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The following 14-0-acyl derivatives of adriamycin were synthesized: acetate, propionate, octanoate, benzoate, 
phenylacetate, and nicotinate. The compounds were evaluated for cytotoxic, antiviral, and antitumor activities. 

The substitution of one hydrogen atom in the daunoru-
bicin (1) acetyl side chain with a hydroxyl gives adri
amycin (doxorubicin, 2).1 '2 This compound is a clinically 
effective agent for therapeutic treatment of leukemias and 
of a variety of tumors.3 We now report the synthesis and 
biological activity data of some 14-0-acyl derivatives of 2, 
corresponding to structures 3-8. Compounds 3-8 were pre
pared from 14-bromodaunorubicin4 by reaction with the 
sodium or potassium salts of the corresponding acids in 
acetone. The products were isolated as the hydrochlorides. 

Table I. Cytotoxic and Antiviral Activity of Compounds 
1-8 in Vitro" 

0 OH 

.CCĤ R 

CH,0 

1, R = H 
2, R = OH 
3, R = OCOCH3 

4, R = OC0CH,CH3 

5, R = OCO(CH2)6CH3 

6, R = OCOC6H5 

7, R-OCOCH2C6H5 

8, R = OCO—/ ^ 

The compounds were evaluated for cytotoxic, antiviral, 
and antitumor activity. The results of the in vitro tests 
are reported in Table I. All new derivatives were active on 
cell proliferation and on Murine Sarcoma virus (Moloney) 
foci formation. It can be noticed that the observed differ
ences in the in vitro activity of compounds 3-8 do not cor
relate with the partition coefficients (Table II). All com
pounds induced a comparable or greater increase in sur
vival time or inhibition of tumor growth in tumor-bearing 
mice when compared with adriamycin. Table m shows re
sults against Sarcoma 180 (solid and ascites), MSV-M in
duced sarcoma, intravenously transplanted Gross leuke
mia, and transplanted mammary carcinoma in mice. Ad
riamycin 14-octanoate (5) resulted in the most active 
compound in all the experimental tumors tested. 

In order to investigate the presence of enzymes able to 
hydrolize the side-chain ester function to give adriamycin 
in the blood and in tissues of mice, tritium-labeled 5 was 
incubated with serum and homogenized tissues. The re
sults are shown in Table IV and indicate a very rapid con
version of 5 to adriamycin in serum and in liver homoge-
nate. Substantial hydrolysis was also evident with kidney, 
heart, and spleen homogenates. In liver the recovery of 7-
deoxyadriamycinone was in agreement with the findings 
of other authors.8 

t On leave from Istituto Ricerche di Base, Farmitalia. 

Compound 

Daunorubicin (1) 
Adriamycin (2) 
Adriamycin 14-acetate (3) 
Adriamycin 14-propionate (4) 
Adriamycin 14-octanoate (5) 
Adriamycin 14-benzoate (6) 
Adriamycin 14-phenylacetate (7) 
Adriamycin 14-nicotinate (8) 

Cell 
proliferation 
Hela" MEF ' 

0.53 0.031 
1.18 0.034 
1.20 0.056 
1.57 0.050 
1.41 0.063 
2.19 0.076 
1.43 0.050 
2.92 0.048 

MSV-
M foci 
forma

tion 
on 

MEF= 

0.021 
0.020 
0.028 
0.022 
0.028 
0.027 
0.025 
0.027 

"Data are expressed as 50% inhibiting dose (nAf/ml). 
Treatment for 8 hr. 'Treatment for 72 hr. 

Table I I . Partition Coefficients of Daunorubicin, 
Adriamycin, and Esters of Adriamycin 

Compound 

Daunorubicin (1) 
Adriamycin (2) 
Adriamycin 14-acetate (3) 
Adriamycin 14-propionate (4) 
Adriamycin 14-octanoate (5) 
Adriamycin 14-benzoate (6) 
Adriamycin 14-phenylacetate (7) 
Adriamycin 14-nicotinate (8) 

1-butanol/ 
buffer 

(pH7.0)« 

4.3 
1.6 
5.8 

10.5 
CO 

42.5 
38.6 
14.1 

"Phosphate buffer, Af/15. 

