Bicyclof2.2.2]octyloxyaniline

water was added in the same sequence at 30-sec intervals to stop
the reaction with subsequent formation of a fine precipitate. This
precipitate was separated by centrifugation at 2500 rpm for 5 min
or was allowed to settle overnight in a refrigerator (~5°) with re-
tention of 90-95% of the original absorbance. The optical density
of each sample was then read (666 nm) against reaction mixtures
from each time period containing all components except micro-
somes (i.e., substrate blanks). A Perkin-Elmer Coleman 101 spec-
trophotometer was used for the readings.

Calculations. Aldehydes present in the microsomes (0.1-0.6
ug/ml) were determined simultaneously at each time interval using
incubation mixtures containing all components but substrate. The
quantity of this native aldehyde was subtracted from that value
obtained for the reaction mixtures at the same time period. Appar-
ent Ky, and Vpax values were determined from the amount of acet-
aldehyde formed at several substrate concentrations (0.125, 0.250,
0.500, 1.00, and 1.50 mM) during a 7.5-min incubation period. The
data were fitted to the equation S/v = §/Vy, + Ki/Vm by linear
regression analysis of S/v on S. Initial velocity determinations
were made using the amount of acetaldehyde evolved at 0, 2.5, 5,
and 7.5 min from reactions 1.00 mM in substrate. A least-squares
fit of the data to a straight line was used to obtain the slopes and
thus the ku/kp values. All velocities of deuterated substrates were
corrected for less than 100% deuterium incorporation (lidocaine-
d4, 89%, and lidocaine-dg, 94%). The Student’s t test was used for
statistical analysis.

Mass Spectral Determination of Trapped Acetaldehyde. A
microsomal experiment was performed with lidocaine-dg (3) as
previously described, and the acetaldehyde released during a 7.5-
min incubation was allowed to react with 100 ul of the 3-methyl-2-
benzothiazolone hydrazone reagent (0.5%) utilizing the same pro-
cedure described for the colorimetric determinations except the
ferric chloride step was omitted to avoid further oxidation of the
intermediate azine. The intermediate azine was extracted into pu-
rified ether at pH 6.5-7.0, the extract was filtered through anhy-
drous magnesium sulfate, and the filtrate was rotary evaporated at
ambient temperature to yield a yellow residue which was subjected
to chemical ionization mass spectrometry with isobutane as re-
agent gas at 140°.
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Hypo-3-lipoproteinemic Agents. 1. Bicyeclo[2.2.2]Joctyloxyaniline and Its Derivatives
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A new assay for agents which normalize §-lipoproteins in cholesterol-cholic acid fed rats is described. Both lowering
of serum cholesterol and of serum heparin precipitable lipoproteins (HPL) were measured at the end of the treat-
ment period. Compounds which shifted the ratio of the decrease in favor of HPL are considered hypo-g-lipoproteine-
mic. p-(1-Bicyclo[2.2.2]octyloxy)aniline and several of its derivatives proved active in this assay. The synthesis of

these compounds is described.

All serum lipids are bound to proteins. These lipopro-
teins are broadly divided into the four classes: chylomi-
crons, very low density lipoproteins (VLDL), low-density
lipoproteins (LDL), and high-density lipoproteins (HDL).
During electrophoresis VLDL, LDL, and HDL migrate
with pre-3, 3, and a mobilities, respectively.! In the normal
adult human approximately two-thirds of the total serum
cholesterol is associated with the cholesterol rich LDL.
Total serum cholesterol level is usually a reflection of

serum LDL concentration. Since both chylomicrons and
VLDL are triglyceride rich, elevated serum triglyceride lev-
els simply reflect an increase in either one or both of these
entities.!

Elevations of serum lipid levels have been grouped into
five basic types as classified by lipoprotein patterns. The
most common hyperlipoproteinemias are types II and IV,
an abnormal increase in LDL and VLDL, respectively.! In
both these hyperlipoproteinemias the incidence of prema-
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ture cardiovascular disease is significantly increased. Vic-
tims of the most severe form of type II (familial homozy-
gous hyper-§-lipoproteinemia) frequently die from coro-
nary heart disease at an early age (as early as 18 months)
and seldom live more than 30 years.! By contrast, there ap-
pears to be no increased incidence of cardiovascular disease
in persons with hyperchylomicronemia.! Elevations of
HDL are quite rare.

