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under nitrogen with diborane-ds gas generated from | g (55
mmoles) of lithium aluminum deuteride in 50 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-d; was couplete,
the THF solutibn was stirred at roon temperature under nitrogen
for | hir.  The excess diborane-dy was destroved by the addition
of 1ce chips to the reaction mixture after which i1 was diluted o
L00 ol with water. The THF wuas removed nnder reduced
pressure  whereitponn the prodinet cervstallized. The isolated
product was washied thoroughly with water, air dried, and re-
erystallized from ethanol giving 1.2 g of material, m.p. 196.5-
199.8°. Noa.r.'s confirmed the <tructure and the absence
of hydrogen at the a-ethy! position: D31 (s) (CHy). 168 (singlet )
(8-CH.), 8821 =) Me ArHy), and 470 e.ps (01 LArH,

(16) N.m.r. spectrimn was decermined on a 314 salodon i CDCL
at 10 3Me. with a Varian A.60 spectromeder, employing tetramethylsilane as
an nternal reference.  Mreqnencies are reportesl in eyeles per second relative
to tetramethylsilane as @ c.p.s.
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3.5~Diiodo~4-(3,5~dimethy!~4-hydroxyphenoxy )phenethy!
Alcohol Diacetate (2).-~A 1.0-g. snmple nf the thyroethanol 1
was digsolved in 10 ml of pyridine und | ml. of acetic anhydride
and allowed to stand at room tempernture overnight.  The re-
actinn ixture was poured into 100wl of water sud allowed 1o
stand antil an amorphous golid formed. The produee (11 g
wias filtered, washed with water, and dried fin recro, 60°1
Hecrvatallization from Skellvsolve B gave 930 mg. of 4 substanee,
P 137513000 A saiple was recrystallized for anslyvsiz'#:
nep. 1305 140.5%: 3, 1740, 1595, and 1537 amn.
223 mp e 33800, 2721 2650), and 279 shi123501.
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The strneunre of tennazonie neid as 3-acetyl-s-see-butyltetramic neid has been verified by total synthesis from 1.-

izolencine and diketene.

A new series of ervatalline-N-acetoacetylamino acids is described.

For the purpose of

correlating strueture vs. biological activity, a series of tetramic acids having varions snbstitnents at the 1., i3-, and

H-positions has been svithesized.
mates has been confirnied.

Tenuazonic acid and several related tetramates
have been synthesized from amino acids and diketene
for study in human tumor and other biological systems.

Hadacidin® was recently discovered as a new growth-
inhibitory substance in hwman tumor systems, and
further research led to the discovery of another crystal-
line human antitumor substance which was identified?
as the kiown tenuazonic acid (I).%%  Recently Miller,
el al.b reported that synthetic tenuazonic acid showed
antiviral activity at rather high dose levels but that 1
was 1nactive against bacteria and veast. We werc
interested in varying the substituents on the teframic
acid skeleton of tenuazonic acid in order to make pos-
sible a study of the effect of these rhanges on their
biological activities.

Our synthests of tenuazonic acid differs shghtly from
that of Lacey.”™ In this process. we were able to iso-
late and characterize ax ¢rystalline compounds a new
series of N-acetoacetylamiio acids which are given in
Table 1. This was the basis for the syuthesis of the sub-
stituted tetramic acids which are described in Table 11,
in which variatious have been made in the alkyl group
at position 5 and substitutions have been inade at
position 1 (N). Several 3-acetyltetramic acids having

(1) To whominguiries should be uddressed,

12) K. AL Kaezka, C. O. Gidterntan, E, L. Dulaney, and K. Yolkers, Bin-
vhemistry, 1, 340 (1962).

(3) B. A, Kaczka, C. O, Gitterman, 1. L. Dnlaney, M. C. Sinith, D.
Hendlin, H. B. Woodruff, and K. Folkers, Biochen. Biophys. Res. Commun.,
14, 4 (1964).

