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The reaction of 2,3-benzofuran (1) with lithium and a cata-
lytic amount of 4,4’-di-tert-butylbiphenyl (TDBB, 5 mol %) in
THF at 0 °C leads to the stereoselective ring opening of the
heterocycle, yielding the (Z)-organolithium derivatives (2)
which, by reaction with different electrophiles [H,O, D,0,
tBuCHO, PhCHO, Ph(CH,),CHO, Me,CO, nPrCOMe,

PhCOMe, (CH,),CO] at =78 °C and final hydrolysis with
water, give the expected (Z)-products 3. Cyclisation of the
products obtained by reaction with carbonyl compounds un-
der acidic conditions affords the expected substituted 2H-
chromenes 4, including deoxycordiachromene 4;j.

Introduction

Functionalised organometallic compounds(!! are of inter-
est in synthetic organic chemistry due to their ability to
transfer their functionality to electrophilic reagents, mean-
ing that polyfunctionalised molecules are easily available in
only one reaction step. In the case of polar functionalised
organometallic intermediates, especially organolithium
compounds,?! their high reactivity makes these species
more interesting because they can react with electrophiles
under very mild reaction conditions, so giving rise to very
selective processes. Apart from standard methods for the
generation of functionalised organolithium compounds, in-
cluding halogen—lithium exchange or metal—lithium trans-
metallation,># these intermediates can be generated by the
reductive opening of different oxygen-, nitrogen- or sulfur-
containing heterocycles.”! Since most functionalised organo-
lithium compounds are very unstable molecules, they have
to be prepared at low temperatures in order to avoid de-
composition processes, mainly elimination reactions or
lithium—hydrogen exchange.[”! For that purpose, in the last
few years!®! we have been using a methodology consisting
of the use of an excess of lithium powder and a catalytic
amount of an arene, naphthalene and 4,4'-di-fert-butylbi-
phenyl (DTBB) being the most commonly used,l’! as the
lithiating agent.’®~!1% This methodology has been used suc-
cessfully in the ring opening of several heterocycles, mostly
for benzylic carbon—heteroatom (oxygen, nitrogen or sul-
fur) cleavage, and always involving an sp>-hybridised car-
bon atom.l'!! In this communication we describe for the
first time the reductive opening of 2,3-benzofuran using a
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DTBB-catalysed lithiation, which involves an sp>-hy-
bridised carbon—oxygen stercoselective cleavage.

Results and Discussion

The reaction of 2,3-benzofuran (1) with an excess of li-
thium powder (1:10 molar ratio) and a catalytic amount of
DTBB (1:0.1 molar ratio; 5 mol %) in THF at 0 °C led to
a solution of the corresponding dilithiated intermediate 2
which, upon treatment with different electrophiles [H»O,
D,O, (BuCHO, PhCHO, Ph(CH,),CHO, Me,CO,
nPrCOMe, PhCOMe, (CH,),CO] at —78 °C, afforded, after
hydrolysis with water, the expected products 3 (Scheme 1
and Table 1). The ring opening takes place in a stereoselec-
tive manner, so the corresponding (Z)-products (JHaHs =
9.7—12.2 Hz; see Table 1) were obtained as the only reac-
tion products: no compounds 3 with an (E)-configuration
were detected in the crude reaction products by 'H NMR
spectroscopy at 300 MHz.
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Scheme 1. Preparation of compounds 3: (i) Li, DTBB (5 mol %),
THEF, 0 °C; (ii) E = H,0, D,0, rBuCHO, PhCHO, Ph(CH,),CHO,
Me,CO, nPrCOMe, PhCOMe, (CH,),CO, —78 °C; (iii) H,O, —78
to 0 °C

From a mechanistic point of view, we think that the reac-
tion gives the cis radical-anion I after the first
carbon—oxygen cleavage, and this has two possibilities of
evolving depending on its stability. In our case, k; >> k»,
so the capture of a second electron to give the dianion II is
faster than the isomerization to the radical anion IV
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Table 1. Preparation of compounds 3

Entry Electrophile Product 3@
E X Yield (%)) R T, (H2)

