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6-Tritylaminopenicillanyl p-toluenesulfonate (6) formed (6-tritylaminopenicillanyl)pyridinium p-toluenesul-
fonate (9) in hot pyridine. Acid-catalyzed removal of the trityl group afforded {6-aminopenicillanyl)pyridinium
p-toluenesulfonate (10), hydrogenation of which yielded 6-amino-2,2-dimethyl-3-piperidinomethylpenam (11).
The amines 10 and 11 were each converted into the corresponding 6-phenylacetamido, 6-phenoxyacetamido, and
6-(2,6-dimethoxybenzamido) derivatives 12-14 and 15-17, respectively. From 6-phenylacetamido- and 6-tri-
tylaminopenicillanyl p-nitrobenzenesulfonate (7 and 8) were prepared the corresponding azides, 18 and 19. The
azide 19 was transformed in 4 steps to N-(6-phenylacetamidopenicillanyl)methanesulfonamide (24). Base-
catalyzed methanolysis of 5 and 6 gave methyl 4,4-dimethyl-a-(phenylacetamido)-3-thia-1-azabicyelo(3.1.0]-
hexane-2-acetate (25) and the corresponding a-tritylamino compound 26, respectively. Further treatment of
25 with base yielded methyl 3-{(3,3-dimethyl-2-thiiranyl)methyl]amino-2-(2-phenylacetamido)acrylate (27).
The proof of structure of 27 consisted, in part, of desulfurization to methyl 2-(2-phenylacetamido)-3-(3-methyl-
2-butenylamino)acrylate (28) which was hydrolyzed to methyl benzyl penaldate (29) and 3-methyl-2-butenyl-
amine (30). The mechanism of the formation of the aziridines, 25 and 26, and the structure of the p-toluenesul-
fonates are discussed. Compounds 18 and 24 exhibited antibacterial activity in mice against Staphylococcus
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aureus.

Replacement of the phenylacetyl group of penicillin
G (1) by other acyl groups has led to several valuable
semisynthetic derivatives.! By comparison with the
enormous number of reported variations of the side
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chain acyl group relatively few modifications of the ring
system have been recorded. No useful drugs have
emerged from these changes with the exception of the
cephalosporin C class of antibioties represented by the
semisynthetic derivative cephalothin (2).!
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The availability of the alcohols 3 and 42 suggested
that their sulfonate esters could be versatile intermedi-
ates for the synthesis of a variety of novel derivatives
which might include products with a ring-expanded
structure related to the cephalosporin C ring system.?
With this motivation we prepared the p-toluenesulfo-
nates 5 and 6 and p-nitrobenzenesulfonates 7and 8. We
report their behavior with the nueleophiles pyridine,
azide ion, and methanol and the results of the antibac-
terial testing of some of the new derivatives.

(1) F. P. Doyle and J. H. C. Nayler, Advan. Drug Res., 1, 1-69 (1964).
This reference provides an excellent introduction to the development of
the penicillin and cephalosporin C class of antibioties.

(2) Y. G. Perron, L. B. Crast, J. M. Essery, R. R. Fraser, J. C. Godfrey,
C. T. Holdrege, N, F. Minor, M. E. Neubert, R. A, Partyka, and L. C.
Cheney, J. Med. Chem., T, 483 (1964).

(3) R. B. Morin, B. G. Jackson, R. A. Mueller, E. R. Lavagnino, W, B.
Scanlon, and 8. L. Andrews [{J. Amer. Chem. Soc., 91, 1401 (1969)] report
ring expansion of a penicillin sulfoxide to a derivative possessing the cephalo-
sporin C ring system.
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CH:;CH,CO; R’ = OH
(CeH)C; R/ = OH
CH;CH,CO: R’ = OTs
(CeHa)ac; R’ = OTs
CsH:CH,CO; R’ = ONs
(CsH:)C; R’ = ONs
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Boiling pyridine served to transform the toluenesul-
fonate 6 to the pyridinium quaternary salt 9 (Scheme
I). In contrast, the toluenesulfonate 5 yielded intract-
able mixtures. A 6-acyl group, as in 5, very likely con-
tributes to the great reactivity of the g-lactam in peni-
cillins through formation of oxazolone intermediates.
Its replacement by the trityl group not only eliminates
the possibility of side chain participation* but also pro-
vides a degree of steric protection of the g-lactam func-
tion. These factors undoubtedly contributed to the
survival of the ring system of 6 and 9 in boiling pyridine.

The nmr spectrum of 9 was broad and diffuse but the
spectra of the detritylation and reduction products 10
and 11 were well defined. In the case of 11 the coupling
constant of 4 Hz for the H;—Hs splitting indicated that
these protons were still ¢is. Wolfe,> Johnson,® and
Bose” observed a coupling constant of 1.5-2.0 Hz for
the H;—H,g protons in C-6 epimeric penieillins.3

Detritylation and hvdrogenation gave 10 and 11
which were converted into the amides 12-17. The
same acyl groups are known to transform the relatively

(4) J. C. Sheehan and K. R. Henery-Logan, ibid., 84, 2083 (1962). These
workers used the trityl protecting group in place of an acyl group to prevent
oxazolone ring formation from competing with g-lactam ring formation in
the cyclization of penicilloic acids to penicillins.

