Copyright WILEY -VCH Verlag GmbH, D-69451 Weinheim, 2001.
Supporting Information for Angew. Chem. Int. Ed. Z 18078

Novel 1, 4-Di phosphanes Bearing | m dazolidin-2-one
Backbone as Chiral Ligands: H ghly Enanti osel ective Rh-
Cat al yzed Hydrogenati on of Enam des**

Sang-gi Lee,* Yong Jian Zhang, Choong Eui Song,
Jae Kyun Lee, Jung Hoon Choi

Li st of Schenmes and Conpounds in Supporting Information

1. (4S,5S)-4,5-Bi s(benzyl oxynet hyl)

o)
i m dazolidin-2-one (3
(3) HN  NH CDl HN)LNH
2. Ceneral procedure for the Bng flJBn BnO éBn
N-al kyl ation of 3 2 3 L
HN™ NH RX, NaH R R
", THF (>—49
- - i - - | O |
3. (4S,5S)-4,5-Bi s(benzyl oxynethyl)-1 BnO OBN 1 o, BO (ljBn

met hyl i m dazol i di n-2-one



4. (4S,5S)-4,5-Bi s(benzyl oxymet hyl ene) -1, 3-

o]
di met hyl i m dazol i di n- 2- one Hac\N)LN/CHs
5. (4S,5S)-4,5-Bi s(benzyl oxynet hyl ene) -1, 3- BnO )OL (|DBn
di et hyl i mi dazol i di n- 2- one SOSNTONTS
. |
6. (4S,5S)-4,5-Bi s(benzyl oxynethyl ene)-1, 3- Bio @ oBn
di i ospropylinidazolidin-2-one /'L )L L
7. (4S,5S)-4,5-Bi s(benzyl oxynet hyl ene) -1, 3- BnO )OL (|3|3n
diiosbutylindazolidin -2-one YN Nﬁ/
’//I
8. (4S,5S)-4,5-Bis(benzyl oxymet hyl ene) -1, 3- BnO ) OBn
di benzyl i m dazol i di n- 2- one BnN~ “NBn
1
BnO OBn

9. Synthesis of (4S,5S)-4,5- o
Bi s(benzyl oxynet hyl ene) - 1, 3- J s
di phenyl i m dazol i di n- 2- one N~ "NH Pd,(dba)s, dppf ~ Ph~\~ “\-Ph

N
( , NaOtBu, PhBr ( oy
| Toluene |
(0]

I

BnO Brb BnO oOBn
10. General Procedure for the )L VR HyfPd-C R
debenzyl ati on N °N
| Pd(OHb C f |
11. (4S,5S)- 4, 5- BnO OBn cycloh%neH
Bi s(hydr oxymet hyl ene)i m dazol i di n- N
2-one I
OH OH
o]
12. (4S, 5S)-4, 5-Bi s( hydr oxymet hyl ) - 1- H\N)LN,MQ
met hyl i m dazol i di n--2-one /
OH gH
13. (4S,59)-4,5-Bi s(hydroxynet hyl ene) -1, 3- Me~y\~ “n-Me
di met hyl i m dazol i di n-2-one /
0"
I
14. (4S,5S)-4,5-Bi s(hydroxynet hyl ene) -1, 3- 0 )kOH
di et hyl i mi dazol i di n- - 2- one /H\N: NN
HO O /2)
15 (4S,5S) -4, 5-Bi s( hydr oxynet hyl ene) -1, 3- )L L
di i sopropylini dazolidin-2-one N~ N
16. (4S,5S)- 4, 5-Bi s(hydroxymet hyl )- 1, 3- HO )OL OH
di i sobutyl i mi dazol i di n--2-one YN Nﬁ/
Sy
17. (4S, 59)-4, 5-Bi s(hydr oxynet hyl ene) - 1, 3- AN

Il ’/l



18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

di benzyl i m dazol i di n-2- one

o]
(4S, 5S) - 4, 5- Bi s( hydr oxynmet hyl ENE) - 1, 3- Ph\N)LN/Ph
di phenyl i m dazol i di n- 2- one
General procedure for O O - Q HO OH 0
di tosyl ation of di hydr oxy NJ\ R\N)LN’R
i m dazol i di n- 2- one TsCl/Py .
)— _— )—’,,/l
HO H TsO OTs
o]
(4S,5S) -4, 5-Bi s(p-tol uenesul fonyl oxymet hyl ene) )L
i mi dazolidin-2-one
| I
(4S, 5S) - 4, 5- Bi s(p-tol uenesul fonyl oxynet hyene) - 1- Tﬁ?N N?I,,se
met hyl i mi dazol i di n-2-one
TsO Ozl:)TS
(4S, 5S) - 4, 5- Bi s(p-toluenesul fonyl oxynet hyl ene) - 1, 3- Me— _Me
di met hyl i m dazol i di n- 2- one NN
. TsO o OTs
(4S, 5S) - 4, 5- Bi s(p-toluenesul fonyl oxynet hyl ene) - 1, 3- )L
di et hyl i mi dazol i di n-2- one ZONT NS
///I
o}
(4S, 5S) - 4, 5- Bi s(p-tol uenesul f onyl oxynet hyl ene) - 1, 3- ;ED J_ grs
di i sopropyl i m dazolidin-2-one N° N
o
o}
(4S, 5S5) - 4, 5- Bi s(p-tol uenesul fonyl oxynet hyl ene) - 150 L oTs
1, 3-di i sobutyl i mi dazol i di n- 2- one YN Nﬁ/
0
TsO oT
(4S, 55) - 4, 5- Bi s(net hanesul f onyl oxynet hyl ene) - 1, 3- BSnN)LNBnS
di benzyl i m dazol i di n- 2- one )
MsO g)M
S S
o]
(4S, 5S5) - 4, 5- Bi s(p-tol uenesul fonyl oxymet hyl ene) - 1, 3- on. JU ph
di phenyl i m dazol i di n-2-one ° -
General procedure for the synthesis of o TsO  OTs o
(4S, 59) - 4, 5- Bi s(di phenyl phosphanonet hyl ene) )L )L
-1, 3-di subst i t ut edi ni dazol i di n- 2- ones RN kpph, N7 ON-R
(BDPM , la-1h) ﬁ — ﬁ
|
TsO (l)Ts Ph,P
o]
(4S, 5S) - 4, 5- Bi s(di phenyl phosphanomnet hyl ene) H‘N)LN’H
i m dazolidin-2-one (HBDPM, 1a) /
Ph,P F|>F>h2
(4S, 55) - 4, 5- Bi s(di phenyl phosphanonet hyl ene) - 1- H-BDEMI (12)
met hyl i m dazol i di n-2-one (H, Me-BDPM, 1b) H-n~ S n-Me
i N
Ph,P PPh,

H,Me-BDPMI (1b)



31. (4S,5S)-4,5-Bi s(di phenyl phosphanonet hyl ene) -1, 3- 0

di et hyl i mi dazol i di n-2-one (Me-BDPM, 1c) Me\N)LN’Me

|
Ph,P O PPh,
32. (4S,5S)-4, 5-Bi s(di phenyl phosphanonet hyl ene) - 1, 3- Me- BD/Hngg\
di et hyli m dazolidin-2-one (Et-BDPM, 1d)

