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1. Introduction time, Pd* catalysts, Sc(OPf),” TiCl,® HOTf or a mixture of
ICI; and nitroalkane or SngWwith nitroalkane were applied in
he oxa-Diels-Alder reactiorté.Later on, Matsubara and co-
workers reported a big breakthrough of oxa-Diels—Aldaction
between unactivated dienes with unactivated aldehyoheter
mild reaction conditions catalyzed by iron(lIl) pbyrin™® or
iron(IV) corrole complexes: Lu and co-workers recently
reported AgBEF catalyzed oxa-Diels-Alder reaction of
electrically neutral 1,3-dienes and various aldelsyd
Heteroatoms at thB-position of the aryl aldehydes can greatly
promote the reactivity of the substrates. Franz#h @-workers
reported carbocation catalyzed oxa-Diels-Alder react
Despite all developments in this field, there aii sany issues
that need to be solved in this reaction, for examble efficiency

The oxa-Diels-Alder reaction between aldehydes and 1,
dienes is a powerful synthetic method to constriltgdfopyran
scaffold and is widely applied in the synthesis aftunal
products: However, previous reported oxa-Diels-Alder reaction
has been limited either to the reaction of electiolm dienes such
as Danishefsky'$, Brassard'Sor Rawal's dienéwith a broad
range of aldehydes or the reaction of activatedelatdes
containing electron-withdrawing groups (e.g., glyatgk) with a
broad range of dienes. The reaction between aldshyahel
simple dienes mostly is guided by the interacti@ween the
HOMO of diene and the LUMO of the dienophile (aldehydes)
As compare to the activated aldehydes, unactivalgehgdes

have hlgher I{Umo Ielvel of thp%_odpond. C,)[E th? ot_her har?d, N of this reaction, the substrate scope and theIlyeadailability of
comparison to the electron rich dienes, the singimes have the catalysts. Due to the innate low reactivity af Bubstrates,

lower level of HOMO. The energy gaps between HOMO of : - N
. h A much more equivalents of dienes or aldehydes wepéedpin
simple dienes and LUMO of aldehydes are relativégpér than most catalytic systems. Furthermore, some substréte 4-

the energy gaps in other two types of Diels-Alder tioas .
. oo . methoxy-bezaldehyde tend to afford no product edpct with
mentioned above. This is the reason why the oxa-Bileler low yield. Thus, the development of more efficierstadytic

::i?jlté%n inOfaslggrzyi?Z d ?:ithzlrm[gjilglsjﬁjlersres tiﬂTmlegnTmorsystems with readily available catalysts is necgssderein, we
ging P s y report the AIC} catalyzed oxa-Diels-Alder reaction of

a limited ”“mbef of OXQ'D'eIS'Alder reactions of uhzted unactivated aldehydes with simple dienes under cuiltitions.
aldehydes and simple dienes have been achievethelrearly
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2. Results and discussion

We initiated our study with benzaldehydd) (and 2,3-
dimethyl-1,3-butadiene2( DMB) as the model substrates. A
range of potential catalysts were screened and;Al@k found
promote the reaction most (Table 1). Dihydropyraodpct 3
was obtained in benzene at ®Dwith 70%'H NMR yield when
10 mol % AICL was applied (Table 1, entry 5). Further reaction
conditions screening showed GG$ the best solvent and this
reaction takes place at room temperature. To olighde
reducing the usage of diene’s slightly increasedyiield of the
product. Product with 90%H NMR vyield (84% isolated yield)
was obtained when 1:1 aldehyde to dienes was apflsdulg 1,
entry 12).

Tablel

Reaction conditions optimizatidn.

