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KINETIC STUDIES ON THE REARRANGEMENT OF 3,4-DI-O-BENZYL- 
1.2-O-(l-METHOXYETHYLJDENE)-/3-L-RHAMNOPYRANOSE WJTH A 
CATALYTIC AMOUNT OF I ,1,3.3-TETKAMETHYLUREA-TRJ- 
FL~UORO~~T~ANESULFONJC ACID AT J3lFFERENT TEh~FERA~~RES 
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ABSTRACT 

The kinetics of the rearrangement of 3,4-di-O-benzyl-l,Z-n-(1- 
methoxyethylid~ne)-~-L-rhamnopy~~nose to methyl 2-O-acetyl-3.4-di-O-bcnzyl-tu- 
L-rhamnopyranoside with a catalytic amount of 1 ,I .3,3,-tctralnethylurea-tri- 
fluoromethanesulfonic acid in deuterated chloroform was studied by ‘H-n.m.r. 
spectroscopy at different temperatures. This isomeriration. irrespective of temper- 
ature, seems to occur by an intramolecular mechanism, and it follows first-order 
kinetics. 

INTRODUCTION 

Carbohydrate 3.2-orthocsters have long been known’. and have been used 
for the synthesis of 1,2-rranu-glycosides, including some having complex aglycons’. 
The synthesis of I ,Z-rr-arrs-glycosidcs from I ,2-orthoesters is based on an acid- 
catalyzed rearrangement reaction3. 

Merhanistir aqwrtx of the forrrwtion of 1,2-lrans-glycosicics have been dis- 
cussed in detai17-^‘. It is now generally accepted that a glycosyl halide derivative 
containing a participating group at C-2, in the presence of an acid acceptor, will 
lead to a 1,2-fmns-glycoside (thermodynamic product) via the intermediacy of a 
1.2~acyloxonium ion intermediate’-“; and it is now recognized that a l,Z-ortho- 
ester (kinetic product) enjoys at least transient existence in such roaction$-‘. 

In neutral or basic media. the formation of the 1.2~orthocster results from 
trapping of the I,Zacyloxonium intermediate with an appropriate giycosyl accep- 
tar’.‘, and this can be rationalized by using the concept of “hard” and “soft” acids 
and bases”, if the glycosyl acceptor and the acyloxonium ion are considered to be 
respectively a “hard” base and a “hard” acid. 

As previously reported”‘,” a mixture of silver trifluoromethanesulfonate and 
1,1,3,3-tetramethylurea promotes the reaction helwcen glycosyl halides having a 
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participating acyloxy group at C-2 and glycosyi acceptors, to yield I .7-tmrwglyco- 
sides. Evidence suggests that the eventual I,Zrran.s product is formed ~iu the intrr- 
mediate 1 .2-orthoestcr”. The conjugarc acid c>f 1.1 .3.3-tctramcthyturea appears to 
serve as a catalyst for the real-rangcment of the I .7-orthocntcr”. Also, it was 
demonstrated’” that a catalytic amount of I : 1 triHuorotl7cthancsttIfi,nic (trifiit) 

acid-tetrarnethylurea effects yuantttative and regiospccific isomerization of the 
I .Z-ortitoc~tcra to the corresponding 1 .?-rucms-glycosides. It was of interest to 
examine the effect of this conjugate acid of tetramcthylurca tm a 1 .?-orthorstcr 
other than a mcmbcr of the D series. An I_-rhamnose l,L?-orthocstcr was thcrcforc 
sclccted for this rearrangement reaction. asu-linked r.-rhsmnopyranosidcs xc con- 
tained in plant glycosides. glycolipids’.‘, and i mmunologically important potysac- 
charides”‘. Thus 3,-J-di-O-henzyl-I .2-n-(I-methoxy~tllylidrn~).P-L-rha;nno- 
pyranose (1) was quantitatively converted by a wtalytic 3nxmnt of the aforemen- 
tioncd conjugate acid into methyl l-O-acctyl-.7.4-Ji-C)-hcnrvl-rr-t.-1_ham- 
nopyranoside (5). 

