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s==ary 

A series of N- (Z-substituted ferrocenylmethyl)-NJVJV-trimethylammonium 
iodides was reduced via sodium/ammonia and Emde reduction techniques to the 
corresponding 2-substituted methylferrocenes in order to examine the compara- 
tive utility of these two methods. Reduction of a series of N-@-substituted ben- 
zyl)-N-ferrocenylmethyl-N,N-dimethylammonium halides demonstrated that 
both reductions apparently proceed through anionic intermediates. 

Introduction 

Previously, we have described the synthesis of methylferrocene (I) by the 
reduction of N-fenocenylmethyl-N,N,N-trimethylammonium iodide (Ia) with 
sodium in liquid ammonia [l] , the utility of this reaction being demonstrated 
by the preparation of the isomeric dimethylferrocenes [Z] . The ability of the 
sodium/ammonia system to effect reduction of the quaternary salt was not sur- 
prising in the light of reported behavior of other quaternary ammonium sa+s 
under such conditions [ 33 . It wq, however, noteworthy that the ferrocene sys- 
tem remained intact under these strenuous conditions, fenocene itself 143 .and 
some disubstituted ferrocenes [5] having been reported to be reduced by sodium 
ammonia or similar alkali metal/amine solutions to Fe’. and cyclopentadienide 
anions. 

The purpose cf this work was to investigate the general utility of the sodium. 
ammonia reduction for the. synthesis of methylferrocenes by determining the 
ability of various substituents to withstand sodium/ammonia conditions. A 
representative series of 2-substituted dimethylaminomethylferrocenes was pre- 
pared by the directed metalation procedure 163 and these amines were transforme 
into their respective quaternary ammonium salts. Tbis.series of compounds v&s 
reduced by both the so.dium/ammonia technique and the Emde .reduction meth- 
od which has also been employed for the preparation of -methylferrocene [ 73. A 
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comp_arison of the &W.y of these two :$ethods .was thus rendered po&ible. 
Of mechanistic interest was the question of whether these reductions oc- 

curred by way of a one- or two-electron transfer. Reductions in similar systems 
have been mostly of the two-electron transfer variety; the ratio of cleavage prod- 
ucts in such instances has been shown to be electronically contrtilled [S]. The 
reduction of N-ferroceny&nethyl-N-benzyl-N,Ndimethylammonium halides with 
appropriate p-bhenyl substitution provided some insight into the answering of 
this question. 

Results of the sodium/ammonia and the Emde reductions are summarized 
in Table 1. Both of these techniques proved quite capable of accomplishing the 
reduction of a variety of substituted ferrocene quaternary ammonium salts to 
the corresponding substituted methylferrocene. However, the success bf each 
reduction was dependent upon the ability of the particular substituent to with- 
stand the reaction conditions. For example, the Emde reduction of methiodide 
Xa resulted in reduction of not only the methiodide moiety but also the benzoyl 
substituent to give alcohol Xb (Scheme 1). Sodium/ammonia reduction of this 
compound proceeded with little difficulty to ketone X tid the product of this 
reduction could also be converted to alcohol Xb by sodium amalgam. This last 
transformation was somewhat unexpected in view of the fact that benzoylferro- 
cene itself is not reduced in this manner by sodium amalgam [9]. 

Two compounds were apparently incapable of being reduced by the sodium 
amalgam reaction, namely N-(ferrocenylethyl)-N,N,N-kimethylammonium 
iodide IIa and N-[2,1’-bis(diphenylhydroxymethyl)ferrocenylmethyl] -N,N,N- 
trimethylammonium iodide (XIIa), the former providing no evidence of reaction 
of any kind, the latter affording only a small yield of a cyclization product (XIIb] 
(see Experimental). The reduction of both these compounds proceeded satis- 
factorily with the sodium/ammonia system. 