1 H,0O 3a H 93 0.63 11.00
2 D,O 3b D 94[¢] 0.63 11.0

3 tBuCHO 3c tBuCHOH 67 0.38 11.4

4 PhCHO 3d PhCHOH 88 0.33 9.7

5 Ph(CH,),CHO 3e Ph(CH,),CHOH 65 0.23 11.6

6 Me,CO 3f Me,COH 45 0.25 12.2

7 nPrCOMe 3g nPrC(OH)Me 58 0.38 12.2

8 PhCOMe 3h PhC(OH)Me 56 0.45 12.2

9 (CH,),CO 3i (CH,)4COH 70 0.44 12.2

[l All products 3 were =95% pure (300 MHz 'H NMR and/or GC) and were characterised by spectroscopic means (IR, 'H and '3C

NMR, and MS). — [
[€] Silica gel, hexane/ethyl acetate: 3:1. — [
13C NMR spectroscopy.

(through the lineal species III), which would afford the cor-
responding trans dianion. Another possible pathway, which
cannot be ruled out, would involve the radical anions V/VI
resulting from the addition of one electron to the starting
benzofuran 1 followed by a B-elimination to give the same
radical anion I. Thus, in our opinion, either the ring open-
ing or the corresponding reaction with the electrophile
work with retention of the configuration (Scheme 2).[%!
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Scheme 2

Compounds 3 are potential precursors of 2 H-chromenes,
this reaction being another proof of their (Z)-stereochem-
istry. Thus, as selected examples, compounds 3d, 3h and 3i
were cyclised either under acidic conditions (Method A:
85% H3POQ,, toluene reflux)!'3! or by means of zinc chloride
(Method B: ZnCl,, CICH,CH,CI, room temperature)!'¥l to
give the expected substituted 2H-chromenes 4d, 4h and 4i

(Scheme 3 and Table 2).
R1
OH OH

IOI'II

3d:R'=H,R?=Ph 4d,h,i
3h:R' = Me, RZ= Ph
3i: R'-R? = (CH,),

Scheme 3. Preparation of compounds 4: (i) 85% Hs;PO,4, PhMe re-
flux (Method A); (ii) ZnCl,, CICH,CH,CI, 20 °C (Method B)
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Isolated yield after column chromatography (silica gel, hexane/ethyl acetate) based on the starting material 1. —
T H, (trans) = 17.4 Hz. — [ A ca. 75% deuterium incorporation was obtained from 75 MHz

Table 2. Preparation of 2H-chromenes 4

Entry Starting Method™ Product 4

Material No. R! R? Yield (%) R{d
1 3d A 44 H Ph 80 0.35
2 3h A 4h Me Ph 85 0.39
3 3i B 4 (CHp, 95 0.45

2l Method A: 85% H;PO,, PhMe reflux; Method B: ZnCl,,
CICH,CH,CI, 20 °C. — ™ All products 4 were =97% pure
(300 MHz 'H NMR and/or GC) and were characterised by spec-
troscopic means (IR, 'H and '3C NMR, and MS). — [ Isolated
yield after column chromatography (silica gel, hexane) based on
the starting material 3. — [ Silica gel, hexane/ethyl acetate: 20:1.

In the last part of this study we report the application of
the methodology shown above to the two-step synthesis of
deoxycordiachromene (4§).!'3! Thus, once the ring opening
of 2,3-benzofuran (1) took place as described above, the
intermediate 2 was allowed to react with commercially
available 6-methyl-5-hepten-2-one under the same reaction
conditions as for compounds 3, giving the expected product
3j (45% isolated yield after column chromatography). Final
cyclisation of this compound using either Method A or B
gave deoxycordiachromene (4j) in about 60% isolated yield
in both cases (Scheme 4).

@\/\> iii = =
d oy O
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4j (deoxycordiachromene)

Scheme 4. Preparation of deoxycordiachromene (4j): (i) Li, DTBB
(5 mol %), THF, 0 °C; (ii) 6-methyl-5-hepten-2-one, —78 °C; (iii)
H,0, —78 to 20 °C; (iv) Method A or B
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Conclusions

In conclusion, we have reported here a new methodology
to give stereoselectively (Z)-organolithium compounds of
type 2 bearing an o-phenoxide functionality. These are then
able to react with different electrophiles giving final com-
pounds 3 with the same (Z)-stereochemistry, both processes
(lithiation and Sg reaction) working with retention of the
configuration of the olefin. The easy cyclisation of some
products 3 derived from carbonyl compounds gives the ex-
pected 2H-chromenes 4, including deoxycordiachromene

(4j).

