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THE STRUCTURE OF THE ANTIBIOTIC K16. I. THE DIPEPTIDE SIDE CHAIN. 
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From a strain of Streptomyces rimoaua var. parnmomycinus an antibiotic K16 was iso- 

lated which is of intsrsst because of its antiprotozoic activity, sspscially against 

1,2 trypanosomss . K16 was obtained as a white, nonvolatile, presumably microcristalline 

powder, insoluble in organic solvents, slightly soluble in water and readily soluble in 

aqueous acid or base. On heating in the solid state or by boiling in watsr for 5 minutes 

it yielded one mole CO2 and one mole biologically inactive K16A. 

Dried K16 and K16A wera hygroscopic and contained variable amounts of water; the 

elemental analysis was therefore not easily reproducible and indicated the formulas 

C13-14H24-2SN4011-14 for K16 and C12-13H20-22N407-9 
for K16A. Mass spsctra could not be 

obtained without decomposition. The IR-spectrum (KEr) of freeze-dried K16 had broad 

bands at 3600-2500, 1730, 1670, 1600 and 1450 cm 
-1 

; material which had been cerefully 

precipitated at the isoelectric point (pH 2.7) showed instead of the shoulder at 

1730 cm 
-1 

a medium strong double peak at 1760 and 1740 cm 
-1 

; K16A had no absorption be- 

tween 1700 and 1600 cm 
-1 

. UV-spectrum of K16: in H20 Amax 240 nm (E >6600), Amex 

277.5 nm (E >7600); in 5.4N HCl Amax 274 nm (E >6700), Amin 233 nm (E 71800). NFIR- 

-spectrum (60 IVIHz, 020): complex pattern at B = 2.8-4.0 ppm. pKa of K16 (H20): 0.6 (con- 

nected with change in UV-spectrum, spectrophotomstrically), ca. 1.9, 4.2, ca. 7.8, ca. 

9.2 (potentiometric titration); pKa of K16A (H20): 0.65 (spectrophotomatrically), 3.4, 

CS. 7.9, ca. 9.2. Optical rotation of K16: [cx]g,O, = - 64 -+ 4' (c = 1, H20, 6.0<pH<9.5, 

adjusted with NaOH). Both K16 and K16A gave a positive FeC13-test. 

K16 consists of two parts, a chromophore3 and a peptide side chain, which could be 

investigated separately. The structure of the latter will be dealt with in this communi- 

cation. 

After refluxing K16 in 6N HCl for 16 hrs. nearly ons mole of each of the amino 
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acids L-ssrina (L-ser) and O,L-aspartic acid (D,L-asp) and one mol ammonia could be iso- 

latsd. On trsatmant with 2,4-dinitroPluorobenzene (DNFS) in aqueous sthanol and NaHC0S4, 

K16 and K16A 

-spectra and 

mant OP K16A 

AC*-K16A and 

derived Prom 

were converted to 0NP2-K16 and DNP2-K16A, respectivsly. According to UV- 

titration, two dinitrophenyl groups had been introduced. Similarly, treat- 

with acetic anhydride or bsnzoylchlorida gave the diacylated products 

Bz2-K16A. Hydrolysis of 0NP2 -K16A with 6N HCl yielded, besides Pragmants 

the chromophore, asp and nearly one mole ONP-ser, which proves that sar is 

an N-terminal amino acid and asp is not. 

After refluxing K16A in 0.2N HCl for 3 hrs. a mixture of amino acids could be sapa- 

rated by TLC; aPter dinitrophenylation ONP-sar, ONP-asp and a new compound ONP-X wars 

isolated. The latter proved to be identical with a product obtained from ozonolysis 

(NsHC03/H20, 0') of ONP2-K16A3. On hydrolysis (6N HCl, 16 hrs.) ONP-X yielded ONP-ser 

and asp in equal amounts. ONP-X was proven to be a mixture of the diastersoisomers OP 

L-ONP-ser-O,L-asp by its synthssis Prom L-ONP-ser and dimsthyl O,L-aspartata with dicy- 

clohexylcarbodiimide, Pollowed by alkaline hydrolysis. The natural and the synthetic di- 

acid had identical IR-spectra and Rf-values; the corresponding dimethylesters (m.p. 164- 

168') were identical in mixed melting point, Rf-value, IR-, NMR-, and mass spectrum. 

