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its derivatives since the 6,7-trans stereochemistry is de-
sirable in these cases.
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High-Yield Acyl Anion Trapping Reactions.
Synthesis of Acyltetrahydrofurans

Summary: In situ generated acyllithium reagents add to
the carbonyl function of lactones, usually with retention
of the ring structure.

Sir: We have reported recently the nucleophilic acylation
of ketones and esters by means of in situ generated
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acyllithium reagents.! The latter were prepared by the
carbonylation of alkyllithium reagents at low (-110 °C)
temperature. Such reactions provided a facile, high-yield
route to a-hydroxy ketones (eq 1). In the case of esters,
a-diketones were the final products obtained.

R'R'C=0 agueous NH,4Cl

low temperature

RLi + CO Rlc— —R' (1)

R
C

I 4

In order to demonstrate that this novel chemistry may
be applied to the synthesis of organic compounds other
than simple a-hydroxy ketones and a-diketones, we have
used our in situ direct nucleophilic acylation technique to
prepare acyltetrahydrofurans by two different routes.

In one of these routes, the acyllithium reagent was
generated at —110 °C in the presence of 2 molar equiv of
5-chloro-2-pentanone in a 4:4:1 THF /Et,0/pentane sol-
vent system.2 The reaction mixture subsequently was
heated at reflux (47 °C) for 2 h. The mixture was con-
centrated, treated with pentane to precipitate lithium salts,
and filtered. The filtrate was concentrated and the residue
examined by GLC. When n-butyllithium was the lithium
reagent that was used, one product was present in 92%
yield. This was identified as 2-pentanoyl-2-methyltetra-
hydrofuran (2a).® Scheme I summarizes the chemistry
involved in this simple one-pot process. Intermediate 1
could be intercepted by adding trimethylchlorosilane to
the reaction mixture at =110 °C to give 3. Similar reac-
tions in which sec-butyllithium and tert-butyllithium were
used gave 2b (95%) and 2c (80%), respectively. This
concept should be extendable to the preparation of other
cyclic ethers containing an acyl function in the 2-position.

(1) Seyferth, D.; Weinstein, R. M.; Wang, W.-L. J. Org. Chem. 1983,
48, 1144.

(2) For details of the general procedure, see ref 1.

(3) Anal. Caled for C;qH;30,: C,70.55; H, 10.66. Found: C, 70.46; H,
10.52. IR (film) »(C==0) 1708 (s); 'H NMR (270 MHz, CDCl,) 6 0.88 (t,
3 H, CH; of the n-CHj, group, J = 7.35 Hz), 1.21-1.35 (m, 5 H, contains
a singlet at & 1.30 for the CH3(H,) group), 1.45-1.94 (m, 5 H), 2.19 (m,
1 H), 2.58 (complex m, 2 H, H,, (diastereotopic)), 3.96 and 3.82 (m, 1 H
each, 2 H,); *C NMR (gated decoupled, 67.5 MHz, CDCl,) 8 13.8 (q, Cg,
J = 124 Hz), 22.3, 23.8, 25.2, 25.7 (unresolved multiplets in the H-coupled
spectrum, includes the three CHys of the n-C,H, group and the 2-methyl
substituent), 35.0 (t, C,, J = 129 Hz), 36.3 (t, C,, J = 129 Hz), 68.7 (t, Cy,
J = 145 Hz), 88.5 (s, C,), 215 (s, C=0).

c M

Xa

My

Ho
Cp \‘\CH:‘: /
O,
\\;‘[ ]< /CHZCHZCHZC{«\S

\C;/ o] Cq

© 1983 American Chemical Society



3368 J. Org. Chem., Vol. 48, No. 19, 1983

Table I. 1-(Trimethylsiloxy)-1-acyltetrahydrofurans (5)
Obtained by Nucleophilic Acylation of Lactones®

lactone (yield, %)

R [T CYT Ej

RC(O)Li
n-C,H, 5ab (54) 5b€ (64) 4(87)
MeEtCH  5d (59) 5e€ (53) 5ff(72)
Me,C 5g (81) 5h? (89) k (64)

@ The initial experiments were carried out with a 2:1
- lactone/RLi ratio, although a 1:1 ratio was later employed.
The 1:1 reactlons are cleaner and proceed in approx-
imately the same or in higher yield. © Also obtained was
the ring-opened direct alkylation product n-C H,C(O)-
(CH ),08iMe,. ¢ Obtained as a 2.4:1 ratio of isomers,
Only one isomer was observed (270-MHz ‘H NMR).
¢ Obtained as a 2.6:1 ratio of isomers. 7 Isomer ratio
could not be determined. £ Obtained as a 1.4:1 ratio of
isomers. " Obtained as a 17:1 ratio of isomers,

The reactions of in situ generated acyllithiums with
lactones of the type 4 were found to proceed readily