Experimental Section

General: Melting points were obtained with a Reichert Thermovar
apparatus. FT-IR spectra were obtained on a Nicolet Impact 400D
spectrophotometer, NMR spectra were recorded on a Bruker AC-
300 (300 MHz for 'H and 75 MHz for '*C) with CDCl; as solvent
and TMS as internal standard; chemical shifts are given in ppm
and coupling constants (J) are given in Hz. '3C NMR assignments
were made on the basis of DEPT experiments. Mass spectra (EI)
were obtained at 70 eV on a Shimadzu QP-5000 spectrometer, frag-
ment ions in m/z with relative intensities (%) in parentheses. High
resolution mass spectra were obtained by the corresponding service
at the University of Alicante using a Finnigan MAT 95 S appar-
atus. The purity of volatile products and the chromatographic ana-
lyses (GLC) were determined with a Hewlett—Packard HP-5890
instrument equipped with a flame ionisation detector and a 12 m
capillary column (0.2 mm diam., 0.33 pm film thickness), using ni-
trogen (2 mL/min) as carrier gas, Tipjector = 275 °C, Teotumn = 60
°C (3 min.) and 60—270 °C (15 °C/min). Thin layer chromato-
graphy (TLC) was carried out on Schleicher & Schuell F1500/LS
254 plates coated with a 0.2 mm layer of silica gel; Ry values are
given under these conditions. Column chromatography was per-
formed using silica gel 60 of 35—70 mesh. All starting materials
were commercially available (Acros, Aldrich, Fluka) of the best
grade and were used without further purification. THF was dried
over benzophenone ketyl under a nitrogen atmosphere and distilled
before use.

DTBB-Catalysed Lithiation of 2,3-Benzofuran (1) and Reaction with
Electrophiles. Isolation of Compounds 3. General Procedure: To a
blue suspension of lithium powder (0.140 g, 20.0 mmol) and a cata-
lytic amount of 4,4'-di-tert-butylbiphenyl (0.05 g, 0.19 mmol) in
THF (4 mL) was added 2,3-benzofuran (1, 0.236 g, 0.22mL,
2.0 mmol) under argon at 0 °C. After 45 min. stirring at the same
temperature, the reaction mixture was cooled to —78 °C and the
corresponding electrophile (2.4 mmol; 0.5 mL for H,O or D,0)
was added to the resulting mixture. After 15 min. the reaction mix-
ture was hydrolysed with water (5 mL), neutralised with 3 M hydro-
chloric acid and extracted with ethyl acetate (3 X 20 mL). The or-
ganic layer was dried over anhydrous sodium sulfate and the solv-
ents evaporated (15 Torr) to give a residue, which was purified by
column chromatography (silica gel, hexane/ethyl acetate (50:1 for
3a, b and 10:1 for 3c—i) to yield pure products 3. Yields and R
values for compounds 3a—3i are included in Table 1. The yield for
compound 3j is given in the text. Other physical and spectroscopic
data follow.

2-Vinylphenol (3a):'¢ IR (film): ¥ = 3401, 3081, 3054, 3040, 1265
em~!. — '"H NMR (300 MHz, CDCl3): & = 4.93 (br. s, | H, OH),
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5.29 (dd, J = 11.0, 1.2 Hz, 1 H, ArCH=CHH), 5.67 (dd, J = 17.7,
1.2Hz, 1 H, ArCH=CHH), 6.72 (dd, J/ = 7.9, 1.2 Hz, 1 H, ArH),
6.82—6.92 (m, 2 H, ArH, ArCH), 7.07 (td, J = 7.9, 1.2 Hz, 1 H,
ArH), 7.31(dd, J = 7.9, 1.4 Hz, 1 H, ArH). — *C NMR (75 MHz,
CDCls): 6 = 115.8, 115.9, 120.9, 124.8, 127.4, 128.9, 131.5, 152.8
(ArC, CH=CH,). — GC-LRMS: m/z (%) = 120 (80) [M*], 119
(26), 92 (17), 91 (100), 65 (24), 51 (23), 50 (15), 45 (17), 44 (11), 43
(14), 40 (15). — HRMS for CgHgO: calcd. 120.0575; found
120.0576 [M*].

