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Abstract

We have developed a simple aerobic synthesis of benzyl Meldrum’s acids from benzylidene
Meldrum’s acids with Et;B or RI/Et;B. The reaction system has also been applied successfully to
the synthesis of benzyl Meldrum’s acids in a one-pot procedure.
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Introduction

The conjugate addition reaction of organometallic reagents to a,B-unsaturated systems is one of the
most widely used synthetic methods for carbon-carbon bond formation.' Recently, reactions of a,f-
unsaturated systems with various kinds of organometallic reagents derived from lithium,’
magnesium,3 zine,* aluminum,’ copper,6 and boronate’ have been reported. Similarly, a catalytic
asymmetric conjugate addition promoted by chiral metal complexes also has been shown to be an
efficient method for enantioselective carbon-carbon bond formation.® In the majority of these
reactions, the carbon nucleophile is an ionic species and most often is an organocopper reagent.
Despite extensive literature on the ionic reaction, comparatively little research has focused on the
free radical variation. It is only quite recently that the conjugate addition of free radicals to a,f3-
unsaturated systems has been successfully studied by using tin hydride as the radical initiator.®
Carbon-carbon bond formation via a free radical-mediated reaction has led to a variety of useful
applications in organic synthesis.’ In view of the excellent characteristics of triethylborane as a free
radical initiator in aqueous solution and under aerobic conditions, we were prompted to examine the
feasibility of Et;B-mediated free radical functionalized reactions of benzylidene Meldrum’s acids
prepared by Knoevenagel condensation of Meldrum’s acid (2,2-dimethyl-1,3-dioxane-4,6-dione)
and aldehydes under economical and eco-friendly conditions. Recently, Meldrum’s acid derivatives
have gained considerable attention not only from the novel chemistry they exhibit but also from the
varied transformations they undergo.'” Meldrum’s acid derivatives are key synthetic building
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blocks, with 5-alkylated,"' 5-acyl,'* 5-benzylidene,’ and 5-benzyl derivatives'* capable of
subsequently useful transformations. In this paper, we wish to combine the feasibility of
triethylborane with the synthetic utility of Meldrum’s acid derivatives to develop a simple and
effective procedure for the synthesis of various benzyl Meldrum’s acid.

Results and Discussion

Based on our previous studies,” the results of benzyl Meldrum’s acid derivatives obtained by
reacting benzylidene Meldrum’s acid with Et;B or RI/Et;B are shown in Scheme 1.
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Scheme 1. Reaction of benzylidene Meldrum's acid with Et;B and RI.

It is noteworthy to observe that corresponding benzyl Meldrum’s acids 1b were obtained in
excellent yield. Our previous studies found that the treatment of dimethyl benzylidenemalonate with
RI/Et;B not only affords the B-monoalkylated but also the o,p-dialkylated product at the same
time."** Although the quantity of o.B-dialkylated product could been limited by using
triethylaluminum, the air-sensitivity of this reagent makes it very difficult to handle and leads to a
tedious to workup. The different results are explicable from the different coordination abilities of
triethylborane and triethylaluminum. The size of the aluminum atom facilitates a tighter
coordination to the oxygen of the dimethyl benzylidenemalonate than is the case for boron so that
the substrates could be activated more efficiently and could be attacked by the nucleophilic alkyl
radical easily. Comparatively, in the reaction of benzylidene Meldrum’s acid 1 with RI/Et;B no a,3-
dialkylated product was observed. We proposed that the steric hindrance maybe plays an important
role to restrict the formation of a,B-dialkylated products. As shown in Table 1, the free radical
mediated-conjugate addition could be carried out with various benzylidene Meldrum’s acids in 40-
96% yields by using Et;B and various alkyl iodides. Both aromatic and aliphatic benzylidene
Meldrum’s acids reacted with various alkyl radicals, induced by triethylborane, and afford the
corresponding benzyl Meldrum’s acids in good to excellent yields. The yields of benzyl Meldrum’s
acid carrying electron-withdrawing groups were lower than those with electron-donating groups and
this is ascribed to a poorer solubility under the reaction conditions.
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Table 1. The synthesis of benzyl Meldrum's acids from benzylidene Meldrum's acid and Et;B or
RI/Et;B*

Entry Ar RI (eq.) Et;B Product Yield (%)°
(eq.) code
1 - 25 la 92
2 /©/ R = i-Pr (9) 2.5 1b 96
3 MeO R =c-CeHi1 (9) 2.5 1c 86
4 R = t-Bu (6) 2.5 1d 96
5 ; 2.5 2a 80
6 /O/ R = i-Pr (9) 25 2b 80
7 HO R =c-CeHi1 (9) 2.5 2¢C 95
8 R = t-Bu (6) 2.5 2d 87
9 ; 2.5 3a 89
10 /©/ R = i-Pr (9) 25 3b 84
11 MesN R =c-C¢Hyy (9) 2.5 3c 90
12 R = t-Bu (6) 25 3d 95
13 - 2.5 4a 56
14 /©/ R = i-Pr (9) 25 4b 40
15 F R =c-C¢Hyy (9) 2.5 4c 40
16 R = t-Bu (6) 25 4d 62
17 - 2.5 5a 77
18 C,/ R = i-Pr (9) 25 5b 72
19 0 R=c-CeH;1 (9) 2.5 5¢ 87
20 R = t-Bu (6) 2.5 5d 91
21 - 2.5 6a 84
22 \(\ R = i-Pr (9) 25 6b 80°
23 R =c-C¢Hyy (9) 2.5 6c 92
24 R = t-Bu (6) 2.5 6d 70

*The reaction was performed using 1 mmol of benzylidene Meldrum's acid and 2.5 mmol of Et;B or
2.5 mmol of Et;B with RI (selected equiv) in 10 mL THF at 0 °C.

®[solated yield.

