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Ab!StGXt 

2-Methylaziridine HNWHCH, reacts with alkyl- and aryl-(alkoxy)carbene 
complexes of chromium and tungsten to give alkyl- and aryl-aziridinocarbene 
complexes. The latter undergo a thermal transformation to give olefins and alkyl- or 
aryl-nitrilechromium pentacarbonyl complexes, e.g. (CO), CrNe-o-tolyl (which has 
been characterized by X-ray crystallography). 2-Phenylaziridine HNmHPh in 
turn reacts with the carbene complexes to give directly styrene and the acetiminoes- 
ter complexes (CO),WHN=C(CH,)OCH,CH, and (CO),CrHN=C(CH,)OCH,- 
CH,. The latter gives, upon hydrolysis (CO),CrNH,. The structures of 
(CO),WHN=C(CH,)OCH,CH, and (CO),CrNH, have been determined by X-ray 
diffraction. The mechanisms of the two reactions are discussed. 

Introduction 

During investigations directed toward the use of aziridine substituted carbene 
complexes as starting materials in organic synthesis [1,2] we prepared a series of 
such complexes by use of the general method established by Fischer [3], and 
outlined in Scheme 1, for the preparation of aminocarbene complexes. 
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Scheme 1. 

We describe below a study aimed at extending the scope of this reaction and 
report the unusual behaviour of 2-phenylaziridine in this type of substitution 
reaction. 

Results and discussion 

We have previously described the synthesis of the aziridinocarbene complexes of 
chromium 2 and 4 and, in a preliminary communication [4], their thermal transfor- 
mation into nitrile complexes 5 and 6 and propene. The more crowded o- 
tolyl(ethoxy)carbene complex 7, showed similar behaviour; thus the reaction of 7 
with a slight excess of 2-methylaziridine gave the new complex 8 as a 35/65 mixture 
of the E and 2 isomers. This is evident from the 13C NMR spectrum, which shows 
two signals from the carbene carbon at 271.9 and 273.2 ppm, and also from the ‘H 
NMR spectrum, in which the signals from the methyl of the aziridine appear at 1.75 
and 1.07 ppm, respectively, as two doublets, and those from the methyl groups on 
the aromatic ring at 2.10 and 2.07 ppm. 

When a solution of complex 8 in cyclohexane was refluxed for 3 h, a new 
complex was obtained as pale yellow needles, m-p. 120°C, in 18% yield. The mass 
spectrum (M+, m/z = 309) and the elemental analysis were consistent with species 
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Fig. 1. ORTEP view and labelling scheme of complex 9. 

9, a chromium pentacarbonyl complex of o-tolunitrile. The ‘H NMR spectrum 
confirmed the absence of the methyl group (Y to nitrogen and the presence of the 
o&o-methyl group, signals appearing at 6.73 and 6.45 ppm (4H) and at 1.76 ppm 
(3H). The structure of 9 was confirmed by comparison with a sample obtained 

Table 1 

Interatomic distances (A) and bond angles ( “) for complex 9 

Bond lengths (A) 

Cr-C(1) 

Cr-C(3) 

Cr-C(la) 

c(l)-O(1) 

c(3)-o(3) 

cY4)-CJ9) 

c(5HX6) 

c(6kc(7) 

‘V-c(9) 

Bond angles ( “) 

C(l)-Cr-C(2) 

C(2)-Cr-C(3) 

C(2)-Cr-N(1) 

C(l)-Cr-C(la) 

C(3)-Cr-C(la) 

C(l)-Cr-C(3a) 

CJ3)-Cr-C(3a) 

C(la)-Cr-C(3a) 

Cr-C(2)-O(2) 

c(5)-C(4)-c(9) 

c(9)-c(4)-c(l0) 

c(4)-C(5)-c(l1) 

c(5)-C(6)-c(7) 

c(7)-CX8)-c(9) 

C(4WUO)-N(l) 

1.902(5) Cr-C(2) 

1.913(5) Cr-N(1) 
1.902(5) Cr-C(3a) 
1.136(6) c(2)-O(2) 
1.133(6) c(4)-c(5) 
1.397(9) C(4)-c(10) 
1.370(10) c(5)-CW) 
1.372(10) C(7)-c(8) 
1.368(10) C(lO)-N(1) 

88.9(2) C(l)-Cr-C(3) 
89.2(2) C(l)-Cr-N(1) 