In the few cases that have been studied there is no indi-
cation of premature vascular disease.? Thus LDL and
VLDL, but not chylomicrons and HDL, may be termed
atherogenic lipoproteins.

Instead of agents to reduce serum cholesterol, it would
possibly be more advantageous to develop agents that spe-
cifically reduce either one or both of the atherogenic lipo-
proteins. An increase in HDL might be desirable also. As-
suming the desirability of such agents, the problem arises
as to their method of discovery. The rodent models used for
the random screening of hypolipidemic agents are not sat-
isfactory since their serum lipoproteins consist predomi-
nantly of HDL. In an effort to find a suitable animal model
we examined the lipoprotein electrophoretic patterns of
numerous animal species.® However, only pigs, opossums,
and snakes possessed a moderately high concentration of
LDL. Because of the unsuitability of these animals for
screening purposes, we focused our attention on dietary in-
duced hyperlipoproteinemia in rodents.

Cholesterol-cholic acid fed weanling rats develop a fairly
severe hypercholesterolemia. Most of the cholesterol in hy-
percholesterolemic weanling rat serum is in the VLDL den-
sity range of d < 1.006 g/ml. The lipoprotein itself has
many of the properties both of VLDL and LDL and has
been designated 3-VLDL or cholesterol ester rich VLDL.4
Although not ideal for a model of either type II or IV hy-
perlipoproteinemia in humans, such lipoproteins are mark-
edly atherogenic in rabbits, pigeons, and other species.

The atherogenic lipoproteins (VLDL, LDL, and 8-
VLDL) are precipitated from diluted rat serum by heparin
in the presence of calcium ions. As determined by prepara-
tive ultracentrifugation at 1.040 g/ml, only lipoproteins
with d < 1.040 g/ml are precipitated by heparin. The pre-
cipitate that develops can be measured turbidimetrically
quite conveniently. HDL is not precipitated by heparin. In
screening for hypolipoproteinemic agents we routinely
measured serum cholesterol levels and heparin precipitat-
ing lipoproteins (HPL) by turbidimetry. Theoretically, a
decrease in the ratio of HPL—-cholesterol should indicate a
selective decrease in the atherogenic HPL and/or an in-
crease in the HDL. Agents that significantly reduce both
the HPL and HPL-cholesterol ratio are designated hypo-
8-lipoproteinemic agents.

The Triton assay® has in the past proven fairly reliable
as a means for the detection of hypocholesteremic agents.
In order to compare the effect on serum cholesterol in the
current assay system, all compounds were screened in the
Triton assay as well. Random screening identified bicy-
clo[2.2.2]oct-1-yloxyaniline (4) as an agent active not only
in the Triton screen but one which effected a significant
decrease in the HPL—cholesterol ratio as determined by the
new assay.

@—OH + F—@—No_. —
1 2

3X=0
4,X=H
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Chemistry. Nucleophilic aromatic substitution of the
anion obtained from treatment of bicyclo[2.2.2]octan-1-01°
with sodium hydride on p-fluoronitrobenzene gave the
ether 3 in moderate yield. Reduction of the nitro group by
means of catalytic hydrogenation led to the desired substi-
tuted aniline 4.

In order to ascertain whether the bicyclo{2.2.2]oct-1-yl
moiety (accessible by a rather lengthy synthesis)® was in
fact necessary for biological activity, we prepared ethers of
aniline substituted with groups of comparable lipophilic
and steric characteristics. Thus, alkylation of p-fluoroni-
trobenzene with the tertiary cyeclic alecohols 6-9 (obtained
by reaction of the corresponding cycloalkanone with meth-
yl and ethyl Grignard reagents) afforded the corresponding
nitrophenol ethers. These oily products were separated by
chromatography and reduced to the anilines 10-12 without
further characterization. p-tert-Butoxynitrobenzene was
reduced to the corresponding known aniline 13!° as well
(Scheme I).

