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ABSTRACT 

During t h e  cour se  of  NMR s t r u c t u r a l  i n v e s t i g a t i o n s  of 
t h e  t i t l e  compound (N-phenyl uronamide) w e  n o t i c e d  t h e  p re s -  
ence of a s t r o n g  H 2 0  ac t iv i ty-dependent  NOE between t h e  s m a l l  
amount of  H 2 0  a s s o c i a t e d  wi th  t h e  c a r b o h y d r a t e ' s  hydroxyl  
p ro tons  i n  s o l u t i o n s  of DMSO-d6. The -OH/H20 o f f -d i agona l  t l  
s l i ce s  d i s p l a y e d  a NOESY %,-dependence s i m i l a r  t o  molecules  
( T ~  = 0.1-5 n s )  exper ienc ing  slow exchange (1-10 s - l ) .  From T1 
d a t a  a t  t w o  f i e l d s  a zC f o r  t h e  t i t l e  compound w a s  c a l c u l a t e d  
t o  be ca.  0 . 5 4  n s  a t  313 K .  The -OH/H20  exchange r a t e  con- 
s t a n t ,  K, i nc reased  from 0.32 t o  11.14 s-l as  t h e  molar r a t i o  
of [ H 2 0  J : [N-phenyl uronamide] inc reased  from ca. 4 . 5  t o  5.2. 
The l a t t e r  f i n d i n g  i n d i c a t e d  t h a t  t h e  -OH/H20 p ro ton  exchange 
p rocess ,  which i s  s t r o n g l y  a f f e c t e d  by t h e  t r a n s l a t i o n a l  d i f -  
f u s i o n  of H 2 0 ,  d iminished as [ H 2 0 ]  approached t h a t  which w a s  
i n h e r e n t l y  a complex i n  t h e  c r y s t a l l i n e  s t r u c t u r e  ( e . g . ,  
C18H2005NZ 4 H 2 0 )  and w a s ,  presumably, t i g h t l y  hydrogen-bound t o  
t h e  -OH/NH f u n t i o n a l  groups .  To t e s t  t h i s ,  t h e  t i t l e  com- 
pound w a s  r e c r y s t a l l i z e d  from ethanol/Z,Z-dimethoxypropane 
whereupon the  bound H20 w a s  e l imina ted ;  t h e  l ack  of H 2 0  in -  
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64 IRWIN ET AL. 

duced a significant upf ield shift in the resonance frequen- 
cies of all the exchangable (-OH A8=86.33Hz; -NH A6=67.84Hz) 
functional groups relative to the methine protons (CH 
A6=0.25Hz) . 

INTRODUCTION 

Knowledge about the interactions between simple sugars 
and hydrogen bound H20 is important because physicochemically 
unique characteristics of carbohydrates are imparted by the 
interact ions between these biologically active compounds and 
their solvating species. DMSO makes an ideal milieu for un- 
derstanding these interactions because carbohydrates retain 
much of their H20-induced conformation1 in DMSO and one can 
specifically observe, assign and study the carbohydrate's -OH 
groups, and associated interactions, with small quantities of 
H20 because their resonance frequencies are so disparate. 

In this manuscript we present rotating-frame Overhauser 
enhancement spectroscopy (ROESY), NOESY and chemical shift 
evidence that N-phenyl (N-phenyl-P-D-glucopyranosy1amine)- 
uronamide's (N-phenyl uronamide; Figure 1) H20's of crystal- 
lization are tightly bound to the -OH and -NH functional 
groups of the sugar moiety even after extreme dilution with 
DMSO . 

RESULTS AND DISCUSSION 

Previously,2 we reported on the synthesis and structural 
characterization of N-phenyl uronamide. This acid sugar 
derivative is an unusual by-product of the activation of glu- 
curonic acid's carboxyl group with a carbodiimide reagent3-6 
in the presence of the aromatic nucleophile, aniline. 
Originallyr2 we misassigned the H20 resonance as the CH3 of 
DMSO because we had assumed that the title compound was un- 
stable in solution in the presence of free H20. Other stud- 
ies were performed because we supposed the observed cross 
peaks between the -OH groups of the title compound and the 
"solvent" were due to magnetization transfer via some engag- 
ing phenomenon such as spin diffusion or 2nd order Overhauser 
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NMR STUDIES OF N-PHENYL URONAMIDE 65 

Nphenyl (Nphenyl-P-D-glucopyranosylarnine)uronarnide 

para" 

