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In no caw did we obtain a product nic.lting as low as - 2 U O .  
The solutiolis for infrared work were obtained by dissolving 
the freshly prepared crystalline a-hydroxyethyl peracetate in 
cold chloroform. 

Infrared spectra.  A Baird-Atomic infrared spectropho- 
tometer Model 4-55 was used in this work. The chloroform 
solution of peroxide was introduced immediately after prep- 
arnt  ion into the previously cooled low-temperature celllo 
a t  0". X variable-path length cell was used in the reference 
t)r:am to compensate for the chloroform absorption. .4 Teflon 
spacer cut from 0.020 rnm. sheet \vas used in the cell since the 
iiorinal lend spacer rapidly decomposed the peroxide. 

The decomposit,ion of a-hydroxyethyl peracetate at 0' t o  
ncet,ic acid \vas followed by allowing the solution to remain in 
the ccll and scanning the carbonyl region periodically. 
Spwtra of several reference compounds were obtained a t  
ambient temperature except for acetaldehyde which was 
obtained a t  0". The compounds and the position (in microns) 
of their carbonyl bands are: peracetic acid (5.68); acetic 
acid (5.82): t-butyl peracet3t.e (5.64); t-butyl acetate (5.79); 
and acetaldehyde (5.80). 
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DISCUSSION 

Jfaiiy diacetals of pentaerythritol have been 
rcIported.1 However, the monoacetals, monoketals, 
and diketals have been relatively neglected. We 
have inveqtigated the synthesis of monoacetals 
arid monoketals of pentaerythritol, and coadju- 
tantly have prepared many diacetals and diketals 
of pcntacrythritol and acetals and ketals of 2,2- 
dimethyl-proparicd~ol-l,3 (Ia) and of 2-methy1-2- 
Ii~drosvmctliyIpropaiicdiol-1.3 (Ib) (Tables I, 11, 
aiid 111). 

-1cetals of 1,3-diols can be prcparcd by refluxing 
the diol with the aldehyde in the presence of an 
:(rid cat:dyst1v2 even in the presenc~ of some water.3 
I\'ith the exception of accto~i:tls,~ however, the 
rorrespoiiding lietals cannot be prepared in aqueous 

( 1  ) E. Rrrlow-, R. H. Barth, and J. E. Snonr, ?'he Penta- 
eri/thrzlolu, Reinhold Publishing Corp., New York, 1958. 

( 2 )  (a) A. Frarike and E. Gigcrl, Moiintsh., 49, 8 (1928); 
( 1 ) )  I?. Dvorak and T. M. Lasch, Monatsh. ,  51, 59 (1929); 
( v )  It. F. Fischer and C. W. Smith, J .  Org. Cheni., 25, 319 
(1960); ( d )  R. I. Meltzer, A. D. Lewis, J. Yolpe, and D. M. 
IAustgarten, J .  Org. Chem., 25 ,  712 (1960). 

(3) ( a )  H. Schub and B. Tollens, Ber., 27, 1892 (1894); 
( b )  A. Skrabal and S. Xalpasanoff, Rer., 61B, 55 (1928). 

(4) A. Skrabal and h?. Zlatewa, Z.  physib.  Chem., 119, 
305 (1926). 

solution appareiitly because the equilibrium between 
I aiid I1 is unfavorable when both R3 and Iia are 
alkyl groups: 
Ri 0 

\ C(CH2OH)z + Ra- -CR4  
/ 

Rz 

I1 

We have shown that most of the ketals are easily 
prepared, however, if the water is removed as it is 
formed during the reaction, by the use of an azeo- 
tropic head. Difficulty was experienced in the prep- 
aration of the ketals of benzophenone with Ia  or 
Ib. The reactions were very slow, the yields were 
low, and much starting diol was recovered. Among 
carbonyl compounds whose ketals with In  could not 
he isolated were fluorenone, benzoquinone, benzoin, 
benzalacetophenone, and mesityl oxide. Keither 
could the trisbutyral his-Ib be formed by reaction 
of butyraldehyde with Ib in 3:2 molar ratio. 
Water evolved from all these reactions very slowly, 
and in part probably mas formed by decompositioii 
of the alcohol rather than by ketal formation. 

