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Asymmetric synthesis of or-substituted alkylphosphonates 
based on symmetrical dialkyl phosphites 

O. L Kolodiazhnyi, a* E. 1/. Grishkun, a S. Sheiko, a O. Demchuk, a H. Thoennessen, b P. Jones, b and R. Schmutzler b 

'~lnstitute of Bioorganic Chemistry, National Academy of Sciences of Ukraine, 
1 ul. Murmanskaya, 253094 Kiev, Ukraine. 

Fax: 38 (044) 573 2552. E-mail: oik@bpci.kiev.ua 
blnstitute f i r  Anorganische and Analytische Chemie der K. Vilgelmin Technischen Universitiit, 

Hagenring 30, D-38106 Braunschweig, Germany. 
Fax: (0) 531 391 538Z E-mail: iaac@mac l.anchem.nat.tu-bs.de 

Chiral C2-symmetrical dialkyl phosphites and C3-symmetrical trialkyl phosphites, derived 
from (-)-borneol. (-)-menthol, and 1,2:5,6-di-O-isopropylidene-ct-n-glucofuranose, were 
studied as the starting reagents for the preparation of ctural organophosphorus compounds. 
The reactions of C2-symmetrical dialkyl phosphites and Cusymmetrical trialkyl phosphites 
with aldehydes and amines or aldehydes are accompanied by asymmetrical induction at the 
~z-carbon atom to yield optically active c.~-aminoalkytphosphonates or ct-hydroxyalkylphos- 
phonates, respectively. The stereoselectivity of the reaction depends on the structure of the 
starling compounds and the reaction conditions. 

Key words: asymmetric synthesis, optically active c~-hydroxyalkylphosphonates, optically 
active ct-aminoalkylphosphonates, the Kabachnik--Fields reaction, the Pudovik reaction, 
symmetrical chiral dialkyl phosphites, C3-symmetricat trialkyl phosphites, ( 4-)_(R)-ta_hydroxy_ 
benzytphosphonic acid 

The recent decade was marked by high activity in the 
field of  asymmetr ic  synthesis of  organophosphorus com- 
pounds, Methods 12 for the synthesis of various optically 
active organophosphorus compounds became available. 
Nevertheless, further investigations in this field are of 
theoretical  interest and practical importance. 

We here in  suggest C2-symmetr ica l  dialkyl and 
C3-symmetrical  trialkyI phosphites containing chiral sec- 
ondary alkoxy groups as new chiral, nonracemic starting 
compounds  for asymmetric synthesis of organophospho- 
rus derivatives. The synthetic potentialities of these com- 
pounds are demonstrated in the Kabachnik--Fields and 
the Pudovik reactions. 3A An asymmetric version of the 
Kabachn ik - -F i e ld s  reaction is practically unknown. 
Asymmetr ic  synthesis using the Pudovik reaction was 
investigated insufficiently. 5-7 Anions of  chiral cyclic 
phosphorodiamidi tes  were shown to react stereospecifi- 
cally with aldehydes resulting in the formation of 
hydroxy phosphonates.  Diastereoselectivity of  the reac- 
tion depended on the structure of  the starting phospho- 
rodiamidi te  and ranged from comparatively low to high. 

Asymmetr ic  synthesis under the conditions of the 
Kabachn ik- -F ie lds  and the Pudovik reactions is of inter- 
est. as it results in the lbrmation of  optically active 
ct-aminoalkylphosphonic and ct-hydroxyalkylphosphonic 
acids, which possess high biological activities as pharma- 
ceutical preparations,  bioregulators, and herbicides. 8-1z 
Biological activities of these compounds strongly depend 
on the absolute configuration of the C,~ atom. 13-15 

Thus, asymmetric synthesis of  this class of compounds  is 
of  particular interest. 

