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ABSTRACT

Only 2 mol % of Au(PPh 3)NTf, is needed to convert readily accessible propargylic acetates into versatile linear o-iodoenones in good to
excellent yields. This reaction is easy to execute and has broad substrate scope. Good to excellent Z-selectivities are observed in the cases
of aliphatic propargylic acetates derived from aldehydes.

a-lodoenones have become important synthetic intermediatesequired. Interestingly, propargylic alcohols can be converted
and can be readily converted into enones with various into lineara-iodoenones by reacting witkk-iodosuccinimide
a-carbon substituents, including alkyl, alkenyl, alkynyl, and (NIS) in the presence of a catalytic amount of hydroxy-
aryl groups, via transition metal-catalyzed cross-coupling (tosyloxy)iodobenzene. Although this would be a versatile
reactions. method for a-iodoenone synthesis, it is limited only to
Various methods for the synthesis @fiodoenones have secondary alkynols, and moreover, only a few special
been developed. For example, they can be prepared fromexamples were reportédt is our conclusion that there is
enones using a combination of and a nucleophilic base still a lack of efficient synthetic methods for linear
(e.g., pyridiné DMAP,2 and quinucliding. However, this o-iodoenones. Herein, we report a gold-catalyzed facile
Michael-addition-based method generally does not work well synthesis ofi-iodoenones from readily accessible propargylic
with linear enone$.In addition, the enone starting material acetates.
may not be readily available. lodination of<Si® bonds with Propargylic acetates can often be prepared in one pot from
ICl or C—Srf bonds with } can afford linean-iodoenones  aldehydes/ketones, terminal alkynes, and acetic anhydride
as well, although rather elaborate starting materials areand have served as versatile substrates for Au catdlysis.
We have recently developed novel Au-catalyzed tandem
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reactions of propargylic esters, proposed to involve 3,3- || NG
rearrangement of propargylic esters and subsequent activation g 1. Gold-Catalyzed Reactions of Propargylic Acetate
of the in situ-generated carboxyallenes to form highly \ith NIS to Forma-lodoenone2

reactive Au-containing oxocarbeniuf (Scheme 1). This OAc
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Scheme 1. Proposed Synthesis of-lodoenones via 1 2
Au-Catalyzed Reactions of Propargylic Esters

e} e} yield®
O)J\ R3 3'3_rearrangement4> O)]\ R3 entry“ catalyst conditions (%) Z/E¢
RTJ\ Au catalyst R! ,/I\ R2 1 2 mol % of Au(PPh3)NTf, anhydrous acetone 95 3:2
N T 2 2mol % of Au(PPhyNTf, wet CHCl; 8 61
Au catalyst ; 3 2mol % of Au(PPhy)NTf, MeNOy? 78 3:1
0 4 2mol % of Au(PPh3)NTf; acetone/HO (40:1) 35¢  >99:1
o o j\ O Kgs 5  2mol % of Au(PPhyNTf, acetone/H,0 (200:1) 61  >99:1
[ hydrolysis O| RS 16% | 6 2 mol % of Au(PPh3)NTf; acetone/H-O (400:1) 80 >99:1
E)I\Rz - eeesteoan [j)\Rz --eoeo ])\Rz 7 2 mol % of Au(PPh3)NTf, acetone/H20 (800:1) 957 45:1
R l " 8 2mol % of Aullls CICH,CH,Cl" 95 6:1
R’ A 9  2mol % of PtCl, toluene’ 12.5 >99:1

10 no catalyst acetone/H,0 (800:1) O/

: - : aReaction concentration was 0.05 KEstimated by!H NMR using
deS|gn led to the development of efficient Symhetlc methods diethyl phthalate as internal referené@.he geometries of enorwere

for highly functionalized 2,3-indoline-fused cyclobutaffe,  determined by NOESY 1D experimentsRegular, without drying® 17%
- i _B-di of acetatel was left unreacted.89% isolated yield9 Dichloro(pyridine-

CyCIOpentenone§’ « alky“dene ﬂ dlkemneé.z’ an.d alkenyl 2-carboxylato)gold(lll)." Heating at 80°C for 0.5 h.i Heating at 80°C

enol esters/carbonat&sA notable observation in some of 5 2 h.i No reaction.

