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Part 2: Enhancement of drug cytotoxicity™
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Abstract—The Prins reaction was the basis to synthesize functionalized alkyl chlorodihydropyran derivatives. The inexpensive, sta-
ble, and environmentally friendly FeCl; promotes the cyclization. The method represents an efficient and regioselective manner to
obtain in a single step chlorovinyl-TMS oxacycles. The in vitro antiproliferative activities of the compounds were examined in the
human solid tumor cell lines A2780 (ovarian cancer), SW1573 (non-small cell lung cancer), and WiDr (colon cancer). Overall, the
results show an enhancement in the cytotoxicity exhibited by the new analogs when compared to their parental compounds.

© 2007 Elsevier Ltd. All rights reserved.

The Prins reaction allows the synthesis of functionalized
dihydro- and tetrahydropyran derivatives in a single
step by the coupling between unsaturated alcohols and
aldehydes catalyzed by Lewis acid.! These oxacyclic
structures are common scaffolds present in diverse halo-
gen-containing marine products with antitumor activity
such as aplysiapyranoids, A-D.> We have recently re-
ported on the synthesis of the novel marine product ana-
logs 2-alkyl-4-chloro-5,6-dihydro-2H-pyrans by an
iron(II) catalyzed Prins-type cyclization.® These halo-
gen-containing oxacycles (Fig. 1) showed larger
in vitro antitumor activity than the natural aplysiapyra-
noids. The chlorovinyl group was established as the
pharmacophore, which is the moiety responsible for
the activity exerted by these compounds.*

Herein, we describe further modifications on the hetero-
cyclic ring by the inclusion of diverse substituents that
lead to new products with enhanced activity profile.
We based the strategy to introduce new functional or al-
kyl groups in the chlorodihydropyran scaffold by means
of our iron(III) catalyzed silyl alkyne-Prins cyclization.>
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Figure 1. General structure of cytotoxic 2-alkyl-4-chloro-5,6-dihydro-
2H-pyrans.

The biological activity of the compounds prepared was
studied against the representative human solid tumor
cells A2780 (ovarian cancer), SW1573 (non-small cell
lung cancer, NSCLC), and WiDr (colon cancer). The re-
sults are compared to the previously reported antitumor
activities.

In a previous study, we discovered that the silyl alkyne-
Prins reaction of trimethylsilyl homopropargyllic
alcohol (1a) with 3-methylbutanal (2) led to the chloro-
dihydropyran derivative 3a (Scheme 1).°> However, this
product was obtained in a 1:1 mixture with the corre-
sponding chlorodihydropyran 3b, which lacks the
TMS group. This side product was prepared in a
straightforward manner by the reaction of unprotected
homopropargyllic alcohol (1b). A totally different result
occurred when reacting secondary homopropargyllic
alcohols with aldehydes under the aforementioned
iron(III) catalysis. As reported earlier, the reaction of
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Scheme 1. Reagents and condition: (a) FeCl;, CH,Cl,, rt, 1 min, 88%
for 3a-3b, 40-70% for 4-5, 55-82% for 6a—13a.

secondary homopropargyllic alcohols (1, R' = alkyl or
aryl) gave the cytotoxic ketones 4 and 5. Interestingly,
trimethylsilyl protected secondary homopropargyllic
alcohols submitted to the described conditions gave
the corresponding chlorodihydropyran derivative as sole
product (Scheme 1).

Therefore, we applied this alkyne silyl-Prins cyclization
methodology to prepare the set of tetra- and pentasub-
stituted dihydropyrans 6a—13a shown in Table 1.

In addition, we prepared two unprecedented derivatives
by the transformation of compound 13a. Thus, the reac-
tion of derivative 13a with n-butyl lithium led to the de-
sired alkyne 14a in 86% yield (Scheme 2). The
subsequent hydrogenation of 14a using Lindlar’s cata-
lyst gave the corresponding alkene 15a in almost quan-
titative yield.

