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The conformational behaviour of a series of N-substituted thiohydantoins of proline was studied 
hy proton N MR. The pscudorotatiomll parameters of the proline moiety were calculated from the 
ten "icinal proton--proton coupling constants assuming a two state equilibrium (N ~ S). The effect 
of the dill"crent substituents (methyl. phenyl, pal"tl-nitrophenyl) at the thiohydantoin nitrogen on the 
conformation of the pyrrolidine rings is discussed. The spectra of proline-N-methylthiohydantoin 
wen: recorded at dill'erent temperatures in octadeuterotoluene solution. The conformational 
arialysis of these Sp(.:ctra showed that the ratio of the populations of the Nand S forms changes 
considerably with temperature. while the conformational identity of both the Nand S forms remains 
strictly preserved. These facts provide an additional experimental justification of the two-state 
assumption. at least so for the present model compounds. 

Since the development of the generalized Karplus equation by Haasnot et at 1,2, 

a more reliable evaluation is feasible of torsion angles from experimental vicinal 
interproton coupling constants. When this equation is combined with the 
concept of pseudorotation3 - 5 and the existence of two stable conformations .is 
assumed in addition, a most valuable comprehension of the conformation of 
five-membred ring systems emerges. In tbis approach the pseudorotational 
phase angle (P) and the maximal pucker (r) for the individual conformers 
N (North) and S (South) and their relative abundance (xN ) c~m be calculated by 
a least-squares iteration procedure. The quality of the fit is expressed as the rms 
value. based on the difference between experimental and calCulated coupling 
constants. 

The fact that lower rms values are obtained with the bistable state model 

(l1ve parameters: PN ' rN' Ps. ts and xn) as compared to the _single state 

r * Present address: DOW CHEMICAL B.V .. Analytical Development Department, P.O.' Box 48, 
AA4530 Tcrneulcn. The Netherland·s. 
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appro'ximation (only 2 parameters: P. r) is trivial and does not guarantee the 
physical significance of the computed result. Confidence in the latter must be 
found elsewhere. 

In this perspective we recorded high resolution proton NMR spectra of 
proline-N-methylthiohydantion at 360 MHz in octadeuterotoluene at 
temperatures of - 30°C, - 5°C. 20°C. and 60°C. The ten vicinal coupling 
constants of the pyrrolidine ring. refined by computer simulations of the 7-spin 
system. were subjected to conformational analysis as described (vide supra). It 
was found that a shift in the N ~ S equilibrium is at the origin of the changes 
of the observed coupling constants with temperature. The conformational 
identity of the individual conformations however was not at all affected. 

Similarly some N-substituted-thiohydantoins of proline (with the 
substituent hydrogen. methyl. phenyl. p-nitrophenyl) were investigated at room 
temperature. The difference in N-substitution of the thiohydantoin caused 
a small impact on the pyrrolidine ring conformation. i.e. a slight shift in the 
population of the Nand S forms. This conformational drift can be explained by 
the typical canonical forms of the thioamide moiety of the thiohydantoin ring. 

EXPERIMENTAL 

Synthesis of the Substituted Proline Thiohydantoin 

Proline (1·6 mmol) was dissolved in a mixture of 0·5 M aqueous sodium carbonate (25 ml) and 
dioxane (25 ml). Appropriate alkyl or aryl isocyanate (3·2 mmol) was added. the mixture was stirred 
for 3 h at room temperature and then refluxed for I h. After cooling to room temperature the 
mixture was acidified with concentrated hydrochloric acid to pH 1·2. refluxed for 2 h and then 
evaporated to dryness on a rotatory evaporator in vacuo (2·7 kPa). The residue was extracted with 
chloroform (50 ml). the chloroform solution was dried with anhydrous magnesium sulfate and 
evaporated to dryness; yield 60·-80%. The unsubstituted hydantoin was synthesized according to the 
procedure described by Elmore et al.b• 

Melting points (Kofler hot plate. uncorrected): fa: 50·0-50·5°C (ref. 7: 51°C); fh: 
171·5-172·5°C (ref.K: 171-173°C); Ie: 179·0-179·5°C (ref.9: 179-180°C); Id is a new 
compound: m.p. 163·5-164"C; TLC on precoated (0·25 mm) silica plates. Merck 
DC-Fertigplatten Kieselgel 60F2s4• RF = 0·60 (benzene-ethyl acetate. I : I). I R (I % in K Br. cm I): 
3050.3038.3029.3020 (arom. I'CH)' 2 989. 2 978. 2 947 (aliph. vC-H)' I 760 (I'C=O)' I 606. I 592 
(arom. VC=('), I 518. I 497 (thioureide band). 1420. I 350. I 268. I 235. I 168. I 106. I 042. I 010. 
960,846.740. [:xlsK9 -18·35° (e 0·1; CHCI,). For C I2 H II NP,S (277·3) calculated: 51·98% C. 
4·00% H, 15·15% N, I I ·56% S; found: 52·0% C. 4·2% H. 15· 1% N. I I -4% S. For NMR spectra 
see Tables I and II. 

