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The potential anticancer agents, new anthracycline analdj@ghgve been synthesized from the glycosides
daunomycin {a) and doxorubicinib). Compound® and6 were prepared by nucleophilic displacement es-
terification of a 14-bromodaunomycibd) with sodium or potassium salts of butyric andralhsretinoic acid,
respectively. Compoundsand? were obtained from daunomycita] by direct amidation with a butyric and

all transretinoic acid in the presence of EDCI and PP, respectively. Compéuamii8 were obtained from
doxorubicin (b) by reaction with the corresponding acids in the same manner. Compoamdswere pre-

pared from doxorubicinlp) by acylation with two equivalents of the corresponding acids under the same re-
action conditions.
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Introduction the proliferation of the human gastric cancer, breast cancer,
and colon cancer have been approtedRecently, we
The anthracycline antibiotics daunomycira) and adria- reported the synthesis of a new anthracyclinone by the cou-
mycin (1b) (Figure 1) are clinically effective anticancer pling of 14-OH of the aglycon ihb with a butyric acid.In
chemotherapeutic agents against several types of humaonnection with the recent studies, we attempted to prepare
cancers as well as various experimental turibksowever, some new glycosides starting directly from commercially
their uses for cancer chemotherapy are seriously hamperedailable drugs, not intermediates. Here, we report in the
by their side effects, especially peroxyl radical effected carpresent study the synthesis of new anthracycline derivatives
diotoxicity.® The cardiotoxicity that appeared as an acute owia coupling of G,-OH and G-NH, in DM (1a) and DX
chronic disease has affected a depression of systole functiofi,b) with two kinds of acid molecules, butyric and retinoic
arrhythmia, hypotensiortc There are many hypotheses on acid expecting diminished cardiotoxicity and undesirable
the source of cardiotoxicity, but the hypothesis that carside effects.
diotoxicity is related with the formation of oxygen radicals
and the oxidation of lipids has been supported recently. Results and Discussion
Many published results show the reduction of cardiotoxic-
ity by diminishing peroxidative damages through blending In the previous papers, we describe the total synthesis of
retinoic acid and doxorubicfhA lot of patents concerning anthracyclinone derivatives through Michael-type conden-
the sodium or potassium salts of butyric acid, which arressatiort®*® or Friedel-Crafts acylatioht* We reported the
successful preparation of a new aglycon containing an ester
linkage at C-14 position through a nucleophilic displace-
ment esterification methdd® In the present study we
attempted to directly prepare some new anthracycline ana-
logues from commercially available anticancer agents, such
as daunomycin 1@ and doxorubicin Xb). Several new
anthracycline derivatives were synthesized usingaeyda-
tion methods (Scheme 1). The synthesis of 14-bromo DM
(1) was accomplished by the known procedtré.All
compounds 2-9) were obtained through the acylation of a
OH hydroxyl group at C-14 site in the aglycon and/or amino
Figure 1. Structures of two clinically important daunomycis ~ group at C-3' position in the glycon with sodium butyrate,
and doxorubicin1b). butyric and altransretinoic acid.
DM-bu (2) and DM-re 6), potential prodrugs, were pre-
"To whom correspondence should be addressed. Tel: +82-63-27pared by the reaction of 14-bromo DI with a butyric or
3413; Fax: +82-63-270-3408; e-mail: ysrho@moak.chonbuk.ac.kall trans retinoic acid in which could occur the cleavage of
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Scheme 1Synthesis of new anthracycline analog@s)(

