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Amantadine (1) and rimantadine (2) are adamantane 
derivatives that show similar efficacy when administered 
orally to patients for the prophylaxis and t reatment of 
influenza, although there are fewer side effects associated 
with the use of rimantadine.1 ,2 However, peak plasma 
levels of rimantadine are 2-3-fold less than those achieved 
with amantadine when given at the same dose.3 I t has 
been proposed that the equivalence in activity in treated 
patients may be the consequence of selective concentration 
of rimantadine in the tissues of the respiratory system.3 

Alternatively, or in addition, the superior intrinsic antiviral 
activity of rimantadine compared to amantadine may be 
important.4 

T^LiJ l / H j NHR 
4^TN H* z'VYT 

X 
1 2:R = X = Y = Z=H 

3: R = Y = Z = H,X = OH(o,P) 
4: R = X = Z = H,Y = OH 
5: R = X = Y = H,Z = OH(a, P) 
6: R = Ac, X = Y = Z = H 
7: R = Ac, X = Z = H,Y = Br 

In treated patients, amantadine is, for the most part, 
excreted without metabolism.5 In contrast, rimantadine 
is extensively metabolized by hydroxylation before ex
cretion in the urine.3,6 We were interested in synthesizing 
each of the hydroxy metabolites (3-5) of rimantadine and 
to determine whether they exhibited any antiviral activity. 
The presence in vivo of a metabolite of rimantadine with 
significant inhibitory activity against influenza A virus 
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could contribute to the observed therapeutic efficacy of 
the parent compound. 

C h e m i s t r y 

The synthesis of 2-, 3-, and 4-hydroxyrimantadines 3, 
4, and 5, respectively, followed a general route. Reduction 
of the 1-carboxyadamantanones 87 and 10 with sodium 
borohydride gave the hydroxy acids 11 and 12 as diaste-
reomeric mixtures. It should be noted tha t although 1-
carboxy-4-adamantanone (10) had been prepared by the 
Koch carboxylation of adamantanone8 and by the oxida
tion of 1-carboxyadamantane,9 we found it more expedient 
to prepare 10 by the ruthenium tetroxide oxidative deg
radation of l-phenyl-4-adamantanone (19).10 Treatment 
of the hydroxy acids 9,11 11, and 12 with a large excess of 
methyllithium afforded the methyl ketones 13,14, and 15, 
from which the oximes 16,17, and 18 were prepared with 
hydroxylamine. Reduction of the oximes 16 and 18 with 
lithium aluminum hydride gave the amines 3 and 5. To 
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The hydroxy metabolites of rimantadine (3-5) were synthesized and compared to amantadine (1) and rimantadine 
(2) for their ability to inhibit the replication of influenza viruses in vitro. All three metabolites were inhibitory 
to wild-type influenza A viruses (H3N2 and HlNl). In particular, 2-hydroxyrimantadine (3) showed similar activity 
to amantadine, but the 3- and 4-hydroxy metabolites (4 and 5, respectively), both of which are found in rimanta-
dine-treated patients, showed only modest inhibitory activity. A rimantadine-resistant isolate of influenza A virus 
exhibited cross-resistance to amantadine and to each of the metabolites 3-5. None of the compounds were effective 
against influenza B virus. 
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Rimantadine Metabolites 

Table I. Antiviral Activity against Influenza A and B Viruses in Cell 
Culture 

A/ A/ A/NY/ A/NY/ B/Ann 
compd Mississippi Taiwan 83/5 83/R6 Arbor 

113 ± 41° 
21 ±10 
150 ± 56 
6700 ± 1900 
3400 ± 1200 

116 ± 53 
9.8 ± 7.0 
160 ± 27 
5400 ± 2100 
1500 ± 640 

80 ±10 
12 ± 5 
101 ±7 
4000 ± 360 
804 ±76 

>9X 104 

>4X 104 

>106 

>106 

>10* 

>105 

>106 

>106 

>106 

>10s 

"50% inhibitory dose, ng/mL. 
least three determinations. 

