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A Practical Synthesis of Rosefuran. Furans from Acetylenes and
Allyl Alcohols
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A new atom-economical synthetic strategy for the synthesis of furans emerges from 8,y-unsaturated
ketones which are readily available from acetylenes and allyl alcohols by simple additions in the
presence of a ruthenium catalyst. Dihydroxylation using catalytic osmium tetraoxide creates a diol
that is remarkably prone to cyclize to furans in the presence of an acid catalyst. The novelty of this
synthesis lies in the overall strategy whereby furans are available in two steps from allyl alcohols and
acetylenes with only water as the byproduct. A straightforward synthesis of the prized fragrance
of oil of rose, rosefuran, from propargyl bromide, acetone, and 1-buten-3-ol in 23% overall yield

illustrates the utility of this new strategy.

The significance of furans as key structural units as
well as useful building blocks draws interest to their
syntheses.!® The challenge posed can be illustrated by
even very simple furans exemplified by rosefuran (1), the
essence of one of the most prized fragrances, oil of rose.’”
Since its first reported synthesis in 1968 by Biichi et al.,%
there have been 10 recorded syntheses.® A patented
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synthesis of Tsukasa published in 1989 delivers rosefuran

® Abstract published in Advance ACS Abstracts, January 15, 1994.
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from methyl 3-formylpropionate and crotonaldehyde in
four steps with a 10% overall yield.% Iriye described in
1990 a seven-step synthesis from citral in 4% overall
yield.8d In 1993, Marshall, utilizing a new furan synthesis,
described a novel five-step synthesis in approximately 40 %
yield from (Z)-3-methyl-2-penten-4-yn-1-ol whose syn-
thesis requires at least three steps from commercially
available materials.8

Opportunities for new synthetic strategies develop from
the invention of new reactions. Those that minimize
formation of any byproducts represent the most efficient.®
We wish to report a two-step method whereby furans arise
from simple acetylenes and allyl alcohols with only water
as a byproduct (vide infra) that emerges from our recently
discovered ruthenium-catalyzed addition of these two
building blocks (see eq 1)!9 and the culmination of this
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effort in a practical synthesis of rosefuran.

In our initial work, the 8,y-unsaturated ketone 3 from
the reconstitutive addition of 1-dodecyne and 1-buten-
3-0l catalyzed by CpRu(PhsP);Cl (2) was hydroxylated
using catalytic osmium tetraoxide!! in aqueous acetone to
the diol 4 (eq 2) which proved to be acid sensitive. Simply
standing in deuteriochloroform converted it quantitatively
to the furan 6. Its acid lability was revealed by the
formation of the furan 6 upon attempts to effect silylation
with silyl chlorides or acylation with acid chlorides even
in the presence of imidazole or pyridine. The lability of
4 appears associated with an equilibrium to the lactol 5
which loses two moles of water in the presence of a mild
acid to give the furan 6. Evidence in support of this
conjecture emanates from the chemoselective acylation
with the N-acylthiazolinethione 812 to give an 86 % yield
of monoester 7 which is quite stable to acid.
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Table 1. A Practical Furan Synthesis®
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2 A O_( 58 91
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4 HO/\H:\/I CHg 30¢ 84
5 \qj:/\/ CH,3 64 84
- |
6 Ph CH; 68 90

@ All compounds have been characterized spectroscopically and
new compounds by combustion analysis and/or high-resolution mass
spectra. ® The catalyst in this case was CpRu(COD)Cl and PhgP.c In
this case, 22-38% of 1-buten-3-yl ether of the product alcohol was
also obtained for a 52-65% yield of the reconstitutive addition
product.
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For synthetic purposes, acidification of the hydrox-
ylation reaction with 3 equiv of p-toluenesulfonic acid
permits direct cyclization to the furan in 88% isolated
yield. Under these conditions, the hydroxylation cannot
be performed in acetone since the furan may undergo
condensation as in eq 3. THF-tert-butyl alcohol-water
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R/\g_]+)j\_.n @ (R @
R‘l
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proved generally satisfactory. Only 10% of the acid is
required if the hydroxylation reaction is worked up in
normal fashion, the crude diol dissolved in methylene
chloride and then the acid added.” Obviously, the buffering
effect of N-methylmorpholine in the hydroxylation re-
action mixture mandates the use of excess acid to perform
the one-pot procedure. Its convenience, however, led us
to adopt the one-pot protocol as our standard one. The
facility of this two-step furan synthesis led us to briefly
examine variation of the substituents on the allyl alcohol
(see Table 1, entries 1-3) and the acetylene (see Table 1,

