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N-AcyI-L-Leucines of Biologically Active Uncommon Fatty Acids: 
Synthesis and Antibacterial Activity 
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The effect of structural variation in the fatty acid chain 
on the antibacterial activity of N-acyl-L-leucines was in- 
vestigated. Pure N-acyl leucines of some structurally dif- 
ferent and biologically active uncommon fatty acids were 
synthesized for the first time and tested for antimicrobial 
activity. N-Stearoyl-, N-oleoyl- and N-ricinoleoyl leucines 
were also evaluated for comparison. The N-acyl leucines 
exhibited greater activity in acid form than the methyl 
ester form and against gram positive bacteria than gram- 
negative bacteria. The presence of a cyclopropane or a 
hydroxy group or unsaturation in the acyl chain in- 
creased the antibacterial activity. Shifting the hydroxyl 
group toward the amide linkage resulted in a diminished 
effect on the antibacterial activity. 

KEY WORDS: Biological activity, N-acyl leucines, structure v s .  a n -  

tibacterial activity, synthesis, uncommon fatty acids. 

N-Acylamino acid derivatives exhibit both surfactant and 
antibacterial activities and are also skin-compatible (1). 
Henc~ they find many applications in cosmetic and an- 
tibacterial formulations. Fieser et aL (2) synthesized N-acyl- 
amino acids for use as fat emulsifying agents  Kameda et  
aL (3) reported on the strong sterilization action of N-lauroyl- 

DL-phenylalanine Fosdick et aL (4) found sodium N-acyl sa~ 
cosinate, a commem~ally used antibacterial agent, to possess 
strong anticaries action. Infante et aL (5) investigated the 
physicochemical and antimicrobial properties of N-acyl 
arginine esters of common fat ty acids. 

The synthesis of N-acyl-L-leucines of some uncommon fat- 
ty  acids and correlation of the acyl structure with antibac- 
terial activity form the subject of the present communica- 
tion. We have selected IAeucine as the amino acid moiety 
because it showed the highest antibacterial activity of the 
diethanolamides of lauroyl dipeptides for five simple amino 
acid~ namely glycin~ leucin~ phenylalanin~ proline and cys- 
teine (6). The uncommon fat ty acids coupled with leucine 
were: 1,9-nonanedicarboxylic (azelaic), 9-octadecynoic (stea~ 
olic), 9,10-oxiraneoctadecanoic (9,10-epoxystearic), 9,10- 
methyleneoctadecanoic (dihydrosterculic), 5-trans-octade ~ 
cen-7,9<liynoic (7), 6-hydroxy-7,9~ctadecynoic (Mhaskar, SY., 
unpublished data) and its R-isomer (8) (Table 1). Azelalc acid 
was reported to show antimicrobial, cytotoxic and thera- 
peutic effects in skin disorders (9). Dihydrosterculic acicL 
which contains a cyclopropane ring, was observed to inhibit 
the/3-oxidation enzyme system (10). The acetylenic fa t ty  
acids are known to be more active against fungi than 
ethylenic fat ty acids (11). The novel diacetylenic fatty acids, 
isolated fzom root bark of Paramacrolobium caeruleum, in- 

