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SUMMARY 

The reaction of the (bromomethyl)naphthalene derivatives with iron nona- 
carbonyl has been investigated, and it has been shown that in some cases the trimethyl- 
enemethaneiron carbonyl complexes are formed. The PMR spectra of the compounds 
prepared are discussed. 

INTRODUCTION 

In attempting to synthesize rr-benzyliron derivativeslv2 we have studied the 
reaction of iron nonacarbonyl with a series of aralkyl halides, including 2-(bromo- 
methyl)naphthalene l. ln all the cases, other than that mentioned above, stable iron 
complexes were not obtained, the main course in these reactions being the dimeri- 
zation of hydrocarbon fragments or the formation of the corresponding ketones. In 
the present paper additional data on the reactions of (bromomethyl)naphthalenes are 
submitted together with the structure of the resuhing complexes. 

RESULTS AND DISCUSSION 

Gentle heating of 2-(bromomethyl)naphthalene with Fe,(CO), in hexane 
results in almost completeexpulsion ofthecarbonyl group and yields reaction products 
containing the complex (C,,H,CH,),Fe(CO), (I) and 1,3-di-2-naphthylacetone.The 
mass-spectrum of complex (I) allows its composition to be established and show that 
besides molecular ion, almost all conceivabIe fragments of the compIex are distin- 
guishable in the spectrum. Of the ions formed, (C,,H,CH2)2Fef is the most stable. 
In the IR spectrum of the complex the symmetric CH2 stretching frequencies appear 
as two bands which could be attributed to two differently hybridized methylene 
groups. The NMR data discussed in detail below led to a similar conclusion. 

Polarographic reduction of complex (I), using a dropping mercury electrode in 
the presence of a buffer, occurs at E, = - 1.6 V, ie. at the usual reduction potential for 
complexes with a g-bonded group3! This information suggested that one naphrhyl- 
methyl group in this complex is combined with the iron atom through bonding of the 
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rr-benzy1 type, while the other group is itivdved in a-bonding. However, the sp&ficity 
of the NMR spectrum of (I) and the observation that the isomeric l-(bromomethyl)- 
naphthalene produced no complex with iron -aonacarbonyl led us to undertake 
additional investigation~.~ We have synthesized and have in addition studied the 
behaviour of the complexes containing deuterium and bromine in the l-position of 
both naphthomethyl groups in (I), (EII) and (IV) and alsothe complex (II) formed from 
the reaction of an equimolar mixture of l- and 2-(bromomethyl)naphthalenes with 
Fe,(CO)9. All these complexes are light yellow, crystalline (II), (IV) or amorphous (I), 
(III) substances having high m,p.‘s and are stable against oxidation. Protection by an 
inert atmosphere is not necessary during the isolation and crystallization of the pro- 
ducts, although the synthesis itself was carried out under argon. No oxidation of 
compound(I) was observed over the whole range of dropping mercury electrode 
potentials (up to -1-0.6 V)‘. All Four compounds have identical infrared (Table 1) and 
Nh4R spectra_ The mass spectra of (I) and (II) are also identical. X-ray study of (iQ4 
showed that it was a triiethylenemethane complex, the trimethylenemethane entity 
arising from the 2-naphthomethyl component after addition of one CH,CrOH, group 
to position 4 of the ring. The preliminary data available from this work suggest that 
this may be an intra-molecular transformation occurring with formation of a c-inter- 
mediate (Ha) (Scheme 1). 

lb 

The measured C-C and Fe-C distances (CI-CZ 1.42, C,--C, 1.37, C&, 1.41, 
Fe-C, 2.11, Fe-C2 1.95, Fe-C3 2.11, Fe-C4 2.10 A) are close to those present in 
(phenyltrimethylenemethane)iron tricarbonyl’. 

