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ABSTRACT 

Some representative fi-aryl-g-pentop ranosylamines have 

of the i r  acid-catalyzed hydrolyses have been studied a t  various 
temperatures by  U V  and HPLC techniques. The influence of  the changes 
in the aglyconic and sugar moiet ies has been examined. The rates of  
hydrolyses increased as the p H  of  the solution decreased and the base 
strength of  the parent amine increased. The lab i l i ty  of the C 1 N  bond 
increased in the order xyloside < lyxoside < riboside < arabinoside. A 
bimolecular A-2 mechanism is suggested fo r  the acid-catalyzed hydrolysis 
o f  N-aryl-2-pentopyranosylamines. involving the format ion of  a Schi f f  
bas; n termed i a t e. 

been synthesized and the i r  structures conf i rmed by l X  C NMR. The k inet ics  

INTRODUCTION 

The reac t iv i t y  o f  the glycosidic bond can be discussed on 

the basis of  i t s  sensi t iv i ty t o  acids. and as a consequence. the mechanism 

of  the acidic hydrolysis o f  glycosides has been the subject o f  much 

research. 3-6s 11-290 30-3g* According t o  Cordes. le.lg the acid- 

catalyzed hydrolysis o f  acetals proceeds by the A-1 mechanism. The 

same mechanism has been proposed fo r  methy l  glycopyranosides. 3-6. 

11-16* 20* 2% 32. 39- 42-47 where the slow, ra te- l imi t ing step of  the 

ac i d-ca t a  I y zed hydro I y si s i nvo I ves a un i m o  I ecu I ar  he t ero I y si s of the 
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476  PISKORSKA AND SOKOLOWSKI 

glycoside conjugate ac id  t o  f o r m  a cyc l ic  carbenium-oxenium ion. which 

then reacts w i t h  water. For  the corresponding glycofuranosides 16* 32* 

q3 the bimolecular mechanism A-2 was suggested. 

The A-1 mechanism was accepted fo r  the acid-catalyzed 

hydrolysis o f  adenine nucleosides 26* 36, although the mechanism f o r  

pyr imidine nucleosides solvolysis in acidic media was no t  def in i t ive ly  

proved. 25 

The diversi ty o f  mechanisms suggested fo r  the 

glycopyranosytamines. 148 21, 29. 30. 33, 48 may wel l  only r e f l e c t  

var iat ions in the experimental conditions o f  the hydrolysis reactions. 

The most probable mechanism seems t o  be the one proposed by  Capon, 

Connet l 4  and Simon. Palm. 48 These authors. examining the 

acid-catalyzed hydrolyses o f  - N-aryl---glucopyranosylamines. considered 

that  the glycosylamines formed Schiff-base intermediates which were 

decomposed by addi t ion o f  water  in the rate- l imi t ing step. A s imi lar  

mechanism had been already advocated by Kenner 35 f o r  the acid solvolysis 

o f  pur ine nucleosides (A-2 mechanisml. The acid-labil ity of these 

compounds was re la ted t o  the nature of  both the base and the sugar. 

This paper presents the mechanism of the acid hydrolysis 

o f  - N-ary1-D-pentopyranosylamines - and analysis o f  a l l  the factors  

inf luencing the s tab i l i ty  o f  - N-glycosidic bond C1N. 

The synthet ic compounds described in the exper imental  

section [Tables 1 and 21 were submit ted t o  various acid hydrolysis 

conditions [Table 31. 

EXPERIMENTAL 

The N-p-chlorophenyl- and N-p-tolyl- compounds were 

prepared by  the method of E l l is  and Honeyman, 2 1  the N-phenyl-Q- ribo- 

pyranosylamine according t o  Berger and Lee. and the E-p-nitrophenyl- 

- - 
- 
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STABILITY OF THE - N-GLYCOSIDIC BOND 477 

- - 0-pentopyranosylamines by Weygand 5 1  and Magnin 37 methods. The 

compounds obtained were crystal l ized f r o m  ethanol or  ethanol-ether 

e x c e p t N -p-c h I or  0-p h e n y I -Q -a r a b i no p y r a n o s y I a m in e was 

recrystal ized f r o m  pyr id ine and dr ied in vacuo. 

the w h i c h - 

These der ivat ives showed the expected propert ies I melt ing- 

point, opt ical  rotat ion.  composition. and l H  and l3C N M R  [Tables 1 

and 211. 

