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The Properties of Orthoesters and Their Applications in Organic Synthesis

V.V.Mezheritskii, E.P.Olekhnovich, and G.N.Dorofeenko

A systematic and general account is given of data on the properties of orthoesters and their applications in organic synthesis.
The mechanisms of certain reactions involving orthoesters have been considered or revised.

The bibliography includes 278 references.
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I. INTRODUCTION

Despite the fact that the esters of orthocarboxylic acids
cannot always be compared as regards the number of
known examples with certain widely familiar classes of
organic compounds, their importance in many synthetic
methods is very great. It is sufficient to say that the
application of orthoesters made it possible to develop
extremely simple methods for the introduction of the
formyl or acyl residue into an aromatic ring, at a double
bond, and in the a-methyl and methylene groups of
carbonyl and heterocyclic compounds. Acylation and also
alkylation of oxygen, sulphur, nitrogen, phosphorus, and
silicon atoms of a wide variety of organic and inorganic
substances has been achieved with the aid of orthoesters.

It is noteworthy that hitherto orthoformates (in parti-
cular ethyl orthoformate) have found the greatest number
of applications, which is due to their high reactivity in
many reactions and greater availability compared with
other orthoesters.

The advances achieved in the chemistry of aliphatic
orthoesters were described in Post's review? published in

-1943. In 1953, the properties of ethyl orthoformate were
briefly reviewed®. Certain examples of the applications
of orthoesters have been comPared in familiar mono-
graphs on organic chemistry®~°. However, there are no
reviews in the Soviet literature dealing with this problem.

The vigorous development of the chemistry of ortho-
esters in recent years led to the accumulation of exten-
sive factual data, a systematic and general account of
which is required. Moreover, the mechanisms of certain
reactions have been re-examined and revised in the light
of recent studies.

In the present review, we attempted to cover the known
types of reactions of orthoesters without endeavouring to
give an exhaustive description of data for individual
reactions.

II. THE STRUCTURE AND REACTIVITY OF ORTHO-
ESTERS

Organic orthoesters have the general formula (I) and
are the esters of orthoacids which do not exist in a free
state:

RC(XR'),
]

Oxygen or sulphur function as the heteroatom X. The
group R can be an alkyl, aryl, or aralkyl residue or a
functional group (COOR, OR, etc.). The group R’ is as a
rule aliphatic, although aryl orthoformates are known °.
There exist mixed orthoesters containing groups R’ of
different types. These include, for example, diethoxy-
methyl acetate (I ”. Certain amino-derivatives of ortho-
acids [orthoamides(I)] °, acetals of dimethylformamide
(IV) °, cyclic orthoesters (V) '°, etc. resemble ortho-
esters as regards the nature of the reactions in which they
are involved.

OCOCH; (CHy), RO, o
HC<OEQ N RC(NHCOR'),;, HC—OR, \c/ _(D:H,),.,
OEt “or v No—

(m (U] avy )

Orthoesters are highly reactive owing to the electron
deficient central carbon atom caused by the -7 effect of
the electronegative groups XR., The presence of a positive
charge on the central atom results in their affinity for
nucleophilic agents and the transition state is stabilised
fairly readily by the elimination of HXR (an alcohol or
mercaptan).

Orthoesters can be activated by protic and aprotic
acids. The catalytic effect of acids is due to their inter-
action with orthoesters, which gives rise to the formation
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under the reaction conditions of an extremely reactive
carboxonium ion (VI), which has been isolated as a salt'®

1 g
O==C—

~
FIN

As a result of [electron] delocalisation, the dialkoxy-
carboxonium cation carries a partial positive charge both
on the oxygen atoms and on the carbon atoms linked to
them (1,3,3’). As a result of such charge distribution, the
carboxonium ion exhibits a dual reactivity. In those cases
where the nucleophilic centre of the reacting species is
attacked by the central carbon atom of the carboxonium
ion, insertion into the molecule of the acetal fragment
RC(OR’)., i.e. acylation, takes place. On the other hand,
when the attack is by the 3- or 3’-carbon atom of the alkyl
group, alkylation takes place. Acylation can occur both at
a carbon atom in organic compounds (the formation of
a C-C bond) and at a heteroatom (O, S, N, P, etc.).
Alkylation is as a rule directed only to a heteroatom which
is involved in a multiple bond (=0, =N, =S, etc.). How-
ever, cases of alkylation at S-H or O- H bonds are
known * ‘2, as well as cases where an alkyl group com-
bines with a halide ion™**. Under certain conditions
acylation and alkylation reactions can occur simultaneous-
ly and behave therefore as competing or parallel proces-
ses’ Under conditions of acid catalysis, the ortho-
esters of alkanecarboxylic acids g1ve a lower yield of
condensation products with amines*® and ketones 7 than
orthoformates. This can be accounted for by the com-
pensation of the positive charge of the carboxonium ion
produced by the +I effect of the alkyl group.

The specific effect of the structure of the orthoester
on its reactivity is discussed in the individual sections
of the review.

III. REACTIONS OF ORTHOESTERS WITH INORGANIC
ACIDS

Orthoesters react with protic and aprotic acids, metal
halides, and certain oxides. Acids and metal halides
(calcium, magnesium, platinum, antimony, etc. halides)
tend to form complexes which are sometimes fairly stable
and can be isolated. Meerwein'® showed that orthoesters
form complexes with BFs and SbCls, which in certain
cases can ionise at the C-O bond with formation of a
carbonium ion and the complex anions (ROBF3;)~ or
(ROSbCls -, disproportionating to the stable anions BF;
and SbCls:

+ _
RC(OR'), + BF, === {:RC(OR )2—<|)->BF] Ezc(orz‘){' [BF;OR],
R

+ _ /OR'
BF; + 3E2c(0R'),] I:BF‘,,OR] —> 3RCi+  BF, + B(OR);.
‘OR'
(vID

The anion disproportionation stage is rate-limiting.
The capacity of the complexes for ionisation increases
with electron density at the central atom and with increase
of the stability of the carboxonium ion (VII) formed. In
the general case, the stability of carboxonium ions
decreases with the number of oxygen atoms bound to the
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charged carbon atom, owing to the decrease of the con-
tribution of the oxonium forms to the corresponding
carboxonium structure:

.
RO, A
== —C i+ C=2:0R.
[RO/C‘“OR} g \OR g -

The hydrolysis of orthoesters is one of the most
thoroughly investigated reactions. Many studies have been
made on the elucidation of its mechanism. In the light of
recent data*®~?°, the hydrolysis of orthoesters is an
example of general acid catalysis reaction and may be
regarded as an example of bimolecular electrophilic SE2
substitution at the oxygen atom:

R R R OR
[ | slow - i . 4
A—H + O—C{OR), ==~ A--H--0---CR'(OR), === A" + ROH + R'C 7

IR
OR

A +Hy0
RC§+ Tas——y ROH + R COOR.

OR

The reaction of ethyl orthoformate w1th hydrogen sulphide
takes place similarly to hydrolysis*

H,S0,;
HC (OEY), + HyS —c;f_—co%»-nc/ - 2E1OH.

When ethyl orthoformate is heated in the presence of
very small amounts of BF3, it undergoes catalytlc decom-
position into ethyl formate and ethyl ether *

o PEL o
HC(OED), + BF, == HC’\:; + F,BOEt —»> HC/
t Et OEt

+ Et,0.

Acidic oxides are alkylated by orthoesters at the
oxygen atom. Evidently this process also involves the
formation of a carboxonium ion, sincethe reaction products
include ethers and esters. When a 1:3 mixture of boron
trioxide and an alkyl orthoformate is heated, trialkyl
borates are formed® in yields of about 50%:

" 0
HC (OR)s -+ B,O5 > B (OR)g - HCZ
“OR

Under more severe condifions, boron trisulphide also
reacts with orthoesters:
s
RC(OEt)y + BySy ~2 o C(OEt + B(OE),,
Reactions of ethyl orthoformate and ethyl thio-ortho-

formate with phosphorus pentoxide and pentasulphide have
been described *°

[¢] (@)

o I Il o
126 v
P10 - HC (OEt)s 22> E{.PO, + (EO):P—O—P (OEY); + Hc\oss,

110° /s

P,S; -+ HC (SEt); —~ Et3PS, + HC\SEt .

The reactions of orthoesters with metal and non-metal
halides have been investigated. These reactions usually
result in the substitution of halogen atoms by alkoxy-
groups. The reaction products may include alkyl halides,
ethers, and carboxylic acid esters. Thus Arbuzov and
Bogonostseva *°, who investigated the reaction of phos-
phorus trichloride with ethyl orthopropionate, observed
that, by altering the proportions of the reactants, it is
possible to replace in succession all three halogen atoms
in the PCl; molecule by ethoxy-groups.

In the presence of AICL;Z, germanium tetrachloride
reacts with orthoformates >’ to form substances having the
general formula Cl1,Ge(OR),_,,, where n = 0-3.
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The capacity of orthoesters to give rise to alkyl halides
in the presence of halide ions has been used in the syn-
thesis of ethyl fluoride ', which is formed in 90% yield.

A novel method of synthesising alkyl iodides, proposed
by Dangiyan ¥, is based on the interaction of alkyl ortho-
formates with elemental iodine in the presence of various
metals (Mn, Zn, Mg, Fe, Al).

The reactions of orthoesters with halogen-containing
- organic derivatives of the elements have been investigated.
A method of preparing alkoxysilanes by the reaction of
halogenosilanes with alkyl orthoformates in the presence
of AICl; has been described *%

RmHnSixc—(nun) + HC (OR’)S ﬂ* RmHASi ‘OR,)A‘MH"U

(m=0,1,2 3, n=0,1, 2, 3; m +n < 3, X = halogen).
Chlorocyanoalkylsilanes 2% poron-containing chloroalkyl-
silanes®’, and 1,1,1-trihalogenophospholens® are alkoxy-
lated similarly.

A convenient method for the alkylation of phosphorodi-
thioic acid ester consists in heating in with the orthoesters

of alkanecarboxylic acids:

% . 7S e °
(EQO),P\SH +RC(OR')s - ,(EtO)ZP\SR, + R'OH + RC\O

R’,

The alkylation reaction also constitutes the basis of the
syntl;gsis of alkyl hypophosphites from hypophosphoric
acid™:

H o) H 0 o
Np?© i, Ny Np ‘OH 4 RCZ
u /p\ox{+ RC(OR’)s ~2—» " /p\oa' + R'OH 4 RC\OR
An interesting method of formylation at a phosphorus
atom consists in heatirgg a mixture of orthoformate and

dialkyl metaphosphate ™:

o )
(R0)2P<H 1+ HC(OR')s - RO}PZ R'OH,

+
\CH (OR");

IV. EXCHANGE OF ALKOXY-GROUPS AND ALKYLATION
REACTIONS

1. Exchange of Alkoxy-groups of Orthoesters

Transesterification reactions leading to partial or
complete replacement of alkoxy- or alkylthio-groups of the
orthoesters by new RO or RS groups may be regarded as
the simplest reactions of orthoesters. These reactions
take place when orthoesters are treated with alcohols,
phenols, carboxylic acids, carboxylic acid anhydrides,
and mercaptans and are typical examples of nucleophilic
substitution at a saturated carbon atom.

