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The complexation of ethylammonium ion by alkyl p-rert-butylcalix[6]aryl ester derivatives was studied via
measurements of proton and carbon spin-lattice relaxation times (7)) and chemical shift changes in solution
state (CDCl,). The results indicate that the endo-type complexes are formed and that the overall tumbling rates
of these complexes are more rapid than those of the corresponding free hosts, The association constants for
these complexes in THF-d; were determined by 'H NMR titration at several different temperatures to estimate
the relevant thermodynamic parameters. The logK's for ethylammonium complexes of methyl, ethyl, and pro-
pyl esters at 313 K, for example, were found to be 1.56, 3.41, and 3.08, respectively. The complexes formed
may be thought of as being kinetically stable in view of their 'H NMR behavior in 2: 1 host/guest solution.

Introduction

Recently, much interest has been focused on calixarenes
which may be employed as molecular frameworks for the
development of novel supramolecular systems.' Calix[6]
arenes, a class of cyclic hexamers of phenol formaldehyde
condensates, have larger cavities and therefore are expected
to provide a more versatile platform for the formation of in-
clusion complexes with many interesting guest molecules
compared with their tetrameric counterparts, calix[4]arenes.
In fact, the former are known to be structurally much more
flexible, thus being able to adopt a greater number of dif-
ferent conformations, than the latter. For calix[6]arenes,
proper functionalization in their upper or lower rim can be
envisaged as a means of modifying their conformational
and complexational behaviors, thus modulating their molec-
vlar recognition properties. Unfortunately, however, re-
latively little is known about how such modulations of their
properties arc brought forth and what are the consequences
of enlargement of the cavities caused by the addition of two
more aryl moieties. Their complexing abilities and beha-
viors towards neutral molecules, various metal ions, and
some organic ions have been systematically studied by sev-
eral research groups™” who used NMR chemical shifts, 2D
NMR experiments, UV measurements, extraction experiments,
etc. as standard tools for their investigations.. Although the
mcasurement of spin-laftice relaxation times can provide a
very informative and powerful means for many areas in
chemistry, its application to the study of complexation of
calix[6larenes has thus far been attempted by only a few au-
thors.* ™ In this paper we report some solution dynamic pro-
perties for the complexes formed between various alkyl p-
tert-butylcalix[6]aryl esters 1-4 and an ethylammonium pi-
crate guest which have been determined by the analysis of
proton and carbon relaxation times and chemical shift data.
We also report the association constanis and some other
relevant thermodynamic parameters for these complexes ob-
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tained by means of the 'H NMR titration method. Finally,
the kinetic stabilities of these complexes in a couple of sol-
vents were examined by means of coalescence temperature
measurcments.
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Experimental

The ester derivatives 1-4 were prepared following the re-
ported standard procedures.” All the deuterated solvents
used for the NMR experiments, CDCl;, C,D,Cl,, THF-ds,
efc., were purchased from Aldrich and Sigma Chemical Co.
and used without further purification. For the relaxation stu-
dies, each sample was sealed under vacuum in a2 § mm o.d.
NMR tube after degassing by repeating the standard five
freeze-pump-thaw cycle at least five times.

Chemical shifts. Proton and carbon NMR spectra
were recorded at 200 MHz (‘H) on a Varian VXR-200S and
at 125 MHz (°C) on a Bruker DMX-500 spectrometer,
respectively. All the proton and carbon peaks were assigned
with the aid of 2D NMR experiments. Chemical shift values
are expressed in parts per million (ppm) downfield from
tetramethylsilane (TMS) employed as an intemal reference.

Relaxation times. The spin-lattice relaxation times (7}
for protons and carbons were measured in CDCl; by means
of the conventional inversion recovery method, using at
least 16 different delays between ® and m/2 pulses, on 2
Varian VXR-200S spectrometer. The time delay for the
next acquisition after one transient was set to more than 10
times the longest 7, value. Each T, value was estimated
with the aid of an exponential fitting program provided by
the Varian NMR system. The obtained 7's ranged from 0.2
to ca. 1 second for protons and 0.3 to ca. 7 seconds for car-
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bons. The measurement errors for 7,'s were found not to
exceed 5 and 10% for proton and carbon, respectively.

