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the S,CNC, portions of the dipropyldithiocarbamato
ligand are very similar to those of the analogous
diethyldithiocarbamato complex (Sit et al., 1989).
The bond distances and angles in the trispyrazolyl-
hydroborate ligand, L, are normal (Cleland et al.,
1987).
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Abstract. C24H20AS+.[FC4SC3(NO)7]_, M, = 1053'67,
triclinicc, PI, a=13-122(9), 5=13936(9), c=
9-908 8) A, @ =9930(6), B=9704(6), y=
71-94 (5)°, V=16949 A3, Z=2, D,=2:065gcm™?,
A(Mo Ka) =0-71069 A, x =5887cm~', F(000)=
1016, T=295K, R=0-047 for 5101 observations.
The structure consists of isolated Ph,As* cations
and [Fe,Se;(NO),;]” anions which exhibit approxi-
mate C,, symmetry.

Introduction. It has been deduced from nuclear-
magnetic-resonance spectroscopy (Butler, Glidewell,
Hyde & McGinnis, 1985) that the iron—selenium-
nitrosyl anion [Fe,Se;(NO);]~ (Butler, Glidewell,
Hyde, McGinnis & Seymour, 1983) has a structure,
in solution, which is similar to that established
by X-ray methods for the sulfur analogue
[Fe4S3(NO),]~ (Johansson & Lipscomb, 1958; Chu &
Dahl, 1977). Structure analysis not only confirms

* To whom correspondence should be addressed.
0108-2701/90/112051-03%$03.00

definitively the structure inferred from spectros-
copy, but allows metrical comparison between
[Fe,Se3(NO),]~ and [Fe,S3(NO),] ™.

Experimental. Small black block crystals grown from
methanol. Accurate cell dimensions and crystal
orientation matrix determined on a Nicolet P3 dif-
fractometer by least-squares refinement using the
setting angles of 20 reflections in the range 15< 6 <
18°. Crystal dimensions 0-24 x 0-40 x 0-40 mm;
intensities of reflections with indices A—17 to +17,
k—18 to +18, /0 to +12 with 2 <26 < 55° w20
scans, 26 scan width (2-40-2-75)°, graphite-
monochromated Mo Ke radiation. 7830 reflections
measured, 7828 unique, 5101 with F = 40 (F) labelled
observed and wused in structure solution and
refinement. No intensity change was detected in two
standard reflections measured after every 200 reflec-
tions. Data corrected for Lorentz and polarization
effects and for absorption effects using a ¢-scan
technique on the diffractometer (maximum and mini-
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mum values of transmission factors, 0-078 and 0-183
respectively). Space group Pl or Pl; P1 chosen and
confirmed by the successful refinement. The structure
was solved by direct methods: the initial E map
provided coordinates of eight heavy atoms, sub-
sequently identified as one As, three Se and four Fe
atoms. The remaining non-H atoms were found from
difference syntheses. The asymmetric unit comprises
one cation and one anion. Refinement, minimizing
Zw||F| — |F|]>, by full-matrix least-squares calcula-
tions, with anisotropic thermal parameters: in the
final cycles of refinement, H atoms were included as
riding atoms with C—H 1-08 A, and a common
isotropic temperature factor. The final cycles of
refinement included 416 variable parameters,
R =0-047, wR = 0-058, w = 1-3123/[c*(F,) +
0-001308(F,)’]. Max. shift/e.s.d. =0:014 (excluding
oscillatory Uy). The largest features on the final
difference map were +0-60 and —0-62 e A3, Scat-
tering factors and anomalous-dispersion corrections
were from International Tables for X-ray Crystallog-
raphy (1974, Vol. IV, pp. 71-147). All calculations
were performed on a Prime 6350 computer using
SHELX76 (Sheldrick, 1976) and SHELXS86 (Shel-
drick, 1985). Atomic parameters and details of the
anion geometry are given in Tables 1* and 2. Fig. 1
shows the anion, with the atom-numbering scheme.

Discussion. The structure analysis shows that the
compound consists of isolated Ph,As™ cations, and
[FesSe3(NO);]~ anions which exhibit approximate
Cs, (3m) symmetry (Fig. 1), although no symmetry is
imposed by the space group. The analysis confirms
that the structure of the cluster anion is that deduced
from spectroscopic measurements (Butler, Glidewell,
Hyde & McGinnis, 1985).

