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Abstract:
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optically active (methylsulfinyl)methylphosphonates which can be used as direct precursors of chiral
nonracemic methy! sulfoxides in a substitution reaction involving a carbanionic leaving group.
© 1998 Published by Elsevier Science Ltd. All rights reserved.
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asymmetric synthesis {1]. These compounds are usually prepared by the classical Andersen

procedure, which involves the reaction of a menthyl sulfinate with organometallic reagents {2-
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derivatives as starting materials in the reaction with organometallic reagents. A different
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substitution on a cyclic sulfite, obtaining some dialkyl sulfoxides with high e.e. values.
s of Modena and Di

Enantioselective oxidation of sulfides has bee 1iev the gro 0 and D

Furia [9-10], Kagan [7, 11-12], Uemura [13-14], and Davis [15], but this process is much more
satisfactory for aryl alkyl sulfoxides than for dialkyl sulfoxides. Finally, biocatalyzed

1

procedures have been also reported [16-17].
In previous works [18-22], we found that Grignard reagents could react with sulfoxides [18-
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19, 22} or ph
[22], which acted as carbon leaving groups in an enantiospecific displacement with inversion

of configuration (Scheme 1).
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Scheme 1
Thus, optically active sulfoxides or phosphine oxides bearing these carbon leaving groups
are direct precursors of a variety of chiral nonracemic sulfoxides or p‘nosphine oxides.

Obviously, the Synthetlc validity of the procedure depends upon the avallabxllty of the starting

readily available (methylthio)methylphosphonates to obtain the corresponding
(methylsulfinyl)methylphosphonates, which are able to undergo the replacement of the

carbanionic leaving group by suitable organometallic reagents [22] (Scheme 2).
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Results and Discussion

Commercially available diethyl (met
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outset, in order to evaluate the validity

of the procedure envisaged, it was ascertained that, when reacted with Grignard reagents, the

procedures to the corresponding sulfoxide
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diethyl (methylsuifinyl)methylphosphonate behaved as the dimethyl (p-tolylsuifinyi)methyi-
phosphonate (i.e. the replacement of the carbanionic leaving group occurred [22]).
Commercially available (+)-8,8-dichiorocamphorylsuifonyloxaziridine (

9% e.e. (Table 1, entry 1).
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-8,
sulfoxide 2 in good yields and with

Table 1: Enantioselective oxidation of diethyl (methylthio)methylphosphonate (1).
B i 9%
—OFt ox” 2 Et
M ‘OBt T Me “OEt
1 2

Entry Oxidant Oxidant Reagent Solvent Product Ratios” Time e.e. (%)
equiv. Ratios® (Yieid) (h)  (config.)

1 DCSA I —_ CCl, 0/100/0 (67°) 20 59 (S)

2 CHP 2 1:2:1 CH.Cl, 0/48/52 20 62 (R)

3 CHP i.i 1:2:1 CH,Ci, 18/82/0 4 60 (R)

4 CHP 2 1:2:0.5 CH-»Cl, 0/18/82 4 78 (R)

5 CHP 1.3 1:2:0.5 CH,Cl, 0/80/20 4 80 (R)

r's CHP 11 1-2-0 8§ CH.C1, 1R/R2/0) (74 a4 T6 (R

. ~rLLR 1.1 L vdwe\San/ \./AAA\/A‘ AT\ dard T \I‘V , v I\ \&Nv)

7 CHP 0.7 1:2:0.5 CH,Cl, 67/33/0 is 71 (B)

8 CHP 0.7 1:2:0.5 CH,(Cl, 58/42/0 24 70 (R)
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sulfone. ‘Isolated yield of pure sulfoxide 2, under the optimized conditions. YNMR determination by the
addition of (R)-(—)-3,5-dinitro-N-(1-phenylethyl)benzamide on the isolated sulfoxide., °In entry 6, the
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configuration was determined by obtaining predominantly (§) methyl n-octyl sulfoxide [4] in the reaction with

el ¥i

n-octylmagnesium bromide (see Text). This result was also the basis for configuration assignment in the other
cases.
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lower amount of added water represented a better choice (entries 4-8). When a large excess of
4 f

sulfone was obtained. The reduction of the rati

CHP was used (entry

(=]

between the oxidant and the metal to a 1.3:1 ratio, in the presence of 0.5 eq. of water (entry 5),
yielded a 80:20 mixture of sulfoxide/sulfone, the sulfoxide being produced with 80% e.e. A
further decrease in the added CHP (entry 6) produced a sulfoxide with a slightly lower (76%)
e.c. value, but free from sulfone. Since the separation of the sulfoxide from the sulfide is by far
easier than the separation o
seemed more favourable than those of entry 5, even if the e.e. value was slightly lower. A
further decrease in the added oxidant (entries 7 and 8) gave unsatisfactory results, due to the
high amounts of unreacted sulfide recovered.