(12) Yamada, S. Tetrahedron Lett. 1992, 33, 2171.
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entries 4-6). We have also demonstrated the ability of
ruthenium to catalyze the simultaneous cyclization—
reconstitutive addition of w-hydroxypropargyl alcohols
such as 9 (eq 4) via an allenylidene ruthenium interme-
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diate.l® These 8,v-unsaturated ketones (eq 10) participate
with equal facility in the hydroxylation—cyclization se-
quence. B-Elimination of the tetrahydrofuran ring was
not a problem. Thus, the two-step sequence of eq 4
involves formation of both a tetrahydrofuran and a furan
ring with the byproduct being only 1 equiv of water for
each step (vide infra).

The simplicity of this two-step protocol and the sig-
nificance of rosefuran drew our attention to the feasibility
of a practical synthesis from inexpensive commercially
available starting materials. Conceptually, our protocol
dissects the furan as outlined in eq 5. For rosefuran, this
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dissection translates into propargyl bromide and acetone
as the primordial building blocks (eq 6).
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Since alcohols normally participate in reconstitutive
addition (Table 1, entries 4 and 5), the known homopro-
pargylic alcohol 14a1415 (see Scheme 1) was reacted with
1-buten-3-ol in the presence of 10% 2 and 20 % ammonium
hexafluorophosphate. .Only starting materials were re-
covered. Bruce and co-workers reported the formation of
a stable ruthenium complex from 1-butyn-4-ol and 2 in
methanol solution (eq 7).16 Itis possible that an analogous
intramolecular addition leads to complex 12 irreversibly
whieh ties up the catalyst. If this explanation is correct,
it is obvious that ring size is critical since entry 5 of Table
1 could have produced the corresponding seven-membered
ring complex 13; nevertheless, this alcohol participates
quite normally in the reconstitutive addition.

Derivatizing the alcohol to prevent cyclization provides
afurther test of this suggestion. Gratifyingly, the tertiary
acetate 14b!6 participates quite normally to provide the
B,y-unsaturated ketone 15. Hydroxylation—cyclization
proceeds without incident to the furan 16a whose hy-
drolysis produces the alcohol 16b which has been the

(13) Trost, B. M.; Flygare, J. A. J. Am. Chem. Soc. 1992, 114, 5476.

(14) Barrelle, M.; Plouin, D.; Glenat, R. Bull. Soc. Chim. Fr. 1967, 449.

(15) Viola, A.; Mac Millan, J. M.; Proverb, R. J.; Yates, B. L. J. Am.
Chem. Soc. 1971, 93, 6967.

(16) Bruce, M. L.; Swincer, A. G.; Thomson, B. J.; Wallis, R. C. Aust.
J. Chem. 1980, 33, 2605.
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Scheme 1. A Practical Synthesis of Rosefuran*
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penultimate intermediate in many previous syntheses.?
Dehydration of this alcohol has typically generated nearly
equimolar mixtures of rosefuran 1 and isorosefuran 17. A
significant improvement in regioselectivity occurs effecting
dehydration by simply heating in DMSOQ!" whereby
rosefuranisisolated in 54 % yield and isorosefuranin13%
yield. This synthesis produces rosefuran in six steps and
23% overall yield from propargyl bromide, acetone, and
1-buten-3-ol.

