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Nine new penicillin analogs have been synthesized totally in multigram quantities from #¢-butyl 4-carbobenzyloxy-3,5-

dimethyl-e-amino-2-thiazolidineacetate hydrochloride (I).

Reaction of this amine with various chloroformates, sulfonyl

chlorides, isocyanates, a carbamyl chloride, a sulfamyl chloride and dinitrofluorobenzene produced the corresponding sub-

stitution products.

Most of these products then satisfactorily underwent successive hydrohalogenolysis of the ¢-butyl ester,

B-lactam cyclization with thionyl chloride and catalytic hydrogenolysis of the benzyl ester to yield the new penicillin analogs

which were isolated as crystallme N-ethylpiperidine salts.

All of these analogs (prepared in the pL-form) represent types
of substitution on 6-aminopenicillanic acid unobtainable directly by fermentation. ca
occupy the position normally occupied by the phenylacetyl group in benzylpenicillin (penicillin G):

Specifically, the following substituents
methylsulfonyl, ben-

zenesulfonyl, p-aminobenzenesulfonyl, pchlorobenzylsulfonyl methoxycarbonyl, phenoxycarbonyl, p-chlorophenoxycar-

bonyl, N,N-pentamethylenesulfamyland 2,4-diaminophenyl.

A study of the stability of several of the analogs in acid solution

revealed that they were very much more resistant to acid inactivation than benzylpenicillin,

The discovery and proof of structure of a new
therapeutically useful antibiotic is usually suc-
ceeded by investigations directed toward the prep-
aration of structural modifications of the active
compound. This is a natural sequence of events
since even slight structural changes may exert
profound effects on the antibacterial and physio-
logical actions of an antibiotic. Structural modi-
fications assume chemotherapeutic value when use-
ful and desirable actions are enhanced, when un-
desirable actions are suppressed, or, when new
qualities of activity are introduced.

Since their discovery, it has been apparent that
the naturally produced penicillins are not beyond
improvement and possess a number of major as well
as minor shortcomings. Most serious are their
rapid rate of excretion, their relatively low stability,
their limited coverage of the bacterial spectrum
and, of increasing clinical concern, their sensitivity
to Staphylococcal penicillinase.

The methods available for producing structural
variations in the penicillin molecule are: (1)
By alteration of the naturally produced antibiotic
or intermediate by chemical methods. (2) By
incorporation of specific structural features present
in partially or wholly utilized precursors added to
the fermentation medium. (3) By total synthesis
of the desired structure. Until very recently?
it had not been possible to prepare by these methods
“penicillins’’?® in which the entire acyl group had
been replaced by substituents other than certain
limited monosubstituted acetic acids. Total syn-

(1) (a) Merck Sharp and Dohme Research Laboratories; (b)
Department of Chemistry, Massachusetts Institute of Technology.

(2) F. R. Batchelor, F. P. Doyle, J. H. C. Navler and G. N. Rolin-
son, Neature, 183, 257 (1959), J. C. Sheehan and K. R. Henery-ILogan,
TH1s JOURNAL, 81, 5838 (1954).

(3) The term penicillin refers to thnse compounds possessing the
following general structure (i). A penicillin analog in which the entire

S
R--CONHCH--CH C(CHy),

\ |
i CO—N-—-CHCOOH

side ¢hain (R--CO) has been replaced by a group lacking the carbonyl
function can no longer be named by the usual pesicillin nomenclature.
A number of the analogs described in the present paper fall into this
category. Therefore, the suggested penicillanic acid nomenclature
[J. C. Sheehan, K. R. Henery-Logan and D. A. Johnson, THIS JoUR-
NaL, 78, 3292 {1953)] has been used throughout the paper for the syn-
thetic analogs. Note however, that some of the analogs such as 6-
ethoxycarbonamidopenicillanic acid {R = C3HzO) can be named cor-
rectly by the penicillin nomenclature, ¢.g., ethoxypenicillin.

thesis offered a solution to the problem and the
development of the synthesis of 6-benzylsulfon-
amidopenicillanic acid by Sheehan, Cruikshank and
Hoff*® opened a way by which certain analogs
could be synthesized. The present report describes
work, completed in 1957, on the application of this
synthesis to a number of new penicillin analogs
(in the prL-form) in which the side chains are sul-
fonyl, sulfamyl, urethan and aryl hydrocarbon de-
rivatives.

