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Experimental Section13 

llfi-Hydroxy-4-methylestra-l,3,5(10)-trien-17-one (Ila).' 
To a mixture of 3.0 g of LiAlir4 and 2.10 ml of anhydrous Et2<), 
stirred and heated under reflux, was added a rnixlure of 2.0 g of 
1 l/3-hydroxyandrosta-l,4-diene-3,17-dione 17-ethylene ketal (I)1 

in 2."> ml of THF. After addition was complete, the addition 
funnel was rinsed with 10 ml of THF, and the rinse was added to 
the reaction mixture. The resultant mixture was stirred and 
heated under reflux for 10 hr. Then it was cooled in an ice bath 
and successively treated with 20 ml of Me/J() , oO ml of 1LO, 
and l.")0 ml of (i A" IIC1. The reaction mixture was distilled 
under reduced pressure with a minimum of heating to remove the 
ether. The residue was stirred at room temperature for 1.7o hr. 
Then it was extracted (CHC13), and the extract' was washed 
(HjO), dried (Na2SOi), and concentrated to a small volume by 
distillation under reduced pressure. The residue was diluted with 
hexane and cooled to 0° to afford 0.7S gof Ha: mp 237.,">-243°; 
A',;;;™ 263-264 mn (e 313); AK,,r 2.83, o.76, 6.2(1, 13.3.") M. 
After crystallization from CHCl.r-hexane, I la melted at 23.">..V 
244.5°, ia]«i, +204..>° (c 1, C I 1 C U 1 lfl-IIydroxy-4-methyl-
estra-J,3,")(10)-trieii-17-one (I la) appeared to undergo a change 
in crystalline form just below its melting point, thus accounting 
for the broad melting point range [lit.5 mp 244-246° with 
change in crystalline structure at 224-226°, [ a p n +9.">° 
(dioxane)l. Ann/. (C l sII2402) C, II. Ileerystallixation of I la 
from D.MF raised the melting point to 2.-J9-2000, p p n + 208° 
(<• 1,CIIC13). 

ll(3-Acetoxy-4-methyIestra-l,3,5(10)-trien-17-one (lib). A 
mixture of 2.So g of I l i a , 40 ml of pyridine, and 40 ml of Ac«0 
was heated on the steam bath for 4 hr after which time it was 
poured into a mixture of ice and water. The mixture was 
neutralized with 6 A' IIC1. The resultant solid was collected, 
washed ( I P ) ) , and dried, mp 197-200..")°. Crvstallization from 
ether afforded 2.66 g of l i b : mp 20B..">-208..>°: AK,,r at. o.Ti, 
6.20, S.04, 13.45 n; nmr, 421.5, 357 (quartet, J = 3 cps), 134.5, 
110, iV.', cps; P p n + 0 4 ° (c 1, CHOI;,). Anal. (C„HPV> C, 
II. 

ll-(3-Acetoxy-17a-e(hynyl-4-methylestra-l,3,5(10)-trien-17/i-
ol (Hid).—To a solution of 4.50 g of l i b in 150 ml of T I IF was 
added 10.00 g of the lithium acetylide-ethylenediamine com
p lex . 1 " While acetylene was bubbled in, the reaction mixture 
was stirred at room temperature for 10 hr. The reaction mix
ture was treated with 150 ml of 1I2() ami stirred at room tempera
ture for an additional 1 hour. Then it was acidified with 6 A' 
IIC1. The acidified mixture was poured into a mixture of ice and 
water. The yellow gum was collected, washed (I l / ) ) , and 
dissolved in CHCl.j. The solution was dried (Na^iSO.,) and evap
orated to dryness to afford a viscous oil. A 4.42-g sample of the 
oil was chromatographed on 310 g of silica gel. The column 
was eluted initially with C6H6 and then with varying proportions 
of EtOAc and C6II6. Elation of the column with ."/••,' EtOAc in 
OiJIs gave 0.94 g of H i d as a crystalline product. Crystalliza
tion from CTICla-hexane afforded 0.71 g of H i d : mp 201.5-
209.5°; AKI!r 2.S3, 3.06, 4.72, 5.SI, 6.30, 7.92, 7.98, 13.3S ^; 
( « P n -19 .5 ° (<: 1, CIIC13). Another crystallization from the 
same solvents raised the melting point to 217-219°. Admixed 
with l ib , Hid melted at 193-199.5°. Anal. ( C P P O , ) C, II. 

