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A new synthesis for mono-, di-, and trisubstituted 
ureas involving the reaction of carbon monoxide 
and sulfur with amines has been reported recent1y.l 

It was of interest, therefore, to investigate the 
hitherto unreported reaction of dialkylamines 
with carbon monoxide and sulfur. It was found 
that di-n-butylamine and diisopropylamine reacted 
to yield their respective dialkylammoniuni di- 
alkylthiolcarbamates in substantial yields. 

/ I  + 
2 R?YH + CO + S --+ [R?S-C-S-HzNR21 

0 e C H B I  -+ R?S- -S--CHI 
R = isopropyl or n-butyl 

EXPERIMENTAL*, 

Reaction of diisopropylarnine with carbon monoxide and 
sulfur followeci by reaction with methyl iodide. A mixture of 
diisopropylamine (101 g., 1 mole), sulfur (32 g., 1 mole), 
and tetrahydrofuran (200 ml.) was charged to a 1.41. 
bottom-stirred autoclave which was purged with nitrogen 
and then sealed. Carbon monoxide v a s  injected into the 
autoclave until a pressure of 300 p s i .  was reached. The 
stirred mixture was heated to 120' during 35 min. The 
temperature of the mixture was then maintained at 120" and 
the pressure a t  400 p.s.i. by occasional injection of carbon 
monoxide during 1 hr. The autoclave was cooled to 0" and 
the gases wrf2 vented. Methyl iodide (142 g., 1 mole) i ~ a s  
added dropwisc. to the stirred mixture a t  0--10". The thick 
slurry was stirred at room t,cmperaturc for 3 hr. The mix- 
ture was filtrrcd, and the crystals were washrd with ether. 
Ether was added to the filtrate until no more crystals 
separatcd. The mixture was filt.ercd and the filtrate mas 
evaporated to an  oil which \vas distillrd to J-ield S-methyl 

(1) (a ,  I' .\pplegath, 11. Barnes, and I!. Franz, U. S. Pat. 
2,857,430 (1958); Cheirz. Abstr., 53, 529Gh (1959). ( b )  Cf., 
F. Applegath and R. Franz. U. S. Pat.  2,874,149 (1959): 
Cheni. Abstr., 53, 12187f (1959). (c) Cf., F. Applegath and 
R. Franz, U. S. Pat.  2,857,392 (1958); Chem. Abstr., 53, 
5286e (1959). 

(2)  All boiling points are uncorrected. 
(3 )  Elemental analyses were performed by the Galbraith 

Lnhoratorirs, P. 0. BOX 4187, Ihoxville, T r n n .  

diisopropylthio1carbam:ite (53 g., 0.30 molr. 60% yield ), 
b.p. 92-96.5"/14 mm., n2; 1.4831. 

The infrared spectrrml had a peak a t  6.05 p ( C = O )  
and was identical with that of a sample prrpared in th ( ,  
same manner having b.p. 96-9G.5'/14 mm., n y  1.4822. 

Anal. Calcd. for CsHI7?jOS: C, 54.81; H, 9.78; K, 7.99; 
S, 18.22. Found: C, 54.99; H, 9.42; N, 7.92; 8, 18.57. 

In another experiment the mixture of crystals and liquid 
obtained from the reaction (Jf diisopropylamine with cnrbori 
monoxide and sulfur was coolrd to -10". Thc slimy was 
filtered; the crl.stals were washed xvith cther (200 inl.) and 
pressed dry with a filter dam for 1 hr. Tho filtrate was 
cooled to -80" for 1 hr. Tho solid which separated was com- 
hined with the first crop to yield diisoprop~lammoniunl 
diisopropyltliiolcnrhamatc (79.6 g., 0.30 mole, C;C;C/h yield). 
The infrared spectrum was identical x i th  that of an authentic 
stimple prepared from the rcnction of carbonyl sulfide with 
diisopropylamine. 