The a-isomer of ¢{-butyl pL-4-benzyloxycarbonyl-
5,5 - dimethyl - o - amino - 2 - thiazolidineacetate
hydrochloride (I) served as the common inter-
mediate for the preparation of all the analogs.
Acylation of this amine was perforined in methyl-
ene chloride essentially by the procedure described
by Sheehan and Hoff.> A few acid chlorides which
did not react under these conditions were treated
with the amine in dioxane at room temperature or
above. The dioxane method was also used in the
condensation of phenyl and ethyl isocyanates with
the amine. Reaction of 2,4-dinitrofluorobenzene
with the amine was carried out in aqueous alcohol
in the presence of sodium bicarbonate,

The ¢-butyl esters IT were cleaved with anhydrous
hydrogen chloride in benzene. Acid hydrochlorides
IIT which separated in crystalline form were col-
lected by filtration while those products which
did not crystallize or which separated in a gelatinous
condition were isolated by concentrating the reac-
tion mixture i vacuo. Every product isolated by
the latter method was a dry white powder. For
characterization purposes, a few of the non-crystal-
line hydrochlorides were dissociated with water to
obtain the crystalline bases.

The g-lactain cyclization was effected with
thionyl cliloride in methylene chloride solution.
Yields and other pertinent data are suimmarized
in Table III. Because of low yields or dominaut
side reactions, three of the acids failed to give
crystalline B-lactamn products. Cyclization at-
tempts on 4-carbobenzyloxy-5,5-dimethyl- a-piperi-
dinecarbonamido - 2 - thiazolidineacetic acid
hydrochloride (I1I, R = C;H,(NCO-) yielded a
Iyophilized product in which the presence of benzyl
6 - piperidinecarbonamidopenicillanate (IV) was

(4) J. C. Sheehan and P. A. Cruikshank, Tuis Jour~aL, 78, 3683

(1956).
(3) J. C. Sheehan and D. R. Hoff, ibid., 79, 237 (1957).
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indicated by infrared data. However, the aniount
present was so small that chromatographic adsorp-
tion did not effect sufficient purification to yield a
crystalline product. Both of the substituted
carbamyl acids (III, R = CH;NHCO- and R =
C:H;NHCO-) yielded cyclization products in
which only traces of the §-lactam function were
indicated by infrared spectra. In the ethyl car-
bamyl series (R = C,H:NHCO-) the lyophilized
material yielded a crystalline product which anal-
yses showed to be isomeric with the expected
lactam IV. Comparison of its infrared spectrum
with the spectra of similarly substituted hydan-
toins proved beyond doubt that it has the hydan-
toin structure shown in formula VI,

Aninfrared spectrum was obtained for each of tlie
pure, crystalline 8-lactam esters IV. The spectral
determinations were made on potassium bromide
disks containing 0.359 by weight of compound.
Every product exhibited a very strong absorption
band at 5.58-5.62 u which is characteristic of the
B-lactam carboryl function.

Cleavage of the benzyl esters by catalytic hydro-
genolysis was carried out in purified dioxane. The
presence of mineral acid was not necessary for satis-
factory reduction. The conditions and relative
quantities of reactants were the same for all the
esters. Benzyl esters of a high degree of purity
cleaved rapidly and in good yield. Lower quality
esters reduced slowly due to catalyst poisoning
which eventually caused the reduction to cease.
Hydrogen consumption slowed to a negligible
rate wlien hiydrogenolysis was comnplete.

After removal of the catalyst, an equivalent
amount of N-ethylpiperidine was added to the
dioxaune solution. The dioxane was tlien evapo-
rated under reduced pressure and, when a small
volume was reached, crystallization of the N-
ethylpiperidine salt of the analog usually occurred.
The two halogenated analogs (V, R = $-CICeH,-
CH,S0s- and R = »-CICeH,O0CO-) suffered some
dehalogenation under the hydrogenolysis condi-
tions. However, proper choice of solveuts for
crystallization of the N-ethylpiperidine salts re-
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S sulted in elimination of the un-
desired dehalogenated products.
Nitro groups were reduced to
amino groups during the cata-
Iytic debenzylation.

II

An N-ethylpiperidine salt of
HCl in 6 - (2,4 - diaminophenylamino)-
Benzenc penicillanic acid (V, R = 2,4-

(NH;);Ce¢H3~) was not prepared.
Instead, after removal of the cata-
lyst, the dioxane solution was
shell-frozen and lyophilized. The
product was obtained as a neu-
tral yellow powder which resisted
crystallization. However, analy-
sesand infrared spectra were con-
sistent with the assigned penicil-
lanic acid structure.