Each value is the mean ± SD of at 

our surprise, oxime 17 was resistant to reduction with 
lithium aluminum hydride; however, 4 was readily pre
pared by reductive amination of ketone 14 with hydrogen 
and ammonia in the presence of Raney nickel at 100 °C. 

CO,H 

8: X = 0, Y = H, Z = H2 

9: X = Z = H2,Y = OH 
10: X = H2,Y = H,Z = 0 
11: X = H,OH(a,P),Y = H,Z = H2 

12: X = H2,Y = H,Z = H,OH(a,p) 

-OH 

Z Y 

13: X = OH(a,p), Y = Z = H 
14: X = Z = H, Y = OH 
15: X = Y = H,Z = OH(a,P) 

Z Y 
N-

Ph 

19 
16: X = OH(a, P), Y = Z = H 
17: X = Z=H, Y = OH 
18: X = Y = H,Z = OH(a,p) 

In an alternative and more expeditious synthesis, 3-
hydroxyrimantadine (4) was prepared directly from ri
mantadine (2). Acetylation of rimantadine gave the ace-
tamide 6 in 95% yield, which on treatment with bromine 
gave the bromo derivative 7 in 91% yield. Hydrolysis of 
7 with hydrochloric acid afforded 4 in 45% yield, isolated 
as the hydrochloride salt. 

As mentioned previously, our synthesis of 3 and of 5 
produced diastereomeric mixtures. The diastereomeric 
mixture of 5 was ca. 3:2, and various attempts to separate 
this by preparative-scale high-pressure liquid chromatog
raphy were unsuccessful. No attempt was made to sepa
rate the mixture of 3, nor was an attempt made to find a 
stereospecific reduction of the keto group at C-2 and C-4 
in 8 and 10, respectively. In addition, it should be noted 
that all the compounds used in this study are racemic. 

Biological Evaluation 
The three wild-type strains of influenza A virus were 

susceptible to inhibition by 1 and 2 (Table I). Compound 
2 was more active than 1 against both the prototype strains 
A/Mississippi/1/85 (H3N2) and A/Taiwan/1/86 (H1N1), 
and A/NY/83/5 (H3N2) isolated from a patient prior to 
treatment with 2.12 Each of the metabolites tested ex
hibited some antiviral activity against wild-type influenza 
A virus, but none was as active as 2. Interestingly, the 
activity of 3 could not be distinguished from that of 1; 4 
was the least active of the metabolites. None of the com
pounds tested were toxic to MDCK cells (by cytopathic 
effect determination) at concentrations at least 10-fold 
greater than the respective effective antiviral concentra
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Influenza A/Mississippi/85/HJN2 

Drug Concentration, ug/ml 
Figure 1. Cultures of MDCK cells were infected with influenza 
virus A/Mississippi/85/H3N2 and treated with compound at the 
concentrations indicated: (D) 1, (A), 2, (O) 3, (X) 4, (ir) 5. 
Cultures were incubated for 18-24 h and fixed, and the extent 
of virus replication was determined by ELISA. 

tions (data not shown). The susceptibility of influenza A 
virus to each of the compounds was confirmed by ELISA 
determinations. The results obtained using influenza virus 
A/Mississippi are shown in Figure 1. At 10 fig/mh each 
of the compounds tested exhibited anti-influenza virus 
activity. Compound 4 was inactive at 3 Mg/mL while 5 
showed diminished activity. The activities of 1 and 3 
declined at 300 and 100 ng/mL and only 2 retained full 
antiviral activity at 30 ng/mL compared to its activity at 
10 Mg/mL. Influenza virus A/NY/83/R6 (H3N2) was 
isolated from a patient 5 days after the initiation of 
treatment with 212 and has been shown to have acquired 
resistance to 2 as a result of a mutation in the gene coding 
for the M2 protein.13 Our results show that this mutation 
also confers resistance to 1, 3, 4, and 5 (Table I). Similar 
results were obtained with a second pair of wild-type and 
rimantadine-resistant viruses in the ELISA assays (data 
not shown). Influenza B virus is not susceptible to in
hibition by either 1 or 2. Our results show that influenza 
virus B/Ann Arbor/1/86 was also not susceptible to in
hibition by the metabolites 3, 4, and 5 (Table I). 

