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Abctrrrc With the scngle cxccptron of anrhraczne. whrh y1c1d.s the unsymmctncal adducr (VA). olcfins. 

polyena and aromatic compounds renti wtrh tetracyanocthylcnc oxtdc IO glvc symmerncal 2.2.5.5- 

rcrracyanotclrahydrofurans. With the mom nuclcophlhc olclins. mcludmg anrhraccnc. oxygen transfer 

also occun, fonning ketones and rcrracyanocthylene or IN adducts with the olcfin. 

The adduct (VA) of 9deutenoanthraccnc and tcrracyanoc~hylene oxldc has 197; cxctu of deurenum 

on the carbon lmkcd IO rhc oxygen atom (l.c. VA. R, - D. R, - H 1s fonned faster than VA; R, = H. 

R, = D). TIM large ~sotopc effect agrees wlrh a reactIon mcchamsm m which rhc !irsl stage IS attack on 

the clcctrophlllc oxygen atom of terracyanocthylcne oxldc followed by rapd cychz~~on of rhe dlpolar 

mrcrmcdlarc. 

INTRODUCTION 

TLTRACYANOFTHYLENF: oxide I’* (TCNEO) has been made recently from tetracyano- 
ethylene (TCNE). and attention drawn’*’ to its ability to add to multiple C< 
bonds, even those in benzene. to form 2,2,5.5-tetracyanotetrahydrofurans.’ 

TCNFO 
hw 

CTCNEO)’ 

(TCNEOT l 

Kinetic evidence has been presented4 for initial promotion of TCNEO to some 
activated form TCNEO’ as the slow step. Addition to cis/rtons isomeric pairs of 
olefins is stereospecific. truns adding faster than cis, the polarity of the solvent hardly 
affects the rate, and with substituted stilbcnes the reaction has a very small negative 
Hammett p-value.’ 

l 

I II 

l A prclimmary l aoum of this work has l ppared. P. Brown and R. C. Cookson. Proc. Chem SOC. 

185 (1964); P. Brown and R. C. Cookson, Abr. Papers. 148th A.C.S. Me~lfq~ p. 7U. Chicago. Scp~ (1964). 

Taken from I& Ph.D. Tbais of P. Brown, Southampton (1964). 

+ Present address: Chemistry Dcprtment. Arizona Stae University. Tcmpc. Arizonr U.S.A. 
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All these features are characteristic of 1.3dipolar cycloadditions.5 with TCNEO* 
pictured as a symmetrical carbonyl ylidc dipole II (planar, and isoelectronic with the 
tetracyanopropene anion). Factors favouring opening of the ring compared with 
normal epoxides. must include (1) relief of repulsion between adjacent nitrilc groups,6 
(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 0 atoms being restrained in 
orbitals of higher s hybridization than simple sp.’ The already relatively electro- 
positive character of the 0 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 clectrophilic 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 cyclopentadiene adduct. 
presumably formed via: 

Ph Pn , 

Ph,PO l 

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 eV)’ and durene (802 eV)9 are oxidized, but phenanthrene (8.27 
eV),* naphthalene (8.30 eV),* furan (8.89 eV)‘O and benzene (9.24 eV)lo*” are not. 
In the non-aromatics, cycloheptatriene (7.89 eV),‘O cyclopentadiene (8.58 eV)” and 
indent (863 eV)‘O are oxidized, but not cyclopentene (941 eV)12 or I-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 sufhcient reasons cited in the first paragraph, the exclusive formation 
of symmetrical c&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 (II) of TCNEO to the double 
bond in one step. Carboniumcnolate dipoles (open cyclopropanones) on the other 
hand, containing two rather than four n electrons, add only I,4 to cisoid l,3dienes’* 
(cyclopentadiene and furan) as required for concerted c&addition by Hoffmann and 
Woodward’s rules.’ ’ 
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The oxidation reaction 
All reactions were carried out in dry benzene with freshly sublimed TCNEO. With 

susceptible olelins the colourless solution fast turned yellow on boiling; the UV 
spectrum of a cooled and filtered sample was identical with that ofTCNE in benzene; 
addition of anthracene to a further sample discharged the yellow colour, and the 
anthracene-TCNE adduct (VB)16 precipitated. In some cases (VII, XV, Tabk I) free 
TCNE was isolated at the end of the experiment, and in others (V. X, XIII, XIV, XVI, 
XVIII) its adduct with the reactant.* 

After extended heating the oxidation solutions darkened to opaque 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 summatis some of the reactions that may follow nucleo- 
philic attack of the oielin on the 0 atom of TCNEO, leading to the ketone. Whether 
the epoxide was an intermediate* in any case was not determined, but our early hope 

c 0 * TCNE 

0 

>” 

of developing TCNEO or another ekctrophilic 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). 

