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SUMMARY 

Mass spectra of the n-allyliron complexes RC,H,Fe(CO),X where X is a + 
ligand such as halogen or N03, have been studied. The fragmentation pattern indic- 
ates that decomposition proceeds principally through the rupture of Fe-CO and 
Fe-X bonds. The ratio of the intensities of the peaks characterising the ions formed 
from Fe-CO and Fe-X bond rupture depends on the nature of the substituent R and 
ligand X. 

INTRODUCTION 

Recently, the scope of organometallic compounds studied mass-sp.ectro- 
metrically has been extended considerably to include, inter alia, a number of z-ally1 
complexes of metals, e.g., the homoligand complejres’ (C,H,),M where M is Ni, 
Pd, or Pt (n = 2), Cr (rz = 3), Zr (n=4), the allylmetal halides (RC,H4PdX)‘*3 and 
(RC,H&Rh,Clz2, and the complexes C3H,Mo(C0)2C,H,4 and C3HSM(CO),C5H5 
where M is Ru, Fe (n = l), MO, W (n = 2)5 containing an ally1 and cyclopentadienyl 
l&and. 

We have applied an electron impact technique to the study of the compounds 
RC,H4Fe(C0)& (where X is a c-bonded l&and), a compound of this type, i.e. 
C3H5Fe(C0)J, having been studied earlier by King’. Thus, compounds similar to the 
allylmetal carbonyl complexes, which are the last compounds listed above, have been 
subjected to the electron impact method. This method allows not only the principal 
fragmentation paths to be obtained but also enables the component processes to be 
visualised as a function of the group X, and of the substituent attached to the ally1 
ligand. 

RESULTS AND DISCUSSION 

The z-ally1 complexes RC,H,Fe(CO)$ [(I), X=NO, ; (II), X = Cl ; (III), 
X=Br;(IV),X=I;(a),R=H;(b),R=l-Me;(c),R=2-Me;(d),R=l-Ph;(e),R=2-Ph; 
(f),R= 2-Br) d ecompose when subjected to electron bombardment_ The molecular 
peaks (M+) of the compounds (I) to (III) are either insignificant or are totally absent. 
For the iodides (IV), however, the Mt peaks are quite intense (53 % I,, for R=H, 

J. Orgonometal. Chem., 33 (1971) 37.5-381 



376 A. N. NESMEXANOV, YU. S. NEKRASOV, N.-P. AVAKYAN, I. I. KRITSKAYA 

TABLE 1 

THE IrIle VALUES FOR THE blAJOR IONS IN THE MASS SPECTRA OF R-ALLYLIROPJ CARBONYL DERIVATIVESa 

NO, 

Cl 

Br 

H (Ia) 

I-Me (lb) 

2-Me (Ic) 

H (IIa) 

I-Me (IIb) 

2-Me (IIC) 

I-Ph (IId) 

H (IIIa) 

I-Me (IIIb) 

2-Me (IIIC) 

I-Ph (IIId) 

2-Ph (1112) 

2-Br (IW 

H (IVa) 

2-Me (IVc) 

243 

257 

257 

216,218 
(dO.01) 
230,232 
(<O.Ol) 
230.232 
(cO.01) 
292,294 
(cO.1) 

260.262 
(cO.1) 
274,276 

(0.7) 
274.276 
(0.2) 
336,338 
(t0.01) 
236,238 
(<O-l) 
338,340 
342 
- 

308 

(53) 
322 

(29) 

181 112 174 153 215 (16) (7) - (60) (3) ;A, 195 112 174 167 229 84 ;; 

(17) 
195 ;‘2 

(3) (76) (1) (4) - 
174 167 229 146 

(10) (10) (1) (37) - z (1) 

181 147,149 
;4;2 (2) 

153 188, 190 84 119, 121 
(21) (81) (28) (5) (6) 
195 112 147, 149 167 202,204 84 119, 121 

(18) {‘p2’ (2) (69) (11) (25) 195 147,149 167 202,204 84 gj9 12l 

(12) (10) (3) (42) (5) (20) (8) ’ 
257 112 147, 149 229 264,266 84 119, 121 
(3) - (4) (19) (4) (3) (10) 

181 112 191,193 153 232,234 84 163, 165 

(16) (54) (33) (12) (10) 
195 

tj, (4) 

