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New anthracycline analogu2 as potential anticancer agents have been synthesized from daundraycin (
and doxorubicinib). Compound® and6 were prepared by the nucleophilic displacement type esterification
of 14-bromodaunomycinl€) with N-benzoyl-(R,3S)-phenylisoserine and L-pyroglutamic acid in triethyl-
amine, respectively. Compounds?7 and4, 8 were prepared by the reaction of either daunomyiah dr
doxorubicin (b) with one equivalent of the corresponding acids in the presence of EDCI/PP. Confp@unds
were obtained fromb by reaction with 2.2 equivalents of the corresponding acids in the same manner. The
cytotoxic activities of the analogues in comparison with adrimycin on cultured SNU-16 and MCF7 cell were
described.

Keywords : Daunomycin, Doxorubicin, Anthracycline derivativééBenzoyl-(R,39-phenylisoserine, L-
Pyroglutamic acid.

Introduction doxorubicin (b) derivatives:'?> Examples are reported of
couplinglaor 1b with some amino acids as well as blending
Anthracycline antibiotics, particularly doxorubiciiDX, la or 1b with some amino acids.N-Benzoyl-(R,39)-
1b) and daunomycinM, 1a), have been used extensively phenylisoserine plays a very important role as the C-13 side
in the treatment of human malignanciéoxorubicin stands chain in Taxof*!* L-Pyroglutamic acid (called 2-oxo-
apart for its activity against hard tumours, such as breast amyrrolidone carboxylic acid, or PCA), naturally occurring in
lung cancers.; daunomycin shows a particular efficacy in th@egetables, fruits, and dairy produesd normally present
treatment of lymph cancers and leukemia. The antibiotién large amounts in the human brain, is a non-toxic amino
compounds affect DNA replication by donating electronsacid to the human body.In the present study, we describe
and bonding directly to the DNA chairHowever, cardio- the preparation of some glycosides, new anthracycline
toxicity and multidrug resistance are significant problemsanalogues by coupling of DML§) or DX (1b) with two
that limit the clinical effectiveness of such ag&h¢Figure 1).  kinds of acid molecules in an attempt to obtain compounds
The clinical utility of daunomycin1@ or doxorubicin  that are more effective therapies than anything previously
(1b) is frequently restricted by the appearance of cardiodeveloped.
toxicity from the damage of normal cells by the oxygen

radical®® As a result, numerous efforts with synthetic treat- Results and Discussion
ments have been tried to overcome these disadvantages,
culminating in the development of daunomycibg)( or In previous papers, we described the total synthesis of

anthracyclinone derivatives through Michael type conden-
” sation'®?® or Friedel-Crafts acylatioff:*! We reported the
COCH;R successful preparation of a new aglycon, containing an ester
linkage at C-14, through a nucleophilic displacement esterifi-
cation method®?? In the present study, we attempt to di-
rectly prepare some new anthracycline analogues from the
commercially available anticancer agents, daunomylah (
and doxorubicinib). Several new anthracycline derivatives
were synthesized separately using tdifferent acylation
methods (Scheme 1). The synthesis of 14-bromo D&} (
was accomplished by the known proceddr@.All com-
Figure 1. Structures of doxorubicirL, R = OH) and daunomycin Pounds2-9 were obtained through acylation of the C-14
(la, R=H). hydroxyl group in the aglycon and/or the amino group at C-

3’in the glycon witiN-benzoyl-(R,39)-phenylisoserine and

"To whom correspondence should be addressed. Tel: +82-63-27b=pyroglutamic acid.
3413; Fax: +82-63-270-3408; e-mail: ystho@moak.chonbuk.ackr  DM-bpi (2) and DM-pca §), potential prodrugs, were

OH NHHC1
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/ laRH\
1b. R =0OH

le. R=DBr

O NH _Ph

2. Ry =X, Ry=HHCI (DM-bpi) 0 6. R, =X, Ry=HHCI (DM-pca)
3. Rj=H, R,=Y (DM-Nbpi) 7.R,=H, R,=Y (DM-Npca)
4. R, =OH, R, =Y (DX-Nbpi) 8. R, =OH, R, =Y (DX-Npca)
5. Rj=X,R,=Y (DXbpi-Nbpi) 9. Ry =X,R,=Y (DXpca-Npca)

