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A series of  S-aryl-2-furanacetic acids (Table 1),
active as antiinflammatory agents as measured by the
anti-uv erythema test,! have been prepared by the
route outlined in Scheme I.

TasLe [

G-ARYL-2-TURANACETIC ACIDS

L

07 >CH,COH

X
Re-
crystn
Rel Mt sol-
N aet.”t eC vent? 4 I'ormula Analyses”

I 0.9 1206-128 B 6.15 Crli0; C, 1%
1-C1 1.7 147.5-149 A 6.22 Cpll,ClO, C, H, Cl
3-Cl 0.4 109-110 B 6.20 Cull,ClO; C, I, CI
2-(1 0.1 98995 A 6.20 CpHClO; C, H, Cl
1-Br 0.4 162-164 A 6.22 CpHBrOy C, H, Br
1-F 0.2 116-117.5 A 6.23 CpH,FO, C, H,F
14-CIIy 0.4 143-144 B 6.23 CpHpo; C, H

4-CII;O 0.9 143-145.5 B 6.25 CpH,0, ¢, H

¢ Preliminary estimates; phenylbutazone = 1. ¢ Melting poiuts
were taken on a Thomas-Tloover melting point apparatus in
open capillaries and arve uncorrected, ¢ A = Cilly, B = C,ll~
hexane. ¢ The 7 values are for the -CH.~ grouping and were
determined on a Varian A-60 in (‘DClg. ¢ Analysex for the ele-
ments indicated were within £0.3¢, of the theoretical values.
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Experimental Sec ion

CH,Br ~

5-Aryl-2-furfurals.>—A mixture of 0.5 mole of the arylamine
in H:0 (50 ml) and 135 ml of concentrated HCl was diazotized
by the dropwise addition of 36.2 g (0.525 mole) of NaNQ, in 100
ml of 11,0 keeping the temperature below 10° by the addition of
ice.  After stirring at 10° for 10 min, the solution was filtered

(1) C. V. Winder, J, Wax, V. Burr, M. Been, and C.
It Pharmecodyn. Ther. 116, 261 (1938),

(2) (a) R. Oda, Mem. Fuc. Eng. Kyots Unwiv., 14, 195 (19532): Chem.
Abstr., 48, 1035 (1954);  (b) H. Akashi and R. Oda, Rept. Tnst. Chem.
Res, Kyote Univ., 19, 43 (1949); Chem. Abstr., 48, 7519 (1951); (¢) . =,
Davis and G. 8. Lougheed, J. Heterocycl, Chem., 4, 1533 (1967).
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and added all ot onee 1o g solution of 6L g (0.64 mole) of Tur-
fural in H,0O (200 ml}, followed by 23 g of CuCly: 21O in II O (100
ml).  The mixture was kept at 50-65° for 4 hr, then left standing
al room temperature overnight.  Volatiles were stemm distilled
and the black residue was taken up in ether und washed (twice
with 53¢ NaOH, ILO until neuatral).  Drying {(NosXOy), Dread-
ment with charcoal, and removal of the =olvent nnder redueed
pressure gave the erude product which could be partially pruified
by eryvstallization from EtOH, or by distillation for those conm-
pounds which were oils. Yields were in the vange of 10537,

5-Aryl-2-hydroxymeth\Ifurans. Reduetion of  the H-arvl-2-
furfurals with LiAIH; in 11 EGO-THE gave the erade produets
which were converted to the hromo devivatives without Tirther
purification.

5-Aryl-2- bromometh)l(‘urans. A =oluwtion of 00282 mole
of the s-arvl-2-hydroxymethylfuran in 65 ml of E1,0 was cooled
in an ice bauth.  To this was added dropwise a solution of 2.8 g
(0.0103 mole) of PBry in 60O (20 ml).  After the addition was
complete, the mixture was allowed to =tir 4t room temperature
for 1 hr.  The ether was then decanted and the gunimy residue
wias washed (E60O).  The combined ether extracts were swirled
with cold 50¢; NaOll, decanted, and dried (solid KOIH).  The
solvent was removed under reduced pressure at room lemperatioee,
The unstable nature of the bromomethy] componnds necessitaie
their immediate conversion to the nitriles.
5-Aryl-2-cyanomethylurans. - The crude S-aryl-2-hromo-

methylfuran from 0.0282 mole of the hydroxymethyl mmpuuml
was dissolved in 30 ml of acetone and (reated with 1.5 g (0.03
mole} of NaCN in 10 ml of H O and the =olution was ]10 md i
reflux for 3 hr. Work-up of the dark reaction mixture in the
ustial manner gave the cende nitvile as o dark, viscous oil.

