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Syn the sis of Novel N-Pyridylcantharidinimides by Using High Pres sure
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Therecently described pressurereactioninthepresenceof trithylaminewith sub sequent ther mal (200°C)
cyclization pro vided 13N-pyridylcantharidinimides4a-4m from aminopyridines and cantharidin in yields of
15-83%. 2-Amino-3,5-dichloropyridine failed to yield4n.

INTRODUCTION

Someof usdescribedrecently anim proved synthesisof
cantharidinimides.* The usual heating to 200 °C of can-
tharidin 1 with the pri mary amines®** was per formed with
thesol venttolueneinaseal edtubepreventinganevaporation
of cantharidinaswell asof theamine, if thisisvol atile. Ad di-
tion of triethylamine (TEA) coun tered the protonation of the
pri mary amine by the monoamide monocarboxylic acid 2 that
arisesinthefirst step of the synthesis(Schemel). Potential
bioactivity>***° stim ulated re search on cantharidinimidesand
relatedimides. Thepresentinvesti gationex tendedtheim-
proved synthesis in order to obtain a novel type of can-
tharidinimidesin usableyieldsand to si mul taneously study
the scope of thissynthesis. Thefirst mech anistic step, theat-
tack of the pri mary amineon acar bonyl car bon of 1, isvery
dif fi cult for stericreasons. It requiresheat and de pends nec-
essar ily onthenucleophilicity of the pri mary amine.

Scheme |

RESULTS AND DISCUSSION

Neglecting steric shielding of the NH, group, this
nucleophilicity should closely bere lated to the ther mo dy
namicbasicity. Onemay thereforeex pect that for mation of 2
(Scheme 1) and hence also that one of the re spec tive can
tharidi ni midewill becomemoredif fi cult whentheamineba
sicity decreases, e.g., in aromatic amines. N-Phenyl can
tharidini midehasprevi ously been preparedfrom 1and ani-
line but thisre port did not men tion the yield.2 We ob tained
now 63% of thiscom pound using pressuresynthesis. Thisen
cour aged ustoex tend thepressuresynthesistoreactionsof 1
with aminopyridinesthat should pro vide hith erto un known
N-pyridylcantharidinimides. The NH: basicity of amino
pyridinesisun known but will be slightly lessthan that one of
thecor responding ani linesduetotheel ectron defi ciency of
the pyridinering. Of course, theringnitrogen basicity may be
rather high in ti- and 1-aminopyridineswhere both ni trogen
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Table 1. Preparation of N-Pyridylcanthari dinimides4a-4n

Entry Amine Product Yidd (%)* Entry Amine Product Yield (%)®
R
1 3a N / \ N da 62 8 3h  NHp g < CHs 4h 37
Hs
N N \
2 3b N / \ 4b 29 9 3 NH: / i 72
CHjy
N N
3 3  NH2 / \ 4c 39 10 3 N / \ cl 4 50
N
4 3d  NH; / \ NO, 4d 15 11 3k NH; / \ cl 4k 28
— —N
S /
5 3e  NHz \ A ——OCH; de 83 12 3 NH; < Br 4 35
Hj N \
NH, /
6 3f NH2 / \ 4f 57 13 3m — 4m 79
N OH
CH3 N
N NH / \ cl
7 30 Ny / \ 49 47 14 3n — 4n 0
— Cl
@Y ields obtained after purification by Chromatograph on silica gel. _ /o
H Y
IS
¢) N—|: —Ix
= o
X =H, CHg, Cl, Br, OH, OCHs, NO,
Y =H, CHj, Cl
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at oms are part of an amidine struc ture or of an vinylogous
amidine.

