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Methyl Iodide as a Source of CH,: Two Routes
for Generating 1,1-Disubstituted Butatrienes in
the Coordination Sphere of a Transition Metal**

Helmut Werner,* Matthias Laubender,
Ralf Wiedemann, and Bettina Windmiiller

Dedicated to Professor Max Herberhold
on the occasion of his 60th birthday

Following the reports on the synthesis of vinylidene complex-
es of the general type trans-[RhCl(=C=CHR)(PiPr,),],!!!
we recently also described an efficient preparative route
to the corresponding allenylidene compounds trans-
[RhCl(=C=C=CRR}PiPr,),].1 In the course of investiga-
tions into the reactivity of these compounds, we have now
discovered that the allenylidene unit can be converted by
two different pathways into 1,1-disubstituted butatrienes
H,C=C=C=CRR’, which because of their lability are other-
wise hardly accessible. We note that up to now there is no prece-
dent for the coupling of a CH, fragment, generated from
CH,N, or CH,I, with an allenylidene moiety to yield a buta-
triene. Moreover, allenes can likewise be obtained from allenyli-
denerhodium complexes.

In contrast to compounds trans-[RhClI(=C=CHR)(PiPr,),]
(R = Ph, tBu, CO,Me), which are inert in the presence of
CH,N, .*) complexes 1-3!4) react with excess diazomethane at
room temperature within a few minutes.!> The red or orange
butatriene complexes 4—-6 (Scheme 1), which are only moder-
ately sensitive to air and water, were isolated in nearly quantita-
tive yield. The compositions of 4-6 have been confirmed by
elemental analysis. The proposed structure shown in Scheme 1
is particularly supported by the ‘3C NMR spectra (Table 1),
which display four signals between & =180 and 12 for the car-
bon atoms of the butatriene ligand. Two of these signals show
a relatively large Rh—C coupling and are thus assigned to the C
atoms of the butatriene ligand bonded to the metal. The chem-
ical shift of the C! resonance as well as the 'J(CH) coupling
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Scheme 1. L = PiPr;.

Table 1. Selected spectroscopic data of complexes 4-8 and 12-14, and of the
cumulenes 10 and 16 (without data for phosphane ligands, phenyl and fers-butyl
groups); for assignment C'—C* and H®*, H*"* see Scheme 1.

4: "H NMR (400 MHz, CD): 6 = 2.61 [dvt, N =108, J(H,H) =1.6 Hz, CH,];
13C NMR (100.6 MHz, CD,): § =181.50 (s, C=CPh,), 111.39 (s, CPh,), 108.51
{dt, J(Rh,C) = 22.1, J(P,C) = 8.0 Hz, C=CH,],13.03 {4, J(Rh,C) = 13.6 Hz, CH,}
5: 'H NMR (400 MHz, CDCl): § = 2.87 and 2.78 [each dddd, J(Rh,H) = 6.0,
JPLH) = 5.6, JPLH) =56, JHH) =1.6Hz, 1H each of CH,); *C NMR
(100.6 MHz, CDCL,): & =183.83 [s, C=C(Ph)CF;], 125.02 [q, J(E.C) = 272.2 Hz,
CF,), 109.86 [dt, J(Rh,C)=22.1, JP.C)=40Hz C=CH,, 99.34 [q.
J(F,.C) = 34.0 Hz, C(Ph)CF;], 16.12 [d, J(Rh,C) =14.7Hz, CH,]; '°F NMR
(376.5 MHz, CDCl,): § = — 58.60 (s)

6: 3CNMR (100.6 MHz, C/D): & =179.30 [s, C=C(Ph)}Bu], 100.17 (s,
C(Ph)rBu], 109.40 [dt, J(Rh,C) = 23.1, J(P.C)=5.0Hz, C=CH,], 12.52 [d,
J(Rh,C) =13.4 He, CH,]

7: 'H NMR (400 MHz, CDCl;): 6 = 5.46 and 5.00 (each s, br, 1 H each of CH,);
13C NMR (100.6 MHz, CDCly): 8 =142.69 [dt, J(Rh,C) =17.1, J(P.C) = 4.0 Hz,
C?/C3], 137.96 {dt, J(Rh.C) = 20.1, J(P,C) = 5.0 Hz, C?/C?], 127.59 (s, br, CPh,).
98.36 (s, br, CH,)

