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ALdwl-In order to analyze compktely the ring conformation of IS)-Proline (Ahxoliiine+carboxylic acid) 
this wmpound has been ryntbeaixed with its C, atom enriched at 90% in ‘C. The ‘H-‘H. “C-‘H. “C-“C vicinal 
coupling constants musured at several pH values describe well the geometry of the thiazolidine ring. The results 
r-t thst the tip has an average planar conformation only in a MITOW ranp of pH close to the pK of tbc amine 
group. Above sod below this pH the rin8 tends lo adopt preferentially the S, endo and S, +zxo puckered 
coaformuio~~ ~~pcctively. It is conch&4i that a good correlrtion exists between the value of the dihedral a& 4 
andthecharacterS,ardoorS,aooftbr.ring. 

IN A previous report we showed that the thiazolidine and 
tbe pyrrolidine rings behave identically in many physi- 
co&em&l aspects.’ This has been emphasized recently 
by tbe fact that [S]-proline (L-thiazoMine4carboxylic 
acid) replacing Proline in natural compounds such as 
tbyrotropin rekasing hormone kads to only weak chan- 
ges in their biilogical properties.’ These results indicate 
that the residue [SJ-Pro provides an excellent means to 
investigate the conformations of a variety of proline 
containing peptides since the former presents a sub 
stantially kss complicated ‘H NMR spectrum. For in- 
staace in order to analyze the 7 spin system ofproline 
completely a computer is necessary which is not a trivial 
tssk,’ whereas for [SEPro only the ‘H-‘H vicinal coup 
ling constants H-C&,-H, and H-&CL-Ha, which 
furnish a simple and directly analyzable spin system, are 
availabk. Unfortunately these two couplings are 
insufecknt to analyze in detail the thiazolidine ring con- 
formation. We now report that the selective “C enrich- 
ment of C, (C, atom in thiazolidine) is useful in resolving 
fully tbe problem of tbe [SJ-proline geometry by way of 
the. vi&al couplings ‘H-‘H, “G’H and “C-I%. 

-AL. 

C1 LbeUed L-thiuolidine&arboxylii acid (“C,-IS)-prolinc) 
was ryatbes&d by condensation of 90% “C enriched for- 
maldehyde with L-cysteine hydrachloride’ and was examined by 
‘H NMR in 0.15 M solo in QO ax a fuoctioo of “pH”. 

Tbe “C NMR rpecba were recorded in the Fourier transform 
mode 00 a Varian CR-20 spectrometer quipped with a I6K 
computer. The “C-“C coupling constants (notably lJ,)cL,IcJ 
were measured with a “nsolution” of 0.122Hzlpoint (SOOHz 
rpctnl width, 8.192 sec. aqukitioo time) by observing the non- 
cruklled Cd carbon rigoal. 

Tbemrprityoftbe’HNMRrpectnwercrrcordedinthe 
C.W. mode 08 a Camcca spectrometer operatin at 2% MHz. 
The ‘H chemical rhifts are &en downfield from the signal of 
TSP4, usal aa internal reference. Tbe ‘H-‘H sod ‘H-‘C coup 
liru ~n.stanta were obtained with ti.1 Hz precisiin. As the 

OOMdi@ityOftbTkgaWltUldltaptiVCVlllOC3hWll~ 

tothe’~lpecbmwllcrethese rrmsurrmtnts (whenever they were 
fehbk) WWe effected on the only “C, 

REMILlS AND Dl!XUSSION 

The ‘H NMR spectra of L-thiazolidine&arboxylic 
acid, unlabelkd and specifically “C labelkd in position 
C,, obtained at pH 5.90, are shown in Fig. I. Proceeding 
from high Geld to low field one finds successively the 
H,’ (cis with respect to the carboxyl group), H,“, H, 
and H; HI: 

The HcA, Hr’ protons (spectrum A) form the AB part 
(3.23.4ppm) of an ABX system (X = H,) from which 
the values of ‘JHcd,,,,~ at&J,,,, B are-easily extrac- 
ted. The two 6 urotons give an b tvne soectmm 
(4.M.4 pm) whici~ partly 0Gerlaps with thC Ir, &tiplet. 

9096 ’ C enrichment at CI (spectrum B) produces a 
splitting of the HI s 

fe 
chum into two AB quadruplets as 

a consequence of J13ccIH and ‘J,3cLIH. (159Hz and 
MHz at this pH), whereas the AB quadruplet of the 
residual 105% ‘vIHz is still visible in the spectrum. 

Siiultaneously, each line of the HOA. Hbs and H, 
multiplets is split into a doubkt as a consequence of the 
vi&al couplings with “C, The values of ‘J,H_,3c are 
easily read on tbe ‘H spectrum and, as in the case of 
‘J&_&’ can be systematically followed against the pH. 

erentiation of the 8” and B’ protons is of im- 
portance to appreciete the X’ and X2 angles and has been 
effected through comparison with Rolinc and by taking 
into account principally the following criteria: 

(1) The amplitude of the variation of their respective 
coupling with the H, proton during pH titration, in 
relation to the maximally allowed puckering for the 
j-membered hcterocycle. 

(2) The X-rays data on this compound,- its N-t- 
Butyloxydcrivative’ and its glycinediketopipcrazine, 
for which the ‘H NMR data are availabk.’ 