Scheme 1

((@‘0 -—
R R

5n=1,R=CH, 9.n=1,R=CH,
6.n=1.R=C,H, 10.n=1R=CH,
7.n=2%R=CH ILn=2R=CH,
8n=2R=CH. Rn=2R=CH

13
We next turned our attention to modification of the
amine function of 4 (Scheme II). Thus alkylation with 14-

Scheme 11
)
~ RQ—4<:>F—NHCNHR
Ro—Q‘N (CH,),
/ 23.X=0;R = CH,
14.n=4 24 X =0:R'=CH,
15.n1=5

25.X = S: R’ = CH,
T 26,X =S:R' = (H,

RO—@-NH; — RO—@—NHR’
4

16,R’ = CO,C,H,

| 17.R = CH,
18.R' = COCH,
o 19.R' = CH,
RO‘@‘NHBOZR 20, R’ = CH,C.H,
27,R'=CH, |
28 R'= N(CH.), "
/
\
C.H,
2LR” = COCH,
22.R = .M,
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Table I. Hypocholesteremic and Hypolipoproteinemic Activity of p-(Bicyclo{2.2.2]oct-1-yloxy)anilines

o~

Diet~induced hypercholesteremic rats®

Triton hyperlipidemic rats

HPL~ (25 mg/kg dose)
Dose, Cholesterol, HPL, % cholesterol
Compd R mg/kg % control control ratio Cholesterol Triglyceride
4 NH, 90 60* 53* 89* 83* 61*
17 NHCH, 50 97 99 103
19 NHC,H; 90 56* 52* 94 93 86
22 N(C,H;), * HC1 100 95 94 99 106 103
14 c-NC,H, 50 88 84 96
15 ¢-NC;H,, 90 46* 29% 65*% 115* 136*
32 CH,NH, * HC! NT® 85% 68*
HO,
33 o, 40 120 106 88 105 109
23 NHCONHCH, 40 99 95 96 111 132
24 NHCONHCH, 40 96 93 98 89 91
25 NHCSNHCH, NT 112 150
26 NHCSNHC;H; NT 99 94
27 NHSO,CH, NT 109 117
28 NHSO,N(CH,), 40 119 114 95 112 82
18 NHCOCH, 40 114 107 93 103 72*
Clofibrate 90 80* 78* 96 79*4 72*

aControl values for serum cholesterol and HPL were 608 (mg/dl) and 820 (Agso X 103), respectively. ©verall percent pooled standard devi-
ation was 25 and 23% for cholesterol and HPL. ?* denotes a response significantly different (p = <0.05) from control means. ¢Not tested.

4100 mg/kg.

dibromobutane afforded the pyrrolidine 14, while the anal-
ogous reaction with 15-diiodopentane gave the piperidine
15. The monoalkylated compounds 17 and 19 were ob-
tained by reduction of the corresponding monoacyl deriva-
tives. The benzylated amine 20 was prepared by reduction
of the Schiff base obtained from 4 and benzaldehyde. The
diethyl analog 22 was obtained by a second acylation-re-
duction scheme starting with 19, Reaction on the aniline 4
with the appropriate isocyanates and isothiocyanates- af-
forded the ureas and thioureas 23-26. Finally reaction of
the aniline with respectively methanesulfonyl chloride and
N,N-dimethylsulfamyl chloride gave the sulfonamides 27
and 28 (Table I).

Initial attempts to modify the aromatic amine function
via its diazonium salt by classical methods led to fragmen-
tation of that intermediate; attempts to form the salt af-
forded bicyclo[2.2.2]octan-1-0l and hydroquinone as the
only isolable products. Resort to a recently developed apro-
tic counterpart of the Sandmeyer reaction!! did, however,
afford a modest yield of the iodo derivative 29. This last
was converted to the corresponding acid by carbonation of
the lithium derivative obtained by lithium-halogen inter-
change. Conversion of the acid to the amide by standard
means followed by reduction with lithium aluminum hy-
dride gave the amine 32 homologous with the lead com-
pound. Reaction of the lithium reagent from 29 with N-
methyl-4-piperidone gave the derivative 33, containing a
basic nitrogen remote from the aromatic ring (Scheme III).

Pharmacology. Weanling albino Upj:TUC(SD)spf rats
were housed in groups of five animals and allowed free ac-
cess to experimental diet and water for 3 days before being
distributed by weight into experimental groups of four to
six animals. The semisynthetic diet of Phillips and Berg®
was used, with coconut oil substituted for corn oil and 18%
casein and 0.2% methionine as the protein source. Also,
1.5% cholesterol and 0.5% cholic acid were added to the diet

Scheme III

RO—@—NHg —
4
RO—©~I — RO——O—COR’
29

30,R"=0H
3L R’ =NH,

i |

RO—©7®CH»; RO—O—CHQNHQ
OH 32
33
-G

at the expense of dextrin. Drugs were dispersed in vehicle
(0.25% aqueous methylcellulose) and administered by gas-
tric intubation. Controls received similar volumes of vehi-
cle. After the fourth dose of drug, animals were weighed,
fasted 17 hr, and anesthetized with sodium cyclopal. Blood
was collected from severed throats.

