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F. A d d i t i o n a l  R e a c t i o n s  

V .  C o n c l u s i o n  

BINKLEY AND AMBROSE 

V I  . R e f e r e n c e s  

I. INTRODUCTION - 
During  t h e  past decade  a new l e a v i n g  g roup ,  t h e  

trifluoromethanesufonate ( t r i f l a t e ) ,  h a s  been  used  in-  
c r e a s i n g l y  i n  d i s p l a c e m e n t  r e a c t i o n s  i n  c a r b o h y d r a t e  
chemis t ry* .  The impor t ance  of t h i s  g r o u p  h a s  become 
p r o g r e s s i v e l y  more a p p a r e n t  to  t h e  s y n t h e t i c  c a r b o h y d r a t e  
c h e m i s t  a s  t h e  examples  o f  t r i f l a t e  d i s p l a c e m e n t  have  
i n c r e a s e d .  The number of a p p l i c a t i o n s  o f  t h i s  r e a c t i o n  
now h a s  r eached  a s u f f i c i e n t  magni tude  t h a t  it seems 
a p p r o p r i a t e  to rev iew w h a t  h a s  been  accompl i shed .  

t r i f l a t e  d i s p l a c e m e n t  i n  c a r b o h y d r a t e  c h e m i s t r y ,  i n c l u d e s  
a d i s c u s s i o n  of t h e  f a c t o r s  which have  been found to 
be s i g n i f i c a n t  i n  u n d e r s t a n d i n g  t h e  c h e m i s t r y  o f  t h e s e  
compounds. A l s o ,  f o r  i n d i v i d u a l s  i n t e r e s t e d  s p e c i f i c a l l y  
i n  knowing which t r i f l a t e s  have been s y n t h e s i z e d  and 
r e a c t e d ,  a c o m p i l a t i o n  of t h e  compounds s t u d i e d  i s  found 
i n  T a b l e s  1-11. T o  p r o v i d e  i n f o r m a t i o n  on t h e  c h e m i s t r y  
of c a r b o h y d r a t e  t r i f l a t e s  which i s  as c u r r e n t  as possible,  
a ser ies  of r e s e a r c h  p a p e r s  d e s c r i b i n g  r e c e n t  deve lop-  
ments  i n  t h e  r e a c t i o n s  of t h e s e  compounds f o l l o w s  t h i s  
a r t i c l e .  

T h i s  a r t i c l e ,  which d e s c r i b e s  t h e  a p p l i c a t i o n s  o f  

- 11. RELATIVE REACTIVITY SEVERAL SULFONIC ESTERS 

A r e a s o n a b l e  f i r s t  topic  t o  be d i s c u s s e d  i n  con- 
s i d e r i n g  t h e  c h e m i s t r y  of a new l e a v i n g  g r o u p  is a com- 
p a r i s o n  between its r e a c t i v i t y  and t h a t  o f  i ts more 

*The f i r s t  report o f  t r i f l a t e  d i s p l a c e m e n t  from a ca rbo-  
h y d r a t e  was by Maradufu and P e r l i n  ( r e f e r e n c e  1). 
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CARBOHYDRATE TRIFLATES 3 

common counterparts. The new leaving group in this 
case is, of course, the triflate while the common counter- 
parts are the ptoluenesulfonate (tosylate) and methane- 
sulfonate (mesylate). Unless triflate displacement 
has a clear advantage over the corresponding reactions 
of tosylates and mesylates, there would seem to be little 
justification for its use. Some information pertinent 
to this subject is found in a recent review* of the 
methods of preparation of perfluoroalkanesulfonic esters 
and the use of these esters in organic chemistry. This 
review summarizes the leaving group ability of a number 
of sulfonates. The relative reactivities of the mesylate, 
tosylate, and triflate are reported to be 1.00, 0.70, 
and 56,000, respectively. While the numbers associated 
with these groups undoubtedly vary somewhat with the 
particular system under study and the reaction conditions, 
they provide a real appreciation for the jump in reacti- 
vity which takes place when a mesyl or tosyl group is 
exchanged for a triflyl group. 

In light of the relative reactivity of the three 
types of sulfonic esters mentioned in the preceding 
paragraph, it is not surprising that triflate displace- 
ment often occurs in high yield in carbohydrates for 
which displacement involving other sulfonic esters 
requires such drastic conditions that little or no sub- 
stitution product is obtained. For example, mesylate 
displacement from 2-g-benzoyl-4,6-g-benzylidene-3-g- 
methylsulfonyl-a-p-allopyranosyl - 2,3-di-g-benzoyl-4,6- 
- 0-benzylidene-a-p-glucopyranoside (1) with lithium azide 
at 105-108 OC in N,N-dimethylformamide (DMF) for 12 hours 
gives a complex mixture of products from which the 
desired azide 3 is isolated with difficulty in only 
20% yield (equation 1); in contrast, the corresponding 

- 

*This58eview by Stang, Hanack, and Subramanian (refer- 
ence ) contains a wealth of valuable information about 
triflates. Some examples using carbohydrates are in- 
cluded. 
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4 BINKLEY AND AMBROSE 

3 R - R 

- 1 SULF = CH,SO~(MS) 

- 2 SULF = CF,SO,(Tf) 

20 010 

80 010 

(equation 1) 
BzO 

tr iflate (2) reacts "almost instantaneously at room 
temperature" to give the azide 2 in 80% yield (equation 1, 
Table 2).7 
reaction of 2,3:4,5-di-g-isopropylidene-l-g-trifluoro- 
methylsulfonyl-p-arabinitol - (4) with cyanide ion at 
room temperature to give 2,3:4,5-di-pisopropylidene- 
E-arabinononitrile (2) (equation 2 ,  Table 6) .41 This 
reaction is described as being much faster than that 
of the corresponding tosylate and yielding a product 
which is easier to purify. These two reactions (equa- 
tions l and 2 )  illustrate well the reason for the triflate 
often being the leaving group of choice in a displacement 
reaction. Simply stated, the advantage the triflate 
has over other leaving groups is that displacement occurs 
at a much lower temperature where, in general, there 
is little or no competition from elimination, rearrange- 
ment, or other undesired reactions. 

Another pertinent example is found in the 

- 111. SYNTHESIS CARBOHYDRATE TRIFLUOROMETHANESULFONATES 
(CARBOHYDRATS TRIFLATES ) 

Two methods have been developed for synthesizing 
carbohydrates which contain the trifluoromethylsulfonyl 
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CARBOHYDRATE TRIFLATES 5 

CHZOTf 
I 

I 
I CMe, 

OCH 
+,CMe, 
HCO 

HCO, 

H ZCO’ 

CH ZCN 
I 

I 

OCH 

HCO 
NaCN +,CMe, 

(2) ____.+ 
CH3CCH3 I I  HCO, 

0 I ,CMe, 
H ZCO 

( t r i f l y l )  group. The most wide ly  used o f  t h e s e  methods 
c o n s i s t s  of r e a c t i n g  a p a r t i a l l y  protected c a r b o h y d r a t e  
w i t h  t r i f l i c  a n h y d r i d e  i n  t h e  p r e s e n c e  o f  a n  o r g a n i c  base, 
u s u a l l y  p y r i d i n e  or a s u b s t i t u t e d  p y r i d i n e  ( e q u a t i o n  3 ) .  