Discussion

The novelty of this furan synthesis stems from the overall
synthetic strategy whereby furans are available in only
two steps from terminal acetylenes and allyl alcohols. The
high chemoselectivity exhibited by both the ruthenium-
and osmium-catalyzed reactions assures a broad appli-
cability. However, two restrictions can be identified. The
ruthenium-catalyzed reaction involves the generation of
a vinylidene complex 18 (eq 8) which subsequently
undergoes nucleophilic addition of the hydroxyl group of
the allyl alcohol facilitated by initial precoordination of
the olefin as in 19 — 20. If the R group of the acetylene
possesses a hydroxyl group whose juxtaposition particu-
larly favors an intramolecular addition to form a stable
alkoxyalkylidene complex as in eq 7, then such a substrate
‘may fail to participate. Other groups that may function
similarly (e.g., amino) may also fail for the same reason.
The osmium-catalyzed process will not allow the presence
of other carbon-carbon unsaturation that is more nu-
cleophilic than the 8,y-double bond of these substrates.

(17) Traynelis, V. J.; Hergenrother, W. L.; Hanson, H. T.; Valicenti,
J.A.J.Org. Chem. 19684, 29, 123. For related work in HMPA, see Monson,
R. S. Tetrahedron Lett. 1971, 567.
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A major benefit of this process is the fact that the first
step is a simple addition, and the second step involves
only the loss of water with all reagents being used
catalytically except for NMO. The fact that NMO derives
from oxidation of N-methylmorpholine allows it to be
recycled in principle, thus making this furan synthesis
highly atom-economical, an increasingly important goal
for chemical processing. The practicality of the sequence
is highlighted by the simplicity of the synthesis of
rosefuran, the major olefactory ingredient of Bulgarian
rose oil, from inexpensive and readily available starting
materials.

Experimental Section

Preparation of 3-Cyclohexylpentadec-1-en-4-one. 1-Cy-
clohexyl-2-propen-1-ol (1.5 mL) followed by 1-dodecyne (200 mg,
1.20 mmol) were added to a mixture of ruthenium catalyst 21°
(87 mg, 0.12 mmol) and ammonium hexafluorophosphate (40
mg, 0.24 mmol). After heating the resulting solution to 100 °C
for 5 h, it was directly chromatographed (10% ether/hexane) to
produce 213 mg (58%) of the titled product as a colorless oil:
IR (neat) 3078, 2925, 2963, 1716, 1634, 1450, 1367, 1084, 997,917
cm-};TH NMR (300 MHz, CDCl) 6 5.67 (dt,J = 16.9, 9.9 Hz, 1H),
5.12 (d,J = 9.9 Hz, 1H), 5.10 (d, J = 17 Hz, 1H), 2.88 (t, J = 9.3
Hz, 1H), 2.81-2.49 (m, 2H), 1.45-1.80 (m, 11H), 1.04-1.44 (m,
18H), 0.88 (t,J = 6.6 Hz, 3H); 13C NMR (75 MHz, CDCly) 5 211.9,
136.2,118.1,64.6, 42.7,39.0,31.7, 31.5, 30.1, 29.4, 29.3, 29.2, 29.13,
29.05, 26.2, 26.0, 23.2, 22.5, 13.8. HRMS calcd for CyHgO
306.2924, found 306.2934.

Preparation of 9-Hydroxy-3-methyltridec-1-en-4-one. Fol-
lowing the above protocol, 200 mg (1.30 mmol) of 6-hydroxy-1-

(18) Bruce, M. 1.; Hameister, C.; Swincer, A. G.; Wallis, R. C. Inorg.
Syn. 1982, 21, 78.
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Table 2. Experimental Details for Furan Formation*

