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The kinetics of reactions of acceptor-stabilized

carbanidgasm with benzylidenebarbituric and

-thiobarbituric acidsla—e has been determined in a dimethyl sulfoxide solution at@0Second-order
rate constants were employed to determine the electrophilicity pararkedéthe benzylidenebarbituric
and -thiobarbituric acid¢a—e according to the correlation equation &0 °C) = s(N + E). With E
parameters in the range ef10.4 to —13.9, the electrophilicities ofa—e are comparable to those of
analogously substituted benzylidenemalononitriles.

Introduction

Benzylidenebarbituric and thiobarbituric acids are character-
ized by their strongly polarized exocyclic double bond with a
positive partial charge on the arylidene carBérirhey have
been termed as electrically neutral organic Lewis &ds
because they react with typical Lewis ba%esich as alkox-
ides2®amines’—? thiols 1 water!! and the hydrogensulfite idh3.
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Benzylidenebarbituric and -thiobarbituric acids also react with
carbon nucleophiles (e.g., compounds containing an active
methylene group314isonitriles!® phosphacumulene ylid§;”

or organo zinc reagent$y.20 Because of the fact that the active
double bond in benzylidenebarbituric acids can easily be
reducedt’ 23 these compounds can be used for the synthesis
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of unsymmetrical disulfidé425>and for the mild oxidation of =~ TABLE 1. Reactivity ParametersN and s of Carbanions 2a-m in
alcohols?5:27 Furthermore, benzylidenebarbituric and -thiobar- DMSO
bituric acids are important building blocks in the synthesis of

pyrazolo-[3,4€l]-pyrimidine derivativeg2°which show a broad e X Y Nis
biological activity3®-32 Benzylidenethiobarbituric acids also trap H
radicals and, therefore, can be used as thermal stabilizers in
rigid PVC33 2a 0”70 13.91/0.86°
Some years ago, we showed that the reactions of diarylcar- 0”0
benium ions with nucleophiles can be described by the linear
free-energy relationship (eq 1) and suggested a set of diaryl- 2b 16.27/0.77°
carbenium ions and nucleophiles as reference compounds for oo
rmining the r ivity of further nucleophil nd electro-
deFe ni g the reactivity of further nucleophiles and electro 2 4NCCH, SOCF, 16281075
philes:
2d  4NCCH, NO, 16.96/0.73°
[} p—
log ky(20°C) = s(N + E) 1) 2e COMe COMe  17.64/0.73°
whereE is the electrophilicity parametdX is the nucleophilicity 2f CeHs SOCF;  18.67/0.68"
parameter, and is the nucleophile-specific slope parameter. 2g COMe COEt 18.82/0.69°
2h CN CN  19.36/0.67°
Me\ NMe Me\ NMe Me\ 2i CN COEt 19.62/0.67°
2k CO,Et COEt  20.22/0.65
21 H NO,  20.71/0.60°
2m Me NO,  21.54/0.62°
NMe,
1c aReference 36?2 Reference 43¢ Reference 449 Reference 37.

Me\ Me Me\ /ﬁ\ _Me

*%5%%

Eq 1 also holds for the reactions of carbanions with quinone

zylidene-indan-1,3-dione® benzylidene Meldrum’s acid$;*!

and other electrophiles with polarized double bonds in 50%
aqueous DMS(®? We have now investigated analogous reac-
tions with benzylidenebarbituric and -thiobarbituric acids to
examine the scope and limitations of eq 1. For this purpose,
we studied the kinetics of the addition reactions of potassium
salts of different CH acids2g—m, Table 1) to the Michael
acceptorsla—e.

methides, which can be considered as uncharged analogues oResults

diarylcarbenium ion8%>36 and with typical Michael acceptors,
such as benzylidenemalononitrifésor benzylideneindandi-
ones®
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Product Studies. When equimolar amounts of the benz-
ylidenebarbituric and -thiobarbituric acids—e and the potas-
sium salt2 were combined ile-DMSO, quantitative formation
of the adduct8 was observed b{H and3C NMR spectroscopy
(Scheme 1). Because in many cases analogous reaction products
can be expected, product studies have not been performed for
all reactions that have been studied kinetically. For this paper,
the first letter of the adducts identifies the electrophile, while
the second letter identifies the nucleophile, for exampéd is
an adduct fromla and2h.

Protons B and H, which absorb as doublets betweén
4.43-4.81 ppm (H) andd 5.11-6.20 ppm (H), are charac-
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SCHEME 1. Products of Additions of Carbanions 2 to
Active Double Bond of Benzylidenebarbituric and
-thiobarbituric Acids 1a —e

jis /S
SNTONT j‘\ ky,  ONTENT K+
0 o =
g
Ar K+

1 2

MeO

3cb

teristic for the addition product3. The high upfield shifts of
theH NMR signals of the vinylic protons Hn la—e (6 8.30-
8.47 ppm¥° to 6 4.43-4.81 ppm in product$ indicate the
nucleophilic attack in thg-position of the Michael acceptér.
This interpretation is also confirmed B3C NMR spectra, which
show an upfield shift of the benzylidene carbon from 59—
160 ppm inla—eto 6 31-46 ppm in3 (Table 2). The upfield
shift of C-5 by an average of 27 ppm frodn108—115 ppm in
la—e to 6 83—86 ppm in3 reflects the increase of electron
density in the pyrimidine rings. The observation of two signal
sets in the'H NMR spectra of3cg 3ci, and3cm indicates the
formation of two diastereomers in these cas&sy(5:3; 3ci,
2:1; and3cm, 9:2).

The enol structure of the dimedone ring3ub (from 1c and
2b, Scheme 1) is indicated by i#8C NMR spectrum and the
OH signal at) 14.60 ppm. As a consequence, protgreHsorbs
as a singlet ad 6.08 ppm.

Treatment of the potassium saisk and 3cm with methyl
iodide yields4ck and4cm by methylation of the 5-position of
the pyrimidine ring. After separation of the diastereomers (9:2)
of 4cm by crystallization from ethanol, the structure of the major
diastereomer was determined by X-ray crystallography (Fig-
ure 1).

The anionic adduct3 obtained from arylidenebarbituric acids
1b,c were also treated with aqueous hydrochloric acid. The
adducts3ce 3cg 3cm, and 3bm, derived from acetylacetone
(2e), ethyl acetoacetat@g), and nitroethane2fm), respectively,
yielded the protonated specibsas depicted in Scheme 2. On
the other hand, the protonation&¢b, the product fronilc and
dimedone 2b), gave5cbh, where the dimedone group as well
as the barbituric acid group adopted an enol structure in gDCI
as shown by two OH resonance®)at2.83 (sharp) and 11.32
(very broad). This difference is also evident from A& NMR
spectrum obchb, where C-5 of the barbituric acid group absorbs
ato 92.8, while this carbon absorbs@b0.6-52.2 in all other
adductsb.

The protonation o8ch (from malononitrile) and3ci (from

ethyl cyanoacetate) under the same conditions resulted in retro-

(43) Berger, S. T. A,; Ofial, A. R.; Mayr, HJ. Am. Chem. So2007,
129 9753-9761.

(44) Bug, T.; Lemek, T.; Mayr, HJ. Org. Chem2004 69, 7565-7576.

(45) Haslinger, E.; Wolschann, Prg. Magn. Reson1977, 9, 1-7.
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FIGURE 1. X-ray crystal structure (ORTEP projection) of the major
diastereomer oficm. Atom numbers refer to the X-ray analysis.

TABLE 2. 'H and 3C NMR Spectroscopic Analysis of Products 3

o H2 O HP 3\](HLHb) 0 (C-Ha) o) (C-S)

(ppm)  (ppm) (Hz) (ppm) (ppm)
3ah 4.43 6.02 11.9 43.2 83.7
3bh 4.57 6.08 11.9 43.2 83.6
3cb 6.08 14.60 31.0 89.6
3ce 4.81 5.48 12.3 40.5 86.0
3cd 4.78 511 12.6 40.5 85.7
3cd! 4.76 5.28 12.2 40.4 86.1
3ch 4.61 6.12 12.2 43.2 83.7
3ci¢ 4.59 5.37 12.3 40.3 85.1
3cid 4.65 5.35 12.2 40.3 83.9
3ck 4.70 5.14 12.3 40.5 85.9
3cnt 4.45 6.00 114 45.8 85.0
3cntf 4.43 6.20 11.4 45.7 83.8
3de 4.67 5.41 12.3 40.3 91.5
3dh 4.43 5.96 121 43.2 88.9
3ee 4.78 5.47 125 40.4 91.4

a8 For assignment of structures, see Scheme 1 and Taldaf8mneans
product fromla and2h. ® See text Major diastereomerd Minor diaste-
reomer.

Michael additions with formation of the cyanostyrenes and
7ci (Scheme 2). Acidification o8bh (malononitrile adduct to
1b) also gave rise to the formation of the corresponding
benzylidenemalononitril@bh. Analogous retro-Michael addi-
tions have previously been observed by Patai and Rappoport
when treatingr-cyanog-phenylacrylates with malononitrile in
95% ethandf2and by us when benzylidenemalononitriles were
combined with the carbanion of ethyl cyanoacetate in DMSO.
SZatay observed this so-called aryl methylene transfer when
methoxy-substitute@-nitro styrenes were treated with ethyl
cyanoacetate or malononitrile in the presence of a basic
catalyst#6P

In addition to the retro-Michael addugth, just discussed,
the acid hydrolysis oBch (from malononitrile aniorzh and
1¢) yields 47% of the dihydropyrano[2@-pyrimidine 8ch.
Syntheses of analogous pyrano[&]3pyrimidines via the
reaction of benzylidenemalononitriles with 1,3-dimethylbarbi-
turic acid'” or via microwave irradiation of barbituric acids,
benzaldehyde, and cyanoacetates or malononitfites/e been
reported. In these reactions, the Michael add&eee probably

(46) (a) Patai, S.; Rappoport, Z.Chem. Socl962 377—382. (b) Incze,
M.; Dornyei, G.; Kajtar-Peredy, M.; Sm#ay, C.Synth. Commun1995
25, 3389-3393.