179-O(3) C(3)-Cr-N(1) 
88.7(3) C(2)-Cr-CJla) 

177.9(2) N(l)-Cr-CJla) 

177.9(2) C(2)-Cr-C(3a) 

90.6(3) N(l)-Cr-C(3a) 
90.3(2) Cr-ql)-O(1) 

180.q7) Cr-C(3)-O(3) 
121.3(6) c(5)-C(4)-WO) 
119.7(6) c(4)-C(5)-C(6) 
121.q6) c(6)-q5)-c(ll) 
121.9(7) C(6)-c(7)-C(8) 
120.4(7) C(4)-C(9)-c(8) 
176.q7) Cr-N(l)-C(lO) 

1.842(7) 

2.053(6) 

1.912(5) 

1.150(9) 

1.399(9) 

l&3(10) 

1.508(10) 

1.375(10) 

1.139(9) 

90.3(2) 

90.4(2) 
91.5(2) 

88.9(2) 

90.4(2) 
89.2(2) 

91.5(2) 
176.0(4) 

177.2(4) 

119.q6) 

117.4(6) 

121.6(6) 

120.q6) 

118.9(6) 

176.1(6) 



54 

Table 2 

Atom coordinates ( x 104) and temperature factors (A2 x 10’) for complex 9 

Atom 

%) 

o(l) 

C(2) 

O(2) 

C(3) 

O(3) 

C(4) 

C(5) 

C(6) 

C(7) 

C(8) 

C(9) 

C(l0) 

H(1) 

C(l1) 

X Y 2 ues a 

2500 8815(l) 5853(l) 520) 
729(7) 8281(2) 5788(3) 61(2) 

- 278(5) 7946(l) 5788(3) 860) 
2500 8745(3) 7109(5) 68(2) 
2500 8703( 3) 7893(4) 99(3) 

688(6) 9342(2) 596q3) 63(2) 
- 385(5) 9651(l) 6061(3) loo(2) 
2500 8851(3) 2685(4) 56(2) 
2500 8354(2) 2270(4) 57(2) 
2500 8338(3) 1332(5) 63(3) 
25O(l 8788(3) 811(4) 63(2) 
2500 9274(3) 1228(5) 69(3) 
2500 9312(3) 2162(5) 68(3) 
2500 88&I(3) 3672(5) 66(3) 
2500 8879(2) 4452(4) 63(2) 
2500 7858(3) 2X37(5) 86(3) 

LI Equivalent isotropic U defined as one third of the trace of the orthogonal&d ZJj tensor. 

Table 3 

Crystallographic data for complexes 9, 11 and 13 

Complex 13 11 9 

Empirical formula C,H,NO,W 
Molecular weight 411.0 

Crystal system monoclinic 

Space group P&/n 
a, A 7.966(l) 

b, A 16.861(2) 

c, A 9.552(2) 

A O 96.56(l) 

v, 2 1275 
z 4 

p(Mo-K,), cm-’ 92.71 
p(calcd), g-cm-’ 2.14 
Diffractometer CAD4 

Temperature, o C 20 
Radiation Mo-K, 
Absorption J, scan 
Scan type o/28 

28 range, deg 3-46 
Reflection collected 2240 
Reflections used (I 2 2u( I)) 1571 
R” 0.0210 

RW 0.0240 

Ratio of obs. to param. 8.6 

C,H,NO,Cr C,,H,NO,Cr 
209.1 309.2 

orthorhombic orthorhombic 

Pc2,n Cmca 

6.348(l) 7.505(7) 

10.861(2) 25.375(9) 

11.572(l) 14.599(7) 

798 2780 
4 6 

13.8 8.2 
1.74 1.48 
CAD4 R3m 

20 20 

MO-K,, MO-K, 
no no 

w/28 o/28 

3-50 3-50 
1019 1230 

668 878 
0.0296 0.049 

0.0301 0.054 
5.6 4.2 

= R=,UIIF,I- lF,Il)/clE,l. &={C,(IF,I- lF,l)2/L(lF,l)2}“2. 



photochemically from o-tohmitrile and Cr(CO),, and also by X-ray crystallography. 
The ORTEP view, given in Fig. 1, shows that the nitrile group is bound to the metal 
in the usual end-on manner. .The most important bond lengths and bond angles, 
along with the crystallographic data, are listed in Tables 1-3. 

