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Summary: The unique-&C bond formation reaction between
diisopropylamine and C}Cl, proceeding on a bis(oxazolinyl)-
phenyl rhodium complex (tBu-Phebox-dm)RAIE40) (1) was
discaered. The intermediary chloromethyl complex, (tBu-
Phebox-dm)Rh(CHEI)CI(NEt), which was obtained by reaction
of 1 with CH,CI, in the presence of amine, underwentC
bond formation with imine to ge an azarhodacyclopentene
complex,2.

Reduction of transition metal complexes can readily be
promoted by action of tertiary or secondary amines, involving
activation of thea-hydrogen atom adjacent to the nitrogen
atom! Such an activation of an $£—H bond has also been
recognized as a potential derivatization method of amino
compounds accompanied with subsequent carbon-chain elonga-
tion2 Recently Murai et al. reported a catalytic-C bond
formation by efficient activation of a €H bond of amines
followed by reaction with alkenesWe have so far studied bis-
(oxazolinyl)phenyl (Phebox) ligands, which can make a metal
carbon covalent bond and meridional stereochemistry, and their
related rhodium complexes as catalysts for asymmetric reac-
tions# Recently, we have demonstrated a conjugate reduction
of acrylates and sequential aldol reaction with Phebo¥-Rh
catalysts and hydrosilanes, where it is essential that the initial Figure 1. Molecular structure o2. Selected bond lengths (A) and
trivalent rhodium atom is reduced to the monovalent species andles (deg): RhiC1 1.913(5), Rh+C21 2.045(6), RhiN1

by the action of hydrosilanes. As alternative reducing agents, 2.078(4), RhN2 2.095(4), Rhi N3 2.211(4), RhCI1 2.4977-

. . . .’ (12), N3—C23 1.278(7), C2£C22 1.528(9), C22C23 1.511(8),
we have pursued other hydride species and alkylamines. In th'SNl—Rhl—Nz 156.72(16), C+Rh1-N3 169.16(18), C2+Rh1—

communication, we will disclose a unique-C bond formation Cl1 173.28(18), C23N3—Rh1 112.8(4), N3C23-C22 117.3-
reaction on the Phebox-Rh skeleton and the related reduction(s) c23-c22-C21 114.0(5), C22C21-Rh1 108.6(4).

and oxidative addition sequences. _ _
Treatment of Bu-PheboxdmRhCh(H,0) (1) with diiso- for 12 h resulted in formation of an azarhodacyclopentene
propylamine (10 equiv) in a dichloromethane solution at60 ~ C0mplex,2, accompanied with a small amount of the primary
isopropylamine rhodium complekin the ratio2:3 = 96:4 based
*To whom correspondence should be addressed. E-mail: hnishi@ _on 'H NMR of the cru_de mixture (Schgme_ 1). Compxwas
apchem.nagoya-u.ac.jp. isolated in ca. 50% yield after crystallizatién.
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'iﬂzuaraggggz_sigglgor?'g’aﬁ.’\‘zTeLr.a'bH-j ’Bla';ae'%ﬁm- Cgegb%z@?gg assigned to ther-carbon atom bound to the Rh atom was
. (¢) Li, Z; Li. C.-3.J. Am. Chem. So . . _
11810-11811. (d) Li, Z.; Li, C.-JJ. Am. Chem. So@005 127, 6968 observed abc 11.2 ppm with the RRC coupling (rnc = 23.5
6969. Hz), and the other doublet signal assigned to the imine carbon

(3) (a) Chatani, N.; Asaumi, T.; Ikeda, T.; Yorimitsu, S.; Ishii, Y., atom was observed @:182.3 ppm with the RRC coupling

Kakiuchi, F.; Murai, SJ. Am. Chem. SoQ00Q 122, 12882-12883. (b) _ ; ; ;
Chatani, N.; Asaumi, T.; Yorimitsu, S.; Ikeda, T.; Kakiuchi, F.; Murai, S. (Jrnc = 1.7 Hz). As shown in Figure 1, compléxconsists of

