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tion cooled to 10° of 0.01 mol of a-keto aldehyde in 50 ml of 
dioxane. The mixture was stirred a t 10° for 4 hr and the sep
arated crystals were collected and crystallized (see Table IV). 

Pharmacological Methods.—For all tests N M R I albino mice 
(18-20 g) and Wistar albino rats (200-250 g) were used. 

Acute Toxicity.—LD50 values were determined in mice intra-
peritoneally, and the mortality over 48 hr was recorded. The 
animals were also observed for behavior and objective symptoms 
according to the Irwin scheme.15 

Other Tests.—All compounds were screened also for their 
antispasmodic activity in vitro following the methods described 
by Setnikar and Tirone,16 and for their coronary vasodilatator 
activity on the isolated rabbit heart following the method of 
Setnikar, etal.11 

Antimicrobial and antifungal activity in vitro, peritonitis with 
E. coli 100 in mice, antiviral activity, anticonvulsant activity, 
and antiinflammatory activity were determined according to 
the methods previously described 18 

Infection with M. tuberculosis.—A group of 25 female mice 
(16-18 g) was challenged intravenously with 0.2 ml of a suspen
sion of M. tuberculosis murium SG 851 Vole strain, in buffered 
saline solution at pH 7.2 containing 10 LD3S (lethal dose 95 calcu-

(15) This scheme was discussed informally by S. Irwin at a Gordon Re
search Conference, New London. N. H., 1959. 

(16) I. Setnikar and P. Tirone, Arzneimittel-Forsch,, 16, 1146 (1966). 
(17) I. Setnikar, W. Murmann, and M. T. Ravasi, Arch. Intern. Pharma-

codyn.,131, 187 (1961). 
(18) E. Massarani, D. Nardi, L. Degen, and M. J. Magistretti, J. Med. 

Chem.,9, 617 (1966). 

TABLE IV 

O-ABYLGLYOXYLIDENAMINO-8-HYDBOXYQUINOLINES 

N = C H C 0 — / ^ 

for C, H, N. 

Formula* 

C17H12N2O2 

C17H11N3O4 

Ci7H„ClN202 

C17HnClN202 

C 1 8 H u N A 
C18H»N203 

C23Hi6N203 

C23Hi6N202S 
C2SH16N2O2 

All compounds were analyzed 

lated at day 40) The infected mice and control groups of 10 
mice were treated subcutaneously 1 day after infection and daily 
for 40 days with a suspension 10% arabic gum of 0.4 mmol/kg 
per 10 ml of the compound. The increase in weight and mortality 
of the animals was recorded. 
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Quinoline-o;,a-dialkylmethanols, tertiary alcohols, QC(R)(OH)(CH2)„NR'2 , have been made to compare 
their antimalarial activity with the corresponding secondary a-alkylmethanols, QCHOH(CH2)„NR'2 . Feasible 
routes for their synthesis are described: a mixed Claisen route for compounds where n is 3 or greater and an 
epoxidation route for compounds where n = 1. All quinoline-a,a-dialkylmethanols synthesized herein have 
greatly reduced antimalarial activity compared with the corresponding secondary alcohols and, in the 2-aryl-4-
quinoline-a,or-dialkylmethanol family, retain their high phototoxicity. 

Very few quinoline-a,a-dialkylmethanols have been 
made5,6 and none has been compared rigorously with the 
highly active secondary quinoline-a-alkylmethanols. 
Model compounds were synthesized first to explore 
Grignard routes to quinoline-a,a-dialkylmethanols (see 
Table I and Experimental Section). They were not 
expected to have, nor did they have, antimalarial ac
tivity. More suitable quinoline-a, a-dialkylmethanols 
were then synthesized by the mixed Claisen route (see 
below) which served well to make the intermediate ke
tones (see Table II) as long as n was 3 or greater for rea
sons that the amino ketones with smaller chains (n = 1 
or 2) were less stable under conditions of condensation. 