CHj
CH, 0
CHO metal catalyst (10 mol %) |
©/ + CH,
CHj
1 2 3
Entry Catalyst Solvent Temp Ratio of Yield
(°C) 2:1 (%)°
1 Y(OAc)-4H,O  benzene 80 4 0
2 Sc(OAc)-6HO  benzene 80 4 0
3 NiCl;- 6H,0 benzene 80 4 0
4 RuCk-3HO benzene 80 4 49
5 AICl3 benzene 80 4 70
6 AICl; toluene rt 4 8
7 AICl; xylene rt 4 19
8 AICl3 n-hexane rt 4 57
9 AICl3 CCly rt 4 71
10 AICl; CCly rt 3 72
11 AICl, CCly rt 2 85
12 AICl, CCl, rt 1 90 (84)
13 AICl; CCly 40 1 86
14 AICl; CCly 60 1 86
15 AICl, CCl, 80 1 88

& Reactions were carried out using the catalystr{td %), aldehydel (1
mmol), and dien (X mmol) in 2 mL of solvent for 15 h.

® Yields are determined B4 NMR.

°Yield of isolated product.

With the best conditions in hands, other aryl ajdigs were
examined. In generapara-electron donating group substituted
benzaldehydes afforded the products in relative tojedds Ga
and 5d). Four equivalents ofp-methoxy-benzaldehyde were
necessary to deliver the corresponding productaderate yield
(5d, 65%). Aldehydes wittpara-electron withdrawing groups,
like 4-chloro, 4-nitrile and 4-nitro benzaldehyagldéd to deliver
corresponding products at room temperature. Incrgashe
reaction temperature to 7C lead to better reactivitie$d, 5h

and 5i). Meta-substituted benzaldehydes had showed better

reactivity (6e€). Ortho-substituents, especially coordinating
substituent benefit this reactiobf( 81%). The effect obrtho-
substituent was investigated comprehensively in wosk.** 2-
Naphthaldehyde reacted with DMR)(at 70°C and afforded
product in 64% yield. Furfurabj was proved not reactive at all.

Table2

AICl; catalyzed oxa-Diels-Alder reaction Bfand aldehydes

~-CHO AICI5 (10 mol %)
i + S
R /J\y/ CCly, 1t, 15 h
CHs
4 2

Tetrahedron

%

CH

CHy 07 s

el CH
HaC CH;

5b (70%) 5chc (76%)
\@/OiCH3 b/@i
Se (66%) 5f (81%)
CHs
|
CH

5i4 (519%)

HaC
5a (50%)

e

5d° (65%)

%

C

599 (67%) 5h9(68%)

59 (64%)

CH3

CH3

W,
q
(@]

) —0

#Reactions were carried out using the catalyst (10 %), aldehyde4 (1
mmol), and dien@ (1 mmol) in 2 mL of solvent at room temperature6 h.
Isolated yields based on aldehyte

® At 80 °C, the ratio o#:2 is 1:4.

°Benzene as solvent.

4 At 70°C.

Table3

AICl; catalyzed oxa-Diels-Alder reaction of benzaldehyde
and substituted dien&s

CHO
o

1

o*%f%«%

R3

R?

R2

R R2 0

AICI5 (10 mol %)
—_—

= R3
CCly, 80°C, 15h

8a° (84%) 8b" (95%) 8P (73%)
(0] | o | fo) |
PRACUSAAS g
O/ S
8d® (89%) 8eP (74%) 8f° (89%)
& & o
X
899 (63%) 8h (66%) 8i® (45%)

/\/\/@ AN

# Reactions were carried out using the catalystnitd %), aldehydel (1
mmol), and dien& (1 mmol) in 2 mL of solvent at 8C for 15 h. Isolated
yields based on aldehyde

® At room temperature.

¢7a (1.5 mmol, 1.5 equiv).

479 (3 mmol, 3 equiv).

