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Abstract 

A variety of complexes of the type Mo(NR)2CI2L 2 (R = 4-Br-2,6-ipr2-C6H2, 4-CN-2,6-ipr2-C6H2, 3,5-Me2-C6H3, 2-ipr-C6H4, 
2-CF3-C6H4, 2-Ph-C6H4, and 1-adamantyl; L = 1/2 DME or pyridine) have been synthesized by treating [NH412[M020 7] with 
four equivalents of RNH 2 in the presence of Me3SiCl and Et3N. They are readily alkylated by Grignard reagents to give complexes 
of the type Mo(NR)2(CH2R') 2 ( R =  4-13r-2,6-1Pr2-C6H2, 4-CN-2,6-ipr2-C6H2, 2,6-MeE-C6H3, 3,5-Me2-C6H3, 2-tBu-C6H4, 
2.ipr-C6H4, 2-CF3-C6H4, 2-Ph-C6H4, 1-adamantyl, R ' = t B u  or PhMeEC) from which alkylidene complexes of the type 
Mo(NRXCHR')(OTf)E(DME) are formed upon addition of triflic acid. Addition of various alkoxides to the triflate complexes 
yields four-coordinate complexes of the type Mo(NR)(CHR')(OR")2 (combinations include R = 2,6-iPr2-C6H3, 4-Br-2,6-ipr2 - 
C6H2 ' 4.CN.2,6_iprE.C6H2, 2,6.MeE_C6H3 ' 3,5_Me2.C6H3, 2-tBu-C6H4, 2-ipr-C6H4, 2-CF3-C6H4, 2-Ph-C6H4, and 1-adaman- 
tyl; OR" = OCMe 3, OCEt 3, O-l-adamantyl, OCHMe 2, OCMe2(CF3), OCMe(CF3)2, OC(CF3)3, and OC(CF3)ECF2CF2CF3). 

1. Introduction 

Complexes of the types M(N-2,6-ipr2-C6H3)(CHR) 
(OR") 2 (M = Mo [1-3], W [4,5]), W(N-2,6-Me 2- 
C 6 H a X C H R ) ( O R " )  2 [5], and Re(CR)(CHR)(OR")2 
[6,7] (R = CMe 3 or CMe2Ph and R " =  CMe 3, 
CMe2(CF3) , CMe(CF3)2), have been shown to be effec- 
tive catalysts for the metathesis of ordinary olefins (Mo 
[1,3], W [4,5,8], Re [6,9]) and for the ring-opening 
metathesis polymerization of a variety of bicyclic 
monomers [10-14]. Variations of the tungsten catalysts 
(including base adducts) have been synthesized and 
employed in ROMP reactions [15,16] and the tungsten 
and molybdenum catalysts have been used in several 
related catalytic reactions [17-19] including the cat- 
alytic ring-closing of dienes [20,21]. In the long term, 
molybdenum complexes will probably be the catalysts 
of choice for most reactions since molybdenum is the 
cheapest metal of the three, molybdenum catalysts are 
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currently the easiest to synthesize, and molybdenum 
catalysts appear to tolerate functionalities to a greater 
degree than analogous tungsten catalysts. To date most 
studies have employed molybdenum catalysts that con- 
tain the 2,6-diisopropylphenylimido ligand and primar- 
ily O R " =  OCMe 3 or OCMe(CF3) 2. Such species are 
readily available from the "universal precursor," 
Mo(N-2,6- ipr2-C6H 3)(CHR)(OSOECFa)2(DME) ( R =  
CMe 3 or CMeEPh) [1], which can be prepared in three 
high yield steps from [NH412[Mo207]. It is clear that 
the activity of the catalyst depends dramatically upon 
the electron-withdrawing ability of the alkoxides, upon 
whether coordinating ligands (including coordinating 
solvents) are present, and upon whether the alkylidene 
is in the syn or the anti configuration [22]. It also has 
been shown recently that polymers with dramatically 
different microstructures can be obtained if one em- 
ploys catalysts that contain different monodentate 
alkoxides (OR") [23] or C 2 symmetric alkoxides [24]. 

Among the questions that have not yet been ad- 
dressed are to what extent can the electronic and steric 
properties of the imido ligand be varied and how do 
such variants behave with respect to metathesis o f  
ordinary olefins or ring-opening metathesis of cyclic 
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olefins? The imido ligand almost certainly is not sim- Cl,(py), (le) and Mo(N-l-adamantyl),CI,(DME) (If) 
ply a “spectator“ ligand [25], since from both a steric were easily prepared in good yield in benzene or 
and an electronic perspective it stands a good chance toluene in the presence of an excess of stabilizing 
of being able to alter, perhaps dramatically, the reactiv- ligand (pyridine or DME). Mo(N-4-CN-2,6- ‘Pr,- 
ity of the metal center. Therefore it is important to C,H,),Cl,(DME) (lb) could not be synthesized di- 
continue to explore the synthesis and reactivity of rectly in DME, perhaps because of the diminished 
variations of the basic catalyst system. In this paper we basicity of the aniline, but could be prepared readily in 
explore the synthesis of complexes that contain several acetonitrile. In that case the DME adduct was pre- 
different imido groups, and report several new alkox- pared by dissolving the crude product in DME and 
ide derivatives of 2,6-diisopropylphenylimido catalysts. removing all salts by filtration. 