Anthracene isobviously the most favourablecasefor formation ofan unsymmetrical 
adduct (VA),and indeed none of the alternative l&ycloaddition product was isolated. 
As the most nuckophilic 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 dicy~omethide anion is over the carbonium ion centre (C,e 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,-anthraoene and TCNEO. In previous work,” we had 
found isotope effects of between 102 and 107 for the Diels-Alder reaction of a series 

l The oxidstton raction ofTCNE0 has atso been obmcd by tb DuPont group.’ who report in a 
footnote the isolation d TCNE from TCNEO/&3dimctbyl-2-butmc lad tbc TCNE adduct d ?_3- 
dihydtopyran from TCNEO/2Jdihydropyran. 2.3-Dimethyl-2-butenc epoxidc wu also I product of the 
first reaction. where formation of any enolic intermediate (S&me I) is ckuly prohibited. 
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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 = IO) and of Katz” (diphenylketene/ld,- 
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 the9d,-anthracene(!Scheme2.V.R, = D,R, = H)/TCNEOreaction,asecondary 
isotope effect of 1.19 was found, using PMR techniques previously described,” 
in favour of adduct VA (R, = D, R2 = H) (Scheme 2). This large elfect (I9 y0 for one 
deuterium atom) is good evidence for the preferential formation ofdipolar intermediate 
VC (R, = D. R, = H). and furthermore indicates that steric effects” are more im- 
portant than inductive cffccts ” in determining secondary deuttrium isotope effects 
in this system. The structure of VA follows from the similarity of its UV spectrum 
(Table 2) to that of 9,lO-ethanoanthracene and the anthracenc/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 anthracenc/TCNE adduct VB. 

The reaction ofanthracene with TCNEO strongly resembles its reaction with ozone. 
In non-polar solvents, an ozonide is produced by concerted 1.3dipolar addition to 
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the anthracenc 1 &bond, whereas in polar solvents, a 9,1@bridged ozonide (analogous 
to VA) is fonned by a two-step process.‘* 

Durene (VII) is presumably oxidized to duroquinone by a very similar series of 
reactions, but bere the keto-tautomer (cf. anthrone) of the phenol that may be an 
intermediate is not stable. In a separate experiment, 2,3,5,6tctramethylphenol 
reduced TCNEO to TCNE in 92 % yield. 

Reuctims of the adducts 
The structures of most of the TCNEO adducts were based mainly on spectral 

evidence (particularly UV [Table 21 and PMR spectra [Table 33) but they also had 
the expected chemical properties. For example, the cyclohexa-1,3diena (WA, 
WA) 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 (IIIB) in 61% 
yield (steric hindrance preventing further reaction), the benzene-adduct (IIIA) also 
afforded 18% 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 benxenc. 
giving 44% of XXII, but did not react with TCNE. 

On the other hand, the cycloijctatetraene 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 
(IIIA and WA), added TCNE readily, affording an almost quantitative yield of XXA. 
The same adduct (XXA) was obtained in 66% yield by treatment of the cyclo- 
iictatetraene/TCNE adduct (XX) with TCNEO in rcfluxing benzene, the more strained 
and less hindered double bond only reacting. 

Adilutesotutionofthenaphthalenederivative(IVA)inethanolgraduallydeveloped 
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 ~-naphthylmalon~init~le~ (IVB) the structure of which was 
confirmed by oxidation to b-naphthoic acid. 

IVA Sf'HtMF 3 tVB 

Hydrogenation of the bicycloheptadiene adduct (XVIA) proceeded smoothly 
room temperature with platinum oxide catalyst, yielding material identical in 

at 
all 

respects to the bicyclohept~e~CNE0 adduct (XVA). However, all attempts to 

* Linn and Eknson’ were umbk to add either TCNE or rnakk anhydride to tbc bmzr~1c~CNE0 

adduct (WA). 