(1) Paper I : D. E. Pearson and J. C. Craig, J. Med. Chem., 10, 737 
(1967). Paper I I : J. C. Craig and D. E. Pearson, J. Heterocycl. Chem., 5, 
631 (1968). Paper I I I : J. B. Wommack, T. G. Barbee, Jr., D, J. Thoennes, 
M. A. McDonald, and D. E. Pearson, J. Heterocycl. Chem., 6, 243 (1969). 

(2) Contribution No. 712 to the Army Research Program on Maiaria. 
We are indebted to the U.S. Army Medical Research and Development 
Command for Grant DA-49-193-MD-2752 in support of this program. 

(3) Taken from the Ph.D. thesis of J. B. W., Vanderbilt University, 1968, 
"The Synthesis of Quinoline Tertiary Alcohols of Antimalarial Potential," 
University Microfilms Order No. 68-18003, Ann Arbor, Mich. 

(4) To whom correspondence should be addressed. 
(5) K. Feist, W. Awe, and M. Kuklinski, Arch Pharm., 276, 420 (1938). 
(6) R. B. Woodward, N. L. Wendler, and F. J. Brutschy J. Amer, Chem. 

Soc, 67, 1425 (1945). 

The excellence of this route for aminoketones with 
n 2: 3 was ascribed to the more powerful catalyst used 
(KO-i-C^g) and the very slow addition of the amino 
ester (to prevent self-condensation). Surprisingly, 

KO-(-C4Hs 
QC02CH3 + (CH3)2K(CH2)„C02C2H5 

2. H 30 + 

QCO(CH2)„N(CH3)2 + C0 2 + C2H5OH 

I R 

I 1. R U I 
L > QCOH(CH2)„N(CH23) 

2. H3O-

Grignard reagents would not add to these ketones, 
but alkyllithiums did (see Table III and Experi
mental Section). The antimalarial activity of com
pounds in Table III was quite low, the best having an 
increased survival time of only 1.8 days at 640 mg/kg. 
With the exception of methylquinine and dihydro-
quinine, a true comparison with the best of the highly 
active quinoline-sec-methanols had not been made (C 
side chains were too long, n ^ 3). Another route had 
to be devised to obtain shorter side chains (n = 1), 
a necessity which resulted in the development of the 
epoxidation route: 
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Experimental Section 

Melt i i i« point* were d e t e r m i n e d wi ih an A r l l m r II. T h o m a -
Ln i -Me l t a p p a r a t u s Analyse* (in all new ( '( impounds were 
de le r in ined by ( l a l b r a i t h L a b o r a t o r i e s a n d are recorded in the 
thesis of ,1. B. \V.:; as well as on deposil wi th the Ed i to r , . / . Mul. 
Chim. X m r spec i ra were taken wi th an A-60 Yar ian spee t rom-
eler,7 and the original recording,-, ai'e ava i l ab le I'rorn this labora
tory. If devial ioi i from theore t ica l wa- considerable , analv.-e-
are recorded in t his sect ion. 

Model 2-PhenyIquinoIine- / -methanols . T h e c o m p o u n d s listed 
in T a b l e I were p r e p a r e d by Ihe add i t i on of me thy l 2 -pheny l -4 -
qu inn l ineca rboxy la l e . m p .">6-.")7V to 3 e q u i v of the a p p r o p r i a t e 
G r i g n a r d reagent when Ri and R2 were the >ame. W h e n Ri and 
RL. were different, the c o m p o u n d s were m a d e from 4-acety-12-
phenylq i i ino l ine , m]> 74- 75 0 . 9 a n d t h e a p p r o p r i a t e excess G r i g n a r d 
r eagen t . T h e p r o d u c t s were recrys ta l l ized from a q u e o u s MeL,('(> 
or from E t O I I . 

l ,6 -Bis - (2-quinoly l ) - l ,6 -hexanedioI .—2-Quinol i i>eearbo \a ldo-
h y d e (0.2 mol j in EfL>0 was a d d e d to t h e G r i g n a r d reagent from 
0.15 mo] of Cli CII ;) , ; ( ' l and 0.25 g - a t o m of M g t u r n i n g s in E M ) . 
T h e p roduc t was a pale ye l low solid, m p ] 3 6 - 1 3 s ° front / -PrOII 
I U > , yield 10' ; . ( ' ana lys i s was low by 0 .5 ' , . 

