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Abstract 0 Separation of the four isomers of 8-hydroxynorleucine 
was accomplished by partition column chromatography and asym- 
metric enzymatic hydrolysis of the N-chloroacetyl derivatives. 
From these, the corresponding N-chloroacetyl derivatives were 
made. The purity and configuration of each isomer of the free acid 
and N-chloroacetylated derivative were ascertained by: (a) paper 
chromatography in five solvent systems, ( b )  elemental analysis, (c) 
Van Slyke nitrous acid determination of primary amino nitrogen, 
( d )  Van Slyke ninhydrin determination of a-carbonyl carbon, and 
( e )  optical rotation. Comparison of the rate of enzymatic hydroly- 
sis by hog renal acylase I of the N-chloroacetyl derivative of the 
L-isomers of each diastereomer showed that the acyl B isomer is a 
better substrate than the acyl A isomer, where A denotes the faster 
moving diastereomer and B denotes the slower moving diaste- 
reomer in a defined chromatographic solvent system. Microbiolog- 
ical assay using Lactobacillus casei in a system selected for screen- 
ing for possible antitumor activity indicated that while none of the 
isomers as free amino acids had any growth inhibitory action, the 
N-acylated isomers showed mod& but significant activity. The 
N-chloroacetyl derivative of the D-enantiomorph of diastereomer 
B exhibited the greatest growth inhibitory activity, showing about 
twice the activity of the other three isomers. 

Keyphrases 8-Hydroxynorleucine-isomers separated, N-chlo- 
roacetyl derivatives prepared, enzymatic hydrolysis and microbio- 
logical growth inhibitory activity of isomers compared Enantio- 
mers-8-hydroxynorleucine, separation, comparison of biological 
activity Hydrolysis, enzymatic-isomers of 8-hydroxynorleucine 
compared Microbiological assay-growth inhibitory activity of 
isomers of 8-hydroxynorleucine compared 

By using a general method for the chemical syn- 
thesis of p-hydroxy-a-amino acids, as described pre- 
viously, 10 p-hydroxy-a-amino acids have been pre- 
pared thus far (1). When these amino acids were 
screened for probable antitumor activity by a micro- 
biological method (2), it was noted that the N-chloro- 
acetyl derivatives of p-hydroxyleucine and of 0-hy- 
droxynorleucine exhibited modest but significant de- 
grees of inhibitory action (3). 

The compounds as chemically prepared are race- 
mic and probably diastereomeric mixtures; therefore, 
any biological activity exhibited by them would be 
the net effect of the action of each of the four isomers 
present, be it growth inhibitory, growth stimulatory, 
or inactive. The purposes of this article are to: (a )  de- 
scribe the isolation of the four isomers of each of 
these amino acids and the preparation of the corre- 
sponding N-acyl derivatives, and ( b )  report the find- 
ings of the study of the biological properties of these 
isomers using microbial systems. 

EXPERIMENTAL 

@-Hydroxynorleucine' was prepared as described previously (1). 
The separation of the diastereomers was accomplished by means 

of partition column chromatography, with cellulose powder as the 
immobile phase. The solvent system consisted of methyl ethyl ke- 

1 @-Hydroxynorleucine = 2-amino-3-hydroxy-1 -hexanoic acid. The prepa 
ration of this compound was reported previously (4 ,5) .  

tone-1-butanol-concentrated ammonia-water (3:5:1:1) (6) as de- 
scribed for the separation of the diastereomers of P-hydroxyhomo- 
methionine and of P-hydroxymethoxinine (7). The resolution of 
the optical isomers was accomplished by use of hog renal acylase, 
as described by Greenstein (8). 

RESULTS 

Separation of Diastereomers of 8-Hydroxynorleucine-A 
typical procedure for the separation of the diastereomers of 8-hy- 
droxynorleucine, similar to that described for the separation of the 
diastereomers of /3-hydroxyhomomethionine and of P-hydroxy- 
methoxinine (see Ref. 7 for details) is outlined here. 

