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under nitrogen with diborane-(i6 gas generated from 1 g. (55 
mnioles) of lithium aluminum deuteride in of) ml. of ether and 
4.8 g. of freshly distilled boron trifluoride etherate in 10 ml. of 
dry ether. After the generation of the diborane-(/s was complete, 
the T H F solution was stirred at room temperature under nitrogen 
for 1 hr. The excess diborane-r/« was destroyed by the addition 
of ice chips to the reaction mixture after which ii was diluted to 
100 ml. with water. The T H F was removed under reduced 
pressure whereupon the product crystallized. The isolated 
product was washed thoroughly with water, air dried, and re-
crystallized from ethanol giving 1.2 g. of material, in.p. 196.5-
199.X°. X.m.r.16 confirmed the structure and the absence 
of hvdrogen at the a-ethyl position: 131 !s) (OH:l), lt>S (kinglet ) 
(/3-CH,), :tS2 (s) ( Me.ArrL), and 470 c.p.s. (sit LArH, i. 

(It)) N .m. r . spec t rum was de t e rmined on a 5 - 1 0 % solut ion in G I K ' l 
al 00 Me. with a Varian A-60 spec t romete r , employ ing l e t r a m e t h y l s i l a n e as 
an in te rna l reference. Frequencies are repor ted in eyeles per second re la t ive 
to t e r r ame thy l s i l ane as 0 c.p.s. 

3,5-Diiodo-4-(3,5-dimethyl-4-hydroxyphenoxy)phenethyI 
Alcohol Diacetate (2). A 1.0-g. sample of the thyroethanol 1 
was dissolved in 10 ml. of pyridine and I ml. of acetic anhydride 
and allowed to stand at room temperature overtiighl. The re
action mixture was poured into 100 ml. of water and allowed to 
stand until an amorphous solid formed. The product (1.1 g. * 
was filtered, washed with water, and dried (in cacao, (i()° i. 
Recryslallization from Skellysolve B gave 930 nig. of a substance, 
imp. Io7.5-l:>9.00. A sample was recryslallized for analysis1-: 
imp. I:!!!..") 140..")°: ,',„.,< 17.5:5, 1740, 1.595, and 1537 cm. - ' : \'^'l" 
•22:j niM ; t :!5,S,50 ]. 272 ( 2(i50). and 279 sh ! 2,5.50). 
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The structure of tenuazonic acid as 3-acetyl-5-«ec-butyltetramic acid has been verified by total synthesis from 1.-
isoleucine and diketene. A new series of erystalline-X-aeetoacetylamino acids is described. For the purpose of 
correlating structure vs. biological activity, a series of tetramic acids having various substituents at the 1-, 3-, and 
5-positions has been synthesized. An enhancement of the in vitro antibacterial activity of X-substituted tetra-
mates has been confirmed. 

Tenuazonic acid and several related te t ramates 
have been synthesized from amino acids and diketene 
for s tudy in human tumor and other biological systems. 

Hadacidin2 was recently discovered as a new growth-
inhibitory substance in human tumor systems, and 
further research led to the discovery of another crystal
line human ant i tumor substance which was identified3 

as the known tenuazonic acid (I).4,:> Recently Miller, 
et a/1.,6 reported that synthetic tenuazonic acid showed 
antiviral activity at rather high dose levels but that it 
was inactive against bacteria and yeast. We were 
interested in varying the substi tuents on the tetramic 
acid skeleton of tenuazonic acid in order to make pos
sible a study of the effect of these changes on their 
biological activities. 

Our synthesis of tenuazonic acid differs slightly from 
that of Lacey.7 In this process, we were able to iso
late and characterize as crystalline compounds a new 
series of X-acetoacetylamino acids which are given in 
Table 1. This was the basis for the synthesis of • he sub-
stiutted tetramic acids which are described in Table II , 
in which variations have been made in the alkyl group 
at position r> and substitutions have been made al 
position 1 (X). Several 3-acetyltetramie acids having 

(1) To whom inquiries should be addressed . 
(2) E. A. Kaczka , G. O. G i t t e r m a n , "E. L. D u l a n e y , and K. Kolkers, Bio

chemistry. 1, 340 (1962). 
(3) E . A. Kaezka , G. O. G i t t e r m a n . E . L. Du laney , M . G. Smi th , D. 

Hendl in , H. B. Woodruff, and K. Fo lkers . Biochem. Biophys. Res. Commuit.. 
14, 54 (1964). 

(1) C. E . St iekings , Biochem. J..H, 332 M959.) 
(5) T. Rose t t , R. H. S a n k h a l a . G. K. Slirkitiji-, M. E. I . T i . i l o r . and It. 

