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Syntheses and Structures of Raft-Type Table 1. Crystal Parameters and X-ray Diffraction Data for
Hexanuclear Molybdenum Chloro Chalcogenido E';"%GSHsgle(PE%)e]'CHzCIz (1-CHCl;) and [Ma:SeCls(PEb)e]CeHe
Cluster Complexes [MaEsCls(PEts)¢] (E = S, Se e
P [MaEsCle(PEts)e] ( ) TR e
Jun Mizutani, Soichiro Yamada, Hideo Imoto, and formula G7Ho:ClsMO6PsSs CazHoeClsMOocPsSey
Taro Saito* fw 1838.8 2207.1
space group P2,/c C2lc
Department of Chemistry, School of Science, The University E‘ﬁ %i'gggg)z) iggggg))
of Tokyo, Hongo, Bunkyo-ku, Tokyo 113, Japan c,’A 22:011(5) 24:935(3)
. 8, deg 94.11(3) 133.189(7)
Receied February 24, 1995 v, A 7267(5) 7143(2)
z 4 4
Introduction u, cmt 16.56 54.24
. ) T, K 297 297
The chemistry of molybdenum chalcogenide cluster com- 1 A 0.7107 0.7107
plexes has been developed remarkably in recent yeans! transm coeff 0.8550.990 0.598-0.988
structural relations to Chevrel phadeand nitrogenaseand R2R/ 0.060, 0.058 0.059, 0.045
application to hydrodesulfurization catalysteave aroused AR = S||Fo| — IFell/SIFol. ® Ry = [SW(IFo| — |Fe)Z/SW|FolF¥2 w

particular interest. Triangular, cubane, and octahedral frame- = 1/6%(F,).

works are typical in the known molybdenum clusters. In

contrast, hexanuclear raft-type cluster chalcogenide complexesresidue was extracted with 20 mL of benzene. Dark brown crystals

of molybdenum are still very rare, and we have reported the (0.19 g) were obtained in 26% yield. Anal. Calcd fogs@sCls-

formation of [MasS1o(SH)(PER)g] in the reaction of [NH]2- MogPsSe: C, 24.65; H, 5.17; S, 14.63; Cl, 12.13. Found: C, 24.42; H,

[M03S;4] with triethylphosphiné. 5.12; S, 14.81; Cl, 12.00. UVvis (CHCl soln)/nm (Mt cm™?): 340
During the course of our study of controlled reduction by (%'gx 11%42) 410 (1.3x 10), 570 (sh), 680 (sh), 880 (9:3 1(7), 1300

magnesium of triangular cluster complexes formed by the ( .Pr:parazt-ion of [M0eSeCls(PEt:)q-CoHs (2:CeHe). MosSeCla (1.0

reaction of M@S;Cls (E = S, Se) with triethylphosphine, we eoBeL —ojo] werTe M votle). BT s e

have obtained other raft-type hexanuclear cluster complexes.g' 1.0 mmol) was treated with PE{L8.5% wiw in THF, 8 ml, 11

o mmol) in 40 mL of THF at room temperature for 48 h, and the resulting
They have similar molybdenum cluster cores to that of {§e mixture was filtered at-72°C. The filtrate was stirred with magnesium

(SHX(PE®)e], and the average oxidation state of molybdenum (turmings, 0.2 g, 8.2 mmol) at20 °C for 24 h. The solvent and
is identical. The syntheses and structural characterizations areunreacted Pitwere removed under reduced pressure. After being

described in this paper. washed with 40 mL of hexane and 20 mL of diethyl ether, the residue
) ) was extracted with 10 mL of benzene. Dark brown crystals (0.12 g)
Experimental Section were obtained in 11% yield. Anal. Calcd foufElesClsM0osPsSes: C,

22.86; H, 4.38; Cl, 9.64. Found: C, 23.17; H, 4.35; Cl, 9.68. UV

dinitrogen or argon atmosphere using standard Schlenk techniques.VIS (CHCl, soln)/nm (M* cm7): 380 (sh), 460 (sh), 590 (sh), 700
Solvents were dried and distilled under argon from appropriate drying (sh), 950 (9.5x¢ 10%), 1420 (8.6x 10). . S
agents. MgS,Cl¢ and PE{ were prepared by the literature methods. ~ XTay Crystallography.  Crystals were sealed in glass capillaries
MosSeCls was prepared by the reaction of Me@iith selenium at under argon atmosphere and mounte_d on a Rigaku AFC-5R diffrac-
400 °C. tometer equipped with a Rotaflex rotating anode X-ray generator. The

