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Synopsis.

A new bulky phosphite ligand was synthesized argletk in the asymmetric Rh-catalyzed
hydrogenation of a series of substrates, includimgethyl itaconate (up to 95%e), a- and[3-

dehydroamino acid derivatives (up to 88% and &% espectively).
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Abstract
A new bulky phosphite ligand was synthesized arsletk in the asymmetric Rh-catalyzed
hydrogenation of a series of substrates, includingethyl itaconate (up to 95%g), a- and[3-
dehydroamino acid derivatives (up to 88% and 76&&po respectively). In the Ir-catalyzed
hydrogenation of 2-methylindole, the use of iod#sean additive led to a significant increase in
the enantioselectivity and conversion. The bestlr¢64% ee) was obtained with [Ir(COD)C/]

as precatalyst.
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1. Introduction.
Enantioselective homogenous hydrogenation catalipgechiral transition metal complexes has
become one of the most wide-spread methods forimiga of optically active organic
compounds, more commonly utilizing complexes based Ru, Rh or Ir and including
phosphorous-containing chiral ligand3his method is attractive due to low catalyst lngd,

high reliability, mild reaction conditions and pecf atom economy. Complexes bearing



phosphine ligands have attracted much attentioa assult of their high activity and good
enantioselective contrdl.By using ruthenium, rhodium or iridium catalystsithw chiral
phosphine ligands in the asymmetric hydrogenatibno-o and [3-dehydroamino acids and
heterocyclic compounds, good to excellent enartéosities have been obtaindd.However,

in the past few years, monodentate phosphites hasgpmoramidites were shown to be excellent
and sometimes superior alternatives to the phospligands, in terms of enantioselectivity,
simplicity of synthesis, stability, ease of strueiwariation>® The use of sterically hindered O-
alkyl substituents in such ligands is shown to éase stereogenic activity of a metal-complex
catalyst in a range of example¥. Motivated by this observation, we have preparetbeel
sterically congested adamantane-containing monatiephosphite ligand for application in the

asymmetric hydrogenation of dimethylitaconateandp-enamides and 2-methylindole.

2. Materials and methods.
2.1. General.

3p 13C and'H NMR spectra were recorded with a Bruker Avanc@ @62.0 MHz for
31p, 100.6 MHz forC and 400.13 MHz fotH) and a Bruker Avance 1l 600 (242.9 MHz for
31p, 150.9 MHz for*C and 600.13 MHz fofH) instruments. Complete assignment of all the
resonances ifH and *C NMR spectra was achieved by the use of DEPT, COSYESY,
HSQC, and HMBC techniques. Chemical shiftsare quoted in parts per million (ppm)
downfield of tetramethylsilane’’ NMR chemical shifts were referenced externally858%6
H3POy, (0 0.0). Coupling constantkare given in Hz.

NEt; was freshly distilled on CaHAIl other commercially available reagents weredis
without further purification. Solvents were purdlidy standard procedures: g, and CDC}
were distilled from Cabl

(Ray)-2-chlorodinaphtho[2,8:1’,2-][1,3,2] dioxaphosphepinel)'!, substrateb-d****

5a™ were prepared according to the published procsduEmamide5b was synthesized



analogously tda by refluxing ethyl 3-phenylpropiolate in DMF wittatalytic amount of KOH
and succinimide.

5b. 52% vyield after recrystallization of crude protlit EtO. White solid, mp 81-82C. 'H
NMR (400.13 MHz, CDGJ): 1.31 (t,J = 7.2, 3], CHs), 2.88-3.06 (m, 4H, CHCH,), 4.19 (q,J

= 7.2, 4, CH,CHs), 6.63 (s, H, =CH), 7.36-7.53 (m, 5H, Ph)°C NMR (100.6 MHz, CDG):
14.1 (CH), 29.1 (CHCH,), 60.8 (OCHCH;), 117.2 (=CH), 126.2 (Ph), 129.1 (Ph), 131.1 (Ph),
133.8 (Ph), 144.2 (=C-N), 163.8 (CO0), 175.9 (C(D)Ahal. calcd. for GH1sNO4 C, 65.92;
H, 5.53; N, 5.13. Found: C, 66.19; H, 5.76; N, 5.01

