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water atid evaporated to dryness wuider reduced pressitre. To the
yvellow solid residue there was added 200 ml of methanol, 16 g
of NaOAc-3H,0, 40 ml of water, and 16 ml of AcOH; the result-
ing solution was reflixed for 4 hr. The methanol was evaporated
attd 200 ml of 4 ¥ HCl was added to the residual mixture of oil
and water, which was then extracted (CH.Cl;). The extract
was washed witlt dilute base and water and was then dried and
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evaporated. Chromatography of the residual oil over silica gel
(elution with 1:1 ether—pentane) followed by two crystallizations
from acetonitrile gave 4.25 g of pure 15, mp 162.5-163.5°, A\max
242 mpu (e 16,700), [a]®p +70.2° [lit.? mp 158-159°, [«]®D
+62.2° (c 0.98), Amax 241 mu (e 16,500)].

Anal. Caled for CuHypO.: C, 80.44; H, 9.82.
80.27; H, 9.93.

Found: C,
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The preparation of [17«,16a-d]-2’-methyloxazolitio analogs of preduizonte, preduisoloue, and Ye-flitoropredui-
solonte, from 17a-azido-5a-pregiate-36,16a-diol-11,20-dione 3,16-diacetate, is described. Preliminary pharma-
cological data show that the oxazolino analogs of prednisolone and 9a-fliloroprednisolone are significantly active
when tested for neoglycogenetic and antiinflammatory activity in the rat.

In our previous paper? we described the preparation
and demonstrated the structure of Ha-pregnan-38-
ol-11,20-dione[17 a,16 a-d ]-2’-methyloxazoline (I1a).
Due to the chemical stability of the oxazoline ring,
this compound represented an excellent material for
contintuing our studies aimed at obtaining 17-nitrogen
derivatives of steroid hormoues. The present paper
describes in detail the synthesis of the oxazoline analogs
of prednisone, prednisolone, and 9a-fluoropreduisolone.

Starting from ITa which was prepared from the azide
I by an improved method compared to that previously
described,? we obtained excellent yields of pregnane-
trione I1Ta by oxidation with chromic acid i11 acetone.
The introduction of a bromine atom followed by de-
hydrobromination led to the 1,2-dehydro derivative
IV. Subsequeunt treatment with SeO; in #-butyl al-
cohol gave the diene V. This compound was more
easily obtained from the 24-dibromo derivative Illc
by heating in dimethylformamide (DMF) with Li
salts.

Attempts to introduce a bromine atom at Cs, in the
oxazoline II, under various experimental conditions,
have failed. This absence of reactivity is not un-
usual in 16,17-disubstituted pregnane derivatives and
is reported, for instance, for 17a-bromo-38,168-di-
acetoxy-Ha-pregnan-20-one® and 16,17 a-dihydroxy-
pregn-4-ene-3,20-dione  16,17-acetonide.* Allen and
Weiss?® reported further that 16,17 a-isopropylidene-
dioxypregnan-20-one derivatives failed to give both
20-semicarbazones and 21-iodo compounds.

By contrast, good results were obtained in our 21-
indination of V according to the Ringold—Stork method
modified by Rothman, et al®> The 21-iodo derivative
reacted regularly with triethylammonium acetate to
give the oxazoline analog of prednisone acetate (VI).

Conversion of VI into the 118-hydroxy derivative
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via the 3,20-bis(semicarbazone), reduction with com-
plex metal hydrides, and hydrolysis of the bissemi-
carbazone did not give appreciable yields of the re-
quired compound XII. It was found to be much more
convenient to reduce the 20-semicarbazone VII, ob-
tained from Ila, with NaBH,. The facile conversion
of IIa to the semicarbazone VII, when compared with
the lack of reactivity of 20-ketopreguane-16q,17a-
dihydroxyacetonides, suggests that other factors, and
not merely steric hindrance, must intervene in order
to explain the noteworthy different chemical behavior
between the D-ring-fused oxazoline- and dioxolidine-
pregnanes. The 118-hydroxy derivative VIII was
hydrolyzed to IX by merely boiling with HCI in
aqueous methanol. This process has given better yields
than other methods® which necessitate the use of pyruvic
or nitrous acid. Selective oxidation of the 3-hvdroxyl
of IX, according to Oppenauer, led to the 3-keto deriva-
tive X, and the diene XI was obtained from this, by
dibromination in dioxane and dehydrobromination
with Li salts and DMF, 21-Acetoxylation performed
as described for VI furnished the oxazoline analog
of prednisolone (XII).