(5) 8. Wolfeand W, 8. Lee, Chem. Commun., 242 (1968).

(6) (a) D. A, Johnson, D, Mania, C. A. Panetta, and H. H. Silvestri,
Tetrahedron Lett,, 1903 (1968); (b) D. A. Johnson and D. Mania, thid., 267
(1969).

(7) A. K. Bose, G. Speigelman, and M. 8. Manhas, J. Amer. Chem. Soc.
90, 4506 (1968).

(8) We consider it unlikely in our system that both C-5 and C-6 are in-
verted to maintain the observed ris relationship of hydrogens at these posi-
tions.
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inactive 6-aminopenicillanic acid to potent antibacterial
agents.

The prineipal objective of the conversions outlined in
Scheme II was the preparation of the sulfonamide 24 in
the hopc that the acidie sulfonamide group would re-
semble the carboxyl group in the natural penieillin anti-
biotics. The nitrobenzenesulfonates 7 and 8 were re-
qulrcd for conversion into the azides 18 and 19 by NaNy
in aqueous acetone since the toluenesulfonates were un-
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affected under these conditions, and under more vigor-
ous conditions vielded products which lacked g-lactam
absorption in the ir. The remaining conversions in
Scheme II are routine and require no comment.

In the presence of excess Et;NH in hot MeOH the
toluenesulfonates 5 and 6 were rapidly transformed to
the aziridines 25 and 26° (Scheme III). There was no

(9) A report of the methanolysis of the tosylates has appeared in pre-
liminary form: M. R. Belland R. Oesterlin, Tetrahedron Lelt., 4975 (196R).
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evidence for the formation of Me ethers. The spectra
of the aziridines were in accord with the assigned
structures. Resonance peaks occurred in the nmr
spectra at 1.74 (2 protons) and 2.12 ppm (1 proton) in
the case of 25 and 1.70 (2 protons) and 2.28 ppm (1 pro-
ton) in the case of 26. The 4 protons on C of ethylen-
imine appear as a singlet at 1.62 ppm.*® The disap-
pearance of the signals assigned to the three-membered
ring protons upon exposure to dilute aqueous HCI pro-
vided additional evidence for the aziridine ring since
aziridines are known to undergo ring opening when
treated with mineral acids.!!

Employment of excess NaHCOj; as the catalyst in the
methanolysis of 5 led to a mixture of approximately
equal parts of 25 and the episulfide enamine 27 in the
period of time required for the consumption of 5. The
aziridine could be obtained in essentially quantitative
vield by use of excess Et,NH in MeOH; it was trans-
formed to the episulfide by NaHCQj; in hot MeOH or
NaOMe in MeOH at room temperature. In contrast,
the aziridine 26 was unaffected by NaHCO; or NaOMe
in hot MeOH. The structure of the episulfide enamine
27 followed from its strong uv absorption at 280 muy,
characteristic of the 8-aminoacrylic ester chromophore,!2
and its desulfurization by PPh;'? in boiling MeCN to
the optically inactive enamine 28 without change in the
uv absorption. Mild acid hydrolysis of 28 led to penaldic
acid Me ester (29)!* and 3-methyl-2-butenylamine
(30).1

Neither toluenesulfonate ester was affected by boiling
MeOH alone, an observation which suggested the reac-

(10) Spectrum No. 372 of the Varian Nmr Spectra Catalog.

{11) P. E. Fanta in “Heterocyclic Compounds with Three- and Four-
membered Rings,”’ A. Weissberger, Ed., Interscience, New York, N. Y.
1964, p 551,

(12) 8. A. Glickman and A. C. Cope, J. Amer. Chem. Soc., 67, 1017 (1945).

(13) (a) R. E. Davis, J. Org. Chem., 28, 1767 (1958); (b) D. B. Denney
and M. J. Boskin, J. Amer. Chem. Soc., 82, 4736 (1960).

(14) R. L. Peck and K. Folkers in “The Chemistry of Penicillin,” H, T.
Clarke, J. R. Johnson, and R. Robinson Ed., Princeton University Press,
Princeton, N. J., 1949, p 73.

