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I. Structure and Bonding Studies

Further evidence on the nature of benzylie lithiums has
appeared. Bywater and Worsfold [1] have presented UV and PMR
data on several compounds of this type in benzene and THF. The
charge on the phenyl ring is estimated to be 0.29 e and 0.53 e

for benzyllithium in CgDg and THF-dg respectively, and is found
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to increase with increasing alkyl substitution on the 51de—cha1n
Styryl and a-methylstyryl compounds are said to be 1arge1y 1on1c
ionic 1n.character in both polar and non-polar solvents. ﬂOn the;
other hand, McKeever and Waack have reiterated their position 2
that the a-carbon atoms in 1,1-diphenylhexyllithium and benzyl-_-
lithium have very little excess charge in non-polar solvents. '
1H anda 13c data have been interpreted by these authors tO”;nd;-
cate a substantial degree of sp3 character at the a-carbon i
atom [2, AS 69; 11. No 13c-7Li coupling was observed in THF és
low as -100°C, however. Okamoto and Yuki have reported PMR data
on 1l,l-diphenylbutyllithium (DPB-) in THF/CgHg mixtures [31.
Charge densities at the various ring positions were measuréd.byi
the same method used in the two previous papers. Very strikihg
is the observation that the total charge density on the ring

(as measured by PMR shifts) is a minimum at [THF1/[DPB-]1 = 2,
indicating some type of specific complex formation. The PMR
spectrum of a-picolyllithium (I) is similar to that of benzyl-
lithium {4]. Ring charge is somewhat greater in I, however,
indicating that the carbon-lithium bond may be more ionic thanl
in benzyllithium.

Electronic spectra of 1l,l-diphenylhexyllithium and 9-
fluorenyllithium are markedly effected by the addition of
CH3OCH2CH20Li [5]. With fluorenyllithium, the agents cause:tﬁe'A
disappearance of the contact ion pair and the formation of;a' k
"coordinati;n—agent separated complex" RLi -« 2XCH2CH2CH20Li:

[X = CH30, (CH3)2N1, proposed to have the following struq;yreiﬁ
HoC —ommoLiv-0— {2

HyC B H ¥ ) /CHz
N LimeRese e L




LITHIUM 3

The spectrum of fluorenyllithium in ethylamine has been inter-
preted in terms of separated ion pair formation [61].

Further information on the structure of allylic lithium
species has been published this past year. Burley and Young
L7, AS 70; 2561 have published more information pertaining to

ion pairs of II:

Ph ~__FPh
\'/%r
Li~ Me
Il

PMR data on "living" butadienyllithium has been reported by
Dolinskaya et al. [8] and by Morton [91. Both authors conclude
that only the primary form III is present in hydrocarbon sol-

vents. However, in basic solvents the secondary form IV may

/CH-:CHQ
~~~ CHy~CH=CH—CH,Li ~~ CHaCH
Li-
111 v
“~— CH c c
2 % £
SFONe = W —= T
u® - [ Li®
W‘CHa
\'2 VI

exist as an intermediate in the cis - trans isomerization of

the (largely) ionic forms V and VI.

Sinn and coworkers [10] have proposed that the addition
of dienes to form species such as these is exclusively cis-1,4
in all cases, and that trans-l.,4 and 1,2 in-chain-units result

from bimolecular isomerization processes. As proof, they cite

the increase in cis-1l,4%4 content in polybutadiene and poly-
isoprene as the concentration of initiator is decreased.

PMR has also been used to study the reaction products of iso-
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prene and-1l,l-diphenylbutyllithium (DPBLi) [11]. Cis~l,k€ahd;”wf

cis~4,1 addition products, but no trans forms, were foundffigg;Li
[AS 70; 256]. Addition of THF causes not only the isomerizatidﬁ}
of these products, but also the reversal of the reaction~t0r&ff
isoprene and DPBLi. In another report conductivities of pd;ya;[:
dienyllithiums in THF have been used to calculate constants f6r7'
dissociation into free jions [12].
Indolyllithium VII was reported to exist primarily as:

solvent-separatea ion pairs in THF [13]. PMR spectra show that

VII undergoes rapid exchange with indole above -30°C.
gy
N7Li

Ring proton shifts for VIII are typical of pyridines and
give no indication of the participation of homoconjugated

species such as IX [1u].

Me\ /Me
Ve = S
N C—CH,Li LONO X
€§§>—l Ha- ==/ “CH
Me 2
VIE X

Lithium-7 nmr spectra of fluorenyllithium, cyclopenta-
dienyllithium, indenyllithium, and phenylallyllithium have been"
reported L181. Variations in the "Li chemical shifts in dif?»r 
ferent solvents are interpreted in terms of increasing cation- '
anion distance as the solvent changes in the series Et,0, DME;Q -
THF, and HMPA. Lithium-7 shifts of thirteen dianions also;ﬁeréf‘

reported [16].

- PMR,. UV, and IR for cyclopentadienyllithium indicate-fhéf§ f:
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the compound has a delocalized, not a diene-type structure £173.
Fluorine-19 and proton spectra for (m- and p- fluorophenyl)
cyclopentadienyl anions confirm this view, in general [181.
However, a considerable portion of the negative charge of the
CgHy~™ substituent probably is present in its o© orbitals.
Lithium~7 spectra of mixtureé of phenyllithium and p-
tolyllithium in Et,0 at reduced temperatures have been inter-
preted in terms of an exchange process involving only monomeric

species [19]. The ebulliometrically determined degree cf

*LiPh + LiTol =——= LiPh + *LiTol

association of PhLi (i = 2), reported earlier, was concluded to
be in error.

Infrared spectra of n-butyllithium in several ethers have
been interpreted in terms of decreased C-Li bonding as compared
to the case in non-donor solvents [20]. Stability constants for
complexes of n-Buli hexamers and tetramers with diethyl ether
have been determined [21]. Complexes with n-CjgHygLi tetramers
were also reported.

A vibrational analysis of t-Buli based on IR and Raman
data‘has confirmed the proposed tetrameric structure [22]. No
Li~Li bonding was indicated, in agreement with previous findings
based on ‘Li spectra [AS 68; 189]. The PMR spectrum of s-
butyllithium has alsc been veported [23].

Vapor pressure lowering of benzene solutions of n-pentyl-
lithium and n-octyllithium indicate that both compounds are
predominantly hexameric over the range of concentrations studied
[2u]. Some further information regarding aggregates of‘this
type has been obtained from Li spin-lattice relaxation times
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£2s83. Temperature dependence of T; for several organolitﬁiﬁ@si},
“indicate that tetrameric species have slower quadrupolar féigﬁé;i
tion-rétes than’ﬁo hexamers, presumably due to the greater;ﬁf;ir
symmetry of the tetramers. An unexpected change in the mégnifii.
tude of T3 for methyllithium in Et,0 near 0°C was attributéd;fdv~
some type of structural change of the aggregate.

Extended Hiickel calculations for MeLi and (MeLi)y have élso
appeared [26]. The results are in general agreement witﬁ ppe—}
vious reports [AS 69; 21]. lij :

The crystal structure of LiB(CH3)y has been reported and
shows some unusual features of interest [273. The compound

contains two Li-C-B bridges, the first reported, one of which .

Fig.1. Molecular structure of LiB{(CH;)s. All of the atoms except C(1) and C{1)'lie in a
. crystallographic mirror plane which has its normal perpendicular to the plane of the paper.
C(1) is related to C(1) 'by the mirror plane.
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is bent (Li-C(1)-B angle 75.6°) the other nearly linear
(Li-C(2)-B angle 179.6°). The B-C and Li-C distances are very
short in the nearly linear bridge bond, suggesting-a strong link-

age.

II. Kineties and Mechanisms

Reviews have appeared this year concerning the kinetics
and mechanisms of anionic polymerizations [28,29], acidities of
carbon acids [30]1, electron transfer reactions involving radical
anions and alkyl halides [31], radical anions as intermediates
in organic chemistry [32], and chemically induced dynamic nuclear

polarization [33,34,35]. Some reference to organolithium

chemistry is contained in each paper.

Further kinetic data on the addition of organolithium re-
agents to 1l,l-diphenylethylene in Et,0 has appeared [36, AS 69; ul.
