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6-Tritylaminopenicillany! 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), hvdrogenation 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-azabicyclo[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 striicture 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
svstem have been recorded. No useful drugs have
emerged from these changes with the exception of the
cephalosporin C class of antibiotics 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 nucleophiles pyridine,
azide ion, and methanol and the results of the antibac-
terial testing of some of the new derivatives.

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

(2) Y. G.Perron, L. B. Crast, J. M. Essery, R. R. Fraser, J. C. Godirey.
C. T. Holdrege, N, F. Minor, M. E. Neubert, R. A, Partyka, and L. C.
Cheney, J. Med. Chem., 7,483 (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 salfoxide to a derivative possessing the ceplialo-
sporin C ring system.
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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 vielded intract-
able mixtures. A 6-acvl group, as in 5, very likely con-
tributes to the great reactivity of the 8-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,~Hj 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, protons in C-6 epimeric penicillins.?

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. S8heehan and K. R. Henery-Logan, ibid., 84, 2983 (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, ihid., 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.



390  Journal of Medicinal Chemaistry, 1570, Vol. 13, No. 4

BeLL, CLesans, axm ORSTRRLIN

ScHuM T

ClN
——

(C, H)(;\H;T/
\"'“ N
e 11\ \

oy 1 <
g
NOTe "

10

lit\NiR(‘ﬂ(‘l

HH
RC()NHj:;/S
CHN® )

0)
-
12.R = C,H.CH.CO
13, R = C,H,0CH.CO
14, R = 26-(Me0).C;H.CO

N 1
HXNal! .S
)ﬁ f RN
N - 4
HN )

+, H H
)r/ ™~ H \
2 L)7>

1

¥ T\'llu'l I
RCOI\H):'/

(H \

15

16

17

Scrume I

8 ———

HH
. ICH)CONHol |g
NaN
PRERS
O “CHN

19
ll{
TsOH

+ HH
HNaoo | S
“OTs ):'/ <
N N
0 “CH.N,
20

Et.N

H H
CH,CH.CONHa! |_g
O R

N CH.N,
s

t(z H.CH.C0C)

7

H H

.
H leri/Sf CHOH. 0O
-
N - Et.N
Q) “CH,NHSO,CH;

“OTs 23

inaective 6-aminopenicillanie aeid to potent antibacterial
agents.

The principal objective of the conversions outlined in
sScheme IT was the preparation of the sulfonamide 24 in
the hope that the acidie sulfonamide group would re-
semble the carboxyl group i the natural penieillin anti-
biotics. The nitrobenzenesulfonates 7 and 8 were re-
quired for conversion into the azides 18 and 19 by NalN;
in aqueous acetone since the toluenesulfonates were un-
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affected under these conditions, and under more vigor-
ous couditions yielded produects which lacked S-lactam
absorption in the ir. The remaining couversions iu
Scheme I1 are routine and require 1o commeit.

In the presence of excess Ete:NH in hot MeOH the
toluenesulfonates 5 and 6 were rapidly transformed to
the aziridines 25 and 26¢ (Schemne I1I). There was 1o

19) A report of the methanolysiz of the tosylates lias appeared in pre-
liminary form: M. R. Bell and R. Qesterlin, Tetrahedron Lett., 4975 (146R].
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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 NaHCO; 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 NaHCO; in hot MeOH or
NaOMe in MeOH at room temperature. In contrast,
the aziridine 26 was unaffected by NaHCOQO; or NaOMe
in hot MeOH. The structure of the episulfide enamine
27 followed from its strong uv absorption at 280 my,
characteristic of the f-aminoacrylic ester chromophore,'?
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. Shilk 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 electron 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
~OMe 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

CgH;CH oo
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— 25
o—I\ Nkj, EtNH
(OB
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 _
250r 31 —> >ﬁ S\ — 27
MeO.C N
32

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
products of the reaction with pyridine and N3~ 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) (8) G. Buchi, D. L. Coffen, K. Kocsis. 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
1581 (1966).

8. Bank. J. Amer. Chem. Soc., 88,
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which appeared to contain none of the parent or elosely
related carbinol.
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It the sequenice 33 — 35 iz operative we should be able
to geucrate a B-lactam corresponding to 35 tfrom the
acid azide 34 (N = Ny7).  We were unable to preparce
this azide but we were able to isolate the corresponding
carboxylic acid 37 by cleavage of the p-methoxyvbenzyl
ester 36 in trifluoroacetic acid. ¥ Etforts to convert 37
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via activated ester intermediates into a g-lactam with
concomitant cleavage of the aziridine ring resulted in
mixtures which exhibited no ir g-lactam absorption.
The products did display stroug absorption at 320 mp
characteristic of the penicillenic acid chromophore.*"
Clearly oxazolone ring formation had oecurred 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 werc
tested 7n wifro against a variety of Gram-positive and
Gram-negative bacteria. A minimum ivhibitory con-
centration of about 12 ug/ml wus observed for 18 when
tested against Staphylococcus aureus 209 but the com-
pound was hnactive when tested against other bacteriu.
Compounds 12-17 and 24 were inactive ¢ vitro wheu
tested against S. aureus.

