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y-Hydroxy-f-lysine is a new basic amino acid isolated from the hydrolyzates of antitubercular peptides,

tuberactinomycin A and N as one of the composite amino acids.

The chemical structure and stereochemistry

of the amino acid were established on the basis of chemical reactions and physical measurements, i.e., IR, NMR,
and ORD. One stereoisomer obtained in hydrochloric acid hydrolysis was determined as threo-y-hydroxy-r-
P-lysine (Ia), while the other one obtained in concentrated sulfuric acid hydrolysis as an erythro isomer (Ib).

Tuberactinomycin is a family of peptide antibiotics
effective against tubercular bacilli.3) Tuberactino-
mycin A and B were isolated from the broth filtrate
of Streptomyces griseoverticillatus var. tuberacticus and a
mutant of the original microorganism produced tuberac-
tinomycin N and O.%

Tuberactinomycin A is composed of following five
amino acids, i.e, L-serine, L-a,8-diaminopropionic
acid, 3-ureidodehydroalanine,® vr-tuberactidine,” and
a new basic amino acid (I) with the molecular ratio
of 2:1:1:1:1, while tuberactinomycin N contains
capreomycidine® instead of tuberactidine and the
other amino acids are common to those of tuberactino-
mycin A.%)

Acid hydrolyzate of tuberactinomycin A or N was
separated by ion-exchange column chromatography,
using pyridine—formic acid buffer as an eluent. Serine,
a,f-diaminopropionic acid, tuberactidinel® (capreo-
mycidine, in the case of tuberactinomycin N) and finally
a new amino acid Ia were eluted from the column in
this order. However, 3-ureidodehydroalanine was not
obtained because of ease of decomposition to NH,
and CO, during acid hydrolysis.

From the final fraction, the new basic amino acid
was "secured as hydrochloride. It had a molecular
formula of CgH,,0O,N,Cl, (IIa-2HCI) and showed
y-lactone absorption at 1780 cm—! in IR spectrum.
A%spot of Ila on thin-layer chromatogram was not
identical with the original one in the eluate. This
indicated that Ia is a basic y-hydroxy amino acid and
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was converted to the p-lactone IIa in the course of
isolation procedure after column chromatography.

Taking advantage of the easy formation of y-lactone
from Ia as mentioned above and of insolubility of
its derivatives, we attempted the direct and sole iso-
lation of this amino acid from the tuberactinomycin
hydrolyzate as acyl derivatives of the lactone. Thus,
the acid hydrolyzate of tuberactinomycin A was ben-
zyloxycarbonylated. The oily product formed even
in alkaline medium was extracted and then purified
by silica gel column chromatography. In this way
the expected benzyloxycarbonyl lactone derivative
Cy,H,,O4N, (IIla) was obtained. This compound
was identical with the benzyloxycarbonyl derivative
of ITa. The compound IITa thus obtained was de-
benzyloxycarbonylated with 309, hydrogen bromide
in glacial acetic acid and the lactone IIa was prepared
as dihydrobromide without difficulty.

For the purpose of structural determination of the
amino acid Ia, the lactone IIa was saponified to pre-
pare a hydroxy acid which was then reduced with
hydriodic acid and red phosphorus. When the prod-
uct was 24-dinitrophenylated, a small amount of
di-DNP-B-lysine’) was obtained together with di-
DNP-IIa. Secondly, when the saponified product was
oxidized with periodic acid followed by potassium
permanganate treatment, S-alanine was detected by
thin-layer chromatography as a single product of
positive ninhydrin reaction. From these results, the
structure of the new basic amino acid Ia could be
assigned to y-hydroxy-B-lysine unequivocally as shown
in Scheme 1.

Furthermore, this structure was confirmed by NMR
spectrum of dibenzyloxycarbonyl derivative IIla in
CDCl, as follows; «-CH, (d,d at 4 2.36 and 2.82 ppm),
B-CH and y-CH (overlapped at 4.50 ppm), ¢-CH,
(q at 1.80 ppm), &-CH, (q at 3.30 ppm, changed to
a triplet in addition of D,O), -NH and &NH (d at
6.2 ppm and t at 5.4 ppm, both disappeared in ad-
dition of D,0).1%

When tuberactinomycin A or N was 2,4-dinitro-
phenylated and then hydrolyzed, no other DNP amino
acids than di-DNP-y-hydroxy-g-lysine lactone (IVa)
were detected. Therefore, y-hydroxy-f-lysine is a
sole N-terminal amino acid in the molecules of tuberac-

