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1. PHYSICAL ORGANIC CHEMISTRY

The crystal structures of several organoalkalies have been determined by
X-ray diffraction. Thus, methylrubidium and methylcesijum, prepared from methyl-
Tithium and rubidium and cesium alkoxides, respectively, were shown to possess
hexagonal structures of the NiAs type [1]. The crystal structure of potassio-
ethyl acetoacetate complexed with 18-crown-6 indicated the presence of a distinci
molecule in which the cation is coordinated to the two oxygen atoms of the U-
shaped enolate and to the six oxygen atoms of the ether [2]. Sodiohexamethyl-
disilazane has been shown to exist in a polymeric arrangement of sodium and ni-
trogen atoms (1) [3]. Each of the above papers 1ists specific crystallographic
data.
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A Targe number of papers in 1977 were concerned with the acidities of car-
bon acids. First, a review article described a scale of absolute equilibrium
acidities of active hydrogen organics in DMSO [4]. Such acidities are compared
with apparent acidities in solvents of low dielectric constants, absolute acidi-
ties in water, and relative acidities in the gas phase. The effect of m- and p-
substituents of benzene derivatives upon acidity is discussed in terms of solva-
tion effects and the Hammett equation. The equilibrium acidities of PhCHZG (G =
CN, SOzPh, and other electron withdrawing groups) and PhZCHG have been compared
with those of the non-phenylated componds in DMSO [5]. The progressive decrease

*Annual Survey covering the year 1976 see J. Organometal. Chem.,
Vol. 143(1977)p.99-127.
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in the size of acid-strengthening effects by phenyl with a progressive increéase
in aeidity of the parent H3C6 has been ascribed fo 2 vesonance saturation effect,
a phenouenon beljeved To be general in chemistry. The importance in thess com-
pounds of steric inhibition to reserance and of the ratios of resaenance to potar
s¥fects is discussed, Similar results have been realized when the methyl group
of CH3£HZG nas been replaced by a thiophenyl substituent where steric inhibition
to resopance 1§ unimportant {6). 1t ¥s suggested that strong conjugative inters
actinns are prasent in carbanions stabilized not osly by sulfones but alse by sul-
foxide and sul¥ide moigties. Other compounds studied ju DUSD have included sib~
stituved toluenes and anilines [71, aViphatic carboxsmides [8], ecetylenes [2],
and disulfonylmethanes [10].

Metalations of & variety of polyarylmethanes by potassium hydride [11] and
potassium amida [12] in THF have been employed to ohtain gpparent pKe velues for
hydrogen and ammonia of 35.3:0.3 and 37:8:8.2, respectively.

The methyl ‘groups of rings A and B of protoporphyrin TV dimethyl ester (2, R
vinyl, B = 24} have been found to be acidic to sodium methoxide as evidenced by
deuteriuw sxchange [13}. As anticipated, the methylens protons adjacent to the
ssters also undergo such exchange. Interestingly, the methyl protons of 2 are net
exchanged when = ethyl instead af vinyl.

Y A

CH,CHy L0, CH, H,CH, 00,80,

Kinetic studies have been performed on a varisty of organcmetallic systems.
Thus, atkylations of sodio- and patassiodibenzoyimethides with methyl -todide in
BHS0 to atford 1.l-dibenzoylethane ave first order in sach veagent {14]. In
contrast, the use of dimethyl sulfate in DMSO to give 3 is first order in the at-
kylating agent but only 0.24 order in enolate, a result ascribed to substitutijoss
on resctive intermediste 4. Calorimetric heats of methylation of alkald dibenzoyl-~
methanas with methylflusrosulfonate in propylene carbonate and in THE are listed.
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1,4-Disodio-1,1,4,4-tetraphenylbutane (5) has been oxidized by perylene
and tetracene in an effort to Kinetically observe the conversion of radicail an-
ion 6 to 1,1-diphenylethene and the radical anions of the latter hydrocarbons
{15]. However, the desired reaction was not observed due to the rapid transforma-
tion of & into 1,i~diphenylethene and its radical anion without the intervention
of the perylene or the tetracene. On the other hand, flash photolysis of 5 was
shown to give 6 by electron photoejection [16]. Subsequent thermal or photolytic
decomposition of 6 into 1,1-diphenylethene and 1,1-diphenyletihene radical anion
is virtually completed within 100 usec.
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Because of a conflict between the kinetic conclusions and certain ESR spec-
tra, additional research has been performed on cis-stilbene radical anion in HMPA
[171. Using flash photolysis and pulse radiolysis, the authors conclude that cis-
species 7,8 and 9 are distinct compounds compared to the respective trans isomers.
The ESR spectrum of 8 is discussed. Optical spectra have been obtained for the
sodium salts of radical anions and dianions of 1.,2-diphenylcycloalkenes, compounds
vihich may be considered to be derivatives of cis~stilbene [18]. It was determined
that Kdispr for the radical anions of the cyclobutene, -pentene, and -hexene rings
is 0.15, 110, and 3000, respectively. The results are discussed in terms of steric