the ester bond at C-14 by an oxidation enzyme in the humanMany attempts to prepare DM-Nb8) (and DX-Nbu 4)
body. For the purpose of comparing the activity @nd6, through direct coupling of the NHCI in daunomycin 1a)
carboamidation compounds, DM-Nbw),( DX-Nbu @), or doxorubicin {b) with butyric acid using DCC/DMAP
DM-Nre (7), and DX-Nre 8), were synthesized by amida- failed?* Reactants and DCU (dicyclohexylurea) were
tion of amino group at C-3' of sugar moietylenor 1b with observed as main products. Eventually, DM-NBy was
the corresponding acids. In additioN-acylation com-  synthesized by coupling of the MHCI in 1a with butyric
pounds, DXbu-Nbu&g) and DXre-Nre 9), were prepared acid using 1-[3-(dimethylamino)propyl]-3-ethylcarbodi-
through the esterification of 16OH in DX (1b) with the  imide hydrochloride (EDCI) in the presence of catalytic
corresponding acids followed by amidation of an aminoamounts of 4-pyrrolidinopyridine (PB52 DX-Nbu (4) was
group at the sugar moiety with the corresponding acids.  synthesized from DX1{) as described for the preparation
First, DM-bu @) was synthesized as follow: To a 14- of DM-Nbu (3). However, for the reaction @b competition
bromo DM (Lc) prepared by introducing Br atom at C-14 between the hydroxyl at C-14 and the amine group was
position of1at® was added a solution of sodium butyrate inobserved. Both products DX-Nbd)(and DXbu-Nbu %)
acetone; the solution was stirred at refluxing temperature fowere formed, the products ratio depended on the amounts of
5 hrl”-% After removing the solvent under reduced pressurebutyric acid and EDCI. DXbu-Nbub) was prepared using
the residue was dissolved in THF, etheral HCI was added.2 equivalent of the corresponding acid and EDCI.
the mixture was stirred at -2Q for 2 hr and stirred at room  Synthesis of DM-Nre?) and DX-Nre 8) was carried out
temperature for 3 hr to afford DM-b@)( However, because as follow: All transretinoic acid and EDCI (1.2 equivalent)
all trans retinoic acid was very sensitive to normal roomwas dissolved in dry DMF with protection from light and
lighting, it was easily transformed ¢ form-22DM-re (6) stirred at °C for 30 min; to the reaction mixture was added
was prepared without refluxing, unlike the procedureDM (1a) or DX (1b) and catalytic amounts of PP, and then
described for the preparationz)fas follow: To a solution of the mixture was stirred at room temperature for 4 hr to give
DM-Br (1¢) and alltransretinoic acid dissolved in acetone DM-Nre (7) and DX-Nre 8).
with protection from light was added triethylamine (1.2 eq); DXre-Nre @) was synthesized frorhb as described for
the mixture solution was stirred at room temperature for 4he preparation 08 by increasing the amounts of &thns
hr2® After removing the solvent under reduced pressure, theetinoic acid (2.2 eq), EDCI (2.5 eq), and the reaction time
residue was dissolved in THF, to this was added etheral HC{ca. 25 hr).
followed by stirring at -20C for 2 hr, and further stirring at ~ The cytotoxic activities of anthracycline derivativ@s9j
room temperature for 3 hr to give DM-®).( against two kinds of human tumor cells (SNU-16 and MCF-
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Table 1. Comparison of thé vitro cytotoxicity of anthracycline  the solvent was evaporated. The residue was dissolved in dry

derivatives 2-9) and adriamycin on human tumor cell lines THF (150 mL), etheral HCI was added, and the mixture was
ICsc° (M) stirred at -20C for 2 hr and further stirred at room tempera-
Agents ture for 3 hr. The organic solvent was concentrated by a

SNU-16 SNU-16/Adr MCF? MCF7/Adr . -
rotary evaporator and the residue was purified by column

Adriamycin 016 035219 029  0.43(1.48) chromatography on silica gel (GEl/CH;OH/HCOH/H,0

8.86  7.89(0.89) 0.35 0.63(1.80)  —gg:15:2: 1) to give daunomycin-14-butyrate hydrochlo-
14.42  28.82(1.99) 2882  29.55(1.03) ide @,0.17 g, 76%) as a red powder: mp 170-472[a] 2

9.65  951(098) 5202 5383(103) 24997 (c 0.004, CHOH); IR (KBr) 3445, 2939, 1726,
9.72 876090 401 2L155.27) 1689, 1615, 1578, 1443, 1289, 1258, 1184, 1153, 1018, 987
534 422079 439 559(1.27) oyl 4 NMR (400 MHz, DMSO€g) & 14.00 (s, 1H,
875 832095 943 1805(1.91)  phoH), 13.30 (s, 1H, PhOH), 8.15 (s, 2HNE), 8.02 (d,

8.31  8.56(1.03) 19.20 9.45(0.49) 1H, J = 7.81 Hz,ArH), 7.81 (dd, 1H,J = 8.30, 7.81 Hz,

9 9.23 904098 131 1137(087)  ArH), 7.42 (d, 1HJ = 8.30 Hz, ArH), 5.51 (s, 1H,7GH),
®Human stomach adenocarcinonfiluman breast adenocarcinoma. 5,30 (d, 1HJ =18.07 Hz, @H), 5.22 (s, 1H, €H), 5.16 (d,
CConcentra'tion inhibiting colony growth by _50(?Relative resistance 1H, J = 18.07 Hz, GH), 4.96 (s, 1H, GOH), 4.16 (g, 1H,)

