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on which the reaction is dependent is perturbed by 0.34 
pK units to pKs. = 5.03 in D2O, and the rate constant is 
decreased by 3.35-fold in D2O. 

The following indirect method was used to obtain 
the difference spectrum of /raws-cinnamoylpapain vs. 
papain, since this acyl-enzyme cannot be prepared 
quantitatively. A difference spectrum of a solution of 
the acyl-enzyme and enzyme (freed from excess sub­
strate by Sephadex filtration) vs. enzyme was obtained 
using a Cary 14 P M spectrophotometer. The spec­
t rum was obtained immediately after filtration and 
was repeated at 7 min. intervals until 3 to 4 half-lives 
had elapsed. By combining the spectral data and 
data on the concentration of cinnamic acid at various 
times, it was possible to calculate the difference 
spectrum of /rawj-cinnamoylpapain, using eq. 1, 
where exCP is the (difference) molar absorptivity of 

C P C 
«x — «x = 

AJ - A, 

[C] [C]1 (D 

the acyl-enzyme vs. enzyme at any wave length. 
Values of A\, the absorbance a t time t and wave length 
X, known to ± 0 . 6 % , were taken from the early spectra. 
Values of A\" were calculated from plots of the ab­
sorbance vs. t ime data from the repeated spectra.7 

Values of [C]', the concentration of cinnamic acid at 
time t, were found by spectrophotometric determina­
tion of cinnamic acid in aliquots of the reaction mix­
ture; the cinnamic acid was separated from the acyl-
enzyme and enzyme by Sephadex filtration and its con­
centration at various times was determined. i\c is 
the molar absorptivity of cinnamic acid at wave length 
X. 

The Xmax for the difference spectrum of trans-cm-
namoylpapain vs. papain calculated on this basis, 326 
m/i, is considerably higher than those of trans-cin-
namoyl derivatives of three serine proteinases (Table 
I), indicating tha t <ra«5-cinnamoylpapain is a different 

TABLE I 

DIFFERENCE SPECTRA OF SOME CINNAMOYL-ENZYMES AND 
CINNAMOYL ESTERS0 

Xmax — X m a I ( m o d e l ) 
i rarcs-Cinnamoyl- X m a I , m̂ A t m a i m^ Akeal. 

Papain'' 326° 26,500c 20 5.73 
a-Chymotrypsin2 292* 17,700 10.5 3.65 
Trypsin* 296 19,400 14.5 4.98 
Subtilisin^ 289 21,000 7 5 2.65 
X-Acetylserinamidee 281.5 24,300 
Cysteine-' 306 22,600 

a pH 4, 1.69c (v./v.) acetonitrile-water, 25°. b Unpublished 
observations of Dr. M. L. Begue. ' Probable error in absorp­
tivity is ±3%. "0% CH8CN, pH 3.43. ' 10% CH1CN. 
1 pH 2.1. » 309 m,u after treatment with 4.8 M guanidinium 
chloride. ' 282 mM at 51V ' M. L. Bender and E. T. Kaiser, 
/ . Am. Chem. Soc, 84, 2556 (1962). ' J. Mercuroff and G. P. 
Hess, Biochem. Biophys. Res. Commun., 11, 283 (1963). 

chemical species than the other three cinnamoyl-
enzymes. Ruling out /rares-cinnamoylimidazole be­
cause of the pH dependence of the deacylation (Fig. 1), 
the closest model compound of /rows-cinnamoylpapain 
is the thiol ester S-cinnamovlcvsteine,s which is found 
to have a Xraax of 306 rmi. Thus, the Xn of trans­

i t F. J. Kezdy , J. Jaz , and A. Bruy lan t s , Bull. Soc Chim. Beiges, 67, 

687 '.1958; 
(8) Synthes ized by the m e t h o d of L. Zervas . T. P h o t a k i , and N . Ghelis, 

