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Abstract: 

Reaction of pyridinyl-2-phosphonyl dichloride (6) with l-phenyl-2,2-dimethylpropane-1,3-diol (9) leads to 
the two epimeric 2-oxo-2-(2-pyridinyl)--4-phenyl-5,5.dimethyl-l,3,2-dioxaphoephorinanes (10a,b). These can 
be separated and the steroochemistry assigned on the basis of3'P NMR spectroscopy. For los the pyfidinyl 
substituent is arranged axially at phosphorus. Arguments derived from 2D ~ experiments indicated that 
the nitrogen of pyridine is locked in a conformation whereby the pyridinyl nitrogen points over the six. 
membered ring; in other words it is locked between the two ring oxygen substituen~. This conclusion is 
substantiated by en X-ray crystal determination. Oxidation ofl0a with hydrogen peroxide leads to the N-oxide 
(12). The crystal structure of 12 reveals that despite serious ~eric ove~¢~wding the N-O bond is also oriented 
over the six-membercd ring. Methylation ofl0a with methyl trifluoromethenestdfonate affords the N-methyl 
pyridinium salt (13). NMP. experiments indicate that in this case the methylated nitrogen has turned "outside" 
of the six-rnembered ring. The borane adduct of 10a appears on the basis of NMR data to have a conformation 
wherein the complexed borune is located just outside of the $ix-membered ring. Although crystal structures 
have not betm obtained the pyridinyl-2-thiophosphonates (lSa,b) obtained from treatment of 10a and 10b with 
[(4-MeOCsI-I,)2PS]2 appear to have the same conformational properties as 10a and 10b. Restricted Hartree- 
Fock geometry optimizations have been carried out to aid in clarifying this unexpected conformational 
behaviour. These calculational results are in excellent accord with the experimental observations, and provide 
insight into the reasons for the conformational behaviour. © 1998 Elsevier Science Ltd. All rights reserved. 
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Introduction 

Although phosphines have a well deserved reputation as the ligands for transition metals, more highly 

oxidized phosphorus compounds as simple in structure as trialkyl phosphine oxides and hexamethylphosphoric 

triamide (HMPA, 1) show, for example, a high alTmity for lanthanides and actinides, and are used to extract heavy 

metal ions from aqueous solutions) '2 (Carbamoylmethyl)-phosphonates, 3 (carbamoylmethyl)phosphine oxides 4 (2), 

and pyridine N-oxides with phosphoryl groups in ortho-positions 5 (3), all of which can function in a bidentate fashion, 

are effective ligators of various transition metal ions. 

Various ligands based on phosphoryl groups have been described. In some cases one or more oxygen atoms 

may be replaced by the chalcogenides S, Se or Te, which serve as donor atoms toward transition metals) 

Et 0 0 

1 2 R = Ph, MeO,/-PRO 3 

For instance, diphenyl-2-pyridinyl phosphine oxide complexes a variety of metals, ranging from iron 6 to platinum: 

First row transition metals react with O,O-dialkyl pyridinyl-2-phosphonates in an Arbuzov-like manner, resulting in 

the extrusion of alkyl halide and formation of a mono-anionic O-alkyl pbosphonate ligand (eq 1).8" 

~ N ~ ' ~ p  %OEt + LnMX2 " ~ I ix - E t X  " ~1 I 
H ,,~'-.- O)  M ' ' "  0 

4 0 Ln " ~  '~, )('~ v Ln ~ 

(l) 

Copper (II) nitrates, perchlorates and tetrafluoroborates as well as ruthenium (III) and rhodium (III) chlorides, 

however, give isolable adducts with O,O-dialkyl-pyridinyl-2-phospbonates, 8b'c'd Bond lengths obtained from X-ray 

diffraction studies are consistent with metal-pbosphoryloxygen bonds having multiple bond character, and M-O-P 

angles on various complexes vary from 113 ° to 180 °. In contrast, M-E-P bonds (E=S, Se, Te) are single with angles 

varying from 96 ° to 120 ° ) 