3 1 

FIG. 1. Structure and conformation (4C1) of the title 
compound with 1H position labels. 

effects. However, upon recrystallizing the title compound in 
the presence of 2,2-dimethoxypropane (e.g., H20 + 2,2-  

dimethoxypropane 2 2MeOH + acetone; Figure 2) we discovered 
that the "solvent" peak disappeared and, therefore, was in 
fact a small amount of H20 which co-crystallized with the so- 

lute and/or which was adsorbed from the head-space above the 
solvent (ca. 3 0  mM) . When N-phenyl uronamide was recrystal- 
lized, as described previously, from hot EtOH without 2,2- 
dimethoxypropane and examined via lH NMR, using "100%" D M s 0 - d ~  

which was taken from a freshly-opened ampule just prior to 
performing the experiment, the H2Os of crystallization were 
found to exist in a ca. 4:l molar ratio to the title com- 
pound; upon vacuum drying at ca. 100 OC the level of hydra- 
tion was reduced to 1 H20:N-phenyl uronamide as measured by 
elemental analysis (Anal. Calcd for C18HZ005N2*H20: C, 59 .66 ;  

H, 6.12; N, 7 . 7 3 .  Found: C, 5 9 . 6 7 ;  HI 6.53; N, 7 . 3 9 )  .2 

Unfortunately, similar misinterpretations may have been made 
on other small carbohydrates, such as cellobiose, inasmuch as 
comparable "DMSO"/-OH interactions , via NOESY NMR, have been 
promu1gated.l We believe that H20/-OH exchange may have mis- 
takenly been explained as a DMSO/-OH lSt or 2nd order 
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FIG. 2 .  IH NMR spectra  of the title 
compoiind i n  the  a n h y d r o u s  state. 
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Overhauser effect via 2D NOE NMR spectroscopy in the afore- 
citedl case. 

In 2D Overhauser enhancement spectroscopic experiments, 
cross peaks not associated with scalar or J-coupling result 
from either direct cross relaxation7, 8 or exchange phenom- 
ena.7-10 Direct cross relaxation (e.g., a \\lst order 
Overhauser effect") is a simple through-space dipolar spin- 
spin interaction proportional to the inverse 6th power of the 
distance between the interacting spin systems. Exchange-like 
phenomena,7-15 while not as conceptually unambiguous as direct 
cross relaxation, can nevertheless be outlined as follows: 

1. chemical equilibrium processes: 
a. chemical exchange7-10 
b. stereochemical exchange9 
c. relayed exchangelo (results from 

apparent chemical exchange between non- 
exchangable I H s  and a solvating 
compound, such as H20; due to a 
magnetization exchange process between 
I H s  at an exchangable near-neighbor site 
and non-exchangable I H s )  

2. magnetization equilibrium processes: 
a. \\Znd order Overhauser effects" [ V ~ T ~  - 

1-10] 11,13-15 

b. "spatial" and "spectral" spin diffusion 
[vo7c >> 10112 

The Znd order Overhauser effect and other spin diffusion-like 
processes frequently occur in solids or solid-like solutions 
of macromolecules at high magnetic fields where simple spin 
diffusion becomes efficient. Cellobiose, whose molecular 
weight (mw = 342.29) is similar to the title compound (mw = 

344.36), is certainly an unlikely candidate for any of the 
magnetization equilibrium processes enumerated above. In 
order to observe direct cross relaxation, the residence time 
of molecular interaction between the "solvent" and the cel- 
lobiose -OH groups would have to have been inordinately long. 
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68 IRWIN ET AL. 

For t r u e  chemical exchange p rocesses  informat ion  can be 

obta ined  about t h e  dynamics of exchange from t h e  mathematical  
behavior  of t h e  o f f -d i agona l  NOESY resonances  as  7, i s  in-  

c r e a s e d .  For  i n s t a n c e ,  d u r i n g  ve ry  s l o w  chemical  exchange 
between some 1H donor ( e . g . ,  an amide-H, rC = 0.1-5 n s ) l o  and 

t h e  s o l v a t i n g  s p e c i e s ,  H 2 0 ,  c r o s s  peak i n t e g r a l s  ( I )  should 
i n c r e a s e  wi th  mixing t i m e  (7m) i n  NOESY o r  ROESY experiments  

