
LITHIUP: 

ANNUAL SURVEY COVERING THE YEAR 1979 * 

EDHIN M_ KAISER 

Department of Chemistry 
University of Missouri-Columbia 
Columbia, Missouri 65211, USA 

TABLE OF CONTENTS 

1. 

2. 

3. 

4. 

5. 

6. 

9. 

10. 

REVIEII!S AND BOOKS . _ _ _ _ _ _ . _ _ . . . . _ . . _ _ _ . _ . _ _ _ _ 2 

FREPARATIDN OF CARBANIONS _ _ _ _ . . . . . . . . _ . _ . _ . _ _ _ . _ 3 

A. Metalationatsp3Carbon _.________________... 3 

B. Metalation at sp2 Carbon _ _ _ . _ _ . _ _ . _ _ . _ . - . . . . - 13 

C. Lithium-Halogen Exchange . . _ _ - - _ _ _ _ _ _ _ _ _ . . . . . . 19 

D. MiscellaneousMethods..__.__._......._...... 21 

STRUCTURAL STUDIES _ _ . . . . . . . . . . . . - . - - - - . - - - _ _ 24 

APPLICATION OF FlOLECULAR ORBITAL THEORY . _ _ _ _ . . . . . . . _ . _ . 25 

SPECTROSCOPIC DETERMINATIONS . . . . . _ . - _ _ . . - _ _ - _ _ _ _ _ 28 

A. NMR Spectroscopy _ . _ _ _ . . _ _ _ _ _ _ _ . _ _ . _ . _ _ . . . 28 

B. Other Spectroscopy _ _ . _ _ . _ _ _ . . . . . . _ _ _ _ _ _ _ _ _ 33 

STEREOCHEMICAL ASPECTS . . _ _ . . . . . . . _ _ _ _ . _ _ . . . . . . 35 

OTHER PHYSICAL-ORGANIC CHEMISTRY _ _ _ _ _ . _ _ _ _ . _ . . . . . . . 48 

ADDITION AND SUBSTITUTION REACTIONS _ . - - . - - . . _ _ - _ - . . - _ 54 

A. Alkyl-, Aryl-, Allyi-, Vinyl-, and Allenyllithiums _ . _ _ . _ . . 54 

6. Carbanions Stabilized by Carbonyls _ . _ _ . _ _ _ _ _ _ _ _ _ _ _ 65 

C. Amines, Imines, Ethers, and Related Compounds . _ _ _ . _ . _ . . . 75 

D. Carbanions Stabilized by Sulfur and Other Heavier Atoms . . . _ . . 79 

E. Polymerization _ . _ . _ . . _ _ _ . _ . . . _ . . . . . . . . _ . 86 

F. Carbenoids _ _ _ _ . _ _ . . . . _ . _ _ . . _ . . _ _ . . . . . . 58 

LITtiIUM ATE COMPLEXES . _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ . . . _ . . . 90 

A. Cuprates _ _ _ _ _ _ _ _ _ _ . . _ . . _ . . _ . _ . _ _ _ _ _ _ _ 90 

B. Boron, Aluminum, and Silver . . _ - - - - - - - _ _ . _ . _ . . . . 101 

REDUCTIONS AtiD RADICAL ANIONS _ _ . _ _ . _ . _ . . . . . . . _ _ _ _ . 104 

* Lithium; Annual Survey covering 
Vol _ 183 (1979) p. l-105 

the year 1978 see J. Organometal. Chem., 

References p. 1~ 



2 

11. REACTIOHS NITH INORGANIC AFill ORGANOKETALLIC COMPOUNDS _ _ _ _ . - _ _ _ 109 

12. REFERENCES _ _ _ . . _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . . - - . . 122 

1. REVIEHS AND BOOKS 

Reviews, books, and chapters in books devoted either wholly or in part to 

organolithium chemistry included the following: 

- Coordination chemistry of alkali and alkaline earth cations [l]. 

- Carbon-hydrogen acids [Z]. 

- Absorption spectroscopy, emission spectroscopy, and photochemical reactions of 

alkali metal salts of organic anions [3]_ 

- Stereochemistry and.mechanism of ketone reductions by hydride reagents [4]. 

- Organometallic intramolecular-coordination compounds containing a nitrogen 

donor ligand [5]_ 

- The use of organolithium reagents in organic synthesis [6,7]. 

- Heteroatom-facilitated lithiations [S]. 

- rlethods of reactivity unpolung [9]- 

- Alkylation and related reactions of the metal enolates of ketones and alde- 

hydes [lo). 

- Aldol and related reactions [ll]. 

- Synthesis of aldehydes, ketones, and carboxylic acids from lower carbonyl 

compounds by carbon-carbon coup1 ing reactions [lZ]_ 

- Asymmetric carbon-carbon bond forming reactions using lithiooxazolines and 

lithioenamines with alkyl halides, and by reaction of chiral electrophilic 

oxazolines with organolithium reagents [13]. 

- Recent advances in asymmetric synthesis [14]_ 

- New alternatives to oxidative phenolic coupling in natural products total 

synthesis by the use of quinoid precursors [15]. 

- Isocyanides and organometallic reagents in organic synthesis [16,17]. 

- Manipulation of fuctional groups using orpanoselenium reagents [18]. 

- Substitutions, additions, oxidative additions, and insertions of metal 

complexes with organic materials [lg]_ 

- A fourty year history of reductions effected by hydride reagents [ZO]. 

- A survey of novel and useful reactions discovered through research on 

prostaglandins [Zl]. 

- Synthesis of heterocyclopolyaromatic compounds from organometallic linkage 

of heteroaromatic compounds [22]. 

- Inorganic chemistry in liquid ammonia [23]. 

- Alkylidene complexes of niobium and tantalum [24]. 

- Organic synthesis by electrophilic substitution of organosilicon compounds 

[25]. 

- Synthetic methods for the preparation of aryl- and heteroaryltrimethyl- 

silanes [26]. 



2. PREPARATION OF CARBANIONS 

A. Metalation at sp3 Carbon 

Although it has been known for many years that a by-product in the alkali metal 

reductions of unsaturated substances in ammonia and low molecular weight amines is 

the corresponding alkali amide, only recently has the emphasis ifl such reactions 

been placed on the preparation of such bases [27]. Thus, lithium diethyl- and 

diisopropylamides may be conveniently prepared by reduction of isopropenylbenzene 

or phenanthrene in THF-ethyl ether and the amine. Such reductions are much slower 

in ethyl ether alone- Metalation of 14 different active hydrogen compounds by 

lithium diethylamide prepared in the above manner is described. 

Additional examples of the lithiation of strained ring systems were disclosed 

in 1979. For example, treatment of bicyclobutane 1 with n-butyllithium-TMEDA gave 

2 as evidenced by subsequent condensation with dimethyl disulfide to afford 3 [28]. 

A similar reaction on 3 itself yielded a 211 mixture of 4 and 5. 

SMe S-We 

/. 

/: ./’ 
~ ,y+ . . ...\ ( 

Metalation of cyclopropanes has been found to be enhanced when such,rings are 

substituted with hydroxy groups 

t-Bu) with i-propyllithium gave 

yielded 8 (73-100:;). 

t-291. For example, treatment of 6(R=He, c-Pr, i-Pr, 

mostly or exclusively 7 since subsequent carbonation 

R 

F 
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6 
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Quadricyclane 9(R=H) has been lithiated by n-butyllithium-TMEDA to give 9(R=Li) 

which, in turn, has been converted to the chloro derivative 9(R=C?) by p-toluene- 

sulfonyl chloride [30]. Subsequent treatment of the latter chloride with n-butyl- 

lithium to afford butyl derivative 9(R=n-Bu) presumably proceeds via 10 and 71 and 

the related bridgehead olefins as evidenced by trapping experiments with methyl 

bromide and with anthracene. 

9 10 11 

Turning to other types of compounds, sterica! ly-crowded 1 -hydryl-F-neopentane 

(12) has been metalated by methyllithium-lithium bromide to yield 13 which has 

been halogenated with molecular iodine and bromine to 9ive 14(X=I,Br) [31]. 

(F3C13CCF2H (F3C)3CCF2Li (F3G3CCF2X 

12 13 14 

Polymethylnaphthalenes 15-17 have been interacted with excess n-butyllithium- 

TMEDA and the resulting metalated derivatives trapped with chloromethylsilane or 

methyl iodide [32]. Despite MO calculations to the contrary, each of the hydro- 

carbons gave substantially more of the 2-lithiomethyl than of the 1-lithiomethyl 

derivatives_ The results are discussed in terms of the relative coplanarities of 

the alkyl groups with the aromatic ring, and per-i interactions with the bulky 

metalating agent. Not surprisingly, polymethylnapthalene 18 underwent metalation 

more slowly than 1517. 

15 16 17 18 
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Further nork on the metalation of certain alkylthiobenzenes was described 

this past year [33]. Thus, compounds 19(R=Me,Et; R’=b!e,i-Pr) and ZO(R=t?e,Et; 

R’=Me,i-Pr) were treated with n-butyllithium both in the presence and absence of 

TMEDA, then carbonated to afford appropriate carboxylic acids. It was found that 

while metalation occurred on the ring methyl,thiomethyl, and hydrogen atom ortho 

to the sulfur (when present) in ether alone, mostly thiomethylic or ring metalation 

were realized in the presence of TMEDA. 

R 

SR’ 

19 

R 

cr 
0 

SR’ 

R 

20 

2-Arylacetals 21 and 22 have been metalated by n-butyllithium in THF to afford 

23 and 24, respectively as evidenced by quenching with methanol-O-d [34]. Lithio 

sai t 24 was also condensed with several al kyl ha1 ides and carbonyl compounds. In 

contrast, similar reaction of acetal 25(R=Ph) resulted only in the formation of 

aryllithium 26(R=Ph) while 25(R=H) gave 70:: ring- and 30:; lateral products. It 

is concluded that the acetal proton may be removed in such systems provided it can 

occupy an “equatorial-like” conformation [35]_ 

ox 

9 0 
Me0 OMe 

cl ox 
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Me0 9 
OPie Li 
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Regioselective lithiation of methylidene-1,3-dioxane 27 at the 4-position 

has been effected by see-butyllithium in THF at low temperature [36]. The re- 

sulting ally1 carbanion 28 has been condensed with certain electrophiles to give 

29 and/or 30 usually in excellent yields. 

27 28 



Lithium 4-(Z-tetrahydropyranyloxy)-Z-butynolate (31) has been metalated by 

t-butyllithium to give 32, alkylation of which yields 33 [37]. Subsequent lithia- 

tion of 33 to give 34 followed by a second alkylation, then cyclization has been 

shown to constitute an excellent preparation of substituted furans. 

LiO- 1 

* - OThp 

LiO-+ _L’+ 
v OThp 

31 32 

Li+ 

‘- . 

Lie ++OThp 

N\ 
OThp R 

33 34 

Allyloxy carbanions 35 have been similarly generated from the parent compounds 

36(R=H,Fle,Et) and LDA or lithium bis(trimethylsilyl)amide, then condensed with 

methyl iodide or formaldehyde to afford products such as 37 [38]. 

LiO QO_i_Ru O=Q- 9-i-Bu O-O-i-Bu 

R R R 

35 36 37 

Ally1 anion 38 in which the charge is stabilized by sulfur has been prepared 

from the parent compound 39(R=Me) and LDA [39]_ The anion was condensed with a 

variety of electrophiles to give 40. Interestingly, metalation of 39 when R$Me 

(for example, Et,H,OMe) gave rise to dipole stabilized anions 41 which underwent 

cyclization to thiophene derivatives [39,40-j. An unrelated paper discussed the 

conversion of the previously reported dilithioallyl mercaptan derivative 42 and the 

related methallyl system to Grignard reagents by means of magnesium bromide 

etherate [41] _ 

References P. 122 



0 SMe ,,A&SMe 
R 

Ph Me 

38 39 

40 41 42 

Other allylic carbanions stabilized by resonance into functional groups or 

through dipo-e interactions which were prepared in 1979 by metalation included 

43(R=Ph, CH3) [42], 44(R=Ph,Ve,H) [42], 45 [43], 46 [44], and 47 [45]. Condensa- 

tions of each of these anions with electrophiles are described. 

0 

Rw :-. F(NMeg), 
_’ - ‘_ 

I 
1i+ 

OSiEt3 

P(NMe,), 
“+ 

Lif 
OLi 

43 44 

45 46 
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Ally1 anions themselves continued to 

has been presented for the preparation of 

non-conjugated dienes using alkali metals 

or TMEDA [46]. The procedure allowed the 

or cyclic crystal line dienyl anions. The 

‘Br 

be investigated_ Thus, a general method 

dienyl anions from both conjugated and 

in THF in the presence of triethylamine 

isolation of eight different open-chain 

presence of the amines inhibits polymeri- 

zation, sometimes completely, in such reactions. The results of hydrolyses and 

methylations of the anions are discussed. 

The above mentioned polymerization has also been avoided in the preparations 

of 48, 49 and 50 by metalating the parent 1,3-dienes by n-butyllithium-potassium 

t-butoxide [47]. 

48 

1 
2- 

2Li+ 

49 

Methylenecyclobutane has been metalated by n-butyllithium-TMEDA to afford 

51 [48]. Subsequent condensations of 51 with various electrophiles to give mix- 

tures of 52 and 53 have been employed in the synthesis of various natural products- 

51 52 53 
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Turning to the area of carbanions stabilized by functional groups other than 

unsaturated hydrocarbons, three enol ates, 54, 55, and 56, have been prepared under 

kinetic conditions (LDA in THF) from 57, 58, and 59, respectively [49]. Several 

condensations of the enolates are described. It should be noted that 54-56 pos- 

sess-a carbonyl unit in addition to the one providing delocalization to the anions. 

0 

I & / Li 

Li 

\ a$ 0 / 
i 

54 55 56 

0 

cxll OLi \ I 
I 

I; 

57 58 

Interaction of thioacetic acids GO(R=H,Me) with two equivalents of LDA in 

THF has provided the first examples of dilithio derivatives 61(R=H,Me) [50]. 

Such reagents have been combined with aldehydes, ketones, and chloroketones, 

generally in excellent yields. The use of the latter electrophiles provides a 

convenient route to thiolactones illustrated by 62. 

60 61 62 
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Several full papers appeared in 1979 which discussed two-fold lithiation of 

certain aliphatic nitro compounds by butyllithium in THF in the presence of HMPA 

[51.52,53-j. Thus, 63(R=H,Et,i-Pr,n-C$l,,, Ph,SPh) is converted to 64 via 65; the 

acidity of the a-proton of 65(R=i-Pr) is estimated to be similar to that of di- 

isopropylamine. A very large number of condensations of 64 are described. 

Similarly, B-arylnitroethanes 66 are dilithiated to afford 67 [53]. While con- 

densations of 64 give products such as 68, those of 67 yield B-substituted 

materials 69. 

R -NO 
2 

r 
1 

R /q/o- 

yo- - 1 

2LC 

\o- - 

63 64 

As a part of the synthesis of functional phosphines with an optically active 

phosphorus, 70 has been metalated by n-butyllithium.TMEDA to give 71 which has 

been condensed with several esters, benzophenone, and benronitrile to yield 72 

[54-J - Esters 73(R=Et,i-Pr; R’=H,Fle) have been converted to 74 by LDA, then com- 

bined with aldehydes and ketones to afford 75 (48-68:;) [55]. The R’ and R” of 

75, originally part of the aldehyde or ketone, were hydrogen, aliphatic and aromatic. 

R ~NO,Li Ar .wN02 Ar a N02Li2 

RA NO2 

68 69 

,+/ NO2 
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Li 

R A R’ 

81 

Li OSir 

Ph x P(O)(OEt)2 

a2 

B. Metalatian at sp 2 
Carbon 

Heteroatom facilitated lithiations on substituted aromatic systems -continued 

to be studied in 1979. Thus, o- and p-phenylenediamines have been converted to 

o-lithio derivatives illustrated by 83, then condensed with benzophenone or used 

to effect polymerization reactions [62]_ Similar results were achieved on 1,3- 

dimethyl-2-phenylimidazolidine to give 84 [63]. The latter reagent was combined 

with a variety of electrophiles to yield, after hydrolysis, substituted benzalde- 

hydes 85. Metalation of the related o-tolylimidazoline resulted in side-chain 

lithiation. 

Li 

NMe2 
Me 

E 
0 

* 
0 

II 

a3 84 85 

Several N-pivaloylanilines have likewise been o-lithiated with n-butyllithium 

to afford, for example, 86 [64]. Lateral metalation was realized on the related 

o-tolyl derivative. Two other studies described competition effects between two 

different functional groups with respect to their ability to direct su& metala- 

tions. In the first one, disubstituted benzenes were treated with s-butyllithium. 

TMEDA to show that the tertiary amide function is superior to sulfonamide, oxazoline, 

methoxy, dimethylaminomethyl. chloro, carboxyl, and methyl [65]. The N-lithio- 

N-methylamide group was found to be a somewhat better director than the N.EI-diethyl 

moiety. In the second study, an intermolecular one, equimolar amounts of phenyl 

oxazoline and various amides and sulfonamides were allowed to compete for only 

one equivalent of n-butyllithium [66]. It was found that the oxazoline group in 

87 does not compete effectively with the other functional groups. However, it 

was also shown that the o-lithio derivative of 87 can itself metalate certain of 

the other materials, for example, benzenesulfonamide. All of the above o-lithio 

References p_ 122 
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derivatives were combined with appropriate electrophiles. Similar ring metala- 

tion adjacent to the amide group of 88 has been employed as part of a convergent 

route to several phthalideisoquinoline alkaloids [67]. 