The spect rometr ic  data were compatible w i t h  those of  lmbach 

e t  al. 17 

Acid  hydrolyses were conducted in ethanolic-aqueous HCI 

[Table 31. The rates were est imated by  moni tor ing the changes in U V  

absorption using the n -0 il* t ransi t ion of  the protonated amine. h 

285. 290. 300 and 310 nm. f o r  aniline, p-toluidine. p-chloro- and 

p-nitroanil ine respect ively [Table 31. 

The probable protonat ion of  the ni t rogen a t o m  in these 

glycosides [1-.--' 2a . Scheme I1 was no t  detected w i t h  the U V  

spectrophotometry method. The measured value of  U V  absorption a t  

a given wavelength f o r  the E-glycosides examined in a corresponding 

mix tu re  of E t O H / H 2 0  wi thout  catalyst  was ident ical  w i t h  Ao = the zero- 

t i m e  absorption, approximated f r o m  the p lo t  log A = f[tl. where t = t i m e  

of  reaction. 

The pseudo-first order r a t e  constants k a t  21". 31". 41'C 

were calculated w i t h  the help of a K 202 computer f r o m  the  resul ts 

obtained by U V  spectrophotometry and HPLC techniques. The r a t e  

constants were independent o f  the ionic strength. The Arrhenius act ivat ion 

energies Ea were calculated f r o m  the slope of p lo ts  log k.vs.l/T. where 

k = the r a t e  constant f o r  the hydrolysis reaction. T = temperature O K .  

The enthalpies and entropies of  act ivat ion [ A H  # and AS'] were calculated 

f rom known thermodynamic relationships [Table 41. The Hammett 's  

react ion constant p was obtained f r o m  a l inear p lo t  o f  log k.vs. ap + #  
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STABILITY OF THE N-GLYCOSIDIC BOND - 48 3 

Table 4. Pseudo-first order ra te constant [103k. sec-ll 

of 
and thermodynamic parameters for acid-catalysed hydrolysis 

N-ary I-&pent opyranosy I am ines in ethano I i c-aqueous so I ut  i ons. - 

Parameters fo r  1 3  1 

 AH+^  AS+^ 

% mole.dm-l m o I e-1 mo I e-1 
21 31 41° kcal cal.deg-l 

c H 2 0  CHCl 

- N-p-chlorophenyl-&ribopyranosylamine RpCl 

5 

50 

80 

5 

50 

80 

0.002 0.035 
0.005 0. 088 
0.01 0.165 
0.02 0.329 
0.05 0.808 
0.0005 0.075 
0.001 0.132 
0.002 0.243 
0.05 5.217 

0.083 
0.207 
0.444 
0.865 
2.126 
0.154 
0.329 
0.572 

11.680 

0.217 
0.546 
1.065 
1.984 
4.869 
0.414 
0.737 
1.372 

28.670 

16.2 
16.2 
16.5 
15.9 
15.9 
15.1 
15.3 
15.3 
15.1 

-24.2 
-22.3 
-19.6 
-20.3 
-18.6 
-26.5 
-24.3 
-23.1 
-18.0 

0.0005 0.228 0.487 1.169 14.6 -25.4 
0.001 0.387 0.865 1.938 14.2 -25.9 
0.002 0.656 1.310 3.072 13.8 -27.1 

- N-p-ch I orophenyl -Q-arabinopyranosy - I amine ApC I 

0.002 0.060 0.146 0.349 15.6 -26.7 
0.005 0.150 0.374 0.963 16.5 -20.1 
0.01 0.291 0.748 1.713 
0.02 0.623 1.528 3.341 

0.0005 0.073 0.205 0.441 
0.001 0.168 0.367 0.840 
0.002 0.319 0.731 1.423 

5.7 -21 .4 
4.8 -22.8 

5.9 -23.1 
4.2 -27.7 
3.1 -29.8 

0.0005 0.237 0.472 1.032 12.9 -31.4 
0.001 0.462 0.859 1.528 10.4 -38.5 
0.002 0.859 1.713 2.91 1 10.6 -36.4 

Table 4 c o n t .  
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Table 4 c o n t .  