(1G 

191,193 167 246,248 84 163,165 
(17) (1) (75) (24) (26) (16) 
19.5 112 191,193 167 246,248 84 163, 165 

(12) i’l23’ (1) (48) (6) - (14) (15) 
257 

(3) 

191,193 229 308,310 84 163, 165 

!z7 
- (11) (2) (1) (4) 

112 191,193 229 308,310 84 163,165 

(4) (8) - (19) (1) (3) (3) 
259,261 112 191,193 231,233 310,312 84 163, 165 

314 

(11) (8) (5) (35) (11) (19) (22) 

181 112 239 1.53 280 211 

(8) (3) (5) (25) (57) :; (18) 
195 112 239 167 294 

(11) (8) (8) (43) (51) 

a The values in parentheses are relative intensities (“/,1-j. 

20 % zrn, for K=2-Me). Consequently, either iodine stabilises the molecular ion to a 
greater extent than Cl, Br, or NO3 and/or the Fe-X bond is stronger whenX is iodine. 
The molecular ions of (I) to (IV) decompose along two principal routes involving 
Fe-X and Fe-CO bond rupture and resulting in the ql and cps ions, respectively, 
(Scheme 1). Subsequently, the ions p1 successively lose three CO groups to form 
CRGHZe(CO),I + ions where n is 2 to 0. The cps ions on the other hand, successively 
lose two CO groups to form [RC,H,Fe(CO),,X]+ ions where n is 1 to 0. The mass 
spectra of (I) to (IV) in addition show the presence of CFe(CO),,]+ and CFe(CO)>] + 
ions (where n is 2 to 0), these ions being formed through the elimination of R&H, 
from’ [RC,H,Fe(CO),J+ and [RC,H,Fe(CO)A] +, respectively. 

In addition to [P&H,Fe]+ (cp& peaks, all the compounds revealed intense 
(up to 90% 1,J peaks of the ions BC3H3Fe]l (q13) which may result from cplz by 
the loss of H and from cp 14 by the Ioss of HX. When R is I-CH,, the ions probably 
correspond to butadiene- or cyclobutene-iron, and when R = 2-CH, to (trimethylene- 
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(37) 
139 
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139 
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139 

(29) 
201 
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12.5 

(30) 
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(18) 
201 
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(24 
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(16) 
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(39) 

187 
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201 
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204,206 
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(98) 
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(3) 
118 
- 

118 
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(14) 
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(6) 
91,93 

(28) 
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(20) 

135,137 

(40) 
135,137 

(54) 
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(20) 
135,137 

(4) 
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(4) 
135, 137 

(‘W 
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?8?) 

(24) 

97 

uw 
111 

(1Ow 
111 

000) 

(9’00, 
111 

(100) 
111 

(100) 
173 

(64) 

;zi, 
111 

(100) 
111 

(100) 
173 

K 

(53) 
175,177 

(65) 

;?& 
111 

(100) 

110 

(7) 
110 

(81 

& 
110 

(51) 
110 

(19) 
172 

(36) 

&) 
110 

(97) 
110 

(40) 
172 

(17) 
172 

(20) 
174,176 

‘PI+ 91s 916 917 91s 919 

159 41 

(38) (53) 17:3) & & (3798) 
173 

(32) (Ii’g, ;bf ;; z & 
173 55 

(10) (79) ;?!7, ;z3, ;1p5) (‘4’, 

132, 134 41 

(100) (21) ;;oj glfi) ;‘69 (:‘9, 
146, 148 55 40 39 

(22) (47) ;4i ;; (12) (15) 
146.148 55 

(40) (16) & yl$ g &) 
208,210 117 95 40 39 

(43) (100) :i (4) (9) (2) 

176,178 41 

(80) (46) ;:7) &) ; &) 
190,192 55 

(70) (82) c:i, pz2, gq if297) 
190,192 55 

(20) (76) ;Idz) ;&, $1 7:) 
252,254 117 

(10) (‘00) hi ;?) ; (‘5’, 
252,254 117 

(14) (88) 
254,256 

llg 1,1 ;;j r11 iz & 
, _ 95 40 39 

258 

(34) (5) (3) (10) (60) (60) 

methane)-iron. Such processes are not observed for [RC,H,Fe(CO),] t and [RC3H,- 
Fe(CO)J]+, despite the fact that the (trimethylenemethane)-iron tricarbonyl system 
which could arise from these ions6 is rather stable (the molecular ion [C,H,Fe(CO),] + 
was observed in the mass spectrum of this compound7)_ 

