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(Received in Japan 1 July 1970; Received in the UKfor publication 18 Augusf 1970) 

Ahabnet-Lithiation of isopropylferrocenc by means of n-butyllithium4-)-sparteine complex (4) gives 
dissymmetric 3,l’dilithio1-isopropylferrocene (6), whose derivatixation yields (+)-l,l’-bis(trimethyIsilyl)- 
3-isopropylferrocene (78) or (+)-3-isopropylferrocene-1,l’dicarboxylic acid (7~). The (+ )(lS)dicarboxylic 
acid 7c has been correlated with (+)(lS)-3,1’dimethylferrocene-l-carboxylic acid (9~). Asymmetric 
lithiation at 2-position is achieved in the metallation of (+)-(N-u-pipecolylmethyl)ferrocene (11) with 
n-butyllithium to afford (lR)-2-lithioamine (12), which serves as an intermediate for the preparation of 
chiral 2-trimethylsilyl and 2-bromo substituted ferrocene derivativea (Me and 14 ) of the known absolute 
configuration. Finally the absolute configuration of (+)(lS, 1’S)-2.2’dimethylbiferrocenyl (15) has been 
established chemically. 

INTRODUCTION of two different substituents X and Y in ferrocene gives rise to three 
positional isomers (1, 2 and 3) and both CL (1) and g derivatives (2) can be resolved 
into optical antipodes (Scheme 1). Schl6gl er al. have studied the ferrocene chirality 
to establish the absolute configuration of more than one hundred of such com- 
pounds? We now wish to report the asymmetric syntheses of lithioferrocenes (1 
and 2: X = Li), which would serve as “key intermediates’* in establishing the absolute 
configuration of certain new ferrocene derivatives. The versatile synthetic utility of 
lithioferrocenes has been well documented.’ 
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Asymmetric 3,l’dilithiation of isopropyljkrocene in the presence of (-)-sparteine 
Recently discovered complex of n-butyllithium and N,N,N’,N’-tetramethylethyl- 

enediamine (TMEDA) greatly improved the selectivity in lithiation of ferrocene to 
give the 1,l’dilithio product exclusively.4 

( -)-Sparteine5 as a chiral bidentate ligand gives a modified organolithium (4), 
which has been found to be an asymmetry inducing reagent in the reaction with 
gemdibromocyclopropanes producing allenes” or in the one with ketones and 
aldehydes producing carbinols.6b Lithiation of isopropylferrocene (5) was effected by 

l Parts of this paper were published in a preliminary form (Ref. 1). 
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means of a mixture of n-BuLi and (-))-sparteine (25 equivs each) in hexane at - 70”* 
and the resulting mixture was treated with excess t~e~ylsilyi chloride (Scheme 2). 
GLC of the product indicated the formation of l,l’-bis(trimethylsilyl)-3-isopropyl- 
ferrocene (7a, 8W4) along with the recovered 5 (15%) and other mono- and bis- 
trimethylsilyl substituted ferrocenes (total 5%). The distributions are summarized in 
Table 1, which shows that this procedure is more advantageous than that in diethyl 
ether’ in order to obtain 3,1’-dilithio-i-alky~err~ne. 

The isolated bi~trimethylsilyi~ compound 7a showed optical activity. The diiithio- 
ferrocene 6 was fully carbonated and the product was esterified with diazomethane to 
give (+)&methyl 3-isopropylferro~ne-l,l’-di~rboxylate (7h), whose hydrolysis 
gave (+ )diacid (7~). The rotations are to be found in Table 2. 

SCHEME 2 
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5 (+)-7~: X = SiMe, 
(+)-7b: X = COOMe 
(i-)-7c: x = COOH 

TAaL&? 1. ~T~A~ON~~OPROPYL~R~ENE 

Lithiation -Distribution ’ “/ 0- 
Reagent yield. % 3 1’ ’ 2.1’ 3,l’ 

___________I_____---____. _____..___ -_______ ___.---__.__---------_-_ -.. 

n-BuLij-)-sparteincb in hexane 85 2 3 1 94 
n-BuLT in diethyl ether -20 12 28 2 58 

y Based on GLC analysis (Apiezon L 30%, 240”) of trimethylsilylated products. 
b lsopropylferrocene was treated with the reagents (25 equivts each) at - 70” and the mixture was 

warmed up to room temp during 12 hr. 
’ The reaction was carried out with equimolar n-BuLi at room temp for 30 hr (Ref 7). 

TABLE ~.A~YMM~?TR~~ 3,1'-DILITHIAIIONOFISOPROPYL~OCENE 

Product“ X [alp deg c,g/1oom.i Yield,% m.p. (b.p.) 

(+)-7n 
(+)-n, 
( + )-7c 

SiMe, 
COOMe 
COGH 

+W 
+ 2.5 
+3-8 

5.9 (WH) so* 
l-9 (PbH) 58’ 
1.3 (MeOH) 53 

(135”/4 mm) 
49-50’ 
_ 180” (dec) 

* For the racemic modification of these compounds, see Ref. 7. Isopropyl methyl groups were magneti- 
cally nonequivalent, cf. Ref. 8. Chemical shift differences (in Ccl& soln at room temp) were 1.5 Hz for 7a 

and 3a Hz for 7b at 60 MHz 
* Estimated on GLC (Apiezon L). 
’ Isolated by chromatography on alumina column. 

l None of 7 was obtained in optically active form (ride in/u) when the metallation was carried out at 
roan temperature. 
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Since these compounds have been derivatized from the same dissymmetric 3,1’- 
dilithio-l-isopropylferrocene 6, they should have the same absolute configuration 
and the same optical purity. Among them, (+)(lS)-3-isopropylferrocene-l,l’- 
dicarboxylic acid 7c is correlated with (+ XlS)-3,1’dimethylferrocene-l-carboxylic 
acid @I)~ (Scheme 3) and the optical yield of (1R)b is calculated to be ca 3%. 

