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Abstract—A convenient and inexpensive general preparation method for 1l-arylethylphosphonic acids and
their esters was developéavolving in reduction of the corresponding 1-ethenylphosphonates by ammonium
formate in the presence of palladium aarbon. A homogeneous enantioselective hydrogenation of
1-arylethenylphosphonic acids in the presence of chiral ruthenium catalysts provided optically active
1-arylethylphosphonic acids of enantiomeric purity up8&%. Thepreliminary data on biological activity

testing of the 1-arylethylphosphoic acids synthesized evidence that some among the compounds obtained are
low-toxic substances with theroperties of immunosuppressors of the central typaobion.

1-Arylethylphosphonates are of interest asphosphite (MichaelisBecker reaction)[12]. The
potential biologically active compoundprimarily as  other approach to the synthesis of esters of 1-arylalk-
phosphorus analogs of 2-arylpropionic acids that arglphosphonic acids is based on metallation (effected
known as nonsteroid antiphlogistic and analgetichy sodium amide, butyllithium, or lithiunhexameth-
drugs, such as naproxen and ibuprofen which areyidisilazide) followed by alkylation of arylmethyl-
widely used in the medicabractice. It was reported phosphonic acid esters [2,3]. The preparation of
[1] that l-arylethylphosphonates exhibit negativegiethyl 1-phenylethylphosphonates and diethyl
inotropic and CA&’-antagonistic activity. In experi- 1_tolylethylphosphonates by treating a lithium salt of
mentsin vitro 1-arylethylphosphonic acids inhibit the diethyl 1-chloroethylphosphonate with JuLi or
activity of cyclooxygenasg2]. In experimentsn vivo  henvior tolyllithium in the presence of catalytic
it was demonstrated that 1-arylethylphosphonate mounts of Cul was described [45]. Dimethyl

caused formation in anl;nal orlganlsmf of ant'bOd'e.fs.l-phenylethylphosphonate was obtained by addition
ﬁogf(()elszligg[sproélp]ertles of catalysts of stereospeci Gt dimethylphosphoric acid t@,-bis(methylsulfon-
ydroly o yl)styrene followed by reduction of the product by
1-Arylethylphosphonates  find wide synthetic hydrogen on Raney nickel [17] or to tosylhydrazone
application, in particular, as reagents imtierreac-  of acetophenone with subsequent reduction by sodium
tion that is mentioned in numerous pate(éee.e.g., porohydride [18]. It wasshown by an example of
[5-8]). diethyl 1-oxybenzylphosphonate that the hydroxy
Although the described synthetic procedures foigroup could be removed either by substitution with
1-arylethylphosphonates are numerous most of themhlorine followed by hydrogenation on Raney nickel
are not generalested on single examples, and oftenor by transformation of it into TsO group and reduc-
require special experimental technique or inaccessiblgon of the latter with sodiunborohydride. One more

reagents. approach to the synthesis of l-arylethylphosphonates

The most traditional methods are reactions ofnvolves in aromatization of the products af4- or
1-aryl-1-bromoethanes  with triethyl  phosphite 1,2-addition of ano-lithiated derivative of diethyl

(Arbuzov reaction) [1, 911] or with sodium dimethyl- €thylphosphonate to substituted cyclohexen-2-ones
- [20]. Chloride of 1-phenylethylphosphonic acid

" The study was carried out under financial suppoom the formed by KinnerPerrin-Clay reaction at partial
Russian Foundation for Basic Researfdgrant no. 99-03- hydrolysis of a complex obtained frorh-phenyl-1-
33487) and INTAS (grant INTAS-99-1541). chloroethane and PCIn the presence of AIGI[21].
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As the most versatile preparation method forruthenium catalyst. We published previously a pre-
1-arylethylphosphonates would be hydrogenation ofiminary communication covering this subjgd0].
the corresponding 1-arylethenylphosphonates that can
be obtained by relatively well developed synthetic1
method(see, for instance, [22]). However this proce-
dure is poorly considered in thditerature. The

a,p-unsaturated phosphonates are commonly hydrGsign, of the reaction is still under discussif#s]. The
genated under pressuf@.4-80 at) in the presence of rgaction is usually carried out with 280 mol%
heterogeneous catalysts: palladium (5 @0%),  gycess of PGland 2.55.25 equiv of glacial acetic
platinum (5%) or rhodium (5%) on carbon [Z37],  4cid. Depending on the workup of the reaction mix-
but the majority of studies are treating the hydrogenyyre the primary products are either 1-chloro- or
ation _of 2-substituted ethenylphsphonates._ Fofl-hydroxybenzylphosphonic aci@él, 42]. Toobtain
1-substituted compounds was the hydrogenation ofinsaturated acit the reaction mixture is subjected to
dimethyl ethenylphosphonate containing a sugar re#ydrolysis, 1,1,2,2-tetrachloroethylene is added, and
in the a-position described23]. the mixture is boiled with distillation of watef43,
The homogeneous hydrogenationcof-unsaturat- 44]- Weused this reaction for the synthesis of a series
ed phosphonates was first performgB] with di-  Of initial 1-arylethenylphosphonic acida-f that were
phenyl and diethyl 1- and 2-phenylethenylphosphoisolated in 6683% yield (Table 1).
nates with the use of relatively hard-to-get catalyst,

Apparently the simplest preparation method for
-arylethenylphosphonic acids is phosphorylation
of acetylarenes with phosphorus trichloride in the
resence of glacial acetic acid [#4]. The mecha-

[Pd(O,PBu,-t)(OPBu,-t)(HOPBu-t)], arising at oxid- Ar CH,COOH e
ation of a binuclear compleiBu,-tPH)Pd(PBy-t)], >=0+PCl—— Ar—C—P(OH),
[29]. The reduction ofa,p-unsaturated phosphonic Me 0°C >|( g
acids was not described in théerature.
The enantioselective catalytic hydrogenation of “HX Ar
1-substituted ethenylphosphonates seems a convenient - =<P(OH)2
approach to the synthesis of optically active 1-sub- Il
stituted ethylphosphonates with arC’-stereocenter. O
This goal is obviously urgent for it is well known Ia—e

that biological activity of chiral compounds can be

strongly dependent on the absolute configuration of Ar = Ph (@), 4-MeGH, (b), 4-PhGH, (c), 4-CICH,

the chiral center. For instance, th®isomers of  (d), 1-Nf (g), 2-Nf (f); X = CI, OH.
a-arylpropionic acids are as a rule moaetive than , o
R-isomers [30]: antiphlogistic activity of theSf-2-(6- The reaction procedure was somewhat simplified:
methoxy-2-naphthyl)propionic acid is 28 times after the hydroly5|s the_ reaction mixture was
greater than that of itB-isomer [31]. Wefound inthe €vaporated in a porcelain evaporatirdjsh, the
literature rareexamples of enantioselective hydro- residue was dissolved in boiling concentrated hydro-
genation of o,B-unsaturated phosphonates with achloric acid, and _the resulting solution w_belled for
functional group ino-position[32, 33]. Thesynthesis 3-5-4 h. On cooling the unsaturated adai, b, d-f

of optically active 1-arylethylphosphonates up till Precipitated, it was filtered off and washed on filter
now was only performed through stereoselectiveVith cold benzene.