(47) Abdel-Latif, F. F.Ind. J. Chem. BL991, 30, 363—365.

(48) Devi, |.; Kumar, B. S. D.; Bhuyan, P. Jetrahedron Lett2003
44, 83078310.
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FIGURE 2. Exponential decay of absorbance at 500 nm during the
reaction ofla (co = 2.90 x 10> mol L™%, A = 500 nm) with2i (co =
9.78 x 104 mol L™%) in DMSO at 20°C.

SCHEME 2. Protonation of Potassium Salts 3 Leads to%

Me\NiN/Me Me{ iN/Me

N
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5 7 NH,
CN
Y=CN MeO
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Me\Nj\N,Me . mx
CN
OMOH R

6

7bh: R=NMe,, X=CN (62%)
7ch: R=OMe, X=CN (21%)
7ci: R=OMe, X=CO,Et (83%)

aSalts 3bh, 3ch, and 3ci undergo a retro Michael addition upon
protonation to form cyanoolefingbh, 7ch, and7ci. Under these conditions,
5chforms also the cyclic dihydropyrano [2d#pyrimidine 8ch, which reacts
with cyclohexanone via a Fri€dider reaction to pyrano[2 Blguinoline
9ch.
formed as intermediates, which then undergo cyclization by
attack of an enolic hydroxy group at one of the cyano functions.
Because of the structural analogy to tacribéwhich is an
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TABLE 3. Second-Order Rate Constantk, (DMSO, 20 °C) and
Characterized Products of Reactions of Benzylidenebarbituric and
-thiobarbituric Acids 1a —e with Potassium Salts of Different
Carbanions 2

elec nuc ko (L mol~1s™1) products
la 2b 1.49x 12
2c 5.37x 10
2d 1.88x 1(?
2e 5.45x 107
2f 1.01x 1
29 3.78x 10°
2h 1.27x 10¢ 3ah?
2i 7.34x 10
2k 7.66x 1C°
2l 1.54x 10*
2m 2.98x 10*
1b 2b 1.04x 1¢
2c 2.18x 17
2e 3.72x 108
2f 5.71x 16
29 2.03x 10¢
2h 5.88x 10¢ 3bh,2 7bh?
2i 4.00x 10¢
2k 3.49x 10¢
2m 5bmP
1c 2a 1.42x 10
2b 4.83x 10* 3cb2 5¢ch?
2e 1.44x 1P 3ce? 5¢ce
2f 1.97x 1¢°
29 1.08x 108 3cgd 5¢cgP
2h 1.80x 1C° 3ch2 7ch?
8chp
2i 1.49x 1 3ci,2 7cib
2k 1.41x 1C° 3ck,2 4ckd
2m 3cma 4cemP
5cP
1d 2b 4.36x 108
2e 1.17x 10* 3det
29 7.41x 10
2h 1.64x 1P 3dh2
2i 1.06 x 1P
2k 1.13x 1
le 2a 497 x 1
2b 3.72x 10¢
2e 1.03x 1 3ee
29 4.89x 10P
2i 7.05x 1P
2k 6.71x 1P

aPotassium salts & produced inds-DMSO were characterized By
and13C NMR.  Characterization of isolated products.

a beneficial effect on cognition in patients with Alzheimer’s
diseasél52dihydropyran8chwas used as starting material for
the synthesis of a new pyrano[2)B-quinoline. In a Friedlader
reaction, the acid catalyzed condensatior8oh with cyclo-
hexanone gave 69% of the tacrine analo§uak.

Kinetics. Benzylidenethiobarbituric acidsa—e show strong
absorption bands in the UWis spectra (375525 nm)! By
nucleophilic attack at the benzylidene carbon, the chromophore
is destroyed, and the reaction can be followed by the decrease
of the absorbance. All reactions proceeded quantitatively, so
that the solutions were completely decolorized. The kinetic
experiments were performed under pseudo-first-order conditions
using a high excess of nucleophiles. From the exponential decays
of the UV—vis absorbances of the electrophiles, the pseudo-
first-order rate constants were obtained (Figure 2). In previous
work, we have demonstrated that the potassium salts of the
carbanions studied in this work are not paired under the

inhibitor of acetyl cholinesterase and a drug that proved to have conditions used for the kinetic experimeft$?#4The second-

(49) Martinez-Grau, A.; Marco, J. Bioorg. Med. Chem. Letl997, 7,
3165-3170.

(50) De los Rios, C.; Marco, J. L.; Carreiras, M. D. C.; Chinchon, P.
M.; Garcia, A. G.; Villarroya, M.Bioorg. Med. Chem2002 10, 2077
2088.

(51) Summers, W. K.; Majovski, L. V.; Marsh, G. M.; Tachiki, K.; Kling,
A. New Engl. J. Med1986 315, 1241-1245.

(52) Sahakian, B. J.; Owen, A. M.; Morant, N. J.; Eagger, S. A,;
Boddington, S.; Crayton, L.; Crockford, H. A.; Crooks, M.; Hill, K.; Levy,
R. Psychopharmacolog$993 110, 395-401.
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FIGURE 3. Plot of (logk)/svs N for reactions ofLa—c with selected of la—e with 2 were not used for the construction of the correlation
carbaniong. Correlation lines are fixed at a slope of 1.0, as required lines.
by eq 1.
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+
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10 | Me
1c
b= -10.37
9L 0
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<
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FIGURE 4. Plot of (logkz)/svs N for reactions ofLd,e with different Me ;
a

carbanion2. Correlation lines are fixed at a slope of 1.0, as required
by eq 1. FIGURE 6. Comparison of electrophilicity parametesof Michael

acceptors, quinone methides, and diarylcarbenium ions.
order rate constants, (Table 3), which are obtained as the
slopes ofkyy versus P] correlations (Figure 2, inset), can
therefore be considered to reflect the reactivities of free

SCHEME 3. Resonance Effects of Benzylidenethiobarbituric
Acids 1d,e

. S -
carbanions.
~ J\ - ~ )\+/
. . N™ "N NN
Discussion oY o o)\ﬁo
Eq 1 was used to calculate tlieparameters ola—e from Ar Ar
the rate constants given in Table 3 and the previously reported 1d.1e 1" 16"

N ands parameters of the carbaniofa—m.36:37.43.44A |east-
squares fit of calculated and experimental rate constantswith each of the electrophileta—c than expected from its
(minimization of A2 = Z(log k — s(N + E))? with the previously published reactivity parameté¥sand s.*3 On the
What'sBest! nonlinear solver) gave th& parameters of the  other hand, the malononitrile ani@h reacts 2-4 times faster
benzylidenebarbituric and -thiobarbituric acitls—e, which are with electrophilesla—d than expected (Figures 3 and 4). A
close to the arithmetic means of tRevalues that are calculated comparison of the electrophilicities of diarylcarbenium ions,
from k; of the individual electrophite nucleophile combinations.  quinone methides, and benzylidenebarbituric and -thiobarbituric
However, the reactivities of some carbanions deviate slightly acids (La—e) is given in Figure 5.
but systematically from the correlation lines. Figure 3 shows The good fit demonstrates that the nucleophilic reactivity
that the triflinate-stabilized carbani@f reacts 2-3 times slower order of carbanions that was derived from the rates of their

9174 J. Org. Chem.Vol. 72, No. 24, 2007
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FIGURE 7. X-ray crystal structure (ORTEP projection) bfcc Atom
numbers refer to X-ray analysis.

reactions with diarylcarbenium ions and quinone methides in
DMSO also holds for the reactions with typical Michael
acceptors. In agreement with the conclusions drawn from
Figures 3 and 4, Figure 5 also shows tR&t the anion of
dimedone, reacts faster with the benzylidenebarbituric and
-thiobarbituric acidsla—e than expected from the rates of
reactions oRb with the reference electrophiles (diarylcarbenium
ions and quinone methides).

As summarized in Figure 6, benzylidenebarbituric and
-thiobarbituric acid derivatives have similar electrophilicities as
the corresponding benzylidenemalononitriles. It is found that

the thiobarbiturates are more reactive than the corresponding

JOC Article

SCHEME 4. Reactions of 1c with Silyl Enol Ethers 10&-c in
DMSO at 20 °C

o)
o Ph
OSiM63 1c Mew
24h N
Ph
10a 87% O)\l;l o OMe
Me 11ca

OMe

(0] [e]
Me\N
O)\l?l o OMe
Me 12cc

oxa analogues. This observation may be surprising becauses~pepme 5. Reactions of 1c with Electron-Rich Arenes

oxygen is more electronegative than sulfur. Obviously different

resonance effects in amides and thioamides are responsible for

this ranking of reactivity. It has been reported that thiolactams
possess greater dipole moments than lacf&nhe higher
rotational barrier for the €N bond in thioformamides as
compared to formamides also indicates the high contribution
of a resonance structure with a=@! double bonc®* Ab initio
MO calculations by Wiberg and Rablen showed that more
electron density is transferred from nitrogen to sulfur in
thioformamides than from nitrogen to oxygen in formamiefes.
If one assumes that the thioamide structure withmeNdouble
bond also has a greater importance in the thiobarbituric acids,
one can conclude that the positive polarization of nitrogen in
the resonance structuréd’ and1€ (Scheme 3) is responsible
for the increased electron accepting abilities of the thiobarbituric
acids.