As a result of such coordination a part of the naphthalene nucleus completely 
loses its aroma&Q. This structure is supported by the LR spectrum of the compound 
and especia3ly by its nuclear magnetic resonance spectrum. All four compounds 
exhibit three groups of the lines in their NMR spectra: a complex multiplet with a 
relative intensity of II or 10 (in the case of a substituted compIex) observed in the 
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TABLE 1 

105 

PROPERTIES OF NAP HTHYLMETHYLENE DERZYATNES OF IRON 

Compound Colour M.p. Analyses, found (calcd.) IR (cm-‘) 

CC) C H Fe Br v&O) v(CH3 

(1) (C,J-&-2-CHJJWZO)S Light 141.5 71.30 4.22 13.02 1988 2920” 
yellow (71.1 I) (4%) (13.23) 2055 2935 

(11) (&H,-I-CH,) (C,0H,-2-CH& Yellow 101-102 71.04 4.32 12.78 198Sb 2928 

Fe(C% (71.11) (4.29) (13.23) 2060 2953 
(III) (CIJ-i~-l-D-2-CH,)zFe(CO)~ Light 141 1988 2930 

yellow 2062 2945(sh) 
(IV) (C,0H,-l-Br-2-CH,),Fe(CO)s Yellow 174-175 51.87 2.79 9.48 27.65 2000 2320 

(51.75) (2.78) (9.62) (27.55) 2063 

p Hexachlorobutadiene solution. b CHCIX solution in all the cases besides that marked. 

region of 6.9-S-9 ppm, and two singlets (each having a relative intensity equal to 1) 
found in the high field region, the chemical shift difference between these signals being 
somewhat greater for the brominated compound (IV). In the region 2.84.1 ppm a 
complex multipet is observed with an intensity of 5 or 4 (for substituted compounds). 
A detailed analysis of the spectra of compounds (I) and (II) has been undertaken 
together with a comparison of the experimental and calculated data From the result 
of this analysis it was conc!udcd that the structure found for the crystalline substance 
is retained in soiution. 

The spectrum of (II) at 60 MHz in CS, (Fig. I) contains a complex multiplet 
(L) centered at 7.52 ppm and a singlet (M) at 6.92 ppm. In the high field region a com- 

plex multiplet (N) centered at 3.60 ppm and two singlets (P) and (Q) with chemical 

L.‘..,....l....I....I....I.)..)..I.,....I....1....I....1. ..l....l.,.......l....I.. ,,, , 

9 8 7 6 5 4 3 2 1 Oppnl 
Fig. I. The proton magnetic resonauaz spectrum of compound (II) in CS2 at 60 MHz 
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shifts at l-7 and 1.57 ppm respectively are observed_ 
The integral intensities are related as (L)/(M)/(N)/(P)/(Q)=7/4/5/1/1. The 

spectrum pattern indicates that there are at least 11 aromatic protons in the compound 
which suggests the presence of at least two naphthyi fragments in the molecule. Seven 
protons belong to the C,oH,CH2 fragment [muitiplet (L)], as is evident from a com- 
parison of the PMR spectra of (II) and the initial l-(bromomethyl)naphthalene. 
Irradiation of any line in the region corresponding to aromatic protons with a second 
.radiofrequency field does not change the muitiplet (N) or the singlets (P) and (Q). 
There is also no spin-spin coupling between the muitiplet (N) and other groups of 
signals in the spectrum. A more detailed study of the multiplet (N) indicated the 
existence of a doublet [E) at 3.94 ppm with a relative intensity corresponding to one 
proton and its components separated by 2.5 Hz. This doublet splitting is due to the 
spin-spk coupling with the proton, which give rise to signal (D) in the spectrum, at 
approximately 3.55 ppm, overlapping with other proton signals of the muitipiet (N). 
Therefore, irradiation with a second radiofrequency corresponding to this chemical 
shift results in rhe collapse of the doublet (E) to a singlet. 

The spectrum of compouncl(II) represents a complex spin system whose 
analysis in terms of a first order appkoximation is impossible. A subsequent interpre- 
tation of the spectrum has been made possible through the use of higher resonance 
frequencies (100 and 220 MHz). 