The anion contains a flattened tetrahedron of four
Fe atoms: the apical Fe atom, Fe(1), carries a single
nitrosyl ligand while each of the basal Fe atoms
Fe(2), Fe(3) and Fe(4) carry two nitrosyl ligands.
The (C;, averaged) distances Fe(apical)}—Fe(basal)
and Fe(basal)—Fe’'(basal) are 2-784 A [range
2-764 (1)-2-789 (1) A] and 3:689 A [range 3-617 (1)-
3-768 (1) A], respectively. Each of the three equiva-
lent triangular faces which include the apical
Fe atom is capped by an Se atom with average
Fe(apical)—Se and Fe(basal)—Se distances of
2330 A [range 2-322(1)-2-338 (1) A] and 2-377A
[range 2-373 (1)-2-388 (1) A], respectively. In the
analogous iron-sulfur cluster anion [Fe,S3(NO);]~,
the averaged values of the two types of iron—iron

* Lists of structure factors, anisotropic thermal parameters and
H-atom parameters have been deposited with the British Library
Document Supply Centre as Supplementary Publication No. SUP
53100 (32 pp.). Copies may be obtained through The Technical
Editor, International Union of Crystallography, 5 Abbey Square,
Chester CH1 2HU, England.

CaaH30As ™ [Fe Ses(NO),]

Table 1. Coordinates (x 10*) and U,, values (* 10%)
Jfor non-H atoms with e.s.d.’s in parentheses

eq (1/3)212_, U;jai*aj*a;.aj.

x y z U(AY)
Sel 5622 (1) 8339 (1) ~160 (1) 41 (1)
Se2 3461 (1) 7123 (1) —1700 (1) 44 (1)
Se3 4150 (1) 7391 (1) 2150 (1) 43 (1)
Fel 4847 (1) 7066 (1) 13 (1) 36 (1)
Fe2 4886 (1) 8720 (1) 2000 (1) 40 (1)
Fe3 4121 (1) 8523 (1) -1803 (1) 42(1)
Fed 2684 (1) 7690 (1) 443 (1) 39 (1)
N1 5711 (5) 5913 (4) ~202 (6) 20)
N2 5932 (5) 8658 (5) 3179 (6) 57 (2
N3 4657 (5) 8301 (5) —3298 (6) 62(2)
N4 1972 (4) 6924 (4) 663 (6) 44 (1)
NS 3890 (5) 9800 (5) 2127 (6) 53(2)
N6 3167 (5) 9619 (4) —1536 (6) 48 (1)
N7 1990 (5) 8907 (4) 407 (6) 51()
[0} 6285 (5) 5088 (4) —382 (8) 97 (2)
02 6522 (5) 8848 (5) 4080 (6) 87 (2)
03 4923 (7) 8324 (6) —4363 (7) 112 (3)
o4 1323 (5) 6568 (4) 849 (6) 68 (2)
05 3285 (5) 10579 (5) 2444 (8) 93 ()
06 2506 (5) 10406 (4) ~1656 (6) 77 (2
o7 1314 (5) 9678 (4) 312(7) 82 (2)
As 9347 (1) 3078 (1) 5351 (1) 37())
ci 10218 (5) 3574 (5) 6817 (6) 39 (1)
c2 11249 (5) 2931 (5) 7213 (7) 9 (2)
c13 11853 (6) BI7 () 8286 (8) 65 (2)
Cl4 11463 (6) 4305 (6) 8916 (8) 60 (2)
cis 10473 (6) 4915 (5) 8497 (7) 52(2)
Clé 9843 (5) 4548 (5) 7461 (6) 41 )
C21 8012 (5) 4130 (5) 5120 (7) 41 (2)
C22 7850 (6) 4719 (5) 4067 (8) 52 (2
3 6897 (7) 5492 (6) 3964 (9) 67(3)
C24 6133 (6) 5680 (6) 4890 (10) 73 (3)
c25 6315 (6) 5089 (7) 5921 (9) 74 (3)
C26 7258 (6) 4289 (6) 6029 (8) 59 (2)
C31 10114 (5) 2771 4) 3736 (6) 38 (1)
C32 11083 (5) 3001 (5) 3767 (8) 52(2)
c33 11640 (6) 2734 (5) 2605 (9) 59 (2)
C34 11260 (7) 2248 (6) 1405 (9) 63 (2)
C35 9717 (5) 2294 (5) 2526 (7) 47(2)
C36 10290 (6) 2028 (5) 1395 (8) 59 (2)
cal 9047 (5) 1886 (4) 5715 (6) 37(1)
C42 8149 (6) 1642 (5) 5057 () 52(2)
C43 7947 (6) 776 (6) 5269 (8) 62 (2)
Cc4 8631 (6) 147 (5) 6150 (8) 58 (2)
C45 9517 (6) 395 (5) 6821 (8) 59 (2)
C46 9732 (6) 1257 (5) 6622 (7) 512