(15) D. Semenow, C. Shih and W. G. Young, J. Amer Chem. Soc., 80,
5472 (1958).
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tion was not initiated by ionization of the sulfonate with
participation of the eleetron pair on the lactam N. If
it is assumed that ~OMe is generated in a hot solution
of NaHCO; in MeOH, a simple picture of the reaction
course for conversion of 6 into 26 would be attack by
~0OMe at the lactam CO followed by or simultaneous
with formation of the aziridine ring. Alternatively
HCO;~ could participate directly by attack at the lac-
tam CO followed by methanolysis of the carbonate—
carboxylate mixed anhydride to give 26. The failure
to observe diethylamide in the methanolysis of 5 in the
presence of twofold excess of Et.NH supports the view
that the transformation of 5 begins by removal of the
proton from the side chain N followed by formation of
the oxazolone—aziridine intermediate 31. The expected
high reactivity of this oxazolone might account for its

H H
CHCH. . g
2+ MeOH
g MO, o5
O N— Et,NH
o N2
31

reaction with solvent rather than the more nucleophilic
diethylamine. Whatever the explanation, there is
precedent for sec-amine-catalyzed alcoholysis of oxazo-
lones.'® The intermediate 32, derived from 25 or 31 in
a base-catalyzed elimination process, is a possible pre-
cursor to the episulfide enamine 27.

C;H;CH,CONH _

MeO,C N

32

250r31 —

The possibility that the sulfonate esters 5-8 possess a
ring-expanded tetrahydrothiazine structure 33 must be
considered since there is precedent for the apparent
perticipation of the N of an amide group at a cationic
center in ring enlargements.'” The evidence that the
produects of the reaction with pyridine and N~ are in-
deed penicillin derivatives and not tetrahydrothiazine
derivatives is based on their nmr spectra. For example,
the spectra of 11 and 18 have a well-defined triplet at
3.88 and 3.85 ppm corresponding to one proton with J
= 7 Hz. In the case of the azide 18 a two proton doub-
let with J = 7 Hz is discernible at 3.30 ppm. These
signals are best assigned to the C-3 proton and adjacent
CH, protons of a penicillin structure.

It is nevertheless conceivable that the sulfonate esters
are ring-expanded products since the sequence 33 — 34
— 35 would regenerate the penicillin nucleus. The step
33 — 34 is analogous to our proposed pathway for the
formation of the aziridine 26. The nmr spectra of the
sulfonate esters were unrevealing as the C-3 and the ad-
jacent proton signals are clustered in an uninterpretable
pattern. Efforts to regenerate the parent alcohol by
treatment of the toluenesulfonate esters with sodium
naphthalene anion radical'® gave only complex mixtures

(16) B.J. Nicolet, J. Biol. Chem., 100, 287 (1933).

(17) (a) G. Buchi, D. L. Coffen, K. Koesis, P. E. Sonnet, and F. E.
Ziegler, J. Amer. Chem. Soc., 88, 3099 (1966); (b) J. W. Huffman, T. Kam-
iva, and C. B. 8. Rao, J. Org. Chem., 82, 700 (1967); (c¢) B. Capon, Quart.
Rev. {London), 71 (1964).

(18) W. D. Closson, P. Wreide and 8. Bank, J. Amer. Chem. Soc., 88,
1581 (1966).
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which appeared to contain none of the parent or closely
related carbinol.
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If the sequence 33 — 35 is operative we should be able
to generate a G-lactam corresponding to 35 from the
acid azide 34 (N = N;7). We were unable to prepare
this azide but we were able to isolate the corresponding
carboxvlic acid 37 by ecleavage of the p-methoxybenzyl
ester 36 in trifluoroacetic acid.'®  Etforts to convert 37

p-CH ()—@—c}mn

5

Et.N
1 H
CHH;,CH_,CONH\H—ST .
MeO—@*CH;OJC Nz
36
C,H,CH.CONH

0

ria netivated ester intermediates into a 3-lactam with
concomitant cleavage of the uziridine ring resulted in
mixtures which exhibited no ir g-lactam absorption.
The products did display strong absorption at 320 mp
characteristic of the penicillenic acid chromophore.™
Clearly oxazolone ring formation had occurred rather
than acylation of the aziridine ring N. It thus appears
unlikely that the process 34 — 35 would be operative
and we favor, therefore, the unrearranged structures
5-8 for the sulfonate esters.

Biological Results.?’—Compounds 18 and 24 were
tested ¢n eitro against a variety of Gram-positive and
Gram-negative bacteria. A minimum inhibitory con-
centration of about 12 ug/ml was observed for 18 when
tested against Staphylococcus aureus 209 but the com-
pound was inactive when tested against other bacteria.
Compounds 12-17 and 24 were inactive in vitro when
tested against S. aureus.

When tested in vivo in mice infected with S. aureus
Smith, 18 provided 1009 protection from lethality at a
dose of 200 mg/kg orally but was less active at lower
doses. The derivative 24 provided 1009, protection at

{19} The stahility of the aziridine ring of 36 and 25 in trifluorvacetic acid
contrasts with the lability of this ring system in 26 in aqueous mineral
acid.

(20) Reference 14, p 162.