‘6a was also present in 5% yield.
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The same reaction system has been extended efficiently to iodo-adamantane with triethylborane
under similar conditions. Thus, the reaction of benzylidene Meldrum’s acid 1 with the 1-adamantyl
radical afforded the corresponding derivative 7 in 50% isolated yield (Scheme 2). The low yield of
7 could be due to steric hindrance of 1-adamantyl radical.

MeO o) o\’/\

MeO © O\A EtsB (2.5 eq.) 0
_— o) iodoadamantane (6 eq.)
air, THF, 0 °C, 3min o

O

1 7 (50%)
Scheme 2. Reaction of benzylidene Meldrum's acid with the 1-adamantyl radical.

On the basis of literature results and our own studies,'® the reaction system could be
successfully applied to the one-pot synthesis of various benzyl Meldrum’s acids from RI/Et;B and
benzylidene derivatives prepared in situ from Meldrum’s acids and aldehydes. The yields from the
one-pot syntheses are shown in Scheme 3.

o) O\F MeO o o\’/\
CHO 1.H,0, 75 °C, 2h
+ 0 o
MeO 2. Et3B or RIEt;B

) air, 0 °C, 3 min R O
la R = Et (88%)
1b R = i-Pr (68%)
1c R =c-CgH11 (55%)
1d R = t-Bu (60%)

Scheme 3. One-pot synthesis of various benzyl Meldrum's acids.
On the basis of our own studies on the triethylborane-induced free radical chemistry, the results

show that oxygen is not only known to be a free radical scavenger but also to be a free radical
initiator.”” A mechanism for the above reactions is proposed in Scheme 4.
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Scheme 4. Proposed mechanism for the synthesis of benzyl Meldrum's acid.

The synthetic utility of the benzyl Meldrum’s acid preparations has been extended as shown in

Scheme 5 through synthesis of the corresponding 1-indanone derivatives. Initially, the treatment of
benzylidene Meldrum’s acid with Et;B or i-Prl/Et;B at 0 °C for 3 min afforded benzyl Meldrum’s

acids 8a and 8b in 92% and 79% yields, respectively. These were converted into the corresponding

1-indanones 9a and 9b by Sc(OTf); catalysis under reflux in 60% and 63% yields, respectively.'*

EtzB (2.5 eq.)

or
MeO 0 O\A Et;B(25eq)  MeO o) o\’/\
i-Prl (9 eq.)
A0 —_— o
MeO air, THF MeO
o
8

0 °C, 3min R O
8a R = Et (92%)
8b R =i-Pr (79%)
O

Sc(OTf)3 (0.1 eq.) MeO
CH3CN, reflux, 2h MeO

R
9a R = Et (60%)
9 R = i-Pr (63%)

Scheme 5. The synthesis of 1-indanones from benzylidene Meldrum's acids.
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Conclusions

"¢ we have now found that the formation of the o,p-

In comparison with our previous study
dialkylated products cannot only be avoided by using a strong coordinative reagent such as
triethylaluminum but also by using sterically hindered benzylidene Meldrum’s acids. Herein, we
have developed a simple procedure for the synthesis of benzyl Meldrum’s acids, which are key
building blocks for synthesis. The reaction system was successfully applied to a variety of
benzylidene Meldrum’s acids as well as alkyl radicals generated by triethylborane. Various benzyl

Meldrum’s acids have been prepared in a one-pot procedure.

Experimental Section

General. All reagents and chemicals were purchased from Sigma-Aldrich Chemical Company,
Acros organics, Alfa Aesar or Merck and were used as received. Analytical thin layer
chromatography was performed with Merck silica gel 60F glass plates and flash chromatography by
the use of Merck silica gel 60 (230—400 mesh). Melting points were determined on a microscope
hot-stage apparatus and are uncorrected. 'H-NMR and *C-NMR spectra were recorded at 400 and
100 MHz, respectively, on a Bruker Avance 400 FT-NMR instrument. Chloroform-d was used as
the solvent and TMS (6 = 0.00) as an internal standard. Chemical shift values are reported in ppm
relative to TMS. Multiplicities are recorded as s (singlet), d (doublet), t (triplet), q (quartet), dd
(doublet of doublet), br (broadened), m (multiplet). Coupling constants (J) are in Hz. MS and
HRMS were measured on JEOL JMS-D300 and JEOL JMS-HX110 spectrometers, respectively.

Typical experimental procedures for the synthesis of benzyl Meldrum’s acids from
benzylidene Meldrum’s acids (Table 1)

In a pyrex test tube with a magnetic stirrer were placed benzylidene Meldrum’s acid (1 mmol) alone
or with alkyl iodide (selected equiv) in THF (10 mL) at 0 °C. Triethylborane (2.5 mmol) was added
dropwise into the mixture solution, into which was bubbled air from air pump at 0 °C. After 3 min
the reaction mixture was poured into ice cold water and then extracted with CH,Cl, (3 x 25 mL).
The combined CH,Cl, layers were washed with brine, dried over anhydrous MgSO,, and the
solvents removed. The crude product was purified by flash column chromatography to obtain
benzyl Meldrum’s acids 1.