+ Dr. L S. Bmford hsr shown that the rmc change is induczd by UV irradiation of IVA in benzene 

through Pyrex glass. 
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reduce adducts WA. XA and XIIA were unsuccessful. in keeping with a previous 
report’ that the benzene adduct IIIA 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 1.3dienes listed in Table 2, whose 
spectra resembled the parent hydrocarbons’. (IIIA cf. cyclohexa-l,3diene,z’ &,_ 
256 nm; XIXA cf. bicyclo[4.2,0]-octa-2,4diene,z4 274 nm, rather than cycloiicta- 
13 5-triene.‘4 265 nm; XVIIIA cf. cyclohepta-l,3dienez’ 243 nm; VIA cf. 9,10- 
dih;drophenanthrene.16 265 and 297 nm.) 

Proton m0gneric resonance spectra 

The PMR spectra of the various adducts are presented in Table 3. Addition of a 
second molecule of TCNEO to the 1: I benzene adduct (IIIA) could in principle 
afford IIIB (1.2-addition tram to the functionality already present) or IIIC (1,4- 
addition, also from the less hindered side). 

Suflicient chemical evidence has been collected which clearly demonstrates that 
TCNEO adds characteristically 1.2 as a 1,3dipole to unexceptionally nucleophilic 
C--C multiple bonds. In addition, the PMR spectrum of the 2:l adduct (IIIB, 
Table 3) is completely incompatible with structure IIIC.’ Two olefinic protons (H,,,.) 
appear as a singlet, while the remaining four protons resonate as an A/B quartet. 
In systems such as IIIC, 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 IIIB 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 anhydride to the cisdiene system of 
VIIA produced XXII, in which the single low-field proton (HJ is coupled to the allylic 
protons of Me, (J = 24 c/s). A two proton signal at 5.98 f must be H,,,,.. and H, 
is then at 6.15~. Comparison of the spectrum of XXII with that of XXI (IIIA + 
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 
cycloiictatetraene 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/cycIotitatetraene adduct XX and 
TCNEO. 

In all cases where TCNE adducts could be obtained (cyclotitatetraenc.z8 cyclo- 
heptatriene,” cyclopentadiene.‘6.‘o indene, bicycloheptadiene” and bicyclo- 
iictadiene). the PMR spectra of the 1,4-Diels Alder adducts (XX, XVIIIB, XIIIB. 
XVIB. XVIIB) were compared with those of the corresponding I2-TCNEO adducts 
(XIXA. XVIIIA, XA. XIIIA, XVIA and XVIIA respectively). 

In the bicycloheptadiene adduct XVIA. chemical precedent and the magnitude of 
J,, (< 1 c/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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bicyclohcptene. Although a similarly small Jd was obtained for bicycloktadiene 
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.l]hepttne (XVIA) and bicyclo[2.2.2]octene (XXI, XX, XXA, 
XVIIIB, 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.” 

In the spectrum of the indene TCNEO adduct (XIIIA) the outer wings of the ab- 
sorption from the methylene group were difkult to observe, and the apparent value 
of J,, of about (-)I3 c/s must surely be numerically too small: indanes with rings 
fused 1.2 normally show Jlcm of about - 18 c/s.“.* 

VA 

l Eumpks have bozn dcscribal with I, u positive as - I5 C/L” 
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Hydrocarbon 

. . 

Conditions 

(in benzene) 

Oxygen rranakr producu 

Adduct’ -_... - .-_ .- 

OXidiZ& Reduced’ 
.- _ .- 

Benzene (III) l50’36hr 
IIIA (38) 

IIIB (36) 
.- . ._.. .-.. 

Naphthaknc (IV) 15s’ l6hr IVA (92)’ 
.._- -- 

Anthnccac (V) 80’ 20hr VA (13) 

_------- 
Phcnanthrenc (VI) 80’ 32 hr VIA (63)’ 

Durcne (VII) lso’4Oh? VllA (17) 
. _--_ _ --- 

Butene-I (VIII) 155’ 48 hr VIIIA (79) 
- ---- --_.-__ 

Cyclopaltcnc (IX) 175’ 2E hr IXA (55) 
_..--_ - 

CyclopmtadKnc fx) W Mhr 
XA (16) 

XB (IO) 

Furrn (XI) 
.-_- 

Thiophcn (XII) 
--. 

lndcrx (XIII) 

-_ 
150‘ 24 hr XIA (71) 

--_ . 

150’ 28 hr XIIA (70) 
_ . _ _ 

80’ 9hr XIIIA (21) 

Antbrone (4) 

Anthaquinonc (I) 

Bianthrone (18) 

TCNE adduct 

(VB) (47) 

- 
.-_ --. 