Mixed ( l a i s e n Route i for M o r e Than Two-Carbon Chains) . 
Ethyl e-Dimethylaminocaproate. Hydrolys is of Caprolactam. 
C a p r o l a c i a m • I inn] i, 160 ml of II ,() , and 110 ml of coned I IC 
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p-CeHjCl 
(CH,).-,X'' 
CJI:, 
CJI.:' 
C»H:,'J 
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II 
CIInO 

H 
II 
II 
H 
II 

7K 

II 
11 

CI 

ir 
ii 

n 
II 

sit 
II 
II 

CI I 
11 
II 
II 
II 64 

1 )i'rivati\ c 

( I I C 1 - I I 4 ) ) 2 sal t , n ip l l s - 1 2 ( l c 

Bp 170° ( 0 . 0 6 m m ) . ' 

p ic ra te , m p 1 8 3 - 1 8 5 " 

P i e ra i e , m p 188-190° 

D i p i c r a t e / m p 161-163° 

P ic ra te , m p 1 7 3 - 1 7 3 , 5 ° 

H B r sal t , m p 2:10-232° -• 

M p 153-154° 

" F r o m e thy l 6 -methoxyqu i i io l ine -4 -ca rboxy la te (K. X . Campbe l l , it nl., J. Org. Chan., 11, ,803 (1946). '' F r o m e thy l 2-p iper id ino-
qi i inol ine-4-carboxyla te (S. Winsfe in , el at.,./. Amir. Chan. Soc, 68, 2714 (1946). •' M a d e from e thy l e -benzamidocap roa t e by the me thod 
of Sargent [H. Sargent,, ibid., 68, 2688 (1946)] . ' ' .Made i n a d v e r t e n t l y using D M S O as so lven t . Product , conver ted in to 2-
phenyl -4-quino ly lg lyoxa l h e m i n i e t h y l th ioace ta l , m p 142-143° , by P u m m e r e r react ion ( I I . - I ) . Becker , ct at., ibid., 85 , 3410 (1963). 
" C anal , was low by 0 . 8 5 ' ' , . •' X' anal , was low by 0 . 6 ' , . " Lit . m p 227° (J. B. Koepfli, ct fit., ibid., 68, 2697 (1946). 

Q H C H , ) , ^ ^ * Q C = C H . 
HOCCH.CO.I-H' 

OH CH. 

Q C 

CH 

OH 

-CH R N " - Q C C H . N R , 

CH, 

The route is smooth but restricted in the first step to de
hydration of tertiary alcohols (secondary alcohols gave 
side-products including the sj/m-ether). The quinoline-
o.a-dialkylmethunols are shown in Table IV and, in 
comparison with a known, highly active quinoline-ser-
methanol, have greatly reduced antimalarial activity 
(ra. 0.04 times the activity of the corresponding quino-
line-sec-methanol). A comparable loss of activity is 
found in the quinine series where methylquinine and 
methyldihydroquinine are compared with quinine and 
dihydroquinine, respectively (see Table III). 

were reHuxed 4 hr and c o n c e n t r a t e d u n d e r w a t e r v a c u u m - the 
res idue was d issolved in H 2 0 a n d neu t ra l i zed wi th Xa^COj solu
t ion. Esehwei le r C l a r k e m e t h y l a t i o n : 1 he above solut ion, 175 
ml of 35 ' ," formal in , and 110 'g of 90Cr IICO,,H were reflnxed 
unti l C(\> evo lu t ion nea r ly ceased ; formal in (20 ml.) and 10 ml 
of H C O j I I were then a d d e d 3 t imes at spaced in t e rva l s . T h e 
m i x t u r e was c o n c e n t r a t e d u n d e r w a t e r v a c u u m , the res idue dis
solved in / -P rOI I and filtered, and the f i l t ra te r e c o n c e n t r a t e d . 