J. Am. Chem. S0Q001 123 10935-10941. the azarhodacycle structure with Rh, N, and three C afoms.
_(4) (a) Kanazawa, Y.; Tsuchiya, Y.; Kobayashi, K.; Shiomi, T.; Itoh, J.;  Furthermore, the RRC(21) bond length of 2.045(6) A indicates
Kikuchi, M.; Yamamoto, Y.; Nishiyama, HChem. Eur. J2006 12, 63— that the bond RRC is a single bond, and the NEL(23) bond

71. (b) Tsuchiya, Y.; Kanazawa, Y.; Shiomi, T.; Kobayashi, K.; Nishiyama, . . .

H. Synlett2004 2493-2496. () Nishiyama, H.. Shiomi, T.; Tsuchiya, v.;  length of 1.278(7) A is consistent with the*C double bond.
Matsuda, 1.J. Am. Chem. So2005 127, 6972-6973. (d) Motoyama, Y.;
Okano, M.; Narusawa, H.; Makihara, N.; Aoki, K.; Nishiyama, H. (5) Complex3 was characterized by comparison with an authentic sample
Organometallic2001, 20, 1580-1591. prepared by the reaction dfwith N'Pri,.

10.1021/0m0607595 CCC: $33.50 © 2006 American Chemical Society
Publication on Web 09/26/2006



Communications Organometallics, Vol. 25, No. 22, 206@17

Scheme 1
o< _ o< o<
=N N(Pr);H =N =N
. Clz CH,Cl, . e Pr Cl:
B Rh-OH, ————— B Rh—N t —
! s i 2 50 °C ! S NsMe v B F.\;h‘N(i:;, H
N MS 4A =N =N a2
o< o< o<
1 2 3
By monitoring the reaction ofl with diisopropylamine in Second, we examined whether the fiddsopropylpropy-
CD,Cl, by ™H NMR spectroscopy at room temperature, the lideneamine4 could be involved in the reaction. When the
formation of freeN-isopropylpropylideneamined) was ob- reaction of the chloromethyl complex with 5 equiv of the

served. When the reaction was carried out in the presence ofimine 4 was carried out at 60C in THF for 20 h, complex2
water (ca. 30 equiv), the ratio @f3 decreased to 23:76. As the was formed in 28% yield accompanied with(34%) and3
formation of acetone molecules was detected in the reaction(17%) (Scheme 3). The complexéand3 could be formed by

medium by NMR study, isopropylamine of compl&should hydrolysis of the starting compoundsand5, since treatment
be derived by hydrolysis of, which was formed by oxidative ~ of 5 with H,O in THF resulted in the clean formation @f’c
hydride elimination of starting diisopropylamine. On the other hand, formation & was not observed in the
The origin of the carbon ator to the Rh atom of was reaction ofl with 4 in CH,Cl at 50°C for 24 h. These results
confirmed by the reaction df with diisopropylamine in CB- provide strong evidence that the chloromethyl group and the
Cl, at 50°C for 8 h. The obtained complex was determined to 2 .
be complex2-d,, in which the methylene protons bound to the
Rh atom were exclusively replaced by deuterium, as evidenced o Rh.G'H
by the disappearance of the signal for two protons at the C “ z J z
carbon atom and the singlet signal for two protons at tRe C A ) L&
carbon atom ab 2.57 ppm (Figure 2). This fact unambiguously 2d; | |*
indicates that dichloromethane is the source for theabon
atom on the azarhodacyclopentene. “ l
Oxidative addition of dichloromethane to Rtomplexes is . I‘ : . UL ]
a common and basic reaction steple previously found oxi- 8 6 4 2 ppm

dative addition of alkyl chlorides to a related Pybox-Bbmplex Figure 2. *H NMR spectra o2 and2-d, obtained by the reaction
(Pybox = bis(oxazolinyl)pyridineY2 First, we studied the of 1 with N(Pr)H in CH,Cl, and CBCl, (*: CHCIy).