The syuthesis of the 9a-fluoro derivative XV was
performed in a routine manuer, dehydrating” the 118-
hydroxy steroid XII to Al491D-triene X1I1; onadding
HOBr to the 9,11 double bond and treating the bromo-
hydrin with alkali the 98,118-epoxide X1V was obtained.
Reaction of XIV with anhvdrous HF supplied the re-
quired [17a,16a-d]-2'-methyloxazoline of 9a-fluoro-
prednisolone (XV) .89

Biological Results."—The compounds have bheen
examined for neoglycogenetic!! and antigranulomatous
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activities'? in Wistar male rats. Compound XII
revealed an activity 10 and 35 times greater than that
of hydrocortisone in the two tests mentioned, while
the 9a-fluoro derivative XV was 180 and 250 times more
potent, respectively, than hydrocortisone. As far
ax we know, this is the first example of highly active
corticoids in which the oxygen group at Cyr is replaced
by a nitrogen atcan which in turn forms part of a fused
heterocyelie ring at C,6-Cia.

Experimental Section*?

5a-Pregnan-33-0l-11,20-dione[17 «,16 =d] -2’ -methyloxazoline
(ITa).—A solution of 72 g of 17a-azido-5a-pregnane-35,16a-diol-
FL20-diane 3, 16=dincetate (13 i methanol (3100 ml) was hy-
drogenated (1'tO., 5 g) at pornial pressure.  After 2.5 hir the xolu-
tionn was filtered from the catalyst and evaporated to dryness
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inoracno. The residue, cansisting of o aixture nf a0 prodine
already evrlized ta oxnzuline wid of 17a-nectaaide thoth in e
firn of The Beacetate ), was =n=peuded in 250 ml af 106, THCT at
beated an a builing-water batl After 13 oin the vlear sobidon
uf the hydrachloride of 1Ta was coaled ad the Free basie previpi-
ited with 1097 NaOTL: vield 5% g of e, inp 212 2129,

5a-Pregnane-3,11,20-trione [17 «,16 «~/] -2’ -methyloxazoline
(Ia).---A solntian of 1Ta (1.5 g)in aeetone {H20 ml Twas oxidized
at 20% with approximately 12 ntl of 8V chrade aeid (Janes” re-
agent).  The prodhret separated o dibityen winh water qnd
A Turther
2.2 g was obtained i adding exeess ngqueous NaoOTl oo thie joddier
liquar untilt CrioH b redissalved.  The triketare 11a erysiatlizenl
from CILCh-hexane: mp 225-226°0 [ain + 12717 e (A
Ir, v 1710 Cyan), CreesD L 1660 tem Tt ogar, ros 0T
CES-CHys, STR1-Cllzy 790 and 777 ppnt 210-CHy cond ClHL-
Coze N

dnads Caled Gap CollgNOp ) THES: HE S0 N, sus,

Faoned: ) 71407 L, 80BN, S0,

2¢-Bromo-5x-pregnane-3,11,20-trione [ 17,16 -/} -2 -methy |-
oxazoline (IIb). A sahition of TTTa (113 ¢) tn diaxsue (200 ml)
containtig 6wl of 32¢, 1TBr in AeO1l was brominated wich o
sohttian af Brs (4.88 g) tn diaxane (48 mt),  ‘The reaciinm nuxtyre
was then powred inta 1500 mit of jce-water containing KOAe (20
g).  The proditec was exwracted with ethyl acetate, and the
solvent was washed with satimted NaCl sohition and theq enn-
centrated ta a simall volimme, The 2-bronte devivative Hih
NGO g) ervsaallized; mp 275-287° deer oo +93.8° (0 000 oy
o= 007 (I18-ClL, 882 (19-CHo 7294 aned .76 21-CH and
CHaCe N,

dnale Caled Tor Call BrNOg
Fomel: C, 29031 H, 6.61; Br, 17.4.

