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REVIEWS

Synthesis of Carboxylic and Carbonic Ortho Esters

Robert H. DeWOLFE

Department of Chemistry, University of California, Santa Barbara, California 93106, U.S.A.

Methods of synthesizing ortho esters of carboxylic and carbonic
acids are reviewed. Among the compounds discussed arc acyclic
orthocarboxylates and orthocarbonates and heterocyclic ortho
esters having 1,3-dioxolane, 1,3-dioxan, furan, pyran, 2,6,7-trioxa-
bicyclo[2.2.2]octane, 2.4,10-trioxaadamantane, and spirocyclic
ring systems. Acyloxy orthoesters are also considered.

1. Orthoformates

1.1. Orthoformates from Hydrogen Cyanide

1.2. Orthoformates from Formamide

1.3. Orthoformates from Trihalomethanes or Halomethyl Ethers

1.4. Orthoformates from Other Orthoformates

1.5. Orthoformates from Trithioorthoformates

2. Other Orthocarboxylates

2.1. Ortho Esters from Nitriles

2.2. Ortho Esters from Amide Chlorides

2.3. Ortho Esters from Other Ortho Esters

2.4. Ortho Esters from Ketene Acetals

2.5. Ortho Esters from Trihalomethyl Compounds or z-
Haloethers

2.6. Orthocarboxylates from Orthocarbonates

3. Orthocarbonates

3.1. Orthocarbonates from Trihalomethyl Compounds or Halo-
methyl Ethers

3.2. Transcsterification of Tetramethyl Orthocarbonate

3.3. Tetraalkyl Orthocarbonates from Dibutyltin Dichloride

4. Heterocyclic Ortho Esters

4.1. 2-Alkoxy-1,3-dioxolancs and 2-Alkoxy-1.3-dioxanes

4.2. 2-Acctoxy-1,3-dioxolancs and 2-Acetoxy-1.3-benzodioxole

4.3. Lactone Acctals

4.4. Trioxabicyclooctanes

4.5. Trioxaadamantanes

4.6. Heterocyclic Orthocarbonates

Es werden Mcthoden zur Herstellung von Orthocarbonsiture-
und Orthokohlensiureestern beschricben. Folgende Verbindun-
gen werden abgehandelt: Acyclische Orthocarbonsiiure- und Or-
thokohlensiureester, heterocyclische Orthoester mit 1,3-Dioxo-
lan-, Furan-, Pyran-, 2,6,7-Trioxabicyclof2.2.2]octan-, 2,4,10-Tri-
oxaadamantan-Struktur sowie spirocyclische Ringsysteme. Acyl-
oxy-orthocarbonsidureester werden ebenfalls besprochen.

Carboxylic ortho esters are substances having an
orthoacyl carbon linked by oxygen bridges to three
other carbons. They include acylic ortho esters (1),
as well as a variety of heterocyclic substances such
as the 2-alkoxy-1,3-dioxolanes (2, n=2) and dioxanes
(2, n=3) and their derivatives, lactone acetals (e.g.
3), 2.6,7-trioxabicyclo[ 2.2.2]octanes (4), and 2.4,10-
trioxa-adamantanes (5). Carbonic ortho esters (ortho-
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carbonates) are substances having four oxygen atoms
linked to a single carbon atom (e.g., 1, 2, 4, and
5, R'=0R?).

Ortho esters are reagents widely used in organic
synthesis, and some of the cyclic ortho esters are
useful intermediates for the protection of hydroxy
and carboxyl groups during multi-step syntheses'.

In the discussion which follows, syntheses of acyclic
ortho esters are arranged according to the structure
of the acid from which the ester is derived, while
cyclic ortho ester syntheses are arranged according
to the structure of the heterocyclic portion of the
ester. For an exhaustive survey of syntheses and
reactions of ortho esters, sce reference 1.

' R.H. DeWolfe, “Carboxylic Ortho Acid Derivatives”. Academ-
ic Press, New York, 1970,
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1. Orthoformates

I.1. Orthoformates from Hydrogen Cyanide

Trialkyl orthoformates were prepared by alcoholysis
of the alkyl formimidate hydrochlorides formed by
reaction of hydrogen cyanide with anhydrous hydro-
gen chloride and alcohols?,

OR
H-CEN + HCl + R-OH —> H~é=ﬁH2 c®

OR OR
| e e - @ e
H~C=NH; Cl + 2R-OH — H-C—OR + NH,Cl
“OR

The toxicity of hydrogen cyanide, the exothermicity
of the first step of the reaction, and the ready commer-
cial availability of simple trialkyl orthoformates will
deter most chemists from synthesizing ortholormates
by this procedure or modifications* ¢ of it.

1.2. Orthoformates from Formamide

Trialkyl orthoformates may also be synthesized by
reaction of alcohols and benzoyl chloride with form-
amide’. Presumably O-benzoylformimidate hydro-
chloride is an intermediate.

(131 -
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H-Cho + 3R-OH —»
SNH, c®

OR 0
Ve ®
H-CZOR + @—c:/ + NH, C°
SOR OH

R = C2H5, i-C3Hq, n-CiHy, n-C Hg

Triethyl Orthoformate:

To a stirred, cooled mixture of absolute ethanol (180 ml. 3 mol),
formamide (46 g, 1 mol), and petroleum cther (b.p. 70 307, 200
ml) is added dropwise benzoyl chloride (140.5 g. 1 mol) during
20 minutes. Stirring is continued at 30-40" for 1 hr. aftcr which
the mixture is allowed to stand at room temperature for 2 hr.
The erystalline benzoic acid and ammonium chloride are filtered
off and the filtrate is dropped into stirred, cooled 3 N sodium
hydroxide solution (150 ml). The organic phasc is separated,
washed with water, and dricd over anhydrous potassium car-
bonate. Fractional distillation gives triethyl orthoformate yicld:
~60g (41%); b.p. 143145,

Tri-n-propyl and tri-n-butyl orthoformates are similarly prepared
in 58% and 53 % yiclds.

2 A. Pinner, Ber. dtsch. chem. Ges. 16, 325 (1883).

3 A, Pinner, Ber. dtsch. chem. Ges. 16, 1643 (18831,

+ L. Claisen, Ber. disch. chem. Ges. 31, 1010 (189%).

5 H. Meerwein in Houben-Weyl “Methoden der Organischen
Chemie™ (E. Miiller, Ed.), Vol. VI, part 3, Thieme, Stuttgart,
1965, p. 303.

SYNTHESIS

1.3. Orthoformates from Trihalomethanes or Halomethyl
Ethers

Chloroform reacts with alkoxides and with phenox-
ides to form trialkyl ard triaryl orthoformates.

OR

) - e

HCCl; + 3RO® — H-C—OR + 3
SOR

This reaction has been used to prepare a number
of simple and mixed trialkyl orthoformates. The pre-
paration of tricthyl ortholormate in about 30% yield
from chloroform, ethanol and sodium is described
in “Organic Syntheses™. A superior procedure for
preparing trimethyl and tricthyl orthoformates from
chloroform and pre-formed alkoxides is described
in the patent literature®. Tri-t-butyl orthoformate,
the only tri-t-alkyl orthocarboxylate known, is
obtained in low yield from the reaction of potassium
t-butoxide with dichlorofluoromethane'’.

Triaryl orthoformates are by-products of Reimer-Tic-
mann synthescs of phenolic aldehydes. The best pub-
lished procedure for the synthesis of triphenyl ortho-
formate from chloroform gave only a 15% yield,
based on the amount of phenoxide used’!.

A more versatile reaction which affords a variety
of simple and mixed triaryl orthoformates in 55-80 %
yields uses aryl dichloromethyl ethers as starting
matcrials. The aryl dichloromethyl ethers are pre-
pared from aryl formates, which are obtained in
high yields by reactions of phenols with acetic formic
anhydride.

Triphenyl Orthoformate'”:

Phenyl formate is prepared'® by mixing acetic anhydride (1 mol)
and formic acid (1 mol), allowing the mixture to stand at 43
for | hr, cooling it, and adding pyridine (0.01 mol) and phenol
{0.67 mol). After 24 hr at room temperature the acids and anhy-
drides are distilled from the mixture under reduced pressure and
the product is purified by fractional distillation to obtain phenyl
formate; vicld: ~85%: b.p. 907730 torr.

I'henyl formate is converted to phenyl dichloromethyl ether'®
by adding it dropwise with stirring to an cquimelar amount
of phosphorus pentachloride. After one hour the mixture is frac-
tionally distilled to give phenyl dichloromethyl ether ; yield: 85%:
b.p. 88-89° 13/torr.

¢ K. Sennewald, German Patent (DBP) 1812371 (1970):
C. A.73. 44923 (1970).

R. Ohme, E. Schmitz, Lichigs Ann. Chem. 716, 207 (1968).
W. Kaufmann, E. Dreger. “Organic Syntheses™. Coll. Vol
1, Wiley, New York, 1941, p. 258.

% H. A. Weidlich, W. Schulz, German Patent (DBP) 919465
(1954); (. A. 52, 14685 (1958).

1. Hine. P. D. Dalsin, J. O. Schreck, J. Org. Chem. 34, 3609
{1959).

'Y [ Baines, J. E. Driver, J. Chem. Soc. 125, 907 (1924).

'Z ). W. Scheeren, J. J. H Van Roy, A. P. M. Van der Veek,
Rec. Trav. Chim. Pays-Bas 90, 745 (1971).

A. Van Es, W. Stevens, Rec. Trav. Chim. Pays-Bas 84, 1247
(1963).

D. H. Holshoer, J. W. Scheeren, A. P. M. Van der Veck,
Rec. Trav. Chim. Pays-Bas 90, 556 (1971).

14
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A suspension of sodium phenolate is prepared by cautiously adding
one equivalent of sodium to a solution of phenol in 1,2-dimethoxy-
ethane. If necessary, dissolution of the sodium is completed by
heating the mixture under reflux. The phenolate is prepared in
10% excess of thc amount required to react with the dichloro-
methyl ether. Pheny! dichloromethyl ether is added dropwise to
the stirred suspension of sodium phenoxide. After addition is
complete the mixture is refluxed for half an hour, the solvent
is distilled off under reduced pressure, and water and ether are
added, with agitation, to the residue. The ether solution is washed
several times with water and dried over anhydrous sodium sulfate.
Evaporation of the ether yields practically pure triphenyl orthofor-
mate; yield: ~80%: m.p. 74-75".

By varying the structures of the phenols used in the first and
third steps, this synthesis can be used to prepare most simple
and mixed triaryl orthoformates.

Triphenyl orthoformate may also be prepared by
reaction of chlorodiphenoxymethane, a less readily
available starting material, with phenol and pyridine
in ether solution!”. Chlorodiphenoxymethane is simi-
larly converted to mixed aryldiphenyl and alkyldi-
phenyl orthoformates.

Trimethyl orthoformate, several dialkylmethyl ortho-
formates, and diphenylmethyl orthoformate were
prepared by reaction of dichloromethyl methyl ether
with sodium alkoxides and with sodium phenoxide!®.

14, Orthoformates from Other Trialkyl Orthoformates

1.4.1. Trialkyl Orthoformates by Transesterification

Trialkyl orthoformates undergo facile acid catalyzed
transesterification.

_OR! OrR!
7
H—=C—OR' + R?*-OH = H-C-OR' + R'-OH
“oR! ~0OR?
1 \|
/0R1 N _OR
H-C-OR' + R>-OH = H-C-OR? + R'-OH
~0R2 ~ 0R?
1 2
_OR _OR
H-C~O0R? + R?-OH = H-C-OR? + R'-OH
~OR2 ~ oR?

If R'OH is lower-boiling than R20OH, the exchange
equilibria may be displaced to the right by distilling
the more volatile alcohol from the reaction mixture.
With efficient fractionation it is often possible to
obtain a high yield of the new orthoformate.

Transesterification of trimethyl and triethyl orthofor-
mates occurs smoothly with most primary alcohols
in the presence of trace amounts of hydrogen chloride
or sulfuric acid. Transesterifications involving
secondary alcohols generally occur slowly and some-
times yield only mixed ortho esters. Attempts to
prepare tri-t-butyl orthoformate from triethyl ortho-
formate yielded only di-t-butylethyl orthoformate
and r-butyldiethyl orthoformate!”.

'® H. Scheibler, M. Depner, J. Praki. Chem. 7, 60 {1958).
' H. Gross, A, Ricche, Chem. Ber. 94, 538 (1961).
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Transesterifications with optically active alcohols
give optically active orthoformates (e.g. tri(S)-2-
methylbutyl orthoformate!® and tri-(S)-3-methyl-2-
pentyl orthoformate’®).

Tri-n-propyl Orthoformate>®-2':

A flask containing a mixture of t-propanol and tricthyl orthofor-
mate in a 4:1 molar ratio, plus 4 drops of conc. sulfuric acid
per mol of orthoformate, is connected to an efficient fractionating
column equipped with a total reflux condenser and a partial
take-off head. The mixture is heated under reflux, and the theoreti-
cal amount of ethanol is removed at the still head in about
three hours. The column is replaced with a short, insulated Vigreux
column, and the cxcess propanol is distilled off. Fractionation
of the residue at reduced pressure yields tri-n-propyl orthoformate;
yield: ~95%; b.p. 106--108°/40 torr.

