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The potential anticancer agents new anthracycling derivatives (2-9) have been synthesized from daunomycin
(1a) and doxorubicin (1b) as starting materials. Compounds 2 and 6 were prepared by the nucleophilic dis-
placement type esterification of a 14-bromodaunomycin (1¢) with a acetylsalicylic and palmitic acid in triethyl-
amine. respectively. Compounds 3 and 7 were obtained from daunomycin (1a) by direct amidation with the
corresponding acids in the presence of EDCI and PP as esterification reagents. Whereas 4 and 8 were prepared
by reaction of doxorubicin (1b) with one equivalent of acetylsalicylic and palmitic acid using DCC/DMAP.
respectively. § and 9 were obtained from 1b by acylation with two equivalents of the corresponding acids using

EDCLPP reagents.
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Introduction

The substitution of one hyvdrogen atom in the daunorubicin
(daunomycin. DM. 1a) acety] side chain with a hvdroxyl
group gives adriamycin (doxorubicin, DX, 1b) (Figure 1).
These anthracycline antibiotics. in particular. are the power-
ful antitumor agents n the treatment of a wide range of
human cancers.'~ They have structural features that allow
their intercalation mto double helical DNA and poison cellu-
lar DNA topoisomerase II (top2).°> But. their clinical use is
often limited by severe cardiotoxicity and other undesirable
side effects.® For these reasons, many drugs mixed with DM
(1a) or DX (1b) with some amino acids in a proper ratio
have been used recently and a number of patents related to
the efficacy of the blended drugs have been published.™!!
Because these anmiino acids have low recognition to DNA.
these tvpes of prescniptions have the drawback that thev
should be administered in large amount to exlubit drug effi-
cacy. Therefore, we have begun to focus on the results that

1a.R=H, Daunomycin
1b. R = OH, Doxorubicin (Adriamycin)

NH,HCI

OH
Figure 1. Structures of two clinically used anthracyclines.
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occur when using the prodrug, which was the coupling of
DM (1a) or DX (1b) with various amino acids. Acetylsali-
cvlic acid has been widely used n treatment of various dis-
eases due to its anticancer activity.'='¥ Palmitic acid is also a
promising material having strong adsorption property in a
cell wall."?

In the present study. we describe the preparation of some
glvcosides. new anthracycline analogues by coupling of DM
(1a) or DX (1h) with two kinds of acid molecules. The
results are expected to exhibit better effective therapies than
anything else previously developed.

Results and Discussion

In previous publications. we frequently used the Michael
type condensation''* or the Friedel-Crafts acylation'™~ for
the total syntheses of some anthracyvclinone derivatives. We
reported the successful preparation of a new aglycon con-
taming an ester linkage at C-14 position through a nucleo-
philic displacement coupling method -~ Here. we endeavor
to directly prepare some new anthracycline analogues from
commercially available anticancer agents, such as daunomy-
cin (1a) or doxorubicin (1b). Several new anthracycline
derivatives were synthesized using two esterification meth-
ods (Scheme 1). The key feature for synthesis of the new
analogues 1s the acylation of 1a-1b with two kinds of acids.
acetylsalicylic or palmitic acid. Numerous estenfication
methods have been developed using aliphatic or aromatic
carboxylic acid and some alcohols.”*-" However, these cou-
pling reactions exhibited clearly different reaction pattems
for the two kinds of acids in the esterification.

First. the svnthesis of l4-bromo DM (1¢) was accom-
plished by the application of the known procedure:!! 1¢ was
synthesized m the best vield when using 1a, 10% Bry/
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. Ry =X, Ry=HIHICl {DM-asal)
Ry=H, R,=Y (DM-Nasal)
. R =O0OH, Ry =Y (DX-Nasal)
R =X.R=Y (DXasal-Nasal}

i
X = —-O/L\(CHZ)14CH3
cH 9
3
o) y = —
(CHy),4CH,4
by NHRs
6. R, =X, Ry=HHCI (DM-pal)
7. Ry=H, Ry=Y (DM-Npal)
8. R, =OH, R, =Y (DX-Npal)
9. R, =X,R,=Y (DXpal-Npal)

Scheme 1. Synthesis of new anthracycline analogues (2-9).

CHACl», and trimethylorthoformate in a muumum quantity
of co-solvent (methanol/1.4-dioxane, v/v=1 : 2), consequently
the side product formation oniginating in diunethylketaliza-
tion of ketone at C-13 site was exceedingly diminished. For
prolonged the reaction time (¢¢. >40 min), the cleavage of a
glvcosidic bond from glvcosides was increased due to the
generation of HBr. So, after dissolving 1¢ and the byproduct
ketal intermediate 1n acetone without separating the reaction
mixture, the reaction mixture was converted to 1¢ by further
stirring for 1 hr.