5a-Pregn-l-ene-3,11,20-trione|17«,16 -} -2’ -methyloxazoline
(V). A susperion of [1Ib (8.6 ¢) in DM (1ou mb) was treated
with LiBv (2.4 g) and Li.CO; (2.6 g). The mixture was heated,
with =tirring, at 140° for 4 hr and theie poured inta 100 nl nf
tee-water wid extracted with eihyl acetate. The solvent wis
washed with saturated NaCl and evaporated in vacuo, leaving
crade 1V wihieh erystathized from acetone-hexane yielding 5.6 g.
np 204-210°0 A sample reerystallized from methanol melied
At 2H202%0 Jaln 4 100° (00D e 223226 mp (K, 0275
(CHOI iy, v 1710 1Ch==), Cues)), 1670 (Cy==0), (CoND)
ent”honur, 1= 903 (IS-CTh 870 19-CHy), 7900 e 7.7
CE-Cl and CHEC

snals Caled for CyllaNOe €, 720,
Famad: ¢, 7201 L, 7.606; N, 3.84.

Pregna-1,4-diene-3,11,20-trione [17,16a=}-2’'-methyloxazo-
line (V). A. From IIla.--To asolution of I11a (14.1 g) it dinxane
(254 1al) was added 12 mbof 329 1IBr in AcOI and brominating
wiw performed at raont temperature with a soltttion of Bry (1182
e) i dioxane {112 mb). Thirtyy minttes after contpledng the
addition of the Bry, the erude 2,4-dibraino derivative was isolated
by pottring the reaction mixtire o tee—water (3500 ml) con-
taining WOAe (5t gy, The produec (19 g) wus dried wued chen
diszolved 1 anbyvdrons DMF (275 ml) and heated for 4 hr
140° with LiBr (7.2 g) and Li.COy (7.2 g1 The nixture was
poured Tt jec-water undd extracted with ethyl neetate, yielding
13.2 g of erude product. Cabimu chromatography an 220 g of
siltea gel and ervstallizavion fram methanal gave pure V (6.8 g):
mp 220-231° Ja'n 4+ 1700° (o 001 Ay 238 mig (BT 400
{CH O e v 1715 (Cy==0), Cus=0)), 1670 ({0, Co=ND
em ™5, tvpical band of ihie A=3-keco grnp at SBT em 7w,
o= 00 TER-C by S0 c19-Cllgy, 708 and 7.08 ppie (21-C'HE
snd CHC=aN 3

e, Caled T CutleNUg ) 7240 H, 70150 N, 2un.
Fonud: C, 72.25; H, 7.00; N, Los.

B. From IV.—To i sohttion of IV (3 g) mn &byl aleohal
(250 mb i acetie acid CLA ), 1.6 g of SeO: was added in two
portiags and the sohidow boiled fur 13 hr, after ench additian.
Selendiim was cemaved by filtering, the liquid evaparated tn
dryiess, and the residie was taken up in ethyl acetate. The
solvent was washed with NallCOy, (NH,),8, and saurated Na('l
sohution, dried, and evaparated tn dryness, leaving 4570 g ol
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critde substance.  Purification by colimun chromatography on
810 and crystallization from acetone-hexane yielded 2.38 g of
V, mp 230-232°, identical on ir analysis to the prodiuct obtained
aceording to A, but still contaminated with the A! derivative
IV recognized by ltraviolet analysis and thin layer chromatog-
raphy.

Pregna-1,4-dien-21-01-3,11,20-trione[17 o,16¢-d]-2’-methyl-
oxazoline 2l-Acetate (VI).—Ground CaO (9.9 g) and «,a’-
azabisisobutyronitrile (330 mg) were added to a solution of V
(6.6 g) in 100 ml of tetrahydrofuran (THF )-methanol (1:1).
The suspeusion was treated dropwise under vigorous stirring with
a solution of iodine (6.6 g) in THF (33 ml) and methano!l (19.2
ml). The colorless suspension was diluted with CH,Cl; (100 nil)
and filtered from inorganic salts. The filtrate was washed with
3% aqueois Na:8,0; and water and evaporated at low tempera-
trre. The residue (8.5 g) dissolved in acetore (36 ml) was added
to a mixture of triethylamine (60 ml), acetone (60 ml), and
glacial acetic acid (36.2 ml) and boiled for 45 min. After con-
vetttration to a small volnme, dilution with water, and extraction
with ethyl acetate, crude 2l-acetate (VI, 6.9 g) was obtained.
Purification by column chromatography on 8$i0. and recrystal-
lization from CH.Cl-isopropyl ether gave 3.43 g of pure VI:
mp 172-174°; [a]Dp +152° (¢ 0.53); Amax 238 mu (Ei% 353.9)
(CH;0H); ir, » 1750 (Cy=0), 1735 (Cx—=0), 1713 (Cy=0),
1665 (C37=0, C=N) cm ™}, characteristic band of the 3-keto-Al.*
geonp, 890 em™!; umr, + = 9.22 (18-CH,;), 8.56 (19-CHjy),
7.98 and 7.83 ppm (CH;COO and CH;C=N-).

