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ABSTRACT

2 CAN o)
M~ 7096%
R™ "OH MX, solvent, rt, 30 min R X
M = K", Na*, NH,"; X= Br, I', N5, SCN°
The oxidation of selected anions (N 37, SCN—, I, and Br~) by ceric ammonium nitrate (CAN) in the presence of substituted cyclopropy!

alcohols provides a novel approach to

P-functionalized ketones. The protocol has a number of advantages including short reaction times,

ease of reagent handling, and mild, neutral reaction conditions. Overall, this method provides an alternative pathway to important starting

materials and intermediates in organic synthesis.

Ketones substituted in thg position are important starting
materials in organic chemistry. Among this groyphalo

sometimes experimentally inconvenient since the use of
reactive or moisture sensitive reagents is requifédiore

ketones are extremely useful intermediates in organic recent approaches t6-substituted ketones, while useful,
synthesis and act as precursors to enones, annulated conprovide access to a limited range of compouhti®s a

pounds, heterocyclic derivatives, and dicarbonyl prodticts.

consequence, the development of new synthetic methods

In spite of their importance as precursors to a large range ofoffering a general approach for the introduction of diverse

important intermediatespnly a few of methods have been
developed to synthesigesubstituted ketonesThe synthesis
of f-substituted ketones by 1,4-addition of HX &X Cl,
Br, 1) or trimethylsilyl iodide to the corresponding enone is
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functionality to thep position of a carbonyl group still
constitutes a challenge in organic chemistry.

Cerium(lV) ammonium nitrate (CAN) has found wide
applications in carbonheteroatom bond forming reactions
in organic synthesi$The reported carberheteroatom bond
formations mediated with CAN include<Br, C—I, C—S,
C—N, and C-Se bonds. These reactions usually involve the
generation of heteroatom-centered radicals from the oxidation
of anions and addition of the heteroatom radicals to alkenes
or alkynes.

On the basis of this precedent, we reasoned that Ce(lV)
oxidation of an anion in the presence of a cyclopropyl alcohol
would provide a route t@-substituted ketones as shown in
Scheme 1. Since cyclopropyl units are readily accessible via
the Kulinkovich reactiori,the ring opening of cyclopropanols
and the carbortheteroatom bond formation mediated with
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Table 1. Synthesis ofs-Functionalized Ketones through Ring Opening of Cyclopropanols

(0}
y - X 2 CAN )]\/\
R™ "OH solvent, rt, 30 min R X

1-4 a-d 1a-d

2a-d

3a-d

4a-d
product, product,

entry R, substrate M*tX~ conditions® yield® entry R, substrate M*+X~ conditions® yield®

1 Ph, 1 NaNs, a A 1a, 77% 9 cyclohexyl, 3 NaNs, a A 3a, 71%
2 Ph, 1 NH4SCN, b B 1b, 87% 10 cyclohexyl, 3 NH4SCN, b B 3b, 90%
3 Ph, 1 Nal, ¢ A 1e, 90% 11 cyclohexyl, 3 Nal, ¢ A 3¢, 96%
4 Ph, 1 KBr, d C 1d, 71% 12 cyclohexyl, 3 KBr, d C 3d, 92%
5 p-CH30Ph,2  NaNjs, a A 2a, 83% 13 CHs, 4 NaNs3, a A 4a, 70%
6 p-CH30Ph,2  NH4SCN, b B 2b, 89% 14 CHs, 4 NH4SCN, b B 4b, 85%
7 p-CH30Ph,2 Nal, ¢ A 2¢, 92% 15 CHs, 4 Nal, ¢ A 4c, 86%
8 p-CHs0Ph,2  KBr,d C 2d, 75% 16 CHs, 4 KBr,d C 4d, 83%

aConditions: (A) 2 equiv of CAN, 1 equiv of substrate in gEN containing

of CAN, 1 equiv of substrate in 50% GBI, 50% HO. P Isolated yield.

20% KHO; (B) 2 equiv of CAN, 1 equiv of substrate in GEN; (C) 2 equiv

CAN could provide a novel, efficient, and general approach

to a variety ofg3-substituted ketones.

