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was poured on to cracked ice and extracted into 2 N HCL and the
acid extract poured slowly on to ecracked ice-N1Iy solution:
product:  vellow crystals; 850(; mp 93.5-95.5°  Dihydro-
guininone was prepared similarly in 807; yield, mp 94-96° from
CH,Cl. The tertiary alcohols from these ketones by addition
of MelLi are described in Table II1.

Epoxidation Route (for Two-Carbon Side Chains). 2-Phenyl-
4-(2-propenyl)quinoline.—Freshly fused KHSO0, (0.28 mol)
pulverized with 0.057 mol of a,a-dimethyl-2-phenyl-4-quinoline-
methanol (see Table I) was held in an oil bath at 170° for 4 hr
with oceasional stirving of the mixture. The mixture wis cooled,
made strongly alkaline, and extracted (Et.0); the residue
[hp 167° (0.13 mm), 14 g, 86C] was o viscous, pale yellow ail;
nmr (CDCL) § 7.2-%.3 (10, m, aromatic H), 5.1 and 5.4 (2, m,
vinyt H), 2.2 (3, d, CHy);  HCI =alt, mp 180- 182°, needles from
i-PrOH.

2-(4-Chlorophenyl)-6,8-dimethyl-4-( 2-propenyl)quinoline wax
prepared as above from 0.14 mol of 2-(4-chlorophenyl)-6,8-
a,a-tetramethyl-4-quinolinemethanol except that the reaction
mixture was held at 180° for 6 hr: produet: 40 g; 93%. mp
110-112°; golden crystals from MeOH (and Norit), mp 114
115°; nmr (CDCL) 8 7.4-8.3 (m, 7, aromatic IT), 5.15 and 5.5
{m, 2, vinyl 1), 2.87 and 2.48 (x, 3, wromatic CHy) 225 (d, 3,
vinyl CHy).
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2.(4-Chlorophenyl)-6,8-dimethyl-4-( 2-epoxypropyl)quinoline.
—The alkene (0.016 mol) above and 0.0735 mol of freshly prepuared
monoperoxyphthalic acid solution b 115 ml of K10 were held
at 25° for 6 days. The phthalic acid was filtered, and the filtvate
was washed with four 70-ml portions of 5 aqueous NaHCO;:
product: 4.8 g; 919 mp 135-1407; from MeOH fine, vellow
ervstals, mp 143-144° nmr (CDCli); 8 745 8.4 (m, 7, avomadtie
H), 2.85 and 2.5 ¢s, 3, avomatie CHyb 3.1 1q 20 CHog 185 0,
3, CH;
Simitar ireatment of  2-phenvi-4-12-propenyliquinoline  gave
67¢; (eruder of 4-2-epoxypropyli-2-phenylquinoline  L-oxide,
vellow erystals from CiHls-CoHuy, mp 140.5-141.5°,
2-(4-Chlorophenyl)-a-(dialkylaminomethyl)-6,8-«-trimethyl-4-
quinolinemethanols.—-The corresponding epoxide (0.025 mol) and
0.4 mol of dialkylamine were stirred magnetically under Ny in a
<imple Parr pressure vessel at 140° for 72 hr (with MexNH, 50 ml
of DMF was used ax the solvent). 'The mixture was steam
distilled to remove excess secondary amine, and the residue
extracted into 10¢; aq IIC1 which was then haxified. If the
precipitate was a solid, it was filtered, washed, and recrystallized
(MeOH). If an oil, it was dissolved in EO and precipitated as
the dihvdrochloride with ITCL Results arve shown in Tuble TV,
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Desacetylcephalothin lactone was rapidly hydrolyzed to desacetyleephalothin in 10-20¢% yvield in phosphate
and borate buffers (pH 6-9, 100°), in borate and carbonate buffers (pH 9-10.8, 23°), and in 0.01 N KOH (25°).
Tn addition, other uncharacrerized products were formed. The desacetylcephalothin formed was isolated as

its cephalothin Me ester after esterification and acetylation.

synthesis of cephalosporins by the lactone route.

The total synthesis of compounds related to the
antibiotic cephalosporin C (Ib) has been a concern of
several laboratories.?

