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Abtmct-‘The N-ethylbarrisowlium atbn has been shown to uwJsrgo a ready @ ku- 
atalyzsl internal elimination to form a transitory N-cthylbcnz.oketokckGmk. Alteruativc path- 
ways involving banzoisox~~lincs have been cxcludcd by kinetic evidence and by study of the nxxkl 
subsluxz. kthy lbau~4-isoxawlinc. A competition study has shown that the intermediate bcnw- 
kctok ctmimim exhibits high rkctivity in many of its combination rcactio~, and that for aqueous 
aatk acid in the pH range of 2-5 the reactive nuckophiks are most probably water and aatatc ion. 

INTRODUCTION 

As DEXIUBED in the first paper of this series, * the N-cthylbcnzisoxazolium cation (I) 
shares with simple isoxazolium salts a high lability toward bases, and the capacity for 

I II 

combining in basic media with nucleophilcs to form imido derivatives of general 
structure II. For reactions of isoxazolium salts, the problem of mechanism has been 
resolved by Woodward and Olofson, who observed that ketoketenimincs arc inter- 
mediates which may be detected directly under proper conditions8 As noted previously,* 
the mechanism of the reactions of I cannot be determined as easily, for under a wide 
variety of experimental conditions these reactions proceed without intervention of 
observable intermediates. 

While a very high reactivity might be expected for the bcnzoketoketenimine (III), 
which must partake either of zwitterionic or of o-xylylenic character, by the same 

III 

a Present uldrcs: Department of C&anisuy, Massachusetts Institute of Technology. Cambridge, 
Massachusetts 02139. 

’ D. S. Kemp and R. B. Woodwud, Tewakh 21.3019 (1965). 
’ R. B. Woodward and R. A. Olohon, 1. Am. C&WI. Sot. 0, 1007 (1961). 
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token, III might be expected to be less stable, relative to its precursors, than simple 
ketoketenimines, and the question arises whether reactions of I could proceed by 
pathways which differ radically from those followed by the monocyclic isoxazolium 
salts. In addition to examining these issues, a mechanistic study of the reactions of I 
offered a chance to relate the chemistry of isoxazoles to that of other 5-ring hetero- 
aromatic systems whose base-catalyzed exchanges and decompositions have been 
subject to much interest and attention in recent years. 

The plausible mechanistic sequences for the decomposition of isoxazolium salts 
fall into two classes. For the members of one, C--If bond cleavage precedes C-A’ 
bond formation, and a ketoketenimine or its conjugate acid must intervene in the 
reaction sequence; for the other, mechanisms are initiated by C-A’ bond formation, 
and benzisoxazolines are obligatory intermediates. Provided that C-H cleavage 
occurs at the rate-determining step of the decomposition of I, these general mechanistic 

Class II: C-X formation initiates rau3ion 
FIG. 1 

classes can be distinguished by a combined rate and product study, for mechanisms 
involving isoxazolines must show a correspondence between the rate attributable to a 
nucleophile and quantity of product derived from that nucleophile, while mechanisms 
involving benzoketoketenimines allow rates and products to vary independently. 

To decide this issue, rate and product studies of the reactions of I with aqueous 
carboxylic acid species were carried out. Further mechanistic information was avail- 
able from the behavior of the deuterio compound (IV), the model benzisoxazoline (V), 
and the substituted benzisoxazolium salts VI and VII, 

EXPERIMENTAL 

IR spectra were rncasurcd with a Pcrkin-Elmer Infracord Model 137 spectrometer and calibrated 
with rho 6.24 fi band of polystyrene, NMR spectra wcrc taken on a Varian Associates Model A-60 
spectrometer. and UV spectra were taken on a Guy Model 14 spcctromctcr. Con~3cd m.ps wcrc 
taken in pynx capillary tubes, using a calibrated set of thermometers. Ekrncntal analyses were 
performed by Scandinavian Microanalytical Laboratories of Copenhagen. 
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3-knterio-2-ethylbenrisoxmoIium f&to&orate (IV). Deutcriobenrisoxaxok was prepared from 
2-deutcriofomyl phenol’ by pyrolysis of the onime acetate as described.’ 9.0 g oxime acetate yklded 
1.5 g, 25% of 3&uteriobcnzisoxk, b.p. 3S40“ at 2 mm. Alkylation of 14 g 3-&uteri&etuiso- 
xaxok with 29 g rec+allired trkthyloxonium fluoboratc in 5 ml Cl&Cl, yklded 1.5s g crude 
product which was rcaystallitcd twice from MeCN. powdered, dried. and stored in a dark container; 
m.p. 1094-l 105“. mixture m.p. 1094-l 105” with a specimen of protio salt. By NMR analysis the 
salt was shown to contain Less than 3% protium in its Eposition. 

Aqueous exwc of the J-drutcrtb-2-ethylbenriroxazolim cation. A soln of 044 g 3deuterio-2- 
ethylbenrisoxaxolium fluoborate in 04 ml MeCN was added to a pH 2-S bufTer prepared by dissolving 
05 g of Na.80, in 5 ml water containing 2 drops of cone H,!ZO,. After 80 min at 25” W analysis 
indicated that 60% of the cation had decomposed; the reaction was terminated by the addition of 1.0 
ml cont. HClO, and 1.5 g NaCIO,. The precipitated perchlorate salt was colkcted. washed with HsO 
and CHsCt,. and dried to ykld 70 mg of a substance, identical in all respects with an authentic sample 
of Meuterio-2cthylbxazoliurn perchlorate; m.p. of recovered salt, 119~~120~0”; m.p. of 
reference sampk, 121~~122-0”; mixture m.p.. 119G-12OW. By NMR analysis the recovered sah 
was shown to contain kss than 2% of protium in its Zposition. 

