Notes

Anal. Caled for Ci13H2003: mol wt, 224,1412. Found: mol wt,
224.1392 (MS).

Registry No.—1, 6066-49-5; 8, 3553-34-2; 9, 6697-07-0; 10,
62006-38-6; 11, 62006-39-7.
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In 1972 reactions of polycyanovinyl halides with metal
carbonyl anions were first reported? to give good yields of
stable polycyanovinyl transition metal derivatives.* Subse-
quent work®¢ showed that further reactions of these polycy-
anovinyl transition metal derivatives gave a variety of unusual
and interesting cyanocarbon transition metal complexes in-
cluding compounds containing terminal”® and bridging34
dicyanovinylidene ligands, dicyanoketeneimmonium deriv-
atives,? novel types of chelates,? and new polycyano olefin
complexes.10

This extensive new area of transition metal chemistry
created by the discovery of polycyanovinyl transition metal
derivatives made of interest the preparation and reactions of
similar transition metal polycyanobutadienyl derivatives. This
suggested an investigation of reactions of halopolycyanobu-
tadienes with metal carbonyl anions. However, since halo-
polycyanobutadienes were completely unknown at that time,
it was first necessary to develop methods for their preparation.
This paper describes the methods for the preparation of 1-
halopentacyanobutadienes that we first developed in 1972 as
well as their reactions with certain metal carbonyl anions to
give pentacyanobutadienyl transition metal derivatives.

Experimental Section

Infrared spectra were determined on a Perkin-Elmer Model 621
spectrometer with grating optics. Mass spectra were determined using
a Perkin-Elmer Hitachi RMU-6 mass spectrometer. Relative inten-
sities are given in parentheses with the indicated relative intensities
for the ions containing chlorine and bromine being the sums of the
ions containing the two major isotopes (i.e., 3°Cl and 37Cl for chlorine
and 7Br and 8!Br for bromine). Melting points are taken in capillaries
and are uncorrected.

Tetracyanoethylene was purchased from Kay-Fries Chemicals Inc.,
New York, N.Y., and converted to tetraethylammonium pentacy-
anobutadien-1-olate via tetracyanoethanel! and disodium hexacya-
nobutenediide!? by the published procedure.l® Metal carbonyl de-
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rivatives were obtained by procedures similar to those used in previous
work.*

Preparation of 1-Chloropentacyanobutadiene. A solution of
10.0 g (30.8 mmol) of tetraethylammonium pentacyancbutadien-1-
olate in 150 mL of redistilled 1,2-dimethoxyethane was added to a
solution of 7.7 g (5.2 mL, 60.8 mmol) of redistilled oxalyl chloride in
50 mL of redistilled 1,2-dimethoxyethane. After stirring for 34 h at
room temperature, the reaction mixture was filtered to remove a tan
precipitate. Solvent was then removed at ~25 °C (40 mm). The resi-
due was extracted with dichloromethane. Excess diethyl ether was
added to the filtered dichloromethane extract to precipitate 3.22 g
of unreacted tetraethylammonium pentacyancbutadien-1-olate (32%
recovery), identified by its infrared spectrum. After removal of this
precipitate by filtration followed by evaporation of the filtrate at ~25
°C (40 mm), sublimation of the residue at 110-125 °C (0.2 mm) gave
1.91 g (29% conversion, 42% yield) of white, crystalline 1-chloropen-
tacyanobutadiene: mp 195 °C dec; infrared spectrum (KBr) 2245 (w),
1540 (m), 1524 (m), 1399 (vw), 1378 (vw), 1357 (m), 1315 (sh), 1277
(w), 1234 (m), 1226 (m), 1208 (w, sh), 1028 (w), 1000 (m), 978 (w), 924
(vw), 900 (m), 806 (vw), 778 (m), 771 (w, sh), 654 (vw), 623 cm~1! (vw);
ultraviolet spectrum (CH3CN) 329 nm (e 4700), 315 (6400), 264 (9200),
253 (11 400); mass spectrum CgNsCl* (100), CgN4Cl* (6), CoNs* (13),
CeNy* (9), CiNs* (15), CsNa* (7), CgNat (16), CaNCI* (15), C4No*
(33), C4N* (10), C3N* (7), CaN* (9).

In repeat experiments the yields of 1-chloropentacyanobutadiene
were erratic.