as a t y p i c a l  1st o r d e r  ra te  process  where 

and 

I, = l i m i t  I ( 2 ) ;  
Tm+w 

i n  t h e s e  r e l a t i o n s  I i n c r e a s e s  t o  a maximum, I,, as a func- 
t i o n  of Tm and e v e n t u a l l y  l e v e l s  o f f ;  K i s  t h e  lSt o r d e r  rate 

cons tan t  i n  u n i t s  of  { T m } - l .  For IH donor s p e c i e s ,  s i m i l a r l y -  

s i z e d  ( T ~  = 0 .1 -5  n s )  t o  t h e  example above and d i s p l a y i n g  a 
moderate exchange r a t e ,  I i n c r e a s e s  t o  a maximum i n  a s imi l a r  
f a sh ion  t o  t h e  above b u t  r a p i d l y  d e c l i n e s  as rm approaches  
00.10 Our NOESY d a t a  (F igure  3; a l l  d a t a  p o i n t s  r e s u l t e d  from 

t h e  i n t e g r a t i o n  o f  a l l  o f f - d i a g o n a l  -OH/H20 r e s o n a n c e s )  

c lear ly  i n d i c a t e  t h a t  t h e  t i t l e  compound underwent some slow 
exchange-like p rocess  s i n c e  I - O ~ / H 2 ~  s t a b i l i z e d  as T~ approached 

1 s; K was a l s o  observed t o  vary  wi th  [H201: [N-phenyl uron- 

amide] .  Ro ta t ing  frame 2D Overhauser (ROESY) 7,8,16 enhance- 
ment H 1 / H 5  c r o s s  peaks (F igu re  4 ,  upper spectrum) were nega- 
t i v e l y  phased r e l a t i v e  t o  t h e  C 2 ,  3 or 4 - 0 ~ / ~ 2 0  c r o s s  peaks 

(F igu re  4 ,  lower  spec t rum)  t h e r e b y  e l i m i n a t i n g  lSt o r d e r  
Overhauser e f f e c t s  as a p o s s i b l e  e x p l a n a t i o n  of  our  da ta .  
With r ega rd  t o  N-phenyl uronamide.4H20, w e  found (Table  1) 

t h a t  T~ = ca.  0.54 ns  v i a  s p i n - l a t t i c e  r e l a x a t i o n  measurements 
a t  two f i e l d s .  The c a l c u l a t e d  T ~ H S  were observed t o  d ive rge  

from t h e  expe r imen ta l  an avexage of  o n l y  0 .48%.  C l e a r l y ,  
based upon t h e  T~ c a l c u l a t i o n  and ROESY experiments  t h e  ob- 
s e rved  c r o s s  peaks between t h e  s o l v a t i n g  s p e c i e s ,  H 2 0 ,  and 

t h e  t i t l e  compound's hydroxyl  I H s  were due t o  chemical  ex- 
change. F u r t h e r  suppor t  f o r  a slow exchange mechanism i s  
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1.0 - 
al 
0 

[H20]:[ SPhenyl Uronamide] = 4.52 
-ZK 

1 - e  - - 

+ K = 11.14f1.23s1 

0.0 0.2 0.4 0.6 0.8 1 .o 
% M I S  

FIG. 3 Hydroxyl/H20 cross peak area row slices plotted as a function 
of mixing time (T,,,) at 40 O C .  Data were fit t o  a first order exponential 
rate equation. 

p r e s e n t e d  i n  F i g u r e  5 whereupon i n v e r s i o n  r ecove ry  e x p e r i -  
ments w e r e  performed wi th  s p e c i f i c  i r r a d i a t i o n  a t  t h e  H20's 

resonance  f requency  ( T l s a t )  and a t  a n  e q u i v a l e n t  f requency  
o f f - s e t  downfield (TI) from t h e  observed hydroxyl p ro ton  (C4- 
OH, F igure  1). Based upon t h i s  m e a s u r e  of T I s a t  and {I+/I@) a 
KSat w a s  found (see Experimental ,  Eqn 3 )  t o  be approximately 

0 . 3  s - l .  The p rocess  of l o n g i t u d i n a l  r e l a x a t i o n  without  ex- 
change e f f e c t s  would be most n e a r l y  r e p r e s e n t e d  by t h e  T l s a t  

curve  (open d iamonds) .  The d i f f e r e n c e s  between t h e s e  two 
t r e a t m e n t s  demonst ra tes  t h e  profound e f f e c t  of  exchange on 
t h e  r e l a x a t i o n  behavior  of t h e  t i t l e  compound's -OH groups .  

