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1.  PHYSICAL ORGANIC CHEMISTRY

An even larger number of papers appeared in 1978 than in 1977 which discussed
the acidities of a variety of active-hydrogen organic materials. Thus, the pKa of
hydrocarbon 1 has been found to be 15.45 using the cesium cyclohexylamide system with
compound 2 serving as a reference [1]. . The difference in the pKa of 1 and fluorene
itself is ascribed to about one-third polar and two-thirds conjugation effects.

The cesium system was also employed to determine the following pKa values: 3
(R = Me), 38.95 (a corrected value) [2]; 3 (R = Et), 38.8 [2]; 3 (R = i-Pr), 38.6 [2];
4, 33.5 [3]; 3 (R = CHzPh), 31.8 [3]; 9,10-dihydroanthracene, 30.3 [4];and 5, 34.1 [4].

Heavier alkali metals; Annual Survey covering the year 1977 see J. Organometal
Chem., Vol. 163 (1978) p. 1 - 16.
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Tritium quenching by titrated benzenesulfonic acid of eauilibrium mixtures of
phenylacetylenes and sodium methoxide in methanol has been employed to determine di-
rectly the acidity of the hydrocarbons [5]. The method gave pKa values for phenyl-
acetylene itself of 18.50 to 18.15 at temperatures of 0° and 25°, respectively. Such
values are compared to those obtained in cyclohexylamine (23.2) and DMSO (23.8). Aﬁf
other paper listed pKa values of a variety of acetylenes, RC=CH, in DMSO using dimsyi
ion as studied by dynamic ]H and ]30 NMR spectroscopy [6]. The following numbers
are provided: R = Ph, 22.6; R = MeOCHZ, 23.5; R = MeZNCHZ, 24.2; R=H, 25.5; R =
n-Bu, 26.7; R = Me, 27.4; and R = t-Bu, 27.6.

A series of full papers dealing with the acidities of carbon acids substituted
with carbonyls, nitro groups, and others appeared in 1978. First, the effect of sub--
stitution of methyl for hydrogen upon acidities has been divided into four categoriés:
1) acid-weakening hyperconjugative and polar methyl effects illustrated by formic
acid-acetic acid, 3-nitropropene-1-nitro-2-butene, and others; 2) acid-strengthening
hyperconjugative and polar methyl effects, e.g.., acetophenone-propiophenone, nitro--
methane-nitroethane, and others; 3) acid-weakening polar methyl effects illustrated
by methyl phenyl sulfone-ethyl phenyl sulfone, malononitrile-1,1-dicyancethane, and
others; and 4) acid-weakening steric methyl effects, e.g., 1-nitro-2-butene-4-nitro-
2-pentene and others [7]. The data are compared with data obtained from gas-phase
studies. Second, the equilibrium acidities of 25 nitroalkanes 6 (n = 1,2,3; G =
SOZPh, CN, SPh, OPh, etc.) have been ditermined and correlated with Taft o* constants
[8]. 1t is concluded that “although UCHzG (or o) constants give an approximate mea-
sure of polar effects, their size and sometimes even their relative order change as
the geometry of the system is changed." The other papers discuss both equilibrium
and kinetic acidies in terms of the substituent effects for 20 nitroalkanes [9],a
variety of C3—C8 and C]2 nitrocycloalkanes [10], and 3-nitropropene and certain de-
rivatives [11]. Changes in alkyl substitution of the nitroalkanes caused larger
effects in kinetic than in equilibrium acidities. A linear correlation between the
Hammett Y and the size of the a-phenyl effect has been realized in a related study
on the equilibrium acidites of 7 and 8 (G = Ph, N, COMe, NOZ) [12].
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The pKa values and oxidation potentials of 44 cyanoaldehydes, cyanoketones, cy-
anoesters, B-diketones, B-ketoaldehydes, and others have been determined [13]. A
correlation between the two values has been found for many of the compounds which
has enabled the authors to define a stability range of the carbanions in solution.

