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i \!l'lll investigation was undertaken to study the kinetics
of chloramphenicol degradation in aqueous solution as eaused -
by hydrolytie ecleavage of the amide linkage in the drug. .,
The hydrolytis reaction, which appears to be the only signi-
ficant degradative pathway in neutral snd acidiec solutions,
bas been studied under s variety of catalysed and uncatalysed
conditions. .., exomsa will, 1% 18 s2rred, ellow for soue

o v Studies of & ehemical kineties nature with respect to

the reactions responsible for spontansocus degradation of .
pharmeceuticals are conspicucus by their rarity.. Phis is ,.»
particularly unfortunate when it is reslised that very meny,
of the problems associated with product formulation arise ;,
through the necessity of maintaining stability.. From the ,
standpoint of economics alone, kinetiec studies provide a means
through which waste and loss may be minimized or avoided ..y

‘nt,.u‘. 17‘. gruding a8 el oftea eondeaied by those eoncorned
wiip biquid preparations represent s class of pharmsceuticals
which are particulsrly susceptibla to loss of potency and .
these products are often charscterized by short shelf lives '
i'ven when l:opg \_mdo:r refrigeration. ) Many of the antibiotie .
preparations eurrently on the market, for exsmple, must, by - "
gonm;nt- regulation, be marked with sn expiration date,
fhis date signifies that time beyond which the concentration

of the active ingredient or ingredients falls below the




1sbelled mt‘. * ¥4 tamin propirntlm are another large L
olau ef ph-meeutiuh vory often nma ui.th an e:pu'a'- |
tion dato. aubnequont t-c thi.l dnto tho pmduot h nsunad

o to bo unrit for dilpemmg and u duoarded !heu mmo-'
| "ropruent lubstantlal mury 1osm to phnmooutiul 2

llndustry “ \nn as to ntau ptnmtlta md thol.r patm.

Anoug tbo pcnetlm curmtly m‘.lmd 1n attmptﬂ to

1engtnan the shelf lives of certain pharmaceuticals is the
o h. m:lulton or tn mou qnantib; of the Mtlﬂ mgrodlont.
o '!h. use of thu uoou ulll. it tl namna, tllou for some |

it

dotcrioratton to oecm- w!.t.hout roduoi.ng th- oomentratton

'.r the effective msterial below umm nininm Mldo
from the immedistely cbvious waste which mey Tesult from such
a prectics, more subtle factors such as umifors and sdequate
L douga plaoo novoro lintutlonc upon my ad'nntagol derlved.

" It is elear thlt my {nereases m orfecttve shelf 1ife are

h‘or meulty qni.t. nnll wh«- e 4» & rambmary Yo budter a
poec Im view or t.hon omldmtim, 11; 1. .nformt. mg

| 'stubuity studies as mt often conducted by thoao concerned

_ with produet formulation represent & purely upirtcal ““ .
" _ﬂsppm-oaab. _ Ihng man bours and large quantttiu of expensive b
) _‘ materials may be oonsumad 6ur1ng the oome of such studtes”
';uttnoat yielding data which are of qummtaun ugniﬂemo.

- !'h- vorr uhnllmu of the data ebuimd -ay prcnnt propor
eonclusions from being drewn.” oo often, pharmaceuticals
| qulto -utm in ehenim comtlmtton may be nnbjooted to




totally separate studies even when the data gained from the.
study of one drug are directly applicable to the other. it
mters suh as tho offeot or mntrnl 1&:, hurror conatl-ms-

tuonu. burfcr umtw mﬂ cun wmtnn erootn m &

:_1""""|~n i.mphtcly dnumtmd l'm mult-nt mt- n,;-.-. ,
o unt mofrui.ontly utnuod ti.-, nnponr m mt..rm‘

rn mtrut to thu.s uhui.nl km-tu nmm provldo -

“ ';':qumtttatlu uu ﬂ.thiu tho rr-nork ef nn mtegratod 7 Hi

| "'pum-o mn of the mm tontrilmttnl to dagrldatlon _
. __uy ho wumm upuratoly but at u t!.n u m unslo mo}_

mtor upamu and dntmt rron tho problen u - uholo. L
" Ir, ror mlplo, twer i.wortant -ourooa ot ugmdat.tu in-x

_ Inumo mt be cmtdcrod and the total eorroeuon of ene

_ | ; enlr urns to ummto t.h. otbcr. the qumtttnti.n share*
N 'um of & Kinetis study pomm a rationsl balance te be
_ .tmok. -_ Suoh l sondition way be inultratod rathor excel”

‘lently in those instances where it is necessary to buffer s .
"‘_product lo u to ni.nuin rather narrow pﬂ li.ni.ts. md at
the sene tm. certain buffer constituents um to utnlpo

doterlorltion._ In such an i{nstance the dats proﬂ.dod by & =

FACEN L

‘pinetis study will point toward toat buffer systes whish will
allow for maximum mainteranse of pit u-i.u with & minlmsua of .

dotorlmtion resulting from the influense of buffer sonsti-

tnont.. | Onlr tho qunnunttvo and tntogrntod oharutor of
kinotio lt.udi.u ponit t.hou ballncn to bo utumd with

_ opti.nul nfognnrdl
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- When ngu'd-d in ulnt.ion to other drus-, and urtamly
witb respect to other mtibtottu. shloramphenieol exhibits o
unutual atabnu:y nnder Y wide mlet:y ar cendit!.om. Never-

| tholass ’ doteriontim or chloruphenuol m aqnoous :tolu*

- tended to ntam thetr pouncy onr long pertods or_ ttorago
. th- problu of dstori.orntion mey well be uuu;. R

ti.eno u t ugnlﬂ.mt problu 1.n tho romlattcn of its ~ o
pmparutionl. wm -oluti.om or sunpemtom or tho mtl-

blotlﬂ mt b. sterillled W‘lol’ to mmumuon o&‘ m ln-
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mo urloul mncuonal group- uttmn t.h. omomphonicol
uoleaulo prov!.do mmomul foel ror degrmtivo att.ack. Those
raetor- -hleh unn-i.buta to t!n dotortorati.on or u coupound
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+ PREVIOUS smmm CONCE!NING CHLORAMPHENICOL

!

Imln.um and Qmm:l. Coaracterizations
~ Chloremphenicol, the antibiotie substance 1solated from
sireptomyces yenszualse or prepared synthetieally, was first
deseribed in 1947 and again, independently, in 1948. (1,2)
PFroa 19#8 to 1949 extensive tnvuttgnttm were undertaken to .
determine the chemical nature of this broad spectrum sati~ |
biotie and, -ubnoquntly. to ashieve total synthesis of tho
colpound. {3 +9) uars a‘*r‘z 8 “;, (& T s ;,a iy "5;;:@; |

© In 1949 eharacterization and total synthesis were re=-:
ported and shloramphenicol was showa to be n(-)tnroo-l-p-' -
nltrophonql-eﬁlehlomommo*l,}'mmdiol. (9) & As-

eropialion e TR & l WO u:’i.' PIAELsR Lhs nitro

1 0@‘@ "¢ Cares wore pllon toe

- CIIO]. .
BEpAL s s o 2 rropienlenl S varicias
v A E if;- “" .

Ehnmnnn&m Annlmnmz L

t«.l. During the early elinical investigations into the there- |
peutie responses elicited by the antibiotie, it was recognized
“ that ehloramphenicol was 'ogrectivo against & wide number of
micro-organisms and that its sstivity often eoineided with
that of penieillin and streptomyein. (11) - More important was
the early recognition of the faet that ehloramphenicol .
offered great promise as an agent for the treatment of typhus,
‘serub typhus and t7photd fever. (12 = 16) . At present, enlor-
woarks s (5), ropopdig 1d ™ sw, o7 ep eog) Vetenal tasiace

e eyt i ST e goah v Ay .
MRy R LO e ':i”\.*.,.-..a..; s logiessing W I BOT4



mhnnieol roprount. the .gent of shoiee in thn tmtaunt- of
. .‘_.‘-rielnottllal lnrntlm‘ e # i"f " Lo ‘ ;:‘;;,-____-, A RGN b M E R TR

g et § ey e el e - ,.}

n ' m W‘ . .F ‘l; '.‘l:._,,' 1‘\ , . '. ,;;‘ ;L!‘I‘“‘! ; r : !‘ ‘;! .v; u |
.\ Coineident uu: the oarly obamioal mvuti.gatloul mte

i '.tho structure and qnthuu of cblorupbonlaol, . numbor of :
'-'_‘-'_uuy methods were devised. (1, 8 * 9, 17 * 22) non or o

; 'than woro -icrobiolos!.cal modurn nktng use of RN *--{

""" turblaimetris, sertal dilution snt atse plate toatmlqmu ~—-—; o
o :?'J"'A number of' ohouiul proudum nrc l.llﬂ dcnlopod !heu |

'chui.eal prouoduron were usontmly tho same m that tho

. 'nitro group was reduced, the resultant smine d1azotised m
eoupled, The solored produot ‘obtained upon eoupling was 'm' 3

‘determined solorimetrically. Inssmich as many of the de= _

- :‘gradatlpn produsts of chlormphanmol would possess the nitre |
funstion intast, these shemical procedures were often n- .
 oapable of distinguishing between shloramphenicol and varicus
| Gegradation produsts. (12,21.22) nali, (27) Mwen werke

amux Detoxication Boutes and zmma: & “5 on %* “ o
._ ‘ '!ht orrouti.vmn of oral mmumuon of tho ant!.- 1
' 'btotm plus the a:‘.ditimi mro-mtion tndicating that recta‘.l
.I ndmi.nutration was mo etfoctivo (23), lends some lnatght
" into the not-sbolu -m:mty of chlmpbonieol. It mey be

| | safely usunod that gutri.e lvdmhloru uld. m um,

" _dooa not produse sy significant degres of degradation, The
_ data of Smith (24) as well es that of umn:u and bis eo~

- workers (25). roproduaod below, offer additional insights
mto pontblo bod1ly detaxication processes.

- : .
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" SERUM AND URINE szms or m.owmxcox. As Am:nlm
. UHROUGH DIFFERENT ROUTES OF mxsrmneu. {25) .

. H FI Ay Iy 3! {3 i Le gy I .
! . o T B i g e rakw U PR R Y e b
' ERRS A S ite SR -] S 1 MO e L d et v A LAl JE MLty v H ™
I T A T Vb . v oy Vs . Yoo
' . - RN
v - . -

1 = S L L W SR Ao - i
'r I; L .:_. 5 m m - . A A ? .. [ uh
II"‘I"" '“ila- I" "%-I'-"‘? 1'3 '~'- %\-' i-tls*“ {'.-1;,_‘;‘ ""; Ij‘:;‘:.‘.- 'fi ‘i 1" n *! ; R AR I

M may be seen rm thn ahun tablo, Iost of tho chlor-
wphanieol u mountod ror.l Since ohlompbanicol m
determined btuloglully, lt Iay be usumd that mt or thl 5
chlomphmiool is alt-ored ue as to provida L torn or fom o
"' 'which does not possess any ugntﬂunt biologinl sotivity, ¥
" Subsequent to this investigation, Glasko, D111 and Rebstosk |
. - showed tbnt lou tblmwfofanorlslml dou chlor-
| "i-'mmomm lppu.red in the urine unchanged. (27) !bou work=
"'..‘.-ors alao dmstmted thnt tho najor aothioatlm produet of
.| ehloremphenieol metabolism 1s the glmmm of the terminal
I _bydro;yl group af ‘the propmdiol no!.oty It m round, how=
i mm ever, that dogradatton alse prooood- throash oleavage of the
.., amide nnk. ; !hu dool not, howevor. ropmont () almiﬂcant

.. X wl‘!‘ D _‘-1 8 t.;.i Sy g e -

: netabonc pattnua;y. SR | T
R L il wf B R o &“'; Wil h *z:r arne ewbraebn of
"A few or the mly uorhra utth tho mtibtotte ndo

| vari.ous nttmptl te ltnd;r mtor. affoet!.ng the stnbui.ty of

[ _,.m....*

Tal J——
: _“:1'.;:-‘_“‘ f;.i;'{ "l 35‘ FW Wi -_‘:
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| gnlompmmol hut no intmtn mvutmttm in this R
airestion were undertaken.. m- preliminary mostmttom' |
indicated t.hat ehlormpbanteal 1- atsblc in 'uquoous solution_:
_within the B Tange 0.4 * 9.56 st roos temperature. ( 4 = 7)'-“
It was am that chlommphenleol was not. t:ydrolysod b: AE
| papetn, trypein, ehymotrypeln or pepein. - Hydrolysis .

. achieved, hovever, witn bestertal ensymed from old eultures -}?f'
of 2. yulgaris, B. aubtillis eod B goll. (%6) 2 ey

"7 Zven tiough 1t was shown (27) that nyarolytie cleavage -
';-\'of t.hn antiblotie at the amide linkage was not 8 significsnt o

_' mu ot dommuon, the very faet that the amine has boen
S uolltod u s dogrmtlon product points toward & possible
.dagrtdlth. routo. _ Bydrolysis at the amide nnlmgc has also

" been demcnstrated by Rebstosk et al who showed that hydrolysis
.eould be aceomplished with strong seids or bases. (28)

 Pertodie actd exidations bave showa the sntibiotis to be '.

'aeuvortod to p-nlt.robomam&wu (27) snd although this
omidntlon m monpluhod under rather vigorous nondi.t.iom,
| u:!.dauon, in gonnrul, eould ot be eliminated as a possible

"' gegradative route until the actusl patiway was utabnauea

The nitre group also mun'u L rumti.on subjest to
" eshemieal shange. M reduction of the mnitre group re~ . ..

. " sults not only from the use or ehon!.enl a.santl (15 17) but
| . hu been moupluhod, in !J.I-ma with aqueous ntracu ot

o baetorul cuumm (za) tuo mtno Q e e

having been isolated.” '
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" 'The on.‘l: prwiously reportod tt.udy of - tho th of

ey chlomphanicol degmdat!.on is mt or Hig\whi and Bas, {29)
.'_Mo {nvestigators snoued hydrolyti.e eluvage of the oubon ;
= ehlorine bonds to ropreunt an important degradative a-ttmr

: m aquoous lolut!.onn abon pn T. | nm umdy mnlod that. :
" the vate of ehlorupheniool aegmdstion. a3 measured in tom
'of ehlorldn 1on produetinn. eould probably be regdrdedoto

- "‘-roprcamt m upu'ato roaet!.om. The first of thou m' i

‘ "F'ti.onl. uhich m di.mtly dopomdcnt upon the bydrml 1on

"\ gonsentration of the system for the rate of chloride ion pro-
47 auetiom, mvolvod the hydroxyl fon eatalyzed hydrolysis of

| the earbon * chlorm bonds in thn antibiotie moleeule. l'nta
"i.nttul mti.on, 1t m rouuﬁ. was soon suporeedod b; a second

ro:etton through whi.eh the rato or shloride ion producti.on _

"boem Mpondmt of the pH of the system.

" this latter mifutlttm. it was poutuhtod. multod -

" from lvdrolxtu eleavage of the amide linkage and formations
" of alchlorecetate 1on.' Tuis produst was assumed to be the
v source of ehloride ion pmdnction independent of the ha-droxyl .
' ton oomontntton._ Tae work of Kunze (30) who showed shloride
1en produstton from the wurolylu of dichloracetats ion to be
™ pi independent served to substantiste this bypothesise . i o )

'!ho very strong I.ndicatiom that hydrolytie eleavage of |

.tho amide function ropreaontsa ujor degradative pathway in
. alkaline -olutim. poun-..d toward Y probable route of dosmdn
" tion in neutrel and scid soluticus as well and served as the

! at.u-ttns pol.nt of f.ho msmt mvostigauou.




