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Scandium(III) perfluorooctanesulfonate [scandium(Ill) perflate, Sc(OPf)s] was prepared from either scandium(III)
chloride or oxide and perfluorooctanesulfonic acid. The perflate thus obtained acts as a novel Lewis acid catalyst for
the intermolecular hetero Diels—-Alder reaction of aldehydes with non-activated dienes under mild conditions. The
characteristic features of the catalyst include (i) low hygroscopicity, (ii) ease of handling, and (iii) robustness for the

recycling use.

The hetero Diels—Alder reaction is of current interest be-
cause it can provide six-membered heterocyclic compounds
in one step.” Thus it has frequently been applied to natural
product synthesis.” Although many examples of Lewis acid-
promoted hetero Diels—Alder reaction of heterodiene with
dienophile have been accumulated,” only a limited number
of reactions with the opposite combination, diene-hetero-
dienophile, have so far been reported.” To our knowledge,
there has been no report on the Lewis acid-catalyzed hetero
Diels—Alder reaction of non-activated aldehydes with sim-
ple alkyl-substituted 1,3-dienes which affords the desired
cycloadducts in satisfactory yields under mild conditions.”

Since Forsberg et al. first utilized ytterbium(IIl) trifluoro-
methanesulfonate [Yb(OTf);] as an effective Lewis acid cat-
alyst in organic synthesis, a number of reactions have been
found to proceed smoothly by the catalysis of rare earth-
() triflates [RE(OTf);].>>3¢7 Recently we also reported
the Yb(OTf)s-catalyzed glycosylation of 1-O-methoxyace-
tyl sugars and that of 1-hydroxy sugars with alcohols and
thiols.*¥ During the course of our studies on the develop-
ment of trivalent lanthanide-catalyzed organic reactions, we
prepared a series of rare earth(Ill) perfluorooctanesulfonates
[RE(OPf)3] as novel Lewis acids and found that Sc(OPf);
can be an excellent catalyst for the hetero Diels—Alder re-
action of aldehydes with non-activated dienes such as 2,3-
dimethyl-1,3-butadiene and isoprene. 'V

Results and Discussion

Preparation of Scandium(III) Perflate. A series of RE-
(OPf)3 have been prepared from either rare earth chlorides
(method A) or oxides (method B)*® by stirring them with
heptadecafluorooctanesulfonic acid. The resulting gelatin-
like solid was collected, washed, and dried at 120 °C for 15
hin vacuo. Table 1 shows the yields of RE(OPf); complexes
prepared and the method employed.

The characterization of RE(OPf); thus prepared was at-

Table 1. Synthesis of RE(OPf)3

Entry RE Yield(%) Method?
1 Sc 81 A
2 Y 97 B
3 La 69 B
4 Ce 56 A
5 Pr 63 B
6 Nd 94 B
7 Sm 91 B
8 Eu 91 B
9 Gd 97 B

10 Tb 69 B
11 Dy 97 B
12 Ho 97 B
13 Er 88 B
14 Tm 94 B
15 Yb 94 B
16 Lu 94 B

a) See the text.

‘ tempted with the following four spectroscopic methods: (1)

fast atom bombardment mass spectrometry (FAB MS), (2)
laser desorption/ionization time-of-flight mass spectrometry
(LDI-TOFMS), (3) inductively coupled plasma spectrometry
(ICP), and (4) infrared absorption spectroscopy (IR). Neither
FAB nor LDI-TOF MS methods were found to be effective
for the analysis of these complexes because they decomposed
during the measurement. However, the ICP spectrum of the
Sc salt showed the content of Sc as 2.9%, supporting the
expected metal-ligand ratio (Sc/OPf=1 :3). No characteris-
tic change was observed in the FT-IR spectrum of Sc(OPf);
when it was compared with that of PfOH, which indicates
that the ligand OPf~ ion is extremely weakly coordinating
to the metal ion, as expected from the same tendency of
other salts with superacid residues like perchlorate (C1047),
tetraphenylborate (BPh, ™), and hexafluorophosphate (PFs ~)
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ions.