alkylation of functional derivatives of benzylphos- |n the synthesis of acitt the intermediate saturated
phonic acid containing an a_uxmary chirality source gqquct 4-PhgH ,CX(CH,)P(0)(OH), was insoluble at

[34-36], and by stereoselective Arbuzov rearrange-pojling both in concentrated and diluted hydro-
ment [37]. chloric acid, anceven after prolonged boiling formed

In the present study was developed a convenierRnly a mixture £1:1) of unsaturated and saturated
preparative method of the chemoselective reduction ccids. Thepresence of the latter is evidenced by
1-arylethenylphosphonic acids and their esters withH NMR spectrum of the separated produatong-
ammonium formatq:38, 39] in the presence of pa|- side the double dOUbI?tS of V|ny| pI’OtonS appears a
ladium oncarbon, andalso was carried out a homo- complicated pattern in the resonance region of
geneous enantioselective hydrogenation of 1-arylaromatic protons and a doublet &t87 ppm e
ethenylphosphonic acids with hydrogen on chirall4.8 Hz) corresponding to a methygroup. The
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elimination reaction was completed by dissolving the Looking for a convenient preparative procedure
acid mixture in toluene and boiling with water distil- for the synthesis of racemie-arylethylphosphonic
lation. acids and their esterrom the respectivea-aryl-
ethenylphosphonates we tested various hydrogenating
agents: sodium borohydride in the presence of
CoCl,-6H,0 [52], formamide in thepresence of
palladium(5%) on carbon, andmmonium formate in
the presence of Raney nickel or Pd{6%). The
selection of the optimum reduction conditions for
1-arylethenylphosphonates was carried out by an
example of compountla. The reaction progress was
monitored with 3P NMR spectroscopy by dis-
appearance of the signdfom the initial lla at
17.1 ppm, andaccumulation of the signdtom reac-

All the acids obtaineda-f were characterized by
31p, IH (Table 2),'*C NMR, and IRspectra (Table 1).
In the 3P{H} NMR spectra of the compounds
appeared a signal ih4.5-16.0 ppmregion character-
istic of ethenylphosphonic acid46]. Theassignment
of vinyl protons €is-PC=CH andtransPC=CH) in
the 'H NMR spectra was done by the values of
coupling constants with phosphorus [47] (Table 2).
The protons incis-position with respect to phos-
phorus resonate in the regidh18-6.57 ppm {J,p
21.6-22.0 Hz), and thesignals fromtransprotons .
are observed .88-6.21 ppm ?‘]HP 44.0-45 1 Hz). tl?n38rgduct diethyl 1-phenylethylphosphonatba()
The observed upfield shift of these proton signalsa - ppm.
may be attributed to the shielding by the phenyl
ring that according to X-ray diffractiomnlata [48] is Ph [H] Ph
not coplanar with the double bond and is situated at =<P(0Et) — %P(OED
an angle of 35to the latter. This isconsistent with Il 2 I z
the published data [47] on negligible contribution 0 0
from the magnetic anisotropy of P=0 group in the Ia IIa
!H NMR spectra of unsubstituted ethenylphos-
phonates resulting in small difference in the chemical The results presented in Table 3 show that reduc-
shifts of the two terminal protons (not exceedingtion of compound lla with ammonium formate
0.1 ppm). (6 equiv.) in boiling methanol in the presence of

In the 13C NMR spectra the signal from the vinyl 2.8 mol% of Pd/Ccompleted in 3 h affording ester
carbon & in the region 143.7144.4 ppm is thenost  !lla as a single product (run nd). Therewith the
characteristic ; the spin-spin coupling constadt, catalyst can be filtered off from the reaction mixture
amounts t0174.9176.1 Hz. and used rgp_eatedly, although with some loss of the

catalytic activity (runsnos.2 and3). The use of Raney

In the IR spectra of compounda-e a set of ab- njckel instead of palladium on carbon resulted in con-
sorption bands characteristic of group P(O)(@H) siderable decrease in the reduction rate (nm4).
vibrations is observed: strong band of the stretchingrhe systems NaBJCoCl,-6H,0 and HCONH in

vibrations of P=0O bond at 1270180 cm' the presence ofPd/C (runs nos. 6 and 5) were
(commonly two bands presumably from two rotamersnefficient.

[50)]); as arule, prominent bands in the region 1025 _ . _
985 and 955930 cm! belonging to RO bond vibr- Under the optimal conditions found we carried out
ations, and a very broasand of OH-vibrations in the reduction —of diethyl  1-arylethenylphosphonates

region 27251600 cm® with maxima at 2909 !9, h and a series of 1-arylethenylphosphonic acids
2700 s, 24002200 m and 17001600 w cm™. la-f. The results obtained are presented in Table 4.

We failed to involve into Conant reaction acetyl- The saturated l-arylethylphosphonic acl¥a-c,
arenes containing in the ring strong electron-donog; f) (runsnos. 1, 2, 4, 5, 79) and diethyl 1-aryl-
substituents: the reaction of 4-methoxyacetophenonighosphonatedlla, g, h (runs nos. 3, 10-11) were
with PCL; in the presence of glacial acetic acid gaveisolated in 7688% yield. In none of the above
rise to intractable mixture of products. Therefore theexperiments was observed (8y NMR monitoring)
synthesis of diethyl 1-(4-methoxyphenyl)ethenylphosformation of any sideproduct. Atacids reduction the
phonete g) and diethyl 1-(6-methoxy-2-naphthyl)- reaction rate increased on replacing methanol with
ethenylphosphonate 1llf), and also of diethyl water (runsnos.1, 2, 7, §. The latter fact may be
1-phenylethenylphosphonatia)) was carried out by due to the adsorption of methanol on the catalyst sur-
palladium-catalyzed hydrophosphorylation of the corface decreasing its catalytactivity. The opportunity
responding terminal acetylenes with diethylphos-of avoiding application of organic solvent obviously
phorous acid[51]. improves the environmental quality of the methods.
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Table 1. Yields, constants, IR spectra and elememtahlyses data of arylethenylphosphoric acids,€8(Ar)P(O)(OH) (la-f)