OMe 

86 a7 aa 

Benzaldehydes substituted in the 2,3- and 2,3,4-positions have been obtained 

by o-lithiation of dimethyl acetals such as 89 and 90, respectively followed by 

condensation and hydrolysis [68]. Several examples are listed though the metala- 

tion failed when the acetals were already substituted in one of the ortho posi- 

tions. In another paper, the relative directive abilities of alkoxy versus 

alky7thio moieties has been reexamined to show that the former have a stranger 

orientating effect than the latter [69]. 

OMe OMe 

OWe OMe 

89 90 

S-Brornopyrimidine has been directly lithiated by LDA/ether in the presence 

of cat-bony1 compounds to afford 91 via 92 [70]. In another study, the pyridine 

ring of 3-bromo-2-chloropyridine has been found to similarly undergo metalation 

by n-butyllithium to yield 93 [71]_ Possible pathways leading to the latter 

materia7 are discussed. 
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OH 

91 92 93 

Dilithiopyrrole 94 has been prepared from 95 and two equivalents of n-butyl- 

lithium in ether [72]. Though a two-fold condensation with benzophenone was 

realized, reactions of 94 with other electrophiles were not as successful. A 

very thorough study of the lithiation of six N-alkylpyrroles by n-butyllithium 

under various conditions has also been described [73]. As the size of the N- 

alkyl group was increased, the total yield of lithiopyrroles decreased while the 

ratio of 2,4- to 2,5-di!ithio derivatives increased. The effect of a variety 

of solvents is discussed_ 

Dilithio derivatives 96, 97, and 98 have been generated from 3-furoic acid, 

2-furoic acid, and 2-furylacrylic acid. respectively, and LDA [74]. Condensa- 

tions of each of the dianions with electrophiles are described. Similar metala- 

tion of 5-ethoxyoxazole 99 with n-butyll ithium has been found to lead to ring- 

opened isocyanoacetic acid derivative 100 [75]. The latter has been alkylated 

by several alkyl halides to yield 101. 

96 97 98 
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Me 

Et0 OLi 

R C02Et 

Me 

99 100 101 

Turning to lithiation of non-aromatic systems, acrylic aci.d derivatives 

102-105 with t-butyllithium and/or LDA have been shown to undergo metalation 

predominately at the B-hydrogen, that is the circled hydrogen atom [76]. In 

contrast, 106 is metalated at the 6- and a-hydrogens at -113” and -76O, respec- 

tively while acrylonitriles 107 and 108 are lithiated mostly alpha to the cyanide 

[76,77]. Finally, sulfoxide 109(R presumably = Et) is metalated alpha to the 

sulfinyl moiety [77]_ The results of some ab initio and semi-empirical calcula- 

tions are presented to explain the experimental results [76]. A separate paper 

described several condensations of the a-lithio derivative of 107 [78]. 

‘%OEt 

Me0 H 

102 103 104 

“\, CN H -q ,NCN RSO..,_ -H 

;, 
! : 

/ 

I 

-1.” J i 
EtS EtS’ H 

106 107 108 103 

105 

Other vinyllithium reagents prepared by vinyl metalation of the parent com- 

pounds were 110 from 111 [79], 112 E801, 113 [Sl], 114 [82], 115(R=Ph,Me) [83], 

116 and related po!ylithio derivatives [84], and pyrans 117(R=H,Me) [85]. Dilithio 

salt 114 was also synthesized by dilithiation of epoxysulfone 118 [82]_ Simp!e 
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alkyllithiums or LDA were employed in each case except that of 117 where butyl- 

lithium-potassium t-butoxide was employed. Condensations of each of the anions 

with electrophiles are described. 

Ph 

Me2N 
/ 

110 

Cl 

Ph $ H 

Me2N 

111 

113 114 

PhS 
>\ 

Y 

\.. 
f 

Li. NMe2 

112 

H 

115 

P 
-.. 

-1-y /-SO2Ph 

116 117 118 

Lithiation of allenes also continued to be studied last year. Thus, two 
papers discussed the preparation and reactions of five different vinylallenyl- 

lithiums, prepared from the parent compounds and n-butyllithium [86,87]. ibe 

investigation is illustrated by the conversion of 119 to 120, alkylation of 

which afforded 121-123. In most cases, the major products corresponded to 123. 

119 120 121 
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122 123 

Additional studies have been performed on the ring-opening reactions of 

furfury carbanions [88-j_ Thus, treatment of 124(G=Ph,SiMe3) with two equivalents 

of n-butyllithium has been shown to afford 125 and 126 as evidenced by trapping 

experiments with chlorotrimethyl si 1 ane. Intermediates 125 and 126 arise from 

secondary metalation of the c- and E-hydrogen atoms, respectively, of 127, the 

initial ring-opened product obtained from 128. Trianionic enolates derived from 

such furans have also been proposed. For example, 124, three equivalents of 

n-butyllithium, and excess chlorotrimethylsilane give 129 (92:;). Condensations 

of the carbanions with other electrophiles are discussed_ 

H Li 

124 125 126 

Dial lenyl 

lithium [89]. 

sent the first 

system. 

Ph 

727 128 129 

sulfone 130 has been converted to dithiaadamantane 131 by n-butyl- 

The reaction which presumably proceeds via 132 appears to repre- 

reported example of a base-catalyzed cyclodimerization of an allenic 
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130 

Finally, in this section, several transition metal organometallics have 

been metalated by n-butyllithium then combined with electrophiles to afford 

appropriate derivatives. Among those reported were 133(Y=H,OMe,F,Cl) [90,91] 

and 134 [92]. Lithiation of ruthenocene in the presence of TMEOA gave mostly 

l,l’-dilithio derivative 135 accompanied by some monolithio and 1,1’,3_trilithio 

derivatives [93]. 

Cr(C013 

133 134 135 

C. Li thium-Haloqen Exchanoe 

Hexalithiocyclotriphosphazene 136 has been obtained from the corresponding 

hexabromo derivative and n-butyllithium at -40” [94]. The organometallic was 

combined with electrophiles including carbon dioxide, chlorodiphenylphosphine, 

and chlorotriphenylstannane. 

Li Li 

136 

Rekrences P_ 12" 



Lithium-halogen exchange has been employed on several heterocyclic rings 

themsei ves . Thus, 737 [95]. 138 f961, 139 [97], and 140 [97] were obtained upon 

interaction of n-butyllithium with the corresponding bromo (for 137, 139, and 

740) or iodo (for 138) derivatives. Temperature effects were observed in the 

formation of 738 since it underwent isomerization to 141 when the reaction was 

allowed to warm from -130° to -78O [96]. Each of the above anions was combined 

with electrophiles. 

137 138 139 

MeQ Me 

N 
i \ 

LG N 
jN 
Li 

Lfi;YLi 
ihP 

140 141 

The following vinyl ha7ides have similarly been converted to vinyllithium 

reagents by t- or n-butyllithium. then condensed with certain electrophiles to 

afford derivatives _ Of course, 145 and related compounds give dilithio salts 

upon such treatment. 

Br 

742 [98] 143 [99] 

(and E-isomer) 

r ,’ Br 
-. -0 /J 

144 [100-J 
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Ph Br 

Y-==C 

- 

Ph C02H 

145 [loll 

n-Bu S is 

H >--( Er 

147 Cl031 

(and E-isomer) 

146 [102] 

148 Cl041 

Finally, lithium-bromine exchange on 149 has been employed in the prepara- 

tion of [1:2,9:lO]bismethano[2:2]paracyclophane [1053_ 

149 

D. Miscellaneous Methods 

The attention of those chemists who read Japanese is directed to an article 

which discusses the synthesis and properties of orpanoalkali compounds [106]. 

The same issue also contains articles on a wide variety of other organometallics. 

Bromoimine anions lSO(R=H,Me,Et,n-Am) have been prepared from 151 and LDA 

and from 152 and n-butyllithium [107]. Al kylations of 150 were realized on the 

carbon atom bearing the bromine. 
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150 151 152 

Other carbenoids prepared included 153 from chloromethyl phenyl sulfoxide 

and IDA [108] and 154 from methoxymethyltrimethylsilane and s-butyllithium [109]. 

The former reagent was alkylated while the latter one was combined with alde- 

hydes and ketones. 

Li 

PhSO A 1 J _ OMe 

153 154 

Diethylketene has been converted to directed enolate 155 by n-butyllithium, 

then methylated to give 156 [llo]. Silylation of 155 by chlorotrimethylsilane 

afforded mostly 157. 

155 156 157 

Provided that oxygen is rigorously excluded, treatment of cyclooctatetraene 

with a variety of alkyl- and phenyllithiums has been shown to yield dilithio salt 

158 [lllI_ Subsequent treatment with molecular oxygen affords the corresponding 

159 (45-76:;). Another addition reaction involving 160, cyclopentadienyllithium. 

and n-butyllithium gives 161, a compound capable of directed attachment to various 

transition metal centers [1121. 

R 

0 0 2- 2Li+ 

R 
- 

c) I I 
- 

158 159 
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Ph2P-SiMe2Cl 
Li+ 

160 161 

Sulfur-stabilized vinyllithiums such as 162(R=aliphatic) have been obtained 

from 163 by reduction with lithium naphthalenide, then combined with a variety 

of electrophiles to afford 164 [113]. Reduction has al so been employed in a 

simple preparation of t-butyllithium from the chloride and lithium containing 

l-22 of sodium [114]_ 

SPh 
R' 

>"( 

SPh 

-4 

Ph 

R ’ \. R' 
'. ..--- 
2 

Li ; 

RY 

SPh E 
R R 

ti 

162 163 164 

1,GDichloropentane and other similar materials have been converted to di- 

lithio derivatives using lithium vapor under conditions milder than used pre- 

viously [115]. Deuteration of the l,!Gdilithiopentane revealed the presence of 

a variety of products including but not limited to C&l2 (28%). C,D, (19^), and 

DCH2(CH2)3CH2D (31%). 

Hexalithioethane, Li6C2, has been obtained in high yield in a purity of 99:s 

from lithium vapor and diethylmercury [116]_ The authors speculate that C2Li6 

as vJel1 as C2Li4 are probably formed by a combination of two lithium substituted 

methyl radical or carbenoid species. 

Two full papers appeared in 1979 which discussed the preparation of a variety 

of allyllithium reagents including 165-169 from tin compounds and alkyllithiums 

[117,118]_ A similar transmetalation was employed to synthesize 170 [119]_ Each 

of the allyllithiums was combined with a variety of electrophiles. 

Li(CH2CHCHC6H,3) 

165 

Li ( CHpCt.leCHEt) 

168 

Li(CH2CHCHPh) 

166 

L .i( F2CCH2CH2 1 

169 

Li(CH$H= 0 1 
167 

OSiMep-t-Bu 

0 
‘I 

Li 

170 
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3. STRUCTURAL STUDIES 

Structural investigations of organolithiums were few in number in 1979. 

Figure I shows the structure of bis(lithium-N,N,N’ .N’-tetramethylethylenediamine)- 

(all-trans-1,5,9-cyclododecatrienenickel) in which the trigonal bipyramidal geo- 

metry of the nickel atoms and the centers of three olefinic double bonds in the 

trigonal plane and lithium atoms in apical positions are distorted [120]_ Such 

distortion is not significant in the structure of tris(N,N,N’,N’-tetramethyl-2- 

butene-1.4 -diamine)dilithium nickel, the numbering system of which is shown in 

Figure II [120]. The nickel-olefinic carbon bond lengths in the two compounds 

average 1.99 and 2.000 i, respectively. 

c22 

Figure I 

An x-ray study of 171 revealed the presence of a folded chair arrangement of 

lithium atoms held together by triply bridged amino groups [121]_ Such bonding 

is believed to represent the first example of electron-deficient bridging through 

nitrogen atoms of organonitrogen ligands. Two possible orientations of the lithium 

atoms of the hexameric structure are shown in the paper. 

6 

171 



Figure II 

4. APPLICATION OF MOLECULAR ORBITAL THEORY 

In contrast to the previous section, a large number of papers discussed the 

results of MO calculations applied to a variety of organolithiums. Thus, the 

optimum geometries of 172-177, lithium cluster species observed in the fragmenta- 

tions of ethyl- and t-butyllithium, were computed and the STO-3G energies (a-u.) 

were found to be 172: -146.604; 173: -107.460, 174!-68.326; 175: -53.634; 176: 

-46.244; 177: -92.897 [122]_ The X's are listed for possible pathways through 

which the optically excited parent 178 could be transformed into products_ 

Li4Me3+ Li4Me2+ I-i4Me+ Li2Mei 

172 173 174 175 

LiMe+ 

176 

Li2Me2 

177 

Li4Me4 

178 
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Mhile ab initio Gaussian calculations on CH2F anion revealed that it is much 

more stable in the pyramidal form than in the planar form [123], complete yeo- 

metry optimization of a variety of structures for CH,FLi revealed three iocal 

minima, the most stable of which is represented by 179 [124]. This structure in 

which all valencies of carbon extend into a single hemisphere (umbrella-shape) is 

best interpreted in terms of an intimate ion pair between F- and CH2Li+. Several 

isomers have also been found for CHF2Li [1X] and for CC13Li L-1261, the most 

stabJe of which are represented by 180-183. While 180 and 182 can be considered 

lithiocarbanions, 781 and 183 are analogous to 179 since they may be pictured as 

carbocations bonded to halide ions. 

179 180 181 

,/“\ A’, 
CL ,’ I,_ 

‘. , Li 
\ :’ 

\/ 

. .(..a- C12c”- Li 

Cl 

182 183 

The geometries, force constants, charges, and gas phase acidities of mono-, 

di-, and trinitromethanes as well as their anions have been studied employing 

both ab initio STO-3G and C~!DO/2 methods in an effort to compare the two methods 

[127]. While the methods closely paralleled each other, agreement with experi- 

mental quantities in absolute terms favored ab initio in some instances and ChDO/Z 

in others 

Additional calculations on l,l-dilithioethene using state-of-the-art Jevels 

of reliability were reported in 1979 [128]_ The authors conclude that the com- 

pound has a twisted triplet ground state (184) which lies x 1.4 kcal lower than 

the planar triplet conformation 185. 
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184 

H\C ALi 

H' 
--KLi 

185 

The usual retention of stereochemistry in nucleophilic vinylic substitutions 

via addition-elimination has been ascribed to hyperconjugation in intermediates 

such as 186 [129,130]. Though hyperconjsgation is at a maximum in 186, it is 

zero in 187 where the interacting orbitals are perpendicular. The barriers to 

rotation in the intermediates, calculated using STO-3G methods, were found to 

be in the order G=Cl >~OMe20H>F~SHXNXF3>NH2%PH2Me~.H~SiH3~6H2 [130]. 

- 

186 187 

MO calculations have also been applied to the stereochemistry of alkene- 

forming elimination reactions [131]. The authors conclude that “the feasibility 

of both syn and anti modes of elimination is enhanced by maximizing the overlap 

of the developing carbanionic orbital at C:, with the Cit-leaving group o* orbital _‘I 

They also suggest that “the less favored mode of syn elimination occurs by the 

concerted process of leaving-group expulsion at C_( and the concomitant inversion 

of configuration at Cg_” 

A very thorough paper described the results of calculations applied to hypo- 

thetical isolated monomers of lithioallenes, -propynes, and -cyclopropenes [132]_ 

Although a large number of structures are listed, the most favorable ones energeti- 

cally are as follows: C3H3Li - 188 and 189; C3H2Li2 - 190; C3HLi3 - 191; and 

C3Liq - 192. In most cases, classical structures based on the corresponding 

hydrocarbons were much less stable than other arrangements which could better 

utilize the multicenter bonding capabilities of lithium. Because of the latter, 

1,2-dilithiocyclopropene is said to be better represented by 193. 

ii-E C-CH, 

H. 
Yc /Kc /” H. 

2\ /Li 

Hy ‘Li’ 
\LiiC 

188 189 190 
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The relative energies of planar and bent 194(X=H,F,Cl) have been obtained 

to demonstrate substantial barriers to inversion of the atoms X about the plane 

of the rings [133]. Such findings are consistent with configurational retention 

in these ions. The authors indicate that a-substitution of halogen for hydrogen 

does not appear to stabilize such species. Another paper discusses the construc- 

tion of state correlation diagrams for the interconversion of 194(X=H) and 195 

as well as for the analogous aziridine, diaziridine, and oxaziridine systems [134 3. 

An ab initio study of the cyclohexadienyl anion using a more diffuse set 

than 4-31G has indicated in agreement with earlier semiempirical predictions that 

the greatest portion of the negative charge is located in the 4-position of the 

molecule [135]. The same authors also published similar work on monofluorocyclo- 

hexadienyl anions [136]. 

Other papers in this area were concerned with homocyclooctatetraene dianion 

[l-17], the deprotonation energies of polycyclic benzenoid methylarenes and methyl- 

azaarenes [138], and the effect of the polarity of the medium and alkali metal 

cations on the rate of propagation in anionic polymerizations [139]. 