Duroquinonc (I 7) TCNE (IS) 
-.-..--. 

- 
._ 

- 

- XC (5) 

- 
_. 

- 
-_.- -. 

2-lndanone (5) XIIIB (6) 
- _ ._.._ -._-.---_ - . _ 

DicyclopenLadicne (XIV) 80 27 hr XB (21) XC(l3) 
-.. ._--_.- . . _. . -.. 

Bicyclobcptcnc (XV) 80” 48hr XVA (29) Norcamphor TCNE 
_. -_ .- .-- ..-__ __ --.- 

Bicyclobcptadicnc (XVI) 65’ 28 hr XVIA (8) XVIB (42) 
~- . _ --- - ..__ _. 

Bicyclodctadicnc (XVII) 80” 42 hr XVIIA (40) 
- . - -._-- --_ - 

Cyclokptntrbzne (XVIII) 80” l6hr XVIIIA (12) - XVIIIB (12) 
_ -.-..- --- -_ _-..--- . .-.. 

cyclo6cwctrmK (XIX) 80” 5Ohr XIXA (28) 
.- _ ._ - ..-_-- - - 

Cyclooctatetr~enc 

TCNE rdduct (XX) 
110” 24 hf XXA (66) 

’ Pcrczntagc yields of purikd products in brackets ( 1. 
’ After allowng for raxvcry of 177; of ruphthrlcnc. 

’ After allowing for recovery of 70e< of phmanthrenc. 

’ No benzene solvent. 

l In toluene. 
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TACIII 2. UV SPECTRA OF ~YTRACYA PylQTHlzENE OXIDE ADDUCI’S IS FtWANOt. 

Compouod i, (nm) loge 
--. .._ _---.- ._ __. 

IIIA’ 260 3.59 
.- ._._ ___ 

VIM 269 3.78 
_ -. ._ 

XIXA 273 3.52 
-- 

XVlllA 243 
-_. --._-- .- 

VA 253 
275 
286 (sh) 

._ .-- --_.._- 

IVA 265 (sh) 
274 
325 
385 

4.11 

4.22 
4.28 
4.12 

4.10 
4.14 
392 
3.11 

VIA 253 4.22 
275 4.28 
286 (rh) 4.12 

’ In axtonitrile. 

EXPERIMENTAL 

IR apectra were meuura! from Nujol mulls oa a Uniam SP 200 rpoarophotomctcr. W cpeetn were 
obuiaed from solutions in 95% EtOH. using a Unium SP 700 reardiq rpectropbotomctcr. PMR 
rpaan~rrrunonrV~~A-60inrtrumar~,gfMSuia~~M.putuDcofieddd 

Prepararbn oj TCNEO. 100 vol H,O1 (30 ml). m(er (90 ml) and 4N NaOH (8-10 drop) w mixed 
IO a SO0 ml 3-neck flask. which was uxled m ta. A soln of TCNE (I 5 g) in acctomtrik (75 ml) wu addal 
dropwisewitbrtirTingoml5minl%e n?a&oomiJtlurcnpidlywaltturbid.andfoaaalmanulaioo 
whicbrftarfurtbcrI~miar~rua~with~ve2~0~porrioarCHCI,TblcombiDed 
extracts were 6ltauI rapidly. and lbe aolvcnl rallovad under rodlad praI on I hot watu hah The 
crude solid ruulliag wu immaliately vacuum sublimad II 12&13(p/IO mm, giving pure uyauine 
TCNEO. m.p. l77-lt8” (mportui’ 177-178’). in a yield of 74% (125 g); IR 900.955, 1160, 1305.22gO 
an-‘. (Found: C, M; N. 38% Cak for C,ON.: C, 5OGO; N. 38.89%.) 

Rwcrioa ofTCN&O WW o&jbu. Two gaud metti wcrt adoptal. Tbe nruolswcrchmIrdto#ethef 
In dry henzxne (which ~&elf does not react s~gn~facan~ly with TCNEO at 80”) either 11 R(Iux Imp. or 
sakdio~Cuirrr~ubcwdcrN,.Tbcbatmt~foracbo~irindiacodioT~McI,~with 
yiekla of tbe ~~puxive products obtained. Mart of tbe ractionmixturarwoaddaflr.Mdorta+depailrd 
molid black or brown malnhl despite routine purification d the ractant~ Workup always involval 
ranoval of cxw aolvenl urlder rod& pru& and cbromalograplly of the nxiduc on silka Recrya- 
lizatioo solven& mdting poinls and combustion analyak dam aa colkctal in T&k 4. 