DL-8-Hydroxynorleucine AB2 (250 mg, 1.69 mmoles) was dis- 
solved in 4 ml of the methyl ethyl ketone solvent system, and the 
resulting solution was applied to a 25 X 150-cm column containing 
cellulose powder3, which had been poured into the column as a 
slurry of the solvent system4. The column was eluted with the 
methyl ethyl ketone system at a flow rate of 0.2 ml/min at  room 
temperature (22-25°)5. 

Three-milliliter fractions were collected. The fractions ap- 
pearing between 309 and 343, 344 and 384, and 385 and 472 ml, 
containing isomer A, a mixture of isomers A and B, and isomer B, 
respectively, were collected and isolated from the solutions as de- 
scribed (7). The yields were 98.2 mg of isomer A (39.5%) and 94.0 
mg of isomer B (37.5%), based on the initial weight of the mixture 
of the isomers. The unseparated portion, containing a mixture of 
isomers A and B, was similarly isolated by alcohol precipitation of 
the concentrated aqueous solution. The product was passed 
through a second column for further separation of the diastereo- 
mers. 

The respective isomers yielded single spots when chromato- 
graphed in the methyl ethyl ketone system, each spot correspond- 
ing to one of the two spots of the original diastereomeric mixture 
(Table I). In addition, each diastereomer gave single ninhydrin- 
positive spots when chromatographed in four other solvent sys- 
tems (Table I). The elemental analysis values were in agreement 
with those calculated for P-hydroxynorleucine (Table 11). Mano- 
metric Van Slyke determinations of a-carbonyl carbon with ninhy- 
drin (9) (Table 111) and of primary amino nitrogen with nitrous 
acid (10) (Table IV) on the products yielded values in accordace 
with those expected for the a-amino carboxylic acid structure. 

Resolution of Optical Isomers-Resolution of the optical an- 
tipodes was accomplished by asymmetric enzymatic hydrolysis of 
the racemic N-chloroacetyl derivatives followed by acid hydrolysis 
of the enzyme-resistant chloroacetyl D-isomer as described by 
Greenstein (8). Hog renal acylase6 was used. The N-chloroacetyl 
derivatives for the resolution were prepared from the correspond- 
ing free amino acid by acylation under the conventional Schotten- 
Baumann conditions [cf., Greenstein and Winitz (II)]. The yields 
of the acyl products ranged from 70 to 90%. The melting point of 
the N-chloroacetyl racemic A was 148.0-149.5' sharp; the melting 
point of the N-chloroacetyl racemic B was 137-138' sharp. 

The yield of the unacylated L-isomer thus separated was about 
80% and that of the D-isomer was about 55%. The extent of hydrol- 

The diastereomeric forms are here arbitrarily referred to as isomer A 
and isomer B, the former moving faster and the latter slower when chroma- 
to  raphed in the methyl ethyl ketone system. 

Whatman cellulose powder CF-11, H. Reeve Angel & Co., Clifton, N.J. 
In later experiments, dry cellulose powder was packed into the column 

with a tightly fitting Plexiglas plunger with about the same degree of separa- 
tion of the isomers. 

Appropriate vents for the solvent reservoir and adequate ventilation for 
the removal of the solvent vapors during the fractionation were provided. 

Nutritional Biochemical Corp., Cleveland, Ohio. Activity was deter- 
mined to be 4000 @moles of acetylmethionine hydrolyzed per hour per milli- 
gram of protein nitrogen. 
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Table I-Chromatographic Data of the Diastereomers of 
p-Hydroxynorleucing 

R f  

Solvent System Diastereomer A Diastereomer B 

Methvl ethvl ketone 0.38-0.49 (0.43) 0.30-0.40 (0.35) 
systemb " 

77% Ethanol 0.50-0.60 (0.55) 0.53-0.61 (0.57) 
0.54-0.65 (0.58 0.58-0.6840.63) 

