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Under the experimental conditions herein described, 2-benzamidocrotonic acid was condensed with methyl-
amine to yield a 3:5 M mixture of two diastereomeric racemates of 2-benzamido-3-methylaminobutyric acid. 
Subjection of this mixture to ethanol extraction resulted in the separation of two different forms, A and B, although 
the homogeneity of the respective forms was not established. The two forms thus obtained were separately 
hydrolyzed with HC1 to give the respective diastereomers of 2-amino-3-methylaminobutyric acid (4-azaisoleucine), 
while maintaining the same designations, forms A and B. Form B of 4-azaisoleucine, although not a highly 
effective antagonist, is inhibitory toward Escherichia coli 9723 at a concentration level of about 0.4 mg/ml, and the 
inhibition is competitively reversed by isoleucine. In contrast, form A even at a concentration level of 2 mg/ml 
does not exert any appprechble inhibitory effect on the growth of the same test organism. 

Previous investigations have demonstrated that the 
introduction of a nitrogen atom in place of carbon at 
the 4 position of an aliphatic amino acid was successful 
in producing aza analogs with biologically antagonistic 
properties. For example, 2-arnino-3-dimethylamino-
propionic acid (4-azaleucine) inhibits the growth of 
Escherichia coli 9723 and Leuconostoc dextranicum 
8086, and its toxicity is reversed specifically and com
petitively by leucine.2 2-Amino-3-(2-aminoethyla-
mino)propionic acid (4-azalysine) has been found to be 
a specific and competitive antagonist of lysine in 
E. coli and several lactobacilli.3 

In the present investigation 2-amino-3-methylamino-
butyric acid, the 4-aza analog of isoleucine, was of par
ticular interest since this type of structural variation has 
produced effective amino acid antagonists, and a com
parably substituted 4-thia analog of isoleucine, 2-
amino-3-methylthiobutyric acid, was reported recently 
to be a potent inhibitory analog of isoleucine.4 Ac
cordingly, a procedure was found whereby the two 
diastereomeric forms of 2-amino-3-methylaminobutyric 
acid were prepared, and their physical and microbi
ological properties were determined as subsequently 
described. Although not a highly effective antagonist, 
one of the diastereomers of 4-azaisoleucine was found 
to antagonize the utilization of isoleucine for the 
growth of E. coli 9723 in a competitive manner. 

It was preferable to employ a synthetic procedure 
whereby the corresponding N-benzoyl derivative of 
the desired amino acid was prepared directly as the key 
intermediate, since it has previously been shown5-10 

that benzoylation of a mixture of two diastereomeric 
forms of an amino acid followed by fractional recrystal-
lization of the N-benzoyl derivatives based on their 
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differential solubilities in alcohol provides one of the 
most useful methods of separating diastereomers. 
Thus, thecondensation of 2-benzamidocrotonic acid with 
an excess of 40% aqueous methylamine yielded approxi
mately a3:5ilf mixture of the two diastereomeric race-
mates of 2-benzamido-3-methylaminobutyric acid (I). 

CH3CH==CCOOH CH3CHCHCOOH 
I CHsNHi I ) H+Cl-

NHCOCeH; *• CH3N NHCOC6H5 > 

H 
I (forms A and B) 

CHsCHOHCOOH 

CH3N NH 2 

I 
H 

II (forms A and B) 

At this stage, an effective separation was accomplished 
by subjecting the mixture of I to an ethanol extraction 
as described in the Experimental Section. The two 
diastereomeric forms were purified by recrystallization 
to constant melting point and infrared spectrum; how
ever, the homogeneity of the respective forms was not 
established. Diastereomer designations of amino acids 
and their derivatives based on differences in melting 
point, solubility, and infrared spectral behavior have 
been previously reported.11 

The two diastereomeric forms (A and B) of I were 
separately hydrolyzed in the presence of dilute HC1 
to yield the respective diastereomers of 2-amino-3-
methylaminobutyric acid (II), while maintaining the 
same designations, form A and B. Both forms of the 
diastereomers were isolated and purified as their dihy-
drochloride acid salts. 