2D-NMR experiments. Thc 2D experiments were
performed on a Varian Unity-500 and Bruker AMX-500
(500 MHz) NMR spectrometers. The 2ZD-NOESY spectra
were measured on Varian Unity-500 in the phasc-scnsmvc
mode using the States-Haberkorn-Ruben method" (2x 256
slices of 1 K points) with mixing time and relaxation delay,
respectively, of 800 ms and 2.0 sec. All other data were col-
lected on Bruker AMX-500 spectrometer in TPPI mode.

Association constants and kinetic stability. The
experiments were performed on a Varian VXR-200S spec-
trometer equipped with variable temperature controller over
the temperature range of 303-333 K. The chemical shifts of
protons in host molecules were observed as a function of p,
the ratio of [guest] vs. [host]. With the concentration of host
being fixed at 0.04 M in THF-d; that of guest (ethylam-
monium picrate) was varied from 0 to 0.20 M, thus varying
p over lhc range of 0 to 5. For the determination of kinetic
stabllny 'H NMR specira were recorded for the solutions of
p=0.5 in THF-dy and C;D,Cl, over the temperature range of
253-373 K.

Results and Discussion

Chemical shifts. Observed 'H NMR chemical shifts
for the free ester derivatives 1-4 and thenr complexes in
CDC, are summarized in Table 1. The 'H NMR spectrum
of 3 is not sufficiently resolved to allow precise as-
signments of all the resonance lines, while that of 4 shows
relatively well resolved multiplet peaks originating from the
1,2,3-alternate conformation at room temperature. ® Upon
complexation, bridging methylene resonances (ArCH,Ar) in
all the investigated hosts are split into two doublets (J~15
Hz), indicating that the complexes formed have the well es-
tablished cone conformation in solution. Furthermore, the &
values for methylene resonances in these complexes are all
but identical, which means that they have similar structures
in solution. However, it could readily be seen that the 'H
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nmr chemical shift behaviors for methyl ester are sub-
stantially different from these for ethyl and propyl esters .
In particular, for those protons in p-terr-butyl (@) at the upp-
er rim and ester group (f, g, and A) at the lower rim these
differences are conspicuous. The conformational difference
between methyl ester and other higher homologues may be
one of the factors responsible for this." Also noteworthy is
the dramatic complexation-induced upfield shift of proton
resonances of the ethyl group in the guest. Upon com-
plexation, the methyl and methylene protons in the ethy-
lammonium guest undergo upfield shifts by 2.6 and 2.9
ppm, respectively, which indicates that the guest is held
tightly in the aromatic cavity of calixarene, thus forming en-
do-type complex.

The interaction of calixarene derivatives with primary
alkylammonium ion may be assumed to arise from the hy-
drogen bonds arising from a tripodal arrangement of N*-H---

((host) and charge-dipole interactions R-NHj---0=C
(host) * Due to this type of primary interaction in the com-
plex, the ethylammonium guest can have two possible orien-
tations to assume, either head-up or head-down with respect
to the cone cavity. The large upfield shifts observed in-
dicate that the ethyl group moiety of the guest is embedded
inside the cavity and subject to the ring current of phenyl
groups so that the so-called CH- interaction" comes into
play in forming the endo type complex in this case (Figure
1). This can also be confirmed by the 2D-NOESY spectrum
of 2-ethylammonium complex (Figure 2) which shows the
presence of two cross peaks between the methyl protons
(8u~— 1.2 ppm) of the guest and the aromatic (8,~7.0 ppm)
and p-tert-butyl (8,,~1.0 ppm) protons of the host. The in-
tensities of these cross peaks, which arise from the in-
termolecular interactions, appear to be much weaker than
those of other cross peaks originating from the in-
tramolecular interactions such as that between two protons
in AI'CH2AI' .

