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Unprecedented C—N Coupling Following
Migration of an Azido Ligand to a
C=C=CRR' Unit**
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Migratory insertion of CO into metal—carbon bonds
represents one of the most important reactions in organo-
metallic chemistry and homogeneous catalysis.'2 In
the course of our investigations on the reactivity
of metallaallenes [L,M=C=CRR’] and metallabutatrienes
[L.M=C=C=CRR’],®! we found that not only compounds
such as trans-[Rh(CH=CH,)(=C=C=CPh,)(PiPr;),]—generat-
ed in situ from 1a and CH,=CHMgBr—but also those of the
general composition trans-[Rh(OR)(=C=C=CPh,)(PiPr;),]
(R =Ph, COCH,) easily undergo insertion of the C;Ph, unit
into the Rh—C or Rh—O bond on treatment with CO.[* This
prompted us to prepare the structurally related complexes
trans-|[Rh(X)(=C=C=CRR’)(PiPr3;),], where X is a N-bonded
ligand, to find out whether a formal insertion of the
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allenylidene unit into the Rh—N bond also takes place in the
presence of CO. Here we report that for X=N; such a
reaction occurs and, more noteworthy, that the migration of
the azide is followed by an unprecedented C—N coupling to
generate a substituted acrylonitrile ligand.

The chlororhodium(i) complexes la—¢ react with excess
NaNj in acetone/THF (1/1) at room temperature to give, after
recrystallization from acetone, deeply colored 2a-c as
crystalline solids in practically quantitative yields (Scheme 1;

L
/ _R NaN; / _R
Cl—Rh=C=C=C_ _ N;—/Rh=C=C=C\
, j R’
L NaCl L
la-c 2a-c
R R’
a | PhPh
b | PhtBu co
¢ | An An
L CN
/ / L N
OC_/Rh_c\\ i OC—Rh/—C=C—C/ 3
L C—R (R =R' = Aryl) / TR
/ L R’
R
3a-c
4a,c

Scheme 1. L =PiPr;, An=p-C{H,OMe.

2a:red, 2b: green, 2¢: violet). The most characteristic features
of the spectroscopic data of 2a—c (Table 1) are the three low-
field signals between 6 =255 and 140 for the allenylidene

Table 1. Selected spectroscopic data for 2a—e, 3b, 4a, ¢, and 5 (without
data for phosphane ligands or tert-butyl and aryl groups).

2a: IR (CgH,): #=2060 (N=N=N), 1870 cm~' (C=C=C); “C NMR
(100.6 MHz, CD,Cl,): 6=244.6 (dt, 2/(Rh,C)=15.1, *J(P,C)=6.0 Hz,
Rh=C=C=C), 233.7 (dt, 'J(Rh,C) =62.4, 2J(P,C) = 17.1 Hz, Rh=C=C=C),
140.5 (s, Rb=C=C=C)

2b: IR (CeHg): 7=2050 (N=N=N), 1885cm' (C=C=C); “C NMR
(100.6 MHz, CD,CL,): 6=255.0 (dt, J(Rh,C)=62.4, 2J(P,C)=17.1 Hz,
Rh=C=C=C), 230.3 (dt, >J(Rh,C) =16.1, 3J(P,C) = 6.0 Hz, Rh=C=C=C),
162.0 (br s, Ri=C=C=C)

2¢: TR (CeHy): #=2050 (N=N=N), 1885cm' (C=C=C); “C NMR
(100.6 MHz, CD,CL,): 6=235.0 (dt, J(Rh,C)=61.4, 2J(P,C)=17.1 Hz,
Rh=C=C=C), 2284 (dt, >J(Rh,C) =15.1, 3J(P,C) = 6.0 Hz, Rh=C=C=C),
142.0 (s, Rb=C=C=C)

3b: IR (C4H,): 7=2100 (N=N=N), 2065 (C=C), 1945 cm ! (CO); *C NMR
(100.6 MHz, C¢Dy): 6=1954 (m, RhCO), 121.5 (dt, 'J(Rh,C)=443,
2J(P,C) =19.1 Hz, RhC=C), 112.8 (dt, 2J(Rh,C) =12.1, 3J(P,C) =2.0 Hz,
RhC=C), 77.7 (br s, RhC=CC)

4a: TR (C,H,): #=2145 (C=N), 1945 cm™! (CO); *C NMR (100.6 MHz,
CyDy): 6 =195.3 (dt, J(Rh,C) = 56.3, 2/(P,C) = 15.6 Hz, RhCO), 160.3 (br t,
3J(P,C) =4.5 Hz, C=CPh,), 143.0 (dt, J(Rh,C) =312, 2/(P.C)=14.6 Hz,
RhC), 1252 (t, JJ(P.C) = 2.0 Hz, C=N)