Transesterifications with alcohols, phenols, and
mercaptans as a rule requires an active catalyst, while
in the case of carboxylic acids the latter probably are
sufficiently acidic to catalyse the reaction. The reactions
involve a carboxonium ioni

XR'
RC(XR"); + HT === ch + R'XH,
XR'

XR' R' XR'

7 " w3 g
RC{+ + R"YH == R"—Y—C—XR' === RC—XR',

XR' H R R"

+R'"'YH +r"YH
RC(XR),(YR") =—== RCIXR'XYR"), === RC(YR"),,
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The exchange of alkoxy-groups constitutes the basis of the
synthesis of higher alkyl orthoformates, which are
obtained in yields of 75-95%. %%*%¢

The corresponding orthoformates are also produced
when a mixture of ethyl orthoformate is refluxed with
ethyl or butyl alcohol in the presence of ZnCl,.*® If zinc
chloride is replaced by sulphuric acid, another reaction
takes place:

o
HC (SEt), 4 3BuOH Hi30 3EtSH+HC’<OB + Bu),0.
U .

B-~Chloroalkanols react with orthoformates, giving rise
to a 54~88% yield of S-chloroalkyl orthoesters®®, Aryl
orthoformates have been obtained similarly ®°7.

Mercaptans can react with orthoesters even at room
temperature. The products are thio-orthoesters produced
in nearly quantitative yields*®,

Compounds containing two or three hydroxy-groups
also react with orthoesters, giving rise to the correspond-
ing cyclic derivatives. Ethylene glycol and its derivatives
[methylethylene glycol, glycerol a-chlorohydrin, pinacol,
cyclohexane-1,2-diol, (+)-tartaric and mesotartaric
acids, etc.] give rise to 2-alkoxy-1,3-dioxolanes on heat-
ing with methyl or ethyl orthoformates *%*°:

HO—C{ o—c{

HC (OR); + j/ - RO—C{-I l)
— No—

HO. N o} S

Glycerol and polyhydric alcohols behave similarly.

In the presence of BFs, cis-phloroglucitol reacts with
ethyl orthoformate and ethoxycarbonyltriethoxymethane 4%,
the oxa-analogues of adamantane being formed in yields

in excess of 70%:

R
OF 0/ ’ 0//C.H\0
H\o

The syntheses of cyclic orthoesters of sugars ®,
steroids ™, and other complex compounds have been
described. On heating in benzene in the absence of a cata-
lyst, ethyl orthoformate reacts with hydroxyacids *°.,
2-Ethoxy-1,3-dioxolan-4-ones (VIII) were obtained in high
yields by this procedure:

Q
S—o, O
H———0" “H

(VI
In the presence of BFs, oxiran or methyloxiran adds to
methyl or ethyl orthoformate with formation of adducts:
differing in the proportion of alkoxy-groups*®

HC(OR),+C<I,—;IH, 2F1 5 HC (OR), [(OCH,CHz),,OR], .,
O
(n=0, 1, 2; m=1, 2, 3)

Post and Erickson*’ observed that, when carboxylic
acid anhydrides are allowed to react with orthoesters, an
alkoxy-group is replaced by an acyloxy-group:

OFt o
RC (OEt) + (R'CO),0 — RE—0Et  + R'c{
\OCOR’ OEt.

This reaction takes place only at elevated temperatures
and is irreversible.
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2. Alkylation Reactions

Orthoesters are used to alkylate carboxylic acids,
phenols, and certain amines. When acids and phenols
are alkylated, the usual transesterification of the ortho-
esters probably takes place initially. This is followed by
the thermal dissociation of the newly formed RO~-C linkage
and alkylation of the RO~ anion by a carboxonium ion (see
Section II):

-EtOH 0 Ot

' Z ¢ _ v

ROH + R'C(OEt), =—= Ro?(om)2 == |rRO™ + RC+ —
R' “OEt

/0
OEt,
(R = acyl or aryl; R’= H, alkyl, or OEt).

— ROEt + R'C

The esterification of carboxylic acids bgy orthoesters is
very promising for preparative purposes4 . The method
is applicable to the esterification of aliphatic, aromatic,
and sterically hindered acids as well as certain acids
which are difficult to esterify.

Smith 7 obtained alkyl ethers of phenols by refluxing
mixtures of the corresponding phenol with a small excess
of orthocarbonate:

~ROH
ArOH 4- C (OR), — [ArOC (ORjg] —> ArOR - (R0);,C=0 .

An interesting reaction was discovered by Roberts and
Vogt ®, who showed that, when aniline is heated with
ethyl orthoformate in the presence of sulphuric acid above
140°C, the aniline is N-alkylated. The ethyl ether of
N-phenylformamide (X) is formed initially and then
N -ethylformanilide (XI):

/'OE‘
HC:
oy 0w
+HC(OEY
———% puN=CH + — phN==CH:s=0FEt
) OB
HC +
“OEL

Et Et +
+PhN=CHOEt | |
———————> PhN—CHO + PhN==CH===0Et — etc.

(X1)

PENH,

Compound (X) can be converted into (XI) also in the
absence of orthoesters but the presence of the latter
increases the yield of (XI). When compound (X) is treated
with sulphuric acid and isopentyl orthoformate, a mixture
of N -ethyl- and N -isopentyl-formanilides is formed.
Toluene-p -sulphonic acid also catalyses this reaction but
the yield of compound (XI) is low, while the reaction with
HC1 does not occur at all. These findings are consistent
with the sequence of reactions expressed by the above
mechanism, which takes into account the intermolecular
nature of the conversion of compound (X) into (XI). The
method of Roberts and Vogt can be recommended for the
synthesis of N-monoalkylanilines via the corresponding
formanilides in high yields %,

V.SYNTHESIS OF ACETALS AND ENOL ETHERS

The method of synthesising acetals and ketals from the
corresponding carbonyl compoundsé; orthoformates, and
alcohols was developed by Claisen ™ and was subsequently
widely adopted. The formation of acetals and ketals is an
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acid-catalysed reaction; it is assumed that the alcohol and
not the orthoester behaves as a donor of alkoxy-groups *:

R R + +R'OH R OH
Ne=04+Hr 2 S—0H — > Ht
R’ R’ R Nor T

HC(OEt), + H+ 2 HC (OEt), - EtOH,

BN +HC (OEt), = R\ or + HOCH(OEY)
R’ NOR' RS v

R+ R OR’
Né . = N\e/
R CORFROM = Sl o+,

OH

HC(OE) EtOH + HCZ o
: “\OEt,

Kabuss * and Dimroth and Heinrich *® observed that
diethoxycarbonium salts obtained by Meerwein's method 0
from ethyl orthoformate are highly active alkylating agents.
In particular, when these salts are mixed with aldehydes
or ketones, the latter are O-ethylated with formation of
ethoxycarbonium salts in nearly quantitative yields. This
means that direct interaction between dialkoxycarbonium
jions and the carbonyl compound is possible:

OEt 0

/ N+ V4
\C=O + HCi+ X ——> /C—OE\ + nc?

“OEt OEt,

OEt

N+ N~ +
C—OEt + EtOH=—== ¢C + HY,

4 7 OEt

Naturally it is probable that the reaction proceeds simul-
taneously via the two mechanisms indicated with formation
of the same final products.

Hydrochloric, sulphuric, phosphoric, and toluene-p ~
sulphonic acids, ammonium chloride, sulphate, or nitrate,
iron chloride, and other reagents are used as catalysts
for the synthesis of acetals and ketals. Catalysts such as
ammonium sulphate and nitrate and the hydrochlorides of
mono-, di-, and tri-ethylamines are more effective than
ammonium chloride. Magnesium and zinc chlorides give
satisfactory results. Alkali metal chlorides are ineffec-
tive. Organic acids also exhibit catalytic activities but
much weaker than inorganic acids. Their catalytic activity
decreases in the sequence oxalic acid > formic acid >
> acetic acid.

Ethyl orthoformate is usually employed to synthesise
acetals. Other alkyl orthoformates give lower yields and
ethyl orthoacetate does not react at all . Benzaldehyde
and its substituted derivatives form acetals in nearly
quantitative yields regardless of the nature of the sub-
stituent ®’ %, Ketals of aliphatic~-aromatic ketones such
as acetophenone are obtained in yields up to 90%. 5%
Acetals of aliphatic ®® and afS-unsaturated aldehydes and
ketones are formed in lower yields (which do, however,
reach 80%) *> %,

The rate of formation of ketals decreases with increase
of the molecular weight of the ketone. Ketones with a
branched hydrocarbon chain react more slowly than those
with straight-chain alkyl groups and t-butyl methyl ketone
does not react at all with orthoformate ester *®.

The questions concerning the synthesis of acetals and
ketals have been described in detail in monographs b
Post ' and Houben® and partly in other publications 2%°,
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The formation of enol ethers via an elimination reaction
probably competes with the formation of acetals:

R’ CH,\ /OR
R'CH,\ +ROH. / CoR + H*
o LHIHHCORI:ROH \ E—OR —ROH
/ —2. RcH
+H+ >C——0R 3
(XI1) (X111)

The mechanism shows that the synthesis of acetals and
enol ethers invariably involves the intermediate formation
of a carboxonium ion (XII). Since acetals and vinyl ethers
are products of competing reactions, they are as a rule
present together, their relative amounts depending on

the process conditions and the structure of the carbonyl
component.

The presence of an electronegative group at the a-~car-
bon atom of the carbonyl compound increases the mobility
of the a-methylene hydrogen atoms and thereby facilitates
the conversion of the carbonium ion (XII) into the vinyl
ether (XIIT). The ease of formation of enol ethers is
satisfactorily correlated with the tendency of the carbonyl
compound to enolise. Favourable conditions for the forma-
tion of vinyl ethers are created when a mixture of ortho-
ester and the carbonyl compound is heated for a long time
in the presence of acids. In this instance, the action of
toluene-¢ -sulphonic acid is most specific.

Enol ethers are formed extremely readily from
p-dicarbonyl compounds, which is caused not only by the
greater acidity of the a-methylene Ihy(lirolgen atoms but also

by the appearance of the group O=C-C=C-OR, which
contains conjugated double bonds. Thus B-ethoxycrotonate
is obtained from acetoacetic ester in the presence of
several drops of sulphuric acid ®

OEt OEt

| I
CH;COCH,COOEt 4 HC (QEt)y -25% 5 CH,C=CH—C=O0.

