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duced pressure, and the residue chromatographed. Elution with
petroleum ether~EtOAc (1:1) gave a white solid (1.23 g, 82%),
which was recrystallized from petroleum ether~EtOAc (1:2), mp
140-141 °C. NMR (DMSO-dg): 6 11.32 (s, 1, NH), 7.62 (s, 1,
C(6)H), 6.04 (t, 1, J = 6.5 Hz, C(1")H), 4.17 (s, 2, CH,0), 3.63 (s,
6, CHy’s), 3.01 (d, 2, J = 6.5 Hz, C(2")H), 1.78 (s, 3, C(5)CHj). Anal.
(012H16N207) C, H, N.

(R,S)-1-[1-(2-Hydroxyethoxy)-3-hydroxypropylJthymine
(3a). Compound 9 was reduced as described for 6. The residual
solids were rinsed with absolute EtOH, and following evaporation
the crude product was chromatographed. Elution with 3%
MeOH~-CH,C], gave 3a (62%), which was recrystallized from
EtOAc, mp 115-116 °C. NMR (DMSO-dg): § 11.3 (s br, 1, NH),
7.52 (s, 1, C(6)H), 5.80 (t, 1, J = 6.5 Hz, C(1")H), 4.7-4.4 (m’s,
2, D,0O exch, OH’s), 3.8-3.3 (m’s, 6, C(3",4",5)H), 2.1-1.8 (m, 2,
C(2)H), 1.82 (s, 3, CHy). Anal. (C,;oH,(N,O;) C, H, N.

Methyl (E)-3-Thymin-1-ylpropenoate (10). A suspension
of thymine (1.26 g, 10.0 mmol), methyl propiolate (3.78 g, 45.0
mmol), and DBU (50 uL, 0.3 mmol) in acetonitrile (120 mL) was
stirred at room temperature for 93 h, cooled (5 °C) for 2 h, and
then filtered. The solid was washed well with acetone to give 10
(0.83 g, 40%) and recrystallized from EtOAc-MeOH (1:1), mp
269-270 °C. NMR (DMSO-dg): 6 11.3 (s br, 1, NH), 8.05 (s, 1,
C(6)H), 8.05 (d, 1, J = 14.7 Hz, H), 6.28 (d, 1, J = 14.7 Hz, H),
3.71 (s, 3, OCHjy), 1.83 (s, 3, C(5)CH3). Anal. (CgH,(N,O,) C, H,
N.

(R,S)-Methyl 3-[(2-Hydroxyethyl)thio]-3-thymin-1-yl-
propanoate (11). A mixture of 10 (0.420 g, 2.00 mmol), 2-
mercaptoethanol (1.0 mL, 15 mmol), DBU (15 xL, 0.1 mmol), and
THF (5 mL) was stirred overnight at room temperature. Glacial
HOAc (3 drops) was added to the clear solution and the volatile
material removed under reduced pressure. The amorphous residue
was taken up in boiling EtOAc, diluted with petroleum ether, and
refrigerated. Crystals of 11 were collected (0.477 g, 83%), mp
127-129 °C; recrystallized from EtOAc, mp 130-131 °C. NMR
(DMSO-dg): 611.2 (s, 1, NH), 7.73 (s, 1, C(6)H), 6.00 (t, 1, J =
7 Hz, C(1)H), 3.65 (s, 3, OCH,), 3.53 (t, 2, J = 6 Hz, CH,0), 3.08
(d, 2, J = 7 He, C(2)H), 2.60 (t, 2, J = 6 Hz, CH,S), 1.92 (s, 3,
C(5)CHj). Anal. (C;;H(N,05S) C, H, N, S.