PISKORSKA AND SOKOLOWSKI 

5 

50 

80 

5 

50 

80 

5 

50 

80 

N-p -c h I or o p h e n y I -Q -x y I o p y r a n o s y I am i n e X p C I - 
0.002 0.017 0.049 0.131 18.2 
0.005 0.048 0.117 0.322 16.9 
0.01 0.090 0.244 0.672 17.9 
0.002 0.165 0.487 1.310 18.4 

0.0005 0.036 0.076 0.165 13.6 
0.001 0.068 0.137 0.287 12.8 
0.002 0.119 0.280 0.571 13.8 

0.0005 0.131 0.262 0.510 11.9 
0.001 0.198 0. 487 0.886 19.2 
0.002 0.361 0.789 1.540 12.7 

- N-p-ch I oropheny I -D- - I yxopyranosy I arnine LpC I 

0.002 0.026 0.074 0.209 18.4 
0.005 0.065 0.178 0.437 18.4 
0.01 0.126 0.347 0.912 18.2 
0.02 0.245 0.692 1.698 18.2 

0.0005 0.044 0.105 0.251 15.6 
0.001 0.089 0.214 0.479 15.7 
0.002 0.151 0.407 0.794 15.7 

0.0005 0.174 0.372 0.724 12.5 
0.001 0.316 0.692 1.288 12.3 
0.002 0.575 1.148 2.455 12.7 

- N-p-methy I pheny I -_D-ribopyranosy I amine RpT 

0.002 0.112 0.263 0.617 15.1 
0.005 0.229 0.562 1.230 14.8 
0.01 0.417 0.955 2.138 14.6 
0.02 0.676 1.585 3.467 14.4 
0.05 1.413 3.31 1 7.079 14.2 

0.0005 0.501 0.891 1.585 10.0 
0.001 0.912 1.585 2.884 10.0 
0.002 1.584 2.818 4.677 9.6 
0.05 19.050 31.620 54.950 9.1 

0.0005 1.660 2.754 4.266 8.1 
0.001 2.818 4.677 7.586 8.5 
0.002 4.365 7.943 12.590 8.3 

-20.8 
-21.1 
-16.4 
-13.2 

-32.6 
-34.8 
-29.5 

-35.9 
-30.5 
-30.9 

-16.9 
-15.2 
-14.5 
-13.2 

-25.9 
-24.1 
-22.7 

-33.2 
-32.6 
-30.2 

-20.7 
-24.7 
-24.4 
-24.0 
-23.2 

-39.8 
-38.6 
-38.4 
-35.4 

-43.8 
-41 .8 
-41 .o 
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Table 4 c o n t .  

5 

50 

80 

5 

50 

80 

- N-pheny I -Q-ribopyranosyl amine R A  

0.002 0.053 0.125 0.280 14.7 
0.005 0.134 0.314 0.771 15.5 
0.01 0.267 0.656 1 .470 15.1 
0.02 0.521 I .339 2.673 14.4 
0.05 1.309 3.069 7.362 15.3 

0.0005 0.199 0.395 0.752 11.6 
0.001 0.369 0.736 1.435 11.9 
0.002 0.656 1.167 2.383 11.3 
0.05 10.400 18.930 37.760 11.2 

0.0005 0.598 1.040 1.726 9.1 
0.001 1.115 1.936 3.365 9.6 
0.002 1 .893 3.606 6.123 10.2 

- N-p-nitropheny I -9.-ribopyranosy I amine RpNO2 

0.02 0.022 0.054 0.138 16.3 
0.05 0.053 0.130 0.312 15.7 
0.1 0.109 0.292 0.610 15.2 
0.2 0.212 0.597 1.397 16.7 