Typical experimental procedures for the one-pot synthesis of benzyl Meldrum’s acids (Scheme
3)

In a pyrex test tube with a magnetic stirrer were placed aldehyde (1.1 mmol) and Meldrum’s acid (1
mmol) in water (3 mL) and the whole heated to 75 °C for 2 h. After cooling to room temperature,
THF (10 mL) alone or containing alkyl iodide (selected equiv) was added to the aqueous solution.
Triethylborane (2.5 mmol) was added dropwise into the THF-water biphasic solution, into which
was bubbled air from air pump at 0 °C. After 3 min the reaction mixture was poured into ice cold
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water and then extracted with CH,Cl; (3 x 25 mL). The combined CH,Cl, layers were washed with
brine, dried over anhydrous MgSQy, and the solvents removed. The crude product was purified by
flash column chromatography to obtain benzyl Meldrum’s acids 1.
5-[1-(4-Methoxyphenyl)-propyl]-2,2-dimethyl-1,3-dioxane-4,6-dione la. (Table 1, entry 1).
Yield 92% (268 mg); Colorless oil; IR (KBr, neat) vmax 2966, 2937, 1733, 1716, 1612, 1512,
1465, 1395, 1380, 1249, 1177, 1034, 1004, 831, 547; '"H NMR (400 MHz, CDCl3) ¢ 7.27-7.19
(m, 2H), 6.85-6.81 (m, 2H), 3.77 (s, 3H), 3.68 (d, J = 3.2 Hz, 1H), 3.63-3.58 (m, 1H), 2.31-2.20
(m, 1H), 2.12-2.03 (m, 1H), 1.63 (s, 3H), 1.17 (s, 3H), 0.93 (t, J = 7.32 Hz, .3H); '*C NMR (100
MHz, CDCls) 6 166.27, 165.02, 159.19, 131.60, 130.27, 114.19, 105.60, 55.40, 51.30, 47.65,
28.63, 28.29, 26.15, 12.78; MS m/z (relative intensity) 292 (M", 4), 206 (76), 190 [(M-CO,-
C;Hs0)", 1], 188 (81), 161 (25), 149 (47), 133 (46), 121 (100); HRMS (EI) m/z calcd for
C16H2005 (M") 292.1311, found 292.1306.
5-[1-(4-Methoxyphenyl)-2-methylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 1b. (Table 1,
entry 2). Yield 96% (293 mg); White solid, m.p. 89-90 °C; IR (KBr, neat) vpa.x 2970, 2839,
1770, 1735, 1608, 1513, 1471, 1454, 1395, 1386, 1298, 1244, 1202, 1177, 1045, 1028, 1003,
828, 752, 541; "H NMR (400 MHz, CDCls) & 7.20-7.16 (m, 2H), 6.84-6.80 (m, 2H), 3.87 (d, J =
3.2 Hz, 1H), 3.77 (s, 3H), 3.24 (dd, J = 11.3, 3.1 Hz, 1H), 2.79-2.67 (m, 1H), 1.61 (s, 3H), 1.19
(d, J = 6.5 Hz, 3H), 1.07 (s, 3H), 0.75 (d, J = 6.6 Hz, 3H); *C NMR (100 MHz, CDCl;) &
166.86, 165.11, 159.13, 132.07, 130.40, 114.24, 105.63, 55.36, 54.11, 49.00, 29.54, 28.79,
28.24, 21.84, 21.47; MS m/z (relative intensity) 307 [(M+1)", 3], 306 (M", 15), 220 (30), 204
[(M-CO,-C3He0)", 1], 163 (55), 161 (100), 70 (21), 61 (24); HRMS (EI) m/z caled for C17H2,0s
(M") 306.1467, found 306.1473.
5-[Cyclohexyl(4-methoxyphenyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 1c. (Table 1,
entry 3). Yield 86% (297 mg); White solid, m.p. 120-122 °C; IR (KBr, neat) Vmax 2928, 2856,
2358, 2339, 1738, 1712, 1611, 1513, 1252, 1181, 1115, 1031; 'H NMR (400 MHz, CDCl;) &
7.18-7.16 (m, 2H), 6.82-6.80 (m, 2H), 3.89 (d, J = 3.1 Hz, 1H), 3.76 (s, 3H), 3.33 (dd, J = 11.2,