T h o m a s , >'./>/., 67, 390 (1957). 
(6) T. A. .Miller, W. A. I l i K luse l . 15. .1. Sloan. .1. I'Jhrlich, .1. G. Trench, and 

Q. R. Bar tz , Xature, 200 , 1338 (1963). 
(7) R. X. Laeey. ./. Chem. So,:. 850 (1951). 

the following groups in position •"), benzyl, isopropyl, 
methylthioelhyl, ethyl, phenyl, dimethyl, n-butyl, 
methyl, hydrogen and isobutyl, have already been 
described.s There was no X-substitution on these 
compounds. 

o-Acetyl and o-acet\Tl-.")-inelhyltetraniic acids have 
been synthesized by Lacey7 who allowed the methyl 
ester of glycine and i>L-alanine to react with diketene, 
and then carried out the cyclization to give II and I I I . 

OH OH 

H 6 C H ^ - N A 0 

,C0CH3 

H 

H 

COCH, 

CH, 
II, R 

III, K 

II 

CH:, 

Since Lacey did not start with optically active amino 
acids, his products could not reveal the stereochemistry 
of C-o. The product which we synthesized by those 
reactions and r.-isoleucine was identical in all respects 
with tenuazonic acid (I). 

Table I I I lists a few tetramic acids in which the 
acetyl group at position •> has been replaced by other 
carbonyl functions. 

The tumor-inhibiting properties of tenuazonic acid 
against a human tumor growing on chick embryos are 
described by ( i i t terman, el al.9 The activities of 
the substituted tetramates in this system are described1" 

laeniker . and .1. Drticy, I'hurm. Arlo lid, 38, i l l !*> \ . Ael,i, II 
•: mtW). 

19) G. O. G i u e r m n n , K. I.. Du laney , K. A. Kaezka . G. W. Giuupliell . 1 i. 
Hendl in . and II . 1?. Woodruff. Cancer lies.. 24, 440 (1964). 

110) G. O. G i t t e r m a n , . / . Med. ('hem.. 8, 483 (1965). 
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No. 

1 
2 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
28 

Amino acid 

Isoleucine 
DBED .salt" N-.Me isoleucine 
N-Benzylvaline 
3,3-Diethylalanine 
Proline 
Phenylalanine 
L-Valine 
DL-Trytophane 
Methionine 
L-Aminobutyric 
L-Aminophenylacetic 
L-Aminoisobutyric 
L-Amino-n-caproio 
Alanine 
Glycine 
a-Amino-n-heptanoic 
1-Amino-l-cyclopentylcarboxylic 
Leucine 
l-Amino-3-ethylpentanoic 
Pseudoleucine 
O-Methylthreonine 
Isoleucine 
dZ-aKo-Isoleucine 
D-Isoleucine 
a-Methylisoleucine 
5,5,5-Trifluoronorvaline 
a-Amino-n-heptanoic 

R' 

H 
CH3 

Benzyl 
Benzyl 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

Benzyl 
H 
H 
H 
H 

Benzyl 

' FABLE I 

AcETOACETYLAMINO ACIDS 

RCHCOOH 

R'NCOCH2COCH3 

Formula 

Ci6H17NO, 
C38H58N408 

Ci6H2iNOj 
C18H25NOi 
CgHi3r\04 

C13H15N04 

C7H15NO4 

C15H16N204 

C9Hi5N04S 
C8H13N04 

C12H13N04 

C8H18N04 

C10Hi,NO4 

C , H n N 0 4 

C6H9N04 

C,iH19N04 

C,oHi6N04 

CioHnN04 

CnHi9N04 

C10H,7NO4 

C9H15N05 

C17H23NO4 

C10HnNO4 

C10H17NO4 

CnH, 9N0 4 

C9Hi»F3N04 

C18H25N04 

Mol. wt. 

215.24 
698.91 
291.36 
319.39 
199.20 
249.19 
201.15 
288.22 
232.28 
187.19 
235.16 
187.19 
215.24 
173.17 
159.14 
229.27 
213.23 
215.24 
229.27 
215.24 
217.22 
305.36 
215.24 
215.24 
229.27 
255.19 
319.41 

M.p., °C. 

120-121 

129-131 
120-123 
112-114 
124-125 
163-166 
55-58 
75-77 

138-142 
145-148 
98-101 

107-109 

157-160 
124-126 
115-117 
148-150 
107-108 

112-114 
139-141 
129-130 
100-101 

C 

55.80 
65.30 
65.95 
67.68 
54.26 
62.65 
53.73 
62.50 
46.33 
51.33 
61.29 
51.33 
55.80 
48.50 
45.2S 
57.69 
56.33 
55.75 
57.69 
55.75 
49.76 
66.86 
55.75 
55.75 
57.69 
42.36 
67.68 

Caicd., % 
H 

7.91 
8.36 
7.27 
7.89 
6.58 
6.07 
7.51 
5.55 
6.48 
7.00 
5.57 
7.00 
7.91 
6.41 
5.70 
8.35 
7.09 
7.96 
8.35 
7.96 
6.90 
7.59 
7.96 
7.96 
8.35 
4.74 
7.89 

N 

6.50 
8.02 
4.81 
4.38 
7.03 
5.62 
6.96 
9.72 
6.01 
7.48 
5.96 
7.48 
6.50 
8.09 
8.80 
6.11 
6.57 
6.50 
6.11 
6.50 