Ethyl butyl ketone reacted readily with Ia  or 
Ib to form ketals, but with pentaerythritol the 
reaction was very slow. i i s  pentaerythritol is quite 
insoluble in benzene and ethyl butyl ketone, the 
reaction was tried with diethylene glycol diethi 1 
ether as a solvent. Although pentaerythritol i y  

quite soluble in the latter a t  the boiling point, the 
reaction was still very slow, and a pure product was 
not isolated. 

The preparation of the monoacetals of penta- 
erythritol and water-inqoluble aldehydes presents 
special problems. Very few of these monoacetals 
have been reported.' The basis of the difficulty 
is that the pentaerythritol is insoluble in almost 
all organic solvents. Therefore, if the reaction is 
conducted with the pentaerythritol and the aldc- 
hyde in separate phases, when the monoacetal i i  
formed, i t  dissolves in the aldehyde phase aiid 
quickly reacts further to form the diacetal. Only a 
few such monoacetals, 4 5  have been made by hetero- 
geneous reaction. In  this work i t  is found that these 
monoacetals are more conveniently prepared in a 
homogeneous solution in aqueous dioxane or di- 
ethylene glycol diethyl ether (Table 111). E'or 
example, monobenzal pentaerythritol was pre- 
pared in 44% yield (Method 13, Experimental). 

Monoketals of pentaerythritol cannot be pre- 
pared by this method because they are unstable ill 
the presence of water. It would seem that the 

( 5 )  E. Bograchov, J .  Ani. Chem. Soc., 72, 2268 (1950). 
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TABLE I 
CYCLIC ACXTALS ASD K E T A L ~  OF ~,~-L)IRIE,IHYLPROPA~.EDIOL-~,~~ 

Yield, 
Carbonvl Coinpound h1.P. B.P. Mni. ( L Method Foriiiulu .inal>st.s, (,; 

-4 c eta1 de h n k  

C'hloroucetaldehyde 

I'ropionnldeh\~dc~ 

Valeraldehydc 

2-Et hy1hcsan:il 

p - H !  drow l)t~nzaldrliytle 

.icetone 

Methj 1 rthyl ketone 

Ethyl n-butyl ketone 

Benzophenone 

- 

135-138 

- 

- 

84-85 

58-60 

!I699 

76-78 

91-94 

5 i  

143 

83-80 

132 

52 28 13 

34 7% I3 

54 54 €3 

20 6 A A 

0.4 16 A 

- 65 .4 

760 7 2  A 

45 84 .I 

45 60 .-2 

- 18 .2 

Calcd. 64.58 C; 10.84 H 
Found 64.58 C; 10,83 11 
Calcd. 51 .07 C;  7 . 9 2  H; 2l .SS C1 
E'ound 51.15 C; 8.M 11; 21 . 2 5  C1 
Calcd. ti(i.61 C; 11 .l!l 11 
E'oui~d 6 i .  11 C; I 1.48 11 
Cdcd. ti9.72 C; 11.71 H 
Found 68.19 C:; I 1  .:<ti H 
Calcd. 72.84 C ; 12.23 11 
Found 72.81 c'; 12.46 H 
Calcd. 69.20 C;  7.2( i  11 
Found 70.10 C ; 7 .  77 I1 
Calcd. 66.63 C;  11.18 1 1  
Found 6 6 . M  C; 10.94 11 
Calcd. 68.31 C;  1 1 . 1 i H  
Found 68.42 C ;  11 .26 If 
Calcd. 71.95 c: 12.08 11 
Fonrrd 71 .92 C ;  I2 :<2 I4 
C:tlcd. 80.56 C;  7 . 5 1  II 
Fountl 8 0 . 8 2  c; 7.83 I I  

'4s far as wr :irc awarcs, t,he onl>- other :wcltals of pentaglycol reporttd in  thc literature nw thoscs of f ~ r ~ ~ ~ : i i ~ i ~ ~ l i ~ ~ ~ l ~ ~ .  iso- 
butyraldehyde, heptaldehyde (Ref. 2b), and benzaldehyde (Ref. 2a), and thr only ketals ar? thosca of c.yriol)i~iit:iiionv ;iiid 
cyclohexanone (Ref. 8). 
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TABLE I11 
CYCLIC ACE'TALS A S U  KETALS O F  PESTAXRYTHRITOL 

.__ ___ 
Yield, 

(':trlion\.l Comiiound 11.1'. B.1'. Min. ( Method Formula h nd \,sis, (, i, 

Chloroacetald(:h?-de 

n -Bntyralclc~h~-de" 

n-V:ilderaldc:hydc: 

n-Valeraldehydc (his) 

Hrsannl (mono) 

2-lCthylhrsaii:d (his! 