Two possible routes to these compounds have been
described employing intermediate lactone derivatives
with the general structure II in which R is one of
several different amino, amido, or imido groups.'s«
Compounds of this type have been synthesized from
cephalosporanic acid derivatives? and are now available
by totally synthetic means.’s¢  However, no chemical
method for opening the lactone ring without simul-
taneous destruction of the g-lactam ring has been avail-
able for the conversion of Ilinto ITII.? Inaddition, the
possibility of microbial hydrolysis has been deemed
unlikely.*

We report, in this paper, a simple chemical procedure
for performing this transformation in yields of 10-209%
(estimated biologicallyv).

(1) (a) R. Heymes, G, Amiard, and G. Nomine, C. £. Acad. Sci. (Paris).
263, 170 (1966); (b) R. B. Woodward, Science, 163, 487 (1966); (¢) .
Gialantay, H. Engel, A. Szabo, J. Fried, J. Org. Chem., 29, 3560 (1964);
() J. E. Dolfini, J. Schwartz, and F. Weisenborn, ibid., 84, 1582 (1969).

(2) (a) 8. Kukoija, J. Med. Chem., 11, 1067 (1968); (b) B. Loder, G. G. I,
Newton, and E. P. Abraham, Biochem. J.. 79, 408 (1961); (d) R. R. Chauvette,
1. H. Flynn, B. G. Jackson, E. R. Lavagnino, R. B. Motin, R, A. Mueller,
R. P, Piveh, R. \W. Roeske, C. W. Ryan, J. L. Spencer, and E. V. Heyn-
ingen, J. Amer. Chem. Soc., 84, 3401 (1962): {d) R. R. Chauvette and T, H.
Ylvnn, J. Med. Chem., 9, 711 (1966).

(43 K. Heusler in “Topies in Pharmaceutical Sciences,” Vol 1. )
Perlman, Fd., Interscience Publishers, New York. N. Y., 1968, p 33,

41 T3, P, Abraham, ref 3, p 1.

These findings establish the final link in the total

Studies were performed with pure desacetyleephalo-
thin lactone (ITa) prepared from cephalothin® (Ia)
by a modification of the procedure of Chauvette and
Flynn.® Hydrolysis of the lactone was accomplished
by adding ITa in DASO to a buffer of appropriate pH
at 25-100°, or to dilute KOH at 25° for 10 min or less,
The reaction mixture was chromatographed in parallcl
with standard I1Ia,® then bioautographed on Staphylo-
coccus aureus 209P.7 Both residual IIa and product
1ITa were thus visualized, and vield estimates could be
made.

Conversion of IIa into IIla occurred in phosphute.
borate, and carbonate buffer of pH 6-11 maintained at
25-100° for 2-10 min. Exeept in pH 11.5 KOH solu-
tion where 2 min was optimal, at least 10-min incubu-
tions were required to obtain produet at temperatures
below 50°. Buffers prepared from strong nucleophilex
such as imidazole, glycine, and mercaptoethanol caused
destruction of Ila, with no detectable IIIa formed,
under a variety of conditions of temperature and pH.
Tt should be emphasized that at pH 6-8, heating was
required to bring about the conversion of ITa into ITIa,
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while at pH 9-10.8, and in 0.01 ¥ KOH, the conversion
proceeded at 25°.

As the pH was increased, the reaction time for opti-
mum yield decreased, indicating a dependence of the
reaction on the concentration of OH~ ion. Probably
the saponification of the lactone is a second-order reac-
tion and not due to a first-order solvolysis mechanism.
Cocker and coworkers have shown more rigorously that
cephalosporin lactones do not solvolytieally react with
nucleophiles in contrast with a variety of cephalospor-
anic acid derivatives with substituted Me groups that
do.?

It should be pointed out that chromatograms of all
reaction mixtures showed other uv-absorbing products
in addition to IIla. These were all inactive against
S. aureus 209P. The major inactive product, which
gave a positive starch-I, reaction without KOH treat-
ment,? is possibly ITa with its S-lactam ring cleaved.
As judged from the intensity of its uv absorption, it
was estimated to represent the degradation of over
509 of ITa. This derivative was not studied further.

Compound IIla, prepared from either IIa by the
procedure of this paper or Ia with citrus acetyl esterase,
suffered extensive decomposition during tle on silica
gel or cellulose, as well as upon elution from these chro-
matograms. Accordingly, to prove that the product
formed from IIa by our method, in fact, was I1la, a
stable derivative had to be prepared. This was ac-
complished as shown in Scheme I.