Individual serum samples were analyzed for total choles-
terol® and HPL. HPL were determined by the method of
Schurr and Day.” Both the automated cholesterol and HPL
assays were computer interfaced to eliminate manual data
reduction. Programs to determine statistically significant
differences (p < 0.05) from control means as determined by
Students’ test using pooled error variance were included in
the computer interface.

Compounds were assayed for their hypocholesteremic ef-
fect in the Triton assay in groups of ten animals by the
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Table II. 1-Alkylcycloalkyl-1-ols

OH
CH,).
(CHy) R

n R % yield Bp, °C (mmHg)

1 CH, 44 5763 (33)

1 C,H; 59 77-80 (46)

2 CH, 74 6465 (18)

2 C,H; 73 80-81 (25)

method described earlier.® Serum samples were analyzed
for cholesterol and triglycerides; data were analyzed by the
same statistical methods as above.

The effects of the p-(bicyclo[2.2.2]oct-1-yloxy)aniline
derivatives on serum lipids in the two model systems for
hyperlipidemias as well as on HPL and the HPL—cholester-
ol ratio are recorded in Table 1. Those analogs lacking the
bicyclic ether (9-14) were uniformly without effect on any
of the parameters assayed at the top screening dose for
each test (90 mg/kg for hypo-8-lipoproteinemic assay and
25 mg/kg for the Triton assay).

Discussion

Examination of the screening data shows some degree of
correspondence between the two test systems. Thus, both
compounds which show a shift in the HPL-cholesterol
ratio (4, 15) show a statistically significant response in the
Triton assay. It should, however, be noted that the agent
which causes the largest shift in the HPL—cholesterol ratio
is a hyperlipidemic agent in the Triton assay. It is of note,
too, that while 19 and clofibrate lower both cholesterol and
HPL in the dietary induced hypercholesteremic rat, these
compounds do so without affecting the ratio, the implica-
tion being that no shift of cholesterol has occurred away
from the atherogenic lipoproteins. Activity in this series,
seems to have some fairly rigid structural requirements.
The apparent requirement for the bridged polycyclic ether
is particularly interesting. The data further indicate that
the presence of a basic group on the aromatic ring is re-
quired for activity. Thus, simple acetylation (18) of the
lead compound causes loss of activity.

Experimental Section!2

1-Alkyleycloalkyl-1-ols. To an ice-cooled solution of 0.40 mol
of methyl- or ethylmagnesium bromide in ether there was added a
solution of 0.30 mol of cyclopentanone or cyclohexanone in 250 ml
of ether. Following 2 hr of standing at room temperature the mix-
ture was cooled in ice and treated with 230 ml of saturated aque-
ous ammonium chloride. The organic layer was separated, washed
with water and brine, and taken to dryness. The residual oil was
distilled at reduced pressure to afford the tertiary alcohols. The
identity of the products was established by ir and NMR spectra
(Table II).

p-(Bicyclo[2.2.2]oct-1-yloxy)nitrobenzene (3). A mixture of
10 g of bicyclo[2.2.2]octan-1-ol and 3.37 g of 56% sodium hydride in
mineral oil in 163 ml each of benzene and DMF was heated at gen-
tle reflux for 45 min. The mixture was cooled to room temperature
and 12.4 g of p-fluoronitrobenzene was added. The mixture was
again brought to reflux. Following 15 hr of heating the dark mix-
ture was allowed to cool and washed thoroughly with water and
then brine. The residue which remained when the solution was
taken to dryness was chromatographed on 1 1. of silica gel. Elution
with 20% benzene in Skellysolve B afforded first recovered fluo-
ronitrobenzene; elution with benzene gave crude product.

The product was recrystallized from ether—petroleum ether to
afford 7.50 g (38%) of yellowish crystals, mp 91.5-94°. This analyt-
ical sample melted at 92-94.5°. Anal. (C;4H;7NO3) C, H.