Scheme 1Synthesis of new anthracycline analog2€s

prepared by the reaction of 14-bromo DIE)(with a N- (10), L-pyroglutamic acid, and triethylamine in acetone as
benzoyl-(R,39-phenylisoserine or L-pyroglutamic acid. To described for the preparation of DM-bg).(
compare the activity of2 and 6, the carboamidation Many attempts to prepare DM-Nbgd) @nd DX-Nbpi 4)
compounds DM-NbpiJ), DX-Nbpi 4), DM-Npca {), and  through direct coupling of the amino group in daunomycin
DX-Npca @) were synthesized by amidation of the amino(1a) or doxorubicin {b) with N-benzoyl-(R,3S)-phenyl-
group at C-3of the sugar moiety irla or 1b with the  isoserine, using 1,3-dicyclohexylcarbodiimide (DCC)/4-(di-
corresponding acids. In addition, tNeacylation compounds methylamino)pyridine (DMAP) faileéf. Reactants and DCU
DXbpi-Nbpi (56) and DXpca-Npca 9) were prepared (dicyclohexylurea) were observed as the main products.
through esterification of the 1OH in DX (1b) with the  Eventually, DM-Nbpi 8) was synthesized by the coupling of
corresponding acids followed by the amidation of the amindhe NHHCI in 1a with N-benzoyl-(R,39)-phenylisoserine,
group at the sugar moiety with the corresponding acids.  using 1-[3-(dimethylamino)propyl]-3-ethylcarbodiimide
First, the synthesis of 14-bromo DMd was accom- hydrochloride (EDCI) in the presence of catalytic amounts
plished by the application of the known procedd¥é.1c  of 4-pyrrolidinopyridine (PP¥’*° DX-Nbpi (4) was synthe-
was synthesized in best yield, using a minimum quantity okized from DX {b) as described for the preparation of DX-
co-solvent (methanol/1,4-dioxane, v/iv=1:2), which di- Nbpi (3). However, for the reaction ofb competition
minished the formation of side product from dimethylketali- between the C-14 hydroxyl group and the amine group at C-
zation of ketone at C-13. The rate of bromination depends 08’ was observed. Both products, DX-Nbg) @énd DXbpi-
the reaction temperature and time. The optimal condition®bpi (5), were formed, with the product ratio depending on
are bromination at 3% for 40 min. the amounts di-benzoyl-(R,39)-phenylisoserine and EDCI
DM-bpi (2) was synthesized as follow: To a 14-bromo used in the reaction. DXbpi-Nb)(was prepared using 2.2
DM (1c) prepared by introducing Br atom at C-14lafwas  equivalent of the corresponding acid and EDCI under
added a solution oN-benzoyl-(R,39-phenylisoserine and  similar conditions.
triethylamine in acetone; the mixture was stirred at room Synthesis of DM-Npca7j and DX-Npca §) was carried
temperature for 13 Kr. After removing the solvent under out as follows: L-pyroglutamic acid and EDCI (1.2 equi-
reduced pressure, the residue was dissolved in THF, tealent) were dissolved in dry DMF and the mixture stirred at
which was added etheral HCI, followed by stirring-20 °C 0 °C for 30 min; to the reaction mixture was added 1) (
for 2 hr and further stirring at room temperature for 3 hr,or DX (1b) and catalytic amounts of PP. The mixture was
giving DM-bpi (2). DM-pca @) was synthesized from DM then stirred at room temperature for 4 hr to give DM-Npca
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Table 1 The cytotoxic activity of the novel anthracycline deriva- spectrophotometer. Optical rotations were determined using
tives @-9) was testedif vitro” in comparison with adriamycin on  Rudolph AUTOPOL IV apparatus with a 0-100-1.5 polari-

cultured SNU-16 and MCF?7 cells meter sample tube. Melting points were obtained on a Biichi
ICsc (M) 510 melting point apparatus and are uncorrected.
AgeNts  — e SNU-16/Adr  MCE?  MCF7/Adr Daunomycin - 14-{\)-benzoyl-(R,3S)-phenylisoserinate

hydrochloride (2). 14-Bromodaunomycin hydrochloridiq

Adriamycin - 0.16 035219 029 043(148) (5, g, 0.31 mmol) anN-benzoyl-(R,39-phenylisoserine

2 L.15 1.22(0.94) 218 2.25(0.97) (0.11 g, 0.39 mmol) were dissolved in acetone (300 mL). To
3 9.45 9.81 852 855 the mixture was added triethylamine (0.05 mL, 0.36 mmol),

4 8.18 8.02 .56 7.92 and the mixture was then stirred at room temperature for 13
S 10.55 1117 1387 1287 hr. After removing the solvent by a rotary evaporator, an

6 3.03 2.99(1.01) 210 2.05(1.02)  giheral HCI in dry THF (200 mL) was added to the reaction

! 9.74 9.69 942 851 mixture. The resulting mixture was stirred-20 °C for 2 hr,

8 8.31 8.56 920 9.45 further stirred at room temperature for 3 hr, and then the
9 12.23 12.04 13.12 12.58

solvent was removed under reduced pressure. Purification of

Z‘EumantSttQma,‘ihh_g(ti’!enocalfCi”O”*‘&'Umag %f(f)f;ﬁsztlatdenoca_mtinoma- the residue by column chromatography ¢CHCHzOH/

((Can f resistant cell nesiGof parenta cellines). . HCOM/HO=100:15:2:1) gave daunomycin-IK

benzoyl-(R,39)-phenylisoserinate hydrochloridg, 0.21 g,
80%) as a red powder: mp 184-1%5 [a]3 +174.98 (c