Anal. Caled for C4CINs: C, 50.5; H, 0.0; N, 32.8. Found: C, 49.4, 51.2;
H, 0.3, 0.8; N, 33.1; 32.6.

Preparation of 1-Bromopentacyanobutadiene. A. From
[(C2H5)4NI[C4(CN)50] and Oxalyl Bromide. A solution of 10.0 g
(308 mmol) of tetraethylammonium pentacyanobutadien-1-olate in
100 mL of redistilled 1,2-dimethoxyethane was added to a solution
of 7.2 g (3.0 mL, 33.3 mmol) of oxalyl bromide in 150 mL of 1,2-di-
methoxyethane. After stirring for 22 h at room temperature solvent
was removed at 40 °C (40 mm). The residue was extracted with two
250-mL portions of benzene. Evaporation of the filtered benzene
extracts at ~40 °C (40 mm) gave a pale brown residue. Fractional
sublimation of this residue first gave 0.33 g of an unidentified sub-
stance at 110-125 °C (0.2 mm) which was not investigated further
since its infrared spectrum showed the absence of cyano groups. After
removal of this substance, further vacuum sublimation at 130-135
°C (0.2 mm) gave 0.56 g (7% conversion, 12% yield) of 1-bromopen-
tacyanobutadiene, identified by its infrared spectrum (see below).
The residue remaining from the benzene extraction was crystallized
from a mixture of dichloromethane and diethyl ether to give 4.1 g (41%
recovery) of unreacted tetraethylammonium pentacyanobutadien-
1-olate.

B. From Na;C4(CN); and Bromine. A mixture of 10.1 g (~40
mmol) of disodium trans-hexacyanobutenediide [dried at 110 °C (0.1
mm) for 20 h], 4.0 mL (11.7 g, 73.1 mmol as Bro) of bromine, and 80
mL of hexane was stirred for 25 h at room temperature. The reaction
mixture was then evaporated to dryness at 40 °C (40 mm). Excess
bromine was removed by pumping at 25 °C (0.1 mm) for 12 h. The
dark brown residue was extracted with two 150-mL portions of ben-
zene followed by one portion of 1,2-dichloroethane. Evaporation of
the combined extracts at ~40 °C (40 mm) followed by vacuum sub-
limation at 135 °C (0.2 mm) gave 0.9 g (9% yield) of 1-bromopenta-
cyanobutadiene: mp 228 °C dec; infrared spectrum (KBr) 2251 (w),
1549 (m), 1531 (m), 1401 (w), 1375 (m), 1348 (vw), 1276 (w), 1265 (m),
1220 (m), 1211 (vw), 1199 (vw), 1030 {(vw), 1021 (w), 1002 (vw), 925
(vw), 911 (w), 872 (vw), 809 (vw), 784 (m), 777 cm~! (w); ultraviolet
spectrum (CH3CN) 333 nm (e 3700), 313 (4400), 265 (9600), 253 (9700);
mass spectrum CoNsBr* (100), CoN5* (95), CgNy*t (5), C7N3+ (40),
CsNat (19), CgNot (20), C4Na™ (42), C4N* (13), C3N* (7), CoN*
12).

Anal. Caled for CgBrNs: C, 41.8; H, 0.0; N, 27.1; Br, 31.0. Found: C,
41.9; H, 0.3; N, 27.1; Br, 30.6.

Preparation of 1-Ethoxypentacyanobutadiene. A mixture of
0.30 g (1.4 mmol) of 1-chloropentacyanobutadiene, 10 mL of absolute
ethanol, and 50 mL of tetrahydrofuran was boiled under reflux for
24 h. Removal of solvent at ~40 °C (40 mm) followed by crystallization
from a mixture of dichloromethane and hexane gave a total of 0.30
g (96% yield) of 1-ethoxypentacyancbutadiene. Sublimation of the
crude product at 110 °C (0.15 mm) gave the analytical sample as white
crystals: mp 130-132 °C; infrared »(CN) 2245 (w), »{(C=C) 1570 (m)
and 1535 cm™! (m); !H NMR spectrum CHj; at 7 5.28 (quartet, J =
7 Hz), CHs at 7 8.44 (triplet, J = 7 Hz); ultraviolet spectrum (CH3CN)
347 nm (¢ 7500), 337 (6600), 270 (10 200).