2. Results and discussion 

Recently we reported that [NH,],[Mo,O,] is the 
preferred starting material for the synthesis of com- 
plexes of the type Mo(NR),Cl,(DME) and demon- 
strated that the method works well for complexes in 
which R =tB~, Ph, C,F,, 2,6-‘Pr,-C,H,, 2,6-Me,- 
C,H,, or 2-‘Bu-C,H, [2]. This synthetic procedure has 
now been extended to a number of new imido com- 
plexes of the type Mo(NR),CI,L, (1; eqn. (1); Table 
1). A potentially important modification of this proce- 

PW,MoP, 
excess NEt,, MqSiCl and L 

4 RNH, 
) 2 Mo(NR)&I,L, 

(1) 
(1) 

L = l/2 DME or pyridine ( py) 

R = 4-Br-2,6-‘Pr,-C,H,; 4-CN-2,6-‘Pr,-C,H,; 

3,5-Me&H,; 2-‘Pr-C,H,; 2-CF,-C,H,; 

2-‘Bu-C6H4; 1-adamantyl 

dure is the use of a solvent other than 1,2-di- 
methoxyethane (DME). Complexes that are only 
slightly soluble in DME, such as Mo(N-2-Ph-C,H,), 

The next step in the catalyst synthesis consists of 
alkylating 1 with a neopentyl or neophyl Grignard 
reagent to give 2 (eqn. (2); Table 2). Neophyl is the 
preferred alkyl at present because it is relatively inex- 
pensive and because neophyl complexes are sometimes 
more crystalline and easier to isolate than neopentyl 

1 + 2 R’CH,MgCl s 

Mo(NR),(CH,R’),+ 2 M&I, + 2 L (2) 

(2) 

L = l/2 DME or py 

R’ =‘Bu or PhMe,C 

complexes. The yields are typically high. In an attempt 
to prepare imido complexes with less steric protection 
than the 2,6_disubstituted or 2-substituted phenyl 
derivatives, we have attempted the alkylation of 
Mo(NPh),CI,(DME) [2] under a variety of conditions, 
but upon isolation, an insoluble material is formed. We 
have succeeded in. preparing a 3,5-dimethylphenylim- 
ido derivative (2e1, which can be carried through the 
subsequent steps in the synthesis of 4-coordinate imido 
alkylidene complexes. 

TABLE 1. Reaction conditions and yields for the synthesis of compounds of type 1 

Compound 

MdN-4-Br-2,6-iPr,-C,H2)2CI,(DME) 
(la) 

MdN-4-CN-2,6-iPr,-C,H2)ZC1,(DME) 
(lb) 

MdN-3,5-Me&H,),C12(DME) 
(lc) 

MdN-2-‘Pr,-C,H,),Cl,(DME) 
(Id) 

MofN-2-CF,-CsH,),CI,(DME) 
(le) 

MdN-2-Ph-C6H4)2C12(py)Z 
(10 

MdN-l-adamantyl),Cl,(DME) 
(la) 

Solvent Time (h) Temp. (OC) Yield f%) 

DME 68 45 99 

CH,CN 120 25 71 

75% toluene/25% DME 36 25 88 

DME 12 52 97 

DME 12 65 74 

95% benzene/5% pyridine 12 60 80 

85% toluene/l5% DME 12 70 70 
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TABLE 2. Reaction conditions and yields of complexes of type 2 

Compound Sohrent Yield 

(%o) 

MdN-4-CN-2,6-iPr,-C,H2)2(CH,CMe,), 
(2a) 

MdN-4-Br-2,6- ‘Pr2-CgH&CH,CMezPh), 
(2b) 

MdN-2,6-Me,-C,H&(CH,CMe,Ph), 
t2c1 

MdN-2,6-Me,-C,H,),(CH$Me,), 
(2d) 

MdN-3,5-Me2-C6H3)2(CH,CMe,Ph), 
(2e) 

Mo(N-2-‘Pr-C,H,),(CH&Me,Ph), 
(20 

MdN-2-CF,-C6H,),(CHzCMe2Ph), 
(2g) 

MofN-2-‘Bu-C,H,),(CHzCMezPh), 
(2b) 

Mo(N-2-‘Bu-C,H,),(CHzCMe& 
(2i) 

MdN-2-Ph-C,H,),(CHrCMe,), 
Qi) 

MdN-l-adamantyl),(CHzCMezPh), 
(2k) 

thf 

thf 

ether 

thf 

ether 

thf 

thf 

ether 

ether 

ether 

45 

44 

82 

68 

66 

66 

99 

98 

87 

71 

82 

The third step in the synthesis of the “universal 
precursor“ (3, eqn. (3), Table 3; OTf = O,SCF,) in- 
volves the addition of triflic acid to 2. This step can be 

problematic, although problems usually can be traced 

2 + 3 TfOH = 

Mo(NR)(CHR’)(OTf),(DME) + [RNH,][OTf] 

(3) 

+ R’CH, (3) 

to the use of impure triflic acid or dimethoxyethane. 
a-Hydrogen abstraction proceeds cleanly in all cases 
except in the attempted synthesis of Mo(N-4-CN-2,6- 
‘Pr,-C,H,)-(CHR’XOTf),(DME). In this case cz-hy- 
drogen abstraction proceeds very slowly in DME and 
the products are unstable. In acetonitrile a-hydrogen 
abstraction is fast, but the product is stable only in 
acetonitrile and therefore cannot be isolated. It should 
be noted that other alkyl ligands can undergo (Y- 
hydrogen abstraction. For example, we have found 
that a-hydrogen abstraction in Mo(N-2,6- ‘Pr,- 
C,Hs),(CH,Ph), proceeds cleanly to yield the corre- 
sponding benzylidene complex [3]. 