The above procedure is applicable to transesterifica-
tions with most other primary alcohols. In reactions
using secondary alcohols, 1 g sodium per mol of
orthoformate is added to the reaction mixture, after
removal of the ethanol, to neutralize the acid and
thus minimize decomposition of the product during
the final distillation. Secondary alcohols require
longer reaction times than primary alcohols. Tri-
methyl orthoformate is used as the starting material
for triisopropyl orthoformate. Table | summarizes
reported transesterification reactions.

Table I. Trialkyl Orthoformates by Transesterification of Tricthyl
Orthoformate?°-2!-22

R in HC(OR);3 Yield (%) B.p.

CICITCH ;- 88 163-1657/11 torr
n-C3H- 95 106--108°/40 torr
H;CCHCICH » 86 105--107°/0.5 torr
i-C3H-— 75¢ 65-66/18 torr
n-CqHo— 92 13213377215 torr
i-C4Hy 86 118 1207722 torr
§5-CalHg 87 1157723 torr
n-CsHyp- 80 135-137"/4 torr
i-CsHyp— 95 105 -106°/1.5 torr
n-CoHy3— 87 152 153°/1.8 torr

-CoHy - 44" m.p. 73-74
5 (m.

* Trimethyl orthoformate was the starting material.
" Dicthylcyclohexyl orthoformate and ethyldicyclohexyl orthofor-
mate were also isolated.

1.4.2. Orthoformates by Chemical Transformations of
Alkoxy Substituents of Other Orthoformates

Trivinyl and triisopropenyl orthoformates have been
prepared in yields of 72% and 80% by potassium

'7 R. P. Narain, R. C. Mchrotra, Proc. Natl. Acad. Sci. India
A33, 45 (1963).

" F. Piacenti, Gazz. Chim. Ital. 92, 225 (1962).

" R. Rossi, P. Pino, F. Piacenti, L. Lardicci, G. Del Bino,
J. Org. Chem. 32, 842 (1967).

** R. M. Roberts, T. D. Higgins, P. R. Noyes, J. Amer. Chem,
Soc. 77, 3801 (1955),

?' E. R. Alexander, H. M. Busch, J. Amer. Chem. Soc. 74, 554
(1952).

** H. Stetter, E. Reske, Chem. Ber. 103, 639 (1970).
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t-butoxide promoted dehydrohalogenation of tri-2-
chloroethyl orthoformate and tri-1-chloro-2-propyl
orthoformate?2.

Trivinyl Orthoformate:

Into a 11 3-necked flask fitted with a reflux condenser, stirrer,
and gas inlet tube is placed tri-2-chloroethyl orthoformate (200 g,
0.796 mol). The flask is flushed with dry nitrogen, and a nitrogen
atmosphere is maintained during the dehydrohalogenation. The
reaction flask is heated in a water bath while the first part of
potassium t-butoxide [ 3.0 mol, a 25 % excess, prepared by dissolv-
ing potassium (39.1 g) in anhydrous -butyl alcohol (650 g), distill-
ing off the alcohol at a bath temperature of 140", finally under
vacuum; it contains onc mol of alcohol of crystallization] is
introduced slowly, with stirring. When the mixture begins to
boil, the heating bath is removed and the remainder of the butoxide
is added at such a rate that the reaction mixture continues to
boil. Then the mixture is stirred for half an hour, refluxed for
one hour, allowed to cool, diluted with water to about 11, and
extracted with ether. The cther solution is dried over anhydrous
potassium carbonate, some anhydrous potassium carbonate and
hydroquinone are added, and the solution is distilled to a pot
temperature of 200°. The distillate is thoroughly washed with
water to free it from ¢-butyl alcohol, dried over potassiura car-
bonate, and redistilled from potassium carbonate and hydro-
quinone to yield trivinyl orthoformate; yield: ~&1 g (72°%); b.p.
141--141.5°.

1.4.3. Acyldialkyl Orthoformates

Acyldialkyl orthoformates (dialkoxymethyl carboxy-
lates) are considerably more reactive than trialkyl
orthoformates, and are the reagents of choice in
numerous syntheses using orthoformates. They are
formed by reactions of trialkyl orthoformates with
carboxylic anhydrides.

R-c” _OR?
J0 + H-C-OR? —»
R'=C{ “OR?
0 H
R'-C00—-C—0R? + R'-COOR?
~0R?

Acyldialkyl orthoformates (e.g. diethoxymethyl ace-
tate) needed in syntheses are often generated in situ
by adding equimolar amounts of trialkyl orthofor-
mate and acid anhydride to the reaction mixture.
Attempts to isolate acyldialkyl orthoformates from
reactions of orthoformates and anhydrides usually
give low yields, since the products decompose at
rates comparable to their rates of formation.

1 /H 2 2 9
R'-C00-C-OR? ——> R'-COOR? + HCOOR*

“O0R?
Improved yields of diethoxymethyl acetate, dimeth-
oxymethyl acetate, and diethoxymethyl propionate
are obtained by substituting acetic formic and pro-
pionic formic anhydrides for acetic anhydride and
propionic anhydride*>.
Diethoxymethyl Acetate:
To a formic acetic anhydride reaction system, prepared by mixing
acetic anhydride (110 g, 1.08 mol) with formic acid (55g, 1.20
mol) is added triethyl orthoformate (148 g, 1.0 mol). The mixture
is allowed to stand overnight at room temperature, then distilled

SYNTHESIS

ata pot temperature of 50° under an appropriate reduced pressure
until no more ethyl formatc and cthyl acctate pass over. The
remaining liquid is fractionally distilled at reduced pressure to
give dicthoxymethyl acetate, yield: ~100g (62%;): b.p. 70°/15
torr.

Dicthoxymethyl esters of propionic, butyric, isobu-
tyric, valeric, pivalic, benzoic, and mesitoic acids were
obtained in about 75 % yields by distilling equimolar
mixtures of the carboxylic acids and diethoxymethyl
acetate under reduced pressure. Diethoxymethy! for-
mate was prepared in 50 % yield by reaction of formic
acid with diethoxymethyl benzoate in pentane solu-
tion?3,

1.5. Orthoformates from Trithioorthoformates

Trialkyl orthoformates are obtained by zinc chloride
catalyzed alcoholysis of triethyl trithioorthofor-
mate?*,

_S—CsHsg
ZnCl,
H-C—-S-CsHg + 3R-OH —>
\S_C2H5
_OR
H-—C—-OR + 3CyH5—SH
SOR

This reaction provides a route to trialkyl orthofor-
mates from alkyl formates or formic acid, since both
formic acid and its esters are readily converted to
trialkyl trithioorthoformates?3-2°.

Triethyl Orthoformate from Triethyl Trithioorthoformate:
Tricthyl trithioorthoformate is prepared from ecthyl formate by
saturating an ice-cooled mixture of cthanethiol and ethyl formate
(in a molar ratio of 2: 1) with anhydrous hydrogen chloride, allow-
ing the mixture to stand overnight, separating the layers, extracting
the aqueous layer with ether, washing the combined organic layer
and ether extract successively with water, aqueous potassium
hydroxide, and water, drying the ether solution over anhydrous
magnesium sulfate, and fractionally distilling it to obtain the
trithioortho cster; yield: ~76% (based on ethanethiol): b.p.
1337721 torr.

A mixture of triethyl trithioorthoformate (98¢, 0.5 mol), and
absolute ecthanol (92 g, 2.0 mol) is refluxed with fused zinc chloride
(2g) in a flask fitted with a fractionating column having a total
reflux-partial take-off head for 10 hours while about 90% of
the theoretical amount of ethanethiol distills off az 35-37°. The
remaining material is distilled to give of triethyl orthoformate;
yicld: ~49 g (66%): b.p. 144-146".

Tributyl orthoformate is prepared similarly in about 46 % yield.

2. Other Aliphatic Ortho Esters

2.1. Synthesis of Ortho Esters from Nitriles

The most versatile method of preparing trialkyl
orthocarboxylates is a two-step synthesis using
nitriles as starting materials. This reaction, known

23 J. W. Scheeren, W. Stevens, Rec. Trav. Chim. Pays-Bus 85,
793 (1966).

2 W. A. Mochel, C. L. Agre, W. E. Hanford, J. Amer. Chem.
Soc. 70, 2268 (194%).

35 B. Holmberg, Ber. dtsch. chem. Ges. 40, 1740 (1907).

26 J Houben, Ber. dtsch. chem. Ges. 45, 2942 (1912).
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as the Pinner synthesis?, involves alcoholysis of
the imidic ester hydrochlorides obtained by reaction
of nitriles with alcohols and anhydrous hydrogen
chloride.

OR?
_p= 2 12 )
R'=C=N + R°-OH + HCl — R'-C=NH,; Cl

OR?
1l e ) 2
R'=C=NH, CI°¥ + 2R°~0H —>
2
_OR ® .
R—C—OR? + NH, Q

The preparation and alcoholysis of imidic ester hy-
drochlorides are normally carried out separately.

2.1.1, Preparation of Imidic Ester Hydrochlorides

The conversion of aliphatic nitriles to imidate hy-
drochlorides is usually carried out at 0° or below
in the presence of an inert diluent (chloroform, nitro-
benzene, 1,4-dioxane, benzene, or — usually — diethyl
ether), which is added to the reaction mixture to
prevent the product from solidifying to an intractible
cake. Aliphatic imidic ester hydrochlorides may be
prepared by the procedures of McElvain and co-
workers?” 32,
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nitriles, the ethereal solution is allowed to stand at 0° overnight,
after which it is cooled to —30" and the precipitated salt is
collected by suction filtration. The salt is dried in a vacuum
desiccator over dishes of solid potassium hydroxide and phospho-
rus pentoxide, after which it is triturated under sufficient cold
{ —40")cther to cover it, and again filtered and dried in a desiccator.
On standing a few more days in the refrigerator, the mother
liquor usually yields a second crop of crystals. After the ether
washing the salt does not give an acid reaction to moistened
congo red paper, and is suitable for alcoholysis. Imidic ester
hydrochlorides can be kept for several weeks if carefully protected
from atmospheric moisture.

Methyl imidate hydrochlorides, which are formed more rapidly
and in higher yields than their ethyl homologues®® =+, are pre-
pared by essentially the same procedure.

The yield of aliphatic imidate hydrochlorides is
influenced by steric hindrance in the nitrile. Ethyl
isovalerimidate hydrochloride was obtained in only
30-40% yields under conditions which gave yields
of 70% or more of unbranched ethyl imidate hy-
drochlorides?’, and 2,2-diphenyl-4-chlorobutyroni-
trile did not react with alcoholic hydrogen chloride
in 44 days?3,

The rate of conversion of nitriles to imidate hydro-
chlorides is influenced by both steric and electronic
factors. Rates of formation of ethyl imidate hydro-
chlorides decrease as the size of R in RCN increases.

Table 2. Preparation of Imidic Esters Hydrochlorides [R'C(OR?)=NH,]® C1°

Yield (%) References
85-95 27
85-95 27
77 29
65-70 27
99 28
70--90 27
79 30
70-80 27
35-40 27
100 31
95 32
75 32

Reaction Ratio
R! R? time alcohol/nitrile:

at 0 ether®
CH,; C.Hs 2 hr 1:0.5°
C,Hs C,Hs 6 hr 1:4
n~C3H4 CH; 2 days 1:3%
n-C3H- C.Hs 4 days 1:4
i-C3H, CH; 2 days 1:3%
i-C3H 7 C:H; 4 days 1:4
n-C4Ho CH; 2 days 1:3b¢
ﬂ-C4H9 C2H5 5 days i:4
i-C4Ho C:Hs 6 days 1:6
-CeH1q CH; 14 days 1:2
C¢HsCH, CH; 12 hr 1:1°
C(,HsCHz Csz 12 hr 1:1
CICHZ Csz — Ilgb

80-90 57

* Ratio by volume of alcohol/nitrile mixture to ether.

" The ether was added to the alcohol/nitrile mixture before the hydrogen chloride.

° Di-n-propyl ether was used as the diluent.

Ethyl Imidate Hydrochlorides:

To an ice-cooled solution of the nitrile (1 mol, distilled from
phosphorus pentoxide) in anhydrous ethanol (1.1 mol), contained
in a flask protected from the atmosphere, anhydrous hydrogen
chloride is added until 1.1 mol has been adsorbed. The resulting
solution is then allowed to stand at 0° (with careful exclusion
of atmospheric moisture) for the time indicated in the third column
of Table 2, after which anhydrous ether is added in the quantity
shown in the fourth column. In the case of the more reactive
nitriles (acetonitrile, chloroacetonitrile) it is necessary to add the
ether to the alcohol solution of the nitrile prior to addition of
the hydrogen chloride in order to prevent solidification of the
reaction mixture before all of the hydrogen chloride has been
added. Cooling to —30” results in immediate separation of the
crystalline imidic ester hydrochloride. With the less reactive

27 S. M. McElvain, J. W. Nelson, J. Amer. Chem. Soc. 64, 1825
(1942).

28 S, M. McElvain, C. L. Aldridge, J. Amer. Chem. Soc. 75,
3987 (1953),

29 S. M. McElvain, D. H. Clemens, J. Amer. Chem. Soc. 80,
3915 (1958).

3%'S. M. McElvain, R. E. Kent, C. L. Stevens, J. Amer. Chem.
Soc. 68, 1922 (1946).

31 S. M. McElvain, R. E. Starn, J. Amer. Chem. Soc. 77, 4571

(1955).

*2'S. M. McElvain, J. T. Venerable, J. Amer. Chem. Soc. 72,
1661 (1950).

