November 1967

A New Antibiotic.

FuraNoMYCIN

1149

Furanomyein, an Isoleucine Antagonist

KeNx Kartaciri, Kazuo Tori, Yasuo Kivmura, Tapasu: YosHipA, TourU NaGasakr, AND Hrirosur MiNaTo

Shionogi Research Laboratory, Shionogi & Co., Ltd., Fukushima-ku, Osaka, Japan

Received November 15, 1966
Revised Manuscript Recetved August 9, 1967

An antibiotic, a neutral amino acid analog, was isolated from a culture filtrate of Streptomyces L-803 (ATCC

15795) and designated furanomyecin.

A competitive reversal of furanomycin inhibition by isoleucine is ob-

served in Escherichia coli with an inhibition index of 10 over a 100-fold rauge of increasing substrate concentra-

tions.

Furanomyecin was found to inhibit the growth of T-even coliphage.

On the basis of chemical and physi-

cal evidence, the structure of furanomycin was determined to be (4 )-a(R)-amino(2,5-dihydro-5( 2 )-methyl)-
furan-2( R)-acetic acid (XV) or one of its diastereoisomers (XVII),

In a screening program for new antibiotics, it was
observed that culture filtrates of Streptomyces 1-803
(ATCC 15795) which resembles Streptomyces flaveolus
inhibited the growth of coliphage T2. An active
principle, designated as furanomycin, was extracted
from the fermentation liquor, was purified by chroma-
tography, and showed higher inhibition against certain
microorganisms on a synthetic medium than on a
nutrient agar. Further studies of the nature of in-
hibition revealed that its activity was antagonized
by L-isoleucine.

Structure of Furanomycin.—Furanomyecin, C;H;;NO,,
which decolorized an aqueous potassium permanganate
solution and bromine, shows an absorption maximum
at 196 mu (e 6300) in its ultraviolet spectrum, Hydro-
genation of furanomyein on Pd-C gave dihydrofurano-
myecin, C/H;3NO;.  These facts prove the presence of a
double bond in furanomyein,

Furanomyecin and dihydrofuranomyecin gave a reddish
orange ninhydrin reaction. The infrared spectra of
furanomyecin and dihydrofuranomycin shown in Figure
1 exhibit typical bands characteristic of a-amino acids
(see Experimental Section), Although the C==C
stretching band is obscured in the infrared spectrum
of furanomyecin, a band at 683 em™! can be ascribed to
the bending absorption band arising from cis-disub-
stituted isolated double bond. The hydrochloride of
furanomyein, C;H;;NO;-HCI, also displays absorption
bands characteristic of an e-amino acid hydrochloride
(see Experimental Section).

The pmr spectrum of furanomyecin in deuterium
oxide at 100 Mec (see Figure 2) shows a doublet (J =
6.4 cps) at 7 877 (3 H) corresponding to a secondary
methyl group, a doublet (J/ = 2.6 cps) at 6.18 (1 H)
arising from a methine proton on the «-amino acid, a
multiple quintet at 4.81 (1 H), a multiplet at 4.58 (1 H),
and an AB-type quartet (/ = 6.3 ¢ps) at 4,17 and 3.84
(2 H) each of which is further split into quartets,
In the spectrum of dihydrofuranomyein in D,O at
100 Me shown in Figure 3, the AB-type quartet at
the lowest field disappears, and instead, complex mul-
tiplets (4 H) appear around = 7.7-8.1, but a doub-
let (/ = 6.2 cps) at 8.81 (3 H) corresponding to
secondary methyl group and a doublet (J = 6.3 cps)
at 6.34 (1 H) arising from the methine proton still
remain. These facts demonstrate that furanomyecin
has a cis-disubstituted double bond,* a >CHCH; group,

(1) For the coupling constant between cis-protons on a double bond, the
value of 6.3 ¢ps (s somewhat small, but this value falls in the usual range for
an endo double bond in a five-membered ring, as stated later, See (a) O. L.

and a >CHCH(NH,)COOH group. If furanomycin
were not an e-amino acid, two signals of protons
on amino-bearing and carboxyl-bearing carbons would
appear separately. As a result, the possible plain
structures for furanomyein can be formulated as I-III,
However, in view of the chemical shifts of the two
nonolefinic methine protons in the ring, the structures
IT and III can readily be excluded.

