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SUM-Y 

The reaction between dimethylphenols and formaldehyde in alkaline .medium 
was studied by high-performance liquid chromatography and ‘H nuclear magnetic 
resonance spectroscopy. The course of the reaction between higher phenols and 
formaldehyde was established. The relative retention times of or&o- and para-sub- 
stituted phenols produced by reaction with formaldehyde are given. Reactions via 
the para position of substituted phenols appear to be favoured. 

INTRODUCI’ION 

The formation of phenolic resins involves three reaction steps: the addition 
of formaldehyde to phenols to form hydroxymethylphenols, .the condensation of 
hydroxymethylphenols to methylene ether bridged di- or high-molecular compounds 
and disproportionation of methylene ether bridge to methylene-bridged phenols and 
formaldehyde. The application of the highly selective high-performance liquid chro- 
matography permits the separation of the products of the reaction between phenols 
and formaldehyde, which differ in the number of hydroxyl and methyl groups in the 
benzene ring and in the positions of the hydroxymethyl groups linked to the benzene 
ring1s2. 

In this paper, we report the results of studies of the separation and identika- 
tion of the products of the reaction between higher phenols and formaldehyde in 
alkaline medium. The technique allows the rapid ~separation of the reaction products, 
which can be analysed by means .of infrared (IR) and nuclear magnetic resonance 
(NMR) spectroscopy. 

EXPERIMENTAL 

The phenols were products of Fluka (Buchs, Switzerland) and Ferak @erhn, 
G-F-R.). These Bnd all other reagents were of analytical-reagent grade. 

AR Perkin-Elmer 1220 analytical liquid chromatography was used; the c01umnS 
were 0:5 m x 0.2 mm LD; stainless-steel tubes Bled. with 5-pm LiChrosorb Si-60 
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using a high-pressure slurry-packing apparatus. For detection, a UV spectrophotom- 
eter monitoring at 254 nm was used. 

The flow-rate’was 0.75 ml/min and the solvent used for elution was dichloro- 
methane-dioxane-methanol(25O:S:S). The pressure necessary for-maintaing constant 
a flow-rate was 1500 p.s.i. For injection of samples, an injector loop was used. The 
separations of resins were repeated 20 times and the products were collected manually 
at the detector outlet. 

The compounds (l-10 mg) were identified by using a Perkin-Elmer I77 grating 
infrared spectrophotometer and a micro potassium bromide technique. (2,13-mm 
diameter discs). Proton spectra were recorded using a Jeol JNC 60HL NMR spec- 
trometer with a micro cell (0.05-0.1 ml of solution). The samples used in NMR 
measurements were dissolved in deuterated acetone or chloroform. Tetramethylsilane 
(TMS) was used as the internal standard The reaction mixtures of. phenols and 
formaldehyde (37 % aqueous solution) prepared in the molar ratio 1:2 with the addi- 
tion of 0.01 mole of sodium hydroxide as catalyst were studied in the temperature 
range 70-100”. The reaction time varied from 1 to 3 h. 

RESULTS AND DISCUSSIQN 

As described in previous papers 3*J the separation of the products of reactions , 
of phenols, cresols and dimethylphenols with formaldehyde can be achieved by using 
high-performance liquid chromatography_ The products resulting from such reactions 
differ in both amounts and the positions of methyl and ethyl groups in the benzene 
ring. The_ amount of addition products formed in the reaction between dimethyl- 
phenols and formaldehyde depends on the amount of blocked orfho- and para- 
positions. The amounts of addition products obtained with o-, m- and p-ethylphenols 
correspond to the amounts found with cresols, whereas with trimethylphenols one, 
two or three addition products are formed. 