(ICso of resistant cell lines/l¢g of parental cell lines). = 6.35 Hz, GH), 4.08 (s, 3H, QOCHy), 3.80 (s, 1H, GOH),
3.65 (m, 1H, GH), 3.26 (d, 1H,J = 19.04 Hz, GoeH), 3.02

7) and their adriamycin-resistant cell lines were shown in(d, 1H,J = 19.04 Hz, Go,H), 2.44 (t, 2H,J = 7.32 Hz,
Table 1. Although compound8-0) show lower value of CyeH), 2.17 (dd, 2HJ = 16.11, 5.37 Hz, £&£H), 2.04 (t, 1H,
resistance index than adriamycin, the dhlgxhibited cyto- J=13.18, 3.91 Hz, £H), 1.86 (dd, 1HJ = 16.11, 2.93 Hz,
toxic activity equivalent to adriamycin against MCF7. TheseCgaH), 1.72 (m, 1HJ = 7.32 Hz, G/H), 1.38 (dd, 1H)] =
results indicate that acylation of C-14 OB fnaintains the  13.18, 4.88 Hz, &H), 1.32 (d, 3HJ = 6.35 Hz, GCH),
activity inherent in the parent anthracycline antibiotics,1.01 (t, 3H,J = 7.32 Hz, GgH); *C NMR (100 MHz,
whereas amidation of 3'-NH3-5 and7-9) causes a decrease DMSO-dg) J 207.54, 186.27, 186.16, 172.00, 163.38,
in the antibiotic activity. 160.55, 154.14, 136.11, 134.52, 133.64, 119.79, 119,62,

We synthesized the new anthracycline analogues, which18.85, 110.62, 110.54, 99.13, 74.97, 69.56, 66.05, 65.34,
are expected to exhibit biological activity as potential anti-56.57, 46.54, 45.57, 38.87, 36.02, 35.00, 31.82, 17.98,
cancer agents. Further detail studies on the results of biolod6.65, 13.42; UV(CEDH): Amax (loge) = 252 (1.04), 233

O ~NO UL WN

ical test will be reported in the future. (2.16), 203 (1.34); Mass (FABNa) m/z 637 (M-HCI +
Na)".
Experimental Section Daunomycin-3'N-butyriccarboamide (3). After the

mixture of butyric acid (0.06 mL, 0.64 mmol) and EDCI

All reactions were carried out under argon atmospheré€0.20 g, 1.06 mmol) in dry DMF (200 mL) was stirred in ice
with dried glassware. All solvents were carefully dried andbath for 30 min and allowed to warm to room temperature,
distilled by literature procedufé.Bulk grade hexane was to the stirred solution was added daunomycin hydrochloride
distilled before use. Merck pre-coated silica gel plates (Art(1a 0.30 g, 0.53 mmol) and catalytic amounts of 4-pyrrolid-
5554) with fluorescent indicator were used as analyticalnopyridine, and the mixture was then stirred for 12 hr. The
TLC. Gravity column chromatography and flash columnresulting mixture was dissolved in @&, (200 mL),
chromatography were carried out on silica gel (230-400vashed with water (200 mL) and brine (& 200 mL),
mesh from Merck)'H and**C NMR spectra were recorded dried over MgS@ and the solvent was removed under
on a JEOL JNM EX-400 spectrometer. Chemical shifts wereeduced pressure. The residue was purified by column
internally referenced to TMS fdH or to solvent signals for chromatography on silica gel (@El/hexane/CHOH=
13C. Infrared spectra were recorded on a Nicolet 5-DXB12:6:1) to give daunomycin-8l-butyriccarboamide 3
series FT-IR spectrophotometer. Mass spectra were obtain@¥3.38 mg, 86%) as a red powder: mp 158-60[a]3°
on a JEOL JMS HX-110/110A Tandem mass spectrometer50.00 (c 0.004, CHOH); IR (KBr) 3420, 2939, 1720,
(FAB*, ESI). UV-VIS absorption spectra were recorded on al633, 1584, 1535, 1418, 1289, 1209, 1123, 987;cid
Hitachi-556 spectrophotometer. Optical rotations wereNMR (400 MHz, CDCJ) 6 13.93 (s, 1H, PhOH), 13.18 (s,
determined using the Rudolph AUTOPOL IV apparatuslH, PhOH), 7.87 (d, 1Hl = 7.81 Hz, ArH), 7.74 (dd, 1H,
with a 0-100-1.5 polarimeter sample tube. Melting points= 8.30, 7.81 Hz, ArH), 7.34 (d, 1d,= 8.30 Hz, ArH), 6.03
were obtained on a Biichi 510 melting point apparatus an¢, 1H,J = 8.79 Hz, GH), 5.46 (d, 1HJ = 2.93 Hz, G.H),
are uncorrected. 5.17 (d, 1HJ = 1.46 Hz, GH), 4.48 (s, 1H, €OH), 4.20 (q,

