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2-Deamino- and JV2-(7-hydroxypropyl)actinomycin D were synthesized by modification of the parent actinomycin D 
molecule at the 2 position of the phenoxazinone moiety. The common intermediate was 2-deamino-2-chloroacti-
nomycin D. Catalytic hydrogenation of this material afforded the 2-deamino derivative while treatment with 7-hy-
droxypropylamine yielded the JV2-(7-hydroxypropyl) derivative. These 2-substituted actinomycin D derivatives were 
less potent in microbiological assays than the parent compound. Evaluation of activity in vivo against three murine 
tumor systems indicated that optimal dose levels of 2-deaminoactinomycin D were 50 times greater than toxic dose 
levels of actinomycin D. iV2-(7-Hydroxypropyl)actinomycin D exhibited antitumor activity similar to the parent 
compound. 

Among clinically used a n t i t u m o r agents ac t inomycin D 
(I) (Figure 1) is one of t he few possessing curat ive effects 
against two different tumors , 2 , 3 i.e., Wi lms ' t u m o r 4 and ges
ta t ional chor iocarcinoma. 5 Unfor tuna te ly , its spec t rum of 
a n t i t u m o r act ivi ty in m a n is relatively nar row a n d its ad
minis t ra t ion difficult due to its high toxicity. T h e develop
m e n t of modified ac t inomycins possessing a b roader range 
of act ivi ty and /o r lower toxici ty is t h u s highly desi rable . 6 

We wish t o r epor t syntheses of 2 -deaminoac t inomycin D 
(IV) a n d A r 2 - (7-hydroxypropyl)ac t inomycin D (V) (Figure 
1). T h e 2-amino function seems to play a role in t h e biolog
ical activity of ac t inomycins . 7 ' 8 Consequent ly , m a n y 2-sub
s t i tu t ed derivat ives have been p repa red and eva lua ted . 9 - 1 2 

Although a few N 2 - a lky l der ivat ives exhibi ted low an t ibac 
ter ial act ivi ty (ca. 10% t h a t of ac t inomycin D), m o s t o ther 
2-subs t i tu ted derivat ives were complete ly inact ive, includ
ing 2-deamino-2-hydroxyac t inomycin 1 3 and 2-deamino-2-
chloroact inomycin. 1 3 ' 1 4 T h e s e resul ts suggested t h a t t h e 2-
amino group is essential for ac t inomycin activity. Conclu
sive proof, however, requi red synthesis and evaluat ion of 
ac tual 2-deaminoact inomycin in which the 2-amino group 
would be replaced by hydrogen. Ra t iona le for t h e p repa ra 
t ion of V was twofold: (a) t h e lower homolog N 2-( |3-hydrox-
ye thyl jac t inomycin 1 1 exhibi ted some an t ibac te r ia l act ivi ty 
and appea r s to in terac t with doub le - s t r anded D N A , 8 and 
(b) t he cytotoxic agent acrolein, which m a y con t r ibu t e t o 
the a n t i t u m o r act ivi ty of cyc lophosphamide , 1 5 could per
haps be l ibera ted from V along wi th ac t inomycin D by en
zymat ic processes in vivo. 

T h e syn the t ic rou te to these derivat ives is ou t l ined in 
Scheme I. 2 -Deamino-2-hydroxyact inomycin D (II) was 

1 The synthetic part of this project was started at the Children's Cancer 
Research Foundation in collaboration with M.K. and M.C. and completed at 
Hoffmann-La Roche Inc. in collaboration with S.M. 
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produced by t r e a t m e n t of ac t inomycin D (I) wi th 10% HC1 
for 4.5 hr a t 60° . 1 3 T h i s der ivat ive was conver ted to 2-
deamino-2-chloroact inomycin D (III) by react ion of I with 
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Figure 1. Structures of actinomycin D (I), 2-deaminoactinomycin 
D (IV), and JV2-(Y-hydroxypropyl)actinomycin D (V). 
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Figure 2. Difference spectra were obtained manually with a Gil
ford Model 2000 spectrophotometer by recording the spectrum of 
a solution containing an actinomycin (derivative) and DNA 
against a reference solution containing only the same concentra
tion of the actinomycin. All solutions were 0.001 M Tris-HCl and 
0.005 M NaCl buffer (pH 7.4). The concentration of Micrococcus 
lysodeikticus DNA was 38 Mg/ml, of actinomycin D 38 Mg/ml, and 
of both 2-deaminoactinomycin (IV) and iV2-(y-hydroxypropyl)ac-
tinomycin (V) 38 and 76 Mg/ml. 

