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major factor in determining relative reactivities. On 
the other hand, u participation could occur in both the 
acid-catalyzed and spontaneous solvolyses of the ex0 
isomers, although we would expect it to be less im- 
portant in these systems where a secondary alkyl 
group would be interacting a t  a tertiary carbonium 
center than in systems in which both centers are 
secondary; initial state steric effects should affect 
both sets of solvolyses and are known to be small for 
these compounds.8 

The similarity of the rates of ionization of camphene 
hydrate and methylisobornyl p-nitrobenzoates (111) 
and (VI), Table VI, shows that the rate enhancements 
due to relief of eclipsing strain and to secondary par- 
ticipation a t  a tertiary carbonium ion center in I11 
approximately balance those due to relief of steric 
strains between the leaving group and the 1- and 7- 
methyl groupsg and to tertiary participation at  a terti- 
ary carbonium ion center in VI. (Brown and his co- 
workers have presented rate data for solvolyses of 1,2- 
dimethylnorbornyl derivatives which show that par- 
ticipation must be less important in the ionization of 
1,2-dirnethylnorbornyl compounds than in the corre- 
sponding 1-methyl compounds, which they consider to 
exclude participation in the l12-dimethylnorbornyl 
system. 4a,20) 

Recently it has been pointed out that torsional ef- 
fects in bicyclo [2.2.1] compounds should favor exo 
over endo attack upon a carbonium ion and ex0 over 
endo departure, although the magnitude of these ef- 
fects is not yet known. These torsional effects could be 
of major importance in determining exolendo rate ratios 
and the stereochemistry of carbonium ion capture in 
these tertiary systems.21 
(20) H. C. Brown and M. M. Rei, J .  Am. Chem. Soc., 86, 5004 (1964). 
(21) P. v. R. Schleyer, J .  Am.  Chsm. Soc., 89, 701 (1967). 

If steric hindrance to ionization, or its equivalent, 
which is steric hindrance to solvation of the leaving 
group, is all important, we would expect to find sys- 
tematic variations in the exo/endo rate ratios with 
changes in the nature of the leaving group and in the 
ability of the solvent to solvate it. Even though the 
solvents range from acetic acid to aqueous ethanol, and 
these ratios apply to both spontaneous and acid- 
catalyzed solvolyses, exolendo rate ratios of lo2 to lo3 
are generally ~ b s e r v e d . ~ t ~ J ~  

Our observation of similar exolendo rate ratios ir- 
respective of the formal charge upon the leaving group 
is consistent with all the other evidence. For example, 
similar exolendo rate ratios are observed for the spon- 
taneous acetolysis of the norbornyl tosylates and the 
acid-catalyzed acetate exchange.22 Similarly boro- 
hydride ion and neutral molecules such as methanol 
and acetic acid behave similarly with respect to the 
preferred positions of attack upon 2-apobornyllZ3 
2-methoxynorbornyl1 and 2-metho~ybornyl~~ cations.25 
Despite large differences in the nature of the solvents 
and reagent, the general pattern of preferred loss and 
attack from the ex0 direction persists in these reactions 
involving norbornyl cations, even when the bulky 7- 
substituents are present. 

Registry No.-111, R = p-S02C6H4, 13421-46-0; 
111, R = CH3, 13388-75-8; IV, R = P - N O ~ C ~ H ~ ,  
13389-76-9; IV, R = CH3, 13389-77-0; V, R = p -  
NO2C6Hd1l3389-78-1; VI, R = p-SO2C6H4,13389-79-2. 

(22) H. L. Goering and C. B. Schewene, ibid., 87, 3516 (1965). 
(23) H. C. Brown and H. M. Bell, ibid., 86, 5006. 5007 (1964); A. Colter, 

E. C. Friedrich, N. J.  Holness, and S. Winstein, ibid., 88, 379 (1966); R. 
Howe, E. C. Friedrich, and S. Winstein, ibid., 88, 381 (1966). 
(24) T. G. Traylor and C. L. Perrin, ibid., 88, 4934 (1966). 
(25) We are grateful to the referees for pointing out these analogies be- 

tween solvolyses and carbonium ion capture. 