Since bulky substituents on the carbene carbon had no influence on the course of 
the substitution reaction, we examined the influence of the substituents on the 
aziridine moiety, and especially that of a phenyl group. Thus, when 2-phenylaziri- 
dine [5] was treated with complex 1 in diethyl ether at room temperature there was a 
rapid disappearance of the starting complex accompanied by formation of a new 
yellow complex (m.p. 64O C). The mass spectrum of this complex was consistent 
with a species resulting from addition of an NH group to 1 with loss of styrene. The 
‘H NMR spectrum of the crude reaction mixture showed signals due to the protons 
of the styrene as multiplets at 7.32 ppm, at 6.71 ppm (lH, doublet, J 17.4 and 10.8 
Hz), 5.74 ppm (lH, doublet, J 17.4 Hz), and 5.23 ppm (lH, doublet, J 10.8 Hz). 
The new complex was purified by silica gel chromatography and fully characterized 
spectroscopically_ The most salient features of its ‘H NMR spectrum are the 
absence of signals from the phenyl group and the presence of the signals due to the 

d 

6 - 

C(1) 

Fig. 2. ORTEP view and labelling scheme of complex 11. 
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protons of the starting complex, at 4.16 ppm from the methylene protons of the 
ethoxy group, a singlet at 2.21 ppm from the methyl group on the former carbene 
carbon, and a triplet at 1.46 from the methyl protons of the ethoxy group. There 
was also a signal due to a N-H proton at 6.35 ppm. These data are consistent with 
structure 10. However, attempts to obtain crystals from MeOH/CH,Cl, in order to 
determine the structure by X-ray failed: both the elemental analysis and the X-ray 
structure of the isolated product were inconsistent with structure 10. The ORTEP 
view (Fig. 2) of the isolated complex shows that during the recrystallization 
hydrolysis of the imine took place, to give finally the known ammonia complex 
(CO),CrNH, (11) [6]; the most important bond lengths and bond angles, and the 
crystallographic data are listed in Tables 3-5. 

When the same reaction was carried out on the tungsten complex 12, the ‘H 
NMR spectrum of the crude product mixture revealed again formation, along with 
styrene, of the acetiminoester complex as a 85/15 mixture of two isomers differing 
in orientation about the carbon-nitrogen double bond. The new complex, which 
was isolated as yellow crystals, m.p. 73”C, is much more stable than 10, and could 
be recrystallized from EtOH/CH,Cl 2f The mass spectrum and the elemental 
analysis were consistent with structure 13. 

Fig. 3. ORTEP view and labelling scheme of complex 13. 
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The ‘H NMR spectrum confirmed the acetiminoethyl ester structure, showing 
signals at 6.99 ppm from the proton on nitrogen, at 4.20 ppm from the methylene 
proton of the ethoxy group, at 2.23 ppm from the methyl group on the imine 
carbon, and at 1.47 ppm from the methyl of the ethoxy group. In the 13C NMR 
spectrum, signals due to the tungsten pentacarbonyl group appeared at 203.2 and 
198-3 ppm, and those due to the carbon doubly linked to nitrogen at 175 ppm. 
Structure 13 was unambiguously confirmed by an X-ray diffraction study. The 
ORTEP view, shown in Fig. 3 shows the presence of an acetiminoester function 
bound end-on to tungsten, the W-N bond being 2 with respect to the ethoxy 
group. The important bond lengths and bond angles, and the crystallographic data 
are listed in Tables 3, 6 and 7. 

Discussion 

A common feature to the two reactions described above is the concomittant 
rupture of two carbon-nitrogen single bonds to give an olefin and a nitrene species 
N-R, where R is either H (in the reaction of phenyl~dine with ~oxy~bene 
complexes) or (CO),Cr==CCH, (in the decomposition of aziridino carbene com- 
plexes). 

Relevant to such direct cleavage of C-N bonds is the reaction observed by 
Fischer and coworkers [7] between secondary amines, such as diisopropylamine and 
~-me~yl~~yla~e, and alkoxycarbene complexes of chromium and tungsten; 
instead of the expected aminocarbene complexes bearing a secondary amine on the 
carbene carbon, they obtained aminocarbene complexes bearing a primary amine, as 
a result of the elimination of an isopropyl or a methyl group. In the first case the 
fate of the leaving group was clearly demonstrated by detection of propene during 
the reaction, but this was not the case for the second example, in which a methyl 
group was lost (Scheme 2). 