Daunomycin-14-butyrate hydrochloride (2) A solution  1H,J= 6.84 Hz, GH), 4.03 (s, 3H, @OCHs), 3.63 (s, 1H,
of 14-Bromodaunomycin hydrochloriddqf 0.22 g, 0.34 C,OH), 3.15 (d, 1HJ = 18.55 Hz, GoeH), 2.88 (M, 1H,
mmol) prepared from daunomycin hydrochloride)f'®  CzH), 2.79 (d, 1H,J = 18.55 Hz, GaH), 2.40 (s, 3H,
and sodium butyrate (0.45 g, 4.13 mmol) in acetone (30@.14sCHs), 2.28 (d, 1HJ = 14.65 Hz, G.H), 2.09 (id, 2H, =
mL) was refluxed for 5 hr. Upon completion of the reaction7.33, 3.42 Hz, BuC}), 2.05 (dd, 1HJ = 14.65, 3.91 Hz,
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CsaH), 1.89-1.75 (m, 2H, £H), 1.57 (m, 2HJ = 7.33 Hz, = doxorubicin-14,3N-dibutyrate §, 0.19 g, 81%) as a red
BuCHy), 1.28 (d, 3H,) = 6.35 Hz, GCH3), 0.88 (t, 3HJ = powder: mp 120-122C; [a]3° +74.99 (c 0.004, CHOH);
7.33 Hz, BuCH); **C NMR (100 MHz, CDGJ) 6 211.94, IR (KBr) 3444, 2927, 2953, 1738, 1633, 1584, 1418, 1289,
186.57, 186.18, 172.14, 162.33, 160.68, 156.57, 155.511209, 1116, 1018, 987 ¢c'H NMR (400 MHz, CDCJ) &
135.46, 135.22, 134.25, 133.89, 120.59, 119.59, 118.2213.92 (s, 1H, PhOH), 13.15 (s, 1H, PhOH), 7.99 (d,JIH,
111.19, 111.00, 100.64, 76.57, 69.90, 69.52, 67.15, 56.55,.81 Hz, ArH), 7.75 (dd, 1H, J = 8.30, 7.81 Hz, ArH), 7.36
45.18, 38.61, 35.07, 33.34, 29.97, 19.16, 16.81, 13.72(d, 1H,J = 8.30, Hz, ArH), 5.90 (d, 1Hl = 8.30 Hz, GH),
UV(CH3OH): Amax (loge) =252 (0.71), 230 (1.00), 203 5.47 (s, 1H, @H), 5.33 (d, 1HJ = 18.06 Hz, G&H), 5.21
(0.73); Mass (FAB, Na) m/z 621 (M + N4d) (s, 1H, GH), 5.09 (d, 1HJ = 18.06 Hz, GH), 4.58 (s, 1H,
Doxorubicin-3'-N-butyriccarboamide (4). After the  CyOH), 4.21 (g, 1H,J = 6.34 Hz, GH), 4.04 (s, 3H,
mixture of butyric acid (0.04 mL, 0.41 mmol) and EDCI C,OCH), 3.64 (s, 1H, @OH), 3.23 (d, 1HJ = 19.04 Hz,
(0.13 g, 0.69 mmol) in dry DMF (200 mL) was stirred in an CigeH), 2.95 (d, 1HJ = 19.04 Hz, GaH), 2.88 (m, 1H,
ice bath for 30 min and allowed to warm to room tempera-CzH), 2.45 (t, 2H,) = 7.32 Hz, GH), 2.29 (d, 1HJ = 12.14
ture, to stirred solution was added doxorubicin hydrochlo-Hz, GeH), 2.13 (dd, 1H,] = 12.14, 3.91 Hz, &H), 2.09
ride (Lb, 0.20 g, 0.35 mmol) and catalytic amounts of 4-(td, 2H,J = 7.33, 3.42 Hz, BuC#), 1.83 (m, 2H, gH), 1.75
pyrrolidinopyridine, and the mixture was stirred for 3 hrs.(m, 2H,J = 7.33 Hz, ¢H), 1.59 (m, 2H,J = 7.35 Hz,
The resulting mixture was dissolved in &Hb (200 mL),  BuCH,), 1.32 (d, 3H,) = 6.84 Hz, GCHg), 1.01 (t, 3HJ =
washed with water (2 200 mL) and brine (2 200 mL),  7.33 Hz, GgH), 0.89 (t, 3H,J = 7.33 Hz, BUCH); *C NMR
dried over MgS@ and the solvent was removed under (100 MHz, CDC}) J 206.49, 186.67, 186.23, 172.83,
reduced pressure. The residue was purified by column chrd-72.13, 172.13, 160.74, 156.04, 155.50, 135.55, 135.27,
matography on silica gel (GBI/CH;OH=12:1) to give 133.79, 133.53, 120.62, 119.68, 118.27, 111.32, 111.14,
doxorubicin-3'N-butyric carboamide4( 0.18 g, 80%) as a 100.61, 77.13, 69.82, 69.67, 67.27, 65.87, 50.61, 45.12,
red powder: mp 162.5-16%C; [a]3° +124.98 (c 0.004, 38.66, 35.81, 35.50, 33.60, 30.04, 19.18, 18.51, 16.80,
CH3OH); IR (KBr) 3432, 2927, 2853, 1726, 1633, 1584, 13.75, 13.73; UV(CKDH): Amax (loge) =251 (1.04), 233
1418, 1289, 1209, 1116, 1018, 987 tmH NMR (400  (1.49), 203 (1.01); Mass (FABNa) m/z 707 (M + Nd)
MHz, CDCE) 4 13.96 (s, 1H, PhOH), 13.20 (s, 1H, PhOH), Daunomycin-14-retinoate hydrochloride (6) After 14-
8.02 (d, 1HJ = 7.81 Hz, ArH), 7.78 (dd, 1H,=8.30, 7.81  bromodaunomycin hydrochloridd¢ 0.22 g, 0.34 mmol)