Homogeneous Oxidations of Alcohols with Palladium(I1) Salts 
W. G. LLOYD’ 

The Lummus Company, Newark, New Jersey 

Received March 9, 1967 

Primary and secondary alcohols are smoothly oxidized to the corresponding acetals and ketones by palladium- 
(11) salts under mild conditions, typically 70-120°. This reaction, which becomes catalytic in the presence of 
oxygen and a reoxidant compound, is retarded by the chloride ion and by more than small amounts of water. 
Some oxidations are characterized by a secondary ester forming reaction. Tertiary alcohols do not react under 
these conditions. 

The heterogeneous oxidation of alcohols to carbonyl 
compounds, catalyzed by noble metal compounds, has 
been known a t  least since Strecker’s oxidation of cin- 
namyl alcohol to cinnamaldehyde with PtO and oxy- 
gen. More recent heterogeneous alcohol oxidations 
with platinum and palladium are discussed by Ioffea 
and by Heyns and P a u l ~ e n . ~  The capacity of dissolved 
palladium(I1) salts to effect similar oxidations was 

(1) Address correspondence to the author a t  the Department of Chem- 

(2) A. Strecker, Ann., 98, 370 (1855). 
(3) I. I. Ioffe, N. V. Klimova, and A. G. Makeev, Kinelika i Katalir, 8, 

107 (1962). 
(4) K. Heyns and H. Paulsen in “Newer Methods of Preparative Organic 

Chemistry,” Vol. 2, W. Foerst, Ed., Academic Press Inc., New York, N. Y., 
1963, p 303 ff. 

istry, Western Kentucky University, Bowling Green, Ky. 42101. 

strongly implied by Berzelius’ observation that upon 
reflux of a wet ethanolic solution of potassium pal- 
ladium chloride most of the palladium became r e d ~ c e d . ~  
A recent short study by A4oiseev’s group indicates that 
these reactions, when carried out in mostly (95-98%) 
aqueous systems, are sluggish even at  reflux.6 The 
tendency of substantially anhydrous alcohols to  reduce 
palladium(I1) under much milder conditions has been 
noted as an undesired side reaction,7 and the closely 
analogous reduction by alcohols of rhodium(II1) to 

(5) J. J. Bereelius, Ann., 18, 435 (1828), specifically p 456. 
(6) A. V. Nikiforova, I. I. Moiseev, and Ya. K .  Syrkin, Zh. Obahch. Khim., 

(7) J .  F. Harrod and A. J. Chalk, J .  Am. Chem. Soc., 86, 1776 (1964); 
J. Tsuji, H. Takahashi, and M. Morikawa, Tefrohedmn Lettera, 4387 (1965). 

sa, 3239 (1983). 
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Catslyat 

d 
e 
f 
f 
f 
f 
9 
g 
9 
g 
9 
g 
9 
h 
i 

Temp, OC 

100 
100 
60 
80 

100 
120 
60 
70 
80 
90 

100 
110 
120 
100 
100 

HOMOGENEOUS OXIDATIONS OF ALCOHOLS WITH PALLADIUM(II) SALTS 

TABLE I 
OXIDATION PRODUCTS OF  BUTANOL^ 

Butyraldehyde Butyraldehyde 
waterb freeC as acetalC 

0.4  0.01 <0.01 
2.4 0.09 0.06 
1 .5  0.07 <0.01 
1.8 0.08 <0.01 
4 . 0  0.11 0.05 
7.0 0.14 0.05 
2.7 0.12 0.16 
3 . 8  0.22 0.36 
6 . 0  0.29 0.43 
6 . 4  0.38 0.50 
8 . 3  0.43 0.52 
9.0 0.47 0.51 

10 0.49 0.52 
1 . 6  0.07 0.10 
8 .0  0.23 0.29 

n-Butyl 
n-butyratec 

<O. 005 
0.04 

<O. 005 
<0.005 

0.075 
0.10 

<0.005 
0 016 
0.040 
0.045 
0.075 
0.11 
0.13 
0.012 
0.082 

2817 

Aldeh yde/eater 
ratio 

4 
. . .  