6b. White solid, mp 81-82C. *H NMR (400.13 MHz, CDG): 1.23 (t,J = 7.2 Hz, 31, CHs),
2.67 (br. s, 8, CH,-CH,), 3.13 (dd,J = 5.6,J = 16.4, 1H, CH-Ch), 3.76 (dd,J = 10.4,J = 16.4,
1H, CH-CH), 4.06-4.18 (m, B, OCH,-CHs), 5.68 (ddJ = 5.6 Hz,J = 10.4, 1H,CHN), 7.29-
7.39 (m, 31, Ph), 7.46-7.55 (m,k2, Ph).**C NMR (100.6 MHz, CDG): 14.1 (CH), 28.0 (CH-
CHy), 34.8 (NCH-CH), 51.5 (NCH-CH), 60.8 (QCHCH;), 128.0 (Ph), 128.3 (Ph), 128.7 (Ph),
138.0 (Ph), 170.6 (COO0), 177.1 (C(O)N). Anal. cafod CysH:/NO,4 C, 65.44; H, 6.22; N, 5.00.

Found: C, 65.68; H, 6.44; N, 4.91.

Preparation  of  (Ra)-2-(adamantyl-1-ylmethyloxy)-chlorodinaphtho[2,1€:1’,2’-
f][1,3,2]dioxaphosphepine (L).

A solution of 1-adamantylmethanol 174 mg (1.05 mnaold 0.18 mL (1.3 mmol) NEin
CH.Cl, (5 mL) was added to a vigorously stirred solutainthe R.x)-2-chlorodinaphtho([2,1-
d:1’,2’-f][1,3,2]dioxaphosphepine 368 mg (1.05 mmol) in,CH (10 mL). The mixture was
stirred for additional 20 min. The obtained solatwas washed with water (20 mL), dried over
NaSOy, filtered, and concentrated. The residue was ipdriby flash chromatography (silica gel,
CH,CI,), the solution was evaporated to give the desmexdiuct; yield 413 mg 82%. White
solid, mp 113-115C. *'P{H} NMR (242.9 MHz, CDC}): = 143.21.'"H NMR (600.13 MHz,

CDCly): 1.54 (s, 6H, ad), 1.67 (d,= 12.0,3H, ad), 1.75 (dJ = 12.0,3H, ad), 2.01 (s, 3H, ad),



3.40 (dd Jup = 7.8 Hz,Jun = 10.2 Hz, 1H, POCH, 3.60 (ddJup = 7.2 Hz,Jun = 10.2 Hz, 1H,
POCH), 7.27-7.31 (m, 2H, ar), 7.39 (d= 7.2,1H, ar), 7.40 (dJ = 7.8,1H, ar), 7.44-7.48 (m,
1H, ar), 7.45 (tJ = 7.5,1H, ar), 7.46 (dJ = 9.0,1H, ar), 7.54 (dJ = 9.0,1H, ar), 7.95 (dJ =
7.8,1H, ar), 7.953 (dJ = 7.2,1H, ar), 7.97 (dJ = 9.0,1H, ar), 8.00 (dJ =8.4,1H, ar).**C NMR
(150.9 MHz, CD{): 28.10 (G, ad), 34.07 (dJcp = 4.2, OCHC), 37.03 (CH, ad), 39.01 (Chi
ad), 75.09 (dJcp = 6.3, OCH), 121.92 (CH, ar), 121.97 (dep = 1.7, CH, ar), 122.77 (dep =
2.4, G, ar), 124.25 (dJcp = 5.1, G, ar), 124.79 (CH, ar), 124.99 (CH, ar), 126.11 (GH,
126.21 (CH, ar), 127.07 (CH, ar), 127.08 (CH, 488.31 (CH, ar), 128.37 (CH, ar), 129.80
(CH, ar), 130.32 (CH, ar), 131.034Cr), 131.53 (g ar), 132.69 (dJcp = 1.2, G, ar), 132.90
(d, Jep = 1.5, G, ar), 147.70 (dJcp = 2.1, POC), 148.87 (d = 5.1, POC). Anal. calcd. for
Cs1H2905P C, 77.48; H, 6.08; P, 6.45. Found: C, 77.75; .B66P, 6.31.