A preliminary report suggested all three hydroxy me
tabolites of rimantadine were present in the urine of 
treated patients.3 However, more detailed, quantitative 
studies have failed to identify 3 as a metabolite in man.6 

Compounds 4 and 5 each occurred as 18% and 24%, re
spectively, of the recovered dose (0-72 h) in the urine 
whereas 32% of 2 was recovered unchanged. The antiviral 
activity of 4 and 5 against wild-type influenza A virus was 
approximately 50- and 10-fold, respectively, less than that 
of 2. Taken together these data suggest that it is unlikely 
that 4 and 5 contribute overall to the efficacy of riman
tadine in the treatment of influenza A. Nonetheless, their 
significance in vivo may be better judged from measure
ments of their respective concentrations in the plasma of 
rimantadine-treated patients. 

Experimental Section 
Melting points were determined in open capillary tubes on a 

Buchi Tottoli or a Thomas-Hoover apparatus and are uncorrected. 
Infrared (IR) spectra were determined on a Pye-Unicam SP 1000 
spectrometer. Nuclear magnetic resonance (NMR) spectra were 
recorded on a Varian XL 100/15 or Bruker WM 30 or Varian 

(13) Belshe, R. B.; Smith, M. H.; Hall, C. B.; Betts, R.; Hay, A. J. 
J. Virol. 1988, 62, 1508. 
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XL-200 spectrometer, chemical shifts are presented in ppm (b) 
from internal tetramethylsilane as reference. Mass spectra (MS) 
were obtained with a Kratos MS 902 mass spectrometer. 

N-(1-Adamantylethyl)acetamide (6). To a stirred mixture 
of rimantadine hydrochloride (2) (5.0 g, 23.2 mmol) in EtjO (150 
mL) and KOH (2.9 g, 51 mmol) in water (100 mL) was added AcCl 
(4.2 g, 52.5 mmol). The resulting two-phase solution was stirred 
vigorously for 15 min, the layers were separated, and the organic 
extract was washed with saturated NaHC03 (30 mL) and water 
(30 mL). The dried (Na2S04) solution was evaporated to dryness 
and the resulting foam was crystallized from acetone to give 4.90 
g (95%) of 6 as white crystals: mp 135-6 °C; IR (Nujol) 3250 
(NH), 1635 cm"1 (C=0); JH NMR (CDC13) b 1.02 (3 H, d, J = 
8 Hz, CH3CH), 1.40-1.78 (12 H, m, 6 X CH2), 2.00 (6 H, m, CH3CO 
and 3 X CH), 3.72 (1 H, dq, J = 8 and 10 Hz, CHNH), 5.35 (1 
H, d, J = 10 Hz, NH); MS m/z 222 (M + H)+. Anal. ( C ^ N O ) 
C, H, N. 

iV-[l-(3-Bromo-l-adamantyl)ethyl]acetamide (7). A solu
tion of acetamide 6 (3.0 g, 13.6 mmol) in Br2 (50 mL) was heated 
to reflux for 18 h. The cooled solution was evaporated to dryness 
and the residue was partitioned between 2 N NaOH (200 mL) 
and CH2C12 (200 mL). The organic extract was washed with a 
saturated sodium thiosulfate solution until the organic layer 
became colorless. The extract was dried (NaoSO^ and evaporated 
to afford 3.95 g of a white solid. Recrystallization from acetone 
gave 3.7 g (91%) of 7 as colorless crystals: mp 171-2 °C; IR (Nujol) 
3245 and 3200 (NH), 1630 cm"1 (C=0); lH NMR (CDC13) b 1.05 
(3 H, d, J = 8 Hz, CH3CH), 1.45-1.75 (6 H, m, 3 X CH2), 2.03 (3 
H, s, Ctf3CO), 2.05-2.40 (8 H, m, 3 X CH2 and 2 X CH), 3.83 (1 
H, dq, J = 8 and 10 Hz, CHNH), 5.31 (1 H, d, J = 10 Hz, NH); 
MS m/z 299 (M+). Anal. (CuH22BrNO) C, H, N. 