All of the N-ethylpiperidine
salts were fairly soluble in water.
The infrared spectra of the pure
salts were determined from a po-
tassium bromide disk containing 0.35% of com-
pound. Absorption due to the benzyl ester car-
bonyl function was absent. The spectra showed
very strong absorption due to the carboxylate ion
and very strong absorption at 5.62-5.66 u charac-
teristic of the $-lactam carbonyl group.

Four of the analogs were subjected to a stability
study in acid solution at 25°. The N-ethylpiper-
idine salts (15-30 mg.) were dissolved in 30 ml
of 0.3 & liydrochloric acid and clear solutions
resulted. The amount of penicillanic acid remain-
ing after various intervals of time was determined
by nicrobiological assay of an aliquot. A plot
of the log of concentration vs. timme yielded a straight
line from: which the half-life was read. These
values appear in Table IV. Since benzylpenicil-
lin would have a rather fleeting existence in 0.3
acid it was not compared directly with the synthetic
analogs. However, the half-life of 0.31 hr. at
PH 2.0 and 24° reported by Benedict, Schmidt and
Coghill® for benzyl penicillin is meutioned here
to point out the striking increased resistance to
acid shown by the analogs.

In general, the antibacterial spectrum paralleled
that displayed by benzylpenicillin. All of the
analogs showed some degree of antimicrobial activ-
ity but none were more active than benzylpenicil-
lin in au  vitro serial dilution assay. However,
the potency observed does compare favorably with
other accepted antibiotics. Some of the analogs
showed greater activity (adjusted for their racemic
state’) than beuzylpenicillin against various clini-
cally isolated strains of resistant Staphylococci.
In addition, Staphviococcal fenicillinase, in a non-
miicrobial test, inactivated the synthetic peni-
cillins at a slower rate than benzylpenicillin.

Acknowledgments.—We are indebted to W.
Riley McGaughran for the infrared spectrophoto-
metric data, to Kermit B. Streeter, Yung C. Lee and

(6) R. G. Benedict, W, H, Schmidt and R. D. Coghill, J. Becteriol.,
61, 291 (1946).

(7) Microbiological testing results on bi. and D-penicillin V, reported
by J. C. Sheehan and K. R. Henery-Togan [Tuis JoUrNaL, 79, 1262
{1857)], indicate that the L-penicillins have little, if any, antibiotic
activity.
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TasLE I
/
RNH|CH-—|CH $( CHa),
(CH4):COCO NH—CHCOOCH:CeH;

Solvent for Vield,? M.p., Carbon, % Hydrogen, 9 Nitrogen, %

R Acylating agent Method crystallization To °C. Formula Caled. Found Caled. Found Caled. Found
CH3S0r CHaS0:Cl1 A Methylene chloride 42 130-131 C320HaoN:206Ss 52.38 52.70 6.59 6.52 6.11 6.10
CeH:SOs— CsHiS04Cl A Ethy! alcohol 37 141-143 CxHs:N:06S2 57.67 57.76 6.20 6.16 5.38 5.37
2$-0:NCsH4SO2~ $-0:NCeH4S0:C1 A Methy! alcohol 41 175-177 CaHuNiOsS: 53.08 53.23 5.562 5.73 (.43 7.31
$-CICsH4CH2SOr~ p-CICsH4CH2S0:C1° A Methyl alcohol 68 146-147 CiHsCIN20OsS: 54.87 54.92 5.84 5.76  4.92 4.91
CH;0CO- CH:O0COC! A Benzene—petr. ether 43 97-98 CaHsN20:8 57.52 57.76 6.90 7.10 6.39 6.38
CsHyOCO— CeHsOCOCI® A Methy! alcohol 67 78-82 CasHa:N206S 62.38 61.85 6.44 6.73 5.60 5.40
$-C1CsH.OCO- $-C1CsHOCOC)® A Methy! alcohol 38 115-116 CeHuCIN:0sS B58.36 58.33 5.84 5.8 524 5.13
CsH1s)NSOr-¢ CsH10NSO:C1¢ B Ethy! alcohol 13 140-142 CauHaNaOsS: 54.64 54.90 7.07 6.91 7.97 7.89
CsH1otNCO-% CsH1NCOCl/ B Isopropyl ether 57 117-119 CasHaN3OsS 61.08 60.99 7.59 7.56 8,535 8.36
CsHeNHCO- CsHsNCO C Isopropyl alcohol 65 165-168 Ci2sHzN3O0sS 62.50 62.47 6.66 6.76 8.41 8.49
C:HsNHCO- C:HsNCO C Isopropyl alcohol 42 144-146 C2:HuN30:S 58.51 58.46 7.37 7.18 9.52 9.24
2,4-(NO2)2:CeHr~  2,4-(NO2)2CeHF D Isopropyl alcohol 79 161-162 CasHaNOsS 54.94 55.18 5,53 5.40 10.25 10.38