The distribution of 5 in mice was also investigated. 
Table V shows tha pattern of tissues C X t values as de
termined by measuring radioactivity of the different or
gans at different times following the intravenous adminis
tration of tritiated 2 and 5. The C X t values were differ
ent for the two drugs, as lower levels of tritium were found 
for 5 in the heart and in kidneys, while in lungs, spleen, 
and liver higher and more persistent levels of radioactivity 
were observed. These findings are important because of 
the cardiotoxic effects observed in patients submitted to 
prolonged adriamycin therapy. 

Results reported in this paper show that significant lev
els of antitumor activity are retained among this group of 
derivatives of adriamycin and that esterification of the 
side-chain hydroxyl leads to modifications in the distribu
tion characteristics which can be of relevance for the ther
apeutic activity. 

Experimental Section 

Chemical Synthesis. Melting points, observed in open capil
laries, are uncorrected. Optical rotations were determined at 20 ± 
5° in methanol (c 0.05) with a Perkin-Elmer Model 141 automatic 
polarimeter. Where analyses are indicated only by symbols of the 
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T a b l e III . Act iv i ty of Opt imal Doses of Adriamycin Derivatives 

Compound 

Controls 
Daunorub i c in (1) 
Adr iamyc in (2) 
Adr iamycin 14-

ace t a t e (3) 
Adr iamycin 14-

propionate (4) 
Adr iamycin 14-

oc tanoa te (5) 
Adr iamycin 14-

benzoate (6) 
Adr iamycin 14-

phenylace ta te (7) 
Adr iamycin 14-

nicot inate (8) 

S 180 solid" 
T u m o r 

Dose-f g rowth 

3 .25 
2 . 5 
2 . 5 

3 .25 

3 .5 

3 .25 

3 .25 

3 .25 

100 
50 
31 
36 

33 

27 

32 

38 

36 

M S V - M 
sarcoma 1 

Dose'' 

3 .25 
2 .25 
1.5 

2 .75 

T u m o r 
g rowth 

100 
63 
52 
45 

10 

D.i 

0. 
0 . 
2 

2 

2 

1 

4 

2 

i on a Spec t rum 

S 180 ascites" 
osef 

25 
5 

AST" 

100 
222 
227 
252 

232 

250 

287 

207 

250 

LTS* 

0/10 
6/11 
8/11 
7/10 

1/10 

5/10 

2 /10 

2/10 

1/10 

of Exper imenta l T u m o r s 

Gross leukemia d 

Dose/ 

3 .25 
2 
2 . 5 

4 

4 .1 

2 .5 

3 .25 

4 

ATS" 

100 
176 
187 
168 

147 

214 

138 

156 

227 

LTS* 

0/10 
0/10 
1/30 
0/10 

0/10 

3/30 

0/10 

0/10 

0/10 

Arcamone, et al. 

in Mice 

M a m m a r y 
carc inoma' 

Dose r 

2 
2 .5 

2 .5 

T u m o r 
inci

dence 

100 

50 
10 

20 

"Trea tmen t ip on days 1-8. ' T r e a t m e n t iv or sc on days 3-5 . ' T r e a t m e n t ip on day 1. ^Trea tment iv on days 3 -5 . "Treat-, 
men t iv (q2d) on days 1-11, 17-27. / m g / k g / d a y . "Average survival t ime. *Long-term (60 days from t u m o r t ransp lan ta t ion) 
survivors. 'Dissolved in 5% aqueous ethanol . 

T a b l e IV . Dis t r ibut ion of Radioac t iv i ty Present in the Incuba t ion Mixtures in the Different Chromatographic Peaks" 

Chromatographic peak 

Daunosamine 
Adr iamycin 
Adriamycin oc tanoate 
To ta l aglycones 

15 ' 

0 
7 

93 
0 

Buffer 

30 

0 
8 

92 
0 

60 

0 
11 
89 

0 

Serum 
15 ' 30 

0 
100 

0 
0 

7 
84 

0 
9 

Incubat i ion mixtures 
Liver 

30 ' 60 

26 
11 

3 
60'' 

29 
5 
3 

63'' 

K idney 
30 ' 60 

2 
32 
64 

2 

2 
44 
51 

3 

H e a r t 

30 ' 60 

4 
26 
65 

5 

7 
31 
57 

5 

Spleen 

30 ' 60 

4 1 
39 69 
55 35 

2 2 

"Data are expressed as per cent of to ta l recovered radioact iv i ty . ^ -Deoxyadr i amyc inone . ' I n minutes . 