3.0 Hz, 1H), 2.39-2.30 (m, 1H), 2.06-2.03 (m, 1H), 1.85-1.81 (m, 1H), 1.68-1.45 (m, 2H), 1.56
(s, 3H), 1.45-1.36 (m, 2H), 1.20-1.04 (m, 3H), 1.10 (s, 3H), 0.76-0.66 (m, 1H); *C NMR (100
MHz, CDCls) & 166.91, 165.10, 159.07, 131.94, 130.53, 114.21, 105.52, 55.36, 52.52, 48.10,
38.26, 32.14, 31.46, 28.69, 28.24, 26.44, 26.28, 26.16; MS m/z (relative intensity) 346 (M, 16)
260 (39), 203 (36), 178 (25), 161 (100), 137 (23), 121 (69), 85 (24), 69 (21), 57 (42), 55 (24);
HRMS (EI) m/z calcd for CooHpsO0s5 (M) 346.1780, found 346.1785.
5-[1-(4-Methoxyphenyl)-2,2-dimethylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 1d.
(Table 1, entry 4) Yield 96% (307 mg); White solid, m.p. 143-144 °C; IR (KBr, neat) Vmax
2973, 1749, 1708, 1614, 1514, 1397, 1274, 1115, 1033, 827, 772, 703, 568, 546; '"H NMR (400
MHz, CDCl;) & 7.23-7.20 (m, 2H), 6.81-6.78 (m, 2H), 3.97 (d, J = 2.2 Hz, 1H), 3.77 (s, 3H),
3.53 (d, J=2.2 Hz, 1H), 1.62 (s, 3H), 1.13 (s, 9H), 1.10 (s, 3H); >’C NMR (100 MHz, CDCl;) &
168.09, 165.61, 159.18, 132.24, 130.53, 113.79, 105.51, 57.89, 55.37, 48.87, 35.40, 29.55,
28.92, 28.30; MS m/z (relative intensity) 321 [(M+1)", 1], 320 (M", 8), 234 (24), 178 (74), 161
(100), 57 (28); HRMS (EI) m/z caled for CisH2405 (M") 320.1624, found 320.1621.
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5-[1-(4-Hydroxyphenyl)-propyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 2a. (Table 1, entry 5)
Yield 90% (222 mg); White solid, m.p. 124-125 °C; 'H NMR (400 MHz, CDCl3) & 7.13 (d, J =
8.4 Hz, 2H), 6.76 (d, J = 8.4 Hz, 2H), 5.99 (br, 1H), 3.70 (d, J = 3.0 Hz, 1H), 3.61-3.56 (m, 1H),
2.30-2.18 (m, 1H), 2.12-2.01 (m, 1H), 1.63 (s, 3H), 1.17 (s, 3H), 0.92 (t, J = 7.3 Hz, 3H); "°C
NMR (100 MHz, CDCl3) & 166.68, 165.28, 155.55, 131.30, 130.35, 115.75, 105.92, 51.22,
47.81, 28.64, 28.23, 26.16, 12.73; MS m/z (relative intensity) 279 [(M+1)", 2], 278 (M", 12),
220 [(M-C3Hg0)", 6], 192 (72), 176 [(M-CO,-C3HcO) ", 1], 174 (26), 147 (82), 135 (100), 107
(38); HRMS (EI) m/z calcd for C;sH 305 (M") 278.1154, found 278.1153.
5-[1-(4-Hydroxyphenyl)-2-methylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 2b. (Table 1,
entry 6) Yield 80% (233 mg); White solid, m.p. 109-111 °C; '"H NMR (400 MHz, CDCls) &
7.10 (d, J = 8.5 Hz, 2H), 6.75 (d, J = 8.6 Hz, 2H), 3.87 (d, J = 3.2 Hz, 1H), 3.23 (dd, J = 11.4,
3.2 Hz, 1H), 2.74-2.68 (m, 1H), 1.61 (s, 3H), 1.19 (d, J = 6.5 Hz, 3H), 1.08 (s, 3H), 0.75 (d, J =
6.6 Hz, 3H); °C NMR (100 MHz, CDCl3) & 167.16, 165.28, 155.42, 131.95, 130.58, 115.82,
105.89, 54.25, 48.99, 29.57, 28.87, 28.28, 21.84, 21.50; MS m/z (relative intensity) 293 [(M+1)",
11,292 (M*, 8), 149 (80), 148 (90), 147 (78), 133 (53), 120 (33), 119 (21), 107 (100), 105 (24),
91 (46), 77 (43), 65 (22), 51 (26); HRMS (ESI) m/z calcd for Ci6H;005 (M") 291.1232, found
291.1230.