Preparation of [MoeSiCle(PEt)d] (1). M0sS;Cls (0.50 g, 0.76 radiation used was Mo & mqnochromatized With graphite. The
mmol) was treated with PE18.8% wiw in THF, 4 mL, 5.6 mmol) in structures were solved by direct methods using the SHELXS86
20 mL of THF at room temperature for 24 h. After the solid Program, and least-squares and Fourier syntheses were done with the
disappeared, the solution was cooled 420 °C and stirred with SHELX76 and ANYBLK programs. Atomic scattering factors were
magnesium (turnings, 0.10 g, 4.1 mmol) for 3 h. When the color taken from a standard sourte.
became purple, the solvent and unreacted; Rigre removed under Structure  Determination of [MoSCls(PEts)e]" CH:Cl>  (1-
reduced pressure. After being washed with 20 mL of hexane, the CH.Cl;). The crystals suitable for X-ray analysis were obtained by

recrystallization from dichloromethane. The intensity data were

* Author to whom correspondence should be addressed. Telephone: collected by thev-scan method in the rangé & 26 < 55° (0 < h <
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General Procedures. All manipulations were carried out under

chem.s.u-tokyo.ac.jp. with 24 reflections in the range 3% 20 < 40°. A total of 18 199
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(2) (a) Saito, T.; Yamamoto, N.; Nagase, T.; Tsuboi, T.; Kobayashi, K.; of least-squares and difference Fourier maps. Two crystallographically
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Table 2. Atomic Coordinates and Equivalent Isotropic Temperature Factor§MoeSsCls(PEt)e]:CH2Cl, (1:CH,Cl,)

atom 10x 10%y 10z 10PU¢q atom 10x 10%y 10%z 10PUeq
Mo1 4319.6(4) —398.7(2)  4666.7(2) 30.5(3) P4 9177.8(15) —844.5(7) 1348.0(8)  44.2(12)
Mo2 5075.2(4) —984.5(2)  5672.9(2) 328(3) P5 12056.6(15) 1343.3(8) 1328.8(9)  47.7(12)
Mo3 3659.5(4) —1486.9(2)  4957.1(3) 36.0(3) P6 8025.8(16) 1209.3(8) 2131.4(9) 52.7(13)
ci1 3332.4(12) 477.5(6)  4363.5(7) 40.7(10)  C19 9104(6) —597(3) 2126(3) 56(5)
cl2 5410.0(13) —917.9(7)  6812.0(7) 46.4(10) C20 8967(7) —1072(3) 2602(3) 87(7)
ci3 3998.6(15) —2355.3(7)  4514.3(9) 60.5(13) C21 8080(5) —1259(3) 1217(3) 50(5)
s1 4290.0(12) —104.2(6)  5699.5(7) 33.6(9) c22 7137(6) —977(3) 1297(4) 69(6)
S2 5226.0(12) —1202.6(6)  4653.0(7) 35.5(9) c23 10065(6) —1401(3) 1407(3) 53(5)
S3 2692.0(13) —767.3(7)  4707.9(8) 41.0(10) C24 11108(6) —1207(3) 1678(3) 61(5)
S4 3737.4(13) —1443.9(7) 5971.8(8) 42.7(11) €25 12990(5) 1651(3) 866(3) 56(5)
P1 3993.7(14) —636.9(7)  3489.7(8) 41.0(11) C26 13882(6) 1897(4) 1258(4) 88(7)
P2 6252.9(15) —1844.9(8)  5862.4(9) 47.3(12) €27 11744(6) 1885(3) 1887(3) 59(5)
P3 2021.7(16) —1978.2(8)  5081.9(10) 53.6(13) C28 11405(6) 2438(3) 1593(4) 76(6)
c1 3627(5) —1359(3) 3359(3) 50(4) c29 12746(5) 879(3) 1877(3) 54(5)
c2 3451(6) —~1529(3) 2691(3) 70(6) C30 13326(6) 450(3) 1558(4) 72(6)
c3 3054(5) —227(3) 3044(3) 42(4) c31 7114(5) 1584(3) 1663(3) 56(5)
ca 2001(5) —324(3) 3226(3) 56(5) C32 6314(5) 1868(3) 2013(3) 65(6)
C5 5018(5) —531(3) 3008(3) 48(4) C33 7271(7) 715(4) 2582(4) 89(7)
c6 5896(6) —915(3) 3167(3) 66(6) C34A 6717(14) 422(8) 2334(9) 86(7)
c7 7358(5) —1695(3) 6378(3) 56(5) C34B 7762(13) 396(8) 3112(8) 94(6)
cs8 8042(5) —2200(3) 6523(3) 63(5) C35 8440(7) 1723(4) 2702(4) 82(7)
c9 5662(6) —2466(3) 6179(4) 76(6) C36 8924(7) 2220(4) 2453(4) 98(8)
c10 5407(7) —2388(3) 6859(4) 96(8) C37A 6287(15) 786(18) —243(7) 80