In order to confirm the assumed structure I, dihydro-
furanomyecin methyl ester was treated with sodium
borohydride in formaldehyde and methanol to give a
dimethylamino derivative (V). Its methiodide (VI)
was reduced with lithium in liquid ammonia so as to
eliminate the dimethylamino grouping.? The product
was an aleohol and assumed to be 5-methyltetrahydro-
furan-2-ethanol (VII) (Scheme I),
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Compound VII was synthesized as shown in Scheme
II. 1,4-Dihydroxypentane (VIII) was acetylated with
1 mole of acetic anhydride in pyridine to give a mono-
acetate (IX). Its tetrahydropyranyl ether (Xa) af-
forded an aldehyde (XI) by saponification followed by
oxidation of Xb with chromium trioxide in pyridine.
Reformatsky reaction of XI with methyl a-bromoace-
tate gave a hydroxy ester (XII), which was converted
into a diol (XIII) by treatment with 809 acetic acid
at room temperature. When a solution of XIII and

Chapman, J, Am. Chem. Soc., 85, 2014 (1963); (b) G. V. Smith and H,
Kriloff, tbid., 85, 2016 (1963): (c) P. Laszlo and P. von R. Schileyer, ibid.,
85, 2017 (1963).

(2) A, J. Birch and H, Smith, Quart. Rev, (London), 12, 32 (1958),
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Fignre 1-—Infrwed absorption spectra of furaromycin (a, in
Noijol), furanomyecin hydrochloride (b, iv Nujol), and dihydro-
furanomycin (¢, KBr tablet).

toluene-p-sulfonyl chloride (1.3 moles) in pyridine was
left overnight at room temperature, methyl 5-methyl-
tetrahydrofuran-2-acetate (XIV) was obtained. This
ester showed two peaks at retention times of 8.3 and
9.5 min in a ratio of 1:1 in the gas chromatogra.
Since these two peaks should correspond to u s (XIVa)
and a trans derivative (XIVh), they were separated
into each compound by preparative gas chroma-
ScHEwE 11

CHCHOHCHCH.CHOH — CH,CHOHCH.CH.CH.OAc —
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Figure 2.—Pmr spectra of furanomyein in 12,0 solutions
(DSS internal reference) at 100 Me:  (a) normual spectrum, (b)
double-irradiated spectrum at the methyl-proton resonance
frequency, (¢) double-irradiated spectrumi at the proton Y,
resonatce frequency.
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Figure 3.-—Pmr spectra of dilydrofuranomyein in DO solu-
tions (DS3 internal reference) at 100 Me: (a) normal spectrum,
(b) double-irradiated speciruni at the methyl-proton resonance
frequency, (¢ dounble-irradiated speetrnm at the proton TI1,
resomasee fregency.,

tography. T'he cster having a peak at retention time
of 9.5 min was reduced with lithiun aluminnm hydride
to give S-methyltetraliydrofuran-2-ethanol, retention
time of 4.4 min, which was identical with VII derived
from furanomyvein by eomparison with their infrared
spectra and  gas  chromatographic retention times.
Therefore, furanomyein was determined to be a-ariio-
(2,5-dihydro-3-methyl)furan-2-acetic  acid as  repre-
sented by formula [

Stereochemistry of Furanomycin.—The fact that
the cireular dichroism speetra of I and dihydrofurano-
mycin (IV) show positive Cotton effects ([8]us -+ 26,000
and [8]y: +5000, respectively) in aqueous 6 & HCI
implies that these a-amino acids belong to the L series
as shown in structures I and IV,

[n order to confirm the assignments of the pmr
signals and determine the steric structures of T and IV,
we made proton spin-decoupling experiments as shown
m Iigures 2 and 3. As can be seen in Figure 2(b), on
double irradiation at the methyl-proton resonance
frequency, the mualtiple quintet at 7 4.81 collapses to a
mltiple doubler /= 5.7 ¢ps), and each peak of the
higher field half of the AB-type quartet at r 4.17
becomes somewhat sharper. Further, on double ir-
radiation at the methine-proton frequency (= 6.18)
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(see Figure 2(c)), the doublet of quartets at the lowest
field (r 3.84) collapses to a quartet, the signal at  4.17
alters into a doublet further split into multiplets, and
the broad multiplet at = 4.58 becomes narrower. From
these facts, the assignment of all the signals exhibited
by I can be made as indicated in Figure 2. These
spin-decoupling experiments also revealed all the
coupling constants between protons of I as listed in
Table I. Particularly, a large long-range coupling

TaBLE 1
AprpARrENT Coupring CoxsTaNTs (J, cps) I¥ FrranomMyoIN

Hg He Hy, Ha CH:
H. 1.9 1.7 5.7 ~0 6.4
H, 6.3 1.5 ~0 ~0.3
H, 2.1 «0.3 ~0
Hy 2.6 ~0

constant (J = 5.7 eps) was demonstrated between the
protons Hy, and H,. In general, a homoallylic coupling
constant, whose magnitude depends on the degree of
o—7 overlap and the amount of r-electron localization
on the intervening double bond, falls in a range of
about 1-3 ceps.? The large value of the homoallylic
coupling constant implies that the protons Hy, and H,
are cis in relation to each other, and that the molecule
I takes a boatlike envelope conformation* as shown in
formula XV because only in this case is the degree of