In general, two isomers of complexes of type 3 are 
found in solution. The major isomer is a symmetric 
species that contains a syn alkylidene ligand as shown 
in Fig. l(a); an example of a complex with this struc- 
ture has been characterized crystallographically [l]. 
The minor isomer has no plane of symmetry. Since the 
alkylidene and imido ligands are most likely cis to one 
another, the triflate ligands must be cis. Spectroscopic 

TABLE 3 

Yields and selected NMR data for complexes of type 3 

Compound Yield 

(%I 
6H, 
(ppm) a 

6C, 
(ppm) a 

l&t 
0-w 

Mo(N-4-Br-2,6-iPr2-C6H2XCHCMe2PhXOTf)2(DME) 

(3a) 
MdN-2,6-Me,-C6H,XCHCMe,XOTf),(DME) 

(3b) 
MdN-2,6-Me,-C,H,XCHCMe,PhXOTf),fDME) 

(3c) 
MdN-3,5-Me,-C,HsXCHCMe,PhXOTf),(DME) 

(3d) 
MdN-2-‘Pr-C,H,XCHCMe,PhXOTf),(DME) 

(3e) 
MdN-2-CF&H,XCHCMe,PhXOTf),(DME) 

(3f) 
MofN-2-‘Bu-C,H,XCHCMerPhXOTf),(DME) 

(3g) 
MdN-2-‘Bu-CgH,XCHCMe,XOTf),(DME) 

(3h) 
MdN-2-Ph-C,H,XCHCMe,XOTf),(DME) 

f3i) 
MdN-l-adamantylXCHCMe2PhXOTf),(DME) 

(3j) 

(major, 85%) 
(minor) 

(major, 97%) 
(minor) 
(major, 94%) 
(minor) 
(major, 80%) 
(minor) 
(major, 63%) 
(minor) 
(major, 85%) 
(minor) 
(major, 55%) 
fminor) 
(major, 67%) 
(minor) 

70 
82 

70 
74 

74 

60 

71 

67 

72 

67 

14.31 
14.07 b 
14.80 b 

14.23 

13.80 
14.96 
14.14 
15.08 
14.05 
15.17 
14.10 b 
14.82 b 
13.99 b 

14.76 b 
13.99 = 
14.66 c 
14.72 b 
13.87 b 

328.5 122 

330.2 b 118 

326.2 122 

323.6 126 

326.1 

325.9 
334.4 
325.2 b 
332.3 b 
328.8 b 

328.9 = 
337.8 c 
321.4 b 128 
318.9 b 121 

a In C,D, unless otherwise noted. b In CD,Cl,. ’ In CDCl,. 
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data (‘H, 13C and 19F NMR) indicate that the methy- taining the neophylidene ligand, the neophylidene 
lene groups in the DME ligand are inequivalent, the methyl groups are inequivalent. Therefore, we con- 
triflate ligands are inequivalent, and in complexes con- clude that the geometry is one of the two structures 

TABLE 4. Yields and selected NMR data (C,D, unless noted) for complexes of type 4 

Compound 

MdN-2,6-iPr&,H,XCHCMe,PhXOCEt,)2 
(4a) 

MdN-2,6-‘Pr,-C,H,XCHCMe,PhXO-1-adamantyl), 
(4b) 

MdN-2,6-‘Pr*-C,H,XCHCMe,PhXOCMe,(CMe,)], 
(4c) 

Mo(N-2,6-‘Pr&H,XCHCMe,PhXOCHMe,), 
(4d) 

MdN-2,6-‘Pr,-C,H,XCHCMe,PhXOCMe,), 
Gel [II 

MdN-2,6-‘Pr,-C,H,XCHCMe,Ph)[OCMe,(CF,)], 
(4f) 

MdN-2,6-‘Pr&,H,XCHCMe,PhXOCMe(CF3),l, 
w [31 

MdN-2,6-iPr,-C,H,XCHCMe,PhXOC(CF3)3]2), 
(4h) 

Mo(N-2,6-‘Pr&H,XCHCMe,PhXOC(CF,),CF,C]~ 
(4) 

Mo(N-4-Br-2,6- ‘Pr,-C,H2XCHCMe,PhXOCMe(CF,),l, 
w 

MdN-2,6-Me,-C,H3XCHCMe,XOCMe3), 
(Sk) 

MdN-2,6-Me*-C6H3XCHCMe2Ph)[OCMe(CF,)12 
(41) 

MdN-2,6-Me&H,XCHCMe,XO-2,6-‘Pr,-C,H,), 
(4m) 

MdN-2,6-Me,-C,H,XCHCMe,Ph)[OCMe,(CF,),], 
(4n) 

MdN-2,6-Me&H,XCHCMe,PhXOC(CF3),CF,CF,CF,]2 
(40) 

Mo(N-3,5-Me,-C,H,XCHCMe,PhXOCMe(CF,),l, 
(4P) 

Mo(N-2-‘Pr,-C,H,XCHCMe,PhXOCMe(CF3)212 

(4q) 
Mo(N-2-CF,-C,H,XCHCMe,Ph)[OCMe(CF,),l, 

(4r) 
MdN-2-‘Bu-C,H,XCHCMe,PhXOCMe,), 

(4s) 
MdN-2-‘Bu-C,H4XCHCMe3XOCMe3)2 

(4t) 
MdN-2-‘Bu-C,H,XCHCMe,PhXO-l-adamantyl), 

(4u) 
MdN-2-‘Bu-C,H,XCHCMe3XO-2,6-iPr2-CSH3)2 

(4v) 
MdN-2-‘Bu-C,H,XCHCMe,PhXOCMe(CF,)2], 

(4w) 
MdN-2-‘Bu-C,H,XCHCMesXOCMe(CF,),l, 

(4x1 
Mo(N-2-Ph-C,H,XCHCMe,XOCMe(CF3),12 

(4Y) 

Mo(N-1-adamantylXCHCMe,Ph)[OCMe(CF3)212 
(42) 