4c: IR (CHy): 7=2145 (C=N), 1947 cm~' (CO); *C NMR (100.6 MHz,
CyDy): 0 =194.4 (dt, "J(Rh,C) =57.3, 2J(P,C) =15.1 Hz, RhCO), 160.4 (t,
3J(P.C) =5.0 Hz, C=C(p-MeOC¢H,),), 136.9 (dt, J(Rh,C) =31.2, 2J(P,C) =
15.1 Hz, RhC), 1263 (br s, C=N)

5: IR (C¢Hy): #=2213 (NCO), 1892 cm ! (C=C=C); *C NMR (100.6 MHz,
CDy): 8=2552 (dt, J(Rh,C)=604, 2/(P.C)=17.1 Hz, Rh=C=C=C),
2335 (dt, 2J(Rh,C)=15.1, 3(P,C)=6.0 Hz, Rh=C=C=C), 159.9 (br s,
Rh=C=C=C)
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carbon atoms in the *C NMR spectra and the strong N=N=N
stretching frequency at 2050 —2060 cm~! in the IR spectra. As
the X-ray crystal structure analysis of 2b (Figure 1) reveals,
the Rh-C1-C2-C3 chain is almost linear—as in the re-
lated chloro derivative trans-[RhCl{=C=C=C(o-Tol)Ph}-
(PiPr;),]l—whereas the trans-disposed Rh-N1-N2-N3 unit is
bent. The bending of 143.7(5)° is more significant than in the
analogous carbonyl compound trans-[Rh(N;)(CO)(PPh;),], in
which the angle Rh-N1-N2 is 132(1)°.1"

Figure 1. Molecular structure of 2b (ORTEP plot) in the crystal. Selected
bond lengths [A] and angles [°]: Rh—P1 2.348(2), Rh—P2 2.347(1), Rh—Cl1
1.849(5), Rh—N1 2.057(5), N1-N2 1.177(7), N2-N3 1.161(7), C1-C2
1.269(7), C2—C3 1.348(7); P1-Rh-P2 175.59(6), C1-Rh-N1 175.7(2), P1-
Rh-C1 89.4(2), P1-Rh-N1 93.5(2), P2-Rh-C1 89.9(2), P2-Rh-N1 87.4(2),
Rh-C1-C2 177.6(5), Rh-N1-N2 143.7(5), N1-N2-N3 175.8(7), C1-C2-C3
169.1(6).

Like the phenolato- and acetatorhodium() derivatives
trans-[Rh(OR)(=C=C=CPh,)(PiPr;),], the azido complexes
2a—c are highly reactive toward CO. When CO was passed
through a solution of 2a—c¢ in toluene at —60°C for 30 s and
the temperature then slowly raised to 20 °C, yellow crystalline
solids were obtained in yields of about 90 %. For R =Ph and
R’=Bu the analytical composition of the isolated product
corresponded to that of 3b (see Scheme 1). In analogy
to the related complexes trans-[Rh{C=CC(OPh)Ph,}-
(CO)(PiPr3;),] 1! the 3C NMR spectrum of 3b displays two
doublets of triplets at 0 = 121.5 and 112.8 for the carbon atoms
of the C—C triple bond, and the IR spectrum two absorptions
at 2100 and 2065 cm~!, which are assigned to the N=N=N and
C=C stretching frequencies. Owing to these data, there is no
doubt that treatment of 2b with CO results in a migration of the
N; ligand to the allenylidene unit and that the intact azido group
in the product is linked to the y-carbon atom of the C; chain.

Quite unexpectedly, the compounds obtained from 2a, c
and CO possess a different composition than 3b (although
they have the same color). The IR spectra display only one
sharp absorption between 2000 and 2200 cm~! (Table 1), and
the 1*C NMR spectra three resonances at d = 160125, which
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all show P - C coupling. These data, together with the stability
of the solids toward air and moisture, indicate that the final
products of the reaction of 2a and 2¢ with CO are the
carbonyl(vinyl)rhodium complexes 4a and 4e, respectively.
The assumption that they are formed via 3a and 3¢ as
intermediates is consistent with the P NMR (6 =54.1 (d,
J(Rh,P) =125.3 Hz)) and the *C NMR spectra of the species
(60=1274 (dt, J(Rh,C)=43.0, J(P,C)=21.3 Hz, Rh—C=C),
113.8 (br d, J(Rh,C) =12.9 Hz, Rh—C=C), 72.1 (s, C=C—-C))
generated by passing CO through a solution of 2a in [Dg]THF
at —55°C. Upon warming to room temperature, this species is
rapidly converted into 4a by elimination of N,. Theoretical
work on the reactivity of unsaturated carbon chains C, linked
to a transition metal suggests that for n =3 the a- and y-
carbon atoms are electron poor.[® Therefore, it is conceivable
that the supposed intermediates 3a or 3c rearrange to an
isomer with a C(N;)=C=CRR’ moiety. This would then
eliminate N, to give the final product.