Relative reactivities of the lithium reagents vary with concen-
tration due to differences in the kinetic order with respect to
RLi. Uraneck has discussed the effect of temperature on the
microstructure of alkyllithium-initiated polybutadiene [371. The
composite mechanism of Morton [9] was used by the author to ex-
plain the observed variations. Selman [38] has measured relative
rates of polymerization of isoprene and styrene initiated by s-
butyllithium and menthyllithium. The latter is an extremely
rapid initiator [AS 693;8] and the usual induction period in
cyclohexane is not observed. Kinetic studies of the rate of
propagation of isoprene by polyisoprenyllithium has been shown
to be first and 0.25 order respectively in cyclohexane [39].

The accelerating effect of 2,3-dimethoxybutane has also been

reported [u40].

References p. 52



2 ‘ : W.H.-' GLAZE

—ree radical chain processes have been demonstrated for

the reactions of 2-«lithio-2-nitropropane with 2-bromc-2—n1tropr0-
pane and with 2,2-dinitropropane in the presence of llght [41]._
Several similar systems were also investigated. Screttas. [42] 7
has reported the reaction of n-BuLi with the stable free radl—
cals l,3—bls(b1pheny1—2,2'—d1y1)-2—phenylallyl X and trlpheny1-7
methyl. The radicals are converted to their correspondiﬁg;

ca“banlons, which processes are accelerated by the presence of ’

Lew1s bases.

Bu- + Lit,

The kinetics of the addition of phenyllithium to benzo-- _
nitrile in Et,0 is 0.67 order in PhLi [43]. A Hammett plot of
rate constants for several m- and p-substituted phenyllithiuﬁs~
showed a very low effect of polar substituents (p = ~0.035, |
irregular). A concerted electrophilic substitution mechanismv:

of the type shown below was postulated:

\
Phii + PRCEN ——e C=N J

Batalov and coworkers continue to report their findingvoh =
the exchange reaction between phenylllthlum and bromobenzene(
[AS 70; 26#] Tetraalkylammonlum halides accelerate the ex-,‘ﬁ. 

change process [44] while lithium halides depress ‘the rate

[(45,46]. An electron donating group (p-Me) in the arylllthxum f‘
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was shown to increase the exchange rate while p-Cl substitution
decreased the rate [47]. Substituted bromobenzenes were also
used to investigate polar effects, and a polar four center
transition state for the exchange process has bheen postulated
fugl.

The reaction of n-BuLi with THF in hexane is first order
in BuLi and 2.5 order in THF according to a recent report [49].
No particular mechanism was proposed, however. It should be
noted, however, that other workers have pointed out secondary
reactions which occur during the decomposition of THF and Et,0
by n-~BuLi [50]. Multiple additiocn of ethylene yields higher
alkyllithium compounds which undoubtedly complicates the inter-
pretation of kinetic results.

Lithium derivatives of 1,3-dithianes have produced some
interesting stereochemistry [511 . Lithiation of XI (fast),
followed by reaction with DCl yields only XII, whereas lithiation

of XIIT (slow) yields the same product.

H
% () BuLi__ 7\‘ (1) BuLi  Me s %Me
@oct R ~w@ocr R
Me Me s

XII XIII

Lithiation of XIV followed by reaction with DCl yields only the

equatorially deuterated product XV, while the lithium derivative

H H
Meﬁs%h‘ (1) Buli Meks%o
- (2) DCt
Me > Me S
Xiv

XV  (99%)

D
(1) BuLi Me s H
Z\ @ nct ﬁ
A A s
XVIl (99.5%)
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of XVI yields only.the equitorially protonated product Xv;If
Thus, lithiation and protonation of these lithium derivativié
are hlghly stereoselective processes [cf. reference 85 below]_'¥,f

A serles of chiral organosilanes has been prepared by . the:f .

reaction of XVIITI (Men = menthyl; Naph = a-naphthyl) w1th,

various RLi and RMgX compounds [52, AS 70; 387].

Ph en
! RLi .
. —Si-—H R— Si-—H
MenO—>i (R=Me,Et,n-Bu, 7
Naph t— Bu,neo—Pent) Naph

Anionic rearrangements [53] have been the subject of some
recent work in which the bridging intermediate XIX was indicated

[54]. Further information on the occurrence of 1,6-hydrogen

Ph . Ph Li

—_ ]
SN—CHy—pn  RZBULI_ Ny _CH—PR
7 7
Ph Fh l
) Li®
@
2 e @
pn—N—c % cZ =N
“Ph en?

shifts in pentadienyl anions has also been reported [55, AS 70;
2641. Metalation of linolenyl alcohol gives heptatrienyllithium
compounds which cyclize on standing. Rearrangements such as

that of XX to XXI and XXII, which are forbidden by orbital

Et (CH2)OR Et (CH3)qOR Et (CHR)OR

. 9

XX XXI XXII



LITHIUM 11

correlation rules, nevertheless do occur. The authors feel that
the participation of the lithium atom may cause the migration

process to be allowed. Lithiation of the monomethylamide of

linoleic acid was observed at the doublic allvlic position and/or

the site a to the amide group [56]1. Long exposure also resulted

in 1,6-sigmatropic migrations. Sigmatropiec [1,4] shifts have

been searched for using the allylic lithium compound XXIII [571].

H
YIS L e

¢D

Ph Ph /:ngrph,coz PR 2
\(/§ BulLi j./’o:‘\-l_;@ XXIV

CD3 THF or TMEDA CD2

Ph” h \&\ Ph .®
XXIII [6 Li
D
Ph D
However, analysis of XXIV showed no evidence for deuterium

scrambling which would be required by a [1,4]-hydrogen shift.

Similarly, no [l-4Ji~carbon shift was observed from XXV.

H Me

p
(1) heat n

Ph Ph ~ (2) H0
F =X n-BuLi %\ Li®
—_——

1,3-Cycloaddition reactions of 2-azaallyllithium to dienes have

been reported to occur in moderate to high yields [58].

Rl‘ Rll

® —
H ‘(‘9‘ _ Ph (1)=>: H Ph
R>*N7<R- (3) HaO R N R
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Asymmetric synthesis by means of alkyllithiums (or'Gfignébﬂslf?

complexed with (-)-sparteine XXVI has been reported [Sslg*fffiA.7”7

For example, reaction of n-BuLi - XXVI with benzaldehyde yields
alcohol XXVII with &% optical purity, while lithiation of ethyl

benzene followed by carbonation gave XXVIII with 30% optical

purity.
w o
1) PhCHO
—BuLi Ph~C—H
n—BuLi/ XXVI o aT h (I:
. Bu
(1) PhCH,CH3 XXVII
(2) COy;H*
g+
Ph—C—H
CO,H
XXVIH

More details on the reaction of phenyllithium with allylic
chlorides have appeared [60,61, AS 70; 287]. <vy-Coupling with

optically active 3-chloro-cis-l-butene-1-d yields two products

. H H
Me o

H PhCHD)§§( PhCHD)§§(
H.o = PhLi H Me

- [>]
H:ﬁ; o XXIX " XXX

Me H H
(R)=(-) L
{minor)

XXIX and XXX with optical purities indicative of a stereospécific'»f

syn attack as shown in XXXI.
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The mechanism of the reaction of organolithium reagents with
triarylsulfonium salts has been discussed by Trost [62]. Benzyne,
radicaloid, and direct nucleophilic aromatic substitution pro-
cesses are rejected in favor of a mechanism involving a sul-

furane intermediate.

IIT. Lithium Carbenoids and Other Halogen-Substituted Organo-

lithiums

Metal carbenoids, including those of lithium, have been
the subject of a recent review [63]. The solvent system THF/Meq0
has been used for the preparation of 1l,l-dichloro-2,2,2-tri-
fluoroethyilithium and 1,l-dichloro-2-X-2,2-(ethylenedioxy)-
ethyllithium [X = Ph, H, and Me] [64,65, AS 69; 18]. Various
derivatives of the latter are described. Reactions of LiCH,Br,
prepared in situ, with carbonyl compounds have been shown to
vield epoxides, whereas a,B-unsaturated carbonyl compounds do not

react [66]. The yields with LiCH,Cl are somewhat lower.

R Br
Br 2Li/THF ~8r| grcor' \ / -Ligry RO
- .
Ctas . “78° [CHZ\U ———— _R‘-—/C{—C\—H Rl LI ?AA

oLi H R

Schlosser and coworkers have described the preparation of some

cyclopropanes derived from various lithium fluorocarbenoids [67].

