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DIPOLAR ADDITION VERSUS OXYGEN TRANSFER IN
THE REACTION OF TETRACYANOETHYLENE OXIDE
WITH UNSATURATED HYDROCARBONS*

P. BRowNt and R. C. Cookson
Chemustry Department, Southampton Umversity

(Received in the UK 21 August 1967 accepied for publication 19 September 1967)

Abstract With the single exception of anthracene, which yields the unsymmetrical adduct (VA), olefins,
polyenes and aromatic compounds react with tetracyanoethylene oxide to give symmetnical 2,2,5,5-
tetracyanotetrahydrofurans. With the more nucleophilic olefins, including anthracene, oxygen transfer
also occurs, forming ketones and tetracyanocethylene or its adducts with the olefin.

The adduct (VA) of 9-deuterioanthracene and tetracyanocthylene oxide has 199, excess of deuterium
on the carbon linked to the oxygen atom (1.e. VA, R, — D, R, = H 1s formed faster than VA; R, = H,
R, = D). Ths large isotope effect agrees with a reaction mechanism in which the first stage 1s attack on
the electrophilic oxygen atom of tetracyanocthylene oxide followed by rapid cychizauon of the dipolar
tntermediate.

INTRODUCTION
TETRACYANOETHYLENE oxide' 2 (TCNEO) has been made recently from tetracyano-
cthylene (TCNE), and attention drawn'-? to its ability to add to multiple C—C
bonds, even those in benzene, to form 2,2,5,5-tetracyanotetrahydrofurans.®
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Kinetic evidence has been presented* for initial promotion of TCNEO to some
activated form TCNEO? as the slow step. Addition to cis/trans isomeric pairs of
olefins is stereospecilfic, trans adding faster than cis, the polarity of the solvent hardly
affects the rate, and with substituted stilbenes the reaction has a very small negative
Hammett p-value.*

*
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® A preliminary account of this work has appeared. P. Brown and R. C. Cookson, Proc. Chem. Soc.
185 (1964); P. Brown and R. C. Cookson, Abs. Papers, 148tk A.C.S. Meeting p. TU. Chicago, Sept. (1964).
Taken from the Ph.D. Thesis of P. Brown, Southampton (1964).

+ Present address: Chemistry Department, Arizona State University, Tempe, Arizona, US.A.
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All these features are characteristic of 1,3-dipolar cycloadditions,® with TCNEO?
pictured as a symmetrical carbony! ylide dipole Il (planar, and isoelectronic with the
tetracyanopropene anion). Factors favouring opening of the ring, compared with
normai epoxides, must inciude (i) relief of repuision between adjacent nitriie groups,®
(2) proximity of induced partial positive charges on the C atoms in the ring, and
(3) delocalization of the dipole electrons over the whole molecule in the open form.

However, TCNEO is also an oxidizing agent. Epoxides are weak bases compared
with acyclic ethers,” the unshared electron pairs on the O atoms being restrained in
orbitals of higher s hybridization than simple sp.®> The already relatively electro-
positive character of the O atom in cyclic TCNEO (1) will be further enhanced by
the inductive pull of the four cyano-groups. Because the dicyanomethyl anion forms
such a good leaving group, and the electrophilic oxygen is much more exposed than
the C atoms of the ring, nucloephilic attack on oxygen rather than (as usual) on
carbon seemed a real possibility in TCNEO.

In fact, the oxide (I) was rapidly reduced by triphenylphosphine at room tempera-
ture to TCNE, which could be isolated in high yield as its cyclopentadienc adduct,
presumably formed via:

NC_CN
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It is not surprising, then, that especially with dienes and aromatics of low ionization
potential the TCNEO adducts were often accompanied by oxidation products, and
TCNE or (in the presence of cisoid dienes) its adducts. Table 1 summarizes the
reactions observed. Amongst the aromatic compounds for example (nucleophilicity
at a particular C atom roughly following ionization potential), anthracene (ionization
potential = 7-74 ¢V)® and durene (802 e¢V)® are oxidized, but phenanthrene (8-27
¢V),® naphthalene (8:30 ¢V),® furan (8:89 eV)'® and benzene (9-24 ¢V)!°-!'! are not.
In the non-aromatics, cycloheptatriene (7-89 ¢V),!° cyclopentadiene (8-58 ¢V)'® and
indene (8-63 ¢V)!° are oxidized, but not cyclopentene (901 ¢V)'? or 1-butene (9-58
eV).'' Again, bicyclo[2.2.1]heptadiene (8:58 eV)'? is oxidized, whereas the less
strained bicyclo[2.2.2]octadiene is not.

