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Experimental Section!s

113-Hydroxy-4-methylestra-1,3,5(10)-trien-17-one (Ila)."~
To a mixture of 3.0 g of LIAIH, and 250 ml of anhydrous Et.0,
stirred and heated under reflux, was added a mixtire of 2.0 g of
118-hydroxyandrosta-1,4-diene-3,17-dione 17-ethvlene ketal (14
in 25 ml of THF. After addition was complete, the addition
funnel was rinsed with 10 ml of THEF, and the rinse was added (o
the reaction mixture. The resultant mixture was stirred and
heated under reflux for 16 hr.  Then it was cooled in an ice bath
and successively treated with 20 ml of MeCO, 50 ml of 1,0,
and 150 ml of 6 N HCL  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 1.75 hr.
Then it was extracted (CHCL), and the extract was washed
(I,0), dried (Nas804), and concentrated to a small volume by
distillation under reduced pressure.  The residue was diluted with
hexane aud cooled to 0° to atford 0.78 gof ITa:  mp 237.5-243°;
A 265-264 mu (e B13);  AKBr 283, 576, 6.20, 1333 w
After erystallization from CHCL-hexane, [Ia melted at 235.5-
244.5°, [ +204.5° (¢ 1, CHCL).  118-Hydroxy-4-methyl-
extra~1,3,5(10)-trien-17-one (I1a) appeared to undergo a change
in erystalline form just below its melting point, thus accounting
for the broad melting point range [lit." mp 244-246° with
change in crystalline strueture at  224-226°, {a]%p +95°
(dioxane)}. dnal. (CillnOs) C, 1. Recrvstallization of Ia
from DMF raised the melting point to 259-260°, [a]?™p 4208°
(e 1, CHCly).
113-Acetoxy-4-methylestra-1,3,5(10)-trien-17-one (IIb).— A
mixture of 2.85 g of I1la, 40 ml of pyridine, and 40 ml of Ae,O
was heated on the steam bath for 4 hy after which time it was
poured into a mixture of ice and water. The mixture was
neutralized with 6 .\ HCL  The vesultant solid was collected,
washed (T1,0), and dried, mp 197-206.5°.  Crystallization from
cther afforded 2.66 g of 1Ib: mp 206.5-208.5°; AKBr ¢q, 5.73,
6.29, 8,04, 13.45 ¢; nmr, 421.5, 357 (quartet, J = 3 eps), 134.5,
110, 63 eps; la)?™n +94° (¢ 1, CHCl).  Anal. (CaFle0y) G
I,

11-8-Acetoxy-17«-ethynyl-4-methylestra-1,3,5(10)-trien-173-
ol (IIld).—To a solution of 4.50 g of IIb in 150 ml of THE was
added 10.00 g of the lithium acetyvlide-ethylenediamine com-
plex.tt*  While acetylene was bubbled 1, the reaction mixture
was stirred at room temperature for 16 hr.  The reaction mix-
ture was treated with 150 ml of 1L,O and stivred at room tempera-
ture for an additional 1 hour. Then it was acidified with 6 V'
HCL - The acidified mixture was poured into u mixture of ice and
water. The vellow gum was collected, washed (11,00}, and
dissolved in CHCl;. The solution was dried (NasS0.) and evap-
orated to dryness to afford a viscous oil. A 4.42-g =ample of the
oil was chromatographed on 310 g of silica gel. The column
was eluted initially with CsHg and then with varying proportions
of EtOAc¢ and Cellg.  Elution of the column with 537 EtOAe in
Cells gave 0.94 g of T11d as a erystalline product.  Crystalliza-
tion from CHCl;-hexane afforded 0.71 g of 1IId: mp 201.5-
200.5°; AKBr 283 3.06, 4.72, 5.81, 6.30, T.02, T.0N, 1338 a;
[a]®D —19.5° (¢ |, CHCL). Another cerystallization from the
same solvents raised the melting point to 217-219°.  Admixed
with ITb, IIId melted at 193-199.5°, .Anal. (Cyll, 00 C, L
17a-Ethynyl-113-hydroxy-4-methylestra-1,3,5(10)-trien-173-
ol (Ill¢).~~Continued clution of the aforementioned column with
1047 EtOAe in Cstg gave 1.33 g of IITe as a crystalline substance.
Crystallization from ether-hexane afforded 0.87 g of I1le: mp
186.5-190.5°: AKBr 278 284 3.08, 4.77, 6.32, 13.37 u. The
melting point was raised to 192-195° on further crystallization
from ether, [«]®np +71.0° (¢ 1, CHCL). .tnal. (CulluO)
1L
4,17«-Dimethylestra-1,3,5(10)-triene-113,173-diol (IVb).-—-To
40 ml of 3 M MeMgBr in Et,0, stirred at room temperature, was
added a solution of 1.10 g of 118-acetoxy-4-methylestra-1,3,5-
(10)-trien-178-one (IIb) in 15 wl of THE. After addition was
complete, the addition funnel was rinsed with 20 ml of anhydrous
Et.0, and the rinse was added to the reaction mixture. The

