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INTRODUCTION

Chloramphenleol, the geuerie Lume £Or De(w)ethrooe
lep wnitrophenylezedichloroncetanl oml, J=propanediol (1),
15 a broad spectrun entiviotiec which wae first obiained
_ 88 Yonezuelas (2)e It 4 uwnusual in that
it 1z & derdvative of nitrobenzene and of dlehloroscetie
acld, & substance not previously tuqnﬁ in a natural
prudunt§

The productlon of ehlorsmphenicol was at fipst
antirely by lsolation from culture fluld of Sitreptonyos
Yozezuelus, but, because of the relatively simple
structure of the molecule, atteupts were made %o
synthesize 1t, This was sucvvsofully done in 1949
{Jphy5) and synthotic production ic now & very important
sethod for obteining the drugs allhough recently chlore
amphenicol has been shown to have some undesirable side
effecto, 1ts sctivity ageinst iafec:iions ceused by
gromenogative and gramepositive bacllll is considered
%o be superlior to that of sny other antibiotic Lo use
at the present {(6)s For that reeason it still eajoys

& considerable worldewlde use,

Yhls study 1s concernsd with the rete of degradaw
tion and elucidetion of the mechaniom by whieh this
importast antibiotic breaks down in agueous solution,




Despite the fact Lhat chloramphei icol 1s a relaw-
- tively stable compound = in faot, the most stable of
. the imown entibletics = it still wnde-goos significant
Gegradation in solution, It has been reported (7) that
no significent degradation occcurs afi r bolling for
five hours with dlstilled water or al lop standlug for
24 bours at & pi from 2 to 9. But at pH 1048, 1t was
reported (8) that 87% of the drug was destroyed sfter
stending for 24 hours at 25°C. It wes Sherefore
desirable to undertake s kinetic stud: of ite degrade~
3 tion in squeous solutions so0 thet mors effective and
g efficient methods could be employed ror its stabilie
zation, ‘




SCOFE OF THE INVESTICGATION

Chlorasphenicol would appear to L2 susceptible to
degradative attack at & number of points in the molecule.
Hydrolytic cleuvage of the bhalogens, Lydrolysis of the
anide, oxidation of the slecholic groups and reduction
of the nitro group all seeued o be provessss worthy of
study, Prolizinery lovestipgetions sbowed, however, that
oxidetion and reduction were of very ulunor ifaportance in
the broakdown of chloramphenicol exee i undey very
pevere alkeline conditions, Therefor:, attention was
directod to the hydrolytic cleavage of the halogens and
of the amide bond, ‘

The findings of the present investigation regerding
tha first aspeet of the problem have clready been
‘published in the form of a papers The following is
& brief sunnsry of the results,

The over-all resstion of ohloram henicol in water
to yield chloride ions is & summetion of three
reactionst (&) an uncatalywed hydrolysis; (b) & hydro=
lytic cleavege of the amide bond ylelilng dlehloroe
agetate ions whioh im turn yleld chloride Llons; and
(¢) a hydroxyl Lon eatalyzed hydrolysisy The uncates
lyzed resetlon is the principal one responsible fop




b |
breakdown below a pH of 6. At & highor pH, the cala-
lysed hydrolysis ylelding chloride foa8 and the breake h
dowa of the anide are the predominant reagtions, Lhe
latter being wholly responsible atl very high hydroxyl
jon concentratious. It is believed tast the cleavage
of the amide directly iafluences the amount of chloride
produgtion by, first, decressing the auwount of chlode
amphenicol avallable for hydrolysis of chloride lons, |
and, second, by luoressing the aaount of dichloros |

agetate lons which break down 1nte ciloride lons.