(Z)-2-(2-Deuteriovinyl)phenol (3b): IR (film): ¥ = 3401, 3081, 3054,
3040, 1265 cm™!. — '"H NMR (300 MHz, CDCls): § = 5.02 (br. s,
1 H, OH), 5.27 (d, J = 11.0 Hz, 1 H, ArCH=CH), 6.71 (d, J =
79 Hz, 1 H, ArH), 6.81-6.88 (m, 2 H, ArH, ArCH), 7.03—7.09
(m, 1 H, ArH), 7.31 (d, / = 7.9Hz, 1 H, ArH). — 3C NMR
(75 MHz, CDClLy): 6 = 115.6 (t, Jop = 23.2 Hz, CHD), 120.9,
127.39, 127.4, 128.9, 131.4, 152.8 (ArC, CH=C). — GC-LRMS: m/
z (%) = 121 (83) [M*], 120 (29), 93 (21), 92 (100), 91 (27), 66 (22),
65 (15), 64 (12), 63 (16), 60 (17), 53 (12), 52 (15), 51 (25), 50 (19),
45 (16), 40 (28). — HRMS for CgH;DO: caled. 121.0653; found
121.0640 [M*].

(Z)-1-(2-Hydroxyphenyl)-4,4-dimethyl-1-penten-3-ol (3¢): IR (film):
v = 3368, 3055, 1666, 1265 cm~!. — 'H NMR (300 MHz, CDCl;):
8 =0.87 (s, 9 H, 3 CH;), 3.94 (d, J = 99 Hz, 1| H, HOCH), 4.42
(br. s, 2 H, 2 OH), 591 (dd, J = 11.4, 99 Hz, 1 H, ArCH=CH),
6.54 (d, J = 11.4Hz, | H, ArCH), 6.84—6.88, 7.07—7.15 (2 m, 4
H, ArH). — 3C NMR (75 MHz, CDCls): § = 25.4 [C(CH3)], 34.5
[C(CH3)], 75.7 (CHOH), 116.1, 120.2, 123.6, 128.1, 128.7, 130.0,
132.9, 152.8 (ArC, C=C). — GC-LRMS: m/z (%) = 188 (3) M+
— H,0], 149 (32), 132 (11), 121 (21), 91 (13), 77 (19), 57 (26), 55
(27), 51 (11), 43 (18), 41 (30). — HRMS for C;3H;cO: calcd.
188.1201; found 188.1194 [M* — H,0].

(Z£)-3-(2-Hydroxyphenyl)-1-phenyl-2-propen-1-ol (3d): IR (film): v =
3404, 3061, 3029, 1642, 1228 em™!. — 'H NMR (300 MHz,
CDCl): 6 = 3.31 (br. s, 2 H, 2 OH), 5.78 (dd, J = 9.7, 3.4 Hz, 1
H, ArCH=CH), 591 (m, 1 H, HOCH), 6.52 (dd, J = 9.7, 1.8 Hz,
1 H, ArCH), 6.77—6.88, 6.98—7.13, 7.30—7.37 (3 m, 9 H, ArH).
— IBC NMR (75 MHz, CDCl3): § = 77.1 (CHOH), 116.0, 121.1,
121.3, 124.0, 124.8, 126.6, 127.0, 128.3, 128.6, 129.4, 140.8, 153.1
(ArC, C=C). — GC-LRMS: m/z (%) = 208 (68) [M* — H,0], 207
(100), 178 (21), 131 (71), 89 (21), 77 (23), 76 (21), 63 (15), 51 (31),
50 (15). — HRMS for C;sH,0: calcd. 208.0888; found 208.0893
[M* — H,0].