NH,
]
C-—COOH
0 H

o—m overlap between the = electrons and the ¢ bonds,
Ci-H, and C,-H,, extremely high, If the two sub-
stituents on the 2,5-dihydrofuran ring were trans, the
ring should take a more flattened conformation, and,
hence, the degree of e—= overlap between the = electrons
and either ¢ bond C;-Hy, or Cy;-H, must be minimal.>¢
This conclusion was confirmed by the spin-decoupling
experiments on IV, As shown in Figure 3, on double
irradiation at the methyl-proton resonance frequency,

(3) For a review, see S, Sternhell, Rev. Pure Appl. Chem., 14, 15 (1964).

(4) K. Tori, Chem. Pharm. Bull. (Tokyo), 12, 1439 (1964), and references
cited therein.

(5) Recently the pmr spectrum of 27,37,5,-trideoxy-27,3’-d idehydroadeno-
sine (XVIII) was reported by J. R. McCarthy, Jr.,, M. J. Robins, L. B,

NH,
z N
L

H,C
O.
47 1

3

XVIII

Townsend, and R. K. Robins, J. Am. Chem. Soc., 88, 1549 (1966). The
signals of protons on C-27, C-37, and C-4" are quite similar to those (in I.

(6) Extremely large values for long-range spin couplings have frequently
been observed when there is more than one path between a pair of coupling
protons, For leading references, see (a) K. Tort and M, Ohtsuru, Chem.
Commun., 886 (1968); (b) W. G. Woods and P. L. Strong, J. Am, Chem. Soc.,
88, 4667 (1966), and references cited therein.
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the multiplet at about  5.83 collapses to a quartet with
the spacings of 5.8, 1.0, and 5.8 cps, whereas the quartet
at 7 5.67 collapses to a triplet with the spacings of 6.6
eps by the spin decoupling of the methine proton on
a-carbon of the amino acid. Thus the assignment was
made as indicated in Figure 3. No long-range spin
coupling between the protons Hy, and H, was discernible
in IV, These results confirm that IV is a ¢is-2,5-disub-
stituted tetrahydrofuran formulated as XVI. If the
substituents were trans, the signal arising from the

CCOOH
0 H

a

He

Ha
XVI

protons Hy, or H, should appear as a narrower triplet
or quartet than those shown in Figure 3(b) or (c)
according to the well-known Karplus equation’ even
used in a qualitative sense because either protons H,
or H, might be expected to be equatorial-like.

Thus, we concluded that furanomyein is (4 )-a(R)-
amino(2,5-dihydro-5(R)-methyl)furan-2(R)-acetic acid
or one of its diastereoisomers (XVII), but which

absolute configuration this molecule has remains to be
established.

CI:OOH
(6]

H.NC CH.
et

H
XVII

Biological Activities.-——Furanomyecin inhibits the
growth of several microorganisms when examined on a
chemically defined medium by the agar streak dilution
method. The results are shown in Table II. Fur-
anomycin (100 pg/ml), however, inhibits none of these
bacteria tested on nutrient agar.

TasLE IT

ANTIMICROBIAL SPECTRUM OF FURANOMYCIN
ON SYNTHETIC MEDIUM®

Test microorganism MIC, pug/ml
Shigella paradysenteriae Komagome B, B
Shigella paradysenteriae Ohara 2
Salmonella paratyphi A )
Salmonella paratyphi B >50
Salmonella paratyphi C >50
Escherichia coli Harshey B)
Pseudomonas aeruginosa >50
Klebsiella pneumoniae >30
Bacillus subtilis PCI219 1
Mycobacterium tuberculosis H37Rv 20

¢ H. Nishimura, K. Nakajima, and N. Shimaoka, Ann. Rept.
Shionogt Res. Lab., 5, 5360 (1955).