4.58 
6.50 
6.50 
6.11 
5.49 
4.39 

. F 
C 

55.87 
65.52 
65.67 
67.78 
53.99 
61.52 
53.96 
62.96 
46.30 
51.69 
61.49 
51.51 
56.42 
48.46 
45.22 
57.77 
56.36 
55.63 
57.92 
55.90 
46.88 
67.13 
55.92 
56.07 
57.60 
42.64 
67.18 

'ound, %-
H 

7.91 
8.14 
7.01 
7.96 
6.23 
5.92 
7.40 
5.42 
6.18 
6.78 
5.76 
6.81 
7.97 
6.35 
5.46 
8.12 
6.80 
7.81 
8.30 
7.70 
6.25 
7.73 
8.06 
7.92 
8.62 
4.85 
7.89 

N 

6.50 
7.94 
5.05 
4.11 
7.17 
5.02 
6.97 
8.07 
6.47 
7.57 
5.82 
7.80 
6.19 
8.16 
9.17 
6.38 
6.31 
6.53 
5.99 
6.30 

4.33 
6.64 
6.49 
6.26 
5.41 
4.37 

From dibenzylethylenediamine. 

in an accompanying paper. His report shows that 
this activity is quite specific for tenuazonic acid. Git-
terman also discovered that tenuazonic acid and other 
tetramic acids have a low order of antibacterial activity 
by the agar plate method and that X-substituted tet-
ramates have a greatly enhanced antibacterial activity 
in vitro. This enhanced antibiotic activity seems to be 
fairly general for X-substituted tetramates. 

This work was confirmed by the results tabulated in 
Table IV. We wish to thank Dr. E. O. Stapley and 
Airs. Ann Germain for these assays (Table IV) which 
were carried out by the general method as published.11 

The compounds were assayed as aqueous solutions by 
agar plate diffusion employing soaked 6.35-mm. disks 
or droplets of 0.02 ml. at a concentration of 2 mg./ml. 
Thin plates using 5 ml. of nutrient agar plus 0.2% of 
yeast extract/Petri dish were seeded with appropriate 
microorganisms and incubated overnight at 25°. 

It will be seen from Table IV that most of the 
tetramic acids unsubstituted on the X" have a low order 
of antibacterial activity (Table II, 1, 17, 20, 23, and 
26, and Table III, 1 and 2). Substitutions of the X 
with a benzyl group generally broadens the antibiotic 
spectrum and enhances their activities (Table II, 3, 
4, 22, 27, and 28, and Table III, 4). Unlike the egg 
tumor test, the antibiotic activity is not restricted to 
the 5-sec-butyltetramates. 

Dr. Betty M. Frost and Miss M. E. Valiant of the 
Merck Institute have found that these X-substituted 
compounds were toxic to mice at single intraperitoneal 

(11) E. O. Stapley, Appl. Microbiol. 6, 392 (1958). 

doses of 2.5 mg. and that they did not show any in vivo 
antibacterial activity up to this dosage level. 

Experimental 

Sodium Tenuazonate.—Aeetoacetyl-L-isoleucine was prepared 
by the direct acetoacetylation of the sodium salt of L-isoleucine in 
aqueous solution by dropwise addition of diketene; acidification, 
extraction with ether, and recrystallizution from ether yielded the 
product, m.p. 120-121°, yield 76%. For the analysis, see Table 
I, 1. The ultraviolet absorption spectrum of the free acid ex
hibited a shoulder at 2480 A. in methanol. A peak at 2735 A. was 
exhibited in alkaline solution; [a]s46 —122° (c 2.0, methanol). 
The methyl ester of acetoacetyl-L-isoleucine was prepared in ether 
solution by adding an ether solution of diazomethane to the acid; 
[a]546 +7° (c 2.0, methanol). This ester was condensed7 to give 
the sodium salt of tenuazonic acid in 7 1 % yield; [ajue —96.7° (c 
2.0, methanol). The ultraviolet absorption spectrum showed 
bands at 2800 i . (E{*m 573) and 2410 A. (E1/^ 400). 

The sodium salt of tenuazonic acid (5 g.) was converted4 to the 
copper salt with Cu(OAc)2. After four recrystallizations from 
methanol and water, the optical rotation had changed from [a]546 

- 7 6 . 5 to - 1 2 2 ° (c 2.0, methanol); yield 1.2 g.; lit.4 [a}Mt 
- 1 2 4 ° . 

The copper salt was decomposed with H2S, and the solution was 
neutralized with NaHC()3. The freeze-dried sodium tenuazonate 
weighed 1.07 g. (85%), [«]b46 -119.0° (c 2.0, methanol), [«]67S 

— 101.5° (c 2.0, methanol). The spectrum showed bands at 2800 
A. (E\*m 684) and 2400 A. (E\*m 548) for the sodium salt and 2760 
A. (E\*m 645) for the free acid. For the analysis, see Table II , 1. 

