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STRUCTURES OF LL-AC541 AND LL-AB664 

NEW STREPTOTHRICIN-TYPE ANTIBIOTICS 

D. B. BORDERS, K. J. SAX, J. E. LANCASTER,’ W. K. HAUSMANN,~ 
L. A. MITSCHER,~ E. R. WETZEL and E. L. PA-N 

Lederle Laboratories, A Division of American Cyanamid Company, Pearl River, New York lo965 

(Received in the USA 20 October 1969; Received in he UK/or publication 3 February 1970) 

Abtdmct-Structurrs for LL-AC541, LL-AEtti64, and two other related antibiotics are proposed. These 
compounds appear to be the tirst reported streptothricin-ty-pc antibiotics which do not contain plysine. 

ANTIBIOTICS LL-AC541 and LLAB664 are similar, very basic, water-soluble com- 
pounds produced by streptomycetes. 1-3 The following studies have resulted in the 
proposal of structures Ia and Ib for LL-AC541 and LL-AB664, respectively. 

Ia: R, = H 

RI. R, = H, CNH, 

Ib:R, = CH, 

R R =,KH I.5 . 2 

LL-AC541 was isolated by carbon and ionexchange chromatography as an 
amorphous hydrochloride salt (C, 37.61; H, 6.12; N, 19.63; 0, 2440; Cl, 12.79); 
[a];’ - 58” (c, l-09, water), m.p. 200-215” d, no absorption from 220 mp to 400 mp’. 
Hydrolysis of the antibiotic with 3 N HCl at reflux for 5 hr yielded glycine, ammonia, 
carbon dioxide, formic acid, N-guun-strcptolidyl N’-methyl+ngulosaminide (II) and 
small amounts of streptolidine (III), N-methyl-a-D-gulosamine (IV), and formimino- 

glycine 0. 
II was isolated from the hydrolysate as an amorphous hydrochloride salt following 

cellulose and charcoal chromatography. It gave positive ninhydrin and Weber tests 
and a negative Sakaguchi reaction. Treatment with 3 N HCl at 100’ for 5 hr yielded 

’ Central Rexarch Laboratories, A Division of American Qanamid Company. 
* Present address, Ayerst Laboratories, Incorporated, Rowca Point, New York. 
cPresentaddrcg.Deparmwtof phumacognoay aml Natural Producta, Ohio !Jtate University, 

Columbus+ Ohio. 
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mainly unreacted starting material and small amounts of streptolidine and an amino 
sugar. Hydrolysis with 6 N HCl at 120” (sealed vial) caused considerable charring and 
streptolidine and methylamine were the only identifiable products. 

0 
II 

CH,NH, 
I 

HOC CHOH 

N, NH 

Y 

HO!CH NH!: .t 

V 

0 
II 

CH,NH2 
I 

HOC CHOH 

III 
N, NH 

Y 

IV 

IV was recovered from the antibiotic hydrolysate by chromatography as a crystal- 
line hydrochloride salt C,H,,NO,*HCl. Evidence for a methylamino group was 
derived from the NMR spectra of the sugar, II, and the antibiotic all of which had 
3-proton singlets attributed to the N-Me group. In addition, methylamine was 
detected in 6 N acid hydrolysates of II and the antibiotic. Evidence that IV is a 
2deoxy-2-methylamino sugar was obtained from a 100 MHz spin-decoupling study of 
II. The anomeric proton (S 5.77, J = 9.7) of II was coupled to a single proton at Cz 
absorbing at 6 4Ql whose chemical shift was consistent for a methine proton on carbon 
bonded to the methylamino group. There were peaks at 6 3.71 and 63.34 correspond- 
ing to the streptolidine aminomethylene and methylamino groups, respectively. 
Immediately downfield from the C2 proton was the doublet (6 4.26) of the C, hydroxy- 
methyl group of the sugar and below this were the other methine protons of the sugar 
and the streptolidine ring. The corresponding compound, N-guan-streptolidyl fbD 

gulosaminide (VI)’ from streptothricin gave, except for an N-methyl absorption, a 
very similar NMR spectrum with practically the same chemical shifts and coupling 
constants for the Cr and Cz protons of the sugar. 

