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The Reactions of Selected Acetates with the OH Radical in t.he, Presence of NO: Novel
Rearrangement of Alkoxy Radicals of Structure RC(O)OCH(OR
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Products of the gas-phase reactions of the OH radical with ethyl acetate, isopropyl dedtateyl acetate

in the presence of NO were investigated usingsitu Fourier transform infrared spectroscopy and gas
chromatography. The products identified and their molar formation yields (corrected for secondary reactions
with the OH radical) were acetic acid (0.96 0.08) from ethyl acetate; acetic acid (0.890.03), acetic
anhydride (0.76+ 0.07), and acetone (0.2# 0.02) from isopropyl acetate; and acetic anhydride (G449

0.05) and acetone (0.2B 0.02) fromtert-butyl acetate. Consideration of the potential reaction pathways of
the intermediate alkoxy radicals leads to the conclusion that alkoxy radicals of structure RC(Q))?BICH(O
can undergo a rapid rearrangement and decompositieesier rearrangement) to RC(O)OH plu€®
presumably via a five-membered ring transition state. However, our product studies provided no evidence
for the analogoug-ester rearrangement proceeding via a six-membered transition state, although the possibility
that this reaction could occur is not ruled out.

Introduction

The tropospheric degradations of volatile organic compounds
emitted into the atmosphere from anthropogenic and biogenic
sources generally involve the intermediate formation of organic
peroxy (RQ) and alkoxy (RQ radicalsl2 The tropospheric
degradations of most volatile organic compounds not containing
>C=C< bonds (for example, alkanes, haloalkanes, ethers
carbonyls, and esters) are initiated by reaction with the OH
radical to form an alkyl or substituted alkyi YRadical, which
then rapidly adds ©to form an organic peroxy (R{pradicall-2
In the presence of NO, peroxy radicals react with NO to form
the corresponding alkoxy radical plus BOtogether with
formation of an organic nitrate from the larget €s) organic
peroxy radicalg:?

)

(@)
@
(3a)

OH+RH — H,0+R

. M .
R+0, —= RO;

RO, + NO
M

Alkoxy radicals are important intermediates in organic photo-
oxidations because they can undergo a number of competing
reactions, resulting in much of the complexity and uncertainty
in the atmospheric chemistry of organic compounds.

On the basis of studies of alkoxy argthydroxyalkoxy
radicals formed from the OH radical-initiated reactions of
alkanes and alkenes, respectively, the important reactions of

RO + NO,

RONO, (3b)
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SCHEME 1

deca'W

CH; + CH;CH,CH,CHO

CH;CH(O)CH,CH;CH;

isomerization
0

or CH;C(0)CH,CH,CHy

HO, +
CH;CHO + CH3CH,CH,

CHyCH(OH)CH,CH,CH,

alkoxy radicals under tropospheric conditions are recognized
to be reaction with @ decomposition by €C bond scission,
and a 1,5-H shift isomerization through a six-membered
transition stat@: These reactions are shown in Scheme 1 for
the 2-pentoxy radical formed in the OH radical-initiated reaction
of n-pentane in the presence of NO.

Analogous reactions of alkoxy radicals formed from other
classes of organic compounds, including ketones and ethers,
are observed; and it has been assumed that all alkoxy radicals
react in the troposphere by decomposition, 1,5-H shift isomer-
ization through a six-membered transition state involving
abstraction of an H-atom by the alkoxy oxygen atom, and
reaction with Q.

However, these known reactions of alkoxy radicals could not
explain the results of environmental chamber experiments when
ethyl acetate was added to irradiated ;NOrganic-air mix-
tures® Computer modeling of these experiments could not
simulate the unexpectedly high peroxyacetyl nitrate (PAN,
CH3C(O)OONQ) yields nor the @and NQ time—concentra-
tion profiles unless it was assumed that the ethyl acetate
photooxidation mechanism was dominated by pathways forming
acetyl (CHCO) or acetyl peroxy (CEC(0)OO radicals, the
precursors of PAN. It was initially thought that PAN formation
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Rearrangement of Alkoxy Radicals

may be due to direct formation of acetyl radicals from the
reaction

CH,C(O)OCH(OQCH, — CH,C(0)O0+ CH,CHO  (4)
which would involve an O-atom transfer via a six-membered
ring transition state. However, the high yield of acetaldehyde
predicted by this reaction was not observedThe other
alternative is the formation of acetyl radicals from the corre-
sponding alkoxy radical, by the reaction,

