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A oxeries of Searyl2-furanacetic acids (Table D,
active as antiinflammatory agents as neasured by the
anti-uy crythema test,! have been prepared by the
route outlined in Scheme I.

TanLe I

G-ARYL-2-rURANACETIC ACIDS

07 “CH,CO.H

X
Re-
crystu
Rel Mp# sol-
N uet.¥ eC vent” 4 Toruula Nualysest
11 0.9 126-12% B 6.15 CulO C, Il
4-Cl1 1.7 147.5-14) A 6.22 Cpll,ClOy C, H, C1
-C1 0.4 109-110 B 6.20 CuIll,ClO, C 11, Cl
2-C1 0.1 098-99.5 A 6.20 CpH,ClOy C, H, Ct
1-Br 0.4 162-164 A 6.22 CuollBrOg C, H, Br
4-TI 0.2 116-117.5 A 6.23 CpHFO; C, H, I
4-CI1, 0.4 143-14-1 B 6.23 Ci;HuO;s C, H

4-C1L,0 0.9 143-145.5 B 6.25 CyulleO, ¢ I

¢ Preliminary estimates; phou) Ibutazone = L. *Melting points
were taken ou a Thomas-Tloover melting point apparatus in
vpen capillaries and are uncorrected. A = Cll, B = Gyl
hexane. ¢ The 7 values are for the -CIl.~ grouping and were
determined on a Varian A-60 in CDCl. ¢ Analyses for the ele-
ments indicated wore within £0.39, of the theoretical vilues.
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Experimental Sec ion

CH,Br ~

5-Aryl-2-furfurals.*—A mixtine of 0.5 mole of the arylamine
in 11,0 (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
ire.  After stirring at 10° for 10 min, the solution was filtered

(1 . V. Winder, J. Wax, V. Buree, M, Beeu, and C. E. Rosiere, Areh.
Il Dieonmeeondyy. Ther. 116, 261 (1458),

(2) (a) R. Oda, Mem. Fuc. Eng. Kyote Uwiv., 14, 195 (1952); Chem.
e 480 1935 11058 (b)) M. Akasbi aud R. Oda, Rent. Tnsd. Chem.
fees. Kyote Univ,, 19, 93 (1949): Chem, Abstr., 45, 7519 (1951); i¢] C. N,
Daviz aud G 80 Lougheed, J. Heterocyel. Chom., 4, 133 (1067).
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and added all at onee (o 0 =oltion of 6.3 g (064 molej of (or-
fural in H.O (200 ml), followed by 23 g of CuCly - 2.0 e H.0 (100
ml).  The mixtnre was kept at 50-65° for 4 hr, then eft standing
al rovm tenperature overnight.  Volatiles were steam distilled
and the black residue was taken up i ether and washed (twice
with 3¢ NaOH, TLO until nentral).  Dryving (Na.SUO:y freal-
ment with chareoal, ard removal of the =olvent nnder vedueed
pressure gave the erade produet which conld be partially poarified
by erystallization frote EtOH, or by distillation tor thase ecan-
poinds which were oils. Yields were i the muge of 1057

5-Aryl-2-hydroxymethyifurans.- -Reduvtion of the S-yl-2-
furforats with TiATH: in F: EGO-THE gave the erade prodaets
which were converted to the bromo decivatives withoat farther
purificatio.

5-Aryl-2-bromomethylfurans.- A ~olution of V0282 mole
of the S=aryl-2-hydroxymethylfuran in 65 101 of L0 was cooled
in an ice bath. To this was added dropwise a solutian of 2.8 g
(0.010: mole) of PBry in B0 (20 mb).  After the addition wis
complete, the mixture was allowed (o =<t at oo temperatare
for t hr. The ether was then decanted and the gnmoy residae
was washed (E.0),  The vombined ether extraets were swivted
with eold 309, NaOl, decanted, and dried (solid KO, The
solvent was removed inder redneald pressiure at roon leiperature,
The nnstable nature of the bromomethyl compornnds nevessitne
rheir immediate vonversion to the nitriles.
5-Aryl-2-cyanomethylfurans.- The vrade S-aryl-2-hromo-

methylfuran from 0.0282 mole of the hydroxymethyl compound
was dissolved in 30 nd of acc@one and treated with 1.5 g (0.05
mole) of NaCN in (0l of 1RO amad the =ohrtian was heated ot
reflux for 3 b Work-up of the idark reaction mixtre in the
usital manner gave the vende uitvile ax o dark, viscons oil.