Ph o Ph ﬁw\:/‘*’_i : E\——/jn; Na*
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Kinetic studies have also been performed on the cleavage of picolyl- and
quinolylmethylsilanes by sodium methoxide and the rates correlated with the
acidity of the parent heterocycles [19], and on the oxidative-addition of alkyl
halides and tosylates to NaZFe(CO)4 to demonstrate two-electron, but not one-~
electron or radical chain mechanisms [20].

A large number of organometallic systems were studied by ESR spectroscopy.
Thus, a detailed study of the benzene radical aniaon has been effected as a func-
tion of solvent, temperature, and metallic cation (K, Rb, and Cs) [21]. The
authors propose a model for such compounds where the metal oscillates parallel
to the plane of the ring with an average position centered on the sixfold axis
of the benzene. The ESR spectrum of the benzene radical anion prepared from
finely divided cesium metal was also recorded by another set of workers who
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subsequently allowed their reaction mixture to warm from -70° to 5°C to afford
10 in good yields [22]. Similar results were realized with Cs/K/Na alloy on
both benzene and toluene.

10

ESR spectra have also been obtained on radical anions derived from t-butyl
substituted naphthalenes [23]1, naphthalenes and biphenyls with paraliel or crossed
triple bonds illustrated by 11 [24], several 2- and 4-nitrostilbenes [25], bis~
phenyl and fluorenone jon pairs [26]), 2,2'-binaphthyl [27], partially deuterated
phenylanthracenes [28], quadruple-layered [2.2]paracyciophanes [29], benzo[2.2]-
paracyclophane [30], [2.2](2,7)pyrenophane [31], several naphthalenophanes [30,
327, dihydropyridines [33], and certain substituted benzylidenemalononitriles
[34]. Radical 12 has been detected by ESR in the reaction of the corresponding
alkyl bromide with sodium naphthalene [35]. This work provides direct evidence
for the existence of radicals in reductions of alkyl halides by aromatic radical
anions. Incidentally, CIDNP has now been observed at high magnetic yields in re-
Tated reductions of strictly aliphatic halides with sodium naphthalene [36].

1 i2
Dark green dianion 13 and red tetraanion 14 have been obtained by reduction
of the parent hydrocarbon with appropriate amounts of Na/K alloy [37]1. The ]H
and 130 NMR spectra of 13 were consistent with the 20w electron structure shown,

not with an equilibrating restricted 14w electron system. Similar spectra of 14
could not be obtained due to poor solubility.

13 14



5

The ]H NMR spectra of 15 [38] and of certain potassioarylacetylenes [39]
as well as the ]30 NMR spectrum of the anion derived from 16 and Na/K alloy [40] have
also been reported. Though 17 has apparently been synthesized from the parent
tetraene and potassium in ammonia, its NMR spectra to date has been uncharacteriza-
ble [41].
+

15 16 17

In other papers, the disodium and dipotassium salts of cyclooctatetraene
dianion display an IR band in the 1300 cm_1 region ascribed to a carbon-carbon
stretching vibration [42]. The absorption spectrum of KAm(CBHB)2 from 19610 -
7530 cm_] has been reported [43]. )

Turning to mechanistic aspects, Z-1-alkylated propenes have been found to
undergo metalation at an allylic site more rapidiy than the corresponding E-iso-
mers regardless of which configuration of the resulting organometallic is thermo-
dynamically more stable [44]. For example, 18 is metalated 15 times faster than
19 by trimethylsilylpotassium.

