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Abatrx+Hydrol)~~~ of phcn~l~.V~acct~lanthran~la~c I (hr - Ph, to K-acctjl anthramhc acid 3 is ba\c calaljscd 
and occurs through the mtcrmedracy of ~-merh!l.3.l-henzoxa~~n~onc 4. Above pH 6 the formation of 4 from I is 
farrcr than rhc hu (or ;tctdl catalywd rmg opening of 4 IO 3. Electron-wirhdrawing substitucnts m the e\tcr moiety 
(e.g. 1. hr A p-E0,C.H.) aid cyclirarion IO 4 relative IO direct hydroxide catalyzed hydrolysis (to 3). Con- 
comllantly. neutral amide panrcrp;tlron IS obwvcd $0 1ha1 qcltlation of I (Ar = p-N& m.SO,. mCI. pC1C.H.) 
occurs even in acrdic wlulton. ~hc Hammelt p QIUC~ for mulral and hast catalyscd cychzatronr arc compared. 
HydrolysL of mclhyl.$-accr}lanlhr;rnllJre 6 IO 3 occur5 slowly in hare. yorsibl) without ~hc formation of UK 
m~erm~dialc 4 

Nucleophilic participation by an amide proup in eslcr.” 

carbamare.’ phosphate ester.’ and amide group‘ hydroly- 
sis has been widely studied. mainly as an analoguc for 

biologically mediated reactions involving the widely dis- 
triburcd pepridc (or amide) linkage. In general. attack by 

the ambidcnl amide anion occurs through nilrogcn; for 
example /Menzyl esters of N-henryloxycarbonyl-I-as- 

party1 amide cyclirc in base to give the corresponding 
imides.” while 0-acylsalic~lamidc~ are also converted IO 

imidcs in basic solution.‘ The role of the amide (in- 

volving nilropen parlicipalion) may not always be rc- 
garded as catalytic for overall ester hydrolysis since the 

intermediate imldev formed may bc hydrolysed at a rate 
which is slower than direct hydrolysis of the original 
ester$ The factors which govern imide stability have 

been summarised by Topping TV ul.’ 
The neutral amide group reacts via oxygen in- 

dependent of whether the sire undergoing reaction is 
acyl’ or terrahcdral” carbon. When the ester linkage is 

attached (via a carbon skeleton) lo the acyl carbon of the 
amide group then ring sire is unimportant in determining 

the nuclcophilic site (since the same sire ring i\ formed 
in either case). This is nor true when the ester is linked 

through the amide nitrogen. WC have uwd it series of 
anlhranilate esters 1 of this ~ypc: the position of the 
amide nitrogen in I ensures that attack via nitrogen d~s 

not occur so that neutral and amonic participation by the 
oxygen of rhc ;Imldc group can be studied directly. 
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Kepctiwe scan\ of the uhraviolct spectrum of I (Ar = 
Ph) measured in water al 25” a~ pit 7.5 (mainfamed b) 

0003Y phosphate buffer) arc shown in Pip. I. Initially 
the absorbance increases al .3MInm and good icosbeslic 
points are formed at 32 and 289 nm. After (II. I h the 
absorbance al 300 nm had reached a maximum and then 
dccrcased slowly. ‘I’hc original isosbestic points arc then 

IO\I and a new one is formed for rhc subscquenl reaction 
at 2% nm. The faster initial reaction (di\appcarancc of I 

fAr = Ph)) was followed by measuring the change m 
optical density a~ 333 nm whcrc the subsequcm reaction 
had a negligible speclral change The resuhs arc sum- 
mariscd in Table I: m all cases :I butTer (acetate. phos- 
phate or borate) was present AI 0.003%4 IO maintain pH 

RR. I Rcpctitive scans of the ulrmviokl spclrum of phenyl 
X’-acctylanlhramlate (I. hr = Ph) al pH 7 5 m waler. Scan a IS 
largely unrcacted I (.Ar = Phi: scan h wti taken after I h. when 
the bcnroxazmonc 4 is the major gcctcs present: \can c uas 

taken after a further 24 h when 4 IS converted IO 3. 

and separate experiments showed that at this concen- 

trahon no buffer catalysis of the reaction was apparent. 
Clearly the ralc of the first reaction is directly propor- 

tioned to {HO ) over Abe range studied. 
Thaw the second reaction observed (Fig. I) represents 

the ring opening of an initially formed !-methyl-3.l- 
benzoxarin-%one 4 is consistent with the following evi- 

dence. (a) The position of the isosbestic poinr for the 

subsequem reaction a~ 2% nm is the same as that ob- 
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Table I. Rate constanls for rhe hydrol)\ts of I’heny1.X-acelyl 
clnrhranilarc al 3 rn uatcr (JI - 0 10 hi K(I) 

