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Abstract  - Eaton's reagent (methanesulfonic acid/ohosohorous pentoxide) i s  a super ior  

media f o r  the acy la t i on  o f  benzo crown e ther  comoounds. Benzo-15-crown-5 was cleaved i n  

Eaton's reagent t o  form methansulfonate esters of the g l yco l  cleavage oroducts. A com- 

par ison o f  the  NMR spectrum o f  the  cleavage oroducts w i t h  those o f  some of the  oossible 

products showed t h a t  the a l i p h a t i c  g lyco ls  formed the major po r t i on  o f  the cleavage Dro- 

ducts. 

We have been i n te res ted  i n  fonninn subs t i t u ted  crown  ether^^-^ and i n  t h e i r  use as phase t ransfer  

agents.' We observed tha t  Eaton's reagent,5 a so lu t i on  o f  methanesulfonic ac id  i n  phosphorous pen- 

toxide, was a convenient medium f o r  the acy la t i on  o f  benzo crown ethers w i t h  carboxy l ic  

The exact acy la t i on  mechanism using Eaton's reagent i s  unknown, however, Eaton d i d  denanstrate t h a t  

methanesulfonic anhydride was e a s i l y  i s o l a t e  d from the reagent. 5 

The acy la t i on  of dibenzo-18-crown-6 and dibenzo-24-crown-8 i n  Eaton's reagent nave p a r t i c u l a r l y  good 

y i e l d s  O f  the  bis(acy1benzo)crown e ther  (8595%).  Reactions w i t h  dibenzo-24-crown-8, however, gave 

a considerable amount of byproduct when the react ion  was ca r r i ed  ou t  a t  50°C. The acy la t i on  of benzo- 

15-crown-5 i n  Eaton's reagent gave a considerable amount o f  byproduct, even when ca r r i ed  out  a t  room 

temperature. The byproducts from these react ions were separated and found t o  contain both carboxy- 

1 l a t e  (IR, 1740 cm- ) and su l fonate  (IR, 1350 and 1170 cm-l) es te r  functions. 

To fur ther  understand the nature of t h e  byproducts from these acy la t i on  react ions,  we have s tud ied 



the cleavage of benzo-15-crown-5 i n  Eaton's reagent. The NMR spectrum o f  the r e s u l t i n g  react ion  

mixture exh ib i t ed  more than ten s igna ls  a t t r i b u t a b l e  t o  the methyl hydrogens of methanesulfonate 

esters (6 3.2-3.3). This l a rge  number o f  s ignals ind ica tes  the macrocycle was cleaved i n  several 

places. I n te res t i ng l y ,  less  than 10% of the t o t a l  peak area can be a t t r i b u t e d  t o  aromatic methane- 

sulfonate es ters  (6 3.26-3.30).~ Figure 1  i l i u s t r a t e s  the oos r i b l e  b i s  methanesul.fonate ester 

cleavage products 

I n  an attempt t o  determine the exact nature of the cleavage products, we prepared f i v e  ({,:,$,% and 

13) o f  the possible products. These compounds were then used to  help i d e n t i f y  the major oeaks i n  
"A 

the NMR spectrum o f  the  react ion  mixture. I n  a  cleavage react ion  run for 18 hours, the NMR peaks 

a t t r i b u t a b l e  t o  aromatic methanesulfonate esters (1 and g f o r  examole) amounted t o  8% of the t o t a l  

wh i le  those a t t r i b u t e d  d i r e c t l y  t o  a,  g and 2 amounted t o  over 50% of the t o t a l .  The major cam- 

Figure 1.  Cleavage Products (Ms = CH3S02) 
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ponent appeared t o  be 1.2-ethane b i s  methanesulfonate (2). I n  a react ion  run f o r  over 4 months, 

the aromatic methanesulfonate es ter  po r t i on  of the NMR spectrum was on ly  12% of the t o t a l  i n teg ra l  

f o r  methyl hydrogens i n d i c a t i n g  w a i n  t h a t  the cleavage must be occur r ing  a t  the a l i o h a t i c  e ther  pos- 

i t i o n s .  Secondary cleavage of the i n i t i a l  cleavage oroducts oroduces t h e  ethylene and diethylene 

g lyco l  de r i va t i ves  and 2. Cleavage by methanesulfonic acid,  which can occur i n  some circum- 

s t a n c e ~ , ~  d i d  not occur under our react ion  condi t ions.  The benzo-15-crown-5 compound used i n  these 

studies was found to  be contaminated w i t h  a small amount (1. 5%) o f  d i o l .  Treatment of the benzo-15- 

crown-5 compound w i t h  mthanesu l fony l  ch lo r i de  gave a mix ture  which exh ib i t ed  both the methyl hydro- 

gens o f  aromatic a l i p h a t i c  methanesulfonate es ters .  Based on the method o f  formation fo r  t h i s  

crown compound,' we be l ieve the b i s  methanesulfonate es te r  product o f  the  g l yco l  contaminant .to be 

compound 5 .  The s m l l  amount of t h i s  contaminant, however, accounts for  on l y  about one t h i r d  of 

the aromatic methanesulfonate es te r  found i n  the cleavage product. 