The coupling constants which can be discerned in both 
spectra (two ‘H-‘H and ‘H-13C vicinal couplings) have 



Fig. I. 30 MHz ‘H N MR spcctn of L-thiazolidinc4carboxylic acid (A) and 90% “CI L-thiazolidine-katboxylic acid 
(B) obtained in &O solution at pH MO. 

been measured between pH I and pH 11.3 and give rise 
to the curves of Fig. 2. They all suggest important 
conformatio%d modifications of the ring. parti- 
cularly during the ionization of the amine group with its 
pK around 6.3. The values of ‘J,n_,n and ‘J,3c_,a as well 
as those of JJ,,c13c determined from the “C spectra at 
the most characteristic pH values are summarized in 
Table I together with the main geometrical features we 
derived from them. We note in particular that at pH 6.10 
where the two species zwitterion and anion are about in 
equal amount the couplings “CI-HbA and “CI-HLB 
have the same value which shows that on average the 

angles HBXaI and HA-C%, are quivalent 
and are 120” on the NMR time scale. Since the “G’H, 
coupling is identical to the preceding one. the angle 

C&-,-H is also Izo”; this signifies that the ring has 
a mean conformation of planarity at pH 6.10. 

Accordingly the ‘J ,w,kr 

reflects by itself a mean angle C 
perfect agreement with the v 
an+le from the theoretical curve proposed by Bartield d 
ol. ’ for butanoic acid. It matches equally well with the 
experimental values determined from a series of car- 
boxylic compounds by Miller et aI.” The same is true for 
the IC-‘H coupling constants which agree with those 
proposed by several authors4J2*‘3 for angles of 1200. On 
the other hand, the coupling constant HA-C, C--H 
furnishes a mean dihedral angle of 30’ according to the 
curve by Kopple.” For this value to be in accordance 
with the preceding data showing that there is not pref- 
erential puckering of the ring, we must assume that X1 
alternatively adopts the values of +3tP and -30”. S, 
moving symmetrically with respect to the mean plane of 

Fig. 2. Curves of pH dependence of the ‘H-‘H and ‘H-“C 
vkinal coupling constants in [SJ-Prolinc and “C,_(SI-Proliw. 
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the ring. This assumption is supported by the second 
‘JJw~~~._‘, coupling constant the value of which cor- 
responds neither to 150” (e.g. 12tY+3@) nor to 90” (e.g. 
lZtY- W) but rather approaches their average. Thus, all 
these elements show that at pH 6.10 the thiaxolidim ring 
fluctuates rapidly between two extreme and equally 
probable conformations which might correspond to the 
S, endo (XI = +3U’) and S, exe (XI = -30”) forms (S, rndo 
and S, exe are relative to the orientation syn and 
anti of the S atom in respect of the carboxyl group). 
Lastly, it is obvious that in this situation which only 
prevails in a very narrow pH range near the amine pK 
value, the dihedral 4 possesses a mean value of -60” 
concording with the proposed averaged planar confor- 
mation of the ring. 

At pH 1.35 the “C-HbA coupling is now smaller than 
the “C’-HBn which shows that on the average the two 

corresponding angles C’a,-H” and C’-es-HB 
deviate from 120”. the former being smaller than the 
latter. In much the same way the ‘J 13CLW. and ‘J ,3cp13cI 
values which have increased and decreased respectively 
suggest a slight opening up of the dihedral angle 0 
(> - 60”). These variations show that we no longer have 
the ideal situation found at pH 6.10 where all the atoms 
C,. N, C’, S and CB of the ring are, on the average, 
coplanar. In agreement, the ‘H-‘H coupling constants, 
too, show that now the ring has on the average a mean 
puckered conformation. Notably ‘JJH’,,+H is smaller 
than at pH 6.10 which suggests that either the average 
life time of the S, endo form is larger than the one of the 
S, exe, or rather that at conformational equilibrium these 
two forms (equally populated) are no longer charac- 
terized by the same absolute values of X, (230”). Since 
at the same time ‘JH+,c._H remains constant, the 
change of the puckering m each conformation is such 
that the average value of X, is maintained close to 1304. 
Accordingly it might be assumed that the absolute value 
of XI increases in S, endo while it decreases simul- 
taneously in S, exe within such limits, however, as to 
keep ‘JH~-C,C._H constant whereas ‘JW~+C._H chan- 
ges; c.f. the shape of the curve given by Kopple et 01.” 
in the regions between 20” and 40” and 120“ and 150”. 

At pH 8.M the “C,-H,’ coupling constant is now 
smaller than “C,-HsA in contrast to what had been 
found at acid pzThis indicates a very distinct closing of 

the angle C&-CBH”. The increase of the “C-“C, 
coupling and the consecutive decrease of ‘J ,3CLHI on the 
other hand show that the dihedral angle I$ has narrowed 
appreciably: it must now adopt a value quite below -60”. 
From these data it appears that we confront a situation 
totally opposed to the one found at acidic pH, as the 
observed ring conformation is now rather of the S, exe 
type. Again this is confirmed by the new value of the 
‘J H+C._H coupling onstant. suggesting an increase in 

the mean angle H- I+ _-&,-Ha. 

CONCLUSION 

In agreement with the ‘H-‘H, the “C-‘H and “C-“C 
coupling constants are parameters that can be utilized in 
structure determination with a certain confidence. Even 
for [S)-proline which contains several electronegative 
atoms, they lead to conformationally reasonable values 
of the dihedral angles, particularly in reference to radio- 
crystallographic data. It is interesting to underline the 
existence of a relationship between the relative apparent 
proportions of S, endo and S, exe forms and the value 
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