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Reactions of Nitridorhenium(V) and -Osmium(VI) Complexes with Acylating Agents
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Interaction of Re(N)k [L = N(PSPh);] 1 with (CFRCO),0 or RCOCI afforded air-sensitive acylimido-Re(V)
complexestransRe[NC(O)CR](OCOCHR)L;, 2 or transRe[NC(O)R]CIL, (R = CCkLH 3, CCIH; 4, CHs 5),
respectively. Treatment df with (CX3CO),0 followed by recrystallization from CyCl,/hexane in air led to the
formation of the corresponding parent imido complettaasRe(NH)(OCOCX)L, (X = F 6, Cl 7). The structure
of 7 has been characterized by X-ray crystallography. ThefReverage Re S, and Re-O distances are 1.664(3),
2.441, and 2.116(3) A, respectively. Deprotonatios of 7 with Et:N gavel. Recrystallization o8 from CH,Cl,/
hexane in air resulted in oxo-imido exchange and the isolation of the oxo-Re(V) sppaneRe(O)CIL,. Treatment
of 1 with tosyl anhydride gavéransRe(NH)(OTs)L (OTs = tosyl) 8. Reaction of fi-BusN][OsNCl,] with KL
affordedtransOs(N)CIL, 9, which has been characterized by X-ray crystallography. TheNp€s—Cl, and
average OsS bond distances i® are 1.64(1), 2.577(4), and 2.429 A, respectively. TreatmentQofvith
(CRCO)0, Ag(CRCOy,), or CRCO.H resulted in chloride substitution and the formation tans-Os(N)-
(OCOCR)L, 10. The Os-N, Os-0, and average GsS distances irl0 are 1.643(5), 2.271(4), and 2.419 A,
respectively. Treatment df with [PhsC]BF, resulted in the isolation afans-Re(NCPR)(F)L, 11, presumably
via the cationic tritylimido intermediate [Re(NCBh,] ™. Reaction o® with [PhsC]BF, led to chloride abstraction
and the formation of five-coordinate [Os(NJBF4 12. The Os-N and average OsS distances in2 are 1.646(5)
and 2.364 A, respectively.

Introduction Scheme 1

Acylimido—metal complexes [M= NC(O)R] have attracted Ph\ /Ph
much attention due to their applications in metal-mediated p=S
nitrogen atom transfer reactions. Groves and co-workers first S e /'/@
reported that trifluoroacetylimido-Mn(V) species, which were L= TS
prepared in situ from nitrido-Mn(V) porphyrins and trifluoro- S P\=S
acetic anhydride, react with olefins to give trifluoroacylaziridines Ph/ Ph

and Mn(lll) porphyrinst More recently, this reaction was

applied to organic synthesis by Carreira and co-workers, who = hydridotris(3,5-dimethylpyrazol-1-yl)boraté)and W'Cl»-
used nitrido-Mn(salen) complexes in conjunction with trifluo- [NCgHs(i-Pr)-2,6][NC(O)GHsMe-4](OPMe)(PMes).” To un-
roacetic anhydride as reagents for amination of electron-rich derstand the factors governing metal-mediated acylimido trans-

olefins including silyl enol ethers and glyc&l#\cetylimido- fer, we set out to synthesize acylimido-Re(V) complexes, which
Os(VIII) species have also been implicated as the active speciesare expected to be more stable than the Mn(V) congeners.
for the Os-mediated aminohydroxylation of olefihsleverthe- Although nitrido-Re(V) complexes are known to be nucleophilic

less in contrast to organoimiganetal (MV=NR, R = alkyl or and react with electrophiles to give-nitrido or imido

aryl) complexes, there are very few acylimidmetal complexes  complexes$, 10 as far as we are aware, there are no reports on
reported in the literature. Isolated acylimido complexes include the reaction of nitrido-Re(V) with acetylating agents. We are
Mo[NC(O)Ph](Esdtc) (Et.dtc = N,N'-diethyldithiocarbamate), particularly interested in nitrido-Re(V) complex containing bis-
Tp'WV(CO)CINC(O)CHj],® Tp'WV(CO)(SPh)[NC(O)CH (Tp' (diphenylthiophosphoryl)amide (L, Scheme'4yyhich has been
reported to form adduct with BEl Herein we describe the
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reactions of Re(N)k and isoelectronidgrans-Os(N)CIL, with

Inorganic Chemistry, Vol. 38, No. 12, 1993001

Et,O in air afforded green crystals, which were collected and washed

acylating agents and the characterization of the resulting imido with Et:O (yield: 0.1 g, 88%)'H NMR (CDCk): ¢ 7.30-7.82 (m,

or nitrido species.

