Palladium-Catalyzed
Hydrophosphorylation and

ORGANIC
LETTERS

2008
Vol. 10, No. 15
3231-3234

Hydrophosphinylation of Cyclopropenes

Bassam K. Alnasleh, William M. Sherrill, and Michael Rubin*

Department of Chemistry, Univeristy of Kansas, 1251 Wescoe Hall Drive,

Lawrence, Kansas 66045-75832
mrubin@ku.edu

Received May 14, 2008

ABSTRACT

RL _R2 Pd-cat.

R

R1: ;RZ
PR

o]

Novel transition-metal-catalyzed addition of P—H entities across the cyclopropene double bond has been developed. This transformation
allows for mild and efficient preparation of phosphorus-containing cyclopropanes in good yields and high degrees of diastereoselectivity.

Phosphorus-containing cyclopropanes are an important class
of compounds with great potential for both medicina
chemistry and organic synthesis. Thus, derivatives of cyclo-
propylphosphonic acid make attractive targets for drug
discovery, asthey are omnipresent among biologically active
compounds including antiproliferative,* antiviral,? and an-
timalarial® agents. Phosphorylated cyclopropanes aso hold
great promise as potential selective herbicides.* Furthermore,
cyclopropylphosphines have been shown to serve as efficient
ligands in several transition-metal-catalyzed transformations.”
The existing approaches to cyclopropylphosphorus com-
pounds span various modes of [2 + 1] cycloaddition,®
MIRC,” and related 1,3-cyclizations.® They can aso be
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obtained by derivatization of the pre-existing cyclopropane
moiety, including reactions of P-nucleophiles with cyclo-
propanone equivalents® or P-electrophiles with cyclopropy-
Imetals.>® The efficiency of these methods, however,
dramatically decreases with the increase of steric demand at
the cyclopropyl core. Recently, we'* and Marek*? devel oped
an dternative approach to cyclopropyl phosphorus compounds
via a forma [2,3]-rearrangement of cyclopropenylmeth-
ylphosphinites, which permits synthesis of densely substituted
methylenecyclopropylphosphine oxides (Scheme 1, eq 1).

In light of this finding, we wondered whether addition of
a phosphorus entity to the double bond of cyclopropene could
also be achieved in an intermolecular fashion via a direct
hydrophosphorylation (Scheme 1, eq 2).*® It should be
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mentioned that, while a plethora of different additions of
various metallic species across the C=C bond of cyclopro-
pene have been developed, additions of nonmetallic entities
with preservation of the three-membered carbocycle have
represented a significant chalenge®* Thus, Yamamoto
demonstrated that palladium-catalyzed additions of C- and
N-pronucleophiles to dialkylcyclopropene proceed with ring
opening, affording allylmalonates and allylamine deriva-
tives.’® A single example of transition-metal-catalyzed ad-
dition of a carbon pronucleophile to cyclopropene proceeding
with preservation of a three-membered ring was recently
shown by Chisholm.'® Herein, we report an efficient and
atom-economic approach to cyclopropylphosphonates and
cyclopropylphosphine oxides via the diastereosel ective pal-
ladium-catalyzed hydrophosphorylation and hydrophosphi-
nylation of cyclopropenes.t’

We began our optimization by testing the reaction between
3-methyl-3-phenylcyclopropane (1a) and 4,4,5,5-tetramethy|-
2-0x0-1,3,2-dioxaphospholane (2) (eq 3). It was found that
thermal and radically initiated reactions did not proceed at
all; however, formation of hydrophosphorylation products
was observed in the presence of several Pd catalysts (Table
1). Yet, most catalytic systems tested provided very sluggish
reactions with moderate facial selectivity. Furthermore, the
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Table 1. Optimization of the Reaction Conditions®

Me. R (0] Me
\ Pd-cat.
K + ,P_OH —03> )\rﬁ“‘\ /O +
fo 1,4-dioxane R O/,P\O

50°C, 18 h
1 2 3
Mes R Me., ,R
A /oi . & o @)
/,P\ PN
o O o 0

trans-4 cis-4
no R catalyst 4, % (trans/cis)® 3, %°
1 Ph (;-allylPdCl)o/TTMPP® 60 (2.5:1) 10
2 Ph (;r-allylPdCl)o/PPhs 7 (N/D) -
3 Ph Pd(OAc)o/TTMPP 45 (15:1) 40
4 Ph Pd(OAc)s/PPhs 30 (4.5:1) 34
5 Ph Pdadbas:CHCls/TTMPP 13 (N/D) —
6 Ph Pdadbas*CHCls/dppe NR -
7 Ph Pdsdbas*CHCls/dppf 98 (4:1) -
8 Ph Pd(PPhs), 89 (19:1) 6
9 COz2Me Pd(PPhs)y 100 (3:1) —
10 COgMe PdadbasgCHCls/dppf 97 (9:1) —

a Reactions performed on a 0.1 mmol scale. ® GC conversion, n-octane
wasusedasaninterna standard. © TTMPP: trig(2,4,6-trimethoxyphenyl)phosphine.

