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Experience shows tha t  the acid-catalyzed addition of 
water to  a carbon-carbon double bond conjugated with a 
carbonyl group occurs such that  hydrogen appears on the cx 
carbon atom and hydroxyl on the 0. Thus  methyl vinyl ke- 
tone affords 4-hydroxy-2-butanone,l and acrylaldehyde 
and acrylic acid yield respectively 3-hydroxypropional- 
dehyde and 3-hydroxypropionic acida2 This direction of ad- 
dition can be rationalized in terms of the strong electron- 
withdrawing influence of the carbonyl group, especially 
when protonated by the mineral acid cqtalyst.2 

I t  has been reported tha t  3-methyl-3-buten-2-one (iso- 
propenyl methyl ketone, 1) behaves abnormally in this 
reaction, yielding 3-hydroxy-3-methyl-2-butanone (2) in- 
stead of the anticipated 4-hydroxy-3-methyl-2-butanone 
(3).3 The formation of this unexpected product has been 
explained in terms of a possible methyl migration in 1 sub- 
sequent to  p r ~ t o n a t i o n , ~  or of Markovnikov addition of 
water to the  enolic form of l.4 
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Since there appeared t o  be no compelling reason why 1 
should be hydrated in this unusual manner, we have care- 
fully reinvestigated the reaction, and our findings show 
tha t  in fact the  sole product of the  addition (aside from 
polymeric material and unchanged ketone) is the expected 
4-hydroxy-3-methyl-2-butanone (3). None of the isomeric 
ketol 2 could be detected. 

3-Methyl-3-buten-2-one (1) was prepared by reaction be- 
tween ethyl methyl ketone and f ~ r m a l d e h y d e , ~  leading to  
3, the  ir and nmr spectra of which (see Experimental Sec- 
tion) were in complete agreement with the assigned struc- 
ture; dehydration of the ketol with anhydrous oxalic acid6 
afforded 1. T h e  structure 1 was in harmony with its spec- 
tral properties, and the melting points of the 2,4-dinitro- 
phenylhydrazones of both ketol and enone were in agree- 
ment with values in the literature (see Experimental Sec- 
tion). 

T h e  hydration of 1 was effected a t  100 and a t  50', by 
simply mixing the ketone and 2 N sulfuric acid and heating 
under reflux a t  these temperatures. At the higher tempera- 
ture the major product was polymeric material; volatile 
material consisted of unchanged ketone and 4-hydroxy-3- 
methyl-2-butanone (3), separable by fractional distillation 
and identified by their 2,4-dinitrophenylhydrazones and 
by com'parison of their ir and nmr spectra with those of au- 
thentic specimens. Glc of the volatile product showed three 
peaks; two of these had retention times identical with those 
of authentic samples, and the third small peak was not 
identified. There was no peak corresponding to 3-hydroxy- 
3-methyl-2-butanone. At 50' for a longer period a similar 
result was obtained, except that  there was very little poly- 
meric material formed, and most of the ketone was recov- 
ered unchanged. Two glc peaks were observed with the vol- 
atile product; these corresponded exactly in retention times 
with unchanged ketone and 4-hydroxy-3-methyl-2-buta- 
none. Neither of the peaks corresponded with 3-hydroxy- 
3-methyl-2-butanone, which could not be detected in the 
product. 

We conclude that  the hydration of isopropenyl methyl 
ketone occurs in the expected manner, to yield 4-hydroxy- 
3-methyl-2-butanone (3). I t  would seem almost certain 
tha t  this was also the product encountered in the original 
r e p ~ r t , ~  since the  2,4-dinitrophenylhydrazone of the prod- 
uct there described had m p  192', which coincides with that 
of isopropenyl methyl ketone, and 4-hydroxy-3-methyl-2- 
butanone is known to yield this derivative under the acid 
conditions normally used for 2,4-dinitrophenylhydrazone 
formation7 Further, 3-hydroxy-3-methyl-2-butanone (2) 
with 2,4-dinitrophenylhydrazine in alcoholic acid media 
yields not the simple derivative, but that  of the 0- alkyl ke- 
tone CH3CO(CH3)20R.8 Finally, the  p -  nitrobenzoates of 
both isomeric alcohols 2 and 3 were prepared. The  former 
had m p  123-1235', as opposed to the reported3 value of 
194O, and the latter had m p  54', in agreement with that  re- 
p0rted.j 

Experimental Section 
Gas chromatography was conducted on a Carbowax column at 

150°, on an F and M Model 810 apparatus. Nmr measurements 
were carried out using a Hitachi Perkin-Elmer R-24 Instrument, in 
deuteriochloroform solution, and using TMS as internal standard. 
Analyses are by Galbraith Laboratories, Inc., Knoxville, Tenn. 
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4-Hyclroxy-3-rnethyl-2-butanone (3). This hydroxy ketone 
was prepared by a modification of Morgan and Holmes' m e t h ~ d . ~  
Freshly distilled ethyl methyl ketone (500 ml), 40% aqueous form- 
aldehyde (375 ml), and 2 N aqueous sodium hydroxide (5 ml) were 
mixed and stirred at  65'. The temperature rose gradually to 80' 
and was maintained so, with gentle refluxing, for 2-3 hr. A further 
quantity (5 nil) of alkali was added and the mixture was stirred at  
room temperature overnight. Acetic acid (10 ml of 2 N) was added, 
the liquid was distilled until the distillation temperature reached 
lO5', and the residue was distilled fractionally in uacuo. A frac- 
tion, bp 86-94' (25-35 mm) (127 g), consisting of 4-hydroxy-3- 
methyl-2-butanone, was collected. It showed a single peak on glc: 
ir (film) 3425 (OH) and 1709 cm-' (C=O); nmr 6 1.09 (d, J = 7 Hz, 
3 H, CHCH3), 2.19 (s, 3 H, COCH3), 2.80 (m, 1 H, CHI, 3.34 (s, 1 
H, OH), and 3.69 ppm (d, J = 7 Hz, 2 H, CH20H). The 2,4-dinitro- 
phenylhydrazone, prepared under mild conditions in d i g l ~ m e , ~  
had mp 108-109' ( l k 7  mp 107-109'); under strongly acidic condi- 
tions the derivative of isopropenyl methyl ketone was formed7 (see 
below). The p-nitrobenzoate separated from light petroleum (bp 
60-90') in very pale yellow plates, mp 54' (lit.5 mp 54'). 