NMO, 050, mL of TsOH-H:0, product,b
entry substrate (mg, mmol) mg, mmol 0.06 M, mmol mg, mmol mg, % yield
1 3-cyclohexylpentadec-1-en-4-one (100, 0.33) 44,0.37 0.052, 0.0031 186, 1.00 90, 91
2 3-isopropylhexadec-1-en-4-one? (100, 0.38) 53,0.45 0.062, 0.0037 215,1.35 83,84
3 14-hydroxy-3-methyltetradec-1-en-4-one? (100, 0.39) 56, 0.48 0.065, 0.0039 225, 1.18 83, 84
4 9.hydroxy-3-methyltridec-1-en-4-one (100, 0.45) 63, 0.54 0.074, 0.0044 254, 1.34 83, 84
5 3-methyl-5-phenylpent-1-en-4-one (80, 0.46) 65, 0.55 0.075, 0.0045 262, 1.38 71,90
6° 10¢ (100, 0.77) 108, 0.92 0.127, 0.0077 437,2.30 123, 83

a All reactions were run in a solvent mixture consisting of 2.0 mL of THF, 0.5 mL of tert-butyl alcohol, and 0.5 mL of water unless otherwise
noted. ¢ All products were isolated by column chromatography on silica gel eluting with hexane. ¢ Solvent mixture consisted of 3.0 mL of THF,
0.5 mL of tert-butyl alcohol, and 0.5 mL of water. 4 See ref 10. ¢ See ref 183.

decyne, 94 mg (0.13 mmol) of 2, and 43 mg (0.26 mmol) of
ammonium hexafluorophosphate in 1.5 mL of 1-buten-3-ol after
4 h at 100 °C gave 186 mg (64%) of the titled compound as a
colorless oil: IR (neat) 3150-3600, 2955,1714,1480cm-1;'HNMR
(300 MHz, CDClg) 6 5.71-5.88 (m, 1H), 5.10-5.20 (m, 2H), 3.52-
3.64 (m, 1H), 3.16-3.26 (m, 1H), 2.38-2.61 (m, 2H), 1.21-1.72 (m,
13H), 1.17 (4, J = 6.9 Hz, 3H), 0.90 (t, J = 7 Hz, 3H); 3C NMR
(756 MHz, CDCly) & 211.6, 137.5, 116.7, 71.6, 51.3, 40.6, 37.18,
37.12, 27.8, 25.2, 23.5, 22.7, 15.7, 14.0; HRMS caled for C,,H2,0
(M+ - H,;0) 208.1827, found 208.1819.

Preparation of 3-Methyl-5-phenyl-1-penten-4-one. Fol-
lowing the above protocol, 100 mg (0.98 mmol) of phenylacetylene,
71 mg (0.098 mmol) of 2, and 32 mg (0.196 mmol) of ammonium
hexafluorophosphate in 1.5 mL of 1-buten-3-ol after 8 h at 100
°Cgave 116 mg (68 % yield) of the titled compound whose spectral
properties agree with that of the known compound.

Preparation of 7-Acetoxy-3,7-dimethyl-1-octen-4-one (15).
Following the above protocol, 100 mg (0.714 mmol) of 4-acetoxy-
4-methyl-1-pentyne, 52 mg (0.071 mmol) of 2, and 23 mg (0.142
mmol) of ammonium hexafluorophosphate in 1.2 mL of 1-buten-
3-ol after 5 h at 100 °C gave 104 mg (69% yield) of the titled
compound as a colorless oil: IR (neat) 2980, 1740, 1715, 1360,
1250 em-1; 'TH NMR (300 MHz, CDCly) 6 5.73-5.88 (m, 1H), 5.11-
5.22 (m, 2H), 3.18-3.31 (m, 1H), 2.41-2.63 (m, 2H), 1.88-2.05 (m,
2H), 1.97 (s, 3H), 1.43 (s, 6H), 1.19 (d, J = 6.9 Hz, 3H); 3C NMR
(756 MHz, CDCl,) 4 210.6, 170.2, 137.5, 116.9, 111.4, 81.3, 51.3,
35.2, 34.7, 25.75, 25.70, 22.3, 15.8; HRMS caled for C,oH;60
3152.1201, found 152.1194.