Reaction of d.i-n-btit?Jlnrlline with carbon monoxide and 
sulfur followed b y  methyl iodide. A mixture of di-n-biityla- 
mine (129 g., 1 molr), sulfur (32 g., 1 mole), and tetrahydro- 
fiiran (200 nil.) \vas treated in a similar inannrr to the ( m e  
of diisopropylamine. Tho rraction mixture was heated to 90" 
during 30 min. a t  a carbon monoxide presslire of 200 p.s.i. 
The autoclave TVRS maintainrd a t  a temperature of 90-94" 
and 200 p.s.i. for 10 min., thrn cooled to room tenipcSraturt~. 
Methyl iodide (142 g., 1 mole) was added under the usual 
conditions. Thrrc v-as obtained S-methyl di-n-hitylthiol- 
carbamatc (62.5 g., 0.31 molr, 62Cj, yirld), b.p. 79-80"/0.2 
mm., n'," 1.4781 (lit.4 b.p. 144.5-146'/20 nun.; n"," 1.4761 ). 

The infrared spectrum had a pralr a t  6.1 p ( C = O )  and 
was identicnl xvith t,h:it of :t sample prcipared in the s m l r  
manner. 

.-lnnl. Calcd. for CloH2,SOS: C, 59.07; H, 10.41; S, 6.89 
S, 15.77. Found: C, 59.05; H, 10.57; 3, 6.71; S, 15.77. 
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(4) H. Tilles, J .  .4nz. Chern. Soc., 81, 714 (1959). 

The Structure of the Crystalline Peroxide 
Formed in the Oxidation of Acetaldehyde 

P.4lJ1, 8. STARCHER, BESJAMIS l'HILLII'S, 4 N D  FREDERICK C. 
FROSTICK, JR.  

Kereivetl Jnni tnru 24, 1.961 

lVirlandl first proposed an addition product of 
peracetic acid and acetaldehyde to bc an inter- 
mediate in the liquid-phase autoxidation of acetal- 
dehgdc to acetic acid, and Lbsch2 later isolated, 
analyzed, arid determined the physical properties of 
+uch a 1 1  intermediate. Sincc then there has been con- 
trowrsy over its $tructure. Thr  folloning structures 
for this peroxide intermediate haw been proposed. 
\Vieland,l Lubarsky and T<agen,3 I ,Ci~ch ,~  G ~ l d i n g , ~  

(1) H. \\-ic,l:ind, Her. ,  54, 2S57 (1'321). 
( 2 )  H.  I,osch, P.B. 52007, pp, 23, 101. Office of Technical 

Service, I-. S. Department of Commerce, Kashington, D. C. 
(3) G. D. Lubarsky and M. J. Kagen, J .  Phys Chem., 39, 

847 (1936). 
(4) n R V Golding, C .  S. Patent 2,833,814 (1958). 
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of acetaldehyde with molecular oxygen was identi- 
cal with the product obtained from peracetic acid 
and acetaldehyde in ethyl acetate solution. In 
each case, the product melted near 22O, and there 
was no depression of the melting point on admix- 
ture of the two. We have now attempted to repeat 
the work of earlier in~estigators3~'~~ who obtained 

I1 a crystalline solid, melting a t  approximately -20", 
H from the reaction of peracetic acid and acetalde- 
0 hyde in toluene solution a t  lorn temperatures 
I/O\ (-30' t o  -40"). Following the direction5 of 

Lubarsky and Kagen,3 we obtained crystals which 
melted a t  -5' in one experiment and 11' in an- 
other. By refinement of our purification technique 
(see Experimental) we were able to isolate the same 

and the present authors,' among others, have as- crystalline product (m.p. 19-210) .\\.hi& we had 
signed structure I to  this peroxide. Structure 11 has obtained previously.5 yo product as ab 
been proposed by Bawl and Williamson6 and by - 200 Tvas obtailled in our work. 
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I'asi'ye'', Tere1'i1', and Eman11e1>7 structure 1'' 
I)'hlS, DOSWM', and Jhtt l ler ,* and Structure IT by 

Establi&illg that the oxidatioll product of acetal- 
dehyde is idelltical Tvith the addition product of 

Rieche.Y On two properties of this intermediate there peracetic acid and acetaldehyde, although en- 

empirical formula is C4HBO4. This formula, well sillce it i., riot kno,vn whether the peracetic acid 

elements of one molecule of peracetic acid and one 111) or as the hydroperoxide anionfi (structure 11) 

the elements of two molecules of acetaldehyde and Iv) or rearrangement, Furthermore, the 
thermal instability of this intermediate (it decom- one molecule of oxygen. 

