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Interest in the possibility of multiple bond cleavage in the S i 
n 

mechanism led to the preparation of a series of benzyl sulfites, 

C6H5CH2OS(0)OR, using known methods. Dibenzyl sulfite (I), 

R = C6H5CH2, and benzyl phenyl sulfite (III), R = C6H5, were 

purified by chromatography through acid -washed alumina and 

fractional distillation. Benzyl methyl sulfite (II), R = CH3, was 

purified by fractional distillation. 

Previous investigations indicated sulfites having no ß -hydrogen 

atoms decompose to the corresponding ether and sulfur dioxide. 

The kinetics of the aralkyl sulfite decomposition could be followed 

by measuring the rate of evolution of sulfur dioxide. Nearly quanti- 

tative yields of sulfur dioxide were obtained. 

The kinetics of the decompositions were investigated in the 

following cases: I in 1- chloronapthalene (non -polar solvent) and 

nitrobenzene (polar solvent); II in nitrobenzene; and III in nitro- 

benzene and bromobenzene (non -polar solvent). Good first -order 
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kinetics were obtained only for III in bromobenzene. In the other 

cases rate constants had to be estimated from initial rates of de- 

composition. III decomposes about ten times faster than I, and I 

about twice as fast as II. 

Studies of the products of the decomposition of I, II, and III 

in nitrobenzene were run using vapor -phase chromatography of the 

decomposition solutions and known solutions of the proper ether in 

nitrobenzene. The products of the decomposition of III in bromo- 

benzene were separated by chromatography through acid -washed 

alumina and identified by comparison of infrared spectra. 

The results are discussed in terms of their implications con- 

cerning multiple -bond cleavage in the S i 
n 

mechanism. 
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THE DECOMPOSITION OF ARALKYL SULFITES 

INTRODUCTION 

The principal reasons for interest in an investigation of the 

kinetics of the decomposition reactions of aralkyl sulfites are best 

seen by a review of the ideas involved in the S i 
n 

mechanism. 

The term S i, 
n 

meaning substitution -nucleophilic- internal, 

designates one type of substitution reaction at saturated carbon. 

Originally, it referred to those nucleophilic substitution reactions 

that occurred with retention of configuration at the carbon -atom 

undergoing substitution (10). Later the term was redefined to cover 

only those substitutions occurring with retention of configuration 

that did not involve neighboring -group participation (22). 

The early examples of S i 
n 

reactions were largely confined to 

those reactions of secondary alcohols with reagents such as thionyl . 

chloride to give halides of retained configuration. In these cases 

the alcohol was assumed first to react to give an intermediate 

chlorosulfite ester which then decomposed to give the halide (10). 

Lewis and Boozer since have shown that chlorosulfite esters are 

indeed intermediates in this reaction (13). 

At the present time two good examples of S i reactions are the 
n 

decomposition of the chlorocarbonate esters, ROCOC1, and chloro- 

sulfite esters, ROSOC1. Both decompositions have certain common 
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characteristics. Kinetically they are both first order (13)(20). 

They proceed at a much faster rate in good ionizing solvents than 

they do in poorly ionizing solvents (13)(16)(20)(23). The rate of 

decomposition for both is strongly dependent on the group R. More 

specifically, the greater the stability of R as a carbonium ion, the 

faster the decomposition (13)(14)(16)(20)(23). Both chlorocarbonate 

and chlorosulfite esters decompose to give chlorides of predomi- 

nantly retained configuration except when an S 2 
n 

reaction is favored 

by a poor ionizing solvent (14)(20), lower carbonium ion stability (14) 

(20), or the presence of an amine (15). Two mechanisms have been 

advanced for these reactions. The mechanisms will be illustrated 

using the chlorosulfite ester. 

The first mechanism involves the rate -determining heterolytic 

fission of only the R -O bond (7)(16)(20)(23). 

O 

ROSC1 r. d. [Ra ... SO2] RC1 + SO2 (1) 

I Cl 

The above mechanism accounts for both the effect of changes in sol- 

vent ionizing power, and the dependence of the rate of decomposi- 

tion on R, both of which indicate a rate determining ionization (7) 

(16)(20)(23). Intermediate I is pictured either as the carbonium ion 

solvated by the leaving group, which then collapses to give chloride 

- 
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of retained configuration (20), or as an oriented ion pair which col- 

lapses to retained configuration (23). 

An alternate mechanism involves an initial equilibrium ioniza- 

tion of the S -Cl or C -Cl bond followed by a breaking of the R -O 

bond (14)(23). Both the breaking of the S -Cl bond (14) and the break- 

ing of the R -O bond (23) have been called rate determining. 

tO 

k O 

ROSC1 1 [ROS+ - Cl] [R+ ... Cl] + SO2 (2) 

II III 

Young and co- workers would have k2 rate determining due to the 

large effect of changes in R on the rate (23). To account for the 

different stereochemical results in dioxane and toluene Lewis and 

Boozer suggested that k1 might be rate determining. At the same 

time they point out that their results are also compatible with the 

breaking of both the R -O and the S -Cl bonds in the rate -determining 

step, provided one assumes that the R fragment is initially "sol- 

vated" by the also- formed sulfur dioxide molecule. This would be 

pictured in this way. 

fO 

ROSC1 r" d' [R+--- OSO Cl] C1R + SO2 (3) 

IV 

In toluene, which cannot solvate the carbonium ion well, collapse to 

~ 

-4 
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products occurs from IV. Since sulfur dioxide solvates the cation 

from the same side as the SO2C1 group departed, the Cl ion 

attacks preferentially on the other side giving a chloride of inverted 

configuration. In dioxane, which can solvate a carbonium ion, the 

cation IV is rapidly converted to the dioxane - solvated carbonium 

ion V. 

0C--)0 / + [R+---S02 C1] --R Cl ] + SO2 

IV V RC1 +C0(4) 
Collapse of the unsymmetrically solvated ion -pair V leads to - --//// 

halide of retained configuration (14). 

Recent work (11) with the thiosulfonates R- SO2SCH2C6H5 

where R = benzyl or benzhydryl has shown that both thiosulfonates 

decompose in a first -order reaction whose rate is dependent on 

solvent, being faster in more ionizing solvents. The rate is also 

dependent on R with the benzhydryl compound decomposing about 

150 times faster than the benzyl. The decomposition does not yield 

free radicals capable of initiating polymerization. These facts 

indicate a rate -determining heterolytic fission of the C -SO2 bond. 

