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powder formed was isolated by filtration, washed thoroughly 
with water and dried in air. The yield was 1.74 g. (5 mmoles; 
100%); m.p. 122.5-124.5-undepressed when admixed with 
authentic material as prepared under A .  The infrared spec- 
trum was the same as that of authentic. 

Acid stability of triphenylcarbethoxymethylene phosphorane 
(IV). Triphenylcarbethoxymethylene phosphorane (0.348 
g.; 1 mmole) was dissolved in 10 ml. of 10% hydrochloric 
acid. Immediately upon attaining a clear solution, the pH 
was adjusted to the phenolphthalein end-point with a 10% 
sodium hydroxide solution. The white solid which formed 
was filtered, washed with water and dried in air. It weighed 
0.330 g. (0.95 mmole; 95y07,) and was shown to be starting 
material by a mixed melting point determination and the 
congruency of infrared spectra. 

Acid hydrolysis of triphenylcarbethozymethylene phosphor- 
ane (IV). Triphenylcarbethoxymethylene phosphorane (3.48 
g.; 10 mmoles) was dissolved in 100 ml of 10% hydro- 
chloric acid and set aside t o  evaporate. One month later, 
3.55 g. (10 mmoles; 100%) of yellowish crystals were ob- 
tained. Two recrystallizations from absolute ethanol-ether 
gave 1.63 g. (4.6 mmoles; 46%) of white crystals; m.p. 
218" dec. When mixed with authentic triphenylcarbethoxy- 
methylphosphonium chloride (m.p. 219.5"), the melting 
point was 218.5' dec. The infrared spectrum waa identical 
with authentic material. 
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One molecular equivalent of sodium bisulfite 
reacts with acrolein to form a product which on 
hydrogenation and ring closure yields small 
amounts of 1,3-propane~ultone.~ As methacrolein 
and mesityl oxide by similar reactions yield 2- 
methyl - 1,3 - propanesultone' (3 - oxy - 2 - methyl- 
propane - 1 - sulfonic acid sultone), and 1,1,3- 
trimethyl-1,3-propane~ultone,~ both in good yield 
and as thc mesityl oxide adduct is known to be 
sodium 2-methyl-4-pentanone-2-sulfonate3; it 
might be assumed that the acrolein product is also 
the double bond adduct, sodium propanal-3-sulfo- 
nate. In contrast, the reaction of cinnamaldehyde 
with one equivalent of sodium bisulfite yields the 
carbonyl adduct, sodium 3-phenyl-2-propene-l- 
hydroxy-l-~ulfonate.~ 

We have now obtained evidence that the initial 
product of the reaction between acrolein and 

(1) C. W. Smith, D. G. Norton, and S. A. Ballard, J. 
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(4) F. Heusler, Ber., 24, 1805 (1891). 

Am. Chem. Soc., 75,748 (1953). 

sodium bisulfite a t  pH below 5 is the unsaturated 
carbonyl adduct, sodium l-hydroxy-2-propene-l- 
sulfonate. The addition of sodium bisulfite to  the 
carbonyl group in this pH range is rapid and not 
strongly exothermic : 

NaHSOa + CH2=CH-CHO + 
CHz=CH-CH( OH)S03Na 

This adduct, at pH below 5 ,  slowly adds a second 
sodium bisulfite, yielding sodium 1 -hydroxy-l,3- 
propane disulfona te : 

CH2=CH-CH( OH) S03Na + NaHSOa + 
XaSO3-CH2-CH~-CH( OH) S03Xa 

In the pH range above about 5.2 two reactions 
occur: The unsaturated carbonyl adduct dispro- 
portionates to the diadduct and a second mole of 
bisulfite adds either to the original unsaturated 
carbonyl adduct or to acrolein produced in the dis- 
proportionation. This reaction system is exothermic 