75%
Esters of cyclic s-ketoacids react similarly *
COOEt OOEt

O\—o + HC (OEt), T2y \—orst.

899
Enol ethers are formed even more readily from
-ketoaldehydes ° °®;

CHO
CHOEt
RCH 4 HC (OEt)s M—»RC{
COR'.

\COR'
The highly electronegative cyano-group can activate
the methylene group ¢’

CN

R +RCOR) —+Rc\ /R
\COR’ K orr
(R and R’ = H, alkyl, or aryl; R” = H or alkyl; R"’ =
alkyl).

Cyclic ketones show a greater tendency towards the
formation of enol ethers than open-chain compounds. A
general method for synthesising monoenol ethers of sub—
stituted cyclohexane-1,3-diones has been described *

o (])Et 'I
u - il RI
RN AR o R /\/R RN/
J +HC(OBY)y ——*> R I JI
R=NNo \/ "\ \OEt.
R R
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The monoenol ether of cyclohexane-1,2-dione can be
obtained in solution in benzene saturated with hydrogen
chloride *

A O

7/

I ’ + HC (OEt) HC1-CsHq L

N0 7™ \OEt.
75%

The conjugation of the keto-group with a benzene ring
facilitates the formation of cyclic enol ethers. Thus an
enol ether is formed from a -tetralone even at room tem-
perature ™

When enol ethers are produced from non-aromatic
polycyclic compounds, the new double bond is formed in
such a way that a conjugation chain is created (or pre-
served). This usually involves the migration of the exist-
ing double bond. As an example, one may quote the .
reaction of ethyl orthoformate with A1,®-2-octalone?:

avae

(\/\ j
|| +Hcomy, 2 L L
o/ IS A YA

The formation of enol ethers with simultaneous migra-
tion of the double bond is very typical of steroids ™™,

VI. REACTIONS WITH VINYL ETHERS AND THEIR
ANALOGUES

The reaction of orthoesters with vinyl ethers has been
descnbed in detail in a highly informative review by
Povarov ™. This section gives a brief description of the
general properties of this reaction, attention being con-
centrated on the reaction of orthoesters with analogues of
vinyl ethers involving a similar mechanism.

The overall reaction of orthoesters with vinyl ethers
can be represented schematically as follows:

e o R R”

¢ talysis

RC(OR)s + R”>C=C—OR’ =, R—G—G—GC—OR"
br ke by

This process, which takes place in the presence of acid
catalysts (BFs, ZnCl;, FeCls, etc.), can have an ionic
mechanism similar to that proposed for the analogous
reaction of acetals ™®

OR

4

HC(OR); + BF, === (RoncH—cl)—c-BF, =—> HC+ + F,BOR ,
R ‘oR

. (X1V) (OR)

CH(OR

+ ) ' F3bB ?

/CH + Su,2cnlor — (RQ),CHCH,CHOR S329R, ch/ + BF,,

RO

(XV) (XvI) CH(OR),

(XVID)

In the course of this reaction, as in many of the cases
discussed above, a reactive dialkoxycarbonium ion (XIV)
is formed and attacks the s-carbon atom of the vinyl ether
(XV), the double bond of which is activated owing to the
+M effect of the alkoxy-group. As a result, the acetal

) is inserted into the molecule of the
OR
vinyl ether with subsequent addition of the alkoxy-group to
the carbonium ion (XVI). The final products (XVII) are
tetra-acetals of g-dicarbonyl compounds.

The cationic polymerisation of vinyl ethers is an
undesirable competing process. Moreover, the carbonium

fragment ( —HC<
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ion (XVI) can react further with the vinyl ether, which
results in the formation of high-molecular -weight adducts.
However, since the reactivity of the cation (XIV) is usually
higher than that of the cation (XVI), the reaction proceeds
preferentially with formation of the tetra-acetal (XVII)
even when the molar ratio of the components is 1:1 and
does not depend very markedly on the amount of the
orthoester ®, Nevertheless, in order to ensure higher
yields of the monoadducts (XVII), it is better to employ an
excess of the orthoester. In the presence of an excess of
the vinyl ether, adducts with higher molecular weights can
also be isolated, for example 1,1,3,5, 5-pentaethoxy -
pentane "

HC (OEt)s 4 2CH, =CHOEt X > E1OCH [CH,CH (OEt),s ,

Povarov ™ showed on the basis of the literature data
that orthoesters are intermediate between saturated and
aff-unsaturated acetals as regards reactivity in the above
reactions and resemble aromatic acetals. Therefore
orthoesters form readily and in high yields monoadducts
with unsubstituted and -substituted vinyl ethers. In the
reaction with the more reactive a-alkyl-substituted vinyl
ethers, the yield of monoadducts falls approximately by a
factor of two and the yield of polymeric productsincreases.
Finally, in the reaction with the highly reactive alkoxy-
dienes, cationic polymerisation predominates and adducts
of orthoesters are not formed at all. As was to be
expected, in the reactions with vinyl ethers (see Section II)
orthoformates are more reactive than orthoacetates ”.

Among the wide variety of tetra-acetals obtained by the
reaction of orthoesters with vinyl ethers, one should
distinguish the tetra-acetals of malonic dialdehyde, which
are difficult to obtain by other methods and which are
important intermediates in many syntheses of hetero-
cyclic systems. A simple method of preparation of the
tetra-acetals of malonic dialdehyde from readily available
compounds consists in the condensation of vinyl acetate
with ethyl orthoformate, which involves the exchange of
the acetoxy-group for an ethoxy-group ™:

CH (OEt),
Fecl, S
Et H,=CHOCOCH; — H,C
HC (OEt)s + CH, s 2f \CH(OEt)g.
60%

Thio-orthoesters react similarly with vinyl ethers ™
and vinyl sulphides *:

— OR
~CHi=CHOR _, (EtS),CHCH,CH{
\SEt
HC (SEt)y —
CH,==CHSR /SR

N
(EtS),CHCHgCH\SEt

Nitrogen analogues of orthoesters and enamides under-
go a similar reaction®:

HC (NHCOOELt)y 4+ R'CH=CHNHCOOEt —> R’CH [CH (NHCOOEt),]s ,

The reaction of orthoesters with ketones in the pres-
ence of Friedel-Krafts catalysts leads to the formation of
dialkylacetals of B-keto-aldehydes '”®. The enolic form
of the ketone (XVII) plays the role of the vinyl ether in
this reaction. The essential features of the reactions can
be traced using as an example the interaction between
ethyl orthoformate and acetophenone, which gives rise to
the diethylacetal of benzoylacetaldehyde (XX):

HC (OEt)s + HCIO, & HC (OEt),CIO, + EtOH,
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+ ,—‘+‘- —H+
PhC=CHj 4 HC (OEt); == Ph—C-=OH  T— PhCOCH,CH (OEt);.
, .

OH CH,CH (OEt), 30%
(XV11I) (XIX) (XX)

A characteristic feature of this reaction is that the inter-
mediate cation (XIX) is not stabilised by the addition of

an RO radical, as for vinyl ethers, but by the dissociation
of a proton. This gives rise to a dimethylacetal of the
p-dicarbonyl compound instead of the tetra-acetal. The
formation of ketals is a competing reaction.

All the above reactions of orthoesters with ketones in
an acidic medium can be described by an overall general
mechanism. For simplicity, the reversibility of the
reaction is not indicated:

—H,C
BCyeo

/ . _H’C \C/
CH(OR), _ [ >E~OR] _ 7/ NoR pathway A.
+HH|-H+ |
-H+
L——> —HC=C—OR
?*—HE(OR).
~HC 4+ +ROH —HC(  OR
[ >C—OH] ———>[ /c\OH] ’
-H+ |} +H+
| +HE(OR), L. = Ht (O
—CH=C—OH X, [(Ro),CH_cH—lc—OH]'——>—HC\ pathway B.
C=0
/

Thus the dual reactivity of dialkoxycarbonium ions is
revealed by the fact that they are capable of O-alkylation
(pathway A) with formation of ketals (or enol ethers) and
of C-formylation, or more precisely of inserting the

OR
fragment HC< )With formation of S-ketoacetals (path-

OR
way B). .

The nature and relative amounts of the final products
are greatly influenced by the amount of the acidic reagent.
In the presence of catalytic amounts of acids, the reaction
could be carried out with a limited number of ketones '”.
Apart from the diethylacetal of benzoylacetaldehyde (XX),
low yields are obtained also of the diethylacetals of
p-methoxy- and p -ethoxy-benzoylacetaldehydes.

The reaction with aliphatic and alicyclic ketones
usually cannot be arrested at the stage of a monoadduct of
type (XX), more far-reaching transformations taking place.
Thus the condensation of two molecules of a ketone with
an orthoester in the presence of molar amounts of acid
results in the formation of a 1,5-diketone, which cyclises
under the reaction conditions to a pyrylium cation:

+ OCH_
RCOCH; + HC(OR')y > ReocH,cHOR), RO
(iR
N Q +HX Z [
CH, CH, -R'OH;-H,0 N
R R X,
RCO OCR

This reaction has served as a basis for a method of
synthesising pyrylium salts, which is of general validity.
The acid reagents employed are 70% perchloric and 98%
sulphuric acids, boron trifluoride-ether, dry hydrogen
chloride, aluminium chloride, iron(IIl) chloride, and
othersss,

It has been shown !” that orthoformates are the most
reactive in this process. The yields of pyrylium salts
decrease with increase in the chain length of the alkyl
substituents in the orthoformate molecule. Orthoesters
of alkanecarboxylic acids form [pyrylium] salts in low
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yields. Aliphatic-aromatic, alicyclic, and certain
aliphatic ketones enter into the reaction. The yields of
pyrylium salts are as a rule high. Cross condensation
was achieved with alicyclic ketones *

CHOEt CH,R R
HX | A
+ HC(OEt), —> 4 — 0
0 no. o % v e,

X

. When alkyl o-hydroxyaryl ketones are employed, the
intermediate acetals of §-ketoaldehydes are probably
initially cyclised to chromones, which are alkylated and
converted into 4-alkoxychromylium salts. The latter are
hydrolysed to give high yields of chromones and iso-
flavones (including natural products of this structure

i
@C\CH& + HC(OR)S——ﬁ
OH

17,85, 86,

C\CH—-R

»Qf’j -
CH(OR)?
R
Hc(oR),,cm. X
e
% C10;,

The mechanism of the reaction of vinyl ethers with
orthoesters can be quite legitimately applied to the reac-
tion of orthoesters with olefins. The only difference is
that the addition to one of the carbon atoms at the double
bond is not due to the activating and directing influence of
the alkoxy-group, as in vinyl ethers, but is due to the
polarisation of the double bond induced by the carbonium
cation:

(RO} CH + >C=C{ —»(RO),CHcl (|:+—-——9(R0),CH &R,

Orthoesters are known ?’ to add to isobutene and cyclo-
pentadiene. In the presence of BF3, styrene condenses
with ethyl orthoformate ™ and ethyl thio-orthoformate *"

PhCH=CH, 4 HC (OEt)s —=—> PhCH (OEt) CH;CH (OEt)s.
5%

Acetylene reacts with ethyl orthoformate in the presence
of zinc halides ® %, the main reaction product being the
tetraethylacetal of acetylenedialdehyde (XX1) —the tetra-
acetal of malonic dialdehyde (XX1I) is formed as a side
product:

HC (OEt)s+ ZnX, 2=
HC=CH - HC (OEt),

HE (OB, [ZnX,0E -,

— s HC=CCH (OEt); “—fﬁ’ﬁ*(EtO) CHC=CCH (OEt)

(XXI) (48%)
HC=CHCH (OEt);—|

| 20%:08t_ bt OCH=CHCH (OEt)y —2 %> H,C [CH (OEt)sla,

(XX11)

The reaction is of general validity. Alkyl- and aryl-
acetylenes react with ethyl orthoformate, ethyl ortho-
acetate, and ethyl orthovalerate to form the diethylacetals
of the corresponding acetylenic aldehydes and ketones:

R
RC=CH -+ R'C (OEt); —=X23. Re=c—& (OEt); + EtOH..

