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Summary 

Sodium benzotriazolide reacts with r-C,H,Fe(CO),I to give l-N-allylbenzotri- 
azoletricarbonyliron (I). The same product and the isomer& complex, 2-W 
allylbenzotriazoletricarbonyliron (II), have been prepared independently, from 
the corresponding IV-allylbenzotriazoles and Fe2(C0)s. The IR, lH NMR, and 
mass spectra of the complexes are reported. The structure of isomer I has been 
determined by X-ray diffraction. The crystals are monoclinic, P2,/c, (3: = 10.65(l), 
b = 9.95(1’), c = 12.90(l) A, /3 = 113.69(7)“, dcalc = 1.39 g cme3_, 2 = 4. 

Introduction 

Unlike diazole ligands, triazole anions, even symmetric ones (point group &), 
contain nitrogen atoms of two types. This leads to position isomerism and iso- 
merization rearrangements. We have observed such phenomena in iron cyclo- 
pentadienyldicarbonyl complexes with vicin~ triazoles [l,Z]_ Under kinetically 
controlled conditions, cyclopentadienyldicarbonyliron halides react with sodium 
benzotriazolide to yield the symmetric 2-isomer, which can rearrange to the 
asymmetric l-isomer (the latter is the main reaction product under thermody- 
namic control) : 

FpX -i 
THF ~ + NaX (1) 

Fp = (TT-C5H5)Fe!CC)2 , X = Cl , i3r.I 

In these transformations the Fp ment behaves as a whole, remaining intact. 
Reaction of 7;-allyltricarbonyliron iodide with pyrazolyl berates [3], however, 
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proceeds via deep transformations in the iron coordination sphere, deeper than 
with Fp. 

The purpose of this work is to find out if deep transformations in the (sr-C,H,)- 
Fe(CO), fragment can occur in reactions with metal triazole salts. 

Results 

The data obtained in this work show that the reaction of n-allyltricarbonyl- 
iron iodide with sodium benzotriazolide also proceeds via deep transformations 
of the (7r-C,H,)Fe( CO), fragment: 

iI) 

Unlike reaction (I), this process however yields no isomer with iron attached 
at the Njl) nitrogen. 

We obtained isomer II from the usual reaction of azoles with iron carbonyls 
[4,5], by the action of 2-allylbenzotriazole 163 on iron nonacarbonyl (eq. 3): 

I-Allylbenzotriazole reacts likewise to give isomer I. Spectral characteristics of 
the two isomers are closely similar. Their mass spectra contain rather strong 
peaks of molecular ions, which as usual undergo successive decarbonylation. 
The fragmentation pathways of both [LFe]’ ions are practically identical 
(Scheme 1). 

The IR spectra OC the isomers each contain three bands in the region-of 2000 
to 1900 cm-’ arising from stretching vibrations of coordinated CO molecules 
(Table 1). The characteristic vibration of the olefinic bond, v(C=C), shows a 
low frequency shift from the free ligand, as is usually observed in sr-complexes. 

The ‘H NMR spectra are listed in Table 2. In both cases, olefinic proton sig- 
nals undergo considerable upfield shifts on complex formation, which is again 
a usual effect. Fixation of the olefinic Wgment results in magnetic nonequiv- 
alence of the methylene protons. The spin-spin coupling constants of these pro- 
tens with the olefinic methyne proton have different values in both compounds. 
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SCHEME1 

@gHgN3) FeKO)j] + 
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245.8 y 

[(Cg-kp~ 1 Fe (COIN] ’ 

-253 277 

-Co, 217.8’ 

B ’ 

pC$,N, ; Fe (CO)] 
+ 

243 

v 

C c,,b!Fe]+z-!L -t- 
-- 

Fe? 

783’ 
[cgHgNFe]+ _ -N2 

;63+ 
k C,H,N,).Fe] 

-t + C9H9N 31 

<85 187 215 159 

- :1x* ; CH3) 137.5* 

I 

i46 172 

Apart from that, they markedly increase in absolute value from the free ligand. 
The coordination of the heterocyclic nucleus to iron has little effect on the 

chemical shifts of the ring protons. However, a symmetrical AA'BB' pattern of 

the four-spin system of the free Z-allylbenzotriazole radically changes to an 
asymmetric ABCD one for complex II. 