N-Methylbenzylamine and phenylaziridine are structurally related, and so it 
seems likely that the first step of both reactions is nucleophilic attack of the amine 
on the carbene-carbon. Furthermore, since ring-opening of aziridines by nucleophiles 
is well established 183, it is probable that the second step is an intramolecular 
~ng-ope~g promoted by the nucl~p~~c metal centre {Scheme 3). This latter 
reaction would lead to a chromacyclopentane which, in turn, could rearrange to 
styrene and the acetiminoester complex. 

Acetiminoester complexes such as 10 and 13 had been obtained previously from 
alkoxycarbene complexes and hydroxylamine 191, and so could be identified spectro- 
scopically. 

Since the presence of free styrene was established un~bi~ously by NMR 
spectroscopy, it is unlikely that free radicals, which would induce its polymerization, 
are involved in this rearrangement reaction. 

H 

,OMe ‘N-L 
(CO),Cr=C, HN(-<,t (CO),Cr=C’ + e 

Me ‘Me 
Scheme 2. 
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The direct rearrangement of aziridinocarbene complexes can be compared with 
the electrocyclic rearrangement of amides of the type 14, that is known in organic 
chemistry [lo], and which under thermal excitation gives 2-oxazolines 15. However, 
in the case of the aziridino complex the intermediate five-membered ring 16 still 
contains chromium, and can thus undergo a further, metal mediated, electrocyclic 
rearrangement to give an olefin and a nitrile complex. 

Conclusion 

We had previously established that during alkyne insertion reactions chromium 
aminoearbene complexes underwent an easy carbon-nitrogen bond cleavage reac- 
tion. We have now found that such bond rupture can also be promoted thermally 
when the aminocarbene complexes contain strained cycloamines. We have con- 
firmed the occurrence of this type of C-N bond rupture, which had been observed 
previously by Fischer and his coworkers, during attempts to prepare phenylaziri- 
dinocarbene complexes. 

Experimenti 

All reactions were carried out in oven-dried glassware under nitrogen. Benzene, 
diethyl ether (Et@) and tetrahydrofuran (THF) were distilled from LiAlH,. 
Preparative column chromatography was performed on 70-230 mesh Merck silica 
gel, and preparative (PLC) and thin layer chromatography (TLC) on Merck G60 
silica gel. Light petroleum (PE) was used as eluent. 

NMR spectra were recorded on a JEOL FX-90 spectrometer or on a Bruker WM 
200 spectrometer. IR spectra were recorded with a Beckman 4240 spectrophotome- 
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ter and mass spectra with a Kratos MS 3P. Melting points were determined with a 
Reichert Kiifler block and are uncorrected. 

Pentacarbonyl((ethoxy)~o-tolyl)carbene)chromium(O) (7) 
A solution of o-tolyllithium (140 ml, 2.8 X 10e2 mol) in Et,0 was added at room 

temperature to a suspension of Cr(CO), (6.27 g, 2.8 X lop2 mol) in Et,0 (150 ml). 
After 10 min stirring, the solvent was evaporated under vacuum. After addition of 
water (100 ml) to the residue, and removal of unchanged Cr(CO), by filtration 
triethyloxonium tetrafluoroborate (5.3 g, 2.8 X low2 mol) was added. Extraction 
with PE followed by evaporation of the solvent under vacuum gave complex 7 (6.9 
g, 71%) as red crystals, m.p. 47-48 o C. 

‘H NMR (200 MHz, CDCl,) 7.20, 6.87 (4H, m, ArH), 4.45 (2H, m), 2.14 (3H, s, 
CH,), 1.55 (3H, t, CH,). 13C NMR (50.1 MHz, CDCl,) 357.0 (Ci=C), 224.1, 215.7 
(CO), 151.7, 130.1, 127.5, 125.6 (Ar), 18.2 (CH,), 14.6 (CH,). Anal. Found: C, 
52.63; H, 3.47. C1,H,z06Cr calcd.: C, 52.94; H, 3.52%. Mass spectrum m/z = 340 
(M+)- 

Pentacarbonyl((2-methylaziridino)(o-tolyl)carbene)chrom~um(O) (8) 
To a solution of complex 7 at room temperature (5.3 g, 1.55 x 10m2 mol) in Et,0 