** F. E. King, K. G. Latham, M. W. Partridge, J. Chem. Soc.
1952, 4268.
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The conversion of acetonitrile to ethyl acetimidate
hydrochloride requires about 2 hours, while the ana-
logous reaction of propionitrile requires about 6
hours. One to several days is required to convert
most higher aliphatic nitriles to ethyl imidate hy-
drochlorides?’.

Electron-withdrawing substituents in the nitrile
appear to facilitate formation of the imidate hydro-
chloride, but interpretation of the limited data avail-
able is complicated by variations in concentrations
of reactants and solvents used, and by the fact that
the rates of crystallization of imidate hydrochlorides
may be considerably slower than their rates of forma-
tion.

Chloroacetonitrile, malononitrile, succinonitrile and
4.4 4-trichlorobutyronitrile have been converted to
ethyl imidate hydrochlorides in satisfactory
yields?7-34, However, attempts to convert dichloro-
acetonitrile, trichloroacetonitrile or nitroacetonitrile
to the substituted methyl acetimidate hydrochlorides
yiclded only methyl chloride and substituted acet-
amides?*3°,

The conversion of benzonitriles to alkyl benzimidate
hydrochlorides has not been investigated as systema-
tically as analogous reactions of aliphatic ritriles.
However, a few generalizations can be made.
Although some o-substituted benzonitriles and some
a-naphthonitriles cannot be converted to imidic ester
hydrochlorides by Pinner’s procedure®”*%, most m-
and p-substituted benzonitriles can be converted to
methyl and cthyl benzimidate hydrochlorides. Pin-
ner*? specified that stoichiometric amounts of alco-
hol and hydrogen chloride be used, and that rcaction
mixtures be kept cold until reaction is coraplete.
However, satisfactory yields of most ethyl benzimi-
dates are obtained if a chilled solution of the nitrile
in a slight excess of ethanol (plus ether, benzene
dioxane or chloroform, if the nitrile is insufficiently
soluble in ethanol) is saturated with anhydrous hy-
drogen chloride and allowed to stand at room tem-
perature until crystallization of the ethyl benzimidate
hydrochloride is complete (usually 1-4 days)*’. The
preparation of methyl benzimidate hydrochlorides
has also been described™!.

The most serious competing reaction in the synthesis
of both aliphatic and aromatic imidate hydrochlo-

4+ S, M. McElvain, J. P. Schroeder, J. Amer. Chem. Soc. 71,
40 (1949).

33 W, Steinkopf, Ber. disch. chem. Ges. 42, 617 (1909).

3 W, Steinkopf, W. Malinowski, Ber. disch. chem. Ges. 44, 2898
(1911).

37 G. T. Lander, F. T. Jewson, J. Chem. Soc. 83, 766 (1903).

3% A Pinner, Ber. disch. chem. Ges. 23, 2917 (1890).

39 A Pinner. “Die Imidoaether und ihre Derivate”, Robert
Oppheim, Berlin, 1892.

4 R, H. DeWolfe, K. A. Augustine, J. Org. Chem. 30, 699 (1965).

41 H. Kwart, M. B. Price, J. Amer. Chem. Soc. 82, §123 (1960).
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rides is decomposition of the imidate salt to an alkyl
chloride and an amide.

OR?
P

I &
R'-C=NH, €0° — R'-C + R-Ql
“NNH;,

This reaction is minimized by carrying out the syn-
thesis at a low temperature, and is troublesome only
il the acyl substituent of the imidate is strongly elec-
tron-attracting.

2.1.2. Alcoholysis of imidic Ester Hydrochlorides

Imidic ester hydrochlorides are converted to ortho
csters by reaction with alcohols. The simplest proce-
dure, which is the preferred method for alcoholysis
of imidate salts having clectronegative acyl substi-
tuents (c.g., cyanoacetimidate hydrochlorides,
phenylacetimidate hydrochlorides, chloroacetimi-
date hydrochlorides), involves dissolving the salt in
an excess of the alcohol and allowing the mixture
to stand at room temperature until no more
ammonium chloride precipitates.

However, with simple aliphatic alkyl imidate hy-
drochlorides, this procedure is time consuming and
frequently gives poor yields of the ortho ester. The
time required for alcobolysis of these salts is greatly
reduced, and yiclds are improved, if the alcoholysis
is carried out in a refluxing mixture of the imidate
hydrochloride, a five- to ten-fold excess of the alcohol,
and diethyl ether.

Carboxamide formation is a serious competing reac-
tion in the alcoholysis of imidate hydrochlorides hav-
ing two or more a- and/or f-acyl substituents. These
imidate salts frequently afford ortho esters in yields
of 20-30% or less. Yields of trimethyl orthocarboxy-
lates from sterically hindered methyl carboximidate
hydrochlorides (methyl isobutyrimidate hydrochlo-
ride, for example) are significantly improved by sub-
stituting low-boiling petroleum ether for diethyl ether
as the diluent.

Yields of ortho esters in imidate alcoholyses are also
reduced by acid catalyzed rcactions of the ortho
esters with alcohols and chloride ion to form alkyl
carboxylates, dialkyl ethers, and alkyl chlerides.

/0R2 He , )
R'-cZ0rR? ——— R'—COOR? R'-0—R
~0R?
_OR?
RI-C=OR? + CI® + H® —
\ORZ

R2-cl + R'-COOR? + R*-OH

These side reactions cannot be avoided during the
alcoholysis reaction, since they are catalyzed by
unreacted imidate hydrochloride. Acid catalyzed
decompositions of the ortho ester during work-up
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of the reaction mixture can be minimized by adding
sufficient sodium alkoxide to neutralize acidic sub-
stances which remain in the reaction mixture after
the ammonium chloride has been filtered off.

Ortho esters are destroyed by strong acids such as
hydrogen chloride, and are extremely susceptible to
acid-catalyzed hydrolysis.

OR? ®
1T An2 H 1 2 2
R—C—OR* + H,0 —> R —COOR“ + 2R°-OH
~ R2
OR

It is therefore essential that the imidic ester hydro-
chloride be completely free of hydrogen chloride,
that water-free alcohols and solvents be used, and
that moisture be carefully excluded during the alco-
holysis reaction.

Ortho esters are usually purified by fractional distilla-
tion at reduced pressures. In the few cases where
the by-product alkyl carboxylates cannot be sepa-
rated adequately from the ortho esters by distillation,
they may be destroyed by treatment with sodium
hydride** or aqueous alkali prior to isolation of
the ortho ester.

Trialkyl Orthocarboxylates?”:

The ethyl carboximidate hydrochloride and anhydrous cthanol,
in a molar ratio of about 1:15, are placed in a flask fitted with
a reflux condenser, an efficient stirrer, and a thermometer dipping
into the reaction mixture. The mixture, carefully protected from
atmospheric moisture, is stirred until the salt dissolves, and the
quantity of anhydrous dicthyl ether indicated in Table 3 is added.
The resulting solution is refluxed (or kept at 40° if no cther
was added) for the time indicated in Table 3. After this the reaction
mixture is cooled to 0°, and the precipitated ammonium chloride
is filtered off (250 ml of ether per mol of imidate are added before
filtration if ether is not present during the alcoholysis). The filtrate
is washed with an cqual volume of [0% aqueous sodium car-
bonate, and then with saturated aqueous sodium carbonate. The
washed solution is dried over anhydrous potassium carbonate
and fractionally distilled at reduced pressure.
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hydride per mol of imidate used, which removes the last traces
of water, alcohol, and amide. The trimethyl orthoisobutyrate, b.p.
134--136", is obtained in about 70% yield.

Ortho Esters Having Electronegative Acyl Substituents (e.g., Trial-
kyl Orthocyanoacetates and Trialkyl Orthophenylacetates)?*-*%+2:
The methyl or ethyl carboximidate hydrochloride is dissolved
in a large excess of the appropriate anhydrous alcohol (about
300 ml of alcohol per mol of the phenylacetimidate hydrochloride,
orabout 1 1 of alcohol per mol of the cyanoacetimidate hydrochlo-
ride), and the solution is allowed to stand at room temperature
until precipitation of ammonium chloride is complete (1-2 days).
A volume of cther equal to about half the volume of alcohol
used is added to the suspension, and the ammonium chloride
is filtered off. Enough of the appropriate sodium alkoxide is
added to the filtrate to make it basic to phenolphthalein, and
the cther and alcohol are removed at room temperature under
reduced pressure. The concentrated solution is chilled in a dry
icc-acctone bath, and the carboxamide which separates is filtered
off. The filtrate is then fractionally distilled at reduced pressure
to obtain the ortho ester in 45-65% yield:

trimethyl orthocyanoacetate, b.p. 98-102°/13 torr;

trimethyl orthophenylacetate, b.p. 72-767/0.5 torr;

triethyl orthocyanoacetate, b.p. 83-847/2 torr;

triethyl orthophenylacetate, b.p. 88-91°/0.1 torr.

(The crude trimethyl orthophenylacetate is treated with sodium
hydride to remove methyl phenylacetate prior to the final distilla-
tion)*2

The conversion of benzimidate hydrochlorides to
trialkyl orthobenzoates has not received the careful
scrutiny given aliphatic imidate hydrochloride alco-
holyses by McElvain and co-workers (see above).
Published procedures are sketchy, and reported yields
are low.

In general, the alkyl benzimidate hydrochloride is
dissolved in an excess of the anhydrous alcohol, and
the reaction mixture is allowed to stand 10-30 days
at room temperature. Filtering off the ammonium
chloride and distilling the filtrate yields the trialkyl
orthobenzoate, along with the alkyl benzoate. When
the ordinary ester cannot be adequately separated

Table 3. Alcoholysis of Ethyl Carboximidate Hydrochlorides to Tricthyl Orthocarboxylates

Rin Reaction Alcohol/

[RC(OC:Hs) = NHZ]@ C® time cther ratio
CH; 6 [:1
CoHs 9 1:2
n-C3H- 18 1:3
i-C3H~ 24 1:5
)1-(74Hq 12 1:3
I‘-(V4H 9 28 1:5

1:0

CICH, 6

Trimethyl Orthoisobutyrate?®:

Methyl isobutyrimidate hydrochloride and anhydrous methanol
in a 1:3 molar ratio, and dry petrolecum ether (b.p. 35", 900
ml per mol of imidate), are placed in a flask fitted with a stirrer
and a reflux condenser protected by a calcium chloride tube.
The mixture is stirred at room temperature for two days, at
the end of which time the lower layer of ammonium chloride
is filtered off and the liquid is fractionally distilled. The excess
methanol distills as an azeotrope with the petroleum ether at
27". As the volume of the liquid is reduced, some isobutyramide
crystallizes out. The mixture is again filtered and distillation
resumed from a smaller flask containing about 2.5g of sodium

Reaction Yield (%) B.p.

temperature - of RC(OC,Hs);

46 75-78 144-146/740 torr
42 75-78 70-72°/32 torr

41 60 63 58-59 /7 torr

39 27-30 50--51"/7 torr

42 59-61 49-50°/3 torr

39 21-23 57-59°/7 torr

40 70-73 68-70°/10 torr

from the ortho ester by fractional distillation, it may
be removed by saponification, which leaves the ortho
ester unchanged*!.

Orthobenzoates prepared from the imidate hydro-
chlorides include trimethyl*? and triethyl**** ortho-

*2 8. M. McElvain, C. L. Stevens, J. Amer. Chem, Soc. 68, 1917
(1946).

* 1P, Vila, R. G, Jarque, Anales fis. ¥ quim. ( Spain) 40, 248
(1944).
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benzoates, trimethyl ortho-p-anisate*!, trimethyl
ortho-p-toluate*' and trimethyl ortho-p-nitroben-
zoate*!,

2.1.3. A One-step Synthesis of Ortho Esters from Nitriles

Triethyl orthoacetate and triethyl orthopropanoate
have been prepared in good yields from the nitriles
without isolating the imidate hydrochlorides**.

Triethyl Orthoacetate:

Dry hydrogen chloride (36.5g, 1 mol) is added to a water-cooled
mixture of acetonitrile (41g, 1 mol), anhydrous ethano: (46 g,
1 mol), and anhydrous chloroform (35 ml). The temperature is
allowed to rise to room temperature, and the mixture is allowed
to stand, with occasional agitation, for 48 hours. Anhydrous cth-
anol (200 mD is added, and the mixture is allowed to stand
at room temperature for 2 days. Ammonium chloride 1s filtered
off and washed with cthanol. The filtrate and washings are mixed
with 5% aqueous sodium hydroxide (800 ml), and the product
extracted with chloroform. Fractional distillation of the dried
(anhydrous potassium carbonate) extract yields tricthyl orthoace-
tate; yield: 96127 g (59-78 %) b.p. 70-807/60 tory.

Triethy: orthopropanoate was prepared similarly in 4)-50%
vields.

2.1.4. Trialkyl Orthotrichloroacetates

Although trialkyl orthotrichloroacetates cannot be
prepared from trichloroacetonitrile by the Finner
synthesis, they may be obtained by alcoholysis of
pentachloroethylphosphorimidic trichloride, which
may be prepared from dichloroacetonitrile.

@
| )}
CmG=CEN  + 2PCls — C—C—C=N=PCl;
cl ¢l cl
aa
CI-C-C-N=PCly + TROH —>
o
@ _oRr _OR
CI-C—C—OR + O0=P=OR + NHCl =+
4 “or OR

Tricthyl Orthotrichloroacetate**:
Pentachloroethylphosphorimidic trichloride is obtained in 91%
vield*” by stirring a mixture of dichloroacetonitrile (27.5 g, 0.25
mol) and phosphorus pentachloride (104 g. 0.5 mol) for & hours
while gradually increasing the temperature from 407 to 100
The phosphorus trichloride is distilled from the mixture at reduced
pressure, and a small amount of phosphorus pentachloride is
filtered from the residue. Distillation of the filtratc gives penta-
chlorethylphosphorimidic trichloride; yield: ~80 g: b.p. 117 to
1187/5 torr.

