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;issTK.icr.-Sogalani!-cin, an antitumor antibiotic, has been converted to  a series 
of analogs by removal of the carhomethozy group a t  C-10 and replacement of the 
neutral sugar a t  C-7 by other groups. Removal of the  carbomethoxy group to  give 
disnogamycin (6j followed b?- acidic alcoholysis gave pairs of isomeric i-alkoxy coni- 
pounds differing in configuration at  C - i .  Treatment of 6 with trifluoroacetlc acid 
folluxed by nucleophiles gave a series of analogs having substituents a t  C-7 -with R 
conSguration at C-7 opposite t o  that  of nogalarnycin. .Inlong the analogs prepared. 
T-em-0-methylnogarol ( 5 )  is  a high1:- active antitumor agent. 

The antibiotic nogalaniycin, whose gross structure is that indicated as 1. was 
isolated about 15 years ago by R.  B. Kelly at  The Upjohn Company (I) .  I t  was 
a highly active gram-positive antibacterial agent also having conqiderable activity 
against KB cells and L1210 cell.. i l l  i i f ro .  It was found to be active against t n o  
solid tuniors in s izo,  but its relatively low activity acconipanied by difficulties in 
administration caused cessation of teqting. 

O H  0 OH 0 

4" 

O C H 3  

During the period of interest in nogalampcin, structural studies were continued 
and degradation products obtained \\-ere tested. One of these, T-dis-O-methyl- 
nogalarol, n-as found to have properties u-l-hich indicated superiority to nogalaniycin 
as an antitumor agent. 1-nfortunately. its superiority n-ai: not striking enough to 
bring about extensive investigation. I ts  structure and mode of preparation are 
indicated in scheme 1. In the original n-orl; only one isomer was isolated. but 
subsequently a second one was found to  be present. 

this point it is desirable to clarify the stereocheniistr\- of nogalamycin and 
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Scheme 1 
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7 - C O t . I - O - f ~ l E T H Y L N O G A L A R O L :  OH a t  C-9 c i s  t o  CH30 a t  C - 7  

its analogs. The structure of nogalamycin was originally published ( 2 )  with 
considerable uncertainty as to stereochemistry. The complete stereochemistry 
of the neutral sugar, nogalose, was known; and it was known that the aminosugar 
moiety had the configuration of either a-L- or a-D-glucopyranose, I t  was sug- 
gested on the basis of reactions and pmr spectra that the configuration in ring A 
was either 7S, 9S, 10R or 7R, 9R, 10s. The latter seemed more probable as the 
9R configuration has thus far  been universal in anthracyclines. Subsequently, on 
the bagis of circular dichroism (cd) curves following the work of Brockmann et al. 
(3), the configuration i s ,  9R, IOR was assigned and analogs n-ere named on this 
basis. For example, the compound noly called i-dis-0-methylnogalarol was 
thought to  have the i ( S )  configuration and n-as named accordingly. Recently, 
Stezowski (4) has determined the gross structure and relative stereochemistry of 
7-con-0-methylnogarol (7 )  by X-ray crystallography. It n-as shon-n that the 
oxygen atoms at C-7 and C-9 are on the same side of ring A and that the amino- 
sugar moiety is on the opposite side of the linear tetracyclic system. Since this 
analog has a configuration at  C-i opposite to that in nogalamycin, the sugar moiety 
a t  C-7 must be on the side of ring A away from the C-9 hydroxyl group. Thus, 
the tn-o sugars must be on the same side of the linear tetracyclic ring system. Cd 
studies strongly suggest that  if C-7 is S in nogalamycin, the carbomethoxy group 



at C-10 is on  the side of ring -I opposite to nogalose ( 3 ) .  These studies also i d -  
cate that C-i  is S in nogalarnyh ( 5 ) ,  :is is usually the case in anthracyclines. A11 
of these findings n-ould be consistent with the structure indicated as 3 in 11-hich 
C-T is S. C-9 is S, and C-10 is R n-ith the amino sugar having the a-L configura- 
tion. At present it is believed that this is the structure of nogalamyin. Hex- 
ever, the fact in all cases of anthracJ-clines previously studied for configuration at  
C-9, the configuration is R and that the a-D-glucopj-ranose configuration ~ o u l t l  be 
somen-hat more likely makes it seem possible that the mirror iniage of 3> i.e. 4: 