2 . 1  
1 . 9  

60 
36 
18 
20 
13 
9 
7.7 

14 
6 . 3  

0 All oxidations were cmried out in a glass shaker-reactor under 3-atm oxygen pressure. 
Product concentration in mole/kg after 120-min oxidation. d No catalyst, no reoxidant. 

b Water concentration in volume % a t  end 
e 0.040 M PdClz, no re- 

h 0.020 M PdC4, 0.100 M 1,4-naph- 
of oxidation. 
oxidant. 
thoquinone. 

f 0.020 M PdClz, 0.100 M CuClz.2HzO. 0 0.020 M PdCIz, 0.100 M Cu(NOa)z.3HzO. 
i 0.020 M RhCla, 0.100 M Cu(NOa)2.3HzO. 

rhodium (I) has been shown to explain an anomalous 
"alcohol-catalyzed" ligand displacement reaction.* 
The present paper explores the homogeneous oxidation 
of simple alcohols by palladium(I1) salts as a potentially 
useful synthetic reaction. 

When undiluted 1-butanol was shaken for 2 hr under 
3 atm of oxygen at 100" and in the presence of 0.040 
M PdC12, the cooled mixture was found to contain 
n-butyraldehyde and its di-n-butyl acetal (0.15 mole/ 
kg) as well as lesser amounts of n-butyl n-butyrate and 
water. In  the absence of the palladous salt only a 
trace of oxidation products was found. The sluggish 
reoxidation of atomic palladium(0) by molecular oxy- 
gen is greatly facilitated by addition of a reoxidant, 
e.g., a copper salt.9 A parallel oxidation with 0.020 
M PdClz and 0.100 M Cu(NO&-3H20 produced 0.95 
mole/kg of n-butyraldehyde (mostly as the acetal) and 
0.075 mole/kg of n-butyl n-butyrate. The formation 
of ester, recently claimed to  be the principal reaction 
in alcohol-aldehydepalladium(I1) systems,10 occurs 
here as a side reaction often of negligible importance. 
Typical results of oxidations of 1-butanol are shown in 
Table I. 

The water content of these reaction mixtures, ranging 
as high as 10 vol. %, arises in part (<0.3%) from ad- 
ventitious water contamination of the alcohol and pal- 
ladium salt, and in part (0.446%) from the water of 
hydration of the copper salt, but it arises prihcipally 
as water of reaction from the acetalation and reoxidant 
regeneration steps (eq 2 and 4). In  eq 1-4, X repre- 

RCHZOH + PdX2 RCHO + Pd(0) + 2HX (1) 

(2) 

(3) 

(4) 

RCHO + 2RCH2OH Z= RCH(OCH2R)z + H20 

Pd(0) + 2CuX2 --+ PdXp + C U ~ X ~  

C U ~ X ~  + 2HX + %O, - 2CuX2 + H20 

(8) J. V. Rund, F. Basolo, and R. G .  Pearson, Inol-0. Chem., 8 ,658  (1964). 
(9) Dragerwerke Heinr. u .  Bernh. Drager i n  Lubeck, German Patent 

713,791 (1941): J. Smidt, W. Hafner, R. Jira, J. Sedlmeier, R. Sieber, R. 
Ruttinger, and H. Kojer. Angew. Chem., 71, 176 (1959); 1. I. Moiseev, 
M. N. Vargaftik. and Ya. H:. Syrkin, Dokl. Akad. Nauk SSSR,  180, 821 
(1960). 

(IO) D .  Clark and P. Heyden, U. 9. Patent 3,257.448 (1968). 

sents chloride, nitrate, or other monovalent anion. 
When the main product is aldehyde, the over-all 
stoichiometry is the sum of eq 1,3, and 4 (eq 5). When 

RCHZOH + ..-* RCHO + H20 (5 )  

acetal is the main product, the stoichiometry is better 
indicated by the sum of eq 1-4 (eq 6). 

