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Abstract

Reformatsky reactions of pentacyclo[5.4.0.0%°.0%'°.0>*]undecane-8,11-dione (1) with ethyl
bromoacetate and ethyl difluorobromoacetate have been performed in the presence zinc dust and
iodine in dioxane under irradiation by high-intensity ultrasound (HIU). In each case, addition of
one equivalent of the organozinc reagents occurs with concomitant intramolecular hemiacetal
formation, thereby affording 3a (75% yield) and 3b (89% yield), respectively.
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Introduction

Our respective research groups have held a long-standing interest in the design and construction
of novel macrocyclic host systems.>? In this connection, the University of North Texas research
team has utilized Grignard reactions of pentacyclo[5.4.0.0%°.0*'°.0>*]undecane-8,11-dione (1)*
to prepare precursors to cage-annulated podands (e.g., systems of the type 2, Scheme 1) that have
been used extensively to construct a wide variety of cage-annulated macrocycles.**

Efforts currently are underway to develop new approaches to sodium hydroxide extraction
that utilize proton-ionizable fluorinated alcohols to effect pseudo-hydroxide extraction.® Thus, it
was of interest to develop a method by which a fluorinated alcohol moiety might be introduced
into cage-annulated podands of the type 2 (Scheme 1).

We elected to use an approach based upon the familiar Reformatsky reaction for this
purpose.® Recently, the Texas Tech University research team has demonstrated that high-energy
ultrasound (HIU)-promoted Reformatsky reactions offer several advantages over conventional
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thermal methods.”® Herein, we report the results of HIU-promoted Reformatsky reactions of 1
with ethyl bromoacetate and also with ethyl difluoroacetate.

1. H,C=CH-MgBr
or H,C=CH-CH,MgBr

BrCX,CO.Et (2 equivalents)
<— >
Zn, HIU 2. TsOH, benzene
Dean-Stark apparatus
OH
X4 o d 1 b HO) R™N07 R
COzEt 33 (X =H) 2a (R = CH=CH,)
3b(X=F 2b (R =CH,CH=CHy)

Scheme 1

Results and Discussion

Reformatsky reactions of pentacyclo[5.4.0.0%°.0%!°.0>*]undecane-8,11-dione (1) with ethyl
bromoacetate and ethyl difluorobromoacetate were performed in the presence zinc dust and
iodine in dioxane under irradiation by high-intensity ultrasound (HIU).”® In each case, addition
of one equivalent of the organozinc reagents occurs with concomitant intramolecular hemiacetal
formation, thereby affording 3a (75% yield) and 3b (89% yield), respectively (Scheme 1).

Cage dione 1 was first prepared by Cookson and coworkers in 1958.° Since that time, the
chemistry of this interesting and unusual cage diketone has been studied extensively.10
Transannular interactions occur commonly in this system; thus, reversible hemiacetal formation
at the C(11) carbonyl group frequently accompanies reactions that involve nucleophilic attack at
the C(8) carbonyl group.™*

Although addition of two equivalents of Grignard reagents to the C(8) and C(11) carbonyl
groups in 1 has been achieved,* in the present study we were not able to develop conditions
whereby 1 could be induced to reaction with a second equivalent of organozinc reagent. Indeed,
all efforts to promote addition of a second equivalent of the bromoester to 3a and 3b,
respectively, were not successful.

Experimental Section

Melting points are uncorrected.

General procedure for Reformatsky reactions of pentacyclo[5.4.0.0%° ] undecane-
8,11-dione (1) conducted under irradiation by high intensity ultrasound (HIU). The
apparatus for generating HIU irradiation, the sonochemical reaction flask, and sources of
reagents were the same as described previously.”® A 25-mL, four-armed sonochemical reaction
flask capped with rubber septa was flushed with nitrogen for several minutes. Zinc dust (1.18 g,

1
0%10,0%°
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18 mmol, 3.6 equiv) and iodine (0.50 g, 2 mmol, 0.4 equiv) were added, followed by dioxane
(7.5 mL). Compound 1 (870 mg, 5.0 mmol) and the appropriate ethyl ester (15 mmol, 3.0 equiv)
were added, followed by dioxane (7.5 mL). The flask was attached to the ultrasonic probe, and
the lower portion was immersed in a 1:1 ethylene glycol-water constant temperature bath
maintained at 20 °C. The reaction mixture was sonicated for 5 minutes in a 6-sec pulse mode.
The flask was detached from the probe, and the reaction mixture was poured into a beaker that
contained distilled water-ice (200 mL). The resulting mixture was transferred to a 1 L separatory
funnel. The beaker was rinsed with 2% aqueous HCI (100 mL), and the rinsings were added to
the separatory funnel. The sonochemical flask was rinsed with CH,Cl,, and these rinsings also
were added to the separatory funnel. The mixture in the separatory funnel was extracted with
CH,Cl; (2 x 200 mL). The combined CHClI, layers were dried (MgSO,) and filtered, and the
filtrate was concentrated in vacuo. The residue was dried in vacuo, and the crude product was
purified by column chromatography.

Reformatsky reaction of 1 with ethyl bromoacetate. Chromatography of the crude reaction
product on silica gel by eluting with 20% EtOAc-hexane afforded pure 3a (980 mg, 75%) as a
colorless oil; IR (film) 3446 (br, OH), 1756 (C=0) cm-1; 1H NMR (500 MHz, CDCl5) & 1.26 (t,
3H,J=7Hz),1.54 (AB, 1 H, Jas = 10.5 Hz), 1.88 (AB, 1 H, Jag = 10.5 Hz), 2.43-2.47 (m, 2 H),
2.58-2.67 (m, 4 H), 2.72-2.87 (m, 3 H), 4.14 (q, 2 H, J = 7 Hz), 4.52 (s, 1 H); *C NMR (126
MHz, CDCl3) 6 38.4, 41.8, 41.9, 43.2, 4317, 45.0, 47.4, 48.1, 57.6, 58.4, 60.5, 66.9, 88.8, 118.2,
170.2. Anal. Calcd for C15H1504: C, 68.68; H, 6.92. Found: C, 68.89; H, 6.73.

Reformatsky reaction of 1 with ethyl difluorobromoacetate. Chromatography of the crude
reaction product on silica gel by eluting with 20% EtOAc-hexane afforded pure 3a (1.33 g, 89%)
as a colorless oil; IR (film) 3405 (br, OH), 1768 (C=0) cm™; *H NMR (500 MHz, CDCls) &
1.36 (t, 3 H, J =7 Hz), 1.58 (AB, 1 H, Jag = 10.5 Hz), 1.93 (AB, 1 H, Jag = 10.5 Hz), 2.52-2.58
(brt, 1 H), 2.61-2.76 (m, 3 H), 2.76-2.83 (m, 1 H), 3.09 (m, 1 H), 3.18-3.24 (m, 1 H), 4.34 (q, 2
H, J = 7 Hz), 4.48 (s, 1 H); *C NMR (126 MHz, CDCls): & 13.6, 13.8, 25.4, 41.8, 53.1, 43.3,
44.9, 45.5, 54.9, 63.0, 64.2, 67.8, 90.5, 119.9, 159.3. Anal. Calcd for Ci5H;6F,04: C, 60.40; H,
5.41. Found: C, 60.15; H, 5.53.
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