0.05 0.153 0.368 0.717 13.8 
0.1 0.306 0.669 1.366 13.1 
0.2 0.669 1 .4g7 2.921 12.9 

0.05 0.557 0.945 2.020 11.2 
0.1 1.110 2.020 3.850 10.8 
0.2 2.267 4.319 8.618 11.7 

-28.2 
-23.7 
-23.6 
-24.3 
-19.9 

-35.9 
-33.9 
-35.0 
-30.7 

-42.2 
-39.8 
-36.3 

-24.6 
-24.8 
-24.7 
-18.4 

-29.6 
-29.9 
-29.0 

-35.5 
-35.3 
-31 .O 

k was calculated f r o m  the equation A t  - A, = [Ao-Am le-kt, where 
L a n d  A t  - are the measured u l t rav io le t  spectrophotometric absorbance. 
f inal &and a t  any t i m e  A,. o f  the t o  -- N-Q-pentopyranosides examined. 
A, was estimated f r o m  the p lo t  log [A t  - Am I = f l t l  for  t = 0 in i t ia l  
absorban e. a1 calculated f r o m  the Arrhenius equation k - Ae-A Ha/RT 
and A HF - A H a  - RT. 
b l  Calculated f r o m  the rearranged absolute ra te  expression: 
A Sf - 2.303 R [log -k31 - log kT/h l  + A Hf /T where k - 1.3805 x 10- 
l6 erg.deg-l. - h = 6.6256 x erg. sec. R - 1.986 ca l  deg-l mole-l. 
T - 304.2'. k31 - middle ra te  constant a t  31'C. standard deviations 
calculated f r o m  the expression 

Z [k i  - k12 / n - 1 [2  - 5 % I  , 2 ~ A R ~ ~  f 0.3-0.55 kcal.mole' 

[kcal mo le- l l  was calculated f rom 
the equation A GZ = AH# - T A  Sz giving the values 20.6- 24.5 kcal 
mole-l  w i t h  standard deviations %A S# 31 = 0.4-0.8 kcal.mole-l 

26% = 
I GASZ 31 = 0.9 - 1.8 cal mole-l  deg-l 

The activation f ree energy A Gf 
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486 PISKORSKA AND SOKOLOWSKI 

where k is  the r a t e  constant o f  ac id  hydrolysis react ion o f  

- N-aryl-g-ribopyranosy1amines.W + is the substituent constant f o r  p-CH3. 

p-CI. and p-NO2 proposed by Biggs. Robinson. 8. 

A linear enthalpy-entropy relat ionship was determined 

according t o  Exner 22 method. by p lo t t ing  t w o  sets of  log k obtained 

a t  t w o  d i f fe ren t  temperatures [Table 41. against each other, yielding 

as a resul t  of regression analysis. the equation [ll. 

w i t h  the slope b = 0.874 2 0.050. isokinet ic temperature 8- 597 O K .  

T1/T2 = 0.936. n = 25, the corre la t ion coef f i c ien t  r =O.Q92 and the  standard 

error o f  the est imate SYlx = 0,032. 

DlSCUSSl ON 

The dependence of  the r a t e  constants on the s t ructure o f  

the react ing molecules, or  on other factors, especially solvent effects. 

is  usually expressed in te rms of  act ivat ion parameters. The parameters 

used are ei ther the act ivat ion energy Ea and the frequency factor  A 

of  the classical Arrhenius theory [equation 21. or  the enthalpy o f  act ivat ion 

A H c  and the  entropy ASz of  the act ivated complex theory [equation 31. 

k = A exp [ - - I  Ea 121 
R T  

The linear relationship between enthalpy and entropy of  

act ivat ion in a series of  s imi lar  react ions cannot be proved d i rec t l y  f r o m  
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STABILITY OF THE - N-GLYCOSIDIC BOND 48 7 

the quant i t ies A H f  and A S z ,  or Ea and log A nei ther graphically nor 

by means o f  a correlat ions calculus. as these aforementioned parameters 

are strongly dependent on the calculat ion of  the k inet ic  data. According 

t o  Exner. Z2 it can be done by p lo t t ing  two sets o f  log k obtained a t  t w o  

d i f ferent  temperatures against each other. The k inet ic  measurements 

a t  d i f fe ren t  temperatures have been done [Tables 4 and 51 yielding 

approximately a l inear dependence of log on log E2 [equation 1. 