I
Ph,P PPh,

33. (4S,5S)-4,5-Bi s(di phenyl phosphanonet hyl ene) -1, 3- /EEBDE)LW (ji
di i sopropylinm dazolidin-2-one (iPr-BDPM, 1le)
I
Ph,P PPh,
34. (4S,5S)-4, 5-Bi s(di phenyl phosphanonet hyl ) -1, 3- iPr- BDBMI (1e)
dii sobutylim dazolidin-2-one (iBu-BDPM, 1f) Y
. . iBu- BDJQ/II (1f)
35. (4S,5S)-4,5-Bi s(di phenyl phosphanonet hyl ene) -1, 3- BnN~ “NBn
di benzyl i m dazol i di n-2-one (Bn-BDPM, 1g)
Ph,P ||3Ph2
. . Bn- BatMl (1%)
36. (4S,5S)-4,5-Bi s(di phenyl phosphanomet hyl )-1, 3- Ph~y
di i sobutylim dazolidin-2-one (Ph-BDPM, 1h)
///I
Ph,P PPh,

37. General procedure for the synthesis of (4S,5S)-4,5-
Bi s[ di (3, 5- Ph-BDPMI (1h)

di et hyl - 4- net hoxyphenyl ) phosphanonet hyl ene) - 1, 3- di subst it ut ed
i m dazolidin-2-ones (BDPM, 1i-1k)

O
L,
R~N” O N-R BH3 i) n-BuLi
+ ( MeO PH
2—/ 9 i) DABCO MeO OMe)
| Me
X X

Me

X=TsOforliand 1]
38. X = MsO for 1k )L

(4S, 5S) - 4, 5-Bi s[ di (3, 5-di net hyl - 4-
met hoxyphenyl ) phosphanornet hyl ene) (
i m dazolidin-2-ones (1i) MeO OMe>

Me
O

39. (4S,59)-4,5-Bis[di(3,5-dinethyl-4-
met hoxyphenyl ) phosphanonet hyl ene) -

Me~\
1, 3-di net hyl i mi dazol i di n-2-ones (1j) (
MeO OMe>
Bn

Me
~N N/Bn

Me Me

( Meomf_/ F|>° \_/ OMe)



40. (4S,5S)-4,5-Bis[di(3,5-dinethyl-4-
met hoxyphenyl ) phosphanonet hyl ene) -
1, 3-di benzyl i mi dazol i di n- 2-ones (1k)

Cener al

All  reactions and manipulations were performed in a nitrogen
at nosphere using standard Schel enk techni ques. The reaction solvents were
distilled prior to used (THF. distilled from sodi um benzophenone ketyl,
CHd,. from CaH). Al purchased reagents were used wthout further
purification. Anhydrous solvents were transferred by oven-dried syringe.
Fl asks were flanes dried under a stream of nitrogen. The NVR spectra were
recorded at 300 Mz ('H), 75.5 Mz (C) and 121 MHz (3*!P). The cheni cal
shifts were relative to TMS (as an internal reference) for 'H NWR and
P(O (OPh); (as an external reference) for 3P NWR Chenical analyses were
carried out by the Advanced Analysis Center at Korea Institute of Science

and Technol ogy.

1. (4S,5S)-4,5-Bis(benzyl oxymet hyl )i m dazolidin-2-one (3). A solution of
(2S, 3S)-2, 3-di am no- 1, 4- di benzyl oxybutane (2) (0.1 g, 0.33 mml) and
carbonyl di i m dazole (59 my, 0.37 mmol) in CHCO, was heated to reflux for 4
h. The reaction mxture was washed with 3% hydrochloric acid, water and
aqueous Nad solution, and dry over anhydrous MSQO,. The solvent was
removed under reduced pressure, and the residue was purified by silica
colum chronmatography to give 0.103 g of product. R = 0.33 (ethyl
acetate:n-hexane = 3:1); Yield: (94%; mp. 65-66 °C, [&4]%°p = +77.4 (¢ =
1.05, CHO3); 'H NWR (CDOls) & = 3.44 (d, J = 5.3 Hz, 4H OCH), 3.60
(m 2H NCH), 4.50 (s, 4H PhCH), 5.56 (s, 2H NH), 7.24-7.36 (m 10H
Ar-H: BC NWR (CDO3) & = 54.74, 72.46, 73.32, 127.59, 127.73, 128.37,
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137.61, 162.66; Anal. Calcd for CpHhoNG:: C, 69.92; H 6.79; N, 8.58.
Found: C, 69.90; H 6.79; N, 8.53.

2. Ceneral procedure for the Nalkylation of 3. A solution of 4, 5-
bi s( benzyl oxynet hyl )i m dazolidin-2-one (3) (0.1 g, 0.3 mml) in THF was
added to a suspension of sodium hydride(16 ng, 0.67 mml) in THF at 0 °C,
and stirred at room tenperature for 20 mn. To this reaction mxture was
added al kyl halide (0.67 mmol) (0.3 nmmol of Mel used for nononethylation)
at 0. The reaction tenperature was warned to roomtenperature, and stirred
for 4 h. The reaction was quenched by addition of water, and extracted
wth CHCO, The organic layer was washed wth water, aqueous NaC
solution, and dried over MSQO,. After evaporation of the solvent, the
residue was purified by colum chronat ography on silica.

3.(4S,5S)-4,5-Bi s(benzyl oxynet hyl ) - 1-net hyl i m dazol i di n-2-one. RX = Mel,
R = 0.35(ethyl acetate:n-hexane = 3:1) Yield: 35% oil; [4%°p= +43.6 (c =
0.42, CHO3); M NMR (CDCl3) d = 2.79 (s, 3H NCH), 3.37-3.66 (m 6H N
CH and O CH,), 4.51 (s, 2H Ph-CH-0O), 4.53 (s, 2H, Ph-CH,-0,5.02 (bs, 1H,
NH), 7.25-7.36 (m 10H, Ar-H:; 3C NWR (CDCl3) & = 29.17, 52.62, 60. 21,
70.62, 72.78, 73.36, 73.38. 127.54, 127.59, 127.77, 128.41, 137.62,
137.64, 161.22; Anal. Calcd for GCyHsNO;: C, 70.56; H, 7.11; N, 8.23.
Found: C, 70.0; H 7.15; N, 8.01

4.(4S,5S) -4, 5-Bi s(benzyl oxymet hyl ene) - 1, 3-di met hyl i m dazol i di n-2-one. RX =
Mel; R = 0.19 (ethyl acetate:n-hexane = 2:1): Yield: 89% QIl; [& % F
+9.22 (¢ = 2.0, CHO3); H NWR (CDCOl3) & = 2.83 (s, 6H N CHy), 3.36 (m
2H. N-CH), 3.56 (m 4H OCH), 4.55 (s, 4H O CH,-Ph), 7.28-7.40 (m 10H;
Ar-H; BC NW (CDO3) & = 29.97, 58.49, 70.75, 73.39, 127.55, 127.77,
128.43, 137.75, 160.84; Anal. Calcd for GCuthNG:: C, 71.16; H, 7.39; N,
7.90. Found: C, 71.2; H 7.39; N, 7.93.