The X-ray crystal structure of 4c¢ is shown in Figure 2. The
four-coordinated metal center possesses a slightly distorted
square-planar configuration with Rh—C1, Rh—C3, Rh—P1, and

Figure 2. Molecular structure of 4c (ORTEP plot) in the crystal. Selected
bond lengths [A] and angles [°]: Rh—P1 2.338(1), Rh—P2 2.340(1), Rh—C1
1.834(5), Rh—C3 2.106(4), C1-O1 1.146(5), C2—C3 1.428(6), C2-N
1.144(5), C3—C4 1.367(3); P1-Rh-P2 167.10(4), C1-Rh-C3 174.6(2), P1-
Rh-C189.7(2), P1-Rh-C3 91.9(1), P2-Rh-C1 88.5(1), P2-Rh-C3 91.2(1), Rh-
C1-01175.1(4), Rh-C3-C2 109.8(3), Rh-C3-C4 133.2(3), C3-C2-N 174.9(5),
C2-C3-C4 117.0(4).

Rh—P2 distances that are quite similar to those of the
butadienyl complex trans-[Rh{C(CH=CH,)=CHPh}(CO)
(PiPr;),].”! The C1-Rh-C3 axis is nearly linear, whereas the
P1-Rh-P2 axis is somewhat bent; the bending of 167.10(4)° is
more pronounced than in 2b (175.59(6)°). The plane including
C2, C3, and C4 is almost perpendicular (86.8(1)°) to that
formed by Rh, C1, C3, P1, and P2, which probably minimizes
the repulsive interactions between the six isopropyl groups
and the substituents at the C—C double bond.

In contrast to several azidometal complexes,['”) the allenyl-
idene derivatives 2a—c do not react with CO to give the
corresponding isocyanato compounds trans-[Rh(NCO)-
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(=C=C=CRR")(PiPr3),]. Therefore, one representative of this
type of species was prepared by a different route (Scheme 2).
Treatment of 1a with excess KOCN in acetone/THF (1/1) at
room temperature gives complex S as a red solid in 95%

L L
/ _Ph NaN; / _Ph
Cl—Rh=C=C=C_ _— N3s—Rh=C=C=C_
/ Ph / Ph
L L
1a 2a
KOCN Cco
_Ph
0=C=N—Rh=Cc=C=cC]
/ Ph
L
5

Scheme 2. L =PiPr;.

yield. Under the conditions used to form 3a, ¢ (in situ) and 3b,
5 is completely inert toward CO. As far as N-bonded ligands
are concerned, the reactivity of the Rh-bonded azido group in
2a—c toward CO is unique. To the best of our knowledge,
there is also no precedence for the type of C—N coupling
which occurs during the conversion of 2a and 2¢ into 4a and
4c. With regard to the lability of the intermediate observed
during the formation of 4a, it is rather surprising that the
related substituted alkynyl complex 3b is completely inert and
does not react either thermally or photochemically to afford
trans-[Rh{C(CN)=C(Ph)Bu}(CO)(PiPr;),]. Treatment of 4a
and 4c with trifluoracetic acid results in cleavage of the Rh—C
o bond, leading to formation of the corresponding acryloni-
trile derivatives R,C=CHCN (R =Ph, An) in quantitative
yields.
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Three-Component Coupling Reactions of Alkyl
Iodides, 1,3-Dienes, and Carbonyl Compounds
by Sequential Generation of Radical and
Anionic Species with CrCl,**

Kazuhiko Takai,* Naoto Matsukawa, Akira Takahashi,
and Takafumi Fujii

Although conjugated dienes are good radical-trapping
agents,[!l their use in organic synthesis is quite limited because
further radical addition leading to polymerization occurs.
Such radical chain reactions stem from the similar reactivity
of the formed allylic radicals and the starting alkyl radicals.
One way to prevent the undesirable side reactions is to reduce
the allylic radicals to the corresponding anions (Scheme 1).
However, a strong reductant such as samarium(ii) readily
reduces alkyl radicals, formed from alkyl halides, to furnish
alkyl anions; the lifetime of the alkyl radicals is so short that
intermolecular C—C bond formation cannot occur.?3 We
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