2-Ethyl-2,3-dihydrobimxazole (v). A soln of 100 g (OG43 mok) N-ethylbenzisoxazolium 
fluoborate in 10 ml CH,CN was added to a slurry of 100 ml water and 50 g ice containing 1 ml of 
12N HCI. The shury was stirred vigorously during the addition of 5.0 g (0.13 mok) NaBH, in IS ml 
water. The resulting alkahne mixture was cx~racted with seven 10 ml portions of CH,Cl,. The organic 
layers were combined and extracted, tirst with two 20 ml portions of 3N NaOH. then with three 20 ml 
portions of 1N HCl. The acid extracts were brought to pH 13 by the addition of 5N NaOH, and the 
resulting emulsion was extracted with three 10 ml portions of CH,CI, which were pooled. drkd over 
MgSO,, and evaporated. The residue was distilled to yield 1.2 g of a pak yellow oil. 197:. b.p. 38.5- 
40.0” at 0.S mm. The distillate was taken up in anhydrous ether and precipitated as a hydrochloride 
by the addition of ether containing dry HCI. The crude salt was subjected to rcpcatcd fractional 
precipitation from dkhloromethancether to remove an insoluble yellow oily impurity and then was 
converted IO the free base with NaOHaq. The resulting oil was distilkd: b.p. 91.7-92.0” at 16 mm 

w - 1.53S9. (Found: C, 72.25; H, 760; N. 9.49. C,H,,NO requires: C. 72.41; H, 7.43; N. 
Z9,) 

UV (H.0, pH 5-12): 280 rnp (2.200); (H,O, pH I): rev 276 (1.620). 269 rnp (1.720). NMR 
(El,): 2.9-3.5 + (4 protons, m). 5.9 + (2 protons, broad s). 7.2 T (2 protons, q), 8.9 T (3 protons, 1). 

Demotutration of the stability of Z-ethyl-2J-dihydrobenkwxazole to aqueous bate. A homogeneous 
soln of 020 g puritkd Zcthyl-f3-dihydrobenxisoxaz.ok in a mixture of 0.15 g NaOH, 3 ml MeOH. 
and 3 ml water was allowed to stand for 4 days at ZS”, then was extracted with ten 1 ml portions of 
n-pentane. The extracts were combined, dried over Na,!%,, and evaporated through a IO cm hclix- 
packed column. Bulb-to-bulb distillation of the residue yktded @I6 g. 80%. of oil whose IR spectrum 
was that of the dihydrobenzisoxazok. t$’ - l-5356. 

5-Nitro-2-ethylbenzisoxazoliunt@&oratc (VI). By the procedure of Lindemann,’ bcmi~~xa~le 
was nitrated IO yield S-nitrobenzisoxazok. m.p. 126.5-1275” aftercrystallization from MeCN. reported 
m.p., 126”. To a solution of I2 g (0061 mok) recrystallized trkthyloxonium fluobora~e in 15 ml 
CHIC), was added 10.0 g(@O61 mok) S-nitrobenxisoxawk. After 48 hr at 25’ the solution had 
deposited 16.9 g. 98%. of crude salt, m.p. 1348-137.0”. Four tecrystallizatiom from MeCN-AcOEt 
raised the m.p. to 136-2-138.0’. (F ound: C. 38.61; H. 3.55; N. 9.Y7. C.H,N,O,BF, requires: 
C. 38.61; H. 3.24; N, 1tXtl %.) NMR(MeCN): O+O T (1 proton, s). O-9-2.0 ‘I (3 protons. m). 5.1 T 
(2 protons, qu). 

HydrolyJis of S-nirr~2~thy~~bo~~li~p~~rate to S-nitro-N-ethylsalicyhzm’de. A soln of 
I.0 g (3-6 mmok) Enitro-2cthylbenzisoxawlium fluoborate in 2 ml MeCN was added to 15 ml 10% 
HCIO,. whereupon a ppt formed within a few sec. After 5 min the amide was colkcted and recrystal- 
lized from EtOH-water to yield 1.2 g, 80%. m.p. 162Q163.8”. Recrystallization and sublimation 

’ Repared by a Reimtr-Tkmann reaction conducted in D.0; unpublished work of D. S. Kemp and 
R. B. Woodward. 

’ H. Lindemann and H. Thick. U&&S AM. 449.63 (1926). 
’ Compare with d,,, aWa 277 rnp (1.725) 271 rnp (1,72S) reported’ for o-mcthoxytoluene. 
r A. Burawoy and J. T. Chamberlain, 1. Chent. Sot. 2312 (1952). 
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raised the m.p. to 163+163.8”. (Found: C, Sl.61; H, 4%; N. 13.25. C,H,,N,O, requires: C, 
51143; H, 480; N, 13.33%) 

EChloronJ/nylbenx&oxaxole. Rcnxisoxaxok. 30 g (027 mok), was added slowly to 250 g of 
a~kd. freshly distilkd CJS0.H. The resulting soln was heated with stirring for 27 hr on the steam 
bath, tbcn was chilkd, combined with 5C0 ml of CH,Cl,. and poured cautiously onto 3 kg of crushed 
kc. When the iaz had compktcly melted, the laycn were separated, and the aqueous layer was 
extracted with two 100 ml portions of CH,Cl,. The pookd CH,Cl, extracts were washed with 100 ml 
water, dried over MgSO,, and evaporated to yield 37 g, 67%. of an oil which quickly solid&cd. m.p. 
69~0-705”. Razystallizations and sublimations rai3cd the m.p. to 70.3-71.0”. (Found: C. 38.76; 
H. 2.18; N, 6.42; S. 14.49; Cl, 16.11. C,H,,ClNO,S requires: C, 38.62; H. 1.85; N. 644; S, 
14.73; Cl, 16.29%) 

2-~hyl-khloros~fonyIbcnrlroxa2oli~~ra~r (WI). Rccrystallizcd 5chlorosulfonylbct&so- 
xaxok, IO.0 g (0.46 mok), was dissolved in 15 ml CH,C$ containing 8.7 g (0.046 mole) rccrystallizcd 
trkthyloxonium fluoborate. After 48 hr at 29 the soln had deposited 145 g, 94 %. of crude salt, m.p. 
lS6Gl59.5”. Four rccrystallixa~ions from M-CN-benzene raised tbc m.p. IO 157~6159@‘. 
(Found: C. 32.44; H, 3.24; N, 4.34; Cl, 10.81. C,H,NO,SClBF, requires: C. 32.41; H, 2.72: 
N, 4.20; Cl, 10.63x.) NMR(McCN): -0.1 T (1 proton, s), tB-1.9 T (3 protons, m), 5.0 z 
(2 protons, qu). 

