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The strategy used for the stereospecific synthesis of benzofused octams as cepham analogs was
the conversion of a 3,4-dihydrothioisocarbostyril to a thioimidate, cycloaddition reaction to form
a fused B-lactam and subsequent removal of the alkylthio group by Raney nickel hydrogenolysis.
Using azidoacetyl chloride for forming the 8-lactam and following known procedures, an amido
side chain was generated. Two of the carba analogs of cephalosporin so produced showed low
levels of antibacterial activity against a number of gram positive and gram negative organisms.

J. Heterocyclic Chem., 16, 1313 (1979).

The first synthesis of carba analogs (1) of cephalosporin
was reported by Bose and co-workers (2) in 1967. Since
then a number of publications have appeared from this
laboratory which describe the synthesis of carba analogs
of penicillin (3) and cephalosporin (4). Christensen and co-
workers (5) have reported the synthesis of a carba analog
(2) of cephalosporin which retains some of the antibiotic
activity of the natural product. In a recent publication
Finkelstein and co-workers (6) have described the syn-
thesis of a benzo-fused analog (3) of 2. This prompts us to
report our synthesis of a closely related family of com-
pounds of the general structure 4 by a different,

stereospecific approach.
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We have shown previously (7,8) that for reasons not

COoy
clearly understood, the annelation of a thioimidate with a
substituted acetyl chloride and triethylamine leads
stereospecifically to a monocyclic B-lactam in which the
substituent group from the acid chloride and the mercapto
group from the thioimidate are trans to each other. Subse-
quent stereospecific hydrogenolysis (9) of the alkylithio
group leads to a cis B-lactam (see Scheme 1). We have ex-
tended this synthetic approach for the preparation of 4.
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Our first goal was the model compound (9). The cyclic
thioamide (7) was prepared in good yield by a slight
modification of a known method. Phenethylamine (3) was
treated with carbon disulfide and alkali to form the iso-
thiocyanate (6). Smith and Kan (10) have cyclized isothio-
cyanates to the corresponding thioamides in about 40%
yield by reacting them with aluminum chloride in carbon
bisulfide for 40 hours. We have found that the yield of the
thioamide (7) could be doubled when the isothiocyanate
(6) was refluxed for 3 hours with anhydrous aluminum
chloride using methylene chloride as a solvent and a few
drops of concentrated sulfuric acid as a catalyst. The
methylation of 7 to 8 with methyl iodide proceeded
smoothly in tetrahydrofuran (11).

The thioimidate (8) showed stereospecificity in S-lactam

formation. Reaction of 8 with methoxyacetyl chloride or
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with azidoacetyl chloride in presence of triethylamine pro-
duced a single isomer of 9a or 9b in 50-60% yield.
Catalytic hydrogenation of the azide to an amino com-
pound and subsequent acylation led to the 7-amido-octam
(9d) (12). Raney nickel hydrogenation of 9d removed the
methylthio group and a single isomer (9e) was obtained.
The 'H nmr spectrum of 9 showed a coupling of 4 Hz bet-
ween the B-lactam protons indicating cis stereochemistry
for 9e.

The same stereospecific synthesis was utilized for ob-
taining (16d). The preparation of the starting material,
however presented some difficulties. Attempts to obtain 14
via the isothiocyanate route were unsuccessful. An alter-
native route shown in Scheme 3 was followed. Methyl
1-0x0-1,2,3,4-tetrahydroisoquinoline-3-carboxylate (13)
was synthesized from phenylalanine using the method of
Hein and Niemann (13) and transformed to the
thioimidate (15) via the thioamide (14). The reaction of the
appropriate substituted acetyl chlorides in the presence of
triethylamine with 15 gave the octams (16a-16d).

The hydrolysis of the model compound (16a) was at-
tempted to generate the carboxy group o to the nitrogen
atom of the 8-lactam nucleus. It was observed that the best
results were obtained by using 1% sodium hydroxide solu-
tion at 0°. Under these conditions the cleavage of the lac-
tam ring was held to the minimum.

The 3-phenoxyacetylamido octam (16g) was obtained
from 16d by catalytic reduction followed by acylation of
the intermediate amino derivative (16f).

Under the same conditions that were successful with
16a, hydrolysis of 16g resulted in the acid (16h) in poor
yield. An analytically pure sample could not be prepared,
but the ir, nmr and ms data were satisfactory.

Raney nickel treatment of the ester (16g) led to the cis
octam (16i) which was hydrolyzed to the free acid (16j) in
very low yield using the same technique as was successful
for preparing 16a. The ir and ms data for 16j supported
the structure assigned but the sample of 16j was not
analytically pure. Because of lack of material this sample
of 16j was submitted to biological screening without fur-
ther purification.