Formic acid systemc 0.61-0.73 (0.67 0.66-0.76 0.71) 
0.63-0.77 (0.69 I 0.63-0.77 10.70) 80% Pyridine 

Phenol systemd 
~~ 

a Chromatographed on Whatman No. 1 chromatographic paper for 
18-22 hr a t  22-25", ascending. Compounds were visualized by dip- 
ping the paper into a 0.25% acetone solution of ninhydrin and then 
warming the paper. Figures indicate the range of the Rfvalues; fig- 
ures in the parentheses are the R values a t  the center of ninhydrin- 
positive spots. b Described in t f e  text. C Formic acid-water-2- 
methyl-2-propanol (15:15:70). d Phenol saturated with 10% sodium 
citrate. 

Table 11-Elemental Analysis Data of the Diasteromers of 
p-Hydroxynorleucin@ 

c, ?6 H, % N, % 
Diastere- 

omer Ca1c.b Obs. Calc. Obs. Calc. Obs. 

A 48.96 48.87 8.90 9.01 9.52 9.41 
B 48.96 48.70 8.90 9.01 9.52 9.25 

aThe analysis was performed by the staff of the Microanalytical 
Laboratory, National Institute of Arthritis, Metabolic, and Digestive 
Diseases, National Institutes of Health, Bethesda, Md. bcalculated 
for 0-hydroxynorleucine, C,H,,NO,. 

ysis of the digest in either case was followed by the Van Slyke ni- 
trous acid method (10). Each free amino acid antipode yielded a 
single spot when chromatographed on paper in the methyl ethyl 
ketone system. Data on the identification and purity of these prod- 
ucts are given in Table V. 

Optically pure N-chloroacetyl L-derivatives were prepared by 
acylation of the optically pure L-amino acid, as described for the 
acylation of the racemic mixture. Optically pure N-chloroacetyl 
D-derivatives were isolated from this resolution mixture as de- 
scribed by Greenstein (8). The purity of the chloroacetyl deriva- 
tives separated from the digest was determined using the Van 
Slyke nitrous acid method; they yielded essentially no detectable 
amounts of nitrogen (Table VI). 

Relative Rates of Enzymatic Hydrolysis of Diastereomers- 
Equimolar quantities of a racemic mixture of the N-chloroacetyl 
derivatives of diastereomers A and B were treated with the same 
solution of hog renal acylase I, and the rates of hydrolysis of these 
compounds were compared (Fig. 1). 

The hydrolytic rates (averages of three determinations, calculat- 
ed from the initial linear portion of the curve) were as follows: di- 
astereomer A, 125 pmoles/hr/mg of protein nitrogen; and dia- 
stereomer B, 235 pmoles/hr/mg of protein nitrogen. 

Microbiological Studies-The four isomers of 8-hydroxynor- 
leucine and their corresponding N-chloroacetyl derivatives were 

Table 111-Van Slyke Ninhydrin Determination of 
a-Carbonyl Carbon of the Diastereomers of 
p-Hy droxy norleucing 

Diastereomer A Diastereomer B 

a-Carbon taken, mg 0.407 0.407 
a-Carbon found, mg 0.396 0.400 
Percent theory 97.1 98.5 
Percent theory, 96.8 96.8 

alanine control 
~ ~~~ ~ 

aAmino acid solution (1.0 ml) containing an equivalent of 0.407 
mg of a-carbon treated with 1.0 ml of saturated picric acid solution 
pipetted into a reaction tube and 100 mg of ninhydrin added. 

Table IV-Van Slyke Nitrous Acid Determination of 
Primary Amino Nitrogen of Diastereomers of 
pHy droxynorleucinea 

Diastereomer A Diastereomer B 

Primary amino nitrogen 0.475 0.475 

Primary amino nitrogen 0.496 0.495 
taken, mg 

found, mg 
Percent theory 104.2 
Percent theorv. leucine 101.1 

104.2 
99.4 

" I  

control 

aAmino acid solution (1.0 ml) containing an equivalent of 0.475 
mg of primary amino nitrogen diluted with 4.0 ml of water and 
treated with 1 ml of acetic acid and 2 ml of sodium ni t r i te  solution 
(80 mg/100 ml). 