17a-Kthynyl-ll/3-hydroxy-4-methylestra-l,3,5(10)-trien-17/3-
ol (IIIc).—Continued elution of (he aforementioned column with 
W'-[ EtOAc in C6II6 gave 1.33 g of IIIc as a crystalline substance. 
Crystallization from ether-hexane afforded 0.87 g of I I Ic : mp 
180.5-190.5°: NK»r 2.7S, 2.84, 3.0S, 4.77, 6.32, 13.37 ?. The 
melting point was raised to 192-195° on further crvstallization 
from ether, P P i > +71.0° (r 1, C H O P Ann!.' ( C P I I P P 
(.', II. 

4,17a-Dimethylestra-l,3,5(10)-triene-ll^,17/3-diol (IVb).--To 
40 nil of 3 M Me.MgBr in E p ) , stirred at room temperature, was 
added a solution of 1.10 g of lp-acetoxy-4-methylestra-l,3,5-
( 10)-trien-17/3-one ( l ib ) in 15 ml of THF. After addition was 
complete, the addition funnel was rinsed with 20 ml of anhydrous 
E p ) , and the rinse was added to the reaction mixture. The 

(lit) Mol t ing po in ts were taken on a I ' i sher -Johns mel t ing block and are 
correc ted . N m r spect ra were de t e rmined in deute r iochtoroform on a Var ian 
A-00 speelrorneter , a n d t h e signals a r e repor t ed downfietd wi th respect, to 
t e t r a m e t h y l s i l a n e as an in te rna l s t a n d a r d . W h e r e ana lyses a re ind ica ted 
only by symbols of the e lements , ana ly t ica l resul ts ob ta ined for those ele
m e n t s were wi th in iiO.-l'); of t he theoret ical va lues . 

il 1) O. I'. Beumal , J r . . ami It. V. Har r i s . ./. Or//. Chan. 28, 277."), (llMKli: 
29, 1X72 (1964). 

reaction mixture was stirred and heated under reflux for 4 hr. 
Then it was cooled in an ice bath. The reaction mixture was 
successively treated with 1FO, acidified with 6 X H O , diluted 
( E p ) ) , and shaken. The ether phase was separated, washed 
iH20), diled (XibSOti, and distilled under reduced pressure until 
a solid appeared. The residue was cooled to (1°. The solid wa> 
collected, yield 0.60 g. I t was crystallized from ether to afford 
0.45 g of IVb: m]} 141.5-143.5° with melting and resolidifica-
lion below 120°; nmr, 421-435.5 (mulliplet), 289 (quartet, 
./ --- 3 ops), 132.5, 75, 08.5 cps; AKI!r 2.77, 2.88, 0.32, 13.33 v. 
!„pi> +120° (c I, CIICL). Anal. ( C P P t p C , II. 

