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Abstrm2t - A variety of a-oxo-carboxylic esters are shown to undergo direct 
photo-oxidation, in both polar and non-polar l olvente, to produce a higher 
yield of carbon dioxide then under degaeeed conditione. In the cue of II- 

hexyl pyruvate, hsxaldehyde ie also . product of the reaction. gvldence is 

preeented which indicates that einglet oxygen playe little,if any, part in 
theee decarboxyletione. A mechanien involving electron tranefer from the 
excited a-oxo-carboxylic eater to ground etate oxygen, leading to per-acid 
intermdiates, is propoeed ee being in competition with the Type II process 
for fryentation of theee esters. 

The only report perteining to the effect of 

oxygen upon the photo-reactions of a-oxo-car- 

boxyllc e&era In eolution concerne the epori- 

dation of a-mthylstyrene by methyl phenylglyo- 

xyl*te! It wee proposed that the eater under- 

rent a Type I fragmntetion to yield en acyl 

radical which wee subsequently scavenged by 

oxygen to form an acyl-peroxy radical. The 

letter wan the epeciee thought to be reeponei- 

ble for the epoxidation reaction, via per-acid 

intermedietee (Scheme 1). However, it hea 

E 
R-c-co2mT 

rl _ R-C. + 602Me 
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2 
since been appreciated thet l lkyl pyruvetee, 

3 
and other a-oxo-carboxylic estere, fragment via 

a 5pe II end not a Type I proceee. Coneequen- 

tlY, the mcheniem of the interaction of oxygen 

end Ci-oxo-carboxylic emten leading to carbon 

dioxide production is of puticular intereet. 

We now report upon investigations to elucidate 

the role played by oxygen in the direct photo- 

oxldative decarboxylation of a-oxo-carboxylic 

esters. 

RBSULTS 

A wide v8riety of a-oxo-carboxylic esters were 

found to undergo direct photo-oxidative decar- 

boxyletion in oxygenated acetonitrile end ben- 

zene solutions (Table 1). The yields of carbon 

dioxide production from the irradiation of 

methyl pyruvete in oxygenated l cetonitrile and 

benzene aolutione are ehom in Figure 1. Sur- 

prisingly, t-butyl pyruvate, which hae been 

rhom to be photostable under degossed condi- 

t lone: wee found to undergo efficient photo- 

oxidetive decerborylstion (Teble 1). The rates 

of carbon dioxide production for thin eater in 

orygeneted l cetonitrile end benzene q olutlone 

are l hewn in Figure 2. Table 2 ehows the 

yielde of carbon dioxide end hexaldehyde from 

the direct photo-oxidation of n-hexyl pyruvete 

in oxygenated l cetonitrile l olution. No .ppre- 

ciable l olvent isotope effect wu observed upon 

the yielde of carbon dioxide from lrradlation 

of oxygenated eolutions of methyl end ethyl py- 

ruvatee (Teble 3). 
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Yimldm of carbon dioxide from the direct irr8di8tion of a-oxo-cuboxylic 

T-1 eator (10-2~) uuder oxy2a, (A) in l c&oaitrilo urd (B) in beauno solution 

for 3 hours. 

U-0x0-c8rboxylic oator Yield ('I) of cubon dioxid. 

(A) (2) 

UOthyl Fyruv8te 37 34 

Ethyl 1, 63 54 

10opropy1 * 46 23 

n-2uty1 (t 20 19 

t-may1 It 52 47 

n-lieryl 11 35 33 

Bllncyl 1, 33 23 

Et&p). bensoy formata 16 12 

2-<l-n8phthyl)ethyl pyruv8ta 15 12.3 

3-<2-n8phthyl)ethyl pyruo8te 21 11 

2-(2-n8phthyl)ethyl-a-oxo-octanoate 17 17 

TABLE2 Pial& of c8rhon dioxide 8nd hex8ldohyds from the direct irr8di8tion of 

n-boxy1 pyNv8tO (5 x lo-'Y) in (A) oxygen8ted 8ad (B) d.2888.d 8CetOnitrile 

8OlUtiOC for 3 houn. 