PHEVIOUB WORI w !!E IIIEIIGB OP MIIIE H!DROIXSIS

 ¥he evidence cited previously that amide hydrolysis
'pmmtl s ma jor patimay of ehloramphenicol degradstion
ssde 1t sdvisable to Teview previous work cn this subjeot.
Although the 1iterature pertaining to the kinetios of amide
hytrolysis 1s by no means volusinous, 1t wes felt toat the %

tho nature and poni.blc dopendmiu of utde oluvag- in
t.bo ehlonnphonlool molesule. ‘

| the rmt pubn-m mve-tmum mto the kinetics of
mmo uyﬂroly-u u that of Mon (31). ‘tnis publtoatlen

u ratbor ahtow and does 11ttle bayond Ihoumg that mao |

hgdrolylu ny bo monpluhod with aqueoul soluttm or

o nt.rcns .ﬂidl or mu | lhld (32) roportod tho mult.s of -

" an o:tenltvo mvutmtion of amide lvdrolyill by both acids '

and bases. He found that the uyarolytio mtlou was second

ordor whon uulyud by ﬂ.ttar mtdl oz' bu» m aoeordmo
‘ﬂ.t.h R o ' ' .

a4 531@7 o g g [m’-d‘] [0}'['_7 _
e mp ‘ E a ‘ “ e . :-.:,.-_ e TR R S P T T R
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" Grooker (33) lnvestigating the Kineties of hydrolysis
of various aliphatic amides in aqueous solutions of hydro-

10

results obntnod by other uorkern night smo to ulunmu.' o
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chloric acid also found the uquroiytto reaction to be

bi.noleoulu' crockar noted thnt thn temraturo depem!m

of the actd utalysod reaction was quite large but at all
tenporaturu atud!.od the order of rohti.n reutlvlt.y
m ni.ntli.nod - He aho ndo some lttenpt- to correlate .
the "resstivity" of a particular amids with the nature of.
the mtd uployod as & catalyst but did mot pursue the

. mttor vory far. He dia, ho-cver‘ flnd the rollmtng re*
:.auomhtp to hold: ~_:,;'..L_:=-::._- Vo e g 1 i oL L

PETEIL R
PR

iy * 1og i: . 103 k B(l/!l 1/!2) -
Oroohr -nd Luu- (34) cxtondod croemtn !muttglum
of antde hyarolysis and found the nto of uydrolynu o de-
" aresse with ineressing moleoulsr weight of the amide, Fuese
o nuthorl were the first to note that the u-ponmro sontie
N emt of hydroxyl Loa eaulym hydrolysis ts mich lower than
ror ‘the hydrogen ion oatalynd mmtten. R Kot
" In 190T Aeres and lerdllngor (35) mvuugnm the
_ kineties of scetamide hydrolysis in an sttempt to explain
N tho hydrolytie mtton interms or mm-'- theorr of en
" tonte intermediste. (36-39) ‘The velooity of the hydroshloris
W aold utalyzed mction waa meaaured at 65 c. and tho re*
o sults obtained ue-aa to substantiate m-r'- po-tuuuon. Ty
In thu rolpeot it ll !.ntorutlns to aoto that both Bell
(Ao) and laidler (41) eomi.dsr the hydrolysis of acetemide
to roprount th- cnly docmtod evidence in lupport or

Eulerts theory. .
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" Acree and Nerdlinger found that during acid catslyzed
lwdrolylll or acota!.do tnon was & gmdml morouo in the
rsto or f.ht mttm. l'hi: mrouc was nttrtmted to the
ffoet of the mmu ehloride formed during the oaurlo of
" the Teasticn. ¥nese suthors also found thet sodium, |

.  " pomatu and llu:l‘l.nul emormo s.ncronoa tho volouty of the
resction ub-reu ntnmn onlormo Goeressed the resction rete.
_m po-mnttou thtt thcu oloctrolytol mtrlbutod both -

t 'ponttvo and nogat!.vo selt effects 1s tn au-oct eonﬂ.tet, &

however, utth the mk or lnylor (ha) 'nho found tho ult
"_orrut to be positive in all {nstances studled. =

" m-r snd 01m:' (43) repox-tcd t.ht uéntmao of
_'t.ho uttlrcu oonltant for ucid oatalyud tqﬂrolylts of
IF'Lmtulido to Mmso smtrlmtly as tho cmtraum L
" of setd vas tnoreased from 0.1 to 3.0 K. Any attempt to

| _' oxplntn thil doorouo in toru of s mgat.tu salt orftotf '

runs mtrnry to the multl obtai.md w faylor as olted

" above.’ l.ng to Latdler (M). appamt decrease m
the value of the eatalytie tonatant may be explained from the
" eact that at different concentrations of seid the hydrolytle |

o 'rnati.on is governed by uporau relatiocuships. .

o mtt.s (45) showed the rate of mtaulda hydromu tn
 water to be quite different from the rate of the resstion in
~ asuterium oxide. When the wﬂrogan ton eonoont.nts.on of the
| _iudlun was 0.1 l.. tho nto of ruoti.on m dnut.erinn em.do
.. was 50 porunt grutor than ln wator. As thl comanmnen
. of hydrogen tom | \tu mernnd %o 2.} ¥, however, the retes




| boem equal u:d 'm't.tu presence of 3.0 N. acid the rete in
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~ water was 15 pomont putor tbm in doutor!.ul u!.dao. !h-u |
" aata tnaieste that the bydrolytie eleavage of ssstamide s
| oubjoet t.o apeei.ﬂ.l lvdrom 1ou utalylh, at lout at lower
Ioomenmtlm or aoi.d. Blh!.novitch sad winklor (46) find

| ~ the dsta of asu:s lupportl.ng speou'u bydrogan 1an utalyzed
o 'waromu to be somewhst in eonnut ulth thou of Krieble

‘.l i~

" and Kolst-. (lrr} Rnbinuvltch tnd umklor polnt out mt the

o appamt rohtlmhi.p b-m t.hu uto er mta-tdo hxdmlﬂu
| md tha “14“7 mt:nt., lo. 1.n ur,r hl.gh tmontmttom of
'ael.d u roported b: trtoblo md ﬂoht lndlcnto a wutton '

_rro- lpociflo hydrogen mu utamu. Altnough tm- behavior

uy poui.bly be uphmod on the baa!.l o:r gonoml - ui.d base

| :_“ttlylod lmromu or tn- umo. mro are murrm.nt data
- _“to ut.i.afnotorily pux'luo thi.l postulatlon. i L

' Yatheraja and Budborough (‘IB) have nﬁorted thnt Mdu

Iderivod from mt.nmtod scids appon- to be :lou -mcopttblo

totvdrolytitelmapthmthotrumudmlom The

| differences fouml by these S.nvuttgat.orl m aumruod in
. table II below. '

2 Y 3 &y N : i ey Ry = -

nas'r ORDER RATE CONSTANTS FOR mmwmm
. CAYALYZED HYDROLYSIS OF cmm AMIDES (48)




Mnhmabon. thomuerlquI tmutalynd

| 'hydrolylu of tho unsaturated smides is one-third to one--
half of the hydrolyt!.o nto roa' the saturated conpolmd-

" the effect ef unsaturation upon the rates ef seid utalyud
hwdrolysil is mh more pronounced in wb!.ch tnstence the

presence of tho double bond doemua tbo Tete of the :iin

" resction by & fastor of ten. ' Although the differences in -
o polar charssteristies of the molesule oontammg the doublc
e 'bond m be mponublu for th- lower rates of mroly-u, _.
.. the magnitude of the difference is not -um.umm» great to
3 'pomu valid ooncluﬂ.om to be az-m Lo

mmu and Saith (49) repor‘-‘ that m a phowl'a'* 3

N bydroxylcotan‘ldo 1s hydrolysed with concentrated potassium
' bydroxide the eompound undergoes menuatma. _ Although this
__ amide 1s not entirely analagous %o ehlomphonieol tn -
| _:‘_'ntmamrc, th- numerous uny-otru senters utthin th-
chlorn-pbmiaol molecule present an ever munt mstblnty
‘that the entibiotis may undergo degradation through recemts
| '.ut.ton to s fon ponoul.ns less hlologtcal lcti.ﬂ.ty. |

" uill be dtuuuod ln lubaoquont sootlm, thi.l ponlbulty
was conatderod very soriously auring thc davelopmont of a

procedurc to dotomm midunl montratim or 1ntast - |
__chlorlwmuol. s '. ' L

- In 1938 lrzoblo and Eollt (lw) reportod tho mum;- of

. “m extensive lnnuttgats.on into the l:ydrolni.- of mtoul
. .tnphstin aaides in uoluti.om containing very hlgh cm*
. . . tratiouns or mineral Ield-.  These mvntigatou ahonod the

rato of l'q‘dromil to ruoh I mm Ibcll mffielontly high
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o oomonmuona of tithor hydroohloru or aulmr!.o acid were
" employed to -rroet a.graa.mu. Bueh mm- had beeu re=
. ported previcusly for hydroehloris scid by Bearath (50) and
vaylor (32) but Krieble and Holst are the first to report &
lutm m!.mn vhon aulmr!.c uid 1- tued as tho satalyst.
) Both Bmath nnd !a.;'rlm' had used cmmttm or mlfuru
. aeid u bigh. u 1 ¥. without mommins . mi.mn It is,
ho-moz-. lmrmt to note that at such bigh oomoamttm.
tbl torl 'nomlity‘ lolu mah or i.ts usniﬁoanu, Krieble
- lnd Kolnt htn ginn all eonconmum of lei.d uod te
. effect lm!rolni.t in terms of molslity, thus nnng somariscn |
. . with other Tesults -muat uneertatn, ool
| | It was Getermined that the utalytu ut:ﬂty ef the two
nm wu quttc dtrromt undnr dirtcmt cmdtttm.  This
18 11lustrated in Pable IIIbelow. ' ' . o

mnmmmmmcmmm
- IN ACID CONCENTRATION FOR THE HYDROLYSIS OF ACETAMIDE (47)

| Molality HCI K : Molal Eﬂi X
__4_:; _1-5,,,, Lt ';I"O.OQ"-S"I&' BEEREIIRES Q.Q‘T b s e w4 Q.-.Q?h ]




It is evident that the rate of the hydrolytie resstion

'1s not any simple function of scid eoncentration. Murther~

mWOr'e, throughout the entire range of ooncentrations of the
two uml, no suplo nutlmhip ocan bn rotmd botuoen the

" rete or the reastion and the 'aci.dity' of tho Iodlun. The
ﬂguru glven abou also slwn that pri.or to tho mm '
' sulfurie scid is & better eatuyst than tm!roohlnrin but
7 that this -n—.uaum u reversed tuodultoly t.ftar the maxime
.'"han boou attui.nod It mld theroforo tppur that 'nc!.dity'
" 1s sn ald to ‘the reaction before the maximum is resched but.

Poruanide CEETET Y Hydnoehlorte . | 0 = 1.78 L
a . , M- P35 eb o 1 , Y (0]
Sulfurig =0.90

‘hinders tm l:ydrolynu nrtornu'dn. l'hou mthorl hun notieod.
""" however, that with both scids the mexima are reached at

_approximately the same seldity. Tuis sharesteristie of the

"'“muuon ts 11llustrated tn Fable IV, .. .- '

1 I B I A R oy
viy '

_n__-_:,_'_', ! g #0001
" wi ! L P L X : :, L ke e

VALUES OF H, FOR MAXIMA IN ¥HE HYDROLYSIS OF FORMAMIDE AND
ACETAMIDE BY BOTH HYDROCHLORIC AND SULFURIC ACIDS. (47) i -

- Rsbinoviteh and Winkler (46) have also {nvestigated the

S mt.o of smide tqdrolylh in solut!.on: contaius.ns very high
" consentrations of mineral seids. This investigation was ntn];
" eoneerned with detecting any ohanges in the Arrhenius eonstants
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during the h:drolylil of scetamide as the cmontmtton of .
the satelytic. upeeiou ehanged, Such ohangu were found as
_. -m to be- expested from the obaorutiom of von Kiss (m)
uho had shown large comentrutiau of oloetrolms to cause
"; 8 very definite altoration in the velues of the Arrhonlua
~ ecustents, Stmilar emgu tn Arrheni.ul scstants have beea
" potnted out by leninger and Iilpatrlek for the hydrolysis :
ar sucmo (52) snd of eth:lal. (53)  Tais change {n values: £
"_.or mmnm eomtmts is aseribed by Rabinoviteh and Winkler
t.o the fact that very high coneentrations of oloctrolytu :
""" may result in an slterstion of eertain fundamental properties .
| t‘of the -edmn. mmdms the di.clectri.c omtant. !hh |
' reasoning 1s snalogous to that of Krieble and Holst who._;f;-
polnted cut thet very high ecucentrations of strong .mm-
1ytes may rnult in al.gnmmt ohmau in the uuvu.y of
 water. (¥7) A I A
. table V mmmm the decrease in the valus of rmt
oéder rate mtmu tor the aeid utalysod Imlroly-u of
| mt.uido with m:-oum. concentrations of seid. All the
rmt o:-w- uto amunu m-a oalculatod from the relstion=.

' gk 1
ahl
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DECREASE IN YHE FIRSY ORDER RATE COHS!M FOR Acmmxm
HYDROLYSIS um IHCREﬁSING GGHCEIERAS‘IONS OF ACID. (46)

i St

b e e s

Rabinoviteh snd Winkler have also shown that as the scusen-
" traticn of #c14 used to effest ydrolysts mrouos, toere 1s
| '_ an !mrouo !.n the upparont hut of sctivetion. s '_ i
| | uoloeno and Laidler (54) have recently shown that tho
o nntur- of the lublti.'amt on the aromstie nucleus of benzemide
| my contrn:uto polar effects of sufficient mttudo to
| warkedly a:rrut the rate of smide sleavage, This m«tmtm
-mmm was, hanur. sarried out in a lolnut .yatu eonsisting of
‘ | "603110 ethancl - water and thus differs very markedly rron the
" media employed in the degradaticn of chloramphenicol.
""" The kineties of hydrolysis of the amide linkage 1
_ proteins end peptides was the subjeet of en tnvestigation by
A "Iaaoh and mndlq (55) !'hau mthorl lhcuod t.hnt tho ramas
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i nyarolysis of L-sspargintne to L-upnrm ac1d tn hwdrochlorlc |
" '?'--”-L-'_'_._.T-_'-'m.a (0.2 * 1.0 X.) and Lasparaginyiglyoina to L-sspartyl-a- |
" giyotne 1n 0.1 = 1,0 N. seld were first order with respest to
- ‘;-“.'_'both -ub-mm alt-housh waromu of the fomr is somewhat
) "_;-slmr than that or the ht.tor. ‘Both rates m, however, -
;' 'eonpmbla to tbou romd foa' simun- ha'drolysos in proto!nl. !
o In l uemd whlioati.on (56) thc same mthors roportod |
g tbo results of a kinetis staty of the hydrelysis-of ayer-
S L-uml-n-upamm. e hydrolytie roaetzom were - o
thovm to bu uunt!.auy pH mdapondent l.n tho presm of - Gl
" 1arge smounts of mimml scids, The heats of sctivation for !
't four hydrolyses mentioned were ealsulated rron the
“-mrg!.u o!' uttvation aecondi.ns to e |
n, o n. m (at 353" x.)
"~ and are mzm n Table VI below. = Gy

!ABLE VI :

 HEATS OF ACTIVATION FOR THE AMIDE HYDROLYSIS OF
 CERWAIN PEPTIDES. (56)

HCE Alt.hough | -Mmbly hrg. number :of méiti.gations
' {nto the kineties of amide hydrolysis have been wade in the
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| put, these have, for the most part. not proven uurul ciin
o p:-ovldins insights mte the sourse of amide sleavage uth
i respect to shloramphenieol. Mauy of these w!.ously re” .
ported investigations ware eonsernsd with determining the S

- velosity of the bydrolytis reaction when eatalyzed by S |
_wdroxyl lom. ‘Moreover, the emoutmtiom of l:ydrwl 1 e |
" fons usod were :ueh as to msuro murmo or tm!rolynu . f

. Inssmich as 1% was desired to study the kinetios of ehlor=
‘ mphonieol dogrudntion without compueation by hyarou:y'.l 1on
: 'uta:med oleavage of the carbon ° chlorine bonds, sny data
_ obtatned by hydrolysis in alksline media are mot p.rttculnrly_ |
R suit-ed to the purpose of this 1nvontlgut!.on. R
| Despite the results of previous researches 1nte acm |
N catalyzod hydrolylil of u!.den, the coneentrations of uidl
which were employed far exceed the soncentrations of hydrogen
ion in the media used in the present investigation. Nowhere

in the literature is there to be found sny mentlon of emtde . |
tydrolysis in systems buffered so as to maintain the hydrogen N |

" ien comautmttm below that mmtorad at pH 2, llevorthe |
_I"'loaa. certain insights havohoanpmldod'tbough these proved | | E
. tmly mmmung enl;r -.ftor th. promt Wutmttm N |
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' MECHANISMS OF AND PACTORS INFLUENCING AMITE EYDROLYSIS

~ There ean be little douds that the mechanism by which

_ hydrolysis of an amide $akes place will be influensed by
.. environmental eonditions., It is possible, nevertheless, to
" postulate possible mechanisms for the hydrolytis eleavajge

ef ehloramphenicel at She amide function on the basis of

| prwimly proposed mechanisms for amide hydrolysis.