The following synthesis of l-benzyl-3-acetyl-5-(3-amyl)tetramic 
acid (II, 4) is typical for the N-benzvl analogs described in Table 
II. 

3-(3-Amyl)hydantoin.—A mixture of 50 g. of 2-ethylbutyralde-
hyde with 50 g. of NaCN, 50 g. of NaHS03 , and 200 g. of ammo
nium carbonate in 150 ml. of methanol and 150 ml. of water were 
heated overnight at 60°. The reaction mixture was diluted with 
water, filtered, and dried to yield 52 g. of the hydantoin, m.p. 180-
181°. 



TABLE IT 

1,5-1 )lsrilSTITl"l'ED O-ACKTVI.TETKAMATES 

HO i ,—,i COCH3 

R 

No." 

1 
2 

;; 
4 

5 

16 

17 

1!) 

20 

21 

2 ' ' 

2:; 

24 

2.1 

26 

27 

2S 

2!) 

;;o 
31 

H 

sec-Butyl 

sec-Butyl 

I sop ropy l 

3 ' -Amyl 

I j5 -Tr ime thy lcnc 

ra-Ainyl 

Spiro f e t r a m e t h y l e n e 

3 ' -Amyl 

/ -Bu ty l 

E t h y l i d e n e 

s « - B u l y l 

(/Z'o-scc-bulyl 

n-.scc-butyl 

5-Met l iy l -5-scr-hutyl 

3',3',o'-Trifluoro-n-pi'op_yl 

3 ' ,3 ,3'-Trifliioro-7i-propyl 

n-Aniyl 

P h e n y l 

re-llexyl 

Pheny l 

W 

H 

C1I 3 

B e n z y l 

B e n z y l 

11 

H 

11 

H 

H 

Benzyl 

H 

n 
II 

H 

Benzy l 

Benzy l 

Benzyl 

I I 

Pheny l 

Formula 

C,„H,4NNaOa 

C H j e K N O , 

O i6 l I i 8 K 1 5 N() 3 

C , 8 H 2 - . K N 0 3 - H 2 0 

C2 4H42N106 

D B E D sal t 6 

C H n N O , 

C , „ H l 3 N 0 3 N a -

1. 5 H » 0 

0 „ H , 7 N 0 3 

C,„H,r,N() ;, 

C , H o N 0 3 

C „ I I 2 1 N 0 3 

C 6 „ H e N 4 ( ) 6 

D B E D salt ' ' 

CMII . , l lN. l0G-H2O 

D B E D salt ' ' 

C'36lUNi<)c-l.-)H2()' ' 

C „ I I „ N 0 3 

C 9 H , „ N 0 3 E 3 

Ci«HifiN Oar is 

0 , s I I 2 2 N 0 3 N a " 

C , 9 H , 7 N 0 3 

01 2H1 . . .N03 

C l 8 H l 5 NO., 

Mol. 
w t . 

2 1 9 . 2 1 

249 .3C 

3 3 1 . 

3 5 7 . 4 8 

6 0 2 . 7 4 

2 1 1 . 2 5 

2 4 6 . 2 2 

2 1 1 . 2 5 

1 9 7 . 2 4 

167 .16 

2 S 7 . 3 5 

815.OS 

652 8 

6 6 1 . 8 2 

2 1 1 . 2 5 

2 3 7 . 1 8 

3 2 7 . 3 0 

3 0 1 . 3 7 

3 0 7 . 3 3 

2 2 5 . 2 8 

2 9 3 . 3 3 

M.|... 
° c . 

151 153 

9S-99 

162-164 

7* 

62 . (i 

198-201 

56 57 

137 141' 

135-14!) 

1S2-230 

s u b . 