A close relationship to the Sni reaction in the matters of first -order 

kinetics, solvent dependence, and dependence on the nature of R is 

easily noted. 

-" - 
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Further work (12) with a series of thiolsulfonates 

(C6H5)2CHSO2SR' has shown that the nature of the group R' also 

has a notable effect on the rate of reaction, while the nature of the 

products, the first -order kinetics, and solvent effect indicate the 

same basic reaction is involved. The relative rates of decomposi- 

tion of the diphenylmethanethiolsulfonate esters are: R' =C6H5, 25; 

C6H5CH2, 1; CH3, 0.3; n -C4H9, 0.2. The dependence of rate of R' 

parallels the effect of R' on the acidity of the corresponding mer - 

captans, R'SH. This fact suggests the sulfide sulfur atom has 

definite anionic character in the transition state of the rate- deter- 

mining step. This indicates that both the R -SO2 and the SO2 -S 

bonds must be broken or significantly weakened in the transition 

state of the rate -determining step. 

The finding of multiple bond cleavage in the thiolsulfonate 

decompositions together with the similar characteristics shared by 

the thiolsulfonate, chlorocarbonate ester, and chlorosulfite ester 

decompositions, lends weight to the possibility of a multiple bond 

cleavage mechanism for Si reactions. A mechanism of this 
n 

sort (eq. 5) could be envisioned. Notice that this formulation is 

similar to the second one proposed by Lewis and Boozer (14). 

Q - 
ROSC1 r d, [R+. .. S02. . . Cl] - 

VI 

RC1 + SO2 (5) 
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But the thiosulfonate ester decomposition, while possibly much 

like the chlorocarbonate and chlorosulfite ester decompositions, is 

not at the present time established as similar enough to the S i n 

reactions to permit its use as a mechanistic guide for the chloro- 

carbonate and chlorosulfite ester decompositions. In the cases of 

the chlorocarbonate and chlorosulfite esters themselves, the con- 

stant factor of the chlorine atom doesn't permit a choice between a 

multiple bond cleavage or a single bond cleavage in the rate - 

determining step. What one needs is another group which can be 

varied. 

Bordwell and Landis (5), Price and Berti (4)(17), and Carre 

and Libermann (6) have investigated the pyrolysis of organic sul- 

fites. The aforementioned investigations seem to indicate that the 

course of the reaction depends on sulfite structure. Those sulfites 

having no ß -hydrogen atoms decompose to ether and sulfur dioxide. 

Sulfites having 13-hydrogen atoms decompose to olefin, alcohol and 

sulfur dioxide. The overall course of the first of these reactions is 

ROSOR' -- ROR' + SO2 (6) 

which is closely akin to that of the chlorosulfite decomposition. It 

therefore seemed that a study of the thermal decomposition of a 

9 series of sulfites ROSOR' where R = C6H5CH2 and R"± C6H5CH2 -, , 
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C H3 or C6H5 might provide a suitable system in which to investi- 

gate whether multiple ionic bond cleavage is involved in the rate- 

determining step of S i 
n 

reactions. 

Using Price and Berti' s method for preparing symmetrical 

sulfites (17) and Berti' s method for unsymmetrical sulfites (4) 

it should be possible to prepare this series of sulfites. Dibenzyl 

sulfite has already been prepared by Richter (18), and benzyl 

methyl sulfite has been prepared by Carre and Libermann (6). One 

should be able to follow the rate of the sulfite decomposition by the 

rate of the sulfur dioxide evolution as in the case of the thiolsulfon- 

ates (11). 

If the decompositions are first -order and show the same sort 

of dependence as the chlorosulfite decomposition on solvent ionizing 

power, any strong dependence of the rate on R' as in the case of 

the thiolsulfonates would provide good evidence for a multiple 

ionic bond cleavage mechanism for Sni reactions. 
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RESULTS 

Preparation and Purification of Sulfites 

Dibenzyl sulfite was prepared by the method used by Price and 

Berti (17) for symmetrical sulfites. To a solution of ether, pyri- 

dine and benzyl alcohol was added a solution of thionyl chloride in 

ether. Removal of pyridine hydrochloride, followed by acidic and 

basic washes and removal of ether gave the crude sulfite which was 

purified by being chromatographed through acid -washed alumina 

followed by either molecular or fractional distillation at greatly 

reduced pressure. 

Both benzyl methyl and benzyl phenyl sulfite were prepared by 

Berti's method (4) for synthesizing unsymmetrical sulfites. In this 

method the chlorosulfite ester of methyl alcohol or phenol was 

prepared by the reaction of thionyl chloride and the appropriate 

alcohol. Distillation gave the chlorosulfite ester. The aralkyl 

sulfite was then prepared by the addition of chlorosulfite in ether to 

a solution of benzyl alcohol, and pyridine in ether. Again removal 

of pyridine hydrochloride, acid and base washes, and removal of 

ether gave the crude sulfite. Benzyl methyl sulfite was purified by 

distillation. Benzyl phenyl sulfite was chromatographed through 

acid -washed alumina and fractionally distilled. 

- 
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The sulfur- oxygen absorptions found in the infrared spectra 

of the distilled sulfites were in close agreement with the listed 

absorptions by Bellamy (3, p. 360) for alkyl sulfites.. Furthermore 

the infrared spectra indicated that no pyridine or unreacted alcohol 

was present. This together with the analysis for sulfite content, 

which showed 95 to 99 percent of the theoretical sulfite for the 

distilled sulfites, is taken to indicate that the distilled sulfites used 

in the kinetic runs were quite pure. 

Kinetic s 

In studying the thermal decomposition of thiolsulfonates the 

kinetics of the reaction could be followed by measuring the rate of 

evolution of sulfur dioxide (11)(12). Briefly, the method was as 

follows: the sulfur dioxide liberated was removed from the solu- 

tion as it was formed and was then passed through a chilled trap 

containing an aliquot of standard iodine. The time required for the 

iodine color to fade was recorded, another aliquot of iodine added 

and the process repeated a number of times. Finally an infinity 

yield of sulfur dioxide was obtained by adding an excess of iodine, 

and after a sufficient time, back titrating the remaining iodine with 

thio sulfate. 