cl1 6740(6) —2198(3) 5185(3) 67(6) Cc37B 6079(27) 1107(13) —101(5) 80

C12 7475(6) —1846(4) 4889(4) 76(6) c37c 6191(27) 710(13) —339(5) 80

c13 1240(5) —1607(3) 5579(3) 63(5) CI7A 6093(23) 982(23) —1015(8) 80

C14 251(6) —1907(4) 5691(4) 101(8) cI7B 5838(34) 934(16) —876(6) 80

c15 1295(6) -2160(3) 4391(4) 83(7) ci7c 5761(34) 849(18) —1099(6) 80

C16 855(7) —1698(4) 4057(4) 103(8) CIBA 5257(19) 934(32) 173(9) 80
C17 2078(7) —2703(4) 5366(4) 88(7) cisB 5424(46) 682(22) 380(9) 80
c18 2625(9) —2753(4) 5938(5) 128(10) cisc 5660(48) 1154(20) 181(8) 80
Mo4 9492.5(4) —26.5(2) 581.8(3) 33.1(3) C38A 1568(11) 4924(5) 893(21) 80
Mo5  10533.6(4) 950.6(2) 661.8(3) 34.4(3) C38B 1143(7) —5088(6) 698(21) 80
Mo6 9376.5(5) 730.4(2)  1571.9(3) 37.0(3) c38C 1518(18) 4633(15) 654(9) 80
cl4 8148.5(13) —534.5(7)  —78.3(7) 42.4(10)  CI9A 342(16) 5096(10) 1027(36) 80
cls 10836.0(13) 1810.7(7) 63.1(8) 46.3(11) CI9B 1155(16) —5802(7) 553(30) 80

cl6 10156.0(15) 734.1(8)  2586.2(8) 59.2(12) CloC 769(29) 4571(25) —31(13) 80

S5 9392.8(13) 691.4(6) —158.2(7) 35.9(9) CI10A 1719(19) 4210(6) 792(33) 80
S6 10742.6(13) 195.4(6)  1309.7(7) 37.0(10) CI10B —66(9) —4823(8) 673(37) 80

S7 8094.9(13) 352.8(7)  1039.8(8) 445(11)  cl1oC 997(44) 5080(20) 1176(13) 80
S8 9458.4(14) 1525.1(7)  1085.3(8) 43.9(11)

2The isotropic equivalent temperature factors are defined.gs= 1/3zi'juija;a;(ai-aj).

disordered methyl carbon (C34A, C34B; occupancy factézswere [Mo3E4Cly(PEB)K(thf)s—y] (E = S, Se). These trinuclear cluster
refined anisotropically. Hydrogen atoms were not included in the complexes are generated by the excision reaction of solid state
calculation. Six dichloromethane molecules were found on the Fourier ¢ ster compounds M&;Cl,; with PEg in tetrahydrofuran.
map. Due to disorder, the occupancy factors of the dichloromethanes\ynen magnesium reacts with the trinuclear complexes, one
were set td/g and the temperature factors fixed. The final difference chlorine atom is reductively abstracted, and electron-excess

Fourier map was featureless with the highest peak of 1.17& A . . ) :
Additional crystallographic data are presented in Table 1. Atomic trinuclear intermediates [M&4Cly(PEE)«(thf)s—] are likely to

parameters are listed in Table 2, and selected bond distances and angld®'™M- As we have described, the addition of dppel(2-bis-
in Table 4. (diphenylphosphino)ethane) to the solution containing this