11) DNP stands for 2,4-dinitrophenyl.
12) The terms of d, t, and q show doublet, triplet, and quartet
respectively.
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tinomycin A and N. The DNP derivative IVa showed
the absorption band characteristic to y-lactone at
1780 cm—! likely as that of the lactone Ila. The
lactone IVa was saponified with 1 N NaOH to prepare
the corresponding hydroxy acid Va. Reversely, Va
was easily converted to IVa by acid treatment.
CHaCHy-CH—CH-NH-DNP . CH,CH, CH-CH-CH COOH
OH NH

—
lﬂH 0_ CH, — NH
DNP i H  DNP DNP
IVa Va

Vnax 1780cm™’ Vmax 3420cm”’
vmax 1720cm™?

Interestingly, we have obtained a diastereoisomer
of the amino acid Ia mentioned above as its lactone
derivatives, when tuberactinomycin A was treated
with concentrated sulfuric acid with the intention of
carrying out N,O-migration reaction. It was ben-
zyloxycarbonylated or 2,4-dinitrophenylated to pre-
pare the corresponding derivatives, IITb and IVb
respectively, both of them showing the y-lactone ab-
sorption in IR spectrum. Though these compounds
IITb and IVb were certainly the derivatives of y-
hydroxy-f-lysine lactone, they were not identical with
IITa and I'Va obtained above in respects of IR spectrum,
thin-layer chromatogram and melting point. More-
over, debenzyloxycarbonylated products IIa and IIb
dihydrobromide prepared respectively from IIIa and
IIIb evidently differed each other in thin-layer chro-
matogram, paper electrophoresis, [a]p,, IR, NMR
spectra and so on. Thus it was concluded that IITb
and IVb should be the diastereoisomers of IITa and
IVa respectively.

Concerning the stereochemistry of the amino acid
I, it was first attempted to determine the configuration
of p-carbon atom by the reduction of y-hydroxyl group
to drive to f-lysine. When yp-hydroxy-g-lysine I it-
self was used for the reduction, always the lactone was
obtained as a main product indicating that the lactone
formation proceeded much faster than the reduction.
Therefore, dibenzyloxycarbonyl-y-hydroxy-g-lysine
amide VIa and VIb prepared by ammonolysis of I11a
and IITb were used for this purpose. VIa and VIb
were reduced with hydriodic acid and red phosphorus,
and then 2, 4-dinitrophenylated respectively. From the
products of dinitrophenylation, di-DNP-g-lysine was
separated and purified by preparative thin-layer
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chromatography and found to be completely identical
with the authentic di-DNP-r-g-lysine (VII) in its
ORD spectrum in both cases. In this respect, both
isomers of yp-hydroxy-g-lysine must belong to L-series
at f-carbon atom configurations.

?HZCH2-$H-—CH-NH-Z CHzCHzCH-?H-CHZCONHz

NH 0_ CH, —_— I;IH OH llﬂ-[
z ¢ z z
0
IIIa,IIIb VIa,VIb
1) HI-P CH ,CH ,CH »CH -CH , COOH
2) DNFB NH-DNP  NH-DNP
VII

On the other hand, the configurations of y-carbon
atoms of Ia and Ib were assigned by extended appli-
cation of Hudson’s lactone rule!® as in the case of
y-hydroxylysine.1¥ Thus, the lactone IIa and IIb
were saponified with silver acetate to the corresponding
hydroxy acids Ia and Ib respectively. Although
these acids could not be isolated in pure states, mu-
tarotations of them were measured in acidic solutions.
From the facts that the rotation of Ia showed the po-
sitive shift in the course of time, while that of Ib in-
dicated negative shift (Fig. 1), the configuration of
y-carbon atom was determined as D, in Ia and 1,
in Ib. In these cases, D, should correspond to R and
L, to S configuration.

Consequently, it was concluded that Ia must be
assigned to threo-y-hydroxy-L-f-lysine and Ib to erythro-
y-hydroxy-L-g-lysine. This conclusion was supported
by the following investigations. First, in the NMR
spectra of ITa and IIb as shown in Fig. 2 and 3, coupl-

COOH
Su, H
H,N——H H
H—— OH ) ¢
CH, NH,CH,CH, N0
CH,NH,
Ia,threo IIla,cis
qooH
CH, H
HoN——n NH,CH, CH2
HO——H i XA 0
CH, H N
CH,NH,
Ib,erythro IIb,trans

13) B. Witkop, Experientia, 12, 372 (1956). Hudson’s lactone
rule says that p- or d-sugar lactones in which the carbon atom car-
rying the hydroxyl group contributed to the lactone linkage is
related to p-glyceraldehyde show positive value of [«]p (lactone) —
[«]p (acid) and those to r-glyceraldehyde give negative one.