Anal. Caled for CiHaoNOg: C, 68.32; H, 6.65; N, 3.20.
Found: C, 68.44; H, 6.80; N, 3.11.
5a-Pregnan-33-0l-11,20-dione[17«,16a-d] -2’ -methyloxazoline
20-Semicarbazone (VII).—A solution of semicarbazide hydro-
chloride (8.3 g) in water (30 ml) and pyridine (5.75 ml) was
added, over 10 min, to a boiling solution of IIa (10 g) in methaol
(350 ml). After boiling for 53 hr, the liquid was concentrated
in vacuo until it became pasty, and the product precipitated by
adding 300 ml of water. The semicarbazone VII (11.5 g), mp
255-258°, was obtained. It was difficult to crystallize and was
used as such for the next step withont further purificatio;
ir (Nujol), » 3450 and 3250 (OH and NH), 1690 (C,,=0, amide
I), 1655 (C=N), 1575 (amide II) em™!; umr (pyridine-ds),
7 = .26 (18-CHs), 8.87 (19-CHs), 7.93 and 7.73 ppm (21-CHj
and CH;C=N-).
5a-Pregnane-33,113-diol-20-one[17«,16-d]-2’-methyloxazo-
line 20-Semicarbazone (VIII).—A solution of VII (9 g) in 959,
ethanol (230 ml) was treated first with KHCOj; (3.6 g), dissolved
in water (36 ml), and then, on boiling, with NaBH, (2.34 g).
After 30 min a second portion of NaBH, (2.34 g) was added and
heating was continued for 90 min. After cooling, the solution
was neutralized with aqueous 5% AcOH and most of the alcohol
was removed in vacuo; dilution with water gave crude VIII
(8.5 g): nrp 277-281°; in this case also the semicarbazone was
not purified; ir (Nujol), » 3300 (OH and NH) broad, 1680
(amide I), 1655 (C==N\), 1575 (amide II) cm™!; nmr (pyridine-ds),
r = 873 (18-CH;), 8.67 (19-CHj), 7.97 and 7.68 ppm (21-CH;
and CH;C=N-).
5a-Pregnane-33,113-diol-20~one [17 2,16 x=d] -2’ -methyloxazoline
(IX).—Crude VIII (7.7 g) was refluxed for 1 hr with 75 ml of
methanol and 75 ml of 109, HCl. The solution was decolorized
with charcoal and the methanol was evaporated in vacuo. On
neutralization with 109, NaOH, a bulky precipitate of IX (6.3 g)
melting at 240-230° was obtained. The product for analysis,
crystallized from methanol, melted at 254-259°; [a]D +4103.8°
(¢ 0.5, dioxane); ir (Nujol), » 3380 and 3280 (OH), 1700 (Cx=0),
1640 (C=N) em™; nnur (pyridine), » = 8.79 (18CH;), 8.68
(19-CHy), 7.99 and 7.67 ppm (21-CHy and CH;C=N-).
Anal. Caled for CuHNOs: C, 70.92; H, 9.06; N, 3.60.
Found: C, 71.00; H, 9.13; N, 3.65.
5a-Pregnan-113-01-3,20-dione[17 «,16 x=d]-2’-methyloxazoline
(X).—A solution of IX (6 g) in anhydrous toluene (230 ml) and
cyclohexanone (45 ml) was treated with aluminum isopropoxide
(3 g) dissolved in toluene (60 ml). The mixture was refluxed,
with stirring, for 2 hr, and most of the solvent was then removed
by distillation ¢n vacuo. The last traces of solvent were removed
by steam distillation. The suspended product!* was collected
and washed with water, and the steroid was extracted from the