30—80%

Highest yields (up to 80%) are achieved when ethyl for-
mates are employed. In the reaction involving the ortho-
esters of alkanecarboxylic acids, the yields decrease
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approximately by a factor of two. Ethyl orthocarbonate
gives rise to acetylenic orthoesters in low yields, for
example:

PhC=CH + C (OEt), —2<+ prc=ceC (om). + EtOH.
14%

Substituted vinylacetylenes also enter into the reaction
with ethyl orthoformate *
R R
ZnCl,

|
RCH-Cl—-C=CH + HC (OEt); ——»RCH=C—C=CCH (OEt),,
(R and R’ = H or alkyl)

The group of reactions including the interaction of
dialkoxycarbonium ions with benzenoid of heterocyclic
systems is of very great interest. They proceed via a
general mechanism involving electrophilic substitution of
an aromatic compound:

. + o
HC(OR); + X === HC(OR), + XOR,

CH(OR),
@ + HE(OR), —» R{EE (OR), — «{I

A new method of formylating phenols by orthoformic
ester in the presence of aluminium chloride was proposed

in 1963:°
RQ + HC(OEt); ———> —@(o
H

The method was tested on a large series of phenols,
methylphenols, and naphthols ®. Owing to its simplicity,
it has substantial advantages over the methods of formylat-
ing the above compounds employed previously.

In the presence of acid catalysts (BFs, AlCls, SnCl4),
azulene and its alkyl-substituted derivatives react with
alkyl orthoformates to form the corresponding derivatives
of azulene-3-aldehyde ®

CH(OEt),

1) A]Cl;
2) Hy0

In the presence of POCls, the interaction of ethyl ortho~
formate or ethyl th10-orthoformate with azulenes leads to
azulenemonomethine dyes *

R
POCly
Cl‘

When ferrocene is treated with an excess of orthoester
in the gresence of AlCls, the following reaction takes
place®
(CoHy)y Fe  — Qo we (CyH,PeC,H,) CHOH,

Alkyl-gubstituted pyrroles * 3, 2-ethoxypyrroles o
indoles *, and 2-ethoxyindoles *° react with ethyl ortho-
formate in the presence of acids (HCl, HBr, BFs) to form
monomethine derivatives.
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VII. REACTIONS WITH ORGANOMETALLIC COMPOUNDS

Orthoesters react with organometallic compounds as
follows:

'C (OR™. - \ (R L™

RMgX -+ R'C (OR")s c\OR~ \OR,
Orthoformates give rise to acetals and the esters of
other orthocarboxylic acids form ketals. In the reaction
with orthocarbonic esters, the reaction products are other
orthocarbonic esters. Probably the first reaction stage
involves the formation of a coordination complex (XXIII)
of the organometallic compound with the orthoester as a
result of the replacement of a solvent molecule ',
Subsequently the complex decomposes into the alkoxy-
lated organometallic compound (XXIV) and the dialkoxy-
carbonium salt (XXV). Interaction between these inter-
mediates yields the acetal (XXVI):

7\0\ g OEt, + HC (ORy —2 / K /OE"n +E4,0
Et,0 X (RO); HCO
R (XXIII)
N\
ook ok So-cuom - x 0
(XXIV) (XXV) (XXVD) ?

An organomagnesium compound plays the role of an acid
activator of the orthoester in this reaction.

The method of acylation with orthoesters described
above was proposed by Chichibabin'®. The synthesis is
carried out by refluxing a 1:1 mixture of components in
ether or in higher-boiling solvents. For the reaction to be
successful, it is sometimes necessary to evaporate the
solvent after the addition of the orthoester to the solution
of the organometallic compound. Frequently, instead of
the acetals themselves, one isolates the corresponding
aldehydes and ketones by hydrolysing the reaction mixture.
The reaction may not stop at the acetal formation stage,
since under certain conditions the latter are also capable
of exchanging an alkoxy-group for an organic substituent
of the organometallic compounds. Methyleneacetals and
acetals of aliphatic aldehydes react with greater difficulty,
aromatic aldehydes react more readily, and the reaction
involving ketals is easiest®. In certain cases, all the
alkoxy-groups of the orthoesters may be re oé)laced which
results in the formation of a hydrocarbon *

The first alkoxy-group is replaced most readlly,
the reaction being exothermic. The replacement of the
second and even more so the third alkoxy-group requires
an elevated temperature.

Aliphatic organometallic compounds form acetals in
lower yields than aromatic derivatives. The yields of
aliphatic acetals decrease with increase of the aliphatic
chain length. Orthoformates are more reactive in this
process than the orthoesters of alkenecarboxylic acid.

In general, the method is convenient for the synthesis of
aliphatic »'®, aliphatic-aromatic'®, unsaturated'®’,
acetylenic® 6’, aromatic ', and heterocyclic**® aldehydes
and ketones. More detailed information about this reac-
tion and its conditions has been given in two monographs?, 1®,
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VIII. REACTIONS OF ORTHOESTERS WITH SUBSTANCES
CONTAINING AN ACTIVE METHYLENE GROUP

1. Interaction of Orthoesters with Aliphatic Methylene
Derivatives

Orthoesters react with compounds containing an active
methylene group via the mechanism

RC(OR"); + H,c/ —*R’O(I: _c< +2R'OH,

The substituents X and Y must be electronegative (COOR,
COR, C=N, and NO:) and may be the same or of different
types. The reaction proceeds on heating (140-150°C) the
methylene derivatives with a small excess of the ortho-
ester. The interactions of ethyl orthoformate with
acetoacetic, oxaloacetic and cyanocetic esters have
been described ™

_/COOEt
Nx
18—33%
(X=—COOEt, —COCOQEt, —CN)

COOEt 40
HC (OEt)y + ch\x — s+ EtOoCH=C

110 111

Ethyl orthoformate "™ and ethyl orthoacetate =~ show
the greatest reactivity in this reaction (with malono-
nitrile) forming the corresponding ethoxymethylene deri-
vatives in high yields:

HC (OEt)s + HyC (CN)y —225> EtOCH=C (CN), .
66%

Trlethoxyethyl acetate reacts with oxaloacetic
ester ™

/COCOOEt 160° /COCOOEt
EtOOCC (OEt,H—H,C\ COOEL ——-*EtOOC(]:_ \COOEt
OEt :
20%

Post and Erickson'** and also Jones '° believe that the
elimination of an alcohol from the orthoester must be
preceded by additional polarisation of the C—O bond in the
orthoester under the influence of the acidic hydrogen
atoms of the methylene compound. One cannot rule out
the possibility that at certain stages the reaction is ionic:

&+ 8- O+ 8- X - X
(Et0)s CH—? + H—CH< —=EOH  (Et0), CH + CH< -
' Y Y
Et

/ X —EtOH /7 X
—(Et0); CHCH — EtO—-—CH—-C/ ——BOH . EtocH=C
N ok H"* Y
(XXVID) (XXVII)

In certain cases, the intermediate acetal (XXVII) was
isolated as the final reaction product. Thus, on heating
ethyl nitroacetate with a small excess of ethyl ortho-
formate, the diethylacetal of methoxycarbonylnitroacet-
aldehyde is formed ***

NO,
]
—» (EtO), CHCHCOOCH;.
379%

‘ /NO,
HC (OEt); 4+ H,C
(OEt), £ \CDOCH3

When the acetal is heated to 170°C, a second alcohol
molecule is split off and an ethoxymethylene derivative
(XXVII) (X = NO2; Y = COOEt) is formed.
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The diethylacetal of 2,2-dinitropropionaldehyde was
synthesised similarly in 18% yield. Owing to the low
yields of alkoxymethylene compounds, this method has
little preparative value. A version of the synthesis first
proposed by Claisen''* and giving excellent results is
employed in laboratory practice for the synthesis of
alkoxymethylene compounds. In this procedure, a mix-
ture of the orthoester and the methylene compound is
refluxed in the presence of an excess of acetic anhydride
which behaves as an activator of the orthoester, forming
the reactive diethoxymethyl acetate and, moreover, shifts
the reaction in the required direction by combining with
the alcohol split off from the orthoester.

The higher reactivity of diethoxymethyl acetate in this
reaction compared with ethyl orthoformate is due to the
fact that the acetate anion is more stable than the alkoxide
anion. Therefore diethoxy methyl acetate should undergo
thermal dissociation to a considerable degree and the
resulting acetate anion can deprotonate the methylene

group:
0 ol OEt
F 7 a
= [( } cnl

N
OCH(OEY), “OEt

el X X

/ -/

CHCl+ | + H—Gl === CH,CO0H + HT s
X N N

Y Y

X X
néoen, + He. —»  (EONcHCH
v -

Jones “5, who carefully separated all the products of

the reaction of ethyl orthoformate with oxaloacetic ester
in acetic anhydride and who determined their amount,
proposed a mechanism involving successive transforma-
tions which accounts for all the compounds isolated (ethyl
acetate, ethyl formate, acetic acid, and exothymethylene-
oxaloacetic ester). The quantitative proportions of prod-
ucts which he found are in good agreement with the
proportions calculated according to the mechanism
proposed:
HC (OEt)s + (CHsCO); O — CHyCOOCH (OEt), 4 CH,COOEL,
CH,COOCH (OEt), + H,c<x — CHyCOOH + (EtO), CHCH< X R
Y Y
(XXIX)
X
ooax) > EtocH=c(_ + EtOH,
Y
EtOH -} (CHyCO),0 —> CH;COOH + CH,COOE,
CH,COOCH (OEt), ——> CH,COOEt 4 HCOOEt.