Representative chromatograms of resins from higher phenols and formaldehyde 
are given in Figs. l-4. In the reaction between 2,3,5-trirnethylphenol and form- 
aldehyde, three addition products are formed (Fig. 1). The fnst peak in the chro- 
matogram is 2,3,%rimethylphenol, the second, as inferred from IR and NMR 
spectra C~~roH~6, = 5.15 (s)], is 2,3,5-trimethyl-6-hydroxymethylphenol, The third 
peak may be attributed, on the basis of vibration at 780 cm-‘, to a p&a-substituted 
benzene ring. The chemical shift of the hydroxymethyl groups at t = 5.35 ppm can 
be ascribed to a pnra-substituted form, namely 2,3,5-trimethyl4hydroxymethyl- 
phenol. The fourth peak has no vibration due to out-of-plane C-H. bonding. On 
the basis of its NMR [the ratio of area of CH20Hc2, to area of CH,OH,,, is 1 :l] 
spectra, it is identified as 2,3,5-trimethyl-4,6-dihydroxydimethylphenol~7. The, ratio 

: between the ortho- audpara-substituted forms of 2,3,5-trimethylphenol is 0.4:1, which 
means that the reaction via the prrra-substituted form is favoured. The course of the 
reaction between 2,3,5&methylphenol and formaldehyde is similar to that of other 
bifunctional phenols. 

From 2,3,6-trimethylphenol-and formaldehyde, two peaks in addition to that 
of the starting phenol are obtained (Fig. 2), of -which one represents the addition 
product and- the other bimolecular condensation products. The Grst peak in the 
chromatogram is 2,3,Urimethylphenol_- The second peak is 2,3,6-trimethyl 
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Fig. 1. Chromatogram of the mixture resulting from the reaction between 2,3,Mrimeth~lphenol and 
formaldehyde at 70”. Reaction time, 60 min; flow-rate 0.75 ml/min; solvent, dichloromethane- 
dioxzme-methanol (250:8:8). Peaks; 1 = 2,3,Qrimethylphenol; 2 = 2,3,Mrimethyl_dhydroxy- 
methyIpheno1; 3 = 2,3,5-trimethyl4hydroxymethylphenol; 4 = ~3,%rimethyl4,+dihydroxydi- 
methylphenol. 

. 

hydroxymethylphenol, the identification of which is based on a vibration at-870 cm-l 
and a chemical shit razoOHC6, = 5.45 (s). 

In the. reaction between 2-ethylphenol and formaldehyde, three dominant 
components are obtained; The first component is 2ethyl-6-hydroxymethylphenol, the 
second 2-ethyl4hydroxymethyiphenoi and the third 2-ethyl4,6-dihydroxydimethyl- 
phenol (Fig. 3) ‘Other peaks are bi- and high-molecular products. The ratio between 
the or&o- and.parQ-substituted forms is 0.9: 1. 

CEthylphenoi reacts with formaldehyde in a similar manner to p-cresoi. 4 
Ethyl-2-hydroxymethylphenoi. and 4&hyl-2,6dihydroxydimethyl phenol- could be 
identified from the chromatogram. 

Compounds of higher molecular weight result from the reaction between 
mosiu-, di- and trisubstituted products with a one-ring structure. In Fig. 4 a chro- 



I , I I I 
. 

0 L 6 12 16 20 2L 2; 

Time [mitt-J 

Fig. 2. Chromatogmm’of the mixture rcsul’kg from the reaction between 2,3,6trimethylphenol and 
formaldehyde at 70”. Conditions as in Fig. 1. Peaks: 1 = 2,3,Mrimethylphenol; 2 = bimolecular 
products; 3 = 2,3,6-trimethyl4hydroxymethylphenoL 

matog&n is shown of.the products resulting from the reaction between 253&methyl- 
phenol and formaldehyde at 70” for 30 min and at 100” for 1 h; In addition to additions 
products, molecules with two or more rings were also formed; these products have 
shorter retention times than trisubstituted single-ring compounds owing to the pre- 
sence of hydroxyi groups, which determine the. strength of .the bond with the ad- 
sorbent. 