these studies is that the AC(spF) bond inA can react with

intramolecular electrophiléssuch as iminium® and acti-

vated acyl group$: We surmise that this AuC(sp) bond  desired reaction did happen, amdodoenone? was formed

could also react with electrophilic iodine intermolecula‘ﬁy, in anhydrous acetone in excellent y|e|d, a|though The-

leading to efficient formation ofx-iodoenones upon hy-  selectivity was marginal (entry 1j.Attempts to improve

drolysis (Scheme 1). Notably, there is still much need to the stereoselectivity met with limited success when different

explore the synthetic potential of nucleophilic organogétds. solvents were used (entries 2 and 3). Interestingly, a small
We began to examine the reaction of oct-3-yn-2-yl acetate amount of water in acetone seemed to enhanceZiEe

(1) and NIS in the presence of Au catalysts (Table 1). Stable selectivity dramatically, and only th&-isomer of2 was

Au(PPR)NTf, was first used for its ease of preparation and observed when a mixture of acetone angDH40:1) was

handling. Gratifyingly, with 2 mol % of the catalyst, the ysed, although the yield @&was undesirably low (entry 4§.
@) For selected ool A o @) Fukada, Y. Ut Decreasing the amount of,8, however, led to increased
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elimination of Au is possible. For examples with such proposed mechanism,
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selected references, see: (a) Buzas, A.; Gagogxd-.Lett.2006 8, 515- (17) The formation of2 is presumably due to adventitious,® in
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Table 2. Reaction Scope for the Formation of
B-Monosubstitutedx-lodoenones

OAC Au(PPh3)NTf, (2 mol %), NIS (1.2 equiv) o)
acetone:H,O = 800:1,0°C,2h
R ™ Ry "R2
N2
3 R | 4
. . yield
entry” propargylic acetate 3 o-iodoenone 4 ZIE %]
OAc ?
Me” ™ 4 .
1 Me)\o 3a % a 12:1 82
QA Me i Me
2 Mo AN 3b M b 231 94
R Me |
OAc A
(o]
3 X, Me 3¢ X Me 4 19:1 9r°
3
3
OAc :
M NN i
e
4 S 3d Me% 4 12:1 75
|
OAc o
5 x x 4 12 97°
3e |
OAc O
AN Mest 1.1 84
6 Ny Mesp i
MeQ’ 3 MeCO
OAc o
7 /©)\Me3g /@WM% 5196/
FC ? F.C !
OAc O
s Me
4h
3 ACO/\)\@/MG 3h \/\[HK@; Zonly 80°
OAc ° 0

1

aThe substrate concentration was 0.05™Nbolated yield.£ 10 mol %
of AgNTf, was added, and the reaction time was 3 Tihe reaction took
3 h.©The reaction finished in 0.5 h10 mol % of AgNTH was added.
9 Elimination of acetic acid happened during the reaction.

As shown in Table 2, these substrates all reacted well, and

good to excellent yields of the correspondimgodoenones
with S-monosubstitution were obtained. Whehdd R are
both alkyl groups, high to excellent stereoselectivities
favoring theZ-isomer were observed (entries-3, 8, and
9). With a cyclohexyl group at the propargylic position (entry

3f) worked well, affording corresponding products in excel-
lent yields. Noteworthy is that no iodination of the benzene
ring in 3f was observed. Interestingly, est&8h with
2-acetoxyethyl at the propargylic position yieldaeodo-
dienone4h only in its Z-form in 80% vyield (entry 8). The
elimination of acetic acid in this reaction likely happened
after the formation of the iodoenone moiety. In contrast, ester
3i with one more CH spacer led to the expected product,
o-iodoenonedi, in 83% yield. Substrates related 4b and
4i with the terminal hydroxyl group protected by a TBS
group instead led to rather complicated mixtures, and crude
H NMRs indicated that desilylation happened. While the
reaction conditions are considered mild, Au(B)RITf, seems
to be acidic enough to cause facile desilylation and elimina-
tion of acetic acid (entry 8).

Extension of this chemistry to propargylic acetates derived
from ketones was delightfully successful. Hence, as shown
in Table 3, acetates prepared from linear ketones such as

Table 3. Reaction Scope for the Formation of
B.,B-Disubstitutedo-lodoenones

OAc  AU(PPhNTF, (2 mol %), NIS (1.2 equiv) g1 o
1 acetone:H,O = 800:1,0°C,2h
RR2 % R2 A R3
R® I
5 6
entry’ propargylic acetate 5 o-iodoenone 6 yield [%]®
OAc Me O
1 M Sa e Me 6a 96
MO e Mew
oA !
(o]
2 N e 5 MMG o 87
3 i 3
3 Sc¢ X Me 6¢ 91
O\/Me 3
5 i
OAc o
4 Sd 6d 99
B Me
O\Q/Me %
3 I
5 Me Iy 5 1\ 6 88°
€ e
Mem\ e MeMMe
OAc 3 Me |
o]
6 SN s “ of 96
|
7 T 5 i b 83
N
O\ Ph
|