TABLE 1 

REDUCTION OF SUBSTITUTED N-FERROCENYLMETHYL-N.N.N-TRIMETHYLAMMONIUM 
IODIDES 
Y-CH;!N(CH3&--+ Y-CH3 

Compound Y Yield Na/NH3 
liquid (%) 

Yield NalHg 
Wb) 

Ia 

IIa 
ma 
IVa 
Va 
Via 
VIIa 
VIIIa 

Xa 
Xla 
XII& 

Cl oH9- 
CgHgFeC5H4CH2 
~-D-CIQH~F~ 
2-(CPh20H)CIoHsFe 

2-CH3CI oHsF,e _ 
l’-CH2N(CH3)3I -CI oHs%e 
2-ClC!oHsFe 
2-Si(CH3)3CIoHSFe~ 
2-COPhCIOH6Fe 
2-CONHPhC10H6Fe 
2.1’~<CPh?OH)+t nH7Fe 

85” 
-220 
81 

0 

75%’ 
66b.c 

0” 
56 - 
52 

od 
900 

95 
0 

84 
22 
89 
53= 
94 

‘% 
50 

w. 

ORef. 1. h Ref. 2. c Product is l.l’-dimethylferrocene. d Reduction of the substituent occurred. e A small 
yield of cychzation product (XIIb) was obtained. 
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There were some notable failures of the sodium/ammonia system to afford 
reductions. N-(2-Chlorofenocenylmethyl)-NJV,N-tzimethylammonium iodide 
(VIIa) was apparently completely decomposed by sodium/ammonia where= the 
reduction proceeded quite well under Emde coriditions. The Z-bromo analog of 
VIIa has been found to be unstable even under Emde conditions [lo]. Also, 
N-[(2-N-phenylcarboxamido)ferrocenylmethyl]-~,~,~-~ethyl~oni~ io- 
dide (XIa) was reduced smoothly by the Emde technique to carboxamide XI where- 
as in sodium/ammonia, none of the expected product was obtained. A moderate 
yield of 2-(hyclroxymethyl)methylferrocene (IX) was obtained from the sodium/ 
ammonia reaction. 

The reduction conditions sometimes affected the substituents. When com- 
parable reduction was achieved, the yields by the Emde method were often 
superior to those from the sodium/ammonia reduction. On the other hand, the 
sodium/ammonia reductions were much faster and more convenient. One addi- 
tional advantage of the Emde reduction method was that D,O could be substi- 
tuted for I&O for labeling purposes, i.e., deuterium-labeled alkyl substituents 
could be synthesized. Table 2 lists the ar-deuterated alkylferrocenes prepared 
by this modification. 

Mechanistic considerations 
The results of the reduction of a series of N-@arc-substituted benzyl)-N- 

ferrocenylmethyl-NJV-dihylammonium halides are shown in Table 3. Re- 
duction in this series could occur with cleavage of either the ferrocenylmethyl- 
nitrogen bond or the benzyl-nitiogen bond. Either a one- or two-electron trans- 

TABLE 2 

2-SUBSTITUTED CK-DEUTERIOMETHYLFERROCENES PREPARED BY REDUCTION WITH Na/Hg. 

D2C 

Reduced methiodide 2-Substituent 
in product 

Yield (76) 

Ia H 80 
Va CH3 38 
VIIa C1 
VIIIa SKCH& :: 



XUla’ Ef Cl - 
x7177& 

17181 
XEcb. EI Sr 
XXIC Ii f 13167 Oft@ 
xxv c=3 Br 25@7)/11 14(15)/13 
XVa OCEQ Br 19E34)fO 5316 
XVb OCH3 I x7/5 1910 

a Except where indicated by parentheses, ve.lues represent yields of methylferrocene and dimetbylamFno- 
meihyiferrocene. respectively. Values in parentheses represent yields of the pam-substituted diimethylben- 
zylainine, as detenniued by NMR. Recorded yields of methyiferrocene should be considered as a lower Km- 
it since some of this material was invariably lost during isolation due to its hi volatility. & A 25% yieltd 
of hydroxymethylferrocene was obtained_ 

fer to the quaternary ~~~~en could be involved accompanied by the homolytie 
er heterolytic cleavage, respectively, of the carbon-nitrogen bond, The ferrocenyl 
methyl or benzyl free ~d~c~/~~b~io~ thereby formed could then accept hydro- 
gen or a proton from the solvent. Thus, the effect of thep-substituent on the 
product ratios should be an indication of whether the intermedia’te were anionic 
or free radical in nature, 

