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The oxidation of several ketenes with peracids has been examined. Di-tert-butylketene (3) reacts with peracetic
acid to give carbon dioxide, di-tert-butyl ketone, 8-lactone 4, and a-acetoxy acid 6. The formation of these prod-
ucts is rationalized by invoking a-lactone 9 as a key intermediate. It was independently demonstrated that peracid
converts 9 to di-tert-butyl ketone. Ketene 14 yields a-acetoxy acid 17 upon reaction with peracetic acid and con-
jugated acid 18 when treated with MCPBA. Diphenylketene is oxidized by peracetic acid to benzophenone and
benzhydryl acetate. The latter product appears to be formed by decomposition of intermediate diacy} peroxide 26.
Ketene 30 is unreactive to peracid oxidation but is converted to esters 31 and 32 by ozone, apparently in a normal
oxidative cleavage process. The nature of these conversions is discussed.

The success of work directed toward the synthesis of al-
lene oxides by peracid oxidation of allenes? has prompted
us to examine the analogous reactions of ketenes with
oxygen-transfer reagents as a possible synthetic pathway
to the elusive a-lactone structure 1. a-Lactones have long
been proposed as reactive intermediates in reactions such
as the solvolysis of a-halocarboxylate anions;? the interac-
tion of appropriate ketenes, acid chlorides, and acid anhy-
drides with pyridine N-oxides;* the thermal and photo-
chemical decomposition of certain diacyl peroxides,® per-
esters,® and cyclic peranhydrides;? the air oxidation of
ketenes;® the addition of carbenes to COg;® and, in one in-
stance, the peracid oxidation of diphenylketene.l9 During
the course of the present investigation three reports of
more substantial nature have appeared in the literature.
Bartlett and Wheland presented evidence for oxygen
transfer from ozone to ketenes, including low-temperature
nmr characterization of the presumed a-lactone derived
from di-tert-butylketene.!® The most convincing demon-
stration for a-lactones comes from low-temperature in-
frared studies of the photolysis products from several mal-
onyl peroxides. The intermediates thus generated show in-
tense carbonyl bands at about 5.3 u (~1900 cm-—1).12
Most recently, bis(trifluoromethyl)acetolactone, a reason-
ably stable «-lactone, has been also prepared by. this
method.13 In general, however, a-lactones are apparently
extremely reactive, yielding predominantly polymers and
products derived from nucleophilic attack at the « carbon,
These reactions are readily understood in terms of a facile
opening of 1 to the reactive zwitterionic intermediate 2.
Theoretical support has been gathered for this conjec-
ture, 11
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The oxidation of ketenes with peracids!* was studied
most extensively with di-tert-butylketene (3), a highly
hindered, unreactive member of this class of com-
pounds.'® In principle, the bulky tert-butyl substituents
should help to stabilize an «-lactone intermediate by
shielding this species from attack by external reagents.
Reaction of 3 with 2 equiv of peracetic acid in CH»Cl; at
0° gave a 22% yield of B8-lactone 4, 33% of di-tert-butyl ke-
tone (5) and 3% of a:acetoxy acid 6 in addition to unchar-
acterized polymeric material. A similar reaction in the
presence of 8 equiv of methanol gave 5% of a-methoxy
acid 7 in addition to 3% of 4 and 26% of 5. Utilization of 1
equiv of m-chloroperbenzoic acid (MCPBA) as the oxi-
dant gave a 31% yield of CO; as well as 34% of 4 and 31%
of 5 (based on ketene consumed). Analysis of the effluent
gases for CO demonstrated that only a trace (0.8%) was

produced in this reaction. Product characterization was
accomplished by glpc isolation and spectral examination,
except for 4, which was unstable to glpc and required
careful vacuum distillation and column chromatography
for purification. However, it was shown that 4 smoothly
pyrolyzed to 8 under. the glpc conditions and the latter
was used as a quantitative measure of the amount of 4
present. The acidic products were isolated and character-
ized as their methyl esters.