Hydrogen&~ 4XVlA Tbe adduct (057 g) yu bydrogamted in EtOAc (5 ml) at roan temp. using 
pre-reduced PtO,. H, uptake was 4a ml, axresponding to 085 doubk bead The redpcad produU wu 
rcsryscllliasd tw& from petrol to a umatant mp 202-203’. Tbi~ material wu idcntial in mp, mixed 
mp. and IR spatrum with tbc bkyd&eptw/TCNEO adduct XVA 

A~remprrd hydr~bn of rk ~ph~ha&ne (WA). cycbpwudknr (XA) ad rhbphm oahuu. Using 
EtOAc. dioxan. benocac and di-isopropyl ether u solventi aad RO, or PdCl. atiys& oo dihydro 
denvatives dtbe above adducts could he isolaed In ooopolar solvcota starting mate&k were rccovcved. 
whik polar solvents multi in general decomposition of the adducts. 
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TABLE 3. PMR SPECTRA OF ADDUCTS 

Compound SolvesIt Chemical shifts (ii 7 units) Coupling constants 
(in c/set- ‘) 

IIIA 

IIIB 

acetone 

acetone 
benz4xlitrile 

a 348 (m), b 388 (m), 1544 (3) ab = ca. 9.5 

a 324 (l), I 466 (2),m 5.16 (2) lm = 7.6 
a 324 (1); 1, m quartet centred 4.99 lm = 80 

XXI bCllXO&ilC a 3.32 (3); m, u 5.75 (broad l), 
16.15 (broad 2) 

(au + a’u) = ca. 7.5 

VIIA pyridille a 4.22 (broad l), 1 5.93 (broad l), 
Me, 799 (broad 1). Me, 8.10 (2). 
Me, 8.26 (2), Me, 8.50 (1) 

Me,a = 2a 

XXII pyridioa a 368 (4). m 5.98 (broad l), Mesa = 24 
16.15 (I), Mei 799 (2). Mel, Me, 
805,8G7; Me, 8~14 (1) 

XIXA pyridine a 4.15 (m), b 444 (m). u 648 (S), ab = ca. 9.5 
15.53 (El) 

XX pylidine a 3.59 (4), b 4.16 (l), u 6m (m), 
v 6.57 (m) 

(au + a’u) = ca. 80 

XXA acetone a 294 (4), u 5.61 (m), 1 5.86 (m), (au + a’u) = ca. 8G 
v 640 (m) 

XVIIIA pyridine a-d M. 3.86 (m), I 5.17 (m), 
m 6.11 (8), xy ca. 7.14 (m) 

XVIIIB pyridine a 3.77 (4). u 5.72 (m), v 8.36 (m), 
w, x 9.3-DO(m) 

(au + a’u) = ca. 8+l 

IVA 

VIA 

ZICHOIX 

ZlCCtOIu 

Ar 2.51 (m), a 3-05 (2 x 2), b 3.88 
(2 x 2 x 2), 15.22 (2 x 3), m 4.92 

(2 x 2) 

Ar 2.33 (m), a, I 73 (m), I 4.54 (1) 

ab = 1OG al - 26 
bl = 2.5 bm = 1.3 
lm= 8.0 

- 

9,1& 
dihydro- 
phenan- 

CDCI, At 2.93 (m), a 2.42 (m), CH, 7.29 (1) - 

IXA pyridhe 1 ca. 6.12 (m); II, v ca. 804 (m) - 

VIIIA 

7cA 

pyridine 

pyridine 

l-n a~. 64-70; u 8.22 (S), Me &98 (3) Meu = 6.5 

a, b 4Q3 (m), 15.15 (m), m 5.65 (m); - 

u, v 705 (m) 
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Compound SoiYent chemical shifts (m z units) 
coupliug oonstants 

(in cjsec- ‘) 

XB pyridine a, b 4.57 (4), 1650 (2), m 7-06 
(broad 1); u, v 726 (broad 1); 
w, x 7.93 (m); y, 2 840 (m) 

XIA amtone a 3.12 (3). b 4.52 (3), 14.87 (2 x 3), lm = 8.5 
m 3.78 (2) ab=aI==bI-2a 