We be l i eve  the a c t i v e  c leav ing agent i n  Eaton's reagent i s  methanesulfonic anhydride which i s  known 

t o  be p ~ e s e n t . ~  Karger and Marur have repor ted t h a t  treatment o f  tetrahydrofuran w i t h  methanesul- 

f o n i c  anhydride gave the corresponding b i s  methanesulfonate es te r  of 1,4-butanedi01.~ When t e t r a -  

hydrofuran was t reated w i t h  the mixed ace t i c  methanesulfonic anhydride, the  mixed acetate and meth- 

anesulfonate es te r  o f  1,4-butanediol was fo-d.' They a l so  repor ted t h a t  an iso le  gave only metho- 

xyacetaohenone products when t reated w i t h  the mixed ace t i c  methanesulfonic anhydride.'' The i r  re -  

s u l t s  c l ose l y  p a r a l l e l  our r e s u l t s  w i t h  Eaton's reagent wherein we observed both cleavage of a l i -  

phat ic  ethers and acy la t i on  o f  the aromatie r i n g  i n  the presence of carboxy l ic  The con- 

s is tency of these r e s u l t s  s t rong l y  suggests t h a t  the acy la t i no  agent i n  the mix ture  of Eaton's 

reagent and carboxy l ic  acids i s  the mixed carboxy l ic  methanesulfonic anhydride. 

Sul fonic anhydride and mixed carboxy l ic  su l fon ic  anhydrides a re  unstable and a re  therefore very 

d i f f i c u l t  t o  prepare and store.  Eaton's reagent, which i s  extremely easy t o  orepare and can be 

stored indef ina te ly , l l  i s  thus a super io r  medium f o r  the cleavage of a l i p h a t i c  ethers t o  form the 

methanesulfonate es ters .  The add i t i on  o f  carboxy l ic  acids t o  Eaton's reagent i s  l i kew ise  a super ior  

method t o  acy la te  phenyl 

EXPERIMENTAL 

A l l  NMR Spectra were obtained w i t h  a Varian EM 390 spectrometer. A l l  i n f ra red  spectra were obtained 

w i t h  a Beckman A ~ c u l a b  I 1  spect rophotowter .  Mel t ing  oo in ts  are uncorrected and were obtained w i t h  

a Thomas-Hoover apparatus. Elemental analyses were obtained from M-H-W Laborator ies,  Phoenix, Arizona. 

S t a r t i n s  Mater ia ls.  Benzo-15-crown-5 was purchased from Parish Chemical Comoany. The b i s  methane- 

sul fonate es ters  were prepared as fol lows: A s o l u t i o n  of 0.0065 moles o f  the aoproor iate dihydroxy 

compound and 4.2 g of f reshly d i s t i l l e d  t r ie thy lamine i n  25 ml o f  CH2C12 was cooled as 4.6 g (0.040 

mol) O f  methanesulfonyl ch lo r i de  was added. The react ion  was s t i r r e d  fo r  10 min a t  room temperature 



and poured i n t o  50 mL of water. The organic l aye r  was d r i ed  over sodium s u l f a t e  and the solvent 

was evaporated t o  g i ve  the crude b i s  methanesulfonate ester.  The fo l l ow ing  es ters  were prepared: 

Catechol dimethanesulfonate (A) r e c r y s t a l l i z e d  from chloroform; mp, 103-105 ; NMR(6). 2.26 (s, 6H) 

and 7.35 (d, 4H); Anal. Calcd f o r  C8H10S206: C, 36.09; H, 3.79. Found: C, 36.36; H, 3.97. 

2-(2-Methylsulfonatoethy1)phenyl methanesulfonate, (z); r e c r y s t a l l i z e d  from dichloromethane; mp, 

93-94'; NMR(6), 3.16 (s,3), 3.26 (s,  3), 4.22 (m, 2). 4.55 (m. 2), 7.1 (m, 4);  Anal. Calcd f o r  

CIOHl4S2O7: C,  38.70; H, 4.55. Found: C,  38.54; H, 4.55. 

1,2-8is(2-methanesulfonatoethoxy)benzene (g); mp 134-136'C. 

Diethylene g lyco l  dimethanesulfonate (g); mp, 54-55' ( l i t , ' '  54-55"). 

1 ,2-Ethane dimethanesulfonate (2); o i l  ( l i t , 1 3  mp 43-45'), 

Cleavage of benzo-15-crown-5 w i t h  Eaton's reagent. A mix ture  o f  1 g o f  benzo-15-crown-5 and 20 mL 

of Eaton's was s t i r r e d  overnight.  The dark red mix ture  was poured i n t o  50 mL o f  water 

and extracted w i t h  two 25 mL por t ions  of CH2C12 The organic solvent was evaporated t o  leave a 

viscous o i l y  residue. The i n f r a r e d  spectrum showed strong bands a t  1350 and 1170 cm-' (sul fonate 

esters).  The NMR spectrum showed more than ten sharp s i ng le t s  o f  varying i n t e n s i t y  between 6 3.21 

and 3.26 (methane su l fonate  es ters) .  The NMR spectra o f  the react ion  mix ture  w i t h  added amounts of 

each of compounds ?,;,$z and 2 i nd ica ted t h a t  each o f  these canpounds was present. 
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