(R,S)-1-[1-[(2-Hydroxyethyl)thio]-3-hydroxypropylJthy-
mine (3b). Compound 11, reduced as described for 6, gave 3b
(562%). The product crystallized with difficulty from Et,O-pe-
troleum ether, mp dec > 107 °C. NMR (DMSO-dg): § 11.4 (s,
1, NH), 7.68 (s, 1, C(6)H), 5.90 (t, 1, J = 7 Hz, C(1")H), 4.74.4
(m’s, D,O exch, OH’s), 3.7-3.3 (m’s, 4, C(8',5")H), 2.58 (t, 2, CH,S),
2.1-1.8 (m, 2, C(2)H), 1.83 (s, 3, CH3). Anal. (C;(H;(N,0,8) C,
H, N, S.

Antiviral and Cytotoxicity Assays. (a) HIV-1. Three-
day-old mitogen-stimulated PBM cells (106 cells/mL) from healthy
donors that were hepatitis and HIV-1 seronegative were infected
with HIV-1 (strain LAV) at a concentration of about 100 TCID5,
per mL and cultured in the presence and absence of various
concentrations of compounds. The drugs were added about 45

min after infection. Five days after infection the supernatant was
clarified and the virus pelleted. The reverse transcriptase activity
associated with the disrupted virus was determined. The methods
used for culturing the PBM cells, harvesting the virus, and de-
termining the reverse transcriptase activity were those described
by McDougal et al.?* and Spira et al.? except that fungizone was
not included in the medium. The virus-infected control had about
68000 dpm/mL of reverse transcriptase activity. The blank and
uninfected cell control values were about 300 and 1300 dpm,
respectively. PBM cells from three different donors were used
in these studies.

The effect of drugs on the growth of uninfected human PBM
cells was also established. Mitogen-stimulated PBM cells (3.8
X 10° cells/mL) were cultured in the presence and absence of drugs
under the same conditions as those used for the antiviral assays
described above. The cells were counted daily for 5 days by using
the trypan blue exclusion method.

(b) HSV-1 and HSV-2, The newly synthesized nucleosides
were evaluated for activity against HSV-1 (strain F) and HSV-2
(strain G) by a plaque reduction assay in Vero cells, using
methodologies described previously.?® Cytotoxicity assays were
conducted in rapidly dividing Vero cells, as previously described.?
The median effective concentration was determined by the median
effect method.?’
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1',2’-seco -Dideoxynucleosides as Potential Anti-HIV Agents
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1/,2'-seco-2’,3’-Dideoxycytidine (12), -guanosine (14), -adenosine (16), and -inosine (18) were prepared from (R)-
benzylglycidol as potential anti-HIV agents. When compared to ddAdo in protecting ATHS cells, they were found

to be inactive.

A number of sugar-modified nucleosides have been re-
ported to exhibit antiviral activity against the human im-
munodeficiency virus (HIV). 3’-Azido-3'-deoxythymidine

0022-2623/89,/1832-0076$01.50,/0

(1), the first drug to have clinical utility, is believed to exert
its activity as a triphosphate by inhibiting the viral reverse
transcriptase.! Several 2’,3’-dideoxynucleosides are also
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known to inhibit the replication of HIV. Among these
2’ ,3'-dideoxycytidine (2, ddCyd) and 2/,3’-dideoxyadenosine
(3, ddAdo) appear to be the leading candidates for further
evaluation.?  Other 2,3’-dideoxynucleoside derivatives
have3 séince been prepared and tested as potential antivi-
rals.®"
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2/,3’-Unsaturated analogues of dideoxynucleosides have
also been reported to be effective anti-HIV agents.
2/,3-DehydroddCyd (4) proved to be equally effective as
ddCyd in protecting HIV-infected ATHS cells.! The
didehydrothymidine analogue (5) was also found to be a
potent and selective inhibitor of HIV.”8 The 2’,3’-un-
saturated analogue of 2’,3’-dideoxyadenosine (6) was re-
ported to be moderately active against HIV-1 effects in
ATHS cells,® but also less toxic to uninfected cells.

In a recent report on the general properties of HIV
reverse transcriptase, Cheng et al. showed that certain
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acyclonucleoside triphosphates had significant inhibitory
activity against this enzyme. These compounds had ICs,
against human DNA polymerase that were 10-15 times
greater than those against the viral reverse transcriptase.!®
These findings prompted us to prepare the title com-
pounds for evaluation as potential anti-HIV agents.

