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was poured ou to eracked ice and extracted into 2 N HCI and the
acid extract poured slowly on to cracked lce-NH; =olution:
produet:  vellow erystals; 8590, mp 93.5-95.5°.  Dihydro-
quininone wag prepared similarly in 80¢; yvield, mp 94-96° from
CHCL. The tertiary aleohols from these ketones by additinu
of Meld are described in Table TIT.

Epoxidation Route (for Two-Carbon Side Chains). 2-Phenyl-
4-(2-propenyl)quinoline.~—Freshly fused KHS0Q, (0.28 oD
pulverized with 0.057 mol of «,e-dimethyl-2-phenyl-4-quinoline-
methanol (see Table ) was heldd 1 nu ail bath av 170° for 4 he
with oceasional stivring of the mixture. The mixture was cooled,
made strougly  alkaline, and extvacted (E.0);  the residue
[bp 167° (0.13 mim), 14 g, 8671 war a viscous, pale yellow oil;
nne (CDCLY 8 7.2-8.3 (10, 1, aromatic HY, 5.1 and 5.4 (2,
vinyl H), 2.2 (3, d, CHj), HCL =alty, mp 180-182°, needles {ram
-PrOH.

2-(4-Chloropheny!)-6,8-dimethyl-4-( 2-propenyl)quinoline wax
prepared as above from 0.14 mol of 2-(4-chlorophenyl)-6,5-
a,a-tetramethyl-4-quinolinemethanol except that the reaction
mixture was held at 180° for 6 hv: produet: 40 g; 93¢0 wp
110-112°; golden erystals from MeOH (and Novit), wmp 114
1159 nr (CDCL) § 7.4-8.3 (m, 7, avematic 1), 5.15 and 5.5
an, 2, vinyl I1), 2.87 and 248 (=, 3, avomatic CH) 2.25 d, 3,
viovl CF.).
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2-(4-Chloropheny!)-6,8-dimethyl-4-( 2-epoxypropy!)quinoline.
—The alkene (0.016 mol) above and 0.07:35 wol of freshly prepared
wonoperoxyphthalic acid =olution? tn 115 ml of IO were held
at 25° for 6 day=. The phthalie acid was filteved, aud the filtvate
was washed with four 70-ml portions of 3¢ aqueons Nall(O,:
product: 4% g; 919 mp 1351409 from MeOll fine, vellow
crvstals, mp 1431442 e («CDCLA; 6 7.45 8.4 G, 7, avonun e
H), 2,85 and 2.5 s 50 avomatie ClLh 301 ay, 20 ClLs, 185 s,
3, CH3).

Stnilar Treatment of  2-phenyl-4-12-propenyDauinoline  gave
670 Terndes of  4-2-epoxypropyD-2-phenylguinoline  l-oxide,
vellow erystals from Celle -CalH, mip 140.5-141.5°.

2-(4-Chlorophenyl)-a-(dialkylaminomethy! )-6,8-a~trimethyl-4-
quinolinemethanols.—-The correspouding epoxide (1,025 nol) nud
0.4 mol of dialkylamine were stivred magnetieally nnder Ny in o
simple Parr pressuve vessel at 140° for 72 hr (with Me,NFH, 50 wl
of DAMF was used nx the solvewdl. The mixture was steam
diztilled to vemove excesx secondary amine, aud the rvesidue
extracted tuto 1047 aq 1Cl which was then basified.  If 1he
precipitate was o =alid, it was filteved, washed, aod recrvstallized
(MeOTD). If an oil, it was dissolved in B0 and precipitated as
the dihydrochlovide with 11CL - Results nve shawn tv Table 1V,
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Desacetylcephalothin lactone was rapidly hydrolyzed to desacetyleephalothin in 10-20¢% vield in phosphate
and borate buffers (pH 6-9, 100°), in borate aud carbouate buffers (pH 9-10.8, 25°), and in 0.01 N KOH (25°).
Tu addition, other uncharacterized products were formed. The desacetylcephalothin formed was isolated as

its cephalothin Me ester after estevification and acetylation.

synthesis of cephalosporins by the lactone route.

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

Two possible routes to these compounds have been
deseribed employing intermediate lactone derivatives
with the general structure II in which R is one of
several different amino, amido, or imido groups.'sd
Compounds of this tvpe have been synthesized from
cephalosporanic acid derivatives?® and are now available
by totally svnthetic means.'®  However, 110 chemical
method for opening the lactone ring without simul-
taneous destruction of the g-lactam ring has been avail-
able for the conversion of ITinto II1.? Inaddition, the
possibility of microbial hydrolvsiz has been deemed
unlikely.*

We report, in this paper, a simple chemical procedure
for performing this transformation in yields of 10-209%
(estimated biologically).
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These findings establish the final link in the totul

Studies were performed with pure desacetyleeplialo-
thin lactone (Ila) prepared from cephalothin® ([a)
by a modification of the proecedure of Chauvette and
Fiynn.® Hydrolysis of the lactone was accomplished
by adding ITa in DMSO 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 parallel
with standard II1a,® then bioautographed on Stap/iylo-
coccus aureus 209P.7 Both residual ITa and product
IIIa were thus visualized, and vield estimates could be
niade.