Table V-Purity of the Isomers of p-Hydroxynorleucinea 

Optical ,Rotationb, 
[a 1g --94 NitrogenC, % 

Isomer Reportedd Observed Calc. Found 

L-A +18.6 +19.1 9.52 9.39 
D -A -18.5 -20.6 9.52 9.68 
L-B +27.1 +26.2 9.52 9.22 
D -B -27.4 -27.1 9.52 9.58 

aIn all five solvent systems (Table I), a single spot appeared. b o p -  
tical rotation was determined on a Rudolph polarimeter model 80 
with a sodium lamp using 100-mm tubes (bore size 3 nim)  and a 
sample capacity of 0.7 ml; c 2, 5 N HCl. C Micro-Kjeldahl nitrogen 
analysis was performed by Mr. James F. Williams of thls Laboratory. 
Calculated for C,H,,NO,. d Reference 4. 

screened for possible antitumor activity using Lactobacillus casei7 
(ATCC 7469) in riboflavin-supplemented riboflavin assay medi- 
ums, as described by Foley et al. (2). The level of riboflavin added 
was the minimal quantity required for maximal growth [cf., (3)], 
which was determined here by assay to be 0.03 pg of riboflavin/ml, 
the final concentration of the assay system. The details of the 
assay procedure were described previously (3). 

The range of concentration of the test compound studied was 
100-lo00 pg/ml (final concentration). The pH of the final assay 
system containing the highest concentration of the test compound 
determined in parallel nonsterile tubes differed no more than 0.07 
pH unit from the control tubes containing no test compounds. The 
results are summarized in Tables VII and VIII. 

10 20 30 40 50 60 

U 

5 a I O E  // 
j MINUTES 

Figure 1-Rates of hydrolysis of N-chloroacetyl-DL-0-hydroxy- 
norleucine A and N-chloroacetyl-DL-0-hydroxynorleucine B by 
hog renal acylase I in 0.1 M potassium phosphate buffer, pH 7.0, 
T = 22-24'. Substrate concentration = 0.006 M racemic mixture. 
Primary amino nitrogen was determined by the nitrous acid 
method of Van Slyke (10). 

From the American Type Culture Collection, Rockville. Md. 
8 Difco Laboratories, Detroit, Mich. 
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Table VI-Purity of the Isomers of N-Chloroacetyl-p-hydroxynorleucine 

Van Slyke 
Nitrous 

Acid Deter- 
minationd, 

Optical % Primary c e ,  % He, % Ne, % Melting Point Rotationc, Amino 
Isomefl (Uncorrected)b Nitrogen Calc. Obs. Calc. Obs. Calc. Obs. 

L- A 101-1 04" +27.2" 2 42.96 42.73 6.34 6.34 6.26 6.23 
D-A 102-1 0 5" -27.5" 2 42.96 43.25 6.34 6.58 6.26 6.18 
L-B 144-146" +12.0" 3 42.96 43.04 6.34 6.41 6.26 6.20 
D-B 144-148" -11.6' 0 42.96 43.20 6.34 6.50 6.26 6.32 

a Ninhydrin reaction was negative for all isomers. Aqueous solution (conccntration approximately 1 mg/ml) was spotted o n  paper, dried, 
treated with 0.25% acetone solution of ninhydrin, and warmed. b Melting points were dctcrmined on a Fisher-Johns melting-point block. 
COpticalrotation wasdetermined on a Rudolph polarinieter model 80 with a sodium lamp. Conditions were as described in Table V ; c  2,  water. 
dVan Slyke nitrous acid determination of primary amino nitrogen, determined as described (cf., Ref. 7). e Elemental analyses were performed 
by the staff of the Microanalytical Laboratory, National Institute of Arthritis, Metabolic, and Digestive Diseases, National Institutes of 
Health, Bethesda, Md. Calculated for C,H,,CINO,. 