The sits of attachment of the CO2 which is readily eliminated from K16 was proven 

to be a carbon atom of the psptide side chain by dacarboxylation of K16 in 020 to 

K16A(O). In the NPlR-spectrum OP this compound a multiplett of one proton at b 4.61 ppm 

(020), present in ordinary K16A, was absent. Hydrolysis (6N HCl), Pollowed by dinitro- 

phenylation 

-asp-(0Ne)2 

proton; the 

Pig. 1). 

and esterificstion (CH30H/HC1) yielded (besides ordinary ONP-ser-OMa) ONP- 

which according to the mass spectrum contained 60% deuterium in place of one 

NMR-spectrum proved the site of dsuteration to be the a-carbon atom (see 

a. 1y 

2H 

c Fig. 1 

-#A_ a. 
2H 

b. 

d-l, 
NNR-spectrum(020) of 0NP-asp-(OMe)2 

authentic sample 

obtained from K16 after 

dscarboxylation in 020 
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This leaves two possible structures for the paptida side chain of K16 (Fig. 2): one 

with the labile carboxyl group bound to the a-carbon atom (malonic acid derivative,(&)) 

or to the P-carbon atom (P-keto acid,(&)).Soth structures can explain the formation of 

D,L-asp on hydrolysis, (&) being achiral and both (A) and (&) decarboxylating via an 

achiral, anal-type transition state. 

K16 
z 

8 YOOH 
-C-CH2-F-COOH (A) 

NH-ser 
5 

FI fooH 
-C-YH-CH2-COOH (E) 

NH-ser 

- co2 - co2 

5 

II 

1 I 

K16A -C-CH2-YH-COOH 

NH-ser 1 

FI 
-C-YH-CH2-COOH 

NH-ser 

Fig. 2 Two possible structures for the side chain of K16 and K16A 

The pKa (ca. 1.9) of K16 is in better agreement with structure (&) than with struc- 

ture (2). A distinction was made in favour of structure (&) by the vary mild reduction 

5 of peptide asters to the corresponding alcohols with axcass sodium borohydride . For 

this purpose K16A was astarifiad (CH30H/SOC12)6, acatylated (axcess acetic anhydride in 

NaHC03/H20, 0') and, after adjustment to pH 10, treated with a large 3xc3ss of sodium 

borohydride (the UV-spectrum remained unchanged). Hydrolysis (6N HCl) and dinitrophe- 

nylation yielded only a trace of DNP-asp and 24% 6-dinitrophanylaminobutyrolactone (g). 

Without prior astarification of K16A this reaction sequence gave only DNP-asp and no@). 

The structure of(&) proven by independent synthesis: 

1. CH30H/SOC12 5 

FI 

K16A 
2. Ac20 > 

3. NaBH4 

> 

't-J% 

HN-DNP 
DNFE 

0 >r)- 

(;) O 

Y00C2H5 

V'y ~H20H 

L-asparagine 
1. C6H5COC1 

> 
CH-NH-COC6H5 

LH 

NaBH/, 

2. (C2H5)30SF4 
> :H-NH-coC6H5 

I 2 
CH 
I 2 

CONH2 CONH2 
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The (racsmic) natural and tha (optically active) synthetic 

identical in their spectral properties; the only difference was 

No. 30 

(&) ware completely 

found in the melting 

points (1SS-1S9° and 196-200°, respectively). Racemic (2) (prepared in an analogous but 

nonspecific way by reduction of dimethyl O,L-sspartate and separated from the a-isomer) 

was identical with natural (g) also in melting point and mixed malting point. 

The evidence presented above proves that K16 posassas an L-seryl-a-carboxy-6-sspar- 

tyl side chain (g). To our knowledge this is the first time that a derivative of an 

a-aminomalonic acid has been found in nature, although there has been considerable 

speculation on the possible occurrence of a-aminomalonic acid itself'. It is signifi- 

cant that the biological activity is lost 
2 on dscarboxylation. 

fl YOOH 0 -C-CH2-Y-COO ': 

NH-CO-T-CH20H 

0NH3 

$1 
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