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Figure 1. Molecular structure of [Cp2ZrII2 showing thermal 
ellipsoids drawn at 50% level probability. Selected bond lengths 
(A) and angles (deg) (estimated standard deviation in parentheses): 
Zr(1)-1(1) = 2.916 (1); I(1)-Zr(1)-I(1A) = 102.03 (3); Zr(1)-I- 
(1)-Zr(1A) = 77.97 (3); Cpl-Zr(1)-Cp2 = 115.68 (3); Zr(1)-Zr(1A) 
= 3.669 (2). 

experiments) as the only fulvalene-containing product. 
Considerable amounts of Cp’,ZrC12 (35%, by NMR) re- 
main unreacted, and new signals tentatively assigned to 
“Cp’,Zr” have also been observed.12 

This result clearly indicates that the fulvalene ligand 
originates only from the two cyclopentadienyl rings of the 
Cp2Zr(PMe3), molecule. On the other hand, it is obvious 
that the bridging chlorine atoms of the complex 1 are 
provided by Cp’,ZrClz. However, we were unable to un- 
derstand why considerable amounts of unreacted Cp’,ZrC12 
invariably were present in the reaction mixtures, in spite 
of our effort to adjust the stoichiometry. In order to better 
clarify the role played by Cp’,ZrClZ in this respect, we have 
carried out a comproportionation reaction between Cp2Zr12 
and Cp2Zr(PMeJ2 in toluene. The reaction proceeds at  
room temperature, forming a deep purple solution. When 
the reaction progress is monitored by lH NMR, the dis- 
appearance of the starting materials is observed along with 
the formation of the fulvalene-bridged (175:775-CloH8) [ (v5- 
C5H5)Zr(p-I)]2s” and a growing narrow singlet at 4.97 ppm 
in the lH NMR spectrum [45% considering the singlet 
belonging to a bis(cyclopentadieny1) moiety]. The resulting 
solution was concentrated to a small volume, yielding black 
greenishg crystals (25%) upon cooling to -30 “C. The 
fulvalene-free compound showed the presence of a singlet 
a t  4.97 ppm in the lH NMR spectrum (300 MHz) and a 
doublet at 102.04 ppm in the 13C NMR spectrum (75 
MHz). Analytical data were consistent with the formu- 
lation [Cp,ZrI], (5). 

The structure of the molecule has been demonstrated 
by an X-ray diffraction analysis.’” The unit-cell contains 

(9) Complex 5 is a deep red-purple solid. The emerald-green ap- 
pearance of crystalline samples is a common feature for red Zr(II1) de- 
rivatives.”*‘ 

(10) Crystal data: deep purple prism; crystal size (mm), 0.14 X 0.30 
X 0.06; tetragonal; space group P4 nm (No. 102); a = 8.500 (3) A, c = 
13.774 (1) A; 2 = 2; V = 995.2 (5) w3; d(calcd) = 2.325 g ~ m - ~ ,  ~ M O )  = 
41.0 cm-I; F(000) = 652; scan mode = w/2#; scan width = 0.85 + 0.35 tan 
8; T = 298 K; measured reflections 4178, range of hk l  = h, -10 - 10, k 
0 - 10, 1, -16 - 16 (2#,, = 52’); number of unique reflections, 561; 
number of reflections used in analysis, 522 [I > 2.5u(I)]; structure solved 
by heavy-atom method; all the non-hydrogen atom positions were located 
and refined anisotropically; the carbon atoms of the cyclopentadienyl 
rings showed quite large thermal parameters probably due to libration 
motions as a common features for the complexes having this type of 
structure;” hydrogen atom positions were calculated and refined in the 
riding mode; number of variables 61; R = 0.026; R ,  = 0.031, GOF = 1.806; 
w = 1/[u2]; largest remaining peak, -0.58, 0.80 e/AS; a final difference 
Fourier map did not show any significant residual feature; largest 
shift/esd, final cycle, 0.313. 
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two discrete dimeric units, with the usually bent Cp,Zr 
moieties linked by two bridging iodine atoms (Figure 1). 
The value of the intermetallic distance [3.669 (2) A] is 
similar to those found in [Cp2Zr(p-PMe2)]24 and [Cp2Zr- 
(p-Cl)] [Cp2Zr(p-PMe3)],4 excluding once more the presence 
of a Zr-Zr bond. All the bond distances and angles are 
normal. 