Table 1. Structure of tetra- and pentasubstituted dihydropyrans

Compound R! R? R?
6a Me H sBu
Ta Me H cHex
8a Et H cHex
9a cHex H cHex
10a Bn H cHex
Cl
11a Bn H N
CHo—
(0] s 2
12a Me Me* cHex
13a Me Me? Br,C=CH(CH,),—
14a Me Me? but-3-ynyl
15a Me Me* but-3-enyl

#()-Erythro 1 gave dihydropyrans with a trans-relative configuration
of R? group with respect to R' and R>.

Scheme 2. Reagents and condition: (a) n-BuLi, Et,O, —78 °C, 86%;
(b) H,, Pd/C Lindlar, EtOAc, 98%.

The cleavage of the TMS group offers an alternative to
the production of derivatives with alkyl groups at
positions 2 and 6 of the ring, such as compound 7b
(Scheme 3). As shown earlier, these products cannot
be obtained by the direct reaction between aldehydes
and unprotected secondary homopropargyllic alcohols
(1, P=H, Scheme 1).

The antitumor activity of compounds 3a-b, 6a—15a, and
7b was evaluated against the three human solid tumor
cell lines using the National Cancer Institute (NCI) pro-
tocol.® The growth inhibition parameters Glsy,, TGI,
and LCsy together with the calculated lipophilicity
values given as ClogP® are given in Table 2. Overall,
the results showed that the majority of the compounds
are able to induce not only growth inhibition but also
net cell kill, even in the resistant cancer cell line WiDr.
The ovarian cancer cells were the most sensitive to the
drugs. This observation is consistent with a previous
study in which colon cancer cells showed more drug
resistance than ovarian cancer cells.'®

The lipophilicity values are not sufficient to explain the
observed activity profiles. The ClogP values for all
the compounds are within a large range, 3.3-10.5
(Table 2). We found earlier that 2-alkyl-4-chloro-5,6-
dihydro-2 H-dihydropyran derivatives with ClogP
values larger than 4 were the most active products.*
In the present study, this behavior was also observed.

When considering the growth inhibition parameters we
found that compounds 3b and 6a are the only inactive
products against all cell lines. The direct comparison
of activity profiles between compounds 3a and 3b indi-
cates that the introduction of the TMS group at position
3 of the oxacyclic ring enhances the activity against all
cell lines. The effect is observed for the pair of com-
pounds 7a and 7b against the colon cancer cells (WiDr).
No improvement in activity was observed for 1,1-dib-
romovinyl derivative 13a when compared to the analog
16 (Fig. 2). Perhaps in these compounds the effect of the

Cl Cl
X TMS a N
O O
7a 7b

Scheme 3. Reagents and condition: (a) HI/H,O (1:1), CH,Cl,, reflux,
86%.
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Table 2. Lipophilicity and growth inhibition parameters for the in vitro screening of dihydropyrans against human solid tumor cells®
Compound ClogP° A2780 (ovarian cancer) SW1573 (non-small cell lung WiDr (colon cancer)
cancer)
Gls TGI® LCsy® Gls TGI* LCsy° Gls TGI* LCsy°
3a 4.96 27+5.1 66+ 32 92+ 11 10£74 28 £ 10 65+ 18 20+ 13 39+17 79+ 15
3b 3.32 >100 >100 >100
6a 5.48 >100 >100 >100
7a 6.05 17£59 32+75 61+6.9 1652 31+738 62+ 11 15+£8.8 33+ 16 74 + 24
7b 4.41 19£9.2 38+ 14 79+ 18 12£2.6 43 £13 65+29
8a 6.58 16+£23 35+24 75+4.0 22+49 49+ 13 911 29+6.5 73 + 38 95+7.7
9a 8.09 22+37 46£2.2 90 + 8.5 23+£6.3 48 £ 15 88+ 11 30+9.6 81+ 33 97+4.6
10a 7.62 34+ 14 78 £35 30+5.8 62+ 36 88 + 20
11a 10.46 23+0.6 47£0.2 9%+ 1.6 30+6.9 68+9.7 67+438
12a 6.57 19+£39 38+ 6.1 77+ 11 20+4.9 41 10 76 £ 19 42+22 84 + 28
13a 5.65 16+1.1 33+1.2 70+ 1.7 22+3.6 43 £538 87+ 11 25+ 14 90 £ 18
14a 4.92 21+£23 39+45 75+ 13 19+24 37+6.1 75+ 19 24+79 68 + 38 85+ 19
15a 6.93 17£1.7 36 £4.1 19+£9.8 23+£6.1 55+22 92 %11 3723
16 4.25 16£55 53+41 76 £ 23 30+ 7.0 92+ 16 23+35 5721 9%6+59
17 2.24 37+72 41+ 6.4 >100
18 3.89 20£2.6 26 3.6 >100
19 7.26 8.6+6.7 25+6.1 65+3.3 14+£6.2 3610 85+ 17 20+23 61+5.6 89+ 15