H3 

'I - CH? -A 

might be the correct qtructure. Therefore, it reenis be-t to wait for coniplete 
crystallographic data to report the total ab-olute stereochemirtry n ith certaintT-. 
.It present it can be said that any 3tructure other than 3 and 4 is highly improbable. 
The serieq of analogs having oxygen atom? cis at C- i  and C-9 are now distingui-lied 
by the prefix con while the Eerie'. having these oxygen atom.; t r a m  are referred to  
a. dis. 
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Some years after the original biological studies on nogalani?-cin, a revival of 
interest in this antibiotic occurred, and a large number of analogs n ere prepared. 
It naa found that very mild basic hydrolysis formed a compound in which the 
carbomethoxy group a t  C-10 had been hydrolyzed a. indicated in scheme 2. The 
unionized acid is indicated, but 5 exists as the znitterion. The acid lo.ei carbon 
dioxide extremely readily by solution in DlIF to give disnogam;\-cin (6). The 

S c h 5 e  E 

I , 

OH 0 CH 0 

latter compound n as wbstantially more active than nogalaniycin in our in zizo 
P368 leukemia screen. Since T-dis-0-methylnogalarol 12) had been very interesting, 
the analogous conversion I\ a. carried out with disnogamycin. The result was the 
icolation of t n o  compound, (7 and 8) in nhich the neutral sugar n a s  replaced by 
methox) 1. These product. ere obtained by a slioi t period of heating of a solu- 
tion of dicnogamycin in methanol about 0.5 S in hydrogen chloride. The products 
ner? iiomeric at  C- i  nit11 one having the S configuration and the other the R. 
hoivex e l ,  a. previously me:itioned, definite aqsignnients of absolute configuration 
cannot be Iliad? at  t l i iq  time. Xvailable experimental evidence is certain]! in 
favor of the R configuration for the compound called T-con-0-niethylnogarol ( 7 )  
ill nliic'i case C-9 \\auld also be R .  Configuratioll at C-7 in 7 \vas shown by 
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OH 0 OH OCH, 

- 7, 7-con-0-methyl nogarol 

- 8, 7-dis-0-methyl nogarol 

circular dichroism studies ( 5 )  to have been inverted relative to the C- i  configura- 
tion in disnogamycin. The ratio of compounds 7 and 8 formed in the reaction was 
about 6:J. Purification proved to be quite difficult as aromatization of ring -4 
occurred quite readily, solubilit?- was a problem, and removal of solvents n-as dif- 
ficult. The structure of the aromatization product. nogarene, is indicated in 9. 
As a consequence of these difficulties, yields of pure '7-con-0-methylnogarol, which 
proved to  be the desired isomer, were only in the neighborhood of 25% for the 
overall sequence from nogalamycin. 

It was found that similar pairs of isomeric 7-0-alkylnogarols and i-0-alkylnog- 
alrols could be readily prepared using ethanol, iz-propanol, and iso-propanol. 
Purification of the Ionger chain analogs was easier than that of the 0-methyl com- 
pounds because of improved solubility in organic solvents and greater ease of 
separation from ring A aromatized compounds. 

The die 
isome.rs (trans oxygen at  C- i  and C-9) are less mobile in silica gel tlc plates using 
the solvent system chloroform-methanol-water ( i S : 2 0 : 2 )  than are the con isomers. 
In  the nogarol series in the I3C nmr spectra of each pair, the chemical shift for 
C-Ga in the dis isomer is about 61.3 dou-nfield from that of the con isomer (cis 
oxygen at  C- i  and C-9), while the signal for C-10 is about 61  upfield. The 
isomeric pairs in the nogarols slio~t- similar differences. 