5.(4S,5S) -4, 5-Bi s(benzyl oxynet hyl ene) - 1, 3-di et hyl i m dazol i di n-2-one. RX =
Etl: R = 0.47 (ethyl acetate:n-hexane = 2:1); Yied: 91% OI: [4]%p =
+11.3 (¢ = 0.71, CHd3); 'H NWR (CDO3) & = 1.06 (t, J = 7.1 Hz, 6H C
CH), 3.10 (dq, J = 7.0 Hz, 14.0 Hz, 2H N CH), 3.45-3.56 (m 8H N CH,
N-CHp and O CHy), 4.52 (s, 4H, O CH-Ph), 7.26-7.37 (m 10H, Ar-H: C NWR
(CDC3) a = 12.71, 36.60, 55.22, 70.75, 73.07, 127.26, 127.48, 128.16,
137.57, 159.46; Anal. Calcd for GCuaHoNG:: C, 72.22; H 7.91; N, 7.32.

Vi



Found: C, 71.6; H 7.87; N, 7.40.

6. (4S,5S) -4, 5-Bi s(benzyl oxynet hyl ene) - 1, 3-di i ospropyl i m dazol i di n- 2- one.

RX = i-Pr-Br; R = 0.43 (ethyl acetate:n-hexane = 1:1); Yied: 16% GI;
[4%p=-18.21 (¢ = 0.32, CHO3); H NWR (CDO3) & = 1.11 (d, J = 6.8 Hz,
6H, CH), 1.13 (d, J = 6.8 Hz, 6H C), 3.34 (dd, J=6.8, 9.5 Hz, 2H, O
CH) 3.47 (dd, J= 3.8, 9.5 Hz, 2H OCH), 3.60 (m 2H NCH, 3.97
(septet, J = 6.8 Hz, 2H CH), 4.52 (dd, J = 11.9, 26.0 Hz, 4H O CH,-Ph),
7.26-7.34 (m 10H. Ar-H); C NWR (CDO3) & = 19.88, 22.10, 44.59, 54,38,
71.90, 73.17, 127.62, 127.66, 128.33, 137.80, 159.35; Anal. Calcd for
CsHasNoGs: C, 73.14; H, 8.35; N, 6.82. Found: C, 72.4; H, 8.25; N, 6.96.
7.(4S,5S)-4,5-Bi s(benzyl oxynet hyl ene) - 1, 3-di i osbut yl i m dazol i di n-2-one. RX
i-BuBr: R = 0.63 (ethyl acetate:n-hexane = 1:1): Yield: 43% Ol [4 %%
-1.45 (¢ = 0.14, CHO3):; 'H NWR (CDO3) & = 0.81 (d, J = 6.7 Hz, 6H
CH), 0.87 (d, J = 6.7 H, 6H CH), 1.85 (m 2H CH), 2.85 (dd, J = 5.9,
13.9 Hz, 2H NCH), 3.21 (dd, J = 9.2, 13.9 Hz, 2H NCH,), 3.45-3.57 (m
6H, NCH OCH), 4.53 (dd, J = 12.0, 16.7 Hz, 4H O CH-Ph), 7.28-7.40 (m
10H, Ar-H); C NWR (CDO3) & = 20.06, 20.68, 27.20, 49.68, 56.46, 70. 86,
73.77, 128.03, 128.16, 128.80, 138.20, 160.34; Anal. Calcd for GCyHisNoGs:
C 73.94; H 8.73; N, 6.39. Found: C, 73.4; H, 8.71; N, 6.88.

8. (4S, 5S)-4,5-Bi s(benzyl oxynet hyl ene) - 1, 3-di benzyl i m dazol i di n-2-one. RX =
BnBr; R = 0.68 (ethyl acetate:n-hexane = 1:2); Yield: 90% O1l; [4]%p =
+6.22 (c = 0.43, CHO3); H NWR (CDO3) & = 3.39-3.45 (m 6H OCH, and N
CH), 4.20 (d, J = 15.4 Hz, 2H N-CH,-Ph), 4.37 (s, 4H O CH-Ph), 4.90 (d,
J = 15.4 Hz, 2H N CH-Ph), 7.20-7.35 (m 20H Ar-H); '3C NVR (CDO3) & =
46.11, 55.17, 70.15, 73.17, 127.12, 127.55, 127.66, 128.04, 128.33,
128.37, 137.51, 137.70, 160.23; Anal. Calcd for GCHuuNOs: C, 78.23; H,
6.76; N, 5.53. Found: C, 77.6; H, 6.91; N, 5.39.

9. Synt hesi s of (4S,5S) -4, 5-Bi s(benzyl oxynet hyl ene) - 1, 3- di phenyl
i m dazolidin-2-one. A solution of Pdy(dba)s(15.3 imol, 14 ng, 5 nmol% and
dppf (30.6 imol, 17 my, 10 mol% in toluene (5 nL) was degassed, and

stirred at room tenperature for 1 hour. To this solution were added
br onobenzene (0.55 mml, 86.6 ng) and sodium tert-butoxide (0.86 mmol, 82
ng) at room tenperature, and stirred at room tenperature for 30mn. After
addition of (4S,5S)-4,5-Bis(benzyl oxynethyl ene)i m dazolidin-2-one (2) (0.3

mmol, 0.1 g), then, the reaction mxture was refluxed for 12 h. Reaction
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mxture was allowed to cool to room tenperature and quenched by addition
of water, filtered through celite. The filtrate was extracted wth
di chl oronet hane, dried over MSQ,, filtered and evaporated the solvent.
The residue was purified by colum chromatography on silica. R =
0.33(ethyl acetate:n-hexane = 1:4); Yield: 96% Gl; [4%, = -4.3 (¢ =
1.48, CHO3); 'H NWR (CDO3) & = 3.60-3.69 (m 4H OCH), 4.46 (m 2H N
CH), 4.52 (s, 4H O CH-Ph), 7.14-7.54 (m 20H Ar-H: C NWR (CDCO3) & =
56.79, 69.20, 73.72, 121.86, 124.45,6 127.99, 128.17, 128.83, 129.34,
138.08, 138.88, 155.50; Anal. Calcd for GCuHoNG:: C, 77.80; H, 6.32; N,
5.85. Found: C, 77.6; H 6.33; N, 5.74.

10. Ceneral Procedure for the debenzylation. A mxture of O O dibenzyl ated
i mdazolidin-2-one (1.8 mml) and 10% palladium on charcoal (0.15g) in
met hanol was hydrogenated under 5 bar pressure of H, for 8 h (or 20%
pal |l adium hydroxide on charcoal (0.2 g) and cyclohexene(5 nL) in
met hanol (20 nlL) and ethyl acetate(20 nL) was heated to reflux for 4 h).
The catalyst was filtered off through celite, and the filtrate was
concentrated. The residue was purified by colum chromatography on silica
to give Product.