The principle of separation in the high-performance liquid chromatography 
of. phenolic resins is based on differences in intermolecular bonding --between the 
surf& of the silica gel and the hydroxyl groups on the benzene ring”. >With increasing 
degree .of addition .of formaldehyde to phenols, the number. of hydroxyl groups is 
increased. The sequence of appeerance of components from the column is identical 
for all types of phenols,- Le., the monomer is- followed by_tbe ortho_ and .para-sub- 
stituted components. The retention times of singkcomponents .also .depend on the 
position and the number of methyl and ethyl groups~linked,to-the ring (Table I):. ,. 
i Both hydroxymethyl. and the hydroxyl groups are. characterized _by free rota- 

tion around the CC .and C-0. bonds, so that ;they. !can assume various positions 
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Fig. 3. Chromatogram of the mixture resulting from the reaction between 2ethylphenol and 
formaldehyde at 70”. Conditions as in Fig. 1. Peaks: 1 = 2ethylphenol; 2 = 2-ethyM-hydroxy- 
methylphenol; 3,4 and 6 = high-mokcular-weight products; 5 = 2-ethyl4hydroxymethylphenol; 
7 = 2~thyl-4,adihydroxydimethylp~nol. 

reflecting both intra- and intermolecular forces. From investigations by Ackermark 
and other workerGOJ1, it follows that the free rotation of hydroxymethyl and methyl 
groups around the C-C or C-O bond allows the formation of strong intramolecular 
hydrogen bonds -between the hydroxymethyl and. the hydroxyl group in the or&~- 
position; even in highly polar solvents; this was sho.wn by Fhe IR adsor@& at 3.420 
cm-r &I 2-hydroxymethylphenol. Similar intramolecular bonds have also’ been ob- 
served in compounds obtained in the reaction of other or&z-substituted phenols with 
formaldehyde. Owing to Fhe intramolecular bouds between the hydroxymethyl and 
the hydroxyl in the or&-position, the inFermoIecular hydrogen bonds between Fhe 
dissolved compound and the stationary phase become weakened, so that such a mol- 
ecule has a weaker bond to the surface of silica.gel. 

-. In addition’ products of-para;substituted phenols with forrnaidehyde, both the 
hydroxyi and’hydroxymethyf groups- are in different-positions-on the ber&ene ring 
and there is no:possibiliFy of the formation of intramolecular hydrogen bonds between 
the groups: The intermofecular- hydrogen bonds fo&ned between the hydroxyl groups 
of sifica- gel- and the hydroxymethyfene r&d-~ hydroxyl groups linked to the benzene 
ring are stronger; the effect of this difference results in a longer retention time -for 
~Q?%z--than for o&o-substituted phenols with formaldehyde. .: 
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Fig.4. Chromztogram of the mixture resulting from the reaction between 2,3-dimethylphenol and 
formaldehyde at (a) 70” and (b) 100”. Conditions as in Fig. 1. Peaks: 1 = 2,3dirnethylph+ol; 2 = 
23_dimethyl-6hydroxymethyiphenol; 3 and 4 = lower-mofecular-weight prqduck.; 5. =,2,3-d& 
methyl4hydroxymethyI~henoI; 6 and 7 = high-molecular-wtiight products; 8 = 2,MimethyL48% 
dihydroxydimethylphenol. 

There are two possible substitutions of formaldehyde on m-cresol in the u&o- 
positions, i.e., in the 2- and 6-positions. Both of these forms can be separated into 
two components by chromatography. 