Esterification. -The viscous res idue , 280 ml of abso lu t e E t O I I , 
and 40 ml of c o n c e n t r a t e d H0SO4 were refluxed 6 hr, E t O H was 
removed , and the residue p o u r e d in to HjO, neu t ra l ized , and 
e x t r a c t e d : p r o d u c t : b p 89 -94° (5 m m ) (foaming du r ing dis t i l 
l a t i o n ) ; «25n 1.4297; 94 g; 5 2 % ; g lpe p u r e ; lit.1" 

Ethyl 7-dimethyIaminobutyrate w a s o b t a i n e d as above from 
l - m e t h y l - 2 - p y r r o I i d o n e ; 7 - m e t h y I a m i n o b u t y r i c ac id-ITCI was a 

(7) We are indebted to tlie National Science Foundation for funds u. 
purchase this instrument (NSF-1683). 

(8) W. Pfitzinger, ./. Prakt. Chem., 66, 283 (1897). 
;<)) K. Miesrher, U. S. Patent 1,434,306 (1922); Chem. A Mr., 17, 402 

(1923). 
(10) K. Fusco, (.1. Palazzo, S. Chiavarelli, and I). Hovel. Gazz. ('him. 

H<iL, 79, 830 (19 19) 
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TABLE III 

QuiNOLINE-4-a,a-DIALKYLMETHANOLS 

R 

HOC(CH2)„N(CH3)2 

R 

CH3 

CH3 

CH3 

C H 2 = C H 
CHS 

Hd 

2R 

C6H5 

CH3* 
p-C6H4Cl 
C6H5 

CeH5 

C6H5 

Methylquinine hydrate" 
Methyldihydroquinine dihydrat 
' P. berghei relative activitv: tl 

6R 

H 
CH 30 
H 
H 
H 

H 

e 

tie 4 t h cor 

7R 

H 
H 
CI 
H 
H 

H 

npound ii 

8R 

H 
H 
CH3 

H 
H 

H 

a Table I"V 

n 

3 
S 
3 
3 
5 

3 

was arl 

% 
yield 

71 
31 
52 
64 

9 

88 

20 
61 

sitrarily 

Mp, °C 

127-129 
Oil 
146-148 
110-111 
113.5-115 

Oil 

102-112 dec/ 
106-116 dec 

Derivative 
(mp, °C) 

HC1 (240-242) 

Dipicrate (163.5-
165) 

Di(HCl-HjO) 
(222-224) 

given a relative activity rating = 100. 

Relative 
activity'1 

0.1 
0.5 
0.8 
0.5C 

0.2 

0.2 

0.0" 
0.0 

It showed 
AMST (mean survival time in days increased over that of controls) of 11.5 days at 10 mg/kg dose). Other relative activities were 
calculated from the formula 100 X AMST/11.5 X 10/dose on the assumption that relative activity is linearly related to AMST and 
linearly inversely related to dose, an estimate that is better at the lower dose levels. b MeLi added to the 2 position as well as to the 
C = 0 group. c Toxic at 160 mg/kg. d A sec-quinolinemethanol made from ketone by reduction with NaBH4 in EtOH-dioxane. 

CH, 

"Methylquinine: Q—A—c^fO™"™™- Q = 6-methoxy-4-quinolyl; methyldihydroquinine has an Et rather than a vinyl group. 

