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Althogh a number of researches or-C bond cleavage have  Table 1. Ru-Catalyzed Carbon—Carbon Baond Cleavage of
been carried outonly a few examples on the cleavage of alkynes 1e'minal Diynes 1 with 2-Aminophenol 2a
are known: C-C bond cleavage of alkynes ligated to metal enty R RZ 1 reactiontime h  yield, %° 34

complexed and oxidative cleavageFurthermore, most of these 1 nHex H 1a 20 98 31
reactions do not proceed in a catalytic manner, and the use of a 2 "Dec H 1b 36 75 4:1
stoichiometric amount of reagents is needé&kcently, Jun et al. 3 Cyclohexyl H lc 20 8l 71
reported catalytic €C triple bond cleavage through the rhodium- ‘51 PB#(CI-&) ':{ ig 28 57;% >3%:,11
catalyzed hydroiminoacylationDuring our investigation on pal- 6 T|pso(éH)4 H  1f 20 70 31
ladium-catalyzed hydroamination of alkynes ustrgminopheno®, 7 CI(CHy)z H 1g 20 58 11

we found that the €C bond cleavage of diyne& with o- _ ~ _ _
aminophenol2 is catalyzed efficiently by Ru and Pd catalysts to _*Reaction conditions: 0.75 mmol 2-aminophefe] 0.50 mmol diyne,

. . . 1 mol % Ry(CO)2, 3 mol % NHPR;, methanol (10 M), 86C. ® Combined
give the corresponding 2-substituted benzoxazalasd4 (eq 1). isolated yields based on 2-aminopherf@-Dodecanone was obtained in

11% yield. TIPS= tris(triisopropyl)silyl

RS
™M R‘{N]@ + HSC\H/\RZ Table 2. Ru-Catalyzed Carbon—Carbon Bond Cleavage of
R - 4 0N o 1,3-Decadiyne la with Substituted Aminophenols 22
R|€g}b — Re+ ij[ 2P 8 8 (1) entry R 2 reaction time, h yield, %° 34
; , O M . 1 4-NO, 2b 20 81 31
\ roon Ban 2 4-Cl 2c 20 97 31
path b D O: S>— 3 4-Me 2d 20 95 31
0o N0 Re 4 4-OMe 2e 48 70 31
4 4 5 5-NG; 2f 20 68 31
6°¢ 5-Me 29 20 87 3:1
7 3-Me 2h 20 79 4:1

The results are summarized in Table 1. The reaction of

1,3-decadiynda (1.0 equiv) witho-aminophenoRa (R® = H, 1.5 aReaction conditions: 0.75 mmol 2-aminophe@pD.50 mmol diyne,
equiv) in the presence of a catalytic amount of;@0D), and 1 mol % Ru(CO)2, 3 mol % NHPFs, methanol (10 M), 86C. ® Combined
NH4PF;, followed by hydrolysis of the products, gave the benz- isolated yields based on 2-aminophenél€oncentration 5 M, due to the
oxazoles3a and4a, almost quantitatively, in a ratio of 3:1 (entry ~ insolubility of 2g

1). Apparently,3a was obtained through the-€C triple bond 4). When the phenyl- and siloxy-substituted diydesand1f were
cleavage as shown in path a, admlwas obtained through path b.  employed, the cleavage reaction also proceeded in good yields
Since R = H, acetone3a must be produced in the same yield as (entries 5 and 6). Even the chlorine-substituted diyg@ave the
3aand 2-octanondd in the same yield ada. Although detection C—C bond cleavage produc8g and4g in 58% vyield (entry 7).

of acetone was not attempted due to its volatile characteristics, the Next, we investigated the-€C bond cleavage with substituted
formation of 2-octanone was detected (see also entry 2, vide infra). aminophenols (Table 2). When a proton at the C-4 position was
We examined a number of reaction conditions and finally found substituted with an electron-withdrawing M@roup @b), the yield
that the highest chemical yield and highest ratio3af4a were of the products became lower than that2af (entry 1 of Table 2
obtained under the conditions similar to those of Wakatsuki's vs entry 1 of Table 1). The chloro- and methyl-substituted
hydroaminatior’. We tested various kinds ofdnd d° transition aminophenolfc and2d gave results similar to those f@a. The
metals that exhibit catalytic activities for hydroaminatfow/hen reaction of 4-methoxy-aminophen®g, having a strong electron-
AuCl; and CuCl were used instead of g00);,, a 3:1 mixture of donating group, was very sluggish (entry 4). Thus, both a strong
3aand4awas obtained almost quantitatively. However, the use of EWG and EDG at the C-4 position retarded the-© bond
PdC}, PtCh, and Cul afforded the products in 464% vyields cleavage. This trend was also observed when the 5-substituted
although the product ratio was again 3:1. The reaction of 1,3- aminophenol2f and 2g were employed (entries 5 and %) he
tetradecadiyndb gave a 4:1 mixture o8b and4b in 74% yield sterically hindered aminophenol, 3-methyl-aminophe2igl gave
along with 2- dodecanoréb’ (11% vyield) (entry 2). Cyclohexyl- the products in lower yield, but the selectivity fBrwas slightly

substituted diynélc also gave a mixture of benzoxazolés and higher than for the others (entry 7).