ROH + Tf20 + ---+ ROTf + 0 ‘OTf (3) 

H 0  

(The base  is p r e s e n t  to  n e u t r a l i z e  any  acid produced  
d u r i n g  e s t e r i f i c a t i o n . )  I f  a t r i f l y l  g r o u p  is to be 
i n t r o d u c e d  i n t o  t h e  c a r b o h y d r a t e  p o r t i o n  of a nuc leo-  
s i d e ,  a second p rocedure  f r e q u e n t l y  is used; t h a t  is, 
a n  u n p r o t e c t e d  hydroxy l  g r o u p  f i r s t  is c o n v e r t e d  i n t o  
i ts sodium salt by r e a c t i o n  w i t h  sodium h y d r i d e  (equa- 
t i o n  4 )  and t h e n  t h i s  salt is treated w i t h  t r i f l y l  
c h l o r i d e  to produce  t h e  c o r r e s p o n d i n g  t r i f l a t e  ( e q u a t i o n  5 ) .  

(4) 2 ROH + 2 NaH + 2 RONa + H2 

RONa + TfCl --+ ROTf + NaCl (5) 
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6 BINKLEY AND AMBROSE 

TABLE loA T R I F L A T E  DISPLACEMENT FROM THE 2 -POSIT ION OF A PYRANOSE RING 

REACTION PRODUCT 
SUBSTRATE NUCLEOPHILE TIME, H. SOLVENT YIELD, % TEMP.,OC REF4 

R'M E CsF 0.5 DMF 42 130 2 
R=BN TBAF DMF 35-60 RT 3 

TBAF DMF 35-60 RT 3 RaBZ 

TBAF DMF 3 

NAOBZ 5 DMF a2 80 4 
2 DMF 86 a0 4 
1 DMF a9 0 4 

NAONE OVERNIGHT DMF a5 RT 4 
NAS Cg H 5 6 DMF a3 50 4 

DMF 5 

A. SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED. 
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CARBOHYDRATE TRIFLATES 7 

TABLE z o A  T R I F U T E  DISPLACEMENT FROM THE 3-POSITION OF A PYRANOSE RING 

SUBSTRATE 
REACTION PRODUCT 

NUCLEOPHILE TIME, H.  SOLVENT YIELD, X TEMP,,OC REF I 

‘B  NAN^ 1 DMF 81 65 6 

M% 

COMPOUND 2 
(EQUATION 1 ) LIN3 IMMEDIATE DMF-DMSO 80 60 7 

Me 

R=C(O)OBZ HASC6H5 OVERNIGHT DMF 64 5 a 
R = A C ~  N A S C ~ H ~  12 DM F 90+ 25 9 

DMF 97 -15 10 

A. 
B ,  T H I S  REACTION WAS ALSO CONDUCTED ON A MIXTURE OF ALPHA- AND BETA-ANOMERS, 

SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED. 
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8 BINKLEY AND AMBROSE 

TABLE 3 .A  TRIFLATE DISPLACEMENT FROM THE ~ -PCSIT ION OF A PYRANOSE RING 

REACT ION PRODUCT 
SUBSTRATE NUCLEOPHILE TIME, H,  SOLVENT YIELD, x TEMP.,OC REF. 

lf- NAN3 1.0 DMF 83 RT 6 

Tf @ TEA1 

CF, =O 

75 30 11 

Y9  NAN^ 2 DMF 75 95-100 1 

BuqNOAc 0.5 MECN 88 40 12 
Me 
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CARBOHYDRATE TRIFLATES 

TABLE 3.A (CONTINUED) 

9 

REACT I ON PRODUCT 
SUBSTRATE NUCLEOPHILE TIME, H. SOLVENT YIELD, % TEMPa,oC REF. 

DMF 91 RT 14,s 

DMF 85 

DWF 80 

RT 14,E 

RT 14,E 

A. SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED. 

When triflic anhydride and pyridine are combined, 
the pyridinium salt 5 forms immediately (Scheme 1). 
This material (5)  precipitates from solution in solvents 

SO,CF, 

0 0  
6 - ROH + ROTf C,H,NH OTf 

SCHEME 1 
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10 BINKLEY AND AMBROSE 

of relatively low dielectric constant (3. , benzene) ; 
nevertheless, the salt 5 is an effective esterifying 
agent which reacts with the added carbohydrate to give 
high triflate yields (Scheme 1). 

The primary disadvantage in using pyridine as a 
base is that it is also a nucleophile and can become 
involved in displacement reactions when very reactive 
triflates are being synthesized (equation 6) .40 One 
approach to minimizing displacement by pyridine is to 
replace it with one of its less nucleophilic deriva- 
tives, such as 2,4,6-trimethylpyridine or 2,6-dimethyl- 
pyridine. 5 9 r 6 0 
philic than pyridine itself, and, consequently, are 
less likely to displace triflate, methyl pyridines 

Although these compounds are less nucleo- 

(6) 

0 
No 'OTf 
I 
CH 2 

25 OC - 
AcO- AcO oAc AcZ-OAc AcO 

AcO 

complicate the situation by opening new reaction path- 
ways. '' 
pyridine, for example, and triflic anhydride is forma- 
tion of the quaternary ammonium salt 2 (Scheme 2). 
This salt serves as a triflating agent but also exper- 
iences intra- and intermolecular rearrangement to give 
new pyridine derivatives (Scheme 2). 

No salt formation or other reaction appears to 
take place between triflic anhydride and the highly 
hindered 2,6-di-~-butyl-4-methylpyridine ( 8 ) ;  thus, 
when 8 is used to neutralize the triflic acid formed, 
none of the complications described above are observed. 
Under these conditions the triflating agent actually 

The initial reaction between 2,6-dimethyl- 

61 
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CARBOHYDRATE TRIFLATES 11 

SCHEME 2 
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12 BINKLEY AND AMBROSE 

a p p e a r s  to  be t r i f l i c  a n h y d r i d e  i t s e l f  and n o t  a p y r i d i n -  
i u m  s a l t .  

The most common combina t ion  o f  r e a g e n t s  f o r  t r i f l a t e  
f o r m a t i o n  where n u c l e o s i d e s  are i n v o l v e d  is t r i f l y l  
c h l o r i d e  and t h e  a l k o x i d e  s a l t  formed by r e a c t i n g  t h e  
p a r t i a l l y  p r o t e c t e d  n u c l e o s i d e  w i t h  sodium h y d r i d e .  
Fo rma t ion  of t h e  a l k o x i d e  h a s  t h e  a d v a n t a g e  t h a t  it 
e l i m i n a t e s  t h e  need f o r  a n  o r g a n i c  b a s e  i n  t h e  r e a c t i o n  
m i x t u r e ;  however,  a l k o x i d e  f o r m a t i o n  r e q u i r e s  q u i t e  
b a s i c  r e a c t i o n  c o n d i t i o n s .  The  d i s a d v a n t a g e s  to t h e  
use of t r i f l y l  c h l o r i d e  as opposed to t r i f l i c  a n h y d r i d e  
appea r  to outweigh  its a d v a n t a g e s .  T r i f l y l  c h l o r i d e  
is a v o l a t i l e  l i q u i d  which is somewhat d i f f i c u l t  to  
measure  and t r a n s f e r  w i t h o u t  loss of m a t e r i a l .  A l s o ,  

62 i t  is a c h l o r i n a t i n g  a g e n t  i n  f r e e  r a d i c a l  r e a c t i o n s ;  
t h u s ,  t h e  p o t e n t i a l  ex is t s  f o r  reaction processes o t h e r  
t h a n  t r i f l a t e  f o r m a t i o n .  The  c h l o r i d e  i o n  produced  
by r e a c t i o n  of t r i f l y l  c h l o r i d e  c a n  f u n c t i o n  as a nucleo-  
p h i l e  and displace t h e  t r i f l y l o x y  Ev(3-11 w i t h  
t h e s e  d i s a d v a n t a g e s ,  t h e  number o f  t r i f l a t e s  which have 
been p r e p a r e d  s u c c e s s f u l l y  f rom t r  i f  l y l  c h l o r i d e  demon- 
s t r a t e s  t h a t  it is a u s e f u l  r e a g e n t .  