Peaks corresponding to the [CH,Fe]+ ((p16) ions are present in a!1 the spectra 
such ions resulting from the one-step transformation of [RC,H,Fe]+ ((p19). This is 
confirmed by the presence of the corresponding metastable peaks in the spectra. The 
formation of vpL6 may be due to the migration of one of the hydrogen atoms to the CH2 
group followed by C-C bond rupture and the elimination of RICH. In addition, 
compIexes containing the CH3 group attached to the ally1 may produce [CH,FeJ+ 
ions through the methyl migration to the iron atom, since compounds with R= C,H5 
also display [C,H,Fe]+ peaks. 

King3 has found that the intensity of (p16 is much higher than that reported in 
this study. His experiments were undertaken at temperatures at or above 200°, under 
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SCHEME I 
The astsrisks denote paths verified through the obscrvntion ol’pcnks ol‘the corresponding me&stable 

ions. 

[RC__H~F~C~JJ + 
-X 

[RC,H~F~CCOI,X] h 

* -co @* 

[RcL,H,F~KO)~]+ 
-co 

* 

i 

-co 

[RC,H,FeCO]+ 

&I 

+ 
-R 

[Q-L] + 
-H i 

- L%l+ 

TABLE 2 

THE rp,lrpj RATIO.5 IN THE hlASS SPEm OF COMPOUNDS (I)-(IV) 

YJYi R=HandX= 

NO, Cl Br I 

R= l-Me and X= 

NO, Cl Br I 

R =2-Me and X= 

NO, Cl Br I 

49 1.2 0.85 0.42 6.9 4.6 1.4 - 21.0 3.9 4.0 0.8 
5.3 0.75 0.49 0.14 17.0 1.6 0.7 - - 2.4 2.0 0.2 

17.0 29 1.6 0.23 76.0 6.3 3.1 - - 8.6 8.0 0.8 
2.5 0.48 0.30 0.16 4.6 2.2 O-4 - - 1.2 1.1 0.3 
2.6 1.0 0.80 0.67 3.1 4.5 1.4 - 10 2.5 5.0 1.0 
5.0 3.5 3.0 1.7 11.0 1.8 3.7 - - 4.8 4.3 2.0 
2.5 1.0 0.8 0.7 2.9 1.1 0.8 - - 1.6 0.8 1.0 

3.8 3.8 3.4 3.2 4.1 3.8 4-4 - 3.7 3.5 4.0 3.9 
0.61 0.58 0.56 0.66 0.66 0.65 0.55 - 0.65 0.62 0.62 0.67 
2.7 2.1 2.1 3.1 2.0 2.2 2.4 - 4.1 3.4 3.3 2.2 
0.31 0.21 026 026 0.09 0.05 0.11 - 0.27 0.50 0.42 0.28 
0.08 0.14 0.50 1.3 0 0.27 0.77 - 0.1 o-7 1.0 0.3 
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tween the mass-spectral results and the chemical behaviour of the compounds or, on 
the other hand, with their NMR datalo. 

EXPERJMENTAL 

Mass spectra were measured with a MX-1303 machine_ The direct introduction 
system was maintained at 25 to 30”, the ionising chamber at 150°, and the ionising 
voltage was 50 V. Under these conditions, the substrates are thermally stable, their 
decomposition being apparent only when the temperature of the introduction system 
exceeded 50”. 

The compounds RC,H4Fe(C0)3X, where R is H, l-Me, 1-Ph, 2-Br, l-Me (X is 
Br), were synthesised by heating iron nonacarbonyl up to 45O with an equimolar 
amount of the respective ally1 chloride or bromide in heptane for two hours. The 
compounds were purified by crystallisation from heptane at low temperatures. Com- 
pounds with R = H, 2-Me, l-Me (X = I), or R = H, 2-Me, l-Me, 1-Ph (X = NO,) were 
synthesised through the metathesis of the chlorides or bromides with KI or AgN03 in 
acetone or.methanol at room temperature”. The carbonyls (Ib) (R is I-Me,X is NOs), 
(Ic) (R is 2-Me,X is N03), (111~) (R is 2-Me, X is Br), (IIId) (R is l-Ph,X is Brj, and (IIIe) 
(R is 2-Ph, X is Br) are new compounds. 