CH,C(0)OCH(QCH; — CH,C(O)OH+ CH,CO (5)

which involves an H-atom transfer through a five-membered
ring transition state. While the occurrence of reaction 5 could
explain the experimental data obtairfedgcetic acid was not
monitored in the N@-organic-ethyl acetateair irradiations.
To obtain more definitive evidence concerning this possible

reaction 5, we have carried out product studies of the gas-phase

reactions of the OH radical with ethyl acetate [{LHO)OCH-
CHg], isopropyl acetate [CEC(O)OCH(CH),], andtert-butyl
acetate [CHC(O)OC(CHy)3] in the presence of NO.
Experimental Section

Experiments were carried out in a 5800 L evacuable, Teflon-
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Figure 1. Infrared spectra from a GGONO—NO—ethyl acetate-air
irradiation. (A) Products attributed to reaction of ethyl acetate;
photolysis time= 61 min; ethyl acetate reacted2.12 x 10'* molecule

cm 3, (B) Residual product spectrum. (C) Reference spectrum of
gaseous acetic acid (monomeric form). The numbers in parentheses
are concentrations in units of nolecule cm?.

coated chamber containing a multiple reflection optical system

interfaced to a Nicolet 7199 Fourier transform infrared (FT-
IR) absorption spectrometer and with irradiation provided by a
24-kW xenon arc filtered through a 0.25 in. thick Pyrex pane
(to remove wavelengths300 nm). Hydroxyl radicals were

x 10719 molecule cn¥]. A similar calibration was employed

for acetic anhydride and agreed with the method of partial
pressure measurements described above for the reactants.
Reference infrared spectra for other products were available

generated in the presence of NO by the photolysis of methyl from previous calibrations in this laboratofy.

nitrite (CHsONO) in air at wavelengths 300 nm®

CH,ONO+ hv — CH,0 + NO (6)
CH;O0 + 0, —~ HCHO+ HO, @)
HO, + NO— OH + NO, (8)

and NO was added to the reactant mixtures to suppress th
formation of Q and hence of N@radicals?

The initial concentrations of the esters, £&MNO, and NO
were (1.23-2.46) x 10 molecule cm3, 2.46 x 10 molecule
cm~3, and (0.74-1.47) x 10" molecule cm?3, respectively.
Vapors of the reactants were measured into calibrated 2 and
L Pyrex bulbs with an MKS Baratron-0100 Torr sensor and
flushed into the 5800 L chamber containing air (a synthetic
mixture of 80% N and 20% Q) at 298+ 2 K and 740 Torr

total pressure. The majority of the experiments were conducted

with continuous irradiation (2665 min duration) and were
monitored by FT-IR spectroscopy with 64 coadded interfero-
grams (scans) per spectrum (1.8 min measurement time
recorded with a full-width-at-half-maximum (fwhm) resolution
of 0.7 cnT! and a path length of 62.9 m. Experiments which
employed intermittent irrradiation (with illumination periods of
10—-16 min) were also carrried out, with both FT-IR and gas
chromatographic analyses being performed during the interven
ing dark periods.

For selected experiments with isopropyl acetatetartebutyl
acetate, 100 chvolume gas samples were collected onto Tenax-
TA solid adsorbent for subsequent thermal desorption and
analysis (primarily of acetone and acetaldehyde) by gas chro-
matography with flame ionization detection (GEID). The
gas samples collected on the Tenax solid adsorbent were
thermally desorbed at225°C onto a 30 m DB-1701 megabore
column held at—40 °C, which was then temperature pro-

egrammed to 200C at 8°C min-1. GC—FID response factors

for acetone and acetaldehyde were determined by introducing
measured amounts of these carbonyls into a reaction chamber
and conducting replicate G&-ID analyses, as described
previously®
5 The chemicals used, as well as their stated purities, were
acetic acid (99.7%) and acetone (HPLC Grade), Fisher Scien-
tific; acetaldehyde (99:6%), acetic anhydride [C4C(O)OC-
(O)CHg] (99+%), tert-butyl acetate (99%), ethyl acetate
(99.8%), and isopropyl acetate (99%), Aldrich Chemical Co.;
and NO £99.0%), Matheson Gas Products. Methyl nitrite was
)prepared as described by Taylor ef ahd stored under vacuum

at 77 K.