The microbiological properties of the two diastereo
meric forms of 2-amino-3-methylaminobutyric acid 
were determined using E. coli 9723 as the test organism. 
The form B aza analog was observed to inhibit the 
growth of E. coli at a concentration level of 0.4 mg/ml, 
which is a much higher concentration level than that 
previously reported for the corresponding 4-aza analogs 
of leucine2 and lysine3 under comparable assay condi
tions. The growth inhibitory effect of 2-amino-3-
methylaminobutyric acid (form B) toward E. coli 
was reversed competitively by isoleucine giving an 
inhibition index (ratio of the concentrations of analog 

(11) H. E. Carter and C. G. Uumiston, J. Biol. Chem., 191, 727 (1951). 
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lo isoleucine just, necessary for inhibition of growth) 
of about 300, as shown in Table I. In contrast, form 
A of 4-azaisoIeueine, even at a concentration level of 
2.0 nig/nil, was not inhibitorv toward the growth ol 
/<;. mil. 

T . i B L K I 

lvLIVLIiSAI. OF 4 - A Z A - I > L - I S O U ; U C I . X E (F'oKM B ) BY 

I S O L E U C I N E F O R Escherichia coli 9723" 

m.-lsuleueine, 
Mg. ml 

0 

0.0 
2.0 
0.1) 

1- Azn-m.-

isoleucine 

MIC,!> n i g / m l 

0.4 
2.0 
0 .0 

20 .0 

' 1 nc i iba led at 5 7 " for lo hr. ' ' M i n i m u m concen t ra t ion lor 
comploti! 'nihil>it ion of g rowth . 

This study demonstrates that, substitution of a ni
trogen atom in place of the carbon atom at the 4 posi
tion of isoleucine has been successful in producing a 
moderately effective antagonist of isoelucine. The 
difference in microbiological results of the two 
diastereomers with E. coli suggests a stereochemical 
specificity for the antagonism of isoleucine. 

Experimental Section-

Organic Synthese s 2-Benzamido-3-methylaminobutyric 
Ac ids .—A solut ion of S g of 2 -benzamidocro ton ic acid in SO ml 
of 40',',' m e t h y l a m i n e was al lowed to s t a n d al 40° for 12 d a y s . 
T h e r eac t ion m i x t u r e was t a k e n to d rynes s in racuo, then e thano l 
was a d d e d and e v a p o r a t e d r epea t ed ly to remove excess a m i n e . 
T h e res idual ma te r i a l con ta in ing llie two d ias te reumer ie forms 
i A a n d B ) were s e p a r a t e d by the use of t he fract ional recrys ta l l iza-
lion shown in Scheme I. 

.SCHEME I 

la 

II) 

•2b 

• 2 c -

a — solids, 

—•>- form A 
- i a ' 

i—> form B 

*-4b —»• 5a 

—* 3b »• 4c j _*. f i l t ra te 

L — o b 

ex t r ac t s or filtrates, r = res idues 

Form A. - T h e d ias l e renmer ic m i x t u r e ( 1 ; (0.2 g; isolated 
a b o v e was ex t rac ted w i t h 100 ml of boiling abso lu te e lhano l . 
T h e insoluble m a t e r i a l ( l a ) (li.O gj was removed by Mira t ion 
and washed wi th e ther . Rec rys ta l l i za t ion was accompl i shed by 
hea l ing a suspens ion of the solid in abso lu te e thano l to boiling 
a n d then a d d i n g a m i n i m u m a m o u n t of w a t e r to t h e boil ing sus
pension unt i l so lu t ion was comple te . After chill ing in a re
fr igerator ove rn igh t , t he re was ob ta ined 2.2 g of crys ta l l ine solid 
(2a) , in]) 2 0 0 - 2 0 1 ° . F u r t h e r recrys ta l l iga t ions of this ma te r i a l 
from aqueous e t h a n o l failed to change the mel t ing po in t . 

,1/irt/. Ca lcd for C i - JUN^Os- 0.5H..O: C, 5X.77; II. 0 .0S; 
N, 11.42. F o u n d : C, .">9.00: IT, 7.57; X, 11.54. 