¢ C;HigN = 1-piperidyl. ® G. Dougherty and R, H, Barth, U. S, Patent 2,293,971 (1943). ¢ Phenyl chloroformate
was prepared from phenol and phosgene [F. Strain, et al., THIS JOURNAL, 72, 1254 (1950)]}. ¢ p-Chlorophenyl chloroformate
was prepared from p-chlorophenol and phosgene by the method of F. Strain, ef al. (see ref. ¢); b.p. 102-104° (15 mn}.),
n%p 1,5322. ¢ 1-Piperidinesulfonyl chloride was prepared by an improved version of the method of Binkley and Degering
[TH1s JOURNAL, 61, 3250 (1939)]. Piperidine (2 moles) in 250 ml. of carbon tetrachloride was added to sulfuryl chloride
(1 mole) in 250 ml. of carbon tetrachloride at —20° over a 1.75-hour period. The mixture was allowed to warm to room
temperature (2.5 hours), the piperidine hydrochloride was removed by filtration and the filtrate was distilled. The yield
was 309% of product boiling at 131-135° at 15 mm. 7/ 1-Piperidinecarbonyl chloride was prepared from piperidine and
phosgene; b.p. 104-107° (12 mm.), #®Dp 1.4940 [A. Sekera, I. Jakubec, J. Kral and C. Vrba, Chem. Listy, 46, 762 (1952);
C. 4., 47, 12302f (1953)]. ¢ The yields given are for pure product.

TaBLE 11

7
RNHCH—CH C(CH,),

N
NH-—CHCOOCH,C:H;

HOOC
‘HC1
~—~Carbon, %o-— ~—Hydrogen, %— ~Nitrogen, %-—

R M.p., °C. Formula Caled, Found Caled, Found Caled, Found
CH,S0s~ Non-cryst. Not analyzed o . .. . .. ..
CH380,~ 143-144° Ci16H 5 N206S, 47.74 47.89 5.51 5.52 6.96 6.94
CsH3SO,- 117-118 CoHpN206S;- HC1 50.34 50.38 5.03 4.98 5.59 5.56
2-NOCH SO~ 135-137 CaHysN30sS,- HCl 46.19 46.07 4.43 4.38 7.70 7.74
$-CICH,CH,S0,~ 117-118 CpH2;CIN,;055;-HCI 48.08 48.32 4.77 4.54 5.10 5.06
CH;0CO- Non-cryst. Not analyzed co Cen .. .. .. ..
CH;0CO- 135-136° Ci7HpuN0,S 53.39 53.68 5.80 6.07 7.33 7.32
CeH;0CO- Non-cryst. Not analyzed o ce. .. .. .. ..
p-C1CH,O0CO- 116-117 CooHaaCIN,06S-HCl 51.27 51.83 4.69 4.92 5.44 5.08
CsH (N SO,-* Non-cryst. Not analyzed
C:H NCO-* Non-cryst. Not analyzed . . .. .. .. ..
CsH, (2 NCO-* 136-137° CoHyg N3OS 57.91 57.82 6.71 6.82 9.65 9.84
CsHsNHCO- Non-cryst. Not analyzed
C.H;NHCO- Non-cryst. Not analyzed
2,4-(NO,),CeH~ Non-cryst. Not analyzed .

e C;Hi N = 1-piperidyl.
lized from ethyl alcohol.

staff for the microanalyses, to Esther Bishop for the
bioassays, to A. Katherine Miller and staff for
microbiological data and to Elizabeth H, Thiele for
the penicillinase resistance studies.

Experimental?