By analogy with [ZrCl3(PR3),l2 c o m p l e ~ e s , ~ * ~ ~  [CpZZrIl2 
is thermally unstable. It slowly disproportionates in so- 
lution at room temperature to Cp,ZrI, and “Cp2Zr”.12 Full 
decomposition can be achieved within few hours at 100 OC. 
This result tentatively suggests that the formation of 
Cp,ZrC12 and “Cp2Zr”, observed in the comproportionation 
with Cp2ZrC12, might be ascribed to the intermediate 
formation of the elusive [Cp,ZrCl],. A higher thermal 
instability possibly might be responsible for the failure to 
characterize this species.13 Further attempts to prepare 
[Cp,ZrCllz by the reaction between [ZrCl3(PR3),I2 and 
CpNa in either ether or toluene at  low temperature 
(-80/-30 “C) led only to mixtures of Cp2ZrC12 and 
CpZZr(PR3)z. 

A full investigation on the reactivity of [Cp,ZrI], is in 
progress a t  the moment. 

Supplementary Material Available: Tables of crystal data, 
anisotropic thermal parameters, atomic coordinates, bond lengths, 
bond angles, and torsion angles (8 pages); a listing of observed 
and calculated structure factors (3 pages). Ordering information 
is given on any current masthead page. 

(11) (a) Atwood, J. L.; Smith, K. D. J .  Chem. SOC., Dalton Trans. 1973, 
2487. (b) Evans, W. J.; Sollberger, M. S.; Khan, S. I.; Bau, R. J .  Am. 
Chem. SOC. 1988,110,439. (c) Blake, P. C.; Lappert, M. F.; Taylor, R. 
G.; Atwood, J. L.; Hunter, W. E.; Zhong, H. J.  Chem. SOC., Chem. Com- 
mun. 1986, 1394. (d) Jungst, R.; Sekutowski, D.; Davis, J.; Luly, M.; 
Stucky, G. Znorg. Chem. 1977,16, 1645. 

(12) Broad and undiagnostic signals have been reported for ‘Cp2Zr”.” 
In our experiments “Cp2Zr” showed a clean and well-solved NMR spec- 
trum [‘H NMR (CBDe, 6 (ppm)): “Cp,Zr”, 5.95 (s), 5.62 (s), 5.07 (pseu- 
do-t), 4.33 (pseudo-t); “Cp’,Zr”, 5.67 (m), 1.91 (m)]. However, attempts 
to isolate this species were unsuccessful so far, and the structure remains 
not defined. 

(13) Both green1% and red13bd colors have been claimed for [Cp,ZrCl],. 
(a) Fochi, G.; Guidi, G.; Floriani, C. J .  Chem. SOC., Dalton Trans.  1984, 
1253. (b) Cuenca, T.; Royo, P. J. Organomet. Chem. 1985,295,159. (c) 
Cuenca, T.; Royo, P. J.  Organomet. Chem. 1985,293,61. (d) Samuel, E.; 
Guery, D.; Vedel, J.; Basile, F. Organometallics 1985, 4, 1073. 

Isolation and X-ray Structure of an Intermediate In 
the Reaction of (p-S),Fe,(CO), with Thiolates: The 
[ (p-S)( p-S,-f -Bu)Fe,( CO),]- Ion 

Xlntao Wu,‘ K. S. Bose, E. Sinn, and B. A. Averlll” 
Department of Chemistry, University of Virginia 
Charlottesville, Virginia 2290 1 

Received August 15, 1988 

Summary: Reaction of (y-S,)Fe,(CO), (1) with 1 equiv of 
thiolate RS- (R = Ph, PhCH,, i-Pr) results in formation of 
the [Fe,S,(CO),,] 2- ion (2) containing two [(y-S),Fe,- 
(co),]- units linked by a disulfide bond. Use of t-Bus- 
results instead in a new green mixed disulfide, the [(I*- 
S)(p-S,-t-Bu)Fe,(CO),]- ion (3), the structure of which has 
been determined as the Ph,As+ salt. These results sug- 
gest that similar mixed disulfides are intermediates in the 
reaction of thiolates with 1 to produce 2. 