On top of the sulficient reasons cited in the first paragraph, the exclusive formation
of symmetrical cis-1,2- rather than 1,4- adducts with 1,3- dienes (especially cyclo-
pentadiene, furan, cycloheptatriene, cyclooctatetraene and indene) also tends to
favour a concerted addition of the dipolar open form (I1I) of TCNEO to the double
bond in one step. Carbonium-enolate dipoles (open cyclopropanoncs) on the other
hand, containing two rather than four = electrons, add only 1,4 to cisoid 1,3-dienes'*
(cyclopentadiene and furan) as required for concerted cis-addition by Hoffmann and
Woodward’s rules.'?
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T he oxidation reaction

All reactions were carried out in dry benzene with freshly sublimed TCNEO. With
susceptible olefins the colourless solution fast turned yellow on boiling; the UV
spectrum of a cooled and filtered sample was identical with that of TCNE in benzene ;
addition of anthracene to a further sample discharged the yellow colour, and the
anthracene-TCNE adduct (VB)'® precipitated. In some cases (VII, XV, Table 1) free
TCNE was isolated at the end of the experiment, and in others (V, X, XIII, X1V, XVI,
XVIHI) its adduct with the reactant.®

After extended heating the oxidation solutions darkened to opague brown, and
often deposited black tar or powder. Reactions in which oxidation did not occur
were in general much cleaner, although the solutions turned a dull yellow after some
time. Scheme 1 below summarizes some of the reactions that may follow nucleo-
philic attack of the olefin on the O atom of TCNEQ, leading to the ketone. Whether
the epoxide was an intermediate® in any case was not determined, but our early hope

NG CN H CN
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of developing TCNEO or another electrophilic epoxide into a useful epoxidizing
agent for nucleophilic olefins has not been realized. The reactions which explain
the products produced from anthracene are outlined in Scheme 2 (p. 2554).

Anthraceneis obviously the most favourable case for formation of an unsymmetrical
adduct(VA),and indeed none of the alternative 1,2-cycloaddition product was isolated.
As the most nucleophilic hydrocarbon, it opens TCNEO to the dipolar intermediate
(VC) with the carbonium ion well delocalized in the two benzene rings. In the con-
formation where the dicyanomethide anion is over the carbonium ion centre {(C,, of
anthracene), the array is stabilized by electrostatic attraction and charge transfer,
rapidly passing over into the stable adduct (VA).

It was anticipated that evidence for the unsymmetrical intermediate VC (Scheme 2)
might be obtained from measurement of the secondary deuterium isotope effect on
the reaction between 9-d,-anthracene and TCNEO. In previous work,!” we had
found isotope effects of between 1-02 and 107 for the Diels-Alder reaction of a series

* The oxidation reaction of TCNEO has aiso been observed by the DuPont group,’ who report in &
footnote the isolation of TCNE from TCNEO/2,3-dimethyl-2-butene, and the TCNE adduct of 2.3-
dihydropyran from TCNEO/2,3-dihydropyran. 2,3-Dimethyl-2-butene epoxide was also a product of the
first reaction, where formation of any enolic intermediate (Scheme 1) is clearly prohibited.
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>_%CN + Bianthrone
NC °N

SCHEME 2

of unsymmetrical cyano-substituted ethylenes with 9-d,-anthracene, and it was con-
cluded that the mechanism was concerted, although the transition states were
somewhat lopsided. Our system was compared with that of Seltzer'® (2-methylfuran/
d,-maleic anhydride; isotope effect = 1-00) and of Katz'® (diphenylketene/1-d,-
cyclohexene; isotope effect = 1-13), the former result being interpreted in terms of a
symmetrical transition state, and the latter as unsymmetrical but still concerted.
In the9-d, -anthracene(Scheme 2, V.R, = D,R,; = H)/TCNEO reaction, a secondary
isotope effect of 119 was found, using PMR techniques previously described,!’
in favour of adduct VA (R, = D, R, = H) (Scheme 2). This large effect (19 % for one
deuterium atom)is good evidence for the preferential formation of dipolar intermediate
VC (R, = D, R, = H), and furthermore indicates that steric effects?® are more im-
portant than inductive cffects?' in determining secondary deuterium isotope effects
in this system. The structure of VA follows from the similarity of its UV spectrum
(Table 2) to that of 9,10-ethanoanthracene and the anthracene/TCNE adduct (VB),
and its having two magnetically different bridgehead protons in its PMR spectrum
(Table 3). A separate experiment, using equimolar anthrone and TCNEO under the
same reaction conditions, gave the same oxidation products (Table 1), but of course
no anthracene/TCNE adduct VB.