Catalytic Hetero Diels—Alder Reaction Using Scan-
dium Perflate. The reaction of benzaldehyde with 2,
3-dimethyl-1,3-butadiene was adopted for the evaluation of
solvents and catalysts. Table 2 shows the effect of solvents
on the Sc(OPf);-catalyzed reaction under the controlled con-
ditions. The corresponding [4+2] adducts were obtained in
quantitative yield where hexane was used as a solvent. On
the other hand, almost no reaction took place in THF, which
suggests that basic polar solvents seriously deactivate the
catalyst through their coordination.

Next, the catalytic activity of sixteen RE(OPf); complexes
was examined for the standard hetero Diels—Alder reaction.
The results are shown in Fig. 1. While yttrium and all
lanthanoid complexes did not show notable activities, Sc-
(OPf); exhibited an exceptionally high catalytic activity for
the reaction.!? This would be ascribed to the higher Lewis
acidity of Sc(OPf); than those of other RE(OPf);, which does
not conflict the reported pK, values of the coordinating water
molecule to rare earth 3+ ions: Sc** (pK, =4.93) vs. other
RE* ions (pK,=9.03—7.94).!»

The catalytic activity of other rare earth metal salts with
different ligands has also been tested. As shown in Table 3,
the catalytic activity of the perflates is higher than that of the
corresponding triflates'” or chlorides. Since the acidity of
perfluorooctanesulfonic acid is thought to be almost equal to
that of triflic acid, the higher catalytic activity of RE(OPf);
over that of RE(OTf)3 may partly be attributed to the water-
repellent nature of the perfluoroalkane chain of the former
which refuses the approach of water molecules to the cen-
tral metal cation, thus maintaining its high Lewis acidity.
In fact, RE(OPf); was found to be much less hygroscopic
than RE(OTf)3."¥ Perfluorooctanesulfonic acid' itself can
promote the reaction, but it was found to be less effective
than Sc(OPf);. Lanthanide shift reagents for NMR mea-
surement such as tris(6,6,7,7,8,8,8-heptafluoro-2,2-dimethyl-
3,5-octanedionato) europium [Eu(fod)s;] and tris[3-(hepta-
fluoropropylhydroxymethylene)-(+)-camphorato] europium
[Eu(hfc);] are totally inactive for the present reaction.

By using the most effective catalyst, Sc(OPf);, the hetero-

30 mol% Sc(OPf)3 :E\/ok
PhCHO + |
n,24 h Ph
Table 2. Effect of Solvent
Entry Solvent Yield(%)”
1 Hexane 99
2 Cyclohexane 92
3 Benzene 95
4 Toluene 92
5 CH,Cl, 32
6 Ether ‘59
7 THF 7
8 CH3;CN 27
9 CH;3;NO, 8

a) Isolated yield.

Sc(OPf)3-Catalyzed Hetero Diels—-Alder Reaction

Yield(%)
100 A

99

La Ce PrNdSmEu Gd ToDy HHErTmYb lu Y Sc
Effect of rare earth metal ion for the RE(OPf)3-cat-
alyzed hetero Diels—Alder reaction of benzaldehyde with 2,
3-dimethyl-1,3-butadiene.

Fig. 1.

Table 3. Effect of Catalyst for the Hetero Diels—Alder Reac-
tion of Benzaldehyde with 2,3-Dimethy1—1,3-butadiene“)

Entry Catalyst Yield(%)”
1 Yb(OTH)s -9
2 Yb(OPf); 16
3 ScCl; Trace
4 Sc(OTh)s 35
5 Sc(OPf); 99
6 TfOH 59
7 PfOH 61
8 Eu(fod); -9

a) All reactions were carried out with 30 mol% of the catalyst in
hexane at room temperature for 24 h. b) Isolated yield. c¢) Not
detected.