18 19

An all-carbon 1,2-anionic rearrangement involving migration of sp3-hybridized
carbon atoms has been observed in the transformation of strained 20 to 21 by po-
tassium hydroxide [45]. Three possible mechanisms are discussed for the reaction
where 22 and 23 may be intermediates.
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The first example of an asymmetric induction in the transfer of chirality
from sulfur to carbon accompanying an intramolecuiar [1,4] rearrangement has
been discovered in the conversion of 24 to 25 via 26 [46]. In these compounds,
R = 2,5-xylyl.

H
HH H R
Ccl ci > Ccl
=
S
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R

+ x'

=t ¥

24 25 26

Dichloro-endo-alkoxybicyclics 27 (R = Me, Et) have been converted to exo-
bicyclics 28 by 1ithium/t-butyl alcohol/THF [47]. Based on deuterium quenching
experiments, radical anion 29 and dianion 30 are proposed as intermediates in
these unique reductions. An unrelated paper discussed the stereochemistry of
dissolving metal reductions of ketones in 1liquid ammonia [48].
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Wolff-Kishner conversions of 31 have been studied as a function of base,
solvent and temperature [49]. Thus, 31 with aqueous KOH in diethylene glycol
at 210° gives mostly the previously described 32 along with small amounts of
33. In contrast, 31 with t—C4H90K/t-C4H90H/DMSO at 74° affords only 33. Pyra-
zoline 34 was found to be an isolable intermediate in certain of these reactions
Another paper discussed the kinetics and activation parameters of this reaction
on benzophenone hydrazone in DMSO in the presence of various basic reagents [50]

NNH
:;;:jféi; | ijii g; iii:::fig; N
31 32 33

=N

34



7

Finally, several full papers described certain aspects of substitution

reactions of aryl halides. These included discussions about thermally in-

duced aromatic S reactions [51], photostimulated S reactions of haloben-
zenes with ketone %no]aues in DMSO [52] and with d1ethy} phosphite ion [53]1,
photostimulated S Spy. e ctions of halopyridines with ketone enolates [54], tele-

a
aminations of 8- ha]% 1,7-naphthyridines [55], and arynic and SN reactions of

polyhalobenzenes [56].

AR

2.  SYNTHETIC ASPECTS

The Ramberg-Backlund rearrangement [57] and the chemistry of phosphoryl-
stabilized anions [58] have been reviewed.

Functionalized spirocycles useful in the synthesis of spirovetivane ses-
quiterpenes have been synthesized from a-formylcycloalkanones and 35 [59]. The
procedure is illustrated by the reaction of 35 and 36 to afford 37 (40%).

0 C02Et
CHO
CO Et
Na
PPh 0

BF,~

35 36 37

Double chain extensions of «,8-unsaturated ketones have been described in
which chemistry is performed at both the carbonyl group and the Z-carbon atom
[60]. For example, methyl vinyl ketone and 38 give 39 which is converted to 40
by potassium diphenylsulfonium cyclopropylide; subsequent addition of sodium

methoxide yields 41.

K C0,-t-Bu 9
>< t-Bu0,C
B C02-t—Bu t-BuOZC
38 39
0
t-Bu0 Me0,C M
2 2 \/ T co,Me
t—BuOZC MeOZC
40 41

Tosylmethyl isocyanide (42) has been cycloadded to imines by potassium car-
bonate and sodium hydride to afford imidazoles 43 and 2-imidazolines 44. respec-
tively [61]. Condensations of 42 with ketones R2C0 in the presence of bases has
been shown to give cyanides RZCHCN [62].
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A variety of haloaryl enclates have been cyciized to six-, seven-, eight-,
and ten-membered rings by photostimulated SRN reactions [63]. The reactions
are illustrated by the conversion of 45 to 46 (42%).

