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Abstract. An intermediate in the polymerization of isocyanides, catalysed by nickel(ll), has been
Isolated and characterized. The polymerization starts by nucleophilic attack of (S)-( - )-(1-phenyl-
ethyl)amine on the terminal carbon atom of a coordinated isocyanide of tetrakis(ter/-butyl iso-

cyanide)nickel(ll) perchlorate. The

resulting intermediate was Isolated and shown to be a

nickel-carbene complex: Ni(C=N-/-C4H9)3 [CI[NHCH(CH3)C6H5]NH-/-C4H9](C104)2. In solution,
the carbene complex appears to have three conformations. The effect of these conformations on the
enantioselective polymerization of i1socyanides Is discussed.

Introduction

Poly(isocyanides), also called poly(iminomethylenes) or
noly(carbonimidoyls), are rigid, highly isotactic polymers,
which are prepared from isocyanides by the catalytic action
of Ni(ll) salts12

e o NiaD -

N= C(].

The polymers consist of right-handed (P) and left-handed
(M) helices and, therefore, are chiral. The chirality of these
polymers Is the result of restricted rotation around the
single bonds that connect the main-chain carbon atoms.
This kind of stereoisomerism Is called atropisomerisma3,

In our laboratory, several methods have been developed for
the preparation of optically active polymers of 1so-
cyanides4'9. A mechanism of polymerization has also been
proposedl53 The polymerization iIs initiated by a nucle-
ophilic attack, In our case by an amine, on an isocyanide,
coordinated to Ni(ll). The propagation proceeds via a
series of Insertion reactions around a square-planar nickel
complex (see Fig. 1). The structure of the complex formed
after the Initiating step was supported by the fact that
analogous structures of palladium and platinum complexes
are known5b. The intermediate nickel complex, however, has
never been isolated. In the present paper, we describe the
Isolation and characterization of this complex, Vviz.
NI(C=N-r-C4H9)3[C[NHCH(CH3)CeH5]NH-r-C4H9],
which was prepared from Ni(C=N-/-C4H9)4(C104)210 and
(S)-( - )-(I-phenylethyl)amine*.

Dedicated to Prof. Dr. G. J. M. van (ler Kerk on the occasion of
his 75th birthday.
* Chem. Abstr. name: oc-methylbenzenemethanamine.

Results and discussion

Racemic (l-phenylethyl)amine was resolved into its optical
antipodes using a standard methodl1l rer/-Butyl isocyanide
was prepared by N-formylation of te/7-butylaminei2 and
subsequent dehydration with 4-toluenesulphonyl chloridel3
NI(C =N-r-C4H9)4(C104)2 was prepared as previously
described10. The square-planar structure of this complex,
which was derived from its UV spectrum, has recently been
confirmed by the crystal structure of another nickel Iso-
cyanide complex: i.e. NIJC =N-2,6-di(/-C3H7)CeH 3]4(C'104)-
“  Ni(C=N-/-C4H9)3[C[NHCH(CH3)C6H5]NH-r-C4H9]
(C104)2 was synthesized by adding one equivalent of
(S)-( -)-(I-phenylethyl)amine to a suspension of Ni-
(C=N-r-C4H9)4(C104)2 In dry CH2C12. The resulting com-
plex was isolated by removing the solvent In vacuum. A
complete elemental analysis proved this complex to be In
agreement, within experimental error, with the formula
C28H47CI2N5N 108. Its IR spectrum shows an N -H stretch-
Ing frequency at 3280 cm™ \ Since a primary amine such as
(I-phenylethyl)amine shows two NH bands, the presence of
only one band suggests that a secondary amine has been
formed. The aromatic and aliphatic C-H stretching fre-
quencies are found at 3052 and 2985 cm" |. The isocyanide
stretching frequency has shifted from 2245 to 2226 cm " 1; a
shoulder Is present at 2250 cm '1 A very strong absorption
at 1098 cm - 11s caused by the perchlorate 1on. The complex
also shows an absorption at 1570 cm* 1 with a shoulder at
1558 cm= 1 and two weak absorptions at 1588 and 1542
cm" . These frequencies around 1570 cm are In the
range of the N -C -N stretching frequency of carbene com-
plexes of Ni, Pd and Pt (see Table 1)15 Thus, the infrared
data suggest that we are dealing with a nickel-carbene
complex.
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Fig. 1. Mechanism of polymerization of isocyanides.