The “C chemical shifts in the free ester derivatives and
their complexed forms in CDCl; at 298 K are summarized
in Table 2. With the aid of a 2D-hetero COSY spectrum of

Table 1. 'H NMR chemical shifts of free hosts and their complexes in CDCI, at 298 K

Chemical shifts, & (ppm), of hosts and complexes and downfield shifts, A (ppm)’, on complexatian

H 1 1+G A, 2 2+G A, 3 3+G A 4 4+G A,
a 1.15 1.08  -0.07 0.97 1.09 0.12 0.94 1.09 0.15 0.97 1.08 0.11
b 7.11 691 -020 6.95 690 -005 6.93 690 —0.03 7.07 689 -0.18
¢ 4.00 346 -0.54 4.06 346 -0.60 4.10 347  -0.63 343
d 4.00 4.43 0.43 4.06 4.45 0.39 4.10 4.46 0.36 4.49
e 423 4.59 0.36 453 4.57 0.04 459 459 0.00 456 448  —0.08
f 3.38 3.80 0.42 4.18 424 0.06 414 4.12 0.02 1.14 1.50 0.36
g 1.24 1.31 0.07 1.68 1.71 0.03
A 0.94 0.97 0.03
NH; 7.92° 578 214 581 -211 585  -207 642 —1.50
CH, 3.12° 013 -299 0.34 -298 0.15 -297 033 -279
CH, 135 -128 -263 -129 -264 -127  -267 -136 -271
Picrate  8.77° 879 0.02 8.79 0.02 8.83 0.06 8.78 0.01

‘Host and guest (G) concentrations are 50 mM and 60 mM, respectively. The chemical shifts of free guest are measured in THF-d, at 298
K due to their insolubility in CDCI,, "Negative values represent upfield shifts, ‘Chemicat shifts at 323 K (Signals are too broad to allow pre-
cise assignments at 298 K), “Chemical shifts measured for coalesced lines in C,D,Cl, solutions at an elevated temperature (368 K). At
room temperature tine splittings due to the presence of 1,2,3-altemate conformations makes these measurements difficult.
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Figure 1. Structure of endo type complex resulting from com-
plexation of ethylammonium ion by calixarene ester derivatives
and alphabetic numbering of C and H atoms in the compounds.

2-ethylammonium picrate complex, carbon lines could readi-
ly be assigned. The chemical shifts for carbons in hosts did
not change significantly upon complexation unlike those for
the protons. However, two carbons in the guest (ethylam-

2 (ppm)

Figure 2. 2D-NOESY spectrum of the complex formed between
calix{6]arene ethy! ester 2 and ethylammonium picrate in CDC], at
288 K (recorded on Varian Unity 500 NMR spectrometer with 2x
512 slices of 2 K points, mixing time of 500 ms, and relaxation de-
lay of 4 sec). Cross peaks A circumscribed by dotted circles are
due to the interactions between p-tert-butyl protons and aromatic
protons while ctross peaks B arise from the interactions between p-
tert-butyl protons and methyl protons in ethylammonium ion.
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Table 2. “C NMR chemical shifts of free hosts and their com-
plexes in CDCI, at 298 K*

Chemical shifts, 8 (ppm)

Carbon
1+G 2 2+G 3 3+G 4G
a 3127 3118 3120 3123 3122 3125 3130
b 3413 3409 3390 3412 3389 34.14 3409
¢ 14643 147.20 14644 147.11 146,57 147.08 146.72
d 12663 12653 12631 12658 126.15 126.08 126.03
e 13249 13211 13275 13217 132.88 13216 132.06
f 3083 2962 " 2072 2982 2958
g 15277 151.63 15262 151.87 152.72 151.94 15237
h 7021 69.87 7063 7007 70.64 7003 71.17
i 16949 169.69 169.43 169.28 169.55 169.31 168.82
j 5138 5193 6069 6104 6629 6687 8200
k 14.16 14.09 2198 21.87 28.14
{ 1032 10.29
CH, 3623 3321 33.18 33.14 3294
CH;, 1310 1117 1121 1135 10.12