Synthesis and Conformational Behaviour 

We became interested in applications of chiral non-raceraicphosphoryl-contaLrdng ligands. As starting point 

the dichloride (6) was chosen, which is prepared by nucleophilic addition (eq 2) to the readily obtainable pyridinium 

salt (5): 'j°'t' Subsequent hydrolysis and conversion to 6 are straightforward. 9'~' The phosphonates (4) and the 

corresponding thiophosphonates have been studied as pesticides and insecticides, respectively. 
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(EtO)2PELi ~ O E t _  2)I) 18% HCI, reflUXsocl2, reflux ~ ' ~  p,Cl " "~ N'"'P'*" O E t  . I 

O M e  E = O, S 
I I  
o 

$ 4(E=O) 6 

(2)  

Racemic chiral diols (9) are readily available and can be converted to the cyclic phosphoric acids (7) without 

problem. These cyclic phosphoric acids 7 (X=H, 2-C1, 2-OMe, etc) in ehiral non-racemic form are superior resolving 

agents for a variety of amines and amino alcohols; ~3 the racemic phosphoric acids themselves are resolved with ehiral 

non-racemic amino alcohols or amino acids. The enantiomerically pure phosphoric acids (7) provide the desired 

chiral non-racemic diols (9) on hydrolysis or reduction. Compounds 9 have been used, for example, as precursors 

for oxetanes and acetals, t4'~5 The hydrogen phosphonate (8) has been successfully applied as a derivatizing agent for 

the determination of enantiomeric excesses of alcohols, amines and amino acids using 31p NMR spectroscopy.~6 

0., p.~. 0 O.,p,~O OH OH 
0 ~ "OH 0 ° "H 

7 8 

Reaction of 6 (eq 3) with enantiomerically pure 1-phenyl-2,2-dimethylpropane- 1,3-diol 9 (X-H) leads to a 

mixture of  two epimeric 2-oxo-2-(2-pyddinyl)-4-phenyl-5,5-dimethyl-l,3,2-dioxaphosphorinanes 10a,b. 

. 014 OH 0~ ' ,~  .~ ~ A 
o " ' 

6 9 lOa, b 

( 3 )  

The epimers were separated by cohmm chromatography and after crystallization 10a and 10b were obtained as white 

crystalline solids in 37% and 24% yields, respectively. 

An alternalive route allows borer control over the distribution of epirners. Addition of the phosphonate salt 

(8), prepared from reaction of 9 with H3PO3 and dicycloboxylcarbodiimide, 17 followed by treatment with Me3COK, 

to S provides 10a and 10b in a 6:1 ratio. Owing to the easier purification the route of eq 4 is the preferred one to pure 

10a. 
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Alkali metal derivatives of dialkyl phosphonates like 8 are in fact dialkyl phosphite anions; the infrared spectra 

lack the p r o  absorption band but have a strong band around 1050 cm "1 characteristic for R2P-O" groups. 's The 3~p 

NMR resonances for these salts are observed in the phosphite range of the spectrum, consistent with the dialkyl 

phosphite anion formulation.19 Phosphite anions react as P-nucleophiles and equilibration of the anions is relatively 

slow. The kinctically formed anions can be trapped by adding base to a mixture of phosphonate and electrophile. 19 

In the 3~p NMR spectnun of the K ÷ salt of 8 a single resonance at 6 152.2 ppm is observed; this is attributed to 8a'. 

It seems reasonable that this anion reacts with 5 to give 10a exclusively. If so, 10b will formed from reaction of 8b" 

with 5 (eq 4). The equilibrium constant K between 8a" and 8b" must be at least 99 (3rap NMR detection levels). Since 

the product ratio is equal to (l~/k0K, 2° kb must be at least 17 times greater than 1~ in order to provide the observed 

product ratio. This is an example of the operation of the Curtin-Hammett principle. 

H 
I 

. . 

8a" 10a 

i I  K ( t )  

kb 

8b" lOb 

The stereochemistry at the phosphorus center in lOa,b should be assignable from the NMR spectra. For 

determination of the relative disposition of substituents three parameters are important; namely the 31p chemical shift, 

the ~Jpc coupling constant and the sum of the 3j~ coupling constants of the axial and equatorial hydrogen atoms at the 

4- and 6-positions on the dioxaphosphorinane ring to the phosphorus atom. Generally, for the epimer having the 

phosphoryl oxygen atom in the axial position, 3~p chemical shifts are found at lower field and coupling constants are 

larger, zLu For 10a,b the values shown were found and the stereochemistry at phosphorus assigned accordingly (the 

absolute configuration of the carbon center is, of course, known via the synthetic route). 
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3 JpI-p= 0 Hz 