(4) C.E. Stickings, Biockem. .J., T2, 332 (195

(%) T. Rosetl, R. H. Bankhala. ", B, Suekings, M. UL
‘Plonmax, vhid., 87, 390 (19571,

(G) Fo AL 3bter, WO AL Righisel, B, 40 Shoon . Kinbeh, J. CO Freneh, rndd
Q. R. Barlz, Nuture, 200, 1338 (1963).

(7Y R. N. Lavey, J. Chem, Snel, 830 (1034,

Ty b, asal L

An enhancement of the in tro antibacterial activity of N-ubstituted tetra-

the following groups it positiont 5, henzyl, isopropyl,
methylthioethyl, ethvl, phenyl, dimethyl, n-butyl,
imethyl, hyvdrogen and isobutyl, have already been
described.®  There was 1o N-substitution on  these
conmpoutds.

3-Acetyl and  s-acetyl-S>-methyltetramic acids have
been synthesized by Lacey” who allowed the methyl
ester of glyeine and br-alantire to react with diketene,
and then carried ont the eyelization o give IT and 111,

OH OH
Hi__/\(COCHa J:}T__‘;COCHa
CH:CH™ >N R N"T0
H

| H

CH,
R o=
N R o= ¢l

Sinee Lacey did not start with optically active amnimo
acids, his products could not reveal the stereochemistry
of (-5, The product which we synthesized by these
reactions and r-tsoleucine was identical in all respects
with tenuwazonic acid (I).

Table III lists a few tetramic acids i which the
acetyl group at position 3 has been replaced by other
carbonyl functions.

The tumor-inhibiting properties of {enuazonie acid
against a human tumor growing on chick embryos are
described by Gitterman, ¢ al¥ The activities of
the substituted tetramates in this systent are deseribed®™

S5 V. Nebi 1L L
{1963,

@ O Ghoasrman, B L Dalaney, B AL Koezka, GLW. Cioopleldl, D

1lendlin, and IL B, Waowldroff, Cancer Res., 24, 440 {1964,
101 €. 0. Chillerinan. /. Med, Cthem.. 8, 483 (19631,