Anal. Caled for C1;HsN50: C, 59.2; H, 2.2; N, 31.4. Found: C, 59.7;
H, 2.4; N, 30.4.
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Reaction of 1-Bromopentacyanobutadiene with NaMn(CO)s.
A solution of NaMn(CO); was prepared by stirring a solution of 1.0
g (2.55 mmol) of Mn2(CO)yp in 50 mL of redistilled tetrahydrofuran
with an amalgam of 0.2 g (8.7 mg-atoms) of sodium metal in 5 mL of
mercury for 1.5 h. This solution was treated at —78 °C with a solution
of 0.9 g (3.5 mmol) of 1-bromopentacyanobutadiene in 100 mL of re-
distilled tetrahydrofuran. After the resulting green mixture was
stirred for 1 h at room temperature, solvent was removed at 25 °C (40
mm). The residue was extracted with dichloromethane. Addition of
hexane to the filtered dichloromethane extracts followed by slow
solvent removal at ~25 °C (40 mm) and addition of hexane gave 0.27
g (21% yield) of yellow (NC)oC=C(CN)C(CN)=C(CN)Mn(CO)s. The
analytical sample was obtained by chromatography of the filtrate on
Florisil in dichloromethane solution followed by recrystallization from
mixtures of dichloromethane and hexane to give a yellow solid: mp
140 °C dec; infrared spectrum »(CO) frequencies at 2142 (s), 2090 (m),
and 2048 cm™1 (vs) in CH:Cly; »(CN) frequencies at 2246 (w) and 2236
cm~1 (w) in KBr; and »(C=C) frequencies at 1525 (s) and 1505 cm~!
(m) in KBr.

Anal. Caled for C;sMnNzOs: C, 45.0; H, 0.0; N, 18.8; O, 21.4. Found:
C, 45.0; H, 0.0; N, 18.4; 0, 22.0.

Reaction of 1-Bromopentacyanobutadiene with NaW(CO);-
CsH;. A solution of NaW (CO)3CsHs was prepared by boiling under
reflux a mixture of 1.41 g (4 mmol) of W(CO)g and 5 mmol of sodium
cyclopentadienide (from NaH and cyclopentadiene) in 1,2-dime-
thoxyethane solution. This solution was treated at —78 °C with 1.03
g (4 mmol) of 1-bromopentacyanobutadiene. After stirring for 2h at
room temperature, the solvent was removed at ~40 °C (40 mm). A
concentrated solution of the purple residue in dichloromethane was
chromatographed on a Florisil column. Red-violet ({CsHsW(CO)s]s),
orange (CsHsW(C0);Br), and magenta (unidentified) bands were first
successively eluted from the chromatogram with mixtures of dichlo-
romethane and hexane. Further elution of the next yellow-brown band
with pure dichloromethane followed by evaporation of the eluate and
two successive crystallizations from mixtures of dichloromethane and
hexane gave 0.05 g (2.5% yield) of yellow (NC);C=C(CN)C(CN)
=C(CN)W(CO)35CsHs: mp 185-190 °C dec; infrared spectrum »(CH)
frequency at 3121 cm™! (w) in KBr; »(CN) frequencies at 2245 (w) and
2230 cm™?! (w) in KBr; »(CO) frequencies at 2050 (s) and 1955 cm™1
(vs) in CH3Cly; »(C==C) frequencies at 1523 (m) and 1500 cm~! (m)
in KBr; 'H NMR spectrum in (CDj3)sCO, 7 (C;Hs) 3.85.

Anal. Caled for C17H;N:0;W: C, 39.9; H, 1.0; N, 13.7; 0, 9.4. Found:
C.40.3; H,1.4; N, 12.9; 0, 10.1.

Results and Discussion

The reaction of tetramethylammonium tricyanoethenolate
with oxalyl chloride in 1,2-dimethoxyethane has been re-
ported! to provide a convenient synthesis of tricyanovinyl
chloride according to the following scheme:

NC\ C/O O\ /O
2 /C= ~ + /C——C\
NC CN  Cl cl
NC Cl o) 0
~
— 2 /C=C< + )>c——c/<—
NC CN 0 o

Our syntheses of 1-halopentacyanobutadienes use the com-
pletely analogous reactions of tetraethylammonium penta-
cyanobutadien-1-olate with oxalyl halides in 1,2-dime-
thoxyethane according to the following schemes (X = Cl or
Br):

2 NC\C_C AN N O\C—C O

Ne—CZ T SNe—o" x7 NX
CN CN

NC CN O

Notes

The yields of the 1-halopentacyanobutadienes from these
reactions were somewhat erratic for reasons that are not
completely clear. Alternative reagents for conversion of the
tetraethylammonium pentacyanobutadiene-1-olate to 1-
chloropentacyanobutadiene (I, X = Cl) are POCl; in 1,2-
dimethoxyethane and thionyl chloride in dichloromethane,
but neither of these reagents appears to offer any advantages
over oxalyl chloride.