The reaction of anthracene with TCNEO strongly resembles its reaction with ozone.
In non-polar solvents, an ozonide is produced by concerted 1,3-dipolar addition to
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the anthracene 1,2-bond, whereas in polar solvents, a 9,10-bridged ozonide (analogous
to VA) is formed by a two-step process.??

Durene (VII) is presumably oxidized to duroquinone by a very similar series of
reactions, but here the keto-tautomer (cf. anthrone) of the phenol that may be an
intermediate is not stable. In a separate experiment, 2,3,5.6-tetramethylphenol
reduced TCNEO to TCNE in 929 yiceld.

Reactions of the adducts

The structures of most of the TCNEO adducts were based mainly on spectral
evidence (particularly UV [Table 2] and PMR spectra [Table 3)), but they also had
the expected chemical properties. For cxample, the cyclohexa-1,3-dienes (11IA,
V1IA) could be converted into Diels—Alder adducts. Thus, as well as undergoing
1,2-addition of a second molecule of TCNEO to give the bis-adduct (11I1B) in 61 %
yield (steric hindrance preventing further reaction), the benzene-adduct (I11A) also
afforded 189, of a Diels-Alder adduct (XXI) by 1,4-addition of maleic anhydride.
In spite of its much greater electronic reactivity, TCNE did not react under the same
conditions, evidently because of congestion of the second pair of nitrile groups.®
Similarly, the durene derivative VIIA added maleic anhydride in refluxing benzene,
giving 44 %, of XXI1, but did not react with TCNE.

On the other hand, the cyclooctatetraene adduct (XIXA), which presents less
hindrance on the side of the diene opposite to the cyclobutane ring than in the
adducts with the tetracyanotetrahydrofuran ring fused directly to the cyclohexadiene
(I11A and VIIA), added TCNE readily, affording an almost quantitative yield of XXA.
The same adduct (XXA) was obtained in 669 yield by treatment of the cyclo-
dctatetraene/TCNE adduct (XX) with TCNEO in refluxing benzene, the more strained
and less hindered double bond only reacting.

A dilute solution of the naphthalene derivative (IVA} in ethanol gradually developed
the characteristic naphthalene UV spectrum in place of the styrene type. Treatment
of IVA with a trace of acid or base catalysed elimination of carbonyl cyanide (Scheme
3) with production of -naphthylmalonodinitrilet (IVB) the structure of which was
confirmed by oxidation to B-naphthoic acid.

NC
A
CN ON N
N ) OO .N ‘ ) OO CN
SCHEME 3 I{VB

Hydrogenation of the bicycloheptadiene adduct (XVIA) proceeded smoothly at
room temperature with platinum oxide catalyst, yielding material identical in all
respects to the bicycloheptene/TCNEO adduct (XVA). However, all attempts to

* Linn and Benson’ were unable to add either TCNE or maleic anhydride to the benzene/TCNEO
adduct (111A).

* Dr. L S. Besford has shown that the same change is induced by UV irradiation of IVA in benzene
through Pyrex glass.
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reduce adducts IVA, XA and XIIA were unsuccessful, in keeping with a previous
report® that the benzene adduct 111A could not be reduced catalytically.

The IR spectra of the various products showed the expected features, and were
always consistent with the structures assigned. In the ultraviolet region the only
compounds that absorbed intensely were the 1,3-dienes listed in Table 2, whose
spectra resembled the parent hydrocarbons'. (IIIA cf. cyclohexa-1,3-diene,?® A,
256 nm; XIXA cf. bicyclo[4,2,0]-octa-2,4-diene,?* 274 nm, rather than cyclodcta-
1,3,5-triene,?* 265 nm; XVIIIA cf. cyclohepta-1,3-diene?® 243 nm; VIA cf. 9,10-
dihydrophenanthrene,?® 265 and 297 nm.)

Proton magnetic resonance spectra

The PMR spectra of the various adducts are presented in Table 3. Addition of a
second molecule of TCNEO to the 1:1 benzene adduct (I1IA) could in principle
afford IIIB (1,2-addition trans to the functionality already present) or I1IC (14-
addition, also from the less hindered side).