120-121 

73 -76 

C 

5 4 . 7 8 

5 3 . 0 3 

5 8 . 0 0 

6 0 . 4 7 

6 7 . 7 5 

6 2 . 5 4 

49 25 

6 2 . 5 4 

6 0 . 8 9 

5 7 . 4 8 

7 1 . 1 2 

7 3 . 6 8 

0 6 . 2 1 

6 5 . 3 1 

6 2 . 5 4 

4 5 . 5 7 

5 8 . 7 1 

6 6 . 8 6 

7 1 . 2 5 

63 97 

73 70 

-Cuic.i. •','-
H 

6 . 4 4 

6 . 4 6 

5 . 4 4 

6 . 7 7 

7 . 0 3 

8 . 1 1 

6 . 1 5 

8 .11 

7 . 6 7 

5 . 4 3 

7 . 3 2 

7 . 6 7 

8 . 0 3 

s , 0 7 

8 . 1 1 

4 . 2 5 

4 . 9 2 

6 . 8 6 

5 . 5 8 

8 . 4 8 

5 . 1 6 

„ 

X 

6 . 3 9 

5 . 6 2 

4 . 2 3 

9 . 3 0 

6 . 6 3 

5 . 7 4 

0 . 6 3 

7 . 1 1 
8 . 3 s 

4 . 8 0 

6 . 9 8 

8 . 5 8 

8 . 4 8 

6 . 6 3 

5 . 9 1 

4 . 2 8 

4 . 3 3 

4 . 5 6 

6 . 2 2 

4 . 7 7 

C 

5 5 . 1 0 

5 3 . 2 1 

5 8 . 7 3 

6 0 . 6 S 

6 7 . 4 3 

6 2 . 6 5 

4 9 . 8 5 

6 2 . 2 4 

6 1 . 0 9 

5 7 . 2 7 

7 1 . 0 6 

7 4 . 2 3 

6 0 . 0 7 

0 1 . 9 3 

6 5 . 2 1 

6 2 . 0 2 

4 5 . 5 5 

5 8 . 4 8 

6 4 . 5 5 

6 4 . 3 6 

7 4 . 4 0 

6 4 . 0 9 

7 4 . 1 9 

f o u n d , • ; -
II 

6 40 

6 . 3 5 

5 . 4 6 

6 . 5 0 

7.23, 

7 . 9 0 

5 . 8 3 

7 . 8 2 

7 . 8 7 

5 . 3 6 

7 . 2 5 

7 . 7 S 

s . 2 3 

7 . 7 8 

8 . 0 7 

4 . 4 3 

5 . 0 6 

7 . 0 0 

6 . 6 3 

5 . 6 7 

8 .21 

5 . 4 0 

N 

6 . 0 0 

5 . 4 3 

4 . 19 

9 . 3 4 

6 . 8 7 

5 . 6 4 

6 . 7 6 

7 . 4 3 

8 . 4 6 

4 . 7 3 

6 . 9 8 

8 . 6 2 

s 4x 

i . • > • > 

5 . 9 7 

4 . 3 1 

4 . 2 5 

4 . IS 

5 . 8 8 

4 . 8 3 

- i 

2800 (684) 

2 4 6 5 ( 4 5 0 ) 

2470 

2480 

2 4 9 0 ( 2 3 5 ) 

2380 

2410 

2 4 0 0 ( 5 3 7 ) 

2 4 2 5 ( 6 0 5 ) 

2 3 2 0 ( 6 3 1 i 

248(1 

2410 

2410 

2 4 0 0 ( 3 8 5 ) 

2 4 0 0 ( 4 6 2 ) 

2 8 1 0 ( 4 2 3 ) 

2470 

2190 

2 4 0 0 ( 4 4 6 ' 

O f ' - A. (/•;,:,„ 
.11 7 —-

2 4 0 0 ( 5 4 8 ) 

2 8 6 0 ( 4 8 6 ) 

2840 

2850 

2 8 0 0 ( 2 3 2 ) 

2780 

2800 

2 7 7 5 ( 7 3 3 ) 

2850 (740 J 

2630 

(1349> 

2S50 

2800 

2X0: i 

2 7 8 0 ( 5 1 5 ) 

2 7 7 5 ( 5 7 5 ) 

2 4 5 0 ( 4 6 4 ) 

2840 

2860 

2 7 9 0 ( 5 6 7 ) 

, - • — • -

, , l i l 

2 7 6 0 ( 6 4 5 ) 

2 8 1 5 ( 4 5 0 ; 

2820 

2S30 

2 7 8 0 ( 2 1 8 ) 

2760 

2770 

2 7 0 0 ( 6 2 4 ) 

2780 

2640 

2830 

2770 

27( Hi 

275( 1 

2750 

2810;404> 

2820 

2S30 

" Numbers refer to corresponding precursors listed in Table I. '' DBED salt is prepared by treat men I with dibenzylethvlenediaminc which neutralizes 2 moles of telramic acid. ' No at tempi 
w:is made to obtain opl ieally pure material. This compound should have the same configuration as isotentiazonic acid: see ref. 4. '' This compound did not crystallize as the free acid, the DBEI) 
salt , or sodium salt. Analyses were performed on amorphous vacuum-dried material. The ,\„,.,v showed (he characteristic shift from I wo maxima in basic solution to one peak in acid solution. 
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No. 

1 

2 

3 
4 
5 

Ri 

H 
H 

Benzyl 
Benzyl 

H 

Rs 

CONH3 

CN 

COXH2 

COOEt 
H 

TABLE III 

1,3-DlSUBSTITUTED 5-SeC-BuTYLTETRAMATES 

Formula 

C9H14N203 

C9H12N202 

Cl6H2f>N203° 

CI8H22N04Cu„ 
C 8H uN0 2

6 

HO 

C H 3 ^ 
CH 

u—3I R" 

R 

C2H5 

M.p., °C. 
164-165 
212-214 
145-148 

108-112 

C 
54.52 
60.23 
66.64 
60.53 
61.89 

-Calod., %-
H 

7.12 
6.94 
6.95 
6.21 
8.43 

N 
14.13 
15.54 
9.72 
3.92 
9.03 

C 
54.52 
59.98 
66.22 
60.48 
61.22 

-Found, % -
H 

6.83 
6.71 
6.73 
6.17 
8.13 

N 

14.17 
15.57 
9.68 
3.67 
9.02 

•' A™'01' 2330 A. ( S i ! 451), 2700 A. (E\"L 327). b A™30H 2310 and 2620 A., K"J 2390 A. 