Daemker, sond Do Yoey, Ponow. Yota el 38, 614G
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TasLe I
ACETOACETYLAMINO ACIDS
RCHCOOH
R'IL:COCH2COCH3
———~Caled., ¥y~——— ———Found, %——-—
No. Amino acid R’ Formula Mol. wt. M.p., °C. C H N C H N
1 Isoleucine H CHiyNO, 215.24 120-121 535.80  7.91 6.50 35.87 7.91 6.50
2 DBED salt® N-Me isoleucine CH; CiHNOs  698.91 65.30 8.36 8.02 65.52 8.14 7.94
3 N-Benzylvaline Beuzyl CysHaNO, 291 .36 o 65.95 7.27 4.81 65.67 7.01 5.05
4 3,3-Diethylalanine Benzy!l CisHyNO. 319.39 120-131 67.68 7.89 4.38 67.78 7.96 4.11
5 Proline CyHiNO; 199.20 120-123 54.26 6.58 7.03 53.99 6.23 7.17
6 Phenylalanine H Ci3Hi:NOy 249.19 112-114 62,65 6.07 5.62 61.52 5.92 5.02
7 L-Valine H C/H;:NO, 201.15 124-125 53.73 7.31 6.96 53.96 7.40 6.97
8 pr-Trytophane H CisHiN.O,  288.22 163-166 62.50 3.03 9.72 62.96 5.42 8.07
9  Methionine H C¢H;sNO,S 232.28 35-h8 46.33 6.48 6.0l 46.30 6.18 6.47
10 r-Aminobutyric H CsH;sNO, 187.19 75-77 51.33  7.00 7.4% H1.69 6.78 7.57
11 r-Aminophenylacetic H CH;3NO, 235.16 138-142 61.20 5.57 5H.96 61.49 5.76 5.82
12 r-Aminoisobutyric H CsH13NO, 187.19 145-148 51.33  7.00  7.48 51.51 6.81 7.80
13 r-Amino-n-caproic H CyHsNO, 215.24  98-101 5580 7.9 6.50  h6.42 T7.97  6.19
14 Alanine H C;HuNO, 173.17 45.50  6.41 8.09 48,46 6.35 8.16
15 Glycine H CH(NO, 159.14 107-1090  45.28 5.70 R8O 45.22 5.46 9.17
16  a-Amino-n-heptanoic H CuHisNO, 229 .27 H7T.69  8.35  6.11  57.77 8.12 6.38
17 1-Amino-1l-cyclopentylecarboxylic H CuHisNO, 213.23 157-160 36.33 7.09 6.57 56.36 6.80 6.31
18 Leucine H CpHiNO, 215.24 124-126 5d.7H 7.96 6.50 35.63 7.81 6.33
19 1-Amino-3-ethylpentanoic H CuHi1sNO, 229.27 115-117  57.69 8.35 6.11 57.92 8.30 5.99
20 Pseudoleucine H CHiyNO, 215.24 14815ty  55.75  7.96  6.50  H3I.9  T.70  6.30
21 O-Methylthreonine H C4Hi;NO; 217.22 107-108 49.76 6.90 46.88  6.25
22 Isoleucine Benzy! CyHsNO, 305.36 66.86 7.59 4.58 67.13 7.73 4.33
23 dl-allo-Isoleucine H CioHiyNO, 215.24 55.75  7.96  6.50 55.92 R.06 6.64
24 p-Isoleucine H CiHyNO, 215.24 112-114 55.75 7.96 6.50 56.07 7.92 6.49
25 «-Methylisoleucine H CuH1sNO, 229.27 139-141 57.69 8.35 6.11 57.60 RK8.62 6.26
26 35,5,5-Trifluoronorvaline H CeHpFsNO:  255.19 120-130 42.36 4.74 549 42,64 4.85 5.41
28 a-Amino-n-heptanoic Benzyl C;sHaNO, 319.41 100-101 67.68 7.80 4.39 67.18 7.8 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 N-substituted tet-
ramates have a greatly enhanced antibacterial activity
in vitro.  This enhanced antibiotic activity seems to be
fairly general for N-substituted tetramates.

This work was confirmed by the results tabulated in
Table IV. We wish to thank Dr. E. O. Stapley and
Mrs. Ann Germain for these assays (Table IV) which
were carried out by the general method as published. !
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 0.29, of
veast extract/Petri dish were seeded with appropriate
microorganismis and incubated overnight at 25°.

It will be seen fromm Table IV that most of the
tetramic acids unsubstituted on the N have a low order
of antibacterial activity (Table II, 1, 17, 20, 23, and
26, and Table III, 1 and 2). Substitutions of the N
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. Prost and Miss M. E. Valiant of the
Merck Institute have found that these N-substituted
compounds were toxie to mice at single intraperitoneal

(11) E. O. Stapley, 4ppl. 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.—Acetoacety!-L-isoleucine was prepared
by the direct acetoacety!ation of the sodinm salt of L-isoleucine in
aqueous solution by dropwise addition of diketene; acidification,
extraction with ether, and recrystallization from ether yielded the
product, m.p. 120-121°, yield 767;. 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]se —122° (¢ 2.0, methanol).
The methy! ester of acetoacety!-L-isoleucine was prepared in ether
solution by adding an ether solution of diazomethane to the acid;
[alsse +7° (¢ 2.0, methano!). This ester was condensed’ to give
the sodium salt of tenuazonic acid in 719, vield; [a]ss —96.7° (¢
2.0, methanol), The ultraviolet absorption spectrum showed
bands at 2800 A. (E'%, 573) and 2410 A. (E1%. 400).

The sodiuni salt of tenuazonic acid (5 g.) was converted* to the
copper salt with Cu(OAc),. After four recrystallizations from
methano! and water, the optical rotation had changed from [e]s
—76.5 to —122° (¢ 2.0, methanol); vield 1.2 g.; lit.4 [alse
—124°.