Exper imenta l l  conf i rming tha t  the reactions studied herein. form. a so- 

called. react ions series i.e. they proceed t o  a cer ta in  extent  w i t h  the 

same mechanism. 

Since the individual values of the energy of  act ivat ion Ea 

do no t  give useful information. as they are t o  a great extent  paral le l  

t o  the values of  log k. therefore, the in format ion obtained f rom k inet ic  

measurements a t  d i f fe ren t  temperatures. w i th in  the react ion series 

examined, was the value of  the slope b in the l inear relationship [equation 41. 

According t o  Hinshelwood. th is value allows classi f icat ion 

in one of  three groups: 

1. A t  constant log A [equation 21. the r a t e  constant is control led by changes 

o f  Ea. The slope b is equal t o  TZ/T1 and the isokinetic temperature 8 

is  infinite. 

2. A t  constant Ea. the r a t e  constant is control led by changes of 

log A. the slope b = 1.  and 8 = 0. 

3. Both act ivat ion parameters are variable and par t ia l l y  compensate 

each other, b < T z / T l  and > T. 

The slope b - 0,874 [equation 1. Exper imenta l l  is  posi t ive 

and smaller than T2/T1 = 0.936. The isokinetic temperature6 = 597'K 
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488 PISKORSKA AND SOKOLOWSKI 

Table 5. Pseudo-first order r a t e  constant [ lo3  k. sec-l] 
f o r  acid-catalyzed hydrolysis o f  E-p-nitrophenyl-Q-pentopyrano- 
sylamines in ethanolic-aqueous solutions a t  31 O C .  