Jplt= 21.2 Hz 

3JpH-= 2.2 Hz 

8 9.8 ppm (- 

\ 3J~H= 22.0 Hz /JPc= 236.8 

lOa 10b 

Hz 

One observation was puzzling, however. In the high resolution NOESY spectrum of 10a in C~D6, despite 

repeated attempts using different mixing times, no NOE interactions between pyridinyl hydrogen atoms and axial 

hydrogen atoms of the dioxaphosphorinane ring could be detected. All other expected contacts were observed. The 

downfield shifts of the axial hydrogen atoms for 10a (C6D6) of 6.03 and 4.93 ppm seem reasonable for the expected 

shielding of the aromatic ring; in 10b these shifts are 5.43 and 4.35 ppm. One is drawn to the conclusion that if 

these stereochemical assignments are correct, the pyridinyl ring in 10a must be locked in a conformation whereby 

the nitrogen atom points towards the axial hydrogens. Some of the shielding effect could arise from this, an idea 

which is supported by the observation that the downfield shift for the benzylic hydrogen atom increases upon 

introduction of two methyl groups (compound 11a) at the 6-position of the dioxaphosporinane ring (eq 5)/ 

I + 0 o C, CHCl3 
OH OH 

o 

l l a  

(~) 

forcing the pyridinyl moiety towards the benzylic position (6 (CDC13):6.16 ppm for l l a  vs. 6 5.90 ppm for 10a). 

A crystal structure was determined to check this conclusion. Compound 10a crystallizes from 

toluene/pentane in the orthorhombic space group P21212~ with two molecules in the asymmetric unit, which have two 

slightly different conformations, one of which is depicted in Fig. 1. Selected bond lengths and bond angles are given 

in Table 1 together with values obtained from restricted Hartree-Fock calculation (see next section for tables of 

structural and calculational results). 
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C~3 ~ NI 

CI 114 

¢1o 

Fig. 1 Molecular structure of 10a with numbering scheme. 

The crystal structure is entirely consistent with the conclusions drawn from NMR experiments especially with 

regard to the orientation of the pyridyl ring. The 1,3,2-dioxaphosphorinane ring displays the typical chair 

conformation generally observed, although the ring is somewhat flattened at the phosphorus end; dihedral angles P- 

O2-C 1-C2 and P-O3-C3-C2 are -4-50.6 (6) ° and -49.1 (6) °, respectively. In the second molecule of the asymmetric 

unit the dihedral angles have values of+46.4(6) ° and -50.0 (6) °, respectively. These angles are slightly smaller than 

those in an "unstrained"phenyl phosphonate (+/-53.5 (2) 0 and +/-55.8 (2)°. 23b Refinement of a disorder model that 

allowed the pyridinyl ring to be placed in a conformation with the N atom syn to the P=O bond resulted in an 

occupation factor for this alternative conformation of ouly 0.02(3). Further refinements were therefore carried out 

using a single conformation model. 

Mutual repulsion of the oxygen and nitrogen lone pairs provides a tentative explanation of the pronounced 

conformational preference in 10a; this point has been checked by calculations (vide infra). In solid state molecular 

structures of 2-phenyl-l,3,2-dioxaphosphotinanes the axial phenyl groups at phosphorus are oriented perpendicularly 

with respect to the phosphorus-oxygen double bonds. TM 

What does it take to change the "inward" conformation of 10a? We noted the description of an unexpected 

in situ oxidation of the nitrogen atom of an aminophosphine oxide ligand on treatment with molybdic acid in aqueous 

H202 ; the N-oxide coordinates to the molybdenum atom) 4 This reaction was attempted with 10a but neither 

oxidation nor coordination was observed. The N-oxide (12) of 10a can be prepared, however, on use ofH202 in 

acetic acid at 40°C for two days (eq 6). 

O..p.. O H202, 40 °C 0..~,. 0 
O* ~ acetic acid " O~r~l~ 

o - N ~  

lOa 12 
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However, again for 12 no NOE effects between the pyridinyl hydrogens and the axial hydrogens were 

observed. The chemical shift behaviour in the 'H NMR spectra was analogous to that of  10a. In C~D 6 (in which the 

signals are well separated) the axial hydrogens are shifted downfield to 6.46 and 5.38 ppm for 12 compared to 6.03 

and 4.93 for 10a. The implication is obvious; despite the distortion in the six-membered ring that must occur as 

indicated from molecular models, the oxygen of 12 must be directed back towards the ring. 