Since the sulfite decomposition also involves the liberation of 

sulfur dioxide, it was hoped the same method would be applicable 
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to its kinetic study. The present results indicate this is so. The 

rates of decomposition of dibenzyl sulfite (I), benzyl methyl sulfite 

(II), and benzyl phenyl sulfite (III) in solvents such as bromoben- 

zene, nitrobenzene, and 1- chloronapthalene could all be followed 

by measuring the rate of evolution of sulfur dioxide. Furthermore, 

in all cases but one, the total yield of sulfur dioxide was nearly 

quantitative. In one exception, the 0.2 M decomposition of III in 

bromobenzene, the yield was only 80 percent, but since about 15 

percent of diphenyl and dibenzyl sulfites were found in the final 

products, the lower yield is expected in this case. 

If, as might be expected, the sulfite decomposition follows 

simple first -order kinetics a plot of In (1- SO2 /SO2co) vs. time 

should be linear. The slope of such a plot is the rate constant 

for the decomposition. This follows from a consideration of the 

first -order rate law in its integrated form. If a is the initial 

concentration of sulfite then after time t the sulfite decomposed is 

x and the sulfite concentration is a -x. The first -order rate of 

decomposition of sulfite would then be -d(a- x) /dt= k(a -x). 

Integrating gives -ln (a -x) = kt + const. and solving for the const. 

at initial conditions x = 0, t = 0 we get ln a /(a -x) = kt or ln (a -x) /a 

= -kt. If each molecule of sulfite in decomposing gives one mole- 

cule of sulfur dioxide then SO2 = x and SO2oo= a or ln (SO2SO2)/ 
2 
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SO2oo= -kt which is In (1- SO2 /SO2oo) = -kt. 

As Figure 1 shows, good first order kinetics are found for the 

decomposition of III in bromobenzene. (The decomposition of I, and 

presumably II, was too slow to follow in bromobenzene. ) 

However, the decompositions of all three sulfites in nitro- 

benzene and the decomposition of I in 1- chloronapthalene behaved 

quite differently. In these reactions a plot of In (1- S02,SO2,o) vs. 

time showed pronounced acceleration in rate as the reaction 

proceeded. Figures 2, 3, and 4, show the kinetic behavior found 

for these decompositions. 

Just what causes this acceleration in the rate of decomposition 

is not known at the present time, although the experiments discussed 

below rule out a number of explanations. First, purity of the 

starting sulfite is not critical, since a change in purity from 96 

percent in kinetic run 11 to 99 percent in kinetic run 13 had little 

effect on either the initial rate or the time required to reach 50 per- 

cent reaction. Second, solvent purity, at least in the nitrobenzene 

runs, doesn't seem to be too critical. In kinetic run 16 use of 

nitrobenzene which had been more carefully purified (especially for 

the removal of water) than that used in previous runs slowed the 

reaction rate somewhat, but the acceleration was still present. 

However, the more carefully purified nitrobenzene did seem to give 
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greater reproducibility of the initial rate. Third, the acceleration 

does not seem to be due to the formation of some stable reaction 

product which acts as a catalyst for the reaction. Thus, the initial 

rate of run 5, which used as the solvent the final solution from a 

previous decomposition, was slower than run 3. Similarly, in 

chloronapthalene the initial rate of run 8, which used decomposition 

mixture from run 7 as solvent, was slower than that of run 7. In 

kinetic run 10 the sulfite was added to the final solution from run 9 

immediately on completion of that run and without opening the flask 

to the atmosphere. The initial rates of runs 9 and 10 were still the 

same. Since in the runs showing acceleration the final rate of the 

decomposition is much faster than the initial rate, the initial rate of 

a run using as solvent the decomposition mixture from a preceeding 

decomposition should proceed at a rate more nearly like the final 

rate, if the acceleration were due to the production of some stable 

product which acted to catalyze the reaction. However, the experi- 

ments so far have not been such as to rule out the possibility of a 

short -lived (unstable) reaction product acting in some way to accele- 

rate the decomposition. 

Finally, one might note that an experiment in which some of the 

silicone stopcock grease used on the decomposition flask fittings was 

deliberately added to the reaction solution showed no difference in 
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rate. Therefore contamination of the solvent with this material 

could not explain the acceleration. 

It was found that the decomposition of compound III generally 

gave first order kinetics in bromobenzene. However, one run did 

give the curved behavior indicative of acceleration (Figure 1). All 

the decompositions of III in nitrobenzene gave the curved behavior. 

As shown in Figure 2, the initial portion of the decomposition of 

I in 1- chloronapthalene does follow linear kinetics. Then the 

acceleration is found. 

Because the decomposition of III in bromobenzene generally 

gives linear first order kinetics and because the initial portion of 

the decomposition of I in 1- chloronapthalene is linear it seems likely 

that the best measure of the actual simple rate of decomposition of 

sulfite is the initial rate. For these reasons the reported rate con- 

stants, in those reactions where an acceleration is noted, are the 

initial rate constants determined from the initial slopes of the plots 

of In (1-S02/S000) vs. time. In taking the initial rate constants as a 

measure of the actual uncatalyzed rate of sulfite decomposition we 

realize that this procedure is open to question. Nevertheless, we 

feel that the bulk of the evidence suggests the initial rate constants 

should give the best general picture available at the present time of 

the relative rates of decomposition of the various sulfites. 

_ 
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Table I. Initial Rate of Decomposition of Aralkyl Sulfites. 

Solvent Run Sulfite Temp ROSO2R' k x 104 min-.1 
C° M 

Nitrobenzene 3 I 173 0.041 26.6 

Nitrobenzene 
solution from 
end of a 
previous run 4 I 173 . 041 20. 3 

1- Chloronapthalene 6 I 203 . 021 6.4 

1- Chloronapthalene 7 I 203 .022 9.3 

Solution from end 
of run 7 8 I 203 . 022 6. 9 

1-Chloronapthalene 9 I 203 .022 5.8 

Solution from end 
of run 9 plus 10 ml. 
1- Chloronapthalene 10 I 203 . 018 5. 8 

Nitrobenzene 11 I 173 . 042 3 

13 I 173 . 043 19.6 
14 I 173 .099 25.1 

15 I 173 .100 25.1 

16 I 173 .201 16.5 

17 II 173 . 043 9.3 
18 II 173 .044 9.4 

19 II 173 .203 9.8 
23 III 144 . 043 21. 0 

24 III 144 0.110 21. 0 



19 

Table II. Rate of Decomposition of Benzyl Phenyl Sulfite. 

Solvent Run Sulfite Temp 
C° 

ROSO2R' 
M 

k x 10 
4 min. 