5. SFECTROSCOFIC DETERMINATIONS 

A. NMR Spectroscopy 

Several invited lectures at a recent symposium on ions and ion pairs in honor 

of Prof. Michael Szwarc were concerned with NMR and have now been published_ 

Among them were papers dealing with optical and NP!R investigations on alkali ion 

pairs of carbanions and nitranions [140], multinuclear NMR studies of alkali ions 

in nonaqueous solvents [141], ion pairing and reactivity of @-ketoenolates [142], 

and stereochemical effects of ion pairing in anionic vinyloligomerization and 

related carbanion reactions [143]. Another paper was concerned with the structure 
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ion and in the solid of sodium, potassium, and rubidium biphenyl ion pairs in solut 

state and is listed here for completeness [144]. 

Confirmation of the earlier proposal that splitting due 

is often not observed in the 13 C-NMR spectra of al kyl 1 i thiums 
1’3 7 

to 13C, 7Li coupling 

because of an 

averaging of ‘?, ‘Li coupling by a combination of C-Li bond exchange and 7Li 

quadrupole relaxation has been achieved by obtaining appropriate NMR spectra of 

n-propyllithium variously enriched in 13C (on Cl) and ‘Li [145]. Specifics are 

listed for the spectra of 196-199. 

H3C-CH2-CH2-Li H C-CH 
3 2 

-13CH 
2 

-Li 

196 197 

H C-CH 3 2 
-13CH 

2 
-6Li H3C-CH2-CH2-6Li 

198 199 

Experimental evidence for the presence of carbenoids of structures 179, 181, 

and 183 [124-1261 has possibly been provided by the 13C NMR spectra of 13C enriched 

species ZOO-204 [146,147]. The l3 C-NMR signals appeared at une%pectedly low 

field. Moreover, the spectra were noteworthy for their usually large 13C_7Li 

but small 13C-13C coupling constants_ The NMR spectrum of 203 is said to con- 

stitute the first proof of non-ionized organolithium compounds which are mono- 

meric on the NMR time scale. 

Li 

Br 

200 

Li Br 

202 203 204 

Br3CLi H3C-CBr2Li 

201 
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Barriers to rotation (AG' in kcal mol-' ) of a variety of ally1 systems have 

been obtained using 
13 

C-[148] and 'H-[149,150] NMR spectroscopy. Among the large 

number listed were 205: 13.62; 206: 13.265; allylithium: 10.7; allylpotassium: 

16.7; allylcesium: 18.0; and 207: 17.0. The value for allylcesium 

set a new lower limit for the barrier of the ally1 anion in solution 

less to say, each paper devoted much discussion to the conformations 

terns. 

is said to 

[149]. Need- 

of such sys- 

Ph P Ph 

Lif 

205 206 207 

In addition to expected allylic anions, lithiation of 208 and 209 by one and 

two equivalents of n-butyllithium-TMEDA has been shown by 'H-NMR and by alkylation 

to afford 210 and 211. respectively [151]_ Such ring lithiations are apparently 

facilitated by the viny? group. The NMR spectra of the other lithiated species 

are also reported. 

208 209 210 211 

Two full papers have discussed the results of studies on variable temperature 

13C-NMR magnetic resonance of alkali derivatives of triphenylmethane [152], 

fluorenes [152,153], diphenylmethanes [152], toluene [152], indene [153], and 

a variety of mono- and dimethylindenes [153]. Discussions center around chemical 

shifts as a function of metallic cations, solvents, and temperature. The entropies 

and enthalpies of solvation are listed for severai of the anions_ Another paper 

examined the complex character of the temperature dependence of the 'H-NMR chemical 
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shifts of indenyllithium and -sodium [154]. The proton shifts were discussed in 

terms of polarization of the C-H bonds influenced by the electric field along the 

bonds and by the T-electron distribution_ 

Spirodihydroaromatic anions illustrated by 212 have been prepared from the 

corresponding urethanes 273 and dimethylmagnesium and butyllithium [155]. The 

NMR spectra of the anions indicated that they contain conjugated anions largely 

unperturbed by counterion and n. When n = 2 or 3, such treatment of the urethanes 

with the organometal 1 i cs afforded ri ng-cpened products 

the smaller rings. 

as a result of strain in 

212 213 

Octalene (214) has been reduced by lithium in THF-dg to dianion 215 or 216, 

then to tetraanion 217 as evidenced by ‘H- and 13C-NMR spectroscopy [156]. Com- 

pound 217 is said to be analogous to naphthalene. 

214 215 

216 217 

Earlier investigations on the equilibrium of acetylacetonate species using 

‘H-NMR spectroscopy have been extended to 13C-NMR work [157]. As before, addition 

of lithium ion to sodioacetylacetone causes a shift from the E,Z form 218 to the 

Z,Z isomer 219. Data are also presented for the alkali salts of 2,4-hexanedione, 

3-methyl-2,4-pentanedione, and 3-ethyl-2,4_pentanedione. Similar results using 

‘H-NMR have been realized with diacetamide (220) [158]. 
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218 219 220 

Both 'H- and l3 C-NMR have been employed to elucidate the structures of 

Ar4M2Li2 where M = Ag [759,1601, Cu [760], and Au [16U]. Both papers suggest 

that the structures may be represented by 221. 

221 

Finally, 'H-NMR spectra have been reported for a variety of anions of benzan- 

nelated [9]- and [13] annulenes [161], and for two dianions of pentalenes illustra- 

ted by 222 [162]. 

222 
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B. Other Spectroscopy 

ESR, ENDOR, and TRIPLE-resonance measurements have been reported for fluore- 

ketyl and all alkali cations 11631. Also studied were the related ketyls 
77 77 

derived from [9- ‘JC]perdeuterio-9-fl uorenone and [lo- “ O]perdeuterio-9-fl uorenone. 

Resonances from 7Li, 23Na, 85Rb, and 133 Cs were detected including all hyperfine 

coupling constants including their signs. Hyperfine interactions of 
13 C and 170 

proved to be sensitive local probes of the electron structure in ion pair com- 

plexes- The results of similar studies on dione 223 [164], u-ketophosphonates 

such as 224 [165], and [6]helicene [166] were also reported. The a-ketophospho- 

nates were shown to yield semidiones. 

223 224 

W-visible spectroscopy has been employed to confirm conclusions about the 

nature of alkali derivatives of tri- and diphenylmethane in solution previously 

obtained from their NMR spectra [167,168]. Thus, contact and solvent-separated 

ion pairs were observed depending upon the cation and the solvent. In addition, 

the current study revealed the presence of two types of contact ion pairs in the 

diphenylmethide system, one unsolvated, the other partially solvated [168]. 

Thermodynamic parameters are discussed for both systems. 

Other compounds whose UV-visible spectra were reported included 225(n=0,1,2) 

[169], 226(n=0,1,2) [170], 227 [171], and 228 [172]. Ion-pairing effects in 225 

and 226 were also studied by ‘H-NMR and ESR spectroscopy, respectively. 

Ph<(O)n 

225 

CO)n I 
L 

M+ 
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M+ 

227 228 

Infrared spectra have been described for complexes of n- and s-butyllithium 

with THF, dimethyl ether, and trimethylamine [173], and for mono- and dialka?i 

derivatives of anthracene [174]. Both IR and Raman spectra of deltate ion 229 

(M=l-i,K) [175] as well as the Raman spectrum of 230 [176] were also reported in 

1979. 

- 

I 0 

I 

LA 0 

0 0 

2- 

2M+ 

r 2- 

NC 

2Li+ 
NC 

229 230 

A quadrupole mass spectrometer has been employed to observe CLi3, formed from 

permeation of gaseous lithium through a graphite membrane [177]. Its ionization 

potential was found to be 4.6 _' 0.3 eV_ 

The chemistry of Lif, Nai, Fe+, Cot, and Ni 
+ 

with alkyl halides and alcohols 

in the gas phase has been studied by ion cyclotron resonance (ICR) spectroscopy 

[178]. For example, Li* and n-propyl chloride give Li(C3H6)+ and HCl while this 

cation with t-butyl alcohol affords Li(C4H8)+, water, Li(OH2)+, and C4H8. 

Other papers discussing ICR results may be of interest to the reader even 

though alkali cations were not involved_ Thus, papers were published which dealt 

with a scale of acidities in the gas phase from methanol to phenol [179], sub- 

stituent and solvation effects on gas phase acidities [180], generation of speci- 

fic isomeric carbanions such as 231 and 232 from trimethylsilyl derivatives in 
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the gas phase [181], gas phase reactions of carbanions with triplet and singlet 

molecular oxygen L-1821, electron photodetachment spectra of the cyclooctatetraenyl 

and perinaphthenyl anions [183], and gas phase nucleophilic displacement reactions 

of negative ions with carbonyl compounds [184]. 

H$-C-C H2C-C-CH 

231 232 

6. STEREOCHEMICAL ASPECTS 

Enantioselective condensation of achiral organolithium reagents and aldehydes 

and ketones continue to be effected in the presence of chiral reagents such as 

233(R=H,Me,t_Bu; R’=H,Me,Et,n-Pr,n-Bu) derived from (S)-proline [185], and 234 

as well as others obtained from tartaric acid [186,187,188]. For example, n- 

butyllithium, benzaldehyde, and 233(R=R’=H) in dimethyoxymethane-dimethyl ether 

at -123” affords 1-phenyl-1-pentanol (773) with an optical purity of 95% [185]. 

Such condensations are described for a large number of organolithiums [185,186] 

i ncl udi ng con jugate additions of organocuprates [188]. 

233 234 

3-substituted alkanoic acids 235 have been obtained in >90Fi enantiomeric 

excess by stereoselective addition of organolithiums to chiral oxazolines 236 

followed by hydrolysis [189]. Either enantiomer of 235 can be obtained depending 

upon the order of addition of R and R’ _ Incidentally, a separate paper discusses 

the separation of diastereomeric oxazolines using preparative liquid chromato- 

graphy 11901. 
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235 

OMe 

236 

A method has been described for determining the enantiomeric purities of 

i’- , d- , and c-lactones to within i3:: [197-j. The procedure involves addition of 

methyllithium to the lactone followed by NMR examination of the resuiting dioi 

in the presence of a chiral shift reagent such as Eu(tfc)9. 

Additional research_concerned with the stereoselectivity of alkylations of 

237 appeared in 1979 [192]. The nature of the solvent, the leaving group, and 

the temperature were shown to be important_ For example, treatment of 237 with 

methyl iodide in ether, cyclohexane/TMEDA. THF, and HMPA gave the following 

amounts of cis-238, respectively: 42%;, 86f;, 9OZ, and 90%_ Moreover, ethyl 

iodide and 237 afforded more cis-238 than did ethyl chloride. The results are 

ascribed to electrophilic assistance by cation for the contact ion pairs. 

Li k 

237 238 

Turning to carbanions stabilized by carbonyls, a full paper discussed asym- 

metric alkylations of chiral lithium N,N-disubstituted amides 239(R=Me,Et,n_Bu) 

[793]. The parer.t amides are conveniently prepared from anhydrides and R- or 

d-ephedrine_ Treatment of the alkylated amide with methyllithium yields methyl 

ketones _ The overall procedure was employed to prepare (S)-(+)-4-methyl-3-hepta- 

none in 81:; enantiomeric excess. 
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239 

Lithiation of penicillinate 240 by t-butyllithium in toluene gives a 60:40 

mixture of 241 and 242 as evidenced by protonation with acetic acid [194]. 

Interestingly, addition of THF to 241-242 prior to acid quenching causes isomeri- 

zation to a mixture containing at least 90% of 241. Nhile treatment of the 60r40 

mixture of 241-242 with acetaldehyde gives rise to four isomeric adducts, pre- 

treatment of 241-242 with ZnC12 in THF affords only one of the adducts, namely 

243 (40::). The results are interpreted in terms of "a non-planar E-lactam 

'enolate' whose stereochemistry appears to be mediated by metal ion solvation as 

well as conformational analysis of aldol transition states." 

Br 

240 

Br 

241 

242 

References p. 1!?2 

243 



38 

Chiral a-alkyl a-amino acids have been obtained (50-80X) 

244 by LOA, alkylation, and hydrolysis [195]. Reagent 244 is 

appropriate o-amino acids and pyrrolidine 245. 

R 02Me 

b!eO 

by lithiation of 

synthesized from 

244 245 

High threo to erythro ratios in condensations of several different types of 

ester derivatives with electrophiles have been reported_ Thus, lithiation of 

246(R=Me,CH20Me, etc.) and dilithiation of 247 followed by the addition of alde- 

hydes and alkyl halides affords threo-3-hydroxy-2methylcarboxylic esters [196] 

and threo-2-alkyl derivatives [197], respectively_ Threo-3-hydroxy-2-methyl- 

carboxylic acid esters have also been obtained by reactions of aldehydes with 

248 and 249 in the presence of TiC14 [198]. Reagents 248 and 249 are synthesized 

from ethyl propanoate, LOA, and chlorotrimethylsilane in THF in the presence and 

absence of 23% HMPA, respectively. 

246 247 248 249 

A full paper presented details on the directing effects of aryl groups on 

the regiochemistry of formation of ketone enolates [199]. Thus, for example, 

larger amounts of 250 and less of 251 were obtained from the parent ketone and 

LDA in THF at 25” as evidenced by trapping with chlorotrimethylsilane when R = 

p-MeOPh than when R = phenyl itself. 1.n contrast more of 251 than 250 was 

realized when R = p-02NPh and n-Bu. Similar results were found with cyclohexanones 

and certain acyclic systems_ Such regiochemistry, ascribed to n-coordination 

illustrated by 252, was supported by ‘H- and 13 C-NMR spectroscopy. While enolates 
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such as 250 were alkylated by alkyl halides to afford mixtures of mono- and di- 

alkyl derivatives, such alkylations in the presence of copper- salts not only 

yielded diminished amounts of dialkyl products, but the monoal kyl derivatives 

were the less thermodynamically stable cis-products illustrated by 253. Explana- 

tions for the above are suggested. 

Me 

250 251 252 253 

Enolate 254 has been produced regiospecifically from 255 using LDA in THF 

at -20” [200]. Such regiochemistry is ascribed to overlap of the C3B hydrogen 

with the carbonyl in the enolization transition state. Ccndensations of 254 are 

described. 

254 255 

The principle of double stereodifferentiation (double asymmetric induction) 

has been illustrated by certain condensations of chiral 256 with aldehydes 257 

and 258 [201]. Thus, while 256 and 257 gave three aldols in a ratio of 5.5:2.5:1 

the major product of which was 259, 256 and 258 afforded only two stereoisomers 

in a ratio of 13:l. In the latter case, the major product was 260. A second 

paper described the use of 261 in related condensations to yield 3-hydroxy-2- 

methylcarboxyl ic acids from chiral aldehydes [202] _ 
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Enolate 262, prepared from the related silyl enolate and methyllithium has 

methylated by methyl iodide to form predominately 263 [203]. It is suggested 

the favored conformations of 262 are twist-boats which are ShovJn in the 

paper. It is also suggested that formation of cis-263 is consistent with an 

early, reactant-like transition state rather than a late, product-like one that 

resembles the geometry of the products_ Another paper discusses the effect of 

olefinic double bonds on the stereochemistry of alkylations of enolates of reduced 

naphthalene derivatives [204]_ For example, methylation of 264 and 265(R=H) 

gives equatorial and axial alkyl derivatives, respectively_ Similar reaction 

265(R=Me) gives 1:l axial-equatorial mixtures. The results are discussed in 

terms of secondary orbital interactions. 

of 

OLi Me 0 
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The effect of a variety of lithium, aluminum, and magnesium salts on the 

stereochemistry of addition of organolithiums, dimethylmagnesium, and trimethyl- 

aluminum to several cyclic ketones has been reported [205]. For example, the 

amount of axial alcohol from methyllithium and 4-t-butylcyclohexanone increases 

from 65 to 92:; in the absence and presence of LiC104, respectively. Such changes 

in stereochemistry are attributed to prior complexation of the ketone with the 

salt followed by addition of the RLi. 

Although the factor responsible for the preferential syn stabilization of 

lithioaldimines has not yet been identified, its magnitude has been calculated 

to be at least 18 kJ mol-’ [206-j. Lithiation, alkylation, and hydrolysis of 

aldimines derived from secondary carbinamines such as 266 have been shown to 
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afford chiral aldehydes with greater enantiomeric excess than that obtained from 

related derivatives made from tertiary carbinamines illustrated by 267 [207]. 

Incidentally, the amount of enantiomeric excess of such aldehydes may be con- 

veniently determined by the ‘H-NMR spectra of the aldimine proton prior to hydro- 

lysis of derivatives such as 268 [208]. Chiral aldehydes and acids have simi- 

larly been obtained by lithiation and alkylation of u-phenethylimines such as 

269 [209] and lactim ether 270 12101. 

R 

266 267 268 

Ph 

Me 

Me0 

Me H 

269 270 

Several more papers concerned with the metalation of hydrazones appeared in 

1979. A full paper discussed lithiation of chiral hydrazones 271 and subsequent 

alkylations to ultimately afford chiral aldehydes and ketones (51-80%) in high 

to complete enantioselectivity [Zll]. The method has been employed in the syn- 

thesis of an ant pheromone [212] and gingeral [213]. The stereochemistry of 

such lithiations and alkylations was studied by ‘H- [214] and 13C- [215,216] NMR. 