We now report the results of kinetic studies on the rearrangement of I .L?-“or- 
thoestclr 1 to 1.2-trrtns-alycoside 5 by a catalytic amount or 3: I tctralnethylu~ra-tri- 
nit acid at different temperatures. 

RESULTS AND DISCUSSION 

The rearrangement of compound 1 with a catalytic amounr of 7: I tctra- 
methylurea-triflic acid, effected in deuterated chloroform at d&erent rempela- 
tures, wras monitored by ‘H-n.m.r. spectroscopy , iis the isornerization to methyl Z- 
U-acctyl-Tc,4-di-U-benzyl-u-r-rhamnopyranosidc 15) wouid provwic a new acetyl 
signal at 0-Z. uncomplicated by other signals. 

The ruarrtingrmerrt of the 1 .Z-orthoebtrr 1 wilh a calalytic umrmnt of the cun- 
jugate acid of tstr~tmcthylurca did not occur zlt -7O”, and proceeded only vrry 
slowiy at -40“. At -23”. comp<tund 1 gave an almost quantitative yield of 5 in 
-140 min. and, at -10. -8. and -1”. the same isomcrization was cffcctcd after 
--xS, -70. and --2.5 min. rcspectivciy At 20”. the rearrangement r,f 1 to 5 was :%I- 
mast instantaneous. 

The rearrangement of the I.?-orthoester 1 to the 1 .l?-rrinls-glycoside 5 was 
found to obey first-order kinetics. The specific rate-cons~arrts (k) of the rearranpr- 
mcnt r-cactions at different temperatures were obtained from the slope?; of the 
graphical plots of ln(a - x) t’s. time, in the range helowr 80% completion. as tlc- 
pitted in Fig. I. The values of I&u - .I;) arc given in ‘I‘ablc I, 

‘I‘hr specilic, first-nrdtx rate-constant (k) of the rrar’rnngemrnt reactions at 
different temperatures we listed in Table II, The activation energy. E,. was deter.- 
rllitted I’lom the bl<q~c. --tJ,/?.3O1)K, (,F tlxc appx<+itte Arrhetliua pl<~t of IOF X I’.,. 
UT. shown in Ftg. 2. 

The thermodynamic parameters of activation, namely. -1G ‘, -tH*. and AS*. 
were obtained from the following expressions’5. 
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AG* = -RTln(khl~T), 

where k = rate constant, T = absolute temperature (K), &= 1.380 54 x lo-‘” 
J.K’-’ (Boltzmann constant), h = 6.6256 x 1U-34 J.s (Planck constant), R = gas 
constant = 8.3143 J.K-‘.moI-‘, 

AH* = E, - R-1‘, and 

AS* = (AH* - AF*)m 

The thermodynamic parameters of activation, AG*. AH*, and AS*, provide 
a suitabte means for studying the properties of the activated complex, and the sol- 
vating power of the medium for this rearrangement reaction catalyzed by tetra- 
methylurea-triflic acid. The thermodynamic parameters of activation of the re- 
arrangement reaction of 1,2-orthoester 1 to l,Zfruns-glycoside 5 are collected in Ta- 
bles III and IV, respectively, and, as expected, show very small temperature-de- 
pendence. The large, negative value of the free entropy of activation {AS*) seems 
to suggest, at first sight, the presence of an intimate-pair “acyloxonium triflate” 4 

Tlme(min f -- 
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Scheme 1. Mechanistic proposal for the rearrangement of 1,Zorthoestcr I to 1,2-wans-glycosldc 5, 
catalyzed hy the conjugate acid of 1 ,I ,3,3-tctramethylurcs. 

