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shoulder at 5.69 /u; [a]25
589 -1 .64° (c 1.05, CH2Cl2). 

Treatment of a 1 % excess of II (R = CH3) with L-phen-
ylalanine in a Waring Blendor at pH 9.5 and 0° gave 
the dipeptide in about 90% yield. In this case the 
optical purity of the dipeptide was determined by com
paring the areas of the methyl doublets of the diastereo-
isomers in the nmr10 spectrum of the crude lyophilized 
product in D2O. We improved the sensitivity of the 
published analytical procedure10 about tenfold by use of 
a 13C-H satellite peak of the predominant L-L isomer as 
an internal standard. The dipeptide was thus found to 
contain 98.7 ± 0.3% of the L-L isomer. The 13C-H 
satellite (abundance of 13C = 1.11%) provides a con
venient, reproducible internal reference standard for 
measurements in this range. 

A striking chemical difference was also observed be
tween the NCA and the NTA of imidazyl-unprotected 
histidine. We have found that the NCA of histidine 
cannot be used to prepare histidyl peptides because it re
arranges to give III, doubtlessly via an intramolecular 
imidazole-catalyzed isocyanate formation. L-Histidine 
ethylthionourethan, mp 212° dec, [a]24

689 +24.0° (c 2.0, 
0.1 N NaOH), on treatment with PBr3 afforded the 
analytically pure NTA IV as the hydrobromide in 73 % 
yield, [a]25^ - 7 . 0 ° (c 2%, methyl Carbitol). This 
compound, in contrast to the NCA, is useful for the rapid 
synthesis of imidazyl-unprotected histidyl peptides in 
aqueous medium possibly because the equilibrium be
tween IV and V lies further to the left than the corre
sponding equilibrium of the oxygen analogs. Crystal
line VI also yielded histidyl peptides, but the NTA IV 
permitted peptide bond formation at 0° in 3 min 
whereas higher temperatures and longer reaction times 
were required with VI. The NTA of histidine (IV) 
formed as much as 10% of the D-histidyl peptides, but 
it was often possible to purify the product. The reagent 
also proved advantageous whenever a simple procedure 
for the rapid introduction of imidazyl-unprotected histi
dine in aqueous medium was required, as, for example, 
in the preparation of reference compounds in connection 
with sequence determinations. 
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(10) B. Halpern, D. E. Nitecki, and B. Weinstein, Tetrahedron Letters, 
3075 (1967). 
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Thyrocalcitonin. II. Enzymatic and Chemical 
Sequence Studies 

Sir: 

The amino acid composition of the dotriacontapep-
tide thyrocalcitonin was reported from this laboratory in 
an earlier communication.1 The assigned composition 
has been confirmed by two other laboratories.2-3 From 
cleavage of the hormone with trypsin we have now ob
tained three fragments (1-14, 15-21, and 22-32) 
(Figure 1). Amino acid analyses4 of these fragments 
accounted for all of the 32 amino acids (tryptophan was 
found after enzymatic cleavage) and were in agreement 
with those just reported by Kahnt, et al.2 On the basis 
of degradation and synthetic studies summarized below, 
we report herein the sequence of amino acids 8-32. 

Digestion of the hormone with trypsin and chymo-
trypsin (20 hr) followed by treatment with aminopepti-
dase M6'6 (3 days) liberated Asx as asparagines and GIx as 
glutamic acid. Since the dotriacontapeptide is a mono
basic acid,1 the carboxyl group of the terminal amino 
acid (proline) is not free. Evidence for the presence of 
this proline as prolinamide and additional support for 
the formulation of GIx as glutamic acid was obtained by 
synthesis7 of glycylprolylglutamylthreonylprolinamide. 
This pentapeptide amide was identical with a fragment 
(Chy-5) obtained by cleavage of the hormone with 
chymotrypsin. The synthetic7 and the natural penta-
peptides could be distinguished by electrophoresis and 
tic from the isomeric pentapeptide glycylprolyl-
glutaminylthreonylproline which we had also syn
thesized.7 The presence of a disulfide bridge in thyro
calcitonin is suggested by the absence of free sulfhydryl 
groups in the hormone as shown by titration with 5,5'-
dithiobis(2-nitrobenzoic acid).8 Performic acid oxida
tion of fragment 1-14 gave 1.5 cysteic acid residues 
(theory = 2). 

(1) I. Putter, E. A. Kaczka, R. E. Harraan, E. L. Rickes, A. J. Kempf, 
L. Chaiet, J. W. Rothrock, A. W. Wase, and F. J. Wolf, J. Am. Chem. 
Soc, 89, 5301 (1967). 

(2) F. W. Kahnt, B. Riniker, I. Maclntyre, and R. Neher, HeIv. Chim. 
Acta, 51, 214(1968). 

(3) J. Franz, J. Rosenthaler, K. Zehnder, W. Doepfner, R. Huguenin, 
and St. Guttman, ibid., 51, 218 (1968). 