XIIA acetone a 3.21 (2 x 2), b 4.11 (2 x 2), 
14.72 (2 x 3), m 4.39 (2) 

lm = 9Q 
ab = 5.9 
al = bl = 2.4 

XIIIA 

XIIIB 

pyrklme 

pyridine 

m 4.45 (9 15*21(2 x 2), u 6.26 (21, lm = 7.7 
v656(2 x 2) Iv = 3.0 

Ar?(m),1526(3),u,v uv = 120 
each (2 x 3) 7~36,763 ul = vl f c& I.5 

VB acetone Ar 240 (XI), I 4.22 (s) - 

VA acetone Ar 2.35 (m), 1 3.55 (s), m 4.42 (8) - 

XVA pyridine 16.52 (2), u 7.29 (broad 3); 
v, w, x, y 867 (broad m) 

ul = ca. 10 

XVIA 

XVIB 

pyridine 

bcnzonitrile 

a F76 (3), 1640 (l), u 6.68 (5), 
v, w 8.43 (broad 2) 

u 6.77 (2), y 7.38 (m), x 8.16 (broad 1); 
v, w 8.38 (broad 1) 

(au + a’u) = ak. 1.5 
ul= cl@ 

uy = CB. I.8 

XVIIA pyri&mc a 359 (4), 16Q9 (3), u 6.73 (m), 
v, w 8-2-90 (m) 

{au f a’u) = 7.5 
UI = ca 1Q 

XVIIB pyridine u 658 (l), z 7.66 (m), - 

sy,vca85fm),wat91)(m) 
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TABLE 4. ~IARAClERI7AlION 0) ADDUCTS 

AIUlySCS 

Adduct M.p. 
Rarys~lhutioa GIG Found 

solvent - - - - -. - - - - -- - - - 
C H N C H N 

____ ---.-.-- -- -- - - .--- - - - --_- - - 
IllA l67- 168 dcc. hcnm~e/petrol 64.85 2.73 25.22 6490 240 25-34 

_.____ ------------------__ 

1118’ 226227 dac hcamic/cthyl l WAW 5901 I65 3013 6047 194 3046 
_- -.-__.-- - ..- .- - - - - - -_ - - - _- - - _ _ 

VIM 108-109 petrol 6904 SO8 K)13 69.20 5.23 2032 
------.-- - - - -- - - - - - - - - - .- - - - 

XXII 276278 da. uetonc/CCl, 63.81 4.29 1490 6402 4.42 14.79 
-------------------_-_____ _ 

XIXA 191-192 dcc. CHCl,$ctrol 67.72 3.25 22.57 6740 3.24 22.17 
---- ---.-.- - - - ---.- ----- -- ___ _ 

XX 25G251 dcc. ethyl ratatc@ctrol 72.39 348 24.13 72.21 3.72 24.21 
.__.__---- ----.-- --- - - - -- --.- 

XXA >mda. ethyl rcccntc/petrol 63.82 2.15 29.78 63.52 2.22 2966 
-------.------ - -- -. - -- - .- - - _ _ 

XVlIlA 157-158 CHCl,/pctrol bbG9 3.42 23.72 66.19 36b 236b 
----.----.- ---- -- - - -.-_-- - - 

XVlIlB lSl6Oda. CHClJpetrol 7089 367 2544 71.24 361 25.24 
-----------.---- ---______ 

IVA 168-IlOdcc CCl, 7051 297 2058 7013 3.12 2074 
---.--.---- - -.- - - -- - - - --_ 

VU 25&255 dcc. CHCl,jCCl, 74.52 3.13 Il.38 74.14 2-94 1740 
-----.-----.-- -.- --- - .- - - - __ _ 

IXA 11~115 CCI. 62.25 3.81 2640 62-20 3.88 2660 
------_-------------.--__ 

VlIlA 6768 hcnamt/petrol 59.98 404 2799 6028 3.85 27.78 
--------------.--- ______. 