When a soln of the salt in MeCN was added to 10% HCIO,, a pp~ formed almost immediately. 
After S min the amide was isolated by extraction with 10 ml CH,Q,. Tbc organic phaac was separated, 
dried over MgSD,, and evaporated. Crystallization of the resulting oil from CHCl, yielded 64% of a 
white solid, m.p. lS6G-lS85°. idcntihable from its spectroscopic properties as Sctrlorosulfonyl-N- 
etbylsalkylamidc. Two sublimations raised the m.p. to 158.7-159.7’. (Found: C, 41@5; H, 394; 
Cl, 1364. C,Ht.NO&Cl requires: C, 4099; H. 3.82; Cl, 13.45%) 

Orher re4pe”rs Md moferlals. AcOH (Mallinckrodt rmpt grade). NaCl (Mallinckrodt reagent 
grade), and Me04 (Eastman spcctrograde) were used without purifkation. Methoxyacctk acid 
(Eastman white label) was subjected IO two distillations at 18 mm through a 40 cm spinning band 
column. With each distillation, the tirst quarter of the distillate was discarded. and the following 
two thirds of tho sampk was colkctcd, b.p. 101” at 18 mm, $” - 1.4152 Ncthylbcnxisoxaxolium 
fluoborate was mcrystallizcd twice from McCN, ground to a powder, dried overnight at 50’ in oacuo. 
and stored in a foil-wtappcd vial over P,O,. m.p. 109~~110*2”. 

Standard NaOH solns were prcparcd by diluting carbo~tc-free salt NaOHaq with boikd, distilkd 
water. and were standardized against oven-dried potassium hydrogen phthalatc. Solutions of carboxy- 
lie acids wcm prepared using boikd. distilled water which bad cookd under N, and were standard&d 
against NaOHaq using phenolphthakin as indicator. All volumetric glasswaro uxd in the kinetics 
expcrirtmmts was ckancd between runs with chromic acid soln and seasoned for rlS hr in dil A&H. 
Qsuipmcnf. A Radiometer Model 4 pH meter quip@ with glass and calomcl ekctrodes waa used 
throughout the study. The electrodes were standardized before and after a series of measuranca~ 
with a commcrkal phthalatc buffer (pH 4.01). Mcasummc nts of pH were made at room tcmp, 
without thermostatic control. 

Optical dcnsitks were measured using a Reckman DU Spcctrophototnctcr quipped with a cell 
compartment thcrmostattcd at 30.15 r-’ O-03”. Kinetic runs were for the most part carried out in 1.00 
cm rectangular silica c&s; for NN at high subsIrate concentrations the cell length wac shortened to 
@#)o cm by the introduction of a spacer. 

Kinericprocedure. Rates of decomposition of I were mcasurcd at 30-15’ in acctato and mcthoxy- 
acetate butTen brought to an ionic strength of0.10 with NaCI. With thcac buffers the reaction products 
arc N-ctbylsalkylamidc and an Gacyl-Ncthylsalicylamidc.g At 30” after 12 hr at pH 5,O-acctyl-N- 
cthylsalkykmidc is hydrolyzed to the extent of S’/., and O-sncthoxyacctyl-N-cthylsalkylamidc to 
the extent of 20%; since half-lives for reactions studkd did not exceed 15 min. product hydrolysis did 
not complicate the study. Rata were followed at 258 rnp, an absorption maximum for 1 (a - 13,100). 
Although I was found to obey Rccr’s law over the concentration range of the study. and the O- 
acylsalicylamidcs show tit, low intensity absorption at 258 m/r. the absorption spectrum of 
N-cthykalkylamidc in this region is characterized by a steep slope with an extinction of 2ooo at 
2S8 rnp. Despite this slope. the overall deviations from Beer’s law arc not significant. for ester is 

the major product at all but rhc smalkst b&r strengths. 
Reaction mixtures contained 1% of McCN, but this substance may be eliminated as a catalytic 

species since NIIS at pH 1 in its prcrcncc and absence gave identical rates. 
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Mean butTer ion concentrations were calculated from Eq. 1. Man acidities were calculated 
from the obvmd 

[RCO,L - [Na*] .i- [H+], - (Cl-] - y 

initial and final pH’s. The pH measurements conducted at 22-25” could be assumed to apply without 
correction to the solutions at 30.1s” sincz the codlkient of thermal variation of ionization constant 
for carboxylic acids is small.’ The hydroxide ion concentrations were akulated by dividing Hamed’s 
value9 of 2.43 x 10-i’ for tbc ion product of water at 30” in the ptwence of O-1 N NaCl by the anti- 
logarithm of the mean value of the pH obstrvad at 22-U.” 

For the kinetic measurements appropriate volumes of a stock buffer solution prepared from stand- 
ard NaOH and arboxylk acid solns were combined with water and NaCl in a 100 ml volumetric 
Bask. The pH of this sob was brought to the value desired for the scrks by the addition of a tta~ 
of stock arboxylic acid, and the flask was quilibratcd at 30.1”. To begin a run. 1.00 ml of a standard 
solution of N-cthylbcnxisoxaxolium fluoboratc in M&N was added to a Bask. the qntcnts were 
mixed and brought to the mark, and a portion was transferred to a silica cell. Optical density 
mca.suremCnts wen made until the reaction was at kast 90% compktc. Values for the initial optical 
density wereestimated from the known absorptanas of I and of the buffer soln; values for the optical 
density at infinite time were. approximated by a measurement after ten half-lives-these values com- 
spondul satisfactorily with valucscakulatcd from the known product composition. All mc.asurancnts 
followed first-order kinetics; pseudo-lint order rate constants were determined graphically, and 
constants obtained at Axed pH were fitted to an quation linear in buffer anion conantration by a 
kast squares procedum, which was also used IO obtain approximate estimates of the standard dcvia- 
lions of slopes and intcrctpu The zro intercepts from these fittings were plotted against hydroxide 
concentration. and the slope of this plot was estimated graphically. T~K results of the kinetic measum- 
ments are summarized in Tabk 1, and an analysis is presented in Tabk 2 