These results implicate «-lactone 9 as a reactive inter-
mediate in this ketene oxidation. Reasonable transforma-
tions of 9 outlined in Scheme I account for the observed
products, most likely via the intermediacy of zwitterion
10. Reaction of acetate at the electrophilic site of 10 leads
to the a-acetoxy acid, whereas the inclusion of methanol
in the reaction mixture results in the diversion of 10 to a-
methoxy acid 7. Methyl migration transforms 10 into a
new zwitterion 11, the probable precursor of 4.16 Alterna-
tively, 10 can react with additional peracid, ultimately
producing 5 and COsg, most likely by the indicated frag-
mentation of the nucleophilic adduct 12.17
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An opportunity to test this hypothesis was provided by
the report that «-lactone 9 could be prepared by ozone
treatment of 3.11 Firstly, the assigned structure 9 was
conclusively demonstrated by a low-temperature ir spec-
trum which manifests an intense 5.29-u (1889 cm~—1!) car-
bonyl band. A solution of 9 in CH,Cl, at —78° was pre-
pared by the reaction of 1 equiv of O3 with 3. Warming a
sample of this solution gave 35% of 4 and 6% of 5. How-
ever, when the solution was treated with an excess of
peracetic acid before warming, 9% of 4 and 18% of ketone
5 were obtained. The threefold increase in 5 demonstrates
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that 9 reacts with peracid to yield 5. The diminution of
the yield of 4 is likewise consistent with this explanation.

The source of the small amount of ketone 5 in the blank
ozonolysis experiment was explored briefly. Although air
oxidation of ketenes to ketones and COg is known,8:18 3
did not react with Oz under the reaction conditions nor
does singlet Oz react with 3.1° Oxidative decarbonyla-
tion2® of the a-lactone by O3 is also excluded by the ob-
servation that prolonged reaction with excess Oz did not
increase the amount of 5. Spontaneous decarbonylation?!
of 9 is another potential pathway to 5 which appears to be
excluded experimentally by the stability of the «-lactone
over a long period of time at —78°. (However, it is possible
that decomposition of 9 takes place during glpc analysis.)
Addition of O3z to 3 in a fashion analogous to that for sim-
ple olefins22 should lead to 13 or its equivalent. The ex-
pected fragmentation of this primary ozonide would gen-
erate 5 and CO3,2% or COz and the carbonyl oxide of 5,
decomposition of which could lead to 5 itself.2*

The interaction of a second hindered ketene, dineo-
pentylketene (14), with peracids was also studied briefly.
Ketene 14 was synthesized by a similar route to that used
for 3,15 but is a more typical ketene in regard to its reac-
tivity. Although no evidence was obtained for dimeriza-
tion, 14 does react readily with atmospheric moisture to
give acid 15 and anhydride 16.

The reaction of 2 equiv of peracetic acid with dineo-
pentylketene gave anhydride 16 as the major product, but
4% of a-acetoxy acid 17 was also isolated. Utilization of 2
equiv of MCPBA as the oxidant resulted in the formation
of 30% of «,3-unsaturated acid 18. Assignment of the stere-
ochemistry of 18 is based on the low extinction coefficient
for its uv transition at 215 nm (e 4090), which indicates
steric inhibition of conjugation between the double bond
and the carbonyl group.2?®

These results are best rationalized using «-lactone 19 as
the key intermediate (Scheme II). Transformations of 19
via zwitterion 20 account for the observed products. Thus,
attack of acetate leads to a-acetoxy acid 17. Alternatively,
zwitterion 20 can undergo loss of a proton (perhaps by a
1,4-hydrogen transfer to the carboxylate function) to gen-
erate «,8-unsaturated acid 18. The fact that dineopentyl
ketone (21) is not a product in these reactions is explained
by this new reaction pathway which appears to compete
successfully with peracid attack on 20. This pathway is
not available for di-tert-butylketene, which has no 8 hy-
drogens.
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Reaction of diphenylketene (22) with 1 equiv of perace-
tic acid in CHsCls at 0° gave 14% of benzophenone (23) and
17% of benzhydryl acetate (24) (Scheme III) in addition to
considerable polymeric material. Although the polymeric
material was not analyzed in this particular experiment,
it is undoubtedly the polyester of benzilic acid which was
also obtained in the ozonolysis of diphenlyketene, presum-
ably vig a-lactone 25.11 The ir spectrum of the crude reac-
tion mixture displayed additional absorption at 5.50 u and
the nmr spectrum had singlets at 6 1.88 and 6.79 which do
not arise from characterized products of the reaction.
These data are consistent with those expected for mixed
diacyl peroxide 26. Refluxing the crude reaction mixture
in benzene for 8 hr resulted in the disappearance of the
5.50-u ir absorption. Performing the epoxidation of 22 in
the presence of 4 equiv of methanol gave 23 and 24 in ad-
dition to methyl diphenylacetate. Among the acidic prod-
ucts were small amounts of «-acetoxy acid 27 (0.3%) and
a-methoxy acid 28 (3%), as well as diphenylacetic acid.