5-Aryl-2-furanacetic Acids.---'I'h¢ criude nitrile (5 g) in EtOlI
(100 ml)y was freated with 5 g of KOIT in 25 wl of TLO aul the
resulting solution was hented atrvethux for 6 hee Work-ap in the
n=ial manner gave the ande acid ax wn oif which was cliro-
matographed on silica gel. After elation of some colored material
with benzene, the prodiet was elnted with 1, ether in benzene.
Recryvstallization guve the pure S-nvvl-2-taranacetic aenls,
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Recently we reported that 17 e~cthynyl-1,4-dimethyl-
estra-1,3,5(10)~tvien~178-0l (IITa) and its acetate I
showed antiinflummatory properties in the carragecnin-
induced foot edema rat assay and that both of these
substances alzo reduced the plasma cholesterol concen-
tration of rats made hypercholesterolemic with propyl-
thiouracil.! Earlier, Goldkamyp, ¢f al., observed that
estra-1,3,5(10)-trien-17-ones  and  17a-cthynylestra-
1.3,5(10)-trien-178-0ls 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-11,
but not in ring A. ulso possess antiinflammatory and
antiatherogenic cffects.

11-Oxygenated corticosteroids are systemically avtive

1] LoJo Chino, J. Med. Chenc, 9, 502 {1961).
2y AL Goldkarup, W. M. MHoeln, R AL Mikulee, (5.0 170 Naltine, and
D L. Clook, vbid.. 8, 100 71607,
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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 a-Ethynyl-118-hydroxy -4-methylestra-1,3,5(10)~
trien-178-ol (Illc) 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 1l-deoxy compounds. The starting
materials for this synthesis was 118-hydroxyandrosta-

1,4-diene-3,17-dione 17-ethylene ketal (I).* LiAlIH,
Ho. HGO. 0 HC O
HC 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 LiIAIH; 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 IIb, partial hydrolysis occurred so that
both 17 ¢~ethynyl-118-hydroxy-4-methylestra-1,3,5(10)-
trien-178-ol (IIlc) and its acetate IIId were obtained
from the reaction mixture,

OR’
C=CH

H,C

CH,

IIla, R=R’=H; R”=CH;
b,R=H;R'=CH,CO; R”= CH,
¢, R=OH;R’=R""=H
4, R=CH,C0;R'=R”=H

At the dose level of 10 mg/kg both ethynyl com-
pounds, IIIc and IIId, lowered the plasma cholesterol
concentration of rats made hypercholesterolemic with
propylthiouracil,® but neither IIl¢c 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-113,178-diol (IVa), which was prepared according

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

(4) J. 8. 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., 5, 720 (1962).

(7y C. A. Winter, E. A. Risley, and G. N. Nuss, Proc. Soc. Kzptl. Biol.
Med., 111, 544 (1962).
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CH,

IVa,R=H
b, R=CH,

to the procedure of Caspi, et al.> However, 4,17a-
dimethylestra~1,3,5(10)-triene-118,178-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 EDj; varied from 140 ug
for  11B-acetoxy-4-methylestra-1,3,5(10)-trien-17-one
(IIb) to 3600 ug for 4,17a-dimethylestra-1,3,5(10)-
triene-113,175-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)10 which possesses the cortisol

COCH,OH
<-OH

H,C
HO

CH,
\

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* 178-
(2-Hydroxyacetyl)-4-methylestra-1,3,5(10)-trien-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,!! 178-(2-hydroxyacetyl)-
4-methylestra-1,3,5(10)-trien-17 a-ol (V) stimulated the
synthesis of glycogen in the liver at the subcutaneous
doses of 10 and 5 mg/rat. In each case. the respouse
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. 8. Lowrie. J. Med. Chem.. 9. 664 {1966).

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

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

(11) R. I. Dorfman in "Hormotie 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. 8. Jacobs, and members of tlieir staff for the biologial
data.
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Experimental Section!?