Results

A series of CHONO—NO—acetate-air irradiations were
-carried out, with analyses of reactants and products by FT-IR
absorption spectroscopy and GEID. Figure 1 shows the FT-

Quantitative reference spectra of acetic acid were obtainedIR spectroscopic detection of acetic acid as the main product

with weighed amounts of the liquid sample which were
vaporized into the chamber, thus avoiding errors in partial

observed from ethyl acetate, with Figure 1A being obtained from
the spectrum of the reaction mixture by subtraction of absorp-

pressure measurements due to dimer formation in the vaportions by the remaining reactants and by the products arising
phase at Torr concentrations. [The base line-referenced ab-from CH;ONO photooxidation (N@ HNOz;, HONO, HCHO,

sorptivity of the P-branch peak of GB(O)OH at 1781.4 cmt
(Q-branch at 1790.3 cm) was measured to be (4.440.18)

HCOOH, and CHONG,). In the case of isopropyl acetate,
Figure 2 shows the presence of acetic anhydride as the major
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Figure 2. Infrared spectra from a GNO—NO—isopropyl acetate Figure 3. Plots of the amounts of acetic acid formed from ethyl acetate
air irradiation. (A) Products attributed to reaction of isopropyl acetate; (corrected for secondary reactions; see text) and of acetic anhydride
photolysis time= 38 min; isopropyl acetate reacted 3.62 x 10'3 formed from isopropyl acetate ateft-butyl acetate against the amounts

molecule cm?3. (B) From (A) after subtraction of acetic anhydride Of the acetate reacted.
absorptions. Asterisks denote RONtYpe bands. (C) Reference

t £ i hvdride. Th bers i th JABLE 1: Products Formed and Their Formation Yields
;r;i!i(érzlslr?nounaifse c|>? igg r¥10r||e§ule fn?gl_jm ©rs In parentneses are Concenfrom the Reactions of the OH Radical with Ethyl Acetate,

Isopropyl Acetate, andtert-Butyl Acetate at 298+ 2 K and

product and acetic acid as a minor product. Consistent with Atmospheric Pressure of Air

the low rate constant for the reaction of the OH radical with acetate yield product formation yielgl
tert-butyl acetaté®!! only low conversions €7%) were ethyl acetate CHC(O)OH 0.96+ 0.08
obtained fortert-butyl acetate with irradiation of up to 65 min CH;C(0)OC(0)CH <0.05
duration, and only acetic anhydride could be positively detected isopropyl acetate C4€(0)OH 0.09+0.03
from the weak absorptions observed in the product spectra. CH,C(0)OC(O)CH 0.76+ 0.07
. CH:C(O)CHs 0.24+ 0.02
For all three acetates, the residual product spectra, such as CH,CHO <001
those presented in Figures 1B and 2B, show the presence of tert-butyl acetate CHC(O)OH <0.07
RONO,-type bands at-835, ~1310, and~1670 cnt?, and CH;C(O)OC(0)CH 0.49+ 0.05
these appear most visible in Figure 2B due to the relatively CH;C(O)CHs 0.20+0.02
high conversion of isopropyl acetate. The yield of the RGNO CHCHO <0.01
product(s) from isopropyl acetate is estimatad be <4%. The 2|ndicated errors are two standard deviations combined with the

RONGO; band intensities relative to those of the major products estimated uncertainties in the acetate IR absorption band calibrations
(acetic acid and acetic anhydride) identified for each acetate and the product IR absorption band or GEID response factor
decreased in the ordeert-butyl acetate> isopropyl acetate: calibrations of+-5% each. The measured product concentrations have
ethyl acetate. be(?n <|:orrectted tto take into account secondary reactions with the OH
For selected experiments involving isopropyl acetatetartel radical (see text)

butyl acetate, analyses for acetone and acetaldehyde were als
carried out by GE&FID. The products observed and quantified
from the FT-IR and GEFID analyses were acetic acid from

8mounts of the acetates reacted (this figure also shows the small
amount oftert-butyl acetate reacted compared to the experiments