Sufficient chemical evidence has been collected which clearly demonstrates that
TCNEO adds characteristically 1.2 as a 1,3-dipole to unexceptionally nucleophilic
C—C multiple bonds. In addition, the PMR spectrum of the 2:1 adduct (lIB,
Table 3) is completely incompatible with structure IIIC.2 Two olefinic protons (H, ,')
appear as a singlet, while the remaining four protons resonate as an A/B quartet.
In systems such as I11C, the multiplicity of each absorption is invariably greater, and
the olefinic protons are represented by a quartet. The simplicity of the spectrum is well
accounted for by structure I1IB on the other hand, where Dreiding models indicate
an angle of about 70° between protons H,-H,, consistent with a very small coupling
constant.

Addition of TCNEO to durene gave the unsymmetrical adduct VIIA, rather than
1,2-addition to a more hindered disubstituted double bond, as indicated by the PMR
spectrum (Table 3). Further addition of maleic anhydnde to the cis-diene system of
VI A produced XXII, in which the single low-field proton (H,) is coupled to the allylic
protons of Me, (J = 2-0c¢/s). A two proton signal at 598 ¢ must be H, ... and H,
is then at 6:15 t. Comparison of the spectrum of XXII with that of XXI (1A +
maleic anhydride) confirms that the two adducts have the same general structure.

Coupling constant J,,, could not be reliably extracted from the PMR spectrum of
cyclooctatetraene adduct XIXA, but the assigned stereochemistry was arrived at by
chemical analogy (e.g. 1,2-photo-addition of maleic anhydride to benzene?’), and
by further addition of TCNE to XIXA to furnish XXA, which had an identical PMR
spectrum to the adduct obtained between TCNE, cyclooctatetraene adduct XX and
TCNEO.

In all cases where TCNE adducts could be obtained (cyclodctatetraenc,?® cyclo-
heptatriene,?® cyclopentadiene,'® *° indene, bicycloheptadiene®! and bicyclo-
octadiene), the PMR spectra of the 1.4-Diels Alder adducts (XX, XVIIIB, XIIIB,
XVIB, XVIIB) were compared with those of the corresponding 1,2-TCNEO adducts
(XIXA, XVIIIA, XA, XIIIA, XVIA and XVIIA respectively).

In the bicycloheptadiene adduct XVIA, chemical precedent and the magnitude of
J. (<1c/s) allow assignment of stereochemistry resulting from exo-addition®®
of the TCNEO dipole. Essentially the same J value was observed in the identical
materials (XVA) obtained from hydrogenation of XVIA and addition of TCNEO to
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bicycloheptene. Although a similarly small J,, was obtained for bicyclooctadiene
adduct XVIIA, no good model system for the endo-isomer of XVIIA is available,??
and the stereochemistry is therefore tentative.

In all the bicyclo[2.2.1]heptene (XVIA) and bicyclo[2.2.2]octene (XXI, XX, XXA,
XVIIB, XVIIA) type adducts, only the sums of coupling constants between olefinic
and adjacent bridgehead protons are listed in Table 3, since the apparent values are
averaged by virtual coupling.3°

In the spectrum of the indene TCNEO adduct (XI11A) the outer wings of the ab-
sorption from the methylene group were difficult to observe, and the apparent value
of J,, of about (—)13 c/s must surely be numerically too small: indanes with rings
fused 1,2 normally show J,,, of about — 18 ¢/s.33-*

* Examples have been described with J_ as positive as — 15 ¢/s.>¢
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TABLE |. REACTIONS OF TETRACYANOFTHYLENE OXIDF

Oxidized® Reduced*
Benzene (111) 150 36 b S0

Naphthalene (V) 1ss l6he  IVAGZ? -

Anthracene (V) 80 20hr VA (13) ::::;::cu:::\c (1 (TVCBT(E;‘)“"“
Bianthrone (18)

Phenanthrene (Vl)___;E;_ VIA (63F o o — )

Durene (VII.). 150° 40 hr* VIIA(17 Duroquino;le. an TCNE (15)

Butnel (VII) 155 48he  VIIA(9) -

B Cyclopentene (1X) o 175" 28 hr B IXA (55) —

Cyclopentadiene (X) 80° 56 hr i;(‘l'g)’ - XC (5)

. .l."uran Xn . 150° 24 hr XI.A.(7I)_- . 4_——__ )