(21) We are indebted to Dr. William A, Goss and Dr. Jobn R, O'Connor
for biological test results. [ ritro test methodology may be found in W. A,
Goss and k. B, Cimijotti, Appl. Microbiol., 16, 1414 (1968).  Tu rive test
methodology was essentially the same as that described in vef 22,
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50 mg kg subcutancously but was orally inactive,
These compounds are much less wetive thau penieillin
(1.22 results which =erve to emphuasize the importanee of
a carboxyvl group at C=3 in o penicillin for maximal anti-
bacterial aetivity,

Experimental Section

Melting points were taken incapillary tubes inan oil bath,
They are uot corrected but are within 19 of the melting potnts
of standards.  Spectra were determined under the =upervision
of Dr. R K. Kullnig. Nmir =pectra were determined with
Varian Model A-60 nmy =pectrometer (TM). v =pectra were
determined with a Perkin-Elmer Maode]l 21 spectrophotometer,
uv spectra with a Carey Model 15 spectrophotometer.  Spectra
were determined on all compounds and are in aceord with the
indieated structures. Speetra are reported only for compounds
of unusual strueture, tor key compounds which were not obtained
in ervstalline formy, and for compounds where the spectra pro-
vided crucial evidence for their =truetire.  Analyses were car-
ried out under the <upervision of My, K. 1. Fleischer.  Where
analy=e= are indicated only by symbols of the elements, avalytical
results obtained for those elements were within (.45, of the the-
oretical values,

6-Phenylacetamidopenicillanyl p-Toluenesulfonate (5).- T
10 ¢ (0.125 mob) of crude 32 in 210 ml of pyridine was added with
<tirring at —20° 26 g (0137 mol of TsClL - After =torage u
(4-53° for 4 hr the elear, red solution wax slowly treated with ice
and then ice 1,0, The product was extvacted (CH.Cly and
washed in the cold with 1007 TLPO, until acidie, then with H.0
and satirated NallCO;  The dried (NasNO,) filirate wus evap-
orated at 25° and the residual gummy =olid (61 g) ervsiallized
(MeOTT) to afford 25 ¢ (42077 of =olid. mp 122-124° dee. Tt was
revrystullized from MeOI: mp 120-1225° dec: v (KBr
500 (g-lactam > Ce==O) and 5499 g (amide > C=:0)0 nmr
(CDCLY 6 1.20 and 137 |5 each, 3 each, CtCHghl, 242 (5, 3,
aryl-CHyjy, 32595 s 20 aryl-CHyj, 3.754.3 (m, 3, > CHCH.O ),
505 (dl 1, = 4.5 Tz, C-5H), 5.25-5.60 (m, 1, J = 45and Y
Hz, C-6H 6.4 (d, 1. J = 9 Hz, NH) and 7.2-8.0 ppm {(m, Y,
aryl HY. el 1C s NGO COHL N R

6-Tritylaminopenicillanyl p-toluenesulfonate (6) wax prepared
in the same manner as 5. [t ervstallized readily (CHCL) form-
ing a1 solvate with T mal of CIICL. The analytical sample was
purified by dry column chromatography* sing alumina as
absorbent and 1210 as solvent:  mp 102-105° dec; i (KBr
365 w (B-lactam > C= Oy nmr (CDClyy 8 126 and 10 i
each, 3 ench, CtCHs, 285 (s, 3, wvl-CHy), 3.08 (broad, 1.
NH). 3.7-44 m, 5, C-3H, (=5H, C-6H, CHX)), and 7.0-7.49
ppm tm, 16, arvl H. CHCL) Vwal. (Cyu N = CHCL
¢, H, CL N,

6-Phenylacetamidopenicillanyl  p-nitrobenzenesulfonate (7
was prepared in the same manner as 5 using p-nil robenzenesul-
fonyvl chloride and isolated ax a foam: v (CHCly) 5.62 tlactam
>(== 03, 5.01 tamide >C==0), und 6.54, 745 (NO,b.

¢-Tritylaminopenicillanyl p-Nitrobenzenesulfonate (8. The
ester wax prepared in the same muumer as 7 and =olated as a
glass containing some residual 2100 ir (CHCLY 5.65 dactam
SO0 653 and 7.45 2 (NOS: nn (CDCLy) 8 1.27 and 142
I« each, 6, CICH)l, 317 (4,1, = 115 Hz, NH), 5.75- 4.5
(m, 5, C=-3H, C-5H, C-6H, CHy), 7.0-7.67 {m, 1O, arvi H), and
7.83-8.42 ppm amy, ABy, 4, arviH .

1-(6-Tritylaminopenicillanyl)pyridinium p=Toluenesulfonate
(9). - A =olution of 3 ¢ (0.06 mol) of 6 in 300 ml of pyridine was
reffuxed for ~ hr under Nu. The =ohttion was cooled and 300
ml of EGO wax <lowly added o give 30 g (70¢¢) of crystalline
product. A 10-g portion of thix product was twice recrystallized
from MeCN to give 6 g (417, 7 of 9 us n monohydrate acetonitrile
<olvate, mp 1307 dee. Anel (CanH NGO, CHLON  HLO
¢, H, N

1-(6-Aminopenicillanyl jpyridinium Di-p-toluenesulfonate (10).