We have developed convenient  methods for the syn- 
thesis o f d i -  and trialkyl phosphites (1 and 2, respective- 
ly) from available optically active starting alcohols. Com-  
pounds 1 and 2 have the symmetry axis passing through 
the P atom, which is an important  factor that decreases 
the number of possible diastereomers. Chiral phosphites  
l a - - c  and 2b,c were synthesized by the reaction of  
optically active secondary alcohols, viz., (-)-[(IR,2S,5 R)- 
menthol, ( - ) - [ ( I  S)-endol-borneol, and 1,2:5,6-di- O-iso- 
propylidene-r~t-D-glucofuranose, with PCI 3 in the pres- 
ence of  Et3N or Py. The reaction yielded initially 
phosphoroch lo r id i t e s  3, which  were ident i f ied  by 
31p N M R  (~p 141) or isolated in individual form. For  
example, dimenthyl phosphorochloridi te  3c was isolated 
as a colorless hygroscopic liquid, which can be distil led 
in high vacuum without decomposi t ion.  Then phospho-  
rochloridites ! were hydrolyzed into dialkyl phosphites  
i a - - c  or were treated with the corresponding alcohol to 
give trialkyl phosphites 2b,c (Scheme 1). In termediate  
isolation of  phosphorochloridites facilitates preparat ion 
of  pure compounds 1 and 2. Synthesis of  d imenthyl  
phosphite was described earlier, 16,17 but the c o m p o u n d  
was obtained as a crude product.  Dimentyl phosphite as 
such, as well as dialkyl phosphites ! and trialkyl phos-  
phites 2, have not been previously considered as asym- 
metric inductors. A detailed discussion of this problem is 
presented in a recent review, z 
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S c h e m e  1 

H20: B 
- ~  ~ (R*O)2P(O)H 

2 R*OH + PC] 3 B ~ (R,O)2PC I la---c 

3 ,. (R*O)3P 
R*OH/B 

2b,c 
B = Et3N or Py; 
R* = ( tS) -endo-borny l  (a), 1,2:5,6-di-O-isopropylidene-c~-o- 

glucofuranos-3-yl (b), ( tR,2S,5R)-menth-2-y l  (c) 

Dimentyl phosphite le was purified by distillation in 
high vacuum and obtained as the analytically pure prod- 
uct for the first time. Dibornyl phosphite la was reco's- 
tallized from hexane or acetonitrite. Diglucofuranosyl 
phosphite Ib and triglucofuranosyl phosphite 2b were 
isolated by preparative column chromatography on silica 
gel  Easily oxidizable derivatives of trivalent phosphorus 
Ib,c with high molecular mass were purified by column 
chromatography on oxygen-free silica gel in an inert 
atmosphere. The structure and purity of compounds 1 
and Z were proved by IH, 13C, and -;~P NMR spectros- 
copy, mass spectrometry, TLC, and elemental analysis. 

The addition of aldehydes to sterically hindered phos- 
phorous acid diesters i (the Pudovik reaction) takes 
place only in the presence of such a strong base as 
1,8-diazabicyclo[5A.0]undec-7-ene (DBU) catalyzing the 
reaction. In the presence of weaker bases (Et3N, 
1.4-diazabicyclo[2.2.2loctane) the reaction does not pro- 
ceed or proceeds very. slowly. 31p{1H} NMR study showed 
that the reaction is regio- and stereospecific and results 
in the formation of c~-hydroxyalkylphosphonates in high 
yields (Scheme 2). However, the stereoselectivity of the 
reaction depends on the structure of the starting com- 
pounds and the reaction conditions. For example, com- 
pound 4e (R = Ph) is obtained with a low diastereomer 
excess (de 33%), whereas in the case of compound 4d 
(R = 4-Me2NC6H4), de is = 50%. If the reaction is 
carried out at lower temperature, the stereospecificity is 
increased. For example, the reaction of dimenthyl phos- 
phite with benza]dehyde at room temperature yields 
c~-hydroxyalkylphosphonate 4e as a mixture of diastereo- 
mers in a ratio of 6 : 4 (de 20%). whereas at - 20  ~ the 
diastereomer ratio is increased to 2 : I (de 33%). In the 
case of compound 4d, de is 33% at ~20 ~ and 50% at 
- 2 0  ~ Hydroxyalkylphosphonates are crystalline sub- 
stances and can easily be obtained with 98--100% stereo- 
chemical I~urity after one or two recrysta[lizations from 
acetone or hexane. 

,&symmetric induction was also observed in the reaction 
of C3-symmetrical phosphorous acid triesters 2b,e (R* = 
(I R.2&5R)-menth-2-yl or 1,2:5,6-di-O-isopropylidene-c~- 
D-glucofuranos-3-yl) with aldehydes in the presence of 
trimethylchlorosilane (Scheme 3). The reaction occurs at 
room temperature without a solvent and results in the 
formation of silyl ethers 6, which are easily hydrolyzed m 
the course of isolation resulting in hydroxyalkylphospho- 
nates in a total yield of 85--90% and with diastereomer 
patios in the reaction mixtures of 10 : 1 (6b) and 3 : I (6e). 