17/3-(2-Hydroxyacetyl)-4-methylestra-l,3,5(10)-trieri-17a-ol 
(V)."1 The procedure of Caspi, el til., was modified. To a mix
ture of 5.0 g of LiAlH.i and 500 ml of anhydrous Et»(), stirred and 
heated under reflux, was added a mixture of 5.0 g of the bis-
met hylenedioxy derivative of prednisolone in 150 ml of THF. 
After the addition was complete, the addition funnel was rinsed 
with 50 ml of THF, and the rinse was added to the reaction mix-
lure. The mixture was stirred and healed under reflux for 44 hr. 
then il was chilled in an ice bath. It was successively and 
cautiously treated with 20 ml of M p ' O , 200 ml of IP>, and 200 
ml of 12 X H O . The reaction mixture was distilled under re
duced pressure with gentle heating to remove the ether. The 
residue was stirred at. room temperature for 3.5 hr and extracted 
with C H C p the extract was washed ( H P ) , dried (Xa,S04), and 
distilled under reduced pressure until a crystalline product 
appeared. The residue was diluted with hexane and cooled to 
0° to afford 1.23 g of Y: mp 194--201.5°; XKl" 2.89, 5.85, 0.31, 
13.3S,u. Crystallization from CHC13 -hexane and then from CPU, 
afforded V as a pale vellow crystalline product: mp 214-217°; 
P p n +118° (<• 1, CHC1,,) [fit.10 nip 191-193°, P p o + 1 1 2 c 

(CHCpJ . Anal. ( C P P O , ! C, II. 

Drug Late i i t iat ion. T h e Preparation 

and Prel iminary Pharmacolog ica l Evaluat ion 

of S o m e Mephenes in Aryloxyacetates 

F. Hoi'TAHt, AI. F, StEiToxK, AND M. F. SERAFIM 1 

Innlilatc of I'/iarmaceutical Chemixlr)/, 
I 'niicrx/ti/ of I'i.-iu, 66100 I'isa, I tali/ 

l/i ci iml .lanuunj .ill, llifiN 

Esterihcation of one: or more free hydroxyl groups 

of :t drug is one of the possible means of achieving "la

teiitiation" of the drug itself, i.e., transformation into a 

derivative from which the active compound is re

generated in civii.- The activity of the latentiated drug-

will depend, among other things, (a) on the rate of ab

sorption, distribution in the tissues, and accumulation 

on the target area; (b) on the rate of "bioactivation," 

i.e., in vim hydrolysis to liberate the parent compound." 

In recent times, a t tempts have been made to apply-

some basic concepts of intramolecular catalysis to drug 

lateiitiation, by esterifying drugs with acids, whose 

esters are known to undergo facilitated hydrolysis.'1 

On the same ground, other labile drug derivatives such 

as ethers and amides have been prepared.5 

Our interest in this held arose from the observation 

that some aryloxyacetic acids, also known as plant, 

growth regulators, have been found to confer upon 

esterified drugs enhanced intensity and duration of 

l 1) N a m e s ot a u t h o r s a r e m a lphabe t i ca l order . T h i s work was suppor t ed 
l>y a g r a n t from Cousiglio X a / i o n a t e delle R ice rehe . 

1.2) (a) N . J . Harper , J. Mr,I. /'harm. Chem., 1, 467 11959); (li) N . .1. 
Harpe r , Progr. Drug He*., 4, 211 (11)02). 

(3) E . J . Ar iens , " M o l e c u l a r P h a r m a c o l o g y , " Vol. 1, Academic Press Inc . . 
N e w York, N . Y., 196-1. p 81 . 

(4) S. M . K u p e h a n , A. V. (,'asy, and .1. V. Svvilltosky, J. /•harm. Sci., 64, 
51-1 (1965). 

'./,) (a) S, M. K u p e h a n and A. !•'. Ca.se.i, ./. Med. Chem.. 10, 959 U 9 6 7 ) : 
•li) S. M . Kupehan and A. ('. I scn lmrg , ibid., 10, 960 (1967). 
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action.6 We had previously reported tha t ethyl o-
hydroxyphenoxyacetate ( la) undergoes a facilitation of 
hydrolysis through intramolecular catalysis, the lactone 
2 being a probable intermediate in the process.7 I t 
was presumed tha t esterification of a drug with o-hy-
droxyphenoxyacetic acid ( lb) would give a labile de
rivative, whose rapid breakdown in vivo might reason-

@C 
OCH,COOR 

OH 

la,R = C2H5 
b,R = H 

y t t 2 

0"L--OR 

H 

+ ROH 

W"CH2 Hip) 

0 ^ 0 
lb 

ably be expected. One of the hydrolysis products, l b , 
is relatively nontoxic and had been used in the past, as 
the calcium or sodium salt, as an antipyretic.8 We felt 
it would be of interest to compare the intensity and 
duration of action of a drug derivative of l b with re
spect to other aryloxyacetates of the same drug, in order 
to gain some basic knowledge on the " latent ia t ing" 
capacity and mechanism of these ester derivatives. A 
comparison between aryloxyacetates and other esters 
might also be useful. 