Bromobenzene 26 III 144 0. 045 1. 4 

27 III 155 .040 2.95 

28 III 155 .202 2.95* 

28 III 155 0.202 3.28 ** 

plot with SO2oo as 95 percent of the theoretical SO2 

**plot with SO2oo as the experimentally found 81.4 percent of the 
theoretical SO2 

Product Studies 

According to the previous reports the corresponding ether was 

supposed to be the only product of the decomposition of aralkyl sul- 

fites having no ß -hydrogen atoms. While the amount of the ether 

found was in each case less than anticipated, the ether was the only 

major product detected other than sulfur dioxide. 

Nitrobenzene. For the product studies of the decomposition of 

I, II, and III in nitrobenzene, detection of the corresponding ether 

was done by vapor phase chromatography. A 6 ft. column of Ucon 

nonpolar (10 percent) on firebrick was used. Operational tem- 

peratures were determined and use of known samples of 

ether in nitrobenzene established linear relationships 

1 

. 

* 

- 
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between peak area of the ether and concentration of the ether. The 

ether concentration in the decomposition solutions was then deter- 

mined by relating the ether peak area for the decomposition solu- 

tion to the peak area of a known amount of the same ether in nitro- 

benzene. 

In the product study of II the exit gases from decomposition 

flask were passed through a trap filled with nitrobenzene. Nearly 

half the benzyl methyl ether detected was in the trap. In a second 

product study of the decomposition of II in nitrobenzene using a 

petroleum ether -filled trap toulene was tentatively identified by 

retention time using vapor phase chromatography of the trap fluid. 

In the product study of the decomposition of III in nitrobenzene 

no material was detected by vapor phase chromatography of the 

petroleum ether trap fluid. Vapor phase chromatography of the 

decomposition solution did reveal a peak with a longer retention 

time than benzyl phenyl ether. The unknown peak was about one - 

third the area of the ether peak. By retention time the unknown 

peak was not stilbene or dibenzyl. Since dibenzyl has a shorter 

retention time than the unknown peak, diphenylmethane and diphenyl, 

which boil lower than dibenzyl, do not seem to be likely choices as 

the unknown compound. Because the unknown compound has a 

longer retention time than benzyl phenyl ether (b.p. 284 °) it must 
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be a quite high boiling material. 

In the decomposition of I in nitrobenzene benzaldehyde and 

benzoic acid had been thought to be possible products. A lower 

limit for the detection of benzaldehyde in nitrobenzene had been 

established by preparing 2, 4- dinitrophenylhydrazones from known 

concentrations of benzaldehyde in nitrobenzene. A lower limit for 

the detection of benzoic acid was established by extraction of known 

benzoic acid -nitrobenzene solutions with sodium bicarbonate solu- 

tions, and subsequent acidification of the aqueous solutions. 

Neither benzaldehyde nor benzoic acid could be detected by such 

tests in the solution resulting from the decomposition of I in nitro- 

benzene. However, the lower limits for their detection by these 

means were rather high, and so it cannot be definitely stated that 

they are absent. 

Table III. Decomposition Products of Aralkyl Sulfites in Nitro- 
benzene. 

Sulfite Mmole 
Sulfite 

Decomp. 
Temp C° 

Product Mmole 
Product 

Percent 
of Theo. 

I 5.04 173 Benzyl ether 3. 19 63.5 
II 5. 04 173 Benzyl methyl ether 

TcA Ilene 

1. 13 22. 3 

trace 
III 4.86 173 Benzyl phenyl ether 1.07 22 

Unknown high boiling 
material trace 
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Bromobenzene. In the product study of the decomposition of III 

in bromobenzene the bromobenzene was removed from the de- 

composition solution by distillation through a Podbelianak Mini -Cal 

still under reduced pressure. Vapor phase chromatography of the 

distillate revealed only bromobenzene. The pot liquid was chromat- 

ographed through acid -washed alumina with hexane, benzene, ethyl 

ether, and methyl alcohol serving as eluents. Fractions of the 

eluent solution were caught in pre -weighed flasks. After removal 

of the solvent the flasks were pumped on with a vacuum pump and 

weighed. A graph of flask number vs. milligrams revealed two 

major peaks. These were identified by comparison of infrared 

spectra as benzyl phenyl ether , and a mixture of dibenzyl and di- 

phenyl sulfite. Table IV shows these results. Infrared spectra of 

fractions other than those containing the identified products revealed 

one fraction giving a carbonyl absorption and a minor series of frac- 

tions containing hydroxyl absorption. The compounds responsible 

for the carbonyl and the hydroxyl absorption were not identified. 

It was not possible to prepare an a- napthyl urethan from the 

hydroxyl containing fractions. The last band eluted from the 

column was less than 19 mg. and was not identified. 
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Table IV. Decomposition Products of Benzyl Phenyl Sulfite in 
Bromobenzene. 

Sulfite Mmole Decomp. Product Amount Percent 
Sulfite Temp C° of Product of Theo. 

III 5. 30 reflux Benzyl phenyl 1. 27 Mmole 24 
ether 

Mixture of 
dibenzyl and 
diphenyl sulfites 0. 197 g. 15 

(Based on 1::1 

ratio of 
sulfites) 
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DISCUSSION 

It should be pointed out that this discussion makes use of both 

the first -order rate constants found for the decomposition of III in 

bromobenzene, as found in Table II and the initial rate constants 

determined for the rest of the decompositions studied as found in 

Table I. 

This study of the decomposition reaction of a series of aralkyl 

sulfites, C6H5CH2OYOR' , shows the rate of decomposition to be 

dependent on the nature of the group R'. By a comparison of the 

initial rates of decomposition of I and II in nitrobenzene at 173° 

relative rates of R' = C6H5CH2, 1; CH3, 0.46; have been deter- 

mined. A relative rate for R' = C6H5 could not be directly 

obtained because the decomposition of III in nitrobenzene at 173° 

is too fast to be followed. This fact does mean that the relative 

rate for R' = C6H5 is certainly greater than 1. A A H of 24.7 

kcal. has been calculated for the decomposition of III in bromo- 

benzene from rate constants at 144° and 155 °. Using OH# = 24.7 

kcal. a rate constant of 59.3 x 10 
4 mint -1 has been calculated for 

the decomposition of III in bromobenzene at 203 °. Comparison 

of this rate constant to the initial rate constant for the decomposi- 

tion of I in 1- chloronapthalene at 203° gives relative rates: 
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R' = C6H5CH2, 6H5C 1; C6H5, 9.3. 