OH 

1 Lit.6 mp 105-112° dee; AMST = 0.1 day. » Quinine relative activity = 1, that of dihydroquinine = 5. 

TABLE IV 

2-(4-CHLOROPHENYL-Qf-(DIALKYLAMINOMETHYL)-6,8,a-TBIMKTHYL-4-QUINOLINEMI0THANOLS AND STANDARD 

R' 

R' 

CH3 

CH3 

CH, 
H 

Rs 

CjHfl 

CH3 

(CH,)i 
C4H9 

% yield 

42 

68 
64 

(gift, used as 

Mp, °C 

Oil^ 

151-152 
119-120.5* 

c 

Dose 
(mg/kg) 

160 
640 
640 
640 

10 

AMST" 

l .S 
6.0 
0.4 
0.8 

11.5 

Relative 
activity 

4 
2 
0 
0 

100 
a standard) 

" Mean survival time in days of mice in P. berghei test [T. S. Osdene, P. B. Russel, and L. Rane, / . Med. Chem., 10, 431 (1967)]: 
MST of control mice (6 days). k Dihydrochloride mp 167-169°. c Phototoxic at 30 mg/kg. •* Highly phototoxic at 300 mg/kg. 

solid, mp 120-1210 :1 ' product: bp 78-79° (25 mm); « M D 
1.4213; 40%; lit.12 

Typical Mixed Claisen Reaction. 7-Chloro-2-(4-chlorophenyl)-
4-(Y-dimethylaminobutyryI)-8-methylquinoline.—Methyl 7-chlo-
ro-2-(4-chlorophenyl)-8-methyl-4-quinolinecarboxylate (0.028 
mol) and 0.056 mol of commercial KO-i-Bu in 200 ml of C6H6 

were stirred under anhydrous conditions at 80° 0.028 mol of 
ethyl 7-dimethylaminobutyrate in 50 ml of C6H6 was added in 6 
hr from a Kontes constant dropping funnel, the mixture refluxed 
an additional 25 hr and cooled, and 115 ml of concentrated HC1 
and 20 ml of H 2 0 were added. C6H6 was removed by distillation, 
50 ml of dioxane was added, and mixture was refluxed for 21 hr. 
I t was made basic, extracted with CHC13, dried, and concentrated. 
The product is described in Table II together with other ketones 
but the nmr spectrum which is typical is given here: 5 8.2-7.5 
(m, 8, aromatic H) , 3.1 (t, 2, COCH2), 2.85 (s, 3, aromatic CH3), 
1.5-2.2 [m, 8, (CH3)2NCH2]. 

(11) S. M. MoElvain and J. F. Vozza, ./. Amer. Chem. Sor., 71, 806 (1949). 
(12) M. Olomnrki, Ann. Chim. (Paris), 5, 845 (I960). 

Conversion of Ketones into Quinoline-a.a-dialkylmethanols.— 
One typical example is described and all are listed in Table III. 

a-(Y-Dimethylaminopropyl)-a-methyl-2-phenyl-4-quinoline-
methanol.—MeLi (50 ml, 2.76 M) in E t 2 0 was stirred under N2 

while 0.0126 mol of 4-(y-dimethylaminobutyryl)-2-phenyl-
quinoline in 50 ml of C6H6 was added in 45 min and the mixture 
refluxed 6 hr. I t was poured on to cracked ice and NH4CI, 
E t 2 0 extracted, and the ether evaporated: product: from 
hexane, fine needles; 3 g; 7 1 % ; mp 127-129°. 

Methylquinine and Methyldihydroquinine.—Quinine and dihy
droquinine were oxidized to quininone and dihydroquininone, 
respectively, by a modified procedure of Warnhoff.18 Quinine 
(0.046 mol), 0.25 mol of fluorenone, and 0.15 mol of KO-i-Bu 
in 300 ml of C6H6 under N2 were held at 25° for 4 days, at 
which time an additional 0.12 mol of fluorenone was added, 
and the mixture was allowed to stand 2 davs more. It then 

(13) E. W. Warnhoff and P. Reynolds-Warnhoff, ./. Org. Chem.. 
(1HB3). 

