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tha t  the optical act ivi ty at 26o nl/z was induced by denaturat ion.  The native s tate  might  thus  be 
a configuration in which the chromophores  part icipate in dipole-dipole interaction, hydrogen bridging, 
or vicinal effects which give rise to the optically active groups absorbing in the 18o m/~ region. 
A pr inlary  shift in the effective electronic per turba ted  states ~ would result in the 26o in/L activity 
once the monomers  were set free from the restraints  exercised by the nat ive configurations. The 
labile bonds between the purines and pyrimidines in complementa ry  polymer  chains nlay be the 
reason for this shifts,6, ~. OM data on the optical activity of the purine and pyrimidine nucleosides 
suggest tha t  their  activity is of opposite sign s, Associations of these two nlononler types would give 
rise to an activity highly sensitive to rearrangements .  Undoubtedly  the optical behavior  of this 
molecule is very complex but  the above a rgument  finds a counte rpar t  in the recent observat ions  
of 1ANDERSTORM-LANG AND SCHELLMAN on the optical behavior  of proteins 9 and is suppor ted  by 
our own measurements  on adenosine which shows a 2,0 of 265 nl/t. 

The prel iminary work reported in this note is being expanded in our labora tory  to include 
detailed exper iments  on the effect of pH and ionic s t rength  on the ro tary  dispersion of DNA and 
its componen t  parts .  The effect of enzynle depolymerization is at present  being invest igated by  
this method.  Because of the similarities between DNA and RNA we have begun sinlilar measu remen t s  
on the RNA molecule and its component  parts .  
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• The senior au thor  of this note was decided by the flip of a coin. 

Preparation and properties of 3-phenyl-2-thiohydantoins of serine, 
threonine and cystine 

111 the reaction proposed by EDMAN 1 for the stepwise degradat ion of pepti(les, 3-phenyl-2- 
th iohydantoins  (PTH) are formed from the reaction of phenylisothiocyanate with the N-terminal  
amino acid residues. While the prepara t ion  of the P T H ' s  of some of the amino acids has been achieved 
by EDMAN 2, the synthesis  of the P T H ' s  of serine, threonine and cystine heretofore have not  been 
reported*. In this note, the prepara t ion of these phenyl thiohydai l to ins  will be described, and their 
molar  extinction coefficients aml absorpt ion max ima  will be presented. The absorpt ion charac- 
teristics of the P T H ' s  of other  natura l  amino acids have also been determined. 

In the course of the investigation, it was observed tha t  when the P T H  of threonine (I) was 
dissolved in 1.o N NaOH,  the colorless solution became pink and then changed to yellow within 
approximate ly  2o minutes.  On acidification of the solution with glacial acetic acid, an amorphous  
precipitate formed. A crystalline product,  which elementary analysis indicates is probably  the PTH 
of A-threonine (II), was obtained from ethanol;  the final proof for the inferred s t ructure  remains 
to be established. 

* Since the completion of this investigation by the late Dr. LEV'~ T, a report  by V. 51. INGRAM 
(J. Chem. Soc. 3717 (1953)) of tile synthesis  of the P T H ' s  of serine and threonine has appeared. 
I t  is felt tha t  since the present  report  describes a simplified procedure, publication of the details 
is justified. It  should be noted tha t  the values reported in both  instances for the m.p. of serine are 
in agreement  1176 I78-' given by INORAM), whereas there is a considerable divergence between the 
value reported for threonine by the British au thor  (194)  and tha t  reported here (infra). (IC. H. LI. 1 
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In  i s o p r o p y l  ether, the absorpt ion  m a x i m u m  of 
I is at  269. 5 n112, whereas t h a t  of I I  is at  321.5 mt,. aO 
Similarly, when the P T H  of serine was allowed to 
s tand in i .o N HC1 at 4 ° °  C, a new absorpt ion  m a x i m u m  
at  32o rot, gradually appeared (see Fig. I), indicating ~ 0.6 
t ha t  the P T H  of serine had been converted into the { X~ 
P T H  of A-serine, in a fashion similar to wha t  occurs 
in the case of threonine,  a l though the P T H  of A-serine ~ 0.4 
has not  yet  been isolated and crystallized. 

These absorpt ion  characterist ics of the P T H ' s  of 
serine and threonine have been very helpful in the a2 
identification of serine and threonine by  the EDMAN 
procedure*.  Table I gives the molar  ext inct iou coef- 
ficients (E) and the absorpt ion  m ax i m a  (~ max.)  of O.C 
the P T H ' s  of 19 amino acids; E was defined (optical 
density) (volume in ml) (molecular weight of PTH) /  
(weight of P T H  in mg). 

* See for an example 3. 
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Fig. I. The changes of absorpt ion  charac-  
teristic of serine phenyl th iohydanto in  wi th  
t ime in N HC1 at  4 °°  C. (After 2 4 h, 
curve is essentially same as the 9 h curve.) 

