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1. Introduction This reactivity has been utilized in the synthesi$
dihydropyranone®® and dihydropyridone¥. The observation
that in contrast to the well-established synthekisyolopentenes
by the homoenolate annulation of chalcones, vingtokes
afforded dihydropyranones (scheme 2) is notewotthy.

Ever since the demonstration by Glorius and Bodé¢ kha
Heterocyclic Carbenes (NHC) can catalyze the annulatib
enals to aldehydes to delivetactones:? via the intermediacy of
homoenolates, the chemistry of the latter has vedei
extraordinary attention from organic chemists. Ehbave been @ es °
intense efforts in exploiting homoenolate reacyivit several [\ cl
laboratories including our owh.These explorations have Q 9 33\ 15mol% 0._0 OMe
succeeded in directing homoenolate reactivity toward/ariety /@MH . H\ Lm
of electrophiles leading to the synthesis of a widage of o %&pﬂ%f?gh
products’ Contemporaneous to the development of homoenolate 1a 2 AT 4a
chemistry, as early as 2004, Bodend Rovi§ independently  Scheme 2. Homoenolate annulation of vinyl ketones
observed that NHC can transfomrfunctionalized aldehydes to In this context, it was of interest to explore thesgibility of
ester enolate equivalents that can participate imadety of  developing a synthesis of benzopyranones, mairdgine of the
interesting reactions. More recently it was refbiy Scheidt  impressive medicinal properties displayed by sdveatural and
and other$ that, under controlled experimental conditions andsynthetic benzopyranonéls_ Some selected benzopyranones

with the use of appropriate base, homoenolate calure-  endowed with medicinal properties are shown in figure
protonation thus transforming it to enol (enold@&heme 1).

o} OMe 0 R
o) 0
0 |
0 () @
° Y LD °
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€] OH + 0 A/\ MeO 0" o ¢ R2 OO
R/\/\NHC R/\)LH —— > R NHC OH OH OMe

Neo Tanshinlactone Graphislactone DefucogilvocarcinM  R', R? = H, Splitomicin
(Anti-cancer agent) (Antioxidant) (Anti-tumor agent) R"=Ph, R? = Br, HR73
Scheme 1. NHC mediated homoenolate and enolate formation (sirtuin inhibitors)

Figure 1. Biologically active tricyclic benzopyranones
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2. Results and Discussion 12 Ko.COs THF 24 66°C 10

a Overall yield, b Reaction condition: enc5a (0.5 mmol), enala (2.5 mmol), catalys3a (15

Our studies commenced by refluxing a mixture of 4-
methoxycinnamaldehyde and 2-methylene-3,4-
dihydronaphthalen-1{2)-one with catalytic amount (15 mol %)  After establishing the most favorable conditions,e th
of imidazolium salt (IMe$1Cl) and DBU (30 mol %) in dry THF  generality of the reaction was investigated with oasic, p-
under argon atmosphere for about 2 h. Then thdiogamixture  ||nsaturated aldehydes angmethylene tetralones and oxa

was purified by silica gel chromatography (ethyltatehexane  gnajogs of the latter. The results are summariz&theme 4.
(5:95)) to give product as white solid in 43% yiéRtheme 3).

mol %), DBU (30 mol %) and toluene 7 mL, refluxentier argon atmosphere for 2 h.
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Scheme 3. SyntheS|s of tricyclic benzopyran-2-one o O o O o
The structure of the product was established bytspsmpic O‘ O‘ O .
analysis. The IR spectrum 6& showed absorption at 1759 ¢m O‘
corresponding to the lactone carbonyl, which was supg by 8. 90% 60,95% od.85%
the ®*C NMR signal ats 170.6. Conclusive evidence for the o o
structure of6a was obtained from single crystal X-ray analysis of W, O
6b (Figure 2)* O‘ ove
(Figure 2) ).
6e, 80% 6f, 97% 9, 84%
o o] OMe
0 O ? O
S G FO\
MeO o o
6h, 92% 6i, 87% 6j, 82%

Scheme 4. Scope of the reaction with various aromatic enals
In the view of the interesting results obtained lhg teaction

Figure 2. ORTEP oféb. of tethereda- methylene ketones with aromatic enals, it was
obligatory to extend our studies to aliphatic en@sheme 5).
After the catalyst screenifd,a brief screening of various Satisfactorily,  the reaction  of 2-methylene-3,4-

bases and solvents were undertaken (Table 1). Teesties dihydronaphthalen-1(2)-one Sa with crotonaldehyde in
revealed that DBU and toluene under refluxing offespimum ~ Presence of IMes.HCI and DBU in an inert atmospherargén
condition for this reaction. under reflux condition for 2h, afforded the prodé&t in 90%

yield as white solid.

