FULL PAPER

Synthesis of 209-linked 20(S)-Camptothecin Glycoconjugates: Impact of the
Side Chain of the Ester-linked Amino Acid on Epimerization During the
Acylation Reaction and on Hydrolytic Stability of the Final Glycoconjugates)

Hans-Georg Lerchen*andKarsten von dem Bruch

Leverkusen, Bayer AG

Received July 10th, 2000

Dedicated to Professor Dr. Horst Kunz, University of Mainz, on the Occasion of his 60th Birthday

Keywords: Amino acids, Antitumor agents, Carbohydrates, Camptothecin, Glycoconjugates

Abstract. To improve solubility and tumor selectivity of tached to camptothecin in high yields and with low epimeri-
20(9-camptothecin the synthesis of 28linked glycocon-  zation. Starting from the camptothecin amino acid conjugates
jugatesl1A-G is described. Particular focus of the paper is4B—E the synthesis of the glycoconjugaté#—G is straight-

the utilization ofN-tert-butoxycarbonyl protected amino acid forward following standard procedures. The glycoconjugate
N-carboxy anhydrides (UNCA&ga—f for an efficient acyla- hydrochloridesl1A—G show good water solubility (>5mg/
tion of the sterically hindered and deactivated tertiary 20-hyml) and hydrolytic stability of the ester bond which again
droxy group of 20%)-camptotheciri. Depending on the sol- depends on the side chain of the amino acid residue linked to
vent and on the side chain of the amino acid different extentsamptothecin. Particularly, glycoconjugatesB—E with a

of epimerization of the amino acids during the coupling reacbulky andp-branched amino acid at the ester linkage show
tion are observed; however, the epimers can easily be sephigh hydrolytic stability in aqueous solutions with less than
rated after removal of theert-butoxycarbonyl protecting 2.5% of 20§)-camptothecin cleaved within 24 h. These re-
group and camptothecin amino acid conjugdf®sE with sults provide a basis for the selection of appropriate spacer
L- andD- configured amino acids, respectively, are obtainedgroups for delivery systems of Z}camptothecin for thera-
Particularly, bulky ang3-branched amino acids can be at- peutic use.

20(§-Camptothecirl is a potent cytotoxic agent act- wald et al utilized the tertiary 20-hydroxy group for
ing by inhibition of topoisomerase | which has been iso-esterification with non-immunogenic polyethylene gly-
lated first by Wallet al from the wood and bark of the col (PEG) 40 kDa dicarboxylic acid and derivatiegs
Chinese tre€amptotheca acuminafa]. Despite some in the presence of diisopropyl carbodiimide [5], a meth-
early evidence for activity, clinical trials were suspend-od previously described for the modification of paclit-
ed because of unfavourable properties of the compourakel [6].
such as toxicity, poor solubility and a species depend- To increase water solubility several simple amino acid
ent opening of the lactone-E-ring to give the inactiveconjugates of camptothecin and its analogues have been
carboxylate form [2]. To overcome these disadvantagesynthesized: Vishnuvajjala et al. functionalized the 20-
a number of camptothecin analogues, prodrugs and déydroxy group of camptothecin by chloroacetic acid in
livery systems have been developed and have recentfyridine/4-dimethylamino pyridine followed by conver-
entered the clinics [3]. The tertiary 20-hydroxy groupsion into the corresponding iodoacetate and amidation
of camptothecin is an attractive functionality in the mole-with various secondary amines to obtain glycinates [7].
cule for the attachment of carrier residues. HoweverFurthermore, Wargt al and Wadkingt al synthesized
the chemistry for modifying this particular tertiary hy- 20-O-glycinatesvia coupling ofN-tert-butoxycarbonyl-
droxy group is challenging because of the steric hinglycine and subsequent deprotection to obtain water
drance and the deactivation due to the neighboured lasoluble prodrugs [8].
tone ring. Due to the steric hindrance and the deactivation of
20-O-Alkyl esters of camptothecin have been pre-the tertiary 20-hydroxy group the acylation of camp-
pared by acylation with anhydrides of organic acids taothecin with chiral amino acid derivatives suchiNas
provide prodrugs with increased lactone ring stabilitytert-butoxycarbonyl-alanine d¥-tert-butoxycarbonyl-
[4]. However, the coupling yields decreased dramatiD-alanine was accompanied by substantial epimeriza-
cally whena-branched organic acids were employed. tion of the amino acid [9]. This inconvenience could be
To achieve increased circulatory retention as well agvercome by using of the readily available Lewis acid
a continuous therapeutic release of camptothecin, Greepatalyst, scandium triflate [10, 11].