TAELES SOlvont i8OtOp. effect8 up411 the yiwld Of C8rbon dioxide from thb direct 
irradi8tion, for II hrr, of a-oxo-cmboxylic l 8term (10-2Y) in oxy2artod 

l olutialc. 

I a-(ho-c8rboxylic astar 
6OlV8?%t 

Yield (X) of carbon 

dioxide 
mlV.Z‘t 18OtOpb 

Effact I 

I -thy1 pynavate DoutoriocllloroforB 52 1.48 I 
II ,I ChlOrofOrB 35 

I Ethyl It Deuterim oxi& 15.4 0.04 

1. et IF8ter 16.3 I 

TABI.% Yield Of C8rbOC dioxida from the irr8di8tioc. for 6 hrm. of ethyl pyruv8te 
(10e2Y) In oxygen8tod 8cetonitrile l olution Collt8iIIiIlg @,lO-diCy8CO~thr8WnO 
(OD - 1.0 8t 370 cm in order t&t all of the incident light i8 8b8Orbod by the 
s,l0-dicy8no8nthr8cene*) 

, 
Condition Yield (I) of carbon dioxide ’ 

8,10-Dicy8courthrmm%e 8h8ent 50 

2,l0-MCy8no8nthrmCon8 pr.8.,,t+ 32 
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Yield (%) Of 
carbon dioxide 
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Figure 1. The yields of carbon dioxide from photolysia of methyl 
pyruvate (10m2 Y) in oxygenated acetonitrile (0) and 
oxygenated bemene (X) l olutloae. 
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Figure 2. The yielda of carbon dioxide fm photolysia of t-butyl 
pyruvate (low2 Y) in oxygenated acetonitrile (0) and 
oxygenated benrrene (*) l olutloru. 
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DISCUSSIDN 

There .m * vuiety of r.y. in Which oxygmn 

could interect with a-oxo-cerboxylic eeterr. 

For thoee eetere cepeble of undergoing a Type 

II fragmentation reaction, oxygen could intor- 

cept the intermediate 1,4-diredicel 
4 

, to yield 

l product which collapese to give carbon diox- 

ide. However, the high yield of hexaldehyde, 

via e Type II fregmentetion of n-hexyl py-ta 

on irr8di8tion In oxygenated l cetonitrile eolu- 

tion (Teble 2) would q uggent thet the 1,4-dl- 

radicel ie not intercepted by oxygen. Thie ie 

coneietont with the obeervetion thet oxypen 

doee not Intercept the 1,4-diredice formed by 

the Type II fragment8tion of a-oxo-octanoic 

estere? The yield of hexaldehpde from irredia- 

tion of n-hexyl pyruvete ie higher in oxygen*- 

ted then in degeesed l olution (Teble 2). Thie 

indicatee that the reduction reaction of trip- 

let n-hexyl pyruvate by hex.ldehyde’ is being 

euppreeeed under oxygen. Pre8umably oxygen 

lnteracte with the triplet a-hexyl pyruvete 

thereby lowering the emouut of triplot eater 

aveilebls to undergo reduction. nence, . 

higher yield of hexaldehyde ie observed under 

oxygenated then under degaeeed conditione. 

Since good yielde of carbon dioxide were ob- 

tained fru t-butyl pyrurete (which doe8 not 

ire-at vie either a Type I or a Type II cbec- 

tlon and 16 pbotoeteble uider degaeesd condlti- 

one a,5 ) decarboxyl8tion may uiee iroll a direct 

reaction between oxygen and the t-butyl pyru- 

V8t.O. A similer direct reaction betweeaoxygen 

and the eeters capable of fragmenti= bye Type 

II process, would obviously coopete with the 

Type II reaction for degredaticm of the8eeetere. 

The poeeibility of a einglet oxygen mediated 

mcheniem, the letter being produced from reac- 

tion of oxygen with the triplet excited eater, 

muet obviouely be coneidered. Any l illglet oxy- 

gen produced may react with the U-oxo-cerboxy- 

lit eeter to yield carbon dloxlde. If the l ln- 

glet oxygen reection involver l diffueional 

proceee a solvent ieotope effect upon the yield 

of carbon dioxide would be obeerved? The leek 

of l solvent ieotope effect upon the decerboxy- 

lation of methyl and ethyl pyruvatee (Teble 3) 

indicate8 thet l laglet oxygen playe little, if 

any, part in theee reactiona. 

