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Abstract. The classical Mannich reaction of aromatic me- substitution products, after ring closure 3-benzoyl-3,4-dihy-
thyl ketones with paraformaldehyde and dimethylamine hy-dro-2H,5H-1-benzopyrano[4,®]pyran-5-ones (Scheme 4).
drochloride resp. dimethyl(methylene)ammonium chloride The reaction of 4-hydroxy-6-methylpyran-2-one with ADMP
has been extended to a few cases of 1-aryl-2-dimethylamireagentss investigated systematically in order to assess its
nomethyl-prop-2-en-1-ones (ADMP reagents). They havesuitability in carbon—carbon bond forming reactions as well
gained remarkable attention in medicinal chemistry, but onlyas to provide the conditions for subsequent ring closure or
more recently their properties as valuable building blocks fointermolecular addition of further nucleophiles to the enone
ring closure reactions to form either aroyl or dimethylami- double bond of the intermediate 3-(2-benzoylallyl)-4-hy-
nomethyl substituted heterocyclic compounds has been evaroxy-6-methylpyran-2-ones yielding miscellaneous 3-sub-
luated. In this review, a collection of representative examplestituted 2-pyrones (Scheme 5 and 8), and their application as
for their preparation (Scheme 2) and biological effects as welbuilding blocks for the combinatorial chemistry. The conden-
as the synthetic potential for the synthesis of heterocyclesation of ADMP reagentwith 2-aminopyridines gives rise
(Scheme 3-38) is given. The reaction of 4-hydroxycoumarirto 3-benzoyl-3,4-dihydro+2-pyrido[1,2-a]pyrimidines
delivers with ADMP reagentsja the formation of detect- (Scheme 6) and the corresponding reaction using amidines
able 3-(2-benzoylallyl)-4-hydroxycoumarins as secondaryaffords 5-benzoyl-1,4,5,6-tetrahydropyrimidines (Scheme 7).

1-Aryl-2-dimethylaminomethyl-prop-2-en-1-ones In the course of our attempts to synthesize 4-aryl-
(ADMP reagents) belong to the powerful clas®gi 1,8-naphthyridinesia cyclization of 2-(3-hydroxy-3-
dimethylallylammonium salts with electron-acceptor phenylpropylamino)pyridines we failed to aminometh-
substituent in position 2e. CN [1], COR (R = aliphat- ylate 3,4-dichloroacetophenone under standard condi-
ic substituent) [2], COOR [3], COOH [4]. They are char-tions; a comprehensive review on modern variants of
acterized by three different electrophilic reaction centthe Mannich reaction has been recently published [5].
ers which can be attacked by ambifunctional nucleobimmocket al obtained the Mannich base of this ke-
philic reagents to form either aroyl- or dimethylami- tone in a yield of only 30% using 1,2-dimethoxyethane
nomethyl substituted heterocyclic compounds (Schemas solvent [6]. Thus, we considered enforcing this reac-
1). The aim of this short report is to collect some repretion by employing dipolar aprotic solvents which are
sentative examples of ADMP reagents for describingccasionally used in Mannich reactions [7]. When car-
the preparation, the significance in medicinal chemistying out the reaction in dimethylformamide the nor-
try and above all to demonstrate their usefulness imal Mannich producs was formed only in traces and

modern synthetic heterocyclic chemistry. the aminomethylated propenone derivatiegere iso-
lated in moderate yields [8]. This solvent has the major
o J advantage that the reaction will be suitable for acid la-
A ® ® bile aryl methyl ketones [9] as well and the procedure
T‘ANHMGZ mNHMez is much easier to perform than alternative synthesis.
c1© c1© When employing preformed iminium salts, the so-called
] Bohme salts [10], an improvement of the yield is no-

ticeable. A reasonable reaction mechanism involves at-
tack of the methyl ketone by two molecules of the Man-
nich reagent to givéfollowed by elimination of dimeth-
ylamine producing the propenone derivaB®(&cheme
Scheme 1N,N-Dimethylprop-2-enylammonium salts with 2). These experimental results prompted us to investi-
electron-acceptor substituent in position 2 gate the general applicability of dimethylformamide as

A =CN, COR, COOR, COOH ADMP reagent

1) Presented in part at the Fourth Conference on Iminium Salts, Stimpfach-Rechenberg (Germany), September 14—16, 1999
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a solvent for the Mannich reaction of aromatic methyl According to the structure of the ADMP reagents the

ketones. conclusion may be drawn that altogether three elec-
trophilic centers (Scheme 1) can be involved in an ad-