When tested i o in mice infected with S. aurews
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

(14) 'The stability of tle aziriiline ring of 86 and 2§ in trifluoroacetiv avid
comtrasts willi the lalLility of this ring system iu 26 in aqueons Imineril
acir.

(20) Reference 14, p 162.

121) We nre indebtell to Do Willialn V. Guoss and Dr. Joline R O'Counn
fur Liolugival test results. I ritro tesl metholdology may he fownd in W, AL
Cioss and 1. 13, Cimijutt, Appl. Wierohlol,, 16, 1414 11U68). 1w ritg 15w
mtthodvlugy was essentinlly e sane as (har desirided in rof 22,

Bri, CLiyvans, aNo OrsrryneN

50 mg, kg subentancously but was orally inactive.
These compounds are much less uetive than peuicilliv
G resndts whiell =erve to emphasize the mporoimee of
a carboxyl gronp av C-3 s pendeillin for maximal ani-
bacterial aetiviiy,

Experimental Section

Melting poins were tken tnoeapitlavy tnbes inoane ol banh,
They nre not corvected but ave within 1° of the melting pois
of standands. Npectn were determived under the <upervisio
of Dro Bo K Kullimg, N specirn were determived with o
Varian Muodel A-G0 nme <pectramerer (TMST1 e <pectra were
determined with o Perkin-Ihner Muodel 21 spectrophutiometer,
uv <pecten with a Cavey Model 15 spectruphomometer. Spectia
were detertninett onall componds and ave v accord with the
nudicateld strnemres, Spectra are veported andy for componnds
of npnsnal strnetire, for key componnds swhich were not nhtained
i ervetalline Torne, and for componnds where the spectea pro-
vided crucial evidence for their struetnve. Analyses were -
ried i nnder the <upervision of Moo Ko DL Fletseher.  Where
analvses ave indicared only bhy =vinbuols of tie elements, aualyvtical
result=< phiatnet Tor those elements were within 0.4/, of the the-
orelieal valnes,

6-Phenylacetamidopenicillanyl p-Toluenesulfonate (5).- - 1
40 2 10,125 mob) of crade 3% in 210 ml of pyridine was added with
sthrring ot —20° 26 2 101037 ol ol TsCL o After stamge m
0-5% fine + he the eleny, ved sohnion wax <lowlv remed with tee
aud tren dee 1.0 The prodiet was extracted (CHLClyy ol
wished in the vold with 1070 PO, amil acidie, then with 1.0
and satimated NatlCO; The dved 1Na804) filrate was evap-
urated at 23° and the rvestdial gy <ohid @1 g1 crvsiallized
iMeOTH to afford 23 & (4277 ol solidomp 122-124° deces Tt was
reervstatlized  Trom MeOll: mp 120-1225° dee; v (KB
3.60 (g-lactam > C=0OC and 500 o imide > C=20}% nmr
CHCET S 1.26 awd 1.7 |5 each, o3 eaeh, CICHw], 242 15, 3,
aryvi=CHa), 3.5~ ox0 20 aevi=-CHag, 3.75-4.8 an, 3, > CHCH.O ),
5.05 «d, 1, = 1.5 Tz, C-5H), --0.60 (L 1,0 = 4.5 and O
tz, C-6H), 6.4 (d, 1./ = 0 Hz, NHy and 7.2-5.0 ppin an, 4,
v H) Al (Culla NGO C T NS

6-Tritylaminopenicillanyl p-toluenesulfonate (6) wus prepared
i the same manmer = 5. It erv=tallized veadily (CHCL) form-
g a =olvate with 1 gl of CIHCL. The analytical sample was
purified by by coliim chroneography® astng alamina e
absurhient and FrO ax solvenc: ap 102-105° der; i (KB
5.60 woig-kictam > C= 00 une (CHOCL)Y 8 1.20 and 14 1s
cavch, o oeach, CiCHa, 20055 s 5, arvl-CHy), .08 (looad, 1.
NH1 5744 a5, C-3H, C->H, C-6H, CH,O) awl 7.0-7.9
ppm an, 18, anvl H, CHCLyo el (Cialla N3 CHCL
¢, H, CL N

6-Phenylacetamidopenicillanyl  ;-nitrobenzenesulfonate (7
was prepared in the same manner as 5 nsing p-vitrobenzevesul-
fonvl vhloride and isolated axoa Tonne: v (CHCL 5.62 dactam
> == 00, 501 tmnide > C==0), and 6.94, 745 g INOa).