The (-lactam (16j) showed MIC value (14) of 50 mcg./ml.
against a number of gram positive and gram negative
pathogens including Brucella suis, Klebsiella pneumoniae,
Pseudomonas aeruginosa, and E. coli. The mode of anti-
bacterial action of 16j is likely to be different from that for
penicillins because the methyl ester (16i) also showed
nearly the same level of antibiotic activity as the free acid.
It is well-known that penicillin and cephalosporin esters
are inactive as antibiotics unless they are first converted to
the free acids in the animal system under test.
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EXPERIMENTAL

Melting points were determined in open capillary tubes using a ‘‘Mel-
Temp’’ apparatus and are uncorrected. Infrared spectra were obtained
with a Perkin Elmer Infracord. Pmr spectra were recorded on a Varian
A-60A spectrometer operating at 60 MHz in deuteriochloroform solution
containing tetramethylsilane as an internal standard with chemical shifts
(8) expressed in ppm downfield from TMS. Mass spectra were obtained
with a Perkin-Elmer RMU-7 mass spectrometer. Elemental analyses were
performed by Bernhardt, Max-Planck Institute, Miilheim, West Ger-
many. Florisil obtained from Fischer Scientific Company was used for
chromatography. All solvents used were reagent grade. Distilled solvents
were purified by distillation from phosphorus pentoxide.
Dichloromethane and chloroform extracts were dried over anhydrous
sodium sulfate or magnesium sulfate.

Phenethylisothiocyanate (6).

Carbon bisulfide (12 g.) was added dropwise to a well stirred suspen-
sion of 3-phenethylamine (20 g.) in a solution of 9 g. of potassium hydrox-
ide in 40 ml. of water. The bright orange solution that was obtained was
stirred for 10 minutes. Ethyl chloroformate (18 g.) was then added drop-
wise with stirring and cooling. Stirring was continued for another 0.5
hour; the reaction mixture was then extracted with dichloromethane and
the orgnaic layer was dried magnesium sulfate and evaporated to give
crude 6. The product on distillation afforded 15.5 g. of phenethylisothio-
cyanate (58%), b.p. 80-88°/1 mm (lit. (16) b.p. 95/0.5 mm). This sample
was used for the next reaction without further purification.



Nov. 1979 Stereospecific Synthesis and Antibiotic Activity 1315

Table 1

Analytical and Spectral Data

Compound M.p. Yield Molecular Analysis Spectral Data
No. °C % Formula C H N
B.P.
80-85 58 C,H/NS Ir (neat): 2100, 2170, 1710 cm™!
7 96 80 C,H,NS Ir (nujol): 3150 cm"'; nmr (deuteriochloroform): & 8.5
(t, 1H), 7.1-7.5 (m, 4H), 3.3-3.7 (m, 2H), 2.9-3.2 (t, 2H)
9a 96 55 C,;H,;NO,S 62.74 6.19 Ir (nujol): 1750 c¢m'; nmr (deuteriochloroform): &
(62.64) 6.07) 1.2-7.4 (m, 4Hl), 4.55 (s, 1H) 3.75 (s, 3H), 3.35-4.15 (m,
2H), 2.9-3.3 (m, 2H), 2.2 (s, 3H)
9b 145 58 C,,H,,N,0S 55.48 4.53 21.56 Ir (nujol): 1750 c¢m''; nmr (deuteriochloroform): &
(55.38) (4.65) (21.53) 1.2-7.4 (m, 4H), 4.8 (s, 1H), 2.94.1 (m, 4H), 2.2 (s, 3H)
9c oil 55 C,H,,N,0S Ir (neat): 3350, 1755 cm"!
9d 137 60 C,H;oN,0,S 65.25 5.38 7.48 Ir (nujol): 3270, 1760, 1675 cm"!; nmr (deuteriochloro-

(65.21) (5.47) ( 7.60) form): 6 6.9-7.8 (m, 10H), 5.45 (d, 1H), 4.65 (s, 2H),
2.8-3.7 (m, 4H), 1.8 (s, 3H)

9e 133-134 69 C,,H,,N,0, 70.81 5.73 8.76 Ir (nujol): 3350, 1760, 1680 cm"'; nmr (deuteriochloro-
(70.79) (5.63) ( 8.69) form): 6 7.45-6.5 (m, 10H), 5.6 (q, 1H), 4.85 (d, 1H), 4.45
(s, 2H), 4.2-2.8 (m, 4H)

