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A Phosphetane Catalyzes Deoxygenative Condensation of a-Keto Esters and Carboxylic
Acids via P/PV=0 Redox Cycling

Zhao, W.; Yan, P. K.; Radosevich, A. T., J. Am. Chem. Soc. 2015, 137, 616-619.

Abstract: A small-ring phosphacycle is found to catalyze the - 0O

deoxygenative condensation of a-keto esters and carboxylic acids. \E_B_Nij
The reaction provides a chemoselective catalytic synthesis of a- 20 mol %
acyloxy ester products with good functional group compatibility. Based O + R,COOH / 2 OCOR;
on both stoichiometric and catalytic mechanistic experiments, the )J\ 2 1.2 equiv PhSiH
reaction is proposed to proceed via catalytic P"/PV=0 cycling. The Ri.  COR talvti P’”/PV-SO R1 H COR
importance of ring strain in the phosphacyclic catalyst is substantiated e ycycclmg
by an observed temperature-dependent product selectivity effect. The ~ _
results point to an inherent distinction in design criteria for organo- via: e
phosphorus-based catalysts operating via P"/PV=0 redox cycling as C\N’ ]@
opposed to Lewis base (nucleophilic) catalysis. ; i
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This Work 1: Catalyst Screening
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deoxygenative
condensation

“Reagents and conditions: (a) i. 2,4,4-trimethyl-2-pentene, AlCLy; ii.
pyrrolidine, 81% for two steps. (b) PhSiH,;, PhMe, rt, 67%. (c)
PhC(0)CO,Me (6), p-FC,CH,CO,H (7), PhMe, 50 °C, 92%.




This Work 2: Substrate Scope

Table 2. Examples of Deoxygenative Condensation with Table 3. Examples of Deoxygenative Condensation with
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Varying Carboxylic Acid Components Varying a-Keto Ester Components
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12 82 % (X='Bu) naphthyl hienvl 28 69 % (X=CN) e-qeficien
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o) o] o) sulfide thienyl o~ >ar  pyridyl o o0” “Ar OJKAr
S N
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=
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o} i 0
free aniline © o free carbazole HOZCM @ | Hoz)c\)oL . o
2 Bn
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Ph”/ ~CO,Me Ph COzMe PhH CO,Me intramolecular 3675 % : moderate 3766 %
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This Work 3: Temperature- Dependent Selectivity

Table 4. Dependence of Product Selectivity on Temperature

T( “
,,,,,, 5 (20 mol%) O Ar OH

O
J
Ph COzMe Ar PhSiH; (1.2 equiv) COM Ph COM

1.0 equiv 1.2 equiv PhMe (0.2 M) 2ve 2ne

6 7 24°C<T<100°C 8 0

Ar = p-FCgH,4 20h
yield” (%)
entry T (°C) 8 9

1 100 84
2 75 73 22
3 S0 48 43
4 24 18 74

“Yields are for isolated products.
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Figure 2. Correlation between product selectivity and temperature over
the range 24 °C < T < 100 °C (see Table 4). Linear fit: In[(8/9)/T] =
—5.26T" +10.59, R* = 0.995.

isokinetic temperature T, = 48 °C
BHIVINEFEREMNELEE)

differential activation parameters
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This Work 4: Proposed Mechanism
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Other Experiments and Next Approach
tDEERICEYMADLASH 2

ROTTA—FIFEITREN? > ZTOEHITAZRARTHDE?



El 4 — o E H —

RRIZ: LIR—FERREIZDUINT
s-F£fzlEp-T AV IR DILEYDILFEIZET 52016 F LUE DR X E 55 A
(BXIEINLDREFAERERIECOCYIEICEHELECAZEEFRALTLDLDZTEA TS
il BRI STR Db R Tt - HESTR OB H SN EFYME - HESTRAE, 128)
UTORICEALTEREMERR AMBARBMIZEEICZWORDI7AILTEEHTPDFEL,
WORDFH LUPDFDO M A%2017/10/14(L£)E TIZIUTFANA—)LTIEH
makoto@oec.chembio.nagoya-u.ac.jp
UTOEEBIERAICITIHIXITKEERETY

RXDEEICEBWTEDEIEMENLGINTEEN? (A FOSEXEOE R LU EITFEEHKD)
TOCHOIEDEEYFTT+BXABTND—SHRBEDHTEED L, BRFIRAFAE, AFRAIHEKXEREA,
COHXIZBNTEONFERIIMAN ? HXIHTARRFE TRE,
BERTIIEGEERTI D IS RERKEFRALTEZICERBAE L.
FONT-HEREZHATA-ODMDEEREZIREL.
TNTRHADHLNSINZIEBERIZFHBAET K, SE XL HLHERBELY,
"BRHLCDRXEESIWRLTELIZROD T IO—FEEZSHI?
ZTHOEHUB LV ZEND A REL B I Z BRI RL TEREAE &,
F=ZDT7TO—FIZRHL TR ELGMDEEZ DRI
SciFinderh oL TEIRAIREMICBL TRt Lo

EELIMD NERBXDERLGS>TIEFEATY,
MUNETMXERELEFRTIUTAA—ILLTEEDFEZHEZR I DL,
A—IVERXIFHX A MILEEE  ZEPDFZRTLTA—ILZESDTTSELY,
ILTFDOKMAH THLLR—MERZRIEL T2,
BLERINIET DT ERXZHCRMEITIBEZHL. EEDATEEMEL DA,
SRDRRE-FRE-RE-BEEDTA ANV IVEHELFEFTH
HRMICERDATESSAIENTRLENDHIZGYFET,

FAEETE (XL R—FAB DFRIEN - Z LM Z el TOES
FEBALZ2BELHYSD) BRFOBELR—IEZIUTHAVIIT VAN OREIENTEFY