Jones's mechanism also reflects two important factors
which were already mentioned above. Firstly, the
activating effect of acetic anhydride is shown only in the
stage where the acetal (XXIX) is formed. Secondly, in
the succeeding stage where the alcohol is split off by
compound (XXIX) acetic anhydride serves only to bind the
alcohol, displacing the reaction thereby to the right.
These postulates are confirmed by the fact that diethyl
malonate, a relatively inactive methylene compound, does
not react with orthoesters in the absence of acetic
anhydride *° but does react with diethoxymethyl acetate
to form only the acetal of formylmalonate *¢, and ethoxy-
methylenemalonate is formed only on heatmg in the pres-
ence of an excess of acetic anhydride ''":

‘_Ml)'___-) no reaction

H,C (COOEty) —— |—C00CHOe 5. (E4O), CHCH (COOEt)s .

HC(OEt)s-+CH,CO0),0 » EtOCH=C (COOEt);
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The assertion that acetic anhydride behaves as an
alcohol-binding agent in the formation of the ethoxy-
methylene derivative from compound (XXIX) is consistent
with the reversibility of this stage in the absence of
acetic anhydride “'*"%;

_ O /COOR
EtOCH C\x +EtOH = (E10), CHCH\X

(X=—COOEt, —NOy)

It is also noteworthy that the acetic acid formed in the
course of the reaction naturally catalyses the elimination
of the alcohol from compound (XXIX). Under mild condi-
tions, compound (XXIX) can be isolated even in the pres-
ence of acetic anhydride '

CH,C0)O— 2 (EL0)y CHCH(
-+ (CH,CO) (E(0), CHCH( oocu..

HC (OEt), + H,c<
COOCH,

The syntheses of ethoxymethylene derivatives in acetic
anhydride from oxaloacetlc ester, trlfluoroace’uc ester,
ethyl ace 3ylpyruvate s mtroacetlc ester *°, acetyl-
acetone '%, ethoxyacetylacetone 20 acetoacetic ester 31'%,
ethyl acetonedicarboxylate %3, cyanoacetic ester 123,124
substituted amides of cyanoacetic acid ‘*'2¢, malono-
nitrile *”'*® and benzoylacetic ester ****° have been
described.

The reactivity of methylene compounds in reactions
with orthoesters is higher the greater the electronegativity
of the groups X and Y. The group C-N has the highest
electronegativity, COR is less electronegative, and COOR
is least electronegative.

The reaction with relatively unreactive methylene com-
pounds requires catalysis. Thus prolonged refluxing in
the presence of zinc chlorlde ?ves diethyl ethoxymethyl-
enemalonate in high yield

In view of the poss1b111ty of crea.tmg a system of con-
jugated bonds, it is possible to carry out the reaction of
orthoformate esters with ethyl pyruvate **, The inter-
action of orthoesters with cyclopentene-1,3-dione % and
indan-1,3-dione *° has been described.

A patent has been taken out *° for a method of synthesis-
ing alkoxymethylene compounds by the reaction of ortho-
esters with methylene derivatives in the presence of
small amounts of glacial acetic acid as the catalyst with
continuous distillation of the alcohol formed.

After prolonged heating of orthoesters with methylene
compounds in acetic anhydride, one orthoester molecule
condenses with two diketone or ketoester molecules **;

HC (OEt)s + HyC (COCHy)y — 190 o piOCH = (COCH,)y — et

— (CHyCO)s CHCHCH (COCH,); —2%M 5 (CH,C0); CHCH=C (COCH,)s .
OEt
When diacetylacetone interacts with ethyl orthoformate
in acetic anhydride, a mixture of isomers, cyclising under
the reaction conditions into the corresponding phenols, is
formed

{CH4COCHs); CO + IHC (OEt)s 4 (CH,CO); O

{
cn3co<":co<:H, COCH, cu.coaocn,%ocx-{,
CH CH
CH;COCHCOCH,COCH; cn,cocn,co[cucocﬂ,
H H
H,00C, ) /COCH; HyCOC, /5 /COCH,
|
“\CH,COCHj k/ \CH,
\COCH, COCH,COCH, .
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On refluxing in alcohol in the presence of ZnCl;, cyclic
products were obtained from substituted amides of aceto-
acetic acid ®®:

RNHOC COCH

RNHCO COCH, N
R r ‘L %

N
HC (OEY zQ
_ ¢=o +’ (OEt)s + y S Y /L§
/ NH © \
HS l
A |
J Rl/ e \CH. .

R\ \cH, 60—90%

In the presence of a further reactive functional group
in the molecule of the methylene derivative, internal
cyclisation can occur %

o
Il
HCCO C
NN
HC (OEt); + CH, rs'u{

0. o
L
AVZN
IIT .
s/ \sEt

o=

CH,COOH H,C/

c
s7 NSkt

The methylene group in compounds containing a keto-
benzyl group is also fairly reactive in the interaction with
orthoesters in the presence of basic catalysts.. A method
of synthesising isoflavones by the condensation of ortho-
formate ester with benzyl o-hydroxyaryl ketones on heating
in pyridine in the presence of piperidine was developed on
this basis in 1949:*

0 o o

]

C
O NY NS 2 . ”/ \”
L ] + HC (OEt)y —Ganmr™ | _xa .
N/NoH N\/\on CH (OEt); NN’

Subsequently the method found extensive application in the
synthesis of a wide variety of natural isoflavones and their
analogues, which are obtained in high yields.

A modification of the method has been used to synthe-
sise chromone, the orthoester being replaced by the
dimethylacetal of dimethylformamide, which functions
simultaneously as a reactant and a basic catalyst °

i ] 1
I [
C C
VA \CH; N/ \cH H O \/\
+(CHONCHN CH | | | Aoy ff
N/ \oH N/ oyt Clish NNo/

2. Condensation of Orthoesters with Heterocyclic Keto-
methylene Compounds

Five- and six-membered ketomethylene compounds
with one or two heteroatoms enter into the reaction with
orthoesters. This results in the formation of heterocyclic
alkoxyalkylidene derivatives:

0=C O"—-‘C\
RG(OR'Y, + I X + 2R'OH.
4

HyC
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A wide variety of five-membered heterocyclic systems,
which enter into this reaction, correspond to one of the
structures *° presented below:

o] @
g Y. i
/—/C XD K/C_)D 7 X
H-~CH H-LCH H-L
O P
Y—C:r} N‘J=C~R (|:=N .
R
(XXX) (RXX1) (XXX11)

In the first two types [(XXX) and (XXXI)], the hydrogen
atoms of the methylene group are activated mainly by the
adjacent electronegative keto-group and to a considerable
degree also by the fragment Y (XXX, Y =0, S, or NR) or

—N=C< (XXX1) owing to the —I effect. The group X (O, S,

or NR) lowers the electronegativity of the keto-group

(+M effect) and has a passivating influence on the methyl-
ene group. Passivation in structures (XXX) and (XXXI) is
weakened by the influence of a second electronegative groug

(mesomeric with X) —-C=Z or >C=N—.

In heterocyclic compounds of type (XXXII), the methyl-
ene group is activated simultaneously by the two highly
electronegative fragments —-C=0 and -C=N, which leads
to a much higher reactivity of compounds of this type
compared with (XXX) and (XXXI). Therefore, pyrazolones
and isoxazolones (XXXII, X = N or O), for example, react
readily with orthoesters in the absence of acetic anhydride,
while compounds described by formulae (XXX) and (XXXI)
have to be refluxed in acetic anhydride ®°.

Steric factors are also important in the reactions of
orthoesters, other than orthoformates, with ketomethyl-
ene compounds in which the atom adjoining the methylene
group has a substituent. This effect can be demonstrated
for 3-ethyl-2-thiothiazolidin-5-one, which condenses with
ethyl orthoformate to form a planar 4-ethoxymethylene
derivative, but does not react with ethyl orthoacetate. An
analogous phenomenon has been observed for 1, 3-disub-
stituted 2-thiohydantoins XXX, X and Y = NR, Z = S) and
other compounds with structure (XXX) and a bulky group Y.

Pyrazolones (XXXII, X = NR) and isoxazolones (XXXII,
X = 0), which are more reactive, interact with ethyl
orthoacetate and ethyl orthopropionate but the alkoxy-
alkylidene-derivatives formed are unstable for steric
reasons. Ethyl thio-orthoformate cannot be made to react
with the above types of ketomethylene compounds. Acetic
anhydride plays the same role in this reaction as in the
case of the acyclic methylene compounds discussed above.

A general method has been developed for the synthesis
of 3-substituted 5,1’-alkoxyalkylidene-2-thionothiazolidin-
4-ones by refluxing 3-R-rhodanine (R = aryl, alkyl,
benzyl, cyclohexyl, allyl, and ethoxycarbonylmethyl) in
the presence of an excess of orthoester and acetic
anhydride 185141, 142,

. 0.
ON—N-R (CH,CO)0 N—N-R
0 e, e, )
Ns/\s Ne/N\s/ \g
|
OR" 35—949,

The highest yields of products are achieved with methyl
and ethyl orthoacetates, while methyl and ethyl ortho-
formates and ethyl orthopropionate give somewhat less
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satisfactory results. When a mixture of 3-ethyl-2-
thionothiazolidin-5-one is heated with ethyl orthoformate
and acetic anhydride, the following reaction takes place **
0=—SF 0=—378
| ) + HC (OEt), SO0 &,

Ns EtOCH” \I\Il/ s,

|
Et Et

N

On refluxing 3w1th orthoesters in acetic anhydride ** o

in its absence 1,3-disubstituted 5-pyrazolones readﬂy
form 4-a1koxyalkylidene derivatives:
R}.
R——— _/ \OR”
I } +RC(OR"s > ]} l

N No \N/\o
R R
In the absence of acetic anhydride, 3-phenyloxazol-5-one

reacts similarly with ethyl orthoacetate to form the
unstable 4,1’-ethoxyethylidene-3-phenyloxazol-5-one *°

0=—0 0=—0
| -+ CHC (OEY); l |.
N N
g Eto—c7
Ph CPli, Ph

63%

The condensation of orthoesters with oxindole *** and its

derivatives '*°, in which the presence of a benzene ring
causes additional activation of the methylene group, has
been described:

R

|
C
7 (CH4C0),0 7 N0kt
RL@Q + RCOBD, ————> Ru@(} )
r'\l 0 N

R K

Diketomethylene heterocycles are also exiremely reac-
tive in the reaction with orthoesters. Ethyl orthoformate
interacts with 1,2-diphenylpyrazole-3, 5-dione ™