l-(l-Aminoethyl)-3-adamantanol Hydrochloride (4). A. 
A stirred suspension of acetamide 7 (1.80 g, 6 mmol) in 2 N HC1 
(60 mL) was heated to reflux for 48 h, during which time all 
starting material dissolved. The solution was cooled, made alkaline 
with 2 N NaOH, and extracted with Et20 (3 X 100 mL). The 
ethereal extracts were dried (NajSO^, and ethereal HC1 was added 
to give 620 mg (45%) of hydrochloride of 4 as a white precipitate: 
mp 324-5 °C; IR (Nujol) 2500-3500 cm"1 (NH and OH); *H NMR 
(d6-Me2SO) 6 1.10 (3 H, d, J = 8 Hz, CH3CH), 1.30-1.65 (12 H, 
m, 6 X CH2), 2.15 (2 H, s, 2 X CH), 2.85 (lH,q,«/ = 8 Hz, CH3CH), 
4.52 (1 H, s, OH), 7.70 (3 H, s, NH3

+Cr); MS m/z 196 (M + H)+. 
Anal. (C1?H22C1N0) C, H, N. 

B. A mixture of ketone 14 (1.0 g, 5.1 mmol), 40 mL of MeOH, 
20 mL of liquid ammonia, and 4.0 g of Raney nickel was kept 
under an atmosphere of hydrogen at 1375 psi and 100 °C for 6 
h. The mixture was cooled to 10 °C and filtered. The filtrate 
was evaporated and the residue was chromatographed on 50 g 
of silica (70-230 mesh). Elution with 50 mL of AcOEt, followed 
by 200 mL of 5% NH4OH in MeOH (15-mL fractions), afforded 
620 mg (62%) of 4 (free base): mp 112-114 °C (from CH2C12-
hexane); IR (CHC13) 3365, 3265 (NH and OH) cm"1; 'H NMR 
(CDC13) b 1.00 (3 H, d, J = 6 Hz, CH3CH), 1.4-1.8 (15 H, m, 6 
X CH2, OH and NH2), 2.20 (2 H, br s, 2 X CH), 2.51 (1 H, q, J 
= 6 Hz, CH3CH); 13C NMR (CDC13) b 17.0 (CH3), 30.4 (CH), 35.7 
(CH2), 36.7 (CH2), 36.8 (CH2), 44.8 (2 X CH2), 45.8 (C-l), 54.9 
(CHNH2), 68.4 (C-3); MS m/z 195 (M+). Anal. (C12H21NO) C, 
H, N. 

1-Carboxy-2-adamantanol (11). To a stirred solution of the 
acid 87 (3.3 g, 17 mmol) in dry DMF (11 mL) at 0 °C was added 
NaBH4 (360 mg, 9.47 mmol). The reaction mixture was allowed 
to warm to room temperature overnight, after which time a further 
50 mg of NaBH4 was added and stirring continued for 4 h. The 
reaction mixture was concentrated in vacuo, treated with 2 N HC1 
(50 mL), and extracted with CH2C12 (3 X 100 mL). Evaporation 
of the solvent gave 6.6 g of a clear oil which was redissolved in 
Et^O (100 mL), washed with water (2 X 100 mL), dried (NajSO^, 
and concentrated to afford 2.6 g of a white solid. Trituration with 
petroleum ether gave 2.43 g (73%) of 11, mp 123-5 °C (lit.14 mp 
125.5-126.5 °C). The water washings were combined and reex-
tracted with EtjjO (2 X 100 mL) to afford a further 575 mg of 
material after trituration with petroleum ether. The combined 
yield was 90%. IR (Nujol) 3600-2350 (C02H and OH), 1695 cm"1 

(14) Tabushi, I.; Aoyama, Y. J. Org. Chem. 1973, 38, 3447. 