This conclusion was confirmed by the crystal structure. The compound crystallizes in the orthorhombic space 

group P2~2~2t with one molecule in the asymmetric unit cell. The molecular structure of 12 indeed shows the 

expected "inward" orientation of the pyridinc N-oxide ring (Fig. 2). 

Fig.2 

~ l ' I t  C8 04 E ~  
- C,4 

m rio 
Molecular structure of N-oxide 12a with numbering scheme. 

In order to accommodate the oxygen atom, the flattened chair conformation found in 10a is distorted to an envelope- 

like conformer, with atoms C1, 02, Pl,  03 and C3 virtually coplanar (the maximum deviation from the least-square 

plane is 0.047(3) A. Dihedral angles P-O2-C1-C2 and P-O3-C3-C2 are 39.0 (4) ° and -31.8 (5) °, respectively. 

Selected bond lengths and angles as well as details on data collection and ref'mement are given in Table 1 (see next 

section). 

Unfortunately treatment of 10b with H202 under conditions similar to those used for 10a does not lead to any 

conversion and under more forcing conditions decomposition occurs. 

If lone pair interactions are the cause of this conformational behaviour, protonation of 10a should remove 

this effect. Unfortunately excess trifluoroacetic acid was incapable of protonating 10a apparently because of the 

extremely low basicity of the nitrogen. Methylation was next tried and the N-methylated pyridinyl-2-phosphonate 

13 was obtained on reaction of 10a with excess methyl trifluoromethanesulfonate (eq 7). 

" C82C12 " ~ ( ~ O / p ~ ' ' )  ~ 0 

i r , ,  
lOa 13 

CF.qSOs- ( 7 ) 
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The reaction with "magic methyl" is, however, very slow and takes several days to go to completion. The coupling 

patterns in the IH NMR spectrum of 13 are typical for a chair conformer; axial hydrogens show no 3Jea, whereas the 

equatorial hydrogen atom shows a large 3JpH of 24.1 Hz. The trace (6 8.28 ppm) of the NOESY spectrum of 13 

shows interactions between the hydrogen atom at the 3-position on the pyridinyl fragment and both axial hydrogen 

atoms on the dioxaphosphorinane; the N-methyl hydrogens lack any NOE interactions with the latter; the arrows (eq 

7) indicate the diagnostic NOE interactions. The conclusion is clear; the N-Me unit in 13 has (finally) Rimed 

"outward". 

One might well expect similar results with borane. The observed behaviour was more complicated, however. 

On treatment of  10a with BH3,THF a white solid, tentatively assigned structure (14), precipitated (eq 8). 

Ph.  
~ . ~  BH3THF (3. ~ O 

00~*p THF " 0" "IF ~ 

BH~ N ~  
10a 14 

(8) 

This can be stored for some time without decomposition. The NOESY spectrum (not illustrated) shows interactions 

between borane hydrogen atoms and the benzylic hydrogen of the dioxaphosphorinane unit. Interaction of the other 

axial hydrogen at C-6 with the borane protons or with the pyridinyl proton at the 3-position of the pyridine ring is 

not observed. These observations are consistent with rotation of the pyridine fragment around the P-C bond, placing 

the complexed borane outside the dioxaphosphorinane ring at the side of the phenyl group as illustrated in Fig. 3. 

0 

Fig. 3 Proposal binding mode ofborane complex 14 based on NOESY spectra (top view). 

The synthesis and conformations of the corresponding pyridinyl-2-thiophosphonates were briefly examined. 