8a: 'H NMR (400 MHz, CDCl,): § = 5.62 (t, J(P,H) = 2.4 Hz, 1 H of CH,], 5.21
(s, br, 1H of CH,); "*C NMR (100.6 MHz, CDCl,): é =143.57 [dt, J(Rh.C) =
16.1, J(P.C) = 4.0 Hz, C¥/C%], 134.27 [s, C(Ph)Bu]. 132.59 [dt. J(Rh,C) =18.1,
J(P,C) = 40Hz, C?/C3, 100.20 (s, CH,); *'PNMR (162.0 MHz, CDCly):
J = 28.05 (d, J(Rh,P} =119.2 Hz]

8b: 'H NMR (400 MHz, CDCl,): § = 4.65 and 4.19 (each s, br, 1 H each of CH,);
3P NMR (162.0 MHz, CDCl,): 6 = 28.99 [d, J(Rh,P) =119.5 Hz]

10: IR (C(Hg): ¥ [em ™ '] = 2050 (C=C=C): "H NMR (400 MHz.CDCl,): § = 5.13
and 5.05 {each d, J(H,H) =7.6 Hz, 1 H each of CH,]; '3C NMR (100.6 MHz, CD-
Cl,): 8 =168.64 and 158.69 (each s, =C=), 135.27 (s, CPh,), 89.31 (s, CH,)

12: 'H NMR (400 MHz, CDCl;): 6 = 5.13 and 4.78 (each s, 1H each of CH,);
13C NMR (100.6 MHz, CDCl,): 6 =142.43 [dt, ARh,C) =18.1. J(P,C) = 3.0 He,
C#/C3], 135.87 [dt, J(Rh,C) = 20.1, J(P,C) = 5.0 Hz, C¥/C?], 127.49 (s, br, CPh,).
98.31 (s, CH,)

13: 'H NMR (400 MHz, CDCl;): § = 2.41 [dt, J(Rh,H) = 2.1. /P, H) = 5.1 Hz,
CH,J; '*C NMR (100.6 MHz, CDCl;): é =173.34 {dt, J(Rh,C) = 23.1, J(P,C) =
6.0 Hz, =C=]. 123.10 (s. CPh,), 16,40 [d, J(Rh,C) =13.1 Hz. CH,}

14: '"H NMR (400 MHz, CDCl;): 6 = 2.62 (m, CH,); 3C NMR (100.6 MHz, CD-
Cly): 6 =179.00 (m. =C=), 12247 {g. JEC)=2774Hz, CF,]. 11285 [q.
J(F.C) = 27.3 Hz, C(Ph)CF,}, 18.86 [d, br, J(Rh,C) =13.9 Hz, CH,]: '°F NMR
(188.3 MHz, CDCl,): d = — 59.44 (s)

16: MS (70 eV): m/z 184 (M *), IR (C,Hy): ¥ [em ™'} = 1955 (C=C=C); 'H NMR
(400 MHz, C,D): 6 = 4.75 [g, J(EH) = 3.2 Hz, CH,J; *3C NMR (100.6 MHz,
CeDe): 6 = 210.20[q. HF,C) = 5.0 Hz, =C=],124.19 [q, J(F,C) = 273.7 Hz, CF,].
102.02 [q, J(F.C) = 32.2 Hz, C(Ph)CF,], 83.12 (s, CH,); '°F NMR (188.3 MHz,
CeDg): 6 =~ 60.70 (s}

constant (161.4 Hz) of 4 indicate a predominant sp? character of
this carbon atom which implies that the bonding between Rh,
C!, and C? is related to that of a metallacyclopropane.