14) N. Izumiya, Y. Fujita, F. Irreverre, and B. Witkop, Bio-
chemistry, 4, 2501 (1965).
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ing constants between f and y protons, of 4.9 Hz in
the former and 3.1 Hz in the latter, indicated that
vicinal protons in the lacton ring of IIa has a ¢is con-
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Fig. 4. Estimate of Cotton effects of IIa and IIb.

figuration and that of IIb a trans configuration, since
dihedral angle consisting of vicinal protons in the
five-membered lactone ring is near to 0° in ¢is form and
to 120° in frans form, and therefore the coupling con-
stant of cis configuration must be larger than that of
of trans configuration. This assignment is consistent
with the expectation that threo-y-hydroxy-L-g-lysine
forms c¢is y-lactone ring and erythro-y-hydroxy-rL-f-
lysine forms ¢rans y-lactone ring.

The above conclusion concerning the configurations
of asymmetric carbon atoms in y-hydroxy-f-lysine
was also supported by ORD curve on the basis of
Klyne’s lactone sector rule.!® According to this
rule, it is expected that the ORD curves of tAreo- and
erythro-y-hydroxy-f-lysine lactone will show the po-
sitive Cotton effects as illustrated in Fig. 4, if they have
p-L-configurations. There may exist negative con-
tribution due to free rotations at §-carbon atoms, which
is, however, overcome by positive contribution as a
whole. In fact, both ORD curves of Ila and IIb,
in the range of 350 nm to 210 nm, showed positive
plain curves indicating presences of positive Cotton
effects at lower wavelength than 210 nm.

Recently, we carried out the synthetic work for
this amino acid. Synthetic erythro-y-hydroxy-pr-p-
lysine in a form of lactone dihydrobromide was identi-
cal with that of erpthro form of the natural amino acid.'®
Therefore, the conclusion of our study on chemical
structure and stereochemistry of the new basic amino
acid isolated from the antibiotics tuberactinomycin
A and N was confirmed unequivocally.

Finally a problem remains, whether threo or erythro
form of this amino acid is original one in the molecule
of tuberactinomycin A or N and which is the artificial
one converted during the acid treatment. At present,
this subject is not yet clarified and must be left to a
future investigation.

Experimental

All melting points are uncorrected. The infrared spectrum
was obtained in nujol mull with a Nihon Bunko IR-S spectro-

15) W. Klyne, P. M. Scopes and A. Williams, J. Chem. Soc.,
1965, 7211, 7299.

16) T. Wakamiya, T. Teshima, and T. Shiba, Presented at the
26th Annual Meeting of the Chemical Society of Japan, Hiratsuka,
April, 1972; p. 1275.
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photometer. The NMR spectrum was obtained with a
Hitachi NMR R-20 spectrometer and Nihon Denshi C-60
spectrometer. Tetramethylsilane (TMS) was used as an
internal reference in deuterochloroform solution, and sodium
2,2-dimethyl-2-silapentane-5-sulfonate (DSS) as an external
reference in the case of deuterium oxide solution. The
chemical shifts are expressed as ppm from TMS or DSS.
The ORD curve was obtained with a Yanagimoto ORD-185
spectropolarimeter in 1N hydrochloric acid and in methanol.
The specific rotation was obtained with a Perkin-Elmer
141 polarimeter in water and in dimethylformamide. Thin-
layer chromatography was carried out by the ascending
method on silica gel G and preparative thin-layer chromato-
graphy on silica gel H.