The copper salt was decorniposed with H.¥, and the solution was
neutralized with NaHC();. The freeze-dried sodiumn tenuazonate
weighed 1.07 g. (85%%), lalms —119.0° (¢ 2.0, methanol), [e«]ss
—101.5° (¢ 2.0, methano!). The spectrun showed bands at 2800

é. (E)* 684) and 2400 A. (E!%_ 548) for the sodium salt and 2760
A. (E{%_ 645) for the free acid. For the analysis, see Table II, 1.

The following synthesis of 1-benzy!-3-acety!-5-(3-amy!)tetramic
acid (II, 4} is typical for the N-benzy! analogs described in Table
1I.

3-(3-Amyl)hydantoin.—A mixture of 50 g. of 2-ethylbutyralde-
hyde with 50 g. of NaCN, 50 g. of NaHSO0;, and 200 g. of amimo-
nium carbonate in 150 ml. of methanol and 150 ml. of water were
lieated overnight at 60°. The reaction mixture was diluted with
water, filtered, and dried to yvield 52 g. of the hydantoin, m.p. 180-
181°.
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| W= DI BSTITCTED 3-ACETYLTETRAM VTS

HO I—I COCH,
5 1 2
H & 0

R
R
Mol. M.pe.

Formula wt, e, C
CoH1:NNaQ, 219.21 54 78
CuHieKNO; 249 .36 53,08
Crel Lig K 5Ny 331 5800
CsH KN Oy - HO 357 .48 60 .47
CosHN O 602.74 151155 67.75

DBED salt®
CuHNO: 211.25 98-99 6254
CoH 3 NO;Na- 246 .22 162--164 44 25
1.5H-0
CuH,,NO; 211.25 ™ 62 54
CiHuNOy 197.24 626 (G089
CHNOy 16716 108-201 BT .48
C7HuNO; 287 .35 a6 H7 7012
CgoHe:NOs S15.08 73.068
DBED salt”
Cy6lTaaN.Og- H0 [P KYESET 662

DBED salt’

Cuel LyNHOg LOHLOY - 661,82 135--1401 65.51

CullyNOs

C‘JHH)N():)F:)
CyeH,eNOsT
ChsHNOy Nt

CheHisNOy
C)oHLaNO,y
GisHsNO,

« Nunibers refer to cortsponding preenrsors listed in Table L

wos bade To obtain opGeally pire material.
sl o sodiame =alt.  Analyses were performed on amorphous vaemmum-dried materinl.

211.25 182-250 6254

sub.
23718 120-121 45 .57
527.30 73-76 58.71
301,37 G680
50735 71,25
225,28 6397
205.35 .70

