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I/rp~ - kl[S-] + kdP-] (U 
OI 

WPEI - &Kstr + Whd3/~H+I (2) 

KNH is the ionization constant of the peptide and KsB is the apparent autoprotolysis constant for the 

solvent mixtures-? 

KSH = [S-ItH’l 
with fs-] - [DMSO-] + [OH-] 

and [H+] - [ii&*] + (DMSO...H*] 

Kstt values for the mixtures investigated were taken from the work of Schaal er al.s-s. in fact, in the pi1 

range explored, the concentration of the dimsyl anion is negligible with respect to that of the hydroxide ion. 

except in anhydrous DMSq. so that mechanism (1) can be actually written as: 

kt 
PH +OH- -> P- + Hz0 (1) 

The investigations included measurements of the pK of the peptide in these solvents, an important aspect of 

this work since acid-base properties of nitrogen atoms in amides and peptides me still poorly documented. 

EXPERIMENTAL SECTION 

ure water. or 

purified according to 

For each solution, two pH ran es are explored to determine either the pK of the peptide or the pH around 
coalescence. In each case, the standar 6” state used to define the activity coefficients is the infinitely diluted solution 
of the solute in the H2O/DMSO mixture under consideration. Activity coefficients of neutral spectes were taken 
equal to unity, this assumption is probably true in the concentrations used here (a piece of evidence suggesting the 
validity of these assumptions is the independence of the ratio I- /[ill] of the ionized to the unionized forms of 
Hammett indicators in the concentration range of ca. IO-*-IO- IM ). Moreover if the Debye-Hnckel law holds in 
DhlSO solutions, then the activity coefficients of ionic species assumed to be of a similar size are equal in a given 
solution to a common value I*, and therefore cancel in the computation of species [P-l and [S-J from the ratio 
Il-]/llH& 

El,L!l_ K,,,K,” 

[PHI [IHI 

[ 
s A-- Ks”/K,x -1 itHi 

even if the term 'I** (itself very close to unity) appears in the formulation of the ionization constants: 

Kt.n = yts [H+&YlIH] 

KaR - was [S-XH+] 

KNX = yt* [P-~H+l/[PHl 

ln pure water, the pH’s at coalescence were determined using a combined glass electrode METROHM EA 
159 (the pK of the cyclopeptide was not accessible due to the levelling effect of water). 

frr pwe DMSO, pH measurements were carried out using an absolute pK scale described previouslyt. The 
Hammett indicator@ required for the present investigatioos are (a) 4-nitroaniline. pK=19.2, used to.determtne the 
pH of a 0.02M solution of the cyclopeptide titrated with hexamethyldisilazane (Fluka) under argon In a glove-box 
(b) 2-bromo-4,4-dinitroaniline, pK=13.4, used in the coalescence range. 

In HsO/DMSO mixtures, absolute pK scales have been settled by Schaal er al.s-* from a combined 
potentiometry-spectrophotometry method.The pK of indicators (pKt& 3s well as the apparent pK of the solvent 
(pKs~, see above), were read from plots of these 

s 
uantities as a function of the wei 

Hammett indicators used to measure the pK o the cyclopeptide (from the p Is 
ht percentage of DhlSO. The 

at half-neutralization with 
solvent C (pKtn-16.6) and 2-nitrodiphenylan?ine in 

could be done safely for the most aqueous mtxtures 
the too small pK difference between the solvent 

(pKsR*l6.65 and 17.78, respectively) and the peptide (PKNH - 14-16, see below). The ~KJ t values for solutions A 
to D were checked according to an absolute method’ using an excess of the strong base !!- (OH-) and measuring 
the equilibrium: 

K, 
IH +s- = I- +SH 
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Kul is then deduced from the knowledge of K, (this work) and KSH (ref.S) according to the equation 

Ktit = K.Ksx 

K, is obtained by measuring the apparent extinctioa coefficient e’ I d/a (d: optical density ; a: analytical 
concentration of the iodrcator) as a function of the concentrxtion of added base [S-f, and using the relationship 

l/c’* l/E+(l/rK*)/[S-] 

where < is the extinction cqefficient of the ionited form of the indicator [I-]. 