Ethers of p-Aminophenol. In a typical experiment 2.10 g of so-
dium hydride (56% in mineral oil) was added to a solution of 0.05
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mol of the alcohol in 60 ml of DMF and 120 ml of benzene. The
mixture was heated at reflux for 30 min and then cooled to room
temperature. p-Fluoronitrobenzene (7.05 g) was then added and
the mixture heated at reflux for 6 hr. The solution was then
worked up in the usual way. The residual oil was chromatographed
on 11 of silica gel (elution with 2 1. each of 20% benzene-Skelly-
solve B, 40% benzene-Skellysolve B and benzene). The fractions
which were similar by TLC were combined to give the nitro ether
as a yellow oil.

A mixture of the oil and 1.0 g of 10% palladium on charcoal in
200 ml of ethanol was shaken under hydrogen until the uptake of
gas (3 equiv) stopped. The catalyst was removed by filtration and
the filtrate taken to dryness. The residue was purified by either
distillation or crystallization (Table III).

N-[(4'-Bicyclo[2.2.2]oct-1-yloxy)phenyl ]pyrrolidine (14). A
mixture of 2.17 g (10 mmol) of the primary amine, 2.8 g of K,COj3,
and 2.18 g (1.2 ml) of Br(CH3)4Br in 25 ml of EtOH was heated at
reflux for 20 hr. The mixture was diluted with HsQ and this ex-
tracted with Ety0. The organic layer was washed with HyO and
brine and taken to dryness. The residual solid was recrystallized
several times from MeOH to give 1.63 g (60%) of product. mp 99--
100°. Anal. (C13H2sNO) C, H, N.

N-[(4'-Bicyclo[2.2.2]oct-1-yloxy)phenyl]piperidine (15).
Proceeding exactly as above 10 mmol of the primary amine was al-
kylated by means of 3.25 g of 1,5-diiodopentane. The product was
isolated as above and then chromatographed on 250 ml of silica gel
(elution with NHy saturated CgHg). The crystalline fractions were
recrystallized from petroleum ether to give 0.85 g (30%) of product,
mp 66-68°. Anal. (C1gH2;NO) C, H.

N-Carbethoxy-4-(bicyclo[2.2.2]oct-!-yloxy)aniline (16). To
an ice-cooled solution of 5.0 g (23 mmol) of the primary amine in
25 ml of pyridine there was added dropwise 4.4 ml of CoH502CCl.
Following 5 hr of standing in the cold the mixture was diluted to
200 ml with ice-H20. The precipitated solid was recrystallized
from MeOH to afford 5.82 g (87.5%) of product, mp 126.5-127.5°.
Anal. (C]:HQ:;NO;;) C, H, N.

4'-(Bicyclo[2.2.2]oct-1-yloxy)acetanilide (18). A solution of
3.0 g (14 mmol) of the amine and 1.5 m! of acetic anhydride in 50
ml of THF was allowed to stand at room temperature for 5 hr. The
bulk of the solvent was removed in vacuo and the residue suspend-
ed in water. The solid was collected on a filter and recrystallized
from aqueous methanol. There was obtained 3.15 g (87%) of amide,
mp 183-185°. Anal. ((JISHQ]NOQ) C, H.

4'-(Bicyclo[2.2.2]oct-1-yloxy)- N-ethylacetanilide (21). Pro-
ceeding exactly as above the free base from 3.0 g (10 mmol) of the
hydrochloride of 19 was acetylated with acetic anhydride. The
product was recrystallized from Skellysolve B to afford 2.35 g
(82%) of product, mp 99-101°. Anal. (C;sH23NO3) C, H.

Benzal-p-(bicyclo[2.2.2]oct-1-yloxy)aniline. A solution of
9.70 g (0.045 mol) of the primary amine and 4.70 g (0.044 mol) of
benzaldehyde in 250 ml benzene was heated at reflux under a
Dean-Stark trap for 8 hr. The solution was then taken to dryness.
The residue (14.42 g, mp 145-156°) was reduced with lithium alu-
minum hydride (see below) without further characterization.

N-Alkyl-p-(bicyclo[2.2.2]oct-1-yloxy)anilines. A solution of
0.045 mol of the substrate (amide, carbamate, or Schiff base) in
250 ml of THF was added to a well-stirred suspension of 7 g (0.18
mol) of lithium aluminum hydride in 75 mi of THF. Following 5 hr
of heating at reflux the mixture was cooled in ice and treated in
turn with 7 ml of water, 7 ml of 15% sodium hydroxide, and 21 mi
of water. The inorganic gel was collected on a filter and the filtrate
taken to dryness. The residue if solid was recrystallized. If not, the
compound was converted to its hydrochloride salt and recrystal-
lized as such. In the case of the tertiary amine, the product was
first chromatographed on silica gel (elution with 1:1 benzene—chlo-
roform saturated with ammonia) and then recrystallized as its hy-
drochloride (Table IV).