Chemistry. The chirality at C-4’ in 2/,3’-dideoxy-
nucleosides is S, which could be arrived at in the 1/,2'-seco
analogues by starting with (S)-O-benzylglycidol,!! as de-
picted in Scheme I. Epoxide 6 was obtained by a minor
modification of the Mitsunobu reaction!? whereby the
product is distilled off under vacuum as the reaction
mixture of (S)-1-O-benzylglycerol, triphenylphosphine, and
diethyl azodicarboxylate is heated at 130 °C. This mod-
ification is applicable to a wide variety of vicinal diols!3
and is more efficient than the multistep process reported
earlier!! for the synthesis of compound 6. Copper-cata-
lyzed addition of methylmagnesium chloride!* to 6 pro-
ceeded regiospecifically and in high yields to give (2S)-1-
O-benzylbutane-1,2-diol (7). Chloromethylation!® of 7
followed by coupling with the proper persilylated base!6
furnished the protected 1/,2’-seco nucleosides (9-11). Proof
that alkylation took place at N-9, rather than N-7, was
derived from UV data which were in agreement with lit-
erature reports (see the Experimental Section).!” The
target cytidine analogue (12) was obtained by debenzyla-
tion of 9 with Pearlman’s catalyst.!®

The guanosine, adenosine, and inosine analogues (14,
16, and 18) were prepared as shown in Scheme II
Aqueous base hydrolysis of 10 afforded the 5-benzylated
guanosine 13, from which the target 1’,2"-seco-dideoxy-
guanosine was obtained by catalytic transfer hydrogenation
over palladium hydroxide on charcoal.!® The remaining
1’,2’-seco-dideoxyadenosine and inosine were derived from
6-chloropurine 11. While ammonolysis furnished adeno-
sine 15, base hydrolysis yielded the corresponding inosine
analogue 17. Debenzylation of 15 and 17 furnished the
target compounds 16 and 18, respectively.
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Biological Testing. ATHS cells were infected with
HIV (2 X 10? virus particles per cell) and were treated with
compounds 12, 14, 16, and 18 at concentrations ranging
from 1 to 100 M. While ddAdo showed complete protec-
tion at concentration of 20 M, none of the above com-
pounds showed similar effects against HIV.

The fact that other acyclic nucleoside triphosphates had
inhibitory activity against HIV reverse transcriptase!¢
suggests that the title compounds do not appear to be
substrates for a kinase and were not phosphorylated to the
corresponding nucleotides.

Experimental Section

Melting points were determined on a Thomas-Hoover melting
point apparatus and are uncorrected. The !H NMR spectra were
recordeéd on Varian EM-390 spectrometer. The chemical shifts
are expressed in parts per million with respect to tetramethyl-
silane. Mass spectral data were obtained by the FAB ionization
method on an MAT 731 mass spectrometer. Silica gel (Merck,
grade 60, 230-240 mesh, 60A) suitable for column chromatography
was purchased from Aldrich. TLC plates were run on precoated
(0.2 mm) silica gel 60 F-254 plates manufactured by EM Labo-
ratories, Inc. and short-wavelength light (254 nm) was used to
detect the UV-adsorbing spots. Elemental analyses were per-
formed by M-H-W Laboratories, Phoenix, AZ. Repeated attempts
to obtain correct elemental analyses for certain compounds were
not successful. In these cases purities were ascertained by re-
verse-phase HPLC analysis (80% MeOH in 0.01 M KH,PO,, pH
6.0) on a Whatman Partisil 5 ODS-3 column. Furthermore mo-
lecular formulae were confirmed by high-resolution mass spectral
analyses.