(1) Current address: Fujian Institute of Research on the Structure of 
Matter, Chinese Academy of Sciences, Fuzhou, Fujian, People’s Republic 
of China. 
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Scheme  I 

Communications 

( 2 )  >Fe-Fef 
\\ = // SR 

The chemistry of (p-dithio)bis(tricarbonyl)iron ((p-S,)- 
Fez(C0)6, l ) , s 3  has been of substantial recent interest. 
Seyferth et al., have demonstrated that the SZ2- unit of 1 
exhibits reactivity comparable to an organic disulfide, in 
that reduction produces a dianion that behaves as a typical 
dithiolate, undergoing alkylation?+ protonation,6v7 meta- 
l a t i ~ n , ~ , ~ ~  and olefin additionlo reactions. In addition, l 
reacts with transition metals in low oxidation states via 
an oxidative addition reaction,"-14 producing a variety of 
novel heterometallic sulfide-bridged clusters. We have 
shown15 that a presumed intermediate in the formation 
of the [ (p-s),Fe,(Co)6]2- ion, namely, [(p-S)(p-SH)Fe,- 
(c0)6]-, spontaneously dimerizes to form the [Fe,S,- 
(CO),,]2- ion (2), containing an interdimer disulfide bond 
similar to that in the (PhS)Fez(CO)6SzFez(C0)6(sPh) 
molecule recently reported by Seyferth et al.16 We report 
herein that 2 is also formed readily by reaction of 1 with 
stoichiometric amounts of thiolate and that the sterically 
hindered thiolate &BUS- permits the isolation and struc- 
ture determination of a mixed disulfide intermediate, the 
[ (~-S)(p-S,-t-Bu)Fe,(CO),]- ion (3). 

Addition of 1 equiv of LiSR (R = Ph, PhCH2, or i-Pr; 
prepared from RSH plus 1 equiv of n-BuLi in THF) to 
(p-S),Fe2(CO)6 in THF or i-PrOH a t  room temperature 
with stirring followed after 1 h by addition of 1.3 equiv of 
Ph4As+C1- in i-PrOH and cooling to -20 "C overnight 
produces deep green needle-shaped crystals of (Ph,As),- 
[Fe,S,(CO),,], identified by its crystal morphology and 
optical and IR spectra, in 40-60% yield. The Et4N+ salt 

(2) Brendel, G. Ph.D. Dissertation, Technische Hochschule Miinchen, 

(3) Hieber, W.; Gruber, J. 2. Anorg. Allg. Chem. 1958, 296, 91. 
(4) Seyferth, D.; Henderson, R. S.; Song, L.-C. Organometallics 1982, 

(5) Seyferth, D.; Henderson, R. S. J .  Am. Chem. SOC. 1979, 101,508. 
(6) Seyferth, D.; Henderson, R. S.; Song, L.-C. J .  Organomet. Chem. 

(7) Seyferth, D.; Henderson, R. S. J .  Organomet. Chem. 1981, 218, 

(8) Seyferth, D.; Song, L.-C.; Henderson, R. S. J. Am. Chem. SOC. 1981, 

(9) Chieh, C.; Seyferth, D.; Song, L . 4 .  Organometallics 1982, 1, 473. 
(10) Seyferth, D.; Womack, G. B . J .  Am. Chem. SOC. 1982,104,6839. 
(11) Day, V. W.; Lesch, D. A.; Rauchfuss, T. B. J .  Am. Chem. SOC. 

1982, 104, 1290. 
(12) (a) Seyferth, D.; Henderson, R. S.; Fackler, J. P., Jr.; Mazany, A. 

M. J. Organomet. Chem. 1981, 213, C21. (b) Seyferth, D.; Henderson, 
R. S.; Gallagher, M. K. Ibid. 1980, 193, C75. 

(13) (a) Braunstein, P.; Tiripicchio, A.; Camellini, M. T.; Sappa, E. 
Inorg. Chem. 1981,20,3586. (b) Braunstein, P.; Jud, J.-M.; Tiripicchio, 
A.; Tiripicchio-Camellini, M.; Sappa, E. Angew. Chem., Int. Ed. Engl. 
1982, 21, 307. 

(14) Williams, P. D.; Curtis, M. D.; Duffy, D. N.; Butler, W. M. Or- 

1956, pp 47-55. 

1 ,  125. 

1980, 192, C1. 

c34. 