- I V .  REACTIONS CARBOHYDRATE TRIFLATES 
- A. SUBSTITUTION REACTIONS 

- 1. FACTORS EFFECTING THE NUCLEOPHILE 

The most commonly used n u c l e o p h i l e s  f o r  t r i f l a t e  
d i s p l a c e m e n t  are,  of course, n e g a t i v e l y  cha rged  species 
and, t h e r e f o r e ,  m u s t  be  i n t r o d u c e d  i n t o  a r e a c t i o n  m i x t u r e  
a l o n g  w i t h  a c a t i o n .  The c h o i c e  of  t h i s  c a t i o n ,  which 
is u s u a l l y  a te t rabuty lammonium or a l k a l i  metal i o n ,  
can  be  c r i t i ca l  to t h e  success of t h e  d i s p l a c e m e n t  
process. Tetrabutylammonium compounds are soluble i n  
bo th  p o l a r  and non-polar  s o l v e n t s ;  c o n s e q u e n t l y ,  t h e y  
have a v e r s a t i l i t y  which is n o t  s h a r e d  w i t h  l i t h i u m ,  
sodium, or even  cesium compounds, salts  which  r e q u i r e  
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CARBOHYDRATE TRIFLATES 13 

polar solvents for dissolution. Tetrabutylamonium 
iodide, for example, has been used for triflate displace- 
ments conducted in benzene (equation 7, Table 5)36 as 
well as LMF (equation 8,  Table 4 ) .  27 

THPOCHZ 
B U ~ N  I 

THPOCH2 

DMF 
THPO THPO I 

NH2 

Ad= (yJ I THP= 0 
Triflate displacement with fluoride ion is of par- 

ticular interest due to the importance of deoxyfluoro 
sugars in metabolic studies and disease diagnosis. 
The nucleophilicity of fluoride ion under most conditions 
is decidedly less than that of other halides; consequent- 
ly, the enhanced reactivity of the triflyloxy group 
is essential for some displacements with this ion. 
One factor which reduces the nucleophilicity of fluoride 
is its strong association with water (and other polar 
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14 BINKLEY AND AMBROSE 

TABLE 4.A TRIFLATE DISPLACEMENT FROM THE 2 -POSIT ION I N  A FURANOSE RING 

SUBSTRATE 

Me 

B l b  

REACT ION PRODUCT 
NUCLEOPHILE TIME, H, SOLVENT YIELD, % TEMP.,OC REF.  

TBAF 

LICL 
LIBR 

NA I 
L IN~  

TBAF 

LICL 
LIER 

N A I  
LIN~ 

TBAF 

LICL 
LIBR 

NA I 
L I # ~  

TBA I 

TBA I 

NAN3 

3.5 
20 

3 
20 

3.7 

48 
48 
48 
48 
48 

3 
20 

5 
20 

3 

24 

24 

2 

THF 

DMSO-HMPT 

DMSO-HMPT 

DMSO-HMPT 

DMSO-HMPT 

THF 

DMSO-HMPT 

DMSO-HMPT 

DMSO-HMPT 

DMSO-HMPT 

THF 

DMSO-HMPT 

DMSO-HMPT 

DMSO-HMPT 

DMSO-HMPT 

BENZENE 

BENZENE 

HMPT 

62 -10 16 
67 RT 16 
89 RT 16 
84 RT 15 
90 RT 16 

08 -10 17 
l 4 B  RT 17 
19B RT 17 
19B RT 17 
54B RT 17 

50 0 17 
64 RT 17 
72 RT 17 
90 RT 17 
84 RT 17 

82 80 18 

82 80 18 

60 RT 19 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
9
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



CARBOHYDRATE TRIFLATES 

TABLE 4.A (CONTINUED) 

SUBSTRATE 

'"'P 

""0 Me 

lHPWA' 
THPd 

REACT ION 
NUCLEOPHILE TIME, Ha 

L 1 N 3  

KSAc 
NAOAC 

TBAF 

TBAF 

TBAF 

LICL 
LIBR 

NA I 

NAN3 

L1N3 
LICL 

LIBR 

NA I 

NAOAC 
KSAc 

TBAC 

TBAB 

TBA I 

TBAF 

"FEW 

"FEW 

MINUTES" 

HOURS" 

2.5 

15 
15 
0.5 
0.5 
0,5 

2 

0.2 

3 

5 

2 

HOURS" 

2 

"FEW 

SOLVENT 

HMPT 

M P T  

HMPT 

THF 

TH F 

THF 

DMF 

DMF 

DM F 

HMPT 

M P T  

HMPT 

DMF 

HMPT 

DMF 

HMPT 

DMF 

HMPT 

HMPT 

THF 

PRODUCT 
YIELD, % 

61 
88 
55 

2 1  

40 
32 
36 
25 
34 

65 

HIGH 

HIGH 

58 

55 

25 

HIGH 

HIGH 

HIGH 

50B, 60 

TEMP, ,OC 

RT 

RT 

RT 

4 

RT 

RT 

50 
50 
50 

RT 

80 

70-100 

100 

15 

REF 

2 1  
21  
21 

22 

23 
24 
24 
24 
24 

20 

25,26 
25 
27 
25 
27 
27 
27 
25 
25 
23,27 

A,  SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED. 
B, SUBSTITUTION IS ACCOMPANIED BY ELIMINATION; SEE TABLE 11, 
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16 BINKLEY AND AMBROSE 

TABLE TRIFLATE DISPLACEMENT FROM THE 3-POSITION OF A FURANOSE RING 

SUBSTRATE NUCLEOPHILE 

N A N H ~  

'gHgN 
C, 

CSF,TBAF 
T B A I  

TBAB 

TBAC 

KSCN 

L 1 N 3  

L1N3 
B"NN3 

T B A I  

TBA I 

TBAB 

TBAC 

KSCN 

REACT I ON PRODUCT 
TIME, H, SOLVENT YIELD, x TEMP,,'C REF. 