T A B L E  I 

MOLAR EXTINCTION COEFFICIENTS ( E )  AND ABSORPTION MAXIMA (~ m a x )  

OF THE P H E N Y L T H I O H Y D A N T O I N S  OF NATURAL AMINO ACIDS 

max 
Phenylthiohydantoins* E 

DL-Aspartic acid 16, ioo 268. 5 
L-Glutamic acid 16,ooo 269.0 
L-Cystine 27,600 271.5 

DL-Serine 15,5oo 269.0 
DL-Threonine 16,400 269.5 
DL-L4-Threonine 25, 7 °0 321.5 

Glycine 13,3 °0 267.5 
DL- Alanine 16, i oo 268.5 

L-Proline 16,ooo 271. 5 
DL-Valine 18,000 270.0 
DL-Methionine 17,9oo 270.5 

L-Leucine 17,800 269.o 
DL-Isoleucine 18, i oo 269.5 
DL-Phenylalanine 16,ooo 270. 5 

L-Tyrosine 16,400 27 i.o 
DL-Tryptophan 2 o, I oo 269. 5 

L- A sparagine 18, ooo 269. 5 
L-Histidine 15,1 oo 265.5 
L- Arginine 14,600 265 . 5 
L-Lysine, e-PTC 2%ioo 270.0 

" All dissolved in i s o p r o p y l  ether except histidine and arginine which were dissolved in water.  
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P T H  o/ serine. 3.0 g of DL-serine and 2.i g of KOH were dissolved in 5.0 mI of water:  4-5 ml 
of phenyl isothiocyanate  ((~NCS) in 15o ml of etbanol was added. When tbis solution had stood in 
the cold for approxinla te ly  3 h, the K salt of phenyl tb iocarbamyl  serine crystallized out. The crystals 
were dissolved in 125 ml of H20, and then t 5 ml of conc. HCI were added. When the solution was 
scratched and allowed to s tand ()vernight in the cold, the I)TH of serine crystallized out. Yiehl: 
3-5 g (55 %). Recrystallized from glacial acetic acid and then from hot ethanol.  M.p.: 178 C.* 

Calculated for CI~Hi0N202S: C, 54.o5 °o : 1-I, 4.5 ° % ; N, I 2.6I %. 
Found:  C, 54.08%: H, 4 .71%; N, 12.87° . .  

P'I'H o/ lhreonine. 3.o g of DL-threonine and 1.6 g of KOH were dissolved in 5.o nil of H20. 
Then 3-5 ml of ONCS in 5 ° m l  of ethanol was added and the mix ture  was stirred frequent ly for 
approximate ly  2 h at room tempera ture ,  loo ml of glacial acetic acid anti 15 nil of conc. HC1 were 
added and the mixture  was warnled until  it becanle homogeneous.  On cooling, the PTH of threonine 
formed. Recrystallized from ethanol.  M.p., 212 C. 

Calculated for CIIH12N202S: C, 55.93°0; H, 5 .08%; N, t l . 8 6 % .  
Found:  C, 56.560;;  H, 5 .12%;  N, t~.98%. 

P'I"H o/l-threonine. The PTH of l~L-threonine was suspended in N NaOH.  The colorless solution 
changed to pink and then to yellow within approximate ly  2o rain. The solution was acidified with 
glacial acetic acid and the precipi tate  was filtered. Recrystallized from ethanol  and tben from hot 
glacial acetic acid as prismatic yellow needles. M.p. : 237 ~ C. 

Calculated for CtIHI~N20~S: C, {)o.55 %; H, 4.59°{}: N, 12.84%. 
Found:  C, 1,1.26%: H, 4 .53%;  N, I3.oo %. 

P T H  o/ cystine. 3.6 g of L-cystine and 2.o g of K O H  were dissolved in 5.0 inl of water;  4-3 ml 
of ONCS in 5 ° ml of ethanol was added. After f requent  st irring at room tempera tu re  for 2 h, the 
solution was evapora ted  to a small wflume and glacial acetic acid-conc. HCI (i : 1) was added until  
an oil separated.  When the mixture  was warmed gently, the oil dissolved. The PTH of cystine 
crystallized out  after the solution was allowed to s tand overnight  in the cohl. Recrystallized from 
hot  glacial acetic acid. M.p.: 1 5 4  C, dec. 

Calculated for C2aHIsN40,~S4: C, 5o.0o % : H, 3 . 8 2  C)o ; N, 11.8I I ~ .  
Found:  C, 5 o . ] 6 % ;  H, 4 . - '3%; N, 11.4o %. 

Molar extinction coe[ficients. The extinction coefficients of the phenyl th iohydan to ins  were 
measured from a solution composed of approximate ly  2 mg of each PTH,  weighed accurately into 
250 ml volumetric flasks, in peroxide-free isopropyl etber**. The P T H ' s  of histidine and arginine 
were isolated as their  monochlorides, and in this form were determined in water,  The absorpt ion  
spectra were obtained by  triplicate deternlinations on a Beckman Model DI7 spectrophotometer ,  
using s tandard  i cm quar tz  cells. 
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* All melting points  are uncorrected. 
* *  Tile crystalline PTH ' s  of lysine, cystine, A-tbreonine, threonine, tyrosine, and asparagine were 

difficult to dissolve in isopropyl ether. They were first dissolved in I.O ml of dioxane and then the 
volume was brought  up to 250 nil with isopropyl ether. The I?TH's of histidine and arginine were 
insoluble in isopropyl ether and hence they were dissolved in water  for the determinat ion of their 
extinction coefficients. 

*** This investigation was completed before the death of Dr. LEVY [C. a .  LI~. 


