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DIETHYL TRICHLOROMETHYLPHOSPHONATE 1

Diethyl Trichloromethylphosphonate

PO
Cl,C” 1 ~OEt
OFt
[866-23-9] CsHoClI303P (MW 255.46)
InChI = 1S/C5H10CI303P/c1-3-10-12(9,11-4-2)5(6,7)8/h3-
4H2,1-2H3

InChIKey = RVAQSYWDOSHWGP-UHFFFAOYSA-N

(Horner—-Emmons reagent for the synthesis of 1,1-dichloro-1-
alkenes from carbonyl compounds; precursor of diethyl 1,1-
dichloro-«-alkylmethylphosphonates)

Alternate Name: trichloromethylphosphonic acid diethyl ester.

Physical Data: bp 127-128 °C/13 mmHg;! d 1.3622 gcm—3;2
n®D 1.4582.1

Solubility: sol common organic solvents.

Form Supplied in: colorless mobile liquid.

Analysis of Reagent Purity: by NMR (*'P NMR: 6.5 ppm; 'H
NMR).?

Preparative Methods: commercially available. It can be readily
prepared via the Arbuzov reaction from triethyl phosphite and
carbon tetrachloride.!

Handling, Storage, and Precautions: irritant; store under inert
atmosphere at 4 °C.

Reactions with Carbonyl Compounds: Aldehydes, Ketones,
and Lactones. Diethyl trichloromethylphosphonate is used
mainly in the synthesis of 1,1-dichloro-1-alkenes from carbonyl
compounds via Horner—Wadsworth—-Emmons (HWE)-type reac-
tions. The reagent represents a convenient alternative to Wittig-
type reagents, such as carbon tetrachloride/triphenylphosphine*3
or carbon tetrachloride/tris(dimethylamino)phosphine,6 as far as
it avoids formation of phosphine oxide by-products.

For these olefination reactions, the lithiated phosphonate is
generated at very low temperatures (typically —100°C) by a
chloride—lithium exchange: treatment of diethyl trichloromethyl-
phosphonate with 1 equiv of n-butyllithium leads to the mono-
lithio derivative LiCCl,P(O)(OEt);, which then reacts with
carbonyl compounds to afford 1,1-dichloro-1-alkenes.” In the
lithiation of Cl3C—P(O)(OEt),, an excess of n-butyllithium should
be avoided, since polylithiation to give LipCCIP(O)(OEt), be-
comes possible. Initially, THF was used as the solvent, but the
method could be later improved by using a 40:60 mixture of
tetrahydrofuran/diethyl ether. Representative examples of the
olefination reaction are given in eq 1.

1. n-BuLi ,
THF or THF/ether R Cl

— = O

(EtO),P(0)CCl;
2.R'R?CO
R! Cl

Some of the gem-dichloroolefins above have been used as sub-
strates for the synthesis of terminal alkynes, as well as of chloro-
and alkyl-substituted alkynes.3

Additional examples of Wittig—Horner olefinations by means
of diethyl trichloromethylphosphonate include the olefination of
both lanosterol-13 and carbohydrate-derived aldehydes.!4 Also,
the method has been used to access highly functionalized inter-
mediates in the synthesis of natural products and other complex
molecules. For instance, the trans-decalin-derived aldehyde (eq 2)
has been converted into the corresponding dichloroolefin, which
is a key intermediate in the total synthesis of ingenol.1>-16

(Et0),P(0)CCLLi
—_—

THF/ether
-100 °C to rt, 85%

"OTIPS

OMe

@

OMe

The same olefination method has been applied to the o,p-
unsaturated aldehyde (eq 3) for the synthesis of trans-kumausyne,
a tetrahydrofuranoid lipid isolated from red algae,!” as well as to
the geraniol-derived aldehyde (eq 4) for the synthesis of humu-
lene, a sesquiterpene constituent of oil of hops.!3

TMSO/,‘ (EtO),P(0)CCL,Li
OHC. _~ Q\/R THF/ether
NN q: ~100 t0 0 °C, 88%
OTBS
TMSO,
{yorw @
CIY\/\\“. o) - R
H :
Cl OTBS
N CHO
(Et0),P(0)CCl,Li
_—
THF/ether
| OCOAr ~100 to 0 °C, 82%

b X\/Cl @)

