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Abstract
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Introduction

Furans occur widely throughout nature in a variety of commercially important
compounds; including pharmaceuticals (anti-inflammatory properties), flavour and fragrance
enhancers.!.2 In many instances they also play an important role as intermediates in synthetic

pathways because they react as a special class of vinyl ethers3.4 or as dienophiles in the Diels-

constructing highly functionalized furans.14.15 However, to synthesize a substrate required
for the above investigation, attempted acylation of alkynyl ketone 1 led not to the expected [3-

diketone, but to 2-methyl-3,5-diphenylfuran 216 in approx1mate1y 30% y1e1d equation 1. Itis
onditions,17-20
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however, the fact that cyclization had occurred under basic conditions was a surprise,?!

especially considering that unactivated alkynes are generally not very electrophilic. Despite
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this truism, however, there are examples that illustrate the contrary.22-24

Most closely related to our observation was the work of Mock. In this seminal article
they demonstrated that in certain cases y-alkynyl-f-diketones, and y-alkynyl-B-keto esters
would form furans when neat solutions were heated to reflux in the presence of a catalytic
amount of ZnCO3, equation 2. Although the yields were acceptable, the reaction was not of a
broad scope. Thus we were struck not only by the ease with which our reaction took place,
but also that a "normal” ketone enolate had initiated the process. As a result, we decided to

explore the scope and limitations of this reaction.

Results and Discussion

Before looking at various reactions, it was necessary to develop a protocol that would

l»-D

allow for the cyclization to proceed with a respectable yield. The approximately 30% yield

obtained in the initial runs clearly was not acceptable. After much experimentation, three

e

general methods were found to give an acceptable yield of the product (47%-57% depending

on the base used). The conditions developed required the use of a strong potassium base
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KOtBu, KHMDS, NaH/KH) for a short time (ca. 5 minutes) followed by a rapid and
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B to the ketone required? (3) Would this reaction work without having a silyl group on the
acetylene? (4) Could less reactive oxy-anions be used? (5) Could the mechanism for this
transformation be delineated?

To suitably answer these questions we needed to generate several precursors by the
alkylation of an appropriate ketone with 3-iodo-1-trimethylsilylpropyne 315 (1.1 eq. LDA,
THF, 0°C), except 10 in which propargyl bromide was used as the electrophile and 8 which
was synthesized according to a literature procedure.2> To probe the effect of the phenyl
ketone (question 1), precursors 4 (52%), 5 (32%) and 11 (43%) were made. To investigate
what effect the phenyl group had (if any) « to the alkyne (question 2), alkynyl ketones 6
(48%) and 7 (57%) were constructed. To search the effect of the silyl group (question 3), 8
cyclize ketone 9 (43%) was prepared, Table 1.

Cyclization studies were initiated by treatment of each ketone (4-11) with the protocols

developed for 2. After SiO7 chromatography the corresponding furans 12-18 were obtained

T, refluxing THF or longer reaction times at 0°C) only resulted ir mp n
of the starting material. Since we have observed another substrate bearing bulky substituents
fail to cyclize, it may be that the reluctance of this ketone to undergo cyclization is due to
entropic, as well as steric reasons and not to the fact that a phenyl ketone is required. The
realization that ketones 4-7 all undergo this reaction supports the notion that a phenyl group,
or for that matter any substituent, o to the alkyne is not a requirement for cyclization. In
addition, it appears that a trimethylsilyl group is not needed to effect a successful reaction

since ketones 8 and 10 also cyclized under the reaction conditions.
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Table 1: Cyclization studies on alkynyl ketones using various potassium bases.

Cyclization Furan Method A | Method B | Method C
Precursor Producta (KOtBu) | (KHMDS) | (KH/NaH)
o) 9)
J M }ATllﬁ
N +Bu 51% 47%
4 T™MS 12
o)
I |
AOAMRIgS
™S T™S 48% 43%
5 13
M —=—1Ms \ ™S
P U/\ 67% 61% -
6 14
|
= >
LA Nus 5 87% 6% |
7 S~ s
15
P < \_/
8 “Cy4Ho 16 Ph 56% 54% -
0
” A~ aa m
Usivie v
PO Yg
= < NDR ND A1 h
™S> / COOMe 1IN\ ININ [ 1%VY
9 17
o
)-H/cozrvle o
\« »/
W /" cooMe NR NR 67%b
10 17
T™S T™MS
D
= C.H Oy
4
N ™ J
CsH7 ™ “CHy e <5% <5% <5%
6 UaHy
11 18
a) All new products were fully characterized by 1H and 13C NMR, FT-IR and HRMS.
b) The reaction was refluxed (THF) for 12 hr in order effect efficient cyclization
It is noteworthy that acetoacetates 9 and 10 underwent efficient reaction without the

need of activating the alkyne, although the reaction temperature had to be elevated. Th
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B-keto esters or B-diketones. We found that less substituted variants, for instance leading to
2,5-disubstituted furans, either refused to cyclize or decomposed when subjected to more
vigorous conditions. It seems that the success achieved with 9 and 10 are a resuit of balancing
subtle steric and electronic factors, and demonstrate a severe limitation to this method.