113-Hydroxy-4-methylestra-1,3,5(10)-trien-17-one (Ila).”~
To a mixture of 3.0 g of LIAIT and 250 ml of anhydrms EtaO,
stirred and heated under reflux, was added a1 mixtmre of 2.0 g of
t1g-hydroxyandrosta-1,4-diene-3,17-dione 17-ethylene ketal (In
in 25 ml of THF. After addition was complete, the addition
funnel was vinsed with 10 il of THI®, and the rinse was added (o
the reaction mixture. The resnltant mixture was stirred aml
heated under reflux for 16 hr.  Then it was cooled i an ice bath
and snceessively treated with 20 ml of Me,(CO, 30 ml of 110,
and 150 ml of 4 .V HCL  The reaction mixiure was distilled
under rednced pressure with a minimum of heating to remove the
cther.  The residne was stirred at roum temperature for 1,73 I,
Then it was extracted (CIIClL), and the extract was washed
(,0), dried (Na,30y), and concentrated to n small vohune by
distillation under reduced pressure.  The residne was dilnted with
hexune and evoled to 0° to alford 0.78 gol Ha:  mp 237.5-243°;
U268-204 mp (e B13);  AKBr 2830 576, 6.29, 13.35 u
After crystallization from CHCly-hexane, ITn melted at 235.5-
244.5°, |al®n 4+204.5° (¢ 1, CIHCLo.  118-1Tydroxy-4-methyl-
estra-1,3,5(10)-trien-17-one (Ha) appeared to nndergo a change
in erystalline form just below its melting point, thus acenunting
for the broad melting point range [lt.» wmp 244-246° with
change in erystalline strucetire  at 224-226°, |«]%p  +U53°
(dioxane)l. dnal. (CytluQ) C) 1. Recrvstallization of Tla
from DI raised the melting point (o 250-260°, [a]4n 4208°
(v 1, CHCly).
113-Acetoxy-4-methylestra-1,3,5(10)-trien-17-one (IIb).— A
mixtnre of 2.85 g of T1Ia, 40 ml of pyridine, and 40 ml of Ae.O)
wus heated on the steam bath for 4 hr after which time it was
poured mto a mixture of ice and water. The mixinre was
neutralized with 6 v 1ICL  The rvesultant solid was collected,
washed (I1,0), and dried, mp 197-206.5°. tallization from
cther afforded 2.66 g of ITb: 1mp 206.5- ARBr ¢ D73,
G.29, 8.04, 345 wr nr, 421.5, 357 (quartet, J = 3 eps), 134.5,
O, 63 cps; Je) ¥ +94° (¢ 1, CHCLY dned. (CaTleOy) €,
1.

11-3-Acetoxy-17«-ethynyl-4-methylestra-1,3,5(10)-trien-173-
ol (IIId).—To a solutivn of 4.50 g of IIh i1 150 ml of T was
added 10.00 g of the Lithinm acetylide—ethylenediamine com-
plex. 1t While acetylene wax bhubbled in, the reaction mixture
was stirred nt room temperature for 16 . The reaction mix-
ture was treated with 150 mlof 11O and stireed at room tempern-
tuire for nu additional 1 hour. Then it was acidified with 6 .V
HCL  The acidified mixtire was ponved into o mixture of iee and
water.  The yellow gum was collected, washed 11.0), aud
issolved in CHCL.  The solition was dried (Na.30:) and evap-
orafed to dryness 1o afford a viscous oil. A 4.42-g sample of the
oil wax chromatographed on 310 g of silica gel.  The enlnmn
wus eluted initially with Cells and then with varviug proportivns
of EtOAc and Cellg,  Blution of the cohimu with 3¢ EtOAe¢ in
Cellg gave 0.94 g of T1Id as a crystaltine product.  Cry=taltiza-
tion from CHCl-hexane afforded 0.71 g of IITd: wmp 2015~
200.5°; AKBE 283, 806, .72 581 630, TU2, 70N, 1338 a0
[al®D —109.5° {¢ 1, CHCL). Another erysiallization from the
sane =olvents raised the melting point to 217-271°,  Admixed
with 1Th, IIId wmelted at 193-199.5°,  dnal. (Cyll,O0 C, 1L

17a-Ethynyl-113-hydroxy-4-methylestra-1,3,5(10)-trien-173-
ol (IlI¢).-—Contimried chition of the aforementioned cohimn with
M EtDAe in CeHg gave 133 g of IITe as a erystalline substance.
Crystallization from ether-hexane allorded 0.87 g of ITIc: mp
[8G.5--190.5°; AKBr 278 2,84, 5.08, 4.77, 6.52, 13.37 u. The
melting point was raised to 192-195° on further cryvstallization
from cther, o)™ +71.0° (¢ 1, CHCL). .tnol. (CulleOl)
¢, H.

4,17 «-Dimethylestra-1,3,5(10)-triene-115,173-diol (IVb).---Tn
40 ml of 5 M MeMgBr in Et,0, stivred at room temperature, was
added a1 sohrtion of 1.10 g of 118-acetoxy-4-methylestra-1,3,5-
(10)-trien-178-on¢ (IIb) in 15 ml of THE. After addition was
complete, the addition fumel was rinsed with 20 ml of anhydrons
Et.0, and the rinse was added to the reaction mixture. The

(1) Mellivg points were takeu on a Visber-Johis melting hlock and are
correcleldd. Ninr specira were delermined in «leniteriochloroforin on a Varlau
A-GO =pecirotneter, atnd the sigudals are reported downfield with respect to
tolratethylsilane as att inrernal standard. Wlere analyses are indicated
ouly Ly syoibols of the eletneuls, aualytical resiits obtained for those e
wieits were within =014 of 1ke thieorelical values.