Acylation of ¢-Butyl-pL-4-Benzyloxycarbonyl-5,5-dimethyl-
«-amino-2-thiazolidineacetate Hydrochloride. Method A.
—The acylation was carried out essentially as described by
Sheehan and Hoff5 using the same concentrations of react-
ants. However, after the reaction mixture had been al-
lowed to stand for 20 hours, the triethylamine hydrochlo-
ride was removed by extraction of the reaction mixture with
water. The methylene chloride solution was then dried
with sodium sulfate and the solvent was removed under
vacuum. Table I indicates the solvents used to crystallize
the residues,

(8) All melting points are uncorrected. The infrared spectra were
obtained with a Perkin—-Elmer model 21 spectrophotometer.

® HCl-free compound; crystallized from isopropyl alcohol. ¢ HCl-free compound; crystal-

Method B.—To a solution of 12.0 g. (0.12 mole) of tri-
ethylamine in 200 ml. of pure dioxane there was added 16.8
g. (0.04 mole) of ¢-butyl pL-4-benzyloxycarbonyl-5,5-di-
methyl-e-amino-2-thiazohdineacetate hydrochloride (I) and
0.08 mole of the acid chloride. A clear solution was ob-
tained by warming the mixture to 50°; then it wasallowed to
stand at room temperature for 20 hours. The precipitated
triethylamine hydrochloride was removed by filtration and
the filtrate was concentrated #n vacuo to a viscous sirup.
Crystals were obtained by using the solvents indicated in
Table I.

Method C.—The same procedure as method B except that
O..c(i)S mole of an isocyanate was used instead of an acid chlo-
ride.

Method D.—A solution of 5.52 g. (0.066 mole) of so-
dium bicarbonate in 60 ml. of water was added to a solution
of 12.51 g. (0.03 mole) of t-butyl pL-4-benzyloxycarbonyl-
5,5-dimethyl-a-amino-2-thiazolidineacetate  hydrochloride
(1) and 5.58 g. (0.03 mole) of 2,4-dinitroflucrobenzene in 180
ml. of methyl alcohol and 30 ml. of ether. A clear solution
resulted which almost immediately began to effervesce and
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TaBLE III
23N
RNHCH—CH C(CHy

CO—N——CHCOOCH,CeH,
Reflux

time, Crystallization Recrystallization Yield,s M.p., Carbon, 5, Hydrogen, 7, Nitrogen, ¢
R min, solvent?® solvent & % °C. Formula Caled. Found Caled. Found Caled. Found
CH;S0:— 45 Benzene-isopropyl Benzene-isopropyl 33  110-112  CsH»nN05S: 49.98 50.17 5.2¢ 5.03 7.29 T7.21
ether ether
CeHs SOz~ 30 4 Benzene-hexane 40 125-126 CuaH22N20:S: 56.49 56.65 1.97 4.99 6.2 6.21
$-NO:CsH4SO:~ 45 d Benzene 63 159-1681 CayHaN:;0:S: 51.31 51.61 4.31 4.40 §€.35 8.45
$-CICeH4CH3SOs~ 30 Ethyl ether Ethy! alcohol 45 123-125 CaHxCIN:0s82 53.38 53.37 4.68 4.82 5.66 5.70
CH;0CO- 20 Isopropyl alcuhol  Isopropyl aleohol 40 89-01 CH2N:20:8 536,04 56.36 5.53 5.58 1.6 7.6%
C¢H:0CO- 60 Ethy! ether Isopropyl alcohol 43 103-10+ C22H2.N:0:8 61.95 62.09 5.21 5.28 5.57 6.77
»-C1CsHOCO~ 30 4 Benzene 45 157-158 CxHuCIN:20:8 57.32 57,47 4.58 4.48 6.09 6,24
CsH1yNSO2—¢ 30 CClL Isopropyl aleoliol 20 92-t CoHxN:0:S52 52.97 52.86 6.00 5.49 9.27  9.30
CsHHhNCO-* 45 T o - . . o
CsHsNHCO— 30 7L
C:HiNHCO- 30 7 . . i
2,4-(NO2)2CoHs 30 A mm acetate 35 167-169  CoHuNi0: 53.39 53.40 4.27 4.20 11.86 12.00
¢ For preparation of crystallinic material from lyophilized products. ? For preparation of samples for analysis. ¢ The
vields quoted represent an average of two or more successful cyclizations. ¢ Product crystallized from benzene during
reaction workup; mno lyophilization necessary. ° C;HypN = 1-piperidyl. / Crystalline product not obtained. ¢ No -

lactain was present in thie reaction mixture. * No g-lactamn was present in the reaction mixture. A crystalline product
was isolated from benzene in 259 yield which appeared to be the isomeric hydantoin VI, m.p. 151-152°, Anal. Caled.
for CisHeN30.8: C, 57.28; H, 6.14; N, 11.13. Tound: C, 57.22; H, 6.07; N, 11.22, ¢ The crystalline products fromn ben-
zene solution contain benzene of crystallization. This product rapidly dissolved in a small amount of cold ethyl acetate
from which a solvent-free product immediately crystallized.