1 Methods A or B 1 ® dition-elimination mechanism which enables these ver-
R_©/KME _DMF125°C, 15h | RmNHMez satile reagents to be excellent precursors for ring clo-
ci® sure reactions using bifunctional nucleophiles. Surpris-

ingly, a study of the literature revealed that such an ap-
plication has not yet found its way into modern syn-

I /MethodB | thetic heterocyclic chemistry. Up to now, only a few
DMF, 125 °C, 15h reactions with ADMP reagents have been reported [32—
o o 35] demonstrating their valuable C-C, C-O, C-S, and

® ® C-N bond forming potential. The polyfunctional char-
NHMe, NHMe, .
R oo — R e .co  acter of both educts is the reason why the result of a
NHMe, ring closure reaction cannot be predicted. Scheme 3

shows a possible reaction mechanism using a heterocy-

3 4
clic dinucleophilic reagent. Generally, the ring closure
R = H, Br, Cl, Me, OMe is initiated by nucleophilic attack at the enone double
Method A: (CH,0), (3 equiv.), Me,;NH,CI (2 equiv.), 24 — 44% bond affording thg3-aminoketondll . Next, the third
Method B: CH,=NMe,Cl, 38 — 66% electrophilic center is generated by amine elimination

to form the enondV followed by a second addition
reaction to the ring closed heterocyclesor VI. An-
other mode of action is the attack at the keto carbonyl
group oflll to give 3-aminomethylated pyranésand/

Despite the extensive use of 1-ary|-2-dimethylami-0r conceivable tautomeric follow-up products in analo-

nomethylprop-2-en-1-on&Jorin vitro andin vivostud- y toVvi.
ies, the synthesis of these structures is hampered by ei-

ther low yields or the formation of mixtures consisting 0 ® XH
of the normal Mannich produ8tand the propenori NHiMe, © ©)\E\X
c1® * Pz
2 |

Scheme 2Synthesis of enone Mannich salts (ADMP rea-
gents)2

Thus, there are only a few cases that more than on
aminomethyl group is introduced into the same substrate
[11-13], thus producing a methylene-bis-derivative, !
which in turn may undergo deamination [11, 12, 14—

16] with formation of an aminomethylated prop-2-en- j ‘
1-one derivative. Some of them were synthesized by ®

treating the hydrochlorides of the corresponding bis- o NiMe: e o
Mannich based with Sorensen phosphate buffer, pH - -
7.4, in a purity of ca. 95% proved by HPLC [6]. And @ @ e O é
indeed, the bis-Mannich produetsan and have been o

investigated as prodrugs for the propeno2¢%7]; a

simple procedure for the synthesis of bis-Mannich bas- . V

es has been recently published [18]. For the synthesis -H0 j
of the propenoné the aryl methyl ketong is brought

to reaction with paraformaldehyde and the appropriate

amine, the use of glacial acetic acid [19—26] or even
3-methylbutanol in the presence of concentrated hydro-

chloric acid [27] as solvents have been reported. XX ﬁHMeZ
1-Aryl-2-dimethylaminomethylprop-2-en-1-ones N ci®
with the general structuzhave gained remarkable at-

tention in medicinal chemistry as antimicrotubular

agents [19, 28], anticonvulsants [29], they show anti- v

leukemic activity [6, 17, 30], and the inhibition of the g-peme 3Possible mechanism for the reactior2efith di-
epidermal growth factor (EGF) tyrosin kinase by ben-ycieophilic reagents

zyloxy substitute@ has been shown only recently [20].

Even their antifungal activity [19, 31] has been report- In order to study the influence of the polyfunctional
ed. electrophilic as well as nucleophilic character of the re-
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actants, condensations of enone Mannich 2altsth

representativ®,C-, N,N-, C,N-, andSN-nucleophiles OH

were performed. In accordance with the addition-elim- o 2

ination mechanism mentioned above, we found a prog,c—,o FIORILD (050 HoC

cedure for preparing 3-benzoyl-3,4-dihydrd;3H-1-

benzopyrano[4,®]pyran-5-ones3 [32] in up to 84% 0 10

yield by heating 4-hydroxycoumartwith two equiv-
alents of ADMP reager? in dimethylformamide as
solvent to 130—140 °C for 1.5 hours (Scheme 4). Where-