For the so~~~~rno~a reduction, the results (Table 3) showed that the 
m&boxy substituent had a profound influence on the benzyl-nitrogen cleavage, 
i.e., complete suppression of this cleavage was observed, whereas it was the favored 
reaction in the unsubstituted benzyl derivative. This decided change in reactivity 
of the benzyP=-nitrogen bond upon addition of an electron-donating group $S in- 
dicative of an anionic transition state resulting from a two-electron transfer. For 
the End& reduc~on of these compounds, the tisnb~ were similar. Furthermore, if 
such reductions are truly ele~~o~c~y controlled, these results ahow assessment 
of the electronic effect of ferrocene as a sub&Went as intermediate between that 
of the phenyl and p-tolyl groups. Previously, the electronic effect of the ferrocene 
substituent had been estimated as falling between those of the methyl ~~~eth- 
oxy groups’ [II!. f. 

The effect of the halide ion on the Emde reduction in the benzyl system can 
be expain~ by assuming that at least the chloride and perhaps the bromide salt 
exists as a tight ion pair in aqueous solution while the iodide salt exists as either 
a relatively polarized,ion pair or is ~o~ia~~~~ge~er. This would allow the 
most di.&o&ated ‘salt to be n%ost susceptible to a nucleoph~c substi~tion process 
asobserved. 
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TABLE 4 

NMR SPECTRA OF FERROCENYLMETHYL QUATERNARY AMMONIUM HALIDES IN CDC13 

Compoun* Chemical shifts (Hz.&. internal TMS) 

Ferrocene ring position 

2c 3 1’ CJJ2 CH3 

<FcCHzNMe2CH2Ph)+Cl- 275 258 253 soob, 3oob 184 

<FcCH2NsMe2 CH2 Ph)+f 280 257 257 3o8b. 299b 183.5 
<FcCH2 NMe3)+c1- 271.5 256.5 256.5 282.5 197 
<FcCH2NMe#Br- 275.5 259 259 291 .199 
<FcCH,NMe&T 278.5 259.5 259.5 298 200 

= Fc = CgH5FeCgHq. b Two methylene proton signal% c Assignment yas made to the protons 
of ferrocene ring system as- being furthest downfield of the ring system protons. This was verified for. 
one compound by synthesis of 2-deuteriodimethylaminomethylferrocene [Sl and preparation of the quater 
nary ammonium iodide therefrom. The signal at 278.5 Hz was attenuated. 

Such a hypothesis is supported by an NMR study of the salts with the data 
being recorded in Table 4. The chemical shifts in deuteriochloroform of the meth- 
ylene and the 2-position protons of the ferrocene rings shift upfield as the hal- 
ogen is changed from Cl + Br + I. Less shielding by the halide ion is clearly in- 
dicated and this can be attributed to an increasing looseness of the ion pair. Since 
apparently only tile ferrocene methylenes and the 2-position protons are affect-. 
ed, it is suggested that the halide ion is mainly associated with the ferrocene side 
of the quaternary nitrogen. 

Experimental 

General 
NMR spectra were run on a Varian A 56/60 spectrometer at ambient temper- 

ature. Elemental analyses were performed by Galbraith Laboratories, Nashville, 
Tenn., or by Alfred Bernhardt Laboratory, Mulheim, West Germany. IR spectra 
were run on a Perkin-Elmer Infracord 137 instrument as either smears or Nujol 
mulls. Mass spectra were obtained on a Consolidated Electrodynamics 21-104 
spectrometer, with a 70 volt ionizing potential, a 200” inlet temperature and a 
240’ source temperature. 

Each quatemary ammonium salt was prepared by adding the appropriate 
alkyl halide to an ether solution of the appropriately substituted dimethylamino- 
methylferrocene. The precipitated ammonium salt was then filtered and reprecip- 
itated from methanol/ether. 