(13) Melting points were taken on a Fisher-Johns melting bloek and are
corrected. Ninr speetra were determined in deuteriochloroform on a Variau
A-60 specirometer, and the signals are reported downfield with respect to
tetramethylsilane as an internal standard. Where analyses are indicated
only by symbols of the elements, analytical results obtained for those ele-
ments were within #=0.4% of the theoretical values.

(1) O. . Beumal, Jr., aud R. I\, Harris, /. Org. Chemn. 38, 2775, (118631
28, 1872 (1y64).
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reaction mixture was stirred and heated under reflux for 4 r.
Then it was cooled in an ice bath. The reaction mixture was
suceessively treated with H,0O, acidified with 6 N HCI, diluted
(Et:0), and shaken. The ether phase was separated, washed
(11,0), dried (Nu.SOy), and distilled under reduced pressure until
w solid appeared.  The residue was cooled to 0°. The solid was
collected, vield 0.60 g. It was crystallized from ether to afford
0.43 ¢ of ITVh: mp 141.5-143.5° with melting and resolidifica-
tio1r below 120%; nmr, 421-435.5 {(nutltiplet), 289 (quartet,
Jo= % epss, 1323, T, 68.5 ¢ps; AKB 27T 288, 6.2, 1383
lee) >0 +120° (¢ 1, CHCL).  Anal.  (CyllnOn) C) T

173-(2-Hydroxyacetyl )-4-methylestra-1,3,5(10)-trien-17 -0l
(V).1-~The procedure of Caspi, ¢l al., was modified.  To a mix-
ture of 5.0 g of LiAlIT; and 500 ml of anhydrous 260, stirred and
heated under reflux, was added a mixture of 5.0 g of the bis-
methylenedioxy derivative of prednisolone in 150 ml of THI.
After the addition was complete, the addition funnel was rinsed
with 50 ml of THF, and the rinse was added to the reaction mix-
ture.  The mixture was stirred and heated under reflux for 44 hr,
then it was chilled in an ice bath. Tt was snecessively and
cautiously treated with 20 ml of Me,CO, 200 ml of 11,0, and 200
ml of 12 & HCL  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 CTICL: the extraet was washed (11,0)), dried (NawSOy), and
distiled under reduced pressure nntil o erystalline produet
appeared.  The residue was diluted with hexane and cooled 1o
0° to afford 125 g of Vi mp 194-201.5°; AEBe 289, 585, 6.31,
13384, Crystallization from CHCly-hexane and then from Cell,
afforded V' as o pale vellow crystalline product: mp 214-217°;
[ee] . +1IN° (¢ 1, CHCL) [Ht. mp 101-193°, [«]¥D 41127
(CHCEY]. Anad. (CudlOg0 ) HL
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Esterification of one or more free hydroxyl groups
of a drug s one of the possible means of achieving “la-
tentiation” of the drug itself, 7.e., transformation into a
derivative from which the active compound is re-
generated 7n vive.? The wetivity 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; (h) on the rate of “bioactivation,”
i.e., {n vivo hydrolysis to liberate the parent compound.”
In reecent times, attempts have been made to apply
some basic coneepis of intramolecular eatalysis to drag
latentiation, by esterifving drugs with acids, whose
esters are known to undergo facilitated hydrolysis.?
On the same ground, other labile drug derivatives such
s ethers and amides have been prepared.®

Our interest in this field arose from the obscrvation
that some arvloxvacetic acids, also known as plant
growth regulators, have been found to confer upon
esterified drugs enhunced intensity and duration of

(1) Names of auihors are in alphabetical order. This work was supporied
by a grant from Consiglio Nazionale delle Ricerche.