Muitipiet (N) recorded at slow scanning speed at 100 MHz is depicted in Fig. 
2a. It can be shown that the signal (D) is a triplet with the components separated by 
2.5 Hz Four upfieid lines with summary intensities corresponding to one proton (A) 

I 

390 3.60 3.30 300 ppm 

Fig 2 The spectrum of compound (Ii) in CS2 (multiplet N); a. experimental at 100 MHz, b. theoretical, 
calculated using parameters shown in Table 2 
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could be also distinguished_ On the basis of these data the following preliminary con- 
clusions have been drawn regarding the nature of multiplet (N): it represents an 
ABCDE type spectrum, proton (E) interacts only with (D). The latter in turn has the 
same spin-spin coupling constant (2.5 Hz) with&e of the(B) and(C) protons. From the 
shape of the signal, the spin-spin coupling constants of proton (A) with (B) and (C) are 
different_ 

The correctness of these conclusions is confirmed by the spectrum of (II) in 
benzene. Due .to the ASIS effect, the chemical shifts in the multiplet (N) are now 
different, and in this spectrum a doublet (E) at 3.614 ppm, triplet (D) centered at 3.555 
ppm, signal of proton (A) - the four lines at 3.136 ppm, and a complex multiplet in the 
region of 3.305-3.512 ppm relating to the protons (B) and (C) are observed_ The 
singlets (P) and (Q) are located respectively at I.70 and 1.57 (in CSJ and at 1.302 and 
1.24 ppm (in benzene). From the basis of their intensities and positions, these signals 
could only be assigned to the CH2 group. This group, however, cannot belong to the 
ClOH,CH+ fra_aent which gives rise to the aromatic proton multiplet (L). ffthis were 
the case the resonance signal should be either a singlet in the lower field part of the 
spectrum or system Al3 (in the case of the non-equivalent protons) with its specific 
geminal spin-spin coupling constant of - 12-15 Hz The absence of spin-spin coupling 
between the (P) and (Q) and other groups of signals was estabIished by means of a 
double resonance experiment. When the operating frequency was increased the 
separation between the P and Q signals also increased. Some spin-spin coupling 
between these protons might be assumed to exist, but if so this is so great that the weak 
external components were lost in the background noise at large J/S. However, a 
double resonance investigation showed the absence of these weak lines in the region of 
k40 Hz from the center of(P) and (Q) signals. Thus the (P) and (Q) protons are not 
equivalent and have a spin-spin coupling constant close to zero. These results suggest 
that this CH2 group is a part of the fragment similar to that of the n-ally1 or tri- 
methylenemethane complexes 6. For example, in complex (V) the H, and HZ chemical 
shifts are 1.84 ppm and J,, ISL Js4=0, which is rather close to the observe (P) and (Q) 
values in the spectrum of (II). 

Fe(COJ, 

These conclusions have been entirely confirmed by the study of the spectrum 
of (II) at 220 MHz, which has enabled a detailed interpretation of this spectrum. The 
muliiplet (N) is shown in Fig. 3. Although again in this case an exact calculation of the 
spectrum is impossible from the basis of a first order approximation, the five separate 
signal groups observed are sufficiently accurate to enable a determination of all the 
parameters, which were further improved by calculation on an M-20 electronic 
digital computer using the YaMR-1 program7. At an operating frequency of 220 MHz 
the spectrum has only a low sensitivity to the choice of constants (kO.2 Hz) and to the 
variation of chemical shifts (+ 1.5 Hz). For this reason the parameters were varied 
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TABLE 2 

= PRDIDN -CAL. SHIFIS AND SPIN-SPIN COUPLING CONSTANTS OF THE MULTIPLEI- (N) CALCUtiTED 

FOR COMPDUND (Ii) 

(Solvent CS2) 