Except where noted, the sodium/liquid ammonia reductions were carried 
out by the general procedure which follows. The quakemary ammonium salt 

(0.35 to 10 mmoles) was placed in a 250 or 500 ml round bottom flask equipped 
with a magnetic stirrer. Ammonia was then introduced until the flask was about 
half full. Sodium, typically in approximately a 12/l molar excess was added as 
small chunks or pea size spheres at a rate sufficiently slow to avoid excessive 
bumping. After 15-30 min, solid NH&l was added to quench the reaction. The 
crude reaction mixture was worked up by evaporation of the ammonia, followed 
by addition of water, extraction with ether and evaporation of the combined 
ether extracts. The crude product was isolated by column chromatography on 
alumina, vapor phase chromatography or vacuum distillation. 



The Emde reductions were carried out by a modification of the procednre 
dGscribed.by Nesmeyanov eial. [71_; that-is, by adding the ammonium salt (0.8 
to--l0 mmoles) to zi mixture of water and beriiene followed by the.addition.of 
5-lO%'sodium amalgam (usu&Iy 10/l excess). The r&action mixture was-then .- 
placed on a steam bath and heatedat reflux for approximately 1 h, after which 
time.it tiaS stirred at room temperature until the amber color had b&en transfer- 
red from Ahe water layer to the benzene layer. The benzene layer was separated 
and striD@d to give acrude product which was purified by chromatography on 
alumina,.vacuum distjllation or vacuum sublimation. 

.. A+lytical data for these products are recorded in Table 5 while summaries 
of the experimental conditions used for each reduction are to be found in Table 6, 

TABLE 5 

ANALYTICAL DATA FOR 2-SUBSTITUTED METHYLFERROCENESO 

Compound NMR (0h Elemental Ma 
dYSiS spectrum 

a-D-methylferro- 1.92 (2.0 protons, t. J (H-D) 2 Hz). 
cene 3.92-4.09 (9.0 protons. m) 

Z-D-methylferro- 
cene 

1.95 (3.0 protons, s). 4.03 (8.1 
protons. m). 

IV 

2-methyl-or-D- 
methylferrocene 

1.64 (2.6 protons, s). 3.39 
(0.8 protons. m). 3.65 (0.9 Protons. 
s). 4.09 (7.03 protons, unresblved). 
7.09 (10.5 protons. unresolved) 

1.92 (1.9 protons. t.J (H-D) 2.2 I%. 
1.93 (3.0 protons. s). 4.00 (9.0 proton3 

m) 

2-chIoro-a-D- 2.03 (2.0 protons. t. J (H-D) 2 Hz), 
methylferrocene 4.12 (8.0 Protons. m) 

2-trImethy&iIyl~-D-0.26 (9.0 protons. s). 1.97 (3.0 protons, 
methyIferrocene s). 4,OO (8.1 protons, m) 

X 

XI 

XII‘ 

<CC4> 2.32 (3.0 protons, s). 4.02 
(5.4 protons. s). 4.15 (1.0 proton. 
m). 4.32 (2.0 protons, m). 7.16- 
7.87 (4.8 protons. m) 

2.30 (3.0 protons, s), 4.00-4.27 (7.0 
protons. m). 4.55 (0.9 protons. m). 
6.79-7.82 (6-2 protons, m) 

3.20-4.80 (8.8 protons, unresolved). 
6.31 (1.2 protons. s). 7.00-7.80 
(20.2 protons. unresolved) 

201 (mol. ion). 
135.134.121. 
82. 81. 56 

202.201 (moL 
ion). 200, 136, 
135. 121. 82, 
81. 56= 

215 (moL ion), 
200. 199, 149, 
148. 121.92. 91. 
82. 81. 56 

C I4RZOFeSi 
Found (calcd.) C. 
61.99 (61.77) I-I. 
7.36 (7.41) Si, 
PO-21 (10.32) 