Yield 8(‘H,) WC,) ‘JcIi 
(%I ppm ppm (Hz) 

oil 

75 

65 

73 

11.17 

11.33 

11.29 

261.8 119 

262.2 119 

236.4 119 

11.24 

11.34 119 

53 11.68 273.9 120 

12.12 284.9 120 

78 12.87 a 298.6 122 

68 12.92 299.6 122 

60 

27 b 

12.01 a 284.9 121 

11.31 266.3 115 

68 c 11.72 274.6 

26 11.43 277.9 116 

30 12.18 289.5 

60 12.86 299.2 123 

oil 11.91 

78 11.96 283.4 121 

74 11.93 284.7 

oil 11.05 

oil 10.98 262.7 113 

40 11.06 259.4 

oil 11.52 

77 11.79 281.5 

73 11.71 284.3 118 

63 11.81 ’ 

65 11.84 d 
13.10 e 

287.0 ’ 117 c 

278.3 ’ 120 f 

a Value is reported in toluene-d,. b The high solubility of 4k limits the yield of isolated crystalline product. ’ Value reported in CDCl,. d Major 
@I%, syn). e Minor (lo%, anti). ’ Value is reported in CD&I,. 
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TfO : 
\I1 

TfO : 

TfO >!!I = CHR’ 
I \,A 

‘0 
\) 

L 1 ‘OTf 

9 

TfO : 

(a) 

Fig. 1. (a) Major isomer of 3 and (b) the two possible core structures 
of the minor isomer of 3. 

depicted in Fig. l(b). We are less certain about whether 
the minor isomer contains a syn or an anti alkylidene 
rotamer. In four- and and five-coordinate alkylidene 
complexes, the magnitude of JCH can be used to assign 
the syn/anti orientation of the alkylidene relative to 
the imide [26]. However, in six-coordinate species such 
as Mo(CH,XN-2,6-‘Pr,-C,H,)[OCMe(CF,),l,(bipyri- 
dine), J, is the same for each of the methylene 
protons [3]. In polar solvents such as dichloromethane, 
the amount of the minor isomer increases relative to 
the major isomer, as one might expect on the basis of 
the likely higher dipole moment for the minor isomer. 

The final step in the catalyst synthesis involves addi- 
tion of an alkoxide to 3 (eqn. (4)). 

3+2MOR”s 

Mo(NR)(CHR’)(OR”),+ M(OTf) (4) 

(4) 
M=Li, K 
OR” = OCMe,, OCEt,, 0-1-adamantyl, 

OCMe,CF,, OCMe(CF,),, 

OC( CF,),, OC( CF,),CF,CF,CF, or 

0(2,6-‘Pr,-C,H,) 

Complexes that have been synthesized along with 
pertinent NMR data are listed in Table 4. The condi- 
tions for addition of the alkoxide vary little from those 
previously reported except that in some cases the reac- 
tion proceeds in higher yield in tetrahydrofuran than in 
diethyl ether. A crucial requirement for the success of 
this reaction is that 3 be completely free from any 
ammonium salt that was formed during its synthesis. It 
is interesting to note that imido ligands that are consid- 

erably less sterically demanding than 2,6-diisopro- 
pylphenylimido still provide enough steric protection to 
stabilize four-coordinate neopentylidene or neophyli- 
dene complexes. (The stability of analogs that contain 
relatively small alkylidene ligands is likely to be signifi- 
cantly lower.) For example, even complexes that con- 
tain 2-substituted phenylimido ligands can be synthe- 
sized in good yields. In some cases, the products could 
only be obtained as oils (4a, 4s, 4t, and 4v), most 
notably complexes containing OCMe, and OCEt, lig- 
ands. However, analogous adamantoxy complexes are 
crystalline (compare 4s with 4~). Complexes that con- 
tain tert-butyl imido ligands have been synthesized by 
other means but are oils [27]. In contrast, the 
adamantylimido complex (42) is a crystalline species. 
Adamantylimido complexes are expected to offer the 
greatest potential contrast with phenylimido derivatives 
as a result of the electron-donating ability of the 
adamantyl group relative to the phenyl group and the 
roughly spherical shape of the adamantyl group. 

As has been noted previously in complexes of this 
type, the alkylidene proton and carbon chemical shifts 
correlate with the electron-withdrawing ability of the 
alkoxide ligand [ll. This is most obvious in complexes 
that contain the 2,6-diisopropylphenylimido ligand 
(4a-4i; Table 4). (It is unlikely that 4i is actually more 
electron-withdrawing than 4h since a less electronega- 
tive carbon in 4h is replaced by a fluorine in 4i.) It 
should also be noted that ca. 10% of the anti rotamer 
can be observed at room temperature in the case of 42. 
All other initiators exist as predominantly the syn 
rotamer at room temperature. 

Some of the variations reported here, as well as 
others that should be readily preparable by these pro- 
cedures, could help shed light on the mechanism of 
acyclic or cylic olefin metathesis. Some of the factors 
that may be important are the magnitude of the 
anti/syn equilibrium and their rates of interconversion, 
the relative reactivity of anti and syn rotamers, in 
addition to the possibility of more than one mode of 
attack of an olefin on the metal [22]. Future papers will 
be aimed toward the exploration of these issues in 
detail. 

3. Experimental details 

All experiments were performed under a nitrogen 
atmosphere in a Vacuum Atmospheres drybox or by 
standard Schlenk techniques unless otherwise speci- 
fied. Pentane was washed with sulfuric/nitric acid 
(95/5 v/v), sodium bicarbonate, and water, stored over 
calcium chloride, and distilled from sodium benzophe- 
none ketyl under nitrogen. Reagent grade diethyl ether, 
tetrahydrofuran, toluene, benzene, and l,Zdimethoxy- 
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OCH,), 3.50 (s, 3, OMe), 2.48 (s, 6, Me), 1.26 (s, 9, 
CMe,); (minor isomer, 15%, partially assigned) 14.80 
(CH), 4.17 (s, 3, OMe), 4.00 (m, 1, OCH,), 3.67 (s, 3, 
OMe), 3.59 (m, 1, OCH,), 3.32 (m, 1, OCH,), 2.52 (s, 
6, Me), 1.24 (s, 9, CMeJ. 13C NMR (CD&I,): S 
(major isomer only) 330.2 (d, JCH = 118, CH), 141.0, 
132.4, 129.9, 128.9 (C Ar), 119.6 (q, CF,), 74.1 (OCH,), 
70.9 (OCH,), 66.1 (OMe), 62.6 (OMe), 52.5 (CMe,), 
30.5 (CMe,), 19.6 (Me). Anal. Found: C, 34.00; H, 4.18; 
N, 2.24. MoC,,H,O,NF,S, calcd.: C, 33.88; H, 4.34; 
N, 2.08%. 