One or two subsequent recrysta l l izat ions o f  the result ing 
mixtures from hexane or  aeetoni t r i le  afford c t -hydroxya lky l -  
phosphonates w i th  I00% stereochemical  pur i ty .  

S c h e m e  2 

DBU R*O-...4.0 H3O* HO... //O 
l a - - c  + RCHO ~" ..-P.. ~R = /P...  ,,,Ph 

R*O H/C.,,OH HO H...C.,,OH 

4a- - f  5 

R" = (1S)-endo-bornu R = Ph (4a); 
R* = t ,2 :5 ,6-d i -O- isoprop, l l idene-cL-~-g lucofuranos-3-y l ,  

R = Ph (4b); 
R* = (1R,2S,5R)-rnenth-2-yl  (4c--f) ,  R = Ph (4c): 

C6H4NMe2-4 (4d); C6H4OMe-4 (4e);  Pr i (4f) 

S c h e m e  3 

Me~SiCt p R ' O . . . . ~ O  i 
2b,c + PhCH-----O " ~" ', /P... .~Ph 

; R*O / C  , 
[ H ' OSiMe 3 [ 

6 

t H20 

HO~. ~O .H30" R*O~. //O 
/P-.. .Ph  ' ..P-~ .~PI3 

HO H/C.,~OH R"O H/C.,,OH 

5 4b,c 

R" = t,2:5,6-di-O-isopropyl idene-ct-o-glucoturanos-3-yt (b); 
( IR,2S,5R)-menth-2-y l  (c) 

The structures o f  diesters 4b,e were c o n f i r m e d  by 
mass spectrometry and tH, 13C, attd 31p NMR spectro- 
scopy. The ratio of diastereomers and the stereochemical 
purity of the compounds obtained were determined by 
HPLC and 3tp{IH} NMR spectroscopy (Table I). 

Table !. Products of C2-symmetrical addition of phosphites to 
aldehydes and aldimines 

Corn- Yield a de M.p. let]D20 b 8p(. 
pound (%) (%) ,/~ ~ 

4a 85 33 95 -39 21.69 (21.60) 
4b 80 84 Oil 2Y02 ( '~  i . . . . . .  - -  . . . . . .  86, 
4e 90 33 t39 -88.9 20.36 (20.08) 
4d 80 50 161 -69 .2  21.17 (20.60) 
4e 95 35 150 -77.1 20.09 (1998) 
4f 90 78 73.5 -91.5 20.36 (20.08) 
7a 94 50 144 -47.0 24.00 (2381) 
7b 90 33 86--87 -57.9 21.81 (21,67) 
7c 85 83 132.5 -88.9 23.30 t23.03) 

a Total yield of two diastereomcrs, 
h Melting point and [u]o2{~ are given for the major diastereo- 
incr. 
"The values of iSp for the minor diastereomer are given in 
parentheses. 
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Diesters 4b,c were hydrolyzed by refluxing with HC1 
in aqueous dioxane to give (+)-ct-hydroxybenzylphos- 
phonic acid 5. Its (R)-configuration was established by 
comparison with ( - ) - (S)-ot -hydroxybenzylphosphonic  
acid, described before. 5'Is Acid 5 obtained is character- 
ized by an optical rotation of  tile opposite sign and 
hence it has the opposite configuration. 

High stereoselectivity was observed in the case of the 
reaction of  C2-symmetrical phosphites 1 with aldehydes 
and amines (the Kabachnik- -Fie lds  reaction). The reac- 
tion was performed directly with benzaldehyde and amines 
(compound 7a) or with the corresponding Schiffs bases 
(compounds 7h.c) (Scheme 4). The reaction is carried 
out at room temperature or at 60--80 ~ resulting in 
a-aminoalkytphosphonic  acid diesters in high yields and 
sufficient stereoselectivity: de = 50% (7a), 33% (7b), and 
83% (7c). 