Since alkyl pyruvetee have been l hom to reduce 

methyl vlologen via en electma transfer reec- 

tionq it 10 conceivable that where the oxygen 

concentration ia l imilu to thet of the a-oxo- 

cerboxyllc eeter, electron trenefer from the 

excited enter molecule to oxygen may take pl&n 

(Scheme 2). 

UwrJsR)+ + 302 - (asTEa)? + 02y 

scEgyB1 

The reeultent l uperoxide enion uy then reect 

with the eeter redlcal cetlon to produce cer- 

bon dioxide. Alternatively, the redicel cetice 

of the eeter may fragment to yield radicels 

which are l ubeequently scavenged by oxygen to 

form peroxy l peciee, which ten then undergo 

reectiona leeding to carbon dioxide formation 

(Scheme 3). 

ii 3 ut-c-ca*R’)* + o2 

% 
R-C’ / wof 

+ or + 
o==&-oat o-&-oR~ 

per-acids 

b, aad other prodkte 

sclma 3 

The formation of per-oxy l peciee in the ebove 

mechenlem would account for the previouely re- 

ported epoxidetion of alkenes during photo-oxi- 

detion of methyl phenylglyoxylatef Speclee 

q imilar to (A) in the above echew here been 

propoeed u interrdiatem in the direct photo- 

oxid8tione of a-oxo-cerborglic acidel non-con- 

jugated aliphetic ketonesg end ee poeeible 

interndietee in the enelogoue reaction of p- 

benxqulnone? The obeervetion thet prolonged 

irredietion of t-butyl pyruvate, in oxygenated 

acetonitrile l olution, yielded more then 100% 

carbon dioxide indicates the involvement Of 

per-oxy opeciee. The production of more then 

100% carbon dioxide from the photo-oxldetion of 

pyruvic acid has been ueed an evidence for the 
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p‘rticip8tioB Of per-8cida in the ru*eticm? 

The detection of per-benzoic acid fro8 irr8di‘_ 

tiou of methyl phenylglyoxyl‘te: In oxygenated 

benzene solution, further eupporte the involve- 

ment of per-8eid# in the photo-oxid‘tion of a- 

oxo-c8rboxylic eater*. 

Tb8 8bilitp Of @,lO-dicy8uO8uthr8CeBe (DCA). 8 

rell hnovn electron acceptor, to seruiti80 the 

photo-oxidstive dec8rboxyl8ttoo of methyl pyru- 

v8te, in metonitrile, (T8ble 4) leudm support 

to the proposed electron tr88afer reaction in 

Schema 3. A possible mchs8ior for the ehove 

l enoltixed reaction in outlined in Schsre 4. 

Ii 
mA “DcA* 

Me-c-cG2Ne 
* DCA: 

+ 

0t 

II 
me-c-aJ2m 

nix: + o2 - DC& + 02’ 

0t 

II 
0 - 

1 
+ m-c-co2m - Co2 + other 

products 

Sc5llg4 

It is of interest to note th8t 2-(2-n8phtbyl) 

ethyl pyruv‘te has been shorn by luer fleeh 

photolysis to be c8pable of reducing methyl 
11 

viologen. However, in 8queoun 8cetonitrile 

solution the 8ddition of methyl viologen h8d no 

effect upon the fluorescence or the triplet 

lifetiae~ of this e&or, so the reduction doe8 

not arias from the fnter8ctfon of methyl violo- 

11 
g8n rith 8~ excited l t8te of the emter. There 

ie however the possibility of the n‘pbthyl-ac 

0x0-carboxylic esters undergoing 8n internal 

electron tr8n8fer re8ction upon irr8di8tlou. to 

form 8 8pecias cont8ining both 8 c‘rbonyl r8di- 

c81 8nion 8nd 8 n8phth8lene r8dic81 c8tion 

Sr=W. (Scheme 51. 