. ~ “
o™ T {
0 Br 1].4 0~

45 46

Aryl halides have been directly converted to trimethylsilylbenzenes (63 -
92%) accom-anied by some reduced product (ArH) (26-4%) by hexamethyldisilazane
and bases in HMPA [64]. The authors speculate that the results are consistent
with an anionic or a radical process depending upon the halide and the base.

Two papers discussed novel Smiles rearrangements of phenol to aniline de-
rivatives by sodium hydride in HMPA or DMF [65,66]. For example, 47 affords
48 probably via 49 where R has been either electron donating or withdrawing
groups.

E@/%wg R S _ﬂ}i@

47 48 49

7-Methylpteridines 50 (G = OH and/or NHZ) containing an aromatic pyrazine
ring have been directly converted to alkylidene derivatives 51 by aldehydes am
aqueous/alcoholic sodium hydroxide [67].

Joro, Jorol_

Ar
50 51
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Practically pure monoalkylated derivatives accompanied by only small a-
mounts of diatkylated products have been cbtained from nitriles [68], esters
[68], and ketones [69] with alkyl halides and CgK or high surface sodium (HSS)
or potassium on charcol, graphite, or alumina. For example, B-tetralone, allyl
bromide, and HSS-graphite give 52 and 53 in yields of 90% and 10%, respectively
[69]. .Other papers disclosing heterogeneous organometallic chemistry were con-
cerned with the conversion of primary and secondary aliphatic nitro compounds
to aldehydes and ketones, respectively on dry silica gel impregnated with sodium
methoxide [70], and alkylations of certain nitrogen anions effected by "solid
HMPA" where P is a polymer of polystyrene-divinylbenzene [71].

\ /
0 0 e
® HoNR (NHe, )5
0
52 53 54

Complex reducing agents derived from sodium hydride, sodium alkoxides, and
nickel(II) acetate have been found to be capable of reducing enolizable ketones
to alcohols and alkenes and alkynes to alkanes [72]. Most of these reductions
proceed in excellent yields.

A variety of azatrienes derived from aldehydes have been cyclized to pyridine
derivatives by sodium-2,6-dimethyl-2,4-6-octatriene [73]. For example, 55 affords
56. In another paper, sodium has been found to dissovle in N,N-diethylacetamide,
N,N-dimethylpropanamide, and tetramethylurea to give blue solutions of varying
stability [74]. Similarly, Na-K alloy forms solutions in tetraethylurea, N,N-
dipropylacetamide, and N,N-dimethylpropanamide.

H‘“\x(ffli§§ N

| O

()

55 56

3. INORGANIC AND ORGANOMETALLIC COMPQUNDS

Certain olefins complexed with transition metals have been found to be
electrophiles towards carbanions derived from malonate esters. Thus, 57 [75],
58 [76], and 59 (G = OEt, R') [77] combine with such enolates to ultimately af-
ford species such as 60, often in high yields. The condensations of 59 occur
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stereospecifically at the w-carbon atom.

R\% R d/m

Fe(c0), c \NEt3

57 58

0
R
4 a7 ~0 ORI
OR'
Pd(Cl)2
59 60

Ethylene complexes 61 (M = W, Mo) have been condensed with alkali metal car
bonyl anijons to give bridged carbonyl species such as 62 [78]. Combination of
disodium tetracarbonyiferrate with alkyl halides (RX) and allenes have been showr
to yield «,3-unsaturated ketones such as 63 presumably via 64 [79].

(7-CeHe) (CO)3M(7r-C2H4)+ (-Cghg ) (CO) 3M(CH, ) ,Re(CO)
61 62
R
A\
) \/\o
63 64

Esters 6% -67 in which the aromatic rings are complexed with Cr(CO)3 are
rapidly and quantitatively stereospecifically alkylated by alkyl haides and
sodium hydride in DMF or under phase transfer conditions [80].