) o)
PhAN—<
- HC (OEt); - | >=CHOE.
o Ph—N—C,

Ph—N-——

VAYAY

Ph—N——-

1,3-Dimethylbarbituric acid behaves similarly:

o) 0
Il
H‘C\N /II\I H,C\N N\_/CHOE

+ HC (OEt)s > O) I
07 N"No 7 N No

|
(liﬂ, CHy

Frequently alkoxyalkylidene derivatives are synthesised
in one stage from acyclic compounds. In such cases the
condensation involving the methylene group is preceded by
cyclisation with formation of a ketomethylene heterocycle.
Thus, when hippuric acid was refluxed with orthoesters
in acetic anhydride, 41.4'—alkoxyalkylidene—2-phenyloxazol-
5-ones were obtained "%

i
— “or
PHCONHCH,COOH + RC (OR'), — €0 ,.
P N0/ No
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Benzoylpropionic acid reacts with ethyl orthoformate
in the presence of a dimethylformamide-sulphur trioxide
complex **

CHOE
PhCOCH,CH,COOH -+ HC (OEt), —ooCHs:50s " |
ph/ N0/ N0

N -(Ethylthiothionomethyl)glycine has been used **° to
synthesise 4,1’-alkoxyalkylidene-2-alkylthiothiazol-5-ones:

s— 7’
HOOOCH,NHc{i + R'C (OEt)s (CHyC0),0
" RS” SN/ NCOEt .
|
R

The reaction of orthoesters with ketomethylene hetero-
cyclic compounds can lead to the so called oxonal dyes
under certain conditions. Catalysis by a weak base
(amides56 pyridine) is sometimes used for such syntheses.
Zenno '® developed a method of synthesising oxonol dyes
from ethyl orthoformate and certain ketomethylene hetero-
cycles (3-methyl-1-phenylpyrazol-5-one, 3-ethylrhodanine,
and barbituric, thiobarbituric, 1,3-diethylbarbituric,
and 4-aminobarbituric acids) in the presence of acetamide:

HaC /“(,/ \C’\

J CH;,CONHQ i “
/ C\O Ho/c‘/

HC(OEY), +

Oxonol dyes have also been obtained from 2-phenylthia-
zolidin-4-one *** and certain 3-substituted 2-phenyl-
pyrazolones %,

The capacity of orthoesters to react with ketomethylene
heterocycles can be used to cyclise certain compounds of
suitable structure '®:

R R
N. N. N. N.
A VAN \
Ph—N \| |/ N—Ph 4- HC (OEt)s —)Ph——N/ N /N\ —Ph.,
NN/ N /\/\ v

o b

IX. SYNTHESES OF CYANINE DYES

Organic compounds containing a methyl group con-
jugated with a positively charged atom of a heterocyclic
cation can react with orthoesters to form carbocyanine
dyes (XXXIII):

| |

+RC(YR’),~>H )’ R
27 \CH, v

|
CH=C—CH”\z/ + R'YH.
: X- (XXXI11)
(Z=—NR, 0,S; Y=0, S)

It is believed '* that initially the charged system disso-
ciates into a methylene base and an acid (HX), which
reacts with the orthoesters to form a carboxonium salt.
These consecutive processes activate both reactants:

lz* - l j& "
+ )
¥ CH, Z 'CH,

y
2. HX+RC(OR'), == RC+ X
\‘ORI
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Dissociation is also promoted by solvents such as pyridine
and acetic anhydride.

The aim of further reactions is clear from the following
scheme:

| | eweona] | 8 e
Nz NcH, NEACHEOR)
R -
J\z ,\cﬂ»co;—) H\z/I \CH—C<O +H.c/l \z/H :
(XXX1Va) (XXXIVb)
Lo r ) Lo )
N2/ \CH—<::—CH NG CH—t=cit/ N3/
OR'

The scheme is valid also for thio~orthoesters.

Mizuno and Tanabe '** showed that the synthesis of
cyanines does indeed proceed via an intermediate alkylid-
ene derivative (XXXIV), which is also suggested by the
sharp decrease of the yield of cyanine dyes in the presence
of a large excess of orthoesters. In certain cases,
alkoxyalkylidene compounds can be isolated as the main
reaction product. Thus, when tetrahydrobenzopyrylium
and tetrahydroxanthylium salts and their derivatives were
heated briefly in acetic anhydride in the presence of ethyl
orthoformate, the corresponding ethoxymeth_ylene deriva-
tives of these compounds were obtained ***

Ph Ph

Z (CH;C0)50 Z
| + HC(OEt); ——— « |
Phr \6 Ph 6
CHOEt.
_ 100%
Clo,

Ethoxymethylenedioxolamum salts are formed under
similar conditions'®:

(HyC),C —0

(CH4C0),0 >‘ﬁ”

CH; + HC(OEt); ———
(HyC),C—0 (L,HOEl.

90%

(H;C),C—0,

(H4Cl,C—O clo;

This reaction is particularly characteristic of thio-ortho-
esters. For example, ethyl thio-orthoformate reacts with
quaternary salts of 2-methylbenzothiazole, 2-methyl-

benzgxazole, and quinaldine on refluxing in acetic anhydr-

ide*
Y Y
Qv = Q)
+ o o
Z CH, z _CH=CH—SEt.
X~ X

A wide variety of orthoesters are used in the synthesis
of cyanine dyes. Orthoformates and thio-orthoformates
form carbocyanines containing an unsubstituted trimethine
chain (XXXIII, R = H) and orthoesters of higher acids give
rise to dyes substituted at the central carbon atom of the
chain. A wide variety of five-, six-, and seven-membered
condensed systems condensed with other rings or charged
monocyclic systems with one-, two-, or more heteroatoms
can be involved in the reactions with orthoesters. Simple
mononuclear heterocycles form cyanine dyes with greater
difficulty than heterocycles condensed with aromatic rings.

The greatest number of studies on the synthesis of
cyanine dyes concern heterocycles of the thiazole series.
Both monocyc]ic thiazolium salts and salts condensed
with benzene '® and heterocyclic '® rings have been used
in the condensation reaction, The use of substituted

’ other compounds containing the pyridine ring
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imidazolium and benzimidazolium salts in this reaction
has been described'®, Pilyugin and coworkers syn-
thes1sed cyanines from a wide variety of N-alkyl- and
yl -substituted quinaldinium '* and benzoquinaldin-
quaternary salts. Lepidine derivatives 186 and
167 enter into
the reaction.

Trimethinecyanines are formed from benzoxazole!®,
thlenopyrldmem 1,2,4- trlazme"" 1, 4 7 9-tetra-aza-
indenes'™, 1, 7-d1aza1ndene R azepme , and tetra-
zole '™

Ozxonium heterocycles or their thio-analogues are used
in the synthesis of cyamne dyes. Thus a- or y-alkyl-
substituted pyrylium * and _benzopyrylium 176 galts and
9-methylzanthylium salts '™ readily form trimethine
dyes on heating with ethyl orthoformate in pyridine or in a
mixture of acetic anhydride and acetic acid:

| + HC(OEt); — I
& cn, > H=CH—CH?”

-
Non-aromatic furylium salts can also take part in the

reaction!”
Ph Ph

| H—cn, + He(oRy, — cx—[::cH—CH
x~ 65 Len, X" O HyC
Hl

On heating in acetic acid or in a mixture of acetic
anhydride and pyridinei ethyl orthoformate reacts with
benzofurylium ()QCXV) , benzoxanthylium (XXXV7) 1%
dithiylium (XXXVvII) * and benzodithiylium (XXXVII[)
salts, forming trimethine dyes:

GH, CH,

@i} e Qe rens Cen

CH,
(XXXV)
Trinuclear neocyanine dyes, for which Komg s formula
(XL) '™ was recently shown to be correct'®, are almost
invariably formed as side products in the synthesis of
trimethinecyanines. The mechanism of the formation of
neocyanines was investigated by Japanese workers %,
who observed that the yield of neocyanines is lower the
higher the yield of trimethinecyanines. This indicates
competition between two modes of binding of the alkoxy-
methylene cation (XXXIX):

[, -l 1]

N2/ NCH=CH-OEt 2/ \CH—EHOE!t + He” N2

(XXXVI) (XXXVID) (XXX VI

(XXX1Xa) (XXXIXb) CH l ” -

> J l " __ZEtOH
Nz \CH -CH—CH¥ l

|

\z/ NCH—CH=C—\} /
u
A7
Uncharged dyes, the so called merocyanine dyes, are
obtained when one of the reactants is a heterocyclic keto-

methylene derivative and the other 1s a quaternary salt of
a nitrogen-containing heterocycle'*®. For example:

|| WY

NN s
—CHyHHC (ost>.+ \— \_S,
NN \N -
+R| xX- o’ \N
|

R
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Ethyl orthoformates react similarly with barbituric or
thiobarbituric acid and quaternary salts of nitrogen-
containing heterocycles (a-plcolme, 2, 6-lutidine, quin-
aldine, and 2-methylbenzothiazole) '*

Orthoesters are suitable for the synthesis of azacya-
nines—compounds in which one or, several methine groups
are substituted by nitrogen atoms '*2'%%;

(I}NH? + rcton, S8 ©(> . N{/@

X. REACTIONS OF ORTHOESTERS WITH AMINO-DERIVA-
TIVES

1. Synthesis of Acyclic Products

When orthoesters react with substances containing an
amino-group (amines, amides, substituted ureas, and
hydrazines, hydrazides, etc.) products of three types may
be obtained depending on the reaction conditions and the
structure and relative amounts of the components:

—RN=C—OR"  (XLD),
h

RNH, + R'C(OR")y —|—> RN=<'2—NHR (XLID),
R

L » (RHN);CR"  (XLIII),

The first two reactions, which lead to imidoesters
[imidates] (XLI) and amidines (XLII) respectively, are
general, while the formation of nitrogenous analogues of
orthoesters (XLII) is possible only from certain com-
pounds of suitable structure and constitutes a special case.
Since the synthesis of imidoesters and amidines with the
aid of orthoesters has been discussed in a number of
reviews '*7'%® we shall consider only the fundamental
studies carried out recently.

Spectroscopic studies on the reaction of aniline with
ethyl orthoformate showed ®° that imidoesters are inter-
mediates in the synthesis of amidines:

ArNH; + HC (OEt)y —gog~> ArNHCH (OEt), —gma> ArN=CHOEt -

—ATFs > ArNHCHNHAr——pgio> AIN=CH—NHAr.

Okt

The formation of N-arylformimidoesters ! becomes
possible under the conditions of acid catalysis when the
activation of orthoformate by the acid causes the rate of
formation of the formimidoester to predominate over the
rate of its conversion into diarylformamidine.