EtOH/H20
(50:50)
N(Et)s

N(Et)s
EtOH/H,0

(50:50)

S 2
Rl _———
S EtOH/H,O (50:50)
o} o

or DMF

R = H, 4-OMe, 3,4-Cl, 1
° ° Scheme 5Reactions of 4-hydroxy-6-methylpyran-2-o8 (
o with ADMP reagentg

NHMe,

®
ci®
L = o
7 8 _ R \
N~ Onp, EOHMO NH,Me,Cl
N o2
H

R!=R?=H, Me, OMe, Cl, Br

[e]
12 13
Scheme 4Synthesis of 3-benzoyl-3,4-dihydréd5H-1-ben-

zopyrano[4,3]pyran-5-ones i i @
as6 could not be isolated, the intermediate endowas N 2 N o2
[S]

detected by tlc and could be characterized when heat-

ing was stopped already after 15 minutes as a mixture " 5 O
together with8. Compounds analogous Y6 and VI

shown in Scheme 3 could not be detected. Contrary t8' = H- Me, OMe, Cl, Br R, = H, Me

the corresponding reaction of 4-hydroxycoumasin Scheme 6Synthesis of 3-benzoyl-3,4-dihydrd42oyri-
heating the 4-hydroxy-6-methylpyran-2-or@ (vith  do[1,2-a]pyrimidines15

two equivalents of the hydrochlorid@sin dimethyl-

formamide as the solvent to 120-130 °C for 1 hour o

gives rise to 3-(2-benzoylallyl)-4-hydroxy-6-methyl- . @

pyran-2-ones10) in up to 65%yield [33]. A second zmgﬁgez

addition to form the ring closed heterocytledoes not  ©

take place. But another approach proved successful in 2
the exclusive formation of the pyranopyrdien yields "
of 50 to 70%, namely reacting a solution of the educts R QN (V=9
in 2-propanol in the presence of triethylamine (Scheme i i e
5).
)2-Aminopyridine512 as N,N-bifunctional nucleo- o
philic reagents are condensed with ADMP reag@nts 2 Hel
to give 3-substituted pyrido[1 &pyrimidinesl5 (Sche- o
me 6) isolated as perchlorates via the intermedi3es «: NH
and14 which were not found [34]. The more reactive szf‘e
nucleophilic centers of amidinaé were cyclized with " v RIS oen
enone Mannich sal&to form 5-benzoyl-1,4,5,6-tetra- A RS=H. ng‘éeﬁs, 3-NO~CgH,
hydropyrimidinesl 7 (Scheme 7) without detecting any Y R = CoHs, C(CHa)s
intermediates structurally related iid —V shown in Scheme 7Synthesis of 5-benzoyl-1,4,5,6-tetrahydropyrimi-

Scheme 3 [35]. dines17
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The unexpected formation of the ring opened 2-py-
ranonel0prompted us to investigate some nucleophilic
addition reactions to their enone structure [36]. In first
attempts we added amino compounds as examples for
N-nucleophiles and obtained tifleaminoketoned 8.

The corresponding-ethoxyketoneB-benzylmercap-
toketone were obtained when using sodium ethoxide as
O-nucleophile and benzylthio alcohol &siucleophile
[33]. It is noteworthy to mention that the nucleophilic
addition has to be performed at ambient temperature.
Otherwise, follow-up reactions take place, mainly eli-
mination of the nucleophile and ring closure to fdrin

(Scheme 8). R*
OH o OH o
I |

He” N0 o BOHILL [ " >0 S0 Nu

condensation reduction

\ 0 / reductive amination

R? R

hydrogenation
alkylation

reductive alkylation

e

NR®R* OH

ZN ~ °N
R R? R
NS NS ~ ~
N N

20 21

Scheme 9Functionalization of the pyrido[1,8pyrimidines
19 as a tool for the synthesis of potential drug molecules

10 18
NUH/EtOH N(Et)o/EtOH
w‘“ rex / not only interesting targets themselves but are also val-
uable educts for reduction or condensation processes
giving potential drug moleculeag. the compoundg0
o and21 from the pyridopyrimidined9 (Scheme 9). In
X many cases, they are characterized by the classical phar-
' macophoric structure consisting of aromatic nucleus and
side chain with a basic center being incorporated in to a

1 ring system [37]. Furthermore, successive addition of

NuH = PhCH,NH,, n-BuNH,, (Me),NH, HO(CH,),NH,, Pyridin-2-NH,, EtOH,
PhCH,SH

Scheme 8Nucleophilic substitution reactions of 3-(2-ben-
zoylallyl)-4-hydroxy-6-methylpyran-2-one @)

different nucleophiles to ADMP reageritshas made
them to powerful building blocks with a tremendous
synthetic potential in combinatorial chemistry.

