
3574 NOTES VOL. 26 

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). 
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TABIX I 1  
ANALYTICAL, 1)ISTILLATION O F  1IIXEL) ETHERS 

Composition, ml." 

C i S -  lrnns- Carbonyl Other 
Ether Ether AI(%hand Compoundsh Impurities Total 

1 37-45 21.4 0 . 8  2 . 0  0 . 2  0 . 1  21.6 
2 45 39 .8  :3.4 0 . 1  0 . 2  0 . 0  4 3 , 5  
3 45-48 1.8 3 . 7  0 . 0  0 . 0  0 . 0  5 . 5  
4 49 0 . 1  16.8 0 .  1 0 . 0 0 . 0 1 7 . 0  

Residue 0 . 0  0.8 0 . 0  0 . 5  4 . 7  6 . 0  

Fr:ict,ion B.P. 

a Composition determined by infrared analysiu. Calculated as acetone. 

The reaction mixture was then neutralized with 0.3 g. of 
sodium methoxide and distilled with fractionation. The 
following fractions were collected: I, b.p. 50-89", 1580 g. ; 
11, b.p. 89', 1490 g.; residue, 95 g. Analysis of fraction I by 
vapor phase chromatography showed that  i t  consisted of 50 
g. of propionaldehyde (0.9 mole), 1095 g. of acetone (19.0 
males), 170 g. of methanol (5.3 moles), 50 g. of acetone 
dimethyl ketal (0.5 moles), and 215 g. of propionaldehyde 
dimethyl acetitl (2.1 moles). Analysis of the residue showed 
that i t  contsined 5 g. of the acetal, and higher boiling ma- 
terials. Fraction I1 wm propionaldehyde dimethyl acetal 
(1490 g., 14.4 moles, 737, yield). Total yield of the acetal 
was 8470. 

Pyrolysis of acetal lo methyl propenyl ethers. The pyrolysis 
column was a 65-cni. glass tube (28 mm. I.D.) wrapped with 
a nichrome heating wire and equipped with five equally 
spaced thermocouple wells. The first 5 cm. was packed with 
glass wool to  serve as a preheater. The remainder of the 
column was packed with her1 saddles which had been washed 
with a 1% aqueous solution of phosphoric acid and dried. 
Propionaldehpde dimethyl acet,al (420 g., 4.0 moles) 'IYILS 

passed through the column at 300-325" st a rate of 65-75 
inI./hr. The pyrolyzate was collected in a stirred rrceiver 
containing 1.0 p. of sodium methoxide in 50 ml. of methanol. 
Chromatographic analysis showed 51 yo convrrsion to  
methyl propenj-1 ethers. The pyrolyzat,e was combined with 
an equal volume of toluene and washed three times with a 
total of 400 ml. of dilute aqueous sodium hydroxide. Thc 
t olucnc lager was separated, dried ovrr potassium carbonate, 
:md distilled. Tht: fraction boiling up to GOo (235  g.) was 
collrcted by t1istill;ttion and foiind kij ,  r1irom:ttogr:tghic 
malysis t,o consist almost entirclly of mrttiyl proprri$ ethcrs 
ivith a ratio of cis to trans isomers of approximatc,ly 5:2. 
Yield based on iinrecovcrrd acetal was nearly quantitative. 

Scparation o j  cis and trans isomers. The mixed cthrrs w r r  
tlistilled on a 1200 X 19 mm. column pttcked with l/,Gin. glass 
liclices with i i  reflux r:tt>io of 50: 1. End fractions containing 
80y0 or morr of one isoiiirr were collrrted, :tnd middle frac- 
tions werc rc-distillcd. Thew 807, fractions wcrp conibinetl 
:ind redistilled to give fractions purr or Iirtter which 
w r e  con~liirird and rcdist>illcd. JYhtn sufficirnt ainounts of 
c,ac:h isomer wrre ohtwinrd for characterization, (8hrom:ito- 
grap1iic:tlly better than !)Syo purc, distillat~ion wits disron- 
tiiiucd. Thr  physical properties Kcre determined on thcw 
products and iirc eiimm;trized in Tahlc I. 

A 96.5-ml. batch of thc mixed isomers was aii:LIyticnlly 
dist>iiled on it concentric tube column having 145 thporetical 
plates a t  total reflux. The column was operated at a reflux 
ratio of 100: 1 during the day and totzl reflux overnight for 
approximately 30 days. Results of the distillation are sum- 
marized in Table 11. 

Anal. Calcd. for CIH80:  C, 66.63; H, 11.18. Found for cis: 
C, 66.43; H, 10.99. Found for trans: C, 66.68; H, 11.21. 

A cknozcl~dgment.  The authors are indebted to 
0. L. 13olIis, IT. L. Spell, R. A. Borup, W. L. 

Roiise, 1'. C. Broussard, and Antoinette Voipt for 
assistance with the physical methods employed. 
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Preparation arid Reactions of 2,4- 
Tolylene Diisothiocyanate 

C. C. CLARK 

Jnnitary SO, 1361 

The patent literaturc refers to the formation of 
polythiourethanrs from diisothiocyanates and 
various difiinctional coinpornids possessing active 
hydrogen. The objective of this work was to pre- 
pare 2,4-tolylene diisothiocyanate and t o  in\ csti- 
gatr its reactions with diols, polyols and diamiiies in 
a preliminary way. A method similar to that of 
Connolly and DysonS was chosen for the prepara- 
tion. 

2,4-7'olylene diiPot~iiocyRriatcl,~ has bren ptc- 
pared by heating 2,ltolylcnc-w-dipheiiyldithiourea 
with concentrated hydrochloric acid and from 2,4- 
tolylenedianiiae and thiophosgeiie. 

Lellnmniil heated 2,4-tolvlcncdiamin~ with ani 
monium thiocyanate a t  120-130° to obtain this 
product. In all of these preparations the yields were 
low. 

Phenyl isothioc)-anate5 has bceii made hy treating 
aniline dissolved in hydrochloric acid with stannous 
chloride and perchloromethyl mcrc:iptan. 

Yields of 2,1-tolylenc diisotbiocyanatr obtaiiietl 
by thc method described herein using pc'rchloro- 
methyl mercaptan were low. The p r o d u c t  consisted 
of yellow needles. Much unidentified dark colored 

i 1) 0. Billeter and A. Steiner, Ber., 18, 3204 (1885). 
( 2 )  It. Lussy, Ber., 8, G60 (1875). 
(3) A. Steiner, Ber., 20, 230 (18S7). 
(1) E. J,eIlm:in, Ann.  221, 10 (1883,. 

-1. 11. Coiinolly mid G 1I:ilcotli l ) p c ~ t i .  Jr.. ( I h c / , L .  
8SOC.. ti79 ( I ' J x l i .  