Brockmann and Siemeyer (6) have reported the isomerization of various 
anthracyclinones at  C - i  by reaction with trifluoroacetic acid followed by hydrolysis. 
-4 some\\-hat similar reaction of disnogamycin (6) was found to  occur. Solution of 
6 in trifluoroacetic acid a t  temperatures of -1.5' to 25" gave a product which, 
although never completely characterized. reacted n-ith nucleophiles to introduce 
the nucleophile at  C- i  with essentially coniplete stereospecificity (at least 95%) 
to the conipound having the opposite chirality at  C-i. In  the case in which the 
nucleophile is methoside, the reaction is sho~vn in scheme 3 .  As far as is knon-n 
at  present. the reaction is general for nucleophiles. It occurs 11-ith a1koside.s. 
including nogalose anion. acid anions. mercaptidei. aninioiiia. primary and second- 
arj- amines. azides. and carbanions. I t  was found that T-coii-O-nieth3-lnogarol 
reacts TT-itli trifluoroacetic acid to give a product u-hich react3 with ethoside ion to 
form i-con-0-ethylnogarol. This suggests that the oyerall reaction al\\-a>-s results 
in a coil product regardle.ss of c1iiralit)- at C-T in the initial reactant. 

The nature of the product obtained in the first step is somewhat uncertain. as 

The two compounds in each pair exhibit characteristic differences. 
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Scheme 3 

purification difficulties prevented itq characterization. However, it was found 
that the intermediate contains a trifluoroacetate moiety bound in some fashion 
other than as a salt. It seems probable that the intermediate is a trifluoroacetyl 
ester of disnogarol which then undergoes an SK 2 reaction with nucleophiles to 
form compounds of the con series (scheme 4). In order to result in the stereo- 
specificity found, the chirality a t  C-7 of the intermediate must be influenced by 
the hydroxyl group at  C-9. Possibly an intermediate oxetane ring is formed, or its 
equivalent consisting of an ion pair, which can then react with CF3COO-. The 
indicated stereochemistry in scheme 4 is intended to be only relative and not 
absolute, and only ring h is depicted. 

Scheme 4 

The trifluoroacetic acid procedure provides an excellent method for preparing 
a large number of nogalamycin analogs, but only members of the con series can 
be prepared in this fashion. Hon-ever, it is not generally applicable to  anthra- 
cyclines or their analogs other than those of the nogamycin type. The qame 
procedure applied to nogalamycin and steffimycin gave only very poor results. A 
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mixture of products v-as formed with the corresponding antliracyclinone being 
predominant. 

About 50 analogs of nogalamyin have been prepared, and virtually all of 
them ,shou-ed considerable activity as antitumor agents. i-Con-0-methylnogarol 
( 7 )  was the most active of the compounds prepared. and discussion will focus on it 
and its close analogs. However, there n-ill f int  be given some very limited results 
from compounds having substituents other than alkoxy at  C- i  (table 1). hl l  
of these were prepared by the trifluoroacetic acid procedure and are in the con 
,series. The compounds were tested against P.388 leukemia in mice on a schedule 
in d i i c h  the tumor IT-as inoculated on Day 0, and the dosage indicated was given 
daily for 9 days. The activities of these compounds are not outstanding, al- 
though they are in the range of nogalampcin. The most interesting point in this 
group is the lon- toxicity of the amino compounds. The limiting factor in ad- 
ministering riogalamj-cin analogs in i iw is their toxicity, and dosages reported are 
usually the highest that  can be given n-ithout severe toxicity. I n  the connogamycin 
series the 7-amino compounds are strikingly less toxic than other types tested, as 
can be seen by the large size of doses given compared to those given for acetoxy, 
methylmercapto, and azido analogs (table 1). 

TABLE 1 . a  Itz ;sit,o activity of acetoxp, 
mercapto, and amino analogs. 

Substituent 
a t  C-ib Dose (mg:kg)c ~ 5 I L S  

CHBCOO ' 10 S i  
CHBS 8 37 
C H S H  25 58 

aP388 leukemia cells were inoculated into 
mice IP on D a y  0, and drug vas injected IP 
daily for 9 days thereafter. 

5.k11 compounds were in the con series. 
CThe dosage given is tha t  resulting in the 

highest ILP.  