THE KINETICS OF DECHRADATION OF CHLORA PHENICQL IN SQLUTION
Is A Study of the Rate of Formation of Chloride lon

in Aqueocus Hedias
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In carrying out the second asslgnoont, it was
pecassary 0 develop & new asgay methol for chloracs
pheaicol per se, sluce the only sasay :rocedure availe
able at that tine for deteralsstion of shloramphenicol
was an approximate microbiologleal method based on
turbidinetry, This mothod geave resulis reproducible
%0 within only 5% end wsz not precise caough for the
purpose at hend, A new microblological methold has
boen devised, dased on the upteke of o:ygen by
Escherichis seli, using a manometric tuohnlque., This
method has the advantags of boing less tinee-ocusuning
than the turbldimetriec method, but 1t too is not
gapable of glving results of greater reproducivilivy
than 5&e Therefore, & secoond methed has been developed
iavelving the sepsration of chlorasmphericol by means of
partition chromatography and subsequent deteymlaation
gpeotrophotometrically, This procedurc offers the
sdvantage not only of dbeling falrly rapid, but also of
a reprodusibility to withia O.1%. It las been, thero-
fore, the assay method of choles whenever determinations

of the amount of chlorampheaicol present are desired,




COMPARISON OF A MICROBIOLOGICAL AND A CHROMATOGRAFRIO

ASBAY METHOD PUR CHLORAMFHENICOL




: After the development of & mor: efficient and
é‘mm assey method for ohlorsaphcalcel, 1t was possible
h undertake a study of the rate of hydrolytic clesvage
] ﬂ the amide bond ian both neutral uiad basic medis,
'. results obtained show thst: (a) the overeall degradas
ﬂﬂl mu of chloramphenicol in aqusous solution was
M mw with reapect to the antiblotic over a wide
m of hydrogen ion concentratiou; (b) the rate of
| mphm:w). degredation is independent of the ionie
W of the medlus and largely independent of the
mn ion concentration withidn tie pH runge 2«7§
and (¢) ehloramphenicel deterloration is aatmm by
3 m&« which are genersl acids end bases. Those
results have been published ss e puper, a reprint of
m follows,

¥




THE KINETICS OF DEGRADATION OF CHLORA PEENICOL IN SOLUTION

IX, Over-all Disappesrsnce Hate fro: Buffered Solutions




VIOUS WORK ON THE ALKALING HYDROLYSIS OF AMIDES

In order to undersitend the possible sechanisns

smting in the hydrolytie cleavage of the amide bond
ﬁn,.hleruamhanieol, it is desireble to study past work
aialn on alksline hydrolysis of anides. lthough infor-
f?lﬁmlan is not too extensive, certaln besic xﬁfarnnnas

- ean be gained,

The hydrolysis of amldes is catalyr-d by both
ﬁ;iylrﬁgun and hydroxide lons, but more el ectively by the
?illmitr. The varistion in the veloolty o hydrolysls of
} bengamide with change in the pii of the solution hes been
| studisd by Bolin (9) who found that the rate constent ab

]{ 3093. tnoreased from 0,061 x 10™% o 10,0 x 10™ as the
| i inoreased from 942 to 11,22; the ef’ect on the rate

| gonstent of hydrogen ions was much smallors

The strusture of acld aamides, which contain a
purbonyl group for the attack of hydroxyl iom, and
& woakly basic amino group et which a protophilic atiack
pen ooour, suggests that the mechanisme of acid and base
gsatalysis postulated for esters should ulso apply «
Since the velocity of hydrolysis of amicos in dilute
souoous solutions of bases is dependent both on the
consentretion of the amide and of hydroxyl fons, the base-
eatalyzed resction may be formulated as follows {10)s




j‘ f‘nd"‘+§ﬂ‘ Toot Bﬁ{-l!, % °~§+ g,
» no’+§~m¢ -“‘i{ advé;i';—l‘: E{'l-.;

ROO,H + ME, —gagg ROO; + M

Gomplicetions introduced by storic and other

factors ia the effect of substitutica on the veloclity

of wstors apply mjmm well to emidoss Rellable deta,
however, of the effecte of sush subcuitution are much
moye seanty in the case of amlde hyc rolyeis, but that
which is avellable supports the abovo views, In general,
introduction of electroneattracting substituents into
the R group will favor ulkeline hyd¢rolysis, the effect
of electroaw~repelling substituents bolug the reverse,

