ORGANIC
LETTERS

Parallel Synthesis of Terminal Alkynes T

Using a ROMPgel-Supported Ethyl 835837
1-Diazo-2-oxopropylphosphonate

Anthony G. M. Barrett,* Brian T. Hopkins, Andrew C. Love, and Livio Tedeschi

Department of Chemistry, Imperial College London, Exhibition Road,
London SW7 2AZ, England

agmb@imperial.ac.uk

Received January 14, 2004

ABSTRACT

9 [e]
o-P
(@]

H
M_  Polar ROMPgel swells in MeOH /
R™H - R

v

K2CO;3, MeOH 63 - 91% yield

R =alkyl, aryl (87 - >95% purity)
ROMPgel-supported ethyl 1-diazo-2-oxopropylphosphonate has been prepared, and the supported reagent has been effectively employed in
the conversion of a variety of aldehydes into terminal alkynes under mild reaction conditions. The influence of cross-link structure, comonomers,
and polymer structure on reaction efficiency has been examined.

In recent years, the subject of supported reagents has attractedf steps, purified and fully characterized prior to ROMPo-
considerable research interest. The synthesis of compoundymerization by ruthenium carbenéd.iving polymeriza-
libraries is readily performed using supported reagents in ation occurs since each chain generated by the alkylidene
sequential and multistep fashion. The use of supportedtransition-metal catalyst does not facilitate chain transfer or
reagents in parallel synthesis simplifies purification, as only chain termination, thus generating well-defined polymers
filtration and washing procedures are required to remove with respect to molecular weight and polydispersity. In the
excess reagent and side products. They also allow straightpresence of a cross-linker, a plethora of ROMPgel-supported
forward reaction monitoring, applying classical solution- reagents have been prepared in good yield and high purity
phase methods. Efforts to improve the loading and physical and used in “purification free” parallel synthesis.
properties of supported reagents continue with many new  Qur recent interest has focused on the requirements for
and improved reagents reported. more functionalized building blocks and the rapid introduc-
ROMPgel are a general class of high-loading polymer- tion of chemical diversity using readily available reagents.
supported reagents derived from the ring-opening metathesign particular, the synthesis of terminal alkynes has attracted
polymerization (ROMPolymerization) of norbornene or our attention since further rapid increases in molecular
7-oxanorbornene monometReadily available monomers  complexity can be performed from these key intermediates.
can be easily functionalized in solution, in a small number On|y one Supported reagent has been previou3|y prepared
for the synthesis of alkynes, and only two examples were
(1) (a) Ley, S. V.; Baxendale, I. R.; Bream, R. N.; Jackson, P. S.; Leach, . . . .
A. G.; Longbottom, D. A: Nesi, M. Scott, J. S.: Storer, R. I.; Taylor, S. reportedt Using a solid base, consisting of alumina coated

J.J. Chem. Soc., Perkin Trans.2D00,23, 3815—4195. (b) Kirschning,  with potassium fluoride (KF), ethynylbenzene (70% yield)
A.; Monenschein, H.; Wittenberg, Rngew. Chem., Int. E@001, 40, 650—

679.

(2) (a) Barrett, A. G. M.; Hopkins, B. T.; Kdbberling, &hem. Reuw. (3) Buchmeiser, M. RChem. Re»2000,100, 1565—1604.
2002 102, 3301-3324. (b) Flynn, D. L.; Hanson, P. R.; Berk, S. C.; Makara, (4) Yamawaki, J.; Kawate, T.; Ando, T.; HanafusaBull. Chem. Soc.
G. M. Curr. Opin. Drug Discuss. De 2002,5, 571—579. Jpn.1983,56, 1885—1886.

10.1021/0l049915z CCC: $27.50  © 2004 American Chemical Society
Published on Web 02/07/2004



and (phenylethynyl)benzene (89% vyield) were synthesized
throughg-elimination from the corresponding vicinal dibro-
mides. The need for both elevated temperatures and indi-
vidually optimized reaction conditions reduces the general
applicability of this reagent. The increased basicity ofKF
alumina, compared to KF alone, may also prove incompatible
with certain substrates.

The increasing use of phosphonate reagents in the synthesi
of alkynes suggested milder reaction conditions could be
developed for more readily available reaction precursors.
Specifically, our attention was drawn to reagents containing
a diazomethyl group. Both the dimethynd diethyl diazo-
methylphosphonatésnd, more recently, dimethyl 1-diazo-
2-oxopropylphosphonatbave attracted considerable interest.
They have been used in the preparation of simple alkynes,
in high yields and on large scale, or alternatively in the
installation of a triple bond into more highly functionalized
substrates, particularly in the latter stages of natural product
synthese8.The use of dimethyl 1-diazo-2-oxopropylphos-
phonate in basic methanol represents a significant improve-
ment over the standard synthetic procedure for alkyne
synthesis using dialkyl diazomethylphosphonét&be re-