103, 5103. 

ganometallics 1983, 2, 165. 
(15) Bose, K. S.; Sinn, E.; Averill, B. A. Organometallics 1984,3, 1126. 
(16) Seyferth, D.; Kiwan, A. M.; Sinn, E. J .  Organomet. Chem. 1985, 

281, 111. 
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Figure 1. Structure of the [FezS(S,-t-Bu)(CO),]- ion, showing 
the atomic labeling scheme and selected distances and angles. 

was also isolated in pure form17 in 40% yield by addition 
of Et4N+Br- (3 equiv) to the Fe2Sz(CO)6/LiSPh reaction 
mixture and cooling to -20 OC. Use of Lis-t-Bu in an 
analogous procedure results in dark green crystals of a new 
compound,ls identified by elemental analy~is, '~ 'H NMR 
spectrum,18 and X-ray structure determinat i~n '~ as the 

(17) Anal. Calcd for (Et4N)zFe4S4(C0)12 (CzsH,$e4NzOlfi4): C, 35.47; 
H, 4.25; N, 2.95. Found: C, 35.72; H, 4.17; N, 2.99. Calcd for 
(P~,AS)~[F~~S(S~-~-BU)(CO)~] (CuH3&Fe2O6S3): C, 50.00; H, 3.58; As, 
9.18; Fe, 13.68; S, 11.78. Found: C, 50.85; H, 4.01, As, 9.93; Fe, 13.47; S, .- mm 
1 i . Z L .  

(18) Preparation of (Ph4As)3: A 1.0 M solution of Lis-t-Bu (0.58 mL) 
in THF was added slowly under Nz to 200 mg of FezSz(CO)e (0.58 mmol) 
in 15 mL of i-PrOH, producing a dark green solution. Addition of 
Ph4As+Cl- (300 mg) in 7 mL of i-PrOH, followed by cooling to -20 "C 
overnight, gave dark green crystals of analytically pure" (Ph4As)3 in 86% 
yield. IR spectrum (MeCN): BCO 2041 (m), 1999 (vs), 1959 (s), 1950 (s) 
cm-'. Electronic spectrum (DMF): X ( 6 )  572 nm (3370 M-' cm-'), 410 (sh), 
328 (13250). 'H NMR spectrum (CD,CN): 6 7.68 (m, 20, Ph4As+), 1.37 
(s, 9, t-Bu) versus TMS. 

(19) Measurements were performed on an Enraf-Nonius CAD-4 dif- 
fractometer using graphite-monochromated Mo Ka  radiation. The 8-28 
scan technique was used as previously described- to record intensities 
for all nonequivalent reflections with 10 < 28 < 50°. Intensities were 
corrected for Lorentz polarization effects and for absorption. A total of 
3807 reflections with F,2 > 3 ~ r ( F , 2 ) ~ ~  were used in the refinement. The 
crystal used was an irregular slab with dimensions 0.325 mm X 0.49 mm 
X 0.10 mm. (Ph4As)3 crystallizes in s ace group PI with a = 11.398 (5) 
A, b = 13.109 (6) A, c = 14.316 (6) 1, a = 102.14", @ = 109.1lo, y = 
106.03', and Z = 2. Heavy atoms were located by a three-dimensional 
Patterson synthesis, while remaining non-hydrogen atoms were located 
by Fourier syntheses. Full-matrix least-squares refmement" was carried 
out with anisotropic temperature factors for non-hydrogen atoms. Fur- 
ther Fourier difference functions permitted location of the hydrogen 
atoms, which were included in the refinement for three cycles and then 
held fixed. Final refinement converged at  R = 5.1% and R ,  = 6.0%. 
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Ph4As+ salt of the [ (~-s ) (~-S~- t -Bu)Fe~(co)~]-  ion (3). The 
compound is air-stable for brief periods in the solid state 
and is stable in solution in aprotic solvents room tem- 
perature for prolonged periods in the absence of oxygen. 