To 15 g (0.021 mol) of 9 in 450 ml of CHCly was added 4 g
(0.021 mol) of T=OM. The =olution was stirved at 25° for 0.5 hr.
The product precipitated from the reaction solution, 125 g
W7 The analviieal sample was prepared by reervstallization

225 (L)L Miraghis and Ho Lo Baseho dde . 556 110675
(2310 1 Loev and M. ML Goodwan, Chem, {ed.o Londony, 2026 118967
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from Dl\IF-’CHClg, mp 121-123° dec. Anal. (CQ7H33N307SS‘
2H,0) C, H, N.

6-Amino-2,2-dimethyl-3-piperidinomethylpenam (11).—A sus-
pension of 10 g of 109, Pd-C in 250 ml of DMF was prereduced at
3.5kg em~2of Hy. Compound 10 (12.2 g) was added and the hy-
drogenation was continued. Theoretical uptake of H, was
achieved in 2 hr at 3.1 kg em~2.  The filtered solution was diluted
with 3 L. of ether. A gum separated which gradually crystallized.
The product was filtered and washed with Et;0 to give 12 g
(959,) of white crystals. The product was recrystallized from
DMF—MezCO, mp 168-171° dec. Anal (CmHngaOS‘z CTHS-
80;-H:0)C, H, N.

The free base was liberated by treatment with cold 1 ¥ NaOH
followed by extraction with Et:O: mp 77-79° (hexane); nmr
(CDClLy) 8 1.16-2.17 [m, 14, C(CH3),, (CHy)s, NHyj, 2.25-2.83
[m, 6, N(CH)i), 3.9 (t, 1, C-3H), 443 (d, 1, J = 4 Hz, C-3H),
5.22 ppm (d, 1, J = 4 Hz, C-6H). Anoal. (CisHuN;0S8) C, H,
N, S.

Preparation of 12-17.—None of these derivatives was obtained
in crystalline form. In the case of the pyridinium salts 12-14
the ir was checked for the presence of strong g-lactam and amide
bands. The tle, ir, and nmr of 15-17 showed them to be quite
pure preparations. The acylations of the quaternary salt 10
were carried out in DMF at —78° in the presence of 2 mole-
equiv of triethylamine. The acylations of 11 (free base form)
were performed in alcohol-free CHCl; at —78°. When acyla-
tions were performed at 0° the products displayed strong ab-
sorption at 320 mu characteristic of the penicillenic acid chromo-
phore.® This absorption was absent in the products isolated
from acylations at —78°.

6-Phenylacetamidopenicillanyl Azide (18).—A solution of 55
g (0.109 mol) of the p-nitrobenzenesulfonate ester 7 and 7.1 g
(0.109 mol) of NaN; in 1.2 L. of Me,CO and 120 ml of H,O was
refluxed for 25 hr. The reaction mixture was evaporated in
vacuo at 25° and the residue was partitioned between EtOAc
and H,O. The organic layer was separated, washed with H,O
and brine, dried (Na;SOs), and evaporated in wacuo at 25°.
The crude product (40 g) was chromatographed on 1200 g of
Florisil and eluted with Et.O containing 5% EtOAc. Fractions
which were shown by tlec to contain the desired product only
were combined and evaporated yielding 15.5 g (40%) of a pale
yellow viscous oil.  Upon long standing a sample of this product
crystallized. It was recrystallized from 1:3 EtOAc-hexane to
afford white crystals: mp 91-93°; nmr (CDCl;) 6 1.29, 1.4
[s each, 6, C(CHs):], 3.32 (d, 2, CH,N;), 3.57 (s, 2, CH,CO), 3.85
¢, 1, C-3H), 5.17-5.67 (m, 2, C-5H, C-6H), 6.08-6.5 (d, 1, J =
9.5 Hz, NH), and 7.22 ppm (s, 5, aryl H). Anal. (CisH1aN;0:8)
C,H,N,S.

The azide 18 was also prepared by phenylacetylation of the
amine 20.

6-Tritylaminopenicillanyl Azide (19).—This preparation was
carried out in the same manner as the azidolysis of 7. The
product crystallized from hexane to afford a white solid (57%
yield), mp 138-140°. It was recrystallized from hexane, mp
139-140.5°. Anal. (CxH»xN;08) N, 8.

6-Aminopenicillanyl Azide (20).—To a solution of 9.5 g (0.02
mol) of the azide 19 in 200 ml of Me,CO was added 3.85 g (0.02
mol) of TsOH. The solution was stirred at 25° in the dark for
0.5 hr and evaporated in vacuo at 25°. The gummy residue
solidified when triturated with Et,0. The solid was filtered and
washed to give 5.85 g (749%) of off-white product. A sample
was recrystallized from EtOAc to afford off-white crystals of
the p-toluenesulfonate, mp 115-116° dec. Anal. (CsHisN;OS.
C:H:0:8) C, H, 8; N: caled, 17.53; found, 16.72.