TABLE 11 

T C-3 k x IO’ (min-‘) 4 +logk 

-1 86.58 +6.41 2.937 
-6 21.10 -t4.59 2.324 

-10 17.00 f I .73 2.230 
-23 10.79 +3.44 2.033 

TABLE III 

T (“CJ 

-1 

-8 
-10 
-23 

A(;‘(kJ.mol-‘) 

MelIn 9.5% Confidence rntervo~ 

82.48 82.3142.65 
73.23 72.81-73.77 
73.14 72.93-73.35 
70.38 69.79-71.18 
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solvents having permanent dipoles, such as acetonitrile or nitromethane, are fre- 
quently used in the synthesis of 1,2-lrans-glycosides. These solvents will therefore 
be preferentially oriented around the transition state, hence creating an attractive 
interaction which will result in a greater loss in entropy and, as a result, salvation. 
In these ~olvenla, the rearrangement of 1,2-orthoester 1 to glycoside 5 was found 
to proceed faster than when conducted in the (relatively nonpolar) deuterated chloro- 
form, at the same temperature. 

In conclusion, it may hc postulated that the large, negative values for the free 

entropy of activation (AS*) obtained from the isomerization reaction of the 1,2-or- 
thoester 1 to the 1,2-trons-glycoside 5 at different temperatures are consistent with 
a highly constrained transition-state (acyloxonium triflate 4), and that the reaction 
proceeds by an intramolecular mechanism. 

EXPERIMENTAL 

General. - General methods used were as described earlier”. Thin-layer 
chromatography was performed with Merck precoated plates of silica gel 60 F-254, 
and the detection of compounds was achieved by quenching of U.V. fluorescence, 
and by charring after spraying with 5% sulfuric acid in ethanol. 

‘H-N.m.r. spectra were recorded at 79.9 MHz in the pulsed, Fourier-trans- 
form mode with a Varian CFr-20 spectrometer at different temperatures. Proton 
chemical shifts are expressed relative to 1% tetramethylsilane in 
deuteriochloroform. 

Calculations of regression, standard error, and confidence intervals were made 

for the specific rate-constants (k), activation energy (EA), and the thermodynamic 
parametersofactivation(AG*,AH*, andAS*),accordingtostandardmethods’6,and 
thelastthreearegiveninTablesTll_andIV. 

Rearrangement of 3,4-di-O-benzyl-l,2-0-(I-melhoxyethyiidene)-$-~-rham- 
nose (1) to methyl 2-O-ucetyl-3,4-di-0-benzyl-u-L-rhamnopyranoside (5) with 
1,1,3,3~tc~mmethyIureatrifiuoromcthnnesulf~n~~ acid. A solution (0.5 mL) of 

the 1,2-orthoester” 1 (1 mmol) in deuteriochloroform (5 mL) in a n.m.r. tube was 
cooled for 1 h in the probe of the Cm-20 Varian spectrometer to the desired tem- 
perature, and was then treated with a catalytic amount (5 pL) of a solution of 
1,1,3,3-tetramethylurea-trifluoromethanesulfonic acid (2:l) in deuteriochloroform 
that was M with respect to triflic acid and had been precooled to the temperature 
used for the rearrangement. The ‘H-n.m.r. spectra were recorded at different 
time-intervals at -23, -10, -8, and -1”. The concentration (u - x) of the un- 
reacted 1,2-orthoester was calculated from the integration of the C-CH, signal at 
S 1.73 and the alkoxyl signal at 6 3.29; the concentration of the 1,2-truns-glycoside 
(5) was calculated from the integration of the newly formed acetyl signal at 6 2.17, 
and aglycon signal at 6 3.37. 

The ‘H-n.m.r. data for 1 in CDCI, are: 6 1.31 (d, 3 H, J5,6 5.8 Hz, 3 H-6), 
1.73 (s, 3 H, C-CH3), 3.29 (s, 3 H, 0CH3), 3.27-3.79 (m. 3 H, H-3,4,5), 4.40 (dd, 
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