Crocker und Lowe (11) investig:ted the hydrolysis
of alipnatic aoid amides HOOMH, in dilute sodium
hydroxide et 63.2°C. They obtained uhe following
veloclty constants:

6 R Gy Cglly O3, 8, |
k (mdn™l) 1,776 0,047 0,041 0,017 0,016

Poskoff and Hoyer (12) studied cssentielly the
same smides, but they used 1 N, poteasium hydroxide




insvead of dilute sodium hydrozide, : xperiments were
earried cut at 25°C, Theoy obtained tho rollowing
valoclty constantas

R & nx:“ % aﬁ

k (min™3d) 0al34 04135 04052

- They obtalned substantislly the same rate constante
whon they used § N, potassiun hAydroxica,

Willews and Druylents (13) found she following
rete constants for ROONH, using 1/20 i, sodfium hydroxide
and 1/20 Ne amide,

ks liter nole™ sec™ gz 20*

& 65%. 75% 85%.
ox, R e 2046
GHg 5e2h G998 1747
ﬂ,ﬂ, ' 2434 bea e 6el3
u‘“g 2400 3.23 64.59

They obtained l4.8 kosl. as the beat o activation
for the resction between the amide and hydroxyl lon,
and found that 1&_ wes falrly constent 'or homologous
serien et a glven ple

A study of the tummwant effects in acid and
base bydrolyses of aromutic suides was recently made



i3

by ¥eloche and Laidler (l4)e Thelr data is given below
for slkaline hydrolysis uelag 04025 1, sofium hydroxide,

rate constants k x 10° sec™d

- 200,°  8043°  6ues®  52.8°
- Anide i
' mw:‘mmaa 2N 582 217 9349
p=chlorobensunide 502 125 3947 1641
benganide 338 76440 2349 8454
penothyl benzamide 188 k745 1341 heb6
o-mothyl venzamide 1345 2037

They found that changoe in the rete ore affected nuinly
by changes in the sotivetion energy. In alkeline hydroe
lysis, electroneattrsoting groups lover the sotivation
ensrgy, while electron-prepelling groups raise it. This 18
in sgreement with previous work done by Redd (15,16) who
investigated the effects of aromatic substituents on the
rates of hydrolysis of substituted bungamides with dilute
aqueous barium hydroxide at 100°¢, il deta is swmmarized
belows

H  peNO, peCl meBr peBr mel  pel
20 k9o 6300 1800 2820 1800 2450 1590

wh e a6 623




. His rianrua show that electromeatiraciing nelae and pares
,' ~ substituents do accelerate, and elect:onereloaslag

'r substituents retard hydrolysis, They also show that

~ ortho substituents retexd the resctio: independently of

13  @5.3; pelarity, in aaraﬂnbnt with the assumption of

& stroug aﬁpria sffoot,




: The finel phase of this work which hes not been
published deals with the degradstion of the drug in
alkaline solutions. 7This is denlt wi:ih in greater
detall in the rnilm sections,



- THE KIRETICS OF LECGRADATION OF CHLORAX #ESICOL IN SOLUTIGN
IIle REACTION RAYE IN ALBALIN. SOLUTIONS




IHTRODUCTION

In earlier publications (17, 18, 19) it wes shown
that chloramphenicol breaks down ia meutral snd acidie
agueous solutions by hydrolysis st the aulde linkage and
by hydrolytic cleavage of the balogens, In the pii
regions studied (pHl 2-8) it appeara thut the former is
the importent degradative pathway and is subject to an
uncatalyzed reaction as well as Lo hyd:rogen ioh and
goneral acid catelysis., Deohalogenatio:. on the othey
hand is both uncatalyzed and hydroxyl on catalyszed, |
but is relatively insigniffesnt up to - pi of 7 o