All these compounds (2-9) were obtained through the acy-
lation of a hvdroxyl group at C-14 site in the aglvcon and/or
amie group at C-3' position in the glvcon with acetylsali-
cvlic or palmitic acid. DM-asal (2) and DM-pal (6) were
svnthesized by the estenfication of 14-bromo DM (1¢) with
a acetvlsalicvlic or palmitic acid sodium salt in acetone
under gentle reflux at 30-60 °C, respectively. However.
vields were very low due to the cleavage of the glvcosidic
bond from glvcosides. Therefore, two kinds of mixed solu-
tion which were either ethanol/conc. H-SO4™ or acetone/tri-
ethvlamine solution,” were used to enhance the solubility of
1c. When using these solutions. the reaction time was short-
ened to 4-12 hr and the vields were somewhat increased to
40-35%. But. DM-asal (2) and DM-pal (6) were obtained in
the best vields (89-953%) when carrving out the reaction of
1c with an acetvlsalicylic or palmitic acid instead of the cor-
responding sodium salts in triethvlamine for 3-4.5 hr.*®

The svnthesis of DM-Nasal (3) and DM-Npal (7) were
tried vic the direct coupling reaction of amine group at C-3'

i DM (1a) with two kinds of acids in the presence of 1.3-
dicyelohexylearbodunude  (DCC)/4-(dimethylamino)pyndine
(DMAP). according to the reported procedures.™ These
reactions were sinilar to completion on TLC (ca. 95%). but
the yvields of the final product were lower at 50-753% due to
the difficulties in removing the solvent (DMF) and dicyclo-
hexylurea (DCU). Therefore. the reaction in synthesis of
DM-Nasal (3) and DM-Npal (7) was tried using 1a and 1-[3-
(dimethylanuno)propyl]-3-ethylcarbodiimude hydrochloride
(EDCI)/4-pyrolidinopyniding (PP) m a minimum quantity
of DMFE."" and consequently the reaction time was shortened
and the yvields (91-96%) were increased.

The syntheses of DX-Nasal (4) and DX-Npal (8) with the
amine group of DX (1b) were tried using both DCC/DMAP
and EDCI/PP as coupling reagents. In both cases, it was
observed that the acvlation of amine groups at C-3' was
faster than the acylation of hydroxyl groups at C-14 position.
But, before completion of the coupling with amine group of
DX (1b). preparation of DXasal-Nasal (3) and DXpal-Npal
(9) was also started by esterification of C4;-OH in the glyco-
sides. Consequently, the esterification of C-14 site always
occurred accompanied by the amidation of C-3'. However.
DX-Nasal (4) and DX-Npal (8) were obtained n effective
vields by esterification. using DCC/DMAP for 3-5 hr.
Whereas the reaction time was clearly shortened when using
only DMF solvent, the reaction time was lengthened for
mereasing quantities of CH-Cl. when using co-solvent
(CH-Cl+/DMF). Therefore, the best ratio of mixed solvent
(DMF/CH-Cl-) was 1 : 10 for the synthesis of DX-Nasal (4)
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Table 1. Cytotoxic activities of anthracycline derivatives (2-9) in
comparison with adriamycin

ICso° (M)
SNU-16° SNU-16/Adr MCF7

Adramyein (1by .16 035219 029

Agents
MCF7/Adr

(.43 (1.48)

2 1.75 212(121) 034 (.39(1.13)
3 7.13 8.63 1342 975
4 11.57 14.24 741 (0.82
3 872 8.78 12.13 942
6 2.12 1.68(07% 212 2.12(1.00)
7 6.88 879 3.30 6.03
8 721 782 138 1402
9 972 7.86 10.69 7.36

“Human stomach adenocarcinoma. *Human breast adenocarcinoma.
‘Concentration inlibiting colomy growth by 3005, “Relative resistance
(ICs, of resistant cell lines/ICs; of parental cell lines).

and 1 : | for the synthesis of DX-Npal (8).

Finally, the reactions for the syntheses of DXasal-Nasal
(3) and DXpal-Npal (9) also used EDCI/PP as a coupling
reagent. In these cases, whereas 4 and 8 were obtained in 76-
84% when reacting for 3-3 hr, § and 9 were obtained in 82-
92% for the longer reaction time (c¢r. 10-12 hr).

The cvtotoxic activities of anthracvcline derivatives 2-9
against two kinds of human tumor cells (SNU-16 and MCF-
7) and their adriamycin-resistant cell lines are shown in
Table 1. Compounds 2 and 6 were less cvtotoxic against
SNU-16 and MCF7 but exhibited a lower relative resistance
value (ICs of resistant cell hines/ICsq of parental cell lines)
than adnamycin. In addition. the others (3-3 and 7-9) exhib-
ited very low antitumor activity compared with the refer-
ence. These results indicate that amidation compounds of 3'-
NH-. such as 3-5 and 7-9. unlike acylation compounds of C-
14 OH such as 2 and 6 cause a decrease in the activity inher-
ent in the parent anthracvcline antibiotics.

In conclusion. we have svnthesized new anthracvcline
analogues expected to exhibit biological activity as potential
anticancer agents through acvlation. Further detailed studies
on the results of biological tests will be reported in the
future.