3.24. Mo(N-2,6-Me&, H3) (CHCMe, Ph)(OSO,CF,),- 

@ME) (3~) 
The light yellow crude product was extracted with 

benzene and the insoluble anilinium salt was removed 
by filtration. The benzene was removed and the solid 
was recrystallized from ether. ‘H NMR (C,D,): 6 
14.23 (s, 1, CH), 7.64 (d, 2, H Ar), 6.98 (t, 2, H Ar), 
6.68 and 6.66 (m, 2, H Ar), 6.58 (d, 2, H Ar), 3.84 6, 3, 
OMe), 3.34 (m, 2, OCH,), 2.92 (m, 2, OCH,), 2.69 (s, 
3, OMe), 2.35 (s, 6, Me), 1.74 (s, 6, CMezPh). 13C 
NMR (C,D,): 6 326.2 (d, JCH = 122, CH), 153.9, 148.3, 
140.8, 129.3, 128.3, 127.0, 126.6 (C Ar), 120.0 (q, CF,), 
73.2 (OCH,), 69.9 (OCH,), 65.4 (OMe), 61.4 (OMe), 
58.3 (CMe,Ph), 30.3 (CMe,Ph), 19.5 (Me). Anal. 
Found: C, 39.42; H, 4.18; N, 1.92. MoC,,H,N, calcd.: 
C, 39.19; H, 4.25; N, 1.90%. 

3.25. Mo(N-3,5-Me&, H,)(CHCMe, Ph)(OSO,CF&- 
@M-E) 0d) 

The light yellow crude product was extracted with 
benzene and the insoluble anilinium salt was removed 
by filtration. The benzene was removed and the solid 
was recrystallized from ether. ‘H NMR (C,DJ: 6 
13.80 (s, 1, CH), 7.75 (s, 2, H Ar), 7.44 (d, 2, H Ar), 
7.19 (dd, 2, H Ar), 6.99 (t, 1, H AI-), 6.54 (s, 1, H Ar), 
3.26 (br s, 2, OCH,), 3.10 (br s, 3, OMe), 3.08 (br s, 3, 
OMe), 2.84 (br s, 2, OCH,), 1.97 (s, 6, Me), 1.90 (s, 6, 
Me); (minor isomer, 3%) 14.96 (br s, 1, CH). 13C NMR 
(C,D,): 6 323.6 (d, Jcn = 126, CH), 155.6, 149.1, 139.1, 
132.5, 128.7, 126.7, 126.7, 126.5 (C Ar), 120.2 (q, CF,), 
73.5 (t, OCH,), 69.6 (t, OCH,), 63.2 (q, OMe), 62.0 (4, 
OMe), 58.8 (s, CMe,Ph), 30.7 (q, CMe,Ph), 20.9 (q, 
Me). 

3.26. Mo(N-2- ‘Pr-C, H,)(CHCMe, Ph)(OSO,CF,),- 
(DME) (3e) 

When 4.77 mm01 of Mo(N-2-‘Pr-C,H&CH,CMe,- 
Ph),) was employed, about 30 ml of toluene was added 
to extract the product away from the anilinium salt; 
this mixture was stirred overnight and then was cooled 
prior to filtration through Celite. The salts were washed 
with excess toluene until all color was removed. 

Toluene was removed from the filtrate in uucuo. A 
small amount of ether (10 ml) was added to the brown- 
ish solids to extract soluble impurities. After 10 min- 
utes the mixture was filtered and the solids washed 
with small quantities of ether until bright yellow. ‘H 
NMR (C,D,): S (major isomer, 94%) 14.14 (s, 1, CH), 
7.99 (d, 1, H Ar), 7.53 (d, 2, H Ar), 7.16 (dd, 2, H Ar), 
6.92 (m, 2, H Ar), 6.80 (m, 2, H AI-), 3.76 (sept, 1, 
CHMe,), 3.46 (s, 3, OMe), 3.26 (m, 2, OCH,), 2.88 
(m, 2, OCH,), 2.86 (s, 3, OMe), 1.87 (s, 6, CMe,Ph), 
1.24 (d, 6, CHMe,); 6 (minor isomer, 6%, partially 
assigned) 15.08 (s, 1, CH), 7.38 (d, H Ar), 7.06 (m, H 
Ar), 3.22 (s, 3, OMe), 3.10 (m, 1, OCHJ, 2.99 (s, 3, 
OMe). 13C (C,D,): 6 326.1 (CH), 153.1, 149.1, 148.9, 
131.1, 130.5, 128.7, 126.9, 126.7, 126.7, 126.2 (C Ar), 
120.1 (q, CF,), 73.4 (OCH,), 69.7 (OCH,), 64.2 (OMe), 
61.8 (OMe), 58.8 (CMe,Ph), 30.9 (CMe,Ph), 28.6 
(CHMe,), 23.7 (CHMe,). Anal. Found: C, 40.13; H, 
4.33; N, 1.49. MoC,,H,,F,NO,S, calcd.: C, 40.06; H, 
4.44; N, 1.87%. 