This comsunication presents the rosults of an
extension of these studies to more alkcline systems, |
It is shown that the breakdown resction in basie |
solutions is relatively complex and prosents seversl |
snomalies which are d4ifficult to interiret,
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CORAELATION OF RATE OF CHLORIDE 10 PRODUUTION TO RATE

Wt&m Considers . ions

The overeall reactios of ehlor uphenicol in water
to yleld chloride lons is a sumsation of three reactions
{a) an unoatalyzed hydrolysisj (b} o hydroxyl ion
catalywed hydrolysis; end {e) a hyd-olytsic cleavage of
the anmide bond yielding dichlorosceiate lons which in
turn yield chloride lons (17)s The uncatalyzed resction
is the principal one responsible fo breekdown below
a pil of 6, AS & highor pil, the cetulyzed hydrolysis
ylelding ohloride ions and the brecidown of the smide
are the predominant reactions, the latter belng wholly
responsible at vm high mg'wl ion concentrations,

It is belleved that the cleavage of the amide directly
influences the amount of chloride production by, first,
decreasing the amount of ehloramphcalcol svailable for
hydrolysis of chloride icms, and, cocond, by ineressing
the amount of dichloroacetate ions which break down
into chloride lons,

The rate of chloride fon formeilion and the reate

of umide clesvage are both dependent on the chlorame
phenicol concentration, Henes, & roletionship based on
the above hypothesis can be derived methematically
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| whereby the rate of amide clesvege is expressed solely
in teras of the rate of ehloride los roduction, This
may be treated as follows)

&80 o (om) (1)
S.&@L s =k (oN) (2)

where (Cil) g concentration of ohlorem henicol at any
given time, t. By integrating, and lctting (CM), w
concentration of chloramphenicol at ¢ g 0, then:

n {ff = - nt (3

In (oM) s 1n (CM), = Myt (&)
Since the disappesrance of ohlorcuphenicel is
proportionsl o the amount of chloridc fon formetion,

we may write ‘

44e) « 2k (o) ()
(It is assumed that two m&u of chloride ione are
formed from one mole of chlorampheniccl)e Then
substituting equation (4) inte eguation (5), we have

! l%i*l " 2 hﬁ ‘;Jl ‘W’Q - &1‘ ‘6’

(17 & <2k 10 Mokt )

B




At t 2 0, (C1%) & 0 § then

A s 3‘;§h o 10 (GM)g {8)

Therelore:

01") =2 k in (On in ( wity b
(61%) = %E o an cm.a;}w

(o1 ¢a_?_ o 1n (au), I} x,_t] 30

Inspection of ecuation (10) shows tiat as % upyraunhua
iafinity, '
- p 1
{c1™) -4 a% P in (m)g (n,

Rearranging esguation (10) produces

._-.—J% = l“’.‘x]}; (u’
2 L] ]
%

Setting equation (11) equal to (017),, and substituting
into equetion (12), we get

«---g-::f; T (13)
20

By rearranglng and taking logarithus, we have

ou[l - (u’“—] s kKt (1s)




~ Thus by obtaining the smount of chloride lons
formed when ¢ approaches infinity, we can get a rate
ewm& wihioh should be whe same a8 the rate constent
nbhm by measuring the rete of dis:ppearance of
ohloranpheniool itself, By ochoosing - sultable pil
and tempersture, where the breckdown <f ehloramphenicol
o the anine is reasomably fast, the value of (017)o
can be readily obtained, since chlorice lon formation
will coase once the ohlovemphenicol hod been completely
degraded to the amine, Eunze showed (20) that ehloride
ions are formed very slowly from diehlorcacetate fons
80 that complications from this reasctlion sre very small,