Proton %A J P-W 

HA 3.220 JAB- 12.8 

$ 

3.675 J AC g.OQ 
3.420 J BC 4-7 

D 3.579 J, 2.5 

HE 3.930 J DE 25 

I , 

4.0 3.5 3.0 ppm 

Fig. 3. The spectrum of compound (II) in CS, (multiplet N) at 220 MHz 

until a good fit was obtained with the 100 MHz spectrum (Fig. 2), which is much more 
sensitive to the choice of parameters. The calculated spectrum thus obtained is shown 
in Fig. 2b, the parameters of the ABCDE spectrum being listed in Table 2 Analysis of 
the multiplet (N) enabled an immediate decision to be made regarding the presence of 
the CH,-CH-fragment in the molecule. The (A) and (B) signals of the CH2 protons 
could be readily recognized from the geminal spin-spin coupling constant ( -.13 Hz), 
which is characteristic of an ahphatic series’. The chemical shifts of (A) and (B) show 
that the CH,-group is joined to an aromatic ring and thus belongs to the C10H,CH2 
fragment_ On the other hand, the (C) proton chemical shift also indicates that it is in the 
I-position to an aromatic ring. A significant difference between the JAc and JBc 
constants indicates that the (A) proton occupies a predominantly rran~ and the 
proton (B) a gauche-position with respect to (C) in C,,H,CH,CH_ The proton (E) is 
spin-spin coupled only with (D) and, in addition, the same spin-spin coupling con- 
stant was observed &h the (D) and (C) protons. 

These data indicate that one of the nuclei of the second naphthyl fragment is 
not aromatic but has a tetrahedral carbon C5 bonded with Hcand C,&,CH,. The 
C,, C2, C3 and C4 carbons form the skeleton of the trimethylenemethane fragment 
which is z-bonded with the Fe&IO), group. This is confirmed by a significant upheld 
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4 

e 7.5 7 65 PDrn 

Fig. 4. The spectrum of compound (II) in CS, (multiplets L and &I) at 220 MHz 

shift of the HE and Hu signals with respect to those of the aromatic protons. The value 
of Js,, is close to that observed for the respective proton pair of trimetbylenemethane- 
iron tricarbonyL Thus the Z-naphtbylmethyl group is coordinated to the iron atom, 
the four protons of the second sixmembered ring retaining their aromaticity and giving 
rise to a singlet at 6.92 ppm in the 60 and 100 MHz spectra which resolves to an 
additional structure at 220 MHz (Fig. 4) 

The structure of the CloH, fragment giving a multiplet (L) in the aromatic 
proton region of the spectrum must now be determined. At 220 MHz this multiplet 
resolves into three doublets (centered at 7.62,7.73 and 8.05 ppm with the components 
separated by 8 Hz), and a multiplet (within the region of 7.16-7.50 ppm; l/l/ l/4) 
which indicates the presence of three l-protons in the naphthyl nucleus_ The fourth 
l-position is occupied by CH2. 

Thus the structure of compound (II) may be confirmed from an analysis of the 
proton magnetic resonance spectra and their theoretical calculation. The NMR data 
for the solution are in agreement with the X-ray data. 

The spectrum of compound (I) at 60 MHz in CS2 is shown in Fig 5. Its pattern 
is rather similar to that of compound (II). In the region of aromatic protons a complex 
multiplet (L) and a singlet (M) are found. A multiplet (N) within 3.85-2.90 ppm and 
two upfield singlets (P) and (Q) with c h em&l shifts l-G4 and 1.595 ppm, respectively 
are also observed. The integral intensities are related as (L)/(M)/(N)/(P)/(Q)= 
7/4/5/ 1 /I. From a double resonance experiment, it was established that the aromatic 
protons have no spin-spin coupling with the protons which give rise to multiplet (N) 
and singlets (P) and (Q) in the spectrum. The multiplet (N) also does not couple with 
other groups of signals in the spectrum_ In a similar fashion to compound (II), the 
multiplet (L) may be assigned immediately to the aromatic fragment C,,H,CH,, and 
singlet (M) to the four protons of that six-membered ring of the second nuphthyl 
group which retains its aromaticity. The singlets (P) and (Q) are due to the protons at 
the C, carbon ofthe trimethyIenemethane skeleton which is n-bondedwiththe Fe(CO), 
group. Again, similarly to compound (II), the multiplet (N) contains the signals from 
five protons. This multiple& recorded at a slow scanning speed at IO0 MHz, is shown 
in Fig. 6a. This spectrum contains a doublet (E) at 3.816 ppm separated by 2.5 Hz, and 
a triplet (D) centered at 3.635 ppm with a similar separation of components. These 
results allow the direct assignment of the (E) signal to the H, proton at C3 2nd the 
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8 7 6 5 4 3 2 1 0 rwm 
Fig. 5. The spectrum of compound (I) in CS,, at 60 MHz 