Roberts et al. '* developed a general method for the
synthesis of N-phenylformimidoesters by the reaction
of alkyl orthoformate with aniline.

Ammonium acetate reacts with ethyl orthoformate
and ethyl orthoacetate to form amidinium acetates **:

R
NHj -gas - | & -
CHCOONH, +- RC (OEt)y ——> CH;COONH;=C—NH;00CCH; .
84%

Dimethylformamidine is obtained by passmg gaseous
methylamine through ethyl orthoformate'®>. The synthesis
of higher NN -dialkylformamidines in the presence of boron
trifluoride-ether has also been described *

Heterocyclic bases react with orthoesters too.
N-Heterocyclic derivatives of formimidoesters of the
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pyrazole '* » imidazole % isoxazole %, isothiazole'°®,
and pyridine " series have been obtamed

Syntheses of formamldmes from 5-am1nopyrazole
3-amino-2-pyrazoline '*°, 2-aminopyrimidine 2% and
3-aminoisoxazole *** have been described.

On heating with orthoesters, arylhydrazines ®®
yields of ethoxyalkylidenehydrazines:

198

give high

R
RNHNH; + R'C (OEt)s —~ RNHN =£Z—OE! .

The reaction of benzaldehyde hydrazone with a fourfold
excess of ethyl orthoformate in the presence of sulphuric
acid yields ethoxymethylenephenylmethylenehydrazine,
which contains conjugated double bonds *®:

PhCH=N—NH; + HC (OEt)y — 2% 5 phCH—N—N=CHOE.

87%

The reaction of carboxylic acid hydrazides with ethyl
orthoformate, which can give rise to cyclic products in
addition to ethoxymethylenehydrazides and hydrazido-
methylenehydrazides takes place in a more complex
manner **»%®5;

p—ROONHNHs _ o, RCONHN=CH— ,
RCONHNH, —24%E0s o pCONHN—=CHOEt —— NHNHCOR

ol

Owing to the reduced reactivity of the amino-group in
acid amides, their reactivity in relation to orthoesters
is much lower than that of amines, hydrazines, and hydra-
zides. Whereas ethyl orthoformate still reacts with
acetamide and benzamide, giving low yields of diacyl-
formamidines *%, ethyl orthoacetate can no longer be made

to react in this way

RCONH, - HC (OEt); —~ RCON=CH—NHCOR ,
27—60%

The reactivity of urea and its derivatives is similar
to that of acid amides. On refluxing with ethyl ortho-
formate, urea and its alkyl and arylalkyl derivatives yield
high-melting s Parmgly soluble products—NN -dicarbamoyl-
formamidines “®

The condensatlon of ethyl orthoformate with urethanes
in the presence of acids has been described *°°.

The condensation of three moles of an amide with one
mole of orthoester in boiling toluene yields triacylamino-
methanes

3RCONH, + HC (OEt); —2=%5- HC (NHCOR), ,
Electronegative substituents reduce the basicity of the
amide and the yields of products are low.

2. Synthesis of Cyclic Compounds

When the molecule contains two amino-groups, the
reaction usually leads to the formation of cyclic amidines.
Cyclic systems with different heteroatoms are obtained
when other functional groups are introduced into the
reaction apart from the amino-group. The cyclisation is
achieved by heating the components with or without the
distillation of the alcohol.

It was sometimes possible to isolate the intermediates
(XLIV) and (XLV) in the cyclisation reaction. The
elimination of the alcohol from the alkoxy-derivative
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(XLV) is the rate-determining stage of the cyclisation
process:

R
NH RC{OR'); fN_(l:OR
z ——37

KN\C/R -Ron N\
\-xH \xH

—> 7 C—R.
{X/ Nor' x”

(X11V) C(XLy)

Usually X is a substituted or a free amino-group, oxygen,
or sulphur, The group Z can be a carbochain or hetero-
chain bridge and also constitutes part of a carbocyclic or
heterocyclic system.

A general method of synthesising 4-imidazolones and
5-imidazalones is based on the cychsahon of N- or
N’ -substituted glycine amides *

CH,—NHR N—R
—— \___ ’
NH NN
VAR
° + R'C(OEt)y —— o”
CH,—NH, N
[
__NHR LN
o7 o’ R

Acetamide arylhydrazones react with ethyl ortho-
formate to form 1-aryl-3-methyl-1,2,4-triazoles

HyC—C—NH, HC——N
| + HC (OEt)y o, ll
N—NHAr

Ar

1t is interesting that semicarbazide ** and thiosemi-
carbazide *** hydrochlorides form different types of
heterocycles:

0=C—NH, lll ” )
Krinn, NN
s T HC (OB — d
Kne, S\ NH,
0

The synthesis 215 5f heterodiazoles on refluxing hydraz-

ides and thiohydrazides of alkyl- and aryl-substituted and
heterocyclic carboxylic acids with orthoesters has been
described. Succinic acid dihydrazide undergoes biscycli-
sation on treatment with ethyl orthoformate
N—~N N—N
(CH,CONHNH,), + 2HC (OEt); — “ IL l ”
cHy cHy No”

Owing to differences in the reactivities of orthoform-
ates, the reaction of 4-phenylthiosemicarbazide with
ethyl orthoformate or the orthoesters of alkanecarboxylic
acids (ethyl orthoacetate and ethyl orthopropionate) gives
two types of heterocycles¥$:

N —N
HC{OEt): J
ﬁ “\NHPh
PhNHCNHNH, — NN
RC(OEt), " “
HS” N/ R.

Ph
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Malonodiamide *** and 3-amino-2-cyano-3-methylthio-
acrylic acid cyclise in the presence of acetic anhydride **":

?H

AN
N

P )
HoC (CONH;), \. HC(OEt): (CHiCONO / HO/ \NJ

_/CONH,
NC (SCH,) NH,

Hypoxanthine?® and a number of its substituted deriva-
tives**® are obtained under similar conditions. The reac-
tion proceeds via the formation of intermediates, which
have been isolated:

CONH, ;

HiN—C—CONHa _gooen, , o /“ II | Ro(oet,

1] —_—

HyN—C—NH, NN__INH,

CONH, N
o T @

\N_u—N=C—-0Et
N N

Guanylurea **° can be condensed with orthoesters and
the dimethylacetal of dimethylformamide with formation
of substituted 1,3,5-triazines:

T
NH,
l ¢\
?1/ \NH, -+ RC (OEt); — | J
HO/ SN/ R,

¢
07 "\NH,

A convenient method for the synthesis of 3-aryl-1,2,4-
oxadiazoles consists in heating the amidoximes of aryl-
carboxylic acids with ethyl orthoformate in the presence
of boron trifluoride-ether *

NOH BF, N
A'C\NH, +HC(OEt)y —> a1,
Oxazoles can be prepared from the hydrochlorides of
subsztzituted w-aminoacetophenones and ethyl orthoform-
ate’®

——N . HCI,
+ HC (QEY), —~ “

A/ C\O Ar/ N\

CH,—NH, - HCI
|

Arylhydrazines with electron-donating substituents in
the benzene ring yield derivatives of 1,2,4-triazole on
interaction with ethyl orthoformate 2*:

N=== N==_
2ArNHNH, +- 2HC (OEt); > | N—NHAr _BHCl NNHAr .
N— N— o
cl
A’ “OEt A

Condensed heterocyclic systems can be synthesised -
when the functional groups involved in cyclisation occupy
the 1- and 2-positions in the benzene or heterocyclic ring.
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When rin§-substltuted o-phenylenediamines o-amino-
phenols *°, and o-aminothiophenols **° react with ortho-
esters, the products are derivatives of benzimidazole,
benzoxazole, and benzothiazole respectively:

NH,
«‘@ + RC(OR")y —> R@i;\>—n.
XH

(X=NH; O0: S; NR)

Heterocyclic compounds containing purine and thiazolo-
pyrimidine groups were synthesised 31m11a.rly from a wide
variety of derivatives of 4,5-diamino, ** 4-R-amino- 5—
amino- %", and 5- amino-4-mercapto—pyr1m1d1nes

.HQ?( + RC(ORY— RQ(\}

A substituted imidazopyridazine is obtained when
3-amino-6- chloro-4—methy1am1nopyr1daz1ne is heated with
ethyl orthoformate **

i i
™ NN
| ‘ FHC(OEY, > | l .
N N
NN NH, NN

Syntheses of imidazopyrazines have been described >*%%°

N A, N
R—E I + HC(OEt), —> R—E/:I>-
N N
N XH

Heterocyclic systems containing three nitrogen atoms
in the ring are formed when the hydrazones of a wide
variety of heterocyclic keto-derivatives react with ortho-
esters:

[\Ti + RC(OR‘);,—»\/I\
\_F=N—NH, N

The hydrazones of 2-benz1m1dazolone, 2-benzoselenazo-
lone® 2—qu1nolone derivatives of 2-pyrim1dinone
4-qu1nazolone —qumoxalinone =3 and 1m1dazopyr1dazi-
none ®* can part1c1pate in this reaction.

When the amides of aromatic or heterocyclic carboxylic
acids containing an active functional group in the ortho-
position are introduced into the reaction with orthoesters,
the products are six-membered heterocyclic keto-deriva-
tives with two heteroatoms in the ring.

When the amide of salicyclic acid was refluxed with
ethyl orthoformate, an intermediate iminoether (XLVI),
which is a tautomer of the cyclic product (XLVII), was
isolated %%

° °
/\"/C\NH, +HC(OEDs I “ \N_CHOEt
L/\OH N Nox
(XLVI)
7N/ ' \/‘(l)\
SIGEIRE
‘\\/\O_L_om .
NN/

(XLVII)
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The reaction of the amide of anthranilic acid with ethyl
orthoformate gives 4-quinazolone * '

Apart from the amides of aromatic acid, a wide variety
of heterocyclic o-substituted carbamides are used for
similar cyclisations. The use of imidazole 6 jsoxa-
zole®’, 1,2,3-triazole ®?, quinoline ®°, pyrimidine >,
pyrazme 1" gerivatives has been described.

