Tetrahedron 68 (2012) 13211329

journal homepage: www.elsevier.com/locate/tet

Contents lists available at SciVerse ScienceDirect

Tetrahedron

lodine catalyzed one-pot synthesis of flavanone and tetrahydropyrimidine

derivatives via Mannich type reaction

Veerababurao Kavala, Chunchi Lin, Chun-Wei Kuo, Hulin Fang, Ching-Fa Yao *

Department of Chemistry, National Taiwan Normal University, 88, Sec. 4, Tingchow Road, Taipei 116, Taiwan, ROC

ARTICLE INFO ABSTRACT

Article history:

Received 25 July 2011

Received in revised form 31 October 2011
Accepted 8 November 2011

Available online 15 November 2011

Keywords:

Mannich reaction
Flavanones
Tetrahydropyrimidine
lIodine

A variety of functionalized flavanone derivatives and tetrahydropyrimidine derivatives were achieved
under remarkably mild conditions. The combination of good to excellent yields, a simple work-up, and
the high compatibility of functional groups makes this an attractive synthetic approach to access fla-
vanone and tetrahydropyrimidine derivatives.
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1. Introduction

Mannich reaction is an important carbon—carbon bond-forming
reaction, which involves a multi component reaction of a non
enolizable aldehyde, amine, and enolizable carbonyl compound in
the presence of acid catalyst to afford B-aminocarbonyl compound.!
It is an important tool for constructing a diverse array of pharma-
ceutically useful natural products as well as synthetically utilizable
substances.>? Further, Mannich reaction is also utilized in the
synthesis of N-heterocyclic compounds like tetrahydropyridines,*
imidazolines,> pyrazolone derivatives,® 1,6-naphthyridine de-
rivative,” and many other heterocyclic compounds.®

On the other hand, flavanone and its derivatives are important
constituents of natural products and found in many fruits and
vegetables. For instance, hesperetin, naringenin are important
natural products, possessing immense importance in the field of
pharmaceuticals.” Moreover, flavanone derivatives display impor-
tant biological activities, such as aldose reductase inhibitors, iron
chelators of redox inhibition HIV, cancer, chemoprevention of
breast cancer, bacterial and inflammatory diseases.'® Apart from
these, flavanones also serve as important intermediates in the
synthesis of many biologically active compounds.!

In general, the synthesis of flavanones could be achieved from
the isomerization of an appropriately substituted 2’-hydrox-
ychalcone. These cyclizations can be carried out under various
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conditions using acid catalysts,'? bases,'? thermal, photochemical,
and electrochemical transformations.'*

Other alternative procedures for the synthesis of flavanones in-
clude the oxidation of flavan-4-ol,'” reaction of aldehydes with 1,3-
diones in basic medium,'®? the transformation of phenyl alkenyl aryl
ethers in the presence of Hg(OCOCF3),,'%" intramolecular oxa-
Michael addition of activated o,B-unsaturated ketones,'®° Juliae
Kocienski olefination of 2-(benzo[d]thiazol-2-ylsulfonyl)-1-phe-
nylethanones with aldehydes in the presence of a base,'®® and in-
termolecular C—O addition of carboxylic acids to arynes.'®¢ Very
recently, flavanone derivatives were achieved from 3-hydroxy-1-(2-
hydroxylphenyl)-3-arylpropan-1-ones.'®f Various synthetic routes
for flavanones are depicted in Fig. 1.

Molecular iodine has recently been reported to be a Lewis acid
imparting high regio- and chemoselectivity in various trans-
formations. For the last decade the use ofiodine as Lewis acid has been
increasing exponentially due to its high tolerance to air and moisture,
low-cost, ready availability, and high catalytic activity in dilute and
highly concentrated conditions as well as under solvent-free reaction
conditions.”” Our group has explored many catalytic reaction of iodine
in the last decade.'® In continuation to our investigations on iodine
catalyzed reactions, herein we wish to report iodine catalyzed one-
pot synthesis of flavanone and highly substituted pyrimidine de-
rivatives via multi component Mannich reaction.

2. Results and discussions

The three component Mannich reaction of aldehyde, amine, and
enolizable ketone to obtain the B-aminocarbonyl compounds has
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Fig. 1. Important synthetic routes for the flavanone derivatives.

been known for long time.'® However, none of the report described
the use of 2-hydroxyacetophenones as enolizable ketone compo-
nent in the Mannich reaction. In an attempt to carry out the
Mannich reaction of benzaldehyde, aniline, and 2-hydrox-
yacetophenone in the presence of iodine as catalyst, no trace of -
aminocarbonyl compound is observed however, flavanone was
formed as the sole product in moderate yield. This interesting result
prompted us to further investigate the reaction (Table 1).

Table 1
Solvent screening

o
CHO (:fK lodine
@ * OH *+ Ph™NH, Solvent
Entry Solvent lIodine loading (equiv) Time (h) Yield®" (%)
1 Ether 0.1 36 39
2 Ether 0.3 20 63
3 Ether 0.5 10 55
4 Ether 1.0 4.5 36
5 No 03 4 42
6 CH,Cl, 03 22 37
7 CHCl5 03 22 35
8 EA 03 22 25
9 DMSO 03 22 57
10 CH50H 03 22 82

2 Isolated yields.
b Reactions were performed on 1 mmol scale.

Encouraged by this initial observation, we first focused our at-
tention on optimizing the reaction conditions. When the reaction
was carried out in absence of iodine, it was stopped after the for-
mation of imine. In an attempt to evaluate the catalytic efficiency of
iodine, we carried out the reaction with benzaldehyde (1 equiv), 2-
hydroxyacetophenone (1.2 equiv), and aniline (1.5 equiv) in diethyl
ether in the presence of various amounts of iodine at 40 °C. The
reaction occurred most efficiently with 30 mol % of iodine. After
determining the amount of catalyst, we further screened the re-
action with various solvents. The reaction worked in most of the
solvents and methanol was found to be the best solvent for con-
ducting this reaction.

The reaction did not work when no amine was used. Hence, to
better understand the effect of different amines, we screened the
reaction with different primary amines. We found that aliphatic
amines were less effective than aromatic amines. It may be

attributed to the less efficient 1,2-addition of 2-
hydroxyacetophenone derivative at the imine due to the presence
of electron donating aliphatic group on nitrogen atom (Scheme 1).
Among the aromatic amines, aniline was found to be the most ef-
ficient. Less efficient reaction with 4-methoxyaniline is may be due
to similar reason as aliphatic amines. Poor yield with 4-
chloroaniline is initially appearing to be surprising. Moderate
yield with 4-nitroaniline is presumably due to less efficient imine
formation. Based on the results obtained from the screening with
different amines aniline was chosen as the most suitable amine for
this conversion. The reaction trend suggests that the formation of
imine as well as the elimination of amine is the key steps involved
in the formation of flavanone derivatives (Table 2).
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Scheme 1. Plausible mechanistic route for the formation of flavanones.

