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Ylides of phosphorus, sulfur, and nitrogen readily participate in Scheme 1
olefination and ring-forming reactiorisAlthough sulfonium and

ammonium ylides are also well-known to undergo synthetically o~ sied E‘°2Cwn \ﬁ\ A EtOﬁM
useful thermal rearrangements, rearrangements of the corresponding j/\ i EtO,CCHN, r-R-0 - -0
phosphonium ylides have rarely been obseAfatle report here a L{)“Sc';ylcﬁgfzp R R
unique reaction manifold for phosphonium ylides, a [3,3]-sigma- aR-PhoeR =0:>< Sa: a2
tropic rearrangement by which a new-C bond is generated. This o) 6c: 74%

process provides rapid access to phosphonates of diverse and

complex structure. These products are valuable intermediates forghe [3,3]-rearrangement to provide the target produidn good
the preparation ofi-amino phosphonic aciigamino acid mimics)  overall yield. Similar to the related [3,3]-rearrangement of allylic
and a variety of complex natural products. phosphorimidates, the yield of the phosphonium ylide rearrangement
The earliest characterized example of a phosphonium ylide js greater when the phosphorus bears alkoxy substituit§7%:;
rearrangement was reported by Baldwin and Armstrong who ¢, 74%) relative to carbon6@, 42%)8 Although heating the
demonstrated that upon heating, ylide underwent a [2,3]-  reaction mixture to 110C increases reaction efficiency, temper-
rearrangement to provide a 7% yieldfalong with a number of  atyres in excess of 14T lead to significantly lower yields. For
additional products (Figure f)Little progress has since been  example, the yield dBcwas 54% at 146C, and products consistent
reported, likely due to the apparent propensity of phosphonium ith carbene dimerization were observed.
ylides to undergo decomposition at the temperatures required for  The reaction conditions were applied to a variety of substrates
rearrangemerit:* We hypothesized that structures such &s  and afforded a diverse group of phosphonates in good to excellent
containing an allyloxy substituent would undergo a [3,3]-rearrange- yjelds (Table 1). Substitution on the olefin is well tolerated, with
ment in which the product would be favored thermodynamically  monosubstituted (entries-B, 6) and 1,1-disubstituted (entries 4,
due to the formation of the=PO bond. In addition, incorporation 5y gjiyjic ylides undergoing the rearrangement. 1,2-Substitution on
of the oxygen should increase the leaving group ability of the e glefin also has no significant effect on reactivity, and compounds
phosphorus-containing moiety, thus lowering the energetic barrier 1315 gre produced via the rearrangement in good yields. In
of the rearrangeme#it. addition, the carbene source is not limited to ethyl diazoacetate as
(trimethylsilyl)diazomethane can also be employed in this capacity
with excellent results (entries-110). Although significantly more

\Q | sterically hindered than ethyldiazoacetate-derived ylides, the isolated
| 1 °C yields of the TMS-containing phosphonates are generally higher.
PhP
1

[2,3]-Phosphonium ylide rearrangement

Ph2P, Since a broad range of carbene precursors can be generated from
inexpensive starting materidlsthe rearrangement will provide
access to phosphonate products with a diversity-stibstituents.

2 7% yield
Proposed [3,3]-phosphonium ylide rearrangement

2
Rzﬁ J\j Rh\ _ RW With secondary allylic alcohols as the starting material (entries
» 'P\Q{ RL,I,_/_o\ﬁ Rrp\;(? 2, 3, 6, 7), products with onlfE-olefin geometry are observed,
N R suggestive of a chair-like, six-membered transition state for the
3 4 rearrangement. Somewhat unexpectedly, incorporation of additional
Figure 1. Phosphonium ylide rearrangements. substitution on the olefin (entries—210) provides the desired

products in good overall yield but as a mixture of diastereomers.

Investigation of our hypothesis required generation of the Theoretical computations (DFT B3LYP/6-31G*) on a model ylide
appropriate ylide intermediates, such3éFigure 1), historically located a chair-like transition state 16.6 kcal/mol in energy above
elusive due to the propensity with which they undergo dealkylation the starting ylide (see Supporting Information for details); however,
to produce phosphonatésRecently, however, the reaction of there was little difference in energy between chair-like transition
phosphines and phosphites with transition-metal-generated carbenestates with the ylide substituent in the axial versus equatorial
has been shown to produce the desired ylides under mild condi- positions. This is most likely due to a relatively long-€ bond
tions8 In our initial studies, generation of the ylide in situ was (1.64 A) that minimizes 1,3-diaxial interactions and interactions
thus accomplished by first combining 3-buten-2-ol and an activated between the ylide and olefin substituents in the transition state.
phosphorus(lll) species followed by the addition of ethyl diazo- Fortuitously, diastereoselectivity in this context is a relatively
acetate and 1 mol % of 5,10,15,20-tetrapheny#2BH-porphine unimportant consideration because, for most applications, the
iron(ll1) chloride (CIFeTPP) to the reaction mixture (Scheme 1). o-stereocenter will be destroyed or modified in subsequent trans-
Monitoring of reaction progress byP NMR revealed that upon  formations (vide infra). Among the disubstituted olefins investi-
heating to 40°C for 1 h, complete conversion to ylideoccurred’ gated, cyclohexene-1-ol is also a good substrate for this reaction
Increasing the temperature of the reaction mixture then facilitated (entry 10), with phosphonati5aisolated in 62% vyield; this is a

4576 m J. AM. CHEM. SOC. 2006, 128, 4576—4577 10.1021/ja058746q CCC: $33.50 © 2006 American Chemical Society



COMMUNICATIONS

Table 1. Scope of the Rearrangement Scheme 2
product a: R = CO,Et '1(8'*2’123
entry substrate b: R = SiMe; yield® % PhCHO Ph X z
><:O\ ,IO T;éF"C COzEt
PF 7a 86%* ’ 16
1 Ho\/\ lo} 1/\/ 7b 90%° 92%; 982 E:Z

o)

,
0p P
\ ’ =z
) Hoj/\ >< o’PY\A 8a 79%* & Etozcm
R 8b 88%° 0 ﬁo N
| 25T

(20 mol%) 17
>Co‘ 9 Ph Ph 5%
HO. 2 = Zn(OTf), (20 mol%)
X { 9a 84%* 2
d Y\/\/
3 \(\ R 9b 83%°
9 Such structures are in wide use as haptens for antibody generation,
00 amino acid mimics, and as enzyme inhibitdfs.
\/g ><: :ﬁw 10a 71%?* In summary, we have reported a unique [3,3]-rearrangement of
4 HO ° R 10b 82%° phosphonium ylides that provides access to phosphonates of
10 complex structure and wide ranging synthetic utility. Current
00 investigations are focused upon asymmetric variants of this reaction,
ci ><: |4 a H H
/ 11a 73% and results will be reported in due course.
3 Ho ° \R(\CI( 11b 77%" P _ S
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0 0 13a 76%* Supporting Information Available: Experimental procedures and
; HOL ><:°,P' Z dr. 1.3:1 characterization data for all new compounds. This material is available
Y\/ R 13b 72%° free of charge via the Internet at http://pubs.acs.org.
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