Reaction of LiCHBrF (or ICHF) with olefins is stereospecific

with respect to clefin configuration and stereoselective wit
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preference to the syn-fluorocyclopropane {eg]:

Pr
ar . Li 1
L trans—4—octene
ercnl Bui_ arenl 2 e U,
F F Pr H E

The system is quite complex, however, and low yields of the e
fluorocyclonropanes are the result.
The reaction of LiCClj with gy~-halonitrobenzenes y1elds 3

a ,a-dichloro-5-halo-2~nitrotoluenes in quite good ylelds [63].‘

NGO, NO3
° CHCly
. -70
LiCCly + © —ThRE @
x X
(X=F,CL,Br,1)

Carbenoids derived from gem-dibromocyclopropanes, cisf and

trans-XXXII, yield different products indicating that no

-H H
< Br i P
R Meli R ! — e products from cis
> < “Br (R=t-8u) o < Br

H H H H

cis~XXXI1 —TL:F
H H .
{_Br  Medi i
H —_—— H
@(Br (R-t_Bo) . <ar — = products from trans

R H R’ H

crossover occurs (e.g., through 1,2-cycloheptadiene). Carbe-
noids prepared from compounds such as XXXIII and XXXIV are
stabilized by the neighboring oxygen and therefore are useful

as nucleophilic reagents [71, AS 68, 2061:
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Br. pr
MeLI
(o] Et,0/~ 80°
XXXITIL
Br .Br
MeLl
O Et?_O/—BO"
XXX1v
Ct _,Cl
MeL|
e} EtZO/ 80°

XXXV

The dichlorocyclopropane XXXV also yielded a relatively stable
carbenoid, but in low yield. The dichloride XXXVI leads with

high preference to the carbenoid with a quasiaxial C-Li bond £721.

One is tempted to suggest interaction of the lithium atom in
XXXVII with the 7 electrons of the neighboring benzene rings.
The first l-chloro-l,l1-dilithium compound has been re-

ported [731.

N\
CICD,SO,N  ©

QD}/ N/
/_'\ _ . /\ (Q4%)
CICHSON o 2ABul 0 o o

_/

THF/-75° \ , N
e
QM t

/N
CICSON O

Me  (83%)
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Other gem-dilithium compounds have been reported by Kaiser ~

et al. [7u].

i D20
PRCH,CN —23.0=BULi _ phepj,cN —2-— PhCD,CN
THF /hexane (90 %)
250 .
_BuLi D50
PRSO,CHpPn 22 0=BULL_ ppeo cLiph —%—— PhSO,CD,Ph
THF/nexane (04%)
25° {-

Polylithiation of acetonitrile [75] produces the corresponding

dilithio derivative (no evidence for Li3CCN).

CHyCN + t-Buli/Et,0 ———= LiCHCN + LiCH,CN

F;;::o oo CH3CHO

(LiOCHMe),CHCN LiOCHMeCH,CN
lMe;,SiCl Me,5SiCl
{(Me35i0CHMe),CHCN Me;SiOCHMeCHLCN
(70%) (10%)

The formation of 5% (Me3SiOCHMe)3CN from the system was attributed
to metalation of either (LiOCHMe),CHCN or (LiOCHMe)LiCoHN during
derivatization. The infrared spectra of metalated nitriles Were
also investigated and the principal species were identified. *

Further use of isocyanomethyllithium for synthetic purposes .

has been reported [AS 70; 272]. Cyclic ketones with LiCHZNC
vield aminomethyleyclohexanoles [{76] and acyl halides or amides
vield 2-unsubstituted oxazoles [77]1. Two examples are given

below:
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N=C rl\le-HCl
1
o HO_ CH», HO__CHy

(1) LiCHaNC MeOH
@) R * HCI

PhCH,
1l {1) LICH,NC ] I\
PRCHy~C—NMep —oorg— —= PhCH,—C—CH,NC O\%N

(41%)

a-Lithiated isocyano-acetic and -propionic esters may also be
utilized in these reactions. Lithiated carboxylic acids are also
useful intermediates, as evidenced by their use in the prepara-
tion of a-hydroxycarboxylic acids by aeration [781, and in the
preparation of B-hydroxycarboxylic acids by condensation with
cafbonyl compounds [79]. The stereochemistry of the reaction of
dilithiopropionate to a cyeclic ketone (dehydroisocandrosterone)
has alsoc been reported [80]. The intermediacy of the a-lithio
derivative XXXVIII from the reaction of BulLi with a-chloroethyl

tertiary butyl peroxide has been suggested [811:

H Li
t _ N 1 -} 3 .-
t-BuOOC -Me noBubi_ t-BUOOC ~Me Lict t—BuCOEMe
ct ci
XX XVIll

Lithium N,N-dimethylacetamide has also been utilized for the
synthesis of tryptamines [821.
The stereochemical course of reactions of a-lithio sulfoxides

with D,0, MeI, and ketones has been established.

D
() B0 Ph('ZSO CH
L {2y toa ;23
T Meli v » H
PhCH,SCH, ———————= PhC—~S—CHy
i THF, -60° i1
; : : H O - H
W Mel _ odso.c
(2) o1 §°C2CHs
Me
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Assuming that deuteriation proceeds with retention, then reaction
with Mel must ocecur with inversion of configuration [83]. Re—
action with ketones occurs with retention [8u4]. a-Lithio-Ga—_-"? -
sultones have also been studied in the same laboratory

[85; cf reference 51 abovel. There apparently is a strong pre-

ference for lithium in the equatorial position as evidenced by

the formation of only equatorially-substituted derivatives.

_BuLt O/
TRF

,R/
L= @Z RAOH

(81%) (85 %) (87 %)

Moreover, XXXIX and XL rapidly rearrange to the corresponding N

axial isomers upon brief treatment by BuLi/THF.

©_so
o7 2 1) BuLi/THF_
Me (2) HQO
H

XXXIX
SO,
o 1) BuLl/THF o/
on @m0
XL H

The author estimates that lithium in the equatorial positioﬁ_ of -

XL is more s;table by approximately 2.7 Kcal, which is appreéiébly -

more than that found for eyelohexyllithium compounds. o
Halophenyllithium compounds continue to be used as a soufc; 7

for benzyne, as, for example, in the addition to N,N- d:unethyl-‘—:
’benzylam:.ne £g8sl.
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BuLi O ~LiF MeoNCH, Ph
Li , ©
F F ®

Me”” | NCHoPh
Me
N
Me” \?HPh
Me
XL XL1

The rearrangement of XLI to the major product XLII occurs via a

radical pair process.

The decomposition of o-~halophenyllithium has been investi-
gated by thermal analysis [87)] and NMR methods [88]}. These
workers consider lithium halide elimination to be a synchronous
process rather than a two step ionic process.

The explosive tendency of polyhalophz2nyllithium compounds

should be noted by all workers in this area [89,90]!
Coupling of pentaflusrophenyllithium with two methylchloro-

disilanes and with perhalo-di- and poly-silanes has been

reported [911:

Me;Si—SiMe,(CFy) (FgCgIMe,Si—SiMe,(CgFy)
Me;SiSiMe,Cl CiMe,Si—-SiMe,ClL

Lt

1Si2CI5 or (SiCly)_

(CgFs),Si

With halogenated olefins, CGFSLi gives preducts corresponding to
pentafluorophenyl-fluorine exchange, sometimes followed by metal-

ation and elimination to the corresponding acetylene [921:
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CgHCgFa CeFs CX=CYZ

‘CeFéLi
CgFy-Cgfa-CX=CYZ
CFeLi
c.rLi CXF=crz l &'s
gFgli ——————— CgFgCX=CYZ
‘RU

CGF5C7(=C YLi

J-Lix
_ CgFslLi
CgFgC=CY ——— CeFsC=CCgFy

Various adducts of tetrachlorobenzyne, prepared from penfaf
chlorophenyllithium, have been reported [93]. More details on
the reaction of CgClgli with nitriles have also appeared
L9y, AS 70; 21]1. Also reported were procedures for the prepara-
tion of trichloro-2-thienyllithium [95] and various 2—substitui_:ed
silane derivatives. The reaction of 2,3,4-triiodofuran with ex-

cess BuLi yields the dilithiated species [861:

1 1 HORC I

) Butit
I, s
oot 21 C0aH oo

Lithiation of 4,4'-dibromooctafluorobiphenyl leads to a

variety of products depending on the reaction temperature [97,
AS 70, 27u].

‘aauer _,

(30 %) {(19%)

Furan adducts were formed which revealed the presence of sevéfalﬂ’

benzyme intermediates.