For example, treatment of 27l(R=H,R’=Me) with LDA in THF or LOA in THF in the 

presence of HWPA gave the EC_C,ZC_N (>g8%) and the Zc_c-Ec_I, (>9%) lithiohy- 

drazones, respectively [214]. Deprotonation in such reactions is said to be more 

stereospecific than the subsequent alkylations. The l3 C-NMR results are illustra- 

ted by the conversion of 13C-enriched 272 to 273 (72%) and 274 (28%) by LDA in 

THF [215]. These authors conclude that “once formed, facile isomerization ap- 

parently occurs in these lithio anions at 0°C within 0.5 hour since we only 

observe Z C=N alkylated product” [215]. Other authors conclude that “the ease 
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of inversion at the nitrogen of ketone dimethylhydrazones via base-catalysis 

prevents the determination of the stereochemistry of the deprotonation step” 

though they suggest that syn deprotonation occurs faster than anti lithiation 

[216] _ 

271 

NNMe2 

f 

272 

273 274 

Another paper concerned with dil ithiation of oximes and subsequent conde!:sa- 

tions with electrophiles reenforced earlier conclusions about such systems [217]. 

For example, treatment of a mixture of syn- and antioximes 275 with two equivalents 

of LDA in THF at 0” followed by D20 yielded only syn-isomer 276. 

PhqH 
N? 

-‘%H 

275 276 

-Further studies on the ring opening of substituted 2,3-diarylcyclopropyl- 

lithiums to 1.3-diarylallyllithiums have been reported [218]. Thus, 277 was 

found to undergo such reaction when Ar = phenyl, 6 = CN, SOPh, S02Ph and when 

Ar = p-MeOPh and G = CN but not when Ar = Ph and G = NC, SPh, and H. Similar 
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ring opening was observed on 278 when Ar = Ph and G = CN or S02Ph. That only 

the thermodynamically most stable endo, exo-279 is obtained from 277 or 278(Ar=Ph, 

G=CN) is ascribed to the fact that the isomerization reactions of the ally1 anions 

are faster than the valence isomerizations of 277 and 278(Ar=Ph, G=CN). MO 

calculations are described which confirm the high barrier of the conrotatory 

cyclopropyl anion ring opening and the small barrier of the ally1 anion isomer- 

ization. 

G 

/ 
Li+ 

Ar -k_X_ 

h r 

G 

r 

278 

CN 

H Ph 

279 

Another paper describing the addition of carbanions to arenechromium tri- 

carbonyl complexes was concerned with the regiochemistry in such reactions [219]. 

For example, while 28O(G=Cl and NMe2) with 281 followed by oxidation with iodine 

affords mostly meta-282, similar reaction of 280(G=SiMe3) gives mostly the para 

isomer. The nature of the carbanion is also important since tertiary and secon- 

dary carbanions derived from esters with 28O(G=Cl) yield meta- and a mixture 

of ortho- and meta-282, respectively. Results with di- and trisubstituted arene 

systems as well as with naphthalene are also presented. The reactions are dis- 

cussed in terms of polar effects and HOMO-LUMO interactions. Substituted 

3-cyclohexanones have been obtained from 280(G=OMe), 281, and acid [220]. 

cr(cO)3 

280 281 282 

The influence of the cyano group on the orientation of amide ion to arynes 

has been studied [221]. Thus, either ortho- or meta- with two equivalents of 

LiNH2, NaNH2, or KNH2 gives mostly meta-284. Similar reaction of para- affords 

284 in a ratio of 80:20 para/meta, respectively_ The results are in agreement 

with inductive effect arguments usually presented Sn such reactions. 
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283 284 

The regioselectivity in the reactions of the equilibrating system 285-287 

with electrophiles has been found to change with the nature of the leaving group 

of the silylating agent [222]. For example, treatment of 285-287 with fluoro- 

and iodotrimethylsilane gives 288 and 289 as 65%/35% and 158/85% mixtures, res- 

pectively in THF/HMPA; only 289 is obtained, though, in the absence of HMPA or 

in the presence of zinc chloride and HMPA. Another paper discussed additional 

examples of inversion of configuration in reactions of certain chira! silyi- 

fluorides with organolithiums [223]. 

SiR3 

Li+ 

0- 

285 286 287 

Li+ 

R3Si 0- 

dSiMe3 OSiMe3 

288 289 

Lithio derivative 290, derived from the parent chiral compound and n-butyl- 

lithium, has been combined with benzaldehyde to ultimately afford chiral 291 

[224]. 

0 

?‘ 

H’“” 

i\ 
ctio 

Ph 

291 I 
Me 
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Other papers of interest in this section were concerned with the stereo- 

chemistry of nucleophilic substitution at cyclopropanes [225], inversion at the 

cyclopropyl ring of 7-exo-bromobicyclo[4.1 .O]heptan-3-endo-ol to afford a THF 

ring [226], stereochemistry of elimination reactions of halohydrins with butyl- 

lithium [227], stereochemical equilibration of dilithiodiols [228], the stereo- 

chemistry and mechanism of the base-induced loss of thiophenol from 1 ,1.3-tris- 

(phenylthio)alkanes to give cyclopropanone dithioketals [229], and stereoselective 

aldol condensations using boron enolates [230]. Four papers discussed reductions 

of ketones by complex reducing agents. They included evidence for a 1 inear 

combination of steric strainand product stability control in the stereochemical 

course of the addition reactions of LAH (and methyl 1 i thium) to ketones [231], 

orbital control in the stereochemistry of substituted cyclohexanones by 

LiAlH(t-06u)3 [232], and enantiose7ective reductions of ketones by chiral reagents 

such as 292 [233] and ones derived from 293and LAH [234]. 

Li+ 

“\- jH 

0 ‘*” OMe 

Me 
/ 

Q- 

0 
H2N 

Me 
\ 

292 293 

As in 1978, a rather large number of papers appeared in 1979 which discussed 

1,2- or 1,Gaddition reactions of organolithiums to a,E-unsaturated system. They 

included: 

a. 1,4-Addition of alkyl-. aryl- and 1,3-dithian-2-yllithiums to 294(R=H, 

Me,Ph) and a related u,B-unsaturated amide [235]. 

b. 1,2-Additions of alkyl- and acety’leniclithium reagents to sulfur-con- 

taining systems such as 295 [236] and 296 12371 as part of the synthesis 

of conjugated aldehydes _ 

-, .- ‘-‘-i___R 

0 P I 
/ 

.I!. ‘._.;;;;‘^I, SR 1. -;;__ /i- _S’ 6 

294 295 296 
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C. 

d. 

e. 

f. 

g- 

h. 

1. 

j. 

k. 

1. 

m. 

Il. 

0. 

P. 

1,2-Addition of p-tolyllithium to 6-methyl-3,5-heptadien-2-one in ether 

as part of a preparation of (*)-8-curcumene [238]. 

1,4-Addition of lithiocyanoenamines 297 to a variety of a,&unsaturated 

ketones in THF [239]. 

Kinet+cally controlled 1,4-additions of lithionitriles and -thio systems 

to cyclohexenone [240]. 

1,4-Addition of lithionitriles to a,&unsaturated aldehydes and imines 

[241]. 

Kinetic (1,2) versus thermodynamic (1,4) control in the additions of 

lithionitriles to :(,6-unsaturated aldehydes [242]. 

Temperature and solvent effects in the 1,2- versus 1.4-additions of’ 298 

to cycloal kenones [243]. 

Induced 1,baddition by HMPA of u-lithiothio ethers to =,&unsaturated 

aldehydes [244] and ketones [245]. 

Condensations of a variety of lithium carbanions stabilized by sulfur 

with cc,&unsaturated ketones [246,247]. 

1,4-Additions of sulfinates to a,@unsaturated ketones [248]. 

Reaction of sulfur-containing carbanions such as 299(n=1,2) with ethyl 

4-bromocrotonate to afford cyclopropanecarboxylates illustrated by 

300(n=l,2) [249]. 

PhS , CN 

‘I 
Li 

297 298 

Li 
wJ),p~ 

299 300 

1,4-Additions of aryllithiums with 301 as part of a synthesis of coumarins 

[250] _ 

1,4-Additions of lithium enolates to ct,e-unsaturated thioamides [251]. 

Formation of 5- and 6-membered rings by 1,4-addition of organolithiums 

to 302(n=2,3) [252]. 

Conjugate additions of a variety of enolates with phosphonate 303 [253, 

254]_ 
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307 302 303 

7. OTHER PHYSICAL-ORGANIC CHEMISTRY 

The ion pair equilibrium between the lithium and cesium salts of 9-t-butyl- 

fluorene and pentafluorobenzene has been studied in cyclohexylamine [255]. While 

the equilibrium has almost zero entropy for the cesium salts, a high entropy 

change of 27.5 e-u. has been found for the lithium derivatives. Both of the 

pentafluorophenyl systems exist primarily as contact ion pairs in this amine. 

The alkali derivatives of cyclohexylamine have also been employed to study the 

deuterium isotope exchange between molecular hydrogen and the parent amine, a 

very fast reaction even at -15" [256]_ Activation parameters and kinetic isotope 

effects are listed. 

The anoma7y in the acidities of nitroalkanes has been shown to be largely 

a consequence of earlier work done with protic solvents as evidenced in the 

reactions of substituted arylnitromethanes and alkali benzoates in DMSO at 25O 

[257]. The study demonstrated that ionization of such compounds is subject to 

a large kinetic solvent effect and that proton transfer is not accelerated by 

strong mesomeric electron-withdrawing groups to the extent expected from their 

effect on Ka. 

The influence of aromatic tertiary diamines 304-306 on the kinetics of 

polymerization of isoprene effected by n-butyllithium in hexane has been reported 

[258]. The initiation rate was found to increase in the order 304<305<<306 

which corresponds to the ability of the amines to complex with n-butyllithium. 

Another paper discussed activation of alkali hydriaes by cryptands in the forma- 

tion of enolates of cyclohexanone [259]. Such cryptands also activated the 

enolates to the point that they abstracted protons from the ethereal solvents_ 

NMe2 
I 

I 
NMe2 

NMe2 

NMe2 

304 305 306 
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312 313 

Nhile anion 314, prepared from the corresponding parent ethyl (allylthio)- 

acetate and LDA, underwent 2,3-sigmatropic rearrangement at -22” to afford 315, 

anions 316, 317, and 318 failed to do so even under forcing conditions (e.g., 50”) 

though double bond migration’was realized on 317 and 318 [265]. The S-methyl 

derivative of 317 was, though, converted by potassium t-butoxide to 319. The 

fa-ilure of certain of the cyclic systems to undergo the sigmatropic rearrangements 

is ascribed to “conformational and transannular destabilization of the necessary 

bicyclic transition states.” 

374 315 316 

317 318 319 

Alkylation of lithium derivative 320 by prenyl iodide has been shown to 

afford 321 and 322 [266]. Though 321 arises from an SN2 process, 322 is formed 

via prior alkylation at selenium to give ylide 323 followed by a 2,3-sigmatropic 

rearrangement. Other examples of similar reactions are presented. 
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2 SePh 
Ph 

f 
Li 
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SePh 
Ph / 

II 

ph iif sePh 

321 

Ph 

322 323 

The first example of the migration of an alkyl rather than aryl group has 

been recorded in a Truce-Smiles rearrangement [267]. Thus, treatment of 324 

with butyllithium at -78” gave 325 which rearranged upon reflux to yield, after 

hydrolysis, sulfinic acid 326. The results are explained by an electron trans- 

fer-radical anion pathway. 

324 325 326 

Several other papers were also concerned with electron transfer processes. 

Among the reactions occurring by intermediate radicals and radical anions were 

2-1 ithio-2-ni tropropane with 327 and 328(n=1,2) to afford coup1 ing products 

[268], 2-lithio-2-nitropropane with m-nitro-a,a-dichloro(bromo)toluene to give 

329 and 330 along with other products [269], and a variety of lithionitriles and 

-dithianes with 331(X=Cl,Br,N02) to yield dimers of the carbanions [270]. In 
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contrast to the above dimerizations, combination of a number of lithium acety- 

lides with 33l(X=Cl,N02) gave coupling products such as 332 by a non-radical chain 

mechanism [2701. Reagent 331 (X=Cl) has been shown to serve as a ketone equiva- 

lent since primary and secondary enolates combine with it to yield products of a 

controlled crossed aldol condensation [271]. For example, lithiocyclohexanone 

and 33l(X=Cl) afford, under photolysis. 333 and 334; the latter arises by elimin- 

ation of lithium nitrite from the former. Finally, phenylation of 335, pre- 

viously thought to be 9,10-diphenyl-lo-thiaanthracene, has been discussed [272]. 

0 cl- 02N *5(O),,Ph Q;.SYi;; 

i- i 

k. 

Q NO* 

327 

No2 

330 

328 

NO2 

329 

331 332 

333 334 335 



Strained cyclopropene 336 has been proposed as an intermediate 

tions of excess organolithiums with 337 to afford 338(R=Ph,n-Bu,Me) 

by deuteration [273]. 
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336 337 338 

The metalation of ethoxybenzene by ethyllithium-dS has been studied in an 

effort to ascertain which of several mechanisms may have been operating [274]. 

Interesting, while B-elimination was realized on 339, u-elimination was observed 

on 340. The major reaction on both 339 and 340, though, was o-metalation. 

Interesting reactions of 341 with ethylene and with itself are reported to yield 

ring-alkylated derivatives and 342, respectively_ 

339 340 

341 342 

A variety of products arising from selenophene 343 and butyl- and phenyl- 

lithium has been rationalized by initial attack directly on the selenium by the 

organolithium [275]. Other papers discussed the formation of cis-cyclooctene from 

carbanions derived from alkyl cyclooctyl thioethers 344 and butyllithium [276], 

new evidence using deuterium labeling that a fast and reversible transition be- 

tween betaines and oxaphosphetanes occurs in Wittig reactions [277], and stereo- 

selectivity in the reactions of dilithiocarboxylates and aldehydes [278,279]. 
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343 344 

Finally, in this section, the enthalpies of reaction for alkali cycloocta- 

tetraene dianions and sodioanthracene dianion with water have been measured cal- 

orimetrically [280]_ Other papers of interest included discussions of the volt- 

ammograms of lithiotriphenylmethanes in DME [281], conductivity studies of poly- 

butadienyl- and polyisoprenyllithium in THF and DME [282], and conductances of 

lithium picrate in P-butanone [283] and THF [284]. 

8. ADDITION AND SUBSTITUTION REACTIONS 

A. Alkyl-. Aryl-, Allyl-, Vinyl-, and Allenyllithiums 

Another method has been described for simple determination of organolithiums 

using 345 [285]_ The resulting crimson anion 346 is then titrated with s-butyl 

alcohol in xylene or benzoic acid in THF. 

Li+ 

Ph /-NY/ 
,_'._.,.." 

-Ph Ph' '.:APh 

345 346 

Tetralithio derivative C,Li4, prepared in 1978 from the photolysis of di- 

lithioacetylene. has been treated with methyl iodide to afford tetramethyltetra- 

hedrane (347) [286]. The authors believe the reaction represents a promising 

synthetic method for the synthesis of tetrahedrane derivatives. 

Me 

Me 

P?e 

347 
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Treatment of tetrabromide 348 with methyllithium has been shown to yield 

349 by regiospecific two-fold intramolecular carbene insertion [287]. The con- 

version is part of a convenient synthesis of heptalene. 

348 349 

In a related paper, the carbene (350) derived from 351, n-butyllithium, and 

potassium t-butoxide has been shown to undergo a stereospecific intramolecular 

1,4-addition to afford 1-methylbenzvalene (352) [288]. 

‘Cl 

le 
t 
Me 

350 351 352 

Alkenes may be prepared stereoselectively by the coupling of a variety of 

organolithiums with alkenyl halides in the presence of zerovalent palladium 

compounds [2891. For example, 353 with methyllithium in the presence of 354 

gives 355 (88%) with an isomeric purity of 99%. 

353 354 355 

Addition of methyllithium to 356(R=methoxyethoxymethoxy) has been found to 

yield 357 with >99X threo formation [290]. The system has been employed in the 
synthesis of maytansine. Similar addition of methyllithium to 358 has been em- 

ployed as a part of the synthesis of 1-formyl-2-methyl-3-alkylcyclopent-1-enes 

[291]. 
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356 357 358 

A full paper appeared in 1979 which described the preparation of dilithio- 

alkoxides and -amides 359(Y=O,N) by transmetalation of C-mercury reagents [292]. 

Condensations with a variety of electrophiles to afford 1,2- and 1,3-dials, 

1,2- and 1.3-amino alcohols, B-hydroxy and B-amino esters, and S-hydroxy- and 

6-aminosilanes are described_ 

YLi 

/’ “l/l ./-* 
R “‘Ii 

359 

Condensation of n-propyll i thium with hindered esters such as 360 has been 

shown to constitute an excellent method of dealkylation of such reagents to give 

the parent carboxylic acids [293]. Some of the reactions proceed by &elimina- 

tion while others occur by alkyl-oxygen cleavage. 

0 
.! -9 “_o. . . -’ ‘-...,_ 

-1 . 

f 

360 

Successive addition of two equivalents of an organometallic or one equivalent 

each of two different organometallics to cyanogen has been shown to afford mix- 

tures of glycinonitriles, ketones, imines, nitriles, and tertiary alcohols [294]. 