In order to obtain direct structural data, we carried out an X-ray study of 
single crystals of isomer I. The molecular structure of this compound is shown 
in Fig. 1. Bond lengths and valence angles are summarized in Table 3. Table 4 
lists the atomic coordinates and temperature factors. The compound has a dis- 
crete molecular structure. The coordination polyhedra about iron are slightly 
distorted trigonal dipyramids, two carbonyl ligands and the ethylene fragment 
forming the equatorial plane. The third carbonyl group and the benzotriazole 

TABLE 1 

IR SPECTRA OF THE ISOMERS 

Compound (KBr discs) 

l-ailylbenzotriazoletricarbdnyliron 

2allylbenzotriazoIeticarbonylixon 

Wave numbers (cm-l) 

YI(C’0) Yz(c-0) Y3<c-o) 

2038 1973 1948 

2037 1970 1959 
--___ 

Y(c=c) 

14X? 

1450? 
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TABLE 2 

IH MAR SPECTRA = 

s 
q+_/ 

Chemical shifts of the The ally1 protons 
A heterocyclic protons 

“da 

Cppm) Chemical shifts (ppm) 

HA HB EC 
-- _~~--- 

I-Allylbenzotriazole 8.19(m) (1) 7.55(m) (3) 5.10(dd) (1) 5.44(dd) (1) 6.12(m) (1) 

l-Allylbenzotziazole- 
tricerbonyliron 8.19(m) (1) 7.55(m) (3) 1.34(dd) (l) 2.39(dd) (I) 4.47(m) (1) 

2-AUylbenzotriarole 7.92(m) (2) i.28(m) (2) 5.14(dd) (I) 5.31(dd) (1) 6.17(m) (1) 

2-_Al.ly~benzotriazok- 
tricarbozyliron _ 7.81(m) (2) 7.48(m) (2) 1.33(dd) (1) 2.42(dd) (1) 3.94(m) (1) 

-.___ -- 

o Mezwred in CS;?: the chemical shifts from HMDS are listed: parenthesized are signel multiplicities and 
reIative intensities. 

- 

N(2) atom are in axial positions. The deviations from the geometry of a regular 
bipyramid are not very large, the principal ones being: the distortions of the 
valence angles in the equatorial plane (C(2)FeC(3) 111.9(4)“, C(2)FeA and 
C(3jFeA 125.0 and 123.1”, respectively), and the departure of the angle between 
the two trans- bonds from 180” (N(2)FeC(l) 173.2(4)“). Such anguiar distor- 
tions are characteristic of pentacoordinate olefinic sr-complexes of iron in the 
d” configuration; cf., for instance, the results of structure determinations of 
[C,H,(C,H,CO)JFe(CO), [?I, (acenaphthylene)Fe(CO), 181, [CH,=CHC(NMe& 
r\i(Me)C(O)]Fe(CO), and { [CH1,=CHC(piperidyl)N(Me)C(OEL)IFe(CO),}’(BF,)- 
f91- 

The coordinated double bond C(4)=C(5) is only insignificantly out of the 

Fig. 1. 
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spinspir.couplinlng constants (Hz) 

HD HE J<AC) J<BC) J(AB) J<DC) J<EC) J(ED) 

5.37(d) (i') 4.5 2.5 1.5 1.0 0 

5_47<dd) (1) 5_28<dd) (1) 10.5 9.0 2.9 ll_l 6.8 2.1 

5.42(s) (21 3.0 2.5 1.8 0 0 

&77<dd,(l, 5.03(dd) (1) 10.8 8.5 3.0 14.2 13.5 6.4 

FeC(2)C(3)A plane (the angle between this bond and the plane is 9.9” )_ The 
C(4)-C(5) bond length (1.40(l) A) and the Fe-olefin distance (the Fe-C(4) 
and Fe-C(5) distances are 2.083(9) and 2.085(S) A, respectively) have values 
usual for iron q*-complexes. 

The ally1 bridge contracts the FeN(2)N(l) (115.8(5)“) and N(2)N(l)C(6) 
(1X3.2(6)“) bond angles, so that they are narrower than the two other angles 
between similar bonds, FeN(2)N(3) (132-l(6)“) and C(7)N(l)C(6) (134.2(6)“). 