furnished by synthesizing this peroxide from per- ferentiate between the possibilities by &dying 

a t t e m ~ t s ~ ~ ~ ~ ~  to do this, in toluene solution, galre lo~~-temperature cell developed by ~ ~ ~ ~ l l  and 

is general agreelnellt; i .e.> is a peroxide, and its ljghtening, does not poiistitUte proof of structure 

supported corresponds to adds a8 the peracetate anion (structure 1 or possibly 

Idecu le  of acetaldehyde or, alternatively, to or whether this additioll is follo\ved by cyclization 

One the structure have been poses a t  3%/hour a t  00) makes it difficult to dif- 

acetic acid and ; however, chemical trailcJormations. Ho~vever, by using the 

an apparently different peroxide--one which melted Whitelo of these laboratories, we were able to 
a t  -'o". In contrast> the low-temperature liquid- 
Phase oxidatioll Of gave a 

obtaill infrared spectra which clearly show that 
structure I, a-hydroxyethyl peracetate, is the which melted a t  2 2 ° . 2 ~ 6 ~ 8  Bawn and Williamson,fi 

on the basis of the analysis of decomposition correct ol,e for this intermediate. 
Tasilycv, Terenin, and Emallue17 have pub- 

products, suggested that the intermediate peroxide 
trn.p. -200) corresponded to struc'ture I1 liihed the ollly infrared data (a $mall part of the 

that spectrum 12 p )  oll the addition compound of when it was prepared by the oxidation of acetalde- 
hyde it carystallized from solution with one mole- 
rule of acetaldehyde of crystallization to give the 

Rlattner8 isolated a compound xi th  a melting point 
of 8" from the reaction of peracetic 
dehyde in ether ascribed to It  the 
formula, 

0 
I1 

acid (m.p. -200). 

the basis of the close proximity of the peaks of 
the additioll compoulld (11,8 and peracetic acid 

the o-o linkage u,as the same in both cases; i.e., 
acid and acetal- both compoullds had the hydroperoxide alld 

the addition compound therefore had the structure 
11. The weakness of the bands in this region, inter- 
fering absorptions of other groups such as alcohols, 
and the general difficulty of proper assignment of 
the 0-0 band" detract from the conclusions of 
these authors. 

We have obtained infrared spectra of freshly 
prepared chloroform solutions of the peracetic acid- 
acetaldehyde addition product (m.p. 21 ") a t  tem- 
peratures near 0". A typical spectrum (see Fig. 1) 
shows a strong carbonyl band a t  5.65 p.  Absorption 

at 220. D'*411s, DoSSoJv', and (11.7 p ) ,  they concluded that the environment of 

[CH$OOH.CHaCHO] .( CzHJlO 

The present authors5 found that the product 
from the lorn-temperature, liquid-phase oxidation 

(5) 13 Phillips, F C Frostick, J r  , And P. S. Starcher, 
J -1m C'herii Soc , 79, 5982 (19,57) 

( G )  C 1.: H Baun and J B. \VilIiamson, Trans.  Farada?y 
soc, 47, 721 (1951) 

( 7 )  It F. Vasilwv, A. S. Terenin, and N. M. Emanuel, 
Bull -2cad of Scz. (USSR), 1956, 385 (Enghsh Translation 
I,) Consultants 13iirrau, Inc ) 

66, 633 (1954) 

__- - 

(10) C. M. Lcivcll and €1. F. White, -1ppZ. Spectroscopy, 
13, 108 (1959). 

(8) J. D'An.;, K lhssow, and J AIattner, Angew. Chena , (11) L J. Bellamy, The Infrared Spectra of Complez 
Nolecules, 2nd Ed , Methuen and Co, Ltd,, London, 1958, 

( ' I )  4 Ricchc,, Inr/ci i  C ' h P n i  , 70, 2.51 (1058) p 120. 
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Fig 1. Solid line, approximately 10% a-hydroxyethyl peracetate in chloroform (compensated). Dotted line, decomposed 
a-hydrouyethyl peracetate (compensated) 

bands in this region appear in peresters,I2 peracids,'3 
and as a doublet in diacyl  peroxide^.'^ This absorp- 