Hz, ArH), 7.38 (d, 1H,J = 8.30 Hz, ArH), 5.85 (d, 1H = and alltransretinoic acid (0.12 g, 0.41 mmol) was dissolved
8.79 Hz, GH), 5.45 (d, 1HJ)=3.91 Hz, GeH), 5.25 (d, 1H, in acetone (300 mL), to the mixture was added triethyl
J=1.46 Hz, GH), 4.76 (s, 2H, @H), 4.53 (s, 1H, ¢OH), amine (0.06 mL, 0.41 mmol), and the mixture was then
4.16 (g, 1HJ = 6.84 Hz, GH), 4.07 (s, 3H, @®CHs), 3.63  stirred at room temperature for 4 hr. After removing the sol-
(s, 1H, GOH), 3.25 (d, 1HJ = 18.55 Hz, GueH), 3.04 (m,  vent by a rotary evaporator, an etheral HCl in dry THF (200
1H, GH), 2.96 (d, 1H,J = 18.55 Hz, GoaH), 2.32 (d, 1H, mL) was added to the reaction mixture. The resulting mix-
= 12.14 Hz, GH), 2.16 (dd, 1HJ = 12.14, 3.91 Hz, ture was stirred at -28C for 2 hr, further stirred at room
CsaH), 2.10 (td, 2HJ = 7.33, 2.93 Hz, BuC}), 1.83 (dt, temperature for 3 hr, and then the solvent was removed
1H,J=13.65, 4.88 Hz, & H), 1.73 (dd, 1HJ) = 13.65, 3.60  under reduced pressure. Purification of the residue by col-
Hz, GaH), 1.60 (m, 2H,J = 7.33 Hz, BuCH), 1.29 (d, 3H, umn chromatography (GEl./CH;OH/HCGH/H,0O=88
J=6.84 Hz, GCHs), 0.90 (t, 3HJ = 7.33 Hz, BuCH); **C- :15:2:1) gave pure daunomycin-14-retinoate hydrochlo-
NMR (100 MHz, CDC}) §213.71, 186.89, 186.45, 172.19, ride (6, 0.25 g, 85%) as a red powder: mp 181-482 [a]3°
160.88, 156.07, 155.50, 135.66, 135.38, 133.50, 133.47%124.98 (c 0.004, CHOH); IR (KBr) 3334, 2952, 1723,
120.72, 119.78, 118.35, 111.49, 111.31, 100.709, 78.271670, 1560, 1381, 1024, 984 ¢m'H NMR (400 MHz,
69.72, 69.73, 67.22, 65.55, 56.65, 45.02, 38.65, 35.73DMSO-0s) 6 13.40 (s, 1H, PhOH), 12.74 (s, 1H, PhOH),
33.98, 30.05, 19.14, 16.88, 13.72; UV(§EHH): Amax (loge) 7.45 (m, 1H, ArH), 7.35 (m, 1H, ArH), 7.00 (t, 18z 12.21
=251 (0.84), 233 (1.26), 203 (0.79); Mass (FARa) m/z  Hz, GdH), 6.90 (m, 1H, ArH), 6.28 (d, 2H] = 15.62 Hz,
637 (M + Naj. Cis2H), 6.14 (d, 2HJ = 16.11 Hz, GH), 5.87 (s, 1H,
Doxorubicin-14,3'-N-dibutyrate (5). After the mixture  CieH), 5.30 (s, 2H, GCHy), 5.13 (s, 1H, €H), 4.61 (s, 1H,
of butyric acid (0.07 mL, 0.76 mmol) and EDCI (0.17 g, CreH), 4.13 (s, 1H, €H), 3.82 (m, 2H, €H), 3.71 (s, 3H,
0.86 mmol) in dry DMF (200 mL) was stirred in an ice bath C;OCHg), 3.04 (s, 1H, @eH), 2.74 (S, 1H, GaH), 2.32 (s,
for 30 min and allowed to warm to room temperature, to the8H, G7CHz), 2.03 (m, 3H, @H&C2sCH,), 1.99 (s, 3H,
stirred solution was added doxorubicin hydrochloridle, ( C1CHs), 1.89 (m, 1H, @H), 1.79 (s, 3H, @&CHs), 1.62
0.20 g, 0.35 mmol) and catalytic amounts of 4-pyrrolidino-(m, 2H, G/CH,), 1.48 (m, 2H, @CH,), 1.25 (s, 3H,
pyridine, and the mixture was stirred for 28 hr. The resultingCsCHs), 1.04 (s, 6H, @2CHy); *C NMR (100 MHz,
mixture was extracted with GBI, (300 mL), washed with DMSO-ds) & 206.84, 206.75, 185.37, 185.06, 167.77,
water (2x200 mL) and brine (& 200 mL), dried over 165.92, 160.12, 155.78, 154.81, 153.96, 139.69, 137.56,
MgSQOs, and the solvent was removed under reduced prest37.16, 134.89, 134.37, 133.89, 133.66, 131.33, 129.89,
sure. The residue was purified by column chromatography29.46, 128.60, 119.68, 118.93, 118.93, 118.07, 117.34,
on silica gel (CHClyhexane/CHOH=12:2:1) to give 110.62, 110.37, 99.85, 77.20, 76.54, 69.47, 67.07, 66.46,
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65.38, 56.41, 47.48, 39.68, 35.52, 34.33, 33.20, 30.99, 29.76ne); IR (KBr) 3442, 2945, 1729, 1621, 1584, 1528, 1420,