3RCH2OH + &02 - RCH(OCH2R)Z + 2H20 (6) 

The presence of a few per cent water exerts no first- 
order influence upon rate, although it obviously alters 
the aldehyde-acetal equilibrium. (For the system 
n-butyraldehyde-1-butanol the Table I data indicate 
Kz 0.1 M-l.) As the mole fraction of water exceeds 
about 0.2, however, the oxidation rate becomes sharply 
suppressed. Analyses of a group of three oxidations 
of 1-propanol (each for 2 hr at 90" under 3 atm of 
oxygen, with 0.020 M PdClz and 0.100 M cupric 
nitrate) with 30% (v/v), lo%, and no initially added 
water revealed products totaling 0.01, 0.39, and 1.13 
moles/kg, respectively. 

The effect of varying the chloride-nitrate balance 
upon the oxidation of ethanol is shown in Table 11. 
These data, like those in Table I, indicate greater 
selectivity and higher rates in chloride-poor systems. 

TABLE I1 
OXIDATION PRODUCTS OF ETHANOL" 

Anion concentrations, Acetalde- Acetalde- Aldehyde/ 
-M- hyde hydeas Ethyl eater 

Chloride Nitrate freeb acetalb acetateb ratio 

Nil 0.24 0.32 0.56 0.023 38 
0.04 0.20 0.38 0.71 0.042 26 
0.08 0.16 0.34 0.63 0.067 14 
0.24 Nil 0.24 0.25 0.078 6 . 3  
All oxidations were carried out in a glass shaker-reactor 

under 3-atm oxygen pressure a t  90' for 120 min. b Product con- 
centration in mole/kg. 

Among the primary 1-alkanols methanol is markedly 
stable (Table 111). Methanol is also unique among the 
alcohols examined in this study, in that its major 
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isolable product is the ester, methyl formate, rather 
than the acetal. 

TABLE I11 
OXIDATION PRODUCTS OF METHANOL 

Aldehyde/ 
Cats- Temp, OC Methyl ester 

lyst (duration) Watera Methylalb formateb ratio 

d 90(120min) 1 .6  0.001 0.03 0.03 
e 100(40min) 2.4 0.009 0.06 0.15 
f 100 (40min) 4 . 3  0.06 0.31 0 . 2  
e 140-80 (100min) 6 . 5  0.44 0.79 0.56 
a Water concentration in volume yo a t  end of oxidation. 

b Product concentration in mole/kg. c 0.02 M PdC12, 0,100 M 

c 90 (120min) 1 .1  <o.ooi 0.015 . , .  

CuClz.2HzO. 0.020 M PdCls, 0.100 M Cu(NOs)2*3HsO. 
f 0.028 M PdClg, 0.21 M 

CU( NO3)z .3HzO. 
0.028 M PdC12, 0.29 M CuCls.ZH20. 

Oxidations of a number of other primary and secon- 
dary alcohols are shown in Table IV. Branched pri- 
mary alcohols, as well as benzyl alcohol, are readily 
oxidized to the corresponding aldehydes in high yield. 
Secondary alcohols are oxidized to the corresponding 
ketones with no detectable side products. 2-Methyl-2- 
propanol under the same conditions does not react. 

TABLE IV 
OXIDATIONS OF ALCOHOLS” 

Temp, Conver- 

2-Butanol 70 Butanone 0.39 
2-Butanol 90 Butanone 0.74 
2-Butanol 110 Butanone 1.19 
2-Methyl-1-propanol 90 IsobutyraldehydeJc 1.62 

isobutyl isobutyrate 0.10 

2,PDimethyl-1- 90 Pivalic aldehyde,’ 1.66 

Cy clohexanol 90 Cyclohexanone 0.23 
1-Phenylethanol 90 Acetophenone 0.65 
2-Phenylethanol 90 Phenylacetaldehyde 0.17 

Alcohol “C Product(s) sionb 

2-Methyl-2-propanol 90 Nil . . .  