Antagonism.—All amino acids contained in the nu-
trient medium were examined for the effects of antag-
onizing the inhibitory activity of furanomyein. Furano-
myein at a concentration of 0.5-2 uM inhibits the

(7) M. Karplus, J. Chem. Phys., 80, 11 (1959); J. Am. Chem. Soc., 86, 2870
(1963).
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REvERsaL or FURANOMYCIN® BY L-AMiNG Aclbs 1N . cofi 11
Absorlyineps 4y SO0 g

- < Cnpeen of aminn aeilds, g I -
10,4100

Rupplelaenss O Ol 1 10 1O 1000
Isoleneyne G000 0,00 0.0 O 1 G4

Valine 0,00 0,00 0.00 O 1) D v

Leucine 0. 00 (AT

Threonine 0.00 0.00 000 019
AMethionine 0G0 000 O 14

» Furanomyein was =upplied in all enttyres at o covcentration
of T M. " Organisin was inenbeted ot 472 for 18 e in glucose-
inorganic salts medivm, cowmisiing of glieose & g), (NIHL).-
HPO (1 g), MgSO,-7TH.0 104 g) in 11 of distitled water (pH 7.0).

growth of E. coli H in the glucose-inorganie salts
medium. The growth inhibition of furanomyein was
found to be reversed extensively by isoleucine and
valine and, to a lesser extenr, by lencme, hut all the

aracirg, Tort, Kistora, Yostins, NaGgasakt, avo Mixamo

Val. 10

caxe was tree phage inactivated (Table V). When
vinble eell ecnmnting was made 60 min after the addition
of antibnolie to growing enltnres of £ eoli T Iirano-
mvemn was fond to he ineffeetive to the host organizm
st fevel of T opgwl Puranomyem at o level of |
peomlb wax ased to determine the sensitivity of other
tvpes of phage. Differences tn the effectiveness of
furanomyein on T2, T3, T4, and T phages were fonnd
to be 89,59, 95, and 43¢ inhibition of phage growth,
respeetively. Thiso T2 and T4 phages are more
senstttve to fnranomvemn than 75 oand T35,

Experimental Section

All melting points are corrected and were taken on u Movoseop
VR Hansbock apparitus.  The ultraviolet absorption spectrimm
of T was recorded on n Beckman DK-2 antomatic recording spec-
trophotometer in an aqueous soluniion.  Infrared spectra were
recorded on 1 Nippon Biunko DR-201B specirometer v Nnjol

Tapre IV
REVERSAL OF ANTIBACTERIAL ACTIVITY OF FURANOMYCIN BY p-ISOLEUCINE IN K. cofi H

I"tiranonyein, -
0.2 (O]

Absorbances at 5390 mnu
e e — o Cypten 0f L-fsoleyeine, w = - o

1 2 Bl 10 20 A0

uM O 0.1
0 0.1 (.21 0.21 0.1 0.2 025 025 1) 20 0.23 0.23
0.5 0.21 0.21 0.21
| 0 00 000 (.24 0.21
2 0,00 0.1
D 0.05 0.23
10 0.00 0.23
20 0.00 0.1 .23 0.23 0.23
0] 0.00 0 00 0.10 0.08 0.23
100 0.00 0.00 0.00
e e e Conen of Levaline, g o e e e
4] 0.1 0.2 0.5 b 2 i 10 20 30
0 0. I8 0.18 0. 1N OIS 0,18 0. IN 0.1 0. 18 0. 18 0. I8
I 0. IN 0.18 0,18
2 (00 000 0.00 0.18
5 .00 0.8
Lo .00 0. I8
20 0.00 0.00 0. 00 0.00 (.00 .05

others exerted virtually no reversal effect.  The effect of
inereasing concentrations of isoleucine, valine, leucine,
threonine, and methionine on the activity of furano-
miyein at o coneentration of 1 pM is indicated in Table
[II. The ratio of the coneentration of furanomyein to
ixoleucine necessary for complete inhibition of growth
was about 10 at concentrations of isoleucine from 0.1 to
10 37 as can be seen in Table IV, Valine at concentra-
tions of 0.2 and 0.5 M 1s as effective as isoleucine in
reversal of the inhibition; however, higher concentra-
tions of valine fail to prevent the inhibition by furano-
myein at the higher concentration (20 p37).  Although
valine is almost as active as isoleucine in reversing
inhibitory action by furanomyein, the nature of reversal
ix different. From these results, furanomyein appears
to be a competitive antagonist of v-isoleucine. Cyelo-
pentaneglycine ix known ax an isoleucine antagonist.
It was suggested that stereochemical resemblance of
two groups, cyclopentyl and sec-butyl, is respounsible
for the activity.® Similarities in the size and shape of
dihydrofuryl and eyclopentyl groups would imply that
furanomyecin inhibits v-isoleucine for the same reasoun.