As mentioned previously, the i i i  'i i t0  activity of disnogamycin n as somewhat 
greater than that of nogalamyin. and thiq fact n as the original impetus towards 
preparing and investigating its analogs. Table 2 gives iiz titre and i t t  t i z o  data 

T ~ B L E  2 .  In ziiro and 111 i f i o  activities of compounds containing nogalose a 

I 

Compound 

I D ,  I D G a b  Dose' ILS I Dosec I L S  I- 
Sogalamycin 0 078 0 18 1 ~ 4 9 ' 1  l 3 0  
Sogalam\ cinic acid 1 00 20 56 20 18 
Disnognnil-cin 93 2 5  ~ 27 

*In L L , O  results n-ere obtained by Da5- 0 IP inoculation of tumor with IP in- 

"Expressed in nig nil. 
cmg kg day.  

jeciion of drugs daily for the subsequent 9 days 
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for nogalamycinic acid and disnogamycin and compares their activities with that 
of nogalamycin ( 7 ) .  Data are given for in Litro and in t i i o  activitj- against L1210 
which is another murine leukemia and P388. The differences in activity against 
L1210 i?z zizo were not striking, but against P388 disnogamycin was a highly 
active compound. I t  is interesting to note that in zitro activities correlate very 
poorly n-ith ii? i i i o  activities. 

A series of six '7-0-alkylnogarols, three of each isomer, n-as prepared along 
with a serieq of nogalarols: both series n-ere prepared by acidic alcoholysis. As in- 
dicated in table 3, activities i i t  zi iro against L1210 cells do not vary greatly since 

TABLE 3. IH i i f r o  activities of 7-alkyoxynogalarols 
and nogaroh." 

' Nogalarol Series ~ Sogarol  Series 
I 

Substituent I 

C H I 0  I 0 2 7  I 0 1 3  0 O G l  

n-CaH;O 0 1 G  0.30 0.33 
C2Ha0 ~ 0 16 0.15 

I 

aiictivities against L1210 cells espressed as the  concentra- 
tion in pi\Ioles necessary to  inhibit cell growth by 50%. 

they are all nithin one order of magnitude, although in general the con isomers in 
the nogarol series seem to be somewhat more active than the dis isomers. A. in 
most other systems. 7-con-0-methylnogarol is the most active compound of the 
group. 

Among this group of compounds the 0-methj-lnogalarols and 0-methylnogarols 
were the first compounds tested in c~izo.  As a result of these tests done against 
P388 leukemia in mice, it was decided that the nogarols were more active than the 
nogalarols and the con isomers were more active than the dis. Consequently, 
not all of the above alkoxy compounds n-ere tested iiz t i t o .  The activities of 
those tested againqt P3SS murine leukemia are shon-n in table 4 as u-ell as the 
results for i-con-0-isopropylnogarol prepared by the trifluoroacetic acid procedure. 
The marked superiority of i-con-0-methylnogarol is apparent in these results. 

TABLE 4. Bctivities of 7-alkoxynogalarols and nogarols against murine P388 leukemia.* 

Sogalarol Series h-ogarol Series 

I I , 
Substituent Dis ~ Con 1 Dis  Con 

;.P388 leukemia cells inlected I P  on Da?- 0 and drug injected IP da111 on Dais 1-9 
Orng/kg day 
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Kot included in the table is the fact that  it effected t h e e  cure- uhile none of the 
other compounds gave any cures. Although the data are rather limited. it is 
clear that  activity is inversely proportional to the size of the 7-0-alkj-1 group and 
that con isomer. are more active than di- 1-oniei. 

Four compounds have been prepared in n hich ox! gen at  C- i  i- totally lacking. 
In  two of t1ie.e 19 and 10) complete aroniatizatiori of ring -4 ha. occurred. thus 

CH, OH 

- 9 ,  Nogarene, X = H 

10 ,  Nogalarene, X = COOCH3 - 

eliniinating both substitutents containing os>-gen. These n-ere prepared bj- acid 
treatment of nogalani:-cin and disnogamycin. These are riogarene (9) and 
nogalarene (10). The other compounds of this group are i-deoxynogalarol (11) 
and i-deoxynogarol (12) in Tdiich the oxygen-containing substituent at  C- i  has 

G?, 0 O H  

- 1 1  , 

12,  7 - D E O X Y N O G A R O L ,  X = H 

7 - D E O X ' I H O G A L A R O L ,  X COOCH, 

- 

been replaced by hydrogen. Catalytic reduction of nogalamycin or of any of the 
nogalarols gives 7-deosynogalarol. This in turn n-as converted to i-deoxyiogarol 
by the hydrolj sib and decarboxylation procedure used in obtaining disnogamycin 
(scheme 2 ) .  The L1210 iiz s i f r o  and P3S8 activitj- i l l  z i z o  of these compounds is 
shonn in table 5 I n  zi tro activity wa- found to be rather similar to that of other 
compounds already mentioned, but in ~ i z  o activities had essentially di-appeared 
except for nogalarene. 