Rec~'staltization ofet-aminoalkylphosphonic  acid di- 
esters from hexane yields stereochemically pure c~-ami- 
noalkylphosphonates 7. Hydrolysis of esters 7a,b in aquc- 

S c h e m e  4 

PhCHO + RNH 2 = PhCH-----NR 

(R'O)2P(O)H 
I 

i1,,  

R : PhCH2, 
R 'O.  p~..O~,p h / " . -  H-,O" HO... //.0 

" ~ .. .-P., .  �9 ~Ph 
R 0 HO /C. , ,  

H / C  ""NHR H NHCH2Ph 

7a - - c  8 

R* = ( 1 S ) - e n d o - b o r n y l ,  R = PhCH 2 (7a) ;  
R* = ( 1 R , 2 S , 5 R ) - m e n t h - 2 - y t ,  R = PhCH 2 (7b) ;  
R* = ( 1 R , 2 S , 5 R ) - m e n t h - 2 - y l ,  R = (R) -Me(Ph)CH (7c)  

ous dioxane results in the tbrmation of  ct-aminoalkyl- 
phosphonic acid 8,19 as reported earlier, z~ The structure 
of ( - ) -d ibo rny l  benzylaminobenzylphosphonate 7a was 
confirmed by X-ray diffraction analysis (Fig. I). 

0 H 

� 9  

|  

ON 

o,., 

Fig,. I. The molecular slructure of dil(I SFendo-borny|] [(-)-(R)-r176176176 7a. 
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Thus,  easily available phosphi tes  ! and 2 can be 
successfully used as the s tar t ing c o m p o u n d s  for a sym-  
metr ic  synthesis o f  o rganophosphorus  c o m p o u n d s  in- 
c luding the prepara t ion  of  enant iomet r ica l ly  pure deriv-  
atives of  c~-hydroxy- and c t -aminoa lky lphosphon ic  acids. 
Fur ther  studies o f  these c o m p o u n d s  under the  cond i t i ons  
o f  the asymmetr ic  version o f  the K a b a c h n i k - - F i e l d s  
react ion and o the r  relative react ions are in progress.  

Experimental 

IH, 13C, and 31p NMR spectra were registered on Varian 
VXR-300 (300 MHz) and Bruker WP-200 (200 MHz) spec- 
trometers in CDCI 3 or C~D(, with MeaSi as the internal 
standard (IH and 13C) and 85% H3PO 4 as the external standard 
(31p). HPLC was performed on LKB (Sweden) and Mil- 
ikhrom-lA (Russia) instruments with a Silasorb DEA column. 
Optical rotations were measured on a Perkin--Elmer 241 pola- 
rimeter. Solvents were carefiflly purified and dehydrated by 
standard methods. Optically active compounds ,  via.., 
( - ) - (  I R,2S,5R)-menthol, (-)-1( IS)-endol-borneol, 1,2:5,6-di- 
O-isopropylidene-,:x-t)-glucofuranose, and (+)-(R)-ct-methyl- 
benzylamine were purchased from Fluka and Lancaster. 

(-)-Bis(1,2:5,6-di- O-isopropylidene-ct-o-glncofuranos-3- 
yl) phosphite (lb).  A solution of 9.1 g (0.035 tool) 1,2:5.6-di- 
O-isopropylidene-ct-D-glucofuranose and 7 mL of Py in 25 mL 
of hexane was added dropwise to a solution of 2.74 g 
(0.02 tool) of PCI 3 in 15 mL of hexane with stirring and 
cooling to -20 ~ Then the reaction mixture was stirred for 
2 h at ~20 ~ and cooled again to 0 ~C. Water (0.03 mol) was 
added, and the mixture was kept for ~10 h at -20 ~ Pyridine 
hydrochloride was filtered ofT, and the solvent was removed in 
vacuo. The residue (viscous liquid) was dissolved in hexane, 
3--4 mL of Et3N was added, and the mixture was kept in the 
refrigerator for -10 h. The precipitate was filtered off, the 
solvent was evaporated, and the residue was chromatographed 
on silica gel (elucnt ethyl aeetate--hexane, I : I) using TLC 
control (Silulbl), Rr 0.38. Yield: 70%. IcqD:~ -13.8 ~ (c 3.0, 
toluene), Found (%): P, 5.15. C24H39OI3P. Calculated (%): 
P, 5.46. t3C NMR (CDCI~). 8:22.9 and 23.67 (both s, C(CH3)2): 
25.0 (d. CH 3, Jc.P = 4 Hz); 26.2, 26.7, and 26.97 (all s, CH3):. 
28.84 and 30.28 (both s, C(CH3)2): 67.46 (s, CH20): 72.36 (d. 
POC, JcP  = 17 Hz); 74.8, 76.4, 81.16, and 85.1 (all s, C'HOI. 
3tp NM~ (CDCI3), 6:8.34 (dr, Ijp H = 725 Hz, 3jp H = 10 Hz). 
MS (chemical ionization. NHT,): m/z 567 {M + + I1. 