Experimental Section

General Considerations.NMR spectra were recorded on a Bruker
ALX 300 spectrometer operating at 300, 282.4, and 121.5 MHz for
H, ¥F, and®'P, respectively. Chemical shift8,(ppm) were reported
with reference to Si(CkJs (*H), CRCeHs (0 — 64) (°F), and HPQ,
(3'P). Infrared spectra (Nujol) were recorded on a Perkin-Elmer 16 PC

phenyl protons)3'P{*H} NMR (CDCl): ¢ 44.68 (s). IR (cm?, KBr):

3045 w p(N—H)], 1700 p(C=0)]. Anal. Calcd for ReGHaiNs-

CliOPsSs: C, 44.4; H, 2.9; N, 3.0. Found: C, 44.7; H, 3.5; N, 2.0.
Preparation of trans-Re(NH)(OTs)L (Ts = tosyl) 8.To a solution

of 1 (80 mg, 0.07 mmol) in CkCl, (20 mL) was added tosyl anhydride

(24 mg, 0.07 mmol), and the reaction mixture was stirred under nitrogen

at room temperature overnight. The solvent was pumped off and the

residue was washed with 1. Recrystallization from CkCl./hexane

in air afforded yellowish green crystals (yield 14 mg, 15%) along with

FT-IR spectrophotometer and mass spectra on a Finnigan TSQ 7000unreactedL. 'H NMR (CD.Cly): 6 2.27 (s, 3H,p-Me), 6.82 (d, 2H,

spectrometer. Elemental analyses were performed by Medac Ltd.,

Surrey, UK.
Solvents were purified by standard procedures and distilled prior to

Hm), 7.91 (d, 2H, H), 7.23-7.79 (m, 40H, phenyl protonsj*P{'H}
NMR (CD:Cly): & 45.04 (s).
Preparation of trans-Os(N)CIL, 9. To a solution of f-BusN]-

use. All manipulations, unless otherwise stated, were carried out under[OsNCl] (0.05 g, 0.09 mmol) in methanol (20 mL) was added KL

nitrogen using standard Schlenk techniques. Re{ihtand j-BusN]-
[OsNCL]* were prepared according to the literature methods. KL was
synthesized by deprotonation of Mlwith potassiuntert-butoxide in
methanol. (CECO)0, (CCkECO)0, (CHCLCO)CI, CHCICOCI,
CH3COCI, and tosyl anhydride were purchased from Aldrich and used
as received.

Preparation of trans-Re(NCOCF;)(OCOCF3)L, 2. To a solution
of 1 (80 mg, 0.07 mmol) in CkCl, (15 mL) at—10 °C was added
(CRCO)O (0.1 mmol, 0.1 mL a 1 M solution in CHCI,) under

(0.11 g, 0.23 mmol), and the mixture was stirred at room temperature

for 2 h. The orange solid was collected, washed with methanol, and

recrystallized from CHCI/EL,O (yield 60%).*H NMR (CDCL): o

7.23-7.83 (m, phenyl protonsfP{*H} NMR (CDCk): 6 40.4 (s).

IR (Nujol, cm™): 1064 [(Os=N)]. Anal. Calcd for GgHaoNCIPSs

Os: C, 50.7; H, 3.5; N, 3.7. Found: C, 50.6; H; 3.6; N, 3.7.
Preparation of trans-Os(N)(OCOCRK;)L, 10. To a solution of9

(200 mg, 0.09 mmol) in CKCl; (20 mL) was added (GEO)O (0.1

mmol, 1 mL d 1 M solution in CHCI,), and the mixture was stirred

nitrogen. The reaction mixture was warmed to room temperature and at room temperature for 1 h. The solvent was pumped off and the

stirred for 30 min. Concentration (to ca. 5 mL) and addition of hexane
resulted in the formation of an orange solid (yield 70 mg, 79%).
NMR (CDCly): 6 7.30-7.77 (m, phenyl protons}’F NMR (CDCR):

0 —72.3 (s, NCOE3), —76.8 (OCOE3). 3P{H} NMR (CDCl): 6
51.2 (s). IR (cm?, Nujol): 1698, 17104(C=0)], 1050 sh (f(Re=N)].
Anal. Calcd for GoHaoN3sFsOsPsSiRe: C, 47.8; H, 3.1; N, 3.2. Found:
C, 47.7, H, 3.2; N, 3.4.

Preparation of trans-Re(NCOCHCI)(CI)L ; 3. To a solution ofl
(100 mg, 0.1 mmol) in CkCl, (10 mL) at 0°C was added 1 equiv of
CHCI,COCI, and the mixture was slowly warmed to room temperature
and stirred for 30 min. Addition of hexane (40 mL) afforded an orange
solid, which was collected and washed with hexane (yield 90 mg, 80%).
H NMR (CDCly): ¢ 7.30-7.77 (m, phenyl protons§P{'H} NMR
(CDClg): 6 51.23 (s). IR (cm?, Nujol): 1716 p(C=0)]. MS (FAB):

m/z 1208 (M" — Cl). Anal. Calcd for GoHa1ClsN3OP,S,Re CH,Cly:
C, 46.1; H, 3.2; N, 3.2. Found: C, 46.3; H, 3.2, H, 3.1.