Experimental Section

All reactions were carried out under argon atmosphere
with dned glassware. All solvents were carefully dried and
distilled by literature procedure.®” Bulk grade hexane was
distilled before use. Merck pre-coated silica gel plates (Art.
5554) with fluorescent indicator were used as analvtical
TLC. In the development of chromatograms two mobile
phases were used: methvlene chlonide/methanol/formic acid/
water (100 : 15 : 2 : ) and methvlene chlonide/hexane/meth-
anol (12 :6: 1). Gravity column chromatography and flash
column chromatography were camried out on silica gel (230-
400 mesh from Merck). 'H and *C NMR spectra were
recorded on a JEOL JNM EX-400 spectrometer. Chemical
shifts were internally referenced to TMS for 'H or to solvent
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signals for °C. Infrared spectra were recorded on a Nicolet
5-DXB senies FT-IR spectrophotometer. Mass spectra were
obtamned on a JEOL IMS DX-110/110A Tandem mass spec-
trometer (FAB). UV-VIS absorption spectra were recorded
on a Hitachi-556 spectrophotometer. Optical rotations were
determined using the Rudolph AUTOPOL apparatus with a
0-100-1.5 polarumeter sample tube. Melting points were
obtained on a Biichi 510 melting point apparatus and were
uncorrected.

14-Bromodaunomycin hydrochloride (1c). After tri-
methylorthoformate (0.20 mL, 1.94 mmol) was added to a
solution of daunomyein hydrochloride (1a) (0.23 g, 0.41
mmol) dissolved mm methanol/1 4-dioxane (v/v=1:2. 12
mL), the reaction mixture was stured at room temperature
for 20 min. To the reaction solution was added dropwise a
Bro/CH-Cl» (v/v=1:9. 0.25 mL. 0.48 nunol) solution, and
then stirred at 25 °C for 40 min. After the resulting mixture
was poured mto dry ether (200 mL). the solid residue was
filtered with glass filter and washed with ether (2 X 50 mL).
The solid was recrystallized from acetone/ether. filtered,
washed with ether, and dried on phosphorus pentoxide under
reduced pressure to give pure l4-bromo DM (1¢) (0.22 g,
83%) as a red solid: mp 176-177 °C; 'H NMR (400 MHz.
DMSQ-ds) § 14.00 (bs. 1H, PhOH). 13.30 (bs. 1H. PhOH).
7.99 (bs. 2H. NH-), 791 (n. 2H, ArH) 7.89 (m, 1H. ArH),
3.55 (m. 1H. C4H), 5.28 (m, LH. C7H). 4.49 (m, 1H, C,:H),
421 (q. |H. J=6.68 Hz, CsH), 4.00 (s. 2H, C,4H). 3.97 (s,
3H. C,OCH3), 3.78 (bs. 1H, C,OH), 3.60 (m. 1H, C:+H),
3.05(d. 1H. /= 18.10 Hz. CiieH). 2.92 (d. 1H. J = 18.10
Hz. CiooH). 2.44 (d, lH. J=14.21 Hz, Cs.(H). 2.07 (dd. 1H,
J=1421.543 Hz, Cs,cH), 1.88 (dd, |H./=12.70.9.00 Hz,
C-H), 1.85(. IH,J=12.70 Hz, C-H), 1.65 (d. 3H,J = 6.68
Hz. CsCHa): *C NMR (100 MHz. DMSO-ds) § 187.51,
186.11. 169.25. 16120, 161.01. 160.12, 137.98. 135.80.
134.93, 132.21. 122.01, 120.10, 119.01, 109.90. 105.23.
98.54, 84.56. 73.47, 69.37. 68.01, 5594, 54.11, 38.42, 37.04.
34.12.21.20, 16.72.

Daunomycin-14-acetylsalicylate hydrochloride (2). To
a solution of 14-bromo DM (1¢) (0.31 g. 0.79 mmol) and
acetylsalicylic acid (0.22 g. 1.22 mmol) in acetone (230 mL)
were added triethylamine (0.43 mL. 3.20 mmol) followed by
stirring for 3 hr. After completing the reaction monitored on
TLC. the solvent was evaporated under reduced pressure. To
the residue dissolved in dry THF (150 mL) was added ethe-
real HC1 (1.0 M. 2.4 mL) followed by stirring at -20 °C for 2
hr. The organic solvent was concentrated by a rotary evapo-
rator and recrystallized from methanol/diethy] ether to give
DM-asal (2) (0.52 g. 89%) as a red powder: mp 207-209 °C:
[a)p™ +249.98° (¢ 0.004. CH;OH): IR (KBr) 3433, 2939.
1732, 1613, 1578, 1418, 1289, 1209. 1123, 1086. 990. 760
em™: '"H NMR (400 MHz. DMSO-ds) & 821 (s. 2H.
CaNH-). 8.00 (dd. 1H. J=7.81. 146 Hz. ArH). 791 (m. 2H
ArH). 7.71 (td. 1H.J=781. 1 46 Hz. ArH). 743 (t. IH.J =
781 Hz. ArH). 7.26 (d. lH. /= 7.81 Hz. ArH). 6.99 (t. 1H.J
=781 Hz ArH). 333 (m. |H. C;H). 550 (d. 1H.J=17.39
Hz. C)4H). 338 (d. LH. J = 17.59 Hz. C4H). 5.29 (m. 1H.
CrH). 497 (m. 1H. C;H). 4.23 (q. 1H. J = 6.35 Hz. C:H).
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3.97 (s. 3H. C;OCH,). 3.57 (m, 2H, C+OH. C;H). 3.36 (d.
IH, J=18.06 Hz, Cyi H), 3.10 (dd, LH,.J = 18.06, 5.86 Hz.
CinaH), 232 (d, J = 14.65 Hz. |H. CsH), 2.24 (s, 3H.
OAc), 2.11 (dd. .J = 14.65, 5.86 Hz, Cs.H), 1.89 (td. I1H.J =
12.23, 297 Hz. C-H). 1.67 (dd, |H. J = 12.23. 440 Hz
C-H), 1.18 (d. 3H. J = 6.35 Hz, Cs CH;): °C NMR (100
MHz. DMSO-ds) 6 207.15, 189.57, 186.28, 186.17, 182.85,
171.33. 168.80, 163.25, 163.22. 163.19. 163.17, 160.56,
160.51. 157.68, 150.11, 14993, 146.17, 13452, 131.16,
122.32. 119.77. 11887, 110.63, 110.55, 11049, 75.11.
66.11. 56.59. 4557, 4329, 40.32. 20.74, 20.67, 20.64,
16.64, 14.01: UV(CH;0H): Amax (loge) =206 (1.39). 234
(1.94). 477 (0.52); Mass (FAB", Na) m/z 729 (M-HCI +
Na)*.

