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SUIARY,

The base~induced reactions of trimethyl-
silyldiazomethane and dinethyl phosphcnodiazonethgne
wvith carbonyl compounds to form the homologous
acetylenes are deScribed; the reactions are generally
applicable to the preparation of di-aryl écetylenes
and of certain aryl alkyl acetylenes,

The reaction of 14l '=carbonyl~di-inidazole
with hydroxy-carboxylic acids is discusseds
imidazolide formation occurs only with substrates
in which the hydroxyl function is Secondary.

The preparation and proporties of rolymer-

supported imidazolides are deseribeds such compounds

show lower reactivity than free imidazolides,
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" INTRODUCTION.



SILICON = ALIOST ORGANIC.

Over the past decade, the element Silicon has
experienced a remarkable change in its fortunes. It has
been wrenched from the hands of electronics manufacturers
and purveyors of "non-stick" frying-pans, and planted
firmly in the armoury of the synthetic organic chemist.

The basis of the synthetic utility of organosilicon
compounds lies in the nature of. the element Silicon itself:
As the most electropositive of the "non-metallic" elements
in the second row of the periodic table, its bords to the
more electronegative firsterow elements, Oxygen and Fluorine,
are stronger than the bonds of Carbon to these elements,
while its bonds to Carbon and FNitrogen are weaker than the
bonds of Carbon to these elements. This characteristic
gives rise to a wide range of thermodynamically-
favourable processes which make organosilicon compounds
useful in synthetic transformations.

The second property of Silicon is that it possesses
a set of vacant d-orbitals of suitable energy for back-
bonding with a filled 2p orbital on an adjacent atom of
a first-row element. This enables Silicon to stabilise an
ad jacent carbanion, and opens up a further series of
potentially useful symthetic routes. |

One very important consequence of these properties
is the comparative ease with which a silyl substituent on
a Carbon framework can be removed. As an electropositive
elenent, Silicon is susceptible to attaeck by a nucleophile;
moreover, bonding by the nucleophile through the vacant

d-orbitals of Silicon can commence before the Silicon=-
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Carbon bond is broken. In gene?al, removal of a silyl
substituent can be effected by nucleophilic displacement
uznder fairly mild conditions, provided that the Carbon
fragment expelled is a good leaving group (SCEE(T 1).

TN echaracter of the Silicon=-Carhon bond,

The Rcharacter of the Silicon-Carbon bond has
been a matter of controversy for many years, but it is
now generally accepted that such character does exist.
Numerous studies of bond«lengthé, dipole moments’, n.m.T.
spectrd,‘d@;spectré,i;n spectraﬁ Raman spectfﬁ,z&olecular
orbital studieg and chenmical behavioufﬂaf organosilicon
compeounds have supvorted this counclusion.

Ab-initio SCF=-MO calculationus have been carried
out’ for ethylene, vinyl silane and allyl silane, both
with and without the inclusiom of Siliceon d-orbitals in
the basis set. Inclusion of d-orbitals wes found to give
a better interpretation of the photo-electron spectra of
the silanes, particularly in the case of vinyl silane.

Silicon analogues of unsaturated compounds have
been prepared by thermolytig or photolytiélcleavage of
sila~cyclobutanes (SCHEIE 2), The Silicon-Carbon bonds
in these compounds have a high degree of dipolar character,
as demonstrated by their abilit&zto cleave the very strong
Silicon~Fluorine bond, a property restricted to strongly
nucleophilic reagents (SCHIME 3). Such compounds also
react with aldehydes and ketoneéi Hon~enolisable ketones
are transformed intoc 1,1 disubstituted alkenes, in a
process analogous to the Wittig reaction (SCHELE 4),
vhile enolisable ketones aTe convertedlto their

trialkylsilyl-enocl ethers (SCEENE 5).
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3.

. Carbornium=-ion sitabilisation by afg—gilyl substituent.

(): in electrophilic substitution of aryl-, vinyl-

and allyvl-silanes.

Early studies of organosilicon compounds were
concerned primarily with the inductive effect of a silyl
substituent, particularly in the aromatic series. It was
socn discovered that a silyl substituent oun an aromatic
ring exerted a powerful activating effect in electrophilic
substitution. Horeover, substitution took place at the
site of the silyl group, which was displaced in the
course of the reaction. Thus, for example, trimethylsilyl-
benzene was converted to nitrobenzenebunder nild nitrating
conditions, under vhich benzene itself could not be nitrated.
Similarly, 3=methyl trimethylsilyl benzene was converted
to 3-methyl nitro-benzene, ggiggsﬁbstitution occurring
despite the presence of the ortho/pare-directing methyl
substituent (SCEEME 6)".

Following these investigations, it was discovered
that triethylsilyl- benzenme was hydrolysed to benzeme Dby
dilute aqueous acid at a rate 104 times faster than the

corresponding hydrolysis of E-heptylnbenzenét The
explanation proposed was thalt the intermediate carbonium
ion ) formed in the rate-determining step is stabilised
by the f-silyl substituent, and thus is formed much more
rapidly than the correspondingf%-(3—heptyl)-carbonium
jon 2 (SCHEME 7).

This ability of a Carbon~Silicon bond to stabilise
a carborium ion ﬁ to it is now well undersfood. The same
effect is seen in the electrophilic substitution of

benzyl=-trimethylsilane, which takes place much more
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rapidly than the substitution of toluene under the same

conditions, and in whieh ortho/para-direction is observed.
iig and iiﬁg MR studies have been performed of a variety
of phenyl- and benzylesilanes PhX and PhCHpX (X = SiRR'R"
where R, R'y, R' are alkyl-, alkoxyl=~ or halidef.'The
results show aﬁproximately constant differences in the
chemical shift of the ring-Carbon atom para- to the
substituent between the two series of compounds, with
greater charge-density in the riug in the benzyl series

.

than in the phenyl series. Similarly, a linear correlation

Ezﬁi chemical shifts in PhX and

is observed between
PhCHéX where the silyl group X is the same in both cases,
These results agree well with the electron-accepting
properties of an K(=-silyl substituent, compared with the
electron-releasing ability of a ﬁmsilyl substituent.

Effects similar to these described above are alsc
observed in the substitubtion of trimethylsilyl-substituted
benzoic acidg and benzcyclobuteneg, and in Priedel-Crafis
acylation of trimethylsilyl-substituted benzenes.

The aliphatic Friedel=-Crafis acylation of alkenes
can also be controlled by introduotion‘of a silyl
substituent. Thus, acetylation of the silylated eyclohexenes

3 and 4 occurs exclusively at the site of the
trimethylsilyl group (SCHENE s)zf> |

Vinyl-silanes readily undergo electrophilic
subsfitution. Thus, B-trimethylsilyl-styrene can be

brominateglor deuterateézin a_stereospecific manner

(SCERME 9). In these reactions, the silyl group
istabilises the devéloping carboﬁiﬁm—ion in a "bridging"r
manner, and therefore the stereochemistry of the original

vinyl silane is preserved in the producte.
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These reactions of vinyl-silanes'can Le summarised by the
proecess shown in SCHIUE 10.

The electrophilic substitution of allyl-silanes,
on the other hand, must involve attack by the electrophile
at the earbon atom  to the silyl-substituent, resulting
in a shift in position of the double bond (SCHZ'E 11).
Reactions of this type are also known. For exanmple, the
di-acid 5 reacts with per-acetic acid to give the allylic
alcohol 6 (SCHEME 1251 Similarly, allyl-trimethyl-silane

7 cen be acylated under Friedel-Crafis conditions to give
a variety of useful compoundés(SCHEME 1%). The starting
allyl-silanes are readily available from the reaction
of chloro-trimethylsilane and Zinec with allyl chloride in
polar solventse. Conjugated dienes can be doubly silylated
in the 1,4~ positions by a similar silylating system, and

the product ailyl silanes acylated (SCHEIE 14).

(b): in nucleophilic displacement of a silyl svostituent,
A Vinyl-silanes are readily converted to epoxy-
silanes, which, on nucleophilic displacement of the silyl
group, are converted to carbonyl 00mpound§‘(SCBEXE 15).
This process allows vinyl-silanes to be used as masked
carbonyl compounds, for example to overcome.the practical
difficulties encountered in the Robinson annelation
proceduréi which cccur beéause the base strengths of
the anions of the original ketore and the product diketone
ere very similar, and several side-reactions are therefore
observeéi ?his can be avoided by rapid alkylation of the
enolate with an allylic halide such as 2-(iodomethyl)-
vinyl-silane, which, on epoxidation and silyl-group

displacement, gives the required diketon$7(SCHEHE 16).
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It is interesting to note that displacement of the silyl
group in this case is much more rapid than with simple
epoxy-silanes, presumably because of participation by the
neighbouring carbenyl group. Various methods are available
for the synthesis of iedomethyl-vinyl silaneéi

An alternative approacﬁ’involves the use of a
silylated analogue of methyl vinyl ketome (SCHENE 17).
The silylated enplate ion 8 is much less basic than 9
because of the stabilisation provided by @qu) overlsap,
"and side-reactions are thus avoided. With such compounds,
it is possible to carry oul annelation even under aprotic
conditions, whereas methyl vinyl ketone itself undergoes
extensive polymerisation under such conditions. The silyl
‘group is easily displaced when all synthetic operations
‘are complete, since it is (X to a carbonyl group.

l-Chloromethyl-vinyl silanes can be epoxidised,
and the resulting epoxy-silanes, on treatment with fluoride
ion, undergo elimination to produce allene oxides, which
are tautomeric with oxyallyl zwitterions 10. Thus, treatment
of epoxy~-silane 1l with fluoride ion in the presence of
cyclopentadiene gave the adduet 12 (SCHENUE 18?2

Carbanion stabilisation by an -silyl substituent.

(p— d)~-Backbonding between Silicon and Carbon,
and consequent clectron-withdrawal frdm Carbon is
sufficiently strong in many cases to allow the removal
of protons X to the silyl substituent. lMany examples of
reactions involving, as a first step, the formation of
an K-silyl carbanion have been studied in recent years.
By the use of strong hases, o prdtén can be removed even

from alkylsilanesr(SCHEﬁE 19). In most examples studied,
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h&wever, the carbon from which a.proton is renmoved is
flanked by another stabilising group besides the silyl
groupe.

In one of the earlier examples of this type of
procesgi an K-trimethylsilyl ester was condensed with
an aldehyde in an analogue of the Reformatsky reaction,
The reaction has the advantage that the f-trimethylsiloxy-
ester thus produced is auvlomatically protected from
subsequent dehydration. The reaction is therefore useful
in cases in which the Reformatsky produet is liable to
dehydrate to give an aﬁ?-unsaturated ester. Cyanomethyl-
trimethylsilane reacts similarly (SCHEUE 20). It should
be noted, however, that this reaction probably does not
proéeed through an K=-silyl cerbanion, since ethyl
X-trimethylsilyl-isobutyrate 13 , whieh has no methyiene
protons X to the silyl group, nevertheless reacts with
benzaldehyde to form the/3—trimethylsiloxy-ester 14. The
mechanism proposed is outlined in SCHITE 21.

In most examples of processes involving x-silyl
carbanionoids, the reaciion paritner is a carbonyl compound,
and the/g-hydroxy-silane thus formed can be converted to
an alkene by elimination of trimethylsilanoi or one of its
salts., The classic example of this process, which is
analogous to the Vittig réaction, and often superior. to
it, is known as the Peterson reacﬁioﬁi in which
trimethylsilylmethyl-magnesivm chloride is condensed with
a ketone to give, after elimination, a l,l-disubstituted
alkene (SCHEIE 22)., It is interesting to note that the
chloromagnesium salt of the intermediaﬁe/?-hydroxy-silane

does not underge elimination, whereas the Potassium salt
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readily eliminates potaessium trimethylsilanoxide to give

the alkene. This cation-dependence is a common feature of

such elimination procezSes.

The Peterson reaction was used in a successful
synthesis of/%«Gorgonene 16 . The intermediate ketone 15
failed to react with methylene triphenylphosphorane,
but trimethylsilylmethyl-nagnesium chloride effected the
conversioﬁ‘(SCEEME 23).

The same process can be used to produce tri-
substituted alkenes or, by reaction with an aldehyde,
l,2-disubstituted alkenes’ The X -silyl carbanions are
generated either by direct lithiationrn of a suitably
substituted silane (SCHEME 24) or by addition of a
suitable alkyl lithium to & vinyl-silane (SCHEME 25).

Vinylsilanes can be prepared in this way, by

3k

reaction of bis-(trimethylsilyl )wmethyl lithium with ketones,

(SCHEME 26).

Reaction of X-trimethylsilyl-ketones with
organclithium or organomagnesium compounds leads to
ﬂ-hydroxy~silanes which undergo elimination to give
alkenes (SCEEME 27). Similarly, reaction of X -trimethyle-
silyl-ketones with&-lithio-esters givesI@,Z—unsaturated
esters. (SCHENME 28).

In contrast to the examples desciibed earlier

(SCHEME 20Y, a recent report describing the reaction of

an X~lithio-f-cyano~silane with an aldehyde indicates that

"the product readily eliminates lithium trimethylsilanoxide

te give an a,ﬁ-unsaturated nitriléq(SCHEME 299,

The factors influencing the ease of elimination of
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tfimethylsilanol from ﬂnhydroxy-éilanes have been studied
by several groups of workers. It has been observed that
lithium or magnesium salts of ﬁ-hydroxy»silanes undergo
elimination more readily wvwhen the resulting alkene is
non-terminal than when it is terminals Treatment of
p-hydroxzy-silanes with acetic anhydride or thionyl
chloride has been found {o be effective in promoting
elimination (SCHEE 30). Pluoride ion is particularly
effective in promoting eliminatipn, because of the
strength of the Silicon-Fluerine bonds

In a studf’af the stereochemistry of silanol
elimination, a ﬁmhydroxy-silane of known configuration
17 gave almost exclusively trans—alkene 18 , the product
of gsyn-eliminaltion, wher treated with potassium hydride.
Boron trifluoride, on the other hand, effected anti-
elimination to give almost exclusively cis-alkene 19
(SCEEME 31). The different elimination pathways are
presumably due to the fequirement, in the former case,
for sya=elinmination to occur in order that a Silicon=
Oxygen bond can be formed, while, in the latter case,
& Silicor~Fluorine bond is formed, and the usual

stereo-electronic factors determine the gebmetry of

the eliminaticn. Similarly, 1l,;2=-dichloro~ l~trimethyl=-
8ilyl-alkanes undergo §£§é§~elimination of the elements
of éhlorotrimethylsilane to give chloro=alkenes (SCEHALE 32).

The reaction of l-triphenylsilyl-vinyl lithium
with aldehydes leads to alleneés(SCHEHE %), In this
case, silanoxide elimination does not occur readily, and
fluoride ion is uvsed to displace the silyl noiety. It seems,

however, that this reaction cannoit be extended to ketones
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to produce l,l-disubstvituted allenes, for im this case
the @-hydroxy-silane does not undergo elimination on
treatment with fluoride ion, although the silyl group
is removed (SCEIME 34).

Symmetrical allenes are formed by reaction of
trimethylsilylmethylene triphenylphosphorane 20 with
ketones. Alkenes are always formed simultaneously, as a
result of {trimethylsilyl group displecement from the
phosphorane, followed by normgl Wittig reaction with
the ketone. Quantitative yields of both allene and
alkene can be obtained by using a suitable excess of
ketond (SCEEME 35). Silyl ylids are useful intermediates
for the preparation of ylids substituted with other
second= or third-row elements, By trans-silylation,.
They are also very useful in the preparation of pure,
salt«free ylids, often difficult or impossible to
prepare otherwise., Purification of the silyl ylid,
followed by desilylation, avoids these probleméi

2-Lithio= 2-trimethylsilyl-(1,3)-dithianes 21
react with aldehydes to give ketene-thioacetals 22 ,
which can be hydrolysed to the homologous carboxylie
acidéi or, after reduction, to the homologous aldehyde§°
(SCEENE 36).

Treatment of cyclohexenone with chloro-trimethyl-
silane and Zine produced cyclohexenél This process may
be related to the Peterson reaction, but the availabdle
gvidence favours a carbenoid mechanism. The trimethyl-
8ilyl ether of cyclohexanone, on treatment with Zinc,

did not give cyclohexene (SCHEIE 37).
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Regsctivity of the Silicon-Fitromen bond,

Aminosilanes have heen extensively used in
preparations of amides, ureas and glycosides. The
advantages of using aminosilanes rather than the corresp-

-onding emines in reactions with alkyi or acyl halides are
twofold: f§irstly, the silylated amine is often more reactive
than the parent amine, and, secondly, the halo-silane
by-product is usually removed easily by distillation.’
FTor example, H-trimethylsilyl-imidazole reacts more
readily than fhe parent heterocycie with acyl chlorides
to give, after removal of chloro-trimethylsilane by
distillation, essentially pure producis. Thionyl chloride
reacts similarly to give 1,1 '~thionyl di-inidazole 23 ;
this is the only method by which this compound can be
prepared pure, N-Trimethylsilyl-imidazole also reacts
with -halo~-carboxylic esters, unlike imidazole i’cself54
(sCHEME 38). Silylated triazoles react in an analogous
manner.

A gw ~Digmines cannot be corverted to the corr-

-esponding cyeclic ureas by treatment with phosgene, but
the N,Ntbis-(trimethylsilyl)-diamines are cyclised readilysb
(SCHEME 39). In these cases, it is the N-E bond that is
cleaved, and the silyl substituents are retained in the
products,.

The activating effect of the N-gilyl substituents
in the uracil 24 is such that conversion to the cyclie
urea can be effected even by carbon dioxide, yielding,
on hydrolysis, the uric acid derivetive 25 (SCERIE 40).