29.06, 21.88, 19.33, 16,64, 14.13, 13.04; UV{COH): Amax

(loge) =210 (1.65), 327 (1.24), 478 (1.28); Mass (FABa)

m/z 849 (M-HCI + Na).
Daunomycin-3'-N-retincarboamide (7). After the mix-

1289, 1209, 1116, 1078, 984 ¢miH NMR (400 MHz,
CDCk) 8 13.96 (s, 1H, PhOH), 13.13 (s, 1H, PhOH), 7.94
(d, 1H,J = 7.81 Hz, ArH), 7.73 (dd, 1H),= 8.30, 7.81 Hz,
ArH), 7.34 (d, 1H,J = 8.30 Hz, ArH), 6.84 (dd, 1H] =

ture of alltransretinoic acid (0.19 g, 0.64 mmol) and EDCI 15.14, 11.23 Hz, RAH), 6.22 (d, 1H,J = 16.11 Hz,
(0.20 g, 1.06 mmol) in dry DMF (200 mL) was stirred in an RA;,H), 6.16 (d, 1H,J = 15.14 Hz, RAH), 6.08 (d, 1H,] =
ice bath for 30 min and allowed to reach room temperaturel5.14 Hz, RAH), 6.05 (d, 1HJ = 11.23 Hz, RAJH), 5.61
to the stirred solution was added daunomycin hydrochloridégs, 1H, RA4H), 5.47 (s, 1H, &H), 5.17 (s, 1H, €H), 4.76
(13, 0.30 g, 0.53 mmol) and catalytic amounts of 4-pyrroli- (s, 2H, G4H), 4.59 (s, 1H, €DH), 4.17 (bd, 2H)=5.86 Hz,
dinopyridine, and the mixture was then 4 hr of stirring. TheC3&CsH), 4.02 (s, 3H, @OCHg), 3.67 (s, 1H, @OH), 3.16
resulting mixture was extracted with gt (200 mL), (d, 1H,J = 18.55 Hz, GH), 2.83 (d, 1HJ = 18.55 Hz,
washed with water (22200 mL) and brine (& 200 mL),  CjoaH), 2.30 (d, 1H,J = 14.16 Hz, GH), 2.24 (s, 3H,
dried over MgS@ and the solvent was removed under RA15CHs), 2.15 (d, 1HJ = 14.16 Hz, GH), 2.01 (m, 1H,
reduced pressure. The residue was purified by column chrd&zzeH), 1.94 (s, 3H, RACHs), 1.84 (m, 1H, G,H), 1.69 (s,
matography (CbCl,/hexane/CHOH=12:6:1) to give 3H, RACH3), 1.60 (m, 2H, RACH;), 1.45 (m, 2H,
daunomycin-3N-retincarboamide7( 0.40 g, 92%) as a red RA,CHs), 1.28 (d, 3H,) = 6.35 Hz, GCHs); *H NMR (100