TABLE 1 

N-Acyl-I~Leucines 

CH3-~H-CH3 

CH 2 
1 

R-CO-NH-CH-COOH 

Acyl moiety R- 
Azelaoyl 
Stearoloyl 
9.10-Epoxystearoyl 

Dihydrosterculoyl 

5-trans-Octadecen-7,9-diynoyl 
6-Hydroxy-7,~octadecadiynoyl 

6-(R)-Hydroxy-7,9-ocatdecadiynoyl 

Stearoyl 
Oleoyl 
Ricinoleoyl 

HOOC-(CH2) 7- 
CHa-(CH2)7-C=C-(CH2)7 - 
cn3-(c 2)7-c  7On-(CH2)7- 

CHa-(CH2)7-CH-CH-(CH2) 7- 
CH2 

CH3-(CH2)7-C-C-C-C-CH= CH-(CH2) 3 - 
CHa-(CH2)7-C=C-C-~C-~H-ICH2) 4- 

CH3-(CH2)7-C=C-C---C-~H-(CH2)4 - 
OH 

CHa-(CH2)lS- 
CH3-(CH2(7-CH = CH-(CH2) 7 - 
CH3-(CH2)4-~H-CH2-CH = CH-(CH2) 7- 

OH 
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hibit the activity of HMG-CoA reductas~ the enzyme in- 
volved in cholesterol biosynthesis (12). The leucine deriva- 
tives of common fatty acids, namely stearic (octadecanoic), 
oleic (9-cis-octadecenoic) and ricinoleic (12-hydroxy-9-cis- 
octadecenoic) acids were also synthesized and compared in 
primary screening for antibacterial activity. 

MATERIALS AND METHODS 

Stearic and oleic acids were purchased from BDH Ltd. 
(Poole, England). The synthetic routes followed for the 
compounds investigated are shown in Scheme 1, 

b 1) Steadc acid ~ Stearoy I -C!  . - - - - - -m--  N-StearoyI-Leu 
( ref.  14) 

d 2) 5tearolic acid ~.  ,,, Oleic acid 

lc 
Stearoloy I - C I OI eoyl - CI 

N- SteQroloyl- L eu N-Oteoy I- Leu 

OHC -- (CH 217 -- CO -- Leu N-9,10-EpoxysteQroyI-Leu 

N-  AzetQoyl -Leu N- Dihydrosterculoyl - Leu 

3) N-Ri¢inoleoyl-Leu ( re f .  15) 
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SCHEME 1 
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4a, 5a and 6a 

- (R) -emmtim~er 

where the conditions were: a) SOC12, 4h; b) i. aq. NaOH 
solution, L-leu; ii. dil. HC1; c) C202C12, C6H6, 4h; d) i. Br2, 
CC14, 0°C; ii. KOH, n-propanol, dimethyl sulfoxide; e) 
OsO4, NaIO4, THF/Water (4:1); f) Jones' reagent, acetone, 
0°C; g) CH2N2, Pd(OAc)2, ether, 0°C; h) MCPBA, dry 
DCM, 0°C; i) C2HsOCOC1, (C2Hs)3N, dry THF, L-leu- 
OMe, 0°C; j) 1-brom(~l-decyne, (Ph3P)2PdC12, (C2Hs)2NH, 
CuI, C6H6; k) i. aq. NaOH solution; ii. dil. HC1. Stearolic 
acid was prepared from oleic acid as reported in the 
literature (13). For the synthesis of N-[5-trans-octade- 
cen-7,9-diynoyl] leucine (3), the fragment 5-trans-octen- 
7-ynol (1) was synthesized as described by us (7) for use 
as starting material. For N-[6-hydroxy-7,9-octadecadiy- 
noyl] leucine (6) and N-[6-(R)-hydroxy-7,9-octadecadiynoyl] 
leucine (6a), the fragments 6-hydroxy-7-octynol (4) and its 
R-enantiomer (4a) were synthesized, respectively, for use 
as starting materials (8). Analytical-grade reagents re- 
quired for the synthesis were purchased from Aldrich 

Chemical Co. (Milwaukee, WI). Chemicals and solvents of 
analytical grade were purchased from Indian Drug and 
Pharmaceutical Ltd. (Hyderabad, India). Tetrahydrofuran 
(THF) was distilled and dried over sodium metal. Silica 
gel (60-120 mesh) for column chromatography was ob- 
tained from ACME Synthetic Chemicals (Bombay, India). 