0 
II 

tion is characteristic of the grouping -C-0-0-. 
The corresponding nonperoxidic esters and acids 
have carbonyl absorptions at longer wave leiigthslj 
(see Experimental). The presence of the 5.65 p 
band eliminates structures I1 and IV from further 
consideration. Structure I11 is also eliminated since 
none of its possible forms 

eo 
/- 

0-0 BO 00 e0 
\ /  \ /  4 
-4-0-, -C-0--, or -C-0- 

would be expected to absorb in this region. 
Although the doublet in the carbonyl region of 

a-hydroxyethyl peracetate (solid line, Fig. 1) 
indicates another type of carbonyl (peresters form 
n single band), this is due to either premature de- 
romposition to acetic acid or to a slight dissocia- 
tion of I in the solvent to acetaldehyde and per- 
acetic acid. Even by working very rapidly a t  low 
temperatures, we were not able to obtain a spec- 
trum free of the band near 5.8 p. Ii'urthermore, 
ivhen the chloroform solution of the addition 
product was allowed to stand at O o ,  the 5.65 p 
band sloirly disappeared and the 5.8 p band in- 
creased in intensity (acetic arid formation with cor- 
responding drop in active oxygen content). 

The rest of the spectrum in Fig. 1 (solid line) 
is compatible with structure I. The band a t  2.8- 

(12) P. D. Rartlctt, Erperientin Sicpplementum V I I ,  
Birkhauser Verlag, Basel and Stuttgart, 1957, p. 175 (1957). 

(13) D. Swern, I,. P. Kitnaner, C. R. Eddy, and W. E. 
Parker, J. Am. Chem. Soc., 77, 5537 (1955). 

(14) Ref. 11,  p. 129. 
(15) Anhydrides also absorb in the region near 5.6 p. 

2.9 p is characteristic of hydrogen bondcd hy- 
droxyl. Such hydrogen bonding does not affect our 
proof of structure since its effect would be to shift 
the carbonyl absorption to longer ware lengths, 
Le.,  nearer the normal ester carbonyl. 

EXPERIMENTAL 

Materials. The 48.1% solution of peracetic acid in wetic 
acid was prepared by adding one part of r e a p n t  grade acetic 
acid to 3 parts of 25% peracetic acid in ethyl acetate (pre- 
pared by the oxidation of acetaldehydes), removing the ethyl 
acetate by distillation under reduced prcssiire, arid fmctiona- 
ting the resulting acet,ic acid-peracetic :)rid mixture on a 4- 
ft. X 30 mm., glass helix-packed column. Ths  kettle tem- 
perature was maintained at 50" or less throughout the dis- 
tillation of n 2-1. charge. Reagent grade toluene and et>her 
and acetaldehyde which had been laboratory distilled jiist 
prior to use wcre employed. Spectrographic grade chloroform 
was used in the infrared work. tert-Butyl peracetate was oh- 
tained from the Lucidol Corp. m a 75% solution in benzene. 
tert-Butyl acetate was redistilled before USB. 

Preparation of a-hydroxyethyl peracefate in toluene solution. 
Following the very general directions of previous workers, 3,7,* 
a mixture of 5.27 g. of 48.1y0 peracetic acid (0.033 mole) i n  
acetic acid and 14.7 g. of tolucne n-as placed in a 38 X 200- 
mm. test tube, stoppered with a rubber st,opper fitted with n 
hypodermic needle and a low-temperature thermometer. 
The tube was cooled t,o -30" in a Dry Ice-acetone bath and 
4.4 g. (0.1 mole) of cold acetaldehyde ( -20') WRS introduced 
through the needle with a glass syringe. After stirring slightly 
the solution was held a t  -30" for 1 hr. and then cooled to 
-78". After standing 24 hr., Tvhite crj  
The supernatant liquid was removed by vacuuni decnntn- 
tion through a small Pyrex glass diffuser. The crystals were 
washed with t>wo 10-ml. portions of cold (-78") ether and 
dried under 4 mm. pressure for 0.5 hr. while bcing held in a 
-8" bath. Melting points were determined by allon.ing the 
bath to warm slowly and observing t'he temperature on the 
thermometer submerged in the crystals. The first t\ro 
preparations gave products melting a t  -5" and 11'. In  later 
preparations the reaction time a t  -30" was shortened to 0.5 
hr. and the product crystallized in 6-8 hr. a t  -78", and by 
working rapidly during the decanting and washing steps, w 
vere able, on the same size rim as above, to obtain :3.16 g. of 
product (79yo yicld bnscd on pcracid) nielting a t  19.5-21'. 



SEPTEJIBEII 1961 NOTES 357 1 

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). 