Structure Determination of [Mo ¢SeCls(PEts)e]-CeHs (2:CeHo). species formed the seven-electron trinuclear clusteg8yls-
The intensity data were collected by thescan method in the range  (dppe}(PE%)].12 However, when they are extracted by non-
5°<20<60°(0<h=<46,0<k=<17,-35=<1 < 35). The cell coordinative solvents such as benzene or dichloromethane after
parameters were refined with 25 reflections in the range 340 < removal of tetrahydrofuran, two cluster molecules are bound
35°. Atotal of 11 097 reflections were collected, 7246 of which were by chalcogenido and chloro bridges by dissociating tetrahydro-
counted as observed withy? > 30(F¢’). An empirical absorption  fyran ligands. It is conceivable that the excess cluster valence
ﬁg:rris\}'eo dn dlc);\?vsr??hggp?gg;?ggpvzﬁzijggg;id C523/’C5teT”r‘]aet'Sctr32tsuergces electrons on the reduced trinuclear units are used for the
was successfully solved i€2/c following the procedure described formatlon of another MeMo bond between the two trinuclear
above forl. Two benzene molecules were found on the Fourier map. u,n'ts' The reactlon must be stopped at the stage When the
Due to disorder, the occupancy factors of benzene were $étaad trinuclear units are red_uced by one _eIectron. The reaction could
the temperature factors fixed. The final difference Fourier map was Pe controlled by lowering the reaction temperatures 29 °C
featureless with the highest peak of 1.8 e3A Additional crystal- and monitoring the color change of the solution. Otherwise
lographic data are presented in Table 1. Atomic parameters are listedthe octahedral cluster complexes [M@(PE&)g] (E = S, Se¥2
in Table 3, and selected bond distances and angles in Table 4. are formed by abstraction of four chloro ligands from the
trinuclear cluster complexes. The present dimerization reactions

Results and Discussion of trinuclear chalcogenide cluster complexes in a horizontal

Syntheses. The raft-type hexanuclear cluster complexes
and?2 are obtained by reduction of trinuclear cluster complexes (12) Mizutani, J.; Imoto, H.; Saito, T. Cluster Sci, in press.
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Table 3. Atomic Coordinates and Equivalent Isotropic
Temperature Factdr$or [MosSeCls(PEt)e]-CeHs (2-CsHe)

atom 10x 10y 10z 10%Ueq
Mol  2997.0(1) 1812.2(3) 221.2(2)  23.71(16)
Mo2  2943.2(2) 3662.5(3) —533.0(2)  26.17(17)
Mo3  3825.9(2) 2193.4(3) 105.2(2)  28.91(18)
ci 3102.6(4) 1285.8(8) 1311.0(5)  28.3(4)
c2 2872.4(5) 5741.8(9) —564.1(6)  42.2(6)
ci3 3947.5(5) 1260.4(10) —633.6(6)  48.2(6)
Sel 3029.4(2) 3792.8(4) 543.4(2)  26.46(19)
Se2 2806.3(2) 1701.7(4) —912.3(2)  28.37(19)
Se3 4056.9(2) 1842.7(4) 1219.8(2)  32.52(20)
Se4 3901.1(2) 4142.9(4) 147.4(2)  37.48(23)
P1 3153.9(5)  —359.9(9) 231.9(6)  33.2(6)
P2 2599.4(5) 4000.6(10) —1831.9(6)  34.1(6)
P3 4907.5(5 2261.1(12 993.1(7 49.6(7 . .
c1 2534.7((1)7) —1256(4)( ) —453(2) ) 39(2) ) Figure 1. ORTEP drawing of [M@SsCls(PEt)e] (1). One of two
c2 2220.8(18) —1019(4) —1272(2) 48(3) crystallographically independent molecules is shown. All atoms are
c3 3450:8(19) —1165(4) 1059(2) 44(2) represented by the thermal ellipsoids at the 50% probability.

