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Although the molecular structure of the cyanocarbon anion of (Cl,N,)’- had been expected as 
2,3-bis(dicyanomethylene)- 1, I ,4.4-tetracyanobutandiide, the crystal structure analyses revealed that 
it has the atomic connectivity corresponding to 2-Dicyanomethylene-1,1,3,4.5,5-hexacyanopentene- 
diide (DHCP). This stable dianion is regarded as being consisted of two dicyanomethylene groups 
and a planar tetracyanobutandiide. Comparing the dihedral angles between these planar parts among 
the different kinds of the salts, it is concluded that DHCP shows the structural flexibility. This pecu- 
liar nature is regarded as the origin to afford the characteristic molecular packing of 
(TTF),(DHCP)(CH,CN) in which the segragated stack of TTF and the donor-anion alternating stack 
co-exist. The salts with BEDT-TTF (ET) and BEDO-TTF (BO) showed the metallic conducting 
behavior down to liquid helium temperature or below. 

Keywords: Organic anions; Crystal structure; DHCP; Radical ions 

The chemistry of cyanocarbons had been investigated since 1958 starting from 
their preparation and examination of the reactivity.’ Because of their strong elec- 
tron accepting abilities andor the stability as the anions, various kinds of 
charge-transfer (CT) complexes have been prepared to produce conducting and 
magnetic materiak2 Recently, their ability to form the infinite chains combined 
with transition metals has been investigated also from the viewpoint of the crys- 
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266 HIDEKI YAMOCHI e? al. 

tal structure3a and the resultant magnetism3b. As for the conducting CT solids, 
not only the strict cyanocarbons4 but also their heteroatom substituted deriva- 
tives have been examined5. It is noteworthy that dicyanamide anion which 
belongs to the latter category had been combined with copper(1) cation to con- 
struct the appropriate crystal structure for the 10 K class organic superconduc- 
tors.6 Since the formal charge and molecular shape are designable by the method 
of organic synthesis, these anions form a series of useful seeds for material sci- 
ences. 

In the course of our investigation to prepare new conducting materials with the 
cyanocarbon anions, (c,4N8)2- was examined. Although the chemical structure 
of this dianion had been assigned as 2,3-bis(dicyanomethylene)- 1,1,4,4-tetracy- 
anobutandiide (BDCTCB),7 this work revealed the correct structure of ( c14N~)~ '  
as 2-dicyanomethylene- 1,1,3,4,5,5-hexacyanopentenediide (DHCP). Also, the 
structural peculiarity of flexibility will be demonstrated to provide the informa- 
tion for the future use of this stable dianion. 

2- NC CN 

NC CN 
NC CN NC 

BDCTCB*- DHCP~- 
SCHEME I 

(c14N8)2- was synthesized by a slightly modified method from that reported by 
O.W. Web~ter.~ As the counter ions, tetraalkylammonium ions (R4N+, R = Me, 
Et, Pr) were employed. In all cases, (R4N)2(C14N8) satisfied the elemental analy- 
sis (k0.3 % for C, H, N) and showed the similar IR absorption For the 
Et4N salt which had been reported by O.W. Webster' as BDCTCB, spectral data 
were examined thoroughly and revealed to agree with that originally reported.' 

The crystal structure analyses of (R4N)2(C14N8) were performed on the salts of 
R = Me and Et." Although the final R-value for the R = Et salt was not satisfac- 
tory because of the poor quality of the crystal and the incomplete modeling for 
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STRUCTURES OF C , ~ N ~ ~ - A N D  ITS TTF COMPEX 267 

FIGURE 1 Ortep drawing of DHCP2- in (Me4N)2(DHCP) (left) and in (TTF)*(DHCP)(CH&N) 
(right). In the latter, the site occupancy factors of C61 and C62 were 0.5 each 

the disordered alkyl groups in Et4N+, both of the results of R = Me and Et 
showed the atomic connectivity in the dianion unambiguously. There existed 
only one carbon atom to which two dicyanomethylene groups were bonded (cf. 
Scheme 1 and Fig. 1). Hereafter, this dianion will be referred as DHCP2-. Along 
with the structure in the tetrathiafulvalene (TTF) complex, the flexibility of this 
dianion will be described in below. 

The cyclic voltammogram of DHCP2- showed only one irreversible oxidation 
peak at +1.3 V which indicates that this species is stable enough as a closed 
shell dianion under usual oxidative conditions for the preparation of radical cat- 
ion salts with donor molecules. The electrocrystallization of donor molecules 
was carried out in the presence of (Et4N),(DHCP). At present, the conductive 
salts with the TTF derivatives having the extended n-systems were obtained. 
Especially in the cases with ET and BO, the salts showed the metallic behavior 
down to 4.2 K or below,I2 however, the low yield of the salts and the poor quality 
of the crystals prevented further investigation at present. 

In the case of the TTF salt, the metathesis of (Et4N),(DHCP) with 
(TTF)3(BF4)2 provided the single crystals of (lTF)2(DHCP)(CH,CN). Although 
the black block shaped crystals were insulating (on = lo-' Scm-I) and showed 
the CT absorption band at higher energy region (12.3 x lo3 cm-') than those of 
conductive salts, the quality was appropriate for the crystal structure analysis13 
and showed a unique structural feature. 
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268 HIDEKI YAMOCHI et al. 