Cl

OCOAr

The lithiated trichloromethylphosphonate has been used to con-
vert a [4.3.2]propellatriene-derived dialdehyde into the corres-
ponding bis-dichloroolefin (eq 5). A large excess (10 equiv) of the
lithiated phosphonate is required for this reaction. The resulting
bis-olefin was then converted into a bis-alkyne, which was used to
generate polyynes via the photochemical extrusion of indan from
the tricyclic scaffold.!%-20
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Carbonyl compound Conditions Product Yield (%) Reference
Me3CCHO THF, —80°C/t, 24 h Me3;CCH=CCl, 55 7
Et,CHCHO THF/ether 40:60, —100 °C/reflux, 1 h Et, CHCH=CCl, 82 8
C9oH19CHO THF/ether 40:60, —100 °C/reflux, 1 h CoH9CH=CCl, 92 8
2-MeOCgH5-CHO THF/ether 40:60, —100 °C/reflux, 1 h 2-MeOCgHs5-CH=CCl, 94 8
PhCH=CH-CHO THF/ether 40:60, —100 °C/reflux, 1 h PhCH=CH-CH=CClI, 92 8
0\ 0™\

.,/ CHO THF/ether 40:60, —100 °C/rt, overnight ) CH=CCL 74 9

CH,0O-THP CH,O-THP
N CHO CH=CCl
s THF, —100 °C/rt, overnight | NS : 78 10
= =
Me,CO THF, —80°C/reflux, 1 h Me,C=CCl, 47 7
Ph,CO THF, —80 °C/reflux, 1 h PhyC=CCl, 69 7
<:>:O THF/ether 40:60, —100 °C/reflux, 1 h <:>1CC12 90 8
Cl
AN
| al O‘ al
= THF/ether 40:60, —100 °C/reflux, 1 h 69 11
0 CCl,
OMe 0 cCl,
THF/ether, — 115 °Clreflux, 18 h [:i::[:/\\“/ﬂ\\“/ﬁ\\ 79 12
OMe
al Cl Synthesis of a-Substituted Phosphonates from Trichloro-
CHO ) \ methylphosphonate and Alkyl Halides. Diethyl trichloro-
(Et0),P(0)CCl,Li . . .
| I (5) methylphosphonate gives access to diethyl 1,1-dichloro-a-alkyl-
CHO THF/ether \ methylphosphonates via alkylation of the corresponding anion
~100tot, 78% N\ ~Cl LiCCl,P(O)(OEt); with n-alkyl bromides or iodides (eq 7).7-26
Cl Alternatively, dichloro-a-alkylmethylphosphonates can be

In addition to aldehydes and ketones, lithiated trichloromethyl-
phosphonate can be made to react also with lactones (eq 6). The
usual dichloroolefination protocol affords the desired dichloro-
methylene bicyclo[2.2.2]octane derivative in acceptable yield
(58%).2!

(EtO)zP(O)CC12L1 10)

LlCl THF \

78 tort, 2 h, 58% Cl
Cl

The diethyl dichloromethylphosphonate carbanion can also be
generated by electrochemical reduction of trichloromethylphos-
phonate. It then reacts with carbonyl compounds, in aprotic me-
dia, to afford 1,1-dichloro-1-alkenes,22 25 while, in protic media,
it affords dichloromethylphosphonate quantitatively. The electro-
chemical method has the advantage of avoiding the use of strongly
basic alkyllithium reagents, but the yields are generally lower.

prepared from trichloromethylphosphonates via a two-step proce-
dure. The first step is the reduction of diethyl trichloromethylphos-
phonate by treatment with iso-propylmagnesium chloride and
subsequent hydrolysis with hydrogen chloride (ethanol solution)
at low temperatures (eq 7).27.28 Then, alkylation of HCCI,P(O)-
(OEt), is carried out under internal quenching conditions, in order
to trap the unstable lithiated phosphonate LiCCl,P(O)(OEt); and
to prevent formation of the carbene via LiCl elimination. With
this procedure, the yields are often higher than those obtained by
the direct metalation of trichloromethylphosphonate.

1. n-BuLi/LiBr
THF/ether,
R
(Et0),P(0)CCl3 (E10),(O)P @
2.RX Cl
Cl (Method M1)
EtO),(0O)P—CHCIL
2. EtOH, 94% (E10):(0) 2 LHMDS (Method M2)
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RX Yield (%) Reference
H,C=CHCH;Br 77 M1) 7
67 M2) 27
MeCH=CHCH;Br 75 (M1) 26
87 (M2) 27
MeBr? 81 (M1) 26
n-Prl 76 M1) 26
88 (M2) 27
PhCH;,Br 92 M2) 27

4 With 1 equiv. of HMPT.

Notably, alkylation of LiCCl,P(O)(OEt), with 4,6-hepta-
dienylbromide has been used as the first step in a reaction sequence

leading to the phosphabicyclo[4.3.0Jnon-4-ene derivative (eq 8).2

1. n-BuLi, THF, -85 °C

(EtO),P(O)CCl;
2. N\/\/Br
/\/\/&Cl LAIRCL
= - s 3
~ P(O)(OEt), 2. pyridine | b Cl ®)
85% ~H