11. (4S, 5S) - 4, 5- Bi s( hydr oxynet hyl ene) i m dazol i di n-2-one. Condition: H,/ Pd-
C R = 0.50 (rmethylenechloride:nethanol = 3:1); yield: 82% mp. 107-108
T[4 %= +79.9 (¢ = 1.0, MeOH): H N\R (D,O & = 3.49-3.57 (m 6H, N CH
and OCH); C NW (DO & = 56.23, 63.54, 165.11; Anal. Calcd for
GHioNeOs: C, 41.09; H 6.90; N, 19.17. Found: C, 40.4; H 6.66; N, 19.3.
12. (4S, 5S) - 4, 5-Bi s( hydroxynet hyl ) - 1- net hyl i m dazol i di n--2-one. Condition:
H/ Pd-C, R = 0.44 (nethyl enechloride:methanol=4:1); Yield: 95% mp. 123-
5°C, [4]®p= +40.3 (c = 0.42, MeOH): H NW\R (DO & = 2.83 (s, 3H N CHy),
3.55-3.72 (m 5H NOCH and OCHya), 3.92 (dd, 1H J = 3.4, 12.4, O CHy);
BC NW\R (DO & = 28.22, 53.76, 60.36, 61.54, 63.42, 163.92; Anal. Calcd
for GHoNGs: C 44.99; H 7.55; N, 17.49. Found: C, 44.9; H 7.37; N,
17. 6.

13. (4S, 55) - 4, 5- Bi s( hydr oxynet hyl ene) - 1, 3-di net hyl i m dazol i di n- 2- one.
Condition: HJ/Pd-C, R = 0.41 (methylene chloride:nethanol = 6:1); Yield:
99% mp. 138-140 °C, [4]%°p= +6.92 (¢ = 0.75, MeOH); H NVR (DO & = 2.70
(s, 6H NCH), 3.37 (m 2H, N-CH, 3.52 (d, J = 12.5 Hz, 2H OCH,), 3.78
(d, J = 12.5, 2H OCH): “C N\R (DO & = 28.92, 59.33, 59.91, 163.11;
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Anal . Calcd for GHuNO;: C, 48.26; H 8.10; N, 16.08. Found: C, 47.8; H,
8.15; N, 15.7.

14. (4S,5S) -4, 5- Bi s( hydr oxynet hyl ene) - 1, 3-di et hyl i m dazol i di n--2-one.
Condition: H/Pd-C R = 0.39 (nethylene chloride:methanol = 8:1); Yield:
93% mp. 73-74 °C, [4®p= +1.85 (¢ = 0.60, MeOH): H NMR (DO & = 0.92
(t, J = 7.1 Hz, 6H CH;), 2.95 (dgq, J = 7.1, 14.5 Hz, 2H, N CHy), 3.26
(dg, J = 7.3, 14.6 Hz, 2H N CHy), 3.34 (d, J=10.9Hz, 2H OCH), 3.45 (m
2H N-CH), 3.68 (d, J = 10.9 Hz, 2H OCH): C NWR (DO & = 12.08,
36.55, 56.22, 60.06, 162.11; Anal. Calcd for GHsgsNG:: C, 53.45; H, 8.97,
N, 13.85. Found: C, 53.3; H, 8.94; N, 13.4.

15. (4S,5S) -4, 5- Bi s( hydr oxynet hyl ene) - 1, 3-di i sopropyl i m dazol i di n- 2- one.
Condition: H/Pd-C R = 0.67 (nethylene chloride:methanol = 6:1); Yield:
99% QG l; [4%p= -28.6 (c = 1.57, MeOH); H NMR (de-acetone) & = 1.18 (d,
J =6.8 Hz, 6H CH), 1.19 (d, J = 6.8 Hz, 6H CHg), 3.46-3.63 (m 6H O
CH, and N-CH), 3.90 (septet, J =6.8 Hz, 2H, CH), 4.13 (t, J = 4.9 Hz, 2H
OH); 3C NWR (dg-acetone) & = 19.59, 21.64, 45.12, 56.78, 64.32, 160.02;
Anal . Calcd for CiHpNGs: C 57.37; H, 9.63; N, 12.16. Found: C, 57.4; H
9.81; N 11.09.

16. (4S, 55) - 4, 5- Bi s( hydroxynet hyl ) -1, 3-di i sobut yl i m dazol i di n- 2- one.
Condition: H/Pd-C, R = 0.16 (ethyl acetate:n-hexane = 4:1); Yield: 99%
mp. 50-51 °C, [4%®p=-29.8 (¢ = 0.70, MeOH); 'H NMR (de-acetone) & = 0.83
(d, J = 6.6 Hz, 6H CH;), 0.89 (d, J = 6.6 Hz, 6H CH), 1.97 (m 2H, CH),
2.94 (dd, J =5.9, 13.8 Hz, 2H NCH), 3.15 (dd, J = 9.4, 13.8 Hz, 2H N
CH), 3.51 (m 2H, NCH), 3.66 (m 4H OCH), 4.30 (t, J = 5.6 Hz, 2H
OH); C NMWR (de-acetone) & = 19.64, 20.25, 26.86, 49.25, 57.85, 62.08,
160.88; Anal. Calcd for CisHhsNoOs: C, 60.44; H, 10.14; N, 10.84. Found: C,
60.5; H 10.2; N, 10.5.

17.(4S,5S) -4, 5- Bi s( hydr oxynet hyl ene) - 1, 3-di benzyl i m dazol i di n- 2- one.

Condi tion: Pd(OH),-C cycl ohexene; R = 0.17 (ethyl acetate:n-hexane = 2:1);
Yield: 81% mp. 139-140 °C, [4 ®p= +26.08 (¢ = 0.46, MeOH): H NVR (DMBO-
de) & = 3.35-3.41 (m 6H NCH and OCH), 4.15 (d, J = 15.6 Hz, 2H N
CHa-Ph), 4.71 (d, J = 15.6 Hz, 2H, N-CHp-Ph), 4.84 (t, J = 5.3 Hz, 2H
OH), 7.26-7.37 (m 10H, Ar-H; *C NWR (DMBO-dg) & = 45.34, 56.59, 61.25,
127.44, 128.05, 128.86, 138.42, 160.01; Anal. Calcd for GCigHpoNGs: C,
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69.92; H 6.79; N, 8.58. Found: C, 69.7; H 6.82; N, 8.53.

18. (4S, 55) - 4, 5- Bi s( hydr oxynet hyl ENE) - 1, 3- di phenyl i m dazol i di n- 2- one.
Condition: HJ/Pd-C, R = 0.39 (ethyl acetate:n-hexane = 4:1); Yield: 87%
mp. 150-152 °C, [4]%°> = +29.8(c = 0.51, MeOH); !H NMR (d¢-acetone) & =
3.74 (dd, J = 2.4, 11.5 Hz, 2H O CHa), 3.80 (dd, J = 4.7, 11.5 Hz, 2H O
CH), 4.32 (t, J =5.7 Hz, 2H OH), 4.51 (m 2H NCH), 7.09 (t, J = 7.4
Hz, 2H, Ar-H), 7.36 (dd, J = 7.6, 8.4 Hz, 4H Ar-H, 7.70 (d, J = 8.4 Hz,
4H, Ar-H); 3C NMR (dg-acetone) & = 57.50, 60.93, 121.07, 123.44, 128.93,
139.83, 155.40; Anal. Calcd for Cy7HNG:: C, 68.44; H 6.08; N, 9.309.
Found: C, 68.1; H 6.06; N, 9.51.