For example, cyanogen, n-butylmagnesium bromide, and phenyllithium give 361 (12%), 

362 (38%) , and 363 (50%). 
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As above, reaction of various organolithiums (RM) with iminoxy radical 364 

gives several products, the major ones of which are 365 and 366 [295]. Grignard 

reagents react similarly. 

n 
. 364 365 366 

\ -O- 
--h HN1. OR 

While treatment of 4-isopropylpyridine with n-butyl-, methyl-, or t-butyl- 

lithium affords mostly u-complex 367 as evidenced by ‘H-NMR and benzylation, the 

use of phenyllithium on this heterocycle gives about a l-8:1 mixture of 367(R=Ph) 

and metalated derivative 368 (2961. Similar additions were realized on 3-, 5-, 

6-, 7-, and 8-fluoroquinolines with n-butyllithium to yield 369 [297]. In con- 

trast, the use of LDA on the heterocycles resulted in the formation of derivatives 

ring-lithiated adjacent to the fluorine atoms. Both additions and metalations 

were also realized on 370 [298]. In another paper, metalation of 1,3-dimethyl- 

isoquinoline and its 6,7- dimethoxy derivative was reported to afford only the 

I-lithiomethyl derivatives 371(R=H,OMe) regardless of the choice of metalating 

agent [299]. Condensations of 371 with a variety of electrophiles are described. 

367 368 
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Treatment of trans-stilbene episulfoxide (372) with two equivalents of n- 

butyllithium to give trans-stilbene (97%), di-n-butyl sulfide (95E), and, after 

methylation, 373-374 has been ascribed to initial attack on the sulfur by the 

butyllithium [300]. Similar results but with lower yields were realized on 

cis-stilbene episulfoxide. 

Ph SOMe Ph 
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__i 

“..Ph SOMe 

372 373 374 

Chiral phosphinothioic acid derivatives such as 375 have been obtained from 

an unexpected P-O bond cleavage of 376 with phenyllithium [301]. The reaction 

occurs with retention of configuration at phosphorus_ 

375 376 

Ph 

x 

,\pme 

Me 

/P:+ 

he 

AcetyTation of 377, obtained from the bis(trimethylsily1) enol ether and 

methyllithium, has been shown to afford the novel ring-enlarged product 375 [302]. 

Alkoxides 379 and 380 are proposed as intermediates. 
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That perchlorate can act as an excellent leaving group during alkylations 

on silicon has been demonstrated by the rapid formation of 381 (7%:) from 382 

and 9-lithiofluorene [303]. In contrast, 381 was formed from the corresponding 

fluorosilane in a yield of only 25% after a 24 hour reflux period. The success- 

ful formation of a-halosilyl carbanion 383 by metalation of the parent compound 

by t-butyliithium in THF is ascribed to steric bulk. 

I ’ SiH 

381 382 383 

Ally1 amines such as 384 have been converted to dianions illustrated by 385 

by dimetalation with n-butyllithium-TMEDA [304]. Subsequent condensations of 

385 with electrophiles have given cyclic products 386(E=Me2Sn,t-13u2Sn,Me2Si, 

and PhP) _ 
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384 385 386 

Additional chemistry of Z-methylenallyl dianion (387) was described in 1979 

[3053 _ Thus, 387 was combined with aldehydes, ketones, ethylene oxide, and ally1 

chloride to give diadducts (49-762) and monoadducts 

respectively. Sequential addition of two different 

mixed diadduct failed. 

illustrated by 388 and 389, 

electrophiles to afford a 

OH ?H 
OH 

387 388 389 

Turning to aryllithiums, the belief that reaction of isoindolium salt 390 

with phenyllithium gives isoindole 391 has been confirmed by trapping the latter 

using the more reactive dienophile N-phenylmaleimide [306]. 

390 391 

Directed lithiation of a variety of aromatic compounds followed by condensa- 

tion with appropriate electrophiles has been utilized to synthesize several anthra- 

quinone natural products [307], dibenzoazepine systems 392(X=O,S,NH) 13081, pyra- 

noquinolines such as 393 [309], 3-phenylcoumarins and their benzo derivatives 

[310]. and 394 [311]_ 
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392 393 394 

Lithium reagent 395, prepared by metal-bromine exchange with butyll.ithium, 

has been combined with phosphorus oxychloride to afford the sterically crowded 

phosphinic chloride 396 and 2,4,7-tri-t-butylchlorobenzene [312]. 

395 396 

Several halo enaminones have been cyclized upon treatment with lithium 

diethylamide probably via benzyne intermediates [313]. The process is illustra- 

ted by the conversion of 397 to 398 which was, in turn, ultimately converted to 

y-lycorane. 

397 
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Phenyllithium has been found to react with oxaziridines 399(R=CMe3,S02Ph) 

to afford phenol and 400 [314]. In contrast, phenylmagnesium Br and 399 (R=CMe3) 

gave only biphenyl. Possible mechanisms for the transformations are discussed. 

399 400 

Aryl- and alkyllithiums combine with arylsulfonylacetylenes to yield higher 

acetylenes and arylsulfinate salts [315] 

402 (81%). 

so,/=$,-- Ph 

401 402 

For exampl e, 401 and phenyllithium give 

Ph . -.& ,,,, 

6-l-i thi o-2-bromopyri di ne (403) has been combined wi th methyl 2 ,&pyri di ne- 

dicarboxylate to afford 404 as part of the syntheses of Spiro and ketonic hetero- 

macrocycles [316]. Dilithiouridine 405, prepared by metalation of the parent 

compound with LDA, has been alkylated by alkyl halides to give 406(R=Me,Et,Pr,Bu) 

[317]. The products in such reactions were not contaminated by 5-, N3-, or 5'-O- 

alkyd derivatives. 

Li ,QLBr Br /Q,.l~j!_,Q 
Br 

0 0 

403 404 
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Poly(ferrocenylenes) 407 have been prepared from l,l’-dilithioferrocene 

chelated with TMEDA and 1 ,l ‘- diiodoferrocene [318]. Another paper discussed 

condensations of 408 and 409 with several derivatives of carboxylic acids and 

other electrophiles r3191. 

‘0 ‘\/ .- &+=J 
I 

Fe Fe 
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Li 
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Cr 

References p. 122 



64 

Cyclononatetraenes 410(M=Si,R=H; M=Ge,R=H; M=Sn,R=Me) have been synthesized 

from the corresponding lithio or potassio derivatives and appropriate halogen- 

containing compounds [320]_ The electrocyclic ring closures of 410 are discussed- 

410 

Selective desilylation of 411(n=1,2) by methyllithium to afford 412 followed 

by the addition of aldehydes and ketones to give 413 has been reported [321]. 

Similar desilylations with KF-18-crown-6 are described. 

OH 

s Si(GC),Sis zSi(GC),Li ISS(CEC) 
-t n R’ 

R 

411 412 413 

Additional chemistry of dilithiopropyne 414 was described in 1979 [322]. 

Thus, treatment of this dianion with n-butyl bromide followed by one equivalent 

of a second electrophile gives 415. Mono1 i thioacetyl enes have also been converted 

to 1-chloro derivatives [323] and highly branched alkynes [324]. 

Li 1 .:+ \ Li 

47-4 

Bu \___.* ---y 

415 

Finally, additional examples of condensations of 416 [326], 417 [326], and 

[327] with electrophiies k’ere reported last year. 
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B. Carbanions Stabilized by Carbonyls 

The relative reactivities of the two carbonyls of 419 towards nucleophiles 

has been studied [325]. Thus, while 419 gave 420 with vinyllithium, additions 

to the other carbonyl could not be effected by this or other related reagents. 

Instead, enolization was realized in several cases to afford species such as 
421 _ When 421 was generated 

obtained in high yield. 

from 422 and lithium ethoxyacetylene, 423 was 

0 

422 423 

420 421 

0 

Me0 

In the area of additions and substitutions involving enolates, unsyannetric- 

ally substituted 1,3-dicarbonyl compounds may be conveniently prepared by combina- 

tion of ketone and ester enolates with 424(R=benzyl,Et) L-3281. For example, 

lithioacetophenone and 424(R=benzyl) gives 425 (87-98%). The reactions obviously 

involve an interesting rearrangement of silyl group, presumably after loss of 

chloride ‘ion. 1,3-Diketones have also been prepared from ketone enolates and 
acyl cyanides [329]. For example, lithiocyclohexanone and butyryl cyanide 
yield 426 (94%). 
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424 425 426 

Simple additions of dilithio derivatives of o-hydroxyacetophenones (427, R 

and R’=H and/or OMe) to aliphatic ketones followed by acid-catalyzed cyclization 

has been shown to afford chromanones 428 (68-90%) [330]. An unrelated paper 

described a large number of condensations of ketone and aldehyde enolates with 

429 to give Mannich adducts [331]. 
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Me2N=CH2 X- 

4-Substituted pyridines such as 430 have been prepared in excellent yields 

by treatment of 431 with a variety of lithium ketone enolates [332]. The reac- 

tions proceed via 432 which are converted to 430 by refluxing in carbon tetra- 

chloride in the presence of azobis(isobutyronitrile). 

R R’ 
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R” 

0 0 

430 431 432 



Several ketone enol ates have been dichlorovinylated by trichloroethylene as 

i 11 ustrated by the conversion of 433 to 434 [3331. 
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Cl Me 

433 434 

Additional examples of intramolecular cyclizations of ketone enolates were 

described in 1979. Thus, 435 and LDA were shown to give 436 [334] while 437 with 

this base yielded cis and trans 438 [335]. Three diastereoisomers of 435 were 

also studied [334]. 

H 
0 

Q H 
0S02Ph 

435 436 

(CH213Br 

437 438 

4-Substituted cyclopentane-1,3-diones have been prepared directly by alkyla- 

tion of dilithio salts 439 [336]. P-Cyclopenten-l-ones such as 440 have been ob- 

tained by alkylation of ketone enolates with 441 followed by hydrolysis of the 

enol ether moiety and cyclization with sodium hydride [337]. Lithium enolates 

have also been converted to dihydroarene oxides by the use of 442 [338]. For 

example, lithiocyclohexanone and 442 afford 443. 
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Among the sulfenylations of ketone enolates reported in 1979 were the con- 

versions of 444 to 445 [339], 446 to 447 [340], and 448 to 449 [341]. Silyl 

enolate 450, obtained from-451 and chlorotrimethylsilane, has been found useful 

in the preparation of both 7- and 5-membered ring systems [342]. 

444 445 446(R=H) 
447(R=SPh) 

Me 

Me 

448 449 450 451 
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Lithiosodiomethyl acetoacetate (452) has been employed as part of the syn- 

thesis of luciferin [343] and of mokupalide [344]. The reactivity of 452 has been 

compared with a synthon of itself, namely 453 [345] _ The synthon has been found 

to be more selective than 452 and is particularly effective in the synthesis of 

cyclopentenones such as 454. 

Li \..> i)“\Me 

Na 

ZSiO OSiz 

2 . . ..-.&-JMe 

452 453 454 

Dilithium diester 455, prepared by metalation of the parent compound with 

LDA in THF/HMPA, has been combined with a, w-dihalides to afford annelated pro- 

ducts such as 456 [346]. Additional condensations of the related dilithio salt 

457 were also described [347]_ 

455 456 457 

Two-fold metalation of 458, prepared from :-menthol, has given enediolate 

459 [348]. Alkylation of this material afforded 460 with up to 50% enantiOmeriC 

excess _ 

OH 

458 459 
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460 

That anion 461 (R=H,CO,Me) is a masked acrylate system has been demonstrated 

by treatment with ethylene oxide or propylene oxide to afford 462 (R’=H,Me), 

pyrolysis of which gives methylene lactones 463 [349]. Acrylates 464 have been 

prepared from a similar retro Diels-Alder reaction of 465, synthesized by conden- 

sation of 466 with a variety of al kyl halides [350]. 

Me02C Li @o OR- 0 
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A C02Me 
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(cis and trans) 
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& / R 

CO2Me 
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R’ 
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R. 

463 

(cis and trans) 

I 
C02Me 

466 

Acrylates have also been obtained from certain ester enolates and 467(R=Ph, 

i-Pr) [351]. For example, lithioethyl isobutyrate and 467 give 468. In contrast, 

the condensation of less sterically demanding enolates (for example, lithioethyl 

acetate) with 467 affords cyclopropanes. Similar results were realized with 

lithionitriles. Another paper discussed the reactions of certain lithio enolates 

of diesters and S-ketoesters with 469-472 to yield unsaturated sulfinyl deriva- 

tives [352]. For example, 473 and 469 or 472 give cis- and trans-474. 
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8-Keto esters or acids have been prepared from lithioacetates and succinic 

anhydrides 13531, from 475 and acid chlorides [354], and from 476 and acid 

chlorides [355] _ 

Li 

Li02C ‘.C02Et ZSiO 2 CACO Se 
2 

475 476 

Silylated ketene acetals 477(X=OMe,0SiMe3,0Ph,SMe; R=Me,SiMe3), reagents 

useful for the preparation of a-hydroxy-, a-alkoxy-, and u-methylthioketones, 

have been obtained by silylation of enolates 478 [356]. An unrelated paper 

revealed that 479 has now been alkylated by a variety of alkyl halides [357]. 
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Me0 -' '. C02Me 

479 

he choice of metalating agent employed on certain alkynoic acids has been 

important in determining the nature of the products in subsequent alkyla- 

with alkyl halides and chlorotrimethylsilane [358-3611. Thus. silylation 

ithio-Z-butynoic acid, prepared by reaction of 480(R=Me) with butyllithium- 

and LDAeCuI, gave 481 and 482, respectively [358]. While similar treatment 

of 48O(R=Et, i-Pr) with butyllithium-TMEDA afforded cleavage products arising from 

attack at the carboxyl carbonyl group, the use of LDA promoted the formation of 

483 and 484 [359]. Interestingly, in a study of 485 and 486, while butyllithium- 

TMEDA caused the rearrangement of the lithio derivative of 485 to that of 486, 

the opposite was realizedwith LDA [360]. A fourth paper was concerned with LDA 

as a base, nucleophile, and electron transfer agent on derivatives of 480(R=Me) 

and related compounds [361]. 
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Other papers concerned with dilithiocarboxylates discussed the preparation 

of en01 ethers and ketene diphenyl acetals from 487 L-3621 and 488 [363], res- 

pectively, the use of 489 in the preparation of shihunine and dihydroshihunine 

C3641, and the effect of temperature upon alkylation of the dilithio derivative 

of 490 [365]. 

Li 

A 
P Li 

Ph-0 CO2Li 
Ph C02Li 

487 488 

cx Li 

C02Li 

489 490 

As part of the synthesis of cc,@-unsaturated y-butyrolactones, lactam 491 has 

been converted to 492 by LDA, chlorotrimethylsilane, and ketones, then isomerized 

to 493 by additional LDA [366]. A variety of aliphatic amides have been silyTated 

by chlorotrimethylsilane.lithium [367]. 

491 492 493 

1-Cyanocyclohexene has been lithiated by LDA in THF-HMPA, then alkylated to 

afford 494(R=Me,i-Pr,CH2=Cf~le2) [368]. Dinitriles 495(R,R’=H, aliphatic, aromatic) 

have similarly been metalated.then combined with 496 to give 497 [369]. Other 

lithionitriles have been combined with thirene l,l-dioxides to form products 

such as 498 and 499 [370] and with chromium complex 500 to yield adducts such 

as 501 [371]. 
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494 495 496 
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CJ -, c Me2 cl 

497 498 499 

500 501 

Anions 502 E372] and 503 [3731 have been combined with ketones to afford 

a-hydroxyketones 504 and adducts such as 505, respectively. The 1 atter materials 

provide a useful entry to cyclopentenones as illustrated by the conversion of 

505 to 506 by means of p-toluenesulfonic acid. Related anion 507 has been 

condensed with anhydrides to give B-ketonitriles [374]. 

Li+ OS iE 

OH 

502 503 504 
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505 506 507 

Lithio derivatives of a-aminonitriles have now been employed to introduce 

u-substituents in tertiary amines [375] and in the synthesis of enamines and 

dieneamines [376]. The first process is illustrated by the conversion of 508 to 

509 by LDA, then to 510 by benzaldehyde followed by sodium borohydride [375]. 

Intermediates for the above transformation are proposed and other examples are 

listed. In the second case, aminoni triles 511, obtained by alkylation of the 

carbanion, have been shown to undergo dehydrocyanation to affort 512 in refluxing 

toluene or benzene in the presence of KOH or potassium t-butoxide despite the 

fact that a-phenyl moieties are absent [376]. 

0 N i)< N 
I 

COPh COPh 

508 509 510 

R12N 
R” 

511 512 

C. Amines. Imines. Ethers, and Related Compounds 

(S)-Z-Methylcyclohexanone has been obtained in 95:: optical yield and 80% 

chemical yield by lithiation and methylation of polymer-supported imine 513 fol- 

lowed by hydrolysis [377]. Similar results were realized with the propyl deriva- 
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tive though the optical purity was less. Key steps in a new method of preparing 

alkaloids involved condensation of lithieenamine 514, obtained by addition of n- 

butyllithium to 515, with a bromoester, and reaction of 516 with a ketone [378]. 

A reagent related to 516, 517 has been employed in Horner-Wittig synthesis of 

enamines [379]. For example, 517 and benzophenone afford 5i8 (905). 4-substi- 

tuted 7,2-4H-diazepines (519,R=E) have been obtained from 519(R=H), LDA, and a 

variety of electrophiles [380] _ 

OMe 

513 

OMe 

OMe 

0 
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Ph 
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n-Bu 

c N\ PO(OEt)2 0 

Li Li 

0 0 

I I 

515 516 517 
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518 519 

As part of an unsuccessful synthesis of a bi(ZH-azirine) system, hydrazone 

520 has been lithiated by LDA then treated with copper(I) chloride and methyl 

iodide to give 521 [381]. In other papers, dilithiooximes have been condensed 

with epoxides to ultimately yield 1,4-diketones [382], and substituted -i- and 

Gketoaldehydes have been obtained from lithioimines and haloacetals [383]. 