For a constant concentration of tha indicator a good linearity of I/r’ vs I/ S-1 is observed. Tbe least squares 
slope yields X,, and thu interctpt 6 itself, from which K, and i are deduced. r! or each couple indicator/solvent. 
three straight knes arc dnwa. corresponding to three different concentrations a of the indicator (Table I). 

(I) SoIve4ti CfpKa~ = 19.32) and 4-ailtldiphen~fariite (a - 505 nm). 

10~4O~-M~) 1 lOsxa(M)~4.2~ 3.15 2.1 I 
o.oss 1.47 1.11 

0.110 1.68 1.28 
0.165 1.75 I.33 

K, - 5432 

(2) Solv?~lt D (p& * 22.06> atuf 2-ttitrodiphgtrylomitt~ (1 * 545 ttmj. 

0.74 
0.86 
0.90 

K, = 3432 

Table 1. S~trophotome~ic measurements of the absorbance fd) of Hammett indicators (IH) of 
a& tical concentration s in HsO/DMSO mixtures C and D as a function of added base OH- at 
tS@C! Constants K. for the aquilibrium IH+QH-=]I-+HsO nrc shown below each series of 
e*p&Ws. 

The agreement with the values from the literaturea is very good, in spite of a 59‘ difference of tcmperatufe 
in the two series of meuurementr: pKt8 = 15.6 (this work agamst 15.6(C) ; 18.5 and 18.5(D). The method IJ 

d unfort~~ly valid only when the concentration of the adds base necessary to obtain pH - p& is not too small 
G-1 a- IO-W). Otherwise acidic or basic impurities from the solvent made the results fully erratic, even if a 
correction is brought in the calculation of S-J when the concentration of the base is of the same order of 
magnitude as that of the indicator. The 6 met od is thus restricted to pK’s ranging from pKs8 to ca. pKs~-3, 
excluding the less aqueous mixture (E) where pKa~ = 24.0 while pKt I 18.7. Although restrrcted to the more 
aqueous mixtures, thesa measurements show a very good a 

tB 
reemeat wit those of Schaat et nl.6 and thus allow US *i: 

to usa their value for solution E with a high degree of con ldence. 

A similar situation prevails for the Hammett indicators used to determine the pH 05 solvents D and E at 
coalescence, respactivaly tha 2,4-dinitrodiphcnylamine (pK I 12.7). and 4-aitrodiphenylamme (pK = 16.5)s. For 
solutions A to C, then is no direct me~urement of the pK of 4-nitrophenol. used m the present wprk 83.an 
indicator of pH at coakscence. The pK vpfuu quoted in the literature’ result from P-@ Hammett correta~l~ns usmg 
spectroscopic data. TM absolute method described above cannot be used here due to the much more ac&c nature 
of the iadlcator (pK= - IO). To circumvent thii difficulty, there cxtsts a general method due to Hammett using a 
series of overlappin indicators. We found such a series going from ?.4-dini!rodiphenylamrne (pKtH = 12.9) 10 
4-aitrophenol, in IO ution B only, by using th mol blue as an intermediate indzator. la a first styp,.the auxrllary t 
pK of thymol blue in B was determmed by h & drag to B 2.9x10-s and 1.6x10-sM of the first two mdlcators of the 
series. The I- 
respective&f g 

[IH] ratios for both indicators were determined by spectra 
us yielding the 4 pK between the two indicators, and there ore the pK of thymol blue itself (PK * P 

hotometry (at a.,. = 500 and 610 nm, 

11.3). The tdme opantion was repeated in a second step using again thymol blue and 2.8x10-sM 4-nilrophenol (a... 
- 417 nm 
(pK = 8, i+ 

leading to pK I 10.3. This value is clearly higher than. the one quoted above from fpectroscopic dara 
after a corractionls from 2Do to 2SoC), but is in &ood agreement (pK = 10.28) with potentiometrtc 

measurements in a HsO/DMSO mixture whose composition is quite close to that of s$utjoa RIs. The above 
discrepancy may be due to an exaltation of mesomeric effects in the nitrophenolate ion {vrtiarmg the o-subs++ 
parameter taken as a constant in the various H O/DMSO mixtures), and/or to specific solvatton effects brmg!ng 
forth unex 