The dicarboxylic acid was resolved by means of (-)-phenethylamine salts to give 
(+)-7c, [a&, + 110” (MeOH), which was esterified to dimethyl ester (+)-7h, [z]n 
+77” (PhH). Reduction of (+)-7h with a mixture of LAH and AlCl, produced (+)- 
l,l’-dimethyl-3Gsopropylferrocene (8), b.p. 1 lo”/2 mm, [alo +2Q” (cyclohexane). On 

SCHEME 3 

yqPr_Me~*r 1 i-yqye _ ‘$q’ 
X Me Me Me 

(+)-7c: ic = COOH (+)8 ’ t-)-s (+j-9a: Y = COOH 

(+)-7b: X = COOMe (+)-9b: Y = COOMe 

(-)-9e: Y = CJOH)Me, 

the other hand, the corresponding enantiomer (-XlR)8, [al,, - l*O”, was obtained 
upon similar reduction of (-)(lS)-l-(a-hydroxyisopropyl)-3,l’dimethylferrocene 
(SC), m.p. 4950”, [a]n -20” (EtOH), which was prepared by the action of two 
equivalents of methyllithium on (+ )(lS)-methyl3,1’dimethylferrocene-1 carboxylate 
(Sb), [aID + lo” (PhH) or 45% optical purity. 

This assignment was further confirmed by the similarity of ORD spectrum (Fig 1) 
of (+)(lS)-7b to that of (+)(lS)-methyl 3-methylferrocene-l-carboxylate (10).9U It is 
well known that additional substituent (methoxycarbonyl group in this case) in the 
second ring exerts no marked influence on the rotation of unsubstituted parent 
compound.’ 
Asymmetric 24thiation of (+)-(N-cl-pipecolylmethyl)ferrocene 

Directed lithiation at 2-position of (N,Ndimethylaminomethyl)ferrocene or 
(N-piperidylmethyl)ocene with n-BuLi has been recorded by Hauser et al. and 
the selectivity is ascribed to the intramolecular coordination of nitrogen lone pair to 
Li atom forming a S-membered chelate ring. lo Being interested in the influence of 
asymmetric ligand in this kind of metallation, we have synthesized (+)(S)+‘Va- 
pipecolylmethyl)ferrocene (ll), m.p. 3839”, [a]n +70” (EtOH), by the action of 
( + )(S)a-pipecoline,l l [a],, +33” (neat) or 93% optical purity, on the methiodide of 
(N,Ndimethylaminomethyl)ferrocene. 

This amine (+)-11 was metallated with n-BuLi in ether-hexane (40:60) at room 
temperature for 40 hr and the resulting 2-lithioamine (12) was treated with an excess 
of electrophile X3 to give 2-substituted amine (13) (Scheme 4). The methiodide of 13 
was allowed to react with a nucleophile Y I2 thoroughly to remove the a-pipecolyl 
group and the resulting 1,2disubstituted compound (14) was isolated. The results 
arc given in Table 3. 

The lithioamine 12 was carbonated to give a lithium salt of amino acid (+)-1311, 
which was quartemized and reduced with sodium amalgam in water. Esteritication 
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MeOCO i-Pr 

MeOCO Me 

(+)-lo 

300 

RG 1. ORD of (i-)-7b (--) and (+)-lo (---) in dhanol. 
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biEME 4 

Fe 
n-BuLi 

ether-hexane 
r.t. 

Fe 

(+)-11 (lR)-12 13 

Fe 

(1) Mel 

(2) Ye Q 
(ZR)-14 

For X nnd Y see Table 3 

TABLE~.ASYMMETRIC i?-LITMATION OF(+)-(N-a-PIPEcoLYLMETHYL)FERRocENE (lly 

Productb X CH,Y [JIB deg c,g/looml Yield, “/, m.p. (b.p.) 

(+)-13P COOLi 

(-)_I4a, COOMe 

(-V4a, COOMe 
(-)-14b, Me 
(+)-13c SiMe, 

(+)-14c, SiMe, 
(+)-14cs SiMe, 

(+)-@ SiMe, 
(+)-ml WW, 
(+)-13e Br 
(+)-I4e, Br 

(+)-I4e, Br 
(-We, Br 

CH, 
CH,OH 
CHO 

CH, 
CH,OH 
CHO 

CH, 
CH,OH 
CHO 

+56 1.3 (EtOH) 
-l(r 19 (PhH) 
-22 0.81 (CHCI,) 
-7T 0.25 (EtOH) 
+71 1.5 (EtOH) 
+3‘0 3.6 (PhH) 
+1.3 5.2 (PhH) 

+13(Y 0.25 (EtOH) 
+110 1.2 (EtOH) 
+21 1.3 (EtOH) 
+14< 2.6 (PhH) 
+6.3 1.9 (PhH) 

-215 0.27 (EtOH) 

d 

24’ 
19’ 
2V.V 
57’ 
64 
25 
63 

d 

37’ 
42 
39 
64 

oil 
(125”/1.5 mm) 
oil 
solid 
(130”/006 mm) 
(135”/2 mm) 
6162”’ 
67-70” 
oil 
oil 
65-67” 
72-73”s 
solid’ 

’ Optical purity was 93 or 96% (Experimental). 
* All products exhibited NMR and IR spectra consistent with the assigned structures and Save correct 

elemental analyses. 
c For optical yicId.s, see text. 
d Not isolated in pure form. 
’ Based on 11. 
’ dl-Modification, m.p. 6W (Ref 14). 
o d&Modification, m.p. 70-71” (Ref 15). 
* The semicarbaxon+ m.p. 207-208” (dec). 

with diazomethane followed by chromatography on alumina gave (- )(lS)-l-methoxy- 
carbonyl-2-methylferrocene (14a,),r3 [a],, - lo” or 94”/, optical purity. This means 
that asymmetric synthesis of 12 of the absolute configuration (1R) is achieved in almost 
quantitative optical yield. The methodide of (+)-13a was treated with KOHaq and 
the resulting 2-hydroxymethylferrocene-l-carboxylic acid was isolated as the methyl 
ester ( - )(l S)-1411,. 

In contrast, however, a markedly low optical yield was observed in’another 
derivatization. The reaction of 12 with excess methyl iodide gave a crude methiodide 
of 13b (X = Me), whose hydrolysis with aqKOH followed by oxidation with active 
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MnO, gave (-)(lS)-I-methyl-2-formylferrocene (14b)13 contaminated by formyl- 
ferrocene itself (85: 15 ratio by NMR). Calculation based on the rotation of the 
mixture ([a],, -61”) indicated that the [a]u of 14b, should be 72” (optical purity of 
32%). Thus the optical purities of final products 14 were dependent on the reactions 
by which they were formed.* In any way the predominant formation of (lR)-12 is no 
doubt and this is verified by further derivatizations. 