Atw!rsis ondproccdwe used in the praduct s&y. Careful analysis by direct isolation and by IR 
and UV spcctrophotometry rcvcakd that N-cthylsahcylamidc and 0-ecctyl-N&ykalkylamidc 
comprise at kast 98:: of the products formed by reaction of I with aqueous AcOH mlns io the pH 
range 2-6. The product assay was further simplilkd by the observation that at the long wavckngth 
absorption max of N-ethylsalicylamidc (297 rnp. n - 3,580), G-aatyl-NlthylsalicyLmide shows no 
absorption. Thus in principk a single measurement could be used to assay the composition of the 
prodti mixture. However, since the initial amount of I used in these reactions was not known with 
the accuracy of the photometric mcasuretncnts, a further measurement was carried out in which all 
salicylamidc species were converted at pH 11 to the N~thylsalkylamidc anion (1.,.x, 3U mp, 
a - 6,070). 

Since the substrate conantrations employed in this study were of neassity higher than those used 
in the kinetic mcasuranmta. a marked pH drift was anticipated at low acetate concentrations. 
This problem was handkd by allowing a controllad drift through a mean pH value which was constant 
for a series of determinations. For each run at fixed pH, an approximate initial acidity was calculated 
from Eq. (2) where subscript m terms refer to mean valua, and the soln was adjusted to this value by 

IH+l, ~ IOAc-MH’lm - b[BF,-l/2 
WAC-lnt T [BF,-]/2 (2) 

the addition of dil AcGH. The acidity was rcdc~crmined after the compktion of the reaction, and the 
mean of the initial and final values was taken. The man aatatc concentration was cakulatcd from 
q. (1). 

For the measurements themselves, NaCl sufBcknt to bring the ionic strength to @lo was added 
to aatate buffer and water contained in a 100 ml volumetric flask, the solution pH was adjusted with 
AcOH as dmibul above, and the mixture WBS brought to 30.1”. J3actly la ml of a standard 
solution of Ncthylbcnzisoxazolium fluoborata in acetonitrik was added. the solution was brought 
to the mark with water, mixed, and tbc !lask returnal to the constant tanp bath for 10 half-tivu. 
The optical density at 297 rnp was then measured and a 250 ml aliquot of the solo was brought 

D R. G. Bates, Deferwsinufion o/pH. p. 115. Wiby New York, (1964). 
’ H. S. Harned. 7hc Physical Chcmirrry of Electrolyte Solurlonr, p. 638. Rheinhold, New York (19S8); 

H. S. Harncd and G. E. Marmwcikr,I. Am. Chem. SIC. 57, 1873 (1935). 
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TABU 1. RATES OF DECOM FQWIION OP THE N-~YHYL~~ZISOXAZOUUM CATION 

T L 30.15” ,‘ 7 0.10 Aqueous solutions 1% 
in accIonitrile 

A. Acrrorc bufrrs 
AcefatP Rate constant 

pHw.m,. PHlWt concenlralioa (Minuta-l) ux I& 
-_. _ . - . .~._ . 

3.81 
3.82 
3.82 
3.82 

3.6s 
3.65 
3.65 
3.65 

3.43 
3,43 
3.43 
3.41 
3.4 I 

tO.010 
--0916 

OGIJI 0.302 
09101 
09oJI 
@0021 

@0152 
@0102 
O+OJ2 
oM)22 

0.0153 
09103 
BOOS3 
0.0023 
0.0013 

00154 
O+Olo( 
@0054 
0.0024 
09014 

09161 
09111 

zzf 
0.0021 

0.0153 
0.0103 
~0053 
0.0023 
@0013 

0.270 
@266 
0.253 

0.221 
0.192 
0.182 
0.177 

QIJ6 
0144 
0.126 
O-112 
@IO7 

0149 
O-129 
0.109 
0x935 
0.0923 

0.107 
09871 
@063J 

10 

: 
5 

4 

: 
4 

4 
3 
6 

: 

6 
6 
6 
7 
6 

6 

:. 
4 
s 

3 
3 
3 
4 
4 

-!-@OlO 
+OGOO 
+o-010 
+eOO2 
-0.01 I 
- 0007 

+O-006 
-t 0.001 
-0.001 
- 0.013 
-.@OIm 

3.34 +a013 
3.33 -~@OOJ 
3.33 -@009 
3.33 - O-010 
3.33 -0.014 

2.94 - 0.007 
2.94 -rOGo4 
2.94 - 0.007 
2.94 -0.01 I 
2.94 -0.015 

3*43c -. oM19 
3.43 ‘I O+lM 
3.43 --@ool 
3.41 --I+015 
3.41 0.013 

B. Mrrhoxyacrrarr buffers 

3.45 .- 0.009 
3.45 -t-o~ol I 
344 r@OOS 
344 - O-006 
3.27d -0.001 
3.27 -0.00s 
3.28 -0.028 
3.26 -t 0.007 
3.26 +0.004 
3.26 .: 0x00 

3.07 --’ 0.030 
3.07 t&030 
347 1 0020 
396 ‘. 0.020 
345 - @020 

2.86 .- 0+009 
2.86 .- 0.003 
2.86 -- oQO3 
2.85 - 0.003 

Mahoxyaccwc 
conccnIraIion 

---. -_ 
0.0153 
0.0103 
0.0053 
0.0023 

@0153 
0.0103 
O+oos3 
0~0105 
OxlO2J 
0~0013 

@OlS8 
0~0106 
OGOJ8 
00320 
0~0018 
0.0164 
0.0114 
0.0034 
0.0024 

OXW27 

0.0722 
0.0574 

Rate consIan 
(minutes-‘) 