During the course of some work on hexacyanobutadiene,
an alternative synthesis of 1-bromopentacyanobutadiene (I,
X = Br) was discovered. The reaction of disodium hexacya-
nobutenediide with bromine vapor is reported!? to result in
oxidation to give hexacyanobutadiene. However, in this work
the reaction of disodium hexacyanobutenediide with excess
bromine in hexane solution was found to proceed differently
resulting in replacement of one cyano group with bromine to
give 1-bromopentacyanobutadiene. Speculation on the
mechanism of this interesting reaction appears premature.

The spectroscopic properties of the 1-halopentacyanobu-
tadienes (I, X = Cl and Br) are in accord with the proposed
structures. The infrared spectra exhibit the expected »(CN)
frequencies at 2248 + 3 cm™! as well as symmetric and an-
tisymmetric »(C=C) frequencies at 1545 + 5 and 1528 + 4
em~!, respectively. The mass spectra exhibit the expected
molecular ions. These molecular ions CogNsX* fragment most
readily by halogen loss to give CgN5* followed by successive
CN losses to give CgN4*, C;N3*, and CgNy™. The last ion may
be derived from 1,4-dicyanobutadiyne, NCC=CC=CCN.
Another important ion is C4,Ny* possibly derived from dicy-
anoacetylene. In the chloro derivative I (X = Cl) cyano loss
from the molecular ion to give CgN4Cl* apparently can com-
pete with the more usual chlorine loss to give CoNs*, whereas
the analogous CsN4Br* was not found in the corresponding
bromo derivative I (X = Br) apparently because of the lower
strength of carbon-bromine bonds relative to carbon-chlorine
bonds.

The halogen atoms in the 1-halopentacyanobutadienes were
found to be relatively reactive toward nucleophiles similar to
the halogen atoms in polycyanoviny! halides. Thus treatment
of 1-chloropentacyanobutadiene (I, X = Cl) with ethanol
readily leads to replacement of the chlorine with an ethoxy
group to form 1-ethoxypentacyanobutadiene (II}. The com-

0
NC CN NC  ¢on ©
OC\J{ _Co
Ne—/ N\—ochcH, Ne—7 N |n\
o
CN (N CN (N C
0
I I
NC  CN
M
NC 7\ /\\CO
CN CNS 8
v

pound II was also isolated when diethyl ether was used to
crystallize the crude product from tetraethylammonium
pentacyanobutadien-1-olate and oxalyl chloride.

The halogen atoms in the 1-halopentacyanobutadienes (I)
were also found to be reactive toward metal carbonyl anions
to give pentacyanobutadieny! transition metal carbonyl de-
rivatives. Thus the reaction of 1-bromopentacyanobutadiene
with NaMn(CO); gives the manganese pentacarbony! deriv-
ative (NC)3C=C(CN)C(CN)=C(CN)Mn(CO); (I1I) identi-
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fied by elemental analyses and a pattern of infrared »(CO)
frequencies similar to those found in the previously reported*
polycyanovinylmanganese pentacarbonyl derivatives. A
similar reaction of 1-bromopentacyanobutadiene with NaW-
(CO)3CsH;5 gives a complex mixture from which the corre-
sponding pentacyanobutadienyl derivative (NC),C=C-
(CN)C(CN)=C(CN)W(CO)3CsH; (IV, M = W) can be iso-
lated in low yield by chromatography. This pentacyanobu-
tadienyl derivative was identified by elemental analyses, the
expected pattern of infrared »(CO) frequencies for an
RW(CO)3CsH;5 derivative, and the expected single CsHs 'H
NMR resonance. A similar attempt to prepare the molybde-
num analogue IV (M= Mo) gave a complex mixture from
which a pure product could not be separated.