Daunomycin-3'-N-acetylsalicylate (3). After the mix-
ture of acetvlsalicvlic acid (0.43 g 2.39 mmol) and EDCI
(0.92 g. 4.80 mmol) in drv DMF/CH-Cl> (50 mL, v/iv=1:1)
was stirred on an ice bath for 30 min and allowed to reach
room temperature, to the stirred solution was added dauno-
mycin hydrochlonde (1a) (0.68 g. 1.21 mmol) and 4-pvrroli-
dinopyridine (0.36 g, 2.43 mmol). followed by stirring for 4
hr. The reaction mixture was dissolved with CH-Cl» (200
mL). washed with water (2 x 100 mL) and brine (2 x 100
mL). dried over MgSO,, and the solvent was removed under
reduced pressure. The residue was purified by column chro-
matography on silica gel (CH-Cl-/hexane/MeOH=12:6: 1)
to give DM-Nasal (3) (0.76 g. 91%) as a red powder: mp
128-130 °C; [a]3’ +79.92° (¢ 0.004. CH;OH); IR (KBr)
3408, 3260, 2939, 1713, 1627. 1578 1412. 1369, 1283,
1215, 1116, 1030. 984 cm™; "H NMR (400 MHz. CDCls) &
13.94 (s. 1H, PhOH). 13.23 (s. |H. PhOH). 8.03 (s. 1H,
C;NH), 8.00 (dd. 1H,/=7.32.391 Hz. ArH). 785 (d. |IH.J
=732 Hz ArH). 7.77 (td. 1H, J= 781, 3.91 Hz, ArH), 7.39
(d, |H. J=9.28 Hz, ArH). 7.37 (d. |H. /= 8.30 Hz. ArH).
6.91 (d. 1H, J = 830 Hz, ArH). 6.83 (t. |H, /=732 Hz
ArH). 599 (d. I1H,J =830 Hz, C;H). 548 (d, 1H,J =342
Hz, Cs.H), 5.31 (d, I1H, J=3.90 Hz, C;OH), 4.22 (q. IH,J
=6.35 Hz. C+H), 4.07 (s, 3H, CsOCH3), 3.78 (m. 1H, CsH).
3.63 (bs, IH. C4OH). 3.22 (d. 1H, J = 19.53 Hz. CygegH).
291 (. LH. /= 19.53 Hz. CyaH). 2.42 (5. 3H. C)4H). 2.28
(d, J = 14.65 Hz, |H. Cs. H). 1.95 (s. 3H, OAc). 1.90 (dd.
IH, J = 14.65, 5.84 Hz. Cgy H). 1.69-1.80 (m, 2H, C-H).
1.28 (d. 3H. J = 6.35 Hz. C«CH;). *C NMR (100 MHz.
CDCl;) 6 213.31. 185.88. 185.72, 168.68, 160.25. 155.82.
154.60. 13529, 134.40. 13427, 133.55, 119.82. 118.85.
118.43, 110.39. 110.27. 93.84. 78.21, 78.07, 77.56, 75.34,
69.07, 68.04. 66.74, 64.33, 56.18. 45.03, 40.13, 39.29.
3887, 35.81. 32.56, 29.29, 29.19. 22.65, 1674 UV
(CH;0H): Amas (loge) = 236 (2.95), 250 (2.37), 495 (1.14):
Mass (FAB™. Na) nv/z 713 (M + Na)*.