Preparation of 2-Me-n-C,H,Fe(CO),NO, (Zc) 
2-Me-n-C,H,Fe(C0)3C1 (1.38 g, 0.006 mole), dissolved in 40 ml dry CH,OH, 

was mixed with AgN03 (1.19 g, 0.007 mole) dissolved in 60 ml CHsOH, in an argon 
atmosphere at ca. 20“. After 30 min, AgCl was filtered off, the filtrate evaporated in 
t-acrco,and the residue re-crystallised from benzene/ligroin (3/l) to give the(2_methallyl)- 
iron tricarbonyl nitrate, 0.71 g (46 %), as yellow plates. (Found: C, 3288; H, 2.78; Fe, 
21.68; N, 5.51. C7H7FeN06 calcd.: C, 32.71; H, 2.75; Fe, 21.73; N, 5.45%.) 

Preparation of 1-Me-n-C,H,Fe(CO),NO, (Zb) 
This was obtained in a similar fashion. AgN03 (0.68 g, 0.004 mole) and I-Me-n- 

C,H,Fe(CO),C1(0.92 g, 0.004mole) gave 0.29 g (28 %) of the product as shining yellow 
plates, m.p. 92” (benzene/pentane, 3/l). (Found: C, 32.69; H, 2.76; Fe, 21.77; N, 5.36. 
C,H,FeNOs calcd. : C, 32.71; H, 2.75; Fe, 21.73 ; N, 5.45 %.)This compound was found 
to be much less stable in solution than the product of the<previous experiment. 

Preparation of 2-Me-x-C,H,Fe(CO),Br (ZZZc) 
2-Me-rr-C,H4Fe(CO),Cl (0.81 g, 0.0035 mole), dissolved in 10 ml abs. CH,OH, 

was treated with two portions of (CH,),NBr, each consisting of 0.54 g (0.005 mole) of 
the ammonium salt in 50 ml CH,OH. The reaction mixture was stirred for 19 h in an 
argon atmosphere at ca. 20°. The solvent was rapidly evaporated in uacuo and the 
residue re-crystallised from heptane to give (2-methylallyl)iron tricarbonyl bromide as 
brown needles, 0.28 g (29 %), m.p. 98” (dec.). (Found: C, 30.63; H, 2.57; Br, 29.14; Fe, 
20.36. C7H7BrFe02 calcd.: C, 30.59; H, 2.57; Br, 29.07; Fe, 20.32x.) 

Preparation of l-Ph-x-C3H,Fe(CO),Br (ZZZd) 
A mixture of Fe,(CO), (18.19 g, 0.05 mole) and cinnamyl bromide (9.85 g, 0.05 

mole) was heated in 150 ml hexane to temperatures up to 40-45O for two hours in an 
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argon atmosphere. The solvent was removed in vacua and the residue repeatedly ex- 
tracted with hexane followed by methylene chloride. The combined extracts were 
evaporated in vacua and the residue re-crystallised from hexane to give (l-phenylallyl)- 
iron tricarbonyl bromide, 10.03 g (60 %), as b rown needles, m.p. 10IS” (dec.) after three 
re-crystallisations from hexane. (Found: C, 42.93 ; H, 2.84; Br, 23.75; Fe, 16.61. 
C,,H,BrFeO, calcd.: C, 42.77; H, 2.69; Br, 23.72; Fe, 16.57x.) 

Preparation of2-Ph-IT-C,fZ,Fe(CO),Br (ZZZe) 
This was prepared in a similar way. Fe,(C0)9 (6 g, 0.016 mole) and cr-(bromo- 

methyl)styrene (5.49 g of its mixture presumably containing 40 oA I-bromo-Zphenyl-l- 
propene) gave the compound, 0.22 g (4 o/4), as brown needles, m-p. 92O (dec. ; from THF/ 
hexane, l/4). (Found : C, 42.77 ; H, 2.82; Br, 23.60 ; Fe, 16.56. C I ?HgBrFe03 calcd. : C, 
42.77; H, 2.69; Br, 23.72; Fe, 16.57x.) 
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