Table 1. Optimization of Reaction .

Me
o]
[ > (15 mol%) 0 Ry

Mes
o
o
\> 0 O 3a Mes
N X
|
3a Mes OMe J)L DBU (30 mol %), R
Toluene, 110 °C, Ar, 2h A
6

Base, Solvent

X =CHj, O
Entry Base Solvent Time Temperature Yied 6 ------------------------- 0 O ----------
(h) (%) o 0 o
1 DBU DCM 24 RT - X F N
2 DBU THF 24 RT - O‘ o} o
6l,95% 9
3 DBU THF 8 66°C 43 6k, 90% 6m, 85%
4 DBU Toluene 24 66C Trace
5 DBU Toluene 2 116C 84 O‘
6 DBU CHCN 24 82°C 38 MeO
MeO 60, 84%
7 DBU DMF 24 110C 49 6n, 80% °
8 DMAP DCM 24 RT ; Scheme 5. Scope of the reaction with various aliphatic enals
o Encouraged by these results, we extended this gyradeyet
9 DMAP THF 24 66C 15 another interesting-methylene cycloalkanones like 2-methylene
10 DMAP Toluene 24 RT - cycloheptanone and 2-methylene cyclooctanone usidsilar
1 DMAP Toluene 2 1160 29 reaction condition. In these studies also the ewgeproducts

were obtained in high yields (Scheme 6).
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Scheme 6. Extension of the reaction temethylene
cycloalkanones

A mechanistic rationalization for this unexpecteacten may
be postulated as follows (Scheme 7).
equivalentl formed initially from the enal and NHC undergoes
B- protonation to afford the endll. The latter on Michael
addition to the exo-methylene cyclanones affordsgpecies!|
which on intramolecularO-acylation reaction delivers the
product (V). It is noteworthy that isomerization of enolété to
a more stable enolaté and subsequent intramolecular aldol-type
reaction, analogous to the events observed inctme of
cyclopentene formation from chalcone, is preclutiede since
that would involve a four-membered transition state.

R
Scheme 7. Postulated reaction mechanism

3. Conclusion

The homoenolat

4.2.Preparation ofa-methylidene ketonea-(
methylidenetetralones)

a-methylidene ketones were prepared according tdrogvn
literature procedur&.In a 100 mL round bottom flask, added
tetralone (1.0 mmol) and paraformaldehyde (2.0 maod THF
(3.0 mL) into this catalystPLNH:TFA (1.0 mmol),
trifluoroacetic acid (0.1 mmol) was added. The rieactnixture
was stirred, open to the atmosphere and reflux for Reaction
mixture was cooled down to room temperature and
paraformaldehyde (2.0 mmol) was added again and & wa
refluxed for 6 h open to the atmosphere. After catiph of the
reaction, the reaction mixture was cooled down tonroo
temperature, solvent was removed and dissolved i® &nd
washed with 1N HCI, 1N NaOH, and brine, then dried using
Rla2804 and concentrated under vacuum. The crude prodast w
purified by (100-200 mesh) silica-gel column chrooggaphy
using 1% EtOAc—Hexane as eluent.

4.3. Synthesis of substituted dihydropyranones

To a solution of 2-methylene-3,4-dihydronaphthalépH)-
oneb5a (79 mg, 0.5 mmol) and 4-methoxy cinnamaldehyde (20
mg, 2.5 mmol)la in toluene (7 mL) was added IMes.HCI (15
mol %) and DBU (30 mol %) in an inert atmosphere i@foa
under reflux condition for about 2 h. Then the tiac mixture
was purified by column chromatography using 100-20€sh
silica using ethyl acetate-hexane (5:95) as elterafford the
corresponding produ@a in 84% yield.