O f  course ,  o t h e r  exchange-like p rocesses  can be e l i m i n a t e d  as 
t h e  founda t ion  of ou r  o b s e r v a t i o n s ,  a p r i o r i ,  s i n c e  t h e s e  

occur  main ly  i n  macromolecular systems,  g l a s s e s  and  o t h e r  
s o l i d - l i k e l *  m i l i e u  where zCs f o r  molecular  r e o r i e n t a t i o n  are  

on t h e  o r d e r  of t e n f o l d  longer .  11, 13-15 
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I 
I 

I 
I 

I 
1 

4.38 4.28 4.18 

H1/H5 

5.1 1 5.01 4.91 4.81 

6 I PPM 

FIG. 4. H,/H,  and - O H / H 2 0  ROESY (40 "C)  cross peaks. The H,/H, 
resonance (upper slice) displayed negative phasing which is 
indicative of the expected direct cross relaxation within the 
pyranose ring. The -OH/H20  resonances (lower slice) manifested 
positive phasing indicative of an exchange-like phenonenon. 
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Table 1. Proton NMR spec t ra l  assignments and s p i n - l a t t i c e  
re laxat ion times (observed, calculated and difference)  a t  2 
f i e l d s .  The correlat ion time (.rc = 5 . 4  x s )  was based 

upon the  s t a t i c  f i e l d  dependence a s  shown i n  Eqn 4 .  

a 
T I H  ' {ZC = 0 . 5 4  n s  

270  MHz 400 MHz 

b 
obs. calc. A obs. calc. A 

4 . 5  (C1-H) 0.25 0.32 0.07 0.61 0.57 -0.04 

5 . 3 4  (c2-OHf 0.84 0.83 -0.01 1.46 1.47 0.01 

5 . 3 1  (c3-OH) 0.84 0.81 -0.03 1.42 1.44 0.02 

5 . 0 1  (c4-OH) 0.85 0.79 -0.06 1.37 1.40 0.03 

3.89 {Cg-H) 0.31 0.41 0.10 0.77 0.72 -0.05 

7.66 (Or tho")  1.09 1.05 - 0 . 0 4  1.84 1.86 0.02 

7.29 {Meta") 1.11 1-19 0.08 2.15 2.10 -0.05 

7 . 0 4  (Para") 1.59 1.46 -0.13 2.50 2.57 0.07 

6.76 ( O r t h o ' )  0.66 0.67 0 . 0 1  1.20 1.19 -0.01 

7 . 1 1  (Meta l )  1.02 1-04 0.02 1.86 1.86 0.00 

6.64 (Para') 1.05 1.14 0.09 2.08 2.08 0.00 

a. 42  mM solut ion a t  40  O C ;  see Eqn. 4 f o r  .rc-T1, 

b. a l l  T ~ H  calculat ion had I 5  % calculat ion 
ca 1 c u  l a t  ion 

e r r o r .  
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I n t e r e s t i n g l y  t h e  -OH/H20 e x p o n e n t i a l  exchange ra te  con- 

s t a n t ,  K, r o s e  from 0 . 3 2  t o  1 1 . 1 4  s - ~  as  t h e  mola r  r a t i o  of  
[H20]:[N-phenyl uronamide] i n c r e a s e d  o n l y  from ca.  4 . 5  t o  5 . 2  

( F i g u r e  6 ) .  T h i s  l a t t e r  f i n d i n g  i n d i c a t e d  t h a t  t h e  - - 3 H / H 2 0  l H  

exchange r a t e  c o n s t a n t ,  which h a s  been shown t o  be a f f e c t e d  
by t h e  t r a n s l a t i o n a l  d i f f u s i o n  o f  H 2 0 , 1 °  d i m i n i s h e d  as [HzO] 

approached  t h a t  which w a s  i n h e r e n t l y  complexed i n  t h e  c r y s -  
t a l l i n e  s t r u c t u r e  (C18HZoO5N2 4 H 2 0 )  a n d  w a s ,  p r e s u m a b l y ,  

t i g h t l y  hydrogen bound t o  t h e  -OH and  -NH f u n t i o n a l  g r o u p s  

when p u t  i n t o  s o l u t i o n  i n  DMSO. TO f u r t h e r  s u p p o r t  t h i s  con- 