‘The report by Krieble and Holst (47) eited previously

. it _‘.:-_]‘

swas up much of the earlier thinking with napnt $o the

mechanism of amide hydrolysis. These postulations were |

) based upon the umnptien that amides exist in a tautomeris

) tquilihr!.u in aquomu solution according to

n-cﬁn-:'--—---——* n-e-l-n'”

o !o.ntueh and Goidd. (5?) reported tho results of

thoir ttudiu on the absorption speetra of amides indicated

the presence of an 'imido' form. Taylor (42), Calves (58).
and Benrath (59) all proposed mechanisms for amide
hydrolysis based upon the existence of the imido form in

“:v aqueous melution. This possibility derives credence from

AN

the fact that derivatives of both 'normal® and 'imtde'
u:ldu' have been pro”dlf Indeed, Horthiin {59) gives
& mechanism for amide hydrolysis based upon this faet.

_ The following scheme, reproduced from the report of
Krieble and Holst, sums wp the early thinking om
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mechanisms of amide hydrolysiu :
IR”g‘m--z-::‘*... n-?-n.
R ;-&.n¢x* ,.&.
}i\ LRI U, G o R A
< m attomtlns to Oxplun the -.xim obun.d,

Bomth propoud that whon tho consentration of hydrogon e

1on ut lurrioiantly high, 111 or the anide was eonverted
into the uuonu forn.’ rqm- (42) lends support So this

yhypethuh vy uyin; thnt inoreased tonuntrttim of
'n:l.n-ﬂl aoid result ln the twum of an "unhydrolysnblo

5 : * nonplox . '!huo oxplmtim for the nxinl. oburu( .
-suff-r. hmnr. rrun t severe dot!.eunov. It. as n'ipbh _
~ and Nolst poins. out, thou statements are tyme, the |

molality of the seid a-oqama $o reach the maxima should
ry with thc oenmtntion of amide und. Benrath uod

,"'""colnum 2. h. ¥ with ruput £0 the amidej Taylor uployd

. . solutions 0.05 N with respect to the amide and tho i
. solutions used by Krieble and Holst varied from 0. 05 to

SRR A

B St b e

0.00 ¥ with respect to nidq.__\‘_- ey + R

. As shown in ¥Tadble VII bolov. tho aemontmtion of
amide lu.u almost no effect on the mmuy oel' the uu
nqnirod for nnnirnuuan of the mxim, ' :

R AR N RV P I P G A LR
y S TR R
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TABLE VII o

REALTION BETWEEN AMIDE CONCENTRATION AND MOLALITY -
. OF HYDROCHLORIC ACID AT OBSERVED MAXIMA um

M_:_u_nd Concentratio M&M
2.4 W "Ln
" .0
D.gg'ﬁﬂl. 325

e s uppuront.ih:t the soncentration of seid - ,
roquired for manifestation of the maximum is independent
of tho original eoncentration of amide. Therefore, the
postula tion that the meximm is manifested whem all of the
amide hﬁ been sonverted to the satiohi tm does not seem
tenable, Similarly, faylor's theory of an "anhydmlyu- :

:ablo muphx" also lacks tcuuntn « i
. Krieble and llolnt pursue oxplmtion et the oburnd
lnxin from a different viewpoint, I% has been noticed |
by these authors that in glacial acetis acid solution, |
o antdes nul. not reacts with nitrom'uu until a signif~
-1mt quantity of mineral acid has been added to the . -
s oo].ut.tm. ma laek of nntiﬂty seens to indicate that
“++ mineral weids affeoct the mao 1mide tquilibrim in the
mwwaii-;ctzm of the amide form, Thus the maximm would be
observed when the oencmtmtiu of mineral acid !.l & ENEY “
- suffiolent %o convers all or most o.t ho m« tautm!
%0 the nornl nido ltmtm. o -"’*_f"'_"- st R e . |
| Lok _' This poatulatim says, in orrtat;'f that the ntimt




form which undergoes hydrolysis is gradually depleted

~ as $he imide is converted to amide, I would seem that

this hypothesis slso suffers from the fact that the

- maximum should them be affected dy the original concen~
_ gration of amide i solution, G g

It is alse possible to ebject to thh oxphmuon
on other grounds, It is well known that amides ars
distinotly weaker basie species than are Mmia' !!Iurofom.
the failure of amides $o react with utrm soid in .

" glacial scetie actid solution may merely be & resuls of tho S

weakly basie sharacter of antdes. Similarly, the )muuto
of hydrolysis im glacial acetis acid solution may possibly

“be asoribed to the difficulty with whioh the weakly basie

amides are transformed inte the utienio intomdnto.
~ Rabinoviteh and Winkler (46) mote that although -
nu catalysed hydrolysis of amides hu usually been

 interpreted on the basis of Euler's theory ot int-nctl.n.
. fons (60 = 61), there has been serious sriticism of this

L S
i * .
e enst e gt il

P

_moted in the first order rate constants mey resuly from | U

theory by Bronsted (62) who has -hm thct in most mn,
assumption of prior squilibrium between am fonis . R
intermediats and the initial reastants s mnsuq te
explain hydrolytie phencmenaes  If, however, the equill- Ppeas
drium formation of the amide htlou is oconsidered prelimin-
ary to the formation ef an activated somplex, ‘the maxima ¢ .

maximum eoncentrations of amide eation., It would appear

Gl e k X
b RN TN
; i
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that the objection s tated befors te Ehu conceps still
retains undity and that the hypothu:.a is noﬁ am
explanation ef the maxima, Shalvact O

Rabinoviteh and Winkler point .ut one pouib:l.ntr
which my scoount for the unusual character of amids
hydrolyais by nr; high concentrations of ninenl aelds,
They indicate that ulthough t he ngnuudo of the frequency
factor' in the Arrhenius expression is such as to place =

u:ldo hydrolnin 1!: the class of 'slow rucuom. tmtﬁnt
of :-nction velocity on the basis of Sernary sollisions -
nsult: in values which are indicative of . "normal )
 reaction', In this respect 1% is illuminating to -nuno
| tho unho.niu for m« hydrolyu: pmoud by xoloohl
and Laidler (Sh} as s vosult of s tudies on the hydrolph L
_ er urtntn auhst:ltntul ‘bcnuls.du. !ho propoud uehmiu e
1l siv-n bolw BT st AT e v

‘____..'-w:_"_ : Y

: * oH
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This mechanism involves:

1. Approach of water or hydroxyl iom to the
~ earbonyl carbon.

2. Ionic fission of the carbon ® nitregen bond.

3. Approach of a water molecule or oxonium ion
to the nitrogen atom. :

Al

The numerical designation does not reproaan£ fho
order of occurence but merely itemizes the steps required.

These authors found that substituents on the benzene
ring markedly affected the heat of activation associated
with the hydrolytie reaction, This change in activation

energy is summarized below.

" PABLE VIII

EFFECT OF RING SUBSTITﬁﬁNTS Oﬁ THE HEATS 6? ACTIVATION
FOR THE HYDROLYSIS OF SUBSTITUTED BENZAMIDES (5k)

Substituted Benzamide Basig¢ Hydrolysis Acid Hydrolysis

p-nitro= o 16.1 Kocal./M 2l4.6 Kcal./N
p-chloro= 13.6 2367
‘'mo substituent - 18.7 : 23.3
p-methyl~ - 18.9 22,0
°-‘chyl- o 23.1 27.1

w**ﬁwmmwm&»ww_ As 1s evident from the above data, electrophilic
substituents cause a decrease in the heat of activation
asséoiatod with base catalyzed hydrolysis whereas
electrodotic substituents results in increased activation
energies. The very reverse is true for acid catalyzed P
hydrolysis. In terms of the mechanism proposed by thosij‘

authors, the effects of various substituents upon the
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activation energy is explainable in the following mannert
" When R sontains an elesctrophiliec substituent, (1)

is facilitated and 2 and 3 are hindered. The net effect

dopends, however, upon the relative weight of 1 vs. 2 ¢

3. In base eatalysed hydrolysis 1 muss play a greater

role than the other we effects according to the results

shown in the table. This relative predominance .at 1 4in

base catalysed hydrolysis is explained by the fact thas .

1 involves & reaction betweem anm ion, O™, and &

_ substrate moleculej it being generally recognized that

fon * molecule interactions are more important than
nolo.ouh - moleouls interactions.

With respect to asid satalysed hy&oly:ii, 2+ 3
.iort a greater effect than 1 for 3 now involves an ion =
moleculs interaction whereas 1 involves a molecule = |
molecule intersction. It is also found that the effect
of substituents are more pronounced on the rate of base
catalyzed hydrolysis than on scid catalysed hydrolysis.
This ean be explained en the basis that the nitrogen atom,

. the foous of predominant attack during aeid satalysed

Lo

hydrolysis, is much farther removed from the substitued

arcmatic nucleus than {s the carbonyl sarbon atom, the

primary focus of attack during base ocatalysed hydrolysis.
-Ingold (63), referring to the results obtained by

Reid for the acid and dased uniyud hydrolysis of amides,

finds the second order character of the hydrolyti

8 W
/4 v b

£ol7
12 )
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reastion $0 indicats the following mechanisms$
se Qata e T S n
- 8low !0 - § : Fast 'xo E:
—d N f
“Fast

R -com*m.__,aoao *m.

"n-avn.¢m'

s ; .
'.-1-3 m.#:‘_’_'_;__)n-s -m

-

_.:,,...3. H!ﬂﬂr--.“_1_--4"1—*..11.@ g-n. R

n - coan. ¢ m. ____) R - OCH + m, |

_ | n uttupting to ayply the mechanisms prapeud for
'.u:ldo hydrolysis to the puublo hydrolytiec cleavage of
" the amtde functien of ehloremphenisol, & mumber of
. sonsiderations mus¥ be cbserved.. The m culiarities cf
\ " the aromatie nuoleus and attendant elestrcnie effects
. .. ... may significantly alter the charaster of the hydrolytie
* e peaetiony’ The ehleramphdnicol moleculs represents & L.
© oomplisated strusture unlike most of the antdes with whish
previocus atud:.n hrn- aoalt._. Although many of the yu-ououc
 investigations into amide hydrolysis have dealt with
doriutivu of lov Ioloeulu' welght aliphasis uia-. the

A
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presence of the p-nitrophenylethyl substituent on the
amide nitrogen may contribute electronic and steris
effests which make the eharaster of the hydrolytie

"7 pemetion quite different whem chloramphenicol is

'couidorcd. nu presense of two ehlerm atoms of thn
" peta earbon atom of the dichloracetate portion of the

i ehlornmhonieol nolnulo represent $twe strongly

; nloctrephiuo runotiom vh ich undoubtadly contribufo

: grutly to the total olutrenic ploture, : S

" These .tuds.u are not without nm-, hww-r‘ for

_. .uny nodhanlun which xuy govorl the rate of amide |
.'hydrolnu 1:1 tln thlormhonicol molecule sannot bt teo _

far removed rron the nehan:lsu vhich gonmthc h:drolyﬁ.a

'uu for rohiod muu and a1 tphatie mcnq.&
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- SCOPE OF THE IRVESTIGATION | |
The rate of degradation of any chemiocal ecompound,
whether the degradation proseeds through oxidation,
reduction or hydrolysis is dependent upom & number of
raotou, These include temperaturs, pH of the medis
cnplmd to effest degradation, presence of absence of
| neutral ions (pr:lnry or seoondary salt .rrunl, nuv!.ty
of acids and bases other than oxonium or hydroxyl ions and
the mechanism through which the degradative .ruet.ion (s)
woond. S | : R
Inumnh as !t was the express purpose of this |
atﬁdy to work within environmental econditions which would
o minimise hydrolytie 'c)..uugo of the earbon = chlorine
| .bondl, this route of degradation eould be n__i-j largely
~eliminated from consideration, All available evidence
pointed toward the existence of a hjdrolyth reaction
which was assumed to be the major pathway of degradation
in aqueous solut ion, The obvious necessity of having &
suitable analytical method for the determination eof
| residual eoncentrations of intast antibiotie therefore :'_"_ -

. becams the first requirement for successful pursuls of '-_"_.,j_:‘»;'?«'
¢ the mt!tlgltiﬂnq e AR AR SR i

- Subsequent to the dovolopuent ot . .unblc B
analytiocal pocodura, it was felt necessary ta Qltlblilh
tho order of the degradation over . wide ranso of .
eonditions., Informmtion gained from a knwlodgo et tho
~ order of & reastion very often providu ul\uhh olues

%0 the nature of the reaction. Por onlplo. donmtration

S .
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of first order character of the reaction over & wide
range of experimental eonditions would tndieate the :
"~ peaction %0 be of a 'u-phm fonis or melesular mttn-;.
" If the results obtained eould be duplicated with even
peasonable precision, the possibility of redox resctions
oould be largely eliminated, .In'utablhhl.n; both the
order and rate of & reastion the factors -‘itod.cben iut '
be svaluated for their eentributions, With this thinking
in mind, the following factors were investigated with
- yogard to their aectivity upon the rato of -hl.wnnphmuol
dogudntim in aqueous solutionss gt T
ESEL 1. Order of the reastion. __ e
2. pH dependency ef the ri:et!.m.
-3, Influence of neutral ions. . L
| h. Catalytie sctivity of general niu and bases.
" . Catelytic eontribution of hydrogem fons.
6. Magnitude of an uncatalyzed resction. - i
& 7e Tempersture dependency of the various ruaﬂm.
. 8. Evaluation of catalytie constants. | |
" 9. Possible moh-nuu and route of aomutiou.