0.120 
0.110 
0.113 
0.109 

0.0767 
0.07% 
0.0780 
0.0767 
0.0720 
0.0720 

@OS19 
0.0504 
O-0488 
0.0477 
0.0456 
0.0372 
0.0355 
0.0308 
06312 

..- 
U’IIY’ 
_ -..-- 

5 
3 

: 
4 
4 
6 
s 
5 
5 
4 
4 
6 
3 
4 
4 
6 
J 
6 

l Cakulatcd from Eq. (I). 
, Q = 

J 
X:(xi - If)’ . 

n-l ’ 
n is No. of observations. xi is log 

’ The final set of rates at pH 3.43 used Ihe dcuteno derivatwe (IV) as substrate. To minimize cxpcn- 
mcotd variations Ihesc runs were interlaced wiIh the corresponding measurcmcn~s at pH 3.43 con- 
ducicd wth 1. and sIock solutions and pH dwnninaIions were prepared and ucculed under nearly 
idcntwzal conditions, 

‘ For the first three rate measurements at pH 3.27, the substraw concentration was 3.8 x IO-‘N; for 
the second Ihrcc. @38 x IO ’ N. 
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TABLE 2. ANALYSIS o? RATS DATA 

PH 

Hydroxide Slope Intercept calculate 
concentration I/m-min u min-* 0 intercept 

_. -.. .-. _- _.~. .- --- _ 

Acerare buffers 

3.82 16.1 * IO “N 
3.65 IO.9 
343 640 
3.32 5.19 
2.97 2.11 
343’ 640 

Merhoxyacerarc bufers 

3.45 6.69 * IO-“N 
3.26 4.39 
3.07 2.85 
2.86 1.72 

3.4 kO.8 o-244 
3.3 0.9 0.167 
3.5 0.3 0.105 
4.2 @I 00855 
4.6 0.2 0043 
3.0 02 0.0263 

0.7 
@4 
040 
0.47 

O-107 
0.0729 
0.0459 
00297 

0.260 
0.175 
0.103 
0.0838 
0.0341 

0.108 
0.0709 
00460 
0.0278 

l [OH-J 0 (2.430 x IO-“)/m+]. 
b CaJculataI Intercept - l-62.1@ [OH-J. 
’ Constants obW using the deu:erio cation IV as substrate. 

to pH 11 with NaOH and diluted to 1WO ml. The optical density of this soln was measured at 325 mp 
and the product ratio was calculated from expression (3). A typical set of data is shown in Tabk 3, 
and the rcsul~~ 

[N-cthylsalicylamidc] OD,,, .6.07 
[O-acctyl-N-ethylsalkylamide] - 4 . 3.58. OD,,, - OD,, . 6.07 (3) 

of all mePsurrmcncs arc summa&d in Tabk 4. 
Estimates of the nucbophilkitiu of azide, cyanate, and thiourca r&tin IO acetate were obtained 

by adding I to soolns containing known amounts of acetate and the mod nuckophik at pH 5, and 
monitoring the resulting solution after 15 min at an absorption max of product derived from ad&, 
cyanate, or lhiourea. 

TASU 3. ACFTATIZ PRODUCT STUDY AT pH 4.26 

T = 30.15” )l = 0.10 

PHI 
I 

PH, - 0% O&B 
phenol Calculated 

(oAc 1 
acetalC ratio 

- - - 
4.264 4.263 
4.265 4.257 
4.274 4.262 
4.264 4.252 
4.277 4.267 
4.262 4.250 
4.278 4.251 
4.282 4248 
4.275 4.216 
4.282 4203 

17.8 0089 
35.6 @I52 
59.5 0.225 
90.1 0.302 

100 0.336 
120 @385 
151 0.450 
182 0.510 
263 0642 
373 0.767 

---- -__--- - 
0.685 DO57 
@675 @IO5 
0.672 0.165 
0.639 0*25I 
0672 0.268 
0674 0.320 
O-670 0.398 
0671 0478 
0.671 0682 
0666 @954 

..-- 
0.061 
0.106 
0.166 
0.243 
0.268 
0.319 
0.397 
0.475 
0.679 
0.957 

l 10.4 mg of I was added to each flask. 

* Calculated ratio - 



2oM D. S. KEUP 

PH 

Tm 4. S UPMARY OF WA-mmAaTATB -0% EXPERlMWfl’S 

T - 30.1” J4 - 010 

Number Aatatc ion 
of concentration 

observations range 1V. Zero interccpt~ l(Y x slow 

4.26 10 O0X.003 16.5 k 2 2.52 * 0.01 
3.93 10 0+&@003 9=2 2.39 f 091 
3.71 9 om.aX? 13 =2 2.59 f 0.01 
3.55 9 003Qoo2 sis 2.38 * Ml 
3.33 10 QO24.W -2-12 2.36 f 0.05 
3.14 10 @01-0003 9.s ” 5 2.33 i 0.03 
2.85 10 001 QOO35 18 ‘11 12 2.34 f 0.0s 

I 
l By a kast squares proccdurc data were &ted to an equation linear in - 

[OAc- I 
, and cstimarcs 

were obtained for standard deviations of slopes and intercepts. 

RESULTS 

The kinetic data summarized in Table 2 establish that the overall rate of decom- 
position of the N-ethylbenzisoxazolium cation in aqueous acetate and methoxyacetate 
buffers is linear in both hydroxide and carboxylate concentrations over the pH range 
of 2545.10 Values for catalytic constants are shown in Table 5; although the 
constants for hydroxide and acetate are detcrmincd accurately, the corresponding 
value for methoxyacetate is less well defined since the maximum contribution of 
methoxyacetate to an observed rate was only 20 %. In a more extreme form the same 
difficulty arose with attempts to detect catalysis by water. At 30” in @ 1 N HCl the 
N-ethylbenzisoxazolium cation decomposes with a first-order rate constant of 1.3 x 
lo-* see-l. Since the calculated rate for hydroxide catalysis at pH 1 in 0.1 N NaCl is 
6.3 x lad se&, and the extrapolation from O-1 N NaCl to @ 1 N HCl may be expected 
to create uncertainties in rate of at least 2&30%, the value quoted in Table 5 for the 
water constant is accurate at best to half an order of magnitude. 

