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Abstract 0 HPLC analysis confirmed a diffcrence in the chcmical composition 
of commercial cersus N F  reference standard potassium guaiacolsulfonate. 
After scparation by fractional crystallization, the two constituents comprising 
the former sample were identified by lt1-NMR as potassium guaiacol-4- and 
-5-sulfonate, respectively. The former isomer predominated. The reference 
standard material was identified as the 4-sulfonate salt by HPLC, NMR, IR, 
and UV. This difference raises questions concerning the validity of the com- 
pendial identification tests and assay procedure for the drug, which are based 
on methods requiring direct comparison bctwecn i t  and the reference standard. 
In fact, the IR test has now been shown to be unreliable as a rigorous criterion 
for identification, in light of significant differences found in the fingerprint 
regions of the spectra of the two isomers. I lowever, because the two isomers 
exhibit identical U V  absorption characteristics in solutions of pt l  5 7  (but 
not in alkaline solution), the compendia1 UV identification test and assay 
procedure appear to be valid under the conditions specified. The pK, values 
of the isolated isomers were estimated by a spectrophotometric method to be 
8.74 and 9.16 for the phenolic group of potassium guaiacol-4- and -5-sulfonate, 
respectively. 
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Since the first reported synthesis of potassium guaiacol- 
sulfonate oiu sulfonation of guaiacol with concentrated sulfuric 
acid ( I ) ,  there has been disagreement over product composi- 
tion. Some workers have suggested that a single product is 
formed (2-4); however, others have described isomeric mix- 
tures ( I ,  5-8). The identification of the mixture as the 1 -  
hydroxy-2-methoxybenzene-4- and -5-sulfonic acid salts by 
Paul ( 5 )  has been accepted (9, 10) and confirmed by others 
who examined both commercial samples and formulated drug 
products ( 1  1 - I  3) .  

However, discrepancies in several drug listings ( I  4- 16) have 
persisted. The National Formulary (NF) has failed to be 
specific about the composition of the officially recognized drug 
entity ( I )  with no reference to a mixture of isomers ( 1  7) .  Thc 
original analytical methodology introduccd in N F  XI1 appears 
to be based on methodology (18) which ( a )  failed to take into 
account the fact that the drug may be an isomeric mixture and 
( b )  proposed a reference standard prepared by recrystalliza- 
tion of the commercial sample from water or alcohol, which 
could lead to a product of uncertain composition, since 
solubility differences between the isomeric components of the 
mixture of potassium guaiacolsulfonates are known to exist 
(9 ,  1 1 ) .  
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Although potassium guaiacolsulfonate ( I )  is no longer in- 
cluded in the official compendium, its commercial use in cough 
and cold remedics as an expectorant is still widespread. In  this 
study, a commercial sample and an N F reference standard of 
potassium guaiacolsulfonate are characterized, and the N F  
XI11 methodology (17) is evaluated. 

EXPERIMENTAL SECTION 

Materials -Commercial' and N F reference standardZ potassium gtraia- 
colsulfonate were used as received. All solvents and standard chemicals em- 
ployed were reagent grade. 

High-Performance Liquid Chromatography -The apparatus consisted of 
a single-piston reciprocating solvent delivery pump with integral pulse 
dampcncr3; a valve injector4 fitted with a 25-pL sample loop; a 30cm X 4-mm 
stainless steel column packed with a chemically bonded octadecylsilane re- 
verse-phase packing5; a variable-wavelength UV--visible spectrophotometer6 
operated at 278 nm and fitted with an 8 - p L .  I-cm path length, quartz flow 
cell7 as detector; and a recorder*. 

The mobile phase consisted of 0.005 M telrabutylammonium hydroxide. 
adjusted to pl l  7.15 with 86% H3P04, and contained 10% (v/v) methanol. 
I t  was deaerated by stirring under reduced pressure. The f low rate was 
maintained at -I .4 mL/min. 

All solutions of potassium guaiacolsulfonate analyxd by I IPLC were 
prepared at  a concentration of -1.3 mgjmL in  water. Analysis of the com- 
mercial sample of 1 under the conditions described above resulted in a chro- 
matogram with two baseline-resolved peaks ( K ,  = 1.7) at retention times (fR) 
near I I and 14 min, respectively, in the area ratioY 1.5:l (Fig. I ) .  Analysis 
of the N F  reference. standard of I under identical conditions yielded a chro- 
matogram containing only a single peak with a retention time of I I min, which 
was shown by mixture analysis to be identical with the t R  of the earlier-eluting 
(major) peak of the commercial sample. 