Ureas and Thioureas. In a typical example a solution of 1 g
(4.6 mmol) of the primary amine in 20 ml of THF was treated with
6.4 mmol of the appropriate heterocumulene. Following 18 hr of
stirring at room temperature, the mixture was diluted with water.
The precipitated solid was then recrystallized (Table V).

4'-(Bicyclo[2.2.2]oct-1-yloxy)methanesulfonanilide 27).
Methanesulfonyl chloride (1 g) was added dropwise to a solution of
1.50 g (6.9 mmol) of the aniline in 15 ml of pyridine. The red solu-
tion was allowed to stand at room temperature for 4.5 hr and then
poured into water. The precipitate was collected on a filter and re-
crystallized twice from aqueous methanol. There was obtained 1.70
g (84%) of solid, mp 134-136°. Anal. (C,sH21NO3S) C, H, S.

N-[p-(Bicyclo[2.2.2]oct-1-yloxy)phenyl]- N/, N’-dimethyl-
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Table III. Ethers of p-Aminophenol
Recrystn
Compd R Mp, °C Yield, % solvent Formula
4 Bicyclof2.2.2]oct-1-yl 171-173 90° MeOH-H,0 Cy,H{(NO
9 1-Methyl-1-cyclopentyl 31-32.5 47 PE’ C,H,;NO
10 1-Ethyl-1-cyclopentyl Liquid? 58 Cy3H(NO
11 1-Methyl-1-cyclohexyl 53-55 53 PE C,;H;;NO
12 1-Ethyl-1-cyclohexyl Liquid® 57 C,,H,NO
13 tevit- Butyl 73-175° 95 C10H15NO

aReduction step only. ?Petroleum ether. ¢Lit.2 mp 73-74°, 4Distilled at 0.8 mm in a short-path oil-jacketed still; bath temperature 137°.

eDistilled at 0.15 mm in a short-path oil.jacketed still; bath temperature 145-150°,

Table IV. N-Alkyl-p-(bicyclo[2.2.2]oct-1-yloxy)anilines

‘ Recrystn
Compd R R’ Salt Yield, % Mp, °C solvent Formula
17 H CH; HCl 35 210-215 CH,Cl,—EtOAc C;H,,CINO
19 H C,H; HCl 74 167169 CH,Cl,~EtOAc C,¢H,,CINO
20 H CH2C6H5 90 155_157 CH2C12—MeOH C21H25NO
22 C,H; C,H; HCIl 19¢ 234237 CH,CN C,5HyCINO
aThere was recovered 17% of deacylated product 19.
Table V. Ureas and Thioureas
X
|
(0] NHCNHR
Recrystn
Compd X R Yield, % Mp, °C solvent Formula
23 O CH3 94 22 7—229 MeOH—H20 C 16H22N202
24 (0] C.H; 88 209-211.5 MeOH C,Hy;N,0,
25 S CH; 90 157-159 MeOH C¢H,,N,08°
26 S CSH5 86 180-182 MeZCO—HzO C21H24N205

aAnal. C: caled, 66.17; found, 67.59.

sulfamide (28). N,N-Dimethylsulfamyl chloride (1.10 g) was
added cautiously to a solution of 1.50 g (6.9 mmol) of the aniline in
15 ml of pyridine. Following 15 hr of standing at room tempera-
ture, the bulk of the solvent was removed at 5 mm. The residue
was treated with water and the solid dissolved in methylene chlo-
ride—chloroform. The solution was washed in turn with 2.5 N HCl,
water, and brine and taken to dryness. The residual dark red solid
was chromatographed on 200 ml of Florisil (elution with 20% ace-
tone in Skellysolve B). The crystalline fractions were combined
and recrystallized twice from aqueous methanol to give 1.52 g
(72%) of product, mp 182-183°. Anal. (C;6H24N:02S) C, H, N.
Diazotization of p-(Bicyclo[2.2.2]oct-1-yloxy)aniline. A
mixture of 2.0 g of the amine in 10 ml of sulfuric acid and 20 ml of
water was warmed on the steam bath for 40 min. The slurry was
cooled to 0° and a solution of 0.9 g of sodiunm nitrite in 8 ml of
water added in portions over 20 min. The solution was then quick-
ly filtered and treated in the cold with 2 ml of fluoroboric acid.
The precipitate was collected on a filter, pressed dry, and suspend-
ed in 20 ml of acetic acid. The mixture was then heated for 30 min
on the steam bath and 30 min at reflux. The solvent was removed
in vacuo and the residue dissolved in ether. The solution was
washed in turn with aqueous NaHCO3, water, and brine. The resi-
due which remained when the solvent was removed was chromato-
graphed on 150 ml of Florisil. Elution with 10% acetone in Skelly-
solve B gave 0.70 g of hydroquinone, mp 168-170° (mmp with au-