48 ETHER 32 RT 28 
25 PYRIDINE 7 1  

25 31 
111 29,30 

16 BENZENE 100 
1 , 5  EMF 71 -15 32,33,34 

12 
12 
12 
20 

5 

5 

18 
18 
18 
36 

BENZENE 87 80 35,36,37 
BENZENE 96 80 36,37 
BENZENE 85 80 36 

MECN 7 1  70 38 

ETHANOL 51B 78 39 
HMPT 51' 0 39 

DMF 51B 20 39 

BENZENE 8 1  80 36 

BENZENE 84 80 35,36 
BENZENE 42B 80 36 
BENZENE 22' 80 36 

MECN 53 78 38 

A. 
B. SUBSTITUTION I S  ACC MPANIE BY ELIMINATION; SEE TABLE 11. 

SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED, 

c. TETRABuTYL iwmN I u M  9-IODO-t-PHENYL PHENOLATE 
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CARBOHYDRATE TRIFLATES 1 7  

molecules); therefore, although anhydrous fluoride salts 
often are not easy to obtain, they are sometimes essential 
in displacement reactions. A second factor which in- 
fluences reactivity is the separation between fluoride 
ion and its associated cation. Fluoride which is separat- 
ed from other ions and strongly solvating molecules 
("naked fluoride") appears to have nucleophilicity com- 
parable to other One method for separating 
fluoride from the center of positive charge of the associat- 
ed cation is to switch from lithium or sodium ions to 
the tetrabutylammonium ion. In fact, tetrabutylammonium 
fluoride has been found to be successful in triflate 
displacement in situations where lithium fluoride has 
failed7 (equation 9 ,  Table 4 ) .  Cesium fluoride and 

BnO-CH, BnO-CH, y-a Bn ('I 
Bu,NF 

c > B n  THF ' 
BnO OTf B"0 

NO REACTION 

tetrabutylammonium fluoride both have been used in 
reactions where displacement is known to be difficult 
(equation 10, Table 1) .2,3 The large cesium ion may be 
comparable to the tetrabutylammonium ion in its ability 
to activate fluoride. 

The simplest method for t r  iflate synthesis and 
displacement should be to combine all the reactants 
(e. , triflic anhydride, base, partially protected 
sugar, and nucleophile) at the same time in a single 
flask (a "one-pot" reaction) ) . This approach worked 
well, at least in one instance where iodide ion was 
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18 BINKLEY AND AMBROSE 

R =  Bn (Bu,NF) Bu,NF \ or 

YsF R =  M= ( c ~ F )  

t h e  n u c l e o p h i l e  ( e q u a t i o n  11, T a b l e  6 )  .*' 
s u c c e s s f u l ,  however,  when bromide i o n  was i n v o l v e d  
because  bromide r e a c t e d  w i t h  t r  i f  l i c  a n h y d r i d e  t o  g i v e  
a new n u c l e o p h i l e  (CF3S02 ) ( e q u a t i o n s  1 2  and 1 3 ) .  

T h i s  new n u c l e o p h i l e  competed w i t h  bromide and produced  
a new t y p e  o f  s u b s t i t u t i o n  p r o d u c t  ( e q u a t i o n  11, 
T a b l e  6).40 ( I t  is p r o b a b l e  t h a t  t h e  same r e a c t i o n s  
( e q u a t i o n s  1 2  and 1 3 )  t ake  p l a c e  w i t h  i o d i d e  ion and 
t r i f l i c  a n h y d r i d e  b u t  i t  is a l s o  p r o b a b l e  t h a t  CFjS02- 
d o e s  n o t  compete e f f e c t i v e l y  i n  t r i f l a t e  d i s p l a c e m e n t  
w i t h  t h e  i o d i d e  i o n  p r e s e n t  i n  s o l u t i o n . )  An a t t e m p t  
a t  a s i m i l a r  one-pot  r e a c t i o n  u s i n g  c h l o r i d e  i o n  gave  
o n l y  u n r e a c t e d  s t a r t i n g  material  (no  t r i f l a t e  forma- 
t i o n ) .  Lack o f  r e a c t i o n  a p p a r e n t l y  w a s  t h e  r e s u l t  of 
t h e  water a s s o c i a t e d  w i t h  t h e  q u a r t e r n a r y  ammonium 
c h l o r i d e  r e a c t i n g  w i t h  t r  i f  l i c  a n h y d r i d e  i n  p r e f e r e n c e  
to  t h e  s u g a r .  D i s p l a c e m e n t s  by bromide and c h l o r i d e  
o c c u r r e d  no rma l ly  to g i v e  t h e  c o r r e s p o n d i n g  deoxy- 
ha logeno  s u g a r s  i n  h igh  y i e l d s  ( T a b l e  6 )  i n  one-pot 
r e a c t i o n s  i f  t r i f l a t e  f o r m a t i o n  was a l lowed  t o  occur 
p r i o r  to n u c l e o p h i l e  i n t r o d u c t i o n .  T r i f l a t e  f o r m a t i o n  
and r e a c t i o n  w i t h  h a l i d e s ,  t h e r e f o r e ,  c a n  take  place 
i n  a s i n g l e  f l a s k  i f  t h e  r e a g e n t s  a r e  added i n  a speci- 

I t  was less 

40 - 
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CARBOHYDRATE TRIFLATES 

Ace- AcO OAc OAc 

c 5 " 5 N y x .  TfO 

A c O a  AcO OAc 

AcO 

x= I X = l  0 
I I  

X=Br X=Br  and CF,SO 

Br@ + (CF,S02),0 4 CF3S02Br + CF,SOF (12) 

Br@ + CF3SO2Br 4 Br, + CF3SOf (13) 

f i c  o r d e r .  On ly  f o r  deoxyiodo s u g a r  s y n t h e s i s  c a n  a l l  
r e a g e n t s  be  combined a t  t h e  same time. 

2 .  INFLUENCE OF THE SOLVENT - 
A number of s o l v e n t s  (benzene  , methy lene  c h l o r i d e  , 

DMF, THF, HMPT, and DMSO)* have been used  f o r  t r i f l a t e  
d i s p l a c e m e n t  r e a c t i o n s .  Al though a tho rough  s t u d y  of 
t h e  r e l a t i o n s h i p  between s o l v e n t  and r e a c t i v i t y  h a s  
n o t  been  conduc ted ,  t h e  i n f o r m a t i o n  a v a i l a b l e  f o r  t h e s e  
r e a c t i o n s  s u g g e s t s  t h a t ,  as  w i t h  o t h e r  SN2 d i s p l a c e m e n t s ,  
r e a c t i o n  o c c u r s  most r e a d i l y  i n  d i p o l a r ,  a p r o t i c  s o l v e n t s .  
One no tewor thy  f i n d i n g  is  t h a t  s o l v e n t  m i x t u r e s  may 
o f f e r  rea l  a d v a n t a g e s  i n  t r i f l a t e  d i s p l a c e m e n t .  The  

*See T a b l e  12 for t h e  meaning o f  a b b r e v i a t i o n s  used  i n  
t h i s  a r t i c l e .  
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20 BINKLEY AND AMBROSE 

TABLE 6.A DISPLACEMENT OF THE TRIFLATE GROUP FROM PRIMARY POSITIONS IN CARBOHYDRATES 

REACT1 ON PRODUCT 
SUBSTRATE NUCLEOPHILE TIME, H. SOLVENT YIELD, % TEMP.,OC REF. 

Me'c<+ 

TBAF 

KS$CF3 

'gHgN 

TBA I 

TBAB 

TBAC 

NH3 
'gHgN 

B. 

