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DURING the course of our investigations of the tetracycline antibiotics, it 

became necessary to determine the acidity constants (pKa values) of some 

tetracycline derivatives. We feel that our results require a reversal of 

the assignment of the second and third acidity constants proposed by 

Stephens et al. 1 -- The hydrochloride salts of the tetracycline antibiotics 

contain three acid groups. These are shown in I as the tricarbonylmethane 

system A, the ammonium cation B, and the phenolic diketone moiety C. 1 

Table 1 lists the thermodynamic pKa values of three tetracycline hydro- 

chlorides. 1 

From I and the data in Table 1, it may be seen that these molecules 

are sufficiently similar so that ionization information obtained from one 

or more of them *ill be generally applicable to all. 

In considering the assignment of the acidity constants in any molecule, 

the complete ionizatton scheme should be examined. This is shown in 

Figure I for the tetracyclines, wherein A, B, and C are the moieties shown 

1 C.R. Stephens, K. Murai, K.J. Brunings, and R.B. Woodward, J. Amer. Chem. 
sot. E, 4155 (1956). It should be noted that in footnote 1 of this 
publiczion, reference was made to the possibility of an incorrect as- 
signment of pKa2 and pKa 

3 
. 
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Ia - Tetracycline: Rl=R2=H 

I~I - Chlortetracycline: Ill&l, R241 

Ic - Oxytetracycline: Rl=H, R2+H 

TABLE1 

Thcmodynamic pKa Values of Various Tetracyclines 

in Aqueous Solution at 25 01 

~Kal pKa2 pKa3 
--- 

Tetracycline (Ia) 3.30 7.68 9.69 

Chlortetracycline (Ib) 3.30 7.44 9.27 

Oxytetracycline (Ic) 3.27 7.32 9.11 

in I. The superscripts refer to the charge on each group, in accord with 

the accepted practice for representing the microioriization constants of 

polyfunctional acids. 2 Thus, A'&+ denotes the protonated tetracycline 

molecule. 

2 John T. Edaall and Jeffries Wyman, "Biophyslcal Chemist-" Vol. I, 
Acadwc Press Inc., Rev York, IV. Y., (1958), p. 495. 
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Figure 1. Camplete Ionieation Scheme for 

Tetracycline Antibiotics 

The microecopic dissociation constanta (k) are mathematically related 

to the macroscopic values (Ka) in nmerous ways. 2 For our discuaeion, 

however, the most important ones are 

+?2ka3 = klk12k123 = klk13k312 (1) 

1 ,1 +A 
-3 kl23 k132 

(2) 

k12k123 = "13kl32 (3) 

lCa2 =P2 + 53 

Because lCa,,which has been assigned to the tricarbonylmethene system, 1 

differs from the other values by a factor of at least 104, it may be cou- 

sidered in the ionization scheme shown in Figure 1, aa essentielly equal 

to kl. The concern of this discussion, therefore, is whether Ka2 ie primarily 

related to the ionization step rapreeented by k12 or that represented by 

533 
and correspondingly, whether ka3 is primarily related to the ionisa- 

tion represented by ku3 or that represented by kls2. 

Our pKa values were detemined poteuticmetrically by a modification of 
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the methcd of Parke and D~vIs,~ and are listed In Table 2. Although these 

are not thermodynamic wsluea, It IS felt th8t they 8re sufficiently sccurate 

for ccmpm-atlve purposes. As an indication of the accuracy, we have in- 

cluded our results for tetracycline (18) and chlortetracycline (Ib). 

TABLE 2 

Apparent pK8 Values of Tetracycline Derivatives 

in Aqueous Solution at 25' 

- 

P% PKa2 PK8 3 --- 

Tetracycline HCl (18) 3.33 7.75 9.61 

C'hLortetracycline HCl (Ib) 3.27 7.36 9.22 

Tetracycline Methiodlde (II) 3.56 7.80 - 

Der.lmethylamlnotetracycllne (III) 5.974 8.56 - 

- 

Sinoe quaternlzation of the dlmethylamino group destroys acidic center 

B, the assignment of p% and pKa2 of tetracycline methlcdlde (II) to the 

trlcarbolaylmethane and phenollc dlketone systema respectively se- Justl- 

fled; in terms of Figure I, KaI corresponds to k1 and Ka2 to k12 of the 

methlodlde. Here also, Ionization described by Kal must occur wlthln the 

trlcarbanylmethane system (A). Since the electronic character of the 

quaternlzed dlmethylamlno moiety should not differ markedly fran that of 

the corresponding protonated function, Its Influence on the acid groups 

A and C should be approximately the same as in 18. This IS especle.lly 

true of the spatially more remote phenollc dlketone system. Because 18 and 

II are electronlc8U.y and structurally analogous in the microionization step 

-- 
3 T.V. Parke and U.W. Davis, Anal. Chem. 5 642 (1954). 
4 Cf. p'KaI 5.95 of deslmethylemlno&ytytetracycllne. 1 
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c A C B , then II.%2 of II is approximately equal to k12 of Is. 

That k12 of Ia is the primary contributor to Ka2 of Ia follws fram the 

nmerlcal similarity of the Ka2 values for Ia and II, and equation 4. 

Equation 1 then requires Ka 
3 
of Ia to correspond to 

423’ 

Additional evidence for this conclusion arises frm desimethyleamino- 

tetracycline (III), the acidity constants of which vould be expected to 

decreese relative to those of Ia ss a result of removing the positive charge 

associated vith the protomted amino function. For this reason the asslgu- 

ment of Ka 
3 
of Ia to the phenollc diketone system (C) is excluded, since 

a change in pka value of this acid center fmm 9.61 (in Ia) to 8.56 (in III) 

represents en increase in ionization. We conclude that Knl and Ka2 of III 

are apprtitely equal to kql and k respectively, of 18. 5 
132’ 

An uuquallfled assignment of s macroionization constant to a particular 

functional group is an oversimplification since macro constants may be a 

canposite of two (or even more) micro constants (equation 4). The relative 

contributions of k13 end k123 to K.s2 and Ka 
3 
of Ia have been estimated by 

employi~ equations 2 and 3, and the assignments suggested herein (Ka2 of 

II= k12 of Ia; Ka2 of III= k 
123 

of Ia); pk 
123 

is then found to be approx- 

imately 9.6 and pk 13 8.8. Frctn equation 4 it may be seen that k12 contri- 

butes ten tines as much to Ka2 as k13 does, and it is in this sense that 

ve associate pKa2 with Ionization of the phenolic diketone system. BY 8 

similar argumeLL, k123 may be shown to be the major contributor to Ka 
3 
. 

5 A dimethylsmino group at C-4 would have a somewhat different effect from 
that of a hydrogen atom. However, in general, the literature indicates 
this effect to be small even when the amino group is U to the acid 
function. (Reference 2, pps. 485-487, compare pkd for glycine to pKa 
for acetic acid). 
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Although these arguments apply only to tetracycline, it is felt that 

the similarities in structure and ionization constants make our conclusion. 

generally applicable to other tetracycline group antibiotics. At a future 

date we intend to present additional data, including spectral evidence, 

bearing cn this matter. 