A Tinear correlation in the plot of the reported pKa values of 14 meta- and
para-substituted acetophenonesversus Hammett o constants with P = 3.5520.05 has been
realized [14]. Since only slightly greater deviations were found for the nine other
compounds studied, the authors conclude that o constants derived from benzoic acids
in water are applicable with remarkable precision for most acetophenones in DMSQ.*

Additional studies of the rates of hydrogen isotope exchange of several polycy-
clic ketones, effected by alkaii alkoxides or deuteroxide, were reported in 1978.
Thus, a kinetic selectivity of 290:1 has been ohserved in such exchange of the «-
diastereotopic protons of twistan-4-one (9) [15]. ]H NMR spectroscopy was employed
to determine that the more rapidly exchanging a-proton is the one with a dihedral
angle of 80° with the bridgehead proton at C-6. The results are ascribed to stereo-
electronic control. The rates and stereoselectivity of this exchange in ketones 10-
12 have been similarly studied using 2H NMR spectroscopy [16]. The presence of the
double bond in 10 has been found to enhance R-enolate formation and subsequent re-
arrangement to 11 and 12. The rates of both allylic and vinylic exchange are en-
hanced by the carbonyl groups. Finally, both the exo and endo a-protons of thio-
camphor (13) undergo more rapid exchange than those of camphor itself [17]. The
results are explained by a ground state effect and the ability of sulfur to support

a negative charge.
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A similar study of the kinetic acidity of the a-diastereotopic protons of sul=
fonium salts such as 14 and 15 has revealed that kHe/kHa for these compounds is 0.5%
~and 35, respectively [16]. The authors conclude that "the dependence of acidity on
geometrical factors is related to the reacting system ability to achieve a confor-
mation where the incipient Tone pair orbital at C, is either syn or anti aligned with
one of the vicinal bonds at sulfur.”
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Two other papers which deserve mention in this area discussed the stopped-flow
kinetics of proton transfer of cyclopentadiene derivatives [19], and the effects of
adjacent lone pairs in heteroaromatic systems applied to isotope exchange of ring
hydrogens in alkylimidazoles [20]. .

Turning to the area of spectroscopy, the use of 23Na NMR spectroscopy has been
reviewed [21]. In contrast to cations 16 and 17, iH and 13C NMR spectroscopy has
revealed that potassium salts 18 (R,R' = H and/or Me) in ammonia are planar species
[22]. MINDO/3 calculations on 18_(R = R' = H) indicated the planar form constituted
a shallow energy minimum.

16 17 18

]H NMR spectra of the 1-, 2, 3- and 4-methyl derivatives of 19, prepared from
20 and potassium amide in liquid ammonia, have been obtained to aid in the deter-
mination of the regioselectivities in such reactions [23]. It is believed that the
reactions first proceed via proton abstraction of a bridgehead proton.
Me Me

19 20
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The 1H NMR spectra of a variety of other carbanions have been recorded includ-
ing triptycene analog 21 [24], benzo systems 22 [25], 23 [26], and 24 [26], annu-

Tene 25 [27] including a discussion of its topomerization [28], and annulene 26 and
its methyl derivative [29].

22 23

NMR spectroscopy has been employed to verify the existence of o-adducts in the
reaction of certain nitrogenous heterocycles with potassium amide in liquid ammonia.
- The types of adducts observed included 27 from pyrimidines (]H NMR) [30], 28 from
triazines (]H and ]3C NMR) [31], and 29 and others from naphthyridines (]H and ]3C
NMR) [32,33]. '

t-Bu
X = OMe - -
CL WX H
NH, HoR = N NH,,
27 28 29 .

Other NMR studies have been concerned with the shape and inversion of allenic
anions derived from disubstituted adamantanes (]H NMR) [34], the detection of di-
alkali salts derived from carboxylic acids, esters, and ketones (]3C NMR) [35], the
structure of the tricoordinate hypervalent sulfuranide anion derived from 30 and
potassium hydride (lH NMR) [36], and ionic mobility and contact ion pairing in a
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perfluorosul fonate ionomer (23Na NMR) [37].

/_on

. 30

Reduction of bisphosphine 31 by sodium, potassium, or electrochemically has
been shown by ESR to afford radical anion 32 which, with further metal, gives radi-
cal trianion 33 [38,39]. The ESR spectrum of the latter compound is also described.
Attempts to oxidize 31 to the radical cation have been unsuccessful [39].

b = PM
Pite, Me,, e

pMe2 PMez ) pMez_I
3T 32 33

ESR and ENDOR spectra have been obtained for paracyclophanes 34 (X = 0,S) and
related ones possessing four benzene and four thiophene rings as well as their deu-
terated derivatives [40]. The hyperfine data are consistent with conformations which
should minimize deviations of the macrocyclic w~systems from planarity.