0SiMe3

g ﬁeﬁ
4, R=H, CH,

5JV:RCH3

without ring opening to give products of the type 5 in good
yield (Table I).# In the case of y-valerolactone, two iso-
mers were observed in the products from each acyllithium
reagent (cf. Table I footnotes). The nucleophilic acylation
of the a-methyl lactone in the case of n-C;HyC(O)Li ap-
parently gave only one isomer, and with Me;CC(O)Li one
isomer was favored 17:1. In the a-CHj series, the major
isomer probably is 6, which results from attack of the
acyllithium from the side opposite to the a-CHj group.
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The colorless tetrahydrofuran derivatives of the type 5
were stable on distillation at reduced pressure (ca. 100 °C
at 3-6 mmHg). However, on attempted isolation by means
of preparative GLC, we obtained not the colorless 5 but
rather bright yellow liquids. These were shown by their
spectroscopic properties to be the 3-(trimethylsiloxy)propyl
a-diketones, RC(0)C(0)(CH,);0SiMe;.5 Apparently, the

T iy

(4) For example, the product of the reaction of n-C,HyC(O)Li and
y-butyrolactone (after silylation) was characterized as follows. Anal.
Caled for CoH,,0,8i: C, 58.97; H, 9.90. Found: C, 59.40; H, 9.89. IR
(film) »(C=0) 1730 (s); NMR (90 MHz, C;Dy) & 0.18 (s, 9 H, OSiMey),
0.79 (t, 3 H, CHj of n-C,H, group, J = 5.8 Hz), 1.10-2.25 (m, 8 H, H, +
CHacHQCHQCHZC(O)) 2.5 (center of multiplet, 2 H, CH,C(O); diaste-
reotopic protons make this m complex), 3.2-3.7 (m, 2 H, H,); ¥C{*H}
NMR (CDCl,) 6 1.13 (SiMe,), 13.86 (CH; of C,H, group), 22.32, 24.64,
25.70, 36.07, 36.48 (CHys of the ring and the n-C,H, group), 69.5 (OC-
H,CH,), 107.3 (C,), 208.1 (C=0).
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(5) For example, 5i gave Me;CC(0)C(O)CH(CH;)CH,CH,0SiMe;, a
yellow liquid. Anal. Caled for C,3Hy5038i: C, 60.42; H, 10.14. Found:
C, 60.72; H, 10.16. IR (film) »(C=0) 1700 (8); 'H NMR (270 MHz) 5 0.07
(s, 9 H, SiMe;), 1.06 (d, 3 H, CHCH,), J = 7.28 Hz), 1.22 (5, 9 H, CMey),
1.49 and 1.92 (m, 6 lines each, 2 H, CH, 8 to C=0, diastereotopic pro-
tons), 3.25 (m, 1 H, 6 lines, CHCHj), 3.57 (t, 2 H, CH,08i), J = 6.74 and
6.18, different J due to diastereotopic H,).

Communications

high injection port temperatures facilitated this isomeri-
zation.

The thermal isomerization of 5 to a single product oc-
curred most readily when R = tert-butyl. For those cases
we examined the kinetics of the ring-opening process and
isolated pure Me;CC(O)C(O)CH,CH,CH(CH;)OSiMe; and
Me,CC(0)C(0)CH(CH,)CH,CH,0SiMe;.° The kinetics
of the thermal isomerization of 5e, 5f, and 5i were mea-
sured by analytical GLC and of 5d by 270-MHz proton
NMR spectroscopy. These isomerizations followed clean
first-order kinetics, but those of 5a—¢ were complicated by
decomposition in part to unidentified products. This
isomerization is an example of a [1,4] silyl migration from
oxygen to oxygen (eq 2).5 Attempts to prepare 3-(hy-

Me3zSi " SI:ASA‘??\ SiMe
O R 0 0 o
o — i (2)
I ] R
O 0

droxypropyl) a-diketones by the in situ nucleophilic acy-
lation of lactones followed by hydrolysis of the reaction
mixture gave a mixture of cyclic and acyclic products (eq
3) in both reactions which were carried out.

R 0. 0
+ “[ T -0 °¢

dqueous NH4Cl

MeCCOILI
OH CMez
R /
ﬁ + Me CCOICOICH,)z0H (3)
g 8
7
R=H,78=1

R=CH,, 7:8 = 2.8

These preliminary results have shown another useful
application of direct nucleophilic acylation: the formation
of acyl-substituted tetrahydrofurans. Furthermore, this
work also has provided a new route to certain functionally
substituted a-diketones. Both procedures used are capable
of extension to other systems. Preliminary results, for
instance, indicated that lactones of ring size other than five
can undergo nucleophilic acylation. Our studies of direct
nucleophilic acylation with in situ generated acyllithium
reagents are continuing.
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(6) Such rearra.n7gements have been shown to occur in the epoxidation
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