The muscle relaxant 3-o-toloxy-l,2-propanediol (me-

_/CB3 

®-OCH,CHOHCH,OH 

phenesin, 3) was chosen as the model drug for this study. 
The compound is characterized by an extremely short 
duration of action, due to its rapid in vivo oxidation to 
/3-(o-toloxy)lactic acid.9 Conversion of the drug into 
the 1-acid succinate,10 1-carbamate,11 or 1-nicotinate12 

has been effected in an a t tempt to prolong its action by 
protecting the labile 1-hydroxy group, but these de
rivatives are not entirely satisfactory, so tha t a new 
long-acting ester might be of interest. 

Chemistry.—The esters (listed in Table I) were 
prepared (Scheme I) by reaction of l,2-epoxy-3-(o-
toloxy)propane (4) with the appropriate acid (procedure 
A), or by reaction of mephenesin (3) with the appropri
ate acid chloride in pyridine solution (procedure B), or, 
in the case of the o-hydroxyphenoxyacetate (7), by 
reaction of the lactone 2 with 3 (procedure C). The 
p-amino esters were obtained from the corresponding 
nitro derivatives by catalytic hydrogenation. 

Several a t tempts to prepare mephenesin mono-o-
nitrobenzoate by procedure A were unsuccessful. 
Treatment of 3 with o-nitrobenzoyl chloride (procedure 
B) gave only the bisester 15, even when 3 was used in 
excess. Treatment of 4 with p-nitrobenzoic acid gave 

(6) D. Gould, L. Finckenor, E. B. Hersbberg, J. Cassidy, and P. L. Perl-
man, / . Am. Chem. Soc, 79, 4472 (1957). 

(7) S. M. Kupohan and M. F. Saettone, Tetrahedron, 18, 1403 (1962). 
(8) P. Lebeau and G. Courtois, "Traite de Pharmacie Ghimique," Vol. 2, 

Masson & Cie., Paris, France, 1946, p 1390. 
(9) R. F. Riley and F. M. Berger, Arch. Biochem. 20, 1959 (1949). 
(10) F. M. Berger and R. F. Riley, J. Pharmacol. Exptl. Therap., 96, 269 

(1949). 
(11) (a) W. A. Lott and E. Pribyl, U. S. Patent 2,609,386 (1952); (b) 

F. XI. Berger, J. Pharmacol. Exvtl. Therap., 104, 468 (1952), 
(12) T. I. Fand and R. H. Broh-Kahn, U. S. Patent 2,750,391 (1956). 

SCHEME I 

A { C y — OCH2CH-^CH2 + RCOOH 

\ 

B 3 + RCOC1 

C 2 + 3 

/CH3 

/Q>—OCH2CHOHCH2OCOR 

jCrO; 

,CH3 

(Cj/— OCH2COCH2OCOR 

the monoester 11, while a t tempts at preparing the same 
ester by procedure B gave, in analogy with the previous 
case, only the bisester 13. Partial acid hydrolysis of 
13 gave 11, whereas 15 resisted a t tempts at hydrolysis. 
I t was assumed tha t the primary ester was formed in all 
procedures. As a mat ter of fact, (a) ring opening of 
propylene oxide derivatives by acids occurs to give 
preferentially the primary ester, which may be formed 
directly, or through acyl migration;13 (b) the primary 
rather than the less reactive secondary alcohol function 
of 3 should react with the acid chloride or with 2. The 
proposed structure was confirmed through oxidation 
of the esters 6 and 11, selected as representatives of the 
series: both compounds were readily transformed, 
under mild conditions, into the corresponding esters of 
l-hydroxy-3-(o-toloxy)propan-2-one (5). 