The crystal structure of the Ph4As+ salt of 3 shows that 
the anion contains a (p-S),Fe,(CO), unit linked via a di- 
sulfide bond tQ a t-BUS unit in a pseudoequatorid fashion2I 
(e-linkedg). Selected distances and angles are given in 
Figure 1. The (p-S)2Fe(CO)6 unit has a conformation 
similar to that in ( F ( - S ~ ) F ~ ~ ( C O ) ~ , ~ ~  ( F L - E ~ S ) ~ F ~ ~ ( C O ) ~ , ~ ~  
( F - R S ) ( F - R H ~ S ) F ~ ~ ( C O ) ~ , ~  [Fe4S4(C0)12]2-,15 and (F -  
PhS)Fe2(CO)6(~-S2)Fez(C0)6(~-sPh),'6 with a dihedral 
angle of 88.91' between the FeS2 planes. Although a 
number of examples of both ~ 7 ~ - ~ ~  and q2-coordinatedZ5 
persulfide units are now known, there appear to be only 
two crystallographically characterized examples of bridging 
persulfides analogous to that in 3, namely, ([(C,H5)Cr- 
(NO)]2(~-S-t-Bu)(~-S2-t-B~))26 (4) and LMO~(NTO~)~(S~P-  
(OEt)2)2S(02CMe)(SSEt)]27 (5). The S-S bonds in 4 and 
5, at 2.076 (4) and 2.068 (2) A, respectively, are only 
marginally shorter than that in 3, and the M-S-M angles 
at the bridging persulfide are ca. 10' (4) and 2' (5 )  larger 
than that in 3. As found for 2, the iron bonds to the 
disulfide sulfur (S2) in 3 are actually 0.03-0.04 A shorter 
than those to the bridging sulfide (Sl). The disulfide bond 
(S2-S3) in 3 is ca. 0.05 A shorter than in 2, approaching 
a normal S-S single bond value2' (as seen in 426). This is 
not, however, accompanied by a compensating increase in 
the 'honbonded" S 1 4 2  distance, which is actually 0.04 
A less in 3 than in 2 and is thus well within the range 
reported for S-S bonding interactions.28 The long S2-S3 
and short S1.432 distances in 3 are consistent with a de- 
localized bonding description involving all three sulfur 
atoms, as originally suggested for 215 and supported by 
recent theoretical ca l c~ la t ions .~~  

Compound 3 must arise by nucJeophilic attack of RS- 
on the bridging S22- unit of 1 (Scheme I, reaction l ) ,  in a 
reaction analogous to that proposed4 for the reaction of 
hydride and alkyllithium reagents with 1 to produce [ ( F -  
S)(p-SH)Fe,(CO),]- and [ ( F - S ) ( ~ - S R ) F ~ ~ ( C O ) ~ ] - ,  respec- 
tively. We postulate that 3 is not stable for most thiolates 
and spontaneously dimerizes to form 2, presumably via 
intermediate 4, with elimination of RSSR as shown in 
Scheme I, reaction 2. The fact that the reaction stops at 
3 for R = t-Bu must be due to steric hindrance of nu- 
cleophilic attack by a second molecule of 3; electronic 

(20) (a) Freyberg, D. P.; Mockler, G. M.; Sinn, E. J. Chem. SOC., 
Dalton Trans. 1976,447. (b) Corfield, P. W. R.; Doedens, R. J.; Ibers, 
J. A. Znorg. Chem. 1967, 6,  197. 

K.: Butler. I. S. J. Am. Chem. SOC. 1979. 101. 1313. 
(21) Nomenclature is that of Shaver, A.; Fitzpatrick, P. J.; Steliou, 

'(22) Wei, C.-H.; Dahl, L. F. Znorg. Chem. 1965, 4, 1. 
(23) Dahl, L. F.; Wei, C.-H. Znorg. Chem. 1963, 2, 328. 
(24) (a) Halbert, T. R.; Pan, W. H.; Stiefel, E. I. J. Am. Chem. SOC. 

1983, 105, 5476. (b) Bhattacharya, S. N.; Senoff, C. V.; Walker, F. S. 
Inorg. Chim. Acta 1980,44, L273. (c) Giannotti, C.; Merle, G. J.  Orga- 
nomet. Chem. 1976, 113, 45. (d) Giolando, D. M.; Rauchfuss, T. B.; 
Rheingold, A. L.; Wilson, S. R. Oganometallics 1987,6,667. (e) Shaver, 
A.; Hartgerink, J.; Lai, R. D.; Bird, P.; Ansari, N. Organometallics 1983, 
2, 938. 