Compd. Yield, mp., °C Found, % Formula Calcd., %
no. Ar % IR spectrumv, cm™
C H C H
la Ph 83 |100-101 (HCL,),|2900br.s,2300br.s,1602, 1492, 1267, 1207, 1170,
112-113 1078, 987, 960, 836, 779, 711
(CgHg/CH,Cl.a

Ib 4-MeGH,| 71 | 120-121 (HCL) |2800br.s,2300br.s, 1610, 1513, 1259, 1189, 1140,54.56 | 5.58 | C,HnC"P| 54.55 | 5.59
1016, 958, 935, 823
Ic 4-PhGH, | 60 186 (toluene) |2900br.s,2350br.s,1598, 1486, 1403, 1257, 1213,64.65 | 5.09 | C,H,.0.,P | 64.62 | 5.04
1072, 985, 954, 850, 771, 738, 694
Id 4-CICH, | 76 | 137-139 (HCL,)° |2850br.s,2300br.s,1592, 1492, 1398, 1259, 11§9,44.29 | 3.67 |C,H,CIO,P| 43.96 | 3.69
1137, 1074, 1008, 952, 933, 846, 835, 752, 7128

le 1-Nf 68 133-134 (water) | 2800 br.s, 2200 br.s, 1591, 1506, 1205, 118P,61.73 472 | CLLHhOP | 61.54 | 4.73
1150, 1093, 1016, 931, 869, 809, 781
If 2-Nf 71 |180-180.5 (water)2850br.s,2250br.s,1594, 1506, 1270, 1191, 109y, 60.89 462 | CL,LHhOP | 61.54 | 4.73

1074, 1021, 937, 898, 858, 815, 746

® mp 112113C. [42]. ® mp 103C [44]. © mp 141143C  [43].

Table 2. 'H NMR and*P NMR spectra of arylethenylphosphonic acids,£E(Ar)P(0)(OH), (la-f)

Compd. 'H NMR spectrum (CD30D),5, ppm (J, Hz) P NMR
no. Ar spectrum
transPC=CH (d.d, IH) cisPC=CH (d.d, 1H) Ar (CD,0D),3, ppm
la Ph 6.05 ¢J,, 1.6, %3, 44.4) |6.23 @J,, 1.6, ), 21.6) |7.31-7.41 m(3H), 7.61 m2H) 15.9"
Ib 4-MeCH," |6.03 &J,,, 1.6, 3J,, 44.4) |6.18 1, 1.6, °J» 22.0) |7.19 a (2H,%,; 8.0), 7.51 d.d (2H,3J,; 8.0) 15.9
Ic 4-PhGH, |6.12 &3, 1.6, 3J,, 44.0) [6.25 @J,, 1.6, 3J,p 22.0) |7.36 t (IH, *J,, 7.2), 7.46 t (2H,3%),, 7.2), 7.63- 16.0
7.67 m (4H), 7.71 m(2H)
Id 4-CICH, |6.07 @y, 1.5, %3, 43.8) |6.24 @J,, 1.5, %), 21.6) |7.38 a (2H, %), 8.3), 7.60 d.d (2H, 3], 8.3) 15.7
le 1-Nf 5.88 €1y, 2.2, *Jp 45.1) |6.57 @I,y 2.2, %3 21.9) |7.50 m (4H), 7.88 m (2H), 8.07 rfH) 14.5
If 2-Nf 6.21 €3, 1.6, %3, 44.2) |6.32 @, 1.6, %), 21.6) |7.51m(2H),7.73m(IH), 7.86-7.90m (3H), 8.18HK) 15.8

4 In D,O. ® 62.36 s(3H, CHy).
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Table 3. Reduction of diethyl 1-phenylethenylphosphonki¢éewith various hydrogenating agents

Run no. Reagent Solvent Temperature,°C | Time, h | Yield, % (¢'P NMR)

1 HCOONH,/Pd-C MeOH 65 3 100
(6 equiv)/(2.8 mol%)

2 HCOONH,/Pd-C MeOH 65 0.3 97
(6 equiv)/(4.7 mol%)

3 HCOONH,/Pd-C* MeOH 65 0.3 70
(6 equiv)/(4.7 mol%)

4 HCOONH,/Raney Ni MeOH 65 1.75 40
(6 equiv)/(30 mol%)

5 HCONH,/Pd-C - 65 6.5 <10
(6 equiv)/(2.8 mol%)

6 NaBH,/CoCL-6H,0 EtOH 78 2 20
(2 equiv)/( 1 equiv)

& At repeated use oPd/C.

Table 4. Reduction of 1-arylethenylphosphonic acidsf and diethyl 1-arylethenylphosphonatés, g, h by ammonium
formate (6 equiv) in the presence of 5®d/C (2.8 mol%)

RUN No. No. of initial Solvent Time, h Reaction Yield, %
compound product no. 3p NMR preparative
1 la H,O 2.5 IVa 100 -
2 la MeOH 4 IVa 100 70
3 lla MeOH 3 lla 100 87
4 Ib MeOH 4 IVb 100 87
5 Ic H,O0+ MeOH 4 IVc 100 78
6 Id MeOH 4 IVd+ IVa 50+ 50 -
7 le MeOH 5 Ve 60 -
8 le H,O 4 Ve 100 74
9 If H,O 4 i 100 76
10 llg MeOH 10 g 100 88
122 1y} MeOH 10 llh 100 88
5% Pd/C (5 mol%)HCOONH, (7.5 equiv).
Only with poorly soluble in water acidc is Esters Illg, h containing electron-donor sub-

required the use as solvent of a mixtureg4MeOH
1:1 (run no. 5).

HCOONH, (6 eq.),
Ar 5% Pd/C (2.8 mol%) Ar
= |1|3(0R)2 Boiling in H,0 or MeOH {llr(OR)z
o o
Ia—f,Ila, g, h IIa, g, h, IVa—f

I, IV$(24), R = H: Ar = Ph @), 4-MeGH, (b),
4-PhGH, (c), 4-CIC,H, (d), 1-Nf (e), 2-Nf () I, Il ,
R= Et:Ar= Ph@), 4-MeOGH,(g), 6-MeO-2-Nf ).

stituents in the ring turned out to be less reactivan
unsubstituted analog&f. runs nos.10, 11 and 3).