(C=0); JH NMR (CDCLJ b 1.40-2.32 (13 H, m), 4.11 (1 H, d, J 
= 3 Hz, CHOH), 5.00-9.00 (2 H, bs, COjH and OH); MS m/z 197 
(M + H)+. 

l-Acetyl-2-adamantanol (13). The hydroxy acid 11 (1.176 
g, 6 mmol) in dry THF (60 mL) was cooled to 0 °C and treated 
with MeLi (40 mL, 1.2 M in Et20). The reaction mixture was 
heated to reflux for 2 h and cooled to 0 °C and chlorotri-
methylsilane (21 mL) added. The reaction mixture was allowed 
to warm to room temperature and 1 N HC1 (45 mL) added. 
Stirring was continued for 0.5 h, and the product was extracted 
with Et20 (3 x 75 mL). The combined ethereal extracts were 
washed with water (60 mL), dried (Na2S04), and evaporated to 
give 1.4 g of a colorless oil. Purification was effected by flash 
chromatography (5% MeOH-CHjCl,) on Sorbsil C60-40/60 silica 
gel. Trituration with petroleum ether afforded 770 mg (66%) of 
13 as a white solid: mp 85-87 °C; IR (Nujol) 3600-3300 (OH), 
1690 cm"1 (C=0); *H NMR (CDC13) b 1.45-2.20 (13 H, m, 5 X 
CH2 + 3 X CH), 2.15 (3 H, s, CH3CO), 3.03 (1 H, d, J = 3 Hz, 
CHOH), 4.10 (1 H, s, OH); MS m/z 195 (M + H)+. 

l-Acetyl-2-adamantanol Oxime (16). Methyl ketone 13 (1.37 
g, 7.06 mmol) was added to a solution of hydroxylamine hydro
chloride (1.31 g, 18.8 mmol) in dry pyridine (7 mL) and EtOH 
(7 mL). The resulting solution was heated to reflux for 2 h and 
then evaporated to give a white solid, to which water (17.5 mL) 
was added. The mixture was stirred and the product was collected 
by filtration to afford 1.39 g (94%) of a white solid: mp 205-7 
°C; *H NMR (CDC13) b 1.42-2.15 (14 H, m), 1.80 (3 H, s, 
CH3C=N0H), 4.05 (1 H, d, J = 3 Hz, CHOH), 9.75 (1 H, s, NOH); 
MS m/z 210 (M + H)+. 

l-(l-Aminoethyl)-2-adamantanol Hydrochloride (3). Oxime 
16 (1.39 g, 6.65 mmol) in dry THF (22 mL) was treated with 1 
M LiAlH4 in EtoO (14 mL, 14 mmol), and the mixture was heated 
to reflux for 4 h. The mixture was stirred at room temperature 
for 16 h, and water was then added together with a few drops of 
2 N NaOH. The solids were collected by filtration, and the filtrate 
was evaporated to dryness. The residue was dissolved in CH2C12 
(50 mL), washed with water (20 mL), dried (Na2S04), and 
evaporated to afford 1.41 g of an oil, which was dissolved in EtjO 
and treated with a saturated solution of HC1 in AcOEt to give 
the hydrochloride salt of 3 (960 mg, 62%) as a white solid: mp 
265-278 °C; IR (Nujol) 3600-2450 cm"1 (NH3

+ and OH); *H NMR 
(CDCI3) 5 1.15-2.20 (16 H, m), 2.60 (1 H, bs, OH), 3.09 and 3.19 
(1 H, q, J = 8 Hz, CHCH3), 3.78 and 3.96 (1 H, d, J = 3 Hz, 
CHOH), 6.2-8.5 (3 H, bs, NH3

+); MS m/z 198 (M + H)+. Anal. 
(C12H22C1N0) C, H, N. 