(-)-Di[(IS)-endo-hornyl I phosphite (in).  A solution of 
1.35 g (0.01 tool) of  PCI 3 in 25 mL of diethyl ether was added 
dropwise to a solution of 3. I g (0.02 tool) of ( - ) - l (  IS)-endol- 
borneol and 3.5--4 mL of Et3N in 25 mL of diethyl ether with 
stirring and cooling to -10 to -20 ~ Then the reaction 
mixture was stirred lbr 2 h at ~20 ~C and cooled to 0 ~ Water 
r tool) was added, and the mixture was kept for -10 h at 
-20 "-C. Triethylamine hydrochloride was filtered off, the sol- 
vent was evaporated, and the residue was ehromatogr'aphed on 
silica gel (eluent hexane--ethyl acetate, I : 1). The solvent was 
removed to give the residue, which .soon cffstallized. Phosphite 
ia can be recrystallized from hexane or acetonitrile at -10  ~ 
Yield: 75%, m.p. 182 ~ (acetonitrile), [aid 2() -24.5 ~ (c 1.5, 
ethyl acetate). Found (%): P, 8.35. C20H3503P. Calcula- 
ted 1%): P, 8.74. 3tp NMR (CDCI3), i5:7.6 (dt, IJu.p = 
689 Hz, 3JH. ~)= 8.1 Hz). 

D i - l ( - ) -  (IR,2S,5R)-menth-2-yl] phosphite ( le ) .  Method 
A. A solution of 1.35 g (0.01 tool) of PCI 3 in 25 mL of diethyl 
ether was added dropwise to a solution of 3.1 g (0.02 tool) of 

(-)-(IR,2S.5R)-menthol and 4 mL of Et3N in 25 mL of 
diethyl ether with stirring and cooling to -20 ~ Then the 
reaction mixture was stirred for 2 h at -20 ~'C and cooled to 
0 ~ Water (0.015 tool) was added, and the mixture was kept 
for ~10 h at -20 ~ Triethylamine hydrochloride was filtered 
off. the solvent was evaporated, and the residue was distilled in 
~,acuo. Yield: 8096, m.p. 130--132 ~ (0.02 Torr). Dimenthyl 
phosphite obtained by' this procedure can be used lot further 
syntheses without vacuum distillation. 

,~lethod B. A solution o f  135 g (001 mol) o f  PCI 3 in 
25 mL o f  diethyl ether was added dropwise to a solut ion o f  
3.1 g (0.02 mol) of (-)-(IR,2S,5R)-menthol and 4 mL of 
Et3N in 25 mL of diethyl ether with stirring and cooling to 
-20 ~ and the reaction mixture was stirred for 2 h at 
~20 ~ Triethylamine hydrochtoride was filtered off, the 
solvent was evaporated, and the residue was distilled in vacuo 
to give (IR,2S, SR)-dimenthyl phosphorochloridite 3c, yield 
80%, m.p. 125 ~ (0.02 Torr).3]P NMR (CDCI3), 6:145 (t, 
3Jp. H = 10 Hz). Found (%): CI, 7.81. C2nH38CIO2P. Calcu- 
lated (%): CI, 7.62. 