General Procedure for Furan Synthesis. Preparation
of 3-Methyl-2-undecyl-furan. NMO (118 mg, 1.00 mmol)
followed by osmium tetraoxide (0.138 mL of 0.06 M solution in
water, 0.008 mmol) were added to a solution of 200 mg (0.840
mmol) of 3-methylpentadec-1-en-4-one'®in 4 mL of THF, 1 mL
of tert-butyl alcohol, and 1 mL of water at room temperature.
After stirring 12 h, 479 mg (2.52 mmol) of p-toluenesulfonic acid
hydrate was added and stirring continued an additional 10 h.
The reaction was quenched by addition of 100 mg of sodium
sulfite and, after 10 min, ether. The ether layer was washed with
saturated sodium carbonate, 10% sodium bisulfate, and saturated
aqueous sodium chloride. Afterdrying (Na;SO,) and evaporation
in vacuo, chromatography of the residue on silica gel (hexane)
gave 174 mg (88% yield) of the titled compound as a colorless
oil: IR (neat) 2940, 2850, 1510, 1480, 730 cm-!; *H NMR (300
MHz, CDCl) 6 7.20 (d, J = 1.7 Hz, 1H), 6.14 (d, J = 1.7 Hz, 1H),
2.54 (t,J = 7.4 Hz, 2H), 1.94 (s, 3H), 1.61-1.63 (m, 2H), 1.19-1.36
(m, 16H), 0.88 (t, J = 6.8 Hz, 3H); 13C NMR (75 MHz, CDCl,)
6151.5,189.5,113.4,112.6, 31.9, 29.7, 29.6, 29.41, 29.36, 29.2, 28.5,
25.9, 22.7, 14.1, 9.8; HRMS caled for C;¢Hg0 236.2140, found
236.2135.

The experimental details for the remaining examples except
for reaction of 14b are summarized in Table 2.

Spectral Data for Furans of Table 2. 3-Cyclohexyl-2-
undecylfuran: IR (neat) 3080, 2957, 2926, 2855,1715,1635 cm™;
1H NMR (300 MHz, CDCly) 6 7.21 (d, J = 1.8 Hz, 1H), 6.21 (d,
J = 1.8 Hz, 1H), 2.55 (t, J = 7.4 Hz, 2H), 2.30-2.41 (m, 1H),
1.52-1.84 (m, 8H), 1.18-1.42 (m, 20 H), 0.88 (1, J = 6.9 Hz, 3H);
183C NMR (756 MHz, CDCl3) 6 150.2, 139.7, 124.8, 109.2, 34.5, 34.3,
31.9, 29.64, 29.59, 29.39, 29.35, 29.21, 28.8, 26.7, 26.10, 26.07, 22.7,
14.1; HRMS caled for CaHyO 304.2766, found 304.2775.

8-Isopropyl-2-dodecylfuran:IR (neat) 2960, 2830, 1450, 1160,
740 cm-1; 'H NMR (300 MHz, CDCly) é 7.21 (d, J = 1.7 Hz, 1H),
6.23 (d, J = 1.7 Hz, 1H), 2.70-2.85 (m, 1H), 2.55 (t, J = 7.4 Hz,

2H), 1.52-1.65 (m, 2H), 1.19-1.34 (m, 18H), 1.13 (d, J = 6.9 Hz,
6H), 0.79-0.98 (m, 3H); 13C NMR (75 MHz, CDCl;) 6 149.9, 139.8,
125.3,108.6, 31.9, 29.64, 29.58, 29.39, 29.35, 29.26, 28.8, 26.1, 24.4,
23.9,22.7,14.1, HRMS caled for C1sH30 278.2610, found 278.2606.

