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Lithiation of Cyclopropylcarbinols
Sir:

Cyclopropanes, which do not contain activating substituents
(R—C=0, -CN, -NC, -C=CR), are metalated quite
sluggishly even by potassium reagents.'-> We report herein
that this behavior is changed if a C—OH group is appended

to the cyclopropane ring. When the bridged cyclopropylcar-
binols I-VII (R = X = H) were treated with isopropyllithium
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(2.5 equiv, ether-pentane (1:1), 24 h), D>O quench gave the
deuterated alcohols I-VII (R = H; X = D) in the yields shown
in parentheses.

The position of deuterium was determined in the case of 1
(R = H; X = D) through conversion ([Rh(norbornadiene)Cl],,
CDCl3, 25 °C, 3 h) into |-deuterio-7-norbornadienol (VIII)
whose 'H NMR spectrum could be analyzed unequivocally.
Mass spectrometry of I (R = CHs; X = D) indicated the ratio
of dy:d, to be ~5:1. The results suggest that initially the lithium
derivatives I-VII (R = Li; X = Li) are formed. Treatment of
I-VII (R = Li; X = Li) with I,2-dibromoethane yielded the
corresponding bromohydrins I-VII (R = H; X = Br; ~60%).
Assignment of structure was possible in the cases of I (con-
version into |-bromo-7-norbornadienol), I1 ('{H NMR), and
1V (comparison with authentic material*). With other elec-
trophiles (CH;l, CO,, CICO:Et), I (R = Li; X = Li) was
converted into the appropriate derivatives 1 (R, X, %): H, CH3,
80; H, CO»H, 20; CO;Et, CO,Et, 80.

Open-chain cyclopropylcarbinols IX yielded three types of
lithium derivatives (/-PrLi, pentane, 25 °C, 24 h). Carboxy-
lation of the reaction mixtures gave mixtures of hydroxycar-
boxylic acids X-XII (~55%) which were methylated with
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diazomethane and separated by GLC of their methyl esters.
The results are given in Table 1.
Quadricyclane (XIIl), 7-norbornanol (XIV), and n-
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Table 1. Proportions of Hydroxycarboxylic Acids Obtained from
Cyclopropylcarbinols

Rin X X X1 X1l
CHj (61)¢ 184 73¢ 9d
¢-C3Hs (84)¢ 2)¢ 74/ 5¢
i-C3H7 (68)¢ 100¢
1-C4Hy (70)¢ 100¢

@ Percentage of one deuterium atom incorporated into 1X by
quenching with D,O (instead of carboxylation). ? Structure proven
by NMR and by conversion into known> I-acetyl-1-carbomethoxy-
cyclopropane. ¢ Methyl ester thermally converted into 2-0x0-3-oxa-
exo-4-methylbicyclo[3.1.0]hexane, prepared independently from
dimethylsulfoxonium methylide and S-angelicalactone.®” ¢ Converted
into known® trans-1-acetyl-2-carbomethoxycyclopropane. ¢ Structure
assigned by analogy of spectroscopic data with those of similar com-
pounds. / Mixture of diastereomers yielding upon methylation and
thermolysis a 93:7 mixture of exo- and endo-2-oxo-3-0xa-4-cyclo-
propylbicycio[3.1.0]hexane.

heptylcyclopropane could not be lithiated. It is also noted that
in I1 (R = X = H) lithiation of the cyclobutane bridgehead
does not compete with lithiation of the cyclopropane bridge-
head. From this it is concluded that both C—H bonds of suf-
ficiently high s character and a coordinating ligand (OLi) must
be present at suitable positions of a molecule for lithiation to
occur. In earlier work® we have shown that enhanced reactivity
toward organolithium reagents was observed whenever the
substrates used could yield the cyclic moieties XV and X V].10
Accordingly organolithiums of type XVI (X = OLi) are held
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responsible for the formation of X1 and four-membered rings
XVII (X = OLi)!°are proposed to account for the reactivity
of ]_Yv“ (R = X = H) and for the formation of X from
X 1112