Spectrometric Measurements-- Ill-NMR spcctra were rccorded1° in DzO' I 
containing 1% sodium 3-trimethylsilyl-I-propanesulfonate (DSS)IZ. To 
generate the phenolate anions of the I isomcrs. a few drops of NaOD solution" 
were added to the DzO solutions. Chemical shifts are reported as 6 values in  
parts per million relative to DSS. 
IK spectral4 were r u n  as KBr pellets. UV spectrals wcre recorded at  a 

concentration of 0.02 mg/mL in water, 0. I M IICI. and pH 7.0 potassium 
phosphate buffer and at 0.01 mg/mL in 0.1 M NaOH. Molar absorptivities 
(0 of the isomers at the wavclcngths of maximum abborption in  the pli  7.0 
phosphate buffer solution were determined from the slopes of Beer's law plots 
derived from absorbance measurements of seven solutions over the conccn- 
tration range 8 X lo-' to 3 X M. 

' ICN Pharmwxticals.  K & K Labs Division. Plainview. N . Y .  
U S P  authentic substancc, 1.0: 1:; US. Pharmacopcial Convention. Inc.. Rockville. 

Milton Roy Co.. I.aboratory Data Division. Rivicra Beach. Ha. 
Valco Instruments Co, Ilouston. Tex .  
p-Bondapak Clv: Waters Associates. Milford. Mass. 
Clnicarn SPt800: Pye-Unicam I.td., Cambridge, England. 

Model EL-2013: I leath Co., Bcnton Harbor. Mich.  
Peak areas wcre calculated from the product of peak height times the width of  the 

Md. 

' Iiellma Cells. Inc.. Jamaica. N . Y .  

peak at half height. 
lo  Model T-60A X M R  spectrometer: Varian Instruments. 
I '  99.75 atom8ofdeuterium: J .  7'. Baker Chemical Co, Phillipsburg. N.J. 
I 2  h'orcll Chemical Co.. I.andisville. N.J. 
I' 409% in 1120;  Stuhler Isotope Chemicals. Rutherford. N.J .  
l 4  Model IRR I R  spectrophotonieter; Beckman Instruments. 

Model D B  spcctrophotorneter with laboratory recorder; Beckman Instruments. 
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Preparative Isolation of the Constituents of Commercial I by Fractional 
Crystallization The commercial sample (90 g) was dissolved in  120 mL of 
boiling water. and the solution was filtered while hot, cooled to room tem- 
perature, and refrigerated overnight. The resulting white crystals were re- 
moved by filtration and recrystallized from water to give isomer A (41 g), 
which has previously been described as the “less-soluble” salt (9). 

To the mother liquor (80 mL) from the aforementioned first crystallization 
was added slowly with stirring 95 mL of absolute ethanol. A white solid pre- 
cipitated (4 9). which was removed by filtration. This material was purified 
by suspending in boiling absolute ethanol ( I  25 mL) and then adding sufficient 
aqueous ethanol (25% ethanol-water), while heating. to completely dissolve 
the solid. The solution was cooled and allowed to stand overnight. The resulting 
precipitate was removed by filtration and washed with aqueous ethanol, and 
then absolute ethanol, to give (after drying) 2 g of isomer B, the “more-soluble” 
salt. 

I-0-Acetyl Derivatives of the Isomeric Potassium Guaiacolsulfonates- 
Each of the aforementioned isomers A and B (200 mg, 0.8 mmol) was refluxed 
with 10 mL of acetic anhydride and 2 ml. of pyridine for 30 min and then 
cooled. The white crystals were removed by filtration, washed with acetone, 
and dried, to give 160 mg of  potassium 4-(acetyloxy)-3-methoxybenzene- 
sulfonate (acetylated isomer A) [IR(KBr): 1760 cm-’ (C=O);  ‘11-NMR 
(D20):62.36(s.CH$ZO), 3.92(s,CH,O).7.25 (d, ArH),7.51 (dofd.Art l ) ,  
and 7.55 ppm (d, ArH)] and I50 mg of potassium 3-(acetyloxy)-4-methoxy- 
benzenesulfonate (aeetylated isomer B) [IR(KBr): I760 cm-’ (C=O); 
’H-NMR (D2O): 6 2.36 (s,CH3CO), 3.86 (s ,CH30),7.24 (d, ArH), 7.60 
(d, ArH), and 7.79 ppm (d of d, ArH)]. 

Anal.16-Calc. for C‘9H906SK: C ,  38.02: H, 3.19; S. 11.28. Found for 
acetylated isomer A: C ,  37.72; H, 3.47; S, I I .21. Found for acetylated isomer 
B: C ,  37.75: H, 3.41; S, 10.99. 