1431 
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was poured on to cracked ice and extracted into 2 Ar HC1 and the 
acid extract poured slowly on 1.0 cracked iee-NHa solution: 
product: yellow crystals; 85'); ; nip 93.5-95.5°. Dihydro-
quininone was prepared similarly in 80% yield, nip 94-96° from 
C4H9CI. The tertiary alcohols from these ketones by addition 
of MeLi are described in Table III. 

Epoxidation Route (for Two-Carbon Side Chains). 2-Phenyl-
4-(2-propenyl)quinoline.— Freshly fused KHS0 4 (0.2N moll 
pulverised with 0.057 mol of a,a-dimeth\i-2-phenyl-4-quinoline-
methanol (see Table I ) was held in an oil bath at 170° for 4 hr 
with occasional stirring of the mixture. The mixture was cooled, 
made strongly alkaline, and extracted (EUO): the residue 
|bp 167° (0.13 mm), 14 g, S6r,'] was a viscous, pale yellow oil; 
nmr (CDCb) 5 7.2-S.3 (10. m, aromatic H), 5.1 and 5.4 (2, m, 
vinvl H), 2.2 (3, d, CTI3); HC1 salt, mp ISO- 1S2°, needles from 
•i-PrOH. 

2-(4-Chlorophenyl)-6,8-dimethyl-4-(2-propenyl)quinoline was 
prepared as above from 0.14 mol of 2-(4-ehlorophenyl)-G,.s-
a,a-tetramethyl-4-quinolinemethanol except that the reaction 
mixture was held at. 180° for 0 hr: product: 40 g; 93' (; nip 
110-112°; golden crystals from MeOU (and Norit'), mp 114 
115°; nmr (CDCTt) 5 7.4-8.3 tin, 7, aromatic II), 5.15 and 5.5 
(111, 2, vinyl II), 2.87 and 2.48 (s, 3, aromatic CH;t) 2.25 (d, 3, 
vinyl Oils). 

The total synthesis of compounds related to the 
antibiotic cephalosporin C (lb) has been a concern of 
several laboratories.1 

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. l ad 

Compounds of this type have been synthesized from 
cephalosporanic acid derivatives2 and are now available 
by totally synthetic means.ltMl However, no chemical 
method for opening the lactone ring without simul
taneous destruction of the /3-lactam ring has been avail
able for the conversion of II into III.3 In addition, the 
possibility of microbial hydrolysis has been deemed 
unlikely.4 

We report, in this paper, a simple chemical procedure 
for performing this transformation in yields of 10-20% 
(estimated biologically). 

(1) (a) R. Heymea, O. Amiard, and Ci. Nomine, C. R. Acad. Sci. (.Paris), 
263, 170 (1966); (b) R. B. Woodward, Science, 183, 487 (1966); (e) E. 
Oalantay, H. Engel, A. Szabo. J. Fried, J. Org. Chem., 29, 3560 (1964); 
(d) ,1. E. Dolfini, J. Schwartz, and F. Weisenborn, ibid.. 34, 1582 (1969). 

(2) (a) S. Kukoija, J. Med. Chem.. 11, 1067 (1968); (b) B. Loder, G. G. F. 
Newton, and E. P. Abraham, Biochem. J.. 79, 408 (1961); (d) R. R. Chauvette, 
K. H. Flynn, B. G. Jackson, E. R. Lavagnino, R. B. Mofin, R, A. Mueller. 
](. P. Pivch, R. W. Roeske, C. W. Ryan, J. L. Spencer, and E. V. Heyn-
iugen, ./. Amer. Chem. >SV., 84, 3401 (19621; (d) R. R. ChauveUe and E. IT. 
Flynn, ./. Med. Chem., 9, 741 (1966). 

(:i) K. Heusler in "Topics in Pharmaceutical Sciences." Vol. 1. I). 
Pe-rlman, Ed.. Intersctence Publishers, New York. N. Y.. 1968. p '.V.i. 