1lethyl c:thTl ltctonr 

Pentanoric!-2 (bis) 

l'entnnonc-3 (tiis) 

Cyclohexanone 

(mono) 

(mono) 

(mono) 

(bis) 

(mono) 

114-116 - 

70-71" - 

80-82 - 

57-38 - 

80-82 - 

- 157-160 

47-48 95-96 

12-44 115 

38-40 124 

122-124 - 

74 13 

41 B 

49 B 

31 rl 

48 B 

80 .\ 

06 .I 

96 A 

82 .l 

12 C 

Calcd. 42.76 C; 6.66 H; 18.0S CI 
Found 42,113 C; 6 . 5 3  H;  18.05 C1 
Calcd. 56.84 C;  9 .47  H 
Pound 57.35 C; D,79 H 
Calcd. 58.82 C;  9.80 H 
Found 58.86 C; 9.82 H 
Calcd. 66.17 C;  10.29 H 
Found 66.25 C;  9.93  H 
Chlcd. 60.55 C; 10.09 H 
Found 60.41 C ;  10.YO H 
Calcd. 7 0 . 7 2  C; 11.S1 H 
Found 7 1 . 1 4 C ;  11.21 11 
Calcd. 63. DO C; 9.90 H 
Found 63.4'7 C; 9 . 6 2  11 
Calcd. 66.17 C ;  10.36 H 
Found 63.59 C; 9.66 H 
Calcd. 66.17 C;  10.86 H 
Found 66.24 C;  9 . 8 1  H 
Calcd. 6 1 . 1 1 C ; 9 . 2 5 H  
Found 61 .24  C;  9 . 4 9  H 

a Ref. 9 reported :t m.p. of 116" for this compound. 

t*atalybt for hydroljiik. This is certainly the caie 
for the formals of peiitaerythrit01,43~ slid was fouiid 
to be the mse for the moiioacetal aiid monobutyral. 
However, i t  was fouiid that the moiiovaleral aiid 
monohexaiial of pentaerythritol and the acetals 
of In  and Ib  are quite eaiily hydrolyzed by boiling 
water. A\ for thc ketals, i t  ha9 previously been 
rrported4 that the acetoiials of peiitaerythritol are 
hydrolyzctl by boiling water. This behavior was 
foiuid to  hold for the acetonal of Ia and for the 
:wetoiial mid cyclperitaiioiie ketal of Ib. 

EXPERIMENTAL' 

Preparaliori of ucetals and ketals. Method A .  A niixture of 
:34.0 g. of pentaerythritol (0.25 mole) and 43.0 g. (0.55 mole) 
of methyl ethyl ketone with 1 g. of p-toluenesulfonic acid 
and 50 ml. of benzene was refluxed 5 hr., using an azeotropic 
head to  remove water as i t   as formed. Dwing this time, 
:).O ml. of water was collect,ed. Triethylamine (0.54 g.) was 
added. The benzene was distilled at 20 mm. and 58.7 g. 
(%yo) of bisniethyl ethyl ketal of pentaerythritol was col- 
lected at 95--96" at 0.8 mm. 

This procedure was successful, interestingly, even for 
:tcetonr, as long as thc material rntering the azeotropic 
hoad \vas a one-platr distillate. If the experiment was done 
\\.it>h :t Vigrtsnx column ahcad of the azeotropic hcad, only 
1) i io  phase \vas 01,tained in thc distillate, consisting of 
rchtively pure nccstone. 

.\niberlite 111-120 m i o n  cschangc resiu (H forin) \vas 
I t w  rclia1)lc as a citt:L1ystr than t.he tolucnc sulfonic acid. 