5-[Cyclohexyl(4-hydroxyphenyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 2c. (Table 1,
entry 7). Yield 95% (315 mg); Yellow solid, m.p. 159-161 °C; 'H NMR (400 MHz, CDCl;) &
7.27-7.23 (m, 2H), 6.99-6.95 (m, 2H), 3.88 (d, J = 3.0 Hz, 1H), 3.39 (dd, J = 11.3, 3.0 Hz, 1H),
2.39-2.32 (m, 1H), 2.03-1.99 (m, 1H), 1.85-1.82 (m, 1H), 1.69-1.60 (m, 2H), 1.63 (s, 3H), 1.44-
1.36 (m, 2H), 1.23-1.03 (m, 3H), 1.20 (s, 3H), 0.77-0.68 (m, 1H); >°C NMR (100 MHz, CDCI;)
d 166.59, 165.00, 163.53, 161.08, 135.75, 135.72, 131.23, 131.15, 115.83, 115.62, 105.50,
52.29, 48.08, 38.32, 32.18, 31.41, 28.57, 28.25, 26.40, 26.26, 26.13; MS m/z (relative intensity)
332 (M, 1), 311 (1), 210 (3), 191 (6), 154 (10), 109 (20), 95 (24), 55 (100), 43 (72), 29 (17);
HRMS (ESI) m/z calcd for Ci9H»305 (M) 331.1545, found 331.1536.
5-[1-(4-Hydroxyphenyl)-2,2-dimethylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 2d.
(Table 1, entry 8). Yield 87% (266 mg); Yellow solid, m.p. 145-148 °C; 'H NMR (400 MHz,
CDCl3) 6 7.17 (d, J = 8.6 Hz, 2H), 6.73 (d, J = 8.6 Hz, 2H), 4.93 (br, 1H), 3.96 (d, J = 2.1 Hz,
1H), 3.52 (d, J = 2.1 Hz, 1H), 1.62 (s, 3H), 1.13 (s, 9H), 1.11 (s, 3H); *C NMR (100 MHz,
CDCl;) 6 168.14, 165.68, 155.28, 132.47, 130.68, 115.33, 105.61, 57.93, 48.89, 35.41, 29.57,
28.96, 28.35; MS m/z (relative intensity) 307 [(M+1)", 7], 306 (M", 1), 252 (5), 231 (3), 163
(100), 154 (55), 136 (40), 107 (28), 57 (50), 55 (31), 43 (30); HRMS (EI) m/z caled for
C17H»,05 (M") 306.1467, found 306.1481.
5-{1-[4-(Dimethylamino)phenyl]propyl}-2,2-dimethyl-1,3-dioxane-4,6-dione 3a. (Table 1,
entry 9). Yield 89% (271 mg); Reddish orange oil; '"H NMR (400 MHz, CDCl3) & 7.17 (d, J =
8.7 Hz, 2H), 6.66 (d, J = 8.5 Hz, 2H), 3.66 (d, J = 3.1 Hz, 1H), 3.58-3.53 (m, 1H), 2.91 (s, 3H),
2.30-2.18 (m, 1H), 2.11-2.01 (m, 1H), 1.62 (s, 3H), 1.13 (s, .3H), 0.93 (t, J = 7.3 Hz, 3H); "°C
NMR (100 MHz, CDCl;) 6 166.52, 165.18, 150.12, 129.82, 127.40, 112.96, 105.68, 51.39,
47.84, 40.83, 28.74, 28.30, 26.19, 12.85; MS m/z (relative intensity) 305 (M", 3), 247 [(M-

ISSN 1551-7012 Page 354 °ARKAT USA, Inc.