(2) (a) N. J. Harper, J. Med. Pharm. Chem., 1, 467 (1959); () N. J.
Harper, Progr. Druy Re~., 4, 241 (1962),

(3) E.J. Ariens, “Molecular Pharmacology,” Vol. 1, Aeademic Press Ine.,
New York, N. Y., 1964, p 81.

(4) 8. M. Kupchan, A. F. Casy, and J. V. Swintosky, J. Pharm. Seci., b4,
H14 (1965).

(5) (a)y 8. ML Kupehan and AL FL Cases, J. Med, Chem., 16, 450 (19675,
S0 ML Kupehan and N, CL Isenburg, ibid,, 10, 960 (1967).
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action.! We had previously reported that ethyl o-
hydroxyphenoxyacetate (1a) undergoes a facilitation of
hydrolysis through intramolecular catalysis, the lactone
2 being a probable intermediate in the process.” It
was presumed that esterification of a drug with o-hy-
droxyphenoxyacetic acid (1b) would give a labile de-
rivative, whose rapid breakdown 7n vivo might reason-

OCH,COOR 0.\
L, = Ok
OH 0"~™0R
la, R=CH; }li
QL = »
00

b,R=H
2

<= + ROH

ably be expected. One of the hydrolysis products, 1b,
is relatively nontoxic and had been used in the past, as
the calcium or sodium salt, as an antipyretic.® We felt
it would be of interest to compare the intensity and
duration of action of a drug derivative of 1b with re-
speet to other aryloxyacetates of the same drug, in order
to gain some basic knowledge on the “latentiating”
capacity and mechanism of these ester derivatives. A
comparison between aryloxyacetates and other esters
might also be useful.

The muscle relaxant 3-¢-toloxy-1,2-propanediol (me-

CH;
@'OCHQCHOHCHZOH

3

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 ¢n vive oxidation to
B-(o-toloxy)lactic acid.® Conversion of the drug into
the 1-acid succinate,® 1-carbamate,!! or 1-nicotinatel?
has been effected in an attempt to prolong its action by
protecting the labile 1-hydroxy group, but these de-
rivatives are not entirely satisfactory, so that a new
long-acting ester might be of interest.

Chemistry,—The esters (listed in Table I) were
prepared (Scheme I) by reaction of 1,2-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 attempts 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. Hershberg, J. Cassidy, and P. L. Perl-
man, J. Am. Chem. Soc., 79, 4472 (1957).

(7) 8. M. Kupchan and M. F. Saettone, Tetrahedron, 18, 1403 (1962).

(8) P. Lebeau and G. Courtois, ““Traite de Pharmacie Chimique,” 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. Exzptl. Therap., 96, 269

1949).
( (11>) (a) W. A. Lott and E. Pribyl, U. §. Patent 2,609,386 (1052); (b)

F. M. Berger, J. Pharmacol. Ezptl. Therap., 104, 468 (1952).
(12) T. I. Fand and R. H. Broh-Kahn, U. 8. Patent 2,750,391 (1956).
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CH,
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CH,
B 3 + RCOCI — OCH,CHOHCH,0OCOR
lCTO;
CH;
NN
c2 + 3 @-OCHZCOCHZOCOR
5

the monoester 11, while attempts 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 attempts at hydrolysis.
It was assumed that the primary ester was formed in all
procedures. As a matter 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;!® (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
1-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 (#s. ca. 6 hr for la), while
all other esters were practically unchanged after 24
hr under the same conditions. The facile hydrolysis
of esters of 1b 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).
It is interesting to observe that oxidation of the active
ester 6 to the corresponding ester of 1-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 IT are recorded the methods and results of a
preliminary biologieal investigation on the four active
compounds. Qur intent was to provide comparative

(13) A. Waeissherger, ‘“The Chemistry of Heterocyclie 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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TapLr 1
MurHeNEsIN lisTERS