A study of the noncatalyzed hydrolysis of all esters 
was carried out in aqueous acetone at 100°, following 
the method described in ref 7. The half-life for the 
hydrolysis of 7 was ca. 5.5 hr (vs. ca. 6 hr for l a ) , while 
all other esters were practically unchanged after 24 
hr under the same conditions. The facile hydrolysis 
of esters of l b was thus confirmed. 

Pharmacology.—All compounds listed in Table I 
were screened for paralyzing activity in mice, at four 
dose levels, using groups of three male albino mice 
(Swiss SM) for each dose level. The animals were 
injected intraperitoneally at dose levels of 100, 200, 
400, and 800 mg/kg, and observed for 2 hr. Only the 
phenoxyacetates 6-9 were found to possess mephenesin-
like activity and were selected for further study. Me
phenesin salicylate (10) was devoid of muscle relaxant 
activity at the 300-500-mg/kg levels, but exhibited a 
weak sedative action. The pharmacology of this com
pound is being investigated further in this laboratory. 
The esters 11-16 were practically devoid of mephenesin-
like activity except at toxic doses (1000-1500 mg/kg) . 
I t is interesting to observe tha t oxidation of the active 
ester 6 to the corresponding ester of l-hydroxy-3-(o-
toloxy)propan-2-one (17) results in total loss of pharma
cological activity. Compound 18 was also inactive. 
To our knowledge, 2-oxo derivatives of mephenesin had 
never been prepared and tested before. 

In Table I I are recorded the methods and results of a 
preliminary biological investigation on the four active 
compounds. Our intent was to provide comparative 

(13) A. Weissberger, "The Chemistry of Heterocyclic Compounds; 
Heterocyclic Compounds with Three- and Four-Membered Rings," Part 1, 
Interscience Publishers, Inc., New York, N. Y., 1964, pp 366-382. 
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TABLE 1 

MEPHEXESIN ESTERS 

^ C H ; i 1 

ORi 

/0^OCH2CHCH2OR 

HcTrysl.n 
solvent ' ' 

Bz-PE 
Bz-PE 
Bz—PE 
Bz-PE 
Bz-PE 
Bz 
Bz 
Bz-PE 
Bz 
Bz 
Bz-PE 

OXIDATION 

M n , - C ' 

(So- -OS 
109-110 

011-70 
5N-00, 07-70 ' 

M--S4 
OS-DO 

107-110 
145-147 
130-135 
07-100 

110-120 

PRODUCTS 

<0>—OCH.COCH.OR 

Y H . - M . ' , 

27 I.VJ, IS (Bi 
2S 
50 (A), 40 (B) 
2: j 

:;:; 
44 
/ 1 

.)-
51 

:;o 
i s (A), 15 ,'B) 

('. 
(-'i 

c, 
C: 
(.'. 

c, 
(': 
(\ 
(': 
V: 
( ' • 

F o r m u l a 

„H2(A, 
islIouOe 
iJTuCK)-, 
i s IW'U, 
l-II!»();, 

„H„X()0 

„1I19X04 

;iII2oX2(), 
Mll2 4 X 2 ( ) ; , 

; 1 I l 2 » X 2 0 B 

,7IIJ(iX2<)„ 

AllilI.\-SL> ,J 

C, II 
(' , II 
( ' , 11 
( ' ,11 
C, II 
( ' , 11, X 
(.', 11, X 
(', 11, N 
(', II, N 
(', II, X 
( ' , 1 1 , X 

17 UuiEociioCO E no-lot ,")0 c ' i , n l s ( ) 5 r, n 
IS p-02XC6H4CO E 120-122 50 ('17iruXOf (', II, X 
" See Expe r imen ta l Section. '' Bz, benzene ; P E , pe t ro leum ether (bp GO-SO0); E, e ihanol . ' De te rmined on a Kofier block and 

uncorrected. d Analytical results of the elements listed were within = 0.3r<. of the theoretical values. " The compound existed in two 
crystalline forms; both showed identical ir spectra in CIICL solution and identical physiological activity. 