PH ‘3 hc i.5 8.0 x.5 
----- 

IO’ k&. \ ’ 039 40 36 101 32 

~vcd for the hydrolysis of an authenIic sample of 4 
measured under the same conditions (see also Ref. 9). (h) 
When the initial reac1ion of 1 was essentially complete a~ 
pH 8.5 (afIer 95 SC) the pH of the solution was rapidly 
adjusIed IO Ihc region 3-6 and maintained constant by 
the presence of O.OlM formate or acetate buffer. The 
absorbance change at 3lOnm was then measured as ;I 

function of time. In this pH region any residual 1 (Ar = 
Ph) is essentially inert but the benzoxarinonc 4 is known 
to undergo acid catalyxd ring opening to give 3. The rate 
constants calculated from these data were 1hc same 
(within experimental error) as those measured for an 
authentic sample of 4 measured under the same con- 
ditions (e.g. at pH 3.95. k,,,,, = 3.1 I x IO ‘c ’ (3.16 x 
IO ‘s ’ for 4); at pHS.Z.(. L= I.11 x IO’s ’ (1.16~ 
IO ‘\ ’ for 4)). (cl A1 pH 11.0. when the hydrolysis of I 
(Ar - Ph) win investigated. the absorbance a~ 3lOnm 
was found IO continuously decrease and a pocxl first 
order plot with L. = 3.06 x IO ‘s ’ was obtained. From 
the data in Table I it can be calculated that the initial 
hydrolysis of 1 (Ar - Ph) would bc very rapid under 
lhesc conditions (with k - IO s ‘). However. the observed 
rate constant is close IO that measured independently for 
the ring opening of 4 XI this pH (k = 2.98 x IO ‘s ‘): 
clearly under Ihcse conditions the ring opening 1443) is 
the reaction observed spectrophotometrically. 

Thus we conclude that the hydrolysis of I IU 3 is 
stepwise at all pH’s. occsurring v1;1 the intermediacy of 
the b-enzoxarinonc 4. Both the initial cyclitation and ring 
opening of 4 are base catalyscd but when Ar 7 Ph the 
cyclization in basic solution is cu. .3Wfold fasiter than 
the conversion of 4 to 3. Below pH ca. 6 however the 
ring opening IS acid catalysed so that as the pH is 
decreased fhis step becomes faster than the initial cy- 
clizition. 

Since the pKa of the amide group in I is > 13. the pH 
dependence observed for the rate of cycliration of 1 
(Table Il is consistent with reaction occurring via the 
LX~~JU~~IC base 2 sIcric restrictions ensuring that only 0 
attack occurs in the present insIancc. Of the IWO compet- 
ing reaction pathways for base catalyscd reaction of I. 
(vii. 244 or I + HO +3) the overall rate of conversion 
IO 4 via the anion i\ greatly favoured (cu. IS.OW-fold) 
relative to direct HO atrack. which is of the order of 
mapniludc ascribable IO unambiguous neiphbouring 
group participation. 

At pH I2 the raIc of hydrolysis of phcnyl bcnroale 
(25”. 4: I watcr-dioxan. p = 0 I K(l) is 6.4 x IO ’ s ‘. AI 

this pH the slow step for the overall conversion of I 
(Ar = Ph) to 3 is the final \ICP (4+3). Therefore the 
overall rate enhancemen provided by the stepwise route 
via 4 relative IO direct HO catalyzed ester hydrolysis 
(I -3) is cu. W-fold. This ignores any clccrromc effect 
Ihar the amide group miphI have m promoring HO 
aIIack in I. buI Ihis is expecred IO be small smce the a 
value for a Jr-SHCOC‘H, group is quoted’” as 0.0. 

