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ABSTRACT

A wide array of aldehydes undergo smooth crossdaaymvith 3-methylene-5-phenylpent-4-yn-1-ol in giresence

of 10 mol% BE-OEt at 0 °C in dichloromethane afforded the corresgongd6-phenyl-4-(phenylethynyl)-3,6-
dihydro-2H-pyran derivatives in good yields wittcelent stereoselectively. This is the first redortthe synthesis
of 6-phenyl-4-(phenylethynyl)-3,6-dihydro-2H-pyisoaffolds via Prins cyclization protocol.

Key words: 3-methylene-5-phenylpent-4-yn-1-ol, 10 mol%3BPE%, 6-phenyl-4-phenylethynyl)-3,6-dihydro-2H-
pyran, Prins reactions.

INTRODUCTION

Substituted pyran motifs constitute the core stn@tunit in numerous biologically active naturabgucts such as
calixyn L,[1] ambruticin,[2] kendomycin[3] (Figurd) and have diverse applications in cosmetics am a
chemicals as well.4 The dihydropyran skeleton af tfamily is distinctly important since functionadid
dihydropyrans are versatile building blocks wideged in the synthesis of biologically active moles[b] and this
structural moiety exists in many natural produaishsas laulimalide[6] and aspergillide C (Figure[7]) The
presence of double bond in cyclic system is noy eesponsible for their biological properties bigoaserve as a
functional group for further manipulations in orgaisynthesis.[8] They can also be used as buildilogks in
organic synthesis.[9] There are different methadgards the construction of dihydropyrans includiegero-Diels-
Alder reactions,[10] olefin metathesis,[11] basemoted cyclizations of sulfenyl dienols,[12] oxomitene
reactions,[13] [4+2] annulations,14 intramoleculaC bond formation of alkyne-epoxide,[15] and Pgslization
reactions.]16JAmong various methods available, $ryclization is considered to be the most elegawit as it
provides the desired product in a single step hiigh diastereoselectivity.
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Figurel. Structure of natural products containing pyran ring

MATERIALS AND METHODS

Br Br
7
OH OH OTBS
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Scheme 2. Synthetic procedure for 1
Reagents & conditions: (a) PBr;, H,O, TEAB, DCM, 46C (,,b) TBSCI, imidazole, DCM, C to rt (c) Phenyl acetylene, Pd(P§iCl,, Cul, NE§,
60 C, 12 hrs, (d) TBAF,THF.

General Procedure for 3-bromobut-3-en-1-ol : 5

)

HBr gas was produced by adding RBt.46 mL, 11 mmol) dropwise to water (0.59 mL, 38at). Thus produced
HBr gas was bubbled through tetraethylammonium lten6.3 g) in 40 mL of dichloromethane at 0 °Cienf
which the weight of dichloromethane solution of TEA1Br was found to be 2.25g. To this solution,8ymn-1-0l4
(1.89 mL, 12 mmol) was added and the resulting unéxtvas heated at 40 °C for 5 h. After complettbr, mixture
was cooled to 0 °C and diluted with water and tbetracted with ether, dried over }&D, and the solvent was
removed in vacuum. The crude prodbetas used as such for further step.

General Procedure for (3-bromobut-3-enyloxy)iert-butyl)dimethylsilane: 6

Br)J\/\OTBSI
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3-Bromobut-3-en-1-oRa (5.0 g, 33.3 mmol) was taken in to dry DCM anddazole (2.49 g, 36.6 mmol) was
added at 0 °C. After few mirert-butyldimethylsilyl chloride (5.0g, 33.3 mmol) waslded and the mixture was
stirred at room temperature for 30 min. The reactivsas quenched with cold water and extracted with
dichloromethane. The organic layer was dried owdrydrous NgSO, and the solvent was removed under reduced
pressure. The crude residue was then purified &ghflchromatography on silica gel column with hexgitw|
acetate to give the compou6as a liquid.