6-Tritylaminopenicillanyl p-Nitrobenzenesulfonate (8. The
exter was prepaved in e same nenner as 7 oand sobaed axoa
glass vomtaining <ome residual B0 v fCHCL)Y 5.65 danam
SC=00 6,03 and 743 2 INOO: nny ;CHCLY 8 127 ad 142
|~ each, 6, CICH)+, 317 (d, 1, J = 11.5 Hz, NHL .75 4.5
tm, 5, C-3H, C-53H, C-6H, CH:), 7.0-7.67 an, 15 vyt H), and
T.N3-5.42 ppman, AuBy, 4 arvEH Y

1-16-Tritylaminopenicillany!)pyridinium  p-Toluenesulfonate
(9). - A =olnmtinn of 43 g (0.06 nwl) of 6 in 300 ml of pyridine was
refluxed for ~ hr under Noo The =olntion was cooled and 300
mi of ELO was slowly added 1 give 30 g (704, ) of crystallioe
procdiret. A 10-g portion ol this prodnet was twice recrystallized
from MeCON 1o give g (414, 10l 9 as a1 monohydrate acetumttile
sulviate, myp U7 ader (NGO CHLON O
C LN

1-16-Aminopenicillanyl jpyridinium Di-p-toluenesulfonate (10).

To 15 g (0.021 moly uf 9 in 450 ml of CHCL was added 4 ¢
10.021 mal) of T=O. The saluting was <tirved at 25° for 0.5 hr,
The produet precipitated Trom the reaction sulntion, 125 g
70 The amedviical smnplie was prepared by veerysuallization

Anedd.

22y G Miraglio aned 100 L Basele, i 35000 LIG
vy s Loevand M. M. Goodun, Chen, fod s Loaeloly, 2026 010670
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from Dl\IF-’CHClg, mp 121-123° dec. Anal. (Cz7H33N307S3'
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
3.5kgem~?0of H,. 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 1. of ether. A gum separated which gradually erystallized.
The product was filtered and washed with Et:0 to give 12 g
(959,) of white crystals. The product was recrystallized from
DB&F-\IGQCO, mp 168—171° dee, Anal (CmHmNaOS‘Z CTHs'
80;-H.0)C, H, N.

The free base was liberated by treatment with cold 1 ¥ NaOH
followed by extraction with Et20: mp 77-79° (hexane); nmr
(CDCl3) 8 1.16-2.17 [m, 14, C(CHj;),, (CHo);, NH,], 2.25-2.83
[m, 6, N(CH,)], 3.9 (t, 1, C-3H), 4.43 (d, 1, J = 4 Hz, C-5H),
5.22 ppm (d, 1, J = 4 Hz, C-6H). Anal. (C3sHxN:;08) 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 1. 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 (NasSO,), and evaporated in wvacuo at 25°.
The crude product (40 g) was chromatographed on 1200 g of
Florisil and eluted with Et,O containing 5% EtOAc. Fractiong
which were shown by tle to contain the desired product only
were combined and evaporated yielding 15.5 g (409,) 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;) § 1.29, 1.4
[s each, 6, C(CHs)), 3.32 (d, 2, CHsN3), 3.57 (s, 2, CH,CO), 3.85
(t, 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. (CsH,,N;0:3)
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-‘140.50. Anal (Csz:N;,OS) N, S

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 produet. A sample
was recrystallized from EtOAc to afford off-white crystals of
the p-toluenesulfonate, mp 115-116° dec. Anal. (CsHi3N;OS.
C-Hs0:8) C, H, S; 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 50 ml of EtOAc was added and the hydrogenation was
coutinued for 20 min. The product ecrystallized as a eyclo-
hexatte solvate from Et,0-CesH,, 7.9 g (70%) of a white solid.