T h e e thano l i c extract (2b) and e the r washings were combined 
and t aken to d r v u e s s bv removal of the solvent.- unde r reduced 

; 12) All mel t ing points are uncorrec ted . T h e paper r h r o m a l o g r a m s were 
d e t e r m i n e d by the ascending techniques using the solvents indicated , and the 
spots were developed with n inhydr in reagent . The infrared spec t ra were 
d e t e r m i n e d on a Bookman tnsl l amen t s Inc. , Model 1 K-8 Hpeel r u p h o i n n e 
e l e r i n Kl'.i' peilels and at a concent ra t ion o( e..v ; . The e lemental aua!.\ -
M S were d c t c r m i n c d by Messrs . I). H. Unwell. (1. 1), Smi th , and 11. L. T h a r p 
of th is l abo ra to ry ami t he In t e rna t iona l Chemica l and Nuc l ea r Corpora l iou 
City of I n d u s t r y . Calif. T h e a u t h o r s arc indebted to Mrs , 1), Howell mid 
M i . O. Close who assisted in the microbiological assin and spec! ropiiol o-

presstire. T h e residue '2c i was e x t r a c t e d with 50 nil of boiling 
abso lu te e lhano l , and 2.1 g of insoluble mater ia l (3a'i. nip 200 
201° . was collected on a filter and washed wi th e the r . Ite-
cry- la l l iza l ion <>!' 3a from aqueous e lhanol \ ielded 1 ,5 g of 4a. 
1111 > 201 2 0 2 ' . A mix tu re i l : l of 4a and 2a ob ta ined above 
bailed lo give any mel t ing point depress ion . T h e two solids were 
combined to give a to la! of 1S.7 g (40'', ' ) of form A. 

Form B. T h e more soluble H form w;i> recovered by e v a p o r a t 
ing the alcoholic exirnci • 3b. from residue 2c i lo d ryness m 
menu lo yield 5.0 g of residue i 4c ;. T h e residual mater ia l was 
suspended in Ion ml of boil ing e thy l ace ta t e , and then abso lu te 
c thano] was added dropwise to effect so lu t ion . After chilling 
in a refr igerator overn ight , the whi te solid was removed by lillra-
lioii, washed wi th e thy l ace t a t e , ami dried (vacuum, CaCI u ; , 
T h e r e was recovered 2.0 g of solid i5a. \ m p 174 170°, which was 
reerysial i izcd from e thano l e thy l a c e t a t e to yield 1.7") g i 10' , 
of form B, mp 170 ! 7 s ° . F u r t h e r rocrys lahiza t inn of the prod
uct failed lo a l ter 1 lie mel t ing po in t : however , mp ISO Is:! ' 
was observed for a mix tu re of forms A and B (1 : 1 i. 

Aim/. Calcd for C|.,.II:,X.«):: ( ' , 0 1 . 0 0 : II. (i .s2; N. I l . s . , . 
F o u n d : ( ' . 01.(IIS: II, 0 .09: N, I 1.00. 

T h e yield of both di: ' , - lercomers was about 5.45 g for a tola! 
recovery of .V.l',. T h " infrared absorp t ion spect ra of these 
dias tereoinor ic amino acid de r iva t ives are qu i t e d is t inc t . T h e 
H.05-/a s t rong band present in the spec t rum of form A a]/pears as a 
shoulder on the Mndig band al li.lia ^ nf form B. F r o m 4 i n T g , 
the specl ra of ihe two c o m p o u n d s are prac t ica l ly ident ical , 
whereas the r ema inde r of 1 he spec l ra , from 7 lo 10 /a, is qu i te 
dissimilar . 