(14) It is impossible to follow the usual technique which involves final
acidification of the oxidized mixture, because of the solubility in acids of this
class of steroids containing a basic nitrogen.
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aluminum hydroxide with boiling methanol (130 ml). On
evaporating the methanol 5.4 g of crude X was obtained. After
purificationn by colitmn chromatography on silica gel, 5.05 g of
a homogeneous proditet was isolated. Crystallization from ace-
tone—hexatte afforded pure X (3.04 g): mp 196-200°; [«]D +108°
(¢ 0.3); ir, » 3450 (OH), 1700 (Cy=0, Cx=0), 1650 (C=N)
em™! nmr, r = 9.08 (18-CHj), 8.72 (19-CHs;), 8.01 and 7.73
ppm (21-CH; and CH;C=N-).

Anal. Caled for CH3sNO,: C, 71.29; H, 858, Found: C,
71.37; H, 8.63.

Pregna-1,4-dien-113-01-3,20-dione[17 2,16 x=d] -2’ -methyloxazo-
line (XI).—A solution of X (6.84 g) in anhydrous dioxane (123
ml) containing 8.2 ml of 25%, HBr in AcOH was treated dropwise
with Br, (5.63 g) dissolved in 50 ml of dioxane. Twenty minutes
after completing the addition, the 2,4-dibromo derivative was
isolated by pouring the reaction mixture into 1000 ml of ice—water
containing KOAc (35 g). The dry product (9.15 g) was dissolved
in DMF (120 ml) and heated under N, for 4 hr at 140°, stirring
vigorously, i1t the presence of LiBr (2.88 g) and LisCO; (5.76 g).
On pouring in water and extracting with ethyl acetate, crude
XI (5.96 g) was obtained. Chromatography on 100 g of Si0, and
crystallization from methanol, gave pure XI (2.35 g): mp 279-
280°; [a]p +103.3° (¢ 0.5); Amax 240-242 mpu (E%. 402)
(CH;0H), ir, » 3580 and 3400 (OH), 1700 (Cx=0), 1650 (Cy=0,
C=N) cm ™!, characteristic band of the 3-keto-Al'* gronp, 886
em~!; nmr, + = 9.02 (18-CHj), 8.52 (19-CHjy), 8.06 and 7.75 ppm
(21-CH; and CH;C=N-).

Anal. Caled for C3HyoNOg: C, 72.03; H, 7.62; N, 3.65.
Found: C, 71.93; H, 7.78; N, 3.72.

Pregna-1,4-diene-113,21-diol-3,20-dione[17«,16x-d] -2’ -meth-
vloxazoline 21-Acetate (XII).—XI (2 g) was converted into the
21-iodo derivative according to the method of example V — VI.
On evaporation of CH,Cl,, the residite was taken up in alcohol to
give 0.54 g of 21-iodo derivative melting at 226-228°. This was
acetylated with triethylammonium acetate as described for VI;
yield of crude 2l-acetoxy derivative 0.27 g. Recrystallization
from acetone—hexane gave 0.20 g of XII: mp 255-256.5°; [«]D
+62.3° (¢ 0.3); Amax 241-242 mpu (E)%, 352.5) (CH;OH);
ir, » 3600 and 3400 (OH), 1738 (Cx==0), 1720 (C»=0), 1650
(C;3=0, C=N) em™, characteristic band of the A!-+-3-ketone
group at 886 em~!; nmr, + = 8.97 (18-CH,), 854 (19-CH,),
8.05 and 7.92 ppm (CH3;COO and CH;C=N-).

Anal. Caled for C;HuNOs: C, 68.0; H, 7.08; N, 3.18.
Found: C, 67.83; H, 7.08; N, 3.09.

Pregna-1,4,9(11)-trien-21.-01-3,20-dione[17a,16 ¢=d] -2’ -methyl-
oxazoline 2l-Acetate (XIII).—A solution of XII (500 mg) in
DMF (2.7 ml) and collidine (1 ml) was treated at 10° with
methanesulfonyl chloride (0.3 ml). Then 0.25 ml of 697 SO, in
DMF was added, and the temperature was brought to 30-35°
for 10 min. O dilution with 30 ml of ice—water, XIII (420 mg),
mp 191-194°, was obtained. A sample for analysis, crystallized
from methanol melted at 198-199°; [a]D —27.1° (¢ 0.3); ir,
v 1742 (Cx==0), 1725 (Cy»=0), 1660 (C;=0, C=N) cm™,
characteristic band of the 3-keto-Al'4 group at 887 cm~!; nmr,
r = 9.25 (18-CHzs), 8.60 (19-CHj), 8.03 and 7.83 ppm (CH;COO
and CH;C=N-).