) . . . i with ethyl acetate and isopropyl acetate). The products observed
ethyl acetate; acetic acid, acetic anhydride, and acetone fromanOI their molar formation yields obtained by least-squares

isopropyl acetate; and acetic ar)hydrlde and acetone feofn analyses of data such as those shown in Figure 3 are given in
butyl acetate. Secondary reactions of the products were takenTable 1

into account as described previoustyusing literature OH

radical reaction rate constants for the products and reactantsDiscu ssion

(in units of 10712 cm® molecule s71) of ethyl acetate, 1.6%

1071214 jsopropyl acetate, 3.7% 1012311 tert-butyl acetate, Schemes 2A 4B show the expectéd® reaction mechanisms
5.6 x 1071311 acetic acid, 8« 107131 acetic anhydride, 8.4 and potential products formed from the major alkoxy radicals
10714 (estimatedj?>®acetone, 2.1% 107131 and acetaldehyde,  generated after the initial OH radical reactions with ethyl acetate
1.58 x 107111 The multiplicative correction factors to take (Schemes 2A and 2B), isopropyl acetate (Schemes 3A and 3B),
into account secondary reactions increase with the rate constanaind tert-butyl acetate (Schemes 4A and 4B). The reactions
ratio k(OH + product)k(OH + ester) and with the extent of leading to the alkoxy radicals are analogous to those shown in
reactiont® and the maximum multiplicative factoFswere 1.005 reactions 1, 2, and 3a. Reactions after H-atom abstraction from
for acetic anhydride, 1.02 for acetone, 1.05 for acetic acid, and the CH;C(O)— groups of ethyl acetate and isopropyl acetate
2.20 for the potential formation of acetaldehyde friart-butyl are not considered because these particular H-atom abstraction
acetate. Figure 3 shows plots of the amounts of acetic acid pathways are calculated to account for ong.5% and~1.2%
formed from ethyl acetate and of acetic anhydride from of the overall OH radical reaction, respectivéht® Schemes
isopropyl acetate andert-butyl acetate plotted against the 2A—4B are the basis for the following discussion.
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SCHEME 2 SCHEME 3
A i A
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CH;C(O)OH + CH;CO ~a“PhACSIerfear. oy AoCCH; ——w  CH;C(0)OC(O)CH; + HO,

]
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o-
\decimposmon
CH,C(0)OCH(OH)CH;

(o .
I decomposition
(‘,H;@OC(CH;)Z Secomposition

isomerizaliz/ Nﬂfmposmoﬂ

CH,C(0)OC(OH)(CH3) CH;C(0)0C(O)CH; + CHj
0, or 0,

CH;CHO + CH;CO,
NO —i—» NO,

CH;C(0)CH; + CH; + CO,

CH3C(0)OCHO + CHs

NO *#» NO, ;

. CH; + CO,
OCH,C(0)OCH(OH)CH; OCH,C(0)OC(OH)(CH )2
xsomemaion/ {ecimposmon )
decomposition
HOCH,C(0)0C(OH)CH; HCHO + CH3;CH(OH)0CO .
l o L HCHO + (CHy),C(OH)OCO
2

CH;CHOH + €O,

lo:

loz
CH;CHO + HO,
CH;C(0)CH; + HO,

HOCH,C(0)OC(0)CH; + HO, .
CH3C(OH)CH; + CO,

H
I O;
CH;COCH,CHO e CH;C(0)OCH,CHO + HO; B H

|
beta-ester reﬁ/ meosllicﬂ

. O
CH;COCHCHO —  CH;C(0)OCH(CH3;)CHO + HO;
CH;C(O)OH + (‘,HZCHO HCHO + CH;C(O)O&HQ

I
CH;
beta-ester re;/ meosition
' 1>

CH;C(O)OH + CH;CHCHO CH3C(0)OCHCH; + HCHO
0, Oy
HCHO + CO + OH NO ‘i—v NO,
and/or NO + NO, NO ﬁ—» NO,
H

(CHO); + OH
see Reaction

Scheme 2A

| - .
CH;COCHO CH;3CH(O)CHO

decomposiuo;/ \\;lphavesler rearr. ¢

HCHO + CH5CO; CH;CHO + HCO

0
o
CH3COQCHs

o

CHyC(0)OH + HCO lalpha—es‘er rearr

) * CH;C(0)OH + CH3CO
CH; + CO,
SCHEME 4
Ethyl Acetate. As illustrated in Figure 1, infrared analyses A

of irradiated CHONO—NO—ethyl acetate-air mixtures showed
the formation of acetic acid, and the molar formation yield of
acetic acid as obtained from least-squares analysis of the data
shown in Figure 3 is 0.96 0.08. The FT-IR analyses showed
no evidence for the formation of acetic anhydride, with an upper Pl It
limit yield of <0.05. Experiments in which acetic anhydride NOJF’ xo, NOJ‘_, o,
was introduced into the chamber and its concentration monitored )
by FT-IR spectroscopy over a period of 2.5 h showed that acetic (CH:Co1eHo CHLC(0)0C(0)(CHy),  £e Reaction
anhydride was stable under the experimental conditions em-
ployed and that no homogeneous or heterogeneous hydrolysis

H
% .0
cn;cg{r{o —2 > CH;C(0)OC(CH:),CHO + HO,

CHs oy
beta-ester rea;/ \dCiOmPUS“iO"
CH;C(O)OH + (CH3),CCHO

HCHO + CH;C(0)OC(CHs),

¢d600|nposi(i0n

CH;C(0)CH; + HCO l

to acetic acid occurred on the time scales of the;GNO—
NO—ethyl acetate-air irradiations.