J. Am Chem. Soc, 86, 1337 (1963). 

cinnamoylpapain is significantly higher than the Xmax of 
its model compound just as the Xmax of r>a«.s-cinnamoyl-
a-chymotrypsin and the other acyl-serine proteinases 
are higher than the Xmax of the model compound, N-
acetylserinamide. In energy terms, the electronic 
transition of the conjugated system is 4.2 ± 1.5 kcal./ 
mole less in the cinnamoyl-enzyme than in the cin-
namoyl ester, for all enzymes investigated. This com­
mon relationship supports the spectral assignment of 
/ra«s-cinnamoylpapain as a thiol ester. This con­
clusion is supported by the fact tha t denaturation of 
£ra»s-cinnamoylpapain in 4.8 M guanidinium chloride 
gives a Xmax of 309 rrni, almost identical with tha t of the 
model, S-^raws-cinnamoylcysteine. Although an acyl-
imidazole would be expected to acylate a thiol (papain) 
faster than an alcohol (a-chymotrypsin), this result is 
not found, presumably because of differing specificities 
of these two enzymes. 

The common relationship between the absorption 
maxima of /ra«5-cinnamoyl-enzymes of different chem­
istry and their model compounds (Table I) may result 
from a common interaction of the conjugated system 
and the protein. 
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I. The Structure of Daunomycinone Daunomycin. 

Sir: 

Daunomycin, a metabolite of Streptomyces peucetius,1 

is an antibiotic which exhibits strong inhibition of the 
growth of a variety of experimental tumors.2 

Daunomycin hydrochloride, C^H^OioN-HCl,3 m.p. 
188-190° dec , [a]n + 2 5 3 ° (c 0.15, methanol), dis­
plays an ultraviolet spectrum closely related to tha t of 
1,4,5-trihydroxyanthraquinones,4 the maxima in the 
visible region being less defined and shifted 5-10 mn 
toward longer wave lengths when compared directly 
with the spectrum of helminthosporin. The quinoid 
chromophore is also proved by the ready reversible re­
duction on t reatment with reducing agents and by 
polarographic behavior. Mild acid hydrolysis (0.2 A7 

hydrochloric acid for 1 hr. a t 90°) affords a red agly-
cone, daunomycinone, and a new amino sugar, daunos-
amine.5 

Daunomycinone, C2IHi8Os, m.p. 213-214°, [<X]D 
+ 193° (c 0.1, dioxane), one OCH3, same electronic 
spectrum as the parent glycoside, yields tetracene, 
identified by its ultraviolet spectrum, on zinc dust distil­
lation, thus suggesting the tetracyclic structure already 
found in the anthracyclines.6 The presence of an ali­
phatic ketonic group is shown by the infrared absorp­
tion at 1718 c m r 1 and by the ready formation of a 2,4-

(T) A. Grein, C. Spalla. A. Di Marco , and G. Canevazz i , Giorn Microbiol., 
11 , 109 (1963). 

(2) A. Di M a r c o , M. Gae tan i , P. Orezzi, B. Sca rp ina to , R. Si lvestr ini , M . 
Soldat i , T. Dasd ia , and L. Valent in i , Nature, 201 , 706 (1964). 

(3) Sa t i s fac tory e lemental and funct ional group ana lyses toge the r with 
cons is tent spectroscopic p roper t i e s were ob ta ined for all c o m p o u n d s . Mel t ­
ing po in ts were t aken at the Korlei microscopic hot s tage and are uncor rec ted . 
Optical ro t a t i ons were measured at 20 ± 3° . Infrared spect ra ( K B r ) were 
d e t e r m i n e d wi th a Perk in E l m e r Model 21 doub le -beam spec t ro p h o to me te r . 