3.27. Mo(N-2-CF,-C,H,)(CHCMe,Ph)(OSO,CF,),- 
@ME) C3fl 

When 3.10 mmol of Mo(N-2-CF,-C,H,),Cl,(DME) 
was employed, about 30 ml benzene was added to the 
crude product and allowed to stir overnight. The 
anilinium triflate was removed by filtration, then sol- 
vent was removed from the filtrate in uucuo. The solids 
were recrystallized from diethyl ether. ‘H NMR 
(C,D,): 6 (major isomer, 80%) 14.05 (s, 1, CH), 7.93 
(d, 1, H Ar), 7.60 (d, 2, H Ar), 7.03 (dd, 2, H Ar), 6.99 
(d, 1, H Ar), 6.76 (dd, 1, H Ar), 6.74 (dd, 1, H Ar), 3.48 
(br, 3, OMe), 3.22 (br, 2, OCH,), 2.84 (br, 2, OCH,), 
2.81 (br, 3, OMe), 1.79 (s, 6, CMe,Ph); S (minor 
isomer, 20%) 15.17 (s, 1, CH), 8.25 (d, 1, H Ar), 7.39 
(d, 2, H Ar), 7.05 (dd, 1, H Ar), 7.04 (dd, 2, H Ar), 6.87 
(dd, 1, H Ar), 6.84 (dd, 1, H Ar), 3.15 (m, 2, OCHJ, 
3.04 (s, 3, OMe), 2.98 (s, 3, OMe), 2.90 (m, 1, OCH,), 
2.52 (m, 1, OCH,), 1.94 (s, 3, CMe,Ph), 1.53 (s, 3, 
CMe,Ph). 13C (C,D,): S (major isomer) 325.9 (CH), 
150.6, 148.3, 133.5, 132.6, 129.1, 128.6, 127.4, 126.7, 
125.8, 125.6 (C Ar), 122.9 (q, CF, NAr), 120.1 (q, CF,), 
73.7 (OCH,), 69.8 (OCH,), 64.8 (OMe), 62.0 (OMe), 
59.3 (CMe,Ph), 30.6 (CMe,Ph); (minor isomer) 334.4 
(CH), 151.1, 146.0, 133.4, 132.6, 129.0, 128.8, 126.9, 
126.8, 126.0, 124.6 (C Ar), 123.5 (q, CF, NAr), 120.3 (q, 
CF,), the other triflate could not be located, 76.9, 76.1, 
70.0, 61.2 (DME resonances), 59.6 (CMe,Ph), 30.0 
(CMe,Ph), 28.6 (CMe,Ph). 19F (C,D,): (major isomer) 
- 60.9 (CF3 NAr), - 76.9 (CF,); (minor isomer) - 59.5 
(CF, NAr), -76.9 (CF,), -77.7 (CF,). Anal. Found: 
C, 35.79; H, 3.47; N, 1.52. MoC2,H,,F9N0,S, calcd.: 
C, 35.62; H, 3.38; N, 1.81%. 
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3.28. Mo(N-2- ‘Bu-C, H4) (CHCMe, Ph) (OSO,CF,), 
@M-E) (3g) 

71.1 (OCH,), 66.0 (OMe), 62.4 (OMe), 36.1 (CMe,), 
31.0 (CHCMe,), 30.6 (CMe,). 

When 5.33 mmol of Mo(N-2-‘Bu-C,H,),(CH,C- 
Me,Ph), was employed, about 40 ml of toluene was 
added to extract the product away from the anilinium 
salt; this mixture stirred briefly, then was cooled prior 
to filtration through Celite. The salts were washed with 
copious amounts of toluene until the remaining solids 
were white. Toluene was removed from the filtrate in 
vucuo. A small amount of diethyl ether (20 ml) was 
added to the brownish solids to extract soluble impuri- 
ties. After 15 min the mixture was filtered and the 
solids washed with small quantities of diethyl ether 
until bright yellow: ‘H NMR (C,D,): 6 (major isomer, 
90%) 14.24 (s, 1, CH), 8.24 (d, 1, H Ar), 7.56 (d, 2, H 
Ar), 7.21 (dd, 2, H Ar), 7.05-6.96 (m, 3, H Ar), 6.80 (t, 
1, H Ar), 3.59 (s, 3, OMe), 3.19 (s, 2, OCH,), 2.84 (s, 2, 
OCH,), 2.74 (s, 3, OMe), 1.94 (s, 6, CMe,Ph), 1.44 (s, 
9, CMe,); 6 (minor isomer, lo%, partially assigned) 
15.18 (s, 1, CH), 7.40 (d, 2, H Ar), 2.94 (s, 3, OMe), 
2.08 (s, 3, CMe,Ph), 1.52 (s, 3, CMe,Ph), 1.50 (s, 9, 
CMe,); (CD&l,): 6 (major isomer, 63%) 14.10 (s, 1, 
CH), 7.89 (d, 1, H Ar), 7.53-7.03 (H Ar for both 
isomers), 4.19 (s, 3, OMe), 4.17 (m, 2, OCH,), 3.88 (m, 
2, OCH,), 3.46 (s, 3, OMe), 1.77 (s, 6, CMe,Ph), 1.48 
(s, 9, CMe,); 6 (minor isomer, 37%, partially assigned) 
14.82 (s, 1, CH), 7.53-7.03 (H Ar for both isomers), 
4.06 (m, 2, OCH,), 3.63 (s, 3, OMe), 3.58 (m, 1, 
OCH,), 3.56 (m, 1, OCH,), 3.51 (s, 3, OMe), 2.04 (s, 3, 
CHCMe,Ph), 1.51 (s, 12, CMe,Ph and CMe,). 13C 
(CD,Cl,): 6 (major isomer) 325.2 (CH), 153.7, 148.8, 
147.9, 135.2, 130.6, 128.5, 127.5-126.6 (C Ar), 119.6 (q, 
CF,), 74.2 (OCH,), 70.9 (OCH,), 66.0 (OMe), 62.7 
(OMe), 59.2 (CMe,Ph), 36.1 (CMe,), 30.8 (CMe,Ph), 
30.7 (CMe,); (minor isomer) 332.3 (CH), 153.5, 148.5, 
146.5, 134.8, 130.3, 129.1, 127.5-126.6 (C Ar), 77.6, 
75.8, 70.6, 61.3 (DME), 58.7 (CMe,Ph), 30.8 (CMe,), 
30.5 (CMe,Ph), 28.8 (CMe,Ph). 