T a b l e V. Calculated C X t Values of T r i t i u m in Tissues 
of Mice a t 8 hr after iv T r e a t m e n t wi th Labeled 
Adriamycin or Adriamycin 14-Octanoate" 

C X t (nAf X h r /g ) 

Tissue 

Hear t 
Lungs 
Liver 
Kidney 
Spleen 

Adriamycin 

6 0 . 9 
7 3 . 3 

140.0 
176 .6 

5 9 . 0 

Adr iamycin 
14-octanoate 

3 6 . 0 
136.9 
212 .5 
145 .1 

9 5 . 0 

"Radioact ivi ty is expressed as nanomolar equivalents 
of the adminis tered labeled compound. 

elements, the analytical results obtained for those elements were 
within ±0.4% of theorical values. Tic on silica gel HF (E. Merck), 
with the solvent system CH 2Cl 2-MeOH-H 20 (100:20:2 by vol
ume), was used for identification purposes and homogeneity test. 
The ir (KBr) and pmr spectra of each compound were consistent 
with the assigned structure. 

Adriamycin 14-Acetate (3). A mixture of 14-bromodaunorubi-
cin hydrochloride (3.2 g, 5 mmol) and fused potassium acetate 
(7.4 g, 75 mmol) in 1500 ml of anhydrous acetone was stirred at 
refluxing temperature for 45 min, then filtered, and evaporated. 
The crude solid was dissolved in 300 ml of 0.1 N HC1 and extract
ed with CHCI3 in order to eliminate aglycones and then with re-
butyl alcohol. Evaporation of the combined extracts afforded the 
crystalline compound 3 (1.55 g, 50%), recrystallized from MeOH-
n-butyl alcohol: mp 198° dec; [«]D +250°; i-c-o ester 1735 c m - 1 . 
Anal. (C29H3iNOi2-HCl) C, H, CI. 

Adriamycin 14-Propionate (4). 14-Bromodaunorubicin hydro
chloride (2 g, 3.1 mmol) was added to dried sodium propionate (6 
g, 62.5 mmol) in 1600 ml of anhydrous acetone. The mixture was 
stirred at refluxing temperature for 2 hr. The compound 4 (1.5 g, 
76%), obtained using the same isolation procedure followed for 3, 
was recrystallized from MeOH-ra-butyl alcohol: mp 184-185° dec; 
[a]D +230°; KC = O ester 1730 cm-*. Anal. (C3oH33NOi2-HCl) C, H, 
CI. 

Adriamycin 14-Octanoate (5). 14-Bromodaunorubicin hydro-
bromide (3 g, 4.35 mmol) was added to dried sodium octanoate (9 
g, 54 mmol) in 1700 ml of anhydrous acetone. The mixture was 
stirred at refluxing temperature for 1 hr, then filtered, and evapo
rated. The crude solid was dissolved in MeOH (100 ml) and 0.1 N 
HC1 (300 ml), and the solution extracted with CHC13. The crys
talline mixture of 5 and octanoic acid, obtained by evaporation of 
the combined extracts, was washed with ethyl acetate and E t 2 0 
to eliminate the acid. The pure 5 (2.5 g, 81%) was recrystallized 
from MeOH-CHCl3: mp 162-163° dec; [«]D +222°; KC = O ester 
1730 cm- 1 . Anal. (CS5H43NOi2-HCl) C, H, CI. 