Optically active 2-trimethylsilyl substituted ferrocenes have been synthesized for 
the first time. Condensation of 12 with trimethylsilyl chloride gave silyl-amine 
(+)-1X!, whose methiodide was reduced with sodium amalgam in water to produce 
(+)(lS)-l-trimethylsilyl-2-methylferrocene (14c,).t Hydrolysis of the methiodide in 
the presence of NaOHaq yielded silyl alcohol (+)-14c,, which was oxidized with 
active MnO, to give silyl aldehyde (+)-MC, $ 

Chiral 2-bromo substituted ferrocenes were prepared as follows. The reaction of 
12 with tri-n-butyl borate followed by hydrolysis gave amino boric acid (+)-13d, 
whose treatment with cupric bromide in water gave bromo-amine (+)-13e. The meth- 
iodide of (+)-13e was hydrolysed with KOHaq to give bromo alcohol (+)-14e,, 
which was oxidized with active MnO, to bromo aldehyde (-)-14e, or reduced with 
LAH-AlCl, mixture to (+)(lR)-1-bromo-Zmethylferrocene (14eJ.t 

The absolute configuration of Me, was reconfirmed by the correlation with 
2-methylferrocene-1 carboxylic acid l3 (Scheme 5). The bromide (+)(lR)-14~ 
[alo + 14” (PhH), was subjected to halogen-lithium exchange by means of n-BuLi,” 
the resulting lithioferrocene was carbonated and esterified to give (- )(lS)-l-methoxy- 
carbonyl-2-methylferrocene (14a,), [a]n -40” (PhH) or 36% optical purity. Calcula- 
tion based on this correlation indicates that the optically pure 14e, should have the 
rotation of 400 in benzene. 

SCHEM(E 5 
COOMe Br 
1 
,- z Me 

& - 

1 

-I 
r’ 

1 

1 Me 
l,Fe 

LY 
\,Fe 

(-)-WI, (+ )-14e,&t+ 

Q+Jj 

I 
Me Me 

&:::)I (g’ ‘:$c$ _ & 

(lRh12 CH:N(P) CH,N(P) CHl-0 H, 

(1s. l’s)-16 (+I-17 

-N(P) = (S)-N-a-pipecolyl 

l This means that the possibility of kinetic effect cannot be excluded during the preparative procedures. 
To avoid this effect efforts were made to carry out all reactions to completion and to minimize purifications. 

t The optical activity of both (+)-14c, and (+)-144, is due solely to atomic asymmetry. The ORD 
observed in the ferrocene band around 450 nmr6 was [Ml,,, + 160” and [Ml,, + 280”, respectively. 

$ Recently the absolute configuration of (+)(lS)-14e, was confirmed and the optical purity (67”/,) 
was established by G. Gokel, P. Hoffmann, H. Kleimann, H. Klusacek, D. Marquarding and I. Ugi. 
Tetrahedron Letters 1771 (1970) 
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The synthesis and stereochemistry of 23’- and 2,5’disubstituted biferrocenyl 
compounds were recently described. s8 We have established the absolute configuration 
of (+)(lS,l’!S)-2,2’dimethylbiferrocenyl (15)* by direct methods. The Grignard 
reagent of (+)(lR)-14e,, [aIn + 12” (PhH) or 3@,! optical purity, was treated with 
cobaltous chloride” to give a mixture of 2,2’-dimethyl 15 and 2,5’dimethylbiferro- 
cenyl (55:45 ratio by NMR), which showed [a]n +340” (PhH). Since 2,5’-isomer is 
optically inactive, the absolute ~nfiguration of (+)-15 is deduced to be (lS,l’S). The 
same conclusion is obtained in another route. 

The lithioamine 12 prepared from (+ )-11 of 870? optical purity was subjected to 
the action of titanium tetrachloride’” to give a mixture of (IS,l’S)-biferrocenyl-2,2’- 
diamine (16) and its 2,5’-isomer in low yield.? The dimethiodide of 16 was treated with 
NaOHaq to give a cyclic ether (+)-17, whose reduction with LAH-AlCl, mixture 
fumish~ the desired (+)-15, [aID +520* (PhH). 

Finally the steric aspect in this asymmetric lithiation must be considered (Scheme 6). 
The most preferred conformer of the amine (S)-11 is presumably lle, whose substit- 
uents on both nitrogen and carbon are all equatorial.21 This conformer is expected 
to give lithioamine (lS)-1%~ rather than its diastereomer (lR)-12e’, as the model 
inspection shows that there should be a serious interaction between the Me group on 
or-pipecoline ring and heteroannular aromatic hydrogens which does not favour 12e’. 
In contrast to such prediction, the preference for (1R) configuration was actually found. 
This would probably be ascribed to the ~thioamine 1Za rather than 12e’ and accordingly 
to the intermediacy of the conformer 11s. The decreased reactivity of lie towards the 
metallation might be explained by assuming that its lone pair is less accessible due to 
the steric hindrance of axial hydrogens. Flipping on nitrogen gives rise to less preferred 
conformer lla, whose lone pair is appropriately directed to participate in 2-lithiation 
process leading to (lR)-12a stereoselectively, 

Fe 

CH, 
\ 

(1 R)-12c’ 

c”’ P ‘+’ CH, * , 0 N-U Lt ’ Fe 

* For the ~omencIature and confo~ation of bifertocenyl derivatives, see Ref 18b. The optically pure 
15 is reported to han [ah, 1 l!W (benzene). 

t The low yields equally observed in other coupling reactions (cf. Ref I&I) may be ascribed to the bulki- 
ness of a-pipecolyl group. 