2CH2=CH-CH(OH)S03Na + 
NaS03-CH~-CH2-CH( OH) S03Na + CH2=CH-CHO 

CH2=CH--CH(OH)SOsNa + NaHS03 + 
NaSOs-CH2-CH2-CH( OH) SOINa 

CHz=CH-CHO + 2 NaHSOa --.) 
NaSOa-CHz-CHz-CH( OH) S03Na 

As shown in the first equation above, the unsatu- 
rated carbonyl adduct alone disproportionates with 
evolution of heat a t  pH of about 5 .2  or higher yield- 
ing the diadduct. In this case the expected amount 
of free acrolein is not obtained because acrolein 
reacts with the diadduct: 

NaS08-CH2CHzCH( OH) SO&a + xCH2=CH-CHO --+ 
XaS03-CH2-CH2-CH-O- CH2-CH- 

S03Na \ ( AH,>, + 

NaS03-CH2-CH2-CH0 

This last reaction has been carried out inde- 
pendently using a neutral, aqueous solution of 
recrystallized sodium l-hydroxy-l,3-propane di- 
sulfonate, and aqueous acrolein. The product 
probably contains a small amount of sodium pro- 
panal-3-sulfonate. 

So far it has not been possible to isolate sodium 
1-hydroxy-2-propene-1-sulfonate from water solu- 
tion. The identification of the compound is based 
on examination of the water solution by KMR 
spectroscopy, on the Raman spectrum of the 
solution, on ultraviolet determination of residual 
acrolein, and on chemical analysis. These data 
indicate the presence of the CHFCHR and 
R-CH(OH)S03Na groups. 

Sodium l-hydroxy-l,3-propane disulfonate when 
treated with aqueous hydrochloric or sulfuric acid 
splits out sulfur dioxide yielding sodium propanal- 
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3-sulfonate, a white solid soluble in water, meth- 
anol, and 80% ethanol: 
NaSOJ-CH2-CH2-CH(OH)S03Na + H +  + 

NaSOa-CH2CHz-CH0 + H&03 + Na+ 

The 2,4-dinitrophenylhydrazone and the oxime 
of this aldehyde are water-soluble, high-melting 
solids. Hydrogenation of the aldehyde over Raney 
nickel, conversion to  free sulfonic acid, and cycli- 
zation by vacupm distillation gives 1,3-propane- 
sultont: in 79% over-all yield based on acrolein. 

EXPERIMENTAL 

Preparation of sodium 1-hydroxy- 1 ,S-propanedisulfonale. 
Acrolein, 27.0 g. (0.493 mole), was added over a period of 
20 min. to a stirred solution of sodium metabisulfite, 95 g. 
(1 mole as sodium bisulfite), in 200 ml. of water. The tem- 
perature was maintained at  17-20' by cooling and the pH of 
the reaction mixture was held a t  3.6-4.0 by addition of 
small amounts of sulfur dioxide gas. Analysis of the reaction 
mixture a t  this point indicated the presence of 0.495 mole 
of C=C and 0.473 mole of bisulfite ion. The reaction mix- 
ture was left in an ice box over night (pH 3-4) after which 
analysis indicated 0.009 mole of C=C and 0.070 mole of 
bisulfite ion. Ethanol was added until the mixture became 
cloudy. On standing, colorless needles were deposited. The 
catalysts were recrystallized from aqueous ethanol, yield 
120 g. 

Anal. Calcd. for C3H&07Na2.3HZO: C, 11.3; H, 3.8; 8, 
20.1. Found: C, 11.6; H, 3.7; SI 20.7. 

The infrared spectrum of a Nujol mull of the crystals 
showed no carbonyl bond (5.8 p). The high resolution NMR 
spectrum (40 mc./sec.) of a water solution of the crystals 
showed higher field multiplets a t  127 cps (S-CH2-C) and 
163 cps (C-CH2-C) from a benzene external standard. 
KO resonances were observed in the region from 20-60 cps 
from benzene. 