€7i (2 mmol, 2 equiv).
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Next, substituted 1,3-dienes have been examinedré&wdts  diastereoselective reaction has expanded the atdbsirope to
are summarized in Table 3. The reaction of 2-ph&r84  more dienes and arylaldehydes with readily availabtalyst.
butadiene with benzaldehyde proceeded smoothly afideded
corresponding product in 84% yiel@a). Substituents on the
phenyl ring of the dienes affect the reaction dlighnd afforded  4.1. General
products from good to excellent yield8b( 8c, 8d and 8e). 2- . . .
Thiophenyl-1,3-diene has the similar reactivityzaphenyl-1,3-  All reactions were carried out under an atmospherstafgen
diene doesgf). 2-Methyl-1,3-diene is less reactiveg]. Higher I fllame-dned glassyvare W|th magnetic stirring ualefslfler\mse
reaction temperature (76C) and more usage of dienes are indicated. Commgrually pb.talr!ed reagentslwere asemépewed.
necessary to afford the corresponding product foreghyl-1,3- Solvents were dried by distillation from s_odlum QIHI_Z. Liquids
butadiene §g). Reaction of myrcene with benzaldehyde needed #nd solutions were transferred via syringe. All riemst were
equivalents of myrcene and still yielded producpaor yield g, ~ Monitored by thin-layer chromatography. 1H and 13GIRN
45%). Trisubstituted 1,3-diene, 2,4-dimethyl-1,34agliene  SPectra were recorded on Bruker-BloSpln.AVANCE Il HD.
reacted with benzaldehyde smoothly at room temperatti1:1 ~ Data for 1H NMR spectra are reported relative to ditmm as
ratio of the two reactants8lf). Cyclobutadiene, 2-methyl-1,3- an internal standard (7.26 ppm) and are reportedolisvs:
pentadiene and 2,4-hexadiene failed to give andymb These chemical shift (ppm), multiplicity, coupling consta(Hz), and
experimental results indicate that the diene musssess a Integration. Data for 13C NMR spectra are reporieldtive to

substituent at the C-2 position and no substit@nthe C-1  chloroform as an internal standard (77.23 ppm) aedreported
position for the smooth reaction. in terms of chemical shift (ppm). IR data were aied from

. . o o Bruker VERTEX 70. HRMS data were recorded on Agilent
We next examined the diastereoselectivity of tiEaction.  Technologies 6224 TOF LC/MS.

2,4-Disubstituted dien® was applied and dihydropyrdi® was .
obtained in 48% yield with a diastereomeric ratiorenthan 10:1  4.2. General Procedure the AICI; Catalyzed Oxa-Diels-Alder

4, Experimental section

(Scheme 1). Reaction

OTBS Aldehyde (1 mmol), diene (1 mmol), AlCK13.4 mg, 10

mol%) and dry CGl(2 mL) were added to a flame dried schlenk

Ph AICk, 10 mol % 0 tube with a rubber septum under the argon atmospfigre

~ * | - . | reaction mixture was stirred at room temperaturelforhours.

© CCly, 11, 12h Then, the mixture was purified by column chromatpbsaon

9 “OTBS 10 48% silica gel(petroleum ether/ethyl acetate = 100/@tp@o yield
dr>10:1 product.

Scheme 1. AICI; catalyzed oxa-Diels-Alder reaction. 4.3. Characterization data of compounds
Considering the regioselectivities and diasteremsisities of 3,4-Dimethyl-6-phenyl-5,6-dihydro-2H-pyraB)( Clear oil,

this reaction, a Lewis acid catalyzed concerted meism is 157.2 mg, 84%.H NMR (400 MHz, CDCJ) §7.37-7.31 (m, 4H),
proposed (Scheme 2). We cannot rule out the stepaddition ~ 7.25-7.23 (m, 1H), 4.53 (dd; = 4.0 Hz,J, = 8.0 Hz, 1H), 4.21-
mechanism since it is possible that the ring clpsitep is much  4.07 (m, 2H), 2.32 ( = 12.0 Hz, 1H), 2.08 (d} = 16.0 Hz, 1H),

