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croprobe of an 80-MHz Varian CFT-20 in hexadeuteriobenzene, 
35000 scans with 5-s delay) showed nine peaks at S 195.14, 135.09, 
102.14, 24.60, 22.53, 22.14, 21.32, 21.03, and 20.35. Structure 
HI would be expected to have three proton NMR signals in the 
regions indicated. Structure IV should have four signals, but the 
trienylmethyls are so similar that they are quite likely to be 
accidentally isochronous. Cumulenes typically have a band at 
about 2010 cm-1 in the IR spectrum, whereas allenes are generally 
seen to absorb at 1995 cm"1. The 5 195 carbon peak is in the range 
invariably encountered for the sp carbon atom in allenes;14 on these 
various grounds, one might favor structure III. On the other hand, 
the presence of six high field and three low field peaks in the 13C 
NMR spectrum seems in better accord with structure IV (ex
pected;15 six and four, respectively) than with III (five and five). 
The missing 10th peak must be attributed to isochronous signals 
or unusual relaxation characteristics of one of the carbon atoms. 
Our present work focuses on the tert-butyl substituted carbene; 
it is hoped that this type of substitution will lead to more stable 
derivatives. 

In any case, proof that the title carbene (or some loosely bound 
complex mimicking it) has been captured seems unassailable. This 
opens further possibilities for experimental study, among them 
the question whether it has the same dipolar characteristics as 
dimethylallenylidene and whether extension to still longer chains 
is possible, perhaps with /ert-butyl group stabilization. Our work 
continues along these lines. 

Acknowledgment is made to the donors of the Petroleum Re
search Fund, administered by the American Chemical Society, 
for support of this research. 
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Studies of Nitrogen Metabolism Using 13C NMR 
Spectroscopy. 2. Incorporation of 
L-[guanido-,3C,,5N2]Arginine and 
DL-[guaniY/o-13C,2-15N]Arginine into Streptothricin F1 
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the need to invoke two fundamentally different metabolic pathways 
for the formation of the streptolidine moiety (5), as had been 
claimed by previous workers.4,5 

We now report direct, conclusive evidence for 4 as the primary 
precursor of 5, as well as evidence supporting Bycroft and King's 
proposal (Scheme II) for the biogenesis of 5 from 4.6 h-[guan-
/Wo-13C,15N2]Arginine (4a) and DL-[g«anWo-13C,2-'5N]arginine 
(4b) now have each been incorporated into the antibiotic, yielding 
la and lb, respectively. The presence and locations of both 13C 
and 15N labels were revealed in the 13C NMR spectra from the 
heteronuclear spin couplings.7 
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We have recently reported the labeling of streptothricin F (1), 
a broad-spectrum antibiotic produced by various Streptomyces, 
by sodium [l,2-13C2]acetate.3 As shown in Scheme I, the labeling 
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pattern of the heterocyclic (streptolidine) portion of the antibiotic 
was consistent with the incorporation of acetyl-CoA (2) via a-
ketoglutarate (3) and arginine (4). This interpretation eliminated 

(1) This is part 2 in the series "The Biosynthesis of Streptothricin F". 
(2) Career Development Awardee of the National Cancer Institute 

(CA0O627), 1979-1984. 
(3) Gould, S. J.; Martinkus, K. J.; Tann, C-H. J. Am. Chem. Soc. 1981, 

/03, 2871-2872. 
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Arginine 4a (48.8 mg as the hydrochloride, 232 ixmol, 92 atom 
% 13C, 94 atom % 15N), mixed with DL-[l-14C]arginine (4.9 AiCi), 
was added aseptically to each of two 250-mL production broths 
12 h after innoculation with a vegetative seed culture of Strep
tomyces L-1689-23.3 Standard workup3 36 h later afforded 126 
mg of the crystalline, radiochemically pure helianthate salt of 
streptothricin F. 

(4) Sawada, Y.; Kubo, T.; Taniyama, H. Chem. Pharm. Bull. 1976, 24, 
2163-2167. 
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The helianthate salt was converted to streptothricin F tri-
hydrochloride3 and the 67.88-MHz proton-noise decoupled 13C 
NMR spectrum of the sample in 2% pyridine/D20 obtained. Only 
the signals from the guanido and carbamate carbons showed spin 
couplings indicating the presence of 15N, and none of the 18 
observable singlets showed enhancement of 13C content when 
normalized to the signal of the anomeric sugar carbon and com
pared with the natural abundance spectrum. 

The natural abundance peak of the 5 160.38 signal was obscured 
by the superposition of a large triplet (7CN = 20 Hz) and a small 
doublet (7CN = 20 Hz).8 This signal can now clearly be assigned 
to the guanido carbon of I.3 Since 4a was not 100% enriched in 
13C and 15N, a triplet was observed for the 81% of la containing 
a 15N=13C-15N grouping (JAB ~ /BC) and a doublet was ob
served for the 10% of la containing either a 15N=13C—14N or 
a 14N=13C-15N grouping.9 A small doublet (7CN = 26 Hz) 
flanked the carbamate signal at d 155.44, indicating the 
specific—though much more distant—derivation of this moiety 
from arginine, too.10 

Measurement of the guanido and carbamate signals in the 13C 
NMR spectrum of la indicated enrichments of 26% and 0.4%, 
respectively, when normalized to the signal of the lactam carbonyl 
and compared with the natural abundance spectrum. 