Antiphage Activity.-—1"uranomycin at a level of 0.3
pg/ml inhibited phage production by 489, and, at
nlevel of 1 ug/mi, by more than 909, In neither

(%) W, M. Hardiug and W. Shive, J. Biol. Chem. 206, 401 (1954).

mulls or i1 1 XBr tablet. Pmr spectra were taken with a Vartny
HA-100 spectrometer operating at 100 Mec i about 5% (w/v)
solutions in D,O coutaining about 1¢; sodium dimethyl-2-
silapentane-3-sulfonate (DSS) asx an interual reference. Spiu-
decoupling experiments were performed in the frequency-swep(
and DSS-locked niode by using a Hewlett-Packard HP-200ABR
oscillator.  Circular dichroism spectra were run on a Nippon
Bunko ORD/UV-3 automaltic recording spectrophotopolarimeter
in aqueous 6 .\ HCl solutions. Paper chromatography employed
Toyo Roshi No. 50 filter paper in the following systems: A,
n-BuOH-AcOH-H.0 (4:1:6, by vol., upper phase); B, n-BuOH
saturated with 2 .\ NHOH: C, pyridine-AcOH-H0 (10:7:3,
by vol.). Thin layer chromatography was done using Merck
siltca gel G with thickuess of 250 u; the solvent systems used were
D, n-PrOH-H.O (7:3, by vol); E, n-BuOH-AcOH-H,,

TaBLE V
PHAGE-GROWTH-INHIBITION CONCENTRATIONS OF FURANOMYCIN

Grow(h of Growth of

Iuranmmnyecin, T2 plage,* 1uhib, E. coli H} Inhib,

pg/mlt pfu/ml 7 cfn/mt '

0 1.8 X 10m 2.2 % 1ye

0.1 1.8 X 10 ()

0.3 9.3 X 10? 4%

1 2.0 X oY 84 2.8 X 108 0

3 1.6 X 1oe 91 2.6 X 108¢ NN
10 I3 X 109 04 1.3 X 108¢ 94

» The average burst size of I'2 phage was 92 at 30 win i1 one-
step growth experiment. * Inoculum size of E. coli H was 7 X 108
cells/ml. < Decrense of viable cells below inoculnm.
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(3:1:1, by vol.); F, CHCL;-MeOH-179, NH; (2:2:1, by vol,,
upper phase). In antagonism experiment the amount of growth
was determined photometrically at 590 mp with a Coleman
nephocolorimeter, Model 9.

Fermentation of Sireptomyces L-803 (ATCC 15795).—Slant
cultures were prepared on Bennet’s medium (glucose, 10 g;
N-Z amine A, 2 g; yeast extract, 1 g; beef extract, 1 g; agar,
20 g in H,O (1 L) and adjusted to pH 7.2 with 1 N NaOH).
After incubation at 28° for 1 week, the slant cultures were used
to inoculate flasks for the preparation of vegetative inoculum.
After 40 hr of incubation at 28° on a reciprocatory shaker in
flasks (containing the following ingredients in g/l.: starch, 20;
sovbean meal, 10; corn steep liquor, 5; NaCl, 5; CaCQ;, 3.5),
a 5%, inoculum was transferred into stirred-jar fermentors con-
taining the above medium. The medium was adjusted to pH
7.0 before sterilization. These were incubated for 4-5 days and
antibiotic concentration reached a maximal value of 20-35
mg/l. The concentration of furanomycin in a cultured broth
was determined by the disk diffusion method with Escherichia
coli H on a glucose-inorganic salt agar.

Purification of Furanomycin (I).—A cultured broth of furano-
mycin fermentation (16 1.) was adjusted to pH 3 with concen-
trated HCI and filtered with suction. The filtrate was decolorized
with Darco-G 60 (160 g). The clear solution was passed through
a column containing Amberlite IR-120, H* form (4 X 35 cm).
After washing with distilled water, materials containing furano-
mycin were eluted from the resin with 0.5 N NH,OH. The dis-
tribution of antibiotic was detected by bioassay and found in
fractions from 600 to 900 ml. The alkaline eluates were con-
centrated to dryness under reduced pressure to remove NHs.
The residues were dissolved in H-O (20 ml) and added to Me.CO
(200 ml). The precipitates were filtered and dried (500 mg).
This material was dissolved in 709, n-PrOH-H,0O, and the solu-
tion was added to the top of a column containing 60 g of silica gel
(2.8 X 20 cm) packed in the same solvent. The column was
eluted with 709, n-PrOH, and the eluates were collected in 10-ml
fractions. The distribution of furanomycin was determined by
thin layer chromatography. The fractions containing furano-
mycin were combined and concentrated to dryness in vacuo.
Rechromatography of this material (320 mg) was carried out by
the same procedure to obtain 130 mg of crude crystals. This
material was dissolved in water and allowed to stand at room
temperature overnight to get colorless plates: mp 220-223°
dec; [a]”D 4136.1 = 2° (¢ 1, H:0); A2 196 mu (e 6300);
»IuRL 3190, 2565, 2000, 1635, 1570, 1525, 1405, 1307, 1087, 1053,
683 ecm~!; pKy’ = 2.4 & 0.2 and pK,’ = 9.1 &= 0.2. Furano-
mycin thus purified showed a clear single spot on paper chroma-
tography in systems A (R: 0.35), B (B: 0.12), and C (R: 0.69)
and on thin layer chromatography in systems D (R; 0.41),
E (R; 0.41), and F (R: 0.64).