faster than the isomerization of the allylic cation 1.67 (s, 3H), 1.57 (s, 3HJC NMR (100 MHz, CDG)) § 141.61,
850 127.29, 126.32, 124.77, 123.49, 122.79, 75.28, 16937.54,
17.31, 12.81. IR (thin film): 2959, 2929, 2871, 250454, 1374,
o™ o 1233, 1096 cim.
! 3,4-Dimethyl-6-(4-methylphenyl)-5,6-dihydro-2H-pyran
ACl K@ (5a). Clear oil, 101.8 mg, 50%H NMR (400 MHz, CDC)) &
raso. /7 \( 7.27 (d,J = 8.0 Hz, 2H), 7.16 (dJ = 8.0 Hz, 2H), 4.52 (ddJ, =
clAlS ClaAl @ 4.0 Hz,J, = 8.0 Hz, 1H), 4.21-4.07 (m, 2H), 2.33 (s, 3H), 2.31-
| | 2.26 (m, 1H), 2.06 (dJ = 16.0 Hz, 1H), 1.68 (s, 3H), 1.58 (s,
K@. 3H). ®C NMR (100 MHz, CDCJ) & 138.63, 135.95, 127.97,
I \_/< 124.76, 123.49, 122.86, 75.17, 69.29, 37.50, 20183, 12.83.
. HRMS (ESI) calcd for [GHNO]'([M+NH,]*): 220.1696,
oTBS %é\/OTBS found: 220.1701.
= H 3,4-Dimethyl-6-(3-methylphenyl)-5,6-dihydro-2H-pyran
N i@ (5b). Clear oil, 140.4 mg, 70%H NMR (400 MHz, CDC)) &
o ® 7.25-7.20 (m, 2H), 7.16 (d,= 8.0 Hz, 1H), 7.09 (d] = 8.0 Hz,
s 1H), 4.52 (dd,J; = 4.00 Hz,J, = 8.0 Hz, 1H), 4.22-4.09 (m, 2H),
Scheme 2. Proposed catalytic cycle for oxa-Diels-Alder 2.35 (s, 3H), 2.32-2.27 (m, 1H), 2.09 (= 16.0 Hz, 1H), 1.69
reaction. (s, 3H), 1.59 (s, 3H)**C NMR (100 MHz, CDG)) & 142.56,
_ 138.00, 128.23, 128.13, 126.49, 124.50, 123.90,912276.42,
3. Conclusion 70.36, 38.58, 21.47, 18.36, 13.86. IR (thin filrBP25, 2918,

In summary, we have developed A{@Iatalyzed oxa-Diels- 2859, 161];, 1448, 13+74, 1233, 10961C|HRMS (ES') calcd for
Alder reaction between unactivated 1,3-dienes andl- ary[C1H22NOI'([M+NH,]"): 220.1696, found: 220.1700.
aldehydes. This reaction is characterized by goauttional ~ 3.4-Dimethyl-6-mesityl-5,6-dihydro-2H-pyran5q). Clear
group compatibility, for instance, F, Cl, CN, NOOMe and O, 176.9 mg, 77%.H NMR (400 MHz, CDC)) & 6.78 (s, 2H),
thiophenyl groups are tolerated. This reaction fiicient, one ~ 4-90 (dd,J;= 4.0 Hz,J,= 8.0 Hz, 1H), 4.13-4.03 (m, 2H), 2.53 ,

equivalent of dienes is enough to deliver prodacgdod yield J=12.0 Hz,1H), 2.37 (s, 6H), 2.21 (s, 3H), 1.85X¢ 16.0 Hz,

3,
for most of the substrates. This regioselective andH): 1.66 (s, 3H), 1.57 (s, 3H)'C NMR (100 MHz, CDC)) &
136.44, 136.07, 135.05, 130.07, 125.09, 124.08367/470.41,
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35.18, 31.82, 22.87, 20.90, 18.47, 14.31, 14.11(thix film):
2953, 2924, 2856, 1458, 1376, 1099 cHRMS (ESI) calcd for
[C1eH26NOJ ([M+NH 4] ): 248.2009, found: 248.2016.