520 521 

The reaction of 5-chloromethylisoxazoline 522 with organolithiums has been 

shown to afford cyclopropyl derivatives or unsaturated oximes illustrated by 523 

and 524, respectively [384]_ Thus, while 522 and n-butyllithium give mostly 524, 

this heterocycle and LOA-HMPA yields 523 exclusively. The related isoxazoline- 

5-one 525 has been converted to lithium derivative 526 by a variety of bases [385]. 

Condensation of 526 with a variety of electrophiles gives 527. Metalation and 

subsequent condensations of ethyloxazine 528werealso reported [386]. 

Ph a” PhG Ph c1+,l 

522 523 524 



525(R=H) 
526(R=Li) 
527(R=E) 

528 

Alkenes including terminal ones may be synthesized via a convenient alterna- 

tive to the Mittig reaction by condensation of lithiotosylhydrazones derived from 

aldehydes and non-stericilly hindered lithium reagents 529!G=S02R,CN) [387]_ 

For example. 530 and lithiodimethylsulfone afford 4-phenyl-l-butene (73%). Dilithio- 

tosyl hydrazones derived from ketones have been sul fenylated by dimethyl disulfide. 

reiithiated by n-butyllithium. and hydrolyzed to represent a one-pot, three-step, 

1,2-carbonyl transposition [388]. The process is illustrated by the sequence 

531->532----~533 _ Another paper disclosed that syn-dilithio derivatives of 

tosylhydrazones such as 534 are regiostable [389]. Decomposition of 534 leads 

exclusively to (Z)-2-lithio-2-octene. 
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Manipulations using lithio-N-nitrosamines as synthetically useful nucleophiles 

have been made safer by the disclosure that after completion of condensations with 

appropriate electrophiles, the nitroso group can be reduced completely by LAH in 

the same reaction pot [390]. The resulting hydrazine is then conveniently con- 

verted to the desired substituted amine by Raney nickel. 

Three more papers appeared last year which were concerned with the reactions 

of lithiated isocyanides. Thus, 535(R=Ph,H) and episulfides 536(R’,R”=H,aliphatic, 

CH(OEt)2) have been combined to ultimately give thiazines 537 [391]. 0-Tolyl 

isocyanide has been lithiated as in the past, then combined with certain esters 

to afford 538 or 539 upon subsequent treatment with copper(I) oxide and acid, 

respectively [392]. While cyclization of o-tolyl isocyanide by two equivalents 

of LDA followed by alkylation was previously reported to yield 1-alkylindoles 540, 

it has now been found that addition of magnesium iodide to the system prior to 

the al kyl ha1 ide results in the formation of 3-al kylindoles 541 13931. 

NC 

535 536 537 

538 

D. Carbanions Stabilized by Sulfur and Other Heavier Atoms 

Ketene thioacetals 542 have been synthesized from boron-sulfur substituted 

anions such as 543 and ketones [3941. 
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542 543 

The site of alkylation of lithioketene thioacetal 544 to afford 545 and/or 

546 has been studied in terms of the HSAB theory [395]. The authors found that 

the ratio of 545/546 increased with increasing hardness of the leaving group of 

the alkylating agent, that the hard electrophiles chlorotrimethylsilane and D20 

gave only 545, ai:d that 545 was usually trans. Exclusive v-allylation of non- 

arylated 544 was realized in the presence of copper(I) iodide-trimethyl phosphite 

[396]. 

544 545 546 

Ketene thioacetal 547, prepared from cyclohexanecarboxylic acid and Al(SPh)3, 

has been sulfenylated by s-butyllithium-TMEDA and diphenyl disulfide to afford 

548, subsequently converted to 549, then treated with n-butyllithium to give 550 

L-397-J. The more simple ketene thioacetal 551 has been combined with sulfur- 

stabilized anions such as 552 to yield cyclopropanone phenylthioketals such as 

553 [398]. Another paper described the conversion of 547 into 554 by lithium 

napththalenide followed by condensations with electrophiles 

Similar results with other ketene thioacetals are included. 

to afford 555 [399]. 
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550 551 552 

553 554 555 

A full paper appeared in 1979 which disclosed details of the conversion of 

::-hydroxybis(phenylthio)acetals 556, prepared in the usual manner, to simple ketones 

and .I-(phenylthio)ketones by trifluoroacetic acid and p-toluenesulfonic acid, 

respectively [400] _ Z-Substituted 2-buten-4-olides 557 have been prepared by 

condensation of 558 with aldehydes and ketones followed by elimination of the 

phenylsulfur moiety as its sulfoxide [401]. 

PhS OH 

> 

R 

PhS 

556 557 558 

Medium-sized rings 559(n=5-9) may now be synthesized in excellent yields by 

treatment of 560 with LDA to give 561 [402]. The rings 559 themselves are freed 

from the sulfoxides by reduction with aluminum amalgam. Similar results were 

obtained with the related sulfones and potassium t-butoxide. 
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559 560 561 

Sulfinylsulfones 562 have been metalated by n-butyllithium, then alkylated 

to afford 563 [403]. These carbanians have also been condensed with formaldehyde 

and secondary amines to yi-?ld Mannich adducts_ Similarly prepared and condensed 

were 564 [404] and 565 [405]_ The latter reagents are useful for the preparation 

of al lyl ic alcohols . Condensation of lithiomethyl aryl sulfones with chiral 

566 has afforded chiral agents 567 (97:; ee) [406]. 
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Alkenes have been prepared by reductive elimination of 568, prepared from 

569 and aldehydes and ketones [407]. In contrast, condensation of 570 with these 

electrophiles gives oxiranes (71-100::) [408]. 
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568 569 570 
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Two full papers discussed details about selenium stabilized carbanions. The 

first one described deprotonation of a variety of selenides by LDA and LiTMP and 

compared the kinetic acidities of selenides and sulfides [409]. For example, aryl 

methyl sulfides are kinetically about four times as acidic as the corresponding 

‘selenides. Surprisingly, the trimethylsilyl group reduces the kinetic acidity 

of ArSeCH2SiMe3 toward LiTMP but has the opposite effect towards LDA. Extensive 

examples of the condensations of cc-lithioselenides with aldehydes and ketones to 

afford S-hydroxy selenides are presented as well as their anti-reductive-elimina- 

tion to give olefins. The formation of alkenes by selenoxide syn-elimination is 

al so discussed_ The second paper devotes more attention to the preparation of 

a-lithioselenoxides and their condensations with aldehydes and ketones as wei1 

as al kyl halides and esters [470-j. The second paper assumes more importance 

when it is recalled that a-lithioselenoxides are more easily prepared than the 

a-lithioselenides by simple deprotonation. The preparation of ally1 alcohols, 

enones, and olefins from the selenium reagents are described. Other papers in 

this area describe a high yield synthesis of terminal alkenes from alkyl halides, 

RSeCH2Li, CH3S03F, and potassium t-butoxide where 571 is an intermediate [411], 

the use of 572 in the synthesis of epi-7-hydroxymyoporone where reagent 572 is 

equivalent to 573 [412], and conversion of the adducts derived from 574 and 

aldehydes to vinyl selenides, vinyl silanes, vinyl bromide, and others [413]. 
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Metalation of bisphosphane 575 followed by addition of chlorodimethylphos- 

phine has been shokin to yield 576 [474]. Metalation of the latter with t-butyl- 

Lithium folIowed by quaternization with three equivalents of methyl iodide has 

given 577, the first symmetrical resonance-stabilized phosphorus ylide derivative 
f415]. 

575 576 577 

Lithium phosphonate carbanions have been combined with elemental sulfur to 

afford :<-phosphoryl thiols such as 578 [416]. Related reagents such as 579 [417] 

and 58G [418,419] have been employed in the synthesis of enol ethers and macro- 

cycles, respectively. 
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Silyl enol ethers have been prepared from acylsilanes and certain organo- 

lithium reagents [42Oj. For example, 581 and a-lithioethyl phenyl sulfone afford 

582 via rearrangement of 583 to 584. A similar rearrangement of 585, prepared 

from the ally1 alcohol and butyllithium, to 586 also yielded silyl enol ethers 

[421]. Metalation of 587 by LDA provided an equilibrium mixture of 586 and 589 

which favored 588 when R was large (for example, isopropyl ) and at 25” [422]. 

Alkylation of the mixture (R=H,Me,Et,n-Hp,Ph) at 25” gave 590. 
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Silyl derivatives such as 591 have been obtained from 592 and CdC12 [423]. 

Alkenylpyridines 593 have been synthesized directly from 594 and aldehydes and 

ketones r424] _ 
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591 592 593 594 

A full paper described the preparation of ally1 tin compounds by Mittig 

reactions of 595, prepared by reaction of 596 with LDA or lithium bis(trimethyl- 

silyl)amide, but not pheriyllithium [425]. 

Ph3P --v Snz Ph3cNSn= I- 

595 596 

E. Polymerization 

Activation of n-butyllithium-promoted polymerization of ethylene by THEDA, 

tetraethylethylenediamine (TEEDA), and pentamethyldiethylenetriamine (PMDT) has 

been studied [426]. Consistent with the NtIR determination that the a-hydrogens 

of n-butyllithium are shifted more by TEEDA than the others, kinetics reveal the 

polymerization to be faster in the presence of this amine. 

The active centers in the anionic polymerization of isoprene have been studied 

in ethyl ether by the use of model compound 597 usinp UV and Nt!R spectroscopy [427]. 

The system shows a preference for the cis configuration though some trans structure 

is present with lithium as the counterion. The percentages of the 1,4- , 1,2-, 

and 3,4-isomers are shown as a function of the metallic cation. 

597 



A new N-lithium initiator, N-lithiomorpholine, has been found to polymerize 

1,3-butadiene but not isoprene [428]. Though this initiator afforded similar 

amounts of 1,2-content of the polybutadiene as obtained with lithium diethylamide, 

the percentage of such material was increased by the presence of alkali t-butoxides. 

The propagating species in the polymerization of l-phenyl-1,3-butadiene 

effected by n-butyllithium was concluded to be the 4,1-anion as evidenced by ‘3,_ 

and ‘H-NMR spectroscopy [429]. Lithiated 1-phenyl-Z-butene was used as a model 

compound. 

A note with reference to 32 earlier papers briefly discussed organodilithium 

initiators for polymerizations [430]. The authors concluded that the initiators 

must possess carbon-lithium bonds of equal reactivity, be completely soluble in 

hydrocarbon media, and must be able to initiate the polymerization quickly relative 

to the subsequent propagation step. Theysuggest that 598-600 and the difunctional 

adducts from 2,4-hexadiene isomers meet the above criteria_ Two other papers 

were also concerned with this area. While one indicated that 601 polymerized 

styrene [431], the other suggests that 599 may not be suitable as a catalyst 

because the dilithium adduct is not formed quantitatively from n-diisopropenyl- 

benzene and s-butyllithium [432]. 
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Other papers in this area were concerned with an NMR study of low-molecular 

weight stereoregular polymers of P-vinylpyridine prepared with 1 ithium salts as 

initiators in THF [433], the reactivity of monomers in the anionic copolymerization 

of cc-methylbenzyl methacrylate and trityl methacrylate effected by n-butyllithium 

[434], the equilibrium anionic polymerization of E-methoxycarbonylpropionaldehyde 

by mono!ithium benzophenone in THF [435], anionic block copolymerization of E- 

caprolactam [436], anionic polymerizations of 602 and 603 by n-butyllithium and 

other bases [437], and reaction of poly(dichlorophosphazene) (604) with phenyl- 

lithium to afford chain cleavage and chlorine substitution products [438]. 

9 Y [-N=P(C12)-]x 

602 603 604 

F. Carbenoids 

The formation of I<-lithiobenzyl chloride and bromide resurfaced in 1979 when 

it was shown that 605(X=Cl,Br) was obtained from benzyl chloride or bromide with 

a half equivalent of LDA [439]. Hhile similar results were realized with ally1 

bromide, such treatment of ally1 chloride with LDA followed by ally1 bromide gave 

606(X=Cl,Br) and 607. Another paper described condensations of ally1 system 

608(R=Me) with epoxides to afford vinyl epoxides [440]. For example, 608 and 

benzophenone yield 609 (71 iI)_ Ally1 system 608(R=Cl) has been combined with 

simple alkenes to give chlorovinylcyclopropanes 610(R’s=H or Me) [441]. 

605 606 607 
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R 6 Cl 
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608 609 610 

l,l-Dibromoalkyllithiums have been combined with aldehydes and ketones to 

afford ketones and homologues of ketones, respectively [442]. For example, 

benzaldehyde and 611 yields 612 (81::) and 613 (195). The addition of lithiodi- 

bromomenthane to a cyclopentanone was a key step in the synthesis of (k)-noot 

katone [443]. 

f3r 
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phk Ph A- 

Li 

611 612 613 

Cyclopropylamides 614(R=i-Pr,Me) have been obtained from the corresponding 

l,l-dibromo systems and methyllithium [444]. Trapping experiments with II20 and 

benzaldehyde as well as conversion to 615 are described. Carbenoids 616(R and 

R'=H, aliphatic, aromatic) ahve been converted to 617 by Eschenmoser's reagent, 

then to 61E by butyllithium and dimethyl carbonate, and finally to _;-methylene- 

lactones 619 by iodotrimethylsilane and heat [445]. 

614 615 616 



677 618 619 

As part of the study of the mechanism of the dimerization of bicyclo[3.1.0]- 

hex-1-ene, 620 has been converted to 621 by methyllithium [446]. 

Me 

620( X=Br) 
621 (X=Li ) 

Other papers in this area discussed alkylation of 1 ithiodichloromethane and 

the conversion of the alkylated derivatives to acetylenes by n-butyllithium [447], 

the formation and alkylations of silyl derivatives of lithiodichloromethanes such 

as 622 [448], and reactions of carbenoid 623 with 624 and with tetrachlorocyclo- 

propene [449]. 

Ph.. 

fa “‘*y:y:, s SiOS02CF3 

Li 

622 623 624 

9. LITHIUM ATE CONPLEXES 

A. Cuprates 

An article in Japanese described a variety of procedures for highly selective 

organic synthesis using ate complexes derived from lithium, copper, boron, aluminum, 

and palladium [450]. 
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A systematic study of the stereochemistry of cuprate addition to alkyicyclo- 

heptenones has been reported [451]. The best stereoselectivity was realized with 

lithium dimethylcuprate and 626, 627, and 630 to afford mostly trans adducts, 

with lithium di-t-butylcuprate and 625 and 628 to give mostly cis adducts, and 

with the latter cuprate and 629 to yield the trans product. 

0 

0 \ R 

625( R=Me) 
626(R=t-Bu) 

(-J Q 
R R 

627 ( R=Me) 629( R=Me) 
628(R=t-Bu) 630( R=t-Bu) 

Amino acetylene 631 has been found to be a convenient precursor for versatile 

mixed cuprates because of its commercial availability, the ease of work-up, and 

the fact that complexing agents are not necessary for cuprates derived from it 

such as 632 [452]. Thus, 632 adds to isophorone to afford 633 (52-58::). 
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631 632 633 

A large number of conjugate additions to i.S-unsaturated ketones by dialkyl- 

cuprates followed by the addition of aldehydes to give adducts such as 634 has 

been successful provfded the latter condensations are effected in the presence 

of zinc chloride [453]. 

R “’ OH 

634 
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The high stereoselectivity in the cyclopropyl ring opening of 635 by lithium 

dimethylcuprate to yield 636 has been interpreted in terms of a direct nucleophilic 

attack at the cyclopropyl carbon rather than via a radical anion process [454]. 

hdduct 637 arising from cor:jugate addition was also present as a product. Cyclo- 

propyl ring opening was also realized in the conversion of 638 to 639 by lithium 

dimethyTcuprate as part of the synthesis of dl-7,8-epialantolactone c455]. 

/ _-“= -a/ . Me 

0' ’ Me 

635 636 637 

\ Me 

0 Qr I . L . Me 

H ,‘. 

4 
H 

Me 

Me 

(-Jy+ m;-e 
CO$le 

Me 

638 639 

A simple route to 4-alkylcyclohexenols and -cycloheptenols has been achieved 

by condensation of cycloalkene epoxides with mixed alkylcyanocuprates 640, [456, 

457-j. For example, 640 and 641 at either -78” or 0” yields only 642. The above 

regioselective reactions coupled with hydroxyl directed epoxidations has pro- 

vided a general methodology for the functionalization of five carbon atoms of 

a six carbon unit [457]. 
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Regio- and stereospecific syntheses of llS-substituted-lg-norsteroids such 

as 644 have been achieved by treatment of epoxides such as 643 with cuprates 

[458]. Another paper described an SN’ anti process in the reaction of 645 with 

lithium di-n-butylcuprate to afford 646 and 647 [459]. Reactions of this cuprate 

with several al lyl ha1 ides are also discussed_ 

643 644 

645 646 647 

The imposition of a rigid conformation upon cyclohexenones by a lactone 

function has allowed steric control at the c-carbon in their reactions with 

cuprates [460]. For example, 648 and lithium dimethylcuprate give 649 (51::) 

and 650 (33::) _ The method has been used to prepare trans-fused ring systems. 