©
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ESR spectroscopy on the cis and trans isomers of 35 (G = H, CN, CHO, NOZ) has
been employed to study the conformational behavior of such compounds [41]. This
technique has revealed that the conformational rigidity of the radical anions is

greater than that of the corresponding diamagnetic compounds.

35

Proton hyperfine data have been obtained for the radical anions and cations of
pentalenes 36 (R = H, Me) [42] and compared with reexamined, higher resolution ESR
spectra of the radical anions and cations of 1,3,5-tri-t-butylpentalene [43]. A
simple MO model was employed to allow assignment of the coupling constants to pairs

of equivalent protons. R
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R
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36

A chapter from a symposium on organic free radicals dealing with the semidione
spin probe to study molecular rearrangements was published in 1978 [44]. Specific
papers dealing with this area discussed the preparation of 37 rather than its valence
isomer 38 by reduction of 39 and 40 and by oxidation of 41 [45], the presence of only
the more stable trans semidiones such as 42 {(Me = Li, Na, K) in the presence of cryp-
tands and crown ethers {46], and the existence of two types of ion pairs such as 43
and 44 as a function of cryptands [47]. Another paper described intramolecular
migration of the metal ion between the two carbonyl groups of 45 and the formation
of alkali cationic triple ions such as 46 [48]. The latter compounds afforded very
high resolution in their ESR spectra which was ascribed to their unusual thermal

stability.
0- 0
0” 0

37 38 39
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Other papers describing the results of investigations employing ESR spectro-
scopy were concerned with the blue solutions obtained from potassium, ammonia, and
18-crown-6 [49] and the radical anions of 47 and 48 [50].

HyS iH, F, iF,
H,S iH
47 48

That the disproportionation constant of sodium trans-stilbenide is about 100
times smaller than that of the cis-radical anion is due to release of steric strain
has been confirmed by the finding that the disproportionation constant of 49 is
similar to the former stilbenide as determined by UV spectroscopy [61]. This same
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type of spectroscopy was employed in the laser-pulse photolysis of sodium trans-stil-
bene dianion to afford, at least partially, sodium cis-stilbenide [52]. This com-
pound then reacts with the trans dianioﬁ to give.cis dianion and trans stilbenide;
the cis dianion then rapidly yields the trans dianion. |

SIS

Finally, in the area of spectroscopy, IR techniques have been applied to the de-
termination of the structure of potassium ethyl acetoacetate in the presence of a
cryptand [53]1, to ascertain the presence of three ion sites for NaCo(CO)4 in oxetane
[541, and to characterize the reaction products of alkali halide and cyanide with
ammonia in argon matrices [55].

Users of the 5-hexenyl probe for alkyl radical intermediates have been warned
that prototropic isomerization to afford T-propylallyl anions has been observed [56].
Thus, for example, 5-hexenyl chloride and cesium metal in ethers gives 50 and 51 in
combined yields of up to 69%.

= /\/\jv
IS N =z
50 ) 51

In an effort to establish the thermodynamic stability of 52 (R = sodium) rela-
tive to other (CH)Q' isomers, reduction of both 52 (R = I) and 53 by sodium in am-
monia gives hydrocarbon 52 (R = H) [57]. Since opposite isomerizations of carbon-
ium ions derived from systems related to 52 and 53 have also been realized, the two
carbon skeletons are interconvertible by merely controlling the formal charge on
the systems. .

=S £

52 53
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Sommelet-Hauser rearrangements have been successfully employed in the prepara-
tion of nicotine analogues [58]. For example, 54 and potassium t-butoxide gave 55
which was converted to 2-methylinicotine by LAH. Another paper revealed that [3,2]-
rather thaﬁ [1,2]-Stevens rearrangements of certain 2-alkenylquaternary ammonjum
salts can be obtained depending upon the choice of base [59]. For example, while
56 and dimsyl sodium affords only [3,2]-product 57, 56 and n-butyllithium give 57
as well as the [1,2]-products 58 and 59.