General Procedure for tert-butyldimethyl((3-methylene-5-phenylpent-4-yn-1-yl)oxy)silane : 7

J

A solution of (3-bromobut-3-enyloxy}ért-butyl)dimethylsilane6 (750 mg, 5 mmol) and 1-alkyne (1.3 ml, 10
mmol) in NE§(10 ml) was added Pd(PB¥CI, (70 mg, 2 mol%) and Cul (38 mg, 4 mol%) at roomperature
under Argon. The resulting mixture was stirred @it@ for 12 h, cooled to room temperature, evaporaiettyness,
diluted with EtOAc and washed with ag. MH. The organic phase was separated, dried oveB®la and
evaporated to dryness under reduced pressure ® tgey crude compound, which was purified by column
chromatography.

General Procedure for 3-methylene-5-phenylpent-4-yi-ol : 1

=4

To a solution of7 (1.0 g, 4.3 mmol) in THF (15 mL) atC was added TBAF (1.0 N in THF, 4.3 mL, 4.3 mmol).
After stirring for 10 min, the reaction mixture wasenched with sat. Nj@| solution and extracted thrice with ethyl
acetate. The combined organic layers were washt#idbsine, dried over N&Q,, and then filtered and evaporated
in vacuum. The residue was purified by silica galumn chromatography (petroleum ether/EtOAc) tmmffthe
required alcohol (85%) as a viscous liquid.

'H NMR (500 MHz, CDCly): 6 7.48 — 7.41 (m, 2H), 7.35 — 7.28 (m, 3H), 5.55)(&, 1.8 Hz, 1H), 5.49 — 5.33 (m,
1H), 3.89 (t,J = 6.1 Hz, 2H), 2.59 — 2.46 (m, 2H)ppMC NMR (126 MHz, CDCly): & 131.63, 128.41, 128.04,
123.79, 122.92, 89.96, 88.93, 60.94, 40.58p¢8 (ESI): m/z 173 (M+H); HRMS (ESI): calcd for G,HysO:
173.0944 (M+Hj,Found 173.0956.

Typical procedure for the Prins cyclization

To a stirred solution of homoallylic didl (0.5 mmol) and aldehyde (0.6 mmol) in dry dichimethane (5 mL) was
added 10 mol% BFOEL at 0 °C. The resulting mixture was stirred at the samaptrature under nitrogen
atmosphere for the specified time. After completias indicated by TLC, the reaction mixture wasrphed with
sat. NaHCQ solution (1.0 mL) and extracted with dichlorometbg2x5 mL). The combined organic layers were
washed with brine (5 mL), dried over anhydrous®@, and concentrated in vacuum. The resulting crudduyzct
was purified by silica gel column chromatograph§<620 mesh) using ethyl acetate/hexanes as eleafford the
pure product.

Spectral data for the 3,6-dihydro-2H-pyran derivatives :

Characterization data of products:

4-(4-(phenylethynyl)-5,6-dihydro-2H-pyran-2-yl)benonitrile: (3a)

'H NMR (400 MHz, CDCly): § 7.69 — 7.65 (m, 2H), 7.51 (d,= 8.2 Hz, 2H), 7.42 (d] = 6.6, 3.6 Hz, 2H), 7.32
(dd,J = 3.8, 2.7 Hz, 3H), 6.32 — 6.19 (m, 1H), 4.73 584m, 1H), 4.53 — 4.38 (m, 2H), 2.53 — 2.41 (m)@bin;
%C NMR (126 MHz, CDCly): 6 147.04, 132.35, 131.90, 131.53, 128.37, 126.43,22 118.25, 111.61, 104.22,
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89.09, 74.26, 66.12, 35.95 pprtR (KBr) : v 2925,2228,1721,1642, 1214,756, 668crMS (ESI): m/z286
(M+H)*; HRMS (ESI): calcd for GgH1sNO: 286.0144 (M+H),Found 286.0156.