-_T-‘hiophcn (XID 150> 28 hr XII_A--(7(;). . B — i
Indene (XIII; - . 80 9-i'n: XIIIA (21) --2--_Indanone (5)_ o XIIIB (6)

_Dncycl-openudlenc (X1Vv) 80 27hr XB (21) o o -*C(iJ;

) Bicyclobeptene (X-V ). . . ;;-ghr ” XVA (29) - Nor;:n;;;hor TCNE )

B Bicycloheptadiene (;(;’l)' 65° 28 hr XV_IZ (8.)._ ) . o MK_
Bicycloéc_udienc (Xviy - 80° 42 hr XVIIA (40) S S
Cyclohcpliu;lcnc (XVII . 80° 16 hr XVIIIA (iZ) o - XVIIB (12)_

Cycloscuatetraene (XIX) 80" S0br  XIXA(28) - o

 Cycloocutetracne -

TCNE adduct (XX) 110" 24 hr*  XXA (66)

¢ Percentage yields of purified products in brackets ().
* After allowing for recovery of 179, of naphthalenc.

¢ After allowing for recovery of 70, of phenanthrene.

¢ No benzene solvent.

In toluene.

.
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TabBtf 2. UV SPECTRA OF TETRACYANOETHYLENE OXIDE ADDUCTS IN ETHANOL,

Compound Agez (NM) log ¢
111A® 260 359
VIIA 269 378
XIXA 273 352
XVIIIA 243 411

VA 253 422

275 428

286 (sh) 412

IVA 265 (sh) 410

274 414

325 392

385 3

VIA 253 422

278 428

286 (sh) 412

® In acetonitrile.
EXPERIMENTAL

IR spectra were measured from Nujol mulls, oo a Unicam SP 200 spectrophotometer. UV spectra were
obtained from solutions in 95%, EtOH, using a Unicam SP 700 recording spectrophotometer. PMR
spectra were run on & Varian A-60 instrument, using TMS as internal standard. M.ps are uncorrected.

Preparation of TCNEO. 100 vol H,0, (30 ml), water (90 ml) and 4N NaOH (8-10 drops) were mixed
1n a 500 ml 3-neck flask, which was cooled 1n ice. A soin of TCNE (15 g) in acetonitrile (75 ml) was added
dropwise with stirring over 15 min. The reaction mixture rapidly went turbid, and formed an emulsion
which, afier a further 15 min stirring, was extracted with five 250 ml portions CHCl,. The combined
extracts were filtered rapidly, and the solvent removed under reduced press on s bot water bath. The
crude solid resulting was immediately vacuum sublimed at 120-130°/10 mm, giving pure crystalline
TCNEO, m.p. 177-178° (reported’ 177-178°), in a yield of 74%; (12'S g); IR 900, 955, 1160, 1305, 2280
cm ™' (Found: C, 50-08; N, 38-54. Cak for C;,ON,: C, 5000; N, 38-89%,)

Reaction of TCNEO with olefins. Two general methods were adopted. The reactants were heated together
n dry benzene (which itself does not react sigmificantly with TCNEO at 80°) cither at reflux temp, or
scaled in a Carius tube under N;. The best method for cach olefin is indicated in Table 1, together with
yiclds of the respective products obtained. Most of the reaction mixtures turned dark, and often deposited
solid black or brown material, despite routine purification of the reactants. Workup always involved
removal of excess solvent under reduced press, and chromatography of the residue on silica. Recrystal-
lization solvents, melting points and combustion analysis data are collected in Table 4.

Hydrogenation of XV1A. The adduct (0057 g) was hydrogenated in EtOAc (S ml) at room temp, using
pre-reduced PtO,. H; uptake was 4-60 ml, corresponding to 085 double bond. The reduced product was
recrystallized twice from petrol, to a constant m p. 202-203°. This material was identical in m p., mixed
m.p. and IR spectrum with the bicycloheptene/TCNEO adduct XVA.

Attempted hydrogenation of the naphthalene (IVA), cyclopentadiene (XA) and thiophen adducts. Using
EtOAc, dioxan, benzene and di-isopropyl ether as solvents, and PtO, or PdCl, catalysts, no dihydro
denvatives of the above adducts could be isolated. In nonpolar solveats, starting materials were recovered,
while polar solvents resulted in general decomposition of the adducts.