With the above study completed, a comment on the stability of the products is
warranted. It was found that the TMS group in the furan products was more labile than

care was not taken in the acidic workup then products that did not
oup w
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the presence of a bulky and/or an electron withdrawing group may be required to impart a
stability to the products. All the products obtained from this study were stable for several

months when stored in benzene under an inert atmosphere at -10°C .

,,,,,, s, but with slightly diminished yields (ca. 5-10% lower than reported); 2) no
allene compounds were ever seen in the 'H nmr spectrum of the crude reacti tures; 3) in

essentially instantaneous (< 2 minutes) regardless of the base used or the reaction temperature

(varying from -78°C to RT). Attempts to garner more information by performing the

1 Upon attempted acylation of this keto-alkyne, only the bis-enol ether was isolated in 25%-35% yield.
T™MS

i T™MS
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reaction in dg-THF in a NMR tube, or by performing deuteration experiments proved

give the observed product, path A, Scheme 1. Although we ravour this pathway, it does not
explain the apparent preference for "thermodynamic" enolate formation in compounds like 4
and 5. An alternative pathway involving isomerization of the alkyne to an allene followed by
attack of the enolate on the allene, either in a 5-endo or 5-exc-dig fashion,26 is also possible,
path b, Scheme 1. In a related example, it was shown that cy:lization through both "general”
pathways shown in Scheme 1 (direct oxy-anion attack on the alkyne, or isomerization to an
Howed by oxy-anion attack) are possible and appear to occur simultaneously.2!
n

Considering the above study, effort to glean more mechanistic information using deuteration

still will not conclusively prove one pathway over the other
h P Ph
Base o TMS—— o Z/’ Ph u)/ Ph \_H*
APath A ™S MS N\
Ph * Ph
o=g
P _-—
MS—=—_ Y en
1 Fn 2
W Path B Ph h +
Base \ o o - /N
H A\
H\_,r—u—-\ T =C={ / € Ph
1 VIS
Scheme 1
Conclusions

A variety of furans containing a diversity of substitution patterns and functionality can
be constructed in a very direct fashion and in moderate but usable yields. More specifically,
furans can be successfully synthesized from y-alkynyl ketones without any special activation of

the alkyne moiety. The experimental evidence gathered to date suggests that the reaction
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General Experimental Conditions:

All reactions were carried out in a flame or oven dried (140°C) round bottomed flask
(RBF) under an argon atmosphere. Temperatures indicated refer to external bath
temperatures and all reactions were stirred magnetically. Air sensitive reagents were

transferred through rubber septa by syringes. The phrase "removed under reduced pressure”

+ ith Nii~ha + xrmtan Anmivatan and A kol
refers to removal of solvent with a Biichi rotary-evaporator using a water aspirator and a bath
(o]
temperature of 30°C
All commercial reagents were purchased from Aldrich Chemicals and were used

Analytical thin layer chromatography was performed using Merck silica gel 60 F254
precoated plates (0.25 mm). Visualization was effected by short wave UV illumination and/or
KMnO4-K2CO3 solution followed by heating on a hot plate. Column chromatography was
performed on Merck silica gel (230-400 mesh) following the procedure of Still.27 Reagent
grade solvents were used without further purification for chromatographic separations.

All nuclear magnetic resonance spectra (\H NMR and 13C NMR) were recorded on a
Varian Unity 400 (400 MHz) spectrometer, in CDCl3 solution with chemical shifts reported in
ppm () relative to tetramethylsilane. 1H NMR data are reported as follows: chemical shift
(multiplicity, number of protons, coupling constant in Hz), and !3C NMR as: chemical shift

(number of carbons), which was determined by a heteronuciear multiple quantum coherence
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experiment, HMQC. FT-IR spectra were recorded on a Bruker IFS-25 spectrometer using

L3 i W v Aleaaz

1\ Hieh resolution mass s

NaCl windows and are reported in wave numbers Tigh resolution mass spectr

/‘\

run on a Kratos MS50 spectrometer and are reported as m+/z (% intensity).
General Cyclization Procedures:

Method A: In a 10 mL RBF cooled to 0°C was placed ketone 1 (31 mg, 0.1 mmol) and THF
(2 mL). To this was added 1 M potassium zert.-butoxide in THF (0.1 mL, 0.1 mmol), the

- ww o~

mixture was stirred for 5 minutes and then quenched with coid 0.1 M HCI (I mL). The
mixture was diluted with Et2O (10 mL), the layers were separated and the organic phase was
washed with H2O (5 mL), brine (5 mL), and dried over MgSO4. Removal of solvent under

reduced pressure and purification gave 2.16

mmol) THF (3 mL), NaH 60% in oil (67 mg, 0.4 mmol) and a catalytic amount of KH. The
cold bath was removed and the solution was refluxed overnight, cooled and then quenched

with cold 0.1 M HC1 (1 mL). The reaction mixture was worked-up as above and purified to
give 17 28

