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Cyclization of malonate derivatives with iodine(lll) reagents

Florence Malmedy®™ and Thomas Wirth*!

Abstract: The cyclization of malonate derivatives using hypervalent
iodine(lll) reagents is described. In this reaction, double bonds are
dioxygenated and 5-membered lactones obtained with up to 70%
yield and in diastereomeric ratios of up to 11:1.

Hypervalent iodine reagents have become extremely versatile
reagents in organic chemistry. The mild reaction conditions
associated with the low toxicity and the environmentally friendly
behavior of these compounds render them attractive to use in
organic synthesis.!'! Hypervalent iodine reagents are very
selective oxidants®® and several derivatives have been reported
as enantiomerically pure reagents.”” Due to their electrophilic
nature and their excellent leaving group ability, they can react
with a broad range of nucleophiles in reactions such as the
oxidation of sulfides to sulfoxides,!*! the dearomatization of
phenols,® the a-arylation® and the a-oxygenation of carbonyl
compounds! but also in the functionalization of carbon-carbon
double bonds through dioxygenation[ 81 diamination! ° 1,
oxyamination,""™ iodoamination,""! oxytrlfluoromethylatlonm] or
aminofluorination.! * ! The facile generation of catiog
intermediates by hypervalent iodine reagents allows eithe
direct reaction with a nucleophile or the formation of rearr:
products[ 4 with ring contractlon[ ® ring expansion,!"®or aryl

malonate derivatives using hypervalent iodine re
investigations were carried out using substra

alkylations. The reaction was initially performed using o
iodine(lll) reagent at —20 °C. Both PhI(OAc), and I(OAc)s did n
mediate any cyclization even after 3 days of reaction an
starting material was fully recovered (Tgble 1, Entries 1 and
was suspected that the iodine reag
enough and an activating Lewis aci

of the lactone ring was un
crystal structure (Figure,1).1""}

methyl ester and the
other.
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Table 1. Optimization o!
Yield d.r.

Iodin&ntmﬂEq.)
[%] (trans:cis)

Entry

1

A N
mEnI(OAC): (1)\ - 0 -

-
2 m - 0 ;
PhI(OAc), (1) BF;+ OEt, (2) 2a: 16 10:1
Phlc)2 (1.2) BF;+ OEt, (2) 2a:15 10:1
-
—5\ PhI(OAc); (1.2) BF;+ OEt, (2)  2a:48 6:1
3:45
PhI(OH)OTs (1.2) BF;+ OEt, (2)  2b: 20 n.d.l
ged I .'COCFa)z (1.5) BF;+ OE, (2) O -
8 PhI(OAc)z (1.2) BF;+ OEt, (3)  2a: 5:1
(83)[d]
PhI(OAc); (1.2) BF;+ OEt, (2) 2a:24 8:1
AcOH (12.5) 3:32
PhI(OAc); (1.2) BF; OEt, (3) 2a:58 11:1
AcOH (12.5) 3:6
PhI(OAc); (1.2) BF;+ OEt, (2)  2a: 39 5:1

H,0 (0.01)

[a] Reaction time: 3 days. [b] Reaction performed at 0 °C. A reaction performe
at rt led to almost complete decomposition. [c] Not determined. [d] Conversio
yield not determined.

Figure 1. Crystal structure of lactone 2a.
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A slight excess of the iodine reagent did not make any , PhI(OAC), (1.2) TMSOTF (2) 5¢: 28 n.d.d
difference and the diastereomeric ratio remained unchanged
(Table 1, Entry 4). The yield was not improved by prolonging the 3 Phi(OAc), (1.2) TMSOTf ~ -
reaction time to three days. Increasing the temperature to 0 °C TFE | -
improved the conversion to 100% and the cyclized product 2a PhIO (1) BF+ OEt, ( 2) n.d.d
was isolated in 48% yield. However, the formation of a major
side product was observed. A competing oxidation of the triple 5 PhI(OH)OTs (1.5) Etz ‘V5b 21
bond occurred and the oxidized compound 3 was isolated in ‘

6 PhI(OCOCF BFs+ O -

45% yield in addition to 2 (Table 1, Entry 5). When the reaction ey Tk 3Fs il

2

was warmed up to room temperature, considerable
[b] Reactio

decomposition was observed and products could no longer be 5 Reaction time: 3 i i ormed at 0 °C. A reaction
isolated. performed at rt led to ajjiil@st complete deco ition. [c] Not determined.