Reactions with Other Types of NucleophilesFrom the
reactivity parameter ofc (E = —10.37), one can derive that

this electrophile should also be capable of undergoing reactions

with electron-richrz-systems wittN > 5 (e.g., silyl enol ethers
or electron-rich arenes). In accord with this conclusiboywas
found to react with 1-phenyl-1-(trimethylsiloxy)etheri®g§ N
= 6.22,s = 0.96f6 and 1-(trimethylsiloxy)cyclopentend @b,

(53) Lee, C. M.; Kumler, W. DJ. Org. Chem1962 27, 2052-2054.

(54) Loewenstein, A.; Melera, A.; Rigny, P.; Walter, W.Phys. Chem.
1964 68, 1597-1598.

(55) Wiberg, K. B.; Rablen, P. Rl. Am. Chem. S0d995 117, 2201
2209.

(56) Mayr, H.; Kempf, B.; Ofial, A. RAcc. Chem. Re2003 36, 66—
77.

13a,b in DMSO at 20°C
Me

UMe 1c
4d
13a

OMe

MeO OMe
o

4d
13b

14cb

N = 6.57,s = 0.93F% in DMSO at 20°C to give 11caand
1lch respectively, after aqueous workup (Scheme 4). Com-
pound 11ca has previously been synthesized by the base
catalyzed addition of 1,3-dimethylbarbituric acid to 3-(4-
methoxyphenyl)-1-phenylprop-2-en-1-otieédttempts to follow

the reaction ofL.c with 10b kinetically were not successful. At
[1co = 9.92 x 105 mol L~! and [LOb]o = 1.08 x 102 mol

(57) Zoorob, H. H.; Abou-El Zahab, M. M.; Abdel-Mogib, M.; Ismail,
M. A. Tetrahedron1996 52, 10147-10158.
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SCHEME 6. Reactions of 1b,c with Amines in DMSO at
20°C

1

R
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TABLE 4. Experimental and Calculated (eq 1) Second-Order Rate
Constantsk; for Reactions of Amines with 1b,c in Comparison with
Literature Data

exptlkz calcdk, ko

nucleophile  N/s*® (L mol=1s™ 1) (L mol-ts )b (L mol-1st)ed
1b propyl amine 15.70/0.64 2.1 1C° 7.61x 10

morpholine  16.96/0.67 2.0% 10* 6.52x 17

piperidine 17.19/0.71 1.40 10° 29x 10
1c propyl amine 15.70/0.64 3.13 10* 2.58x 1¢®

morpholine  16.96/0.67 2.0R 1(° 2.60x 10¢

piperidine 17.19/0.71 6.95 10* 3.2x 10°

aReference 652 DMSO, 20°C. ¢ MeCN, 25°C. 9 Reference 7.

L1, 50% of 1c was consumed after 3.5 h, but the decayl of
was not monoexponential.

The reaction ofL.c with 1-(trimethylsiloxy)cyclohexenelQc,

N = 5.21,s= 1.00¥6 did not give the expected cyclohexanone
12cc When the solution of the reaction product in DMSO was
diluted with water and extracted with ethyl acetate, the hetero-
Diels—Alder adductl1ccwas isolated as the only product. X-ray
analysis ofllccrevealed the trans fusion of the cyclohexane
and the tetrahydropyran ring with a pseudo-equatorial position
of the anisyl group and a pseudo-axial orientation of the
trimethylsiloxy group (Figure 7).

The trans diaxial coupling of the vicinal protons 10-H and
10a-H @J10-10a= 10.8 Hz) is in accord with this structure. The
trans fusion of the two rings of the chromene fragment excludes
a concerted DielsAlder reactior?® Because the product has

not been exposed to acidic conditions, epimerization of the acetal

center appears unlikefy, 6> and we assume a stepwise mech-
anism via a dipolar intermediafé . Treatment ofl1ccwith 1
M aqueous HCI cleaves the silylated acetal and yields the
initially expected cyclohexanonEccas a 7:1 mixture of two
diastereomers.

As predicted by eq 1, 1,3-dimethoxybenzeh8ly N = 2.48,
s = 1.09%% does not react witdc (E = —10.37) in DMSO;

after 4 days at room temperature, we did not observe any
conversion (Scheme 5). Analogously, eq 1 predicts a very slow

(58) For an intramolecular hetero-Dielélder reaction of a ben-
zylidenebarbituric acid derivative under high pressure, see: Tietze, L. F.;
Ott, C.; Gerke, K.; Buback, MAngew. Chem1993 105 1536-1538.
Tietze, L. F.; Ott, C.; Gerke, K.; Buback, M\ngew. Chem., Int. Ed. Engl.
1993 32, 1485-1486.

(59) Dujardin, G.; Martel, A.; Brown, ETetrahedron Lett1998 39,
8647—8650.

(60) Martel, A.; Leconte, S.; Dujardin, G.; Brown, E.; Maisonneuve, V.;
Retoux, R.Eur. J. Org. Chem2002 514-525.

(61) Palasz, AOrg. Biomol. Chem2005 3, 3207-3212.

(62) Sera, A.; Ueda, N.; Itoh, K.; Yamada, Heterocyclesl996 43,
2205-2214.
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reaction k, = 3.14 x 1078 L mol~* s7%) of 1c with 2-meth-
ylfuran (13a N = 3.61,s = 1.11)34 While this rate constant
refers to a half reaction time of 10 years for a 0.1 M solution
in dichloromethane, the electrophilic substitution prodidta

was obtained in 95% vyield after 4 days in DMSO. The kinetic
investigation of this reaction yields a rate constant,cft 1.24

x 1074 L mol~t s71 (DMSO, 20°C) (i.e., almost 4 orders of
magnitude faster than calculated by eq 1). Although reactions
of neutral reactants via dipolar intermediates can be expected
to show a large dependence on solvent pol&fitwe cannot
explain at present why calculated and observed rate constants
for the reaction oflc with 13a differ so much. Possibly,
secondary orbital interactions as indicated in transition dfate
account for the high reactivity of 2-methylfurah3a).

~ (0]
O:/Nj:,/Ar
_N ;:)Q :
v

15

To check the applicability of theE parameters of the
benzylidenebarbituric and -thiobarbituric acids listed in Table
3 for reactions with other types of nucleophiles, we have also
studied the rates of the reactionsldd,c with propyl amine and
morpholine.

Because alkyl ammonium ions have high&palues than
5-alkyl-substituted barbituric acid$ the additions of primary
and secondary amines tth,c yield zwitterionic adducts in
DMSO as shown in Scheme 6. While the additions of propyl
amines proceeded quantitatively, the reactions with morpholine
were incomplete, and the absorbances of the electroplttiles
did not disappear completely.

Table 4 compares calculated and experimental rate constants
for the additions of amines and shows that eq 1 predicts rate
constants for the additions of propyl amine and morpholine to
1cwith an accuracy of 1 order of magnitude. The corresponding
reactions oflb proceed 28 and 31 times faster than predicted.

The reported rate constants for the additions of piperidine to
1b,cin acetonitrile at 25C are 20 and 5 times greater than the
calculated rate constants for these reactions in DMSO &€20
again showing qualitative agreement. For the reactions of
secondary amines with benzylidene Meldrum’s acids in aqueous
DMSO, Bernasconi postulated an early development of hydro-
gen bonding on the reaction coordinate that was supposed to
be responsible for enhanced intrinsic rate constdps67
Furthermore, Oh et al. proposed that the additions of benzyl
amines to dicarbonyl activated olefins in acetonitrile proceed
through cyclic transition states with four- or six-membered rings,
where the amine proton forms a hydrogen bond too€the
Michael acceptor or to a carbonyl oxyg&n’! As a conse-

(63) Reichardt, CSobkents and Sekent Effects in Organic Chemistry
3rd ed.; Wiley-VCH: Weinheim, Germany, 2003.

(64) Krasnov, K. A.; Slesarev, V. |.; Artemeva, Z. . Org. Chem.
USSR1989 25, 1402-1405.

(65) Minegishi, S.; Mayr, HJ. Am. Chem. So@003 125 286-295.

(66) Bernasconi, C. F.; Murray, C.J.Am. Chem. So¢986 108 5251~
5257.

(67) Bernasconi, C. F.; Panda, N1.0Org. Chem1987, 52, 3042-3050.

(68) Oh, H. K.; Kim, T. S.; Lee, H. W.; Lee, Bull. Korean Chem. Soc.
2003 24, 193-196.

(69) Oh, H. K.; Kim, I. K.; Sung, D. D.; Lee, I0rg. Biomol. Chem.
2004 2, 1213-1216.

(70) Oh, H. K.; Kim, I. K.; Lee, H. W.; Lee, 1J. Org. Chem2004 69,
3806-3810.
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quence, it is possible that the constant higher reactivity of amines  General Procedure B for the Synthesis of 4, 5, 7, and 8Inder
in reactions with benzylidenebarbituric acids is due to interac- a nitrogen atmosphere, potassium 2410.44 mmol) was added to
tions of the N-H bonds with the developing negative charge @ stirred solution of electrophil& (0.36 mmol) in dry DMSO (4
on G, or one of the carbonyl oxygens of the Michael acceptor. mL). For the products of seridsmethyl iodide (0.2 mL, 3.21 mmol)

However, because the deviation between calculated and@?d for the products, 7, and8, concd HCI (0.1 mL) was added

. tal rate constants for the reactionslat-e with after 10 min. The.resultant mixture was stirred for.addltllonal 2h

expenmental 1 . ) S and then poured into water (30 mL). After extraction with ethyl
amines is within the previously suggested confidence limit of

. - v acetate (3x 20 mL) and removal of the solvent in vacuo, the solid
eqg 1 (:-2 orders of magnitudey, these deviations shall notbe  residue was recrystallized from ethanol.
overinterpreted.