" Trialkylsilylated carboxamides can exist either

'in the 0-silyl or the N-silyl form, and examples of both
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types of compound are knowﬁ?BTn general, open-chain
anmides and non-aromatic lactams give the ¥-silyl
derivatives, which, unlike the 0-silyl derivatives; are
still capable of resonance stabilisatioﬁi These compounds
undergo acylation by acyl chlorides.}Lactams in which
heterc-arcmatisation is-possible generally exist in the
0-silyl (imidate) form (SCZEHME 41). Compounds of the
latter type can be alkylated on Fitrogen with alkyl
halides. This process has been used extensively in the .
preparation of N-glycosides (SCEENE 42). It bhas the
advantage that the halo-silane produced as the reaction
proceeds does not react further with the hetero-aromatic
compound imvolved, wvhereas, in the c¢lassical procedure,
the alkyl halide produced leads to mixtures of product;.

F-5ilylated secondary amides react with aldehydesf’2
to give O-trimethylsilyl derivatives of I« (d=hydroxyalkyl)
amides (SCHENE 43), while reaction with epaxidegi
catalyséd by sodium trimethylsilanoxide, leads, after
acid hydrolysis, to j -~emino-alcohols (SCEENE 44).

Carvamoyl and thio~carbamoyl chlorides are
prepared by reaction of trimethylsilylated secondary
amines with carbon dioxide or carbon disulphide, followed
by treatment with thionyl chloride or phosphorus
pentachloride (SCHEIE 45). Isocyanates and iso-thio-
cyanates react similarly to give, after hydrolysis,
ureas and thio-ureas (SCHIUE 46)?_“

Silazanes react with isocyanates to form biuret
devivetives (SCHEIE 47). If the silazane bears a proton
rather than an alkyl group on Hitrogen, the initially-

formed product reacts with a secend molecule of iso-
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cjanate, and trimethylsilyl isocﬁanate ia eliminated to
give a symnmetrical ureg. Di-vinyl-urea 26 was prepared in
this way (SCHENE 48).

Silyl-amines react with cyanates to give derivatives
of iso-ureas (SCHENE 49), with ketenes to give f-keto=
smides (SCHEVE 50), and with anhydrides to give mixtures
of amides and %rialkylsilyl esterés(SCHEME 51). Lactones
react with silyl-amines to giveto~amino-ester§ (SCHEME 52).
The other possible produect, anw-siloxy- amide, is not
observed; presumably, a four-centre mechanism operates,
with reaction being initiated by nucleophilic attack of
the ether Oxygen on Silicon.

Trimethylsilyl Azide,

Trimethylsilyl aszide is a useful reagent for a
number of synthebtic transformationsﬁ It is more stable
than most organic azides, probably because of (p—=d)x -
backbonding between Nitrogen and Silicon. The geometry of
the molecule, as indicated by the Raman spectrudi seems
to confirm the existence of this back-bonding. Because of
its stability, trimethylsilyl azide iste be preferred %o
high}y explosive hydrazoic acid in heterocyclic syntheses
involving the azide grouping, the silyl group being easily
remnoved hydrolyticallj after addition is complete. Many
syntheses of 1,2,3~-triazoles have been carried out using
this reagenﬂi In the course of the addition, the silyl
group migrates to the 2-positioﬁ1 Trimethylsilyl aszide is
complementary to sodium azide in these syntheses; as it
_works poorly with alkynes containing electron-withdrawing
substituents, aud well with others, whereas sodium azide

shows the opposite characteristics. Addition to nitriles
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gi#es tetrazoles, once again witﬂ sccompanying migration
of the silyl group (SCEEME 53)., Addition of trimethylsilyl
azide to alkenes proceeds slowlfﬁ

Trimethylsilyl azide is a useful reagent for the
preparation of acid azides, intermediates in the synthesis
of isocyanates by the Curtius rearrangement.\This method
has been used to prepare perfluorocalkyl isocyanateéi long-
chain aliphatic isocyanates, and cyclopropyl isocyanates.
‘An,interesting synthesis of 2-pyridones via a conjugated
isscyanate has been describefz(SCEEME 54). Anhydrides also
react with trimethylsilyl azide (SCHEXE 55).

Trimethylsilyl azide reacts with aldehydes in the
presence of zinc chloride to form -trimethylesiloxyalkyl
‘azides, which lose Nitrogen on heating to form amidegi
However, straight-chain aldehydes give adducts which, on
heating, give a mixture of isomeric amides. Epoxides
react with trimethylsilyl azide in a similar mamner, (SCHEIE 56

Trimethylsilyl cyanide.

Trimethylsilyl cyanide has been the subject of
study by several groups of workers in recent years. The
reagent can be used to protect carbonyl functions, with
which it reacts under the influence of Lewis acid catalysts.
" The reaction proceeds'even with carbonyl compounds which
do not form a c¢yanohydrin derivative. The carbonyl group

is regenerated on hydrolysis. 0f particular interest is
the selective protection of ome carbonyl function of para-
quinones, With unsymmetrical quinones, the site of attack
is determined by the relative electrophilieity of the

two carbonyl groups (SCHEME 57).
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The trimethylsilyl cyanoﬂydrins of aldehydes and
ketones can be used for further transformations as well
as for simple protection of the carbonyl functien. For
example, reduction with lithium sluwainium hydride leads
to the [-aminc alcohols (SCEENE 58). This is a useful
route to theesz compounds, which ecan be OOnveited to the
ring-expanded ketone?. The seqguence is equally appliéable
to a,&—unsaturated ketones, which are difficult to convert
to } ~amino-alcohols by other routes, because of conjugate
addition. Addition of trimethylsilyl cyanide to of,?-
unsaturated aldehydes and ketones gives 1,2 adducts only.

Trimethylsilyl cyanide also adds in 1,2 fashion
to ketenes, which normally undergo 2,3%-addition onlfL
(SCEEME 59). Yo synthetie applications of the product
ketene cyanrohydrins have yet been reported.

Trimethylsilyl c¢yanide reacts with epoxides to
give ﬂ-trimethylsiloxy nitrilesy, and with acyl halides-
to give 1 =trimethylsiloxy- 1,1 -dicyano-alkanegz(SCHEHE €0).

Reactivity of the Silicon-Hvdrozen bond.

Processes involving cleavage of the Silicon=-
Hydrogen bond have been studied extensively. Transition-
metal catalysed addition of silanes to unsa%urated systems
is used to prepare vinyl-silanes and allyl-silanegi
Pyridines are reduced by £ria1kylsi1anes to give 1-
trialkylsilyl-l,4-dihydro-pyridine derivatives, vhich can
be converted to the pafent 1,4~ dihydro-pyridines by
controlled hydroclysis (SCHEIE 61).

Carbonyl conmpounds are reduced dy trialkylsilanes

in the presence of transition-metal catalysts, Acyl halides
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are reduced to aldehydeg, secondéry and tertiary anides
are reduced to aminegi while primery amides are dehydrated
to nitriles. Under suitable conditions, nitriles are also
reducedﬁ aliphatic nitriles are converted to N-silyl
amines, while aromatic nitriles are converted to N-silyl
imines, which give aldehydes on hydrolysis (SCEEME 62).
Ketones are reduced by trialkylsilenes in the
presence of transition-metal catalysts. Satursted ketones
give the trialkylsilyl ether of the corresponding
alcchofz although, under certain conditions, the trialkyl-
silyl emol ether of the starting ketonég is formedw(SCHEME 63)3
#,G-unsaturated ketones are selectively reduced to
saturated ketoneé”(SCHEME 64). More highly-conjugated
ketones, however, give mixtures of products.
The best-cétalysts.for these reductions seem
to be Rhodium chloride-Phosphine complexegi Polymer-
supported chirsl phosphines have been used to prepare
inscluble chiral catalysté? In econjunction with silanes
containring bulky substituents, such catalysts effect
chiral reduction of kebones. For example; acetophenone
can be converted to S(-) l-phenyl-ethanol in 58% .
optical yield and quantitative chemical yield (SCEEME 65).
Aldéhydes aré reduced by silanes te alkoxy-
silanes, although aromatic aldehydes can give dimeric
products as well” (SCEEME 66). If the reduction is carried
vout in alcohol solubtion in the presence of an acid catalyst,_
the corresponding alkyl ether is formed directlfx(SCHEEE 67).
| Schiff-hases are reduced to amines by silanes,
this is reported to bg the best method of reduction of such

compounds’ (STEINE 68).
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The use of polymeric &iloxanes containing Si-H bonds in
silane reductions has been desaribed?

The recently-~developed technique of ienic
hydrogenation,; using a mixture of a silane and a strong
acid, provides a method ¢f performing many selective
reductions of functional groups which are oféep difficult
to perform by conventional methods (SCHEME 69). The
system commonly used is a mixture of triethylsilane
and trifluoro-acetic acid. This field has recently been
reviewed?

The trialkylsilyl group as & protecting groupe.

(a): Hydroxyl protection.

Trialkylsilyl substituents have been used aé
'protecting groups for a number of funetions, chiefly the
hydroxyl function. Protection of hydroxyl groups as their
trimethylsilyl ethers has been used in several natural
product synthesé??"The susceptibility of this group to
solvolysis limits its usefulneés:

The t-butyl-dimethylsilyl ethers are approx-
imately 104 times more stable than their trimethylsilyl
analogues, and this group has been used in several
synthetic schemeS. It is smble to agueous or alcoholic
base under the conditions normally used for ester sapon-
ification, it is stable to hydrogenolysis over palladium
catalysts, and it resists mild reducing agentgz Tt is
unaffected by hydrazine hydrate under the conditions
"used to remove ﬁ~benzoyl-propionyl or N-acyl grouﬁg, and
it can be removed efficiently by treatment with a quaternary
ammonium fluoride without affecting acyl or trityl groups.

The t~butyl-~dimethylsilyl ethers have the advantage over

IS
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tetrahydropyranyl ethers that theﬁ do not possess a
chiral centre, and therefore do not lead to mixtures of
diastereomeric ethers. They are frequently crystalline
derivatives. The group is easily introduced by treatment
of the hydroxyl-containing compound with L-butyl-chloro-
dinethylsilane in dimethyl~formamide solution in the
presence of imidazole as catalys%ﬁ

It is frequently po&sible to effect selective
protection of one or more hydroxyl functions in poly=-
hydroxy~- compouvunds. Applications of this technique include
synthesis of disaccharides (SCHEME T0), phosphorylation
of nucleosides” (SCHEHE 71), and interconversion of
prostaglandin F and prostaglandin E derivatives (SCEEME 72).

(b): Amipe protections

Protection of amine functions by silylation has
‘been used in syntheses of amino-aryl compounds (SCHEME 73)
|
and alkylation of K-amino-acidés(SCHEME 14).

(c)r Thiol protection.

Protection of the thiol function as the trialkyl-
silyl thio-ether has been reported, This procedure was
used in the synthesis of cysteine -conbaining peptides.
(sCHEEIE 75) and in the prepération of the hitherto-
unknown X~thionic estergo(SCHEME 76).

Trapping of the labile suvlphenic acid funetion in
the interconversion of penicillin and cephalosporin

121
derivatives was effected by trimethylsilylation (SCEIME 77).

(d): Carboxyl protection.

The use of trialkylsilyl esters as protected

carboxyli¢ acid functions has so far been limited by the

122
extrene sens8itivity of this group to solvelysis.
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(e): Protection of terminal acetylenes,

Protection of terminal acebtylenes by conversion
to trialkylsilyl derivatives allows the controlled synthesis
of poly~acetylenes by oxidative coupling. The trialkyl-
8ilyl group is removed by treatment'with dilute methanolic
alkali or with an ionic fluoride. This technique is
now the standard method of poly-acetylene synthesh&
Selective removal of one trialkylsilyl group is possible,
allowing repetition of the synthetic eycle (SCEIME 78).

The‘trialkylsilyl group'is introduced by reaction
of alkynyl lithium or alkynyl magnesium bronide with
chloro-trialkylsilane. Selective reduction of non-terminal
triple bonds in poly-acetylenes is possible if the
terminal acetylenes are first protected by silyﬁ[atioﬁz4
(SCHENE 79).

" 1-Trialkylsilyl scetylenes can be metalated

and alkylabed by alkyl halides in the 3=-position, the
trialkylsilyl substituent preventing alkylation in the
“l-positior, which would result in the formaticn of an allene.

This process was used in & synthesis of irans, trans-

£arnesafbgl (SCHEME 80). The X-lithiated acetylenes
can be converted to the corresponding organo-copper
reagents and coupled with M,ﬁ;X,JLunsaturated esters,
to give mixtures of allenic and acetylenic products. The
ratio of these compoments in the produet mixture can be
dramaticaliy altered by using & bulky silyl substitueng7
(SCEE:E 81).

Synthesis of conjugated enymes can be ac00mp1i5hega

by Tittig reaction of an acetylenic ylid with sldehydes

~or ketones. The terminal acetylene is protected as the -
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trimethylsilyl derivative (SCEEIE 82).

" 1-Trimethylsilyl-2-ethoxy acetylene is converted
on heating to trimethylsilyl~ketene. This compound serves
as the starting point for the preparation of X-trimethyl-
silyl amides and esters, and X-acetylenic esteré?(SCHEHE 83%)

Bis-(trimethylsilyl)-acetylene is the starting
point of mény syntheses. Treatment with X -chloro~alkyl
ethers in the presence of Lewis acids leads to di-alkoxy-
acetylenes  (SCHEME 84). With @cyl halides, only one silyl
group is displaced, the introduction of the first acyl
group deactivating the molecule towards further acylatioxo
(SCHmIE 85). Reaction with halogens proceeds similarly,
with the introduvction of only one halogen atom. This
reaction is used in a general synthesis of terminal
acetyleneéM(SCﬁEME 86).

Bis-(trimethylsilyl)= acetylene undergoes 1, 3=
dipolar addition reactions to give silylated heterocycles,
The trimethylsilyl groups ecan be removed by hydrolysis
or digplaced by electrophiles (SCHIME 87) %"

Bié-(trimethylsilyl)—acetylene is used in a
conversion‘of acyl halides totX,ﬁ~unsaturated aldehyde§+
(SCHMIE 88), while l-trimethylsilyl-acetylenes Teact with
carbamoyl halides to give acefylenic amideys(SCHEME 89).

(£): Trialkylsilyl-enol ethers.

Reaction of emoligable ketores with sodiunm
bis-(trimethylsilyl)namidgi or with strong bases followed
by addition of chlorotrimethylsilanéi or even,in some
‘cases, with bis»(trimethylsilyl)-acetamid;Tmleads to

the trimethylsilyl ethers of the corresponding enols.

These compounds are useful in a number of synthetic
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traneformations, For example, tﬁcy can be acylated fo

give ﬁ—diketoneén(SCHEME 90}. This scheme is applicable
to a number of caces in vhich the alternative Claisen
condensabtion is unsatisfactory.IS-Diketones can be converted,
via their trimethylsilyl enol ethers, to tri-ketones
(SCHEIE 91), and ff-keto-esters can be similaily transformed
to diketo-esters (SCHEME 92). Silyl emol others of ﬁ'
diketones also react with aldehydes, In this case, however,
the product retains the siloxy-grouping, and silarcl
elinination leads to mixtures of products (SCHEME 93)e

Trimethylsilyl esters of malonic acid exhibit
markedly different behaviour from alkyl malonates in
condensation reactions. A second condensation takes place,
in the course of which decarboxylation and trimethylsilyl
group cleavage occurs, This allows the preparation of
diketo-esters, diketopes and triketones from such
compounds (SCHEME 94). Such procesess have been used in
the synthesis of poly-carbonyl cc>~mpoundsl:l.l42

Lk special feature of silyl encl ethers is their
regio~stability. Where a ketone can form two possibie
enolates, saddition of a silylating agent to the mixture
produces a nmixture of the cérresponding silyl enocl ethers
in the sawe ratio. These enol ethers show no tendency to
interconvert and can usually be separated and purifieii
Addition of an alkyl lithium regenerates the original
enolates which are also regio-ghable under aprotic
conditions. This procedure thus 2llows the generation of
a specific lithium enolate, and, in consequence, alkylation

144 )
af ketones at a specific site (SCHEUE 95),
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The trapping of the enolate(s) by chlérotrimethyl-
silane allows purification and spectral identification
of the enolate before proceeding with the synthetic scheme.
This was used to advantage in.a modification of the
" Robinson annelation procedurgs(SCHEHE 96). In the case
of alkylation of enones, the enolate resulting from 1,4-
addition of organo-copner reagents can be trapped directly
with chlorotrimethylsilane (SCEENE 97).
A useful synthesis of a&quaternary ketones makes
use of a trimethylsilyl enol ether generated regio=-
specifically by silatropic rearrangement of a ﬁ-keto-
trimethylsilyl ester (SCHEME 985?
The enolabte inbtermediates formed in the acyloin
condensation can be trapped by chlorotrimethylsilane,
thus preventing the alternative condensation and poly-
merisation reactions which often complicate the synthesis
of (~hydfoxy-ketones by this method. The resulting bis-
(trimethylsiloxy)=cycloalkenes are easily hydrolysed to
the paren% acyloins, This modification has been used in
many synthesaes of cyclic compoundgﬁ(SCHEﬁE 99), although
gone cyclic 1,2-di-esters give ring-cleavage productgx
(SCREIE 100). A Telated process has been used to prepare
€-diketones (SCHELE 1015?

The E—butyl-dimetﬂylsilyl enol ethers of esters
(ket ene acetals) have been prepared by reaction of the
lithium ester enolates with t-butyl-chloro-dimethylsilane.
These compounds can be acylated to give, on hydrolysis,
ﬂ—keto~esters. The mechanism involves the formation of
a ketene, since the reaction proceeds sluggishly in the

156
absence of triethylamine (SCERE 102).
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Trinethyleilyl enol ethers react readily with
the Simmons-Smith reagent to give K=trimethylsiloxy-
cyclopropanes, which are easily hydrolysed to cyclopropanollg_,'Sq
(SCEEIE 103). The internediate K-trimethylsiloxy-
cyclopropanes can also be converted to (X-methyl ketoneéw’m
(SCEENE 104). The overall process thus provides a method
for the (X-nonomethylation of ketones and aldehydes. The
(X=trimethylsiloxy-cyclopropanes undergo a series of
rearrangements to give cyclobutanones (SCHEIE 105?1 It has
been demonstrated that thisa rearrangement is not confined
to ({-trinmethylsiloxy-cyclopropanes, but is & general
property of cyclopropanes bearing an electron-dbncr aton
on a cyclopropyl carbonr, and ar electron-accepting
substituent on the same carbon atom (SCEIME 106|)b}; An
alternative rearfangement can ocecur if the siloxy-
cyclopropane bears a vinyl-substituent in the 1--posit:‘.orff"'b5
The product in this casé is a c¢cyclopentanone, ard this
rearrangement has been used in a cyclcpentane annelation
Procedure. The procedure also allows specific alkylation
of the product enol ether if desired (SCHEIE 107). The
trimethylsilyl enol ethers of cyclopropyl ketones also

. ‘ 16b
rearrange to cyclopentanones (SCHEME 108).