TBA I 

3.0 C H ~ C L ~  97 25 40 
3,O C H ~ C L ~  94 25 40 
3.0 C H ~ C L ~  85 25 40 

15 BENZENE 27 80 40 
3.0 C H ~ C L ~  62 25 40 
1 , O  C H ~ C L ~  84 25 40 

2.0 BENZENE 94 80 35,36 
2.0 BENZENE 89 80 36 
2.0 BENZENE 87 80 36 

OVERNIGHT C H C L ~  100 RT 28 

16 BENZENE 100 RT 31 

1 .5  C H ~ C L ~  90 RT 29,30 

2,O BENZENE 62 80 36 

TBAI  15 BENZENE 99 80 35,36 

&p& H2NCHRiCOOR2 

\ '  CMe, Rl=H R2=ET 6 H, DMF 75 153 83 

R1=1-P~ R 2 = k  18 MIN, DMF 63 153 83 
Rl=I-Bu R ~ = E T  25 MIN, DMF 85 153 83 
R l z 2 - B ~  R2'k 25 MIN,  DMF 83 153 83 

R1=M~ R ~ = M E  8 MIN. DMF 42 153 83 
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CARBOHYDRATE TRIFLATES 21 

TABLE 6 .A (CONTINUED) 

SUBSTRATE NUCLEOPHILE TIME, H, SOLVENT YIELD, x TEMP,,'C REF. 
REACT I ON PRODUCT 

H,OTf 

NA I OVERNIGHT ACETONE 86 RT 41 t:e, NACN OVERNIGHT DMF 2 1  RT 41D 

1,O C H ~ C L ~  87 RT 35,36,43 
1 8  BENZENE 65 RT 42 

1,s C H ~ C L ~  73 -78 43 

D. FOR APPLICATION OF THIS REACTION, SEE REFERENCES 84 AND 85. 
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22 BINKLEY AND AMBROSE 

reaction of methyl 3,5-di-g-benzyl-2-g-triflyl-a-Q- - 
ribopyranoside (2) and rnethyl 3,5-di-3-benzyl-2-g- 
triflyl.-8-D-riiopyf~noside (lo) with various nucleo- 

BnOCH , BnOCH, OMe 

BnO “2.. - 9 B V f  lo 

philes is quite slow in DMSO. In HMPT there is consider- 
able decomposition but in a mixture of these solvents 
displacement occurs readily (Table 4) .16 

0-ALKYLATION REACTIONS 
- 1. DISACCHARIDE SYNTHESIS 

E. - ~ - _ -  

Carbohydrate tr iflates themselves function as 0- 
alkylating agents in the synthesis of disacchar ides. 
Typically, a sodium or potassium alkoxide derived from 
one carbohydrate is used as the nucleophile to displace 

4 4  a triflate from another sugar (equation 14, Table 7). 
The configuration at the anomeric center where glycoside 

, K,“ 
I .  

HOCH, ‘Oe TfOCH, OMe HOCH, 0-CH, OMe 

+ --+ (14) 

0 0  0 0  0 0  
\ /  
CMe, CMe, 

\ I  
0 0  
\ /  
CMe, 

11 

CMe, 

12 - - 

formation is taking place is determined by the anomeric 
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CARBOHYDRATE TRIFLATES 23 

configuration of the alkoxide salt. For example, the 
potassium salt 11 is thought to prefer, due to inter- 
nal complexation, a 8-configuration. When 11 reacts 
with methyl 2,3-~-isopropylidene-5-~-triflyl-~-p-ribo- - 
furanoside (2) , the newly formed glycosidic linkage 
is 8.44 The smaller sodium ion is not believed to be 
internally complexed in the same manner but rather to 
exist preferentially in the a-configuration. An a 
glycoside forms when the sodium salt is treated with 
compound 12 (Table 7). 

Extensive complexation of the sodium ion by the 
oxygen atoms in the sodium salt of 2,3:5,6-di-G-iso- 
propylidene-p-mannofuranose - causes this salt (l3, Table 7) 
to favor the B-configuration and to react to form a 
8-glycoside. In contrast, the a-anomer (2, Table 7) 
is the only reactant if complexation of the sodium 
cation with the oxygen atoms of the sugar is prevented 
by prior complexation with a crown ether.45 
complexation is not the only factor which has been 
found to be significant in determining configuration 
in these 2-alkylation reactions. The identity of 
C-6 substituents in pyranoside  derivative^^^ and 
reaction temperaturea7 also are influential. 

Cation 

- 2 .  DERIVATIVE FORMATION 

Many alkyl triflates are powerful 2-alkylating 
agents which can easily derivatize and protect car- 
bohydrates. Methyl triflate, the most widely used of 
these reagents, is responsible for the synthesis of 
a large number of methylated carbohydrates (Table 9). 
Methylation typically takes place in high yield even 
when the reactant carbohydrate has more than one un- 
protected hydroxyl group (equation 15, Table 9). 
Benzyl triflate, which is a much more potent alkylating 
agent than methyl triflate, reacts with free hydroxyl 
groups at -60 OC to form benzyl ethers (equation 16, 
Table 8 ) .  

53 

48 
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24 BINKLEY AND AMBROSE 

TABLE 7.A DISACCHARIDE SYNTHESIS V I A  TRIFLATE DISPLACEMENT 
(FURTHER EXAMPLES OF TRIFLATE DISPLACEMENT FROM THE PRIMARY POSITIONS IN CARBOHYDRATES) 

REACT ION PRODUCT 
SUBSTRATE NUCLEOPHILE TIME, H, SOLVENT YIELD, x TEMP.,OC REF. 

R'(C&)3C 5-20 THF 87 RT 44 
R=ME$S I M E ~  5-20 THF 86 RT 44 
R=H 6-20 THF 93 RT 44 

b ~ .  b n  Ir 

13 - 

Bn Bn 

bn bBn 

THF- 68 RT 45,47 
BENZENE 

THF 90 RT 45,47 

THF 54 RT 46 
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CARBOHYDRATE TRIFLATES 

TABLE 7,A (CONTINUED) 

25 

REACTION PRODUCT 
TIME, H. SOLVENT YIELD, x TEMP.,OC REF, 

M4!UCLEoPH1 LE 

SUBSTRATE 

THF- 72 RT 45 Tf+yJ ‘Cm’., be., !! BENZENE 

T f v  12 H v e K ’  

5-20 THF 72 RT 44 

‘CM;, CMe, 

Na 

‘CM/S, ‘Chi<, 
R=(CgH5)3C 5-20 THF 74 RT 44 

5-20 THF 77 RT 44 
R=H 5-20 THF 87 RT 44 

lfV Rx?’ 
R=ME3CS I ME2 

Tf 

B 5 1  RT* 46 

A. SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED, 
B. STUDIES OF T MPERATURE ENDENCE OF T H I S  REACTION SHOW THAT THE BETA-ISOMER I S  

ALSO FORMED EREFERENCE ! f P .  
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26 BINKLEY AND AMBROSE 

TABLE 8,A Q-ALKYLATION OF CARBOHYDRATE HYDROXYL GROUPS WITH BENZYL TRIFLATE 

CARBOHYDRATE 
REACT I ON PRODUCT 
TIME, H, SOLVENT YIELD, x TEMP.,OC REF.  

