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Abst rac t  - Natural abundance 170 nmr spectroscopic data f o r  seventeen 1-methyl- and 1- 

17 phenyl-2-thiohydantoins obtained i n  a c e t o n i t r i l e  are reported: the r e l a t i o n s h i p  of 0 

chemical s h i f t  t o  s t ruc tu re  i s  discussed. 

The chemistry o f  th iohydantoins cons t i t u tes  an important area o f  he terocyc l ic  c h e r n i ~ t r y . ~ ' ~  The 

Edmans approach, a  useful  method for  i d e n t i f i c a t i o n  o f  N-terminal amino acids i n  pept ides  and 

p ro te ins ,  i nvo l ves  charac ter iza t ion  o f  I -methyl  and 1 - p h e n y l - 2 - t h i ~ h y d a n t o i n s . ~ . ~  A number of 

spectroscopic studies on thiohydantoins have been r e p ~ r t e d ; ~ . ~ . ~  however, no study of t h e  170 nmr 

s p e i i r o i i o p i i  p i o p e i t i e s  o i  these compounds has appeared. The r a p i d l y  expanding f i e l d  o f  170 nmr 

spectroscopy o f  organic systems i s  an i nc reas ing l y  important method f o r  addressing a  wide va r i e t y  

of s t r u c t u r a l  questions.7 170 nmr spectroscopy has been successful ly used t o  est imate e lec t ron i c  

c h a r a c t e r i s t i c s  o f  a  number o f  func t iona l  groups and changes i n  the environment near oxygen-con- 

t a i n i n g  func t i ona l  groups r e s u l t i n g  from both e lec t ron i c8  and s t e r i c  factors.') ' Recent reports 

have shown t h a t  170 chemical s h i f t s  c o r r e l a t e  we l l  w i t h  t o r s i o n  angles for  a  wide range of func- 

t i o n a l  groups at tached t o  aromatic rings.10*11,12 I n  r i g i d  systems i n  which conformat ional  f lex- 

i b i l i t y  i s  r e s t r i c t e d ,  i t  has been demonstrated t h a t  the l a rge  t--butyl group causes in -p lane dis-  

t o r t i o n s  of molecular structure.13 The i n f l uence  of s t ruc tu re  va r i a t i on  on the 170 n i r  chemical 

s h i f t s  of th iohydanto ins  i s  o f  i n t e r e s t  not on ly  because o f  t h e i r  importance i n  t h e  p r o t e i n  f i e l d  

but a l s o  because they provide a  framework t o  sys temat ica l ly  assess the in f luence o f  s t ruc tu re  

v a r i a t i o n  on c y c l i c  amide chemical s h i f t s .  This repo r t  describes t h e  170 chemical s h i f t s  and 

t h e i r  r e l a t i o n s h i p  t o  s t ruc tu re  for  twelve 1-methyl and f i v e  I-phenyl th iohydantoins.  

The 170 nmr data fo r  the  th iohydantoins ( 1 - 7 )  determined from 0.5 M so lu t i ons  a t  na tura l  

abundance i n  dry a c e t o n i t r i l e  a t  75'C. are l i s t e d  i n  Table 1. The 170 chemical s h i f t s  of the 

th iohydanto ins  appear i n  the range of 340 t o  360 ppm which i s  consistent w i t h  values repor ted for  

s imple ~ . ~ - d i a l k ~ l a m i d e s l ~  and c y c l i c  dipeptides.15 Comparison o f  the  two parent molecules 1- 

methyl (1) and I-phenyl th iohydantoin (13) shows a  chemical s h i f t  d i f fe rence of 4 ppm, the  s h i f t  



o f  1 being downfied o f  13. This r e s u l t  i s  cons is tent  w i t h  t h e  e lec t ron i c  p rope r t i es  o f  t h e  two 

groups assuming t h a t  for  13 t h e  phenyl group i s  not coplanar w i t h  the  th iohydanto in  r ing.  This 

Table 1. 170 nmr Chemical Sh i f t  Data f o r  1-Methyl and l-Phenyl-2- 

Thiohydantoins i n  CH3CN a t  75'C.a 

a) Reported i n  ppm; taken a t  75-C as 0.5 M so lu t ions  i n  dry a c e t o n i t r i l e ,  w i t h  

2-butanone as an i n te rna l  cont ro l .  b )  The th iohydanto in  r e s u l t i n g  from CH3NCS 

and Pro l ine .  c )  The thiohydantoin r e s u l t i n g  from CH3NCS and hydroxyprol ine;  

the  OH s igna l  appears a t  27.7 ppm. 
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dif ference o f  approximately 4  ppm i s  consistent throughout t h i  comparable 1-methyl and 1-phenyl 

th iohydanto ins  (1. 2. 4. 5. 8 and 13-17). These resu l t s  suggest very s i m i l a r  s o l u t i o n  phase geo- 

metry f o r  t h e  th iohydantoins.  