19. General procedure for O O-ditosylation of dihydroxyimdazolidin-2-
one. To a solution of (4S,5S)-4,5-bis(hydroxymethyl)-1,3-dialkylated
i mdazolidin-2-one (0.68 nmol) in dry pyridine (10 nmi)was added P-
tol uenesul fonyl chloride (0.33 g, 1.71 mmol) at -15 € The reaction
mxture was warnmed to room tenperature and stirred for 4 h. The reaction
was quenched by addition of water, and extracted with nethylene chloride.
The conbined organic |ayer was washed successively wth 3% aqueous HC
solution, water and saturated aqueous NaC solution. After drying over
anhydrous MySQO,, the solvent was renoved under reduced pressure. The
resi due was purified by colum chronatography on silica.

20. (4S, 55) -4, 5-Bi s(p-tol uenesul fonyl oxymet hyl ene)i m dazol i din-2-one. R =
0.17 (ethyl acetate:n-hexane = 4:1); Yield: 77% mp. 171-172 °C, [4*p =
+56.92 (¢ = 1.0, CHO3); H NVR (DMBO-dg) & = 2.41 (s, 6H, Ar-CHs), 3.46 (m
2H), 3.83 (dd, J = 4.5, 9.8 Hz, 2H, OCH), 3.90 (dd, J = 3.5, 9.9 Hz, 2H
OCH), 6.60 (bs, 2H NH), 7.47 (d, J = 8.2 Hz, 4H Ar-H), 7.76 (d, J =
8.2 Hz, 4H Ar-H); C NWR (DMBO-dg) & = 21.98, 52.93, 71.91, 128.52,
131.09, 132.81, 146.02, 161.89; Anal. Calcd for CigHNO'S;: C, 50.21; H,
4.88; N 6.16. Found: C, 50.0; H 4.86; N, 6.009.

21. (4S, 5S5) -4, 5-Bi s(p-tol uenesul fonyl oxymet hyene) - 1- met hyl i m dazol i di n- 2-
one. R = 0.35 (ethyl acetate:n-hexane = 5:1) Yield: 71% np, 14°C, [4 ®p=
+40.7 (¢ = 1.06, CHO3): H NVR (CDO3) & = 2.48 (s, 6H Ar-CHy), 2.67 (s,
3H, N-CH;), 3.49 (dd, 1H, J = 4.5, 9.3Hz, NCH), 3.67 (dd, 1H J = 5.3,
10.5Hz, N-CH), 3.95 (m 2H OCH), 4.07 (d, 2H J = 4.5Hz, OCH), 4.79
(bs, 1H NH), 7.40 (d, 4H, J = 7.7Hz, Ar-H), 7.79 (d, 2H, J = 8.1Hz, Ar-
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H, 7.80 (d, 2H J = 8.1Hz, Ar-H); C NWR (CDO ;) & = 21.70, 28.77, 50.94,
58.71, 67.63, 70.08, 127.95, 130.14, 130.16, 132.10, 145.57, 145.61,
159.81; Anal. Calcd for GCyoHuNO/S;: C, 51.27; H 5.16; N, 5.98. Found: C,
51.2; H, 5.21; N, 5.97.

22.(4S,5S) -4, 5-Bi s(p-tol uenesul fonyl oxynet hyl ene) - 1, 3-di net hyl i m dazol i din
-2-one. R =0 .36 (ethyl acetate:n-hexane = 2:1); VYield: 86% mp. 144-145
°C, [4%°p = +28.3 (c = 0.66, CHO3); H NWMR (CDO3) & = 2.38 (s, 6H Ar-
CH), 2.54 (s, 6H NCH), 3.29 (m 2H NCH), 3.94 (d, J = 3.4 Hz, 4H O
CH), 7.29 (d, J = 8.2 Hz, 4H Ar-H), 7.68 (d, J = 8.2 Hz, 4H Ar-H; -C
NWVR (CDCl3) & = 21.64, 29.38, 56.69, 67.57, 127.89, 130.09, 132.14,
145.51, 159.50; Anal. Calcd for GCiHsNO'S,: C, 52.27; H 5.43; N, b5.81.
Found: C, 51.6; H 5.50; N, 5.62.

23. (4S, 5S5) -4, 5-Bi s(p-tol uenesul f onyl oxynet hyl ene) - 1, 3-di et hyl i m dazol i di n-
2-one. R = 0.39(ethyl acetate:n-hexane = 2 : 1); Yield: 71% mp. 75-76
°C, [4%p = +22.1 (¢ = 0.53, CHd3):; *H NWR (CDCl3) & = 0.88 (t, J = 7.1
Hz, 6H CHs), 2.40 (s, 6H Ar-CHy), 2.76 (dq, J = 7.1, 14.3 Hz, 2H N CH),
3.33 (dgq, J =7.3, 14.5 Hz, 2H NOGCH), 3.50 (m 2H NOCH), 3.91 (dd, J =
4.4, 10.9 Hz, 2H OCH), 3.96 (dd, J = 3.3, 10.8 Hz, 2H, OCH,), 7.32 (d,
J =8.2H, 4H A-H), 7.71 (d, J = 8.2 Hz, 4H Ar-H); C NWR (CDO ) & =
12.40, 21.42, 36.13, 53.44, 67.65, 127.66, 129.90, 131.86, 145.30, 158. 24;
Anal . Calcd for GsHoNO'S,: C 54.10; H, 5.92; N, 5.43. Found: C, 54.0; H,
5.92; N, 5.49.

24. (4S, 5S) -4, 5-Bi s(p-tol uenesul f onyl oxynet hyl ene) - 1, 3-di i sopr opyl

i mdazolidin-2-one. R = 0.49(ethyl acetate:n-hexane = 2 : 1); Yield: 72%
mp. 125-126 °C, [4 ®p= +1.1(c = 0.57, CHO3): H NVR (CDO3) & = 0.99 (d,
J = 6.8 Hz, 6H CH;), 1.00 (d, J = 6.8 Hz, 6H CH), 2.44 (s, 6H Ar-CH),
3.53 (dd, J = 3.1, 5.8 Hz, 2H, NCH), 3.74 (dd, J = 6.8, 10.2 Hz, 2H O
CH), 3.88 (septet, J = 6.8 Hz, 2H CH), 3.96 (dd, J = 3.1, 10.2 Hz, 2H
OCH), 7.37 (d, J =8.1 Hz, 4H Ar-H), 7.77 (d, J = 8.1 Hz, 4H Ar-H); C
NMR (CDO ;) & = 19.64, 21.54, 21.87, 44.64, 52.74, 68.89, 127.90, 129.98,
132.12, 145.37, 158.30; Anal. Calcd for GCpsHuNO;S;: C, 55.74; H 6.36; N,
5.20. Found: C, 55.8; H 6.38; N, 5.19.