The infrared »(C==C) frequencies of the pentacyanobuta-
dienyl transition metal derivatives III and IV (M = W) appear
at 1524 £ 1 and 1503 % 3 cm~! which are about 25 cm~! lower
than the »(C=C) frequencies found in the corresponding 1-
halopentacyanobutadienes I (X = Cl and Br). This decrease
in the »(C=C) frequencies of a cyanoolefin upon forming a ¢
bond to a metal carbony! unit is a consequence of partial
donation of electrons from the filled metal d orbitals into the
antibonding orbitals of the carbon-carbon double bond. The
magnitude of this effect (~25 cm~1) in the pentacyanobuta-
dienyl transition metal derivatives III and IV (M = W) is less
than that of the corresponding effect (30-100 cm™1!) in the
previously reported? polycyanovinyl transition metal deriv-
atives since only one of the two carbon—carbon double bonds
of the pentacyanobutadienyl system is adjacent to the tran-
sition metal system. The infrared spectra of pentacyanobu-
tadienyl transition metal derivatives IIl and IV (M = W) ex-
hibit two »(CN) frequencies at 2245 + 1 and 2233 £ 3ecm~1in
contrast to the 1-halopentacyanobutadienes I (X = Cl and Br)
which exhibit only a single »(CN) frequency at 2248 + 1 ecm™1.
The lower of the »(CN) frequencies in the metal complexes III
and IV (M = W) can arise largely from the cyano group
bonded to the same carbon as the transition metal. Again this
lowering of the »(CN) frequency by ~10 cm~! can arise from
partial donation of the transition metal d electrons into the
antibonding orbitals of the carbon-nitrogen triple bond.

A characteristic property of cyano olefins'® and hexacy-
anobutadiene!? is the formation of charge transfer complexes
with aromatic hydrocarbons. The 1-halopentacyanobuta-
dienes (I, X = Cl and Br) form red solid charge-transfer
complexes with hexamethylbenzene in contrast to the re-
ported!? black solid charge transfer complex formed from
hexacyanobutadiene and hexamethylbenzene. 1-Ethoxy-
pentacyancbutadiene forms a yellow solid charge-transfer
complex with hexamethylbenzene. Qualitative inspection of
the colors of these hexamethylbenzene charge transfer com-
plexes suggests the following observations: (1) Replacement
of a cyano group with a halogen weakens the charge transfer
complexes because part of the planar delocalized system is
lost. (2) Replacement of a cyano group with an ethoxy group
weakens the charge transfer complexes more than a halogen
atom because of the nonplanarity of the ethoxy groups.

Acknowledgment. We are indebted to the Office of Naval
Research for partial support of this work.
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Lanthanide shift reagents (LSR) have been of considerable
use in a wide variety of structural problems, ranging from the
determination of relative configurations to the assessment of
enantiomeric purity.! The simplicity of this nuclear magnetic
resonance technique belies the complexity of the mechanisms?
responsible for observed shifts. This complexity has stimu-
lated investigations into the interactions of the shift reagent
and the substrate, especially for substances having two or
more sites? capable of complexation.

We now report our observation that proton resonances of
quaternary ammonium halides are more strongly shifted by
Eu(fod)s than the corresponding resonances of related tertiary
amine functionalities.!? This is a striking finding in that
amines have been considered to be the strongest donors among
all the previously examined functional groups.3

N-Methylnicotinium iodide (1), of interest as a chemical4

N | T N?
| CH, CH,
CH3 2, R= H
1 3,R=CH,

and biological® analogue of nicotine, was examined in CDCl3
solution with Eu(fod)s (Figure 1). Two sites of complexation
can be a priori suggested for 1: at the pyrrolidine nitrogen’s
lone pair electrons and at the quaternary ammonium iodide
functionality. The induced shift gradients clearly indicate that
significantly larger shifts are observed for the pyridine ring
protons than for the pyrrolidine ring protons. The relative
order of lanthanide induced shift (LIS) observed (CsH >
+NCH; > CsH > CoH » N'CHj) implies that the Eu is lo-
cated near the quaternary center.

We propose that the quaternary ammonium iodide acts as
a LIS donor by Eu(fod)s complexation with the counterion
of the quaternized nitrogen, I~; the resulting Eu(fod)s-I~
complex is in turn associated with the positively charged