General Papers ARKIVOC 2009 (xii) 347-361

C3Hs0)", 1], 203 [(M-CO,-C3HsO)", 11], 202 (36), 174 (40), 162 (100). 149 (20), 147 (35), 146
(33), 134 (57); HRMS (EI) m/z caled for C17H,3NO,4 (M) 305.1627, found 305.1633.
5-{1-[4-(Dimethylamino)phenyl]-2-methylpropyl}-2,2-dimethyl-1,3-dioxane-4,6-dione  3b.
(Table 1, entry 10). Yield 84% (268 mg); Reddish orange solid, m.p. 124-125 °C; 'H NMR
(400 MHz, CDCls) & 7.09 (d, J = 8.6 Hz, 2H), 6.63 (d, J = 8.6 Hz, 2H), 3.86 (d, J = 3.1 Hz, 2H),
3.19 (dd, J = 11.3, 3.1 Hz, 1H), 2.90 (s, 6H), 2.77-2.64 (m, 1H), 1.60 (s, 3H), 1.19 (d, J = 6.5
Hz, 3H), 1.03 (s, 3H), 0.76 (d, J = 6.6 Hz, 3H); °C NMR (100 MHz, CDCl3) § 167.13, 165.27,
150.15, 129.98, 113.01, 105.74, 54.28, 49.14, 40.78, 29.53, 28.92, 28.28, 21.90, 21.59; MS m/z
(relative intensity) 320 [(M+1)", 2], 319 (M", 10), 217 [(M-CO,-C3H¢0)", 2], 192 (33), 176 (79),
174 (100), 146 (34), 134 (25); HRMS (EI) m/z caled for C;gH,sNO4 (M) 319.1784, found
319.1781.
5-{Cyclohexyl[4-(dimethylamino)phenyl]methyl}-2,2-dimethyl-1,3-dioxane-4,6-dione  3c.
(Table 1, entry 11). Yield 90% (323 mg); Orange solid, m.p. 130-131 °C; 'H NMR (400 MHz,
CDCl3) 6 7.09 (d, J = 8.8 Hz, 2H), 6.63 (d, J = 8.7 Hz, 2H), 3.88(d, J = 3.1 Hz, 1H), 3.28 (dd, J
= 11.2, 3.3 Hz, 1H), 2.89 (s, 6H), 2.38-2.30 (m, 1H), 2.06-2.03 (m, 1H), 1.84-1.67 (m, 1H),
1.67-1.60 (m, 2H), 1.60 (s, 3H), 1.50-1.35 (m, 2H), 1.19-1.04 (m, 3H), 1.06 (s, 3H), 0.71-0.68
(m, 1H); *C NMR (100 MHz, CDCl3) § 167.16, 165.25, 150.08, 130.08, 127.63, 112.91, 105.59,
52.66, 48.21, 40.72, 38.22, 32.14, 31.56, 28.78, 28.26, 26.50, 26.33, 26.22; MS m/z (relative
intensity) 360 [(M+1)", 54], 359 (M", 85), 302 (21), 301 (6), 289 (5). 284 (3), 276 (6), 258 (8),
256 (16); HRMS (ESI) m/z calcd for C,1H,sNO4 (M) 358.2018, found 359.2009.
5-{1-[4-(Dimethylamino)phenyl]-2,2-dimethylpropyl}-2,2-dimethyl-1,3-dioxane-4,6-dione
3d. (Table 1, entry 12). Yield 95% (315 mg); Reddish orange solid, m.p. 135-136 °C; 'H NMR
(400 MHz, CDCls) & 7.14 (d, J = 8.8 Hz, 2H), 6.62 (d, J = 8.7 Hz, 2H), 3.97 (d, J = 2.1 Hz, 1H),
3.45 (d, J = 2.0 Hz, 1H), 2.90 (s, 6H), 1.61 (s, 3H), 1.13 (s, 9H), 1.07 (s, 3H); °C NMR (100
MHz, CDCls) & 168.42, 165.77, 150.03, 131.83, 126.18, 112.39, 105.59, 58.21, 48.91, 40.66,
35.60, 29.57, 29.03, 28.27; MS m/z (relative intensity) 333 (M, 55), 307 (2), 262 (2), 251 (4),
250 (23). 249 (23), 248 (15), 190 (99), 174 (13); HRMS (EI) m/z calcd for Ci9H,;NO4, (M")
333.1940, found 333.1930.
5-[1-(4-Fluorophenyl)-propyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 4a. (Table 1, entry 13).
Yield 56% (156 mg); White solid, m.p. 69-70 °C; '"H NMR (400 MHz, CDCl;) & 7.31-7.27 (m,
2H), 7.01-6.97 (m, 2H), 3.69-3.63 (m, 2H), 2.32-2.21 (m, 1H), 2.12-2.01 (m, 1H), 1.65 (s, 3H),
1.27 (s, 3H), 0.93 (t, J = 7.3 Hz, 3H); ’C NMR (100 MHz, CDCl3) § 165.93, 164.86, 162.41 (d,
J =245 Hz), 135.37 (d, J = 3 Hz), 130.96 (d, J = 8 Hz), 115.69 (d, J = 21 Hz), 51.23, 47.31,
28.49, 28.31, 26.03, 12.76; MS m/z (relative intensity) 280 (M+, 1), 222 [(M-C02)+, 9], 194
(100), 178 [(M-CO,-C3Hs0)", 3], 176 (24), 149 (81), 137 (30), 109 (40); HRMS (CI) m/z calcd
for C;sH,;7FO, (M") 280.1111, found 280.1110.
5-[1-(4-Fluorophenyl)-2-methylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 4b. (Table 1,
entry 14). Yield 40% (117 mg); White solid, m.p. 79-80 °C; 'H NMR (400 MHz, CDCls) &
7.27-7.23 (m, 2H), 7.00-6.96 (m, 2H), 3.86 (d, J = 3.2 Hz. 1H), 3.30 (dd, J = 11.4, 3.1 Hz, 1H),
2.77-2.71 (m, 1H), 1.63 (s, 3H), 1.19 (d, J = 6.5 Hz, 3H), 1.16 (s, 3H), 0.75 (d, J = 6.6 Hz, 3H);
BC NMR (100 MHz, CDCl3) & 166.56, 165.00, 162.36 (d, J = 245 Hz), 135.86 (d, J = 5 Hz),
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131.08 (d, J = 8 Hz), 115.78 (d, J = 21 Hz), 105.61, 53.87, 48.97, 29.61, 28.70, 28.26, 21.86,
21.41; MS m/z (relative intensity) 295 [ (M+17), 1], 250 [(M-CO,) ', 1], 236 [(M-C3HO)", 1],
289 (3), 277 (1), 265 (3), 255 (12), 193 (5), 151 (91), 109 (40). HRMS (ESI) m/z calcd for
Ci6HisFO4 (M) 293.1189, found 293.1186.
5-[Cyclohexyl(4-fluorophenyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 4c. (Table 1,
entry 15). Yield 40% (133 mg); White solid, m.p. 79-81 °C; '"H NMR (400 MHz, CDCls) & 7.25
(dd, J = 8.2, 5.0 Hz, 2H), 6.97 (t, J = 8.7 Hz, 2H), 3.88 (d, J = 3.0 Hz, 1H), 3.39 (dd, J = 11.3,
3.0 Hz, 1H), 2.41-2.32 (m, 1H), 2.01 (d, J = 12.1 Hz, 1H), 1.83 (d, J = 13.3 Hz, 1H), 1.69-1.56
(m, 2H), 1.63 (s, 3H), 1.45-1.36 (m, 2H), 1.20 (s, 3H), 1.20-1.04 (m, 3H), 0.77-0.67 (m, 1H);
3C NMR (100 MHz, CDCl3) & 166.60, 165.02, 163.32 (d, J = 245 Hz), 135.76 (d, J = 3 Hz),
131.20 (d, J = 8 Hz), 115.75 (d, J = 21 Hz), 52.30, 48.09, 38.34, 32.19, 31.43, 28.59, 26.41,
26.28, 26.14; MS m/z (relative intensity) 290 [(M-CO,)", 2], 276 [(M-C3Hs0)", 1], 232 [(M-
CO,-C3HO)+, 2], 307 (9), 295 (8), 231 (4), 191 (61), 154 (57), 136 (45), 109 (93).

