
The reaction was conveniently carried out in an Erlenmeyer flask 
by means of a magnetic stirrer. The infrared spectrum exhibited 
the characteristic strong N-H band at  3320 em. -1. 

N-Nitroso-S-benzyl-p-toluenesulfonamide .-A solution of 10.5 
g. (0.04 mole) of AY-benzyl-p-toluenesulfonamide in 50 ml. of 
glacial acetic acid and 200 ml. of acetic anhydride, was prepared 
in a three-necked flask equipped with a stirrer, a thermometer, 
and a solid addition funnel. The flask was cooled to around 5”. 
Then 60 g. (0.85 mole) of powdered sodium nitrite was added in 
portions over a period of 6 hr. The temperature was kept below 
10” at  all times; the mixture turned green. After the addition 
of sodium nitrite was completed, the reaction mixture was stirred 
overnight. The mixture was then poured over an excess of ice 
water with vigorous stirring and cooled for 1 hr. in an ice bath. 
The pale yellow precipitate was filtered, washed several times 
with water, and dried overnight in vacuum. The crude product 
was then recrystallized from ethanol to give 9.4 g. (S170) of tiny 
yellow needles, m.p. 90-92” (m.p. 89-90’ by nitrosation in 
aqueous sodium nitrite) after drying in vacuum overnight; the 
infrared spectrum was free of X-H and showed a strong band at  
1387 em.-’, assigned t o  the S-NO group. This nitrosation 
was carried out in much larger scale with comparable yields; 
it should be done in the hood because of the evolution of oxides of 
nitrogen. 

Benzyl Ester of 3,5-Dinitrobenzoic Acid .--S-nitroso-S-benzyl- 
p-toluenesulfonamide (14.5 g., 0.05 mole) was added in portions 
over a period of 1 hr. to a stirred mixture of 2.7 g. (0.05 mole) 
of sodium methoxide, 10 ml. of methanol, and 60 ml. of ether. 
Within 5 min., a pinkish color was visible. After the addition 
was completed, the mixture was stirred under reflux for 15 or 
20 min. After cooling the mixture, 100 ml. of water was added 
to dissolve the salts and the water layer discarded. The ethereal 
s Jution of phenyldiazomethane was washed three times with 
75-ml. portions of water and dried for 30 min. over anhydrous 
sodium sulfate. It was then filtered and added dropwise with 
stirring to a suspension of 11 g. of 3,5-dinitrobenzoic acid in 
50 ml. of ether. The disappearance of the red color was accom- 
panied by a copious evolution of nitrogen. The mixture was 
stirred overnight, and then enough ether was added to give a 
clear solution which was extracted with dilute base, then with 
water until neutral and dried over anhydrous sodium sulfate. 
The ether was removed under vacuum and 9.1 g. (60%) of the 
benzyl ester of 3,5-dinitrobenzoic acid, m.p. 111-113” (mixed 
m.p. 111-112°) were obtained. 

(9) N. D. Cheronis and J. B. Entrikin,  “Semimicro Qualitative Organic 
Analysis,” Interscience Publishers, Inc., New Tork, N. Y., 1957, p. 572. 

A Convenient Synthesis of Aromatic and 
Aliphatic Sodium Sulfinates 

WILLIAM E. TRUCE A S D  F. EDWARD ROBERTS, JR. 

Department of Chemastry, Purdue Cniversity, Lafayefte, Indiana 

Received October 5, 1962 

Recent interest in aliphatic and aromatic sulfinic 
has prompted us to report a simple method of 

converting readily available thiols to the corresponding 
sodium sulfinates in good yield. 

Methods now available for the synthesis of these com- 
pounds include reduction of the appropriate sulfonyl 
c h l ~ r i d e , ~  treatment of organometallic reagents with 
sulfur d i ~ x i d e , ~  reaction of diazonium compounds 
with sulfur dioxide,6 and cleavage of 1,2-disulfones with 
alkaline potassium 

(1) E. Wellisch, E. Gipstein, and 0. J. Sweeting, J .  Org. Chem., 27, 1810 
(1962). 

12) .\I. T. Beachem. el al., J .  Am. Chem. Soc., 81, 5430 (1959). 
(3) J. L. Kice and K. W. Boners, ihid., 84, 605 (1962). 
(4) H. Gilman, E. W. Smith, and H. J. Oatfield, ihid., 66, 1412 (1934). 
(a) H. Houlton and H. Tartar,  i h i d ,  60 ,  644 (1938). 
(6) L. Gatternian, Ber., 32, 1136 (1899). 