A solution of 03 mL (0.017 mol) of water in 2 mL of Et3N 
was added dropwise to a solution of 3.7 g (0.01 tool) of 
( I R,2S, SR)-dimenthyl phosphorochloridite 3c with stirring and 
cooling to 0 "C. The mixture was stirred for 2 h at ~20 ~ and 
kept for -10 h. Triethylamine hydrochloride was filtered off, 
the solvent was evaporated, and the residue was distilled in 
vacuo. Yield: 80%, m.p. 130--132 ~ (0.02 Tort). [CtlD 20 
-73.6 ~ (c 2.0. toluene). Found (%): P, 8.29. C20H3,aO3P. 
Calculated (%): P, 8.64. IH NMR (CDCI3), 6:0.7 (d, 6 H, 
2 CH 3, -/It.H = 7.0 Hz)  0.9 (d, 12 H, 4 Ctt 3, JH.H = 7.0 Hz); 
I.I--2.3 (m, 18 H. CH, + CH); 4.2 (m, 2 H. 2 OCH): 7.17 (d, 
I I--I, P--H, L/H. P = 70"0 Hz). 31p NMR (CDCI3), & 5.12 (dr, 
IJp, i. t = 700 Hz, 3Je. H = 8.1 Hz). 

Tris( 1,2:5,6-di- O-isopropylidene-c~- o-glueofuranos-3-yl) 
phosphite (2h). A solution of 2.74 g (0.02 tool) of PCI 3 in 
30 mL of toluene was added dropwise to a solution of 14.4 g 
(0.06 mol) of 1,2:5,6-di-O-isopropylidene-a-o-glucofuranose 
and I0 mL of Et3N in 50 mL of toluene with stirring and 
cooling to -20 ~ The reaction mixture was stirred for 2 h at 
~20 ~ Triethylamine hydrochloride was filtered off, the sol- 
vent was evaporated, and the residue was chromatographed on 
silica gel (eluent ethyl acetate--hexane, I : 1) using TLC 
control (Silufol), R r 0.61. Yield: 80%. Viscous colorless liquid. 
Found (%): P, 3.70. C36H57OIsP. Calculated (%): P, 3.83. 
31p NMR (CDCI3), 6:144.5 (q, 3Jp. H = 10 Hz). MS (chemical 
ionization, NHO: m/z 809 [M § + II. 

Tri|(IR,2S, SR)-menth-2-yl 1 phosphite (2e). A solution of 
9.4 g (0.06 tool) of ( - ) -menthol  and 10 mL of Et3N in 50 ml. 
of toluene was added dropwise to a solution of 2.74 g 
(0.02 tool) of PCI 3 in 30 mL of toluene with stirring and 
cooling to -20 ~ and the reaction mixture was stirred for 2 h 
at ~20 ~ Triethylamine hydrochloride was filtered off, and 
the solvent was evaporated. The residue was spectroscopically 
pure trimenthyl phosphite, which was used in the synthesis o f  
(-)-dimenthyl (ct-hydroxybenzyl)phosphonate (4e) without ad- 
ditional purification. 3Jp NMR (CDCI3), 6:148.0 (q, 3Je. H = 
80 Hz). MS (chemical ionization, NH3); re~z497 IM" + II. 

( -)-Di[(!  R,2S,5R)-menth-2-yl] (,.t -hydroxybenzyl)phosl)hO- 
hate (4c). Method.~l. Benzaldehyde (I. I g, 0.10 mol) and D BU 
(two drops) were added to dimenthyl phosphite le (3.5 g, 0.01 
tool) at 0 ~ The mixture was kept for 6 h at 0 ~ and for ~10 
h at ~20 ~ The 31p NMR spectrum showed the presence of 
only two signals at 6p 20.36 and 20.08 in a ratio of 2 : I. 
Crystallization from acetonitrile or hexane gave the stereo- 
chemically pure diastereomer. Yield: 55%, m.p. 139 ~ [CtlD2~ 
-S8.q ~ (c 1.0. toluene). 



