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Some general reviews on the utilization of organolithium
reagents in synthetic processes have appeared during 1973.
Rausch and Sarnelli [1] have summarized the use of chelated

organolithium species in synthesis. A recent chapter on the
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chemistry of carbanions containedmuch information on the various

types and uses of organolithium compounds in general [2]. Of
some interest to organolithium chemists may be the medically
oriented reviews entitled "Mechanisms of Lithium Action" [3]

and "Lithium and Mental Health®™ {4].
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I. Structure and Bonding Studies

An article which considers techniques for the preparation
and manipulation of air sensitive organolithium (and magnesium)
compounds in nmr sample tubes has been published [5].

Single—determinant SCF~-LCAO-MO calculations by the "ab
initio" method have been performed for methyllithium and two
beryliium species [6]. Using three 2p orbitals on lithium in
the calculation, an optimum bond distance in the monomer was
predicted to be 2.31A (vs. 2.312 found experimentally for-the
tetramer). A dimerization energy for methyllithium of 34.9
kcal/mole was calculated. In addition, a theory of bonding and
energetics in alkylithium aggregates was proposed.

Bicyclobutane was treated with n~butyllithium/TMEDA reagent
in hexane;rcolorless crystals were obtained upon evaporation of
solvent and recrystallization [7]. X-~ray analysis indicated the
electron deficient dimer possessed structure I with a monoclinic

space group, C2/m, where a = 8.958, b = 15.052, c = 9,382 and
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8 = 97.90° 2 = 4. Refinement of 337 reflections using anisotropic’
temperature factors for non-hydrogen atoms and a disordered model
for the carbon atoms of the TMEDA unit in the space group C2/m
gave R 10.8%.

A series of alkali salts of tetraphenylindene have been
prepared (alkali metal = Li, Ha, K, Rb, Cs) [8]. A detailed
structure for the Ma salt was obtained. The lithium salt was
found to be isostructural with that of the sodium salt [lattice
parameters, a = 12.,196(6) and c = 6.491(5)8].

The linear "“sesquiacetylenic" geometry for propargylic
dianions, II, has been supported (marginally) over that of
the allenic dianion structure, III, by all-valence—electron
SCF calculations [9]. Dilithiated acetylenes in several
solvents can exist as either the sesquiacetylenic or allenic
form. This was demonstrated by the observation of a shift from
ca. 1800 to 2050 cm.—1 in the ir spectrum of such compounds

with a change to greater coordinating ability of the solvent [10].
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A series of a-lithio derivatives of carboxylic acid esters
have been prepared by treatment of the ester in hydrocarbon
solvent with LiN(i—Pr)z. Ir spectra of these compounds in
general exhibited new, intense absorptions between 700 and 250
cmt [11].

ortho-Lithio-N,N~-dimethylbenzylamine (IV), a-lithio-ortho
methylbenzyldimethylamine (V) and ortho-lithio-ortho-
trimethylsilyldimethylbenzylamine (VI) have been isolated and

characterized [12]. Spectral data (ir, uv, nmr) have provided

some evidence for intramolecular N-Li association while freezing
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kpoint“depression studies have indicated that all three species
exist as dimers at low concentrations and higher oligomers at

higher concentrations.
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The hydrocarbon solubility of 9-(2-hexyl) fluorenyllithium
has permitted evaluation of its aggregation and spectral behavior
in nonpolar solvents and comparison to that in polar solvents
[13]. Ebulliometry revealed a dimer structure in cyclohexane
at 25° over the concentration range of 0.01 to 0.lm. A finite
equilibrium between monomeric and dimeric ion pairs over the
concentration range 0.002 to 0.04m was indicated in THF at 25°.
Lithium-7 and proton nmr spectra recorded in polar and nonpolar
solvents showed a regular trend of increasing cation-anion inter-
action with decreasing solvent polarity. An electronic spectrum
in ether solvents has previously been reported; this was found
consistent with the description of contact and solvent-separated
ion pairs. An apparently striking departure from the predictions
of this description was observed in the electronic spectrum of
this molecule in hydrocarbon soivents.

The 1,4~addition product of butadiene and tert-butyllithium,
neopentylallyllithium, has been studied by prr and uv spectroscopy
in ether solvents [14]. Extensive delocalization of the allyl
anion was observed in ether solvent as compared to hydrocarbon
solvent. cis-~trans Isomerization ~occurred slowly in etherratr

30°, but was considerably faster in THF.



Eégngutyllithium was reacted with a series of a-methyl-
styrenes to afford in near quantitative yield the 1:1 addition
products [15]. A study of the ring proton chemical shifts in
ether, hydrocarbon and hydrocarbon/TMEDA solvents revealed ex-
ceptional ring proton shielding which was independent of solvent,
metal and substitution on the benzylic carbon. Rates of rotation
‘about the ring-benzyl bond were measured and a solvent to carbon
metal coordination transfer mechanism was proposed to explain
the rotational dependance upon solvent and metal ion.

Detailed pmr spectra of the l-lithiocyclopropyl acetylene
(VII) and its deuterated analog in benzene, THF and mixtures
thereof revealed some significant information [16]. Whereas the
anionic carbon was pyramidal in benzene, configurational inversion
was observed in THF via a planar transition state. An activation

energy for this process of 4 kcal/mole was calculated.

Li H(D)
>Le=cL]
Vit
Pmr spectra of lithium, sodium and potassium salts of
hydroxymethylene ketones, RCOCH=CHOH were investigated in the
solvents H,0, alcohols, DMSO, HMPT and DME ([171. From inter-
pretation of coupling constant values the salts were proven to
be completely dissociated in water; in other solvents the degree
of association decreased as the solvent polarity and/or the
cation radius decreased.
By study of pmr spectra of lithioisobutyrophenone (VIII)
in various ether solvents, a barrier to rotation about the
carbon-carbon double bond of >27 kcal/mole has been determined

(181.
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Several methyl substituted pyridines dissolved in dime-
thoxyethane have been metalated with n~butyllithium and the
pmr spectra of the resulting metalated intermediates recorded
[19]. In most compounds metalation occurred at a 2-methyl group.
The exceptions were 2,4-lutidine and 2,4,6-collidine where
metalation occurred at the 4-methyl substituent. An interesting
example of magnetic nonequivalence in the pmr spectra of
Several of the 2-picolyil carbanions has been observed.

The change in chemical shift of the c—-methylene protons
of n-~butyllithium in hexane upon addition of l-methoxynaphthalene
or anisole has been interpreted in terms of some disruption of
alkyllithium oligomer structure in favor of complexation by the
respective ethers [20].

Treatment of tert-butylacetate with LiN(i-Pr), has resulted
in the isolation and characterization of a-lithio-tert-butyl
acetate as a stable white solid [21]. Observation of a pair of
partially resolved doublets (3.14 and 3.44 ppm downfield from
TMS) in the compound's nmr spectrum was interpreted in terms of

the O-lithium enolate structure IX.

H OLi
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Vapor phase osmometry was used to determine the degree
of association of a series of a—lithio derivatives of carboxylic
acid esters [22]. The values obtained in benzene and THF

ranged from 1.8 to 6.6 with the higher values being obtained
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in the hydrocarbon solvent. A possible structure for a dimer

interaction is illustrated (X).
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Since Lewis bases often act as catalysts for organolithium
reactions, the heats of interaction of THF, tetrahydrothiophene;
Et3N and Et3P with n-butyllithium in hexane at various base
concentrations have been measuredby high dilution solution calori-
metry [23]. The relative heats found were THF > Et3N v Et3P >
tetrahydrothiophene. Plots of enthalpies of interaction vs. the
ratio of added base to lithium atoms revealed a distinct break
in THF at a ratio of 0.5. This was interpreted in terms of a
hexamer-tetramer conversion.

Addition of methyllithium to NMe4CN has resulted in the
isolation of a 1:1 complex which exists as a tetramer [24].

The reduction of dialkylmagnesium compounds with alkali
metals proceeded at least partially according to equation 1 in
all cases (M = Li, Na, K, Rb, and Cs) [25]. In the case of
lithium, our principle interest here, a 3:1 complex, RSMgLi3,
was also isolated. The observation that when R = sec - butyl
or tert-butyl the 1:1 complexes (except Cs) were hydrocarbon
soluble was interpreted in terms of a 1l:1 alkyl-bridging dimer

structure for the complex. Apparently this complexation solu-

bilized and stabilized these alkali metal alkyls.

2M + 3R21ﬂ;——e>ZRshnﬂu + nﬂg¢ (1)
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7’An électfon deficient oligomer of methyllithiumin etherlé

- Has been’oﬁserﬁed to generate an intenserésr spectrum upon
treatment with di-tert-butyl peroxide [26]1. The spectrum ex-
hibited.hYperfine éoupling of a methyl radical to three equivalent

l1ithium atoms (equation 2).

| |

Li
CH3 CH3
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- IJ:::\\\ ///
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FPourteen radical dianions of general structure XI
(R=H, Ph, C6D5, CMe3 or mesityl; R'=H or Me; M=Li, Na, K) have
been studied by ESR at —-60° to +30° in dimethoxyethane [27].
When R was aryl the radical electron was not located in the
R residue probablv due to the steric hindrance to coplanarity

caused by ion pair formation.
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Several solid organolithium species have been isolated and
' characterized. These inElude pentachlorophenyllithium, ferrocenyl-
lithium,. 1, 1'-dilithioferrocene - 2 TMEDA, ferrocenyllithium -

TMEDA ard 2--lithio aimethYlaminometh&lferrocene (XII) [28].



Xi .
Also, lithiation of dimethylbenzylamine with n-butyllithium

followed by treatment with AgBr resulted in isolation of the

compound XIII ([29].
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n—-Butyllithium in hexane did not metalate Ph3CH or Ph,CH,.
But addition of a new cryptate (XIV) resulted in immediate
formation of the expected carbanion. Condensation with PhCHZCl,

however, gave relatively low yields compared to those when tert-

AmONa was used [30].
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RS 10::' R
©.II. Kinetics and Mechaniéms-

VThe'influence of coordinating solvents on the addition
reactidns of alkyllithiums with alkenes, where reaction was
enhanced,‘and trialkylaluminums, where reaction was retarded,
has been debéted [31]. Solvent would tend to coordinate with
the remaining site on aluminum, thereby rendering the complex
less reacﬁive, while complexation of the alkyllithium specie
would tend to increase the carbanionic character of the alkyl
group, thereby rendering this reagent-more reactive. Since
the effective mechanisms of the two reagents are different,
comparative analogies should not be drawn.

Ethylene-propylene and ethylene-pentene co-oligomerization
catalyzed by a number of alkali metal systems have been observed
[32]. Lithium and Group 27 metals provided unusual selectivity
for the formation of linear heptenes and nonenes in comparison
to other alkalil metal systems. It was suggested in the case
of the lithium systems that this preference for linearity was
a consequence of the preference of the lithium cation to bond
to the terminal position of an allylic-type anion.

a—~ and y-carbon reactivity of neopentylallyllithium, the
l,4—;ddition product of tert-butyllithium and 1,3-butadiene,
have been studied in THF [331. Yields of trans olefin from
protolysis by water, tert—-butanol, l-hexyne, cyclopentadiene,
fluorene and triphenylmethane were essentially constant; yields
of cis olefin relative to those from y—-protonation showed de-
pendence cn both the steric bulk and the strength of the acid.
addition reactions with ketones were also studied with a much
greatexr preference for reaction at the y-carbon being noted.
Di-tert-butyl ketone, a very bulky ketone, produced adduct

/resulting from addition bv the a-carbon only.



i

TMEDA can be reacted with ethylene using catalytic amdunté
of an alkyllithium reagent to give dimethylvinylamine and
dimethylethylamine [34]. This same system ﬁsing propjléne
afforded dimethylisopropylamine. Competitive reactions of
alkyliithium reagents and the alkali amides formed by these
reagenés reacting with primary or secondary amines in the pre-
sence of TMEDA revealed that the diamine further enhanced the
addition of such amines to ethylene. Temperatures were 50 —
100° lower and pressures were 1/5th to 1/10th those required when
sodium catalysts were utilized. Dimethylamine could be added
to propylene, but diethylamine could not. Diethylamine, however,
did react with cycloolefins containing strained double bonds.

A new method of dehydrogenation as a convenient, general
method of aromatization utilizing an alkyllithium~TMEDA complex
has been described (equation 3) [35]. A significant feature of
the method is the intermediacy of dianions such as XV, generated
in this case from various 9,10-dihydroanthracene systems, and
demonstrated by quantitative incorporation of two atoms of deu-—
terium, one each at the 9- and l0-positions, when the dilithio

intermediate XV was treated with D20. Subsequent oxidation with

n—BuLl 4+ CdCl
@‘@ 2 (O @@

cdcl

2 then provided the aromatic hydrocarbon. Subjection of

9,10~-dihydrophenanthrene to this same procedure produced phenan-—

threne, but the final oxidation with CdCl2 was found unnecessary.

(3)

Evidently a complex was formed that obscured the dianion character
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, {§f<the~ihtermediate‘but'which itself provided oxidation upon

. hydro1ysis.' '
7 " The pyracyclene‘dianion has been generated by djmetalation
of dihydropyrécyclene withrbutyllithium (equation 4) {[36].
Evidence for a 14w electron structure for this dianion perturbed

by an internal vinyl crosslink was gained from both deuteration

and alkylation experiments. Both Hlickel and SCF-PPP charge

- distribution calculations were in excellent agreement with the
experimental observation that these dianions undergo exclusive

reaction at the ethylene bridge carbons.

.
.

I . i =
{ Bl 2u™ (a)
A T AN _F
R \R R=H or Ph

It has been determined that (MeCDZ)ZO was cleaved by

C2D5Li solely by a 8-elimination mechanism whereas cleavage

of (CD3CH2)2O with CzDsLi proceeded 4-5 times slower (isotope

effects) and by a combination of mechanisms: 55-60% a', B -

ca. 35%8- and 5-10% o-elimination (equation 5) [37].

R—Li
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CH
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—CH, Et

2

(5)

Nuéleophilic ether fission has been investigated by Kobrich and

Baumann (eduation 6) [38]. Either of the bases 1,1~diphenyl-~



,1.15‘
hexvllithium or benzhydryllithium functioned satisfactorily as the
organolithium reagent. The relative rates of nucleophilic
cleavage of C-0O bonds by 1,l-diphenylhexyllithium were allyl-O-

> vinyl-~O- > alkyl-C- > phenyl-0O-.
R' —O —R" @—— R — R'-OLi + R-R"™ (6)

INDO calculations were found to support the previously
proposed mechanism for the action of an alkyllithium reagent
on tert-butyl phenyl sulfone, namely, that a 3-lithio—-1,2~-dehydxro—
benzene species intervened as an intermediate [39].

A novel fragmentation-recombination reaction of B,Y-
unsaturated carboxylic acids has been observed by Dalton and
Chan (equation 7) [40]. Addition of two equivalents of methyl—
lithium to 2-methyl-2-carboxymethylene-cyclohexane (XVI) in
ether afforded 2-methylcyclohexenylacetone (XVII) rather than
the expected product, 2-methyl-2-acetylmethylenecyclohexane
(XVIII). If the reaction were run in hexane, cyclohexane XVIiI
was obtained in good yield. It appears that caution should be
exercized in the use of ether as a solvent for metalation of

B8 ,v-unsaturated acids.

2 Meli
e
——MeH
XV

OL.i

o
_QqHCL_ (7) | K
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Fragmentation of cyclic ethers has been investigated.
Treatment of 2-phenyl-1,3-benzodioxole with.n-butyllithium did
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1

-~ not yvield b'enzyhe but rather products from the base catalyzed - -

opening of the acetal ring system (equation 8) [41]. .

OLi
><p" n—BuLi °><P" -~
5"
Ph
: OLi OLi
cis and trans PhCH=CH(CHZ)2Me + <~ @O (8)
o -
Ph

) @
OH ——%
Ph

Although ring opening and decomposition of THF in the presence

of n—-butyllithium has previously been described in the literature,
no insta-,i‘nce of the isoclation of considerable quantities of de-
composition products has been reported. In a current study the pre-—
viously detected enolate ion of acetaldehyde was trapped by
condensation with benzophenone and trityllithium to afford 1,1,
4,4,4~-pentaphenyl-1, 3-butanediol (equation 9) [42]. HNon-equivalence
of the methylene protons in diol XIX was interpreted in terms of

significant intramolecular hydrogen bonding.

n-BuLi

[e>)
—_— = ’
EHZ CH, + CHZCHﬂ
o
Ph_CO o@ i
" Ph,CLi OH OH
CHz\,HO —_— Ph CCH CHO —_—— Ph3CCCHZCPh2 (¢
& , :
XiX

An interesting highly stereospecific synthesis of trans-

cyclooctene from cis—cycl_oocterie has been described (equation



10) [43]. The method consists of formation of the 2-pheny1-
1,3-dioxolan derivative (XX) of the diol followed by addition
of two equivalents of n-butyllithium. Initial rmetalation of
the dioxolan at the benzyl carbon followed by concerted cyclo-
elimination (fragmentation) to olefin and benzoate ion is
proposed to account for these results. Support for this
mechanism has been gained by traﬁping the benzyl anion inter-—

mediate as the benzoyl derivative.

0

\ e

e n=Buli + PhCO,Li + CyH, (10)
~0

XX

The stability of oi:ganolithium agents in HMPA or HMPA-THF
has been questioned. Decomposition according to equation 11
was demonstrated by trapping lithio phosphite XXI as its chalcone

adduct and as other derivatives ([44].

hexane or Li
HMPA + n-BuLli —or-—-o-u--> (Me,_N), PO + Me,NLi + BuH (11)
2772 2
THF - hexane
0-25° XX1

2,10

Reaction of tricyclo(5.3.0.0°’""l1deca-3,5,—-dien-9-one

tosylhydrazone XXII with two equivalents of methyllithium af-

forded triene XXIII while an excess of this reagent gave diene

XXIV [45].
2 equiv.
N-NHTs ————>RU
XXit Exce% XXt
RLi
o XXV ,
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s | o
N,N'-Di;!.ithio trans-butenedial bistosylhydr_azone (XXV)
prepared via metalation of the parent compouhd with n-butyl—
lithium was Pyrolyzed to give as the only volatile component,
acetylene [46j., It was established by D labeling experiments
(X = D) that 37-47% of the acetylene produced was the result

of the intervention of either a tetrahedrane (XXVI) or 2,4-

bicyclobutyl diradical (XXVII} intermediate

L; N
NNTs

—_— 9“\ —> HC=CH

XXV V XXvii

A new anionic carbon to carbon migration in bis{(trimethylsilyl)

system XXVIII has been discovered [47]. Not only was a 1,2-re-
arrangement detected to afford XXIX, but also the product of a

1,4-rearrangement, XXX.

SiMe B SiMe MeSi SiMes Hao(DZO) Me Si  §iMe
PhCCH Ph ————> PhCCHPh 2= PhC—-CPh —_____ "~ PhC—CrPh
3 TMEDA o Lit out “n—sils 11
SlMe3 SuMe3 H TMEDA H H(D)
XXvill XXIX
n—BuLi
TMEDA
1)
CH?_Li+
Me, SiCH, SiMe Me5SiCH,SiM Me_Si s.
Ep3ilpsiNeS 3SCH23 2 vent Me3SxCH251Me2 e3Si SiMe,
PhCH, —C—FPh <€————— PhCH CPh - PhCH—CPh <0 PhC—-CPh
Hy0(0,50) S S, ©
H(D) Lt Lt Lt h TF
X00¢

" Examination of the Wittig rearrangement and the ketyl-
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alkyl iodide reaction has provided new evidence for a partial 
intermolecular radical pathway for the Wittig rearrangement'[48];
Benzhydryl 5-hexenyl ether upon treatment with n—butyllithium
afforded B5% Wittig product XxXXIa(R = S—hexenyl)kand 15% XXXIb
(R = cyclopentylmethyl). The latter product indicated the
intermediacy of 5-hexenyl radicals. It was suggested that both
the intra- and intermolecular pathway for the Wittig rearrange-
ment proceed by radical pairs with the former occurring via

primary recombination of geminate radicals.