The X-ray crystal structure analysis of 4 (Fig. 1)!®) reveals a
distorted square-planar coordination around the central atom;
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Fig. 1. Molecular structure of 4 (ORTEP plot) in the crystal. Selected bond lengths
{A] and angles (°]: Rh-P1 2.365(1), Rh-P2 2.355(1), Rh—-Cl 2.349(1). Rh~Cl
2.060(2), Rh—-C2 2.063(2), C1-C2 1.408(3). C2-C3 1.272(3), C3-C4 1.335(3);
P1-Rh-P2 166.45(2), P1-Rh-Cl 88.16(3), P1-Rh-C1 96.70(7), P1-Rh-C2 90.56(6).
P2-Rh-Cl 87.42(2). P2-Rh-C1 94.35(7), P2-Rh-C2 92.89(6). CI-Rh-C1 144.36(7),
CI-Rh-C2 175.65(6). C1-Rh-C2 40.0(1). Rh-C1-C2 70.1(1). Rh-C2-C1 69.9(1}, C1-
C2-C3 144.7(2), C2-C3-C4 174.8(2).

the CI, Rh, and C1-C4 atoms lie in one plane. The CI-Rh-C2
axis is almost linear (175.65(6)°), while the P1-Rh-P2 axis
(166.45(2)°) deviates somewhat more from linearity. Despite the
unsymmetrical coordination of the C=CH, unit to the metal,
the Rh—~C1 and Rh-C2 bond lengths are nearly identical. This
is in contrast to the structurally similar compound trans-
[RhCI{(1,2-9)-C*'H,=C*=C3*HC*0,Et}(PiPr5),], in which the
Rh-C1 and Rh~C2 bond lengths are 2.120(5) and 1.991(5) A,
respectively.[”]

Upon heating in toluene to 8090 °C for several hours, com-
pounds 4 and 6 rearrange to the thermodynamically more stable
complexes 7 and 8, respectively. The isomerization can easily be
monitored by a change of color from red to yellow. In the case
of 8, a mixture of isomers 8a/8b is formed that differ in the
relative position of the phenyl and terz-butyl groups to the metal
center. If the rearrangement of 6 is monitored by *'P NMR
spectroscopy, a 8a:8b ratio of about 2:1 is observed initially
that after 10 h in toluene at 90 °C changes to 10:1. Under these
conditions, a complete conversion of 8b to 8a does not occur.
Complex 8a has been isolated analytically pure upon fractional
crystallization from acetone (—78°C) and, by comparison of
the '"HNMR data with those of 8b, identified as the isomer in
which the phenyl group at C* is directed towards the metal. The
assignment of the signals for the H*"%° and H** protons at C!
follows from the work of Gladysz at al.!®! who assigned the
resonances of the CH, protons of the allene complex
[CsHRe(p?-CH,=C=CH,)(NO)PPh,)|BF, based on NOE
measurements. We note that in all of the previously described
1,1,4,4-tetrasubstituted butatrienerhodium(1) compounds trans-
[RhCI{(2,3-n)-R,C!=C*=C3=C*R} }(PPh,),], which were pre-
pared from [RhCI(PPh;,),] and corresponding butatrienes ) the
central C=C bond is coordinated to the metal; the linkage of a
terminal R,C=C bond not to rhodium(1) but to platinum(o) was
recently reported by Stang.'?

Similarly to the butenyne complex rrans-[RhCl{(1,2-n)-
PhC!'=C2C*H= C*HPh}(PiPr;),],!' ! compounds 4-8 also re-
act rapidly with CO in benzene at room temperature yielding the
carbonyl complex 91?1 by ligand exchange. Of the butatrienes
formed in these conversions, those with CPh, and C(Ph)CF; as
the terminal unit are quite labile and undergo secondary reac-
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tions. The hitherto unknown compound 10 was characterized
by GC/MS and by comparison of the spectroscopic data with
those of other butatrienes.!'3- 14!

Surprisingly, there is also a second route to convert a metal-
bonded allenylidene moiety into a butatriene ligand (Scheme 2).

CHsl / KI / NayCOy

H\
7 (X =CI) A CI—~H
L 4
/ _Ph c?
X—Rh=C=C=C{ I—Rh—i]
/ Ph / c3
- t \\c‘—Ph
X AN CHyI / NazCOo s /
3 / 2 '3 Ph
1{ct (x=1
1l 12
H H
Hg / C co R
2 —_— C1—Rh—Ii — 9 N
~C=C=C
/ c H
L 2 Ph
LR
of, 15,16
13,14

Scheme 2. L = PiPr;.