1) AbbreviationsDMAP-4-(N,N-dimethylamino)-pyridindD)MF —dimethyl formamideMTBE-methyltert-butyl etherCPT—
20(9-CamptothecinNCA—N-carboxy anhydride
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Results and Discussion ly (scheme 1, table 1). The inhomogenicity of the reac-
tion mixtures due to the low solubility of camptothecin
Our goal is to improve the tumor selectivity of cytotox- might be the major factor determining the long reaction
ic agents by the attachment of glycopeptide derivativesimes between two and four days rather than kinetic
In previous studies we have optimized modified fuco-parameters. The esterification reactions are performed
side residues for preferential receptor-mediated uptakender reflux in case of dichloromethane and under son-
into tumor cells using neoglycoconjugates of bovineification in case of DMF. The Boc-protected intermedi-
serum albumine [12]. Here, we describe the attachmentites3a—f are formed in high yields and are purified by
of these optimized fucoside derivatives to the 20-hy-precipitation or by flash chromatography on silica gel.
droxy group of the camptothecin molecwia ester Interestingly, depending on the solvent and on the
linked dipeptide spacers. side chain of the amino acid different and in some cases
As shown below, to obtain glycoconjugates with suf-unexpected high extents of epimerization of the amino
ficient hydrolytic stability of the ester bond a bulky ami- acids are observed during the coupling reaction. A de-
no acid residue linked to the hydroxy group of camp-tection and separation of the epimers is easily possible
tothecin is of particular importance. Looking for effi- after removal of theert-butoxycarbonyl protecting
cient methods convenient also for scale-up for acylatgroup on the step of the free amino acid conjugtes
ing the sterically hindered and deactivated 20-hydroxyf (scheme 1, table 1). Therefore, the ratio of the epimers
group of camptothecin particularly with bulky amino of D- andL-amino acid conjugates formed during the
acid residues, we here describe our findings that urezoupling reaction is determined after removal of the
thane protected amino adidcarboxy anhydrides (UN- protecting group with trifluoroacetic acid in the crude
CAs) [13] were highly appropriate activated amino acidmaterialstb—f. The epimeric ratio is determined either
derivatives for this challenge. The side chain of theby RP-HPLC or byH NMR. In table 1 the most impor-
amino acid linked to camptothecin has a strong influentant reaction parameters, the yields of the coupling and
ce on both, the epimerization during the esterificationthe deprotection steps as well as the epimeric ratios are
of camptothecin with UNCAs and on hydrolytic stabil- summarized for the synthesis of a number of camp-
ity of the ester bond in the final glycoconjugates. tothecin amino acid conjugates. In the last column of
The acylation of 2()-camptothecirl with N-tert-  table 1 the overall yield of pure isolated epimers with
butoxycarbonyl-glycine runs smoothly in dichlorometh- respect to coupling, deprotection and purification is in-
ane in the presence of dicyclohexyl carbodiimide andiicated.
DMAP [7b, 8]. Starting withN-tert-butoxycarbonyl-gly- 20(9-camptothecirl is efficiently acylated with an
cineN-carboxy anhydride (Boc-Gly-NCA)aas anac- excess of 2 equivalents Boc-Val-NCZb in dichlo-
tivated amino acid derivative, the acylation of @0( romethane at reflux temperature (table 1, entry 2). Only
camptothecinl and the subsequent deprotection withvery low epimerization is observed and after deprotec-
trifluoro-acetic acid also runs quickly and in excellenttion and purification 2@)-20-O-valinyl-camptothecin
yields (scheme 1). trifluoroacetatedB(L) is isolated in an overall yield of
However, the acylation of the 20-hydroxy group with 78%. In our hands this was by far the most efficient
bulky andpB-branchedN-protected amino gives no or method to attach valine to camptothecin. If the same
very poor yields when using carbodiimides and DMAPreaction is performed under sonification in DMF instead
for coupling. In contrast, when the urethane protectedf dichloromethane, the yields are also high, however,
amino acidN-carboxy anhydrides (UNCA&p—f were  about 40% of thé-valine epimer is formed (table 1,
used as activated amino acid starting materials, the egntry 3). Starting with Boc-D-Val-NC&cand perform-
terification reaction proceeds highly efficient but slow- ing the reaction in DMF, the configuration of the amino
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Scheme 1Acylation of 20§)-camptothecin with urethane-protected amino &tithrboxy anhydrides and deprotection
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acid is retained with formation of less than 5% oflithe methanol with diethyl ether. Repeated crystallization
epimer (entry 5). In contrast, when the same reaction iprovides pure compounds with epimeric ratios exceed-
performed in dichloromethane, substantial formation ofing 30:1. Due to the efficiency of this separation proc-
33% of theL-epimer is observed (entry 4). Thus, in the ess also minor components can be isolated in pure form
valine series the non polar dichloromethane solvenftable 1, entry 7 and 8). The overall yield of isolated
obviously favours the formation of theepimer whereas epimers of high purity (coupling and deprotection,
the acylation in DMF predominantly gives tbeepim-  epimeric ratios >15:1) is given in the last column of
er. table 1 with4B(L), 4D(L) and4E(L) representing the
Boc-lle-NCA2d has g3-branch as well and behaves L-amino acid epimers of 20-valyl-camptothecin, 20-
pretty much the same as Boc-Val-N@B with respect  O-isoleucyl-camptothecin and 2D-leucyl-campto-
to epimerization during the coupling reaction with@0(  thecin, respectively, artlC(D), 4D(D) and4E(D) rep-
camptothecii in both, dichloromethane and DMF (ta- resenting thé-amino acid epimers of 20-D-valyl-

ble 1, entry 6 and 7). camptothecin, 2@-D-isoleucyl-camptothecin and 20-
In contrast, Boc-Leu-NCRe, which has n@-branch,  O-D-leucyl-camptothecin, respectively.
cannot be attached to camptothetinithout substan- Thus, in each particular case appropriate reaction con-