Gas-liquid chromatography (GLC) was carried out on 
a Silar 10 C column in a Hewlett-Packard 5840 A (Hewlett- 
Packard Co., Palo Alto, CA) chromatograph fitted with a 
hydrogen flame detector and a data processor. The column, 
injection port and detector were maintained at 195, 250 
and 300°C, respectively. Flow rate of carrier gas (N2) was 
30 mL. Infrared (IR) spectra were recorded on a Perkin- 
Elmer 683 spectrophotometer (Perkin-Elmer, Norwalk, 
CT). Proton nuclear magnetic resonance (NMR) spectra 
were obtained in CDC13 on a Varian 60-FT (Varian As- 
sociates, Palo Alto, CA). 

Synthesis of N-stearoyl-, N-oleoyl- and N-stearoloyl 
leucine. The acid chloride of stearic acid was prepared with 
thionyl chloride For unsaturated fatty acids, oxalyl chlor- 
ide was used: The acid chlorides were distilled under 
vacuum. N-Acyl leucines were prepared by the Schotten- 
Baumann reaction by adding acid chloride dropwise to an 
aqueous solution of the sodium salt of leucine at pH 
10 +_ 0.5 (14). The product was acidified with 30% 
H2SO4, taken up in ethyl acetate and crystallized by ad- 
dition of hexan~ N-Oleoyl leucine was purified on a silica 
gel column with n-hexan~ethyl acetate (90:10, vol/vol). N- 
Stearoyl, N-oleoyl and N-stearoloyl leucines were ob- 
tained in 70-80% yield. 

Synthesis of N-ricinoleoyl leucine (15). Ricinoleic methyl 
ester was isolated from methyl esters of castor oil fatty 
acids by silica gel column chromatography. The hydroxyl 
group was protected by formation of the tetrahydropy- 
ranyl ether (O-THP), and then the methyl ester was hy- 
drolyzed to form the acid. The O-THP-protected acid was 
converted into the anhydride by use of dicyclohexylcar- 
bodiimide (DCC). The anhydride was treated with leucine 
methyl ester (H2N-leu-OMe) in the presence of 4-dimeth- 
ylaminopyridine (DMAP) to yield methyl ester of N- 
ricinoleoyl leucine, which upon saponification followed by 
acidification yielded the title product. 

Synthesis of N-azelaoyl leucina N-Oleoyl leucine (10 
mmol) was taken up in a THF-water mixture (4:1, 20 mL), 
and crystals of osmium tetroxide were added. After sep- 
aration of a brown mass in 5 rain, NaIO4 (20 mmol) was 
added. After 1 h of stirring at room temperatur~ THF 
was evaporated and the product was extracted with ethyl 
acetate~ N-[9-Oxo-nonanoyl] leucine was purified on a silica 
gel column, taken up in acetone and then cooled to 0°C. 
Jones reagent was added dropwise until the reaction mix- 
ture retained the orange color of the reagent for 30 min. 
The excess reagent was quenched with isopropanol. The 
title product was separated on a silica gel column in 95% 
yield. 

Synthesis of N-9,10-epoxystearoyl leucine. N-Oleoyl 
leucine (10 mmol) was dissolved in dry DCM (20 mL), and 
m-chloroperbenzoic acid (MCPBA) (11 mmol) was added. 
After stirring for 3 h, dichloromethane (DCM) was 
evaporated. The crude product along with solid m- 
chlorobenzoic acid was loaded and separated on a silica 
gel column to yield 90% of the title product. 

Synthesis of N-dihydrosterculoyl leucine. N-Oleoyl 
leucine (1 mmol) and a catalytic amount of palladium (II) 
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acetate in diethyl ether (15-20 mL) was cooled to 0°C, and 
a methanollc ether solution of diazomethane (20-25 mL) 
was added dropwise with continuous stirring during 10 
mira After removal of the solvent, the product was purified 
on a silica gel column to give 70% of the title product. 