The fast-atom-bombardment (FAB) mass spectrum shows
the molecular 1on minus a perchlorate anion. The fragmen-
tation pattern suggests that the complex contains three
coordinated ten-butyl isocyanide molecules. The fourth iso-
cyanide has reacted with (I-phenylethyl)amine to form the
carbene ligand, which Is not found In the fragmentation
pattern.

The UV spectrum shows two strong bands at X 249 nm
(e 10400) and 283 nm (e 5070) and a weak broad band at
approximately 330 nm (s 520). This UV spectrum 1is only
slightly different from the UV spectrum of the starting com-
plex Ni(C=N-/-C4H9)4(C104) Indicating that the car-
bene complex also has a square-planar configuration. In
Table Il, UV data of related carbene complexes are given.
The carbenic structure of the ligand
CINHCH(CH3)CeH5]NH-/-C4H9 was further supported by
SCNMR measurements. The 13CNMR chemical shift of
the Isocyano carbon atom of coordinated tert-buty\ Iso-
cyanide Is expected at 118 ppm, since this value Is observed
for NI(C =N-/-C5H n )4(C104)216 1/. In the carbene complex
formed after reaction of NI(C=N-r-C4H9)4(C104)2 with
(S)-( - )-(I-phenylethyl)amine, the 13C chemical shifts of the
Isocyano carbons are found at 120-124 ppm. Moreover,
three carbon signals appear at 181.37, 179.20 and
175.18 ppm. These values are In the region where carbenic-
carbon signals can be expected; see for comparison
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Table 111, where NMR data of other carbene complexes

are listed.

The presence of three carbene signals suggests that the
complex can adopt more than one conformation. In line
with this suggestion Is the presence of three signals for the
methyl-carbon atom of the CH3CH(CeH5)NH residue
(22.77, 23.40 and 24.90 ppm) and for the number-1 carbon
of the phenyl ring (141.55, 142.32 and 143.03 ppm). In all
these sets, the three signals have almost equal intensity
ratio (see Fig. 2). Free rotation around the N-C bonds In
the carbene ligand 1s unlikely as a consequence of the
double-bond character in the N -C -N moiety. This means
that four conformations can be expected for the complex.
These conformations are given in Fig. 3. Crystal structures
of similar palladium and platinum complexes suggest that
the plane of the ligand C[NHCH(CH3)CeH5]NH-/-C4H9 Is
almost perpendicular to the plane of the i1socyanide carbons
and nickel150,156,18. Molecular models show that conforma-
tion 3D is not very likely, because of steric hindrance.
Therefore, the three conformations which actually exist In
solution will be 3A-C.

The complex described here has been used as a catalyst In
the enantioselective polymerization of isocyanides9. From
tert-butyl i1socyanide, optically active poly(/eri-butyl iso-
cyar.ide) with a prevailing right-handed screw sense was
prepared In an enantiomeric excess of 61%. This number IS
calculated from the (CD) spectrum, which Is given in Fig. 4.
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Table I IR data of sonie relevant métal carbene complexes.
Complex Wave number/cm - 1 Réf.
Ni(C=N-/-C4H9)3[C[NHCH(CH3)C6H5]NH-/-C4H9](C104)2 2226, 2250 (vN =C); this work
1588, 1570, 1558, 1542 (VN -C-N)
CH NH-7-C4H9
;-C<H9-N=C
Rh N o 2205, 2185 (vN =C); 15d
1552 (VN -C-N)
t-C«] h9-n=c /|\|
NH-i-CaHo9
NH CH2
' 1562 (vasN -C -0); 15¢
Pd C*/ a 1170, 1155 (vsN -C -0)
0 CHR
NH CH
1565 (vasN -C -0); 15¢c
Pt < Cl2 1172, 1155 (vsN -C -0)
O- CHR
NH CH
: : 1555 (vasN -C -0); 15¢
Ni C. (C104)2 1155 (vC104)
0 CH
NH-T—C4H9
CF
NH-ii -C 4H9 2191 (vN =0C); 15b
1546 (VN -C-N)
“F C=N-f-C4H09
PA[C(NHCH3)2]4(PF6)2 1583 (VN -C-N) 15a
PtIC(NHCH3)2]4(PF()2 1586 (VN -C-N) 15a
OCH
CI\\k
Pd NHCH3 1565 (VN =C); 15e
OCHs3 1255 (vC=0)