T = 30.1” /I = 0.10 
Species catalytic constant 

Hydroxide 2.7 x 10’ liters molt-l see-* 
Acctata 7.0 x 10-I 
Methoxyacctate 7 x 10.’ 
Water 1 x lo-” 

l Cakulatcd assuming au,o - SS. 

The primary kinetic isotope effect reported in Table 6 for reaction of the benzi- 
soxazolium cations I and IV with hydroxide requires that in the rate-determining step 
of the decomposition, proton abstraction must occur. The observation that the 
decomposition of the deuterio derivative IV follows simple first-order kinetics strongly 
implies that in addition to being rate-determining, C-H cleavage is also irreversible. 
A more sensitive demonstration of this point was provided when pure IV was allowed 

I0 The slight incmase observed in the acetate catalytic constant as the pH is lowered is almost artainly 
a medium &Test. At pH 294 with an acetate concentration of O.OlS, the soln is 6% by weight in 
a&c acid, and would be expected to show a small increase in activity co&cknts for charged specks. 
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TAELE~. ~~~TKL)oTDPE-INA~ETATLBU~~S 

T-X%1” /A -0-l pH - 3-32 

Hydroxide: kH/kD 0 
0.105 f Oa2 

@026, _c o9002 
= 4.0 f 0.1 

Amte: kH/kD 
4.2 f 0.1 

= - - 
3.0 f 0.2 

1.4 It 0.2 

to decompose in an aqueous bisulfate buffer; after 60 % decomposition had occurred, 
fully deuterated IV was recovered from the medium. 

A general scheme which describes the formation of O-acetyl-Ntthylsalicyhunide 
and N-ethylsalicylamide from I, based on the general principles set forth in paper I 
of this series, is given in Fig. 2. The unusual feature which this scheme presents is 
the two-fold path of decomposition open to the highly activated intermediate X. 
From this scheme, expression (5) may be derived, relating the product ratio VIII : IX 
to acidity and acetate ion concentration. The slope term, F([H+J), is a function of 

( 1.k 

P / :\ 
’ N-E1 

s 
,.‘( 

tt o%TAc 
‘_‘,&I 

----YkR 
‘. 0 

i: . I 
‘I 

c = I! ‘$-_E, kti CT ’ I 
CLr/EI 

() ()X) 
\ ’ Lo,‘.’ . ‘ 

1 H,N,El IX 

I 

._ 
VIII 

FKL 2 
acidity alone, and corresponds to 

VI11 phenol 1 

1x- 
_ _ = _ . F([H’I). (1 + !fj + ; 

ester [OAc -1 
(5) 

the product ratio which would be observed at unit acetate ion concentration, !ixed 
acidity, and in the absence of hydrolysis of X. The intercept term, kH/kR, represents 
the product ratio which would be observed in the hypothetical situation of unit water 
activity and infinite acetate concentration; it therefore sets a bound on the realizable 
yield of ester IX which can be obtained from reaction of I with acetate species in water. 

From the data of Table 4 it is clear that the slope term remains constant over the 
pH range of the study, and that the intercepts are not significantly different from xeroll 
(for example, with kH/kR = 16 x l(r, at infinite acetate ion concentration, the 
product would consist of 1.6% VIII and 98.4% IX). As a result the product study 

I’ Strictly speaking, this demomtration k invalid if kH/kR ir proportional to lnOAc-1. WI& one can 
conaivc of general has? catalyzed rc!armogemcot proas3a with /.? such that aasate atdy8i.l 
pmlomhtcs 0-r the concentration range of the study, they sam rather improbabk. and fail 
to affect the practical consequcnozs of tie obmvation of a z.mo interapt term. 
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demonstrates that expression (6) describes the product ratio observed for reaction of 
I with acetate buffers over the pH range of 2.54-5. 

VIII 2.4. 10 s 
-< 
IX [OAc ‘1 

DISCUSSION 

For a mechanism invoking the intermediacy of benzisoxazolines, the observation 
that the rate of decomposition of I is linear in carboxylate and hydroxide concentration 
and that C--H cleavage occurs in the rate determining step can be rationalized only 
if a benzisoxazoline is formed in a rapid equilibrium step, and subsequently undergoes 
a slow decomposition by reaction with water or its kinetic equivalent. The observed 
basic catalysis would then be nucleophilic catalysis, and the product ratio would be 

required to vary with the contribution of a nucleophile to the observed rate. 
The results presented in the previous section prove that over the pH range of 

2.545, the product ratio observed for the reaction of the N-ethylbenzisoxazolium 
cation with acetate and water species is independent of the contribution of acetate 
catalysis to the overall decomposition rate: for example, at an acetate concentration 
of @015M, the product composition remains constant at 87 % of O-acetyl-Ncthyl- 
salicylamide over the pH range of 2.97-3.82, while the contribution of acetate catalysis 
varies from 70% to 20% over this range of acidities. On this basis the kinetic results 
exclude benzisoxazolines as relevant intermediates in the decomposition of I. 