CO, Me
(C0)3Cr@/\ 2 @3
r(C0), 0 cr(Co)4

C02Me

65 66 67

Reaction of NaBSHB’ NaCSHS’ and iron(II) chloride has afforded 2-(n5—
CSHS)FeBSH10, a compound which is isocelectronic with ferrocene [81]. Similar
condensation of kBgHg and K(]-BrBSH7) with diphosphine complexes of nickel(II)
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halides has given ENi(u—B5H8)X(dppe)] and ENi(u-1—BrBsH7)X(dppe) where X = C1,

Br, or I and dppe = 1,2-bis(diphenylphosphino)ethane [82]. Carborane Megc488H8
has been reduced by sodium in THF to presumably afford (Me4C4BSH8)2" 2Na”; sub-
sequent addition of NaCSH5 and iron{II) chloride gives four isomers of (n5—05-

W Y Fa MAa M~ R I and AnAa
lls/zl Czl IC4\44U8([8 QAN Urnic
A quadruple bond between tungsten atoms has been reported in the air-stable

isomer of (n°-CHg)FeMe,C B Hy [83].
NZ(C8H8)3, prepared from WC1, and K,CgHg [8a]. é
Carbyne complexes 68 (M = Cr, Mo, W)} have been combined with sodium penta-
carbonylmanganese and -rhenium to afford dinuclear carbyne complexes 69 [85].
Carbyne 68 (M = W) and related compounds have also been condensed with 70 (M' =
Mo, W) [85] and with cyclopentadienylsodium [86] to give 71 and 72, respectively
Reagent 70 (M" = Cr, Mo, and W) itself has been combined with MeZBiBr to yield
73 and the related Bi-Br organometallic [87].

BrM(CO)4CPh (OC)SM'-M(CO)4CPh (CSHS)(CO)3M"Na
68 69 70
(CgHg) (CO)gM -4(C0),CPh  (CgHg) (TO),HCPh, [(CgH5}{C0) 3M" 1 Bilte
71 72 73
3-

"Super-reduced" carbonyl anions, M(CO)4 (M = Mn, Re) have been obtained
by reduction of HZ(CO)]0 and H(CG)5Na with sodium in HHMPA [88]1. Such anions,
which contain Mn and Re in their lowest known oxidation states, have been con-
densed with chloro derivatives of Group IV elements and of gold reagents to af-
ford organometallics such as 74, 75 (E = Ge, Sn, Ph), and 76. Another paper
suggests that reactions of M(CO)SNa with XM(CO)5 (M = "n, Re) and related elec-

trophiles to give metal-metal systems may involve radical anion intermediates

[89].
PhCHZ(CO)ZMn(CO)4— (R3E)2M(CO)4— (Ph3PAu)3M(CO)4
74 75 76

A novel synthesis of fulvenes such as 77 via desulphurization has been
realized in condensations of 78 with thioketones 79 [90]. Also in this triad,
Naz[Fe(CO)4] has been combined with mixed carbonyls 80 (n =1, m=2 orn =2,
m = 1) to afford the first examples of clusters 81 and 82 comprised of three
different transition metals [91].

s
r
— (CcHg)Fe(CO) Na Ar/u\Ar
\ r
77 78 79
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RunOSm(CO)12 HzFeRUOSZ(CO)13 H;F;du205(00)13
80 81 82

Highly reactive slurries of metallic Ni, Pd, and Pt have been generated by the
reduction of their dihalides by potassium metal in the presence of trialkyl- and
triphenylphosphines [92]. Such slurries have been employed to insert the above
metals into aryl-halide bonds to give species such as 83. Nickel dihalides or
halonitroso derivatives all complexed with triphenylphosphine have been reacted
with a variety of metal carbonyl systems to afford metal-metal complexes such as
84 and 85 [93].

PEt

I 3
CGFST_X ON(PPh3)2N1-C0(CO)4 ON(PPh3)2N1—Fe(CO)3NO
PEt3
83 84 85

A new class of organosilysodium reagents illustrated by 86 and 87 have
been prepared by cleavage of the corresponding disilanes by sodium methoxide
[94]. Reagents 86 and 87 undergo alkylation and arylation with appropriate
alkyl and aryl halides. Finally, alkylations of phosphide 88 with alkyl, allyl,
and benzyl iodides and bromides to give phosphines occur at least in part by a
radical process [95]. In contrast, 88 and alkyl chlorides react by an SN,

mechanism.
Me Me MeO Ma
~ _ - ~ .~
//,51\\\ //,51\\\ MeZPK
MeO Na MeO Na
86 87 88
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