Compound cHC I 
mo I e .  dm-l 

5 

1 O ~ K ,  sec- l  
Amount  of H 2 0  % 

50 80 

APNO2 0.05 0.134 0,328 
0.1 0.272 0.717 
0.2 0.624 1.720 

XPNO2 0.05 0.070 0.164 
0.1 0.139 0.299 
0.2 0.285 0.717 

LPN02 0.05 0.112 0.302 
0.1 0.190 0.489 
0.2 0.388 1.022 

1.060 
2.216 
4.736 

0.485 
1.085 
1 .929 

0.850 
1.546 
2.750 

~~~~ ~ 

Abbreviations explained in footnote. 

is greater than T1 = 314°K. This corresponds t o  the th i rd  group. so 

according t o  Hinshelwood. one can suspect solvent or s ter ic  ra ther  

than purely electronic ef fects.  

The Hammet t  29 p lo ts  [Figures 1 and 21 i l lus t ra te the 

substituent e f f e c t  on react ion r a t e  k [equation 51. 

log [k/k01 =up . 

The observed p value [Fig. 11 s l ight ly  increased w i t h  

temperature. in agreement w i t h  the H a m m e t t  equation [51. b u t  decreased 

w i t h  increasing amounts of water  in an ethanol-water solution, a t  constant 

temperature and catalyst-concentration f o r  a l  I the react ions examined. 
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STABILITY OF THE - N-GLYCOSIDIC BOND 489 

k #  -1 

..14 0 .ll 1 1.24- a 

Fig. 1. The relationship between log k ond the 
Hammett conrtont op + for mid-cotolyzed hydrolyais 
of p-ubstitutad Npheny l -  a -&-ribopyronorids& 
where CHC~ - 0.003 mole cm-1. CH 0 - 5%. A: 
21DC. 0 A - 1.46. 6: 31'C. p 6 - 3.42, C: 41.. 
P c - - 1.38. 

The pvalue -1.05 for  5 % and -1.42 for 50 % of water can be explained 

by changes in solvent polarity. The increase o f  the dielectr ic constant. 

is accompanied by a decrease of p value, according to  the expression 

log k.vs 1 / ~  . 45 The changes in  the acid-concentration [Fig. 21. which 

did not influence thep constant. when i t s  value was smaller than 1. could 

be explained by a two-step reaction, 45 a fast equil ibrium K1 teq.61 

followed by a rate-l imit ing conversion k 2  [eq. 71 

P A + H 3 0 +  a PAH+ + H20  t6l 

PAH+ + H 2 0  k2 POH + A H  + H+ [71 

where P is the pentopyranosyl moiety and A the aglycone. The rate 
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490 PISKORSKA AND SOKOLOWSKI 

log k 

-2 

-3 

-4 

B I 1  1 I 

14 0 .ll 1 1.24 WCJ 

Fig.2. The re la t ionh ip  between log k ond the 
Hammatt constants op for acid-catolyred hydrotymis 
of p-wbnituted Nphenyl- o s-ribopyronorides. 
where CH 0 - 5 %Temp - 31.C. a - 0.01 N HCI. 
b - 0 . d  HCI. c - O.DSN HCI. p - 0 b - pc - -1.05 

constant k is k = K l k 2  [81 and the Hammett  equation. correspondingly: 

log Ik /ko l  = log [K 1 /K 1 0 3  + log [k2/k2,1 = [ P 1 + p210 = P O  [93. 

Taking into account the fact  that  the reactions w i th  

nucleophiles. where the electron density i n  the reaction center increases. 

have a positive pvalue. 40. 510 [corresponding to  02 in eq. 91 and that  

the calculated pvalue is less than -1 .  one can expect the p 1 value to  

be negative. 

In the reactions examined in this manuscript. the influence 

of the phenyl substituents on K1 resulted in a P 1 value, which seems 

t o  be larger than on k2 , i.e. t he  ef fect  on protonation seems t o  be 

dominating. 
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STABILITY OF THE - N-GLYCOSIDIC BOND 491 

The observed negat ive p value may indicate the format ion 

of  a posi t ively charged carbenium ion. 4 1  which permi ts  the nucleophil ic 

a t tack o f  the water  molecule [scheme I]. The existence of such a carbenium 

ion as the intermediate, in the mechanism of  the react ions examined, 

is indicated by be t te r  correlat ion of  log k vs u p +  rather  than log k.vs 

UP 9.10. 34 [Fig. 1 and 21. 

The bimolecular mechanism A2 l 4  [equations 6 and 71 appears 

t o  obey the l inear Hammet t  equation, as was discussed above. I t  also 

seems t o  indicate tha t  the r a t e  constant k is proport ional  t o  the acid 

concentrat ion [Zucker-Hammett  ~ r i t e r i o n l ~ ~ .  and t o  have a ca lcu l ta ted 

negat ive value fo r  the entropy of  act ivat ion AS# 45 [Table 41. 

The influence of  the aglycone on the acid-hydrolysis o f  the 

p-substituted CY -N-phenyl-D-ribopyranosides can be explained by the 

basic i ty o f  the parent amines. The r a t e  constant 5 of  the hydrolysis 

react ions of  the compounds examined increased as the base strength 

K b  of  the parent amine increased. 

- 
k f RpN02 < RpCl  < RA < R p C H 3  

10 K b  0.01 0.95 3.8 14.8 

The increasing basic i ty o f  the corresponding glycosides favours 