CH;; ()Rl
OCH,CHCH,0R
Reerysin
Compd R R Procedure” solvent” Mp, #C Yield, o Formula A\nalyses?
6 Cel LOCILCO [ AB Bz-PL 6565 270N, IS CrsHagOs ¢, H
T o-HOCH,OCILCO {1 C Bz-1’1s 109--110 2N CrsHa06 o, 1
S p-ClCeH, OCH,CO I A DB Bz—PL 64970 SO LA, 40 (1) sHy,ClO, o, i
4 p-FCsH,OCH,CO I A Bz-PL 3860, 6770 23 CsHiplF oy, ¢, H
10 0-HOCH.CO I A Bz-PL S1--N4 33 CaHO; o, H
11 p-0: NCeH,CO 1 A Bz AS-04 44 CriHiNOg ¢, )N
12 p-HNCel1,CO I D Bz 107-110 T Cyrll N Oy O, HN
13 p-ONCH,CO ! 13 Bz-PLE {45147 32 (sl T2pNL Oy ¢, 1N
14 p-1LNCH,CO ! 9] Bz 130-135 Al TN, O; N
15 0-Os N Cel 1, CO { 13 Bz O7--100 i ClagHagNL Oy ¢, 1, N
16 my =N Oy ) CeHCO H A B Bu-PIs 119--120 IN(A), 15 .8) Cyal LN 05 1N
OXInATION Provuors
CH,
OCH,COCH,0R
17 CeH,0CIH,CO I 9O-101 B! 1,05 I
I8 -0, NCeH,CO 14 120-122 A0 CHENOe ¢, 11, N

@ See Experimental Section,
uncorrected.

* Bz, benzene; PE, petroleum ether (bhp 60-50°); L5, ethanol.
4 Analytical results of the elements listed were within =0.3% of the theoretical values.

© Determined on o Kofler block and
¢ The compound existed in two

erystalline forms; both showed identical ir spectra in CITICl; solution and identical physiological activity.

TanrLe I1
PHARMACOLOGICAL ISVALUATION OF THE PHENOXYACETATES PREPARED IN THIS NPUDY?

~-I5Ds0 (rotating rod)”——

Compd me/ky mmol, kg
Mephenesin R4 0.45
Mephenesin carbamate 125 0.55
6 284 .94
7 372 1.1
8 325 0.92
] 275 0.82

Duration of act.,”

1

Lutency, R B B P Rutio

inin (range) min me ke mmol, kg LD Do
4 (3-6) 2 370 3.1 6.8
7(3-12) 1 600 2.7 4.0

L4 (5~18) 7 1300 4.3 1.5

L0 (515} A 2800 N4 7.6

23 (10-24) SN 950 2.7 2.0

17 (12-19) 9 050 2.8 3o

« All compounds were administered by intraperitoneal injeciion as a suspeusion in physiological solution containing 3¢ Giten O

(Polyoxyethylene Sorbitan Monooleate, A, & D. Treves Inc., New York, N. Y.).
had been withdrawn 24 hr prior to injection, were used in all tests.
ham and T. 8. Miya, J. Am. Pharm. Assoc., Sci. Ed., 46, 208 (1957), wsing 24-36 animals/compound.
¢ The duration of action is defined as the mean time, calculated by graphical interpolation, from

fained by graphical interpolation.

onset of action to the final pass iu the rotating rod test, for animals receiving a dose in the Dy range.
mean time from time of injectiou to the onset of action (inability to remain ou the rotating rod for I min).

after 48 hr.

data, under equivalent conditions, on the intensity and
duration of activity (rotating rod test; see footnote b,
Table IT) and on the toxicity of our compounds with
respeet to mephenesin 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 observation® 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 inereases 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
reported® to have given maxima as high as three times
that of the propionate and twice that of other conven-