A solution of the phosphorimidic trichloride (17.7 g, 0.05 mol)
in benzene (20 ml) is added slowly with stirring te absotute cthanol
(50 ml), and stirring is continued while the mixture is heated
for two hours at 75 80°. The ammonium chloride is filtered ofl
from the cooled mixture, the solvent is distilled off, and the residue
is fractionally distilied to obtain tricthyl orthotrichloroucetate:
yield: 6.6 g. 50%: b.p. 101-1027/2 torr.

The trimethyl, tripropyl, and triphenyl esters were prepared simi-
larly.

SYNTHESIS

2.2. Ortho Esters from Amide Chlorides

Ortho esters can be prepared from N, N-disubstituted
carboxamides via the amide chlorides.

0 R\ ®
'-¢C + c-co-ct —  c=NR} ¢ + co,
NR} c/

R ®, o 3 R\_®, ¢
JC=NRG €+ R-OH —>  C=NRj C° + HCI
cl R30

]
C=NRZ Cl® + 2R3—0OH —>
OR3
- ®
R'=C—OR® + RINH, C°
~ 0oR3

This sequence provides a route to ortho esters from
the corresponding carboxylic acids via amides of
secondary amines. The parallel between the last two
steps and the Pinner synthesis is obvious. The second
and third steps may be carried out without isolating
the alkyl imidium chloride.

Tricthyl Orthopropanoate from 1-Propanoylpiperidine**:

The amide chloride of 1-propanoylpiperidine is prepared by adding
phosgene (198 g, 2 mol) to a solution of the amde (141 g, 1
mol) in dry benzene { ~ 500 mi: at room temperature, and allowing
the mixture to stand 45 hours. The amide chloride is filtered
off, washed with dry cther, and stored in a desiccator. Yield:
176186 g, 90-95 % ; m.p. 82-65". To a stirred, cooled (0"), suspen-
sion of the amide chloride (19.6 g, 0.10 mol) in dry ether (100 mb)
is added anhydrous ethanol (14 g, 0.3 mol). The mixturce separates
into two phases. The ether layer is separated, and the residue
is added dropwise to a solution of sodium (6.0 g) in anhydrous
cthanol (150 ml). Then glacial acetic acid (20 ml) is added, and
the mixturc is allowed to stand at room temperature for 24 hours.
The mixture is poured into an ice-aqueous sodium hydroxide
suspension, the ortho ester is extracted with cther, the cther solu-
tion is dried over anhydrous potassium carbonate, and the tricthyl
orthopropanoate is isolated by fractional distillation; vicld: 11 g,
62%: b.p. 158163 (b.p. 60° /17 torr).

3HCl + RCI

2.3. Ortho Esters from Other Ortho Esters

2.3.1. Ortho Esters by Traasesterification

Transesterification, previously described for trialkyl
orthoformates (section 1.4.1), has received litile atten-
tion as a method of preparing other trialkyl crthocar-

A, Kiprianov, Z. P. Suitnik, E. D. Suich, Zh. Obshch. Khim.
6, 42 (1936).

4%y E. B. Filmfabrik Agfa Wolfen, Belgian Patent 617 666
(1962); C. A. 58, 12425 (1963).

46y I, Shevehenko, A. A. Koval, Zh. Obshch. Kkim. 38, 22
(1968).

47 V. I. Shevchenko, N. D. Bodnarchuk, A. V. Kirsanov, Zh.

Obshch. Khim. 33, 1342 (1963). '

H. Eilingsfeld, M. Scefelder, H. Weidinger, Chem. Ber. 96,

2671 (1963).

4

x

Downloaded by: UC Santa Barbara. Copyrighted material.



March 1974

boxylates. Tripropyl, tributyl, trihexyl and trioctyl
orthopropanoates were prepared by phosphoric acid-
catalyzed transesterification of triethyl orthopro-
panoate*®. Tri-2-chloroethyl esters of orthoacetic,
orthochloroacetic and orthovaleric acids are
obtained in good yields by hydrogen chloride cata-
lyzed transesterification of the triethyl orthocarboxy-
lates with 2-chloroethanol??->°.

Transesterification should be a generally applicable
method of preparing ortho esters of higher-boiling
primary alcohols from the corresponding trimethyl
or triethyl orthocarboxylates. Transesterification of
higher orthocarboxylates with secondary and tertiary
alcohols would probably be even more severly limited
by steric hindrance than analogous reactions of
orthoformates.

2.3.2. Trialkyl Ortho-a-bromocarboxylates

a-Bromoortho esters, useful precursors of ketene ace-
tals®!, are formed in high yields when trialkyl ortho-
carboxylates having at lcast one a-hydrogen are
treated with bromine and pyridine.

Trimethyl Ortho-z-Bromovalerate®?:

To a cooled mixture of trimethyl orthovalerate (162 g, 1 mol),
dry pyridine (87 g, f.1 mol), and carbon tetrachloride (150 ml)
in a 11 flask fitted with a stirrer and a dropping funncl is added,
dropwise with stirring, a solution of bromine (160 g, 1 mol) in
carbon tetrachloride (200 ml). The reaction mixture is allowed
to come to room temperature toward the end of the bromine
addition. When the addition is finished, the reaction mixture
is warmed to 50°. The precipitated salts arc then filtered off
and washed with dry ether. Distillation of the combined filtrate
and cther wash gives trimethyl ortho-z-bromovalerate: yield:
~190 g, 799 ; b.p. 93-96°/14 torr.

Similarly prepared are trimethyl®* and tricthyl®* orthobromoace-
tates, triethyl ortho-2-bromopropanoate®'. trimethyl ortho-z-bro-
moisobutyrate®®, triethyl ortho-z-bromovalerate®®, trimethyl
ortho-a-bromopelargonate®?, and trimethylortho-z-bromophenyl-
acetate*?,

2.3.3. Synthesis of Ortho Esters by Modification of Acyl
or Alkoxy Substituents of Other Ortho Esters
The ortho ester function is practically inert under
alkaline and neutral conditions. This fact makes pos-
sible syntheses of ortho esters by chemical transfor-
mations of the acyl or alkoxy substituents of ortho
ester precursors, under conditions which do not de-
stroy the ortho ester function. Such transformations
involve elimination, substitution, addition, oxi-
dation, and reduction reactions, and are the basis
for the use of the ortho ester function as a carboxyl
and hydroxyl protecting group. Simple examples of
this class of reactions are the synthesis of trimethyl
ortho-4-chloro-3-butynoate by treatment of tri-
methyl ortho-4,4.4-trichlorobutyrate with sodium
methoxide®®, the conversion of triethyl orthobro-
moacetate to triethyl orthoiodoacetate by reaction
with ethanolic sodium iodide®*, and dchydrohalo-
genation of 2-chloroalkyl ortho esters to trivinyl
orthocarboxylates. Trivinyl orthoacetate, trivinyl
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orthochloroacetate, and trivinyl orthovalerate were
prepared by the procedure described in section 1.4.2,
and trivinyl orthoacetate has also been prepared by
dehydrohalogenation of divinyl-2-chloroethyl ortho-
acetate, obtained by addition of 2-chloroethanol to
ketene divinylacetal®®.

2.4. Ortho Esters from Ketene Acetals

Alcohols and phenols add to ketene acetals to form
simple and mixed orthocarboxylates.

R' 3

R, ,OR? . , 1 O
£=C_ + R=0H — R’-C—-C—OR3
R2 OR3 'L ~ OR%

The reaction is catalyzed by acids but occurs in
their absence.

The reaction of alcohols with ketene acetals is not
a practical method of synthesizing most ortho csters,
since the ketene acetals are difficult to prepare and
are often best prepared by dealcoholation of the
desired ortho csters. In spite of this limitation, a
number of ortho csters have been synthesized from
ketenc acetals, and several of them have been pre-
pared in no other way. These include trimethyl ortho-
diphenylacetate™, trimethyl orthodimethoxyace-
tate®®, triethyl ortho-3,3-diethoxypropanoate®”, and
triphenyl orthoacetate®® (see Scheme A).

2.5. Ortho Esters from Trihalomethyl Compounds or x-
Halocthers

Although conversion of most trihalomethylalkanes

to ortho esters is not feasible duc to competing elim-

ination reactions, tricthyl ortho-2,3,3-trichloroacry-

late®" and trimethyl and tricthyl ortho-4.4-di-

chloro-2,3 4-trifluorocrotonates®? have been pre-

* B. A. Arbusov, L. K. Yuldasheva, Dokl. Akad. Nauk SSSR
70, 231 (1950).
3 1. Hebky, Collect. Czech. Chem. Commun. 13, 442 (1948).
U p. M. Walters, S. M. McElvain, J. Amer. Chem. Soc. 62,
1482 (1940).
S. M. McElvain, R. L. Kent, C. L. Stevens, J. Anier. Chem.
Soc. 68, 1924 (1946).
3% S, M. McElvain, H. 1. Anthes, S. H. Shapiro, J. Amer. Chem.
Soc. 64, 2525 (1942).
3% F. Beyerstedt. S. M. McElvain, J. Amer. Chem. Soc. 59, 1237
(1937).
%5 S, M. McElvain, R. L. Clarke, G. D. Jones, J. Amer. Chem.
Soc. 64, 1966 (1942).
S. M. McElvain, A. N. Bolstad, J. Amer. Chem. Soc. 73,
1988 (1951).
S. M. McElvain, S. B. Mirviss, C. L. Stevens, J. Amer. Chem.
Soc. 73, 3806 (1951).
¥ R. W. Hofmann, J. Schneider, H. Hauscr, Chem. Ber. 99,
1892 (1966).
S. M. McElvain, L. R. Mirviss, J. Amer. Chem. Soc. 73, 206
(1951).
S. M. McElvain. B. Fajardo-Pinzén, J. Amer. Chem. Soc.
67, 650 (1945).

w
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pared by reactions of alkoxides with hexachloropro-
pene and with 1,34 .4-tetrachloro-1,2.3 4-tetrafluoro-
1-butene.

Triethyl orthodichloroacetate is obtained in 43%
yield by the action of refluxing alcoholic sodium
ethoxide on cthyl 2.2-dichloro-1,1-difluoroethyl
ether, prepared by addition of ethanol to 1,1-di-
chloro-2,2-difluoroethene®?.

Trialkyl orthobenzoates have been prepared in satis-
factory yields by alcoholysis of the appropriate ben-
zotrichlorides.

H3CO 1. CgHsMgBr H3CO OH
2. H0
HiCO—C— COOCH, 279 . HyC0= C—C—CgHs
H H CgHs
H:CO Cl
SOcCl, | | t-C,HgOK
————> H,C0—C—C—CgHs
88 °% 1 49 %
H CgHg
H3CO\ ,CeHs HC! / methanol H3CO. ~eHs
e=c_ ——————  H3C0—C—C-H
H3CO CeHs 5% HsC0”  CeHs
c. ¢ HiCO OCH,
a Cl KO /methanol Ct Cl ¢eHs—C=CH
—_————— —_—_—
25 % 57 %
o’ c’
HyCO_ OCHj3
o HiCO OCH
cl 140 3 Y 3
cl CeHs ———> >C=C\
0% HacO OCH,
a7

H3C0| - OCH,3

methanol
—. HC0~C—CZOCH
s ~N
o TocH;
CHsOH / HCl
H,CBr— CHBr—CHO T»
,OCHs ¢ uom 7 koK

Cszo— CHZ— CHBT—C\—H 729

OCjHs *

1. Bry / CCY,

,OC2Hs 2. CaCOj3 / CyHsOH
CoHg50~ CH=CH- Q\—H —“——-—>
0C,Hs 6%
HsC20 /0CHs  1c.mg0K
H—/C-CHBr—C—H —-59—0/———’
HsC,0 \0C2H5 °
HsC20( OCHs  ¢H0H / HO
H- C_CH=C\ ———n——>

HsCzO/ OC;Hs 60 %

H5C20\ /-OC2H5

H'—/C —CH,—C—0CyHs
HsC,0 S0C,Hsg

SYNTHESIS
KOH , 160°
CgHs0~CHy—CH,—Br ——E»QT/‘_> CgH50—CH=CH;
Br, / CCl, NaOCgHs
~> CgHsO—~CHBr--CH;~Br ——>
89 % 67 e
HsCeCy t-C,HgOK HsCs0\
H-'/C'- CH,Br _7—°—> L=CH,
HsC50 8% HsC60
CgHsOH HSCGO\‘
e HsCO--C—CHj
78 % P
HsCgO

Scheme A

‘Trimethyl Orthobenzoate®?:

A solution of sodium (75g, 3.25 mol) in anhydrous methanol
(1D is prepared in a 3-necked flask fitted with a stitrer, reflux
condenser, and dropping funnel. The sodium methoxide solution
is cooled to 0, and benzotrichloride (195.5g, 1 mol) is added,
dropwise, with stirring. After addition of the trichleride, stirring
is continued for onc hour, and the mixture s allowed to stand
overnight at room temperature. The reaction mixture is then
refluxed for 36 hours, after which it is cooled in aa ice-bath
and the sodium chloride is filtered off. The salt is washed with
a small protion of dry methanol, which is combined with the
filtrate. Fractional distillation of the solution gives trimerhyl ortho-
benzoate: vield: 145 g (80%): b.p. 114 1157725 torr.