+ -
Me3 I
54 55 56
4451\\\T///\\\N BU\\\<§;;L\\1///,NMEZ BU\\\\4;5;\\\,//”\\\
Me2 NMe2
Bu
57 58 59

A large number of additional examples of the anionic oxy-Cope rearrangement
of alkoxides was reported in 1978. The substrates were derived from bicyclo[2.2.1]-
heptenes [60], bis-allylic tricyclo systems [61], medium ring systems [62], dienols
[63], and bicyclo[3.2.0]heptenes [64]. The process is illustrated by the conversion
of 60 to 61 and 62 to 63. Examples are described which include aromatic rings as
the olefinic component [60]. The dienols are conveniently converted to 1,6-dicar-

bonyl derivatives [63].
MeO OMe

’ Me0,
- 0 0OMe
- OH
_ I

60 61
: @::i:\‘\o
’ 2 OH
62

-63
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Three other papers deserve mention at this point. First, anion 64, prepared
from the ethyl carbamate and potassium amide in 1iquid ammonia, has been found to
isomerize to 65 at 0° [65]. Reversion of such isomerization by heat is described.
Secondly, treatment of oxime tosylates with potassium t-butoxide has been shown to
cause such systems to undergo intramolecular C-alkylation [66]. For example, 66
affords 67 apparently via 68. Finally, N-allylic imines and o,B-unsaturated imines
have been found to undergo facile prototropic isomerization to M-alkenylimines hy

- potassium t-butoxide [67]. The process is illustrated by the conversion of 69 to
70. The latter reagent and others are conveniently metalated by t-butyllithium.

Ph. Ph

L, ©)

K
64 65
HO
" | ¥
0S0,C;H; = oo
66 67 68

NG /(\/’\/P“

69 70

Kinetic studies reported in 1978 were concerned with the isomerization of cis,-
cis,cis,trans~[9]annulene anion 25 into the more thermodynamically stable all-cis-
{9]annulene anion [68], substituent effects on the reductive cleavage of N-methyl--
arenesulfonanilides by sodium anthracenide [69], differences in epoxide cleavage
rates by organoalkali salts as a function of the alkali cations [70], and the pro-
pagation step in the anionic polymerization 0f(methy1 methacrylate with cumylcesium
and a-methylstyrysodium [71]. An unrelated paper described a set of equilibrium
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constants for aldol condensations of several simple aldehydes and ketones [72].
Nucleophilic aromatic substitutions continued to be studied in 1978. Review

articles discussed the Sy(ANRORC) mechanism [73] and the SRN] mechanisms [74,75]

is such reactions.
The formation of side-product diketone 71 rather than the previously described

72 in the photostimulated reaction of 73 with iodobenzene has been ascribed to a
novel intermolecular hydrogen atom transfer between phenyl radicals and 73 [76].

0 0 o oK
71 72 73

Three full papers were concerned with photostimulated condensations of alkali
diethyl phosphite ion with aryl halides [77-79]. Thus, while m-bromoiodobenzene
gave mostly 74, m-chloroiodobenzene afforded 75 with 74 present in some but not all

reactions. Mechanistic aspacts are discussed.

@/P(O)(OEt)Z _@/P(o)(OEt)2
c1

P(O)(OEt)2
74 75

*Halogen derivatives of phenanthrene, naphthalene, and biphenyl have been con-
varted to phenyl selenide derivatives by alkali phenyl selenide in ammonia under
irradiation [80]. Dimsyl sodium has been phenylated similarly [81]. Incidentally,
photolysis of several resonance delocalized anions in DMSO in the presence of
catalytic amounts of iron(IIl} chloride have been found to yleld methylated deriva- _
tives of the anions [82]. For example, the 9-methylfluorene anion gave 9,9-dimethyl-
fluorene (76)(48%). Photocyclization of certain enclates of B-ketoesters has also
been describad [83].

Me Me
76
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A review appeared in 1978 which discussed nucleophilic displacement of
aromatic nitro groups [84].
One entire issue of The Journal of Physical Chemistry devoted to radical ions

was published in honor of Professor Michael Szwarc. The papers therein appropriate
for inclusion in this survey discussed solvation of the radical anion of 2-chloro-
quinone [85], the molecular and magnetic -structure of the paramagnetic ion pair of
bis(tetraglyme)potassium biphenyl [86], kinetics of protonation of potassium
anthracenide by ethanol in THF including the effect of crown ethers and cryptands
[87], competitive reaction modes of the 1,3-cyclohexadiene radical anion [88], EPR
studies of the formation of prcpanol solvated ion pairs of 2,5-di-t-butylbenzo-
quinone [89]. an experimental estimate of the lower bound on the energy separation
between the ground and first excited states of the p-xylene radical anion [90], ion-
pair formation in alkali metal salts of 1,2;semidiones [91], and picosecond time-
resolved spectroscopic study of solvated electron formation from the photoexcited
B-naphthoate ion [92].