Scheme 1
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The synthesis of substituted cyclopropyl alcohats4
shown in Table 1 was carried out by using the Kulinkovich

medium for the reaction as sodium azide is not soluble in
many neat organic solvents. Evaluation of a wide range of
conditions showed that acetonitrile containing 20% water
provided the highest yield gf-azido ketonela, and as a
result, this medium was used as the first choice for any anion
not soluble in neat solvent. With this initial study completed,
the synthesis of;-azido ketones was extended to several
cyclopropanol®—4. Both aryl- and alkyl-substituted cyclo-
propanols {—4) afforded corresponding-azido ketones in
good to high isolated yields (#8B3%) as shown in Table 1
(entries 1, 5, 9, and 13). Next, the CAN mediated strategy
was employed to construct other carbdreteroatom bonds
including C-S, C-I, and C-Br. Starting cyclopropanols
(1—4) and appropriate ionic compounds {M~) were used

63—82%. In an initial experiment, sodium azide was chosen are collected in Table 1. It is important to note that column
as the first anion to react with a cyclopropy! alcohol since chromatography was required after most reactions and

oxidation of this anion with CAN has been previously
reportec® Reaction ofl with NaNs in the presence of 2 equiv
of CAN in methanol produced a moderate yield (50%) of

isolatedf-substituted ketones were prone to decomposition
in neat form, so they were stored in CRGIfter isolation.

To test this approach in the formation of carbaulfur

the 3-azido-1-phenylpropanone along with dimer and nitrated bonds, ammonium thiocyanate was adopted to supply the

products as side products.

thiocyanate anion (entries 2, 6, 10, and 14). In these reactions,

Since solvent is known to play an important role in a range acetonitrile was employed since ammonium thiocyanate has

of Ce(IV)-initiated bond-forming reactior?s'® a series of

good solubility in this medium. Once again, the reaction

mixed solvent systems were examined to determine the besworked well for both aryl cyclopropanold @nd2) and alky!
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5256-5258.

(9) Nair, V.; Panicker, S. B.; Augustine, A.; George, T. G.; Thomas, S.;
Vairamani, M.Tetrahedron2001, 57, 74177422.

(10) (a) Zhang, Y.; Raines, A. J.; Flowers, R. A.JIIOrg. Chem2004
69, 6267-6272. (b) Zhang, Y.; Raines, A. J.; Flowers, R. A.Qig. Lett.
2003 5, 2363-2365.

1324

cyclopropanols 3 and 4). Very good isolated yields (85
90%) of f-thiocyanato ketoned b—4b) were obtained with
this strategy.

Since ketones containing a good leaving group in the
B-position would provide access to a wide range of starting
materials for further reaction, iodide and bromide salts were
examined. Sodium iodide was chosen as the source of iodide
ions and potassium bromide as the source of bromide ions.
As shown in Table 1 (entries 3, 7, 11, and 15), four
cyclopropanols 1—4) were reacted with sodium iodide in
the presence of CAN in acetonitrile containing 20% water.

Org. Lett, Vol. 9, No. 7, 2007



Each reaction provided excellent isolated yields<86%)

of the corresponding-iodo ketones Ic—4c). Attempts to
form C—Br bonds with use of acetonitrile containing 20%
water proved disappointing with isolated yields of the
p-bromo ketones varying from 22% to 46%. In these
reactions, oxidation of cyclopropyl alcohols occurred pre-
dominantly to generate dimers as major products. Bromide

ions are considerably harder to oxidize (based on thermo-

dynamic redox potential$}. As a result, oxidation of
cyclopropyl alcohols becomes a competitive reaction. To

circumvent this process, a two-phase solvent system of

dichloromethane and water was utilizédin this system,

CAN and bromide are soluble in the aqueous phase, whereas

the cyclopropyl alcohol is only soluble in the organic phase
leading to selective oxidation of the bromide ion. This solvent
milieu provided isolated yields g8-bromo products in the
range of 71+92% (entries 4, 8, 12, and 16).