tial epimerization (table 1, entry 8, 9). Even when dichlo-ditions have been identified to attach bulky #rgan-
romethane is used as a solvent, about 33% obthe ched Boc-amino acid NCAs to the 20-hydroxy group
epimer are formed. Remarkably, when performing theof 20(S)-camptothecinl in high yields and with low
acylation with the_-configurated Boc-Leu-NCARein  epimerization. Acylation with Boc-Leu-NCAs lacking
DMF, the D-epimer of the amino acid conjugate is this -branch is accompanied with higher epimeriza-
formed predominantly with an epimeric ratio of the tion. In all cases amino acid conjugates with high opti-
crude product oD:L = 3:1. Only if the coupling reac- cal purity can easily be obtained by crystallization.
tion is performed in dioxane, which is not a very con- The next goal was to synthesize water soluble glyco-
venient solvent because of poor solubility of camp-conjugates of 2@)-camptothecin carrying-aminophe-
tothecinl, theL-epimer is formed predominantly but nyl 3-O-methyl-fucopyranosyl residues which should
in very low yields (table 1, entry 10). The assignmentbe hydrolytically and proteolytically stable. Therefore,
of theD- andL-configuration to the polar and non polar a second amino acid with a polar side chain was intro-
epimers in the leucine series is based on an X-ray struciuced into the spacer group. To get stability of the final
ture of the acetylated product derived from the polarconjugate against proteases thamino group should
4E(D) fraction indicating thd-configuration of leu- be modified with the carbohydrate moiety and the side
cine [14]. Unexpectedly, when Boc-D-Leu-NCA is chain functional group, after deprotection, should con-
employed in the coupling reaction, also no configuratribute to water solubility.
tive stability is observed (table 1, entry 11, 12). NA-tert-ButoxycarbonyINé-fluorenyl-9-methoxycar-
From the epimeric mixtures of the camptothecin ami-bonyl-lysineb was attached to the terminal amino group
no acid conjugatetb—f it is easily possible to separate of the purified epimers of the amino acid conjugdtes
the epimers by crystallization from dichloromethane/using standard conditions (scheme 2). In each case the

Table 1 Acylation of 20Q)-camptothecin with urethane-protected amino &&ichrboxy anhydrides and deprotection

entry coupling step deprotection
step
educt solvent time product product epimeric ratio Isolated yield of pure epimer

and yield andyield 4b-f,D:L) 4A—4E (over 2 steps)
(%) (%)

1 Boc-Gly-NCA2a (1.5eq) CHCI, 8h 3aquant. 4a85 4A 85%

2 Boc-L-Val-NCA 2b (2eq) CHCI, 4d 3bquant. 4b 83 ~1:20 4B(L) 78% (>1:30)

3 Boc-L-Val-NCA2b (4.5eq) DMF 2d 3b 97 4b 93 1:1.5 not purified

4 Boc-D-Val-NCA2c (3eq) CHCl, 7d 3c90 4c 90 2:1 4C(D) 19% (>40:1)

5 Boc-D-Val-NCA2c (2.5eq) DMF 4d 3c49 4c 37 20:1 4C(D) 18% (~20:1)

6 Boc-L-lle-NCA 2d (2eq) CHCI, 2d 3d92 4d 98 1:25 4D(L) 90% (1:25)

7 Boc-L-lle-NCA 2d (3eq) DMF 4d 3d 68 4d 97 1:1.5 4D(L) 33% (1:16) +#4D(D) 26%
(13:1)

8 Boc-L-Leu-NCAZ2e (2eq) CHCl, 4d 3e97 4e 94 1:2 4E(L) 32% (1:13) #4E(D) 27%
(40:1)

9 Boc-L-Leu-NCAZ2e (2eq) DMF 1d 3e98 4e 89 31 4E(D) 57% (15:1)

10 Boc-L-Leu-NCA2e (2eq) Dioxan >4d 3el2 4e56 1:16 4E(L) 7% (1:16)

11 Boc-D-Leu-NCA2f (2eq) CHCl, 25d 3f91 4f 81 11 not purified

12 Boc-D-Leu-NCA2f (2.5eq) = DMF 4d 3f 81 af 74 6:1 not further purified
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Scheme 2Synthesis of 2®-linked camptothecin glycoconjugates

coupling reactions run in good yields and without anywork up and treatment of the compoud@a—G with
epimerization. Subsequent removal of tbet-butoxy- 1 equivalent of an aqueous hydrochloride solution gives
carbonyl-protecting groups give the peptide conjugateghe glycoconjugateklA—G. The hydrochloride$1A—
7A—G ready for linkage to the carbohydrate moiety (ta-G show good water solubility (>5mg/ml) and hydro-
ble 2). The synthesis pfaminophenyl 30-methyl3-  lytic stability of the ester bond which depends on the
L-fucopyranoside has been described previously [12]side chain of the amino acid residue linked to camp-
After transformation into the isothiocyan&teith thio-  tothecin (table 2). Particularly, glycoconjugafids3—
phosgene the carbohydrate building block is linked tdE with a bulky angB-branched amino acid linked to the
the appropriately protected peptide conjugates of camp0-hydroxy group of 2@)-camptothecin show high hy-
tothecin7A—G. Subsequent removal of the fluorenyl- drolytic stability in aqueous solutions (¢ = 1mg/10ml;
9-methoxycarbonyl protecting group with piperidine, pH = 4—5) with less than 2.5% of Z)}{camptothecin