HRMS (ESI) m/z caled for C19H2,FO4 (M) 333.1502, found 333.1498.
5-[1-(4-Fluorophenyl)-2,2-dimethylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 4d. (Table 1,
entry 16). Yield 62% (191 mg); White solid, m.p. 82-83 °C; 'H NMR (400 MHz, CDCls) &
7.32-7.29 (m, 2H), 6.99-6.65 (m, 2H), 3.96 (d, J = 2.2 Hz, 1H), 3.62 (d, J = 2.2 Hz, 1H), 1.65 (s,
3H), 1.19 (s, 3H), 1.13 (s, 9H); °C NMR (100 MHz, CDCl3) & 167.65, 165.41, 162.45 (d, J =
246 Hz), 134.30 (d, J = 3 Hz), 132.85 (d, J = 8 Hz), 115.33 (d, J = 21 Hz), 105.44, 57.37, 48.87,
35.23, 29.57, 28.74, 28.33; MS m/z (relative intensity) 309 [(M+1)" ,5], 308 (M", 1), 307 (4),
251 (18), 233 (32), 212 (15), 166 (21), 165 (90), 109 (35); HRMS (EI) m/z caled for Cy7H,FO4
(M") 308.1424, found 308.1413.

5-[1-(2-Furyl)propyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 5a. (Table 1, entry 17). Yield
77% (194 mg); Colorless oil; '"H NMR (400 MHz, CDCls) & 7.31 (d, J = 0.8 Hz, 1H), 6.31-6.29
(m, 1H), 6.20 (d, J = 3.2 Hz, 1H), 3.82-3.77 (m, 1H), 7.76 (d, J = 2.9 Hz, 1H), 2.28-2.17 (m,
1H), 1.99-1.88 (m, 1H), 1.73 (s, 3H), 1.54 (s, 3H), 1.01 (t, J = 7.4 Hz, 3H); °C NMR (100 MHz,
CDCl3) 6 165.34, 164.55, 153.98, 141.64, 110.69, 107.61, 105.35, 48.93, 41.05, 28.30, 28.04,
24.54,12.66; MS m/z (relative intensity) 252 (M", 2), 194 [(M-C3H¢0)", 4], 166 (84), 150 [(M-
CO,-C3H0)", 3], 121 (72), 120 (20), 109 (28), 107 (25), 93 (33), 81 (40), 79 (27), 65 (100);
HRMS (EI) m/z calcd for C3H;405 (M") 252.0998, found 252.0998.
5-[1-(2-Furyl)-2-methylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 5b. (Table 1, entry 18).
Yield 72% (191 mg); Yellow solid, m.p. 93-94 °C; '"H NMR (400 MHz, CDCl;) & 7.31 (d, J =
1.0 Hz, 1H), 6.29-6.27 (m, 1H), 6.19 (d, J = 3.1 Hz, 1H), 3.82 (d, J = 3.1 Hz, 1H), 2.75-2.65 (m,
1H), 1.69 (s, 3H), 1.37 (s, 3H), 1.13 (d, J = 6.6Hz , 3H), 0.85 (d, J = 6.6 Hz, 3H); °C NMR
(100 MHz, CDCls) & 166.34, 164.53, 141.86, 110.58, 108.71, 105.52, 47.78, 47.39, 29.18, 28.47,
28.26, 21.81, 21.18; MS m/z (relative intensity) 267 [(M+1)", 5], 266 (M", 2), [(M-C3Hs0)", 1],
158 (1), 226 (10), 209 (11), 181 (8), 180 (37), 154 (16), 136 (13), 123 (100), 121 (27), 57 (10);
HRMS (ESI) m/z caled for C4H705 (M) 265.1076, found 265.1076.
5-[Cyclohexyl(2-furyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 5c. (Table 1, entry 19).
Yield 87% (266 mg); White solid, m.p. 122-123 °C; '"H NMR (400 MHz, CDCl;) & 7.31 (s, 1H),
6.26(m, 1H), 6.18 (d, J =2.9 Hz, 1H), 3.83 (d, J = 1.5 Hz, 1H), 3.54 (dd, J = 11.6, 2.8 Hz, 1H),
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1.94-1.91 (m, 1H), 1.82-1.78 (m, 1H), 1.68 (s, 3H), 1.68-1.60 (m, 2H), 1.52-1.49 (m, 1H), 1.39
(s, 3H), 1.42-1.33 (m, 1H), 1.28-1.11 (m, 1H), 1.07-1.00 (m, 1H), 0.86-0.79 (m, 1H); °C NMR
(100 MHz, CDCls) 6 166.35, 164.52, 153.75, 141.86, 110.57, 108.78, 105.43, 46.62, 46.38,
37.91, 32.26, 31.33, 28.40, 28.29, 26.44, 26.26, 26.12; MS m/z (relative intensity) 306 (M", 1),
248 [(M-C3He0)", 3], 204 [(M-CO,-C3Hs0)", 7], 138 (52), 121 (100), 81 (28), 55 (23); HRMS
(EI) m/z caled for Ci7H»0s (M") 306.1467, found 306.1468.
5-[1-(2-Furyl)-2,2-dimethylpropyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 5d. (Table 1, entry
20). Yield 91% (254 mg); Yellow solid, m.p. 95-96 °C; "H NMR (400 MHz, CDCls) § 7.30 (s,
1H), 6.30-6.28 (m, 1H), 6.23 (d, J = 3.0 Hz, 1H), 3.88 (d, J = 1.6 Hz, 1H), 3.73 (d, J = 1.3 Hz,
1H), 1.68 (s, 3H), 1.31 (s, 3H), 1.12 (s, 9H); °C NMR (100 MHz, CDCl;) & 167.76, 164.51,
152.40, 141.46, 110.78, 110.04, 105.42, 51.16, 47.26, 35.52, 29.04, 28.49, 28.31; MS m/z
(relative intensity) 281 [(M+1), 4], 178 [(M-CO,-C3Hs0)", 3], 269 (3), 257 (4), 193 (6), 154
(17), 137 (24), 111 (14), 95 (33), 83 (41), 69 (60), 57 (100). HRMS (ESI) m/z calcd for
CisH905 (M") 279.1232, found 279.1960.
5-(1-Ethyl-3-methylbutyl)-2,2-dimethyl-1,3-dioxane-4,6-dione 6a. (Table 1, entry 21). Yield
84% (203 mg); Colorless oil; 'H NMR (400 MHz, CDCl3) & 3.47 (d, J = 3.5 Hz, 1H), 2.53-2.45
(m, 1H), 1.75 (s, 6H), 1.66-1.53 (m, 3H), 1.46-1.32 (m, 2H), 0.96-0.89 (m, 9H); *C NMR (100
MHz, CDCls) 6 166.03, 165.78, 104.83, 47.88, 41.08, 39.43, 28.33, 27.94, 25.82, 24.63, 22.92,
22.66, 12.49; MS m/z (relative intensity) 203 (3), 185 (3), 171 (3), 154 (11), 136 (10), 123 (8),
111 (10), 97 (50), 83 (39), 57 (100), 43 (69). HRMS (ESI) m/z calcd for Ci3H,;04 (M)
241.1440, found 241.1437.
5-(1-1sopropyl-3-methylbutyl)-2,2-dimethyl-1,3-dioxane-4,6-dione 6b. (Table 1, entry 22).
Yield 80% (204 mg); Colorless oil; "H NMR (400 MHz, CDCls) & 3.42 (d, J = 1.9 Hz, 1H),
2.40-2.34 (m, 1H), 1.91-1.84 (m, 1H), 1.74 (s, 6H), 1.65-1.51 (m, 2H), 1.41-1.32 (m, 1H), 0.97-
0.89 (m, 9H), 0.85 (d, J = 6.8 Hz, 3H); >*C NMR (100 MHz, CDCl3) & 166.79, 165.71, 104.83,
68.12, 46.90, 44.13, 40.15, 30.32, 28.24, 26.62, 23.78, 21.90, 21.54, 21.22; MS m/z (relative
intensity) 154 [(M-CO,-C3H¢0)", 6], 178 (3), 167 (3), 154 (6), 111 (13), 109 (20), 107 (13), 97
(28), 69 (68), 57 (73), 55 (100), 43 (61). HRMS (FAB) m/z caled for C;4H,504 (M") 257.1753,
found 257.1747.