In these cases an increased amount weguired

of reductant HCOONH (to 7.5 equiv) and of catalyst
Pd/C (to 5 mol%), and theeaction time was pro-
longed to 10 h instead of 2<5 h. The structure of
the isolated saturated 1-arylethylphosphonic acids and
diethyl 1-arylethylphosphonates was confirmed by
spectral data and elemental analyses (Tabt@3.5

In the 3P NMR spectra of acidslVa-f ap-
peared a signal &7.9-31.3 ppm, and in thepectra
of estersllla, g, h a peak at29,4-30.6 ppm. In the
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Table 5. Yields, constants, IR spectra and elememtahlyses data of arylethenylphosphoric acids,€8(Ar)P(O)(OH) (la-f)

Compd. mp, °C or Found, % Calcd., %
no. Ar bp, °C IR spectrumv, cm™ Formula
(p, mm Hg) C H P C H P
la Ph 90-92 (0.1F (2981, 2935, 1604, 1494, 1245, 1186, 1054, 107, Not determined
962, 806, 765, 700
IVa Ph 1516 2850 br, 2300 br1602, 1494, 1454, 1247, 1193, Not determined
1137, 1006, 931, 767, 696
IVb 4-MeCH, |129-130 2850 br, 2300 br1515, 1459, 1243, 1201, 1120,53.81| 6.64 |15.24|C,H,,0,P |54.00/6.55 | 15.47
1051, 1000, 948, 819, 700
IVc 4-PhGH, 215 2900 br, 2350 br1486, 1249, 1191, 1133, 1068,64.13| 5.78 - |CIHi;O,P |64.12|5.76 -
1006, 929, 835, 767, 696
Ve 1-Nf 181-182 2850 br, 2300 br,1596, 1511, 1186, 1130, 987,60.96| 5.42 |13.00|C,,H,;0,P |61.02|5.55 | 13.11
933, 796, 779
IVf 2-Nf 169.5-170 |2900 br, 2300 br 1600, 1508, 1234, 1155, 1101,60.96 | 6.08 |- C,,H,s04P [61.02[5.55 -
1020, 937, 858, 821, 740
llg 4-MeOGH, |137-141(0.1/2981, 2937, 1612, 1513, 1249, 1182, 1054, 10p%7.26| 8.05 |11.12|C,H,,O,P |57.35/7.77 |11.38
964, 838, 800
lh 6-MeO-2-Nf Oily 2981, 2937, 1606, 1506, 1484, 1392, 1232, 116, 322.1330 C,-H,:0,P 322.1334
substances| 1054, 1033, 962, 923, 854, 750 | | | |

3 hp103C (0.4 mm Hg) [15], 159160°C (15 mm Hg) [13].> mp 15:152C [11]. ¢ HRMS data.
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Table 6. 'H NMR and®*P NMR spectra of arylethylphosphonic acids S&(Ar)P(0)(OH), IVa-f

Compd. Ar 'H NMR spectrum (CD30D),5, ppm (J, Hz) P NMR

no. spectrum
CH, (d.d, 3H) CH (d.q, 1H) Ar 3, ppm (solvent)

IVa Ph 1.59 @3, 7.6, % 18.0) | 3.16 {3, 7.6, 314 22.6) |7.24 m (2H), 7.32 m (2H), 7.38 iflH) 31.0 (EtOAc)

30.4(CDOD)

Vb 4-MeCH,2 |1.56 ., 7.4, 3, 18.2) | 3.14 @1, 7.4, 330 22.4) |7.14 d (2H,3J,; 8.0), 7.26 d.d (2H,3),; 8.0) [27.9(CDOD)
Ve 4-PhGH, |1.62 3., 7.1, 3, 17.8) | 3.21 @1, 7.1, *Jp 22.8) |7.33m (1H3,,,7.2),7.41-7.48 m (4H), 7.58d (2H|28.9 (EtOAC)

%), 8.0), 7.61 d (2H, 3, 7.2)

Ivd 4-CICH, |1.57 3, 7.6, 3, 18.0) | 3.17 @1, 7.6, *Jp 22.4) |7.32 d (2H, %), 8.4), 7.37 d.d (2H,3%),; 8.4) [29.3(CDOD)

Ve 1-Nf 1.71 @, 7.4, %3 17.8) | 4.14 {3, 7.4, %), 22.8) | 7.4-7.6m (3H),7.7-7.8 m (2H), 7.86d (14, 8.0),| 28.6 (CD,OD)
8.19 d (1H,3),, 8.0) 31.3 (EtOAc)

IVf 2-Nf 1.69 €3, 7.2, *J,5 18.0) | 3.35 {3, 7.2, %3, 22.4) | 7.42-7.50 m (2H), 7.55 m (1H), 7.80-7.85@@H) |29.2 (EtOAc)

Table 7. 'H NMR and *P NMR spectra of diethyl 1-arylethylphosphonate€H(CH,)P(O)(OEt) (llla —c)

'H NMR spectrum (CDC), 8, ppm (J, Hz) P NMR
Compd. spectrum,
Ar OCH,CH, 3, ppm
no. CH, (d.d, 3H) CH (d.gq, 1H) Ar (solvent)
CH, (m) CH; (1)
lla Ph 1.57 3.17 7.20-7.35 m (5H) 3.78 (1H), 1.13 (3H,%J,, 7.1), | 30.2 (MeOH)
(I 7.4,%,,18.5)| (3., 7.4,%3,5 22.6) 3.92 (1H), 1.26 (3H,3%,, 7.1) | 30.6 (CDG,
4.02 (2H) 29.4 (Et20)
llig 4-MeOGH,2 1.53 3.11 6.85d(2H}J,;8.7), 3.79 (1H), 1.14 (3H,%J,, 7.0), | 30.6 (MeOH)
(I 7.4,%,,18.5)| (3, 7.4,%3,5,22.5)[7.26 d (2H,%),; 8.7)] 3.90 (1H), 1.26 (3H,3,, 7.0)
4.01 (2H)
lih 6-MeO-2-Nf 1.61 3.30 7.0-7.7 m (6H) 3.76 (1H), 1.06 (3H,%J,, 7.0), | 30.0 (MeOH)
(I 7.2,%3,518.4)| 33,4 7.2, €14p22.5) 3.93 (1H), 1.22 (3H,3,, 7.0)
4.04 (2H)

33,78 s (3H, OCH). ® 3.80 s (3H, OCH).