Two other iodine reagents were also evaluated. Koser’s

erformed with ethyl 2-

reagent [Phl(OH)OTs] gave the cyclized product 2b (R = OH) in  cyanoacetate asily prepared from ethyl
only 20% yield. The selectivity could not be determined by '"H  2-cyanoaceta ized product 5a with the
NMR as the peaks were overlapping (Table 1, Entry 6). Using acetoxy group ition was isolated in 43% vyield but the
[bis(trifluoroacetoxyiodo)]benzene together with BF; « OEt; led to s only 3:1 (Table 2, Entry 1). Another

complete decomposition (Table 1, Entry 7). s also used here. The cyclization
3 %) while the ftriflate anion reacted
as the nucleophile to giV®product 5¢ (Table 2, Entry 2). The
addition of TFE resulted again in complete degradation of the
| (Table 2, Entry 3). Changing the iodine(lll)
ent didqgeither improve the yield of the cyclized product 5
the selectivity. lodosylbenzene and Koser's reagent both
ted the addition of a hydroxyl group onto the double bond
and 21% yield, respectively (Table 2, Entries 4 and 5).
se of [bis(trifluoroacetoxyiodo)lbenzene resulted in
dation into unknown products (Table 2, Entry 6).

Increasing the amount of BF3; « OEt; to 3 equivalents led to a
better conversion (83%), but the selectivity dropped to a
diastereomeric ratio of 5:1 (Table 1, Entry 8). Additional acetic
acid was added to the reaction mixture and the cyclized product
was isolated in 58% yield with slightly improved diastereomeric
ratio of 11:1 (Table 1, Entry 10). As the increased amount of
Lewis acid was detrimental for the selectivity, the reaction was
also performed with only two equivalents of BF; « OEt,.
starting material was fully converted but surprisingly, more
product 3 was formed as well as one other uncharacterized side
product. Furthermore, the selectivity decreased to a ratj
(Table 1, Entry 9). Finally, it has to be noted th
presence of 1 mol% water the cyclization still procee
a lower conversion. Only product 2b was isolate
and with a diastereomeric ratio of 5:1 (Table 1, E

After the detailed investigation of the two substrates 1 and 4,
different homoallyl esters were cyclized under identical

congditions. The results are summarized in Table 3.
TabjJl#B. Cyclization of homoallyl esters.”

ly Substrate Product Yield d.r.
[%] (trans:cis)

The influence of the solvent was also studie
reaction was performed in acetonitrile, no product was

due to complete degradation of the reaction mixture 0
uncharacterized products. The addition of acetic acid di MeO,C, MeO,C
I\ Z 0
1 MeO,C — 61 1:1.3
6 OAc
7
OAc
MeO,C P
2 MeO,C 7 15 n.d.®
8 AcO
9
MeOzC 2
HO,C P o .
MeO2C’ < _ / 2a: 28 n.d.
s - 4 R 2b: 13 n.d.
10
2a: R =0OAc
2b: R = OH

Entry ine reagent ‘&jditive (Eq.) Yield [%] d.r.
(trans:cis)

1 PhI(OAc); (1 .2_‘&2 (2 5a:43 3:1

This article is protected by copyright. All rights reserved.



European Journal of Organic Chemistry 10.1002/ejoc.201601587

WILEY-VCH

o Acknowledgements
BuO,C . BuOgC o
4 BuO,C _ f 58 1:4 We thank Dr. B. Kariuki, Cardiff U , for the X-ray analysis
" o \\\ OAc of compound 2a. Support from the S Chemistry, Cardiff
12 University, is gratefully acknowledged. the EPSRC
National Mass Spectromejry Facili for mass
5 BuO,C O 0 70 1:4 spectrometric data.
'BuO,C = e
13 OAc Keywords: cyclization ¢ alent |

14 lactonization * malo erivatives

[a] 1.5 eq. PhI(OAc),, 2 eq. BF; « OEt,, 12.5 eq. AcOH, —20 °C, 20 h. [b] 2.5
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determined.
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