(Z)-1-(2-Hydroxyphenyl)-5-phenyl-1-penten-3-ol (3e): IR (film): v =
3330, 3084, 3061, 3026, 1265 cm~!. — 'H NMR (300 MHz,
CDCl3): 6 = 1.79—1.98 (m, 2 H, HOCCH,), 2.56—2.69 (m, 2 H,
PhCH,), 4.34 (dt, J = 9.6, 6.4 Hz, | H, HOCH), 4.82 (br. s, 2 H,
2 OH), 5.81 (dd, J = 11.6, 9.6 Hz, 1 H, ArCH=CH), 6.51 (d, J =
11.6 Hz, 1 H, ArCH), 6.82—7.00, 7.02—7.22 (2 m, 4 H, ArH). —
13C NMR (75 MHz, CDCly): & = 31.5, 38.7 (CH,), 68.1 (COH),
116.1, 120.4, 123.4, 125.8, 126.9, 128.3, 128.9, 130.1, 135.8, 141.5,
152.8 (ArC, C=C). — GC-LRMS: m/z (%) = 236 (54) [M* —
H,0], 145 (34), 144 (14), 142 (11), 132 (17), 131 (100), 130 (17),
129 (68), 128 (30), 127 (17), 117 (20), 115 (38), 108 (14), 107 (20),
91 (52), 89 (14), 78 (10), 77 (33), 65 (22), 63 (19), 51 (25), 44 (11).
— HRMS for C;;H;s0: caled. 236.1201; found 236.1199 [M* —
H,0].

(Z)-4-(2-Hydroxyphenyl)-2-methyl-3-buten-2-ol (3f): IR (film): V =
3341, 3054, 1265 cm~!. — '"H NMR (300 MHz, CDCl;): § = 1.25
(s, 6 H, 2 CH3), 1.58 (br. s, 2 H, 2 OH), 5.84 (d, / = 12.2 Hz, 1 H,
ArCH=CH), 624 (d, J = 12.2Hz, 1 H, ArCH), 6.78—6.99,
7.01=7.09 (2 m, 4 H, ArH). — '3C NMR (75 MHz, CDCl;): § =
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30.4 (2 CHy), 71.7 (COH), 120.3, 140.8, 116.8, 123.9, 124.9, 128.8,
129.8, 152.5 (ArC, C=C). — GC-LRMS: m/z (%) = 178 (0.5) [M*],
145 (93), 115 (13), 91 (13), 51 (15), 43 (100), 41 (10). — HRMS for
C,1H405: caled. 178.0994; found 178.0988 [M*].

(Z)-1-(2-Hydroxyphenyl)-3-methyl-1-hexen-3-ol (3g): IR (film): Vv =
3372, 3054, 1265 cm~!. — TH NMR (300 MHz, CDCl;): § = 0.73
(t, J = 7.3 Hz, 3 H, CH,CH3), 1.14 (s, 3 H, CCH3), 1.16—1.25 (m,
2 H, CH,CHj;), 1.35—1.42 (m, 2 H, CCH,), 2.98 (br. s, 2 H, 2 OH),
579 (d,J = 12.2Hz, 1 H, ArCH=CH), 6.28 (d, J = 12.2 Hz, 1 H,
ArCH), 6.66—6.85, 6.99—7.35 (2 m, 4 H, ArH). — 3C NMR
(75MHz, CDCl): & = 144 (CH,CH;), 17.4 (CH,CH3), 28.4
(CCH;), 45.5 (CCH,), 74.3 (COH), 116.9, 120.4, 123.9, 128.4,
128.9, 129.6, 140.6, 152.5 (ArC, C=C). — GC-LRMS: m/z (%) =
188 (5) [M* — H,0], 173 (10), 146 (10), 145 (100), 43 (12), 40
(12). — HRMS for C3H;40: caled. 188.1201; found 188.1199 [M™*
- H,O0];.

(Z)-4-(2-Hydroxyphenyl)-2-phenyl-3-buten-2-ol (3h): IR (film): ¥V =
3352, 3085, 3059, 3027 cm~'. — "H NMR (300 MHz, CDCl5): § =
1.61 (s, 3 H, CH3), 4.33 (br. 5,2 H, 2 OH), 6.23 (d, / = 12.2 Hz, 1
H, CH=CH), 6.43 (d, J/ = 12.2Hz, 1 H, CH=CH), 6.71-6.86,
7.02—7.40 (2 m, 9 H, ArH). — '3C NMR (75 MHz, CDCl,): § =
31.6 (CH3), 75.0 (COH), 116.4, 120.3, 124.4, 124.6, 124.8, 126.8,
128.1, 128.8, 129.5, 140.6, 147.1, 152.3 (ArC, C=C). — GC-LRMS:
mlz (%) = 222 (8) [M* — H,0], 208 (17), 207 (100), 178 (11), 145
(20). — HRMS for C,cH40: caled. 222.1045; found 222.1036 [M™*
— H,0].