3-Aminomethyl-2,2-dimethyl-6-tritylaminopenam (21).—A
suspension of 10 g of 109 Pd-C in 200 ml of EtOAc was pre-
reduced at 3.5 kg/em~2 of Hy. A solution of 10 g (0.0214 mol)
of 19 in 30 ml of EtOAc was added and the hydrogenation was
continued for 20 min. The product crystallized as a cyclo-
hexane solvate from Et;0-CsHy, 7.9 g (709,) of a white solid.

It was recrystallized from EtsO-CeHy,, mp 108-112° dec.  Anal.
(CyHsN:O0S-CeHp) C, H, N, S.
N-(6-Tritylaminopenicillanyl ) methanesulfonamide (22).—To

a solution of 9.3 g (0.0176 mol) of the amine 21 in 72 ml of pyri-
dine at —40° was added dropwise a solution of 2.01 g (0.0176
mol) of MeSO.Cl in 18 ml of pyridine. The reaction mixture
was stirred at —40° for 10 min and was allowed to warm to 25°
over 1.5 hr. The yellow solution was treated with ice, poured
into ice-H,0, and extracted with EtOAc. The extract was
washed with 109 H,POs (until acidic), Hy(), and brine. The
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solution was dried (Na,SO.), charcoaled, and evaporated in
vacuo. The residue was crystallized from a minimum amount
of hot C¢Hs to afford 4.8 g (529;) of matted crystals, mp 182-
184° dec. A sample was recrystallized from 1:1 EtOAc~CeHys,
mp 181-183°dec. Anal. (ngHs]NaOaS?)y C, H, N.

N-(6-Aminopenicillanyl )methanesulfonamide (23).—A solu-
tion of 4.8 g (0.009 mol) of 22 in 45 ml of Me,CO was combined
with a solution of 1.75 g (0.0092 mol) of TsOH in 45 ml of Me,CO
and stirred at 25° for 1 hr. The crystalline product was filtered,
dissolved in a minimum amount of MeOH, and precipitated
with absolute E4,O to afford 2.55 g (629,) of the p-toluenesul-
fonate as a hemihydrate, mp 85-135° dec. Anal. (CoH;N5Os-
S, CH0,8:0.5 H0) C, H; N: caled, 9.12; found, 8.53; S:
caled, 20.88; found, 20.45.

N-(6-Phenylacetamidopenicillanyl )methanesulfonamide (24).
—This compound was obtained from 20 g (0.058 mol) of 23 in
18% yield in a manner analogous to the preparation of 18, It
was recrystallized from EtOAc to afford 4.2 g of white crystals,
mp 184-185°. Anal. (012H23X304S2) C, H, N.

Methyl 4,4-Dimethyl-«-(phenylacetamido)-3-thia-1-azabicy-
clo[3.1.0] hexane-2-acetate (25).—A solution of 20 g (0.042 mol)
of 5 and 4.8 ml (0.046 mol) of EtoNH in 500 ml of absolute MeOH
was refluxed for 3 hr. The solvent was removed in vacuo, and
the residue was dissolved in CH,Cl, and washed (H;0, brine).
The dried (Na,SO,) filtrate was evaporated. The residual syrup
was taken up in excess absolute Et,O and concentrated to 100
ml to afford 11.4 g (819;) of white crystals, mp 104-106°. An
earlier sample was recrystallized from CeHs—hexane: mp
104-106.6°; [«]®D + 68.2° (¢ 1, CHCl); uv max (959, EtOH)
benzene envelope; ir (CHCL;) 5.73 (ester >C=0) and 3.99 u
(amide >C=0); nmr (CDCl;) 8 1.43, 1.53 [s each, 3 each,
C(CH;),], 1.58-1.83 (m, 2, NCH,), 2.16-2.41 (m, 1, CH.CHC),
(s, 2, aryl-CHy), 3.69 (s, 3, OCHy), 4.41-4.83 (m, 2, CHCH), 6.49
(d, broad 1, NH), and 7.29 ppm (s, 5, aryl H). dnal (Ci:Ha-
N.O8)C, H, N, 8,

When the reaction was carried out with 3 mol-equiv of Et.NH
no sign of diethylamide could be discerned in the nmr spectrum
of the total crude product.