2-(10-Hydroxydecyl)-3-methylfuran: IR (neat) 3120-3800,
2960, 2840, 1500, 1460, 1050, 720 cm-'; 'H NMR (300 MHz, CDCls)
§17.20 (d, J = 1.7 Hz, 1H), 6.21 (d, J = 1.7 Hz, 1H), 3.64 (t,J =
6.3 Hz, 2H), 2.54 (t, J = 7.4 Hz, 2H), 1.95 (s, 3H), 1.21-1.68 (m,
19H); 3C NMR (75 MHz, CDCly) § 151.4, 139.5, 113.4, 112.6,
62.9,32.7,29.5, 29.37,29.32,29.1, 28 4, 25.8,25.7,9.7. Anal. Caled
for C1gH2504 C,76.14;H,11.18, MW, 252.2089. Found: C, 75.95;
H, 10.91; MW, 252.2100.

3-Methyl-2-(5-hydroxynonyl)furan: IR (neat) 3100-3500,
2940, 1500, 1150, 740 cm-; '"H NMR (300 MHz, CDCly) 6 7.20 (d,
J =16 Hz, 1H), 6.14 (d, J = 1.6 Hz, 1H), 3.51-3.62 (m, 1H), 2.56
(t, J = 7.2 Hz, 2H), 1.95 (s, 3H), 1.21-1.69 (m, 13H), 0.90 (t, J
= 7 Hz, 3H); 3C NMR (75 MHz, CDCly) ¢ 151.2, 139.6, 113.5,
112.6, 71.8, 37.1, 28.5, 27.8, 25.8, 25.1, 22.7, 14.0, 9.7. Anal.
Caled: C, 74.95; H, 10.78; MW, 224.1776. Found: C, 75.05; H,
10.75; MW, 224.1788.

2-Benzyl-3-methylfuran: IR (neat) 2926, 1510, 1495, 1454,
1149, 1087 cm~!; 1H NMR (300 MHz, CDCl;) 4 7.12-7.33 (m, 6H),
6.18 (d, J = 1.7 Hz, 1H), 3.92 (s, 2H), 2.00 (s, 3H); *C NMR (75
MHz, CDCly) 6149.2,140.4,138.8,128.5,128.3,126.2,114.9,112.8,
32.1, 9.9; HRMS caled for C;,H;,0 172.0888, found 172.0889.

3-Methyl-2-[(3,3’-dimethyltetrahydrofuran-2’-yl)methyl)-
furan (11): IR (neat) 2958, 2872, 1512, 1467, 1150, 1092, 1051,
1029, 892, 726 cm-1; tH NMR (300 MHz, CDCly) 4 7.23 (d, J =1.8
Hz, 1H), 6.16 (d, J = 1.8 Hz, 1H), 3.75-3.95 (m, 2H), 3.66 (dd,
J = 8.0, 5.3 Hz, 1H), 2.59-2.76 (m, 2H), 1.98 (s, 3H), 1.68-1.83
(m, 2H), 1.00 (s, 3H); 1*C NMR (75 MHz, CDCl,) 6 148.4, 139.9,
114.7,112.8,85.1,65.4,41.4,40.3,27.0,24.9, 21.2,9.9. Anal. Caled
for C12H1504: C,74.19; H,9.34; MW, 194.1306. Found: C, 73.92;
H, 9.58; MW, 194.1301.

Furan Formation from 15. Method A (dimer formation
as in eq 3). NMO (133 mg, 1.14 mmol) followed by osmium
tetraoxide (0.156 mL of 0.06 M solution in water, 0.0094 mmol)
were added to a solution of 200 mg (0.94 mmol) of 15 in 6 mL
of acetone. Afterstirring12hatroom temperature, 538 mg (2.83
mmol) of p-toluenesulfonic acid hydrate was added and the
mixture heated at reflux for 4 h. Addition of 100 mg of sodjium
sulfite and ether quenched the reaction. The ether layer was
washed with saturated aqueous sodium carbonate, 10% aqueous
sodium bisulfate and brine. After drying (Na;SO,) and evap-
oration in vacuo, flash chromatography on silica gel (hexane)
gave 118 mg (60% yield) of 2,2-bis[3’-methyl-5'-(4"-acetoxy-4"'-
methylbutyl)furan-2’-yl]propane and 30 mg (15%) of furan 16a:
IR (neat) 1734, 1367,1253, 1222 cm~!; '"H NMR (300 MHz, CDClg)
4 5.78 (s, 4H), 2.51-2.62 (m, 8H), 1.97 (s, 12H), 1.90 (s, 12H), 1.55
(s, 6H), 1.45 (s, 24H); 13C NMR (75 MHz, CDCly) § 170.3, 157.4,
148.7,113.7,107.1,81.7,39.2,37.1, 26.3, 25.8,22.4, 20.7,9.8; HRMS
caled for CogH 004 416.2927, found 416.2938.