25. (4S5, 5S) - 4, 5- Bi s(p-tol uenesul fonyl oxynet hyl ene) - 1, 3-di i sobut yl

i mdazolidin-2-one. R = 0.62(ethyl acetate:n-hexane = 2:1); Yield: 75%
mp. 51-52 °C, [4%°p= +7.9(c = 0.21, CHO3); H NMR (CDO3) & = 0.70 (d, J
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= 6.6 Hz, 6H CH), 0.77 (d, J = 6.6 Hz, 6H CH), 1.61 (m 2H, CH), 2.45
(s, 6H SOCH;), 2.52 (dd, J =5.9, 14.2 Hz, 2H, N-CH,), 3.07 (dd, J = 9.3,
14.2 Hz, 2H, N-CH), 3.53 (m 2H NCH), 3.93 (dd, J = 5.0, 10.5 Hz, 2H
OCH), 4.01 (dd, J = 3.1, 10.5 Hz, 2H OCH), 7.37 (d, J = 8.1 Hz, 4H
Ar-H, 7.76 (d, J = 8.1 Hz, 4H Ar-H; C NWR (CDO3) & = 19.42, 19.99,
21.55, 26.51, 48.61, 54.31, 67.01, 127.91, 130.00, 132.02, 145.43, 158.96;
Anal . Calcd for G;HisNoO;S,: C, 57.22: H 6.76; N, 4.94. Found: C, 57.4; H,
6.80; N, 4.97.

26. (4S, 55) - 4, 5- Bi s(net hanesul f onyl oxynet hyl ene) - 1, 3- di benzyl i m dazol i di n-
2-one. Methanesul fonyl chloride was used instead of p-toluenesulfonyl
chloride. R = 0.28 (ethyl acetate:n-hexane = 1:1); Yield: 74% mp. 94-96
°C, [4] %5 = -1.10 (¢ = 1.0, CHO3): H NWMR (CDO ;) & = 2.82 (s, 6H SO.CH),
3.56 (m 2H, NCH), 4.04 (dd, J = 2.8, 11.0 Hz, 2H OCH,), 4.12 (dd, J
4.2, 11.0 Hz, 2H OCH), 4.20 (d, J = 15.4 Hz, 2H, N-CH,-Ph), 4.89 (d, J
15.4 Hz, 2H, N-CH-Ph), 7.28-7.41(m 10H Ar-H); 3C NWVR (CDO 3) & = 37.44,
46. 22, 53.99, 66.33, 127.98, 128.27, 128.94, 136.33, 159.70; Anal. Calcd
for CuHeNOS,: C, 52.27; H, 5.43; N, 5.81. Found: C, 52.2; H 5.43; N,
5.72.

27.(4S, 55) -4, 5-Bi s(p-tol uenesul f onyl oxynet hyl ene) - 1, 3- di phenyl

i mdazolidin-2-one. R = 0.24(ethyl acetate:n-hexane = 1:2); Yield: 73%
mp. 169-170 °C, [4 ®p = +28.1(c = 0.74, CHO3): H NWR (CDO,) & = 2.43
(s, 6H Ar-CH;), 4.05 (dd, J =5.8, 10.7 Hz, 2H, OCH,), 4.17 (dd, J = 2.5,
10.7 Hz, 2H, OCH), 4.41 (dd, J = 2.5, 4.3 Hz, 2H NCH), 7.12-7.30 (m
14H, Ar-H), 7.68 (d, J = 8.3 Hz, 4H Ar-H:; 3C NWR (CDd3) & = 21.63,
54.73, 66.61, 121.71, 124.93, 127.86, 129.13, 130.04, 131.91, 136. 88,
145.41, 154.07; Anal. Calcd for GuHpoNO:S,: C, 61.37; H 4.98; N, 4.62.
Found: C, 61.0; H 4.88; N, 4.55.

28. Gener al procedure for t he synthesi s of (4S,55) -4, 5-
Bi s(di phenyl phosphanonet hyl ene) -1, 3-di substituted I m dazol i di n- 2- ones
(BDPM , 1la-1h)

A solution of potassium diphenyl phosphide (1.32 nmL, 0.5 M THF sol ution,
0. 66nmol ) was added to a sol ution of (4R, 5R) - 4, 5- bi s(p-
t ol uenesul f onyl oxynet hyl ene) i m dazol i di n- 2- one (4, 5-bis(p-

met hanesul f onyl oxynet hyl ene)i m dazol i di n-2-one for 1j) (0.22 mml) in THF
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at 0°C, and stirred at roomtenperature for 12 h. The reaction m xture was
filtered through celite and washed with degassed toluene. A filtrate was
evaporated and purified by colum chromatography on silica gel wusing
degassed sol vents.

29. (4S5, 55) - 4, 5- Bi s(di phenyl phosphanonet hyl ene) i m dazol i di n-2-one (H BDPM
la). R = 0.30 (ethyl acetate:n-hexane = 3:1); yield: 76% mp. 138-140 ;
[4 % = +41.72 (c = 0.34, CHO3): H NVR (CDO3): & = 2.28 (dd, J = 7.7,
13.6 Hz, 2H, P-CHy), 2.39 (dd, J = 4.5, 13.4 Hz, 2H, P-CH,), 3.62 (m 2H
N-CH, 4.72 (bs, 2H NH), 7.28-7.46 (m 20H Ar-H); C NMR (CDd3): & =
35.23, 35.42, 57.44, 57.57, 57.68, 57.80, 128.62, 128.72, 129.04, 129.07,
132.60, 132.86, 137.00, 137.16, 137.34,161.41; 3P NWR (CDd3): & = -6.37;
Anal . Calcd for CypHsNoOP: C, 72.19; H, 5.85; N 5.81. Found: C 71.4; H,
6.06; N, 5.54,

30. (4S5, 55) - 4, 5- Bi s(di phenyl phosphanonet hyl ene) - 1- net hyl i m dazol i di n- 2- one

(H Me-BDPM, 1b). R =0.57 (ethyl acetate:n-hexane = 4:1); yield: 73% mp.
44-45°C, [4]%°p= +18.9 (¢ = 0.20, CHO3): H NWR (CDO3): & = 2.16 (dd, 1H,
J =8.6, 13.6 Hz, P-CHya), 2.20 (ddd, 1H J = 1.8, 9.0, 13.1 Hz, P-CH),
2.44 (dd, 1H, J = 4.2, 13.7 Hz, P-CHy), 2.53 (ddd, 1H J = 1.5 3.4, 13.8
Hz, P-CHyp ), 2.62 (s, 3H M), 3.38 (m 1H NCH), 3.67 (m 1H NCH),
4.53 (bs, 1H, NH), 7.30-7.43 (m 20H Ar-H: C NWR (CDCl3): & = 28.44,
32.10, 32.32, 35.96, 36.16, 53.93, 54.05, b54.15, 54.26, 62.81, 62.93,
63.06, 63.18, 128.57, 128.61, 128.67, 128.70, 128.77, 128.83, 128.94,
129.02, 129.15, 132.48, 132.60, 132.74, 132.80, 132.86, 133.01, 133.06,
137.02, 137.17, 137.34, 137.53, 137.68, 137.94, 138.10, 160.37; 3P
NVR(CDOl 3): & = -9.47, -6.75; Anal. Calcd for GCypHypoNOP,: C, 72.57; H,
6.09; N, 5.64; Found: C, 71.1; H 6.16; N, 5.209.