24

BIBLIOGRAPHY

"Recent reviews include:

(a) I. Fleming, Chem. and Tnd., 1975, 449.

(v) s.S. washburne, J. Organometallic Chem., 1974, 83, 155.

F. Stone and D, Seyferth, J. Inorg. and Fuclear Chem.,

1955, 1, 112.

H., Freiser, J. Amer. Chem, Soc., 1953, 75, 2821.

(a) E. Schnell and E.G. Rochow, J. Inorg. and Muclear

Chem., 1958, 6, 303.

(v) R.T. Hobgood, J.Chem, Phys., 1961, 35, 2038,

V.0. Reikhsfel'd, T,A., Zakomoldina and I.E. Saratov,

J.Gen. Chem. USSR, 1973, 43, 2210.

H, Buchert and V. Zeil, Spectrochimice Acta, 1962, 18, 10453,

R.A.N, MclLean, Canad. J. Chem., 1973, 51, 2089, and
references cited therein.
(a) Vv, Bagzant, V. Chvalovsky and J. Rathousky,

Organcsilicon Compounds, vol. I, DpPP. 20-24;

Academic Press, New York and London, 1965,

(v) J. cudlin and V. Chvalovsky, Coll. Czech, Chem. Comm.,

1962, 27, 1658.

M. Horn and J.N. Murrell, J. Organometollic Chem.,

1974, 10, 51.

(2) p.¥, Roark and L.H, Sommer, J,C.S. Chem, Comm.,

1973, 167. ‘ .
() M.C, Plowers and L.E. Gusel'nikov, J. Chem, Soc.(B),

1968, 419.
(¢) L.E. Gusel'nikov, N.S, Nemetkin and V.M. Vdovin,

Accounts Chem, ReS., 1975, 8, 18.




11:

12

14:
15:

16:

17

18:

20

21:

22:

25

P, Boudjouk and L.H., Sommer, J.C.S. Chem., Comm., 1973, 54.

(see also: T,J., Burton and E, Kline, J. Orzanometallic

Chem., 1972, 42, €21.)

R.D. Bush, C.l. Golino and L.H, Sommer,

J. Amer, Chem,., Soc., 1974, 96, T1l05.

V. Chvalovsky and V. Bazant, Coll., Czech.,Chem., Comm,.,

1951, 16, 580.

C. Eaborn and X.C, Pande, J. Chem. Soc., 1960, 1566.

V. Hanstein, H.J. Berwin and T7.G. Traylor,

J. Amer., Chem. Soc., 1970, 22,‘829.

J. Schraml, Nguyen-Duc-Chuy, V. Chvalovsky, lf.Magi and

E., Lippmaa, J. Organcomeballic Chem., 1973, 51, C5.

T, Hashimoto, J. Pharm. Soc, Japan, 1967, 87, 528.

C. Eaborn, A.A, Fajam and D.R.M., Valton,

J.C.S., Perkin I, 1972, 2481.

see Ref, 1(a); Pe 454 N
I. Fleming and A, Pearcey J.C.S. Chem, Comn., 1975, 633.

K.E. Koenig and V.P, TVeber, Tetrahedron Letters,

1973, 2533,

K,E, XKoenig and V.P., Veber, J. Anmer. Chem, Soc.,

1973, 95, 34163 for details of related processes, sece:

(2) L.H., Sommer and G.A., Baughman, J, Amer., Chem, SoC.,

1961, 83, 3346,
(b) "1.A, Cook, C. Eaborn and D.R.M. Walton,

J. Organometallic Chem., X970, 24, 301.

(¢) A.J. Bourne and A.V.P. Jarvie, J, Organometallic

g:f}_e_oﬁlo, 19703 _2__4;, 535'




28:

26

R, Calas, J. Dunogues, J=P, Pillot, C, Biran,
F, Piscotti and B, Arreguy,.J. Organometallic Chem.,

1975, 85, 149.

G. Stork and E. Colvin, J.Amer. Chem. Soc.,

1971, 93, 2080.

U.R. Rapson snd R. Robinson, J, Chem. Soc., 1935, 1285;

For a review of later developments, see:
E.D. Bergmann, D. Ginsburg and R, Pappo,

Organic Reactions, 1959, 10, 179,

H.,0, Housey, D,S, Crumrine, A.Y. Teranishi and

H.D. Olmstead, J, Amer, Chem. SocCe., 1?73, 355 3310
G, Stork and M.E, Jung, J. Amer. Chem. SocC.,

1974, 96, 3682,
G. Stork? lfe Eo Jung, E.Colvin and Y._Noel,

J. Amer, Chem., SocCe., 1974, g§? 3684:

G. Stork and B, Ganem, J. Amer. Chem. Zoc., 1973, 295, 6152

. T,8, Chan, P, Ming Li, 7. Mychaj}owsky and D,N. Harpp,

Tetrahedron Letters, 1974, 3511.

D.,J. Peterson, J. Orzanometallic Chem., 19§7, 9, 373.

L., Birkofer, A, Ritter and H., Vieden, Chem. Ber.,
1962, 95, 971.

D.J. Peterson, J. Org. Chem,,1968, 33, T80.

R.K, Boeckman jf., and S,l, Silvgr,

Tetrahedron T, etters, 1973, 3497,

T.H. Chan, E. Chang and E. Vinolur,

Tetrahedron betters, 1970, 1137,

H, Sakurai, K. Nishiwaki and M, Kira,

Tetrahedron Letters, 1973, 4193.

P,?, Kudrlik and D, Peterson, Tctrahedron letters,

1972, 1785



55:

54 :

27

R.A. Ruden and B.L. Gaffney, Synth. Comm., 1975, 5, 15.

i

I. Ojima, M. Kumagai and Y, Nagai,

Tetrahedron Tetters, 1974, 4005.

- see ref, 33,

T,H, Chan and E. Chang, J. Org. Chem., 1974, 39, 3264.

R.F. Cunico and E.M, Dexheimer, J, Amer. Chem. SoC.,

1972, 94, 2868,

P.F, Hudrlik and D, Peterson, J, Amer, Chem. Soc.,-
1975, 91, 1464.

R.B, Miller and T, Reichenbach, Tetrahedron Letters,

1974, 543.

?,H, Chan and 7. Kychajlowskij, Tetrahedron Letters,

1974, 17T1.

T,H., Chan and W, lychajlowskij, Tetrahedron Letters,

1974, 3479.

H. Schmidbaur and H. Stuhler, Angew. Chem. Tnternat.,

Edn., 1973, 12, 32l.

H., Schmidbauvur, Angewve Chem.‘Internat. Bdn., 1972, 11, 944,

==7

D, Seebach, I, Kolb and B-T. Grobel,

Angew. Chem, Internat. Zdn., 1973, 12, 69.

P.A, Carey and A,S., Court, J. Org.AChem,, 1972, 37, 1926.

V.B, Motherwell, J,C.S, Chem. Comne., 1¢73%, 935.

H,A. Steaadb and 7. Rohr, in Newer methods of

Preparative Organic Chemistry, vel. 5, Pe 61
Ed&: V. Foerst; Verlag Chemie, Teinheim, 1568.
L. Birkofer, V. Gilgenberg and A, Ritter,

Anzev. Cheme., 1961, T3, 1453.

L. Birkofer, P, Richter and A, Ritter,

Chem., Ber,, 1960, 93, 2804.



623
63:
642
65:

66

6731{0

682

69:

T0:

(a) L. Birkofer and P, ‘egner, (hcm, Der.,1566, 99, 2512,
(v) W. Valter and M. Racdke, Annalen, 1973, 636.

L. Birkofer and A, Ritter, Ref. 52, p. 215.

J. Pump and U. Vannagat, lonatsh, Chem., 1962, 93, 352,

L. Birkofer, A, Ritter and H.,P. Kuhlthau,

“

Chexulg_. Bere., 1964, ZZ';, 924.

A,7, Chapman and C.H. Perrott, J. Chem. SocCe,

1930, 2462, and references cited therein,
L. Birkofer, A, Ritter and H.P, Kuhlthau,

Angew. Chem, Inbternat, Fdme, 1963,12, 155.

G.E. Hilbert and T.B, Johnson, J, Anmer, Chem. Scc.,
1930, 52, 4489.
L. Birkofer and H. Dickopp, Chem, Ber., 1974, 107, 5579.

L. Birkofer and H, Dickopps Chem. Ber., 1969,'102,,14.

L. Birkofer and X, Krebs, Tetrahedron Letters, 1968, 885,

G. Oertel, H, Ifalz.and H. Holtschmidt,
QQQQL;EQE.,_19647 91, 891. )

. Fink, Chem., Ber., 1964, 97, 1433,

Itoh, N, Kato, S. Sakei and Y, Ishii,

J._Chem. Soec.,(C), 1969, 2005.

I. Matsuda, K, Itoh and p Ishii,

J._Orgenometallic Chen., 1969, 19, 339.

J.F. Klebve, J.B. Bush, jr., and J,E., Lyons,

J. Amer. Chem. Soc., 1964, 86, 4400.

C.G. Overberger and S, Ishida, J. Polymer Science (B),

1965, 3, 789.

D. Kartin, K. Titke,:>?. Reich and K. Nadolski,
Qﬁﬁﬂ;_ﬁﬁﬁ"-l9683 101, 3185.

I.F. Lutsenko, Y.I. Baukov, A.S. Kostyuk? N.I. Savelyeva

and V.. Krysina, J. OPrononetallic Chem., 1969, 17, 241.




29
T73: Ke Itoh, 3, Sakai and Y, Ishii, J, Qrg. Chem.,
1966, 31, 3948,
T4: L. Birkofer, A, Ritter and P, Richter, Chem. Ber.,
1963, 96, 2750.
75¢ L. Birkofer and A, Ritter, Ref., 52., p. 227,

76: Y. Tanaka, S.R. Velen and S.I. Miller, Tetrahedron,

1973, 294 3271,
77: L, Birkofer and P, Vegner, Chem, Ber., 1966, 99, 2512.
78: E. Ettenhuber and K, Ruhlmann, Chem, Ber.,

1968, 101, T43.
79: V.R. Peterson, jr., J, Radell and S.S. Vashburae,

J, Fluorine Chem., 1973, 2, 437,

80:. 5.5, Vashburne and V.R. Peterson, jr., J. Amer. 0il

Chemists Sec., 1972, 49, 694.

8l: H,R. Kricheldorf and V. Regel, Chem, Beres 1973, 106, 3753.

82: H.R., Kricheldorf, Makromol., Chem., 1973, 173, 13.

8%: J.H. lacliillan and S.S. Tashburne, J, 0rg. Chem.,

1973, 28, 2982,
84: L, Birkofer, #, !uller and ¥, Kaiser,

Tetrahedron Letters, 1967, 2781,

85: L. Birkofer and v, Kaiser, Annalen, 1975, 266.
86: D,A, Evans, G,L. Carroll and L.X. Truesdale,

J.C.S. Chem. Comae, 1973, 55.

a

87: K. Deuchert, U, Hertenstein and S5, Eunig,

Synthesis, 1973, TT7.

88: E. I'leef and R, luller, J. Prakt. Chem., 1973, 215 » 367,

89: D,A, Evans, J.lI, Hoffman and L.XK, Truesdale,

J. .f‘.mel". C:hem.o SOC.’ 1973, _9_5, 5822'




30

90: D, A, Evaps, G.L. Carroll and L.X, Truesdale,

Jo Orge. Cheme., 1974, %9, 914.

91: U, Hertenstein and S, Hunig, Angew. Chem,

Internate. Edno’ 1975, _]_.__4" 1790

92: V., Lidy and T Sundermeyer, Tetrahedron Letters,

1973, 1449.

93: C. Zaborn and R.,7. Bott, in Qrganometallic Compounds

of the group IV elements, vole. I, part Ij

Ed: A.G. MacDiarmidj; Dekker, New York, 1968.
94: W,C, Cook and J.E., Lyons, J, Amer, Chen., Soc.,
1965, 87, 3283,
95: J.V. Jenkins and H,%. Post, J., Orz, Chem., ;950, lﬁ,

96: E, Frainnet, A, Bazouin and R. Calas, Compt. Rend.,

1963%, 257, 1304.

97: R, Calas, E, TFrainnet-and A, Bazouin, Compi. Rend.,

1962, 254, 2357,

98: R, Calas, E, Frainnet and A, Bazouin, Compt, Rend .,

1961, 252, 420.

0
\0

I. O0jima, I, Hihonyanagi and Y, Yagai,

J.C.S. Chen. Comm., 1972, 938.

100: E., PFrainnet, V, llartel-Siegfried, E, Brousse and

J. Dedier, J, Organonetallic Chem., 1975, 85, 297.

556.

101: I. Ojima and 7, Kogure, Tetrahedron Letters, 1972, 5035.

102: ¥, Dumont, J-C. Poulin, T-P, Dang and E.P, Fagan,

J. Amer, Chem. Soc., 1973, 25, 8295,

103%3;: B, Frainnet and R, Bourhis, Bull, Soc. Chim., France,

104: li.2, Doyley D.J. DeBruyn and D,A, Yooistra,

-

J. tmer, Chem. So0Cey 1973, 95, 8295.




31

105: I. Ojima, T, Kogure and Y, Hagai, Tetrshedron

Letlters, 1973, 2475.

106: J. Lipowitz and S,A, Bowman, J., Org. Chem., 1973, 38, 162,

107: D.XY. Kursanov, Z,N, Parnes and ¥.l. Loim,

Synthesis, 1974, 633,

108: E.J, Corey and B.B. Snider, J, Amer, Chem, Soc.,
1972, 94, 2550,

109: LE.,V. Yankee and G.L. Bundy, J., Amer., Chem. foc.,
1972, 94, 3651,

110: R, Ties and P, Pfaender, Annalen, 1973, 1269.

111: E-I, X¥egishi, G. Lew and T, Yoshida, J.C.S. Chem,

Comm,, 1973, 874.

112: E.J. Corey and A, Venkateswarlu, J. Amer, Chem, SocC.,

1972, 94, 6190.

113: E,J. Corey and H.S., Sachdev, J. Amer. Chem, SocC.,

1973, 95, 8483.

114: X, X, Ogilvie and D.J. Iwacha, Tetrahedron TLetters,

1973, 317.

115: L,Birkofer, A. Rittér and P, Bentz, Chem, Ber,,
1964, 97, 2196.

116: E.v., Yankee, C.H. Lin and J, Fried, J,C.S. Chem.

.C__O_EE., 1972’ 11210
117: J.R. Pratt, V.D, lassey, F,H. Pinkerton and S.F, Thanmes,

J. Ore., Cheme, 1975, 40, 1090.

118: E. Bayer and K., Schmidt, Tetrahedron Tetters, }973, 2051.

119: L. Birkofer, W.Xonkol and A, Ritter, Chem. Rer.,
1961, 94, 1263,

120: 7, Heyashi and E, l'idorikawa, Tetrahedron retters,

1973, 2461,
121: T.S,., Chou, Tetrahedron Letters, 19T4, T25.

.




122:

123:

124:

125:

126

127s

128:

129:

130

1%21:

132:

133

13%4:

135:

13%6:

137

138;

139

32

T. Yamanoto, I,S. Tarbell, J,R, Fehlner znd B.M, Pove,

Jeo Org. Chem,, 1973, 38, 2521.

R, Eastmond, T.R., Johnson and D,R.M., Valton,

Tetrahedron, 1972, 28, 4601l.

H,17, Sehmidt and J,F, Arens, Rec. Trav, Chim., Pays 3as,

1967, 86, 1138,
B,7. Ghose and DI,.R,1M. Valton, Synthesis, 1974, 890.

E.J. Corey and H.A, Xirst, Tetrahedron Létters,

1968, 5041.

B. Ganen, Tetrahedron petters, 1974, 4467.

E.J. Corey and R.A. Ruden, Tetrehedron Letters,
1973, 1495. _ _ _
R.A, Ruden, J, Orz. Chem., 1974, 39, 3607,

L. Birkofer, A, Ritter and H, Uhlenbrauck,
Chem, Ber., 1963, 96, 3280.

R, Oliver and D.R,}. Valton, Tetrahedron petters,

1972, 5209. _ ) _ i
L. Dirkefer and M. Franz, Chem, Ber., 1967, 100, 2681.
L. BPirkofer and R, Stilke, Chem. Fer., 1974, 107, 3717.

H. Newman, J. Org. Chem., 1973, 38, 2254.

P, Bourgeois, G, Herault.and R. Calas,

J. Organometallic Chem., 1973, 59, Cd.

¢, Kruger, .G, Rochau and U, Vannagat, Chem., BeT.,
1963, 96, 2132,
J.F. Klebe, I, Finkbeiner and D.M, Thit e,

J. Amer. Chenm. Soce, 1966, 88, 3390

L.E. Hellbherg and A, Juarez, Tetrahedron petters,

1974, 5553,
E. P, Xranmarova, Yu.l. Baukov, and I.F., Lutsenko,

J. Gen. Chem, USTR, 1975, 45, 469.




140:

141:
142:

143:

144:

145:

146:
147

148

149:

150:

151:

152

153%:
154

155:

33

L. Birkofer, A, Ritter and H, Vernalcken,

Chem. Ber., 1966, 99, 2518,

U. Schmidt and If. Schwochau, lionatsh. Chem,, 1967,98, 1492

U. Schmidt and !i. Schwochau, Tetrahedron petters,
1967, 4491. _ o
G. Stork and P,F, Hudrlik, J, Amer. Chem. Soc.,

1968, 90, 4462,

G. Stork and P.P. Hudrlik, J. Amer. Chem. Scec.,

1968, 90, 4464.