Scheme IT1
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The formation of ketone 23 and trapped products 27
and 28 is understood in terms of an intermediate «-lac-
tone. A new type of product not seen in the previous ke-
tene oxidations, however, is acetate 24. This material is
viewed as arising from the indicated six-center decompo-
sition of unisolated peroxide 26 (spectroscopic evidence for
which was cited above). This unsymmetrical diacyl perox-
ide is derived from nucleophilic addition of peracetic acid
to diphenylketene. The emergence of a new product path-
way leading to acetate 24 appears to be the result of a
more favorable conversion of 22 to diacyl peroxide 26, rel-
ative to the related transformation for the dialkylketenes.
This can be appreciated if a-lactone formation occurs by
way of an intermediate such as 29. Stabilization by phe-
nyl groups should slow down ring closure of this species to
the «-lactone, thereby allowing tautomerization of 29 to
26 to become an important competing process. Alterna-
tively, the two competing processes may be between a
one-step oxygen transfer from peracid to the ketene dou-
ble bond and nucleophilic addition of peracid. The latter
process should also be aided by phenyl substituents.

The lability of proposed intermediate 26 was corrobo-
rated by several attempts at its synthesis, Thus, treat-
ment of diphenylperacetic acid with either acetyl chloride
or ketene at low temperatures gave acetate 24 as the only
isolable product. Likewise, reaction of peracetic acid with
diphenylacetyl chloride also resulted in 24. However, the
crude reaction product of these reactions displayed ir and
nmr absorptions appropriate for diacyl peroxide 26 in ad-
dition to those of 24,

Treatment of butylethylketene2® with 1 equiv of perace-
tic acid afforded 19% each of 3-heptanone and CO; as the
only important volatile products. Examination of the aci-
dic material revealed only acetic acid.

The oxidation of tert-butylcarbethoxyketene (30) was
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EXPERIMENTAL SECTION

General,--Nur data were obtsined on CCl; solvtions using Varian
£-60 and HR-220 spectrometers, Infrared {ir) spectra were abtainsd
neat or on GCL, solutions with & Perkin Elmer I2-137, Analyeical glpc
was performed on an Aerograph 1200; preparative gipc on an Aetograph
AT00 instrument, Yields determined by glpe were obtaimed comparing
peak avess against an internal standard and are corrected for cempound
vesponse, Melting points are corrected, Anhyd MgSO, vas used as &
drying agent,

Reracetic Acid Solutions,--ypically, acetic acié was removed from

1.0 g of commercial 40% peracetic &cid by slowly adding the peracid te
an Leexcold slurry of excess anbyd Nag00s in 20 ml of CHeClz. After
gtirring at 0° for .5 min, the solid was removed by filtration and the
peracatic acid solution was used immediately, This procedure vesulted
in & peracid solution without substantial loss of oxidizing ageac.3®
Oxidstion of 3 with Peracetic Avid.--A. To 0.8 g of 3 and 1.2 g
of arhyd N¥ag00z in 20 ml of CReGls at 0° was added dropwiss one equiv
of peracetic acid in 20 ml of CHaClz, After scirring st 0° for 2,5 br

the reaction mixture wag filtered and the aolvent was removed from the
filtrate under reduced pressure: ir 4,79, .51, 5.72 and 5.92 ,. The
volatile products were vemoved from the crude mixture by vacuum trans

fer. Glpc showed B, 5, and 3 {n & L3:43:ik ratfo. Subjecting a sample

%o coluan chromacography on neutral aluzina gave & small amount of &
1r 5,51 4 nar 6 111 (s, 9), 1,23 {s, 3), 145 (s, 3), ané 1.68 (s, 3).
The ¥esidue from the vacuun transfer was dissolved in GHoClz end
extracted with NaaQOy solo. The extract was scidified with cane HCl
and extracced with ether, The ether extract was concentrated and the
acidic procucts were ssterified by the addition of ethereal diazamethans,
Remaval of the solvent and glpc Lsolation gave 7O mg of methyl 2e-butyl.
3,3-dimethylbutancate: ir 5,72 uj mac & 1,6- (s, 18}, 2,03 (s, I) and
3.53 (8, 3) and 30 wg (3%) of methyl 2-acetoxy~2-g-butyl-3,3-dimechyin~
butsncate mp 78,0-79.5%; Lir 5.75, 7.96.and 8,08 43 wmr § 1,14 (s, 18},
2,00 {3, 3) and 3.61 (s, 3},