Isolation of threo-y-Hydroxy-L-B-lysine Lactone (Ila) Di-
hydrochloride. A solution of 20 g of tuberactinomycin A
hydrochloride in 180 m/ of 6N hydrochloric acid was heated
at 100°C in a sealed tube or under reflux for 24 hr. Hydro-
chloric acid was evaporated in vacuo and the residue was dis-
solved in water. The evaporation was repeated three times.
The solution of the residue thus obtained in a small amount
of water was applied on a column (2.5X65 cm) of Dowex
50W X 2 jon-exchange resin which was previously equilibriated
with a buffer solution of 0.2 M pyridine and formic acid (pH
3.1). In the elution using 5.5/ of the same buffer solution
(pH 3.1), serine, «, f-diaminopropionic acid and a mixture
of tuberactidine and viomycidine were eluted successively.
When the buffer solution was changed to a mixture of 2 M
pyridine and formic acid (pH 5.2), y-hydroxy-B-lysine was
eluted. Fractions containing y-hydroxy-f-lysine were col-
lected and evaporated in vacuo. The residue was dissolved
in hydrochloric acid and evaporated again. Crystalline re-
sidue was dissolved in ethanol and allowed to stand in re-
frigerator. Colorless prisms obtained were recrystallized
from water-ethanol, mp 250—252°C (decomp.), [«]%+65° (¢
0.5, H,O).

Found: G, 33.04; H, 6.54; N, 12.85; CI, 32.65%. Calcd
for GH,,0,N,Cl,: G, 33.19; H, 6.50; N, 12.90; Cl, 32.669%,.

N#,N¢-Dibenzyloxycarbonyl-threo-y-hydroxy-L-B-lysine  Lactone
(Illa). Hydrolysis of each 10 g of tuberactinomycin A
or N hydrochloride was carried out under the similar condition
to that mentioned above and hydrolyzate was evaporated
in vacuo. Residue was dissolved in 100 m/ of water and
neutralized with sodium carbonate on cooling. The neu-
tralized hydrolyzate was benzyloxycarbonylated by the usual
method using 50 g of benzyloxycarbonylchloride and 100 m!
of 2n sodium hydroxide. Oily substance formed before
acidification was extracted with ethyl acetate and the extract
was washed with aqueous sodium carbonate solution and then
water thoroughly. The organic layer was dried over an-
hydrous sodium sulfate and then evaporated in vacuo. Oily
residue obtained was purified by silica gel (Merck, 0.05—0.20
mm mesh) column chromatography. Chloroform (500 m/)
and then chloroform-methanol (100 : 1, 1500 m/; 100 : 1.5,
200 m/) were passed through the column. Benzyl carbamate
was eluted first, followed by the desired N#,N¢-dibenzyloxy-
carbonyl-threo-y-hydroxy-L-f-lysine lactone (IIIa). Recrys-
tallization of 2.5 g of crude Illa from ethyl acetate gave
colorless needles, yield 2.1 g, mp 149.5°C, [«]}-+48.0° (¢
0.4, DMF).

Found: C, 64.02; H, 5.73; N, 6.849%,.
H,,O¢N,: C, 64.06; H, 5.87; N, 6.79%.

Finally, when a mixture of chloroform-methanol (100 : 4,
1200 m/) was used as an elution solvent, N*,N#-dibenzyloxy-
carbonyl-L-a,f-diaminopropionamide was eluted.

Reduction of y-Hydroxy-B-lysine to p-Lysine. In 2ml
of IN sodium hydroxide, 50 mg of ITa dihydrochloride was

Calcd for C,,-
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dissolved, and allowed to stand at room temperature. After
2 hr, the reaction mixture was neutralized with 1IN hydro-
chloric acid and concentrated in vacuo. The residue was dis-
solved in 5 m!/ of hydriodic acid, and 50 mg of red phosphorus
was added. After heating for 3 hr under reflux at 135°C,
the solution was evaporated in vacuo. The residue was dis-
solved in water and evaporation was repeated several times.
To the solution of the residue in water was added silver
oxide and the suspension was stirred for a half hour. In-
soluble materials were filtered off and the filtrate was aci-
dified with IN hydrochloric acid. After filtration of silver
chloride, the filtrate was neutralized with aqueous so-
dium hydrogencarbonate. To this solution was added
100 mg of 2,4-dinitrofluorobenzene in 5 ml/ of acetone and
the pH of the solution was controlled always in alkaline
side by further additions of sodium carbonate. After stirring
at room temperature for 5 hr, it was acidified with diluted
hydrochloric acid and the reaction mixture was extracted
with ethyl acetate. Di-DNP-f-lysine was detected in the
extract on thin-layer chromatogram using developing sol-
vents of chloroform-methanol-acetic acid (95 :5:1) and
benzene-pyridine-acetic acid (40 : 10 : 1).