81” 
ctcd deviations in spectroscopic d asa. For solutions A and C, the above method of ovcrtappr~g 

indicators *1 not work because of too large &K values. We used therefore the pK’s derived from spc&Xroscor)G 
correlations mentioned abovels, which are probably underestimated values: pK I 8.3 and 9.0. respectively. The 
interpretation of our kinetic results suggests somewhat higher values: pK - 9.3 and 9.5 (see below). 

All spectrosco ic me~uremen~ were carried out at 2SDc using a UV-visibIe s~ctrophotometer VARJAN 
DMS 100 and lcm H E LLMA quarto cells. 

Proton spectra were racorded on a BRUKER AM 400 spectrometer at 400 MHz and 25oC. Kinetic data 
were obtained as described in a previous publicationa. The coalsceacc of the N-methylenc lines (born by carbon 
C(o), see formula in figure 3) as a function of the pH was used to obtain rate constants for the exchange of the 
peptide hydrogen according to aqn.2. 
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(‘) Lines overlapping with HtO rcsoornce. 

Tebte 2. Chemical shifts d(ppm/TMS) and coupling constana J(Hz) for the A!+lX spectrum of 
the Glycyi residue of r-Gly-L-Pro in HtO/DMSO mixtures, at 400 hlHx xnd 2SoC. 

The NH lines themselocs were not sufficiently sharp for this purpose due to quadrupolac relsxarion oi thd 
CWpftd nitrogen ou~leus. The static spectrum con~rsts. besides the lines of RblSO and u-stcr, of 3 brozdened 
singlet for the pe tide hydrogen xt co 8 ppm (table 2). s se1 of lines between 3.5 and 4 I ppm for the Ctjzi*f 
protons (Fig la), our sets of tines around 4 2. 2.2. I 8 and 3.4 ppm for protons born by carbons 0. 1)’ V’ 0 01 lhc P 
proline rins. 

13) 

4.0 3.a 3.6 

PPM 

(cl 

ii 

dl. , ,! J\ 

4.0 3.8 3.6 

PPM 

(0) 

) J 

-.X. 

4.0 3.8 3.6 

PPM 

fig. 1. *H NMR spectra (CH (e) protons only) $1 400 MHz and 23oC of 0.1 M DMSO solutions 
of cycle-Glyc I-LProlyI. 
decoupling. (C J 

(a\ undecoupled static spectrum (b) static spectrum wilh CH(a’) 
or with N-H(x) dtcoupling (d) undecouptcd spectrum in DhiSO contziniog 

2.9.1O~~M~!ttirmethyl~u~nidiDc 
(rZ- 2.7 s-1). 

The glycyl methylenic lines (3.5 to 4.1 
h? 

pm) were analyzed as usually ~t( on the basis of Ih? AB part oi in 
ABX pattern, which reduced here to the A part of an AMX pattern due to the high working frequency. The 
spectrum then consists of two quadruplets at high md tow fields for the non equivalent methylemc pro!ons, sky A 
and M, r~rrpectively. An interestins peculiarity II the presence of a broadened doublet only in the Iqw-lIeId pW.ol 

se 3ration of 66 
the spectrum Fi la). In fact. each component of the doublet is itself rn ill-resolved doublet with a small line 

Hz. However this splitting is not due, as expected. to a small coupling JMX between peptide 
N&(X) and meihylene H(M) prdtons. 
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Fig. 2. tH COW 2D-NMR spectrum at 400 hitir and 25oC of 3 0.1 hi DMSO-de solution of 
cycle-Ciiycyl-L-Pro1 
litter subscripted as s % 

t (16 scans oYer tKxI&C poinrr. digital resolution: 7.32 Hz ; contour pioi ; 
own in the text). 