The order of magnitude of the coupling constants (Table 1) indicated three pos- 
sibilities for the ring protons of the sugar in the chair conformation (Table 2), each of 
which could exist as the D or L-isomer. These possibilities correspond to the gulos- 
amine, mannosamine and talosamine configurations. A consideration of mutarotation 
values6 (Table 2) has allowed a provisional choice of the D-gulosamine configuration 
for IV. This assignment assumes that the N-Me substituent has little effect on the 
rotation which is substantiated in the case of u-D-glucosamine hydrochloride 
([a]u + 100” initial, +72” final)6 and N-methyl-a+glucosamine hydrochloride 
([a]b - 103” initial, -88” final).’ Hydrochloride salts of methyl 2-amino_2deoxy- 
4,6-di-O-methyl+, Dglucopyranoside ([a]n - 2”) and its N-Me derivative ([a], - lo) 
represent another related model system.* Although caution is obviously necessary 
when defining stereochemistry by such types of optical rotations, we believe the dif- 
ferences observed in this case are su5cient to allow assignment. 
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Chemical tests and other physical properties of IV are consistent with the proposed 
structure and are very similar to those of N-methyl-L-glucosamine. Both sugars gave 
positive Tollens and Elson-Morgan tests and essentially no reaction with ninhydrin. 
Paper chromatography and high voltage paper electrophoresis in a number of systems 
did not separate these two compounds. 

Carbon 
Atom 

b Couplings Ohscrvcd (Hz) 

1 5.17 J 
J:: 

==97 
2 494 = 3.1 
3 4.88 J 
4 4.41 J:: 

- 49 
= < 1-O 

5 4.72 J 56 - 6.0 
6 4.26 

Conliguration‘ 
ill II 

Corresponding 
Amino sugar 

Mutarotation Values of Msomcr 
Amino Sugar Hydrochloridea 

Initial Final 

wLC,C~C,. 
CI.CI.C&& 
C*.C&&&. 

D- or L-gulosamine 
D- or L-mannomminc 
D-or L-taloSamine 
LGACS41 sugar (IV) 

+40” -I!? 
+3” +P 
+3” +6 
+3!P -u” 

’ Denotes carbon atom of the hexosc and an axial (a) or equatorial (e) configuration of 
the corresponding proton. 

The negative Elson-Morgan tests for II indicate that the sugar was linked through a 
glycosidic bond The large coupling constant of the anomeric proton in II resulting 
from an axial-axial relationship of C1 and Cz protons indicated a pyranose form for 
N-methyl-u-gulosamine with a gglycosidic linkage to the streptolidine moiety.’ The 
pyranose form was preferred over the furanose since the chemical shifts and coupling 
constants of the sugar protons of II were almost the same as those of the pyranose 
ring protons of the very closely related model compound N-gwm-streptolidyl gulos- 
aminide (VI).* Chemical shift differences of some anomeric protons of pyranose and 
furanose forms of sugars in deuterium oxide have been reported by Lemieux.” 

The unusual acid stability of the glycosidic bond in II is similar to that observed for 
. N-guan-streptolidyl gulosamm ide (Vi) and can be attributed to stabilization from 

linkage to the 2-amino-imidaxolium unit and proximity to a positively charged 
methylamino group.’ At this time the assigned attachment of this glycosidic bond to the 
exocyclic nitrogen of the 2-amino-imidazoline moiety is based on analogy to the 

l The chcmicat shifts for the CI and C, pyranose protons of VI UC given in Tabk 3. Tls associated 
coupling axMa~~t.s are Jls2 = 9-7 Hz and I,., = 5.7 Hz Another readily distinguiallabk signal of the sugar 
moiety was the C1 proton at d 4.21 (II,, = 3.2 Hz). 
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structure of the corresponding glycoside from streptothricin. The similarities between 
the rotations and chromatographic properties of II and N-guun-streptolidyl gulos- 
aminide (reported [ab - 22.4”)’ are consistent also with the proposed structure for II. 