1-(Benzyloxy)-2(S)-butanol (7). Methylmagnesium chloride
(72 mL, 0.219 mol) was added to a 0.2 M solution of lithium
tetrachlorocuprate in dry tetrahydrofuran (6.5 mL) and dry ether
(80 mL) and the mixture cooled to ~78 °C. To this cooled solution
was added epoxide 6 (12 g, 73 mmol) in dry ether (200 mL) and
the resulting solution was stirred at =78 °C for 3 h and left
overnight to warm up to room temperature. The solvents were
evaporated at room temperature, and saturated agueous am-
monium chloride solution (250 mL) was added to the residue and
the mixture stirred for 0.5 h. The reaction mixture was extracted
with ether (150 mL), and the ether extract was dried and con-
centrated to give the liquid product: yield 13.15 g (99%); [«]%p
-4.35° (c 4.525, EtOH); "H NMR (CDCl;) 6 7.23 (s, 5 H, Ar), 4.46
(s, 2 H, ArCH,), 3.8-3.43 (m, 1 H, CHOH), 3.43-3.1 (m, 2 H,
CH,0), 2.73 (br s, 1 H, OH), 1.63-1.13 (m, 2 H, CH,CHs), 0.9 (t,
3 H, J =6.5 HZ, CHQCH3). Anal. (C“Hlsog) C, H.

1-[[1-(Benzyloxy)-2(S)-butoxy]methyl]lcytosine (9). Cy-
tosine (3.7 g, 0.33 mol) was suspended in hexamethyldisilazane
(HMDS, 60 mL), ammonium sulfate (0.1 g) was added, the
mixture was refluxed overnight, and the resulting clear solution
was concentrated in vacuo to give a liquid. This was dissolved
in dry 1,2-dichloroethane (150 mL) along with chloromethyl ether
8 (7.5 g, 3.2 mmol) and tert-butylammonium iodide (0.2 g) and
the mixture was refluxed for 4.5 h. At the end of this period
MeOH (47 mL) and water (12 mL) were added to precipitate the
unreacted base, and the solution was filtered. The filtrate was
concentrated and was taken up in CH,Cl, (150 mL) and dried
over anhydrous Na,SO,. Removal of solvent afforded a gum,
which was chromatographed on a column of silica gel (400 g). The
product was obtained by eluting with hexane-EtOAc (85.15): yield
4.8 g (48%); [a]?®p -12.43° (c 3.45, EtOH); mp 163 °C; TH NMR
(DMSO-dg) 6 10.16 (br s, 1 H, NH), 9.0 (br s, 1 H, NH), 7.6 (d,
1H,J =9Hz H-5),72 (brs, 5 H, Ar), 6.2 (d,1 H, J = 9 Hz,
H-6), 5.2 (br s, 2 H, OCH,N), 4.43 (s, 2 H, OCH,Ar), 3.8-3.5 (m,
1 H, CHO), 3.5-3.3 (m, 2 H, CH,,0), 1.66-1.23 (m, 2 H, CH,CH,),
0.86 (t, 3 H, J = 6.5 Hz, CH,CH3;); exact mass calcd 303.1583,
found 303.1576.

2-Amino-6-chloro-9-[[1-(benzyloxy)-2(S)-butoxy]-
methyl]purine (10). 2-Amino-6-chloropurine (5.65 g, 33 mmol)
was suspended in HMDS (100 mL), ammonium sulfate (0.1 g)
was added, and the mixture was heated at reflux for overnight
with exclusion of moisture. The resulting clear solution was
concentrated at reduced pressure to give a pale yellow solid.
Mercuric cyanide (8.9 g, 35 mmol) and dry benzene (120 mL) were
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added to the above solid and heated to reflux. To this refluxing
solution was added the chloromethyl ether 8 in dry benzene (20
mL), and refluxing was continued for 3 h under a N, atmosphere.
The benzene was removed under diminished pressure and the
residue was stirred with CH,Cl, (200 mL). The solution was
collected by filtration and washed twice with 30% aqueous solution
of potassium iodide (200 mL), twice with 10% aqueous potassium
carbonate solution (300 mL), and finally with water (300 mL).
The organic layer was dried, the solvent was evaporated, and the
resulting yellow liquid was charged on a silica gel column. The
desired product was obtained by eluting with hexane-EtOAc (6:4):
yield 4.11 g (43%); []®p =35.64° (c 2.04, EtOH); '"H NMR (CDCly)
678 (s,1H, H-8), 7.2 (s, 5 H, Ar), 5.5 (AB q, 2 H, J = 12 Hz,
OCH,N), 4.5 (s, 2 H, OCH,Ar), 3.8-3.33 (m, 3 H, OCH,CHO),
1.6-1.16 (m, 2 H, CH,CH,), 0.7 (t, 3 H, J = 6.5 Hz, CH,CH3). Anal.
(C7H30N:;0,Cl) C, H, N, CL