(Z)-2-|2-(1-Hydroxycyclopentyl)vinyl|phenol (3i): IR (film): Vv =
3318, 3070, 3005, 1231 cm™~'. — '"H NMR (300 MHz, CDCls): § =
1.62—1.77 (m, 8 H, CH,), 3.05 (br. s, 2 H, 2 OH), 6.04 (d, J =
122 Hz, 1 H, CH=CH), 6.37 (d, J = 12.2Hz, 1 H, CH=CH),
6.85—6.90, 7.06—7.25 (2 m, 4 H, ArH). — '3C NMR (75 MHz,
CDCly): § = 23.3 (2 CH,), 40.7 [HOC(CH,)], 82.0 (COH), 117.0,
120.3, 124.9, 125.1, 128.8, 129.8, 139.0, 152.6 (ArC, C=C). — GC-
LRMS: m/z (%) = 186 (65) [M* — H,0], 185 (19), 158 (36), 157
(100), 128 (13), 115 (19), 107 (39), 91 (20), 82 (12), 79 (29), 77 (21),
65 (12), 63(11), 51 (18), 41 (14). — HRMS for C3H,0,: caled.
204.1150; found 204.1145 [M*].

(Z)-1-(2-Hydroxyphenyl)-3,7-dimethyl-1,6-octadien-3-0l (3j): R; =
0.43 (hexane/ethyl acetate, 3:1). — IR (film): ¥ = 3330, 3061, 1643
cm~!. — '"H NMR (300 MHz, CDCls): § = 1.30 (s, 3 H, CH3),
1.50—1.64 (m, 2 H, CH,), 1.59 (s, 3 H, CH3), 1.67 (s, 3 H, CH,),
2.01-2.09 (m, 2 H, CH,), 4.62 (br. s, 2 H, 2 OH), 5.06 (t, J =
6.7Hz, 1 H, CH=C), 5.85 (d, J = 12.5Hz, | H, CH=CH), 6.37
(d, J = 12.5Hz, 1 H, CH=CH), 6.85-6.90 (m, 2 H, ArH),
7.07—-7.16 (m, 2 H, ArH). — 3C NMR (75 MHz, CDCl;): § =
17.6 (CH3), 22.9 (CH,), 25.6 (CH3), 28.1 (CH3), 42.9 (CH,), 74.2
(CO), 116.9, 120.3, 123.9, 124.3, 125.0, 128.8, 129.7, 132.0, 139.8,
152.5 (ArC, C=C). — GC-LRMS: m/z (%) = 228 (3) [M* — H,0],
146 (11), 145 (100), 41 (26). — HRMS for C,;cH,,0: calcd.
228.1514; found 228.1526 [M* — H,0].

Acidic Cyclisation of Diols 3. Preparation of 2H-Chromenes 4.
Method A: 85% Phosphoric acid (0.3 mL) was added to a solution
of the corresponding diol 3d, h, j (0.5 mmol) in toluene (4 mL).
The reaction mixture was heated at 110 °C for 4 h, then the toluene
was evaporated (15 Torr) and the resulting residue was hydrolysed
with water (5 mL) and extracted with ethyl acetate (3 X 15 mL).
The organic layer was dried over anhydrous sodium sulfate and the
solvents evaporated (15 Torr) to give a residue, which was purified
by column chromatography (silica gel, hexane) to yield pure prod-
ucts 4. The yields and Ry values for compounds 4d and 4h are
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included in Table 2. The yield for compound 4j is given in the text.
Other physical and spectroscopic data follow.

2-Phenyl-2H-chromene (4d): IR (film): v = 1642, 1245cm~!. — 'H
NMR (300 MHz, CDCl;): 6 = 5.80 (dd, J = 9.8, 3.4 Hz, 1 H,
ArCH=CH), 6.53 (dd, J/ = 9.8, 1.2 Hz, 1 H, ArCH), 6.77—6.88,
7.00—7.18, 7.30—7.46 (3 m, 10 H, ArH, CHO). — 3C NMR
(75 MHz, CDCl3): 6 = 77.1 (CO), 116.0, 121.2, 121.3, 124.0, 124.8,
125.6, 126.6, 127.0, 128.3, 128.6, 128.8, 129.4, 140.8 (ArC, HC=
CH). — GC-LRMS: m/z (%) = 208 (65) [M*], 207 (100), 178 (19),
131 (65), 89 (19), 77 (17), 76 (17), 63 (10), 51 (17). — HRMS for
C,5H;,0: calcd. 208.0888; found 208.0891 [M*].