15 141 61 Nmr (deuteriochloroform). & 7.45-8.2 (m, 4H), 5.6 (1,
1H), 3.75 (s, 3H), 3.6 (d, 2H), 3.35 (s, 3H)
16a 148 60 C,;H,,NO,S 64.98 5.12 3.89 Ir (nujol): 1770, 1750 cm™'; nmr (deuteriochlorform):

(65.03) (5.18) (3.79 6 7.35 (s, 9H), 5.42 (s, 1H), 4.5 {t, 1H), 3.85 (s, 3H), 3.3 (m,
2H), 2.5 (s, 3H)

16b 179 40 C;;H,;NOS 58.80 5.68 4.75 Ir (nujol): 1765, 1740 cm™"; nmr (deuteriochloroform):
(58.63) (5.68) (4.56) 57.35 (s, 4H), 4.65 (s, 1H), 4.5 (1, 1H), 3.85 (s, 3H), 3.78 (s,
3H), 3.3 (m, 2H), 2.45 (s, 3H)

16¢ 134 60 C; H,;,NO,S 65.63 5.65 3.82 Ir (nujol): 1765, 1740 cm*; nmr (deuteriochloroform):
65.79) (5.59) (3.65) 67.2-7.8 (m, 9H), 5.1 (s, 1H), 4.9 (1, 1H), 4.8 (s, 2H), 3.85

(s, 3H), 3.4 (m, 2H), 2.5 (s, 3H)
16d 156-158 55 Cc, H,N,0,S 52.66 4.35 17.46 Ir (nujol): 2110, 1765, 1740 cm*; nmr (deuteriochloro-
(52.83) (4.43) (17.60) form): 6 7.4 (s, 4H), 4.97 (s, 1H), 4.5 (t, 1H,J = 9 Ha),
3.85 (s, 3H), 3.35 (dd, 2H, J = 9 Hz), 24 (s, 3H)

16e 220 50 C,,H,,NO,S 63.96 4.79 Ir (nujol): 1760, 1725 cm"'; nmr (deuteriochloroform):
(64.22) 4.82) 8 7.3 (s, 9H), 545 (s, 1H), 4.4 (1, 1H), 3.3 (d, 2H), 2.45 (s, 3H)

16f oil 60 Ir (nujol): 3350, 1765, 1735 cm ™

l6g 163 S0 C,,H,,N,0,S 62.16 5.30 6.64 Ir (nujol): 177], 1750, 1685 cm-'; nmr (deuteriochloro-

61.97) (5.20) (6.57) form): 6 7.8-7.0 (m, 10H), 5.6 (d, 1H), 4.70 (s, 2H), 4.45 (t,
1H), 3.85 (s, 3H), 3.30 (m, 2H), 1.95 (s, 3H); ms: M+ at
mle 426.

16h 179-180 50 C;,H,N,0,S Ir (nujol): 3200, 1770, 1740, 1640 cm"*; nmr (deuterio-
chloroform and DMSO-d,): § 7.0-8.4 (m, 10H), 5.6 (d,
1H), 5.25 (s, 2H), 4.75 (m, 1H), 3.45 (b, 2H), 2.0 (s, 3H);
ms: M*+1 at m/e 413 and M* + NH, at m/e 430 in CIMS.

16i 119-120 60 Cg HgoN, O, Ir (nujol): 1740, 1720, 1620 cm™*; nmr (deuteriochloro-
form): 6 6.6-7.4 (m, 10H), 5.57 (q, 1H), 5.0 (d, 1H), 4.5 (s,
2H), 4.15 (m, 1H), 3.9 (s, 3H), 3.3 (m, 2H); ms: M*+1 at
m/e 381 in CIMS.

16j 152-156 60 CyoH N0, Ir {(nujol): 3250: 1760, 1740, 1640 cm™'; ms: M + NH,*
at m/e 384 in CIMS.

3,4-Dihydrothioisocarbostyril (7). for 3 hours and poured into 200 ml. of an ice water mixture. The organic
To a solution of phenethylisothiocyanate (5 g.) in 50 ml. of dichloro- layer was separated and the aqueous phase was extracted with 100 ml. of
methane was added 25 drops of concentrated sulfuric acid followed by 10 dichloromethane. The combined dichloromethane extracts were dried

g. of aluminum chloride (anhydrous). The reaction mixture was refluxed and the solvent evaporated. The oily residue crystallised on standing to
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give 11.0 g. (80%) of 3,4-dihydrothioisocarbostyril. The product was
recrystallized from dichloromethane-hexane, m.p. 98° (lit. (10) m.p.
98-99°).