4 4061.0(1 —859(4 1779(2 2 - .
85 3224.(2)%12; _222% 10252)) 22((2; R) are similar to those in the reported M cluster complexes
C6 3817.7(20) —1889(4) 197(3) 54(3) (Mo—(uz-S), 2.31-2.36 A; Mo—(u2-S), 2.28-2.34 A)1d but
Cc7 2314.5(19) 5378(4) —2265(2) 47(2) those between the two M8 units (Mo1-S1, 2.44 A) are
gg %gi-g(ig) ggg%(j) :ggzg(g) gg(g) relatively long. The Me-(u-Cl) bond distances are 2.58 A
&, e 9((20)) 3262(( 4)) —3335%2% 598 for Mo1—ClI1 and 2.50 A for Mo2-Cl1, and the angle of the
c12 3545.2(21) 4748(5) —1608(3) 74(4) relatively stretched in comparison with those in ¥la—0)-
Cc13 5273.9(20) 939(4) 1545(3) 77(3) (u-Cl)a-type cluster complexes (MeCl, 2.40-2.44 A; Mo—
Cl4  5174.0(22)  —32(5) 1073(3) 105(4) Cl—Mo, 64—66°).14 The absence of the MeIMo2 bond and
gig gggi-gggg gigggg ggg% gggg the elongation of Sland CI1 bridges between the two b8
c17 5219'7(21) 2530(6) 617(3) 82(4) units may be understandable by the comparison of structure
c18 5031:7(26) 3524(5) 165(4) 98(4) betweenl and the isoelectronic hexanuclear cluster complex
C19 0 911(6) 2500 144 [M0o6S1o(SH)(PEb)e] (3).5 Both 1 and3 have the same mean
C20 —315(2) 1085(11) 1752(1) 144 oxidation state of-3.67 and 14 cluster valence electrons. The
c21  —42(5) 1338(13) 1513(5) 144 whole arrangement of molybdenum atomsiis similar to that
ggg gggg igiggig g%fg; iﬁ of the present cluster compléx But the distance of MeMo
C24 587.7(4) 990(12) 3010(3) 144 in 3 Corresponding to MoxtMo?2' is 3.06 A, which is much

shorter than that ol (3.55 A). This difference of Me-Mo
distance may be attributed to the coordination number of Mo2.
. . The molybdenum atom i8 corresponding to Md2is penta-
fashion are other examples of the type of reactions reported socqqrdinated, and there is little steric repulsion between the
far for u-sulfido-bridged trinuclear cluster complexes. ligands on Mol and those on Mo2In 1, on the other hand,
Structures. The ORTEP drawing of one of the cluster Mo2 is hexacoordinated and the repulsion between the terminal
molecules inl is shown in Figure 1. There is a crystallographic = chloro ligand on Mo2 and the triethylphosphine on Mabuld
inversion center at the middle point of MeMol" and the  pecome significant if the two molybdenum atoms approached
molecule has (Cj) point group symmetry. The cluster frame-  closer. This steric repulsion may result in the larger distance
work consists of six molybdenum atoms located on a plane between Mol and Md2and the |ong ||gand bridges between
within the deviation of 0.2 A. Two incomplete-cubane-type the two trinuclear cluster units.
Mo3S; cluster units are bound by one Md/lo bond, twous-S, The selenido compleXis almost isostructural with the sulfido
and two u,-Cl. One triethylphosphine coordinates to each complex1l. The Mo-chalcogenido bond lengths are longer by
molybdenum atom, and a terminal chloro ligand coordinates to 0.12-0.14 A than those of, as expected from the difference
Mo2, Mo2, Mo3, and Mo3. The arrangement of the ligands in the covalent radii of S (1.04 A) and Se (1.17 A). Though
around each mO'ybdenUm is octahedral for Mol and Mo2 and the Mo—CIl and Mo-P |engths are almost the same as those in
trigonal bipyramidal for Mo3. If the distances in the range 1, the seven Me-Mo bond distances i are in the range 2.77
2.69-3.00 A are assigned to seven Mblo bonds, they are 3,09 A, which is longer by 0.070.10 A than those of. This

a See footnote of Table 2.

consistent with 14 cluster valence electrons. The-m difference of Me-Mo distances may be the result of the
distances in the two trinuclear units (MeMo2, 2.77 A; Mot elongation of Me-chalcogenido bond distances by going from
Mo3, 2.87 A; Mo2-Mo3, 2.69 A) are similar to those in the g tg Se.

MosS; cluster complexes reported so far (27883 A)4 On Spectra. The UV-—visible spectra ofl and 2 have two

the other hand, the distance of the Malol’ bond, which  characteristic absorption bands in the near-infrared region (880
connects two trinuclear units, is relatively long (3.00 A) as and 1300 nm for, 950 and 1420 nm fo2), which are absent

compared with those in the trinuclear units. The distance in those of the trinuclear M@&*" complexeds These absorp-

between Mol and Mda2s fairly long (3.55 A), and the bonding

interaction is unlikely. The MeS bond lengths in the two  (14) (a) Bino, A.; Cotton, F. A.; Dori, ZInorg. Chim Acta1979 33, L133.