Other papers in this section were concerned with a perturbational interpretation
of C-~versus QO-alkylation selectivity and electrophile leaving group effect [93]. the
interaction of carbanions with phenylchloroacetylene [94], a review of the use of
cryptates [95], enhanced reactivity of potassium t-butoxide towards electrophiles
by crown ethers [96], stereochemical control of Michael condensations by crown
ethers and cryptands {97], the effect of crown ethers on the reductive dimerization
of alkali derivatives of Schiff bases [98], the effect of poly{vinylmonobenzo-18-
crown-6) and other crown ethers on the reaction of sodium phenoxide with allyl
chloride [99], substituent effects on alkene-forming eliminations from carbanions
[100], a dispute about the source of hydrogen gas from the radical anions of certain
aromatic hydrocarbons and water [101,102], the-crystal and anion structure of sodium
cyanamide [103], and the chemistry of 2-methylpentadienyl- and 2,4-dimethylpentadienyl-
potassium, the first examples of U-shaped. through open-chain, organometallics [104].

2. SYNTHETIC ASPECTS

The synthesis of benzocyclopropenes has been reviewed [105].

Two more papers appeared in 1978 which discussed deprotonation-hydride elimina-
tion as a method of dehydrogenation [106,107]. For example, potassium fencholaté
(77) and fenchone (78) convert 79 to 80 (92%) after 30 hr.

oK H o

77 78
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Et Et

79 80

The rate of metalation of ethylbenzene with n-pentylsodium has been dramatically

increased by TMEDA to afford 81 (>95%) after only 1 hr. [108]. Similar enhanced
rates were also realized with this system on ferrocene to give mostly 82 (M=Na)
[109]. 1,1'-Dipotassioferrocene (82, M=K) has been obtained from ferrocene and
n-butylpotassium, prepared from potassium (-)(1R)-menthoxide and n-butyl1ithium

[110]. Ferrocenes containing up to eight metal atoms have been prepared using an

excess of n-butylpotassium.

Na
(D
Fe
81 82

Terminal alkenes may be conveniently isomerized to internal ones by treatment
with catalytic quantities of potassium 3-aminopropylamide in the parent amine [111].
For example, 83 is converted into 84 (>99.5% isomeric purity, optical yield > 99%).

QO

83 84

Lower molecular weight products 85-87 have been obtained from 88 and potassium-
benzylpotassium [112]. In each case, R=2-ethyl-T-hexyl. The catalytic activities
of related sodium and lithium systems are discussed. An unrelated paper discussed
the use of complex base systems NaNHZ-RONa in anionic polymerization where R = a

variety of alkyl groups [113].
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A convenient phosphorus expulsion reaction which allows for the formation of
heteroaryl-heteroaryl bonds has been described [114]. The process is illustrated
by the conversion of 89 to 90 by sodium ethoxide in toluene at 100°C. The paper
also describes the preparation of several such bipyridyls which comprise a portion
of macrocycles containing seven oxygen atoms as part of the ring systems.

89 90

Direct C-alkylations of aldehyde enolates, prepared from potassium hydride
in THF, have been effected in excellent yield [115]. For example, 91 affords 92

(942).
,/’//L\\\\,/’/—OK =
o \ . /‘<|/>/<
0

I 92

Cyclohexanone has been found to undergo mostly enolization rather than reduction
by sodium hydride in a variety of solvents and by potassium hydride in dioxane as
evidenced by silylation with chlorotrimethylsilane [116]. The latter base in THF
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has been employed to permethylate cyclic ketones (e.g., cyclohexanone yields 93)
using methyl iodide [117], and in 80% HMPA/THF to effect the conversion of 1,2-
adducts such as 94 to 1.,4-adducts such as 95 [118]. The latter procedure has been
employed as a portion of the synthesis of d,l-muscone. '

& 5O ¢

93 ' Y 95

yY-Alkylation of o,B-unsaturated ketones has been effected by the use of the
phenylsulfonyl moiety as a regiospecific control element [119]. Thus, for example,

methylation of enolate 96, prepared from 97 and sodium hydride in THF-HMPA, gave
‘mostly 98 (62%). Other examples are described. Another paper discussed conjugate

additions of ketone enolates to nitroenamines such as 99 as a means of extending

active hydrogen compounds by an even number of methylene groups [120].