(bl 

(a) 

I 

. . 3.m 
# 

3.50 3.20 290 PPm 

Fig, 6. The spectrum of compound (I) in CS2 (multiplet N); a. expetimental at 100 MHz, b. theoretical, 
calculated using parameters shown in Table 3. 
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signal (D) to the Ho proton at C,, in a similar fashion to compound (II)_ The four up- 
field lines may be assigned to one proton (A)_ The H, and Ha proton signals super- 
impose. 

In the 100 MHz spectrum of (I) in benzene the chemical shifts of the multiplet 
change due to the ASIS-effect. The Ho triplet (6 3-42 ppm) is now located at a lower 
field strength than the HE proton doublet (6 3.35 ppm). On selective deuteration of 
the l-position, the signal (E) disappears while (D) is transformed into a doublet 
separated by 2.5 Hz. The four H, proton signals are found at the high field strengths, 
and from the four HB lines three signals are observed, the fourth being concealed by 
multiplet Hc. 

A theoretical calculation of the spectrum of (I) in CS, using the YaMR-1 
program has also been undertaken (Fig. 6b). The spin-spin coupling constants of 
compound (II) were used in this calculation while chemical shifts were subjected to a 
variation analysis. The best lit between the experimental and theoretical spectra was 
attained using the parameters listed in Table 3. By comparing the calculated chemical 

TABLE 3 

THE PROTON CHEMICAL. SHIFTS AND SPIN-SPIN COUPLING CONSTANTS OF THE MIJLTIPLm (N) CALCULATED FOR 
COLIWUND (I) 

(Solvent CSJ 

Proton 6 (r-x=) JiHz) 

HA 3.085 JAB- 13.2 
HI3 3.355 J AC 9.00 

Hc 3.421 .l BC 5.00 

HD 3.641 J CD 2.5 
H, 3.817 J DE 2.5 

shifts for the ABCDE protons of (I) with those for compound (II) in CSZ, it is possible 
to see that although the HE, H, and H, proton chemical shifts change only slightly 
from one compound to the other, there is a considerable difference in the CH, proton 
shifts of C1,,H,CH,CH (H,, and HB)_ This is probably due to a change in the contri- 
bution of the magnetic anisotropy of the 2-naphthyl fragment to the HE and HB 
proton shielding with respect to that in an l-substituted naphthyl. 

The spectrum of (I) in benzene also shows some changes with increasing tem- 
perature (Fig. 7). The HP and Ho proton signals approach each other and collapse at 
lOO”, while the Ho proton signal shifts upfield and interfers with the H, signal at this 
temperature. Although all these changes are reversible this cannot be taken as evidence 
of a dynamic process, since the changes in chemical shift are not accompanied by a 
characteristic broadening and collapsing of the spin multiplets. It is possible that these 
effects may be due to complex formation between benzene and (I), although such 
effects are not observed with other solvents, e-g_, carbon disulfide and chloroform_ 