CI8H16Feo 
Found (cekd.) C. 
70.96 (71.08) H. 5.48 
(5.30) Fe. 18.26 (18.36) 

CIaHI70NFe 
Found (c&d.) C, 
68.32 (67.72) H. 5.28 
(5.33) N. 4.18 (4.39) 
Fe. 15.80 (17.6) 

C37H3CIFeC2 
Found (calcd.) C. 
78-72 (79.00) H, 
5.42 (5.37) Fe. 
9-57 (9.93) 

0‘ ti’eompounds were fourid to exhibit 9 and 10 #J bands in their respective IF2 spectra [13I. c Spectra Nn 
in CDCI+ unks otherwise noted; s = singIet; t = triplet., m = multiplet- o The 202 Peak is due to a small 
amount of 2.5-dIdeuterIdmethyIf~ocene present_ 



TABLE 6. . . : -.. _ 

,REDUCTI& OF 2SUBSTITUTED DIMETHYLAMINOkfRTRYLFERROCENE METHIOD~DES~‘EX-’ 

PERUMENTAL~CONDiTIOI$3 

Methiodide Weight (8) ‘minaks NalHg Na Yield (g)= Prbductc- 
<fCl%> <g> 

Ia 3.85 10.0 iOOll0 1.89 P 
Ia 1.92 5.0 x00/10 0.40 o-D-metbylfexxocene 

Bla 2.00 5.2 3 0.85 ID= 
Iiia 3.86 10.9 175/7 1.6 IIKe 

1Va 0.67 1.2 25110 0.10 IVf 
Va 3.99 10.0 17517 1.9 VG 
Va 1.5 5.0 67/10 0.30 2-metbyl-&D-methyE 

fexxocene 
Via 1.6 2.7 14416 0.31 VI@ 
VILa 2.1 5.0 175/7 1.69 vU8.h 
VUa 2.1 5.0 

VIUa 0.16 0.35 
VUIa 4.66 10.0 
VIUS 0.35 0.8 

Xa 0.31 0.6 
xa 1.28 2.7 
Xla 0.96 1.9 
XIa 0.35 0.7 
xtra 0.69 0.9 

17517 0.64 2-chloro-cvD-methyl- 
fexrqcene 

0.5 6.55 VIII’ 
175/7 2.13 vlDi 
14417 0.18 Z-trimetZlvlsiI~l~Dt-crft_ 

metbylferrocene 
0.29 0.10 X 

26110 0.31 Xb 
49f20 0.3 XI 

1.5 0.695 1x$ 
20.8/10 0.120 XBbk 

o Yield (96) recorded in Table 1. b Attempted Na/NH6 reduction of this system resulted in decompbsition. 
c o?Deutexio compounds synthesized via use of D20 in the Emde reduction (Table 2). d Propexties were 
identical to those described fox this compound in ref. 1. e Stsrtiag mateaial2_deuteriodimethylometh- 
yiferxocene prepared as described in ref. 6.f Properties were identical to those descxibed for this com- 
pound in ref. 12. g Properties were identicai to those described for this compound &n rei, 2; h Properties 
were identical to those communicated to us by Professors Marr am3 Rockett [lo) _ z Starting material N- 
<2-trimethylsiIyl)-N.N.N-trimethy~moRi~ iodide prepared as described in ref. 14.) Properties were 
identical to those of the compound prepared according to ref. 15. k Successful synthesis of XII via the Naf 
NZi3 technique is recorded in ref. 1. 

Preparation of N-(Zdeu~erioferrocenylmethyl)-N,N,N-trimethylammonium iodide 
(IHaJ 

~~eth~l~~omethylfe~ocene (2.08g, 8.55 mmoles), anbydroue ether 
(about 200 ml), and n-bu~~i~i~ (10 ml, 1.6 M, 16 rnacrolesj in hexane were 
mixed in a 500 ml flask for 1.5 h followed by addition of excess deuterium oxide 
(about 5 ml)_ Mass spectral analysis of an evaporated aliquot of this amine solu- 
tion indicated the incorporation af about 9.80 deuterium atom/molecule [6f. 
After an additional 30 min, the mixture was filtered. Excess methyl iodide was 
added, yielding a yellow precipitate. The precipitate was filtered, dissolved in 
methanol, reprecipitated with ether and filtered again. The solid was washed 
with ether and air dried, yielding ~-(Z~eu~riofe~oceny~e~yl)-~,~,~-~i- 
methylammonium iodide (IIIa) (2.25 g, 69%), dec. 181”. 

