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propane-Phosphorus Derivatives Utilizing the Chiron 5-L-Men-
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A new chemical transformation for the construction of diversely
functionalized cyclopropane-phosphorus derivatives utilizing ch-
iron 4 and racemic diethyl e-hydroxylbenzylphosphonate as the
key precursors is described. The diastereomeric pure phospho-
rus-containing derivatives 5a, 5'a, 5b and 5'b were obtained
respectively, in good yields with d. e. > 98% via asymmetric
tandem double Michael addition/internal nucleophilic substitu-
tion of the corresponding compounds and further through the
separation of the diastereomeric mixture by column chromatog-
raphy. The diversely functionalized phosphorus derivatives are
identified on the basis of their elemental analysis and spectro-
scopic data, such as IR, 'HNMR, “C NMR and MS. The ab-
solute configuration of the interesting cyclopropane-phosphorus
compound Sa was established by X-ray crystallography. Thus,
these results provide a valuable strategy for synthesizing some
biologically active molecules.

Keywords diastereomerically pure cyclopropane-phosphorus
derivatives, tandem asymmetric reaction, racemic diethyl o-hydrox-
ylbenzylphosphonates, biological activity, absolute configuration, X-
ray crystallography

Introduction

Cyclopropane-containing natural and nonnatural
products have received considerable attention as synthetic
targets as the incorporation of the rigidified cyclopropyl
motif into biocactive analogues lead to conformably con-

strained molecules.!*? Such modifications are expected to
have significant effects on bioactivities with concomitant
medical implications. It is well known that phosphoric
acid derivatives are very important in the chemistry of liv-
ing systems and the organophosphorus compounds occupy
an important position in the field of searching new
drugs .3 Despite the great advances in this two fields, the
efficient synthesis of diastereomerically pure cyclopropane-
phosphorus compounds still remains a considerable chal-
lenge. Particular notice is the deficiency in previous
methods for the construction of multi-functionalized cyclo-
propanes .’ We recently reported a valuable synthetic route
to spiro-cyclopropane derivatives containing multiple
stereogenic centers, that utilizes chiral synthon 4, 5-L-
menthyloxy-3-bromo-2 (5 H )-furanone, and different nu-
cleophiles by tandem double Michael addition/internal
nucleophilic substitution.”® Given the high yields of func-
tionalized spiro-cyclopropanes attainable, coupled with
the obtained optically pure diastereomeric product and
simplicity of the reaction, we were interested in the
preparation of the chiral cyclopropane-phosphorus deriva-
tives. On the basis of previous work, we have now ac-
complished the asymmetric tandem reaction of chiron 5-L-
menthyloxy-3-bromo-2 ( 5 H ) -furanone (4) with racemic
diethyl a-hydroxylbenzylphosphonate (3) (Scheme 1) in
acetonitrile at room temperature and the cyclopropane-

» E-mail: ginghuac@bnu. edu.cn Luoyang Teacher’ s College special invited professor from Beijing Normal University.

Received April 30, 2002; revised and accepted July 16, 2002.

Project supported by the National Natural Science Foundation of China (No. 29672004) .
Dedicated to Professor HUANG Yao-Zeng on the occasion of his 90th birthday.



Vol. 20 No. 11 2002

Chinese Journal of Chemistry

1341

phosphorus derivatives with four stereogenic centers 5a,
5'a, 5b and 5'b were obtained in total 78%—84%
yields with d. e. = 98% after column chromatography
(Scheme 2). Our results provide a valuable synthetic
route to the potentially interesting diastereomerically pure
spiro-cyclopropane phosphorus compounds. It would pro-
vide an important synthetic strategy for some complex chi-
ral cyclic natural and nonnatural products.

Scheme 1
Il
o P(OEv),
Il
RO CHO + (EtO),PH — » * "OH
R
1 2 racemic S+R
la:R=H 3a:R=H()
1b:R=Cl 3b: R=CI (5)
3'a:R=H(R)
3'b:R=CI(R)
Experimental

Instruments and materials

Infrared specira were recorded on a Fourier 170-sx
spectrophotometer. 'H NMR and *C NMR spectra were
recorded on a Bruker400 MHz spectrometer and the
chemical shifts were expressed in §-values using TMS as
the internal standard. Mass spectra were determined with
a Finnigan GC2000/TRACE TM/MS mass spectrometer.
Microanalyses were performed on a Perkin-Elemer 240-C
elemental analyser. Na-D line polarimetry was carried out
at 20 C on a Perkin-Elemer 241-C polarimeter. Melting
points were determined on a Liuben microthermopan and
were uncorrected.