Synthesis of N-[5-trans-octadecen-7,9-diynoyl]-, N-[6- 
hydroxy-7,9-octadeca-diynoyl]- and N-[6-(R)-hydroxy-7,9- 
octadecadiynoyl] leucines (3, 6 and 6a). Fragments 1, 4 
and 4a were synthesized as per the procedure already 
reported by us (7,8}; 1, 4 or 4a (5 mmol) was dissolved in 
acetone, and Jones reagent was added at 0°C until the 
reagent color was retained for 30 min. Excess reagent was 
quenched with isopropanol. The product was extracted 
with ether, washed with water and isolated to give the acid 
in 95% yield. The acid (4 mmol), triethylamine (6 mmol) 
and ethyl chloroformate (6 mmol) were stirred in dry THF 
for 30 min at -5°C. The leucine methyl ester (5 mmol) 
was added under N2 atmosphere. The stirring was con- 
tinued for another 3 h, after which THF was evaporated. 
The product was extracted with ether and washed with 
water. Solvent was evaporated, and the product was 
purified on a silica gel column. From the fragments 1, 4 
and 4a, the products 2, 5 and 5a were obtained, respec- 
tively, in 90-95% yield. These compounds were coupled 
with 1-decyne for formation of the title products. 
1-Bromodec-l-yne (2.5 mmol) was stirred in benzene (5 mL) 
with continuous N 2 bubbling through the solution to 
deaerate it, and then bis(triphenylphosphine)palladium 
dichloride (0.15 mmol) was added (16). After 15 rain, CuI 
(0.4 mmol) and diethylamine (3 mmol) were added and stir- 
red for 15 min. The solution of 2, 5 or 5a (2.5 mmol) in 
benzene (2 mL) was added dropwise, and the reaction mix- 
ture was stirred for 5 h. The reaction was quenched with 
an aqueous NH4C1 solution. The benzene layer was 
washed with water, dried over Na2SO4 and evaporated, 
and the crude product was purified on a silica gel column 
to give methyl esters of 3, 6 or 6a in ca, 33% yield. These 
esters, upon base hydrolysis followed by acidification as 
described earlier, offered the title products, 3, 6 and 6a in 
95% yield. 

Antibacterial properties. Cultures of Staphylococcus 
aureus and Escherichia coli were grown overnight to a sta- 
tionary phase at 37°C in a nutrient broth (composition: 
peptone 0.5%, beef extract 0.3% and NaC10.5%). Portions 
(0.1 mL) of the grown cultures were spread on plates of 
nutrient agar (composition: the same as for the broth with 
additional 1.5% agar). After drying the plates in a sterile 
hood for 15 to 30 min, sterile filter paper discs (5 mm 
diameter) were placed with sterile forceps. A solution of 
the sample (10 t~L of 1% methanol solution equivalent to 
100 t~g/disc) was spotted on the paper disc The plates were 
placed in the incubator overnight at 37 ° C. The diameter 
of the zone of inhibition was obtained from the average 
of three determinations. 

Minimum inhibitory concentration (MIC). The culture 
was grown overnight, and the next day this culture was 
diluted 20 times with nutrient broth. This mixture was 
incubated for 1 to 2 h to get the mid log-phase culture 
(the phase in which the multiplication of bacteria is max- 
imum). This mid log-phase culture was diluted 25 times 
with nutrient broth medium, and 0.2 mL was added to 
each well (0.3 mL capacity), except for the first well in a 
microtitre plate. In the first well, 0.3 mL culture and 15 
~L of the sample solution were placed. This was thor- 

oughly mixed, and 0.1 mL of the mixture was transfer- 
red to the next well. Likewise, wells with further serial 
dilution (i.e., 0.1 mL from the second well to the third well 
and so on) were incubated overnight at 37°C. Next day, 
the wells were viewed for their clarity. The clarity of the 
solution shows the inhibition of bacterial growth at a par- 
ticular concentration of sample. The last well showing 
clarity in the series gives the MIC for the particular 
sample 