Diels—Alder reaction of a variety of aldehydes with 2,3-di-
methyl-1,3-butadiene (Table 4) and with isoprene (Table 5)
were examined. Both aromatic and aliphatic aldehydes
reacted with either diene; the corresponding trisubstituted
and disubstituted 5,6-dihydro-2H-pyrans were obtained in
good yields under mild conditions. The latter reaction pro-
ceeded in a highly regioselective manner to give dihydropy-
ran derivatives with methyl substituent at C-4 position as a
predominant isomer, as can be expected from the favorable
HOMO-LUMO interaction of isoprene and aldehydes.

The catalyst can be recovered quantitatively by filtration
and reused, after being dried, without serious loss of the
catalytic activity. For example, in the Sc(OPf);-catalyzed
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Table 4. Sc(OPf); Catalyzed Hetero Diels—Alder Reaction
of 2,3-Dimethyl-1,3-butadiene with Various Aldehydes®

Entry RCHO Yield(%)>°

1 OZNOCHO 98
2 m—@—cm 9

96 (52 h)

b Oono 0
5 Me—O'CHO 93

6 MeO—@—CHO 41 (52h)
CHO
7 78 (96 h)
8 NN cHO 76
9 O—CHO 84
CHO
10 68 (48 h)

.

a) All reactions were carried out with 30 mol% of Sc(OPf)3
in hexane at room temperature for 24 h unless otherwise noted.
b) Isolated yield. c) Reaction time in parenthesis.

=z (o}
RCHO + /Q /@\
R

Table 5. Sc(OPf); Catalyzed Hetero Diels—Alder Reaction
of Isoprene with Various Aldehydes®

30 mol% Sc(OPf);

hexane, rt

Entry RCHO Yield(%)>®

e .
2 cu—@-cmo 99

CHO
3 75 (96 h)
CHO
4 Q/V 35 (48 h)

a) All reactions were carried out with 30 mol% of Sc(OPf)s
in hexane at room temperature for 24 h unless otherwise noted.
b) Isolated yield. c¢) Reaction time in parenthesis.

reaction of benzaldehyde with 2,3-dimethyl-1,3-butadiene,
the product was obtained in 99% yield in the first run and
93% in the second run, respectively.'®
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Conclusion

Scandium(IIl) perflate [Sc(OPf)s] is demonstrated to be a
new and highly effective catalyst for the hetero Diels—Alder
reaction of aldehydes and non-activated dienes. The catalyst

" is easy to prepare, stable and storable, and reusable, which

make the practical use attractive. Further study on the appli-
cation of the catalyst to other reactions which can potentially
be promoted by Lewis acids is under way in this laboratory.

Experimental

General.  Melting points were measured with a Yanagimoto
micro melting point apparatus MP-S3 and are uncorrected. Infrared
(IR) spectra were recorded on a Shimadzu FTIR-8600 spectrome-
ter. "HNMR and >C NMR spectra were measured on JEOL JNM-
EX 400. Chemical shifts were given by J relative to that of in-
ternal Me4Si (TMS). Mass spectra were obtained with Shimadzu
GCMS QP-5000. Fast atom bombardment mass spectra (FABMS)
and lager desorption/ionization time-of-flight mass spectra (LDI-
TOF MS) were obtained with Shimadzu/Kratos CONCEPT 1S or
JEOL JMS-DX 303 and Shimadzu KOMPACT MALDI IIi, respec-
tively. Inductively coupled plasma (ICP) spectra were measured on
a Hitachi IPC emission spectrochemical analyzer P-4000H appa-
ratus. Elemental analyses were performed on a Yanagimoto MT3
CHN corder or at the service center of the elementary analysis
of organic compounds, Kyushu University. Analytical thin layer
chromatography (TLC) was performed on a silica gel plate (Merck,
Kieselgel 60 F254, 20 x 20 cm, 0.25 mm). All solvents were pu-
rified before use: Ether and tetrahydrofuran (THF) were dried over
sodium benzophenone ketyl radical; dichloromethane (CH,Cl,), 1,
2-dichloroethane (CICH,CH,Cl), and cyclohexane were distilled
from calcium hydride (CaH>); benzene, toluene, and hexane were
dried over sodium metal; acetonitrile (CH3CN) was distilled from
P,0s and then from K,COs; nitromethane (CH3NO») was dried
over CaSQOs. All reactions were carried out under an atmosphere
of argon or nitrogen. Commercially available compounds were
purchased and used without further purification: Rare earth oxides
[Shin-Etsu Chemical Co., Ltd. (kindly supplied) or Kishida Chem-
ical Co., Ltd.]; rare earth chlorides (Mitsuwa Chemical Co., Ltd.);
perfluorooctanesulfonic acid (Tokyo Kasei Chemical Industry Co.,
Ltd.).