(25) (a) Leonard, K.; Plute, K.; Haltiwanger, R. C.; Rakowski-Dubois, 
M. Inorg. Chem. 1979, 18, 3246. (b) Clark, G. R.; Russell, D. R. J. 
Organomet. Chem. 1979,173, 377. (c) Evans, S. V.; Legzdins, P.; Rettig, 
S. J.; Shchez,  L.; Trotter, J. Organometallics 1987,6, 7. (d) Legzdins, 
P.; Slnchez, L. J. Am. Chem. SOC. 1985,107, 5525. 

(26) Eremenko, I. L.; Pasynskii, A. A.; Kalinnikov, V. T.; Struchkov, 
Y. T.; Aleksandrov, G. G. Inorg. Chim. Acta 1981, 52, 107. 

(27) Noble, M. E.; Williams, D. E. Inorg. Chem. 1988, 27, 749. 
(28) E.g., S8, 2.037 (5) A: Abrahams, S. C. Acta Crystallogr. 1955,8, 

661. (p-S2)Fe2(CO)G, 2.007 (5) A: ref 21. 
(29) (a) Pauling, L. The Nature of the Chemical Bond; Cornel1 

University Press: Ithaca, NY, 1960; p 260. (b) Dance, I. G.; Wedd, A. 
G.; Boyd, I. W. Aust. J. Chem. 1978, 31, 519. 

(30) DeKock, R. L., private communication. 

factors should most favor formation of 2 with t-BUS-, since 
it is the strongest reductant of the thiolates examined. 
Compound 3 is stable both in solution as well as in the 
solid state, differing from 2 in the former respect; thus it 
may prove to be an even more convenient precursor to the 
[ ( ~ - S ) ~ F e ~ ( c o ) ~ ] ~ -  dianion than 2 and a useful reagent for 
cluster syntheses. 
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Summary: Treatment of (C,Me,)TaCI, with sodium 
amalgam in THF solution containing PMe, gives rise to the 
compound (C,Me,(CH2)2)Ta(H)2(PMe3)2 (l), in which two 
ring methyl C-H bonds have been cleaved. NMR and 
X-ray crystallographic studies show that the abstracted 
hydrogens remain bound to the metal and the resulting 
ring methylene groups are located on adjacent ring- 
carbon atoms, being best described as sp2, olefin-type 
CH, groups. Migration of the metal-bound hydrogens 
back to the C,Me,(CH,), ligand is shown by the reaction 
of 1 with CO affording (C,Me,)Ta(C0)2(PMe3)2. 

The importance of the pentamethylcyclopentadienyl 
ligand (v5-C5Me5 or Cp*) in contemporary organometallic 
chemistry coupled with recent interest in C-H activation2 
and the reactivity of metal-hydrocarbyl fragments3 has led 

(1) (a) Arizona State University. (b) University of Newcastle upon 
Tyne, U.K. (c) University of Durham, U.K. (d) Present address: Law- 
rence Livermore National Laboratory, Livermore, CA 94550. 

(2) For recent reviews see: (a) Crabtree, R. H. Chem. rev. 1985, 85, 
245. (b) Bergman, R. G. Science (Washington, DE.) 1984,223,902. (c) 
Rothwell, I. P. Polyhedron 1985,4, 177. (d) Watson, P. L.; Parshall, G. 
W. Acc. Chem. Res. 1985, 18, 51. 

(3) (a) Thompson, M. E.; Baxter, M. B.; Bulls, A. R.; Burger, B. J.; 
Nolan, C. N.; Santarsiero, B. D.; Schaefer, W. P.; Bercaw, J. E. J.  Am. 
Chem. SOC. 1987,109,203. (b) Bruno, J. W.; Smith, G. M.; Marks, T. J.; 
Fair, C. K.; Schultz, A. J.; Williams, J. M. J. Am. Chem. SOC. 1986, 108, 
40. (c) Bulls, A. R.; Schaefer, W. P.; Serfas, M.; Bercaw, J. E. Organo- 
metallics 1987, 6, 1219. (d) Fendrick, C. M.; Marks, T. J. J.  Am. Chem. 
SOC. 1986, 108, 425. (e) Smith, G. M.; Carpenter, J. D.; Marks, T. J. J. 
Am. Chem. SOC. 1986, 108, 6805. (f) Bruno, J. W.; Marks, T. J.; Morss, 
L. R. J .  Am. Chem. SOC. 1983, 105, 6824. 
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