3-(4-Methoxybenzyl)-3,4,5,6-tetrahydro-2H-benzofnfonen-2-
one @a) :

Chemical Formula: §H,0s; Yield:135 mg (84%); mp: 122-
124°C; *H NMR (500 MHz, CDCJ) &: 7.49 (d,J = 7.5 Hz, 1H),
7.22 - 7.15 (m, 2H), 7.11 (d,= 8.5 Hz, 3H), 6.83 (d] = 8.5 Hz,
2H), 3.79 (s, 3H), 3.31 (dd; = 14 Hz,J, = 4.5 Hz, 1H), 2.91 -
2.82 (m, 3H), 2.75-2.70 (m,1H), 2.33 Jt= 8.0 Hz, 2H), 2.27 (d,
J = 8.5 Hz, 2H).®C NMR (126 MHz, CDG)) 5: 170.6, 158.4,
143.7, 135.0, 130.2, 130.1, 128.8, 127.8, 127.%.6,2120.9,
114.0, 110.7, 55.2, 40.8, 35.1, 29.1, 27.5, 265 (fllm) vyax
2955, 2918, 2850, 1759, 1612, 1512, 1247,1129. dARMS:
m/z (ESI) (M+HY calcd. for GH,QOs; is 321.1492; found
321.1499.

3-(2-Methoxybenzyl)-3,4,5,6-tetrahydro-2H-benzoffonen-2-
one @bh):

Chemical Formula: §H,.05; Yield:144 mg (90%); mp: 104-
106°C; *H NMR (500 MHz, CDCJ) &: 7.50 (d,J = 7.5 Hz, 1H),
7.23 —7.10 (m, 5H), 6.90 d,= 7.5 Hz, 1H), 6.86 (d] = 8.0 Hz,
1H), 3.81 (s, 3H), 3.43 (dd; = 13.5 Hz, J, = 4.5 Hz, 1H), 3.10
— 3.04 (m, 1H), 2.83 (1) = 8.5 Hz, 2H), 2.75 — 2.71 (m, 1H),

In conclusion, we have successfully employed the NH.31 (t,J = 8.0 Hz, 2H), 2.27 — 2.20 (m, 2H'C NMR (126

catalyzed annulation for the synthesis of polygycldi-
hydropyran-2-ones. Parenthetically it may be adtleat the
pyrone motif is present in a number of natural piid with
important biological activity.

4, Experimental Section
4.1.General Remarks

NMR spectra were recorded at 508 and 126 C) MHz

respectively on a Bruker DPX-500 MHz NMR spectrometer.

Chemical shifts (d) are reported relative to TMS)(and CDC}
(**C) as the internal standards. Coupling constanis(reported

MHz, CDCk) &: 171.3, 157.7, 143.5, 131.2, 128.1, 127.7, 127.3,
126.7, 126.6, 120.8, 120.5, 111.2, 110.3, 55.28,381.2, 29.3,
27.5, 26.5. IR (film)vnae 2933, 2887, 2834, 1759, 1587, 1493,
1243, 1132 cih. HRMS: m/z (ESI) (M+H) calcd. for GH»,05

is 321.1492; found 321.1497.

3-Benzyl-3,4,5,6-tetrahydro-2H-benzo[h]chromen-2{6og

Chemical Formula: &H50,; Yield:139 mg (95%); mp: 110-
112°C; 'H NMR (500 MHz, CDCJ) &: 7.40 (d,J = 7.5 Hz, 1H),
7.21 - 7.18 (m, 2H), 7.15 - 7.05 (m, 5H), 7.00Jd; 7.0 Hz, 1H),
3.30 (dd,J; = 14.0 Hz,J, = 4.5 Hz, 1H), 2.87 - 2.79 (m, 1H),
2.73 (t,J = 8.0 Hz, 2H), 2.69 — 2.64 (m, 1H), 2.22Jt 8.0 Hz,

in Hertz (Hz). Mass spectra were recorded on Therm@H) 2.18 — 2.16 (m, 2H}*C NMR (126 MHz, CDGJ) &: 170.4,

Scientific™ Exactive mass Spectrometer for ESlsjiectra were
recorded on a Bruker Alpha-T FT-IR spectrophotometer

143.7, 138.3, 135.0, 129.1, 128.8, 128.6, 127.§,.312126.7,
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126.6, 120.9, 110.7, 40.6, 36.0, 29.6, 27.5, 2R5(filM) vyax 3-Benzyl-8-methoxy-3,4,5,6-tetrahydro-2H-benzo[hpchen-2-
3028, 2926, 2855, 1777, 1682, 1454, 1225, 1158. ¢4RMS:  one 6h)
m/z (ESI) (M+H) calcd. for GgH;s0, is 291.1385; found