l-Acetyl-3-adamantanol (14). Hydroxy acid 911 (1.96 g, 10 
mmol) was allowed to react with MeLi (50 mL, 1.2 M in EtjO) 
under the conditions used for the preparation of 13 to give 1.1 
g of 14 as colorless crystals (from AcOEt-hexane): mp 89-91 °C; 
IR (CHCI3) 3395 (OH), 1680 (C=0); *H NMR 1.55 (OH), 1.6 (2 
H, s, CH2), 1.65-1.80 (10 H, m, 5 X CH2), 2.1 (3 H, s, CH3CO), 
2.3 (2 H, br s, 2 X CH); 13C NMR (CDC13) b 24.39 (CH3), 30.13 
(CH), 35.0 (CH2), 37.0 (CH2), 44.1 (CH2), 45.6 (CH2), 49.7 (C-l), 
67.9 (C-3), 212.5 (C=0); MS m/z 194 (M+). Anal. (C12H1802) 
C, H. 

l-AcetyI-3-adamantanol Oxime (17). Oxime 17 was prepared 
from ketone 14 (97 mg, 0.5 mmol), as described for the preparation 
of 16, in 65% yield: mp 177-179 °C; IR (KBr) 3310 (OH), 1650 
(C=0) cm"1; !H NMR (CDC13) b 1.55 (2 H, s, CH2), 1.65-1.75 (10 
H, m, 5 X CH2), 1.81 (3 H, s, CH3), 2.25 (2 H, br s, 2 X CH), 2.45 
(OH), 9.36 (OH); MS m/z 209 (M+). Anal. (C12H19N02) C, H, 
N. 

l-Carboxy-4-adamantanone (10). A vigorously stirred so
lution of 2.26 g (10 mmol) of l-phenyl-4-adamantanone (19)10 in 
40 mL of CH3CN and 40 mL of CC14 was treated with 40 g (187 
mmol) of sodium periodate in 100 mL of water followed by 500 
mg of ruthenium trichloride trihydrate. The mixture was boiled 
under reflux for 3 h, stirred at room temperature overnight, and 
then filtered over Celite. The filtrate was diluted with 100 mL 
of CH2C12 and water, and the organic phase was separated. The 
aqueous phase was reextracted with CH2C12 (2 X 100 mL), and 
the combined organic extracts were made basic with 150 mL of 
1 N NaOH. The aqueous phase was separated, acidified with 1 
N HC1, and extracted with CH2C12 (2 X 150 mL). The combined 
extracts were washed with saturated brine, dried (MgS04), and 
evaporated to give 1.4 g of 10 as a tan solid. This was dissolved 



J. Med. Chem. 1990, 33, 1995-1999 1995 

in AcOEt (75 mL) and stirred with 700 mg of neutral charcoal 
for 1 h. The mixture was filtered over Celite, and the filtrate was 
evaporated to give a colorless solid. Crystallization from 50% 
AcOEt-hexane (10 mL) gave 1.25 g (64%) of 10: mp 171-172 °C; 
IR (KBr) 1728,1690 cm"1; *H NMR (CDC13) & 2.02-2.30 (11 H, 
m, 5 X Ctf2 + CH), 2.65 (2 H, s, 2 X CH); 13C NMR (CDC13) 6 
21.02 (CH), 37.36 (CH2), 38.14 (CH2), 39.69 (CH2), 39.9 (C-l), 45.43 
(CH), 181.43 (C02H), 217.3 (C=0); MS m/z 195 (M + H)+. Anal. 
(C„H1403) C, H. 

The corresponding methyl ester, prepared with CH2N2 in 
CH2C12, had mp 53-54 °C (from hexane); IR (CHC13) 1722 (ester 
C=0), 1688 (C=0) cm"1; *H NMR (CDC13) 6 2.00-2.20 (11 H, 
m, 5 X CH2 + CH), 2.57 (2 H, s, 2 X CH), 3.65 (3 H, s, OCtf3); 13C NMR (CDC13) a 27.14 (CH), 37.7 (CHa), 38.2 (CH2), 40.1 (CH2), 
40.2 (C-l), 45.6 (CH), 51.9 (CH3), 176.0 (C=0 ester), 216.3 (C=0, 
ketone); MS m/z 208 (100, M+). Anal. (C1?H1603) C, H. 