5460 T. ARATANI, T. GONDA and H. NOZAKI 

EXPERIMENTAL 

All b.ps and m.ps are uncorrected. Microanalyses were performed at the Elemental Analyses Centre of 
KyBto University. IR spectra were obtained in neat liquid films or as KBr pellets on a Shimadzu IR-27-G 
spectrophotometer. NMR spectra were taken in loO/, Ccl* solns on a JEOL C-60-H spectrometer and 
chemical shifts are reported in 6 values relative to TMS as an internal standard. Optical rotations were 
measured using a cell of 5 cm length at room temp (20”) and c is given in g/l00 ml. ORD spectra were 
recorded on a JASCO ORD/UV/CD-5 spectropolarimeter in EtOH solns (c in mg/ml) with cells of 1 or 02 
cm length. Column chromatography was carried out on Sumitomo activated alumina unless otherwise 
stated. The purity of every product was checked on TLC (Silica Gel G). 

Lithiation of isopropyljkwocene with n-BuLii-)-sparteine complex and subsequent derivatizations 
(+)(lS)-l,l’-Bis(trithylsilyf)-3-isopropy&rocene (7a). A mixture of n-BuLi (54 mmoles) and (-)- 

sparteine (11 Q g, 48 mmoles) in hexane (270 ml) was added to a hexane (100 ml) soln of isopropylferrocene 
(50 g. 22 mmoles) at - 70’ under N, in the course of 1 hr. The mixture was stirred for 12 hr under allowing 
to warm to room temp, then a hexane (100 ml) soln of Me,SiCI (5.7 g 53 mmoles) was added at 0” and 
stirring was continued for 1 hr at room temp. After the reaction mixture was treated with water, the organic 
layer was washed with HCI aq to remove (-)-spar&e. Evaporation of the solvent gave a dark red oil 
(80 g), which on GLC (Apiezon L 300/, 2m, 240”, H, 40 ml/& TCD) proved to be a mixture of following 
components. Substituents on ferrocene, composition and retention time arc given in this order: isopropyl-, 
150/, 3.3 min; I-trimethylsilyl-3-isopropyl-, 2”/, 5.3 min; I-trimethylsilyl-l’-isopropyl-, 2”/, 59 min; 
l,l’-bis&imethylsilyl)-3-isopropyl-, 80”/, &3 min; and l,l’-bis(trimethylsilyl)-2-isopropyl-. 1y6 110 min. 
Column chromatography (hexane elution) followed by fractional distillation gave a pure sample of (+)-Ia, 
b.p. 134-135”/4 mm, [air, + 07o’(c 5.9, PhH); IR: 3100,2970,1250,1165,1040,830and 755 cm-‘; NMR: 
d 020 (s, 18H), 1.17 (ABq, Av = 1.5 Hs J = 7Q H& 6H), 2.63 (m, 1H) 3.87 (111, 4H) and 4.13 (m, 3H). 
(Found: C 61.5; H, 8.8. C,,H,,FeSix requires: C, 61.3; I-i, 8.7%). 

(+)(lS)-3-lsopropyljerrocene-l,l’-dicarboxylic acid (7~) and its dimethyl ester (7b). A mixture of n-BuLi 
(54 mmoles) and (-)-sparteine (120 g, 51 mmoks) in hexane (120 ml) was added to a hexane (100 ml) soln 
of isopropylfcrrocene (50 g 22 mmoks) at - 70”. The mixture was warmed under stirring up to room 
temp in the course of 12 hr. wheo dry CO, gas was bubbled in at 0” and stirring was continued for 2 hr at 
room temp. The acidic product was taken up in CHCl,. Evaporation of the solvent followed by esterifica- 
tion with diazomethane in ether gave crude 7b, which was purified by column chromatography (benzene- 
ether elution) to give a pure sampk of (+)-7b (44 g, 58%). b.p. 135”/@1 mm or m.p. 49-So”, [z]o + 2.5” 
(c 1.9, PhH); IR: 3100,2950, 1720, 1470, 1370, 1280, 1210, 1190, 1140.975.830 and 770 cm-‘; NMR: b 
1.25 (ABq, Av = 30 H& J = 70 H& 6H), 260 (m, lH), 3.77 (s, 6H), 4.27 (m. 3H) and 4.67 (m, 4H). (Found: 
C, 59.7; H, 6.1. C,,H,,FeO, requires: C, 59.3; H, 5.7%). 

A mixture of 7b (4.5 g 13 mmoles) and KOH (27 g, 48 mmoks) in aqueous MeOH (IOo/, 54 ml) was 
heated under reflux for 27 hr. Work-up followed by trituration in aqueous MeOH gays an orange mass 
of (+)-7c (2.2 & 53%), m.p. z 180” (de@, [a&, + 3.8’ (c 1.3, MeOH); IR(KBr): 32&2m, 1680, 1490, 
1300,1230,1170,920,835 and 750 cm-‘. (Found: C. 56.7; H, 5.3. C,,H,,FeO, rquires: C, 57Q; H, 5.1%). 

Chemical correlation of diucid (+ XlS)-7c with monoacid (+ Xl S)-9a 
Optical resolution offc. A soln of (-)-phenethylamine ([a& - 38.7” (neat), 1.7 g, 14 mmoles) in MeOH 

(#, ml) was added to a soln of (+)-7c (20 g, 6.3 mmoks) in MeOH (100 ml). Concentration of the reaction 
mixture gave the salts of (&)-7c and 2 moles of (-)-amine (1.2 g, 34%), m.p. 180-191” (de+ [a& + 4O^ 
(c 3.1, MeOH). (Found: C, 66-5; H, 6-7; N, 5a. Cs,H,,FeN,O, rquires: C, 66.8; Ii, 6.9; N, 59/,). 

Three recrystallizations of this salt from EtOH-MeOH gave a pure sample of single diastereomer 
(O-32 g, 18%). m.p. 180-196” (dcc), [a& + 53” (c 28. MeOH). Treatment with HCl aq and extraction with 
CHCI, afforded (+)-7$ m.p. 4 200” (de& [a]= + 112” (c 068, MeOH), whose esteritication with diazo- 
methane gave dimethyl ester ( + )-7b, [a& + 77” (c @78, PhH). The ORD spectrum of (+ )-7b (c 1.6, EtOH, 
1 cm) is reproduced in Fii 1. 