It was recrystallized from Et;0-Ce¢H,o, mp 108-112° dec. Anal.
(Cx:H2sN3;08-CeHyy) 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 stitred 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,O, and extracted with EtOAc. The extract was
washed with 109, H,PO. (until acidic), HyO, and brine. The
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solution was dried (NaySO,), charcoaled, and evaporated in
vacuo. The residue was crystallized from a minimum amount
of hot Ce¢Hs to afford 4.8 g (529) of matted erystals, mp 1582—
184° dec. A sample was recrystallized from 1:1 EtOAc—CeH s,
mp 181-183° dec. Anal. (C28H31N303sz)r 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 i1t 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 Et,0 to afford 2.55 g (629) of the p-toluenesii-
fonate as a hemihydrate, mp 85-135° dec. Anal. (CsH1:N3Os-
8- C7H30,8-0.5 H,0) C, H; N: caled, 9.12; found, 8.33; 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:—1850 Anal. (Cszm:\'aOAjSz) C, H, B .

Methy! 4,4-Dimethyl-a-(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:O, briue).
The dried (Na,S0,) 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 CgHs-hexane: mp
104-106.6°; [a]®D + 68.2° (¢ 1, CHCL); v max (955 EtOH)
benzene envelope; ir (CHClL;) 5.73 (ester >C=0) and 3.99 u
(amide >C=0); nmr (CDCl;) § 1.43, 1.53 [s each, 3 each,
C(CH3):], 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, arvl H). Anal. (C;:He-
NqO:8)C,H, N, S.

When the reaction was carried out with 3 mol-equiv of Et.NH
1o sign of diethylamide could be discerned in the nmr spectrum
of the total crude product.

Methyl 4,4-Dimethyl-«-(tritylamino)-3-thia-1-azabicyclo-
[8.1.0] hexane-2-acetate (26).—A suspension of 10 g (0.0139
mol) of 6, 3.4 g (0.0404 mol) of NaHCQ;, and 200 ml of MeOH
was stirred at reflux for 2 hr. The solveunt 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; i (KBr) 5.7
u (ester >C=0); nmr (CDCls) 6 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, 13, aryl H); after D,0 exchange
at 3.38 ppm (d, 1, J = 9 Hz, COCHN). dnal. (CusHzN;0:8)
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 NaHCO; in hot MeOH.) The solvent was removed
at 25° and the residue dissolved in Et.0) and washed (H:O,
brine). The dried (Na:SQ,) 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 (95% EtOH) 279 mu (e 21,800): ir (KBr)
5.91 (ester >C=0), and 6.01 x (amide >C=0); nmr (CDCl)
5 1.55 [s, 6, C(CHj), 2.66-3.00 (m, 1, > CHS), 3.38 (app t,
2, NCH,CH), 3.61 (s, 5, aryl-CHy, OCH}), 5.82-6.35 (m, 1, >NH),
and 6.91-7.66 ppm (m, 7, aryl H, =CHN, >CONH). Anal.
(CriH2N0:8) 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 sulfide, mp 161-163°
lit.'® mp 158°). Anal. (CisH:PS; C, H.

The Et,0 filtrate and washings were combined and evaporated
to afford 2.25 g of a light vellow oil. It was chromatographed on
60 g of alumina. Elution with Et;O and then EtOAe 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¢¢)
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of wlhite crystals: mp $0-84°; {a]®D 4+ 1.4 &£ 0.3° (¢ 1, CHCl
uv max (959 EtOH) 282 mu (e 22,000); ir (KBr) 3.88 (ester
> (C=:20), 6.09 (amide > C=0), and 6.15 u (>( )
(CDCly) 8 1.62, 1.70 [s each, 3 each, C(CHu)|, 3.35 (s, : 5l
3.33-4.0 (n, 4, CHyN and aryl-CHy), 5.15 [, 1,/ = 7z, CH =
C(CHj)a], 5.50-6.00 (m, 1, C=CNH), and 6.83-7.66 pput (,
7,aryl H, =CHN, CONH). Anal. (C:H.N.On 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 iu 25 ml of
warm MeOH was added 0.33 g (0.00165 mol) of 2,4-dinitr-
pheuylhydrazine in 60 ml of warm MeOH and + drops ol con-
centrated HCL.  The solution was left at 25° overnight. The
mixture was cooled to 0°, filtered, und washed with cold MeOH
to give 0.5 g (739%) of yvellow, matted needles, mp 180-181°:
mixture melting point with anthentic 2, 4-dinitrophenylhvdrazime
of methyl benzylpenaldate' showed no depression.