14) J. H. Bi rk inshaw, Biochem J',, 59, 485 (1955J. 
(5) F . Arcamone . G. Cassinelli , P. Orezzi, G. Franceschi , and R. Mon-

delli, / . Am. Chem. Soc, 86, 5335 (1964). 
(6) H. B r o c k m a n n . Fortschr. Chem. Org. Xaturiloffe. 2 1 , 121 (1963) 
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dinitrophenylhydrazone. The nuclear magnetic reso­
nance spectrum7 (CF3COOH) shows one OCH3 (singlet, 
S 4.04), one COCH 3 (singlet, 5 2.69), broad absorptions 
a t 5 3.27 (2H) , 2.67 (2H) , 7.1-7.9 (3 aromatic H), and a 
signal a t 5.50 (1 H, broad), a t t r ibuted to a proton on a 
benzylic carbon bearing a hydroxyl group because of 
its downfield shift (6.40) on acetylation.8 

By refluxing with dimethyl sulfate in acetone in the 
presence of potassium carbonate daunomycinone is 
converted to a tr imethyl ether, C24H24O8, m.p. 193°, 
four OCH3, [ « ] D + 1 8 1 ° (c 0.1, dioxane), hydroxyl band 
a t 3350 c m . - 1 . This compound shows four sharp sin­
glets at S 4.00 (6 H, two aromatic OCH3), 3.89 (3 H, aro­
matic OCH3), 3.56 (3 H, aliphatic OCH3), and 2.40 (3 
H, COCH3) . A free hydroxyl (singlet, 8 5.02) is 
clearly recognized by the upfield shift with dilution and 
downfield shift with acid. A signal a t 8 4.92 (1 H, 
four lines), showing the A r - C H - O proton, is the X 
par t of an ABX spectrum,9 the AB par t of which con­
sists of two pairs10 of symmetric doublets centered ap­
proximately a t 1.87 (1 H) and 2.42 (1 H ) ; a first-order 
analysis gives J A B = 15 ± 0.2, / A x = 3.5 ± 0.2, and 
/ B X = 2.5 ± 0.2 c.p.s. The magnitude of the JAB, 
showing geminal coupling, and the shifts of H A and 
H B suggest a methylene 0 to an aromatic ring. Two 
doublets (2 H, J = 18.5 ± 0.2 c.p.s.) centered a t 8 
3.02 and 3.22 (AB pattern) indicate two geminal pro­
tons a to the aromatic system, without vicinal hydro­
gens. A complex multiplet (8 7-8, 3 H, ABC pat tern) 
suggests three aromatic protons on one ring. This is in 
agreement with the recovery of salicylic acid by alkaline 
fusion of either daunomycinone or its trimethyl 
ether. 

The presence of four hydroxyls in daunomycinone is 
proved by the conversion, on t rea tment with acetic 
anhydride and pyridine a t 60°, to a te t raacetate C29-
H26Oj2, one OCH3, m.p. 225° (from methanol), [ « ] D 
- 9 5 . 5 ° (c 0.11, CHCl3), phenolic (1776 cm."1) and 
alcoholic (1740 cm.""1) acetate bands, no hydroxyl ab­
sorption in the infrared.11 Trea tment of daunomy­
cinone with either acids or alkalis gives a bisanhydro 
derivative, C2iH1406, m.p. 325-330°, conjugated ketone 
absorption (1685 cm. - - 1), which in turn yields a diace-
tate, C26Hi8O8, m.p. 240-243°, one OCH3, phenolic ace­
tate absorption (1765 c m . - 1 ) , thus showing the pres­
ence of two phenolic and two alcoholic hydroxyls in 
daunomycinone, the last two being' involved in the de­
hydration reaction. 

Hydrogenolysis of the benzylic hydroxyl of dauno­
mycinone with Pd on BaSO4 in dioxane affords deoxy-
daunomycinone, C2iH1807, m.p. 229-231°, [a]v - 9 1 ° 
(c 0.11, CHCl3), one OCH3. The n.m.r. spectrum 
shows OCH 3 (<5 4.05), COCH 3 (2.35), two strongly hy­
drogen-bonded phenolic OH (13.3 and 13.75), one free 
alcoholic OH (3.75), two benzylic CH2 (broad, ca. 3), 
CH2 /3 to the aromatic system (ca. 2), and three aromatic 

(7) N.m.r. spectra were taken with a Varian A60 spectrometer; chemical 
shifts are in p.p.m. (S)1 relative to tetramethylsilane as internal standard. 

