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A series of o-aryl-2-iurunacetic acids (Table I), 
active as antiinflammatory agents as measured by the 
anti-uv erythema test,1 have been prepared by the 
route outlined in Scheme I. 
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"Preliminary estimates; phenylbutazone = 1. ' 'Meltingpoints 
were taken on a Thomas-Hoover melting point apparatus in 
open capillaries and are uncorrected. c A = Cello, B = CJ3, r-
hexane. d The T values are for the -CI1 2 - grouping and were 
determined on a Varian A-60 in CDC13. 'Analyses for the ele
ments indicated were within ±0.3'/c of the theoretical values. 

>SCHEME I 

u. CHO J&S- "CHO 

Experimental Sec ion 

5-Aryl-2-furfurals.J—A mixture of 0.5 mole of the arylamine 
in H20 (.50 ml) and 135 ml of concentrated HC1 was diazotized 
by the dropwise addition of 36.2 g (0.525 mole) of NaN0 2 in 100 
ml of II20 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 , .1. Wax, V. Burr , I I . ISeen, a n d C. E. Rosiere, Arrli. 
Int. I'l.nrmacodun. Tl.tr. 116, 2U1 (1958). 

(2) (a) R. Oda, Mem. Fac. Eng. Kyoto Univ., 14, 195 (1U52); Cham. 
Al,:•{,-., 48, 193.5 (1954); (b) H. Akaslii a n d R. Oda, Kept. InM. C'hcm. 
/i'c«. Kuota Univ.. 19, i « (1949); Chem. Abstr., 45, 7519 (1951); (<;) C. S 
Dav i s and G. S. Lousxheed, J. Heterori/cl. Chem., 4, 153 (1967). 

and added all at once to a solution of 61.5 g (0.04 mole) of fur
fural in H 2 0 (200 ml), followed by 23 g of CitCV 2H2() in II2() (100 
ml). The mixture was kept at 50-65° for 4 hr, then left standing 
ill room temperature overnight. Volatiles were si earn distilled 
and the black residue was taken up in ether and washed (twice 
with 5'V XaOII, II.O until neutral). Drying (Xa,..S()(i, iieat-
ment with charcoal, and removal of the solvent under reduced 
pressure gave the crude product which could be partially purified 
by crystallization from EtOH, or by distillation for those cont-
pounds which were oils. Yields were in the range of 10-55 ' , . 

5-Aryl-2-hydroxymethylfurans. -Reduction of the 5-aryl-2-
furfurais with LiAlII., in 1:1 EU> TI IF gave the crude products 
which were converted to the brotno derivatives without further 
purification. 

5-Aryl-2-bromomethyll'urans. A solution of 0.02.S2 mole 
of the 5-aryl-2-hydroxyniethylfuraii in 65 ml of EM) was cooled 
in an ice bath. To this was added dropwise a solution of 2.N g 
(0.0103 mole) of PBr3 in E U ) (20 ml). After the addition was 
complete, the mixture was allowed to stir at room temperature 
for I hr. The ether was then decanted and the gummy residue 
was washed (Et2()). The combined ether extracts were swirled 
with cold 50'.:; NaOII, decanted, and dried (solid KOH). The 
solvent was removed under reduced pressure at room lemjicralori. 
The unstable nature of the bromomethyl compounds necessitate 
their immediate conversion to the nitriles. 

5-Aryl-2-cyanomethylfurans. The crude 5-aryl-2-bromo-
methylfuran from 0.02S2 mole of the hydroxymet hyl compound 
was dissolved in 50 ml of acetone and treated with 1.5 g (0.03 
mole) of NaCN in 10 ml of II.O and the solution was heated tit 
reflux for 3 hr. Work-up of the dark reaction mixture in the 
usual manner gave the crude nil rile as a dark, viscous oil. 

5-Aryl-2-furanacetic Acids. The crude nit rile (5 g) in ElOII 
(100 ml) was treated with 5 g of KOI I in 25 ml of 1I2() and the 
resulting solution was heated at reflux for 6 hr. Work-up in the 
usual manner gave the crude acid as an oil which was cltro-
matographed on silica gel. After el tit ion of some colored material 
with benzene, the product was elided with 10''< ether in benzene. 
Reerystallization gave the pure 5-MryI-2-tiiranaeetic acids. 
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.Recently we reported that 17a-etliynyl-l,4-diniethyl-
estra-l,3,,3(10)-trieu-r7fj-ol (Ilia) and its acetate IIIl) 
showed antiinflammatory properties in the carrageenin-
induced foot edema rat assay and that both of these 
substances also reduced the plasma cholesterol concen
tration of rats made hypercholesterolemic with propyl
thiouracil.1 Earlier, Goldkamp, el al., observed that 
estra-l,3,5(10)-trien-17-ones and 17a-ethynylestra-
l,3,5(10)-trien-17/3-ols with a methyl group attached to 
ring A had a favorable lipodiatic-estrogenic ratio.-
These findings prompted us to determine whether 
estratriene derivatives with an oxygen function at C-l 1, 
but not in ring A. also possess antiinflammatory and 
antiatherogenic effects. 