References

The general reaction pathways in nucleophilic addi- [1;
tions described above prompted us to investigate the
suitability of the enones0 as building blocks for com-
binatorial chemistry. Thus, three benzoylallyl deriva-
tives10were brought to reaction with a mixture of five
amines, namely diethylamine, morpholingropyl-
amine,n-butylamine, and benzylamine producing a
small library in solution. The reaction afforded a mix-
ture of 15 racemates, as one stereogenic center is gen-
erated. This mixture was analyzed using liquid chro-
matography-mass spectrometric coupling. All the ex-
pected adducts were found in a comparable amount. This
library in solution is stable for a couple of weeks when
stored at room temperature [33]. [3]

In conclusion, the ADMP reagerisire versatile bis-
electrophilic reagents. The few examples presented in
this short overview demonstrate their synthetic poten-
tial for ring closure reactions using bifunctional nucleo- 4]
philes. Besides the formation of 6-ring heterocycles the
preparation of selected 5- and 7-membered are at present
under study. The resulting heterocyclic compounds arel5!

(2]

J. Prakt. Chen00Q 342 No. 3

a) B. I. Joffe, L. V. Selenina, J. Org. Chem. USSR (Engl.
Transl.)1969 5, 1830; b) K. N. Zelenin, B. V. Joffe, N. L.
ZeleninaPokl. Chem. (Engl. Transl)97Q 190, 161; Dokl.
Akad. Nauk SSSR Ser. Khinl97Q 190, 1354; c) Patent
Minnesota Mining and Manufacturing C4970, DE
1944054; Chem. Abstt97Q 73, 25461

a) S. A. Wartanjan, V. N. Zhamagortsyan, E. G. Mesropyan,
Izv. Akad. Nauk. Arm. SSR, Khim. Nauki957, 10, 66 B;
Chem. Abstr1958 1066; b) B. Reichert, H. Partenheimer,
Arzneim. Forsch./Drug-Red962 12, 1012; c) Y. JasoM.
Gaudry, A. Maquet, M. Bettahar, J. Chem. Soc., Chem. Com-
mun.1974 253; d) J. V. Greenhill, M. D. Mehta, J. Chem.
Soc. C1970 1549, 1552; e) M. Gall, B. V. Kamdar, J. Org.
Chem.1981, 46, 1575; f) A. B. Koldovskii, I. A. Milyutin,

V. N. Kalinin, Dokl. Chem. (Engl. Transl)992 324, 119;
Dokl. Akad. Nauk SSSR, Ser. Khirh992 324, 1015

a) G. Adrian, D. Weber, C. R. Hebd. Seances Acad. Sci. Ser.
C 1971 272 1902; b) Patent Borden CI063 US 3094554,
Chem. Abstr1963 59, 12647. c) Patent Minnesota Mining
and MFG1974 DE 1966828; Chem. Abst974 81, 120622

a) F. Pelletier, J. Org. Cherh952 17, 855; b) R. N. Renaud,

L. C. Leitch, Can. J. Cherk968 46, 385; c) Patent Minne-
sota Mining and MFGL974 DE 1966828; Chem. Abstr.
1974 81, 120622

M. Arend, B. Westermann, N. Risch, Angew. Cheriog

233



PROGRESS REPORT

(6]

[7]
(8]
9]
(10]
(11]
(12]
(13]

(14]

(15]

[16]
(17]

(18]
(19]

(20]

[21]
(22]

(23]
(24]

234

U. Girreser, D. Heber

110, 1096; Angew. Chem. Int. Ed. Endl998 37, 1045
J. R. Dimmock, K. Shyam, N. W. Hamon, B. M. Logan, S. [25]
K. Raghavan, D. J. Harwood, P. J. SmittPharm. Scil983

72, 887 [26]
W. Werner, Arch. Pharm. (Weinheim, Get976 309, 1011

U. Girreser, D. Heber, M. Schitt, Synthe$898 715 [27]
E. Rudinger-Adler, J. BuchiArzneim.-Forsch./Drug-Res.

1979 29, 1326 [28]
a) H. Bohme, F. Martin, Chem. Bdr973 106, 3540; b) H.
Boéhme, Angew. Chenl976 88, 772 [29]