4-Azaisoleiicine 2-Amino-3-methylaminobutyric Acid) Di-
hydrochloride. Form A. A 1.0-g s a m p l e of 2-benzamidn-l i -
me thy lami i iobu t vrie acid (form A) was added to .">2 ml of 11 A' 
IK.'l. and i he mix tu re was heated to reflux for 12 hr. T h e re
act ion m i x t u r e was cooled anil ex t rac ted twice wi th 25 ml of 
e the r lo remove the benzoic acid. T h e a q u e o u s layer was t aken 
to d rynes s in ivcm. and e lhano l was r epea ted ly a d d e d and dis
tilled to remove excess I K ' b T h e residue was then dissolved in 
20 ml ot absolu te e thano l , and lo the resul t ing solut ion was 
added an equal vo lume of e thy l a c e t a t e unti l a slight t u r b i d i t y 
persis ted. After s t a n d i n g in the refr igerator for 4 hr, the solid 
mate r i a l was separa ted by centrifugal ion. washed wi th e thyl 
ace ta t e , and dr ied Minder v a c u u m . 1'»();,). T h e r e was ob ta ined 
e,."i g i.VT', : of c rude hygroscopic p r o d u c l . nip 179 1S1° dec. 
I,', in l -bmai io l acet ic acid- wa t e r i l i : l : l ' i , ti.V ,' pyr id ine , and 
0.V , me thano l was 0.15, 0.54, and 0.47, respect ively . For 
e lementa l analyses , a .-ample was carefully dried MM).,, under 
v a c u u m ; to coiislaiii weight and carefully t ransfer red in a dry 
at mosphe re 

A mil. Calcd for C l l ; , .V( >,• 2I1CI: C. 29 .2V II. 0..SV N. 
111.05. F o u n d : C, 29 .00: if, 7.1 1 : X, US.0o. 

Form B. A suspension of 0.0S g of 2-ben/.ai i i ido-li-methy |. 
aminobu t vric acid . form Hi in IJO ml of I! A' II CI was hea ted t o 
reflux for s in . After cooling and ex t r ac t i ng the reaction m i x t u r e 
1 wice with 25-m I poll ions of e ther , the aqueous phase was I alien 
lo d ryness ;„ rncmi. 'r'.wo^- H O was removed from the residue 
by repea ted add i t ion and e v a p o r a t i o n of e lhano l . T h e residual 
solid was leached \s i lh 50 ml of abso lu te e thano l and Tillered 
lo yield 0.:i5 g 59 ' , ; of p roduc t , m p 1.S7 1S9° dee. A 1:1 
m i x t u r e of forms A and B mel ted at ISO -1S5C. /( , va lues of form 
B in l-butaiiol- acet ic a c i d - w a t e r 5 : 1 : 1 ) , 0 5 ' , pyr id ine , and 
9 5 ' , m e t h a n o l were 0.14. 0.50, and 0.40, respect ively . 

Anal. Calcd for C.-,)I,,N/>2' 2I1C1: C. 20.2S; ' l b 0.SS: N, 
15.05. F o u n d : C. 29.10: II. 0.S2; N , Hi.55. 

T h e two -l-aza analogs of isoleucine t hus ob ta ined gave the 
typical purple n inhydr in color and decomposed al their mel t ing 
po in t s . T h e paper c h r o m a t o g r a p h i c behav ior of the two dia
s te reomers appear.- to be essent ia l ly ident ical in several solvent 
sys tems , but they are d i s t ingu ishab le by an apprec iab le difference 
in mel t ing poinl behav ior , hygroscopic charac te r , solubi l i ty 
behav ior in abso lu te e thano l , and infrared spec t r a d a t a . In the 
2 7.5-/J region, form B pusses more b a n d s than does its A 
d ias l e reomer . ami this difference holds for the spec t ra beyond 
s a as well. F u r t h e r . I he microbiological p roper t i es of the two 
analogs are different as s u b s e q u e n t l y indica ted . 

Microbiological Assays . For Exi-hrrichiii coli 9721!, a p re 
viously descr ibed inorganic -a l ls m e d i u m 1 3 was employed , ami I lie 
organism iva- i ncuba t ed at 57° for about 10 hr. T h e amino 

. 3 0 , l-'u • la lo 
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acid analogs were dissolved in sterile water and added aseptically 
to the previously autoclaved assay tubes. In all assays the 
amount of growth was determined photometrically at 625 rru* 
with a Bausch and Lomb Spectronic 20 spectrophotometer, in 
terms of absorbance readings of the turbid culture medium against 

a blank of unmodulated medium set a zero absorbauce. For E. 
coli the data in Table I are recorded as absorbance readings which 
are related to the milligrams of dry cells calculated from a stand
ard curve of milligrams of dry cells per milliliter vs. absorbance 
readings. 

Lincomycin . VI. 4'-Alkyl Analogs of Lincomycin . 