thionyl chloride in benzene.13,14 Catalytic hydrogenation of 
III afforded 2-deaminoactinomycin D (IV). Treatment of 
III with 3-hydroxypropylamine yielded Af2-(7-hydroxypro-
pyl) actinomycin D (V). Careful intermediate and final pu
rification was conducted by Sephadex LH-20 column chro
matography using ethanol as an eluent. Heavily loaded 
thin-layer chromatograms employing two different solvent 
systems indicated the absence of actinomycin D (<0.05%) 
in any of the intermediates and the final products IV and 
V. 

Microbiological assays (Table I) followed literature pro
cedures.16"18 2V2-(y-Hydroxypropyl)actinomycin D (V) was 
eight times less active than actinomycin D against Bacillus 
subtilis and Sarcina subflora; however, against Staphylo
coccus aureus V had only 1% the activity of actinomycin D. 
2-Deaminoactinomycin (IV) showed ca. 1 and 0.05%, re
spectively, the activity of the parent compound in these 
systems. The inhibition of an exponentially growing culture 
of B. subtilis (Marburg) plotted against time18 provided 
ID5o values of 0.04 Mg/ml for actinomycin D compared with 
38.0 Mg/ml for 2-deaminoactinomycin (IV) and 0.6 Mg/ml 
for iV2-(7-hydroxypropyl)actinomycin (V). The effect of 
Micrococcus lysodeikticus DNA on the absorption spectra 
was studied by difference spectroscopy between 400 and 
500 nm (Figure 2). Depression in optical density in the visi
ble wavelength region 400-450 nm and bathochromic shift, 
indicative of actinomycin binding to DNA, showed the N2-
(7-hydroxypropyl) derivative V to undergo considerably 
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Table I. Antibacterial Activities of 2-Position 
Derivatives of Antinomycin D 

Minimal inhibitory 
concentration, /ig/ml 

Hydroxy-
2-Deamino- propyl) -

Actino- actino- actino-
Organism mycin D mycin D mycin D 

B. subtilis 0.09 10.0 0.7 
S. subflora 0.05 4.0 0.4 
Staph, aureus 0.03 >50 3.0 

weaker interaction with DNA than actinomycin D. The 
spectra for the 2-deamino derivative IV, however, were en
tirely atypical for actinomycin and uninterpretable as to 
DNA binding. No acrolein liberation was observed by a flu-
orometric test19 when the iV2-(7-hydroxypropyl) derivative 
V was incubated with modified Fenton reagent20 at 37° 
under conditions where both cyclophosphamide15 and iso-
phosphamide20 give rise to acrolein formation. Thus, meta
bolic acrolein does not seem to contribute to the antitumor 
activity of V. The in vivo antitumor activities of 2-deami
noactinomycin D (IV) and 2V2-(7-hydroxypropyl)actinomy-
cin D (V) were compared with the activity of actinomycin 
D (I) in three experimental murine tumor systems. The de
rivatives were tested over broad dosage ranges on three 
schedules of treatment employing standard screening 
methodology.21 

In leukemia L1210 (Table II), actinomycin D, at optimal 
doses, produced a modest increase in life span (ILS) rang
ing from 31 to 78% on the various treatment schedules. 2-
Deaminoactinomycin D was inactive (ILS <25%) at the 
highest dose levels tested. 7V2-(7-Hydroxypropyl)actinomy-
cin D had antitumor activity at optimal doses which was 
approximately equivalent to that of actinomycin D. 

In the more sensitive P388 leukemia (Table III), treat
ment with actinomycin D resulted in extensive increases in 
life span (110-262%) and a number of long-term survivors. 
At the highest doses tested, 2-deaminoactinomycin D had 
relatively low activity on two schedules of administration 
but was inactive when administered daily. AT2-(7-Hydroxy-
propyDactinomycin D had therapeutic activity comparable 
to actinomycin D. 