H-atom abstraction from the-CH,— and —CHjs groups,

CH;C(0)OC(0)CH; + CHj
and

CH;C(O)CH; + CO, + CHy

leading to the alkoxy radicals shown in Schemes 2A and 2B, o
respectively, are estimated to account for 87% and 109%, B OCHAOC(CH,
respectively, of the overall OH radical reacti®é Scheme f/ \mp\
2A shows that the only route to formation of acetic acid in

significant yield is through the pathway labeled “alpha-ester HO(O)C(0)OC(CHy); + HO; HCHO + (CH;:COCO
rearr.”, in which the alkoxy radical Ci€(O)OCH(QCHs I
undergoes a novel rearrangement through a five-membered (CH)CO + €O
transition state d-ester rearrangement] shown in Scheme 5, }
which may or may not be a concerted reaction.

The overall reaction

CHyC(O)CH; + CHs

energies of+10—15 kcal mot.1® However, the presumed five-
membered transition state is expected to have a significant ring
strain of~6 kcal mot1,29and it is not clear whether the reaction
proceeds via the intermediary of the RH)OC(O)Rradical
or as a concerted process.

Although our acetic acid formation yield is unity within the
experimental uncertainties, it is possible that theC{d)OCH-

CH,C(0)OCH(QCH; — CH,C(O)OH+ CH,CO (5)

is calculated18to be exothermic by~5 kcal mol?, and the
potential intermediate radical GB(OH)OC(O)CH is calcu-
lated to be more stable than the €HO)OCH(QCH; radical
by the difference in the ©H and C-H bond dissociation
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CH;C=0 + CH;CO
CH,O radical formed after the minor H-atom abstraction
reaction,

7
|

CH;C~ o (“,CH;
0-

OH + CH,C(O)OCH,CH, —
H,O + CH,C(O)OCHCH, (9)

followed by reactions analogous to reactions 2 and 3a, reacts
to form products other than acetic acid (Scheme 2B). Our data
also do not rule out the GJ&(0)OCH(QCHs radical undergo-

ing decomposition or reaction with,@ a minor extent (Scheme
2A). Clearly, at room temperature and atmospheric pressure
of air, the major reaction of the G8(O)OCH(QCHs radical

is via the novelk-ester rearrangement involving isomerization

Tuazon et al.

SCHEME 6

o
COCHCHO | — (CH3C(0)OH

CH3

+ CH;CHCHO

o
NO ﬁ—» NO,

CH;CH(O)CHO

'

CH;CHO + HCO

CH;C(0)OCH(CH;)CH,0 —— ’7CH;

FID analyses, which showed that any formation of acetaldehyde
(after taking into account reaction of acetaldehyde with the OH
radical) had a molar yield 0k0.01. It is estimated that the
CHzCH(O)CHO radical will dominantly decompose at room
temperature and atmospheric pressure ot altherefore, our
lack of observation of CECHO (with a formation yield of
<0.01) suggests that the potentixkester rearrangement pro-
ceeding by a six-membered transition state (Scheme 6) is not
competitive with decomposition (Scheme 3B). The products
observed and quantified account for 1:88% of the isopropy!
acetate reacted.

through a five-membered transition state, as shown in Scheme tert-Butyl Acetate. H-atom abstraction from the-CHs

5.

Isopropyl Acetate. As illustrated in Figure 2, infrared
analyses of irradiated GGONO—NO—isopropyl acetateair
mixtures showed the formation of both acetic anhydride and
acetic acid. GEFID analyses showed that acetone was also a
reaction product, but that acetaldehyde was not formed in
detectable amounts. The formation yields of acetic acid, acetic

groups of the—C(CHg); and CHC(O)— moieties, leading to
the alkoxy radicals shown in Schemes 4A and 4B, respectively,
are estimated to account for 92% and 8%, respectively, of the
overall OH radical reactiof'6 As shown in Scheme 4A,
H-atom abstraction from the-C(CHs)s group can lead, after
decomposition of the C¥(O)OC(CH),CH,O radical, to
HCHO plus the CHC(O)OQCHsy), radical, with the latter

anhydride and acetone are given in Table 1, together with anradical being identical to that formed after H-atom abstraction
upper limit to the formation yield of acetaldehyde derived from from the >CH— group in isopropyl acetate. Therefore, based
the GC-FID analyses (and taking into account secondary on our product data for the isopropyl acetate reaction, decom-

reactions of acetaldehyde).