R ST T
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' DEVELOPMENT OF THE ANALYTICAL METHOD
' The experimental data eoneerning this sestion 1s
given on pages 37 = 50 as & commnication presented teo
the American Hnrumuul Auocutiw. Selentifie

- Section and are umiting publication., Yhese mtroduotory

pages will urn to amplify the think:lng and oomidont:lona '
which preceded development of the analytical method,

;- Prliow to Indortnk:lng a kinetie study of chloru- __
phon.‘.col dogndauon. it was essential to hnn annabh
an analytical method which would pomit differentistion

 between undegraded chloramphenicol md its dogndation

productl. As noted prﬂiously. a mbor of uny
m-oooaurn were already naihblo, which mede use ct either
mi erobiologleal or chemioal techniques. It was fels
however, that the former, in light of thelr inhoront Iw

degree of precision, gumbersomeness and time gonsuming

" pature would be unsatisfactory, for a kinetiu study. The

httor. based upon reduction of the aitro group, -
diazotiutim and -ubuqnmt eoupling to form & w‘.!.orotl
product, have the immediately obvious disadvantage of

being unable to diltinguilh between chloramphenicol and

g those of 1ts dog:ndation prodnotl which would po".“ o S

intact p~nitrophenyl mioty. : |

S Determination of residual eonoonthtiénl of inftct
ehl&uphoniool 80 A8 fo provide useful information with
respect to the erdor; and therefore the nature, of the
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‘degradative reaction, with the requisite accuracy and

precision nesessary ia & kinetie study appeared te be
possible only through separation of the drug from 1ts
degradation produsts and subsequent determinatiom,

Y Previous work in these laboratories (64) had lhm

.th.nt chlonnthnicol lent itself very nicely %o lopu-nti.on _

and d etermination through m rtition shrometography and

subsequent spectrophotometrie determination. Efforts were

therefore directed toward evolving a partition chromato~
graphic method for the selective elution of the antibiotie
from pnrtits.on lystus containing 1t and its dogndntiml
’rmt.’ A G

i “¥he aqueous mature of the media to be uaed to , affech

_ degradation of the &rug mresented an immediate probla in

the amalytical pree-dm.? Ordimr:lly; iuphi to be
analysed are added to the prtitiaa systems in orgmh
solvent solution. This was not possible in this
investigation unius the water was removed and the
ruidm redissolved in a suitable organie aelvont.- Such
a proudm would however be very cumbersome tnd offer the

... possibility for additional quantities of the drug to underge

N e

degradation: IV was therefore felt that direct utlli.ltt!.ol '

of tho agqueous nuplu would prove most rmitrul.p

' This direct use of aqueous solutions was tehhnd .
11 mixing an exast quantity of the aquecus :olutl.on w!.th
dry silicie acid and u-por-in; the mixture in an orgnn:lo

4 . S Ny P s




| 3
solvens iﬁic‘h would not% elute the antibiotie from the
aqueous phuo;.' The ruulunt -lurry'omid then be
trensferred %o the partition eolum, $ightly packed onto
tho body of the packing and the chlounhcu:loel tlutod

vith a tuittbh solvent system, |

' _Prom & standpoint of the s tructure of the u:tihioti.o
um. 1t would seem that a strongly polar eluant would

| serve exocellently to clnto the dru This thinking

| requires Muiuttm however, when 1% is considered thas
hig\ly poiar solvent systems would mbably serve teo elute
dogradntlcu wodlctn as well., If hydrolyn!.l.' oxidation or

roanctim: re unud to be ponibh routu of domht:lon,

~the poduott ruultlng from such domdatim wulé

;n-oba.hly be more polar than the antibiotie. I% thorotm

_ nond more logical %o attempt elution of the anubs.ot:lc
' uith the least pollr but uthrutory ;olunt q-utu:. .
Bntwtumuly, such solvens nyntm would be required
unthor hry muuuu Lor olnts.ou of the mtibiotu
which pououu a signiﬁ.cant measure of polar charntor
gtself. . i % nutold of Mmding thc ohlmlphonicol L
' mloeulc from & -nndpeini of i%s polar er non-polar -

“eharacteristios alone, use is made of the alutnphnu R

utm of the nol.oculo. tha apparent dilemme could be

M

_ chlm-phonuel is very oughtly soludble in ntor :
m even less soluble in chleroform. n 1-, however, '

averted. N g Saiknd
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\ peadily soludble im ethyl ascetate and acetons. !hc solubil-
| 1ty of the drug in these latter two solv;ntl may be ascribed
to their protophilie duuotor; Of the two, ethyl acetate
is available in very pure form and doo; not significantly
absord in the higher Wavelengths of the ultra-violes
spectrum. PFor these reasons 1% uu.u_uuod that effective
partition ehromatographie separatiom of ehloramphenicol
from its degradation produsts sould be achieved with &
solvent system ocomposed of e thyl acetate in chloroform.
Rpet - Although it seemed highly probable that echloramphen~ R B
1001 sould be seleotively eluted from a partitionm system - |
eontaining it and its degradation products, the nature of

the analytieal procedure sarried with 1§ & possibly o
‘significant 1iability, Chloramphenicol is but one of &
number or houn, which differ only in the oonri.guntionl i
of their assymetrie senters. I, thorororo, l‘lollﬂ.*ﬁlﬂl e }‘ :
at one or more of these genters roprouattd A route of
 degradation, the propoud mothod of analysis would de
_ !.nupablo of distinguishing between the biologically active
and m-tlu isomers, the sharascter of the spoetrophoto- |
. metrie method being such as to y eclude this differentiation. A
" 'M‘Wfﬁ”‘ A micrebielogieal procedure, by virtue of iss = ¢ -
seleotive response to biologically active materials wull
allow dirroronthtipn of any isomerie eompounds, %A
miorobiological assay method was therefore developed %o
serve as & check on tho'umcj of the mrtition
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shromatographic prosedurs, This uez;obiologiul method
48 described in detail {m further pages, | o
" The following m ges report the experimental results
- obtained when & partition chromatographic method for the
| determination of chloramphenicol was mma with &
mi aroblologisal prosedure. These data show that the

- chromatographiec method allows quantitative reecvery and ]
| excellent precision, Most important, howsver, the very |
satisfactory twuﬁt between the § wo pmdﬁns G
o indicates that rascemization is not a significant pithnr
~ of chleramphenicol degradation im aqueous solution, -

e 2 i AL o

T
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GOIQABISOl 0!' IA E[CROBIOIBGIOAL AllD A OBRO&!NI'MPHIG ASSAY
RE!EOD FOR OIE.ORAHPWICOL

Takeru Higuehi, Armold D, Marcus and Charles D, Bias

ABS!RAG!‘

} LRI |

3 It 1- shoun ln the dotaruiuation or ehlornmphenicol
that & mierobiological method and a ehromatographiec method
vyield identical results when tested against partially de-

raded samples. The former is based on repression of growth
as followed by Warburg menometry, and the latter on isola-
tion of the antibiotie on a partition eolumm and subsequent
determination ultraviolet upoctrophotomtry. Because

of its greater precision and rapidi the ehromatographiec
wethod appears to bc profomblo for routtno detemtnatim.

'mm

mrlng tho eourse of an lnnst!.gntim lnto tbo klmttes
or tho diuppurmoo of chlompbonl.col from lquoou.s lolll"
uom, it became expedient to follo- thn mtdual eoncen*
tration or intact ehlornphonicol loleanlu. Although an
uconont microbiological method m nlmd;y available, (1),
lt was thought desirable to d.ovclop a chmiul assay ror the
anti.biotlo in the hopo of aschieving gmter aeeuracy and
_ precision. The present commi.eatlon is emrnad with such
n chemical mlytical nothod for tho dntornmatton of
chlomphonlcol Ln tht prouneo or 1tl desradatton productn

tm

ede




’ culutim of drug ut!.v!.ty or comenmti.m li.neo the end

‘ot oontani.mts or dognantton products. They are, tn nolt

"I ‘sedures however, their adoption as analytieal procedures is

" shemieal method. Although the turbidimetrie method proposed

' able for this purpose, & menometris pmodm-o was aanlopod

- )‘
co-pu-od with & new m.orobtolcglul method based upon -
| ruptrntory I.nhi.bitim or (Y hnetcrm lultnn. . s

' -‘-:‘:i- --*."f"- -..!-r::}:.'--,.-._t:,,
f

Btologtesl ntnodl m, tn h aenu, 1603117 nuited ror |

. '-.'us. sotivity is dltﬁﬂln.d di.ractlr. Mh procedures are
7 asuslly tnnmtti.u to the presence °f "-'n“ but inastive |

' enses, ‘very amttin end are upablp of deteeting drugs
o prount_ ia utmly winute eonsentrations, ' In spite of the
" ‘speeifieity aud semsitivity eharacteristie of these pro- '

ususlly with reluctance snd as & last resort beeause of their
"~ {nherent low éosruofpmtliou. | | S L _
. In the present study the -iorobiologiul appronh was )
. mainly employed %o validate the results ocbtained by the

by Joslyn snd Gﬂ.bras.th, (1), would have been equally suit~

« separately because of its somewhat greater repidity. This
procedure is based in prmélplo upon the inhibition of exy= -
gen uptake hy !uhertchu Coli in the presence er several
solutions of uhlornphanieol of known mmts.on.
 iohibition produssd by & sample of uninown econeentration

. being eompared against those shown by & series of standards.




' Warburg cmtant voluno roupirouotor. R U
mmauon of the Medims’ Tl ke
L 23 g. of mfeo nutriont .gar ave t\mponded m 100'3:_'-'3 ki

o ml. of freshly distilled water and the suspension Ly
it u heated o bolling i order to effeet solutlom. =~
0 25 ) of the agar sclution 1s then poured fato ' i
' /" ordinary preseripticn bottles whieh provido &l

fatrly largs surfacs for bacterial growth. il
'.?_'Ia',‘:';""A mthetu glncou medium s pmparod mordins i

" 117 %0 the method deseribed by Koha aud Harris, (@) ..

3. Both soluticns are sutoslsved at & pressure of .

“+ 15 1b./sq. 1n. for 20 minutes end ltorod for use

1 el mesury. B

. rroparation of tha Onlturen SR
| A culture of nohortenu Colt u msrorud to a '
bottlo of mutrient agar and ineubated at 37° C. for 20 hours..
. The baetortam ﬂanmavodfrolﬂu -gnrbymmnsuth
§ mw; approximtely 10 wl. of sterile distilled water snd the re=
sulting lunpenaiou u adju-tod to an optiul dmlt.y of 1.0
. (red filter) oun & mphelouetor. Five -1. of this tulponlton
 are poured into 8 bottle coauintng mo ml. of t.hn ‘synthetie

glucose medium, {neubated for one and one~half hours and




coolod tn . nfrigemtor ror one hour boron botns una.

it rropurntion or &mpl. m smam Boluti.omt

A -tmdax-d lolntton or ehlonmptnnicol onntalnlns

'10 mg /ul. ll prepnmd by d!.alo].vmg the drug in dutﬂlod |

_' ‘water. m'.har umplu of lower chloramphoniool soutent are '

| preparod by propor dilution of this solution.  The unplu X

" to be mlrud are uaighod, dissolved lnd dilut-od with dh* | Ry

"7 t1lled water so that the soncentration or the antibiotis will i
N ‘rall utthi.n th. rtnsl 5 10 ncg./nl NREI a-.:i;\;_ Fiaf

:_!'reparatton or the llarburg rluhz ! s

- Exsetly 0.2 ml: of & 20% loluticn of potuai.m I:ydroaldn

; h plpotud tntothnnnnfmhﬂarburgnukmdnilq. w0
' em. plece of fluted filter paper is inserted to absorb the
" alkali and to provide s large surface area for resction

with earbon dicxide. fwo ml. of the eold gluccse medium eon>

~ taining the suspended bacteria are pipetted into esch flask,

the suspension being shaken before eash Iitharnal-to obtain

_ uniforw innoculstion in each of the several flasks. One ml.
_of a standard ehlorsmphenicol solution eontaining 5, 6, T, 8,
' 9 or 10 meg. of the antiblotic is added to esch flask. M
_ the same ruhton. a one Il. nliquot of each nmpla soluttm -

is nddod to a nparata flask. llhan higher :eeuracy is
desired, duplicate or tripltuto unplu of tta unlmmm
solution are uud. ey R SR .
. The flasks are thnnatueh-dto thetr Qorrolpondinc

; mmmmmtuuaurmmugmmuwn.
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~ The momters are allo-od to oqnlnhrqto thurnally for 10

: ni.nutes und are thon cloaod to tho aﬁosphort.  Readings are
t.am svery half hour. !'rau theu readings the tomlpendlng
volunoroxrgonupukororthncmunuotmhmaku
caloulatod lacording te tho proeoduro douri.hod tq Um:ﬂ.t, :

{3),; , L Ciy SRR .‘ _.'.,-';.'._-"-. .

T '.r

about # hau.rl s.n the Vasburg bata,

LI 1 X
..{-_r'-_. be Ly
Pz
)

Galeulatlomt
f The euman uphlm tn -urouton 1- plottod againlt tho
time (in hours) as lbom in ngun 1. A time 1s nrbitmtlr
chosen during the lcwit-mu phase as l roforomo po:.nt. iy
mo oxygen uptake bohnan this arbitrarny chmon time and

| 'gero time 1is then plottod against the Elosnrtthn of the o

, _- ehlonnpbonlcol sonsentration of the standards as ohom in .
" FPigure 2, By interpolation from this graph ttlo ihloranphoniool

a eontent of tta unimown umplu are obtained.

T mmmmmmoxmmnxmmmemm

e f.._ LV TN

e m———— _me chemtcal and mstrumental methods of quanutauvo
" assay presently boi.ng employed are mthcr mpoe!.ﬁo. lmly
all such procedures are essentially methods for dataruinlns

" the amounts of certainm funetional groupings present in the
‘samples, very little differentiation being mede, for example,
between two alkaloidal nitrogens or between two earboxyl
groups attached to different eompounds found in the same
| sample, !hm i.n th. mlrnu of cnlomph-nicol. & number of

mn *m' roqnu-u cpprollmtoly e houx-. mmdi.ns ROy
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__ STANDARDIZATION CURVE

. - RELATING |
CONCENTRATION OF CHLORAMPHENICOL
| . TO TOTAL OXYGEN UPTAKE
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PARTITION CHROMATOGRAM
OF CHLORAMPHENICOL

12f | |

— Column: 20 gms Silicic Acid
;\ | 20 mls Water

© [OF Eluant.: -2 % E thyl Acetate
RJ‘ in Chloroform

- | Sample Size: 10 mgs

o e |
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g

o

g
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<

Chlo rompheni(;.ol

lmpurliy

-z

] ]
100 -~ 200 300

Eluate Volume (mls)
Figure 3.
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'I_Om|5) 3
_ o _
~J
|

O
®

~ Column: 20 gms Silicic Acid
| 20 mls Water

Eluant: as indicoted

|_Sample Size: 0.88 mgs

o
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O
N
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Figure L,
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. ehilorofors, the drug does not elute out even after 200 s |

of oluant had boon eonsumd !o pemtt mh!.ng out of my

. tmpurities. or eouponents leas pom- than chlomptnnuol

,_ rrol the eolm before tho nppearmec or tho drug m thc

eluate, it bhas been fou:nd eonvenient to lui lhout I-O uls, of

by 60 m. of 10% v/‘r othyl acetate l.n ohlorofor-, 511 the
mtiblotlo 1s ronnd 1n tho com;pondmg .mu. o '
. Bince -anpm t-o bo mlyzod WAy bo as a@.oom -oluuon-.

,I',_Isolid:, or duaolved m some organle tolnnt. . prmduro hal 4

- been dovelopod ror ueh mo. ‘ ‘
| Al i.l roadi.ly evment frou Pi.suno 5, ttn aoncontrati.m

L of ehlormphoni.col in the eluate cbtained sftar partition -
.. ehromatography mey be resdily dsterined by spectrophoto-

" .. metrie snalysis over a nlati.voly utde rango of melmgths
.. This nnthod was therefore employed in mlyzmg the ottvl
., scetate * chlororo:u lolutim ror mti.bloti.a eenten o L
. . The mpothai ihthod |
RIRE 'Beagontat coenbo S Bl 's;x_:-.-;ﬁ"'.;._:.% Sdeudaln Lo Ry '-.‘.".s'!-'n',.-’."::z’f.{-.g\_".' g ik
WWAW

o aei.d, chrontograph: grado

| Applrltml: ,\ - "'.
Pym glass olu'onl.tographu colum approulaatalr l5 om.