Doxorubicin-3'-N-acetylsalicylate (4). After the mixture
of acetvlsalicylic acid (0.24 g, 1.33 mmol) and DCC (0.49 g.
2.38 mmol) in dry DMF/CH-Cl» (v/v=1: 10, 100 mL) was
stirred on an ice bath for 30 min and allowed to reach room
temperature, to the stirred solution was added doxorubicin
hydrochlonde (1b) (0.70 g, 1.2]1 mmol) and DMAP (0.16 g.
1.31 mmol), followed by stirring for 3 hr. The reaction mix-
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ture was dissolved with CH-Cl» (200 mL). washed with
water (2x 100 mL) and brine (2x 100 mL), dried over
MgSQO;. and the solvent was removed under reduced pres-
sure. The residue was punfied by column chromatography
on silica gel (CH-Cl-/hexane/MeOH=12 : 6 : 1) to give DX-
Nasal (4) (0.65 g. 76%) as a red powder and DXasal-Nasal
(5) (0.07 g, 8.0%) as a red powder. 4: mp 145-147 °C: [a] 7
+39.953¢ (¢ 0.004, CH:OH). IR (KBr) 3445, 2939. 2384,
1744, 1621. 1578. 1418. 1289. 1215, 1116. 987, 760 cm™';
'H NMR (400 MHz. CDCl;) 6 13.98 (s, 1H, PhOH). 13.14
(s, IH, PhOH), 7.96 (dd. 1H. J= 781, 1.46 Hz. ArH). 7.72
(t. IH, J= 8.30 Hz, ArH). 7.53 (t. 1H, J = 8.30 Hz, ArH),
7.47 (td. 1H, J = 781, .46 Hz. ArH). 7.33 (d. |lH. J =830
Hz. ArH), 6.97 (d, |H. J= 7.81 Hz. ArH). 691 (t, |lH. J =
8.30 Hz. ArH), 6.15 (d. |H.J=8.30 Hz, C4H), 5.58 (d. IH,
J=18.07 Hz, C4H). 546 (s. IH, CoOH), 333 (d. IH, J =
18.07 Hz, C,4H). 5.20 (m, LH. C5. H), 4.75 (s, |H. C4OH),
4.33-4.23 (m. 1H, C,;H), 4.23 (q. 1H, J = 6.6 Hz, CsH),
4.10-4.21 (m. 1H. CaH). 4.01 (s, 3H, C4OCH3), 3.64 (s, 1H,
CyOH), 327 d, IH. J = 18.64 Hz, Cye H). 291(d, 1H,J =
18.64, CioecH), 2.49 (d. /= 14.65 Hz, 1H. Cs. H), 2.11 (dd, J
= 14.65. 391 Hz, Cs, H), 195 (s. 3H, OAc), 1.79-1.85 (m.
2H. C-H). 132 (d. 3H. J = 6.6 Hz. CsCH;). '*C NMR (100
MHz, CDCla) & 20578, 186.65, 186.24. 169.40. 169.18,
162.37. 16146, 160.73. 156.04. 13539, 135.90. 135.20.
133.52, 130.77, 128.67. 120.56. 119.65, 118.21, 11742,
77.19, 6970, 69.42. 67.34. 66.70, 56.60. 4538. 36.35,
3553, 3353, 31.49. 29.88. 29.73, 23.37. 23.03. 16.85,
14.87. UV(CHaOH): Amax (logée) = 209 (2.03), 234 (1.93).
498 (0.52); Mass (FAB', Na) m/z 729 (M + Na)".
Doxorubicin-di(acetylsalicylate) (3). After the mixture
of acetylsalicylic acid (0.54 g, 3.00 mmol) and EDCI (0.92
g. 4.80 mmol) m dry DMF/CH-Cl> (100 mL. v/v=1:10)
was stirred on an 1ce bath for 30 nun and allowed to reach
room temperature, to the stirred solution was added doxoru-
bicin hydrochloride (1b) (0.70 g, 1.21 mmol) and 4-pyrroli-
dinopynidine (0.36 g, 2.43 mmol), followed by sturing for
12 hr. The reaction mixture was extracted with CH-Cl- (200
mL), washed with water (2x 100 mL) and brine (2 x 100
mL), dnied over MgSQ,, and concentrated under reduced
pressure. The residue was purified by column chromato-
graphy on silica gel (CH-Clvhexane/MeOH=12:6:1) to
give DXasal-Nasal (3) (0.86 g. 82%) as a red powder and
DX-Nasal (4) (0.08 g, 10%) as a red powder. 3: mp 174-176
°C. [a]F +64.96° (¢ 0.004. CH;0H); IR (KBr) 3457, 2939,
1621. 1578, 1418, 1289. 1209, 1123. 990 cm™: 'H NMR
(400 MHz. CDCla) 6 13.78 (s. LH. PhOH). 13.00 (s, 1H,
PhOH), 8.01 (s. IH. C;NH). 7.93 (d. IH,J = 7.81 Hz, ArH),
7.86 (m, 1H, ArH), 7.79 (m. |H. ArH), 7.63 (t, 1H, /= 7.81
Hz. ArH). 743 (t. 1H,J = 781 Hz, ArH). 733 (t. I1H,J =
7.81 Hz. ArH), 7.29 (d, 1H, J=7.8]1 Hz, ArH). 7.20 (d. |H.
J=2830Hz. ArH), 6.93 (d. 1H.J = 8.30 Hz. ArH). 6.88 (d.
|H.J=7.81 Hz. ArH), 6.84 (d, 1H, /= 7.81 Hz, ArH). 6.74
(t. IH.J=6.84 Hz, C;H). 5.54 (d, 1H, J = 18.06 Hz, CisH),
543 (m. LH. CyyH), 530 (d, |H. /= 18.06 Hz. C4H), 4.22
(d. IH. /=635 Hz, C;H), 4.15 (d. |lH. /=684 Hz, C:H ).
4.05 (q. IH, J = 5.86 Hz. CsH). 3.95 (s, 3H. C,OCH3), 3.64
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(s. 1H, C4OH), 3.14 (d, IH. J = 18.56 Hz, CgH). 2.91 (d.
1H,J=18.56 Hz, CioH), 2.47 (d. 1H,J = 14.16 Hz. Ci.H).
2.07(d. 1H,J = 14.16 Hz, Cs H), 1.95 (s. 3H, OAc), 1.91 (s.
3H, OAc). 1.83 (in, 2H. C~H), 1.31 (d, 3H, / = 5.86 Hz.
C:CHs); °C NMR (100 MHz. CDCl;) & 206.25, 186.58.
186.09. 169.17, 161.51, 160.77. 160.21. 155.75, 155.08,
13591, 135.88, 135.81, 135.69. 135.22. 135.11, 134.88,
133.44. 130.15. 120.27. 11983, 119.70. 119.24. 11838,
117.50, 11191, L[11.29. 11099, 110.40, 100.25, 9961.
77.11. 7595, 69.13. 68.38. 66.81, 62.15. 56.66, 3541.
33.56, 29.27. 29.17, 2442, 2440. 22,78, 14.22. UV
(CH;0H): Amax (loge) =233 (2.65), 251 (2.00), 495 (0.95):
Mass (FAB™. Na) ni/z 891 (M + Na)*.