t e n t i o n  (Table Z ) ,  t h e  anhydrous  v e r s i o n  o f  t h e  t i t l e  com- 
pound w a s  compared t o  N-phenyl uronamide-4H20 w i t h  respect t o  
chemica l  s h i f t  changes (A6) upon d e h y d r a t i o n .  When no H20 w a s  

p r e s e n t  i n  t h e  DMSO/N-phenyl uronamide s o l u t i o n  a s i g n i f i c a n t  

u p f i e l d  s h i f t  on t h e  r e s o n a n c e  f r e q u e n c i e s  o f  a l l  t h e  ex- 

c h a n g a b l e  (-OH A6=86.33Hz; -NH A6=67.84Hz) p r o t o n s ,  r e l a t i v e  

t o  t h e  methine p r o t o n s  (CH 136=0.25Hz), w a s  obse rved .  
All t h e s e  d a t a  are  e v i d e n c e  t h a t  t h e  H 2 0  i n  t h e  sys t em 

e x p e r i e n c e d  t h e  s l o w e s t  exchange  as  t h e  m o l a r  r a t i o  o f  
[H20]:[N-phenyl uronamide] approached  4 .  The t r a n s l a t i o n a l  

d i f f u s i o n  of  w a t e r ,  as measured by exchange, d i m i n i s h e d  d r a -  
m a t i c a l l y  as t h e  molar r a t i o  of H 2 O : t i t l e  compound approached  

t h a t  l e v e l  bound i n  t h e  c r y s t a l l i n e  s t r u c t u r e  and a r g u e s  t h a t  
t h e  H 2 0  : N-phenyl uronamide complex h a s  a r e l a t i v e l y  l o n g  

l i f e t i m e  i n  s o l u t i o n .  A t  t h e  above leve l  o f  h y d r a t i o n  most 
of t h e  H 2 0  might n o t  be a v a i l a b l e  f o r  t r a n s l a t i o n a l  d i f f u s i o n  

t h e r e b y  c a u s i n g  K t o  d i m i n i s h .  However, as  t h e  [H20] i n -  

creased beyond t h e  c a p a c i t y  of  N-phenyl uronamide t o  b i n d  it, 
t h e  a v e r a g e  r e s i d e n c e  t i m e  would n e c e s s a r i l y  d i m i n i s h  due t o  

t h e  i n c r e a s e d  t r a n s l a t i o n a l  d i f f u s i o n  t h u s  r e s u l t i n g  i n  a n  
e l e v a t i o n  o f  K as a f u n c t i o n  o f  [ H z O ] .  A t  [HzO]  l e v e l s  much 

above  6H20:lN-phenyl uronamide,  t h e  t i t l e  compound b r e a k s  

down as shown p r e v i o u s l y  i n  H20:MeOH s o l u t i o n s . 2  

EXPERIMENTAL 

Sample Preparation. The t i t l e  compound w a s  s y n t h e -  
s i z e d  and p u r i f i e d  as d e s c r i b e d  p r e v i o u s l y 2  w i t h  minor modi- 
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Table 2 .  Proton NMR spectral assignments for the title 
compound in the hydrated and dehydrated forms. 

A6 /Hz 0 : l  4:l assignment 

Amide N - H ~  
Amine N-H 
C~-O-H 
C~-O-H 
C2-0-H 

Ortho" 
Meta" 

Para" 
Ortho' 

Meta' 
Para' 
C1-H 
C2-H 
C3-H 
Cq-H 
C5-H 

9.91b 
6.24 
5.14 
5.01 
4.86 

7.64 
7.29 
7.05 
6.75 
7.11 
6.64 
4.50 
3.31 
3.37 
3.59 
3.90 

10.09c 
6.40 
5.34 
5.31 
5.01 

7.66 
7.29 
7.04 
6.76 
7.11 
6.64 
4.50 
3.29 
3.38 
3.60 
3.89 

72.00 
63.68 
78.40 

121.34 
59.24 

x = 78.93 
6.34 
0.00 

-2.28 
5.42 
0.00 
0.00 
0.00 

-7.64 
2.28 
4.32 

-5.74 

x = 0.25 

- 

- 
~ ~~ 

a .  300 mM solution at 50 O C ;  made with "100%" 
DMSO-d6 which was taken from a freshly- 
opened ampule 

b. reacted with 2,2-dimethoxypropane prior to 
crystallization 

c. ca. 4 . 4 1  H20 molecules per molecule of 
N-phenyl (N-phenyl-P-D-glucopyranosyl- 
amine)uronamide 
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76 IRWIN ET AL. 