(7) and DX-Npca§). 0.004, CHOH); IR (KBr) 3432, 2939, 1806, 1627, 1584,
DXpca-Npca 9) was synthesized frofb as described for 1418, 1375, 1289, 1215, 1123, 1073, 707*ciH NMR

the preparation o8 by increasing the amounts of L-pyro- (400 MHz, DMSOek) 6 13.89 (s, 1H, PhOH), 13.21 (s, 1H,

glutamic acid (2.2 eq) and EDCI (2.2 eq). PhOH), 8.96 (d, 1H] = 8.7 Hz, G/NH), 8.32 (d, 1HJ)=8.3
Cytotoxic activity. The cytotoxic activities of anthra- Hz, ArH) 7.80 (s, 2H, sugarN}j 7.40 (d, 2HJ = 7.3 Hz,

cycline derivative2-9 against two kinds of human tumor serineArH), 6.78-7.16 (m, 2H, ArH, 8H, serineArH), 5.67

cells (SNU-16 and MCF7) and their adriamycin-resistant(d, 1H,J = 5.8 Hz, GH), 5.63 (dd, 1HJ = 3.4, 8.7 Hz,

cell lines are shown in Table 1. Compoudand6 were  Ci7H), 5.31 (d, 1HJ = 3.9 Hz, GeH), 4.91 (m, 1H, €H),

less cytotoxic against SNU-16 and MCF7 but exhibited a4.91 (s, 1H, @OH), 4.78 (d, 1HJ = 18.0 Hz, G4H), 4.68 (d,

lower relative resistance value §f resistant cell lines/ 1H, J = 3.4 Hz, GeH), 4.37 (d, 1HJ = 18.0 Hz, GH),

ICso Of parental cell lines) than adriamycin. In addition, the4.12(q, 1H,J = 6.3 Hz, GH), 4.09 (s, 3H, @OCHs), 3.62

other compounds3(5 and7-9) exhibited very low antitumor (m, 1H, GOH), 3.37 (m, 1H, eH), 3.18 (d, 1HJ = 17.5

activity compared with the reference. These results suggestz, Ce), 2.93 (d, 1HJ = 17.5 Hz, GoaH), 2.20 (d,J =

that the acylation of C-14 OF2,(6) maintains the activity 14.6 Hz, 1H, G.H), 2.14 (dd, 1HJ = 3.9, 14.6 Hz, &H),

inherent in the parent anthracycline antibiotics, wheread.63-1.92 (m, 2H, ¢H), 1.19 (d, 3HJ = 6.3 Hz, GCHy);

amidation of 3NH; (3-5 and 7-9) causes a decrease in **C NMR (100 MHz, DMSQdg) &208.09, 185.99, 185.52,

antibiotic activity. 170.79, 165.97, 165.83, 164.17, 160.54, 155.59, 139.28,
We have synthesized new anthracycline analogues expect36.07, 134.63, 134.44, 134.30, 133.53, 131.41, 128.13,

ed to exhibit biological activity as potential anticancer agents127.88, 127.29, 127.13, 126.78, 119.75, 119.58, 118.83,

Further detailed studies on the results of the biological test$13.12, 110.53, 99.60, 79.41, 74.96, 72.41, 69.87, 68.45,

will be reported as they are completed. 66.01, 65.89, 56.62, 55.80, 54.57, 46.38, 32.13, 30.62,
29.62, 28.34, 15.58; UV (EDH): Amax (log €) = 204 (2.33),
Experimental Section 233 (1.58), 249 (0.94); Mass (FAB\Na) m/z 834 (M-HCI +
Na)".