#Values are given in pM and are means of two to four experiments, standard deviation is given in parentheses.

P Ref. 9.

°TGI and LCs, values are given only if they are less than 100 uM, which is the maximum test concentration.
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Figure 2. Structures of previously reported cytotoxic alkyl chloro
dihydropyrans.

1,1-dibromovinyl group is prevailing. On the contrary,
compound 14a was to a large extent more potent against
all cell lines than its analog 17 (Glso= 37, 41, and
>100 uM against A2780, SWI1573 and WiDr cells,
respectively).* This outcome is also consistent with our
previous studies where we described that the TBS
(tert-butyldimethylsilyl) group enhanced the cytotoxic
activity of 2,3-disubstituted-tetrahydropyrans in leuke-
mia and solid tumor cells.!! By means of the regioselec-
tive addition of TBS and TBDPS (tert-butyl-
diphenylsilyl) groups, inactive naturally occurring catal-
pol was transformed into antiproliferative analogs.'?
Furthermore, cisplatin!® and camptothecin'* analogs
containing a silyl group have been reported to give a bet-
ter activity profile than their respective parental antican-
cer drugs.

Compounds 7a and 7b were more active than 18 (analog
of 7b lacking the methyl group at R'), which showed a
modest activity against the ovarian and the lung cancer
cells, and was inactive against WiDr cells.* Thus, in
addition to the TMS group we found that the introduc-
tion of alkyl chains at position 6 of the ring (R') seems
to favor the cytotoxic effect. Alkyl groups that produce
similar biological results are Me (7a), Et (8a), and cHex
(9a), whilst Bn (10a) gave less potent derivatives.

The results also indicate that the nature of the alkyl
side chain at position 2 of the ring (R*) may be rele-
vant for the modulation of the biological activity.
For instance, a cHex group at position 2 of the oxacy-
clic ring (7a-10a) leads to more active compounds
when compared to other groups such as sBu (6a) or
linear alkyl substituents (11a and 13a-15a). In this
context, we found that the heterodimer 11a showed
reduced activity when compared to a previously
reported homodimer 19 bearing two 4-chloro-5,6-dihy-
dro-2H-pyran fragments.* We cannot discard that
other factors than described are involved in this unex-
pected result.

In conclusion, we have shown that the addition of TMS
and alkyl groups to the chlorodihydropyran scaffold
leads to derivatives with enhanced cytotoxic profile
when compared to 2-alkyl-4-chloro-5,6-dihydro-2H-
pyrans. Based on these results, it is anticipated that these
chlorovinyl-TMS oxacyclic compounds will be active
against both sensitive and resistant solid tumors. All
the cyclic products can be prepared in a single step from
linear precursors by means of a silyl alkyne-Prins cycli-
zation reaction. This general methodology will allow the
quick production of oxacyclic synthons for the discovery
of novel bioactive compounds.
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