Anal. Caled for CsHaoNO;: C,70.9; H, 6.9; N, 3.31. Found:
C, 71.07; H, 7.2; N, 3.34.

983,113-Epoxypregna-1,4-dien-21-01-3,20-dione 17,16 a-d]-2’ -
methyloxazoline (XIV)—N-Bromoacetamide (1.1 g) was added
to a solution of XIII (2.4 g) in THF (24 ml) and 0.46 N HCIO,
(12.8 ml) protecting the flask from light. The mixture was stirred
at room temperature for 4 hr, cooled to 10° and saturated
NaHSO0; was added until the color was discharged. The clear
solution was poured into 120 ml of ice-water, and 9a-bromo-113-
hydroxy derivative (2.75 g) was collected. It was dissolved in
128 ml of a methanol-chloroform mixture (3:2 v/v), cooled to
0to 5° and 1 N NaOH (5.5 ml) was added dropwise under N..
After 5 min, a further 5.5 m!l of 1 N NaOH was added over 30 min.
The mixture was stirred at 0° for 2 hr, adjusted to pH 7-8 with
AcOH, and then concentrated in vacuo to approximately 20 ml
diluted with 130 ml of ice—water. The crude epoxide XIV (1.6 g)
separated, mp 204-210°. Ou recrystallization from methanol 1.07
g melting at 227-230° was obtained; [«]p +39.7° (¢ 0.5):
Amax 248 nye (E1%, 401.9) (CH,OH); ir, » 3500 (OH), 1710
(Cx=0), 1660 (C;==0, C=N) em 1, characteristic band ¢f the
3-keto-Al4 group at 889 ¢m~!; nmr, » = 9.13 (18-CH,), 8.57
(19-CH,), 8.05 ppm (CH;C=N-).

Anal. Caled for CuxHiNO;: C, 69.50; H, 6.85; N, 3.52.
Found: C, 69.70; H, 6.60; N, 3.42.



802 Frebekick Lo Baci, Joux UL Bareray, axo Fadaorr Cours

9a-Fluoropregna-1,4-diene-113,21-diol-3,20-dione [17«,16a=/; =
2’-methyloxazoline (XV).—-Gaseoux ' (4.67 g) was passed
intto anhydrous THF (8.45 ml). Fpoxide X1V (1 g) was added
o 9.4 ml of this =olution at 0° amd the mixture was stirred for
1 hr at 0° and theu for 6 iy at roomt temperavure. The reaction
mixture was diluted with THIEF (20 ml) and newralized, cooling
externally with salt and ice, by gradnal addition of NalHCO,
(24 g) ard Na.80, (1 g). The inorganic salts were filtered off and
the cake was washed with 75 ml of boiling ethyl acetate. The
filtrate was concendrtted T vacuo to drviess amd the residue
crvstallized from acetone affording XV (0.61 g): myr 241-244°;
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[l N5.5°% 0 0D N 208 1o (YL T (CLEBOEE D
p 5000 (O, 1705 (Cu==0) ), 1004 (Cras), C=ND em ™!, el
deteristie band nf the 3-keti-2% granp at 84 i~ aar, 7o
D2 TES-ClEs 84 (10-CHy, Xood ppin «CHLC N o,

Anaf, Caled Tor CuTLENOL O Gtis: L 6.7
Found: €, 6t S L g.s6; N, e

N, g
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I. The Synthesis and Serum Sterol

Lowering Properties of Substituted 4-(2-Dialkylaminoethoxy)diphenylamines

and Related Compounds'

FrEperick 1o Bacnu, Jouy (1 Barciay., axo Erviorr Cones

Organic Chemical Rescarch Seclion, Lelerle Labocatories, [V Divisioa af Yueeiean Chyowanid Conpany, Deart Ricer, New York

T6inia

Recedved Mareh 15, 1967

The preparation and sertmm =teral lowering properties ol a series nf 4,4 -disubstityted diphienylimines and re-

lated componnds are diseissed.