LITHIUM 21
Tetrabromo-t4-pyridyl derivatives react with BuLi in similar

fashion [981. .However, only the 4-methoxy compound yielded a

R R / 8r" =N Br
. HaO
L 2
B~ ] B n_Buli BiIfgll !
o
SW Et,0/-75 er \N ar \
Br. ~
o~ "CrD
R = OMe, NMe, ,CgHgN Br N

furan adduct. Tetrachloro-2-pyridyl derivatives also gave pro-

ducts characteristic of halogen-lithium exchange. The authors

Ct Li

H
Cci Z Ct BuLi Ct = Cl Ha0 Cl = Ct
s, — L < |
R N [of} R N Ci R N~ ~Cl
R:OMe.NMez.C4HBN,C5H1°N

have summarized the results of several studies of this type,

pointing out the factors which determine the site of halogen-

lithjum exchange [AS 69, 22].

b-Lithiotetrachloropyridine has been derivatized to the u-
trimethylsilyl derivativg [99]. With excess t-Buli, pentachloro-
pyridine yields, after reaction with Me3SiCl, a tris(trimethyl-
silyl)~derivative.

Lithiation of the fluorinated hydrocarbon XLIII (R = F) has
been used to prepare a number of derivatives [1003. Similar
derivatives of XLII (R = H) were reported in another paper [1011].
Decomposition of the lithium derivatives XLIII has been proposed

to occur via a transient bridgehead radical.



R'

F F
XLIIE R'=D,Me,Br,[,C0H,
CH{OH)Me, CH(OH)Ph,
C(O,CMe)=CH,

Pentafluorylpropenyllithium has been prepared by the reacf‘

tion of a 1:1 mixture of XLIV and XLV with BulLi [1021]:

-~

kN F mpo CFa_  F
PSS /C“C\
H F H =
XLIV
BulLi

[crRycr=cFuil

CFy H XLVI R
Cc=0 CF, F
\C=C, R2- 34
s N c=cC

The yields of the carbinols were greater than 50% indicating loss
of stereochemical identity of XLVI during the reaction. The re-
action of cis- and trans-styrylfluoride yields a mixture of sub-

stitution and elimination products [103]. The olefins are

H_ H
—————— C:C\
Ph” R
H H i . H 3
RL
\c:c< Lt I e ph-cz=C-Li —— RUi >c:c<
Pn” £ Ph H
H R
C:C\ -}
Ph H

formed with retention of configuration. A large o-hydrogen
isotope effect for elimination indicates this to be an E,cb pro-
cess, although a direct E, process cannot be ruled out for the.

trans-isomer

IV. Lithiations (Hydrogen-Lithium Exchange Reactions)

Several groups have continued to exploit the metalation of
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organic materials by organolithium compounds, particularly when
activated by diamines and other complexing agents. Halasa [1047]
has examined the polylithiated products from anthracene, biphenyl,
fluorene, and indene prepared from n-BuLi « TMEDA. The poly-~
lithiated products were examined by reaction with D,0 and Me3SiCl.
As many as ten lithium atoms per (fluorene or anthracene) mole-
cule were indicated.

R. West and coworkers also have contributed to this area,
most recently by the study of polylithiated phenylpropynes [105]
and penta-1,3-diyne [1061. CgLiy, obtained from the diyne, is
the second reported perlithium compound, Quenching with water
yields the three Cgly isomer shown below; with Dp0 the same types

of derivatives are formed with at least 66% of the species having

H~C=C—-C=C—~CHjy

(S5°%)
-Buli W HZO
H-C=C-C=C-CHy —=BU L " (0 22w H-cz=C-CHp—Csc—H
TMEDA (20%)

H-CE=C—CH=C=CH,
(15 %)

four deuterium atoms. With l-phenylpropyne, one obtains

CgLi5H2 and CgLigH; species as the major products. No TMEDA

Prasnywlaronng-.
x o
. 3 20
(1) 80°% 48 nhr 4 32
(2) DO 5 38
(5} 8
n—B8uLi/hexane
Ph-C=C~
nTCEC-CH, 81°/26 hr
F’h-ClIZC'_‘C(SiMe3)2
SiMe3
(1) 805 48 hr
— —_—— -
(2) Me,SiCl : C=C=C(SiMe;),
Me;Si SiMeq

SiMe,
!

Me35i@C=C:C(SiMe3)2
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or other complexing agent is required. Although the rate_oﬁ;
metalation of the propyne is accelerated with such agepts,_thg;iir
yield of polylithiated species is decreased due to metalatién;ﬂ:~
of the agent. Klein and Brenner [107] and Balyan et al. [18:0]».-1 o
have investigated this system under somewhat milder conditioﬁ§_1~.~-
{AS ‘70, 2791. The former have shown that the dilithio deriva-
tive of l-phenylpropyne reacts with one mole of methyl bromidg!
rapidly, but that reaction with a second mole is slow enough.

so that Me3SiCl may be used to trap the half-methylated product
f10713:

h;!e
PhCHCEC—H
MeBr (80 %)
(excess) Ph—~C=C—CHj
(20 %)
2 n-Buli .
Ph~C=C—CH; ——————m PhCEC—CHLI
3 —50%Et0 2 "
e
1 1
-‘)—:ﬁ-— PhCH—C=C—SiMey
(2) e35|Cl (8O%)

The authors conclude that methylation occurs at the benzylic

position followed by rearrangement of the mono-methylated lithio—'

propyne XLVIII by hydrogen migration:

M
Ph—C=C—~CHLip —a2Bf o [Ph-C=C=CHLi] —g—= PhCH—C=C—Li
2 1 i
Me Me
XLVIIL

lhdeasiCl
PRCH-C=C~SiMey
Me
The present data regarding the nature of the lithiated speciés
in this system, whether allenic or acetylenic, is 1ncomplete and
somewhat confu51ng to this reviewer.

The - llthlatlon of 3-methoxy-l-phenyl-l-propyne under condl-;
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tions similar to those used by Klein and Brenner yields allene
derivatives as the major products [109]. The dilithiated com-
pound IL, which the authors write as an allenic derivative, may

be sequentially alkylated as shown below:

~ i -2
PR~C=C~CH,OMe —S0-BuLl [Ph-c=c=c-ome] :2L®
Et20;-75° L
RX
Ph
Sc=c=c LS
R M
RX OMe R'X
HLO
Ph omMe Ph OMe Ph OMe
c=c=c{ Se=c=c{ c=c=c{
R R R H R R'
Ht
Pn ¥V n
c=c
R “cHOo

Yields of the allenes (R = Me, SiMez; R' = Me, SiMes) were re-
ported between 70 and 82%. «a-Ethylenic aldehydes and ketones
were prepared in high yield by acid hydrolysis of this mono-~
alkylated product.

Metalation of enynes has also been reported from two
laboratories. Klein and coworkers [110, AS 69, 26] have used
MeLi to monometalate a series of enynes (BulLi quickly dimetal-

ates the same substrates). The major products from protolysis

Ph H
>c:c=c< (46%)
H CH=CH,
PRCEC~CH=CHCH, (23%)
Li@ L (31%)
_ MeLi =4 H20
PhC:CCHzCH:CHz — PhCECCHCH:CHz
L 25%6h Me,SiCt
lMeBr 3
Ph H
PRC=C—~CH—CH=CH, >c=c=c<
Me Me3Si CH=CH2
L1 (70-80%)
‘MeLi

e
PhC=C-C(Me)-CH=CHy
L1l
References p. 52
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. and silylation were allenes, whereas methyl bromide gave onlﬁ?ﬁ
the unconjugated enyne LI. The monometalated derivative Qf}L}%;;i
was also examined by PMR; its spectrum was consistent withf;f?ﬁéQf
ture LII, although substantial delocalization of charge waé.iﬁf
dicated by the chemical shifts of the olefin and aromatic p#étdns;
Also reported was the metalation of MeCSC-CH=ClMe and .
EtC=C-~-CH=CHMe [111].
Lithiation of polybutadiene and polyisoprene were reported

to be smooth, efficient processes if n~BulLi/TMEDA was used [lizl;g
Poly(2-methyl-6-phenyl-1,4-phenylene ether) [113] and poly(2,6-
diphenyl-1l,4-phenylene ethér) {11u4] lithiate more easily in ;
THF and no chain scission takes place in the process in con-

trast to lithiation of éienes. Very interesting is the report.