FIERER:
Reaction of § with Excess Oa.--Ta & solution of C.2 g of 3 {n G

30 ml of CKzClp was bubbled in excess Oy at -78°, After 15 min, &n

aliquot was withdrawn and allowed to warm to room temperature, Glpe

vevealod 3 (3% and 4 (43%). 'The remainder of the resction mixture

was held at =T8° for 3 hr in the presence of excess ozone befors

warming to room temperature, Glpe analysis gave 3 (2%) and & {10%),
b;b-Dinethyl-2.neopentylpentanot 3%

flushed with nitrogen was added 4,~ g of MaBH, to 25C ml of THF conn

taining 18 g of 4,l-dimethyl-2-neopentyl-l-pentene. To this stirved

To a flame-dried apparatus

suspension was added 20 ml of distilled BFs etherate during L hr,

aintaining the at imately 20°. The resultant 7s-

action mixture vas heated for % hr at -0° after which excess hydride
was destroyed by the addition of 50 ml of water, The organcboranz
was oxldized by the additton of LO ml of 3 K NaOk follawed by crop-
wise acdizion of 4O ml of 30% hydrogen peroxide, The reaction mixture
was satursted with ¥eCl and the organic layer was separated, washed
with satd NaGl soln, dried over amhyd NagSUs and cancencrated. The
resultant yellow paste was rediasolved in ether, and dried again over
anhyd NagS0,, Removsl of the salvent gave an oil which crystallized
upon cooling co glve 20.€ g (97%) of i,hedimethyl-Z.neopentylpentanol:
mp Z6-41°%; ir 2.09 and §.71 u; nmx 5 C.52 (s, 18}, 1,35 {m, 5), 3.6C
{m, 2) and 5.95 (s, 1)o
L b=Dimerhyl

stirred solution of 10,5 g of b l=dimethyl-2-neopencylpencanol in 103

laentaneic Acid (15).%%.-To a cooled,

nl of scetene was added 52 ml of 8 N chroric acid over & period of 30
min, The reaction mixture was heated at €0° for 2 hr and then allowad
to stand for 12 hr at room temperature, After the adéitfon of 225 ml

of water, the mixture was extracted four times with ether, The com-

bined layers vers dried ard concentrated, Recrystallization from
methenol-water gave 9.2 g (B1%) of 13, np 35~36°. Recrystallization
and sublimation gave & purs sample: mp 86.8-87.2°; ir 3-U and 5.88 uj
ame £ 0.93 (g, 38), L.5¢ fm, &), 2.35 (m, 1) and 12,12 (s, 1},

The aqueous lsyer was acidifled and extracced with ether, The
extract wae dried and concentrated to give 52 mg ¢f & clear oil which
was esterified by treatment with ethereal diazomechane, Three peaks
were ldentified asg methyl diphenylacatate and the
methyl esters of 28 {3%): fr 5.7% up mwr § 3.32 (s, 3), 370 (s, 3)
and 7.2 (n, 10); and 27 (0.38): 1ir §.72 L; now £ 2.08 (s, 3), 3.88
ts, 3) ané T.15 (s, 10},

Diphenylperacetic Acid,--Te a beaker containing 3.0 g of diphenyl-
acetic dcid was added 10 g af rechanesulfonic acid, The mixture was

in the ratio 53:!

cooled ta 5° and stivred vigorously with a kigh-speed stirrer while 3.0
g Of 50% Fz0p was adied dropwise, The addition took 20 min, and the
temperature was not slloved to exceed 11°. The resuliing slurry was
warmed slavly to 25° over b hr by letting the surrounding ice bath melt,
as dfd higher

(Removal of the ice bath caused g it
or prolonged standing at 25%) The slurry turred gray during this time,
After caoling back to 5°, Lee (1C g) was zarefully adéed (exotheruic ()
folloved by 10 ml of cold satd (Mg)aSGs soln. The contents of the
beaker were transferred to a separatory funnel and extrected thres times
with benzena. The extract was washed twice with sold satd (Miy)eSD,
soln, dried over athyd NezS0,, and the solvent was cautiously vemoved
on the flash evaporator at less than 30°. The Teaulring yellew solid
was reciyscallized twice fram 3:1 petane-sther to give 2,3 g (60%) of
diphenylperacetic actd as & light yellow eolid: mp 57.C-85.1° (dec);
ix 5,70 and B.97 45 ame § 5,13 [s, 1) and 7,3 (s, 10). Analysis gave
& pevacid content of 38,5%,%°

Attenpted Synthesie of Acetyl Diphenylacetyl Pevoxide (6).-~
A, To 0.1 g of diphenylperacetic actd fn & ml of ether at 0° wis
added 0,16 g of acatyl chloride in 10 ml of ether. Addition of C.l- g

of pyridine caused the instantaneous farmation of & white precipliate,
After stirring 1S min, 4t O° the mixture was diluted with ether, washed

with cold water, dried, and ccncentrated to give O

g of a cloudy
Dy 488, 559,
£.83, 7.05 and 7,15, Attempted purificaticn of the diacyl perox:

glass: fr 5.49 and 3,75 .3 mme einglemat & 1,33, 1,

column ckromatagraphy gave only 2t.