“Measured at the same concentrations as specified in Table 1.
The chemical shifts of free host 4 could not be measured with ac-
curacy. "Unable to be distinguished from p-tert-butyl carbon a.

monium ion) were found to undergo upfield shifts (Adc> 2
ppm) as in the case of the protons, which may be regarded
as an additional evidence for the endo type complexation in
this host-guest system.

Spin-lattice relaxation times (T,). To gain further
insight into the solution structure of the present host-guest
system, the spin-lattice relaxation times for protons in the
ethylammonium guest, free hosts, and their complexes were
measured by the inversion recovery method and the results
are summarized in Table 3. That the observed relaxation
times for various comrplexes are close to one another is also
consistent with the H NMR chemical shift data, which
strongly suggests that the ethylammonium complexes formed
have mutually very similar structural and dynamical pro-
perties. Temperature dependence of relaxation times indicate
that the extreme narrowing condition is satisfied for the
present system. As was expected, the Ti's for the protons in
the ethylammonium guest were found to decrease markedly
upon complexation by calixarene-based ester hosts. In gen-
eral one may expect that mobility of the guest will decrease
upon complexation, thus decreasing 7, for its protons. In
contrast to this, the relaxation times for protons in the hosts
were found to increase by ca. 10 to 20% upon corm-
plexation, which conflicts with the observation made by
Shinkai et al’ who observed that the relaxation times of
most protons in 2 decreased upon complexation with Na‘
ion as guest (in THF). They also observed that the ArCH,-
Ar methylene protons, ¢ and d, of 2 remained as a singlet,
which could be attributed to the fact that in THF solution
the conformational interconversions are still taking place
very fast on the NMR time scale since the guest Na® is
only loosely bound to the host. Observations for our host-
guest system, however, are completely contrary to these re-
ports. As was previously mentioned, the ArCH,Ar methy-
lene protons were well resolved into a pair of doublets in
our case, indicating that the complex 2-ethylammonium pi-
crate formed in CDCl; is more stable than the 2-Na’ com-
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Tabel 3. 'H NMR spin-lattice relaxation times in free hosts and their complexes’

Relaxation times 7, in unit of second

H 1 1+G

2 2+G 3 3+G  4+G'

298K 308K 318K 298K 308K 318K 298K 308K 318K 298K 308K 318K 298K 298K 298K

058  0.65 070 0.63 068 078 053
050 053 056 056 058 062 047
015 015 6w 016 016 017 0.14
015 015 0616 015 016 017 0.14
022 024 0627 027 029 032 023
053 057 065 066 067 073 0.63

1.11

[ RN R

NHy 116 126 1.3% 024 028 031
CH, 276 288 310 055 058  0.66
CH,. 345 354 3% 0.85 0.99 1.18

059 067 060 069 076 ¢ 055 060
051 057 055 057 061 b 052 052
015 015 015 016 016 ’ 014 015
015 015 015 016 017 b 014 017
024 026 027 030 033 021 025 028
080 09 080 094 103 076 075 047
1.20 1.26 123 1.49 1.67 1.05 1.03
b

1.36
029 030 034 028 027
060 066 0.73 057 049
0.89 1.05 1.17 074 079

*Measured at the same concentrations as specified in Table 1. T, of free guests were obtained in THF-d, due to their insolubility in CDCL,,
*Too broad to determine the relaxation times. ‘Not precise enough to give reliable estimation of relaxation times for free host.

plex in THF and that the former assumes a relatively rigid
cone conformation upon complexation. Furthermore, the
ArCH,Ar methylene protons in our complexes were also
found well resolved into a pair of doublets in THF solvent.
The fact that these proton doublet lines were found not to
coalesce even beyond 400 K (in C,D,Cl,) suggests relatively
deep and tight binding of ethylammonium guest into the
calixarene cavity in our case. One may expect that the molec-
ular size of such tightly bound complexes will be in general
smaller than that of the corresponding free host molecules.