G. Stork and J, Singh, J. Aner, Chem, Socs

1974, 96, 618l. . ) :
R.X. Roeckman, jr., J. Amer, Chem. Soc., 1974, 96, 6179.

R.1l, Coates, L.O. Sandefur and R.D, Smillie,

J AmeI‘. Cheﬂ. QOC., 1975, ﬂ’ -‘6190

V. Schrapler and X, Ruhlmann, Chem. Ber., 1963, 96, 2780,
R.D, liller, lI,. Schneider and T.L. Dolce,

J. Amer, Chem. foc., 1973, 95 8468,

J.7, Vvan Rei jendam and F, Baardman, Teltrahedron

Letters, 1972, 5181,

I. lurata, Y. Sugihara and ¥, Ueda, Tetrahedron
Letters, 1973, 1187,
AH, Alberts, H, Tynberg and J. $trating,

Tetrahedron Letters, 1973, 543.

T. Kowar and E. LeGoff, fynthesis, 1973, 212.

P.G, Gassman and X, Creary, J.C.,S. Chem. Comm.,

1972, 1214,

J. Dunogues, R, Calas, li, Bolourtchian, C. Biraun and

[

T. Duffaut, J. Organometallic Chem., 1973, 57s 55




156

157

158:

159:

160

161:

162:

163

164:

165

166:

34

1.7, Rathke and D.F, Sulliven, Tetrahedron Letters,

1973y 1297.
R. Le Goaller and J-L., Pierre, Bull. Soc. Chim. France,

1973, 1531.

Jo¥. Conia and C. Girard, Tetrshedron Letters,

1974, 3333

~

S, llurai, T, Aya and N, Sonoda, J, Org; Chem:,

1973’ 2_8_! 43540
J.li., Conia and ¢, Girard, Tetrahedron Letters,

¢,l5. Rubottom and M,I. Lopez, J, Org, Chem.,

1973, 38, 2097.

J.M. Denis and J.li. Conia, Tetrahedron Letters,

1972y 4593.

J. Salaun and J.M. Conia, Tetrahedron Letters,

1973, 1747.
B.il, Trost and I1,J, Bogdanowicz,

J., Amer, Chem. Soc., 1973, 95, 289.

B.,}M., Trost and lI,J., Bogdanowicz,

J. Amer. Chem. Soc,s 1973, 95, 5311,

S.As Monti, F.G, Covherd and T,V, McAninch,

J. Ore. Chem., 1975, 40, 858.



DISCUSSION,




| Me Si CH, cl — MeS| CI—&NH —

Me,Si CHNHCONH, — Me, S CH, NCONH,
NO
l

Me3S| CHN2 |

SCHEME 1

MegSiCHN, /“\(Sl Mes
andlor
R Si Me3

~ (2]
SCHEME 2

0 0

chN, o g — g AR
| and/ or
R0
A

SCHEME 3




35

The preparation of trimethylsilyldiazomethane,
reported by Seyferth|, (SCEEME 1) coupled with increasing
interest in the synthetic utility of organesilieon compunds,
prompted an investigation of the properties of this reagent.
It was thought possible that reaction of this diazoalkane
vith ketones might provide a route tc}ﬁ-keto-silanes 1
or X-silyl-oxiranes 2 , useful intermediates for the synthesis
of trisubstituted alkenes and aldehyde§ respectively
(SCHEME 2), by analogy with the well-known reaction of
diazomethane itself with carbonyl ecompounds' (SCEEME 3).

Howevery reaction of trimethylsilyldiazo=-
methane with eyelohexanone, under a variety of conditions,
yielded no ﬁ-keto~silane or X=silyl=oxirane, starting
material being recovered unchanged, Addition of Lewis acid
catalysts, which has been shown to be effective in promoting
reaction of diazoalkanes’ and diazo-esters’ with carbonyl
compounds, had no effect in this case,

Attempts were therefore made to promote reaction
of trimethylsilyldiazomethane with cyclohexanone by the use
of basic condensing agents., The presence of the silyl
substituent should facilitate the removael of a proton from
the methine carbon by allowing stabilisation of the
resultant carbanion by (p—d) n-backbonding between carbon
and silicon .

Yo reaction, other than decomposition of the
diazoalkane, was observed when a mixture of trimethylsilyl=-
diazomethane and cyclohexanone in benzene was stirred

vigorously with aqueous potassium hydroxide sclution.
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Treatment of trinethyleilyldiazomebhane
with n-butyl lithium, carried out at 0° in benzene solution,
resulted in the formation of a white solid, presumably
the lithium salt 3 . Similarly, trimethylsilyldiazomethane
could be converted to its potassium salt 4 vy treétment with
potassium t-butoxide (SCEEME 4). Neither of these salts,
however, reacted with cyclohexanone, possibly because the
methine proton in trimethylsilyldiazomethane is less
acidic than the methylene protons gﬁto the carbonyl group
in ecyclohexanone, in which case the preferred process might
be simple proton-exchange between reagent and substrate., To
overcome this difficulty, a nen-enoliéable ketone,
benzophenone, was selected for further experiments,.

Benzophenone did not react with trimethyl-
silyldiazomethane alone, and Lewis acids were ineffective
in promoting condensation., No reaction was cobserved when
agquecus potassium hydroxide sclubtion or triethylamine were
used as bases, The lithium salt, however, did react with
benzophenone in benzene/ether solution to give, in
addition to residual benzophenone, & less polar component
vhose i.r. spectrum showed no absorptions characteristiec
of‘diaz&alkane, silane, carbonyl or oxirane functions,
and whoSe DPemeT. specﬁrum showed the presence of aromatic
protons only. The product was tentatively identified as
diphenyl acetylene, and comparison with an authentic
sample confirmed this identification, The yield of
diphenyl acetylene, based on the benzophenone initially
. added, wasS 34%, This yield was raised to 80% when a
2:1 molar excess of 1lithium trimethylsilyldiazomethide

was reacted with benzophenone in ether selubion (SCHEME 5)
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liechanistically, thé conversion of benzophenone
to diphenyl acetylene must invelve two distinct stages after
the initial condensation of ftrimethylsilyldiazomethide anion
with the ketone, namely Tolfs’ rearrangenent with expulsion
of nitrogen, and elimination of trimethylsilanoxide anion
(SCEEME 6). The order in which these steps occur could not
be deduced at this stage.

The potassium salt of trimethylsilyldiazomethane
also reacted with benzophenone in benzene solution to give
diphenyl acetylene in 52% yield, together with residual -
benzophenone, and a third compound, a erystalline solid
whose i.r., spectrum showed an absorption characteristic of
an alkyl aryl ketone. The pe.me.r. Spectrum Showed the presence
of two non-identical phenyl rings, and a deshielded
methylene group. The compound was thus identified as
rhenyl benzyl kelone, and this identification was confirmed
by comparison with an authentic sample. This compound was
isolated in 6% yield.

| The formation of phenyl benzyl ketone in
addition to diphenyl acetylene can be explained if Wolff
rearrangenent of the adduct 3 to give the enolate ion §
precedes elimination of trimethylsilanoxide anion in the
canversion of benzophénone to diphenyl acetylene (SCHEKE 7).
Since the solution alsoc contains one equivalent of
t=butanol, formed in the reaction of potassium t-butoxide
with trimethylsilyldiazomethane, it is conceivable that this
alcohol can act as & proton source, converting the enclate
~ion 6 to the corresponding ﬁ-keto~si1ane, and thus preventing
elimination of trimethylsilanoxide. The g-keto-silane

would undergo rapid hydrolysis to phenyl benzyl ketone T
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undér the conditions used for isoiaﬁion of the producis.
This type of process is, of course, impossible
when n~butyl lithium is used as base, since there is then
no proton-source present in the reaction nixture, and,
under all conditions studied, benzophenone reacted with
lithium trimethylsilyldiazomethide to give oniy diphenyl
acetylene, and no phenyl benzyl ketone., It is interesting
to note also that the amount of phenyl benzyl ketone
formed in the reaction described above is very dependent
on the solvent-system used, In general, significant amounts
of phenyl btenzyl ketone were obtained only when the reaction
wag performed in benzene solution. Use of ether or THF as
solvent gave only diphenyl acetylene., This solvent
dependence ' is presumably due to the effect of solvent
iontsing-power on the propensity towards elimination of the .
silyl enolate ion 6. In solvents of high ionising-power,
the enolate 6 will exist as a solvent~separated ion-pairs
in these circumstances, the high electron-density on the
oxygen atom will lead to rapid elimination of trimethyl-
8ilanoxide anion, In solvents of low iontsing-power, on the
other hand, the enolate § will exist as an intimate Ion-pair;
elimination of trimethylsilanoxide will therefore be slow,
thus allowing proton~cépture from t-butanocl to compete with
elimination, and leading to the formation of phenyl benzyl
ketone,
Afber experimentation to optimise yields,
attention turned to the study of other substrates.
Acetophenone reacted with lithium trimethylk-

Bilyldiazomethidé to give a mixture whose ma jor component
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was unreacted acetophenone, together with a small amount
of l-phenyl-propyne 8, identified by itse i;ri spectral
characteristics., Presumabdly, in this case, the main
proecess occurring is proton-exchange between acetophenone
and lithium trimethylsilyldiazomethide to form the lithiunm
enolate and the neutral diazoalkane respectively (SCHEME 8).

The highly-hindered ketone, di-t-butyl ketone,
did not react with lithium trimethylsilyldiazomethide, even
when hexamethylphosphoric-triamide (HMPT) was added to the
solvent (SCHEME 9).

Benzil 9 4 however, did react with lithium
trimethylsilyldiazomethide to give 1,3~ diphenyl-prop=3-yn-l-one
10 o identified by its spectral characteristies and by
é&mpariSOn with an authentic sample (SCHEIF 1g). In
addition to this compound, which was obtained in 59% yield,
another product was isolated, This compound was quite polar,

and showed a carbonyl absorption at 1665 en™1

1

s & Silane

, and en absorption at 3460 em™t in

absorption at 1245 cm”
its i,r, spectrum, and was at first thought to be the
intermediate silyl emol 11 . However, all atiempts to

convert this compound to 10 by elimiration of trimethylsilancl
proved unsuccessful, The mass spectrun showed the molecular
weight to bhe 3%320. The compound was thué identified as
5-benzoyl- 4-phenyl- 3-trimethylsilyl- (1H)=-pyrazele 12 ,
and microanalysis confirmed this identificationj this

product arises by 1,3-dipolar additiqn of lithium
trimethylsilyldiazomethide and 10. The formation of this

" compound is consistent with the well=known reactivity of

PN . q -
conjugated alkynes such as 10 in dipolar addition reactions .
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Reaction of 10 with lithium trime%hylsilyl&iazomethide led
only to the formation of the pyrazole 12 3 no di-alkyne
formation was observed,

Benzaldehyde was expected to react with
lithium trimethylsilyl-diazomethide to give phenyl
acetylene., It was found, however, that the products of this
reaction were benzyloxy-trimethylsilane 14 and «-diazo-
acetophenone 15, Doth of which were identified by comparisocn
with authentic sanples. The formation of these compounds |
indicates that the initially-formed adduet 13 does not undergo
Wolff rearrangement, but transfers a hydride ion to a
second molecule of benzaldehyde in a process analogous to
the Cannizarro reaction (SCHEME 11).

Having established that lithium trimethyl-
silyldiazomethide reacts with ketones to form the
homologous acetylenes, the failure of cyclohexarone to
react in this way, or to form any intermediate compound,
was reconsidered. In this case, the product cyclo-heptyne
would be very highly strained, and this might have explained
the failure of these reactions. A large-ring cyclic ketone,
cyclo~dodecanone 16, was therefore reacted with lithium
trimethylsilyldiazomethide. The expected product of this
reaction, cyclo-tridecyne 17 , has been prepared previouS}y
and is quite stable . However, none of.this conpound was
obtained, presumably due to proton-exchange between reagent
and substrate. I+ thus appears that the methine proton in
trimethylsilyldiazomethane is considerably less acidic than
“methylene protons & to a carbonyl group, and this obviously

limits the applicability of lithium trimethylsilyldiazomethide
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tavthe preparation of zliphatic aikynes.

AL search of the literature was therefore
instituted, to identify other diazo-alkanes which right
react in an analogous manner to trimethylsilyldiazomethane,
while having weaker conjugate bases., Such conpounds would
bear a substituent with greater carbanion-stabilising
ability than the silyl moiety, while retaining its
propensity towards elimination when in the B8-position
to a hydroxyl function., An obvious contendér was the
phosphonate group, by analogy with the well-known
Wadsworth-Emmons reagents”; Nemer, 8tudies of diazoalkane
phosphonat es have shown a considerable degree of double-bond
character in the carbon-phosphorus bonésg the ability
of the phosphonate group to take part in (p—d)r -backbonding,
and hence to stabilise an adjacent carbanion, is thus
uninpaired by the presence of the diazoalkane System;

Two suitable diazoalkanes were found:
dimethyl phosphono~diazomethane 1§H and diethylphosphono-
diazomethane igw : hoth compounds are easily prepared from
readily-available starting materials (SCEIZIE 12).

Reaction of dimetiiylphosphono-diazomethane
with n=butyl lithium at 0° resulted in the decomposition
of the diazoalllaney in this respect, dimethyl phosphone-
diazomethane, unlike trime%hylsilyl&iazomethane, is
similar to most diazo-alkanes, which undergo decomposition
on treatment with strong basesIb . Tt was found possible to
generate the anion of dimethylphoSphono-diazomethane by

reaction in THF with nebutyl lithium at -78°, and the



c

Il (i) tase

(Ro) PCHEY 3 Pho==Crh
c 2 (11) 2a 00

COXDITIONS s ¥.oles reagen
sukstres

. W« <t
(1]

R: bases solvent: tenperature:

Me  “puri DHF 0

e DpuLi TEF -18

e BBuLi TEF -78

Et Npurni THF -78

e x0 "Bu TEF -78

e NaO Et EtOE 70 11 5
He MeligCl T HF -78 1,221 35
e DBY THP 20 1.9:1 o]
Ke DBY TEF /HH PP 20 1.8:1 0
le DB THF /E1Pr /LiCl0, 20 1,1:1 0
Me piperidinium TEP 20 1,321, 0

acetate

He Et ,VH MeCN 20 1,221 0
Me Et ,NE , mecn/L10104 20 1.2:1 0
He Et J¥E Dioxan/ Ag(I) 100 1,251 0
Et LiN Pr, THF -78 2.7:1 66

TABLE 1.
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Solﬁtion thus obtained converted ﬂgnzophenone to diphenyl
acetylene in 94% yield (SCEEIE 13). Diethylphosphono;
diazomethane reécted in a similar manner, although the
lithium - salt appeared to be nore prone to decomposition than
that of the dimethyl analogue.

An investigation was then‘condubted to
discover the range of conditions under which the conversion
of ben?ophengne to diphenyl acetylene could be performed
(TABLE 1)3 n-buiyl lithium and potassium t-butoxide were
equally effective in promoting reaction in THF solution,
while other organometallic bases were less effective. Then
the reaction was performed in ethanol solution using socdium
ethoxide as base, vigorous conditions were required, and'
diphenyl acetylene was obtained in only 5% yield. Hethyl-
nagnesiun chloride promoted reaction under the same conditions
used with n-butyl lithiuvm, but the reaction did not go to
completion,

Strong amine bases were eomplgtely ineffective
in promoting reaction of dimethyl—phosphono-diazomgthane
with benzophenone, For example, 1,5~ diaza-bicyclo-

5;4,@' non-5-ene (DBN) 20, a very strong base , did not
induce the reaction either in THF or HMPT/TEF solution.
The possibility that fh@ presence of alkali-metal ions
might be required in order to enhance the electrophilicity
of the carbonyl groupla was considerecd, but addition of
lithium salts to the reaction medium had no effect.

Tn the course of this investigation, a report
. appeared in the 1iterature” of the reaction of ;satin 21
in acetonitrile Solution with dimethylphosphono-diazomethane,

catalysed by diethylamine, to give 22 , the product of Volff
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rearrangement (SCHEEME 14), Under these conditions, neither
benzophenone nor benzil reacts with dimethyl phosphono-
~diazomethane. There are two possible explanations for this:
firstly, the product 22 obtained from reaction with isastin
is insoluble in the reaction medium And Precipitates out
as the reaction proceeds. Assuming the initial addition
of dimethylphosphonodiazomethane to isatin is reversible,
this would drive the equilibrium to the right, thus ensuring
complete reaction. It may be that the products obtained by
the addition of dimethylphosphonodiazomethane to either
benzophenone or benzil are soluble in the reaction mediun ,
and that the equilibrium of the first step'lies well to
the side of reactants rather than products, Experiments
in other, less polar,solvent systems were, however, also
unsuccessful, Possibly the important factor is the
electrophilicity of the carbonyl group involveds the
3-carbonyl group of isatin is much more electrophilic than
the carbonyl functions of either benzil or benzophenone.
Attempts to increase the electrophilicity of these compounds
by adding lithium perchlorate to the reaction medium were
unsuccessful, and the use of more vigorous reaction conditions
merely resulted in the decomposition of the diazoalkane,
Addition of & silver salt, silver heptafluorobutyrate,
in an éttempt to increase the elechbrophilicity of the carbonyl
group by‘complex—formation20 had no effect.