Typical Procedure for the Preparation of RE(OPf); (RE=Sc,
Y,La~Lu): Sc(OPf);. (Method A). To asolution of heptadeca-
fluorooctanesulfonic acid (PfOH, 7.5 g, 15.0 mmol) in water (45
mlL) was added a solution of ScCl3-6H,0 (1.3 g, 5.0 mmol) in H,O
(5 mL) and the mixture was stirred for 19 h at room temperature.
The aqueous layer was decanted and the residual solid was washed
with water (ca. 1.5 L) until the aqueous layer became neutral to
pH test paper. The pale pink gelatin-like solid was dried at 120
°C for 15 h in vacuo to give a solid (6.2 g, 81%), which does not
have a clear melting point up to 475 °C, but shrinks considerably
around 300 °C. MS (LDI-TOF, negative, linear flight mode, 6
kV): 2046 {[Sc(OPf)4+5]~ }. JICP: Found: Sc, 2.9%. Calcd for
C2409F51S3Sc: Sc,2.9%. Anal. Found: C, 18.36; H,0.29%. Calcd
for Cp409Fs5;S3Sc-H,0: C, 18.47; H, 0.13%. This was dried again
for 5 min by heat-gun under vacuum just before use.

3,4-Dimethyl-6-phenyl-5,6-dihydro-2H-pyran:>'”  To a
suspension of Sc(OPf); (93 mg, 0.06 mmol) in hexane (2 mL) were
successively added benzaldehyde (20.5 uL, 0.20 mmol) and 2,3-
dimethyl-1,3-butadiene (46.0 uL, 0.40 mmol), and the mixture was
stirred for 20 h at room temperature. After the catalyst was filtered
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off, the filtrate was concentrated and purified by preparative TLC
on silica gel to give 37.2 mg (99%) of the title compound as an
oil: IR (neat) 2916, 2810, 1450, 1383, 1103, 758, 712, 698 cm™";
"HNMR (CDCl3) 6 =7.25—7.39 (m, 5H), 4.54 (dd, 1H, J=10.5,
3.7 Hz), 4.21 (d, 1H, J=15.6 Hz), 4.11 (d, 1H, J=15.1 Hz), 2.30
(dd, 1H, J=16.6, 11.7 Hz), 2.08 (d, 1H, J=16.6 Hz), 1.69 (s,
3H), 1.59 (s, 3H); 3CNMR (CDCls) 6 =142.64, 128.33, 127.37,
125.83, 124.53, 123.84, 76.32, 70.31, 38.54, 18.33, 13.83. CIMS
(2-methylpropane) m/z (rel intensity) 189 (M*+1; 17), 188 (M™;
18), 187 M*—1; 9), 171 (39), 131 (10), 105 (49), 82 (100), 67
(67). Found: C, 82.85; H, 8.40%. Calcd for Ci3H,60: C, 82.92; H,
8.58%. CA Registry No. 36681-67-1.