- .___long and 2 en. 1n dismeter. A tight fitting glass plunger to

Ethyl scetate and ohlorofom, mgnnt grade,’ Bilieis “‘_ i

i vm" ehlorofom es the lnitinl almt._ Ir thi.l u followed

Coow
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Specific Exiinc'fi_on Coefficient (K)

Solvent : 15% Ethyl Acetote in Chloroform

ULTRAVIOLET .ABSORPTION |
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e paek tht colum. : Boomnn Iodel oo Spectrophotomm. e

acklns tho ﬂolmmn

!he aolums are pnokod neordtns to thc procoduro slvon

by Iu.guchi and Patol. (7). Di.nt!.llod water u used as thc |
'f'_lntoml phau and pure ehlororon 1: uud n ttm o:taml .

Pw."r '-' ; -

If the chloremphenicol is present in the solid state, 1t

- A A HI . : : . ; s ; 35
Y TN LAY, s LA SR S e R ¥, ;
vian @S ' SN T D S LTI S S T S T vied . v

waqp 4 R
oo

' {s dissolved tn 10% (v/v) ethyl acetats in ehloroform. If the

_ehloramphenicol 1s present in an organie solvent solution, the S |

: uolvint is mdud by esvaporation under med pressure

‘(o 25 wm,) snd the dmg is rodiuolud in 104 (v/'v) ottql
- aeotate uu chlororom. | » |

'!‘bo chlompheni.eol 1s then soparatod as rollout

ey Mtly S ml. of the ethyl acetate * chlororor- lolntion

o Iof the sntibiotie 1s pipetted onto the surface of the eolum

using eare to avoid splashing the lolutiou onto the sides of

the eoluma, A 100 ml. gradusted oylinder is used to sollect
~ the eluate. After all but the last trace of supernatant

£ o S

diquid has entered the soluman, 5 mi. of pure shloroferm are - .

2dded to the colum snd sllowed to drein into the mass. This

" 1s repeated with sn sdditional 5 ml. At this point 25 ml.

‘orehlororonmlddedtottucolmandltomwlOll.

" of the chloroformie eluate are sollected in the eynndom |

' fhe elusnt is then ehanged t6 105 (v/v) etiyl scetats 1n

! _ehleroform and an additional 10 ml. of eluate are solleeted

f L RN
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s

~ in the qltndér¢ The cyliiﬂor is them rmod, the sontents
.7 disearded and the eluate eollested in & 50 ml. vomutx-u
ﬂuk. A total of 50 ul. of eluate is Oollutod.

. If the ohlort:mhmieol 1s proaent m tquootu solution,

'-f?:_j-'-thn ronoui.ng pu-oeedm u onpleyodt ENCARE A A ETE SR
' lxaet].y 2wl of the aqueous tolnti.m m pipattod ﬂnto o

'--,r'f---", 2 g. or siliels Aem tn & 30 ml. beaker, !ho hve are thor-

7. oughly .ma umz & nichrome spatuls and a llurrf 1s made by
: '-a.addtns 15 wl. of thlomroru. - The slun-y 1s qunnti.tatinlr- G _' _
tm'f.md ‘0 m cﬂlum' the beaker rm llﬂi 19 ﬁu of By

*  ‘ehlorofors and the rinsings are added to the solum. The
slurry is then tightly packed ento the surface of tho colm..
: . At this point the eluate is eollected im & 100 ml, _srldnatod
| qunder_.*' Mmins the plunger great sare -neuld'bo -
| ~ exereised removing any adhering slurry. When slmost all of

the aupomtsnt liqnid has passed into the tolum. a8 mond T

slurvy propuod rrou 10 ml. ehloroform, 1 g. silieie seid v
~ and 1 ml, auuuea utaz- is added to the eolumm and tightly

. : ",.":_:Pl‘nlod onto the sass. Art.or 4o ml. or chlorororlu olulto

. have beoncallaotcd in the cyllndor the same m.m-. as
s ‘-'__‘ .bm h fonmd ',J':,,'",.u.:.,.:.;;.;—-t-::.l.'_'.'\...‘I:"- .F:'.‘.’.‘._._..t.i. 7 et

mw

chlormptnnuol eontent hy spectrophotoutry.

" The eontents er the volumetrie flasks are mlnod for
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Although tn- ahontoaz lotuod outli.aod tn the provlous

_ | uetion is cmi.dsrably uoro conuni.ant to onploy tlna tho |
'- ) ns.crobiologltal proeoéura, the utuz.tr or w -athod dopondu
VL upon the t:tcnt or tho lgrnmt botum tho roau.ltl obtninod

_ by this emloal proeodnre with ume obtamod by the h1o~ At

" losi.cnl appronoh.- tt:n cridoneo preunted in tablo I and
. Figure 6 in nhteh the mlyti.eal rounltu obtained b.r tho
. twe nothods ror e urio: of ‘samples amtsming enlomnpbcni- v

,; eol ead m desrmuon produett. lndientoa that the sgree- ..
 ment 1s rourimbh good !ho roaulta appear tc bo m oouplot. b

:L‘::\‘,_.Iragroomnt. ;--': . . LR e ) RENAS
| . The rohttn proeuion or tha wo nathodn ean ho lm |

| frou thn nlml shown in Tables I ana II. o In upito of beat
| technique 1t 1s very diffieult to obtain precision better the
. one part in 50 by sny Dlologleal method because of the many

" ‘varisblesinvelved. With the shromatographie procedure both

tho acocuraey md procuion ebtai.nnblo are directly dopondont

, on the nlnlpuhtlvo eare employed; sood toetmlqm readily
- yielding proclsi.on of tho order of two or threo part- 901'

- g ﬂfhﬂ

" thousand. fhis is apparent in Table II which nhou mcnrv

| data on nolut!.em of known eomposition. = _' __ i

In the procedures deseribed abovs, nnller ommtntions

. of the antiblotis esn be determined by the microbiologiesl -
~ method than by the ehroutogz_'aphu procedure. With eertain
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GRAPH SHOWING CORRELATION
BETWEEN MICROBIOLOGICAL
'AND CHROMATOGRAPHIC

METHODS

Concentration of Chloramphenicol in % |
- VS Lenq'rh of Tlme Somple Degraded — -~ ~
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Figure 6,



 obvicus modificaticns, hovever, 1t is apparent that the | ..
" 1stter method ean be readily adapted so as to allow the i«
-deteeuon lnd utmution or thlormpbonieol comontrutim P!
et the. order of & fow mierograms, il

'. o !'m nry nawrc of the ehroutographu nthod pmmtn-_:*
"1t from dtstinguishing betwesn opticsl lsomers. The elose..
" agreament cbtained by the two methods therefore tndicates .
" tnat resenization is not li.gniricant route of aatortontzon | o
'.‘.I"riror ohlormpmnieol. | FRI ' '
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. remaining in degraded samples.)
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S cnmmmmo uzmom or mus:s £
R (ngru represent percent® of ohlormpbmi.ool -
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.16,
2525

29.2

1
2.8

81

D

' 6.2 _

@ The original ommtmuon of ehloramphenicol im tho
- solution mbjootod to dogrodat!.on was 0.35:‘ _
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KINETIOS OF CHLORAMPEENICOL DEGRADATION IN SOLUTION
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The following pages desoribe the results obsained

| upm degradation of shlorampheniecol in lmtror“ aqueous

7 nluum.' All of the data were obumd at 97.30'0.

n this -tudy the effect of hydropn ion muntmuon,
mutnl salts and buffer constituents wupon the nto of
disappearance of the antibiotiec as well as thc ordor of

_the reaction with respest to chloramphenicol were

hwuugatu through application of tho prﬂtim |
shromatographis = spestrophotometris procedure described

| prov:lmly.

| Since the ruultn of this hwutignttm have been
accepted ror publication in the Scientifie Edition of the

- Journal of the A.urlm Pharmaceutical uloauuoa. ne -
: nttonpt has been made to rnrsmin tlu ntcrm. '

L L RS AL SR
PRETI T
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/v . WHE KINETICS OP DEGRADATION OF CHLORAMPHENIOOL ..
L ; s f’\ IN SOLUTION . ., ’ aqng b0t

RIS S N IR S

i Y

. 11, OVERALL DISAPPEARANCE RATE FROM BUFFERED SOLUTIONS
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" fhe rate of disébb&aranae of ohioraaphanlcol wolecules,

'ﬁgn,lg, from aqueous solution has been studied and shown to be
- first order over a wide range of hydrogen ion soncentration,

Ths data obtained indicates rather clearly that the rate of
degradation is independent of the ionie strength of the medium
employed for degradation., In addition, the rate of degradation

. appears to be substantislly independent of the hydrogen ion

R

eonsentration of the system within the pH range 2 ~ 7. Very
strong evidence exists to indieate that ehloramphenicol degra-
dation is general acid - base catalyzed. For example,
monohydrogenphosphate ions, undissoeciated acetic acid moleecules
and eitrate - ¢citrie acid systems exert a definite eatalytie
effect upon the rate of antibiotie disappearsnee, The last
eited example shows & rather eomplex relatiouship whieh might
possibly be aseribed to the polybasie nature of eitrie aeid .
and its ions, in which both eleetrophiliec and nueleophilie
funstions are present within the same molecules., . = . . .

e it

& - - . g Ak PR .1 * '.I: . s e T ) PO ] " o L
EARETE R D E % SO SH U S R DA TR SUE T b SRS S LA A0 F B C S SRS SR SRR T
. L} . . ' o . % P B 1 - . v S

... In the preeeding eomminieation of this series (1), the

. meehsnism snd the influense of several variables upon the rates
. of the dehalogenation reaetions roipnnnibli}wih part, for the

gradual loss of activity of chlorauphnninol in aqpoous'aolutiona L3

ap: were treated. In the study the dogradnttvo r§§o was observed
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_ upormntam by ronolmg the rate of thlorldo ion m-

5

duetion in the aqueous lol.utlms. In mtmt, in the

.. present iuvutigattm we were eonserned primarily with tbo

0o total rete of disappesrence of shlorampheniool noloonlos.
- u. from the reaction system, the analytical seheme em~
. ployed bei.ng designed to determine the residusl cmtmti.on

_of intact drug rather than sy of its degradative produets (a). -

As will be spparent from the experimental dats presented,

" the duhnlosmt-lon Tesstion undergons by ehloramphenieol -
_ "appem t@ phy but. an mtgnxrmm part m the total. do-
. ’gmaaun pum-., at least in solutions below p 7. .

. In the study rorerrod teo abo’n. k!.mtto mmu tndl- :

f':. ,'_'utod that m of ttn njor cauau of ehlompmnuol break=
. . down eam be sttributed %o tho mrolytu clonvas- of th- .
..m lmhgt u tbo drug mor&tns ta tht oqunttm.. i

°e' '%;;"‘mwxacn-m

) 'Subuquant Momttm on the overall dtnppom rato

appear to mrthor lubotantutc this prothoau. the rate '
being hi.shly nproduotbh undaz- uw gtvon txporuental. eon=

dtuom and boi.ns strietly ru-u order ntth respeet to the

drug. These are eharacteristics of: lolnnllr reastions of

. the hydrolytie type as sontrasted to redox reactions whieh
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 are free redieal -odi.ataed and rether atm.-uu to roprodnu. "

. Even 1.1“ the dograo.ntln mechanism u tuunod to be

qmolytu sleavege of the amide funsticn, culy & Telatively
|’ suall smount of help ean be gained, for mnplc, by reference
‘. to the ntonturo ror tolparnblo reastions. = Although & eon~
- siderable amount of researeh effort has been devoted to the
fundsmentsls of the kinetie of hydrolytie eleavage of .am-. |
.. wery 1ittle work seems to have been done om the similar '
"/ elesvags of amides. This 1s probably due to the fast that
midas, as & whole, are & great deal more stable than esters,

cortai.n theorottul uutatann can bo gained, hamur, :

-hw nform. to thn mral thoory or acid-base uulnod

resetions. In meny instances the hydrolytis eleavage of ' -

~ ordinary esters and suides 1s eatalysed by bycrogen tons,
_:hwroxyl 1cm or both. Brdrolnu of ntoru suth as otlvl
~ acetate, upirin (3). and proui.n- (4) :ppom to be catnlyud

by hydrogen mu or bydi'o:yl fons alone (1.e. specifie hydro-
gen or mroxn fon catalnu) Hydrolysis of sush simple

I_-um.utommmduomld.humnudiodmdahm
:uuuuumwwmmmmlm (5,6) In view

f'of these !.nstannos of eatalysls » 1t appears rather 1ikely
_that tho uido nnkago u chlompbonuol n;r also bo lubjeot

ke hydrogen or hydroxyl ion eatalyzed hydrolysis.

Irnmtounmthatwdrommwdrmltmm

: not ans.quc u utdu or basie upeetn but that other spniu

o _uy aho bo cmmoroa to funstion as aeids ana buu, 8 new



fastor is introdused in sousidering the kineties of hydrolytie

resetions including degradstion. ' It hes been resognized in

s nnaboz' of mm- that hydrolysis may be oatalyzed by

selds and buu other thnn hgdrogen and bydroxyl m, (1.0.

mﬂl seld m‘ uulnu) (7). The hydrolysis of ethyl
o,thourbomtc -nd othyl orthoaeeute. ror example, has been e
ahm to b‘ uhlrlod by mm sclds as well as by hydrogen o
| b 10'“ (8,9). "01'0 mntly ln MQutmtlm oonum!.n; the - i

, ‘__h:rdrolysu of dusopropyl ﬂuopbo-ptnt- mulod that -

e hydrolysis of ttm eompound 1s also general scid bau |
cntalrzod (10), Amg well known !.mtancu of m-uwromu
. mm ui.d buo uulysod ruct!.om m the mutarotation

af glucou lnd tho dnonposttion of diumotato ion, (11.12)

&ouuu o!' tho lworal possible path-m by which amide

'.almm may be .rroetea. attempts have been mads in the
~ preseat investigation to study the kineties of ehloramphenteol
 breakiowmn u influenced by neutral ions, hydrogem fons,
. : bxﬂrml 1onu. mm ui.ds and general huu. Indeed, it

_ was dirﬂ.oult to 1mt atuntlen to hydmgea or hydroxyl ions

n.ono huumh as mtntmo of eonstant pll in tho dogmda

t!.\ra ayat.ems meusitatad tho use of buﬂ‘em which by their o
vcry naturo contaln lmtrleant auount; or mnl .eidl end

- !‘ho ruulta of the prount ttudy l.ndiuu t.tnt dogradatlm

T of the antlblotu is mml acid * base catalyzed but that
., within the pi range 2 * 7 the rete of _aqmuon 1s sub-_tan-
. tially independent of hydrogen ion ecnsemtration, =
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A rumu m 1n thu mvutlsatioa were of mlyti.-:
ul gmdo am.m acid, chroutognpu gmd.. was used to :

prepare the eolumns. The shloramphenicol was olutod m-

ot \;-

_the eolums with ohlororor- and & 15% (v/v) solution of

., othyl sestate in ehlorofors. The buffers referred to bezou o
; noro proparcd by dissolving reagmt grada chutul l.n du*

tul.od ntor, ldjuatmg lnd murlng the pB with l Boehunn
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' 250 ug. of obloromicol were uamtoli "018'”4

o mto 100 ml. VOluuotru flasks with the ald of a small glul
-.;-_q.l.:t‘um meerwommrmtom:muortb-

, funnel was washed into the flask with spproximately 90 ul.