“DBLIGD salt is prepared by reabuent with dibenzvlethylenediunine which nentralizes
This componnd <honld b the some configaration asisotennazonic acid: see rel. 4.
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TasrLe IIT
1,3- DISUBSTITUTED 5-sec- BUTYLTETRAMATES
HO ;[-—‘;4—3 R"
CH3 \H 3 Ilq : O
C'H Rl
CZH5
—~—————Caled., % Found, %
No. R! R? Formula M.p., °C. C H N C H N
1 H CONH. CyH N0 164-165 54.52 7.12 14.13 34 .52 6.83 14.17
2 H CN CoH2N:0, 212-214 60.23 6.94 15.54 59.98 6.71 15.57
3 Benzyl COXNH. Ci1sH 5 N205" 145-148 66 .64 6.95 9.72 66.22 6.73 9.68
4 Benzy! COOEt CisH2NO:Cuy 5 60.53 6.21 3.92 60.48 6.17 3.67
5 H H CsH,NO® 108-112 61.89 8.43 9.03 61.22 8.13 9.02
RO 30 R, (B, 451), 2700 R, ()%, 327). TR0 2310 and 2620 A., X2E) 2390 8.
TaBLE IV
ANTIBACTERIAL ACTIVITY OF TETRAMIC ACIDS
Zones of inhibition (diameters in mm.)%
Merck 1t 111°
Microorganism culture no. 1 2 3 4 17 20 22 23 26 27 28 31 1 2 4
Escherichia coli M.B. 60 1 00 07 7 10 8§ 00 12 00 00 00 07 07 07 00
Bactllus sp. M.B.633 118 23 26 28 15 15 27 13 108 26 31 21 07 28 20
Proteus vulgaris M.B. 1012 00 00 07 07 15 00 00 00 00 165 00 07 07 07 00
Pseudomonas aeruginosa M.B.979 00 00 07 07 00 00 00 00 00 00 00 07 07 07 00
Serratia marcescens M.B.252 00 00 07 07 12 00 00 Q0 00 00 00 07 07 07 00
Staphylococcus aureus M.B. 108 13 13% 25 28 14 10 28 09 00 24 34 19 07 25 17
Bactllus subtilis M.B.964 11 16 28 28 16 11 29 12 00 28 35 22 07 07 19
Sarcina lutea M.B. 1101 00 11 19 24 00 00 23 00 00 29 29 20 07 07 15
Staphlococcus aurews AMB. 698 108 00 22 23 00 07 28 10 00 22 32 14 07 07 13
(resistant to Streptomycin)
Streptococcus faecalis M.B.753 00 13 15 17 00 00 20 00 00 228 22 10 07 07 00
Alcaligenes faecalis M.B. 10 10 12 12 09 00 00 15 12 09 138 10 07 07 07 00
Brucella branchiseptica M.B.965 08 00 11 08 00 00 18 11 00 20 115 07 07 07 14
Salmonella gallinarum M.B. 1287 11 00 07 07 11¥ 102 00 108 00 118 10 07 07 07 00
Vibrio percolans M.B. 1272 10 11®¥ 10 10 00 09 15 10 00 16 21 11 13 07 13
Xanthomonas vesicatoria MB.RIA 10 00 07 07 118 09 00 09 00 108 00 07 07 07 00
« H = lazy. °Thennmbers refer to componnds listed in Tables IT and ITL.
8,8-Diethylalanine.—Thirty grams of 3-(3~amy!)hydantoin was urated with ether to give a crude solid sodium salt. This salt

refluxed overnight in 125 ml. of 489, HBr. The reaction mixture
was cooled and filtered, and the precipitate was neutralized in
acetone solution with NH,OH. The first crop was mainly
NH.Br. The amino acid was obtained from the second crop in a
vield of 12 g. It was recrystallized from water solution by slowly
adding 1 vol. of acetone.

Anal. Caled. for C;HeNO:-H0: C, 56.82; H, 10.55;
8.62. Found: C, 56.89; H, 10.14; N, 8.88.

N-Benzyl-3,8-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 methano! was hydrogenated with palladium on carbon.
After removal of the catalyst, the solution was neutralized with 1
equiv. of concentrated HC! (2.85 ml.) and filtered quickly to
remove KCl. The N.-benzyldiethylalanine crystallized at once
from the filtrate and was filtered and washed with water and dried;
vield 6.86 g. (85%), m.p. 240-242°,

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

N-Acetoacety!-N-benzy!-8,3-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 acetoacetyldiethy!-
alanine was recovered by acidifying the solution with dilute HC!.
After recrystallization from ethy! acetate it melted at 129-131°.
See Table I, 4, for analyses.

Sodium 1-Benzy!-3-acetyl-5-(3-amy! )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 methano! containing 0.0115 mole of freshly
prepared NaOCH;. This solution was refluxed on a steam bath
for 3 hr. The benzene was decanted and the residue was trit-

N)

was dissolved in water, neutralized with H.SO,, and extracted
into ether. The extracts were washed, dried, and back extracted
with 1 equiv. of NaHCOs;, and the solution was lyophilized.
The over-all yield from the amino acid was between 20 and 30¢7,.
See Table II, 4, for ultraviolet spectra and analysis of K salt.