I n  t h e  se r i es  o f  4 -a l ky l - subs t i t u ted  1-methylthiohydantoins 2-8 t h e  170 chemical s h i f t s  are 

a f f ec ted  by the var ious a l k y l  groups i n  a  fashion analogous t o  t h e  i n f l uence  o f  a l k y l  groups 

on 170 chemical s h i f t s  repor ted fo r  simple a l i p h a t i c  aldehydes and ketones;16 r subst i tuents  

cause sh ie ld ing  and 6 subst i tuents  cause deshielding. The chemical s h i f t  o f  the  4-methyl com- 

pound 2  i s  up f i e l d  (343 ppm) of the  parent 1 (348 ppm); i n t r o d u c t i o n  of a  second methyl group a t  

pos i t ion-4 ,  3, produces a  f u r the r  up f i e l d  s h i f t  (341 ppm). These u p f i e l d  s h i f t s  are consistent 

w i t h  the  y sh ie ld ing e f f e c t  descr ibed f o r  aldehydes and ketones.16 In t roduc t i on  of subst i tuents  

i n  t h e  6 pos i t i on  as i n  4, 6 and 8  r e s u l t s  i n  deshielding (346 ppm) which was expected based upon 

the e a r l i e r  carbonyl results.16. As ant ic ipa ted,  i n t roduc t i on  o f  a  second 6 subst i tuent  as i n  5  

and 7  r e s u l t s  i n  greater downf ie ld s h i f t s  (352 and 351 ppm). The s igna l  f o r  benzyl d e r i v a t i v e  9, 

f o r  which there  i s  not a  publ ished precedent i n  the aldehyde-ketone work, i s  only s l i g h t l y  de- 

sh ie lded as a  consequence o f  t h e  "branched" 6 e f fec t  o f  t h e  phenyl group. I n t roduc t i on  of a 

fused r i n g  der ived from p r o l i n e  (10) and hydroxyprol ine (11) causes a  s l i g h t  increase i n  de- 

sh ie ld ing  (3  ppm) over t h a t  noted from a s ing le  6 subst i tuent  (compare t o  4 and 8). This resu l t  

may r e f l e c t  a  modest change i n  the  th iohydantoin r i n g  conformation. 

I n  t h e  more l i m i t e d  ser ies  o f  1-phenylthiohydantoins (13-17) s i m i l a r ,  though less  pronounced. 

t rends are noted for  y and S subst i tuents .  I n  the c y c l i c  amides ( th iohydanto ins)  s tud ied here, 

i t  i s  apparent t h a t  t h e  170 chemical s h i f t  of the  amide carbonyl i s  a f f ec ted  by a l ky l  

subst i tuents  i n  a  manner analogous t o  t h a t  reported e a r l i e r  f o r  a c y c l i c  a l i p h a t i c  aldehydes and 

ketones.16 

EXPERIENTAL 

The 170 spectra were recorded on a  Varian VXR-400 spectrometer equipped w i t h  a  10 mn broad-band 

probe operated a t  54.22 MHz. A l l  spectra were acquired a t  na tu ra l  abundance a t  75°C i n  dry  ace- 

t o n i t r i l e  (A ld r i ch )  conta in ing 1% o f  2-butanone. The concentrat ion of the  th iohydantoins (Sigma) 

employed i n  these experiments was 0.5 M. The s igna ls  were referenced t o  ex terna l  deionized water 

a t  75'C. The 2-butanone resonance (558*1 ppm) was used as an i n t e r n a l  check on t h e  chemical 

s h i f t  measurements f o r  these compounds. The instrumental  s e t t i n g s  were: spec'tral w id th  35 kHz, 2  