..y, .of the appropriste buffer solution. ¥Fhe flasks were then

Plased into & eonstant temperature bath st 97.30 / o.os°c.- -
and the eontents amuatummmnum ortho _
- bath. At thas point the eontents of tno flasks were made up
%0 the mark with the proporha!fortolutlonmdthl flasks =

... Were securely utopporcd the first sample m u!.tbdm from
.. ecash of the reastion vessels enlr after visible mpootton &
Ihond thnt all or the chloranplmiool in each flask had

di.nolvod and the timing of the resction was sm-m at this

. point, Buplu. appmintolr 5ml, tn voluu. nrc with®

_drawn uith Volu-otr!.c plpottea at nppropzruto murvah, |
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| l‘f

_ p:.ued into slau vuu (8 -1.. _umitr) m protoetod tron
- tho eap o!' tho vm uith sluminua Polly ., . . %o

dpterlli.md by partltlon stromstographle separation and subse~

) -' m mentrati.m of chlomphmicnl in mh nmplo m

quent apcotmphotonatrtc mlrau meord!.ns to a pmednro

by momd elsewhers, (ah b S B e R U e

aurﬂmm upori.nental dau have boon oonoctod m the

Y pruont tnvntmt!.cn to determine the order or tts reaction

" with respect to ehlorampheniool snd to aseertain the r.uuvc' '

oaulytu activities of hydrogen ions, tqﬂrwl. ‘Lom and .
eertain general seids and bases within & pil renge of 2-7.

IR ERPY

- omr of m Botorlorttton Baactlon w:.th anoet te Ohlor- by
mphcniool. ! s |

: M unuomd !.n tho l.nbmdmti.on. the uu o!' santibiotie

"_diuppoarmo from burforod agueous solutions appears to be

e

| '-trletly first ordar with respect to santibiotie eonsentration.

Ao

This relationahip S.a apparently valid crvor widely dlt‘ferlng -
h:rdrogon ion cemontnttms n 1- ovi.dnnt from rlguro 1, 2

'_and 3. !'hn li.noar logarithmic plots have been found to be
_utrnoly roprodncl.blo under all eneountered experimental

eonditions and in no ease have they deviated limtﬂ.mtly

| '_rro- the cumu first order relationship. .’

- In mioch of the ronoumg diseussion the nu of anti-
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biotii duappoumﬁ is expressed in terms of half 1ife of

t.hn dmg bume ot thu dlmt thpondmy or the dntorion'-

tion rnta npon tho tmtntlon m‘.‘ chlcmphonlaol.. ‘ _Tﬂ. iy

o I_'._urtain mumea. honvor, u m tonmd cennnient to lnh
- use of mtpmn hllf nvu rattnr thm ‘the half nvu thoa*

__-noltn. mu m is pnrticulnrl; uum in dotomi.nlng the

 ,’ effect. or gemral acut hano ut.alnu npon the mto or
ehlomphoni.eol duappurmo. M uy bo am fron tta re~

__",'__”ut:.math

.‘ P e e e
.-_.‘.. ook J e
'

A z:."-
R T
ST B

k L 0.693/tmli' lif‘t

'whorc k i.l tho ﬂrlt order rato eonltnnt. tho 'ulm of tho
__ rate cmtant. m mlproul time, 1is dimny proporttml
. tothommroealotthohalflifa. '

The ltrut sdhesrence to f!.rst ordor dopondomy and the '

'high degree of reproducibility suggests the likelihood that

the rate determining step involves s simple ionie or moleeular

'mechanism, Although free radical wediated reastions, such

as are involved in all redox reactions, are not necessarily

' ruled outj they appear unlikely in view of the fact that such

| reactions often deviate greatly from first order dependency .

and are generally mich less reproducible., This lends sdded

 weight %o the suggestion made previcusly that the prineiple
o reaction respousible for ehloramphenicol breakdown in neutral
. or acidie solutions 1is probablw the nm-omu clmaso of

_'tho man function. ' £
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. The ab-oluto ratc ot’ ahlormpmuol duappurmn a8

detonimd from She plots shown in Figure 5, 6 and 7 ugu«-

cates that t.ho dehalogenation reactions eentri.buu %o Imt (¥

~ very Imor utont ln the pB mtornl. 6 d 1 and mgllbly

'::'f_,_bﬂﬂ' Im 6. 00- ﬁo tho ourall mum. Tuls is based on the
:__:faet that the nuim helf 1ife o: chlomphcnlool ot 97. 30 o i

w1l hours, Ihcreu the -mm- m.r 1ife based on the '

, ','dahalogemuon romtion was over one hmdrod hours at pH T

. md much l.on@u- st lmr hydremyl ton omentratlom (1)

_Ionte Stmst-h Indopannonno or Dog;mdnt!.on antn.

Y

!h. hck o!' . !‘oml oh.arge on the chloruphmool Iole'- |

et icnla would make it seem unlikely that the ionie strength of
"' the buffers employed for degredation would be of signifieance

in affecting the rate of degradation. However, in view of . -

"+ the partisl ionic sharacter of the mitro group and the fast
' that one of the resonance forms of an amide will show & sepa“

_'i'stion of eharge, it was thought that sny dependency of the

degradation rate upon ioulc strength should be doterli.md,

80 a8 %o facllitate proper evaluation of data obtained in
m,m. of m" _‘_-_.‘Z"__!f;'. ;.qd i e g A .“-‘,-':ff .,f;;_:\_. e

Dogndnt!.on of cblompbenleol was thorororo emiod

out at 97.}0 C. in 0.062 M phosphate bhrfor ad justed tb pH

' 7 00 and the half life thus cbtained m coupared with' tbnt

"/ obtained with the seme buffer containing, in addition, 60 g.
"of sodium sulfate per liter. The difference in the ionie
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| ;utﬂngt.hi of the two systems was such that any dependonojr;’q '

of the degradative rate updli the ionis strength of the .- |

‘wedlus would be indicated after analysis of the samples. As
" showa in Figure ¥, practically identical results were obtalmd Rry
' from both systems thus indicating that the rate of a,mtm g
' 1s essentially independent of ionie strength. In both ln.*
I '-mo- the balf 1ife of the autibiotis was 7. 95 hours.

PR SHESN

- Gnmral Ao&d  Base Oatalnu or Dotortmtion or Ghloruphon!.- :

._"'eol. '.

S e morumo wi.th the thlnkmg outlmed prwioualy,

- pou!.bui.ty of general acid * base utalnod deterioration

-, was always munt. Early 1in the sourse of the lnvuugauon 8
: 1t appeared tb.tt the rate of ohlarmmon!.eol dlaappoarann |
‘was dependent upon the hydrogen ion soncentration of the buf~

- fered systems in & rather complex manner. On the abzence of

any notable specifie hydrogen or hydroxyl tm'cat'.alynu. the
evidence pointed to the possibility of & general base or

| generel asid present in the buffer scting ss o eatalyst.
A uporimtal verification of the part played by t"'
nﬁ,mt. of & paosphate buffer is shown im Figure 5. In

B " the plot, the reciprocal of the half lives of chlorampaenieol

| in aquoouu solutions sontaining varying amounts of phos-phntc

S buffer is shom ss "a funetion of the buffer oommtratién at
e 30° C. The pil of eech solution was adjusted to 7.00 to

h -mmu- any effect of hydrogem or hydraxyl ions on the
n Ituovmentrro-tun figure. that the rate of bmak

‘.-.,‘.¢f~
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'RATE OF CHLORAMPHENICOL DREGRADATION IN PHOSPHATR BUFFERS
| TAINING VARYING AMOUNTS OF DIHYDROGENPHOSPHATE.

. SR A Sath N m I vl b R el ..‘i. !
. o !I‘-."H “oi f' peb RTEE T SRR Bk TN % B p

0.2M WITH RESPECT TO MONOHYDROGFN PHOSPHATE ION AND CON<:: |

895 o 3

¢ The discrepancy introduced by this value, substan*
.+ tially below the others, may be aseribed almost =
. eatlirely to hydroxyl ion eatalysis of the dehalo* ST |
- genation reaction referred to in the introduction. =

R aui.lar. nvestigation indieated that mtntobhhrr'on_""

1 alse st A catalysts for the deterioration of. the mtibf.oti...

' In Figure T, where experisentally determined reeiprocal half

' 1ives have been plotted sgainst total acetate ecncentration,

1.0, the sum of the evncentrations of equimolar sodium acetate

~ snd scetie mcid, 1t is evident that the buffer exerts a small

™ 'but definite eatalytls effect om the oversil rate. Unlike

"' the phosphate systems, however, further studies have shown
' that the catalytie aotivity is sssociated almost entirely :
~ with the acidie component of the buffer and that the son*

B ',I i

~Jugate base possesses but slightly eatalytie aetivity,. Tuus,

XA b e w vt ! { 3 . . i e St o
g r . . B s
h . S PoRr) t * . o . v,

PR N Nt I LY
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_u’ is showm in tablc 11, 'mm dontaining sonstant amounts '

s of acetie acid, variations in the acetate -io;n' soncentration

have relatively little effect on the rate of degradation,

.. These data suggest that the catalytie behavior is due essen*
- '41ally to mm acld cutalysu with but a uau eontribution
L multmg rron geneml base catalyula. ’

'.' - . - PR AP L . L l El
:f. 1 4% ‘. _’:_- '_ 3 i 3 v ¥

FIRrae T .:.r_ G rb P e Foog ‘- 2 E Phrio oL B | W% L
y whol v by ol S

.| RATE OF CHLORAMPRENICOL DFGRADATION TN ACETATE BUFFERS 3
| VARYING AMOUNTS OF SODIUN ACEZATE, B

0.05 M WITH RESPECT T0 ACETIC ACID AND COH‘I‘AINIHG :

287 |0 o0 L 13

L0 T

Although the aatnlyt!.o proportiu of both phonptnt. and

L5 aeetate systems ean be aseribed to t!n!.r scid-base character-
— .

!.sttea, 1t 1s uportant to hop m -ma that the of:toet may

 be a specifie pmporty of the catnlytlc lpocm and unly in-
dtrectly relsted to their acid-base sharaster. Tuis possi=
O bttty ts partially supported by & study of the degrudnt!.n 1
_-'jntc in preseuse of eitrate burforu. Talike tbo mutc or
ptmpmu mta. ettrate nyltull m.nt toe pouibui.ty of

'J' : . ' NIy
gy _: -‘, i

g " *:'.:.-
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SR

_having more tm one aeldic or bu!.e specles tn the buffer
| soluti.on; thus tbor. uy bo mamt i |

Citrie aom Honotwdregun eitx-ata tm
mtxydrogenettrat- lon Citrato

.311 I.n oqui.ubrlm and pnaaenlng dltforl.ng utalyt!.e tondon

"'f'cieh This rtthcr oonplu mteu can bo expoctod to, 8

" dm, rosult in ln tnvolved dependency or the eatslytle
v orroet upon thn Woson ion concentration althougn tho
/degredative resstion itself is mot speclﬂaally lnﬂuonood,
/- within this pH rengs, by hydrogen icus.’ (300 below), e
o :pmnt depmdomy or the reaction rato. as oxpmnod in -
L helf ls.ves, on the lvdrogen ion coucentration is shown in - AT
 Plgure 8, It 1s -vmont that at higher pH values the mu' |

lifo is u-mtuu;r umfrutoa by the buffer since the '

nluosmcloutothevslmofll hours, In the pamgi.ou
 immedistely below this, we find & rapid incresse in the
 resction rate which ean be ascribed to the eatalytic effest

‘" of the singly eharged dihydrogen cltrate and/or the vdonblj .

charged monohydrogencitrate. The minimm exhibited by the

. surve at pH approximately 3 and the very sharp reversal of
.4« the resstion rate appeer diffieult to retionalize; - It is

[ g

o

possible that either the singly or doubly eharged lom or

" both possess significent eatalytic mctivity but that the

~ triply charged eitrate ion and unamocnm acid & not. ,

" These differences sre difficult, however, to explstn m the
-Iis?”"\_huu of general uid base ¢atalysis alone,. - .. " |

_ A ponlblo uplanntlon cr tba unnsunl bobsvior af th- _
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eitrate systems mey be found in the suggestion by Swain (13) -

" that all resstions of this type, (i.e. genersl seid - base

estalyzed) are termolecular in nature snd involve both

| olntmphute lnd nucleophilie esatalysts. The execeptional |

catalytis effiecacy of the partislly neutralized sitrates _
being due, on this basis, to the dual nature of these scidie

pH Indopondmoo of Rats of Chloramphenicol Dug:idation ovor' |
ﬂ m 2 *Te | . |

: In thn pmnadl.ns two sections we t.ul.t:l; assumed that the

rate of the deterioration reastion was independent of hydro-

gen or hydroxyl ion eoncentration, 1.e. mot subjeet to

~ speeifie hydrogen or hydroxyl ion catalysis. This assumption

was based on the faet that the reasction rate in absense of

any interfering buffer was found to exhibit pH independence.
Although it is impossible from & practical standpoint to

direectly determine the rate of the reastion at any given ;ﬂ-'-

" in absence of buffer because of the aeidie nature of the
-... resetion produsts, the sorresponding rats ean be obtained
" by extrapolation to seroc buffer eonecentration of & series of

results determined in presemnse of buffers of varying eoneen~
tration. Thus in Figure 5, the intersection of the straight
with the ordinate sorresponds to the resciproeal half life at

- pH 7.00 sand sero buffer scncentration. In Figure 6, &

similar plot is showm for & series of experimental deter~

~winations at pH 6.00. If the rate of ehloremphenieol dis-



_ahpoarmc due to thohydroxyl ion ‘catalyzed dehalomumi

. “resction &t pH 7.00 is subtrasted frow the oversll rate of
-“sntibiotis dissppearance st the saume pH, ‘the values at pH

6._500- and 7.00 are essentially the sams, being equsl in each

.. ease to 11 hours. The pH independence of the resstion rate

“.’I-1s further Gemoustrated by moting that the extrapolated
' walue .for the mimalhalr 1ife at pH 4.65 as shown in

_Figure 7 is identiesl with the value obtained similarly at

. pH 6,00, | In sddition, the data shown ‘in Table I, when re-
o glmd in this nght, strongly supports this view, !
* 1471 Further eonfirmstion of the pil independence of the
‘ "‘-’f".dogrnd&tton.mto within the pH range studied may be gained
" by referense to Figure 8. It mey be seen that extrapolation
L of this plottothnpﬂutmscttutttuh systems em~
1 ployed once mm give half life values of approximately 11
. hours, Other data have shown that the deterioration resetion
s not significantly affected by tvdrom ions sbove pH 2
- 'nor by lmlm:rl dons below pH T, 0 ‘i i i

1) e e

LT D B s N TR S BT By ST . . « . i B Yol G LA
R VSR NTLEE T PO R S i 0 T R T S A B S IR S ; o RO R E R OG- R 1 R

Consideration of the experimentsl evidence presented '
san lead only to the sonclusion that shloramphenicol possesses

" . unusual stability in aqueous solutions, over & wide pH range.

Despite the very great temperatures to whiesh the antibiotie

- was exposed, the rate of degradation was relatively small.

Inssmuch as the heat of astivation for ttu-ﬁohnl_ogmuon

'has been showm to be 30,000 ealories per mole, (1) and the

indications, based on additional experimentsl determinations,



-

by o § 4 -]

e

e tutthb heat o:l' _.otivati,au:ro:- the postulated amide hyd 0 j ,‘ -
: #4818 of the order of 23,000 ealories per mole, 1t is ' °©

* Pesdily evident that within the pH range 2 * 7 the anti-

U Tbloth M almost no lnlcoptlbuit,’ ‘lﬁ h‘drolrtll dctarto" _
) :-uttoa 8t ordinary temperatures, .l L NG

1 At the ssme time, the nry fact that & drug uhtbtti.ns

2 th- great stability of shlorampheniecl is subjest %o degra=

. gation estalysed by buffer eoustituents should point the way

toward eareful sossideration of sny buffers used in eompound- o

ing or sdministering other pharmaceuticals which may be sub-

Jeet to hydrolytie degradation. Just as it would be prudent

to d‘llplml. ohlompmuol in wnld.y buffnrod soluttom. R
\_ othor ptnmuttull ponoutng th- uido nnkngo should

' be regarded very mmu with rumt to stebility in the
" :'_‘_'msmo of mnl uidl md bases as uu as !vdrom -nd i
y hydroxyl l.om.: !hn- the romhti.ou of plnmoutlem mst
"_.'I'_tconlmor not onl; nnipulati.on of pn -o as %o maintain .