TaBLe IV
SN
.
R\HCH—--CH (. (CIH; % CH,~—Cli,
I-\< > CH,
CO—x" ~—CH COOH CH,—CH,
Half-
life in
0.3 N
Mop., \1eld d acid, Carbon, % Hydrogen, ¢ Nitrogen, %
R Crystallization solvente¢ *C. €% min, Formula Caled. Found Caled. Found Caled. Found
CH:SO»- Methy! alcohol (1)—ethyl
ether (3) 174-175 88 150 Ci1sH29N350:8: 47.15 47.46  7.17 7.3%9 10.31 10.13
CsH:S 05~ Ethy! alcohol (2.5)-iso-
propyl alcohol (7.3) 153~-135 41 oo CoH3N:0:S8:° 533.71 54.02 6.66 6.72 8.95 8.78
CsHsCH:302-% Aethyl alcohol (1)-ethyl
ether (5 152-153  86G 190 CaHuNs0:3: 54.064 54.69 6.80 6.92 8.69 8.58
£-HaNCeH 4SO~ Methyl alcohol (1)-ethyl
ether (31 205-207 76 .. CoHaNOsSe 52,04 51.73 6.66 6.73 11.56 11.38
p-Cl1CeHiCH:SO:— Methyl! alcoho! {2)—etlryl
ether (1)7 135-140 64 .. CerHuCINO:S:7 51.00 50.82 6.23 6.31 8.11 8.23
CH:;OCO- Acetone 131-133 79 110 CiyH2N:0:S 52.69 32.7 7.5+ 7.55 10.8+ 10.78
CsH:OCO- Acetone 140-142 %4 175 CaHHXN:0:8 58.78 58.86 (.45 7.08 9.35 9.24
p-Cl1CsHOC O~ Methy! alcohol (1)-ethyl
ether (8) 141-142 50 .. CoeHoCINSO:S (CoHs) o el 55.95 53.9% T7.22 7.02 7.33 7.38
i’-ClCaH;OCO— ................... A .. .. CaaHuwCINOs85? 54.60 54.54 6.25 6.47 8.68 8.55
CstoNSOz- Isopropyl alcohol 150-152 47% .. C»HwN1O0sS2(CHs).CHOH 51.46 51.06 8.26 8.03 10.44 10.33
2,4-(NHe):CsHz~  Non-crystalline! ..., 95 e

@ J. C. Sheehan and D. R, Hoff® reported the N-(3,3- diphienylpropyl)-piperidine salt of tlllb d,Ild,lOg b C;H N = 1-piperi-
dyl. ¢ For preparation of sample for analysis (figures in parentheses for mixtures show parts by volume). ¢ Unless other-
wise noted, yields are those obtained directly from dioxane after concentration to a small volume. ¢ Sample for analysis
dried at 80°. 7 Before recrystallization from this mixture, the product was waslhed with methylene chloride in which it
is insoluble. Tlie unhalogenated analog is soluble in methylene chloride, ¢ Caled.: Cl, 6.84. Found: Cl, 6.50. * This
crystalline etherate was stable iz vacuo at room temperature. ¢ Etlicrate dried at 76° in zacuo for 2 hours. 7 Caled.: CJ,
7.33. Found: Cl, 7.00. * After the dioxane was removed from the reduction filtrate, a sirup remained whicl was crystal-
lized from a mixture of one volume of ethivl alcoliol and fifteen volumes of cther. ! This product was not isolated as the
N-ethylpiperidine salt. A solid but non-crystalline free acid was obtained from the hydrogenolysis reaction by lyophiliza-
tion of the dioxane. Due to retention of a sinall amount of this solvent the product was not analytically pure.  IHowever,
its infrared spectrninm indicated a high degree of purity.

deposit erystalline material.  After 3 hours at _,>° the prod- trated at a temperature below 35°. The produacts (in the
uct was eollected, washed witli 100 ml. of 75% 111011131 alco-  {orm of hivdroclilorides) were then obtained in essentially
hol, 5300 ], of water and then again with T()O ml. of 7597, ¢nantitative vield as dry, nonsticky powders.  These were
methyl alcoliol.  See Table I for vield and analyses. 1ot analyzed.

