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ABSTRACT 

The known hydrates of tetracycline base have been studied, and their inter- 
mediates, true hydrates themseives, have been identified_ Differences in physical and 
chemical properties of these hydrates have been studied and will be reported in a Iater 
paper. 

Tetracycline is a broad spectrum antibiotic. produced commercially by fer- 
mentation. After extraction and purification. the finished material may be marketed 
as the free base, the sah, or the multi-component complex. In the free base form, two 
hydrates have been reported, the trihydrate and the hexahydrate’. This paper reports 
on their thermal dehydration and on the existence of additional hydrated forms of the 
base. 

ESPERIMEXTAL 

Gas Evolution Analysis (GEA) by the transpiration method was used to study 
the rate of evolution of water vapor of each known hydrate at fixed temperatures. This 
method has been used successfully to stuay simple ?as-solid reactions involving de- 
composition or dehydration’-‘. The instrument used was an Aerogaph Autoprep 
Model A-200, with a Gow-Mac. gold-fiiament, thermal conductivity detector. The 
detector response was plotted on a strip chart recorder at a speed of 1 inch/hour. (See 
Fig I_) A glass column, approximately 3 mm i-d. by 1 foot in lengh, was packed 
loosely with about 1 g of the material to be studied. The column was fitted with a 
bypass valve and &ss tube, so that the detector response could be zeroed O;I the 
recorder_ The flow rate of dry helium through the detector was 30 cc!min. and the 
column temperature was set isothermally at a convenient temperature between 60 
and SO”C_ Moisture determinations on all starting mattrials were performed ac- 
cordins to the Karl Fischer Method (see Table I). 

Isothermal Thermogravimetry (TG) was also ased to study the dehydration 
process8-‘o. The temperature was kept constant and the water vapor pressure of the 
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Fig- 1. General form of rhc GEX c‘un-c for the dchydmrion of 3 hydrate having one srabk intcr- 

mediate_ 

carrier gas was gradually lowered to give a controlled dehydration of the tetracycline 

hydrate. Presumably. by this method a point would be reached at which the ori&aI 

hydrate becomes unstable and it would then dehydrate to the next stable form. The 

apparatus is diagrainmed in Fig. 2. A Cahn &lode1 RG Electrobalance is positioned 

ol;er a vxtical pvres chamber which is flushed with moist heliu_m at a flo~v rate of 

30 cc/min_ Water \-apor is supplied by a spaqingz chamber in a controlled temperature 

tvater bath_ By controlling the temperature of this bath. one can control the vapor 

pressure of water in the carrier eas. A second inlet flushes with dry helium at 30 cc!min 

to prevent water vapor from reachin? the baIance_ This chamber is surrounded by a 

*.\-aterjacket with water criculated from a temperature controlled bath to maintain the 

chamber at 75’C. Heating tape is wrapped around any part of the carrier gas plumbing 

in which water vapor might condense_ The sample is placed in an aIuminium pan 

suspended from the balance beam into the chsmber. The wei_ght of the sampie is 

recorded initially and at intervals during the experiment. 

FU.3l_!LTS AXD DISCUSSIOS 

It was found that both the trihydrate and the hexahydrate save similarly- 

shaped GEA curves. An idealized GEA curve is illustrated in Fig. 1 and actua1 curves 

are shown in F&s. 3 and 1. The apparent noise is in reality a response to the oven 

heating cycIe_ At the beginning of the esperiment a sharp spike is seen in the response 

curve. presumably due to an initial overrun on the heating cycle and the evolution of 
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Fig. 3. Dehydration of TC- 6H20 by GEA. 63 -C. I ‘/hr.. att.-8. 
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Fig. 4. Dehydration of TC-3 Hz0 by GEA. SO’C, I’;lhr., art.-8. 



any small amount of unbound water present. The detector response then stabilizes 

at a fixed Ievel followed by a drop to a lower level, and finally a second drop to another 

level. In each case there were three plateaus separated by two sharp drops in the 

detector response_ This seems reasonable. in light of the previous findings that simple 

reactions of the form 

solid, z solid2 + gas 

are heterogeneous and proceed alon, 0 an interface at a constzlnt ratez-J-‘-’ ‘-’ 3_ As 

the interface moves down the column and the carrier gas reaches a constant water- 

vapor pressure this will eive rise to a constant detector res,>onse and thus a plateau. 

