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acid-dichloromethane (3 X 4 ml). The combined filtrates were
evaporated in vacuo and the residue was dissolved in water for the
chromatography of Leu-Ala-Gly-Val on the long column of the
Beckman 120B amino acid analyzer. The color value for Leu-Ala-
Gly-Val was found to be 0.71 that of valine. The resin was resuspended
in 50% trifluoroacetic acid-dichloromethane (4 ml) and shaking was
continued. The combined loss of Leu-Ala-Gly-Val from the resin was
determined at 4 h (14.7%), 8 h (21.7%), 16 h (34.4%), 24 h (44.3%),
32h(52.1%),40 h (59.3%), 48 h (65.9%), and 64 h (75.8%). Figure
] shows a plot of the peptide remaining vs. time.

Boc-Leu-Ala-Gly-Val-4-(oxymethyl)phenylacetamidomethyl-resin
(100 mg, 53.8 umol) prepared from resin 3b was shaken with 50%
trifluoroacetic acid-dichloromethane (4 ml) as described above. The
combined loss of Leu-Ala-Gly-Val from the resin was monitored at
8 h (0.43%), 24 h (0.96%), 48 h (1.53%), 72 h (1.96%), and 96 h
(2.26%); see Figure 1.
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Reaction of Hydroxylamine with Ethyl Acetoacetate.
Details of the Addition and Cyclization Steps
Studied by Flow Nuclear Magnetic Resonance!
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Abstract: In the pH range 6.5 to 8.5, hydroxylamine adds to the keto carbonyl of ethyl acetoacetate (EAA) to form a carbi-
nolamine intermediate, which subsequently dehydrates to form the syn and anti oxime. The syn isomer is unstable and cyclizes
to form 3-methylisoxazol-5-one (MI). The conversion of the anti isomer is much slower and presumably must isomerize before
cyclizing. Because the proton NMR spectra of all of these compounds can be resolved, it is possible to measure rate constants
for each step. The rapid addition step causes NMR line broadening, which can be measured while flowing the H»O solution,
after mixing, to create steady-state conditions for the transients. The dehydration and cyclization rates are measured after the
flow is stopped. The pH and buffer concentration appear to have no effect on the addition step, but do affect the dehydration
and cyclization rates. Since the cyclization is an intramolecular reaction that involves the expulsion of ethanol, its rate is com-
pared with hydrolysis of the O-methyloxime of EAA in the presence of the oxime of acetone.

Introduction

Although the synthesis and properties of pyrazoles and
isoxazoles have been the subjects of many studies,? a survey
of the literature reveals little concerning the details of the ki-
netics and mechanism of their formation. Recently,? we have
reported evidence to indicate that hydroxylamine adds to
acetylacetone (ACAC) to give 3,5-dimethyl-5-hydroxylisox-
azoline without the intermediacy of the oxime, i.e., cyclization
of the carbinolamine intermediate occurs more rapidly than

dehydration. In fact, the cyclization is sufficiently rapid to
affect the proton nuclear magnetic resonance (NMR) line
shapes. In the present paper, we report a study of the reaction
of hydroxylamine (HA) with ethyl acetoacetate (EAA) using
the NMR of flowing liquids. The acyl carbonyl of EAA is not
as active as the keto carbonyl of ACAC, and cyclization occurs
via the syn oxime to form 3-methylisoxazol-5-one (MI), i.e.,
dehydration of the carbinolamine (CA) is faster than cycli-
zation. Because of the detailed information available in the
NMR spectra during and after flowing, it has been possible
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to measure directly the rates for the addition, dehydration, and
cyclization steps under various conditions of pH and buffer
concentration. This type of reaction may prove to be especially
informative in view of the interest in cyclization reactions as
models for enzyme catalysis.*

Experimental Section

The proton NMR spectra at 100 MHz were measured at 30.0 +
0.3 °C under static and flowing conditions using a Varian HA-100-15
equipped with a flow system to be described.’

With the exception of 3-methylisoxazol-5-one (MI), all chemicals
were obtained from suppliers. EAA was distilled and HA hydro-
chloride was recrystallized. MI was prepared from EAA and hy-
droxylamine (HA) as described in the literature® and had physical
properties that conformed to those reported previously.6®

The kinetic method involved either line shape analysis of spectra
obtained while flowing (for the addition step) or determination of the
time dependence of spectra after the flow had been stopped (for the
dehydration and cyclization steps). In both cases, the reaction mixture
was made by mixing equal volumes of an aqueous EAA and an
aqueous HA solution at an ionic strength of 1.06 (KCI).