The present method consists of adding the thiol to 
acrylonitrile,s oxidizing the resulting sulfide to its 
sulfone by means of hydrogen peroxide in glacial acetic 
acid,s followed by treating the 6-sulfonylnitrile with an 
equivalent amount of the sodium salt of a thiol. 

base 
RSH + CH2=CH-CN ------------+ RSCHZ-CHLC?; 

I 

RSCHz-CH>-CK + HzOz ------------+ RSO C 2 HzCHzCS 
cn3c02n 

I1 

C2HsOH 
RSOZCH2CH2CN + R’SNa 

RS02Ka + R‘SCH2CH2CK 
111 

i R =  n-CIHY 
I, 11, 111 R =  n-C&; 

R = p-CH3CeHa i R o-CHjCeHd 

Other bases have been used to effect the elimination 
of the sulfinate but sodium thiolate also regenerates I 
which can be oxidized to I1 and thus serve as precursor 
for more 111. The over-all yields for the transforma- 
tion of thiol to sodium sulfinate are 70-75%. 

The structure of each of the aromatic sulfinates was 
established by the isolation of the free sulfinic acid, 
melting point determination and determination of the 
infrared absorption spectrum (strong band a t  1090 
em. - l) . 

Because of the instability of the free aliphatic sul- 
fiiiic acids,’O the sodium salts were treated directly 
with benzyl chloride to form the known alkyl benzyl 
sulfones. 

In a similar fashion, aromatic and aliphatic sulfinic 
acids can be made by the action of RSSa on  compounds 
of type V. The reaction sequence is outlined below. 
The yields are comparable. 

base 

cat. 
RSH + HCzC-CO2CzHs + RSCH=CHCO2C?Hs 

IV 

C2HsOH 
RS02CH=CHC02C2Hj + R’SXa --+ 

RSOzXa + R’SCH=CHC02C2H5 

Thiols add readily to ethyl propiolate” in high yield, 
and the adducts are oxidized to the corresponding sul- 
fones in yields of 85-90y0. The reaction of RSSa 
with V gives the sodium sulfinate in 85-90% yield. 
However, the availability of acrylonitrile makes the 
first route more accessible. 

Experimental12 

Addition of Thiols to Acrylonitrile .--The method used was 
that described by Hurd and Gershbein.* “Triton B” (407; aq., 
3 drops) was used as catalyst. The acrylonitrile used was ob- 

(7) W. Ziegler and R. Connor, J .  A m .  Chem. Soc., 62, 2596 (1940). 
(8 )  C. D. Hurd and L. L. Gershbein, i5id., 69, 2328 (1947). 
(9) S. Detoni and D. Hadzi, J .  Chem. Soc., 3163 (1955). 
(10) R. Connor, “Organic Chemistry,” Vol. 1, H. Gilman, ed., John Wiley 

(11) W. E. Truce, et al., J .  Am. Chem. Soc., 81, 4931 (1959): F. Mon- 

(12) All melting points and boiling points are uncorrected. 

and  Sons. Inc., New York, N. Y., 1953. p. 913. 

tanari and A. Negrini, Gazr. chim. i t d ,  87, 1073, 1102 (1957). 
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tained from American Cyanamid Co. The thiols were obtained 
from Matheson, Coleman and Bell. 

Oxidation of p-Aryl- or Alkylmercaptopropionitri1es.-The 
p aryl- or alkylmercaptopropionitriles were oxidized to the sul- 
fonyl derivatives in good yield using the method described by 
Hurd and Gershbein" 

Reaction of 8-p-Tolylsulfonylpropionitrile with Sodium 1-Pro- 
panethio1ate.-In a 100 ml. three neck flask fitted with a reflux 
condenser and a magnetic stirrer was placed 4 g. (0.019 mole) of 
p-p-tolylsulfonylpropionitrile suspended in 50 ml. of alcohol. A 
solution of the sodium thiolate was made from 10 ml. of ethanol, 
0.44 g. of sodium and 1.45 g. of 1 propanethiol. This solution 
was added slowly at  first and then more rapidly to the stirred 
solution of the sulfone. This mixture was refluxed for 5 hr., 
ethanol removed under reduced pressure and the white solid sus- 
pended in ether and filtered. The white salt was dried and 
weighed 3.1 g.  (91% yield). On acidification of a small portion 
there was no odor of I-propanethiol indicating that the salt was 
free of sodium 1-propanethiolate. From the acidified portion the 
free sulfinic acid was isolated, m.p. 81-83", (lit.,I3 84'). The 
infrared spectrum had a strong absorption at  1090 cm.-', char- 
acteristic of sulfinic acids.g The ether residue after filtration was 
evaporated on the steam bath. The remaining oil was shown to 
be p-propylmercaptopropionitrile by vapor phase chromato- 
graphic analysis and by comparison with a known sample. Infra- 
red analysis showed-a small amount of sulfone present (weak -SO,- 
absorption). 