Reaction of 1 with CCIH,COCI. To a solution ofl (20 mg) in

CDCl; (0.5 mL) at 0°C was added CCIHCOCI (0.05 mL), and the

residue washed with hexane. Recrystallization of the residue from
CH.CI/Et,O afforded air-stable orange crystals (yield 78 mg, 70%).
Alternatively 10 could be prepared in similar yield by treatment®f
with 1 equiv of Ag(CRCO;) or CH;COH. *H NMR (CD.Cl,): 6 7.24—
7.83 (m, phenyl protons}F NMR (CD.Cly): 6 —76.3 (s).3P{'H}
NMR (CD,Cly): 6 41.18 (s). IR (cm?, Nujol): 1696 (C=0)], 1082
[v(Os=N)]. Anal. Calcd for GoH4iN3CIF;:0,P,S,Os: C, 48.0; H, 3.3;
N, 3.4. Found: C, 48.4; H, 3.4; N, 3.3.

Preparation of trans-Re(NCPhs)(F)L, 11. To a solution ofl (80
mg, 0.07 mmol) in CHCIl, (20 mL) at 0°C was added 1 equiv of
[PhsC](BF4) (24 mg, 0.07 mmol), and the reaction mixture was stirred
at room temperature overnight. The solvent was pumped off and the
residue was extracted with 1. Recrystallization from EO/hexane
afforded pale purple crystals (yield 50 mg, 53%). NMR (CDCl):
0 6.69-7.90 (m, phenyl protonsfP{*H} NMR (CDCL): ¢ 40.61
(s). F NMR (CDCk): 6 —86 (s). IR (cm?, Nujol): 1192 sh
[v(Re=N)]. FAB MS: 1359 (M + 1). Anal. Calcd for ReGHss
FNsPsSs: C, 59.2; H, 4.1; N, 3.1. Found: C, 58.4; H, 4.3; N, 2.9.

resulting red mixture was warmed to room temperature and analyzed Preparation of [Os(N)L2](BF4) 12. To a solution of9 (100 mg,

by NMR spectroscopy:H NMR (CDCly): 6 3.04 (s, 2H, CGH,CO),
7.19-7.85 (m, 40H, phenyl protons}:P{*H} NMR (CDCL): ¢ 48.52
(s)-

Reaction of 1 with CHsCOCI. This was done as for CCHEOCI
using CHCOCI (0.05 mL) in place of CKCICOCI. The resulting red
solution mixture was analyzed by NMR spectroscopi. NMR
(CDCly): ¢ 2.08 ((HsCO), 7.19-7.85 (m, 40H, phenyl*P{1H} NMR
(CDCly): 0 56.25 (s).

Preparation of trans-Re(NH)(OCOCF;)L; 6. A solution of2 (100
mg, 0.08 mmol) in CHCI/Et,O was left to stand in air overnight. The
green crystals formed were collected and washed wi® Etield 100
mg, 88%). Alternativelyp was obtained in good yield by treatment of
1 in CH.Cl, with (CRCO)O, followed by recrystallization from
CH,Cly/hexane in air for 1 d*H NMR (CDClL): 6 7.34-7.85 (m,
phenyl protons)!*F NMR (CDCk): 6 —76.8 (s, CQCF3). 31P{'H}
NMR (CDCl): ¢ 44.8 (s). IR (cm?, Nujol): 3045 w br p(N—H)],
1708 p(C=0)], 1073 sh #(Re=N)]. Anal. Calcd for GoHa1N3FsO,PsSu-
ReCH.Cl,: C, 47.2; H, 3.3; N, 3.2. Found: C, 47.9; H, 3.3; N, 3.5.

Preparation of trans-Re(NH)(OCOCCI;)L, 7. To a solution ofl
(80 mg, 0.07 mmol) was added (GC),O (0.1 mol), and the mixture

0.09 mmol) in CHCI, (20 mL) was added 1 drop of HBK1M in
Et,0). After stirring at room temperature for 1 h, the solvent was
pumped off and the residue washed with@tRecrystallization from
CH.Cl,/hexane afforded yellow crystals, which are suitable for X-ray
diffraction study (yield 73 mg, 70%). Alternativelyl could be isolated

in similar yield by treatment of9 with [PhsC](BFs). H NMR
(CDChk): 6 7.34-7.84 (m, phenyl protonsfP{*H} NMR (CDCl):

0 36.41 (s). MS (FAB):m/z 1102 (M — BF). Anal. Calcd. for GgHac-
BF4N3OsRS:: C, 45.0; H, 3.3; N, 3.2. Found: C, 44.5; H, 3.1; N,
3.0%.

X-ray Crystallography. A summary of pertinent crystallographic
data and experimental details for complexe€H,Cl,, 9-CH.Cl,,
10-2CH,Cly*CgH14, and12-1.5CHCI; are listed in Table 1. Data were
collected on a MAR-Research image-plate diffractometer {For
CH.Cl,), Rigaku AFC7R diffractometer (fd®-CH,Cl,), and Siemens
P4 dffractometer (forl0-2CH,Cl,*CeH14 and 12-1.5CHCIl,) using
graphite-monochromated radiation= 7.0073 A). All intensities were
corrected for Lorentz and polarization effects. An approximation to
absorption correction was also applied. The structures were solved by
direct methods and refined by full matrix least-squares analysis. Non-

was stirred at room temperature for 1 h. The solvent was pumped off hydrogen atoms fof7eCH,Cl, and 10-2CH,Cl>*Ce¢H14 were refined

and the residue washed with hexane. Recrystallization fronsOGH

(11) Griffith, W. P.; Paulson, DJ. Chem. Soc., Dalton Tran$973 1315.
(12) Wang, F. T.; Najdzionek, J.; Leneker, K. L.; Wasserman, H.; Braitsch,
D. M. Metal-Org. Chem1978 8, 120.