1572 Russ.Chem.Bull . ,  Vol. 48, No. 8, August. 1999 Kolodiazhnyi  e t a l .  

Method B. Benzaldebyde (0.55 g, 0.005 moll and 1,5 mL of 
trimethylchlorosilane were added to trimenthyl phosphite 2e 
(2.5 g. 0.005 moll at 0 ~ The mixture was kept for I h at 
0 ~C, then the temperature was gradually increased to ~20 ~ 
and the mixture was kept for I--2 h_ The 3~p NMR spectrum 
showed the presence of only two signals at 8p 20.36 and 20.08 
in a ratio of 3 : 1. The 'volatile substances were removed m 
wlcuo, and the residue was passed through silica gel (eluent 
ethyl acetate--hexane, I : I). The solvent was removed m 
vacuo, and the residue was crystallized from hexane with 
cooling. Yield: 60%, m.p. 139 ~C, lCt]D 20 -88.9 ~ (c 1.0, 
toluene). Found (%): P, 6.55. C27H45OlP. Calculated (%): 
P, 6,67. ~H NMR (CDCI3), 8 :0 ,7- - t .0  (m. 18 H, 6 CH3); 
1.1--1.2 (m. 18 H, CH 2 + CH); 3.7 (br, I H, OH/; 4.2 (dr, 
2 H, 2 0 C H ,  JH,H = 2.3 Hz, JH.H = 4.1 Ha); 4.92 (d, I H, 
CHP, JH.P = 11 Hz); 7.2--7.5 (m. 5 H. CoHs). 13C NMR 
(CDCI3), ,5:127.99 and 127.8 (both d. Jc.P = 2.5 Hz); 127.3 
(d, C0H 5, Jc.P = 9.6 Hz); 71.6 (d, PC. Jc.P = 160 Hz); 48.6 
(d, CHO a, Jc.P = 14 Ha); 48.5 (d. CHO b, dc.p = 13,2 Hz); 
45.66, 42.53, 34, 31.5, 25.31, 22.7, 21.97. 21.1,3, 21.03, 15.74, 
15.60 (all s. diastereomer methyl groups). 31p NMR (CDCI?), 
8: 2371. MS (El, 70 eV): m/z 46,1 [M*I. 

I-Hydroxyphosphonates 4a,b,d--f were synthesized from 
phosphites l a - - c  in the same way. The yields, diastereomer 
ratios, melting points, optical rotations, and 31p NMR data for 
compounds 4a,b,d--f  are given in Table I. 

(R)-(+)-et-Hydroxybenzylphosphonic acid (5). Method A. 
Hydrochloric acid (6 M, 3 mL) was added to a solution of I g 
of dimenthyl (c~-hydroxybenzyl)phosphonate 4c in 3 mL of diox- 
ane, and the reaction mixture was kept tot 3--4 days at 80 ~ 
Hydrolysis was monitored by 31p NMR. When the reaction 
was complete, the solvent was evaporated, the residue was 
dissolved in EtOH, and an excess of cyclohexylamine (-0.8 g/ 
was added. The precipitated crystals of cyclohexytammonium 
salt of acid 5 were filtered off. Yield: 70%, m.p. 226 ~ [c~]o -'~ 
~-14 ~ (c 1.0, 50% aqueous MeOH), which points to the 
R-configuration of acid 5. (S)-(-)-ct-Hydroxybenzylphospho- 
nic acid cyclohexylammonium salt was described earlier) 8 

~Iethod B. Benzaldehyde (0,55 g, 0.005 moll and 1.5 mL of 
trimethylchlorosilane were added to tris(1.2:5,6-di-O-isopro- 
pyl idene-ct -u-glucofuranos-3-yl)  phosphite 2b (2.8 g, 
0.(305 moll at 0 ~ The temperature was gradually increased to 
~20 ~ and the mixture was kept for I--2 h. The 3tp NMR 
spectrum shows the presence of only two signals of his( 1,2:5,6- 
di- O-isopropylide ne-ct- c,-glucofura nos- 3-yl) (ot-hydroxybenz- 
yl)phosphonate (4b) at 8p 23.02 and 22.86 in a ratio of 
10 : I. The volatile products were removed in vaclto, and the 
residue was passed through silica gel (eluent ethyl acetate-- 
hexane. 1 : I). The solvent was removed in vacuo, and the 
residue was hydrolyzed with hydrochloric acid in dioxane as 
described in the previous experiment_ The yield of ct-hydroxy- 
benzylphosphonic acid was 60%, 

Di[ ( I S)-endolbornyl [(--)-(R)-ct-(benzylamino)benzyl]- 
phosphonate (7a). N-Benzylbenz~clidene,smine (1.8 g, 0.01 tool) 
was added to dibornyl phosphite la (3.5 g, 0.01 tool) at 0 ~ 
and the reaction mixture was kept for 24 h at 80 ~ The 
3tp NMR spectrum showed the presence of two signals at 8p 
24.0 and 23.81 in a ratio of 3 : 1. Then the reaction mixture 
',,,as passed through a short column with silica gel (etuent 
hexane--ethyl acetate. 2 : I, 300 mL; then I : I). The solvent 
was removed in vacuo, and the crystalline residue was rec~stat- 
lized from acetonitrile or hexane to give the stereochemically 
pure diastereomer. Yield: 60%, m.p. 144 ~ [alt) 2t~ -47 ~ 
(c 1.0, toluene), Found (%): P, 5.31, C35Hg0NO3P. Calcula- 
ted (%): P, 5.49. )H NMR (CDCI3), 6:0,5 (s. 3 H, CH3); 0.73, 
0.75, 0.79, 0.82 tall s. 12 H, 4 CH3); 1.0--I.8 (m, 16 H, CIt 2 