XA 151-152 CHCl,,CCl, 62.85 2.88 2666 62.91 2.88 2667 
--------.- ---------.- _.__ __ 

XB 21&2l I dcc. CHCl,!CCl, 69.54 4.39 2028 69-29 4-34 2094 
-.-.-_--_--- - - -- - - - - - - - - _ _ _ 

xc 222-224 da. ~atonc/pctrol 6803 3.11 28.85 68.16 3.22 28.64 
-- ------- -- - - ---- ___ ____ _ 

XIA 161-162 CHCl ,,‘CCI, 5660 I.90 26.41 56.72 1.85 26.35 
_----------------- -________ 

XIIA’ 158-159 CHCI,/CCl, 5262 1.77 24.55 52.81 I68 24.67 
---------.-- -. - .- - - -. - - - - - - .- - - - - 

XlIlA 186188da. CHCl,CCI, 69.22 3-10 21.53 b9al 3.11 21.5b 
----------------.-------- 

XIIIB 250-255 da. smom/CCl. 73 75 3.31 21.94 73.8b 3.50 21.10 
~--.-------------------- _- 

VA dcc CHCl,fCCI, 74.52 3.13 Il.38 7465 3.12 
----_-.- - - - -- - -- -.-- - - - - - - _Yb 

VB 268270 dcc. ~atone/pctrol 78.45 3.26 1829 78-59 3-43 I8 I4 
_-------. --- ___-.------ -- _ ._ _ _ 

XVA 202-203 da. CHCl,,$ctrol 65.53 4.24 23.52 65.31 4Q2 2340 
---- --- _ --.--- - ------ -- - _ - -.. 

XVIA 21 I-213 dcc. CHCljpctrol 66.10 3.39 23.71 6601 354 23-61 
-----.---- - --.- - - - - - _ - - - _ _ _ _. 

XVIB 197-198 da. hemme 7089 366 2544 lwxl 3-5R 25.35 
-----.---- - - - - _ - .- - - - - -. - - .- - - ._ 

XVllA 22S23Odac. ratone/pctrol 67-18 403 22.39 67.45 3.86 22 78 

l Mol. wt. 1ak.j 3bb. found (Koflcr) 350 ’ S cplc. 1405. found 13 89 
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Arrmpwd Csulpbrizutbn o/ rhioplvn/TCNE dducz (XIIA) Using a 1tS to 20-fold excess of freshly 

pnpra! Raney Ni. or BDH ttabiliza! catalyst. in bename. dioxan or EtOH solvents, in c&i or under 

reflux. rbe apacred rzduad product, identical with the butentlJCNE0 adduct (VIIIA) was not obtained. 

Either starting material or intractabk gums were recovered 

Acid 01 buw r?cOImenr ujrhc Mphh&t~!TCh!&~ ad&cl (WA). The adduct (068 a) was dissolved in 

IO%aq EtOH (25 ml), aod pyridine (5 dropa) added. The reaction atixture was refluxcd for CS hr. when 

excess solvenr wa.s removed under red& press Chromatography of the rtsldue on siha with benzmc 

cluant afforded crude IVB as a pak pink powder. Rarystallrzation from petrol. and then CCI, gave 

679; (@32 g) of off-white needka. m.p. 123-124’; IR 760.820. 1505. 1590. 2250 cm-‘. (Found: C. 80%; 

H. 4.22; N. 145.5. Calc for C,,H,N: C. 81 22; H. 4.200; N. 14.58”/,.) 

Repetition usmg glacial A&H instead of pyndine affordal 55% d IVB. 

Oxidation oj &nupMrylmu&nodinirriC (IVBL ~Naphthylmalonodinitrik (010 g) was dissolved In 

@25N HNO,. and rcfluxed for 60 hr. Tbc resulting yellow soln was tiltered bot. aod alloved to cool, 

whereupon a pak brown solid prccip,tatcd. Recrystallization from water gave 67:: (60 mg) d off-white 

crystals, m.p. 185 186”. identical III alI respects with authentic j3-naphthoic aad. 

Rcocrion o/ TCNEO wirh rriphmylphosphuu. TCNEO (IO0 mg. 07 mmole) was dissolved III her dry 

benzene (6 ml). cooled to room temp. and mixed with freshly cracked cydopeotadiene (3 ml). A saturated 

soln of triphenylphosphme (150 mg. 06 mmok) in benzene was then added dropwisc with stimng tbc 

reaction mixture immediately turning brown and dcposltiag solid marenal. Afta standing for 2 hr. the 

mixture was filtered. and the solid fractronally crystallized from CHCl,Wnc TCNEO (28 mg) was 

recovered. and 63 oL (61 mg) of the TCNE:cyclopentadicne addua (XC) isolated 

Prcporurron O/ TCN6 udduc~r. hdducts XVIB.” VB.lb XC.‘” XVIIIB.” XX” and XVIIB were prc- 

pared by pubhrhed procedures The mdcne adducl (XIIIAJ was made by rcfluxing TCNE In an excess 
d indene. and chromatogrsphtng the crude insoluble adduct on stlia with bmzene eluant. This method 

yielded 33 5, of fine buff needles, which were recrystallized IO a constant m.p. of 255’ from CCl,iaaztonc. 