S. Miyano, H. Hokari, H. Hashimoto, Bull. Chem. Soc. Jpn.

1982 55, 534 [30]
A. Hosomi, S. lijima, H. Sakurai, Tetrahedron Ldt982

23, 547

O. L. Mndzhoyan, G. A. Gevorkyan, Arm. Khim. Zh973 [31]
26, 220; Chem. Abstr1973 79, 65719

H. Krieger, H. Lumme, T. Petdja, A. Talvitie, U. M. Vainio, [32]

Rep. Ser. Chem. Univ. Oulti984 18; see also M. Tramon-

tini, L. Angiolini, Mannich Bases, Chemistry and Uses; CRC [33]

Press: Boca Ratoi994 p. 26 [34]

M. D. Mehta, British Patert97Q 1,199,731; Chem. Abstr. [35]
[

197Q 73, 120344

H. J. Reich, J. M. Renga, J. Org. Chd®75 40, 3313

J. R. Dimmock, S. A. Patil, M. D. Leek, R. C. Warrington,
W. D. Fang, Eur. J. Med. Cheit987, 22, 545

M. Arend, N. Risch, Tetrahedron Le1t999 40, 6205

I. Lesieur, D. Lesieur, C. Lespagnol, M. Cazin, C. Brunet,
M. Luyckx, M. L. Mallevais, A. Delacourte, L. Dubreuil, J.
Devos, C. Romond, Arzneim.-Forsch./Drug-Rie386 36(1),

20

36]

(37]

Ger.)1973 306, 625

S. Foldeak, P. Hegyes, J. Molnar, Tetrahedron L1&85

26, 5913

Merck and Co., Inc., Pateh962 BE 612755, Chem. Abstr.
1963 59, 12712

G. Riggio, A. J. Raeber, W. H. Hopff, Helv. Chim. A&&89
72,1216

P. M. Loiseau, P. Depreux, Trop. Med. Parasit84 45,
229

J. R. Dimmock, S. A. Patil, K. Shyam, Pharma2@1, 46,
538

S. Lestavel-Delattre, F. Martin-Nizard, V. Clavey, P. Testard,
G. Favre, G. Doualin, H. S. Houssaini, J. M. Bard, P. Duriez,
Cancer Resl992 52, 3629

M. Ogata, H. Matsumoto, S. Kida, S. Shimizu, K. Tawara,
Y. Kawamura, J. Med. Cheri987 30, 1497

U. Girreser, D. Heber, M. Schiitt, J. Heterocycl. Ch£998

35, 1455

U. Girreser, D. Heber, M. Schutt, unpublished results.

U. Girreser, D. Heber, M. Schitt, Synl2898 263

U. Girreser, D. Heber, M. Schutt, Synthes899 1637

a) J. March, Advanced Organic Chemistry, John Wiley &
Sons, New York 1985pp.711; b) S. Patai, Z. Rappoport,
The Chemistry of Enones, pt. 1, John Wiley & Sons, New
York 1989, pp.281-315, pp. 355-469

H.-J. Bohm, G. Klebe, H. Kubinyi, Wirkstoffdesign, Der Weg
zum Arzneimittel, Spektrum Akademischer Verlag, Heidel-
berg 1996,p.159

P. Traxler, U. Trinks, E. Buchdunger, H. Mett, T. Meyer, M. Address for correspondence:
Mueller, U. Regenass, J. Roesel, N. Lydon, J. Med. ChemProf. Dr. D. Heber

1995 38, 2441

Christian-Albrechts University

R. C. Gupta, P. Nautiyal, A. G. Jhingram, V.P. Kamboj, B.S. Pharmaceutical Institute

Setty, N. Anand, Indian J. Chet®81, 20B, 303

W. Back, Arch. Pharm. (Weinheim, Gel7Q 303 465,
491

W. Back, Arch. Pharm. (Weinheim, Get971, 304, 27

Department of Pharmaceutical Chemistry
Gutenbergstrasse 76

D-24118 Kiel

Fax: Internat. code (0)431/8801352

K. Mann, W. Back, E. Mutschler, Arch. Pharm. (Weinheim, e-Mail: dheber@pharmazie.uni-kiel.de

J. Prakt. Chen200Q 342 No. 3