anisotropically while those fat2-1.5CHCI, were refined isotropically.
For 9, the Os, ClI, P, and S atoms were refined anisotropically while
the remaining non-hydrogen atoms were refined isotropically. For
7+CH,Cl,, the hydrogen atom on imido group was located by difference
Fourier synthesis based on low angle ddta<(15°) while hydrogen
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Table 1. Crystal Data and Experimental Details flansRe(NH)Ly(CClsCO;,)-CH:Cl; (7-CH.Cly), transOs(N)ClLy*CH:Cl, (9:CH.Cly),
trans-Os(N)(OCOCKE)L »*CgH14-2CH,Cl, (10-CeH14:2CH,Cl,), andtrans[Os(N)L;]BF4-1.5CHCI, (12-1.5CHCly)

7-CH.Cly 9-CH.Cl, 10-CeH142CH,CI, 12-1.5CHCI,
empirical formula G1H43N3Cls0.PsSRe CigH4oNCI3P4sS,0s GsgHs6ClaF3N3O-P4S,0s Ci9.4H40BCl3F4iN3PsS,0s
formula weight 1345.53 1221.59 1470.2 1312.3
crystal system monoclinic triclinic triclinic monoclinic
a A 14.009(1) 11.475(1) 12.967(4) 13.464(2)
b, A 16.850(1) 17.493(2) 15.943(5) 24.618(2)
c, A 25.528(2) 25.697(4) 16.468(5) 17.083(2)
a, deg 86.12(2) 80.70(2)
p, deg 99.43(2) 84.83(2) 72.67(3) 95.72(2)
g, deg 86.85(2) 70./27(2)
Vv, A3 5478.8(7) 5119(1) 3052.2(16) 5714.9(12)
space group P2,/c (no. 14) P1 (no. 2) P1 (no. 2) Cc
VA 4 4 2 4
Pealcs g CNT3 1.631 1.585 1.600 1.525
temperatureSC 25 25 —70 25
F(000) 2680 2432 1476 2600
u(Mo Kay), e 27.75 29.71 25.6 26.78
no. of observation 7758 & 3.00(1)) 8074 ( > 3.00(1)) 7832 F > 4.00(F)) 7375 F > 4.00(F))
no. of variables 631 633 680 629
weighing factor 1?(Fo) + 0.02F /4] 1/o?(Fo) 1/[o*(Fo) + 0.000F 2 1/[0?(F,) + 0.0003F 7
R, % 3.2 4.6 4.44 3.87
Ry, % 3.7 4.6 4.74 4.28
goodness of fit 1.58 2.11 1.30 1.32
AR = (3|Fol — IFc)/3|Fol. PRy = [XW(IFo| — |F)¥¥W|Fo|?]*2 ¢ Goodness of fit= [(YW|Fo| — |Fcl)?/¥ Nobs — Nparan] Y2
Table 2. Selected Bond Lengths (A) and Angles (deg) for Table 4. Selected Bond Lengths (A) and Angles (deg) for
tranSRe(NH)(OCOCCJ)LZ-CHZCIZ (7'CH2C|2) tl’anS-OS(N)(OCOCE)Lz‘CHzclz‘CeH]_A (lO’CHzclz'CsH14)
Bond Lengths Bond Lengths
Re(1)-S(1) 2.472(1) ReS(2) 2.398(1) 0Os-5S(1) 2.410(2) 0sS(2) 2.443(2)
Re(1)-S(3) 2.480(1) Re()S(4) 2.412(1) 0Os—S(3) 2.430(2) 0sS(4) 2.403(2)
Re(1)>-0(1) 2.116(3) Re(EN(1) 1.664(3) Os-0(1) 2.271(4) OsN(2) 1.643(5)
S(1»-P(1) 2.043(2) S(2¥P(2) 2.058(2)
S(3)-P(3) 2.071(2) S(4YP(4) 2.053(2) Bond Angles
P(1)-N(1) 1.600(3) P(2¥N(1) 1.591(4) gg?gsggg ?gggg ggggsg((?i)) 1868-99((11))
S- . S- .
PEFNE@) 1.588(4) PEANE) 1577(3) S(1-0s-N(2) 177.1(3) S(2)0s-S(3) 85.0(1)
Bond Angles S(2)-0s-S(4) 163.5(1) S(2)0s-0(1) 81.2(2)
S(1-Re(1)-S(2) 97.67(3) S(HRe(1)-S(3) 84.17(4) S(2)-0s-N(2) 95.9(3) S(3y0s-S(4) 97.3(1)
S(1)-Re(1)-S(4) 171.60(4)  S(HRe(1)-0(1) 85.71(8) S(3)-0s-0(1) 83.4(1) S(3)0s-N(2) 97.0(2)
S(1)-Re(1)-N(3) 92.1(1) S(2yRe(1)-S(3) 161.49(4) S(4-0s-0(1) 82.8(2) S(4)0s-N(2) 100.0(2)
S(2)-Re(1)-S(4) 77.16(4) S()Re(1)-O(1)  84.15(7) 0O(1)-0s-N(2) 177.1(3)
S(2-Re(1)-N(3)  102.63(9) S(3)Re(1)-S(4) 98.64(4)
S(3)-Re(1)-0(1 77.60(7)  S(3)Re(1)-N(3) 95.69(9) Table 5. Selected Bond Lengths (A) and Angles (deg) for
S(4)-Re(1)-0(1) 87.17(8)  S(4)Re(1)-N(3) 95.5(1) [OS(N)L2](BF4)-1.5CHCI, (12-1.5CHCl,)
O(1)-Re(1)-N(3)  173.1(1) Bond Lengths
Table 3. Selected Bond Lengths (A) and Angles (deg) for 0Os-S(4) 2.357(3) 0s5(2) 2.373(4)
trans-Os(N)ClLy*CH,Cl, (9-CH,Cl) 82_38)) f-gfé((g)) 0sS(1) 2.325(4)
Bond Lengths
0s(1)-ClI(2) 2.577(4) Os(1yS(1) 2.417(4) Bond Angles
0s(1)-S(2) 2.454(4) 0s(BS(3) 2.444(4) S(4)-0s-S(3) 94.9(1) S(4)0s-S(2) 75.5(2)
Os(1)-S(4) 2.399(3) Os(BN(3) 1.64(1) S(4)-0s-S(1) 141.2(2) S(4)0s-N(3) 110.0(6)
S(3)-0s-S(2) 154.9(2) S(3)0s-S(1) 76.8(1)
Bond Angles S(3)-0s-N(3) 102.6(6) S(2)0s-S(1) 96.0(1)
Cl(2)—0s(1)-S(1) 87.3(1) Cl(2)Os(1)-S(2) 80.3(1) S(2)-0s-N(3) 102.5(6) S(HOs-N(3) 108.8(6)