Ph\C/OH
~
pn” R

XXXt

Dibenzylthiocether in THP/TMEDA can be metalated at an
a—position with n-butyllithium to form a relatively stable
a—anion which can be alkylated with methyl iodide to give
XXXII [49]. At a somewhat increased temperature Sommelet—
Hauser product XXXIIT was principally observed. At higher
temperatures some Stevens rearrangement product XXXIV was
also isolated. The role of solvent and its relationship to

ion pairing (contact, solvent separated) was discussed.

SMe
it
- @ Ph
Ph//ﬁ\\s\\w//Ph n—BulLi Ph///\\S\\v//Ph Mel

XXX

Me

Mel Mel /‘\
o Ph <el/ g > PR S_~Fh
XXXt
SMe
XXXV

The first example of an anionic oxygen to nitrogen migration
has been demonstrated by West and Bondjouk {50]. One equivalent
of an alkyllithium reagent was used to generate the N-lithio
derivative of N,O—bis(trimethylsilyl)hydroxylamine (XXXV) which
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was found to rearrange rapidly -to form an equilibrium mixture

containing predominantly the rearranged ion XXXVI.

Li
RMe,SiNOSiMe,R ~ ——2—= (RMe,Si), NOLi
XXXV X0V

R = Me, Et, Ph, t-Bu

Graphite was vaporized with an electric arc and reacted
with atomic lithium {51]. AaAfter isolation under argon, hydro-
lysis and mass spectral analysis, the following 'yields' were
recorded: CH4 (0-10%), CZHZ (10-30%), C,H

(~15%), C,H, (40-65%) .

4 3
The presence of the principle lithium product (or intermediate)
was demonstrated by derivatization with Me3SiCl§ a guantity of
C3(SiMe3)4 was isolated.

Polymetalation of 2-methylpropene, l-butene and cis/trans-
2-butene was accomplished by a system consisting of a combination
of n-butyllithium and potassium tert-amyloxide [52]. Extent of
metalation was determined by gquenching the metalated specie with
D20 and analysis by a gas chromatograph-mass spectrometer com—
bination with the rate of metalation being measured by monitoring
the rate of butane evolution. Approximately 20% of cis-2-butene
was obtained from the one hour (25°) reaction of l-butene/n-
butyliithium/potassium tert-amyloxide after hydrolysis. A cis/
trans—-2-butene mixture found 7% being isomerized to l-butene and
the remaining 2-butene enriched in the cis-isomer. That n-
butvlpotassium was the active metalating agent was confirmed by
1) the similarity to organosodium and organopotassium isomerization
of olefins 2) the dependency on the lithium/potassium ratio 3)
by rapid reaction with monochlorostyrene at room temperature and
4) the relative ease of decomposition of the organometallic com—
pound at 70°.

Proton transfer accompanying reductive metalation by alkali
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metals of traﬁs—l,2—dipheny1propane (equation 12) has been studied
as a function of alkali metal (Li,Na,K) and solvent (ether, THF)
[53]. The extént of transfer (equations 13 and 14) was assessed

by determination of alkali metal consumed, by protonation of the
reaction mixture followed by product analysis as well as deuteration
of the reaction mixture and spectroscopic determination of
deuterium content. For the systems Li/ether, Li/THF and

Na/ether the product was the dianion XXXIX, i.e., no proton
transfer occurred. Substantial amounts of the substituted

allylic anion XLI were formed during Na/THF and K/THF reduction,
the latter system undergoing further reduction by dimerization

to the tetra-anion of 1,2,5,6~tetraphenylhexane.

cH CH
3 3
‘ | o
PhC=CHPh + M > |PhC=CHPh| M 2 P“g—-g[ oM (12)
XXXVt XXXV
e fﬂze
XXXVIL 4+ XXXIX ——-»E)h —CH2Ph] M+ [I_’hC—CHPta M (13)
X Xtt
o
2 XXXVl + XXXIX —— PhCHCH,Ph + 2 Xl (14)

Study of anthracene anion-radicals of the alkali metals
(Li+, Na+, K+) has revealed that the contact ion pairs are more
reactive in the reaction with fluorene than are these same ion
pairs when separated by a solvent [54]. It was concluded that
dissociation of the ion pairs is less important than the effect
of desolvation of the cation on the energetics of the reaction.

Mechanisms of the reduction of di-tert-butyldiaziridinone
(XL.IT) have centered on an electron transfer process as depicted
in equation 15 [55]. Reduction brought about electrochemically
as well as that by tert-butyllithium and sodium naphthalenide

each gave as product di-tert~butylurea. Cyclic voltammetry in-—
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"dicated that, if the radical anion of XLII were an intermediate,

its half-life must be less than 2 msec.

[>]
o
i ee A i
t-BuN Nt-Bu ——>  |t-BulN. Nt-Bul ———> t-BuN-~ “SNt-Bu (1!

XL

Radical anions of biphenyl and anthracene and potentially
of other aromatics can be conveniently prepared by one-electron
reductions of the parent hydrocarbon using methyl-, n~butyl-
or tert-butyllithium or benzylmagnesium chloride in HMPA sclution
[56]. It was thought that the high dielectric constant of
HMPA facilitated electron transfer in these systems.

Cis,trans-2, 3-Diphenylcyclopropane—~l-carboxylic acid
(XLITY) underwent electrocyclic ring opening when treated with
lithium diisopropylamide in THF (equation 16) [57]. Hydrolysis
and esterification (CHZNZ) produced cis- and trans—a-benzylcinnamic
acids isolated as their methyl esters. From the corresponding

trans, trans-2,3-diphenylcyclopropane-1 carboxylic acid the same

'procedure afforded methyl (E)- and {2)-3,4-diphenyli-3-butenoates.
Similar treatment of 2,3:4,s—dibenzo—z,4-norcaradiene—32£if7—
carboxylic acid (XLIV) produced methyl 9-phenanthryl acetate and
methyl 3,4:5,6-dibenzocyclohepta-1,3,5-triene-l—-carboxylate,
érising presumably from the dilithio intermediates XLV and XLVI,
respectively. All ring openings should proceed by a conrotatory
path according to theory, except for the conversion of norcaradiene
anti carboxylic acid XLIV to the dibenzocycloheptatrienecarboxylic
acid via dilithio intermediate XLVI which must proceed by a dis-
rotatory path. It was suggested from preliminary kinetic experi-—
ments that the rate-limiting step for the ring opening of cis-
trans isomer XLIITI was metalation of the a-carbon to form the

unopened dilithio intermediate while that for the other ring openinc

may be the actual ring opening step.
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-2
CoH ca, CO, Li-
Ph LiNG-Pn2 Phi 4 fL\ MeQOH
> 2Li—> —»CHPh ———>
| [ THF, 0° 30min. ! PhCH i+ Ht
Ph
XL

(16)

THF

The name dilithium “"carboxylate enolate" was proposed for

dilithio derivatives of aliphatic carboxylic acids which

are formed by loss of protons from oxygen and an a-carbon.
Phat the conrotatory mode of ring opening was favored

for cyclopropyl anions has been demonstrated by the following

experiments [58]. cis-trans- (L) and trans, trans-2,3-Diphenyl-

cyclopropane-l-carbonitrile (LI) and acenaphthylene XLVII were
demonstrated to form e—-anions (La and LIa) upon treatment
with lithium tert-butylamide or lithium diisopropylamide
{deuteration with DZO)' The kinetics of the ring openings

of these compounds could be followed by the intensities of
their respective visible spectra at various concentrations or
by glpc. A spectrum of the product formed by treatment of

a solution of XLVII in THF with LiN(i—Pr)2 (lm x644nm, log € 3.89)

a.
could also be generated by the identical treatment of 2-
cyanophenalene (XLIX), thereby establishing the structure of
anion XLVIII. From this it was determined that the ratio of
rate constants for the conversion of the cyclopropyl anions

La and L¥a to the corresponding allyl anion was kL/kLI =

42 at -25°., Similarly after a number of parameter adjust-

Referencesp. 120
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= 1.4 - 104 at 36°. Thus it was concluded that

mgnts kL/kLI
A,'disrotatory ring opening, the only mode possible fér acenaphthylene
XLVIY¥I, was retarded significantly relative to the ring open-~

ings of anions La and LIa, which could have proceeded by a
conrotatory path as predicted by theory.

o N CcN
Lt

AL -
. LiN(i—Pr)2 LiN(i—Pr)y ‘
Qg ™= CIo]

XLvit XLVviil XLiX

Compounds in which cyclopropyl rings are fused to cyclic
w-systems containing 4n + 2 electrons should exhibit donation
to the cyclopropyl ring while those with 4n t-electrons should
exhibit withdrawal [59]. Spirol[2.5]Joctadiene (LII) when treated
with n-butyllithium afforded immediate ring opening to the B-—
?henethyl anion. In contrast spirof2.7]decatrienyl anion (LIXIIX}
underwent a slow 1,2-migration as demonstrated by further
ionization to the dianion LIV followed by hydrogenation to cis
bicyclol[6.2.0]ldecane. Migration was evidently precluded in
the spirof[2.5]1system since a stable 4n + 2 w—electron array was

obtained in the initial bond breaking step.

Liv

Halobenzenes treated with cyclopropyllithium gave cyclo-
propylbenzenes and biphenyls after refluxing in ether (equation
17) [601. Cyclopropylhalobenzenes.behaved similarly. De-
halogenation was thought to arise for the bromobenzenes by

halogen—metal exchange whereas dehalogenation in the fluoro-—
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and chlorobenzenes could occur via benzyne formation followed |
by hydridebtransfer- Introduction of the cyclopropyl group

as well as biaryl formation may proceed by direct nucleophilic
substitution or by a benzyne mechanism. Increased cyclopropyl’
substitution decreased the rate of benzyne formation but in-—

creased the rate of direct substitution.

PhX + %u —=> PhH + ph—<l + Ph + Ph—Ph (17)

Cyclopropyl (l-lithiocyclopropyl) acetylene was coupled with
cyclopropyl (1-halocyclopropyl) acetylenes to yield the two isomeric
compounds LV and LVI [61]. (Cyclopropylethynyl)cyclopropyl
radical intermediates were postulated to account for this mix-

ture of products.

et 2 g Boeg

X=Cl,Br1
l
\

v
I>vCEC D——CEC
o TR

The isotope effect (kH/kD) and the selectivity factor

(kH /kH } have been measured for exchange of diastereotopic
R S

protons in benzyl methyl- and benzyl tert-butyl sulfoxide-.
(equation 18) [62]. Varying percent mixtures of the (5,S) -
and (R,S) - isomers of phenylmethylsulfoxide were subjected
to-methyllithium treatment for one min. at -60° to produce

the two a—methyl derivatives. Suitable calculations from-
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these'data'gave'an isotope effect of 2.5 + 0.4 and a selectivity
‘factor of 1.7 + 0.3 for this system. Similarly a selectivity

factor of 117 + 20 was calculated for the tert-butyl system.

(o]
Ry Ra
MelLi Met PhCHMeS{O)Me (18)
PhCDMeS(O)Me
B R3
Ph

2,4-Diphenyvlibicyclio[3.2.1]loct-6-en-3-one was converted
by sodium hvdride ‘to its monoanion and by n-butyllithium to
its dianion LVII (equation 19) [63]., Evidence for formation
of the dianion was gained by quenching with DZO to form the
. dideuterated ketone LVIITI. Extensive delocalization in dianion
LVII was inferred from a 1.05 ppm upfield shift of the vinylic
protons in its nmr spectrum and a 0.43 ppm downfield shift of

the bridgehead protons.

H
Ph NaH P n—Buki
THF THF/ hexane
H
Ph

Ph
(19)

Ph

Lvin

Competitive metalation of indene with tert-butyllithium
and isbpropyllithium has revealed that the reactions are first
order in alkyllithium species [64]. A relationship between the

mixed aggregate composition of the alkyllithium species and re-—
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lative reacﬁivity was established. tert-Butyllithium in mixed
aggregate with isopropyllithium was found to be an order of .
magnitude more reactive than tert-butyllithium tetramer itself.
The relative reactivities were determined by adding a limiting
amount of indene to a mixture of the two alkyllithiums, quenching
the reaction after the desired period with D20 and measuring‘
the deuterium incorporation of each alkane by quantitative ir
analysis.

The relatively weakly nucleophilic fluoradenyl carbanions
LIX (M = Li, Na, K, Cs) were used to cleave the epoxide linkage
in ethylene oxide ([65]. Rates were followed by uv-visible
spectroscopy. The pseudo-first-order rate constants showed a
dramatic increase of about 10—'5 in going from the Cs to the
Li salt., These results were interpreted to mean that ion pairs
were the Kinetically active species and that the free ion it-

self was relatively unimportant.

= M+

VRN

A study of the primary isotope effects for lithium cyclo-
hexylamide-catalyzed exchange in toluene and triphenylmethane
has been reported [66]. For both hydrocarbons kn/ko was deter-
mined to be approximately 11. In addition, kinetic acidities
of mono-, di-, and triarylmethanes toward lithium cyclohexylamide
have been determined {67].

Generation and utility of sulfuranes has been investigated.
Desulfurization of episulfides of cis and trans-2-butene with

n-butyllithium has been found to stereospecifically provide the
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corresponding olefin (equation 20) [68]. Intermediacy of‘2;i
'lithi6-3—alkylthiobutanes in the reaction was excluded by the
observation that independent generation of these intermediates
led to olefin products with considerable loss of stereochemistry.
Incidental to this study was the conclusion that metal-halogen ex-—
change occurred with greater than 95% stereospecificity.

=]

RSLi
+ -+ (20)

The effect of substituents on the coupling reactions of
S—aryldibenzothiophenium fluoroborates with aryllithiums has
been studied [69]. Electron-withdrawing groups favored
formation of biaryls and dibenzothiophene (egquation 22) whereas
donating substituents favored formation of 2-arylthio-o-ter-
phenyls (equation 21). Interpretation of this behavior in terms

of a sulfurane intermediate was prcposed.

S+—Arl+ ArzLi —_—>

©

ar' sar® A2 sar
o @0
/ \g
s;

—
\Arz
@ . E():L:O + adac? (22)

As part of an investigation into the nature of the transition

state for the reaction of sulfur ylides with aromatic carbonium



i

ions, the possibility of a g-sulfurane intermediate was investi-
gated [70]. Such an intermediate was successfully generated from
2,2-dilithio~-biphenyl and a triarylsulfonium salt according to

equation 23.

: Li Fo— -78°
—_———
o T A BR TG
: Jar BE : : A
2='q > é -Ar —> r (23)

The reaction of dialkylnitrosamines with organolithium
reagents (and Grignards) have been found to provide trisub-
stituted hydrazines when R' is aryl or the aldehyde hydra-
zones with R' is alkyl [71]. Formation of the latter product
was evidently rapid under all conditions when R' contained an
a~hydrogen such that the elements of LiOH could be lost. The
addition irtermediate shown in equation 24 was thought to be

involved.
OLi

RyN—N=0 + RLi (or RMgBr) —>R,NNR' (24)
Reaction of secondary nitrosamines with phenyl or tert-
butyllithium afforded N'-alkylated lithium salts which underwent
elimination to give azomethine imines LX when treated with H,O0
or EtOH [72]. For N-methyl-N-tert-butylnitrosamine, treatment
with tert-butyllithium followed by ethanol work-up provided a
stable intermediate, 1,2-di-tert-butyl-1l-(ethoxymethyl)-hydrazine.

on standing the azomethine imines dimerized head to tail to
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form'éjm—hexahydrotetrazines LXI or could be trapped with eitl':xer,

N—éhenylma;eimide or dimethylacetylenedicarboxylate.

RCH CH, R RCH. R
B N AT T 2 i RCH N)\NPh
| 2—7 - Nyl —=> 2 | R=H, Me
o Hyf o PhN.__NCH.R

T

LXI

LX

Produced in significant amounts by the reaction of
phenyllithium and carbon monoxide were benzophenone, «,c-
dii:henylacetophenone » o~hydroxyacetophenone, 1,3,3-triphenyl~
propane-1,2-~dione and 1,3,3-triphenvlipropan-l-one-2,3-diol
[73)]. Dilithium benzophenone dianion (LXIY) has been de-
termined by spectroscopic studies as the first long-lived
intermediate formed in this reaction with the indication

that benzoyllithium was a likely precursor of LXII.

ﬁ -2
Ehcpta 2 it

LXi

Lithivm enolates, formed by aldol condensations effected
by either methyllithium or LiN(i—Pr)z, were found to be
stabilized by the process of internal chelation {(equation 25)
[74]1. This process was of synthetic value since higher yields

and more convenient experimental conditions were realized.

R 1\{% R\C/R
.
K¢ —CCOR ——> K¢~ “C—R (25)
L0 R 0_ .0
M

M= s Zn
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'IXIX. Lithium Carbenolds and other Halogen—substltuted
i Organollthlums
The chemistry of dichloromethyllithium has been reviewed
[751.

Dibromomethyllithiums (RCBr_Li, where R = H, Bu, Me3Si

2
ana Br) have been prepared by metalation of the correséonding
a,a-dibromo compounds with lithium diisopropylamide in THF at

low temperature {[76]. &alkylations of these intermediates Qere
described as well as new preparations of a-bromoepoxides and
u-bromoketones.

A regiospecific synthesis of n-haloketones via rearrange-—
ment of carbenocid a—-alccocholates has been developed {[{77}. Notably.
lithium cycloalkoxides (X = Cl, n = 2,3,4,5; also X = Br, n = 2)
were reacted with lithium piperidide to afford the ring en-

largement products (equation 26).

LiO__-CHX5
(3 RO 1%
(CH,, (CH,)

The preparation and properties of two new halomethyllithium
intermediates, namely, LiCClzg(OEt)2 and [(EtO)zg]ZCClLi have
been reported by Seyferth and Marmon [78]. Hydrolysis and
alkylation reactions with dimethyl- and diethylsulfate, allyl
bromide and trimethylsilyl chloride were described. 1,l-Dichloro-

olefins were prepared from the dichloro intermediate (equation 27).

o . R‘\ (I)Li o R ?
1 T T ~N
(Eto)zpccxau + /c_o —ﬂ':—> RC—CCI P(OEt)z —P—'ix) /c=cc:12 + (Et0), POLi (27)
R R R

Lithium alkoxides, formed from carbonyl compounds and

dichloromethyllithium, yielded alcohcls upbn protolysis
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.and silylethers upon treatment;with trimethylsilyl chloride
(equation 28) [79]. These lithium alkoxides could be re—

arranged at 180° into a-chloroxiranes or a-chloroaldehydes.

ot R\C/OH

>
a o \\CHC%
; R oL
v 1. \
R R HCl, R 0SiMe
: \ e 3
Mesi g \cx—ic:2
The preparations of Me3SnCH12 by use of either CHIzﬂgCl

or CHIZLi, of Me3SiC12Me by use of Me3SiC12Li, of (MeBSi)2CI2
by use of Me351C12 12
and of CH2=CHCHZCHI2 by use of CHIZLi have been accomplished

Li, of (MeBSn)ZC by use of MeBSnCIZMgCl
{801. A1l of these new lithium or magnesium reagents are stable
in THF below about -80°.

Lithium amide bases promoted a-dehydrochlorination of 1,1-
disubstituted 2,2-dichloroethanols which resulted in a new
rearrangement of alkyl and aryl groups to give the lithium en-

olates of a-chloroketones (equation 29) [81].