This conclusion may be reached independently from the behavior of the model 
benzisoxazoline, V, obtained by the controlled reaction of I with sodium borohydride. 
This substance is stable to aqueous acids and bases, and can be recovered in a yield 
of 80% after 4 days in a homogeneous water-methanol mixture containing sodium 
hydroxide. From this result it is clear that benzisoxazolines are too inert to serve as 
intermediates in the cleavage reactions of benzisoxazolium salts.‘* 

Ii 

v / , --‘\; ‘, . HII. 
;C”’ 

I\ -2.1 -- 
+,,; 

s \.--Et 
\ ‘0 

I V 

I’ A bound can easily be set on the magnitude of the discrepancy between the reactivity obscmd for 
V and that required for the bcnzisorrazolinc mechanism. The rate constant for reaction of I with 
acetate is 4 l/m-min. Under the assumption that bcnzisoxazoIincs arc intermediata. the obecrvod 
second-order rate constant must equal kw/Kx. when kw is the rate constant for reaction of water 
with Eacctoxy-Zllhylbcluisoxazolinc, and Kx is the equilibrium constant for the formation of this 
species from I and acetate ion. Since the UV spectrum of I shows no diminution in solutions 
containing acetate. Kx must be greater than unity, whereupon kw must be greater than 4 min-I. 
The rcuwcry experiment circd in the text dcmonswatcs that the first order ra~econstan~ for the reac- 
tion of V with water cannot exceed 5 x IO-’ min-‘. One can conclude, therrforc, that as a lower 
bound. an aatoxybcnzisoxazolioe would have to bc at least ICP times more reactive than V to 
contribute significantly to the decomposition of I. 
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Since one can now exclude mechanisms in which C-X formation precedes rate- 
determining C-H cleavage, one is left with a choice of mechanisms in which C-H 
cleavage initiates the mechanistic sequence, and which postulate a benzoketoketeni- 
mine or its conjugate acid as the true electrophilic species. A point which this evidence 
leaves unclear is the stage at which O-N bond cleavage occurs-although this process 
might readily be envisaged as occurring in concert with C-H cleavage, forming the 
benzoketoketenimine by a base-catalyzed tins elimination, it might equally be 
imagined as occurring in stages by way of an ylide species of a sort known to possess 
appreciable stability. I3 The observed failure of IV to incorporate protium during 

T ,Sf:r 
(1’ 

bru / -a ’ 1 

1 III 

T ,S-EI 

8’ C@ 

SL 

c” 

‘?--Et 
/ ’ 

.- - 
\ / 

D 

( 1 $-Et - 

a \ 

I XI III 

decomposition implies that XI, if present, must undergo rearrangement at least twenty 
times faster than reprotonation. 

Evidence in support of a concerted cleavage reaction is available from the quali- 
tative behavior of the substituted benzisoxazolium salts, VI and VII. These substances 
are converted to the corresponding salicylamides with half-lives of around a minute 
in 10% aqueous perchloric acid at 25”. and therefore can be estimated to be at least 
IOC times as reactive as I, a rate difference which is most easily rationalized as 
representing resonance stabilization of partial negative charge developed on oxygen 
at the transition state of a concerted frans elimination.” 

A striking feature of the decomposition of I is the extreme rapidity of its catalysis 
by hydroxide ion, which lies only three orders of magnitude below that expected for 
a diffusioncontrolled process. l6 The rate constant is approximately 108 times faster 

la R. Brcslow,J. Am. CiKm. Sot. 80.3719 (1958); R. A. Olofson, W. R. Thompson, and J. S. Michcl- 
man, Ibid. 86, 1865 (1964). 

I4 It could be argued that whik the strongly activated S-nitro aml %hlofnulfonyl bcnzisoxazolium 
cations ckave by a concerted process. the kss activated pant system may well react by a stepwise 
mechanism. This possibility seems unlikely, for while changes in mechanism arc frequently observed 
as the result of changes in aromatic substitution. they occur with a change in the charucrcr of sub- 
stitution. i.e. when ekctron-donating are replaad by ekctron-withdrawing substitucnts; for the 
case at hand, the C-N moiety constitutes a common ekctron-withdrawing function for I. VI and 
VII. 

lb M. E&n. Aqqcw. C/tern. 75,489 (1963). 
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than that of the related hydroxidccatalyzed cleavage of benzisoxazole 

k - 1.5. lo-’ I/m-set 

H 

H,O,25” ” 

La ,a 

J3 
.*. 

Cl 

E ) s + ENI‘- - G ’ I’ 
,(. \’ 

Cl ’ 

rate increase 

k = 1.8 I/m-sac EIOH. 30” ” 

lies in the range observed for related systems. Although the large 
observed for the introduction of a quartemary ethyl function can be attributed to the 
influence of both inductive and resonance effects, it is interesting that Olofson has 
observed a still larger rate effect for the hydroxidecatalyzed exchange reactions of 
thiazole and the 3-ethylthiazolium cation which appears to be largely inductive in 
originra 

itself, which 

k - 5.8. IO-’ I/m-sa: k - 9.8.1oL I/m-see 
NaOD in D,O,31” I’ D,O, 31” ” 

The selectivity which is the second remarkable feature of the basecatalyzed 
decomposition of I is more difficult to understand. The data of Table 5 must be 
regarded as an example of general base catalysis, and it is clear that the decomposition 
of I is rapid only when catalyzed by strong bases. i0 This result implies that despite 
the rapidity of the hydroxide-catalyzed decomposition, the transition states for 
reaction of I with bases must more closely resemble products than starting materials. 
While the sensitivity of transition state energy to strength of the component base 

I’ D. S. Kemp and M. T. Link, unpubli&d obstrvatiom. 
I’ W. E. Jordan, H. E. Dyes and D. G. Hill, /. Am. Chum. Sot. 63.2383 (1941). 
I1 R A. Olofson, J. M. Land&erg and K. N. HOI&,/. Am. Chcm. &c. 88.4265 (1966). The author 

is grateful to Professor Olofson for commuaicadog these results prior to publication. 
IS The results of a Bronstcd analysis. although of tentative si@kancc given the sparsity of data, arc 

none- interesting. The following values were calculated for/J - 0.81 and G, - 10 ‘.* I/m-sec. 

kcak 

K, 
-_- .__ ..- 

Hydroxide 4.4 x IO-” 3 x 10’ I/m-sac 2.7 x IO’ I/m-see 
Acetate 2.6 x lo-’ 7 x IO-’ 6 x IO-’ 
Methoxyaatate 4.4 x lo-’ 7 x lo-’ 6 x IO-’ 
Water 55 5 x 10-T 1 x lo-’ 
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provides the most dramatic demonstration of this point, one also can regard the strong 
rate enhancement brought about by electron-withdrawing ring substituents, and the 
marked variation of kinetic isotope effect with base strength as manifestations of the 
same effect. 