Preparation and Synthetic Applications of Lithio(tri-
methylsilyl)chloromethylphosphonate. The mono-
lithio derivative LiCCI,P(O)(OEt), can be trapped with
chlorotrimethylsilane to afford diethyl dichloro(trimethylsilyl)-
methylphosphonate in 70% yield (eq 9).7 On the other hand,
treatment of a mixture of diethyl trichloromethylphosphonate
and trimethylsilyl chloride with 2 equiv of n-butyllithium leads

This silylated carbanion proved to be a very useful interme-
diate, being trapped with a variety of electrophilic reagents. For
instance, trapping with aromatic or aliphatic aldehydes results in
a Peterson-like olefination reaction, giving mixtures of isomeric
a-chlorovinylphosphonates (eq 11).3° Further dehydrochlorina-
tion of the chlorovinylphosphonates with LIHMDS affords the
corresponding 1-alkynylphosphonates.3’1

1. n-BuLi, THF, -85 °C SiMe;
(Et0)2P(0)A\4C1
2. TMSCI, 70%
(EtO),P(0)CCl;
1. TMSCI O--Li
P (10)
2.2 n-BuLi, THF, -85 °C EtO’I Cl
EtO SiMe3

The same silylated intermediate can be alkylated with alkyl
bromides or iodides (Mel, 91%; n-Bul, 81%; HC=CH-CH,Br,
87%, PhCH,Br, 80%).3? Notably, the double alkylation with y/w-
dibromoalkanes, in a two-step sequence, gives access to medium-
size cycloalkylphosphonates (four- to seven-membered rings,
18-70% yields) from which the silyl group can be removed by
treatment with TBAF (eq 12).32

a-Alkyl-a-silyl-chloromethylphosphonates obtained from the
silylated carbanion can be involved in subsequent reactions with
ethyl formate to afford 1-formylalkylphosphonates in good yields
(eq 13).33

Finally, the stabilized carbanion can be quenched with deu-
terium oxide. Subsequent treatment of the silylated derivative
with LiOD allow incorporation of a second deuterium atom, by
cleavage of the C—Si bond, to afford «,-dideuterio-chloromethyl-
phosphonate (eq 14). Analogous deuteration procedures have
been applied also to a-alkyl-«-silyl-chloromethylphosphonates to
generate «,a-dideuterio-alkylphosphonates that are important in-
termediates for the synthesis of deuterated olefins by Horner—

to a stable a-silylated a-phosphonylated carbanion. This species Emmons olefination. 3034
is formed in quantitative yield and can be handled at 0 °C without
decomposition or rearrangement (eq 10).3°
o R 0 0
RCHO . LiHMDS
EtO),P. ||
78 °C, THF (O ot | — O W/HR (EOpP— (D
cl” SiMe; cl TSR
9 (0]
Br-(CHy),,42-Br (EtO),P 1. n-BuLi ) ]!_)'
. - R — 2
Q--Li Y\()” Br 5 AR \Q 12)
- — Cl  SiM
EtO—~P——Cl iMe; g O
EtO SiMe3
" 9 1. n-BuLi O [e)
Tom ¢ 11
( q9) RX (EtO)ZP\',\ 2HCOOE — gi0),p (13)
Cl 3 HCldq H
SiMes R
D,0 0 LiOD, D,0 0
(Et0),P—CD,Cl (14)

L - o D
THF, —78 °C (EtO)zP\’/\ cl
SiMe;
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Miscellaneous

Metal-catalyzed Insertions of Olefins in the C-CI Bond. Di-
ethyl trichloromethylphosphonate reacts with olefins under Cu(I)
or Fe(Ill) catalysis to give insertion of the olefinic substrate into
one of the C—Cl bonds. This radical process can be performed
with either FeCl3 in the presence of triethylammonium chloride,33
CuCl/iBuNH>, or CuCl/phenanthroline (eq 15).36

(0]
Cat. I
(EOLPO)CCL; + Xy R S (BO),P R s)
Cl Cl
Yield
RX Catalyst/conditions (%) Reference
H,C=CH-Et  FeCl3/EtsNHCI 110°C,9h 62 35
H,C=CH- CuCl/i-BuNH; 100°C, 12h 59 36
CO,Et
H,C=CH-Ph  CuCl/i-BuNH; 100°C, 12h 64 36
H,C=CH-Bu CuCl/i-BuNH; 100°C,12h 55 36

Alkylation by Tributylborane. Diethyl trichloromethylphos-
phonate has been used as a carbenoid precursor in the reaction with
BusB (eq 16).3 The process involves formal insertion of the car-
benoid intermediate (EtO);P(O)CCI-CILi in the B-Bu bond and
subsequent hydrolysis, leading to the removal of the boron sub-
stituent. In this way, a butyl-substituted chloromethylphosphonate
is obtained in good yield.

O
|

|

(EtO),P
2. BBus, —100 °C to —50 °C \r
3. H,0, reflux, 2 h, 70% Cl

1. n-BuLi, THF, -100 °C

(Et0),P(0)CCl3 Bu (16)
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