All chemical reagents were commercially available
and treated with standard methods before use. Solvents
were dried in a routine way and redistilled.

Synthests of racemic diethyl a-hydroxyl-4'- substituted-ben-
zylphosphonate (3a+ 3'a)

The preparation of racemic 3a + 3'a in 66% yield
has been reported as shown in Scheme 1.1° M.p. 82—
83.7 °C (Lit."°83—83.2 «C).

Synthesis of racemic diethyl a-hydroxyl-4' - substituted-ben-
zylphosphonate (3b +3'b)

The appropriate aldehyde (1b, 0.06 mol) was
added dropwise to a stirred ice-cooled mixture of diethyl
hydrogen phosphite (2, 0.05 mol) and triethylamine
(0.025 mol), and the mixture heated at 75 °C for 30
min. The product was obtained in 74% yield after recrys-
tallization .

3b+3'b M.p. 69.5—70.5 C; R;=0.1
[ EtOAc-petroleum ether (30—60 °C) =4:1 (V:V)];
'H NMR (400 MHz, CDCl;) &: 1.23 (t, J=7.2 Hz,
3H, OCH,CH;), 1.26 (t, J=7.2 Hz, 3H, OCH,-
CH;), 4.02 (q, J =7.2 Hz, 2H, OCH,CH,), 4.05
(q, J=17.2 Hz, 2H, OCH,CH;), 5.01 (d, J=11.2
Hz, 1H, CH-P), 5.26 (br, 1H, OH), 7.31 (d, J =
8.4 Hz, 2H, 2 x ArH), 7.42 (dd, J=8.8, 2.0 Hz,
2H, 2 x ArH); C NMR (100 MHz, CDCL) §: 16.3
(®Jpc=4.3 Hz, 2x OCH,CH;), 63.0 (*Jpc=6.9 Hz,
OCH,CH;), 63.5 (>Jpc = 6.5 Hz, OCH,CH;), 69.9
(*Jpc = 159.3 Hz, HC - P=0), 128.3 (C-2',6'),
128.4 (2Jpc = 4.9 Hz, C-1'), 133.6 (C-3',5'),
135.4 (C4'); IR (KBr)v: 3249 (br, OH), 2984,
1490, 1233, 1204, 981 ecm™!; EIMS m/z (%): 280
(M* +2, 23), 279 (M* +1, 33), 278 (M*, 42),
261 (M* -OH, 35), 249 (M* - CHs, 12), 233
(M* -0CH;s, 21), 141 (CHOCI*, 43), 137
(C4HpOsP*, 67), 110 ( GH,0,P*, 100), 82
(H;0sP*, 100). Anal. caled for C;;H;s0,CIP: C
47.41, H5.79; found C 46.99, H 5.66.

General procedure for preparation of spiro-cyclopropane-
Pphosphorus derivatives 5a, 5'a, 5b and 5'b

Racemic  diethyl  a-hydroxyl-4’-substituted-ben-
zylphosphonate (1 mmol) under N, atmosphere was added
to the mixture of powdered K,CO;(1.11 g, 8 mmol), te-
trabutyl ammonium bromide (0.32 g, 1 mmol) and ace-
tonitrile (6 mL). The mixture was stirred for 20 min.
Then, chiral synthon 4 (0.63 g, 2 mmol) was added and
the mixture was stirred at room temperature for 1—2 d,
by which time the chiral synthon 4 had been consumed as
monitored by TLC. After the addition of acetonitrile (50
mL), the mixture was filtered and the salts were washed
with acetonitrile. The organic layer was dried and evapo-
rated under reduced pressure, and the residue was puri-
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fied by column chromatography to give 5a—5'b.