As shown by Table 1, the N-pyridylcantharidinimides
4a-4m could beprepared by meansof pressuresynthesis. The
yield(af ter crystal li zationfrommethanol) vary from15%to
83% and show atrend com pat i blewiththeex pected basicity
influenceof 3. The high est yields were ob tained from meth-
oxypyridine 3e and hydroxypyridine3m. ThepKaval ues® of
thetwoani lines, or ratyer aniliniumions, cor respondingto3e
and 3m are5.3-5.4and ca. 4.8, i.e. slightly higher than ca. 4.6
for thepar ent ani linewhosepyridinecounter partsare 3a-3c.
Thevari ationinyieldsof 4a-4c may per hapsreflect thein-
ductiveelectronwithdrawal by thering ni trogen, sinceanin
ductiveef fectwill inversely in crease with the distance be-
tweenthetwo ni trogenat oms. How ever, oneshould not over-
stressthiswhol etopicsincetheyield obtained by preparative
tech niqueswill also bein flu enced by other fac torsthat can
causeastrong vari ation. Theresultsobtainedwith 3d and3n,
how ever, strongly con firm thein flu ence of amine nucleo-
philicity andbasicity. Pkaof theani linecounter partisca. 1.0
for 3d and 2.0-2.6 for 3n. Thefail ureto obtain 4n can be ex-
plained by thecom binedinflu enceof low basicity and steric
hindrance. Thelat ter must beex tremely ef fectiveinthereac-
tionwith the sterically shielded car bony! of 1.

EXPERIMENTAL SECTION

General Methods

Melting points were de ter mined with amelt ing point
microscope (Yanaco ap paratus) and Blichi melting point
B-545. Sil icagel (0.063-0.200 mm, 70-230 mm mesh if not
oth er wise stated, else 0.040-0.063 mm, 230-400 mesh) sup-
plied by Merck wasused for col umn chro matog raphy. Infra-
red spectrawererecorded on aPerkin EImer Model 882 and a
Nicolet 510 PFT-IR spectrophotometer. Mass spec trawere
ob tained on a Joel IMSHX 110 FABMS and Joel IMS-HX
110 for high resolution spectrometers.'H NMR spectra
(CDCls unlessoth er wise stated) werere corded at 200 MHz
and at 300 MHz on Bruker AC spectrometers. Chemical
shifts are shown in & val ues (ppm) with tetramethylsilane
(TMS) asaninter nal ref erence.

General Procedure

General ProcedurefortheReactionof Cantharidini-
mides. Thesyn the sisboth fol lowed the gen eral method and
used the seal ed tube de scribed in Ref. 1. Amine (1 mmol of 3
oraniline),1 (1 mmol), TEA (2mL) andtoluene(3mL) were
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heated to 200 °Cfor 2hunder stir ringinthesealedtube. Af ter
cool ingtoroomtem per ature, tolueneand TEA wereevap o
rated. Theresi due was heated to 200 °C for an other 1 h and
was subsequently subjected to column chromatography
(silical gel, CHCI;: MeOH =9: 1). The prod uct wasrecrys
tallizedfrommethanol.

N-Phenylcantharidinimide

Cantharidin (197 mg, 1.0 mmole), amine (110 mg, 1.2
mmole), TEA (3 mL), Toluene (3 mL), 62% yield; m.p.
123-124 °C (MeOH) (1it.?120-122°C); *H NMR (CDCl3, 400
MHz) & 1.24 (s, 6H), 1.72-1.86 (m, 4H), 4.69 (t, 2H, J =2.6
Hz), 7.26 (d, 2H,J = 8.0 Hz, Phenyl H-3, H-5), 7.45 (dd, 2H,J
=7.2 Hz, 8.4 Hz, phenyl H-2, H-6); IR (KBr), 1710, 1766
(imide) cm™; MS vz (rel. int. %), 272 (M*, 10), 202 (70), 96
(100).

N-(4-Pyridyl)cantharidinimide (4a)

Cantharidin (197 mg, 1.0 mmole), amine (105 mg, 1.1
mmole), TEA (1 mL), Toluene (3 mL), 61% yield; m.p.
135-136 °C (MeOH); *H NMR (CDCl3, 300 MHz), &i 1.26 (s,
6H), 1.73-1.91 (m, 4H), 4.69 (t, 2H, J= 2.6 Hz), 7.43 (dd-
like, 2H, J = 1.2, 6.0 Hz, pyridyl H-2, H-6), 8.71 (d, 2H, J =
4.1, pyridyl H-3, H-5); IR (KBr), 1717, 1772 (imide) cm™;
MSmz(rel. int. %), 272 (M, 20), 204 (100), 96 (45); HRMS
(El) calcd. for C1sH160sN2 272.1161, found: 272.1158.