Anal. Caled for C;HuNO;: C, 53.49; H, 7.05; N, 8.91.
Found: C, 52.94; H, 7.17; N, 8.91, mol wt, 163 (titration
method) and 164 (osmometric method).

Furanomycin hydrochioride melted at 190-192° dec, white
needles (from EtOH), »)u 3400, 2623, 2473, 2340, 1743, 1598,
1488, 1420, 1225 cm ™.

Anal. Caled for C/H,,CINO;: C, 43.41; H, 6.20; N, 7.25;
Cl, 18.34. Found: C, 43.62; H, 6.38; N, 7.37; Cl, 18.19.

N-2,4-Dinitrophenylfuranomycin.—Furanomycin (100 mg) was
2,4-dinitrophenylated by the usual procedure; yield 889%;.
Recrystallization from EtOH-H.O gave yellow needles, mp
159-160°.

Anal. Caled for C3HuN;O-: C, 48.30; H, 4.05; N, 13.00.
Found: C, 48.40; H, 4.35; N, 12.86.

Dihydrofuranomycin (IV).—Furanomycin (100 mg) was hy-
drogenated on 5% Pd-C in H,O (7 ml), H, (17.7 ml) being ab-
sorbed. The reaction mixture was filtered, washed (H.0Q), and
dried to yield crude crystals (72 mg), which were recrystallized
twice from EtOH-H,0 to give 22 mg of colorless needles: mp
227-229.7° dec; »5Er 3440, 3197, 2332, 1995, 1635, 1613, 1575,
1517, 1397, 1355, 1070 em ™2,

Anal. Caled for CG:HuNOs: ), 52.81; 1, 8.25; N, 880.
Found: C, 52.75; H, 8.22; N, 9.06.

N-Dimethyldihydrofuranomycin Methyl Ester (V) —Formal-
dehyde (409, 0.5 ml) was added to a solution of dihydro-
furanomyecin methyl ester (130 mg) in MeOIL (10 wml) with
stirring, and stirring was continued for 4 hr at room temperature.
NaBH; (400 mg) was added in small portions to this mixture at
10-20° in an ice bath with stirring, and stirring was continued
for an additional 3 hr at the same temperature. Then, Me,CO
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(3 ml) was added to this mixture to decompose excess NaBH,, and
the mixture was poured into ice-water and extracted with ether.
The extract was washed with water, dried (Na,8S0,), and evapo-
rated, leaving an oily residue (130 mg), which was distilled at
140° (bath) (20 mm) to give a colorless oil (V): 100 mg; »&2
1735, 1167, and 1080 cm™L

Anal. Caled for C,;H,NO;: C, 59.67; H, 9.52; N, 6.96.
Found: C, 59.34; H, 9.71; N, 6.70.

Conversion of V into VII.—A solution of V (90 mg) and Mel
(0.5 ml) in dry MeOH (2 mi) was heated under reflux for 2 hr
and the solvent was removed under reduced pressure. The
residue was dissolved in water (2 ml), alkalized with 2 N K,CO;,
and extracted with ether. The aqueous layer was saturated with
K;CO; and extracted (CHCl) to give a methiodide, a viscous oil
(80 mg). The methiodide was dissolved in liquid NH; (15 ml), and
to this solution was added Li (250 mg), with stirring for 40 min.
Then, NH,CI (1.5 g) was added to this mixture with stirring, and
stirring was continued for 2 hr. Liquid NH; was evaporated,
and the residue was extracted with ether. The extract was
washed with water, dried (Na.SO,), and evaporated, leaving a
colorless oil (VII) (30 mg), which was distilled at 100-105°
(bath) (30 mm) to give a colorless oil (VII) (19 mg): »onct
3440, 1105, 1070, 1035, 928, 870, and 836 cm~!; retention time?®
4.4 or 13.5 min.

Anal. Caled for C:Hi0:: C, 64.58; H, 10.84. Found: C,
64.29; H, 10.67.