(D 0. U Bewwal, Jr., wud R, Iareis, J. Org. Chep, 28, 2775, (10180
29, IRT2 (1964,
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reaction mixture was stirved and heated nnder reflux for 4 hr.
Then it was cooled In an ice bath. The reaction mixture was
sunceessively treated with ThO, acidified with 6 N HCH dilinted
(Er.0), and shaken. The ether phase was scparated, washed
{1101, dried (Na=304), and distilled under reduced pressive nntil
a solid appeared. The residue wax conled to 0%, The solid was
illected, vield 0.60 g It was crystallized from cther o affond
0.45 g of TVh: mp 141.5-143.5° with melting and rvesoliditiea-
tion below 1209 nmr, 421-485.5 (naltiplet), 289 (quartet,
o= 3 epe), 1325, 75, S5 epsi AKBr 2TT, 08K, G2, D30 e
lee] iy 4 120° {c |, CHCL).  Anal.  (CullnO) C) 11

173-(2-Hydroxyacetyl)-4-methylestra-1,3,5(10)-trien-17 «-ol
(V). 0-~The procedure of Caspi, ¢f «f., was modified. Ty a mix-
ture of 5.0 g of LIAITL aud 500 ml of subydvons EtaO, <tirred and
heated 1mder refliux, was added n mixture of 5.0 g »f the bis-
methylenedioxy derivative ol prednisolone in I ml of THI
After the addition was complete, the addition fimnel was rinsad
with 50 il of THE, and the rinse was added to the reaction mis-
{ure. The mixtnre was stirred and heated ander rellux for 44 hr,
then 1 was chilled in anoiee batl Tt was suecessively and
canfionsly treated with 20 mi of Me.CO, 200 ml of 11,0, and 200
ml of 128 11CL The ceaction mixtare was distilled nnder res
duced pressure with geotle heating to vemove the ether. The
resilie was stivred st ronm temperature for 3.5 hr and extraeted
with C11CY: the extract was washed (11,0), dried (N804, awld
dis{illed nnder reduced  pressuve il a erystalline prodinet
appeared.  The vesidae was dihted with hexane and cooled (o
0° to afford 1.25 g of Vi mp 194-201.5°; AR 280, 5,85, 6.91,
13.3% 4, Crvstallization from CHClg-hexane and then from Celle,
afforded Voas o pude vellow erystalline produet:  wmp 214-217°;
[] ¥ +1IN° e |, CHCL) [1it® mp 191-193°, Jo]*n 41127
(CHCLY. tmd. iC 100 ) 11
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I, Borrakr, M, FoSaerrose, asp ML Seraring!
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Lsterification of one or more free hydroxyl groups
of a drug ts one of the possible means of achieving “la-
tentiation” of the drug itself, /e, transformation into o
derivative fromt which the active c¢ompound is re-
generated (neieo® The activity of the latentiated drug
will depend, amaonyg other things, (a) on the rate of ab-
sorption, distribution in the tissues, and accumulation
on the target aren; (b) on the rate of “bioactivation,”
i.e., (reive hydvolysix ta liberate the parent compound.”
In reeent times, attempts have been made to apply
soni¢ basie concepts of intramolecular eatalysis to drog
latentiation, by esterifving drugs with acids, whose
esters are known to undergo facilitated hydrolysis.”
On the same ground, other labile drug derivatives such
ax ethers and amides have been prepared.’

Our interest in this field arose from the ¢bservation
that some arvioxyvacetic acids, also known as plant
growth regulators, have been fouud to eonfer upon
esterified drugs enhanced intensity and duration of

1) Nawes of anilors ore n alplatetical artler. This work was supporied
iy a graut frowt Cousiglio Nazionale delle Ricerele.

(2) (a) N. J. llarper, J. Med., Pharm, Cheme, 1, 467 (1958); () N. L
Harper. Progr. Dveng flex., 4, 241 {1DG2).

(3) E.J. Ariens, " Mypleerdar Pharmavology,'”” Vol. 1, Acailemic Press Lue.,
New York, N. Y., 1964, p 8].

() S. M. Kupchau, A, F. Cusy, uud J. V. Swintesky, J. Dharm. Sci., b4,
Sl (1963).

(51 (&) 2M. Kopeliot amd V. £ Casey, J. Med, Chem., 16, 250 11907).
by s AL Kapedan aud AL CL Isentaarg, hid,, 10, 960 (1067).