6-Chloro-9-[[1-(benzyloxy)-2(S )-butoxy]methyl]purine
(11). To a suspension of sodium hydride (0.76 g, 32 mmol) in
dry acetonitrile (100 mL) was added 6-chloropurine (5 g, 32 mmol)
and the mixture was stirred for 2 h at room temperature. 1-
(Benzyloxy)-2(S)-(chloromethoxy)butane (7.5 g) in dry acetonitrile
(20 mL) was added to the above suspension under nitrogen and
stirred. After 15 h of stirring, the reaction mixture was filtered
and the filtrate was concentrated in vacuo to give a liquid. Pu-
rification by silica gel (400 g) column chromatography, eluting
with hexane-EtOAc (85:15), provided the 9-alkylated 6-chloro-
purine derivative: yield 5.07 g (44.5%); [«]%p —22.86° (c 1.645,
EtOH); 'H NMR (CDCl;) 6 8.7, 8.2 (25, 2 H, H-8, H-2), 7.2 (s,
5H, Ar), 5.7 (AB q, 2 H, J = 12 Hz, OCH,N), 4.4 (s, 2 H, OCH,Ar),
3.83-3.5 (m, 1 H, CHO), 3.43 (d, 2 H, J = 4.5 Hz, CH,0), 1.63~1.1
(m, 2 H, CH,CHj,), 0.7 (t, 3 H, J = 6.5 Hz, CH,CH;). Anal.
(C1Hs0,N,C]) C, H, N, CL

1-[(1-Hydroxy-2(S)-butoxy)methyl]cytosine (12). Com-
pound 9 (1 g, 4.6 mmol) was dissolved in a mixture of EtOH (50
mL) and cyclohexene (10 mL). To this solution PA(OH),/C (20%,
1 g) was added and the resulting suspension was refluxed for 3
h. Filtration of the catalyst followed by evaporation of the solvent
furnished a white solid: yield 0.65 g (98%); mp 95 °C; [«]®}, ~8.74
(c 1.27, EtOH); UV Ay (pH 1.3) 278 nm, (¢ 1.28 X 10%), A, (pH
11) 272 (¢ 8.7 X 10%), Apae (EtOH) 282 (¢ 1.32 X 10%); 'H NMR
(CDCly) 6 9.96 (brs, 1 H, NH), 8.83 (br s, 1 H, NH), 8.01 (d, 1
H, J = 9 Hz, H-5),6.15(d, 1 H, J = 9 Hz, H-6), 5.2 (s, 2 H, OCH,),
3.5-3.2 (m, 3 H, CH,0H, CHOCH,), 1.56-1.16 (m, 2 H, CH,CH3),
0.8 (t, 3 H, J = 6.5 Hz, CH,CH_); exact mass calcd 213.1113, found
213.1108.

9-[[1-(Benzyloxy)-2(S)-butoxy]methyl]guanine (13). A
solution containing compound 10 (2.0 g, 5.5 mmol), MeOH (120
mL), NaOH (0.7 mol), and water (8.2 mL) was heated under reflux
for 1.5 h. After evaporation of the solvent, water (150 mL) was
added and the solution was acidified, resulting in the formation
of a precipitate which was filtered off and crystallized from a
mixture of DMSO-H,0: yield 1.1 g (50%); mp 215 °C; [«]%p
-35.12 (c 1.085, DMF); '"H NMR (CDCl,) 6 7.76 (s, 1 H, H-8), 7.2
(brs, 5 H, Ar), 6.4 (brs, 2 H, NH,), 5.3 (s, 2 H, OCH;,N), 4.4 (s,
2 H, OCH,), 3.8-3.5 (m, 1 H, CHO), 3.35 (d, 2 H, J = 4.5 Hz,
OCH,), 1.5-1.1 (m, 2 H, CH,CH,), 0.66 (t, 3 H, J = 6.5 Hz,
CHQCH3). Anal. (Cl7H21N5O3) C, H, N.