The MeOH filtrate was evaporated to dryuess atd the residue
partitioned in CHCl=H,0. The aquevus phaze was separated.
washed (CHCly), and then evaporated in vacuo 1o give a vellow-
ish solid. It was recryvstallized from EtOH-It.0 (o afford 0.15 ¢
of shiny leaflets, mp 194.5-198° dec, identical with authentic
30 (ir spectrum, mixture melting poing).”

p-Methoxybenzy! 4,4-Dimethyl-«-(phenylacetamido)-3-thia-1-
azabicyclo[3.1.0]hexane-2-acetate (36).—Conipound 5 (1 g,
0.0021 mol) was heated with 0.34 ml 0.0023 mol) of EGN and
4l of p-anisyl alcohol on a steam batlt for 3 . The vellow
solution was dihited (CHCl;) and washed (H.0O, 59¢ HiPO,,
H.O until nentral pH, saturated brine). 'The dried (Na80y)

senrr, Wakb, LowkNzern, aso Hoxy

filirate was evaporated and some of the excess p-unisyl aleohol
diztilled at 65-80° and 0.07 mut {nil bath temperatnre D50
The rexidnal viseous uil was purified by preparative the (sl
plates, bevzene-126:0 1: 17 Tsolationy o the bl next 1o ihe
origin afforded 651 my of 1 eolavless gum: 1 G CHCLT 0075
Cexter > C=0) awdl 307 g tantde > C==00; v (CDCL 6
14, 1.5 [<ench, 3 ench, CeCHyl, 157183 am, 2, NCHy, 215
20 (m, 1, CHLCHC, 508 (s, 2, avl-CHey, 375 s, 30 OCHY
$.055-4.75 (m, 2, CHCHY, 507 1=, 2, anv-CHLAO 1, 6.2-6.6 throwd,
I, NH ), and 8.7-T 4 ppen (ng, 9, v T,

4,4-Dimethyl-«-{phenylacetamido)-3-thia-1-azabicyclo[3.1.0) -
hexane-2-acetic Acid (37).-- A =muple of 36 was treated ta the
cold with TFAN 1 give o deep red solmion,  After 5 min the
excess acid was evaporated v raciio a0 25" The restdnal ved
mush was dissolved in CHCL and washied in the cold with satn-
tated NaHCO,.  "The baxie extrnets were combined and actdifted
i 1he cold with 107, agueons PO 10 pH A0 The gmn was
extracted with eold CHCL and the combined organie Tractions
washed (IO, brineis The dried {Na.80;) fihrate was owp-
grated (o vacno av 25% o alford a0 colorless, amorphons =olid:
e CCHC 3o~ 4 hroad Oy, 5.79 Guend > C=01, and 39S u
camtde > C=O e ¢<CDCLo 8 14 1.5 |5 each, 3 ench, COCHaj !
LO7-200 (20 NCHay, 22895-2.67 0o, 10 CHLCHO), 5.6 65, 2,
arvl-CH.), 4042508 (i, 20 CHCHO, 7.0-7.42 v, 60 vl H
NH, and a6 ppe i< 1, COOH o The carboxyvhie achl was
nistable at cwom remperatte inohe morplons <t e 1o
chiboroiomy solntion. The eliange was apparent from the i
spevtra which hernne dilfnse ;und nuinterpretable.

2-Tetrahydropyridylindoles as Histamine and Serotonin Antagonisls

RopeErT N. Scuur, FrEnperick F. Warp, O, 1. LoruNzerT.

Therapeatios Kescarch D isiaon, Miles Laborataries, Tne., Elkbrt, {atliqmn

Axp Exmioue Hoxa

Tnstituto Miles de Terapeulica Erperinental, Meaico 22, DA, Mcica
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A series of 2-(I-methyl-1,2,5,6-te(rabydro-3 Giud 4 )-pyridyhindoles was <vnthesized b hovohyvdride reductiom

of the corresponding pyridinium componnds.
activity.

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

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

activity.
g%
IT)\CHZNG

CH,CH,Clp

1 2

(1) (a} D. Jerchel, J{. Fischer, and M. Kracltt, Justus Lietiys o,
Chem., 8T8, 173 (14532); (b) H. Muckter, at ol., drzweim. Forsch., 4, 187
(1954),

(29 () ) Shaw, J. . Daer. Chem. Soe., TT, 2319 (10531 (1o ) W, Woolles
and 12, Shaw, U.8, Patent 2,840,223 (1959).

The compamds were tested for antihistaminie and antizerotonin

H.CO (CHL),NH,

T
N7 CH,

3

CH.C.H-
3

The general synthetic method involves  Fischier
cyelization of the appropriate hiydrazone 4 followed by
quatermization and BH,= rveduetion of the pyridyl-
indoles 5. When R was benzyvl or Me thermal indoliza-
tion was preferred over the urual acid-eatalyzed pro-
cedure.
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