3,4-Dimethyl-6-(4-nitrophenyl)-5,6-dihydro-2H-pyran: A
solid (98%); mp 53.2—54.5 °C IR (KBr) 2921, 2846, 1604, 1516,
1489, 1343, 1239, 1105, 853, 829, 755, 717, 691, 607 cm™;
'THNMR (CDCl3) 6 =8.21 (d, 2H, J=8.8 Hz), 7.54 (d, 2H, J=8.8
Hz), 4.65 (dd, 1H, /=10.3,3.9 Hz), 4.22 (d, 1H, J=16.1 Hz), 4.14
(d, 1H, J=15.6 Hz), 2.15—2.25 (m, 1H), 2.13 (d, 1H, J=16.6 Hz),
1.70 (s, 3H), 1.61 (s, 3H); *CNMR (CDCl3) 6 =150.22, 147.16,
126.42, 124.76, 123.64, 123.33, 75.20, 70.17, 38.46, 18.36, 13.88.
CIMS (2-methylpropane) m/z (rel intensity) 235 (M*+2; 16), 234
(M*+1; 100), 233 (M"; 1), 83 (49), 82 (11). HRMS Found: m/z
233.1046. Caled for C13H;sNO5: M*, 233.1052.

6-(4-Chlorophenyl)-3,4-dimethyl-5,6-dihydro-2H-pyran:>'"»
An oil (96%); IR (neat) 2917, 2858, 2822, 1599, 1491, 1449, 1405,
1384, 1237, 1090, 1062, 1015, 884, 821, 727, 612 cm™'; "HNMR
(CDCl;) 6 =7.31 (s, 4H), 4.51 (dd, 1H, J=10.5, 3.7 Hz), 4.19 (d,
1H, J=15.6 Hz), 2.15—2.30 (m, 1H), 2.07 (d, 1H, J=16.6 Hz),
1.68 (s, 3H), 1.59 (s, 3H); *CNMR (CDCls) & = 141.21, 132.98,
128.44, 127.16, 124.57, 123.60, 75.52, 70.22, 38.47, 18.31, 13.82.
CIMS (2-methylpropane) m/z (rel intensity) 225 (M*™+2; 6), 224
(M*+1; 6), 223 (M*; 21), 222 (M*—1; 11), 221 (M*—2; 5), 205
(34), 141 (20), 111 (23), 82 (100), 67 (26). CA Registry No. 36681-
68-2.

6-(4-Biphenylyl)-3,4-dimethyl-5,6-dihydro-2H-pyran: A
solid (96%); mp 59.5—61.7 °C; IR (KBr) 2901, 2826, 1599, 1566,
1485, 1466, 1383, 1371, 1338, 1099, 831, 764, 731, 690 cm™';
'HNMR (CDCl3) 6 =7.54—7.59 (m, 4H), 7.41—7.45 (m, 4H),
7.33 (t, 14, J=7.3 Hz), 4.59 (dd, 1H, J=10.7, 3.4 Hz), 4.23 (d,
1H, J=15.1 Hz), 4.13 (d, 1H, J=15.1 Hz), 2.35 (dd, 1H, J=16.6,
10.7 Hz), 2.12 (d, 1H, J=16.6 Hz), 1.70 (s, 3H), 1.60 (s, 3H);
BCNMR (CDCL) 6 =141.69, 141.01, 140.31, 128.70, 127.15,
127.09, 126.27, 124.57, 123.80, 76.07, 70.31, 38.47, 18.35, 13.85.
CIMS (2-methylpropane) m/z (rel intensity) 266 (M*+2; 11), 265
(M*+1; 51), 264 (M*; 14), 247 (36), 182 (100), 111 (47), 82 (20),
67 (17). HRMS Found: m/z 264.1515. Caled for CioHypO: M™,
264.1514.