(50 ml) was added 2-methylaziridine (1.7 g, 3 X lo-’ mol). After 12 h the solvent 
was evaporated under vacuum and the residue taken up in benzene and chromato- 
graphed on silica gel. Elution with PE gave complex 8 (3.85 g) as a yellow solid, m.p. 
80°C. ‘H NMR (200 MHz, CDCl,) 7.20 (4H, m, ArH), 3.55, 3.26, 2.88, 2.56 
(N-CH), 2.10, 2.07 (s, CH,), 1.75, 1.07 (d, CH,). Anal. Found: C, 54.83; H, 3.60; 
N, 4.01. C,,H,,O,NCr calcd.: C, 54.7; H, 3.70; N, 3.99%. Mass spectrum m/z = 351 
(M+)- 

Thermal decomposition: Pentacarbonyl(o-tolunitrile)chromium(O) (9) 
A solution of complex 8 (1.1 g) in cyclohexane (50 ml) was refluxed for 3 h. After 

evaporation of most of the solvent under vacuum the residue was chromatographed 
on silica gel. Elution with PE/CH,Cl, (95/5) gave complex 9 (0.18 g, 18%) as 
yellow crystals, m.p. 120 o C. ‘H NMR (200 MHz, C,D,) 6.73, 6.45 (4H, m, Ar), 1.76 
(3H, s, CH,). 13C NMR (50.1 MHz, CDCl,) 219.3, 214.3 (CO), 142.7, 133.6, 132.3, 
130.5, 126.5 (Ar), 111.6 (GN), 20.3 (CH,). Anal. Found: C, 50.54; H, 2.21; N, 
4.49. C,,H,O,NCr calcd.: C, 50.48; H, 2.26; N, 4.53%. Mass spectrum m/z = 309 

CM+). 

Pentacarbonyl(acetiminoethy1 ester)chromium(O) (IO) 
A solution of 2-phenylaziridine (1.35 g, 1.13 x 10m2 mol) in Et,0 (10 ml) was 

added at room temperature to one of complex 1 (2 g, 0.75 x 10e2 mol) in Et ,O (100 
mI). Reaction was immediate. After evaporation of the solvent under vacuum the 
residue was taken up in a small amount of benzene and chromatographed on silica 
gel. Elution with PE/CH,Cl, (95/5) gave complex 10 as yellow crystals (0.90 g, 
42%), which were recrystallized from hexane/methylene chloride, m.p. 64” C. IR 
(CHCI,): 1935, 1980 cm- . ’ ‘H NMR (200 MHz, CDCl,) 6.34 (lH, s, NH), 4.17 
(2H, q, J 6.34 Hz, OCH,CH,), 2.21 (3H, s, CH,), 1.45 (3H, t, J 6.34 Hz, 
OCH,CH,). 13C NMR (50.1 MHz, CDCl,) 222.08, 215.5 (CO), 175.8 (HN=C), 66.3 
(OCH,), 21.24 (CH,), 14.56 (OCH,CHs). Anal. Found: C, 38.6; H, 3.25; N, 5.06. 
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Table 4 

Interatomic distances (A) and bond angles ( “) for complex II 

CM)-C(f) 1.916(5) 

Cr(l)-C(2) 1.888(6) 

Cr(l)-c(3) 1.94(l) 

Cr(l)-C(4) 1.81(l) 

Cr(l)-C(5) 1.90(l) 
Cr(l)-N(1) 2.20(l) 

C(2)-c%(l)-C(1) 177.6(4) 

C(3)-Cr(l)-C(2) 89.6(5) 

C(4)-Cr(l)-C(2) 88.7(S) 

C(S)-Cr(l)-C(1) 89.9(6) 

C(5)-Cr{l)--C(3) 177.6(6) 

N(l)-Cr(l)-C(1) 89.8(S) 

N(l)-Cr(l)-C(3) PO.2(5) 

N(l)-Cr(l )-C(5) 92.1(3) 

0(l)-C(l)-Q(l) 177.8(5) 

o(3)-C(3)-tw) 173.9(11) 

o(.5)-c(5)-cr(l) 173.7(12) 

C(l)-WI 
c$ww) 

W)-o(3) 

C(4)-@(4) 
W)-o(5) 

C(3)-G(l)-C(f) 
C(4}-Cr(l)-C(1) 

c(4)-WWCf3) 
C(5)-Cr(l)-C(2) 