+ CH); 3.5 (d, I H, PhCH a. JH.H = 13.3 Hz); 3.8 (d, 1 H. 
PhCH~', JH.H = 13.3 Hz); 3.95 (d, 1 H, CHP. JH.P = 20.8 Hz); 
4.52 (dr, I H, NH. JH.P = 26,8 Ha, JH.H = 7 Hz); 7.2--7.4 (m, 
10 H. 2 Coils). 31p NMR (CDC13). 8: 24.0. 

Di(IR,2S, gR)-menth~2-yl [(-)-(S')-ct-(benzylamino)- 
benzyl]phosphonate (7b). N-Benzylbenzylideneamine (1.8 g, 
001 tool) was added to di[(IR,2S,5R)-menth-2-yq phosphite 
lc (3,5 g, 0.Ol moll at 0 ~ and the reaction mixture was kept 
for 12 h at 60--80 ~ The 31p NMR spectrum showed the 
presence of two signals at 8p 21.91 and 21.67 in a ratio of 2 : I_ 
Then the reaction mixture was passed through a short column 
with silica gel (eluent hexane--ethyl acetate 2 : I (300 mL) and 
then I : 1). The solvent was removed m vacuo, and the 
crTstalline residue was recr}'stallized from acetonitrile or hex- 
ane to give the stereochemically pure diastereomer. Yield; 60%, 
rap. 86--87 ~ [ctlo ~-~ -57.9 ~ (c 1.0, toluene). Found (%): P, 
5.32. C34H52NO3P. Calculated (96): P, 5.59. IH NMR (CDCI3), 
fi: 0.5 (s, CH3); 0.6--0.95 (m, 18 H, 6 CH3); I.I--2.2 (m, 16 
H, CH? + CH); 3.55 (d, PhCH a, JH,H = 13 Ha); 3.75 (d. 
PhCHb, JH,l-t = 13 Ha): 3.98 (d, I H, CHP, JH.P = 20.6 Hz); 
4,43 (m, 1 H, NH); 7.2--7.4 (m, 10 H. C6Hs). 
31p NMR (CDCI3), 8: 2i,95. 

Di( ! R,2S, SR)-menth-2-yl [ 1 ( R)-phenyl-( I ( R)-phenyl- 
ethylamino)methyl]phosphonale (7c). Benzaldehyde ( l.l g, 
0,01 mol) and optically pure (+)-(R)-et-methylbenzylamine 
(l.I g, 0.01 moll were added to dil(IR,2S,5R)-menth-2-yl l  
phosphite lc (3.5 g, 0,01 molt at 0 ~ and the reaction 
mixture was kept for 24 h at -20 ~ The 3~p NMR spectrum 
showed the presence of two signals at 8p 23.30 and 23.03 in a 
ratio of 10 : I. The stereochemically pure diastereomer was 
obtained by crystallization from hexane. Yield: 75%, m.p. 
132,5 ~ l a id  2~ --88.9 ~ (c 1.0, toluene), Found (%): P, 5.34. 
C35H54NO3P. Calculated (%): P, 5.45. IH NMR (CDCI3), 
8:0.50 (m, CH3); 0.75--1.05 (m, 18 H, menthyl CH3); 1.28 
(d, 3 H, C1-13Ctt, Jtt,H = 6.5 Hzl: 1.00--2 00 (m, 16 H, CH2 
+ CH); 3.82 (q, I H, C HCH 3, JH,H = 6.4 Hz); 4.20 (d. I H, 
CHP, JH.H = 16.7 Hz); 430 (m, I H, Nit) :  725 (m, lO H, 
C6Hs). 31p NMR (CDCI3). 8: 23.30. MS (El, 70 eV): 
m/z 568 [M+]. 
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