3,4- Dimethyl- 6- (4- methylphenyl)- 5, 6- dihydro- 2H- pyran:
An oil (93%); IR (neat) 2980, 2918, 2857, 1516, 1447, 1383, 1237,
1102, 1063, 1021, 885, 813, 724, 566 cm™'; "HNMR (CDCl3)
d=17.26(d,2H,/=7.8 Hz),7.15 (d, 2H, J=7.8 Hz), 4.51 (dd, 1H,
J=10.7,3.4Hz),4.20(d, 1H,J=15.6 Hz), 4.09 (d, 1H, J=15.6 Hz),
2.34 (s, 3H), 2.25—2.35 (m, 1H), 2.06 (d, 1H, J=16.6 Hz), 1.68 (s,
3H), 1.59 (s, 3H); *CNMR (CDCl3) 6 = 139.74, 137.07, 129.09,
125.87, 124.59, 123.97, 76.28, 70.39, 38.60, 21.21, 18.43, 13.93.
CIMS (2-methylpropane) m/z (rel intensity) 204 (M*+2; 11), 203
(M*+1; 71), 202 (M*; 13), 201 M*—1; 13), 185 (53), 121 (100),
119 (47), 111 (40), 83 (10), 82 (18). HRMS Found: m/z 202.1313.
Calcd for C14H;30: M*, 202.1357.

3, 4- Dimethyl- 6- (4- methoxyphenyl)- 5, 6- dihydro- 2H- py-
ran:>'™  An oil (41%); IR (neat) 2914, 2833, 1614, 1514,
1464, 1382, 1371, 1303, 1249, 1173, 1101, 1038, 828, 645 cm™!;

Sc(OPf)3-Catalyzed Hetero Diels—-Alder Reaction

'HNMR (CDCl3) 6 =7.30 (d, 2H, J=8.3 Hz), 6.88 (d, 2H, J=8.8
Hz), 4.49 (dd, 1H, J=10.5, 3.7 Hz), 4.20 (d, 1H, J=15.1 Hz),
4.08 (d, 1H, J=15.1 Hz), 3.80 (s, 3H), 2.25—2.40 (m, 1H), 2.05
(d, 1H, J=16.6 Hz), 1.69 (s, 3H), 1.59 (s, 3H); *CNMR (CDCl3)
8 =158.93, 134.83, 127.16, 124.51, 123.87, 113.74, 75.96, 70.33,
55.27,38.41, 18.35, 13.83. CIMS (2-methylpropane) m/z (rel inten-
sity) 220 (M*+2; 12), 219 (M*+1; 87), 218 (M"; 17), 217 M*—1;
10), 201 (62), 135 (100), 121 (62), 111 (58), 82 (29), 67 (21). CA
Registry No. 36681-71-7.

3,4-Dimethyl-6-(2-naphthyl)-5,6-dihydro-2H-pyran:  An
oil (78%); IR (neat) 2920, 2820, 1601, 1508, 1447, 1383, 1338,
1103, 853, 818, 745, 478 cm™!; '"HNMR (CDCls) 6 =7.80—7.84
(m, 4H), 7.42—7.51 (m, 3H), 4.71 (dd, 1H, J=10.7, 3.4 Hz),
426 (d, 14, J=16.1 Hz), 4.16 (d, 1H, J=15.1 Hz), 2.38 (dd, 1H,
J=15.6, 10.7 Hz), 2.17 (d, 1H, J=15.6 Hz), 1.71 (s, 3H), 1.62
(s, 3H); 3CNMR (CDCls) 6 =140.09, 133.33, 132.85, 128.02,
127.97, 127.60, 125.94, 125.63, 124.55, 124.29, 124.15, 123.82,
76.31, 70.31, 38.54, 18.35, 13.87. CIMS (2-methylpropane) m/z
(rel intensity) 240 (M¥+2; 18), 239 (M*+1; 70), 238 (M*; 42), 237
M*=1; 9), 221 (60), 181 (16), 156 (100), 141 (20), 111 (72), 83
(24), 67 (16). Found C, 85.65; H, 7.58%. Calcd for C17H;g0: C,
85.66; H, 7.63%.