£113] that LIII (R=R'=Me) apparently metalates on a ring

1
R x

R=Me,Ph; R'=Me,Ph
LI
position initially, but isomerizes to side-chain metalation with
time.
Lithiation of a series of methoxy-substituted benzenes,
followed by condensation with Me,C=CHCH,CH,COMe, has been used

for the synthesis of some aromatic derivatives [115].

O

. H C

J:::L BuLi Me, C=CHCH,CH, CMe :

, Buti :
MeO OMe MeQ OMe MeO OMe

u Me—C—OH |
i T
CHaCHaCH=CMe,
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Reaction of the olefins LIV with n-BulLi in THF [116]} vields
exclusively the mono-lithiated products whose spectra have been:

reported earlier. In Et,0, however, addition is a significant

side reaction as shown below:

Bu H
Ph . Ph o~ Ph
Ph—= —-BuLb 7o
_/\r nEt z). Pn—%\/ + Ph—_/%\/
R 2 Li® R Li® R
(R=H,Me) (4 hax 3330m) (A ax 4780mM)
LIV v
R RLi
———
Bu
Ph
Bu
Ph Ph
LIV + LV ——o R
Ph 5, ) Ph '
Li LV (4, 333nm)

Also reported was the lithiation of some benzyl amines

{117]. The intermediate dilithicamines LVI were derivatized
with several ketones.

—BuLi/T™M A
PhCH,NHR — uLi [TMED PhCHLiNHLi

(R=Me,Ph) LVvI

Lithiation of LVII was reported to occur only at the positior

between the substituents(®) if n-BuLi/TMEDA was used [1181].

*

CF3 CFy CF3
o Y

CF3 NMe,
LVI LVII

With n-BuLi/Et,0 a mixture of products (unresolved) results.

~

LVII with n-BulLi/Et,0 gave mainly the 4-lithiated product. Also
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reported [118] were 1lithiations of some ring methoxylated N,Nf

.dimethyl(naphthylmethyl) amines.

V. Polymerization Reactions

Two reviews have appeared on polymerizations initiatedvbj
organoclithiwn compound [120, 1211. '

Copolymerization of 1,3-butadiene and o- and p-chlorostyrenes .
with n-BulLi initiator has been studied by Halasa and coworkers
f122]. Unlike the unsubstituted case, these styrenes have re-
activities approximately equal to that of butadiene and are in-
corporated into the polymer chain with uniform distribution.

Polymerization of the stable radical LVIII with n-Buli or

NaNaph yields a paramagnetic polymer of low molecular weight [1231.

CH=CH,

W
ph N pp
LVII

Also reported is the copolymerization of p-anisaldehyde arid
dimethyl ketene with benzophenone-Li adduect [124]1 in which it
was shown that ketene addition takes place across the C=C bond.
In the polymerization of optically active 2-[(S)-l-methyl-
propyl)-1,3~-butadiene with n-BuLi in n-heptane [125], the speci-
fic rotation of the polymer was of the same order of magnitude
as that of the monomer.

The reaction of alkyllithium compounds with carbon bléck,
followed by addition of styrene or isoprene, results in the
grafting of polymers to the carbon black surface [126]. Tﬁe
method is superior to reaction of "living" polymers with eStéf?

functionalities which may be introduced on the carbon surface.
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BuLi-initiated polymerization of 2,3-dimethylbutadiene in
THF yields increasing amounts of 1,2-addition as the temperature
is lowered. A steric argument was used to rationalize the ob-
servations [127]. Similarly, the ratio of ecis-1,4 to 3,u4-
addition of isoprene in benzene was found to decrease from v 200
to near zero as the temperature was increased [128] and also as
the ionic character of the aryllithium initiator was increased
[129].

Isoprene was homo- and copolymerized with oligomeric di-

~lithium initiators produced from lithium metal and a diene [1301
or styrene [1311.

Other reports have appeared concerning the polymerization
of the following monomers with lithium initiators: (2-methoxy)-
ethyl methacrylate and (22dimethylamin6)ethyl methacrylate [132];
methyl methacrylate [133]); methyl a~phenylacrylate [13u4, 135];
3-methyl-but-3-ene-2-one [136]; cyclic sulfides [137, 1381];
phenyl and methyl vinyl sulfones [139]; and styrene {110, 141,
142]1. The last report describes the effect of impurities
(presumably oxygen, carbon dioxide, and water) on polymerization

rates of polystyryllithium.

VI. Reactions with Heterocyclic Compounds

A new procedure for the preparation of N-substituted-2-
phenyl-1,2-dihydropyridines has been developed which involves
the reaction of 1-lithio-2-phenyl-l,2~dihydropyridine LIX with

acid halides {13, AS 70, 2897:

A o
/4
| | H
N N

| Pn
Li
LIX

Ph

. _%;:>
I

00
1}
o)
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Tha 5-C-substituted derivative is also formed, and with R =CE‘3
becomes the major product. L
2,6-Di-t-butyl- and 2,4,6-tri-t-butyipyridine were prepared

by direct alkylation by pyridine [luul:

‘ N (1) t-Buli
N,/' (2) H, O

The mechanism of the reaction of guinolines with organo--

lithium has been reexamined [145]. The initial product from

PhLi with lepidine was proposed to be 1-lithjio-4-methyl-L-
phenyl-1l,4-dihydroguinoline (LX) which may rearrange by phenyl

or methyl migration:

Me

.

N
x COzEt
]

l :l )
oK
N@ Me

Li

(1Y (1) HY
(2) (O] (2) [0]
Ph
@(ﬁ )
-~
N Me
(99.5 %) (0.5 %)

Also prepared were adducts of a- plcolyl- and 2,6~ lutldyl— L

11th1u*n wigh alkylthiovinylacetylenes [1461 to yield allenic thlo

esters:

Xy CH,=CH-C=C-SR' I ~
L _ >
R =N

R” N7 TCHaCH;CH=C=CHSR'
" RzH,Me (R'=Me,Et)
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Pyrazine, methylpyrazine, and 2,5-dimethylpyrazine react
with MeLi, EtLi, and 2-methylbutyllithium [147]1. Some dialkyl-

ated and hydroxylated products were also found, the latter

N
YT RLi Me N\ R Me I ~ R
i O G -
i N7T Me HO™ "N~ "Me

L XII

probably due to lithiation and subsequent oxidation of the major
product LXII.
1- and 2-alkylindazoles have been shown to metalate pri-
marily in the 1- and 3-positions respectively [1u8, 1ugl.
Furoguinoline alkaloids have been prepared by a new route
involving lithiated intermediates [150]. The route to dictamnine

LXIII is shown as an example.

OH
Me (1) n—BuLi OMe OMe
-,
oM OMe N o
OMe
S
P [
N (@]
LXIII

Halogen-lithium exchange has been utilized to prepare the

5-1ithio derivatives of some furfural acetals [151]. These were

/ﬂ\ n-Buli ﬂ
8r” N\ o~ “CH(OEt), L CH(OEt),

(e}

subsequently carbonated and aiso used to prepare the corre-

sponding cadmium reagents with CdCl,.

More information on the stability of 3-benzolblthienyl-
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lithium has appeared [152, AS 70; 290]. In THF, 3-bromobenzo-
[blthiophene when treated with n-BulLi undergoes lithiationrbyﬂl

hydrogen as well as halogen exchange reactions.

B (1)yn- () n-Buti _ CozH '
’ (2) COLH"
S COZH CO.‘,H

L.X[V

The lithium precursor of compound LXV presumably comes from‘&*’
halogen~lithium exchange reaction between the lithium precursér
of LXIV with 3-benzolblJthiophene. Yields of methylation reac-
tions also were compared in ether and THF in this paper.

New routes to 2,3-disubstituted and 2,3,5-trisubstituted
thiophenes have been revealed by Slocum and Gierer [153] by

directed metalation reactions.

B QT

[ R
(X = NMe, ,OMe) (E=D20,HCONMe,, Ph,CO,PhCM )

o
n-—BuLi (1) E

[)\/NMe ,/\/——\jv J@mo

R [ 2 R 5 NMe,

(R =Me) (E:P%CO)

Reaction of 2,5-bis(trimethylsilyl)thiophene with n-BuLi/THF
does not yield the expected 3-lithio derivative; rather, cleavage

of ~SiMej groups and metalation are the result [15u41l:

[ \5 LT U + Q
MeySi7 g~ SiMey Me;Si /s\ Li Me,Si /s\ iz

Si
1 “CHyLi

Me
Me3S| C j‘s:Me3
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Metalation of 3-benzylthiophene occurs on the thiophene ring

rather than at the benzylic position or on the benzene ring [155]:
(2)co,H+
2 s’)\CCbH

Also reported by the same group was the synthesis and metalation

HOC

of two phenalenothiophenes LXVI-LXVII {1561. Each metalated

exclusively at the benzylic position (¥®).