We next synthesized DL- [guanido-' 3C,2-' 5N] arginine 4b.n A 
portion of this material (11.15 mg as the hydrochloride, 52 ^mol, 
90 atom % 13C, 98 atom % 15N), mixed with 2.23 jtCi of DL-[5-
14C] arginine, was fed to each of four 250-mL production broths. 
Pure helianthate (231 mg) was obtained in standard fashion. The 
67.88-MHz 13C NMR spectrum of pure streptothricin F tri-
hydrochloride (lb) now revealed a new doublet (7CN = 12.0 Hz)12 

flanking the guanido signal. 
This doublet, showing a small upfield shift (1.05 Hz)13 and 

measuring for a 2.9% enrichment, clearly demonstrated the for
mation of the new C-N bond predicted in Scheme II. Thus, all 
three guanido nitrogens of 1 are derived from arginine. Since the 
two labels in 4b were separated by a potentially labile bond, this 
result along with that obtained from the incorporation of 4a 
confirms the intact incorporation of arginine into 5 and gives strong 
support for the validity of the pathway outlined in Scheme II. 

Recognizing that arginine is incorporated into 5 intact, the 
strategic inclusion of DL-[5-14C]4 in the L-4a feeding can now be 
used to show that only L-arginine is utilized in the biosynthesis 
of 1. On the basis of the amount of antibiotic present at the end 
of the fermentation (218 mg),14 8.2% of the radioactivity fed had 
been incorporated. This would predict an 11.8% total enrichment 
of 13C had both D- and L-arginine been utilized whereas utilization 
of only L-arginine would have yielded a 23.6% enrichment. The 
observed total enrichment was 26.4%. 

Future work will examine further details of streptolidine and 
/3-lysine biosynthesis by using additional 13C/I5N- as well as 
13C/2H-labeled precursors. 
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We wish to report the utilization of a colloidal clay for the 
optical resolution of racemic metal chelates. This research was 
motivated by the following findings about the racemic adsorption 
of d- and /-iron(H) tris(l,10-phenanthroline) chelates, [Fe-
(phen)3]

2+, on a clay surface. In 100 mL of distilled water, 87 
mg of sodium montmorillonite (Na+M") (Kunipia-G, Kunimine 
Ind. Co., Japan) was dispersed. The resultant solution contained 
1.0 X 10"3M cation-exchange site. When Na+M" was added to 
a (+)5io-iron(H) tris(l,10-phenanthroline) bis(antimony </-tartrate) 
[(+)[Fe(phen)3]

2+-(+)L2"], the red solution was instantly tinted 
with pale pink. The absorption spectrum was measured without 
any serious interference by scattering. Curve a in Figure 1 shows 
the dependence of the increase of the apparent extinction coef
ficient at 530 nm (Ae530) on the ratio of Na+M" to the metal 
chelate. Ae530 leveled off at about [Na+M"]/[(+)-[Fe-
(phen)3]

2+-(+)-L2"] = 2. The same results were obtained for a 
solution of (-)510-iron(II) tris (1,10-phenanthroline) bis(antimony 
/-tartrate) [(-)-[Fe(phen)3]

2+-(-)-L2"]. In both cases, more than 
90% of the Na+M" was consumed for the binding with the metal 
chelate at [Na+M"]/[metal chelate] = 2.' Thus, each metal 
chelate occupies two cation-exchange sites on a clay surface when 
it is adsorbed from a solution of a single enantiomer. 

The results were different, however, when Na+M" was added 
to the racemized solution of (+)-[Fe(phen)3]

2+-(+)-L2"['/2-
(+)-[Fe(phen)3]

2+ + 72(-)-[Fe(phen)3]
2+-(+)-L2". As shown in 

curve b in Figure 1, Ae530 attained a maximum value at 
[Na+M"]/[1/2(+)-[Fe(phen)3]

2+ + 1/2(-)-[Fe(phen)3]
2+.(+)-L21 

= 1 and decreased gradually with further increase of Na+M . The 
results imply that each metal chelate occupies one cation-exchange 
site when it is adsorbed from a racemic solution. These conclusions 
also hold when (+)-L2" is replaced with 2ClO4" (Figure I).2 

From X-ray diffraction measurements of the wet precipitates 
of clay-metal chelate adducts, the basal spacing of a clay sheet 
was determined to be 17.9 and 14.8 A for the 1:2 (+)-[Fe-
(phen)3]

2+/M" and 1:1 (V2(+)-[Fe(phen)3]
2+ + V2H-[Fe-

(phen)3]
2+)/M adducts, respectively.3 The former value is close 

(1) The free Na+M" was titrated against the acridine orange cation (details 
will be described in a later paper). 

(2) So far the racemic adsorption has been observed for [Ni(phen)3]-
(C104)2, [Fe(phen)2(CN)2], and [Fe(byp)3(CN)2]. The results on these metal 
chelates will be published elsewhere. 

(3) For the sake of charge neutrality, ' /2 equiv of (+)-L2~ should be in
cluded in the 1:1 (V2(+)-[Fe(phen)3]2++ 72(-)-[Fe(phen)3]2+)/M"adduct. 

0002-7863/81 /1503-4640S01.25/0 © 1981 American Chemical Society 