3.30. Mo(N-2-Ph-C,H,)(CHCMe,)(OSO,CF&DME) 
(3i) 

The product was extracted with benzene and the 
anilinium triflate was removed by filtration. The ben- 
zene was removed under vacuum and the pale yellow 
product washed with cold DME followed by diethyl 
ether. ‘H NMR (CDCl,): 6 (major isomer, 55%) 13.99 
(s, 1, CH), 8.14-8.03 (m, 2, H Ar), 7.64 (d, 1, H Ar), 
7.52-7.30 (m, 6, H Ar), 3.88 (s, 3, OMe), 3.43 (s, 3, 
OMe), 3.08 (m, 2, OCH,), 2.80 (m, 2, OCH,), 1.37 (s, 
9, CMe,); S (minor isomer, 45%) 14.66 (s, 1, CH), 
8.14-8.03 (m, 2, H Ar), 7.62 (d, 1, H Ar), 7.52-7.30 (m, 
6, H Ar), 3.77 (m, 2, OCH,), 3.64 (m, 2, OCH,), 3.55 
(s, 3, OMe), 3.40 (s, 3, OMe), 1.39 (s, 9, CMe,). 13C 
NMR: (CDCl,) (for major and minor isomer) 337.8 
(CH minor), 328.9 (CH major), 152.7, 152.6, 138.8, 
138.7, 138.4, 137.1, 133.6, 132.3, 130.5, 130.3, 130.0, 
129.7, 129.6, 129.1, 129.0, 128.5, 128.3, 128.1, 127.7, 
127.4 (C Ar), 119.1 (q, CF, major), 119.3 (q, CF, 
minor), 71.8, 70.1, 65.8, 61.2, 58.9 (DME), 53.2 (CMe, 
minor), 52.6 (CMe, major), 30.9 (CMe, major and 
minor). 

3.31. Mo(N-I-adamantyl)(CHCMe,Ph)(OSO,CF,),- 
@ME) (3j) 

3.29. Mo(N-2- ‘Bu-C, H,)(CHCMe,)(OS0,CF3)2(DME) 
(3h) 

The product was extracted away from the anilinium 
triflate with benzene. The benzene was removed in 
vacua and the product was recrystallized from 
dichloromethane. ‘H NMR (CD&I,): 6 (major isomer, 
85%) 13.99 (s, 1, CH), 7.92 (d, 1, H Ar), 7.45 (d, 1, H 
Ar), 7.31 (m, 2, H Ar), 4.27 (s, 3, OMe), 4.15 (br s, 2, 
OCH,), 3.85 (br s, 2, OCH,), 3.44 (s, 3, OMe), 1.48 (s, 
9, CMe,), 1.29 (s, 9, CMe,); (minor isomer, 15%, 
partially assigned) 14.76 (s, 1, CH), 1.46 (s, 9, CMe,), 
1.28 (s, 9, CMe,). 13C NMR (C,D,): 6 (major isomer 
only) 328.8 (d, Ja = 117, CH), 153.9, 147.9, 134.9, 
130.1, 127.1, 126.4 (C Ar), 119.7 (q, CF,), 74.2 (OCH,), 

The product was extracted with benzene and the 
ammonium triflate was removed by filtration. The ben- 
zene was removed in vacua and the dark solid washed 
with cold ether to afford a white solid. ‘H NMR 
(CD&I,): 6 (major isomer, 67%) 14.72 (s, 1, CH), 7.43 
(d, 2, H Ar), 7.35 (dd, 2, H Ar), 7.18 (t, 1, H Ar), 3.48 
(s, 4, OCH,), 3.33 (s, 6, OMe), 2.23 (s, 3, CMe,Ph), 
2.20 (br m, 6, CH,), 1.71 (br t, 6, CH,), 1.61 (br t, 3, 
CH), 1.51 (s, 3, CMe,Ph); (minor isomer, 33%) 13.87 
(s, 1, CH), 7.43 (d, 2, H Ar), 7.31 (dd, 2, H Ar), 7.20 (t, 
1, H Ar), 4.18 (m, 1, OCH,), 4.02 (m, 2, OCH,), 3.84 
(s, 3, OMe), 3.70 (m, 1, OCH,), 3.64 (s, 3, OMe), 2.31 
(br m, 3, CH), 2.28 (br m, 6, CH,), 2.09 (br d, 6, CH,), 
1.78 (s, 6, CMe,Ph). 13C NMR (CD&l,): 6 (major 
isomer) 327.4 (d, .I, = 128, CH), 129.0, 127.0, 126.6 (C 
Ar), 119.6 (q, CF,), 72.3 (OCH,), 70.4 (OCH,), 61.4 
(OMe), 59.0 (OMe), 43.7 (CH,), 35.9 (CH,), 31.3 (CH), 
29.8 (CMe,Ph), 29.7 (CMe,Ph); (minor isomer) 318.9 
(d, JcH = 121, CHCMe,Ph), 128.8, 127.0, 126.7 (C Ar), 
120.1 (q, CF,), 79.1 (OCH,), 63.8 (OMe), 42.9 (CH,), 
35.7 (CH,), 30.3 (CH), 29.8 (CMe,Ph). Anal. Found: 
C, 40.73; H, 4.92; N, 1.77. MoC,,H,,F,NO,S, calcd.: 
C, 40.79; H, 4.87; N, 1.83%. 