The absolute configuration at the sulfur stereogenic centre of the sulfinyl derivative 2 was

determined by reacting 2 (entry 6; 76% e.e.) with n-octylmagnesium bromide, and obtaining a

=0
;

i 3a +3b 3a
R*=menthy}
Scheme 3
Under the reaction conditions used (see Experimental), the ratio between the two possible
diastereoisomers 3a and 3b with chirality at the phosphorus atom was found to be almost 4:1.
These diastereoisomers were separated by column chromatography and the most abundant
isomer 3a was obtained free from the less abundant counterpart. Compound 3a was then
oxidized with sodium periodate or with chiral oxidants to obtain ethyl menthyl

(methylsulfinyl)methylphosphonate 4 (Table 2) as two diastereoisomers 4a and 4b, which are

epimers at the suifur stereogenic centre. The diastereoisomeric excess, resuiting fr



comparable with the e.e. values previously obtained for the sulfinyl derivative 2, but one
crystallization of compound 4 allowed us to obtain the sulfur centre fully resolved. In
particular, crystallization of the epimers 4, produced with the oxidation system based upon the
enantiomerically pure non-natural diethyl tartrate (entry 5), gave the pure stereoisomer 4a (in a
38% overall isolated yield starting from 3a)

Table 2: Diastereoselective oxidation of ethyl menthyl (methyithio)methylphosphonate
(3a).

Poet -2, g
M “OR" Me R
3a 4
R* _manthul
Bl —IIIGIIIII’I
Time Yield % * d.e. (%)°
Entry Oxidant Solvent (h) (main product) (Config.)®
1 NalQ, CH,;0OH/H,O 12 64 (4a) 35(S5)
Z DCSA CCly 20 52 (4a) 45(5)
3  Ti(O-i-Pr)4/(R.R)-DET/H,O/CHP CH.Cl, 4 90 (4b) 82 (R)
4  Ti(O-i-Pr)4/(S,S5)-DET/H,O/CHP CH,Cl, 4 81 (4a) 76 (S)
5  Ti(0-i-Pr)/(S.S)-DET/H,0/CHP CH,Cl, 4 81 (4a) 1004 (5)

*solated yields. ®Determined by gas-chromatography. ¢ In entry 4, the configuration at the sulfur stereogenic
centre was determined by obtaining predominantly (R) methyl n-octyl sulfoxide [4] in the reaction with n-
octylmagnesium bromide (see Text). This result was also the basis for configuration assignment in the other
cases. ¢ Determined after one crystallization.

The absolute configuration at the sulfur stereogenic centre of the resulting sulfoxide was
determined by reacting the isolated epimer 4a, obtained in the reaction conditions of entry 4
and crystallized, with n-octylmagnesium bromide. (R) Methyl n-octyl sulfoxide was produced.
Therefore, 4a must contain the (S) configuration at the sulfur stereogenic centre, and the

epimer 4b must possess the (R) configuration at the same centre.
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Conclusion
The present work shows that the two-step procedure based upon an enantioselective

oxidation of easily available (alkylthio)methylphosphonates and a subsequent reaction with

Grignard reagents, with the release of a carbon leaving g oup, is a viable route leading to chiral

LA

nonracemic sulfoxides. Since these compounds present e.e. values equal to those of the
precursor sulfinylmethylphosphonate, by resorting to a crystallization step e.e. values up to

e Py Y I P R |

ached. FUHHCHHOI'C 1naepenaenuy from the main scope of the p esent work

100% can be r
(i.e. synthesis of precursors of dialkyl sulfoxides), compounds of type 4 appear by themselves
simultaneous presence of resolved sulfur and phosphorus
stereogenic centres.