Scheme 2

H Br
s R 3 + 3’
> Racemic mixture
R 0 =0 o i o
R K,CO;/TBAB
H CH;CN
4

Chromatography
S5a: R=H(S); 5'a:R=H(R) separation

5b: R=C1 (S); 5'b: R=CI(R)

racemic S+R

5a: R=H(S); 5'a: R=H(R)
5b: R=CI(S); §' b:R=CI(R)

5'a: R=H(R); 5'b: R=CI(R)
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Spiro [ 1-bromo ( §)-4-L-(1R,2S,5R)-menthyl-
oxy-5-0xa-6-o0x0-bicyclo [ 3. 1. 0] hexane-2, 2'-(3’-di-
ethyl-a-( S )- benzyloxyphosphonyl-4'-(1R ,28 ,5R)-men-
thyloxybutyrolactone )] (5a) Yield 0.34 g (42%),
R;=0.25 [ EtOAc-petroleum ether (30—60 C) = 1:4
(V:V)]; m.p. 5052 C; [a]® -116.4 (¢ 1.37,
CHCL); 'H NMR (CDCl;, 400 MHz) &: 0.64 (d, J
=6.8 Hz, 3H, CH;), 0.71 (d, J =7.2 Hz, 3H,
CH;), 0.82 (d, J=6.0 Hz, 3H, CH;), 0.91 (d, J
=6.8 Hz, 3H, CH;), 0.94 (d, J =6.0 Hz, 3H,
CH;), 0.95 (d, J=6.4 Hz, 3H, CH;), 1.03—1.18
(m, 6H, 2 x H-10", 2 x H-11, H-9'e, H-10e), 1.23
(t, J=17.2 Hz, 3H, OCH,CH;), 1.25 (t, J=7.2
Hz, 3H, OCH,CH;), 1.28—1.58 (m, 6H, 2 x H-7',
2x H-8, H-9'a, 10a), 1.67—1.70 (m, 2H, H-13',
H-14), 2.08—2.26 (m, 4H, H-8',9,11’,12), 3.13
(s, 1H, H-3), 3.25 (bt, J=7.6, 2.8 Hz, 1H, H-
6'), 3.65 (bt, J=7.2, 3.2 Hz, 1H, H-7), 3.79 (s,
1H, H-3'), 3.98 (q, J=7.2 Hz, 2H, OCH,CH;),
3.9 (q, J=7.2 Hz, 2H, OCH,CH;), 4.54 (d, Jpy
=16.0 Hz, 1H, CH-P), 5.18 (s, 1H, H-4'), 6.27
(s, 1H, H-4), 7.41—7.46 (m, 5H, 5 x ArH); C
NMR (CDCl;, 100 MHz) 8: 15.4 (C-15"), 15.7 (C-
16), 16.4 (2 x OCH,CH;), 20.7 (C-14',15), 22.0
(C-12'), 22.1 (C-13), 22.6 (C-10'), 23.2 (C-11),
24.7 (C-13"), 25.5 (C-14), 31.2 (C-8'), 31.4 (C-
9), 34.0 (C9'), 34.1 (C-10), 34.6 (C-2), 38.5
(C-3), 39.0 (C-1), 40.2 (C-7",8), 47.1 (C-11"),
47.4 (C-12), 63.1 (3Jpc = 7.1 Hz, POCH,), 63.5
(®Jpc = 6.4 Hz, POCH,), 76.6 (C-6'), 78.8 (C-7),
80.6 (C-3"), 84.1 (! Jpc = 143 Hz, C-17), 97.7 (C-
4),99.8 (C4'), 128.3 (*Jpc =5.9 Hz, C-1"), 129.0
(C-2",6"), 129.5 (C-3",5"), 134.1 (C-4"), 167.9
(C-1'), 168.8 (C-6); IR (KBr) v: 3068, 2956,
1791, 1259, 1128, 1024, 929, 561 cm™'; EIMS m/z
(%): 799 (M* +2, 5), 797 (M*, 6), 661 (M* +2
- CyHyg, 6), 659 (M* ~ CyoHys, 7), 523 (M* +2 -
2CyoHyg, 5), 521 (M* —2CjoHys, 8), 476 (M* +2 -
2CyoHyp — GHs0, 12), 474 (M* - 2CyH;o - GHs0,
12), 441 (M* - 2CyH;s — G,Hs0 - CH50, 28), 245
(Cyy Hig POS, 40), 227 (Cy HigO;P*, 89), 198
(CGH 0sP*, 51), 140 (CyHs, 21), 138 (CypHjf,
78), 80 (C¢Hs" , 100). Anal. caled for CsHsgO;BrP:
C 58.72, H7.33; found C 58.24, H 7.20.