Cl(2-0s(1)-S(3)  79.3(1) CI(HOs(1)-S(4)  87.3(1)

gé(la—ooig)-s'\(lg) 11225-%((‘1)) 2((11383832% 3?%&; solution, from which the trifluoroacetylimido-Re(V) species
S(1)- . S(1)- . i 1

S(1)-0s(1)-N(3) 9744  S(30s(1)-5(3) 84.9(1) tchITSRSr[;\Ks:(()%C(?](%COC)@L2 2 was isolated as an analyti

S(2)-0s(1)-S(4)  167.0(1)  S(2)0s(1)-N(3) 93.4(4) yp a )

S(3)-0s(1)-S(4) 96.5(1)  S(3)0s(1)-N(3) 96.5(4)

S(4)-0s(1)-N(3) 97.4(4)  Os(BS(1)-P(1) 109.9(2) COCF,
atoms on the organic moieties were generated in their idealized positions i (CF5C0),0 Wl ;
(C—H, 0.95 A). In the crystal structure af2-1.5CHCl,, the BFR ;Re;:) e —— ,'Rle';D M
counteranion is disordered. Two @E1, molecules were found in partial OCOCF;
occupancy and were refined as 75%. Selected bond lengths and angles 1 2

for 7,9, 10 and 12 are listed in Tables 2, 3, 4, and 5, respectively.
Results The course of reaction has been monitored®#y and°F
NMR spectroscopy. Upon addition of 1 equiv of ({F),0
Acylimido Complexes of Re(V).Treatment of yellowl in to 1in CDCls, the signals for (CECO)0 (6F —75.5) andL (6P
CH,Cl, with a slight excess of (EO)O gave an orange  38.0) disappeared and a new spegiés™ —72.3-76.8;6P 51.2)
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was formed. Complex2 is stable in the solid state but
decomposes readily in solution to give a green species, identified
as a Re(V) parent imido species (see below). However, in the
presence of excess (6FO)0, 2 is stable in solution for hours.
The IR spectrum o2 shows two G=O bands at 1698 and 1710
cm~1, assignable to acyl and acetate groups. Unlike acylimido-
Mn(V) complexes, no reactions @&fwith olefins (e.g., styrene)

or silyl enol ethers (e.g., 2-methyl-1-(trimethylsilyloxyl)-1-
propene) were observed.

Alternatively, acylimido-Re(V) complexes can be prepared
by reaction of nitrido-Re(V) with acyl chlorides. Thus, treatment
of 1 with CCLHCOCI in CHCI, affordedtransRe[NC(O)-
CCIH]CIL, 3, isolated as an orange solid. Compl&xs air
stable in the solid state but is somewhat moisture sensitive in
solutions. However, unlikg, hydrolysis of3 yielded the known
oxo-Re(V) specierans-Re(O)ClLy,*2 which was identified by

Inorganic Chemistry, Vol. 38, No. 12, 1998003

IR spectroscopy and elemental analysis, instead of the parentFigure 1. Perspective view ofransRe(NH)(CCECO;)L > (7).

imido species. The oxo-Re(V) species is apparently formed via
oxo-imido exchange o8 because the organic product GClI
HC(O)NH; has been identified by NMR and IR spectroscopy

(eq 2).