Periodic Acid Oxidation of y-Hydroxy-B-lysine. To a
solution of 50 mg of ITa dihydrochloride in 5 m/ of 0.5N so-
dium hydroxide, 50 mg of crystalline periodic acid were
added. After allowing to stand at room temperature for 2
hr, diluted potassium permanganate solution was added drop-
wise to the reaction mixture until the color of the solution
remained. In the reaction mixture, f-alanine was detected
by thin-layer chromatography. The reaction mixture was
subjected to 2,4-dinitrophenylation. Thus, formation of
DNP-g-alanine was confirmed also by thin-layer chromato-
graphy.

N#,N¢-Di-2,4-dinitrophenyl-threo-y-hydroxy-L-f-lysine  Lactone
(IVa). To a solution of 15g of tuberactinomycin A
hydrochloride in 400 m! of water, 15 g of 2,4-dinitrofluoro-
benzene in 400 m/ of acetone was added. A mixture was
stirred for 20 hr magnetically. It was evaporated in vacuo
to remove acetone. Precipitate was filtered and washed with
water, ethanol, and ether successively. DNP-Tuberactinomy-
cin A obtained was reprecipitated from dimethylformamide-
ether, yield 10.2g. When 7.0 g of DNP-peptide prepared
as above was suspended in 350 m! of 6n hydrochloric acid
and heated under reflux for 24 hr, dark green insoluble
material formed. It was filtered and recrystallized from
dimethylformamide-ether to give 2.2 g of yellowish needles
of N# N¢-di-DNP-threo-y-hydroxy-L-f-lysine lactone (IVa),
mp 245—246°C (decomp.), [«]2—63.9° (¢ 0.5, DMF).

Found: G, 45.47; H, 3.50; N, 17.66%. Calcd for Ci,-
H,,O,,Ng: C, 45.38; H, 3.39; N, 17.64%,.

N#,N¢-Di-2,4-dinitrophenyl-threo-y-hydroxy-vL-B-lysine (Va).
A suspension of 600 mg of IVa in 6 m! of IN sodium hydroxide
was warmed at 90°C. After IVa was dissolved, the reaction
mixture was immediately cooled and neutralized with 6 m!/
of IN hydrochloric acid. Oily product formed was extracted
with ethyl acetate and washed with water. Organic layer
was dried over anhydrous sodium sulfate. It was concen-
trated in vacuo to give a crystalline residue which was then
recrystallized from methanol, yield 0.4 g, mp 161—162°C
(sint.) and 245°C (decomp.).

Found: G, 43.76; H, 3.86; N, 16.939%,.
H,;0,;Ng: G, 43.73; H, 3.67; N, 17.00%.

N#,N¢-Dibenzyloxycarbonyl-erythro-y-hydroxy-L-B-lysine Lactone
(IIIb). A solution of 5.0 g of tuberactinomycin A hydro-
chloride in 140 m/ of concentrated sulfuric acid was allowed
to stand for five weeks in a sealed tube. The solution was
poured into acetone on cooling with a freezing mixture.

Calcd for Cy4-
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A gel precipitated was filtered off, washed with acetone and
ether, and then dried in vacuo. Dried precipitate was dis-
solved in 6N hydrochloric acid and allowed to stand at
room temperature. After 18 hr, the acidic solution was
neutralized with sodium hydrogencarbonate on cooling
and benzyloxycarbonylation was carried out by the usual
way. Oily product was extracted with ethyl acetate and
washed with saturated aqueous sodium chloride solution.
Organic layer was dried and concentrated in vacuo. Oily
residue obtained was washed with petroleum ether and
then made to powder by trituration with ether. The powder
was extracted with ether using Soxhlet’s extractor. Com-
bined filtrate and extract were evaporated and residual oil
was dissolved in ether. Crystals formed on addition of
petroleum ether were filtered off and recrystallized from ethyl
acetate and petroleum ether to afford 0.5 g of colorless needles,
mp 96.5—97.5°C, [«]3—9.0°C (¢ 0.4, DMF).
Found: G, 64.07; H, 5.87; N, 6.819%. Calcd for C,,-
H,,0O¢N,: C, 64.06; H, 5.87; N, 6.79%.
N#,N¢-Di-2,4-dinitrophenyl-erythro-y-hydroxy-v-B-lysine Lactone
(IVb). Tuberactinomycin A was treated with concen-
trated sulfuric acid as described above and 500 mg of the
product obtained was treated with 35 ml of 6§ hydrochloric
acid at room temperature for 20 hr. After the acid solution
had been neutralized with sodium hydrogencarbonate, it
was 2,4-dinitrophenylated by the usual manner. The reac-
tion mixture was evaporated in vacuo to remove acetone and
then insoluble materials were filtered off. The filtrate was
extracted with ethyl acetate and washed with aqueous sodium
hydrogencarbonate and water. Organic layer was dried
and concentrated in vacuo. Crystalline residue was recrystal-
lized from acetone and ether, yield 70 mg, mp 145°C
(decomp. after sint.), [«]5—177.8° (¢ 0.5, DMF).
Found: G, 45.39; H, 3.58; N, 17.77%,. Calcd for Ci,-
H,,0,0Ng: G, 45.38; H, 3.39; N, 17.649%,.
N#,N¢-Dibenzyloxycarbonyl-threo-y-hydroxy-L-B-lysine Amide
(Vla). A solution of 500 mg of IITa in methanol was
saturated with ammonia. After allowing to stand at room
temperature for a few days in a pressure bottle, methanol
was evaporated under reduced pressure. Residual crystals
were recrystallized from methanol to give colorless needles,
yield 410 mg, mp 209°C, [«]%+13.0° (¢ 0.4, DMF).
Found: G, 61.28; H, 6.34; N, 9.79%. QCalcd for C,,-
H,,0,N;: C, 61.52; H, 6.34; N, 9.79%.
N#,N¢-Dibenzyloxycarbonyl-erythro-y-hydroxy-v-B-lysine  Amide
(VIb). Colorless needles of VIb were prepared from
170 mg of ITIb as shown in Vla, yield 140 mg, mp 2094
210°C, [«]3—3.5° (¢ 0.4, DMF).