All reactions were carried out under argon atmosphere in Daunomycin-3-N-(N)-benzoyl-(R,3S)-phenylisoserin-
dried glassware. All solvents were carefully dried and di-carboamide (3) The mixture oN-benzoyl-(R 39-phenyl-
stilled as reportetf. Bulk grade hexane was distilled before isoserine (0.18 g, 0.63 mmol) and EDCI (0.12 g, 0.63 mmol)
use. Merck pre-coated silica gel plates (Art.5554) within dry DMF (50 mL) was stirred on an ice bath for 30 min
fluorescent indicator were used as analytical TLC. Gravityand allowed to warm to room temperature. To the stirred
column chromatography and flash column chromatographgolution was added daunomycin hydrochloridle, 0.30 g,
were carried out on silica gel (230-400 mesh from Merck)0.53 mmol) and catalytic amounts of 4-pyrrolidinopyridine,
!H and*3C NMR spectra were recorded on a JEOL JNMafter which the mixture was stirred for 24 hr. The reaction
EX-400 spectrometer. Chemical shifts were internally refermixture was dissolved in GEl, (200 mL), washed with
enced to TMS fofH or to solvent signals fdfC. Infrared  water (2x200 mL) and brine (& 200 mL), dried over
spectra were recorded on a Nicolet 5-DXB series FT-IRMgSQ,, and the solvent was removed under reduced pre-
spectrophotometer. Mass spectra were obtained on a JEQisure. The residue was purified by column chromatography
JMS HX-110/110A Tandem mass spectrometer (FAESI). on silica gel (CHCl/Hexane/CHOH=12:6:1) to give
UV-VIS absorption spectra were recorded on a Hitachi-55&launomycin-3N-(N)-benzoyl-(R,3S)-phenylisoserincarbo-
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amide B, 0.29 g, 69%) as a red powder: mp 153-165 = 6.3 Hz, GCHz); *C NMR (100 MHz, CDGJ) 6 213.05,
[a]2 +74.98 (c 0.004, CHCL); IR (KBr) 3408, 2939, 185.79, 185.53, 170.65, 165.46, 161.94, 160.04, 155.53,
1824, 1720, 1658, 1584, 1529, 1486, 1418, 1289, 1218954.58, 138.63, 134.35, 133.40, 133.10, 130.60, 127.57,
1110, 1036, 990, 707, 621, 572 ¢mH NMR (400 MHz, 126.54, 126.43, 126.33, 119.77, 118.80, 117.91, 110.36,
CDClk) 613.91 (s, 1H, PhOH), 13.20 (s, 1H, PhOH), 8.66110.20, 100.01, 75.44, 72.58, 68.82, 67.95, 66.56, 64.52,
(d, 1H,J = 8.79 Hz, serineNH), 8.31 (d, 1d,= 8.3 Hz, 55.96, 55.26, 44.38, 39.99, 39.78, 39.57, 39.36, 39.15,
ArH), 7.80-7.98 (m, 2H, serineArH), 7.73 (dd, 1Hs 7.8, 38.94, 38.73, 32.73, 29.02, 16.34; UV (TH): Amax (log €)
8.3 Hz, ArH), 7.24-7.52 (m, 1H, ArH, 8H, serineArH), 6.87 = 235 (0.29), 251 (0.17), 481 (0.10); Mass (FARa) m/z
(d, 1H,J = 8.3 Hz, sugarNH), 5.59 (dd, 1Bi= 3.4, 8.7 Hz, 834 (M + NaJ.
serineH), 5.40 (d, 1H, = 5.8 Hz, GH), 5.29 (d, 1HJ=3.9 Doxorubicin-14, 3-N-di(N)-benzoyl-(R,3S)-phenyliso-
Hz, GeH), 5.14 (m, 1H, @H), 4.50 (s, 1H, @OH), 4.44 (d, serinate (5) The mixture ofN-benzoyl-(R,3S)-phenyliso-
1H, J = 3.4 Hz, serineH), 4.06 (g, 1H,= 6.3 Hz, GH), serine (0.22 g, 0.77 mmol) and EDCI (0.15 g, 0.78 mmol) in
4.01 (s, 3H, GOCH), 3.62 (s, 1H, QOH), 3.27 (m, 1H, dry DMF (50 mL) was stirred on an ice bath for 30 min and
CsH), 3.17 (d, 1HJ = 19.0 Hz, GoeH), 2.87 (d, 1HJ = allowed to warm to room temperature. To the stirred solution
19.0 Hz, GoaH), 2.38 (s, 3H, &CH3), 2.27 (d, 1H)=14.6  was added doxorubicin hydrochloridéb( 0.20 g, 0.35
Hz, GeH), 2.28 (dd, 1HJ = 3.9, 14.6 Hz, eH), 1.75 (dt, mmol) and catalytic amounts of 4-pyrrolidinopyridine, and
1H,J=3.9, 13.1 Hz, &.H), 1.63 (dd, 1HJ) = 4.8, 13.1 Hz, the mixture was stirred for 28 hr. The resulting mixture was
CoaH), 1.17 (d,J = 6.3 Hz, 3H, GCHs); **C NMR (100  extracted with CHCl, (300 mL), washed with water ¢
MHz, CDCk) ¢ 211.68, 186.65, 186.33, 171.70, 167.18,200 mL) and brine (& 200 mL), dried over MgS£and the
166.97, 160.78, 156.24, 155.56, 137.63, 135.33, 134.240lvent was removed under reduced pressure. The residue
133.96, 133.43, 131.83, 131.77, 128.56, 128.06, 127.45yas purified by column chromatography on silica gel
127.36, 127.06, 127.01, 120.78, 119.64, 118.10, 111.3qCH,Cl,/Hexane/CHOH =12 :2: 1) to gives (0.23 g, 62%)
111.12, 100.60, 76.60, 72.93, 69.94, 68.58, 66.86, 56.6Gs a red powder: mp 135-13Z; [a]5 +125.28 (c 0.004,
45,55, 36.57, 35.10, 33.88, 33.32, 29.76, 29.15, 24.85CH.Cl,); IR (KBr) 3425, 2940, 1720, 1630, 1577, 1530,
16.76; UV (CHCL,): Amax (log &) = 206 (1.66), 233 (1.75), 1418, 1280, 1215, 1124, 985, 782, 705'cAH NMR (400
495 (0.43); Mass (FAB Na) m/z 818 (M + Nd) MHz, CDChk) 613.94 (s, 1H, PhOH), 13.23 (s, 1H, PhOH),
Doxorubicin-3'-N-(N)-benzoyl-(R,3S)-phenylisoserin- 8.92 (d, 1H,J = 8.7 Hz, G;NH), 8.65 (d, 1HJ = 8.7 Hz,
carboamide (4) The mixture oN-benzoyl-(R,39-phenyl-  serineNH), 8.33 (d, 1H} = 8.3 Hz, ArH), 6.94-8.12 (m, 2H,
isoserine (0.12 g, 0.42 mmol) and EDCI (0.08 g, 0.42 mmolArH, 10H, serineArH), 6.91 (d, 1H, = 8.3 Hz, sugarNH),
in dry DMF (50 mL) was stirred on an ice bath for 30 min5.87 (d, 1HJ = 5.8 Hz, GH), 5.67 (dd, 1HJ = 3.4, 8.7 Hz,
and allowed to warm to room temperature. To the stirredCi7H), 5.60 (dd, 1HJ = 3.4, 8.7 Hz, serineH), 5.51 (s, 1H,
solution was added doxorubicin hydrochloridd,(0.20 g, CyOH), 5.30 (d, 1H,J = 3.9 Hz, GeH), 5.02 (m, 1H, &H),
0.35 mmol) and catalytic amounts of 4-pyrrolidinopyridine, 4.81 (d, 1H,J = 18.0 Hz, G4H), 4.39 (d, 1HJ = 18.0 Hz,
and the mixture was then stirred for 26 hr. The reactiorCi4H), 4.30 (d, 1H,J = 3.4 Hz, G¢H), 4.22 (d, 1HJ = 3.4
mixture was dissolved in GBI, (200 mL), washed with Hz, serine H), 4.15 (q, 1H, = 6.3 Hz, GH), 4.01 (s, 3H,
water (2x 200 mL) and brine (& 200 mL), dried over C4OCH;), 3.64 (s, 1H, @OH), 3.39 (m, 1H, eH), 3.20 (d,
MgSQ,, and the solvent was removed under reduced pretH, J = 18.5 Hz, GoeH), 2.81 (d, 1H,J = 18.5 Hz, GoaH),
ssure. The residue was purified by column chromatograph.22 (d, 1HJ = 14.6 Hz, G.H), 2.16 (dd, 1H]) = 4.4, 14.6
on silica gel (CHCI/CHsOH = 12 : 1) to give doxorubicin- Hz, GaH), 1.82 (dt, 1HJ) = 3.9, 13.18 Hz, &H), 1.65 (dd,
3'-N-(N)-benzoyl-(R,39-phenylisoserincarboamide  4,( 1H,J = 4.4, 13.1 Hz, &H), 1.18 (d,J = 6.3 Hz, 3H,
0.18 g, 64%) as a red powder: mp 177-P9 [a]3 CsCHs); *C NMR (100 MHz, CDGJ) 6 211.02, 186.23,
+25.00 (c 0.004, CHCL); IR (KBr) 3420, 2939, 1720, 186.12, 174.21, 173.15, 165.78, 165.13, 161.13, 160.05,
1633, 1578, 1529, 1418, 1289, 1215, 1123, 1080, 987, 79355.57, 155.25, 140.07, 140.01, 137.94, 134.22, 134.16,
704 cm*; '"H NMR (400 MHz, CDGQ) 6 13.93 (s, 1H, 133.27, 133.23, 130.28, 128.85, 128.58, 128.35, 128.14,
PhOH), 13.22 (s, 1H, PhOH), 8.68 (d, 1H= 8.7 Hz, 127.24, 127.16, 126.59, 126.55, 126.52, 126.36, 119.78,
serineNH), 8.28 (d, 1Hl= 8.3 Hz, ArH), 7.76-7.79 (m, 2H, 119.02, 117.11, 110.23, 110.15, 100.12, 76.13, 75.65, 74.19,
serineArH), 7.73 (dd, 1H] = 7.8, 8.3 Hz, ArH), 7.23-7.56 73.52, 72.40, 68.75, 67.94, 67.66, 65.53, 55.85, 55.69,
(m, 1H, ArH, 8H, serineArH), 6.99 (d, 1H,= 8.3 Hz, 55.23, 43.32, 41.58, 41.55, 39.75, 39.25, 39.16, 39.11,
sugarNH), 5.99 (d, 1H] = 5.8 Hz, GH), 5.50 (dd, 1H)] = 38.55, 38.43, 33.83, 28.22, 15.44; UV ({CH): Amax (l0g €)
3.4, 8.7 Hz, serineH), 5.42 (d, 187 3.9 Hz, GeH), 5.12 = 253 (0.25), 261 (0.22), 454 (0.62); Mass (FARa) m/z
(m, 1H, GH), 4.93 (s, 1H, €@OH), 4.75 (s, 2H, GH), 4.38 1101 (M + Na).
(d, 1H,J = 3.4 Hz, serineH), 4.11 (q, 181= 6.3 Hz, GH), Daunomycin-14-pyroglutamate hydrochloride (6) 14-
4.05 (s, 3H, GOCH), 3.63 (s, 1H, @OH), 3.28 (m, 1H, Bromodaunomycin hydrochloridel¢ 0.20 g, 0.31 mmol)
CsH), 3.15 (d, 1HJ = 18.5 Hz, GueH), 2.88 (d, 1HJ = and L-pyroglutamic acid (0.05 g, 0.39 mmol) was dissolved
18.5 Hz, GoaH), 2.33 (d, 1HJ = 14.6 Hz, GeH), 2.13 (dd, in acetone (200 mL). To the mixture was added triethyl-
1H,J=4.4, 14.6 Hz, &H), 1.87 (dt, 1HJ = 3.9, 13.1 Hz, amine (0.05 mL, 0.36 mmol), and the mixture was then
CoeH), 1.69 (dd, 1H) = 4.4, 13.1 Hz, &,H), 1.20 (d, 3HJ stirred at room temperature for 5 hr. After removing the
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solvent by a rotary evaporator, an etheral HCI in dry THF29.75, 29.29, 25.32, 24.21, 17.10; UVo(): Amax (l0g &) =
(200 mL) was added to the reaction mixture. The resulting®32 (0.85), 253 (0.57), 485 (0.25); Mass (FABa) m/z 622
mixture was stirred at20°C for 2 hr, further stirred at room (M + Nay'.