Table 2
Screening of amine component

0
CHO lodine (30 mol%)
+ + RNH————>
OH CH3OH

Entry R Time (h) Yield*® %
1 CH3 20 40
2 PhCH, 20 32
3 Ph 15 88
4 4-OMe—Ph 24 70
5 4-NO,—Ph 24 80
6 4-Cl-Ph 24 44

2 Isolated yields.
b Reactions were performed on 1 mmol scale.

After optimizing the reaction conditions, in order to evaluate the
scopes and limitation of our methodology, we first treated 2-
hydroxyacetophenone with different aldehydes (Table 3). Almost
all the aldehydes underwent smooth reactions to produce their
corresponding flavanone derivatives in good to excellent yields at
40 °C. As shown in Table 3, electronic factor of the substitution at
benzaldehyde moiety controls the reaction time, however, it seems to
have no effect on the reaction yield. With the o-substituted benzal-
dehyde, the presence of electron-donating methoxy (entry 2) and
fluoro (entry 3) functionality renders the reaction time longer than
unsubstituted benzaldehyde (entry 1). With o-nitrobenzaldehyde
(entry 4) the reaction time is shorter than the methoxy and fluoro
derivatives, but, comparable to unsubstituted benzaldehyde, may be
due to the steric factor. Due to this fact, a trace amount of hydroxyl
chalcone was observed in the crude 'H NMR spectra of the



Table 3

Synthesis of flavanone derivatives using Mannich approach

o)
A\ CHO lodine (30 mol%)
RE J + + Ph—NH, —————>

OH CH4OH

TR
Entry Substrate Product Time (h) Yield®” (%)
0
I
CHO
1 o . : .
"0
CHO
2¢ ©i O Me  2a 24 68°
OMe
0
CHO I .
3¢ ©i O 3a 24 65¢
F o O
0
CHO I o
4¢ @ O 2 4a 16 73¢
NO, o O
0O
5 Meo\©/CHO O 24 77
5a
o O OMe
i
5 0N CHO O . 12 76
a
\©/ o O NO2
0O
CHO
7 /©/ O 7a 20 83
MeO o O
OMe
CHO 8a
8 14 82
Me’
Me
CHO
9 /©/ %a 18 82
a
cl
o
CHO
10 O C 10a 10 86
ae
NO,
o]
CHO
11¢ O 24 72¢
CO
S-_CHO
12 g 14 67
CHO
13 /©/ 24 53
OHC

¢ Isolated yields.
b Reactions were performed on 1 mmol scale.
¢ 2'-Hydroxychalcon derivative was detected in crude 'H NMR.
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o-functionalized benzaldehyde derivatives. A similar trend of the
electronic effect of the substitution was observed with the m- (entries
5 and 6) and p- (entries 7—10) substituted benzaldehyde. Effect of
steric factor is more prominent than the electronic factor in de-
termining the yield of the reaction. m-Substituted benzaldehydes
(entries 5 and 6) are more efficient for this conversion than the o-
substituted derivatives (entries 2—4) and p-functionalized benzal-
dehyde derivatives (entries 7—10) are most productive. It is worthy to
note that the sterically hindered aldehyde, such as naphthaldehyde
also participated in the reaction to furnish the product in good yield.
In addition, heteroaromatic aldehydes (2-thiophene carbaldehyde)
can also serve as substrates in this reaction, giving the corresponding
product in good yield. Further more, our procedure was also applied
for the dialdehyde (p-terephthaldehyde) to obtain corresponding bis
flavanone in moderate yield.

Subsequently, we examined the reaction with other substituted
2-hydroxyacetophenones, we found that the reaction of 2-
hydroxyacetophenone containing electron-donating group com-
pleted in relatively shorter time to furnish the corresponding fla-
vanones in excellent yields. Moreover, the reactions with 2-
hydroxyacetophenone with electron-withdrawing group (Cl) has
taken longer time for the completion. It is interesting to note that 1-
(1-hydroxynaphthalen-2-yl)ethanone having bulky naphthyl moi-
ety has also participated in the reaction to produce benzo[h]chro-
men-4(3H)-one derivative in good yield. However, the reaction
failed to form the flavanone products with highly electron-rich
(hydroxy functionalized) acetophenones under the present re-
action conditions (Table 4).

A plausible mechanism for this conversion is postulated in
Scheme 1. The initially formed imine is activated by coordination
with highly polarizable iodine and the enol form of the 2-
hydroxyacetophenone attacks the nucleophilic carbon of imine
moiety to form intermediate A. This step is followed by the removal
of N-iodoaniline and HI to form intermediate B. This intermediate
undergoes 1,4-Michael type addition that leads to the cyclization to
form the flavanone derivative. This Michael addition is probably
catalyzed by the in situ formed N-iodoaniline—HI complex. Alter-
natively?* the intermediate A in Scheme 1 could gave the flavanone
directly via an intramolecular Sy2 reaction. Here the aniline may
acted as a leaving group.

During the screening of the reaction conditions with various
amines, we conducted this three component Mannich reaction by
using ammonia as an amine component. We obtained an in-
teresting five component condensed product (tetrahydropyr-
imidine derivative), which comprised two aldehyde units, two
ammonia molecules, and one 2-hydroxyacetophenone moiety. In
fact, the synthesis of these kinds of products was reported in the
literature in 1977 by Takajo et al. They synthesized these prod-
ucts by the reaction of N,N-dibenzylideneaminals with aceto-
phenones in the presence of ammonium acetate.’’ Recently,
Chebanov et al. also synthesized these compounds by the re-
action of ammonia with chalcones and various ketones.”! The
former method is based on the base mediated two component
reaction, whereas the second method is three component re-
action starting from chalcones. On the other hand these kind of
tetrahydropyrimidine derivatives are known to exhibit several
biological activities.?!

Encouraged by this result, we screened the conditions to optimize
reaction for the formation of the pyrimidine derivatives. We found
the best conditions for the formation of these compounds is aldehyde
(2.4 mmol) and ammonia (0.5 mL 7 M NHs in MeOH) and 1 mmol 2-
hydroxylacetophenone in methanol as solvent in the presence of
30 mol % iodine. At these conditions the reaction produced pyrimi-
dine compound as major compound along with trace of some un-
identified products. The '"H NMR spectrum of the crude product
reveals the formation of two diastereoisomers in the ratio of 3:1. Both

Table 4
Synthesis of flavanone derivatives using Mannich approach

o
CHO
XN N .
R2©/ . R3+<I‘\+ Ph-NH, Jodine (30 mol%) o’
OH

CH;0H

Entry Substrate Product Time (h) Yield®" %

7 cl 2
cl
1 \©fk 14a 12 82
o
§ O
7 Meo i
el
S > Gl C U
a
OH °© O
0
Q cl
e T
3 \©fk o 6a 19 63
OH
NO2
o 0
4 ‘ O 16 78
T uNeanek
fo) (o]
5 ‘ O 15 76
e (O
cl

o
(o]
MeO
MeO 6]
MeO OH O

OMe O oMe @
MeO o
MeO OH O

2 Isolated yields.
b Reactions were performed on 1 mmol scale.

isomers can be clearly distinguishable by means of four distinct sig-
nals of protons at C-2, C-3, and C-6 in their 'H NMR spectra.