Mo03S, units (Mo—(us-S), 2.32-2.38 A; Mo—(u2-S), 2.22-2.40 (b) Shang, M.; Huang, J.; Lu, Acta Crystallogr, Sect C: Cryst

Struct Commun1984 C40, 761. (c) Cotton, F. A.; Shang, M.; Sun,

Z.S.J. Am Chem Soc 1991 113 3007. (d) Cotton, F. A.; Shang,

(13) (a) Adams, R. D.; Hortl, I. T. J. Am Chem Soc 1984 106, 1869. M.; Sun, Z. SJ. Am Chem Soc 1991, 113 6917. (e) Cotton, F. A,;
(b) Coucouvanis, D.; Hadjikyriacou, A.; Lester, R.; Kanatzidis, M. Shang, M.; Sun, Z. Sl. Cluster Sci1992 3, 109. (f) Cotton, F. A,;
G. Inorg. Chem 1994 33, 3645. Shang, M.; Sun, Z. SJ. Cluster Sci 1992 3, 123.
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Table 4. Selected Interatomic Distances (A) and Angles (deg) for f4Bls(PEb)e] (E = S (1), Se @))?

E=S() E=S@
bond molecule A molecule'B av E=Se @) bond molecule A molecule'B  av E=Se @)

Mol—Mol 2.993(1) 2.999(1) 2.996  3.092(1) MeMo3 2.881(1) 2.866(1) 2.874  2.941(1)
Mol—Mo2 2.769(1) 2.766(1) 2.768  2.847(1) MeBRi0o3 2.693(1) 2.689(1) 2.691  2.771(1)
Mol---Mo2 3.556(1) 3.540(1) 3.548  3.683(1)

Mol-E1 2.386(2) 2.385(2) 2.386  2.501(1) Me[E2 2.313(2) 2.316(2) 2315  2.447(1)
Mol—-EY 2.438(2) 2.447(2) 2443  2.572(1) MeE2 2.330(2) 2.330(2) 2.330  2.473(1)
Mo2—-E1 2.395(2) 2.380(2) 2.388  2.505(1) MeB2 2.382(2) 2.374(2) 2.378  2.506(1)
Mol—-E3 2.397(2) 2.400(2) 2.399  2.520(1) MeE4 2.273(2) 2.271(2) 2272 2.387(1)
Mo3—E3 2.235(2) 2.228(2) 2.232  2.368(1) MeB4 2.231(2) 2.217(2) 2.224  2.360(1)
Mol—Cl1 2.582(2) 2.570(2) 2576  2.574(1) MeEgI2 2.521(2) 2.522(2) 2.522  2.516(2)
Mo2—-CI1' 2.500(2) 2.494(2) 2.497  2.514(1) Me&I3 2.385(2) 2.402(2) 2.394  2.412(2)
Mol-P1 2.661(2) 2.663(2) 2.662  2.667(2) MeB3 2.561(2) 2.564(2) 2563  2.577(2)
Mo2—P2 2.651(2) 2.632(2) 2.642  2.636(2)

Mol'—Mol-Mo2  76.11(2) 75.66(2) 75.89  76.53(2) Me2vlo1—Mo3 175.05(3) 176.23(3) 175.64 175.26(2)
Mol'—Mol—Mo2'  49.10(2) 49.20(2) 49.15  48.74(1) MeMo2—Mol 54.79(2) 55.14(2) 54.97  54.74(1)

Mol'—Mol-Mo3 132.72(3)  132.52(3) 132.62 133.46(2) Md¥lo2—Mo3 63.67(2) 63.36(2) 6352  63.13(2)
Mo2—Mol—-Mo2  125.21(2) 124.86(3) 125.04 125.27(2) MeMo2-Mo3 118.24(2)  118.39(3) 118.32 117.69(2)
Mo2—Mol-Mo3  56.89(2) 57.01(2) 56.95 57.17(2) MeMo3—Mo2 59.44(2) 59.63(2)  59.54  59.70(2)