3,4-Dimethyl-6-(4-methoxyphenyl)-5,6-dihydro-2H-pgra
(5d). Clear oil, 142.6 mg, 65%H NMR (400 MHz, CDCJ) &
7.23 (d,J = 8.0 Hz, 2H), 6.82 (d] = 8.0 Hz, 2H), 4.43 (dd};=

4.0 Hz,J,= 8.0 Hz, 1H), 4.14-3.99 (m, 2H), 3.72 (s, 3H), 2.27 (t

(s, 3H), 1.61 (s, 3H)C NMR (100 MHz, CDG) & 140.15,
133.39, 132.91, 128.08, 128.03, 127.67, 125.99,6B28.24.61,
124.36, 124.20, 123.87, 138.9, 76.37, 70.37, 38.8142,13.94.
IR (thin film): 3055, 2916, 2884, 2856, 1508, 144383, 1102
cm'. HRMS (ESI) calcd for [GH,NO]*([M+NH,]*): 256.1696,
found: 256.1694.
2-Phenyl-4-phenyl-3,6-dihydro-2H-pyrangaj. White solid,

J=16.0 Hz, 1H), 2.00 (d] = 20.0 Hz, 1H), 1.61 (s, 3H), 1.51 (s, 198.3 mg, 84%H NMR (400 MHz, CDC}) § 7.38-7.28 (m,

3H). ®C NMR (100 MHz, CDG) $157.91, 133.81, 126.14,

123.48, 122.85, 112.71, 74.93, 69.31, 54.25, 371.4B3, 12.82.
IR (thin film): 2916, 2857, 1613, 1515, 1248, 109035, 828
cm’. HRMS (ESI) calcd for [GHigNa] ([M+Na]"): 241.1204,
found: 241.1193.
3,4-Dimethyl-6-(3-methoxyphenyl)-5,6-dihydro-2H-pgra
(5€). Clear oil,144.7 mg, 66%. as a clear 41.NMR (400 MHz,
CDCly) 6 7.27 (t,J = 8.0 Hz, 1H), 6.95 (d] = 8.0 Hz, 2H), 6.83
(d, J = 8.0, 1H), 4.54 (ddj; = 4.0 Hz,J, = 12.0 Hz, 1H), 4.22-
4.09 (m, 2H), 3.81 (s, 3H), 2.33 {t= 16.0 Hz, 1H), 2.10 (dl =
16.0 Hz, 1H), 1.69 (s, 3H),1.59 (s, 3HJC NMR (100 MHz,

7H), 7.24-7.15 (m, 3H), 6.13 (s, 1H), 4.61 (dd= 4.0 Hz,J, =
12.0 Hz, 1H), 4.53-4.41 (m, 2H), 2.69-2.55 (m, 2{0).NMR
(100 MHz, CDCY) & 142.42, 140.06, 134.43, 128.51, 128.49,
127.67, 127.40, 125.99, 124.80, 122.26, 76.00,66638.96. IR
(thin film): 3060, 3031, 2926, 17174, 1448, 126631, 1027 ctm

2-Phenyl-4-(4-fluorophenyl)-3,6-dihydro-2H-pyrane 8b}.
White solid, 241.4 mg, 95%H NMR (400 MHz, CDC})  7.44-
7.31 (m, 7H), 7.03 (tJ = 8.0 Hz, 2H), 6.14 (s, 1H), 4.66 @~
8.0 Hz, 1H), 4.58-4.48 (m, 2H), 2.71-2.59 (m, 2f). NMR
(100 MHz, CDC}) 5 163.45, 161.00, 142.29, 136.20, 136.17,

CDCly) & 159.72, 144.33, 129.33, 124.53, 123.84, 118.16133.50, 128.53, 127.72, 126.40, 126.32, 125.95,182222.11,