In a solid tumor system, B16 melanoma (Table IV), opti
mal dose levels of actinomycin D increased life span 38, 48, 
and 61% on the three schedules of administration. 2-Deam
inoactinomycin D had borderline activity (27% ILS) at the 
highest dose tested on a daily treatment schedule. Activity 
equivalent to actinomycin D was observed for the N2-(y-
hydroxypropyl)-substituted derivative. 

These studies indicate that the 2-amino function does 
play an important, though not completely essential role in 
the antitumor activity of the actinomycins. Deletion of the 
2-amino group does not result in a complete loss of antitu
mor activity as indicated by the moderate activity of 2-
deaminoactinomycin D against the highly sensitive P388 
leukemia. However, the 2-deamino derivative was inactive 
against leukemia L1210 at doses up to 50 times the LDi0 of 
the parent compound. Toxicity was not observed at the 
highest dose levels of 2-deaminoactinomycin D and the 
possibility exists that, at extremely high doses, this deriva
tive could possess antitumor efficacy equal to actinomycin 
D. 

Alkylation of the 2-amino group with a 7-hydroxypropyl 
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Table II . In Vivo A n t i t u m o r Activity of 2-Posit ion Der ivat ives of Act inomycin D against Leukemia L12100 

Expt 

I 

II 

I 

II 

I 

II 

Drug 

Daily 

Untreated control 
Actinomycin D 
2-Deaminoactinomycin 
^-(y-Hydroxypropy^actinomycin 
Untreated control 
Actinomycin D 
2-Deaminoactinomycin 
Ar2-(y-Hydroxypropyl)actinomycin 

Intermittent 
Untreated control 
Actinomycin D 
2-Deaminoactinomycin 
jV2-(y-Hydroxypropyl)actinomycin 
Untreated control 
Actinomycin D 
2-Deaminoactinomycin 
Ar2-(y-Hydroxypropyl)actinomycin 

Sing: 
Untreated control 
Actinomycin D 
2-Deaminoactinomycin 
A72-(y-Hydroxypropyl)actinomycin 
Untreated control 
Actinomycin D 
A'My-HydroxypropylJactinomycin 

Dosage range, 
mg/kg/inj 

Treatment. Days 1-

0.1-0.0125 
0.4-0.0125 
0.4-0.0125 

0.1-0.0125 
4-0.25 
2-0.125 

Treatment, Days 1, 

0.6-0.075 
2.4-0.075 
2.4-0.075 

0.6-0.075 
20-1.25 
10-0.625 

le Dose, Day 1 Only 

1.6-0.2 
6.4-0.2 
6.4-0.2 

0.8-0.1 
16-1 

Optimal dose. 
mg/kg/inj 

-9 

0.05 
0.4 
0.4 

0.1 
4 
1 

5, and 9 

0.3 
2.4 
2.4 

0.3 
20 

5 

0.4 
6.4 
6.4 

0.4 
8 

MST (range). 
days 

9.6 (8-15) 
13.6 (12-17) 
10.9 (9-15) 
13.2 (10-17) 

9.3 (7-14) 
16,6 (12-26) 

9.6 (9-11) 
13.5 (12-15) 

9.6 (8-15) 
14.0 (12-17) 
11.6 (9-18) 
12.5 (11-16) 

9.3 (7-14) 
14.6 (9-19) 
10.8 (9-12) 
14.9 (12-19) 

9.6 (8-15) 
12.6 (9-18) 
11.4 (9-15) 
13.8 (12-20) 

9.3 (7-14) 
12.1 (9-14) 
13.2 (11-15) 

ILS. ';; 

42 
13 
38 

78 
3 

45 

45 
21 
30 

57 
15 
59 

31 
18 
43 

30 
42 

a105 L1210 cells implanted ip on day 0 into groups of eight BDFi male mice. Drugs administered ip. MST (range), mean survival time in 
days (range of individual animal deaths); ILS, percent increase in life span. 