Rosulte

The valldity of the hypothesis «2d of equation (14)

above could be checked readily by ploiting = la[l - Gél »

againet time, If & stralght line wa: obtalned for a given
pH and temperature, then the equation could be said o
represent the actual situation, Thic has been done in
7ige 1, where all the curves appear to be sensibly
linear, Since the total amount of ohloride ions svaile
able is about 10 millimoles, end the . mount Sltrated
Varles from 1% to 56 of thaet, it woulc net be expected
that any great degree of asccurascy could be attained,
By the time that 5% of the total shloride has been
hydrolysed, the chloramphenicol molecules themselves
have been split &b the anlde linkege, The remainder
of the ohloride ions whioh can them be titrated
represents aluost totelly the hydrolysis rate of ‘the
ohloride ions coming from dichloroacetate lons,
Bvidence for this is gilven {n Table I which shows how
chloride formation spprosches a limiting value,

The rate constant for hydrolysie of the dlohlope

- moetate ions is slow (0,0001 hr™l), lievertheless, its
value has boen sublracted from the actual rate constant
obtained experimentally, so thet only vhet portion of
chloride which comes from the intact naleculs of
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Pig 1.- Plots showing the straight line relationships of
T agalnst time, at pH values

the funotion «in|1 - 4S1Z)
(01")«9
indicated. The glope of each ocurve s equal to the rate

constant for the over-all degradation of chloramphenicol.




PER MOLE OF CHLORAMPHENIOUL o ¢ o

| %ﬂl 8,70 8485 9402 9418 Ge3b

0s0105 0,00058 0,0157 0.,0183 0,034
0.,0200 040230 04,0314 04,0366 0.,0470
0s0392 040340 00,0392 0,0523 00,0680
0s0418  0.04L70 0.0849 0.,0654 0.0812
0.0706 00,0680 0,0863 0,105 Oell8
130 04139  0ud49 0,162 0,175  0.183
216 0178 0s186 04199 Ue209 Ue215

EKoeow
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chlorumphenicol has been inelwied in tio ouleulatlons,

Table II glves the rate constente for the disape
peerance of chloramphenicol. ky repre:onts the values
obtained Trom Plg, 1, and k; represent: the valuos
interpoluted from Fig, 2, which 18 a piot showlng the
reate of disappearance of chlorasmpheniccl at the swue
P valuos as were used in the ehloride loun deteralnations.
The two sets of velues are quite siail-r, at lesst as
to order of magnitude, and it $s comel.ded that the
equations presented above represent tic peneral overe-all
pleture in the pif range useds




COMPARIBON OF BATE CONGTANI3 OBTAINED

AND THOSE OBTAINED FROM DICAPPREARANCE

OF CHLORAMPENICOL (1:.;) |

.
o SR
8470 D025 L4022
6485 04026 Le028
9402 04030 04033
9218 04036 Culk3
G35 0047 Vo5

FROM CHLORIDE 10N DETERMIN. TIONS ( ky)




Temperature: 60,090,

i

. PER CENT RESIDUAL CONCENTRATION :

B Bl Sl

~GB.85
9,02

9.35

20

. TIME (HOURS)
Plots showing the over-all degradation of
ramphenicol in 0,25 molar carbonate buffers at pH

as indicated.




DEPENDENCY OF RATE IN ALKALIN: SOLUTIONS
Effect of Hydrozyl lon Concentration

AB the pH mamm, there 18 a cignificant
ineresse in the breakdown of shlopamphenicols To detere
mine thie dependency on hydroxyl ifon congsntration, '
aystems of higher pHl were umed, Unfortunately, ntum
faotory buffering systems are not aveilable in the it
range 1l0=12,

The use of an amine plus ite salt seemed 1o be
& promising epprosch, Comsequently, -9veral were
titrated potentiometrically to determiie the moat
sultable one for our purposes, Fiperiiine fell within
the desirable range and 1ts buffering sction seemed to
be satlsfactory, Therefore, it was usod in all studies
within the pH range 10«12, Flge 3 shous the disappear-
ance rate of chloramphenicol in 0.2 molar piperidinee
piperidine hydrochloride buffer at various pH values,
The rete is linesr with respect to ehloramphenicol foy
all the pH velues used,

The effect of hydroxyl lon comeeniration is shown
in Pige 4 where the logarithss of the rate constants
are plotied sgainst pOH. The resultin, straleht line
has a slope of ones Thus the breakdow: of chlorame
phenicol is rirst order with respeet to hydroxyl ion
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RATE CONSTANT k (hrs~1)

- 0.8

00—

30

2.0 Piperidine Buffer

Concentration: 0.2 molar
600 ooet

Temperature!