1-Methylthio-3,4-dihydroisoquinoline (8).

To 1 g. of 3,4-dihydrothioisocarbostyril (7a) in 75 ml. of THF was add-
ed 1 g. of methyl iodide. The mixture was refluxed for 15 minutes when
the product separated as the hydroiodide. The reaction mixture was cool-
ed to room temperature and filtered to afford 1.4 g. (75%) of 8
hydroiodide, m.p. 195-198°. Using the same general conditions, the
methyl thio derivative (15) was prepared in 61% yield from the car-
bostyryl (14) and methyl iodide.

General Synthesis of Octams.

To a solution of 1-methylthio-3,4-dihydroisoquinoline hydroiodide (8, 4
g.) in dichloromethane (125 ml.) were added dropwise 2.66 g. of triethyl-
amine under anhydrous conditions. This was followed by dropwise addi-
tion of azidoacetyl chloride (1.55 g.) in dichloromethane. The mixture
was stirred overnight at room temperature. The reaction mixture was
washed with 5% hydrochloric acid (2 X 100 ml.), sodium bicarbonate
(5%) and water. The organic layer was dried (magnesium sulfate) and
evaporated. The residue was passed through a Florisil column and eluted
with dichloromethane. Recrystallization of the product with ether afford-
ed 2 g. (59%) of 9b m.p. 140-141° dec.

Using appropriate acid chlorides and dihydroisesquinolines, the oc-
tams 9a and 16a-16d were also prepared. The analytical and spectral
data of these compounds are described in Table 1.

Reduction of Azido Octams.

The solution of the azido octam (9b, 3 g.) in 150 ml. of THF containing
0.6 g. of 10% palladium on carbon was hydrogenated at 40 psi for 20
hours. The catalyst was filtered and the solvent evaporated under reduc-
ed pressure. The product (9¢) showed absence of azide band and the
presence of amino function in its infrared spectrum and was used as such
for the next reaction.

The azido B-lactam 16d was similarly reduced to 16f.

Acylation of Amino Octams.

To a THF (25 ml.) solution of 9¢ containing 1.28 g. of triethylamine
were added dropwise a solution of 2.17 g. of phenoxyacetyl chloride in 25
ml. of THF. The mixture was stirred at room temperature for 2 hours
filtered and the solvent evaporated. The oily residue was chromato-
graphed using a Florisil column and dichloromethane as the eluant. The
product was recrystallized (dichloromethane/ether) to give 2.0 g. of 9d,
m.p. 134-135°.

The amino §-lactam 16f was similarly acylated to 16g.

Desulfurization of the Octams.

To a prewashed suspension of Raney nickel (10 g. in 5 ml. of acetone)
was added 1 g. of 9d. The reaction mixture was refiuxed for 7 hours and
filtered. The catalyst was washed several times with acetone and
dichloromethane. The combined washings and filtrate were dried
(magnesium sulfate) and evaporated. The residue gave a solid product
after trituration with ether which on crystallization from ether afforded
9e in 69% yield, m.p. 138°.

Using similar reaction conditions the octam 16g afforded the cis pro-
duct 16i.

Synthesis of 3,4-Dihydro-3-carbethoxythioisocarbostyril (14).

The isocarbostyril (13, 2 g., 0.01 mole) and phosphorus pentasulfide
(0.88 g., 0.004 mole) were mixed intimately and suspended in 20 ml. of
pyridine and placed in a preheated (140°) oil bath. Refluxing was con-
tinued with stirring for 2 hours. Thereafter the solution decanted into 50
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ml. of water at room temperature. The solid product separated on tritura-
tion. The product was filtered and air dried to give 1.2 g. (50%) of
thioisocarbostyril (14), m.p. 155-157°.

Hydrolysis of Carbethoxy Octams.

A stirred solution of the carbomethoxy octam 16a (200 mg.) in 10 ml.
of water and 10 ml. of pyridine was cooled in ice-salt bath; 0.5 ml. of 1N
sodium hydroxide was added and stirring was continued for 6 hours. The
reaction mixture was then diluted with 25 ml. of water, layered with 20
ml of ethyl acetate and acidified with concentrated hydrochloric acid
(water layer pH 3, ethyl acetate layer pH 8). The ethyl acetate layer was
separated. After washing in water, drying (magnesium sulfate) and
evaporation of the solvent, 150 mg. of 16e, m.p. 215-216° (ether) were
obtained.

Using similar reaction conditions the octams 16g and 16i were
hydrolyzed to the acids 16h and 16j, respectively.
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