9-[(1-Hydroxy-2(S)-butoxy)methyl]guanine (14). The same
procedure described earlier for debenzylation was applied to
compound 13 to give the product in 96% yield; mp 270 °C; [a]%}
-29.54° (¢ 1.035, DMF); UV Agy (pH 1.3) 255 nm (¢ 1.3 X 10%),
278 (e 1.1 X 10%), Apny (PH 11) 255 (¢ 1.2 X 10%), 268 (¢ 1.26 X 10%),
Aoy (EtOH) 255 (¢ 1.28 X 10%); 'TH NMR (DMSO-dg) 6 10.65 (s,
1 H, NH), 7.85 (s, 1 H, H-8), 6.5 (s, 2 H, NH,), 5.5-5.4 (br s, 2
H, OCH,N), 3.55-3.25 (m, 3 H, CH,0H, CHO), 1.5-1.2 (m, 2 H,
CH,CH,;), 0.65 (t, 3 H, J = 6.5 Hz, CH,CH,;); exact mass caled
2531175, found 253.1167. Anal. (CloH15N5O3'1/2H20) C, H, N.

9-[[1-(Benzyloxy)-2(S )-butoxy]lmethyl]adenine (15).
Chloropurine 11 (1.52 g, 4.3 mmol) was dissolved in liquid am-
monia (50 mL) and heated in a bomb at 100 °C for 15 h. At the
end of this period ammonia was allowed to evaporate and the
residue was taken up in chloroform (50 mL) and washed with
water. The organic phase was dried and evaporated to give 15,
as a white solid: yield, 1.4 g (97%); mp 82 °C; [«]%®p —33.78° (¢
2.735, EtOH); 'H NMR (CDCl;) 6 8.3,7.9 (2's, 2 H, H-8, H-2),
7.3-7.1 (m, 7 H, Ar, NH,), 5.8-5.5 (m, 2 H, OCH,N), 4.43 (s, 2



H, OCH,), 3.86-3.56 (m, 2 H, CHO), 3.42 (d, 2 H,
CH,0), 1.6-1.16 (m, 2 H, CH,CHj,), 0.66 (t, 3 H, J
CHQCH3). Anal. (Cl7H21N502), C, H, N.
9-[(1-Hydroxy-2(S)-butoxy)methyl]adenine (16). The
procedure mentioned earlier for debenzylation was applied to
compound 15 to give the product in 95% yield; mp 130 °C; [«]%p
-14.59° (c 1.295, EtOH); UV Ay (pH 1.3) 256 nm (¢ 1.4 X 10%),
Amax (PH 11) 260 (€ 1.4 X 10%), Ayqy (EtOH) 260 (¢ 1.25 X 10%; 'H
NMR (DMSO-dg) 6 8.6, 8.5 (2 s, 2 H, H-8, H-2), 5.7 (s, 2 H,
OCH;N), 3.6-3.3 (m, 3 H, H,OH, CHO), 1.5-1.2 (m, 2 H, CH,CH,),
0.65 (t, 3 H, J = 6.5 Hz, CHy,CH3); exact mass calcd 237.1226,
found 237.1224.
9-[[1-(Benzyloxy)-2(S)-butoxy]methylJhypoxanthine (17).
Chloropurine 11 (1.66 g, 4.7 mmol) was dissolved in methanol-
water (50 mL, 6 mL) containing NaOH (16 g, 0.4 mol) and the
solution was heated to reflux for 2 h. At the end of this period,
methanol was removed under diminished pressure and the residue
was diluted with water (100 mL), neutralized with acetic acid,
and extracted with CHCl; (60 mL). Concentration of the dry
organic phase afforded a solid, which was recrystallized from ethyl
acetate, to furnish the product: yield 0.8 g (57.3%); mp 160 °C;
[«]®p -37.86° (¢ 1.565, EtOH); 'H NMR (CDCl,) 6 13.1 (brs, 1
H, NH), 8.16,7.9 (2s, 2 H, H-8, H-2), 7.2 (s, 5 H, Ar), 5.8-5.5 (m,
2 H, OCH;,N), 4.43 (s, 2 H, CH,0), 3.8-3.5 (m, 1 H, CHO), 3.43

