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Table 1. Physical, Analytical, and Spectral Properties 
~ ~~ 

compd yield, 
no. R % m p , T  1R (KBr), cm-' NMR (CDCI,), 6 

3a CH, 19 182-184 1450 (s), 1370 (s), 1290 (s), 1250 (s), 5.68 (s, 2 H), 7.70 (m, 8 H) 
1090 (s), 970 (s), 800 (s), 770 (s) 

3b (CH,), 75 102-103 1450 (s), 1350 (s), 1250 (s), 1170 (m), 5.02 (s, 4 H) ,  7.65 (m, 8 H) 
1110 (s), 1030 (SI, 880 (SI, 760 (s) 

3c (CH,), 10 141-142 1470 (m), 1450 (m), 1370 (m), 1350 (m), 2.38 (t, 2 H , J =  5 Hz), 4.95 (t, 4 H , J =  5 Hz), 
1270 (s), 1250 (s), 1100 (s), 1045 (s), 
950 (s), 800 (m), 760 (s) 

1250 (s), 1100 (SI, 1035 (m), 950 (SI, 795 
(m), 765 (s) 

1250 (s), 1110 (SI, 970 (SI, 880 (SI, 770 (SI 
1100 (SI, 1050 (SI, 960 (SI, 860 (s), 750 (s) 

7.60 (m, 8 H )  

7.50 (m, 8 H)  

7.50 (m, 8 HI 

7.60 (m, 8 H) 

3d (CH,), 82 89-91 1475 (m), 1445 (m), 1365 (m), 1275 (m), 2.20 (m, 4 H, broad, 4.67 (m, 4 H, broad), 7.50 

3e (CH,), 73 65-66 1470 (m), 1450 (SI, 1370 (SI, 1280 (SI, 1.93 (m, 6 H, broad), 4.60 (m, 4 H, broad), 

3f (CH,), 91 68-71 1450 (s), 1350 (s), 1270 (m), 1240 (s), 1.73 (m, 8 H, broad), 4.57 (in, 4 H ,  broad), 

to the corresponding dibromide as has been observed for other 
1alkoxy-l,2,3-benzotriazoles. A smaller shift is observed for 
3a due probably to the proximity of the halogens in dibromo- 
methane as compared to the other dibromides. 

I n  view of the excellent yields, except for 3a and 3c (for 
which multiple runs failed to alter the results), we are encour- 
aged in our efforts to incorporate the benzotriazole nucleus as 
a backbone segment in a polymer system and in our investi- 
gation of the applicability of PTC to the synthesis of derivatives 
of I-hydroxy-l,2,9benzotriazole (1). 

Experimental Section 

The infrared spectra were obtained on a Perkin-Elmer Model 
7358 spectrometer. The NMR spectra were obtained on a 
Varian EM-360 spectrometer. The reaction of equimolar 
quantities of potassium hydroxide and 1-hydroxy-I ,2,3-benzo- 
triazole (1) in an aqueous solution followed by vacuum drying 
provided the potassium salt of I-hydroxy-l,2,3-benzotriazole (2) 
which was used without further purification. 

General Phase Transfer Catalyzed Alkylation Procedure. 
A mixture of 2 (0.02 mol), the appropriate dibromide (0.01 mol), 

tetrabutylammonium bromide (0.002 mol), and 50 mL of 1,2- 
dimethoxyethane was stirred at room temperature for 24 h. 
The reaction mixture was filtered and the solvent removed un- 
der vacuum. The products were recrystallized from methanol. 
Properties of all new compounds are summarized in Table I. 

Reglrtry No. 2, 62244-77-3; 3a, 83615-76-3; 3b, 83615-77-4; 3c, 
83615-78-5; 3d, 83615-79-6; 3e, 83615-80-9; 31, 83615-81-0; TBAB, 
1643-19-2. 
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Synthesis and Spectroscopic Data of Chlorinated 
4-Hydroxybenzaldehydes 

Juha S. Knuutlnen' and Erkkl T. Kolehmainen 

Department of Chemistry, University of Jyvaskyla, SF-40 100 Jyvaskyla 10, Finland 

All chlorinated 4-hydroxybenzaldehydes Including three 
hltherto unknown compounds have been synthesized from 
chlorinated phenols by applylng the Relmer-Tlemann 
method. 'H NMR, "C NMR, and mass-spectral data on all 
compounds are reported. 