Intramolecular coordination of lithium within a four-
membered ring is established as a stabilizing factor!? of aryl-
lithium compounds, which promotes lithiation of arenes
carrying a suitable donor group.:1% It has also been invoked
to account for the stereochemical integrity of (£)-2-(alkoxy)-
I-(arylthio)vinyllithium,'” the stability of (Z)-2-ethoxy-
vinyllithium,'® and the metalation of 3-methoxynortricyclene
by alkylpotassium and alkylsodium reagents.2 The mixtures
of X and XI formed from IX show that XVI (X = OLIi) is
slightly preferred over XVII (X = OLi). This preference is
cnhanced by bulky substituents which lead to unfavorable
cclipsing along the CC backbone of XVII. The formation of
X11 is ascribed to the organolithium XVIII.191° To account
for the activating effect of oxygen, we tentatively propose that
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(in the heterogeneous reaction mixtures) aggregates of lithium
cyclopropylcarboxide are involved in the formation of XVIII,
one unit of the aggregate serving to anchor it to the isopro-
pyllithium hexamer, another one providing a trans C—H bond
for lithiation.

Finally, we note that synthons containing nucleophilic
carbon are important tools of organic synthesis. The lithiation
of cyclopropylcarbinols—themselves valuable synthons owing
to the large number of ways in which they can be prepared and
subjected to further transformation?*—holds promise of
providing a new kind of such species.2!-23
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Bis(borabenzene)iron. Nucleophilic and Electrophilic
Substitution in Borabenzene-Iron Complexes

Sir:
Metallocene (1) and bis(arene)-metal (2) systems are

among the most familiar organometallic compounds. Bis(bo-
rabenzene)-transition metal derivatives (3) are formally
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similar, since the borabenzene moiety behaves as a 6-7-electron
ligand.' Bis(1-substituted borabenzene)cobalt compounds were
first prepared by Herberich in 1970 via a ring expansion of
cobaltocene with boron halides.? Subsequently, it was found
that the reaction of alkali metal salts of |-substituted bora-
benzene anions with appropriate metal halides gave | -substi-
tuted borabenzene-metal derivatives.’* Although substantial
data are now available for I-substituted complexes, the parent
system M(CsBHg), has not previously been prepared.® We
now report on bis(borabenzene)iron (4) prepared by a novel

route.
CH3OCH3 Fe,(cO) 9 =
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Addition of |-bromo-1,4-dihydroborabenzene? (5) to excess
dimethyl ether gave a nearly quantitative conversion into the
corresponding methoxyborane 6: '"H NMR7 62,49 (m, 2 H),
2.86(s,3H),5.95(dt,J =12,1.5Hz,2H),6.90(brd,J =12
Hz,2 H); ""B NMR 6 38.1; mass spectra m/e 108. Heating 6
to 100 °C for 12 h with an excess of Fe2(CO)g gave the con-
jugated diene-Fe(CO); complex 7 as a very air-sensitive yellow
oi: 'THNMR60.72(d,J = 17 Hz,exo Hg),* 1.20(dd, J = 17,
6 Hz,endo H¢),8 1.94 (d, J = 9.5 Hz, H»), 2.81 (dd,J = 7,6
Hz, Hs), 3.25 (s, OCH3), 4.75 (dd, J = 7, 5.5 Hz, Hy), 5.45
(dd, J = 9.5, 5.5 Hz, H3); 1B NMR 6 38.8; mass spectra m/e
248. In contrast to previously reported boradiene-metal
complexes, the lack of any change in the ''B chemical shift
between 6 and 7 indicates there is no metal-boron bonding %%
Heating 7 to 165 °C for 12 h gave bis(1-methoxyboraben-
zene)iron (8). Alternatively, 8 was obtained in higher yield
directly from heating 6 with Fe-(CO)y at 165 °C. Bis(I-
methoxyborabenzene)iron (8) was obtained as a red oil: 'H
NMR §3.77 (s, OCH3),3.91 (d,J = 11 Hz, Hay), 4.38 (1, J
=7Hz,Hy),4.89(dd,/ =7, 11 Hz, H35); ''BNMR 6 23.6;
mass spectra m/e 270 (base peak, M* for C1:H ' B>%Fe).

The B-OCH3; group undergoes facile nucleophilic dis-
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