reaction was complicated by the formation of a side product,
allylphosphonate 3 (Table 1). Our attempts to accelerate the
addition by increasing the reaction temperature resulted in a
marked shift toward formation of the ring opening product
3. Gratifyingly, employment of Pd(PPhs), alowed the desired
phosphonate 4a with very high diastereo- and chemosel ec-
tivity to be accessed (entry 8).

A putative mechanism for this transformation is shown in
Scheme 2. First, oxidative addition of palladium into the

Scheme 2. Mechanistic Rationale for the Pd-Catalyzed
Hydrophosphorylation of Cyclopropenes
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Table 2. Palladium-Catalyzed Hydrophosphorylation of 3,3-Disubstituted Cyclopropenes
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R._-COR? O, -
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0 dppf
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K5
4 Jo

1 2 1,4-dioxane
no cyclopropene 1 temperature and time product" facial selectivity yield, %"
Me « Ph
P e la  Lhat25°C A i 4 95:5 86
COzMe
2 MEZCOZM‘E b 25hat30°C A 4b 90:10 80
/P\
Me COZ
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,P\
Me co2
4 Me oo 1d 1hat25°C A i 4d 90:10 94°
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Et02C \‘\SiMe3
6 Me3SIZC02Et I 1.5 at 25 °C° A Jol af 100:0 99
f)’\
MeOZC CO Me
; MeOZCECOZMe 1g L hat25°C i d4g N/A 100
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P MEKCONHZ Ih 18 h at 55 °C & i 4h 96:4 97°
Pr,NOC.,
0 MeZCONPrZ " 6 h at 50 °C ﬁ\ 4i 92:8 80
/—\ NOC
10 MeKCON 1j 24 hat 55°C — 5\ 4 91:9 86
/—\ eN NOC Me
11 KCON Ik 7hat50°C & 4k 100:0 »

//

@ Relative configuration of a major diastereomer is shown. P Isolated yields of a major diastereomer. © Isolated yield of two diastereomers. ¢ THF was

used as a solvent.

P—H bond produces palladium hydride species 6. Subsequent
migratory instertion of cyclopropene 1 affords cyclopropy-
Ipalladium complex 7 (Scheme 2).* The latter, upon
reductive elimination (path A), produces cyclopropylphos-
phonate 4. This reaction is syn-specific, as demonstrated by
the hydrophosghorylammn of deuterium-labeled cyclopropene
la-d; (eq 4)

Alternatively, at higher temperatures, species 7 would
undergo ring cleavage via $-carbon elimination (path B).*#?
The resulting 3;-allylpalladium species 8 would afford, after
reductive elimination, allylphosphonate 3.

(18) It was demonstrated that the diastereoselectivity of this process is
temperature-dependent. See Supporting Information for details.
(19) See Supporting Information for details.
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With the optimized conditions in hand, we moved on to
investigate the scope of the new hydrophosphorylation
reaction. It was disappointing to discover that methyl ester
1b provided only marginal diastereoselectivity in the pres-
ence of Pd(PPhg)s (Table 1, entry 9). Further optimization
revealed that the Pd,(dba)s>CHCl;—dppf combination, which
appeared to be an inferior catalyst for the 3-methyl-3-
phenylcyclopropene 1a (Table 1, entry 7), provided a much
better trans/cis ratio with the ester-substituted substrate 1b
(Table 1, entry 10). Other ester-containing cyclopropenes
1c,d afforded the corresponding products with equally high
diastereoselectivities (Table 2, entries 3 and 4). In contrast
to the phenyl-substituted analog 1a, all esters reacted
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smoothly at ambient temperature, providing complete con-
version within 1—2 h (Table 2, entries 2—7). Diastereose-
lectivity of hydrophosphorylation was mainly controlled by
sterics, as evident from the comparison of the results obtained
using 1-methyl-substituted cyclopropenylcarboxylates 1b—d
(entries 2—4) with those of the 1-phenyl- (entry 5) and
1-TMS-substituted analogs (entry 6). Indeed, while the
reactions of cyclopropenes 1la—d predominantly provided
products 4a—d in a trans-configuration, introduction of the
bulky phenyl substituent in the structure (1€) led to a
significant deterioration of the diastereoselectivity (entry 5).
Finaly, installation of an even larger TM'S group (1f) resulted
in reversal of diastereoselectivity, affording cyclopropyl
phosphonate 4f with the phosphorus moiety oriented ciswith
respect to the ester function.