Use of the amine salt, piperidiniunm acetate’ ,
was suggested by consideration of the facters involved in
~the reaction of lithium or potassium salts of the diazoalkanes

i . 3 TR 4
With enolisable ketones; in these processes, the initial
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removal of a proton from the diazoalkane is essentially
irreversible, and the ratioc of products obtained is
dependent on the equilidbria outlined in SCEEME 15,
In order for unreacted ketone to predominate
- in the product mixture, the kinetic requirements are that
| k> ko o3 k3» k-l and kp,{k_, . It is assumed that
the Volff rearrangement and eliminstion steps are irreversible,
"It was anticipated thal the use of an amine salt, a
"thermodynami¢" rather than "kinetice™ basen, might avoid
this difficuvlty (SCHEIME 16), In this system, it is
reasonable to predict that, because of the presence ¢f a

proton source, k5g;k and k42;k_4 § thus, all the

-5
ketone should be available for eventual reaction,.

However, piperidinium acetate failed tao
catalyse the reaction of dimethyl phosphono-diazomethane with

benzophenone to give diphenyl acetylene, even under vigorous

reaction conditions. Clearly, -the problem is that ké<§ k_

2
thus, reaction with enolisable ketones will never go to

completion, and, even with non-enolisable ketones, reaction
will proceed only if conditions are such that k2¢t k;z and
k3 is finite., Thus, the main factors influencing the

outcome of the reaction are the electrophilicity of the
carbonyl compound and the extent of steric hindrance to

adduct formation, which together determine the ratio k, : k;z s
and, depending on the order in which subsequent steps occur,
either the nature of the migrating groups in the Tolff
rearrangement, or the propensity of the pf-silyl or

' p-phosphono- alkoxide towards climination, which determines

k. . The nature of the base is probably less important than

3
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any of these factors, except insofar as the cation involved
influences the electrophilicity of the carbonyl group and
the tendency of silanoxide or phosphonate to eliminate,

Studies were made of the ability of Lewis
acids to catalyse reaction of dimethyl phosphono~diazomethane
with benzophencne., Mock and Hartman' found that
triethyloxonium fluoroborate was an effective catalyst
for the reaction of diazoketones with ketones; however,
neither this reagent nor boron trifluoride etherate were
effective catalysts for the transformation of benzo phenone
to diphenyl acetylene by dimethyl phosphonodiazomethane.

Benzil reacted vith lithium dimethylphosphono- .
diazomethide to give 1,3~ diphenyl-prop-2-yn-l-one (SCHENE 17).
The yield was only modest, however; this was probably due to
further reaction of the product with excess reagent to give
a pyrazole, as was the case in the ana;ogous reaction with
trimethylsilyldiazomethane (SCEENE 19). Tn this case, however,
ne pyrazole was pregent in the ether-soluble fraction aof
the product mixture,

Acetaphenone reacted with both the lithium and
potassium salts of dimethylphosphonodiazomethane to give
l-phenyl propyne, together with residuval acetophencne.
Clearly, the methine proton in dimethylphosphonodiazomethane
is less acidic than the protons o to the carbonyl group in
acetopherone., The potassium salt seemed to be a more effective
reagent than the lithium salt of the diazoalkane in performing
the conversion to alkynej when n-butyl litkium was used as
base, the yield of l-phenyl propyne was 9%, and 500 of

- the initial zcectophenone was recovered unchanged, while,



IAS)

when potassium t-butoxide was used as base, the yield of

’

1-phenyl'propyne was 22%, again with 50% recovery of starting

material., This can be attributed to the greater covalent

characﬁer of the oxygen-lithium "bond" compared with the

exygen~potassiun "bond"y elimination of phosphate from the

initially-formed adduct should take place less rapidly

vhen litbhium is the counter-ion than when potassium is the

counter-ion, since electron density or oxygen is lower in

the former case than in the latter. Thus, when the potassium

salt of dimethylphosphonodiazomethane is reacted with - .

acetophenone, ky is increased relative to k;z (SCHEE 15)

as compared with the corresponding reaction of the lithium

salt. It was expected, in view of this effect, that the

use of a solvent of greater ionising-power might further

enhance the ratio_of alkyne produced to ketone recovered

in this reaction’’s When the reaction of potassium

dimethyl phosphonodiazomethide with acetophenone was carried

out in 25% dimethylsulphoxide in THF, however, little change

in yield was observed. This perhaps indieates that, even

in THT solution, the initially-formed adduct exists as

2 solvént-separated ion pair rather than an intimate ion-pair.
The use of "thermodynamic" rather than "kinetic™"

bases did not result in formation of l-phenyl propyne frog

acetophenone, Sodium ethoxide in ethanol caused some self-

condensation of the ketone, but produced no alkyne, Similar

resulis were obtained when acetophenone and dimethyl phosphono=

diazomethane were reacted in acetonitrile solution in the

presence of diethylamine,
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ly3- Diphenyl-propué~yn-l-one 10 reacted with
lithiun dimethylphosphgngdiazomethide to give a coﬁplex
mixture of products. T.l.c. comparison with an authentic
sample of the expected product, 1,4-dipheny1—buta-1,S-diyneu,
showed ?hat this compound was not present in the product
mixture, The processes occurring here are probably
dipolar addition reactioms, in view of ?he high reactivity
of conjugated yn-ones in such processes, As was found ea¥lier,
in the reaction of benzil with lithium dimebthyl phosphono~-
diazomethide, no pyrazole was isclated from the ether-soluble
fraction of the product mixture; in contrast to the analogous
trimethylsilyl-pyrazole (SCEEME 10), the dimethyl phosphono=
pyrazole which is presumably formed in this reaction
appears to be water-soluble.

Attempt ed conversion of cinnamaldehy&e to a
conjugated en-yne was:sSimilarly unsticcessfuly it ﬁould appear
that d,ﬁ-unsaturated carbonyl compounds cannot be converted
to alkynes using this reagenti

Phenyl-acetaldehyde reacted with potassium
dimethjlphosphonodiazomethide to give, in addition to
residual aldehyde, 3-phenyl-propyne 24 , identified by
its characteristic i.r. and pem.r, spectra. The yield of
3-phenyl-propyne was 30% (SCHEME 18),

Di-t-butyl ketone did not react with either
the lithium or potassium salts of dimethylphosphonodiazomethane,
presumably because of steric hindrance.

Attempts to eonvert di-zliphatic ketones to
.alkynes were, in fact, uniformly unsuccessful. Reaction
of the lithium or potassium salts of diethylphosphono-

) ) - > ,... e
diazomethane with phenyl benzyl ketone, dibenzyl ketone
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and di~cyclohexyl=ketone resulted, in every case, in the
recovery of unchanged starting material.

At this point in the investigation, it was
felt prudent to study the reaction of lithium dimethyl-
phosphonodiazomethide with a variety of aryl ketones, in
case the conversion of benzophenone to diphenyl acetylene
should be due to some anomalous and undefined property of
benzophcnone itsel fo Mercifully, the reaction proved to be
general for such aromatie substrates, and the results of
these investigations are summarised in TABLE 2.

Substitution of the aromatic ring appears to
have little effect on the reaction, provided of course that
no active-hydrogen~containing substituents are present.

As has already been described, conjugated carbonyl compounds
are not converted to alkynes, and «=-dicarbonyl ecompounds

give low yields of alkyne due to subsequent dipolar addition
reactions. However, dicarbonyl compounds in which the carbonyl
groups are mutually isolated react normally, to give a mixture
of mono-alkyne and di-alkyne (SCHEEIE 19). Hetero-aromatic
ketones reacted normally, although all attempts to convert

» 2-henzoyl=furan to the alkyne resulted in substrate
Polymerisation. ‘

The relatively high yield of phenyl
eyelohexyl acetylene obtained by reaction of phenyl
eyelohexyl ketone with the reagent is noteworthys
one would expect the methine proton in this ketone to
be less acidic than the methylene protons of acetophenone;

"00mpeting proton~exchange should therefore be less evident
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for this ketone than for acetophenone in their reactions

with lithium dimethyl phosphonodiazomethide, and the yield

of alkyne is thus increased. Taking this argument a step
further, the failure of phenyl benzyl kebtone to react at

all with the reagent can be attridbuted to the increased acidity
of its methylene protons compared with thosevof

acetophenone; proton exchange is therefore the only process
odcurring here (TABLE 3).

A Tecent reportby Regitz'® deseribes the
formation and isoclation of adducts of electrophilic carbonyl
compounds with methyl—diazomethyl;phenylphosphinate
25 nunder the influence of a catalytic amount of
triethylamine (SCHEME 20). As described earlier in this
discussion, all attempts to condense dimethyl phosphono-
diazomethane with carbonyl compounds under similar conditions
were unsuccessful, In view of Regitz's findings, however,
some further investigation was undertasken. Initially,
attenpts to prepare the adduct of p-nitro-benzaldehyde
and diethylphosphonodiaszomethane were unsuccessful. These
reactions were performed in the solvent system ( 1:1
dimethoxyethane/ether) used by Regitz for the corresponding
reaction of methyl- diazomethyl -~phrenylphosphinate with
p=nitro-benzaldehyde. After experimentation with various
solvent systems, it was found that the adduct 26 could
be obtained by performing the reaction in ether solution
in the presence of 0.2 equivalents of triethylamine. The
reaction did not go to completion, and the adduct 26 was
obtained pure, as a crystalline solid, only after repeated
" trituration and careful Tecrystallisation., The i.r.

spectrum of this compound showed absorptions characteristic
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of hydroxyl, diazoalkane and phosphonate functions., The
wavelength of the hydroxyl absorption did not vary with
concentration, thus demonstrating the existence of
intramolecular hydrogen bonding between the phosphonate
and hydroxyl groups. If spontaneous elimination of
phosphoric acid diethyl ester were possible, then this
intramolecular hydrogen bond would be expected to
facilitate the elimination process (SCHEME 21). The
fact that no such process occurs partially expleins the
failure, described earlier, %o induce reactioﬁ of
dimethyl phosphonodiazomethane with ketones to give
alkynes by the use of strong amine bases,

Another factor to be considered is the
pogition of equilibrium in processes of the type shown
in SCHEME 203 Regitz'’ r’eport ed that the adducts formed
in these processes crystallise out as the reaction
proceeds, and, in a subsequent paper”, has described tne
reaction of diphenylphosphinyl-diazomethane 27 with
& range of aldehydes to form crystalline adducts (SCHEIE 22),
In every case, the adducts precipitate from solution,
and a variety of solvent systems were used to ensure that
this occurred. Clearly, it is this precipitation of the
product which allows the reaction to proceed to completion,
by displacement of the equilibrium towards the side of
products. I+t is significant that Regitz’ reports only
one example of an adduct formed from dimethyl phosphono-
diazomethane and an aldehyde, in this case p-nitro-
benzaldehyde; by use of diphenylphosphinyl~-diazomethane,

the solubility of the adducts is reduced sufficiently %o
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allow conditions to be found undér which crystallisation
from the reaction mixture will occur. In addition, the
anion of diphenﬁlphosphinyl-diazomethane is probably more
stable than the diﬁethylphosphonodiazomethide anion,
since, in the latter, the negative charge on carbon

has to compete with the lone-pair electrons on the two
alkoxyl oxygen atoms in (p-—d)r-backbonding with

pho s phorus,

Two conclusions can therefore be drawn:
firstly, amine bases will only catalyse adduet formation
if the resulting adduct can be induced to precipitate
from solution; and, secondly, amine bases will not
catalyse the subsequent rearrangement and elimination
reactions of the adduct leading to alkyne.

In contrasty, reaction of the lithium salt
of diethylphosphonodiazomethane with p-nitro-
benzaldehyde leads to p-nitrophenyi acetylene in 86%
yield (SCHEME 23%). Since this reaction presumably proceeds
through the lithium salt of the adduct 26 , an attempt
was made to convert 26 to p-nitrophenyl acetylene by
treatment with an alkali-metal base., Reaetion of the
adduct 26 in THF solution ﬁith potassium t=butoxide
gave p-nitrophenyl acetylene in 68% yield. In contrast,
on reaction with DBN in THF solution, the adduct 26
reverted to diethylphosphonodiazomethane and p-nitro-
benzaldehyde (SCHEME 24).

Thus, it can be deduced that the conversion
ef carbonyl compounds to homologous alkynes is a
property shown only by metal salts of dialkyl phosphonc =

diazomethanes, and not simply by their conjugate bases.
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The implication of this finding is that the
decisive stage of this conversion of carbonyl compound
to alkyne is the elimination of the alkali-metal phosphate
from the initially-formed adduct 27 , that if this process
does not oecur then the reaction will not proceed, and
that this step must therefore precede TVolff rearrangement.
In order to test this hypothesis, the adduct 26 was heated
in refluxing benzene in the presence of a trace of
bis-(acetylacetonate-) Copper(IT)s in order to bring
ebout Wolff rearrangemengnghe product was a yellow
0il whose i.r. spectrum showed absorptions characteristic
of aryl slkyl ketone and phosphonate functions, and was
thus identified as (-diethyl phosphono-, p-nitro-
acetophenone 28. The yield of this compound was 98%.

No change occurred when 28 was treated with
potassium t=-butoxide in THF solution. This confirms that
phosphete elimination precedes Wolff rearrangement, as
shown in SCHEIE 25,

Thie account would be incomplete without
an assessment (hopefully, an objective one) of the synthetic
wtility of the reagents described herein,

Vith a few exceptions, these reagents cannot
be applied to the preparation of aryl alkyl acetylenes,
unless the alkyl group is‘Secondary. In no case studied
was it possible to prepare di-alkyl acetylenes by this
route; this possibly reflects the poor migratory aptitude
of alkyl groups as compared with aryl or hydride groups.

This method is very useful, however, in the
preparation of di-aryl acetylenes. The reaction seemS to

be relatively insensitive to substitution of the sronmatvic
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nuclei, provided that no active hydrogen atom is present.

The preparalions summarised in TARLE 2 were all carried

cut under a set of standard conditions, and some optimisation
of yields should be possible.

Some alternative methods for the preparation
of acetylenes are shown in SCHEME 26" , SCHENE 27° ,

SCEENE 28" and SCHEME 29.

For the preparation of di-aryl acetylenes,
the method“described above i8 superior to all these
methods, The diazoalkanes used are easily prepared from
readily available starting materials, and can be stored
under refrigeration for long periods without deterioration.
In addition, the method is a simple one-step process,
purification is facilitated by the water-solubility of
3ll the unwanted products of the reaction, and a wide
range of suitable ketones are available both commercially

amd from Friedel-Crafts reactions.
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Preparation of trimethylsilvldiaszomethanes
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2, Reactions of trimethvlisilvldiasmnethanes

(a) with cyclohexanone:

(v)

(e)
(a)
(e)
(£)

(&)

3.

Preparation of dimethyl phosphonodiazomethane

(i)and potassium t-butoxide

(ii) and potassium hydroxide

(iii) and n-butyl 1lithium

(iv) and triethyloxonium fluoroborate
wvith benzophenones

(i) without added base

(ii) and potassium hydroxide

(iii) and triebthyl anine

(iv) and n~-butyl lithium

(v) -and potassium t=-butoxide

(vi)and triethyloxonium fluoroborate
(vii) and boron trifluoride etherate
wvith acetophenone

with di-t-butyl kebone

with benzil

with benzaldehyde

wvith cyclododecanone

end diethvlphosphonodiazonethanes

A. Reactions of dimethylnhosphonodiagzomethanes

(a)

with benzophenone:

(i) and n-butyl 1ithium

(ii) and potassium t-butoxide
(iii) and sodium ethoxide

(iv) and methyl magnesium chloride
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59
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61
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64
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(v) and DB
(vi) and piperidinium scebate
(vii) and diethylamine
(viii)and triethyloxonium fluoroborate
(b) vith benzil:
(i) and n-butyl lithiunm
(ii) and diethyl amine
(¢) with acetophenones
(i) and n-butyl lithium
(ii) and potassium t-butoxide
(iii) and sodium ethoxide
(iv) and lithiun di-iso=propylamide
(v) and diethylamine
(d) with 1, 3~diphenyl-prop=2-yn-1-one
(e) with di-t-butyl ketone
(£) with phenyl acetaldehyde

(g) with einnemaldehyde

(2) with benzophenone:
(i) and n-butyl lithium
(ii) end lithium di-iso=propylamide
(iii) and sodium hydroxide

(b) with phenyl benzyl ketone:

(e) with di-benzyl Ketones

(@) with di-cyclohexyl ketone:

T2

T3

T4

15

76

17

78

79

80

8l
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(g) Preparation of p-nitrophenyl acetylene 89
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EXPERTITUIMAL

ltelting pointvo Wefo recorded on a Xofler
hot~ctagze apparatus. I.r. sSpectra were recorded on a
Pye Unicam SPLO00 or on & Perkin-Elmer 225 double-beam
spectrophotometer and are for 1liquid films; unl ess
othervise stated. U.v. spectrs were recorded on a Pye
Unicam SP6OO speetrophotometer, 1H n.m.r. sbectra were
measured on a Varian T=50 60 lHz. or on a Vaerian EA 100
100 }Iz., spectrometer, with teliramethylsilane a8 internal
reference, unless octherwise stated, 136 nim;r, spectra were
measured on a Verian XL-100~12 FT spectrometer, at
natural abundance, Raman spectra were recorded on a
Spex Ramalog 4 laser spectirometer, liass spectra were
determined on an A, B T.~G.E.Co 11512 specetrometer,
Analytical geleuc, was performed on Perkin-FElmer F1ll
‘and Pye Argon gas chromatographss g.l.c. yields were
normally calculated relative to diphenyl acetylene as
internal standard, assuning identical detector responses
" in other cases, a standard solubtion of the compound under
analysis was used as external standard,

¥ieselgel & (Ierck) was used for analytical
teloce, vhile Kieselgel HF,q5y (1rerck) was used for
preparative t.l.c, Light petroleum refers to that fraction
which boils between,EO and 80°, orgaenic solutions were
concentrated on & BUehi rotary evaporator; all organic
solutions were dried over anhydrout magnesium sSulphate,
unless otherwise stabed.