In the thiolsulfonate studies, (C6H5)2CHSO2SR' , the variation 
6 5 2 2 

in the relative rates of decomposition with variation in R' had been 

found to be: R' C6H5CH2, 1° CH3, O. 4; and C6H5, 25 (12), It 

was pointed out that the dependence of rate on R' paralleled the ef- 

fect of R' on the acidity of the corresponding mercaptan. This is 

taken to indicate that the sulfide atom, S -R' , has some anionic 

character in the transition state of the rate determining step. The 

dependence of rate on R' in the aralkyl sulfite studies may be said 

to parallel roughly the effect of R' on the acidity of the correspond- 

ing alcohol, although the effect as far as the phenyl ester is con- 

cerned seems considerably smaller than might be expected from 

the behavior of the thiolsulfonate decomposition. This could be 

taken to indicate that the oxygen atom, O -R' , does have some 

anionic character in the transition state of the rate determining 

step, Since the relative rates are determined on the basis of initial 

rates, which themselves are semiquantitative at best, no definite 

comparison of relative rates to the pK ' 
a s of the corresponding 

alcohol can be made, and., therefore ,. no quantitative measure of the 

indicated anionic character of the oxygen atom, O -R' , in the 

transition state of the rate- determining step can be made at the 

present time. 

= 
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Since the effect of R' on rate in the case of the phenyl ester is 

less than expected on the basis of the thiolsulfonate decompositions 

it could be argued that the rate dependence on R' is only an induc- 

tive effect acting in an intermediate R' OSO ... +R. At the same 
ò 

time the effect of R' on rate for the phenyl ester case seems to be 

greater than a purely inductive effect would demand. 

The rate of decomposition also seems to be dependent on the 

solvent. The decomposition is faster in nitrobenzene than in the 

less polar solvents bromobenzene and 1- chloronapthalene. As 

evidenced in Table I the decomposition of compound I is 3 times 

faster in nitrobenzene at 173° than in 1- chloronapthalene at 203 °. 

Compound III decomposes 15 times as fast in nitrobenzene at 144° 

as in bromobenzene at 144 °. 

Normally such a dependence of rate on solvent would be taken 

as good evidence for a polar -type mechanism. Because of the 

acceleration found this conclusion is not as clear -cut as normally. 

In nitrobenzene the acceleration does occur earlier in the reaction. 

It could be argued then that the faster rate in nitrobenzene is due to 

the early acceleration. 

However, optimistically, the evidence does seem to generally 
O 

say that the decomposition of aralkyl sulfites, C6H5CH2OSOR' , is 

an ionic reaction. The evidence may also indicate that both the 
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C6H5 -O and the S -OR' bonds are being broken or weakened in the 

transition state of the rate determining step. Mechanistically this 

could be expressed as: 

C6H5CH2OSOR' r d. [ C 6H5CH2+. . . SO2. . . 
-- OR' ] or 

[ C 6H5CH2 +... OR' ] + SO2 

VII 

Evidence at hand does not indicate the extent of the charges found 

(7) 

in the transition state VII. Collapse of the ion -pair in VII would 

result in sulfur dioxide (found in nearly quantitative yield) and the 

ether, C6H5CH2OR' , which was the major identifiable organic 

product. The possible indication, by the present study, of a mul- 

tiple bond cleavage mechanism for the decomposition of aralkyl 

sulfites does make multiple bond cleavage in the S i 
n 

mechanism 

a more real possibility. 

Certainly the evidence that the decomposition of benzyl sulfites 

C6H5CH2OS(0)OR' does depend in some measure on R' and the 

possible implications to the Sni n mechanism indicate this study 

should be carried on. It is also obvious that for further study of 

this reaction examples must be found that give better behaved kinet- 

ics. The finding of a suitable solvent system inbromobenzene gives 

a solvent for studying the decomposition and indicates other solvents 

that give no acceleration effect may be found for study of sulfite 
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decompositions. Because of the slowness of the decomposition of 

III in bromobenzene it doesn't seem feasible to study I or II in 

bromobenzene. Further studies using sulfites as ROS(0)0C6H4 -X 

where X represents electron donating and withdrawing groups on 

the phenyl ring would be suitable for determining the dependence of 

rate on R' . This system would lend itself to correlation with 

Hammett's sigma values, and would provide an opportunity for 

determining quantitatively the amount of anionic character of the 
-C4 
09-H 

4 
-X oxygen atom. 

The nature of the acceleration found for the decompositions in 

nitrobenzene and 1 - chloronapthalene has not been determined. The 

solving of the acceleration problem, while possibly quite interesting 

in itself, was not the main object of the study. With the finding of 

a solvent system, bromobenzene, which gives much better kinetic 

behavior the solving of the acceleration problem is not a pressing 

one at the present time. 

The product studies did not reveal the expected amounts of 

ether, but no other significant products were found. At the present 

time it is not known why the yields of the ethers were small. The 

nature of the other products, presumed in view of the small ether 

yields, is also not known. 
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EXPERIMENTAL 

All boiling points are uncorrected. 

Preparation and Purification of the Sulfites 

Dibenzyl sulfite was prepared using the method of Price and 

Berti (17) for symmetrical sulfites. In a 500 ml. three - necked 

round -bottomed flask, fitted with a mercury - sealed stirrer, dropping 

funnel, and a calcium chloride -filled drying tube, was placed 21. 6 g. 

(0.2 mole) of benzyl alcohol and 16. 3 g. (O. 206 mole) of pyridine in 

50 ml. of anhydrous ether. To this was added with constant stirring, 

dropwise, over a period of 30 min. 11. 9 g. (0.1 mole) of thionyl 

chloride in 25 ml. of anhydrous ether. The reaction flask was main- 

tained at -5° to -100 with a Dry Ice -acetone bath. Addition of thionyl 

chloride resulted in an immediate precipitation of pyridine hydro- 

chloride together with the formation of some white fumes. Stirring 

was continued for 45 min. after completion of the thionyl chloride 

addition while the flask warmed to room temperature. The pyridine 

hydrochloride was removed by filtration. After being waled with 

three 20 ml. portions of 1N hydrochloric acid, three 20 ml. portions 

of water, three 20 ml. portions of 5 percent sodium bicarbonate, dried 

over magnesium sulfate and filtered, the bulk of the solvent was 
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removed under reduced pressure. The crude sulfite was pumped on 

for 20 min. with a vacuum pump. The crude sulfite, 21.1 g. (80 

percent) was a clear, slightly yellow, liquid. It was further puri- 

fied by chromatography through acid - washed alumina with hexane 

and hexane -benzene as eluent. After evaporation of solvent the bulk 

of the liquid was found in the middle one -third of the cuts collected. 