Methyl 4,4-Dimethyl- - (tritylamino)-3-thia-1-azabicyclo-
[3.1.0] hexane-2-acetate (26).—A suspension of 10 g (0.0139
mol) of 6, 3.4 g (0.0404 mol) of NaHCO;, and 200 ml of MeOH
was stirred at reflux for 2 hr. The solvent was removed in
vacuo and the residue was dissolved in CH;Cl, and washed (H»O,
brine). The dried (Na,SQ,) filtrate was evaporated and the
residual gum was crystallized from hexane to give 6.0 g (94%)
of white product. It was recrystallized from hexane: mp 130-
131.5°; uv max (959 EtOH) benzene envelope; ir (KBr) 5.7
w (ester >C=0); nmr (CDCl;) § 1.20, 1.35 [s each, 3 each,
C(CH;).], 1.60-1.90 (m, 2, NCH.), 2.0-2.25 (m, 1, CH,CHC),
3.15 (s, 3, OCHy), 3.0-3.6 (m, 2, COCHNH), 4.76 (d, 1, J = 9
Hz, CHS), and 7.0-8.0 ppm (m, 15, aryl H); after DO exchange
at 3.38 ppm (d, 1, J = 9 Hz, COCHN). Anal. (CixsHzN0:8)

S

Methyl 3-[(3,3-Dimethyl-2-thiiranyl )methylamino]-2-(2-phen-
ylactamido)acrylate (27)—A solution of 14 g (0.042 mol) of
25 and 2.5 g (0.0465 mol) of NaOCH; in 480 ml of MeOH was
stirred at 25° for 1.75 hr.  (This conversion could also be accom-
plished with NaHCOj; in hot MeOH.) The solvent was removed
at 25° and the residue dissolved in Et;O and washed (H»0,
brine). The dried (Na;SOs) filtrate was concentrated to give
10.7 g (769) of white crystals, mp 111.5-113°, A sample was
recrystallized from Et.0: mp 112.5-114°; [«]¥D + 18.6°
(¢ 1, CHClL); uv max (959 EtOH) 279 mu (e 21,800): ir (KBr)
5.91 (ester >C=0), and 6.01 x4 (amide >C=0); nmr (CDCl;)
8 1.55 [s, 6, C(CH;):], 2.66-3.00 (m, 1, > CHS), 3.38 (app t,
2, NCH:CH), 3.61 (s, 5, aryl-CH., OCH3), 5.82-6.58 (m, 1, >NH),
and 6.91-7.66 ppm (m, 7, aryl H, =CHN, >CONH). Anal.
(CrH2N:0:8) C, H, N.

Methyl 2-(2-Phenylacetamido)-3-(3-methyl-2-butenylamino)-
acrylate (28).——A solution of 2 g (0.006 mol) of 27 and 1.6 g
{0.0061 mol) of PPh; in 75 ml of MeCN was refluxed for 20 hr.
The solvent was evaporated and the residue treated with Et,0.
The white crystals were filtered and recrystallized (EtOH) to
give 1.3 g (749 ) of triphenylphospine suifide, mp 161-163°
lit.1% mp 158°).  Anal. (CsH i ,PS) C, H.

The Et.O filtrate and washings were combined and evaporated
to afford 2.25 g of a light vellow oll. It was chromatographed on
60 g of alumina. Elution with Et;O and then EtOAc furnished
1.9 g of a pale yellow gum which crystallized when triturated with
Et:0. It was recrystallized from hexane to give 1.4 g (78¢7)
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of white crystals: mp $0-84°; [a]®p 4 1.4 == 0.3° (¢ 1, CHClL,;
uv max (959 EtOH) 282 mu (e 22,000); ir (KBr) 5.88 (ester
> C==0), 6.09 (amide > C=0), and 6.18 g (>C=C<): nnw
(CDCly) 6 1.62, 1.70 [s each, 3 each, C(CHy)., 3.58 (%, 3, OCH,},
3.33-4.0 (in, 4, CHLN and aryl-CHy), 5.15 [, 1,/ = 7 Hz, CH =
C(CHj)l, 5.50-6.00 (m, 1, C=CNH), and 6.83-7.66 ppm (1,
7, aryl H, = CHN, CONH). Anal. (C:HN:O4) C, H, N,

Hydrolysis of 28 to Methyl Benzylpenaldate (29) and 3-Methyl-
2-butenylamine (30).—To 0.5 g (0.00165 mol) of 28 in 25 ml of
warm MeOH was added 0.33 g (0.00165 mol) of 24-dinitro-
phenylhydrazine in 60 ml of warm MeOH and 4 drops of con-
centrated HCL.  The solution was left at 25° overnight. The
mixture was cooled to 0°, filtered, and washed with cold MeOH
to give 0.5 g (73¢%) of yellow, matted needles, mp 180-181%:
mixture melting point with authentic 2,4-dinitrophenylhyvdrazone
of methyl benzylpenaldate't showed no depression.