Triethyl orthobenzoate®?, trimethyl ortho-p-chloro-
benzoate*!-*°, and hexamethyl m- and p-diortho-
phthalates®® have been prepared similarly.

Hemi-orthooxalates (alkyl trialkoxyacetates) are pre-
pared by reaction of alcohols with alkoxycichloro-
acctates i the presence of alkoxides or pyridine.
The alkoxydichloroacetates are obtained from dial-

kvl oxalates and phosphorus pentachloride”” ™ 7°.
a
R'00C-COOR! + PClg —> R‘O—(I:-COOR‘ + POC,
cl
§1 Ole
R’o-?—-coorz’ + 2 NaOR? — R'O— ?— COOR' + 2 NaCl
cl OR?

Ethyl triethoxyacetate™:

A mixture of diethyl oxalate (146 g, 1 mol) and phosphorus penta-
chloride (229 g, 1.1 mol) is heated at 100--110" for 1¢-15 hours
with occasional stirring. Reduced pressure distillation of the mix-
ture gives phosphorus oxychloride and cthyl ethoxvdichloroace-

®1 A, Roedig, L. Degener, Chem. Ber. 86, 1469 (19535

©2 | L. Knunyants, B. L. Dyatkin, L. S. German, E. P. Mochalina,
Izv. Akad. Nauic SSSR, Otd. Khim. Naui, 1960, 231,

o4 p Tarrant, H. C. Brown, J. Amer. Chem. Soc. 73, 1781 (1951).

o+ S M. McLlvain, H. 1. Anthes, S. H. Shapiro, J. Amer. Chem.
Soc. 64, 2530 (1942).

°% B. G. Ramsey, R. W. Taft, J. Amer. Chem. Soc. 88, 3058
(1963).

o6 S J. Lapporte, J. Org. Chem. 27, 3098 (1962).

©% R. Anschiitz, Lichigs Ann. Chem. 254, 31 (1889).

o8 R. Anschiitz, J. Stiepel. Lichigs Ann. Chem. 306, 8 (1899).

©° [ Blaise, M. Maire, Ann. Chim. ( Paris) {8] 15, 564 (1908).

R, Gl Jones, J. Amer. Chem. Soc. 73, 5168 (1951).
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tate; yield: ~156g, 78%; b.p. 75-82°/12 torr. The product is
decanted from the small amount of phosphorus pentachloride
which separates from it on cooling to 0°. It is essential that
the pressurc does not exceed 15 torr during the distillation.

In a flask provided with a stirrer, reflux condenser, and dropping
funnel is placed ethyl ethoxydichloroacetate (100.5 g, 0.5 mol),
absolute cthanol (55g, 1.2 mol), and dry ether (175 ml). With
stirring, dry pyridine (95 g, 1.2 mol) is dropped into the solution
at such a rate that the mixture refluxes gently (about 1 hour).
After several hours the pyridine hydrochloride is filtered off and
washed with dry ether (100 ml). The ether is distilled from the
combined filtrate and washings, and the residue is heated on
a steam bath for about half an hour. The cooled liquid is washed
with ice-cold 3N sulfuric acid (2x 300 ml), then with aqucous
sodium carbonate, and dried over anhydrous magnesium sulfatc.
Distillation gives ethyl tricthoxyacetate; yield: ~85 g, 77 %: b.p.
90-927/8 torr.

Hexaethyl orthooxalate (hexacthoxyethane) is
obtained in 76 % yield by heating 1,1,2,2-tetrachloro-
1,2-diethoxyethane with sodium ethoxide and cth-
anol at 145 (Scheme B).

HngO\ /0C2H5

PCl
H-¢—¢-H '66/5_’ C,Hs0—CHCI— CHCI—O0C,Hs
HeC,07  “OC,Hg -
KOH cl,
—— CHg0—CH=CCl~0C;Hg ——>
80 % 95 o
KOH
CoH50~ CHCI~CCl0CHs  ——
Clz
CHs0=CCI=CCI-0CoHg  ——

NaOCyHg / C,H5OH

CoH50~CCl,—CCl,—0CyHg 78 %

HeC20~  _OCyHs
H5C,0—C—C—0C,Hg
Scheme B HsC20” S OCoHs

2.6. Orthocarboxylates from Orthocarbonates

Tschitschibabin synthesized triethyl orthobenzoate
in good yield by allowing phenylmagnesium bromide
to react with tetraethyl orthocarbonate’?:

OCyHg
C2H50— ?"OCsz + C5H5MQBT _—>
OC,Hs
_0CzH;
CgHs—C—~0OCoHs + Br—-Mg—0C;Hg
~0C;H;

While he emphasized that short reaction times and
relatively low reaction temperatures are essential if
the reaction is to yield ortho esters rather than acetals,
Tschitschibabin did not specify relative amounts or
concentrations of reactants, or give detailed experi-
mental procedures.

Although this reaction should be generally appli-
cable, other workers have used it with mixed results.
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Iotsitch prepared triethyl orthophenylpropiolate by
reaction of phenylethynylmagnesium iodide with
tetracthyl orthocarbonate”>, but McElvain failed in
attempts to prepare other trialkyl orthocarboxylates
by Tschitschibabin’s reaction?”. It is perhaps signifi-
cant that the successful examples of this synthesis
involved Grignard reagents with electron attracting
organic groups (which should reduce the extent of
acetal formation by diminishing the nucleophilicity
of the Grignard reagent and the reactivity of the
initially formed orthocarboxylate).

One published example of this reaction gives ade-
quate experimental details. Similar procedures may
work with other Grignard reagents.

Triethyl Ortho-3-butynoate’*:

A solution of propargylmagnesium bromide (43 g, 0.30 mol) in
anhydrous ether (160 ml) is dropped slowly into a chilled solution
(—30°) of tetraethyl orthocarbonate (48 g, 0.25 mol) in ether (80
mi) in a flask filled with a nitrogen atmosphere. The temperature
is then raiscd until, at about 257, an exothermic reaction com-
mences. External cooling is applied to prevent the temperature
of the reaction mixture from rising above 30”. After 30 minutes
the reaction mixture is hydrolyzed with saturated ammonium
chloride solution. The ether solution is washed with water, dried
over anhydrous magnesium sulfate, and fractionally distilled to
obtain triethyl ortho-3-butynoate; yield: 17.3 g, 37% (based on
tetracthyl orthocarbonate); b.p. 73-75°/10 torr.

3. Orthocarbonates

3.1. Orthocarbonates from Trihalomethyl Compounds and
Halomethyl Ethers

Although tetraalkyl orthocarbonates, C(OR),, are
not formed by reactions of alkoxides with carbon
tetrachloride (orthoformates are obtained instead "),
they may be prepared in satisfactory yields from
alkoxides and chloropicrin or trichloromethanesul-
fenyl chloride (thiocarbonyl perchloride).

ClC~NO, + 4NaOR —n
ClOR), + 3 NaCl + NaNO,
ClaC~S—Cl  + 4LNaOR ——»

CIOR), + 4NaCl + S

The preparation of tetraethyl orthocarbonate in 46
to 49% yields from chiloropicrin is described in
“Organic Syntheses”®. The same compound may be
obtained in higher yields from trichloromethanesul-

"' H. Baganz, K. E. Kriiger, Chem. Ber. 91, 807 (1959).
* A. E. Tschitschibabin, Ber. dtsch. chem. Ges. 38, 561 (1905).
* J. L lotsitch, F. Kochelov, Bull. Soc. Chim. Fr. [4] 10, 1308
(1911).
* R.Finding, U. Schmidt, Angew. Chem. 82, 482 (1970): Angew.
Chem. Int. Ed. 9, 456 (1970).
7% C. K. Ingold, W. J. Powell, J. Chem. Soc. 119, 1228 (1921).
¢ J. D. Roberts, R. E. McMahon, “Organic Syntheses™, Coll.
Vol. 111, Wiley, New York, 1963, p. 457.

7
7

Downloaded by: UC Santa Barbara. Copyrighted material.



164 R. H. DeWolfe

fenyl chloride” "%, which may be prepared from car-
bon disulfide’, and is commercially available.

Tetraethy] Orthocarbonate:

An cthanolic sodium ethoxide solution is prepared by dissolving
sodium (34.5 g, 1.3 mol) in absolute ethanol (111 in a flask fitted
with a reflux condenser and a dropping funnel, and protected
from atmospheric moisture. The resulting solution is cooled in
an ice bath, and a solution of trichloromethanesulfenyl chloride
(56 g, 0.3 mol) in dry ether (50 ml) is added at such a rate that
the temperature of the reaction mixture does not rise above room
temperature. The reaction mixture is allowed to stand overnight
at room temperature, after which most of the alcohol is distilled
off. The residueis poured into water and the suspension is extracted
with cther. The cther extract is dried over anhydrous potassium
carbonate and fractionally distilled to obtain tetracthyl orthocar-
bonate: yield: 44 g, 77 % b.p. 158 160",

Tetramethyl, tetrapropyl, tetrabutyl, and tetraisobutyl orthocar-
bonates have been prepared similarly.

Tetraphenyl orthocarbonate has been prepared from
phenol and dichlorodiphenoxymethane®"”,

Tetraphenyl Orthocarbonate:

Dichlorodiphenoxymethane is prepared by heating diphenyl car-
bonate and phosphorus pentachloride (in a molar ratio of 1:1.3)
in a sealed tube at 200 for 135 hours, and fractionallv distilling
the resulting mixture at reduced pressure with careful exclusion
of moisture to obtain about a 60% yicld, b.p. 183-187 /12 torr.
Dichlorodiphenoxymethane (0.5 mol per mol of phenol uvsed)
is added to a solution of phenol in about 3 times its volume
of dry cther. The solution is warmed until no more hydrogen
chloride is evolved. The ether is distilled off and the residuc
is triturated with water in a mortar, then reerystallized from
aqueous ethanol to obtain tetraphenyl orthocarbonate: vield:
~80%: m.p. 97-98 .

3.2. Transesterification Reactions of Tetramethyl Orthocar-
bonate

Transesterification reactions of tetraalkyl orthocar-
bonates are more difficult to drive to completion
than are analogous reactions of orthoformates. An
attempt to preparc tetra-n-butyl orthocarbonate by
acid catalyzed transesterification of the tetramethyl
ester yielded only butyltrimethyl orthocarbonate,
dibutyldimethyl orthocarbonate, and tributylmethyl
orthocarbonate®'. However, tetra-n-hexyl, tetra-n-
octyl, tetra-w-nonyl, and tetra-n-decyl orthocar-
bonates were prepared by transesterification of the
tetramethyl ester®?,

3.3. Tetraalkyl orthocarbonates from Dibutyltin Dialkoxides

V/

Tetraalkyl orthocarbonates are formed in 80-95%
yields by heating dibutyltin dialkoxides and carbon
disulfide at 95-120" in a closed system®®.

" 1. M. Connolly, G. M. Dyson, J. Chem. Soc. 1937, 827.
8 H. Tieckelmann. H. W. Post, J. Org. Chem. 13, 265 (1948).
" G. M. Dyson, “Organic Syntheses”, Coll. Vel L. 2nd Ed,
Wiley, New York, 1951, p. 506.
%0 H. Gross, A. Rieche, E. Hoft, Chem. Ber. 94, 344 (1961).
81 B, Smith, S. Dclin, Svensk. Kem. Tidskr. 65, 10 (1953}
52 B. A. Arbusov, T. G. Shavsha, Dokl. Akad. Nauk SSSR 68,
515 (1949).
83 Q. Sakai, Y. Kobayashi, Y. Ishii, J. Org. Chem. 36, 1176
(1971).

SYNTHESIS
C/Hg OR
:Sni + (5 —
C,Hg OR
CiHgy
COR), + 2 /SnS
C4Hg

R = CHy, CiHs, n-C3Hy, n-CHg, n-CeHys

Tetramethyl Orthocarbonate from Dibutyldimethoxytin:
Jibutyldimethoxytin is prepared®* by dissolving sodium (45.4 g,
1.98 mol) in absolute methanol (450 ml), cooling the solution
te 0, and adding a solution of dibutyltin dichloride (303.7 g,
I mol) in absolute methanol (335 ml) to the stirred methoxide
solution. Stirring is continued until the reaction mixture is neutral.
The salt is filtered off, and the methanol is evaporsted at 40
to give dibutyldimethoxyting yield: 0.93 mol, 93%: b.p. 136 to
139°/1.2 torr.

Dibutyldimethoxytin (5.92 g, 0.02 mol) and carbon disulfide (1.2
ml) arc mixed at room temperature, and the solid adduct which
forms is hcated at 100 for 5-10 hours in a scaled glass tube.
The liquid reaction mixture is fractionally distilled to give tetra-

-methyl orthocarbonate; yield: ~3g, 95%: b.p. 114,

4. Heterocyclic Ortho Esters

This section considers syntheses of some of the many
classes of ortho esters whosc orthoacyl carpons arc
incorporated in hetero rings.

4.1. 2-Alkoxy-1,3-dioxolanes and 2-Alkoxy-1,3-dicxanes

The largest groups of heterocyclic ortho esters arc
the 2-alkoxy-1.3-dioxolanes (2, n=2) and Z-alkoxy-
I,3-dioxanes (2, n=23) and their derivatives. These
substances arc cyclic ortho esters of 1,2- and [,3-diols,
respectively. They are most conveniently prepared
by transesterification of the diols with acyclic ortho
esters. Other reactions may be used if a suitable
ortho ester is not available for transesterification.