Thus the complexes formed in the reactions investigated in this study contain 
two differently bonded naphthomethyl groups. Their bonding is, however, the exact 
reverse of that initially suggested. Transformation of the aromatic system to a tri- 
methylenemethane system upon coordination with iron (+ 2) is more apparent pre- 
ferred to bonding in the n-benzyl form. 
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(01 

~~~, _L 
3.7ouo1Y) a 2.70 3.19 P.0 m 

Fig7. The spectrum of compound (I) in C6H6 at 100 MHZ; ZL 200, b. 56”, C. 97". 

(b) 

EXPERIMENTk 

The NMR spectra were measured on JNM-C-60HL and JNM-4H-100 JEOL 
Model, HA-1OOD and HP-220 V&an Mode1 instruments. Hexamethyldisiloxane was 
used as an internal standard. In the double resonance experiments the frequency 
sweep and the external lock were employed_ The JR spectra were recorded on an TJR- 
10 spectrometer. The mass-spectra were measured on an MX-1306 instrument at 119, 
KY’ mm, ionizing voltage 50 V, emission current 1.5 amp and accelerating voltage 
2 kV. 

The solvents employed were purified by general methods and distilled under an 
argon stream before use. 

Reaction of 2-(bronzomethyl)naphthalene with iron nonacarbonyl, synthesis of complex 

(1) 
An equimolar mixture (0.027 mole) of 2-(bromomethyl)naphthalene (m-p. 

5354O), obtained by bromination of Zmethylnaphthalene with IV-bromosuccinimide, 
and iron nonacarbonyl in 70 ml of hexane was stirred for 3.5-4 h at 49 under an argon 
atmosphere. The reaction was accompanied by complete dissolution of the carbonyl, 
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evolution of CO and precipitation of an orange-brown solid The solution above the. 
solid became yellow-orange in colour. The solid was mterecl off and washed several 
times with hot hexane. The combined filtrate was evaporated in WKZKI under stream of 
argon to remove the solvent and Fe(CO)s, and the residue subjected to thin layer 
chromatography on alumina (II activity grade) using petroleum ether/benzene (9/l) 
as the eluant. The complex (I) was eluated in the first yellow band and further crys- 
taliized from hexane or alcohol prior to subsequent analysis. The yieId was 10.5% 
(accordingly Scheme l(la)). The second product, which was strongly-retained in the 
chromatogram, was 1,3-di-2-naphthylaceton (30”/, Scheme l(lb)), m.p. 133-134O 
(from heptane). (Found: C, 88.88; H, 5.75. C2,H,,0 &cd.: C, 88.96; H, 5.84%) 
2,4_dinitrophenyldrazone, m-p. 132O (from glacial CH,COOH). 

Complexes (II), (III) and (IV) were prepared and isolated (- 10 %) in a similar 
fashion. Their analyses and other characteristics are shown in Table 1. l-(Bromo- 
methyl)naphthalene (m.p_ 49-500), required for the synthesis of (II), was prepared by 
bromomethylation of naphthalene. I-Deuterated 2-(bromomethyl)naphthalene was 
obtained by bromination of 2-methylnaphthalene (l-Br-2-CHJC1&IB, b-p. 146-1470,’ 
10 mm), followed by further conversion of this compound to an organomagnesium 
derivative and decomposition of the latter by DzO. The introduction of bromine into 
the side chains of l-D-2-CH3C,,H6 and l-Br-2-CH&,,,H, was performed via 
bromosuccinimide. I-D-ZBrCH2CloHs, m.p. 53-54O (from heptane); l-Br-Z- 
BrCH2CIOH6, m-p. lO&lOP (from Ccl,). 

In a similar manner to compound (I), the respective ketones were prepared at 
the same time as the complexes in approximately the same yields (25-30”/,). The 
structure of the ketone obtained in a run with a mixture of l- and 2-(bromomethyl)- 
naphthalenes was not identified, m-p. 110” (from alcohol), (Found: C, 88.87; H, 5.80. 
Cz3H1s0 calcd.: C, 88.96; H, 5_84”j,), 2_4_dinitrphenylhydrazone, m-p. 177-178O 
(from glacial CH,COOH). The ketone of composition (C,OH,BrCH,),CO had a m-p. 
190” (from alcohol). (Found: C, 58.66; H, 3.50; Br, 33.13. Cz3H,,Br,0 calcd.: C, 
58.99 ; H, 3.44; Br, 34.13 %). The yields and structures of the carbonylation products 
are at present under investigation. 

The mass-spectra of compounds (I) and (II) are quite similar and contain the 
following ion peaks: 422 (C, ,H,),Fe(CO)z ; 394 (C, ,H,),Fe(CO)t ; 366 (C, ,H,),- 
Fe(CO)+; 338 (C,,H&FeC; 282 (C,,H,)f; 268 C21H16+; 254 C20H14f; 197 
C1,H9Fe+; 141 CllHs+; 28 CO+. 
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