4cin the ratio of 7:1 in 81% yield (entry 3). The sterically bulkier The C-C cleavage reaction of internal diynes proceeded
diyne 1c gave higher ratio of3:4. Interestingly, sterically more smoothly with palladium(ll) catalysts. The catalyst Pd@{@ave
hindered benzoxazole3a—c, in comparison with4a—c, were the best result among palladium cataly$t©ther catalysts such
obtained as the major product. The reactioddhaving'Bu group as Ru and Au did not work at all in the case of internal diynes.

as R substituent gave almost exclusivedd in 81% yield (entry Among various solvents’BUOH was the most efficiert. The
6646 m J. AM. CHEM. SOC. 2003, 125, 6646—6647 10.1021/ja0341050 CCC: $25.00 © 2003 American Chemical Society
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Table 3. Pd-Catalyzed Carbon—Carbon Bond Cleavage of 1 mol% Ruy(CO)y,

i ith 2-Ami a 3 mol% NH,PF Ph.-H PR
Internal Diynes 1 with 2-Aminophenol 2a 1+ PhNH, mol PFs U @
entry R! R? 1 reaction time, h yield, %° 34 MeOH, 38 ‘C "Hex Me
2.2 equiv 5h,62% 11
1 "Bu  "Bu 1o 4 97 1:1
2 Ph Ph 1p 24 89 1:3 o] N N
B——=« +2a —— D +©: S—Me (3)
@ Reaction conditions: 0.75 mmol 2-aminopheBa) 0.50 mmol diyne, Ve 83"%’);',1 ° °
6 mol % Pd(NQ)2, n-butanol (10 M), 120C. P Combined isolated yields 12 13 14
based on 2-aminophenol. 57%@3:1)

Catalytic C-C bond cleavage procedures are not popular in
organic chemistry, and no method employing diynes is known. The
present method supplies a new pair of scissors fetCCbond
cleavage.

Scheme 1. A Proposed Mechanism for the C—C Bond Cleavage
of Diynes
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reaction of 5,7-dodecadiyrio (0.50 mmol) with2a (0.75 mmol)
in the presence of Pd(N{) gave a 1:1 mixture o8o and4o in
97% vyield (entry 1, Table 3). Here again, 2-heptan@ake and
2-hexanondd were obtained along witBo and4o. Very similarly,
the reaction of diphenylbutadiyntp produced a 1:3 mixture of
3p and4p in 89% yield together with 1-phenyl-2-pentanoBg
and acetophenongp’ (entry 2, Table 3).

The catalytic hydroamination of one of the alkyne groups of the

diynes1 to give the enamines is the key step of the €C bond
cleavage (Scheme %)% Tautomerization of5 gives the corre-
sponding o,5-unsaturated imine$. The conjugate addition of
aminophenol2a to 6 provides thes-aminoimines7 and their
tautomers8. The intramolecular cyclization of the iminophenol
groups of7 and8 gives the ketal® and10, respectively. The €C

bond cleavage through the retro-Mannich-type reaction produces

the benzoxazole$and3. The selectivity of products is determined
by the relative size of Rand RCH,. When sterically hindered
terminal diynes are used, the relative size éfislarger than that
of R2CH,. Then, formation ofl0 becomes more favorable than
that of 9; with the bulkier R, steric repulsion between'Rind Ar
of the s plane of9 becomes stronger than that betweéi€R,
and Ar of 1012 In the case of internal diyn&p, the size of Ris
smaller than that of ’CH,, and4p is selectively obtained.
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To obtain supportive data for this mechanism, 2.2 equiv of aniline  (10) The yields of the reaction of 5,7-dodecadiyiawith 2a in the presence

were treated witia under the reaction conditions of the-C bond
cleavage. As expected, tifeaminoiminell was obtained in 62%
yield (eq 2). Next, the keton¥2 and aminophendawere reacted
in MeOH at 80°C, giving the expected oxazole produdi3 and

14 in 57% yield in a ratio of 3:1 (eq 3). These results strongly

support the proposed mechanism shown in Scheme 1.

of palladium catalysts (6 mol %) and NPIR; (12 mol %) are as follows;
Pd(NQGy), (97%), PACi(PPh), (76%), NaPdCl (69%) and PdGI(65%).

(11) Higher reaction temperature was needed (120 therefore’BuOH was

used instead of MeOH.

(12) The steric congestion at the quaternary carbon center of the oxazole ring

is not so influential on the relative stability 8fand10since the substituent
R2CH; or R! takes an orthogonal direction to the oxazole plane.
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