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   A new metabolite, tryptophan-dehydrobutyrine diketopiperazine (TDD) was iso-
lated from Streptomyces spectabilis, the organism producing the streptovaricin antibio-
tics. The structure was assigned from spectral properties and degradation products.

   The biological activities of the streptovaricins, members of the ansamycin1) class of an-

tibiotics, are of continuing interest and we are now investigating the minor components of 

the streptovaricin complex. In the course of these studies we recently isolated a compound 

to which we here assign the structure tryptophan-dehydrobutyrine diketopiperazine (TDD, I). 

   Streptovaricin complex, prepared by the fermentation of Streptomyces spectabilis, was 

chromatographed repeatedly on silica gel to give a fraction containing a mixture of more polar 

streptovaricins2)and a colorless ultraviolet-absorbing component which was chromatographed 

repeatedly over silica gel columns to give pale yellow, crystalline needles (TDD) whose high 

resolution mass spectrum indicated the molecular formula C16H17N3O2. TDD shows weak 

activity against RNA directed DNA polymerase (reverse transcriptase)-30 % inhibition of 

RLV reverse transcriptase at 200 ug/ml2)-but it does not have significant in vitro antibacterial 

activity or inhibitory activity toward Escherichia coli DNA-dependent RNA polymerase. 

   Hydrogenation of TDD over palladium charcoal in ethanol gave dihydro TDD (II), whose 

molecular formula was assigned as C16H16N3O2 by high resolution mass spectrometry. Hydro-

lysis of II in 6 N hydrochloric acid at 120°C gave a-aminobutyric acid (Aba), identified by 

comparison with an authentic sample on thin-layer chromatographs employing a ninhydrin 

assay. Other products of the hydrolysis were apparently decomposed under these conditions 

and could not be detected on tlc. 

   The carbon skeleton of Aba can be detected in II from the proton magnetic resonance 

(pmr) spectrum (C,D,N) of II (Table 1),* which contains a methyl triplet at 0.58 ppm and 
non-equivalent methylene protons in multiplets at 0.58 and 1.56 ppm, both coupled to a pro-

ton at 3.90 ppm in addition to being coupled to the methyl group.

Fig. 1. Tryptophan-dehydrobutyrine diketopiperazine (TDD, I) and compounds derived from it 
   -tryptophan-butyrine diketopiperazine (II), and n-aminobutyric acid (Aba, butyrine)

I II
Aba

* The spectral pattern is clearer after-addition of deuterium oxide.
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   Compound II is neutral and does not give amino or carboxyl tests. Thus, both the nitro-

gen and carbonyl groups of Aba are apparently present in amides in II. This conclusion is in 
agreement with the infrared spectrum of II, which contains amide absorption at 3410, 3230, 

1680 and 1650 cm-1 (NH and C=O). An amide NH proton is observed in the pmr spectrum at 

11.87 ppm, exchangeable with deuterium oxide. Thus, the partial structure a is assigned to II.

   A second structural unit found in II is a 

3-alkylindole nucleus, b. This can be identified 

from the pmr spectrum (Table 1), with 5 aro-

matic protons in a pattern nearly identical to 

those for 3-methylindole,3a) indoleacetic acid,35)

and tryptophan,4) as well as from the ultraviolet spectrum, with maxima at 220 nm (logs 4.38), 

273 nm (log s 3.53), 282 nm (log s 3.54), and 290 nm (log s 3.50), like those of 3-methylindole 

with maxima at 222 nm (log s 4.51), 275 nm (log s 3.73), 281 nm (log s 3.76) and 290 nm (log 

s 3.69).5) 3-Alkylindole pmr and ultraviolet spectral characteristics are also shown by TDD. 

   The mass spectra of TDD and dihydro-TDD both contain an intense ion at m/e 130 charac-

teristic of the unit b,6) as well as its fragment ions at m/e 103 and 77.