Quantitative determinations of the ninhydrin-positive fragments in the antibiotic 
hydrolysate by means of an amino acid autoanalyzer gave the following relative molar 
ratios : glycine, la; ammonia, 2.3 ; streptolidine, 02 ; N-gturn-streptolidyl N’-methyl- 
gulosaminide, 07. Assays for formic acid and carbon dioxide liberated in the hydrolysis 
gave approximately equal moles of each. Additional quantitative data were obtained 
from the NMR spectrum of the antibiotic which had a l-proton singlet attributed to a 
formyl group and a 3-proton singlet for the N-Me group (Table 3). Consideration of all 
of the analytical data indicated the following molar ratios of primary fragments from 
the antibiotic: ammonia, 2; carbon dioxide, 1; formic acid, 1; glycine, 1; N-guan- 
streptolidyl N’-methylgulosaminide, 1. 

The detection of a small amount of formiminoglycine (V) in the hydrolysate pro- 
vided evidence for the following structural unit in the antibiotic. 

The NMR spectrum of the intact antibiotic like that of the formiminoglycine had a 
l-proton singlet for the formimin o group (6 8.40) and a 2-proton singlet (6 4.92) for the 
glycyl residue which is in agreement with this structural unit. The lack of absorption 
bands for a protonated amino acid ester in the IR ~pectrum’~ of the dihydrochloride 
salt of the antibiotic, and the hydrolysis characteristics of the antibiotic suggested that 
the formiminoglycyl residue is joined through an amide rather than ester linkage. A 
nitrogen available for such a linkage is presumably that of the amino sugar. The signal 
in the NMR for the N-methyl group of the sugar was only 019 ppm lower field in the 
antibiotic than in II hydrochloride, as might be predicted from the proposed struc- 
ture.* 

The strong basic character of the antibiotic with apparent p&r’s of 69 and 102 
showed that a free carboxyl group was not present2 Unlike streptolidine and N-guun- 
streptolidyl N’-methylgulosaminide (II), LLAC541 does not give a ninhydrin reaction 
thus showing that the amino group is masked. The masking of both the carboxyl and 
amino groups of the streptolidine moiety in the antibiotic can be accommodated by a 
cyclic lactam structure which is substantiated by comparison of NMR spectra. An 
outstanding feature of the NMR comparisons (Table 4) was the change in the Jab coup 
ling oonstant from 54 Hz for the open-chain form with the dihedral angle of the 
protons approximately 120” to 14.8 Hz for the lactam form with a dihedral angle near 
180”. The approximate bond angles were derived from models. These coupling con- 
stants are somewhat higher than predicted from the Karplus relationship which is 
attributed to the influence of the guanidinium group.” As might be expected, the 
lactam form showed a greater nonequivalence of the methylene protons than the open- 
chain form. 

The NMR results also confirm the relative stereochemistry of the streptolidine 
ring protons proposed by Carter et al.* and established the relative configuration 

l Undertbcslme~onstbcN-Meri~fordimethykmtnsh~oridcwQertd3.23wherar 
those for N, NdimcU~yhetamicle mn at 6 34.6 and 6 343. 
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about the remainin g asymmetric center. The latter was assigned from the Jbc of the 
streptolidine moiety in LL-AC541 (Table 4). An investigation with molecular models 
suggested that the lactam ring was in a slightly distorted boat conformation. 

strcptolidhe (III) strcptolidinc-sugar (II) LLAC541 (Ia) 