NM R Measurements 

The IH NMR spectra were recorded on a Bruker WH360 spectrometer. The digital resolution was 
0·09 Hz/point for proline-N-methylthiohydantoin. Spectra were recorded of an octadeuterotoluene 
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solution at temperatures of - 30"C - 5"C 20"C and 60"C Unfortunately. the resolution of spectra 
recorded outside this temperature range. was not sufficient to guarantee accurate measurements of 
the coupling constants. The spectra of all other proline thiohydantoins were recorded in 
hexadeuterobenzene at a probe temperature of 22"C 

The initially obtained NM R parameters were refined using the standard BRUKER 
simulation program "PANIC". The resulting NMR data (Tables I and II) are based on the 
assignment of well-resolved and sharp lines to about 70% of the theoretical transitions with 
a minimum intensity of 0·00 I. The rms deviation between the experimental and the calculated 
transitions was in the range O· 16 ± 0·02 Hz. 

The vicinal coupling constants obtained by simulation were used as input values for the 
computer program CON FIT 10. This program combines the generalized Karplus equationl , the 
concept of pseudorotationJ 5 and the two-state approximation in a least squares procedurell • The 

TABLE I 
Proton chemical shifts" (b. in ppm downfield relative to internal TMS) of the N-methylthiohydanto-
in of proline (ia) in toluene at different temperatures and of the N-substituted thiohydantoins of 
proline in benzene at room temperature 

Compo T. C '1. pc W l y' oe 0' 

III -30 3·025 0·427 1·167 1·077 0·932 3·439 2·830 
- 5 3·115 0·600 1·249 1·168 1·024 3·499 2·853 

20 3·189 0·731 1·319 1·243 1·100 3·556 2·878 
60 3·309 0·919 1·434 I· 362 1·223 3·651 2·927 

Ih 22 3·263 0·933 1·427 1·335 1·130 3·360 2·904 
Ie 22 3·366 1·019 1·447 1·342 1·171 3·656 2·966 
Jd 22 3·325 0·966 1·435 1·349 1·186 3·606 2·943 

" Protons are indicated in the column headings by Greek letters (see structure I), with the super
script (" (or ') to designate a proton that is cis (or trans). i.e. on the same (or opposite) side of the 
pyrrolidine ring as compared to the '1.-carboxamide group. 

TABLE 1\ 

Proton coupling constants (in Hz) of the N-methylthiohydantoin of proline (ia) at different 
temperatures and of the N-substituted thiohydantoins of proline at room temperature 

I" ... 10 6·R6 10·64 1·86 6·86 7· 74 11·7.1 7·88 2· 57 9· 25 9·12 -12·28 -12·84 -11·48 

7·04 10·52 2 ·07 6·98 7 ·85 11·28 7 ·92 3·00 8·98 9·04 -12·32 -12·90 -11·48 

::!o 7 ·01 10· 33 2·40 6·96 7·86 10·96 7·90 3·31 8· 78 8·86 -12·35 -12·65 -11·48 

60 7·37 10·04 2· 75 7·16 7·99 10· 33 7·92 3· 71 8·42 8·71 -12·30 -12·98 -11·66 

II> " 6·96 10·46 .2,42 7·02 7·87 10·97 794 ,3·35 9·00 8·R2 -12·25 -12·84 -II' 50 

" 6·88 10·49 2· 16 6·89 7·91 11·24 7·91 2·99 8·91 9·01 -12·26 -12·89 -11·83 

lei 22 6·91 10·51 1·97 7·00 7 ·92 11·31 7 ·97 3·16 8·96 9·46 -12·18 -12·97 -11·83 
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eonforinational parameters (Tahles III and IV) arc ohtained as nutput valucs. For all nwlccub, 
investigated in this study calculations hased on the histahle state model always n:sulted in a Illuch 
lower rms value than the fixed single state model. 