291.1391 Chemical Formula: §H,.05; Yield:147 mg (92%); mp: 113-
' ' 115°C; *H NMR (500 MHz, CDCJ) &: 7.40 (d,J = 8.5 Hz, 1H),

3-(4-Fluorobenzyl)-3,4,5,6-tetrahydro-2H-benzo[hjemen-2- 7.29 (t,J = 7.0 Hz, 2H), 7.24 — 7.12 (m, 3H), 6.70 (dd= 8.5

one ©d): Hz, J, = 2.6 Hz, 1H), 6.65 (d] = 2.5 Hz, 1H), 3.78 (s, 3H), 3.38

(dd,J; = 13.8 Hz,J, = 4.5 Hz, 1H), 2.96 — 2.87 (m, 1H), 2.84 —
2.71 (m, 3H), 2.30 — 2.21 (m, 4HJC NMR (126 MHz, CDGJ)
8:170.7, 159.4, 143.6, 138.4, 137.0, 129.1, 12826,7, 122.2,
121.8, 114.0, 110.8, 107.9, 55.1, 40.7, 36.0, 28709, 26.5. IR
(film) vmax 3028, 2927, 2843, 1777, 1731, 1673, 1596, 1495,

Chemical Formula: &H;-FO,; Yield:131 mg (85%); mp:
142-144°C; 'H NMR (500 MHz, CDC)) &: 7.47 (d,J = 7.5 Hz,
1H), 7.21 — 7.15 (m, 4H), 7.09 (d= 7.5Hz, 1H), 6.98 (} = 8.5
Hz, 2H), 3.32 (dd); = 14.0 Hz,J, = 4.5 Hz, 1H), 2.91 — 2.87
(m, 1H), 2.83 (tJ = 8.0 Hz, 2H), 2.79 — 2.74 (m, 1H), 2.32)& ; .
8.0 Hz, 2H), 2.29 — 2.24 (m, 2HJC NMR (126 MHz, CDCI3) ilszgg’l ﬁg%.c}rjur':ﬂ\gf'l%i (ESI) (M+H) caled. for GiHaOs
6:170.1, 162.7, 160.8, 143.8, 134.9, 133.9, 13036.5, 128.7, ' ' ' '

127.9, 127.3, 126.6, 120.9, 115.6, 115.4, 110.%,485b.2, 29.2, 3-(2-Methoxybenzyl)-3,4-dihydropyrano[3,2-c]chronaH)-
27.5, 26.5. IR (film)vyae 2955, 2918, 2851, 1730, 1681, 1510, one Gi):

1223, 1158 cih. HRMS: m/z (ESI) (M+H} calcd. for GgH-FO, _ _
is 309.1290: found 309.1291. Chemical Formula: gH¢0,; Yield:140 mg (87%); mp: 132-

134°C; *H NMR (500 MHz, CDCJ) &: 7.83 (d,J = 7.5 Hz, 1H),
3-(Furan-2-ylmethyl)-3,4,5,6-tetrahydro-2H-benzofhiomen- 7.43 (t,J = 8.0 Hz, 1H), 7.20 - 7.14 (m, 2H), 6.97 Jt= 7.5 Hz,
2-one 6e): 1H), 6.92 (dJ = 8.5 Hz, 1H), 6.87 (t) = 7.5 Hz, 1H), 6.80 (d]

. . . = 8.0 Hz, 1H), 4.56 = 11.5 Hz, 1H), 4.32 = 11.5 Hz,
Chemical Formula: ¢H1¢05; Yield: 112 mg (80%), Viscous 1H), 3.78 (s éH) 3 7(8J_ 3.62 (m, 1H) )2 77 — (20072 1H), 2.68
liquid; *H NMR (500 MHz, CDCJ) &: 7.47 (d,J = 7.5 Hz, 1H), . ' " N ! e ' o

A — 255 (m, 2H), 2.43 — 2.39 (m, 1HYC NMR (126 MHz,
L'?’ll(g'J 6_278.0 Hzl’HlH)é Ifod‘]'zl‘(‘) S“’ 12|:') ;-g?? %7'_5 CDCly) 5: 160.3, 156.3, 135.1, 127.0, 126.7, 125.6, 12019,7,
z, 1H), 6.28 (s, 1H), 6.11 (d,= 2.0 Hz, 1H), 3.33 (ddl. = 1158" 1093 69.0, 59.9, 54.1, 44.8, 34.1, 3T (M) vy
15.0 Hz,J, = 4.5 Hz, 1H), 3.04 — 2.96 (M, 1H), 2.91 — 2.81 (M, 3060" 5950 038 1737, 1684, 1604, 1493 12429 L4T:
3H), 2.36 — 2.32 (m, 4H)°C NMR (126 MHz, CDGJ) &: 169.9, ’ ’ : ’ ' ’ ’ :