B. A ketene generator® was used ta obtain a ketene Solution in

CHgCla at -75° which was added to C.3 g of diphenylperacetic acid in

examined, since this readily available,27-28 stable ketene
should give an a-lactone intermediate whose zwitterionic
form is destabilized by the electron-withdrawing carbeth-
oxy group. However, this substituent also retards electro-
philic attack on the ketene. Thus, treating 30 with per-

PR
o Calod for GigHa;0.t G, 63.9%; H, 0.30. Found: €, §3,5;

B. To a slurey of 0.UL g of 3 and 0.5 g of ankyd Nagl0y i 10 ml
of CHaGla #% 0° vas added 2 equiv of pevacetic actd in 350 ml af CHaCla.
Alter stirring ac C° for 2.5 hr an aliquot analyzed by glpe showed &
335 yield of 3 and a 22% yield of 4, It was demonstrated that under

the glpc conditions & pyrolyzed sssentially quanticatively to §; the
peak ares of che latter was used as & measure of the amount of 4 present,

iation of 3 with Peracecic Acid.in the Presence of Mechanol.--
To C.46 g of 3 &nd 0.1k g of amhyd NazC0s in 30 ml of CHaClz at O° was

added 2 equiv of peracetic acid {n 23 ml of CHpCly containing § equiv
of methanol, The reaction mixture was stirred ar 0° for 5 hr at which
time & negative starch-iodide test was obtained. Glpc revealed the
presence of 3 (26%) and 8 (3%).

The remction mixture was d{luted with weter aod the squeous layer
was separated, acidified and extrreted with ether. The organic extrasc
was dried and the solvent was removed tc give 24 mg (S5%) of 2-methoxy-2-
Lebutyl-3,3-dimethylbutancic scid (J) as & gray solid: mp 125-133° (dec);
ir 34 and 5,87 4. This materisl vas treated with ethersal diszomethane
and the resulting ester was purifted by glpe to give methyl Z.mechoxy-2-
op 63-4°5 1r 5,78 45 wur 5 1,10 (s, 18),

£-butyl-3,3-dinethyl-bucancas
2.5 {3, 3} and 3.68 (s, 2.
Anal. Caled. for CigHauOp: G, 96.63; K, 11,
W, 11,3,
Oxidacion of 3 with OFBA.--A. To 0.1 g of 3 in 10 ml of CHaClz
at 0° was added one cquiv of MGFBA in 10 ml of CHzCle. The reaction
mixturs was stireed at Q° for 2 hr during which time a nitrogen strean

. Found: G, 65.%;

was passed through the apparatus and then over Ascarite which absorbed
a 31% yield of G0z, Analysis of the reaction mixture by glpc geve 3
(319} and & {34%). The reaction mixture was diluted with echer and
extracted with a NaHCOg soln, The aquecus extract was scidified and
extracted with ether, This extract was concentrated and esterfled
wich sthereal ¢iazomechane, Evaporation of the salvenc gave an oil
which contained only methyl m-chlorobenzoste.

L otming
Chloride,®..To a cooled, stirred
solution af §.3 g of 15 in 120 5l of arhydrous benzene wes added 8,2 ml

4,4-Dimethyleg

of oxalyl chloride over a pertod of 15 min, The reaction was allewad to
stand at voom temperature until gas evolutian ceased (2 hr}, After « br
ac veflux, the brown 1iquid was vacuu distilled to give 7.3 g (86%) of
4 bedimethyl-2-neopentylpentanoyl chloride as & clear colorless Liquid:
bp T3° (1.6 mm); dr 5.58 45 nr § 0,35 (5, 18), 1.51 (m, &) ane 2.59
(s, 1),

Dinaopentylkerene (1h).-~To & flame~dried spparatus flushed with
nitrogen vas added 2,0 g of 4,--dimathyl-2-neopsntylpentanoyl chloride
and 1.7 g of triethylenediamine in &0 ml of dry benzene, The reaction
wixture vas vefluxed for 70 br during which time a yellew eolor and a
gray precipitate developed. The reaction mixture vas filtered through
& sintered glass funnel under 4 nitrogen blanket and the filtrate was
vacuun transferred twice to remove aolid material and residusl solvent,
Nar analysis of che resulting yellow distillate revealed triethylenedia-
oine, benzene, and L4: iv 4,79 .; nmr § 0.89 (s, 18) and 1.80 (s, b},
The yield of i was estinated to be:4O% by addition of a known amount
of CHgCle a8 an e standard,