l-Carboxy-4-adamantanol (12). A solution of l-carboxy-4-
adamantanone (10) (970 mg, 5 mmol) in 10 mL of EtOH was 
treated with NaBH4 (900 mg). The mixture was stirred at 50 °C 
for 30 min and at room temperature for 3.5 h and was worked 
up as for the preparation of 11. Crystallization from AcOEt-
hexane gave 420 mg (43%) of 12: mp 151-155 °C; IR (KBr) 3460 
(OH), 1708 (C=0) cm"1; 'H NMR (CDC13) revealed Cif-4 at 5 
3.84 and 3.92 in a ratio of 2:3; 13C NMR (CDC13) 5 26.8 (CH), 29.7 
(CH2), 31.9 (CH2), 33.8 (CH2), 34.1 (CH), 35.2 (CH2), 37.7 (CH2), 
38.6 (CH2), 72.9 and 73.4 (C-4), 182.8 and 182.9 (C02H); MS m/z 
196 (M+). Anal. (C„H1603) C, H. 

l-Acetyl-4-adamantanol (15). Hydroxy acid 12 (576 mg, 2.9 
mmol) in 12 mL anhydrous THF was allowed to react with 20 
mL of 1.6 M (ethereal) MeLi under the conditions specified for 
the preparation of 13 to give 380 mg of crude 15. Chromatography 
over 35 g of silica (70-23 mesh) with 60% AcOEt in hexane as 
eluant gave 220 mg of 15 as colorless crystals: mp 66-74 °C; IR 
(CHC13) 3610 (OH), 1692 (C=0) cm"1; lH NMR (CDC13) 6 1.4-2.2 
(14 H, m, 5 X CH2 + 3 X CH + OH), 2.10 (3 H, s, Ctf3CO), 3.90 
(1 H, br s, CH-4); 13C NMR (CDC13) 5 24.4 (CH3), 27.2 (CH), 30.0 
(CH2), 31.8 (CH2), 34.0 (CH), 34.4 (CH), 35.3 (CH2), 37.3 (CH2), 
38.3 (CH2), 72.7 and 73.3 (C-4), 214 (C=0); MS m/z 194 (M+), 
151. Anal. (C12H1802) C, H. 

l-Acetyl-4-adamantanol Oxime (18). Oxime 18 was prepared 
from ketone 15 (97 mg, 0.5 mmol) and hydroxylamine hydro
chloride (100 mg) according to the procedure given for 16. 
Crystallization from AcOEt gave 63 mg (60%) of 18: mp 208-215 
°C; IR 3450-3100 (OH), 1658 (weak, C=N) cm"1; lK NMR 
(CDC13) b 1.4-2.1 (13 H, m, 5 X CH2 + 3 X CH), 1.84 (3 H, s, CHJ, 
3.88 (1 H, br s, CH-4), 7.61 (OH); 13C NMR (CDCl3-d-Me2SO) 
« 8.9 (CH3), 27.5 (CH), 30.23 (CH2), 33.8 (CH2), 34.2 (CH), 34.3 
(CH), 35.6 (CH2), 38.1 (C-l), 38.5 (CH2), 39.6 (CH2), 73.4 (CH-4), 
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160.3 (C=NOH); MS m/z 209 (M+). Anal. (C12H19N02) C, H, 
N. 

l-(l-Aminoethyl)-4-adamantanol Hydrochloride (5). A 
solution of oxime 18 (31.3 mg, 0.15 mmol) in anhydrous THF (4 
mL) was treated with LiAlH4 (65 mg). The mixture was boiled 
under reflux for 16 h, cooled to room temperature, and treated 
cautiously with 5 mL of water followed by 1 mL of 1 N NaOH 
and 15 mL of water. The mixture was extracted with CH2C12 (2 
X 25 mL), and the extract was washed with saturated brine (25 
mL), dried (MgS04), and evaporated to give 24 mg of 5 as a gum: 
NMR (CDC13) 6 0.92 (3 H, d, J = 7 Hz, CH3), 1.3-2.2 (15 H, m), 
2.45 (1 H, q, J = 6 Hz, CHNH2), 3.85 (1 H, br s, CH-4); MS m/z 
195 (M+). A solution of 5 in E^O was treated with HC1 gas in 
1 mL of Et20 to give a precipitate of the corresponding hydro
chloride, mp 245-255 °C. Anal. (C12H22C1N0) C, H, N. 