Tet b
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TABLE 3. PMR SPECTRA OF ADDUCTS

Compound Sotvent Chemical shifts (in 7 units) Couzlixigl.?ljs‘t\ams
Wl Vo )
IIIA acetone a 3-48 (m), b 3-88 (m), 1 544 (3) ab = ca. 95
i11B acetone a 324 (1),14:66 (2), m 5-16 (2) Im = 76
benzonitrile a 3-24 (1); |, m quartet centred 4-99 im = 80
XX1 benzonjtrile a 3-32(3); m, u 5:75 (broad 1), (au + a'u) = ca. 75
: 1615 (broad 2)

VIIA pyridine a 422 (broad 1),15-93 (broad 1), Me,a = 20
Me; 799 (broad 1), Me, 8-10(2),
Me, 826 (2), Me, 8:50 (1)

XXII pyridine a 3-68 (4), m 598 (broad 1), Me,a = 20
1615 (1), Mes 799 (2), Me,, Me,
805, 807; Me, 814 (1)

XIXA pyridine a 415 (m), b 444 (m), u 6-48 (5), ab = ca. 9:5
15-53 (m)

XX pyridine a 3-59 (4), b 416 (1), u 6-00 (m), (au + a'u) = ca. 80
v 6:57 (m)

XXA acetone a 2:94 (4), u 5-61 (m), 1 5-86 (m), (au + a'u) = ca. 80
v 6-40 (m)

XVIIIA pyridine a—d ca. 3-86 (m), 1 5-17 (m),
m 611 (8), xy ca. 7:14 (m)

XVIIIB pyridine a 3-77 (4), u 5-72 (m), v 8:36 (m), (au + a’u) = ca. 80
w, X 9-3-10-0 (m)

IVA acetone Ar 2-51 (m), a 3-05 (2 x 2),b 3-88 ab = 100 al = 26
2x2x2),1522(2 x 3), m492 bl = 25 bm =13
2x2 Im= 80

VIA acetons Ar 2:33 (m), 3,173 (m), 14-54 (1) —

9,10- CDCl, Ar 293 (m), a 2-42 (m), CH, 729 (1) —

dihydro-

phenan-

threne

IXA pyridine 1 ca. 6:12 (m); u, v ca. 804 (m) —

VIIIA pyridine I-n ca. 6:4-7-0; u 8-22 (5), Me 898 (3) Meu = 65

XA pyridine a, b 403 (m), 1 5:15 (m), m 565 (m); —

u, v 705 (m)
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TABLE 3—continued
Compound Solvent Chemical shifts (in 7 units) Cougling co?s:tants
{in ¢cfsec™?)

XB pyridine a, b 457 (4),1650 (2), m 706

(broad 1); u, v 7-26 (broad 1);

w, x 793 (m); y, z 8-40 (m)
XIA acetone 2312(3),b452(3),1487(2 x 3), im = 85

m 378 (2) ab=al = bl =20
XIIA acetone 23212 x 2),b411(2 x 2), Im = 90

1472(2 x 3),m439(2) ab = 59

al = bl = 24

XIIA pyridine m445(2),1521(2 x 2}, u6:26(2), m =77

v656(2 x 2) iv=30
XIB pyridine Ar 7(m), 1526 (3} u, v uv = 1240

each (2 x 3) 7-36, 7-63 ul = vl = ca. IS
VB acetone Ar 2:40 (m), 1 4-22 (s) -
VA acetone Ar 235 (m), 1 3-55 (s), m 4-42 (5) —
XVA pyridine 16-52 (2), u 7-29 (broad 3); ul = ca. 10

v, W, X, ¥y 867 (broad m)
XVIA pyridine a 376 (3),16:40 (1), u 668 (5), (au + a'v) = ca. 15

v, w 8+43 (broad 2) ul = <140
XVIB benzonitrile u677 {2), y 7-38 (m), x 8-16 (broad 1); uy = ca. 18

v, w 838 (broad 1)
XVIIA pyridine 2 3-59(4),1609(3), u 678 (m), {au + a'n) =75

v, w 8-2-90 (m) ul = ca. 10
XVIIB pyridine u 6:58 (1), z 766 (m), —

X, Y, vca. 85 {m), wca. 90 (m)
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TaBLE 4. CHARACTERIZATION OF ADDUCTS

Analyses
Adduct Mop. Recrysulhuuon Calc. Found
’ soivent - - = = - = = - = — = — -
(o H N C H N
1A 167-168 dec. benzene/petrol 6485 273 2522 6490 290 2534