Solvents were purified béfore use as follows:
ether, benzene, toluene and xylene (AnaleaR grade) were

dried over sodium wirej nebthylene chloride was percolated
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through alurmine (VYoeln basic, grede I) innediately
before uses tetrahydrofuran and 1,4-dioxan were
distilled frem lithiur 2luniniun hydride in an atmosphcre
of nitrogen, and stored under nitrogen sver molecular
sieves (Linde type 5A); acctonitrile was distilled from
calecium hydride and stored over molecular sieves

(Linde type 44); dimethyl sulphoxide and hexamethyl-
phosphoric triamide were dried over moleculér sieves

(Linde type 5&).
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l. Preparation of trimethylsilyldicconethanec,

Trimethylsilyldiazomethane was prepared by
a published procedure', and was obtained as a yellow
. o , =1
oil, bep. 94-5 /755mmo, )jmax 2060’ 1250, 1030, 840 CIl, o
QK(CD013) 10.0 (98, s , MeBSi), 7.8 (1H, s , cgnz) (no
tetramethylsilane added) )

2, Reactions of trimethylsilyldiazomethanes

(a) with cyclohexanone:

(i) and potassium t-butoxide. A Solution of

trimethylsilyldiazomethane (230mg., 2mmol.) in &ry
benzene (5 ml.) was stirred with potassium t-butoxide
(229mg., 2 mmol.) for 5 min., and a solution of
freshly-distilled cyclohexanone (208 mg., 2 mmol.) in
ether (3 ml.) was added. After 18kh., the solution was
poured into water, the organic layer separated, the
agqueous layer extracted with ether (2 x 5 ml,), the
combined organic solutions washed with brine, dried
and concentrated in vacuc to give an oil, shown by t.l.c.
( 5% ethyl acetate/light petroleum) to consist largely
of unreacted cyclohexanone,

(ii) and potassium hydroxide solution, A solution

of trimethylsilyldiazomethane (230 mg., 2 mmol.) in
benzene ( 5 ml.) was stirred vigorously with aqueous
pot 2ssium hydroxide solution (2M3 1.5 ml., 3 mmol.) and
a solution of cyclohexanone (206 mg., 2 mmol.) in ether
( 3ml.) was added. |

After 2oh., work-up (as in section 2(a), (i) )
gave an oil, shown by te.l.c. (5% ethyl acetate/light

Petroleun) to consist orly of cyclohexanone. .
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2(a) etd.

(iii) end n-butvyl lithium., A solution of

trimethylsilyldiazomethane (230 mge, 2 mmol.) in
benzene ( 5 ml,) was stirred at room temperature under
nitrogen, and treated with a solution of n~bubyl lithium
in hexane (2.1l 0.95 ml., 2 mmol.); the yellow colour
of the solution faded, and a fine vhite precipitate was
formed., On addition of a solution of cyclohexanone (204mg.,
2 mmol,) in ether ( 3 ml.,), the precipitate disappeared
and the solution regained its original colour.

After 21 h., work-up (as in 2(a), (i) )
gave an oil, shown by preparative b.1. 0 (5% ethyl
acetate/light petroleum) to consist almost entirely

of cyclohexanone.

(iv) and triethyloxonium flﬁoroboraté; A solution
of cyclohexanone (104 mge, 1.06 mmol.) in methylene
chloride ( 5 ml.) was stirred at 0° under nitrogen and
treated with triethyloxonium fluoroborate’ (approx. 2 mmol.).
A solution of trimethylsilyldiazométhane (180 mges 1.6 mmol,)
in methylene chloride ( 2 ml.) was added, and the solution
was stirred for 16h., Anhydrous sodium carbonate (approx.
4 mmol,) was added, and stirring was continued for 1,.5h.,
after which the solution was filtered and concentrated
in vacuo to give a brown oil (98 mg.); preparative
teloce ( 105 ethyl acetate/ light petroleum) showed

cyeclohexanone tc be the only significant component,
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(b) vwith benzophenones

(i) vithout added base. A solubtion of trimethyl-

silyldiazomethane (230 mg., 2 mmol.) in benzene ( 5 ml.)
was treated with a solution of benzophenone (365 mg. ,
2 mmol.) in ether ( 4 ml,) and stirred for 18h.

The solution was poured into water(l0 ml.),
the organic layer separated, the aqueous layer extracted
with ether ( 2 x 5 ml,), the combined organic solutions
. washed with brine, dried and concentrated in vacuo to
give an oil, shown by g.l.c. (1% OV-1T7, 1500) to consist
only of benzophenone. |

(ii) ond potassium hydroxide solution. A solution

of trimethylsilyldiazomethane ( 230 mg., 2 mmol.) in
benzene ( 5 ml,) was stirred vigorously with aqueous

.vpotassium hydroxide solution (2M3; 1 ml., 2 mmol.) and

a solution of benzophenone ( 365 mg., 2 mmol.) in ether

( 4 ml.) was added. After 18h., work-up (as in 2(b), (i) )

gave an oil, shown by tel.c. (20% ethyl acetate/light

petroleun) to consist only of benzophenone.

(iii) and triethylamine. A solution of trimethyl-

silyldiazomethane (236 mg., 2 mmol.,) in benzene ( 5 ml:.)
was treated with triethylamine ( 202 mge., 2 mmol.) and
a solution of benzophenone (365 mg., 2 nmol,) in ether
( 4 ml.) wae added. |

After 21h,, work-up ( as in 2(b), (i) )

gave unchanged benzophenone,
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(iv) and n-butyl lithium, A Solution of

trimethylsilyldiazomebthane ( 114 mg., 1 mmol.) in
benzene ( 5 nl,) was cooled to 00, stirred under nitrogen,
and treated with a solution of n-butyl lithium in
hexane (2.1M35 .48 =mly, i nnols). A solutiom of
benzophenone (182 mg., 1 mmol.) in ether ( 5 ml.) was
added, and the solution was allowed to warm up to room
temperature.-

After 2h,, work-up (as in 2(b), (i) )
gave a yellow oil (202 mg.). Preparative tel.c. (20%
ethyl acetate/light petroleum) gave pure diphenyl
acetylene ( 60.mg., 34¢), m.p. 60~561° (aqueous ethanol)

34

(1€ 62.5%)5 )7 3060 , 1600 , 1500 emsl, Raman

spectrum (solid sample): 2240 4 1608 , 1165 , 1017 cmfl,

T(cciy): 2.7 (s 0635).

A solution of trimethylsilyldiszomethane
( 170 mge, 1.5 mmol,) in ether ( 6 ml.) was cooled to 0%,
stirred under nitrogen, and treated with a solution of
n-butyl lithium in hexane (2.1M3; 0.76 ml., 1,5 mmol.).
K solution of benzophenone ( 182 mg., 1 mmol.) in ether
( 6 nl.) was added, end the solution was allowed %o
warm up to room temperature. '

After 16h., work-up (as in 2(B), (%) )
gave a yellow oil ( 260 mg.). Preparative t.l.c.
(20% ethyl acebate/light petroleum) gave pure diphenyl
acetylene (143 mz., 80%), identified by comparison

(golece, 1% OV-17, 150°) with an authentic sample.
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(v) and;gotassium~t—butoxide; A solution of

trimethylsilyldi azomethane ( 230 ng., 2 mmol.) in

benzene ( 5 ml.) was treated with potassium t-butoxide

( 227 mg., 2 mmol,). After stirring for 5 min., a
solution of.benzophenone ( %365 mgey 2 mmol,) inm

benzene ( 4 ml.) was added. After 18h,, work-up (as

in 2(b), (i) ) gave an oil (404 mg.,) whiich showed

three components on g.l.c. analysis (1% oV-17, 1500).

The major component was diphenyl acetylene (187 mg., 52%),
and unreacted benzophemone was also recovered (61 mg.,
17%)e The third compo nent (2lmg. ) wés purified by
preparative t.l.c. (20% ethyl acetate/light petroleum)

to give a white crystalline solid, m.p. 53-4°, Y ax.
1685 cm?l, Qf(03013): 5.8 (2H, s , PuCE,CO), 2.8

(58, s , CgH5CHp) , 2.6 (3H, m , 2,4,6- C.H5C0) and

2.1 (2Hy m , 3,5-063500), vhich gave a 2,4-dinitro-
phenyl~hydrazone m.p. 203-4°, and was identified as

phenyl benzyl ketone (1it”: m,p. of DNP derivative:

204°) by comparison (gel.c., mixed m.p.,) with an authentiec
sample, The yield of this component was thus 6%,

(vi) end triethyloxonium fluoroborate A solution

of benzophenone (150mg., 0.85 nmol,) in methylene
chloride ( 5 ml.) was stirred at 0° under nitrogen and’
trested with freshly-prepared triethyloxonium fluoro-
borat e’ (300mge, 1.6 mmol,)s Trimethylsilyldiazomethane
(180mg., 1.55 mmol.,) was added, and the mixture was
stirred 16h, at room temperature., Anhydrous sodiwum
carbonate (approx. 2 mmol.) was added, and the mixture

was stirred for 2.5h.,, filtered, and concentrated in



bk

vacuo to give a brown oil, shown by t.l.c. (20%.ethyl
acetate/light petroleum) to consist of unchanged benzo-

Phenone,

(vii) and boron trifluoride etherate., & solution

of benzophenone (150 mge, 0.85 mmol.) and boron trifluoride
etherate (120 mg., 0.85 mmol.) in ether (L.5ml.) was
stirred under nitrogen at -78%, and treated with
trimethylsilyldiazomethane (95 mg., 0,85 mmol.). Thé
mixture was stirred at -78° for 10 min.,, then at roonm
temperature for 1,5h., and then treated with saturated
sodium bicarbonate solution and stirred 16h, at room
temperature. The organic layer was éeparabed, the
aqueous layer extracted with ether (2 x 5ml,), the
combined organic solutions washed with brine, dried and
concentrated in vacuo to give a‘yellow 0il (137 mg.)
shown by t.l.c. (20% ethyl acetate/light petroleum)

to consist 8L unchanged benzophenone,

(¢) with scetophenone: A solution of trimethylsilyl-

diazomethane ( 132 mg., 1.15 mmol.) in ether ( 5 ml.)
was cooled %o 0°, stirred under nitrogen, and treated
with a soluticn of n-butyl lithiwm in hexane (2.1,

0.5 ml., 1.05 mmol.)e A Solution of freshly-distilled
acetophenone (100 mg., 0.85 mmol.) in ether ( 3 ml.) was
added, and the cooling bath removed. After 30 min., the
solution was treated with water ( 5 ml.), the organic
layer separated, the aqueous layer extracted with ether
(2 x 5ml.), the combined organic solutions washed with
brine, dried and concentrated in vacuo to give an oil

(163 ng.). Preparaﬁive t.l.c. (20% ethyl acetate/l1ight
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petroleun) gave acebophenone (70ﬁg;, T0%), identified by
conparison with an authentic sample, and a small amount
of a substance presumed to be l-phenyl propyne, from its

i.r. spectrums )4nax. 3080 5 2970 5 2265 , 2230 , 1600 ,

1500 enl

(d) with di-t-butyl ketones

A solution of trimethylsilyldiazomethane
(%360 mg.s 3,1 mmol.) in 30% hexamethyl phosphoric triamide
(miPr) in TEF ( Sml.) was treated , at 0° with stirring
in an atmosphere of nitrogen, with a solution of n~butyl
lithium in hexane (2,1Mj l.4ml., 2.94 mmol.). A solution
of di-t-butyl ketone (13%0mg., 0.9 mmol.) in 30% HMPT /THF
( 5 ml.) was added, the cooling bath was removed, and
stirring was continued for 16 h., VWork-up (as in 2(c¢) )
gawe an oil, shown by t.l.c. (10% ethyl acetate/light

petroleum) to consist of unchanged di-t-butyl ketone.

(e) with benzil:

A solution of trimethylsilyldiazomethane
(137 mg., 1.2 mmol.) in ether (5 ml.) was cooled to 0%,
stirred in an atmosphere of nitrogen, and treated with
8 solution of n-butyl lithium in hexane (2.3M3 0.6ml.,
1.38 mmol.)s A Solution of benzil (164mg., 0.75 mmol.)
in ether ( 5 ml.) was added; the colour of the solution
changed to red, brown and eventually black, After 10
min,, work-up ( as in 2(c¢) ) gave a brown oil (220 mg.)

Preparative t.l.c. (209 ethyl acetate/light petroleum)



gave 1,B-diphenylnprop~2~yn~1-on§b 10 (90 e g 59%) a8
an 0il, ) .. 2215 , 1645 emlt, T (cpol;) 2.75 (),
and a more polar compound, an impure yellow solids
successive trituration with pentane, 1:1 ether/pentane
and ether removed the yellow impurity, and reerystallisation
from ether/pentane gave a white 50lid (20mg.), m.D.
162-4°, Ynox (0014) 3460 , 3260b , 3060 , 2960 , 1665 ,
12 116 10 emt EbOE 2 ) and
45 5 1165 , 910 enl™, A 53(¢ = 7450) an
212(€ =13360)mm., P/(CDCL3): 9.7 (9E, & , MezSi) ,
2.7 (6H, bs., 0635 and IH, onelE exchanges with D20) .
2.5 (3B, m , 25456-C6E5C0) and 1.9 (2H, m , 3,5-c6g500):

Ef

: 3203 +this compound was therefore identified as

Sebenzoyl, 4-phenyl, 3-trimethylsilyl-(lE}-pyrazole 12.
(Pounds C, T70.8; H, 6,663 Ny 8.35. C1gHpoN05i requires
C, Tl.2; H, 6.29; N, 8.74.) The yield of this compound

wag thus 8%,

(£) with benzsldehydes

A solution of trimethylsilyldiszomethane
(228 nge, 2 mmol.) in benzene (5 ml.,) was stirred under
mitrogen, cooled to 0° and treated with o solution of
n-butyl lithivm in hexane (2.1¥; 0.96 nl., 2 mmol.) .
Lk solution of freshly-distilled benzaldehyde (106 mg.,
1 mmol,) in ether (5 ml.) was added, and the cooling bath
vwas Temoved. After 18 h., work-up (2s in 2(c¢) ) gave an
0il vwhich showed two components on t.1l.co (105 ethyl
acetate/lighﬁ petroleum); the less polar component was

an 0il ) __ 1260, 1060 and 860 om:s’, T (CDCl3) 9.9

mex .
(98, s , He;Si), 4.3 (2H, s 5 PhCEL0), 2.6 (55, m , h)

and wes identified as benzyloxy-trimethylsilane 14 by
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Gelece comvarison (155 0V~l, 65°) with an authentic
sampleé the more Polar component was a yellow oil,
. -1 ‘ : . .
Ypax 21405 16%0, 1380 cm. s Qj(03013) 5.7 (18, & ,
CEN») and 2.6 (58, m 4 PhCO-), and was identified -

=3

a8 =diazo-acetophenone 15 by comparison with anm =

lH nemere. sSpectrun of the product

avthentic cample., The
nixture showed that these compounds were present in

approximately equimolar amounts|

(g) with cvelododecanone,

- A solution of trimethylsilyldiazomethane
(115 ng., 1 mmol.) in benzene (2.5 ml.) was stirred under
mtrogen, cooled to 0° and treated with a solution of
n-butyl lithium in hexane (241173. 0448 ml.y 1 mmols).

X solution of cyclododecanone (182 mge, 1 mmol.) in

ether (2 ml.) was added, and the cooling bath was removed.
| After 18 h.,, work-up (as in 2(e¢) ) gave an
0il, shown by t.l.c. (105 ethyl acetate/light petroleun)

to consist mainly of cyclododecancne,
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3e _Preparation of dimethrlvaosphonodiazomethane and

diethyl phosphonodiazometkeone,

K solution of N-(bromomethyl-) phthalimide
(120g.5 500 nmol.) in dry xylene (360ml.} was stirred
in an atmosphere of nitrogen, and heated to 120°.
Trimethyl phosphite (59 ml, 62Z., 500 mmol.) was added
dropwise, and the solution was heated at reflux for 3h.,
and allowed to cool overnight. Light petroleum (490 ml.)
wag added slowly, with stirring, and the solution was
allowed to stand for 2h, The precipitated solid was
filtered off and dried in an evacuated desieccator to
give N=(dimethylphosphono-methyl=)phthalimide as white
erystals (116g., 86%) m.p. 112-2° (Llit't 114-5°).
This compound was dissolved in methanol (435 ml.) and
~the solution treated successively with Mydrazine hydrate
(21.5g.5 430 mmol,) and acetic acid (50 ml.), and
heated 1h., at reflux. The solution was cooled to -5°,
filtered and concentrated in vacuo at 30°; the residue
was taken up in & solution of acetiec acid (50 ml,) in
water (430 ml.) and extracted with methylene chloride
(4 x 50 ml.); the aqueous layer was then filtered and -
stirred vigorously at -5° with methyleme chloride (280 ml.).
A solution of sédium nitrite (30g., 434 mmol.) in
water (75 ml.) was added, and stirring and cooling was
conkinued for lh. The methylene chloride layer was
separatéd, and the aqueous layer extracted with
methyl ene chloride (4 x 80m1$); the combined organic
extracts were washed with saturated sodiunm bicarbonate
solution (3 x 50 ﬁl.), dried over sodium sulphate and

o . .
concentrated in vacuo at 30 to give crude dimethyl-
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phosphono~disazomethane 28 an orange oil (23.7g.,

158 mmol., 37%) . The crude product was dissolved in
ether ( 50 ml.), filtered through a short column of
alunina (Toelm neutral, grade III), and the solution
concentrated in vacuo at 30°. Distillation gave pure
dinethyl phos phono=-diazomethane, b.p. 59° (0.lmm. Hg.)
as & yeLlow oil (10.5g., 70 mmol.s 16%) )/max 2110
and 1250 cm:],' T (09013) 6.3 (6H, & , J=11.5 Hz.,

0-P(0)~ ) and 5.5 (1H, & , J=11 Hz., =CEN, ).

cH
=3

Diethyl phosphonodiazonethane vés prepared by a pubdblished

procedure’ from N—(bromomethyl)-phthalimidé7(TOg;, 291
mmol.) and triethyl phosphite (52 ml., 49.7g+, 299 mmol.),
and wa8 obteined as a yellow oil, beDp. 52° (0.1 nm, Hg.)