N-Methylisoleucine.—The N-tosy! derivative of isoleucine
was methylated with methy! iodide according to the general pro-
cedure given by Greenstein and Winitz.!? As infrared analyses
showed presence of some NH in the product, repeated methyla-
tions were carried out with an excess of methy! iodide to give a
mixture of esters. Countercurrent extractions in separatory
funnels between petroleum ether (b.p. 40-60°) and a solution
containing 109, of water in methano! yielded the fully methylated
product in the petroleun: ether fraction. An 809, vield of the
pure N-methylisoleucine was obtained by hydrolyvzing 2.96 g. of
the ester in 5 ml. of glacia!l acetic acid and 50 m!. of water in a
shaker bomb at 150° for 2 hr.

Anal.  Caled. for C;HsNOs: C, 537.90; H, 10.41; N, 9.65,
Found: C, 57.94; H, 10.09; N, 9.78.

Acetoacetylation as described previously yielded an oily N-
acetoacety! 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-
OCH; was carried out as described in the general procedure. The
potassium salt was obtained from the free tetramic acid in ether
golution by adding potassium 2-ethylhexanoate. Washing with
ether and acetone yielded a crystalline product. See Table IT, 2,
for the analysis and data; [a]ss +26.5° (¢ 2, CHsOH); [e]ses
+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.
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Pseudoleucine (Table I, 20). —Twenty-two grams of the oxime
of a-keto-8,8-dimethvibutyvric neid’® wag hvdrogens ted in 500 ml.
of glacial neetie acid with | g. of POy catalyst. The redietion
wis complete after 54 Ly vield 16.5 g, 84770 v, 300-207°
(sithl).

Anal. Caled. for CiHpNOs: G, 5494 H, 9.99: N, 1068,
Foand: €, 594.85; H, 10.37; N, 10.51.

N-Benzyl-5,5,5~-trifluoronorvaline.---3,5,5-Trifluoronorvaline’ *
(0.513 g, 0.003 mole) was reductively benzylated in 26 ml. of
methanol with benzaldehvde as described previously. After
remaoval of the eatalvst and neutralization with dilute HCY, the
produet ervstallized bumedintely: wvield 0.65 g (83°7), mp.
2762,

Anad. Caled. for (,‘)gH,il“:)v\‘():l ¢, 5517 H, 5,400 N, 5.36.
Fonnd: €L 54.97; H, 5210 N, 5.08.

1,5-Diphenyl-3-acetyltetramic Acid (Table 1I, 31).--Thig acid
wis prepared {rom ethvl N-phenyl-a-phenylglycinate which was
abtained from ethyl a-chlorophenviacetate and aniline hvdro-
eliloride us deseribed by Bistdintt. s The acetoace(yvl derivative
why oilyv and was directly ring closedd ¢ vield the tetramate.

N-Benzylamino Acids.-—There were a number of references in
the literature to N-benzylvaline.® However, the N-benzyl
derivatives of the wmino acids described below geem to be new.
They were nll prepared by the catalvtic hvdrogenation of the
amino acid potassium salt with benzaldehyvde in methanaol,

N-Benzyl-L-isoleucine, ni.p. 256-255°.

cnal. Caled. for CuHWNOG ¢ 700060 H, S.64; N 6.32.
Fomnd: ) 70285 H, X.59; N, 5.90.

N-Benzylaminoheptanoic Acid.

Ared. Caled. for G HGNOS: 0 7HL47; H, S99 N, 505,
Fonnd s C, 70078 HURS3: N, O.84,

N-Benzyl-a~phenylglycine, 1., nhong 2252

Aped, Coled. for CLHGNOS ) 7402
Found: ¢, 740t M 6.07; N, A.80.

N-(2-Ethylbutyl)isoleucine.- This componnd was prepared
from 2-ethyibntyraldehvde aund isolencine hy  the reductive
roupling method: m.p. IS3-184°0 after recrystallization from
water.  Only 140 mg. was obtained from 6.55 g. of L-isoleurine.

Anal. Caled. for CpHaNO (5 66,80 H, 11.70: N, 6.50.
lconnd: ¢ 66.15; H, 11.80: N, 6.08.