The equilibrium constant K, for the addition step, HA + EAA+=
CA, was determined from the uv absorbance decrease measured with
a Cary 118 when equal volumes of HA and EAA solutions are mixed
under the same conditions as the NMR kinetic measurements. A flow
system was used for this measurement. The pH of solutions was
measured using a Radiometer PHM 63 digital pH meter and is re-
ported to £0.02 unit. The pH of the reaction mixture was measured
as a function of time at 5-s intervals immediately after mixing.

Results

Sample spectra obtained under static and flowing conditions
are illustrated in Figure 1. The static spectrum is due to 0.20
M EAA at pH 7.00. The chemical shifts are reported relative
to DSS, and the assignment is as follows: ethyl group, CH;
triplet at 1.39 ppm and CH, quartet is not shown because it
lies very close to the H,O signal; CH;COCH,;-, CHj singlet
at 2.45 ppm and CH5 singlet at 3.82 ppm. Upon flowing at 20
ml/min after mixing with an equal volume of 0.40 M HA
(total concentration), the CHj3 resonance of the ethyl group
is unaffected whereas the CHj3- and CH,-proton resonances
of CH3;COCH,;- are replaced, respectively, by broader signals
(labeled C in Figure 1) occurring at higher field (2.22 and 3.58
ppm, respectively).

The following evidence supports the view that the signal at
2.22 ppm is a coalescence to two CHj singlet resonances, one
due to the CH3COCH;- group of EAA and a corresponding
one due to the carbinolamine resulting from addition of HA
to the keto-carbonyl of EAA. A similar conclusion applies to
the CH, signal at 3.58 ppm also, but will not be discussed.
First, for the concentrations employed, both EAA and the
carbinolamine should have detectable NMR signals while
flowing since K, is 3.0 M1, Second, the forward and reverse
rates for the equilibration are fast relative to the stopped-flow
time scale (using a Durrum stopped-flow system) and, there-
fore, are sufficiently fast to coalesce the NMR signals, Third,
the position of the broadened signal depends on the concen-
tration of HA relative to EAA, moving upfield as this con-
centration ratio increases. Using this concentration dependence
and K, the chemical shift between the CHj3-proton resonances
of EAA and the carbinolamine was determined to be 70.1 Hz,
which is close to values obtained for structurally similar car-
binolamine intermediates.?# Finally, the concentration de-
pendence of the line width conforms well with this interpre-
tation since consistent rate constants are obtained, as discussed
below.

The forward k, and reverse k_, rate constants for the
equilibrium were obtained from the excess line width A (in
rad/s) using the equation for fast exchange involving two
lines.” This equation provides the exchange rate 1/7, which is
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Figure 1., Slow-passage proton NMR spectra obtained without spinning
at 100 MHz for aqueous solutions at 30 °C and a pH of 7.00. The labels
are described in the text. The static, before mixing spectrum is due to 0.20
M EAA. The flow spectrum is obtained after mixing the EAA solution
with 0.40 M HA (total). The three stop spectra are measured approxi-
mately 0, 150, and 300 s after stopping the flow with stop 3 being the last.
The wiggles labeled W are an instrumental artifact.

T
1.39 ppm

equal to k,[HA] + k—,, in which [HA] is the equilibrium
concentration of HA free base calculated using either K, or
K, with K,, depending upon the pH employed. Values of k,,
which are averages of at least four runs, are listed in Table I
along with standard deviations. Values for k_, are not listed
since K, = kn/k .

For each run, the value for A (inrad/s) is obtained from the
line width of the coalescence signal by subtracting out the
weighted average of the line widths in the absence of exchange
due to signals of each of the exchanging CHj3 groups. For the
CH; group of EAA, this line width is obtained in the absence
of HA. For the CHj; group of CA, this line width could not be
measured directly because the exchange rate could not be
slowed sufficiently. Consequently, it was assumed to be the
same as that for the CHj signal of the structurally similar
carbinolamine derived from acetaldehyde.® To account for any
changes due to field homogeneity or flow rate from one run to
the next, the line widths are related to the one for the CH;
signal of methanol, which was present for all kinetic runs.