None of the isomers of 0-hydroxynorleucine as free amino acids 
affected the growth of L. casei in the system used (Table VII). 
However, when N-chloroacetylated, all four isomers showed some 
inhibition, with N-chloroacetyl-D-0-hydroxynorleucine B exhib- 
iting about twice the growth inhibitory activity of the others 
(Table VIII). 

DISCUSSION 

The separation of the diastereomers by partition column chro- 
matography yielded the pure isomers by a single passage of the di- 
astereomeric mixture through the column. However, quantitative 
separation could not be accomplished by a single passage despite 
numerous attempts, varying such parameters as the geometry of 
the column, the pa&culate size of the cellulose powder, the mode 

Table VII-Effect of the Isomers of p-Hydroxynorleucine 
on the Growth of L. casei in Riboflavin Assay Mediuma 

Turbiditvb. Klett Units (Red Filter) 

0 100 500 1000 Maximum 
Isomer fig/ml pg/ml pg/ml pg/ml Change,% 

L-A 188 184 187 188 0 
D-A 188 184 182 180 -4 
L-B 188 183 182 184 -2 
D-B 188 186 184 183 -3 
DL-AB 188 185  186 180 -4 

a A  typical experiment, representing five experiments. The turbid- 
imetric figures are the averages of  duplicates for that concentration. 
Maximum variation from mean = + 3  Klett units. bThe  instrument 
was set a t  zero against a sterile reagent blank which contained all 
components of the experimental tubes except the test compound 
and 0.05 ml of the normal saline solution that was used for washing 
the organism in place of the inoculum. The blank was kept in the 
refrigerator for the duration of the incubation of the experimental 
tubes. A sterility control, identical to  the sterile reagent blank but 
incubated with the experimental tubes, was clear and read within 
the variation of the empty Klett tubes ('3 Klett units). 

Table VIII-Effect of the Isomers of N-Chloroacetyl-p- 
hydroxynorleucine on the Growth of L. casei in 
Riboflavin Assay Medium 

Turbidityb, Klett Units Maxi- 
mum 

0 100 500 1000 Change, 
Isomer a figlml fig/ml 4 r n l  fig/ml % 

L-A 
D-A 
L-B 
D -B 

172 166 153 140 -19 
172 162  153  134  -22 
172 160  149 137 -20 
172 166  129  84 -51 

D I. -AB 172 166 148 130 -24 
Mercaptopurine 171 92 1 2  17  -93 

aThe  pH of the test solutions was adjusted to  6 by the addition of  
0.1 N NaOH. b S e e  Table VII footnotes. 

of packing of the powder (solvent saturated or dry), and the flow 
rate. 

Although data are insufficient for assignment of the absolute 
configuration of the diastereomers, comparison of the chromato- 
graphic mobilities of these isomers in the Hardy-Holland solvent 
system (12) with the threo- and erythro-0-hydroxynorleucines of 
Buston and Bishop (5) indicates that diastereomer A, described 
here, corresponds to their threo-&hydroxynorleucine and that di- 
astereomer B corresponds to their erythro-0-hydroxynorleucine. 

The four stereoisomeric forms of the free amino acid and of the 
N-chloroacetylated derivative were isolated by either Scheme I or 
11. The racemic diastereomers were separated by column chroma- 
tography followed by an enzymatic resolution of each racemic 
chloroacetyl diastereomer or by resolution of the racemic diaste- 
reomeric mixture followed by the separation of the optically homo- 
geneous diastereomeric mixture by column chromatography. 