6-(4-nitrophenyl)-4-(phenylethynyl)-3,6-dihydro-2H-pyran: (3b)

'H NMR (500 MHz, CDCly): § 8.26 — 8.22 (m, 2H), 7.57 (d,= 8.8 Hz, 2H), 7.45 — 7.40 (m, 2H), 7.35 — 7.29 (m
3H), 6.34 — 6.19 (m, 1H), 4.77 — 4.63 (m, 1H), 4:68.34 (m, 2H), 2.57 — 2.41 (m, 2H) ppiiC NMR (126 MHz,
CDCls): ¢ 149.15, 147.29, 131.85, 131.53, 128.38, 126.58,78 118.21, 88.58, 74.30, 66.63, 36.43ppkn;
(KBr) :03019,2228, 1642, 1519, 1347,1214,747, 667adMS (ESI): m/z306 (M+H)"; HRMS (ESI): calcd for
C1gH16NO3: 306.0442 (M+H),Found 306.0456.

6-(4-bromophenyl)-4-(phenylethynyl)-3,6-dihydro-2Hpyran: (3c)

'H NMR (500 MHz, CDCly): 6 7.52 — 7.48 (m, 2H), 7.44 — 7.41 (m, 2H), 7.34307(m, 4H), 7.28 (tJ = 1.9 Hz,
1H), 6.25 (dtJ = 4.7, 1.8 Hz, 1H), 4.55 (di,= 21.5, 10.7 Hz, 1H), 4.50 — 4.41 (m, 2H), 2.48,d= 14.1, 11.6, 6.5
Hz, 2H)ppm;**C NMR (126 MHz, CDCly): § 140.77, 132.03, 131.57, 128.34, 127.61, 123.08,5R 118.57,
88.84, 74.57, 66.48, 36.47ppiR (KBr) : v 3019, 2923, 2852,1721,1672, 1594, 1531, 1488,1171,1010, 751,
667 cm; MS (ESI): m/z341 (M+H)"; HRMS (ESI): calcd for GoH:/BrO: 341.0342 (M+2H)Found 341.0326.

4-(phenylethynyl)-1-oxaspiro[5.5]undec-4-ene: (3d)

'H NMR (500 MHz, CDCly): § 7.46 — 7.40 (m, 2H), 7.33 — 7.28 (m, 3H), 6.24046m, 1H), 4.22 (¢ = 2.8 Hz,
2H), 2.17 (ddJ = 4.6, 2.7 Hz, 2H), 1.75 (dd,= 12.9, 4.4 Hz, 2H), 1.66 — 1.59 (m, 2H), 1.48,(@lg 9.2, 5.1 Hz,
3H), 1.41 (dddJ = 14.0, 7.3, 3.1 Hz, 2H), 1.36 — 1.31 (m, 1H)pp?a; NMR (75 MHz, CDCly): § 140.51, 131.95,
128.69, 128.07, 123.85, 117.34, 70.78, 60.46, 38845, 29.73, 25.95, 21.71pptR, (KBr) : v 2925,2854,2202,
1707,1446, 1214, 1087,996,756,690, 667cMS (ESI): m/z253 (M+H); HRMS (ESI): calcd for GgH,,0:
253.0142 (M+Hj,Found 253.0136.

6-octyl-4-(phenylethynyl)-3,6-dihydro-2H-pyran:(3e)

'H NMR (500 MHz, CDCl3): 6 7.50 — 7.42 (m, 2H), 7.38 — 7.30 (m, 3H), 4.09973m, 1H), 3.82 — 3.68 (m, 1H),
3.46 (s, 2H), 2.13 — 2.01 (m, 2H), 1.84 — 1.632h), 1.51 — 1.34 (m, 5H), 0.94 — 0.81 (m, 8H)ppiE NMR (75
MHz, CDCl3): 6 131.52, 128.34, 88.64, 75.27, 73.32, 65.36, 5019115, 37.88, 36.05, 31.65, 29.72, 25.53, 22.66,
14.09 ppm;IR (KBr) : v 2956,2855,1621,1492, 1460, 1435, 1440, 1284, 1636, 568crit; MS (ESI): m/z283
(M+H)"; HRMS (ESI): calcd for GoH»70: 283.0242 (M+H),Found 283.0236.