thentic material 168-170°) followed by 0.65 g of volatile solid
whose NMR is identical with that of bicyclo[2.2.2]octan-1-ol.

Bicyclo[2.2.2]oct-1~yl p-Iodophenyl Ether (29). A solution of
11.1 g (0.051 mol) of the amine in 250 ml of THF was added to 7.15
g of amyl nitrite and 7.0 g of iodine in 150 ml of benzene over 20
min. The dark mixture was stirred at room temperature for 1 hr
and at reflux for 2 hr. The mixture was taken to dryness and the
residue chromatographed on 1 l. of silica gel (elution with 20%
CH2Cl; in Skellysolve B). There was obtained first 1.35 g of solid
which consists largely of bicyclo[2.2.2]oct-1-y] phenyl ether, fol-
lowed by the crude crystalline iodo compound. This was recrystal-
lized from methanol to give 7.45 g (46%) of product, mp 71-73°.
Anal. (C14H;710) C, H.

p-(Bicyclo[2.2.2]oct-1~-yloxy) benzoic Acid (30). A solution of
3.0 g (9.3 mmol) of the iodide in 50 ml of THF in Dry Ice-acetone
bath was treated with 6.4 ml of 1.6 N butyllithium. Following 1 hr
of stirring in the cold, the mixture was transferred under N2 onto
finely crushed Dry Ice. The solid was then allowed to evaporate
and the mixture taken to dryness. The residue was suspended in
water and extracted with ether. The organic layer was washed
twice with 1 N NaOH. Acidification of the combined aqueous
layers afforded 1.21 g of acid, mp 182-193°. This was recrystallized
twice from aqueous methanol to give 0.93 g (41%) of product, mp
199.5-201°, Anal. (C15H1303) C, H.

p-(Bicyclo[2.2.2]oct~1-yloxy)benzylamine  Hydrochloride
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(32). A mixture of 2.88 g (12 mmol) of the acid, 10 ml of SOCl,
and 40 ml of benzene was heated at reflux for 4 hr. The solvent was
then removed in vacuo. The oily residue was dissolved in 25 ml of
THF and added to 50 ml of THF saturated with NHs; NHy was
bubbled through for an additional hour and the mixture taken to
dryness. The residue was suspended in water, collected on a filter,
and then recrystallized from aqueous methanol. There was ob-
tained 2.30 g of the amide 31, mp 173-177°.

A solution of the amide obtained above in 75 ml of THF was
added to 1.0 g of LiAlH, in 10 ml of THF. The mixture was heated
at reflux for 3 hr, cooled in ice, and treated in turn with 1 ml of
H50, 1 ml of 15% NaOH, and 3 ml of HoO. The gel was removed by
filtration and the filtrate taken to dryness. The residue was dis-
solved in ether (30 ml) and treated with 10 ml of 3.7 N ethereal
HCI. The precipitated solid was recrystallized from methanol to
afford 1.82 g (57%) of product, mp 290-292°. Anal. (C,5H22CINO)
C,H.

1-Methyl-4-[ p-(bicyclo[2.2.2]oct-1-yloxy)phenyl]-4-
hydroxypiperidine (33). Butyllithium (6.5 ml of 1.55 N) was
added to a solution of 3.28 g (1.0 mmol) of the iodo compound in a
Dry Ice-acetone bath. Following 2 hr of stirring in the cold there
was added 1.2 g of 1-methyl-4-piperidone in 20 ml of THF. The
mixture was allowed to stand at room temperature overnight. The
solvent was removed in vacuc and the residue dissolved in ether
and water. The organic laver was then extracted with four 40-ml
portions of 2.5 N HCL. The last extracts were made strongly basic
and extracted with ether. The ethereal extract was worked up in
the usual way. The residue was recrystallized from ether-Skelly-
solve B to afford 0.20 g (6.3%) of product, mp 137-139°. Anal.
(C20H2gNO2) C, H.