6 
Obscl-VCd 
couplings 

d 
ObMXVCd 
couplin8s 

6 
Ob6ClVCd 
c0upling.S 

H, Sill J .b 4.7 H, 509 J.b 50 H, 5.16 J .b 14.8 
HI 4.74 Jh 3.6 H,, 4.80 Jh 3.5 HL 4.59 Jk 2.7 
H, 4.59 J cd 3.4 I& 4.63 He-520 Id 5.5 
Hd 3.76 J, 9.8 H&,-371’ H, 4.32 J, 1.2 
H, 3.54 Jde 13.2 H, 3.89 I,. 150 

’ All chemical shifts are based 011 an extemal rcfercna of tctramethylsilane. Number systems for open- 
chain and lactam forms: 

NyNH 

b Exact values were not obtained for this portion of tbc a-m. 

OH 
VIIa:R, = H 

R R = H !NH f,3 3 2 

VIIb: R, = CHa 

R R =H~NH 2r, 3 2 

The remaining fragments of the antibiotic, namely one mole of carbon dioxide and 
one mole of ammonia are presumably present as a carbamate group. This assignment 
rests on the consistency of the structural features and properties of LL-AC541 with 
those described with streptolin and streptothricin. The location of this group is most 
likely on either the C3 or C. OH groups of the sugar. Substitution at the C6 position 
should result in a chemical shift+ to lower field in the NMR for the doublet of the C6 
methylene in II compared to the intact antibiotic. Such a shift was not observed. 

l The M for the methylcne group ofethyl carbamatc aml ethanol was @42 when the spectra were obtained 
in D20 with an external reference. 
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The evidence presented above is consistent with structure Ia for LLAC541. 
Treatment of LL-AC541 dihydrochloride with a solution of ammonium hydroxide- 

methanol or prolonged standing in methanol resulted in conversion to a new anti- 
biotic (VIIa) which was also observed in the original culture filtrate.* 

The resulting antibiotic was obtained as an amorphous hydrochloride salt. The 
NMR spectrum lacked the formimino absorption and the singlet for the glycine moiety 
appeared more shielded (A8 04). In all other features, the NMR spectrum of this new 
antibiotic was essentially the same as that of LL-AC541. It gave a positive ninhydrin 
reaction and the hydrolysate contained 1 mole less ammonia than that of LL-AC541. 
These characterization data and the type of conversion reaction involved are con- 
sistent with structure VIIa for this new antibiotic which differs from the starting 
antibiotic in its lack of the N-formimino group. The extreme lability of the formimino 
group is consonant with previously reported data on formiminoglycine,‘* and partial 
degradation during titration would explain the anomalous pKa (6.9) and the large 
neutralization equivalent (426) of LL-AC541.’ 

LLAB664 structure proposal (Ib) is the same as for LL-AC541 (Ia) with an addi- 
tional methyl group substituted on the nitrogen of the lactam ring. Evidence for this 
structure is based primarily on the characterization of hydrolysis products. Hydrolysis 
of LL-AB664 with 3 N HCl produced ammonia and glycine in a 2 :l molar ratio as the 
only ninhydrin-positive fragments. A small amount of formiminoglycine and a high 
yield of a streptolidine amino sugar (VIII) were also obtained. More vigorous hydro- 
lytic conditions yielded ammonia and glycine in a 2 : 1 molar ratio, methylamine and a 
streptolidine derivative (IX). 

Unlike streptolidine from streptothricin and the LGAC541 antibiotic, IX gave a 
very weak reaction with ninhydrin. A comparative study of streptolidine and IX 
indicated that both produce the same aldehyde on periodate cleavage, but IX pro- 
duced methylamine instead of ammonia. 

CH,NHR 

HO! ’ 

0 

CHOH HO! )H 

/ 10; 
N “I”” H1O + HCHO + RNH, 

Streptolidine: R = H 
IX: R = CH, 

The NMR spectrum of VIII (Table 3) was the same as that of II except for an 
additional N-methyl signal attributed to the group attached to the streptolidine 
moiety. Spindecoupling studies of VIII gave essentially the same results as II and 
suggested that LL-AB664 contained the same sugar as LL-AC541. Further hydrolysis 
of VIII produced a Tollens positive fragment with the same R, values by paper 
chromatography as the N-methylgulosamine. The properties of the antibiotic and its 
hydrolysis products are consistent with structure Ib for the antibiotic. Therefore, 
LL-AB664 is an N-methyl derivative of LL-AC541. 