R i Co CH CJJ Np 
--222 

hV R !‘cD (31 Np+ 
--22' 

(It = Me or Me(Ch,),-, Np = I- or 2-naphthyl) 

(IcHEW 

Tbe inter8ctlon of thin species with methyl via- 

logen will give reduced methyl viologsn. Also 

ite interaction rith oxygen could lead to dec8r- 

boxylrtioa vi8 the form8tion of the superoxide 

8niOB. in addition 

Scheme 3. 

to the nechanilo propored in 

The c8rhon dioxide obt8ined upon irradiation of 
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a-oxo-octmoic acid, in both oxygen8ted 8nd de- 

g8sn.d solution, I# thought to aria0 from tbe 

pyruvic 8cid which is gener8ted in tbe Type II 

fragmentation of a-oxo-oct(UIoic ‘cid?’ Thuo, for 

a-oxo-c8rboxyllc emtern c8p8ble of undergoing 8 

Type II reaction. 80~0 decarboxyl8tion m8y re- 

sult from inter8ctim between 8 product of the 

fr8pentation process 8nd oxygen. 

t-Sutyl pyruvate v8# the only e8ter to produce 

cm%on dioxide In over 100% yield, the second 

role of carbon dioxide m8y h8ve arisen fro8 the 

O&-OR' #pecies (Scheme 3). The latter could 

undergo direct decarboxylation or inter‘ct rith 

oxygen to form 8n intermedi‘te vblch mubsequen- 

tly coll8pse6 to yield the second mole of c8r- 

bon dioxide. In contr‘st to the t-butyl pyru- 

v8te, vhicb c8nnot undergo 8 Type II re8ction, 

prolonged irradi8tion of methyl pyruv‘te. which 

f6 c8pable of fr8gment8tion vi8 the Type II 

procesq did not produce high yielda (i.e. > 1 

mole) of carbon dioxide <Pigure 1). Bence. the 

lover yields of carbon dioxide, obtained from 

irr8diation of orygen8ted ocetonitrile solutia~ 

of rethyl pyruv‘te, can k, expl‘ined on the b‘- 

018 of corpetition between the Type II proces* 

8nd the rech8nia8 outlined in Scheme 3, for the 

decomposition of thi8 emter, 

In conclusion, the direct photo-oxid8tive dec8r- 

boxylation of a-oxo-carboxylic estenr Las been 

shorn to produce higher yields of carbon dim&h 

than under degeeeed conditions! An electron 

trmofer reaction betveen the a-oxo-carhoxyl;fc 

eater and oxygen le8ding to per-8cid intermedi8- 

tes h8m been proposed. This 8schiniar vi11 ti 

competition ritb the Type II proce~ (which c8n 

it8elf lead to carbon dioxide forution 8s 8 

result of subeequent reaction of the fragmenta- 

tion products) for fragmentation of the eeter. 

XXPERXNSNTAL 

All melting points ue uncorrected. ill Null 
spectr8 wre recorded 8t 100 HII= on 8 Joel JNM- 

MS-100 spectrometer, tetr8methylsll8ne we wed 
8‘ intenml stuxhrd. Ill l uectr8 vere recorded 
on a perkin glmer 402 spectrophotowter. g8tia 
spectr8 wre recorded on 8 Ir8tos MS 30 spectro- 

Deter <connected to 8 DS-SO-S d8t8 mystem) ope- 

r8ting 8t 70 ev. GLC 8n8lyaem uere recorded on 
8 Perkln Elmer Sigm8 3 08‘ chrautogr‘ph. uring 
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. P.rki. Elmer 1OX iE 30, chromosorb 1 SO-80 
m44h, COltlmJl. El4montal .nalyse* w4r4 carried 
out in the Chemlntry D4partmsnt at The City 
Unir4r.ity, landon. 