In  connection with our interest in chlorinated phenolic com- 
pounds occurring in pulp bleach liquors we recently had need 
of some chlorinated aromatic aldehydes. We now wish to 
report on the synthesis and spectroscopic properties of chlo- 
rinated 4hydroxybenzaldehydes (see Figure 1). Some of them Figure 1. Structures and notation of compounds studied. 
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have been previously used as substrates in the synthesis of 
diuretic, antihypertensive, and psychotropic drugs ( 7 -4 ) .  Re- 
cently, 4hydroxybenzaldehyde (I) and its chloroderivative VI1 
have also been shown to be present in kraft black and Cana- 
dian kraft spent bleach liquor (5, 6). 

When the Reimer-Temann reaction with chlorinated phenols 
was repeated by applying the procedure described previously 
(7 ) ,  three hitherto unknown chlorinated aldehydes ( V I  11-X) 
were formed. The yields of products varied from about 5% to 
15% depending on the substitution of the substrate in each 
synthesis. The results of the synthesis and spectroscopic data 
('H NMR, 13C NMR, and mass spectra) are given in Tables I and 
11. 

Experimental Sectlon 

All melting points were taken in open capillaries and are 
uncorrected. NMR spectra were recorded on a JEOL FX-60 FT 
spectrometer for - 10 % acetone-d, solutions; the chemical 
shifts are described as parts per million (ppm) from tetra- 
methylsilane. The spectral widths in 'H and 13C NMR experi- 
ments were 800 Hz and 4 KHz, respectively. I n  13C NMR 
experiments, the flip angle was 45' and pulse repetition times 
of 2.0-10.0 s were applied, depending on the relaxation rates 
of the measured resonances. Mass spectra were run on a 
Varian MAT-212 mass spectrometer operating at 70 eV and 
using the direct inlet. The purity of compounds was also 
checked by glass capillary gas chromatography; the column 
used was a SE-30 (25 m X 0.22 mm i.d.) quartz capillary 
column and the instrument was a Perkin-Elmer Sigma 3 gas 
chromatograph fitted with a flame ionization detector. 

General procedue tor the Pmparathm of ZZ-X. Chloroform 
(0.175 mol) was added dropwise to a mixture of Ca(OH), (0.378 
mol), Na,C03 (0.302 mol), chlorophenol substrate (0.088 mol), 
H,O (200 mL) at 70 OC over a 0.541 period. The mixture was 
refluxed for 2 h and after being cooled was acidified (to pH -2) 
with concentrated HCI. The product was steam distilled until 
all unreacted chlorophenol and chlorosalicylaldehyde residues 
had been removed from the reaction mixture. This was 

checked by analyzing the concentrated distillate by glass ca- 
pillary gas chromatography after derivatization of the sample 
with acetic anhydride (8) and also by 'H NMR spectroscopy. 
After the solution was cooled to about 0 OC and allowed to 
stand for 12 h, the 4-hydroxybenzaldehyde derivative in the 
steamditlllation flask was filtered, dissolved in CCI,, and treated 
with decolorizing charcoal. After this solution was cooled, the 
precipitate formed was filtered, recrystallized twice from CCI,, 
and finally sublimated at 0.5 mm at 180-200 OC. 

Rqlstv NO. I. 123-08-0; 11, 56962-11-9; 111, 2420-16-8; IV, 
16861-22-6; V, 27164-10-9; VI ,  60964-09-2; VII ,  2314-36-5; V I I I ,  
83016-58-4; IX, 83016-59-5; X. 83016-60-8; m-chlorophenol, 108-43-0; 
ochlorophenol, 95-57-8; 2,3di&lorophenol, 57624-9; 2.5dichloropheno1, 
583-78-8; 3.5dichloropheno1, 591-35-5; 2,6dichlorophenol, 87-65-0; 
2.3,6-trichlorophenoI, 933-75-5; 2,3,5-trichlorophenoI, 933-78-8; 2,3,5,6- 
tetrachlorophenol, 935-95-5. 
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