6-(naphthalen-2-yl)-4-(phenylethynyl)-3,6-dihydro-2-pyran: (3f)

'H NMR (500 MHz, CDCl5): § 8.17 — 8.04 (m, 1H), 7.90 — 7.83 (m, 1H), 7.78&,8.1 Hz, 1H), 7.67 (d] = 7.1

Hz, 1H), 7.61 — 7.56 (m, 1H), 7.55 — 7.45 (m, 3A}2 — 7.37 (m, 2H), 7.33 — 7.28 (m, 2H), 5.54 415m, 1H),
4.15 — 4.03 (m, 1H), 3.58 (s, 1H), 3.49 (s, 1H282- 2.08 (m, 2H)ppm-C NMR (101 MHz, CDCl): 6 137.92,
137.31, 133.77, 132.04, 128.54, 125.48, 123.16,512289.75, 88.32, 85.42, 74.57, 71.22, 66.07, (354..54,
50.83, 44.26, 42.92, 38.01, 35.37, 29.75p;(KBr) : v 3054, 2927,2855,1597,1489, 1443, 1340,1303, 1259,
1143,1122, 1080,1039, 798,776, 754,690,589cMS (ESI): m/z311 (M+H)"; HRMS (ESI): calcd for GgH140:
311.0240 (M+Hj,Found 311.0236.

6-([1,1'-biphenyl]-4-yl)-4-(phenylethynyl)-3,6-dihydro-2H-pyran: (3g)

'H NMR (400 MHz, CDCl,): 6 7.63 — 7.58 (m, 4H), 7.49 — 7.41 (m, 6H), 7.37.297m, 4H), 6.27 (dt) = 3.4, 2.0
Hz, 1H), 4.64 (dd) = 10.2, 3.5 Hz, 1H), 4.53 — 4.47 (m, 2H), 2.73.442(m, 2H)ppm;”*C NMR (101 MHz,
CDClj): 6 140.92, 140.71, 132.19, 131.55, 128.79, 128.38,2R2 127.27, 127.15, 126.41, 123.19, 118.74, 88.89
75.18, 66.58, 36.32ppnR (KBr) : v 3030, 2925, 2820,1597, 1487,1442,1370,1238,121123,11099, 1023, 1007,
911,832,756,691,574¢mMMS (ESI): m/z337 (M+H)"; HRMS (ESI): calcd for GsH,;0: 337.0140 (M+H),Found
337.0136.

6-isobutyl-4-(phenylethynyl)-3,6-dihydro-2H-pyran: (3h)

'H NMR (500 MHz, CDCl3): § 7.51 — 7.41 (m, 4H), 7.37 — 7.28 (m, 5H), 4.08983m, 1H), 3.79 — 3.67 (m, 1H),
3.46 (s, 2H), 2.06 (ddg = 34.0, 28.7, 11.9 Hz, 2H), 1.42 (dbF 22.9, 11.5 Hz, 1H), 1.32 — 1.22 (m, 2H), 0.98 —
0.87 (m, 6H) ppm;*C NMR (101 MHz, CDCly): ¢ 131.75, 128.53, 122.35, 88.50, 73.48, 65.23, 546208,
43.49, 37.57, 31.46, 29.73,24.52,23.15, 22.45pBniKBr) : 02958, 2924, 2853,2204, 1720,1605, 1490,
1461,1418, 1363,1272,1055,1011,828,756, 691886 (ESI): m/z317 (M+H)"; HRMS (ESI): calcd for GsHzs0:
337.0230 (M+H),Found 337.0126.