RESULTS AND DISCUSSION 

Synthesis ofN-acyl leucines. Purity of all N-acyl leucines 
was confirmed by single spots from thin-layer chromatog- 
raphy (TLC). Also, NMR and mass spectra (MS) analyses 
showed that  these compounds did not contain either free 
amino acid or fatty acid. Using azelaic acid for acylation 
was impossible due to lack of differentiation between the 
two carboxyls, only one of which was to be acylated. 
Hence, synthesis started with N-oleoyl leucine, which on 
cleavage of the double bond with OsO4/NaIO4 and Jones 
oxidation gave N-azelaoyl leucine. Acylation of leucine 
with 9,10-epoxystearic acid was not achieved due to open- 
ing of the oxirane ring. Hence. N-oleoyl leucine was epox- 
idized by MCPBA to give N-9,10-epoxystearoyl leucine in 
90% yield. The same strategy, i.e., constructing the 
necessary structure in the end, was applied in the syn- 
thesis of N-dihydrosterculoyl leucine by cyclopropanation 
with CH2NJPd(OAc)2. In the synthesis of 3, 6 and 6a, the 
fragment C1-C8 was first coupled with leucine methyl 
ester so as to keep the low-yielding acetylenic coupling 
of the C1-C8 fragment with 1-decyne at the end of the 
synthesis. Fragments 1, 4 and 4a were oxidized by Jones 
reagent to respective acids, which were coupled with 
leucine methyl ester by the carboxylic-carbonic anhydride 
method in quantitative yield. The (C1-Cs)-leu-OMe 
fragments (2, 5 and 5a) were extended with the 1-decyne 
chain by means of Sonogashira's method of palladium- 
catalyzed acetylenic coupling. This coupling gave 30% 
yield. The maintenance of an inert atmosphere was essen- 
tial because the presence of 02 reduced the yield. The 
final products 3, 6 and 6a were obtained by base hydrolysis 
of the ester followed by acidification. This step also re- 
moved the acetate protection of the hydroxyl group (at 
6-C in the acyl chain) in 5 and 5a. 

Spectral properties. IR, NMR and mass spectra of all 
the compounds showed many common peaks, along with 
some additional peaks pertaining to uncommon functional 
groups. The IR spectra showed absorptions at 2920 cm -1 
(alkyl stretching), 1460 cm -~ (alkyl bending), 1670 cm -1 
(secondary amide stretching) and 1720 cm -1 (acid car- 
bonyl stretching). The epoxy and cyclopropane groups 
were seen at 830 cm -~ and 1440 cm -1, respectively. The 
hydroxyl group was seen as a broad band at 3500 cm-L 
The conjugated diacetylenic functionality was observed 
as a sharp peak at 2660 cm -1. 

1H-NMR spectra (d ppm) of all the condensates show- 
ed common peaks in N-acyl leucines as follows: d 5.5-7 
(d, 1H, -NH-), 4.51 (m, 1H, -Call), 2.2 (5, 2H, CO-CH2-), 
1.25 (s merged with m, n X 2H, [-CH2-]n), 0.96 (d, 6H, 
(CH3)2-CH), 0.88 (t, 3H, CH3-CH2). The NMR data related 
to different functionalities in acyl moieties are given in 
Table 2. 

Antibacterial activity. The antibacterial activities of N- 
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TABLE 2 

1H-Nuclear Magnetic Resonance Data (d ppm} 
for N-Acyl-L-Leucines 

Acyl moiety Characteristic peaks 
Azelaoyl 
Stearoloyl 
9.10-Epoxystearoyl 
9,10-Dihydrosterculoyl 

5-trans-Octadecen- 7 ,9- 
diynoyl 

6-Hydroxy-7,9-octadeca- 
diynoyl or its R- 
enantiomer 

Oleoyl 

2.2 (t, 2H, -CH2-COOH) 
2.2 (t, 4H, -CH2-C =) 
3.0 (bin, 2H, -CH-CH- of epoxy ring) 
0.65 (m, 2H, -CH-CH- of cyclopropane 

ring), 0.56 & -0.33 Ira, 2H, CH 2 
protons of cyclopropane ring) 