In the like reaction between 0-propylsulfonylpropionitrile and 
1-propanethiolate, the resulting salt was converted to benzyl n- 
propyl sulfone, (587, yield, m.p. 87-89', lit.,I4 88-89') by re- 
fluxing with benzyl chloride in aqueous alcohol. 

Reaction of Ethyl p-p-Tolylsulfonylacrylate with Sodium Thio- 
phenoxide.-The addition of thiols to ethyl propiolate and the 
oxidation of the adducts has been reported elsewhere." The 
procedure for the displacement reactions was exactly the same 
as that for the acrylonitrile reactions. The product was identi- 
fied by isolation and the ester residue was shown to be a mixture 
of the ethyl cis- and trans-p-phenylmercaptoacrylate by vapor 
phase chromatographic analysis. 
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The unsaturated acetal, 2-vinyl-4,4,6-trimethyl-l,3- 
dioxane (I) is obtained in 98% yield from an equimolar 
mixture of acrolein and 2-methy1-2,4-pentanediol.l 

I 

CH, 
I 

The fact that  the yield is 10-3070 better than those 
obtained from other glycols under similar conditions 
in the face of acrolein's well known reactivity a t  the 

(1) R. F. Fischer and C. W. Smith, J .  Ore. Chem., 25, 319 (1960). 

ethylenic bond led us to investigate the behavior of 
this glycol with other aldehydes.2 

Since, with a single exception so far, the reaction 
with aldehydes has been shown to be quite general, 
2-methyl-2,4-pentanediol may now be numbered among 
the stable aldehyde reagents. Although there are al- 
ready many such reagents, this example possesses the 
following unique set of properties: (1) very high 
specificity for the aldehyde function; ( 2 )  high concen- 
tration of derivative at  equilibrium; (3) derivative 
formation under mild conditions; (4) ready conversion 
of derivative to standard aldehyde derivatives. 

This combination makes 2-methyl-2,4-pentanediol 
useful in several operations commonly encountered in 
organic chemistry: (1) conversion of uiistable alde- 
hydes to stable acetals; ( 2 )  removal of water-soluble 
aldehydes from solution; (3) separation of aldehydes 
from ketones. 

This paper is concerned with a few examples of each 
of these operations; forthcoming publications will 
deal with more complex problems solved by application 
of this reagent. 

The stable acetals of acrolein, p-chloropropionalde- 
hyde, and p-hydroxypropionaldehyde have already 
been described. p-Phenoxypropionaldehyde (11) orig- 

CeHbO-CHtCH2CHO 
I1 

inally prepared by Smith and Ballard3 is readily pre- 
pared from acrolein and phenol over a basic ion ex- 
change resin catalyst. When this adduct was found 
to revert to its components on attempted distillation, 
it was converted to the distillable 2-methyl-2,4- 
pentanediol acetal for identification. 

Xot only are 2-methyl-2,4-pentanediol acetals easily 
formed, but once formed, they are not readily hydro- 
lyzed. This combination allows one actually to form 
acetals in aqueous solution. The products are generally 
water-insoluble and can be extracted with benzene or 
other solvent. The diol is usually also extractable, 
leaving the original solution uncontaminated. 

For example, we have lowered the concentration of 
an aqueous solution of formaldehyde from 3 to 0.8% 
simply by stirring the solution a t  pH 3 with this glycol 
and benzene. The product, 4,4,6-trimethyl-1,3-diox- 
ane (111), was isolated in fair yield (65%). 

As another example, a-hydroxyadipaldehyde, the 
hydrolysis product of the thermal dimer (IV) of 

cl 
0 CHO 

IV 

acrolein is stable only in aqueous solution. Attempts 
to distil it or otherwise separate it from water have 
always led to condensations. If, however, the glycol 
and benzene are added to the acidic solution, the half 
acetal V is obtained in 90-95yo yields. 

Although the reactions were run with excess glycol, 
only very small amounts of bisacetal were formed. 
Furthermore, little or no reaction occurred between the 

(2) R.  F. Fisclier and C .  W. Smith (to Shell Development Co.), U. 8. 

(3) C. W. Smith and S. A. Ballard ( to  Sliell Developrnent Co.), U. S. 
Patents 2,888,492 (1959) and 2,987,524 (1961). 

Patent 2,500,582 (1950). 