propanold coproduct’ <0.02 

Benzyl alcohol 90 Benzaldehyde, 3.06 
benzyl benzoate -0.01 

Ethylene glycol 100 2-Methylol-1,3-dioxolane, 0.54@ 

glycolate 0.032 
2-hydroxyethyl 

a All oxidations were carried out in a glass shaker-reactor 
under 3-atm oxygen pressure, with 0.020 M PdCll and 0,100 M 
Cu(NO& .3Hz0. Product concentration in moles/kg after 
120-min oxidation. Chiefly as the diiiobutyl acetal. d “Ne+ 
pentyl alcohol.” e Including 0.28 molekg of the dineopentyl 
acetal. f Insufficient to identify; probably neopentyl pivalate. 
0 Replacement of Cu( N 0 3 ) ~  by CuClz decreases dioxolane product 
while increasing ester formation; cf. Tables I and 11. 

The expected principal product from ethylene glycol 
is glycolic aldehyde, and the product actually found is 
its cyclic acetal, 2-methylol-l,3-dioxolane. Under the 
same conditions l14-butanediol is oxidized to form 0.13 
mole/kg of y-butyrolactone and about 0.42 mole/kg of 
an acetal alcohol I, a stable, nonvolatile colorless liquid, 
n Z 6 ~  1.4470, d264 1.035, its infrared spectrum showing 
acetal and hydroxylic absorption but no unsaturation. 
Molar refraction calculations eliminate the hemi- 
acetal 2-hydroxytetrahydrofuran, but are consistent 
(MR calcd 41.76, found 41.38) both with the normal 
cyclic acetal, 2-(whydroxypropyl)-1,3-dioxepane, and 

with the more probable rearranged acetal, 2-(why- 
droxybutoxy) tetrahydrofuran. 

Oxidation of mixtures of methanol and 1-butanol 
affords the expected mixed acetals of n-butyraldehyde 
along with small amounts of methyl and n-butyl n- 
butyrates. With mixtures of methanol and ethylene 
glycol the favored cyclic acetal, 2-methylol-l,3- 
dioxola.ne, is the sole aldehydic product and the oxida- 
tion rate passes through a maximum under our experi- 
mental conditions at about a 1:l mixture, suggesting 
that the oxidation of the viscous undiluted glycol is sub- 
ject t o  diffusional control. 

Discussion 
These alcohol oxidations, carried out in alcoholic 

media, proceed much more readily than similar reac- 
tions in substantially aqueous medialE and indeed are 
sharply inhibited by about 10% or more water. The 
evident enhancement of reactivity of the palladium(I1) 
species in alcohols may be contrasted with the rate 
enhancement of many anion-controlled reactions by 
media containing dipolar aprotic solvents such as 
dimethyl sulfoxide.”J2 The latter effect is explained 
on the basis that the anionic reactants are relatively 
unsolvated or “bare,” hence more reactive, in substan- 
tially aprotic media.12 Alcohols, on the other hand, are 
excellent anion solvators but weak cation solvators. 
Thus, the ultraviolet-visible spectrum of dilute aqueous 
palladium(I1) chloride displays three maxima, a t  202, 
303 and 418 mp. As water is progressively replaced 
by methanol all three maxima undergo bathochromic 
shifts, appearing at  213, 323 and 434 mp in dry meth- 
anol. These shifts suggest that alcohol-solvated pal- 
ladium(I1) is more “bare,” hence more reactive, than 
the corresponding water-solvated species. 

The facile reactions of alcohols possessing no p-hydro- 
gen and the unreactivity of 2-methyl-2-propanol sug- 
gest a ligand dehydrogenation involving the alcoholic 
hydrogen and an a-hydrogen, e.g., eq 7. Equation 7 

indicates the coproduct to be hydridopalladium chlo- 
ride, for which there is no present evidence. An inter- 
mediate of this type has been proposed, however, for a 
number of formally similar oxidation-reduction sys- 
tems. lS 

The apparent utility of small amounts of chloride 
ion in predominantly nitrate systems may lie in its 
function as a bridging ligand in palladium(0) reoxida- 
tion. High chloride ion concentrations inhibit the 