Suhsfirumr efletrs. The rates of hydrolysis of p-niIro- 
phenyl S-acctylanthranilatc (1. Ar - p-NO,C,H,) are 
summarized in Table 2. II is seen Ihat at high pH the rate 
of disappearance of 1 (Ar = p-NO:C,H,) is again base 

Tahlc ! Rate conslants for IRK h)drol)sr\ of p.nitropkn)l-.V. 
acct)lanrhramlarc al 25’ in waler (JI - 0.1051 Kc.11 

PH 7.0 h.1’ 5.0 10 20 IO 0.0’ 
--.- -- 

l@ L... 
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catalysed. but enhanced relative to 1 (Ar = Ph). Also at 
low pH a new reaction becomes apparent which (as 
measured by the decrease in absorbance at .340 nm) is pit 
indcpcndent. Again ;II pH f; there is evidence of the 
presence of the bcnroxarinone 4 since Ihc initial isos- 
bestic point at 294 nm drifts IO longer wavelengths as the 
reaction proceeds. Below pH ca. 3. since the pH in- 
dependent cycliration of 1 (Ar = p-h’QC,H,) IO 4 is 
slower than acid catalyscd ring opening of 4. good 
kinetics are obtained when the reaction is followed at 
any wavelength. However. under these conditions since 
4 does nor build up in solution iI is difficulr IO un- 
equivocally confirm its presence. However, the rate of 
conversion of 1 (p-NO:C~H,) IO 3 at low ptl is several 
orders of magnitude grcarer Ihan that cxpectcd for ester 
hydrolysis without amide group participation and if the 
amide group were merely acting as a general base to aid 
water attack on the ester linkage in I then a smaller ram 
enhancement (usually IO a maximum of Sfold the un- 
assisred rate)” would bc expected. 

Because of solubility difficulties with other aryl h’- 
acetyl-anthranilates. (1. Ar = rn-NO&H,. p-CIC,H,. m- 
CIC,H,) these were investigaIed in 4: I water-dioxan 
(p = 0.1. KCI) and at 5.5” in order to determine the pH 
independent rate. Repetitive scans in each case in the pH 
region 6-7 established the presence of the ben- 
zoxalinone 4 as initial reaction product. In each case Ihe 
base catalysed rate of cycliration (expressed as k,Ka) 
and Ihe neutral E31C (k.,) was determined from several 
runs at high (6.0-8.0) and at low (0.5-2.0) pH (Table 3). 

From Table 3 iI is seen that the rates of cycliration by 
base catalysed and neutral amide group parricipation are 
both sensitive to substituents in the leaving group. The 
HammetI p values of I .% and 2.56 calculated from these 
data show that a higher sensitivity is observed when a 
neutral amide group is the attacking nucleophile; this is 
shown as ;I plot of log k, vs log k,Ka (Fig. 2) which has a 
slope of I.36 A tr \aluc for the I’-nifro group of I.0 
was used IO correlate the rate constants: this is In- 
termediate between the ordinary a and ~7 values for this 
group and has previously been found “I’ to be ap- 
propriate in Ihe correlation al p-niIrophcnyl ester and 
carbamare hydrolyses. 

Although the base caIalyscd term is composilc (since 
Ka is no1 in the measurable ranpc). i1 is rcasonablc lo 
expect thaI a change in the Ar group will have IitIlc cffed 

on the equilibrium bctwcen I and 2. Consequently Ihe 

Table 3. Summary of rate conslanlr for ~hc hydrolyw of ar)l..V- 
xctylanthrandarc\ m 4- I u.arerJioxan fp 0. I KC0 

Suhdrare (I I 
(r\r - ) IO’“k,Ka.M ‘s ’ lU’k_\ ’ 

p-KO,(‘.ll. !.( m 
m-SOJ‘.H. II lh 
m-CIC.H, lb 20 
p-(‘IC.11. IO o.n9 



Amide proup GM!US of cx1er h)drol)\ts 1tC.c 

cablyct for 1he hydrolysis of Ihe cstcr linkage in basic 
solution. With good leaving groups. the r;11c of cy- 
clization of I to 4 is increased and neutral amide group 
participation i\ ohxrved 50 that catalyccd ester hydroly- 
sis then also occurs in acidic solution. 

log k,Ka 

variation in k,Ka GIh ~ubstiIuent should be due almost 
entirely to Iht &cc1 on k,. 

The p value of 2.X for suhstituenl b&lion in Ar 
uhen neutral oxygen is the nucleophile is ;rlmost idcn- 
tical with 1hc value quoted for qclirrrtion of the o-ureido 
c\Iers 5 to Z-amino benwrwnone\, ’ u here kinetic w. 
dicr indicaIc the \;tmc nuclcophiiic site. ix. the ureido 
ox!gcn. ‘l’hc p \;tluc\ for bare ca1al)sed qcliz;rtion arc 
hwcwr dAinz1ly diffcrrnr tl Xh for 1 and I.15 for 51. 