FIGURE 2 Ortep drawing of the parts of the crystal structure of (TTF)z(DHCP)(CH3CN) projected 
onto a donor molecular plane. The neighboring donor dimers in a segregated column at y = 0.5 (top) 
and the neighboring four molecules in an alternating stack at y = 0 (bottom). In the latter, TTF and the 
planar part of DHCP2- (shaded) form the -DADA- type alternating stack 

In (TTF)2(DHCP)(CH,CN), two TTF, one DHCP dianion, and one solvent 
molecules are crystallographically unique. DHCP2- exhibits positional disorder 
which corresponds to C6 in Me4N and Et4N salts (C61 and C62 in Fig. I ) .  One 
can assign both of (N7-C 13)-C6 1 -(C 14-N8) and (N7-C 13)-C62-(C 12-N6) as the 
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terminal C(CN)2 group.I4 This disorder indicates the rotational flexibility of the 
C4-C5 bond. 

The bond lengths in both independent TTF molecules agreed with those in the 
'ITF cation radi~a1.l~ The face-to-face dimers of 'ITP formed a segregated stack 
parallel to the c-axis at y = 0.5 (Fig. 2 top). The interplanar distances were 3.36 
and 3.48 8, within and between dimes, respectively and the molecular overlap 
was rather poor in the latter case. The striking feature of the crystal structure was 
that this salt contained not only the segregated stack mentioned above but also 
the alternating stack of 'ITP and DHCP2'. At y = 0, the alternating stack was 
formed along the a-axis. As expected, only the planar part of the dianion partici- 
pated in the alternating stack (Fig. 2 bottom). The dihedral angle and interplanar 
distance between the donor plane and the planar part of the dianion were 4.2' and 
3.41 - 3.47 A, respectively. Such a peculiar packing motif is regarded as the 
result from the unusual molecular shape of DHCP2-.16 

To demonstrate the flexibility of DHCP2-, Table I summarizes the dihedral 
angles between the intramolecular planes. Each of the best plane of #2 and #3 
was defined by the dicyanomethylene group at the bis(dicyanomety1ene)methyl- 
ide group. The best plane #1 was defined by the central three carbon atoms of 
this substituent. 

TABLE I Intramolecular Dihedral Angles of DHCP2- in Different Salts* 

Counter Component 

Dihedral Angle (")* 

TMA TEA 7 T F  

#1 -#2 12.2 15.2 1.1 

# I  -#3 14.1 6.9 3.7 

#2 - #3 24.9 21.3 3.6 

# 4 - # 5  55.9 64.1 70.2 

The first flexibility appeared at the dihedral angle between the planes #2 and 
#3. This type of flexibility had also been observed in 2-alkoxy-l,l,3,3-tetracy- 
anoallylide (RO-TCA) an ion~ . '~  The twisting angle varied from 3.6 to 24.9' 
which is smaller than those observed in RO-TCA's (8.3 - 48.4"). However, the 

* The planes #I - #5 are defined as the best planes based on the atoms listed in below. 
#1; CI, C2, C3. #2; C2, C7, C8, N1, N2. #3; C3, C9, CIO. N3, N4. #4; CI. C2, C3, C7, C8, C9, C10, 
NI, N2, N3, N4. #5: C1, C4, C5, C6 (or C6l. C62). CII. C12, C13, C14, N5, N6, N7, N8. 
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biggest shift from the best plane defined by all of the atoms belonging to the ter- 
minal bis(dicyanomethy1ene)methylide group (#4) was at most 0.7 1 8, (for N2 in 
Me4N salt). The rest of the dicyanomethylene groups also formed a rather flat 
plane defined as plane #5 from which the maximum shift was 0.54 A for C1 in 
the Et4N salt. The second flexibility of DHCP2-appeared at the dihedral angle 
between this plane and the plane #4, which varied from 55.9 to 70.2’. It is note- 
worthy that the fragment, which defines the plane #5, just corresponds to the 
“delocalized” part in decacyanooctatetraene dianion which is reported to show 
the “localized delocalization” of the x-system.18 The last flexibility of this dian- 
ion emerged as the rotational freedom at C4 - C5 bond which was demonstrated 
in the ‘ITF salt. Although the bond length of C4 - C5 (1.40( 1) A) shows the dou- 
ble bond character (cf. 1.489(9) for C1 - C4), the rotation around this bond 
occurred during the complex formation since the starting material of 
(Et4N)2(DHCP) consisted of only one conformer. The estimation of the activa- 
tion energy for this rotation is in progress. 

These observations on multiple freedoms of the intramolecular rotation indi- 
cate that DHCP2- is rather flexible and can modify its own molecular shape 
according to the counter components. 

Summarizing the results, this work clarified the molecular structure of 
(C14N8)2- as DHCP2- and proved that this dianion is flexible. The structural soft- 
ness gives rise to.the characteristic crystal structure of the ‘ITF complex and also 
affords the metallic ET and BO salts. In the latter cases, DHCP2- is expected to 
change its conformation from that in the ‘ITF salt to accommodate the conduct- 
ing segregated column or layer of donor molecules. The peculiar structural and 
physical properties of the complexes with other donor molecules can be antici- 
pated from the novel structural property of DHCP2-, and the further complex 
preparations are under way. 
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