The main aspects of the time dependence of the spectrum
are illustrated in Figure 1 by the spectra labeled stop | through
3. For stop | the sweep was started immediately after stopping
the flow, and the other two were obtained consecutively. Since
each sweep takes about 150 s, the sweeps for stop 2 and stop
3 were started approximately 150 and 300 s after the flow was
stopped. These spectra were recorded only to illustrate quali-
tatively the time dependence of the various signals and were
not used for quantitative rate measurements. For quantitative
determinations, the time dependence of each signal was de-
termined separately by repetitive scanning as described pre-
viously.5:8

The three spectra obtained after stopping the flow illustrate
that the broad signals (labeled C) decay and shift with time
and that the new signals are themselves time dependent. The
assignment is as follows: ethyl alcohol (labeled E), CHj triplet
at 1.30 ppm and CH, quartet at 3.76 ppm; syn oxime of EAA
(labeled S), CH3 at 2.10 ppm and CH, at 3.56 ppm; anti oxime
of EAA (labeled A), CH3 at 2.07 ppm and CH; at 3.44 ppm
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TableI. Kinetic Data for the Addition of Hydroxylamine to Ethyl Acetoacetate in H,O at 30 °C#
(kgs + kga) X 103, ke X 103,

[Buffer],¢ [NH,OH]},4 -t s~! kn X 1073,
pH? M M kas/kaa® CA/ Anti# Syn* MI‘ M-!st
6.50 Phos 0.10 0.20 1.06 22+ 1.2 20+ 1.5 1.9+0.2 2.1£0.2 9.0£0.2

0.20 1.12 26 £ 2.5 2342 2.4 £0.1 2.6 0.1 7.6 £0.3
0.30 1.22 3443 31 +£3 36+0.3 38 £0.1 8.6 +£0.3
Im 0.50 0.98 27 17 1.5 1242
0.70 1.0 21 16 1.7 16 +4
7.00 Phos 0.10 0.20 1.16 11 +1 941 2.7+0.1 34403 8.4 £0.2
0.20 1.27 15+1 14 £1 34+0.1 37+£0.2 8.1 £0.1
0.30 1.34 18 1 16 £1.5 4.8+0.2 5.2+£0.3 83+03
0.10 0.40 7.3+£0.6
Im 0.30 0.20 0.91 11 7 3.0 3.9 10.5 £ 0.9
0.40 0.90 15 11 32 38 10.2 £0.9
0.50 1.02 12 9 34 10.6 £ 1.7
1.03 10 8 6.0 10.6 £1.7
0.60 1.02 15 13 38 4.6 10.7 £ 3.4
0.30 0.10 1.04 8 7 6.3 9.1
7.50 Im 0.30 0.20 0.98 6 5.0 5/ 9.2+£0.9
0.50 1.13 4 4.9 57 9.2+1.2
1.00 1.12 7.7 7.4 5/ 94+ 14

Phos 0.30 0.20 1.35 8 7.7 6.0/ 7.0

8.50 Bor 0.40 0.20 1.44 6.9 6.3/

@ Jonic strength is 1.06 (KCl), and EAA concentration is 0.1 M. ? Initial pH, see text. ¢ Total concentration after mixing, includes acid
and base forms. ¢ Sum total of acid and base forms after mixing and before reaction of NH,OH. ¢ Obtained using (/s + Im1)/1, averaged
over the period in which the syn isomer disappears. / Determined from the decay of the carbinolamine intermediate. £ Determined from the
growth of the anti oxime. # Determined from the decay of the syn oxime.  Determined from the growth of 3-methylisoxazol-5-one (MI).
J Determined from the first-order growth of MI when the concentration of the syn isomer is approximately constant and, therefore, is ascribed

to kgs + kg, rather than k. (see text).
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Figure 2. Time dependence of the intensities of the CH;-proton resonances
due to MI and the syn and anti oximes for a solution at 30 °C and an initial
pH of 7.50 buffered by 0.50 M imidazole (total); ionic strength is 1.06
(KCl). Concentrations for EAA and HA are the same as for Figure 1.