The difference in the behavior of T, upon complexation
for the above two cases may be explained in terms of
overall molecular rotations of the resulting complex. That is,
a longer T, means a shorter correlation time for overall tum-
bling motions (and thus a faster tumbling rate) of the com-
plex. With all other conditions remaining invariant, faster
tumbling may be attributed to the smaller effectlve radins of
the complex according to the Debye lhcory This means
that the loosely bound 2-Na’ complex will have a larger ef-
fective radius than the free host while for tightly bound
calixarene-ethylammonium picrate complexes the opposite
is true. This inference is consistent with our previous con-
clusion that complexation with ethylammonium guest will
producc the complex with a cone conformation, which has
a relatively smaller effective radius compared to the original
host molecule. Relative reduction in effective molecular ra-
dii could be calculated from the observed increases in re-
laxation times on the basis of the Debye relation assuming
isotropic overall molecular tumbling. It turned out that the
effective radii shrank by about 2-2.5% upon complex for-
mation in our case. Of course, the conformational in-
terconversions are expected to be nearly quenched upon
complex formation but this can hardly affect the observed
spin-lattice relaxation times because these motions (t> 107°
sec) are expected to be too slow to make any significant
contributions to T, which is in general affected only by
much faster molecular motions (t~10" """ sec).'

The observed “C spin-lattice relaxation times for free
hosts and their complexes with ethylammonium ion are sum-
marized in Table 4. From these data, we can see that the re-
laxation times for carbon resonances due to the p-tert-butyl

and aryl ester groups increase as in the case of the protons
but those for the aromatic carbons (¢, 4, and e carbons
which can interact with guest protons) decrease upon com-
plexation. This fact is also in accordance with the results
from previous experiments which sug&est endo type com-
plexation and tight binding of the guest.

Association constants and kinetic stability of
complexes. The association constants for complexation
of ethylammonium plcratc salt by esters 1, 2, and 3 in THF-
d; were determined by 'H NMR iitration methods. Varying
the concentration ratios of [Guest]/[HosJ (=p) with host
concentration held fixed at 0.04 M, the 'H chemical shifts
(B.ns) for esters 1, 2, and 3 were observed. One can estimate
the association constant (K) for a given calixarene complex,
as shown in Figs. 3 and 4, by fitting the abserved Savs V5. P
data numerically with the following expression:

2
L1 1 11
Sun =3 (l p _ K[host] ) * (l p _ Klhost] )

Table 4. "C NMR spin-lattice relaxation times in free hosts and
their complexes in CDCl, at 298 K"

Relaxation times, 7, (sec)

Carbon

1+G 2 2+G 3 3+G
a 047 056 045 054 047 054
b 686 718 68 721 697 7467
¢ 271 280 268 241 263 245
d 019 019 020 019 022 0.17
e 220 209 204 199 205 198
f » h " 0.10 b 0.11
g 425 432 412 4.06 439
h 017 021 017 022 018 021
i 450 500 554 467 471 457
j 1.1 121 073 098 08 075
k 206 206 128 123