Spectrometric Fstimation of the pK, Values of the Isomers of I- Eleven 
solutions of each isomer were prepared (0.02 mg/mL), covering the pH range 
of 5.6-10.0, with 0.1 M potassium phosphate and sodium borate buffer sys- 
tems. The analytical wavelengths employed were selected by comparison of 
the spectra of the free phenol and phenolate anion forms of the isomers in pH 
5.6 buffer and 0.1 M NaOH solution, respectively, with 257 nm being chosen 
for isomer A and 296 nm for isomer B. From absorbance measurements of 
each of the I I solutions and for the pure anion and free phenol form of each 
isomer at the selected wavelengths, the ratio [A-]/[HA] was calculated (19) 
at each pH”. The pK, of the phenol group was then determined graphically 
(linear regression analysis) as they-intercept of the linear plot of pH uersus 
log [A-]/[IIA] ( r  > 0.99, with unit slope for each determination). 

RESULTS AND DISCUSSION 

The results of paired-ion HPLC analysis of the commercial and N F  ref- 
erence standard samples of I clearly demonstrate the dissimilarity in their 
chemical cornpositions Furthermore. determination of the retention times 
of the isolated pure isomers A and R show that the former represents the major 
constituent in the commercial sample and the soleconstituent of the N F  ref- 
erence standard 1, whereas isomer B represents the later-eluting peak in  the 
chromatogram of the commercial sample. The structural identities of the two 
isomers then remain to be established. 

Structure Determination of the Isomers of I by ‘H-NMR-The aromatic 
region of the ’H-NMR spectra of isomers A and B both featured an upfield 
ortho-split doublet (Ha, 6 7.00, J = 9 Hz) and a lower-field doublet ofdoublets 
(Hb. Jor,ho = 9 11z, J,,,,, = 2 11z) overlapping a meta-split doublet (He. J = 
2 Hz). This pattern of absorption bands establishes that the three substituents 
on the aromatic ring of both isomers must be oriented asymmetrically [ I  ,2,4 
(11) and 1.2.5 ( I l l ) ]  rather than vicinally (1,2,3 or 1,2,6). 

I n  order toassign structures I I  and 111 specifically to isomers A and B, re- 
spectively, the positions of the three ring protons relative to the ring substit- 
uents need to be differentiated for each compound. This was accomplished 
by determining the effect on the chemical shifts of the ring protons of changing 
the electronic character of the hydroxyl group of each of the isomers by con- 

OH OH 

SO,K 
I1 

l6 Performed by Galbraitn Laboratories. Inc , Knoxville. Tcnn. 
I ’  Zeromatic I V  pH meter, Beckman Instruments 
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0 
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Figure 1 -Paired-ion high-performance liquid chromatogram of commercial 
sample of 1. The major peak corresponds lo isomer A (11). and the minor peak 
corresponds to isomer B (Iil),  which were subsequently isolated from the 
sample by fractional crystallization. 

verting it to its phenoxide ion and acetyl derivative. It is known that the 
chemical shifts of ring protons ortho and para to the hydroxyl group are most 
affected by such changes and mela protons are affected less (20). For the 
derivatives of isomer A, the greatest chemical shift changes were observed 
for the high-field doublet due to H, (0.38 ppm upfield in  the phenoxide ion, 
0.25 ppm downfield in the acetate ester). with the corresponding changes for 
the absorptions duc to Hb and H, being approximately half as large. For the 
derivatives of isomer B, the greatest chemical shift changes were observed for 
the absorptions due to Hb and H, (0.41 and 0.37 ppm upfield, respectively, 
in the phenoxide ion; 0.45 and 0.30 ppm downfield, respectively, in the acetate 
ester), with the corresponding changes in  the high-field doublet due to H, 
being much smaller (0.09 ppm upfield and 0.22 ppm downfield in the re- 
spective derivatives). These results leave no doubt that for isomer A, H, must 
be ortho to the hydroxy group (i.e., the 6-position) and that for isomer B, Hb 
and H, must bepara and ortho, respectively, to the hydroxy group (i.e., the 
4- and 6-positions, respectively) (20). Therefore, isomer A, the “less-soluble” 
salt which represents the earlier-eluting (major) HPLC peak from the com- 
mercial sample is potassium guaiacol-4-sulfonate (11) and isomer B is po- 
tassium guaiacol-5-sulfonate (111). 