Preparation of sodium 1 -hydroxy-2-propene-1 -sulfonate. 
Acrolein, 56.0 g. (1 mole), and a solution of sodium meta- 
bisulfite, 95.1 g. (1 mole as sodium bisulfite), in 200 ml. of 

,water, were added with stirring from separate burettes over 
a period of 45 min. to 50 ml. of water a t  18-22'. The pH 
of the reaction mixture was held at  2.2 by addition of small 
amounts of sulfur dioxide gas. Feed rates were adjusted to  
maintain st?jchiornetric amounts of reactants in the reaction 
mixture. Analysis of the product indicated the presence of 
0.046 mole of bisulfite ion and 0.975 mole of C=C. The 
ultraviolet spectrum of the solution indicated less than 0.6 
wt. yG acrolein in the product. The Raman spectrum indi- 
cated the presence of C=C (1648 cm.-I) and the RCH- 
(0H)SOJa group (1046 cm.-l). No carbonyl band (1750 
cm.-') was observed. The high resolution NMR spectrum 
(40 mc./sec.) showed two higher field multiplets a t  28 and 
54 C.P.S. ( C H e C  and C=CHR) from a benzene external 
standard. No resonances were found in the range from 
120-170 c.p.s. from benzene. 

Dilution of the reaction product with ethanol containing 
sulfur dioxide gave a cloudy solution which slowly deposited 
crystals of sodium l-hydroxy-l,3-propanedisulfonate. Evap- 
oration of water from the crude reaction mixture a t  0' 
under vacuum gave a dry salt which sme!led strongly of 
acrolein and contained 0.158 mole of C=C/lOO g. (Calcd. 
for C3H5S04Na: 0.625 mole/100 g.) 

Disproportionation of sodium-l-hydroxy-d-propene-l-sulfo- 
nate. A solution (90 ml.) of sodium-l-hydroxy-2-propene-l- 
sulfonate was prepared as above from 31.2 g. (0.327 moles 
as sodium bisulfite) of sodium metabisiilfate and 18.3 g. 
(0.327 mole) of acrolein. Analysis of this solution indicated 
the presence of 0.0146 mole/100 ml. of bisulfite ion and 
0.318 mole/100 ml. of C=C. Aqueous sodium hydroxide 

was added dropwise to the stirred solution and the p1-I 
and temperature were observed. At  a pH of 5.2 an increase in 
temperature occurred and a strong acrolein odor developed 
in the solution. Analysis of the solution a t  this point indi- 
cated the presence of 0.002 mole/100 ml. of bisulfite ion and 
0.086 mole/100 ml. of C=C. The solution was evaporated to 
dryness a t  room temperature under vacuum yielding a white 
crystalline residue and distillate containing a total of 0.050 
mole of acrolein. Recrystallization of the residue from aque- 
ous ethanol gave white needles. 

Anal. Calcd. for C ~ H B S Z O ~ N ~ ~  3H?O: C, 11.3; HI 3.8; S 
20.1; C=C, 0.0 mole/100 g. Found: C, 11.6; HI 3.6; S, 
21.8; C=C, 0.005 mole/100 g. 

The NMR spectrum of an aqueous solution of the crys- 
tals was identical with that of sodium l-hydroxy-1,3-pro- 
panedisulfonate. 

In a related experiment 280 ml. of a solution of sodium 1 - 
hydroxy-2-propene-1-sulfonate prepared from 58.6 g. of 
acrolein and 95.0 g. of sodium metabisulfite a t  pH 3.4 was 
diluted with 500 ml. of ethanol containing sulfur dioxide 
and left a t  - 15'. Crystals (51 g., 32% yield on sodium bi- 
sulfite) of sodium l-hydroxy-1,3-propanedisulfonate were 
slowly deposited. 

Reaction of sodium 1-hydroxy-1,s-propanedisulfonate with 
acrolein. A solution of 79.5 g. of sodium 1-hydroxy-1,3- 
propsnedisulionate (0.25 mole) in 100 ml. of water (pH 
6.6) was added over 35 min. to a stirred solution of 84.0 g. 
(1.5 moles) of acrolein in 350 nil. of water a t  20". After 
stirring for 1 hr. a t  20', the reaction mixture was evaporated 
to dryness a t  room temperature, 1 mm. pressure, yielding 
150.2 g. of water-soluble solid. Analysis of the distillate 
from the evaporation indicated the presence of 0.105 mole 
of carbonyl (5.9 g. as acrolein). Attempts to separate un- 
changed sodium l-hydroxy-l,3-propanedisulfonate from 
the solid by recrystallization from water and from aqueous 
ethanol were unsuccessful. 