. othcr phar-uutmny dumbh proportlu. L

y r.g‘,;.i

. toriontion rro- the :tandpotnt or ehn:lm lnmtln pruvlm o

nolubtnty or ltabll‘l.ty but alse any dnloteri.oul et‘foet.u upon :
thdmsl-oromhmw:honryagonnuadtoorrut :

r'-‘:__

In eaaence. an approach to the Problom Of GNG d"" § |

very num omu to mpor formhtlon huod npm umx

lmoulodp of the clm'u'ur of the drug. In-mtmt, tla |

R '_ purely eupirieal approseh my ovorl.ook ruton -hieh are or

nubatantm nmmom ulth rupoct to dm. ltabnlty. e



1. The: mrcu degmdntton rate o:r shlermphcnuol in
nquoem solutiou hu boun sm to bo rn-t ordor wtth re~

i _' lmt to thu nntibtotn mr I ﬂdo rango of m 10“
. _eommtmtm. e

. The nproduotbutty of thn uporimt-ul mnlu

o ',:”'::.10:;3 with the striet adherense to first onder aopunnmy
* indicate that in sddition to uwrolytu umag. at the . |
__;nrbon chlori.do bondn. ﬂ.lum- tlmm mm oluuhoro in
| tn- molecule. This is assumed to be st the emide linkage.

}. !h. nto of ohlompmuol dogndatton is MOpon-

Mtottholmu -tmsthoftlnmmnplqtdfordom
i -ti.oa and hml:‘ lndomt of m:-ogon ten oomontr.tton |
ﬂ.thm the pn range 2 * 7. POATRUN '

I. Definite wmsnu m bnn nomhtod to uhon that

', .' _ohlonnphonlool atorlmttm is n’alnod w .poe!.u whieh .

. are mrnl. .Oidl and mn. apeuﬂ.eanx. -onotvuroson-
. pho-phau i.on. mus«um mtu asid and both m and
e ditvdrogomttuu tm uta];no th- nu ot ohlormphmuol

o, Goredation.
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- The evidence noted prwimlr that u:ldo hydrolylis
roprnontl an important pathway for the degradation of
ehloramphenicol made it quite upmm $o deternine the

magnitude of the hydrolytis reastion in the sotal

degradative scheme, Although 1% appm ared probable that

hydrolysis was the only significans route ef dograéaticn

in neutral and acidie uoluuou. this rou:lmd oenly an

um-ption until quantitative data oould be o’httimd. :
'+ ome of the products of hydrolytis eleavage of

_ehloramphenicol as the amide liniage would be the amide,
- 3=(p-nitrophenyl)=-2-amino-l, j~propanediol. GComparison

of ths rate of disappearance of chloramphenicol with the |
rate of appearance of the amide would serve to show
whether or not reactions other than hydrolnu romuntod
important routes of deterioration, _

+ IS was felt that the ]lrt:ltich mtomphit
mothod which had proven succesaful im separating chloram-
phenicol from 1ts degradation produsts eould be extended

" 80 as to allow selestive elution of the uino. ! Gertain

.. minor ehanges were mesessary for effective application of
* the ehromatographid prosedure but the general procedure *

remained unchanged. The utility of a ehromatographie =
method was therefore made the subjest of l separate
investigation. The results obtained in thu s tudy are
given in the following pages in the form of a noto te bc
submitted for publicatiom im Analytieal Ghemistry. . |
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" YHE SEPARATION AND DETERMINATION OF CELORAMPHENICOL
AND 1-(p-nitrophenyl)<-2-amino-l,3-propanediol *

¥akoru Higuchi and Arnold B. Marous

® A contribution from the School of Pharmecy, University

. of Wisoconsin, Madison. This project was supported in

I - part by the Research Committee of the Graduate School
with funds uuppnod by the Wisconsin Alumni Run.nh ;

!oumlation. _ \

e _I.!.‘hc_pz-;nni sommuniscation reports a puﬁttion
ehreﬁtoguphio method for the simultansous separation
* and deternination of enloramphenicol and its maim hydrolytie
 product, 1-(p-nitrophenyl)-2-amino-1,3-propanediol in
- aqueous solutions ef degraded chloramphenicol. 4 paper
" partition chromatographic method for the qualitative |
identirication of these products in similar systems has
alrudy been proposed by Glasko, Pill and Rebstoek. (1)
3 The r:l].tor paper method is, unfortumtcly, quite muﬂud
for tho assurate quantitative determination of these
eomponents because of the smll amounts of material
e , available for rmi oulnluou;-.‘ The pm'uod procedure
2, LA A -pmitl direct determination ot mich larger quantities ..~
and is an adaptation of the ruontly reported chronto- '
graphic method for quantitative determination of
ehloramphenicol alone, (2) -:5--
4 The partitien nyﬂou uployod in this 1nvutignion

r

cmistod of sn aquecus internal phase held on silicie
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acid and a mobils phase composed of either ethyl acetate

or n-Sntyl aleohol in chloroform. Usually, samples to be

analysed are added to the partition columns im organie.
solvent solution. To obviate the necessity for removing |
water and attempting redissclutiom in & suitable organis
solvent, 1t has deen rm more sonvenient to make direct
use of aqueous solutions. The agueocus sample is mixed
with dry silicle aecid nna uddod to the eolumn in tho form
of & slurry dispersed in chIoretm. ! By

~ The elution of ehloramphenicocl from partitim systems
my be uoulpnlhnl rather simply with 10% (v/v) ethyl -
acetate in uhlorofomq {2) The solubility imut-rhties
of the nnino require, hmvor, [ ] atronsl: polu- lolnnt
nﬂtn to erffect its olution.  After a number of preliminary
investigations with various aolnut lyutom. 1% was found
that 25% (v/v) m-butyl aleohol in chloroform was most
.ntilrutory.'.“- It was alse determined that the 1nto:m1. :
aqueous phase should be hurtn-od 80 as %o m-ovido . vnkly

am:l ine medium.

~ These ﬁndings were subjected to more u-iuul

Unluthn by ehromatographing an aqueocus tolatlu .
" econmtaining known amounts of chloramphenicol and & synthetis

sample of 1-(p-nitrophenyl)-2-amine-l,3~-propanediol. Ten
per sent (v/v) ethyl acetate in chloroform was used $o elute
the mibzetu-:ml 25% (v/v) a-butyl tlooho; i{n ehloroform
vas "-mmly employed to elute the “""'.‘“. The eluate was
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eollected in 10 ml. fractions. The elution chrometogram

- obtained after analysis of the fraotions is shown in

~ and Patel (3).

Pigure 1. | o

| As was to de expested from the results of the
lniuti;atiu eited previcusly (2), the ahloniphtn&cel
pod: ts sharp and well defined. Pigure 1 also shovs that
eoffective separation of the two components was achieved.

long and 2 om. in diameter. Tight fitting
' plungers prepared from thick~walled sapillary
- tubing were used to pack the eolumms, A :
" Beckmann Model DU Spectrophotometer. :

Appii-ttua Ohrmtomphii solumns of Pyrex glass, 50 em,

Reagentat: Bilieis meid, ohromatography grade, sodium :

_* bloarbonate, sodium sarbonate, ethyl acetate,
- m=butyl alechcl and chloroform. o

. All reagents were analytieal md&. _
_ The eolumns were prepared from 20 ¢..- siliels moid, _

20 ml, 0.6 M sodium dicarbonate solution and a suffiotent

quntﬁy of chloroform im the manner described by Higuchi

- Pipet exaetly 2 ml. of the aqueous sample into a 30

: ai—. beaker and add exactly 1 ml., of a saturated solution

of sodium earbonate. Swirl to mix the contents and allow
to stand for approximately 1l minute. Add 3 g. dry silioie
acid and mix thoroughly with a nichrome spatula. Add 15
ml. chloroform and mix to form a homogenous slurry.
Quantitatively transfer the slurry to the column, »inse
the beaker with 10 ml, chloroform and transfer the rinsings

4
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$o0 the eolumm, Pack the slurry tightly onte the top of
the column and eollect the eluate in a 100 ml, graduate
oylinder., Use eaution when removing the plunger from

. the c:h{-a te avoid concomitant removal of any adhering
material, \ it .

© . VWnen almost all of the supernatant liquid has

entered the body of the eolumm, use the plunger to push

down any of the slurry which has adhered to the sides of

the eolumn, Then add $o0 the column a slurry consisting

of 1 g+ silicic acid, 1 ml, 0.6 M sodium bicarbonate

" solutiom and 15 ml., ehloroform, Pack this slurry very

_ tigtly onto the top of the columm and remove the plunger
w CAXre, . . . ' ; _

' After 4O ml, of the chloroformis eluate have been
eollected, change the eluant to 10% (v/v¥) ethyl acetate
in chloroform and collest an additional 10 ml. of eluate
~ 4n the cylinder. At this point, replace the sylinder .

with a 50 ml. volumetriec flask and discard the previously
eolleoted eluate, When the eluate in the flask has _
reached the mark, replace with a suitable container and
change the eluant to 254 (v/v) m-butyl alechol in |
echloroform, {(The 50 ml, of eluate collected contain all
of the chloramphenicol.) Discard the next 20 ml, and .
replace the container with a 100 ml. volumetric flask, .
¥When the eontents of this flask have reached the mark,
eollect an additional 25 ml, in & volumetris flask.

~ « I¢ the sluate in the 100 ml. flask 1s sloudy dus to
- preeipitation of water, add 10 ml. of 25% (v/v) n-butyl
alechol in chloroform at the firat sign of cloudiness and
swirl thoroughly. (The first 100 ml. of butanol +
cshloroform eluate sontain the bulk of the amine., The
' additional 25 ml. eontain that portion of the amine shown
as the tail of the chromatogram in Figure l.)

The chlorampheniecol econtent of the 50 .il."ﬂn.klil h
determined spectrophotometrically at 272 millimierons.
The amine contents of the other two flasks are determined
similarly at 275 millimiorons. | _
~“7" yme 12§ ml. of butanol = ehleroform eluate eontain
all of 'tho amine originally present in the Ml‘h=‘-=- Ih
;vory' instance the amine eontent of the 25 -ml, flask wvas
" less than three per sent of the tonl,:__ This mnnt is
suffiolently significant, however, $o prevent 1ts being .
disregarded. | W e T
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. DISCUSSION .
‘The applicability of this procedurs was determined
by mlyua of several aqueous solutions sontaining known
Qunﬂtiu of ahloruphoniul and the n:lm« As shown in

' fable %, the recoveries of both cmomntl were quite -

utututoﬂ. The data of Table I show thas tha &nngc

error was in the neighborhood of 1%,

e '_ Inasmich as the partition columns used o offect the

upuutian were rather large and the sige d.‘ thc mplu
were eorrespondingly large, 1% is readily ovu-ni that y
~ much small quantities of ehloramphenicol and 1-tp-n1tm-
| .'phcnyll ~2-smino~1, 3~propanediol can be dttarnimd by
| T mitablo reduction m tho sige of the odlm wloycd, :
. the amount of sample added and the volmu of eluate

conutod. There is ne runn uhy the pmoduro nmt

) ,_'N adaptod to thc dotomimtion ot liu-ogru qmtitiu of
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- THE KINETICS OF DEGRADATION OF CHLORAMPHENICOL IN SOLUT ION

. ITI, THE WATURE, SPECIFI0 HYDROGEN ION GATALYSIS AND "
TEMPERATURE DEPENDENCIES OF THE DEGRADATIVE REACTIONS.
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| Although the pu-ododing s tudies strongly indicated
that chloramphenicol degradation escurred primarily through
hydrolyti. cleavage of the amide funetion, the w!.dom
available was purely e¢irsumstantial im mature. It was
thought desireadbls, therefore, te establish eoonclusively
vhether this supposition was true or whether other degrad-
ative m thways sontributed significantly te the overall
ﬂto: of degradation. Such evidence could be cbtained by
somparing the rate ef chloramphenicol disappearancs with
the rate of amine appearance, any difference in the two

- rates indicating the presence of other degradative

reactions. These comparative studies were carried out
through application of the analytical method developed
for the separation and determination of chloramphenicol
and its corresponding amine. The expe rimental data .
obtained in these studies are presented in the following
sestion. i oS | Ee e
. Despite the establishment of general asid ~ base

- satalysed dopwhtiah of ohlon-phoniool,' ne -pntru'

hydrogen ion catalysed dogradntion eould be demonstrated

¢ m,w,&, within the pH interxrval _2_ g 7.  Since all previous ltudiu

eoncerning amide hydrolysis had shown $hat amide linkages

are susceptidle te satalytie hydrolysis by hydrogen ion,

degradation of the antibiotic was investigated im media

sontaining very high eonsentrations of the ion. The results

6: this study are alse reported in the subsequent lutien.: |
" Im order %o determine the Semperature dependency of
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_ the uncatalyzed (water) reastion discussed previously,

Mgrndation of ochloramphenicol was sarried cus as twe
&.htr tcipontmn. A% the same time & similar lﬁdy:
vas munu %0 deternine the toquutm dependency of
the hydrogcu ua unlyul renction. The data obtained
in these studies permitted ealoulation of the heat of
ut:luuon asso o:latu with th- nutuynl tnd hydrogu
These data alse made 1% poui.bl.
to evaluate the sonstants for these reactions and $0
determine $o a good npprun-tion. the nulytia sonstant

fon eatalysed resstions.

; rw undiuu.tu« acetie acid acting as & general acid.

alnn these atnd!.n hﬂo been summarised u the form
nt & eommunication %o bo submitted for publication u tho
Journal of the American Pharmsseutical Aonoutim.

 Belentifte Rdition, ne nu-pt will de nu u ju’]_!“g.
" the presentatien. = e ey S R

['.',f_." . .' v s
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 YHR KINETICS OP DEGRADATION OF CHLORAMPEENICOL

IN SOLUTION *

III. !HE NATURE, SPEBIPIU H!DROGE! JON CATALYSIS AND
it !EHEERATURE DEPENDE NC IES OF THE DEGRADATIVE REACTIONS,

s !'ckon NHiguchi and Arnold D. Mareus

A sontribution from the School of Pharmacy, University of
Wisconsin, Madison, This project was supported in pars
by the Research Committee of the Graduate School with
funds supplied by the Wisconsin Alumni Research

- Foundation.

s - i —— - ]

* ABSTRACT

The degradation of shloramphenisel in aqueous
solutions below pH 7 has been shown to occur virtually \
entirely through hydrolytic sleavage of the amide function.
It has been demonstrated that specifie hydrogen ion
catalyzed hydrolysis plays a major role in the degradation

- of the antibiotic in aqueocus solutions below pE 2. The

Semperatures dependencies of the uncatalysed (water)

[ reaction and hydrogen ion satalyzed reaction have been

determined and the catalyties constants for the various

_ reastions contributing to the overall degradative rate
have been evaluated., A possible mechanism to agseouns

mﬁ'&‘ﬁﬁ‘\'» A LEe A LEUTT RIS ' Tt

: _' for hydrogen ion eatalysed hydrolysis is also presented.