Adriamycin 14-Benzoate (6). A mixture of 14-bromodaunorub-
icin hydrochloride (2.5 g, 3.9 mmol) and dried sodium benzoate 
(7.5 g, 52 mmol) in 1500 ml of anhydrous acetone was stirred at 
refluxing temperature for 2 hr, then filtered, and evaporated. The 
crude solid was suspended in 250 ml of 1% aqueous NaHC0 3 and 
extracted with CHCI3. The extracts were evaporated and the res
idue was dissolved in 50 ml of CHCI3 and 5 ml of MeOH. The pH 
was adjusted to 3 with 1 JV HC1 in MeOH and HC1 salt crystal
lized from solution (1.6 g, 60%): mp 182-183° dec; [a]r> +224°; 
«c = o ester 1720 cm- 1 . Anal. (C34H33NOi2-HCl) C, H, CI. 

Adriamycin 14-Phenylacetate (7). A mixture of 14-bromodau-
norubicin hydrochloride (2 g, 3.1 mmol) and dried sodium phenyl-
acetate (6 g, 38 mmol) in 1200 ml of anhydrous acetone was 
stirred at refluxing temperature for 1 hr. The isolation procedure 
was the same followed for compound 3. The product (1.5 g, 69%) 
was recrystallized from MeOH-re-butyl alcohol: mp 171-175° dec; 
[«]D +224°; vc = o ester 1730 cm" 1 . Anal. (C35H3SNOi2-HCl) C, H, 
CI. 

Adriamycin 14-Nicotinate (8). A mixture of 14-bromodaunoru-
bicin hydrochloride (2 g, 3.1 mmol) and dried potassium nicotin-
ate (6 g, 37 mmol) in 1200 ml of anhydrous acetone was stirred at 
refluxing temperature for 2 hr. The isolation procedure was the 
same followed for compound 6. The product (1.2 g, 56.5%) was 
crystallized from MeOH-n-butyl alcohol: mp 180-185° dec; [a]D 
+212°; KC-O ester 1725 cm" 1 . Anal. (C33H32N2Oi2-HCl) C, H, 
CI. 

Tritium-Labeled Adriamycin 14-Octanoate. This compound 
was obtained following the method described for the synthesis of 
5 starting from [3H]daunorubicin. Tritiated daunorubicin was ob
tained by Dr. G. P. Vicario, Istituto Donegani, Novara, Italy, by 
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means of the Wilzbach technique6 and purified to constant spe
cific radioactivity (21 fiCi/mg). Labeled 5 used in this study 
showed a specific radioactivity of 4.07 ^Ci/mg and was chromato-
graphically pure. Distribution of tritium was 71% in the aglycone 
and 29% in daunosamine residue. 

Biological Activity Evaluation. The compounds were evalu
ated for cytotoxic, antiviral, and antitumor activity, according to 
methods similar to those used for daunomycin derivatives.7"9 

Drugs were dissolved in Ringer solution, except adriamycin 14-
octanoate and adriamycin 14-benzoate, which were administered 
in aqueous solution containing 1% (v/v) of dimethyl sulfoxide. In 
one experiment (activity on Gross leukemia), compound 5 was 
dissolved in 5% aqueous ethyl alcohol. 

In vitro tests were carried out on HeLa cells and on secondary 
mouse embryo fibroblasts (MEF), infected or not with the Mu
rine Sarcoma virus (Moloney) (MSV-M). HeLa cells were treated 
for 8 hr; then the drugs were removed and replaced by normal 
medium; cells were counted in an haemocytometer after 48 hr. 
MEF were plated on 35-mm Falcon plastic dishes, infected with 
MSV-M and treated for 3 days with compounds under study. The 
number of foci was evaluated microscopically 5 days after the in
fection. Uninfected MEF were similarly treated; at the end of the 
experiment cells were counted in an haemocytometer. 

The antitumor activity of derivatives under study was tested 
on Sarcoma 180 (solid and ascites), MSV-M induced sarcoma, in
travenously transplanted Gross leukemia, and transplanted 
mammary carcinoma. CD 1 mice (Charles River Breeding Labo
ratories, Calco, Italy) were used in the test on Sarcoma 180 and 

' MSV-M induced sarcoma; CsH/He Dp mice were used in the ex
periments on the other transplanted tumors. Each experimental 
group consisted of at least ten mice. Compounds were adminis
tered ip or iv in a volume of 10 ml/kg of body weight, according to 
different schedules of treatment. Each drug was tested over a 
wide range of doses. For the sake of brevity, only results obtained 
for the optimal doses are reported (Table III). 