The Fe-N bond length (1.978(7) A) is very near to that reported for an 
octahedrally coordinated iron in the v-triazole complex [(r-CSH,)Fe(C0)2- 
(N&H,)]‘HS04- (Fe-N l-961(4) a) [lo]. 

The benzotriazole ligand is planar and its geometric parameters have their 
usual values. The ethylene bond is out of the benzotriazole plane: the torsion 
angle about the C( 5)-C(6) bond amounts to 49.5”. 

Complex I is not the only carbonyl-containing product of reaction (2). Other 
compounds that occur in this reaction are III and IV (which are the usual prod- 
ucts. from reactions of (7r-C3H5)Fe(C0)31 with certain sodium derivatives [ 111 
and complex V. 

./y_ 

I 
/+. 

I 
/y_ 

/=O 
o=-Fe\cO 7 2 

I 
Fe‘ OC-Fe-CO 

OC\ I 
/\ 

oc co I 

/fe-=O 
I 

I 

co 
v 

oc 
+__y 

cm cm 

(111) 

(4) 

All these compounds were isolated and identified by comparison of their IR and 
mass spectra with the literature data [11,12]. It also proved possible to obtain 

(continued m p. 214) 
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compounds III and IV by thermal decomposition of complexes I and II. 

L 
J c I F,lCO. - A 

A\ 7 
=I,= (5) 

\ co 
co 

I3iscussion 

The experimental results show that the coordination sphere of the pseudo- 
octahedral (?r-C3H5)Fe(C0)31 complex with iron in the formally clivalent d6 state 
undergoes deep transformations in the formation of isomer I. These transfor- 
mations include not only the nucleophilic replacement of the halo ligand with 
the heterocyclic one, but also implanting of the heterocycle at the n-allyl-iron 
bond via: (a) the q3-$ rearrangement of the ally1 moiety; and (b) the addition 
of the latter to the unprotected benzotriazole nitrogen atom. 

As a result, the Fe-olefin and Fe-heterocyclic nitrogen N(2) bonds are 
formed. 

- 

Q 0 

c- 0 N\JN 

-M F!/O 
7, I \CO 

CO 

(6) 

11; 

It seems likely that transformation (6) should reduce the difference between 
the ally1 and heterocyclic ligands in terms of the HSAB theory, thus improving 
the situation from the point of view of the symbiotic principle. Iron changes its 
pseudooctahedral coordination for a trigonal bipyramidal one. The latter is 
characteristic for iron in the Fe(O) state with the d* electronic configuration. 
-4s all the ligands in I are neutral, the net effect of the transformations in the 
iron coordination sphere may be regarded as reduction. The dS configuration 
thus proves favoured over the d6 one with the pseudooctahedral coordination. 
It is reasonable to suggest that both kinetic factors (the presence of lone elec- 
tron pairs on the heterocyclic imino group that can interact with the ally1 elec- 
tronic system) and thermodynamic ones (entropy gain in the formation of the 
chelate ligand) contribute to the observed effect. 

The formation of isomer I in reaction (2) may be explained by the fact that 
the Grst reaction step of the nucleophilic replacement of the halo ligand by the 
heterocyclic one involving the highest electron density site, that is the N(2) 
atom, is followed by the in&spherical addition of the ally1 ligand to one of the 
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free nitrogen atoms, which leads to the conservation of the first structure formed 
and prevents metallotropic isomerization. 

The trigonal bipyramidal geometry of the complex is in agreement with the 
stereochemical principles of the HSAB theory. The hardest center in I, the 
nitrogen atom, is, as usual 15,131, in an axial position, whereas a softer olefinic 
&agment lies in the equatorial plane_ The IR spectra in the region of the GO 
stretching frequencies show that a similar situation occurs in complex II. 

Experimental 

All preparative work and spectral measurements were carried out under argon. 
The ‘H NMR spectra were registered on a R-20 (Perkin Elmer-Hitachi) spec- 

trometer. The IR spectra were recorded on a UR-10 spectrophotometer (DDR), 
and the mass spectra were obtained using MS-30 (AEI) and CH-8 (Varian) instru- 
ments. 