TABLE IV 

ANTIBACTERIAL ACTIVITY OF TETRAMIC ACIDS 

Microorganism 

Escherichia coli 
Bacillus sp. 
Proteus vulgaris 
Pseudomonas aeruginosa 
Serratia marcescens 
Staphylococcus aureus 
Bacillus subtilis 
Sarcina lutea 
Staphlococcus aureus 

(resistant to Streptomycii 
Streptococcus faecalis 
Alcaligenes faecalis 
Brucella branchiseptica 
Salmonella gallinarum 
Vibrio percolans 
Xanthomonas vesicatoria 

" H = hazv. b The numbers 

Merck 
culture no. 

M.B. 60 
ALB. 633 
M.B. 1012 
M.B. 979 
M.B. 252 
M.B. 108 
M.B. 964 
M.B. 1101 
M.B. 698 

M.B. 753 
M.B. 10 
M.B. 965 
M.B. 1287 
M.B. 1272 
M.B. 815 

. 

1 

11 
11" 
00 
00 
00 
13 
11 
00 
10" 

00 
10 
08 
11 
10 
10 

2 

00 
23 
00 
00 
00 
13" 
16 
11 
00 

13 
12 
00 
00 
11" 
00 

3 

07 
26 
07 
07 
07 
25 
28 
19 
22 

15 
12 
11 
07 
10 
07 

4 

7 
28 
07 
07 
07 
28 
28 
24 
23 

17 
09 
08 
07 
10 
07 

17 

10 
15 
15 
00 
12 
14" 
16 
00 
00 

00 
00 
00 
11" 
00 
11" 

—Zones 

20 

8 
15 
00 
00 
00 
10 
11 
00 
07 

00 
00 
00 
10" 
00 
09" 

i of in! 
116-

22 

00 
27 
00 
00 
00 
28 
29 
23 
28 

20 
15 
18 
00 
15 
00 

hibition (diameters in m n 

23 

12 
13 
00 
00 
00 
09 
12 
00 
10 

00 
12 
11 
10" 
10 
09 

26 

00 
10" 
00 
00 
00 
00 
00 
00 
00 

00 
00 
00 
00 
00 
00 

27 

00 
26 
16" 
00 
00 
24 
28 
29 
22 

22" 
13" 
20 
11H 

16 
10H 

i . ) ° — 

28 

00 
31 
00 
00 
00 
34 
35 
29 
32 

22 
10 
11" 
10 
21 
00 

31 

07 
21 
07 
07 
07 
19 
22 
20 
14 

10 
07 
07 
07 
11 
07 

1 

07 
07 
07 
07 
07 
07 
07 
07 
07 

07 
07 
07 
07 
13 
07 

ill6 

2 

07 
28 
07 
07 
07 
25 
07 
07 
07 

07 
07 
07 
07 
07 
07 

. 

4 

00 
20 
00 
00 
00 
17 
19 
15 
13 

00 
00 
14 
00 
13 
00 

refer to compounds listed in Tables II and III. 

/3,/3-Diethylalanine.—Thirty grams of 3-(3-amyl)hydantoin was 
refluxed overnight in 125 ml. of 48% HBr. The reaction mixture 
was cooled and filtered, and the precipitate was neutralized in 
acetone solution with NH 4OH. The first crop was mainly 
NH4Br. The amino acid was obtained from the second crop in a 
yield of 12 g. I t was recrystailized from water solution by slowly 
adding 1 vol. of acetone. 

Anal. Calcd. for C,H, 5N0 2 -H 20: C, 56.82; H, 10.55; N, 
8.62. Found: C, 56.89; H, 10.14; N, 8.88. 

N-Benzyl-/3,/3-diethylalanine.—A mixture of 5.5 g. of diethyl-
alanine, 3.6 g. of benzaldehyde, and 1.9 g. (1 equiv.) of KOH in 
150 ml. of methanol was hydrogenated with palladium on carbon. 
After removal of the catalyst, the solution was neutralized with 1 
equiv. of concentrated HC1 (2.85 ml.) and filtered quickly to 
remove KC1. The N-benzyldiethylalanine crystallized at once 
from the filtrate and was filtered and washed with water and dried; 
yield 6.86 g. (85%), m.p. 240-242°. 

Anal. Calcd. for Ci4H21N02: C, 71.45; H, 8.99; N, 5.95. 
Found: C, 71.76; H, 11.44 (?); N, 5.32. 

N-Acetoacetyl-N-benzyl-/3,/3-diethylalanine.—A solution of 
2.35 g. (0.01 mole) of N-benzyldiethylalanine and 0.01 mole of 
NaOH in 25 ml. of water was cooled in an ice bath while 1.8 g. 
of diketene was added with agitations. After 1 hr. the solution 
was extracted with ether, and the crystalline acetoacetyldiethyl-
alanine was recovered by acidifying the solution with dilute HC1. 
After recrystallization from ethyl acetate it melted at 129-131°. 
See Table I, 4, for analyses. 