Early cuts consisted of several drops of a yellow liquid and a filmy 

residue while the end cuts were essentially blank. The middle one - 

third of the cuts was collected and distilled with a Hickman molecu- 

lar still at 10076 x 10 5mm. The collected fraction was clear and 

colorless, and analysis for sulfite content (see a later section for 

a description of the method of analysis) indicated a purity of at 

least 96 percent. An infrared spectrum showed no hydroxyl or 

amine absorption while the expected sulfur- oxygen absorption at 

approximately 1200 cm. -1 was found (3, p. 360). 

The dibenzyl sulfite used in the latter kinetic runs was purified 

further. The dibenzyl sulfite samples left from previous trial 

preparations were combined and chromatographed through acid - 

washed alumina. After elimination of the solvent, the appropriate 

cuts were combined and distilled under reduced pressure. After a 

small forerun, dibenzyl sulfite distilled, b. p. 146-147(10.75 mm., 

lit. 193 -199 ° /15 mm. (decomp. )(18). Analysis for sulfite content 
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indicated a purity of 99.3 percent. An infrared spectrum again 

showed no hydroxyl or amine absorption while the sulfur- oxygen 

absorption at 1200 cm. -1 was found (3, p. 360). 

Benzyl methyl sulfite was prepared in a two -stage procedure, 

using Berti's method for unsymmetrical sulfites (4). 

Methyl chlorosulfite was prepared, as by Berti, (4), by adding 

dropwise, over a period of one hour with constant stirring, 65.6 g. 

(0. 55 mole) of thionyl chloride to 16.3 g. (0. 51 mole) of anhydrous 

methyl alcohol in a 500 ml. three -necked round -bottomed flask fit- 

ted with a mercury - sealed stirrer, calcium chloride - filled drying 

tube and a dropping funnel. The solution was stirred for 3 hrs. and 

then allowed to stand for 48 hrs. Distillation gave 42.4 g. (72 per - 

cen`) of methyl chlorosulfite b. p. 39 °/60 mm. , lit. b. p. 35-36°/ 

65 mm. (4). 

In the actual preparation of benzyl methyl sulfite 23.2 g. 

(0.215 mole) of benzyl alcohol and 17.1 g. (0. 216 mole) of 

pyridine in 75 ml. of anhydrous ether were placed in a 500 ml. 

three -necked round- bottomed flask fitted with a mercury sealed 

stirrer, calcium chloride-filled drying tube, and a dropping funnel. 

A solution of 24.6 g. (0. 215 mole) of methyl chlorosulfite in 50 ml. 

of anhydrous ether was dropped in over a period of one hour with 

constant stirring. The reaction was maintained at -10° to -5° ' 

- 
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with a Dry Ice -acetone bath. After addition of the methyl chloro- 

sulfite was complete, the stirring was continued for 30 min. as 

the flask warmed to room temperature. After removal of the 

pyridine hydrochloride by filtration, the filtrate was washed with 1 

N hydrochloric acid, water, and 5 percent sodium bicarbonate. 

The etheral solution was dried over magnesium sulfate. After re- 

moval of the magnesium sulfate by filtration, the ether was removed 

under reduced pressure. Distillation of the crude sulfite gave 31 g. 

(78 percent) of benzyl methyl sulfite b.p. 106-107°/1.5 mm. , lit. b. 

p. 137 -138018 mm. (6). The benzyl methyl sulfite thus prepared 

was used in kinetic runs numbered 17 and 18. For use in kinetic 

run 19 and in a series of decompositions run to determine products 

this original benzyl methyl sulfite was dried over magnesium sul- 

fate, filtered, and redistilled b.p. 74- 76 ° /0. 1 mm. , n D 1.5161. 

Analysis revealed a purity of 95.7 percent sulfite. An infrared 

spectrum showed no hydroxyl or amine absorption. When the 

benzyl methyl sulfite spectrum was compared to the spectrum of 

dibenzyl sulfite the absorption peaks due to aromatic absorption 

(3, p. 65) were found to be decreased in intensity, while the sulfur - 

oxygen absorption at 1200 cm. -1 (3, p. 360) was of the same inten- 

sity as that found for dibenzyl sulfite. 

Benzyl Phenyl Sulfite was also prepared via a two step 
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procedure. Phenyl chlorosulfite was prepared as by Gerrard (9) 

while benzyl phenyl sulfite was prepared by Berti's procedure for 

synthesizing unsymmetrical sulfites (4). 

Phenyl chlorosulfite was prepared in a 200 ml. three -necked, 

round- bottomed flask fitted with a gas inlet and outlet, a dropping 

funnel, and a magnetic stirring bar. Into the flask was placed 60 g. 

(0.505 mole) of thionyl chloride. A solution of 23.5 g. (O. 25 mole) 

of phenol in 50 ml. of anhydrous ether was added dropwise over a 

period of 30 min. with constant stirring. Nitrogen was bubbled 

through to sweep out hydrogen chloride fumes. The temperature 

was maintained at -5° with an ice -salt bath. After addition of the 

phenol was complete the cold bath was removed and the reaction 

mixture was allowed to sit for 20 hrs. The nitrogen flow was 

maintained during this time. A Claisen head was fitted to the reac- 

tion flask and a water aspirator vacuum was maintained in the flask 

for 45 min. The vacuum was maintained as the reaction flask was 

heated with a water bath over a period of one hour to a final 

temperature of 50 °. The remaining liquid was distilled under 

reduced pressure. After a small forerun, phenyl chlorosulfite 

distilled, b.p. 910-9207 mm. , n 2D51.556.8, lit. b.p. 100.5 -101 °I 

18 mm. , n 25 1. 5580 (9). The yield of phenyl chlorosulfite was 
D 

18 g. (41 percent ). 
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Benzyl phenyl sulfite was prepared in a 500 ml. three- necked 

round -bottomed flask, fitted with a dropping funnel, a calcium 

chloride -filled drying tube, and a mercury - sealed stirrer. In the 

flask was placed 11 g. (0.102 mole) of benzyl alcohol and 9. 5 g. 

(0.12 mole) of pyridine in 75 ml. of anhydrous ether. Over a peri- 

od of one hour, 18 g. (0.102 mole) of phenyl chlorosulfite in 50 ml. 

of anhydrous ether was added dropwise with continuous stirring. 