(the triplet labeled A at 1.39 ppm is due to the CHj protons
of the ethyl group of both isomers); MI (labeled M), CH3; at
2.19 ppm. The resonance for the ring protons of MI is pH de-
pendent and can be observed only at pH values lower than
those used for the kinetic studies, i.e., around pH 2. Further-
more, it is observed at 3.34 ppm when CCly is the solvent. As
illustrated, the concentrations of MI, ethanol, and the anti
oxime of EAA increase monotonically whereas the syn oxime
increases and then decays to near zero during this time period.
The anti oxime signals decay over a period of hours with a
concomitant growth in the amount of MI. By repeated scan-
ning of the spectrum after the flow is stopped, the time de-
pendence of the CHj-signal intensity for the various com-
pounds can be obtained, and an example is illustrated in Figure

2 for MI and the syn and anti oximes at pH 7.50. Similar be-
havior occurs for the other pH values and buffer concentrations
employed and is consistent with a mechanism involving cy-
clization via the syn oxime, as discussed below.

Because of the detail in the NMR spectra obtained during
and after flow, it is possible to dissect the reaction of HA with
EAA into several steps, each of which can be studied directly,
and we propose the mechanism given in Scheme I to account

Scheme I
0o 0 o ¢
A, e

OEt %, OEt
EAA NHOH
CA

b NG

OH HO

N0 N O
OEt MOEt

MI

for our results.” The more rapid initial growth of MI is at-
tributed to cyclization of the syn oxime. The slower conversion
of the anti oxime to M1, which probably involves isomerization
to the syn oxime, is not illustrated in the scheme. Conversion
of MI to the NH form, although not indicated, may also be
occurring.

The relatively slow conversion of the anti oxime to MI allows
the growth rate of the anti oxime to follow first-order kinetics
from which the value for k4, + k45 can be determined. Since
the conversion of the syn oxime to M1 is complete before the
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anti oxime makes any measurable contribution, kgs/kda is
given by (Is + I'm1) /1. in which [ indicates CH3 signal intensity
at any time up to and including the complete disappearance
of the syn isomer. This ratio is constant throughout this time
period, and values along with kg, + kgs are listed in Table L
Equating kas/kda to (Is + Im1)/1. is valid only if MI is not
formed directly from CA. The arguments in favor of this
conclusion are given below.

The value for k. is obtained on one of two ways depending
on the relative rates of dehydration and cyclization. At lower
pH, the dehydration rate is sufficiently fast so that an appre-
ciable amount of the syn isomer remains after the intermediate
carbinolamine (CA) has disappeared, at which point the decay
of the syn isomer and the growth of MI both follow first-order
kinetics. At pH 7.50 or higher, the dehydration and cyclization
rates become comparable, and the amount of the syn oxime
remains small and relatively constant (see Figure 2) during an
appreciable period of the reaction, allowing the application of
the steady-state approximation. Under these conditions, the
mechanism in Scheme I requires that the growth rate of MI
be the same as the decay rate of CA, as appears to be the case
(see Table I and compare the values in the (kg5 + k4a) column
with those in the k. column). Thus, at pH 7.5 and 8.5, the
first-order growth rate of MI gives k4s + k4, rather than k..
However, because steady-state conditions appear to obtain,
k. can be estimated using k4;[CA]/[Syn], which can give only
an approximate range of (3 to 5) X 1073 s~! for the two pH
values since [CA] varies appreciably in the time period over
which steady-state conditions are assumed to apply. Obviously
the values at pH 7.00 and 6.50 are more accurate.

Discussion

No attempt has been made to determine integrated ex-
pressions to describe the time dependence of the signals due
to MI and the syn isomer because the concentration of HA is
time dependent, also, making the differential equations non-
linear. Furthermore, the accuracy of each rate constant is
limited by the monotonic decrease in pH during the reaction.
For the dehydration step, the total decrease is 0.7 for boric acid
and between 0.2 and 0.3 for phosphate and imidazole buffers.
For the cyclization step, the total decrease is 0.7 for boric acid
and between 0.4 and 0.5 for the other buffers. Consequently,
while the initial pH is listed in Table I, the values for kg5, k4a
and k¢ are necessarily averages over the above mentioned pH
drops. An indication of the extent to which these values may
vary in that range may be obtained by comparison of the data
when the initial pH increases from 6.50 to 7.00; k45 + k4. de-
creases by a factor of 2, and k. increases by 50% for the phos-
phate and imidazole buffers. The change is smaller for the pH
change 7.00 to 7.50. Thus the error in these rate constants may
be as large as 50% whereas k, is more accurate since it is ob-
tained at the initial pH. Nevertheless, the accuracy is sufficient
to make comparisons and note trends.