ds the interface reaches the end of the column. the respo-lse will drop as the con- 

centration of water-vapor drops and wiII stabilize at a plzeau corresponding to the 

rate of evolution of water for the nest species. AI1 interfaxs, of course, begin at the 

same time and proceed dcwn jhe column at ditTerent rates, in the same manner as a 

gas chromatogaphic separation. As a drop in detector response is reached on the 

dehydration curve. indicating the arrival of the first interface at the effluent end of the 

column, the second interface has moved a finite distance down the column. This being 

the case. it is a safe assumption that a sample taken at the effluent end of the column 

just after a response drop and the stabilization of a new plateau will have the com- 

position of the intermediale hydrate_ SampIes were taken in this manner and Karl 

Fischer moisture determinations run to determine the water concentration of the 

intermediate hydrate (see Table I)_ 

Another methcd of determining the composition of the intermediate was used. 

makins use of relative areas under the dehydration curve. The second plateau in the 

dehydration curve is assumed to be the dehydration of the intermediate, this be- 

ginning with initiation of the experiment, simuhaneously \vith the first dehydration 

step. If we extend the second plateau back to the origin of the experiment (see Fig_ I), 

the total area (AI) under the curve will then be divided into two portions with A, 

representins the amount of water evolved in the first step of the dehydration, and AZ 

the amount evolved in the second step. By dcterminin, 0 the weight of water evolved 

( IV,) and the wei_ght of sample remainins ( Wz) by weighing the tared vessel before 

and after the experiment, the water content of the intermediate can be determined by 

the equation: 

At!A,( lr;) x 100 = o,. 

A,/.-l,( W-*)i rr, 
,0 HZ0 of the intermediate hydrate 

-J 

The results are summarized in TabIe I. Calculated moisture contents for tetracycline 

hydrates are given in Table II. _ 
SampIes taken from the effiuent end of the column after the second detector 

response drop were found to con-ain 0.5% or less water in all cases. 

An interesting dissimilarity in the dehydration curves of these two hydrates is 

that for TC-6H,O the first detector response drop is slow while the second drop is 
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TABLE I 

hOIsTLiRE CONTENT OF INTERMEDIATE HYDRATE-S 

Sfarring mareriai Temp. A2 A, 

W9 

WI (g) wz w “, I Xoisture 

Gr ihic mrhod K.F. method 

TC- 3 H,O 
(K-F. 10.7%) 80 777 854 0.1870 1.7901 8.7 8.6 

TC-6H10 
(K-F. 20.0%) 60 843 985 0.2473 I.0405 16.9 16.2 

TABLE Ii 

THEORETICAL MOIStWRE CONTENT OF POSSfBLE TETRACYCLINE HYDRATES 

&-&are % moisture 

TC- 2 Hz0 7.5 
TC- 2 ‘ii H1O 9.2 
TC. 3 Hz0 10.8 
TC-4H20 13.9 
TC- 5 Hz0 16.8 
TC-6Hz0 19.5 

quite rapid (Fig. 3). In the case of TC-3H20 (Fig. 4), the situation is exactly the 
opposite_ The rate of drop of the detector response depends on the width of the inter- 
face for that particular reaction. This direrence in interfacial width might be an 
indication of differences in mechanism or in the bonding force. 

It seems evident that the intermediate in the dehydration of TC-6H,O is 
TC-5H,O, and the intermediate in the dehydration of TC- 3H,O is TC-2$H,O. It is 
interesting to note that the water concentrations of the intermediates are in the same 
ratio as those of their respective starting materials. 

The thermogravimetric results are shown graphically in Figs. 5 and 6. The 
weight of the sampIe (ii1 milligrams) is plotted against the t;me, with changes in vapor 
pressure noted at the times at which they were changed. 13 the case of the hexahydrate, 
TC - 5H20 is clearly the intermediate, with the hexahydr.lte being unstable at 102 mm 
Hg, and TC-SH,O being stable down to 55 mm H,. a Th.% agrees well with the results 

of the gas evolution analysis experiment. Tte transit& from TC - 3Hz0 to TC -2fHz0 
is obscured because of the variability of the weight data. 
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