6-(4-isopropylphenyl)-4-(phenylethynyl)-3,6-dihydre2H-pyran: (3i)

'H NMR (400 MHz, CDCly): § 7.46 — 7.40 (m, 2H), 7.34 — 7.28 (m, 5H), 7.25217m, 2H), 6.40 — 6.08 (m, 1H),
4.56 (dt,J = 11.3, 5.6 Hz, 1H), 4.51 — 4.40 (m, 2H), 2.92, @lg 13.8, 6.8 Hz, 1H), 2.60 (ddt= 13.4, 5.9, 3.3 Hz,
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1H), 2.46 (ddJ = 10.3, 7.6 Hz, 1H), 1.25 — 1.16 (m, 6H)ppPAC NMR (126 MHz, CDCl): & 148.51, 138.98,

132.21, 131.53, 128.33, 128.18, 126.55, 126.05,.2P23118.92, 88.81, 75.35, 66.48, 36.38, 33.90/29.
24.10ppm; IR(KBr) : v 2954,2925,2854,1726,1598,1490,1465,1380,1367,1363,1093,1030,756, 691,641cm
1 MS (ESI): m/z303 (M+H)"; HRMS (ESI): calcd for G,H,30: 303.0130 (M+H),Found 303.0126.

6-butyl-4-(phenylethynyl)-3,6-dihydro-2H-pyran(3j)

'H NMR (400 MHz, CDCly): § 7.46 — 7.36 (m, 2H), 7.29 (ddt= 6.4, 2.7, 2.2 Hz, 3H), 5.45 (dt= 18.3, 9.2 Hz,
1H), 3.88 — 3.73 (m, 2H), 2.58 @,= 6.5 Hz, 1H), 2.16 — 1.89 (m, 2H), 1.70 — 1.57 {H), 1.29 (dJ = 6.3 Hz,
2H), 1.25 (s, 1H), 0.95 — 0.84 (m, 3H) ppiiC NMR (126 MHz, CDCl;) § 131.46, 128.37, 123.08, 71.78, 70.03,
62.64, 61.86, 41.68, 38.12,29.73,18.51,14.12{RifKBr) : v 2957,2926, 870,2200,1721,1598,1491,1443,
1266,1152, 1072, 982,811, 757, 69TcmS (ESI): m/z227 (M+H)"; HRMS (ESI): calcd for GgH140: 227.0133
(M+H)",Found 227.0136.

6-phenyl-4-(phenylethynyl)-3,6-dihydro-2H-pyran(3Kk}

'H NMR (400 MHz, CDCls): 6 7.48 — 7.40 (m, 2H), 7.40 — 7.33 (m, 3H), 7.3227{m,3H), 7.27 — 7.24 (m, 1H),
7.23 -7.09 (m, 1H), 6.36 — 6.12 (m, 1H), 4.58 Jdt,20.6, 10.3 Hz, 1H), 4.53 — 4.39 (m, 1H), 4.13.74 (m, 1H),
2.69 — 2.40 (m, 2H) ppn’C NMR (126 MHz, CDCly): ¢ 141.69, 132.16, 131.54, 128.59, 128.34, 128.21.8R
127.55, 125.95, 123.38, 118.77, 88.88, 75.52, 6@6610 ppmjR (KBr, neat): v 2924, 2854, 1719,1456, 1450,
1250, 1214, 1125,1060, 756, 695tnMS (ESI): m/z261 (M+H)"; HRMS (ESI): calcd for GgH;/O: 261.0233
(M+H)*,Found 261.0230.

2-(4-(phenylethynyl)-5,6-dihydro-2H-pyran-2-yl)benonitrile (31):

'H NMR (400 MHz, CDCly): § 7.53 (d,J = 8.0 Hz, 1H), 7.42 (dd] = 3.7, 1.6 Hz, 3H), 7.36 (d,= 2.1 Hz, 1H),
7.33-7.29 (m, 3H), 7.13 (dd= 8.6, 2.6 Hz, 1H), 6.17 (d,= 1.5 Hz, 1H), 5.12 (s, 1H), 3.83 {t= 5.5 Hz, 2H),
2.25 — 2.17 (m, 2H)ppnt*C NMR (126 MHz, CDCly): § 145.70, 143.39, 138.09, 132.92, 131.76, 128.3%,6R2
124.48, 119.12, 114.32, 111.31, 110.78, 103.4429691.18, 75.10, 59.53, 31.46ppiR (KBr, neat): v

2922,2850,1721,1649,1536,1461,1263,1184,1080, BBE, 578 crit; MS (ESI): m/z286 (M+H)"; HRMS (ESI):

calcd for GoH1sNO: 286.0244 (M+H),Found 286.0246.