Isopropenyl Methyl Ketone (3-Methyl-3-buten-2-one6 1).  
The foregoing keto alcohol (107 g, 1.05 mol), anhydrous oxalic acid 
(2.0 g), and a few crystals of hydroquinone were placed in a distil- 
lation flask and distilled slowly until the vapor temperature 
reached 115'. The heterogeneous distillate was separated, and the 
upper layer was dried with anhydrous potassium carbonate. The 
liquid was filtered and distilled, bp 42-45' (85-90 mm), to yield 
isopropenyl methyl ketone (42 g, 41%): ir (film) 1678 (C=O), 1629 
(C=C), and 935 cm-l (=CH2); nmr 6 1.83 (s, 3 H, =CCH3), 2.28 
(s, 3 H, COCHB), and 5.79 ppm (d, J = 10 Hz, 2 H, =CH2); uv A,,, 
(EtOH) 220 nm (c  9175). The product showed a single peak on glc. 
The 2,4-dinitrophenylhydrazone separated from 95% ethanol as 
red needles, mp 192-193' (lit. mp 190,9 192.7-193.7' 7), uv A,,, 
(EtOH) 372 nm ( c  21,800). 

Hydration of Isopropenyl Methyl Ketone. A. At 100". Isopro- 
penyl methyl ketone (12.0 g) and 2 N sulfuric acid (240 ml) were 
heated under reflux at looo (steam bath) for 3 hr. After being 
cooled the solution was saturated with anhydrous potassium car- 
bonate and subjected to continuous ether extraction overnight. 
The extract was dried (MgS04) and concentrated by flask evapo- 
ration. The residue distilled at  92-95' (24 mm) (1.0 g), leaving a 
large residue of polymeric material. The ir and nmr spectra of the 
volatile product were identical with those of authentic 4-hydroxy- 
3-methyl-2-butanone (uide supra). Glc of the product showed one 
major peak (73%) corresponding in retention time with that of 4- 
hydroxy-3-methyl-2-butanone. A minor peak corresponded to un- 
changed isopropenyl methyl ketone (16%); a third peak (11%) was 
unidentified. None of the peaks corresponded in retention time 
with authentic 3-hydroxy-3-methyl-2-butanone. The 2,4-dinitro- 
phenylhydrazone of the major product, prepared in diglyme under 

mild conditions,7 had mp 108-109', alone or mixed with an au- 
thentic sample (uide supra). 

B. At 50". Isopropenyl methyl ketone (7.5 g) and 2 N sulfuric 
acid (135 ml) were heated under reflux at 50' (internal tempera- 
ture) for 7 hr. No polymeric material seemed to be formed. The 
mixture was cooled, saturated with potassium carbonate, and 
subjected to continuous ether extraction for 22 hr. The extract was 
dried (KzCOs), concentrated, and distilled, bp 90-95' (24 mm) (2.5 
g), ir (film) 3425 (OH) and 1709 cm-l (C=O). Glc of the product 
showed a major peak (73%) corresponding in retention time to au- 
thentic 4-hydroxy-3-methyl-2-butanone, and a minor peak (27%) 
corresponding to unchanged isopropenyl methyl ketone. Both re- 
tention times were quite different from that of authentic 3-hy- 
droxy-3-methyl-2-butanone. 
3-Hydroxy-3-rnethyl-2-butanone (2). The commercial prod- 

uct (Aldrich Chemical Co.) was purified by distillation, bp 140°, 
nmr 6 1.40 [s, 6 H, C(CH3)2], 2.25 (s, 3 H, COCH3), and 3.95 ppm 
(s, 1 H, OH); it showed a single peak on glc. The 2,4-dinitrophen- 
ylhydrazone, prepared in dilute hydrochloric acid, separated from 
ethyl acetate as orange prisms, mp 144-145' (lite8 mp 1>8-139'), 
Amax (EtOH) 359 nm (c 23,300). 

Anal. Calcd for CllH14N406: C, 46.81; H, 5.00; N, 19.85. Found: 
C, 46.81; H, 5.00; N, 19.85. 

The p-nitrobenzoate was prepared by heating the alcohol and p -  
nitrobenzoyl chloride (1.05 mol) in pyridine on the steam bath for 
2 hr, and then cooling and adding ether and a slight excess of di- 
lute HCl. The ether layer was separated, washed with water and 
sodium bicarbonate, dried, and evaporated. The residual crystal- 
line ester separated from light petroleum (bp 60-90') in very pale 
yellow plates, mp 123-123.5'. 

Anal. Calcd for C12H13N05: C, 57.37; H, 5.22; N, 5.57. Found: C, 
57.33; H, 5.23; N, 5.54. 

Registry No.-1, 814-78-8; 1 2,4-DNP, 5077-59-8; 2, 115-22-0; 2 
2,4-DNP, 52123-60-1; 2 p -  nitrobenzoate, 52123-61-2; 3, 3393-64-4; 
formaldehyde, 50-00-0; ethyl methyl ketone, 78-93-3; p-nitroben- 
zoyl chloride, 122-04-3. 
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