RI\\c//o'-i Li amides R\\c//OLi —LiCt
_— —_—
e \CHCl2 THF r \cc12

. o
OLi + cl
H Al
—— R CCH/

v’
(29)
R N\e-a g

2~-tert-Butyl-3-chloro-2~phenyloxirane (LXIII) was
transformed by organolithium compounds into substituted
oxiranes (eguation 30) [82]. Lithium piperidide on the

other hand converted LXIII into the a-hydroxyaldehyde



,731,: B
1LXIV, presumably by the mechanism shown. Speculation as

to the mechanism of substituted oxirane formation (equation

30) led to consideration of two alternatives 1) electron .

transfer and 2) SN2 with no choice possible from the pre-

sented data.

Ph\c—o LiCHC|2 - Ph H RLi ~‘Ph\/o\/lH (30)
a —LiCl > <
t-gu”” H t—Bu cl i—Bu/ \R
LXiH
iNG
LiN Ho -
Ph Ph Ol
: \C"*Ncsto = >< * ><

1-B 1-Bu CH=N05HIO t+-Bu

Several investigations of cyclopropylidene intermediates
were reported. gem-Dibromocyclopropanes, when treated with
methyllithium, have been found to produce several bicyclo-

butane derivates, apparently via cyclopropyvlidene intermediates

(equations 31 and 32) [83].

Me Me
Me
Me Ll, 0°,
®< ether +

60% 40%

(31)
e Me
CHBrs,pentun: Br Meli, ether T
KOt—8u Br 0°, S0%
Me
Me Me Me
CHBr. entane i
3. PO gr _Meli _Me Me  (32)
Me KOt —Bu o O ether
Me M %

Previous examination of the effect of strong base on geminate-

dibromocyclopropanes had elucidated that allenes were the sole
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products in the examples of simple alkyl-substituted compounds,
but that for 1,l-dibromo-2,2,3,3-tetrasubstituted cyclopropanes,

b roat  -——
4 LO%] LCT

&
f

bicyclo(l.l.0lbutanes were the products. Jones
ported the simuitaneous production of both types of products,
in a ratio of 3/2, formed upon treatment of 1,l~dibromo-2-tert-

butyl-2-methyl—-cyclopropane with methyllithium (equation 33).

Br Br
_Meli (33)

e e AN

N

In the same vein, treatment of 1,l-dibromo-4-methylenespiro
[2.5]octane (IXV) or 7,7,-dichloro-l-vinylbicyclo[4.1l.0]Jheptane
with methyllithium afforded diene LXVI with no ene—allene being
produced [85]1. In contrast, 1,l1-dibromo-4-methylenespiro
[2.3]hexane (LXVII) generated only the ene-allene LXVIII. A
conformational analysis of the difference in behavior was
offered which examined both the strain inherent in ring

size and the geometry of the double bond in relation to the

gem—-dibromocyclopropane moiety.

Br Br — o
Mel.i
ether
LXV — - LXVI
— _ 4?
Br . 4?
Mel.i "
—_— _—
! Br ether
TN N N\
LXVil LXvIiI

A tetraalkyl-substituted gem—-dibromocyclopropane (LXIX)

upon treatment with methyllithium was discovered to afford



S 33

primarily an allene prodﬁct LXX along with a bicyclic prcé
duct, LXXI, derived from insertion of the cyclopropylidene
intermediate into a C-H bond at C-2 followed by rearrangement
[861. The structure of the allene product was established by
an independent synthesis from alkyne LXXII and lithium dime-

thylcuprate (I) .

Br,
Br A
MeLi

—_
L E OG> LD
Me Me 60%
LXX 30%
Me
Q/ e
OAc ether

LXX1}

LXIX LXXI

The reaction of phenyllithium with cinnamyl chloride
has produced a variety of products which, aside from those
stemming from displacement reactions, could be attributed
to the intermediacy of an allylic carbene [87]. These
include (with percentage yields): cis-1,2-diphenylcyclopropane
(0.8), trans-1,2-diphenylcyclopropane (12.8), 1,6~-diphenyl-
1,3,5~-hexatriene (5.6) and benzylacetylene (35.7).

The reaction of 1,2,3,4,7,7-hexachloronorborn-2-ene with
methyllithium has resulted in the replacement of a bridge
chlorine atom by a methyl group (equation 34) [88]. Similar
results have been established for halogenated norbornanes and’
norbornadienes. Diene andAtricyclic products were obtained
from slightly modified systems. These results have been in-

“ Ctl:x e~ S
ct _MeLi Cl , (34)
Gy ci— )
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X * F"““—2{>\ R, X, Li;! s>

SN R\ U

NS A (B, X (3

terpreted in terms of radical pairs as intermediates (equation 35)
Tetrasubstituted cyclopropenes may be conveniently prepared

by the reaction of a dichloromethane derivative with methyllithium

whereby the base served not only to remove a proton from the

dichloromethane moiety but also as an alkylating agent {(equation

36) [89].
Me Me Me Ph
MelLi
RC=CMe + PhCHCl, ———> A + WA (36)
R Ph Me
R=Me, Ph

A new steric base, lithium 2,2,6,6~tetramethylpiperidide
{(LiTMP) has been used to effect a safe, economical synthesis.
of aryl carbenes or carbenoids (equation 37) [90]. Yields
of cyvclopropanes gained from use of this reagent with a variety
of alkenes were 50-87%. The reactions were stereospecific as
far as the alkenes were concerned and were also characterized

by the usual high syn/anti ratios common to carbenoid reactions,

ArCH,CI  + Me>(j<Me Lt —> arcH: (37)
Me N Me
(<]
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IV. Metalations (Hydrogen-lithium Exchange Reactions)

A. At sp3 Carbon

A series of papers have appeared dealing with the
preparation of allyllithium species, The difficult-to-
prepare benzyl and allyl lithium reagents were 'conveniéntly
generated (equations 38-40) by metalation of the appropriate
hydrocarbon with n~butyllithium/Me,COK [91]. The alkyl/aryl
potassium salt precipitated allowing its isolation and con-

version to the lithium salt by treatment with LiBr.

n-BulLi, MeSC-OK LiBr
PhCH4 PhCH K —————> PhCHpLi (38)
CH i CH,K i CHoLi -
3 n-BuLi, MeqCOK > LiBr o2
Ch.=c” 3 cu,=c” ——> CH,=C (39)
2 U\ 27\ 2 U\
CHgq CH3 Me

CHoK
- CHoLi
._]';'l_B.r_> (40)

~

Likewise, lithiation of diphenylmethylenecyclobutane has

been found to take place exclusively on the a~carbon of the

cyclobutane ring (equation 41) [92].

Ph n-BuLi )
Me_Sicl
hexane/THF '

Ph

Ph

(41)
Ph
Me 3Si H
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Aliyl-lithium and methallyllithium have been prepared by the

" expedient method of metalating propene and isobutylene, re—

D86

-

spectively, with n-butyllithium - TMEDA complex [93]. 1-

Alkylindenes, where the alkyl substituent was Me,Et,Pr,b;eZCH,

Bu,Me,C and n-hexyl have been prepared by addition of indenyllithiu
in hexane/ether to the appropriate alkylating agent [94].

Alkyl carbons adjacent to silicon can undergo metalation.
Treatment of trisubstituted allylsilanes with n—bﬁtyllithium
has yielded the resonance stabilized anion LXXTII [95]. Mix-—
tures of products formed from the anion LXXIIT include those

from both a and y metalation.

"~

ether —

R,SICHyCH=CH, + n-BuLi ——> Rgsi/ © \ L
TMEDA
LXXI

Lithiation of (Me3Si) 3CH with methyllithium provided
the expected tertiary carbon metalation intermediate LXXIV,
whereas metalation with tert-butyllithium occurred only

at a primary carbon to give LXXV [96].

;}Ie t-BuLi . MeLi
R - - 2 - - -
(Me3sl)ZCH§1CH2L1 <—__1\ (MegSi) 3C!-I —— (Me381) 3CL1

LXXV LXXiv

Metalation of alkyl groups adjacent to or in conjugation
with nitrogen has been reported. Direct alkylation of benzylic
amines has been carried out via metalation of either the N-

nitrosyl or N- benzoyl derivative (equation 42) [97].

_R
PhCH,_ 1. I-ProyNLi PhCH
N—Y _— 5 TSN—v (42)
PhCHz/ 2. RX PhCHz/

Y =NO, COPh



gy

—Metalatibn of the acetonimine gave the lithio derivative
LXXVI which was then alkylated>and hydrolyzed to produce a

series of 15 methyl ketones (equation 43) [98].

H30+ .
—> RGH,GOMe {43)

LXXVI

CH2

Many undesirable side—-reactions during enamine syntheses were
avoided when enamines of ketones having o or B8-positioned phenyl
groups were deprotonated with n-butyllithium. High yields of

the corresponding methyl ketanes could be obtained upon alkylation

and hydrolysis (equation 44) {99].

[ j n—BuLi [ j 0 Mel
N i 2) 1,0 Ph\/‘ (44)
Ph\/K/PII Ph\/Ké

Formation of the N-methylaniline enamine derivative of
propiophenone allowed electrophilic substitution of the 8-
carbon via formation of the lithio species ({(egquation 45) ([100].
Several condensation products from this reaction were cyclized

to oxygen—-containing heterocycles.

+

o hoc _/CH-CH, hc _/CHCH,
i Ticl n~BuLi
PhCCH_ CH ne, o | e |
23  PhNHCH .
3 Ph-N_ Ph-N_
CH, cH,
CHCH,D
p,0 Ph-C HY/H,0 Q
IR l > .PhCCHZCHzD (45)
Ph-N,_
cH,

It has been prdposed-that hard alkylating reagents (Me3SiCl,
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jMeZSO4,'etc.) react with the sp2 rathexr than the sp3 carbanion
-formed by metalation of the propargylic ether LXXVII with n-BulLi
TMEDA. The alkyl derivative can be further metalated and alky-

lated to give allenic ethers which can, in turn, be hydrolyzed

to u,f-unsaturated carbonyl compounds (equation 46) [101].

e H :
e R
CgH|C=C=C H
5 R’X
c . PoBuli u\ \OCH _— csH“c—c~c<
CH C=CCHOM;  Fuepa OCH4
CsHy o= CCHOCH3
LXXVil
Ln-BuLi CsHin _~0CHg H30" '
—_— =C=C —_— CsH“C=CHCOR -(46)
2 R'X " Ng ]

R

a-Metalation of ketones has been put to a variety of
uses. Current interest in the anion chemistry of thiocacetals
(ketals) and thioethers has prompted an examination of new
methods of preparation of these compounds. Seebach and Teschner
have studied four successful methods of effecting the sub-
stitution shown in equation 47 [102];

1. Preparation of the lithium enolate from the silylether

and methyllithium followed by reaction with a sulfenyl-
chloride.

2. Preparation of the enblate of the ketone using lithium-—-
diisopropylamide, followed by reaction with diphenyldi-
sulfide.

3. Same procedure as 2 except the lithium enolate was
treated with a sulfenylchloride.

4. Same procedure as 2 except that the lithium enolate was
formed by treatment with lithium-cyclohexyl—isopropyl-—

amide.
o] o
/'K/ - /l‘\( 47

SR
Conversion of ketones or esters to the corresponding o,f-
unsaturated derivatives can be accomplished by a-lithiation with

diisopropylamide, formation of the e-phenylselenc derivative
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" followed by oxidation and elimination (equation 48) [1031. These

conditions are sufficiently mild that several sensitive o,B-unsatur—

ated ketones have been conveniently prepared.

- (o]
ﬁ 1. LiN(i-Pr)o i
Ph- 2. DhSeBr Ph-C
PhSe
O
Nﬁ'le‘i_—é Ph = 520 O
MeOHH20 1528 Ph-i& PhSeOH (48)
. - + e
l\aHCO3 Ph—__Se 1 hr.

Position-specific generation of o,f-unsaturation in
unsymmetrical ketones has been accomplished by position—
specific a-bromination of ketone enolates with methyllithium/
bromine followed by elimination (equation 49) [104]. No re-

arrangements or other base catalyzed side~reactions were found

to compete.

L2 eq Meli
/ 2.Brp (—78°) - LlBI’

(49)

L leq. LiNh—pr) OSxMe
2. CiSiMey Lt eq MelLi anco
2. By 2, 787 T

Predominant axial substitution with trideuteriomethyl
iodide in the lithium-enolate LXXVIII (equation 50) [105] has
been interpreted in terms of a transition state geometry which

minimizes eclipsing but allows for some bond deformation.
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Michael -addition of this enolate to methyl acrylate gave a
.. mixture of epimers of nearly the same relative composition.

@

) CH3 Li
o' N N o
DME 5°

83% 7%

XXV

The metal enolate salts of ketones with the metal being
mercury (IT) , lithium, sodium, zinc and magnesium have been
studied by House and co-workers {106]. Lithium enolates were
found to exist as either contact or solvent separated ions.
C-acylation (vs. O-acylation) can become predominant when the
metal enolate is in the contact ion pair. form.

Lithium 4-methyl-2,6-di~tert-butylphenoxide (LXXIX) can
be used to effect a-metalation of ketones which can then be
carbonated [107]. o-Dithiomethylene derivatives of ketones
can be formed by e-lithiation with this phenoxide base and con-
densation with carbon disulfide to provide the dithio derivative
LXXX which can be methylated to give the dithiomethylene ketone.
This derivative can sexve as a source of a—-isopropylidene and

a-tert-butyl groups in the corresponding ketone (equation 51) [108]

OLi
0 X@* outs 0 ?C“s
e L
L s LX0aX Su SCHz
- —_—
2 ether CH3I 86%
r.t
XXX
0 o 3
‘\) K/c\ .
2 eq Me,Culi SCHz Me ,CuLi (51)
< —_—

20 min. ) 3eq I ht
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Lithiotriphenylphosphinidacetonide has been shown to be
useful for the introduction of the acetonyl group by nucleo- .

philic displacements on alkyl halides (equation 52) [109].'

0 0 0
n—-Buli Tl RX T H50
CH3CCH—PPh —> LIiCH CCH-—-PPh - RCHZCCH-—PPh_Q._—‘?
[¢]
il
RCH,CCH + PhSPO (52)

Alkylation of the kinetic enolates from the enol ether
of cyclohexan-l,3-dione produced by metalation with lithium
diisopropylamide has led to 6-substituted compounds. Reduction
and hydrolysis then afforded 4-substituted cyclohex-2-enones

(equation 53) [110].

O O
LN i—li’r2 7~
Br
o 2N 0
LrAaH 7~ (53)
2.H,0F
Q
Utilizing this method Stork and co-workers have developed
a simple stereo-specific synthesis of B-vetivone (equation
54) [l11}].
OEt OEt (o)
LLiN i-Pr = I.MeLi
2 — (54)
2H30+

e
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Metalatlon of testosterone and lo—nortestosterone 17—

Jtetrahyuropyranyl ethers with lithium hexamethyldisiliazane
gave the lithjo-2,4-dienolate ions (equation 55) [112]. These
ions could be methylated at C-2 or trapped as 2,4-dienolsilyl-

ethers.

% =3

UNSWbsé
(55)

0N\~ Lio

Most bases with o,B-unsaturated ketones provide a-metalation.
Lithium 2°-amide bases have now been observed to provide
pPrincipally ac*-metalation as demonstrated by the metalation

and alkylation of pulegone (equation 56) [113].

2.X's Mel (56)
(o)
Me
| 23%

Significantly different results were obtained from the

metalation of a steroidal A4—ene—3—one with cyclohexyl isopropyl
lithium (which gave 2-lithiation and alkylation) and trityl-—
lithium (which gave dialkylation at the 4~position) (equation
57) [114]1. These results were interpreted in terms of an
electron transfer mechanism operating during the trityllithium
reaction.

CH3 ety L

L 16 eq PhscLi L CGHIZN i—Pr

o 2. CHyl &) A A 2. GHy|

R

(57)
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a—DienolateS"formed from lithium dialkylamides can be
used in Michael additions with the result that a ready synthesis
of bicyclo[2.2.2]Joctan-2~ones has been developed (equation 58)

[115].

OL1

OLi fo) fo)
L G,
CGHQ\I i—-Pr /@ ™ kOCH3 F OCH3
-—

OLi 0
0 Hao 0]
L‘\O —_— L\\ (58)
CH3 r.t CH3

New methods of a—alkylation of esters have been studied.

Sulfenylation of the a-carbon of esters followed by oxidation
and thermolysis has provided a novel technique for the intro-

duction of unsaturation (equation 59) [116].

-é:—ccozl-’t ———g—> —<‘3 -(!:-CozR —— -C—(l:-COZR
b -8 H Li SMe
oxdn. o \ /COZR

_— > -C- —_—— =

C (fcoZR /c c{ (59)
H S-Me

/

o

Use of LiN(i-Pr), to effect ionization of the o-H in esters
has been exploited for the preparation of a series of w-—amino-
alkanoic and alkanedioc acids (equation 60) [117].

Controlled alkylation of lithium enolates of lactones in

greater than 90% yield has been reported {[118]. The method
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Me B',ie : Me
-— g
Hc_co R’ Me LiC-CO.R® -NC(CHg)Br . NC(CH,)-C-CO,R"
| t
R~ R R
Y H
20 v 2
Me Me
(60) o d H_N(CH,)_C-CO,R
HO2C(CHy) 3, C-COH 2 205572
R

K

- featured use of lithium di-isopropylamide as the base and use
of IIMPA as the solvent for the alkylation.

A convenient one flask procedure for ester alkylation which
consists of forming the lithium ester enolate by adding the ester
(1 equiv.) to a 1 molar THF solution containing 1 equiv. of
lithium iéopropylamide at —-78° has been described [119]. After
20-40 minutes at this temperature, the desired alkylating
agent (1.0-1.2 equiv.) dissolved in HMPA was added. Esters
with guaternary a—-carbons could be constructed by this pro-
cedure. A significant advantage of this procedure is the
nearly 1:1:1 ratio of the reactants.

a-Substituted hydracrylate esters have been prepared via
the dilithio intermediate LXXXI {[120]. Apparently, neither
O-alkylation nor ester self-condensation competed. Dehydration

of several of the hydracrylate esters produced the acrylate

analogues.
CO_Me CcO,Me CO,Me
2 2 equiv. 1. RX
LiN(i-Pr)y Li 2. HpO R
H Li H
LXXXI

Lithium ester enolates, prepared by metalation of esters
with lithium N-isopropylcyclohexylamide, have been found to

undergo exclusive. C-alkylation using alkylating agents and a
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mixture of C- and O~ alkylation with trimethylsilylchloride

(equation 61) [121].

J

LiN + IHE

Jn

HCCO,R ————> LiCCO_R + HN

\Q o D
LicH.co.c.H. XX 5 RrcH.co.c.H
200555 s 20055, g
Licnzcone + Me35ic1 ~THE
/OS'iMeB .
cH,=C + Me,SiCH,COMe (61)
Qe
65% ase

alkylation of ethyl crotonate can be carried out by

o-metalation with lithium isopropylamide followed by alkylation

(equation 62) [122].

A second metalation-~alkylation seguence

to produce products with a gquaternary o—-carbon was found to be

feasible.

LiN (i-Px)g

/\/CozEt

HMPA

CO,Et )
RX_ /\l/ 62

R

Conjugate addition to the lactam LXXXIII could not be

effected by other carbonyl anion eguivalents but was accomplished

by use of the lithium anion of the dithiolane derivative of

ethyl glyoxalate LXXXIX [123].

Further investigation into routes to 1,4-dicarbonyl compounds

has led Schlessinger and co-workers to examination of the Michael

receptor, methyl 2-methyl-thicacxrylate (LXXXIV) [124].