Emde reduction ofN-(2-benzoylfenzrcenylrmethyl)-N,N,N-trimethylammonium 
iodide (Xa) 

Ammonium salt (Xa) (1.28 g, 2.66 mrnoles), 10% sodium amalgam (26 g, 
I1 mmoles), 140 ml of water and 100 ml of benzene in a 250 ml flask reacted 
overnight at room temperature; The benzene layer was combined tith an ether- 
extraction layer, stripped of solvent and chromatograpbed on Alumina III;.E+& 
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'zene e&ted 2(phenylhydroxymethyhylfmethylferrocene (Xb) (0.31 g, 33%) es an 
oil: An& Fourd: C, 70.28; H, 6.05, C,,H,,FeO c&d_: C, 70.61; H, 5_93%_.NMR 
.(6, Cq): 1.96 (9.9 protons, singlet), 2.21 (1.1 protons, broad singlet), 3_75-. 
4.17 (8.0 protons, multiplet), 5.45 (9.9 proton, broad singlet), 7.12-7.50 (5.0 
protons, multiplet). IR (P): 2.95 (O-H), 9.09 and 10.04 (9,lO EL bands) [13]. 

An attempt to detect Z-(be~~yl)me~y~fe~o~ene as an intermediate in 
this reaetion by stopping the reaction after 30 mm was unsucces&ul, only the above 
mentioned alcohol being detected. The above alcohol was actually a mixture of 
the 2diasteriomerlc pairs of enantiomers. Enrichment in small amounts of each 
isomer was possible by careful chromatography, but complete separation was not 
accomplished. 

Emde reduction of ~~_T2,,“-bis(diphenylhydroxymefhyl)ferrocenylmethyf]-N,N, 
N-trimethyiammonium iodide (X1.a) 

Ammonium salt XIIa (0.69 g, 0.89 mmole) was combined with 10% sodium 
amalgam (20.8 g, 90 mmoles), 100 ml of water and about 50 ml of benzene. The 
mixture was heated to reflux for 3 h, then left at room temperature for two days. 
The benzene layer was taken, stripped and chromatographed on Alumina III. The 
eluant was stripped of solvent and washed with petroleum ether to yield a yellow 
solid (dec. 220” )_ Chromatography of the combined petroleum ether washings 
brought more of the high melting solid (total 0.12 g) and a small amount of an 
oily material_ That the solid product was not the expected reduction product was 
evidence by the lack of a methyl resonance in the NMR spectrum of the material, 
but most likely a nucleoph*2ic substitution/cyclization product, XIIb_ Anal. 
Found: C, 78.72; H, 5.42; Fe, 9.57, C,,H,,FeO c&d.: C, 79.00; H, 5.37; Fe, 
9.93%. NMR (6, CDCl,): 3.20-4.80 (8.8 protons, unresolved resonances), 6.31 (1.2 
protons, singlet), 7_00-7.80 (20.2 protons, unresolved resonances). 

Ph Ph 

Fe 

CFjh,OH 

Emde reduction of 2-fbenzoyI)methylferrucene (X) 
.2-(l3enzoyl)methylferrocene (X) (0.04 g, 0.13 mmole), 10% sodium amal- 

gam (14.16 g, 62 mmoles), 75 ml of water and about 50 ml of benzene were 
mixed in a 250 ml round bottom flask equipped with a magnetic stirrer. The 
mixture.waS stirred {rapidly enough to mix the phases well) for one. day. The 
benzene ltiger'was then combined with an ether extra& and the combined so- 
lution evaporated. The resulting oil was chromatographed on Alumina ID. Two 
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bands were collected. A small pink band was first collected yielding 12 mg of an 
unidentified material. A yellow fraction was then collected and evaporated, 
yeilding 2(phenylhydroxymethyl)methylferrocene (Xb) (0.010 g, 20%) identi- 
fied by comparison of its IR and NMR spectra with those of the material pre- 
pared by the Emde reduction of methiodide Xa. 