GOCHCE,

N o}
LI CHCL,COC LI H0 ”'lel 0

‘Re! i) —— (AN T AN @
- |I -CHCIL,CONH, él

1 3

The »(C=O0) for 3 of 1716 cnTis higher than those fa2.
Similarly, treatment ofl with RCOCI gave the respective
acylimido species Re[NC(O)R]CI(R = CH.CI 4, CHs 5),
which hydrolyze readily to givérans-Re(O)ClLy.

Parent Imido Complex of Re(V). Attempts to recrystallize
2 from CH,CI,/Et,0 led to isolation of the green parent imido-
Re(V) complextrans-Re(NH)(OCOCHE)L, 6, which could also
be synthesized directly by the reaction bivith (CRCO)0
followed by recrystallization in air. Similarly, treatment af
with (CCI3CO)0 followed by recrystallization from CHClo/
hexane in air afforded the trichloroacetate compotnachs
Re(NH)(OCOCGI)L, 7. Apparently, these parent imido-Re(V)
complexes were formed by hydrolysis of the acylimido-Re(V)

than that forl (1.647(7) AJ° but is shorter than that for Regl
(NH)(NHNH,)(PPh)2 (1.712(8) A)14 Nevertheless, the ReN
distance in ReG(NH)(NHNH,)(PPh) is long apparently due

to strong trans influence of the hydrazido ligand. It might be
noted that the ReN distance in7 is closer to that in the BGl
adduct Re(NBG)L, (1.672(3) A¥° than to those typical for
organoimido-Re(V) complexes, e.g., Re(NPRjEPh), (1.726(6)
A),%5 which contain nitrogercarbon covalent bonds. This
Re—N bond distance may suggest the resonance structure
Re=N%~—H?%* for 7. In other words, the imido nitrogen i

has a strong nitride character. The imido hydrogen was located
by difference Fourier synthesis, and the-N distance and Re
N—H angle for 7 are estimated to be 1.0 A and 103.1
respectively. The formulation of as a nitrido-Re(V) complex

of protonated L is ruled out because tire®and P-N distances

in 7 are very similar to those found in Re(NBgl,, which
contains deprotonated® Moreover a singlé'P resonant signal
was observed for at temperatures down te50 °C, suggesting
that all the P=S bonds should be equivalent. Despite numerous
attempts, we were not able to observe the imido hydrogéh of
by 'H NMR spectroscopy probably due to protic character of
imido hydrogen. Previously it was reported that the NH proton
signal for Mo(NH)(OTf)6ynMeg[16]aneS)} OTf (Meg[16]-
aneg = 3,3,7,7,11,11,15,15-octamethyl-1,5,9,13-tetrathiacyclo-

species by the trace amount of water in solvent because additiorhexadecane, OT# triflate) occurs at) 7.4916 Therefore it is

of water to2 in CDCl; at —40 °C gave6 immediately (eq 3).

'cocxs
i i
I, W H0 LR
FNY T o RN ®
-CX3COuH
OCOCX3 0OCOCX3
x =F (6), C! (7)

The IR spectrum o6 shows the CO band at 1708 cin
assignable to the acetate ligand. The IR CO band2 &ir1698
and 1710 cm! are therefore assigned to the acyl and acetate
groups, respectively.

The solid-state structure gfhas been established by X-ray
crystallography. Figure 1 shows a perspective view; aklected
bond lengths and angles are listed in Table 2. To our knowledge,
7 is the second structurally characterized parent imido-Re
complex; the first example being ReMH)(NHNH,)(PPh),.1
The Re-N distance in7 of 1.664(3) A is only slightly longer

(13) Rossi, R.; Marchi, A.; Marvelli, L.; Peruzzini, M.; Castellato, U.;
Graziani, R.J. Chem. Soc., Dalton Tran£993 723.

(14) Dilworth, J. R.; Lewis, J. S.; Miller, J.; Zheng, ¥.Chem. Soc., Dalton
Trans, 1995 1357.

possible that the NH signal fof may also lie in this region,
which happens to overlap with the phenyl proton signals of L.
The IR (KBr) spectrum of shows a weak peak at 3045 ctin
which may be tentatively assigned &®—H). This stretching
frequency is lower than those found for Mo(NH)(OEy(
Meg[16]aneS)} OTf (3100 cn 1)1 and ReCI(NH)(NHNHy)-
(PPh), (3125 and 3330 crit)!4 probably due to protic character
of imido hydrogen. As expecte8,and7 are acidic and can be
depronotated by bases such ash\Eio give 1. It may be noted
that acid-base chemistry of parent imido complexes of o
and Ré8 is well documented.

In an attempt to synthesize tosylimido-Re(V) complexes,
reaction of tosyl anhydride witth was studied. Treatment &f

(15) Forsellini, E.; Casellato, U.; Grazinani, R.; M. C. Carletti M. C,;
Magon, L.Acta Crystallogr., Sect. @984 40, 1795.