Experimental

The purified reaction products were characterized by their 'H- and "*C-NMR spectra,
recorded in CDCl; at 500 and 125 MHz respectively, and their mass spectra determined by
GC/MS analysis (SE30, 30 m, capillary columns and Mass Selective Detector, 70 eV). The

ith the additio

ds was determined by 'H-NMR experiments w
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of (R)-(—)-3,5-dinitro-N-(1-phenylethyl)benzamide. The composition of the diastereoisomeric
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Ethyl menthyl (methylthio)methylphosphonate (3). 1.2 mL of a solution of n-BuLi (2.5 M
im havana Y axrara addad At NOM 4m A cmlizbinma AL N AQ & (2 sl ~AF £ ) srvanmthal 1 1) 2] AF
I HICAalIiC) Wil auucd LU U LU dDdLUIULIVULL Ul U.40 g \J2 HUHUL) Ul (&)Ul 1 1v 1. vl

anhydrous THF. After 10 min stirring, a solution of 0.3 g of 1 (1.5 mmol) in 4 mL of
anhydrous THF was added. The mixture was stirred at rt for 24 h, and then quenched with a

saturated NH,Cl1 solution. The mixture was extracted with ethyl acetate and the extracts were

Aetiad and avvamnratad Tha avraoce manthal grao Aictillad AFF lhyy a2 byiogalenhe dictillatian MT70
UliCu aliu Cy PU[“LCU. L11C CALCOD HICLHIUIVI Wadd UIdLLLICU Ulld U‘y a l\ugcl Uil JdULIativil (1 =—-/7yU-
75°C, p=T10 * mbar). The residual menthyl esters (obtained in an overall yield of 71%) were
canaratad hv caliimn chramataoranhvy (alnant natralenm athar/athvyl acetate 7-23Y Anal Caled
O\Iy“l CALW AL L’J AATARARRREIE WRRR Ulllul\}slutlll] \\llu\(lll- tl\l‘-‘ STANW/RARLE WhRAWAF U‘-“J 4 AN LA 1 _J, 4 Rl1SAA s N sSARWNS
for C;4H»O5PS: C, 54.52; H, 9.48; S, 10.40. Found C, 54.52; H, 10.19; S, 10.41



z, 6 H), 0.86-0.80 (m, 1

o

H), P
2.82 (d, J=6.6 Hz), 48.47 (d, J=5.9 Hz), 43.1
22.78, 2191, 20.93, 17.37, 16.48 (d, J=6.2 Hz), 15.62 ppm.
h

8,
Stereoselective oxidation of (meth

(N

[15] or by sodium metaperiodate [3] was performed according to standard procedures, whereas
the following protocol was followed for the oxidation with cumene hydroperoxide in the
presence of titanium complexes. A solution of Ti(O-i-Pr); (5 mmoi) in 5 mL of anhydrous
CH;Cl; was added to a solution of diethyl tartrate (10 mmol) in 17 mL of anhydrous CH,Cl,.
After 2 min, 45 pL of water were added. The mixture was stirred at rt for 20 min and then

cooled to -20°C. After 20 min, 5 mmol of thioether in 15 mL of anhydrous CH,Cl, an

mmol of CHP were added. The reaction mixture was stirred at —20 °C for the required time and

chromatography (eluent petroleum ether/ethyl acetate/methanol 4:5:1).

Diethyl (methylsulfinyl)methylphosphonate (2). Spectroscopical data agreed with those

reported [23]. [a]p = +44.3 (c=1.6, CHClL,) for an e.e. value of 80%.
Reaction of r-octylmagnesium bromide with diethyl (methylsulfinyl)methyl-

phosphonate (2). A solution of 2.1 mmol of n-octylmagnesium bromide in THF was added to

petroleum ether/ethyl acetate 1:19). (S) Methyl n-octyl sulfoxide [a]p = + 61 (c=1, acetone),

phonate (4a). White solid, mp 84-86 °C

(1), 187 (100), 171
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.7 Hz, 3 H), 2.21-2.16 (m, 1 H), 2.07-2.04 (m, 1 H), 1.67-1.62 (m, 3 H), 1.44-1.41
33 (dt, J= 7.0, J= 0.5 Hz, 3 H), 1.16 (q, J= 12.1 Hz, 1 H), 1.01-0.94 (m, 1 H), 0.89
z, 6 H), 0.88-0.79 (m, 1 H), 0.78 ppm (d, J= 6.9 Hz, 3 H). "C-NMR § 79.10 (d,

48.28 (d, J= 6.2 Hz )

:Eucr

43.10 41,15(4,
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