152.2, 143.7, 141.6, 135.0, 128.7, 127.8, 127.%.6,2120.8, Eﬁydsézr;/fzé'és') (M+H) caled. for GoHis0, is 323.1283;
110.9, 110.4, 107.3, 38.5, 29.6, 28.5, 27.5, 2R5(fiIM) Vyna Jes0-

2956, 2918, 2851, 1732, 1681, 1600, 1435, 12246 Iif". 9-Fluoro-3-(2-methoxybenzyl)-3,4-dihydropyrano([3,2-
HRMS: m/z (ESI) (M+H) calcd. for GgH;O; is 281.1177; c]chromen-2(5H)-onegf):

found 281.1183. ) )
Chemical Formula: §H./FO,; Yield:140 mg (82%); mp:

8-Methoxy-3-(2-methoxybenzyl)-3,4,5,6-tetrahydro-2H- 164-166°C; 'H NMR (500 MHz, CDCJ) &: 7.21 (t,J = 7.5 Hz,
benzo[h]chromen-2-onesH): 1H), 7.11 (dJ = 7.5 Hz, 1H), 7.07 (dd], = 8.5 Hz, J, = 2.5 Hz,

. : 1H), 6.88 (tJ = 7.5 Hz, 1H), 6.85 — 6.79 (m, 2H), 6.71- 6.68 (m,
Chemical Formula: §H»,0,; Yield:170 mg (97%); mp: 109- 1Hg 4.73 ((sJZH) 3.83 (s )3H) 3.42 (dl;i(: 13 5)Hz 1 =4 5(
111°C; *H NMR (500 MHz, CDC}) &: 7.41 (d,J = 8.5 Hz, 1H), i PP P L T o

Hz, 1H), 3.14 — 3.07 (m, 1H), 2.76 — 2.71 (m, 1H), 2-18.08
7.22-7.19 (m, 1H), 7.12 (dd, = 7.5 Hz J, = 1.5 Hz, 1H), 6.89  ° ZH; 3 NMR (12(6 MHZ) ey & 165 1 1523 e 1576
- 6.83 (M, 2H), 6.70 (ddJ; = 8.5 Hz,J,=2.5 Hz, 1H), 6.65 (dJ Lo ’ OV 900 oD

= 25 He, 1K), 381 (5, 3H), 379 (s, 3H), 342 @F 135 Hz, 13 2" 1760 1155, 110, 108.2, 108.0. 10556,65.2, 365
J, = 4.5 Hz, 1H), 3.07- 3.01 (m, 1H), 2.79 §t= 8.0 Hz, 2H), ' ' ’ ' ’ ' PR I

" 31.2, 25.5. IR (filM)vme: 2956, 2920, 2851, 1770, 1743, 1650,
2.73 - 2.68 (m, 1H), 2.28 (8 = 8.0 Hz, 2H), 2.25 - 2.16 (M, 1439 1545 1179ch HRMS: m/z (ESI) (M+H) calcd. For
2H): °C NMR (126 MHz, CDCJ) 5: 171.1, 159.3, 157.6, 143.5

1370, 131.2, 128.0, 126.7, 122.1. 122.0. 120.8.911110.8, CHiFOsis 341.1189; found 341.1190.
110.3, 108.1, 55.1, 38.9, 31.2, 29.3, 28.0, 265 (fllm) vyax 3-Ethyl-3,4,5,6-tetrahydro-2H-benzo[h]chromen-2-dfik):
2037, 2838, 1703, 1776, 1672, 1598, 1494, 12449 I4F",

HRMS: m/z (ESI) (M+HJ calcd. for G,H,,0, is 351.1596; g:helmical Formula: GH;O,; Yield:103 mg (90%); mp: 75-
found 351.1598. 77°C; *H NMR (500 MHz, CDCJ) 8: 7.48 (d.J = 7.0 Hz, 1H),
7.25-7.15 (m, 2H), 7.12 - 7.06 (m, 1H), 2.87(t 8.0 Hz, 2H),
8-Methoxy-3-(4-methoxybenzyl)-3,4,5,6-tetrahydro-2H- 2.63 — 2.57 (m, 1H), 2.48 (dd, = 17.0 Hz,J, = 7.0 Hz, 1H),
benzo[h]chromen-2-oneg) 2.40 — 2.32 (m, 3H), 2.02 — 1.94 (m, 1H), 1.66 — 1(B4 1H),