Oxidation of 1 with Peracatic eid.~-To a slurry consistirg of 2

equiv of peraceric acid 0d 3.5 g of anhyd NagCOs in 30 ml of GHzCly
at,Q° was added 5.0 g of Lb, After 17 hr ac room temperature, the mix-
turs was f{ltered and the solvent was removed from the filerate to give
387 mg of & paste, This materisl was subjacted to column chromatography
on silica gel. In addition to the major product 16: ir 5,73, 5.8€ and
9,65 3 tmr 6 0,95 (s, =3), 1.65 (v, -) and 2.50 {m, 1); there was 15C
mg {h%} of 2 1-4 acid (17) a8 a white
solid: mp 123,5-184.4°; ir 5,7% and 5,52 u; 22C MMz mawr § 0,93 (s, 18),
3.83 (4, 2, 3 =15 Mz}, 2.00 (5, 3) and 2.58 {d, 2, 3 = 15 Ha).

Ana}. Caled for CigHpeO4: G, €5.09; H, 10.1k. Found: €, 65.2;
By 9.9,

Otidation of 1} with NGPRA.-~Ta 110 mg of 14 fn 2C ml of CRaCla
was added 2 squiv of HOPRA 1n 30 wl of CHgOla. The reection mizture

RLbA
5 ml of GHaGle at ~76°, The resulting mixture was stirced for 2 hr and
then solyent and excess ketene were removed under vacuun at C°, The
residve was dissolved in echer, vashed with sacd NaMCOs, dried, and
concentrated to gtve G.18 g of & glass: dr 5.51 and 5.75 . Only 25
was obcained upon column chromatograshy.

To one squiv of peracetic aci¢ ir 15 ml of ether at C° was

added 2.5 g of diphenylacetyl chloride in 20 =l of ether, iollowed by
©.9 g of pyricine. After stirring for =% min. at 0, the resccion mixe
ture was vashed twice with watsr, dried and concentrated to give 2,1 g
of a yellow 0il: 1ir 5.5 and 5. 5 L. Column chroracography gave only
Diathyl t-Bucylmelonate.3-~To & flame-dried apparatus vas addac
23,2 5 of Cul and 2.2 g of diechyl isopropylidenenslonate ia 165 nl
of ankyd ether under ¥z, The stirred mixture was cooled to C° and 2
equiv of mathyllithiun in ether was added, Alter stirring at 3% for
1 nr and roon temperature for 2 hr, the reaction mixture was quenched
with cold MH,CL soln and filtered, The Eiltvate was washed with vater,
drted, &nd the sclven: vas vemoved to glve EL.7 g (53%) of essenuially
pure diethyl gobutylnalanate o5 a clear, colorlese liquid,
This material was travsformed into 30 by the literature preparacion.2”
Oxtdation o 30 with Ozome.~-Og was bubiled into & solucian of &
mg of 30 in € ul of CHaCle at C° for 15 min, After warming the mixture
te voom temperature, ghpc analysis showed a 25% yleld of ethyl trimechyl-
pyruvate (31 and 5% of t-butyl ethyl oxalete (32), Ozome did rot
react appreciasly wich 30 at ~78°. Compound 3L showedi ir 5
and 9,50 45 e § 1,22 {5, 3), 136 (r, 3, J = 7 He) and 4.25
7 Hz).
E-Bugyl Eghyl Oxalate {32).--To & stirred solution of k- g of

oxalyl chloride 1n 20 vl of anhyd ether at G was added 1 equiv of

febutanol, After stizving at roon temperature for 1 e, I equiv of
absolute ethanol was added and the reaz:fon mixture was stirved for an
additionsl hour. The reaciion mixture was poured onto ice and the
oxganic layer was washed with sacd YaHCO3 soln, dried, ané concentrated
to give 3.5 g (52%) of sasentially pure 32 as a ciear, colorless liquid:
ix 5:66, 5.73 and 3,73 uy noe 5 1,33 (e, 3, =7 He} 1.57 (8, 9 and
L.32 (g, 8, 3= 7 ¥z,
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B, To 265 mg of 3 in 20 ml
of NCPBA in 20 wl of CHpla, The reaction mixtute was allowed to stir
a6 C° for 2,5 hr while & nicrogen siream passed through the apparatus,