The recult- obtained in L1210 in zi fro testing and in PSSS murine leukemia in 
i z i o  testing focused our attention on '7-con-0-methj-lnogarol. ,\lost of the other 
compound- were not tested againct L1210 leukemia 112 zizo since this ic not done 
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TABLE 5 .  Activities of 7-deosy and ring -4 aromatized compound. 
I 

L1210 211 Lziro" P388 Leukemiab 
Compound 

' IDaa ~ IDSo Dose % I L S  

Sogalarene ' 02.1 I 0 5 8  70 1 50 
,\Togarem 1 0 22 IT 
i - D e o q  nogalarol 0 58 1 1 51 50 27 
7-Deoxj nogarol 21 

"hctivities expressed as the concentration in p11 necessary t o  kill 50Co 

bDone as reported previously. 
of the cells. 

Dose is mglkg, day. 

routinel>- in our laboratories as are the P388 tests. Table G reports Ll210 in 
i i t a  activity for 7-con-0-methylnogarol and one compound in the nogalarol series. 
Ais can be seen from the table, 7-con-0-methylnogarol is highlv active; and, in 
addition, one cure was seen. 

T ~ B L E  6. -4ctivities against L1210 leukemia 212 L Z L O . ~  

I I 

Compound 
Dose 

i (mg'kg/day)  i ycILS 
- 

l,io- 12 
_ _ _ _ _ ~ ~ _ _ _ _  
T-Dis-0-met hylnogalarol 
7-Con-0-merhylnogarol 1 12 5 ~ 140 

daily on Daj-s 1-9. 
aL1210 cells injected IP on D a y  0 and drug injected IP 

The next step in testing antitumor agents in our laboratories is testing against 
the B16 melanoma in mice. The results found in the B16 melanoma tests are 
qhown in table 7 .  In  these tefth a number of compounds were found to be quite 
active. Both nogalam>-cin and disnogamycin had good activity as did both dis 
and con 7-0-methylnogarols and '7-dis-0-methylnogalarol. However, the con 
isomer of the latter compound had little activity. The 7-0-ethylnogarols n-ere 
also much less active than n-ere the methyl analogs. 

T.IBLE 7 .  Activities against B1G melanoma zn LZVO.* 

I 
B1G Melanoma 

Compound 
Dose i 1 (mg'kg/day)  1 ITAS 

Sogalamj  cin ' 0 5-1 1 71-157 

7-Dis-0-me t hylnogalarol 50 8.1 
7-Con-0-met h\-lnogalarol 10 35 

105 
7T-109 

7-Dis-O-methylnogarol ~ 16 

3.1 
25 

T-Ills-0-et 11)-lnogarol 12 
7-Con-0-et hvlnogarol 

Ilisnogamj cin I 2-5 1 61-260 

T-Con-O-methrlnogarol G-12 

l2 ~ 

=Tumors Rere given IP on Day 0 and drug mas injected IP 
Ranges of acrivity are  given when several experi- on Da)  s 1-9 

ments vere  done 
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-At tlii.5 point 7-con-0-niethylnogarol looked like a very active compound; and: 
in order to find out lion- good it \\-as! it was compared directly with adriamj-cin in 
a series of tests. This n-as done because adriam\-cin is the best antitumor anti- 
biotic knon-n at  the present time. Most of The results are shon-n in table 8. 

Comparative antitumor activity of i(R)-O-merhylnogarol TABLE 8." 
and adriamycin. 

Tumor T-Coii-O-nieth?-lnogarol -4driamycin 

Doseb 1 7 ILSc 

/ - i 

1 , 158 (1) 
0 5  137 (1) 
0 25 01 
7 - 29 
1 i n  12 5 18; -. 