(a) 

&oat-like (b~onfotmrtiooa of cyc o-G 
FIp, 3. Pen ctivs and Newman yionf the C(a)-N bond) projections of the chair-like (3) sod 

ycyl-L-Prolyl. 
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Two oonformafioor may be imagined for the cyclopeptide rin 
which the two peptids bonds are planar, or a distorted chair-like con f 

(Fig 3) either a boat-like cooformntion. in 
ormafion in which there is a torsion angle w 

of about 600 in each peptide bond. Molscular models then show that only the second conformation can lead to an a 
aqie of 900 between fhe approxinfafely equatorial NH(X) and axial H&i 
as IO cyciohoaaue duo fo drsforsioos introduced by nitrogen atoms and car ‘60 

8) protons fin fact o is not equal to 60~ 
nyl group). Proton H(A) appearing at 

high field is therefore aaaigoed to fho pseudo-equatorial position (contrary to what is observed in cyclohexane or 
piperidios derivatives 
projectioo in figure 3 

with an expected value Ja of about 4.5 Hz due to a dihedral angle of 300 (see the Newman 
. 

Coupling constaofs Jm and Juy are not sensitive to the solvent composition (Table 2). this shows no 
variation ia fhe cyclopepfide conformafron induced by the solvent. The chemical shift 6, of the freptide hydrogen 
~3s found &tOsf Consfaof (8f l $03 ppm) while, more surprising1 *, 
dependenf, the difference (a.-&) gomg from 0.49 ppm in DMSO to 0.2 4 

the o-methylenic protons were solvent 
ppm in HsO. 

NMR rate constants I/r,” were obtained from the coatescence of either A doublet, or both (Fig Id). This 
was however impossible for the Icss aqueous solvent mixture E,. because of an overlap of the A doublets with the 
tine of w8fCr moving downfield when the content of DMSO is Increased. In this case, we used the linewidth of the 
water line ifself dr,,,, yielding the mean lifetime of writer proton+ 

This allows us in turn to deduce the part of the exchange on the peptide hydrogen Ifr’pu fs r/rpn involving 
a water molecule according to fhe formutarr : 

2fHlOj 
l/r’,,- l/T”,O’- 

[PHI 

This exchan e concerns in principle only mechanism (I) (see however the discussion below), i.e. I/r ,I 
should be 0qua1 to & f(DH-). The interpretation of the results thus obtained for solution E required further a test 
experimeof in another solvent (D) where both types or coalescences (o-methyleoic and HsO lines) were observed 
and analyzed. 

RESULTS AND DISCUSSION 

Two or thraa sets of kioefics experiments were performed for each solvent using two or three 

concentrations of pepdde. [PHI - 0.05; 0.1; 0.1s or 0.2. 8nd up to five pH values (Table 3). Plots of l/rpu versus 

I/fH+] are straight lines of slope p with a zero intercept and least squares correlation coefficients larger than 0.99. 

Slopes p were found independent from the pepfide concenfratjon (Table 3). 

0.7 9.80 

::i 
10.18 
10.23 

0.6 11.90 

::: 12.20 12.40 
:.a 

11.75 

1:9 1% 

Tabie 3. NMR rate constants r;:, in s-t, as a function of the pff in DMSO/H& mixtures 
coofaioiog various amounts of peptide PH, at 2SoC. 
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Ma&a&an J alone b thco assumed to occur in pure water and the unique p value thus yielded the overall 
rate constant kl-k;K, (from eqn 2, with K~M-K.). and therefore k~Hs0)11.36xlO%-~ (Table 4). This value is close 
to the diffusion-limitad rata constaut ksIOWl in water and SxlO4-1 in DMSOI. This agrees fairly well with the 
prediction we ma& In a previous papers. considering the kI value obtained for N-methyIacetamide (NMA), 
ki(HsOfiI.S6xJO%-1, a chcmicrlly analogous compound, but much less acidic than the peptide presently 
invrrtigamd (by five orders of augoituda in DMXI: pK~~-23.4% 8aainrt 18.3). 