The temperature of the reaction flask was maintained at -3° to -5° 

with an ice -salt bath. After the addition of the phenyl chlorosulfite 

was complete stirring was continued for 30 min. with the reaction 

flask maintained at -3 °, and for an additional 2 hrs. while the reac- 

tion mixture warmed to room temperature. The pyridine hydro- 

chloride was filtered off and the solution washed with 1 N hydro- 

chloric acid, water, and 5 percent sodium bicarbonate. The 

etheral solution was dried over magnesium sulfate. The ether was 

removed under reduced pressure. The crude sulfite, 23 g. (90 

percent), was a clear, pink liquid. This material was chromato- 

graphed through alumina, and the appropriate chromatographic 

fractions were then distilled under reduced pressure. Benzyl 

phenyl sulfite distilled, b.p. 117 -123 °90.2 mm. , n D 1.5637. An 

infrared spectrum showed no hydroxyl or amine absorption. The 

sulfur- oxygen band at 1200 cm. -1 was strong (3, p. 360). There 
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were also bands at 1600 cm. -1 and 1225 cm. -1 not found in either 

dibenzyl or benzyl methyl sulfite. The band at 1600 cm. -1 is due 

to conjugation of the aromatic system with the oxygen (3, p. 65), 

while the band at 1225 cm. -1 is due to a phenol type carbon - oxygen 

stretch (3, p. 96). Analysis. Calc'd for C 3H12O3S: C, 62. 88; 

H, 4.87. Found: C, 63. 05; H, 5.04. An analysis for sulfite con- 

tent indicated a purity of 98.4 percent. 

All the sulfites were stored in refrigerated dessicators. 

Purification of Solvents and Reactants 

Benzyl Alcohol (Eastman Kodak white label) was fractionally 

distilled, b.p. 93-94911 mm. Thionyl chloride (Eastman Kodak 

white label) was purified by distillation from linseed oil (8), b.p. 
76 °. 1- Chloronapthalene (Eastman Kodak white label) was washed 

with dilute sodium bicarbonate, dried over sodium sulfate, and 

fractionally distilled under reduced pressure, b.p. 141-143°/25 

mm. (11). This was redistilled through a 90 cm. Vigreux column, 

b.p. 134 -135 ° /14 mm. Anhydrous diethyl ether (Baker and 

Adamson reagent and Baker reagent) was used with no further 

purification. Pyridine (Baker reagent) was distilled over barium 

oxide b.p. 115° (19). Phenol (Baker and Adamson reagent) was 

used with no further purification. Bromobenzene was a previously 

' 
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purified sample, which had been purified by fractional distillation, 

b.. p. 153 - 154 °. ,The nitrobenzene (Matheson, Coleman, and Bell 

reagent) used for kinetic runs 2 -5 and 11 -16 was previously fraction- 

ally distilled, b.p. 115- 117 ° /40mm. That used in kinetic runs 16 -24 

was fractionally distilled under reducedpressure, the center cut dried 

over phosphorus pentoxide, and then redistilled, b.p. 115 ° /40 mm. 

Purification of Reference Compounds 

Dibenzyl ether, previously prepared, was fractionally distilled, 

b.p. 144-146°/1. 5 mm. , lit. b.p. 160 ° / l l mm. (1, p. 434). Vapor 

phase chromatography indicated only one component. Benzyl phenyl 

ether, previously prepared, b.p. 154 - 155 ° /20mm., lit. 286 -287° 

(1, p. 432). Vapor phase chromatography indicated only one com- 

ponent. Benzyl methyl ether, previously prepared, was redistilled 

through a Podbelianik Mini -Cal still, b.p. 42. 3°/7 mm. , lit. b.p. 

78 °/18 mm. (2, p. 219). Vapor phase chromatography indicated only 

one component. 

Analysis of the Sulfites 

The sulfites were analyzed using the method described by Price 

and Berti (17). In this the sulfite ester is hydrolyzed in basic solu- 

tion, the sulfite oxidized to sulfate, and after acidification the sulfate 

is precipitated as barium sulfate and determined by the standard 

gravimetric procedure (21). 

. 
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Method of Decomposition 

The same type of apparatus previously used for studying the 

thermal decomposition of thiolsulfonates was used (11). The de- 

composition flask had one further modification, an additional inlet 

was added. The trap labeled D was not used and the trap labeled B 

was used only in product studies. For an actual kinetic run a known 

amount of sulfite and a known amount of solvent were introduced into 

the decomposition flask. Prepurified nitrogen was bubbled through 

at a constant rate. After 2 hrs. of degassing the decomposition 

flask was lowered into a constant temperature bath. The sulfur 

dioxide was swept into trap C which contained a known amount of 

iodine solution. The time required for this to be decolorized was 

noted, another aliquot of iodine was added, and the process repeated 

as many times as desired. When the decomposition was nearly 

complete an excess of iodine was added to trap G. After a suf- 

ficient amount of time had passed the remaining iodine was back - 

titrated with standard thiosulfate solution to determine the infinity 

yield of sulfur dioxide. 
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Product Studies 

General Considerations - Product Studies of Decompositions in 
Nitrobenzene 

Since the expected product from the sulfite ester decomposi- 

tions was the corresponding ether, the amount of ether formed was 

of paramount interest. The amounts of the ethers formed were 

determined by vapor phase chromatography. 

A 6 ft. column of Ucon nonpolar (10 percent) on firebrick was 

found to give the best separation of a sample of dibenzyl ether and 

nitrobenzene , and was used in all product studies. Operational 

temperatures for the separation of each ether from nitrobenzene 

were determined. Samples of a known concentration of each ether 

in nitrobenzene were prepared. With each ether the peak areas 

resulting from known concentrations of the ether in nitrobenzene 

were compared to determine if linearity between area and amount 

of ether existed. Linear relationships were found. A sensitivity 

of 1 was used in all the vapor phase chromatography. 

Dibenzyl Sulfite Product Studies 

Vapor phase chromatography, at 202 °, of the solution from the 

decomposition of 1.3221 g. (5. 4 mmole ) of dibenzyl sulfite in 25 ml. 
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of nitrobenzene (kinetic run no. 16) indicated a dibenzyl ether con- 

centration of 0.6333 g. (3. 19 mmole) per 25 ml. of nitrobenzene. 

This is 63.5 percent of the theoretical amount of ether based on 

decomposition according to the stoichiometry in eq. 6. 