Spiro [ 1-bromo ( S )-4-L-(1R, 2S, 5R )-menthyl-
oxy-5-0xa-6-oxo-bicyclo [ 3. 1. 0] hexane-2, 2'-(3'-di-

ethyl-a-( R )- benzyloxyphosphonyl-4'-(1R ,2S ,5R)-men.-
thyloxybutyrolactone) ] (5'a) Yield 0.29 g (36% ),
Ry =0.17 [EtOAc-petroleum ether (30—60 C) =1:4
(V:V)]; m.p. 43—45 C; [a 1D - 81.9 (¢ 2.00,
CHCL); "H NMR (CDCl;, 400 MHz) 8: 0.64 (d, J
=6.8 Hz, 3H, CH;), 0.82 (d, J =7.2 Hz, 3H,
CH;), 0.84 (d, J=6.0 Hz, 3H, CH;), 0.86 (d, J
=7.2 Hz, 3H, CH;), 0.92 (d, J=7.2 Hz, 3H,
CH;), 0.95 (d, J=6.4 Hz, 3H, CH;), 1.03—1.18
(m, 6H, 2x H-10, 2 x H-11, H-9'e, H-10e), 1.23
(t, J = 7.2 Hz, 3H, OCH,CH,), 1.25 (t,
J=7.2 Hz, 3H, OCH,CH;), 1.28—1.58 (m, 6H, 2
x H-7", 2 x H-8, H-9'a, H-10a), 1.67—1.69 (m,
2H, H-13', H-14), 2.02—2.28 (m, 4H, H-8,9,
11',12), 3.12 (s, 1H, H-3), 3.25 (bt, J=7.6, 2.8
Hz, 1H, H-6"), 3.65 (bt, J=7.2, 3.2 Hz, 1H, H-
7), 3.79 (s, 1H, H-3'), 3.98 (q, J=7.2 Hz, 2H,
OCH,CH;), 3.99 (q, J=7.2 Hz, 2H, OCH,CH,),
4.53 (d, ®Jpy =16.0 Hz, 1H, CH-P), 5.18 (s, 1H,
H-4'), 6.27 (s, 1H, H-4), 7.40—7.47 (m, 5H, 5x
ArH); C NMR (CDCl;, 100 MHz) §: 15.4 (C-15'),
15.6 (C-16), 16.4 (*Jpc = 4.4 Hz, 2 x OCH,CH;,),
20.6 (C-14'), 20.8 (C-15), 22.0 (C-12'), 22.2 (C-
13), 22.8 (C-10'), 23.1 (C-11), 24.7 (C-13"),
25.4 (C-14), 31.1 (C-8'), 31.4 (C9), 34.0 (C-
9'), 34.1 (C-10), 34.6 (C-2), 38.5 (C-3), 39.0
(C-1), 39.2 (C-7'), 40.1 (C-8), 47.1 (C-11),
47.4 (C-12), 63.2 (2Jy = 7.2 Hz, POCH,), 63.6
(*Jpc=17.6 Hz, POCH,), 76.9 (C-6'), 78.7 (C-7),
80.5 (C-3'), 84.1 (1 Jpc = 140 Hz, C-17), 97.4 (C-
4), 100.2 (C4'), 128.3 (*Jpc=6.1 Hz, C-1"),
128.9 (C-2",6"), 129.5 (C-3", 5"), 134.1 (C4"),
167.8 (C-1'), 168.8 (C-6); IR (KBr) v: 3066,
2956, 1791, 1257, 1127, 1025, 926, 561 cm~'; EIMS
m/z (%): 799 (M* +2, 6), 797 (M*, 6), 661
(M* +2 - CyHy, 6), 659 (M* - CioHyg, 5), 523
(M* +2 - 2CpHyg, 10), 521 (M* - 2CoHyg, 12),
476 (M* +2 - 2CoHyg - GHs0, 18), 474 (M* - 2C,-
Hy - C,Hs0, 18), 441 (M* - 2C;oHyo - GHs0 —
CHs0, 17), 245 (CyHgPO;, 40), 227 (CyH-
0,P*, 88), 198 (CoHj3 05P*, 49), 138 (CyHg,
70), 82 (CgHjby, 100). Anal. caled for C3oHs309BrP:
C 58.72, H7.33; found C 59.18, H 7.49.