(15.82+., 89 mmola., 31%), Ymax 2113 and 1253 cm:],'

3¢ nimer.s d(CeDg) 16.29 (4, BJP_CZI 6.6 Tz.,
CH3) 5 29.64 (d, 13};_0 = 225.9 Hz., GHW,) and

6244 (8, "3, = 5.1 Bz, gH,0 ),
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4. Reactions of dimethvlphosphonodiazometthanes

(2) with benzophenones

(i) 2nd n-butyl lithiun. & solubion of dimethyl-

phosphonodiazomethane (165 ng., 1.1 mmol.) in THF (5 ml.)
was stirred at ~78° under nitrogen, and treated with
a solution of n-butyl lithium in hexane (2M3 0.6ml.,
1.2 mmol.); the colour of the solution changed from yellow
to red. A solution of benzophenone (140 mg., 0.77 mmol., )
in THF (5 ml.) was added, and the cooling bath was
removed,

After 16h,, the solution was poured into
water ( 5 ml.), thé organic layer separated, the
aqueous layer extracted with ether (2 x S5ml.) and the
combined organic solutions washed with brine, dried and
concentrated in vacuo to give a yellow solid. Preparative
t.l.e. (20% ethyl acetate/light petroleum) gave pure
diphenyl acetylene as a white crystalline solid (106 mg.,
79%) m.p. 60-61° (1it? 62.5°), identified by comparison

with an authentic sample,

The above experiment wase repeated, using
95 mg, dimethyl phosphonodiazomethane (0,63 mmol.), the
equivalent amount of n-butyl lithium in hexane, and 52 ng.
benzophenone (0.29 mmol.)s the product was analysed by |
g.l.c. (1% 0V-1, 125°). The yield of diphenyl acetylene
wvas 48 mg. (94%9%).

(ii) and potassium t=butoxide., A solution of

dimethyl phosphonodiazonethane (153 mge, 1.02 mmol.) in
THF (5 nl, ) was stirrcd ab -78o under nitrogen and treated

with o suspension of potassiunm t-butoxide (119 mg., 1,06
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mmole) in THF (5 ml.). A solubtion of benzophenonc
(107 mg., 0.59 mmol.) in THF (5 ml.) was added, and the
¢cooling bath was removed,

kfter 16h,, work-up (as in section 4(a), (i) )
gave a yellow solid (104 mg.). Preparative t.l.ce
(20% ethyl acetatg/light pPetroleum) gave pure diphenyl
acetylene, m,p.60-61° (lif: 62.,5°) , identified by
comparison with an authentic sample. .

(iii) and sodium ethoxide, A solution of

dimethyl phosphonodiazomnethane (132mg., 0.88 mmol,) &nd
benzophenone ( 150 mg., 0.82 mmol.) in dry ethanol (7 ml,)
was treated with a Solution of sodium ethoxide (0.82 mmol.)
in ethanol (3 ml.) and heated at reflux for 2h. The
solution was cooled, poured into water (25 ml.) and
extracted with ether ( % x 10 ml.). The combined

ethereal extracts were washed with brine, dried and -
concentrated in vacuo to give a colourless oil (117 mg.).
Preparative t.l.c. (20% ethyl acetate/light petroleum)
gave diphenyl acetylene (8mg., 5%) and unehanged
benzophenone ( 98 mg., 65%), both of which were
identified by comparison with authentic samples,

(ix) _and methylmagnesiun chloride. A solution

of dimethyl phosphonodiazomethane (250 nges 1.66 mmol,)
Sin THF (6 ml,) was stirred at -78° under nitrogen and
treated with a Solution of methylmagnesium chloride
( 373 0.55 mley, 1.65 mmol.) . After lomin., a solution
of benzophenmone (265 mge, 1.45 ummol.) in THF ( 5 nl.)
was added, and the cooling bath was removed.

Kftei 16h., work-up (as in 4(a),(i) ) save

a yellow oil (248 ng.). Preparative t.l.c. (2095 ethyl
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acetate/light petroleun) gave uﬁchanged beunzophenone

(135 mge, 50%) and diphenyl acetylene (90 mg., 35%), both
of which were identified by comparison with authemtic
samples,

-(v) and D3N. A solution of dimebthylphosphono-

diazomethane (290 mg., 1.94 mmol.) and benzo phenone
( 195 mg., 1.05 mmol,) in TEF ( 10 ml.) was treated
with DBN ( 240 mgey 1.92 mmol.) 2nd stirred for 16h.
Vater ( 5 ml.) was added, the mixture was stirred for
5 min,, treated with saturated ammonium chloride solution
( 10 ml,) and extracted with pemtane ( 4 x 5 ml.); the
combined organic extracts were washed with brine, dried
aud concentrated in vecuo to give an oil (156 ng.),
shown by t.1.c. (20% ethyl acetate/light petroleum) to
consist only of benzophenone, |
The above experiment was repeated, using
209 EMPr in THF as solvent; the same result was observed.
The above experiment was repeated, using
20% HmIPT in TEF as solvent, in the presence of lithium
perchlorate (212 mg.y 1.9% mmol.); the same result was
observed.

(vi) and piperidinium scebtate. To a solubion of

piperidine (94 mg., 1.1 mmol.) and acetic acid (66 mg.,
1.1 mmol.) in THF ( 10 ml.) were added dimethylphosphono-
diszomethane ( 145 mg., 0,97 mmol.) and benzophenmone

(150 mg., 0.83 mmol. ). After stirring for 16h., t.l.c.
(205 ethyl acetate/light petroleum) showed that no change
had taken place. The solution was then heeted under reflux
for 8 days, cooled, and treated with brine (10 ml.); the
orcanic phase was Scparated, the aqueous pkase extracted

with ether (3 x 5mnl.), the combined crganic Solutions
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vashed with brine, dried and concentrated in vacuo to
give an oil, shown by t.l.c. to consist of benzophenone.

(vii) end diethylamine. To a Solution of dimethyl-

phosphonodiazomethane (167 mg., 1.1 mmol.) and
benzophenone (175 mge, 0.96 mmol.) in acebonitrile

( 5ml.) was added diethylamine (25mg.), and the solutien
wes stirred overnight, poured into water ( 5 ml.),
extracted with pentane ( 3 x 5 ml.), the combined

organic extracts washed with brine, dried and concentrated
in vacuo to give a colourless oil (168 mg.), shown by
telecs (20% ethyl acetate/light petrolemm) to consist

of benzophenone. |

The above experiment was repeated in the
presence of lithium perchlorate (120 mg., 1.12 mmol.):
the same result was observed,

A solution of benzophenone’ (60 mgey, 0.33.
mmol,) in l,4-dioxan (12 ml.) was stirred-under nitrogen
and treated with silver heptafluorcbutyrate (5 mgi)é
dimethyl phosphonodiazomethane (60 mg., 0,40 mmol.) and
diethylamine (10 ng. ) were added, and the solution was
heated 16h, at reflux, cooled, and the supernatant liquid
removed and concentrated in vacuo. The gummy residue was
extracted with toluene ( 5 ml.,) and the extract
concentrated in vacuo to give an oil, shown by t.l.c. to
conSiSf only of benzophenone{

(viii) end triethyloxonium fluoroborate. X solution

of benzophenone (175 mg., 0,96 mnol.) in methylene

chloride ( 5 nl.) was stirred at 0o under nitrogen and
33

treated successively with triethyloxonium fluoroborate

(300 =ge, 1.6 mmol.) and dimebhylphosphonodiazomethane

RICLI
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(250 mgey L.67 mmole). Affer 16h., ether (20 nl.,) was
added, and the supernatant liquid decanted; the residue

was washed with ether (10 ml.), and the combined solutions
were centrifuged, decanted, dried and cencentrated in
vacuo to give a colourless oil, shown by t.l.c. (20%

ethyl acetate/light petroleum) to comsist of benzophenone,

(b)) with benzil:

(i) and n-butyl lithium, A solution of dimethyl-

phosphonodiazomethane (550 mge, 3.7 mmol.) in THF ( 5 ml.)
was stirred at =78° under nitrogen and treated with a
solution of n-butyl lithium in hexane (2,33 1.2 ml,,
2,76 mmol,) to give a cloudy yellow-orange solutiong
after 5 min.,, a solution of benzil (15 mg., 0.72 mmol.)
in THF (5 ml.,) was added, and the cooling bath was removed;
the colour of the solution changed to purple. |
After 4h., water (5 ml.) was added, the
organic layer was separeted, the agqueous layer extracted
with ether ( 2 x 5ml.), the combined organic solutions
washed with brine, dried and concentrated in vacio to
give an orange oil (175 ng.). Preparative t.1.c. (20%
ethyl acetate/light petroleun) gave 14 3-diphenyl-prop-
2-yn-l-one 10 a8 an oil (35mg., 253) 2/ . 3090 ,
2215 , 1645 cntt, T (ccl,) 2.75 (s), identified by
comparison with an authentic sample?

(ii) and diethylamine. A Solutien of dimethyl-

phosphonodiazomethane (280 mg., 1.87 nmol.) in
acetonitrile (3 ml.,) was treated successively vith
a solution of benéil (380 ngey, 1.8 mmol.) in aceto-

nitrile (4 ml.), and diethylamine (70 mge, 1 mmol.) .
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The mixture was stirred at room’temperature for 22h,,
poured into water (10 ml.), extracted with light petroleunm
(3 x 10 ml.), the combined organic Solutions washed with
brine, dried and concentrated in vacuo to give a yellow

solid (167 mg.), vhich was shown to be unchanged benzil,.

(e)_vith acetophenones

(1) and n-butyl lithium. A solution of dimethyl-

phosphonodiazomethane (165 mg., 1.1 mmol.) in TEF (5 ml.)

was stirred under nitrogen at -78° and treated with a

solution of un-butyl lithium in hexane (23 0.6 ml., 1,2

mrol.); a Solution of redistilled acetophenone (120 mg.,

1 mmol.) in TEF (5 ml,) was added, and the cooling bath

" wa8 removed, )
After 17 h., work-up (sas in Sgcﬁ@dn 4(3)i(i) )

gave-a yellow oil (134 nmg.); preparaﬁive_tflié? (209" .

ethyl acetate/light petroleum) gave acebophenorne (60mg.,

50%) and l-phenyl=-dropyne (10 mg., 9%) as an oil,

Vax 3080 , 2970 , 2265 , 22%0 , 1600 cm?l,

Qj(CD015) 8.0 (38, s , CH3) 5, 2.7 (58, m , CgHs).

(ii) and potassium t-butoxide. A solution of

diﬁethylphosphonodiézomethane (270 mgey 1.8 mmol.) in
THF (6 nml.,) was stirred under nitrogen atb -78°, and
a suspension of potassium t-butoxide (205 mg., 1.8 mmol.)
in TEF (7 nl.) was addeds a solution of redistilled
acetophenone (116 mg.s; 0,97 mmol.) in TEF (5 ml,) was
added, and the cooling bath was removed,

kfter 15h., work-up (as in 4(a), (i) )

gave a pale yellow oil (116 ng.); preparative t.l.c.



76

(209 ethyl acetate/light petroleum) gave acetovhenone
(60 mge, 50% ) and l-phenyl-propyne (25 mg., 22%), both
of which were identified by comparison with authentic
samples.

(iii) and sodium ethoxide. & éolution of dimethyl=-

phosphonodiazomethane (245 mg., 1.63 mmol.).in dry
ethanol (6 ml.) was stirred at -78° and treated with a
solution of sodium ethoxide prepared by adding sodium
(38 mg.) to dry ethanol (10 ml.); & solution of
redistilled acetophenone (119 mg., 1 mmol.) in ethanol
(5 ml.) was added, and the mixture was allowed to warm
vy to room temperature,

After 41 h., work-up (as in 4(z), (iii) )
gave an oil (65 mg,), shown to be unchanged acetophenone
by comparison with an authentic sanple,

(iv) and lithium di-iso=propylemide, A soluticn

of redistilled acetophenone (120 mg., 1 mmol.) and
dimethyl phosphonodiazomethane (165 mge, 1.1 mmol.) in
TEF (5 ml.) was stirred at -78° under nitregen, and
treated with a solution of lithium di-~iso=propylamide
(prepared by adding a solutiom of n-butyl lithium in
hexane (2My 0.6ml., 1.2 mmol.,) to di-iso=-propylamine
(110mg., 1.1 mmol.,) in TEF (5 ml,) at room temperature,
under nitrogen), Stirring was continued for 20 min, at
-78%, and then for 16 h. at room temperature; brine (5 ml.)
was added, the orgenic layer separated, the agqueous layer
extracted with cther (% x 5 ml,), the combined organic
solutions washed with brine, dried and concentrated in
vacuo to give an oil, shown to be acetophenone by

comparison with an authentic sample.
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(v)_ snd diethylamine, A solubion of dimebthyl-

phosphonodiazomethane (405 mg., 2.7 mmol.), redistilled
acetophenone (310 mg., 2.58 mmol.) and diethylamine

(50 mg., 0.7 mmol,) in acetonitrile (10 ml.) was stirred
at room temperature for 72 h., poured into water,
extracted with pentane (4 x 5 ml.), the combined organic
extracts washed with brine, dried and concentrated in
vacuo to give a colourless 0il .(140 mg. ), shown to consist

only of acetophenone by comparison with an authentic sample.

(d) with 1,3%-diphenyl=prop=2-yn-l=~one (10):

k solution of &imethylphosphonodiazomethane
(190 mgey 1.26 mmol.) in THF (5 ml.) was stirred at -78&°
under nitrogen and treated with a solution of n-butyl
lithium in hexane (2M3 0.6 ml., 1.2 mmol.) s after 5 min.,
a solution of 1, 3-diphenyl-prop-2-yn-l-one (70mge., 0.3'
mmol.) in TEF (5 ml.) was added, and the cooling bath
was8 removedy after 16 h., saturated ammonium chloride
solution (10 ml.) was added, the organic phase was
separated, the aqueous phase extracted with ether (3 x 5ml, ),
the combined organic extracts washed with brine, dried
and concentrated in vacuo to give a brown oil (117 mg.)s
t.l.c, comparison with an authentic sample of 1,4 -
diphenyl-buta—l,E»di-yne25 showed that none of this compound

was present in the product mixture,

(e) with di-t-butyl ketone:

L solution of dimethylphosphonodiazomethane
. ! o}
(270 mg., 1.8 mmol.) in TEF (5 ml.) was stirred at =78
under nitrogen, and treated with a solution of m-butyl

lithium in hexane (2M3 0.9 ml., 1.8 mmol.); a solution
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of di-t-butyl kebtone (140 ng., I mmol.) in TEF(5 ml.)
was added, and the cooling bath was removed; after 16 h,,
work-up (as in 4 (8),(i) ) gave an o0il, shown to consist
of unchanged di-t-butyl ketone by comparison with an
authentic sample.

(£) with phenvl-acetaldehvdes

L solution of dimethyl phosphonodiazomethane
(114 mge, 0.76 mmol.) in dimethyl sulphoxide (2 ml.) was
stirred at -780, and a suspension of potassium t-butoxide
(75 nges 0.67 mmol,) in THF (5 ml.) was added; after 5
min., a solution of phenyl-acetaldehyde (85 mge, 0.7
mmol.) in THF (2 nl.) was addedy and the cooling bath
was removed,

After 16h., work-up (as in 4(a),(i) )
gave an oil (78 mg.)3; preparative t.l.c. (10% ethyl
acetate/light petroleum) gave 3~phenyl propyre as
an oil (24 mg., 30%) Y___ 3%00 , 2145 , 1600 en:
V’L’(cnc%) 8,0 (1H, + , J=2Hz., CH) , 6.45 (2H,

@ , J=2Hz., cgz) s 2.75 (5H, s , 06_1;5).

() with cinnamaldehydes

‘ Lk solution of dimethyl phosphonodiazomethane
(310 mg., 2.06 mmol,) in THF (5 ml.) was stirred at ~78°
under nitrogen, and.treated wvith a solution of n-butyl
lithium in hexane (24, 1 ml., 2 mmol,); after 5 min.,

a solution of cinnamaldehyde (freshly distilleds 130 mg.,
1 mmol,) ir TEF (5 ml.) was added, and tke cooling bath
was removed,

After 16 h., work-up (as in 4(&) ) gave an
0il (144 mg.), shown by t.l.c. to consist largely of

unchanged cinnamaldehyde.
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i . .
Ho Reactiors of dicihvlphosphorodiszomet hanes

(2) with benzonherones

(i) ond n-tutyl lithium, A solution of diethyl-

phOSPhonodiazomethaﬁe (187 mges 1.05 nmol.) in THF

(10 ml.) was stirred 2t -78° under ﬁitrogen and treated
with o solution of n-butyl lithium in hexane (2.217;
0.47 ml,, 1.03 mmol.); 2 colution of benzophencne

(76 ngey 0.42 nmol,) in THF (2 ml.) was added, and the
cocling bath was removed. After 1 h,, the solution wes
concentratedlig vacug, water(5 mi:) and ether (5 ml.)
were added, the organic layer was separated, and the
aqueous layer extracted with ether (2 x 5 ml.); the
combined organic solutions were washed with brine,
dried and concentrated in vacuo to give an oil (85 mg.),
shown by g.l.c. (1% 0V=-1, 125°) %o contain diphenyl

- acetylene (70 mg.,.94%) and benzophenone (2 mg., 2.6%).

(ii) and lithium di-iso-propylamide., A& solution

of diethylphosphonodiazomethane (218 mge, 1.22 mmol.) in
THF (10 ml.) was stirred at -78° under nitrogen and

treated with a freshly~prepared soclution of lithiunm
di-iso-propylemide (1.14 mmol.) in TEF (1 ml.), followed
by a Solution of benzophemone (8l mg., 0.45 mmol,) in
TEF (2 ml,); the cooling bath was removed, end stirring
continued for 2 h. Vork-up (as in 5(&),(i) ) gave an

6il (70 mg.), shown by gel.c. (1% 0V~1, 125°) to

contain diphenyl acchylene (52 mg., 66%) and
benzophemone (15 ngey 195).