0.5  3 
0.25 8 
2 40 12) 
1 38 (11 
0 . 5  29 

3 13 42 
B16 IP 20 -9 

10 114 
0 88 
2 5  64 

l 

0 25 20 
2 158 
1 166 
0 5  1 GO 
0 25 127 

I 

.Taken from Sei1 e /  ( 7 l  , Reference 7 
tnig kg iniection, Q 1 D 4  i l l ,  IP 
CIncrease in life span calculated from median survival times; numbers in 

parenthesis are cures. 

these tests \\-ere done in the  same fashion as were those already discussed; i.e.; 
intraperitoneal injection of both tumor cells and drug. In  both of the leukemias. 
i-con-0-nietli~-lnogarol compared quite favorably with adriamycin in activity, 
although the potencJ- was lower by a factor of about ten. hlthough i-con-0- 
methylnogarol n-as quite active in the B1G melanoma test; it n-as somen-hat less 
active tlian n-as adriam!-cin. In  one experiment the procedure n-as altered n-ith 
P3SS cells being administered iv while the drug was injected ip. \Then both 
tumor cells and drug are given ip, it is possible that actirity is a result of direct 
contact or of veq-  high local concentration. This possibility TI-as eliminated b!- 
the combination of iv-ip injection. In  this experiment i-con-0-met1i)-lnogarol 
n-as substantiall>- better than adriamycin. In  addition, it has been found that 
7-con-O-nietli~-liiogarol has oral activitJ- giving a % ILS of 48 at  12.5 mg kg 
n-hile adriamycin lacks such actirit>-. 

Since the results ahead\- discussed suggested corisiderable promise. i-con-0- 
niethylnogarol n-as studied further at  the Sational Cancer Institute in a battery 
of seven turnor,<, three being repeats of those already done at  The Upjohn Com- 
pany. The results sho~\-n in table 9 are a portion of the data reported from the 
Sationnl Cancer Institute. The activities for P3SS arid L1210 leukemia and BIG 
melanoma are quite comparable to  those already mentioned. with good activity 
being see11 i n  a11 three terns. IctivitJ-  was also quite good against tu-o colon 
tumor.5 and a mainmar\- tumor. 0nl)- marginal activity \\-as found against Lewis 
lung carcinoma. The criterion of activity against thi? system is 40ccILS. 



350 

106 (4) 
38 

109 
(T/C ciires)d 

TABLE 9. hlouse tumor-therapy studies with 7-con-0-methylnogaro1.a 

Tumor I 
Srs tem 1 Siteb 

Schedulec 

01Dx9 (1) P388 
L1210 
Colon 26 
Lewis Lung IP  QlDx9 (1) 
BlG IP , QlDx9 (1) 

Dose 
(mg/ko-inj ) 

5 ILS I (cures) 

12.5 
12.5 
25 
12.5 
12.5 

25 
25 

1 21 (3) 
1 

aTests done at  the Sa t iona l  Cancer Institute. 
Qite of tumor inoculatian. 
ODrug injected IP QlDx9 (1) means drug was given daily for 7 days 

s tar t ing one day  after tumor infection Q4Dx2 (1) means drug was given 
every fourth day  for two injections starting one day  after tumor inoculation, 

dRatio of median tumor size of treated and control groups + 100. 

-\ very serious problem arising in the clinical use of adriamycin is its cumulative 
cardiotoxicity. The largest amount of adriamycin u-hich can be given to a patient 
it; about 500 nig 'm2 of bod!. surface I\ itkout danger of irreversible, fatal cardio- 
toxicity. As a consequence of this property of adrianiycin. the cardiotoxicity of 
7-con-0-methylnogarol n a i  investigated by the standard procedure using rabbits 
a. the test animal ( 8 ) .  In order to make these cardiotoxicity tests comparable 
with those of adrianiycin, 7-con-0-methylnogarol was administered at  approxi- 
mately 13 times the dose a t  n-hich adrianiycin causes death (table 10). At this 
level substantially less cardiotoxicity TI as seen than \\-ai: seen with adriamycin. 
The severity of pathology in each animal nas  rated on a scale of 0 to 4 and the 
average war taken. The value found for adriamycin u-as 3.3 while that for 7-con- 
0-methylnogarol n as 2.5 (table 10). 

TIBLE 10, Cardiotoucity of 7-con-0-methylnogarol compared 
x i t h  that  of adriamycin. 