6-(4-chlorophenyl)-4-(phenylethynyl)-3,6-dihydro-2Hpyran (3m):

'H NMR (500 MHz, CDCls): ¢ 7.53 (d,J = 8.6 Hz, 1H), 7.44 — 7.41 (m, 2H), 7.38 — 7.35 (i), 7.31 (dd, =
5.0, 1.8 Hz, 3H), 7.26 (s, 1H), 7.13 (ddF 8.6, 2.5 Hz, 1H), 6.29 — 6.20 (m, 1H), 4.57 (d&; 9.8, 3.8 Hz, 1H),
4.49 — 4.43 (m, 2H), 2.48 (ddi,= 15.2, 11.5, 6.5 Hz, 2H)ppriC NMR (126 MHz, CDCly): § 140.25, 133.42,
132.04, 131.53, 128.63, 128.35, 128.27, 127.29.4824.24.04, 123.09, 119.12, 118.52, 88.84, 88883, 66.20,
36.34ppm;IR (KBr, neat): v 2922, 2852,2203,1721,1491,1214,1184,1089,823,836t6"; MS (ESI): m/z296
(M+2H)"; HRMS (ESI): calcd for GgH16CIO: 296.0134 (M+2H)Found 296.0136.

4-(phenylethynyl)-6-(p-tolyl)-3,6-dihydro-2H-pyran (3n):
'H NMR (400 MHz, CDCl,): 6 7.50 (dddd,) = 5.9, 4.6, 4.0, 2.1 Hz, 1H), 7.41 — 7.37 (m, 1THR7 — 7.34 (m, 1H),
7.30 (dddJ = 3.9, 3.4, 2.1 Hz, 2H), 7.23 (ddi= 6.9, 4.3 Hz, 1H), 7.14 (dd,= 10.7, 8.1 Hz, 2H), 7.07 (d,= 7.9
Hz, 1H), 6.35 — 6.07 (m, 1H), 5.60 — 5.41 (m, 1#p6 — 4.11 (m, 1H), 3.82 — 3.60 (m, 1H), 2.33J& 3.4 Hz,
3H), 2.16 — 2.04 (m, 2H)ppn’C NMR (126 MHz, CDCly): 6 138.69, 137.43, 132.21, 131.54, 129.15, 128.33,
128.19,125.93,118.80,75.29,66.40,36.30,21.18pR(IKBr, neat) : v 3020,2958,2924,2859,2199,1720,1672,1490,
1443, 1214,753, 667¢cmMMS (ESI): m/z275 (M+H)"; HRMS (ESI): calcd for GoH;40: 275.0124 (M+H),Found
275.0128.