0
SOZPh SOZPh
Na® *
36 97
0
~ Me, N \ \
‘SOZPh 2
98 99

Oxindoles and benzofurans have been synthesized by potassium hydride induced
B-elimination of the hetercatom bridge of certain 7-heterobicyclo[2.2.1]heptenes
[121]. The procedure is illustrated by the conversion of 100 to 101. Another paper
described displacement of the vinyl chloride of 102 by a variety of metal enolates
to afford products such as 183 [122].
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102 103

Alkyl nitration of carbanions using nitrate esters has been applied to aldimines
[123] and alkylphosphonate esters [124]. For example, 104, potassium amide, and
ethyl nitrate in ammonia gave 105. Deprotonation of hindered keteniminium -salt 106
with sodium bis{trimethylsilyl)amide has been reported to yield piperazine dimer
107 rather than desired aziridine 108 [125]. Potassium-graphite has been shown
to metalate imines and oxazine 109 in synthetically useful yields; [126]. Reactions
of potassium-graphite with alkyl halides to afford alkanes and with alcohols to
give alkoxides have been reported [127]. o

>\N/\ >\NH/\/ NO, \ :g;/__—_

050, F"
104 105 106
g 217
\y P
= [\\ [\\
107. 108 | 109
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Potassium t-butoxide-n-butyllithium-diisopropylamine has been found to
metalate nitrosamines more rapidly than Tithium diisopropylamide (LDIPA) [128].
Moreover, the resulting potassionitrosamines are more reactive than previously
described metal derivatfves of such compounds.

Vinyl sulfides such as 110 have been converted to acetylenes such as 111 by
potassium 3-aminopropylamide [129]. Vinyl ethers behave similarly.

___!~,J~rn-8u ::::////\\\\/,/*\\\¢//”\\\v//"

n-Pr———

T ~~spp

110 111

A full paper described the details about specific ortho functionalization of
aromatic amines via intramolecular rearrangement of ylides derived from azasulfonium
salts [130]. Among the many examples listed was the conversion of 112 to 113
effected by sodium methoxide. Similar rearrangements have been realized on
phenolic systems as illustrated by the preparation of 114 from 115 [131].

NH\\\+>///Ph . NH,,
\/
Ph
SPh
112 113
+
OH 0—
s
c1”
S
114 115

Intramolecular alkylations of haloalkyl phenylthioacetates such as 116, effected
by potass1um bis(trimethylsilyl)amide, have been employed to prepare macrolides such
as 117 [132].
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Epoxy sulfoximines 118 have been synthesized from 119, benzaldehyde or ketones,
and potassium t-butoxide in DMSO [133]. Sodio salt 120 has been condensed with
aliphatic and aryl nitriles to afford o-ketoesters and a-ketothioesters [134].

MeN<:>54;p ' MeN:§><£;p o SMe
Ph Ph/s\/ Na SOMe
118 119 120

Dimsyl anion has been added to 2-methylquinoline to give 121 [135] and with
122 to yield mostly 123 [136]. ’

N OMe
N\
0OMe

122 123

Bicyclo[1.1.1]pentane 124 has been obtained in quantitative yield from 125
and sodium amide [137]. Subsequent conversion of 124 to 126 by ruthenium dioxide/
sodium periodate (>85%) allows the synthesis of 2-substituted bicyclo[1.1.1]—
pentanes. :

References p. 133
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Ph  H Ph H CO,H
Ph

124 125 126

The scope and limitations of the reduction of carbonyl compounds by "NaH-t-
AmONa—Ni(OAc)Z" have been delineated in a full paper [138]. Other papers concerned
with reductions dazscribed the conversion of 4-phenylbenzoic acids to alcohols and
hydrocarbons by alkali metal-ammonia solutions [139] and the reduction of alkyl
esters to alkanes by sodium in HMPA [140].

Other papers in this area were concerned with the conversion of aryl halides
to arenes by sodium methoxide/Pd(PPh3)4 in DMF [141], the mild synthesis of phenyl-
sodium by interaction of 127 and sodium methoxide [142], the preparation of the
first example of a sulfurane with two apical nitrogen ligands, 128, from 129 and
potassium hydride [143], the synthesis of 130 from 131 and malononitrile {144],
alkoxy exchange and/or alcohol elimination in 8-oxocacetals by alkoxides [145],
and the preparation of C-fluorophosphaethyne (132) by treatment of triflucromethyl-
phosphine vapor. and potassium hydroxide {146].

wn
-y
i

N
pr Xy

127
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131 132

130

3. INORGANIC AND ORGANOMETALLIC COMPOUNDS

A gray powder obtained from praseodymium(IiI)ch]oride and potassium has been
found to convert cis,cis-1,5-cyclooctadiene to CBHBZ‘ f1471. Actinide complex 133
has been obtained from the reaction of tris{cyclopentadienyl)chlorouranium(IV) and
_dipotassium cyclooctatetraenide [148].

