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Refinement

Refinement on F? w = U[o*(F}) + (0.0527P)*)

R(F) = 0.032 where P = (F2 + 2F*)/3
wR(F?) = 0.087 (A/0)max = 0.004_
$=1.065 Apmax = 0.406 ¢ A3

Aprin = —0.620 e A~

Extinction correction: none

Scattering factors from
International Tables for
Crystallography (Vol. C)

6246 reflections

373 parameters

Only coordinates of H atoms
refined

Table 1. Selected geometric parameters A, °)

Cul—N3 1.9401 (17)  Cu2—N2 1.9417(17)
Cul—04 1.9620(15)  Cu2—03 1.9728 (15)
Cul—N1 1.975(2) Cu2—N4 1.9870 (18)
Cul—O01 1.9888(15)  Cu2—02' 2.0146 (14)
Cul—06 26188 (15)  Cu2—06' 2.4380(15)
N3—Cui—04 85.16 (7) 03—Cu2—N4 159.27 (8)
N3—Cul—N1 96.03 (8) N2—Cu2—02' 171.77 (6)
04—Cul—NI 172.20 (8) 03—Cu2—02' 88.55 (6)
N3—Cul—Ol 174.32 (7) N4—Cu2—02' 93.26 (7)
04—Cul—0I 89.20 (6) N2—Cu2—06' 98.06 (6)
N1—Cul—Ol 89.48 (8) 03—Cu2—06' 106.94 (6)
N2—Cu2—03 84.64 (6) N4—Cu2—06' 93.68 (7)
N2—Cu2—N4 94.75 (7) 02'—Cu2—06' 79.49 (5)

Symmetry code: (i) | —x, 1 —y,1 —z.

Table 2. Hydrogen-bonding geometry (A, °)

D—H---A D—H H---A D---A D—H.-.-A
O8—HI108. - -07 0.78 (4) 1.95 (4) 2.700(3) 160 (4)
08'—H208'- - -0l 0.69 (4) 2.16(4) 2.803(2) 156 (5)
09"—H209"- - -05 0.66 (4) 2.23(4) 2.867 (3) 162 (5)
09—H109- - -08" 0.75 (4) 1.99 (4) 2.726 (3) 164 (4)
NI—H2NI. . .09" 0.83(3) 2.15(3) 2.979 (3) 176 (3)
NI—HINI. - .09 0.78 (3) 241 (3) 3.114(3) 150(3)
N4"'—H2N4'. - .08" 0.82(3) 2.40(3) 3.107 (3) 144 (2)
N4—HIN4. . .05" 0.83(3) 2.25(3) 3.074 (2) 173 (3)

Symmetry codes: (i) 2—x, —y,2—z:(ii) 1 —=x, | =y, 2—z: (il)) x— 1, y, z:
V)1 —x,=y,2 -z 1 —x, 1 =y, 1 =z (vi)x,y,2— 1.

All H atoms were located in AF maps, were refined isotropi-
cally and assigned isotropic displacement parameters U(H) =
1.5U(C or N).

Data collection: CAD-4 Software (Enraf-Nonius, 1989).
Cell refinement: CAD-4 Software. Data reduction: SDP
(Enraf-Nonius, 1985). Program(s) used to solve structure:
SIR92 (Altomare et al., 1994). Program(s) used to refine struc-
ture: SHELXL97 (Sheldrick, 1997). Molecular graphics: OR-
TEP (Johnson, 1965). Software used to prepare material for
publication: SHELXL97.
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e della Ricerca Scientifica e Tecnologica (MURST),
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Supplementary data for this paper are available from the IUCr
electronic archives (Reference: JZ1319). Services for accessing these
data are described at the back of the journal.
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Abstract

The structure of the title complex, [Fe(CsHs)(C,oH;503)],
shows the occurrence of two stereogenic centres in the
hydroxymethyl-1,3-dioxane fragment. The S configura-
tion found for these chiral C atoms agrees with the syn-
thetic route. The dioxane ring has a nearly perfect chair
conformation. O—H- - -O hydrogen bonds result in the
formation of an eight-membered ring built from the ar-
rangement of four complex molecules around a fourfold
axis.