Work with known samples of benzaldehyde and benzoic acid in 

nitrobenzene had established a lower limit for the detectability of 

benzaldehyde via the 2, 4- dinitrophenylhydrazone as 0.1578 g. 

benzaldehyde per 25 ml. nitrobenzene and a lower limit for the 

detection of benzoic acid by extraction into a water phase containing 

sodium bicarbonate as 0.1624 g. benzoic acid per 25 ml. nitro- 

benzene. Neither benzaldehyde nor benzoic acid was detected by 

the above methods in the decomposition solution from kinetic run 

no. 16. If benzaldehyde was formed it was formed as less than 

30 percent of the reaction, while benzoic acid if formed constituted 

less than 27 percent of the reaction. Benzyl alcohol could not have 

been easily detected in the decomposition solution even if present 

because benzyl alcohol and nitrobenzene were found to have nearly 

the same retention times using Ucon polar (5 percent); nonpolar 

10 percent, and Reoplex 400 columns at various temperatures. 

Benzyl Methyl Sulfite Product Studies 

To determine if in the benzyl methyl sulfite decompositions the 
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fairly volatile benzyl methyl ether might be swept out of the 

decomposition flask by the nitrogen stream a known sample of 

0. 5012 g. benzyl methyl ether in 25 ml. of nitrobenzene was sub- 

jected to the conditions of a kinetic run for 24 hrs. The exit gas 

was passed through a hexane - filled trap. Vapor phase chromatog- 

raphy, at 75o, of the nitrobenzene -ether solution indicated a con- 

centration of 0. 3975 g. benzyl methyl ether per 25 ml. nitroben- 

zene. Ether caught in the trap accounted for 0. 0322 g. benzyl 

methyl ether. The total ether accounted for was 0.4297 g. or 

85 percent of the initial ether. 

Vapor phase chromatography, at 104 °, of the solution from the 

decomposition of 0. 9389 g. (5. 4 mmole ) of benzyl methyl sulfite in 

25 ml. nitrobenzene indicated the amount of benzyl methyl ether 

in the decomposition flask to be 0. 0773 g. In this run the exit gases 

were passed through a nitrobenzene -filled trap. The known volume 

of nitrobenzene in the trap held 0. 0610 g. of benzyl methyl ether. 

Total benzyl methyl ether accounted for was 0. 1383 g. (1.13 

mmole)or 22.3 percent of the theoretical ether. A small peak 

with shorter retention time than benzyl methyl ether was not iden- 

tified. A second decomposition with 0.9423 g. (5. 06 mmole) of 

benzyl methyl ether in 25 ml. of nitrobenzene was run using ice - 

cooled petroleum ether as the trap fluid. Vapor phase 
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chromatography, at 106 °, was in agreement with the results obtained 

above for the percent ether found. At 50° vapor phase chromatography 

resolves the small unidentified peak, previously noted, into two small 

peaks. The larger, by a factor of five, of the two had a retention 

time almost identical with that of toulene. 

Benzyl Phenyl Sulfite Product Studies 

Vapor phase chromatography, at 194 °, of the solution from the 

decomposition of 1. 2072 g. (4. 86 mmole) of benzyl phenyl sulfite in 

nitrobenzene indicated a benzyl phenyl ether concentration of 0. 1975 g. 

(1. 07 mmole) per 25 ml. of nitrobenzene, or 22 percent of the theoret- 

ical amount of ether. The exit gases were passed through a hexane - 

filled trap, but no benzyl phenyl ether was found in the trap fluid. A 

small peak with longer retention time than benzyl phenyl ether was 

found in the decomposition solution. The unknown peak area was one - 

third the area of the benzyl phenyl ether peak. At 194° stilbene was 

found to have a longer retention time than the unknown peak, while di- 

benzyl had too short a retention time. 

Product Study on the Decomposition of Benzyl Phenyl Sulfite in 
Bromobenzene 

In the product study of the decomposition of 1.1350_g.(5. 30 mmole ) 

of benzylphenyl ether inbromobenzene the bromobenzene was removed 

by fractional distillation through a Podbelianak Mini -Cal still at 50 0/25 

mm. Vapor phase chromatography of the distillate revealed only 
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bromobenzene. The pot liquid was chromatographed through 70 g. of 

acid -washed alumina. The first 19 fractions were of approximately 

30 ml. each, while the latter 21 fractions were of about 15 ml. each. 

Eleunts used were 100 ml. of hexane, 100 ml. of 5: 1 hexane -benzene, 

100 ml. of 7: 5 hexane -benzene, 100 ml, of 1: 1 hexane- benzene, 100m1 

of 4: 1 benzene -hexane, 100m1. of 7:3 benzene -ethyl ether, 100 ml. of 

1: 1 benzene -ethyl ether, 100m1. of ethyl ether, and 100 ml. of methyl 

alcohol. After removal of solvent, the pre -weighed collection flasks 

were pumped on with a vacuum pump and weighed. A graph of flask 

numbers versus milligrams residue showed two major peaks. The 

first was identified as benzyl phenyl ether by comparison of infrared 

spectra. This fraction contained 0. 235 g. (1. 27 mmole) of benzyl phenyl 

ether, or 24 percent of the theoretical ether. By reference to spectra of 

dibenzyl sulfite it seems the other major fraction is a mixture of dibenzyl 

sulfite and diphenyl sulfite. The second major fraction contained about 

0. 197 g. of material. Based on a 1: 1 ratio of dibenzyl to diphenyl sulfite 

this accounts for 15 percent of the reaction. Since only 81. 4percent of 

the theoretical sulfur dioxide was evolved in this run the identification of 

the second major fraction as a mixture of the two symmetrical and less 

reactive sulfites is realistic. 

No other major product peaks were indicated by the graph and no 

other compounds were identified. Infrared spectra of fractions other 

than those containing the identified products did show absorptions not 
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characteristic of the identified products. 

An infrared spectrum indicated a carbonyl absorption in one 

fraction preceeding the sulfite containing cuts. The carbonyl frac- 

tion contained 18 mg. and no identification was made. 

Infrared spectra of two fractions following the sulfite containing 

cuts show hydroxyl absorption. By comparison of infrared spectra 

the hydroxyl containing fractions have been shown to not be benzyl 

alcohol. By the same comparison technique the hydroxyl containing 

fractions do not seem to be phenol. An attempt to prepare a urethan 

derivative using a- napthyl isocyanate and the combined hydroxyl 

containing fractions was unsuccessful. A urethan derivative had been 

easily prepared using known phenol and a- napthyl isocyanate. 

The material constituting a brown band, which was eluted only 

with methyl alcohol, consisted of 19 mg. and was not identified. 
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