3.32. Mo(N-2,6-‘Pr,-C,H,)(CHCMe,Ph)(OCEt,), (4) 
‘H NMR (C,D,): 6 11.17 (s, 1, CH), 7.40 (d, 2, H 

Ar), 7.16 (dd, 2, H Ar), 7.05 (m, 3, H Ar), 7.05 (t, 1, H 







J.H. Oskam et al. / Ligand variation in alkylidenemolybdenum complexes 197 

3.52. Mo(N-~-*Bu-C,H,)(CHCM~,P~)[OCM~(CF,),~, 

(4w) 
lH NMR (C,D,): S 11.79 (s, 1, CH), 7.40 (d, 1, H 

Ar), 7.20 (d, 2, H Ax-), 7.12 (d, 1, H Ar), 7.11 (dd, 2, H 
Ar), 7.00-6.82 (m, 3, H Ar), 1.56 (s, 6, CMe,Ph), 1.36 
(s, 9, CMe,), 1.19 (d, 6, OCMe(CF&). 13C NMR 
(C,D,): 6 281.5 (CH), 156.6, 148.0, 146.0, 133.6, 129.0, 
128.6, 126.9, 126.7, 126.5, 126.0 (C Ar), 124.3 (q, CF,), 
124.1 (9, CF,), 81.4 (sept, OCMe(CF,),), 55.6 
(CMe,Ph), 35.7 (CMe,), 30.8 (CMe,Ph), 30.2 ((Me,), 
18.8 (OCMe(CF,),). Anal. Found: C, 45.40; I-I, 4.39; N, 
1.77. MoC,,H,,F,,NO, calcd.: C, 45.60; I-I, 4.24; N, 
1.90%. 

3.53. Mo(N-2- ‘Bu-C, H,)(CHCMe,)(OCMe(CF,),l, 

(4x) 
‘H NMR (C,D,): 6 11.71 (s, 1, CH), 7.46 (d, 1, I-I 

Ar), 7.10 (d, 1, H Ar), 6.91 (dd, 1, H Ar), 6.85 (dd, 1, H 
or), 1.35 (s, 15, OCMe(CF,), and CMe,), 1.08 (s, 9, 
CMe,). 13C NMR (C,D,): 6 284.3 (d, JCH = 118.3, 
CH), 156.6, 145.9, 133.6, 128.9, 126.9, 126.5 (C Ar), 
124.0 (4, CF,), 124.0 (q, CF,), 81.1 (sept, OCMe(CF,),), 
49.6 (CMe,), 35.6 (CMe,), 31.5 (&We,), 30.2 (CM?,), 
18.9 (OCMe(CF,),). 19F (C,D,): 6 -77.9 (9, CF,), 
- 78.1 (q, CF,). Anal. Found: C, 40.81; I-I, 4.23; N, 
2.16. MoC,,H~~F~~NO~ calcd.: C, 40.96; H, 4.18; N, 
2.08%. 

3.54. Mo(N-2-Ph-C,H,)(CHCMe,)[OCMe(CF,),l, (4~) 
‘H NMR (C,D,): 6 11.83 (s, 1, CH), 7.39 (d, 1, H 

Ar), 7.35 (d, 2, H Ar), 7.21 (t, 2, H Ar), 7.11-7.01 (m, 2, 
H Ar), 6.94-6.83 (m, 2, H Ar), 1.21 (s, 6,OCMe(CF,),), 
0.88 (s, 9, CMe,); (CDCl,) S 11.81 (s, 1, CH), 7.50-7.27 
(m, 9, H Ar), 1.35 (s, 6, OCMe(CF,),), 0.97 (s, 9, 
CMe,). 13C NMR (CDCl,): S 287.0 (d, JCH = 117.3, 
CH), 154.6, 138.7, 137.8, 130.5, 129.4, 129.2, 128.4, 
128.2, 127.9, 127.7 (C Ar), 123.3 (q, CF,), 123.2 (q, 
CF,), 80.5 (sept, OCMe(CF,),), 48.1 (CMe,), 31.3 
(CMe,), 18.8 (OCMe(CF,),). 

3.55. Mo(N-I-adamantyl)(CHCMe, Ph)(OCMe(CF,),l, 
(42) 

The reaction was carried out in THF. ‘H NMR 
(C,D,): S (major isomer, 90%) 11.84 (s, 1, CH), 7.28 
(d, 2, H Ar), 7.16 (dd, 2, H Ar), 7.02 (t, 1, H Ar), 1.91 
(br d, 6, CH,), 1.79 (br, 6, CH), 1.61 (s, 6, CMe,Ph), 
1.34 (br t, 6, CH,), 1.20 (s, 6, OCMe(CF,),); (minor 
isomer, lo%, partially assigned) 13.10 (s, 1, CH), 7.43 
(d, 2, H,), 7.20 (dd, 2, H Ar), 7.06 (t, 1, H Ar), 2.00 (br 
d, 6, CH,), 1.84 (s, 6, CMe,Ph). 13C NMR (CD&l,): 6 
(major isomer, 90%) 278.3 (d, JCH = 120, CH), 149.0, 
128.6, 126.5, 126.4 (C Ar), 124.1 (q, CF,), 124.0 (q, 
CF,), 78.4 (NC), 51.2 (CMe,Ph), 44.5 (CH,), 35.7 

(CH,), 31.3 (CH), 29.9 (CMe,Ph), 19.2 (OCMe(CF,),); 
(minor isomer, lo%, partially assigned) 74.3 (NC), 43.6 
(CH,), 29.7, 27.9, 20.1 (OCMe(CF,),). Anal. Found: C, 
45.63; H, 4.71; N, 1.61. MoC,,H,,F,,NO, calcd.: C, 
45.48; H, 4.50; N, 1.89%. 
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