General Procedure C for the Synthesis of 11 and 14Jnder
a nitrogen atmospher#0 or 13 (0.54 mmol) were added to a stirred
solution of electrophild (0.36 mmol) in dry DMSO (5 mL). After
24 h, the reaction mixture was poured into water (30 mL). After
The linear free-energy relationship ldég(20 °C) = s(N + extraction with ethyl acetate (8 20 mL) and removal of the solvent
E) (eq 1) has been found to be suitable for the calculation of in vacuo, the residue was recrystallized from ethanol.

Conclusion

the rates of reactions of the benzylidenebarbituric and -thiobar-
bituric acids 1la—e with carbanions and amines from ttie
parameters afa—e determined in this work and the nucleophile-
specific parameters\ and s reported earlief®374344 The

agreement between calculated and experimental data is within

1 order of magnitude for carbanions, while the few amines
examined react 1030 times faster than calculated. 2-Methyl-
furan (L33, the onlys-nucleophile that was kinetically inves-

Reactions of 1 with 2 to the Corresponding Potassium Salts

3 According to General Procedure A: 1,3-Dimethyl-2,4,6-trioxo-
5-[1-(2,3,6,7-tetrahydro-H,5H-pyrido[3,2,1-ij]-quinoline-9-yl)-

2,2-dicyanoethyl]-hexahydropyrimidine-5-yl Potassium (3ah).
H NMR (400 MHz,ds-DMSO): ¢ 1.85 (quint,2J = 5.7 Hz, 4H,
2 x CHy), 2.61 (t,3) = 6.5 Hz, 4H, 2x CH,), 3.04 (t,3) = 5.7
Hz, 4H, 2x CHy), 3.06 (s, 6H, 2x NCHg), 4.43 (d,2J = 11.9 Hz,
1H, CH), 6.02 (d3J = 11.9 Hz, 1H, CH), 6.85 (s, 2H, Ar}3C

NMR (100 MHz,ds-DMSO): 6 21.6 (CH), 25.8 (CH(CN}), 26.5,

tigated, reacted 4 orders of magnitude faster than predicted. t27.1, 43.2 (CH), 49.2 (Ch, 83.7 (C-5), 115.0 (CN), 115.3 (CN),

is speculated as to whether stabilizing secondary orbital interac-

tions are responsible for the failure of eq 1 to predict this rate
constant.

Experimental Section

All reactions were performed under an atmosphere of dry
nitrogen. Benzylidenebarbituric and -thiobarbituric acidla—e)
were synthesized from the corresponding barbituric and thiobar-
bituric acids andp-substituted benzaldehydes according to ref 73.

1,3-Dimethyl-5-(2,3,6,7-tetrahydro-H,5H-pyrido[3,2,1-ij]-
quinolin-9-ylmethylene)pyrimidine-2,4,6(1H,3H,5H)-trione (1a).
Red crystals, 90% yield, mp 19798 °C (EtOH).H NMR (300
MHz, CDCh): 6 1.98 (quint,2J = 6.3 Hz, 4H, 2x CHy), 2.78 {(t,
3J = 6.0 Hz, 4H, 2x CHy), 3.35-3.39 (m, 10H, 2x NCH3 + 2
x CHp), 8.07 (s, 2H, Ar), 8.30 (s, 1H, CH)C NMR (75.5 MHz,
CDCl): 6 21.3 (CH), 27.8 (CH), 28.4 (NCH), 29.0 (NCH),
50.7 (CH), 107.9 (C(COR), 120.6 (G,-H), 120.7 (G), 137.6
(Car), 149.4 (G-N), 152.2 (CO), 158.4 (CH), 162.0 (CO), 164.5
(CO). GigH21N303 (339.4): caled C 67.77, H 6.24, N 12.38; found
C 67.26, H 6.21, N 12.38. HR-MS (El) [M: calcd 339.1583;
found 339.1556.

1,3-Dimethyl-5-(2,3,6,7-tetrahydro-H,5H-pyrido[3,2,1-ij]-
quinolin-9-ylmethylene)-2-thioxo-dihydropyrimidine-4,6(1H,5H)-
dione (1d).Red crystals, 99% yield, mp 19394 °C (EtOH).1H
NMR (300 MHz, CDC}): 6 1.99 (quint,®J = 6.3 Hz, 4H, 2x
CHy), 2.79 (t,3] = 6.3 Hz, 4H, 2x CHy), 3.40 (t,3J = 5.7 Hz,
4H, 2 x CHy), 3.81 (s, 6H, 2x NCHg), 8.09 (s, 2H, Ar), 8.30 (s,
1H, CH). 13C NMR (150.8 MHz, CDCJ): ¢ 21.5 (CH), 27.9
(CHy), 36.0 (NCH), 36.6 (NCH), 51.1 (CH), 108.3 (C(CORy),
121.1 (Gy-H), 121.7 (Gy), 138.4 (G,), 150.5 (G-N), 159.7 (CH),
160.5 (CO), 163.6 (CO), 180.4 (CS). HR-MS (ESI) [MH calcd
356.1433; found 356.1428.

General Procedure A for the Characterization of Potassium
Salts 3 by NMR Spectroscopy.Under an argon atmosphere,
potassium sal2 (0.090 mmol) and electrophil& (0.090 mmol)
were dissolved in 0.7 mL of drgls-DMSO. The resulting mixture
was investigated by NMR spectroscopy. Explicit formula drawings
are given in the Supporting Information.

(71) Oh, H. K.; Lee, J. M.; Sung, D. D.; Lee,J. Org. Chem2005 70,
3089-3093.

(72) Mayr, H.; Ofial, A. R.Pure Appl. Chem2005 77, 1807-1821.

(73) Xu, Y.; Dolbier, W. R.Tetrahedron1998 54, 6319-6328.