Table 2 Synthesis of 2@-linked camptothecin glycoconjugates

entry educt dipeptide conjugate: glycoconjugate: hydrolytic stability
overall yield (%) overall yield (%) (coupling, deprotection, (over 24 h)
(coupling and deprotection) HCl-salt transformation) 3 ratio of peak areas

1 4A H-L-Lys(Fmoc)-Gly-CPT ~ 7A 73 3MeFuc-L-Lys(H)-Gly-CPT x HCI 11A 42 21/78

2 4B(L) H-L-Lys(Fmoc)-L-vVal-CPT 7B 87 3MeFuc-L-Lys(H)-L-Val-CPT x HCI 11B 68 2/94

3 4C(D) H-L-Lys(Fmoc)-D-Val-CPT 7C 55 3MeFuc-L-Lys(H)-D-Val-CPT x HCI11C 53 1/89

4 4D(L) H-L-Lys(Fmoc)-L-lle-CPT 7D 70 3MeFuc-L-Lys(H)-L-lle-CPT x HCI 11D 48 2/81

5 4D(D) H-L-Lys(Fmoc)-D-lle-CPT 7E 70 3MeFuc-L-Lys(H)-D-lle-CPT x HCI 11E 37 2/85

6 4E(L) H-L-Lys(Fmoc)-L-Leu-CPT 7F 87 3MeFuc-L-Lys(H)-L-Leu-CPT x HCI11F 60 6/84

7 4E(D) H-L-Lys(Fmoc)-D-Leu-CPT 7G 93 3MeFuc-L-Lys(H)-D-Leu-CPT x HCI11G 26 5/88

8 glycoconjugate hydrochlorides are dissolved in water (c = 1 mg/10 ml), pH 4-5, hydrolytic stability is assessed by HAk©®fahalys
solution after 24 h, comparing the peak areas of cleaved camptatreuinglycoconjugatél
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cleaved within 24 h. In contrast, glycoconjugafed  are then added and the mixture is filtered. The Boc-protected
with ester linked glycine is cleaved readily by hydroly- intermediate compour@b is obtained in quantitative yield.
Sis. It contains small amounts of tBevaline epimer which, how-

These results provide a basis for the selection of ag/e": can be removed without problems after removal of the
rotecting group. 12.6 g of this Boc-protected intermediate

g;?ﬁ&%ﬁ:gicf%rr %ﬁg?gsefgtricdﬁg\e/ery systems o820 compound3b are then stirred for 1 h in a mixture of 300 ml

of dichloromethane and 18 ml of anhydrous trifluoroacetic
acid at 5 °C. Stirring is continued overnight at room temper-
] o ature. After concentratinop vacuoto a small volume, the
We would like to thank Anna-Maria DiBetta, Andrea Felder product is precipitated with 300 ml MTBE and filtered. The
and Dirk Wolter for their skilful technical assistance. epimeric ratioL-valine : D-valine epimer in the crude prod_

uct is approximately 20:1 as assessed ftehNMR. The

_ NMR spectra of both epimers differ by slight low field chem-

Experimental ical shifts of some CPT protons and particularly ofah@&H

of valine in case of thB-epimer compared to the proton shifts
HPLC-Method for Detection of Camptothecin-conjugates: Forof the respective-epimer. Convenient NMR-signals to esti-
HPLC detection Waters Alliance 2690 equipment was usegnate the epimeric ratio from the peak areas are the signals of
with a LiChrosphere 100 RP-18 (5uM) 250x4mm columnthe a-CH proton and the two singlets in the CPT system.
(UV detection at 365nm). For eluation of the camptothecinFor further purification of the-valine epime#B(L) the crude
amino acid conjugates a gradient was used with eluent A product is again precipitated from 160 ml methanol using
0.01 KH,PQ, in water and eluent B = 80% acetonitrile + 20% 600 ml MTBE. The precipitate is filtered off and 10.06 g (78%)

eluent A. of 20-O-Valyl-camptothecin trifluoroaceta##B(L) are ob-
tained after drying. — TLC (acetonitrile/water 10R)= 0.31.

Preparation of 20-O-Amino Acid Derivatives of 20(S)- — Epimeric ratio:L:D > 30:1 (according to HPLC and

Camptothecin 4A—-E IH NMR). —1H NMR (400 MHz; CDOD/CD,CI, 1:1):

. B PR dppm =4.06q, J=4 Hz, 1H,a-CH Val), 7,38 §, 1H, CPT
20-0 Glycyl camptothecin trifluoroacetaféA) o D-ring), 7.73 6d, J = 7Hz, 1H, CPT Acting), 7 89d6, J =