f i c a t i o n s .  For t h i s  purpose D-glucopyranuronic a c i d  ( 1 . 5  g )  
was dissolved i n  25  mL of H 2 0  whereupon a n i l i n e  ( 2  mL)  was 

added and t h e  pH adjus ted  t o  4.75 on a Radiometer17 pH 

s t a t / t i t r a t o r .  Upon adding ca .  3 g of l -e thyl-3-[3-(di-  

methylamino)propyllcarbodiimide (EDC)  t h e  pH s t a t  was ac- 
t iva ted  and 0 . 1 N  H C 1  added automatically t o  t h e  reaction mix- 
t u r e  t o  maintain the  pH a t  ca.  4 .75 .3 -6  When no more t i t r a n t  
was needed t o  maintain a s t a t i c  pH the  react ion was consid- 

ered t o  be complete. A t  t h i s  point an insoluble,  pasty,  off-  

white p r e c i p i t a t e  had formed and was subsequently washed with 
H20 t o  remove unreacted a n i l i n e  o r  EDC. Excess H 2 0  was re- 

moved by washing the  p r e c i p i t a t e  w i t h  c h i l l e d  E t O H .  The D- 

glucopyranuronic ac id  d e r i v a t i v e  was then dissolved i n  hot 

E t O H ;  2-4 mm needle-like c r y s t a l s  formed overnight a t  room 

temperature. For c r y s t a l l i z a t i o n  of t h e  anhydrous form, the  

above procedure was repeated e x a c t l y  except t h a t  a small 
amount of 2,2-dimethoxypropane (I 1 0  mole 8 )  was added t o  the 

E t O H  t o  react  with unwanted H 2 0  ( e . g . ,  H 2 0  + 2,2-dimethoxy- 
propane -) 2MeOH + ace tone) .  

A 

NMR samples were prepared i n  a dry box w i t h  DMSO-d6 

(299.5 atom % 2 H )  which had been previously s tored  severa l  
days w i t h  molecular s ieve p e l l e t s  under dry N 2 . 1 8  Several 

DMSO-d6-washed molecular s ieve p e l l e t s  w e r e  kept i n  the  5 mm 

NMR tubes t o  maintain t h e  sample i n  a r e l a t i v e l y  dry s t a t e ;  

the NMR tubes were closed and wrapped w i t h  parafilm t o  a s s i s t  
i n  the  exclusion of extraneous H 2 0  vapor. The samples were 

s tored a t  ca.  3 OC and underwent no obvious degradative pro- 

cess ,  such a s  pyranose r i n g  opening and assoc ia ted  Amadori 
rearrangement o r  loss  of the C 1  amine func t iona l i ty .  

NMR Spectroscopy. Preceding a l l  NMR experiments, t h e  

90' pulse  was determined f o r  each experimental  condi t ion,  

such a s  var iab le  temperature or  concentration of t i t l e  com- 

pound, u t i l i z i n g  standard methods.l9 All NOESY spectra  were 

co l lec ted  on a J E O L  G X - 4 0 0  NMR spectrometer system operated 
a t  ca .  4 0 0  MHz (B, = 9 . 4 0  T) f o r  I H  us ing  5mm probes.  

Computer l i n e  broadening was s e l e c t e d  t o  be approximately 

equal t o  the  d i g i t a l  reso lu t ion .  These experiments were ac- 
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NMR STUDIES OF N-PHENYL URONAMIDE 77 

q u i r e d  u s i n g  a m a t r i x  of  128 x 1024 (t i  x t z ) ,  256 x 2048 

a f t e r  zero-f i l l i n g ,  complex d a t a  p o i n t s  which r e p r e s e n t e d  a 
spectral  width of 953.1 Hz f o r  e i t h e r  dimension. For each tl 