120.0 (2x Car), 125.9 (2x Car-H), 128.7 (G), 141.3 (Gi-N),
152.5 (CO), 161.5 (% CO).
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-dimethylaminophenyl)-2,2
dicyano-ethyl]-hexahydropyrimidine-5-yl Potassium (3bh).*H
NMR (400 MHz, ds-DMSO): 6 2.84 (s, 6H, N(CH),), 3.07 (s,
6H, 2 x NCHa), 4.57 (d,3] = 11.9 Hz, 1H, CH), 6.08 (8] =
11.9 Hz, 1H, CH), 6.60 (fJ = 8.8 Hz, 2H, Ar), 7.33 (d3J = 8.8
Hz, 2H, Ar).13C NMR (100 MHz,ds-DMSO): ¢ 25.9 CH(CN)y),
26.5 (2x NCHj), 40.0 (N(CH),), 43.2 (CH), 83.6 (C-5), 111.9 (2
x Car-H), 114.9 (CN), 115.1 (CN), 128.3 (2 Ca-H), 129.7, 149.2
(Car), 152.5 (CO), 161.6 (CO).
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4,4-dimethyl-2,6-dioxocyclo-
hexyl)-1'-(4-methoxyphenyl)-methyl]-hexahydropyrimidine-5-
yl Potassium (3cb)."H NMR (400 MHz, ds-DMSO): 6 0.99 (s,
3H, CH), 1.04 (s, 3H, Ch), 2.04-2.33 (m, CH, 4H), 3.00 (s,
3H, NCH), 3.08 (s, br, 3H, NCh), 3.67 (s, 3H, OCHh), 6.08 (s,
1H, CH), 6.68 (d3J = 8.8 Hz, 2H, Ar), 6.90 (d3J = 8.8 Hz, 2H,
Ar), 14.60 (s, 1H, OH)**C NMR (75.5 MHz,ds-DMSO): 0 26.5
(NCHj3), 27.0 (CH), 27.4 (NCH), 29.4 (CH), 31.0 (CH), 44.8
(CH,), 50.6 (CH), 54.8 (OCH), 89.6 (C-5), 112.7 (&-H), 114.6,
116.1, 127.6 (&-H), 136.6, 152.1, 156.2, 163.2, 174.1, 196.2.
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-methoxyphenyl)-2-acetyl-3-
oxo-butyl]-hexahydropyrimidine-5-yl Potassium (3ce)!H NMR
(300 MHz, d-DMSO): ¢ 1.92 (s, 3H, CH), 2.05 (s, 3H, Ch),
2.99 (s, 6H, 2x NCHg), 3.66 (s, 3H, OCh), 4.81 (d,3] = 12.3
Hz, 1H, CH), 5.48 (d3J = 12.3 Hz, 1H, CH), 6.67 (#J = 8.4
Hz, 2H, Ar), 7.32 (d3J = 8.4 Hz, 2H, Ar).13C NMR (75.5 MHz,
ds-DMSO): ¢ 26.8 (NCH), 28.3, 30.5 (CH), 40.5 (CH), 54.8
(OCHg), 69.9 (CH), 86.0 (C-5), 112.7 (=H), 128.7 (G-H), 137.6,
152.8, 156.8, 161.6, 204.1 (CO), 204.7 (CO).
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-methoxyphenyl)-2-acetyl-2
ethoxy-carbonylethyl]-hexahydropyrimidine-5-yl Potassium (3cg).
Mixture of diastereomers (5:3). Major diastereomit: NMR (400
MHz, ds-DMSO): 6 0.94 (t,3] = 7.2 Hz, 3H, CHCHjy), 2.11 (s,
3H, CHg), 2.99 (s, 6H, 2x NCHj), 3.66 (s, 3H, OCH), 3.83 (q,3J
= 7.2 Hz, 2H, CH), 4.78 (d,3J = 12.8 Hz, 1H, CH), 5.11 (fJ
= 12.4 Hz, 1H, CH), 6.67 (c®J = 8.8 Hz, 2H, Ar), 7.32 (d3J =
8.8 Hz, Ar).13C NMR (100 MHz,ds-DMSO): 6 13.8 (CHCHjy),
26.8 (NCH), 27.8 (CCCH3), 40.5 (CH), 54.8 (OCH), 59.9 (CH),
61.7 (CH), 85.7 (C-5), 112.5 ({zH), 128.8 (G-H), 137.5, 152.8,
156.8, 168.6, 169.3, 203.€0CHs). Minor diastereomeriH NMR
(400 MHz,ds-DMSO): 6 0.99 (t,3J = 7.2 Hz, 3H, CHCHj), 1.94
(s, 3H, CH), 2.99 (s, 6H, 2x NCH), 3.66 (s, 3H, OCH), 3.90—
3.98 (m, 2H, CH), 4.76 (d,3J = 12.0 Hz 1H, CH), 5.28 (8] =
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12.4 Hz 1H, CH), 6.67 (d®J = 8.8 Hz, 2H, Ar), 7.32 (d3J = 8.8
Hz, Ar). 13C NMR (100 MHz,ds-DMSO0): 6 13.7 (CHCH), 26.8
(NCHj), 29.3 (CCCH3), 40.4 (CH), 54.8 (OCH), 59.7 (CH), 61.6
(CH), 86.1 (C-5), 112.6 (&-H), 128.9 (G-H), 137.3, 152.8, 156.8,
168.6, 169.3, 204.2GOCH).
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-methoxyphenyl)-2,2dicya-
noethyl]-hexahydropyrimidine-5-yl Potassium (3ch).!H NMR
(400 MHz, ds-DMSO): 6 3.05 (s, 6H, 2x NCHj), 3.70 (s, 3H,
OCHg), 4.61 (d,3J = 12.0 Hz, 1H, CH), 6.12 (d3J = 12.4 Hz,
1H, CH), 6.80 (d3J = 8.8 Hz, 2H, Ar), 7.42 (d3J = 8.8 Hz, 2H,
Ar). 13C NMR (100 MHz, ds-DMSO): 6 26.1 (CH(CN),), 26.9
(NCHg), 43.2 (CH), 55.0 (OCH), 83.7 (C-5), 113.3 (Ar), 115.1
(CN), 115.4 (CN), 129.0, 134.0, 152.7 (Ar), 158.1, 161.8 (CO).
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-methoxyphenyl)-2-cyano-‘2
ethoxy-carbonylethyl]-hexahydropyrimidine-5-yl Potassium (3ci).
Mixture of diastereomers (2:1). Major diastereom#ét: NMR (300
MHz, ds-DMSO): 6 0.92 (t,3) = 6.9 Hz, 3H, CH), 3.05 (s, 6H,
2 x NCHj), 3.66 (s, 3H, OCh), 3.91 (g,3J = 6.9 Hz, 2H, CH),
4.59 (d,%) = 12.3 Hz, 1H, CH), 5.37 (#J = 12.3 Hz, 1H, CH),
6.71 (d,3) = 8.7 Hz, 2H, Ar), 7.34 (d3J = 8.7 Hz, 2H, Ar).1%C
NMR (75.5 MHz,ds-DMSO): 6 13.5 (CH;), 26.8 (NCH), 40.3
(CH), 42.3 (CH), 54.8 (OCH), 61.3 (CH), 85.1 (C-5), 112.9 (-
H), 118.0 (CN), 129.0 (%&-H), 135.3, 152.7, 157.6, 161.8, 166.8.
Minor diastereomerH NMR (300 MHz,ds-DMSO): 6 1.01 (t,
3J=7.2 Hz, 3H, CH), 3.00 (s, 6H, 2« NCHj), 3.70 (s, 3H, OCH),
3.97-3.14 (m, 2H, CH), 4.65 (d,%J = 12.3 Hz, 1H, CH), 5.35 (d,
3 =12.0 Hz, 1H, CH), 6.78 (#J = 8.4 Hz, 2H, Ar), 7.44 (d3J
= 8.7 Hz, 2H, Ar).33C NMR (75.5 MHz,ds-DMSO): 6 13.5 (CH),
26.7 (NCH), 40.3 (CH), 42.3 (CH), 54.8 (OG#H 61.0 (CH), 83.9
(C-5), 112.9 (G-H), 118.4 (CN), 129.1 (%-H), 135.6, 152.7,
157.5, 161.5, 166.3.
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-methoxyphenyl)-2,2diethoxy-
carbonylethyl]-hexahydropyrimidine-5-yl Potassium (3ck).H
NMR (300 MHz, ds-DMSQO): ¢ 0.92 (t,3J = 7.2 Hz, 3H, CH),
0.99 (t,%J = 6.9 Hz, 3H, CH), 2.99 (s, 6H, 2x NCH), 3.65 (s,
3H, OCH), 3.83 (9,3 = 6.9 Hz, 2H, CH}), 3.94 (9,3 = 6.9 Hz,
2H, CH,), 4.70 (d,3J = 12.3 Hz, 1H, CH), 5.14 (cfJ = 12.3 Hz,
1H, CH), 6.66 (d3J = 8.7 Hz, 2H, Ar), 7.33 (d3J = 8.7 Hz, 2H,
Ar). 13C NMR (75.5 MHz,ds-DMSO): 6 13.7 (CH), 26.7 (NCH),
40.5 (CH), 53.7 (CH), 54.8 (OC$) 59.7, 59.8 (CH), 85.9 (C-5),
112.4, 128.9, 137.5, 152.8 (Ar), 156.8, 161.5 (CO), 168.4, 169.0
(CO.EY).
1,3-Dimethyl-2,4,6-trioxo-5-[1-(4-methoxyphenyl)-2-nitropro-
pyl]-hexahydropyrimidine-5-yl Potassium (3cm). Mixture of
diastereomers (9:2). Major diastereomét NMR (300 MHz, ds-
DMSO): 4 1.37 (d,3] = 6.3 Hz, 3H, CH), 3.03 (s, 6H, NCH),
3.66 (s, 3H, OCh), 4.45 (d,3J = 11.4, 1H, CH), 6.00 (m, 1H,
CHCHj), 6.69, (d,2) = 8.7 Hz, 2H, Ar), 7.34 (d3J = 8.7 Hz 2H,
Ar). 13C NMR (75.5 MHz,ds-DMSO): 6 18.9 (CH), 26.9 (NCH),
45.8 (CH), 54.8 (OCH), 85.0 (C-5), 86.8C-CHjg), 112.8 (G-H),
128.8 (G,-H), 136.2, 152.7, 157.3, 161.5, 161.6. Minor diastere-
omer: IH NMR (300 MHz, ds-DMSO): ¢ 1.21 (d,3J = 6.6 Hz,
3H, CHs), 2.99 (s, 6H, NCH), 3.69 (s, 3H, OCH), 4.43 (d,3J =
11.4, 1H, CH), 6.20 (m, 1H, BCH), 6.75 (d,3J = 8.7 Hz, 2H,
Ar), 7.45 (d, 3] = 8.7 Hz 2H, Ar). I3C NMR (75.5 MHz,
ds-DMSO): 6 18.9 (CH), 27.2 (NCH), 45.7 (CH), 55.0 (OCH),
83.8 (C-5), 88.3 C-CHg), 113.0 (G-H), 129.6 (G-H), 137.3,
152.6, 157.3, 161.7, 161.7.
5-[2-Acetyl-1-(2,3,6,7-tetrahydro-H,5H-pyrido[3,2,1-j]-quin-
oline-9-yl)-3-oxobutyl]-1,3-dimethyl-2-thioxodihydropyrimidine-
4,6(1H,5H)-dione-5-yl Potassium (3de)'H NMR (300 MHz, ds-
DMSO): ¢ 1.82 (quint,3) = 5.4 Hz, 4H, 2x CH,), 1.96, 2.02
(2s, 6H, 2x CHz-CO), 2.57 (3] = 6.3 Hz, 4H, 2x CH,), 2.97
(t, 3 =5.1 Hz, 4H, CH), 3.46 (s, 6H, 2x NCHjy), 4.67 (d,3) =
12.3 Hz, 1H, CH), 5.41 (8] = 12.3 Hz, 1H, CH), 6.73 (s, 2H,
Ar). 13C NMR (100 MHz,ds-DMSO): 6 22.0 (Ch), 27.3 (CH),
28.4 (CH3;—CO), 30.6 CH3-CO), 34.5 (2x NCHg), 40.3 (CH),
49.5 (CH), 69.7 CH(COCH),), 91.5 (C-5), 120.0 (X Ca), 126.2
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(2 x Car-H), 131.7 (Gy), 140.6 (G-N), 160.2 (2x CO), 174.9
(CS), 203.9 CO-CHg), 204.6 CO-CH).