1.05 (t,J = 7.5 Hz, 3H);*C NMR (126 MHz, CDGCJ) §: 170.8,
143.5,134.9, 128.9, 127.7, 127.3, 126.6, 120.9,7,140.3, 29.8,
27.6, 26.7, 23.3, 11.4. IR (film)ya 2961, 2925, 2857, 1731,

Chemical Formula: §H»,0,; Yield:147 mg (84%); mp: 105-
107°C; *H NMR (500 MHz, CDCJ) &: 7.40 (d,J = 8.5 Hz, 1H),
711 -7.09 (m, 2H), 6.83 —6.82 (m, 2H), 6.71 MG 85 Hz, 1405 1500 1455, 1223, 1157 CHHRMS: m/z (ESI) (M+H)
Jo = 2.5 Hz, 1H), 6.66 (d] = 2.5 Hz, IH), 3.79 (s, 3H), 3.78 (S, 1104 tor GoH,0,is 229.1228; found 229.1230
3H), 3.29 (dd, J, = 14.0 Hz,J, = 5.0 Hz, 1H), 2.90 — 2.83 (m, : 5162 S et
1H), 2.79 (t,J = 8.0 Hz, 2H), 2.73 — 2.68 (m, 1H), 2.31 - 2.28 3-Ethyl-3,4-dihydropyrano[3,2-c]chromen-2(5H)-ort)(

(m, 2H), 2.23 (dJ = 9.0 Hz, 2H).*C NMR (126 MHz, CDG)) _ _

§: 170.8, 159.3, 158.4, 143.5, 136.9, 130.2, 13022,1, 121.8, Chemical Formula: GH,,Os; Yield:109 mg (95%); mp: 205-
114.4, 114.0, 113.9, 110.8, 107.9, 55.2, 55.1, 48501, 28.9, 207°C;"H NMR (500 MHz, CDC} &: 7.34 (d,J = 7.5 Hz, 1H),

27.9, 26.5. IR (film)vmae 2922, 2839, 1774, 1731, 1672, 1598, /-14 (t.J=7.5Hz, 1H), 6.91 (§ = 7.5 Hz, 1H), 6.78 (d] = 8.0

1494, 1244, 1159 ¢t HRMS: m/z (ESI) (M+H) calcd. for ~ Hz, 1H), 4.88 - 4.82 (m, 2H), 2.67 — 2.62 (m, 1H), 2:40.35

C,H5,0,is 351.1596; found 351.1599. (m, 1H), 2.24 — 2.19 (m, 1H), 2.04 — 1.95 (m, 1H),61-61.59
(m, 1H), 1.04 (tJ = 7.5 Hz, 3H)°*C NMR (126 MHz, CDG)) 5:



169.7, 154.0, 140.7, 129.9, 121.3, 121.1, 117.5.611103.9,
67.5, 40.1, 25.9, 23.4, 11.3. IR (film),,x 2966, 2932, 2877,
1787, 1697, 1579, 1478, 1296, 1185 cnRMS: m/z (ESI)
(M+H)" calcd. for GH,405is 231.1021; found 231.1025.

3-Ethyl-9-fluoro-3,4-dihydropyrano[3,2-c]chromen-2{Fone
(6m):

Chemical Formula: GH.oFOs; Yield:106 mg (85%); mp:
116-118°C; 'H NMR (500 MHz, CDCYJ) 5: 7.07 (dd,J, = 8.5 Hz,
J,=2.7 Hz, 1H), 6.84 (td}; = 8.5 Hz,J,= 2.7 Hz, 1H), 6.73 (dd,
J, = 8.8Hz,J,=4.4 Hz, 1H), 4.88 — 4.76 (m, 2H), 2.66 (dg=
13.7 Hz,J,= 6.9 Hz, 1H), 2.41 (dd);, = 17.2 Hz,J,= 7.2 Hz,
1H), 2.25 (ddJ; = 17.2 Hz,J, = 10.5 Hz, 1H), 2.07 — 1.93 (m,
1H), 1.69 — 1.59 (m, 1H), 1.05 (t, J = 7.5 Hz, 38} NMR (126
MHz, CDCL) 6: 169.2, 158.5, 156.9, 149.8, 140.2, 118.2, 116.6
116.5, 116.1, 115.9, 108.2, 108.0, 105.3, 67.61,486.0, 23.4,

11.3. IR (film) vmax 2966, 2931, 2879, 1788, 1622, 1581, 1486,

1274, 1184 cih. HRMS: m/z (ESI) (M+H) calcd. for GH1FO;
is 249.1629; found 249.1631.