Sodium l-Benzyl-3-acetyI-5-(3-amyl)tetramate.—The N-aceto-
acetyldiethylalanine from 0.01 mole of amino acid was esterified 
in ether solution in the cold with an excess of ethereal diazo-
methane. After removal of the excess diazomethane and the 
ether, the oily residue was taken up in 15 ml. of benzene and 
treated with 15 ml. of methanol containing 0.0115 mole of freshly 
prepared NaOCH3 . This solution was refluxed on a steam bath 
for 3 hr. The benzene was decanted and the residue was trit

urated with ether to give a crude solid sodium salt. This salt 
was dissolved in water, neutralized with H2SO4, and extracted 
into ether. The extracts were washed, dried, and back extracted 
with 1 equiv. of NaHC0 3 , and the solution was lyophilized. 
The over-all yield from the amino acid was between 20 and 30%. 
See Table II, 4, for ultraviolet spectra and analysis of K salt. 

N-Methylisoleucine.—The N-tosyl derivative of isoleucine 
was methylated with methyl iodide according to the general pro
cedure given by Greenstein and Winitz.12 As infrared analyses 
showed presence of some NH in the product, repeated methyla-
tions were carried out with an excess of methyl iodide to give a 
mixture of esters. Countercurrent extractions in separatory 
funnels between petroleum ether (b.p. 40-60°) and a solution 
containing 10% of water in methanol yielded the fully methylated 
product in the petroleum ether fraction. An 80% yield of the 
pure N-methylisoleucine was obtained by hydrolyzing 2.96 g. of 
the ester in 5 ml. of glacial acetic acid and 50 ml. of water in a 
shaker bomb at 150° for 2 hr. 

Anal. Calcd. for CjHuNOo: C, 57.90; H, 10.41; N, 9.65. 
Found: C, 57.94; H, 10.09; N, 9.78. 

Acetoacetylation as described previously yielded an oily N-
acetoacetyl derivative which was isolated as the crystalline di-
benzylethylenediamine (DBED) salt. See Table I, 2, for the 
analysis. 

Esterification with diazomethane and condensation with Na-
OCH3 was carried out as described in the general procedure. The 
potassium salt was obtained from the free tetramic acid in ether 
solution by adding potassium 2-ethylhexanoate. Washing with 
ether and acetone yielded a crystalline product. See Table II, 2, 
for the analysis and data; \a]ns +26.5° (c 2, CH3OH); [a]546 

+ 30.0°. 

(12) J. P. Greenstein and M. Winitz, "Chemistry of Amino Acids," Vol. 
3, John Wiley and Sons, Inc., New York, N. Y., 1961, p. 2757. 



482 STANTON A. H A R R I S , LINDA V. F I S H E R , AND KARL FOLKERS Vol. S 

Pseudoleucine (Table I, 20).—Twenty-two grams of the uxinie 
of a-keto-/3,/3-dimethylbutyric acid'3 was hydrogenated in 500 ml. 
of glacial acetic acid with 1 g. of P1O2 catalyst. The reduction 
was complete after 54 hr.; yield 16..") g., S4'", : m.p. 300-307° 
(subl.). 

Anal. Calcd. for CsHi :,X(b: C. 54.94: H, 9.99: \ , 10.6s, 
Found: C, 54.85; H, 10.37; X, 10.51. 

N-Benzyl-5,5,5-trifluoronorvaline.- 5,5,5-Trifluoronorvaline1 '• 
(0.513 g., 0.003 mole) was reductively benzylated in 26 ml. of 
methanol with benzaldehyde as described previously. After 
removal of the catalyst and neutralization with dilute HC1, the 
product crystallized immediately: yield 0.65 g. (KV", ). m.p. 
276°. 

Anal. Calcd. for CiHid- iNO.: ( ' ,55.17: 11,5.40: X, 5.36. 
Found: C. 54.97; H, 5.21; X, 5.98. 

l,5-Diphenyl-3-acetyItetramic Acid (Table II, 31). This acid 
was prepared from ethyl N-phenyl-a-phenylglyeinate which was 
obtained from ethyl o-chlorophenylacetate and aniline hydro
chloride as described by Bischolf.'' The acetoacetyl derivative 
was oily and was directly ring closed t-i yield the tetramate. 

N-Benzylamino Acids.—There were a number of references in 
the literature to N-benzylvaliiie.1" However, the N-benzyl 
derivatives of the amino acids described below seem to be new. 
They were all prepared by the catalytic hydrogenation of the 
amino acid potassium salt with benzaldehyde in methanol. 

N-Benzyl-L-isoleucine, m.p. 256-258°. 
Anal. Calcd. for C|;!H10X(),.: (', 70.56: H, .s.64; X, 6.32. 