The optimized reaction conditions were applied to different
aldehydes and hydroxyacetophenones to obtain their correspond-
ing tetrahydropyrimidine derivatives in good to moderate yield
(Table 5). The reaction with electron-donating group contained
substrates underwent slow reaction to obtain moderate yield of
corresponding product. While other substitution on aldehyde as
well hydroxyl phenones showed equal ease to form their corre-
sponding pyrimidine derivative in moderate yield. All pyrimidine
derivatives were obtained as a mixture of two diastereomers in 3:1
ratio. The major isomer happens to be trans diastereomer, whereas
minor diastereomer is cis. All the major diastereomers were sepa-
rated in pure form. Unfortunately we could not obtain the minor
diastereomers in pure form.

The major isomer (i) displayed C-6 proton as triplet at 5.81 ppm,
with coupling constant 2.8 Hz. C-2 proton as doublet of doublet at
4.28 ppm with coupling constants 4.0, 10.8 Hz. Two protons at C3
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Table 5
One-pot synthesis of tetrahydropyrimidine derivatives via Mannich reaction
A
| R
Z
7 )
AN H oy NHa /12 OH N” "NH
R * MeOH X
R OH N | R
40-50 °C ¥~
R
mixture of diastereomers
Entry R R Product® Time (h) Yield*® %
14 H H ifi’ 12 78 (82:18)
2 4-Me H /i’ 15 75 (79:21)
3d 4-OMe H fi/ii’ 13 70 (79:21)
4 4-F H i /i’ 10 74 (76:24)
54 H al iv/iv 16 80 (80:20)
6 H OMe vV 18 65 (78:22)

¢ Isolated yields.

b Reactions were performed on 1 mmol scale.

¢ Ratio of diastereomers were determined by 'H NMR.
4 Diastereomers were not separable through column.

carbon displayed two ddd at 3.20 ppm (J=17.5, 4.2, 2.8 Hz) and
2.7 ppm (J=17.5, 10.9, 3.3 Hz). It is well known fact that the tetra-
hydropyrimidine ring adopts an asymmetric half-chair
conformation.?

Now based on the coupling constants all the protons can placed
in the half-chair confirmation to obtain the relative configuration.
Due to the presence of large coupling and small coupling constants
of proton at C2 carbon allow us to place the C2 proton in axial
position. The alignment of other protons was determined from the
standpoint of coupling constant. Here, we first consider the H3? and
H3¢. The H* coupled with H*? and H3® with 3] value 10.8 and 4.2 Hz.
It is very much clear that the higher coupling constant is due to
diaxial interaction. So the 3 value 10.8 Hz corresponds to the
coupling with H3? and H%. 3j=4.2 Hz is due to interaction between
H3¢ and H* (axial equatorial interaction). No coupling was observed
between H* and H®. However, H*¢ couples with H® with °j=2.8 Hz.
It is appearing that H32 couples with H® with °J=3.3 Hz. Indeed, H®
appeared as a triplet instead of dd is presumably as two coupling
constants are very near to each other (2.8 Hz and 3.3 Hz). The
structure of the major diastereomer was confirmed by the single
crystal X-RD of i (Fig. 2). The relative configuration of the major
diastereomer was assigned from crystal structure is 4R*6R".

H
\

R
3.20(ddd,J =17.5,4.2,2.8 Hz) N>(
R"

N 6
581y =28)

4.28 (dd, J =10.8, 4.2 Hz)
H3a H?
2.7 (ddd, J =17.5,10.8, 3.3 Hz)

Fig. 2. Crystal structure of i.>*

However, the minor isomer (ii’) showed the C-6 proton as
a broad singlet at 5.97 ppm, C-2 proton appeared as doublet of
doublet at 4.10 ppm with coupling constants 4.8, 9.2 Hz. Unlike
major diastereomer, among two protons at C-3 carbon, one proton
displayed as doublet of doublet at 3.18 ppm with coupling con-
stants 4.9, 17.8 Hz and another proton as ddd at 2.84 ppm with
coupling constants 17.8, 9.2, 1.9 Hz. Similarly, to explain the ob-
served coupling in 'H NMR spectroscopy we place H* at the
equatorial position. Here H* couples with H3? with 3] value 9.2 Hz,
which is little lower than the major isomer. However, coupling
constant for H* and H3€ is little higher (}J=4.9 Hz). Geminal cou-
pling constant is also higher in this case (17.8 Hz). A coupling
constant 1.9 Hz is due to 1,4-axial—equatorial interaction. 1,4

Diequatorial interaction is appearing to be absent here. H® is ac-
tually appeared as a broad singlet instead of doublet. The structure
of the major diastereomer was confirmed by the single crystal X-RD
of i’ (Fig. 3). The relative configuration of the minor diastereomer
was assigned from crystal structure is 4R*6S*.

b
H
N H?
>€81 (s, 1H)
= L
320(dd, J = H% R ,
17.8Hz, 49 H 428(dd, J = 49,92 Hz)
H3a H2
2.7 (ddd,J =
17.8,9.2, 1.9 Hz)

Fig. 3. Crystal structure of ii’.?*

By applying the same procedure, we could synthesize a highly
methoxy substituted tetrahydropyrimidines from the reaction of
2,4,6-trimethoxy benzaldehyde with corresponding hydrox-
yacetophenone in moderate yields (Scheme 2).

OMe
(0] MeO i OMe
OH N NH OMe
+ |
A
>
OMe O MeO OMe
H I vii  15h (61 %)
0.5 mL 7N NH3

MeO
MeOH

OMe

vii 20h (58 %)

Scheme 2. Synthesis of a highly methoxy substituted tetrahydropyrimidines.

Mechanism for the formation of tetrahydropyrimidine is out-
lined in the Scheme 3. Like the previous mechanism (Scheme 1) the
initially formed imine undergoes 1,2-addition with enolized 2-
hydroxyacetophenone moiety to form intermediate A. The

HO
Ho/,//
HO : 53
HN" "N OH BN NH oy
OO R0
iori B

Scheme 3. Mechanism for the formation of tetrahydropyrimidine derivatives.
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intermediate A undergoes 1,2-addition with another in situ formed
imine to form intermediate B. Intermediate B undergoes cyclization
and removal of water to form the product D.