3-(But-2-enyl)-8-methoxy-3,4,5,6-tetrahydro-2H-
benzo[h]chromen-2-onéK):

Chemical Formula: ¢H,.Os; Yield:115 mg (81%); mp: 95-
97 °C; 'H NMR (500 MHz, CDCJ) &: 7.40 (d,J = 8.5 Hz, 1H),
6.70 (dd, J, = 8.5 Hz,J, = 2.5 Hz, 1H), 6.67 (s, 1H), 5.56 - 5.49
(m, 1H), 5.46 — 5.39 (m, 1H), 3.79 (s, 3H), 2.82)(t 8.0 Hz,
2H), 2.73 — 2.63 (m, 1H), 2.60 - 2.55 (m, 1H), 2.42.30 (m,
5H), 1.68 (dd,J; = 6.2 Hz,J, = 1.0 Hz, 3H).”°C NMR (126
MHz, CDCk) &: 170.7, 159.3, 143.4, 136.9, 128.5, 127.1, 122.1
121.9, 113.9, 110.8, 108.1, 55.1, 39.0, 33.2, 2805, 18.0. IR
(film) vmae 2918, 2851, 1775, 1674, 1597, 1495, 1250,1166. cm
HRMS: m/z (ESI) (M+H) calcd. for GgH,O; is 285.1490;
found 285.1494.

3-Butyl-8-methoxy-3,4,5,6-tetrahydro-2H-benzo[h] ahen-2-
one 60):

Chemical Formula: ¢H»,05; Yield:120.3 mg (77%); mp:
128-130°C; 'H NMR (500 MHz, CDCJ) &: 7.40 (d,J = 8.5 Hz,
1H), 6.71 (ddJ, = 8.5 Hz,J, = 2.5 Hz, 1H), 6.68 (d] = 2.0 Hz,
1H), 3.80 (s, 3H), 2.83 (11 = 8.0 Hz, 2H), 2.68 — 2.61 (m, 1H),
2.45 — 2.44 (m, 1H), 2.39 -2.35 (m, 2H), 2.32 — 2@/ 1H),
1.99 — 1.92 (m, 1H), 1.56 - 1.49 (m, 1H), 1.45 — 1(83 4H),
0.93 (t,J = 7.0 Hz, 3H).®*C NMR (126 MHz, CDGC)) &: 171.2,
159.3, 143.4, 136.9, 122.1, 121.9, 113.9, 110.8,9.(%5.2, 39.0,
30.1, 29.9, 29.1, 28.0, 26.6, 22.6, 14.0; IR (film).e 2955,
2926, 2857, 1778, 1675, 1598, 1495, 1251, 1160. ¢iRMS:
m/z (ESI) (M+H) calcd. for GgH,,0; is 287.1647; found
287.1643.

3-(2-Methoxybenzyl)-3,4,6,7,8,9-hexahydrocycloHbjtstran-
2(5H)-one 6p):

Chemical Formula: GH»05; Yield:116 mg (81%), Viscous
liquid; '"H NMR (500 MHz, CDCJ) &: 7.20 (t,J = 8.0 Hz, 1H),
7.09 (d,J = 7.5 Hz, 1H), 6.89 - 6.83 (m, 2H), 3.81 (s, 3H), 3.35
(dd, J; = 13.5 Hz,J, = 5.0 Hz, 1H), 2.87 - 2.80 (m, 1H), 2.68 —
2.60 (m, 1H), 2.33 () = 5.5 Hz, 2H), 2.13 - 1.98 (m, 4H), 1.73 —
1.53 (m, 6H).”°C NMR (126 MHz, CDCJ) &: 171.6, 157.6,
149.6, 131.1, 127.9, 127.0, 120.4, 113.5, 110.2,588.4, 31.7,
31.6, 31.5, 30.8, 30.5, 26.5, 25.1. IR (film).c 2928, 2855,
1774, 1703, 1601, 1494 émHRMS: m/z (ESI) (M+H) calcd.
for CgH,»,03is 287.1647; found 287.1650.