4.1.1. 2-Alkoxy-1,3-dioxolénes and  2-Alkoxy-1.>-dioxancs
from Diols and Orthocarboxylates

Transcsterification of vic-diols with trialkyl orthocar-
boxylates yields 2-alkoxy-1,3-dioxolancs. 2-Alkoxy-
1.3-dioxanes are obtained similarly from 1,3-diols.
The procedure is essentially that described for trans-
esterification of orthoformates (sce scection 1.4.1):
equimolar amounts of the ortho ester and diol, plus
a catalyticamount of sulfuric acid, hydrogen chloride,
or p-toluenesulfonic acid, are heated at reflux until
the theoretical amount of alcohol has distilled off,
and the residuc is fractionally distilled to obtain
the ortho ester (usually in high yield):

2 OH OH
_OR .
R'—-C-OR’ + R¥-~C—C—R® —
3
OR R4 RS

R3
R4 L 2
Rs:tOXORZ + 2 R“OH
RG
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Table 4. 2-Alkoxy-1,3-dioxolanes Prepared by Transesterification Reactions

4

165

R
R3j:o><0R2
R*7~0 'R
RG
R! R? R? R* R? R® Yicld (%) References
H CH;,C2Hs, H H H H 60-90 85,86
C3H7,C4Ho )
H CsHs CH; H H H 59 85
H C,Hs5 CH.X(X=Cl,0Ar) H H H 87-89
H CaHs CH; H CH; H 90
H C,Hs COOC;,Hs H COOC,H;s H 91
H C:Hs CeHs H CeHs H - 91
H C,Hs CH; CHs CH; CH; 95 90.91
CH; CH3,C2Hss H H H H 70 92,93
CH; CH3,C,Hs5 CH,X(X=Cl,Br.0Ar) H H H 70-75 89,94
CsHs5 C,Hs 0-CH3—CcH4—OCH ;— H H H 89
C4H<; CH 3 0-CH ;;"”ChH‘L ~QCH 2" H H H - 89
H H H 60 95

CeHs CH; H

2-Alkoxydioxolanes synthesized by this procedure
are listed in Table 4.

Catechol reacts with trialkyl orthobenzoates to yicld

2-phenyl-2-substituted benzodioxoles”®-°°,
_OR OH

CgHs—C—OR  + —_
“OR OH

0_,0R
X + 2 ROH
0" "CgHg

Other bicyclic ortho esters having 2-alkoxy-1,3-di-
oxolane rings are obtained by transesterification of
cis- and trans-1,2-cyclohexanediols with triethyl or-
thoformate®! and triethyl orthoacetate®”.

2-Alkoxy-1,3-dioxanes are obtained from 1,3-diols
and trialkyl orthoformates®”-°°. cis-2-Hydroxymeth-
yleyclohexanol reacts with triethyl orthoacetate to

8 G. P. Mack, E. Parker, U.S. Patent 2700675 (1955): C. 4.
50, 397 (1956).
%5 H. Baganz, L. Domaschke, Chem. Ber. 91, 650 (1958).
¥ V. G. Mkhitaryan, Zh. Obshch. Khim. 10, 667 (1940).
87 R. A. Braun, J. Org. Chem. 31, 1147 (1966).
8% V. Petrow, O. Stephenson, A. M. Wild, J. Pharm. Pharmacol.
12, 37 (1960).
8 L. E. Tenenbaum, J. V. Scudi, U.S. Patent 2636884 (1953);
C. A. 48, 5227 (1954).
“0 R. C. Mehrotra, R. P. Narain, Indian J. Appl. Chem. 28,
53 (1965).
°! G. Crank, F. W. Eastwood, Aust. J. Chem. 17, 1392 (1964).
°2 H. Mcerwein, K. Bodenbenner, P. Borner, F. Kunert, K.
Wunderlich, Liebigs Ann. Chem. 632, 38 (1960).
P.R. Story, M. Saunders, J. Amer. Chem. Soc. 84, 4876 (1962).
S. Winstein, L. Goodman, J. Amer. Chem. Soc. 76, 4368
(1954).
A. Rieche, E. Schmitz, E. Beyer, Chem. Ber. 91, 1942 (1958).
K. Dimroth, K. Schromm, dngew. Chem. 77, 863 (1965)
Angew. Chem. Internat. Ed. 4, 873 (1965).
S. Winstein, R. E. Buckles, J. Amer. Chem. Soc. 65, 613 (1953).

93

Y4

95
96

9

et

form cis-2-cthoxy-2-methyl-4,5-tetramethylene-1,3-
dioxane”®%,

2-Methoxy- and 2-ethoxy-1,3-dioxolanes undergo 2-
alkoxy interchange when treated with alcohols in
the presence of acid catalysts. 2-[2-Chloro-
ethoxy]-#3-8¢, 2-menthyloxy-3¢, and 2-bornyloxy-1.3-
dioxolanes®® were prepared in this manner, as were
2-butoxy-2-dichloromethyl-1,3-dioxolane'* and 2-
propoxy-2-trichloromethyl-1,3-dioxolane'“!.

4.1.2. 2-Alkoxy-1,3-dioxolancs from Imidic Ester Hydro-
chlorides and Diols

2-Alkoxy-1,3-dioxolanes are the major products of
reactions of imidate hydrochlorides with cthylene
glycol. Some diortho ester is formed simultaneously.

R0, e o
JC=NHz G+ HO—CHy~CH,—OH ——>
R

0, OR? 0, R!
|:oXR’ EOXO/\/S XZ]

This synthesis is useful if the corresponding acyclic
ortho ester is not available for transesterification
with the glycol?8-192,

2-Isopropyl-2-methoxy-1,3-dioxolane'??:
Mcthyl isobutyrimidate hydrochloride (section 2.1.1) (I mol,
137.5g) and ethylene glycol (61.4 g, 0.99 mol) are placed in a

9% L. C. Dolby, C. N. Lieske, ID. R. Rosencrantz, M. Schwartz,
J. Amer. Chem. Soc. 85, 47 (1963).

7 0.J. Kovacs, G. Schneider. L. K. Lang, A. Apjok. Tetrahedron
23, 4181 (1967).

190 H. Meerwein, H. Sénke, J. Prakt. Chem. [2] 137, 295 (1933).

01 H. Meerwein, H. Sénke, Ber. dtsch. chem. Ges. 64, 2375
(1931).

1928 M. McElvain, C. L. Aldridge, J. Amer. Chem. Soc. 75,
3993 (1953).
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flask fitted with a stirrer and protected from atmospheric moisture.
The mixture is stirred for 10 minutes at room temperature, follow-
ing which petroleum ether (b. p. 35°, 300 ml) is added and stirring
is continued for 63 hours. The precipitated ammonium chloride
is filtered off and washed with petroleum cther. The combined
filtrate and washings are made basic by adding sodium methoxide
(1.5 g). Filtration and fractional distillation of the filtratc gives
2-isopropyl-2-methoxy-1,3-dioxolane; yield: ~95 g, 66%: b.p. 60
to 66°/22 torr. Refractionation from over sodium hydride gives
the pure compound, b.p. 160--160.5" at atmospheric pressure.
2-Cyclopentyl-2-methoxy-1,3-dioxolane and 2-cyclohexyl-2-meth-
oxy-1,3-dioxolane were prepared similarly in 58% and 75%
yields®!.

4.1.3. 2-Alkoxy-1,3-dioxolanes from Ketene Ethylen: Ace-
tals

2-Alkoxy-1,3-dioxolanes may be prepared by addi-
tion of alcohols to ketene ethylene acetals. The reac-
tion is not often useful, since the ketene acetals are
usually most conveniently prepared by dealcohola-
tion of alkoxydioxolanes. It does, however, provide
a route to 2-alkoxy-1,3-dioxolanes having electrone-
gative substituents at the 2-position - compounds
difficult to obtain from other starting materials. The
synthesis of 2-dichloromethyl-2-methoxy-1,3-dioxo-
lane and 2-methoxy-2-trichloromethyl-1,3-dioxolane
from 2-dichloromethylene-1,3-dioxolane is illustrati-
ve:

HO—CH,=CH,~0H / H,S0,

0, ccl
ClaC—CHO [OXH 3

t-C4HgOK 0 methanol 0 OCH;3
Eo>'=cClZ EOXCH Cl

0 Cl, o, cl {CoHg)3N / methanol
[o):cmz EOXCC|3

[OXOCHg

Q" "CCl3

2-Dichloromethylene-1,3-dioxolane!®?:

Equimolar amounts of ethylene glycol and chloral, plus 100 mi
conc. sulfuric acid per mol of chloral, are mixed and heated
two hours at 70°. The cooled mixture is poured over cracked
ice and extracted with chloroform. The extract is washed with
water, dried, and distilled to give 2-trichloromethyl-1,3-dioxolane;
yield: ~63%; b.p. 85-86°/12 torr; m.p. 41-42°.

Equimolar amounts of 2-trichloromethyl-1,3-dioxolane and potas-
sium t-butoxide in t-butyl alcohol (prepared by dissolving each
mol of potassium in 820 ml of anhydrous alcohol at reflux) are
mixed, and the -butyl alcohol is slowly distilled from the raixture
at atmospheric pressure to a final pot temperature of 160". The
mixture is fractionated at reduced pressure to obtain 2-dichloro-
methylene-1,3-dioxolane; b.p. 118-121°/21 torr.

103 g M. McElvain, M. J. Curry, J. Amer. Chem. Soc. 70, 3781
(1948),

104 1, Gross, ). Freiberg, B. Costisella, Chem. Ber. 101, 1250
(1968).

SYNTHESIS

2-Dichloromethyl-2-methoxy-1,3-dioxolane !°3:

2-Dichloromethylene-1,3-dioxolane reacts with an equimolar
araount of methanol in the presence of a trace of hydrogen chloride
to give 2-dichloromethyl-2-methoxy-1,3-dioxolane; yield: 83 %:;
b.p. 69-707/1.7 torr.
2-Methoxy-2-trichioromethyl-1,3-dioxolane ' °*:

A solution of 2-dichioromethylene- 1,3-dioxolane (8.5 g: 0.055 mol)
in dichloromethane (25 ml) is cooled to —60°, and chlorine
(3.9 g, 0.055 mol) is slowly conducted into the stirred solution
by means of a stream of dry nitrogen. Then a mixture of methanol
(1.92 g,0.60 mol) and triethylamine (6.06 g, 0.060 mol) in petroleum
ether (10 ml) is added dropwise to the stirred reaction mixture
at 60", The tricthylaminium chloride is filtered off, and the filtrate
is washed with aqueous sodium carbonate and with water, and
dried over anhydrous sodium sulfate. The solvent is ¢vaporated
and the residue is recrystallized from petroleum ether to give
2-methoxy-2-trichloromethyl-1,3-dioxolane: yield: 8.3g, 84%;
m.p. 77-78".

4.1.4. 2-Alkoxy-1,3-dioxolanes and 2-Alkoxy-1.3-dioxanes

from Acyloxy Arenesulfonates and Acyloxy Halides
[f an acyloxy group is properly located and oriented
relative to a neighboring leaving group such as tosyl-
ate or bromide, solvolytic replacement of the leaving
group in buffered alcohol solutions leads to cyclic
ortho esters via dioxolenium or dioxenium ion inter-
mediates.

N /X N, /’\
;C - C ¢’ . R-oH
] N\ —_— /| o |\ —_—
=4 9.
O\C//O -X 0.;(-:- (0] -H®
R R
7N\
N
/| |\
o_ .0
I;C:\ 2
R OR

For example, solvolysis of trans-2-acetoxycyclohexyl
tosylate or cis- or trans-2-acetoxycyclohexylmethyl
tosylates in absolute ethanol containing slightly more
than 1 equivalent of potassium acetate affords bicyclic
2-ethoxy-1,3-dioxolanes and -dioxanes.

H

{CH,),0Tos
q + C;HsOH + H;C—COOK ——
OAc
H
H
(CHz)mo
Q’\ /kocsz + KOTos + HyC—COOH
y oo CHj
n = 0, ref 97

n = 1, ref 105, 106

Reactions of this type are of limited utility, since
the cyclic ortho esters are usually more conveniently
prepared by transesterification of diols with trialkyl

105 0. J. Kovacs, G. Schneider, K. Lang, Proc. Chem. Soc. 1963,
374.
106 . Schneider, O. J. Kovacs, Chem. Commun. 1968, 202.
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orthocarboxylates. However, they are quite useful
for the preparation of 1,2-O-ortho esters of sugars
from acylglycosyl halides. Since the sugar ortho esters
serve as starting materials in syntheses of disaccha-
rides and oligosaccharides, this reaction is quite use-
ful in synthetic carbohydrate chemistry.