Sodium/liquid ammonia reduction of N-[2-(N-phenylcarboxamido)ferrocenyl- 
methyl]-N,N,N-trimethylammonium iodide (XIa) 

Ammonium salt XIa (0.350 g, 0.695 mmole) was-suspended in 125 ml of 
liquid ammonia. An excess (approximately 1.5 g, 66 mmoles) of sodium spheres 
was then added. After the solution had turned blue (10 min), ammonium chlor- 
ide was added. Water was added and the mixture was extracted three times with 
ether. The ether layers were dried over magnesium sulfate, stripped of solvent, 
and chromatographed on activated alumina. The main band was eluted with 
benzene and was stripped of solvent. The resulting oil was identified as 2-(hy- 
droxymethyl)methylferrocene (IX) (0.0948 g, 59%) by its mass spectrum (molec- 
ular ion at m/e 230) and by comparison of its NMR spectrum to that of an 
authentic sample prepared by literature procedures 1151. NBIR (6, Ccl,, ) 1.33 
(1.1 protons, broad singlet), 2.02 (3.0 protons, singlet), 4.07 (8.0 protons, broad 
singlet), 4.30 (1.9 protons, singlet). 

Emde reduction of N-benzyl-N-ferrocenylmethyl-N,N-dimethylammonium 
chloride (XIIIa) [16J 

Ammonium salt XIIIa (4.48 g, 12.2 mmoles), 20% sodium amalgam (124 g), 
water (90 ml) and benzene (100 ml) were refluxed in a 250 ml flask for 1 h. The 
benzene layer was combined with the benzene extracts and the solvent was evap- 
orated. Chromatography of the residue on Alumina I yielded methylferrocene 
(0.401 g, 16.5%) and dimethylaminometbylferrocene (2.4 g, 81%), identified 
by comparison of their respective NMR spectra with those of authentic samples. 

Sodium/liquid ammonia reduction of N-benzyl-N-ferrocenylmethyl-N,N-dimethyl- 
ammonium bromide (XIIIb) 

Quaternary ammonium salt XISib (3.87 g, 9.4 mmoles) was dissolved in 
ammonia and sodium pellets (8.0 g, 350 mmoles) were added with stirring. After 
12 min, NH&l was added. Addition of water and ether followed. Tbe combined 
ether extracts were dried over MgSO 4, stripped of solvent and chromatographed 
on Alumina I, yielding methylferrocene (0.32 g, 17.1%) and dimethylaminomethyl- 
fenocene (1.76 g, 77.3%). 

Reduction of N-benzyl-N-ferrocenylmethyl-N,N-dimethylammonium iodide 
(Xlllc) 

1. Sodium/liquid ammonia reduction. A procedure similar to that for salt 
XTIIb was followed utilizing 1.92 g (4.14 mmoles) of ammonium salt XIIIc. 
Chromatography of the evaporated ether extracts yielded methylferrocene 
lo.10 g, 12% (13% based on unrecovered starting material)] and dimethylamino- 
methylferrocene [0.60 g, 60% (67% based on unrecovered starting material)]. 
Chloroform extraction of the reaction mixture yielded 0.2 g (10%) of starting 
material. 
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8 -Emd& reduction. A proc&ze similar tti that for the reduction of XIIIa 
was followed utilizing 2.51 g (543 mmoles) of salt XIfIc, The combined benzene 
extracts &re evaporated and chromatographed .yieIdiug hydroxymethylferrocene 
[0.30 g, 25% (45% based on unrecovered starting material)]:Chloroform exkc- 
tion of the reaction mixture yielded starting material (1.1 g, 44%). 