3,4-Dimethyl-6-hexyl-5,6-dihydro-2H-pyran: An oil (76%);
IR (peat) 2926, 2856, 1458, 1381, 1103 cm™'; 'HNMR (CDCls)
8=4.01 (d, 1H, J=16.1 Hz), 3.93 (d, 1H, J=15.6 Hz), 3.41—
3.48 (m, 1H), 1.94 (dd, 1H, J=15.6, 12.2 Hz), 1.80 (d, 1H, J=15.6
Hz), 1.63 (s, 3H), 1.53 (s, 3H), 1.40—1.46 (m, 2H), 1.25—1.33
(m, 8H), 0.88 (t, 3H, J=6.8 Hz); >*CNMR (CDCl3) 6 =124.38,
123.54, 74.28, 69.81, 36.71, 35.91, 31.83, 29.38, 25.45, 22.61,
18.36, 14.07, 13.87. CIMS (2-methylpropane) m/z (rel intensity)
197 M*+1; 15), 196 (M*; 16), 157 (5), 113 (10), 83 (100), 67 (11).
Found: C, 79:51; H, 12.26%. Calcd for Ci3HpO: C, 79.51; H,
12.34%.

6-Cyclohexyl-3,4-dimethyl-5,6-dihydro-2H-pyran:'®  An oil
(84%); IR (neat) 2922, 2853, 1448, 1385, 1109 cm™'; '"HNMR
(CDCL) 6 =3.99 (d, 1H, J=15.9 Hz), 3.93 (d, 1H, J=15.6 Hz),
3.19 (ddd, 1H, J=10.7, 6.8, 3.4 Hz), 1.93—2.04 (m, 2H), 1.67—
1.78 (m, 4H), 1.63 (s, 3H), 1.52 (s, 3H), 1.34—1.43 (m, 1H), 1.13—
1.31 (m, 4H), 0.93—1.06 (m, 2H); 3.CNMR (CDCl3) & =124.48,
123.65, 78.63, 70.12, 42.71, 33.79, 29.14, 28.43, 26.64, 26.20,
26.07, 18.46, 13.82. CIMS (2-methylpropane) m/z (rel intensity)
195 (M*+1; 14), 194 (M*; 22), 193 M*—1; 11), 177 (13), 111
(53), 83 (100), 67 (14). Found: C, 80.43; H, 11.27%. Calcd for
C13H»0: C, 80.33; H, 11.43%. CA Registry No. 96482-08-5.

3,4-Dimethyl-6-(2-phenylethyl)-5,6-dihydro-2H-pyran: An
oil (68%); IR (neat) 2878, 2818, 2859, 1496, 1454, 1386, 1108,
748, 699, 668 cm~'; 'THNMR (CDCl3) 6 =7.16—7.30 (m, 5H),
4.02 (d, 1H, J=16.6 Hz), 3.96 (d, 1H, J=15.1 Hz), 3.42—3.48 (m,
1H), 2.76—2.84 (m, 1H), 2.65—2.74 (m, 1H), 1.96—2.03 (m, 1H),
1.72—1.95 (m, 3H), 1.63 (s, 3H), 1.53 (s, 3H); *CNMR (CDCl3)
6 =142.32, 128.58, 128.40, 125.78, 124.52, 123.53, 73.28, 69.84,
37.51, 36.76, 31.80, 18.40, 13.95. CIMS (2-methylpropane) m/z
(rel intensity) 218 (M*+2; 13), 217 (M*+1; 100), 216 (M*; 4), 199
(17), 198 (14), 135 (13), 133 (10), 117 (17), 110 (10), 91 (11), 83
(85). Found: C, 83.55; H, 9.55%. Calcd for C15sH,0: C, 83.29; H,
9.32%.

4-Methyl-6-phenyl-5,6-dihydro-2H-pyran:'®  An oil (90%);
IR (neat) 2964, 2822, 1450, 1381, 1163, 1121, 1036, 754, 700
cm™"; "THNMR (CDCl;) 6 =7.33—7.40 (m, 4H), 7.27—7.29 (m,
1H), 5.45—5.55 (m, 1H), 4.53 (dd, 1H, J=10.3, 3.4 Hz), 4.25—
4.40 (m, 2H), 2.25—2.38 (m, 1H), 2.11 (d, 1H, J=16.6 Hz), 1.75
(s, 3H); *CNMR (CDCl3) 6 =142.60, 132.05, 128.37, 127.44,
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125.87, 119.79, 75.81, 66.47, 37.68, 22.90. CIMS (2-methylpro-
pane) m/z (rel intensity) 175 (M¥+1; 13), 174 (M*; 8), 173 M —1;
9), 157 (33), 131 (5), 105 (100), 68 (72). Found: C, 82.61; H,
7.93%. Calcd for Ci,Hi140: C, 82.70; H, 8.11%. CA Registry No.
60335-71-9.