K data po in ts ,  90' pulse angle (40 us pu lse  w id th) ,  300 us a c q u i s i t i o n  delay, 29 rns acqu i s i t i on  

t ime and ca. 30,000 scans. The spectra were recorded wi th  sample sp inn ing and wi thout  lock.  The 

s igna l - to -no ise  r a t i o  was improved by apply ing a  25 Hz exponent ia l  broadening f a c t o r  t o  t h e  FID 

p r i o r  t o  Four ie r  t ransformat ion.  The data po in t  reso lu t ion  was improved t o  t O . l  ppm by zero fil- 

l i n g  t o  8  K data points.  The r e p r o d u c i b i l i t y  o f  the  chemical s h i f t  data i s  estimated t o  be *1.0. 



ACKHOYLEDGlENTS 

Acknowledgment i s  made t o  t h e  Donors o f  the  Petroleum Research Fund, administered by t h e  American 

Chemical Society,  f o r  p a r t i a l  support  o f  t h i s  research and t o  t h e  Georgia S ta te  U n i v e r s i t y  

Research Fund. An award by t h e  Chemical Ins t rumenta t ion  Program o f  NSF provided p a r t i a l  support  

t o  acqu i r e  t h e  nmr spectrometer used i n  t h i s  work. 

REFERENCES 

1. J.T. Edwards, Chem. Org. Su l f u r  Comp., 1966, 2, 287. 

2. C.A. Lope2 and G.G. Tr igo .  'The Chemistry o f  Hydantoins ' .  'Advances i n  He te rocyc l i c ' ,  ed. 

by A.R. Ka t r i t z ky ,  Academic Press, New York, 1985, Vol. 38, p. 177. 

3. E. Ware, Chem. Rev., 1950, 46. 403. 

4. E.S. Schipper and A.R. Day, 'He te rocyc l i c  Chemistry ' ,  ed. by R.C. E l d e r f i e l d ,  Wiley, New 

York, 1957, Vol. 5, p. 254. 

5. K. Izumi, Anal. Biochem.. 1978, 85, 306. 

6. T. Suzuki, T. Tomioka, and K. Tuzimura, Can. J. Biochem., 1977, 55, 521. 

7. J.-P. K i n t z i nge r ,  'Oxygen N.M.R. Cha rac te r i s t i c  Parameters and App l i ca t i ons '  i n  'N.M.R. ', 

eds. by P. D ieh l .  E. Fluck and R. Kosfeld, Spr inger-Ver lag.  Be r l i n ,  1981, p. 1. 

8. M. Katoh, T. Sugawara, Y. Kawada and ti. Iwamura, B u l l .  Chem. Soc. Jpn., 1977, 52, 3475. 

9. ( a )  D.W. Boykin, P. Balakr ishnan and A.L. Baumstark, Ngn .  Reson. Chem., 1985, 23, 695. 

( b )  D.W. Boykin, P. Ba lakr ishnan and A.L. Baumstark, J. He te rocyc l i c  Chemistry, 1985, 22, 

' 981. 

10. P. Balakr ishnan and D.W. Boykin, J. Org. Chem.. 1985. 50, 3661. 

11. M.G. Oakley and D.W. Boykin. J. Chem. Soc. Chem. Comm.. 1986, 439. 

12. (a )  A.L. Baumstark, P. Balakr ishnan, M. Dotrong, C.J. WCloskey, M.G. Oakley and D.W. 

Boykin, J. Am. Chem. Soc., i n  press. (b)  D.W. Boykin, P. Balakr ishnan and A.L. Baumstark, 

Magn. Reson. Chem.. i n  press. 

13. A.L. Baumstark, P. Balakr ishnan and D.W. Boykin, Tetrahedron Le t t e r s ,  1986, 3079. 

14. M.I. Burgar, T.E. St. h o u r ,  and D. F ia t ,  J. Phys. Chem., 1981, 85, 502. 

15. 8. Valent ine,  A. Steinschneider,  D. Dhawan, M.I. Burgar, T. St. Amour and 0. F i a t ,  

Pept ide  P r o t e i n  Res., 1985, 25. 56. 

16. C. Delseth and J.P. K i n t z i nge r .  Helv. Chim. Acta, i976, 59, 466. 

Received, 1s t  December, 1 9 8 6  