31.(4S, 5S5) -4, 5-Bi s(di phenyl phosphanonet hyl ene) - 1, 3- di et hyl i m dazol i di n- 2-
one (Me-BDPM, 1c). R = 0.28 (ethyl acetate:n-hexane = 1:1); yield: 70%
mp. 39-40 °C; [4] %, = -8.38 (¢ = 0.76, CHO3); H NVMR(CDO3): & = 2.26
(dd, J =7.6, 13.9 Hz, 2H P-CH), 2.48 (dd, J = 1.9, 13.9 Hz, 2H P-CH,),
2.60 (s, 6H NCH), 3.52 (m 2H NCH), 7.28-7.40 (m 20H Ar-H: -C
NWVR(CDCl 3): & = 28.98, 32.32, 32.51, 59.32, 59.49, 59.66, 128.46, 128.51,
128.55, 128.60, 128.73, 128.87, 132.65, 132.75, 132.91, 133.02, 137.40,
137.56, 138.09, 138.25, 159.76; 3P NWR (CDCl3): & = -10.17; Anal. Calcd
for GyHoNOP: C 72.93: H 6.32; N 5.49. Found: C, 72.5: H 6.33; N
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5. 46.

32. (4S5, 5S) -4, 5- Bi s(di phenyl phosphanonet hyl ene) - 1, 3-di et hyl i m dazol i di n- 2-
one (Et-BDPM, 1d). R = 0.66 (ethyl acetate:n-hexane = 2:1); yield: 67%
viscous oil; [4 %, = —26.8 (¢ = 0.33, CHO3); *H NWR (CDO3): & = 0.90 (t,
J=7.2 H, 6H CH), 2.19 (dd, J = 8.6, 13.8 Hz, 2H, P-CH,), 2.44 (dd, J =
1.8, 13.8 Hz, 2H, P-CH,), 2.77 (dq, J = 7.1, 14.2 Hz, 2H, NCH,), 3.47 (dq,
J =71 14.3 Hz, 2H NCH), 3.67 (m 2H NOCH), 7.31-7.46 (m 20H Ar-
H:; C NWR (CDO,): & = 12.76, 31.93, 32.13, 35.35, 55.87, 56.06, 56.24,
128.47, 128.51, 128.56, 128.58, 128.62, 128.72, 128.89, 132.60, 132.65,
132.72, 132.77, 132.91, 132.96, 133.03, 133.07, 137.68, 137.74, 137.79,
137.85, 138.18, 138.23, 138.27, 138.33, 158.52; 3P NMR (CDCO3): & = -9.82;
Anal . Calcd for GCgHysNbOP: C, 73.59; H, 6.74; N, 5.20. Found: C 73.3; H,
6.92; N, 4.99.

33.(4S, 55) -4, 5-Bi s(di phenyl phosphanonet hyl ene) - 1, 3-di i sopr opyl

i mdazolidin-2-one (iPr-BDPM, 1le). R = 0.29 (ethyl acetate:n-hexane =
2:3); yield: 74% viscous oil; [4%p = -21.5 (¢ = 1.07, CHO3): H NWR
(CDCl3): & =0.97 (d, J =6.8 Hz, 6H CH), 1.08 (d, J = 6.8 Hz, 6H, CHy),
2.14 (dd, J = 10.8, 13.2 Hz, 2H P-CHy), 2.42 (d, J = 13.8 Hz, 2H P-CH),
3.61 (m 2H, NCH), 3.86 (septet, J = 6.8 Hz, 2H CH) 7.25-7.53 (m 20H
Ar-H: BC NWR (CDO3): & = 20.70, 22.17, 35.36, 35.45, 35.49, 35.57,
44.55, 55.66, 55.87, 56.07, 128.49, 128.55, 128.60, 128.99, 132.25,
132.38, 132.51, 132.63, 132.77, 133.11, 133.22, 133.36, 133.50, 133.62,
137.70, 137.78, 137.80, 137.88, 138.56, 138.63, 138.65, 138.71, 158.00; %P
NVR (CDO3): a = -9.55; Anal. Calcd for GgsHioNOP,: C, 74.19; H, 7.12; N,
4.94. Found: C, 73.4; H 7.31;, N, 4.72.

34.(4S,5S) - 4, 5- Bi s(di phenyl phosphanonet hyl ) -1, 3-di i sobutylim dazol i di n-2-
one (iBu-BDPM, 1f). R = 0.20 (ethyl acetate:n-hexane = 1:1); yield: 77%
mp. 83-84 °C; [4 %, = -23.5 (¢ = 0.53, CHO3): 'H NMR (CDO3): & = 0.77
(d, J = 6.6 Hz, 6H CH;), 0.78 (d, J = 6.6 Hz, 6H CH), 1.49 (m 2H CH),
2.10 (dd, J = 10.7, 12.9 Hz, 2H P-CH,), 2.46 (d, J = 13.6 Hz, 2H, P-CH),
2.58 (dd, J = 5.2, 14.0 Hz, 2H NCH), 3.21 (dd, J = 9.5, 14.0 Hz, 2H N
CH), 3.61 (m 2H NCH), 7.26-7.52 (m 20H Ar-H:; C NWR (CDd3j): & =
19.95, 20.29, 26.77, 31.25, 31.46, 47.89, 56.73, 56.92, 57.12, 128.47,
128.52, 128.58, 128.61, 128.99, 132.36, 132.46, 132.59, 132.71, 132.84,
132.92, 133.06, 133.19, 133.28, 137.56, 137.63, 137.66, 137.73, 138.31,
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138.46, 159.00; %P NMR (CDO3): & = -9.50; Anal. Calcd for CyHuNoOP,: C,
74.73; H 7.46; N, 4.71. Found: C, 74.2; H 7.53; N, 4.65.

35. (4S5, 55) - 4, 5- Bi s(di phenyl phosphanonet hyl ene) - 1, 3- di benzyl i m dazol i di n- 2-
one (Bn-BDPM, 1g). R = 0.28 (ethyl acetate:n-hexane = 1:1); vyield: 74%
mp. 47-49°C, [4 %, = -33.40 (c = 1.47, CHO3); H NWR (CDCl3): & = 1.92
(dd, J = 8.7, 13.9 Hz, 2H, P-CH), 2.34 (d, J = 12.9 Hz, 2H P-CHy), 3.49
(m 2H NCH), 3.78 (d, J = 15.2 Hz, 2H NCH), 4.78 (d, J = 15.2 Hz, 2H
N-CH), 7.13-7.28 (m 30H Ar-H; C NVR(CDO3): & = 32.61, 32.81, 45.37,
56.13, 56.32, 56.51, 127.30, 128.30, 128.39, 128.42, 128.43, 128.47,
128.48, 128.52, 128.58, 128.64, 132.49, 132.54, 132.68, 132.81, 132.86,
137.24, 137.43, 138.06, 138.12, 138.16, 138.22, 159.01; 3!P NWR (CDCl3): &
= -10.01; Anal. Calcd for CiHioNOP,: C 77.93; H 6.08; N, 4.23. Found: C
77.6; H 6.06; N, 4.23.