A suspension of 2 g _(5.75 mmol) of $})(camptothecw1 i 74z, 1H, CPT A-ring), 8.064 J = 8 Hz, 1H, CPT A-ring),
1QO ml of absolute dichloromethane is treated und_er stirring 18 @, J=8 Hz, 1H, CPT A-ring), 8.6 5(1H, CPT B-ring).
with 1.7 g (1.5 eq.) oN-(tert-butoxycarbonyl)-glycineN-

carboxyanhydride2g) and 200 mg of DMAP. After heating  54.0.(D-valyl)-camptothecin trifluoroacetaéC(D)) (cou-
under argon to reflux for 8 h, the mixture is concentrated pling reaction in dichloromethane)

vacuoto a small volume. 100 ml of MTBE and 100 ml of

petroleum ether are then added and the precipitate is filteredf. the coupling reaction is performed analogously in dichlo-
The Boc-protected intermediate compoi®ads obtained in ~ romethane starting with 3 equivalents of Boc-D-Val-NZA
quantitative yield. This Boc-protected intermedi@aés then ~ an epimeric mixture is obtained after deprotection and pre-
stirred for 1 h in a mixture of 50 ml of dichloromethane andcipitation with MTBE, which can be detected in TLC,
3 ml of anhydrous trifluoroacetic acid at 5 °C. Stirring is con-*H NMR and in RP-HPLC. The overall yield (coupling and
tinued at room temperature until the reaction is complete. Aftefleprotection) of the epimeric mixture is 81% in this case.
concentratingn vacuoto a small volume, the product is pre- The ratio ofD-valine : L-valine epimer is 2:1 as assessed
cipitated with 100 ml diethylether and filtered. The remain-from NMR. — TLC (acetonitrile/water 20: 1 (L-epimer):

ing residue is dissolved in dichloromethane/methanol 1:1 and& 0.29;R; (D-epimer): = 0.24. The epimeric mixture is sepa-
again precipitated using diethylether. The precipitate is fil-rated by precipitation from 300 ml dichloromethane/metha-
tered off and 2206 mg (85%) of ZD-Glycyl-camptothecin  nol 10:1 with 150 ml diethylether. Repeating this process twice
trifluoroacetateda are obtained after drying. — TLC (ace- leads to the isolation of thi-epimer4C(D) in a yield of
tonitrile/water/glacial acetic acid 5:1:0.2% = 0.44. — 19% and in excellent purityD(L > 40:1). —*H NMR

IH NMR (400 MHz; CQOD/CD,Cl, 1:1): 6/ppm =4.05and (400 MHz; CDOD/CD.CI, 1:1): dppm = 4.21¢, J= 4 Hz,
4.15 (2, J = 18 Hz, 2x1H, CHGly), 7,4 6, 1H, CPT D-  1H, a-CH D-Val), 7,40 ¢ 1H, CPT D-ring), 7.73(d, J =
ring), 7.74¢d, J= 8 Hz, 1H, CPT A-ring), 7.9al¢, J=8 Hz, 7 Hz, 1H, CPT A-ring), 7.89(, J=7 Hz, 1H, CPT A-ring),
1H, CPT A-ring), 8.08d, J = 8 Hz, 1H, CPT A-ring), 8.18 8.06 @, J= 8 Hz, 1H, CPT A-ring), 8.1&l(J = 8Hz, 1H,

(d, J= 8 Hz, 1H, CPT A-ring), 8.63(1H, CPT B-ring). CPT A-ring), 8.63¢, 1H, CPT B-ring).

20-0-Valyl-camptothecin trifluoroacetatéB(L)) (coupling  20-O-(D-Valyl)-camptothecin trifluoroacetat¢C(D)) (cou-
reaction in dichloromethane) pling reaction in DMF)

A suspension of 8 g (23 mmol) of B}camptothecirl in A suspension of 1 g (2.87 mmol) of 3 camptothecirl in

400 ml of absolute dichloromethane is treated under stirring0 ml of DMF is treated under sonification with 1.4 mg (2
with 11.2 g (2 eq.) oN-(tert-butoxycarbonyl)k-valine-N- eq.) ofN-(tert-butoxycarbony!)B-valineN-carboxyanhydride
carboxyanhydride2b) and 800 mg of DMAP. After heating 2c and 100 mg of DMAP for 2.5 days. Additional 350 mg
under argon to reflux for 4 days, the mixture is concentrated0.5 eq) of2c and 50 mg of DMAP are added and sonifica-
in vacuoto a small volume. 150 ml of MTBE are added andtion is continued for 1.5 days. Despite the fact that the reac-
the mixture is stirred for 20 min. 300 ml of petroleum ethertion is still incomplete it is stopped at this time. The mixture
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is concentrateéh vacuoand the residue is purified by flash filter residue is again dissolved in dichloromethane/metha-

chromatography on silica gel using ethylacetate/petroleurmol and precipitated with diethyl ether. The precipitating po-

ether 3:1 as eluent. Relevant fractions are concentrated amar D-epimer4D(D) is isolated in a yield of 397 mg (26%

precipitated using MTBE. 769 mg (49%) of the protected in-over 2 steps; epimeric ratid: L = 13:1) and from the mother

termediate are obtained, however, they are still contaminatelijuids the non polar L-epimeD(L) is isolated in a yield of

with Boc-Valine which can be removed after deprotection.517 mg (33% over 2 steps; epimeric rddio. = 1:16). The

Thetert-butoxycarbonyl protecting group is removed as de-assignment of the epimers is based on the comparison with

scribed above. The product is precipitated with diethyl etherproduct4D(L) isolated after the coupling in dichloromethane

The precipitate is filtered off and 290 mg (37%) ofQ@Db- and subsequent deprotectionlH NMR (polar D-epimer

Valyl)-camptothecin trifluoroaceta®C(D) are obtained af- 4D(D); 400 MHz; CQOD/CD,Cl, 1:1): dppm = 4.294, J=

ter drying. — TLC (acetonitrile/water 20:1% = 0.24. — 4 Hz, 1H,a-CH D-lle), 7,40 §, 1H, CPT D-ring), 7.74{d,