6.3 (double t, 1H, -CH=), 
5.5 (bd, 1H, =CH-) 

2.3-2.1 (m, 4H, CH2-C -=, CH2-CH=) 
4.4 (bt, 1H, -=C-CH-O), 2.2 
(m, 2H, -=C-CH 2) 

5.4 (m, 2H, -CH=CH-), 
2.1 (m, 4H, -CH2-CH=) 

TABLE 3 

Antibacterial Activity a of N-Acyl-I~Leucines b by the Disc Method 

Staphylococcus Escherichia 
aureus coli 

Acyl moiety diameter (cm) diameter (cm) 
Azelaoyl 1.5 1.3 
Stearoloyl 2.4 1.4 
9,10-Epoxystearoyl 1.4 -- 
Dihydrosterculoyl 2.6 1.7 
5-trans-Octadecen-7,9-diynoyl 2.2 1.0 
6-Hydroxy- 7,9-octadecadiynoyl 1.2 -- 
6-(R)-Hydroxy-7,9-octadecadiynoyl 1.1 -- 
Stearoyl -- -- 
Oleoyl _c _ 
Ricinoleoyl 2.0 -- 
Streptomycin (control) 2.2 2.1 
aActivity was measured as diameter of the inhibited zone with meth- 
banol as control. 
N-Acyl leucines were spotted as 10 mg/mL in methanol. 

CActivity was seen above 20 mg/mL concentration. 

acyl leucines against S t a p h y l o c o c c u s  aureus  (gram-posi- 
tive) and Escher ich ia  coli (gram-negative) are tabulated 
in Tables 3 and 4. The screening of act ivi ty was done on 
the solutions in methanol. The antibacterial  act ivi ty of 
these derivatives was more pronounced in acid form than  
in the methyl  ester form of leucine, In general, the activi- 
ty  of N-acyl leucines was greater against the gram-positive 
than gram-negative bacteria (Table 3). The gram-negative 
bacteria were generally resistant or were little inhibited 
by these derivatives. As the unsaturation in the acyl chain 
changed, from saturated (stearoyl) to olefinic (oleoyl) to 
acetylenic (stearoloyl), the antibacterial activity of N-awl 
leucines increased. The presence of additional unsatura- 
tion, as in 5-trans-octadecen-7,9-diynoic acid moiety (two 
acetylene bonds and one t rans  olefinic bond) did not  in- 
crease this effect compared to stearolic moiety (2.2 vs. 2.4 
cm). The presence of an additional carboxylic group as in 
azelaic acid (1.5 cm) enhanced the inhibition compared to 
stearic, which showed no activity. However, the effect was 
still less than tha t  of the acetylenic bond (2.4 cm). Con- 
version of a double bond into an epoxy ring, as in 9,10- 
epoxystearic acid (1.4 cm), showed higher inhibitory ac- 
t ivi ty  of the oxirane ring. The maximum inhibition of N- 
acyl leucine of cyclopropane fa t ty  acid (2.6 cm), compared 
to other  acyl leucines, highlighted the effect of this cyclic 
system. Use of ricinoleic acid as acyl moiety confirmed 
the favorable effect of the hydroxyl group on inhibition 
(2.0 cm) when compared to oleic acid. The effect was 
almost the same as tha t  of the two acetylenic bonds in 
5-trans-octadecen-7,9-diynoyl  group (2.2 cm). The change 
in position of the hydroxyl group from the twelfth to the 
sixth carbon in the acyl chain reduced the antibacterial 
activity of N-(6-hydroxy-7,9-octadecadiynoyl) leucine (1.2 
cm) in spite of the presence of two acetylenic bonds. This 
also brought  out the importance of the double bond for 
antibacterial  activity. The (R)-enantiomer of the 6-hy- 
droxy-7,9-octadecadiynoic moiety did not  produce any 
change in antibacterial  activity, showing tha t  inhibition 
of this acid is not  enantiospecific. Streptomycin, the con- 
trol, had inhibition zones of 2.2 and 2.1 cm for gram- 
positive and gram-negative bacteria, respectively. 