B,lO-Dicy.no.nthr.cono Q.stm.n-Xod.k), m4thyl 
pyruv8to (Aldrich). ethyl pyruv8t.s (Aldrich), 
doutoriochloroform (G0.4) .od deutorium oxide 
(Go.‘) together with ths oth4r s0lvont.8 Qisons 
Ana1.R grade) wore used 88 supplied. Isopropyl, 
n-butyl, t-butyl, n-hexyl, b4ney1, l-(l-n.phth- 
yllethyl .nd S-(l-napbthyllethyl pyrur.te ostezw 
were propued by the re.ction of the 8ppropriato 
.Icohol with pyruvoyl chloride?2 under the ox- 
perimontol conditions previously dsscribsdg3 
Sp4ctr.l urd physic.1 d.t8 conftmod the struc- 
turo of the prepared e&or., the detail4 for 
the naphthyl ethyl oator 8x4 outlined below: 

2-(l-naphthyl)ethpl pyruvate. 

White crystal. (Petroleu. other (40-60°)/4tbyl 

.cet‘ts) mp so-sa"c; IR (nujol) v m.x 1745. 

1730, 12B6, 1258, 1135. 950, 800, 76Ocm-l; RNR 

(CDCl,) 6 8.84-8.8 (I, 2111, 8.6-8.28 (8, 2B), 

8.28-7.8 (I, 4ll), 5.14.87 (t, 221, 3.92-3.7 

(t, 2E), 2.64 (., 3H); 1.8. spectrum m/4 242 

(H+l. An.lysi8 c‘lcul.tod for ClaRls03; C, 

74.36; 3, 5.82. Found: C, 73.79; H, 5.75. 

2-(l-Naphthyl)ethyl pyruvats. 

White crystals (petmloum other (40-60°1/ethy1 

.cot.to).p 82-83OC; Ill (nujol) v 6.x 1735, 

1270, 1150, 860, 827, 752 cm-'; NRR (CDCl,) 6 

8.48-8.1 (m, IS), 8.1-7.78 (I, 3X), 4.B8-4.82 

(t, 2H), 3.32-2.58 (t, 2R1, 2.61 (s, 38); mass 

l pectnm m/e 242 (Y+). An.ly~ia calculatsd for 

c15X1503: 
C, 74.36; II, 5.82. Found: C, 74.54; 

a, 5.78. 

Rthyl b4n.0~1 form8to w.8 prepared by .n .x1.10- 

pus ro.ction using b4nsoyl formyl chloride 

.nd oth.nol, the structure was coaflrmod from 

spectr.1 utd physlc.1 dat.. 

2-(2-N.phthyl)ethyl a-oxo-octanoato wa8 prepe 

rod fror a-axo-oct.noyl chloride plld 2-(l-naph- 

thylkthanol a6 8 wuy solid. 

IR (nujol) v max 1724, 1270, 1124, 1078, 848, 

862, 790 cm-l; NRR (CDCL3) 6 8.0-7.68 (m. IS), 

7.68-7.3 (m, 3H), 4.754.5 (t, 2P), 3.44-3.14 

(t, 2H1, l.S6-1.12 (I, SE), 1.04-0.78 (m. 481; 

m.‘. ‘pectrum m/e 312 (R+). An‘lysis c‘lcul8- 

tad for C201fi403: C, 76.82; li, 7.60. Pound: 

c, 76.16; Ii, 7.80. 

Photolysis tube. cont8inlng the ester solutions 
(26 -1s) sore flushsd with a 8tra.m of dry, 
cubon dioxide free, ugon or oxygen (a. .ppro- 
priata) for 45 mins, .toppered and rotated with- 
In * circulv arr8y of fluorescent lamps, ha- 
ving . m.ximum l mis.ion at 350 mm (16 x 8 1 
8ylvani. MTS/RLR). Followin irradiation the 
solution. w4re flushed for 2 hr. with .rgon or 
oxygen, the exit gas bsing passed through 8 

saturatM1 solution of aqueous buium hydroxide. 
The prscipitated b.rium c.rbOn.to w.. wighed 
and the p4rcent.gs piold of cubon dioxide crl- 
cul.tod on the b8.14 of on4 role of carbon di- 
oxide bein gonor‘ted per ~14 of a-o.o-carbo- 
xylic outer. 
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