As indicated in Table I, two columns of k45 + k4. are given,
one for values calculated from the rate of decay of CA and the
other for values calculated from the rate of growth of the anti
oxime. Comparison of the two columns gives some idea of the
reliability of the measurements since the two columns should
be identical. Likewise, k. is calculated from the rate of decay
of the syn oxime or the growth of MI, and the two columns
should be identical. The relatively good agreement in both
cases is consistent with the mechanism given in Scheme I. For
both the dehydration and cyclization steps, the phosphate
buffer appears to catalyze the rate whereas imidazole appears
to have a very small catalytic effect. However, in view of the
pH change during reaction, no attempt was made to calculate
the magnitude of the phosphate catalytic effect from these
data. The most that can be said is that the decreasing trend in
kds + kqa and the increasing trend in k. as the pH increases
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could be consistent with acid catalysis and base catalysis, re-
spectively, by the phosphate buffer. The base catalysis of the
cyclization step would indicate that deprotonation of the hy-
droxyl group of the oxime may be involved in the rate-deter-
mining step. This result is in contrast with those for the rapid
cyclization occurring in the reaction of HA with ACAC,? in
which no acid or base catalysis was observed in the pH range
7.3 to 8.0. In this case, however, the cyclization occurs via the
carbinolamine rather than the oxime.

As mentioned above, it seems likely that MI comes solely
from the syn isomer at any time up to and including the com-
plete disappearance of this isomer, and k4s/k4a is set equal to
(I + Iv1)/ 1. The anti isomer makes no contribution to MI
during this time period. The fact that k4s/kqa is 1.0 in the
presence of imidazole but not in the presence of the phosphate
or boric acid buffer can be explained in terms of a buffer effect
on the relative rates of formation of the two isomers, and there
is no need to postulate the formation of M1 directly from CA
as an additional step in the mechanism. The evidence for this
conclusion is as follows. First, a buffer affect on the ratio of syn
to anti oximes has been observed previously for acetaldehyde,?
and the evidence indicates that the boric acid buffer adds to
the carbinolamine. Second, the coalescence signal is very broad
in the presence of boric acid, much broader than expected for
the exchange between EAA and CA, indicating the occurrence
of an additional exchange process that probably involves CA
and a boric acid adduct of CA. The k, values obtained for
phosphate may be evidence for its addition to CA, also, as
discussed below. It seems reasonable to expect that these ad-
ducts could decompose to the syn and anti isomers at different
rates as observed for acetaldehyde. The ratio of about 1 ob-
tained for imidazole appears to be independent of its concen-
tration (unlike the phosphate buffer), and this ratio probably
is the limiting value in the absence of buffer effect.

As mentioned above, the addition rate constant k, for the
phosphate buffer could possibly be used as evidence for a
phosphate-CA adduct. At each pH, k, for imidazole is larger
than that for phosphate, indicating that the line width of the
coalescence signal is somewhat larger in the presence of
phosphate than in the presence of imidazole, for which an
adduct does not appear to occur. Consequently the slight ad-
ditional broadening in the presence of phosphate may be due
to an additional exchange process involving CA and an adduct
as in the case of boric acid.

Accepting this conclusion, the k, values reported for imid-
azole can be considered to be more reliable, although the values
for phosphate differ from them by only about 20%, which is
almost within experimental error. At each pH, k, is indepen-
dent of imidazole concentration since the values are within
experimental error. In addition, the decreasing trend in the
values for imidazole as pH increases is not outside of experi-
mental error. Thus, k, is independent of imidazole buffer
concentration and appears to be independent of pH in this pH
range as has been found for the addition of HA to acetone.>?
By arguments identical with those presented previously,32 we
conclude that the rate-determining step in the preequilibrium
is the addition of HA to EAA to form the zwitterion CA*.

For a number of years, intramolecular reactions have been
studied as models for reactions involving the same groups in
enzyme-substrate complexes.* Many of these studies were
concerned with intramolecular catalysis of hydrolysis of esters,
most of which contained aromatic groups for various reasons.
In all these cases, a determining factor has been the synthesis
of reasonably stable compounds containing both the ester and
catalytic group. Cyclization involving S-keto esters (and
1,3-diketo compounds) do not suffer this limitation.