The hydroxymethyl group situated between the hydroxyl and methyl groups 
is stericaliy hindered and can form titramolecuk bonds with_ both adjacent groups, 
so that the intermokcular forces with silica gel are lower than in 3-methyl-6-hydroxy- 
methylphenoi, in which intrzaokcular bonds are. formed only between the hydroxy- 

methyi and hydroxyl groups. The bond between 3-methyl-&hydroxynie@ylDhenoi 
,iittd silica gel is therefore stronger,. resulting in a larger retention time.. The.pqra- 
substituted model of m-cresof h‘as an intramolecular bond between the hydroxymethyl 
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TABLE I 

RELATJYE RETENTION TIMES OF or&- AND para-SUBSTITUTED PHENOLS 
PRODUCED BY REACTION WITH FORMALDEHYDE 

COmp&k? Relative 
retention 

Ph&ols (monomers> 1.00 
2-Hydrokytiethylphenol 1.25 
4-Hydroxymethylp&enol 1.69 
2-Methy%hydroxymethylphenol 1.18 
2-~Methyl4hydroxymetby~phe~ol 2.11 
3-Methyl-2-hydroxymethylphenol 1.15 
3-Methyl4hydroxymethylphenol 1.45 
3-Methyl&hydroxymcthylphenol 1.45 
4-Methyl-2-hydroxymethylphenol 1.30 
2,3-Dimethyl-6-hydroxymethylphenol 1.16 
2,3-Dimethyl4hydroxymethylphenol 1.72 
2,4-Dimethyl-6-hydroxymethylpheno! 1.14 
2,EDimethyl-6-hydroxymethylpheaol 1.13 
2,5-Dimethyl4hydroxymethylphenol 1.74 
2,6-Dimethyl4hydroxymethylphenol 1.60 
3,4-Dimethyl-2-hydroxymethylphenol 1.40 
3,4-Dimethyl-6-hydroxymethylphenol 1.40 
3,5-Dime’byl-2-hydroxymethylphenol 1.16 
3,5-Dimethyl4hydroxymethylphenol 1.31 
2-EthylA-kydroxymethyIplzeno1 1.25 
2-Ethyl4hydroxymethyhylphenol 2.50 
4-Ethyl-2-hydroxymethylphenol 1.35 

group in the para-position and the methyl group. The retention time corresponds to 
that of 3-methyl-6hydroxymethylphenol. 

The products of the reaction between 2,5- and 2,3dimethylphenol and 
formaldehyde give a chromatogram similar to that observed with the products re- 

sulting from the reaction between 2,3,5&imethylphenol and formaldehyde, and it 
may be supposed that the influence of the methyl group on the intramolecular bonds 
and steric hindrance in the 3- and S-positions is the same. Comparison with the 
products of the reaction between o-cresol and formaldehyde indicates that for all 
ortho-substituted compounds retention times are similar, whereas 2-methyl4 
hydroxymethylphenol has a longer retention time than the para-substituted com- 
pound from 2,3- and 2,kIimethylphenol and 2,3,5-trimethylphenol- This can be ex- 
plained by the fact that thepara-substituted compound from o-cresol does not Possess 
an adjacent methyl group that could form intramolecular bonds and steric hindrance, 
thus reducing the bonding with the surface of the silica gel. 

Similar results were obtained with products of the reaction between 3,4 
dimethylphenol, 3,5dimethylphenol and 2,3,6-trimethylphenol and formaldehyde. 

The products of the reaction between ethylphenols and formaldehyde give 
similar chromatographic results to those obtained in the reaction of methylphenols 
with formaldehyde. The differences between the two groups of products are so slight 
that their chromatographic behaviour is virtually ideutical. 
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CONCLUSIONS 

The use of high-performance liquid chromatography for the separation of 
phenolic resins combined with IR and NMR spectroscopy for identificatio~_of the 
products allows the course of the condensation of phenolic resins to be foilowed. 

The number of hydroxyl groups introduced into the benzene ring and also 
their positions are of decisive importance for the retention times of products resuhing 
from the reaction between phenols and formaldehyde. The formation of in&- 
moiedar bonds and steric hindrance between hydroxymethyl, hyciroxyl and methyl 
groups result in a decrease in the intermolecular bonds formed with the stationary 
phase. Owing to stronger intermolecular forces caused by diEerent positions .of the 
hydroxymethyl group on the aromatic ring, the retention times of orth-substituted 
phenols are lower than those of para-substituted phenols. 
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