Tabla 4. KinatlC (kl. k2, kt k-t, kn) and thermodynamic ( KSH, 
by-an 8baVrctioa of cycjo-Gl -L-Pro 
comptrritio~ (x,,wO or [H&1), St 2 r 

in basic tp 
pK& data for peptide 

<. 
DJ@D/ 20 solvent mixtures of giVGa 

Slow p wore found strictly proportional to the peptide concentration C, with a coefficient ksakllKNH. As 

in the cw of NMAt, PC32 and PO& thou, obsarvationr at8 con&tent with proton abstraction by the conjugate 
base of the p&da aooordioe to me&an&n (II). In this casa, mechanism (I) has a negligible contribution to the 
profon tranafar, rince k, is at most aqua1 to cu. IO-24 (Ksii=JO- as and kt rk4-10°-l~~e)~ while kr-9.07x10-IsMr-1 
(Table 5). Comparod to thoaa relative to NMA and PCs, rata constants k#MSO) follow an order of increasing 
magnitudr 

ThJs order reflects Iha sequence of decreasing pK’s for the amide or peptide bond, P&&3.4; 19.4 and 
IS.3 rerpectivoly. Thii paraJlelirm is coherent. but not necessary. since an increased acidity of th6 NH bond in PH 
is ticcompanisd by a dacreased basicity, and presumably oucieophilicity~ of the conjugate base P-, thus making 
predicrioas ovar the rata constant kll uncertain. 

The contribution of aachanirm (St) was found neBli~ibl8 io solvent A (kr *Sk&). In mixtures B,C,D, kt 
and ks valuea could ba determined from the plots of p rcrsw C. From exprrimenral lcl values. we deduced rate 
constants kg from the knowicdgc of Kat( (Table 4). Rate conslants k[I can be computed for those solvents (C and D) 
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in which the ionization constant Km can be measured, Rate constants kr and ktt are displayed on a 
semi~loS~j~io piot t&a a function of the s&@nt composition xp&#ao (Pig 4). 

Fig* 4. Semi-lo 
H O/DMSCI Ii 

arithmic plots of reaction rtttes kt (e) and kxt (e) of mechanisms (If and (II) in 

v8f 
so vent mixtures of molar fraction xp~go (Symbols o and o refer to corrected 

ues, see the teat). 

ks vahtes are roughly dktpdsed sfong a horizontal line Dt. ~vjatj~ns arF. observed for mixtures A and C, 
this L probably due to the u~~c#s~mated vafuc of t&e ph of the d-njt~pbe~~~ used as a pH indicator in these 
media (see aboveb lu affect, it seems nneonce~vab~a that the rate of reaction (1) may be decreased by about an 
order of magnitude in 33 (compared to A), in spite of the well-known increase of basicity of the attacking 
hydroxide ion OH- by addition of DMSO. The deviationa of top, kt (by 1.0 and 0.5 units for solvents A and C, 
respectively) may be assumed to represent the error 6,. between the quoted values f&3 and 9.0 respectively), and 
the true values, thus estimated 85 pK~x - 9.3 and 9.5, respectively. This correctioa would raise the kt vrIoes 
themselves to 3.1 and 2.3xW M-as-t in A and 8, as noted in Table 4. 