11B* 226-227dec.  benzene/cthyl acetate 5901 165 3013 6047

194 3046

508 2013 6920 523 2032

VIIA 108-109 petrol 6904

XXII__276—278;C._nc_clo;e/C_Cl‘_ o 6;81— 4~_29_ 1;90_ 6-402_ .;'42_ 747;
XIXA  191-192dec. CHCljpewol 6172 325 251 6140 324 217
XX 250250dec ehylacemteiperrol 7239 348 2413 221 312 !
0 >W0dec  ebylacewiperol 6382 215 978 6352 222 2966
CXVIIA 157138 CHCljpetol 6609 342 2312 6619 366 2366
XVIIIB —159:6509— (—:Ha,/;e;ol_ - _70_89_ 3_67_ 2;“_ 7—124— _36|_ _252_4
IVA l68—l70dec.—CC—l.__ o 7;57- _297_ ;05; _701—3 —3'1_2 _20:74_
VIA 250—25;«:._ (?H&,/ECI? o _74-;2- - 3-;3 —17-_38_ 7:-14_ ;94_ 1_74;
IXA llblls_._C_Cl‘_ S _622_5 _3-8—1 —26;0._ 6;20_ ;88— 2—66(;
VIIA 6768 benzenesperrol 5998 404 2799 6028 385 2078
XA 15112 CHOCOL 685 288 2666 6291 288 2667
XB  202ldec CHCLCC, 6954 439 2028 6929 44 209
XC  22Mdec acetomespenrol 6803 311 2885 6816 322 2864
XIA _l;~l_62_ _C;lCl_,/CEI‘- o 5;'60_ |_90_ 2_641_ —56-7—2 _1‘8_5 _%~_35 i
CXUA' 158159 CHCLICCL, 262 171 2455 $181 les w67
_XlllA _1_86-188dec._ EH~(,TI,,_CCT.. o _69~_22 B 3:0 - 2:53_ ;90|_ ._3~|l_ _2|;6_
XIliB 2;25?d: _aoel_one—/CEl.— o 7;75_ ;31_ ;19: —73;6 i 3~;0 ) 21_-10_
VA de CHOYCC,  S2 33 1738 Taes 312 176
VB 282%dec acttonespetrol 7845 326 1829 7859 343 181e
UXVA 22-203dec CHClypewol 6553 424 232 653 402 2340
CXVIA 21213dec CHClgpewol 6610 339 2371 6601 354 2361
CXVIB 197-198dec benzeme 089 366 2544 0% 38 2535
CXVIA  252%0dec scetone/percol 6718 403 239 6745 386 2278

* Mol. wt. (calc.) 366, found (Kofler) 350 * S calc. 1405, found 13 89
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Attempted desulphurization of thiophen/TCNE adduct (XI1A). Using a 10- to 20-fold excess of freshly
prepared Raney Ni, or BDH stabilized catalyst, in benzene, dioxan or EtOH solvents, in culd or under
reflux, the expected reduced product, identical with the butene-1/TCNEO adduct (VIIIA) was not obtained.

Cithar atase. —ataral amt 1Y) - ad
CitheT starling matenal Of IBraClad gUms wWere rCoveres.

Acid or base treatment of the naphthalene/ TCNEO adduct (IVA). The adduct (0-68 g) was dissolved in
10%aq EtOH (25 ml), and pyridine (5 drops) added. The reaction mixture was refluxed for 4-5 hr, when
excess solvent was removed under reduced press. Chromatography of the residue on silica with benzene
cluant afforded crude 1VB as a pale pink powder. Recrystalhzation from petrol, and then CCl, gave
67°, (0-32 g) of off-white needles, m.p. 123-124"; IR 760, 820, 1505, 1590, 2250 cm ~'. (Found: C, 8094,
H.4:22: N, 14-55. Calc. for C,,H;,N: C. 81 22, H. 420; N, 14:58°,)

Repetition using glacial AcOH instead of pyndine afforded 55 of IVB.

Oxidation of B-naphthylmalonodinitrile (IVB). B-Naphthylmalonodinitrilke (0-10 g) was dissolved 1n
025N HNO,. and refluxed for 60 hr. The resulting yellow soln was filtered bot, and allowed to cool,
whereupon a pale brown solid precipitated. Recrystallization from water gave 679 (60 mg) of off-white
crystals, m.p. 185 186", identical 1n all respects with authentic B-naphthoic acid.