Daunomycin-14-palmitate hydrochloride (6). To a solu-
tion of l4-bromo DM (1¢) (0.531 g. 0.79 mmol) and palnutic
acid (0.41 g 1.60 mmol) in acetone (250 mL) were added
triethvlamine (0.45 mL. 3.20 mmol) followed by stirming for
3 hr. After completing the reaction monitored on TLC. the
solvent was evaporated under reduced pressure. To the resi-
due dissolved in dry THF (150 mL) was added ethereal HCI
(1.0 M, 2.4 mL) followed by stiming at -20 °C for 2 hr. The
organic solvent was concentrated by a rotary evaporator and
purified by column chromatography on silica gel (CH-Cl+/
MeOH/HCO-H/H-O=100: 15: 2 : 1) to give DM-pal (6) (0.77
2, 95%) as a red powder: mp 146-148 °C: [a]g +39.95° (¢
0.004, CH-Cl»); IR (KBr) 3457, 2927. 2853. 1738, 1615.
1578, 1412. 1289. 1209, 1116. 987 cm™: 'H NMR (400
MHz. DMSO-ds) & 13.72 (bs, 1H. PhOH). 13.04 (bs. 1H.
PhOH). 8.17 (bs, 2H, NH-), 7.76 (m, |H. ArH). 7.61 (m. LH.
ArH). 7.21 (m. 1H. ArH). 5.79 (m. 1H. CsH), 3.42 (m, |H.
CreH), 330 (d, LH. J= 18535 Hz, C,3H). 5.15 (d. 1H, J =
18.55 Hz, C,3H). 4.90 (m. |H. CyH). 4.19(q. [H..J=5.86
Hz, CsH). 3.92 (s. 3H. C,OCH3). 3.65 (s. |H. C,OH), 3.15
(d, 1H,.J = 1835 Hz. Cye H). 285 (d, 1H. J = 18.55 Hz.
CuomH), 2.44 (t. 2H. J = 7.32 Hz. PalC¢sCH-), 2.37 (d. 1H,J
= 14.65 Hz. CsogH), 2.02 (dd, 1H. J = 14.65. 440 Hz, CeuH),
1.67-1.83 (n. 4H, C-H & PalC;CH>), 1.29 (d. 3H,J/=5.86
Hz, CsCH3), 1.26 (m, [4H. PalC,s~CH-). 0.88 (t. 3H, J =
6.84 Hz, PalCyCH:): “C NMR (100 MHz, CDCly) &
211.23, 186.52. 186.49. 17344, 166.85. 158.14. 157.65,
138.93. 137.68, 134.22, 133.02, 121.71, 118352, 118.32,
112.53, 110.25. 102.62, 76.40. 69.66. 69.13, 68.62. 66.81,
SL.88, 49.14. 4593, 45.76. 45.39. 4536, 36.23, 35.71,
3321, 31.88. 29.69. 29.63. 29.33. 29.34, 29.27, 29.18,
2824, 24.92, 2266, 19.00, 15.62: UV(CH3;OH): Ama
(loge) =210 (2.25). 235 (3.04). 250 (2.41); Mass (FAB*. Na)
m/z 805 (M-HCI + Na)™.

