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Although esters of methanesulfonic acid and E-toluene- 
sulfonic acid have similar reactivity in substitution reac- 
tions, their photochemical behavior is quite different, 
E-Toluenesulfonates experience photochemical desulfonation 
in the presence of amines, a reaction which regenerates the 
parent alcohols (eq 1) in good to excellent yields and thus 
allows the E-tolylsulfonyl group to become an effective 
photoremovable protecting group. 1-4 In contrast , photolysis 
of methanesulfonates is not regarded as a viable method for 
group deprotection since deprotection is accompanied by 

A significant difference in the reaction conditions for 
methanesulfonate photolyses, when compared to those of 
ptoluenesulfonates, is tne reaction solvent. Successful 

reduction (eq 2 ) .  5 

hv  

McOH 

EttN 

ROTS --b ROH (eq.1) 
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2 

irradiation conditions for methanesulfonates involve 
photolysis in HMPA (hexamethylphosphoric triamide) . 5, (E- 
Toluenesulfonates typically are irradiated in methanol.) 
The reason for selecting HMPA as a solvent is that it 
provides a pathway for sulfonate activation. Methanesul- 

205 nm)6 while HMPA is capable of much longer-wavelength 
light absorption (e.g., light from a typical, low-pressure, 
mercury-vapor lamp); consequently, the photolysis of 
methanesulfonates in HMPA begins with excitation of the sol- 
vent and is thought then to involve electron transfer from 
excited HMPA to the methanesulfonate to generate the radical 
anion 1.5 Since HMPA also is known to promote reduction re- 
actionsr7 it is not surprising that a mixture of products is 
formed when this solvent is used; furthermore, it is 
reasonable to project that methylsulfonyl deprotection, 
without accompanying reduction, might occur in a solvent 
that does not promote the reduction reaction. Deprotection 
that avoids reduction would allow the methylsulfonyl group 
to become a candidate for a new photolabile protecting 
group. 

Selecting a more typical irradiation solvent (e.g., 
methanol, ethanol, or ethyl ether) for methanesulfonates is 
a simple matter; however, formulating a new method f o r  
productive absorption of the incident radiation is a more 
difficult process. (Direct irradiation of methanesulfonates 
causes no reaction.) 6 r 8  A potential method for initiating 
reaction is suggested in the work of Jortner and coworkersrg 
who have shown that photolysis of iodide, bromide, or 
chloride ions causes electron ejection into solution. (This 
reaction is of particular interest in the case of iodide ion 

- fonates absorb uv light only at short wavelengths (Amax - 
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TABLE I 

185 

hv 

KI 
ROMs __* ROH 

man 
NaHCO, 

METHANESULFONATE PERCENT METHANESULFONATE PERCENT 

YIELD YIELD 

90 

3 

MsOCH, 

6 4  

4 

/o 

Mezc'ob, MsO 5 0-CMe, 

MsO 

HO w 
&Me 

6 

CH,OCH,CH,O'CH, OMe 

7 

61 

a 

74 

70 

60 

since relatively long-wavelength uv light (254 nm) is absor- 
bed.) If an ejected electron is captured by a methylsul- 
fonyl protected compound, the radical anion produced (1) 
would be analogous to that ( 2 )  generated by 
p-toluenesulfonate photolysis. lo 

similar to that observed for ptoluenesulfonates (i.e., no 
photoreduction) could be expected. 

Irradiation of each of the methanesulfonates 3-8 (1.5 
mmol) in methanol (250 mL) in the presence of potassium 

A deprotection reaction 
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TABLE II 

9 R = Ac 85 010 

10 R = Ts 100 O/o 

11 R Bzl 60  010 

MsO MsO 
hv 

BzO 

98 010 
12 

iodide (4.0 mmol) and sodium bicarbonate (16 mmol) for 4 0  h 
gave the corresponding deprotected sugars in the yields 
shown in Table I. l1 Photolysis of methanesulfonates in the 
presence of iodide ion provides the desired method for 
deprotection without reduction; therefore, the methylsul- 
fonyl group now can be considered to be a photoremovable 
protecting group. Compounds 3-8, however, have no 
chromophore other than the methylsulfonyl group; conse- 
quently, to determine the situations in which this deprotec- 
tion reaction will be useFu1, it is necessary to ascertain 
the photochemical behavior of methanesulfonates containing 
other  protecting groups. 
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Photolysis of the methanesulfonates 9-12 (compounds 
which contain the acetyl, benzyl, g-tolylsulfonyl, and ben- 
zoyl groups) caused exclusive non-methylsulfonyl deprotec- 
tion (Table II).I2 (None of these deprotection reactions oc- 
curred when 9-12 were subjected to the reaction conditions 
in the absence of light.) The reactions shown in Table I1 
place a limitation on the situations in which methylsulfonyl 
protection can be removed without affecting other protecting 
groups. It appears that compounds with unsaturated (C=C or 
C=O) protecting groups will experience loss of these groups 
prior to methylsulfonyl deprotection. One consequence of 
these findings is that a pathway now is established for 
selective reaction of sulfonate esters; thus, irradiation of 
10 first removes the E-tolylsulfonyl groups to form 8 and 
then further photolysis of 8 eliminates methylsulfonyl 
protection. An attractive method for conducting selective 
sulfonate deprotection is to remove the p-tolylsulfonyl 
groups by irradiation in the presence of triethylamine 
(conditions in which methylsulfonyl groups are unreactive) 
and then complete the deprotection by irradiation of the 
methanesulfonate in the presence of potassium iodide. 

We currently are investigating the reactions of com- 
pounds 11 and 12 to determine the mechanism for loss of the 
benzoyl and benzyl groups. Based upon studies in non- 
carbohydrate systems , l2 1 l3 it appears reasonable to propose 
that radical anions are involved in these reactions. We are 
interested not only in determining how these reactions take 
place but also in evaluating whether photochemical deprotec- 
tion of these groups may have useful synthetic application. 
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