Compound ITIa was converted into its Me ester IV
with CH,N.."* Compound IV, however, readily re-
verted to ITa upon elution from cellulose tle, a reflection
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of the known instability of such compounds.!t If
IV was treated with Ac.O in pyridine, cephalothin Me
ester V was obtained. Compound V was sufficiently
stable to be recovered in satisfactory yield from cellulose
tle.

It is worthy of note that some isomerization of the
double bond to the A? compound has been observed
during the pyridine-Ac,O esterification of the CH,OH
group of desacetyleephalosporins. That the compound
isolated in our work was indeed the authentic A®isomer
was indicated by direct comparison with cephalothin
Me ester prepared by reaction of eephalothin with CH,-
N2 The compounds showed identical chromatographic
mobilities, ir and uv spectra, and melting points (with
undepressed mixture melting point).

Our results represent the first reported conversion
of a cephalosporin lactone II into an intact hydroxy
acid TII. Since a method for the transformation of
desacetyleephalosporanic acids to cephalosporins has
been published previously,!? our findings supply the
final link in the total synthesis of cephalosporins by
the lactone route.

Experimental Section

Desacetylcephalothin Lactone?d (IIa).—To a solution of 550 mg
of the Na salt of Ia in 6 ml of H,O were added 5 ml of Me.sCO
and 2 ml of concentrated HClL. The reaction mixture was
stirred at room temperature. The lactone IIa continuously
precipitated from solution, and, after 2 hr, 194 mg of Ila was
collected by filtration; after an additional 10 hr, another 214 mg
of I1a was obtained. The total yield of 11a was 408 mg (779%).
This material was further purified to remove residual traces of
Ia. To the crude product IIa in 3 L. of Me,CO-EtOAc (1:2) was
added 10 ml of 59, aq NaHCO;, followed by 500 ml of H,O.
The mixture was shaken vigorously, then the phases were allowed

(11) E. Van Heyningen, ibid., 8, 27 (1965).
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{o separate.  The upper layer, conaining 1la completely free of
restdusl unreacted Ta, was um('eml'znod noracio onoa rotary
evaporator at room temperature.  Crvstalline Ia separated, mp
225 -230° dee (. mp 230-232°%0 nal, (Crd1NO8y) O
4094 1, 3.57; N, 8320 Found: C,49.74; 1, 3720 N, 823

Hydrolys s of Desacetylcepthalothin Lactone.—1Ia (1 mg) wa~
dissolved 1 0.2 ml of DMSO and added to 0.8 ml of 0.25 3/
KILPOAIGHPO, budfer, pll .00 The reaction mixture wuas
heated 1o 100° for 5 min, then rapidly cooled 10 25° Anidentical
minture, kept w257, was also prepared. The reaction mixtures,
authentie ITa made from Ta by the action of citrus acetyl esterase,
and a control of unreacted 1o were ('h1'()111:11();:1':11)}10({ ot What-
man No. 1 paper with E1OAc-n-BuOH-H.O (2:5:11. The
chromatogram was air dried and bioautographed :x‘g(mm S,
aireus 200P. A zone of growth inhibition that was detected in
the heated reaction mixtwe corresponded to authentic Illa
iy = (L0O3), \\'ilh no residual 1Ta. The major llv—ul)snrl)ing
product (#; = 0.1} gave no growth inhibition. In the unheated
renction ml\nne only unreacted Tla was observed (77, = 0.86).

The vield of ITTa in owr conversion was estimated by compari-
<on of the diameter of zones of growth inhibition obtained with
the heated sample .md various amounts of autheutic Ila. The
vesults indicated o 10-200 transformation. A similar vield was
obtained fom a 2-min \11(1111;1\imx of o DMRO =olution of Tla in
0.01 N KOH at 25°.

These =ame procedures were followed for the experiments
indicated in Table 1. The data in Table 1 were obtained by
r}n'nnnmmaphin aliquots of the reaction mixtures after 0.5, 1,
2,5, und 30 min, aong with known concentrations of anthentic

ITla
Tasre |
Oprivey REverion TivEe Fon
Coxviension oF TTyinto [T
Temp Time
Buffer” or KOH plt e {min)
KH,PO,~-K,HPO, 7.0 100 3
KH.PO~K,;HPO, 7.0 100 2
KH JLPO~K.HPO, N.0 100 1
N KOH 1.5 25 0.5

g \Nlah/ed hy bioautography with 8. wirens 209P. 7 Buffers

at 0.25 M.