Facile formation of dioxolenium ions from acylglyco-
syl halides occurs only if the acyloxy group and
halogen are oriented trans to each other. Frequently
the stable anomer of an acyglycosyl halide is that
in which the halogen on C-1 and the acyloxy group
on C-2 are cis on the pyranose ring. Ortho ester
formation from such cis-acylglycosyl halides is
greatly facilitated by the presence of bromide ion
in the reaction mixture. Bromide ion presumably
catalyzes the epimerization of the cis-acylglycosyl
halide to the reactive trans anomer. The best yields
of sugar ortho esters are obtained by buffering the
reaction mixtures with non-nucleophilic bases such
as 2,6-dimethylpyridine or 24,6-trimethylpyridine.
The conversion of tetra-O-acetyl-a-D-glucopyranosyl
bromide to the cyclic 1,2-0-orthoacetate illustrates
this type of synthesis:
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3,4,6-Tri-O-acetyl-1,2-0-(1-ethoxyethylidine)-c:-D-gluco-
pyranose'®”:

Tetra-O-acetyl-2-D-glucopyranosyl bromide (4.1 g, 0.01 motl) is dis-
solved in a mixture of 24,6-trimethylpyridine {10 ml) and dry
cthanol (0.6 ml, 0.01 mol). Tetra-u-butylaminium bromide (1.0 g,
0.003 mol) is added, and the mixture is heated at 507, with occa-
sional shaking, until a homogeneous solution is obtained. After
12 hours at 50" the nearly solid reaction mixture is dissolved
in the minimum amount of chloroform and washed first with
just enough hydrochloric acid to neutralize the trimethylpyridine,
then with aqueous sodium bicarbonate, and finally with water.
The chloroform layer is dried by filtration through chloroform-
wetted filter paper, and the chloroform is evaporated at reduced
pressure. After recrystallization of the semisolid residue from hot
cthanol containing a drop of 2,4,6-trimethylpyridine and water
added just to turbidity, the crystals are collected on a filter,
washed with water, and dried in vacuo. This gives the exo-diaster-
comer of the 1,2-O-(cthyl orthoacetate); yield: 85 %: m.p. 95-96".

4.1.5. 2-Alkoxy-1.3-dioxolanes and 2-Alkoxy-1,3-dioxanes
from Dioxolenium and Dioxenium Salts

1,3-Dioxolenium and 1,3-dioxenium salts react with
alkoxides to form 2-alkoxy-1,3-dioxolanes and 2-
alkoxy-1,3-dioxanes, respectively. These salts, parti-
cularly the tetrafluoroborates and hexachloroanti-
monates, are reasonably stable substances which can,
in many instances, be prepared in excellent yields.

HL—-0Ac H,C~O0Ac Table 5 summarizes reported syntheses of ortho esters
) . . . .
0 (C,Hg),N Br® 08r by reaction of alkoxides with these carbonium salts.
0Ac -_ OAc
AcO O:r AcO Table 5. 2-Alkoxy-1,3-dioxolanes and 2-Alkoxy-1,3-dioxanes from
¢ OAc Dioxolenium and Dioxenium Salts®
H,C— OAc R¢ R
3
0 R R0 . 2
C,HsOH H O OR
O0Ac /~0 0CH R7Z2A" '>— R' + R0® — (RF; n ><R1
AcO Ok 2Rg RS 0 RS 0
CH3 R6 RS

R’ R R? R¢ RS R® R? n Ref

CHy CaHs H H H H - 0 92

@— CoHs H H H H - 0 92

OCH3
Q CH, H H H H - 0 108
OCH;,
CH3 CH, H cis-(CH )~ H - 0 109
HiC CHy

@— CoHs CHy -C=C- CHy - 0 110

CHy CoHs H H H cis-{CHa)4= 1 99

@— CH, H H H —ICH )~ 1 m

(¢is and trans}

107

R. U. Lemicux, A. R. Morgan, Can. J. Chem. 43, 2199 (1965).
'9% F. M. Beringer, S. A. Galton, J. Org. Chem. 32, 2630 (1967).
C. B. Anderson, E. C. Friedrich, S. Winstein, Tetrahedron
Lett. 1963, 2037,
C. F. Wilcox, D. F. Nealy, J. Org. Chem. 28, 3446 (1963).
""" G. Schncider, L. K. Lang, Chem. Commun, 1967, 13,

109

110

* Reactions in which the carbonium salts were prepared from
4 Z-alkoxy-1,3-dioxolanc or 2-alkoxy-2.3-dioxanc arc not
reported here.

In addition to their facile formation from 2-alkoxy-
I.3-dioxolanes or 2-alkoxy-1,3-dioxanes and proton
or Lewis acids, the dioxolenium and dioxenium salts
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can be prepared from haloalkylcarboxylates and anti-
mony pentachloride®?, boron trifluoride”? or silver
tetrafluoroborate!?®112; from alkoxyalkyl carboxy-
lates and trialkyloxonium tetrafluoroborates”?; from
1,3-dioxolanes and trityl tetrafluoroborate!'?; from
diols, carboxylic anhydrides and perchloric acid''#;
from 2-hydroxyethyl carboxylates and fluorosulfonic
acid''®; and from diesters of wic-diols and boron
trifluoride! ' The preparation of 2-phenyl-2-cthoxy-
1,3-dioxolane from 2-chloroethyl benzoate illustirates
this type of synthesis.

Sb CI5 + CBHS-COO-CHZ_ CH2"‘ Cl —

=} N30C2H5

O. 0 CgHs
—CgH SbCly ——
[g} gHs 3 EOX

0C3Hs
2-Ethoxy-2-phenyl-1,3-dioxolanc”?:

2-Chloroethyl benzoate (68 g, 0.37 mol) is dissolved in dichloro-
methane (50 ml), and to the stirred, cold (ice-salt bath) sclution
is added dropwise antimony pentachloride (99 g. 0.33 mol). After
the reaction has subsided, the reaction mixture is allowed to
come to room temperature. 2-Phenyl-1,3-dioxolenium hexa-
chloroantimonate crystallizes from the clear, yellow solution after
1-2 hours. Afier standing overnight, the reaction mixture is diluted
with dichloromethane (50 ml), the crystalline mass is pulverized
and collected by suction filtration, and washed on the filter with
dichltoromethane (50 ml). The yicld of 2-phenyi-i,3-dioxolenium
hexachloroantimonate is about 129 g (81 %), m.p. 210"

The dioxolenium salt (96.8 g, 0.2 mol) is added, with careful exclu-
sion of atmospheric moisture, to a cold (ice-salt bath) solution
of sodium (10g) in absolute cthanol (250 ml). After allowing
the mixture to stand for a short period, alcohol is distilied off
and the residue is extracted with ether. The filtered extract is
distilled to give 2-ethoxy-2-phenyl-1,3-dioxolane; yield: 11.5¢,
30%; b.p. 121-126"/12 torr.

4.2. 2-Acetoxy-1,3-dioxolanes and 2-Acetoxy-1,3-benzodi-
oxole

2-Acetoxy-1,3-dioxolanes and 2-acetoxy-1,3-benzo-
dioxole can be prepared by a procedure!'® similar
to that described in section 1.4.3 for the preparation
of dialkoxymethyl acetates. Several 2-acetoxy-1,3-
dioxolanes were prepared in 75-83 % yields by reac-
tion of the 2-methoxy-1,3-dioxolanes with
dimethoxymethyl acetate:

RZ
R'-}-0_ocH H3CO AcOH
3i)< - JCH-0CO—CH;  ———
R R“O H HyCO
RZ

R 0><ococu3
R3—~0 “H

4

R

HCIOCH;);

R'zR2=R® = H,R"= H,CHy, CHoCl;

R'=R® = H, R? = R* = CHy;

R' = R?= R® = R® = CH3

The equilibrium is displaced to the right by distilling

off the most volatile component of the reaction mix-
ture. trimethvl orthoformate.

SYNTHESIS

2-Acetoxy-1,3-dioxolanes’'°:

An equimolar mixture of the 2-methoxy-1,3-dioxolane ard dimeth-
oxymethyl acetate, and twice the molar amount of acetic acid,
is refluxed for about 10 hours at a pressure of 15-20 torr. The
mixture is then fractionally distilled with an cfficien: column,
taking care that the pot temperature does not exceed 60°. Thus
prepared are: 2-acetoxy-1,3-dicxolane; b.p. 42-43°/0.4 torr; 2-acet-
oxy-4-methyl-1,3-dioxolane, b.p. 44-457/0.6 torr; 2-acctoxy-4-
chloromethyl-1,3-dioxolane, b.p. 74-75°/0.5 torr; 2-acetoxy-4,5-
dimethyl-1,3-dioxolane, b. p. 46 -487/0.5 torr; and 2-acetoxy-4,4,5,5-
tetramethyl-1,3-dioxolane, b.p. 50-51°/0.4 torr.

4.3. Lactone Acetals

A number of heterocyclic ortho esters may be
regarded as acetals of y- or d-lactones. These include
monocyclic compounds such as 2,2-dialkoxytetra-
hydrofurans (3), bicyclic substances such as 2.2-dieth-
oxychroman (6), and spirocyclic ortho esters such
as 1,4.5-trioxaspiro[ 4.4 |nonane (7).

@({)j(ocsz (;XZ:\

0CyHs
6 7

43.1. Lactone Acetals from O-Alkyllactonium salts

- And d-lactones are alkylated on carbonyl oxygen
by trialkyloxonium tetrafluoroborates. The resulting
O-alkyllactonium salts are converted to lactone ace-
tals by treatment with alkoxides. The synthesis of
2,2-diethoxytetrahydrofuran from y-butyrolactone is
typical''”.

® @
[X (C2H5)30 BF‘ (1 .
oo 09 0C,Hs BF)

.NaOC;Hs 0C2H5
07™M0C ,Hs

2,2-Dicthoxytetrahydrofuran:

Tricthyloxonium tetrafluoroborate is added to an :quimolar
amount of dry y-butyrolactone. The salt dissolves, and the solution
soon becomes colored and separates into two layers. After three
days the layers are scparated. The lower layer solidifies to a
crystalline mass when cooled. Suction filtration of the cold, crude
product (with exclusion of atmospheric moisture) gives the cxtre-
mely hygroscopic O-ethyllactonium tetrafluoroborate; yicld: 87 %.

112 M. Meerwein, V. Hederich, K. Wunderlich, Arch. Paarm. 291,
541 (1958).

113 1 Meerwein, V. Hederich, H. Moschel, K. Wunderlich, Lie-
bigs Ann. Chem. 635, 1 (1960).

1< G, N. Dorofeenko, L. V. Mezherilskaya, Zh. Obshch. Khim.
38, 1192 (1968).

115 A Tomalia, U.S. Patent 3480649 (1969): C. A. 72, 31808
(1970).

11 1 W, Scheeren, A. P. M. van der Veek, W. Stevens, Rec.
Trav. Chim. Pays-Bas 88, 195 (1969).

117, Meerwein, P. Borner, O. Fuchs, H. J. Sasse, H. Schrodt.
1. Spille, Chem. Ber. 89, 2060 (1956).
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A solution of the lactonium salt (101 g, 0.5 mol) in dichloromethane
(70 ml) is cooled in an ice bath, and a solution of sodium (13.8 g,
0.6 mol) in absolute ethanol (250 ml) is added dropwise, with
stirring. The mixture is stirred for one hour after the addition
is complete, and then mixed with 3-4 times its volume of dilute
aqueous sodium carbonate and extracted with cther. The ether
layer is separated and dried over anhydrous potassium carbonate.
The cther is distilled off and the residue fractionally distilled
to give 2,2-diethoxytetrahydrofuran: yield: ~68%, 85%: b.p.
60-61.5°/10 torr.

Other lactone acetals prepared from O-alkyllac-
tonium salts include 2,2-dimethoxytetrahydro-
furan''’, 2,2-diethoxy-2,5H-dihydro-3,4-benzo-
furan''’, 2,2-diethoxychroman (6)*'®, and 2,2-di-
methoxy- and 2,2-diethoxybenzo-2 H-pyrans' '8,

4.3.2. Lactone Acetals from Ketene Acetals

Diazomethyl ketones react with ketene acetals to
form 2,2-dialkoxy-2,3-dihydrofurans!*®.

R? OR*
R'-co-CHN, + c=c] —
R3/ \ORI.
4
q OR
R"[Osg(oR‘ N

R' = CHj, CoHs, @‘. OzN‘Q'. H3C0‘©’;

R? and R?® = H or CHy;
R® = CHy, CoHs

Yields of substituted dialkoxydihydrofurans are fair
to good. The products can be hydrogenated to 5-sub-
stituted-2,2-diatkoxytetrahydrofurans.

2,2-Dimethoxy-2,3-dihydropyran ~ derivatives are
obtained from [4+2] cycloaddition reactions of
ketene dimethyl acetal with «,f-unsaturated carbonyl

compounds!2°,
OCH ‘\\ R’
/ 3
HaC=C{ +  C=CH-COR? ——»
OCHy H”
OCH;,
OCH,
R 0
WA=,

R' = R? = H;R' = CgHs, R? = H, CHy

'8 H. Meerwein in Houben-Weyl, “Methoden der Organischen
Chemie™ (E. Miiller, Ed.), Vol. VI, Part 3. G. Thieme, Stuttgart,
1965, p. 361.

"9 R. Scarpati, M. Cioffi, G. Scherillo, R. A. Nicolaus, Gauzz.
Chim. Ital. 96, 1164 (1966).

120°S. M. McElvain, E. R. Degginger, . D. Behun, J. Amer.
Chem. Soc. 76, 5736 (1954).

"*V'S. M. McElvain, G. R. McKay, J. Amer. Chem. Soc. 77,
5601 (1955).

122 F. Korte, K. Trautner, Chem. Ber. 95, 281 {1962).
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The dihydropyran derivatives can be hydrogenated
to the corresponding 2,2-dimethoxytetrahydro-
pyrans!?!. 22-Dimethoxy-2,3-dihydropyran is the
starting material for an interesting series of bicyclic
and tricyclic ortho esters (Scheme C).