Spiro[ 1-bromo ( S )-4-L-(1R,2S , SR )-menthyloxy-
5-0xa-6-ox0-bicyclo (3. 1.0] hexane-2, 2'-(3'- diethyl-a-
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( S )-4"- Cl- benzyloxyphosphonyl-4'-( 1R, 25, SR )-men-
thyloxybutyrolactone) ] (5b) Yield 0.33 g (39%),
Ry =0.47 [ EtOAc-petroleum ether (30—60 C) =1:4
(V:V)]; m.p. 73—74 C; [a]® - 129.8 (¢ 1.80,
CHCL); 'H NMR (CDCl;, 400 MHz) &: 0.64 (d, J
=6.8 Hz, 3H, CH;), 0.81 (d, J=6.8 Hz, 3H,
CH;), 0.83 (d, J=6.8 Hz, 3H, CH;), 0.86(d, J =
6.4 Hz, 3H, CH;), 0.92 (d, J=6.8 Hz, 3H, CH;),
0.95 (d, J =6.8 Hz, 3H, CHy), 1.00—1.29 (m,
6H, 2 x H-10’, 2x H-11, H9'e, H-10e), 1.24 (t, J
=7.2 Hz, 3H, OCH,CH;), 1.28 (t, J = 7.2 Hg,
3H, OCH,CH;), 1.30—1.63 (m, 6H, 2x H-7", 2x
H-8, H9'a, 10a), 1.64—1.73 (m, 2H, H-13’, H-
14), 2.05—2.23 (m, 4H, H-8', 9, 11’, 12), 3.13
(s, 1H, H-3), 3.30 (bt, J=10.4, 4.0 Hz, 1H, H-
6'), 3.65 (bt, J=10.4, 4.0 Hz, 1H, H-7), 3.77
(s, 1H, H-3'), 3.96 (q, J = 7.2 Hz, 2H,
OCH,CH;), 4.07 (q, J=7.2 Hz, 2H, OCH,CH;),
4.51 (d, *Jpy=16.4 Hz, 1H, CH-P), 5.15 (s, 1H,
H-4'), 6.24 (s, 1H, H4), 7.38—7.41 (m, 4H, 4 x
ArH); 3C NMR (CDCl;, 100 MHz) &: 15.4 (C-15'),
15.7 (C-16), 16.4 (2 x OCH,CH;), 20.8 (C-14,
15), 22.1 (C-12'), 22.2 (C-13), 22.7 (C-10"),
23.2 (C-11), 24.7 (C-13"), 25.5 (C-14), 31.1 (C-
8'), 31.5 (C9), 34.0 (C9'), 34.2 (C-10), 34.6
(C-2), 38.6 (C-3), 38.7 (C-1), 40.0 (C-7"), 40.2
(C-8), 47.2 (C-11'), 47.5 (C-12), 63.3 (*Jpc=6.3
Hz, POCH,), 63.6 (®Jpc = 6.2 Hz, POCH,), 78.1
(C-6"), 78.7 (C-7), 79.8 (C-3"), 84.1 (*Jpc =136
Hz, C-17), 97.7 (C4), 99.8 (C-4'), 129.2 (C-3",
5"), 129.6 (3Jpc =4.8 Hz, C-1"), 132.7 (C-2", 6"),
135.5 (C4"), 167.9 (C-1'), 168.7 (C-6); IR (KBr)
y: 3072, 2956, 2360, 1791, 1259, 1128, 1024, 929
em™'; EMS m/z (%) 834 (M* +2, 2), 833 (M*
+1, 2), 832 (M*, 2), 695 (M* +2 - CyHy, 6),
693 (M+ - CIOHIQ’ 5), 557 (M+ +2- CIOHIB - CIO'
H]g, 6), 555 (M+ -Cmng—Cl()ng, 6), 512 (M+‘+
2 - CyoHyg — CioHyo — OC,Hs, 2), 510 (M* — CyoHjg -
CioHyo - OCHs, 10), 477 (M* -2 - Cy;H;; O4PCl -
CsHs, 12), 475 (M* - C;;Hp704PCl — CgHg, 32), 279
(C;H;;0,PCl* , 40), 263 (M* +2 - CgHgOsBr, 26),
261 (M* - CgHgOsBr, 71), 233 (GH;;0;PCl*, 52),
138 (Cp Hig*, 100), 83 (CH;0,*, 53), 81
(CeHy* , 54), 67 (CsH,;*, 45); Anal. caled for Cao-
Hs; 040 BICIP: C 56.29, H 6.90; found C 56.68, H