temperature for 3 hr, and then the solvent was removed Doxorubicin-3'-N-pyroglutamiccarboamide (8) The
under reduced pressure. Purification of the residue by colummixture of L-pyroglutamic acid (0.05 g, 0.39 mmol) and
chromatography (C¥CI/CH:OH/HCOH/H,O0=88:15: EDCI (0.08 g, 0.42 mmol) in dry DMF (50 mL) was stirred
2 : 1) gave daunomycin-14-pyroglutamate hydrochlor@le ( on an ice bath for 30 min and allowed to reach room
0.20 g, 93%) as a red powder: mp 134-P86 [a]3 temperature. To the stirred solution was added doxorubicin
-49.98 (c 0.004, HO); IR (KBr) 3432, 2940, 1732, 1615, hydrochloride {b, 0.20 g, 0.35 mmol) and catalytic amounts
1421, 1375, 1350, 1283, 1215, 1116, 1086, 987, 768 cm of 4-pyrrolidinopyridine, and the mixture was then stirred
'H NMR (400 MHz, DMSOedg) & 13.85 (s, 1H, PhOH), for 4 hr. The resulting mixture was extracted with 5%
13.11 (s, 1H, PhOH), 8.31 (s, 2H, BYH8.11 (s, 1H, PAC CHsOH in CHCE (200 mL), washed with water €200
NH), 7.77 (m, 2H, ArH), 7.54 (m, 1H, ArH), 5.76 (d, 1Hs mL) and brine (2 200 mL), dried over MgS{ and the
5.8 Hz, GH), 5.55 (s, 1H, €OH), 5.34 (s, 2H, @H), 5.24  solvent was then removed under reduced pressure. The
(d, 1H,J= 3.9 Hz, GeH), 4.88 (m, 1H, €H ), 4.29 (q, 1H, residue was purified by column chromatography {Clk
J=6.3 Hz, GH), 4.05 (m, 1H, &H), 3.91 (s, 3H, GOCH), CH;OH/HCOH/H,O0=100:15:2: 1) to give doxorubicin-
3.70 (m, 1H, GOH), 3.42 (m, 1H, eH), 3.05 (d, 1HJ = 3'-N-pyroglutamiccarboamide3(0.22 g, 97%) as a pale red
18.0 Hz, GoeH), 2.69 (d, 1H,J = 18.0 Hz, GoaH), 2.22 (m,  powder: mp 141-14%C; [a]3’ +122.98 (c 0.004, HO); IR