1.0

0.6

0.4

0.2

0.1
0.

0.0

] |

3.2 3.6

.0 58

pOH

Pig. 4. Plot showing firet order dependency of breakdown
of chloramphenicel on hydroxyl ion eoncentration.




concentration. 7This is t¢ be expeclted since previous
fnvestigetions ( 1l-16) of the hydrolytie cleavege of
amides with bases heve comsistently elown first opder
dependencies on MWI fon concenty:lLion,




Dependeney of Rate on Bulfer Concontration

It was desirable, further, to deter ine how much
of the degredation was due to the hydrox )l lon concens
tration and how mush to the bulfer used, Accordiangly, "
several asystens were followed using diff rent concenw
trations of bufter, but adjusting the pH to the saume ‘
valuss rigss 5 and 6 show that the buffor concentration 1
has a decided influence ou the degredstion of chlorame J;
|
|
|

phanieol,s These resulis are in sgresnen' with those

of Trolle«lasgsen (21)s Plge 7 stiows the extent of the
catalytie setlen of the buffer, As the ;M inereases,
the catalytic effect of increassed buffer concentration
also inereases, However, & point 1s socn reached

{going up the pH scale) where the effect of hydroxyl ion
catalysls conpletely mamm the cateiytic effect

of the buffers 7Thus at « pH of 12,05, t.@ saue rate

1s obtalned for buffer concentrations verying from 0.2
to 046 molar,

of buffer obtalned from Figs. 5 and 6, nnd combining
them with the rate constent obtalned at 'l 12,05 where
the buffer concentration has no influence, a plot may
be obtalned showlng the actual dependenco of the

|
|
|
[
|
|
|
l
|
By using the rate constents st zerc concentration
!
disappearance rate on hydroxyl lon itsell, Sueh a graph E
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Effect of increasing concentrations of I
piperidine buffers on the rate constants “
at 2 different pH values,. |

22

.18

RATE CONSTANTS k (hre-1)

b

_ | I | | |
s 0.1 0,2 0.3 0.4 0.5 0.

BUFFER CONGENTRATION (MOLES/LITER)
Fig. 7




plotted is shown in Flg. 8, Here the :lope 1s linear,
but the resction rate is just slightly grester than
first opder with respest to hydroxyl icn concentration,
If all the resction rutes obtained at : finite concone
tration of buffer are plotted egainet (OH (Fige 4),
the result is still linear; but the slope is one,
indioating a Pirst order dependency on hydroxyl fon
concentrations
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2.0 |- Dependence of the rate constant
on dmx%l ion conecentration
at p » _

Rate constants obtained from
Fig. 6 at zero buffer

1.0 concentration,

0.8 }

0.6 |-

wa“' -

0.2 -

0.3 -

0.

0,

0.0

0.07
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Effect of Hydroxyl Yoms in Highly - lkaline Solutions

The concentration of chlorsmpheniecol in these
experimonts was about 5 millimoles, ience it was not
fennible to use the strong bases ap degrading media at
8 pi lower than 12 becsuss of the sig: iflicant changes
in the hydroxyl concentyation at thesc low consontraw
tions, But above & pi of 12, use of strong bases
becans practicable, Barium hydroxide was chesen beoause
of jte greater freedom from carbonats interference,