6.97.

Spiro [ 1-bromo ( S )-4-L-(1R, 2S, 5R )-menthy-
loxy-5-0xa-6-oxo-bicyclo [ 3. 1. 0] hexane-2, 2'-(3'-di-
ethyl-a-( R )-4"- Cl-benzyloxyphosphonyl-4'-( 1R, 28,
5R)- menthyloxybutyrolactone ) ] (5'b) Yield 0.38 g
(45%), Ry =0.34 [EtOAc-petroleum ether (30—60
C)=1:4(V:V)]; m.p. 2—43 C; [a]® -54.0 (¢
1.73, CHCL); 'H NMR (CDCl;, 400 MHz) &: 0.68
(d, J=6.8 Hz, 3H, CH;), 0.73 (d, J =6.8 Hz,
3H, CH;), 0.85 (d, J=7.2 Hz, 3H, CH;), 0.87
(d, J=17.2 Hz, 3H, CH;), 0.90 (d, J=7.2 Hz,
3H, CH;), 0.98 (d, J=6.4 Hz, 3H, CH;), 1.01—
1.50 (m, 8H, 2x H-9', 2 x H-10, 2 x H-10’, 2 x H-
11), 1.20 (t, J=7.2 Hz, 3H, OCH,CH;), 1.32 (1,
J=17.2 Hz, 3H, OCH,CH3), 1.52—1.75 (m, 6H, 2
xH-7", 3 x H-8, H-13",14), 1.86—2.20 (m, 4H,
H-8', H9, H-11', H-12), 2.98 (s, 1H, H-3), 3.08
(bt, J=10.8, 4.0 Hz, 1H, H-6"), 3.62 (bt, J =
10.8, 4.0 Hz, 1H, H-7), 3.70 (s, 1H, H-3'), 3.92
(q, J=7.2 Hz, 2H, OCH,CH;), 4.13 (q, J=7.2
Hz, 2H, OCH,CH;), 4.47 (d, %Jpyg = 14.0 Hz, 1H,
CH-P), 5.19 (s, 1H, H4'), 6.07 (s, 1H, H4),
7.39—7.41 (m, 4H, 4 x ArH); ®C NMR (CDCL;,
100 MHz) & 15.4 (C-15'), 15.5 (C-16), 16.4 (2 x
OCH,CH;), 20.7 (C-14'), 20.9 (C-15), 22.2 (C-
12'), 22.3 (C-13), 22.8 (C-10'), 23.0 (C-11),
24.7 (C-13"), 25.3 (C-14), 31.4 (C-8', C9), 34.0
(C9’, C-10), 34.1 (C-2), 37.9 (C-3), 38.8 (C-1),
39.2 (C-7'), 40.3 (C-8), 47.2 (C-11'), 47.4 (C-
12), 63.4 (*Jpc =6.4 Hz, POCH,), 63.7 (*Jpc=6.0
Hz, POCH,), 76.9 (C-6'), 79.1 (C-7), 79.5 (C-
3'), 82.3 (! Jpc =181 Hz, C-17), 97.2 (C-4), 100.4
(C4'), 129.1 (C-3",5"), 129.9 (*Jpc = 6.0 Hz, C-
1), 131.8 (C-2",6"), 135.7 (C-4"), 167.5 (C-1"),
168.7 (C-6); IR (KBr) v: 3070, 2957, 2358, 1790,
1257, 1128, 1088, 1024, 925 cm~!; EIMS m/:z
(%): 834 (M* +2, 2), 83 (M* +1, 3), 832
(M*, 2), 695 (M* +2— CioHyg, 5), 693 (M* — Cyo-
Hy, 5), 557 (M* +2 - CyHyg — CioHyo, 10), 555
(M* - CyoHyg - CioHyo, 10), 512 (M* +2 - CyoHjg —
CioHio - OGHs, 5), 510 (M* - CyoHjs - CioHyg —
OGC,H;, 12), 477 (M* +2 - C;;H;;0,PCl - C¢Hg, 6),
475 (M* - C;;H;04PCl - GeHg, 9), 279 (CyHyp-
O,PCl*, 43), 263 (M* + 2 — CgHgOsBr, 66), 261
(M* - CgHgOsBr, 100), 233 (CGoH;,0,PCl*, 70),
139 (CyoHjy, 88), 138 (CpHf, 73), 95 (GHf,
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77), 83 (CH;07 , 81), 81 (GeHy , 84), 55 (CuHy ,
79), 41 (C3H5+ ’ 71) . Anal. calcd for C39H57010BI'C]P:
€ 56.29, H 6.90; found C 56.74, H 7.02.