Fig. 1. Stereoview of the anion [Fe,Se,(NO),]~ showing the atom-
numbering scheme.

distance are 2:700 A [range 2-683 (2)-2-708 (2) A]
and 3-570 A [range 3-519 (2)-3-628 (2) A], respec-
tively (Chu & Dahl, 1977), significantly shorter than
those found here. Hence the dimensions of the Fe,
core appear to be significantly influenced by the size
of the capping atoms, although the shape of the Fe,
cage is identical in [Fe,S;(NO);]- and in
[Fe,Ses(NO),]~; the ratio of the averages for the two
types of iron—iron distance is 1-322A in
[Fe,S;(NO),]™ and 1-325 A in [Fe,Se;(NO),] .
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Table 2. Interatomic distances (A) and angles (°)

Fel—Sel
Fe3—Sel
Fe3—Se2
Fel Sc3
Fe4d—Se3
Fe3—Fel
N1—Fel
N5—Fe2
N6—Fe3
N7—Fed
02—N2
04—N4
06—N6
Cll—As
C31—As
C12—Cl11
C13—ClI12
C15—Cl14
Cc22—C21
C23—C22
C25—C24
C32—C31
C33—C32
C36—C34
C42—C41
C43—C42
C45—C44

Fe2—Sel—Fel
Fe3—Sel—Fe2
Fe4—Se2—Fel
Fe2—Se3—Fel
Fe4d—Se3—Fe2
Se3—Fel—Sel
Fe2—Fel—Scl
Fe2—Fel—Se3
Fe3—Fel—Se2
Fe3—Fel—Fe2
Fe4—Fel—Se2
Fed—Fel—Fe2
NI—Fel—Sel
NI—Fel—Se3
Nl—Fel—Fe3
Se3—Fe2—Sel
Fel—Fe2—Se3
N2—Fe2—Se3
N5—Fe2—Sel
N5—Fe2—Fel
Se2—Fe3—Sel
Fel—Fe3—Se2
N3—Fe3—Se2
N6—Fe3—Sel
N6—Fe3—Fel
Se3—Fed4—Se2
Fel—Fe4—Se3
N4—Fe4—Se3
N7—Fed4—Se2
N7—Fe4—Fel
Ol1—NI1—Fel
0O3—N3—Fe3
O5—N5—Fe2
O7—N7—Fe4
C31—As—Cl1
C41—As—Cl1
C41—As—C31
Cl6—Cl1—As
C13—C12—Cl11
C15—C14—C13
C15—Cl6—Cl1
C26—C21—As
C23—C22—C21
C25—C24—C23
C25—C26—C21
C35—C31—As
C33—C32—C31
C36—C34—C33
C35—C36—C34
C46—C41—As
C43—C42—C41
C45—C44—C43
C45—C46—C41

2338 ()
2373 (1)
2:388 (1)
2:331 (1)
2:380 (1)
2:798 (1)
1-653 (5)
1-658 (5)
1-654 (5)
1-662 (5)
1-161 (9)
1-155 (10)
1-182 (7)
1911 (6)
1-914 (6)
1-421 (8)
1-386 (11)
1-371 (10)
1:386 (11)
1-380 (9)
1-367 (14)
1-400 (11)
1-377 (12)
1-397 (13)
1-384 (10)
1-365 (12)
1:377 (12)

7264 (3)
10521 (3)
7200 (4)
7274 (3)
101-59 (4)
10848 (4)
54-19 (3)
54-30 (3)
54:65 (3)
8481 (4)
54.95 (4)
8307 (3)
112:5(2)
110-5 (2)
1296 (2)
10611 (4)
5296 (3)
1089 (3)
1123 2)
123-1(2)
10529 (4)
5247 (3)
1065 (3)
1140 (2)
1255 (2)
10581 (4)
5326 (3)
1053 (2)
1060 (2)
1190 (2)
177:2 (6)
1677 (6)
1678 (6)
1652 (6)
107-2 (3)
1121 (3)
1100 (3)
119-4 (4)
1178 (6)
1206 (7)
1197 (5)
1184 (5)
1181 (7)
1198 (7)
1188 (8)
1199 (5)
119-1 (7)
1184 (8)
12122 (7)
1206 (5)
1200 (6)
1199 (8)
119:2(7)

Fe2—Sel
Fel—Se2
Fed4—Se2
Fe2—Se3
Fe2—Fel
Fe4—Fel
N2—Fe2
N3—Fe3
N4—Fe4
Ol—NI
03—N3
0O5—N5
O7—N7
C2l1—As
C41—As
Cle—Cl1
Ci4—C13
Ci6—Cl15
C26—C21
C24—C23
C26—C25
C35—C31
C34—C33
C36—C35
C46—C41
C44—C43
C46—C4a5