SHLYNOHdSOHd TAHIATAYV-T HAILOV ATIVOIDOTOId 4O SISHHLNAS
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Table 8. Optimization of conditions for enantioselective reduction of compouadmdlIla (conversion 100%)

RUN NO. No. of initial H, pressure, at. | Temperature°C Product no. Enantiomer
compound of reaction excess, %

1 la 1 20 IVa 54

2 la 1 80 IVa 68

3 la 10 80 IVa 73

4 la 100 80 IVa 63

5 lla 80 80 lla 66

'H NMR spectra of compoundslll and IV  halides with ammonium formate in the presence of
instead of two double doublets of vinyl protons palladium on carbon is a well known procelss],
characteristic of 1-arylethenylphosphonates appearstaut a chemoselective reduction of 2-(4-chlorophenyl)-
double doublet of methyl group in tie54-1.71 ppm ethenylphosphonic acid without cleavage ofQQ
region EJHP 17.8-18.5 Hz) and adouble quartet of bond has beerreported [38].

methine proton 2(]HF, 22.4-22.8 Hz). Thelatter is
located in the regior8.11-3.21 ppm in thespectra of
phenyl derivatives IVa-g and llla, g, and is
shifted downfield in the spectra of 2-naphthyl deriv-
atives IVf and lllh , and especially of 1-naphthyl
derivative IVe. The shift is apparently due to
stronger deshieldingffected by the naphthalem'mg
The presence of a C- stereocenter results in two se
of signals both in théH and'3C NMR spectra. In the

We performed enantioselective hydrogenation of
1-arylethenylphosphonic acids, b, d, e with the
use of optically active ruthenium catalysts. The pre-
liminary optimization of conditions was carried out
by an example of compound$a and lla and
a ruthenium complex obis(2,2-diphenylphosphino)-

i-1,1'naphthyl [©-Binap]RuBr, (1 mol%) in

ethanol (Table 8).

13C NMR spectra of phosphonic acid8/ and Ph H,, [(S)-Binap]RuBr, (1 mol%) Ph
dlethyl phosphonate#ll the resonance signal from < === 0—————————— . nd
C appears a84.1-40.8 ppm. Thecoupling constant P(OR)Z Eﬁiogslﬁ 21%5}, Y Ry |1|3(OR)2
L3cp is considerably smaller than that observed for O v ’ 0
unsaturated phosphonate and Il and amounts  Ia,Ila Ila, IVa
to 135.0-142.8 Hz. Thisobservation is consistent R = H (a IVa), Et (la, llla).

with the general rule of decreasing of coupliogn-
stant'Jcp on going fromsp- to sp-hybridized carbon Enantiomer excess with estéla was measur-

atom [53]. ed by GLC (column Megadex 5). The enantiomers
The conservation of a phosphoryl moiety in com- ratio in the product containing (+) and)(IVa was
pounds llla, g, h and IVa-f is proved by the determined from*P NMR spectra by integral in-
presence of the corresponding set of absorption bandensities of signals belonging to diastereomeric salts
in the IR spectra. It should beoted that in the IR prepared by treating compound IVA with an optically
spectra of saturated phosphonic acids and diethydure diamine. We tested Sf1-phenylethylamine,
phosphonates as well as in the spectra of their un-
saturated analogs appears a band in the region-1600 g 1.
1700 cm? belonging presumably to the aromatic ring
vibrations and frequently erroneously attributed toyy:

I
« MeNHCH(Ph)CH(Ph)NHMe  (5) Pho H2N+YPh

vibrations of a C=C bond54]. IIID\O' L& \Ph
We did not succeed ta@arry out chemoselective ZITI
reduction of acidld: after 4 h of boiling of Id l,
solution in methanol in the presence of 6 equiv of (R) Ph - H,N'q_ Ph
HCOONH, and 2.8 mol% Pd/C (5%) wasolated a e
mixture of IVd and IVa products in 1:1 ratio (run g o HZN““‘ Ph
|

no. 6). We failed to avoid dehalogenation also at
performing the reaction at room temperature. It
should be noted that reductive dehalogenation of aryl A5 0.4 ppm
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Table 9. Ru(ll)-catalyzed enantioselective hydrogenation of 1-arylethenylphosphoniclacidsd, e

No. of initial Reaction
Run no. ::)orr?pounda Ar " proci?c(;:t Ono. ee, %
1 la Ph (9-Binap (R)-Iva 73
2 la Ph (R)-MeO-BIPHEP (9-IVa | 77
3 la Ph (R)-2-furyl-MeO-BIPHEP (9-IVa | 24
4 la Ph (R,R)-Me-DuPHOS (R)-IVa | 21
5 Ib 4-MeCH, (9-Binap (R)-IVb | 71
6 Ib 4-MeGH, (R)-MeO-BIPHEP (9-IVb | 78
7 Ib 4-MeGH, (R)-2-furyl-MeO-BIPHEP (9-IVb | 25
8 Ib 4-MeGH, (R,R)-Me-DuPHOS (R)-IVb | 16
9 Id 4-CICH, (9-Binap (R)-Ivd | 73
10 Id 4-CIC,H, (R)-MeO-BIPHEP (9-Ivd | 86
11 Id 4-CIC,H, (R)-2-furyl-MeO-BIPHEP (9-Ivd | 32
12 Id 4-CIC,H, (R,R)-Me-DuPHOS (R)-Ivd | 37
13 le 1-Nf (9-Binap (R)-IVe , 74
14 le 1-Nf (R)-MeO-BIPHEP (9-IVe 80
15 le 1-Nf (R)-2-furyl-MeO-BIPHEP (9-Ive 19
16 le 1-Nf (R,R)-Me-DuPHOS (R)-IVe 25

(1R,2R)-(-)-1,2-cyclohexyldiamine, &29-(-)-1,2- reactivity of acid la was higher than that of cor-
diphenylethylene-1,2-diamine, andg29-(-)-N,N'-  responding diethyl esterlla. Phosphonatella
dimethyl-1,2-diphenylethylene-1,2-diamine. As underwent reduction only under stringent conditions
solvent was usedDCIl; or CDCl; with 4-10% of (80°C, 80 at of H) affording esterllla in quantita-
CD;0OD. The maximum difference between chemicaltive yield and enantiomer exce<%.

shifts of the signals from two diastereomeric salts
(A5 0.4 ppm) was observed at the use as diamine O(gu
(1S29-(-)-N,N'-dimethyl-1,2-diphenylethylene-1,2-
diamine dissolved inCDCI; containing 4% of
CD;0D.

As seenfrom Table 8, the enantioselectivity of
acid la hydrogenation on [)-Binap]RuB =<Ar H,. (10 at), (P*P) RuBr, (1 mol%) _*<Ar
increased with rising temperature in the range 20 P(OH), MeOH., 80°C, conversion 100% P(OH),
80°C (runs nos.1 and 2), and thgéependence on I
hydrogen pressuréetween 1 and 100 at has a bell
shape with a maximum at 320 at (runsnos. 24).
The maximum selectivity, 73%e was obtained at l, IV, Ar = Ph @), 4-MeGH, (b), 4-CIGH, (d),
80°C and hydrogen pressure of 10 at (run no. 3). The 1-Nf ().