Reaction

of this compound with weak nucleophiles (enamines) or strong

nucleophiles (lithium enolates) produced good yields of the

conjugate addition product LXXXV which could be transformed into

the corresponding 1,4-dicarbonyl compound.
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Excellent yields of-B-hydroxynitrile derivatives were
obtained by condensing the a-lithio intermediate LXXXVI

with aldehydes and ketones [125].

O R
1 1
EpNH, Li Li R'CR" R'COH.
RCH,CN RCHCN > RCHCN

o
HMPT, benzene, -70 .

w-Halogenated nitriles can be both prepared and cyclized
by use of lithium diethylamide in HMPT (equation 63) [126].

Cyclobutane derivatives were easily prepared using this method.

R
EfNLI/HMPT ® ELNLI cN
RCH,CN CHGHy)x—CH -—tg—> (63)
Br(CH,)Cl i HMPT

Alkylation of 1-vinylthioallyllithium and subséquent thio-
Claisen rearrangement has afforded stereoselective conversion

of an alkyl halide to its y,8-unsaturated aldehyde (equation 64)



AT
[127]1. This technique has provided a facile synthesis of the

moth sex attractant, propylure.

R O H :
\| sec—Buli . \I RX ‘ Dimethoxyethane l (64)
( aq. C0C03 )

An alkylation-thio-Claisen rearrangement sequence on the

(1-vinylthio)allylithium ILXXXVII (prepared by metalation
with sec-butyllithium) has been found to provide a route
to y-ketoaldehydes [128]. An illustration of the utility
of this procedure has been provided by the synthesis of

cis—jasmone (eguation 65).

Li S o
1\1 _mBr \| . \)K/\ _10%NaOH___
E10 \ £10 MeOH/HZO
R=n—C H
=—CHZCH—CH2

for R= —_\——/—Me - —\—/—- Me

L XXXV

Me ) Me
L. Melli (65)

/ == 2.crog / =

Stepwise, a-alkylation of esters, nitriles and ketones
can be’ accomplished by metalation of their a—gﬁ—butyluzio
derivatives (equation 66) [129].
a-Lithiated isocyanomethylarylsulfides have proven useful for
the preparation of oxazolines and oxazoles via condensation with

.

carbonyl compounds (equation 67) [130].
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S I}
T . ' R"-C-Y
Li R
LiNH 2 RUX
t-BuSCH_Y ——-—‘—.9-._>t-BuSCHY L LiNHop » ¢ BuSC—Y (66)
2 2. RX 2. R'X . -
R
LLi +
Raney L’i 2. H
v ' R
ScHY
RCH,Y R
Y =-CO,Me, -CO,t-Bu, -CN, -~COMe
{
E —C—oLi_ \cu
ArscHoNG B=BUlL  arscrnc  acefone, Ars—C—N=C—% V4
N
H Ars” M Ht
(o)
}H
N (67)
ArS H

Lithiation of cyclopropyl phenyl sulfide has been found
to occur specifically at the l-carbon of the cyclopropyl group
{equation 68) {[131]. This observation has been used to develop
‘a.new spiroannelating technique involving condensation of the
lithio intermediate with a cyclic ketone follcwed by acid-catalyzed

ring expansion (equation 69).

Li
D .
>S% n-BulLi _ SPh DOAc ,>< (68)
SPh



Li
* ]>_SPh —_—

HO . .
carbonium ion
SPh rearr
—_— (69)
1'BF

A trans geometry for the chain of acyclic olefins can be
realized by metalation of a 4-thio-l-methylcyclohexene-1 (LXXXVIII)
with sec-butyllithium and condensation with epoxide LXXXTX
[132]. The C

and C Cecropia juvenile hormones wvere syn-—

17 18
thesized using this technique.

] O
[ i LXXXIX
AN S
1. MeMgBr secBuLl A
2 —H,0 "~ —s0° H
S

LXXX Vi

OH

The anisaldchyde thioacetal of 1,4-dimethylpiperazine—

2,5-aione-3,6-dithiol (XC,R, = p-MeOC.H,) has been observed

6
to undergo a pos:Lt:Lon specific metalation with n—butyll:_th:l_um

at the R carbon [133]. This monoanion reacted smoothly w1th

2
primary halides, acid halides and aldehydes in THF at —78?,f
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';These monosubstltuted derlvatlves could ‘also be. metalated at
»:the H3 carbon to produce dlsubstltuted compounds A +wo step
cleavage sequence of - the thloacetal system then afforded

- epldlthlod;ketoplperaz1nes (xcI1) .

H—
041\\i:zu\me ' O‘i\\fL/N\Me
& N

The fact of a'position specific metalation in thioacetal XC
has been used in a synthesis of dihydrogliotoxin [134] and
. sporidesmin A [135}.

Methyl 5-deoxy-5-iodo-2,3-0-isopropylidene-8-D~-ribo-
furanoside (XCI¥a, R = I) was treated with 2-lithio~1,3-dithiane
(XCIII) to afford ¥XCIIb (R = 1,3-dithianyl) [136]. This in
turn was hydrolyzed with ceric ammonium nitrate to give XCIZIc
(R = CHO) which was reduced with NaBH4 to homoribose XCIId

(R = CH,OH). Similar 2-}ithio-1,3-dithiane displacement reactions

2 )
were recorded for l1-deoxy-2,4-0-ethylidene-1-iodo (chloro)

erythritol.

RCH2 OMe m
>0
Li H
><°
xXcH XCill

2-Lithio—-2-trimethylsilyl-1,3-dithiane can be prepared by
metalaﬁion with n-butyilithium. The reaéent was reacted with
ketones to afford alkylldenedlthlans (equatlon 70) which are

potent1a1 1ntermed1ates for Cl homologatlon (1 e. RR'CO+RRFCHCHO)




[137].v S:.mllar react:!_ons of this lithio :.r\termedz.ate w:Lth;

-acetyl chloride; r styrene oxide and cis- {PtC1l (PPh3) ] were deta;.led

7 i s S
CSKM%+ R\c=o_9C \_/R (;,o)-
AW r s/_\R‘ S
The production of dibenzoylmethane from the‘tréatment
of methyl thiobenzoate with lithium 2,2,6,6—tetramethy1piper—
idide has been interpréted as proceeding via the dipole-
stabilized carbanion XCIV [138]. A similar rationale has

been used to explain the synthesis of methylphenacylbenzamide

from dimethylbenzamide (X = NCH3).

o

g R,NLi B © &, g , plxchg

PhéXCHy ———> | Ph€XCH® <«———> Phé=XCHy| Lit ————
xcv
X=8s
X = NCH,
©

g g for X=8§ CH3S g

phdCH,XCPR ———> (Phl:)z CHXHPh ———— pnécn,Crn
pr8xcH,

A carbonyl anion equivalent, the thioacetal monosulfoxide
XCV, was found to provide quantitative yields of anion XCVa with
metalating agents. Alkylation of this anion afforded either

aldehydes or ketones [139].

AP /OH . a ®

t , , EtS
Ets> n-Buli E S) o RX EtS 1. LiNG-Pr), X
or LiN(i-Pr 2  EtS Ets/ % 2. R'X EtS
Xcv XCva \H30+' \H3O+

RCHO - RR'CO.

This carbonyl anion equivalent'has-been fohnd to undergo
both alkylation and conjugate addltlon, thereby rea1121ng

the goal of funct:Lon:Lng as a “lmch—pz.n for the constructlon

of unsymmetrlcally substltuted 1 4—d1carbony1 compounds E
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(equation 71) [140]. Utilization of this technique for the-
synthesis of dihydrojasmone and cis-jasmone has been detailed.
[143].

/O /0

RS> n-BuLi RS 1. n-BuLi
m——) —_————
RS 275 RS

H30"
Rs,rt:T\/JL\x i bl Ljr/ﬁ\\/ji\\ (71)
X

Treatment of this intermediate with aldehydes or ketones gave
intermediates from which the corresponding a-hydroxycarbonyl
system could be isolated upon hydrolysis (equation 72) [142].
a—-Dicarbonyl systems were formed when the intermediate was
treated with acid chlorides or esters followed by hydrolysis.
The intermediate can be used to prepare ketone thioacetal mono-
xides, which can function as Michael receptors (equations 73 and

74) [143,144].

o o} o
ok ren R +
R,CO \ 1 H,.0 u
> n—BuLi o 2 o c—c—oH -3 o HCCR,0H (72)
RS rs’ R
? : o
s>@R CHO RS 5> CH, coc1 R OCOCHg KOH 95\
RS > ( S R s RS” R
@“’<

Mlchuel H‘< ——‘——> /k/lk (73)
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0 0 o

i R 1
MeOsC SCH3 . MeOC SMe MeO,C SMe
>® + = —RX 1)
Me0,C 50“3 MeOL  SMe MeO,C  SMe

Optically active amines can be synthesized in high
optical purity utilizing the asymmetry induced by the
treatment of an imine or nitrile with optically active p-

toluenesulfinyicarbanion (equation 75) ([145].

asymmetric anion

= * O
CH ScH, —————> CH ScH
3 i LiNEt 3 2
o 2 o

9
CIHZE Chq CE,
= R !
PhCH=NPh _ phe -NHDR Raney N, PhC-NHPh (75)
i >90%

H _ H opt. purity
Lithiation of chloromethyl phenyl sulfoxide was observed
to take place at the methylene group. Condensation -of this
intermediate with aldehydes and subsequent treatment of the
solution with methyllithium has provided a route to the corres-
ponding phenylsulfinylmethyl ketones (equation 76) [146].

Li c
] i
PRSOCH,CI RLL isocia B prsocrcrr —MebL
{
OLi
c
i
Phsoc—cuq rearr. PhSOCHZCn:R (76)
]

L: oLi 0

The stereochemistry of methylation and deuteration of
cyclic a-lithiosulfoxides has been studied [147]. For model..

compounds related to XCVI and XCVII the hydrogen cis to the
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 5-0;andﬁwas always removed more quickly in the presence. of
ﬁ-butYllithium/THP1ﬂun1those trans. Furthermore methylation

- with CD3I occurred only trans to the S-O bond.

i Q
KLTTD LT
Xcv XCVii
Metalation at the 2-position of a compound containing a
sulfonyl group is a well-known technique. Sultams have been
prepared by the a-metalation of the sulfonamide XCVIII and

subsequent ring closure [148].

Bu
hile Blr
n—BuLi
RCHZSOZNCHZCHBU —? R S/NMe R=H,Me
XCViil )

a-Halosulfones have been prepared by metalation of a series

of cyclic sulfones with n-butyllithium followed by treatment
of the resulting organolithium intermediate(s) with hexa-
chloroethane [149}. Some «,a'-di and/or a,a~di anéd o,c,e'—
trimétalated species were identified. The use of a bromine
derivative of Meldrum's acid allowed preparation of the o-~bromo

thietan~1,l1-dioxide derivative C via the a-lithiated intermediate

XCcix [150].

\><Bfo

I
o}
n-BuLi 0 ><”
so, ————> y —————> 50,
Li ~ Br
XCIX c

Various metalations of phosphorus compounds have been reported.

Lithiation of P-thio-P-phenyl-3,4-dimethyiphosphole with tert-
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butyllithium took place at both a 2-position and a methyl grohp

as determined by derivatization (equation 77) [1511].

HgC CH,, H,C CH,Li N
- +
/ E <E P
P P
s
S7 “ph s7 “ph

H,C CH,E
7\ 7

sZ “pn

Metalation a to a phosphine oxide moiety was utilized in the

synthesis of the tosylate CI [152].

0 . o . o
i l. n—BulLi oh g L n—Buli 1}
_— - —_—
PhoP 2.MeGHO 2 515Gl PhyP
N OH OTs
H H
Ct

Isocyanomethane phosphonic acid diethyl ester was a-lithiated
with n-butyllithium., This c-anion was condensed with aldehydes
and ketones to produce vinyl isoecvanides (equation 78) [153].
With sodium and potassium bases cyclization and@ ring opening

reactions occurred.

0 .
0 0 1 OLi P{OE} R
1 n—BulLi I RCR' i1 b \_/NC
(EtOL,PCHNC ————> (Et0L,PCHNC ———>RC—CH —> (78)
THE, -70° i I, 1 v/ \
' Li R NC R H

(cis/trans mixture)

The following study will be of interest to organolithium
chemists. a, a*-Disodiation of 1,2—-, 1,3-, 1,6- and 1,8-dime-~
thylnaphthalenes and o- and m-xylene has been effected with
amylsodium/TMEDA reagent (equation 79) {[154]. These reactions

are attributed primarily to a peptizing action by TMEDA.

Referencesp. 120
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CHzNa

CHZNa
+4eq Amyl Na—-> (79)
TMEDA

Metalation of isobutene with n-butyllithium in TMEDA
followed by treatment with n-butyl bromide afforded a mix-—
ture of mono- and dialkylated products (equation 80) [155].
The latter produét was inferred to have arisen from a trimethyl-

enemethane dianion.

[y

n—BuBr
(80)

Polycarbonyl compounds, namely, 1,3,5,7,9,ll-hexaketone,
1,3,5,7,9,11,13-heptaketone and 1,3,5,7,9,11,13,15—-octaketone
have been synthesized by a B-ketoacylation reaction carried
out on the appropriate polyanion (equation 81) [156]. These
polyketones can be easily cyclized to naphthalene (equation 82)
and anthracene derivatives containing specific functional
groups that make them convenient sources of polycyclic aromatic
metabolites.

B-Keto phosphonates, useful inamodified Wittig olefin
synthesis, can be prepared by alkylation of the dianion formed

by sequential treatment with 1-eqguiv. NaH and then 1 equiv. of

n-butyllithium (eguation 83) [157].
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4 eq.

PhCOCH_ COCH_COCH,,COCH LiN (—< ),

2 9 2 3 THE, 0°

o .
_PhCOCHCObEtjvm NaH)

Q e o o
PhCOCHCOCHCOCHCOCH,,

1<) o o (=

PhCOCH COCH COCHCOCH,, COCHCOPh -—i;‘:i-_;
se
H+
pentaanion
hexaketone PhCOCH2 COCH2COCHZCOCH2COCH2COPh (81)
KOH
HO__ CH,COPh
OH OH CHpCOPh o
1
COPh COCH,,CcO o
+ =
HO CH,COCH,COPh H Ph - Ph
70% cho3
OH Ph
COPh
(82)
HO OH
o o
| NaH o IL_ ?HPOCH n-BuLi
(CH,0), PCH, COCH —————= (CH30), COCH,
THF
o
i@ © ; Rmx ] 3y
(CH40), P-CHCOCH; -~ &= (CHg0), PCH, COCH,R (8 )

References p. 120 - » . 3 S



ST SR

o ) 0
(MeO) é'c cd .NaH/THF (<0} l?co,e
el Cl MeO),PC C
2PCHC0CHs -0 2 o
CH_ COC|
) = e
r/“\o c?/f\
0—P(OMe),, __FOMel,
o
HZO
= 213 -z 5
o o [\Ao
3
: ,/E<’ /J
cht

A short route to (+)-ar-tumerone (CII) has been
developed utilizing this procedure [158].

Mono— and dialkylation of the dianion of diacetylmethy-
lenetriphenylphosphorane has been cobserved (equation 84) [159}.
Treatment of this dianion with 1,3-diiodopropane resulted in

the formation of the anticipated eight-membered ring system.

O (o) 2 equiv 0 O

/‘\("\ _:-gL_iﬁ/'\,)Ke (24)
i—P@Nu :
PPhy PPh3

Various lithium bases were used to dimetalate 3-methylbut-
3-enoic and 3-methylbut-2-enoic acids. Condensation of these
dimetalated intermediates with carbonyl compounds brought with
certain bases reaction at C4 of the acids, thereby introducing

an isoprene unit into the original carbonyl compound (equation

85) [1601].
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/K/ COZH

LM -
S Mt it _LPRCHO
l 2. CH_N
/\/COZH 22
OH OH
@%i“’?_”e e | @/k/K' . @/’\)\/COZM&
R + +
o
Z N CoMe
b
0
(85)
R=0H, R'=H
M=Bu,Sn, G-Bul,Al, Li, Na,K R=H, K= OH

Reexamination of the dianion reactions of the crotonate
dianion has revealed that a mixture of products from both a—
and vy—-substitution were obtained (equation 86) [161]. These
observations reconciled previous reports in which e¢- and y-
substitution were each claimed (in separate publications) to
lead to a single product.

Crotonic LiNEto
. ——
Acid

XK,
//dD . CHZ—- ==CHC02H

CH,, =CH—CH=C 2Li = (86)
2 U e pu=ctl,
<:><CHC02H
OH
1,3-Dialkali metal salts of certain sulfones and
sulfoxides have been generated (equation 87) {[162] and have

been found to undergo double aldol-type condensatjions and

double alkylations.

o]
1 ;
H_CSCH - - LiCH,SO,CH,Li (87)
3 $ 3 2 eq. LiNH, 27272 R
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- Néﬁél a, a-dilithio species have received attention. Ah
?,attemptqu condense the a, a-dilithio sulfone CIII with prop-
-.ionaldehyde afforded only a very low yield of the anticipated
a,8—unsaturated sulfone, the main product being the hydroxyphenyl
sulfone CIV (R=H, R'=Pr). This was attributed to the poor
leaving—~group character of OLi. Good yields of the desired a,8-
unsaturated sulfone CV were obtained by treatment of the dili-

thio intermediate with two equiv. of Mg12 before condensation

[163].
Li , Ph OLi
1 d\ 1 |
PhSO,CPR + _C=0 —> PnSO,—C—CR
Li R Li R

C=C

OH s

PhSO PhS R
2> g+ RN

Ph o ph” R

Civ cv

Treatment of the sulfone CVI (R = H) with excess n-butyllithium
at —70° in ether provided essentially quantitative conversion
to the sulfone a,a-dianion [164]. This was demonstrated by

the complete deuteration of this position (R = D) by addition
of deuterium oxide to the presumed dianion. At higher temp-
eratures under these same conditions an elimination product

was isolated. 2an ElcB mechanism was proposed for this process.

0

CR,SO,Ph

Cvi
a, a—-bDilithiation of ferrocenymethyl cyanide has led to a
series of dialkylated derivatives after treatment with benzyl

chloride, n-butyl bromide, methyl iodide and 1,2-dichloroethane



‘Trbi,a
(equation 88) [1651. Further reaction of certain of these a,a—- -~
disubstituted cyanides with n-butyllithium afforded a series of

ferrocenylmethyl butyl ketones while LiAlH4 reduction gave the

respective amines.

: Li 2 equiv. R
FeCHoCN + 2 equiv. n-Buli ——> Fe—C—CN ———> ]?c(:“,—CN (88)
" Li RX R

B. At sp2 and sp Carbon

Upon addition of thioformamide to the THF solution of

lithium diisopropylamide at -~100°, a solution of dime-
thylthiocarbamoyllithium (CVII) was formed [166]. The utility
of this reagent for the preparation of c-hydroxvthioamides was
illustrated by its addition to benzophenone as well as to other
aldehydes and ketones.