Epimeric ratioD:L ~ 20:1 (based oifH NMR). J=7Hz, 1H, CPT A-ring), 7.9Q¢, J=7 Hz, 1H, CPT A-
ring), 8.08 @, J= 8 Hz, 1H, CPT A-ring), ), 8.181(J= 8 Hz,

20-O-Isoleucyl-camptothecin trifluoroacetg%b(L)) (cou-  1H, CPT A-ring), 8.62¢ 1H, CPT B-ring).

pling reaction in dichloromethane)

20-O-Leucyl-camptothecin trifluoroaceta#E(L )) and20-

50 ml of absolute dichloromethane is treated under stirrind?;(P-Leucyl)-camptothecin triflucroaceta(éE(D)) (cou-

with 1.55 g (2 eq.) oR-(tert-butoxycarbonyl)-isoleucinak ling reaction in dichloromethane starting from Boc-Leu-
carboxyanhydride2d) and 100 mg of DMAP. After heating NCA 2¢)

_under argon to reflux for 2 days, the mixture is concentrategy suspension of 20 g (57.4 mmol) of FPpcamptothecirl

in vacuoto a small volume. 50 ml of diethyl ether and 50 mljn 1 1tr. of absolute dichloromethane is treated under stirring
petroleum ether are added, the mixture is stirred for 20 miRyjth 29 5 g (2 eq.) df-(tert-butoxycarbonyl)-leucinéy¥-carb-

and then filtered. The residue is purified by flash ChromatogbxyanhydrideZe) and 2 g of DMAP. After heating under ar-
raphy on silica gel using acetonitrile as eluent. The Boc-progon to reflux for 4 days, the mixture is concentrategacuo
tected intermediate compouldd is obtained in a yield of {5 3 small volume. The crude product is purified by flash chro-
1.5 g (92%). Theert-butoxycarbonyl protecting group is re- matography at silica gel using petroleum ether/ethylacetate
moved as described above. The product is precipitated with:1 "> 1:3. Relevant fractions are collected, concentrated
diethyl ether and filtered. 1.48 g (98%) of @ak-isoleucyl-  and driedn vacuo 31.1 g of the Boc-protected intermediate
_camptothecm trlﬂuqrqacetaw)(L) are obtained after dry- compound3e are obtained (97%). Thert-butoxycarbonyl

ing. — TLC (acetonitrile/water 20:1R = 0.36. — Epimeric  protecting group is removed as described above. The crude
ratio: L:D = 25:1 (according téH NMR). —*H NMR (400 product is precipitated from dichloromethane/methanol us-
MHz; CD,OD/CD,Cl, 1:1): dppm = 4.16¢, J=3.5Hz, 1H,  jng diethyl ether and isolated by filtration. It containsEhe
a-CH L-lle), 7.33 § 1H, CPT D-ring), 7.73(d, J = 8 HZ,  |eycine epimer — TLC (acetonitrile/water 20)= 0.43 and

1H, CPT A-ring), 7.89dd, J= 7 Hz, 1H, CPT A-ring), 8.07 ¢ 37 resp. The epimeric ratisleucine :D-leucine epimer is

(d, J=8 Hz, 1H, CPT A-ring), ), 8.181(J=8 Hz, 1H, CPT  gpproximately 2:1 as assessed fidinNMR.

A-ring), 8.61 6, 1H, CPT B-ring). For separation of the-leucine epime#AE(L) and theD-leu-

cine epimer4E(D) the crude product is again precipitated
from dichloromethane/methanol 1:1 using diethylether. The
non polar epimer is enriched in the mother liquid whereas the
A suspension of 1 g (2.87 mmol) of 3 camptothecirl in precipitate is a mixture with predominantly polar epimer. The
50 ml of DMF is treated under sonification with 1.55 g (2 process is repeated until the separation is complete. Relevant
eq.) of N-(tert-butoxycarbonyl)-isoleucind-carboxyanhy-  fractions of each epimer are collected and finally2@u-
dride d) and 100 mg of DMAP for 2 days. Additional cyl-camptothecin trifluoroacetatd=(L ) is obtained from the
773 mg (1 eq) o2d and 100 mg of DMAP are added and mother liquids in an overall yield of 32% and an epimeric
sonification is continued for 2 days. The mixture is concendatioL:D = 13:1. The polaD-epimer 200-(D-leucyl)-camp-
tratedin vacuoand the residue is purified by flash chroma- tothecin trifluoroacetatéE(D) is obtained from the precipi-
tography at silica gel using acetonitrile as eluent. Relevaniate in an overall yield of 27%; epimeric rafioL >40:1.
fractions are concentrated and precipitated using diethyl etheFhe assignment of thB- andL-configuration to the polar
1112 mg (68%) of the protected intermediate are obtainecand non polar epimers is based on an X-ray structure of the
Thetert-butoxycarbonyl protecting group is removed as de-acetylated product derived from the pal&(D) fraction in-
scribed above. The product is precipitated with diethyl etheglicating theD-configuration of leucine [14]. 44 NMR of

and filtered. 1028 mg (97%) of an epimeric mixture of®0- 4D(L) (400 MHz; CD,OD/CD.CI, 1:1): &ppm = 4.19 (d,
isoleucyl-camptothecin trifluoroacetate and of@@D-iso-  J=8Hz,J=7Hz, 1Ha-CH Leu), 7,32¢ 1H, CPT D-ring),
leucyl)-camptothecin trifluoroacetatéd) are obtained after 7.73@dd, J=7 Hz, 1H, CPT A-ring), 7.89¢, J= 7 Hz, 1H,
drying. — TLC (acetonitrile/water 20:1)R = 0.36 and 0.33 CPT A-ring), 8.07¢, J= 8 Hz, 1H, CPT A-ring), ), 8.18I(
resp. — Epimeric ratid: L ~ 1:1.5 (based ol NMR). J =7 Hz, 1H, CPT A-ring), 8.61s(1H, CPT B-ring). —