(P*P). Pth MeOPth Me011§® >z @Q
SeE CH Sl VIS

(S)-Binap (R)-MeO-BIPHEP  (R)-2-Furyl-MeO-BIPHEP (R,R)-Me-DuPHOS

Under thedeveloped optimal conditions we carried
t reduction of acidda, b, d, e with a series of
ruthenium catalysts prepared in situ [56] and contain-
ing various optically active diphosphine ligands
(Table 9).

|
0]
Ia,b,d, e IVa,b,d, e
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Table 10.The study of biological activity of 1-arylethylphosphonic acl¥s, c, e, f

Direction of effect
Compounds Ar Lds, mg kg*
dose, mg kg | effect, % direction of effect

IVa Ph 700 10 40 Tends to increase the activity

IVc 4-PhGH, 300 10 40 of serotonin system

Ve 1-Nf 500 50 80" Suppression of dopamine system activity

i 2-Nf 500 5 60 Increase of serotonin system activity

10 80*

Trifluoropyrazine 0.5 90 Suppression of dopamine system activity
5-Oxytryptophan 200 100 Increase of serotonin system activity

& p< 0.05 isvalid with respect to intacknimals.

The catalysts with ligands R;R-Me-DuPHOS
(runsnos.4, 8, 12, 1¢ and R)-2-furyl-MeO-BIPHEP
(runsnos.3, 7,11, 1% furnished saturated 1-arylethyl-
phosphonic acidd¢Va, b, d, e of low enantiomeric
purity (ee 1637 and 1932% respectively). High
enantiomeric purity (ee #¥4%) wasobtained with
(9-Binap (runs nos. 1, 5, 9, 13). Théighest dif-
ferentiating power demonstrated 6d@methoxy-2,2-
diphenylphosphinodiphenyl R-MeO-BIPHEP (7%

86%% ee,runs nos. 2, 6, 10, 14).

phosphonate obtained by treating the isolated sample
of (R)-(Illa)) with diazomethane. The absolute con-
figuration was assigned to compoundy-(llib )
(run no. 6) was also assigned proceeding from the
sign of the specific rotation of the corresponding
(9-dimethyl 1-(4-methylphenyl)ethylphosphonate.
An authentic sample of §-dimethyl 1-(4-methyl-
phenyl)ethylphosphonate used for comparison was
synthesized along procedure frof6].

It was shown formerly that enantioselective hydro-

Assignment of the absolute configuration to com-genation of 2-arylacrylic acids on Ru(ll)-catalysts
pound R)-(llla) (run no. 1) was done by comparison containing atropoisomeric ligands gavise to com-
with the published data [36] of the specific rotation pounds with configuration of Gstereocenter same as

sign of the correspondindRj-dimethyl 1-phenylethyl-

H

|
N,

NY

|
H

4-MeC,H,CH,P(O)CL, Et,N /N.:O

Toluene, 1.5 h, 73% O// N

(1) n-BuLi s

(2) Mel Q=
Jorat
o

93%, 63% ee

(1) INHCL, 70°C
(2) Dowex S0W-H*
(3) CHN, )7 oMe

P
O// N OMe

63% ee. [x], —5° (¢ 0.98, CHCL,)

in the applied ligand57]. We obtained the opposite
results. For instance, ihydrogenation of compound
la in the presence of §-Binap]RuBy, prevailed the
product R)-(Iva).

The results of preliminary testing of 1-arylethylphos-
phonic acidslVa, ¢, e, f for biological activity are
given in Table 10. The data obtained onghcdhow
that the acidslVa, e, f are low-toxic. In order to
reveal the possible antidopaminergic and proserotonin-
ergic activity of compound$Va, c, e, ftheir interac-
tion with the central effects of L-dioxyphenylalanine
(L-DOPA, precursor of dopamine). The results
obtained demonstrated that aci¥e possesses a
pronounced antidopaminergic activity on the par with
the known dopaminblockader, trifluoropyrazine. The
activity of acid IVf is like that of nonselective
serotoninmimetics and 5-oxytryptophan. The complete
data on the studies of biological activity of 1-aryl-
ethylphosphonic acids will be published elsewhere.

EXPERIMENTAL

4, 3¢, and *'P NMR spectra were registered
on spectrometer Varian VXR-400 at operating fre-
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guencies400, 101, and 162 MHzespectively. The reflux condenser, dropping funnel, acdnnected to
chemical shifts are given if scale relative to TMS supply of dry argon was chargezB.3 ml (0.2mol)

or 85% H;PO,. In several cases the chemical shiftsof acetophenone. At cooling on an ice bath and while
were measured relative to the residual protons of thgigorous stirring to thdlask was slowly added drop-
solvents used3.34 ppm for CQOD and 7.25 ppm Wwise 24 ml(0.275mol) of freshly distilled PCJ. The
for CDCl,;). IR spectra were recorded on Fourier-reaction mixture was stirred for 1 h at room tempera-
transform spectrophotometékKAR (Joint-Stock Co ture, then it was againcooled, and slowly (within
“Mikrotekh”, Russia), resolution 1 cfh number of 30 min) was added dropwis@4.35 ml (0.6mol) of
scans 30. Mass spectra were measured on Vari@{aCia! aceticacid. Then the reaction mixture west
MAT-212 instrument with direct injection of sample overnight.

into the ion source. The solution obtained was poured on 700 g of ice
The acute toxicity of 1-arylethylphosphonic acidsand left for 24 h. Then it was evaporated in a
IVa, c, e, f was estimated on male mice of porcelain evaporating dish at 9@°C till small
C57B1/6 line. Thesubstances were dispersed in watevolume. The residue was dissolved in 50 mlbafil-
with added TWEEN-60 and were injected intraperi- ing concnHCI, and thesolution was boiled for 3.5 h.
toneally in doses 0100, 500, and.000 mgkg'. The  The crystals that precipitated on cooling were filtered
results obtained were treated by procedure of Litchoff and washed with cold benzene. We obtained
field and Wilcocksor{58]. The experiments on inter- 30.59 g (83%) ofacid la. *C NMR spectrum
action of l-arylethylphosphonic acid¥a, c, e, f (CD;OD, 8, ppm): 129.0 d (2CHarom, %) 5.7 Hz),
with the central effects of L-dioxyphenylalanine were129.4 s (CH arom), 129.58 €H,=C, *Jop 7.5 Hz),
carried out on maleats of Wistar line weighing 220  129.61s (2CH arom), 139.1d @om,?)cp 12.4 Hz),
250 g. The substance studied was dispersed in watd#4.6 d (GP, “Jcp 174.9 Hz).
containing_TWEEN-SO, anq Wasinjected intraperij 1-(4-Methvlphenvlethenviphosphonic acid (Ib
toneally _S|multaneously with L-DOPA (cor_nmerual was f)repare)él I?n a giznilar V\)//a?/ fro%38 g (55mm(ol))
preparation MADOPAR-125dose 125 mgkd). In o 4-methylacetophenone, 6.5 ml (74 mmol) of BCI
60 min was estimated the intensity of stereotypicab,q 9.4 m| (164 mmol) of glacial C{LOOH. We
reactions and the behavior of animals in the test oppiqineq 7.7 g (71%) cdcidIb. 1°C NMR spectrum
extrapolation releas¢s9, 60]. (CD,OD, 3, ppm): 21.6 s (Ch), 128.7, 128.8,
Methanol was boiled and distilled over magnesium128.85, 130.2 $2CH arom), 136.0 d (Grom,%J-p
methylate. Ammonium formate dfpure” grade was 12.2 Hz), 139.2 s (C arom), 144.0 d {E, Lep