5-Aryl-2-furanacetic Acids.- T} ¢ crnde nitrile (5 g) in FiOl
(100 ml) was treated wit h 5 g of KOIT in 25 ml of O and the
resulting solittion was heated at reflux for 6 hr. - Work-up in the
usual manner gave the m‘m{v acid as un ol which was chro-
matographed on silica gel.  After elution of some colored material
with benzene, the product was eluted with 1070 ether in henzene.
Reerystallization gnve the pure S-aevl-2-firanacetic acids,
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Recently we reported that 17 e-cthynyl-1,4-dimethyl-
estra-1,8,5(10)-trieu-178-01 (IITa) and its acetate I
showed antiinflammatory properties in the earrageenin-
1nduccd foot edema rat assay and that both of these
substances also reduced the plzlsnm vholesterol concen-
tration of rats made hypercholesterolemic with propyl-
thiouracil.! Earlier, Goldkamp, ¢l al., observed that
estra-1,3,5(10)-trien-17-ones  and  17a-cthynylestra-
1,3,5(10)-trien-173-0ls with a methyl group attached to
ring A had o favorable lipodiatic—estrogenic ratio.”
These findings prompted us to determine whether
estratriene derivatives with an oxygen function at C'-11,
but not in ring A. wlso possess antiinflammatory and
antiatherogenic effects.

11-Oxygenated corticosteroids are systemically active

(1) LoJ. Clhiinn, . Med. (hem., 9, 602 (1966).
12) A, H. Goldkamyp, W. M. Hoehn, R. A, Mikulee, E. 1
L Cook, ibid.. 8, 100 710657,

Nutting, and
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antiinflammatory agents, while steroids lacking the
11-oxygen function are not, although the latter may
show potent antiinflammatory activity when injected
directly into the inflammatory pouch.?

17 o-Ethynyl-118-hydroxy -4 -methylestra-1,3,5(10)-
trien-178-o0l (IT1Ic) was synthesized in expectation that
the presence of the hydroxyl group at C-11 would either
endow or enhance the antiinflammatory activity of the
corresponding 11-deoxy compounds. The starting
materials for this synthesis was 118-hydroxyandrosta-

1,4-diene-3,17-dione 17-ethylene ketal (I).* LiAlH,
]
Ho. HQO._0 HC O
H,C RO
0
I CH,
Ila,R=H
b, R=CH;CO

reduction of I followed by treatment with acid gave
118-hydroxy-4-methylestra-1,3,5(10)-trien-17-one (I1a).
This substance had previously been obtained as
a by-product from the LiAlH, reduction of 118-
hydroxyandrosta-1,4-diene-3,17-dione and as the main
product from the successive treatment of prednisolone
with LiAlH; and sodium bismuthate.’ Because of the
insolubility of IIa, it was found expedient to acetylate
the 11-hydroxyl group before introducing the ethynyl
group at C-17.  Under the conditions employed for the
ethynylation of 11b, partial hydrolysis occurred so that
both 17 a~ethynyl-118-hydroxy-4-methylestra-1,3,5(10)-
trien-178-0l (I1lc) and its acetate IIId were obtained
from the reaction mixture.

CH,

Illa, R=R'=H; R”=CH,
b,R=H;R’= CH,CO; R”=CH,
¢, R=OH;R'=R"=H
d,R=CH,CO,R'=R"=H

At the dose level of 10 mg/kg both ethynyl com-
pounds, I1I¢ and IIId, lowered the plasma cholesterol
concentration of rats made hypercholesterolemic with
propylthiouracil,® but neither III¢ nor IIId was
active in the carrageenin-induced foot edema assay
when administered subcutaneously at the screening
level of 25 mg/rat (ca. 200 mg/kg).?