11-Oxygenated corticosteroids are systemically active 

(1) L. J. C la im, .1. Med. Chem., 9, 002 (JWIili). 
(2) A. i l . G o l d k a m p , \V. M. Uoehn, R. A. Mikuiec . l-i. 1'. .Vultinii. and 

I). I... r \ „ )k . Hid.. 8, 409 .-'19(15). 
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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.3 

17a-Ethynyl-ll/3-hydroxy-4-methylestra-1,3,5(10)-
trien-17/3-ol (IIIc) was synthesized in expectation that 
the presence of the hydroxyl group at C-ll would either 
endow or enhance the antiinflammatory activity of the 
corresponding 11-deoxy compounds. The starting 
materials for this synthesis was 11/3-hydroxyandrosta-
l,4-diene-3,17-dione 17-ethylene ketal (I).4 LiAlH4 

1 CH3 

Ha, R = H 
b,R = CH3CO 

reduction of I followed by treatment with acid gave 
ll/3-hydroxy-4-methylestra-l,3,5(10)-trien-17-one (Ha). 
This substance had previously been obtained as 
a by-product from the LiAlH4 reduction of 11/3-
hydroxyandrosta-l,4-diene-3,17-dione and as the main 
product from the successive treatment of prednisolone 
with LiAlH4 and sodium bismuthate.6 Because of the 
insolubility of Ha, 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 l ib , partial hydrolysis occurred so that 
both 17a-ethynyl-ll/3-hydroxy-4-methylestra-l,3,5(10)-
trien-17/3-01 (IIIc) and its acetate Hid were obtained 
from the reaction mixture. 

R H3cf 

CH3 

Ilia, R = R' = H;R" = CH3 
b, R = H; R' = CH3CO; R" = CH3 
c, R = OH;R' = R" = H 
d,R=CH3CO)R' = R" = H 

At the dose level of 10 mg/kg both ethynyl com
pounds, IIIc and Hid, lowered the plasma cholesterol 
concentration of rats made hypercholesterolemic with 
propylthiouracil,6 but neither IIIc nor Hid was 
active in the carrageenin-induced foot edema assay 
when administered subcutaneously at the screening 
level of 25 mg/rat (ca. 200 mg/kg).7 

The hydroxy ketone Ha likewise was not active in the 
foot edema assay, nor was 4-methylestra-l,3,5(10)-
triene-ll/3,17/3-diol (IVa), which was prepared according 

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

(4) J. S. Baran, J. Med. Chew.., 10, 1188 (1967). 
(5) E. Caspi, P. K. Grover, N. Grover, E. J. Lynde, and T. Nussbaumer, 

/ . Chem. Soc., 1710 (1962). 
(6) R. E. Counsell, P. D. Klimstra, R. E. Ranney, and D. L. Cook, 

J. Med. Phurm. Chem., 5, 720 (1962). 
(7) C. A. Winter, E. A. Risley, and G. N. Nuss, Proc. Soc. Exptl. Biol. 

Med., I l l , 344 (1962). 

CH3 

IVa,R = H 
b,R=CH3 

to the procedure of Caspi, et al.'° However, 4,17a-
dimethylestra-l,3,5(10)-triene-ll/3,17/3-diol (IVb) and 
the acetate of Ha (viz. lib) 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.8 

Virtually all of the aforementioned 11-oxygenated 
4-methylestratrienes showed significant estrogenic ac
tivity, which would preclude their use as lipodiatic 
agents.2 Undoubtedly, because of their estrogenic 
properties, these compounds prevented implantation of 
fertilized ova in rats.9 The ED50 varied from 140 ^g 
for ll/3-acetoxy-4-methylestra-l,3,5(10)-trien-17-one 
(lib) to 3600 Mg for 4,17a-dimethylestra-l,3,5(10)-
triene-ll|3,17/3-diol (IVa). 

In view of the antiinflammatory properties displayed 
by l ib and IVb, 17/3-(2-hydroxyacetyl)-4-methylestra-
l,3,5(10)-trien-17a-ol (V),10 which possesses the Cortisol 

u r COCH2OH 

CH3 

V 

side chain, was prepared and tested. This compound 
was prepared according to a procedure that was an 
adaptation of one described by Caspi, et al.10 17/3-
(2-Hydroxy acetyl) -4-methy lest ra-1,3,5 (10) -t ri en-17 a-ol 
(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,11 17/3-(2-hydroxyacetyl)-
4-methylestra-l,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 was 
inactive in this assay.12 

(8) (a) L. G. Hershberger and D. W. Calhoun, Endocrinology, 60, 153 
(1987); (b) H. S. Lowrie, J. Med. Chem., 9, 664 (1966). 

(9) 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, ./. Chem. Soc, 
2166 (1963). 

(11) R. I. Dorfman in "Hormone Assay," C. \V. 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 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. 
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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). 