It was noted that the optical purity of the products was retained 
in either route, i.e., whether the separation of the diastereomers 
was followed by resolution or was performed on the optically ho- 

DL-AB 

N-chloroacety I-DL- AB 

+ 
L- AB 

column 

(6) chloroacetylation 

chloroacetyl-L-A u 

t 
N-chloroace tyl-D- AB 

(4) acid hydrolysis I 

(8) chloroacetylation 

chloroacetyl-D-A 'i chloroacet yl-D-B 

chloroacetylation (9) 

Scheme I-Separation of the isomers of (3-hydroxynorleucine and 
their N-chloroacetyl deriuatiues 
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DL-AB 

I ( G u l o s e  c o l u y  

DL-A DL-B 

(3) chloroacetylation T (2) chloroacetylation 

chloroacetyl-DL-B 
T 

chloroacetyl-DL- A 

1 

Table IX-Comparison of Routes in the Isolation of 
Isomers of Free and Acylated p-Hydroxynorleucine 

(4) acylase r-L-7 

,(6) 1 chloroacety lation , ( 8 )  1 ch1oroace;lation 

Scheme II-Separation of the isomers of 0-hydroxynorleucine 
and their N-chloroacetyl deriuatiues 

mogeneous diastereomeric mixture. The selection of the scheme to 
be used depends upon the compound desired. Hence, Scheme I 
(Table IX) was preferable for the isolation of the free amino acids 
because only five steps were required. Scheme I1 was more advan- 
tageous for the isolation of all four chloroacetylated isomers be- 
cause only seven steps were required by this route as compared to 
the nine steps needed uia Scheme I (Table IX). 

Microbial studies confirmed earlier observation (3) that al- 
though the 0-hydroxyamino acids as free acid were innocuous to 
the growth of L. casei in the system used here, their chloroacety- 
lated derivatives were moderately growth inhibitory. However, the 
chloroacetyl D-B-isomer was twice as active as the other three iso- 
mers. 

The apparent “activation” of these amino acids by acylation ap- 
pears now to be unrelated to the hydrolytic rate of the N-acylated 
derivatives by acylase; apparently, the acyl D-derivatives of neither 
diastereomer were substrates of this enzyme in the resolution pro- 
cedure. However, that the chloroacetyl group nevertheless contrib- 
utes to the activity seems likely in view of the activity exhibited by 
the acylated derivatives of all four isomers and the inactivity of the 
unacylated mother compounds. It is interesting that despite the 
possible availability of a chloroacetyl group and an amino acid an- 
alog, L-0-hydroxynorleucine (either diastereomer), as a result of 
enzymatic hydrolysis, the acyl D-B-isomer exhibited the greatest 
activity. 

If the activity shown by the chloroacetylated racemic diastereo- 
meric mixture is due to a single isomer, isolation of this isomer 
should result in a compound four times as active as the mixture. In 
fact, however, there was noted only a twofold increase in activity. 
This observed twofold increase in activity by the chloroacetylated 
D-B-isomer could be explained on the basis that, contrary to the 
assumption of dilution of activity by the inert isomers, all four 

chloroacetyl-L-A chloroacetyl-i-B 

Scheme I Scheme I1 
For  For 
F’rep- Prep- 

For  aration For aration 
Prep- of N -  Prep- o f N -  

aration Acyl- aration Acyl- 
of Free amino of Free Amino 

Treatment Acid Acid Acid Acid 

Chloroacetylation 10 5 2 4 
Enzymatic hydrolysis 1 1 2 2 
Column chromatography 2 2 1 1 
Acid hydrolysis 1 1 2 0 
Total steps 5 9 7 7 

a T h e  number of operations required. 

chloroacetylated isomers exhibited some growth inhibitory activi- 
ty. Hence, the 24% inhibition shown by the chloroacetylated race- 
mic diastereomeric mixture is probably the resultant action of all 
four chloroacetylated isomers, each contributing approximately a 
fourth of the total activity. 

In-view of the observation that certain of these compounds do 
exhibit some growth inhibitory activity in the microbial system se- 
lected for antitumor screening, further studies against mammalian 
tumors are indicated. The preparation of larger quantities of the 
optically pure diastereomers and their respective N-chloroacetyl 
derivatives is in progress. 
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