A comparison of the intramolecular reaction with the in-
termolecular one is possible only if the electronic factors are
identical. Although this is not strictly achievable in the case
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of EAA plus HA, it seems reasonable to compare this cycli-
zation reaction with the hydrolysis of the O-methyloxime of
EAA in the presence of the oxime of acetone. A solution of
these two compounds at pH 6.5 was monitored by NMR for
14 days without observation of signals due to ethanol. We es-
timate that 5-10% reaction could have been detected under
these conditions. Thus, an upper limit for the second-order rate
constant for this hydrolysis is about 4 X 1077 M~!s~!, and the
lower limit for the effective molarity!'0 of the hydroxyl group
is about 10* M,

Comparison of the cyclization rates for EAA and ACAC?
indicates that the electrophilic reactivity of the carbony! group
is important in determining the rate of cyclization. Since the
cyclization for ACAC occurs via its carbinolamine, its rate
must be compared with the one for the analogous step for EAA.
A rate constant of about 2 X 1073 s~ at pH 7.0 is estimated
to be the upper limit for this step since it does not compete ef-
fectively with the dehydration of CA. For ACAC, the addition
and cyclization steps are sufficiently rapid to affect the NMR
line shapes, and rates for the two steps cannot be determined
separately. However, if the forward and reverse rates for the
addition of HA to ACAC are assumed to be identical with
those for EAA, the rate constant for the cyclization step is
estimated to be 103 s~!, assuming steady state for the carbi-
nolamine intermediate and using a value of 2.3 X 103 M~ s™!
for the rate constant for the combined addition and cyclization
steps.? Thus the cyclization step for ACAC is 10° faster than
the one for EAA. This difference probably reflects the differ-
ence in electrophilic reactivity of keto- vs. acyl-carbonyl
group.

Recently,!! the reaction of hydroxylamine or N-meth-
ylhydroxylamine with ethyl cinnamate has been reported to

involve the formation of the isoxazolone via the intermediate,
O-cinnamoylhydroxylamine, i.e., addition of the oxygen of HA
to the acyl carbony! precedes cyclization. Since there is no
evidence for this path for EAA, it would appear that the nature
of the electrophile dictates the mode of attack for HA, i.e.,
nitrogen or oxygen. Studies of the reaction of HA with a variety
of electrophiles should help in determining the factors that
control the mode of reaction.
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Abstract: The nuclear magnetic resonance spectrum of a flowing solution measured after mixing equal volumes of aqueous so-
lutions of acetylacetone and NH,OH indicates that addition and cyclization occur rapidly without the intermediacy of the
oxime. That is, the dehydration of the tetrahedral intermediate is slow relative to the cyclization step. The equilibrium constant
for the equilibrium A + N = cyclic is 25 M ™!, and a value of 2.3 X 103 M~} s™! was obtained for the forward rate constant
by means of NMR line shape analysis. This value is independent of buffer concentration and pH in the range 7.3 to 8.0. In ad-
dition, the dehydration steps were studied in this pH range as well as in the range 3.0 to 1.5. In the latter range, the rate-deter-
mining step is no longer the dehydration step as it is in the higher pH range. Furthermore, the second-order rate is acid cata-
lyzed in the lower pH range, indicating a different mechanism for the addition and cyclization in this range.

Introduction

The synthesis and properties of isoxazoles and pyrazoles
have been the subjects of studies by many workers over the
years.2 However, a survey of the literature reveals that very
little information exists concerning the detailed mechanism
for the formation of these compounds from g-diketones. In this
paper, we report the details of the reaction of hydroxylamine
(HA) with acetylacetone (ACAC) in aqueous solution as
studied by means of the proton nuclear magnetic resonance

(NMR) spectroscopy of flowing liquids. By means of this
technique, it has been possible to detect, characterize, and
study the decay of an intermediate that is generated during the
reaction. The evidence suggests strongly that the mechanism
given in Scheme I occurs at around pH 7. According to this
mechanism, the rapid equilibria occur prior to the first dehy-
dration step (kq)). These equilibria are sufficiently fast on the
NMR time scale to cause line broadening of the CH3-proton
resonances due to ACAC and the intermediate IN,, indicating
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