2H, GgH), 1.96-2.50 (m, 2H, GH), 1.87 (m, 2H, ¢H), (KBr) 3408, 2952, 1689, 1622, 1578, 1418, 1283, 1209,
1.86 (m, 2H, GH) 1.13 (d, 3H, GCHs); °C NMR (100 1116, 1086, 1018, 988 c¢in*H NMR (400 MHz, DMSO-
MHz, DMSO-ds) 4 208.04, 186.02, 185.92, 178.21, 172.33,ds) 613.79 (s, 1H, PhOH), 13.01 (s, 1H, PhOH), 8.12 (s, 1H,
165.20, 160.54, 155.89, 138.43, 136.02, 134.58, 134.4%&ugar NH), 7.90 (s, 1H, PCA NH), 7.68 (m, 2H, ArH), 7.40
119.77, 119.48, 118.85, 110.58, 110.44, 107.99, 75.08§m, 1H, ArH), 5.69 (d, 1HJ = 5.8 Hz, GH), 5.49 (s, 1H,
69.48, 66.18, 66.01, 56.58, 54.94, 46.56, 36.09, 31.94C,OH), 5.18 (s, 1H, &H), 4.88 (m, 1H, gH), 4.59 (s, 2H,

29.06, 28.48, 25.10, 20.65, 16.79; UVa@®Y: Amax (log &) = CiaH), 4.16 (g, 1H,) = 6.3 Hz, GH), 4.04 (m, 1H, PCA
233 (0.95), 253 (0.62), 487 (0.29); Mass (FABa) m/iz 678  H), 3.85 (s, 3H, @OCH), 3.66 (m, 1H, GOH), 3.42 (m,
(M-HCI + Nay". 1H, GH), 2.88 (d, 1H,) = 18.0 Hz, GoeH), 2.68 (d, 1HJ =