(+~iS~l,l’-~~~ethyZ-3-~opropy~~r~~ (8). A soln of LAH (O-10 g, 26 mmoks) and AICI, (0-3# g, 
2.3 mmoles) in dry THF (10 ml) was added to a soln of (+)-7b ([a& + 77”, 0.173 g, O-5 mmole) in THF (5 
ml). The mixture was stirred at room temp for 1.5 hr and at reflux temp for &5 hr. Work-up followed by 
column ~romato~aphy (hexane elution) gave (+)a (0092 g 72%) as a red oil, b.p. 110” (b&h)/2 mm, 
[a& +21f” (c l-8. c-C,H,,); IR: 3100,2950,1450,1375,1300,1220.1035,940,910 and 810 cm-‘; NMR: 
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6 1.16 (d, J = 70 Hz, 6H), 1.29 (d, 6H), 2.42 (m, 1H) and 3.75 (d, 7H). (Found: C, 70.5; H, 8.5. CIsH,,Fe 
requires : C, 7@1; H, 8.2%). 

(-XlS)-lda-Hydroxyisopropyl)-3,l’&ne&y~errocene (9c). 3,1’-Dimethylferrocene-lcarboxylic acid 
(9a) was optically resolved by fractional recrystallizations of its (-)-phenethylamine salt from EtOH- 
ether.% Esteritication of (+ Xl S)-9a ([a]n + 16V (c 2.2, EtOH) or 45% optical purity basad on tbe reported 
value 36”) with diazomethane gave methyl ester (+ )-9b, [a&, + loo” (c 2.2, WH). 

An etheral soln of MeLi was prepared by the reaction of Me1 (4.7 g 33 mmoles) with Li (Q7 g, 100 mmoles) 
in dry ether (100 ml) at - lo”. To an aliquot (25 ml) of this soln an etheral soln of (+)-9b (0.44 g, 1.6 mmoles) 
was added at 0” and the mixturc was stirred for Q5 hr at 0” and further 2 hr at room temp. Work-up gave 
(-)-SC as yellow needles (@3l36 g, 88x), m.p. 49-50” (from hexane), [a& - 20” (c 43, EtOH); 1R: 3300, 
3100,2950,1455, 1360,1145.1040,955 and 825 cm-‘; NMR: d 1.38 (s, 6H), 1.70 (s, IH), 192 (s, 3H), 1.96 
(s, 3H) and 3.75-4.10 (m, 7H) (Found: C, 66.3; H, 7.4. C,,H,,FeO requires: C, 669; H, 7.8%). 

(-MlR)-l,l’-Dtmethyl-3-isopropy&rrocene (8). To a soln of LAH (@lo g, 26 mmoles) in THF (5 ml) 
was added a THF (5 ml) soln of (-)-alcohol 9c ([a]n - 2.0”. 0.385 g, 14 mmoles) and then AICl, (0.30 g, 
2.3 mmoles) in THF (5 ml). The mixture was stirral for 2 hr at room temp and for 15 min at reilux temp. 
Work-up followed by column chromatography (hexane elution) and distillation gave (-)a (@333 g, 92x), 
[alo - 1.0” (c 6.6, cC,H,,). The IR and NMR spectra were superimposable on those of (+)S obtained 
from (+)-7b. 

Lithiation of (+)+a-pipecolylmethy&&rocene and subsequent deriwtizarions 
(+@)-(+I-a-PipecolybnethyQferrocene (11). The optical resolution of a-pipecoline was ~rform+ by 

fractional recrystallization of its bitartarate from water. ‘I” A mixture of (+ )(.S)-a-pipecoline ([a&, + 34.7” 
(neat, d:' 0445) or %“/. optical purity basal on the reported value 36G”, 20 g, @2 mole) and (N,Ndimethyl- 
aminomethyl)ferrocene m&iodide (24 g OQ62 mole) in water (20 ml) was stirred under reflux (120”) for 
65 hr. Work-up followed by distillation gave (+)-11 as a dark red oil (166 g, 90”/.), b.p. 130-135”pl mm, 
[a]o + 72” (c 2Q EtOH). This sample crystallized on standing as an orange mass, m.p. 38-39”; IR: 1450, 
1370,1320,1120,1075, loo0 and 820 cm-‘. NMR: d l-06 (d, 3H), O-9-29 (m, 9H), 3.44 (ABq, Av = 13 Hz, 
J = 14 HZ 2H) and 4Q2 (s, 9H); ORD (c 1.5): [Ml,,, + 280”. [Ml,,, + 400”. [Mldw + 5Hp and [Ml,,, 
+ 1100”. (Found: C, 68.8; H. 8.0; N, 4.7. C,,HI,FeN requires: C, 68.7; H, 78; N, 4.7%). Thl picrate was 
prepared as usual and recrystallized from EtOH, m.p. 156157” (dcc). (Found: C, 52.7; H, 50; N, 10.8. 
C,,H,,FeN,O, requires: C, 52.5; H, 5.0; N, 10.7%). 

(-XlS)-Merhyl 2-methylferrocene-l-carboxylale (14a,). A hexane soln of n-BuLi (@75 N, 23 ml, 17 
mmoles) was added to a soln of (+)-amine 11 ([a]n + 70” or 93% optical purity, 1.85 g, 6.2 mmoles) in 
ether (30 ml) and hexane (30 ml) under N, atmosphere. The mixture was stirred at room temp for 42 hr, 
when excess dry CO, gas was bubbled in. Afta the reaction mixture was treated with water, the aqueous 
phase was washed with ether and evaporated to dryness to leave a mixture of lithium salts ((+)-13a, 
lithium n-valerate and LiCO,) (2.7 g), which showed [alo + 56” (c 1.3, EtOH). Treatment with excess Me1 
in MeOH gave a crude methiodide (36 g). 

An aqueous soln (40 ml) of the crude methiodide (1.8 9) was added to Na-Hg (3.20/,, 150 g, 0.22 g atom 
of Na) and the mixture was heated under reflux for 7 hr. The acidic products were extracted with ether 
and esteritied with diazomethane. Column chromatography (hexane-benzene mixture elution) gave 
(-)-141, as a red oil (@193 g, 24% based on ll), b.p. 125”(bath)/l*5 mm, [a]n - 104p (c 1.9, PhH) or 94% 
optical purity based on the reported value of 1 1”;13 IR: 1720,1440,1280,1210, 1090, 1030, loo0 and 820 
cm-‘; NMR: d 225 (s, 3H), 3.75 (s, 3H), 4-05 (s, 5H), 4.15 (m, 2H) and 4.60 (m, 1H). (Found: C, 60.3; H, 
5.3. UC. for CI,H,,FeOl: C, 605; H, 5.5%). 