TABLE II 

PHARMACOLOGICAL EVALUATION OF THE PHEXOXYACETATES PKECAHED IX THIS STUDY" 

Compil 

Mephenosin 
Mephenesin carbamate 
(5 
7 
8 
0 

— E D M (re 

m s / k g 

S4 
125 
284 
372 
325 
275 

i tatin; H rod) ' ' -
m m o l / k g 

0.45 
0.55 
0.04 
1.1 
0.92 
0.82 

Dura t ion of ai_-t.,'' 
min (range) 

4 (3-0) 
7 (3-12) 

14 (S--1S) 
10 (5-15) 
23(19-24) 
17 (12-19) 

Latency , ' ' 
min 

o 

4 
/ 
s 
s 
0 

....... 
mi; kg 

570 
000 

1300 
2S00 

050 
(150 

1,!>..„" • • • - -

mmo!, kg 

3, I 
2.7 
4.3 
S . 4 

2,7 
2.S 

Kalio 
I,I).-l ,l-;i):,r. 

O.s 
4 ,0 
4 . 5 
7 .0 
2 . 9 
3 .4 

" All compounds were adminis te red by in t raper i tonea l injection as a suspension in physiological solut ion conta in ing 3 ' , ; ( i i ten () 
(Polyoxyethylene Sorb i tan Monoolea te , A. & D. Treves Inc. , Xew York, X". Y.) . .Male, albino Swiss S .M. mice, 25-30 g, to whom food 
had been w i thd rawn 24 hr prior to injection, were used in all tests. '' T h e ro ta t ing rod tes t was performed as indicated by N . \V. I )mi
lium and T. S. Miya , J. Am. Pharm. Assoc, Sci. Ed., 46, 20S (1957), using 24-36 a n i m a l s / c o m p o u n d . T h e reported values were ob 
tained by graphical in terpola t ion . r T h e dura t ion of ac t ion is defined as the mean t ime, calculated by graphical in terpola t ion , from 
onset of act ion to the final pass in the ro ta t ing rod test , for an imals receiving a dose in the E l ) s u range. '' T h e la tency is defined as (he 
mean t ime from t ime of injection to the onset of act ion ( inabil i ty to remain on the ro ta t ing rod for 1 min ). •'• T h e LI);:, were ca lcula ted 
after 4S hr. 

data, under equivalent conditions, on the intensity and 
duration of activity (rotating rod test; see footnote b, 
Table II) and on the toxicity of our compounds with 
respect to mephenosin and mephenesin carbamate. 

Discussion 

The results obtained with the esters 6-9, and the 
relative pharmacological inertness of the other me
phenesin esters prepared in this study, confirm the 
previously published observation6 on aryloxyacetic 
acids and their inherent ability to impart a longer dura
tion of pharmacologic activity to the respective drug 
esters. Indeed, the duration of action of mephenesin 
phenoxyacetates increases from 1.5 to 3 times over 
that of mephenesin carbamate. The intensity of action 
of the phenoxyacetate esters slightly decreases as com
pared with the carbamate ester, however. Inter
estingly, the testosterone aryloxyalkanoates have been 
reported6 to have given maxima as high as three times 
that of the propionate and twice that of other conven

tional esters. In our compounds, the activity ranged 
from 0.5 to 0.75 that of the carbamate, on a molar basis. 
The fact that, of all four esters, the ohydroxyphenoxy-
acetate 7 shows the shortest duration of action (10 
vs. 23 min of the /)-chlorophenoxyacetate) might be ex
plained in terms of increased in vivo rate of hydrolysis, 
where intramolecular catalysis might play a small but 
definite role. However, the in vivo effect is mil very 
significant, especially when compared with the /// vitro 
results, and further studies are necessary to evidence it 
more accurately. 