C | o ox

NHCH3
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Table Il UV data of some relevant metal earbene complexes.
Complex Amax/nm (e) Ref.
Ni(C=N-/-C4H9)3[C[NHCH(CH3)C6H5]NH-/-C4H9](C104)2 330 (520), 283 (5070), this work
249(10390)
NH ch?
pd C a
226 (2400), 204(13200), 15¢c
196 (9600)
O CHR
NH CH
Pt a
287 (600), 243 (8100), 15¢c
O CHR 208 (11700), 195 (1050)
NH ch?
Ni C. (C104)2 285 (3300), 230 (5400), 15¢
195(19700)
0 CH

Table Il 13C NMR data of some relevant metal earbene complexes.
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Fig. 22 UC NMR signals of NI(C=N-t-
-C4H9)3[NHCH(CH3)C6H5]NH-t-C4H9](CIOJ2

A : carhenie-carbon atom; B:C1 atom of the phenyl ring;
C ; methyl-carbon atom of CH3CH(C6H5)NH residue.

For comparison, the CD spectrum of completely resolved
(A/M + )-poly(te/7-butyl isocyanide)19 Is also given. Simi-
larly, the complex can be used for the asymmetric poly-
merization of other achiral Isocyanides. Some representa-
tive examples are given in Table IV. According to CD,
right-handed helices are formed from all these achiral 1so-
cyanides.

Table IV  Enantioselective polymerization of achiral isocyanides
R-N=C using NI(C=N-I-C4H9)2fCINHCH(CH,)C6H'5INH-I-
-C4H"M/(C104)2 as catalyst.

RiIn [R-N =C(],, W d . Screw sense6
[-C4Hy -28.7 P
[-C5H n - 9.7 P
a,0c-dimethylbenzyl - 59 P
2,6-d1-Cl-C6H3 -70 P

1c 0.02-0.1, CHC13.
mers.

b Derived from CD spectra of the poly-

A

2+ \b

R

A6/(l.mof\cm*")

Fig. 4. CD spectra ofpoly(tert-butyl isocyanide): (A) optically
pure M-polymer, (B)polymer obtained with (S)-(-)-(!-phenyl-
ethyl)amine as the Initiator. The additional bands at 260 nm
are caused by the phenyl rings of the (1-phenylethyl)amine end
groups.
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Fig. 3. Possible conformations of Ni(C =N-t-C4H9)3|C[INMCH(CH3)CbH5JNH-t-C4H9J(C104)2
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The screw sense of the polymers can be predicted by con-
sidering the conformations of the complex, as shown In
Fig. 3. The most probable conformation of the complex Is
3A, since In this conformation the bulky ter/-butyl group Is
pointing away from the nickel centre and the phenyl group
can have some bonding interaction with the nickel9. The
first C-C bond iIs formed when the carbon atom C1of the
carbene ligand attacks one of its neighbours, C2or C4. This
attack 1Is facilitated when a new iIsocyanide C5=N-R Is
substituted for the carbene ligand (Fig. 1). This fifth ligand
will enter from below the complex, since the other side Is

shielded by the phenyl ring. The nucleophilic attack by C1

will preferentially take place on C2, since this Is the steri-
cally least hindered reaction path. The polymerization
proceeds consecutively by attack on C3, C4, etc. In this way,
a right-handed helix 1s formed.

In the case of conformation 3B, the fifth ligand can
approach the nickel both from below and above. According
to molecular models, entry from below will have preference
since, at this side, the steric hindrance Is less than at the
upper side. This will result in the formation of an excess of
right-handed helices. In conformation 3C, the fifth ligand
will preferentially enter the complex from above and the
nucleophilic attack will take place on C4. This again results
In the formation of a right-handed helix. The relatively high
chiral induction In the polymerization initiated by (1-phenyl-
ethyl)amine 1s due to the fact that the prevailing con-
formations of the intermediate Iinduce the same screw sense.

Experimental

Analytical techniques

Infrared (IR) spectra were recorded on Perkin-Elmer 297 and 283
spectrophotometers. Ultraviolet (UV) spectra were measured on a
Perkin-Elmer 200 spectrophotometer and optical rotations on a
Perkin-Elmer 241 Polarimeter. ‘H NMR spectra were obtained
using a Varian EM 390 apparatus and 13CNMR spectra using a
Bruker WP 200 instrument. Chemical shifts (5) are given in ppm
downfield from internal tetramethylsilane. Abbreviations used are
s = singlet, d = doublet, m = multiplet, br = broad. Mass spectra
were recorded on a VG ZAB 2f mass spectrometer using FAB
lonisation (7 kV, 1mA) and 3-nitrobenzyl alcohol as matrix. Circu-
lar Dichroism (CD) spectra were recorded on a Jobin Yvon
Dichrographe Il apparatus. Elemental analyses were carried out
at TNO, Zeist (Holland).