dried in a vacuum-desiccator oves®?. 175.3 Hz).
1-Acetylnaphthalene was prepared and purified by 1-(4-Diphenyl)ethenylphosphonic acid (Ic) was
the known procedure$61]. prepared in a similar way from 4.4 g (22mMmol)

of 4-acetyldiphenyl,3.14 ml (36 mmol) of PCI,
and 4.5 ml (78.6 mmol) of glacial CHCOOH
without cooling of the reaction mixture in the
gourse of reaction. To the residugbtained after
evaporation was added 150 ml dfluene, and the
solution obtained was boiled for 10 h while distil-
ling off the forming water. The precipitate

Palladium on carbon (5% of Pd). A mixture of
0.167 g of palladium(ll) chloride, 0.4 ml ofconcn
hydrochloric acid, and 1 ml of water wéeated on a
water bath till homogeneous solution formed (abou
30 min). Thesolution obtained was fast added drop-
wise while vigorousstirring to a hot (88C) disper-
zlr%gv(\)/{sg%vgs()fa%%rgg no'_'gélr'g)l n;} %2‘@2:?;&?:{@2%2 sepéarated on cooling was filtereaff. Yield 3.5 ¢
mixture was stirred for 3@in, then cooled, and 30% (60%).
solution of potassium hydroxide was added wkak- 1-(4-Chlorophenyl)ethenylphosphonic acid (Ib)
ly alkaline reaction againditmus. Another 30 min was prepared in a similar way froni0.4 ml
the mixture was maintained at 8D with intermittent  (80.2 mmol) of 4-chloroacetophenone, 9.6 ml
stirring, andthen 2 h more atoom temperature. (110 mmol) of PC}, and 13.6 ml (237.6nmol) of
The catalyst was filtered off and washed with waterglacial CH,COOH. We obtained 13.3 g (76%) of
till negative reaction for OH ions against phenol-go.iq |d. 3¢ NMR spectrum (CROD, 5, ppm):
phthalein, dried in air and then in a desiccator overoqg 7 ¢ (2CH arom), 129.9 €H,=C, ZJ,CP,7'4 Hz),
potassium hydroxide. 130.5 d (2CHarom, *Jep 5.9 Hz), 135.3 s (C arom),

1-Phenylethenylphosphonic acid (la). Into a 137.9 d (C arom?).p 12.3 Hz), 143.7 d (€P, Jcp
round-bottom flask filled with argon equipped with a 175.3 Hz).
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1-(1-Naphthyl)ethenylphosphonic acid (le)was (4.9 mol% of Pd).Reaction time was 10 h. Yield
prepared in a similar way fror8.16 g (54mmol) of  0.64 g (88%).13C NMR spectrum (CDGl 6, ppm):
1-acetylnaphthalene, 6.4 ml (73 mmol) of RCand  15.0 d (CH, Jep 4.6 Hz), 15.7 d (CH, J-p 5.9 Hz),
9.4 ml (169 mmol) of glacial CECOOH. The 158 d (CH, J.p 5.5 Hz), 36.7 d (CHP, 1
residue obtained by evaporation was recrystallized 38.5Hz), 54.4 s (CKD), 61.2 d (CH, 2J.p 7.2 H2),
from water andwashed on filter wi}? cold benzene. 61 g4 (CH, 2J.p 6.4 Hz), 113.1 s (2CH arom),
We obtained 8.6 g (68%) aicid le. ~°C NMR spec- 139 0 d (2CHarom,*J.p 6.1 Hz), 131.3 d (C arom,
trum (CD;OD, 8, ppm): 126.2 d (CHarom, J-p ZJCP 9.2 Hz), 158.0 s (EOMe).
2.0Hz),127.1s (CHarom),127.2s (CHarom),127.4s =
(CH arom), 127.9 d (CH aromi.p 4.0 Hz), 129.3 d Diethyl 1-(6-methoxy-2-naphthyl)ethylphos-
(CH arom,Jp 3.0 Hz), 129.4 s (CH arom), 132.7 d phonate (lllh) was prepared similarly by reduction
(CH,=C, 2J.p8.1Hz), 133.4d (C aroml.p4.4Hz), ©0f 0.72 g (2.5mmol) of compoundih with ammon-

135.6 s (C arom), 137.2 d (C arorfi.p 10.1 Hz), ium formate(1.06 g, 16.8 mmol, 7.8quiv) in 34 ml
143.9 d (GP, 1JCP 176.1 Hz). of anhydrous MeOH in the presence@®4 g of 5%

_ _ Pd/C (5 mol% of Pd)Reaction time was 10 h. The

1-(2-Naphthyl)ethenylphosphonic acid (le)was  catalyst was separated by filtration of the reaction
prepared in a similar way from 9.2 g (54 mmol) of mixture through a thin bed of silicgel. Thefiltrate
2-acetylnaphthalene, 7 ml (80 mmol) of BCland a5 evaporated in a vacuum, the residue was ex-
10.0 ml(175 mmol) of glacial CHCOOH. Theboil-  tacted with EJO. The ether extract was washed with
ing with HCI continued for 4 h. The residue obtained gy | portion ofwater, dried orMgSQ,, filtered, and
by evaporation was recrystallized from water andayaporated. The residue was thick red-brown oily
washed on filter vvllgh cold benzene. We obtained 9 g ,pstance. Yield.64 g (88%).1%C NMR spectrum
(71%) of acid If. =°C NMR spectrum (CROD, 8, (CDCl,, 8, ppm): 15.3 d (CH, Jep 4.5 Hz), 16.0 d
ppm): 126.7 d (CHarom, J-p 5.6 Hz), 127.6 (CH (CHa, Jop 5.4 HZ), 16.1 d (CH, Jop 5.7 Hz), 37.9 d
arom), 128.1 d (CH aromJsp 5.7 Hz), 128.8 s SCH_P’ Jep 138.0 Hz), 54.8 s (CED), 61.6 d (CH,
(CH arom), 129.225 (CH arom), 129.6 s (CH arom), Jep 7.1 Hz), 62.1 d (CH, 2Jp 6.9 Hz), 105.1 s
129.9 d CH,=C, “Jcp 7.9 Hz), 134.6 s (C arom), (CH arom), 118.6 s (CH arom), 126.5 s (CH arom),
134.9 s (C arom), 136.4 s (C arom), 144.4 ¢-kC 176 8, 127.0, 128.3, 128.9 s (CH arom), 132.0,
Jep 174.9 Hz). 133.3 s (C arom), 157.3 s {OMe).