The MeQOH filtrate was evaporated to dryness and the residue
partitioned in CHCL~H:0. The aqueous phase was separated,
washed (CHCly), and then evaporated in vacuo o give a yellow-
ish solid. It was recrystallized from EtOH-Et.0 (o afford 0.15 ¢
of shiny leaflets, mp 194.5-195° dec, identical with authentic
30 (ir spectrum, mixture melting point ).*”

p-Methoxybenzyl 4,4-Dimethyl-«-(phenylacetamido)-3-thia-1-
azabicyclo[3.1.0] hexane-2-acetate (36).—Compound 5 (1 g,
0.0021 mol) was heated with 0.34 ml (0.0023 mol) of EtgN and
4 ml of p-anisyl aleohol on a steam bath for 3 hr. The yellow
solution was diluted (CHCL) and washed (H.0, 5¢¢ HyPOy,
H,O until neutral pH, saturated brine). The dried (Na,SOy)

scner, Wann, Lowexzerrn, asp Hoxe

filtrate was evaporated and some of the excess p-anisyl alcohol
distilled at 63-%0° and 0.07 mm {oil bath {emperature 95°1,
The residual viscous oil was purified by preparative tle (siliens
plates, benzene 160 11 Tsolwtion of the hawd uext 1o the
origin afforded 630 mg of a colorless gnm: b (CHCly) 5.73
fester > CaoO) and 397 tamide > C==05; nny (CDCLy 8
L4, 1.5 [=each, 3 ench, COCHgpe], 1072183 (my 2, NCHy), 2045
2085 (my, 1, CHCHCH, 30N (5, 2, :Ll‘)'l-( ‘Ho.y, 3.7 15, 3. OCH; .
1055170 (my 2. CHCH), 5.07 65, 2, arvl-CHLO 3, 6.2-6.6 (hroad,
I, NH), and 6.7-7.4 ppim (o, 9, aryl 1,

4,4-Dimethyl-«-{phenylacetamido)-3-thia-1-azabicyclo{3.1.0}~
hexane-2-acetic Acid (37).- A =ample of 36 was treated in the
cold with TFAA (o give n deep red =olution.  After 5 min the
excess ackd was evaporated i vacio at 25%. The residual red
mush was dissolved in CHCly and washed i the cold with satu-
rated NaHCO,  The basic extracts were combined and acidified
in the cold with 107, agueous 1LPO, to pHL 3. The gum was
extracted with eold CHCL and the combined organic fractions
washed (11,0, brinei. The dried (Na30,) filtrate was evap-
orated in racuo at 25° to afford a colorless, amorphous sulid:
it (CHCL) 341 dhroad O, 53.79 (acdd > C=0), and 5.95 u
tamide > C==07; nmr (CHCLy s A4, 1D 15 each, 3 each, C{CHz ],
16720 (nu 20 NCHa 2.53-2.67 (m, 1, CH.CHCH, 3.6 (s, 2,
arvl-CH.), 442508 (m, 2, CHCH), 7.0-7.42 (m, 6, anl H.
NHy, and 106 ppmis, 1 COOH The carboxyvlie acid was
wnstable af room temperature in the amorphous state or in
chloroform solution.  The change wius apparent from the nun
spectra which became diffuse and uninterpretable.

2-Tetrahydropyridylindoles as Histamine and Serotonin Antagonists

Roprrr N. ScHUT, Freperick 1. Wakrp, O. ). LORENZETTI,

Therapeulics Research Division, Miles Laborato) les, Tne., Elkhart, [ndiana
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A series of 2-(L-methyl-1,2,5,6-tet rahydro-3 (and 4 -pyridyDindoles was synthesized by borohydride reduetion

of the corresponding pyridinium compounds.
activity.

During an investigation of 2-tetrahydropyridyl-
indoles 1 as intermediates in the synthesis of certain
model indole alkaloid systems, it was found that a few
of these compounds exhibited antihistaminic and
antiserotonon activity. We noticed that those com-
pounds with an indole-N-benzyl moicety bore structural
resemblance to clemizole (2);' structural features of
the serotonin antagonist benanserin (3)? are also
present.

This paper describes the synthesis and pharmacologi-
cal action of a small series of such compounds (Table
). Our objective was to obtain a compound which
possessed both good antihistaminic and antiserotonin

activity.
W
I\II)\CHZNC]

CH,CHCl-p

1 2

(1) (a) D. Jerchel, H. Fischer, and M. Kracht, Justus Liebig~ L.
Chem., 578, 173 (1952); (b) H. Muckter, ¢f «l., Arzneim, Forsch., &, 187
(1954).

() () L. Shaw, J. Llmer. Chem, Soc., TT, $31¢ (19301 (L) DWW Woolley
and 15, Shaw, U8, Patent 2,890,223 (1959).

The compounds were tested for antihistaminie and antiserotonin

H.CO (CH,),NH,
: \ :(,‘H.
CH.CH-
3
The general synthetic method involves  Lischer

evelization of the appropriate hydrazone 4 followed by
quaternization and BH,™ reduction of the pyridyl-
indoles 5. When R was benzy] or Me thermal indoliza-
tion was preferred over the usual acid-catalyzed pro-
cedure.

NN=0L H ool

| |
R o

L CHI
2 NaBH,

s