Structure of 1 
The X-ray patterns for I were obtained on a Syntex-P2, diffractometer, h MO, 

equipped with a graphite monochromator. Measurements were made at -120” C. 
A total of 1167 reflections with Ii”- > 1.96 (3 were registered in the range 28 G 
46” at the u/2u scan rate. The structure was solved as a heavy atom problem and- 
refined by a full-matrix least squares procedure using anisotropic temperature 
factors * to R of 0.059 and R, of 0.040. The atomic coordinates and tempera- 
ture factors are listed in Table 4. Isomer I crystallyzes in a monoclinic lattice, 
rrnJ$; 1 :0.65(l), b = 9.95(l), c = 12.90(l) A, fi = 113.69(7)” ; c&c = 1.39 g 

, 

Reaction of sodium bemzotriazolide with r-allyltricarbonyliron iodide 
(7rC,H,)Fe(CO),I (3.08 g, 0.01 mol) and &H,N,Na (1.41 g, 0.01 mol) were 

stirred in tetrabydrofuran (70 ml) for 2.5 h. The solution was then concen- 
trated and pressure transferred under argon into a column with AltO3 (the 2nd 
Brockman activity grade). The product mixture gave a rust-coloured layer which 
was washed out with THF. After the removal of the solvent, the mixture was 
repeatedly subjected to chromatography on A1,03 (the 2nd activity grade) using 
hexane. Two fractions were obtained_ 

The first fraction, after distilling off of the solvent and sublimation of the 
residue under vacuum, yielded V (0.02 g, 1%). IR spectrum (cyclohexane): 
v(C=O) 2012, 1963 cm-’ (literature 1121: 2020, 1965 cm-‘). The mass spec- 
trum of V gave **: E(C3W2WCO)21‘ 194; I(G&M+(CO)l’ 166; IUX&P’e- 
(CO)Z].+ 153; [(C,HS),Fe]’ 138; [(C,H,)Fe(CO)]‘ 125; [Fe(CO)Z]’ 112; [(C3H5)2- 
CO]’ 110; [C&Fe]* 96. Met&able ions: 

L(C&%WCOM’ 3 C(C&M’e(CO)l 141.3 l 

114.6 * 

* All parameters for H atoms were fixed during the refinement. 
** Ions with low m/e are omitted. 



216 

[(C&),Fe]’ = [C,&Fe]’ 66.8 * 

The second fraction co’ntained complexes III and IV (0.05 g, yield based on 
C3H5Fe(CO), 2.8%). The same compounds were obtained by fractional sublima- 
tion of solvent-free product mixture. IR spectra (cyclohexane): 2040, 2011, 
1963,1958 cm-’ (literature [ll]: 2046,2015,1968-1960 cm-~). 

Ether extracts one more band containing l-allylbenzotriazoletricarbonyliron 
(0.07 g, 2.3%). Recrystallization of the product from hexane gave yellow crys- 
tals, decomposing at 137-138” C. Analysis found: C, 48.12; H, 2.91; N, 13.43. 
.C12H9N303Fe calcd. C, 48.16; H, 3.01; N, 14.05%. 

Synthesis of I-allylbenzotriazoletricarbonyliron from l-ailylbenzotriazole and 
iron xonacarbonyl 

1-_~ylbenzotriazole (3.02 g, 0.019 mol) and Fe,(CO), (6.92 g, 0.019 molj 
were stirred in tetrahydrofuran for 3 h at vnbient temperature- The solvent 
was then removed and the residue was extracted with ether and separated on 
Al,O; (the 2nd Brockrnan activity grade) using a 1 : 10 ether/hexane mixture 
to give I in the yield of 3.14 g (55.3%). 

kSynthesis of Z-allyIbenzotriazoletricarbonyliron from Z-alEylbenzotriazole and 
iron nonacarbonyl 

The compound was obtained by a similar procedure to that described above 
from 2-allylbenzotriazole (2.65 g, 0.017 mol) and Fe,(C0)9 (6.05 g, 0.017 mol) 
in the yield of 1.78 g (36%); m.p. 87” C. Analysis found: C, 48.20; H, 3.08; N, 
14.10; Fe, 18.68. C12H9N303Fe calcd. C, 48.16; H, 3.01; N, 14.05; Fe, 18.73%. 
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