Synthesis of rhodium complex 2.

A solution of the ligand 0.024 g, (0.050 mmol) iHLI, (0.5 mL) was added to a stirred
solution of [Rh(CODy|BF,4 0.010 g, (0.025 mmol) in Gi&l, (0.2 mL). The mixture was stirred
for additional 2 min and concentrated at reducesssure to a volume of ca. 0.15 mL, and
hexane (8 mL) was added. The precipitated solid segmrated by centrifugation and dried in
vacuo. Yellow solid, yield 25.1 mg (92 %}P{H} NMR (162.0 MHz, CDC}): = 120.23 (d)Jprn

= 259.0). Anal. calcd. for fgH7:BF,OsP.Rh C, 66.78; H, 5.60; P, 4.92. Found: C, 67.02; H,
5.88; P, 4.76.

3. Results and discussion.

A new monodentate phosphite ligand) (was synthesized by a convenient one-step
phosphorylation of 1-adamantylmethanol in LT (scheme 1).

Scheme 1.
All *H and**C NMR signals ot were located by a combination of NMR spectroscopéthods
(*H, B¥c{*H}, *c{*H} DEPT135, *C-'H HSQC, *C-'H HMBC, H-'H COSY, and'H-'H

ROESY) (see Figure 1 and Supplementary data faildet



Figure 1.
Reaction of the phosphite ligand with [Rh(CQIBf, afforded cationic rhodium complex
(scheme 2)*'P NMR data for the complex showed chemical shift and coupling constant (see
experimental part) similar to those for rhodium @dexes with monodentate phosphite
ligandst®*’

Scheme 2.

The phosphite ligand was firstly used in the Rlalgaed hydrogenation of dimethyl itaconate
3a(Scheme 3).

Scheme 3.
The catalyst was formeth situ by mixing [Rh(COD})|BF, with 2 equivalents of the chiral
ligand in CHCI, under argon. The catalyst exhibited excellent Bosglectivity (95 %ee) and
complete conversion &a (Table 1, entry 1). The use of isolated com@enx the hydrogenation
of 3ashowed the same activity and enantioselectivithasatalyst formeth situ (table 1, entry
2). To expand the utility of the ligand, we alscaedned the Rh-catalyzed enantioselective
hydrogenation ofa-dehydroamino acids estersZ){methyl 2-acetamido-3-phenylacrylagb,
(2)-methyl 2-acetamido-3-(4-fluorophenyl)acrylatéc and g)-methyl 2-acetamido-3-(3,4-
dimethoxyphenyl)acrylate3d. In the hydrogenation of3b the ligand showed complete
conversion ancke up to 82% (Table 1, entry 3). Reduction of thesttate3c with electron-
withdrawing fluorine-containing substituent on thleenyl ring gave a lower enantioselectivity
(76 % ee) (Table 1, entry 4). Hydrogenation of a more stdly hindered substratgéd with
electron-donatingnethoxy groupglave complete conversion to theédOPA derivative and 88%
ee (Table 1, entry 5).

Table 1

The ligand was also tested in the asymmetric hyetrajon of3-unsaturated amino acid

precursorsfa,b, scheme 4) containing easy leaving phtalimidesarotinimide groups.

Scheme 4.