3. Conclusion

In conclusion we have described the synthesis of flavanone and
pyrimidine derivatives by utilizing the Mannich reaction. This is
highly selective and efficient protocol, which involves the use of
a cheap reagent and an easy work-up procedures.

4. Experimental section
4.1. General procedures

Solvents for extraction and chromatography were distilled be-
fore use. All chemicals were purchased from Acros Organics and
Sigma Aldrich and used directly without any purification. Analytical
thin-layer chromatography was performed using E. Merck silica gel
60F glass plates and E. Merck silica gel 60 (230—400 mesh) was
used in flash chromatography separations. MS were measured by
JEOL JMS-HX110 spectrometer. 'H and >C NMR spectra were
recorded with Bruker Advance EX 400. Chemical shifts were re-
ported in parts per million (6) using TMS as internal standard and
coupling constants were expressed in hertz. Melting points were
recorded using an electro thermal capillary melting point appara-
tus and uncorrected.

4.2. Typical experimental procedures for the synthesis of
flavanone

The mixture of aldehyde (1.0 mmol), aniline (1.5 mmol), 2-
hydroxyacetophenone (1.2 mmol) in methanol (1.0 mL), and io-
dine (I) (0.3 mmol) was added and stirred at 40 °C over a period
of time mentioned in Tables 3 and 4. After completion of the re-
action (monitored by TLC), the solution was washed with an ice
cold saturated NazS;03(aq) solution (2x10 mL) and then extracted
with CH)Cl, (3x20 mL). The combined organic phases were
washed sequentially with brine and ice water and dried over an-
hydrous Na;SO4. Evaporation of the organic solvent afforded the
crude products, which were purified by recrystallization from
hexane and ethyl acetate or by short flash column
chromatography.

4.3. Typical experimental procedures for the synthesis of
tetrahydropyrimidine derivatives

The mixture of aldehyde (2.4 mmol), ammonia (0.5 mL, 7 N in
methanol), 2-hydroxyacetophenone (1 mmol) in methanol
(1.0 mL), and iodine (I;) (0.3 mmol) was added and stirred at 40 °C
over a period of time mentioned in Table 5. After completion of the
reaction (monitored by TLC), the product was precipitated out,
which was collected by simple filtration to obtain the crude prod-
ucts, which were purified by short flash column chromatography
(hexane and ethyl acetate).

4.4. Spectral data

4.4.1. 2,3-Dihydro-2-phenyl-4H-1-benzopyran-4-one (1a). Colorless
solid; mp 75—76 °C. 'H NMR (400 MHz, CDCl5) § 7.97 (dd, J=8.12,
156 Hz, 1H), 7.53—7.39 (m, 6H), 7.04—7.08 (m, 2H), 5.46 (dd,
J=13.32, 2.92 Hz, 1H), 3.06 (dd, J=16.84, 13.36 Hz, 1H), 2.87 (dd,
J=16.84, 2.92 Hz, 1H); '3C NMR (100 MHz, CDCl3) ¢ 191.9, 161.6,
138.8,136.2,128.9,128.8,127.1,126.2,121.7,121.0, 118.20, 79.6, 44.7;

MS m/z (relative intensity) 224 (M*, 100), 223 (65), 147 (49), 120
(93),92 (34), 77 (14), 64 (9).

4.4.2. 2,3-Dihydro-2-(2-methoxyphenyl)-4H-1-benzopyran-4-one
(2a). Colorless solid; mp: 113—114 °C; 'H NMR (400 MHz, CDCls),
6=7.94(dd, J=1.36, 7.8 Hz 1H), 7.63 (dd, J=0.8, 7.5 Hz, 1H), 7.52—7.48
(m, 1H), 7.37—7.32 (m, 1H), 7.08—7.034 (m, 3H), 6.94 (d, ]=8.3 Hz,
1H), 5.87 (dd, J=13.40, 3.96 Hz, 1H), 3.84 (s, 3H), 3.00—2.92 (m, 2H).
13C NMR (100 MHz, CDCl3) 6=192.9,162.3, 156.0, 136.2, 129.6, 127.7,
126.6, 121.6, 121.2, 121.1, 118.3, 110.7, 74.9, 55.5, 43.9. MS m/z (rel-
ative intensity) 254 (M™, 39), 223 (100), 134 (25), 119 (66), 91 (52),
77 (16), 59 (49).

4.4.3. 2,3-Dihydro-2-(2-fluorophenyl)-4H-1-benzopyran-4-one
(3a). Yellow solid, mp 147—148 °C; 'H NMR (400 MHz, CDCl3),
07.96 (dd, J=8.56, 1.0 Hz, 1H), 7.72—7.64 (m, 1H), 7.53—7.49 (m, 1H),
7.39—7.34 (m, 1H), 7.25—7.22 (m, 1H), 7.13—7.02 (m, 3H), 5.78 (dd,
J=13.24, 2.96 Hz, 1H), 3.06 (dd, J=16.88, 13.24 Hz, 1H), 2.90 (dd,
J=16.88, 3.08 Hz, 1H). '3C NMR (100 MHz, CDCls) é 191.76, 161.7,
159.9 (Jc—F=246 Hz), 136.4, 130.4 (Jc—r=9.0 Hz), 127.6 (Jc—r=4.0 Hz),
126.4,126.3,122.8 (Jc_,=4 Hz), 122.0,118.3,115.9 (Jc_r=21 Hz), 77.0
(Je—p=3 Hz), 43.72.

4.4.4. 2,3-Dihydro-2-(2-nitrophenyl)-4H-1-benzopyran-4-one
(4a). Colorless solid; mp: 121122 °C; 'H NMR (400 MHz, CDCl3):
6 8.06 (dd, J=8.20, 1.0 Hz, 1H), 8.01 (d, J=8.20 Hz, 1H), 7.96 (dd,
J=7.8, 1.64 Hz, 1H), 7.77 (m, 1H), 7.58—7.49 (m, 1H), 7.11-7.07 (m,
1H), 7.02 (d, J=8.0 Hz, 1H), 6.08 (dd, J=13.12, 2.66 Hz, 1H), 3.22 (dd,
J=16.92, 2.56 Hz, 1H), 2.94 (dd, J=16.88, 13.12 Hz, 1H). '*C NMR
(100 MHz, CDCl3): 6 190.9, 161.3, 147.5, 136.5, 134.9, 134.2, 129.5,
128.4,127.4,125.0,122.3,121.2, 118.2, 75.8, 44.6.