Treatment of LLAB664 with methanolic ammonia resulted in conversion to a 
closely related antibiotic VIIb which presumably resulted from the loss of the formi- 
mino group as noted for the LGAC541 antibiotic. 
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LLAC541 and LLAB664 and their closely related deformimino derivatives appear 
to be the 6rst reported streptothricin-type antibiotics that do not contain &lysine; 
also LGAC541 and LLAB664 are apparently the first antibiotics reported to have a 
formiminoglycyl grouping 

Soon a!Ier the initial publication on the LL-AC541 and LL-AB664 antibiotics,1*3 
several similar or identical antibiotics were reported by groups in Japan. Antibiotic 
SF-701 was reported to be a streptothricin-type probably containing N-methylglycine 
instead of f3-lysine. I3 Antibiotics E-749-C’* and BY-81t’ appeared to be the same 
as LL-AC541 and antibiotic BD-1215 and sclerothricin16, the same as LLAB664. 

EXPERIMENTAL 

NMR spectra were dctcrminai at 60 MHz in DsO with TMS as an cxtcrnaf rcfcrcncc unkss stated othcr- 
wise. Spindccoupling was accomplished by the frcqucncy-sweep mcthod with a 100 MHz Varian spcctro- 
meter. UV spectra wm dctcrmincd in absolute McOH. M.ps arc uacorrcctcd. 

Amino acid aumanalyzer studies. Pun samples (-2 mg) of tbc LLAC541 dihydrochloridti and LL 
AB664 sulfatc3 were partially hydrolyzed (se&d vials) with 3 N HCI at 100-l 1Q for 5 hr or totally hyti 
lyzcd with 6 N HCl at 120-1W for 16 hr. The residues from the hydrolysates wcrc then studied with tbc 
Technicon amino-acid autoanalyzer by cluting the analyzer column continuously with a pH 50 buffcr.17 
Rctmtion times and color yields of the individual components were dctcnnincd with pun sampks obtained 
from preparative hydrolyses described below. 

Partial hydrolysis o~LL-AC541 on a preparatfve scale. The hydrolysis was conducted on a sampk of 
LGAC541 which contained approximately 50 % antibiotic with the impurity being csscntiafly NaCf. The 
partially purifkd LCAC541(60 g) was dissolved in 150 ml of 3 N HCI aud heated under r&u for 5 hr. 
A stratm of puritid N, was pemed through the dhxiog soin and then into 350 ml of 2 N NaOH to 
collect CO1 evolved. The hydrolysate soln was then evaporated fn oacuc to a residue that was subjcctcd to 
chromatography and a disullatc which was assayed for formic acid 

The CO1 was dctcrmincd as BaC03 by esscntialfy the same proccdurc described by Carter et 01.” The 
carbonate wcighcd 102 g corresponding to 5.2 mmoles COs. 

Ahquots of the distillate wcrc assayed for formic acid by reducing the acid to formaldehyde which was 
dctcnn.incd with chromotropic acidi The total distillate contained 39 mmoks formic acid 

The residue from tbc hydrolysis was chromatographed on a dry-packed column (4 x 75 cm) of Whatman 
ccllulosc powder, standard grade, prcwashcd with clution solvent t-BuOH, AcOH, water (4 : 1: 1). To charge 
the cohunn, the residue was dissolved in water and adsorbcd onto 9 g ccllulcec powder which was then 
drkd and packed onto the top of the column. Fractions wcrc assayat by spot tests and paper chroma- 
tography. The flow rate of tbc column was 30 ml/hr. Results of the separation arc summarized in Table 5. 