1, G.24: N, 4.0

«13) LK. Abderbalden, W. Fausc, and Y. Manse, Z. physiol. rhem. Hoppe-
Seylers, 228, 187 (1934).

(14) H. M. Walborsky, M. Banm, and D, F. Lonerini, J. A, Chem, Sor,,
T, 3637 (105h).

(15) C. A. Bischoff, Ber., 830, 2303 (1897).

(16) P. Quitt, J. Hellerbach, and K. Vogler, Helr. Chim. Actn, 46, 327
(1063).
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3-Cyano~4-sec-butyltetramic Acid (Table III, 2). -Isoleneine
ethvl ester (6.8 g0 was neelvinted with eviaioncavihivdrazide in
ether solution v the cold to yvield 4.7 ¢ of oily N-cyanoncetyliso-
leucine ethyl esrer.  This ester wons conlensed with NaOCH; in
methanol and henzene at reflux temperature for s hr. The sodin,
sall {4 gorin aqueons solution was acidified and 1he erystalline
ester wag recrvstallizzd front ethyl acetare, See Table TH, 2, for
analyses.

3~Carboxamido~4-sco-butyltetramic acid i Table L1, 11, The -
eyino derivative (0.7 g was dissolved in 5 ml of enncentrated
HaR0 and allowed to stand overnight.  Upon dilution with ier
and water, (L7 goof (he mnide was obtained in pure state. Upon
titration with standard alkali, a nentralization equivalen of 107
wis obtained venled. 1980 seidifiention of (he solnrion vielded
recovered ervstalline tetrmmie neid. See Table TH 1, for analvses.

1-Benzyl-3~carbethoxy~5-scc-butyltetramate Copper Salt 1 Table
111, 4).---N-Benzylisoleucine was esterified by adding it to an
ethanol solution to whicelt a 1007 exress of thionyl ehloride had
been added. The eryvstalline ester hyvdrochiloride was obtained
Ly adding benzene to an erher solution: nrp. 185° This sah
120 g 11 100 mb of pyridine was cooled 10 a1 fee bath and (reaned
dropwise with 154 g of carbethoxyacety! ehilaride {prepared
front vonopotassimy monoethyvl malonate s After 0.5 hr., 1l
mixture was coneentrted and taken ap in iee water, anl (he il
was extrreted (o ether.  After washing wich dilnte HCL and
water, and drying (MgS0,), 17 g (4771 of (he diethyl ester of N-
cirboxyneetyvlisoleucine was recovered as an oil,

The diester was treated with 1,26 g. of sodium dissolved 11 15
ml. of ethanol and refluxed for 3 hrs in 50 mlb of benzene.  The
precipitated sodinn salt was dissolved in water, acidified, nid ex-
treted into ether.  After washing and drving and removal of the
ether, the vield was 12,3 @ 18677 5, orp. IS5-192° (with sublina-
Gont The prodiet was purified by treating the sodimn soli in
soluntions with enprie aeetate solntion. See Table TN 4, tor
alnlyses.

1-Benzy!-3-carboxamido~5-scc-butyltetramic Acid (Table III,
3).--One gram of the ernde earbethoxyvtetramate was dissalverl in
4ol of lipnd N, and 7.5l of ethanol and heaterd for 12 hir, ut
100°. The solution was comrentrated, and the residue was dis-
solved I water, neidified, nud extraocted with ethyl ncetate.  This
was dried, concentrated, and recryvstallized from e¢ther.  See Table
111, 3. for analvses.

5-sec-Butyltetramic Acid (Table 111, 5. —An attemp( to prepare
the J-carbethoxytetramate from  N-rarbethoxyacetylisoleucine
ethiylester (225 g.) and NaOCH,; resulted in the production of the
decarbnxylatell sodinm 5-sec-butyvltetramate in n vield of 0.9 g
Acidifiention yvielded the free acid which was recryvstallized from
petrolenm ether (h.p, 40-60%). Ree Table 111 5. for sualvenl
datn.