TABLE III 
Conformational parameters (maximal pucker f and pseudorotational phase angle P. for the North 
(N) and South (S) forms. and their relative ahundance x) of the N-methylthiohydantoin of proline 
(Ja) at different temperatures and of the N-suhstituted thiohydantoins of prolinc at room 
temperature. Values in brackets arc standard deviations 

Compo T. "c f:-, P-:-. fs P., x" rnls" 

III -30 41·9 -9·0 40·9 244·3 '1'.7·7 0·47 
(2· 7) (6·0) (26·0) (.~0·4) (4·4) 

- 5 41·9 -g·7 40·9 245·1 X4·1 0-47 
(2·9) (6·4) (20· I) (29·1) (5·9) 

20 43·1 -13·2 42·.1 242·6 79·1 0·43 
(3·0) (5· X) ( 15·6) (21·1 ) (4·3) 

60 41·6 -'1'.·3 41· 7 238·S 77·7 0·44 
(2. X) (S·9) (13·4) (18·6) (4· 7) 

Ih 22 42·7 -8·4 41·4 245·2 XI· I 0·49 
(3· I) (6· 7) (17·7) (20· I) (4· S) 

Ie 22 42·3 -9·6 41·1 24.1·9 !D·X 0·46 
(2. X) (7· I) (19·4) (22· 3) (4·3) 

I" 22 41·5 -11·6 41·.1 241·2 85·4 0·55 
(6· I) (9·2) (23·2) (25·7) (.1·9) 

"rms = root mean square deviation hetween experimental and calculated coupling constants in HI. 

TABLE IV 
Endocyclic torsion angles I of the N and S forms of the p)rrolidine ring III the 
N-met hylt hiohydantoin of proline (Ill) at ditferent tcmperat ures and of the N-substitutcd 
thiohydantoins of proline at room temperature 

Compo T. "c :-, 
I~ I~ -:-. -:-. s I~ s s S 

II 1-1 I< II /1 I.: I, 

/ll -30 -37 41 -30 7 19 -7 -IX 36 -42 30 
- S -37 41 -30 7 19 -X -17 36 -41 .~O 

20 -40 42 -28 4 22 -6 -19 3'1'. -42 30 
60 -37 41 -30 7 I'll -3 -22 39 -41 n 

117 22 -3X 42 -30 7 19 -8 -17 36 -41 30 
Ie 22 -3'1'. 42 -30 (, 20 -7 -18 36 -41 30 
Jd 22 -38 41 -28 5 20 -S -20 37 -41 28 
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RESl LTS ..\i\1) I>IS(TSSIO' 

The proton chemical shifts and the I HI H coupling constants (as refined 
through simulation), of proline-N-methylthiohydantoin (fa) in toluene at 
different temperatures and of N-substituted proline thiohydantoins Ih, /c, and 
It! at room temperature, are tabulated in Tables I and II. Due to a decreasing 
ASIS effect the Wand y' protons in la an: beginning to overlap at higher 
temperatures. The conformational parameters calculated from the vicinal 
coupling constants (see Experimental) ,)re summarized in Table III. The 
endocyclic ring torsion angles are gathered in Table IV. 

la,R=Me 

I b, R = H 

IC,R=Ph 

I d, R = p-NO,Ph 

II III 

TCII/perature DCPCIlt/ClIl'C o( thc IH Spectra of Pro/ill<,-N-II/(,thrlthio
h.l'i/(/lIto;1I (Ia) 

Examination of Table II reveals that the geminal coupling constants of la are 
not much influenced by a change of temperature, but that some of the vicinal 
couplings show a consistent trend at the different temperatures of measurement. 
This sugge~lS either a change in ring shape or a shift ih the ratio of the 
populations of the t\'iO pn:sumed forms Nand S. Ifhowever the two state model 
hears physical significance. then to a first approximation the shift in the position 
of the N ~ S equilihrium (x~) should be at the origin of the observed effects of 
change of the temperature. 

The analysis of CON FIT of these vicinal coupling constants in terms of 
conformational parameters (Table Ill) discloses that the individual Nand 
S conformers are indeed nearly unchanged. However, the ratio of the 
molfractlons of Nand S forms changes significantly with temperature. 

The population of the major form (N) decreases from '1)7·7 ± 4·4% at 
-::Io"e to 77·7 ± 4·7. at +60"C corresponding to equilibrium consta-nts (K~ 
= ,\'~\s) ('If 7, I ± 2·2 (- 30"C) and 3·5 ± 1·0 (+ 60"C). To the best of our 
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knowledge this is the lirsl experimental evidence of the kind implicating the 
validity of the two-state approximation in solution. 

Comparisoll of'the Prolille Rillg COIl/clI'Illatioll ill til" N-Methylthiohydall
loill alld N-Methylhyclcllltoill 

The pseudorotational parameters for the S form are different in the proline 
N-Me-hydantoin as compared to the N-Me-thiohydantoin. In the former a X~ 
= 20" and X~ = 22" was observed tn. For proline N-Me-thiohydantoin (fa) w'e 
now Crable I'y) note at 20"C a X~ = 22" and X~ = 30". This is not unexpected 
in view of the replacement of the N 1 C=O fragment by the N 1 C=S 
fragment. It is known that the rotational barrier in thioamides is about 
.3 kcal mol higherl~ -1-'. a fact that has been explained by a greater contribution 
of the dipolar mesomeric form 1/ in the thioamide. In agreement to this. 
a deviation from planarity of an amide moiety is relatively easyI5-.17 as 
compared to a lhioamide. In the latter. the bridgehead nitrogen (N I) possesses 
more sp~ character. i.e. a higher resistance to an out-of-plane deformation and. 
as t~lr as the canonical form 1/1 (vide infra) is dominant. the thiohydantoin ring 
becomes nailer. The anndation thus requires a larger 15 value. The experimental 
Llct that the IIlcrease of I~ is pronounced only in the S form remains yet 
1IIH:xplained. 