! 3.04 3.21

“Measured at the same concentrations as specified in Table 1.
"Difficult to determine the relexation time due to the presence of
large peak a.
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Figure 3. Plots of the chemical shifts for p-fert-butyl protons
(filled circles) and OCH,CO protons (filled squares) in ester 1
and 2, respectively, versus p in THF-d; at 313 K. The con-
centrations of 1 and 2 were mmaintained constant (0.04 M) while
that of guest was varied.
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where 8. and d.mpex denote, respectively, the 'H chemical
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Figure 4. Plots of OCH,CO proton chemical shifts in ester 3
versus in THF-d; at several different temperatures. The con-
centration of 3 was maintained constant (0.04 M) while that of
guest was varied.
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shifts in the free and complexed host, and [host] is the total
concentration of the host. The resulting association con-
stants indicate that the methyl ester 1 has relatively poor
binding ability toward ethylammonium ion in comparison
with its higher homologues, ethyl and propyl esters 2 and 3.
This observation is consistent with the reports by other
investigatorsm"‘m who estimated the binding abilities of est-
ers 1-3 toward butylammonium and alkali metal ions by ex-
traction experiments. The logarithms of the association con-
stant K for ethyl and propyl ester were found to increase
linearly with inverse temperature, T~ 1, as can be seen from
Figure 5. From the slope of these {inear plots we could es-
timate thermodynamic parameters, AH, AS and AG, for the
corresponding complexation process. As we see from the ta-
bulated results (Table 5), for ethyl and propyl esters the con-
tributions to AG from entropy change are comparable to
those from enthalpy change. For methyl ester, however, we
could not precisely estimate these parameters because of
poor linearity in the In K vs. 1/T plot. Such poor linearity
probably arises from the fact that for methyl ester the as-
sociation constant is small and does not vary very much
with temperature, and, therefore, may be seriously affected
by experimental errors. Nonetheless, they ate obviously
much smaller than those for its higher homologues. This is
presumably due to the fact that smaller methyl groups
quench ring mobility far less effectively than ethyl and pro-
pyl groups, thus making the formed complex less stable and
less organized. Accordingly, the behaviors of methyl ester
(in conformation,” complexational al:tility,I erc.) are found
to be quite different from those of its higher homologues as
previously mentioned.

To look into the kinetic stabilities of these complexes, we
have examined the coalescence temperatures of nmr signals
for p-tert-butyl protons and OCH,CO, protons in prepared
solutions (p=0.5). When the temperature was lowered,
broadening and splitting of the resonance lines were ob-

9
8 —
7 p
BV
5
6 .
/ <
Vg //
4 1
[ % n - Ly
]
3 ¥ ¥ T )
3.0 31 32 33
1000/ T

Figure 5. Plots of In K vs T' for the complexes formed
between calix[6arene ester derivatives and ethylammonium picrate.
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Table 5. Association constants and thermodynamic parameters for complexation in THF-4;°

Association constants, log K

303 K 308 K 313 K 323 K 333 K AH (klfmol) 45 (Ifmel K) AGzn ()/mol)
1+G 1.70 1.63 1.56 1.67 1.65 -0.37(2Y 30.30(7) - 8.66°
24G 3.65 3.50 3.41 3.23 3.18 -29.90 29.89 - 20.99
34+G 3.35 3n 3.08 2.81 2.69 - 41.34 -73.30 -19.50

*Measured with the host concentrations held fixed at 0.04 M. "The log K vs. 1/7 plot shows poor linearity for methyl cster 1.

served for both free hosts and complexes. The coalescence
of the proton lines in this system may be assumed to arise
from the following exchange process:

Calix[6]arene — CH;CH,NH; - Pic™ + Calix[6]arene*
« * Calix[6]arene + Calix[6]arene* — CH,CH,NH; - Pic” (2)

The spectra utilized for estimating the coalescence tem-
peratures (T) and the free energy of activation (AG™) for the
exchange process are shown in Figure 6. The coalescence
temperatures for this host-guest system (1-ethylammonium pi-
crate) were found to be about 311 K and 369 K in THF-d;
and C,D,Cl,, respectively. The free encrgies of activation for
the exchange process described by Eq. (2) were calculated at
the coalescence temperatures by making use of the relation"”

AG* =RT . [22.96 + In(T./v)] (J mol™'), 3)

where 8v represents the chemical shift difference between
two coalescing lines expressed in unit of Hz and T, the
coalescence temperature in unit of K, to give 66.0 kJ/mol
and 77.9 kJ/mol in THF-dy and C,D,Cl,, respectively.
These values are much higher than those for the crown eth-
er-t-butylammonium ion system,w which indicates that the
complex formed in the l-ethylammonium picrate system is
kinetically much more stable than those formed in the
crown ether--butylammonium ion system. This, we believe,
can mainly be attributed to the fact that in the former case