5 i

Me,N—C”  + PhyCO ——>  MepNCCPh,
Li OH
CVvii

a~Hydroxy N, N-dimethylcarboxamides (R = Me) have been pre-—
pared by treating dimethylformamide with lithium diisopropylamide
in THF/ether at -79° [167)}. The resulting (dimethylcarbamoyl)-
lithium derivative was then added to carbonyl compounds (equation
89). These authors also reported preparation of dimethylthio-

carbamoyllithium.

i
l\IeZI\CH
LiN(i—M o) OHO . .
y 2
2 r,NC” 1. R'R%CO . pif_Eng, (89)
“Li 2. H,O Ry :
o n~BuLi
(Et,NC),Hg
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A >new"route to o.,B-unsaturated ketones having a silyl
. group attached to the carbon-carbon double bond has been.
aevéloped {168]. u—i-ithiovinyltriphenylsilane (CviiXIa, R = H)
and 1-lithio-l-triphenylsilyl-2-phenylethylene-E (CVIIIb,
R = Ph) coupled with both acetic (R' = Me) and benzoyl (R' = Ph)
anhydrides to provide the corresponding acyl derivatives.
Ph.Six e A (Rco),0 ph35i\c=c H
Li” \r R'c=—/—o g
cvin
A vinyllithium reagent has been developed which, after
alkylation and hydrolysis, afforded good yields of ketones
(equation 90) [169]. Treatment of the 1-(alkylthio)vinyl-
lithium intermediate with aldehydes (equation 91) and epoxides
{(equation 92) similarly gave good yields of the respective

acyloins and a,B-unsaturated ketones.

THFE
s "o o §om————T = ]
R'SCH=CHR" + secBuLi "o py R'SC|! CHR" (90)
Li
o
+2
RX Hg 1 "
aq CH,CN RCCH,R
OH o

i ]
via (presumably) RC=CHR" —=  RCCH 2R"

HO
with RCHO ———> R'SC=CHR" —> _C=CHR" {91)
RCHOH RCHOH N\
o
>C-CH2R"
RCHOH

Nearly quantitative and instantaneous formation of the
appropriate l-metallocyclopropene upon addition of at least
one equivalent of alkali amide (M = Li, Na, K) in liquid

ammonia has been reported [170]. Mono-~ and dialkylated cyclo-
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r A R'S_
with ?ZA( —_— _C=CHR" ——>

RCHCH
cHcH,

OH HO

~N
=CHR"
RCH=CH NS

jEC-CH2 " (92)
RHC=CH

propenes were formed upon alkylation. Standing for 18 hours
or much longer produced dimers and trimers of cyclopropene.
Among the methods attempted for the preparation of l-acylcyclo-
propenes was the alkylation of lithium acetate by the cyclo-
propenyl lithium intermediate CIX which produced the desired
acyl compound CX and the corresponding alcohol (CXI) in a
product ratio of 2:1 [171]. When lithio intermediate CIX was
treated with dimethylacetamide, a small amount of the alcohol
CXI was produced along with the major product, 3,3-~dimethyl-2,

S5-hexanedione.

o}
u L o
+ CH3C02Li _ +
E1,0
cX

CIX CXi

An approximately 14-fold greater extent of lithiation
of l-methoxy-2-phenoxyethane (CXII) over anisole was observed
upon competitive metalation in hexane or ether [172]. It
was concluded that complexation was a factor in such metalations.
o-tert-Butylanisole (CXIII) has been found to undergo
directed metalation at the remaining ortho position to the
extent of 7.5% under conditions that gave a 65% yield of ortho
metalation in anisole {173]. With TMEDA.present'a 30% yield
of metalation as determined by isolation of the trimethylsilyl '
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‘derivative was obtained. These results indicated steric in-
terference with the conformation(s) necessary ‘for co-ordination

with n-butyllithium in the transition state.

/N

o OCH3 CHZ0O

(09,(] CXitl
Pyrogallol trimethylether has been stepwise metalated
and alkylated at the positions ortho to the two methoxy groups

{equation 93) [174].

OMe OMe
MeO O3e  ,_BuLi MeO OMe
—_— (93)
stepwise
R R

A novel synthesis of 2,4-diarylbenzolhlquinazolines beginning
with the directed metalation of l-methoxynaphthalene has been
reported (equation 94) [175]. Similar metalation of 2-methoxynaph-

thalene led only to the benzoylation product (equation 95).

R2 o2 RZ
=H; R=0Me
(OIOY + [0 *=gew (010
Li R
g}

R! 0 (95)
R' = OMe; R%=H
R=H or Ci
v
o
(94)

N;\ EN
R
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Lithium diisopropylamide metalated the. side—chain in
N,l-diisopropyl- and N,N-diethyl-o-, m~ and p-toluamides
[176]. With n-butyllithium, HN,N-diethyl-o-toluamide also
underwent side—-chain metalation, but the m- and p-isomers pio-
vided mainly addition to the carbonyl. Lithiation of 1,3-
bis (trifluoromethyl)benzene with n-butyllithium occurred
at both the 2- and 4-positions while similar metalation of
the 1,4-isomer occurred at the 2-position [177}. Sites of
metalation were determined by carbonation and subsequenfl
examination of the products by 100 and 220 MHz pmr.

Directed lithiation of chloroferrocene has allowed preparation
of the 2-trimethylsilyl derivative [178]. Conversion of the spéci—
fically substituted molecule to 2-deuteriotrimethylsilylferrocene
(CXIV) has resulted in the identification of the chemical shifts of

the 2,5- and 3,4-position protons.
Si(CHg) 4

1. n-C,HgLi
Cl 27 (CH,)SICI

Ccl

Na
i00°

Si(CH3)3 Si(CH3)3
D>,0
e - 2 A‘l!::nlhl
Fe

i 1
cxXiv

Fe

Sequential directed metalation of 1,l'-dichloroferrocene
has led ultimately to the preparation of decachloroferrocene

(equation 96§ [179]. A similar route involving seven suc-
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‘cessive lithiation—-chlorination steps was used for the syh-

" thesis of the ruthenium analog.

n-Buli
CC13CC13

(96)

Cl
Cli;;;;;;E;CI
Cl
Fe
Cl Cl
cl c1
Cl
A series of 2-substituted N-ethylferrocene carboxamides

were prepared by directed metalation of li-ethylferrocenecarbox-

amide (equation 97) [180].

O_ H

NS

S CNEt .
2 equiv.

n-BuLi

pirected lithiation of (R)-N,N—dimethyl-—-l-ferrocenylethyl-
amine followed by condensation with p-anisaldehyde provided
asymmetric induction not only at the incipient chiral plane,
but also at the incipient chiral carbon (equation 98) [181].
A single crystal X-ray structure of the predominant product
from this metalation (S,R,S)-2-(p-methoxyphenyl)hydroxymethyl-
N,N-dimethyl-l-ferrocenylethylamine has provided confirmatory
evidence for the absolute configurations assigned to a series

of 1,2-disubstituted ferrocenes.
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_-Me 1 p-BuLi L
2 MeOCgH,CHO &

vH

Methoxymethylferrocene (CXV, X= OMe) afforded approximately
equal amounts of 2-and l1°*-lithiation as determined by derivati-
zation experiments with benzophenone [182]. o-~Methoxyethylferrocen
(MEF) upon lithiation gave a mixture of all three possible metal-
ation isomers. (+) -MEF, when metalated and condensed with
benzophenone, led to the expected mixture of three products, but
only the 2-isomer possassed induced ring asyrmmetry. The activity
possessed by this compound was found to be only about 10% of that
exhibited by an otherwise identical sémple prepared by a route
involving asymmetric induction in the ferrocene system where

metalation was directed by nitrogen (CXV, X=ilMe.,).

)'( R X =-0OMe; R=H
ce
\H X

-NMe,; R = Me
Fe
| cxv

1,3-Pentadiyne, when treated with n-butyllithium/TMEDA
reagent, has been reported to form a tetralithium species
which after hydrolysis yielded the three acetylenes shown

(equation 99) [183]. An ir spectrum of the C Li4 species

5
suggested that a Li2C=C=C=C=CLi2 structure predominated.

n-BuLi/TMEDA

CH_C=C—C=CH = CgLi,
A
HC=C—C=C—CH,, HC=C—CH,C=CH, HC=C—CH=C=CH, (99)

References p. 120



68

Hexa -2,4-diyne upon addition of six equivalents of n—bﬁtyllith—
ium followed by, after 65 hours, addition of trimethylchloro-
silane produced the trisilyl derivative (equation 100) [184].

It was thought the protons were all abstracted from the same
carbon. For a shorter metalation period (16 hours) and two
equivalerts n-butyllithium significant monometalation was ob-—
served. Intermediate periods of metalation following otherwise

the same procedure brought the unusual cumulene, MeC=C=C=C=C(SiMe.
SiMe b
3

CHéCEC—CEC-——CH:; MeC=C—C=C=C(SiMeg)y (100)
2. Me,SiCl SiMe,

A synthesis of (+)-undeca-5,6-diene-8,10-diyn-1-ol has
been recorded (equation 101) [185]. MNovel features of this
synthesis were an allenic bromide/butadiynyl (trimethyl)silane
coupling reaction and the ring opening reaction of 2-hydroxypyran

by lithium acetylide.
HC—~CL1
(CH2NH2) Tubr Ly OV
O oH

Me_SiCl
3 . (e —C— —_—
———-—>H nS Mesle(CH2)4CH—C—CHBI' e HO(C!—I2)4CH—C——CH(C_\.)2H

Mg and Li derivatives of phenylacetylene and vinyl-
acetylene were treated with Me3$iCl and Me3SiP to afford the
expected mono trimethylsilyl derivatives [186].

Ferrocenylacetylene was lithiated and reacted with Et3sicl
and EtZSiCl2 to give FcCECSiEt3 and (FcCEC)ZSiEtz, respectively

[187}1.
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V. Heterocycles

Lithiation of tert-butyl-3-thienyl sulfone afforded
mainly the 2,4-dilithio intermediate [188]. This was in
contrast to the behavior of tert-butyl phenyl sulfone
which formed benzyne under these conditions.

4H-Cyclopenta [clthiophene (CXvIa,R=H) and its 1,3-
dichloro deriﬁative (CXVIb, R=Cl) have been metalated with
n-butyllithium [18%]. Analysis of carboxylic acids pro-
duced by carbonation of the lithio intermediate (s) showed
that CXVIa was metalated 70% at the allylic position and
30% at the two thiophene positions. The dichloro compound
(CXViIb) was metalated exclusively at the allylic position.
HMO calculation of bond orders and charge distribution for
the allylic lithio intermediate, a formal Hiickel l10-n-electron

system, were provided.
R

TR
S
/

R CXVi
Upon treatment with organolithium reagents thiazoles (¥Y=S),
1,3,4—-thiadiazoles (X=N; ¥Y=S) and 1,3,4-oxadiazoles (X=N; ¥=0)
all rearranged to the ketenimine structure which could be iso-

lated in a dimer form (equation 102) {[150].

X—N RL X—N X—N=C=CH2 X=N (102)
(.Y)\CHz’ <Y>\/ CH,, ( i Y=$,0 ’
U

Syntheses via alkylations of dihydro -1,3~ oxazines
and 2-oxazolines has been extensively studied during 1973.

A review of this area has been published [191].
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- fhe use of dihydro-1,3-oxazines in the syntheéis of sub-
. stituted acetaldehydes has been reported (equation 103) [192].

The scheme amounts to an aldehyde equivalent to the malonic

ester synthesis.

O n-Buli o
AT = i
= %L /L
CHz oy ¥ 6tz
‘ RX O BHz fe)
o A
>\N CH,R N CH,R (103)
H

Starting with 2-isocalkyloxazines, a series of highly substituted
ketones could be prepared by treatment with organolithium rea-—
gents and alkylation (eguation 104) [193]. The presence of a
ketone intermediate was varified by isolation of its trimethyl-

silyl derivative. Essentially the same results have been reported

by Lion and Dubois [194].

0 /'L i
:i:jL\ R //R
NZ N=C=C

RI

\R‘
Ru \\-:ez,SiCl- {for R, R'=Me)
Li OSMQ3
R Me
NYe—=c_ N=C=C
U LN N
Ru R Me
+
\\\{Ef
R"X ?
R'CCHRR'
a-l H30+ llu N _ i
R —=—> RCCRRR (104)



1,4-Addition of organolithium and Grignard reagents to 2-
alkenyloxazines has lead to a synthetic route to a—substiﬁuted

aldehydes and ketones (equation 105) [i95].

oM LR'M
Rl ——
/'Y _/_ 2.R"M

\ (or 8H
M=Li,MgBr R ;)

i I
/l CH,R' or HC \/CHZR'
1t

R
R R (105)

a-Metalation of isocyanides followed by treatment with
an epoxide has provided a method for the synthesis of 5,6-—

dihydro-4H-1,3—-oxazines (equation 106) [196].

o)
H
Li R 7\ NC QUi /l\
n-Buli R ! CHZOH N 0
RCHZNC —_— RCHNC ——————————= RCHCHRCHR _— (106)
R R
R

Anionic cycloaddition reactions have been utilized in

the synthesis of heterocycles, trans, trans-1,3-diphenyl-2-

azaallyllithium, formed by thermal ring cleavage of N-lithio-
2,3—diphenylaziridine, has been observed to undergo cyclo-
addition reactions with COZ, CSZ' RN=C=X (X=S,0) and CGHllN—C—
NCGHll to produce a variety of heterocyclic derivatives
(equation 107) ([197].

Cycloaddition of 1,3-azaallyllithium compounds to nitriles

has been found to yield 3-imidazolines or, in some cases,

imidazoles (eguations 108 and 109) [198]. -

References p. .120



72

N—Q Ph Ph
P <
d H (107

Ph N Fh S
H HX H
. Ph N Ph
H
Ar
H Ph ==N
PP X7 (108)
R” N Ph R™ "N \py
H

R=H, Ph
Ar.
H H arcn N (109)
A O
Ph N pn  Ph N Ph

The reversibility of the cycloaddition reaction shown
in equation 110 has been demonstrated. Similar reversibility

in the pyrrolidine and pyrazolidine systems were also reported [19¢

Ph\\N

_Fh
H —gze> ! + Azobenzene {11
Ph Ph e NN
N N
1

Li

A series of c—haloketones have been reacted with lithiated

Schiff bases to afford pyrrole derivatives (equation 111) '[200].

(o} )
e ) 1l .
EHZ—fCl-i—N—CsHIJ Li + RCCHX —= @\R (11
I
C.H

611

3- (2-Aminoethyl)- (equation 112) and 3-benzoylaming=5-

bromopyridine when treated with lithium amides in inert solvents
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underwent intramolecular cyclization via the respective

heteroaryne intermediates [201].

LiHN

: H2N -
HN
Br. :
LiNEts ~ 112
oJ e O] — (0 a2
N N N

The benzenesulfonyl and methoxymethyl moieties served as
N-protecting groups for the lithiation of indole in the 2-
position (eguation 113) [202]. Reaction of this intermediate
with aldehydes, ketones, acid chlorides, esters and nitriles
was accomplished. The benzenesulfonyl protecting group'was

conveniently removed by mild alkaline hydrolysis.

tert —Buli
_ir___u_Ll% — {(113)

Li

X= PhSO,—, MeOCH,—

Formation of the dilithio derivatives of benzimidazoles
allowed reaction with alkyl halides, aldehydes and ketones

selectively at the side-chain carbanion site (equation 114) [203].

N R R N
_ o,
\>—CH2R' 2eq n-Buli \©:E9>>—CHR u; (114)
N N
{

H

2-Benzothiazolyl (trimethyl)silane (CXVIII) and a
series of di(2-benzothiazolyl)silanes have been pre-—
pared by metalation of benzothiazole with n-butyllithium
to form the 2-lithiated intermediate CXVII followed by

reaction with the appropriate silane. The silicon-
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‘carbon bond in these systems was found to be very reactive

[204].

E@::)—\u 4~ Me3SiCl %@iZ}—-SiMe?’ + LiCl
CXVil

CXviil

The preferred route to 2- and 3-chloro furan and selenophene
was found to be by reaction of the corresponding lithio deri-

vative with hexachloroethane (equation 115 and 116) [205].

EtLi coLeCl
5 9 2—chloro der. (115)
X=0, Se
Br
O EiLi GClyGCly
- 3—chloro der. (116)
X=0, Se

Metalation of thiophene derivatives has provided some
interesting results in 1973. 2-(2'-Thienyl)-pyridine (CXIX)
has been observed to undergo metalation not only at the 5-
position, but also at the 3-position as determined by deriva-
tization of the mixture of these organolithium intermediates
with trimethylchlorosilane [206]1. 2-(2'-Thienyl)-quinoline
and a pyrimidine derivative of CXIX were also found to ex-

hibit this metalation pattern.

CXiX

bithiation of 5-trimethylsilyl-2-H,N-dimethylthiophenesulfona-

mide (CXX) afforded 3-metalation and, in one instance, spontan-
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eous loss of the trimethylsilyl group [207}. When n—butyllithium/“f
TMEDA reagent was used a rearrangement to produce the amine :

CXXI was discovered.

-BuLi_  d
Me,si O SO,NMe, - > Y o Megsi O
S TMEDA ice .

S
CXX CXX1
Dimethyl-di (2-thienyl)silane was metalated with n-butyllithium

NMe,

to afford a mixture of the 2-lithio- and 2,2*-dilithio inter-—
mediates (equation 117) [208]. These were 1) coupled with
CuClz, 2) di- and trimerized with 0.5 mole C1

sibié and 3) trans-

2 2
formed into a cyclic dimer with 1.0 mole Cl,siMe, (equation 118) .
Nucleophilic substitution of four fluorines on hexafluoro-
benzene by trichloro—-2-thienyllithium in THF has been

observed [209]. Tetrakis(trichloro-2-thienyl)difluorobenzene

was obtained in good yield. Data to support a contention

that the remaining fluorines were para to each other was in-

cluded.

Bithienyl dimer and trimer

A
Me CuCly
7 L
@Si—@ n—BEI:-l—é 2—lithio and 2,2'—dilithio specie {117)
N%e 0.5 mole
ClasiMez
\'2

Dimer and trimer

MeZSi/©\SiMez
e |
- ! mole
SBIB i B Qe
MeoSi. S SiMe,
o7
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| CRLi(R = 5-chloro—l-methyl—-2-imidazolyl) in ether was added.
' to the lactone CXXII with the ring-opened product CXXIII being

. isolated after hydrolysis [210}. Cyclopropane CXXIV was a by-'

product.
0s° Et //CHZOH
+ RLi —> RCOCHQQ\ 4+ RCO
£t C CHRR
Hol £t CH_OH
XXt XXl XXV

A new synthesis involving directed metalation of a
2,4-dimethoxyguinoline system of the furoguinoline alkaloids,
dicatamine (R,R" = H), pteleine(R = OMe,R' = H) and evolitrine
(R = H, R' = OMe) has been developed [211]. The method was ex-
tended to the synthesis of a b-naphthofuran (equation 119),

b-naphthocoumarin and oxaphenalene,

?Me
ln BuLi CcHo
Z.HNCHO (:)

OMe R N OMe

CMe
R

(:) [ ai
R N 0

Directed metalation of 1,3-dimethoxybenzene produced the 2-
lithio intermediate which, after treatment with 1,4-dimethyl-
pyridinium iodide, afforded a high yield of the crude 1,2-
dihydropyridine derivative CXXV [212]. Subsequent reactions
in this series culminsted in the synthesis of derivatives of

1,5-benzoxazocine and its 1,3-isomer CXXVI.



B (B

Me , OMe N
(::) n-BuLi
+ —e
MeO
Ir+ r Me
Me
-

P Me

o 5%

OH CXXVi

A series of (3-substituted-2-pyridyl)-2-propanones was
synthesized by lithiation of the appropriate 3-substituted
2-picoline with n-butyllithium followed by acylation with

acetonitrile (equation 120) [213].

R R CHCN - R
-Buli —_—
O n-Bull O 2.H,0 O
N CHg N CH,Li N CH,,COCH

(120)
R = OMe, OEt, OGHMe, , Me

2,4-Lutidine, 2,4,6-collidine and 2,4-dimethylguinoline
gave exclusive metalation at the 2-methyl group (CXXVII) with
n-butyllithium. On the other hand, with alkali amides in '
3 o LiN(i-Pr)Z, only metalation at the 4-methyl
position (CXXVIII) was observed [214].

liguid NH

References p. 120



‘a8

CH2M
1O 1O
R//&\\NV/L\CHEL{ R//L\\N//L\
CXXVil CXXVill

- VI. Addition Reactions of Olefins, Carbonyl Compounds and
Similar Substrates.