the addi t ion of  the proton. resul t ing in a higher concentrat ion of  the 

protonated in termediate [eq. 6 and 71 as in the methyl-, phenyl- and 

thioglucopyranosides. 27* 300 43 fo r  which the rates of hydrolyses 

increased. The e f f e c t  o f  the sugar moiety  on the lab i l i t y  o f  C-N bond 

in the glycosylnucleoside base compounds, has been explained on the 

basis of  the degree of  s ter ic  in teract ion between the base and the 2'and/or 

3'-hydroxyl o f  the sugar moiety.24* 26* 36 The case of  

- N-arylQ-pentopyranosylamines - seems t o  be more compl icated because 

of the i r  special behaviour in solution,1g048 resul t ing in anomerisation 

of  the compounds being studied dur ing acid-catalyzed hydrolysis reactions. 

I t  has been found experimentally, tha t  the lab i l i ty  o f  C1N 

bond of the compounds examined. increased in the fo l lowing order 

E 0-xyloside < Q-lyxoside < Q-riboside > 8-arabinoside. 
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49 2 PISKORSKA AND SOKOLOWSKI 

Assuming that  the  r e a c t i v i t y  o f  5-glycosidic bond increases 

w i t h  the increase o f  E-glycoside f ree energy and the behaviour in solution 

of the E-aryl-D-pentopyranosylamines - is s imi lar  t o  tha t  of the  

- - D-pentopyranoses. L19 moreover considering tha t  they have the same 

or s imi lar  energy o f  act ivat ion fo r  a l l  the isomers, in the r a t e  l i m i t i n g  

step, o f  the hydrolysis react ion [eq. 71. one can t r y  t o  express the 

instabi l i ty  fac to r  in a value of the standard, conformat ional  f ree energy 

G O  of  D-pentopyranoses.l.2 - 

For  a1 I the possible structures undergoing the hydrolysis 

reaction. the s t ructure w i t h  the highest conformat ional  f ree  energy is 

more l ikely, the  one hydrolysing by  the easiest process, placing the g- 
pentopyranoses in the fo l lowing order: 

- 0-xylose < D-lyxose - < P-arabinose < Q-ribose - - 
The discrepancy w i t h  the exper imental  results can be explained 

only on the basis of  the bimolecular mechanism A 2 [Scheme 11. 

The ra te  constant k o f  the hydrolysis react ion depends 

on K1 and k2  Ceq. 81 and simultaneously on the concentrat ion o f  the Schi f f  

base intermediate [eq. 101. 

k2 = k' [Schiff-basel [lo1 

The substituent e f f e c t  on the r a t e  constant fo r  the hydrolysis 

of the Schiff-base f o r m  according t o  Will i . Robertson should be 

Thus the concentrat ion of  the Schiff-base which depends 

t o  a cer ta in  degree on the  substituent. can be easily explained by  the 

observed relationship o f  the r a t e  constant k. and the bas ic i ty  o f  the amines. 

On the other hand, the highest concentrat ion of  the Schi f f -  

base intermediate, is  expected, in a case of  an arabino-compound [in 

comparison t o  the other pentosesl because of  i t s  h igh s tab i l i t y  in an acyc l ic  

zigzag c ~ n f o r m a t i o n . ~ ~  conditioned by the lack of 1.3 syndiaxial 

 interaction^.^^ Such an observation can be the explanation of  the 

previously shown glycoside-order found experimentally. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
0
6
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



STABILITY OF THE N-GLYCOSIDIC BOND 493 - 

In proposing the bimolecular mechanism A2 for the acia 

catalyzed hydrolyses of the E-aryl-Q-pentopyranosylamines [Scheme 11 

we postulate that  the faster protonation of the r ing oxygen of the sugar 

rather than the nitrogen in the E-glycoside molecules, has occured. 

[2a 1 21. 

In conclusion the mechanism proposed, proceeds w i th  the 

fast - 0-protonation [21. opening of the sugar r ing wi th  the creation of 

a Schiff-base intermediate [31. followed by the nucleophilic attack o f  

i t s  mesomeric carbenium ion [41 by a water molecule to  l iberate the 

proton and the amine in a rate-determining step. hence creating the 

aldehyde and the cycl ic form of - 0-pentose. 

Footnote: 

Abbreviations used: RpN02, RpCI. RpCH3. RA: 

N -[ p -n i t r 0, p-c h I or 0, p -m e t h y I I p h e n y I -Q-r i bop y r a n o s y I a m i n e 
correspondingly. [X,  L. R. A ]  p-CI o r  [X. L. R. A1 p-NO2 : 

N-[ p-c h I or o or p-n i t r o 1 p h en y I -Q-[ x y I 0, I y x 0, r i b 0, ar a b i n o lp yr a n osy I am i n e - 

Acknowledgement: The authors are indebted to  Professors S. David and 
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