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Alkyne is one of the interesting substrates in the transition-metal-

Table 1. Hydrative Dimerization of Various 1-Alkynes?

catalyzed reaction since it can be transformed into a wide range of Entry Alkyne (1) Yield(%)° (5/6)°
synthetically important intermediatésn the course of our ongoing ) oh— 1 P o/t 1822
studies of hydroacylation of alkyne with aldehyde using a catalytic e () (Sa/6a: 78/22)
system of Rh(l) and 2-aminopicoline, as well as the related reaktion, 2 nCHe—= (b 63 (Sb/6b: 84/16)
we found thato,3-enones could be directly formed from two 3 nCHis—— (1o 67 (5¢/6¢: 78/22)
1-alkyne molecules andJ@ using the same catalysts (eq 1). Some 4 nCgHy——= (1d) 72 (5d/6d: 75/25)
of the very few examples of the transition-metal-catalyzed alkyne 5 oy—= (1e) 66 (Se/6e: 75/25)
dimerization utilizing HO include the following: the Ru-catalyzed _ d

6  tBu—= 19 599 (5t/6f: 0/100)

hydrative diyne cyclizatiod,the propargyl alcohol dimerizatioh,
and the stoichiometric reaction forming Rh-bound endneshis
communication, we wish to report a novel catalytic intermolecular
hydrative dimerization of 1-alkyne and a preliminary investigation
into the roles of catalysts.

a8 Reaction conditions: 0.432 mmol of 1-alkyne, 5 mo26.00 mol %
3, 100 mol % HO, 5 mol %4, THF (0.22 mL), 110°C (bath temp), 2 h.
blsolated yield.c Determined by GCY A mixture of enone and ketimine
(1:9).

o] Table 2. Reaction of 1a with Various Reaction Conditions?
(PPh3)3Rh(I)CI (2, 5 mol%) R R . -
2-amino-3-picoline(3, 100 mol%) % catalytic yield of -
2R—=— + H,0 benzoic acid (4, 5 mol%) f ) entry system product a,3-enones (%)
1 THF, 110°C, 2h o % gall-ggm (rnln(,)ﬁn-:nones 802
R\)J\/\R 3 ZH§0/4 enynes 0
6 4 2/3/4 o,5-enones <1e

When the reaction experiment of 1-octyri) and HO was
carried out using the catalytic systemf3, and4 in THF at 110
°C for 2 h, a mixture of branched,3-enone5a and linear enone
6awas obtained in an 82% isolated yield with approximately a 4:1
ratio (Table 1, entry 1.0ther 1-alkynes were also applied in this
experiment, and it was found that secondary, as well as primary,
aliphatic 1-alkynes underwent the same reaction to prodyte

a Reaction conditions: 0.432 mmol @&, 5 mol %2, 100 mol %3, 100
mol % HO, 5 mol %4, THF (0.22 mL), 110°C (bath temp), 2 h° GC
yield. ¢ Isolated yield.d Mixture of 65% 1-octyne and 35% enynes, only.
€Only 80% 1-octyne remained.

Table 3. Reaction of 1a with Various Amines

Entry amine yield(%)® (5a/6a) Entry amine yield(%)? (5a/6a)

enones that favor the_ brancheo! isorbesver the Iine_ar isom_eﬁ 1 | \/ 3 82(7822) 5 @10 51 (75125)
in good to moderate yields (entries-%).” However, with a tertiary N” "NH;, N~ NH,
1-alkyne, such as 22limethylpropyne 1f), the lineara,5-enone NH,
(6f) was isolated exclusively without producing the branched isomer 2 | j 7 85@37) 6 | t 1 0°
5f (entry 6). These results imply that a branch:linear ratio seems to N™ "NH, N
be controlled by the alkyl substituent of 1-alkyne. 3 () 8 soqans) ; @12 o

Itis interesting to note that the three component®, & and HO N” “NH, NH,
are all essential to the production of the hydrative dimerization | N g <5 8 | j 13, o
compounds of 1-alkyne (Table 2). Without any one of these, no NT NH, N7 N

Me

desired o,3-enones were obtained (entries-4). 2-Amino-3-
picoline @) played an important role in this hydrative dimerization
of 1-alkyne since withouB, only enynes,the direct dimerization

a|solated yield.? GC yield. ¢ Enynes only.

products of 1-alkyne, were isolated, and it was also noteworthy  On the basis of the above observations, we speculate that the

that the resulting enynes were not involved in this transformation following mechanism for the hydrative dimerization of 1-alkyne is