Conversion of IIa into IITa occurred in phosphute.
borate, and carbonate buffer of pH 6-11 maintalned ot
25-100° for 2-10 min. Except in pH 11.5 KOH solu-
tion where 2 min was optimal, at least 10-min incuba-
tions were required to obtain product at temperatures
below 50°. Buffers prepared from strong nucleophiles
such as imidazole, glveine, and mereaptoethanol eaused
destruction of Ila, with no detectable IIla formed,
under a variety of conditions of temperature and pH.
It should be emphasized that at pH 6-8, heating was
required to bring about the conversion of ITa into I11a,

(9) Cephalothin is the generic name given to ¢-]2-(2-thieny)-acetaidixin]-
B-acetaxvmethyl-3-cepliem-4-carboxylic acid.
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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 solvolytically 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 IIIa. 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 IIa with its 8-lactam ring cleaved.
As judged from the intensity of its uv absorption, it
was estimated to represent the degradation of over
509, of IIa. 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 Illa, a
stable derivative had to be prepared. This was ac-
complished as shown in Scheme I.

Compound IIla 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

(8) J. D. Cocker, 3. R. Crowley, J. 8. O, Cox, 8. Earsdley, G. I. Greg-
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{10) J. W, Chamberlin, and J. 3. Campbell, J. Med. Chem., 10, 966 (1967).

of the known instability of such compounds.!' 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 cephalothin with CHs-
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 III. Since a method for the transformation of
desacetylcephalosporanic 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 m! of Me,CO
and 2 ml of concentrated HCl. The reaction mixture was
stirred at room temperature. The lactone Ila continuously
precipitated from sohition, 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 ITa was 408 mg (779%).
This material was further purified to remove residual traces of
Ia. To the crude product IIa in 3 . of Me,CO-EtOAc (1:2) was
added 10 ml! of 59, ag NaHCO;, followed by 500 ml of HO.
The mixture was shaken vigorously, then the phases were allowed

(11) E. Van Heyningen, ibid., 8, 27 (1965).
(12) Glaxo Labs Ltd., British Patent 52,288 (1964).
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tnoseparate. The upper layver, conaining 1a campletely free of
residual maeaeted Ta, was concenivaied /i raciro vua rataey
evaporator at room temperatnre.  Crvstallive Ha separaved, wp
225-230° dec (lit mp 250-2320200 lwal. (Challe «
49045 11, 507 Ny 8320 Found: C,49.74; 1, 5.720 N, S28.

Hydrolysis of Desacetylcepthalothin Lactone.— 111 {1 mg) was~
di=solved in 0.2 ml of DMSO aud added to 0.8 wml of 0.25 Y/
KILPO~K,HPO, Duffer, pll 8,00 The veactioe mixture was
leaved ta 100° Tor 5 min, then rapidly cooled 1o 25% Ay identieal
mixture, kept e 257, was also prepaved. The vewetion mixtures,
antheptie Hlnmade from Ta by the activnof ritrns acetyl esterase,
and s conteol of aureacted a were ehromatographed an What-
mae Nao 1 opaper with EtOAe-n-BuOH-H.O 12:5: 10 The
clhromatogram: was aiv dried and bioantographed against S
worens 20000 A zone of growth inhibitiow that was deteeted
the heated veaction wixture covrespouded to authentie Illa
e = 0045, with no vesidual 1la. The wmajor nv-abrovbing
produet iy = 0.1 gave no growth inhibition. I the nnheated
reaclion mixture, ovly noreacted Tla was obrevved (/¢ = 0.56).

The vield of ITla in onr conversion was estimated by compart-
=0u of the diameter of zones of growth inhibitiow nhtaived with
the heated =muple aud vartons amomax of anthentse Hla. The
vesnlts indicated o 10-2077 transformntion. A similar vield was
obtatned fom a 2-mie twenbation of a0 DMSD solution of 1la w
0O N KO at20°,

These =ame procedares werve followed for the experimenns
dieated nc Table 1. The data v Table T were obtained by
chromatographing aliqaots of the reaction mixtnres after 0.5, 1,
2,5, vud 50 win, along with knowu concentrations of antheutic

[RRE

Tapn |

Oprrivey Beaemiox Tivg Fon
Coxviustox o TLy into TTTy

Tedin Titne

Pidfer” or KO il R {inin!
KH,PO~K.HAPO, 7.1 140 hl
KH.PO~K,[HPO; 7.0 100 d
KH.PO~K.HPO, N0 100 ]

0.01 NV KOH 1.5 25 0.5

“ Visnalized by bioantography with 8. @rens 200P, * Buffers

at 0.25 M.