(-)(lS)-Methyl 2_hydroxymethy&rrocene_l_cmboxyhate (Ma,). A mixture of the crude methiodide 
(1.8 g) obtained above and 5% KOH aq (60 ml, 54 mmoles) was heated under reflux for 26 hr. The acidic 
products were extracted with ether and estcrified with diazomethane. Column chromatography (ether 
elution) gave (-)-14a, as a red oil (0.162 g, 190/. based on ll), [a]o - 22” (c @81, CHCI,); IR: 3450, 1710, 
1460,1290,1210,1095,1000,820 and 780 cm-‘; NMR: d 3.87 (s, 3H), 4.27 (s) and 430-4-83 (m) (total 10 H). 
The benxoate was prepared as usual and recrystallized from MeOH, m.p. 132”. (Found: C, 63.2; H, 4.8. 
C&I, sFe0, requires : C, 63.5; H, 4.8%). 

Hydrolysis of (-)-Ma, gan the free acid, which failed to give r-lactone on attempted cyclizations. 
(- )(lS)-I-Methyl-2_formy&rrocene (Mb,). A soln of (+)-11 ([a&, + 70”. 1.8 g, 6.1 mmoles) in ether (30 

ml) and hexane (30 ml) was treated with a hexane soln of n-BuLi (0.55 N, 25 ml, 14 mmoles) at room temp 
for 42 hr. To an aliquot (65 ml) of this soln Me1 (14 g 100 mmoles) was added. Stirring at room temp for 
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24 hr and evaporation of the solvents gave a crude methiodide of 13b (X = Me) (co 2.0 g), which was sub- 
jected to the next reaction without further purification. A mixture of the crude methiodide and aq NaOH 
(4”/ 50 ml, 50 mmoles) was heated under reflux for 26 hr. Column chromatography (ether elution) gave a 
mixture of ferrocenylmethanol and its 2-methylated product 14b, (X = Me, CH,Y = CH,OH) (046 g, 
46% based on ll), which was oxidized directly as follows. 

A mixture of the alcohols (0.184 g, 0.81 hunole) and active MnO, (10 g, 12 mmoles) in CHCI, (! ml) was 
stirred overnight at room temp. Column chromatography (benzene elution) gave a mixture of ferrocene- 
aldehyde and 14b3 as a red semisolid (@116 g, 63x), b.p. _ 14O”(bath)plS mm, [a],, - 61” (c 0.25, EtOH). 
The purity of 14b, (85%) was determined by NMR analysis, and the calculated [a&, of 14q was - 32” or 
32”/, optical purity based on the recorded rotation of 225”;13 NMR: 6 2.25 (s, 3H). 4.17 (s, SH), 4.45 (m, 
2H), 468 (m, 1H) and 10.13 (s, 1H). ORD (c 2.5): [Ml,,, - 140”. [Mlb9* - 1250”. [M]4sU o’, [Ml,,, 
+ 580”, [Ml,,, + 70: [Ml,,, + uxx)” and [Ml,,, 0”. 

a-Tfimethylri~y~ substitutedferrocenes 
(+~l-~imethylsilyl-2~Nu-pipecolylmethyl (13~). A soln of (+)-11 ([z]o + 70”. 30 g, 10 

mmoles) in ether (45 ml) and hexane (45 ml) was treated with a hexane soln of n-BuLi (0.7 N. 35 ml, 25 
mmoles) at room temp for 45 hr. To the stirred soln of lithioamine a hexane (30 ml) soln of Me&Cl (45 
g, 41 mmoles) was added at 0” in the course of 30 min. After stirring at room temp for 5 hr. the mixture 
was heated under rellux for 2 hr. Ether extraction followed by column chromatography (hexane elution) 
gave (+)-13~ as a red oil (2.1 g 57%). b.p. 125-130”/0% mm, [a]o + 71” (c 1.5, EtOH); IR: 1240, 1150, 
1105, 1080, 1035, loo0, 830 and 750 cm-‘; ORD (c 1.5): [Ml,,, + 320”. [Ml,,, + 800“ and [Mla,, 
+ 2100”. (Found: C, 65.2; H, 8.7; N, 3.7. C,,H,,FeNSi requires: C. 650; H, 8.5; N, 3.8%). The picrate 
was prepared as usual and recrystallized from EtOH, m.p. 149-150” (dec). (Found: C, 52.1; H, 5.8; N, 9.4. 
C2,H3.FeNb0,Si requires: C, 52.2; H. 5.7; N, 9.4%). 

(+ MlS)_l-Trimethylsily[-2_methylferrocene(l~~). The (+)-silyl-amine 13e([a], + 71”,0.39 g, 1.1 mmoles) 
was quartemized with excess Me1 in MeOH. The crude methiodide in watt (20 ml) and EtOH (20 ml) 
was added to Na-Hg (2O/, 150 g @13 g atom) and the mixture was heated under reflux for 5 hr. Benzene 
extraction followed by column chromatography (hexane-benzene mixture elution) gave (+)-UC, as an 
orange oil (0.183 & 64%). b.p. 135”(bath)/2 mm, [aID + 30’ (c 3.6, PhH); IR: 1240, 1145, 1090, 1070, 1030, 
1000, 830 and 750 cm-‘; NMR: 6 0.30 (s, 9H), 3.20 (s, 3H), 405 (s, 5H) and 4.23 (m, 3H); ORD (c 1.5): 

Wlm + 20”. [Ml,,, + 160”. [Mll,, + 1 lo”, [Ml,,, + 220” and [Ml,,, + 360”. (Found: C, 61.9; 
H, 7.5. C,,H,,FeSi requires: C, 61.8; H, 7.4%). 