4.4.5. 2,3-Dihydro-2-(3-methoxyphenyl)-4H-1-benzopyran-4-one
(5a). Colorless solid; mp: 110—112 °C; 'H NMR (400 MHz, CDCl3):
6 7.94 (dd, ]=8.24, 1.64 Hz, 1H), 7.53—7.49 (m, 1H), 7.35 (t, J=8.4 Hz,
1H), 7.07—7.04 (m, 4H), 6.93—6.90 (m, 1H), 544 (dd, J=13.28,
2.40 Hz, 1H), 3.87 (s, 3H), 3.07 (dd, J=16.88, 13.28 Hz, 1H), 2.87 (dd,
J=16.88, 2.96 Hz, 1H). >*C NMR (100 MHz, CDCl3) § 192.13, 161.57,
159.91, 136.07, 130.72, 127.67, 126.96, 121.45, 120.86, 118.07, 114.14,
79.27, 55.28, 44.38. MS m/z (relative intensity) 254 (M™, 63), 147
(35), 134 (100), 91 (16), 77 (5), 57 (8).

4.4.6. 2,3-Dihydro-2-(3-nitrophenyl)-4H-1-benzopyran-4-one
(6a). Pale yellow solid; mp: 139—140 °C; 'H NMR (400 MHz,
CDCl3): 6 8.06 (s, 1H), 8.06 (dd, J=8.28, 1.0 Hz, 1H), 7.92 (dd, J=8.80,
1.64 Hz, 1H), 7.83 (d, J=7.7 Hz, 1H), 7.64 (t, J=7.90 Hz, H), 7.57—7.53
(m, 1H), 7.11-7.08 (m, 1H), 6.08 (dd, J=12.84, 3.28 Hz, 1H), 3.05 (dd,
J=16.80, 12.56 Hz, 1H), 2.94 (dd, J=16.80, 3.40 Hz, 1H). 13C NMR
(100 MHz, CDCl3) § 190.9,161.1,148.8,141.2,136.6,132.1,130.1,127.3,
123.7,122.3,121.4,121.0,118.3, 78.4, 44.7. MS m/z (relative intensity)
269 (M™, 78), 147 (73), 119 (100), 92 (80), 63 (22).

4.4.7. 2,3-Dihydro-2-(4-methoxyphenyl)-4H-1-benzopyran-4-one
(7a). Pale yellow solid; mp: 87—88 °C; TH NMR (400 MHz, CDCl3):
0 792 (dd, J=8.44, 1.64Hz, 1H), 748-7.50 (m, 1H), 741 (d,
J=6.88 Hz, 2H), 7.03—7.07 (m, 2H), 6.96 (d, J=6.88 Hz, 2H), 5.43 (dd,
J=13.32, 2.80 Hz, 1H), 3.83 (s, 3H), 3.10 (dd, J=16.84, 13.32 Hz, 1H),
2.85 (dd, J=16.84, 2.80 Hz, 1H). 3*C NMR (100 MHz, CDCl3): 6 192.13,
161.57, 159.91, 136.07, 130.72, 127.67, 126.96, 121.45, 120.86, 118.07,
114.14, 79.27, 55.28, 44.38. MS m/z (relative intensity) 254 (M*, 63),
139 (13), 134 (100), 121 (28), 119 (23), 91 (16), 77 (5), 57 (8).

4.4.8. 2,3-Dihydro-2-(4-methylphenyl)-4H-1-benzopyran-4-one
(8a). Colorless solid; mp: 81—83 °C; 'H NMR (400 MHz, CDCl3):
67.92 (dd, J=8.08,1.76 Hz, 1H), 7.49 (m, 1H), 7.37 (d, J=7.81 Hz, 2H),
7.23 (d, J=7.81Hz, 1H), 7.02—-7.06 (m, 2H), 543 (dd, J=13.32,
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2.80 Hz, 1H), 3.08 (dd, J=16.84, 13.32 Hz, 1H), 2.86 (dd, J=16.84,
2.80 Hz, 1H), 2.37 (s, 3H). >C NMR (100 MHz, CDCl3): ¢ 192.06,
161.58, 138.63, 136.08, 135.71, 129.43, 126.97, 126.14, 121.47, 120.89,
118.09, 79.46, 44.49, 21.14. MS m/z (relative intensity) 238 (M, 29),
181 (19), 141 (33), 139 (100), 118 (27).

4.4.9. 2,3-Dihydro-2-(4-chlorophenyl)-4H-1-benzopyran-4-one
(9a). Colorless solid; mp: 93—95 °C; 'H NMR (400 MHz, CDCl3):
0790 (dd, J=8.32,1.68 Hz, 1H), 7.47—7.51 (m, 1H), 7.37—7.42 (m, 4H),
7.02—7.06 (m, 2H), 5.44 (dd, J=13.08, 2.88 Hz, 1H), 2.99 (dd, ]=16.84,
13.08 Hz, 1H), 2.85 (dd, J=16.84, 2.88 Hz, 1H). '3C NMR (100 MHz,
CDCl3): 6 191.40,161.23,137.22,136.22,134.50,128.97,127.45,127.02,
121.74, 120.84, 118.02, 78.74, 44.50. MS m/z (relative intensity) 258
(M™,59),147(32),138(32),120(100),103 (16),92 (45), 77 (9), 64 (12).

4.4.10. 2,3-Dihydro-2-(4-nitrophenyl)-4H-1-benzopyran-4-one
(10a). Yellow solid; mp: 156—157 °C; 'H NMR (400 MHz, CDCls),
6 832 (d, J=8.7 Hz, 2H), 7.95 (dd, J=8.4, 1.64 Hz, 1H), 7.70 (d,
J=8.7Hz, 2H), 7.58—7.54 (m, 1H), 713—7.09 (m, 2H), 5.61 (dd,
J=12.4, 3.76 Hz, 1H), 3.04 (dd, J=16.84, 12.32 Hz, 1H), 2.95 (dd,
J=16.84, 3.76 Hz, 1H). >C NMR (100 MHz, CDCl3) ¢ 190.8, 1611,
148.2, 146.0, 136.7, 1274, 127.0, 124.3, 122.4, 121.1, 118.3, 78.5, 44.8.
MS m/z (relative intensity) 269 (M, 100), 252 (8), 222 (4), 147 (24),
120 (44), 92 (19), 64 (4).

4.4.11. 2-(Naphthalen-2-yl)chroman-4-one (11a). Colorless solid;
mp: 122—124 °C; 'H NMR (400 MHz, CDCl3): 6 7.96—7.86 (m, 5H),
7.59—-7.52 (m, 4H), 709 (m, 2H), 711-7.09 (m, 2H), 5.67 (d,
J=12.8 Hz, 1H), 3.04 (m, 1H), 2.95 (m, 1H). 3C NMR (100 MHz,
CDCl3): 6 192.0, 161.7, 140.5, 136.4, 130.1, 127.3, 121.8, 121.2, 118.5,
118.3, 114.3, 112.1, 55.5, 44.9. MS m/z (relative intensity) 274 (M™,
90), 154 (100), 153 (45), 128 (24), 92 (18), 77 (5).