(Cp3U),Calig
133

-Stable o/mr-complex 134 has been prepared from peralkylated vanadocene bromide
and sodiomesitylacetylene [149]. The MS, 'H-NMR, and X-ray data for 134 are reported.
Anionic vanadium carbonyl hydride 135 has been synthesized from CpV(CO)4 and sodium
followed by water, then (Ph3P)2N+C1— {150]. Reagent 135 converts alkyl bromides
to alkanes and acid chlorides to aldehydes apparently via a radical chain mechanism.
Niobium~-containing reagent, CBHBNbC12~THF, prepared from niobium(V) chloride and
K2C8H8’ has been combined with cyclopentadienyl sodium to afford CpZNbCBH8 in which
the CSHB is bonded to the metal in an unusual dihapto mode [151]. Reduction of
tris{cyclooctatetraene)dititanium with potassium is suggested to afford 136 [152].

(CcMe Et) V-CEC-CeH Mey CpV(CO)gH
-+
(Ph4P )N

134 135
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66

136

Other "superreduced” organometallics, Na4M(CO)4, (M=Cr, Mo, W) have been prepared
by reduction of 137 using sodium in liquid ammonia [153]. The compounds have been
converted to 138 by chlorotriphenylstannane.

(TMEDA)M(CO)4 Naz[(Ph3Sn)2M(CO)4]

. 137 138

Quadruply bonded 139 (M=Mo,W) have been prepared by interaction of KZCSHS with
molybdenum(IV) and tungsten(IV) chlorides, then characterized by X-ray crystallography
[154]. Similar quadruple bonds have beer realized in condensations of 140 with
chromium and molybdenum acetates and hexacarbonyltungsten [155].

N
M,(CgHg)3
" 0
M
139 140

Certain transition metal anions have been found to add to thioketones in a
thiophilic fashion to afford fulvenes [156]. For example, Nan‘d(CO)3 and 141
gives 142. Similar results have been realized with related iron and molybdenum
species. In contrast, Nazwz(co)]0 and 141 yields 143 [157].

0 Me0

OMe

141 . 142
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Me0

MeO
143

The thionitrosyl functionality has bgen introduced directly into organometallic
complexes as illustrated by the preparation of 144 from NanCr(CO)3 and S3N3C13 [158].
Another paper described the synthesis of chelate 145 from NanMo(CO)3 and 146 [159].

+

1 -
CPCr(€0), (NS) CP(CO)ZNO\)N;T\ “1a MeN::<
Ph .

144 145 146

Other papers in this triad discussed the synthesis, structures, and reactions
of n?- and h?—derivatives of fluorenyl- and indenyl-transition metal complexes [160],
and the chemigal and electrochemical reduction of C7H8w(CO)3 f1617.

Metal carbonylate anions may now be conveniently prepared by reductive cleavage
of dinuclear carbonyls with potassium hydride in THF or HMPA/THF [162]. Such
reductions of [Mn(C0g)1,, [Co(C0),T,, [(PhsP)Co(CO)41,. [CpMo(CO),],. and [CpFe(CO),l,
afford KMn(CO)s, KCo(CO),» K(Ph3P)Co(C0)3, KCpMo(CO)3, and KCpFe(CO)Z, respectively.
Manganese arsenides 147 (R=Ph, OPh, Me, OMe) have been prepared from MepAsCl and
M{R;P)Mn(CO), [163].

R3P(CO)4MnAsMe2
147
Turning to the iron family, analytically pure KZFe(CO)4 may now be conveniently
prepared from pentacarbonyl iron and potassium tri-s-butylborohydride [164]. A

full paper described a detailed kinetic and mechanistic study of alkyl migration
reactions of RFe(C0)4M [1651. The acyl group has been implicated as the cation

References p. 133
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binding site in RC(0)Fe(CO),M. It is suggested that tight ion paired transition
states are more favorable tﬁan more dissociated ones in such alkyl migrations.
Condensations of NaZFe(C0)4 with phosgene [166] and chlorotrimethylgermane [167]
have been reported to afford Fe(C0)4(CS) and (Me3Ge)2Fe(C0)4, respectively. New
heterodinuclear complexes 148 (M=Cr, Mo, W) have been obtained from KzFe(CO)4 and
149 [168]. Full synthetic and mechanistic details of the reduction of the carbon-
carbon double bond of a variety of «,B-unsaturated carbonyl and related compounds
by NaHFez(CO)8 were disclosed in 1978 [169].