Single crystal preparation of 5a and its X-ray crystallog-
raphy

5a was dissolved in ethyl acetate-petroleum ether
(30—60 C). A colorless single crystal was separated
out from the solution at room temperature after standing
for several days.

X-Ray crystallography 0.30 nm x 0.30 nm x
0.20 nm colorless monocrystal of chiral compound 5a,
CaoHsg O1oBrP, M, 797.74, The crystal 5a is attributed
to monoclinic system and P2; space group. The crystal
lattice parameters are a = 1.2858(3) nm, & = 2.5130
(5) nm, ¢=1.4125(3) nm, V =4.4053(15) nn®, Z
=2, D,=1.203 g/cm®, 12 =1.019 mm~!, F(000) =
1688. It was selected to be determined on a R-axis-IV X-
ray diffractometer with the incident radiation of Mo Ko ray
(A2 =0.071073 nm), which was monochromalized by
graphite. 11247 diffraction points of diffraction intensity
(26 4ax = 50°) were collected at r.t. [(21+1) C] with
w-0 scanning pattemn, in which there were 5758 perceiv-
able points of /=205(1). The rectified results of nonhy-
drogen atom coordinates and their thermoparameters of ae-
olotropism by minimum-binary-multiplication were: the
deflection factor [ F2 > 25 (F?)], R =0.0788, R, =
0.1241, the absolute structure parameter is 0.00 (0) and
the maximum residual peak in the D-value Fourier scheme
i80.272 x 10? e/nm’. All were calculated and rectified
on Siemens SHELXTI~97 program.

Results and discussion

As it is well known that the phosphoric acid deriva-
tives are so extremely important in life science. Many
practical uses for organophosphorus compounds and cyclo-
prapane derivatives in addition to those in medicine and
agriculture have been developed in the last few decades.
The cyclopropane-phosphorus derivatives would be accept-
ed as valuable chemotherapeutic and antibacterial agents
as well as insecticides. As the chiral building blocks, the
racemic diethyl a-hydroxybenzylphosphonate (3), which
are useful reagents for the synthesis of organophosphorus
compounds, can be easily prepared by the acid- or base-
catalyzed addition of aldehydes (1) to dialkyl hydrogen

phosphates (2). The m.p. of racemic 3a+3'a was con-
firmed by those reported in the literature.'® The racemic
mixture of enantiomers, 3b + 3’'b was identified on the
basis of its analytical and spectroscopic data, such as IR,
'H NMR, C NMR, MS and elemental analysis.