The MICs of the N-awl  leucines are given in Table 4. 
In general, the MICs of these derivatives in acid form were 
much higher for gram-negative than  for gram-positive 

TABLE 4 

Minimum Inhibitory Concentration (MIC) a of N-Acyl-L-Leucines 

Staphylococcus Escherichia 
aureus coli 

Acyl moiety (mg/mL) (mg/mL) 
Azelaoyl 0.75 1.4 
Stearoloyl 0.06 1.0 
9,10-Epoxystearoyl 0.75 -- 
Dihydrosterculoyl 0.04 1.0 
5.trans-Octadecen-7,9-diynoyl 0.27 5.0 
6-Hydroxy-7,9-octadecadiynoyl 7.0 10.0 
6-(R)-Hydroxy-7,9-octadecadiynoyl 7.0 10.0 
Stearoyl -- -- 
Oleoyl 12.0 20.0 
Ricinoleoyl 1.0 -- 
aMIC was determined based on retention of clarity of the nutrient 
medium during inhibition of bacterial growth. 

bacteria as expected from their  zone of inhibition data. 
Increased unsaturat ion from stearoyl to stearoloyl group 
decreased the MICs and exhibited a minimum for the 
acetylenic bond (0.06 mg/mL). The presence of terminal 
free carboxylic group in N-azelayol leucine and the epoxy 
ring in N-9,10-epoxystearoyl leucine showed MIC values 
at 0.75 mg/mL. This was slightly higher than for 
stearoloyl leucine (0.06 mg/mL) but  still less compared to 
oleoyl (12.0 mg/mL). The dihydrosterculoyl moiety, as ex- 
pected from the zone of inhibition, exhibited the lowest 
MIC (0.04 mg/mL) among all the acyl moieties, high- 
lighting the potent  antibacterial  nature of the cyclopro- 
pane ring. Increased unsaturat ion in the 5-trans-octade- 
cen-7,9-diynoyl acyl moiety (0.27 mg/mL) increased MIC 
slightly more than  the stearoloyl moiety (0.06 mg/mL). 
Presence of the hydroxyl group at the twelfth carbon in 
the ricinoleoyl moiety, in addition to the double bond as 
in the oleic moiety, lowered the MIC from 12.0 mg/mL to 
1.0 mg/mL. The effect of a shift in the position of the 
hydroxyl group to the sixth carbon atom as in 6-hydroxy- 
7,9-octadecadiynoic acid, which is nearer to the amide 
bond of the derivative suppressed even the effect of the 
presence of i ts two acetylenic bonds on MIC (7.0 mg/mL 
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vs. 1.0 m g / m L  for ricinoleoyl derivative). The  enan t iomer  
showed the  same  ac t iv i ty  as the  racemic mixture,  in- 
d ica t ing  t h a t  the  M I C  is no t  dependen t  on the  enan- 
t iomeric  conf igura t ion  of  6-hydroxy-7,9-octadecadiynoyl  
moiety.  

I n  conclusion, the  presence of unsa tu ra t ion ,  cyclopro- 
pane  or  hydroxyl  g roups  in the  acyl  moie ty  of N-acyl  
leucines increased the  ant ibacter ia l  ac t iv i ty  and  lowered 
MIC. A shift  in the  posi t ion of the  hydroxyl  g roup  toward  
the  amide l inkage decreased the  ant ibacter ia l  activity. I n  
general, these der ivat ives  are act ive in their  acid form 
aga ins t  gram-posi t ive  bacteria.  
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