Incubation Experiments. CD 1 male albino mice were sacri
ficed by decapitation under ether anaesthesia. Hearts, livers, kid
neys, and spleens were excised and homogenized in 2 vol of 0.25 
M sucrose, 10 mM MgCl2, and 10 mM tris-HCl, pH 7.6, using a 
glass Teflon homogenizer. The suspension was centrifuged at 3000 
g for 10 min and the supernatant was used for the incubation ex
periments. The incubation mixtures were prepared by adding 0.5 
ml of an aqueous solution of labeled 5 to 3.5 ml of each superna
tant. Final concentration of 5 was 85 jig/ml. Incubations were 
carried out at 37° in open 10-ml flasks and samples were taken at 
the times indicated (Table IV). Similar incubations were per
formed using blood serum previously diluted with 2 vol of the 
above-mentioned buffer solution. Aliquots of the samples were 
freeze-dried, extracted with a mixture of equal volumes of chloro
form and methanol, and analyzed by tic. Recovery of total radio
activity was higher than 90%. Thin-layer chromatography was 
carried out in silica gel plates. The following systems were used: I, 
chloroform-methanol-water (13:6:1 by volume); II, methylene 
chloride-methanol-water (100:20:2 by volume); III, chloroform-

In connection with another project, we were interested 
in the preparation of the bisester of 17a-hydroxyprogester-
one (la) and carbonic acid. Treatment of la with N,N'-
carbonyldiimidazole (CDI) by the procedure of Staab and 
Mannschreck1 gave not the desired carbonate but instead 
the imidazole-1-carboxylic acid ester lb . 

Prior to our studies, no examples of characterized ste
roidal esters of imidazole-1-carboxylic acid had been pub
lished (although Sondheimer and coworkers had reported2 
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Table VI. Chromatographic Rf Values 

Solvent system 
Compound 

Daunosamine 
Adriamycin 
Adriamycin octanoate 
Adriamycinone 
7-Deoxyadriamycinone 

I 

0.00 
0.25 
0.60 
0.90 
0.90 

II 

0.00 
0.15 
0.25 
0.70 
0.70 

ethanol-acetic acid-water (179:4:5:12 by volume); IV, ethyl ace
tate-benzene-petroleum ether (bp 40-70°) (70:25:5 by volume). 
When systems I and II were used, plates were buffered at pH 7 
with phosphate buffer. The estimation of labeled compounds in
volved scraping of chromatogram in sections of the same length, 

•extracting each section with 0.5 ml of methanol in a counting vial, 
and adding 10 ml of the scintillation mixture to the extract. The 
Rt values of the compounds related to adriamycin 14-octanoate 
metabolism are reported in Table VI. 

Distribution Studies. CD 1 mice were injected iv with equimo-
lar doses of tritiated adriamycin10 (4.35 mg/kg) and of tritiated 
adriamycin 14-octanoate (5.31 mg/kg). Animals were killed at 
different times after treatment and samples of the organs were 
obtained and processed for liquid scintillation counting by com
bustion in a Packard samples oxidizer. 

Measurement of Radioactivity. A Packard Tri-Carb liquid 
scintillation spectrometer Model 3375 and counting medium of 
100 g of naphthalene, 7 g of PPO, and 0.3 g of POPOP/1. of dioxane 
were used. The counting efficiency of the samples was determined 
by the channel ratio method for quenching correction. 
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an in situ preparation of 2a,b). Since the completion of 
our work Kuhl and Taubert3 have characterized two fur
ther examples of such esters. 

On the other hand, nonsteroidal esters of imidazole-1-
carboxylic acid and acids of related heterocyclic bases are 
well known; they have been prepared by a number of 
methods,! including the acylation of either the free 

tFor the excellent review on heterocyclic amides, see ref 4. 
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A variety of steroidal esters of imidazole 1-carboxylic acid and related acids was prepared by reaction of the steroi
dal alcohol with iV.iV'-carbonyldiimidazole or by displacement of phenol from steroid phenylcarbonates. One com
pound, 21c (the imidazole-1-carboxylate of 19-norethisterone), was found to have an interesting separation of pro
gestational from androgenic activity. 