Complex 1 does not react, as we expected, with CH,I to give a
methylrhodium(ir) compound. Instead, in the presence of ex-
cess Na,CO,, a mixture of products is formed, which besides 7
also contains the corresponding iodo derivative 12.I'51 A subse-
quent reaction of the mixture of products with KI yields 12
almost quantitatively. If compound 111#9 is treated with CH,1
and Na,CO, in acetone/THF at room temperature, the buta-
triene complex 12 can be isolated in 76% yield. As far as the
mechanism of formation of 12 is concerned, we assume that in
the initial step an oxidative addition of CH,l at the rhodium
center takes place that is followed by an insertion of the al-
lfenylidene unit into the Rh—CH, bond. The intermediate
Rh-C(CH,;)=C=CPh, then reacts by a f-H shift to give a
butatriene(hydrido)diiodorhodium(i) complex, which upon
reductive elimination of HI generates the product 12.
Analogous to the first two steps is the formation
of {IrCI(TI){C(CH;)=CH,}{PiPr;),] and [IrI{C(CH,)=CH,}-
{N(SiMe,CH,PPh,), }] from the corresponding vinylidene com-
plexes and methyl iodide;!'® in these cases, however, a subse-
quent B-H shift does not occur. Preliminary studies indicate that
under the same conditions the dideuterated compound trans-
[RhCH{(2,3-n)-C'D,=C*=C*=C*Ph}(PiPr,),] is formed from
11 and CD;1. Kinetic studies, now in progress, should provide
a more detailed insight into the mechanism of this unexpected
reaction.

Compounds 1 and 2 are hydrogenated by H, at a different
rate. While the reaction of 1 with H, in benzene at room temper-
ature is rather slow and completed after 40 h, the corresponding
reaction of 2 takes only 30 min. In both cases, the allene com-
plexes 13 and 14 are quantitatively formed by cleavage of the
Rh=C double bond.l'7} Remarkably, under the chosen condi-
tions no hydrogenation of the allene ligand occurs. Only after
increasing the reaction time to 10 days and raising the tempera-
ture of the reaction to 60 °C, is the formation of a new rhodium-
containing product observed, which according to the NMR
data is [RhH,Ci(PiPr,),].'8 With regard to the structure of
13 and 14 it is important to note that the *H NMR spectra
display only one signal for the CH, protons, thus confirming
the coordination of the wnsubstituted double bond of the
allene 1o the metal center. A slippage of the [RhCl(PiPr,),]
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fragment along the axis of the cumulene, as has been ob-
served for {Fe(n?-Me,C=C=CMe,)(CO),]""*! and [PiCl,(5*-
Me,C=C=CMe,)].1** could not be detected.

In the same way as for 6 and 8, on treatment of 13 and 14 with
CO (benzene. 10 °C, 1 min) the olefinic ligand can be displaced
leading to the 1.1-diphenylallene 15, which is already known [*!}
and the allene derivative 16, which has been characterized by
'H, '*C. and '°F NMR spectroscopy (see Table 1).
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Imine Substituent Effects on
[2 4 2]Cycloadditions with Ketenes**

Claudio Palomo,* Jesus M. Aizpurua,* Marta Legido,
Regina Galarza, Pere M. Deya, Jacques Dunogues,
Jean Paul Picard, Alfredo Ricci, and Giancarlo Seconi

The cycloaddition of imines with ketenes, generated from acid
chlorides and tertiary amines, is recognized as one of the most
convenient approaches to f-lactams.[*) However. virtually all of
the investigations have dealt with the use of non-enolizable
imines derived from aldehydes and, therefore, subsequent steps
are often required to obtain the desired target product. In fact,
ketene-enolizable aldimine cycloadditions, which would gener-
ate a wider range of substitution patterns at the C, position of
the -lactam ring, have not been viable, because of the instabil-
ity of the starting imines and the presence of competitive depro-
tonations. We report herein on our initial findings on the devel-
opment of this approach to a general asymmetric synthesis of
3-amino-4-alkyl f-lactams. The significance of these com-
pounds as valuable precursors of f-lactam antibiotics, more
complex organic compounds, large and medium heterocycles,
and amino acid derivatives is apparent.?! We thought that a-
(trimethylsilylymethyl imines!®! might provide a solution to the
above-mentioned problems for two reasons: first. because of the
ability of silyl groups to stabilize electron-deficient carbon cen-
ters in the - and/or y-position! and. second, because of the
zwitterionic character of the reaction intermediate proposed for
this kind of cycloaddition.!>!
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