(8) The spectrum (CDCh) of the monotrifluoroacetate of daunomycinone, 
formed in the trifluoroacetic acid solution on standing, shows the same 
proton at 8 6.55. two strongly hydrogen-bonded hydroxyls (sharp singlets at 
8 13.0 and 13.6), and one free OH (broad, ca. S 4.1). 

(9) J. A. Pople, W. G. Schneider, and H. J. Bernstein, "High Resolution 
Nuclear Magnetic Resonance," McGraw-Hill Book Co., Inc., New York, 
N. Y., 1959, p. 132. 

(10) One of them is further split by a long-range coupling (ca. 1 c.p.s.). 
(11) The n.m.r. spectrum confirms the information obtained by the spec­

tra of the other compounds. 

protons (ca. 8). Deoxydaunomycinone yields a tri­
acetate, C27H24Oi0 m.p. 126-128°. 

Sodium borohydride reduction of daunomycinone, 
followed by periodate oxidation, affords acetaldehyde, 
isolated as the 2,4-dinitrophenylhydrazone, in good 
yield, thus proving the acetyl side chain and its at tach­
ment to a hydroxylated carbon atom. Oxidative 
fission with permanganate of bisanhydrodaunomyci-
none affords almost quanti tat ively 1,2,4-benzenetri-
carboxylic acid (trimellitic acid), m.p. 216-219°, and 
3-methoxyphthalic acid, m.p. 168-171°, both identical 
in all respects with authentic samples. 

On the basis of these findings structure I (a or b) 
and II (a or b), aside from stereochemistry, can be 
written for daunomycinone and for bisanhydrodauno-
mycinone, respectively. 

R1 O 
COCH3 

OH 

OH OH 
H, R2 = OCH3 
OCH3, R2 = H 

OH 
Ha, R1 = H, R2 

b, Ri = OCH3, 

COCH5 

= OCH3 
R2 = H 
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Daunomycin. 

Sir 

II. The Structure and Stereochemistry 
of Daunosamine 

We wish to present evidence which assigns structure 
I to daunosamine, the amino sugar moiety of the 
ant i tumor antibiotic daunomycin.1 Daunosamine [hy­
drochloride (I) C6Hi3O3N-HCl,2 m.p. 168° d e c , {a]v 
at equilibrium —54.5° (H2O)] is a reducing (positive 
Fehling, Tollens) amino (positive Elson-Morgan, 
ninhydrin) trideoxyhexose', yielding ammonia on treat­
ment with hot alkalis. Acetylation of I with acetic 
anhydride and pyridine gives a crystalline mixture of 
the anomeric triacetates (II), m.p. 168-170°, [ « ] D 
- 7 1 ° (acetone). 

The recovery of malonic dialdehyde, identified by 
the reaction with thiobarbituric acid,3 and of acetalde­
hyde, isolated as the 2,4-dinitrophenylhydrazone, 
among the products of the periodate oxidation4 of I 
indicates the presence of the deoxy group a t C-2 (or 
C-3) and of the methyl group at C-5. The latter is 
also supported by the fact tha t I gives a positive iodo­
form test. 

I is readily converted by t reatment with 0.3 N 
methanolic HCl to methyl daunosaminide (III) , m.p. 

(1) F. Arcamone, G. Franceschi, P. Orezzi, G. Cassinelli, W. Barbieri. 
and R. Mondelli, J. Am. Chem. Soc. 86, 5334 (1964), 

(2) See footnote 3 in ref. 1. 
(3) V. S. Waravdecar and L. D. Saslaw, / . Biol. Chem.. 234, 1945 (1959). 
(4) R. W. Jeanloz and E. Forchielli, ibid., 188, 361 (1951). 