A possible explanation for product-like character of these transition states is that 
the benzisoxazolium salt is in fact slightly more stable than the isomeric benzoketo- 
keteniminium cation. Unfortunately, while accounting for their selectivity, this 
proposal fails to explain the rapidity of decompositions of I, for it requires that the 

k, > k, > k, 

energy barrier between two dissimilar species be low, and it seems unlikely that a 
process requiring rupture of two single bonds and much reorganization of electronic 
structure could occur readily without the incentive of a substantial energy gaina 

The evidence which has been advanced still leaves open the question of whether 
the benzoketoketenimine (III) or its conjugate acid (XII) is the reactive electrophile 
generated by the decomposition of I. Neither kinetic nor product studies can be used 
to decide this issue, although an interesting analogy is provided by the observation of 

XII III 

Lewis and Johnson that the pk, of phydroxybenzenediazonium ion is 3*4.n Since 
the electron-withdrawing effect of the nitrilium function might be expected to lie 

between that of a nitrile and a diazonium group, the pk, of XII should lie in the range 
of 3.5-7.0, and both III and X might be expected to be present in significant concen- 
tration over the pH range of the relative rate study. 

Provided only one of the clectrophiles, III and XII, contributes to product 
formation, the observation that the Ntthylsalicylamide 0-acetyl-N-ethylsalicylarnidc 
ratio is solely a function of acetate ion concentration establishes water and acetate 

m The question of ylida character of these transition states bears on thee issues. Brulow has argued 
eloquently that danonstrabk aniom IK& not lie on the mechnnirtic sequence of an elimination 
nza&xP1; conaivably the CO~YCIXC principk may apply lo the &wage of I. Although mo 
unstabk (0 appear as a dirrete intsrmedialt, an ylidc po&bly can modify the chamctcr emd lomr 
the energy of structurally related transition stam. 

U R. Brulow, Tetrdu&on Lcttcrs No. 8. 399 (1964). 
n E. S. L.cwis and M. D. Johnson, /. Am. Ckm. SC. 81,207O (19119). 
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ion as the productcontributing species. However, if both 111 and X11 are reactive 
electrophiles, the ambiguity arises that the terms k, [HOAc] [III] and kt [OAc--1 
[XII ] are kinetically indistinguishable, and the reaction may be given the interpretation 
that VIII is formed by combination of XII with water, while IX results from combin- 
ation of XII with acetate ion and of III with acetic acid.Lg 

Although the postulation of a reaction between III and acetic acid is consistent 
with the recent investigations of DeTar on the related reaction of carbodiimides with 
carboxylic acids in aprotic solvents, M the selectivity required for such a contribution 
in the benzoketoketenimine system is prohibitively high, for the form of the competition 
data require that reaction of III with water cannot contribute significantly to the 
formation of Ncthylsalicylamide, and therefore that III must be at least an order of 
magnitude more discriminatory than the combination of III and XII. Since the 
overall system is one of the most selective clectrophiles known, contribution from 
reaction of III with acetic acid seems unlikely, and product formation is best viewed 
as involving water and acetate ion as the reactive nucleophiles. 

On a molecule for molecule basis, acetate ion is 2 x 10’ times more reactive than 
water toward the ketoketenimine electrophile, a factor which may be compared with 
7.2 x 10 which Swain and Scott observed for the competition of acetate and water 
for benzoyl chloride, the most selective electrophilc observed in their study of relative 
reactivity.U 

” For the general case of reaction of LII and XIl with water, hydroxide, acetate, and acetic acid, the 
function F[H-] ofquation (6) has the form shown in (7), where primed terns refer to reaction with 
XII; K=, K,, and K. arc the rcspcctive dissociation constants of XII, water, and 

FW’I) - 
k,K. + k,‘[H+J + k,Kx[OH -1 -!- k,‘K. 

k,Kx + k,‘[H’l A k,;. [H+] !- 2. IH’]’ 
(7) 

acetic acid; and k,, k,, k, and k, refer rcspcctively to re%ction with water, hydroxide, acetate. and 
acetic acid. The rquiranent of invariana reduces this expression either to case (a), or to the more 
interesting case (b) discussed in the text. 

k_ . . kl’ 2 k.' 
(a) 

(b) FW+J) - 
WW’I) = ’ k 

t 
k,’ + k.2 

U D. F. DcTar and R. Silverstein. /. Am. C/tern. Sot. 88, 1020 (1966). 

U C. G. Swain and C. B. Scott.I. Am. Chcm. Sot. 75, 141 (lYS3). 
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Qualitative experiments with azide and cyanate ions indicate that these nucleophiles 
arc respectively about 25 and 0.5 times as reactive as acetate toward the benzoketo- 
keteniminc species. Thiourea, on the other hand, appears to be about an order of 
magnitude less reactive than acetate. This result is in accord with the known sluggish 
behavior of second row nucleophiles toward unsaturated electrophiles, and in this 
connection it is worth noting that thiocyanate combines with I as a nitrogen rather 
than as a sulfur nucleophile.* 

The high selectivity of this extraordinarily reactive electrophile merits notice, and 
while the origin of the effect is unclear, it yields the important practical consequence 
that Q-acyl-N-ethylsalicylamides can be prepared in high yield by combination of the 
N-ethylbenzisoxazolium cation with aqueous solutions of carboxylic acid salts. 

Acknow&&enwnf~-The author is grateful IO Professor R. B. Woodward for the hospitality of his 
I&oratory, and for helpful discussions during the coutxc of this work; he would aIso like to acknowl- 
edge gcncrous loan of equipment by Professor F. H. Westheir. This work was carried out during 
the tenure of a fellowship with the Harvard Society of Fellows, to whom the author is indebted for 
generous financial support. 