Comment

For many years, owing to their involvement in numerous
fields (catalysis, materials ezc.; Togni & Hayashi, 1995),
ferrocene derivatives have continued to create growing
interest. Some of these applications require the use
of chiral enantiomerically pure compounds, so much
effort has been devoted to finding an efficient way to
obtain these molecules (Batelle et al., 1973; Ganter
& Wagner, 1995; Riant et al., 1993; Rebiére et al.,
1993; Sammakia & Latham, 1996; Tsukazaki er al.,
1996). The title compound, [(25,45)-4-hydroxymethyl-
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1,3-dioxan-2-yl]ferrocene, (I), is a direct precursor
of [(2S,45)-4-methoxymethyl-1,3-dioxan-2-yl]ferrocene
which is the starting point for the efficient synthesis of
various enantiomerically pure 2-substituted ferrocene-
carbaldehydes (Riant ez al., 1993). Compound (I) was
obtained from ferrocenecarboxaldehyde and (S)-1,2.4-
butanetriol in 69% yield. During the synthesis, a new
stereogenic centre is created, namely the asymmetrical
carbon in the 2 position of the acetal ring. In order to
confirm the structure of this new ferrocene derivative,
we present here its X-ray analysis.
P

CHO

<
OH HO 1) NaH
Fe + —_— FC
l OH OH ) 2) Mel
@ Yleld =69%

MeO!’BuL le M(:OE l :E MeO!

dnastereoselecuve
lithiation

The molecular structure of (I) is shown in Flg. 1 with
the atom-labelling scheme. As indicated by examination
of the torsion angles in Table 1, the 1,3-dioxane ring has
a chair conformation. As expected from the synthetic
route, the hydroxymethyl dioxane fragment presents two
stereogenic centres, C11 and C12. The Cl12 carbon

o]

HO

()
Fle

>
(M
retains the S configuration initially present in (S5)-1,2,4-
butanetriol, whereas the newly created chiral C11 atom
has an § configuration, thus confirming the proposition
of Riant er al. (1993). It is worth pointing out that the
hydroxymethyl side chain of the dioxane ring is oriented
towards the C5 atom which is the carbon selectively
attacked by the base during the stereoselective lithiation
(see reaction scheme above). The H atom of the OH
group is engaged in hydrogen bonding with the O atom

The molecular structure of (I) showing 50% probability
displacement ellipsoids. H atoms except that of the OH group have
been omitted for clarity.

Fig. 1.

[Fe(CsHs)(C1oH1303)]

Fig. 2. Projection along ¢ showing the arrangement of four molecules
around the fourfold axis and hydrogen-bonding interactions.

of the OH group of the symmetry-related molecule,
leading to an arrangement of four complexes around the
fourfold axis, as shown in Fig. 2.

Experimental

The title compound was synthesized according to the proce-
dure of Riant et al. (1993) (see reaction scheme). Crystals
were obtained by slow diffusion of hexane into a dichloro-
methane solution of [(25,45)-4-hydroxymethyl-1,3-dioxan-2-

yl]ferrocene

Crystal data

[Fe(CsHs)(CioH1303)]
M, = 302.18
Tetragonal

iz} )

a = 20.521(3) A
c=6.1384(7) A

V =2584.8(5) A’
Z=8

D, = 1553 Mg m™*
D,, not measured

Data collection

Stoe IPDS diffractometer

@ scans

Absorption correction:
numerical (X-SHAPE;

Stoe, 1996a)

Tmin = 0.632, Tax = 0.852
10 394 measured reflections
1100 independent reflections

(plus 914 Friedel-related

reflections)

Refinement

Refinement on F>

RIF? > 20(F*)] = 0.024
wR(F?) = 0.066

Mo Ko radiation

A=0.71073 A

Cell parameters from 5000
reflections

0 = 1.98-24.25°

u=1167 mm™'
T=180(12)K
Needle

0.853 x 0.243 x 0.116 mm
Yellow

1940 reflections with

1> 20()
Rin = 0.041
Bmax = 24.25°
h=-23 —-23
k=-23 - 23
l==-7—17

200 standard reflections
frequency: 7 min
intensity decay: <0.5%

(A/O')max = 0001
Apman = 029 ¢ A3
Apmin = —0.22 ¢ A-?
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§$=1.133