LXVI LXVII

Competitive metalations of LXVIII-LXX with EtLi have been

reported by Gronowidz [157]1. The relative rates of metalation

Me Me Me Me Me
S Me
== =N\, ==
S S S I Me 7 l l N Me
— —~— — s <
Me Me Me Me
LXVIIl LXIX LXX

at the bridging methylene were found to be: LXVIII (1); LXIX
(16.8); fluorene (371); 3-methylfluorene (754); LXX (1360).
Several thiophene-pyridine compounds were prepared by

Kauffmann and associates using various organolithiums en route

{158]. Some examples are shown below:
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N Li

,4£c1 FI;S\\

s
cnlm\’/K +L-©——c;/©© + @ :/Nl /\

i S

Similar couplings between thiophene and quinoline ring systems
were also reported [1591.

A rather striking difference between EtLi and n-Buli has
been demonstrated in their reactions with some dibromo-3,3'-
bithienyis [1601. EtLi gave 55% LXXI and 45% LXXII while n-BuLi

gave only 10% LXXI and 90% LXXII.

~I
S == (1) RLI/Et,0 — — ,4\ =
= | &esa +
Br —S 2» S L NP S / \ S
Br HOC COgH CO,H Br
LXXI LXXII

Lithio-1,3-dithianes continue to serve as useful inter-
mediates [see Mechanisms section abovel. New reports this year
relate to the reactions of these compounds with aromatic halides
£1611 and to the relative tendencies of metalation of five and

six membered rings containing two sulfur atoms [162].

VII. Addition Reactions To Carbonyls, Olefins, and Similar .

Substrates
Further work has appeared on the addition of organolithiuﬁ
compounds to vinylacetylenes [AS 69; 35, also see 110-111, 146
abovel. The following reaction sequences illustrate the use of

these reactions for the preparation of various allene derivativéé;
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HoO
RCgHuLi + CH,=CH—-C=C—SR' 2 RCgH,4CH,CH=C=CHSR'
{R=p~-Me,m—-Me,p—OMe; R'=Me,Et) f163]
_Et
EtLi + CH,=CH-C=C-Et EtCHCH=C=CT
LXXIIS !

1]
MeO—-C —H

}I-| if:t ?t 1) LXXII . Et
EtCH, :C:C-—(EH—C:C:CHCHaEt ~2F0 EtCHQCH—C—C\Czo
on 5
[164]
. OH
LXXIII + t-BuOOH -0 EtCHzéHCECEt + EtCH28CECEt + EtCHECH:CH—E—Et

[162]

Cinnamyl ammonium salts have been reported to react with
allyllithium to yield cyclopropanes by an addition-rearrangement

process [165]:

®
PhCH=CH,—~CHy—NRy, 1© + CH,=CH—CHyLi
Li®
o e
Ph—CHCHCH, T NR, 1
1 W)
CH,CH=CH,

l

PhCH-— CHgp

CIH
CH2CH:C Ho
(35 °h)

Metalation with subsequent Stephens rearrangement is a competing
process.
The neutral cinnamyl amine reacts with n-Buli and t-BuLi by
a straightforward addition process [1661:
(D RLI

PhCH=CHCH,NMe5; ————————» PhCH
2 2 (2) Ho0 2(I:HCH2NM82

R

With primary amines excess RLi yields ketones presumably by the

following route (shown for a-methylbenzylamine):
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NHz NLiz o N
.o N i
PhCHCHy 2RLI_ pnéhcH, —H PhCCH; —2 e P&§$H3
D
RLi
NH NLi
02 HyO 02
Ph—C—CH; ——%=— Ph-C—CH,
R R

(25%)

The reaction of isoprene with lithium naphthalene followéd
by oxidation with molecular oxygen has been reported to yield-ai;
mixture of at least eleven terpene alcohols [167]. Derivatiza-

tlon of the 1ntermed1ate anions has also been carried out w1th

ketones and eDox1des [1681].
k Also reported was the addition of RLi to benzonorbornadiéﬁe

£1691. 1In the same paper was described the reaction of t-BuLi

- vk,

and n~BuLi with oxide LXXIV in which ring-opening of the initial

adduct occurs:

O
‘“ n~BulLi ’“Ll
Et,O Bu
) Bu
LXXIV
n-Buli
H,O

5: <on

Excess n-BuLi caused the formation of a diadduct due teo addifién

to,the C=C bond.

Other reports have also appeared concerning additions of.
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RLi to epoxides. MeLi and PhLi have been compared in their re-
activity with cyclohexene oxides to the corresponding organo-
magnesium and copper compounds. With LXXV, MeLi is unusual in
that it gives only the trans-1,2-addition product, whereas PhLi
and the other methylmetal compounds give products arising from

l,4~conjugate addition as well [170, 1711:

R
R=Me or Ph C[
[::I>O RLi OH
T
LXXV -~
R-Ph on

With LXXVI, MeLi gives 75% benzene hydrate and 25% benzene [171],

in sharp contrast to MeMgCl, Me,Mg, and Me,Culi:

_ OH
O == 07 O

LXXVI!

1,6-Addition to LXXVII has been shown t6 occur in a cis-fashion:

Li— e
(o] : \D Me
, ; HO >
O@ + Meli ———o O@ — H'@
D
D

D

Formation of the trans product as indicated in an earlier report
apparently was due to the presence of halide in the MeLi.
Chloroepoxides reportedly react with PhLi by different routes

depending on the substituents present [173]:
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Ph o)
Ph  (q) enLi ' Y
Me ~———x o e PR—C-—-CH=CH + Pn—C—CH,CH,Ph
Cl  (2) HO §—¢ 2 2CHy
o - OH
LXXVIII (60 %) LXXIX (40 %)
o
M=Cen ) Phui on i o B ey o
Me—— A T e oMy —~C —CH= CCH,CH,Ph  + e)f
o’ Ct (2) 1,0 Cghyy=C —CH=CH, +  CsHy 2CHa 5“117 H{MelPh
HO
(80 °6)

Products LXXVIII and LXXIX arise from RCOCH=CH,, which is forméd :
by a deprotonation-elimination process:

R (8\ H ) e

1
Nl Ne” — = R-CCH=CH,

Reaction of organolithium compounds with carbonyl compounds
continues to be a useful synthetic procedure. The reactions of

EtLi with 2-methylcyclohexanone and LXXX reportedly yield

o]

MeJ:i:LMe

éHZ—CHZCHa
LXXX
volatile products consisting of H, CpH,, C,yHg, and n-CyHjgs
presumably via a radical process. Also reported was the addition
of EtLi to the C=C bond of the sodium enclate of 2-methylcyclo-
hexanone [174, 175]. Reaction of lithium naphthalene with a
ketone (e.g., cyciochexanone) and acetic acid was reported to

yield B-hydroxy acids [1761:

o
wramn + () + amcoon —= ()
HO

CH,COOH
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The stereochemistry of additions of PhLi tc the three

isomeric methylcyclohexanones has been reported [1771. .

[ OH OoH
[\ {
(88 %) € 2% e
2 o i)
Ph
<
Me
Me (56 %) (44%)
OH oH
Ph Ph
Me =
(47 %) Me (53

~

Reaction of LXXXI with cyclohexanone could not be effected.

However, reaction with aldehydes can occur to give alkenes [i78]:

Q/NMe2 {1) RCHO o
S T T T e
P\lem.;.2 (2) heat CHR

LXXXI

Also reported was the reaction of LXXXII with MelLi as shown

[1791:

o
S
e CO,Me

LXXXI

The preparation of ketones from the reaction of organo-
1ithium compounds with carboxylic acids has been reviewed by
Jorgenson [1803. The reaction of the ester LXXXIII with allyl=-
lithium has been utilized to prepare R-damascenone, an odor

principle [1811]:
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@c—o-a LiCH,CH=CHa @[
e e e e

LXXX1I1

W}LGtéiﬁff}

0

[}

¢ Buo- [iijiﬂ\éﬁx\_ R
SR

L

g]

Alkyllithiums with R-~keto esters were found unexpectediy,ﬁdf'

produce ketones, rather than to undergo metalation [182].