E1-Mol—Cl1 87.39(6) 87.85(6)  87.62 87.19(3) 'EMol—P1 82.33(6) 83.09(6) 8271  82.61(4)
E1-Mol—E1 103.34(6)  103.30(6) 103.32 104.91(2) -Bdol-Cl1 164.28(6)  164.00(6) 164.14 161.93(4)
E1-Mol—E2 108.15(6)  107.75(6) 107.95 110.16(3) -B@01—E3 100.34(6)  100.65(7)  100.50 103.61(2)
E1-Mol-E3 89.86(6) 89.85(6)  89.85 86.58(2) ERlol—P1 81.67(6) 83.08(7) 8238  81.57(4)
E1-Mol—P1 168.47(6)  167.35(7) 167.91 166.03(4) -H801—Cl1 81.57(6) 82.47(6)  82.02  81.80(3)
E1—Mol—Cl1 84.38(6) 84.40(6)  84.39 83.08(3) EBlol-P1 82.26(6) 81.54(6) 8190 83.17(4)
E1—Mol-E2 89.57(6) 88.45(6)  89.01 87.39(2) ClMol-P1 83.15(6) 81.87(6) 8251  81.99(5)
E1—Mol-E3 160.24(6)  161.02(7) 160.63 160.51(3)

E1-Mo2—Cl1’ 87.09(6) 87.48(6)  87.29 85.67(4) EM02—P2 82.98(6) 83.56(6) 8327 82.21(4)
E1-Mo2—ClI2 88.14(6) 86.88(6) 87.51 84.90(4) EMo02-Cll'  165.00(7)  165.75(7) 165.38 164.41(4)
E1-Mo2—E2 107.29(6)  107.44(6) 107.37 109.17(3) -BMo2—ClI2 80.51(6) 80.68(7)  80.60  80.06(4)
E1-Mo2—E4 93.69(6) 94.00(7)  93.85 95.13(3) EMI02—P2 93.10(7) 93.02(7)  93.06  94.89(4)
E1-Mo2—P2 165.36(7)  164.58(7) 164.97 161.58(4) 'CIM02—Cl2  84.54(6) 85.26(6)  84.90  84.51(5)
E2—-Mo2—Cl1’ 86.85(6) 86.24(6)  86.55 86.23(4) CHMo2-P2  83.03(6) 82.41(6) 8272  80.57(5)
E2—Mo2—ClI2 161.92(6)  163.00(7) 162.46 162.51(4) €E02—P2 80.22(6) 80.74(6)  80.48  81.66(5)
E2—Mo2—E4 107.13(7)  106.73(7)  106.93 108.06(3)

E2—-Mo3—-CI3 86.51(7) 85.78(7)  86.15 84.98(4) EBlo3—E4 101.18(7)  99.79(7)  100.49 100.71(3)
E2—Mo3—E3 103.12(7)  104.09(7) 103.61 106.40(3) -B803—P3 83.67(7) 83.03(7) 8335 81.25(5)
E2—Mo3—E4 106.75(7) ~ 107.04(7) 106.90 107.83(3) -BMo3—CI3 117.00(7) ~ 114.31(7) 115.66 115.67(5)
E2-Mo3—P3 165.65(7)  165.10(7) 165.38 164.15(5) -Bv03—P3 83.91(7) 84.18(7)  84.05  83.74(5)
E3-Mo3-CI3 136.15(7)  140.09(7) 138.12 136.61(5) €lg03—P3 79.98(7) 80.56(7)  80.27  80.14(6)
Mol—-E1-Mol  76.66(5) 76.70(5)  76.68  75.10(2) MeE2-Mo3  75.69(5) 75.32(6) 7551  72.83(2)
Mo1l—E1-Mo2 70.76(5) 70.97(5)  70.87 69.31(2) MeE2-Mo3  69.70(5) 69.71(5)  69.71  67.61(2)
Mol'—E1-Mo2  94.72(6) 94.33(6) 9453 92.98(2) MeE3-Mo3  76.85(6) 76.41(6)  76.63  73.91(2)
Mo1l—E2—Mo2 73.21(5) 73.07(6)  73.14 70.70(2) MeE4—Mo3  73.44(6) 73.62(6) 7353  71.41(2)

Mol-Cll-Mo2  88.81(6) 88.70(6)  88.76  92.73(4)

aPrimed atoms are related by a crystallographic center of inversion positioned at the center of the nfdiécdteMo6, S5-S8, Cl4-CI6, and
P4—P6 in molecule B correspond to MeMo3, S1-S4, CI1-C13, and P£P3 in molecule A, respectively.
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