2-Methyl-2-phenyl-2 H-chromene (4h): IR (film): ¥ = 3058, 3035,
3027, 1642, 1245 cm™!. — '"H NMR (300 MHz, CDCl5): 8 = 1.76
(s, 3 H, CH;), 592 (d, J = 9.8 Hz, 1 H, CH), 6.44 (d, J = 9.8 Hz,
1 H, CH), 6.73—7.38 (m, 9 H, ArH). — 3C NMR (75 MHz,
CDCl3): & = 29.3 (CH3), 78.7 (CO), 116.3, 121.0, 122.8, 125.1,
126.5, 127.2, 128.2, 129.3, 129.6, 145.9 (ArC, HC=CH). — GC-
LRMS: m/z (%) = 222 (8) [M*], 208 (16), 207 (100), 178 (12), 145
(21), 103 (11), 51 (11). — HRMS for C;¢H4O: caled. 222.1045;
found 222.1053 [M*].

Deoxycordiachromene (4j): R; = 0.53 (hexane/ethyl acetate, 20:1).
— IR (film): ¥ = 3405, 3055, 3040, 3025, 1640, 1260 cm~!. — 'H
NMR (300 MHz, CDCls): 6 = 1.39 (s, 3 H, CH3), 1.57 (s, 3 H,
CH3), 1.61—-1.75 (m, 2 H, CH,), 1.66 (s, 3 H, CH3), 2.07—2.17 (m,
2 H, CH,), 5.10 (t, J = 7.3 Hz, 1 H, C=CH), 5.55,6.34 (2d,J =
10.1 Hz, 2 H, CH=CH), 6.75(d, J = 7.9 Hz, 1 H, ArH), 6.78—6.83
(m, 1 H, ArH), 6.95 (d, J = 6.1 Hz, 1 H, ArH), 7.06—7.11 (m, 1
H, ArH). — 3C NMR (75 MHz, CDCly): § = 17.6 (CHj), 22.7
(CH,), 25.6 (CH3), 26.5 (CH3), 41.3 (CH,), 78.4 (CO), 116.1, 120.4,
121.1, 122.8, 124.1, 126.3, 129.0, 129.6, 131.7, 153.2 (ArC, C=C).
— GC-LRMS: m/z (%) = 228 (6) [M*], 146 (13), 145 (100), 41
(24). — HRMS for C;cH»,0O: calced. 228.1514; found 228.1514
[M*].

Acidic Cyclisation of Diols 3. Preparation of 2H-Chromenes 4.
Method B: ZnCl, (0.065 g, 0.48 mmol) was added to a solution of
the corresponding diol 3i, j (0.5 mmol) in 1,2-dichloroethane
(4 mL). The reaction mixture was stirred at 20 °C for 3 h, and was
then hydrolysed with 1 m solution of sodium bicarbonate (10 mL)
and extracted with ethyl acetate (3 X 15 mL). The organic layer was
dried over anhydrous sodium sulfate and the solvents evaporated
(15 Torr) to give a residue, which was purified by column chroma-
tography (silica gel, hexane) to yield pure products 4. The yield and
Ry value for compound 4i are included in Table 2. The yield for
compound 4j is given in the text and other physical and spectro-
scopic data were given previously. Spectroscopic data for com-
pound 4i follow.

2,2-Tetramethylene-2 H-chromene (4i): IR (film): v = 3060, 3036,
1640, 1242 cm~!. — 'H NMR (300 MHz, CDCls): § = 1.26—2.39
(m, 8 H, 4 CH,), 5.64 (d, J = 9.8 Hz, | H, CH=CH), 6.34 (d, J =
9.8 Hz, 1 H, CH=CH), 6.73—7.37 (m, 4 H, ArH). — 3C NMR
(75 MHz, CDCls): 6 = 23.6, 39.4 (CH,), 87.0 (CO), 116.3, 120.7,
123.1, 126.2, 128.5, 128.8, 129.8, 152.9 (ArC, HC=CH). — GC-
LRMS: m/z (%) = 186 (18) [M*], 158 (15), 157 (100), 115 (11). —
HRMS for C3H;,40: caled. 186.1045; found 186.1051 [M*].
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