Those Icctals for \vhich both melting points and boiling 
points arc reporttd irere rccrj llizetl from ligroin after 
distillation. The other solid compounds were isolated by 
recrystallization from henzeiie or benzene plus ligroin, 
except for the lcetal of benzophenone and Ia,  for which 
<.than01 plus w t p r  was used. 

The previously reported8 ketal of Ia and cyclohexanow 
was found to have a b.p. 223-225' at 760 mm. 

Xethod B. Synthesis of acefals in aqueous solution. T o  a 
mixture of 125 nil. of dioxane, 125 ml. of water, and 21.5 g. 
(0.25 mole) of n-valeraldehyde, 34.0 g. (0.25 mole) of pen- 
taerythritol and 1 g. of ilmberlite IR-120 rrere added. ilfter 
2 hr. refluxing, the hmberlite was filtered off, and 230 ml. of 
solvent distilled a t  20 mm. The residue, on filtrat,ion and 
recrystallization from toluene, yielded 24.6 g. (52%) of 
monovaleral pentaerythritol, m.p. i9-83", raised to 80-82" 
by recrystallization from benzene. 

The monobutyral of pentaerythritol could not be separated 
from the dibutyral by simple recrystallization from an or- 
ganic solvent. The separation was achieved by extracting 
the residue with water after removal of the dioxaiie, filtering 
off the dibutyral, evaporating the water, and then re- 
crystallizing the relatively pure monobutyral from benzenr. 
The melting point was 70-71", compared to the 116" prr- 
viously r e p ~ r t e d . ~  

Wit'h water soluble aldehydes. the dioxane \vas omitted. 
K i t h  acetaldehyde and propionaldehyde, the reaction \vas 
conducted a t  70" in a pressure flask with shaking (I'arr- 
Adams apparatus). 

Method C. Hydrolysis of biscyclohexano7~e ketal of pentu- 
erythritol to the nionoketal. A solution of 29.6 g. (0.1 mole) 
of the biscj-clohexanone ketal of pentaerythritolI0 in 150 
nil. of diethylene glycol diethyl ether was refluxed in tht, 
prrsencr of 1 g. of .Imherlite IR-120 while water was being 
added dropwise t o  it. Simultaiieously the wnter- 
nonr azcotropr was distilled off through a Yigreii 
U'heii 9.8 g. (0.1 mole) of cyclohesanone had been collected 
iii this niannrr, thc reaot,ion 14':~s stopped. The Aniberlitr 
and most of the unchanged pentaerythritol were removed b\. 
filtrat>iori. t,he solvent distilled i n  2rac~0, and t,hr residue 
rccr>.stallizc.d from I,enzt.ne, yicilding 2.5 g. (127') of inono- 
cyvlohesanone ketal of pentaerythritol (m.p. 122-124" ). 
.4 total of 10.4 g. of impure pentaerythritol, m.p. 200-245", 
\\.as recovered. 

(8) M. S. S e ~ ~ n i n n  and  R .  .J. Harper, J .  A m .  Chetn. SOC. 
80, A350 (1958). 
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The monobutyral and the monovaleral of pentaerythritol 
were also prepared in good yield by this method. 

Uncatalyzed hydrolyses of acetals and ketals. A solution of 
0.054 mole of acetal or ketal in a mixture of 15 ml. of water 
and 15 ml. of dioxane was refluxed for 2 hr. If acetone was 
formed, i t  was distilled. The reaction mixture was then dis- 
tilled. The carbonyl compound was isolated either as such, 
or as the dinitrophenylhydrazone in the first portion of the 
distillate. The dehydrated reaction mixture was either dis- 
tilled or extracted with benzene to recover the unchanged 
acetal. The diols are insoluble in cold benzene. The acetonal 
of I a  and the acetonal and cyclopentanone ketal of Ib  were 
hydrolyzed extensively or completely under these condi- 
tions. The results for some acetals are summarized in Table 
IV; only the 0 and 100% figures have quantitative signifi- 
cance. 