(16) Yoshida, T.; Adachi, T.; Yabunouchi, N.; Ueda, T.; Okamoto).S
Chem. Soc., Chem. Commui994 151.

(17) (a) Henderson, R. A.; Davies, G.; Dilworth, J. R.; Thornelely, R. N.
F. J. Chem. Soc., Dalton Tran&981 40. (b) Henderson, R. Al.
Chem. Soc., Dalton Tran&983 51. (c) Peez, P. J.; Luan, L.; White,
P. S.; Brookhart, M.; Templeton, J. 0. Am. Chem. S0d 992 114,
7928.

(18) Vining, W. J.; Neyhart, G. N.; Nielsen, S.; Sullivan, B.lforg. Chem
1993 32, 4214.



3004 Inorganic Chemistry, Vol. 38, No. 12, 1999 Leung et al.

Figure 2. Perspective view ofransOs(N)CIL; (9).

with tosyl anhydride for 2 days gave a yellow solution, from Figure 3. Perspective view ofransOs(N)(OCOCE)L; (10).
whichtransRe(NH)Ly(OTs)8 was obtained in low yield, along
with the unreactedl. The parent imido compleXd was Os—N and average OsS distances (1.643(5) and 2.421 A,
apparently formed from hydrolysis of the unisolated tosylimido respectively) are similar to those fér The Os-O distance of
intermediatdransRe(NTs)(OTs)kL. The reaction ofl with tosyl 2.271(4) A is longer than those in K[Os@.CCHg)s] (average
anhydride is slower than that with (§EO),0 possibly because  2.026 and 2.148 A for mono- and bidentate acetates, respec-
tosyl is a worse leaving group than &FO,. tively)?* due to trans influence of nitride.

Acylation of Nitrido-Os(VI) .To compare the nucleophilicity Alkylation of Nitrido-Re(V) and -Os(VI). Treatment ofl
of nitrido-Re(V) with the isoelectronic nitrido-Os(VI) analogue, with [PheC](BF,) led to isolation of the tritylimido complex
the nitrido-Os (V1) complex of L was synthesized. Treatment transRe(NCPR)(F)L, 11 The presence of fluoride ifl is
of [n-BusN]J[OsNCl,] with 2 equiv of KL affordedtrans[Os(N)- confirmed by mass spectrometry atfff NMR spectroscopy
CIL] 9, isolated as air-stable orange crystals. The structure of (6F —86). It seems likely that alkylation df initially gave the
9 has been confirmed by X-ray crystallography. Figure 2 shows cationic 16e tritylimido intermediatérans[Re(NCPR)L,]™,
a diagram of the molecule; selected bond lengths and angleswhich abstracts fluoride from BRo give 11 (eq 5).
are given in Table 3. The G\ and average OsS distances

in 9 are 1.64(1) and 2.428 A, respectively. The-Dkdistance CPha CPhg

for 9 is similar to that in [OsN(mng]~ (Os—N = 1.639(8) A, N

mnt = maleonitriledithiolate}? The Os-Cl distance in9 of /,.F'{L,.\\z) [PhaCIBFs 2 ” K D—l B o (o F'('e“ ©)
2.577(4) A is longer than that ittans[Os(tpy)(N)Cb]* [Os— - '

Cl (trans to Cl)= 2.346 A, tpy= 2,2:6',2"-terpyridinef° due 1 1

to strong trans influence of the nitride. The chloride9ris

therefore expected to be substitutionally labile (see below). The  op, the other hand, treatment ®fvith [PhsC](BF.) afforded
Os is situated at ca. 0.286 A above ml(ga.rp&ne, whichis  the cationic nitrido-Os(VI) complex [Os(N}BF, 12, instead
less than that for 5-coordinate(0.55 A): of the Os(VI) tritylimido species. Therefore, like (§E0),0,

Treatment oB with (CFCO)0 resulted in color change from  tne trityl jon abstracts chloride instead of alkylating the nitride
orange to yellow, from which a yellow soliti0 was isolated.  of 9 (eq 6).

Thel% and®P NMR spectroscopy shows tHa(oF 40.4) reacts
cleanly with (CRCO)O (6F —75.5) to givel0 (6" 36.5, 6F

N
—76.3). Furthermore, the IR spectrumXd showsy(C=0) at ” lll _ [PhoCIBF, /,,gls.\\\é—] ®BF4 .
1696 cntl, indicative of the presence of trifluoroacetate. - | \3 PhaCCl -y ©
Complex 10 was unambiguously identified as a nitrido-

(trifluoroacetato)-Os(VI) complexrans-Os(N)(OCOCE)L,, by 12

X-ray diffraction study. (CECO)0 abstracts chloride instead

of attacking the nitride 0® (eq 4) apparently because the=e¢ Alternatively, complexl2 could be synthesized by reaction
is not sufficiently basic and the chloride is labile. of 9 with HBF,4 or AgBF,, with elimination of HCl and AgCl,

respectively. The identity ofl2 has been unambiguously
N established by X-ray crystallography. To our knowledge com-
. Ill - (CF3C0),0 :,.c'g's.‘\\:) @ plex 12 is the first example of cationic 5-coordinate nitrido-
- | o~ -CF3COCl N Os(VI) complex. It may be noted that cationic nitrido-Os(VI)
° 1chCF3 complexes are usually octahedral. Figure 4 shows a perspective

view of 12; selected bond lengths and angles are listed in Table
5. Complex 12 is isostructural with1!® and has a square
pyramidal geometry. The @3N and average OsS distances
are 1.646 and 2.364 A, respectively. It appears that theNDs
distance is not very sensitive to the overall charge of the nitrido-
Os complexes as the ©8| distances in cationit2 and neutral
9 and10 are all very similar. By contrast, the ©§ distances
(19) Leung, W.-H.; Wu, M.-C.; Che, C.-M.; Wong, W.-T.; Chin, K.E. in cationic12 are significantly shorter than those $nand 10.