3), the reaction was slow and incomplete even after extended

time. The addition of 10 mol % of AgNEfdid help to drive

aThe substrate concentration was 0.05MN6olated yield.t Z/E = 1:2.2.

the reaction to completion, presumably due to its scavenging
of iodide and thus keeping Au(PRNTT, reactive!® Notably,
in the cases of aryl-containing substrates—g, the Z/E-
selectivities were diminished (entries-%); moreoverE-4e

acetone (i.e.5a) and 3-methylbutan-2-one (i.&¢) led to
excellent yields off,3-disubstituteda-iodoenones with

was isolated as the major product. Substrates derived frommarginal stereoselectivity in the reaction % (entry 2)2°

aromatic aldehydes with either electron-withdrawing (e.g.,
CFR; in 3g) or electron-donating substituents (i.e., MeO in

(19) Indeed, precipitates, presumably Agl, were observed during the
reaction. Without the addition of AgNZfno precipitate formed.

Org. Lett, Vol. 9, No. 11, 2007

Similarly, this reaction worked well with substrates derived
from cyclic ketones including cyclopentanone (entry 2),
cyclohexanone (entries 3, 6, and 7), and cycloheptanone
(entry 4). In addition, different substituents at the alkyne
terminus, including primary (entries—b) and secondary
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(entry 6) alkyl groups as well as a phenyl group (entry 7), product but with opposite stereoselectivities. In order to gain
were allowed. Remarkably, no elimination of acetic acid from insights into the mechanism, reactions were run in an NMR
acetates to form corresponding enynes was observed, tube and th&/Eratios were monitored bfH NMR. Hence,
indicating that Au(PPYNTf, prefers activating the €C when propargylic este3c with all alkyl substituents was the
triple bond to coordinating to the acetoxy group. substrate, a constadfE ratio of 19:1 was observed during
Two possible competing mechanistic paths for this reaction the reaction, while the intermediate carboxyallene was not
are proposed in Scheme 2 for the case of propargylic acetatesletected. This supports path b, and the allene intermediate
presumably reacts fast with the Agatalyst. Quite the
opposite, when esteBe with a phenyl group was the
substrate, an opposite stereoselectivity with Erésomer

Scheme 2. Proposed Competing Mechanistic Paths for the

Formation of lodoenond slightly favored was detected invariably throughout the

o reaction Z/E = 1:2). Interestingly, in this case, 90% of

0 O)LMe substrate8e was converted into its corresponding carboxy-
o)LMe AU(PPhyNTE, ) ; AUPPRINTE, allene in 5 min, while the completion of the reaction took

R? A corresponding carboxyalleffavas mixed with NIS without
<§le o the Al catalyst, the carboxyallene reacted to yiel)-te
L NTf @O)L predominantly (Z/E= 1:6 throughout the reaction) whige
(Ph3P)Auj)[\R2
o / [
A

52 . . ;
R1\ Y — Z\@ 7R —‘ 30 min. Moreover, when a 1:1 mixture de and its

remained unchanged. These observations suggesBéhat
reacted via both path a and path b with the former

path a

presumably dominant. As a preliminary conclusion out of

O
@O)J\Me <§ i i ini
o N7l these studies, aryl-containing esters sucB@s3e, 3f, and
\f\RZ Y path b 3g may all undergo reactions via path a to a significant
E_Sg;cﬁvs egtent,'leading to qiminished §tereosg|ectivities; in cpntrast,
hydrolysis ° o aliphatic propargylic esters yield thi&isomers selectively
\ | , @OJ\Me likely via path b predominantly.
ﬂ)kR ydrolysis lj/QRz In summary, an efficient synthesis of lineatiodoenones
Ff‘ 4 ; I ¢ from readily accessible propargylic acetates was developed.
P b 7 olotive R Z.selective This reaction works well not only with substrates derived

from aldehydes but also with those from ketones. Good to
excellentZ-selectivities were observed in the case of aliphatic

derived from aldehydes. Thus, carboxyalléhegenerated ~ Propargylic acetates.
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. . . L . ompared to the average sp) bond leng . , the
cis relationship between AU(.PE.)hand. R in intermediate Au'—C(sp) bond is much longer (2.04 A by averaging 8 hits from
A.2L221f subsequent hydrolysis is facile and does not allow Cambridge Structural Database), which may be the reason for the preference
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stereoisomerization, these two paths will yleld the same (22) Retention of double bond geometry was observed when alkenylgold
intermediates were iodinated with NIS. For references, see refs 15a and
(20) The stereoisomers 6k are inseparable, and the assignmenttbf 15b.
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