Tez

As\\ //AsMe2C1
(OC)4M\. //Fe(CO)3 (OC)4M

As AsMe2c1

i

He2

148 149

SeVera] additional condensations of CpFe(CO)zM were reported in 1978. Thus,
this species was combined with carbon dioxide to give [CpFe(CO)Z]2 [170], with
sulfur dioxide to afford CpFe(CO)ZS(OZ)Na [171], and with (PhO)ZCS to yield
szFeZ(CO)3(CS) [172].

Ruthenjum cluster H4Ru4(co)]2 has been sequentially ionized by potassium hydride
in THF to give mono-, di-. and tripotassio salts illustrated by 150 [173]. Half-
sandwich 151 (L and L' = phosphines) has been prepared from C6H6RuLC12, L', and
sodium naphthalenide [174]. The ruthenium atom of 151 is a nucleophile since it
undergoes methylation with methyl iodide.

+ =
2" H,Ru,(CO);,

150 151
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While NaCo(CO)4 combines with chlorsilanes in ether by nucleophilic attack
on silicon to afford species such as Me3SiCo(CO)4, similar reactions in THF give
acyltetracarbonylcobalt derivatives which have been trapped by triphenylphosphine
[175]. Finally, in the area of transition metals, palladium complex 152 has been
found to react with a series of soft nucleophiies (for example, sodiodimethyl
malonate) to yield 153 [176]. )

Nu

152 153

The previously described polyhedral nickle-boron cluster systems have been
extended to tetranickle species 154 and 155, prepared from NaB5H8, (Cp)zNi, and
sodium amalgam [177]. 'H- and *'B NMR spectra for both 154 and 155 are reported.
Biferracarboranes 156-158 have been obtained by sodium reduction of 159 followed
by treatment with cyclopentadienyl sodium [178].

(Cp)4Ni4B4H4 (Cp)4Ni4BSH5 (CpFe)ZCZBgHn
154 155 156
(CpFeCZBgH]]FeCZBgH]]) (CpFe)2C288H9(OH) CpFeCngHn

157 158 159

Di-ate complex 160 has been prepared from 1,4-diphenylbutadiyne, triethyl-
aluminum, and potassium [179]. Compound 160 is converted to 161 by chlorotrimethyl-
silane. THE

a4

2-
Ph A]Et3 Ph A]Et2
>:._.:< 2kt >’:“:_::<
Et3A1 Ph EtZAl Ph

THF

160 161
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The novel dialuminate 162 has been prepared in the reaction of tri-isobutyl-
aluminum with potassium in hexane [180]. Another paper reported the X-ray st}ucture
of bis(3,8-cis-cyclooctenyl)aluminate, synthesized from 1,3-cyclooctadiene, potassium;
and trimethylaluminum [181].

- . 2- +
[(1—C4H9)3A1—A1(1-C4H9)3] 2K
162

Reactions of trimethylstannylsodium with aryl halides to afford aryl tin systems
have been shown by kinetic studies, deuteration, and trapping experiments with 1,3-
diphenyl-T-propanone to proceed via nucleophilic displacement on halogen to give
arylsodium and tin halogen intermediates [182]. This same sodiotin reagent has
also been added in a 1,4-fashion to several a,B-unsaturated esters, ketones, and
nitriles [183].

In contrast to earlier reports, reaction of KHPPh with 1,2-dibromoethane has
been shown to give 163 [184]. Phosphides 164 (n=4, 3, 2) have been obtained by
ring cleavage of (t—BuP)4 by potassium in THF or dioxane [185]. Diazadiphosphetidines
165 have been prepared from (RZN)ZPCI and sodium bis{trimethylsilyl)amide [186].
Nortricyclene 166 has been synthesized from white phosphorus, Na/K alloy, and
dichlorodimethylsilane [187].

PhPH-PHPh Kz(t—BuP)n

163 164

R,N-P P-NR
2 2 MeSiMe
\/
) P-l—-P
SH \
p
165 166

Finally, the nitro group of a variety of tertiary and benzylic nitroparaffins
has been replaced by hydrogen using sodium methylmercaptide [188]. The reaction
proceeds via radical anion intermediates and is illustrated by the conversion of
167 to 168 (92%).
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