Cephalothin Methyl Ester (V}.—To a solution of 150 mg of 11a
i 30 ml of DMSO was added 120 ml of ice-chilled 0.01 N KO
After 2 min at 2'7°, the reaction mixuure was adjusted to pH 5
with 7.5 ml of 0.2 3 AcOH to stop the reaction. Paper chro-
matography (as almve) of the resulting solution showed I1Ta, a=
vizualized by its uv-absorption and antibacterial activity.

Thix solution was extracted three timex with 300-ml portions
of CHCL to remove most of the DMRO. To the resultant agueous
phase was added 80 g of (NH804; thix solution was extracted
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twice with 180-ml portions of a mixture consisting of FiOAe
Me.CO - TL0 (55000 Paper chromatography showed that THa
wis in the =olvent phase. The pooled =olvem phaze wis evapo-
vated s pgeno tooa =vrap (mainly vesidouad DMSO L Bvaporation
wis vepedted Twice at 60°, after the addition of 25 ml ol abs
FLOI to remove any 0O, The volume of svrup was 9 ml
Itowas dissolved in 40 ml of dry EtOAe (Na=Ogh Too this
~olution was added anexcess of CTLNG in EG00 After 2 min
25°, excess CHLNL was decomposed by the addition of 0.5 ml of
glacial AcOH.  The resudting =olution wax washed twice with
25-ml portions of HLO to remove DMSO. Partition chromatog-
raphy, performed ax follows on Whatman No. 1 paper. <howed
that IV was in the F1OAe Liver. The procedure wast o1 |
vol of the Jower (nqueous s phase of aomisture of Colly AcOI - H.O
c4o iy was dilured with 3 vol of Me.C O 2 paper strips spotted
with the sample were drawn through this <olution, then air dried
for 2.3 min; 31 the =<tripe were then developed hy descending
chromatography with the upper phase of the solvent mixiure
teide sipray in o chamber satuvated with lower phase. Com-
pound IV, detected by itx uv abrorption and antibacterial
activity, moved with £2; = 0.55; auwthentic IV, preparved hy the
action of CHLN, on Tla, obtained by the reaction of fa with
citras acetyl esterase, had the =ame /£, Compound 1la moved
ot the =ame chromatogram to an 2 of 0420 well zeparated from
V.

The 1OA¢ solution was brought 1o devness o racuo. The
residue was taken ap in 14 ml of pyridine, and 7 ml of Ae) was
added: after allowing the mixture to stand at 25° overnight,
S5 mlof MeOH and then 25 ml of CHCly were added. The vesult-
ing =olution was washed with 50 ml of 3 N HCHand then twice
with 25-m! pm'\inm of HLO. The, vun o the following manner,
<howed V to be in the CHCL phase. A precoared MN-30 cel-
lulose GF plate tAnaltech) was frrigated with o mixtare of
propylenc ghveol- MeOH (3:7), ax if developing an ascending
chromatogram.  The plate was then air dried for 15 30 min 1o
remove the MeOH prior to spotiing with sample.  The plate was
developed in an ascending fazhion with propylene glycol satirated
PhMe. Compound V, detected by its uv absorption and anti-
breterial activity, moved with /2 = 0.60: authentic V prepared
by treating [V with CHLN, had the same Ity

The CHCL solution was concentrated n racro and chromato-
graphed on 12 MN-30 plates (20 < 20 emi in the manner de-
<cribed nhove. Compound V, visualized as an uv-ub=orbing bund,
wis elited with MeOH-CHCl; 012 The eluate was partitioned
between equal vol of CHCL aud 300, (vov) ag MeOH. The
CHCI phase was washed twice with equal vol of 2577 ag MeOt
and then dried (NaSO.0 Onevaporating the CHCL =olntion
to deviness 7 raeco. 8 mg of erude erystalline Vowas obtained.
Recrvstallization from MeOH gave V, which exhibited an v
spectrunt i CHCL that was identieal with thay of anthentie
prepared rom Lo

131 The probable, bur unproved, presence of A2 lsomer was indicated
Ly the observation of a slghtly slower moving bhand (/8 = 0531,