2054 refiections

172 parameters

H atoms treated by a
mixture of independent
and constrained refinement

w = /[o?(F?) + (0.0297P)

+ 3.7035P]

where P = (F} + 2F))/3

Extinction correction: none
Scattering factors from
International Tables for
Crystallography (Vol. C)
Absolute structure:
Flack (1983)
Flack parameter = —0.01 (2)

Table 1. Selected geometric parameters (A, °)

Oo1—Cl1 1412 (3) c1—C1 1.486 (4)
o1—Ci12 1.450(3) C12—C121 1.500 (4)
02—Cl11 1.413(3) C12—C1i3 1.510 (4)
02—Cl14 1.435(4) C13—Ci4 1.513(4)
03--C171 1.427 (4)

C11--01—C12 110.3(2) 01—C12—C121 1079 (2)
C11—02—Cl14 109.5 (2) 01—C12—CI3 109.2(2)
C2—C1—Cl1 124.6 (3) C121—CI12—CI3 1149 (3)
C5--C1—Cil 1276 (3) Cl12—C13—C14 110.5(3)
01—C11-02 111.2(2) 02—C14—C13 110.8 (2)
O01—C11—Cl1 110.1 (2) 03—C121—CI12 111.9(2)
02—CI11—<Cl1 109.5(2)

C11—0i1—C12—C13 57.5(3) C13—C14—02—CI11  -569(3)
O01—C12—C13—Cl4  —=51.1(3) C14—02—C11—0I1 64.1 (3)
C12—C13—C14—02 51.6 (4) 02—C11—01—CI12 —65.1(3)

Table 2. Hydrogen-bonding geometry (fi, °)
D—H --A D—H H.A D-..A D—H.A
03—H3...03¥ 0.76 201 2720 (3) 156
Symmetry code: (i) —y, x, z.

The assignment of absolute configuration was confirmed by a
Flack (1983) parameter of —0.01 (2) from the final refinement.

Data collection: IPDS Manual (Stoe, 1996b). Cell refine-
ment: IPDS Manual. Data reduction: X-RED (Stoe, 1996c).
Program(s) used to solve structure: SIR92 (Altomare et
al., 1994). Program(s) used to refine structure: SHELXL97
(Sheldrick, 1997). Molecular graphics: CAMERON (Watkin et
al., 1996).

Supplementary data for this paper are available from the 1UCr
electronic archives (Reference: GS1052). Services for accessing these
data are described at the back of the journal.
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Abstract

The title compound, bis(tetrabutylammonium) bis(u-
hexanethiolato - S: S)bis [ tetracarbonylmolybdenum(0)],
(C16H36N)2[M0,(CeH;3S)2(CO)sl, contains two BuyN*
cations and a centrosymmetric [Mo(CO)g(n-CoH;3S),1*~
anion. The structure of the anion can be viewed as a
planar Mo,S; unit tethered by two long alkyl chains.

Comment

Since 1984 low-valent dinuclear molybdenum thiol-
ate complexes containing the Mo,S; unit and having
two-electron transfer character, e.g. [MOQ(CO)g(SR)z]Z_
(R = Ph, ‘Bu), have been synthesized (Zhuang et al.,
1984; Smith et al., 1987). Different R groups have
been introduced into the Mo,S; unit, such as m-tolyl
(Zhuang et al., 1996), p-tolyl, EtCO,CH, (Zhuang et
al., 1986), to investigate the effect of the R group on
the Mo,S; unit. The effects of long-chain purely alkyl
R groups have interested us recently and the structure
of the title compound, (I), which contains the n-hexyl
[CH3(CH,),CH,-] group, has been determined.

$

2_
[Bu4N]2» (OC)J‘M0<{’7,>MO(CO)4

M

Compound (I) (Fig. 1) consists of three discrete struc-
ture fragments, namely two Buy;N ™ cations and the dian-
ion [Moy(CO)s(n-CeH,38),]>~. The dianion comprises
two equivalent Mo atoms, each of which is coordinated
by four terminal carbonyls and two bridging n-hexane-
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