(+~lS)-l-~imethylsilyl-2-hydroxymethy~e~oce~ (14~~). The crude methicdide of 13c ([a]o + 71”. 
10 g, 2.7 mmoles) was added to 4% NaOH aq (50 ml, 50 mmoles) and the mixture was heated under reflux 
for 38 hr with stirring. Ether extraction followed by column chromatography (ether elution) gave (+)-MC, 
(@262 g, 25x), [a&, + 1.3’ (c 5.2, PhH), m.p. 61-62” (from hexane) (dl-modification.‘4 m.p. 63-W”); IR: 
3350, 1240, 1150, 1100, 1075, 1035, 1000, 830 and 750 cm-‘; NMR: d 0.26 ($ 9H), 405 (s) and 4.20 (m) 
(total IO H). (Found: C. 58.5; H, 7.1. Calc. for C,.+H2,FeOSi: C, 58.3; H, 6.9%). 

(+ )(lS)-l-fiimethylsilyl-2-formyljerrocene (14~~). Active MnO, (10 g, 12 mmoles) was added to a soln 
of MC, ([a& + 1.3”. 0.167 g 0.58 mmole) in CHCI, (5 ml) and the mixture was stirred overnight at room 
temp. Chloroform extraction followed by column chromatography (benzene elution) gave (+)-14c, as a 
red solid (0.105 g, 63%). m.p. 67-70”. [a],, + 130’; (c @25, EtOH); IR: 2950, 1675, 1430, 1330, 1240, 1210, 
1150, 1110, 1090, 1040, 1000,840 and 760 cm-‘; NMR (CDCI,): 6 0.32 (s, 9H), 4.25 (s, 5H), 454 (m, lH), 
4.70 (m, lH), 4% (4 1H) and 1005 (s, 1H); ORD (c 2.5): [Ml,,, + 510”, [Ml,,, + 1070”, [MIS,, 0”, 

Wlm - 2350”, [M14** 0”. [Ml,,, + 2460’. [Mla,, 0’ and [Ml,,, - 3800”. The semicarbazone was 
prepared as usual and recrystallized from aq EtOH, m.p. 175-176” (dec). (Found : C, 52.8 ; H, 6.3 ; N, 12.2. 
C,sH,,FeN,OSi requires: C, 52.5; H. 6.2; N, 12.2%). 

a-Bromo substituted ferrocenes 
(+)-2-(N-a-Pipecolylmt~yQferrocene-l-boric acid (13d). A soln of (+)-11 ([aID + 72” or 96”/, optical 

purity, 80 g, 27 mmoles) in ether (90 ml) and hexane (90 ml) was treated with a hexane soln of n-BuLi 
(10 N, 60 ml, 60 mmoles) for 44 hr at room temp. The resulting lithioamine soln was added dropwise to a 
stirred soln of tri-n-butyl borate (17 g 74 mmoles) in dry ether (100 ml) at - 70”. The mixture was stirred 
overnight under allowing to warm up to room temp. Stirring was continued for 24 hr at room temp and 
for 48 hr at retlux temp (55”). The cooled mixture was treated with water (150 ml) and extracted with ether. 
Evaporation of the solvents (9O”(bath)/2 mm) gave a mixture of (+)-13d and the recovered (+)-11 as a 
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residual red oil (106 g), [alo + 110” (c 1.2 EtOH); IR: 1450,1340,1140,1100,1080,1O and 810 cm-‘; 
ORD (c 66): [M&s + 7SO”, [I&s + 2000”, [Ml,,, + 620” and [M&s” + 2250”. Attempted purgation 
of( +)-136 on column chromatography failed. 

(+)-1-&onto-2-(N-a-pipecolylmethyl)jerrocene (1%~). The crude amino boric acid (+)_13d (10.2 g) dis- 
solved in MeOH (50 ml) was added to a stirred soln of CuBr, (25 g 110 mmoles) in water (500 ml), and 
the mixture was heated at SO” for 1.25 hr. Ether extraction followed by column chromato~aphy on silica 
gel (benzene-ether elution) gave (+)-13e as a red oil (3.7 g 37”/, based on 11). [a]* + 21’ (c 1.3, EtOH); IR: 
1445, 1370, 1100, 1070, 1080,960 and 820 cm-‘; ORD (c 7.5): [Ml,,, + SO”. [MIsW 0”. [Ml,,, - 125”. 
[M&,s O”, EM],,,, + 750” and [Mljso + 630’. The picrate was prepared as usual and recrystallized from 
EtOH, m.p. _ 183” (dec). (Found: C, 45.8; H, 4.4; N, 9.5. C2,H,,BrFeN,0, requires: C, 456; H, 4-2: N. 
9.3%). 

(+)(lR)-l-Bromo-2-hydroxymethyl/mrocene (Me,). The reaction of 13e ([a],, $21”. 3.7 g 9.8 mmoles) 
with excess Me1 (40 g) in MeDH (40 m1) gave a crude methiodide (ca 5.1 g). The mixture of crude methiodide 
and 56% KOH aq (160 ml, 160 mmoles) was heated under reflux for 24 hr. Ether extraction followed by 
column chromatography (benzene-ether elution) gave a crude (+)-Me, as a yellow solid (1.13 g. 39%). 
[aIn + 4.1” (c 2.1, PhH), which was contaminated by a small amount of hydroxymethylferrocene. 

Pure sample of (+)-Me, was obtained by the reduction of 14~. An etheral (10 ml) soln of ( -)-Me3 
([z]u - 215”, 0.193 g, 0.7 mmole) was added to an ether (10 ml) soln of LAH (OQ40 g, 2 mmoles) and the 
mixture was stirred for 10 min at room temp. Work-up gave (+)-14% as a yellow solid (0194 g, lOOr;/,), 
[alo + 6.3” (c 1.9, PhH) or [z]o - 3.1” (c 1.9, EtOH), m.p. 72. 73’ (from hexaneether) (&modification,” 
m.p. 7@-71-): IR: 3200, 1380, 1300, 1245, 1100, 1060, 1000,975 and 820 cn~‘; NMR: 6 I.78 (s, lH), 4.20 
(s, 7H) and 448 (s, 3H). (Found: C, 45.4; H, 41. Calc. for C, ,H, ,BrFeO: C. e)8; H, 3.8%). 