The

mechanism proposed involves the initial formation of a g-diketone

as shown below for ethyl a-n-butyl acetoacetate:

1 i1 n—Buli
CH3C$HC—O—Et ———

Bu Bu
® Buli
Q. Li
)

1

CH4C “CH-C-Bu
[
Bu Bu O

lﬂzo

I ¥

CH3CBu + BuCH,CBu
(18 %) (24°%)

Addition of alkyllithiums to bridged lactams

11 11
CH3;CCH—C ~Bu

\\\{?u
o, Li®
e}

Q)
i
CH-_,C-(‘:ﬁ—C‘:—Bu
Bu Bu

=

1t ]
CH3CCHyBu + BuCBu
(6 fa) (8 %)

such as

LXXXIV yields the corresponding en namine in_ very high yield

[1831:

NMe
Meli_
‘ Pn O Pn CHz2

LXXX1IV

9-Methylanthracene is not stereospecifically alkylated by '

EtLi in THF [184], i.e. both cis- and trans-9-ethyl-l0-methyl- -

9,10~dihydroanthracenes are formed. A radical pathway +o theéé;fw

products was proposed:

RLi + ArH = ArH",Li* + R-
—

R—Ar~RH-
RArH~=, Liv* + R-

R- + Arh
RArH + RLi

—
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Reaction of arylsulfonium compcunds with BuLi has been found
to occur by addition at elevated temperatures whereas metalation

predominates at -70°C [1851]:

SO,CMe, SO, CMe;
SOQCMe;/ LXXXV

502CM63
n-BuLi Li
(-70°)

The intermediate LXXXV was trapped with D,0 (as shown) and with
CO5.

VIIX. Miscellaneous Organic Reactions

Photolysis of aryllithiums to produce biphenyls has been
reported in more detail [186, AS 65; 15]. Photolysis of o-
anisyllithium [187] does not yield much coupling product
(2,2'-dimethoxybiphenyl), however; 2-methoxybiphenyl is the

primary product. The intermediate LXXXVI was trapped with carbon

OMe
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dioxide and D70. A benzyne mechanism was postulated although:qé; 1i
proven conclusively.

A new synthesis of a,B-unsaturated aldehydes has been elug.f;;
cidated [1881. The key to the synthesis is the 1,3—bis(methyth'iq)rf—‘.

allyl anion LXXXVII. Reactions of LXXXVII with ketones,

R SMe .2

A SMe _RX ! = Hg RCH=CHCHO
Mes\:_/e,}/ X e RCHCH=CHSMe ———o

Lt

LXXXVII

aldehydes, and epoxides were alsc reported.
The reaction of s-~BuLi and 1,l-diphenylethylisonitrile

proceeds in somewhat unexpected fashion as compared to other

igsonitriles [189, AS 70; 2961. In addition to 2-methylbutyr-

aldehyde, three other products were isolated LXXXVIII-XC:

Ph

Ph s—-Bu
1 - ~_N P
—_C —N= — i —_— C—N=C
Pn Cl N=C + s-—-BuLi — S
Me Me
HZO l(—th(Me)CL:)
NLi
s—BuLi it
CH5;CH,CHCHO s-BUuCN ————= 5-BuC-—(s-Bu)
I\}Ae L XX XVIII
H+
(s-Bu),C=0
LXXXIX

Phy(Me)CLi + MO ——= Phy(Me)CH
XC

With triphenylmethylisonitrile, the .only products are those
resulting from cleavage of the intermediate lithium aldimine.

UV spectra of these adducts have been reported [1901. At -
high isonitrile/RLi ratios, dimeric adducts (and higher) may be*:i}}f

formed:
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_ _Bu
CgHy~N=C__ i

CgHy;—N=C + n-Buli
CgHy—N=C
Bu—-ClzN-CsH”
L1 —~C=N—CgHy,
With o- and p-isocyanostyrenes, BulLi or polystyryllithium adds
only to the vinyl group without further polymerization:

— (] _=
CH2:CH@'N:C + BuLi BuCHZCg@N—C

Li

Substituted alkyllithium compounds react with aliphatic
diazo compounds by a similar route, thereby providing convenient

access to a number of hydrazones [191].

Lt
] ~ X
- exane %
No N-—

I
N—Li
Ph,C —CN

(1) 25°(~LiCN}
(2) H,0

quP

)
N=CPh,
Reaction of RLi with 3,4-dimethoxybenzyl chloride reportedly
gives 3,4-dimethoxyalkylbenzenes (simple coupling) and 1,2-
bis(3,u4-dimethoxyphenyl)ethane (halogen-lithium exchange followed

by coupling) [192].

The autooxidation of organolithiums to peroxides has been
reviewed [193].

Olefin formation, especially from steroid hydroxy ketones,

via reaction of tosylhydrazones with RLi has been exploited
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[19u; AS 68; 200]1. In the presence of an excess of alkyllithiup,.
however, further reaction occurs by the following (proposed)

mechanism to yield alkylated products [1951]:

[xl . RLI RLi .
NG NGE NG !
Ts-N—N RN OLN RO

Enediamines have been synthesized by reaction of MeLi with

formamidinium salts [1961]:

NMe. NMe, . NMe,
Z 2 MeLi & P=) MelLi H.=C
ci—ci®cl® —— Me—C(i@ Cl ———=—  CH=C
“NMe, NMe, NMe,
XClI (73%)

The acetamidinjium ion XCl is the presumed intermediate. The
reaction is not general, however, as evidenced by the isolation
of 81% (t-Bu),CHNMe; when t-BuLi was used. A radical process
was proposed for the latter case.

Reaction of N,N-dimethyl-N-benzylanilinium ion with RLi
has been reported to yield cleavage and rearrangement products
[1973. A mechanism involving radical pairs [AS 69; 12] was
employed to rationalize the results.

l1-Methyicyclopropene has been synthesized by reaction of
B-methylallyl chloride with PhLi (halide free) [188, see 60-61

abovel:
Me
g g
=C—-CH,C!l + PHhLi ———
CH,=C ., o
H
(60~80%)

The attempted polylithiation of triphenylcyclopropyl com-i,.

pounds resulted in ring-opening reactions as shown below [199];{.
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Ph

H
H (1) n-Buti/TMEDA P\ _ /" . H\C__C/C”Dp“
Ph y B D20 Pn’ “cHDPh Ph’ “ph

Pn (90%) (10 %)

PMR spectra of the intermediate triphenylallyl anions were also
reported.

The reaction of 1,5~dihalonaphthalenes with PhLi does not
lead to the desired didehydro{l6lannulene derivatives [200],

rather the major products are diphenylnaphthalenes formed by

D e C2D

conventional routes.

<4@

New insertion reactions of carbon monoxide with C-Li and
N-Li bonds have been reported [201, AS 70; 2821].
Finally, we note that the use of hydroxyl-tritiated propanol

for the quenching of organolithium reagents has been utilized as

a method for the analysis of these reagents [202].

IX. Reactions with Inorganic and Organometallic Compounds

Reichle has reviewed the preparation of many o-bonded
organometallics including some reactions involving lithium
reagents [203].

Coupling of CHpLi; with a series of boron compounds (BClj,
BBry, B(OMe)3, MesBBr, (MesNhBCl and MegNBCly) and Me3SiCl has
been reported [204]. The latter gives Me3Si-CHp-SiMe3 in good
yield, but the corresponding boron compounds are generally un-
stable.