Male, albino Swiss S.ML mice, 25-30 g, to whom food

» The rotating rod test was performed as indicated by N, W. Dun-

The reported values were ob-

¢ The latency ix defined us the
¢ The L1 were calculated

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 o-hydroxyphenoxy-
acetate 7 shows the shortest duration of action (10
s, 23 min of the p-chlorophenoxyacetate) might be ex-
plained in terms of inereased in vive rate of hydrolysix,
where intramolecular eatalysis might play a small but
definite role.  However, the in vive effeet is not very
significant, especially when compared with the & vitro
results, and further studies are neeessary 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;, > 2500 mg/kg), which ix the
least toxic of the four acids,  In eonclusion, arvloxyace-
tie acids may be looked upon as interesting latentiating
agents, particularly when compared with other aeids.
Further study dealing with the application of @ wide
scries of these acids to the latentiation of drugs con-
taining hydroxyvl 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, ¢t al.* o-Hydroxy-
phenoxyacetic acid lactone (2) was prepared from the correspond-
ing acid as described by Ludewig.’® p-Chiorophenoxyacetic
acid and the corresponding acid chloride were prepared according
to Minton and Stephen.® 1,2-Epoxy-3-(o-toloxy)propane (4)
was prepared as indicated by Chizhevskaya, et ., and was
purified by distillation under reduced pressure, bp 132-135°
(10 mm). All other starting materials were commercially avail-
able products, purified by erystallization 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.,® 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-nitrobenzoy! 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-chlorophenoxy-
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§, Na,CO;, and water, dried (MgSO,),
and evaporated to give an oil which crystallized from benzene-
petroleum ether to afford pure 8 in 409 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 (289;) 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 PtO, 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 H; had been adsorbed. The catalyst was filtered off
and the solvent was evaporated at reduced pressure; the oily
residue was erystallized from anhydrous ether.

Oxidation of 6 and 11.—The oxidation of 6 and 11 to the corre-
sponding 1-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 KMnO;)
was added dropwise an 8 N solution of CrO; in HoSO, (1.5 ml),®
while stirring and cooling at 5°. The mixture was then diluted
with H;0, and the solid which separated was collected, washed
with 109 Na;CO; and H,O, dried, and crystallized from EtOH.

Acid-Catalyzed Hydrolysis of 13 to 11.—A solution of 13
(1.0 g) in 959, EtOH (10 ml) was treated with several drops of
concentrated HCl, then was heated 1 hr under reflux and poured
into H,O. The solid which separated gave on crystallization
from CeHe 0.41 g (609) of pure 11,20 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 KMnO,, desiccation over K,CO;,
and fractionation.

Solutions (0.1 M) of the compounds in acetone containing
40¢% H»O 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
alkalt (phenol red indicator). The hydrolysis of 7 was found to
be first order in ester up to 90% completion; K = 3.5 X 1073

(14) (a) E. Mameli, E. Gambetta, and G. Rimini, Garz. Chim. Ital., 50,
170 (1920); (b) E. Mameli, ¢bid., 86, 763 (1926).

(15) H. Ludewig, J. Prakt. Chem., 61, 345 (1900).

(16) T. H. Minton and H. Stephen, J. Chem. Soc., 121, 1800 (1922).

(17) 1. I. Chizhevskaya, Z. B. Idel’chik, L. A. Yakimovich, and K. S.
Shadurski, Vestsi Akad. Navuk Belaurusk. SSR, Ser. Fiz.-Tel:h. Navuk, 115
(1957); Chem. Abstr., 63, 9009 (1958).

(18) V. Petrow, O. Stephenson, and A. M. Wild, J. Pharm. Pharmacol., 12,
37 (1860).

(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
funetion, followed by acyl migration to give the a-monoester 11, For similar
cases of acyl migration in diol monoesters, see, e.g., G. Berti, ¥, Bottari, and
B. Macchia, 4nn. Chim. (Rome), 52, 1101 (1962).
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sec™1, half-life ca. 5.5 hr. All other esters were not appreciably
hydrolyzed after 24 hr.

Acknowledgment.—The authors wish to express
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Pharmacology, University of Pisa, and to Dr. XN.
Tellini, Guidotti Pharmaceutical Laboratories, Pisa,
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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,* mice,® chicks,® and dogs.” When a method
developed for separating dihydrofolate and tetrahy-
drofolate® 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
diethylarrinoethyleellulose chromatography. It was
shown spectrally that the peak eluted first was IIT and
the second II. They accounted for 39 and 529 of the
total absorbing material, respectively. The absorption
maxima are shifted 10 mu toward longer wavelengths
as compared with the corresponding aminopterin de-
rivatives.® The extinction coefficients at maximum
absorption were assumed to be the same as for amino-
pterin derivatives.®

IIT 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. III 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.® Hydrogenation was carried
out in AecOH using PtO; catalyst.’® The reduced material was
filtered under H, aud washed with ether.!?
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