N-(3-Pyridyl)cantharidinimide (4b)

Cantharidin (197 mg, 1.0 mmole), amine (129 mg, 1.4
mmole), TEA (2 mL), Toluene (3 mL), 29% yield; m.p.
108-109 °C (MeOH); *H NMR (CDCls;, 300 MHz), & 1.27 (s,
6H), 1.73-1.91 (m, 4H), 4.69 (t, 2H,J=2.6 Hz), 7.43(dd, 2H,
J=4.8,8.1Hz, pyridyl H-4), 7.73(dt, 1H,J=1.7,4.5,8.1 Hz,
pyridyl H-5), 8.62 (dd, 1H, J=7.6, 5.3 Hz, pyridyl H-6), 8.63
(d, 1H, J = 1.8 Hz, pyridyl H-2); IR (KBr), 1713, 1767
(imide) cm™; MSm/z (rel. int. %) 272 (M*, 20), 204 (100), 96
(47); HRMS (El) calcd. for C1sH1s0sN2 272.1161, found:
272.1154.

N-(2-Pyridyl)cantharidinimide (4c)

Cantharidin (196 mg, 1.0 mmole), amine (95 mg, 1.0
mmole), TEA (2 mL), Toluene (5 mL), 39% yield; m.p.
154-155 °C (MeOH); *H NMR (CDCl3, 300 MHz), & 1.27 (s,
6H), 1.73-1.90 (m, 4H), 4.72 (t, 2H,J=2.6 Hz), 7.35(dd, 2H,
J=2.4, 8.0 Hz, pyridyl H-3, H-5), 7.87 (dt, 1H,J=1.9, 5.0,
7.9 Hz, pyridyl H-4), 8.65 (d, 1H,J= 5.4 Hz, pyridyl H-6); IR
(KBr) 1711, 1772 (imide) cm™; MSmvz (rel. int. %), 272 (M ",
20), 96 (30), 203 (100); HRMS (EI) calcd. for C1sH1603N2
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272.1161, found: 272.1184.

N-(5-Nitropyridyl-2)cantharidinimide (4d)

Cantharidin (196 mg, 1.0 mmole), amine (139 mg, 1.0
mmole), TEA (3 mL),Toluene (3 mL), 15% vyield; m.p.
193-194 °C (MeOH); "H NMR (CDCls, 300 MHz), 5 1.29 (s,
6H), 1.76-1.90 (m, 4H), 4.75(t, 2H,J= 2.4 Hz), 7.63(d, 1H, J
=8.7 Hz, pyridyl H-3), 8.63 (d, 1H,J= 8.8 Hz, pyridyl H-4),
9.45 (d, 1H, J = 2.6 Hz, pyridyl H-6); IR (KBr) 1714, 1780
(imide) cm®; MS (rel. int. %), 318 (M*, 20), 274 (60), 248
(100); HRMS (EI) calcd. for C1sH1s0sN3 317.1012, found;
317.1002.

N-(6-M ethoxypyridyl-3)cantharidinimide (4e)

Cantharidin (200 mg, 1.02 mmole), amine (126 mg,
1.02 mmole) TEA (2mL), Toluene (5mL), 83% yield; m.p.
154-155 °C (MeOH); *H NMR (CDCls, 300 MHz), & 1.25 (s,
6H), 1.73-1.88 (m, 4H), 3.95 (s, 3H), 4.69 (t, 2H, J=2.6 H2),
6.81 (d, 1H, J= 8.8 Hz, pyridyl H-4), 7.52 (dd, 1H, J = 2.7,
8.8 Hz, pyridyl H-5), 8.13(d, 1H,J=2.6 Hz, pyridyl H-2); IR
(KBr) 1710, 1764 (imide) cm™; MSmvz(rel. int. %), 302 (M,
100), 233 (95), 96 (90); HRMS (EI) calcd. for C16H1804N2
302.1267, found: 302.1275.