Fraction 
Ml of column 

cmucnt 
weight 

A 600-2100 Glycine, amino sugar, 3.17 g 
formiminoglycius 
inorganic salts 

B 3,alo-5,100 Strcptolidine 027 g 

C 6#aI-11,700 N-guan-strcptolidyl 164 g 
N’-mcthylgulosaminide 

FractionA,1~3gwasdissolvcdinaminimumamountwaterandintroduccdontoan1g x 35Ommcohunn 
of a polystyrcuc sulfonic acid-type ion-cxhangc r&n (H+, 2tKt400 mesh) The column was dcvclopsdwith 
03 N HCI and Bactions which containul approximately 7.5 ml wm colkctcd cvuy 15 min. Tollays” 
ninhydrin and hypochforitaiodide’* spot tests indicated that fractions 6Y7Ocontained the sugar, fractions 
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loo-125 the glycine and fractiolls 150-198 the formimia oglyciae.Tbecombinalykklsfromthisanda 
simikrrunwith1~5got~onAgrve45~olcnderugar,159mgoC~formiminoglycinc~ 
341 mg (4-S mmoks) of glycine 

Part&l hy&oly& oILLAB on a preparatice wk. LLAB664 sulk (14 g) was hydrolyzul and the 
hydrd~~chromrtoOnpbedonaUulore~onartrongocidionachnpcrainbyavsry~p~ 
cedurc as usai for LLAC541. The ahlore ahmn, 6 x 60 cm, was elutai with approximately &tXIO ml of 
t-BuOH, AcOH, water (4 : 1: 1) and then 2,CNlO ml of t-BuOH, AcOH, water (2 : 1: 1). Products were detected 

by paper chromatography and spot tests. 
The results from the all&se column are summarized in Tabk 6. 

T= 6. COLUMN FXACI-IONS PROY THE PAKTIAL HYDROLYSATB OF LGAB664 

FlU&Xl 
Ml of cohuM 

Etlluent 
Components weight 

A lJ50-1,400 crude foMliminoglycinc 175 mg 

B 1,6t=ZooO Glycinc and inorganic salts 125 mg 

C 3&@4,@x) Crude N-guan-N’-mcthylstr@olidyl 865 mg 
N”-methylgulosaminide 

StreptoUdlnr (III). Wbeo fraction B from the partition column ofthe LL-AC541 bydrolyaate was dissolved 
in 05 N HCl and evaporated, tha streptolidiuc crysUkd as a dihydrochloride. ‘Ibe cry&line product 
wan waahcd with MeOH-acctone (2 : 1) to remove some darkcolorcd imputitka The resulting cryxUiac 
product had [ati’ +558 *29 (c. 101, water), m.p 21Y d. It gave positive niahydrin and Wcber, but 
negative Elson-Morgan and Sakawhi teat& The UV spectrum showed only end absorption and the IR and 
NMR spectra wm identical with those reported for streptolidine dihydrochloride,“*‘3 (Found: C_ 26.96. 
27.23; H, 539,533; N, 21.33; Cl, 27.29. Calc. for CIHIINI03*2 HCI: C, 2760; H, 5.41; N, 214; Cl, 
27.16%). 

Further confkmatio~ of ideotity was obtainal by direct chromatographic and spectral comparisons to 
straptolidiae dihydrochloride obtained from streptothricin by the same prcccdure.’ 