4.4.12. 2-(Thiophen-2-yl)chroman-4-one (12a). Colorless solid, mp
88—89 °C. 'H NMR (400 MHz, CDCl3), 6 7.94 (dd, J=8.2, 1.6 Hz, 1H),
7.53—7.49 (m, 1H), 7.37 (dd, J=5.04, 1.00 Hz, 1H), 7.14 (d, J=3.40 Hz,
1H), 7.08—7.02 (m, 3H), 5.73 (dd, J=11.92, 3.28 Hz, 1H), 3.19 (dd,
J=16.84, 11.72 Hz, 1H), 3.06 (dd, J=16.84, 3.28 Hz, 1H). °C NMR
(100 MHz, CDCl3) 6 191.4,161.1, 141.6,136.5,127.2,127.1,126.6, 126.1,
122.0, 121.1, 118.4, 75.3, 44.5. MS m/z (relative intensity) 230 (M™,
100), 219 (19), 146 (9), 120 (19), 110 (55), 92 (21), 66 (11).

4.4.13. 2,2'-(14-Phenylene)dichroman-4-one (13a). Colorless solid
mp: 211-213 °C; "H NMR (400 MHz, CDCl3), 6 7.95 (m, 2H), 7.57 (s,
4H), 7.52—7.50 (m, 2H), 7.09—7.05 (m, 4H), 5.52 (dd, J=13.2, 2.8 Hz,
2H), 3.08 (dd, J=16.8, 13.2 Hz, 2H), 2.81 (dd, J=16.8, 2.8 Hz, 2H). 13C
NMR (100 MHz, CDCl3) ¢ 191.8, 161.6, 139.6, 136.5, 127.3, 126.8,
121.9, 121.1, 118.3, 79.4, 44.8; MS m/z (relative intensity) 370 (M™,
100), 326 (34) 249 (50), 147 (57), 130 (75), 92 (78).

4.4.14. 6-Chloro-2-phenylchroman-4-one (14a). Pale yellow solid;
mp: 96—98 °C; '"H NMR (400 MHz, CDCl3): 6 7.72 (d, J=2.64 Hz, TH),
7.24-734 (m, 6H), 6.86 (d, J=8.80 Hz, 1H), 5.32 (dd, J=13.20,
2.84 Hz, 1H), 2.92 (dd, J=16.96, 13.20 Hz, 1H), 2.75 (dd, J=16.96,
2.84 Hz, 1H). >C NMR (100 MHz, CDCl3) 6 190.75, 159.92, 138.22,
135.98, 128.92, 128.88, 127.16, 126.36, 126.11, 121.68, 119.85, 79.78,
44.23; MS m/z (relative intensity) 260 (M™, 30), 258 (100), 181 (34),
156 (25), 154 (82), 126 (19), 104 (43), 84 (45), 57 (22).

4.4.15. 6-Methoxy-2-phenylchroman-4-one  (15a). Pale yellow
solid; mp: 89—91 °C; 'H NMR (400 MHz, CDCl): ¢ 7.38—7.49 (m,
5H), 7.35 (d, J=3.16 Hz, 1H), 7.12 (dd, J=9.04, 3.16 Hz, 1H), 6.98 (d,
J=9.04 Hz, 1H), 5.43 (dd, J=13.36, 2.84 Hz, 1H), 3.18 (s, 3H), 3.06 (dd,
J=16.96, 13.36 Hz, 1H), 2.87 (dd, J=16.96, 2.84 Hz, 1H). >°C NMR
(100 MHz, CDCls3): ¢ 191.85, 156.19, 154.16, 138.79, 128.75, 128.65,
126.07, 125.29, 120.70, 119.36, 107.31, 79.62, 55.72, 44.49. MS m/z

(relative intensity) 254 (M*, 60), 150 (90), 122 (8), 111 (13), 97 (19),
84 (100), 71 (24), 55 (30).

4.4.16. 6-Chloro-2-(4-nitrophenyl)chroman-4-one (16a). Yellow
solid; 'H NMR (400 MHz, CDCl3), 6 8.32 (d, J=8.7 Hz, 2H), 7.90 (d,
J=2.6 Hz, 1H), 7.67 (d, J=8.7 Hz, 2H), 7.50 (dd, J=8.8, 2.7 Hz, 1H),
7.65 (d, J=8.8 Hz, 1H), 5.63 (dd, J=11.8, 4.3 Hz, 1H), 3.04 (dd, J=16.9,
11.9 Hz, 1H), 2.95 (dd, J=16.9, 4.3 Hz, 1H). >*C NMR (100 MHz,
CDCl3): 6 189.7, 159.5, 148.3, 145.5, 136.5, 128.1, 127.0, 126.7, 1244,
121.9,120.0, 78.7, 44.5. MS m/z (relative intensity) 303 (M*, 82), 286
(11), 181 (56), 154 (100), 126 (65), 77 (20), 63 (47).

4.4.17. 2-Phenyl-2H-benzo[h]chromen-4(3H)-one (17a). Colorless
solid; mp: 115117 °C; 'H NMR (400 MHz, CDCls): ¢ 9.52 (d,
J=8.6 Hz, 2H), 7.97 (d, J=9.0 Hz, 1H), 7.78 (d, J=8.0 Hz, 1H), 7.68 (t,
J=7.7 Hz, 2H), 7.55—7.40 (m, 6H), 7.20 (d, J=9.0 Hz, 1H), 5.61 (dd,
J=13.7, 2.7 Hz, 1H), 3.04 (dd, J=16.4, 13.8 Hz, 1H), 2.95 (dd, J=16.5,
2.8 Hz, 1H). 13C NMR (100 MHz, CDCl5): 6 193.1, 163.9, 138.7, 137.7,
131.7,129.8,129.5,129.0,128.9,128.6,126.4,126.1,125.1,119.0,112.8,
79.0, 45.9. MS m/z (relative intensity) 273 (M*, 100), 246 (7), 196
(16), 170 (85), 142 (35), 114 (45), 103 (8).

4.4.18. 2-(4-Chlorophenyl)-2H-benzo[h]chromen-4(3H)-one
(18a). Colorless solid; mp: 136—138 °C; '"H NMR (400 MHz, CDCls):
09.49 (d, J=8.6 Hz, 2H), 7.97 (d, J=9.0 Hz, 1H), 7.78 (d, J=8.0 Hz, 1H),
7.68 (t, ]=7.7 Hz, 2H), 7.48—7.42 (m, 5H), 7.18 (d, J=9.0 Hz, 1H), 5.60
(dd, J=13.6, 2.9 Hz, 1H), 3.18 (dd, J=16.4, 13.6 Hz, 1H), 2.96 (dd,
J=16.5, 3.0 Hz, 1H). 13C NMR (100 MHz, CDCl3): 6 192.8,163.7,137.9,
137.2,134.8,131.7,131.6, 130.0, 129.5, 129.3, 129.1, 128.6, 127.7, 126.1,
125.3,118.9,112.8, 79.0, 45.8. MS m/z (relative intensity): 310 (M+2,
22), 308 (M, 45), 197 (8), 170 (100), 142 (25), 114 (40), 103 (14).