powder: mp 150-152C; [a]3° +98.99 (c 0.004, acetone);

MHz, CDCk) 6 213.63, 186.48, 186.07, 166.22, 160.68,

IR (KBr) 3432, 2939, 1720, 1627, 1578, 1529, 1418, 1289155.98, 155.24, 148.86, 138.63, 137.51, 137.10, 135.52,

1209, 1123, 990 criy *H NMR (400 MHz, CDG)) §13.89
(s, 1H, PhOH), 13.12 (s, 1H, PhOH), 7.93 (d, 1+, 7.81
Hz, ArH), 7.71 (dd, 1H, = 8.30, 7.81 Hz, ArH), 7.31 (d,
1H, J = 7.81 Hz, ArH), 6.83 (dd, 1H} = 15.14, 11.23 Hz,
RA1H), 6.22 (d, 1H,) = 16.11 Hz, RAH), 6.12 (d, 1H,] =
15.14 Hz, RAH), 6.09 (d, 1H,J = 15.14 Hz, RAH), 6.04
(d, 1H,J = 12.70 Hz, RAH), 5.61 (s, 1H, RAH), 5.46 (s,
1H, GreH), 5.12 (s, 1H, €H), 5.46 (s, 1H, €OH), 4.22 (m,
2H,J = 6.34 Hz, G&CsH), 3.99 (s, 3H, GQOCHy), 3.69 (d,
1H,J = 6.84 Hz, GOH), 3.12 (d, 1HJ = 18.55 Hz, GoeH),
2.81 (d, 1HJ = 7.81 Hz, GH), 2.72 (d, 1H,J = 18.55 Hz,
CioaH), 2.40 (s, 3H, ©CHs), 2.24 (s, 3H, RACH;), 2.06-
1.99 (m, 2H, @H), 1.93 (s, 3H, RACH,), 1.89-1.78 (m,
2H, GH), 1.69 (s, 3H, RACHs), 1.60 (m, 2H, RACH,),
1.45 (m, 2H, RACH,), 1.28 (d, 3H,J = 6.84 Hz, GCH),
1.01 (s, 6H, RA2CHy); 3C NMR (100 MHz, CDGJ) &

135.20, 135.11, 133.54, 133.42, 129.73, 129.64, 129.37,
128.07, 120.92, 120.47, 119.61, 118.29, 111.26, 111.06,
100.76, 76.43, 69.60, 69.48, 67.32, 65.51, 56.54, 45.12,
39.60, 35.67, 34.26, 33.83, 33.11, 29.92, 29.72, 28.92,
21.78, 19.27, 16.92, 13.58, 12.89; UV(acetoAg)x (loge)
=210 (1.06), 327 (0.24), 478 (0.19); Mass (FARa) m/z

849 (M + Naj.

Doxorubicin-diretinoate (9). After the mixture of all
trans retinoic acid (0.23 g, 0.76 mmol) and EDCI (0.17 g,
0.86 mmol) in dry DMF (200 mL) was stirred in an ice bath
for 30 min and allowed to reach room temperature, to the
stirred solution was added doxorubicin hydrochloritle, (
0.20 g, 0.35 mmol) and catalytic amounts of 4-pyrrolidi-
nopyridine, and the mixture was stirred for 10 hr. The result-
ing mixture was extracted with G&l, (200 mL), washed
with water (2x 200 mL) and brine (& 200 mL), dried over