Re la t ionsh ip be tween Structure and Antibacterial Activity1 

BARNEY J. MAGERLEIN, ROBERT D. BIRKENMEYER, AND FRED KAGAN 

The Research Laboratories, The Upjohn Company, Kalamazoo, Michigan 
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The partial synthesis of a series of 4'-alky 1 analogs of lincomycin and l'-demethyl-l'-ethyllincurnyciii is re
ported. The in vitro antibacterial activity of some of these compounds was three to four times that of lincomycin. 
Replacement of the 7-hydroxyl group of these compounds by chlorine further enhanced the antibacterial activity. 
Relationships are drawn between structure and in vitro and in vivo antibacterial activity. 

Lincomycin, a water-soluble antibiotic,2 is orally ef
fective in man for the treatment of diseases caused by 
gram-positive organisms.3 The elucidation of the 
structure of lincomycin (1) showed that it was not 
chemically related to any of the major antibiotics.4 

Lincomycin may be cleaved into an amino acid frag
ment, £rans-l-methyl-4-n-propyl-L-proline (2) and an 
amino sugar, methyl thiolincosaminide (3). These 
fragments may be recombined to yield lincomycin by 
employing one of the standard methods for amide for
mation.5 The unique chemical stability of lincomycin 

CH3 

:C3H7-n^ HO 

CONH 

HO 

CH3 

HO-
H 2N-

+ H 0 > 0 . 

COOH n SMe 
OH 

and the cleavage-recombination sequence established 
the antibiotic as a highly desirable substrate in which 
to study the effect of chemical modification on antibac
terial activity. The synthesis and antibacterial proper
ties of lincomycin analogs having various alkyl groups 
at N- l ' and C-4', and in some cases having the 7-hy
droxyl replaced by chlorine, are now described. 

The method for preparation of 4'-alkyl analogs of 
l i n c o m y c i n w a s a mod i f i ca t i on of t h e p r e v i o u s l y d e 

ft) A portion of this work was reported earlier, Abstracts of Papers, Vth 
Interscience Conference on Antimicrobial Agents and Chemotherapy and 

IVth International Congress of Chemotherapy, Washington, D. C , Oct 17-

21,1965, p 17. 
(2) (a) D. J. Mason, A. Dietz, and C. DeBoer in "Antimicrobial Agents 

and Chemotherapy—1962," J. C. Sylvester, Ed., American Society for 
Microbiology, Ann Arbor, Mich., 1963, p 554; (b) E. R. Herr and M. E. 
Bergy, ibid., p 560; (c) C. Lewis, H. W. Clapp, and J. E. Grady, ibid., p 570. 
Lincocin® is lincomycin hydrochloride. 

(3) (a) W. J. Holloway, R, H. Kahlbaugh, and E. G. Scott in "Anti
microbial Agents and Chemotherapy—1963," J. C. Sylvester, Ed., American 
Society for Microbiology, Ann Arbor, Mich., 1964, p 200; (b) ,7. Harnecker, 
J. Contreras, H, Gilabert, and V. Uhilla, ibid., p 204; (c) E. W. Walters, M. .1. 
Romansky, and A, C. Johnson, ibid., p 210; (d) J. C. Trakas and H. E. Lind, 
ibid., p 216. 

(4) H. Hoeksema, B. Bannister, R. D. Birkenmeyer, F. Kagan, B. J. 
Magerlein, F. A. MacKellar, W. Schroeder, G. Slomp, and R. R. Herr, J. 
Am. Chern. Hoc, 86, 4223 (1964). 

(5) \\*. Schroeder, B. Bannister, and H. Hoeksema, ibid., in press. 

scribed partial synthesis of lincomycin.6 The syn
thetic scheme is outlined in Chart I. 1-Carbobenz-

CHAKT I 

\ / C O O H 

\ / C O O H 

R 

MTL = 

HC1 

Z=C0 2 CH 2 C 6 H 5 

CH3 

HO — 
-NH 

N ^ S M e 
OH 

R = alkyl substituent 

SMe 

11 

(6) B. J. Magerlein, R. D. Birkenmeyer, R. R. Herr, and F. Kagan, ibid.. 
in press. 