(4) S. Moore, D. H. Spackman, and W. H. Stein, Anal. Chem., 30, 
1185 (1958); D. H. Spackman, W. H. Stein, and S. Moore, ibid., 30, 
1190(1958). 

(5) G. Pfleiderer and P. G. Colliers, Biochem. Z., 339, 186 (1963). 
(6) K. Hofmann, F. M. Finn, M. Limetti, J. Montibeller, and G. 

Zanetti, / . Am. Chem. Soc, 88, 3633 (1966). 
(7) We have found sequential syntheses with N-carboxyanhydrides 

[R. Hirschmann, R. G. Strachan, H. Schwam, E. F. Schoenewaldt, H. 
Joshua, H. Barkemeyer, D. F. Veber, W. J. Paleveda, T. A. Jacob, T. E. 
Beesley, and R. G. Denkewalter, J. Org. Chem., 32, 3415 (1967), and 
references cited therein] and N-hydroxysuccinimide esters [G. W. 
Anderson, J. E. Zimmerman, and F. M. Callahan, J. Am. Chem. Soc, 
86, 1839 (1964)] useful for the rapid synthesis of reference compounds 
required in support of the structural studies. 

(8) G. L. Ellman, Arch. Biochem. Biophys., 82, 70 (1959). 
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Peptide fragments isolated after cleavage with chymo-
trypsin are also shown in Figure 1. The important tri-
peptide 20-22 (Chy-4), which overlaps two tryptic frag
ments, was identified by Edman degradation and by 
synthesis. The tyrosyl-tryptophan bond in the chymo-
tryptic fragment Chy-1 was stable to chymotrypsin both 
in the natural and in the synthetic tetrapeptide. 

Treatment of the tryptic fragment 15-21 with ther-
molysin9 afforded phenylalanylhistidylarginine as well 
as fragment 16-18. Degradation of fragment 22-32, 
obtained from trypsin cleavage, with CNBr gave phenyl-
alanylserylglycylhomoserine as well as fragment 26-32. 
The presence of an amino-terminal phenylalanine in the 
tetrapeptide was shown by the dansylation procedure for 
end-group analysis.10 It was confirmed by degradation 
with leucine aminopeptidase which also served to dem
onstrate the presence of serine in position 23. More
over, the tetrapeptide was found to be indistinguishable 
from a synthetic specimen. Sequence 26-31 was estab
lished by Edman degradation of fragment 26-32. Leu
cine aminopeptidase confirmed the presence of the 
terminal sequence Gly-Phe (26-27). 

Hydrolysis of thyrocalcitonin with 0.03 N HCl at 100° 
for 9 hr liberated leucine and aspartic acid as the only 
detectable amino acids. This result is consistent11 with 
the presence of an Asn-Leu-Asn fragment in the hor
mone. The tryptic fragment 15-21 (T-2) was also found 
to be identical with a synthetic7 specimen. 

(9) H. Matsubara, R. M. Sasaki, and R. K. Chain, Proc. Natl. Acad. 
Sci. U. S., 57, 439 (1967). 

(10) W. R. Gray and B. S. Hartley, Biochem. J., 89, 59P (1963). 
(11) C. M. Tsung and H. Fraenkel-Conrat, Biochemistry, 4, 793 

(1965). 
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The Reaction of Derivatives of Tryptophan, Tryptamine, 
and Other Indoles with 2-Hydroxy-5-nitrobenzyI 
Bromide (Koshland's Reagent) 

Sir: 

Although interest in the highly selective reagent 2-
hydroxy-5-nitrobenzyl bromide (1) for the rapid modi
fication and assay of tryptophan in proteins con
tinues,1-7 there is no information on the structure of 
the reaction products.7" A recent report8 on the com
plex reactions of the reagent with tryptophan, both 
free and bound in proteins, prompts us to communicate 
our findings on the reaction of 1 with skatole (2), 2,3-
dimethylindole (3), N-acetyltryptamine (4), and N-
acetyl-L-tryptophan methyl ester (5). 

(1) D. E. Koshland, Jr., Y. D. Karkhanis, and H. G. Latham, J. 
Am. Chem. Soc, 86, 1445 (1964). 

(2) H. R. Horton and D. E. Koshland, Jr., ibid., 87, 1126 (1965). 
(3) T. A. Bewley and C. H. Li, Nature, 206, 624 (1965). 
(4) K. Yamagami and K. Schmid, J. Biol. Chem., 242, 4176 (1967). 
(5) N. B. Oza and C. J. Martin, Biochem. Biophys. Res. Commurt., 26, 

7 (1967). 
(6) M. Wilchek and B. Witkop, ibid., 26, 296 (1967). 
(7) R. F. Steiner, Arch. Biochem. Biophys., 115, 257 (1966). 
(7a) NOTE ADDED IN PROOF. Under somewhat different conditions 

2-alkylation of skatole has been reported: M. Wakselman, G. Decodts, 
and M. Vilkas, Compt. Rend., 266, 1090 (1968). 

(8) T. E. Barman and D. E. Koshland, Jr., / . Biol. Chem., Ul, 5 771 
(1967). 
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