5-(1-Cyclohexyl-3-methylbutyl)-2,2-dimethyl--1,3-dioxane-4,6-dione 6¢. (Table 1, entry 23).
Yield 92% (272 mg); Colorless solid, m.p. 84-85 °C; '"H NMR (400 MHz, CDCl3) & 3.42 (s, 1H),
2.40-2.37 (m, 1H), 1.91 (d, J = 12.0 Hz, 1H), 1.80-1.70 (m, 7H), 1.64-1.59 (m, 2H), 1.57-1.52
(m, 2H), 1.45-1.39 (m, 2H), 1.25-0.89 (m, 5H), 0.94 (d, J = 6.0 Hz, 3H), 0.90 (d, J = 6.0 Hz,
3H); *C NMR (100 MHz, CDCl3) & 166.50, 165.53, 104.62, 46.54, 42.77, 39.99, 39.94, 31.66,
31.56, 28.14, 27.60, 26.63, 26.59, 26.46, 26.33, 23.56, 21.80; MS m/z (relative intensity) 289
(4), 285 (6), 225 (11), 155 (12), 154 (39), 151 (28), 137 (30), 123 (12), 111 (18), 97 (49), 55
(100). HRMS (EST) m/z caled for C7H,704 (M) 295.1909, found 295.1909.
5-(1-tert-Butyl-3-methylbutyl)-2,2-dimethyl-1,3-dioxane-4,6-dione 6d. (Table 1, entry
24).Yield 70% (189 mg); Colorless oil; "H NMR (400 MHz, CDCls) & 3.45 (d, J = 1.2Hz, 1H),
2.69 (dd, J=11.3, 1.2 Hz, 1H), 1.88 (t, J = 11.2 Hz, 1H), 1.75 (d, J = 7.7 Hz, 6H), 1.27-1.24 (m,
2H), 0.99 (s, 9H), 0.93-0.83 (m, 6H); >C NMR (100 MHz, CDCl;) § 167.37, 165.91, 104.59,
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47.74, 45.49, 36.66, 34.19, 29.03, 28.13, 28.02, 26.56, 24.34, 21.70; MS m/z (relative intensity)
177 (3), 149 (6), 137 (7), 123 (14), 109 (28), 97 (31), 95 (50), 81 (54), 69 (76), 57 (75), 55
(100), 43 (66). HRMS (ESI) m/z caled for C;sHy704 (M) 271.1909, found 271.1907.
5-[Adamantan-1-yl(4-methoxyphenyl)methyl]-2,2-dimethyl-1,3-dioxane-4,6-dione 7.
(Scheme 2). Yield 50% (199 mg); White solid, m.p. 111-113 °C; IR (KBr, neat) vpax 2909,
2850, 1770, 1738, 1608, 1513, 1392, 1286, 1252, 1185, 1091, 1034, 1005, 944, 903, 864, 836,
786, 760, 663, 545; "H NMR (400 MHz, CDCl3) & 7.19 (d, J = 8.5 Hz, 2H), 6.80 (d, J = 8.6 Hz,
2H), 4.02 (d, J = 1.3 Hz, 1H), 3.77 (s, 3H), 3.32 (s, 1H), 2.01 (s, 3H), 1.79-1.56 (m, 15H), 1.08
(s, 3H); BC NMR (100 MHz, CDCls) 6 168.38, 165.71, 159.16, 132.58, 129.73, 113.74, 105.47,
59.57, 55.37, 47.55, 41.35, 36.90, 36.83, 29.05, 28.86, 28.35; MS m/z (relative intensity) 398
(M", 1), 340 [(M-C3HcO)", 1], 339 (3), 255 (90), 253 (13), 154 (20), 135 (71), 121 (21), 79 (11),
43 (10), 29 (3); HRMS (EI) m/z caled for Co4H3005 (M ") 398.2093, found 398.2102.
3-Ethyl-5,6-dimethoxyindan-1-one 9a. (Scheme 5) Yield 60% (132 mg); Colorless solid, m.p.
90-91 °C; IR (KBr, neat) vmax 2959, 2929, 2871, 1695, 1605, 1588, 1497, 1465, 1438, 1416,
1364, 1320, 1296, 1259, 1208, 1122, 1038, 1026, 981, 857, 845, 815, 719, 643, 544, 481; 'H
NMR (400 MHz, CDCl3) 6 7.16 (s, 1H), 6.90 (s, 1H), 3.98(s, 3H), 3.91 (s, 3H), 3.28-3.22 (dd, J
=18.9, 7.2 Hz, 1H), 2.34 (dd, J = 18.8, 2.8 Hz, 1H), 2.02-1.90 (m, 1H), 1.58-1.47 (m, 1H), 0.97
(t, J = 7.3 Hz, 3H); BC NMR (100 MHz, CDCls) 6 205.22, 155.60, 154.16, 149.69, 129.93,
106.60, 104.15, 56.39, 56.27, 42.83, 39.47, 28.84, 11.69; MS m/z (relative intensity) 221
[(M+1)", 5], 220 (M", 32), 192 (20), 191 (100), 57 (23); HRMS (EI) m/z calcd for C;3H;c03 (M)
220.1099, found 220.1095.

3-1sopropyl-5,6-dimethoxyindan-1-one 9b. (Scheme 5). Yield 63% (147 mg); Colorless solid,
m.p. 133-134 °C; IR (KBr, neat) vmax 3391, 3070, 3011, 2964, 2870, 2841, 2723, 2664, 1698,
1593, 1503, 1466, 1443, 1420, 1367, 1300, 1130, 1047, 1004, 870, 831, 807, 728, 565, 543, 522,
482; '"H NMR (400 MHz, CDCl3) & 7.16 (s, 1H), 6.89 (s, 1H), 3.98 (s, 3H), 3.91 (s, 3H), 3.34-
3.32 (m, 1H), 2.63 (dd, J =19.0, 7.4 Hz, 1H), 2.42 (dd, J = 19.0, 2.5 Hz, 1H), 2.27-2.20 (m, 1H),
1.03 (d, J = 6.8H z, 3H), 0.66(d, J = 6.8 Hz, 3H); °C NMR (100 MHz, CDCl5)  205.53, 155.58,
153.34, 149.70, 130.55, 106.81, 104.13, 56.41, 56.28, 44.03, 38.61, 31.50, 21.35, 16.50; MS m/z
(relative intensity) 235 [(M+1)", 3], 234 (M", 20), 191 (100); HRMS (EI) m/z calcd for
C14H,50; (M) 234.1256, found 234.1253.
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