(11) 8. 0. Smith and 8. Winstein. Tetrahsdron, 8, 317 (1958); T. Bock- 
mann, E. Haanoes, and J. Ugeletad, Tidsakr. K e d ,  04, 209 (1964); W. 
Roberts and M. C. Whiting, J .  Chem. Soc.. 1290 (1965). 
(12) A. J. Parker, Quart. Rm. (London), 16, 163 (1962); B.-A. Feit, 

J. Sinnreich, and A. Zilkha, J .  Org. Chcm., 28, 3245 (1963); C. A. Kingobury. 
J .  A m .  Chem. Soc., 81, 5409 (1965). 
(13) J. Chatt and B. L. Shaw, Chem. Znd. (London). 931 (1960); ibid., 280 

(1961); J .  Chem. Soc., 5075 (1962). F. Cariati, R. Ugo, and F. Bonati, 
Chem. Ind. (London), 1714 (1964). L. Vaska and R. E. Rhodes, J .  A m .  
Chem. Soc.. 87,4970 (1965). R. Cramer, ibid, ,  0, 2272 (1966). J. F. Harrod 
and A. J. Chalk, ibid., 3491 (1966). P. B. Chock and J. Halpern, ibid., 3511 
(1966). 
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over-all oxidation, probably by preempting ligand sites 
from the alcohol. The concurrent oxidation of acetal 
to ester,l0 a side reaction under our conditions, is only 
slightly retarded by hydroquinone but is almost elimi- 
nated by removal of the palladium salt; this side reac- 
tion is thus a true metal-catalyzed oxidation rather than 
a concurrent autoxidation. 

Experimental Section 
Oxidations were carried out in a standard, low-pressure 

catalytic apparatus (Parr Instrument Co., Model 3911), modi- 
fied“ to withstand the various organic media and the strongly 
oxidizing environment. In  a typical run 50.0 ml of alcohol was 
charged to a 500-ml glass reactor vessel along with the desired 
amounts of catalyst and reoxidant, and the system was sealed, 
purged three times with oxygen, then pressured to 30-psig oxygen 
pressure and rapidly brought to the desired temperature by means 
of banked heat lamps. After 120 min of isothermal oxidation in 
this shaker-reactor, with repressuring as needed to maintain the 
oxygen pressure between 2.5 and 3.5 atm, the reactor was cooled 
and the contents were collected for analysis. Oxidations of 
methanol at  higher temperatures and pressures (Table 111) were 
conducted similarly, using a stainless steel, turbine-stirred 
autoclave. 

Product identifications for commonly available aldehydes, 
acetals, ketones, and esters were made by matching gas chro- 
matograph residence times with those of authentic samples on at  
least two stationary phases. Identifications were confirmed by one 
or more of the following rneasurements upon chromatographically 
isolated samples: infrared spectrum, refractive index, and 
density. 

(14) P. T. Ruseotto, Chemast-Analyst, 58, 85 (1964). 

Pivalic aldehyde was identified by its sharp infrared spectrum, 
characterized by strong methyl absorption a t  1485 and 2890 
cm-1, strong aldehyde absorption at  890, 1745 and 2710 cm-1, 
and the absence of other functional group absorptions. Its 
dineopentyl acetal was characterized by its unusually simple 
spectrum, consisting of very strong methyl absorption along with 
four strong peaks in the 1000-1230-~m-~ range, characteristic 
of the acetal structure.lS This acetal was further characterized: 
12261) 1.4092, dzzr 0.8031, MR calcd 74.76, found 75.27 (error 
0.68%). 
2-Methylol-1,3-dioxolane, the major product from ethylene 

glycol oxidations, was identified by chromatographic matching 
with the glycolic aldehyde-ethylene glycol condensation product 
and its identity was confirmed by infrared spectrum, characterized 
by strong hydroxyl absorption near 3400 cm-l and the four acetal 
peaks in the 1000-1230-~m-~ range. 

Quantitative estimates of products are based upon signal 
strengths from thermal conductivity detectors, using integrated 
area measurements. For twelve different standard 10.00% 
solutions (e.g., n-butyraldehyde in dioxane, n-butyl n-butyrate 
in 1-butanol), the average assay was 9.93a/,, standard deviation 
0.73%. 