spectrum c o l l e c t e d ,  16 t r a n s i e n t s  w e r e  a cqu i r ed .  A s i n e - b e l l  
a p o d i z a t i o n  f u n c t i o n  was used t o  p rocess  t h e s e  d a t a .  All 
q u a n t i t a t i v e  2D Overhauser  enhancement m a t r i c e s  w e r e  p ro-  
c e s s e d  wi thou t  symmetr iza t ion .  S p e c i f i c  d e t a i l s ,  such as 
concen t r a t ion  of t h e  t i t l e  compound and temperature ,  are pro- 
v ided  i n  each f i g u r e  o r  t a b l e  c a p t i o n .  All ROESY2 d a t a  w e r e  
c o l l e c t e d  us ing  a JEOL GSX-400 NMR spec t rometer .  The pro ton  
full-power 90' pu l se  was 10.5 ps. Acqu i s i t i on  data sets  con- 
s i s t e d  of 2048 complex p o i n t s  f o r  t 2  and 64 a c q u i s i t i o n s  f o r  
each tl d a t a  s e t .  A spin- lock f i e l d  of 3 kHz, 1 kHz o f f - r e s -  
onance from t h e  average  chemical s h i f t s  o f  t h e  r e s i d u a l  H20 
pro tons  and t h e  -OHs,  w a s  used  f o r  rms of 0.75, 0.2, 0.4 and 
0.6 s. The d a t a  sets  w e r e  z e r o - f i l l e d  t o  4096 t 2  p o i n t s  and 
2048 p o i n t s  f o r  t l .  A phase - sh i f t ed  s i n e - b e l l  w a s  used as 
t h e  window f u n c t i o n .  All t h e  -OH resonances  ( H z a - + 4 a )  w e r e  

i n t e g r a t e d  f o r  f i t t i n g  t o  an e x p o n e n t i a l  f u n c t i o n  (eqn 1) 

us ing  a modif ied Gauss-Newton microcomputer program developed 
i n  t h i s  l a b o r a t o r y .  

Proton T1 i nve r s ion  recovery experiments ,  shown i n  Table 

1, were performed on JEOL NMR spec t rometers  ope ra t ed  a t  e i -  
t h e r  400 o r  270 MHz (B, = 9.40 o r  6.34 T )  . Each r va lue  w a s  

s i g n a l  averaged f o r  64 a c q u i s i t i o n s  with 16 dummy scans .  The 
l H  NMR experiments  shown i n  Table 2 w e r e  performed on a JEOL 

GX-400 NMR spec t romete r  system u s i n g  5mm I H  f i x e d  p robes .  
T l s a t  experiments20-22 were performed i d e n t i c a l l y  t o  t h e  above 
400 MHz T1 experiments  except  t h a t  t h e  H 2 0  resonance w a s  i r ra -  

d i a t e d  721.67 Hz u p f i e l d  from t h e  C4-OH ( H 4 a )  resonance.  All 
peak i n t e n s i t y  d a t a  were f i t  t o  an exponent ia l  func t ion ,  Ii = 

Io{1-2exp[-(Ti - T , ) / T l ] } ;  i n  t h i s  express ion  Ii = -Io (Ii = I, 

as T+-) a t  r,. The Tlsa t -assoc ia ted  pseudo f i r s t - o r d e r  ra te  
c o n s t a n t  ( K s a t )  c a l c u l a t i o n  w a s  performed as demonstrated i n  

Eqn 3, 
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78 IRWIN ET AL. 

{I+/I*} i s  t h e  r a t i o  o f  hydroxyl  resonance  i n t e g r a l s  w i t h  ir- 
r a d i a t i o n  on t h e  H 2 0  resonance  and  7 2 1 . 6 7  Hz downf ie ld ,  re- 
s p e c t i v e l y .  T l s a t  i s  t h e  normal T i  measurement b u t  w i t h  s p i n  
s a t u r a t i o n  o f  H2O. T h e  o v e r a l l  molecular  c o r r e l a t i o n  t i m e  ( T ~  

= 5.4 x s ;  Table  1) and c a l c u l a t e d  T l i ' S  w e r e  e s t i m a t e d  

a s  shown i n  Eqn 4 

+ 42 ' } ( 4 ) ;  Tli = h4 [3 5 5{1 1 3  + (vC,Zc) 2 1 + (2vC,Zc)2 
1 z 

i n  t h i s  r e l a t i o n s h i p  Vo w a s  270  o r  400 MHz. The i n t e r p r o t o n  

d i s t a n c e  parameter, r i j ,  w a s  assumed t o  be ca. 2 A; it w a s  

f u r t h e r  assumed t h a t  t h e  r e l a x a t i o n  process i n v o l v e d  2 pro- 
t o n s .  Due t o  t h e  r e c i p r o c a l  6th power i n f l u e n c e  of r i j  on T l i  

t h e  i n t e r p r o t o n  d i s t a n c e  parameter  h a s  o n l y  a minor e f f e c t  on 
t h e  c a l c u l a t e d  T l i S .  
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