4.5 Hz,
6.5 Hz,
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(d, 2 H, J = 4.5 Hz, CH,0), 1.66-1.26 (m, 2 H, CH,CH,), 0.7 (t,
3 H, J =6.5 HZ, CHQCH3). Anal. (Cl7H20N4O3) C, H, N.

9-[(1-Hydroxy-2(S)-butoxy)methyl]hypoxanthine (18).
The procedure mentioned earlier for debenzylation was applied
to compound 17 to give the product in 91.3% yield: mp 170 °C;
(]2 +19.6° (c 1.145, Hy0); UV A,y (pH 1.3) 248 nm (¢ 1.3 X
10%), Amax (PH 11) 253 (¢ 1.35 X 10%), Apex (EtOH) 245 (€ 1.22 X
10%) 273 (¢ 6.3 X 10%); 'H NMR (DMSO-d,) 6 8.25, 8.1 (25,2 H,
H-8, H-2), 5.7-5.55 (br s, 2 H, OCH,N), 3.6-3.5 (m, 1 H, CHO),
3.5-3.35 (m, 2 H, CH,0H), 1.5-1.2 (m, 2 H, CH,CH3), 0.65 (t, 3
H, J = 6.5 Hz, CH,CH,). Anal. (C,(H,;,N,Os) C, H, N.
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Structure-Activity Relationships among Methoctramine-Related Polymethylene
Tetraamines. Chain-Length and Substituent Effects on M-2 Muscarinic Receptor

Blocking Activity!
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Several polymethylene tetraamines related to methoctramine (1) were prepared and evaluated for their blocking
activity on M-2 muscarinic receptors in guinea pig atria and ileum. It turned out that antimuscarinic potency depends
on the following parameters: (a) nature of the substituent on both inner and outer nitrogens and (b) carbon chain
length separating the inner nitrogens as well as the inner and outer nitrogens. Optimum activity at cardiac M-2
muscarinic receptors was associated with the chain lengths present in 1, that is, eight methylenes between the inner
nitrogens and six methylenes between the inner and outer nitrogens. With regard to the substituents, replacement
of the benzylic moiety of 1 by a 2-furyl or a 5-methyl-2-furyl nucleus resulted in enhanced potency toward cardiac
M-2 muscarinic receptors. In fact, furtramine (18) and mefurtramine (19) proved to be more potent and more selective
than 1. Moreover, N-methylation of the four nitrogens of 1 gave different effects: methylation of the outer nitrogens,
giving 22, caused a significant decrease in activity whereas methylation of the inner nitrogens, yielding 23, resulted

in an increase in activity in both atria and ileum.

Increasing evidence indicates multiple subtypes for
muscarinic receptors. A first subdivision of muscarinic
receptors into at least two subtypes was advanced on the
basis of their affinity for pirenzepine.® Thus, muscarinic
receptors with high affinity for pirenzepine were named
M-1 while those with low affinity for pirenzepine were
classified as M-2 muscarinic receptors. Recent cloning
studies have confirmed this subclassification as the M-1
muscarinic receptor of the cerebral cortex and the M-2
muscarinic receptor of the heart proved to be distinct gene
products and to have different amino acid sequences.*”’
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Furthermore, two additional muscarinic receptor subtypes
that appear to be different from M-1 and M-2 types have
been cloned from rat brain.” However, matters were fur-
ther complicated by the observation that certain antago-
nists have different affinity for muscarinic receptors pre-
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