C(S)-Cr(l)--C(4) 

N(l)-~r(~)-~(2) 

N(l)-Cr(l)-C(4) 

O(2)-C(Z)-0(l) 

O(4)-C{4)-Cal) 

1.125(6) 

1.137(7) 

1.13(l) 

1.14(l) 

1.14(l) 

89.5(5) 

89.1(5) 

87.9(3) 

90.9(S) 

89.8(6) 

92.4(5) 

377.8(5) 

175.4(11) 

I76.7(12) 

C,H,NO,Cr calcd.: C, 38.7; H, 3.22; N, 5.01%. Mass spectrum m/r = 279 (Mt). 
Complex 31, mp. 64OC, IR (CIXI,): 1980, 1895 cm-‘. Anal. Found: C, 28.21; 

H, 1.53; N, 6.24. C,H,(D,NCr calcd.: C, 28.2; H, 1.41; N, 6.58%. Mass spectrum 
m/z = 209 t&f+>. 

The procedure used for 10, but starting from complex 12 (0.5 g, 0.12 X low2 mol) 
gave 0.16 g of 13 (32%) as yellow crystals, which were r~~stalIized from EtOH/ 
CH,Cl,, m.p. 73°C. IR (CHCI,): 1925, 1975 cm-‘. ‘21 NMR (ZOO MHz, CDCI,): 
6.99 (lH, s, NH), 4.21 (2H, q, J 7.04 Hz, UCH,), 2.28 (3H, s, CH,), 1.47 (3H, t, J 

7.04 Hz, OCH,CH,). 13C NMR {SO.1 MHz, CDCI,): 203, 198.3 {CO), 175.0 
(N=C), 66.8 (OCH,), 20.70 (CH,), 14.56 (OCH,CH,). Anal. Found: C, 26.45; H, 
2.23; N, 3.29, C,H,N06W calcd.: C, 26,27; H, 2.18; N, 3.40%. Mass spectrum 
m/z = 411 CM-+). 

Table 5 

Fractional parameters for complex 11 

Atom 

CM) 

C(1) 

w 

C(3) 

C(4) 

W) 

O(1) 

W) 

o(3) 

O(4) 

W) 

N(l) 

x 

0.~65~1) 

-0.1832(9) 

0.3~87(9) 

0.189(2) 

0.177(2) 

-0.051(Z) 

- 0.3260(7) 
0~4749(7) 

O-269(2) 

0.23862) 

-0.111(1) 

-0.069(2) 

Y 

o.~lq2) 

0.009(2) 

0.~8(2) 

0.132(2) 

- 0.107(2) 

-O.lf4(2) 

O.OOS(2) 

0.~~(2) 

O.l95(2) 

-0.185(Z) 

-0.196(l) 

0.158(2) 

z Q‘J 

0.12991(7) 0.0260 

0.0369(4) 0.0327 

0.2164(S) 0.0327 

0.027(l) 0.0373 

0.037(l) 0.0211 

0.225(l) 0.0335 

- 0.0207(4) 0.0554 

0.2639(4} 0.0513 

-0.0376(8) 0.0528 

- 0.0201(8) 0.056 1 

0.2769(6) 0.0582 

0.237(l) 0.0418 
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Table 6 

Interatomic distances (A) and bond angles (“) for complex 13 

W(l)-C(l1) 1.96q9) 

W(l)-C(12) 2.022(8) 

W(l)-C(13) 2.027(7) 

W(l)-C(14) 2.032(9) 

W(l)-C(U) 2.06(l) 

W(l)-N(l) 2.250(7) 

N(l)-C(1) 1.28(l) 

C(w-w) 1.31(l) 

C(3)-C(4) l&(2) 

C(ll)-qll) 

Cv-002) 
C(13)-o(13) 

C(14)-O(14) 

C(U)-O(15) 

C(lkC(2) 

0(1)-C(3) 

1.16(l) 

1.148(9) 

1.146(9) 

1.14(l) 

1.12(l) 

1.50(l) 

1.45(l) 

C(12)-W(l)-c(11) 
C(13)-W(l)-C(U) 
C(13)-W(l)-C(12) 

C(14)-W(l)-C(11) 

C(14)-W(l)-C(12) 

N(l)-W(l)-C(11) 

N(l)-W(l)-C(12) 

N(l)-W(l)-C(13) 