(ephalothin Methy! Ester { V}.-~To a =oluiion of 150 mg of Ila
i 30 nd of DMRO was added 120 ml of ice-chilled 0.01 N KOl
After 2 win at 253°, the reaction mixutre was adjnsted to pll 5
with 7.5 wil of 0.2 37 AcOH to stop the veaction. Paper chro-
matography (as above) ot the resulting solution <howed IITa, a=
viualized by irs uv-abzorption and anribactevial activiiy.

This solution was extracted three timex with 300-ml portions
ot CHCL ta vemove most of the DMSO, Ta the resultant aqueons
phase was added 80 g of (NFH 3,80, thix solution was extracted
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twice with 8O-l portiows of o miniure consisting of O Ae
MeCO 11O 355000 Paper chivomatography showed ten 1a
wis e the solvewt phase. The poolerd =olvent phase was evopie
vated e reeno 1o sveap foaady vesiduad DMSO L Bvaporniion
was repented twice e G0°, alter the addition of 25wl of abs
1O ta venpwve avy 11O The voluie of syrup was 21l
e was dissolved e #10wml of dey EtOAe (NaexOgs o To des
solution was ndded an exeess of CHLNG w0 GO0 Afver 2w e
25°, excess CEHLNY was decompnsed Ly the additineny 0.5 wl oy
glacial AcOll. The vesnlting =olutione was washed vwiee wie
2h-ml portiones of O v vemove DMSO. Pavtitiow vlivolatog-
raphy, pertaried as follyws< on Whatuue Noo b opaper. <howed
that 1V was ncihbe FtOAe Laver. The procedure wast il 1
volol the lower ngneons» phase of nowixture of Cally AcO1- 1.0
41 was diluved with 3 vol of Me.C'O: i paper steips spotted
with the sample were drawn theongh this sadution, thewcaae deied
for 2.5 wmin: 30 the =ivips were thens developed by descending
shramatography with the upper phase of the solvent mixue
tioch wupra e chonber satueated witle ower phase.
pennd IV, derected by us uv abmoaption awd aviibacteral
activity, wmoved with £ = 10550 autheutic IV, prepaved by the
action of CHLN, on Ha, obiaived by the veaciion of Ta witle
it acetvl exterase, luud the <une 2,0 Cauponnd Ta nowvel
anthe simne cluswatozam 1o s /70 of D20 well <eparared from
1V,

The 1StOAe =olution wa= bronght to dvvuess v racnn. Tl
residne was takeu up e 14wl of pyridive, and 7l af Ae0 was
added: after allowivg 1he wmixture to stand at 25° overmghs,
Sl of MeOT! aad then 25 1l of CHC were added. The vesnlt-
g =olutione was washed with 50 ml of 3 A HCT and theu twice
with 25-ml portiowes of 0. Tle, vun i the following maaer,
howed Voo be su the CHCL phase. A preconted MN-30 cel-
Inlase GIF plate tAuahiech) was trvigated with o nuxture of
propylene glyenl-MceOH (3:7), as if develnping an ascending
cleamatogran. The plare was then aiv dried for £330 win s
veve the MeOH priov to spotting with sample. The plate was
develnped tnan aseending fashiowewith propylene glyeal <atueated
Phide. Campound V, deteeted by its uv absorption avd mui-
hiaeterial aciivity, moved with /2y = 0.0 anthentic Voprepaved
Dy wreativg TV with CHeNy had the =ae i

The CHCL s dution was coneerdrated 20 vacio and chromato-
graphed ow 12 MN-30 plates (20 % 20 e e the manuer ale-
stvibed above. Congpaund V, visualized as an nv-ab=arhing hand,
was eluted with MeOT-CHCL T 1.8 The eluate was partitioned
between equed vol of CHCL and 507 (vovy ag MeOllL The
CHC phase was washed twice with eqnal vol of 2507 qq MeOl]
and then dried 1Na=0,0L 0 On evapirativg the CHC =alntinn
toadeviess Joorran. @ of erade <'l‘)‘>l:l”ill(' Vowas abtained,
Recry=iallizaion e MeOTl pave N, whieh exhibited an w
spectrme i CHCL vy was ddevnieal winh ten of soshents A
prepaved Tean Ta

[T

(1A The probable, b saiprover]l, nresence bf A% ispmer vas il aled
L e olisprvplion of 5 slighOy slowey wbving bhawd {75 = 1330,


Dih.fi