Treatment of 10a and 10b with Lawesson's reagent [(4-MeOC6H4)2PS]2 in boiling toluene (eq 9) 

x x 

"Y reflux, toluene " (~) 

lea x=2-py Y=O lSa x=2-py Y=S 
10b x = O Y = 2-py lSb X = S Y = 2-py 
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led to 15a and 15b, respectively. The reactions appeared to proceed stereospecifically although traces of the other 

stereoisomer could have been lost during work-up procedures. The ~H NMR spectra of 14a and 14b closely resemble 

those of 10s,b, respectively, indicating the same conformations of the 1,3,2-dioxaphosphorinane rings and identical 

configurations about the phosphorus atom. The 3~p NMR chemical shifts for 15a and 15b are 70.6 ppm and 79.9 

ppm, respectively, also consistent with retention of configuration about phosphorus during reaction. Crystallographic 

structure determinations have not been carried out. 

Caleulational Results 

To understand better the reasons for this unusual conformational behaviour some calculational work has been 

done. Conformations of phosphorinanes, 1,3,2-diheterophosphorinanes in particular, have been widely studied. 's 

Examples of  1,3,2-dioxaphosphorinanes and 1,3,2-oxazapbosphorinanes are found in physiologically active 

molecules such as the intracellular second messenger, cyclic adenosine monophosphate (c-AMP), and clinical 

antitumor agent, cyclophosphamide, respectively. 2~27 

NH2 

HO OH 

c-AMP 
cyclophosphamide 

In principle the three common conformations - chair, boat and twist boat - could be observed for these ring 

systems, all somewhat flattened at the phosphorus end owing to the relatively long P-O bonds. We have been able 

to rationalize all conformational behaviour in terms of chair conformations as described below. 

chair boat twist-boat 

Chair conformations of 5,5-dimethyl-l,3,2-dioxaphosphorinane will be mobile (eq 10), but we may assume that 

addition of  a phenyl group at the 4-position together with the 5,5-dimethyl groups (present work) will lead to an 

anancomeric molecule in which the substitutents effectively lock the molecule in a single conformation. 2 ~ °  
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Y 

(10) 

x 
I 

locked 

Calculational work has been carried out on the set of compounds illustrated; some smmture~ are repeated for 

clarity. X-ray data are available for 10a and 12a and NMR data for 10b, 13a, 14a,b and 11, which is included for 

comparison purposes. It has not been possible to synthesize 12b (nitrogen apparently too hindered) or 13b. 

Restricted Hartree-Fock geometry optimizations of the compounds depicted were performed at the 3-21G 

level for all atoms except phosphorus and sulfur, for which an additional set of six cartesian d-type polarization 

functions was included (6-31G*). Inclusion of these d-type functions is a requirement for the accurate reproduction 

of  experimentally observed bond lengths around phosphorus. Geometry optimization at the 6-31G* level for all 

atoms would have resulted in unacceptable increase in cpu times. 

03 o Pl 

/~o~Z"oo, 
~ 0  o2 

C; 
llla 

o.©  oH, 
12a 13-. 

? ? ?Ha 

12b 13b 

1 5 b  1 1  

9 

lOb 

0 
lSa 

The Hartrcc-Fock calculations of the compounds described, consisting of at least 39 (10, 14) to 45 (11) atoms and 

having Cl symmetry, requires 207 to 260 basisfunctions. 

Although the use of  unbalanced basis sets in geometry optimizations can give rise to substantial basis set 

supcrposition error (BSSE) effects on geometry, the successful reproduction of solid state structures (vide infra) 

indicates that this is not a serious problem here. 
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The energies related to the minimized geometries for all structures under consideration were calculated at the 

RHF 6-3 IG" level for all atoms. Single point calculations of several non-optimized geometries were performed in 

order to estimate the energy barriers for rotation around the phosphorus-carbon bond. It should be noted that these 

single point geometries were generated from optimized global minima by only altering the dihedral angle of interest. 

Since non-optimized geometries were used, these energies reflect the upper limits of  the rotational barriers. 

Optimized geometries for 10a and 12a (Fig 4) 

Fig 4. RHF 3-21G/6-13G* optimized geometries for 10a (left) and 12a (fight) 

show excellent correlations with the solid state structures. Data from solid state structures and RHF calculations are 

compared in Table 1. 
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Table 1. Geometrical data for 10a and 12x. RHF 3-2 IG/6-31 G* vs. X-my diffraction' 