N-Methyk+gu/o~ (IV). The sugar fraction from the ion-exchange column of the LL-AC541 
hydrolysate was dissolved in water and passed through a column (6 x 30 mm) of &arc& diatomaocous 
earth (3 : 2 by volume) to remove coloral impurities. The residue, after evaporation of the cluatc, was 
readily crystaked from EtOH-water to give the oolorlan hydrochloride salt, m.p. 155’ d, [ax’ +39” 
initial (extrapolated), -22” 6nal (c, 0785, water). It gave only a very slight ninhydrin, but clearly positive 
Elson-Morgan aod Tolkns reactiono. The compound could not be separated from N-methyl-L-glum- 
amine* by paper ekctrophoresis at pH’s 2Q 3.8.6-5 and 10 nor by papa chromatography with the systems 
pyridine, AcOH, water (10:7:3); EtOAc pyridine, water (12:5:4); l-BuOH, pyridine, water (6:4:3) and 
1-Bu0H,AcOH,water(4:1:5);~:3350.2950,1550,1460,1420,1360,1315, 1235,1185,1166,1130,1097. 
1067, 1036, 1025,972,%3.916, 883, 875,825. 763 cm-’ ; NMR (after mutarotation) b 3.35 (a. N-CH,), 
b 4.25 (apparent d, -CHIOH), and d 5.83 (d, anomcric proton) (Found: C, 3648; H. 689; N, 610. 
C,H, 5N0,S HCI requires: C, 3660; H. 7(12; N, 610%). 

N-Gum-sfreptolidyl TV’-methyl-fb~qulosamtnide (II). II was eluted from the partition column as a sin8le 
broad-tailing band determined on a dry weight basis and colkcted in 4 fractions. The optical rotations of 
the sotids from these 4 fractions varied signifkantly. When each was passed through a small column of 
charcoal with water, the eluates yic!ded colorless amorphous solids which appeared to be equivalent and 
homogeneous byoptknlrotationsandautoanalyzcrchromatogxnphy.*7Attcmpts toqstalkethisproduct 
were unsumxsfU It had only end absorption in the UV region, m_p. 175-185’ d, [a%’ -27 k:C (c 0813, 
water),~:33oob, 1655,1605,1490w. 145Ow, 1390,1287.12154 1155ah, 1057b,952w,920w.Ni11hydrin 
and Weber tests were positive, -Morgan ami Sakaguchi reactions were negative. (Found: C, 3090; 
H, 639; N, 13.72; Cl, 18.45. CI,HasN,07: 2.7 HCI-2.5 HI0 requires: C, 3080; H, 650; N, 13.82; Cl, 
18.89 %). 

l Isolated as the hydrochlorida aah from a hydrolyaata of streptomycin 
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Hydrolyses of II with 3 N and 6 N HCI were conducted on a milligram scale as previously described and 
the products were identified by paper chromatography.-The partial hydrolysis with 3 N HCI yielded mainly 
starting material and small amounts of streptolidine and the amino sugar, whereas the total hydrolysis 
gave only stteptolidine and methylamine as identifiable products. 

Glycine and ammonia. These fragments were identified in the antibiotic hydrolysates by amino acid 
autoanalyzer retention times. In addition, the isolated crystalline glycine hydrochloride was identified by 
IR spectrum and paper chromatography. 

Formiminoglycine (V). Recrystallization with MeOH-acctone of the crude formiminoglycine from the 
ion-exchange chromatography of LL-AB664 hydrolysate gave formiminoglycine hydrochloride as colorless 

NH 

II 
crystals. NMR 6 4.32 (9, CH& d 7.92 (s, -C-H). (Found: C, 2600; H, 5.10; N, 2022; Cl, 25.59. Calc. 
for C3HeN101’HCl: C, 26.45; H, 5.18; N, 20-u); Cl, 2550%). Direct comparisons with syntheticformi- 
minoglycine hydrochloride12 showed the compounds to be identical. Formiminoglycine was identified by 
paper chromatography and paper electrophoresis in fractions from the ion-exchange chromatography of 
LL-AC541 hydrolysate. 