To investigate the regioselectivity of more highly substi-
tuted cyclopropy! alcohols, 2-ethyl-1-phenylcyclopropanol
(5) was prepared as a diastereomeric mixture with use of
the Kulinkovich method. Three nucleophilegNI~, and
Br~ were reacted with compouridand the results are shown
in Table 2. Examination of the data in Table 2 shows that

Table 2. Reactions of Anions with
2-Ethyl-1-phenylcyclopropanol

o X o X
j\ to- 2 CAN, solvent
pon X Ng, rt, 30 min Ph/ki : P“)J\)\/
5 6a-c 7a-c
major product ratio of
entry M+X~ conditions® (yield) 6:7
1 NaNs; A 6a (48%)° 6:1
2 Nal A 6b (66%)° 6:1
3 KBr C 6¢ (59%)° 6:1
4 Nal A 6b (60%)° 7:14

a See footnote in Table 1 for conditions? GC yield. ¢ Isolated yield.
dReaction run at 6C.

the observed regioselectivities in the ring-opening reactions
are good and provide modest isolated yields. On the basis

of IH NMR analysis, all the ratios of produ6tto product?
are 6:1 for N~, I, and Br irrespective of the anion utilized
(entries 1-3). Product$a—c are likely favored due to attack
of the X radical on the least hindered side of the cyclopropyl
ring. When the ring opening & was carried out at 8C in
the presence of Nal, a marginally improved regioselectivity
(7:1) was obtained albeit with a slightly lower yield (entry
4).

With the success in forming carbeheteroatom bonds
in the § position of acyclic ketones, we next attempted to
synthesize-substituted cyclic ketones using the CAN

bicyclic alcohol. This approach, if successful, would provide
access to tandem ring expansicaddition reactions provid-
ing a useful protocol for the synthesis of a medium sized
cyclic carbocycle containing g-substituted ketone moiety.
To examine the practicality of this approach, bicyclic alcohol
8 was synthesized employing a previously published proce-
duré? and subjected to the CAN mediated ring-opening
reaction in the presence ofN |7, and Br. All of the data

are summarized in Table 3.

Table 3. Ring Expansion of Bicyclic Alcohol

(0]
OH
(ﬂ, X 2 CAN, solvent @\ + side products
Ny, rt, 30 min N
8 9a-c

entry M+X~ conditions® product (yield)
NaNj A 9a (56%)b
Nal A 9b (68%)°
KBr C 9c (60%)¢

aSee footnote in Table 1 for conditions? GC yield. ¢ Isolated yield.

The results in Table 3 show that the ring-opening reaction
results in ring-expansion to produgefunctionlized cyclo-
heptanones for all three anions examined. However, the
isolated yields are only moderate due to the presence of side
products. Analysis of the reaction mixture withl NMR
allowed the identification of three major side products as
shown in Scheme 2. The side products obtained from this

Scheme 2. Side Products from Oxidation &

G/OH

CAN | -e

OH

O
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analysis are consistent with oxidation &f indicating that

the rate of reaction of this bicyclic alcohol with CAN is on
the same order as the oxidations of anions used in this study.
Presumably, the mechanism in this reaction could be different
from the one shown in Scheme 1 with the oxidation8of

mediated method through the ring opening of a bridgeheadfollowed by halide addition.

(11) Harris, D. C.Quantitatve Chemical Analysjs6th ed.; Freeman:
New York, 2003.
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Recent work in our group has shown that the rates of short reaction time, ease of reagent handling, high yields,
oxidation by CAN are highly dependent on substrate structure and extensive use gf-functionalized ketones in organic
and solvent condition®:12 On the basis of these previous synthesis, this method provides an alternative pathway to
studies, we reasoned that protection ®&fwith a more important starting materials and intermediates in organic
sterically encumbered trimethylsilyl group would reduce the synthesis. Furthermore, the concomitant ring expansion and
rate of oxidation of substrate while simultaneously allowing f-functionalization shown in Scheme 3 indicate that this
us to test the mechanism shown in Scheme 1. Treatment ofprotocol provides a new pathway to obtgiiunctionalized
10 with CAN in the presence of Nal at 0C provided ketones which are difficult to synthesize in other ways.
3-iodocycloheptanone in high yield as shown in Scheme 3. Detailed mechanistic studies and the use of this method in

the synthesis of more complex systems are currently being

explored. Results of these experiments will be reported in
Scheme 3 due course.
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In conclusion, a novel approach t8-functionalized
ketones with good to excellent yields has been discovered.
Considering the mild and neutral conditions of the protocol
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