Reduction of N-p-methylbenzyl-N-feFerrocenylmeth~l-~~N-dimethy~ammonium 
bromide (XIV) 

2. Sodium/liquid ammonia reduction. A procedure simik to that for reduc- 
tion of XIIIb was followed utilizing 0.29 g (0.56 mmole) of ammonium salt XIV. 
The ether extracts ware combined, dried over MgSO, and evaporated, yielding 
0.10 g of crude product. This material was analyzed by NMR showing a ratio 
of l.Of0.44/2.2/0,44 for methylferrocene, d~e~yl~~ome~y~e~ocen~, di- 
methyl-p-methylbenzyIamine and p-xylene, respectively. Chromatography 
brouiht an isolated yield of 0.0182 g (18%) for methylferrocene; the amount of 
dimethylaminomethylferrocene was insufficient for isolation. 

2. Emde reduction; A procedure similar to that for reduction of XIIIa was 
followed utilizing 0.20 g (0.46 mmole) of ammonium salt XIV. The benzene 
layer was combined with ether extracts of the aqueous layer, dried over MgSOa 
and evaporated yielding 52.0 mg of product mixture. NMR analysis showed cal- 
oulatad yields of 13.5,13.4,15.4 and 13.4% for methylferrocene, dimethylamino- 
methylferrocene, p-methylbenzyl-N,N-dimethylamine and hydroxymethyl- 
ferrocene, respectively. Chromatography yielded 5 mg (6%) of methylferrocene, 
and about 25 mg of an unseparated mixture of dimethylamiuomethylferrocene 
and hy~oxymethy~e~ocene. 

Reduction of N-(p-methoxybenzyl)-N-(f &rocenylmethyi)-N,N-dimethylammo- 
n&m bromide (XVa) 

1. Emde reduction. & procedure similar to that for XIIIa was followed, 
utilizing 1.33 g (3.0 mmoles) of ammonium salt XVa. The benzene layer was 
separated, combined with ether extracts of the aqueous layer, dried over MgSO, 
and evaporated. NNR analysis of this oily product showed the presence of 
methylferrocene and p-methoxybenzyl-N,N-dimethyhunine in a ratio of OWL.0. 
Other small peaks were also present, possibly attributable to trace amounts of 
~ethy~omethy~~ocene and ~-metho~~oluene- C~o~to~phy of this 
mixture yielded methylferrocene (0,316 g, 53%) end ~ethy~~ornethy~e~o- 
cene (0.04 g, 5.5%), both identified by their BIER spectra. No starting material 
was isolated. 

-2. Sodium/liquid ammonia reduction. A procedure similar to that for salt 
XIIIb was followed utilizing 0.60 g (1.35 mmoles) of ammonium salt XVa. The 
combined ether extracts were dried over MgS04 and evaporated. This oily pro- 
duct was analyzed by NMR which revealed a lj1.8 ratio of methylferrocene to 
p-methoxybenzyl-N,N-dimethylamine. Chromatography yielded methylferro- 
cene (0.053 g, 19%). 

Reducfion of N-(p-methoxybenzy~)-N-(fe~ocenyimethyi)-N,N-dimethyhmmo- 
nium iodide [XV&) 

2. Emde reduction. A procedure similar to that for XIIIa was followed 
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utilizing 2.1 g (4.3 mmoles) of ammonium &t XVb. The benzene extracts were 
dried over MgS04 and chromatographed on Alumina I yielding methylferrocene 
IO.15 g, 18.5% (19.5% based upon unrecovered starting material)], identified 
by its NMR spectrum. Essentially no dimethylaminomethylferrocene was isola- 
ted, and only 0.1 g (5%) of starting material could be recovered. 

2. Sodium/liquid ammonia reduction. A procedure similar to that for XIIIb 
was followed utilizing 0.69 g (1.3 mmoles) of ammonium salt XVb. The ether 
extracts were stripped and chromatographed on Alumina I yielding methylferro- 
cene (0.060 g, 17%), identified by comparison of its NMR spectrum with that of 
an authentic sample. No dimethylaminomethylferrocene was obtained. 
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