Pigss 9, 10, and 11 show the effuet of barium
hydroxide concentration on the degrad.tion of chloraumw
phanicol,s At concentrations above 0,02 molar miun
hydroxide, the graphs are quite linecr, but slight
deviations ovcur at lowsr concentratlious of the base,
This would naturally be expected if the rete was
dependent on the hydroxyl ion concentration, since the
soncentration of the base would then ve changed
slgnificantly as the resction progresses and not be
sonstant as ma be the case at highor concentrations.
To allow for this error, inltisl veluce were given
more iuportence in plotiing to detersine the rete
gonstants than were the final values., This was
euspecially upda-tmt in the case of tue resction ab
higher temperature, since high concencvpations of
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the base could not be used because of “he resulting
rapidity of the reaction,

Flge 12 shows the linear dependecoy of the
mum rate on the hydroxyl lon eoncontration for
all 3 temperatures used. The rate is zerc at about
0401 moles of hyiroxyl lom, This would seem to indie
cate that 5 millimoles of chloramphenlcol are rescting
iaitislly with 10 millinoles of hydrexsl lom; or, in
other words, that m is sn initisl -esotion sesond
order with respect to hydroxyl ion concentystion, L
To verify this, chloramphenicol was ticrated potentioe
metrically and conduetometrleally with barius hydrozide,.
There wae no svidence, however, of suc) & second order
resction,s As yet, we have found no sotisfactory
explenation of this anomaly, but it will be noted that
& similar anomaly occcurred with the piseridine buffers
(Fige 8)»
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Fig. 12. RATE OF CHLORAMPHENICOL BREAKDOWN IN BARIUM HYDROXIDE

SOLUTION AT SEVERAL TEMPERATURES.



Tompeorature Dependency of the Hydroxyl Ion
. Catalysed Reaotien

Yor the barius hydrexide cstalysed resciion,
the dependency is linsar within the rance 25° to 60%,
(Fige 13)e The heat of activation is 1045 keals,
seeningly a retier low valuej but not too unexpected
from the evidence in Figs 12 of the ver: great sensie
tivity of the reaction rate to toaperel.we,
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Rewgonts

All reagents used in this favesti ution were of
unalyticel grede, Silicie seid (Mall! .ekrodt echrome=
tographic grade) was used for packing uhe ocolumns.
All buffers were prepared with water ¢ lstilled from
glass apperatus, and the pi was measur:d on & Beckman
Hodel G pH mster,

Frocedure used for Determination of pit
and Temperature Effect

Approximately 2 gms, of ohlorumpionicol was
accurately welighed into a ome-liter volumetrie flask,
about 900 mle of redistilled water wee added and the
flask was shaken until the contents dissolveds This
flask was then placed in a constant tenperature bath
at 6040%., and the solution wes alloved to equilibrate
thermallys Then sufficient water was added to bring
the solution to the marks '

| putfer solutions of sodium curbon tee sodium
bicarvonate of a sormelity 5 times tholu desirved for
the resction study were prepored and llkewise placed
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in the constent temporature baths 20 . of the buffer
- was pipetied iato u 100 mls volumetric flask placed in
the babth, and the flask wes brought to the mark wish
the chloramphenicol solutions AS perisile intervsls,
5 mle sanples were pipetted from the ilask fato 8 dven
vials lato which had been previously pipetted 5 ml. of
nivric asld of sufficient strength to aeulralize the
base in the buffer,

These sanples were retelned in s cefrigerator
until such vloe a8 Yhey could be chron togremsed for
the recovery of chloraunphenlecl, The chromstographic
prmm used has been describved in a previous paper
(22).

The above procedures wers repeatec, using
piperidine-piperidine hydroshloride burrers, instesd
of carbonate buffors.s These were likewise yun at 6@.@“@‘

Again, the same procedure was foli owed, but insteed
of buffered systems, solutions of barius hydroxide of
differing normalitles were useds In a.dition to 60,0%.,
the runs were also made at 40.5%C. and at 25.,0%.