Of particular interest is the ester 7, which shows the 
highest therapeutic index of the whole group. This 
is very probably due to the low toxicity of o-hydroxy-
phenoxyacetic acid (LD,,0 > 2500 mg/kg), which is the 
least toxic of the four acids. In conclusion, aryloxyace
tic acids may be looked upon as interesting latentiating 
agents, particularly when compared with other acids. 
Further study dealing with the application of a wide 
series of these acids to the latentiation of drugs con
taining hydroxyl or amino groups is now in progress. 
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Experimental Section 

Chemicals.—Phenoxyacetic acid and the corresponding acid 
chloride were prepared as described by Mameli, et al.u o-Hydroxy-
phenoxyacetic acid lactone (2) was prepared from the correspond
ing acid as described by Ludewig.15 p-Chiorophenoxyacetic 
acid and the corresponding acid chloride were prepared according 
to Minton and Stephen.16 l,2-Epoxy-3-(o-toloxy)propane (4) 
was prepared as indicated by Chizhevskaya, et al.,17 and was 
purified by distillation under reduced pressure, bp 132-135° 
(10 mm). All other starting materials were commercially avail
able products, purified by crystallization to constant melting 
point. 

Procedures for the Preparation of the Esters. A.—Compounds 
6, 8-11, and 16 were prepared from 4 and the appropriate acid, 
following the procedure given by Petrow, et al.,K for the prepara
tion of mephenesin benzoate. 

B.—Compounds 6, 8, 13, 15, and 16 were prepared by treat
ment of mephenesin (3) with the appropriate acid chloride. 
Treatment of 3 with o- or p-nitrobenzoyl chloride gave only the 
bisester 15 and 13, respectively, even when the reactants were 
used in equimolar amounts. As an example, the preparation of 8 
is reported. A mixture of 3 (5.0 g, 27 mmoles), p-ehlorophenoxy-
acetyl chloride (5.6 g, 27 mmoles), and anhydrous pyridine (10 
ml) was heated 1 hr at 100°, then was poured into cold water. 
The mixture was extracted with ether, the ethereal extract was 
washed with water, 10% Na2C03 , and water, dried (MgS04), 
and evaporated to give an oil which crystallized from benzene-
petroleum ether to afford pure 8 in 40% yield. 

C.—The ester 7 was prepared by treatment of 3 with the lactone 
2 as follows. A mixture of 3 (9.1 g, 0.05 mole) and 2 (7.5 g, 
0.05 mole) was heated at 130° for 24 hr. The resulting syrupy 
material afforded, on crystallization from benzene-petroleum 
ether (bp 60-80°), 5.9 g (28%) of ester, which was purified by 
further crystallization from the same solvent mixture. 

D.—Compounds 12 and 14 were obtained from 11 and 13, 
respectively, by catalytic reduction over P t 0 2 in dioxane, as 
follows. A solution of the compound (5.0 g) in anhydrous dioxane 
(80 ml) was hydrogenated at normal pressure until the theoretical 
amount of H2 had been adsorbed. The catalyst was filtered off 
and the solvent was evaporated at reduced pressure; the oily 
residue was crystallized from anhydrous ether. 

Oxidation of 6 and 11.—The oxidation of 6 and 11 to the corre
sponding l-hydroxy-3-(o-toloxy)propan-2-one derivatives 17 and 
18 was carried out as follows. To a solution of the compound 
(3.0 mmoles) in acetone (10 ml, previously distilled over KMnfti) 
was added drop wise an 8 N solution of Cr0 3 in H0SO4 (1.5 ml),19 

while stirring and cooling at 5°. The mixture was then diluted 
with II2O, and the solid which separated was collected, washed 
with 10% XajC08 and H 20, dried, and crystallized from EtOH. 