N-(4-M ethylpyridyl-2)cantharidinimide (4f)

Cantharidin (197 mg, 1.0 mmole), amine (110 mg, 1.0
mmole), TEA (2 mL), Toluene (6 mL), 57% yield; m.p.
157-158 °C (MeOH);*H NMR (CDCl;, 300 MHz), & 1.27 (s,
6H), 1.74-1.87 (m, 4H), 2.42 (s, 3H, pyridyl 3-CHs), 4.73 (t,
2H,J=2.4Hz), 7.16 (s, 1H, pyridyl H-3), 7.18 (d, 1H,J=5.2
Hz, pyridyl H-5), 8.50 (d, 1H, J = 5.0 Hz, pyridyl H-6); IR
(KBr) 1713, 1772 (imide) cm™; MSm/z (rel. int. %), 286 (M,
10), 217 (100), 96 (20); HRMS (EI) calcd. for C15H;305N,
286.1317, found: 286.1318.

N-(6-M ethylpyridyl-2)cantharidinimide (4g)

Cantharidin (206 mg, 1.06 mmole), amine (137 mg,
1.27 mmole), TEA (2mL), Toluene(5mL), 47%yield; m.p.
196-197 °C (MeOH); 'H NMR (CDCl3, 300 MHZ) & 1.27 (s,
6H), 1.74-1.90 (m, 4H), 2.59 (s, 3H, pyridyl 6-CHs), 4.72 (t,
2H,J=2.2Hz),7.09(d, 1H,J = 7.8 Hz, pyridyl H-3), 7.21 (d,
1H, J=7.6 Hz, pyridyl H-5), 7.72 (dd-like, 1H,J = 7.7, 7.8
Hz, pyridyl H-4): IR (KBr) 1711, 1774 (imide) cm™*; MSm/z
(rel. int. %) 286 (M", 8), 217 (100), 96 (18); HRMS (EI),
calcd. for C16H180OsN2 286.1317, found: 286.1318.

N-(5-M ethylpyridyl-2)cantharidinimide (4h)
Cantharidin (196 mg, 1.0 mmole), amine (108 mg, 1.0
mmole), TEA (3 mL), Toluene (5 mL), 37% yield; m.p.

Lineta.

189-190 °C (MeOH); *H NMR (CDCls, 300 MHz) fi 1.26 (s,
6H), 1.73-1.89 (m, 4H), 2.38 (s, 3H, pyridyl 5-CH,), 4.72 (d,
2H,J=2.2Hz),7.22(d, 1H, J= 8.1 Hz, pyridyl H-4), 7.65 (d,
1H, J = 8.1 Hz, pyridyl H-3), 8.46 (s, 1H, pyridyl H-6); IR
(KBr) 1711, 1775 (imide) cm®; MSmvz, (rel. int. %), 286
(M*, 7), 217 (100), 96 (25); HRMS (EI), calcd. for
Ci6H1503N, 286.1317, found: 286.1366.

N-(4,6-Dimethylpyridyl-2)cantharidinimide (4i)

Cantharidin (205 mg, 1.05 mmole), amine (128 mg,
1.05mmole), TEA (2mL), Toluene(10mL), 72%yield; m.p.
181-183 °C (MeOH); 'H NMR (CDCls, 200 MHz), & 1.25 (s,
6H), 1.70-1.89 (m, 4H), 2.33 (s, 3H, pyridyl 4-CH3), 2.52 (s,
3H, pyridyl 6-CHs), 4.70 (t, 2H, J = 2.5 Hz), 6.89 (s, 1H,
pyridyl H-5), 7.02 (s, 1H, pyridyl H-3); IR (KBr) 1710, 1778
(imide) cm™; MS vz (rel. int. %) 300 (M, 8), 217 (100), 96
(18); HRMS (EI) calcd. for Ci7H2003N2 300.1473, found:
300.1480.