Cumulative Dose ' 
Compound 1 (mg-m? I Score 

I 
Adriamycin 
7-Con-0-methylnogarol ' 

222-277 
3700 

I n  order to study the biological properties of the nogalamycin analogs further. 
their effect on macromolecular s j  ntheqis and DSA binding n as investigated in 
L1210 leukemia cells (9). Kogalamycin strongly inhibits RNA synthesis, and to  a 
somev hat lesser degree. DSA synthebis; however, it does not inhibit protein syn- 
thesis. The results with i-con-0-methylnogarol (table 11) against DK'A and 
R S h  qynthesis in L1210 cells nere quite surprising. It almost totally failed t o  
inhibit either R S A  or DKA synthesis. The dis iromer was much less inhibitory 
than nogalamycin but did inhibit both R S A  and DSA synthesis. I n  the cases of 
the other two pairs of con and dis iqomers, the con was much less inhibitory than 
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TABLE 11, Inhibitian of macromolecular synthesis by 
nogalamycin and i ts  analogs. 

581 

I ID5, (nmole n i ly  

Compound I R S h  
~~ 

3 3  Xogalamycin 

7-Dis-0-met hylnogalarol 3 8  
7-Con-O-nieth:-lnoealarol 7-17 

I 

Disnogam! cin 3 

7-Dis-0-methylnogarol 11 6 

7-Can-0-ethylnogarol 10 6 

7-Con-0-met hylnogarol > 46 
:-Dis-O-eth? lnogarol 3 2  

0 . 4  
0 5  
0 .5  
i . 8  
8 . 3  
> 46 
0.8 
5.2 

I 
"Concentration causing 50% inhibition. 

n-as the dis. S o  inhibition of protein synthesis was seen with any of the com- 
pounds listed in table 11. 

Similar studies v-it11 L1210 ascites cells were done (table 12) with a few of the 
compounds show-n in Table 11. Once again the great difference in inhibition of 
R S X  synthesis was found, as can be seen from table 12. ;1 concentration of 
most of these compounds of 10 nniol ml resulted in iyirtually complete repression 
of R S A  s>-ntheais, while i-con-O-nieth!-lIiogarol at this concentration exhibited 
no effe.cr on R S h  synthe 

TABLE 12. Inhibition of R S A  synthesis in L E 1 0  ascites cells. 

Drug concentration I 5 Inhibition 
~ ~ 

Compound (nmole 'ml) 1 of R S - 1  synthesis 
~ 

10 -1 ~~ 

~~~~ 

Sogalamyein 
Sogalamycinic acid 10 
7-Dis-0-meth? lnogarol 10 
7-Con-0-meth? lnogarol 10 

99.9 
86.7 
91.2 

0 

The interaction of calf th>nius D S d  n i t h  nogalamycin and its analogs was 
measured by circular dichroism (cd). The difference betneen cd curvea at 465 
nm of D S h  and of the conipound taken separately and the cd curve of the niisture 
n-a; determined and espreG.ed a. millidegrees of ellipticity (table 13). The valuea 

T ~ B L E  13 Sogalam? cin and i ts  analogs interaction 
R ith DSA. 

I Drug-DS.1 interactionC 

I--- 
Compound imilhdegrees of ellipticity) 

Sogalamyein 12 
Disnogamycin 11 

7-Con-0-methj lnogalarol 0 
7-Dis-0-met hylnogarol 6 
7-Con-0-meth? lnogarol 2 
7-Dis-0-e t hrlnogarol 8 
7-Con-0-eth? lnogarol 2 

7-Dis-0-met h> lnogalarol 8 

SDifference spectrum determined by circular dichroism 
a t  465 nm. 
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shown are proportional to  drug-DNA interaction. It is immediately apparent 
that the two compounds in the connogarol series bind much less strongly to DXA 
than do compounds in the dis series. The effect is seen to  some extent in the 
nogalarol series (7-con-0-methylnogalarol vs 7-dis-0-met hylnogalarol), but it is 
much less pronounced. 

The familar DNA melting point increase technique for determining DSL4 
binding also indicates failure of the 7-con-0-methylnogarol to bind to D S A .  
Disnogamj-cin raises the melting point of D S A  by 11.7’ while the con-0-methyl 
analog has no effect. 

I n  summary, it can be said that substantial modification of nogalamycin at  
C-10 and C-7 has given a number of compounds having antitumor activity in 
the range of the parent compound. It has also led to a compound, i-con-0- 
methylnogarol, which has outstanding antitumor properties and whose biochemical 
properties differ greatly from those of the other anthracyclines. 7-Con-O- 
methylnogarol is not only highly active but has substantially reduced cardiotoxicity 
and seems likely to be clinically effective. 
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