Daunomycin-N-palmitate (7). After the mixture of pal-
mutic acid (0.62 g. 2.42 mmol) and EDCI (0.92 g, 4.80 nunol)
in drv DMF/CHACl» (100 mL, v/v=1 : 10) was stirred on an
ice bath for 30 min and allowed to reach room temperature.
to the stirred solution was added daunomycin hvdrochloride
(1a) (0.68 g, 1.2] mmol) and 4-py¥rrolidinopyridine (0.36 g.
2.43 mmol), followed by stiring for 4 hr. The reaction mix-
ture was extracted with CH-Cl- (200 mL). washed with
water (2x 100 mL) and brine (2x100 mL). dried over
MgSO.. and the solvent was removed under reduced pres-

Bull. Korean Chem. Soc. 2001, Vol. 22, No. 6 591

sure. The residue was punfied by column chromatography
on silica gel (CH-Cl-/hexane/MeQOH=12: 6 : 1) to give DM-
Npal (7) (0.74 g, 96%) as a red powder: mp 96-98 °C: [a]f)
+29.91¢ (¢ 0.004, CH:Cl»); IR (KBr) 3432. 2927. 2853.
1720. 1621, 1578. 1412. 1289, 1209, 1123. 987 em™: 'H
NMR (400 MHz. CDCla) 6 13.91 (s. 1H, PhOH), 13.14 (s,
LH. PhOH). 795 (d, 1H, /= 7.81 Hz, ArH). 7.73 (t. IH,J =
7.81 Hz. ArH), 733 (d, 1H,/ = 7.81 Hz, ArH), 6.02 (d, 1H,
J=830Hz CsH), 544 (d. IH,J=2.93 Hz, C7.(H). 5.12 (d.
IH.J=196Hz, C,H), 421 (q. IH,J =634 Hz, CsH). 4.15
(m. 1H, Ca+H), 4.01 (s. 3H, C;OCHa3). 3.64 (s, |H. C,OH),
3.13 (d, IH. J = 18.55 Hz, CjgH), 2.75 (d. J = 18.55 Hz,
CioaeH). 2.40 (s. 3H. C4CHa), 2.26 (d, |H. J = [4.65 Hz.
CieqH). 2.10 (td, 2H, J = 7.32, 2.93 Hz. NPal-CH-), 2.04 (dd,
LH. J = 14.65. 4.40 Hz, Cg,H), 1.73-1.85 (m. 2H. C-H),
1.53 (t. 2H. J = 6.84, 6.35 Hz. NPal;CH-), 1.28 (d. 3H.J =
6.34 Hz, CsCH3), 1.23 (m, 10H, NPals.sCH-), 1.21 (m, 14H,
NPalo.;sCH-), 0.86 (t, 3H. J = 7.32, 6.35 Hz. NPal;sCH3).
3C NMR (100 MHz. CDCly) § 211.97. 186.49, 186.11,
172.41. 160.65, 156.16. 155.47. 13547, 135.18. 134.24.
133.67, 12394, 120,53, 119.58. 118.22. 111.17, 11097,
100.59, 76.65, 69.86, 69.57. 67.14. 635.50. 56.52, 4523,
42,60, 37.79, 36.79. 35.03. 3333, 31.94. 2995. 29.72,
29.67, 2954, 2941. 29.39. 2932, 25.78. 2496, 2273,
16.81, 14.18; UV(CH:OH): Amax (loge) =250 (2.88), 477
(1.50), 494 (1.50); Mass (FAB™, Na) m/z 789 (M + Na)".
Doxorubicin-N-palmitate (8). After the muxture of pal-
mitic acid (0.34 g, 1.33 mmol) and DCC (0.49 g, 2.38 mmol)
m dry DMF/CH-CI» (100 mL. v/v=1 : 10) was stured on an
ice bath for 30 min and allowed to reach room temperature,
to the stirred solution was added doxorubicin hydrochlornde
(1h) (0.70 g, 1.21 mmol) and DMAP (0.16 g, 1.33 mmol).
with further stirming for 3 hr. The reaction mixture was
extracted with CH-Cl» (200 mL). washed with water (2 x
100 mL) and brine (2 X 100 mL), dried over MgSQ,. and
concentrated under reduced pressure. The residue was puri-
fied by column chromatography on silica gel (CH-Cl-/hex-
ane/MeOH=12 : 6 : 1) to give DX-Npal (8) (0.66 g, 84%) as
a red powder and DXpal-Npal (9) (0.11 g, 11%) as a red
powder. 8 mp 168-170 °C; [¢]7 +299.97° (¢ 0.004,
CH-Cl:). IR (KBr) 3443, 2927, 2853, 1726. 1621. 1584,
1418. 1289, 1209. 1123. 1086, 1018. 987 cm™: 'H NMR
(400 MHz. CDCla) 6 13.88 (s. LH. PhOH). 13.08 (s, 1H,
PhOH), 7.94 (d, |H. J= 781 Hz. ArH). 7.74 (t, |LH../ = 7.81
Hz. ArH), 7.34 (d. 1H, /=781 Hz, ArH). 6.04 (d. lH. J =
830Hz C4H). 545 (d. IH,J=342 Hz, C3.H). 5.14 (s. I1H,
CyH), 4.75 (s, 2H. C4CH>). 4.55 (bs, IH. C,;OH), 4. 14 (m,
2H. C3&CsH), 4.02 (s, 3H. C;0 CH3), 3.63 (s, |H. C4OH),
315 (d. 1H. J = 19.04 Hz. CiieH). 2.81 (d. 1H. J = 19.04
Hz. CiooH). 2.29 (d. 1H, J = 14.65 Hz, Cy.H). 2.12 (t, 2H. J
= 488 Hz, NPal-CH-), 2.09 (dd. |H. J = 14.65, 4.40 Hz,
CiacH). 1.73-1.84 (m, 2H, C-H). 1.53 (t. 3H. J = 7.33 Hz,
NPal;CH-), 1.28 (d. 3H,J = 6.35 Hz, C+CHa), 1.23 (m, L0OH,
NPaly.sCH-), 1.20 (m, 14H, NPalo.s:CH-), 0.86 (t. 3H. J =
7.33 Hz, NPal;sCH;3); “C NMR (100 MHz. CDCly) §
213.59, 186.46. 186.05, 17246, 160.64, 155.96. 155.20.
13553, 135.09. 13348, 133.42. 12044, 119.62, 118.28.
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111.25, 111.06, 100.63, 76.40, 69.54. 69.48, 67.26, 65.49.
56.52, 45.12. 42.70, 42.15, 37.89. 36.76, 35.66, 33.82.
31.93, 29.89, 29.709. 29.67, 29.53, 29.40, 29.37. 29.31.
2575, 24.95. 2272, 1688, 14.18; UV(CH:;OH): Amax
(loge) = 234 (3.05). 251 (2.38). 495 (1.12); Mass (FAB*. Na)
m/z 805 (M + Na)",