Reaction of trialkylboranes with a-lithiofuran proceeds by
the following (proposed) route [2051]:
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R
E%\FR -RoH [ﬁ\ﬁR -
Bl 2o B P ? @
O0"™ R o o0~ T R, Li
Xci Xclr
{ol
R
iy
HO oH
XCIV

The intermediate XCII may be guenched with alcohol to yield the
cyclic borate or oxidized to the unsaturated glycol XCIV

Similarly, reaction of BH3/THF with several phenyl-allyl-

lithiums gives, after oxidation, the diols XCV [206]

R (1) BH;/THF R
R ise VAL
~ R (21 1,0, '
e

Li® HO  OH

{R=H,Me; R'=Me) Xcv
With the anion of 3-phenyl-l-butene a mixture of products was
observed:

) BH3/THF - on
2) 102
d 9
OH
Me  ©OH Me HO

Me Ll
(Mixture of
diastereomers)

+~-BuLi has been utilized to prepare the anion of l1-phenyl-

borabenzene [2071:

t-ButLi RS
[ ! pentane /[THF o o
?,u

B

i
Ph Ph
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Reaction of alkyllithiums with vinyloxyboranes such as XCVI

is a route to dialkylated ketones from diazoketones [208]:

(&)
oae oOBBu
9 vz BuLi / Li® 3
Bu,B + N2CHCPh —— BuCH:C\ —————= BuCH=C
Ph Ph
Xcur : u(isau:,)
9 CH3 ™ /ou
Ph—C~cCHBu =8l Buch=c
Nen

Several papers have appeared which describe the use of
alkyllithium reagents for the lithiation of o-, p-, and m-
carboranes. The following reactions of lithiated carboranes have
been described: methylation with MeI [209]; oxidation with ben-
zoyl peroxide [2101 and with air [211]; chlorination with ci,
£2123 and CCl, [213]; addition to nitroalkenes [214]; addition
to quinolines and other heterocycles [215]; and reaction with
transition metal halides [216, 2171].

Reactions of alkyllithium compounds with organosilanes is
an often used method, of course. In addition to the many appli-
cations referred to above, the following papers have appeared.
Metalation of the methyl groups and coupling are competing pro-
cesses when t-BuLi/TMEDA is reacted with Me3SiX compounds
(X = F, C1, Br, OMe, OEt, 0SiMeg). Difunctional silanes Me;SiCls
and MeySi(0Et)y gave only the coupling products [218]. 9-
Lithiophenanthrene has also been derivatized with several silyl
substituents by the same coupling technique [219]. A series of
trimethylsilyl, trimethylgermanyl, and trimethylstannyl deriva-

tives of cypentadiene has been prepared by coupling with lithiated

cyclopentadienes [220].

Silyated allenes may be prepared from Buli and silylated
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propargylic ethers and thioethers [221, 222, 223, see 109 abové],i
Anions of the type R-C=C=CH-XR’ &—> R-CZC-CH-XR", [where
R = Ph, SiMes and XR“, = OMe, 0tBu, StBul and dianions of type
type R-E=C=5-XR‘n~haVe been utilized by Mantione and coworkers
for the preparation of a large number of silylated allene deriva-
tives, as well as some.complex furans and dihydrofurans.

Two groups have synthesized 10,ll-dihydro-5H-dibenzolb,fl-
silepin by the reaction of o,o0'~-dilithiobibenzyl with dichloro- .

silanes [22u, 225]:

/ \
R1

Perchlorinated 1,3,5-trisilacyclohexane is cleaved by Meli
to a variety of products [226]. The coupling reactions of
(CF3),5iCl; and (CCl3),8iCl, were also reported by the same:
group [227].

N,N-Disubstituted aminomethyllithium compounds have been .

prepared by a transmetalation reaction [2281]:

RR'NCH,Sn(n-Bu), + n-Buli —eX308 . RR'NCH,LI + (n-Bu)Sn
The lithiated products (R,R' = alkyl, phenyl and —CHZCHZOCHZCHZ -2

are readily formed and derivatized in high yield, with the ex-i

ception of the morpholine derivative whiech is apparently unstable;
Pentaphenylantimony compounds are "symmetrized" by PhLi éhd  »

n-Buli, presumably through the formation of "ate" complexes B

[2291:
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Ph,SbMe + RLi

/Me Me
eh,sb{ Lit == Pn,sb + PhLi
R

Me :
Ph,SbMe + Phii o=—= I:Ph‘,Sb( :|Li+ == PhSb + Meli
Ph

Spirocylic antimony compounds such as XCVII are also cleaved

by BuLi to produce the products shown [230]:

0lPo

XCVIL

Cyclic polyphosphines such as (C,HgP), and (C,HgP)g are also
cleaved by PhLi to give compounds of the type C,oHg(Li)P-(PCoHg),~
P(C,H5)Ph (n = 0-3) [231]. Phosphonitrilic fluorides are un-
expectedly dimethylated by MelLi in a geminal fashion [232, AS 68;
2081, after which the third methyl group enters antipodially.

F_ _F
~ v F\P/F Me\ Me
N/ AN VAR PN
F\P// \P/F MelLi \p? Nos F\p// ' N\P/F
7 N\ VRN Et,O VRN y/ i .
FONN NP 2 NG N7 Np Mel £ NN, N?OF
\P/ QP/
7 N VAR
F F Me Me Me/ Me

Several papers have appeared on the reactions of ferrocene
derivatives with alkyllithium compounds. Evidence for ferrocyne
has been obtained from a study of the reaction of 2-methylchloro-

ferrocene and n-BulLi [233]. The two butylmethylferrocenes were

Ct

-+

Bu
n-Buli/TMEDA @‘Me
Fe Fe

h /THF Fe
@ exane @
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formed in approximately equal amounts (7-8%), but only in seleétgdf
solvent/RLi systems. 1,2-Disubstituted ferrocene synthesis has .

been reported using the reagent XCVIII [234%, AS 69, 311. The

CHyNMe S

() Li N) R
> YN LS>n
XCVIIT ic C

competition between addition and mono- and dimetalation of IC in
a variety of solvent media and with t-BuLi, n-BuLi and MeLi has
been explored {235; AS 68; 197]1. 1,l'-dilithioferrocene, pre-
pared from ferrocene and n-BuLi/TMEDA in high yield, has been
used to prepare a number of symmetrically disubstituted ferrocene
derivatives (R = AsMejy; AsPhy; PMe,; PPho; SH) [2361]. |
Coupling of ferrocenyllithium compounds with CoCl, results

in the formation of a series of biferrocenes, as shown [2371].

{2) Cociy Fe Fe Fe Fe
R

The lithiation of dimethylaminoethylferrocene gives good
vields of the corresponding benzophenone derivative. Some
-dilithiated derivatives were observed if the metalation condi-

tions were more rigorous [238].

CH, CH
@/ SCHNMe, (1) BuLi @/ Z\CHQNMeZ

Fe Fe ~C(OH)Ph,

@ (2) ph2CO

Lithiated N-phenylferrocenecarboxamide CI has been utilized to

prepare the corresponding deuterio derivative [2391. 1-Lithio-
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1'-(trimethylsilyl)ferrocene was prepared by a metal exchange

o) o)

gNHPh ENHPh
@ (1) BulLi D
@e 27 0,0 Fe

reaction [240] and used to prepare several derivatives:

Fe

<:;;:;7/H9Cl 2 n-BuLi <::::;>,u
@\Siwe;., @SiMe3

Fluorcferrocene has been prepared for the first time by the
reaction of lithioferrocene with perchloryl fluoride [2u411].

More stable carbene complexes with the following structures
have been prepared by reaction of RLi with the appropriate
transition metal carbonyl compounds: (CO)gCr(OMe)R (R = substi-
tuted aryl [242]1; R = pentachlorophenyl and ferrocenyl [2431).

Reaction of felgCl (fe = Fe(CO),m-CgHg) with pentafluoro-
rhenyllithium results in the formation of bis{(pentafluorophenyl)-

mercury, not the desired feHgCgHg [2uu4]:

feHgCl + CgFgli ——= feHgC.F, + LiCl

2 feFgCgHg

tepHg  + (CgFgl,Hg

With CII, halogen-lithium (or hydrogen-lithium) rather than iron-

lithium exchange was observed [2u5]:

R i

fe + n-BulLi -_—-7-—8—-— fe + BuR
(R=H,Br}

Cil
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Reaction of s-BuLi with Cu*2, La*3 and Fe'3 yields stable
organic radicais, presumably coordinated to the transition metal
[2461. The product of the reaction of 2,2'-dilithiobephenyl 'andv
CrCl,; yields various polyphenyl compounds when treated with
transition metal halides [247; AS 673 184]. Also reported was

the preparation of two titanium metallocycles [2u8]:

Bu
PAC=CPh + BuLi — = @—&- ,2 Lt
A \ Ph

2 &

Bu
(T —CgHg), TiCl, -
Et, O .

Ti
(-CeHg)” NT-CgHg)

@——O + (A-CgHg),TiCl, ———e . .

Li L (z—csHs) (72‘—C5H5
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