Table III . In Vivo A n t i t u m o r Activi ty of 2-Posit ion Derivat ives of Act inomycin D agains t P388 Leukemia 0 

Drug 
Dosage r a n g e , 

m g / k g / i n j 
Opt ima l d o s e , 

m g / k g / i n j 
MST ( range) , 

d a y s 
ILS 

( surv) , % 

Unt rea t ed con t ro l 

Act inomycin D 
2 -Deaminoac t i nomyc in 
jV 2 - (y-Hydroxypropyl )ac t inomycin 

Act inomycin D 
2 - D e a m i n o a c t i n o m y c i n 
iV 2 - (y-Hydroxypropyl )ac t inomycin 

Act inomycin D 
2 - D e a m i n o a c t i n o m y c i n 
A—ty-Hydroxypropy^ac t i nomyc in 

10.5 (9-19) 

Daily T r e a t m e n t , Days 1-9 
0 .1-0 .0125 0.05 28.5 (19-39) 
1-0.25 1 11.0 (9-16) 
0 .8-0 .05 0.8 31.0 (20-52) 

In t e rmi t t en t T r e a t m e n t , Days 1, 5, 9 
0 .6-0 .075 0.3 38.0 (31-38) 
7-1 .68 7 18.0 (8-22) 
4 .8 -0 .3 4.8 26.0 (19-33) 

Single D o s e , Day 1 Only 
1.6-0.2 0.4 22.0 (8-31) 
10-2 .4 10 16.0 (14-19) 
12 .8-0 .8 3.2 21.5 (17-30) 

171 (1/8) 
5 

195 (1/8) 

262 (3/8) 
71 

148 (1/8) 

110 (1/8) 
52 

105 

"106 P388 cells implanted ip on day 0 into groups of eight BDFi male mice. MST (range), median survival time in days (range of individ
ual animal deaths); ILS (surv), percent increase in life span (survivors/total on day 60). 

subs t i t uen t resul ts in a 10- to 20-fold decrease in potency 
as indicated by t he op t imal dose levels wi th no change in 
a n t i t u m o r efficacy. Toxici ty was observed a t twice t h e level 
of op t imal a n t i t u m o r efficacy. Th i s is t he same ra t io of 
toxic to opt imal doses as generally observed wi th ac t inomy
cin D and , therefore , no i m p r o v e m e n t in t h e t h e r a p e u t i c 
index was obta ined . T h e weight changes in t h e t e s t ani
mals , a t t he effective and toxic dose levels of t he der ivat ive , 
were similar to the weight changes observed for ac t inomy
cin D. 

E x p e r i m e n t a l S e c t i o n 

Details on materials and methods have been described before.— 
In addition, chloranil was recrystallized from benzene and thionyl 
chloride was distilled from linseed oil prior to use. Solvent systems 
for silica gel chromatography were A, sec-BuOH-HCOOH-HjO 
(75:13.5:11.5); and B, EtOAc-acetone (2:1). 

2-Deamino-2-hydroxyactmomycin D (II). A solution of acti
nomycin D (I) (1.2 g) in 10% HCI (300 ml) was heated for 4.5 hr at 
60°. On cooling, the solution was extracted with chloroform (3 X 
200 ml). The chloroform solution was washed twice with water and 
saline, dried, and evaporated. Investigation by TLC, at this point. 
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Table IV . In Vivo A n t i t u m o r Act ivi ty of 2-Posit ion Der ivat ives of Act inomycin D agains t B16 M e l a n o m a 0 

Dosage r a n g e , Op t ima l d o s e , MST ( range) , ILS 
D r u g m g / k g / i n j m g / k g / i n j days ( surv) , % 

Un t rea t ed c o n t r o l 28.0 (21-53) 

Dai ly T r e a t m e n t , Days 1-9 
Act inomycin D 0 .1-0 .0125 0.025 4 5 . 0 ( 3 6 - 5 3 ) 6 1 ( 2 / 1 0 ) 
2 - D e a m i n o a c t i n o m y c i n 2-0 .125 2 35.5 (29-42) 27 
iV 2 - (y-Hydroxypropyl )ac t inomycin 1.94-0.25 0.42 43.5 (32-56) 55 (1/10) 

I n t e r m i t t e n t T r e a t m e n t , Days 1 , 5 , and 9 
Act inomycin D 0 .6-0 .075 0.3 4 1 . 5 ( 2 9 - 4 9 ) 48 
2 - D e a m i n o a c t i n o m y c i n 4 - 0 . 2 5 4 34 (24-45) 21 
iVMy-Hydroxypropy l ) ac t inomyc in 5.5-0.7 3.24 40.5 (32-42) 45 (2/10) 