311K 369K

NN

29D 360 K

293K 353K

N

283K 333K

| —

T + T T T

66 69 72 75 ppm 66 69 7.2 75

Figure 6, Temperature dependent "H NMR spectra for aromatic
region of calix[6]arene methyl ester 1 and ethylammonium pi-
crate in THF-d; (lefty and C,D,Cl, (right) with p=0.5.

stable endo type complex is formed. This is understandable
considering that in endo type complexes the guest can be
tightly bound to the cavity of the host, thus inhibiting the
conformational interconversions. Coalescence temperatures
were found to depend on the solvent used as well. For ex-
ample, in C,D,Cl,, a viscous and nonpolar solvent in which
the guest ethylammonium picrate is not easily solvated, the
coalescence temperatures were found to be relatively higher
than in THF-d;, a relatively nonviscous and polar solvent
(The difference in coalescence temperature was found to be
as much as 50 °C).
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Synthesis of novel 9-fluoroanthracyclines camrying L-fucose as a sugar component is described. Compound 3
containing a fluorine at the C-9 position was synthesized from an epoxide 2 and HF/Pyr (7:3). Bromination
and hydrolysis of compound 3 resulted in synthesis of an aglycone, 9-fluoroanthracyclinone 6. The o-(1b) and
$-anomers (1a) of the final product were obtained in high yields by a coupling reaction with the L-fucose.

Introduction

A numerous anthracycline derivatives have been syn-
thesized and tested for anticancer actwtty Nevertheless,
the clinical use of anthracyclines requires further de-
velopment of a more potent derivative with less cardio-
toxicily.2 Recently, it was n:ported3 that introduction of
fluorine to anthracycline increases anticancer activity.
Derivatives of anthracycline showed either improved an-
titumor activity or reduced toxicity when ﬂuonnc was in-
troduced at the C 1 and/or C-4 posmons of the D ring,

the C-8° or C-14° p051tmns of the A-ring, and the C-2' po-

sition of the glyconc

We have synthesized a novel anthracycline derivative in
which fluorine was introduced at the C-9 position on the
aglycone A-ring. A sugar moiety, L-fucose, was sub-
sequently coupled It was anticipated that the introduction
of fluorine would result in higher affinity and increased
binding to DNA.” Thus, we here describe the synthesis of
anthracycline derivatives where fluorine and L-fucose were
introduced.

*To whom comespondence should be addressed.

Results and Discussion

We have been usmg 3-phenylsulfonyi-1{3H)-isobenzofur-
anone derivatives' as Michael donors in constmctmg tetra-
cyclic ring systems. However, we recently found'" that the
same resulis could be obtained by using newly synthesized
3-carbomethoxy-1(3H)-isobenzofuranone instead of these
phthalide sulfones. Initially, a 95% yield of an epoxrde ()
2, (Scheme 1; yellow powder, mp 207-209 °C; lit.'™ 208-
211 °C) was obtamcd using methods previously described
in the literature.' Hydrofluonnetlon of epoxide 2 was then
carried out with Olah's reagem ® under various reaction con-
ditions (Table 1) to obtain compound 3, where a fluorine
atom was introduced at the C-9 position. When Arcamone’s
method”® was used {run 1), the yield was only 15% and the
major reaction product was a ketone conipound 4. By op-
timizing the reaction time and the solvents (runs 2-5), the
yield was raised to 50%: shorter reaction time and the use
of methylene chloride as a solvent improved the yield. To
improve the yield further, 2 was dissolved in chloroform
and was added into HF/Pyr {7:3) in an ice-bath. The mix-
ture was then kept at room temperature for 5 minutes to
complete the reaction (run 6). Using this method, a yield