113.17, 111.05, 76.26, 70.31, 55.23, 38.60, 18.386. IR (thin
film): 2918, 2857, 1604, 1454, 1261, 1105, 1048'cHRMS
(ESI) calcd for [GHNO"(IM+NH,]"): 236.1645, found:
236.1653.
3,4-Dimethyl-6-(2-methoxyphenyl)-5,6-dihydro-2H-pgra
(5f). Clear oil, 178.6 mg, 82%H NMR (400 MHz, CDCJ) &
7.48 (d,J = 8.0 Hz, 1H), 7.25 (t) = 8.0 Hz, 1H), 7.00 (] = 8.0
Hz, 1H), 6.86 (d,J = 8.0 Hz, 1H), 4.92 (ddJ;, = 4.0 Hz,J, = 8.0
Hz, 1H), 4.23-4.09 (m, 2H), 3.82 (s, 3H), 2.21-2.10 2H), 1.67
(s, 3H), 1.59 (s, 3H)"C NMR (100 MHz, CDCI3) 155.80,
131.29, 128.01, 126.05, 124.36, 124.22, 120.88,151070.77,
70.43, 55.33, 37.41, 18.35, 13.88. IR (thin filn2P18, 2884,
1589, 1493, 1463, 1243, 1099, 1050, 1032, 753.cARMS
(ESI) calcd for [GHNO*(IM+NH,): 219.1380, found:
219.1387.
3,4-Dimethyl-6-(4-chlorophenyl)-5,6-dihydro-2H-pyran
(59). Clear oil, 150.5 mg, 67%H NMR (400 MHz, CDCJ)
87.33-7.27 (m, 4H), 4.53 (dd, = 4.0 Hz,J, = 8.0 Hz, 1H), 4.21-
4.07 (m, 2H), 2.27 () = 12.0 Hz, 1H), 2.08 (dl = 16.0 Hz, 1H),
1.68 (s, 3H), 1.58 (s, 3HY°C NMR (100 MHz, CDG)) $141.23,
132.98, 128.45, 127.19, 124.58, 123.61, 75.54, 3703B.50,
18.34, 13.85. IR (thin film): 2919, 2886, 2858, 142090, 1014,
821 cni.
3,4-Dimethyl-6-(4-benzonitrile)-5,6-dihydro-2H-pyrdBh).
Clear oil, 145.7 mg, 68% atH NMR (400 MHz, CDCJ) 57.65
(d,J=12.0 Hz, 2H), 7.49 (d] = 8.0 Hz, 2H),4.61 (dd}, = 4.0

115.40, 115.19, 75.95, 66.79, 35.08F (376 MHz, CDC))
8115.12. IR (thin film): 3061, 3032, 2926, 2819, 260509,
1372, 1229, 1160, 1126, 805 ¢mHRMS (ESI) calcd for
[CiH1sFNa] ([M+Na]*): 277.1005, found: 277.1017.

2-Phenyl-4-(4-chlorophenyl)-3,6-dihydro-2H-pyrane 8c)(
White solid, 197.4 mg, 73%H NMR (400 MHz, CDC})  7.45-
7.28 (m, 9H), 6.21-6.20 (m, 1H), 4.67 (dd,= 4.0 Hz,J, = 8.0
Hz, 1H), 4.60-4.48 (m, 2H), 2.73-2.57 (m, 2fJ. NMR (100
MHz, CDCk) 8 142.20, 138.45, 133.42, 133.11, 128.60, 128.53,
127.74, 126.05, 125.94, 122.80, 75.91, 66.78, 34IR6(thin
film): 3062, 3032, 2925, 2820, 1492, 1372, 126226111095,
1012, 751 cr.

2-Phenyl-4-(p-tolyl)-3,6-dihydro-2H-pyran 8d). White
solid, 224.4 mg, 90%H NMR (400 MHz, CDCJ) & 7.45 (d,J =
8.0 Hz, 2H), 7.39 (tJ = 4.0 Hz,2H), 7.31 (dJ = 4.0 Hz,3H),
7.15 (d,J = 8.0 Hz, 2H), 6.16 (s, 1H), 4.67-4.64 (m, 1H), 4.58-
4.49 (m, 2H), 2.73-2.62 (m, 2H), 2.34 (s, 3f0. NMR (100
MHz, CDCkL) 6 142.49, 137.21, 137.14, 134.21, 129.17, 128.50,
127.65, 125.99, 124.65, 121.35, 76.03, 66.88, 3£29712. IR
(thin film): 3056, 3028, 2923, 2817, 1514, 14527131126,
1022, 699 cm. HRMS (ESI) calcd for [GHigNa]'((M+Na]®):
273.1255, found: 273.1271.