H,OAc 

Ac*Ac 120 C H ~ C L ~  63 -60 48 

AcO 

6AC 

12 0 C H ~ C L ~  79 -60 48 
O,SB C H ~ C L ~  60 -70B 49 

0.5’ C H 2 C ~ 2  93 -70B 49 

O.SB C H ~ C L ~  89 -70B 49 

n 
12 0 C H C L ~  

-60 

-60 

50 

51 

A, 
B. 

SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED. 
REACTION MIXTURE WARMED TO ROOM TEMPERATURE BEFORE WORK-UP, 
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CARBOHYDRATE TRIFLATES 27 

TABLE g o A  ~ - A L K Y A T I O N  OF CARBOHYDRATE HYDROXYL GROUPS WITH METHYL T R I F L A T E ~  

CARBOHYDRATE TIME, H.  SOLVENT YIELD, % TEMP.,OC REF,  
REACTION PRODUCT 

C 

THF- 66 RT 45 
BENlENE 

THF 6 1  RT 45 

12 C H ~ C L ~  95 43 49 

12 C H ~ C L ~  90 43 49 
2 ,s  C H ~ C L ~  80+ 80 52 

72 C H ~ C L ~  36 43 49 

24 C H ~ C L ~  93 43 49 

(continued) 
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28 BINIUEY AND AMBROSE 

CARBOHYDRATE 

bsn 

Me 

p=k+ Me 

TABLE 9 I A (CONT INLIED) 

REACTION PRODUCT 
TIME, H. SOLVENT YIELD, % TEMP.,OC REF, 

2 , 5  C H ~ C L ~  80+ 43 52 

2 , 5  C H ~ C L ~  89 

2 . 5  C H ~ C L ~  89 

2 . 5  C H ~ C L ~  93 

2,5 C H ~ C L ~  81 

2 , s  C H ~ C L ~  88 

80 53 

80 53 

80 53 

80 53 

80 53 
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CARBOHYDRATE TRIFLATES 29 

TABLE g a A  (CONTINUED) 

REACT ION PRODUCT 
CARBOHYDRATE TIME, H.  SOLVENT YIELD, z TEMP.,% REF.  

"'b H 
2 .5  C H ~ C L ~  80 80 53 

2 .5  C H ~ C L ~  90 80 53 

2 , 5  C H ~ C L ~  84 80 53 

~ 

A. 
8 ,  FOR EXAMPLES OF THE USE OF MET L T R I  ATE I N  STRUCTURE DETERMINATION I N  COMPLEX 

SEE TABLE 12 FOR THE KEANING OF ABBREVIATIONS USED, 

CARBOHYDRATES; SEE REFERENCES !t AND !k~ 

MeOTf M e O q  C H,OTr (15) 

BASE 
'OH* d Me0 

Me0 
OMe OMe 

Tr = C(CBHS)) BASE= a 
Me N Me 

CH ,OAc CH ,OAc 

A C : c q  BnoTf b (16) 

BnO - 60 OC 

AcO OAc 
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30 BINKLEY AND AMBROSE 

- C . REARRANGEMENTS 

Five rearrangements of carbohydrate triflates have 
been observed. They each are related to processes known 
to occur in cyclic systems containing very reactive 
leaving groups. In the first of these five, an oxygen 
atom in a methoxy group internally displaces a triflate 

6 5  to produce a bridged, bicyclic cation 15 (Scheme 3). 
Ring-opening of this cation (15) results in migration 
of the methoxy group. In a second type of rearrange- 
ment, participation of the 4,S-bond in a pyranose ring 
in the departure of an equatorial triflyloxy group at- 
tached to C-3, causes ring-contraction (Scheme 4). 
Simultaneous hydride migration and carbonyl formation, 
a third rearrangement, provide sufficient driving-force 
for ring opening in a compound where subsequent closure 
to a new ring system takes place (Scheme 5) .I1 
fourth rearrangement is, in some respects, 
a combination of the first two. A ring-contraction 
process is made possible by a preceeding intramolecular 
triflate displacement (Scheme 6). Finally, loss of a benzy: 

86 group can accompany intramolecular displacement (Scheme 7). 

66 

The 

67 

- D. ELIMINATION REACTIONS 

Base-catalyzed elimination of the elements of triflic 
acid from a carbohydrate is a relatively rare event 
when compared to eliminations involving other sulfonate 
esters; in fact, one of the reasons for use of the tri- 
flate in SN2 substitution processes is that it is usually 
possible to avoid the elimination reactions that , along 
with rearrangement and other competing processes, com- 
plicate displacements of less reactive sulfonate esters. 
The reported examples of unsaturated compounds being 
formed from reactions of tr if lates arise primarily from 
those molecules for which substitution is made difficult 
by steric and electronic factors. For such compounds 
elimination becomes a significant competing reaction. 
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0 
CH, - w Me w Me 

TfOCH, 

- Tf 0' 

O\ P 0 0  
\ /  

C Me, C Me, 

G? 

I 
MeOCH, y o ~ o c H 2 c  

0 

\ /  \ /  
CMe, C Me, 

SCHEME 3 
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oMe 

6110 MoMe+ B*:H 0611 

OBn Tf oQ 
OTf 

Li BHEt, J 
Me 

SCHEME 4 
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c F3 

- Tf OH 1 
OR 

Me0 0 OH 

SCHEME 5 
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BINKLEY AND AMBROSE 

_O-ALKYLATION OF CARBOHYDRATE HYDROXYL WITH ADDITIONAL ALKYL TRIFLATES 

REACTION PRODUCT 
NUCLEOPHILE TIME, H .  SOLVENT YIELD, % TEMP,,OC REF, Mez'qMez 8'0 C H 2 C ~ 2  81 80 53 

8.0 C H * C L ~  92 90 53 
62 

THF 43 RT 45,46 

B M e ,  Bn+~@ Bn TH F 73 B. 46 

B. 47 THF 65 
"%Mez Bn-e 

Bn 

THF- 4s RT 45,47 
BENZENE 
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CARBOHYDRATE TRIFLATES 

TABLE 1 0 . ~  (CONTINUED) 

35 

REACT I ON PRODUCT 
T R I F L A T E  NUCLEOPHILE TIME, H, SOLVENT YIELD, w TEMP.,OC REF, 

PhCCH,OTf 
II 
0 

C L ~ C H ~ C H ~ C L ~  62 80 56 

A ,  
B, ANOMER COMPOSITION IS TEMPERATURE DEPENDENT. 

SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED, 

One example of the competition which can be in- 
troduced between elimination and substitution by stereo- 
electronic factors is seen in the difference in reacti- 
vity between the anomers 2 and 10 (equations 17 and 
18, Tables 4 and 11). l6 Approach of a nucleophile to 
the 2-position in 2 is relatively unhindered and, con- 
sequently, substitution is the exclusive process. In 
contrast, substitution at the same position in 9 re- 
quires the nucleophile to enter into close proximity 
to the methoxy group. A negatively charged nucleophile 
will be sterically and electronically repelled by the 
electron rich methoxy oxygen. 

