phenolsand phenolic ethers. Inthismethod poor
yield, low selectivity and separation problem show it-

sdlflel,
OH  Zn(CN),/
HCl gas ©/ ©
H,O / heat
O-Salicy P-Salicy
Phenol laldehyde laldehyde

Figure2: For mylation of salycylaldehydeusing gatter mann
reaction

A modified Duff reaction, as described by Lindoy
et a. (1998) isasimple procedure, but itsmain disad-
vantageisthelack of regiosd ectivity intheformylation
process so substitution occuring in the both ortho and
parapositionsto the phenol and hencediformylated
productsare common. Thismethod leadswaste water
pollutionand smdl yiel d>9.,

TheReimer-Tiemann reactionisachemical reac-
tion used for the ortho-formylation of phenols. There-
action was discovered by Karl Ludwig Reimer and
Ferdinand Tiemann. Inthesmplest case, theproduct is

sdiwlddehydec
OH O
3 KOH

Figure 3 : Formylation of salicylaldehyde using reimer-
tiemann reaction

CHCI3

The mechanism of thereaction reveal sthat Chlo-
roform reactswith strong baseto form the chloroform
carbanion, whichwill quickly a pha-eliminateto give
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dichlorocarbene. Dichlorocarbene will react in the
ortho-position of the phenateto give dichloromethyl
substituted phenol. After basic hydrolysis, thedesired
product isformed.

It has been found that when the abovereactionis
carried out in certain organic solvent mixtures appre-
ciably higheryid dsof salicyld dehydeareobtained Com+-
pared with previousmethodsand inaddition, theamount
of p-hydroxybenza dehyde produced asan undesirable
by-product issharply reduced.

This processbesides having thedifficulty in han-
dling chloroform, has some significant problemssuch
aslow yield of the reaction compared with this assay
method, unselectively and the necessity of a large
amount of chloroform consumption>7#l,

Phenol can ortho-formylate by formal dehydeinthe
presenceof acatayst such asmetd sats(for example
using thesalt of Sn, Fe, Ti, Cr, Zr) but some of these
reactionsgenerally require high pressure*®., Purpose
of thisresearchistointroduce themethod of synthesiz-
ing of sdicyld dehydefrom para-forma dehyde, that has
not the problemsof former methods such asPoor qudity
product and Low efficiency of thereaction.

Instrumental analysissuchasFT-IRand MSand
interpretation of their spectracould be useful for ob-
tainingthestructurd information andthequantitativede-
termination of the achieved product.

MATERIALAND METHODS

Materials

Themaeridstha usedinthisresearchindude: mag-
nesium powder, phenol, para-forma dehyde and sulfu-
ricacid, which all of them prepared from Germany’s
Merck companies and reaction solvents (methanol and
toluene) prepared from Iranian companies and were
used after twotimesdistillation.

Equipment

Two necksround bottom flask, condenser, mer-
cury thermometer, mantle stirrer wereappliedinthis
research.

Experiment method

All glasscontainersmust becompletdy driedinan
ovenover 150 cfor an hour. From 3 days ago phenol
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wasdried inthe presence of CaCl, and para-formal-
dehydewas placedin desiccator inthepresenceof P,O,
toloseitsmoisture. 200 ml methanol in aRound-bot-
tom flask equipped with acondenser, is heated with
mantlestirrer uptoit’s boiling point. Then 12 gr mag-
nesium powder was d owly added to boiling methanol
and was stirred for 8 hours. One mole (about 80 gr)
phenol wasWeighted and added to the reaction flask
and thereactionwascontinued for 3 hour at reflux tem-
perature. After that the solvent of thereactioni.e. metha
nol hasto be replaced by toluene by changing to setup
into distillation mode. When almost half of methanol
wasdistilled, 400 milliliter toluenewaschargedtill all
the methanol-tol uen azeotropein the syssemwas gone.
After that 2/5-3 mol (75 gr) weighted para-formalde-
hydewas added to magnesium phenoxide produced in
last stagein optimal temperature of 95 cin 6-8 hours.
Reaction mixturewas cooled to room temperature and
was stirred with sulfuric acid 10%for 2 h at the same
temperature. The organic and agueous phases were
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—

separated and the agueous phase was extracted with
toluene and organic phase entered to the reaction flask
and 250 g of saturated brinewasadded toit. After half
an hour of mixing, the organic phaseis separated and
washed 2 timesand each timewith 250 gr of distilled
water. Thefind product, sdicylaldehyde, wasthendis-
tilled under vacuum and was extracted with ether.

Qe 0

Paraformaldehyde

Mg(OMe),

MeOH

Figure4: Formylation of salicylaldehyde using magnesium
phenoxide
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Figure5: FTIR spectrum analysisof salicylaldehyde

RESULT AND DISCUSSION

Theresult of FTIR andyzingfor produced salicyla-
Idehydewas showninfigure5. Thisfigure showsthat

CHEMICAL TECHNOLOGY

the CH bending mode of aldehyde appeared in the
2847.45 cm?, thebroad band of phenolic OH appeared
inthe 3179.14 cm™* and the a dehyde carbonyl group
gppearedin 1660.43 cmr. Sincethe OH peak isbroad
and isdrownedto 3200 cm-1 thisrevealsthat thereis
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ahydrogen bond hereand theyield of ortho-product is
hight*4.

TheM S spectroscopy of sdicyla dehydehasbeen
showninfigure6. Thisfigurewhich confirmswiththe
chemical structure of product showsanion peak inm/
z 122 asbasic peak and with abundance of 100%. The

Abundance
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peak M-1 which appearedinm/z 121 and with abun-
dance 93.75% reved sthat the elimination of phenolic
proton and finally the M-30 appeared in m/z 93 with
abundance of 87.5% emphasisonthedimination CHO
group. The other peaks assigned to the breaking of
phenoal ringiswell appeared inthe mass of 65 and 76.
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Figure6: M Sspectrum analysisof salicylaldehyde

CONCLUSION

Inthisresearch 2 - hydroxy benzal dehydewas pre-
pared us ng para-frmal dyde and magnesium phenoxide
which atained ahigh quality product with high yield of
87%, and gave up orthoformylation and lower cost
(Compared with other methods). Thereforeit could be
superior of previous methods. During reaction proce-
dureit was realized that usage of pure reactants at-
tained thehighyield of reaction. Timely removal of sol-
ventsinit’s place and Precise control of temperature
areredlly important factorswhich should be kept.
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