Found: C, 70.3S; H, 8.59: X, 5.90. 
N-Benzylaminoheptanoic Acid. 
Anal. Calcd. for CnrT.XO,: C, 71.47; H. S.99; X. 5.95. 

Found: C, 70.7S: H, S.S3: X, 5.S4. 
N-Benzyl-a-phenylglycine, m.p. about 225°. 
Anal. Calcd. for CiJF.-.Xt),: ('. 74.62: 11, 6.24: X, 5.SO. 

Found: C. 74.11; H, 6.07; X, 5.NO. 
N-(2-Ethylbutyl)isoleucine. This compound was prepared 

from 2-ethylbutyraldehyde and isoleucine by the reductive 
coupling method: m.p. 183 184°, after recrystallization from 
water. ()nly 140 mg. was obtained from 6.55 g. of n-isoleucine. 

Anal. Calcd. for C,,H,,:,XO,: C, 66.S9: H, 11.70: N, 6.50. 
Found: C. 66.15: H, U.S0: X, 6.0s. 

(13) E. Abderha lden , W. Faus t , anil K. Haase , Z. pht/siol. rhem. Hoppt-
Seulers, 228, 187 (1934). 

(14) H. M. Walho r sky , M . B a u m , and I). F. Lonrr in i , ./. Am. Cliem. Sor., 
77, 3637 (lfl.5.r)). 

(15) C. A. Bischoff, Ber., 30 , 2303 (1897). 
(16) P . Qui t t , J. Hel le rbach . and K. Yofiler, Heir. Chim. Acta. 46. 327 

(1963). 

3-('yano-4-«Y-butyltetramic Acid (Table III, 2). Isoleucine 
ethyl ester (fi.N g.) was acelylated with eyaiioacotylhydrazido in 
ether solution in the cold to yield 4.7 g. of oily X-cyanoacclyliso-
leucine ethyl ester. This ester was condensed with NaOOHs in 
methanol and benzene ut reflux temperature for 3 hr. The sodium 
salt (4 g.! in aqueous solution was acidified and the crystalline 
ester was recrystallized from ethyl acetate. See Table 111, 2. for 
analyses. 

3-('arboxamido-4-s(c-butyltetramic acid (Table 111, 1 i. The 3-
cyano derivative (0.7 g.) was dissolved in 5 ml. of concentrated 
HoSOi and allowed to stand overnight. Fpon dilution with ice 
and water, 0.7 g. of the amide was obtained in pure state. I'pon 
titration with standard alkali, a. neutralization equivalent of 197 
was obtained ioalcd. 19S); acidification of the solution yielded 
recovered crystalline telramic acid. See Table 111, 1, for analyses. 

l-Benzyl-3-carbethoxy-5-«c-butyltetramate Copper Salt (Table 
III, 4>. -X'-Benzylisoleucine was esterified by adding it to an 
ethanol solution to which a 100',, excess of thionyl chloride had 
been added. The crystalline ester hydrochloride was obtained 
by adding benzene to an ether solution: imp. 1S5°. This salt 
t 29 g.) in 100 ml. of pyridine was cooled in an ice bath and t rcalcd 
dropwise with 15.4 g. of carbethoxyacetyl chloride (prepared 
from monopotassiuni monoethyl malonatei. After 0.5 hr.. the 
mixture was concentrated and taken up in ice water, and the oil 
was extracted into ether. After washing with dilute HC1 and 
water, and drying (MgSO,). 17 g. (47 r

f i of the diethyl ester of X-
curboxyucetylisoleucine was recovered as an oil. 

The diester was treated with 1.26 g. of sodium dissolved in 15 
ml. of ethanol and rerluxed for 3 hr. in 50 ml. of benzene. The 
precipitated sodium salt was dissolved in water, acidified, anil ex
tracted into ether. After washing and drying and removal of tin' 
ether, the yield was 12.3 g. (S6'( i, m.p. 185-192° (with sublima
tion i. The product was purified by treating the sodium salt in 
solutions with euprie acetate solution. See Table III . 4. for 
analyses. 

l-Benzyl-3-carboxamido-5-s(c-butyltetramic Acid (Table 111, 
3).- -One gram of the crude earbethoxytetramate was dissolved in 
4 ml. of liquid NH3 and 7.5 ml. of ethanol and heated for 12 hr. at 
100°. The solution was concentrated, and the residue was dis
solved in water, acidified, and extracted with ethyl acetate. This 
was dried, concentrated, and recrystallized from ether. See Table 
III, 3, for analyses. 

5-.sec-ButyItetramic Acid (Table III, 5). An attempt to prepare. 
the 3-carbethoxytetramate from XT-ourbethoxyacetylisoleucinc 
ethyl ester (2.25 g.) and Na< >CH:l resulted in the production of the 
decarboxylated sodium 5-«'<'-butyltetramate in a yield of 0.9 g. 
Acidification yielded the free acid which was recrystallized from 
petroleum ether (b.p. 40 -60°'). See Table III , 5, for analytical 
data. 