Thii aRows in turn to bring the same correotion ta rate ctwtnnt in solvent C, ksf = 1.94~10s M-WA The set 
of four points reorienting the kn values obtained in solvents C,D and DMSO, and in solvent E (see below) are 
~pprox~rnate~y located along a straight line Dtt of negative slope (If the linearity is assumed to hold fat sotvent B, 
we may infer a rate constaut k&8 - 5x~~M-ts-TV. This means that rate constant ktt is ~rograssive~y decreasi~ 
from water to ~~, while kt is kept constant. In spite of this fact, mechanism (It) is predom~n~at only in the 
less aqueous systems, because of the much sharper increase of pKas compared to pf(pn. 

~~~~~ * 

A first experiment was carried out in sotvent D. The NMR exchange rate ilr’,, was again found 
~ro~rt~on~ to t/Q@] with a ~oef~~~e~t kd = ~.~~7~I#-tsM.s-t~ as shown by the straight tine (D) observed in a 
~oSarit~m~c ptoa of 1[8p~ versus pW (FigJ). 

The v&e of & is clearly larger than expected for mec~anjam (lt alone, in which case bb shoud be 
eq~af to k, = 0.1 f?xlWa h&s-i sad the straight iinc D of figure 5 shot&d coincide with hne D(t) & equation : tagi/ 
r’pn * log Irl * pH, In fm, line D seems rather to be in the continuation of’ the line joining the points 
represe~tingi/~~* the NMR rate constant deduced from the coalescence of the a-methytcnic protons (see a&are, 
Table 3). in another pH ranSe_ This indicates that kob should refer to the sum of” mechanisms (1) and (H), ia 
which case kb should ba equal to kt + k&Z - I.bZxLD-1%~t. Tht deviation of co. 30 96 between the 
ex~r~~~~ and calculated values is probably within the ~~certa~nt~ ranges accumulated in the determination of 
d”,,, 6SH and PKNt$. 

This meana that raactian (II) should involve water moleoales intervening to faciiitate proton transfer 
betweea the amide bond and the amide anion according to the scheme: 

k 
PH + (O-H), + P- -, P * 

A 
(H-t+ * NP (30 

H 
where n * t. For a given ~s~/~~~ mixture. the overall rate constant ktg includes the water concentwtian ktr * 
k . gH$&& th% explains, among other causes, the decrease of kE in the less aqueous mixtures, 
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Fip. 5. !hni-logarithmic plots of NMR rate constants versu.s the pH, (a) l/rpB deduced from the 

line-brondering of the water resonance) for solutions D and E (lines D and E, respectively). and 

(b): lfrp~ (deduced from the a-methylcnic lines of the cyclopcptidc) for solution D only (Line 

D). Line D is compared to line D(1) representing the contribution of mechanism (I) alone. 

The intervention of bridging water molecules in proton transfers within an acid-base pair has been 

introduced by Grunwald el al 1s in the case of methylammonium salts and the conjugate amines. Mechanism (11’) 

has proved to be of a great generality, and is predominant over mechanism (11) when the protonation-deprotona- 

tion proocss occurs between stcrically hindered sites. 83 in 2.2,6.6-tctramethylpiperidinc dcrivativesle or in nucleic 

acid-base pairsso. In the case of pipcridinic substratesls, we have shown a large decrease. by co. three orders of 

magnitude, of rate constants ku by going from water to DMSG. WC have a somewhat analogous situation here, 

where a decrcxse of ku by a little less than three orders of magnitude is observed from solution B to anhydrous 

DMSO. 

A second experiment was then performed in solvent E, in which the observation of a-methylenic protons is 

impossible. Expcrimentaf data are again consistent with a direot proportionality of I/r*p~ to l/[H+] with a 
coefficient bb I 2.01x10-lsM.s-1, as shown by the linear plot of log I/r’p~ versus pH (line E in figure 5). In this 

case, mechanism (I) brings a negligible contribution kl - IO-lsh4-Is-1 to kob even if a constant maximum value of 

-IO%1 is assumed for 4. WC may therefore assign k,,b to mechanism (Ii’) only. this allows us lo compute the 

value of ku in solvent E. It@) - 3.58~10s. which is clearly in line with the values obtained for solvents C, D and 

DMSO (Fig. 4). 

The pK of cycle-Glyoyi-L-Proiyl in DMSO is slightly smaller, by co. one pK unit. than the ones of the 

linear dipcptide PGs. This difference may be due to either the cyclic conformation of the pcptide presently 