With the identity of the two constituents of the commercial sample of I 
established, it was concluded that the N F  reference standard consisted solely 
of potassium guaiacol-4-sulfonate, inasmuch as its NMR and IR (see below) 
spectra were identical to those for 11, and the retention time of its single HPLC 
peak coincided with that for I I  (see above). 

The obvious difference in the compositions of the commercial sample of 
1 and the N F  reference standard raises some concern regarding the reliability 
of the identification tests and assay procedure described in N F  Xlll  (17). since 
the methodologies involved rely on direct comparison of the drug with the 
reference standard. It  was important, therefore, that the accuracy of these 
methods be reevaluated. 
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Figure 2-(A) The identical UV spectra (I-cm path length cells) of 0.02- 
mglmL solutions of I I .  111. and a commercial preparation of I in water, 0.1 
M HCI, and pH 7.0phosphate buffer. (B)  UVspectra ( I  -cm path length cells) 
of0.01-mglmL solutions of I 1  (- - - I11 (. - -1. and a commercial prepa- 
ration o f I ( - )  in 0.1 MNaOH. 

Evaluation of the NF IR Absorption Identification Test for I (17)-As ex- 
pected, the IR spectra of KBr dispersions of pure I I  and the N F  reference 
standard I proved to be superimposable, confirming the chemical identity of 
the standard as the single pure compound. However, the IR spectrum for the 
commercial preparation of I differed markedly from that of the reference 
standard in the fingerprint region (especially around 1100- I300 cm-I) due 
to the contribution of absorption bands from its second constituent, I l l .  

Therefore, it must be concluded that comparison of the IR spectra of com- 
mercial and reference standard samples of 1 cannot be used as  a rigorous 
criterion for the reliable identification of unknown samples of the drug. 

Evaluation of the NF UV Absorptioi Identification Test and A m y  Proce- 
dure for I (17)--Dabrowski and Patel (18). although not acknowledging that 
they were comparing different materials. claimed that their reference standard 
and commercial preparations of I exhibited the same UV behavior in aqueous 
solution at pH 5 7, and on this basis proposed an assay for the drug which was 
adopted by the NF. This methodology is only valid provided that isomers I 1  
and I 1 1  have identical UV absorption characteristics. 

Indeed. the UV spectra of I I , 1 1 1 ,  and the commercial sample of I in aqueous 
solution all appear to be identical at pH 5 7 (Fig. 2A). with absorption 
maxima at 236 and 279 nm. as  previously reported for the commercial p rep  
aration of I (18, 21, 22). However, in 0.1 M NaOH, the spectra for the two 
pure isomers differ substantially (Fig. 2B). with 11 exhibiting absorption at 
Am,, of 264 and 293 nm and 111 cxhibiting absorption at A,,, of 249 and 296 
nm. The spectrum for the commercial preparation of I (Fig. 28) is clearly a 
compositc of the contributions from its two isomeric constituents, with ab- 
sorption maxima at  257 and 290 nm. Based on these results, it can be con- 
cluded that despite the difference in their compositions, comparison of the 
UV spectra of the commercial mixturc and N F  reference standard in  pH 7.0 
buffer solution (but not in alkaline solution), as specified in N F  XIII. is a valid 
identification test. However, the same comparison for quantitation of I is only 
reliable provided that the absorptivities of the two isomeric constituents, I 1  
and 111, are identical at the wavelength of analysis (279 nm). 

Determination of the molar absorptivities of the two isomers from the slopes 
of the respective Beer’s law plots ( r  > 0.999. with intercepts passing through 
the origin verified by I test) yielded values of c of 3.07 X I O3 f 0.03 X 10’ and 
2.97 X lo3 f 0.01 X lo3 1. mol-l-cm-‘ for I I  and I l l ,  respectively, at A,,, 
of 279 nm in pH 7.0 buffer solution. Statistical comparison of these values 
by a two-tailed I test revealed that their difference is not significant a t  thep  
= 0.05 level but is significant at the p = 0. I Icvel. Thus, i f  a 95% or higher 
probability level of significance is acceptable, the two absorptivities can be 
considered to be not different, and therefore, the UV spectrometric quanti- 
tation of the commercial drug by direct comparison with the singlc-constituent 
N F  reference standard appears to be justified under the specified condi- 
tions. 

Spectrometric Estimation of the pK, Values of the Isomers of I-The 
aforementioned differences in thc UV spectra of the acidic and basic forms 
of I 1  and 111 could be taken advantageof todetermine their pK, values (phenol 
group). The values obtained were 8.74 f 0.05 for I 1  and 9.16 f 0.04 for 111, 
which compare with a pK, of 9.98 for guaiacol (23). The greater acidity of 
the 4-sulfonate uersus the 5-sulfonate derivative is consistent with the relative 
acidities of p- and m-methylsulfonylphenol, which have pK, values of 7.83 
and 8.40, respectively (23). 