2 GHalle at 0° was added one equiv

through Ascarite o absor> (Oz through a -41° trap to condense solvent
vapor and then into 1z0g to detect CO;3' a 24% yleld of COz and & 0,5%
yield of CO were cbtained, Glpc analysis gave 5 (30%) and & (2u#),

€. To 0,23 g of MCPBA in LD ml ofF CEzClp at O° was slowly added
3.09 g of % n 5 ml of GHgCla, The mixture was stirred at 0° for 2 hr
while evolved gases were passed over Ascerite; a 32% yield of COp was
obtained, The excess peracid was destroyed by addition of Zwmechyl-2-
butene, Glpe showed 3 (23%) and b (28%).

Di.t-burylacerolzctone (9}.*«-To & solution of 0.1 g of ketene
3 1n 20 ml of CFClg at «73° was bubbled in one equiv of Op from a
Welsbach ozone generator. An aliquat was trangferred to a low-tempera-
ture infrared cell st -78°. An Intense absorption at .29 y was ob-
served upon ir examination of this cold reaction mixture, A white
polymer develaped vpon warming the reaction mixture to room temperature.
When CHgCla was used as the solvent, the carbonyl band of § wae again
visible, but the additfon of CHgOH at -78° caused the 5,23 . band to

slowly ¢sappear and the absorpeicn bands of & to increase in jntemsity.
Resctian of 3 with Oxygen.--Osygen was bybbled through a solutfon

of 27 wg 0f 3 In 10 ml of CHaClp for & hr at -78°, Evaporation of the

solvent left only unreacted 3,
Reaction of 9 with Peraceric Acid,--Ozome was bubbled into a so-

lurion of 47 mg of 3 in 10 ml of CHzCls at -78° until a blue color

develaped, Aiter 10 min, &t -73° a nltrogen stream was bubbled through

the mixture urtil the blue color of excess Oz had disappeared, An

aliquot was allowed to warm to room temperature; glpc revealed § (6%)
and b (35%), The remainder of the reactfon mixture was treated with an

excess of peracetic acid in CHaCla at -73° and allowed to stand for 2,5
hr, After warming to room temperature, glac showed 3 {18%) and & (9%).

was stirred at rcom temperature for 2L hr at which time & negative
starch-iodide rest was obtained, The mixture was concentrated and the
vesidue was subjected to column chromatography on silica gel. Fractions
containing m-chlorobenzoic acid, 13 and if were obtained in addition to
~6 mg (20%) of 2-necpentyl-U k-dimethyl-2-pentenolc acid (12} as & white
solid: mp Thul-Thu§5 fx 3-b, 5.90 uj v £ 0.30 (s, 3), 116 {5, 9},
2,18 (s, £), 5.52 (s, 3) and 12,22 (s, 1}; uv (hexane) 215 m (¢ £CS0).

Anal. Calod for CigMezOzi C, 72.68; K, 11,16, Found: ©, 73.0,
B, 2

Oxtdation of 22% with Peragetic Acld.--To 0.97 g of 22 and 1,0 g
of arhyd NazC0a ia 10 ml of CHaClp at O° was sdded one equiv of peracetic
aeid 1a 20 ml of GRzGla, The peracetic acid was added ropeise wntil the
bright yellow color of 32 dlsappeared. After stirring at'0® for 25 min,
the ir of en aliquot showed the absence of 22, Since the reaction mix~

ture gave a positive starch-lodide test, 2-vechyl-2-butere was added to
destroy excess peracetic acid, The wixture vas flicered, diluted with
GHzGla and washed with NaHCOs soln. The aquecus layer was extracted
with CHallz and the combine¢ extvacts were dried and concentrated to
give 0.8 g of paste: ir 5.5, 5.73 and 6,02 ,; nox singleta at & 1.38,
1.9h, L.57, 6,79, T.07, and 7,16, Calibraced glpe analysis revealed 23
(ic%) and 24 (17%), Reiluxirg a portion of the crude reaction product
in benzene for  hr resulted Ln the disappearance of the 5.50 y absorption.
The praduct distribution was esaentialiy the same whem the reaction was
perforted ac -23° and at room cemperature,