4.4.19. 2-(2,6-Diphenyl-1,2,5,6-tetrahydropyrimidin-4-yl)phenol
(i). Yellow solid; mp: 144—146 °C; 'H NMR (400 MHz, CDCl3):
67.57—7.55 (m, 2H), 7.50—7.48 (m, 3H), 7.42—7.38 (m, 4H), 7.36—7.32
(m, 3H), 6.95 (dd, J=8.3, 1.0 Hz, 1H), 6.85—6.81 (m, 1H), 4.27 (dd,
J=10.8, 4.2 Hz, 1H), 3.17 (ddd, J=17.6, 4.2, 2.8 Hz, 1H), 2.74 (ddd,
J=17.5,10.8, 3.3 Hz, 1H). 13C NMR (100 MHz, CDCl3) ¢ 169.6, 162.3,
142.7,141.8,132.7,129.1,128.8,128.5, 128.1,127.3,127.1, 126.6, 119.3,
118.4,118.0,75.2,55.4,34.6,21.4,21.3. MS m/z(relative intensity) 329
(M+1, 100), 328 (M*, 62), 224 (65), 194 (88). HRMS calcd for
chemical formula: C23H21N20 (MT+H) 329.1654 found 329.1663.

4.4.20. 2-(2,6-Dip-tolyl-1,2,5,6-tetrahydropyrimidin-4-yl)phenol
(ii). Yellow solid; mp: 161—163 °C; '"H NMR (400 MHz, CDCl5): 6 7.56
(d,J=8.0 Hz,1H), 7.43 (d, J=8.0 Hz, 2H), 7.36—7.32 (m, 2H), 7.22—7.20
(m, 4H), 6.94 (d, J=7.8 Hz, 1H), 6.85—6.81 (m, 1H), 4.27 (dd, J=10.8,
4.2 Hz,1H),3.16 (ddd, J=17.6, 4.2, 2.8 Hz, 1H), 2.74 (ddd, J=17.5,10.8,
3.3 Hz, 1H). 3C NMR (100 MHz, CDCl3): 6 169.6, 162.4, 142.4, 141.4,
139.9,138.9,138.1,137.8,132.6,129.7,129.5,127.1,126.9, 126 .4, 119.4,
118.4,118.0,75.2,55.4,34.6,21.4,21.3. MS m/z (relative intensity) 357
(M+1,89),356(M™",58),307(29),222(100),120(35). HRMS calcd for
chemical formula: Co4H»5N,0 (M*+H) 357.1967 found 357.1959.

4.4.21. 2-(2,6-Dip-tolyl-1,2,5,6-tetrahydropyrimidin-4-yl)phenol
(ii’). Yellow solid; 'H NMR (400 MHz, CDClz): 6 7.57 (dd, J=8.0,
1.3 Hz, 1H), 7.43 (d, J=8.0 Hz, 2H), 7.37—7.30 (m, 1H), 7.30—7.27 (m,
2H), 7.22—7.18 (m, 4H), 7.02 (dd, J=8.2, 1.0 Hz, 1H), 6.88—6.81 (m,
1H), 5.97 (s, 1H), 4.08 (dd, J=9.2, 4.9 Hz, 1H), 3.16 (dd, J=17.8, 4.9 Hz,
1H), 2.74 (ddd, J=17.8, 9.2, 1.96 Hz, 1H). 13C NMR (100 MHz, CDCl3):
0 169.4, 162.4, 142.4, 141.3, 139.6, 138.4, 138.1, 137.9, 132.6, 129.7,
129.5,127.1,126.9,126.4,119.4,118.4,118.0,70.2, 55.4,34.6, 21.4, 21.3.

4.4.22. 2-(2,6-Bis(4-fluorophenyl)-1,2,5,6-tetrahydro pyrimidin-4-yl)
phenol (iii). Yellow solid; mp: 164—166 °C; 'H NMR (400 MHz,
CDCl3): 6 7.52—7.46 (m, 3H), 7.44—7.40 (m, 2H), 7.33—7.29 (m, 1H),
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7.10-7.04 (m, 4H), 6.94 (dd, J=4.8, 8.2 Hz, 1H), 4.25 (dd, J=4.0,
10.9 Hz, 1H), 3.17 (ddd, J=2.5, 3.3,17.5 Hz, 1H), 2.73 (ddd, J=3.2, 10.9,
175Hz, 1H); C NMR (100 MHz, CDCl5): 6 169.4, 163.9 (d,
Je_F=245 Hz), 163.62 (d, Jc_r=245 Hz), 161.9, 138.2 (d, Jc_r=3 Hz),
137.4(d, Je—p=3 Hz),132.7,128.7 (d, Jc_r=8 Hz),128.0 (d, Jc_r=8 Hz),
118.9, 1181 (d, Jc_,=130 Hz), 115.9, 115.7, 115.5, 74.6, 54.9, 34.4. MS
(EI) m/z (%) 365 (M+1, 75), 364 (M™, 50), 230 (72), 154 (100), 136
(62),122 (20). HRMS calcd for chemical formula: CoH1gN,OF, (M)
365.1465 found 365.1466.

4.4.23. 2-(2,6-Bis(4-fluorophenyl)-1,2,5,6-tetrahydro pyrimidin-4-yl)
phenol (iii'). Yellow solid; '"H NMR (400 MHz, CDCl3): ¢ 7.57 (d,
J=8.0 Hz, 1H), 7.54—7.49 (m, 2H), 7.39—7.31 (m, 3H), 715—7.01 (m,
4H), 6.87 (t, J=7.8 Hz, 1H), 4.05 (dd, J=4.9, 9.2 Hz, 1H), 3.18 (dd,
J=4.9, 17.8 Hz, 1H), 2.80 (ddd, J=1.3, 9.2, 17.7 Hz, 1H); 3C NMR
(100 MHz, CDCl3): ¢ 169.9, 163.8 (d, Jc—p=245Hz), 163.7 (d,
Jc-F=245Hz),162.3,138.0 (d, Jc—r=3 Hz),137.1 (d, Jc-r=3 Hz), 132.9,
129.1 (d, Jc—r=8 Hz), 128.3 (d, Jc_r,=8 Hz), 126.9, 119.2, 118.3 (d,
Jc—r=130 Hz), 115.9, 115.7, 115.6, 115.4, 70.8, 48.1, 32.3.