T e e e

. In & previous communication (1) 1% was ri.portml |

thn'ohlon_nphonieol s subject o & type .of general

acid = dase catalysed degrndntim.""-l These studies showed
that an uncatalyszed reaction contributed significantly
to the overall degradative rate. The results of a



e

~ further study ntabliihing the shemieal nature of tb.o __
breakdown reastion, evaluating the heats of astivasion
. of the several reacticns and demonstrating speeifis
hydrogen ion satalysis dm-in; the degndnun atop are
-- pronntod at this $imes s
' The czporm-ntd prosedures onploycd to orrnt
degradation (1) of the antibiotis and the amalytieal
methods (5,7) used have already been reported and will
not be vepeated here. LR
| ESTABLISHMENT OP THE NATURE OF THE DEGRADATIVE STEP
" %he sxperimental svidences obtained previcusly (1,2)
' ltronsly indiocated that utuc sleavage represented the
" principal route of degradation. Furthermore, it had been
' shown that one of the produsts of shloramphenicel = . :"
'__ uubonsi s the esorresponding amine, 1-{p-nitrophenyl)~
| 2-amino-1,3-propanediol (3) and it is known that this same
sompound 1is & product of the reaction between chloram~
phenicol and strong acids or bases. (3) These studies
a4 not, however, entirely eliminate the possibility that

v; - gthey signifieant degradative pithnn my oxist,, Indeed,

1% has been found that reduction of the nitro group takes
place in the presence eof certain bacterial extracts (h)
- and that the tnt!.biotia may be ox!.dl:od e p-nitrobm-

aldehyde, (3) | | |
' !ho extent of m ncondtry do;udnts.n moﬂm
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ean be readily established by analysing solutions of |
shlorsmphenicol at various stages of degradation for the

. _ron_ieaui drug and for the amine rciuud by hydrolytie
'clu'ng- of the amide group.: Any difference between the

ooﬁoontnfion of amine found by direet analysis and the

. amounts of amine ealculated from the quantity of chloram-

phenicol shich has undergone degradation san be attributed

to some other loghdaﬂn pathway. We have sarried ou$
f -thii muon for agqueous solutions of shloramphenicol

at pn 6.00 and 4.65 utinnng an mﬂyuul procedurs -

' ﬂpﬂrtu elsevhere. (5) .

n :hminﬂgurolnnan. thonuotlouortho
mxuouo from solntun and the rate of appearance of the

~ amine are essentially the same.} The points ealoulated
from determination of ehlorampheniccl based upen the

uu\mptin that one amine molecule is formed for o'nry _
uolunlo of the antibiotie lost are shown in both plotss

| Iz 1! O“ﬂ.ﬁl that for lll- P!'lﬂtiul purposes ih. peaction

‘E\ﬁ"-‘f!‘t Morvein,

‘ 1molvin¢ amide sleavage was responsible. ror the ontm
obnrnd loss ef the antibiotie. . .

""..

P view or the conclusiom presentad nbove and tho

TEAY

_ ._hunm response o.r nﬂ.du to hish nmtnt:ntim of hydrogta

I ————— " e T

The eoncentration of a p;-uduot of nny Lirss erdtr

! mcuoa is governed by the expression  : ...

“ln (6 =~ 5‘) h*t'

: whoro 0 is the soneentration of thc px-eduet u !nti.nito

time and Gy 4s the eoncentration at tm t' =
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S 1 Bt s

i mhd out t. deternine the uulﬂu sstivity of hydrom

 loms, there ean bs very 1ittle doubt that im aquecus
solutions below pK 7, hydrolytie eleavage of the amide

s

group represents the only significant route of shloram-
phenicol degradatiom, . . B et B
. '~ .. SFECIPIO HYDROGEN ION CATALYSIS
.~ ‘Although i% was showa previously (1) mt' chloram=

 phenfesl degradation is independent of hydrogen fom =

econsentration within she pil interval 2.3 = 6, Shere were

:_ reasons to believe that speeifis hydrogen ion ocatalysia

‘would escur as vory low pH wiues., Earlier investigations
' inte amide hydrolysis showed shat the hydrelytie reaction
exhibited no nlgniriumll'mgo of pH independence, (6) -

Every previous investigation of the kinetios of amide
hydrolysis had shown that hydrolytie eleavage was
remarkably susceptible %o catalysis by hydrogea fons
(specific hydrogen ion catalysis). It has deen shown, -

. moreover, that when the antibiotie is exposed to solutions
_-of strong aelds, hydrolytie eleavage readily cosurs with
. ‘Iho formation of the «m-ponung amine, (3)

" As pm of the present investigation, experiments were

im at relatively high eoncentrations, Perchloris aoid

~ solutions, ranging {n scncentration from 0,025 = 0.2 M.,
~ were employed as the souree of the ion. This acid was
' chosen because of its very low volatility and because it

is virtually totally dissoelated im these sonsentrations.



o _ o . 8l
' the pesults oar dogradltion offacted In these media
'lrc au-unrisod 1n Pigures J = 5. !hc broken cirsloa

o ropruont the magnitude of the unuulyua reaction these

ulnu 'Ining obtained by extrapolation %o sero buffer
eoncentration tt.pl 6.0!3 and §.65 as ahm in FPigures & ~
9 The plots in rigurcs ) s oonclnsivol; demonstrate
spesifie hydrogon ion uulynh to play . ma jor ral. in the
'ugmuuon or euou-ph-auoz st mruos.onuy low pa
‘valuess . A AR ey

£ B 18 of ptrtioulnr 1ntorcnt to note that oxtrn~'.ﬁ
’ponum of the straight linme portions ef Figures 3 = 5

B pass through the u-:.gm. This can be interpreted onxy |

'us rt-ultlng from & qnsnﬂhtng ttt!en of hydrOgcn 1an uu'
the unsatalysud rnnotian. !his behavior ean bc rationalised
on the baail thnt in the prnlnnnt of larriuiontly high

. comontmum of hydrogen ion thers is & mngc in the

" nature of the amide -uhntrtto. The riuultl of a study of

the ufroot cf hydrogan len eennontrntien upon the. appuronﬁ

som:nuy of the muuosu -uppox-u this 1ine of

thinkins. Pi;ur. 11 lhﬂﬂi an inerease in the tppuront .:f\

{ ' solubllity ef the am at 30’3. with fnereasing < Y

1 T aanuntrutim of hydrogen ion, This inorease is mt
logileally attributable to the basie character of the lnxdn

 1inkage rttalting 1u iho rerunticu of & protonntce s
mtomas.nt..' AT IR R S E

‘;-
B

2 Although ihc loluhility atudy was oarried aut ut 30’0%
- and the kinetie studies at much highey temperatures,
the qualitative picture is very probably the same,
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CATALYTIC ACTIVITY OF HPO,
" oo0sl ON RATE OF CHLORAMPHENICOL
DEGRADATION.

»
14
o 0.06
O
X
91.30 C.
W
L
o
J 0.04r pH 6.00 PHOSPHATE BUFFERS.
g
I
~N
o NI i 0 L \

o.1. 02 03 0.9 0.5

BUFFER CONCENTRATION -M/L

Figure 8.




ey

[ LSO
© reastion a$ both pi 6.00 and 4.65 ylelds @ Sypleal -

~ Arrhenius type plot. The heats of activation as ' -

. determined from the slopes of these lines wers 2.0 and
vt Zh.l; Keal./mole, This slight variation is woll. within
' the 1imits of the experimental techniques. .

5.0  Postulation of & mechanism $o scoount for the hydrogen
lon ntnlnod hydrolysis of ohloﬂmh-nieol is rather
ufﬂoult, A uhan such as the ronmu would l.ppnr,

- however, to represent the sourse of the reactions =

He ) S

. R e 0-FR 3R~ 0 e N-Ripla Bty pg - § o 1!

w

Bt

nupito the pouiblo apparoni thoomuul aunmty

"lnwlnl in the formation of the doubly charged omhx.
' this probadly represents the meshanism of speecifie

hydrogen ion catalyged hydrolysis most acsurately, b A5

- TEMPERATURE DEPENDENCY

. %he Enau].yuc (Water) Reaction?

. Prom previously reported data (1) cnd from the values
of naiproal half lives obtained by extrapolation to sere
buffer coneentration in Figures 6 = 9, 1t is possible %o

. emleulate the temperature dependency of the uncatalysed

hydrolytiec eleavage reaction. Figuwre 12 shows that the
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CATALYT|C ACTIVITY OF ACETICW
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PLOTS SHOWING TEMPERATURE DEPENDENCY OF
8 RATE OF CHLORAMPHENICOL DEGRADATION.
- WATER CATALYZED REACTION -
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Figure 12,
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-]It is not entirely ascurate to use the term "catalytie .
constant”. The values used i{n caloulating the slopes of

The Nydrogea Ion cutdlynd Reactiont

_ The temperature dependency of the hydrﬂgon'ton
satalysed reaction, expressed as & second order reastion,

_ 41s showm in Hgﬁro 13, The satalytis ecnstants’ expressed

as reciprocal half lives, with the dimensions liters
moles™ hours™l, were determined from the slopes of the

~ straight line pertions of FPigures 3, 4 and §, The heat of

aetivation for this reaction as determined from the slope
of the Arrhenius plot im Pigure 13 was 19.5 XKoal,/mole,
: _ mmm. RATR N‘IAQIOI _

!’m present and pnﬂm sonsiderations (1,2), 1% is

 evident that the degradation of ehloramphenisel in aqueows

solution is repressnted dy ne single reaction. Even in

e systems in which the rate of degradation is unccmplieated

. by hydrolytis sleavage of $he earbom = shlorine bonds (2),
* %he observed rate sonstant represents the sum of a number
et ecatalytie sonstanta., For aqueous toluis;ona below pH 7,
the abuwu uto of len of aoctivity, k,b., may be ginn as

Reve -hggs.on;n,l*n:m-on 01:3331”:,)

ﬂh.!‘. ‘x.ea "u" om™? kn, and kn are unntnntn ror th.

uneatalysed, hydrogen ion, hydroxyl ion, gensral a0id and

gcmnl base scatalysed ruu't:l.om n-pnt_ivo}.y. R

the plots in Figures 3, 4 and § were actually reciprocal

" half lives. ZThese half life values are, however,

direetly proportional to the values of the sorresponding

rate sonstants and the slopes of the lines remain unchanged,

LS T PR B
LU 1‘ s R
¥
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Since the omtﬂhﬁtiu of any eatalytie s.pni.u"
lopo-ndl upon the pH of the system as well as the
eonsentration and nature of the satalyst, the observed
rate sonstant may often be represented more simply, M
the ease of those dognutim sarried out in the presence

- of moderate sconcentrations of a totally dissociated uid,
 for mmlo, the uben oquuon may be written '

*obu iho " 5 

!ho rate eonstants for the mtnynd reastion unl

...-\ \

' th. satalytie eonstants for the h;rdroson fon eatalyszed
" peaction have been evaluated and are presented in Yables

T and II, Table III gives the approximate values for the

~ eatalytie eonstant of undissociated acetis acid in the
“ hydrolytie reaction. Although experiments)l data have been

ebtained for the eatalytie astivity of the general base . |
HOP,®, the magnitude of ita satalytic effest was $0o small
$0 permit evaluation oy .mnemblu tpprezmt."_m_ﬁ The
eatalytie activities of any other general acids or bases
must be determined separately by specifie experimentation.
St ouymmay piBcussToN %

As 1s apparent from these studies the degradation of

ehleramphenicol in aquecus solutions is obviously &

 somplicated phenomenon representing & summation of many

individual reactions. Sowat:lon and study cf the several




e ————— et e

. g.pgdaﬂﬂ pathways have, however, been achieved, Our

xtudies have so far been econfined to degradative mechanisms

. operating in neutral and aeidie systems, Other studies are
_: prnontly in premu comcrn.ln; dogrsdatim in nllnun.




! mm ;
nm CONSTANTS POR THE UNCATALYZED W&M) KEAG!'IOI‘ -

. gempersture =®0, - Jk=Howsl

1a30 e i oL 0,037 i
S B5e36 vl e 0.0212 o oy

L frwo values for tho rate cmutmﬁ m prnontcd at uoh
i temperature because the rate constant of the uncatalysed

reaction was determined extrapolation to uro bu.ftu _
. concentration at both y& .00 end L.65. - . ol

s nmrx =
: mru.n-m QONSTANTS FOR THE EYDROGEN 0N CATALYZED REAOTION
mmn.;.'_.ﬁ.s - Liters Moles > Hours™>

1.30 o : 1.223 |
35.59 gt ;_'- R K T

| mm 1z _
cuwn:a oowrurs POR a.cmc ACID unm mcuou"
g Temperature - ® C. “no.q = Liters Moles " Nours > .

L Y : .:. es ‘3‘ * 1'“ \. ‘-f! A °l°3h '; Ry Byt s i o IR o e

""t—sineo these valnn vere obttinod trou lyitenu varying :ln

buffer capacity but adjustsd te the same pl uluu thoy
pronnt only a good tpprozimuon. _ .
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SUMMARY

. Degradation of ehloramphenicol im neutral, weakly
acidie and strongly acidie aqueous golutions has been

- studied from & chemiocal kinetie standpoint. The nto',

extent and dependencies of the degradative reactions were

measured by partition shromatographic techniques for the

separation of chloramphenicol and the sorresponding amine,

e 1-tp-nitrnphonyl)"z-mﬂo"h3-pr0pamdiol. and subsequent
. determinationm of these u-peunda by ultra-violest spectro-

photmtrn The nulytiul procedures mlopd were

- developed as part of the present investigation tnd lhw

much prmiu for general applieatian. i
Do;:ndntlon of the antibiotie has bua :hm to be
thn summation of a number of ocatalysed and uncatalysed

© reactions. An unecatalysed (water) reaction, & specifie

hydrogen ion satalyszed reaction and general acid ~ base
gatalysed reactions were determined $o contridute so tho.
overall breakdown of the drug. The data obtained upon
comparison of the rate o: ehloramphenicol disappearance

) and amine appearance show rather conclusively that in

mutfnl and nﬁ:ld:ln lquodul solutions hydrolytie oluvig.

of the amide funetion is the enly significant dogrndatin
pathway. o B 2 L

: '_ " I% has been demonstrated that the hidrolyt:lc reaction
is independent of hydrogen ion cmuntﬁtim with the pk



Lt ervel 2 2 64 This represents the first report of sny
. extensive range of pH independence for amide hydrolysis,
This is also the first xnxo-tigntion'to show thag" -

' nydrolytic cieavage of an amide linkage may be iubjoct te

N typ- of general aslid = buo satalysis, - - i3

nupu;o the wido nngu vs.thia whieh tho hydrolytu
" peaction is pH m.pmdanc. specific hydrogen ion eatalyzed
hydrolysis has been damntmtod to cocour at pH approx=

e timtely 2 and below. The hgdrogon ion oatalysed reaction

O apparently eceurs through tht formation of a pratmtod |

intermediate which uppem t. be the lpuiu uhioh utully

undcx-gou hydrolytie olungo. This postulation is

i ' supported by & study which indicated the apparent nlubuity
- of ahlornmhonienl to mm-nn ‘.unurly with l'qdregen don
I conoontrnuoa. ERRNE S | |
_ * The various utalynd and unuulynd hydrolyti.
.-'rnetionn obey the Armheni\ll rolatzomh:lp without appearent
~ deviation. The heats of activation of th_o uncatalysed and
i the hydrogen ion eatalysed reactions have been determined

- teo b-o' 2.2 and 19.5 _ku'l_../mh respectively. The constants

, for the uncatalyged and hydrogen ion gatalyzed reactions

have been acourately evalusted. The value of the satalytie
sonstant for undissociated acetic acid has been determined
%o & good approximation. The general base, monchydrogen~

| phdsphnto ion, has boo.n' shown g\uutmunly to possess

. ol
E AP



significant catalytis aotivity, ascurate quantitative

evaluation being diffioult because of the relatively
low rate of this ruotieu as compared to the uneatalyzed
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