For separation of the epimers the epimeric mixture is stirre¢dH-NMR of 4D(D) (400 MHz; CQ,OD/CD,CI, 1:1): &ppm

with 70 ml of dichloromethane for 4 h and filtered. The polar= 4.26 (&I, J=7 Hz,J=7 Hz, 1H,0-CH Leu), 7,4 ¢, 1H,
epimer is enriched in the precipitate whereas the non poldePT D-ring), 7.73¢d, J = 7 Hz, 1H, CPT A-ring), 7.891(,
epimer is dissolved in the organic phase. Subsequently, the= 7 Hz, 1H, CPT A-ring), 8.07(J = 8 Hz, 1H, CPT A-

A suspension of 1 g (2.9 mmol) of B}{camptothecirl in

20-O-(D-Isoleucyl)-camptothecin trifluoroacetaéD(D))
(coupling reaction in DMF)
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ring), 8.18 ¢, J= 8.5 Hz, 1H, CPT A-ring), 8.63,(1H, CPT tate of a 20-hydroxy-linked amino acid conjugate of camp-
B-ring). tothecin4 and finally 24,3 mN-ethyl diisopropylamine are
added. The mixture is stirred for 16 h at ambient temperature.
20-0O-(D-Leucyl)-camptothecin trifluoroaceta{dE(D)) The solvent is evaporated at 25 °C. After addition of 1.5 Itr.
(coupling reaction in DMF starting from Boc-Leu-NC4&) of water the residue is stirred for 15 min and solidifies. The
precipitate is filtered and washed with water. It is dissolved

. e ; in 800 ml of dichloromethane and remaining water is removed
in DMF runs smoothly within 1 dgy in the Same way as de"m a separation funnel. The organic layer is concentrated to
scribed above and the protected intermediats isolated in 150 ml. This solution is dropped to 2 Itr. of MTBE at 0 °C

98% yield. Subsequent deprotection is performed in the sam : bp )

way as described above. After the first precipitation from the(‘?urlng stiring. The precipitate is filtered, washed with MTBE

reaction mixture an epimeric mixture with predominant for- and driedn vacuo If required, purification by flashchroma-

. . . . - tography using acetonitrile as eluent is also possible. The or-
m?tlcl)_n Sf thlei?a-)eplmt?tr _(yleéd g;uqehp;;oducta%%% eptl_merlcf: thggo%a?l/ly progt]ected intermediate compoundrl)‘rom sédes
ratioL: D = 1:3) is obtained. Straightforward purification o I : . .
the predominantly formeB-epimer4E(D) is achieved by G is dissolved in 600 ml of dichloromethane and the solution

precipitation from dichloromethane/methanol using diethyl is cooled down to 5 °C. 200 ml trifluoroacetic acid are added

L o ) during stirring. The reaction mixture is allowed to warm up
ether. After two precipitation$E(D) is isolated in an overall . g "
yield of 57% and an epimeric ratio B L = 15:1. to ambient temperature and is stirred for additional 2 h. The

solvent and trifluoroacetic acid are evaporategacuoat 25

°C bath temperature. MTBE is added to the residue and the
mixture is stirred for 10 min. The precipitate is filtered, washed
with MTBE and driedin vacuoover night. The side chain

If the coupling reaction is performed in dioxane at 40 °C theprotected dipeptide conjugatés—G are obtained in high
reaction mixture remains inhomogeneous and proceeds vegurity. The yields for each particular conjugate are listed in
slowly when starting with 2 equivalents of Boc-Leu-NCA table 2.

2e After 5 days the reaction mixture is filtered and the prod-

uct is purified by flash chromatography as described abovep-Isothiocyanatophenyl 3-O-meth§lL-fucopyranosid€s)

The protected intermediate is obtained in a yield of 12%
Subsequent deprotection gives predominantlyl tepimer
4E(L) in an overall yield of 7% (epimeric ratiaD = 16:1).

The coupling of 20 g Boc-Leu-NC2eto 20§)-camptothecin

20-O-Leucyl-camptothecin trifluoroaceta¢éE(L)) (cou-
pling reaction in dioxane starting from Boc-Leu-NQ4

0.069 mol op-aminophenyl 39-methyl3-L-fucopyranoside
[12] are dissolved in 1.8 Itr. dioxane/water 1:1 (v/v). 7.4 ml
(0.096 mol) thiophosgene are added and the mixture is stirred
for 10 min at ambient temperature. 71 ml (0.4 nhbBthyl
diisopropylamine are added and the mixture is stirred for ad-
ling reaction in dichloromethane starting from Boc-D-Leu- ditional 15 min. The dioxane is evaporated in vacuo at a bath
chg 21) 9 temperature of max. 25 °C. The aqueous layer is extracted
twice with 500 ml dichloromethane. The collected dichlo-
The coupling in dichloromethane and the subsequent deprgomethane layers are washed twice with 500 ml of water, dried
tection reaction is performed in the same way as describedpon sodium sulfate and evaporated. The residue is stirred
for the coupling of Boc-Leu-NCARe Both the coupling and  with 250 mlI MTBE. After 10 min 500 ml petrolether are add-
deprotection reactions run in good yields with 91% and 81%d and the mixture is stirred for additional 10 min. The pre-
resp., however, after the first precipitation an epimeric mix-cCipitate is filtered, washed with petrolether driadvacuo
ture of 1:1 is obtained which has not been purified further. 17.65 g (83%) oB are obtained. — TLC (acetonitrile/water
10:1):R; = 0.7.