Oxtdacion of 22 with Perscet{c Aci¢ in the Presence of Methanol,«=
To .68 g of 32 an 1,G g of anhyd KagG0p in 10 nl of CHgOla &t O° was
added one equiv of peracetiz sctd in 10 ml of CHzClz and 4 equiv of
anhyd methanol, After stirring for 35 min, at 0°, ir revealed the

complete dissppearance of 28, Excess peracid was deatroyed by the
addition of 2-methyl-Z-butene and the resction mixture was filtered and
diluted with CHaCla, The organic layer was washed with satd NaHGOm
soln, dried and concentrased to leave 0.59 g of a claudy glass. Three
velatile products in the ratio of 35:51:Lh were fdentified as 23, 2b and
sechyl diphenylacetate,

JOCaU3=
Caled for CgHialy: €, 35.1%; H, 3.10. Found: €, 33.5;

Oxidation of Butylethylketene wish Peracetic Acic,--To a slurry
consisting of 0.5 g of butylethylketene and 3,6 g of Nagl0a in 12 £l
Of THgllg at C° was adsed 1 equiv of peracetic acid in 12 ml of OHGla.

A nitrogen stream was bubbled through the reaction mixture into an
Ascarfte sbsorption bulb, Over the 5 hr reaction pevind 13 of 00z wae

absorbed, Excess peracid was destroyed by the sddition of 2-methyl-2«

butene anc the Teactlon mixcure was filteved and carefully concentrated.
Glpe enalysis gave a 9% yield of Z-teptanone,

The residual salts were dissclved in vater, acidified and extracted
with ether, The extract was dried and the solvent uas removed to give
acetic actd as the anly imporcant product,

Oxtdatton of Ketene with Ozone,--A Solution of ketene was ozonized
at -75° until & deep blue color developed, After standing az «72% for
5 Tr the reaction mixture was brought slowly to room temperature.
Solvent was removed &t reduced pressure to yleld a thick browa oil
whick gave a positive stavch-ioéide test, White ctystals of succinic
gahydride (54} sublimed from the crude reaction mixture upon attempted
vacuum transier.

Owidation of Dimethylkezene with Ozone,--Dimethylketene was synthen
sized by pyrolysis of tetramethyl-l,3-cyclotutanedicne at §00° and
trapped 4t =73%, Methylene chloride was added to che cold trap and the
solution was ozonized at -78°, The salution became green but did not
turn the typical blue color even after lemgthy ozonizatior. The gresn
aolution was allowed to stand st -78° for 12 hr and then brought slowly
to roor temperaturs, The green color faded to yellow accompanied by
gas evolution: fr 3.0.0, 1.2 (00z) and 5.8 uj wmr ¢ 2.14 (s, 2,08

(s) s06 L.1-1,6 (numerous absorptions}, After a few hours &t soom
temperasure, the reaction mixture became colorless ard gas evolution
ceased, The mmr showed new signals at § 5,58 anc 3,39 in addition to
the above, The reaction misture was dissclved in sthet and vashed
chree times with cold NaHOOp solr. The organic layer was shown to

contain a 20% yleld of acetone by glpe.

acids resulted in the slow formation of very complex prod-
uct mixtures which could not be effectively examined.
However, reaction with an excess of O3 at 0° (no apprecia-
ble reaction occurred at —78°) resulted in a 26% yield of
a-keto ester 31 and 59% of oxalate ester 32 (Scheme IV).



Reactions of Ketenes with Peracids and Ozone
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Keto ester 31 was not converted to 32 under the ozonol-
ysis conditions.

These products can be adequately explained by a nor-
mal 1,3-addition of Oa across the carbon-carbon double
bond of 30 and do not require an «-lactone intermediate.
The resulting ozonide 33 can decompose to a-keto ester 31
and COj. Alternatively, fragmentation in another manner
gives carbonyl oxide 34, which may lose oxygen to give
31.2¢ This species can also lead to 32, since it is conceiv-
able that charged species 34 is in equilibrium with its
closed form 35, rearrangement of which (in a fashion anal-
ogous to that of a Baeyer-Villiger oxidation) gives 32. A
bimolecular reaction between 31 and 34 could also result
in 32.

Oxidation of ketene itself with excess O3 resulted in an
extremely complex mixture. Nonetheless, the isolation of
about 5% of succinic anhydride from this reaction is of in-
terest. The formation of this unexpected product could be
the result of a 1,3-dipolar addition of the «-lactone zwit-
terion to ketene.?® (However, the production of succinic
anhydride can be explained without postulating an «-lac-
tone intermediate.)?® Finally, the- only characterized
product of the reaction of dimethylketene with Oz was ac-
etone.

In summary, it appears that certain ketenes react with
peracids and with O3 to give products which apparently
are derived from intermediate «-lactones. In other cases,
more classical processes are sufficient to explain the ex-
perimental results.
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