Doxorubicin-dipalmitate (9). After the mixture of pal-
mutic acid (0.77 g. 3.00 mmol) and EDCI (0.92 g, 4.80 nunol)
in drv DMF/CHCl» (v/v=1 : 10. 200 mL) was stirred on an
ice bath for 30 min and allowed to reach room temperature.
to the stirred solution was added doxorubicin hvdrochloride
(1b) (0.68 g, 1.21 mmol) and 4-pyvrrolidinopyridine (0.36 g,
2.43 mmol), followed by further stirring for 10 hr. The reac-
tion mixture was extracted with CHACl- (200 mL), washed
with water (2 x 100 mL) and brine (2 x 100 mL), dried over
MgSO.. and concentrated under reduced pressure. The resi-
due was punfied by column chromatography on silica gel
(CH-Cl~/hexane/MeOH=12 : 6 : 1) to give DXpal-Npal (9)
(0.94 g, 92%) as ared powder and DX-Npal (8) (0.06 g, 3%)
as a red powder. 9: mp 92-95 °C: [¢]3' +139.94° (¢ 0.004.
CHAClL:): IR (KBr) 3432. 2927. 2865, 1744, 1627. 1578.
1412, 1289, 1215. 1116, 987 em™: '"H NMR (400 MHz.
CDCl;) 6 13.95 (s, 1H. PhOH). 13.20 (s. 1H, PhOH), 8.02
(d, 1H, .J = 7.81 Hz, ArH). 7.77 (t. 1H, J = 7.8] Hz, ArH).
735 (d. IH.J=7.81Hz, ArH). 5.80 (d. |H,.J=830 Hz. C;H),
548(d. 1H,J =342 Hz. CsiH). 5.33 (d, IH,J = 18.07 Hz.
CiaH), 525 (d, IH.J=1.47Hz, C,H), 5.08 (d, IH,.J = [8.07
Hz, Ci;H). 422 (q. 1H..J = 6.35 Hz, CzH). 4.14 (n. LH, C5H),
4.07 (s. 3H, C;OCH3). 3.64 (s. |[H. C;OH). 326 (d. IH,J =
19.04 Hz, CegH). 2.97 (d. |H. J = 19.04 Hz. Cin H), 2.46
(m. 3H, CgH & PalCisCH-), 2.04-2.42 (m, 3H, CgH.
NPal-CH»), 1.66-1.88 (m. 4H. C+H & Pal C{;CH-), 1.55 (t.
3H,J =732, 6.84 Hz. NPal;CH-), 1.31 (d. 3H,/=6.35 Hz.
CsCHs). 1.26 (m. 24H, PalCjs.~CH»), 1.23 (m. 24H.
NPala.1sCH=), 0.88 (t, 3H, J = 7.32, 6.35 Hz. PalCsCHs).
0.87 (t, 3H. J = 6.84 Hz, NPal;gMe): °C NMR (100 MHz.
DMSO-ds) 6 20649, 186.81, 186.35, 179.08, 173.08,
173.04. 172.30, 160.81, 156.08. 155.61. 147.03, 138.79,
135,57, 135.38, 133.53, 127.34, 120.76, 119.73. 118.28,
111.40, 111.23. 108.05, 103.14, 102.50. 100.56. 100.50,
77.16, 69.80. 69.74. 69.70. 67.25. 65.89, 56.66, 45.10,
3831, 3824 36.85. 3557. 33.99. 33.90, 33.70, 31.99,
30.10, 29.78. 29.73. 29.72. 29.70. 29.55, 29.44, 29.42,
2937, 2932, 29.20. 25.78. 25.02. 23.56, 22.78, 16.82,
14.22: UV(acetone): Ama (loge) =237 (1.59), 477 (0.93).
495 (0.58): Mass (FAB*. Na) m/z 1043 (M + Na)".
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