0 0 

s 6 

The p value for 5 is howcwr cumpo\itc xincc both 0 
and K attack can yield uwtrained &membered rings in 
Ihi\ case. In fact N Mt;tck was dominant in most case\ 
studied and was charactcrised by ii lower \ensitiviI!- to 
the nature of the icawnp group. Using the data which 
refer\ to 0 alone for the urcido compound\ 5, we have 
calculated a p \ alue of !.O. u hich IS again of the same 
magnirude as we report for I (p - I.86 for anionic at- 

1ack). and similar IO that rcccntl) reported for the cy 
clitation of .V-benroylplycinc ester\ wi1h good leaving 
groups.’ 

Rcc:ruse of the high sensitivity of both neutral and 
base ca~aiysed pathways for the cyclization of 1 IO 4 IO 

the nalurc of the lewinp group. it is predictable that 
e\tcr\ with poor Icavinp groups would hydrolyse to 3 
wi1hou1 the f~~rrn;tti~~n of 4. Consistent with this. me(h)-I 
:V-acet~lanthr;~nil;~tc 6 is hydrol!wd tq a base catalyscd 
mcchanI\m (k,., is proportional IO {lfO ] over the region 
l2.0-13.3) with an ohkervcd r&z con\fant of 2.2 x 10 ’ \ ’ 
;tt pH I?. I‘hc c;dculiIIed rate of cyclir;ltion of t tAr i 
I’h) a1 Ihi\ pH is I IO s ‘; on this bases. cycliration of 6 to 4 

should have ;I raw of 3.7 x IO ’ 5 ‘, i.e. 6.fold Awer than 
the ohser\cd rate of h)drolyG of 6 aI pH 12. Morcorer 
the rate of hydra+% of 6 is similar IO that for mcrhyl- 
bcnroate iI\elf. However. rhc presence or absence of Ihe 
bcnzoxarinone 4 on the reaction path&q is difficult IO 

cs1abli\h for 6 Gncc the overall ohw\cd r;lIc of hydroly- 
4s of 6 i\ B&fold 4ou,cr than 1hc wh\equent ring 
opening of 4 in the basic region (the rate differenti~il is 
even greater JI ptI < 71. 

In conclusion. the amide group in 1 proves ;In efficient 

N..4wrv/ phmrlanfhrantlufu. I‘0 a \Iirrtd wlutton ot i\aIoic 

anhydride IX 15 g. 005 mull m dmvan l4Omlb. phenol 14 Wp. 
0.05 mol) uax .~dded. together ucIh a bncl~ ground pclle~ of 
wdium hydroxide I’ht wlut~oo ua\ (rfntlt heated un~l effcr- 

~e~ccncc uf CO, ceated. cwlcd and dllutcd u~th rhrcc tsmc\ tt\ 

~&me of ice-w&r ‘I’hc preopifalcd phcnylanrhranilalc had 
m p, ha+” 1l11 ;’ m.p. ‘I) 1. IR: UM. !?!Z I\H,I. lhXi<m 

Wer C = 01. SimilarI) prepsred wrc the follouing .s)I ;rnth. 

r&late\- m~chlorophcn)l. m.p. 63-W IFound. I’. 63.2. H. 1.2. 
S, .C X C‘,,H,J’INO, rcqutre\. C. 63.0: W. 4.0: 5. C.h%l. p- 
<hlorophcnyl. m.p. T?-79” tFound. (‘. 62X: H. 3.Y. ?;. !..I. 

C,,H,$‘I?;O, require\: I.‘. h3.0: H. 4.0. Z. 5 fGC;t: nr-ntrrophcn)l. 
m.p. lItLI?U’ ifound- C. f&C: 11, 4.1; ri. 11.0. (‘,Jf,.N,O, 
requires: (‘. ho!. H. !I% N. in.R%1. p~mtrophcn~l. m.p 1% 

I!(’ tht.." m.p. lop” (Found: C. Ml?: H. 4 1: 5. II n. i‘alc. for 
C’,,H,,T,O; <. Ml.?; H. 1 X: N. 10X’,. .Lxlic .mh!dr& t I O,‘p. 
0.01 mull was added IO phen)Innlhr,m~la~c 12.lJ p, 0 01 mol) and 
rhc mwurc II;~\ rcfluxcd fur I! min. On iwlmg 1h.c prc+lalcd 
.V~ace~)l phcnylrnrhranilare U;I\ ~r;\~;dlrvzd from hcnrcnc. m p. 
1X?-1’4’. IR. WXNII). 1690 (amide C 0). l”O9c-m ’ tester 
C = 0) tFound: (‘. ?O.bS; H. q.3: S. 1.4. (‘,,H,,UO. rcauircx. C. 