Chem. Soc., Dalton Tran§994 2519.
(20) Pipes, D. W.; Bakir, M.; Vitols, S. E.; Hodgson, D. J.; Meyer, T1.J. (21) Behling, T.; Caparaelli, M. V.; Skapski, A. C.; Wilkinson, G. W.
Am. Chem. Sod99Q 112, 5507. Polyhedron1982 1, 840.

The organic product GEOCI of the reaction was not
characterized. Consistent with the lability of chlorid® was
obtained in good yield from the reaction ®fvith Ag(CFCO,)
or CRCOyH. The molecular structure dfois shown in Figure
3; selected bond lengths and angles are listed in Table 4. The
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complexes may be explained in terms of the relativeWibond
strength. The ReN multiple bond is strong and therefore imido
N—C(O)R bond cleavage to give stable RdH species is
preferred to imido group transfer. Furthermore the Mn(V/III)
reduction accompanied by imido group transfer is thermody-
namically more feasible than the Re(V/IIl) counterpart.
Acylation of Nitrido-Os(VI). Attempts to acylate or alkylate
the nitrido-Os(VI) complex® led to chloride abstraction rather
than electrophilic attack on nitride, indicating that nitrido-Os(V1)
is less nucleophilic than the isoelectronic nitrido-Re(V) ana-
logue. As a matter of fact, some nitrido-Os(VI) complexes,
notablytrans[Os(tpy)(N)ChL] *, exhibit electrophilic character
and react with nucleophiles such as BPrN;~, and $.2728
The low nucleophilicity of nitrido-Os(VI) complexes is at-
tributed to the strong covalent character of=é bond.

Figure 4. Perspective view of the cation [Os(NJL. Alkylation of nitrido-Os(VI) to give imido species has only been
observed for [Os(N)R~ (R = alkyl)?® and [OsN(bdt)]~ (bdt
Discussion = 1,2-benzenedithiolaté, which contain strongly electron-

releasing alkyl and thiolate ligands, respectively. The micro-
scopic reverse of nitride alkylation, i.e., imido—@! bond
cleavage, is, however, well precedented for imido-Os com-
plexes?324

It is also of interest to compare the stability of cationic

Acylation of Nitrido-Re(V). It is well documented that
nitrido-Re(V) complexes are nucleophilic and react with elec-
trophiles to give Re(V) organoimido complexes or adducts of
Re(V) nitride. In this work, we found that acylimido-Re(V)

species can be obtained by acylationlofvith (RCO,).0 or - .
RCOCI. In contrast to acetylimido-W complexes these  >-coordinate [OS(N)J™ and [Re(NCPEL] ™. While the former

acylimido-Re(V) species are moisture sensitive and undergo complex 'S stable for isolation, the I_atter is pelieved to b? very
hydrolysis in solution readily. Interestingly, the product of electrophilic and capable of abstracting fluoride fronyBH his

: indicates that nitride can stabilize the 16e configuration of
hydrolysis of Re=NC(O)R was found to be dependent on the " : .
substituent R. For highly electron-withdrawing R such ag CF Os(VI) by formation of strong GsN triple bond. On the other

and CC4, hydrolysis of Re=NC(O)R led to C-N bond cleavage hhand, .the ReNCPh tiond is comparativily welqker and thulf
and the formation of ReNH species. Apparently, the GBnd the imido-Re(V) complex tends to be octahedral in order to fully

CCl; groups render the carbonyl very electrophilic and suscep- Utilize the metal d orbitals. .
tible to nucleophilic attack by water. A similar finding has been In summary, we have demonstrated thf"‘t treatment of nltrldo-
observed for hydrolysis of organic amides: acid hydrolysis of Re(V) with _ac_ylatlng agents affords acylimido-Re(V) SPecies.
trihaloacetamide is more facile than that for acetarifdBy These gcyllmldo-Re(V) complexe_s undergo hydrolysis to give
contrast, for less electron-withdrawing R such as GHCH,CI, parent imido- or oxo-Re(V) species. On the other hand, the
and CH, hydrolysis of Re=NC(O)R yielded Re=O species via nltrldo-ps(VI) analogu.e is not acylat.e:d' by trifluoroacetic
oxo-imido exchange. It may be noted that while oxo-imido 2nhydride because of its low nucleophilicity.

exchange is well documented for organoimido complexes of  Acknowledgment. Support from The Hong Kong University
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