6-(4-Chlorophenyl)-4-methyl-5,6-dihydro-2H-pyran: Anoil
(99%); IR (neat) 2930, 2910, 2823, 1492, 1381, 1373, 1120, 1087,
1040, 825, 782, 668 cm™'; 'HNMR (CDCls) & =7.32 (s, 4H),
5.50 (s, 1H), 4.50 (dd, 1H, J=10.7, 3.9 Hz), 4.31 (d, 1H, J=2.4
Hz), 4.30 (d, 1H, J=2.0 Hz), 2.15—2.30 (m, 1H), 2.09 (d, 1H,
J=17.1 Hz), 1.75 (s, 3H); ®CNMR (CDCl3) 6 =141.27, 133.15,
131.89, 128.58, 127.32, 119.89, 75.13, 66.51, 37.26, 22.99. CIMS
(2-methylpropane) m/z (rel intensity) 211 (M*+3; 24), 210 (M +2;
14), 209 (M*+1; 72), 208 (M*; 11), 193 (33), 191 (100), 143 (25),
141 (90), 139 (57), 97 (37), 69 (59), 68 (35). Found: C, 68.97; H,
6.41%. Calcd for Ci,H;3ClO: C, 69.07; H, 6.28%.

4-Methyl-6-(2-naphthyl)-5,6-dihydro-2H-pyran: An oil
(75%); IR (neat) 2909, 2822, 1508, 1443, 1381, 1159, 1113, 856,
818, 746, 478 cm™'; 'HNMR (CDCl3) & =7.81—7.84 (m, 4H),
7.43—7.52 (m, 3H), 5.53 (s, 1H), 4.70 (dd, 1H, J=10.5, 3.7 Hz),
4.37 (s, 2H), 2.30—2.45 (m, 1H), 2.19 (d, 1H, J=15.1 Hz), 1.77 (s,
3H); ®*CNMR (CDCls) 6 =140.02, 133.33, 132.87, 132.01, 128.08,
127.97, 127.62, 125.96, 125.66, 124.37, 124.15, 119.81, 75.79,
66.48, 37.68, 22.92. CIMS (2-methylpropane) m/z (rel intensity)
226 (M*+2; 10), 225 (M*+1; 59), 224 (M™*; 34), 207 (38), 181 (15),
157 (100), 141 (28), 97 (38), 69 (19). Found: C, 85.70; H, 7.11%.
Calcd for C16H;60: C, 85.66; H, 7.20%.

4-Methyl-6-(2-phenylethyl)-5,6-dihydro-2H-pyran:  An oil
(35%); IR (neat) 3025, 2962, 2928, 2854, 1456, 1397, 1261, 1159,
1128, 1045, 1028, 808, 745, 699, 668 cm™'; 'HNMR (CDCls)
6 =7.16—7.30 (m, SH), 5.41 (s, 1H), 4.19 (d, 1H, J=16.6 Hz),
4.12 (d, 1H, J=16.1 Hz), 3.40—3.48 (m, 1H), 2.78—2.86 (m, 1H),
2.66—2.75 (m, 1H), 1.72—2.05 (m, 4H), 1.68 (s, 3H); P*CNMR
(CDCl3) 6 =142.30,131.87, 128.58,128.42, 125.82, 119.86, 72.84,
65.96, 37.63, 35.99, 31.84, 23.08. CIMS (2-methylpropane) m/z
(rel intensity) 204 (M*+2; 10), 203 (M*+1; 69), 202 (M*; 17), 185
(25), 135 (23), 117 (36), 69 (100). Found: C, 83.24; H, 9.21%.
Calcd for C14H;30: C, 83.12; H, 8.97%.
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