Firstly we have checked hydrogenationsafin ethanol, 2,2,2-trifluoroethanol and &El, at 40
°C. A better enantioselectivity was obtained in,CH, the reaction in alcohols showed lower
conversion ancte's (table 2, entries 1-3). It should be noted thathe strongly acidic 2,2,2-
trifluoroethanol racemic product was obtained. Long the temperature from 40 to 26 led
not only to decrease of reaction rate, but alsoedse of enantioselectivity (table 2, entry 4).
The hydrogenation of enamidd containing a less bulky succinimide group showeat the
process is critically temperature depending. Rissigemperature from 25 to 5%C led to
decrease of selectivity (table 2, entries 5-7).
Table 2.
The ligand was also tested in the iridium catalyagdrogenation of 2-methylindole (scheme 5).
Using the catalysts prepared situ from [Ir(COD)CI], and the ligand no conversion was
obtained (table 3, entry 1). We next examined [D[D,;]BARF as a precatalyst. In this case
31% conversion was obtained, but a low enantioBeigcwas observed (table 3, entry 2).
Considering remarkable positive impact of additadriodine in the Ir-catalyzed hydrogenation
of heterocyclic compound&®, the hydrogenation & was carried out in presence of iodine (5
mol %). In the case of the catalyst based on [IDEIBARF enantiomeric excess was increased
up to 16% (table 3, entry 3). The use of [Ir(COD)@lave 55 % conversion and 64%(table 3,
entry 4).
Scheme 5.
Table 3.
4. Conclusions.
In conclusion, we have prepared a new bulky phasplgand for the use in asymmetric
hydrogenation. The ligand proved to be efficientha Rh-catalyzed asymmetric hydrogenation
of dimethyl itaconate and- and(3-dehydroamino acid derivatives. In the hydrogematd 2-
methylindole the use of iodine as additive led teigmificant increase in the enantioselectivity

and conversion.
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FIGURES CAPTIONS.

Scheme 1Ligand synthesis.

Figure 1. Full assignment of al’C resonances for ligarid
Scheme 2Synthesis of rhodium complex

Scheme 3Rh-catalyzed hydrogenation 8&-d.

Scheme 4Rh-catalyzed hydrogenation 5&,b.

Scheme 5lr-catalyzed hydrogenation @f
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Table 1 Asymmetric hydrogenation &a-d.®

entry | catalyst substrate conversion| &g, %’

1 [Rh(COD}]|BF./2L 3a 100 95 R
2 2 3a 100 9% R
3 [Rh(COD}|BF4/2L 3b 100 829
4 [Rh(COD}|BF4/2L 3c 100 76 §
5 [Rh(COD}]|BF./2L 3d 100 88 9

4T =50°C, P H =55 atm, t = 2 h, C4€l,, [Rh(COD}]BF/substrate = 1/100.
® determined according to chiral HPLC (see Suppleargriata for details).

Table 2.Asymmetric hydrogenation &fa,b.?

entry | catalyst Substrate T,°C | t, h solvent | conversion, %tee, %°°
1 [Rh(COD}|BF4/2L | 5a 40 6 EtOH 13 50 (+)
2 [Rh(COD}Y|BFJ/2L | 5a 40 6 TFE 16 0
3 [Rh(COD}|BF4/2L | 5a 40 6 CHCI, 100 76(+)
4 [Rh(COD}|BF4/2L | 5a 25 24 CHCl, 44 58 (+)
5 [Rh(COD}|BF4/2L | 5b 25 24 CHCl, 100 34 (+)
6 [Rh(COD}]BF4/2L | 5b 40 6 CHCI, 65 26 ()
7 [Rh(COD}]BF4/2L | 5b 50 6 CHCI, 75 10 ¢)

4P H, = 55 atm, [Rh(CODR)BFJ/substrate = 3/100.
® Determined according to chiral HPLC (see Suppleargrdata for details).
¢ The sign of optical rotation given in parenthesis.

Table 3.Asymmetric hydrogenation at*

entry | catalyst solvent conversion, %oee, %
1 [Ir(COD)CIl]./4L CHCl; 0 -
2 [Ir(COD),]BARF/2L CH.CI, 31 20
3 [Ir(COD)]BARF/2L /I, CHClI; 7 16 §
4 [Ir(COD)CI],/4L/ 4l, CHCl; 55 64 O

8T = 40°C, P B =55 atm, t = 24 h, [Ir(COD)GlJsubstrate = 1/100.
® determined according to chiral HPLC (see Suppleargriata for details).




* A new phosphite ligand was tested in the asymmetric Rh- and Ir-catayzed
hydrogenation.

e The ligand showed up to 95% ee in the Rh-catalyzed asymmetric hydrogenation of
dimethyl itaconate and a- and [3-dehydroamino acid derivatives.

* In the hydrogenation of 2-methylindole the use of iodine as additive led to a significant

increase in the enantiosel ectivity and conversion.