We further examined the hydrophosphorylation reaction
on a series of 3-carboxamidocyclopropenes 1h—k (Table 2,
entries 8—11). It was found that, in contrast to cycloprope-
nylcarboxylates, amides 1h—k reacted more sluggishly and
required prolonged heating at 50—55 °C. Nonetheless, the
corresponding products 4h—k were obtained in good yields
with high to excellent diastereosel ectivities (Table 2, entries
7-10).

Inspired by the success in the catalytic hydrophosphory-
lation, we explored the possibility of addition of diorga-
nylphosphine oxides to cyclopropenes.?® Gratifyingly, the
conditions optimized for hydrophosphorylation also proved
efficient for the hydrophosphinylation reaction (Scheme 3).
The reactivity pattern was similar to that observed in the
hydrophosphorylation reaction. Thus, ester 1e underwent the
transformation quickly at room temperature, while reaction

(20) For leading references on transition-metal-catalyzed hydrophos-
phinylation of alkenes and akynes, see: (@) Niu, M.; Fu, H.; Jiang, Y.;
Zhao, Y. Chem. Commun. 2007, 272. (b) Van Rooy, S.; Cao, C.; Patrick,
B. O.; Lam, A.; Love, J. A. Inorg. Chim. Acta 2006, 359, 2918. (c) Ribiere,
P.; Bravo-Altamirano, K.; Antczak, M. I.; Hawkins, J. D.; Montchamp,
J-L. J. Org. Chem. 2005, 70, 4064. (d) Allen, A., J.; Ma, L.; Lin, W.
Tetrahedron Lett. 2002, 43, 3707. (€) Deprele, S.; Montchamp, J.-L. J. Am.
Chem. Soc. 2002, 124, 9386. (f) Han, L.-B.; Zhao, C.-Q.; Onozawa, S,;
Goto, M.; Tanaka, M. J. Am. Chem. Soc. 2002, 124, 3842. (g) Han, L.-B.;
Zhao, C.-Q.; Tanaka, M. J. Org. Chem. 2001, 66, 5929. (h) Hua, R.; Tanaka,
M. Chem. Lett. 1998, 431. (i) Han, L.-B.; Hua, R.; Tanaka, M. Angew.
Chem,, Int. Ed. 1998, 37, 94.
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Scheme 3. Palladium-Catalyzed Hydrophosphinylation of

Cyclopropenes®
Me~_-COR Ph, _H Pd dbaz-CHClg Me ~COR
Z * A A
PH dppf .Ph
1,4-dioxane PN
1 5 6 O Ph
Meo ~COsMe Me o ~CONEt, Mea_ ~CON(PF),
A ~Ph A -Ph A
P P *pc P
O Ph O Ph o’ Ph
6e, 93% 6j, 89% 6k, 60%

2 Reaction conditions. 6e: 1 h at 25 °C; 6j: 48 h at 55 °C; 6k: 78 h at
50 °C.

of amides 1j and 1k required extended heating at 50—55 °C
for complete conversion. Importantly, in all three cases, the
corresponding cyclopropylphosphine oxides 6ej,k were
obtained in excellent yield as single diastereomers (Scheme 3).

In conclusion, anovel, efficient transition-metal-catalyzed
method for diastereoselective addition of cyclic phosphites
and phosphine oxides across the strained double bond of
cyclopropene was developed. This transformation is ap-
plicable to a wide range of 3,3-disubstituted cyclopropenes
and is genera with respect to the electronic nature of the
P—H entity. The discovered method has great potential for
providing expeditious access to a series of novel function-
alized cyclopropylphosphonic acids and cyclopropylphos-
phines. Studies on the possibility of carrying out this reaction
in an asymmetric fashion is currently underway in our
[aboratories.
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