2-Phenyl-4-(4-methoxyphenyl)- 3,6-dihydro-2H-pyré8e).
White solid, 196.1 mg, 74%H NMR (400 MHz, CDCJ) § 7.45
(d,J= 8.0 Hz, 2H), 7.40-7.30 (m, 5H), 6.88 (= 8.00 Hz, 2H),
6.11 (s, 1H), 4.68 (ddl, = 8.0 Hz,J, = 12.0 Hz, 1H), 4.58-4.48

Hz, J, = 12.0 Hz, 1H), 4.22-4.10 (m, 2H), 2.24-2.16 (m, 1H),(m, 2H), 3.80 (s, 3H), 2.71-2.65 (m, 2HE NMR (100 MHz,

2.12 (d,J = 16.0 Hz, 1H), 1.69 (s, 3H), 1.60 (s, 3&. NMR

CDCl;) & 159.03, 142.49, 133.75, 132.67, 128.48, 127.63,

(100 MHz, CDC}) 6 148.10, 132.19, 126.34, 124.67, 123.33,125.98, 125.84, 120.46, 113.82, 76.03, 66.87, 5533102. IR

118.94, 111.02, 75.35, 70.12, 38.35, 18.32, 13B4thin film):
2919, 2887, 2858, 2227, 1506, 1101 cHRMS (ESI) calcd for
[C1aH1NOT ([M+NH 4] %): 231.1492, found: 231.1484.
3,4-Dimethyl-6-(4-nitrophenyl)-5,6-dihydro-2H-pyrari5i).
Clear oil, 120.5 mg, 52%H NMR (400 MHz, CDCJ) 5 8.21 (d,
J=8.0 Hz, 2H), 7.55 (d] = 8.0 Hz, 2H),4.66 (ddJ; = 4.0 Hz,J,
= 8.0 Hz, 1H), 4.24-4.11 (m, 2H), 2.25-2.11 (m, 2H)}0L(s,
3H), 1.61 (s, 3H)*C NMR (100 MHz, CDCJ) $150.15, 147.13,
126.37, 124.70, 123.59, 123.28, 75.17, 70.12, 381831,
13.84. IR (thin film): 2919, 2887, 2858, 1605, 152846, 1104,
852 cm'. HRMS (ESI) calcd for [GH;oN,O3] ([M+NH ]"):
251.1390, found: 251.1390.
3,4-Dimethyl-6-(naphthalen-2-yl)-5,6-dihydro-2H-pgra
(5j). White solid, 153.0 mg, 64%H NMR (400 MHz, CDCJ)
87.82 (d,J = 4.0 Hz, 4H), 7.50 (dJ = 8.0 Hz, 1H), 7.45 (t) =
4.0 Hz, 2H), 4.72 (ddJ;, = 4.0 Hz,J, = 12.0 Hz, 1H), 4.27-4.14
(m, 2H), 2.41 (tJ) = 12.0 Hz, 1H), 2.18 (dl = 16.0 Hz, 1H), 1.70

(thin film): 3060, 3033, 2927, 2833, 1607, 15137221250,
1186, 1126, 1035, 700 ¢hHRMS (ESI) caled for
[C1eH140,] "([M+H] ): 267.1385, found: 267.1398.
2-Phenyl-4-(thiophen-3-yl)-3,6-dihydro-2H-pyran  8f);
White solid, 214.5 mg, 89%H NMR (400 MHz, CDC}) & 7.45-
7.37 (m, 4H), 7.33-7.25 (m, 3H), 7.12 (s, 1H), 6.491H), 4.67-
4.64 (m, 1H), 4.57-4.48 (m, 1H), 2.72-2.63 (m, 2#).NMR
(100 MHz, CDC}) 8142.32, 141.92, 129.91, 128.52, 127.71,
125.99, 125.83, 124.44, 121.23, 118.97, 75.87,%&5.03. IR
(thin film): 3061, 3028, 2924, 2852, 2818, 23605341365,
1217, 1123, 1021, 773 ¢ém HRMS (ESI) caled for
[C1sH1=0ST ([M+H]"): 243.0844, found: 243.0861.
2-Phenyl-4-methyl-3,6-dihydro-2H-pyran8g). Clear oil,
110.0 mg, 63%H NMR (400 MHz, CDCJ) § 7.30-7.22 (m,
4H), 7.18-7.14 (m, 1H), 5.39 (s, 1H), 4.44 (dd= 4.0 Hz,J, =
12.0 Hz, 1H), 4.21 (s, 2H), 2.23 §= 12.0 Hz, 1H), 2.02 (d] =
20.0 Hz, 1H), 1.64 (s, 3HJC NMR (100 MHz, CDCI3)s