N-(5-Chloropyridyl-2)cantharidinimide (4j)

Cantharidin (196 mg, 1.0 mmole), amine (129 mg, 1.0
mmole), TEA (3 mL), Toluene (2 mL), 50% yield; m.p.
148-151 °C (MeOH); *H NMR (CDClj;, 200 MHz), & 1.27 (s,
6H), 1.74-1.89 (m, 4H), 4.71 (dd, 2H, J = 2.2, 45 Hz), 7.32
(d, 1H,J=8.6 Hz, pyridyl H-3), 7.82 (dd, 1H, J=2.9, 8.8 Hz,
pyridyl H-4), 8.59 (d, 1H, J = 2.6 Hz, pyridyl H-6); IR (KBr)
1171, 1778 (imide) cm™; MS vz (rel. int. %) 306 (M*, 20),
237 (100) 96 (90); HRMS (EI) calcd. for C;sH1503N,Cl
306.0771, found: 306.0793.

N-(6-Chloropyridyl-3)cantharidinimide (4k)

Cantharidin (150 mg, 0.8 mmole), amine (100 mg, 0.8
mmole), TEA (4 mL), Toluene (5 mL), 28% yield; m.p.
110-112 °C (MeOH); *H NMR (CDCl3, 200 MHz), & 1.27 (s,
6H), 1.79-1.90 (m, 4H), 4.70(t, 2H,J= 2.6 Hz), 7.43 (d, 1H,J
= 8.9 Hz, pyridyl H-3), 7.70 (dd, 1H, J = 2.8, 8.7 Hz, pyridyl
H-4), 8.44 (d, 1H, J= 3.1 Hz, pyridyl H-2); IR (KBr) 1707,
1770 (imide) cm™; MSm/z (rel. int. %) 306 (M*, 35), 237
(100), 96 (94); HRMS (El), calcd. for GsHisOsNoCl
306.0771, found: 306.0768.

N-(5-Bromopyridyl-2)cantharidinimide (4)

Cantharidin (113 mg, 0.6 mmole), amine (100 mg, 0.6
mmole), TEA (3 mL), Toluene (3 mL), 35% yield; m.p.
188-190 °C (MeOH); *H NMR (CDCl3, 200 MHz), & 1.28 (s,
6H), 1.74-1.90 (m, 4H), 4.69 (s, 2H), 7.28 (dd, 1H, J = 2.4,
7.4 Hz, pyridyl H-3), 8.00 (dd, 1H, J= 2.3, 10.2 Hz, pyridyl
H-4), 8.70 (s, 1H. pyridyl H-6); IR (KBr) 1710, 1776 (imide)
cm; MSmvz (rel. int. %) 351 (M*, 4) 352 (20), 353 (4), 281
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(100), 282 (98); HRMS (El) calcd. for GsHisO3N2Br
351.0266, found: 351.0244.

N-(3-Hydroxypyridyl-2)cantharidinimide (4m)

Cantharidin (205 mg, 1.04 mmole), amine (120 mg,
1.09 mmole), TEA (2mL), Toluene(2mL), 79% yield; m.p.
over 300°C (MeOH); '"H NMR (CDCls, 200 MHz), & 1.27 (s,
6H), 1.71-1.96 (m, 4H), 2.70 (sh, OH), 4.96 (dd, 2H,J=2.1,
2.8Hz),7.27 (dd, 1H, J= 4.7, 8.2 Hz, pyridyl H-5), 7.41 (dd,
1H,J=1.5, 8.2 Hz, pyridyl H-4), 8.13 (dd, 1H,J = 15,45
Hz, pyridyl H-6); IR (KBr) 1713, 1776 (imide) cm*, 3737
(OH) cm™; MSmz (rel. int. %), 288 (M*, 30), 219 (100), 39
(60), 53 (45); HRMS (EI) calcd. for CisH1s0sN> 288.1110,
found: 288.1169.
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