(entry 3)? taking place, though other reaction routes cannot be excluded
The position and existence of the methyl grouj3 i@re not criti- (Scheme 1).

cal for yieldingo.,3-enones, except for the 6-position on the pyridine Initially, a Rh(l)—vinylidene complex14), a common intermedi-

ring (Table 3, entries-15). However, the 2-position of the primary  ate for the transition-metal-mediated reaction of 1-alkynes, might

amino group on the pyridine ring is essential for performing the be generated from 1-alkyrfieand complex2.1® A direct attack of

reaction (Table 3, entries—3). 3to 14in 15leads to the iminoacylrhodium(IH)hydride complex
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Scheme 1.
1-Alkyne

Proposed Mechanism of the Hydrative Dimerization of

Lz

3 N H(D) /R'
2 H(D) \ |
+ — LRh= c=< nRh—C=<—> LRh—\/ H(D)
(DH—=—R
1 14 15 16
'
® > »
N/ ‘ = -Me
N H '=H r?l H(D) R'=Me HO)
LRRh—C—&—H ~— _
™ R LHRT C " reductve . (DH
liminati
H 19 H(D) 17 R elimination 18 R
2
— —¢
AS S =
IN/ \ | \ N &
| 1] 3 reductive
H—Rl'g—,C‘<‘H H-RY —é Nsr” _elimination_
FS=R\; W )=( HR & H,0
7 = R X
H, R H R
20A 21AR 22A
X ) =
|N/ N (I VN R
NN
LN il H Nx reductive
H-B—C—CH H-RN C‘éH H-RI elimination_ ¢
Ly = R Ly = R Ln &Hy0
Rl R H
- 208 — 218 228

19through intermediatek6 and17.1* Carbometalation of 1-alkynes
1 with 19 followed by the coordination-site slippage 20A and
20B to 21A and 21B, respectively, gives the five-membered
metallacycles22A and 22B, respectively. Reductive elimination
and subsequent hydrolysis 82A and 22B furnishesa,-enones

5 and®6, respectively.

The proposed elementary steps, suchL®s16, and17, were
supported by the reaction of 1-decyri) with 2-N-methylami-
nopyridine @3) instead of3, giving enaminel8 and its hydrolysis
product24 (eq 2)!2 Furthermore, the deuterium experiment using
D-substituted 1-decyne clearly exhibited the expected deuterium
incorporation (the distribution ratio of the aldehyde proton and the
o proton was 0.4:0.6) ir24 via one -hydrogen (or deuterium)
migration in16to the rhodium center, givingj7 (see the Supporting
Information for the?H NMR spectrum of24).13

X | N
\ _ Me N/ N,Me %
N~ N ) CgH17
2 H(D) wet SiOp (D)H @
23 THF/110°c (DH 04D H(D)
+ 2hour CgH17 0.6D
CgHy7 H(D) 18 24
1d

40% (GC-MS) 33% isolated yield

Intermediatel 9 was trapped with the excessive use of 1-hexene
by employing a 1:6 ratio ofla/1-hexene to give 7-tetradecanone
(25) in a 9% vyield along with a 41% yield dfa/6a(4:1), which
was determined by GEMS, inferring that 1-alkyne is much more
reactive than 1-alkene in this reaction (eq 3).

(@]
n-C4Hg C7Hss
S
2 (5mol%) (I ] 5
3 (100 mol%) n-Cako~” 9%
1a + 1-hexene _4 (5m°|°/° L Rh—IL \ + (3)
(1/6) THF/110°C/2h C7H15 5a/6a (4:1)

41%

The carbometalation of 1-alkyne ini® may explain the major
formation of the branched,3-enone5 over the linear enon@since

the observed ratio seems to be determined by the delicate balance
between the steric interaction #0A and20B (Scheme 1). Thus,

in the case of a tertiary 1-alkyne, suchldswhich would exert a
maximum steric hindrance as ROA, the formation of the single
isomer of the linean,5-enone6f could be explained.

In summary, the chelation-assisted catalytic system with Rh(1)/2-
amino-3-picoline underwent an intermolecular hydrative dimerization
reaction of 1-alkyne to give,s-enones. This transformation repre-
sents a new reaction pathway for the synthesis,ffenones direct-
ly from 1-alkynes. More detailed mechanistic studies are underway.
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Because of the fast H/D exchange between water and 1-alkyne under

typical reaction conditions, the hydrative dimerization using 1D-alkyne

or D,O was not informative.
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