Single D o s e , Day 1 Only 
Act inomycin D 0 .8-0 .1 0.4 38 .5 (33^13 ) 3 8 ( 1 / 1 0 ) 
2 - D e a m i n o a c t i n o m y c i n 10-0 .625 10 31.5 (25-36) 12 
iVMy-Hydroxypropy l ) ac t inomyc in 9-1 .17 9 37.0 (29-40) 32 

a0.2 ml of a 1:5 (weight/volume) brei of B16 melanoma implanted ip on dayO into groups often BDFi male mice. Drugs administered ip. 
MST (range), median survival time in days (range of individual animal deaths); ILS (surv), percent increase in life span (survivors/total on 
day 60). 

indicated the absence of actinomycin D. The product was chroma-
tographed on Sephadex LH-20 using 95% ethanol as eluent: 1.0 g 
(83%); mp 238-240°; [a]25D -121.7° (c 0.25, CH3OH); TLC Rf 0.36 
(A), 0 (B); uv (CH3OH) 228 nm (e infl 38,300), 440-444 (<: max 
18,500). Anal. ((^HgvNnOn-HaO) C, H, N [lit.13 for the corre
sponding actinomycin C3 derivative: mp 239°; [a]25D -91° (c 0.25; 
CH3OH)]. 

2-Deamino-2-chloroactinomycin D (HI) . II (1.1 g) was dis
solved in dry benzene (50 ml) and chloranil (297 mg) added, fol
lowed by freshly distilled thionyl chloride (8.8 ml). The reaction 
mixture was refluxed under anhydrous conditions for 25 min. After 
cooling, the solution was evaporated to dryness and reevaporated 
several times from benzene. The product was precipitated from 
benzene with cold hexane and separated by centrifugation. This 
material was chromatographically homogeneous: 1.0 g (89.5%); mp 
232-234°; [o-]25D -94.5° (c 0.2, acetone); TLC Rf 0.59 (A), 0.61 (B); 
uv max (CH3OH) 270 nm (t infl 18,850), 390-392 (e max 14,250). 

2-Deaminoactinomycin D (IV). Ill (0.3 g) was dissolved in 95% 
acetic acid-water (15-20 ml) and hydrogenated for 5 hr in the 
presence of freshly prepared22 Pd black (0.7 g). The catalyst was 
removed by filtration and the filtrate evaporated. The ir spectrum 
of the product showed no bands in the CC1 region as compared to 
that of III. The product was reevaporated several times from dry 
benzene and the residue dissolved in methanol (15 ml). A few 
drops of 10% triethylamine-methanol were added and oxygen was 
bubbled through the solution. Acetic acid (10%) was added to neu
tralize excess triethylamine, and the solution was evaporated to 
dryness and reevaporated several times from dry benzene. The 
product was reprecipitated from benzene-hexane. Further purifi
cation was achieved by LH-20 chromatography: 230 mg (79%); mp 
242-243°; [a]25D -7.3° (c 0.06, CH3OH); TLC Rf 0.57 (A), 0.63 
(B); uv max (CH3OH) 260 nm (t 15,950), 375 (11,100), 475 (5100). 
Anal. (CgaHssNnde-SHzO) C, H, N. 

^ - (v -Hydroxypropy l Jac t inomyc in D (V). Ill (300 mg) and 
freshly distilled 3-hydroxypropylamine (106 mg, 5 equiv) were dis
solved in dry benzene (10 ml) and the reaction mixture was stirred 
at room temperature overnight. Acetic acid (70 mg) was added and 
the reaction mixture evaporated. The product was reevaporated 
several times from dry benzene. The derivative was reprecipitated 
from benzene-hexane. Further purification was achieved by LH-20 
chromatography: 250 mg (81%); mp 226-228°; [a]25D -221.8° (c 
0.095, CH3OH); TLC Rf 0.54 (A), 0.60 (B); uv max (CH3OH) 245 
nm U 23,500), 443 (e max 13,300). Anal. (C65H92N12O174H2O) C, 
H, N. 
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