Table 1. Proton and carbon magnetic resonance absorptions of TDD (I) and dihydro-TDD (II)
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   a CDCI3 solution, I=TDD (tryptophan-dehydrobutyrine diketopiperazine). bC5D5N solution, II= 
dihydro-TDD (Try-Aba diketopiperazine).cSee Fig. 1 for numbering scheme. dPpm from TMS. 
Signals in the same column marked * or ** may be interchanged. 'Multiplicity: s=singlet, d= 
doublet, dd - doublet of doublets, t = triplet, m = multiplet, b = broad, qn = quintet, sx = sextet. 
'Multiplicity in off-resonance proton-decoupled spectrum , same abbreviations as Footnote e. gDisap-
pears on D2O exchange (TFA catalyzed). hCH in II. CH2 in II.

a b
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    The NH proton of b is observed in the pmr spectrum of dihydro TDD at 9.15 ppm and 

is exchangeable with deuterium oxide. The methylene protons of b are found in dihydro 

TDD at 3.53 and 3.87 ppm (Table 1) and form the AB portion of an ABX multiplet, with 

the X proton being found as a broad triplet at 4.43 ppm. The remaining unit of dihydro TDD 
is a methyl group (C16H19N3O2-C5H7N2O2-C10H9N=CH3) which appears at 3.10 ppm in its pmr 

spectrum. This chemical shift value is only appropriate for location of the methyl on nitrogen 

(of the free bonds in a and b), as in a'. Combination of partial structures a' and b can only 

give the diketopiperazine II. 
   Comparison of the pmr spectra (Table 1) of TDD and dihydro TDD reveals that the ethyl 

group of II has been formed by hydrogenation of an ethylidene group in TDD, as summariz-
ed in cII and cI. Thus, the structure of TDD, I, follows directly from that of II, and I is 

seen to be the diketopiperazine formed from tryptophan and dehydro-a-aminobutyric acid (de-

hydrobutyrine). The infrared spectrum (KBr) of I is much like that of II except that the car-

bonyl absorptions are more widely spaced-at 1685 and 1635 cm-1. Presumably the latter is 

due to the unsaturated amide. Although dehydrobutyrine is unusual it is by no means unknown, 
being found in the peptide antibiotics stendomycin,7) nisin,8) and subtilin.9) 

    Although the discussion above leaves no doubt regarding the structure of I, a few points 

warrant comment. First, the proton spectra of I and II are quite sensitive to solvent changes. 
Thus, chemical shifts for protons of the aromatic rings differ considerably in pmr spectra of 

I (CDCl3) and II (C5D5N; cf. Table 1). 

   The carbon magnetic resonance (cmr) absorptions of I have been assigned and are in 

general agreement with structure I. First, carbon atoms were grouped according to the num-
ber of hydrogens attached (indicated by the off-resonance proton decoupled spectra), then as-

signed according to standard chemical shift data,") as shown in Table 1. The cmr spectrum 

of 3-methylindole10b) was especially useful in assigning the aromatic portion of the spectrum 

of I, its chemical shifts being as follows: C-2, 122.7 ppm; C-3, 111.4; C-3a, 129.2; C-4, 

119.4; C-5, 122.3; C-6, 119.6; C-7, 111.7; C-7a, 137.3. The close agreement of the 3-methy-

lindole spectrum with that of the aromatic portion of TDD is further evidence for the structure 
assigned (I). The two amide carbonyl carbons were assigned by considering the effects of both a, 

(S-unsaturation and N-methylation. Thus, a carbonyl carbon shows an upfield shift on introduc-
tion of a conjugated double bond (cf. propionamide carbonyl at 177.2 ppm vs. methacrylamide 

at 170.3 ppm) and methyl substitution on an amide nitrogen also causes a slight upfield shift 

of the amide carbon (cf. acetamide at 172.7 ppm vs. N-methylacetamide at 171.6 ppm). There-

fore, the C-3 carbonyl could be assigned to the signal at 166.9 ppm and C-6 to the signal at 

160.5 ppm. 