Table 1. Effect of Polymer Architecture on ROMPgel
Swelling Properties in Methanol

diazo-ROMPgel

agent, under basic conditions, reacts with aldehydes and

ketones by a HornefWadsworth-Emmons olefination reac-
tion to generate an unstable diazoalkene, which may then
thermally eliminate nitrogen. The resulting alkylidene car-
bene then rearranges smoothly to provide the alkyBg.

monomer 4 + ROMPgel .
components (% ieigd) (% yield : % volume
P oy increase in MeOH)
s g
J b 7 8
5 (96) (92 : 183)
10 mol%
R1"JJ\O
L«R1 10 11
RTJJJ\O (98) 95 :17)
9 R1=
5 mol%
5 ¢ ﬂ% “OH 13 14
2 % _on (75) (94 : 300)
10 mol% 15 mol%
5 + MH 16 17
18 H (100) (100 : 350)

10 mo% 15 mol%

applying ROMPgel methodology, we investigated the prepa-
ration of a supported 1-diazo-2-oxopropylphosphonate re-
agent8 (Scheme 1). The need to use methanol as solvent
for the reactioh additionally provided the opportunity to
explore the effect of polymer architecture on the swelling
characteristics of the overall support (Table 1).

Scheme 1. Preparation of an Ethyl
1-Diazo-2-oxopropylphosphonate ROMPgel.
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Bicyclo[2.2.1]hept-5-en-2-yImethyl diethyl phosphit@)
was prepared from commercially available alcoliglas
previously reported® Reaction of phosphit2 with iodoac-
etone gave the desired Michaetiarbuzov product4, but
in variable yield (23-46%). A higher overall yield of
phosphonatd was obtained by reaction of phosphit&vith
iodomethane to give phosphon&én 82% vyield, followed
by deprotonation withsec-butyllithium and subsequent
addition of ethyl acetate (87% yield). Monon¥ewas readily
polymerized in the presence of cross-linike(10 mol %),
using the second-generation Grubbs catal§sto give
ROMPgel 7 in 96% vyield. Mild reaction conditions were
developed for diazo-transfer to the ROMPgglto give
ROMPgel8 in a loading of 2.86 mmol ¢}, and the route
was found to be readily amenable to large-scale synthesis
(38 mmol).

Applying the optimized reaction conditions previously
reported for solution-phase chemistty ROMPgel8 resulted
in poor swelling of the polymer, inefficient conversion, and
low yields for the transformation of aldehydes into alkynes.
Consequently, two approaches were investigated to improve
the ROMPgel swelling properties (Table 1). Replacement
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of cross-linker5 with the more polar cross-linkeér (5 mol
%) gave ROMPgel0in 98% yield. Diazo-transfer to keto-  tap1e 2. Yields and Purities of Terminal Alkyneko
phosphonatel0 proceeded to give ROMPgdll, which
unfortunately failed to swell significantly in methanol and alkyne time
was much less effective than the previously prepared
ROMPgel8. The second approach involved the preparation
of a three-component ROMPgEB in 75% yield, containing 194
monomer4, cross-linkers5, and comonomet?2 (Table 1).

Diazo-transfer to ROMPgel3 gave reagentl4, which

Me
Me
demonstrated superior swelling properties to the previously Me
prepared diazo-functionalized ROMPgé&lsind11. Unfor- 19b = 36 h 79 (90)
MeO
Me—@{
O,N

% yield
(% purity)*

4 days 91 (>95)

tunately, copolymerization & and12 was incomplete and

the comonomef2 was consequently replaced by the pure
exo-isomerl5. With this modification, copolymerization
proceeded in quantitative yield. The resultant polymer 1o,
phosphonate was converted into the ROMHEgelvhich was
obtained with a loading of 2.70 mmot §(Table 1). Similar

36 h 83 (>95)

observations of slower rates of ROMPolymerization of endo 4
isomers, compared to the corresponding exo isomer, have!?d 5 days 81.(87)
been previously reported.Reaction of ROMPgel7 with Me
a variety of aldehydes proceeded to give the correspondingy, O O = 30 h 87 >95)

terminal alkynes in good yield and high puffyfScheme 2,
19¢ Me‘Mg\\\ 36 h 70 95)

Scheme 2. Parallel Synthesis of Terminal Alkynes Using a
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2 Yields refer to isolated products. Purities as judgedHbrnd*C NMR
Table 2). No racemization of compounti8g and19h was spectra, GC—MS, and microanalysis.

observed, by comparison of measured optical rotations
against existing literature valugswhich are in agreement
with the earlier studies using diazophosphonate readénts. bilized reagent used to convert a variety of aldehyti@s
The supported reage is stable at 3C with no significant ~ into their corresponding terminal alkyn&$. The ability to
loss in activity observed over a 3-week period of storage. readily fine-tune the composition of the polymer support

In conclusion, ROMPgel-supported ethyl 1-diazo-2-oxo- allowed high product yields to be obtained and thus provided
propylphosphonatd 7 has been prepared and the immo- further demonstration of the flexibility and compatibility of
ROMPgels with conventional organic solvents.
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