OCH;, OCHs
OCH3  Hy/ni OCH3  AI10-CiHe- 1)
0 — 0 —_—
OCHj, 1. Hy / Ni
= HzC=CH~CHO = 2. AlO=C Ho—tl;
0 —_—— 0 —_—
OCH;,
0
o]
O H,czcH-cHO 0
pr— ———————
0 57
Hy /Ni
—————ee
Scheme C

4.3.3. Lactone Acetals from 2-Iminofurans and 2-lmino-
pyrans

2-Iminofurans and 2-iminopyrans are cyclic imidic
esters, and alcoholysis of their conjugate acids yields
lactone acetals.  2-Amino-3-cthoxycarbonyl-4,5-
dihydrofurans are obtained by ethanolysis of -
cyano-y-lactones: ethanolysis of their hydrochlorides
gives the corresponding 2,2-diethoxy-3-ethoxycar-
bonyltetrahydrofurans'?2.

H H
R2 )(-KCN CHOH/NaOCaHs g2 %—KCOOCZHS
————
R17N070 R1ZNO7SNH
1. HCl H
2. C,HsOH R2 %—ggg;z:s
—_—
R/ N070C,Hg

1

R =R” = H

R':H,CH3;R2 = H
3-Phenylcoumarin dimethyl acetal was obtained from

3-phenylcoumarinimide (which is prepared from sali-
cylaldehyde and phenylacetonitrile)! 2312+,

® + 2 HC-OH ——>
ONH, ¢
CeHs
N
[::ITiI;OCH3 + NH,CI
07 ~0CH;

123 R. Kuhn, D. Wieser, Angew. Chem. 69, 371 (1957).
'2* R. Kuhn, D. Wieser, Lichigs Ann. Chem. 600, 144 (1960).
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4.3.4. 22-Dimethoxy-2,5-dihydrofurans by Electrochemical
Methoxylation of Furans

Electrolysis of furan and 2-substituted furans in meth-

anolic ammonium bromide under the proper condi-

tions affords  2,2,5-trimethoxy-2,5-dihydrofuran

derivatives!?3,

ﬂ H3COH / NHBr, electrolysis
R”™0

R = H, ~CHIOCH3);, —COOCH;

H3CO CCH;
>(_><0CH3

2-Bromofurans are probably intermediates under
these reaction conditions, and the same products
are obtained by electrolyzing them in methanolic
sulfuric acid solutions’°.

4.3.5. Spirocyclic Lactone Acetals from Lactones and Epox-
ides

Epoxides add to the carbonyl groups of y- and d-lac-

tones in the presence of Lewis acids to form spiro-

cyclic lactone acetals'?”.

H

R‘l
0 H BF; or SnCl,
(Hﬂﬁo + _—
X £

" RH R
(H2C\ j’

a=1,R = H R = H CHy, CHCl, CHyOCgHs ,
n=1, R =C, R® = CHyl,
n=2,R =H RY = CHCI

Coumarin and phthalide are converted to the benzo-
substituted spirocyclic lactone acetals under the same
reaction conditions.

2-Chloromethyl-1,4,6-trioxaspiro[ 4.4 Jnonane:

A mixture of p-butyrolactone (43 g, 0.5 mot), epichlerohydr:n (55 g,
0.6 mol), and carbon tetrachloride (150 ml) is added dropwise
to a stirred solution of tin(IV) chloride (10 g} in carbon tetrachlo-
ride (100 ml). The temperature of the reaction mixture is kept
between 28-32° by occasional cooling. At the beginning of the
reaction a white precipitate forms, which soon disappears. The
redish reaction mixture is extracted with aqueous 10% sodium
hydroxide solution (250 ml). The organic phase is washed twice
with water, dried over anhydrous potassium carbonate, and frac-
tionally distilled to give 2-chloromethyl-1,4,6-trioxaspiro-
[44]nonane; yield: ~61g, 68%; b.p. 100-104/13 torr. A 64%
yield was obtained using borou trifluoride etherate as the catalyst.

4.4. 2,6,7-Trioxabicyclo| 2.2.2]octanes

Most ortho esters are so thermodynamically unstable
relative to their hydrolysis products that they cannot
be prepared directly from carboxylic acids and alco-
hols. 2,6,7-Trioxabicyclo[2.2.2 Joctanes (4) are excep-
tions to this gencralization: several of them have
been prepared by direct orthoesterification of 2-sub-
stituted-2-hydroxymethyl-1,3-propancdiols.

SYNTHESIS
CH20H 4 e v
L= CH,OH + R!~COOH ——
CH,0H
0
R2
0
0 +  2H0
Rl
4

Apparently the contribution of the entropy term to
the free energy change accompanying this reaction
(in which there are more product than reactant mole-
cules) is sufficient to shift the equilibrium much
further toward the ortho ester than is normally the
case. The reaction is further aided by the facts that
the triols used are not susceptible to dehydration,
and that the equilibrium can be shifted toward prod-
ucts by azeotropic removal of the water. This reaction
is most rapid with acids having clectronegative acyl
substituents, but is successful with other carboxylic
acids also.
4-Methyl-1-trichloromethyl-2,6,7-trioxabicyclo[ 2.2.2Joctane ' **:
Trichloroacetic acid (81.7 g, 0.5 mol), 2-hydroxymethyl-2-methyl-
1.3-propancdiol (60 g, 0.5 mol), p-toluenesulfonic acid (6 g), and
xylene (400 ml) are refluxed, using a Dean-Stark trap to remove
water formed during the reaction. Water (~ 16 ml, 90%) is col-
lected over a period of 12 to 15 hours. When the reaction mixture
is chilled, crude product (about 33 g) precipitates anc is filtered
off. Both the precipitate and filtrate arc washed with sodium
carbonate solution. Evaporation of the xylene from the filtrate
yields additional product. Recrystallization of the crude product
from benzene gives the ortho ester; yield: St g 41 % m.». 218-221
(scaled capillary).

Other  1-R2-4-R'-2.6,7-trioxabicyclo[2.2.2 Joctanes

(4) which have been prepared by direct ortho esterifi-

cation of the triols include: 4, R'=CH;,

RZ___CHSIZ*)’ CF3[28'129, CCL}IN, CHClgug,

(lH3C012128, 3,5-(N()2)2C6I"13128, C(CH});}”I;
R'=C,Hs. R2Z=H'?, CH3'?°, CH.C1'*®,

(‘(l[ ) 129, IT-(T5I‘[1112(), I’I-C(,Hljlz(l; l‘lnd
R'=C3H-, R?=C,H5"%°,

Trioxabicyclooctanes are also obtained by transester-
ification of trialkyl orthocarboxylates — with
2-hydroxymethyl-1,3-propanediols. The first
reported member of this class of ortho esters (4,
RZ=H, R'=CH,) was thus prepared'*?. Other tri-

t2s, Hlllcrs G. P. Sokolov, A. Y. Karmilchik, C. A. 62, 6449
(1965).

vih (3. P, Sokolov, S. Hillers, Khim. Geterosikl. Sozdin. 1965,
163.

127 K. Bodenbenner, Liebigs Ann. Chem. 623, 183 (1959).

128 R A. Barnes, G. Dovle, J. A. Hoffman, J. Org. Chem. 27,
90 (1962).

2% Celanese Corp. of America, Netherlands Appl. 6412635 (1965):.
C. A. 63, 16370 (1965).

13 R L. Talbot, J. Org. Chem. 32, 834 (1967).

§.-C. Lu, M. A. Thesis, University of California, Santa Barbara

1967.

W. von E. Doering, L. K. Levy. J. Amer. Chem. Soc. 77

309 (1955).
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oxabicyclooctanederivativesprepared by transesterifi-
cation include: 4, R'=CH3, R2=CH;!3!, C,Hs!'31,
CeHs'!;and R'=C,Hs, R2=H, CH;'?%.
Perfluoro-1,4-dimethyl-2,6,7-trioxabicyclo[ 2.2.2 ]oc-

tane was synthesized by direct fluorination of 4,
R?=CF3;, R'=CH;!%,

4.5. 2,4,10-Trioxaadamantanes

Reactions of acyclic ortho esters with all-cis-1,3,5-cy-
clohexanetriol yield a group of ortho esters having
interesting chemical and stereochemical properties.

?Rz il OH
R'—C-OR? + QD —
OR? H
H

These compounds, which have the rigid tricyclic ring
system of adamantane, were christened trioxaada-
mantanes by Stetter!*#, They are named systemati-
cally as derivatives of 24,10-trioxatricyclo-
[3.3.1.1%"]decane (5, R'=H), and are conveniently
synthesized by heating the cyclohexanetriol with the
appropriate trimethyl or triethyl orthocarboxylate
in methanolic hydrogen chloride solution.

3-Substituted-2,4,10-trioxaadamantanes ' >*:

Anhydrous, fincly powdered all-cis-1,3,5-cyclohexanetriol [pre-
pared by Raney-nickel catalyzed hydrogenation of phloroglu-
cinol'*® (see ref. 136 for a superior catalyst)] (0.1 mol, 13.2¢g)
and the methyl or ethyl orthocarboxylate (0.2 mol) are dissolved
in absolute methanol (50 ml) containing hydrogen chloride (0.5 g,
or a little boron trifluoride). The reaction mixture is agitated
frequently at room temperature until the triol dissolves. After
a day anhydrous potassium carbonate is added to neutralize
the catalyst, and the solution is evaporated to dryness in vacuo.
The residuc is extracted with ether, leaving behind the salts and
any unreacted triol. Evaporation of the cther leaves the tricyclic
ortho ester, usually in yields exceeding 70% of theory.

Ortho esters prepared in this way include 5,
R'=H"* CH;'3% CH,CI'3%, CH,Br!34 C,Hs'34,
CsHs'¥*, C,HsOCO(CH2),'37, C,HsOCOCH,!38,
and HC=C(CH,), (n=3,4)13.

Formation of 3-substituted-2,4,10-trioxaadaman-
tanes provides a useful means of protecting carboxyl

13 G. Kesslin, R. W. Handy, U.S. Patent 3415846 (1968);
C. 4.70, 47517 (1969).

34 H. Stetter, K. H. Steinacker, Chem. Ber. 86, 790 (1953).

1335 H. Stetter, K. H. Steinacker, Chem. Ber. 85, 451 (1952).

13 X. A. Dominguez, 1. C. Lopez, R. Franco, J. Org. Chem.
26, 1625 (1961).

7 H. Stetter, K. H. Steinacker, Chem. Ber. 87, 205 (1954).

3% F. Bohlmann, W. Sucrow, Chem. Ber. 97, 1839 (1964).

'3% J. M. Osbond, P. G. Philpott, J. C. Wickens, J. Chem. Soc.
1961, 2779.
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functions during multistep syntheses. The tricyclic
ortho ester function is inert to Grignard reagents,
alkali, metal hydrides, diazomethane, acid chlorides,
and hydrogen in the presence of palladium, and is
less reactive toward acid hydrolysis than most ortho
esters. For synthetic sequences involving chemical
transformations of the orthoacyl substituents of these
tricyclic ortho esters, see references 134, 137-139.

4.6. Heterocyclic Orthocarbonates

4.6.1. 1,3-Benzodioxole Derivatives

2,2-Dialkoxy-1,3-benzodioxoles are formed in excel-
lent yields by heating equimolar amounts of pyrocate-
chol and a tetraalkyl orthocarbonate together!#0-141,

OH 0_ ,OR
@ + CIOR), —> @ X+ 2ROH
OH 0" "OR

They are also obtained by reaction of 2,2-dichloro-
benzodioxole (prepared from pyrocatechol car-
bonate®’, 2-ethoxy-1,3-benzodioxole®’, or 1,3-benzo-
dioxole!*2 and phosphorus pentachloride) with alco-
holic sodium alkoxides'*® or with alcohols in the
presence of tertiary amines!*’. 2.2-Diphenoxy-1,3-
benzodioxole®® and its 5-n-propyl derivative!*? are
the products of reactions of phenol with the 2,2-di-
chloro-1,3-benzodioxoles.

4.6.2. Spirocyclic Orthocarbonates

2,2-Dichloro-1,3-benzodioxole and pyrocatechol
react to form the spirocyclic orthocarbonate 2,2"-spi-
robis[ 1,3-benzodioxole]*.

e - Q)
)( + —_
0" Cl OH
0.0
@X:@ + 2HC
oo

Spirocyclic orthocarbonates are formed in moderate
yields by the reaction of bis[ tributyltin] alkylene gly-
colates with carbon disulfide!*3, and in good yields
from carbon disulfide and cyclic dibutyltin dialkox-
ides®?.

R
|
CH=0=5n(C Hgly
2 (HC), + CS; —
CH=0—5n(C;Hg)
k2
R' R
[
CH—-0 0—CH
7/ \
{HyC)n >< (CHly + 2 [Sn(C;Hgly],S
H—0" ~0~CH”
éz I!‘,z
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R1
|

/O—CH\

2 (CLHg)zs\n (CH2)n + C52 e

0-cH”
B2
i ¥
CH=0_ 0—CH\_

(HzC\)n 53H2)n + 2 (C4Hg)SnS
(IIH—O 0—(|:H

Received: September 27, 1972

140 H. Gross, J. Rusche, H. Bornowski, Lichigs Ann. Chem. 675,
142 (1964).

41 B. Smith, Acta Chem. Scand. 10, 1006 (1956).

42 R. DeLange, Compt. Rend. Acad. Sci. 138, 423 (1904).

143 S, Sakai, Y. Kiyohara, K. Itoh, Y. Ishii, J. Org. Ciem. 35,
2347 (1970).
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