(-)(lR)-1-Bromo-2_fony&rrocene (Ma,). Active MnOa (25 g 29 mmoles) was added to a soln of crude 
(+)-Me, ([a& + 4.1”. 0.53 g, 1.8 mmoles) in CHCI, (30 ml) and the mixture was stirred overnight at 0”. 
Chloroform extraction followed by column chromatogmphy (hexane-benzene elution) gave a pure sample 
of (-)-Me, as a red semisolid (@34 g, 64x), [a],_, - 215” (c 0.27, EtOH); IR: 2900, 1690, 1440, 1400, 1370. 
1260,1100, 1020, 1~,960,820 and 740 cm-‘; NMR: S 4.28 (s, 5H), 4.47 (m, lH), 4.73 (m, 2H) and 1005 
(s, 1H); ORD (c 4.8): [MIssa -700”. [M]s,. - 1860”. [M&66 0”. [Ml,,, + 1500”. [MIS,,, 0”. [I&s 
- 910” and [M]sss 0”. The semicarbazone was prepared as usual and recrystallized from aqueous EtOH, 
m.p. 207-208” (de@. (Found: C, 41.1; H, 3.6; N, 11.8. C,,H,aBrFeN,O requires: C, 41.2: H, 35; N, lZIy%). 

(+)(lR)-1-Bromo-2-methyffirrocene (Me,). To a soln of LAH (Oc)26 g, 0.7 mmole) in ether (10 ml) was 
added Me, ([z]n + 55” (c 2-1, PhH), O-33 g 1.1 mmoles) in ether (10 ml) and then AICI, (0@72 g, 054 
mmole). The mixture was stirred for 5 hr at room temp. Ether extraction followed by column chromato- 
graphy (hexane elution) gave (+)-Me, as orange crystals (@33 g 42%X m.p. 65-67,. [x]n + 14” (c 2.6, 
PhH) or [alo + 8.1” (c 2.6, EtOH); IR: 1460,1370,1355,1230,1100,1060,1030,990 and 810 cm-‘; NMR: 
62*5(s, 3H), 3,~(m,2HA4~8 (s, 5H)and 4.28 (m, 1H); ORD (c 12-S): [M&s9 + 33”, EM],,, +44’, [M]*4f 
+ 280”. [M]b,,o 0” and [M],aO + 120”. (Found: C, 47-3; H, 44. C, ,H,,BrFe requires: C, 47.4; H, 3.9%). 

(-~lS)_Merhyl 2-methylferocene-1-carboxylote (14s1,) from (+)(lR)-Me,. A. hexane soln of n-BuLi 
(10 N, 1 ml, 1 mmole) was added to a soln of (+)-Me, ([z]u + 140”. 0.24 g, 086 mmole) in dry THF (10 
ml) at 0” in the course of 5 min. The resulting red soln was stirred for 30 mm at tY, and dry CO, gas was 
bubbled in. The acidic product was extracted with ether and esterified with diazomethane. Work-up 
followed by column chromatography (hexane-benzene elution) gave (- )-148, as a red oil (0035 g, 16%). 
[a],, -4-o” (c 0.7, PhH) or 360/, optical purity based on the highest rotation of 1 1”.13 The IR and NMR 
spectra were superimposable on those of authentic sample. 
a,&‘-Disubstitutad biferrocenyls 

(+MlS,l’S)-2,2’-Dimethyl6iferrocenyl (15) from (+XlR)-Me,. To Mg turnings (0.15 g 63 mg atoms) 
activated with a drop of Me1 under N, was added a soln of (+)-Me, ([z]o + 12.0”. @30 g, 1.1 mmoles) and 
ethylene bromide (@25 g, 1.3 mmoles) in dry THF (10 ml) at 30” in the course of 30 min. After the mixture 
was stirred for 2.5 hr at 40”. anhydrous CoCI, (0.10 go.8 mmole) was added all at once at 0”. The mixture 
was allowed to stand overnight at room temp and decomposed with HCl aq. Ether extraction followed by 
column chromatography (hexane elution) gave a mixture of active biferrocenyl (+)-IS and inactive meso- 
2,5’dimethylbifermcenyl as an orange mass (0+90 g, 430/,X which showed [a&, f w (c 1.8, WH). The 
composition ratio ofthe mixture was determined on the basis ofNMR analysis:‘“b Me signal of2,2’-isomer 
I5 appeared at 6 1.82 (55%) whereas that of 2.5’~isomer at 6 2.28 (45%). (Found : C, 66.0; H, 6il. Calc. for 
C,,H,,Fes: C, 664; H, 55%). 

(+MlS,l’S)-2,2’_(B_0xapropyfene)biferrote (17) and (+)(lS,l%)-15. A soln of (+t_ll ([z& +65” or 
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8% optical purity, 10 g, 34 mmoles) in ether (90 ml) and hexanc (95 ml) was treated with a hexane soln 
of n-BuLi (@58 N, 85 ml, 49 mmoles) at room tcmp for 44 hr. TiCl, (80 g, 42 mmoles) was added to an 
aliquot (120 ml) of this soln at - 70” and the mixture was stirred overnight under allowing to warm to 
room temp. Stirring was continued for 48 hr at room temp and finally for 6 hr at reflux temp. Work-up 
gaw a red oil (30 g), which contained a small amount of 16. A mixture of dimethiodide (co 5 9) of this 
crude diamine and Na-Hg (5.6%. 180 g, 044 g atom) in water (100 ml) was heated at 130” for 2.5 hr. Work-up 
followed by column chromatography gave two kinds of products. Hexane eluted methylferrocene (0.21 g) 
containing a trace amount of (+)-15. Benzene eluted a mixture of bis(ferrocenylmethy1) etherz2 and 
(+hl7, which formed an orange solid (0.11 g) showing [a]o + 30” (c la, PhH). The composition ratio of 
(+)-I7 (12%) was determined as follows and the calculated chemical yield of 17 was @50/. based on 11. 

The crude cyclic ether (+)-17 (Om g, 022 mmole) in ether (2 ml) was added to a suspension of LAH 
@060 g, 16 mmoles) and AICI, (0080 g, o-6 mmole) in ether (5 ml). The mixture was heated at reflux 
temp for 5 hr under stirring. Work-up followed by column chromatography (hexane elution) gave methyl- 
ferrocene (Oa 8.88%) and (+ )-15 (9 m& 12x), which showed [a],, + 520” (c 0.18, PhH). The IR and NMR 
spectra were identical with those reported.‘s 
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