process of oxidative addition of dichloromethane to the in-situ-

generated Rhspecies by an action of amines. Only by use of O c23

NEt; could we isolate the chloromethyl-Bicomplex5 in 61%
yield (Scheme 2). However, there was no reaction in the absence
of NEt;. The'H and!3C NMR spectra showed the signals for
the CHCI group atdy 3.41 ppm (d,Jrnn = 3.3 Hz) anddc
48.79 ppm (d,Jrnc = 34.7 Hz), respectively. In place of
dichloromethane, methyl chloroacetate was used to form the
similar alkyl complex6 in 95% vyield. X-ray analysis of A
reveals that the alkyl group is coordinated to the apical position
(Figure 3)%

(6) Refinement details foR: empirical formula G7H41CIN3O2Rh; M,
= 577.99; crystal system orthorhombic; space grBR{2:2;; a= 11.0643-
(10) A, b =11.9701(11) Ac = 21.7303(19) AV = 2878.0(4) R, z = 4,
Oeatca= 1.334 mg M3, u = 0.713 mnTL, 20max = 55°; reflections collected
19 889, independent reflections 66 Hiht) = 0.0807]; max./min. transition
1.000000/0.670842; data/restrains/parameters 6615/16/320; goodness-of-
fit on F2 1.029; finalR indices | > 20(1)]: R1 = 0.0545, wR2= 0.1034; .
R indices (all data): R1= 0.0692, wR2= 0.1080; absolute structure  Figure 3. Molecular structure 0. Selected bond lengths (A) and
parameter 0.09(4); largest diff peak and hole 1.291 aQd659 e A3, angles (deg): RhiC1 1.910(2), RhtC21 2.101(3), RhiN1
Refinelment details deI:_ empirical fordrggl;i 63H34%|\(|)2§155;1;AM6 = ii%gg 2.067(2), RhtN2 2.079(2), Rh+Cl 2.4667(9), Rh1-05 2.240-
crystal system monoclinic; space grdepy/c; a= 10. h=21.050- 2), NI-Rh1-N2 158.30(9), C2+Rh1-Cl 172.10(8), C+-Rh1-
(4) A, c=23.182(9) A3 = 100.009(9), V = 2538.8(17) Aﬁ, Z =4, dealed (O% 175.11(9) C22C21—(R)h1 115.53(18) ®)
= 1.457 mg m3, u = 0.812 mnTl, 20ma = 55°; reflections collected : ’ : :
17 497, independent reflections 58 R(ipit) = 0.0450]; max./min. transition

1.000000/0.674537; data/restrains/parameters 5811/0/313; goodness-of-fit Scheme 2
on F21.081; finalR indices | > 20(1)]: R1 = 0.0386, wR2= 0.0895;R O/§< O/k
indices (all data): R*E 0.0475, wR2= 0.0935; largest diff peak and hole _ RCH,CI _
1,049 and-0.775 e A%, - (R = CI, CO,Me) ~
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imine 4 are significant intermediates in the-C bond formation In summary, we have found a noveHC bond formation in
described in Scheme 1. the transition metal complex between the enamine part and

On the basis of these observations, we propose the chloromethyl part producing the azarhodacyclopentene complex
mechanism for the formation of the azarhodacyclopentene 2, presumably via reduction, oxidative addition, and cyclization
complex?2 as depicted in Scheme 4. First, the aqua ligand sequence. Further detailed experiments with a variety of
of 1 was replaced by diisopropylamidg¢and the RH com- substrates are proceeding including development of a new type
plex was then reduced to the Rtomplex. Concurrently, the  of homogeneous catalytic reactions.

amine might be oxidized to isopropylidene derivative ) . )
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