The reported triflate elimination reactions 
(Table 11) all involve loss of the elements of triflic 
acid from a furanose ring system. This fact suggests 
that a triflyloxy group attached to a furanose ring 
is more susceptible to elimination than one attached 
to a pyranose ring. 

the stronger the base the more facile the elimination 

16 

It is, of course, typical of E2 eliminations that 
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TRIFLATE 

BINKLEY AND AMBROSE 

TABLE ll.A ELIMINATION REACTIONS INVOLVING LOSS OF TRIFLATE 

PRODUCT BASE SOLVENT % Y I E L D  REF, 

THP TMpv TBAF 

TBAF THF 

LICL DMSO-HMPT 

NA J DMSO-HMPT 

LIBR DMSO-HMPT 

30B 24 

15 
15 
15 
15 

DBU ETHER 98 28 
KOC(CH3I3 ETHER 67 28 

C. BENZENE 100 31 

TBAB BENZENE 43B 36 
Me2 Me, TBAC BENZENE 82' 36 

L1N3 ETHANOL 41B 39 

DBU ETHER 100 57 

A, 
B. EL IMINATION IS ACCOMPANIED BY SUBSTITUTION. 
C, TETRABUTYLAMMON IUM 2- IODO-4-PHENYLPHENOLATE 

SEE TABLE 12 FOR THE MEANING OF ABBREVIATIONS USED. 
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RNHCHZ 

Na / NH, 
QMe ___I_, 

HO 
OTf 

RNHCHZ RNHCHZ 

Me 

R=Ts or H 

SCHEME 6 
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0 NMe 
\ /  
C 
II 
0 

(O\NCH 2 6 5 

J 

SCHEME 7 
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CARBOHYDRATE TRIFLATES 

BnO OTf 

9 - 

BnO OTf 

10 - 

39 

I 

BnO 

X = I ,  Br,CI, F, N, 

BnOCH, OMe y 7 + 7 6 $ o l  
X0 
4 

BnO BnO OBn 

reaction. Although there has not been a study deli- 
berately designed to test this generalization using 
carbohydrate triflates, the elimination reactions report- 
ed in Table 11 appear to support this principle. With 
1,2:5,6-di-~-~soprO~~~~dene-a-3-~-t~iflyl-glucofuranose 
(13), for example, reaction with chloride ion produces 
more alkene than bromide while iodide reaction gives 
only substitution. 36 

With two exceptions, reactions of compounds L6 

and L7 (Table 11) , eliminations involving carbohydrate 
triflates have resulted from attempted substitutions. 
It is possible that elimination reactions involving 
tr if lates and non-nucleophilic bases could be con- 
ducted, in general, under mild conditions and that tri- 
flates could become valuable intermediates in the syn- 
thesis of unsaturated compounds. 

- E . GLYCOSIDE FORMATION (ANWERIC TRIFLATES) 

Considerable effort has been devoted to the study 
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40 BINKLEY AND AMBROSE 

o f  g l y c o s i d e  f o r m a t i o n  under c o n d i t i o n s  where anomer i c  
t r i f l a t e s  may be r e a c t i o n  i n t e r m e d i a t e s . *  Al though  
t h e  e v i d e n c e  f o r  t h e  i n t e r m e d i a c y  of t h e s e  compounds, 
is c o n v i n c i n g  i n  c e r t a i n  s i t u a t i o n s ,  t h i s  e v i d e n c e  is 
i n d i r e c t .  For i n s t a n c e ,  t h e  r e a c t i o n  o f  2 , 3 , 4 , 6 - t e t r a -  
- 0-benzyl-a-g-glucopyranose (L8) w i t h  t r  i f  l i c  a n h y d r i d e  i n  

Tf,O 
b 

C6H5N 
OH 

18 - 
c 6 t  

0 
CH 20 OTf 

Bn0-:C5H5 BnO 

59160 I t  p y r i d i n e  p roduces  t h e  p y r i d i n i u m  s a l t  2. 
would appear t h a t  by f a r  t h e  most r e a s o n a b l e  exp lana -  
t i o n  f o r  t h e  f o r m a t i o n  of 2 i n v o l v e s  t h e  t r i f l a t e  3 
(Scheme 7). Even though t h e r e  is i n d i r e c t  e v i d e n c e  

o f  t h i s  t y p e  s u p p o r t i n g  t h e  e x i s t e n c e  of anomer ic  
t r i f l a t e s ,  a t  p r e s e n t  t h e r e  is no report of t h e  isola- 
t i o n  or direct o b s e r v a t i o n  of one  o f  t h e s e  e x t r e m e l y  
r e a c t i v e  compounds. 

T h e r e  are two d i s t i n c t l y  d i f f e r e n t  sets of re- 
a g e n t s  and r e a c t i o n  c o n d i t i o n s  which l e a d  t o  g l y c o s i d e  
f o r m a t i o n  and which may i n v o l v e  t h e  i n t e r m e d i a c y  of 
an anomer ic  t r i f l a t e .  The  f i r s t  of t h e s e  is t h a t  men- 
t i o n e d  i n  t h e  previous p a r a g r a p h  and is a set  of c o n d i t i o n s  
similar to the most commonly uaed f o r  t r  i f  l a t e  g e n e r a t i o n  

*For r ev iews  c o n t a i n i n g  some d i s c u s s i o n  o f  t h i s  s u b j e c t  see 
r e f e r e n c e s  68 and 69. 
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CARBOHYDRATE TRIFLATES 41 

( S e c t i o n  I I I A ) ,  t h a t  is, r e a c t i o n  of t h e  p a r t i a l l y  pro- 
t e c t e d  c a r b o h y d r a t e  w i t h  t r i f l i c  a n h y d r i d e  i n  t h e  
p r e s e n c e  o f  a h i n d e r e d ,  o r g a n i c  base .  (The r e a c t i o n  
r e q u i r e s  a h i n d e r e d  b a s e  ( e . g . ,  c o l l i d i n e ) ;  o t h e r w i s e ,  
a r e a c t i o n  such as t h a t  shown i n  Scheme 7 w i l l  take 
place) .  The i n t e r m e d i a c y  o f  an anomer ic  t r i f l a t e  under 
t h e s e  c o n d i t i o n s  is q u i t e  p r o b a b l e .  

A second and more wide ly  used  p r o c e d u r e ,  one  which 
may i n v o l v e  anomer ic  t r i f l a t e s ,  c o n s i s t s  of t r e a t m e n t  
of a g l y c o s y l  h a l i d e  w i t h  s i l v e r  t r i f l a t e  i n  t h e  p r e s e n c e  
of a n  a p p r o p r i a t e  a l c o h o l  ( e q u a t i o n  1 9 ) . 7 0  
mediacy of an  anomer ic  t r i f l a t e  i n  t h e s e  r e a c t i o n s  is 
much less c e r t a i n  s i n c e  s i l v e r  t r i f  l a t e  c o u l d  c a t a l y z e  
i o n i z a t i o n  of t h e  carbon-ha logen  bond to g i v e  a ca rbo-  
c a t i o n  w i t h o u t  t h e  i n t e r m e d i a c y  of an anomer ic  t r i f l a t e .  
G l y c o s i d e  f o r m a t i o n  i n v o l v i n g  s i l v e r  i o n  and a g l y c o s y l  
h a l i d e  is a complex process which h a s  been  c a r e f u l l y  
and e x t e n s i v e l y  s t u d i e d .  70-72 
g l y c o s i d e s  produced  i s  a f u n c t i o n  of a number o f  
v a r i a b l e s  i n c l u d i n g  t h e  i d e n t i t y  of t h e  a n i o n ,  t h e  sol- 
v e n t ,  t h e  method of combina t ion  of r e a g e n t s ,  and t h e  