1-Acetoxy-4-hydroxypentane (IX)—A solution of Ac.O (8.8 g,
1 equiv) in dry pyridine (35 ml) was added dropwise to a solution
of 1,4~-dihydroxypentane (VIII) (9.0 g) in dry CHCI; (90 mi) with
stirring in an ice bath and left for 17 hr at 5°. The solution was
diluted with ether (200 mi) and washed with saturated NaCl
solution, dried (Na,SOs), and evaporated, leaving an oil (11.0 g).
The residue was chromatographed on alumina to give a mono-
acetate (IX), 6.4 g, bp 80° (0.7 mm), »22 3500 and 1732 ecm™!
(Anal. Caled for C:H,05: C, 57.55; H, 9.65. Found: C,
57.60; H, 9.58), and a mixture of the diacetate and IX (ca. 4:1).

4-(1l-Acetoxypentyl) 2-Tetrahydropyranyl Ether (Xa)—A
solution of IX (6.3 g), dihvdropyran (5.25 g), aud toluene-p-
sulfonic acid (200 mg) in dry ether (100 ml) was stirred for 4 hr
at room temperature. The solution was poured into ice-water
containing Na;COj; and extracted with ether. The extract was
washed with water, dried (Na,S0,), and evaporated leaving an
oily residue (9.8 g), which was distilled at 835-86° (0.4 mm) to
give a colorless oil (Xa): 9.55 g; v 1741, 1242, and 1024 cm 1,

Anal. Caled for CiH04: C, 62.58; H, 9.63. Fouud: C,
62.63; H, 9.61.

4-(1-Hydroxypentyl) 2-Tetrahydropyranyl Ether (Xb)—A
solution of Xa (9.5 g) in 109 KOH in MeOH (100 ml) was
heated under reflux for 1 hr. The solvent was evaporated, and
the residue was extracted with ether, washed with water, dried
(Nas804), and evaporated leaving an oil (7.8 g), which was
distilled at 95° (0.5 mm) to give a colorless oil (Xb), 7.6 g, »hn
3540 and 1024 cm ™.

Anal. Caled for CoHy0;: C, 63.79; H, 10.71.
63.56; H, 10.63.

v-Valeraldehyde 2-Tetrahydropyranyl Ether (XI).—A solu-
tion of Xb (7.5 g) in dry pyridine (30 mi) was added dropwise to
a mixture of CrO; (7.5 g) in pyridine (100 ml) with stirring in an
ice bath and left overnight at room temperature. The mixture
was poured onto ice-water and extracted with ether, The extract
was washed with water, dried (Na;SO,), and evaporated, leaving
an oily residue (6.9 g). The residue was chromatographed on
neutral alumina (140 g) to give the starting material (Xb), 4.0
g, and an aldehyde (XI), 1.8 g, colorless oil, bp 65-70° (0.5
mm), vhe 2750, 1726, and 1023 cm 1.

Anal. Caled for ClegOsZ C, 6449, H, 9.74.
4.08; H, 9.67.

Reformatsky Reaction of XI with Methyl Bromoacetate.—A
solution of methyl bromoacetate (4.25 g) in dry benzene (5 ml) was
added dropwise to a mixture of XTI (1.7 g), Zn dust (1.8 g), and
one crystal of I in dry Ce¢Hy (25 mi) with stivring imder reflux
and heated under reflux for 1.5 hr with stirring. Water was added
to this mixture and extracted with ether. The extract was
washed with water, dried (Na,S0,), and evaporated, leaving a
vellow mobile oil (2.9 g). The residue was chromatographed on

Found: C,

Found: C,

(9) A column, 10ft X 8/sin,, consisting of 5%, diethylene glycol succinate
or 5% Carbowax on Chromosorb W (45-60 mesh) was, respectively, operated
at 150° with a flow rate of 100 ml/min of He.
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almninga to give a hvdroxy ester (XI1), 1.9 g, a colorless oil:
hp 119-120° (0.3 mm); 5% 3405, 1730, and 1020 em .

Anal, Caled for CpHaaOp: C) 59.98; H, 9.29. Found:
60.20; H, 9.30.

Hydrolysis of XII. A solutivn of X11 (1.7 g) in 8070 AcO1
(10 ml) was allowed to staud for 3 hr at room temperacuare. The
solution was poured Into ice-water and extracted with ether.
The extract was washed (2 .V Na.Ct)y, H,0), dried (Na =04}, aud
evaporated, leaving aby otly residue (1.2 g). The residne wis
chromatographed on alumina to give o diol ester (710 wmg),
which was distilled ar 99—100° (0.2 punt (o give 1 colorless oil
(XIID), 700 mg, vhr 3370 and 1725 an .

Anal, Galed for o0y ) 54550 1, 015,
54325 1, 0.07.