Procedure used for Determination of Chloride lons

At the time of withdrawing 5 mls camples from
- the oarbonate buffer systems, sn additional 5 ml. wes
&lso withdrewn and titrated amperometricelly, as

described in a provious peper (17)s
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The overesll diseppesrance rate of chloramphenicol
. may be determined either by following tie rete of
disappearance of chloramphenicol itsell or by following
the rate of eppesrence of chloride loms. Hquatlions for
such & rolationship were derived metlern ticelly and
correlated well with experimentel resulis,

The rate of chloramphenicol degred tion is directly
depenient on the hydroxyl lon concentre.lon and 18
reasonably rirst order within the renge: studled,

There ig a deofinite buffer catelysls dependent on
the pH, but its erffect is groatly diminished at higher
pH velues, until it is completely overs sdowed at
Pl 12,

There is some evidence that an inltvlal reaction
of 1 mole of chloramphenicol ccours with 2 moles of
hyéroxyl ions, but so supporting evidence gould be
cbtuaineds
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GENERAL SUMMARY

This study il‘ concerned with the cuemistry end
chenionl kinetics of the reactions respossible for loss
of setivity of the broud-spectrusm antiviotlie, chlorame
phenicol, in aquecus solutions, Althoush the drug,

Der{ =) =L 000w wpeiil trOPLONT LR ed LORLOPO: S0LEAIAOwL 3o
propanediol, is the most atable of the antiblotlios known
up to the present, it is subjeot Lo several degredative
reactions, Hydrolysls of the amide, hyireolytic vleavage
of the halogens, oxldution of the aleviolie groups and
reduction of the ailtro group all lead to breekdown of
the sompound in solution, Preliminary iavestigations,
howeveyr, have shown that the latter two processes are
of very sinor laportence exeept under very severe
alkaline conditions, ascordingly, hydrolytle eleavage
of the amide bond and of the halogens have dean the
major concern of this study. '

Dehalogenation reactions are sapeclally easy to
follow kinetically becuuse of the sease with which
helogen formation may be determined an:zlytleally.

The findings from this phase of the study show that the
over-all resction of chloremphenicol in water to yield
chloride lons is a sumsetion of taree ceactione}
an uncatelyzed hydrolysis ylelding ehloride lonsj
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& hydrozyl ion catalyzed hydrolysis yi lding ohloride
lons; and & hydrolytlc clesvege of the amide bond yielde
ing dichloroacetate lons, whleh in turn bresk down very
aslowly to form ohloride ions, %Whe firot reaction is
the predominsnt one at R 6 or lower, The latter two
are responsidle for Lbreskdows et highe pil, the anide
cleavage belng almost wholly respomnsible at very high pil,

In contrast to the ease with whic: debalogenatlon
reactions may be followed, sudde eleav .ge presents more
of & problems It was desirable ia suci e study to be
able to deteramise felrly precisely the actusl dlsappeure
ance of ehloramphenicol itself from tho system. Sinece
the only assey Mm available at Lhat tine tor .
deteraination of chloramphenicol was & approxinate
microblological method besed on turbidimetery, this wes
not possible, Thie method gave results reproeducible to
within only 5 per oent snd wes not precise encugh for
the purpose at heand, Therefore, & hew assay method of
higher precision based on ohromatogrsiilc fsolation was
developod,

The effects of tempepaturs, concocntration, ‘pm
buffers, end neutral selis on the rate of diseppenrance
of chlorampbenicol from aguecus solutions were investie
@um by means of the newly developed :nalytiocal |
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procedure, The resulis obtalned showe ! thet the overwell
degradution rate of chloremphenicol in squeous medin was
first opder with respect Lo the anbibistie, independont
of the lonic strength of the medium, ¢nd large indepens
dent of the hydrogen ion comcentration within the pit
range 2«7, Above this jH, the rate wa. dependent on the
hydroxyl ion coucentration, although tie reaction between
chloramphenicol and hydroxyl lons seen d to be a rather
complex oneés There wos also a definit. buffer cstalysis
which wes dependent on pil, but this ef eot wes muoh less
ab pil 12 and above,

A relationship wes derived mather:ticully correlatw
ing the rate of production of ochloride lons with the
over-all disappearence rate of ehloreni henicol.
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