Found: G, 61.18; H, 6.24; N, 9.789%. Calcd for C,,-
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H,,O¢N;: G, 61.52; H, 6.34; N, 9.79%.

Reduction of VIa and VIb with Hydriodic Acid and Red Phos-
phorus. To a solution of 50 mg of VIa or VIb in 2 m!/
of 579, hydriodic acid, 80 mg of red phosphorus was added.
After heating at 100°C for 20 hr in a sealed tube, excess red
phosphorus was filtered off and the filtrate was evaporated
in vacuo. The residue was dissolved in water. Hydriodic
acid was decomposed with hydrogen peroxide. Iodine was
filtered off and the filtrate was extracted with ethyl acetate.
An aqueous layer was treated with 5%, Pd-C to decompose
excess hydrogen peroxide. After concentration, it was
subjected to 2,4-dinitrophenylation. The product was
purified by preparative thin-layer chromatography using
developing solvent of chloroform-methanol-acetic acid (95 :
5 :3). Di-DNP-B-lysine obtained was identified with an
authentic sample by thin-layer chromatography. It was
applied to the measurement of ORD curve.

Debenzyloxycarbonylation of Illa to Ila dihydrobromide. A
solution of 1 g of IIla in 5¢g of 309 hydrogen bromide in
glacial acetic acid was kept at room temperature for 1 hr.
When ether was added, ITa was precipitated as hydrobromide,
yield 740 mg. Recrystallization from 949, ethanol gave
prisms, mp 235—6°C (decomp.), [«]5+48° (¢ 0.5, H,0O).

Found: C, 23.88; H, 4.53; N, 8.84; Br, 51.809,. Calcd
for GgH,,O,N,-2HBr: C, 23.54; H, 4.61; N, 9.16; Br,
52.239%,.

Debenzyloxycarbonylation of IIIb to IIb Dihkydrobromide.
Removal of benzyloxycarbonyl group from 280 mg of IIIb
was carried out as mentioned in the reaction of IIIa to IIa,
to obtain IIb hydrobromide, yield 100 mg, mp 222—223°C
(decomp.), [«]5—18.0° (¢ 0.5, H,0).

Found: C, 23.92; H, 4.62; N, 8.95; Br, 51.989%,. Calcd
for GH,,O,N,-2HBr: G, 23.54; H, 4.61; N, 9.16; Br,
52.23%,.

Preparation of Hydroxy Acid Ia and Ib. To a solution
of 200 mg of the lactone Ila or IIb hydrobromide in 5 m!/
of water, 1.0g of silver acetate was added. Suspended
solution was heated at 90°C with stirring for 2 hr. Silver
bromide formed and excess silver acetate were filtered off.
Filtrate was acidified to pH 3.5 with In hydrochloric acid.
Precipitated silver chloride was filtered off and the filtrate
was concentrated below the temperature of 30°C in vacuo.
The hydroxy acids, Ia and Ib were obtained as oily products.
These were applied to the measurement of mutarotation
directly.
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