1,3-Dimethyl-5-[1-(2,3,6,7-tetrahydro-H,5H-pyrido[3,2,1-ij]-
quinoline-9-yl)-2,2-dicyano-ethyl]-2-thioxodihydropyrimidine-
4,6(1H,5H)-dione-5-yl Potassium (3dh)H NMR (300 MHz,ds-
DMSO): 6 1.83 (quint,2J = 5.4 Hz, 4H, 2x CHy), 2.60 (t,3 =
6.3 Hz, 4H, 2x CHy), 3.03 (t,3) = 5.4 Hz, 4H, 2x CH,), 3.51
(s, 6H, 2x NCHg), 4.43 (d,3J = 12.1 Hz, 1H, CH), 5.96 (FJ =
12.1 Hz, 1H, CH), 6.82 (s, 2H, Art3C NMR (75.5 MHz, de-
DMSO): 6 21.7 (CH), 26.1 CH(CN),), 27.3 (CH), 34.4 (2x
NCH), 43.2 (CH), 49.3 (Ch), 88.9 (C-5), 115.0 (CN), 115.3 (CN),
120.3 (2x Car), 126.1 (2x Car-H), 127.8 (Gy), 141.7 (Gs-N),
160.4 (2x CO), 175.6 (G=S).

5-[2-Acetyl-1-(4-dimethylaminophenyl)-3-oxobutyl]-1,3-dim-
ethyl-2-thioxodihydropyrimidine-4,6(1H,5H)-dione-5-yl Potas-
sium (3ee).'H NMR (400 MHz,ds-DMSO): 6 1.93, 2.05 (2s, 2
x 3H, 2 x CHs-CO), 2.78 (s, 6H, N(CH),), 3.46 (s, 6H, 2x
NCHjy), 4.78 (d,3) = 12.5 Hz, 1H, CH), 5.47 (3J = 12.4 Hz,
1H, CH), 6.52 (d3J = 8.7 Hz, 2H, Ar), 7.22 (d3J = 8.6 Hz, 2H,
Ar). 3C NMR (100 MHz, ds-DMSO): ¢ 28.4 (CH;-CO), 30.4
(CH5-CO), 34.4 (NCH), 40.4 (N(CH),), 40.4 (CH), 69.8 CH-
(COCHs),), 91.4 (C-5), 112.0 (&-H), 128.3 (G,-H), 132.6 (G-
N), 148.5 (G), 160.3 (2x CO), 174.9 (CS), 203.800-CHg),
204.5 CO-CHy).

Reactions of 1 with 2 Followed by Methylation to the
Corresponding Compounds 4 According to General Procedure
B: Diethyl [4-Methoxyphenyl(1,3,5-trimethyl-2,4,6-trioxohexahy-
dropyr-imidine-5-yl)methyl]-malonate (4ck). Colorless oil, 74%
yield. IH NMR (300 MHz, CDC}): 6 0.84, 1.23 (2t3) = 7.2 Hz,
2 x 3H, 2 x CHg), 1.32 (s, 3H, 5-Ch), 3.06, 3.18, (2s, 6H, %
NCHjy), 3.71 (s, 3H, OCH), 3.72-3.80 (m, 2H, CH), 4.14 (q,3]
= 7.2 Hz, 2H, CH), 4.32 (d,3J = 11.7 Hz, 1H, CH), 4.43 (#J
= 11.4 Hz, 1H, CH), 6.71 (cBJ = 9.0 Hz, 2H, Ar), 7.09 (d3J =
8.7 Hz, 2H, Ar).13C NMR (75.5 MHz, CDC}): 6 13.7 (CHCHjy),
14.0 (CHCHg), 23.6 (CH-5), 28.5 (NCH), 28.7 (NCH), 50.0
(CH), 53.6 (CH), 54.5 (C-5), 55.2 (OG} 61.4 (CH), 62.1 (CH),
113.5 (Gy-H), 128.3 (Gy), 130.7 (Gy-H), 150.7 (CO), 159.3 (f-
OCHg), 167.3 (CQ), 169.0 (CQ), 171.8 (2x CO). IR (KBr): ¥
= 2983, 2840, 1734, 1679, 1612, 1583, 1514, 1449, 1422, 1383,
1294, 1253, 1217, 1182, 1152, 1118, 1096, 1070, 1033 chiS
(El) m/z (%) = 448.2 (3) [M'], 279 (98), 233 (33), 207 (17), 206
(12), 170 (10), 165 (49), 162 (12), 161 (100), 133 (14).

5-[1-(4-Methoxyphenyl)-2-nitropropyl]-1,3,5-trimethylpyrimi-
dine-2,4,6(H,3H,5H)-trione (4cm). Colorless crystals, 98% yield,
isolated as mixture of diastereomers (9:2). Major diastereofhér:
NMR (400 MHz, CDC}): ¢ 1.59 (s, 3H, 5-CH), 1.76 (d,3J =
6.4 Hz, 3H, CH), 2.97, 3.27 (2s, 6H, & NCHy), 3.71 (s, 3H,
OCHg), 3.93 (d,3J = 10.8 Hz, 1H, CH), 5.39 (qd, 1HJ = 6.5
Hz,3J = 10.8 Hz, 1H, CH), 6.72 (fJ = 8.8 Hz, 2H, Ar), 7.01 (d,
3J = 8.4 Hz, 2H, Ar).13.C NMR (75.5 MHz, CDC}): 6 20.7 (CH),
25.4 (CH:-5), 28.6, 28.8 (NCH), 54.3 (C-5), 54.5 (CH), 55.2
(OCHg), 86.3 (CH), 114.0 (&-H), 126.9, 130.1 (&-H), 150.2,
159.7, 171.0, 171.3. Minor diastereoméeiti NMR (400 MHz,
CDCly): 6 1.22 (d,3] = 6.4 Hz, 3H, CH), 1.38 (s, 3H, 5-Ch),
3.07, 3.22 (2s, 6H, % NCHs), 3.75 (s, 3H, OCH), 4.14 (d,3) =
10.8 Hz, 1H, CH), 5.56 (qd, 1HJ = 6.7 Hz,3J = 10.5 Hz, 1H,
CH), 6.79 (d,2J = 8.8 Hz, 2H, Ar), 7.06 (d3J = 8.8 Hz, 2H, Ar).
C17H21N306 (363.3): calcd C 56.19, H 5.82, N 11.56; found C
56.03, H 5.82, N 11.53.

Reactions of 1 with 2 Followed by Protonation to the
Corresponding Compounds 5, 7, and 8 According to General
Procedure B: 5-[1-(4-Dimethylaminophenyl)-2-nitropropyl]-1,3-
dimethylpyrimidine-2,4,6(1H,3H,5H)-trione (5bm). Colorless
crystals, 74% yield, isolated as mixture of diastereomers (10:1).
Major diastereomeriH NMR (300 MHz, CDC}): ¢ 1.39, (d,3]
= 6.9 Hz, 3H, CH), 2.92 (s, 6H, N(CH),), 3.05, 3.17 (2s, 6H, 2
x NCHg), 3.68 (d,2J = 3.3 Hz, 1H, 5-H), 4.02 (dfJ = 11.4 Hz,
3J = 3.6 Hz, 1H, CH), 5.55 (m, 1H, CH), 6.55 (&) = 9.0 Hz,
2H, Ar), 6.82 (d,3J = 8.7 Hz, 2H, Ar).3C NMR (75.5 MHz,
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CDCl): ¢ 19.7 (CHy), 28.4, 28.5 (NCH), 40.3, 51.2, 51.7, 83.5,
(CH), 112.5 (G,-H), 119.9, 129.0 (&-H), 150.7, 151.0, 167.2,

167.4. GH22N4Os (362.4): caled C 56.35, H 6.12, N 15.46; found

C 56.17, H 6.14, N 15.16. HR-MS (El) [M: calcd 362.1590;
found 362.1565.
1,3-Dimethyl-5-[(4,4-dimethyl-2,6-dioxocyclohexyl)(4-meth-
oxyphenyl)methyl]-pyrimidine-2,4,6(1H,3H,5H)-trione (5cb). Col-
orless crystals, 93% yield, mp 14847°C (EtOH).'H NMR (400
MHz, CDCk): ¢ 1.13 (s, 3H, CH), 1.26 (s, 3H, Ch), 2.40 (m,
4H, CH,), 3.35 (s, 3H, NCH), 3.44 (s, 3H, NCH), 3.78 (s, 3H,
OCHg), 5.51 (s, 1H, CH), 6.82 (] = 8.8 Hz, 2H, Ar), 7.02 (d,

JOC Article

MHz, CDCk): 6 19.7 (CH), 28.3, 28.5 (NCH), 50.9 (C-5), 51.3
(CH), 55.3 (OCH), 83.4 (CH), 114.8 (&-H), 125.4, 129.5 ((x-
H), 150.7, 160.1, 167.0, 167.31481190N30g (349.2): calcd C 55.01,
H 5.48, N 12.03; found C 54.66, H 5.61, N 11.85.
1-(4-Dimethylaminophenyl)-2,2-dicyanoethene (7bh).62%
yield, mp 179-180°C (EtOH, 179°C).”* The 'H NMR spectrum
is consistent with that reported in ref 74.
1-(4-Methoxyphenyl)-2,2-dicyanoethene (7ch)21% yield, mp
113-114 °C (EtOH, 115-116 °C).”® The 'H NMR spectrum is
consistent with that reported in ref 76.
1-(4-Methoxyphenyl)-2-cyano-2-ethoxycarbonylethene (7ci).

3] = 8.8 Hz, 2H, Ar), 11.32 (br. s, 1H, OH), 12.82 (s, 1H, 6-OH).
13C NMR (75.5 MHz, CDCY): ¢ 27.3, 29.0, 29.4, 30.2, 31.4, 33.1,
46.2 (CH), 47.2 (CH), 55.4 (OCH), 92.8 (C-5). 113.9 (G-H).

116.8(C-1), 127.8 (4-H), 129.1, 150.9, 158.1, 162.5, 164.3, 190.9,  tetrahydro-2H-pyrano[2,3-d]-pyrimidine-6-carbonitrile (8ch).