Hydrohalogenolysis of the f-Butyl Esters.—Tle #-butyl For characterization purposes, some of these powders

esters (II) were cleaved with anhydrous hydrogen chloride  were converted to the crystalline, hvdrogen chloride-frec
in benzene under the conditions reported by Shcc'han aud compounds by treatment with water. The powders becanic
Hoff.5  Products which separated from tlie reaction in sy when added to water, but witl vigorous rubbing and
crystalline state were obtained in better than 909} vield 3 | A'd n . of Lhe o ‘1» ( w1 "g s . g
and were analyzed withont further purification. These are  Tepeated cliunges of the wash water, crystalline products re-
reported in Table I1 as hvdrochlorides. sulted which were recrystallized frean organic solvents.

‘When the products remained in solution or scparated asan  These componnds are inclisded in Table 1T and attention is
oil or a gel the entire reaction mixture was vacinn concen-  directed to them hy footnotes.
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B-Lactam Formation.—The g-lactamn cvclization was car-
ried out by the procedure of Sheehan and Hoffd using thionyl
chloride in methylene chloride as the cyclizing agent. The
thiazolidineacetates (III) were used for cyclization in the
condition in which they were isolated from the hydrohalo-
genolysis reaction. Non-crystalline hydrochlorides cyclized
just as well as their crystalline counterparts. The optimum
reaction time at reflux temperature as set forth in Table 111
was determined from the yields of 3-lactam after individual
cycelization reactions had proceeded for varying periods of
time. After working up the reactions by the Sheehan and
Hoff® procedure, the products were obtained in benzene solu-
tion. This solution was shell-frozen and lyophilized to re-
move the solvent. A few products crystallized directly
from the benzene and lyvophilization was unnecessary. Such
cases are noted by footnotes to Table III. All lyophilized
products were obtained as fluffv yellow powders. The 8-
lactam content of these powders was always assessed by in-
frared analysis and the products showing little or no absorp-
tion at 5.5-5.6 u were discarded. Chromatographic adsorp-
tion on alumina as described by Sheehan and Hoff was
not necessary for preparative work. However, it was
convenient to use chromatography to achieve the initial
purification necessary to obtain seed crystals of new B-lac-
tam preparations. Yield, crystallization solvents and analy-
ses are reported in Table II1.
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Catalytic Hydrogenolysis of the Benzyl Esters and Forma-
tion of N-Ethylpiperidine Salts of the Penicillanic Acids (V).
A suspension of 2 g. of 109 palladiun-on-carbon (Norite}
catalyst in 100 ml. of purified dioxane was saturated with
hydrogen at atmospheric pressure and 25°. To this sus-
pension was tlien added 0.0025 mole of the benzyl ester 1V
and the hydrogenation was continued under the saine condi-
tions. The theoretical quantity of hydrogen was ab-
sorbed in about 2 liours and the reduction ceased. After re-
moval of the catalyst by filtration, 0.283 g. (0.0025 mole) of
N-ethvlpiperidine was added to the filtrate. Concentra-
tion of the solution was carried out under vacuum with a
bath temperature not exceeding 25°. Crystallization com-
menced when the volume was reduced to 5-10 ml. The
products were collected and washed with cold dioxane.

For the diaminophenyl analog (V, R = 2,4-(H:N),C¢Hy)
the hydrogenolysis and reduction of the nitro groups were
carried out using the same conditions and relative quanti-
ties of reagents as described in the preceding paragrapl.
However, after removal of the catalyst, no N-ethylpiperi-
dine was added. The dioxane solution was shell-frozen
and lvophilized and the product was obtained as a yellow,
neutral powder. Yields and analyses are shown in Table 1'V.
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Corrected oxidation-reduction potentials for dibenz{a,k]anthracene-7,14-dione and dibenz[e,k]anthracene-5,6-dione are,

respectively, 0.418 v. and 0.381 v.
bond in dibenz{e,k]anthracene (I).