Interestingly, the amount of reductive cleavage observed is a function of the 

stereochemistry of the starting enone lactone since 651 and lithium dimethyl- 

cuprate yield 652 (60:;) (after treatment with diazomethane) and 653 (3-‘,) [461]. 

648 649 650 
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651 652 653 

Oxazolinones 654 have been synthesized from 655 and lithium phenyl- 

thio(alkyl)cuprates [462]. The oxazolinones can be conveniently converted to 

:-c_n-disubstituted T;-diketones. 

654 655 

Another paper appeared which describes a test to determine whether nucleo- 

philic additions occur by a single electron transfer pathway [463]. Thus, this 

mechanism is suggested to be in operation when the E- and Z-isomers of a chiral 

‘-: F-unsaturated ester give products of the same absolute configuration with -,c 

organometallics such as cuprates. 

Lithium dimethylcuprate has been added to a variety of cyclobutenyl esters 

as illustrated by the conversion of 656 to 657 [464]. Cuprates have also been 

added to enol phosphates of e-keto esters to afford 6-substituted cd,$unsaturated 

esters [465] _ For example, 658 and lithium dimethylcuprate give 65g_ 

OTBS \\ 

656 657 
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OPO(OEt)2 

&C02Me 
&C02He 

658 659 

Several papers were concerned with cuprates and halounsaturated carbonyl s 

and related compounds. Thus, while u-fluoro-o,6-unsaturtited carbonyls afford 

mixtures of 1,2- and 1,4-addition products, $-monosubstituted u-chloro-.:c,C-un- 

saturated ketones and esters give 1,4-adducts [466]. Reactions of lithium 

dimethylcuprate with sulfones 660 have been found to afford 661 (cis and trans) 

and/or 662 as a function of the stereochemistry of 660 and the halogen [467]. 

For example, cis and trans 660 (X=Br) give mostly 662 and 661 (trans), respective 

In contrast, cis and trans 660 (X=Cl) give mixtures of 661 (cis) and 662, and 661 

(trans), respectively. 

PhS02 PhSO2 
, Me 

PhS02 

The t-butyl group has been introduced indirectly onto 663 by addition- 

elimination of lithium dimethylcuprate to 664 to afford 665 followed by addition 

of another equivalent of the cuprate to yield the final product [468]. 

663 664 665 

1Y. 

Polymer supported cuprates have been obtained from polymer-bound iodo(tri- 

arylphosphine)copper and two equivalents of organolithiums [469]. Such cuprates 

have been utilized in alkylations and conjugate additions_ A major advantage of 

these systems is the fact that one or more equivalents of tertiary phosphine or 

phosphite is not necessary. 

References p_ 122 



96 

While primary neopentylic tosylate 666 and lithium diphenylcuprate afford 

667 by displacement, 666 and lithium dimethylcuprate yield 2,2-dimethylundecane 

by an unknown mechanism [470]. In contrast, secondary neopentylic tosylates 

such as 668 with either cuprate reagent give olefins such as 669 (77-805). 

Skel eta1 rearrangements are observed in such dehydrosul fonati ons when anti - 

eliminations are not possible. 

n-C9Hl9X OTs n-C9H19 XPh 

666 667 

n-CgHl g‘ 
/ 

‘i 

\ 

OTs 

n-Cf3H17 \- 

-$L 

668 669 

Z-Vinylcyciopropyl ketones 670 have been synthesized from cuprate 671 and 

acid chlorides 672 [471]. Ketones 670 proved to be useful intermediates in the 

preparation of Gcycloheptenones. 

670 671 672 

Acetoxyvinyl sulfides such as 673 have been combined with cuprates to afford 

coupled products illustrated by 674 (865) [472]. Products such as 674 may be 

conveniently converted to a variety of cyclopentene derivatives. Similar dis- 

placement of propargylic acetates with cuprates has been employed to prepare 

new allenic prostanoids as illustrated by the conversion of 675 to 676 [473]. 
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SPh SPh 

OAc 

673 

Ph 

674 

675 

OTHP 

676 

Treatment of cis-carbamate 677 with lithium dimethylcuprate has been shown 

to afford mostly 678 while the corresponding trans-carbamate gives mostly 679 

[474]. Such formal syn SN2 ’ reactions are possibly a consequence of a preferred 

concerted process perhaps occurring by an electron-transfer mechanism. Other 

esters includingformates, acetates, benzoates, EtOC02-, and Me(Ph)NC02- give 

mixtures of anti SN2’ and SN; products with this cuprate. 

~ocoNnph l.‘dkD “&& 
D r, ke 

677 678 679 



98 

Reaction of 680 (R and R’=H, aliphatic; n=l or 2) with RCuBr-NgX-LiBr 

followed by simple hydrolysis gives ct- or &allenic alcohols 681 (n=l or 2, 

respectively) (60-90::) [475]. Similar condensations of E-682 with such reagents 

yields 683 or 684 as a function of the size of R and R’ [476]. For example, 

683 is -obtained when R=H and R’=t-Bu while 684 is the sole product (mostly Z 

isomer) when R =t-Bu and R’=H_ 

R 

L’>. <(RCHZ’noH 

&(O)Me 

680 681 

RJ=-fR’ ;+A” ,_,/Ac;:, 
O(SO)Ple 

Chiral allenes 685 and 686 have been racemized by lithium di-n-butylcuprate 

in ether or THF at low temperature (-30”) persumably via radical anion inter- 

meidates [477]. Glhile 686 was also racemized by methylmagnesium iodide, it was 

unchanged by lithium aluminum hydride even after 17 hours. 

685 686 

Other aliphatic cuprates have been added to 1 ,l-disubstituted 1,2,3_butatrienes 

to afford mostly 687 [478], to acetylene to give I-dialkenylcuprates 688 [479], 

and to aziridines such as 689 to yield 690 [480]. 
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R” 
R’ 

R >‘= L + /=- CuLi 
R/ 

-2 

688 

F 02Et 

F 

A 
Ph- 

689 690 

Turning to allylic cuprates, lithium diallylcuprate has been found to add 

stereoselectively at -90” to 691 (R=n-Bu,Me) to afford 692 (100::) [481]. Mixtures 

of products were obtained at higher temperatures or when ally1 groups with addi- 

tional substituents were employed. Cuprates such as 693 have been added to certain 

cyclopentenones as part of the synthesis of prostaglandin analogs modified at 

the lo- and ll-positions [482]. 

R- =- C02Et R.v C02Et LiCu 
p-4 

. 

2 

691 692 693 

Conditions have been described for the alkylation of 688 where both alkenyl 

groups are used [483]. The success of the reactions is ascribed to the use of 

HMPA _ 

Full details were published in 1979 on the preparation, conjugate additions, 

and demasking of synthonic cuprates 694, 695, and 696 [484]. A comparison of the 

reactivities, stabilities, and demasking characteristics of the reagents is listed. 

Si: 
OEt 

_ CuLi 
- 2 

694 695 696 
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Certain prostaglandins continued to by synthesized using various cuprates. 

Thus, the preparation of prostaglandin-A2 [485], 9-deoxa-9,10-dehydroprostaglandin- 

D2 [486], and (i)-prostag7andin-F2a [487] utilized 697, 698, and 699, respectively. 

Reagent 697 has also been combined with an epoxybicyclo[3_2_0]heptanone [488]. 

Lieu/” - Pr 

7’ C5H’1 
OSiMe2-t-Bu 

697 698 

699 

Styrene and n-butyl acrylate have now been arylated by lithium and halomag- 

nesium diphenylcuprates in the presence of PdCl2 to afford trans-stiibene and 

butyl cinnamate, respectively [489]. 3-Substituted furans have been conveniently 

prepared from 700 and acid chlorides, ketones, alkyl halides, and epoxides [490]. 

- .-a -. CuLi 

/ \ 

- D- -2 

700 

Direct carbamoylations may now be effected by 701, prepared from 702 and 

carbon monoxide [491]. For example, 703 is obtained from 701 and ally1 bromide 

in yields of up to 76::. 

( Et2NCO)2CuLi (Etp) 2cuLi 

701 702 703 
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Several organocopper reagents themselves have been prepared using organo- 

lithiums. Among them were 704 [492], 705 [493], 706 [494], and 707 [495,496]. 

Subsequent condensations of most of the above are discussed. 

704 

N/cu 
II 
I 

0 
706 

I- -! 
‘7 
0 

t 

! i 
I’ -- '. 

. 

_ b 

1 

Me-CuBr 

Me2N Cu C I 
Me - 2 

705 

R' 

(RO)2P(O) A cu 

707 

6. Boron, Aluminum, and Silver 

Head-to-tail 1,5-dienes 708 (R and R'=Me or H) have been prepared from 709 

and ally1 halides 710 (X=Cl,Br) [497]. The ate complexes 709 were obtained from 

isopropylthioallyllithium and trialkylboranes. 

709 
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710 

Boron ate complexes 711, prepared from 712 and trialkylboranes, have been 

oxidized by hydrogen peroxide [498] or treated with HgC12 (or methyl fluorosul- 

fonate), then oxidized [499] to afford ketones or tertiary alcohols, respectively. 

For example, 712 (R=c:/clohexyl) with tricyclopentylborane gives 713 (78;;) and 

714 (67:J), respectiveiv. Other examples are listed including several with mixed 

trial kyl boranes. 

711 712 

713 714 

2-lithiofurans [500,501] and 2-lithio-N-methylpyrrole 55011 have been con- 

verted to P-alkyl derivatives by trialkylboranes and iodine [500] or N-chloro- 

succinimide [501]. Ate complexes 715 are intermediates. 

715 (X=0 or Ntle) 



103 

Reaction of LiCON-i-Pr2 with di-n-hexylbromoborane has been shown to afford 

cyclic products 716 and 717 [502]_ The crystal structure of 717, a compound 

resistant to oxidation by 50% hydrogen peroxide and base, is described. 

716 

Of the voluminous number of papers describing the use of complex borohydrides 

and aluminum hydrides, only a few are included here. Thus, [Co(CO)4]Li, 

[(C5H5)Mo(C0)3]Li, [Mn(C0)5]Li and [(C5H5)Fe(C0)2]Li have been conveniently pre- 

pared by reduction of the corresponding metal carbonyl dimers by LiEt3BH, 

Li-s-Bu3BH and K-s-Bu3BH [503]. The paper lists several condensations of each 

of the above anions. 

Lithium trialkylborohydrides may be obtained in quantitative yields from 

trial ky7 boranes and 1 i thium trimethoxyal uminohydride in THF [504] and trial kyl- 

boranes and lithium aluminum hydride-TED in ether [505]. Such borohydrides 

may be used directly in subsequent reactions without removal of the aluminum 

methoxide side products. Similar reactions of trialkylboranes with lithium 

tri-t-butoxyaluminohydride in THF result in conversion of the solvent to 1-butanol 

[506] _ However, the latter reactions can be effected in tetrahydropyran thus 

allowing the use of “B-NMR to follow such reactions. 

Asymmetric alkylations of benzaldehyde and acetophenone have been effected 

by lithium and sodium complexes 718 in which the R’ group contained (-)-N-methyl- 

ephedrin, (-)-quinine, and (+)-cinchronine [507]. 

R3A10R’ MS 

718 

Ate complexes such as 719 (R’=Me) have been found to transfer only the 

vinyl moiety to cyclopentenones in a 1,4-fashion [508]_ No 1,2-adducts were 

observed. This technique has been applied to the preparation of several prosta- 

glandins. Reagents 719 (R’=n-Bu) have also been combined with ally1 thiosulfonates 
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720 to give ally1 vinyl thioethers, precursors for the thio-Claisen rearrangement 

[SOS] - Chloroalanates 721, prepared by treatment of chloroacetylenes with lithium 

aluminum hydride, have been methanolyzed to yield (E)-1-chloro-l-alkenes [510]. 

R 
R Li+ 

\ 

AlH3 

R”. 
w 

SS02Ph 
L- Li+ 

-J;-(i-k) 
Cl 

I' 2 
R’ 

719 720 721 

Finally, alkylargentates 722 have been added to 723 (R’=Ph,cyclohexenyl) 

at low temperature to afford, after hydrolysis, 724 [511] _ Mixtures of 724 and 

their stereoisomers are obtained if the reaction mixtures are allowed to warm 

before hydrolysis _ 

R2AgMgX-2LiGr 

R’ 

R’/-+-CN \- --. ,_--I 

R-. 
\ 

‘CN 

722 723 724 

10. REDUCTIONS AND RADICAL IONS 

A large number of benzylsilanes have been converted to dihydro derivatives 

by lithium/ammonia/alcohol, then protodesilylated with aqueous hydrochloric acid 

to give olefins [512]. For example, 725 affords 726 (70!,), then 727 (98%) - 

m 0 
Sis 

725 726 727 



In contrast to ring opening with potassium in THF, lithium/ammonia/t-butyl 

alcohol reduction of triptycene has been shown to yield 728 accompanied by 729 

[5131_ Similar reductions of derivatives of this hydrocarbon are reported. 

105 

728 729 

Lithium/ammonia/methanol reduction of 730 using five equivalents of the 

metal affords 731 [514]. Similar reduction of 730 using only three equivalents 

of lithium gives 731 accompanied by 732, 733, and 734. Another paper described 

the preparation of 735 from the parent hydrocarbon and lithium/ammonia as part 

of the synthesis of metabol i tes of 7-methyl benz[a]anthracene [515]. 

L C02H 

SH 

/T \_ /-- C02H 

730 731 732 

733 734 735 

A very thorough paper discussed the chemistry of alkali metal adducts of 

u,C-unsaturated organosilanes obtained by reducticn of the parent compounds by 

lithium or potassium in donor solvents at -78” [516]. Among the compounds 

studied were vinyl-, phenyl-, allyl-, 1,3_alkadienyl-, 1-alkynyl-, and cyclo- 
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propylsilanes as well as triphenylvinyl derivatives 

tin. Reductions, bimolecular couplings, cleavages, 

described. 

of silicon, germanium, and 

and isomerizations are 

The reduction of camphor by lithium, sodium, and potassium in liquid ammonia 

has been reinvestigated and the ratio of epimeric alcohols found to be insensitive 

to the choice of metal [517]. Relative rates and yields in the reductions of 

several cyclohexanones and bicyclic ketones were determined both in the presence 

and absence of ethanol_ Thus, while the bicyclic ketones are reduced more rapidly 

than the cyclohexanones in the presence of this alcohol, the relative rates of 

the reductions are more nearly equal in its absence. Yields of alcohols and 

pinacols from reductions of pairs of such ketones are listed. Incidentally, 

pinacols are often the major product in the reactions of aryl ketones and alde- 

hydes with n-butyllithium in the presence of [Fe,S,(SPh),](n-Bu,N)2 or iron(II1) 

chloride [518]. 

Additional examples of the effect of different conditions upon the stereo- 

chemistry of the products in lithium/ammonia reductions of ketones have been 

described [519]. For example, 736 and 737 are obtained from 738 in such a 

reduction in a ratio of 1.2:1 when the addition of acid (NH4C1) is delayed. In 

contrast, the alcohols are obtained in a ratio of 1:5.6 when the acid is present 

throughout the reaction. 

Me Me 

736 737 738 

Ehile lithium/ammonia reduction of cis-739 followed by esterification with 

diazomethane affords equitorial 740, similar reaction of trans-741 unexpectedly 

gives axial 742 [520]_ Similar results were realized on other carboxylates, 

prepared in situ from esters, related to 739 and 741. The results are inter- 

preted in terms of chelation and steric effects_ 



i I 

739 

741 

740 

/ \I 
t--- 

- ---- - __ / 
4-----.__ 

I 

4 C02Ele 

Me 

742 

The amount of ketone obtained from lithium/ammonia reductions of a,5-un- 

satruated ketones may be increased by the presence of iron(II1) chloride [521]. 

For example, the amount of 743 in the reduction of 744 is increased from 60?- 

to 90:: by the use of this salt. 

743 744 

Several benzhydryl esters illustrated by the parent 745 have been converted 

to benzhydryl ketones such as 746 by the use of lithium naphthalenide in THF 

[522]. Another paper discussed the reductive cleavage of certain benzoate and 

pivalate esters of primary and secondary alcohols using lithium or sodium in 

liquid ammonia [523]. 

References p_ 122 
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Ph- 
i 

Ph 

745 746 

A full paper appeared in 1979 which discussed Elarkownikoff two-step lithia- 

tion of a-olefins involving addition of nercaptans to alkenes followed by re- 

duction of the resulting sulfides by lithium in THF or lithium naphthalenide 

[524]. The process is illustrated by the conversion of 1-heptene to 2-lithio- 

heptane (78%). 

k’hile keto triflate- 747 undergoes G-elimination of trifluoromethanesulfinic 

acid with LiTTrIP or potassium t-butoxide, it surprisingly is reduced by LDA to 

tive 748 apparently via 749 [525]. Ketone 748 was accompanied by a dimer. 

6Tf 

747 748 749 

Other papers in this area were concerned with reductions of cyanosulfonates 

and related compounds by lithium/ammonia or sodium naphthalenide to afford 

cycloalkenes stereoselectively [526], the conversion of 750 to 751 by lithium 

or sodium naphthalenide [527], and lithiun/methylanine reductions of carbox- 

amides to yield different products depending upon the order of addition of the 

reactants [528]. 

750 751 
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71. REACTIONS lrJITH INORGANIC AND ORGANOMETALLIC COMPCWNDS 

AS in the past, this section will be divided according to families from left 

to right in the periodic table except for an increasingly large number of com- 

pounds derived from Groups 1116, IVb, and/or Vb which will be presented between 

IIIb and IVb. 