89.2(4) 

88.5(4) 
177.6(3) 

87.0(3) 

91.8(4) 

178.1(3) 

92.2(3) 

90.2(3) 

C(14)-W(l)-C(l3) 

C(lS>-W(l)-C(l1) 
C(15)-W(l)-C(12) 

C(15)-W(l)-C(13) 

C(15)-W(l)-C(14) 

N(l)-W(l)-C(14) 

N(l)-W(l)-C(15) 

87.7(4) 

88.6(4) 

89.5(4) 

90.9(4) 

175.4(3) 

94.4(3) 

90.0(3) 

o(11)-c(11)-w(l) 
0(12)-C(12)-W(1) 

0(13)-c(13)-w(1) 

C(2)-C(lkN(l) 

0(1Pw)-c(2) 

C(4wX3PXl) 

179.4(9) 
176.6(8) 

176.1(8) 

122.0(9) 

122.5(9) 

107.1(10) 

0(14)-C(14)-W(1) 
0(15)-C(15)-W(1) 

C(l)-N(l)-W(1) 

O(l)-C(l)-N(1) 

C(3)-0(1)-C(l) 

175.6(7) 

174.9(9) 

130.5(6) 

115.4(7) 

121.9(8) 

Crystal data 
Selected crystals for each complex were mounted on an automatic four-circle 

diffractometer. Accurate unit cell dimensions and crystal orientation matrices were 

Table 7 

Fractional parameters for complex 13 

Atom x Y z % 

W(1) 0.12637(4) 0.24588(2) 0.97446(3) 0.0377 

C(11) 
OW) 
c(w 
OW) 
CU3) 

O(l3) 

c(l4) 

004) 

C(l5) 

005) 

N(1) 

C(l) 

C(2) 

o(l) 

C(3) 

c(4) 

0.304(l) 

0.4078(9) 

0.094(l) 

0.0828(g) 
0.1675(9) 

0.1965(7) 

0.313(l) 

0.4247(8) 

-0.048(l) 

-0.132(l) 

-0.0808(S) 

-0.079(l) 

- 0.236(2) 

0.0697(7) 

0.090(2) 

0.270(2) 

0.3263(5) 

0.3738(4) 

0.2359(6) 

0.248q6) 

0.2486(6) 

0.2539(5) 

0.1633(5) 

0.1208(4) 

0.3362(6) 

0.3890(4) 

0.1562(4) 

0.0886(5) 

0.0408(8) 

0.0641(3) 

- 0.0077(6) 

- 0.0147(9) 

1.013(l) 0.0511 

1.0369(S) 0.0693 

1.1813(9) 0.0543 

1.2999(6) 0.0744 

0.7690(8) 0.0471 

0.6545(6) 0.0708 

1.005(l) 0.0519 

1.0255(9) 0.0736 

0.941(l) 0.0579 

0.923(l) 0.0901 

0.9240(9) 0.0478 

0.8641(9) 0.0476 

0.828(l) 0.0703 

0.8372(6) 0.0538 

0.758(l) 0.0666 

0.742(2) 0.0937 
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obtained from least-squares refinements of the setting angles of 25 reflections. Two 
standard reflections were monitored, periodically, and showed no change during 
data collection. Crystallographic data and other pertinent information are listed in 
Table 1. Correction were made for Lorentz and polarization effects. 

Computations were performed by use of CRYSTALS [ll] adapted for a MICRO- 
VAX II in the case of complexes 11 and 13, but the SHELXTL package [12] was 
used for compound 9. Atomic form factors for neutral W, Cr, C, N, 0 and H atoms 
were taken from ref. 13. The structures were solved by the heavy-atom technique 
and refined by full-matrix least squares for compounds 11 and 13 and by block- 
cascade least squares for 9. Hydrogen atoms were located from difference electron 
density maps, and their coordinates refined with an overall isotropic thermal 
parameter. Anisotropic temperature factors were used for all non-hydrogen atoms. 
The criteria for a satisfactory refinement was that the ratio of the rms shift to 
standard deviation was less than 0.1 and there were no significant features in the 
final difference map. 

Atomic coordinates are given in Tables 2, 5, 7 and bond lengths and bond angles 
in Tables 1, 4 and 6. Tables of thermal parameters and lists of observed and 
calculated structure factor for complexes 9, 11 and 13 are available from the 
authors. 
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