2-Methyl-3,5-diphenyl furan (2):16 Purified by SiO2 chromatography (50:1 hexanes/ethyl

acetate as eluant) to give a colourless oil. 1H NMR: 7.66 (d, 2H, J=8.2),
(s, 1H), 2.51 (s, 3H). 13C NMR: 151.6 (1C), 147.6 (

\ iViX 171

(20), 127.5 (2C), 127 (1C), 126.4 (1C), 123.4 (2C), 123 (1C), 106.4 (1C), 13.2 (1C).
FT-IR (neat): 2958, 2924, 2856, 1599. HRMS: calculated for C;7H140 234.1045, found for
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5-tert.-Butyl-2-trimethyisilanyimethyi-4,5,6,7-tetrahydro-benzofuran (12): Purified by SiO;
chromatography (50:1 hexanes/ethyl acetate as el
5.60 (s, 1H), 2.65-2.00 (m, 4H), 1.98 (s, 2H), 1.55-1.25 (m, 3H), 0.91 (s 9H), 0.04 (s, 9H).
I3C NMR: 152.2 (1C), 147.9 (1C), 117.6 (1C), 104.7 (1C), 45.3 (1C), 32.5 (10), 27.5 (20),
27.1 (1C), 24.7 (1C), 23.9 (iC), 23.4 (1C), 18.2 (iC), -1.7 (3C). FT-IR (neat): 2959, 2860,
1562. HRMS: calculated for C16H280Si 264.1910, found for C1gH280Si 264.1919 (100).

1ant) to giv
7’ o

7-Methyl-2-trimethylsilanylmethyl-4,5,6,7-tetrahydro-benzofuran (13): Purified by SiO2

chromatography (50 Llexaﬁes/‘thyl acetate as eluant) to give a colourless oil. 'H NMR: 5.58
(s, 1H), 2.8-2.6 (m, 1H), 2.31 (t, J=5.2), 1.98 (s, 2H), 2.00-1.08 (m, 4H), 1.15 (d, 3H,

J=7), 0.02 (s, 9H). 13C NMR: 152.1 (1C), 151.9 (1C), 116.7 (1C), 104.3 (1C), 32.4 (1C),
31.6 (1C), 22.5 (1C), 22.0 (1C), 19.2 (1C), 18.2 (1C), -1.5 (3C). FT-IR (neat): 2935, 2860.
HRMS: calculated for C13H2208i 222.1441, found for C13Hp70Si 222.1454 (100).

2-Trimethylsilanylmethyl-4,5-dihydro-naphtho[1,2-b]furan (I15): Purified by S
chromatography (50:1 hexanes/ethyl acetate as eluant) to give a pale yellow oil. 1H N
7.33 (d, 1H, J=7.2), 7.25-6.95 (m, 2H), 7.03 (d, 1H, J=7.2), 5.77 (s, 1H), 2.91 (t, 2H, J=7.8),
2.64 (t, 2H, J=7.8), 2.09 (s, 2H), 0.07 (s, 9H). 13C NMR: 154.7 (1C), 147.4 (1C), 133.7 (1C),
128.5 (1C), 126.5 (1C), 125.2 (1C), 120.6 (1C), 118.1 (1C), 105.3 (1C), 29.1 (1C), 21.0

(1C), 18.8 (1C), -3.6 (3C). FT-IR (neat): 2905, 2850, 1647, 1615, 1606. HRMS: calculated

a1 ALIAANC: & aar ] Fme Y1 A LIANMNC: DKL 1704 (1NN
1L U] /Y\wuol LU 1409, 1UULIAU 1UL U JOIT/UN/DL LIV 1 L0% (1UV).



[0

0
th
N
)
~
S
Q
N

0

=

2-Pentyl-3,5-diphenylfuran (16): Purified by SiO7 chromatography (50:1 hexanes/ethyl

acetate as eluant) to give a pale yellow oil. 'H NMR: 7.68 (d, 2H, J=7.2), 7.45-7.23 (m, 8H),

7.7 (2C

), 31.5 (1C), 28.3 (1C), 27.0 (10),
615, 1606. HRMS: calculated for

2,4,5-Trimethyl-furan-3-carboxylic acid methyl ester (17):28 Purified by SiO>

chromatography (50:1 hexanes/ethyl acetate as eluant) to give a pale yellow oil. 1H NMR:

£ Y1 (4 1IN 2 70 (.~ 2TIN N &1 - ATIN. DI AN (.. 21T 13 NIRAD. 1L A 1M 177 £14MN

0.21 (S, 1), 3.7/70 (8, an1), 2.51 (8, o11), 2.2z (8, 2r1). *2°C NMRK: 103.4 (1L}, 15/.05 (U0L),

1457 (1C), 114.5 (1C), 113.5 (1C), 50.8 (1C), 14.1 (1C), 109 (1C), 9.8 (1C). FT-IR (neat)

2980, 2922, 2859, 1705, 1565. HRMS: calculated for CgH1203 168.0787, found for

CoH1203 168.0789 (100)
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