111(' Etjc.'l'I of' N-.3 SlIhslilll('IlI.\ 01/ Ihe P.rrroliclille Rillg COIl/cJr/llalioll 

I nspcctil)J1 of the vicinal coupling constants (Table II) of I (R = CHl • H. Ph. 
p-NO~Ph) does reveal small variations. Translation of these into conformational 

5.5~-.---r------Y----r---.---' 

4.0 

3.5 
0.5 0.65 0.7 0.8 

log K. 

FI(;. I 
Gmphical represenlalilln ,lr thc l'lnrclatioll hct\\ccn thc pl\., \.ducs "I' I'O/"<I suh,tiluted anilinc, and 
the N¢S equilibrium Clln,a.lI1t (I,'~ 1\) or tlw Jl~rn>lidinc rin~ ill ,up,titutcd thi"hydantllills fa tI 
-------_. __ ._-.. _-_ ..... _-._. 

Collection Czechoslovak Cllem Cornmun ('/ot 53 1 11988\ 



('(lnformalion of Somc Prolinc-Thiohy4Janloins 2509 

parameters using the two-state model (see Experimental) shows (Tables III and 
IV) that the individual Nand S forms are quite the same in the series. The 
molfraetion of the N form tends to increase with increasing electronegativity of 
the NJ substituent (R). However, the effects are small. 

Sinee the aroma tie rings in Ie and /d take an orthogonal position relative 
to the plane of the hydantoin ringlX, no mesomeric overlap, but only inductive 
effects of the phenyl and p-nitrophenyl groups must be considered. 

The pKa values of para-substituted anilines with R = Me, H, Ph (ref I9 ) 

and p-NO~Ph (ref. 20 ) are a measure of the ,ivailability of the nitrogen lone pair. 
In Fig. I we rdated these pKa values to the corresponding equilibrium constants 
K,. =",\'s of the N ~ S equilibrium of the pyrrolidine ring in the substituted 
thiohydantoin series (/) in a pKa logK~ plot. Although the present K~ values have 
rclati\d~ large errors. the obtained regression looks satisfactory (R2 = 0·97). 

These rc~ults arc easily rationalized in terms of mesomeric structure III. 
The rela tive importance of the latter is consistent '.vith the crystallographic st udy 
of Walker et al. 21 on thiohydantoin. which rewals short bonds for N I C2 
(1·331 A) and NJ Col (1·350 A), but a long bond for ('2 N3 (1·483 A). 
Previously. Hrown et al. 22 also concluded, from a comparative NMR study of 
rotation barriers in thioureas and acylated thioureas. the high contribution of 
the ealHlnil:al forms corresponding to III. As the availability of the N3-lone pair 
electrons decreases in the direction la -+ Ih -+ Ie -+ /d, the N3 C4 amide 
fragment receives less double bond character (while the thioamide 
deloeali/ation is not afrected). This results in an increasing puckering of the 
hydantoin ring and thus a lower 15 value of the pyrrolidine ring, with increasing 
electronegativity of the substituent. Therefore. the N form, with its intrinsically 
lower 15-value by c. 10" (vide supra) becomes more and more important in the 
la -+ II> -+ Ie -+ /d direction. 

(,O~(,I.l·SIO~ 

The two states (N and Sj of the pyrrolidine ring in N-methylthiohydantoin 
presen'e their conformational identity as the temperature is raised from - 30° 
to + 60"C. By the same their relative populations tend to equalize, typical of an 
enthalpically controlled equilibrium. It is also shown that in proline hydantoins 
the small efrects of substitution in the hydantoin ring (thio-. or N3-substitution) 
on the conformation of the pyrrolidine ring can be rationalized as the effects on 
the "weight" of those resonance structures that govern the flatness of the 
(thio)amide bond and the hydantoin ring. 

Ae/il/OIl/etiKelllelll is lIlatie 10 111(' "fiJI/tis \'001' Kol/('/.:Iier ell Flllu/alllelllee/ Olltier;oe/':" for 
/illlll/cia/ .Il/pporl i"'IIIe pl/re/w.W' or 0111' NM R illslmlllelllalioll. 
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