191.4. IR (KBr): # = 3428, 3055, 3001, 2959, 2839, 2632, 1702, colorless crystals, 47% vield, mp 22827 °C (EtOH).'H NMR
1609, 1510, 1466, 1421, 1389, 1305, 1264, 1249, 1178, 1154, 1117,(400 MHz,ds-DMSO): 6 3.08 (s, 3H, NCH), 3.34 (s, 3H, NCH),

83% yield, mp 79-81 °C (EtOH, 81-82 °C).”> The 'H NMR
spectrum is consistent with that reported in ref 75.
7-Amino-5-(4-methoxyphenyl)-1,3-dimethyl-2,4-dioxo-1,3,4,5-

1095, 1031, 938 cri. CyHeN,Og (414.4): calcd C 63.77, H 6.32,
N 6.76; found C 63.50, H 6.33, N 6.55.
5-[2-Acetyl-1-(4-methoxyphenyl)-3-oxobutyl]-1,3-dimethylpy-
rimidine-2,4,6(1H,3H,5H)-trione (5ce). Colorless crystals, 93%
yield, mp 116-118 °C (EtOH).'H NMR (400 MHz, CDC}): ¢
1.88 (s, 3H, CH), 2.36 (s, 3H, CH), 2.92 (s, 3H, NCH), 3.10 (s,
3H, NCH), 3.69 (s, 3H, OCh), 3.73 (d,3J = 4.4 Hz, 1H, 5-H),
4.28 (dd,2J = 12.0 Hz,J = 4.4 Hz, 1H, CH), 4.79 (8] = 12.4
Hz, 1H, CH), 6.70, (d3J = 8.8 Hz, 2H, Ar), 6.85 (d3J = 8.8 Hz,
2H, Ar). 3C NMR (100 MHz, CDC}): ¢ 28.1 (NCH), 28.2
(NCHg), 28.5 (CH), 30.6 (CH), 46.5 (CH), 51.1 (CH), 55.3
(OCHg), 70.7 (CH), 114.4 (&-H), 126.5, 129.1 (&-H), 150.8,

3.72 (s, 3H, OCh), 4.27 (s, 1H, CH), 6.83 (&) = 8.8 Hz, 2H,
Ar), 7.15 (d,3) = 8.8 Hz, 2H, Ar), 7.30 (br s, 2H, Np)i. 13C NMR

(100 MHz, ds-DMSO): 8 27.7 (NCH), 29.1 (NCH,), 35.8 (CH),
55.0 (OCH), 58.9 C-CN), 89.1, 113.6 (&-H), 115.2 (CN), 119.2,

128.4 (G-H), 133.4, 136.2, 150.0, 150.9, 157.6, 158.1, 160.5. IR
(KBr): v =3419, 3306, 3190, 2950, 2194, 1687, 1639, 1611, 1511,

1493, 1461, 1388, 1304, 1262, 1244, 1230, 1181, 1037, 976.cm
C17H21N306 (340.3): calcd C 59.99, H 4.74, N 16.46; found C
60.18, H 4.73, N 16.65.

Reaction of 8ch with Cyclohexanone to 9chCompound3ch

(0.130 g, 0.382 mmol) and cyclohexanone (0.043 mL, 0.42 mmol)

were added to a suspension of AJG0.056 g, 0.42 mmol) in 5

158.8, 159.9, 167.6 (% CO), 201.4 COCHg), 202.4 COCHy). mL of 1,2-dichloroethane. The mixture was then refluxed for 3.5

IR (KBr): 7= 3409, 2943, 2843, 1744, 1678, 1611, 1570, 1540, p jn a nitrogen flow. After cooling, 3 mL of aqueous THF (65%)

1514, 1424, 1380, 1363, 1256, 1185, 1140, 1120, 1085, 1022, 994379 3 mL of sodium hydroxide solution (10%) were added, and

cm™t. CieH22N206 (374.4): caled C 60.95, H 5.92, N 7.48; found  the resulting mixture was extracted with ethyl acetate (30 mL).

€ 60.90, H 5.86, N 7.57. _ o The combined organic layers were washed with water and dried
Ethyl 2-[(1,3-Dimethyl-2,4,6-trioxohexahydropyrimidine-5- over CaC}. After removal of the solvent, the residue was purified

yl)(4-methoxyphenyl)-methyl]-3-oxobutanoate (5cg)Colorless

by column chromatography (silica gel, CH@EtOH 50:1) and

crystals, 88% yield, isolated as mixture of diastereomers (4:3). recrystallization from ethanol.

Major diastereomeriH NMR (400 MHz, CDC}): 6 0.93 (t,2J =
7.2 Hz, 3H, CHCH,), 2.42 (s, 3H, CH), 2.95, 3.14 (2s, 6H, X
NCHs), 3.72 (s, 3H, OCh), 3.83-4.33 (m, 4H, CH + 5-H +
CH), 4.64 (d,3 = 12.4 Hz, 1H, CH), 6.72 (£ = 8.8 Hz, 2H,
Ar), 6.90 (d,3) = 8.8 Hz, 2H, Ar).13C NMR (75.5 MHz, CDCJ):
0 13.9, (CHCHjy), 28.2, 28.3 (NCH), 30.2 (CH), 45.9 (CH), 50.8
(C-5), 55.3 (OCH), 61.5 (CH), 61.8 (Ch), 114.1 (G-H), 127.4,

129.1 (Gy-H), 150.9, 159.7, 166.9, 167.7, 168.0, 201.6. Minor

diastereomer:H NMR (400 MHz, CDC}): 6 1.29 (t,3) = 7.2
Hz, 3H, CHCHs), 2.01 (s, 3H, CH), 2.99, 3.15 (2s, 6H, X
NCHs), 3.71 (s, 3H, OCH), 3.83-4.33 (m, 4H, CH + 5-H +
CH), 4.64 (d,3 = 12.4 Hz, 1H, CH), 6.71 (#J = 8.8 Hz, 2H,
Ar), 6.91 (d,3] = 8.8 Hz, 2H, Ar).13C NMR (75.5 MHz, CDC}):
6 14.2 (CHCH3), 28.2, 28.3 (NCH), 30.9 (CH), 46.4 (CH), 51.4
(C-5), 55.3 (OCH)), 60.6 (CH), 62.1 (Ch), 114.4 (G,-H), 127.4,

6-Amino-5-(4-methoxyphenyl)-1,3-dimethyl-1,5,7,8,9,10-hexahy-
dro-12-oxa-1,3,11-triaza-naphthacene-2,4-dione (9ctQolorless
crystals, 69% yield, mp>240 °C (EtOH). H NMR (600 MHz,
CDCl): 0 1.83 (m, 4H, 2x CHy), 2.30 (m, 2H, CH), 2.79 (m,
2H, CH,), 3.27 (s, 3H, NCH), 3.59 (s, 3H, NCH), 3.74 (s, 3H,
OCH;), 4.17 (br. s, 2H, NH), 4.91 (s, 1H, CH), 6.81 () = 8.4
Hz, 2H, Ar), 7.30 (d2J = 9.0 Hz, 2H, Ar).13C NMR (150 MHz,
CDCly): 6 22.4 (CH), 22.7 (CH), 23.1 (CH), 28.3 (NCH), 29.6
(NCHj3), 32.7 (CH), 35.3, 55.4 (OCH), 91.0, 99.7, 114.3 (G-
H), 115.1, 129.6 (&-H), 134.4, 150.9, 151.2, 152.6, 153.7, 154.5,
159.0, 162.0. IR (KBr):# = 3502, 3393, 2937, 1709, 1664, 1627,

1510, 1491, 1447, 1420, 1376, 1320, 1301, 1260, 1237, 1204, 1186,

1084, 1046, 1030, 976 crh Cy3H24N40,4 (420.45): calcd C 65.70,
H 5.75, N 13.32; found C 65.51, H 5.79, N 13.02.
Reactions of 1c with 10a-c and 13a to the Corresponding

129.1 (G-H), 151.0, 159.7, 166.9, 167.7, 167.9, 168.0, 201.3. ~,n, i
; X pounds 11 and l4ca according to General Procedure C.
CaoH2aN207 (404.4): caled C 59.40, H 5.98, N 6.93; found C 59.00, 1 3 pimethyl-5-(4-methoxyphenyl-3-oxo-1-phenylpropy!)pyrimi-