20-O-Leucyl-camptothecin trifluoroaceta#E(L )) and20-
O-(D-leucyl)-camptothecin trifluoroacetaf@dE(D)) (cou-

20-O-Leucyl-camptothecin trifluoroaceta#E(L )) and20- . . .
O-(D-leucyl)-camptothecin trifluoroaceta@E(D)) (cou- ~ Freparation of Glycoconjugate Hydrochlorides of 20(S)-

pling reaction in DMF starting from Boc-D-Leu-NCZ) Camptothecin 11A-G (General Procedure)

Again both the coupling reaction in DMF and the deprotec-0-0275 mol of a side chain protected camptothecin dipeptide
tion run in good yields with 81% and 74% resp. In this caseCONuUgate7A—G are dissolved in 1 Itr. anhydrous DMF and
after the first precipitation an epimeric mixture of 6:1 with cooled down to 0 °C. 18,9 ml (0.11 méljethy! diisopro-

predominant retain of tHB-configuration is obtained which Pylamine and 9.4g (0.03 mggjisothiocyanatophenyl &-
has not been purified further. methyl3-L-fucopyranoside8) are added. After stirring for

2 h the reaction mixture is allowed to warm up to room tem-
Preparation of Fmoc-protected Dipeptide Conjugates of pheratulre a?d stirring |szcoont|nuedI for 16 h. After evaporatrilng
20(S)-Camptothecin 7A-G (General Procedure) the solventn vacuoat 25 °C, 1.5 Itr. water are added to the
residue and the mixture is stirred for 30 min. During this pro-
0.047 mol oN°-(tert-butoxycarbonyl)Né-(fluorenyl-9-meth- ~ cedure the product solidifies. The precipitate is filtered,
oxycarbonyl)-lysine §) [Boc-Lys(Fmoc)-OH] are dissolved washed with water and driéd vacuo If required, the crude
in 800 ml of anhydrous DMF and cooled down to 0 °C. product is purified by flash chromatography at silicagel with
0.07 mol of 1-hydroxybenzotriazole (HOBT) and 0.056 mol acetonitrile/water 30:1. The corresponding fractions are col-
of N-ethyl-N'-(3-dimethylaminopropyl)-carbodiimide, hydro- lected, concentrated and dissolved in 300 ml dichlorometh-
chloride (EDCI) are added and the mixture is stirred forane. Methanol is added dropwise until complete solution oc-
30 min at 0 °C. Subsequently, 0.039 mol of the trifluoroace-curs. This solution is added to 1.5 Itr. MTBE and stirred for
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30 min. The Fmoc-protected glycoconjugeés-G precip- [4]
itate and are filtered, washed with MTBE and ditedacuo

For removal of the Fmoc-group 0.021 mol of the Fmoc-pro- [5]
tected intermediate8A—G are dissolved in 700 ml DMF,

the solution is cooled down to 0 °C and 36 ml piperidine are
added. The reaction mixture is allowed to warm up to room
temperature and stirring is continued for 1 h. The solvent is
evaporated and the residue is dissolved in 200 ml dichlo-
romethane and precipitated again with 600 ml MTBE. The
precipitate is collected by filtration, dissolved in 400 ml meth- [6]
anol and stirred for 1 h. 400 ml MTBE are added and stirring

is continued for 30 min. The precipitating glycoconjugates 7]
10A-G are filtered, washed with MTBE and then driad
vacua For transformation into the corresponding hydrochlo-
rides 0.0164 mol of compound®A-G are suspended in 8]
1.4 Itr. distilled water. 0.0164 mol of a 1 M hydrochloric acid

are added in 1-ml-portions. The mixture is sonificated for
30 min. The obtained solution is lyophilized in portions of
200 ml and the glycoconjugate hydrochloridésA -G are
obtained as white to yellowish powders. The overall yields of
carbohydrate attachment, deprotection and transformation intd®l
hydrochlorides are given in table 2.

[10]
Investigation of Hydrolytic Stability of the Camptothecin [11]
Glycoconjugates 11A—-G in Agueous Solutions

[12]

The glycoconjugate hydrochloridésA—G are dissolved in
water in a concentration of 1 mg/10 ml water (pH 4-5). The[13]
hydrolytic release of 2@-camptothecin is detected by HPLC
analysis of the solutions after 24 h using an RP18 (5 pum)
column with 70% HCIQwater (0.4% v/v) as eluent A and
acetonitrile as eluent B (UV detection at 365nm). The rela{14]
tive peak areas of cleaved camptothecin versus glycoconju-
gate are assessed. The results are summarized in table 2.
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