Tnitial sereenintg data indieate it several of these eompamids, <ynthesized by

eonveittional means, possess oral activity greater thun most nonsteroidal hypocholesterentic agents reported 1o

date.

Our interest in the possible syvuthesis of hypocho-
lesteremic agents began several vears ago when the
Biochemical Research Section of thisx laboratory ob-
served the effective lowering of serum sterols by 4-(2-
diethylaminoethoxy)-4’-nitrodiphenylamine (1) in both
rats and mice. This discovery was timely i view of

0N NH OCH,CHN(CH, ),

1

the inereasing interest in the wuse of orally active, 1tou-
steroidal hypocholesteremic agent=>" and offered n
logical beginniug for this investigationt.

Results and Discussion

The results of a preliminary structure-activity
study listed mm Tables T and IT point out the following
very speeifie struetural requirenients for high activity
in the diphenylamines: (a) as exemplified in I, an
“electron-withdrawing” group must be in the 4 position
of one ring and a basic ether residue in the 4 position
of the opposite ring; (b) maximum hypocholesteremic
effects are observed when one of the aromatie rings of
the diphenylamine syvstem is o $-nitrophenyl, a 2.4-
dinitrophenyl, or o 2-uitro-d-uminaphenyl group; and
{c) the basic ether moiety musxt be comprised of an O
and a tertiary amine N separated by o two-carbon
chain. The marked changes in serum zterol lowering
due to slight variations in the ~OCH,CH,N < portion

11) Portians of this paper were presented before the Division of Medicinal
Chemistry at the 150th National Meeting of tlie American Cliemical So-
eiety, Atlantic City, N. J., Sept 13-17, 1965, Abstracts of Papers, p 111,

() Hee, for example, the foltowing references: (a) M. Friedman, S. O.
Byers, and R. H. Rosenman, Progr. Curdiovasculor Diseases, 4, 419 11962);
1 1. G, Himnber, M. Kraml, J. Datwe, and R, Gandry, J. We, Chem.. 6,
410 11963;.

3) (ay D). Dvarnik, M., Kramf, J. Duliae, M, Givoere, and R, Gandry, /.
Am. Chem. Soc., 88, 3304 (1963); (1l G. Rodney, M. L. Qlack, and O. 1).
Bird, Biockem. Pharmacal,, 14, 440 (11645,

of several hypocholesteremic agents i an interesting
discovery and will be diseussed in more detail later.
Having established the importance of funetional
groups and their relative positions in the aromatic rings
of the active diphenylamines, we next considered
izosterest of 1 where the “bridging” —NH- group is
replaced by divalent ~O-— and -S-. The ability of
bridging atoms to promote “through conjugation” in

O.N x OCH.CH.N (C.H.),

I, N = -NIt-
2, X = -0
3, X = -8

derivatives <uch ax 1. 2, and 3 can he ruled out hecause
of the noneoplanarity of the aromatic systems; spec-
tral data® obtained from a =tudy of diphenyl sulfides
also support this idea.  Actually, compounds 1, 2, and
3 can be considered para-substituted nitrobenzenes in
which the X atom eonjugates through o p orbital.  In
this sense the - NH- group ix the strongest clectron
donor; however, there 1= no reason to attribute the
high activity of the diphenvlamines to this property.

Although in medicinal chemistry it is ot unusual for
izosteres of an active compound to retain some amount
of activity, the results listed in Table 1T indicate 1o
retention of aerivity iy 2 or 3. This firding onee apnin
cmphasizes  the specific struetural requirements  in
diphenylamines,

A extenzion of owr initial research is deseribed in
Table IV where several interesting points should be
noted: (a) a nitrophenyl group can be effectively re-
placed by 3- and A-niropyridyl groups; (b) the -
nitropyridyl amlog (17) of 1 i a potent hypocholester-
emic agent; (¢) within the S-nitropyridyl series complete

i1y Axoletinesd Uy VoG el z an D Medicinal Cbemixtry,” VL Duarger, 101,
Tnterseienre Publisivrs, lue,, New York, N. Y., 1960, pp 72-88,

iy fas .\, Mangini aud R. Passerini, J. Chem. Sac., 1168 (19521; i 11,

1. Jaflé and M. Orehin, “1Iteuary aud Applivatians af Ultraviolet Sueetris-
cony,t Julin Witey amd Sons, 1ne., Now Yark, N. Y., 1962, p 481,