• 1) E. P. Abraham, ref 3, p 1, 

NKIDI.KMAN, PAN, LAST, AMI DULFINI 

3 2-(4-Chlorophenyl)-6,8-dimethyl-4-(2-epoxypropyl)quinoline. 
: -The alkene (0.016 mol) above and 0.0735 mol of freshly prepared 

mouoperoxyphthalic acid solution" in 115 ml of Kt«() were held 
I at 25° for 6 days. The phthalic acid was filtered, and the filtrate 
i was washed with four 70-ml portions of 5' , aqueous NallCO,: 

product.: 4.8 g; 9 1 ' , : mp 135-140°; from MeOU line, yellow 
crystals, mp 143- 144°: iiNiri'CDCli); d 7.45 N.4 (m, 7, aromatic 

) H), 2.85 and 2.5 (s. 3. aromatic ( I t ! , 3.1 .q, 2, ( ' II . ' , 1 ,s:> ..-. 
3. CH3). 

Similar treatment of 2-phenyl-4-i2-propeiiyliquiiioline gave 
0 7 ' , (crude) of 4-(2-epoxypropyl)-2-phenylquinoliii<' l-oxide. 
yellow crystals from (\;H6 CJ Iu , mp 140.5-141.5°. 

; 2-(4-Chlorophenyl)-a-(dialkylaminomethyl)-6,8-a-trimethyl-4-
quinolinemethanols.- -The corresponding epoxide (0.025 mol) and 

i 0.4 mol of dialkylamine were stirred magnetically under No in a 
simple Parr pressure vessel at 140° for 72 hr (with Me2NH, 50 ml 

; of D M F was used as the solvent). The mixture was steam 
distilled to remove excess secondary amine, and the residue 
extracted into 10'.'f aq IIC1 which was then basified. If the 
precipitate was a solid, it was filtered, washed, and recrystallized 
iMeOH). If an oil, it. was dissolved in EtaO and precipitated a< 
1 lie dihydrochloride with IK1!. Results are shown in Table IV. 

i l l ; <.!, II. Payne .'. Or,). Chem., 24, 1 :i54 ri'loU). 

Studies were performed with pure desacetylcephalo
thin lactone (Ila) prepared from cephalothin'"' (la) 
by a modification of the procedure of Chauvette and 
Flynn.6 Hydrolysis of the lactone was accomplished 
by adding Ila 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 Ilia,6 then bioautographed on Staphylo
coccus aureus 209P.7 Both residual I la and product 
I l ia were thus visualized, and yield estimates could be 
made. 

Conversion of Ila into I l i a occurred in phosphate, 
borate, and carbonate buffer of pH 6-11 maintained at 
25-100° for 2 1 0 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, glycine, and mercaptoethanol caused 
destruction of Ha, with no detectable I l i a 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 Ila into Il ia, 

(5) Cephalothin is the generic name given to 7-[2-(2-thien,vl)-acetamido]-
3-aeet.oxymethyl-3-cephem-4-carboxylic acid. 

(6) (a) J. D'A. Jeffery, E. P. Abraham, and (i. G. F. N'ewtun, Hiochem. 
.].. 81, 591 (1961); (b) E. Van Heyningen, ./. Med. Chem.. 8, 22 (.19(151: 
U-) We thank Dr. R. C. Erickson, of this Institute, for preparing Ilia from 
la with citrus acetyl esterase. 

(71 E. Meyers and R. C. Erickson, J. Chromutotir., 26, 5:il, (1967). 
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Desacetvlcephalothin lactone was rapidly frydrolyzed to desacetylcephalothin in 10-20f/c yield in phosphate 
and borate buffers (pll 6-9, 100°), in borate and carbonate buffers (pH 9-10.8, 25°), and in 0.01 N KOH (25°). 
In addition, other unc.haracterized products were formed. The desacetylcephalothin formed was isolated as 
its cephalothin Me ester after esterification and acetylation. These findings establish the final link in the total 
synthesis of cephalosporins by the lactone route. 