A review article on the addition of alkali metal reagents
to unsaturated systems has been published [215].

A study of the reactivity of propynyllithium and propynyl-
sodium in aprotic solvents has resulted in the delineation
of conditions that allow a high yield of products to be ob-
tained [216]. A maximum yvield (91%) of 1—-(l-propynyl) cyclo-
hexanol was obtained from the lithio intermediate and cyclohexanone
while the maximum yield (87%) of 2-butynoic acid was obtained
from the sodio intermediate and carbon dioxide.

The addition reaction of alkyllithium reagents with
aldehydes and ketones was examined in detail [217]. Optimum
conditions involved addition of the carbonyl compound to the
organolithium species at -78°. Only small losses in yield due
to enoliéation and reduction pathways were discerned for any
of the systems. An improved synthesis of carboxamides from
addition of organolithium compounds to isocyanates derived
from the Curtius reaction has been reported [218].

Addition of excess tert-butylethyloxalate to the lithium
salt of the acetylene derivative CXXIX gave the keto ester
CXXX which, when reacted with lithium ethoxyacetylide, afforded
CX¥XI. This compound could be hydrolyzed to the diester CXXXII

but this ester could also be prepared directly from keto ester
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CXXX by treatment with a-lithio methylacetate. These compounds
were found useful in a regiospecific synthesis of the acyl portion.

of harringtonine CXXXIIT [219].

[o)
L n—BuLi —_ A
——3 —_—— ——
PhCH,,0 ——l— c==cH o0 PhCH,0 ~|— c=c¢ <
“ " . CO?_t—Bu
CXXIX 2. EtOCCOt ~Bu C)O(X
OH
EtOC=CLi PhCHAO c=c¢ =—COEt LiCH,CO,Me
it = A 272
XX CO,t-Bu
4
H,0
A\
oH . ?”
C Me i —
0 PhCH,0 | c==c¢ i CH,CO,R
c , COat —Bu
OH COZMe
oo R=Me,Et

Synthesis of C-17 epimeric 5a, l3o-cardenolides was

accomplished by means of the route shown (equation 121) [220}].

LiC==COEt
_— (121)

o L

Treatment of ketones with RSCHR'Li afforded 41 - 100%
vields of B-hydroxy sulfides. Alkylation of these sulfides
with Mel or Me3O+BF; gave the corresponding oxiranes in from
43 to 98% yields (equation 122) [221]. It is advantageous to
use this reagent for reaction with highly enolizable and sterically

hindered ketones.
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' OH OH :
- : X 1, + _

N0 + RscHLi lTH_i ' CHSR ‘_BL + cns/R X
/ I 2H P | Nge

Rl Rl Rl

' o e Oy

base | cnd” N N/ (122
l I Rlx / \Rn .

x-Lithiochloromethanesulfonomorpholide (CXXXIV) reacted
with CC, CN and CO unsaturated linkages to afford the correspond-
ing cyclopropane (CXXXV), enamine (CXXXVI) and hydroxy

derivatives (CXXXVII), respectively [222].

R
fl >c =0 (l)H Cl
/\ H
LiCHSO,N 0 >  RCH —CHSO,N 0
My
CXXXIV = CXXXVIi
Y\ — v d A Ar yd
/c—c\ ArNHC==C /\
SON o)
H CXXXVI
SO,N 0
Y CXXXV

Sulfoximines CXXXVIII (R = H, Me, Pr) have been a-lithiated
with n-butyllithium and the lithio intermediate condensed with
aldehydes and ketones. Treatment of the resulting B-hydroxysul-
foximines CXXXIX with aluminum amalgam followed by aqueous acetic
acid provided reductive elimination [223]. A series of 16 olefins
was prepared by this technique.

9 0 2 OR OH g

PhSCHR "———>1-1&’[FL' prb—crs N prbldy O R\_/
e’ ' Arve i1, 2aqgHOARc  / \
NMeR H =

CXXXVHI CXXXIX



Condensation of the o-lithiosulfoxide intermediate CXL with
various carbonyl compounds such as acrolein, adamantanone,
benzaldehyde, benzophenocne, cinnamaldehyde, cyclohexanone
and isobutyraldehyde gave good yields of the correspondihg‘

vinylsulfoxides [224].

R OLi
Me,_SiCHLI + _€=0 ——————> RC-CHSiMe3
SOPh K . R SOPh

cxXL
R H
N L .
— /C=C\ + MessloLi
R SOPh

Ketone thioacetals can be prepared in high yield by the
reaction of aldehydes, ketones and formamides of secondary
amines with 2-1lithio—2-{(trimethylsilyl)-1,3-dithiane and re-

lated intermediates (equation 123) [225].

NS NS

C L n—Bull C . n—Buli
/\ 2CisiMeg \ 2 =0

RS H RS  SiMeg /

Condensation of LiR(R = 2-benzothiazolyl and 2-thienyl)
with acetone followed by hydrolysis and dissolution in acetic
anhydride/perchloric acid afforded 4-substituted 2,6-dimethylpy-
rylium perchlorates (equation 124) [226]. These were converted

into the corresponding pyridines via treatment with ammonia.

R
L H0 :
i j —> : ) 4
LR + MepCO —> RCMepOLi 52 Heio, O (o (124)
of ™
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.’Afseries of aryloxazinols (R = Ph, p-MeC.H,, p-MeOC.H,, p-
'r::tocsn 4r P=BrCgH,, m-MeC.H,) has been prepared by the addition

of ‘RLi to the parent oxazinone (equation 125) [227].

0\/O\N AL HO O\N
j\/qu‘ RU SR | (125)
PR X PR " “Ph

Dilithio cytosine derivative CXLI was condensed with 2,4:
3,5-di-0-benzylidene-D-ribose to give a mixture of the pentitols
CXL.IiTa (R = H, R" = OH) and CXLIIb (R = OH, R' = H) [228].

Acid hydrolysis provided a mixture of 4-amino-2-hydroxy-5-(8-and

N
CHO KJ\ NHp

| I T N

N
+ H——oxa-tph — | L
Me3slo/'\ —O/CHPh :——o/: *w:

cxu CH,0 CHO
CXLit

a-D-ribofuranosyl)pyrimidines.

LiNSiMe

2,3-0-isopropylidene-D-ribonolactone with lithium and PhCSCH in
THF gave a 32% yieild of the l-phenyvlethynyl derivative CXLIXIX
[229]. Reduction with NaBH4 provided the acyclic heptyne CXLIY.
Similarly, l-octyne-L-glycero-L-talo-3,4,5,6,7,8-hexol derivatives
were prepared. Benzothiazole or l-benzylbenzimidazole upon treat-
ment with iithium in THF afforded 40% 2,2'-bibenzothiazole and 45%
1,1-dibenzyl-2,2"'-bibenzimidazole, respectively.

Epoxynitriles upon reaction with organolithium reagents
afforded a series of products resulting from addition to the
nitrile function (equation 126) [230]}. Dimerization of the

epoxyhitriles~was found to compete effectively with addition
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R
o C=CR &
N 1
O Li, HC=CR NaBH, c
—_ —_—
><o THF >(o OH OH
0—0_0 o0 :
0 %0 X
HO
R=C.H
6 5 ><°
o}
R=CH,0

cXLm CXLiv

in several cases and was attributed to the relative basicities

of the organolithium reagents. The weaker bases, Meli, PhLi,

LiCHZCN and LiCHZCOZEt promoted addition while the stronger

bases, n-Buli, LiCH2Cl, LiCHCl2 and LiCH=“H2 provided dimerization.

Z=0,NH
(126)
L]} My Rl R
LRLi
2H2Q )
R CN H R

Treatment of vinyltrimethylsilane (CXLV) with tert-butyllithium/
TMED2A afforded only addition of the tert-butylliithium reagent to
the double bond while similar treatment of the trans isomer
CXLVI caused metalation exclusively at the silylmethyl group.
Under these same conditions, the cis isomer CXLVII gave a

mixture of c-silylvinyl proton and silyl methyl group metalation

[231].
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H H M C 4H H H

\ / NS NS

H/ ‘SiMes  H/ \SiMe Me;C/ \SiMe

CXLv CXLVI cxivi
A series of allene amines, RCH,CH=C=CHCH,NEt, (where R = Et,
n-Pr, MeZCH) have been prepared by the addition of RLi or RCal
to CH,=CHCSCCH_NEt, [232]. Combining the allyl organometallic
agent CXLVIIY with aldimines (R = Me, Ph; R' = Me, M32CH, Me3C)
afforded reversible 1,2-additon and some 1,4-addition (M = 2ZnBr,
MgBr) {233]. 1,4-Addition was not preferred for these organo—

metallics but was the exclusive pathway when M = Li,

RCH=CHCH=NR' + EtCH=CHCHo,M ———> 1,2-and 1,4- addition
CXLviit

Alkali naphthalenides @lkali = Li, Na, K) in THF have been
reported to effect addition of amines to conjugated olefins

(equation 127) [234].

§§§///L§§. + HNRy; —> RZN\\\///§§7/// (127

Lithium pentafluorobenzenethiolate was added to various
acetylenic compounds to give benzo[blthiophene derivatives and/oxr

olefins (equation 128) [235].

CGF55_Li+ + R¢=CR' ——>
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n-Butyllithium in the presence of TMEDA has been observed .
to add to a-cyclopropyvlstyrene to form a cyclopropylcarbinyl-
lithium derivative which underqoes a ring-opening-cyclization-—

oxidation segquence to give l-pentvlnaphthalene (eguation 129)

[2361.

CH ,Bu CHyBu

—_ H
@J kv e ST O v amm

TMEDA _CH,
= CHo + trans isomer

CH Bu CH Bu
— (D= 60

H

A process which allows a Michael-type addition reaction to
a four—carbon unsaturated system has been described (equation 130)
[237]. The necessary thioacetals can be prepared from 2-lithio-

2~ (trimethylsilyl)-1,3-dithiane.

SR
’ L) E o

E

VII. Copper-Lithium Reagents and Their Reactions

Five new alkylhetero-and arylhetero (alkyl) cuprate (I)
reagents, Het(R)CuLi, where Het = t-BuO, PhO, t- BuS, PhS and
Et,N have been prepared [238]. These reagents allow selective
alkyl transfer to acid chlorides, «,a-dibromo ketones, alkyl
halides and a,B—ethylenic ketones,

Replacement of a B—acétoxy group in a series of a,B-unsaturatec
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carbonyl compounds using MeZCuLi has been reported (equation 131)
[239].

AcO [s)

O
,/,l\\\v///ﬂ\\\ Mey CuLi ///L\\\//)! :
X OEt - X ~ (131

OEt

This reaction of lithium dialkylcuprates with B-acetoxy-c¢,8-
unsaturated esters which provides stereoselective synthesis of
B—-alkyl-a,B-unsaturated esters was successfully utilized in a

5-step synthesis of geraniol (equation 132) [240].

| /g/\orl_% /g/\Br -+ e/‘o'\e/(‘)\ocr%

OAc

OCH3

(CHg), CuLi

(132)

O
///i§§5///ﬁ\\\z//L§§y//LL\ R e ///L§§b///\\‘v//i§§b///ﬁ\‘
OCHg oH

geraniol

Primary tosylates combined with a wide variety of lithium
diorganocuprates (I) to afford substitution products in 70-100%

yields -[241]. 2-0Octyl tosylate reacted with Me CulLi to give an

2
87% yield of 2-methyloctane but other secondary tosylates gave
lower yields of the coupling product because of competition by

an B, process. The coupling reaction of such tosylates was found



Cer
to proceed at a significantly lower temperature than the analégous
couplings with alkyl bromides; in additicn the tosylate couplings |
were noted to proceed faster in ether than in THF. Coupling re-
actions of difunctional substrates where both functional groups
could compete for reagent were examined; preferential reaction
at the tosylate of a keto tosylate, some selectivity at the
tosylate of a bromo tosylate and little selectivity in an epoxy
tosylate were observed.

a,a—bichloro esters when treated with lithium dimethyl
cuprate afforded a mixture of a-chloro-o-methyl ester and the
reduced c—methyl ester (equation 133) [242]. At -70° a-chloro
ester enolates were produced which upon warming to 20° gave

a-methyl ester enolates.

Me
[ ]
Me,CuLi H3O+ BuCC1CO, i-Pr (52%)
BuCC12C02i—Pr —> (133)
20° BuCHCO,i-Pr (48%)
1]
Me

(+)—(S)-2-Butyl tosylate or mesylate, when treated with

Ph,CuLi in ether, afforded (-)-(R)-2-phenylbutane of such rotation

2
as to indicate 100% inversion of configuration (egquation 134)

{243]. Likewise the reaction of Me_,CuLi with cis and trans -4-

2
tert-butylcyclohexyl tosylate and with endo-2-norbornyl tosylate
also afforded complete inversion but with varying amounts of
elimination. With exo-2-norbornyl tosylate considerable loss

of stereospecificity was discovered. A second-order rate constant

of 2.8 - 1073

2/mol.sec. was determined for the reaction of n-
octyl tosylate with MeZCuLi in ether at -42°., It was concluded
that these transformations proceed by an "Sn2-like" mechanism

and that a triorgano Cu(III) intermediate was likely involved.

R R _
RCu) + Ec-x — s btecl — 5 rcE (134)

L = 1ligand) § N\ N
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Displacement of a series of substituents from mono-
“'and difunctional silanes has been effected with Me,CuLi.
When the silicon atom was asymmetric, displacement took place

with retention of configuration (eguation 135) [244].

Me,CuLi

Sgix gioMe (135)
% _ ,

X = H, OMe, F, Cl, OMenthyl

Dialkylcopper lithium reagents at low temperatures can be used
to replace a halogen on an allene to produce the alkylated

allene (eguation 136) [245].

R, H R H
C=C=C C=C=C (136)
RZCMJ + éﬁ/ C \\i————:: \\h

trans-Nucleophilic ring opening of oxiranes can be effectivel;
accomplished by lithium diorganocuprates [246]. A triorganocopper
(III) intermediate CXLIX was discussed. Correspondence was noted
on the concept of hard and soft acids and bases with the selectivit
of 1lithium diorganocuprates in reactions containing epoxide and
other electrophilic sites. ’

Lio

LCuRz
CXLIX
Epoxides with neighboring oxygen functions (HO, MeO, AcO, Etozc)
were found to exhibit little regiospecificity in their ring-
opening reactions with lithium dimethylcuprate [247].
A stereospecific ring opening cleavage of an oxirane in
carbohydrates whichyﬁtilized HeZCuLi has been reported (equation

137) [248].
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. : R
Ph Ph% :
o Megluli_ %o 2 @3
OMe
H* O R OMe

allo (down) axide ———=> R'=Me; R"'=OH
manno (up) oxide———= R'=0H; R"=Me
An unsymmetrical lithium cuprate reagent has been prepared
which offers the advantage of utilizing only one equivalent of
RLi in its preparation (equation 138) [249]1. This reagent has
been examined in both substitution and conjugate addition re-—.

actions (equations 139 and 140).

CuCN + RLi —o> Emuc:ﬂm (138)

ElcuCN]Li + RBr —=> R-R + CuCN =+ LiBr (139)
[ ! Pt I

@Cucxx_?lm +  -C=C-C=0 ——> RCCHC=0 (140)

A new copper lithium reagent, (t-BuOCuR)Li, has been found quite
effective in substitution and conjugate addition reactions
(equation 141) {[250]. This is important in that much lowexr
excesses of this reagent as compared to other such reagents
were sufficient for high conversion. Also important was the
fact that R in (t-BuOCuR)Li could be a secondary or tertiary

alkyl group.

R—-R
—78°
RL1 “
t-BuOCy ————— > (1—BuOCuR)Li (o} (1241)
< —50%THF o
—50°
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Conversion of 8-alkoxy and f-alkylthio «,B-unsaturated carbonyl‘>
compourds into their respective RB-alkyl and B8,B8-dialkyl derivatiwv

has been observed (equation 142) [2511.

‘O
l.1leq. Me_CuLi :
1 %2 > \ (142
0.5hr, 0° Me
yie
Q o)
l.leq. n—BuZCuLi
SBu 0.5hr, 0° Bu
O
\ !
\_1-0=2q. Me,CuLi,0.Shr. -78°
Seq. n-BuZCuLi, ihr. -20° Me
Bu

addition of a methyl group to the «,B-ethylenic ketone system
in bicyelic ketone CL was observed to take place stereospecificallf

in 50% yield to give the tramns decalin compound CLI [252]

OMe

Qo

Unhindered intermediate enolates may be alkylated regio-—
specifically at the a-carbon (equation 143) [2531. These
enolates can be formed by conjugate addition of a lithium
organocuprate reagent to an «a,B-unsaturated carbonyl system.
When the g-—position was already substituted, various amounts

of equilibration of the c-positions was observed.

OCuR (o]

)
LiCaR, Log R

Cj LiCaRp é[ it N (143)
R R



- o1
Preparation of allyllithium reagents was accomplished by
means of the technigue illustrated in equation 144, followed by
preparation of the copper lithium reagent. Addition of the A
allyl cuprate to sec-butyl crotonate gave a mixture of mono and
di conjugate addition product {(equation 145). Reaction of such
reagents with sec-butyl sorbate produced 1,6-addition product
(equation 146). Similarly, only 1,6-addition of the allylcuprate

reagent was observed with N,N-diethylsorbamide [254].

RCH=CHCH20Ph + 2L —Tf:g% RCH=CHCH2Li -+ PhOLi (144)

Me
\/\coasecau + C/\/)acuu T \(//icozsecBu
\

§. Base A (145)

2.Me
\\\%449\\\C025ec8u CO,secBu
COésecBu

=

MEN N cO,secBu @\/\/) £ :‘ii/\oo secBu  (146)
—i5° R 2
AN

Methyl crotonate, methyl cinnamate, benzalacetone, benzal-
acetophenone, 2—methoxy—3,5,S—trimethy1—2;cyclohexenone and
4-tert-butyl-l-cyclohexenyl methyl ketone have each undergone
a successful conjugate addition with lithium dimethylcuprate -
[255]. For the cyclohexenyl compound, 92% of the additon product
was found in the axial position. [MeBCCECCuR]Li (R iSVMe or
vinyl), a new mixed organocuprate reagent, has been described.

A stereoselective addition (>95% pui‘ity) of RCu (R is n-

2,4

butyl or vinyl) to A —dienoic esters that is useful in the
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—prepargtion of tri~ and tetra- substituted olefins has been re-
ported (egquation 147). In contrast, the corresponding chuLi
reagent did not give stereoselective addition [256].

H H

A ~ R
/%Cothe RCu_ AN €O, Me (147)

Synthesis of Prostaglandin El by a stereospecific synthesis
has been accomplished with one of the key steps being the join-
ing of the cyclic ester CLII and the organocuprate reagent CLIIT

[2571.
R= —SiMez—i-—-Bu

o

(CHy)gCOMe + LiCu \/V\/\/Me

cLu >

Investigation of routes to afford specifically substituted
trans olefins has led to utilization of a 1,4-halogen shift to
- a triple bond followed by treatment with I-leZCuLi [2581. This

has yielded the trans olefin CLIV with a stereoselectivity of

about 95%.
—c— H .
C=C—COMe  ce co, Me CoLi /——\_/ "
—2 =

< "\ —70°% THF

X A CF3CO COZMe OH Me CO,Me

il
X=1,Cl o cuv

Two separate examples of conjugate addition to an «,B-
acetylenic carboxylate were utilized in the six-step synthesis

of (2%,6E)-7-methyl—-3-propyl-2,6-decadien-1-0ol of which the
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following (equation 148) is the first step [259]. This materiai
was not identical to the terpenoid alcohol, believed to be a

sex pheromone, isolated from the codling moth, although this

had been the proposed structure.