Daunomycin-3-N-pyroglutamiccarboamide (7) The  18.0 Hz, GoaH), 1.85-2.32 (m, 8H, §H, C;H, PCA~, SH),
mixture of L-pyroglutamic acid (0.30 g, 0.53 mmol) and 1.13 (d, 3H,J = 5.86 Hz, GCHz); *C NMR (100 MHz,
EDCI (0.12 g, 0.63 mmol) in dry DMF (50 mL) was stirred DMSO-ds) & 213.91, 185.84, 185.72, 177.15, 174.37,
on an ice bath for 30 min and then allowed to reach roomi63.07, 160.48, 154.37, 135.97, 135.12, 134.16, 133.84,
temperature. To the stirred solution was added daunomyciil19.50, 119.40, 110.43, 110.32, 100.54, 75.01, 69.94, 68.02,
hydrochloride {a, 0.30 g, 0.53 mmol) and catalytic amounts 66.81, 64.01 56.53, 55.77, 55.01, 48.77, 45.41, 29.44, 29.30,
of 4-pyrrolidinopyridine, and the mixture was then stirred 25.46, 24.83, 17.22; UV @D): Amax (log £) = 233 (0.56),
for 4 hr. The resulting mixture was extracted with 5% 252 (0.38), 489 (0.17); Mass (FABNa) m/z 678 (M + N4)
CH3OH in CHCE (200 mL), washed with water €200 Doxorubicin-14, 3-dipyroglutamate (9). The mixture of
mL) and brine (2 200 mL), dried over MgS® and the L-pyroglutamic acid (0.10 g, 0.77 mmol) and EDCI (0.15 g,
solvent was then removed under reduced pressure. THE78 mmol) in dry DMF (50 mL) was stirred in an ice bath
residue was purified by column chromatography {Clkd for 30 min, after which it was allowed to reach room
CH;OH/HCOH/H0=100:15:2:1) to give daunomycin- temperature, to the stirred solution was added doxorubicin
3'-N-pyroglutamiccarboamide7( 0.32 g, 94%) as a red hydrochloride {b, 0.20 g, 0.35 mmol) and catalytic amounts
powder: mp 122-122C; [a]3 +124.97 (c 0.004, HO); IR of 4-pyrrolidinopyridine, and the mixture was stirred for 10
(KBr) 3402, 2931, 1689, 1618, 1579, 1421, 1288, 1209hr. The resulting mixture was extracted with 5%30H in
1123, 989, 809, 675 ¢ty *H NMR (400 MHz, DMSOdg) & CHCl; (200 mL), washed with water €200 mL) and brine
13.84 (s, 1H, PhOH), 13.03 (s, 1H, PhOH), 8.15 (s, 1H(2 x 200 mL), dried over MgS%) and the solvent was then
sugarNH), 7.72 (s, 1H, PAC NH), 7.66 (m, 2H, ArH), 7.45 removed under reduced pressure. The residue was purified
(m, 1H, ArH), 5.74 (d, 1HJ = 5.8 Hz, GH), 5.54 (s, 1H, by column chromatography on silica gel ({CH/CHzOH/
CoOH), 5.19 (s, 1H, &H), 4.81 (m, 1H, @H), 4.20 (g, 1H, HCO,H/H,O =100:15:2: 1) to give compourd(0.23 g,

J = 6.3 Hz, GH), 3.99 (m, 1H, PCAaH), 3.88 (s, 3H, 87%) as a pale red solid: mp 128-P80 [a]5 +105.79 (c
C4OCHg), 3.60 (m, 1H, @OH), 3.35 (m, 1H, eH), 3.15(d,  0.004, HO); IR (KBr) 3409, 2950, 1785, 1636, 1568, 1424,
1H,J = 18.5 Hz, GoeH), 2.79 (d, 1HJ = 18.5 Hz, GoaH), 1283, 1207, 1122, 1083, 1015, 987 tmH NMR (400
2.28 (s, 3H, @&CHs), 1.85-2.20 (m, 8H, &1, CG:H, PCAy, MHz, DMSO-ds) 6 13.72 (s, 1H, PhOH), 13.05 (s, 1H,
BH), 1.14 (d, 3H,) = 6.3 Hz, GCHs); °C NMR (100 MHz,  PhOH), 8.15 (s, 1H, sugarNH), 8.13 (s, 1kk lgH), 7.96 (s,
DMSO-ds) & 221.70, 185.77, 185.67, 177.21, 171.36,1H, PCA NH), 7.76 (m, 2H, ArH), 7.48 (m, 1H, ArH), 5.62
162.99, 160.35, 155.91, 135.83, 135.23, 134.17, 134.1Q4d, 1H,J = 5.8 Hz, GH), 5.51 (s, 1H, €H), 5.35 (s, 1H,
119.42, 119.27, 118.60, 110.29, 110.18, 100.32, 75.05C7eH), 4.96 (m, 1H, €H), 4.92 (d, 1HJ = 18.0 Hz, GH),
70.16, 67.86, 66.64, 56.42, 55.51, 45.22, 35.95, 31.464.33 (d, 1H,J = 18.0 Hz, GH), 4.18 (q, 1HJ = 6.3 Hz,
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CsH), 4.08 (m, 1H, @H), 4.02 (m, 1H, PCAaH), 3.99 (s, 11.