   Although compound I shows no antibacterial activity, several groups of diketopiperazine 

antibiotics have been reported, including the sporidesmins,11) aranotins,12) gliotoxins,13) and

a'

CII CI
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albonoursin.14) The latter compound (albonoursin), which contains two unsaturated amino 

acid units, was recently reported to have antitumor activity in riro.15)

                              Experimental Section* 

   Isolation of I. Impure streptovaricin A (9.7g) prepared from streptovaricin complex (Up-

john, Lot No. 11560-4) by silica gel column chromatography employing benzene-acetone as 
eluant was rechromatographed over 400 g of silica gel (Brinkmann) in a column 50 X 600 mm 
employing chloroform-methanol (97:3) as eluant to give 2.06 g of a fraction containing several 
components and 3.4 g of streptovaricin A. The former fraction was further chromatographed 
on 100 g of Bio-Sil A (silicic acid) in a column 32 X 400 mm employing chloroform-methanol 
(98:2) as eluant. All fractions were examined by thin-layer chromatography (tlc) on Bio-Sil 
A (silicic acid) using chloroform-methanol (95:5) as solvent and an ultraviolet lamp as detec-
tor. Appropriate fractions were then combined and evaporated to dryness to give 1.05 g of 
impure I, which was further purified on 50 g of Bio-Sil A (silicic acid) in a column 30 X 400 
mm employing chloroform-methanol (97:3) as eluant. Again, fractions were examined by tlc 
and appropriate fractions were combined. Evaporation gave 730 mg of I, which was crystal-
lized from chloroform-carbon tetrachloride and recrystallized from acetone-cyclohexane to give 
515 mg of slightly yellowish needles, soluble in acetone, chloroform, methanol, and ethanol; 
Trip 121-123bC, [a]7;..R+10.0° (c 1.1, 95 % EtOH), uvmux (95% EtOH) 220 nm (s 34,900), 260 
sh (s 8470), 283 (s 5780), 290 (s 4830), it (KBr) 3300, 3230 (NH), 3100, 1700, 1645 (amide), 1600 
(aromatic), 1400, 1130, 1110 and 740 cm-1 (aromatic). 

   .Anal. Calcd. for C16H17N3O2: mot wt. 283.1320. Found: mot wt, 283.1303 (HRMS). 

   Hydrogenation of I. A sample (100 mg) of I was hydrogenated over 30 mg of 5 0 pal-
ladium-charcoal in 50 ml of ethanol at atmospheric pressure. After 5 hours, hydrogenup take 
had ceased and the reaction mixture was filtered through Celite, The filtrate was evaporated 
to dryness to give 90 mg of hydrogenated product which was chromatographed over 10 g of 
Bio-Sil A (silicic acid) in a column 10 X 250 mm, employing chloroform-methanol as eluant. 
Two fractions were isolated, ca. 10 mg of an oil followed by 55 mg of a solid. The solid 
fraction was crystallized from chloroform-carbon tetrachloride to give 43 mg of II; colorless 
needles, mp 126-128°C, it (KBr): 3400, 3260, 1680, 1650 and 735 cm-1. 

    Anal. Calcd. for C16H19N3O2: mot wt, 285.1477. Found: mol wt, 285.1479 (HRMS). 
    Acidic Hydrolysis of II. A sample (1.5 mg) of II was hydrolyzed with 2 ml of 6 N hydro-

chloric acid at 120°C for 16 hours in a sealed tube. The resulting hydrolyzate was diluted 
with ca. 5 ml of water and evaporated to dryness in vacuo and this procedure was repeated 
several times to remove hydrochloric acid. Finally, a small amount of water was added to 
the dried material and the solution was examined by tic employing a ninhydrin spray assay. 
a-Aminobutyric acid (III) in the hydrolyzate had R, values identical to those of authentic 
racemic a-aminobutyric acid (Nutritional Biochemical Corporation) on Eastman Chromagram 

plates employing 1-butanol-acetic acid-water (4:1:2) and 1-butanol saturated with water as 
solvents.
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