CONCLUSIONS 
The determination of the composition of the commercial preparation of 

I to be a mixture of the guaiacol-4- and -5-sulfonate salts, whereas the N F  
reference standard of 1 has been shown to be only pure potassium guaiacol- 
4-sulfonate. has raised qucstions concerning the reliability of direct comparison 
of the two materials for the identification and assay of the drug as specified 
in N F  XIII.  However, bascd on the present work, it appears that as long as 
the U V  assay procedure is carried out in neutral or acidic solutions of the drug, 
valid quantitative results can be obtained. In contrast, comparison of the IR 
spectra of commercial versus reference standard I is not strictly reliable as  
an identification test for the drug, because significant diffcrences in the fin- 
gerprint regions which distinguish the two pure isomers from each other also 
cause the commercial sample to present a composite spectrum which is dif- 
ferent from that of the pure, single-component reference standard. 
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Abstract 0 C‘atechol derivatives. covalently joined to homocystcine by sulridc 
or wlfoniuni linkages. were synthcsi7cd as potential catcchol 0-methyl- 
transrerase multisubstratc inhibitors which might bridge the enzymatic 
binding bites lor the catcchol substrate and the amino acid portion of the 
methyl donor S-adcnosylmethionine. These compounds were found to be lebs 

effective inhibitorb than the product inhibitor S-adcnosylhomocystcinc. 

Keyphrase5 0 C;ircchol homocystcine derivatives bridged. synthesis. in- 
hibition of catecho1 O-nicthyltransferasc 0 Catechol O-nicthyltransfer- 
ii\c . potcntinl inhibiton. bridged catcchol- homocystcine dcrivativcs 

Catcchol 0-nicthyltransfcrasc (COMT;  EC 2. I .  I .6) cata- 
lyzes methyl transfcr from S-adenosyl-I.-methionine (SAM, 
I )  to catechol substrates and plays an important role i n  the 
inactivation of catecholamines ( I ,  2). C O M T  inhibitors offer 
opportunities for control of catecholamine levels and have 
potential for treatment of disorders thought to arise from 
catecholamine deficiencies (3). For example, by decreasing 
\hc formation of 0-mcthylatcd metabolites of lcvodopa and 
dopamine, C O M T  inhibitors may enhance the effectiveness 
of levodopa therapy for Parkinsonism (3-5). 

One approach to design of inhibitors of SAM-dependent 
methylases has focused on analogues of S A M  or the product 
inhibitor S-adenosyl-1.-homocysteine (SAH,  I I )  (6- 12).  
However, analogues of SAM and S A H  may not be highly 
specific inhibitors for a single methylase since many methyl- 
transferascs utilize SAM as the methyl donor and are  also 
subject to potent product inhibition by SAH ( I ) .  Although 
inhibitor specificity for COMT might be more readily achieved 
with cdtechol analogues, a number of potent in citro inhibitors 
of this t y p  are limited in  clinical potential by poor in cirw 
activity and/or by unacceptable toxicity (3) .  

An intriguing alternative approach to C O M T  inhibitor 
design emanates from consideration of the proposed mecha- 

nism for methyl transfer by COMT. The mechanism appears 
to involve an Sh2-like nucleophilic attack by thc catechol 
on the methyl group of S A M  (13, 14) with a transition state 
which may be depictcd as shown in  111. This suggests that 
compounds such as IV and V,  in which a catechol iscovalently 
joined to homocystcine by sulfide or sulfonium linkages, might 
bridge the enzymatic binding sites for the catcchol and for the 
amino acid portion of S A M  and thus might function as mul- 
tisubstrate ( I  5), or rudimentary transition-state (16, 17), in- 
hibitors of COMT.  

The direct transition state analogue IV ( n  = I )  would not 
be expected to be sufficiently stable to permit study in  an 
aqueous environment. I n  an earlier study ( I  8 ) .  this problem 
was circumvented by isostcric rcplacemcnt of one of the cat- 
echo1 oxygen atoms by a mcthylcne group (cf VI ,  n = I ). The 
adducts thus obtained were stable, but were not potent C O M T  

m 
I X = h e  [SAM]  

II X s S  [ S A H l  

Ip Y = O ;  Z’SMe 

p Y = O ;  z = s  
+ PI Y = CH2 ; Z S or SMe 
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