3H, COCH), 3.61 (m, 1H, GOH), 3.38 (m, 1H, €H),

3.21 (d, 1HJ = 18.1 Hz, GoeH), 2.92 (d, 1HJ = 18.1 Hz, 12

CioaH), 1.81-2.55 (m, 10H, 8, Ci7.1H, PCAY, BH), 1.66

(m, 2H, GH), 1.19 (d, 3HJ = 5.8 Hz, GCHy); °C NMR 13-

(100 MHz, DMSOdg) 6 210.15, 187.63, 187.2, 178.35,

17.98, 171.12, 170.32, 162.29, 161.32, 155.94, 137.251,'4'

135.33, 133.94, 133.85, 118.75, 118.26, 118.01, 110.45,
110.32, 100.27, 74.53, 65.59, 64.41, 64.12, 57.25, 56.68,

53.24, 47.78, 46.21, 39.82, 32.93, 29.16, 29.02, 25.18ip,

25.09, 20.66, 17.08; UV (GIH): Amax (I0g &) = 235 (0.52),

257 (0.29), 489 (0.74); Mass (FABNa) m/z 789 (M + N&)  17.

Acknowledgment This work was supported by a grant of

Korea Basic Science Institute (KBSI) and Woosuk18.

University. We gratefully acknowledged KBSI for the NMR
and mass analyses.

20.

References

19.

Young S. Rho et al.

Arcamone, F.; Franceschi, G.; Minghetti, A.; Penco, S.;
Redaelli, SJ. Med. Chenl974 17, 335.

Arcamone, F.; Franceschi, G.; Penco, %5 Patent
3803124 1974.

Bhatia, B.; Jain, S.; De, A.; Bagchi, |.; Igbal,Tétra-
hedron Lett1996 37, 7311.

Gou, D.-M.; Liu, Y.-C.; Chen, C.-S. Org. Chem1993

58, 1287.

5. Cenni, A.et al Journal of Drug Development98§ 1,

157.

Rho, Y. S.; Choi, Y.; Kim, G.; Sin, H.; Yoo, D. J.; Kim, S.
H.; Cheong, CBull. Korean Chem. Sot999 20, 551.

Rho, Y. S.; Kim, S. Y.; Cho, I.; Kang, H. S.; Yoo, D. J.;
Cheong, CBull. Korean Chem. Sott998 19, 1059.

Rho, Y. S.; Park, S.; Kim, S. Y.; Cho, |.; Lee, C.; Kang, H.
S.; Cheong, GBull. Korean Chem. So&998 19, 74.
Hauser, F. M.; Hewawasam, P.; Rho, YJ.80rg. Chem
1989 54, 5110.

Rho, Y. S.; Ko, H. K.; Kim, W.-J.; Yoo, D. J.; Kang, H. S.
Bull. Korean Chem. So200Q 21, 774.

21. Rho, VY. S.; Ko, H. K.; Sin, H.; Yoo, D. Bull. Korean

1. Leender, R. G. G.; Scheeren, H. W.; Houba, P. H. J.;

Boven, E.; Haisma, H. JBioorganic & Medicinal o5

Chemistry Lettel995 5(24), 2975.
2. Ghosh, A. K.; Khank, S.; Marini, F.; Nelson, J. A
Farquhar, DTetrahedron Lett200Q 41, 4871. 23
3. Naff, M. B.; Plowman, J.; Narayanan, V.Anthracycline

Antibiotics El khader, H. D., Ed.; Academic Press: New o4

York, 1982; pp 1-52.

4. Kroger, N.; Achterrath, W.; Hegewisch-Becker, S.; Mross,»
K.; Zander, A. R.Cancer Treatment Reviewl®99 25,
279.

5. Wang, A. H.-J.; Ughetto, G.; Quigley, G. J.; Rich, A.
Biochemistryl987, 26, 1152.

6. Gresh, N.; Pullman, B.; Arcamone, F.; Menozzi, M.;

Chem. Saocl1999 20, 1517.

Rho, Y. S.; Park, S. C.; Kang, H. S. US(09/674,673), EU
(99 919679.3), JPN(2000-547095), KOR(2000-7012427),
2000.

. Umezawa, H.; Takeuchi, T.; Naganawa, H.; Tatsuta, K.

US Patent 4360664.982.
Ducep, J.-B.; Farge, D.; Ponsinet, G.; ReisdorfUB.
Patent 42255891980.

5. Alaiz, M.; Giron, J.; Hidelgo, F. J.; de la Maza, M. P,

Millan, F.; Zamora, R.; Vioge, ESynthesid989 544.

26. Dhaon, M. K;; Olsen, R. K.; RamasamyJKOrg. Chem

1982 47, 1962.

27. Desai, M. C.; Stephens Stramiello, L. Metrahedron

Lett 1993 34, 7685.

. Akaji, K.; Kuriyama, N.; Kiso, YTetrahedron Lett1994

35, 3315.

29. Norman, B. H.; Hemscheidt, T.; Schultz, R. M.; Andis, S.

Tonani, RMolecular Pharmacolog#989 36, 251. 28
7. Gaudiano, G.; Resing, K.; Koch, T. H.Am. Chem. Soc

1994 116, 6537. 9
8. Bossa, R.; Balatulas, I.; Montovani, Meoplasm 1978

24, 405. 30
9. Levin, Y.; Sela, B.-AUS Patent 4256632981.
10. Lee, M. G.; Yang, Drugs of the futurd996 21, 782.

L. J. Org. Chem199§ 63, 5288.

. Perrin, D. D.; Armarego, W. L. Purification of Labo-

ratory ChemicalsPergammon Press: New York, 1988.