Antiviral Assay. The compounds were assayed for antiviral 
activity in Madin Darby Canine Kidney (MDCK) cells by using 
a viral cytopathogenicity inhibition assay as described previously.4 

To confluent monolayers of cells in 96-well microtiter plates was 
added compound at the desired concentration in serial 2-fold 
dilutions across the plate. Virus suspension containing 100 TCDDso 
was added to the monolayers, and plates were incubated at 35 
°C for 48 h. Cells were fixed, stained, and evaluated micro
scopically for cytopathic effect (cpe). The results are expressed 
as the dose of compound required to inhibit virus cpe by 50% 
when infected, control cultures just reached 100% cpe. The 
susceptibility of influenza A virus isolates to inhibition by test 
compounds was confirmed by ELISA in a test modified from that 
described previously.4,13 The validation of the test using the 
appropriate controls has been described previously.4,13 MDCK 
cells were grown in microtiter plates and infected with virus in 
the presence or absence of test compound. Plates were incubated 
at 37 °C for 18-24 h. Cells were fixed with 0.05% glutaraldehyde 
in PBS at room temperature for 15 min, washed, and incubated 
for 1 h at 37 °C with 50 iiL of a 10~3 dilution of ferret antiserum 
to influenza A H3N2 (Mississippi/85-like) virus in PBS containing 
0.5% bovine serum albumin (BSA). The plates were washed and 
incubated for 1 h at 37 °C with 50 n~L of a 10""3 dilution of protein 
A-horseradish peroxidase conjugate (Bio-Rad Laboratories, 
Richmond, CA) in PBS and incubated at room temperature for 
2-5 min with 50 nL o-phenylenediamine (Abbott Laboratories, 
North Chicago, IL) and buffer containing 0.02% H202; the reaction 
was stopped by the addition of 100 ML of 1 M H2S04, and ODs 
at 450 nm were determined. 
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(ARC) has been identified as a retrovirus, human T-lym-
photropic virus type III (HTLV-III), also called lympha-

Synthesis of l-Methyl-5-(3-azido-2,3-dideoxy-/3-D-er^Aro-pentofuranosyl)uracil and 
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C-Nucleoside Isostere of 3'-Azido-3'-deoxythymidine and Its 2'-"Up"-Fluoro 
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l-Methyl-5-(3-azido-2,3-dideoxy-^-D-erythro-pentofuranosyl)uracil (C-AZT), a C-nucleoside isostere of the potent 
anti-AIDS nucleoside 3'-azido-3'-deoxythymidine (AZT), was synthesized. l-Methyl-2'-deoxy-5'-0-tritylpseudouridine 
(2a) was oxidized with Cr03/pyridine/Ac20 complex to l-methyl-5-(5-0-trityl-/3-D-̂ /ycero-pentofuranos-3-ulosyl)uracil 
(12a), which was selectively reduced to l-methyl-5-(5-0-trityl-/3-D-£hreo-pentofuranosyl)uracil (13a). Mesylation 
of 13a to 14a followed by nucleophilic displacement of the mesyloxy group with azide afforded 3'-azido-2',3'-di-
deoxy-5'-0-trityl-l-methylpseudoridine (15a), which was detritylated to C-AZT. In a similar manner, 1-methyl-
5-(2-deoxy-2-fluoro-(3-r>arabinofuranosyl)uracil (C-FMAU, a potent antiherpetic nucleoside) was converted into the 
3'-azido analogue (3'-azido-C-FMAU). Both C-AZT and 3'-azido-C-FMAU, however, did not exhibit any significant 
inhibitory activity against HIV in H9 cells. 
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