The hydroxy ketone Ila likewise was not active in the
foot edema assay, nor was 4-methylestra-1,3,5(10)-
triene-118,178-diol (IVa), which was prepared according

(3) E. M. Glenn, W, L. Miller, and C. A. Schlagel, Recent Progr. Hormone
Res., 19, 107 (1963).

(3) J. 3. Baran, J. Med. Chem., 10, 1188 (1967).

(5) E. Caspi, P. K. Grover, N. Grover, E. J. Lynde, and T. Nussbaumer,
J. Chem. Soc., 1710 (1962),

(6) R. E. Counsell, P. D. Klimstra, R. E. Ranney, and D. L. Cook,
J. Med. Pharm. Chem., 8, 720 (1962).

(7) C. A. Winter, E. A. Risley, and G. N. Nuss, Proc. Soe. Ezptl. Biol.
Med., 111, 544 (1962).

NoTEs 903

CH,

IVa,R=H
b, R=CH,

to the procedure of Caspi, et al.® However, 4,17~
dimethylestra-1,3,5(10)-triene-113,178-diol (IVb) and
the acetate of IIa (viz. IIb) were subcutaneously active
at 25 mg/rat, and they were also active in the cotton
pellet granuloma assay at 20 mg/rat (ca. 100 mg/kg)
when given orally.®

Virtually all of the aforementioned 11-oxygenated
4-methylestratrienes showed significant estrogenic ac-
tivity, which would preclude their use as lipodiatic
agents.? Undoubtedly, because of their estrogenic
properties, these compounds prevented implantation of
fertilized ova in rats.® The ED; varied from 140 ug
for  11B-acetoxy-4-methylestra-1,3,5(10)-trien-17-one
(IIb) to 3600 wg for 4,17a-dimethylestra-1,3,5(10)-
triene-118,178-diol (IVa).

In view of the antiinflammatory properties displayed
by IIb and IVb, 178-(2-hydroxyacetyl)-4-methylestra-
1,3,5(10)-trien-17 a-ol (V),* which possesses the cortisol

HC COCH,OH

CH,

v

side chain, was prepared and tested. This compound
was prepared according to a procedure that was an
adaptation of one deseribed by Caspi, et al.?* 1785-
(2-Hydroxyacetyl)-4-methylestra-1,3,5(10)-trien-17 -0l
(V) was orally active in the cotton pellet granuloma
assay at 20 mg/rat, but it was inactive in the foot edema
assay at the screening level. In order to determine
whether V simulates the glucocorticoids in any other
biological property, the effect of V on glycogen synthe-
sis was studied. In adrenalectomized rats weighing
between 120 and 160 g each,'! 173-(2-hydroxyacetyl)-
4-methylestra-1,3,5(10)-trien-17a-ol (V) stimulated the
synthesis of glycogen in the liver at the subcutaneous
doses of 10 and 5 mg/rat. In each case. the response
produced was comparable to that elicited by 0.5 mg/rat
of cortisone acetate. At 2 mg/rat, however, V wuas
inactive in this assay.!?

(8) (a) L. G. Hershberger and D. W. Calhoun, Endocrinology, 60, 153
(1957); (b) H. S. Lowrie, J. Med. Chem., 9, 664 (1966),

(3) R. A. Edgren, D. Peterson, M, A. Johnson, and G. C. Shipley, Fer-
tility Sterility, 12, 172 (1961).

(10) E. Caspi, E. Cullen, P. K. Grover, and N. Grover, JJ. Chem. Soc.,
2166 (1963).

(11) R. 1. Dorfman in ““Hormone Assay,”’ C. W. Emmens, Ed., Academic
Press Inc., New York, N. Y., 1950.

(12) We are indebted to Drs. F. J. Saunders and R. E. Ranney, Messrs.
R. Bergstrom and R. S. Jacobs, and members of their staff for the biologial
data.
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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).