Methyl 5-Methyltetrahydrofuran-2-acetate (XIV ). L'oluene-
p-sulfonyl chloride (780 mg, 1.5 equiv) was added (o a solutioy
of XIIT (600 mg) in dry pyridine (4.0 mb) with stirving in
yce bath and left overnight at room temperature. The mixture
was poured onto ice~water and extracied with ether. The extract
wns washed (2 N H,804, 2 N Na.CO,, HaO), dried (Na.80),), and
cvaporated, leaving an oily residue 1506 mg). The residue was
chronmmtographed on alumina G give XIV, a colorless oil:
170 mg; bp 80° (30 mum); 50 17488, 1200, 1168, and 1085 c¢m !
tAnal. Caled for CiluOp: €, 60.74; 11, 802 Found:
60.52; H, 8.90). This ester showed (wa peaks at retention tines
of X3 nud A5 min in a ratio of 1:1 on the gas chromatogrant, ™
and wis separated into each compotnd by preparative gas chroma-

Found: (]

(10) A\ colunn, 10 ft X * < 1in, consisiitgg of 5 diechiytenc glyent syceliae
on Chromosurly W (45-60 mesh) was operated at 120% witl a flow rate of 100
mt/min of He.
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tography, XIV having a peak at retention time of 8.3 1wty {eolar-
less oty o™ 1730, 1160, and 1079 em—), XIV having u penk
At retenGon time of 9.5 mn (colorless ojl; »SECT 1730, 1158, 1070,
ad 10O e,

5-Methyltetrahydrofuran-2-ethanol (VIl). - A solution of X1V,
retention tute 9.5 min (15 mg), in dry ether (1 ml) wax added ton
sispenston of LIATH (20 mg) tn dry ether (1 ml) with stirring nud
Srring wits contipuied for 3 hr at roam temperature. T'o (his
vixaire was added ether (3 mil) contabiing water and tliered.
The ether solution was dried (Na,804) and evaporated, leaving an
by adeahiol (7.0 wg), which was distilled at 100-105° (bath) (30
g Gy gve VI a0 colorless oil: pand™ 5442, 1103, 1072, 1036,
20, RT0, aud 835 a0 retention time® 4.4 or 13.5 min, which
wus sdenGeal with V1T obtuibined from furasomyein by companrt-
o with their infrred specira aud gas ehramatographie retention
FITOR,

Seads Caled G C5H 0O, ) 64008, 1L, 1084,
64410 1, 1078,

NIV, retention tine 833 nnin (212 mg), was reduced (1aAllLa
poder the same condiGons 10 give S-methyltelrahydrofg-2-
ethayot (VIT) having a retention time® of 4.1 or 12,5 myn; voon 7
3440, 1063, 1030, 930, aud 867 cm~L

Found: O,
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In o previous communication,® the syvnthesiz and
evaluation of the local anesthetic activity of a series of
+-{w-alkylaminoacylamino)salicylie acid esters was re-
ported.  Compared to lidocaine, these compounds were
generally more irritating, less toxie, and less active.
Those compounds which had local anesthetic aetivity
approaching that of lidoeaine were extremely irvitating.
Ilinhorn and Oppenheimert! reported that nirvanine,
methyl S-diethviaminoaecetamidosalieylate, which pos-
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sexsed strong local anesthetic wetivity and low toxieity
was also extremely irritating,

Derivatives of alkoxyaminobenzoates, e.q., 2- aud -
alkoxy  derivatives  of  diethylaminoethyl 4-amino-
henzoate,” 2-alkoxy derivatives of procaine,® and di-
alkvlaminoethyl esters of 2-) 5-) and 6-alkoxy-3-aniino-
benzoie acids® Iimve heelt reported to possess loeal anes-
thetic activity., In addition, Clinton and co-workers?
reported loeal anesthetie activity in a number of di-
alkylaminoaeyhmino  derivatives of some 2-alkoxy-
henzoie neid esters. These studies suggested that etheri-
fleation of the derivatives, reported in the previous cow-
munication,® night result in local anesthetic agents
devoid of the obgerved irritancy.

Chemistry. - Treating an ester of 2-alkoxy-4-amnino-
benzoie acid with ehloroacetyl or 3-chloropropionyl
chloride and subsequently heating the intermediate
4-(w-chloroacylamino) derivative (¢f. Table 1) with
excess amine  in ethanol produeed  ethyl, n-buivl
aud 2-diethylaminocthyl esters of 2-ethoxy- and 2-
n-butoxy-4-(w-alkylaminoaeylamino)benzoates as  the

hvdrochloride salts (¢f. Tables IT and T1I).
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