70.6: H. 5 1. N. 5.8%~ The n~hcr .V-xctyl .~r)l.mrhr~~niL~tcr were 
\Imilarly prepared cticpt ihal Jr! bcnrcne ua$ uwd a\ 4\cnt 

and J 2: 1 r&l of anthramlatc to ace~~l chlortde *as rmplo)td 
(the prc~~~~~~~e~i h~dr(~hl(~rtdc of the \t~rni: anthrantl~~e %a\ 

filtcrcd off before c\apor&on of the wlwnrb m-chlwtphcn!l. 
m.p. YX-IW tFound: I’. 61.X. H. 4 3. S. q 0 C‘,,H,,I’INO, 

require\- C. 62.2. H. 4,l. S, J 8%~ p-chlorophen!l. m p IOX-Il? 
(bound: C. hl Y; it, 3 8; N. 4 8. (‘,.H,:I‘i?JO1 rcqmrc\: I’. 02.2; 
H, 4.1; ?;. I.%): ~.nitr~~phcn~l. m.p l!O-iC1’ IFound. I’, $9 CC: 

H. 4 I; Ir;. 9 3 (‘,,tit,!i,O. rtquircx: 1’. M.0; H. 40. S. Y 351; 
p.nwophcn)l. m.p. Y?-IOY’(dccomp.l tfbund: I’. (0.‘. If. 4 I, S. 
9 !q (‘,,H,,S,O, require\: c’. Ml 0: It. 4.0: V. 9.1$1 

Kinrrtc- mruruwncnls. All kineli\: cxpcrrmcnr, lcwepl where 
stated) UCIC crrrtcd out m uater at !!" lorw \trcnpth WI\ 
rn~~nl~~ncd 31 (1. IO!4 h) the addition of liCl lcxscp~ where pH‘\ 

less than 1 0 wrc cmplo!cdt. The wafer uwd ~3% dewmred and 

then ~tcc dlslillcd from alk,rline pcrmanpanalc H’hcrc the ~olu- 
billr)- of the wh\lraw in pure uxtcr U‘S\ too IOU lvx text). J 1~4 
dwxan-water f~oll~ol) ~&cnt mtxltrre u;t\ used The dtcwn 

FJ\ Rflft Anslar grade uwd utthoul further plIrrfi~~lli~~n ‘lhc 
progrw of the rercfion\ wrc followed \pe~rrophoromcir,call!. 
utinp a Cmcam SPKOO ulrravwlcr \pe&ophotumctcr fitfcd ullh 

rhcrmoswable cell hlwk and cxrernal AR !( rerordcr. IniM 
repWi\c \can~ of rhc Ci- e\tahli\hed wtahle usclcnpthx ;*I 

which an apprtwhlc oprrcal dcnvi! CO.13 I chanyc occurred 
durmg rcxhon (vx 1~x1); ~hc fir\1 orJcr raic son\Iani\ were 
salcularcd from ~hc slr~pc\ of plot> of log 10 11, 0 11 _I \\ lrrnc 
ItI Ihc \uhsIrab! uas made up (usually IO %ir rn pure dwwn 
and rcxrion us in&ted hy addmg 1 drop of ihi\ Asion io the 
cell frhtch contained t‘cf ! ( ml of the reaction x&lion under 
study). 7’hc pH wa\ maintamed con\1ant h! the sddirwn of xmrll 
amounl\ (<OM)~SIl of buffer fxc~r~c. phwphalc or carhwatci 
where ncccsw) The pH *a\ merwrcd hcforc and after c.tch 
experiment and run\ xhowinp 4 pti drtfr of .>O 05 ucrc &carded. 
A RaJsxnctcr P!iM ?6pH meter Iuirh expanded wzalct nnd 
Mcirohm l?SL‘ glass elecrrodc were uwd for pit.mcawrcmtmr: 
the electrode ua\ \bndardi\cd at ?q” wing Radiometer \t;mddrd 
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buffers. Separarc cxperimcnrs at varymg buffer concentrauon (a~ 
consranr pHJ or. in ulccred cases. in the absence of pH (using a 
pH-sfal combmcd with a Gary 14 spccrrophoromcrcr) estahlrshed 
rhar buffer caralysrs (at rhe low concenrrarions uscd) was un- 
imporlanr. 
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