Method B: Synthesis of 16a. Following the general protocol,
200 mg (0.94 mmol) of 15, 133 mg (1.10 mmol) of NMO, 0.156
mL of 0.06 M aqueous solution of osmium tetraoxide (0.0094
mmol) in THF (4 mL), tert-butyl alcohol (1 mL), and water (1
mL) for 14 h followed by 538 mg (2.83 mmol) of p-toluenesulfonic
acid for 12 h gave after flash chromatography onsilica gel (hexane:
ether 9:1) 164 mg (83% yield) of 16a as a colorless oil: IR (neat)
1368, 1254, 1222, 740 cm-!; '"H NMR (300 MHz, CDCly) 6 7.20 (d,
J = 1.7 Hz, 1H), 6.14 (d, J = 1.7 Hz, 1H), 2.54-2.68 (m, 2H),
1.98-2.08 (m, 2H), 1.97 (s, 3H), 1.95 (s, 3H), 1.47 (s, 6H); 13C
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NMR (76 MHz, CDCly) 4 170.3, 150.4, 139.7, 113.5, 112.7, 81.6,
39.1,25.8,22.3,20.5,9.7; HRMS calcd for C,0H;(0 150.1044, found
150.1043.

Preparation of 16b. Lithium hydroxide (60 mg, 2.50 mmol)
was added to 100 mg (0.48 mmol) of 16a dissolved in 1 mL of
methanol and 1 mL of water. After stirring 18 h at room
temperature, the reaction mixture was diluted with ether. The
ethereal solution was washed with aqueous sodium carbonate,
10% aqueous sodium bisulfate, and brine. After drying (Nag-
S0,) and evaporation in vacuo, flash chromatography on silica
gel (7:3hexane:ether) gave 70 mg (88 % yield) of the known alcohol
whose spectral data agree with that reported:® *H NMR (300
MHz, CDCly) §7.21 (d, J = 1.7 Hz, 1H), 6.15 (d, J = 1.7 Hz, 1H),
2.61-2.72 (m, 2H), 1.96 (s, 3H), 1.73-1.82 (m, 2H), 1.40-1.50 (m,
1H), 1.25 (s, 6 H).

Preparation of rosefuran (1). A solution of 100 mg (0.60
mmol) of alcohol 16b in 1 mL of DMSO was heated at 160 °C
for 24 h, The reaction was diluted with ether and the resuitant
ethereal solution washed with 10% aqueous sodium bisulfate
and brine. Afterdrying (Na;SO,) and evaporationin vacuo, flash
chromatography on silica gel (hexane) gave 11 mg (13% yield)
of isorosefuran 17 followed by 48 mg (54% yield) of rosefuran
whose spectral properties agree with that reported.® 1: 'H NMR

Trost and Flygare

(300 MHz, CDCly) 5 7.22 (d, J = 1.7 Hz, 1H),6.16 (d, J = 1.7 Hz,
1H), 5.21-5.30 (m, 1H), 3.28 (d, J = 7 Hz, 2H), 1.96 (s, 3H), 1.73
(s, 6H). 17: 'H NMR (300 MHz, CDCl3) 6 7.22 (d, J = 1.7 Hz,
1H), 6.15 (d, J = 1.7 Hz, 1H), 4.69 (br &, 1H), 4.73 (br 8, 1H),
2.66-2.73 (m, 2H), 2.24~2.33 (m, 2H), 1.92 (s, 3H), 1.74 (8, 3H).
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