As previously suggested by us, ozone should therefore predominantly attack the 5,6-
Compound I, on absorption of one and two molar equivalents of ozone, yields, respec-

tively, unstable, probably monomeric 5,6-ozonide la and stable, dimeric 5,6,12,13-diozonide Ib in inert solvents, and,
respectively, mnonomeric, dimethoxy peroxide 11 and probably polymeric, tetramethoxy peroxide VIII in methanol solvent.
Oxidation of Ia and II, and Ib and VIII gave, respectively, 2-(o-carboxyphenyl)-3-phenanthrene carboxylic acid (IV)

and p-terphenyl-2,2',5’,2"'-tetracarboxylic acid (X).

Reduction of Ia and II, and VIII, gave, respectively, 2-(o-formyl-
phenyl)-3-phenanthrenecarboxaldehyde, and p-terphenyl-2,2’,5,2"/-tetracarboxaldehyde.

The dimethyl ester V of IV

was converted to X vig 2-(o-carbomethoxyphenyl)-3-carbomethoxy-9,10-phenanthrenequinone (VII).

In several recent publications,' %% we have noted
that the positions of predominant ozone attack on
polycyclic aromatic hydrocarbons correspond to
those of the o- or p-quinone with the lowest cor-
rected quinone-hydroquinone oxidation—-reduction
potential (i.e., those positions yielding the most
stable of all possible dihydro structures).®? Thus,

(1) Part VI, E. J. Moriconi, W. F. O’Connor and F. T, Wallenberger,
THIS JOURNAL, 81, 6466 (1959).

(2) For a preliminary report on part of this work see E. J. Moriconi,
G. W. Cogswell, W. J. Schmitt and W. ¥. O’Connor, Chemistry &
Industry, 1591 (1958).

(3) Presented jn part at The Meeting-in-Miniature of T"he Metro-
politan Long lsland Subsection, American Chemical Society, New York
Sectien, March, 1459, and at The Symposium on Qzene Chermistry,
136th National Meeting of The American Chemical Society, Atlantic
City, N. T., Sept., 1939,

(4) (a) 15, J. Moricons, W. F. O’Conaor and .. B, Taranko, Arch.
Biochem. wul Biophys., 83, 283 (19569); (b) E. j. Moriconi, W. F.
O’Connor and Y. T. Wallenberger, Chemistry & Industry, 22 (1954).

(8) This correlation is especially pertinent to those polycyclics whose
most reactive positions are not the termini of the most reactive bond.
The most reactive carbon atoms theoretically have the lowest carbon
localization energy® and, experimentally, are the positions at which
electrophilic, nucleophilic and radical substitution occurs; the most
reactive bond has the lowest bond localization energy®7 and is the
site of attack by bond reagents, osmium tetroxide and diazoacetic
ester.® Relevant polycyclic aromatics which have been ozonized
include anthracene, naphthacene, benz{alanthracene, pyremne and
dibenz [a,k Jartthiracene.

for examiple, corrected oxidation-reduction po-
tentials for benz[a]anthracene-7,12- and -5,6-
dione are, respectively, 0.353 and 0.380 v. Reac-
tion of benz [a Janthracene with one molar equivalent
of ozone in methylene chloride, carbon tetra-
chloride and methylene chloride~methanol af-
forded a 649 yield of the 7,12-dione based on the
amount of benz[a]anthracene utilized.':*» Thus
predominant ozone attack on benz[a]anthracene
occurred at those positions (7,12-) whose corre-
sponding quinone had the lowest oxidation—reduc-
tion potential.

In dibenz[a,i]anthracene (DBA = I), molecular
orbital calculations predict the 7- and 14-carbon
atoms to have the lowest carbon localization
energies®®? (reactivity nunibers)® the 7,14-posi-
tions to have the lowest p-localization energy,’»'®
and the 5,6-bond to have the lowest bond localiza-
tion energy’ (o-localization energy).®» Chemical

(6) (a) M.J.S. Dewar, THiS JOURNAL, T4, 3357 (1952); (b) M. J.S.
Dewar, Record Chem. Progr. Kresge~Hooker Sci. Lib., 19, 1 (1958).

(7) R. D. Brown, J. Chem. Soc., 691, 3249 (1950); Quart Revs., 6, 63
(1952),

(8) G. M. Badger, ibid., 6, 147 (1951).

(9) G. W, Wheland, THiS JoURNAL, 64, 400 (1942).

(10) . C. Kovoymaa and J. A, A. Kcteloace, Rec. trav. chim., 68, 859
(1946),