Anal. Found: C, 37.9; H,  5.3; S, 10.9; HzO, 5.56; hydroxyl 
value 0.166 eq./100 g., carbonyl value 0.291 eq./100 g. 

Hydrolysis of sodium 1 -hydroxy-1,J-propanedzsulfonate. 
A solution of 10.2 g. (0.032 mole) of sodium 1-hydroxy-1,3- 
propanedisulfonate in 100 ml. of water was treated with 
3.5 g. of 95% sulfuric acid in 25 ml. of water. The mixture 
was boiled to  expel sulfur dioxide and was then neutralized to 
pH 7.1 nith sodium hydroxide. The solution was evaporated 
to dryness under vacuum (50', 1 mm.) and the solid was 
extracted with boiling 80% ethanol. The dry residue, 5.4 
g ,  contained 0.0013 mole of carbonyl by analysis. The 
extract was evaporated to dryness yielding 5.1 g. of white 
solid, soluble in water and methanol, carbonyl value 0.409 
'eq./IOO g. (calcd. for NaSOJCH2-CH2--CH0 .625 eq./100 
9). A solution of 0.6 g. of this solid in water reacted with 0.4 
g. of 2,4dinitrophenylhydrazine yielding 0.4 g. of 2,4- 
dinitrophenylhydrazone, a yellow, water-soluble solid 
which was recrystallized from ethanol-water, m.p. 227-229' 
dec. 

Anal. Calcd. for CoH$N407SNa.H@: C, 30.2; H, 3.08; 
8, 8.94. Found: C, 29.5; H, 3.1; S, 9.0. 

The infrared spectrum indicated the presence of water of 
crystallization. 

The oxime of the aldehyde was prepared as follows. A solu- 
tion of 5.5 g. of sodium l-hydroxy-l,3-propanedisulfonate 
in 50 ml. of water was treated with 2.5 g. of 95% sulfuric 
acid. The solution was boiled to eliminate sulfur dioxide 
and neutralized to xylene cyanol-methyl orange indicator. 
Hydroxylamine hydrochloride, 1.2 g., was added and the 
solution was again neutralized (0.0163 eq. of sodium hy- 
droxide required, 94% of the sodium l-hydroxy-1,3-propane 
disulfonate charged). The solution was evaporated to dry- 
ness (50°, 1 mm.) and the dry solid was extracted with 
boiling ethanol. On cooling the extract crystals were depos- 
ited. These were recrystallized from 80% ethanol yielding 
white crystals, m.p. 215-220" with decomposition. 

Anal. Calcd. for CaHe04NSNa.HzO: C, 18.6; H, 4.15; S, 
16.6. Found: C, 19.0; HI 4.2; S, 16.9; SO4--, 0.8. 
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The infrared spectrum indicated the presence of water of 
crystallization. 

Conversion of sodium l-hydroxy-l,3-propanedisulfonate to 
l,$propanesultone. A solution of 50.0 g. of crude sodium 
1-hydroxy-1,3-propanedisulfonate (prepared from 8.9 g. of 
95% acrolein and 29.8 g. of sodium metabisulfite) in 200 ml. 
of water was treated with 20.0 g. of 36% hydrochloric acid. 
The solution was boiled until the odor of sulfur dioxide was 
gone from the vapors (30 min). The solution was cooled, 
neutralized t o  p H  7.05 with aqueous sodium hydroxide, and 
hydrogenated over Raney nickel a t  32-80' and 1300-770 
p.s.i.g. Hydrogen adsorption amounted to 0.16 mole. The 
catalyst was removed by filtration. The filtrate was passed 
over Dowex 50 ( H + )  ion exchange resin to remove sodium 
ion. The solution was concentrated under vacuum and the 
bottoms were distilled, yielding 14.6 g. of propanesultone 
b.p. 96' (1 mm.), ester value, 0.819 eq./100 g., calcd. ester 
value 0.820 eq./100 g. (79% conversion on acrolein). 
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The tautomeric behavior of nitrosophenols 
(quinone oximes) is well known and on the basis of 
electronic spectra, Havinga and co-workers' have 
shown that p-nitrosophenol exists in solution as the 
phenol along with the quinone monoxime, whereas 
in the solid state it occurs as the oxime. Hadzi 
has recently shown on the basis of infrared studies 
that in the solid state it could be represented as the 
monoxime and in chloroform solution, the oxime 
structure predominates.6 X-ray determination of 
3-chloroquinone-4-oxime and 3-methyl-6-chloro- 
quinone-4-oxime has indicated that, the molecules 
exist in the quinone oxime form.6 