In general, the tandem asymmetric double-Michael
addition/internal nucleophilic substitution reaction of 4
with nucleophilic reagents afforded the corresponding opti-
cally pure spiro-cyclopropane products.”® The synthesis of
diastereomerical mixture of cyclopropane-phosphorus
derivatives 5a + 5'a and 5b + 5'b was accomplished by
the asymmetric reaction of the readily available 4 with the
racemic diethyl @ -hydroxy-4-substituted-benzylphospho-
nates (3+3') under mild conditions. After the separation
by column chromatography on a silica gel and using ethyl
acetate/petroleum ether mixture as the eluent, the di-
astereomerically pure cyclopropane-phosphorus derivatives
Sa, 5'a, 5b and 5’b were easily obtained in fair yields
with d.e. =98%. The R, value of TLC using EtOAc-
petroleum ether (30—60 C) =1:4 (V: V) as the eluent
for each pair of diastereomers has shown the corresponding
datum: 5a R;=0.25, 5'a R;=0.17, 5b R;=0.47 and
5'b Rr=0.34. The chemical structure and stereochem-
istry of this novel chiral compounds 5 were readily con-
firmed by analytical data and spectroscopic data, such as
IR, 'H NMR, *C NMR, MS, [ @]? and elemental anal-
ysis. On the basis of the data, the proposed structure of
spiro-[ 1-bromo ( S )4-L-(1R, 2S, 5R )-menthyloxy-5-
oxa-6-oxo-bicyclo [ 3. 1. 0] hexane-2, 2'-( 3'-diethyl-q-
('S )-benzyloxyphosphonyl-4’-( 1R, 2S, 5R )-menthyl-
oxybutyrolactone) ] (5a) was-consistent with the stereo-
chemistry and absolute configuration of its molecule, and
this was further confirmed by its X-ray crystallography as
shown in Fig. 1. The examination of the X-ray structure
of the diastereomer 5a led to the important conclusion that
the absolute configuration at the a-benzyl carbon in the
diastereomer 5’a should be R. In addition, the absolute
configurations at the a-benzyl carbon of the diastereomers
Sb and §'b are comparable and relative though the one of
the single crystal structures is not yet established by X-ray
crystallography .

Crystal structure d‘escription'of 5a

The orientation temperature plot (ORTEP) drawing
of 5a is shown in Fig. 1. The packing diagram of 5a is
shown in Fig. 2. The absolute configuration of (1R,2S,
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Fig. 2 The packing diagram of 5a.

5R)-( - )-menthyloxy keeps unchanged during the asym-
metric reaction process. The whole chiral molecule 52 has
13 chiral centers including original nine chiral centers C
(1)(R), C(20)(R), C(21)(S), C(24)(R), C(5)
(R), C(30)(R), C(31)(S), C(34)(R), C(9)(S)
and four new stereogenic centers C(6)(S), C(7)(S),
C(3)(R), C(2)(R). From the viewpoint of the struc-
ture of cyclopropane-phosphorus derivative 5a, the bond
angles of the cyclopropane component of the whole

molecule are: C(6)-C(3)-C(7) 58.9(6)°, C(7)-C(6)-
C(3) 61.6(6)°, C(6)-C(7)-C(3) 59.6(6)°, which are
approximate to 60° and in agreement with the theoretical
value. Two lactone rings fuse with cyclopropane respec-
tively to form the compound with [4.2] and [3.1.0] bi-
cyclic skeleton. The chiral diethyl-a-( S )-benzyloxy-
phousphonyl and a menthyloxy group are located on both
sides of the lactone ring respectively. The chiral center C
(9) maintains original S-configuration of diethyl-a-(S)-
benzyloxyphosphonyl building block .

Conclusion

Our results provided a valuable synthetic route to the
interesting diastereomerically pure cyclopropane-phospho-
rus derivatives 5a, 5'a, 5b and 5'b in good yields with
d.e. =98% from the readily available chiron, 5-L-
menthyloxy-3-bromo-2 ( 5H )-furanone (4 ) with the
racemic diethyl «-hydroxybenzylphosphonates 3a + 3’ a
and 3b + 3'b. i is particularly significant that the ap-
proach proposed would be the groundwork for future appli-
cations of the interesting racemic diethyl «-hydroxyben-
zylphosphonates as chiral building block to provide a new
strategy and thread of ideas in the synthesis of more com-
plex molecules containing active phosphorus functional
groups and study of their biological activity.
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