Acid-Catalyzed Hydrolysis of 13 to 11.—A solution of 13 
(1.0 g) in 95% EtOH (10 ml) was treated with several drops of 
concentrated HC1, then was heated 1 hr under reflux and poured 
into H 2 0. The solid which separated gave on crystallization 
from C6H6 0.41 g (60%) of pure l l , 2 0 mp 98-99°. 

Kinetic Experiments. Hydrolysis of 6-11 in Aqueous Ace
tone.—The kinetic experiments were performed with an elec
trically controlled oil bath (100 ± 0.01°), using analytical grade 
acetone, purified by reflux over KMn0 4 , desiccation over K2C03, 
and fractionation. 

Solutions (0.1 M) of the compounds in acetone containing 
40%, H 2 0 by volume were heated at 100° in sealed 10-ml ampoules. 
The rates of reaction were measured by titration of successive 
ampoules, removed after appropriate intervals, with standard 
alkali (phenol red indicator). The hydrolysis of 7 was found to 
be first order in ester up to 90% completion; K = 3.5 X 10~5 

(14) fa) E. Mameli, E. Gambetta, and G. Rimini, Ga?z. Chim. Hal., 50, 
170 (1920); (b) E. Mameli, ibid., 56, 763 (1926). 

(15) H. Ludewig, J. Prakt. Chew.., 61, 345 (1900). 
(16) T. H. Minton and H. Stephen, J. Chem. Soc, 121, 1600 (1922). 
(17) I. I. Chizhevskaya, Z. B. Idel'chik, L. A. Yakimovich, and K. S. 

Shadurski, Vestsi Akad. Navuk Belauru?k. SSR, Ser. Fiz.-Tekh. Navuk, 115 
(1957); Chem. Abstr., 62, 9009 (1958). 

(18) V. Petrow, O. Stephenson, and A. M. Wild, J. Pharm. Pharmacol., 12, 
37 (1960). 

(19) Prepared according to C. Djerassi, R. R. Engle, and A. Bowers, 
J. Org. Chem. 21, 1547 (1956). 

(20) The reaction very probably involves hydrolysis of the primary ester 
function, followed by acyl migration to give the a-monoester 11. For similar 
cases of acyl migration in diol monoesters, see, e.g., G. Berti, F. Bottari, and 
B. Macchia, Ann. Chim. (Rome), 52, 1101 (1962). 

sec - 1 , half-life ca. 5.5 hr. All other esters were not appreciably 
hydrolyzed after 24 hr. 
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It has been reported that 5,6,7,8-tetrahydrometho-
trexate (III) is a more potent folic acid antagonist than 
methotrexate (I) for Streptococcus faecalis,* Pediococcus 
cerevisiae,i mice,5 chicks,6 and dogs.7 When a method 
developed for separating dihydrofolate and tetrahy-
drofolate8 was applied to III it was observed that the 
material was actually a mixture of dihydromethotrexate 
(II) and III. Some properties of the purified deriva
tives are reported here. 

The reduced material showed two major peaks on 
diethylarrinoethylcellulose chromatography. It was 
shown spectrally that the peak eluted first was III and 
the second II. They accounted for 39 and 52% of the 
total absorbing material, respectively. The absorption 
maxima are shifted 10 m/n toward longer wavelengths 
as compared with the corresponding aminopterin de
rivatives.9 The extinction coefficients at maximum 
absorption were assumed to be the same as for amino-
pterin derivatives.9 

I l l and II are less potent than I as inhibitors of di
hydrofolate reductase but more potent as inhibitors of 
thymidylate synthetase (Table I). In every system 
tested II was more inhibitory than III. I l l is most 
likely a mixture of diastereoisomers resulting from the 
addition of hydrogen to carbon 6. The contribution of 
each diastereoisomer to the inhibition is not known. 

Experimental Section 

Compound I, provided by Lederle Laboratories, Pearl River, 
N. Y., was purified by diethylaminoethylcellulose chromatog
raphy as described for aminopterin.9 Hydrogenation was carried 
out in AcOH using P t 0 2 catalyst.10 The reduced material was 
filtered under H2 and washed with ether.11 
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