(iii) and sodiun hydroxide Solubtion. A Solution

of diethylphosphonodiazomethane (210 mge, 1.18 nnol,) and

benzophenone (75 mges 0.41 mmol.) in ethanol (15 ml.)
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vas treated with aqueous sodium. hydroxide solution
(1113 25 ml., 25 mmol.) and heated at reflux for T2 h.
The cooled solution was neutralised with dilute
hydrochloric acid (5II) and exbtracted with ether
(3 x 10 ml.); the combined organic solutions were
washed with brine, dried and concentrated in vacug to
give an oil, shown by t.l.c. to consist only of

unreact ed benzophenone.

(b)) vith phenyl benzyl ketone: & solution of diethyle

pPhosphonodiazomethane (174 mge, 0498 mmol,) in THF
(10 ml.) was stirred at -78° under nitrogen and treated
with a suspension of potassium t=butoxide (109 mg;,
0.97 mmol.) in THF (10 ml.); a Solution of phenyl benzyl
ketone (63 mgey 0032 mmol,) in THF (2 ml.) was added,
and the cooling bath was removed,
After 16 h., work-up (as in 5(a), (i) )
gave an oil (48 mg.) which was analysed by g.l.c.
(1% 0v-1, 125°) and found to comtain phenyl benzyl ketone

as the only volatile component,

(c) with di-benzyl ketone,:

' A solution of diethylphosphonodiazomethane
(174 ng., 0.96 mmol) in TEF (10 ml.) was stirred at =78°
under nitrogen, and treated with a suspension of _
potassium t=butoxide (107 mge, 0495 nmol,.) in TEF (10 ml.)s
& solution of di-benzyl ketone (87 mg,, 0.4l mmol.) in
TEF (2 ml.) was added, and the cooling bath was removed.

kfter 16 h., work-up (as in 5(2),(i) ) gave
"an oil (41 mg:), shown by g.l.c. (15 07-1, 110%) to

contain di-benzyl ketone as the only volatile conponent.
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(&) vwith di-cyelolexyl ketones

A solution of diethylphosphonodiazometha;e
(175 mge, 0,98 mmol.) im TEF (10 ml.) was stirred at -78°
under nitrogen and treated with a suspension of potassium
t-butoxide ( 109 mg., 0.97 mmol,) in TEF (10 ml.); &
solution of di-cyclohexyl ketone (80 mg., 0.41 mmol. )
in TH? (2 ml.) was added, and the cooling bath was
removed., After 16 h.,, work-up (as in 5(=&), (i) ) gave
en oil (95 mg.) vwhich was analysed by g.l.c. (1% 0V-1,
110°) and found to contain di-cyclohexyl ketone as the

only volatile components

6: Genersl method for preparation of acehbylenes:

A solubtion of dimethyl phosphonodiazomethane
in THF (15 ml,/mmol.) was stirred at -78° under nitrogen,
- and treated with a seolution of n-~butyl lithium in hexane;.
8 solution of the carbonyl compound in THF (10 nl./mmol.)
was added, and the cooling bath was removed.

After stirring for 16 h. at room temperature,
the reaction mixture was diluted with water (5 ml. per
mmol., of diazoalkane used), the organic layer Separated,
the aqueous layer extracted with ether (3 x 5 ml:), the
combined organmic solutions washed with brine, dried and

concentrated in Yacuo .
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6(a) Bt =nmtolsl aceiylenes:

Reaction of dimethylphosphonodiazomethane _
(102 mges 0.68 mmol.) with n-butyl lithium (1.8M3 0,38 ml.,
0.68 mmol.) and 4,4' - dimethyl-benzophenone (70 mge, 0. 33
mmol.) gave 88 mg crystals, m.p. 121-3%; g:l;c. analysis
(1% 0v-17, 140°) showed the presence of di=p=~tolyl
acetylene, R.I. 2130, (66mng., 97%).

Recrystallisation from light petroleum gave
df-p-tolyl acetylene as white crystals, m.p. 134=50 (1lit'.
135-6°)s Ypax (CC14) %060 , 2940 , 1600 catl,

T (cc1,) 7.72 (68, 5 , CH;) 5 3.03 (48, a, J="THz.,
355- CgHy) » 2.72 (4H, & , T= THz., 2,6- CcE,) ’
Raran £pectrum (s0lid ‘sample, excitation at 5145vi):

2233 , 1622 , 1145 cm.t,

+

M 206 (016H14'requires 206).

6(b) p=chlorophenyl phenyl acetvlenes

Reaction of dimethylphosphonodiazomethane

(43 nges 0.29 mmol,) with n-butyl lithium (1.8

0.16 ml.y 0,29 nrol.) and p-chloro=-benzophenone

(31 ng., 0.14 mmoi;) cave a crystalline solid (45 mg.),

g.l.c. analysis of which (1%.QF—1; 1550) showed the presence

of p-chlorophenyl phenyl acétylene, R.I. 2105, (3%0mg., 1005).
Preparative t.l.c. (20% ethyl acetate/

ligh% petroleun) gave p-chlorophenyl phenyl aceltylene

(25 ng., 82%) as white crystals, m;p;82-3° (lift 83=4°),

Y max (0014) 2060, 3020 , 2220 cm?l, T (0014) 2.7 (m),

¥t 212, 214, (034Fg0L requires 212, 214).
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6(e) n=Titrorhoryl phenvl ascebvlenes

Reaclion of dimg‘bhylphosphonod'iazome'{:hane

(160 mge, 1.07 mmol.) with n-butyl lithium (1.813
0.6 mles 1.07 mmol.) and m=nitro-benzophemone”? (100 mz.,
0.44 mmol.) gave an oil (80 mg.); purification by
preparative t.l.c. (20% ethyl acebtate/light. petroleun)
gave m-nitrophenyl phenyl acetylene as yellow crystals,
(%8 mgey 32%) mep. 56=7° (light petroleum) (1it’ . Y,

Yiox 3060 5 2220 , 2200 , 1595 , 1520 , 1350 cm.

T(cer,) 2.5 (58, m 5 CgHs), 2.2 (2H, m , 3,5-CgHy),

1.7 (2E§ m o, 296“C6E4 ) s

ut 203 (01 HyM0, requires 223).

 6(d) p=Phenylethynyl anisole:

o | Reaction of dimethyl phos phénod'iazomethane
(150 mg., 1 mmol.) with n-butyl lithium (1.8 0.6 ml,
1.08 mmol,) and p-methoxy-benzophenond* (95 mg., 0.45
mnol.) gave am oil (70 mg.), &.l.c. analysis of which
(1% 0v-1T, 140°) showed the presence of p-phenylethynyl-
anisole, R.T. 21,2min., (61 mg., 66%).

Purification by preparative t.l.c. (20%
ethyl acetate/light petroleun) gave p-phenylethynyl-
anigole as white crystals, m,D. 58-90, (2:q. ethanol)
(1ite  59-60°), )/ ., 3060, 2960 , 2220 , 1610 , 1600 enst,

T (cc1,) 6.2 (3E, s j 0CH3), 3.2 (2H, & ; J=8Hz.,
3,5-C4H, )s 2.6 (57, m 5 CgHs)y 2.5 (26, &, I = 8lz.,
256-0634), |

+

g* 208 (CpgH; 0 Tequires 208).
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6(e) Di=2-navnthyl acetyl enes

Reaction of dimethylphosphonodiazomethane

(75 mgesy 0.5 muol,) with n~butyl lithium (1.8M3 0.3ml.,
0.54 mmol.) and di-2-naphthyl ketoné’ (15 mg.; 0.05
mmol.) gave a crystalline solid (14 mg.), gil.c.
analysis of which (1% QF-1, 225°) showed thé presénce
of di-2-naphthyl acetylene, R,T, 5.5 min., (llmg.,
T5%%«

| - Purification by preparative t.l.c. (209
ethyl acetate/light petroleum) gave di~2-naphthyl
acetylene as vhite crystals, m.p. 225-6° (light
petroleum) (1it. 228-9°); Viax (6C1,) 3040 , 1600 ,
1500 cmrl, ;kmax (Et0H): 332, 315 and 265 nm.,
(1its 336,37 ond 267 nm. )

ut 278 (c,omEy,requires 278).

6(£) p=Phenylethvnyl-benzophenone and

pebic=( phenvl ethynyl)-benzenes

- Reaction of dimebthylphosphonodiazomethane
(43 mge, 0.29 mmol,) with n-bubtyl lithium (1.8H; 0.16 ml.,
0.29 mmol.) and l,4-dibenzoyl-benzené7 (23 mgey 0,08 mmol,)
gave a crystalline solid (32 mg.), g;l;c; énalysis of
which (1% QF~-1, 225°) showed the presence of p-bis-
(phenylethynyl)~-benzenes, R,Te 2.9 min., (5.0 ng., 23%)
and p-phenylethynyl-benzophemone, R,T. 3.6 min.,
(16.7 mges T35).

Purification by preparative t.l.c. (205

ethyl acetate/light petroleun) gave p-bis-(phenylethynyl)—
benzene as pink crystals, (3 MNges 135 MeDe 178-9°

(light petrolews) (lite 181-20)



V... (cc1,) 3080, 3060, %030, 2210 emT T, ?\max (hezane) s
335 , 315 , 223 mmo (1140 337, 318, 222 ma.);

E* 278 (C,,m, Teouires 278);

and p-phenyl ethynyl ~benzo phencne as yellow
crystals, (15 mge, 66%} m.p, 121=20 (light pe'broleum);
Vnax (601,) 3080, 3060, 3040, 2230, 1665, 1609 om: ',
Mass spectrum: 282 (u*), 205 (u*-PucEo), 105 (Ph:éo),'
77 (Pht)s ('021H14O' Tequires 282),
Elemental analysiss C, 89.26 ; H, 5,12,

(021}3‘140 requires G, 89.33 3 H, 5.00.),

.6(g) 2-Phenylcthvnyl -thiophenes

- | Reaction of dimethylphosphonodiazomethane
(107 ngey 0471 r;mgl'i) with n-butyl lithium (1.8M3 0.4 ml.,
G.72 mmol,) end o=benzoyl-thicphené' (50 mg.s O.27 mmol.)
gave an oil (43 mg;), Zeloce analysis of which (

(139 qP-1, 145°) showed the presence of 2-phenyl-
4e‘l:h5‘rnyl-ﬁhiophene, R.I. 1950, (21 ng., 44%) eand
o-benzoyl-thiophene, R.I. 2090, (7 mg., 14%).

Purification dy preparative t.l.e0 (20%

ethyl acetate/light petroleum) gave 2-pherylethynyl-
thiophenesoas white erystals (20 mg;, 41%), m.De 48-9°
(2q. ethamol), )/ .. 3100, 3070, 2190, 1590, 1216 omi™,
¥ (cor,) 2.6 (TH, m , CgHy and 3,4= C4E55) 5 3.0

(15, n , 5-C,H,5); '

¥T 184  (Cp,HgS requires 184).

. =
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6(h) 3-Phenylcthynyl-pyridine:

" Reaction of dimethyl phosphonodiazomethane
(35 ng., 2.33 nmol.) with n-butyl lithiuwn (1.8M3 1.3 ul:,
2,%4 mmol.,) and 3=-benzoyl pyridine (100 mg., 0.55 mmol. )
gave an oil (107 mg.).
Purification by preparative %;i.c.

(ethyl acctate) gave 3-phenylethynyl-
pyridine -as white crystals (37 mg., 38%), m.p. 46=T°
(ethyl acetate/light petroleum) (1it¥ 47-48:50),

Vimax 20805 3060, 2030, 2220, 1600, 1560 cmfl,
qf(0014) 2.7 (m)3

ut 179 () ;E,N requires 179).

6(1) Cyclohexyl vhenyl acebylenes
. Reaction of dimethyl phosphonodiazomethane
(86 mge, 0.57 mmol,) with n-butyl lithiwn (1.8
0.32ml.s 0.58 mmol.) and cyclohexyl phenyl ketone”
(29 mge, 0,15 mmol,) gave an oil (44 mg.), g.l.c.
analysis of which (i% QF=1, 125°) showed the presence
of cyclohexyl phenyl acetylenme, R,I. 1725, (12 mg., 43%)
and cyclohexyl phenyl ketone, R.I. 1940, (13 mg., 45%).
Purification by preparative t.l.c. (light

petroleum) gave cyclohexyl phenyl ketone (10 ng., 35%}
and cyclohexyl phenyl acetylene as an oil (7 mge., 25%),

Y nax 060, 2920, 2860, 2235, 1600 enst,

a4 (0014) 8.25 (11E, tm , C,F,) and 2.7 (5H, m, cégs)

ut 184 (€, B4 requires 184).
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Te Diethyl [1-diazo— 2«h17dro Y- 2~(4—nitrophenylj&

ethyl  phosphonste (26).

(2) Preverations
. & solution of di ethylphosphonodiazomethane
(487 mge, 2.74 mmol.) and p-nitro-benzaldchyde (370 mg.,
2,45 mmol.) in dry ether (5 ml.) was treabéd with
triethylamine (50 mge.s 0.5 mmol,) and allowed to stand
for 1 week at room tempersture in the dark, The solution
was concentrated in vacuwo at room temperature to give a
nixture of a red oil and yellow erystals., Two recryst=-
allisations from ethyl acetate/ether gave 26 as

pale yellow cryetals, m.p, 87-8° (rapid heating),

Y max (cClLy) 3600w, 3%00b, 2980, 20708, 1330b, 1150 Gmfl;
T (cc1,) 8.9 (6H, a(y=2Hz.) of (7 =6Hz.), CE

6.7 (18, & 4 J=9Hz., CHOH ),

3CHZGP(O) Y
6.0 (4H, 4(T=15Hz.) of q(J=6Hz.), CH5CH,02(0) );

2,3 (1H, bs, exchanges with D0, OE )

2
2.4 (28, &, J= TEz., 2,6-CcH, ) and

1.8 (28, dy J=THze, 3,’5—06_3_4 )e

(b) Reaction with potassiuvm t-butoxide:

A solution of 26 (16 mg., 0.05 mmol.) in
THF (2 ml.) was Freabed with.a suspension of Potassium
t-butoxide (8 mg.y 0.07 mmol.) in TEF (1 ml.); the pale
yellow colour of the solution rapidly chanced to deep red,
After 30 min., water (5 ml,) was added, and the mixture
wes extracted with ether (2 x 5.ml.), the combined orgenic
solutions woshed with brine, dried and concentrated in
vacuo to give p-nitrophenyl acetylene as a pale brown

solid (5 mg., 68%), L) .. (CECL3) 3300, 2180, 2100,
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159 1340 om:l, identified by comparison with an
suthentic sanpl cs

(¢) Reaction with sodium hydroxide Solubion:

Lk solution of 26 (18 mg., 0.055 mmol.) in
TEF (1 ml.) was treated with aqueous sodium hydroxide
solution (5l 2 drops); the solution rapidly changed
colour to deep red, but no ether-soluble products were
obteined. |

(d) Reaction with DBN:

k solution of 26 (59 mg., 0.147 mmol.)
in TEF (3 ml.) was treated with DBN (%1 mges 0,25 mmol.),
stirred for 16 h., and concentrated :_L_g vacuo; the residue
was taken up in dilute hydrochlorie acid (0.2 5 ml.)
and ether (5 ml.), the organic layer Separated, the
aqﬁeous layer extracted with e‘uh‘er(Z x 5 ml.), the
conbined organic sclutions washed Successively with
dilute hydrochloric acid (0;2I,I)_ and brine, dried and
concentrated in vacuo to give p-nitro-benzaldehyde as
ochre erystals (27 mg.), identified by comparison with

an suthentic sample.

_(_) Reaction with bis-(acetylacetonato)=Copper (IT)s

' k solution of 26 (157 mg., O. 48 mmol )
in dry benzene (25 ml.) was treated with bis-(acetyl-
a,ce’t:ona'bo)-Coppe’r(II)?s(5 ng.) and heated at reflux for '

90k, The solution was concentrabted im vacuo, the residue

" taken up in ether (5 ml.), filtered through Celite and
concentrated in vacuo to give K~di et hyl phos phono-
p-nitro-aceiophenone 28 as a yellow oil (143 ng., 98%),

y, -1

oy 3070, 2980, 1690,1600, 1520, 13405 1250 ecm.
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(£) Renction of X=diebn7lnhoshintiom Deaiiro-

acetophenone yvith votassium F=~butoxides

L solution of 28 (24 mg., 0,08 mmol,) in
TEF (1 nl.) was treated with a suspension of potassiun
t-butoxide (10 mgey 0,09 mmol,) in THF (1 ml,) and stirred
for 16 h, Tke solution was concentrated in vacus, and
water (5 ml.) was added; the mixture was extractied with
ether (3 x 5 nl,), the combined organic solutions washed
with brine, dried and concenirated in vacuo to give

unelt ered 28, identified by compariSon with an authenbic

sanpl e,

() Preparstion of p-nitropvhenyl acetylenes

N b solution of diebhylphosphonodiazomcthane
(185 ngey 1.04 mmol,) in TH? (5 ml,) was stirred at
-78° under mitrogen, ahd treated with a solution of
n-butyl lithiuwn in hexane (2.11; 0.5 ml., 1.05 mmol,)s
o solution of p-nitrobenzaldehyde (100mg.s 0.66 mmol.)
in TEF (3% ml.) was added, and the cooling bath was
removed., After 2h., work-up (as in section 5(a),(i) )
gave g light brown solid; purification by DPreparative
t.1.c., (209 ethyl acetate/light petroleum) gave
p-nitrophenyl acetylene as ochre crystals, m.D. 150-2°

(water) (1its 152°), y/ (CECL ;) 3300, 2180, 2100,

nmax
1590, 1340 em:t, Y (CCly) 6.8 (1H, s , CE), 2.45 (28,

d, J=08Hz., 2,6-0‘6'_@4) and 1,87(2H,d, J=8Hz., 3;5=C¢H,)e
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