3-(2-Methoxybenzyl)-3,4,5,6,7,8,9,10-octahydro-2H-
cycloocta[b]pyran-2-onefQ):

5

Chemical Formula: GH»,05; Yield:132 mg (88%), Viscous
liquid; 'H NMR (500 MHz, CDC)) &: 7.18 (t,J = 8.0 Hz, 1H),
7.09 (d,J = 7.0 Hz, 1H), 6.87 — 6.81 (m, 2H), 3.81 (s, 3H), 3.37
(dd, J; = 13.5 Hz,J, = 5.0 Hz, 1H), 2.92 — 2.84 (m, 1H), 2.65 —
2.6 (m, 1H), 2.15-2.03 (dd; = 11.0 HzJ,= 5.1 Hz, 2H), 2.15 -
2.02 (m, 3H), 1.97 (m, 1H), 1.65 — 1.67 (m, 2H), 1-58.48 (m,
6H). *C NMR (126 MHz, CDG)) &: 171.7, 157.6, 147.3, 131.0,
127.9, 127.0, 120.5, 110.9, 110.3, 55.1, 38.7,,33010, 29.2,
28.9, 28.7, 28.5, 26.5, 26.2. IR (film}, 2925,2855, 1698
(broad), 1602, 1464 ¢ HRMS: m/z (ESI) (M+H) calcd. for
C1gH,405 is 301.1803 found 301.1806.
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Expedient Synthesis of Tricyclic Benzopyran-2-ones via N-Heterocyclic

Carbene Catalyzed Annulation of Enalsto a-M ethylene Cycloalkanones

Venkata Mani Padmaja D.,? Sinu C. R., Jagadeesh Krishnan,® Rony Rajan Paul,” Sunil
Varughese,® Seetha L akshmi K. C.,2° and Vijay Nair®™
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Optimization Reactions
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DBU, Dry THF O‘
6a

® NMeS@ © NMeg ®NEt S @N' e
e e @N\w RRCEETSNI L
Mes Mes Et Ph
3a 3b 3c 3d 3e
Entry Catalyst Condition Time(h) | Yield®
(%)
1 3a DBU, DCM, rt 24 -
2 3a DBU, THF, it 24 -
3 3a DBU, THF, 66 °C 8 43
4 3b DBU, THF, 66 °C 24 Trace
5 3c DBU, THF, 66 °C 24 -
6 3d DBU, THF, 66 °C 24 -
7 3e DBU, THF, 66 °C 24 -
8 3a DBU, Toluene, 66 °C 24 Trace
9 3a DBU, Toluene, 110 °C 2 84
10 3a DBU, CH4CN, 82°C 24 38
11 3a DBU, DMF, 110°C 24 49
12 3a DMAP, DCM, rt 24 -
13 3a DMAP, DCM, 66 °C 24 15
14 3a DMAP, Toluene, rt 24 -
15 3a DMAP, Toluene, 110 °C 24 22
16 3a K,CO;,, THF, 66 °C 24 10
4 solated yield
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'H NMR (500 MHz, CDCls3) of Compound 6a
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'H NMR (500 MHz, CDCl3) of Compound 6b
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'H NMR (500 MHz, CDCl3) of Compound 6¢c
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'H NMR (500 MHz, CDCl3) of Compound 6d
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'H NMR (500 MHz, CDCl3) of Compound 6e
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'H NMR (500 MHz, CDCls3) of Compound 6f
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'H NMR (500 MHz, CDCl3) of Compound 6g
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'H NMR (500 MHz, CDCl3) of Compound 6h
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'H NMR (500 MHz, CDCl3) of Compound 6i
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'H NMR (500 MHz, CDCl3) of Compound 6
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'H NMR (500 MHz, CDCl3) of Compound 6k
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'H NMR (500 MHz, CDCl3) of Compound 6l
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'H NMR (500 MHz, CDCls3) of Compound 6m
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'H NMR (500 MHz, CDCl3) of Compound 6n
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'H NMR (500 MHz, CDCl3) of Compound 60
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'H NMR (500 MHz, CDCl3) of Compound 6p
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'H NMR (500 MHz, CDCl3) of Compound 6q
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ORTEP of 6b, CCDC number: 1054134
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