N-Guan-streptolidyl gulosaminide (VI). Hydrolysis of streptothricin produced by a Strepromyces sp. 
(Ledcrle. L-1689) and chromatography of the hydrolysate by essentially the same procedure as used for the 
LL-AC541 antibiotic yielded N-guan-streptolidyl gulosaminide which had approximately the same retention 
time on the cellulose column as II. Further purification by passing an aqueous solution through charcoal 
provided a colorless. amorphous hydrochloride salt. The NMR spectrum of this compound was extremely 
similar to that of II except that it lacked the N-Me signal. When the compound was hydrolyzed with 3 N 
HCI for 5 hr, it remained largely unreacted but small amounts of streptolidine and Dgulosamine were 
detected by paper chromatography. Milligram quantities of the latter compounds were obtained from the 
hydrolysate of the antibiotic itself by the procedures used to purify the corresponding fragments from LG 
AC541. Streptolidine was obtained as the crystalline dihydrochloride salt and could not be differentiated 
from III. The sugar was crystaIlized from EtOH-water to obtain the a-D-gulosamine hydrochloride as 
colorless crystals, m.p. 148-155” 6 [a];’ +32-8” (5 mitt) - 15.3” final (c 0913, water). (Found: C, 3340; 
H, 6.66: N, 640. Calc. for C,H,,NOISHCl: C, 33.42; H, 654; N, 6.49%). 

N-Guan-(N’-methylstreptolidyl) N”-methyl-&D-yulosaminide (VIII). Crude compound VIII. obtained 
from partition chromatography of the hydrolysate of LLAB664. was dissolved in water and passed through 
a column of charcoal, diatomaceous earth (1:4 w-t). The eluate was freeze-dried to obtain the amorphous 
hydrochloride salt. [a];’ - 21” f 3” (c 104, water). The NMR and 100 MHz spindecoupling spectra of the 
salt (VIII) were practically the same as those of II from LL-AC541 except that they had an additional N-Me 
signal. Further hydrolysis of VIII with 3 N HCl yielded N-methyl-streptolidine and a sugar having the same 
R, value (037) by paper chromatography (t-BuOH, AcOH, water, 2 : 1: 1) as the N-methyl-r+gulosamine 
from LLAC541. 

N-Methyl-streptolidi (IX). LLAB664 (100 mg) was hydrolyzed in 10 ml of 6 N HCI at 120 for 18 hr. 
Preparative paper chromatography of the hydrolysate provided a Webcr-positive, n$hydrin-negative, 
streptolidine-like fragment of R, 024 in the system t-BuOH, AcOH, water (2: 1: 1). This material was 
eluted from the paper and reacted with periodate. The product of this reaction was shown to contain 
methylamine both by paper chromatography and paper electrophoresis In addition, the electrophoresis 
study demonstrated two Tollens positive fragments that had the same mobilities as the periodate oxidation 
products of streptolidine obtainui in a parallel experiment. 

Mild 6&c &g&&on ofLLAC541 and LLAB664. LL-AC541 dihydrochloride, 100 mg, was dissolved 
in a soln of 6-5 ml of methanol plus 3.5 ml of concentrated NH*OH and allowed to stand at room temp 

onto a weakly acidic cation-change column (8 x 50 mm, lOO-2al meah). The column was washed with 
20 ml water and eluted with 10 ml 03 N HCI. The residue from the acid fraction was an amorphous hydro- 
chloride salt of deformimin o LLAC541 (VIIa). The NMR spectrum of this compound was very similar to 
that of LL-AC541 except that it lacked the formyl signal and showed the glycine peak sh$ted uptield 
(Table 3). An autoanalyzer study of the hydrolysate (prepamd with 3 N HCl) gave the following mole ratios : 
glycine, 10 ; streptolidine, 07 ; ammonia, l-3 ; streptolidine-sugar (II), 063. Paper chromatography with 
90% phenol, m-cresol, AcOH, pyridine, water (200:50:8 :8 : 150) differentiated the new antibiotic from 
LGAC541 (R, 058) but not from a related antibiotic (R, 040) frequently found in the fermentations for 
LLAC541. The antibiotic zones were detected by bioautography against 
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Klebsiella p netuvwniae. A similar treatment of LL-AB664 with &OH-aqueous ammonia resulted in 
conversion to anotha antibiotic which had by chromatography R, 065 whik LL-AB664 had R, 080. 
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