142.71, 132.05, 128.42, 127.48, 125.91, 119.91847566.52,
37.81, 23.01. IR (thin film): 2929, 2910, 2890, 282450, 1380,
1162, 1119, 1036, 699 ¢hHRMS (ESI) caled for
[C1.H1Na] ([M+Na]): 197.0942, found: 197.0926.

2-Phenyl-4,6,6-trimethyl-3,6-dihydro-2H-pyrai8hj. Clear
oil, 133.7 mg, 66%'H NMR (400 MHz, CDC)) § 7.64 (d,J =
8.0 Hz, 2H), 7.56 (tJ = 8.0 Hz, 2H), 7.47 (t) = 8.0 Hz, 1H),
5.62 (s, 1H), 4.94 (ddl, = 4.0 Hz,J, = 12.0 Hz, 1H), 2.43-2.36
(m, 1H), 2.23-2.18 (m, 1H), 1.94 (s, 3H),1.57 (s, 3HE5 (s,
3H). ®C NMR (100 MHz, CDGJ) & 143.46, 130.17, 129.13,
128.55, 128,51, 127.42, 126.31, 126.26, 73.59, 27137.90,
30.21, 26.30, 23.22. IR (thin film): 2971, 2928,129 1705,
1451, 1379, 1201, 1069, 698 CHRMS (ESI) calcd for
[C1H1O] (IM+H] ): 203.1436, found: 203.1421.

4-(4-Methylpent-3-en-1-yl)-2-phenyl-3,6-dihydro-2k#an
(8i). Clear oil, 101.8 mg, 45%H NMR (400 MHz, CDCJ)
§7.39-7.24 (m, 5H), 5.50 (s, 1H), 5.12 (s, 1H), 4.53)(d 12.0
Hz, 1H), 4.34 (s, 2H), 2.34-2.28 (m, 1H), 2.14-2.05 %), 1.69
(s, 3H), 1.61 (s, 3HYC NMR (100 MHz, CDCJ) & 142.71,
135.80, 131.83, 128.39, 127.46, 125.89, 123.89411975.89,
66.55, 36.99, 36.34, 25.95, 25.73, 17.75. IR (ffilm): 2964,
2930, 1717, 1452, 1378, 1267,1120, 1062, 1027, @00.
HRMS (ESI) calcd for [gH,Na] ([M+Na]"): 265.1568, found:
256.1576.

10. Clear oil, 77.4 mg, 48%, dr> 10:1, determined'Hy
NMR. *H NMR (400 MHz, CDC}) § 7.32-7.17 (m, 5H), 5.50
(s, 1H), 4.52 (ddJ; = 4.0 Hz,J, = 12.0 Hz, 1H), 4.24 (m,
1H), 3.74 (m, 1H), 3.51 (m, 1H), 2.16 (m, 1H), 2@ J =
16.0 Hz, 1H), 1.68 (s, 3H),0.84 (s, 9H), 0.01 J& 8.0 Hz,
6H). °C NMR (100 MHz, CDG)) § 141.74, 132.12, 127.23,
126.25, 124.80, 120.37, 75.28, 74.88, 65.36, 3721991,
21.93, 17.35, -6.19, -6.27.
[C19H34N025i]+ ([M+NH4]+): 336.2353, found: 336.2355.
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