TABLE IV 
HYDROLYSIS OF ACETALS AND KETALS 

~ 

Recovered Compounds, 
RIole yo _ _ _ _  

Starting Carbonyl 
Acetal of material compound Diol 

2,2-Dimethylpropanediol-l,3 
and 

Acetaldehyde 
n-Valeraldehyde 

2-Methyl-2-hydroxyniethyl- 
propanediol-1,3 and 

Acetaldehyde 
n-Butyraldehyde 

Pentaerythritol and 
Acetaldehyde 
n-Butyraldehyde 
n-Valeraldeh yde 
n-Hexanal 

100 
90 
7 2  - 

13 32 
40 - 

25 
4 18 
- 
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cis- and trans-Jlethyl Propenyl 
Ethers 

Received January 2 Y ,  1961 

Methyl propenyl ether has been mentioned in 
tJhe literature,' but isolation of the cis and trans 
isomers has not been reported. During some studies 

( l ) (a )  Ruhrchemie A.-G. (Walter Rottig and Otto 
I,iet,hen, inventors), Ger. Patent 906,517, March 15, 1954; 
( I ) )  Rochc Products Ltci., Brit. Patent 756,632, Sept. 5, 195G. 

on derivatives of propylene oxide several years ago, 
two of us separated and identified these isomers by 
gas chromatography. Configurations were assigned 
to the components giving the two peaks 011 the 
basis of infrared spectra of partially separated 
mixtures obtained by fractional distillation. Interest 
was renewed in separation of the isomers by the 
appearance of a paper2 on the preparation of 
crystalline polymers of alkyl propenyl ethers in 
which i t  was stated that the cis and trans methyl 
isomers could not be separated by distillation. 

The mixture of isomers to be separated was ob- 
tained by vapor phase pyrolysis of propionalde- 
hyde dimethyl acetal and contained the cis and 
frans forms in a ratio of about 5 : 2 .  The samples for 
characterization mere obtained by successive frac- 
tional distillations in a packed column, and each 
isomer was over 99% pure by gas chromatography 
and infrared spectrophotometry. The behavior of 
the mixture in a single batch distillation was deter- 
mined with a concentric tube column. Structures 
assigned on the basis of infrared spectra3 confirmed 
the expcctation that the lower boiling ether is the 
cis isomer, the higher trans, shown by their strong 
absorptions a t  13.8 p and 10.3 p respectively. 

The use of the commercially available ketal 2,2- 
dimethoxypropane4 as a water scavenger and source 
of methoxyl groups provides a convenient labora- 
tory method for the preparation of methyl acetals of 
aldehydes. Good yields can be obtained because of a 
favorable equilibrium constant, and the coupling of 
the endothermic hydrolysis of the ketal with the 
exothermic formation of the acetal results in a very 
mild biit fast reaction. 

EXPICRIMENTAL 

I'ropionaldehyde dimethyl ucelal. l'ropioiialdehytle ( 1160 
E., 20.0 moles), acetone dimethyl ketal (2040 g., 19.6 moles), 
methanol (45 g., 1.5 moles), and p-toluenesulfonic :xid 
(0.3 g.) were combined and allowed to stand overnight. 

TABLE I 
I ' H Y S I C A L  1'ROt'EATIES OF hfETHYL ]'ROPES Y L  ~ < l ' l l k ~ R S  - 

Property cis t r a m  

Vapor pressurr, mm. 280(20) 350( 20) 
v o l a  620(40) 53 5 ( 40 ) 

754(453 745(49) 
A H \ . ,  l i ca l . / g , -n~~~l~  7 . 2 8  0 ,  !)(i 
l~.T'." -114.41 -99 7 I 
l i : 5 "  1 ,8884 I . : <X i0  
Ikrisit,y, g./co. (To)  0.766:1(25) 0 .7 iq54 (Z5)  

0 ,  7724(2O) 0.781 3( 20) 
Viscosity, centistokes 

(20O) 3 .45  3 . 4 8  
~~ ~~ 

a L i t . I b  b.p. 45-47", ny 1.3850. * Heat of vaporization 
calculated from Cox charts. 

(2) R. F. Heck and D. S. Breslow, J .  Polynier Sci., 41, 

(3) G. J. Dege, R. 1,. Harris, and J. S. MacKenzie, J .  

(4) Tlie Dow Chemical Company. 

520 ( 195'3). 

Am. Chein. SOC., 81, 3374 (1959). 