Compounds

N-tert-Butylformamide. /m-Butylamine was TV-formylated with a
10% excess of ethyl formate12 in an almost quantitative yield; b.p.
94-95°C/21 mm Hg. IR (neat) 1660 (C=0) cm”1l 'H NMR
(CDCIj) 5: 80 (m, 1H, CHO), 6.8 and 5.9 (2 x br, 1H, NH), 1.28
(3 xs, 9H, CH3).

tert-Butyl isocyanide. This isocyanide was prepared using the
method of Casanoval3 but a lower pressure (0.5 mm Hg) than
recommended; yield 78% of a colourless liquid. IR (CHXU) 2140
(C=N) cm-1"'H NMR (CDC13) 5. 143 (3xs, CH3).

(S)-(- )-(I-Phenylethyl)amine. Racemic (l-phenylethyl)amine was
resolved in Its optical antipodes using a standard methodl1lL The
specific optical rotation of the (5) enantiomer was: [a]® -40.3°

(neat) [hit.11 [a]™ -39.4° (neat)].

NI(C=N-t-C4H9)4(CI104)2. This complex was prepared according
to a procedure previously described by usl0. Yield 92% of a white
solid. IR (CHO0C12): 2245 (C=N)cm*“ ’'H NMR (CD3CN) 5: 1.63
(s, CH3).

Paul C. J. Karner et al. /An intermediate in the polymerization of isocyanides

NiI(C =N-1-C4H9; 3[(S)-C/NHCH(CH3;c 6Hs/NHC(CH3)3I(C104)2.
Ni-(C=N-/-C4H9)4(C104)2 (1.93 mmol) was suspended In 45
cm “3o0fdry CH2C12 under N2. To this light yellow suspension (S )-
-( - )-(I-phenylethyl)amine (1.93 mmol) was added at room tem-
perature. The yellow suspension turned iInto a homogeneous,
orange solution. Within a few minutes, the colour of the solution
returned to yellow. The solvent was removed In vacuum and the
complex was dried at 0.01 mm Hg; yield 100%; yellow solid; [a]p
13.7° (¢ 0.22, CHC13). IR (CHXU): 3280 (NH), 2250 (sh) and
2226 (C=N), 1570 (N-C-N) cm-'. 3CNMR (CDC13) 5: 22.77,
23.40 and 2490 (3xs, CHCH3); 28.55-30.78 (m, C(CH3)3);
53.02-61.66 (m, C(CH3)3+ CH); 120.23-123.71 (m, C=N);
125.97-129.15 (m, C arom.); 141.55, 142.32 and 143.03 (3 x s, sub-
stituted C arom.); 1/5.18, 179.20 and 181.37 (3 xs, C carbene).
'H NMR (CDC13) 5 857+6.89 (2xd, 1H, CHNtf),
8.04+775+6.46 (3xs, IH, NH), 7.7-7.0 (m, 5H, C6HD),
592 +5.66 +5.01 (3xm, IH, CH), 1.70 (d, 3H, CH), 1.6-0.8 (m,
36H,CH3). FAB mass spectroscopy; m/e 610 (M - C104~)+;527
(M - C104- - /-C4HQN =C)+;454 (M - C104° - HC104 -
C4H8)+; 444 (M - C104" - 2r-C4H9-N =C) +; 427 (M -
Cc104" - HC104 - /-C4H9-N =C)+; 361 (M - C104° -
3/-C4H9-N =C) +; 345 (M - 2C1CV - 2r-C4H9-N =C) +; 288
(M - C104- - HC104 - 2r-C4H9-N =C - C4H8)+;262 (M -
2C104- - 3/-C4Hg-N =C) +.

Elemental analysis: C?8H47CKN5N 108 (711.31) calcd.: C 47.28,
H 6.67, Cl 9.97,'N 9.85* Ni 8.25, O 18.00; found: C 47.00, H 6.73,
Cl 9.97, N 9.73, Ni 8.27, O 18.36%.
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