Reaction of TCNEOQ with triphenylphosphine. TCNFO (100 mg. 0-7 mmole) was dissolved 1n hot dry
benzene (6 ml). cooled to room temp. and mixed with freshly cracked cyclopentadiene (3 ml). A saturated
soin of triphenylphosphine (150 mg, -6 mmole) in benzenc was then added dropwise with stirning, the
reaction mixture immediately turning brown and depositing solid matenal. After standing for 2 hr, the
muxture was filtered. and the solid fractuonally crystallized from CHCl,/benzenc. TCNEO (28 mg) was
recovered. and 63 % (61 mg) of the TCNE/cyclopentadiene adduct (XC) isolated.

Preparation of TCNE adducts. Adducts XVIB.*! VB.'® XC.'* XVIIIB,?° XX?* and XVIIB werc pre-
pared by published procedures. The indenc adduct (XI11A) was made by refluxing TCNE in an excess
of indene, and chromatographing the crude insoluble adduct on silica with benzene eluant. This method
yielded 33°, of fine bufl needles, which were recrystallized to a constant m.p. of 255° from CCl - acetone.
IR 770, 1010, 1190, 2260 cm '

TCNE adduct of cyclooctasetraene; TCNEO adduct (XIXA). The adduct XIXA (030 g. 1-2 mmole) and
TCNE (050 g. 39 mmole) were heated together in refluxing benzene for 20 hr. The reaction mixture was
cooled, and a quanutative yield of crude XXA filtered off. This was recrystallized from CCl,/acetone,
giving small colourless prisms which did not melt, but decomposed above 280 300°; IR 760, 990- 1080,
1620, 2300 cm .

TCNEO adduct of cyclooctatetraene! TCNE adduct (XX). The adduct XX (0-40 g 1'7 mmole) and
TCNEO (030 g. 21 mmoles) were heated together in refluxing dry toluene for 24 hr. After cooling the
reaction mixture, the crude XXA was filtered off and recrystallized from EtOAc/petrol. affording 66 %
(0-43 g) of white prisms, identical in all respects (m.p., mixed m.p. IR, PMR spectra) with XXA from the
previous reaction.

Attempted formation of TCNE adduct of 1:1 TCNEOQObenzene adduct (111A). Equimolar TCNFE and
IIA were heated together in refluxing benzene for 16 hr, and in a sealed tube for 24 hr at 150", but only
starting matenals could be recovered.

Preparation of maleic anhydride adducts TCNEO/benzene adduct (111A) and 3 moles of [reshly sublimed
maleic anhydnde were heated together in refluxing dry benzene for 48 hr. The solvent was removed under
reduced press, and the crude solid chromatograpbed on silica, giving 18 9, of XXI1. Recrystallization from
CHCl /petrol afforded fine white needles. m.p. 296 300 dec. IR 770, 930, 1070, 1100, 1220, 1770, 1855,
270cm™".

The same procedure utilizing the durene/TCNEO adduct VIIA yielded 449, of the new adduct XXII,
as colourless prisms from CCl /acetone, m.p. 276-278° dec. IR 940, 1020 1090, 1210, 1230, 1460, 1765,
1840, 2270 cm ™ *.

Attempted formation of a 2:1 TCNEO/naphthalene adduci. Equimolar 1 :1 TCNEQ/naphthalene adduct
(IVA) and TCNEOQO were heated together in refluxing dry toluenc for 7 days The brown reaction mixture
was chromatographed in the usual manner, resulting in complete recovery of IVA.

Reaction of TCNEQ with 2,3,5.6-tetramethylphenol. TCNEO (0-50 g. 3-S mmole) and the phenol (0-52 g,
3-5S mmole) were heated together in refluxing dry toluene for 20 hr. The initially colourless solution rapidly
turned yellow, and then brown. Chromatography on silica afforded TCNE (041 g 929,), which was
characterized as the anthracene adduct VB.

Reaction of TCNEO with anthrone. TCNEO (080 g, 56 mmoles) and anthrone (0-60 g, 3-1 mmoles)
were heated together in refluxing benzene (30 ml) for 27 hr The dark reaction mixture was allowed to
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cool, and G-26 g TCNEO recovered by filtration. The filtrate was concentrated under reduced press. and

€co od DY as o

the residue chromatographed on silica, with benzene eluant, giving anthraquinone (m.p. 265°), anthrone
(m.p. 140 150°) and bianthrone (230 240°)** 1n order of elution. The products were crystallized and
compared cntically with authentic samples
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