Trimethylsilylmethyllithium has been combined with lutetium(II1) chloride 

in ether to afford 752 [529]. The latter compound decomposes slowly to give 

tetramethylsilane and 753. 

[(Me3SiCH2)4Lu][L .i (Et20)4 .I 

752 753 

l,l’-Di-n-butyluranocene has been prepared in 50:: yield from dilithium 

n-butylcyclooctatetraenide and uranium(IV) chloride in ether [530]. Six 

cyclopentadienyl derivatives of uranium(IV) have been obtained from organo- 

lithiums and uranium chlorides [531]. For example, two equivalents of 754 

and 755 yielded 756, a compound shown by ‘H-NMR spectroscopy to possess magnetic 

non-equivalence for the ring protons and the protons of the methyl groups. The 

latter has been ascribed to the prochirality of the uranium atom. Other com- 

pounds prepared using similar chemistry were 757 and 758 from the related 

chloro derivatives and methyllithium [532], and 759 from the corresponding di- 

chloride and t-butyllithium [533]. Several other methods for the synthesis of 

759 which do not involve organ01 ithium chemistry were also presented_ 

(C5H4-i-Pr)-Lii C5H5UC1 3 

754 755 756 

MeThCN(SiMe3)2]3 

757 758 759 

Addition of phenyllithium to 760 gives 761 which is decomposed at 120” 

for 30 min to afford benzyne complex 762 [534]. The niobium analogue of 762 

has been prepared similarly_ 
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C5Me5 
I 

C5Me5 

I 

C$!e5 

I 
Me-Ta-Cl Me-Ta 

Me' ' Me 

760 761 762 

Molybdenum complex 763 has been obtained from molybdenum(V) chloride and 

phenyllithium in ether [535]. The 'H-NMR spectrum of the compound obtained at 

low temperature is reported. Tetramesityl molybdenum compound 764 has similarly 

been prepared from molybdenum(II1) chloride and mesityllithium [536]. A full 

paper disclosed the details of the preparation of molybdenum-containing compounds 

such as 765 (R=CH2SiMe3, CH2Ph, Me) [537]. 

(C6H4)2Mo(C6H5Li-0C4Hlo)4 LiMo(C9H11)4 

763 764 

765 

Condensation of 1-lithiocyclopentene with the hexacarbonyls of chromium, 

molybdenum, and tungsten followed by triethyloxonium fluoroborate affords 

carbene complexes 766 via 767 [538]. Similar reaction of hexacarbonyltungsten 

with 763 (n=1,2,3) foilowed by methylation with methyl fluorosulfonate gives 

769 [539]. Methyllithium has been added to 770 to yield the binuclear complex, 

771 [540]. 

766 

768 769 
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EtOCHe=W( CO) 5 
i I 

(OC)41Wl(C0)4CHCH=CMe2 

770 771 

Several papers discussed the preparation of compounds containing multiple 

bonds between chromium, molybdenum, and tungsten. Thus, a series of a-alkyl 

complexes 772 (M=Mo,W; R=Me,Et,CH2CD3,n-Bu,i-Pr,CH2-t-Bu,CH2SiMe3, and t-Bu) 

have been prepared from the respective organolithiums and the dichloretetra- 

kis(dimethy7amino) derivatives [541]. Reactions of 772 with carbon dioxide and 

t-butyl alcohol are discussed. Quadruple bonds were the subject of the fol- 

lowing manuscripts, all full papers except for the first one which was a com- 

munication: Cr to Cr in a tetracarboxamidato compound [542], Cr to Cr and MO 

to MO in tetraacetanilido systems [543], Cr to Cr in a tetraamidinato compound 

[544], Cr to Cr and MO to MO in 1,3_diphenyltriazine complexes [545], MO to MO 

in [N-(2-pyridyl)acetamido-N,N']dimoTybdenum [546], and I-1 to W in a mixed ligand 

complex involving N,N'-diphenylacetamidinato and 2,4-dimethyl-6_hydroxypyrimidi- 

nato groups [547]. Crystallography data are reported for each of the compounds. 

772 

Condensations of LiN(SiMe3)2 with “active” manganese( II) chloride and r:li th 

ReOCl4 has afforded 773 15481 and 774 15491, respectively. Triacylmetalate 

dianions 775 have,been prepared from 776 (R=Ele,i-Pr.PhCH2. (CH2)n where n = 5 or 6) 

and two equivalents of methyllithium [550]. 

Mn[N(SiMe3)2](THF) ReO[N(SiMe3)2]3 

773 774 

[fac-(OC)3Re(RCO)(CH3CO)2]2-2Li+ RC(O)Re(CO), 

775 776 
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Formyl complexes 777 and 778 have been prepared by reduction of the fluoro- 

borate salts of the corresponding di- and mono-carbon monoxide derivatives, 

respectively using LiBHEtB [551]. Phenyllithium has been added to 779 to afford 

780 [552]. 

CP 
I 

ON 
/Re, 

A 

co 

H 0 

CP 
I 

ON 
,Re, 

I 

PPhB 

\ 
H 0 

CP 
I + pF6- 

CP 
I 

fJN/i;‘PPh3 0NARcPPh3 

CH2 Ph 

777 778 779 780 

Metalation of the parent metal hydrides with n-butyllithium-pentamethyl- 

diethylenetriamine(PMDT)has been shown to afford 781 and 782 [553]. Organo- 

metallic 781 has heen alkylated to give 733 (R=Et,Pr), and combined with 784 

(WPio.W) to yield mixed-metal bimetallic species. Another paper described the 

synthesis of 785 from manganese(I1) chloride and lithiopentamethylcyclopentadiene 

[554]. Oxidation of 785 by (Cp2Fe)+PF6- afforded 786, the first cationic deri- 

vative of such manganese metallocenes. 

Cp2ReLi - PHDT Cp2MoHLi - PtlDT 

781 782 

Cp2ReR 

783 

CpM( CO),Cl [ (rle5Cp) 2Kn]+PF6‘ 

7134 735 786 

Lithium acyltetracarbonylferrates have been arylated using diaryliodonium 

salts in THF-pentane to afford aryl ketones and aryl iodides [555]. X-ray 

diffraction studies on 787 with [Na(THF)J+, [(Ph3P)2N]+, and [Li(THF)3]+ 

counter ions have enabled a direct assessment of the type and extent of ion 

pairing of alkali metal ions with metal acyl carbonylate anions in the solid 

state [556] _ 
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Ethylene complex 788 [557] and 1,Scyclooctadiene (COD) complex 789 [558] 

have been obtained by treating ferrocene with ethylene and COD, respectively in 

the presence of lithium sand. Reaction of 788 with two equilvalents of COD 

affords 790 isolated as crystalline DNE and TMEDA salts [557]. 

CpFe(COD)Li (COD)2FeLi2 

788 789 790 

Condensation of 1 i thioferrocene with tri-n-butyl borane or boron trifl uoride 

gives 791 which, upon oxidation, yields the mixed valence zwitterion 792 [559]. 

Another paper discusses the conversion of OS~(CO),~ and other metal carbonyls to 

spectroscopically detectable formyl complexes [560]. 

Li+ Wd4- Fe+ B(Fc)3- 

791 792 

Acyl anions 793 (R=Me,Et,n-Pr,n-Bu,Ph) have been obtained by addition of 

organ01 ithiums to 794, then trapped with triethyloxonium fluoroborate or tetra- 

ethylammonium chloride [561]. 

OLi 

Co(CO)3GePh3 (OC)4CoGePh3 

793 794 

One of the products in the lithiation of 795 has been shown to be 796, where 

the C12H18 moiety is all-trans-1,5,9-cyclododecatriene [562]. Another paper 

discussed the preparation and chemistry of the “lithium hydride” complex 797 [563]. 
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C,2H,8Ni0 Ni(C,,H,,NiLi),(THF), (COD),_,NiLi,H,(THF)x 

795 796 797 

Several new methylidene trinickel cluster complexes illustrated by 798 

(R=t-Bu,SiMe3,etc_) have been prepared from nickelocene and organolithiums, and 

by reaction of 799 with n-butyllithium in the presence of nickelocene [564]. 

RCNi3Cp3 CpNi(CH2R)(PPh3) 

798 799 

Other papers in the nickel triad were concerned with reaction of Me5C5Li 

with Ni(CO), to afford [(Me5C5)Ni(C0)]2 [565], the preparation and characteriza- 

tion of monocyclopentadienyl mononeopentylidene complexes of niobium and tantalum 

[566], and a simple preparation of bis(tetraphenylcyclobutadienyl)nickel from 

Ph4C4NiBr2 and 1,2,3,4-tetraphenyl-1,4_dilithiobutadiene [567]. 

Organosilver(1) compounds have been stabilized by lithium bromide to such 

an extent that they have been added to conjugated enynes to afford allenes in 

synthetically useful yields [568]. Finally, in this portion, gold compounds 

RAuL, RAuL-LAuR. and AuR2Li have been obtained from ClAuL and organolithiums 

[569,570]. li'hile R was a fluoro- or poiyfluorophenyl group, L was PPh3, AsPh3 

and related materials. 

Mono-, bis-, and trisaminoboranes 800 (R=aryl; R'=Me,Ph,NMe2,NEt2; R"=Fle, 

Ph,NMe2, NEt2) have been prepared (60-70::) from the corresponding lithioamines 

and R'R"BX [571]. Similarly synthesized were 801 (R=SiMe3,t-Bu) from Me2S-BH2Br 

and LiNR(SiMe3) [572] and 802 from Me2BNFleLi and tin(I1) chloride [573]. A 

similar condensation of 803 with tin(I1) chloride, though, gave diazastannaboreti- 

dine 804. 

Ph /R 
"I 

BU 
I- lB/R' R(Me3Si)NBH2 Sn(NMe-BMe2)2 

\ 
R" 

800 801 802 
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Me3Si -N-BMe2 

tile 

Met/ - S,n - N - YMe 

Me8 - N - in - NMe 

ae 

803 804 

N-Lithiation of 805 with n-butyllithium followed by addition of 806 affords 

807 which itself, has been further metalated to give 808 [574]. Saits 809 [575] 

and 810 [576] have also been obtained by metalation of the parent compounds’_ 

Cyclizations using 810 and haloboranes to give products such as 811 are reported. 

Related heterocycles have also been obtained from 812, prepared by metalation of 

813 [576-j. 

+,NH2 

Me3P\ - 
BH3 

+,c1 
Me2P ,_ 

8H3 

+/N,+ 
Me2P 

I- 
p”e2 

BH3 BH3 

805 806 807 

+ ;H + 
Me2\; bl;p*e2 

Me IMe 

811 812 813 

Me3P 
//N\ 

PMe 
II 2 

CH2 
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Tri-t-butylsilylamine has been converted to N-methyl- and N,N-dimethyl 

derivatives by methyllithium and dimethyl sulfate [577]. Full papers described 

ring systems such as 814 [578], 215 [579], and 816 [580], prepared from appropriate 

N-lithio systems and halosilanes. 

P’ R R 
,N \ R” N, /N, _ 

R26’, N/S’ 
R12Si’ Si 

;I 
R” 

\N, \N,SiR’2 

R R 

814 815 816 

A full paper describing the conversion of systems such as 817 to 818 by 

n-butyllithium appeared in 1979 [581]. The preparation of several other silyl- 

methyl- [581] and silylaminophosphinimines [582] was discussed. 

[ (Me3Si ) 2NPMe3] I 

Me 

Me SiN=P-CH 3 SiMe 2 3 

Me 

817 818 

Related chemistry has been employed to prepare 819, a system consisting of 

two rotamers which have been resolved [583]. Finally, a large number of nitrogen- 

sulfur compounds have been obtained from 520 and SC12, S2C12, SOC12, S02C12. and 

(NSCl )3 [584]. For example, 820 and S2C1 2 gives 821_ 

Ph2CNLi 
Ph 

Y jN\ Ph 

Ph S-S\N&Ph 

819 820 821 
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Turning to Group IVb, metal-halogen exchange reactions on polychlorinated 

bis-silylmethyl systems with n-butyllithium have been effected regiospecifically 

at -100” [585]. For example, 822 and 823 yield 824 and 825, respectively as 

evidenced by subsequent methylation and silylation. An unrelated paper described 

silylations of trisyllithium (826) to afford 827 (R=Cl ,Me,OMe,Et) C5861. 

Cl Cl 
“‘\I’ 

( 
s’$ 

Cl Li 

X 
Cl 3Si sic1 

x 
3 c12si\/sic12 

Cl 3Si Sic1 3 

822 823 824 

825 826 827 

The silicon-carbon double bonded compound 828, postulated to be an inter- 

mediate in the photolysis of 829, has been trapped by methyllithium and methyl- 

magnesium bromide to give 830 and the corresponding m-isomer [587]. 

828 829 830 

1,4-Di-t-butylsilabenzene (831), prepared from 832 and LDIPA, has been 

trapped by a variety of 1.3-dienes [588]. 
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831 832 

1,4-Dil ithio-1,4_diphenylbutadiene has been combined with 833 to afford 

834 as part of a study about the double bond character of the Si=Si system [589]. 

The above di7ithio derivative has also been condensed with 835 to give 836 as 

part of a study of l,%sigmatropic migrations of the trimethylsilyl group from 

silicon to carbon [590]. Related cyclizations using 837 to prepare cyclic 

silanes [591] and yermanes [592] were also reported. A variety of plumboles 

derived from 838-840 have also been prepared [593]. 

Ff?ePhSi-SiPhMeF 

833 

’ ‘SiMe Me 3 

Ph 

/ SSMePh 

C 

I 
\ SiMePh 

Ph 

834 

Cl $leSi -SiKe3 

635 

Ph .OMe 

836 837 
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Li 

838 839 840 

Lithium tetrakis(trimethylsilyl)aluminate (841) has been obtained from 

chlorotrimethylsilane, aluminum, and lithium [594]. This reagent has been com- 

bined with zinc chloride and cadmium chloride to afford 842 (M=Zn,Cd) [595]_ 

LiA1(SiMe3)4 

841 

M( Si Me 3 ) 2 

842 

Finally, in this family, a variety of pentamethylcyclopentadienyltin com- 

pounds has been obtained from organolithiums and chlorostannanes [596]. 

In Group V, several lithioamides have been carbonylated by carbon monoxide 

to afford carbamoyllithiums [597] and N-lithio(alkyl)formamides [598]. For 

example, 843 gives 844 and, upon hydrolysis, 845. 

0 
! 

t-BuNDLi t-BuND?Li t-BuNHCD 

843 844 845 

Lithiophosphines have been combined with electrophiles as follows: lithiodi- 

methylphosphine with o-bromoanisole to yield 846 [599], lithiodi-t-butylphosphine 

with MC13 (M=Y,Ho,Cr,Tm,Yb.Lu) to afford 847 [600], and lithiodiphenylphosphine 

with 848 (M=Cr,Mo,W) to give 849 and methyldiphenylphosphine [601]. 

a OI*le 

'PMe2 

846 847 
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0 
Me R 

NC013 

Ph 

NW3 

848 849 

Reductive cleavage of bis(phosphines) such as 850 by lithium metal in THF 

has been shown to afford 851-853 and phenyllithium by fission of the P-C-P 

sequence rather than by elimination of a phenyl moiety as evidenced by trapping 

experiments with chlorotrimethylsilane [602]. Anion 852, also generated by 

metalation of the parent compound with n-butyllithium-TMEOA, has been found to 

react with chlorodialkylphosphanes to give products such as 854 which arise 

from the phosphorus rather than the carbon of 852 serving as the nucleophile 

[603] _ Another paper reported that ylides such as 854 slowly rearrange to 

tris(phosphineo)methanes such as 855 unless the R’ group is large (for example, 

t-butyl ) [604] _ A variety of other lithiomono-, bis- and tris(phosphino)methanes 

have also been obtained by direct metalation of the parent phosphines [605]. 

.A 
Ph,P 

L 
PPh2 Ph2PLi Ph2P zPPh 2 

850 851 852 

853 854 855 

Arsenic compound 856 has been obtained from the corresponding chloroarsane 

and lithiodiphenylmethane as a part of the synthesis of methylenearsane 857 [606]. 

Me Ph 

Ph 

857 
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P-Derivatization of phenyl phosphinic acid to give 858 has been achieved by 

alkylation of dilithio salt 859, obtained by simple metalation of the Parent 

compound by n-butyll i thium [607] _ 

0 

t! 
Ph’( ‘OH 

\R 

858 859 

Full details about the preparation of 860 and related compounds appeared in 

1979 [608] _ Dilithio derivative 861 has been shown to be a useful intermediate 

in the synthesis of 

derivatives [609] _ 

Me Me 

05 0 / 0 

P-Li 

0’ 
0 

\ 

9 Me -Fle 

860 

siliconates 862 as well as hypervalent sulfur and phosphorus 

F3c 

2 

F3 

0 

OLi 

Li 

F3C CF3 

* 

0 0 

/- ii - 

o/ 
0 Y! 

Y 
F3C CF3 

861 862 

Finally, lithium alkynolate 863, obtained from isoxazole 864 and n-butyl- 

lithium or lithium dialkylamides, has been found to react with electrophiles at 

carbon to afford products such as 865 [610]. Condensation of 863 with aldehydes 

and ketones gives 6-lactones _ 

_._._ 
( Ph-C=C-O)-Lit 

863 864 865 
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