4.4.24. 2-(2,6-Bis(4-methoxyphenyl)-1,2,5,6-tetrahydropyrimidin-4-
yl)phenol (iv). Yellow solid mp: 168—170 °C (decomposed), 'H NMR
(400 MHz, CDCl3): & 7.25 (d, J=8.2 Hz, 1H), 6.25 (s, 1H), 6.19—6.14
(m, 2H), 6.11 (s, 2H), 6.09 (s, 2H), 4.79 (m, 1H), 4.07—4.01 (m, 1H),
3.7 (s, 21H), 3.08—3.01 (m, 1H), 2.82 (d, J=15.3 Hz, 1H). 3C NMR
(CDCl3, 100 MHz): ¢ 170.6, 169.6, 163.8, 161.4, 160.6, 159.0, 128.2,
111.8,110.8, 109.5, 104.6, 102.6, 91.4, 91.0, 65.9, 56.0, 55.9, 55.8, 55.7,
55.6, 55.5, 55.3, 46.6, 28.4. MS m/z (relative intensity) 412
(M+Na+H, 20), 411 (M+Na, 95) 389 (M+H, 100), 254 (60); HRMS
calcd for chemical formula: Co4H24N>03 (M+H) 389.1865 found
389.1866.

4.4.25. 4-Chloro-2-(2,6-diphenyl-1,2,5,6-tetrahydro pyrimidin-4-yl)
phenol (v). Yellow solid; mp: 157—159 °C; 'H NMR (400 MHz,
CDCl3), 6 7.53 (d, J=6.9 Hz, 2H), 7.45—7.31 (m, 9H), 7.25—7.23 (m,
1H), 7.32—7.29 (d, J=8.8 Hz, 1H), 4.09 (dd, J=10.8, 4.0 Hz, 1H), 3.16
(ddd, J=17.5, 3.3, 2.9 Hz, 1H), 2.74 (ddd, J=17.5, 10.8, 3.2 Hz, 1H). 3C
NMR (100 MHz, CDCl3) § 168.9, 160.9, 142.4, 141.4, 132.5, 129.2,
128.9,128.6,128.3, 127.1, 126.8, 126.6, 122.8, 120.1, 119.8, 75.5, 55.6,
34.6. MS m/z (relative intensity) 363 (M+1, 55), 362 (M, 42), 307
(33), 260 (19), 258 (47), 194 (100), 136 (57), 106 (23).

4.4.26. 2-(2,6-Diphenyl-1,2,5,6-tetrahydropyrimidin-4-yl)-4-
methoxyphenol (vi). Pale yellow solid; 'H NMR (400 MHz, CDCl3):
6 7.55 (d, J=7.0 Hz, 2H), 7.44 (d, J=5.5 Hz, 1H), 7.41—7.30 (m, 8H),
6.43 (d, J=2.4 Hz, 1H), 6.38 (dd, J=8.8, 1.1 Hz, 1H), 4.30 (dd, J=10.9,
4.0 Hz,1H), 3.82 (s, 3H), 3.15(ddd, J=17.4, 4.0, 2.5 Hz, 1H), 2.81 (ddd,
J=17.4,10.9, 3.0 Hz, 1H). '*C NMR (100 MHz, CDCl3): 6 169.3, 165.6,
163.5,142.7,141.8,128.9,128.7,128.1,127.1,126.6, 112.8, 106.0, 101.9,
74.9, 55.7,48.6, 32.3; MS m/z (relative intensity) 359 (M+1, 62), 358
(M™, 37), 254 (65), 194 (100); HRMS calcd for chemical formula:
Ca3H23N20, (M) 359.1760 found 359.1761.

4.4.27. 2-(2,6-Diphenyl-1,2,5,6-tetrahydropyrimidin-4-yl)-4-
methoxyphenol (vi’'). Pale yellow solid; 'H NMR (400 MHz, CDCls):
6 7.53 (d, J=7.4 Hz, 2H), 7.46 (d, J=6.0 Hz, 1H), 7.45—7.34 (m, 7H),
7.32—7.29 (m, 2H), 6.50 (d, J=2.4 Hz, 1H), 6.42 (dd, J=8.8, 2.5 Hz,
1H),4.09 (dd, J=9.3, 4.8 Hz, 1H), 3.84 (s, 3H), 3.16 (dd, J=17.7, 4.8 Hz,
1H), 2.81 (ddd, J=17.7, 9.4, 1.5 Hz, 1H). 3C NMR (100 MHz, CDCl3):
6 169.3, 165.6, 163.5, 142.7, 141.4, 129.1, 128.5, 128.2, 127.3, 126.6,
112.8, 106.0, 101.9, 70.9, 55.5, 48.6, 32.3.

4.4.28. 2-(2,6-Bis(2,4,6-trimethoxyphenyl)-1,2,5,6-
tetrahydropyrimidin-4-yl)phenol (vii). Yellow solid mp: 126—128 °C
(decomposed), 6 7.42 (dd, J=7.9, 1.4 Hz, 1H), 7.25—7.21 (m, 1H), 6.85
(dd, J=8.3, 1.0 Hz, 1H), 6.74—6.70 (m, 1H), 6.20 ( d, J=11.9 Hz, 1H),

6.13 (s, 2H), 6.11 (s, 2H), 4.84—4.77 (m, 1H), 3.98—3.95 (m, 1H), 3.83
(s,12H), 3.76 (s, 6H), 3.07—3.01 (m, 1H), 2.84—2.78 (m, 1H). >*C NMR
(CDCl3, 100 MHz): 170.6, 169.6, 163.8, 161.4, 160.6, 159.0, 128.2,
111.8,110.8, 109.5, 104.6, 102.6, 91.4, 91.0, 65.9, 56.0, 55.9, 55.8, 55.7,
55.6, 55.5, 55.3, 55.2, 46.6, 28.4. MS m/z (relative intensity) 515
(M+Na, 26), 510 (M+2, 25) 509 (M+H, 100), 314 (15), 196 (32);
HRMS calcd for chemical formula: C;gH3;N207 (M+H) 509.2288
found 539.2279.

4.4.29. 2-(2,6-Bis(2,4,6-trimethoxyphenyl)-1,2,5,6-tetrahydropyr-
imidin-4-yl)-4-methoxyphenol (viii). Yellow solid mp: 168—170 °C
(decomposed), 4 7.25 (d, J=8.2 Hz, 1H), 6.25 (s, 1H), 6.19—6.14 (m, 2H),
6.11 (s, 2H), 6.09 (s, 2H), 4.79 (m, 1H), 4.07—4.01 (m, 1H), 3.7 (s, 21H),
3.08—3.01 (m, 1H), 2.82 (d, J=15.3 Hz, 1H). 3C NMR (CDCl3, 100 MHz):
6 170.6, 169.6, 163.8, 161.4, 160.6, 159.0, 128.2, 111.8, 110.8, 109.5, 104.6,
102.6, 914, 91.0, 65.9, 56.0, 55.9, 55.8, 55.7, 55.6, 55.5, 55.3, 46.6, 28.4.
MS m/z (relative intensity) 561 (M+Na, 20), 540 (M+2, 32) 539 (M+H,
100), 344 (17), 196 (22); HRMS calcd for chemical formula:
C28H32N207 (M+H) 539.2393 found 539.2341.
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