. PrZCuLi /\/I\/CO Et
MeC=CCO,Et ————=%, Me AN 2 (148)

THF, —78°
(49%)

The natural material CLVI (2Z, 6Z configuration), purportedly

a pheromone, isolated from the codling moth, as well as the 2E,
6Z; 2%, 6E and 2E, 6E configqurations have been synthesized [260].
Routes to these substances started with ester CLV or its 62
isomer and involved the stereospecific addition of or coupling

with Pr. Culi.

2
Me Me Me
P COEt LPryCuLi
7 THE —78°
\ b} \
Me 2LiAH,  Me N
cLv cuwi CH,OH

Treatment of o,B-acetylenic carbonyl compounds with MeZCuLi
at -80° afforded products derived from stereospecific cis-
addition to the alkyne feature (equation 149) [261]. Allowing
the solution to reach room temperature before hydrolysis re-
sulted in virtually complete isomerization to the trans isomer.
These observations were interpreted in terms of an sp2 carbon-
copper bond which retained its sterochemistry at -80°, but iso-
merized to the trans isomer at room temperature. Addition of
nethyllithium to either the -80° or the room temperature solution
before treatment with HCl brought an addition product with com-~-
plete loss of stereospecificity, i.e., a 50-50 cis-trans mixture..
It was concluded that the lithium derivatives formed by this

procedure possess an sp hybridized a-carbon.
i gefmm;. p. 120
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, 1. Me,CuLi, -80° R_ COR R R
RC=C—COR : c=c” Ph OMe (149)
2. HCl Mé OH Ph  OH
Ph Me
Me OMe

A reaction sequence has been described that permits conversio
of aldehyde carbonyls to tertiary carbon atoms where the three
alkyl groups may be different and certain ketone carbonyl groups
to quaternary carbon atoms (equation 150) [262, 263]. The
essential features involve addition of a lithium organo copper
reagent to the B-carbon of an alkenyl aryl sulfone followed by
hydrogenolysis with sodium amalgam. Other types of saturated

sulfur compounds were found to be unsatisfactory for this procedurd

SC,CeHACl-p

i G G

2HF

><°“2°2°6“4°"P 6% Na/Hg R><ME(150)

LiCuR2 (R is Me or Bu) specifically added 1,7 to the vinyl
cyclopropane system (equation 151) [264]. In contrast, the
isomeric cvclopropylvinyl system underwent 1,4-addition (equation
152). a—Alkylation of those systems was accomplished by treating

the a—-lithio intermediates with an alkyl halide (R'X).

- CO,Et 1)LIR,Cu R {CO,E1)
CO,Et 2)RX

CO_Et DLIR,Cu CO,Et
A/\/ 2 5;327_} A/'\|<R‘2 (152)

CO,Et CO,Et



'(95;7“

Me.Cul.i added to the heteroatom-substituted double bond

2
in allenes (X = aryl sulfoxide or sulfone) to give, presumably,
the sulfoxide-~ or sulfone- stabllized carbanionic intermediate.
This intermediate could be derivatized with methyl iodide and

chalcone (equation 153) [265].

R X [ Me,Culi R X
Nememe” M2t ™ e (153)
g \R'2- 09. NH,CI o hl/le g

Organocuprate (I) reagents and organolithium reagents:
have been used for the reductive elimination of bromine from

1l,2-dibromoalkanes (equation 154) [2661. A notable elimination

of the bromine from a bromoester [R = H; R' = (CH2)8C02Me] was
accomplished using n—BuZCuLi.
Ry CuLi
RCH HR RCH=CHR (154)
Br Br ether

A series of reductions using MeZCuLi reagent have been
carried out [267)]. For several steroidal c-epoxyketones
direct alkylation of the epoxy group was observed; instead B-
hydroxyketones were obtained as the primary products. Peri-
cyclocamphor (CLVII) was reduced to the secondary alcchol with

MeZCuLi, MeMgCl and MelLi whereas Bu.,Culi added to the carbonyl

2
to afford the terxtiary alcohol [268].

¢)
(&R

T
Treatment of o,a-dibromo ketones with lithium dialkyi-
cuprate (I) reagents has provided a new route for the a—alkylation.

of ketones (eguation 155) [269].
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(o}
I R_Culi or R,Culi or
Br\/'K/Br . —2———_> —_ e
{t—BuOCuR)Li {t—BuOCuR)Li
)

1 M+ (0]
R\/& gt (155)
X (E=H,D or Me) R\/lK/E

2-Acetylindene was prepared from indene-2-carboxylic
acid via treatment of the acid chloride with lithium dimethyl
copper [270]. Correction of the structure incorrectly re-

ported in the literature as 2-acetylindene was noted.

VIII. Halogen-Lithium Exchange Reactions

Exchange of the bromine atom with lithium in 2-bromo-
l-ethoxy[2.2.2Ibicyclooctane gave an intermediate which
eliminated LiOEt to give the anti-Bredt olefin bicyclo{2.2.2]
oct-l-ene. The olefin was unstable, its presence being

inferred by products formed by the addition of tert-butyllithium

to the double bond (equation 156) [271].

Halogen—lithium exchange of exo bromotricvclooctene with
excess methyllithium, phenyllithium or vinyllithium in ether
for two days at room temperature under nitrogen afforded bis-
endo-bicyclo[3.2.1]-octa~-2,6~-dien~-4-yl (CLIX) in each case [272]1.
These results were interpreted in terms of the intermediacy

of a bishomocyclopentadienide anion (CLVIII).



Br
RLi
R=Me,Ph
Vinyl

2

CLviit

CLIX

Although both the a~bromo compound CLX and the trans B-bromo
derivative CLXI react rapidly with lithium in ether, the actual
lithium intermediate in the case of CLXI could only be demonstrated
by in situ trapping with ClSiMe3 to yield trans -bis(trimethylsilyl)
ethylene in >80% yield {273]. Prolonged reaction of the trans
compound with lithium lead to formation of 2,2,4,4,7,7-hexa-
methyl-6—- (trimethylsilyl)~2,4,7-trisilaoctane.
Me3Sx\c e /H

i Ner
cx X

MessiCBr == CH2

The reaction of lithium metal surfaces with optically
active l-halo-l-methyl-~2,2-diphenylcyclopropane led to the
formation of the corresponding lithium derivative which was
partially racemized [274]. The amount of racemization ocb-
servadwas a function of the halide used (I>Br>Cl), the sodium
content of the lithium metal as well as its particle size,

7,7-Dibromonorcarane can be successfully transformed
into a single stereoisomer, anti-7-bromo-syn-7-lithionorcarane
when treated with n~butyllithium at low temperature in THF
(equation 157) {275]. Other derivatives prepared stereospecifi-

cally were those with MeBSnCl, Co, and 02C16‘

Br Br Li Sieg
Br Br
n—Bull .
THE—108° ClsiMess (157)

Cyclopropanethioacetals have proven useful in the preparation

of ketones. A new method by which such thiocacetals could be
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synthesized involved preparation of substituted dibromocyclo-

propanes by carbene addition to an appropriéte olefin followed

by conversion to the thioacetal (equation 158) [276].

Br  [n-BuLi SMe  ngcio,
s
B 2.(Mes), Br  MeOH

®_orcon Sve
OMe MeSH (158)

0,0-Diethyl a-lithiomethylphosphonate functioned as a
half-reducing agent for the reduction of gem-dihalocyclo-
propanes (equation 159) [277]. Dimerizations occurred when
this reagent was added to cinnamyl chloride and trans-—-8-bromo—
styrene, since 3~chloro-1,6-diphenyl-1,5-hexadiene and 1,4-

diphenyl-3-buten~l-yne, respectively, were produced.

[0}
Rh Br { Ph Br
L{EtO), PCH, Li i

2.H0 -
H/\/\Br 2 HM

Treatment of the gem dibromocyclopropane compound CLXII

with n~-butyllithium and quenching with dilute HCl resulted in
a 22% recovery of starting material and 58% yield of the re-
duced product CLXIII [278]. It was considered that this meant
the original compound underwent halogen-metal exchange about

2.5 times faster than carboxylic acid proton abstraction.

COH Br N GO H H
\° / L. 1 eq. n-Buki \
/~_-"\ 2 upot /™~ \

Me Br Me Br

cLXu : cr
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A divergence in reaction between n—bﬁtyllithium and
phenyllithium with (l-chlorocyclopropyl)cyclopropylacetylene
has been observed; with the former halogen~metal exchange was

effected but with the latter simple substitution took place

(equation 160) {[279].

U cl Ph
l>]~cz c_<l<2‘ﬂi_[>l_c50_<}f£>bl_c§c_< (160)

Theoretical evaluation of the activation energy of group
exchange reactions of bromobenzene and phenyllithium has been
published [280]. Activation energies of the exchange reaction
of PhBr-t%c with RCH,Li(R = H, m-Me, p-Me, p-Br and p-Cl)
were discussed.  Also reported were LCAO calculations of the
orienting effect during group exchange of halobenzenes and

phenyllithiums [281]1. For PhBr, m~ and p-BrC_H,Cl, m—- and

6
p—MeCGH4Br exchanged with PhLi, p-ClC_.H,Li in various combinations

64
showed that in halobenzenes the halogen was the subject of
nucleophilic attack whereas the halogen carbon atom was the
site of electrophilic attack. Energy level calculations in
terms of transition states for bromobenzene and phenyllithium
derivatives showed that the aromatic sextet of the reactants
was nonuniformly perturbed during electrophilic attack_[282].

A series of substituted pyridines have been prepared from
2-bromo-and 2,6~dibromopyridine via the halogen~1lithium exchange
reaction [283]1. Apparently this route avoided the normal addition
reaction that took place when direct metalation with n-butyl-
lithium was attempted.

A convenient synthesis of B-dimethylaminoethyl derivatives
of aryl compounds has been developed by Campaigne and coworkers
[284]. The key step following formation of the aryllithium'ihter—

mediate from the arylbromide by halogen-metal exchange involved
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‘reaction of the intermediate with tetramethyloxamide to form
the corresponding dimethylglyoxylamide (CLXIV). Reduction then
provided thé a-hydroxy B-dimethylaminoethyl moiety while further

reduction afforded the B-dimethylaminoethyl group itself.

0 o
-BuLi MeoNC—CNM P9
n ] e - e
ArBr > Arti —2 2 > ArC—CNMep —> —3> ArCHoCHpNMep
CLXIV

Halogen-lithium exchange of 4-bromo-o-xylene has been
used in the preparation of a series of silicon containing

dianhydrides (eguation 161) [285].

Me Me .

Me Me Me T Me

—BuLi ClSIRR"
n—BulL.i Zs S Si Me
Br Lt R
o} o
O// R \\O
Lag. KMnOg —py } (161)
2ut ,) Si k
o (o)

3. ACZO l

IX. Reactions of Inorganic and Organometallic Compounds

-+ - -+ -
Li 1,2-B10C2Hll and Li 1,7—BlOC2H11 s prepared by

metalation with n-butyllithium of the appropriate carborane,

were reacted with Me3N—BH21 to form.l—Me3N-BH2-l,2—Bloc2H11

-1,7-Bloczull, respectively [286]. These materials

were resistant to hydrolysis by acid or base.

and l—Me3N-BH2
A second metalation

substitution process was also demonstrated at the remaining

C~H group for each of the isomers.

Tetrakis(trimethylenedioxyboryl)methane(CLXV), when treated
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with n-butyllithium in THF at ~70°, precipitated the lithiﬁm
salt of the methide anion CLXVI [2871. The lithium salt, CLXVI,
was reacted with Ph,SnCl to give the expected triphenylst;nnyl
derivative and with bromine to give the bromo compound. It also

could abstract a proton from DMSO to give tris(trimethylenedi-

oxyboryl)methane.
RN _ Q _ S
B—}jC + n-Buli — B—}] CLi + n—-BWB
/ / N\
o} 8] O
4 3
CLXV CLXW1

Further reactions of the lithium salt CLXVI were described in a
later paper [288]. Treatment with Ph3MCl formed Ph3MC(BOZC3HG)3
where M was Ge and Pb in addition to Sn described above.
Repetition of these processes led to (Ph3M)2C(BOZC3H6)2{

where the Group IV metal M may be the same or different.

The series was extended to include (Ph3Sn) 3CBO,CaH, - Iodination
of the appropriate lithium salt intermediates éfforded

Ph3SnCI(BOZC and (Ph3Sn)2CIB0 c I

3tg) 2 2C3tg-

Some new types of phosphines and phosphorus heterocycles
have been prepared by displacement reactions of lithium
alkynes on phosphinous chlorides (equation 162 and 163) [289].

. iC=C~C? - HCl
PhZPCI + LiC=C Cl\-‘[e3 —_— thPC.—.CCMea TOAS

PQ\EM
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éhP012 + LiCZCR ———>. php:Cl + [PhP(C=CR), + phPclg']
0. 1mol 0.05mol i?fﬁum (0. 15mol)
Bu\
R=FPh, Pr,n-Bu _PC=CR + E’hP(CECR)z + PhP(n-Bu)a
- - (163)

The first stable pentaalkylphosphorane and some phenyl-
substituted analogs have been synthesized by treatment of
the corresponding phosphonium salt with either methyl- or
phenyllithium (equation 164) [290]1. Relief of ring-strain
was proposed as an explanation for the ease with which this
new class of compound was formed. Phosphine oxides CLXVII
(R=0; R'" = Me and R = O; R' = Ph) afforded the phosphonium
salts when treated with methyl and phenyllithium.

A series of silicon heterocycles were prepared by treat-
ment of the dilithio or diGrignard intermediates CLXVIIIX
with ClzsiMeCH2C1 to produce CLXIX. Rearrangement to the ring
system CLXX was effected by Al(hal)3/C6H6 with the final product
CLXX (R = OMe, OH, H or an Si—0—Si bridged dimer) being produced

after a reduction step [291].

. R
it/R R p/ R* (164)
> . _—_ | NP
\ . ether, 25° \
R R
cLXvi
R = Fh;_ R*' = Ph; R = Ph
R = Ph; R®' = Me; R” = Ph
R = Me; R® = JMe; R = Ph
R = Me; R' = Me; R" = Me
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- Me
c
@i«;H 2% \/@ crzéicgzm { HQ)@ .
L Si
(Mghal) (Mghal) ME
@[ (CH ) j@

CLXX

CH,Li
X=0,1,2 cLXvill CLXIX

Somewhat similar heterocycles were formed when bis (2-bromophenyl)
ether was converted to the dilithio intermediate CLXXI with n—
butyllithium. Treatment of the dilithio intermediate with dimethyl-
(or diethyl)tin dichloride afforded 10,10-dimethyl- (or 10,10-
diethyl)phenoxastannin, respectively [292]. The sulfur and sul-
fone analogs of the dimethyl compound CLXXII were prepared by

similar routes.

@E @ + Me SnCl _— @(Qj@ a dimer

319, Me/ \Me 4%
CLXX1 CLXXIt

A series of silyl-substituted anions have been formed as
illustrated in equation 165 [293]. Condensation with ketones

afforded a number of highly substituted olefins.

HMPA L Ph CO
(Me Sil;CH + LiOMe —> (Me3Si)ZCi-f5Li ——2 > Ph,C=CHSiMeg
2-LiOSiMe

(165)

Reaction of disilacyclopentene CLXXIII with 8 moles of
methyllithium afforded Me,SiCCl,SiCl,C=CSiMe, which underwent
_cleavage to give Me,SiCMe,SiMe, and the Si - methylated de-

rivatives, Me3SiCECSiMe3 and Me4si [2941.
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Cl Gl
Cl Si S\Me2
Cl SiMe3 cLXXi

Treatment of dihalopolyfluorocycloalkenes with organolithium
reagents followed by reaction with HgCl, afforded the mono
mercuri derivative (X = Hg, Y = 2 halogens, n = 3,4) and the
dimercuri compound (X,Y = Hg, n = 2,3) (equation 166) [295].

Some similar compounds were isolated using t-!ezceClz and MeAsT,.

Li X
(Ca_ﬁ_c.l_@; (C@[ jDCFZ)n (166)
Li Y

Trialkylgermyl alkali metal species were prepared according to
eqguation 167 and utilized in the syntheses described in equation
168-170 [295]1.

(R3Ge)2Hg + M ——> R,GeM (167)

M=Li, Na, K

OH
. )
Et3Ge;‘\I + PhZCO _> Ph2CGeEt3 (168)
A i M > i
h Ie3$101 + RsGe‘\I Me381GeR3 (169)
GeM - after
i R GeM =+ CyHy THydrolysis. RgGeEt + MOH (170)

Organolithium reagents (R = Me,Bu,Ph) when reacted with
halogenomethinyltricobalt enneacarbonyls (CLXXIV) under a
pressure of CO afforded mainly the carboxylic acid (CLXXV)
if hydrolysis was with water or the corresponding ester if an
alcohol were used [297]1. These results were interpreted in

terms of CO insertion, probably by way of rearrangement of an

unstable carbene intermediate.
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LRLi,CO

XCCO3(CO)9 —az? HOZC—'CCOS(CO)9
CLXXivV CLXXV
X=Cl, Br

Treatment of X(SiH in ether at 227° where X = 0,S,Se

3’2 «
and Z(SiH:.,)3 where Z = P,As with methyllithium has resulted in

the preparation of colorless crystals of LiXSiH, and LiZ(SiH

3 3)2'
respectively [298]. Further reaction of LiXSiH3(X = §,Se) with
Me,SiCl afforded H3SiXSiMe3.‘

Menthyl methylphenylthioarsinate, derived in 76% yield
from the reaction of methylphenyliodoarsine with sodium menth~
oxide and subsequent sulfurization, can be separated by fractionai
crystallization into its two diastereomers [299]. Treatment of
the (R)-diastereomer with n-propyllithium (equation 171) and the
(S)-diastereomer with c-—naphthyllithium (equation 172) afforded
the appropriate optically active arsine. Study of the stereochemistry

of the organolithium step in each case brought the conclusion that

the reaction proceeded with retention of configuration.

Diastereomer 2 equiv.

i-Pr. Me—As—n-P {(171)
S He > H (R) ot As n-PrLi L
1] > _fract Ph
MeAs—O
1 cryst . .
Ph Diostereomer _Zil% Me— As—Ar (172)
H “Me (S) at &s Arli Plh

In ether solution below -20° anhydrous FeC13 underwent
reaction with methyllithium to form LiZFeMe4. The complex
can also be isolated as the etherate or dioxanate [300].
WC16 was reacted with Me 4Sn or Meli to give unstable organo-
tungsten compounds which catalyze olefin disproportionation
[301}. LiZWMe4? Reaction of methyllithium with TiMe4
isolable adducts of ]:.:'_'J:‘:'u.Moa5 i302]. Similarly, LiMe4TiR

afforded

(R = Ph, CH,Ph), LiMe,

TiPh3 and LiTiR'4Cl(R' = Me, Ph) werxe.

prepared.
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The reaction of all-trans-1,5,9-cyclododecatriene—nickel (0)
with phenyllithium has afforded a stable complex which con-
tained m-bonded nitrogen (equation 173) [303}. Ethylene
quantitatively liberated nitrogen from the complex. One un-

usual feature was that the N-N bond was 1.35A, as compared to

1.097A in free NZ'

2 CDT - Ni + 6 PhLi + N,

EtyO s .
) —0> <EPhL1)31\1 o, - 2 Et20> g * 2CDT  (173)

2- (Dimethylaminomethyl)phenylsilver, its silver bromide
complex, bis[2-(dimethylaminomethyl)phenyllsilver - silver
bromide, (2,6-dimethoxyphenyl)silver and (2,4,6—trimethoxyphenyl)
silver have been prepared from their corresponding organolithjium
precursors [304]. It is likely that these compounds exist in
oligomeric fcrms. These arylsilver complexes exhibit greater
thermal, oxidative and hydrolytic stability than phenylsilver itsel

The results of the reaction of pentadeuterophenyllithium
(PDPLi) and hexaphenyldilead have cast doubt on the validity
of the equilibrium shown in equation 174 [305]. Diphenyllead,
if present, would be expected to react rapidly with PDPLi to
afford thPbPDP. No such product was found; instead, Ph3PbPDP
and Ph3PbLi were isolated suggesting a four-centered nucleo-

philic mechanisn.