RESULTS AND DISCUSSION

Inspired by the versatility of cascade reaction®iiganic synthesi¥,we herein report a novel synthesis of 3,6-
dihydro-2H-pyran scaffolds through a Prins reactidhe reaction proceeds in two steps but in onetfpough a
sequential Prins . The Synthetic procedure forirequenediollwas started from homopropargyl alcodoWhich
upon treatment Hydrobromination reaction by usiBysf,0 gave the vinyl bromide produst which was further
protected as silyl ether by using TBSCI in DCM ftoad 6. Coupling reaction oves under Sonogashira protocol
with Phenylacetylene, followed by deprotection ibflstheri.e. TBS removal under treatment with TBAF in THF
afforded the desired starting compound enetliGcheme 2). As the outset, we attempted the auyiif 1 with
benzaldehyde using several Lewis and Brgnsted atidi$ferent solvents at various temperatures (@dY). Lewis
acids such as In(OT§,)Sc(OTf }, Cu(OTf ), InBrs, and InC} gave the product in low yields (Table 1, entries &
No significant improvement in yield was observedem\by increasing the catalyst loading (Table 1ryeh).
However, the use of 10 mol% BPE} at 0 °C gave the expected product in 85% yield atereoselective manner
(entry g, Table 1), In addition, TMSOTf was alsairfid to be equally effective. Alternatively, Brorstecid such as
p-TSA was unsuccessful even at elevated temperafige a long reaction time (Table 1, entry f). Afseveral
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experiments, Bf-OEb gave the best results in terms of conversion. Agndifferent solvents, DCM was found to
be the best for this cyclization.

Table 1: Optimisation of reaction

Entry Lewis acid mol% Temp('C) Time(h) (%)yielll
a In(OTh3 10 25 4.0 35
b Sc(OTf 10 25 6.0 40
c Cu(OTf), 10 25 6.0 15
d InBr 3 10 25 55 25
e InCl3 10 25 4.5 20
f p-TSA 20 80 6.0

g BF;OEt; 10 0 0.5 85
h TMSOTf 10 0 0.5 70

aReactions was performed at 0.5 mmol scB¥eld refers to pure products.

Table 2: Synthesis of 3,6-dihydro-2H-pyran scaffadls

BF3.OEt,(10 mol%) o 5
—_— — ——— p—
< >—<_ OH + R—CHO DCM. 0 °C \

1 2 0.5h, upto 85% 3 R
Entry Aldehyde (6) Product (7) yield (%) gngry Aldehyde (4) Product (5) yield (%)
CHO CHO
a 86 h 83
CN
CHO CHO
b 87 i 83
NO,
¢HO j ~_CHO 83
c 82
Br
CHO
o =
d ij H e K 85
)
7 CHO
e ~~~CHO I 80 1 ©/CN 77
o I
CHO P CHO
! f 8 m 80
O |
CHO o CHO
83

All products were characterized by NMR, IR, and $/sfsectrometry
Yield refers to the pure products after chromagqdry
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Plausible reaction mechanism

These results prompted us to investigate this iadtrther with various aldehydes bearing a digesabstitution
pattern (Table 2). It is worth mentioning that ad&irange of functional groups are well toleratedaunthese
reaction conditions . The substituent present enafomatic ring had shown a modest effect on tmversion. It
was observed that both electron rich and electrficidnt aldehydes gave the products in companatilever
yields than the corresponding halogenated or alistituted aromatic aldehydes. Furthermore, thetian was
also quite successful with aliphatic aldehydes soctanaldehyde and butyraldehyde (Table 2, engriesd j), but
relatively in lower yields than aromatic countertpaThe scope of the reaction was further extertdekktones.
Interestingly, cyclohexanone gave the desired mbdu good yield with high selectivity (entry d, bBla 2).
Furthermore, substituted enediols such as 5-chlosiod 5-metyl derivatives participated effectivaly this
cyclization (entries m and n, Table 2).

Based on our earlier observation, we propose asjflieureaction pathway. The reaction is likely togeedvia first
nucleophilic attack of homoallyl alcohalover activated aldehydeled to form an intermediate oxocarbenium ion
B, which was subsequently trapped by an olefin dnegatein situ formed tertiary carbocatio@. This tertiary
carbocationC, then via regioselective elimination of alpha hydrogen leadio the formation of dihydropyran
derivatives3.

CONCLUSION

In summary, we have developed mild and efficienthmé for the synthesis 6-phenyl-4-(phenylethynyf-3
dihydro-2H-pyrarvia Prins cyclization reaction in good yields. Thighe first report for the synthesis of 6-phenyl-
4-(phenylethynyl)-3,6-dihydro-2H-pyran scaffoldsivPrins cyclization protocol.
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