investigated, or to the influence of the protecting groups in PGs. Nevertheless this confirms a pK of cu. 18-19 for 

the peptide bond in DMSGs. 

pK measurements show a nearly constant value in the less aqueous mixtures, from solvent D (xo~so - 

0.700) to pure DMSG (~KNH - 18.3). This constancy probably reveals a preferential sob&on of the peptide bond 

and of the hydrogen and amide ions by DMSO rather than by water. For more aqueous systems.the pK seems to 

decrease, pKm I 16.6 in mixture C. The value in water, although unknown, should be around 13. if we admit, as 

for NMAI, a dpK of transfer from DMSO to HsO of about 5. 

The knowledge of both kt and KNH in solvents C and D allows us to compute the backward rate constant 

k-l of reaction (I): 

P-+HsO+ PH+OH- 

since k-x - kxKait/KNrt 
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Orders of magnitude of 10s and lOeM-Is-1 are obtained for k_t in C and D (Table 4). These values are far 

from the diffusion limit, which is of!en considered to be reached for reprotonation of such strong bases as amide 

anions by water molecules. This is again in favour of strong specific salvation of the amide anion by DMSO 

preventing the approach of water molecules. Another explanation is that the water molecules themselves are fess 

available ia mixtures containing a large amount of DMSO, because of strong associations between DMSO and HsO 

molecules, a phenomenon often invoked in the literature*s. If the djffusion-limit is assumed to be effectiveiy 

reached for the backward and forward reactions in equibrium : 

h 
PH+OH- = P- + HsO 

k-t 

rhen K~fi = Kss according to eqn.4 On the contrary, in less aqueous media. Knu becomes larger than Ksu, this 

requires that k-t is continuously decreasing, as kt remains nearly constant. 

Thesa measuraments give some explanation about the switch of mechanism (I) to mechanism (II) from water 

to DMSG. The forward reaction in mechanism (f) is nearly constant because the diffusion limit is already reached 

in pure water as a consequence of a sufficient acidify of the peptide bond (this was not the case for NMA, where 

kt~so(N~~ = f.S6xlPM-@-If. Rate constants kt are levelled to their diffusion limit on further additions of 

DMSO which are accompanied by an ineroasing basicity of the hydroxide ion. On the contrary, the backward 

reaction in mechanism (I) continously decreases from HsO to DMSO. thus ensuring pKnn<<pKsu oo the DMSO 

side of the binary solvent mixtures. This inequality, which is equivalent to [P-]>r[S-] explains why mechanism (I) 

becomes uneffective in the less aqueous solvents, in spite of the fact that kI>kn. 

In pure DMSO, mechanism (II) alone is effective, and is relatively slow, contrary to the case of NMA, 

where ktt has reached its diffusion limit. Addition of writer increases ktt mainly beacuse of the intervention of 

water molecules traosferriog protons along a Grotthus type chain. kt~ reached values close to the diffusion limit for 

the more aqueous solvents (F&.4), in which however the contribution of mechanism (I) to the overall proton 

transfer becomes oegligible. 

In DMSO/HsO mixtures often used for NMR studies of peptides, both types of exchanges are slowsa in the 

absence of any added base, since both the solvent and the peptide are poorly self-ionized. Slightly basic 

DMSO/DsO mixtures have been used to characterixeg*.ss-$4 strong internal or loose intermolecular hydrogen bonds 

in polypeptides by observing slow or fast NH-ND exchange rates, respeotively. Under these conditions, the 

NH-ND exchange thus involves the penetration of a continuous chain of hydrogen-bonded water molecules up to 

the exchanging peptide bond, the basic partner at the other end of the chain being any strong base in the medium: 

hydroxide ions (which may as well operate alone) and amide anions in the present investigations. 

All NMR spectra were recorded on spectrometers of the NMR Center of the University of Nancy. The 

authors thank Mrs. Eppiger for her technical assistance and Dr. Serratrice for the 2D COSY spectrum. 
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