36. (4S, 55) -4, 5- Bi s(di phenyl phosphanonet hyl ) -1, 3-dii sobutylim dazoli di n- 2-
one (Ph-BDPM, 1h). R = 0.50 (ethyl acetate:n-hexane = 1:4); yield: 70%
mp. 54-55 °C, [4]%p = +12.6 (¢ = 0.24, CHO3): 'H NMR (CDO3): & = 2.36
(dd, J = 11.9 Hz, 2H P-CH), 2.54 (d, J = 13.9 Hz, 2H P-CH,), 4.37 (m
2H NCH), 7.03-7.58 (m 30H Ar-H: C NWR (CDdj3): & = 31.93, 32.01,
32.07, 32.15, 56.57, 56.77, 56.96, 119.81, 123.26, 128.49, 128.53, 128.59,
128.66, 128.71, 128.76, 128.85, 129.41, 132.11, 132.20, 132.32, 132.44,
132.53, 133.62, 133.69, 133.83, 133.97, 134.04, 136.90, 136.97, 137.01,
137.08, 137.48, 137.53, 137.61, 138.21, 153.55; 3P NVR (CDCl3): &= -11.16;
Anal . Calcd for GCyHeeN:OP,: C, 77.59; H, 5.72; N, 4.41. Found: C, 76.9; H,
5.86; N, 4.10.

37. General procedure for the synthesis of (4S,5S)-4,5-Bis[di(3,5-dinethyl-

4- met hoxyphenyl ) phosphanonet hyl ene) - 1, 3-di substituted im dazolidin-2-ones

(BDPM , 1i-1k)

n-Butyllithium (0.73 mmol, 1.6 M THF solution) was added to a solution of

bi s( 3, 5-di net hyl - 4- net hoxyphenyl ) phosphane- borane conplex(0.21 g, 0.66
mol) in THF at -78 °C. The reaction m xture was wormed to roomtenperature
and stirred for 30 mn. And then, a solution of (4R 5R)-4,5-bis(p-

t ol uenesul f onyl oxynet hyl ene) -1, 3-di substituted imdazolidin-2-one (for 1i

and 1)) (0.22 mol ) (for 1k, (4R, 5R) - 4, 5- bi s(p-

met hanesul f onyl oxynet hyl ene) -1, 3-di substituted imdazolidin-2-one) in THF
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was added at room tenperature. The reaction mxture was stirred for 5 h,
and then DABCO (74 ng, 0.66 mmol) wad added in one portion and stirred at
50 for 3 h. After evaporation of the solvent, the residue was purified by
col um chronmat ography on silica.

38. (4S5, 5S5) -4, 5-Bi s[di (3,5-di net hyl -4-net hoxyphenyl ) phosphanonet hyl ene] -

i mdazolidin-2-ones (1i). R = 0.25 (ethyl acetate:n-hexane = 2:1); vyield:
78% mp. 77-78°C, [4]%p = +15.8 (¢ = 0.20, CHO3):; H NWMR (CDO3): & =
2.07-2.26 (m 4H, P-CHy), 2.17 (s, 12H CHs), 2.19 (s, 12H, CHs), 3.47 (m
2H, CH), 3.64 (s, 12H, OCH;), 4.71 (bs, 2H NH), 6.98 (dd, 8H, J=7.4Hz,
ArH); C NWR (CDCOl3): & = 15.14, 34.49, 34.68, 56.71, 56.84, 56.94, 57.07,
58.62, 130.18, 130.22, 130.29, 130.33, 130.58, 130.72, 130.91, 131.05,
132.10, 132.13, 132.37, 132.40, 156.91, 156.98, 160.54; *P NWR (CDd3): &
= -9,02;: Anal. Calcd for CyHsNeG5P: C, 68.89; H 7.33; N 3.92: Found: C,
68.3; H 7.8; N, 3.3.

39. (4S5, 5S) -4, 5-Bi s[di (3,5-di net hyl -4-net hoxyphenyl ) phosphanonet hyl ene] -
1,3-dinethylimdazolidin-2-ones (1j). R = 0.34 (ethyl acetate:n-hexane =
1:1); yield: 74% mp. 60-61 °C, [4®p = -11.2 (c = 0.62, CHO3); 'H NW\R
(CDA 5): & = 2.15 (dd, 2H, J=7.5, 13.7Hz P-CHy), 2.23 (s, 12H CH), 2.24
(s, 12H, CH;), 2.37 (dd, 2H, J=3.2, 13.9Hz, P-CH), 2.61 (s, 6H N CH),
3.42 (m 2H, N-CH, 3.69 (s, 6H OCH;), 3.71(s, 6H OCH;), 7.05 (dd, 8H,
J=7.3, 12.0Hz, ArH: 'C NWR (CDCl3): & = 16.08, 29.15, 32.68, 32.87,
59.57, 59.85, 60.03, 131.01, 132.37, 132.51, 132.74, 132.88, 133.14,
133.22, 133.43, 133.51, 157.68, 157.78, 159.81; 3P NWR (CDO3): & = -
12.72; Anal. Calcd for CyuHeNGP,: C 69.52; H 7.60; N, 3.77; Found: C,
69.2; H 7.8; N 3.6.

40. (4S,5S) -4, 5-Bi s[di (3, 5-di net hyl - 4- met hoxyphenyl ) phosphanonet hyl ene] -

1, 3-di benzyl i m dazolidin-2-ones (1k). R = 0.45 (ethyl acetate:n-hexane =
1:2); yield: 64% mp. 48-49 °C [4 % p= -25.8 (c = 0.20, CHC3): 'H NWR
(300 MHz, CDO 3): & = 1.78 (dd, 2H, J = 8.4, 13.4 Hz, P-CH), 2.18 (s, 12H
CH), 2.21 (s, 12H, CHs), 2.18-2.28 (m 2H P-CH), 3.40 (m 2H NCH),
3.69 (s, 6H, OCH;), 3.70 (s, 6H, OCHs), 3.85 (d, 2H J = 15.3 Hz, BnCH),
4.74 (d, 2H, J = 15.3 Hz, BnCHp), 6.89 (dd, 8H J = 7.1, 27.9 Hz, ArH),
7.10-7.26 (m 10H, ArH); 3C NWR (CDO3): & = 16.08, 33.32, 33.52, 45,47,
56. 44, 56.61, 56.79, 59.60, 127.21, 128.21, 128.41, 130.94, 132.36,
132.80, 133.15, 133.44, 137.76, 157.62, 157.72, 159.11; *P NWR (CDd3): &

XVi



= -12.77; Anal. Calcd for GsHsaNoGP,: C, 73.80; H 7.21; N, 3.13; Found:
C, 73.5; H 7.3; N, 3.0.
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