CDL[

€5 .
Ph3Pb——PbPh3———9 Ph3P:b \P‘b‘Ph3 e Ph3PbCGD5 + Ph3PbL1
\ N}
CePsH
Ph4Pb + PhoPb ——> Ph,, PbC Dy

An intermediate acylated derivative of the carbene complex
CLXXVI was apparently generated by treatment of the complex with
‘n-butyllithium followed by acetyl chloride [306]}. The complex

reacted further with base to afford the monomanganese complex
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CLXXVII whose structure was determined by x-ray crystallography. )

It was best formulated as a resonance hybrid of canonical forms

CLXXVII a-C,
N waeAp(on r
{COlgMn—Mn{CO),, l
i. n—BuLi
(8] —_—
2 AcCi
c vi /1—BuLi
O—————MnlCO), 2 Mr(CO),
CLXXVlla CLXXVHib
O————Mn(CO),

~ \\\\0+

CLXXVlic

A series of transition metal carbene complexes have
been prepared from methyl- and phenyllithium (equation 175)
[307]. Isolation and characterization of the hydroxy complex

from each organolithium reagent has proven possible when the

metal was chromium or tungsten.

RLi _OLi  HBr(@q). L2OH
M(COg —> (0C)5 M —.CZ” —> (0CQ)gM == 4 (175)
R
R=Me; M=Cr
=Ph; M=Cr
R=Me; M=W

R=Ph; M=W

Methyllithium generated the anionic metal acyl compound

CLXXVIIY which was transformed into the carbene complex CLXXIX
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using methylfluorosulfonate as the alkylating agent [308].  The
improvement in yield of the complex was attributed to two
factors, 1) the alkylation could be run at higher concentration
than by other methods which served to shift the eqguilibrium

in the equation towards the acyl anion (CLXXVIII) and 2) the
extreme capability of methylfluorosulfonate to transfer an
alkyl group.

MelLi
Mny(CO), ————= (0O Mn - Ma(CO), [Li

CLXXVIH
MeGSO,F Me o
(0Q)_Mn-Mn(CO), MeMn(CO) + LiMn(CO) 5
Me OMe
CLXXIX

The behavior of onium salts containing carbonylmetalate
anions (M = Cr,Mo, W) towards deprotonation has been studied
(equation 176) [309]. It was concluded that their reactivity

was comparably to that of onium halides.

n BuLt

4+
E{esF’CHzSiMe;] EV[(CO)3 -1 —C,‘_.,l-l5 —_— MeBP‘ChSlMe3 -Li EA(CO) —1‘{-—C5H:] {(176)

Pentacarbonyl compound CLXXX, when reacted with methyl-
lithium, afforded the acetyl derivative CLXXXY which was isolated
as a tetraethylammonium salt [310]. Et O BF with the lithium
salt gave the ethoxycarbene complex, c1s—Ph3GeHn(C0) éOEt.
Treatment of the acetyl complex CLXXXI with acid precipitated
the new complex CLXXXII.

0 < Pha
C—Me

veLs o
Ph,GeMn(CO) —i—> cs—Ph GeMn(CO) CMe Lu ——%
3 5 3 H,0 oc/ \co
CLXXX cLXXX |

Co cLXXu
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Evidence has been produced that the electrophilicity of

6 and dB transition metal-~oxygen

the peroxy oxygen atoms of 4
complexes is much lower than that of similar a® complexes {311].
The actual order determined was Moo(oz)Z-HMPA, Cr0(02)2é9y>(9h3P)3

PtO (PhBP)ZIr(CO)(02)21>>Na202 by measurement of the ease of

o7
formation of lithium n-butoxide upon treatment of each complex
with n~butyllithium.

Lithio-and 1,1'-dilithioferrocene were prepared by the halogen—
metal exchange reaction from bromo- and 1,1'-dibromoferrocene
and n-butyllithium. These reagents were reacted with dialkyl-

amidotitanium bromides to yield ferrocenyl titanium dialkylamides

(equation 177) ([312].

Ti E(cua)a 3
O S

Fe + (RyN)3TiBr —> LiBr + Fe (177)

A series of cyclic oligomers of ferrocene prepared from bis
(cyclopentadienyl)methane dianion have been prepared (equation
178) [313]. This same dianion has been used to synthesize 1,
I-methylenetitanocene dichloride (equation 179) which has been
utilized (with lithium naphthalenide) to fix nitrogen and with

diethylaiuminum chloride to polymerize ethylene.

+2
Fe
Cy~ >NCy + n-BuLi ————> [1n] ferrocenophanes (178)
n=2,3,4,5
TiCl, ¥ «a
Cy/\cy + n-Buli ——— < Ti'§ (179)
Cy/ cl

Titanocene complexes which exhibit novel stereochemical
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properties have 1
with phenyllithium or lithjum aluminum hydride (equation 180)
[314]. The phenoxy and thymol complexes exhibited diastereotopic
methyl groups in their respective pmr spectra. In the case of
the ortho-cresol complex, an asymmetric titanium atom was ap- .
parently formed. Pmr eﬁidence for two diastereoisomer§ of this
complex was presented, but the isomers could not be conveniently

separated. There was some evidence of epimerization at titanium,

= /R ‘ T\ / Cynill
L\f—‘/\ + R'Li —> it @—C----R' — S5
N Rl \R“

Cyn_ ..~  Naoar Cy~_ _-Ci

_—_— Ti (180)

R,R =Me; R"=Ph ; Ar=Ph,

Me
R=Me; R' =Et; R'Li=LiAiHg_ m:@

A number of relatively stable métal alkyls have been
prepared from the new class of ligand RBMCHZ- [315]1. Complexes
such as those itlustrated in equations 181 and 182 were accessible
by reaction of transition metal chlorides with the lithium (or

magnesium) derivative of a member of the new class of ligands.

CygMCL, + MesMCHpLi ————> Cyan(CHzanIes)z (181)
M=Ti, Zr ,Hf M'=Si,Ge
Me4SICH,L1  + MCl4 —_— (MeSSiCHZ) 4M (182)

Halogen—metal exchange of the ortho bromo compound CLXXXIIT .

afforded the relatively stable ortho-lithio derivative CLXXXIV



T B
[316]. This 4id not undergo elimination of LiF to produce the ~

benzene derivative as had been observed for the meta a;id para -

isomers of CLXXXITI.

R N =

8r Bl H,0
Fe—co A=Buli o H  pe—co —25 H  re—co
F F ~ F N
Cco cO co
£ £ F F F F
F F F
CLXXXM CLXXXIV

X. Miscellaneous Organic Reactions

A review article "Some Aspects of Alkylation with Carbanions"
{3171 and a book "The Ionization of Carbon Acids" [318] were
published during the year 1973. Although neither deals for the
most part with organolithium compounds, they should be of in-
terest to the organolithium chemist.

A new method of preparation of acetylenes has been developed
involving first the formation of the iithium sait and then re-
action with a trialkylborane (equation 183) [319]. Migration
of an alkyl group from boron to carbon was accomplished by the
addition of iodine.

HC=CR + n-BuLi——> LiC=CR

BB E{s'BCECIﬂ L. pec=cr (183)

Boron—-stabilized carbanions were formed by metalation of
vinylboranes with lithium 2,2,6,6-tetramethylpiperidide (equation
184) [320]. Reaction of this anion with acetone or trimethyl-

chlorosilane took place at the y-carbon and with methyl iodide
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~or water at the a-carbon. The dialkylboron group can be oxi-
datively cleaved to provide the corresponding alcchols.

Lt

=) .
Me(CH,)5CH=CHB(-amyll,  + NLi ——= Me(CH,),CH—CH—GHB(i—anyl), (184)

A convenient procedure for the synthesis of secondary
alcohols from l—alkynes has been proposed (equation 185) [321].
The key step involved metalation of the methine carbon to form
a boron-stabilized carbanion which could be alkylated. Bora-
cyclanes appeared to be the most suitable hydroborating agents

for preparation of the appropriate diborylalkanes.

[

B

<7~ L MeLi NaOH
RCH,CH | ———> RCHyCHEt ——>  RCH,CHEt (185)
\B _—~ 2.EiBr 1 H202 |

l !

The reaction of trialkylboranes with the a—~lithio derivatives
of bis(phenylthio)methane and 1,l1-bis(phenylthio)pentane has re-
sulted in the synthesis of a series of aldehydes and ketones

(equation 186) [322].

R R R
L n—Bul.i +H L ial —LiSPh . 1, [ i,
RCH(SPh)Z—_-% Li [|R B=C—SPhj —— > R,BCR — RCR (186)
2.R.B [ éPh
R SPh

Also, terminal alkynes have been transformed into ketones by

the route shown in equation 187 [323].

b R'X 1 . H
R3B + LIC=CR—> R;?CECR' ——> R,BC=CRR ﬁ RCOCHRR' (187}

A novel synthetic route to 1,4-dicarbonyl compounds has
been developed [3241. Treatment of a-halocarbonyl compounds

with Erialkylalkynylborates has lead to intermediates that can
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be oxidized or hydrolyzed to l,4—dicarbonyl compounds or B,Y-

unsaturated ketones and esters, respectiﬁely (egation 188).

R ] O RCOCHRCH..COX |
BrCH,COX ;
Ea%’c.ecgl L e st—c=c< — L A 27 se)
CH,COX HE ™/
2 R

H ‘CHECOX

2-0Oxa-3-bororenes (CLXXXV), prepared from trialkylboranes,
l-alkynyllithium and acyl chlorides in THF/hexane solution gave,
after oxidation with Jones reagent, the corresponding o,B-un-

saturated ketones in moderate yields {3251.

R
R R. Rl Rn
. \ Jones N
RS + Lic=CR + R'coCl —> R—E | C=C—C==0
\0 . Oxdn. R’/
R

CLXXXV
Lithium trialkyl-l-alkynylborates CLXXXVI, prepared by treatment

of an alkyne with an alkyllithium reagent followed by addition of
a trialkylborane can be used to prepare unstable cyclic borates
of general formula CLXXXVII [326]. These cyclic borates upon
appropriate work-up afforded 1) y-hydroxyketones and 2) trisub-

stituted olefins of rigorous stereochemistry.

| R R
J‘:R;?CECRJ + YA\ — RyE
o R it

CLXXXVE L0V R

Reaction of lithium trialkylvinylborates, synthesized from
vinyllithium and a trialkylborane, with oxiranes followed by
oxidative work-up produced 1,4-alkanediols [327]. A cyclic
borate was thought to be a relative stable intermediate.,
Nucleophilic ring opening of a series of cyclic époxides

with lithium acetylide has afforded the -corresponding vinyl
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',?1¢phols which were transformed into B ,Y-epoxyketones [328].
Photolysis of these ketones promoted a three-atom ring expansion

{equation 189).

OH
(o)
) |/<4, LLIC=CH "~
: _— _
(CHz)n 2.Na, NH, (CHZ)n
n={—3

(CHZ) \
_ K 0 (189)
(CH

The reaction of y-lactone CLXXXVIII with l-methyl-5-
chloro-imidazolyl-2-l1ithium (RLi) has produced a novel ring

opening reaction (equation 190) [329].

GHg CH,! CoHg CHAR CHs
i H
~2R;_’> Lio 2—9> RCCHCHCH,R (190)
(o) —Lil R o —LiOH il i

O CH,0H
CLXOXVHT

A one-step synthesis of 1,4-and 1,5-diketones, involving
1 T
reaction of a variety of organolithium compounds with W,N,N ,N -
tetramethylamides of succinic and glutaric acids has been described

(equation 191) [330].

2 RLi + MepNCO(CH,) CONMe; ————>  RCO{CHy),COR (191)

Aldehydes and ketones, RCOR' (where R = Ph, Et, n-heptyl
and R' = H, Ph, Me, n-Bu) have been synthesized in 10-79% yields
by addition of RLi (prepared by the appropriate halogen~lithium

exchange reaction) with R'CONXZ-(where X = Me, Et, Ph) [3311.
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Further demonstratien of the selectivity of proton removal
and low nucleophilicity of LiTMP (lithium tetramethylpiperidide)
has been reported [332]. - Synthesis of m-methoxytolan was ac-.
complished in 80% yield using LiTMP and in somewhat lower yields
with related bases (equation 192). Similarly, benzoylation of
the tertiary carbon in CLXXXIX, considered to be a stringent
test of the effectiveness of a base, was accomplished in yields

of §9% (R = Me) and 86% (R = Et).

OMe
c LiTMP
+ Lic=Cph —— > O =C (192)

LiTMP _
R,CHCOpEt ~ ——— Ezzcco?_gt] —PBCOCL o PhCOCRRCOE

CLXXXIX

OMe

R=Me, Et

Reaction of at least two equivalents RLi(R = Me, Et, n-Bu)
with phenylallene has produced the dilithio species, PhCHLiC=CLi,
at —-40° which was alkylated at the softer sp- position to give
PhCHRC=CH (R = Me, Bu) [333].

(Diethoxy) -N-methyl—-N-benzylphosphoramide (CXC) when treated
with n-butyllithium, methyllithium or lithium diisopropylamide,
undexrwent elimination of (Eto)zg—n whereas the bis (dimethylamino)
analog CXCI afforded metalation at the benzyl carbon [334].

Derivatization of this metalated intermediate provided several

alkylation and addition products.

Me Me
(EtO), PN CH, Ph (Me 2N)2'1?1\ICHZPh
cXc oxel

Methods ‘for the stereoselective .synthesis of trans (equation
193) and cis enynes (equation 194) have been reported [335]. The
terminal trlmethy151lyl propargylic phosphonlum salt was prepared_
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7 ahd converted into the. protected trans enyne by treatment with
n-butyllithium followedAby condensation with an aldehyde. The
gig:enyne uﬁit was formed by a routerincorporating as the key
step its conversionvof chloroolefins into acetylenes. Quanti-—
tative removal of the trimethylsilyl group could be effected

by treatment of a THF solution of the trans enyne with an excess

of (n—Bu)dN+F- or KF-2H,0 in DMF solution.

H
Br Ay >—"—-———~——-SiMe3
L n—Buli R \ (193)

+- -
l""‘h3PCi'12C=C—SlMe3 > RCHO =
H
Hy /7H
Ho i Mnoz

C.H = _CH_.OH c.H! \CH,OH
2 Pd/CaCO el 2
3 2. Ph P==CHCI

H, H
\ =H L MeLi H\ / :

CgH, =% 2.Me=SiCi
& H Ci 3 CGH"/ \\\

\SiMe3

{194)

In contrast to the rearrangement of a-vinylbenzyl alcohol
to propiophenone which had been reported to occur under the
influence of n-butyllithium in THF or DME, the reaction in hexane
solvent toock a different course [336]. Two equivalents of
n-butyllithium in the presence of TMEDA in this case afforded
l1-phenyl-2-methyl-l-hexanol (68%) and 5-benzyldecane (22%) by
various additions to the double bond.

A new method of preparing methylene derivatives from carbonyl
compounds has been introduced {[337]. A key step in the synthesis
was the fragmentation of the aziridinium salt CXCII with loss of

pvrrole to give the methylene compound CXCIIY¥. The method
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was used particularly to synthesize a number of exo methylene'

compounds.

— EK;HA T

//, \\\ clog //, \\\ 4+ CHoN
4 oN2
(CH,).. ¢=0 ———— > (CH C=N —2=2 5
2'n~1 QHo)ny @ in GH,Cly
CKh
L
—BuLi
() 3 ,@ n THE (CHz)n [ C"’_N
CKh
CXCH

(%\/

CXCiit

/—_\ —
Yo C=CH, -+ HN_

Reaction of the propargyl chloride CXCIV with methyllithium
produced three compounds in significant yield [338]. The pre-
ferred mechanism for the formation of the dimer CXCV involved
initial halogen-metal exchange followed by nucleophilic attack

by a tertiary carbanion on a tertiary halide.

——!— Ec——c;:—a + MeLi—> I c=c l +)< —

CXCiv

Allylic mesitoates undergo alkyl-O fission upon reduction

by lithjum metal in THF at O° to give allyllithium (equation 195).
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[339]-, Reactlon of thls 1n£ermed1ate in EiEE'WLth'allyllcvbrém—'i
Vldes produced 1,5-dienes; with aldehydes and ketones moderate

: y;elds of allylic carbinols were prepared. The latter method

was used to synthesize a component of the Ips confusus pheromone.

TH
CH,—CHCH_OC— + Li —F> CH, = CHCH,Li (195)
2
270 2

O

2-Phenyl-1,3~-dioxolene (CXCVI) has been used as an alternative
to acetylene in a Diels—Alder type synthesis of 1,4-cyclohexadiene
'[340]. The key step was the fragmentation of the adduct CXCVII

with n-butyllithium.

S D

CXC\vi CXcvit

Addition of n—butyllithium to the double bond of 7-chloro-
norbornadiene resulted in the product CXCVIII in small yield and
a significant yvield of the ring-opened product CXCIX [341]. These
results were interpreted in terms of a novel rearrangement mechanis
of norbornadienyl anion. An interesting solvent effect on the

structure(s) of the products of the reaction was described.

n—-Bu
n—Bu
hexune

CXCviil
The reaction of representative members of a new class
of compounds, H,N-ditosylhydrazones, with methyl and tert-
butyllithium has been studied [342]1. The products from such‘
treatment of cyclododecanone N,N-ditosylhydrazone are shown
in equation 196. Of particular interest was the 29% yield
of the alkylation product CC from tert-butyllithium since -

fekémgies‘of such direct alkylation reactions are rare.
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. 196
' co R ' ; :

Aryl alkyl sulfoxides, wheﬁ treated with alkyllithium
reagents, have been £ound to undergo a reaction other than
simple ionization of an a-hydrogen [343]. Exchange 6f the
alkyl group of the organolithium réagent with the aryl group
of the sulfoxide took place, apparently with inversion of

configuration (equation 197).

0 0
Ar e Gt -é—':%_-—;. CH $—ai (197)

Reaction of decafluoro-l,4-dihydronaphthalene with
methyllithium yielded the monomethyl derivative CCI and a series

of dimethyl derivatives [344].

Sodium salts of linear fatty acids (RCHchchZNa where
R = Me, n-Pr, n—CSHIl, n-Cngg) can be treated with 1ithium
diisopropylamide in THF/HMPT and subsequently with 2,3-dichloro-
5,6~dicyanobenzoquinone to afford the corresponding o,f8-unsaturated
acids [345]. ‘

The synthesis of l,3,5—tri—EEEEfbutylpentaiene has been
readily accomplished by reaction of lithium tert-butylcyclo-

pentadienide with a ketimonium salt (équation 198) [346]. This

was the first example of a relétively‘Stabilized pénialénéa§y5tém;*’

References p. 120
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(198)

4,5-Benzo-3~thiatricyclo [4.1.0.02'7] heptene, a valence

bond isomer of the unknown heterocyclic 12-pi electron systen,

benzoib]lthiepin, has been synthesized by a metalation, methyl-

ation sequence (equation 199) [347].
!n—Buu
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