Robins, Lee
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Treatment of a methanolic solution of 4-hydroxy-1-3-D-ribofuranosyl-2-pyridinone (3-deazauridine, 1) with diazo-
methane gave 2-methoxy-1-3-D-ribofuranosyl-4-pyridinone (2) and 4-methoxy-1-3-D-ribofuranosyl-2-pyridinone
(3a) in an approximate ratio of 1:2. Analogous treatment of 1 with diazomethane in the presence of stannous chloride
dihydrate gave eight detected products including 2, 2-methoxy-1-(2-O-methyl-3-D-ribofuranosyl)-4-pyridinone (4),
2-methoxy-1-(3-O-methyl-3-D-ribofuranosyl)-4-pyridinone (5), 3a, 4-methoxy-1-(2-O-methyl-3-D-ribofuranosyl)-2-
pyridinone (6a), 4-methoxy-1-(3-O-methyl-3-D-ribofuranosyl)-2-pyridinone (7a), 2'-O-methyl-3-deazauridine (6b),
and 3’-O-methyl-3-deazauridine (7b). For comparison, the 2'-0- and 3’-O-methyl derivatives of 2 (4 and 5) and of 3a
(6a and 7a), respectively, were prepared in good overall yields by stannous chloride catalyzed methylation of 2 and
3a. Treatment of 1 with benzyl bromide gave 4-benzyloxy-1-3-D-ribofuranosyl-2-pyridinone (3b). Stannous chloride
catalyzed methylation of 4-pivaloxy-1-3-D-ribofuranosyl-2-pyridinone (3¢) gave the corresponding 2’-O-methyl de-
rivative 6¢. These compounds were tested in leukemia L1210 culture and against three bacterial strains and were
found to be uniformly inactive. This provides a striking example of nucleoside structure specificity and also adds
support to the depot storage—enzymic cleavage mode of antileukemic activity of 4-(adamantane-1-carbonyloxy)-1-3-

D-ribofuranosyl-2-pyridinone (3d).

The pyridine nucleus analog of uridine, 4-hydroxy-1-3-
D-ribofuranosyl-2-pyridinone (3-deazauridine, 1), was syn-
thesized?® in order to examine the biological effects of such
a formal replacement of -NHCO- by -CH=COH- at posi-
tions 3 and 4 in the pyrimidine system. Both 1 and the cor-
responding 3-deazacytidine?® (4-amino-1-8-D-ribofurano-
syl-2-pyridinone) were found to exert marked inhibitory ef-
fects on the growth of neoplastic and bacterial cultures.3 A
number of other 3-deaza analogs of the pyrimidine 2’-deoxy
nucleosides, arabinosides, orotic acid, etc., were subse-
quently prepared.* However, little activity was noted with
these compounds.® Heidelberger and coworkers and Shone
have recently extended this concept to the preparation of
pyridine analogs of 5-fluorouracil and thymine bases, nu-
cleosides, and 2’-deoxy nucleosides.® Again, unfortunately,
biological activity was found to be lacking.?® The lone ex-
ample of retained (and, indeed, enhanced) activity in a

modified 3-deazauracil nucleoside involved esterification of
the phenolic 4-oxygen of 3-deazauridine with adamantane-
1-carboxylic acid.> However, evidence was presented which
was compatible with enzymatic hydrolysis of the ester
function, making this derivative (3d) a depot-storage form
of 3-deazauridine (1) per se.

It has been found very recently’ that 3-deazauridine has
markedly enhanced activity in leukemia strains which have
become resistant to 1-3-D-arabinofuranosylcytosine (ara-
C). Toxicity levels appear manageable (Dr. A. Bloch, pri-
vate communication) and clinical trials appear to be war-
ranted. Bloch and coworkers® have now reported that 3-
deazauridine 5'-triphosphate inhibits the mammalian en-
zyme cytidine triphosphate synthetase, and this may be the
major site of action. This, coupled with the observed enzy-
matic phosphorylation of 1 to the triphosphate level but
lack of incorporation into nucleic acids,® might rationalize