212.02, 186.38, 185.99, 166.19, 160.61, 156.16, 155.4MgSQ, and the solvent was removed under reduced pres-
148.64, 138.52, 137.50, 137.11, 135.40, 135.23, 135.1%ure. The residue was purified by column chromatography
134.23, 133.92, 129.61, 129.59, 129.39, 127.99, 121.03)n silica gel (CHCl/hexane/CHOH=12:6:1) to give
120.47, 119.53, 118.20, 111.11, 110.92, 100.72, 76.55.0mpound (0.34 g, 89%) as a pale red solid: mp 138-140
69.92, 69.50, 67.20, 56.46, 45.23, 39.60, 35.02, 34.24C; [a]3’ +25.00 (c 0.004, acetone); IR (KBr) 3449, 2938,
33.30, 33.10, 29.92, 28.96, 24.95, 21.76, 19.26, 16.821723, 1621, 1584, 1528, 1418, 1289, 1209, 1123, 98% cm

14.17, 13.56, 12.87; UV(aceton@)ax (loge) = 209 (0.51),
328 (0.32), 336 (0.32); Mass (FABNa) m/z 833 (M + Nd)
Doxorubicin-3'-N-retincarboamide (8). After the mix-

'H NMR (400 MHz, CDCJ) 4 13.91 (s, 1H, PhOH), 13.15
(s, 1H, PhOH), 7.98 (d, 1H,= 7.81 Hz, ArH) 7.75 (dd, 1H,
J = 8.30, 7.81 Hz, ArH), 7.36 (d, 1H,= 8.30 Hz, ArH),

ture of alltransretinoic acid (0.12 g, 0.41 mmol) and EDCI 7.07-6.99 (m, 1H, ¢H), 6.85 (dd, 1H,J = 15.14, 11.23 Hz,
(0.13 g, 0.69 mmol) in dry DMF (200 mL) was stirred in an RA11H), 6.35-5.94 (m, 8H, Rfs 10,12& Cis,20,22,21), 5.81 (S,
ice bath for 30 min and allowed to reach room temperaturelH, Ge¢H), 5.62 (s, 1H, RAH), 5.50 (s, 1H, &H), 5.38 (d,
to the stirred solution was added doxorubicin hydrochloridelH, J = 18.07 Hz, @H), 5.22 (s, 1H, ¢H), 5.13 (d, 1HJ =
(1b, 0.20 g, 0.0.35 mmol) and catalytic amounts of 4-pyrro-18.07 Hz, G.H), 4.63 (s, 1H, ¢OH), 4.26 (q, 1H,) = 6.34
lidinopyridine, and the mixture was stirred for 2 hr. The Hz, GH), 4.11 (m, 1H, €H), 4.03 (s, 3H, GOCHg), 3.69 (s,
resulting mixture was extracted with &t (200 mL), 1H, GOH), 3.23 (d, 1HJ = 18.06 Hz, GeH), 2.89 (d, 1H,
washed with water (2 200 mL) and brine (2200 mL), J = 18.06 Hz, GaH), 2.51 (d, 1HJ = 14.16 Hz, G.H),
dried over MgS@ and the solvent was removed under2.38 (s, 3H, &CHs), 2.26 (s, 3H, R&CHj3), 2.12 (d, 1H,]
reduced pressure. The residue was purified by column chre= 14.16 Hz, Ga.H), 2.01 (s, 3H, @CHs), 1.95 (s, 3H,
matography (ChbCl/hexane/CHOH=12:6:1) to give RA(CHs), 1.76-1.88 (m, 2H, gH), 1.72 (s, 3H, &H &
doxorubicin-3'-retincarboamide3,(0.26 g, 91%) as a pale RA4«CH,), 1.34 (s, 3HJ = 5.86 Hz, GCH;s), 1.04 (s, 6H,
red powder: mp 157-15%C; [a]p®® +74.99 (c 0.004, ace- Cp2CHs), 1.01 (s, 6H, RA2CHs); *C NMR (100 MHz,
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CDCl;) & 206.85, 186.62, 186.17, 166.15, 165.89, 160.72,
156.10, 155.53, 148.88, 139.71, 138.59,
135.53, 135.25, 134.85, 133.95, 133.64,
129.92, 129.70, 129.43, 128.64, 128.05,
119.66, 118.31, 117.28, 115.27, 111.26, 111.09, 100.7
76.67, 69.90, 69.70, 67.33, 65.46, 56.59, 45.17, 39.64,
35.57, 34.31, 34.28, 33.55, 33.17, 33.13, 31.63, 30.06,,
29.74, 29.02, 28.99, 22.71, 21.82, 21.80, 21.12, 19.30,
16.86,
tone): Amax (loge) = 210 (0.73), 327 (0.36), 478 (0.24); Mass
(FAB*, Na) m/z 1131 (M + N&)
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