IR 770. 1010. 11!30.2260 cm ‘. 
TCNE ndducr ojcy&&rurcrrornc;TCNEO udducr (XIXA) The adduct XIXA (030 g. 12 mmok) and 

TCNE (050 g. 3 9 mmolc) were beated together In rdluxmg benzene for 20 hr The raction muture was 

cooled. sod a quanutative yield of crude XXA filtered off This was recrysullized from CCl,/aatone. 

giving mull colourlas prisms which did not melt. but dccomposcd above 280 300”; IR 760,990 1080. 

1620.23OOcm ‘. 

TCNEO addurr oj cy&&rcrrrrcuru!TCNE &UCr (XX). The adduct XX (040 g I.7 mmole) and 

TCNEO (030 g. 2.1 mmoks) were hcatcd together VI refluxmg dry tolucnc for 24 hr. After cooling the 

rcactlon mixture. the crude XXA was filtered off and rarystallua! from EtOAcjpctrol affording 66% 

(043 8) of whltc prisms. identical in all respects (m.p, rmxal m.p. IR. PMR spectra) with XXA from the 

previous reaction. 

Arrrmprcd jormrxrion oj TCNE odducr o/ I : I TCNEO!kn:mne cdducr (IIIA). Equrmolar TCNF: and 

IIA were hcatcd togctha in refluxing benzcnc for 16 hr. and In a scakd rube for 24 hr at 150.. but only 

starting ma~cnals could be recovered. 

Prtporarion o/m&c un/tydridr addvcrs TCNEO,&cnzen adduct (IIIA)and 3 mola of freshly subhmcd 

maleic anhydnde were hated togetbcr In rcfluxing dry benzene for 48 hr. The solvent was removal under 

reduad press, and the crude solid chromatograpbal on silica. giving 18 % d XXI. Rarystalluation from 

CHCl,/petrol afforded line white necdks. m.p. 296 300’ da. IR 770. 930. 1070. 1100. 1220. 1770. 1855. 

227Ocm-‘. 

The same procedure utilrting the durene/TCNEO adduct VIIA y~eldal 44% of the new adduct XXII. 

as colourkss prisms from CClJaatone. m.p. 276278’ da. IR 940. 1020 1090. 1210. 1230. 1460. 1765. 

1840.227Oan-‘. 

Arrcmprcd/ormurion o/4 2: I TCNhO/~phrblmc adducr Eqtumolar I : I TCNEOinaphthalene adduct 

(IVA) and TCNEO were hated together in rdluxing dry ~olucnc for 7 days The brown reaction mixture 

was chromatographul rn the usual manocr. resulting m complete recovery d IVA. 

Rtacrion oj TCNEO wfrh 2.3.5.6rar~uchy/pJund. TCNEO (@So & 3.5 rnmok) and the phenol (052 g. 

3-5 mmok) were batad together in refluxing dry IOIWIK for 20 hr. The initially colourkss solulmn rapidly 

turned yellow. and then brown. Cbromatogmphy on silia affordad TCNE (041 8. 92Y0), wtuch was 

charactcrued as the anthracenc adduct VB. 

Rexrion OJ TCNEO wirh anrhrone. TCNEO (080 g. 56 mmoka) and anthronc (O-60 (c 3.1 rnmoks) 

were heated together In rcfluxing benzcnc (30 ml) for 27 hr The dark raction mixture was allowed IO 
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cool. and 026 e TCNEO recovered hv tiltrattan The filtrate was conacntratcd under rcdu& ores& and ____. -_.- _ -_ D _ -. -- .___ _._- -, ----------- _ __..__ _.__ _.__. 

the residue chromatographai on ulna wtth bcnzcnc cluant. yving rnthraquinonc tm.p. 265”). anthrone 

(m.p. 140 ISO-) and bianthronc (230 240’)” tn order of clution. Tbc products were crystalltzal and 

compared cnttcally with authcnttc samples 

Aclrmwlrdgcmcnr .-P.B. gratelully rcknowlcd~ an Esso Research Studcntrhtp (l%l-1964) 
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