This principle has also been employed to synthesise
di- and tri-azasteroid systems®*:

and

)
PN
N (for X=NHy) ,
N\

o A

i

d Hyeco” N\
NNk o

Il
NN\
N / NH

- HC (OEtjs (for X=NHNH,),

N\
-
N
N /f——
N
/
jo

N
/
N
S
AN
7
8

On being refluxed with an excess of ethyl orthoformate,
o-amino-derivatives of aldzoximes and ketoximes give rise
to quinazoline N )-oxides **

R R’

| 20
X NN
R“@ e * GO Sgon ¥ )‘
-3EtOH >z
NH,

Aromatic sulphonamides with 0-amino-substituents
react with o-aminocarbamides, the difference being that
in this case SS-dioxide rings are formed ***

One®

SO,NHR' Ne? Py
R—@( + HC(OEt); —> R‘@ /P"l .
NH, 7

N

XI. THREE-COMPONENT CONDENSATIONS

This group combines single-stage reactions of ortho-
esters with amino-compounds (arylamines, heterocyclic
amines, urea, and substituted ureas) and substances
which can react as CH acids. For example:

X 2
RNH, -+ R'C (ORs + B, — RNH—C=C{_ +3R'OH.
Y | Y

At first sight this reaction resembles the Mannich reac-
tion. The difference is that the Mannich reaction gives '

/
while the use of orthoesters yields the bifunctional enamine

rise to a monofunctional aminoalkyl group \N -C —C—
(I

!
unit >N—C=C—. Probably the reaction proceeds simul-
taneously via two similar mechanisms:
Hy c/x i
—Ci " "
q‘:‘“\}' Rf\ij(l: NHR" —>R NHlNHR 49‘,1,&
x¥ R CH—X 2 R X
RC(ORY; 4, (XLVII) \y RUNHC=CT .
\ R R o® \Y
| X R"NH, . A& )
R'OC=C —— R"NHCCH
\‘( [ 4
R

(XLIX)
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The yields of the intermediates (XLVII) and (XLIX), where
these are obtained specially by heating the components in
pairs (the amine and the orthoester or the CH acid and the
orthoester) are frequently much lower than the yield of the
final product (L) obtained when all three starting materials
are involved simultaneously in the reaction. Evidently

the reason for this phenomenon may consist in a favourable
mutual influence of the starting materials on one another.
On the one hand, the formation of the alkoxyalkylidene
compound (XLIX) should undoubtedly be facilitated by the
catalytic action of the base (amine), while the acidity of
the methylene component is a factor promoting the acti-
vation of the orthoester and therefore facilitating both
reactions. Moreover, the products of the interaction of
any pair of the starting compounds are removed from the
sphere of the reversible reaction owing to the interaction
with the third component.

Three-component condensation was achieved for the
first time by Snyder and Jones ***, who developed a method
for synthesising s-arylamino-substituted acrylic esters
by the reaction of compounds containing an active
methylene group with aromatic amines and ethyl ortho-
formate:
160~-165°

ArNH, 4 H % %
tNH, 4 HC (OEt)s -+ HyC _MOT18° s NHCH=C
2 FHOCOEDs +HC oot \COOEL.

54—949%

Later a general method was developed for the synthesis
of a wide variety of enamines by the reaction of ortho-
esters with compounds containing an active methylene
group and with arylamines *°. The reaction of acetone-
dicarboxylic acid esters with ethyl orthoformate and
m-chloroaniline gives a substituted pyridone %

o]
EIOOC\/”\/COOEt

|

N

L]

Nc1.

Ketomethylene heterocyclic derivatives may serve as
the CH acid components in the reactlon with aromatic
amines and ethyl orthoformate **

(EtOOCCH,); CO -+ 2HC (OEt)s + m-CIC;HNH, —

0\_N_ N —nr

R
l I 100°

s \s

PhNH, -+ HC (OEt), 4

PhNHCHZ s/ \s.,
67—739%

On heating with ethyl orthoformate and aromatic
amines, barbituric 7" thiobarbituric **", and 1,3-dimethyl-
barbituric > acids form arylaminomethylenebarblturates

lI ll
N /CHNHAr

HN HN
-+ HC (OEt)s + HyNAr —

X7 \N"N0 A I

| |
R R
Aromatic phenohc systems can also behave as the CH
acid components ?*°, In this case the products are not
enamines but Schiff bases:

CH=NAr
i
OH OH,
S AN N AN Ve
’/ \"/\ 7 HC (OBt + HyNAT 250 |
A VAV NSNS

65%
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Apart from aromatic amines, substituted ureas partici-
pate in this reaction. Whitehead**”** developed a general
method for synthesising ureidoethylenes by the reaction of
ethyl orthoformate with urea, N-cyclohexylurea, N -alkyl-
ureas, and N -arylalkylureas and compounds containing an
active methylene group:

X
- RNHCONHCH=C{
70—100% Y

(X of Y=—COOH, —COOR, —COCH;, —CN, Et,COCCO—) ,

X
RNHCONH, -+ HC (OEt), - H,c<
Y

It was shown that the activity of the methylene component
in this reaction decreases in the sequence COOH > CN >
> COCHs >» COOC:Hs. Malonic acid and oxaloacetic
ester, which are the most reactive, react even at room
temperature; the reactions with acetylacetone, cyano-
acetamide, acetoacetic ester, and cyanoacetic ester
require heating for 8—12 h, while in the case of malono-
nitrile refluxing for 1-2 h is sufficient. When malonic
acid is allowed to react with ethyl orthoformate and urea
on heating, the condensation involves the simultaneous
decarboxylation of one of the carboxy-groups:

(H;N)g CO 4- HC (OEt); + HoC (COOH), - H,NCONRCH=CHCOOH - CO; .

Other examples of the reactlon of ethyl orthoformate
with urea ®® or alkylureas*®~**® and cganoacetlc ester 2%
malononitrile 255257 nitroacetic ester a-nitroaceto-
nitrile *®, oxaloacetic ester >%, acetylpyruvate and
acetylacetoth1enone 2% have also been described.

Knott ® and Dzenno ** showed that methyl-substituted
quaternary salts of nitrogen-containing heterocycles
(a-picoline, 2,6-lutidine, quinaldine, and 2-methylbenzo-
thiazole) can take part in the reaction with ethyl ortho-
formate and aromatic amines (aniline, toluidine, m-amino-
phenol, p-aminoacetophenone):

J -+ HC (OEt); + R'NH; — n
N7 \CH, N7 \CH=CH—NHR'.
|

Xk R
Symmetrical disubstituted hydrazines, benzidine, and

certain other diamines form bisdiaminodivinyl deriva-
tives *®

L J + HN~NH+2HC (OEt)g »L ) Ar Ar
\CH, A A N7 \CH—CH-N—N—CH

- 1.

HC—-\+
| X- .

When the molecule contains an amino- and an active
methylene group simultaneously, internal condensation
with formation of a cyclic product takes place*®

)

__/CONH, _ /”\NH
R—l‘( _\ + HC (OEt), —h010 R—N\/\ ‘ |
\CH,CO0H N Y

COOH

X@I. OTHER REACTIONS OF ORTHOESTERS

The reactions of orthoesters with individual compounds,
which do not fit the classification adopted in the review,
are considered in this section.
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In the presence of zinc chloride or boron trifluoride,
ethyl orthoformate reacts with keten 2*?*®® according to
the following mechanism:

HC (OEt)s + BFs — HC (OEY), -+ BFOE,

+ 0] bey: O
(E10), CH + CHy=C=0 —» (Et0), CHCH,¢”  —PR%Et 4 (ki0), CHCH,C<O t
+ E

The interaction of orthoesters on heating with aliphatic,
alicyclic, and aromatic isocyanates and also with poly-
isocyanates in the presence of acidic condensing agents
(BFs, ZnCls, AICls) involves a similar mechanism “*%2%":

O xoEt
RE (OEt)y + RN=C—0 —» RC(OEt); NR'C+”  ——> RC (OEt), NR'C<OEL
70—90%

Acid catalysis is also essential for the reaction of
ethyl orthoformate with diketen ™"

0—C=0 OEt
HC (OEY) +C|—éH - ) —cuce®
S ? NOEt.

HC

In the absence of acids, the reaction of isocyanates
with orthoesters proceeds via a different mechanism.
Thus Whitehead and Traverso ** found that, when aryl
isocyanates are refluxed (for 12-24 h) in the presence of
an excess of ethyl orthoformate, 1,3-diaryl-5,5-diethoxy-
hydantoins are formed:

AN=C~0 —EOEs o AINHCOC (OBt)y —22>
(o]
Ar—N" ! \N—Ar
— A:NHCON (Ar) COC (OEt)s — ,
EtO.

| No.

OEt

In the presence of Lewis acids, diazoacetic ester and
diazoacetone react with orthoesters to form addition

products 268,
CCHE R'0),C—CHCOOEt
N,CHCOOE t ( )21 |

R OR’
L
.\:,CHCOCT.‘*(R/O),C—CHCOCH; .

RC(OR')s + ——

The reaction proceeds with evolution of nitrogen and the
yields of products are 37-99%.

The a-methylene group of the orthoesters of alkane-
carboxylic acids 2" and phenylacetic acid*” is readily
brominated, the other groups remaining unaffected:

RCH,C (OCHy); + Bry 22N > RCH,Br (OCH,)s,
80%

The bromo-derivatives of orthoesters can be used to

prepare keten acetals >™:

RCHBIC (OCHg)g + Na —RCH=C (OCHg); -+ NaBr - CHyONa,
689%

Orthoesters containing in the a -position an agl:ztivating
group, such as phenyl® or the cyano-group >, are a
convenient source from which keten acetals may be
obtained. In this case the alcohol may be split off both
as a result of pyrolysis at 220-230°C and under the con-
ditions of acid catalysis, the reaction being reversible
in the presence of acids:

H+
RCH,C (OR")s 2= RCH=C (OR); +R'OH.

(R=—CyHy,—CN)

In certain cases, catalysis by strong bases was errzxgloyed
in the synthesis of keten acetals from orthoesters™".
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The formation of carbenes on treatment of di(methyl-~
thio) - or dialkoxy-carbonium salts of ethyldi-isopropyl-
amine in methylene chloride at —10°C was reported
recently ™. The carbene dimerises under the reaction
conditions, forming tetrasubstituted ethylenes:

s +
(RONCHt SEZNEL _, {(RO),C 1) +BOUCH_ [RO)sECH (OR)s} —grr-~(ROWC=C (OR) .

The interaction of aromatic aldehydes with nitrogenous
analogues of orthoesters is unusual®’®, The aminal of
arylglyoxal (LI) formed initially subsequently dispropor-
tionates via the Cannizzaro reaction:

Amﬂo+ﬂc<m ’ 180, ArCOCH (NMey)
NMe, e
(8]
OCMe, NMe,
— ArCOCH;NMe, + fllc (NMey)s — mcoé:eHNMe, .

———— ArCOC (NMe,)s

(L)}—

The interaction of hydrocyanic acid ™ and acetonit-
rile *”" with orthoesters leads to the replacement of the
alkoxy-group by a cyano-group:

RC(OR')s + R'CN — RC (OR"),CN 4 R'OR".
(R"=H,CHy)

In the presence of acidic agents, orthoesters can

behave as hydride ion acceptors®™;

278
OFEt Et
H + CH(OED), + HCIO, —> @iﬁ + EtOH + CHy(OEY,.
O Ar S /(;|0.‘

The examples quoted in the present review by no means
exhaust all the applications of orthoesters in organic
synthesis.
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