H 5.82, N 6.82.
5-[1-(4-Methoxyphenyl)-2-nitropropyl]-1,3-dimethylpyrimi-
dine-2,4,6-(H,3H,5H)-trione (5cm). Colorless crystals, 74% yield,
isolated as mixture of diastereomers (7:2). Major diastereodher:
NMR (300 MHz, CDC}): ¢ 1.90 (d,2J = 6.6 Hz, 3H, CH), 3.02,
3.14, (2s, 6H, NCh), 3.73 (d,2) = 3.3 Hz, 1H, 5-H), 3.72 (s, 3H,
OCH), 4.01-4.11 (m, 1H, CH), 5.445.55 (m, 1H, GI1CHj), 6.73
(d, 33 = 8.7 Hz, 2H, Ar), 6.91 (d3J = 8.7 Hz, 2H, Ar).13C NMR
(75.5 MHz, CDC}): 6 18.9 (CHy), 28.3, 28.6 (NCH), 50.6 (C-5),
51.8 (CH), 55.3 (OCH), 84.9 (CH), 114.5 (&4-H), 125.2, 128.8
(Car-H), 150.5, 160.2, 167.0, 167.3. Minor diastereomit:NMR
(300 MHz, CDC}): 6 1.37 (d,%J = 6.6 Hz, 3H, CH), 3.04, 3.16
(2s, 6H, NCH}), 3.68 (d,3J = 3.3 Hz, 1H, 5-H), 3.75 (s, 3H, OGH
4.01-4.11 (m, 1H, CH), 5.555.64 (m, 1H, GI1CHj3), 6.79 (d,3J
= 8.7 Hz, 2H, Ar), 6.93 (d3J = 8.7 Hz, 2H, Ar).13C NMR (75.5

dine-2,4,6(H,3H,5H)-trione (11ca).Colorless crystals, 87% yield,
mp 140-141°C)5” 'H NMR (400 MHz, CDC}): ¢ 3.07, 3.12
(2s, 2x 3 H, NCH,), 3.48 (dd,2J = 18.2 Hz,3] = 5.8 Hz, 1H,
CH,), 3.75 (s, 3H, OCH), 3.96 (d,3] = 4.0 Hz, 1H, 5-H), 4.48
(dd, 23 = 18.2 Hz,3J = 9.0 Hz, 1H, CH), 4.29-4.34 (m, 1 H,
CH), 6.78 (d,3J = 8.8 Hz, 2H, Ar-H), 7.01 (d3J = 8.8 Hz, 2H,
Ar-H), 7.45-7.59 (m, 3H, Ar-H), 7.99-8.02 (m, 2H, Ar-H).13C
NMR (75.5 MHz, CDC}): 6 28.2, 28.4 (NCH), 40.9 (CH), 44.0
(CH), 53.3 (C-5), 55.4 (OC}}, 114.2, 128.2, 128.6, 128.8, 130.2

(74) Posner, T. B.; Hall, C. Ol. Chem. Soc., Perkin Transl®76 729—
732.

(75) Lee, J.; Gauthier, D.; Rivero, R. A. Org. Chem1999 64, 3060
3065.

(76) Lord, E.; Naan, M. P.; Hall, C. Ol. Chem. Soc. B971, 213-219.
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(Car-H), 133.5, 137.0 (&-H), 152.0, 159.5, 168.1, 168.6, 197.9.
IR (KBr): » = 2957, 2838, 1746, 1678, 1611, 1598, 1581, 1514,
1449, 1423, 1380, 1252, 1209, 1181, 1117, 1033, 1002, 846.cm
5-[(4-Methoxyphenyl)(2-oxocyclopentyl)methyl]-1,3-dimeth-
ylpyrimidine-2,4,6-(1H,3H,5H)-trione (11cb). Colorless crystals,
72% vyield, isolated as mixture of diastereomers (5:2). Major
diastereomer?H NMR (400 MHz, CDC}): 6 1.23-2.46 (m, 6H,
CHy), 3.11, 3.15 (2s, 6H, % NCHjy), 3.29-3.37 (m, 1H, CH),
3.62-3.69 (m, 1H, CH), 3.76 (s, 3H, OG}){ 4.81 (d,3J = 2.8 Hz,
1H, CH), 6.76 (d3J = 8.8 Hz, 2H, Ar), 7.02 (d3] = 8.8 Hz, 2H,
Ar). C NMR (150 MHz, CDC}): 6 20.0 (CH), 28.4, 28.4,
(NCHjg), 30.5, 39.2 (CH)), 47.4, 48.0, 51.6 (CH), 55.4 (OGH
114.1 (G-H), 129.3 (Gi-H), 130.8, 151.4, 159.3, 168.2, 168.7,
220.5 (CO). Minor diastereomefH NMR (400 MHz, CDC}): 6
1.23-2.46 (m, 6H, CH), 3.04, 3.08 (2s, 6H, % NCHj3), 3.29-
3.37 (m, 1H, CH), 3.50 (d®J = 10.8 Hz,3] = 4.2 Hz, 1H, CH),
3.62-3.69 (m, 1H, CH), 3.75 (s, 3H, OG) 6.76 (d,3) = 8.8 Hz,
2H, Ar), 6.89 (d,3J = 8.8 Hz, 2H, Ar).3C NMR (150 MHz,
CDCl): 0 20.1 (CH), 28.2, 28.4 (NCH), 29.9, 38.4 (CH), 50.6,
50.8, 53.2 (CH), 55.3 (OC#), 114.0 (G-H), 128.5 (G-H), 130.8,
151.0, 159.4, 167.5, 168.9, 216.8 (CO)dd».N,Os (358.4): calcd
C 63.68, H 6.19, N 7.82; found C 63.46, H 6.20, N 7.75.
10-(4-Methoxyphenyl)-1,3-dimethyl-8a-trimethylsiloxy-
1,5,6,7,8,8a,10,10a-octahydro-9-oxa-1,3-diaza-anthracene-2,4-di-
one (11cc)Colorless crystals, 83% yield, mp 1:9395°C (EtOH).
1H NMR (400 MHz, CDC}): 6 0.12 (SiMe), 1.03—-1.26 (m, 2H,
CHyp), 1.45-1.73 (m, 6H, CH+ CHy), 2.17 (m, 1H, CH), 3.21,
3.40 (2s, 6H, 2x NCHjy), 3.38 (d,*J = 10.4 Hz, 1H, 5-H), 3.77 (s,
3H, OCH), 6.81 (d,3J = 8.8 Hz, 2H, Ar), 7.06 (d3J = 8.4 Hz,
2H, Ar). 13C NMR (75.5 MHz, CDC}): 6 1.5 (SiMe), 23.3, 25.3,
26.9 (CH), 28.1, 29.0 (NCH), 37.2 (CH), 39.5 (C-5), 49.5, 55.2
(OCH), 92.4, 104.5, 113.8 (&-H), 128.8 (G-H), 135.2, 151.6,
154.3,158.1, 162.0. IR (KBr)? = 2941, 1706, 1654, 1613, 1585,
1512, 1461, 1279, 1253, 1172, 1148, 1108, 1070, 1050, 969.cm
Cu3H32N20sSi (444.6): caled C 62.13, H 7.25, N 6.30; found C
62.00, H 7.25, N 6.26.

Acid Catalyzed Hydrolysis of 11cc to 12ccSilyl enol ether
10c (0.54 mmol) was added under a nitrogen atmospherécto
(0.36 mmol) in 5 mL of dry DMSO. After 24 h, the reaction mixture
was poured into HCI solution (1 m, 30 mL), stirred for 1 h, and
then extracted with ethyl acetate 320 mL). After removal of
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1,3-Dimethyl-5-[(4-methoxyphenyl)(2-oxocyclohexyl)methyl]-
pyrimidine-2,4,6(1H,3H,5H)-trione (12cc).Colorless crystals, 51%
yield, isolated as mixture of diastereomers (7:1). Major diastere-
omer: *H NMR (300 MHz, CDC}): ¢ 1.07-1.19, 1.62-1.77,
2.11-2.60 (3m, 8H, CH), 3.00, 3.18 (2s, 2x 3H, 2 x NCHa),
3.35-3.45 (m, 1H, CH), 3.693.76 (m, 1H, CH), 3.76 (s, 3H,
OCHg), 4.50 (d,3J = 3.9 Hz, 1H, CH), 6.77 (d3) = 8.7 Hz, 2H,
Ar), 6.92 (d,3] = 8.7 Hz, 2H, Ar).13C NMR (MHz, 75.5 MHz,
CDCly): 0 25.6 (CH), 28.1, 28.1 (NCH), 29.3, 34.0, 43.1 (Ch),
48.0,50.7, 51.4 (CH), 55.2 (OGH 114.1 (G-H), 129.0 (G-H),
129.3, 151.2, 159.2, 168.3, 168.5, 213.5 (CO). Minor diastere-
omer: *H NMR (300 MHz, CDC}): ¢ 1.07-1.19, 1.62-1.77,
2.11-2.60 (3 m, 8H, CH), 3.03, 3.09 (2s, 6H, % NCHj), 3.35—
3.45 (m, 1H, CH), 3.693.76 (m, 2H, 2x CH), 3.72 (s, 3H, OCH},
6.71 (d,3J = 9.0 Hz, 2H, Ar), 6.88 (d2J = 9.0 Hz, 2H, Ar).
Ca0H24N20s (372.4): calcd C 64.50, H 6.50, N 7.52; found C 64.38,
H 6.56, N 7.55.
5-[(4-Methoxyphenyl)(5-methyl-2-furyl)methyl]-1,3-dimeth-
ylpyrimidine-2,4,6-(1H,3H,5H)-trione (14ca).In contrast to gen-
eral procedure C, the reaction mixture was stirred for 4 days.
Colorless oil, 95% yield'H NMR (400 MHz, CDC}): ¢ 2.27 (s,
3H, CHg), 3.13 (s, 6H, NCH), 3.78 (s, 3H, OCH), 4.21 (d,3J =
4.0 Hz, 1H, 5-CH), 4.86 (8J = 4.0 Hz, 1H, CH), 5.89 (d3J =
3.2 Hz, 1H, Fu), 5.97 (J = 3.2 Hz, 1H, Fu), 6.83 (?J = 8.8
Hz, 2H, Ar), 7.16 (d3J = 8.8 Hz, 2H, Ar).13C NMR (75.5 MHz,
CDCly): 0 13.7 (CH), 28.4, 28.4 (NCH), 48.9 (CH), 54.3 (5-C),
55.4 (OCH), 106.5 (GyurH), 109.7 (Gyu-H), 114.1 (G,-H), 128.2,
129.8 (G-H), 150.5, 151.4, 152.1, 159.6, 167.2, 167.7. MS (EI):
m/z (%) = 356 (1) [M'], 202(14), 201 (100).
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the solvent in vacuo, the residue was recrystallized from ethanol. JO071273G
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