If the quinone is sterically hindered by substit- 
uents in the ortho position as in I, then the product 
obtained by the action of hydroxylamine has the 
structure 11. ' Hodgson and co-workers have carried 
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(2) Deceased. 
(3) Present address: National Chemical Laboratory, 
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(4) E. Havinga and A. Schors, Rec. trav. chim., 69, 457 

(1950); 70, 59 (1951); A. Schors, A. Kraaijeveld, and E. 
Havinga, Rec. truv. chim., 74, 1243 (1955), see also L. C. 
Anderson and M. B. Geiger, J. Am. Chem. SOC., 54, 3064 
(1932); L. C. Anderson and R. L. Yanke, J. Am. Chem. 
SOC., 56, 732 (1934). 

(5) D. Hadzi, J. Chem. Soc., 2725 (1956). 
(6) C. Romers, C. B. Shoemaker, and E. Fischmann, 

Rec. trav. chim., 16, 490 (1957). 
(7) F. Kehrmann, Ber., 21, 3315 (1888); 22, 3263 (1889); 

23, 130 (1890). J. Prakt. Chem., [2] 40, 188, 257 (1889); 
[2] 42, 134 (1890). 

0 0 

I I1 
X = C1, Br, CH2, i-C3H7 

out a large amount of work on the nitrosation 
of substituted phenols.* We were interested in 
studying the reaction of nitrous acid on sterically 
hindered phenols. 2,6-Di-tert-butylphenol (111) 
gave on treatment with nitrous acid, an excellent 
yield of a compound melting at  221-222'. The 
ultraviolet spectrum showed A,,, 302,418 mw, emu 
15,300 and 3700, respectively, which indicates 
predominantly a monoxime structure. The infra- 
red spectrum (Nujol mull), 3330 cm.-l (OH), 
1613 cm.-l (C=O), 1560 cm.-l (C=N), and 
1042 cm.-l (Ny.OH stretching), supports an xe 

I11 NOH 
I V  

X = tert-butyl 

oxime structure (IV).6 Metro9 obtained a com- 
pound melting a t  219-220' by treating 2,6-di-tert- 
butylbenzoquinone with hydroxylamine hydro- 
chloride. This obviously has the identical structure 
(IV). 

A number of methods are known for the prepara- 
tion of 2,6-di-tert-butylbenzoquinone (V) . Since 
the oxime (IV) was obtained in almost quantitative 
yield, the hydrolysis of the same appeared to be 

0 

0 
V 

X = tert-butyl 

a simple route for the preparation of V. Thus by 
the hydrolysis of the oxime (IV) with 20% hydro- 
chloric acid in the presence of cuprous oxide, a 75% 
yield of V was obtained. 

Hart and Cassis16 found that the action of nitric 
acid and acetic acid on 2,6-di-fert-butylphenol 

(8) H. H .  Hodgson, J. Chem. Snc., 1401 (1931), and earlier 
papere. 

(9) S. J. Metro, J Am. Chem. SOC., 77, 2901 (1955). 
(10) A. F. Rickel and E. C. Koovman. J. Chem. SOP.. " ,  

3211 (1953). 
(111 C. F. H. Allen and D. M. Burness ( to  Kodak). 

U.'S. Patent 2,657,222. 
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(13) E. Miiller and K. Ley, Ber., 88, 601 (1955). 
(14) C. D. Cook, R. C. Woodworth, and P. Fianu, 

(15) H .  Hart and F. A. Cassis, J .  Am. Chem SOC., 73, 
J .  Am. Chem. Soc., 78, 4159 (1956). 

3179 (1951). 