Registry No.-Pivalic aldehyde, 630-19-3; pivalic 
aldehyde dineopentyl acetal, 13421-45-9; 2-methylol- 
l13-dioxolane, 5694-68-8; 1-butanol, 71-36-3; ethanol, 
64-17-5; methanol, 67-56-1. 

Acknowledgment.-The writer gratefully acknowl- 
edges the valuable assistance of Mssrs. Paul T .  Russotto 
and Joseph Kisutcza in obtaining much of the data. 

(15) L. J. Bellamy, “The Infra-red Spectra of Complex Molecules.” 
Methuen and Go. Ltd., London, 2nd ed., 1958, p 116. 
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7 1  
l-Alkyl-4,5,~-trimethyl~carbamyl-2-imidazolidinones, (CHa)zCN(R)CONHC(CHa)CONHg, were obtained 

in good yields from 3-alkylamino-3-methyl-2-butanones, (CHa)&(NHR)COCHa, by reaction with potassium 
cyanide and ammonium carbonate (the Bucherer-Bergs procedure). Hydrolysis with dilute hydrochloric acid 
led, with one exception, to the corresponding Pcarboxylic acids. When R was t-butyl, acid hydrolysis proceeded 
with facile loss of the t-butyl group as the initial reaction and thus gave either 4,5,5-trimethyl-4-carbamyl-2- 
imidaaolidinone (R = H) or the corresponding Pcarboxylic acid, depending on the acid concentration. Alkaline 
hydrolysis appeared to follow two competitive routes, one leading to the Pcarboxylic acids as obtained also from 
acid hydrolysis, the other to alanine, acetone, and primary amine by ring degradation. The 3 position of the 
ring was found to be nitrosated and acylated readily and to undergo condensation with acetone and benzaldehyde. 
However, alkylation at  this position proved unsuccessful. 

LMotivated by the possibility that alkylamino ke- 
t o n e ~ , ~ - ~  (CH&C(NHR)COCH,, might be useful for 
the preparation of novel a-amino-p-alkylamino acids 
having both amino functions on tertiary carbon atoms, 
the reaction of the ketones with potassium cyanide 
and ammonium carbonate (Bucherer-Bergs reaction) 
was investigated. It is well known6J that ordinary 
ketones react in this procedure to produce hydantoins 

(1) Paper 86 on substituted acetylenes; previous paper, G. F. Hennion and 

(2) P. C. Reilly Fellow, 1964-1966. Abstracted from & portion of the 

(3) G. F. Hennion and A. IC. Perrino, J .  &up. Chem., 36, 1073 (1961). 
(4) G. F. Hennion and P. E. Butler, ibid., 36, 3341 (1961). 
(5) N. R. Easton, et al. ,  ibid., 96, 3772 (1961). 
(6) H. T. Bucherer and W. Steiner, J .  Prakt. Cham., 140, 291 (1934). 
(7) E. Ware, Cham. Rev., 46, 403 (1950). 

G. G. King, J .  Chem. Eng. Data, 13, 275 (1967). 

Ph.D. dissertation of J. E. R. 

which, by hydrolysis, lead to a-amino acids. Hence 
the alkylamino ketones, readily prepared from the 
appropriate  acetylene^,^-^ might well yield structures 
in which steric crowding would lead ultimat,ely, via 
hydrolysis, not only to a-amino-P-alkylamino acids, but 
to the corresponding P-lactams as well. 

Anomalous results have occasionally been observed, 
however, when certain ketones possessing an a-func- 
tional group are submitted to these reaction conditions. 
For example, Henze8 reported that 4-carbamyl-4- 
phenyl-2-oxazolidinone was obtained using benzoyl- 
carbinol acetate as the substrate in the Bucherer-Bergs 
procedure. Hennion and O’Sheas observed that the 

(8) H. R. Henze and W. C. Craig, J .  Org. Cham., 10, 16 (1945). 
(e)  G. F. Hennion and F. X. O’Shea, ibid., 98, 662 (1958). 