Diethyl 1-phenylethylphosphonate (llla). A mix- 1-Phenylethylphosphonic acid (IVa).A mixture
ture of 1.2 g (5 mmol) of compoundla, 1.91 g  of .92 g (5mmol) of compounda, 1.90 g (30nmol)
(30 mmol, 6 equiv) of HCOONH,, 0.29 g of 5% o ammonium formate, and 0.3 g of 5% Pd/C
Pd/C (2.7 mol% of Pd) in 70 ml cinhydrous MeOH (2.8 mol% of Pd) in 70 ml oanhydrous MeOH was
was boiled for 3 hin a flow of dryargon. Thecatal-  pgjled for 4 h in a flow of dryargon. Thecatalyst
yst was separated Dy filtration of the reaction mixture,yas removed by filtration through a thin bed of silica
through a thin bed of silicegel. Thefiltrate was  ga| methanol was distilled off omotary evaporator.
evaporated in a vacuum, the residue was extractefle residue was acidified with a small amount of
with_ Et,O. The ether extract was was_hed with smallocone. HCI andextracted withEtOAc. The organic
portion of water, dried onMgSO,, filtered, and extracts were dried on MgSQfiltered therefrom, and
evaporateql. The residue was dlstllled_ under reduce@vaporated. The residue (yellowish oily substance)
pressure in a flow ofargon. Weobtained1.05 g a5 recrystallized from a mixturéenzene . petro-
(87%) of phosphonatdlla. ~“C NMR spectrum |oum ether. Weobtained0.65 g (70%) ofacid IVa.
(CDClg, 6, ppm): 15.2 d (CH, Jcp 5.2 Hz), 15.9d 13c NMR spectrum (CDGJ 8, ppm): 14.7 d (CH),
(CH3;, Jep 5.7 Hz), 16.1 d (CH Jgp 6.1 Hz), 37.6d (CHP, 'J.p 140.7 Hz), 127.2 s (CH arom),
61.6d (CH, 2Jcp7.0 Hz), 62.1 d (CH, 2J.p6.9 Hz), 128.4 s (2CH arom), 128.6 d (2 CH arom), 136.6 d
38.1 d (CH P, 1.5 137.7 Hz), 126.7 s (CH arom), (C arom, J.p 6.4 Hz).

128.3, 128.4, 128.5, 128.6, 137.6 d (C ardfidee  _4 vethyiphenyl)ethylphosphonic acid (IVb)

7.0 Hz). was prepared similarly by reduction 09.99 ¢
Diethyl 1-(4-methoxyphenyl)ethylphosphonate (5 mmol) of compoundb with ammonium formate
(INg) was prepared similarly by reduction 6f72 g (1.9 g, 30mmol) in 70 ml of anhydrous MeOH in the
(2.7 mmol) of compoundlg with ammonium formate presence of 0.3 g of 5%d/C. Yield 0.87 g (87%).
(1.27 g, 20.1 mmol, 7.8quiv) in 40 ml of anhydrous *3C NMR spectrum (CROD, &, ppm): 16.3 s
MeOH in the presence 00.28 g of 5% Pd/C CH5CH), 21.1 s (CHAr), 39.9 d (CHP, 1JCP
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142.8 Hz), 129.5d (2CH arom), 129.9s (2CH arom),
132.8 d (C aromJ.p 13.0 Hz), 137.3 s (MeC 2.
arom).

1-(4-Diphenyl)ethylphosphonic acid (IVc) was
prepared similarly by reduction of 1.3 g (5 mmol)
of compoundlc with ammonium formate(1.89 g,
30 mmol) in 100 ml of water in the presence of
0.30 g of 5% Pd/C. Thecompound obtained was 4
recrystallized from ethyl acetate. Yield 0.8(61%).

1-(1-Naphthyl)ethylphosphonic acid (IVe) was
obtained similarly by reduction df.22 g (5.2mmol)
of compoundle with ammonium formate(1.98 g,
31 mmol) in 40 ml of water in the presence @31 g
of 5% Pd/C.Yield 0.91 g (74%)1°C NMR spectrum
(CD50D, &, ppm): 17.3 d (CH, 2J-p 4.4 Hz), 34.1d
(CH-P, 1.5 135.0 Hz), 124.6 s (CH arom), 126.4,
126.45, 126.6, 126.7, 127.0 s (CH arom), 128.2 s 8
(CH arom), 129.8 s (CH arom), 133.3 d (C arom,
Jep 7.1 Hz), 135.4 s (C arom), 137.0 d (C arom,
Jep 6.2 H2z).

1-(2-Naphthyl)ethylphosphonic acid (IVf) was 0

585
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obtained similarly by reduction of 1 @.27 mmol) of
compound If with ammonium formate(1.62 g,
25.7 mmol) in 60 ml of water in the presence of
0.273 g of 5%Pd/C. Yield 0.7 g (69%). 1°C NMR
spectrum (CROD, &, ppm): 16.6 d (CH, 2J.p
4.3 Hz), 40.8 d (CHP, 1Jcp 136.1 Hz), 126.9 s
(CH arom), 127.2 s (CH arom), 128.41, 128.46,
128.5, 128.8 s (CH arom), 129.0 s (CH arom),
134.2 d (C aromJ-p 1.8 Hz), 135.2 d (C arom]cp
2.2 Hz), 138.4 d (C aronfJ.p 8.0 Hz). »

General procedure for enantioselective hydro-
genation. Into a flask of 50 ml capacity was charged
7 mg (0.012mmol) of (R)-MeO-BIPHEP and 3.2 mg
(0.01 mmol) of (COD)Ruf3-(CH,),CCH,]. Anhy-
drous acetone (5 ml) was addedfropwise, andhen
122 pl of 0.18 M solution of HBr in methanol. The 16
reaction mixture was stirred at room temperature for
30 min. Thesolvent was distilled off in a vacuum. To
the orange solid residue of the catalyst under argofV'
atmosphere was added 2 ml of methanol and 1 mmol
of acid I. The reaction flask was placed into a steel
pressure reactor of 500 ml capacity, and hydroge
was supplied to the reactor to the desingakssure.
The reaction mixture was always maintained till
100% conversion.
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