The i n t e r -  

The a/B r a t i o  o f  t h e  

____+ 

BnO* MeOH BnO 

Br OMe 

r e l a t i v e  c o n c e n t r a t i o n  of t h e  r e a g e n t s .  Wi th  such  a 
c o m p l i c a t e d  p r o c e s s  t h e  q u e s t i o n  of whether  or n o t  an 
anomer ic  t r i f l a t e  is an i n t e r m e d i a t e  i n  t h e  sequence  
o f  e v e n t s  becomes a v e r y  d i f f i c u l t  one  to  answer .  

i n v o l v e  an anomer ic  tr i f  l a t e  u s e s  t r  i f  l i c  a n h y d r i d e  
bu t  d o e s  not r e q u i r e  t h e  p r e s e n c e  o f  an  o r g a n i c  b a s e  
( e q u a t i o n  2 0 ) .  73'74 
anomer ic  t r i f l a t e  is i n v o l v e d  i n  t h i s  t y p e  of r e a c t i o n  

A t h i r d  method o f  g l y c o s i d e  f o r m a t i o n  t h a t  c o u l d  

I t  is u n l i k e l y ,  however,  t h a t  an 
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BINKLEY AND AMBROSE 42 

because  t h e  absence  of a base  means t h a t  t r i f l i c  a c i d ,  
one  o f  t h e  s t r o n g e s t  a c i d s  known, is p r e s e n t  i n  t h e  

r e a c t i o n  mix tu re .  Under t h e s e  c o n d i t i o n s ,  a c i d - c a t a l y z -  
e d  g l y c o s i d e  f o r m a t i o n  is t h e  e x p e c t e d  p r o c e s s . 7 5  
s i g n i f i c a n t  d r i v i n g - f o r c e  f o r  t h e  r e a c t i o n  is t h e  re- 
moval of t r i f l i c  a c i d  and water from t h e  r e a c t i o n  m i x t u r e  
by p r e c i p i t a t i o n  of t h e  s a l t  H30+TfO-. 

A 

->OH + ROH + Tf20 -+ ->OR + H,C?TfZ (20) 

- F. ADDITIONAL REACTIONS 

S e v e r a l  c a r b o h y d r a t e  t r i f l a t e s  (16, 2.1, and 22) 
when pho to lyzed  o r  t r e a t e d  w i t h  sodium i n  l i q u i d  ammonia 

67 form t h e  c o r r e s p o n d i n g  deoxy s u g a r s  ( e q u a t i o n  2 1 ) .  
The  pho tochemica l  r e a c t i o n  is a n a l o g o u s  to  t h a t  r e p o r t e d  
for a c e t y l a t e d  c a r b o h y d r a t e s .  76,77 
t h i s  pho tochemica l  r e a c t i o n  h a s  been  p roposed .  

are  s i m i l a r  to r e a c t i o n s  a l r e a d y  d e s c r i b e d  b u t  t h e  
r e a c t a n t s  a r e  s u f f i c i e n t l y  d i f f e r e n t  from t h o s e  l i s t e d  
i n  T a b l e s  1-11 to p r e v e n t  t h e i r  i n c l u s i o n .  Compound 

A mechanism f o r  
70 

Two rema in ing  examples  o f  t r i f l a t e  d i s p l a c e m e n t  
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CARBOHYDRATE TRIFLATES 4 3  

TABLE 12, ABBREVIATIONS 

SYMBOL 

Ac 
AD 

B N  
Bu 
2-BU 
Bz 

DAU 

DBU 
DMF 
DMSO 
ET 
Gu 
H 
HMPT 
I-PR 
ME 
M I N  
MMT 
TBAB 
TBAC 

TBAF 
TBA I 
RT 

TF 

THF 
THP 

MEANING 

ACETYL 
~-ADENINYL 
DAUNOMYCINONE 

1,8-DIAZABICYCLO(5 .4,O)UNDEC-7-ENE 

N,!-DIMETHY LFORMAMI DE 
METHYL SULFOXIDE 
ETHYL(cH$Hz-! 
9- (2- (2-METHYLPROPANOYL) I G U A N I N Y L  
HOUR(S) 

ISOPROPYL( (CH3)2CH-) 

MINUTE(S) 

HEXAMETHYLPHOSPORIC T R I A M I D E  

METHYL (CH3-) 

MONOMETHOXYTRITYL 
TETRABUTLAMMONIUM BROMIDE 
TETRABUTYLAMMONIUM CHLORIDE 

TETRABUTYLAMMONIUM FLUORIDE 
TETRABUTYLAMMONIUM I O D I D E  
ROOM TEMPERATURE 
TRIFLUOROMETHYLSULFONYL OR 
TRIFLUOROMETHANESULFONYL 
TETRAHYDROFURAN OR 2-TETRAHYDROFURANYL 
2-TETRAHYDROPYRANYL 
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4 4  BINKLEY AND AMBROSE 

- 23 undergoes  t r i f l a t e  d i s p l a c e m e n t  w i t h  sodium b e n z o a t e  
t o  i n v e r t  t h e  c o n f i g u r a t i o n  a t  C - F J . ~ ’  

f i g u r a t i o n  a lso takes  p l a c e  when s e v e r a l  c a r b o h y d r a t e  con- 
t a i n i n g  a n t i b i o t i c s  are  t r e a t e d  w i t h  sodium benzene- 
t h i o x i d e  8o and te t rabuty lammonium f l u o r i d e .  

I n v e r s i o n  o f  con- 

82 

0 
II 

0-CMe, 

23 - 

- V. CONCLUSION 

The number of examples  o f  t h e  d i s p l a c e m e n t  o f  t h e  
t r i f l a t e  g r o u p  from c a r b o h y d r a t e s  now is s u f f i c i e n t l y  
l a r g e  to s t a t e  wi th  c o n f i d e n c e  t h a t  t h i s  r e a c t i o n  c a n  
be used  i n  a wide v a r i e t y  o f  s i t u a t i o n s .  The  h igh  l e v e l  
o f  r e a c t i v i t y  o f  t h i s  g r o u p ,  when compared to o t h e r  
s u l f o n i c  es te rs ,  s h o u l d  mean t h a t  f o r  c a r b o h y d r a t e s ,  
where SN2 d i s p l a c e m e n t s  a r e  t y p i c a l l y  more d i f f i c u l t  
t h a n  f o r  o t h e r  o r g a n i c  m o l e c u l e s ,  t h e  t r i f l a t e  o f t e n  
s h o u l d  be t h e  l e a v i n g  g roup  of c h o i c e .  Use of t r i f l a t e  
d i s p l a c e m e n t  i n  c a r b o h y d r a t e  c h e m i s t r y  s h o u l d  c o n t i n u e  
to  i n c r e a s e  i n  t h e  f u t u r e ,  p e r h a p s ,  a t  an even  more 
r a p i d  pace .  
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