H-atom abstraction from the-CH— and —CHjs groups,
leading to the alkoxy radicals shown in Schemes 3A and 3B,
respectively, are estimated to account for 89% and 10%,
respectively, of the overall OH radical reactiti® Reference
to Schemes 3A and 3B show that the £LKO)OC(Q(CHs),
radical (the expected major initially formed alkoxy radical) must
decompose by methyl elimination via<C bond scission and,
to a lesser extent, by decomposition viaQ bond scission
and/or by 1,5-H shift isomerization through a six-membered
transition state. This latter 1,5-H shift isomerization through a
six-membered transition state is the “normal” isomerization
pathway observed in alkoxy radicals formed from alkahes.
Because CBC(O)CH; is formed from decomposition via-€0
bond scission and possibly after the 1,5-H shift isomerization
(Scheme 3A), we cannot distinguish between these two reaction
pathways. The analogous elimination of a methyl radical has
been observed from the alkoxy radical (§#€HOC(Q(CHs)
formed after H-atom abstraction by the OH radical from the
tertiary G—H bonds in diisopropy! ethei

Decomposition of the CEC(O)OCH(CH)CH,O radical
formed after the minor H-atom abstraction channel leads to the
CH3C(O)OTHCH; radical. Because this radical is the same
radical as that formed after the dominant initial H-atom

position of the CHC(O)OC(CH),CH.O radical should lead to
acetic anhydride and acetone with an acetone/acetic anhydride
yield ratio of 0.32+ 0.04.

Acetone plus acetic acid could be formed bypeester
rearrangement involving a six-membered transition state; how-
ever, acetic acid was not observed from tag-butyl acetate
reaction (with an upper limit yield of 0.07) and, as discussed
above, the analogous process was not observed in the isopropy!
acetate reaction. It should be noted, however, that due to the
low conversion otert-butyl acetate the nondetection by FT-IR
analyses of acetic acid from the dominant alkoxy radical formed
from tert-butyl acetate (Scheme 4A) is not conclusive evidence
against the occurrence of tifeester rearrangement. Decom-
position of the (CH).C(O)CHO radical to CHC(O)CH; +
HCO is calculated to be almost thermoneutral and 12.5 kcal
mol~1 more favorable than the endothermic decomposition to
CHsC(O)CHO + CH3,1"18 and hence acetone would be the
expected coproduct to acetic acid in fhester rearrangement.

Acetone (plus HCHO coproduct) can also be generated by
decomposition of the OH,C(O)OC(CH)s radical formed after
H-atom abstraction from the GB(O)— group, the predicted
minor H-atom abstraction channel (Scheme 4B). Our acetic
anhydride and acetone formation yields are consistent with

abstraction pathway from ethyl acetate (see Scheme 2A), acetigdecomposition of the OH,C(O)OC(CH;)s radical (~4 + 4%)

acid is the expected, as well as the observed, product.
Comparison of our acetic acid yield of & 3% with the

and decomposition of the GB(O)OC(CH,),CH.O radical (65
+ 6%). The remaining 31 8% of the reaction pathways

estimated percentage of reaction proceeding by H-atom abstrachot accounted for must then involve reactions of the

tion from the two—CHs groups on the—CH(CHs), moiety
(10%) suggests that decomposition of thesCHD)OCH(CHy)-
CH,O radical dominates over the other potential reaction
pathways (Scheme 3B). This conclusion is reinforced by-GC

CH3C(O)OC(CH).CH,0O and OCH,C(O)OC(CH)s radicals
with O, leading to unobserved products and/or measurement
uncertainties due to the small amounts teft-butyl acetate
reacted.
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Our product studies of the OH radical-initiated reactions of
ethyl acetate, isopropyl acetate ateit-butyl acetate in the
presence of NO show that alkoxy radicals of structure;CH
(O)OCH(OR undergo a noveb-ester rearrangement reaction
involving migration of the H-atom on the alkoxy carbon to the
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