Fe3—Sel—Fel
Fe3—Se2—Fel
Fe4—Se2—Fe3
Fed—Se3—Fel
Se2—Fel—Sel
Se3—Fel—Se2
Fe2—Fel—Se2
Fe3—Fel—Sel
Fe3—Fel—Se3
Fed—Fel—Sel
Fed—Fel—Se3
Fed—Fel—Fe3
N1—Fel—Se2
N1—Fel—Fe2
N1—Fel—Fed4
Fel—Fe2—Sel
N2—Fe2—Sel
N2—Fe2—Fel
N5—Fe2—Se3
N5—Fe2—N2
Fel—Fe3—Sel
N3—Fe3—Sel
N3—Fe3—Fel
N6—Fe3—Se2
N6—Fe3—N3
Fel—Fe4—Se2
N4—Fe4—Se2
N4—Fed4—Fel
N7—Fed4—Se3
N7—Fe4—N4
02—N2—Fe2
04—N4—Fed
O6—N6—Fe3
C21—As—Cl1
C31—As—C21
C4l—As—C21
C12—Cl11—As
Cl6—C11—C12
C14—C13—C12
Cl6—C15—Ci14
C22—C21—As
C26—C21—C22
C24—C23—C22
C26—C25—C24
C32—C31—As
C35—C31—C32
C34—C33—C32
C36—C35—C31
C42—C41—As
C46—C41—C42
C44—C43—C42
C46—C45—C44

2:369 (1)
2:322(1)
2:379 (1)
2372 (1)
2:789 (1)
2764 (1)
1-679 (6)
1-660 (7)
1-674 (7)
1-162 (7)
1:159 (10)
1-151 (8)
11172 (7)
1:920 (5)
1919 (7)
1-369 (8)
1:382 (11)
1-372 (10)
1-363 (10)
1:379 (13)
1:391 (10)
1:397 (9)
1-387 (11)
1:363 (11)
1-397 (9)
1:380 (11)
1-364 (12)

7287 (3)
7287 (3)
98-69 (4)
71-83 (3)
108-60 (4)
109-33 (3)
122:66 (3)
54-13 (3)
119-86 (4)
116:80 (4)
54-91 (3)
8112 (3)
107-4 (2)
130-0 (2)
130-7 (2)
53-16 (3)
1059 (2)
1209 (2)
107-2 (3)
1159 (3)
53-00 (4)
104-0 (2)
119-4 (2)
111 Q)
1151 (3)
53-04 (3)
1089 (2)
1253 (2)
1148 (2)
1156 (3)
164-2 (6)
1669 (5)
164-7 (6)
1083 (2)
110-5 (3)
1088 (3)
1195 (4)
121:0 (6)
120-4 (6)
1205 (6)
1197 (5)
1218 (6)
1209 (8)
120-5 (8)
120-4 (5)
1198 (6)
121-5(8)
1199 (7)
119:5(5)
1199 (7)
1201 (8)
120-8 (7)

The apical Fe(1)—N—O fragment is almost linear,
with a bond angle of 177-3 (6)°. The nitrosyl ligands
on the basal Fe atoms can be divided into two
groups: equatorial, in which the Fe—N—O direction
is roughly perpendicular to the approximate three-
fold axis of the anion, and axial, in which the
Fe—N—O direction is roughly parallel to this axis.
In the Fe(NO), groups the Fe—N bond lengths for
the equatorial nitrosyl ligand are just significantly
longer than those for the axial ligands: within each
Fe(NO), the Fe—N—O fragments are slightly
non-linear [mean Fe—N—O angle 166-0°, range
164-0 (6)-167-8 (6)°] and the non-linearity is such
that the oxygens are tilted towards one another. This
phenomenon has been observed in the related diiron
complexes [Fe,(SR),(NO),} [R= CH,;, C(CH,;); and
n-CsH,,] (Glidewell, Harman, Hursthouse, Johnson
& Motevalli, 1988) and [Fex(S,0:),(NO)J*~
(Glidewell, Hursthouse, Lambert & Motevalli, 1989):
the underlying basis for this Fe(NO), fragment
geometry has been discussed (Summerville & Hoff-
mann, 1976).

Calculations on the anion [Fe,Se;(NO);]” using
the extended Hiickel method (Hoffmann, 1963) show
that the pattern of the molecular orbitals is very
similar to that in [Fe,;S;(NO);]” (Sung, Glidewell,
Butler & Hoffmann, 1985): in particular the upper-
most bonding levels are all concentrated in the Fe,
cage.
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