10a 

RHF 

EmnlD' (AU~ - 1236.2078 
~ ond leugths 

PI-O1 1.457 
PI-02 1.589 
Pl-O3 1.585 
Pl-CI2 1.800 
Bond xnBJes 
(de~) 
Ol-Pl-O2 114.9l 
OI-PI-O3 115.46 
OI-PI-CI2 12.03 
O2-PI-O3 102.48 
O2-P1-C12 105.27 
O3-PI-C! 2 105.58 
Dihedral 
angles (dell) 
OI-PI-CI2-NI 179.72 
P1-O2-CI-C2 -51.15 
P 1-O3-C3-C2 *8.81 

10st 10a 
mol I n'ml 2 
X-my X-m~ 

1.46o(4) 1.461(5) 
1.575(4) 1.569(4) 
1.581(5) 1.569(5) 
1.789(6) 1.8o1(16 

112.6(2) 112.8(2) 
112.1(2) 112.4(3) 
112.2(3) 111.0(3) 
1o5.7(2) 1o5.9(2) 
1o7.5(2) 106.2(3) 
106.3(2) 108.2(3) 

-178.7(4) -17o.2(5) 
50.6(6) 46.4(6) 
-49.1(6) -5o.o(6) 

' estimated standard deviation for X-ray data in parentheses 
b IAU (atomic unit)= 627.51 Kcal mol "~ 

12n 12a 12asyngauche 12aan~gauche 

RHF X-ray RHF ILqF 

-1310.9654 -1310.9642 -1310.9816 

1.460 
1.574 
1.570 
1.817 

114.74 
115.40 
107.06 
104.66 
106.94 
107.57 

-179.74 
-42.52 
39.21 

1.4590) 
1.568(3) 
1.567(3) 
1.805(5) 

112,35(17) 
113.56(18) 
106.59(19) 
107.90(17) 
110.74(18) 
105.48(18) 

-174.3(3) 
39.0(4) 
-31.8(5) 

1.453 
1.600 
1.580 
1.812 

113.05 
116.67 
115.67 
101.71 
98.51 

108.91 

-75.28 
-46.92 
50.77 

1.453 
1.606 
1.576 
1.813 

116.20 
113.53 
116.06 
101.89 
108.01 
98.94 

72.62 
-52.70 
40.85 

Calculated bond lengths around the phosphorus atom are slightly longer (0.003-0.020 A) than those obtained by X- 

ray; ~ double bonds are the same within standard deviation. Note that 10a consists of  two similar but nonidentical 

molecules. Calculated angles (see Figs 1 and 2 for numbering schemes) O1-P1-O2 and O1-P1-O3 are larger by 2 °, 

angles O2-P1-C12 and O3-P1-C12 are smaller by 2-3 ° and 1-4 °, respectively. The deviation in the bond angles likely 

results from minor BSSE effects on the geometries. Except for the minor deviations in bond lengths and angles, the 

R_I-IF optimized geometries of  10a and 12a are virtually identical to the solid state structures and justify the use o f  

this mixed basis set. The dioxaphosphorinane ring in 10a is calculated to be an elongated chair and in 12a the ring 

is calculated to be flattened at the phosphorus end to accommodate the N-oxide; this is exactly in accord with the 

crystal structures. 

What about the the orientation o f  the pyridine ring? We first examined 10a. The pyridine nitrogen is indeed 

calculated to be anti to the P=O double bond. This is apparently the result of  repulsion o f  the lone pairs on O1 and 

nitrogen. But how large is rids effect and how much movement is tolerated? We will try to sketch a picture of  what 

is involved; the reader should realize, however, that the calculational work has not been exhaustive. 

We guessed that confonnational minima for 10a would include the syn-ganche and anti-gauche conformations 

shown in eq 11. 

incorrect for lOa. 

Analysis o f  the calculational results indicates that this guess was correct for 12a but probably 

(II) 

syn-gauche lOa anti-gauche 
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In these gauche conformations the nitrogen (or N-oxygen in the case of 12a) is positioned between endocyclic oxygen 

and phosphoryl oxygen lone pairs. However, optimization of 10a "manually" put in either gauche conformation does 

not lead to local minima; the structure relaxes towards the global minimum. Energy barrios associated with rotation 

about the phosphorus-carbon bond were estimated from the single point energies of  the non-op "tmlized conformations 

generated from the global minimum energy conformation of 10a. For this, dihedral angles O 1-P-CI2-N, O2-P-C 12-N 

and O3-P-C12-N were set at 0 ° (eclipsed conformations between pyridine CfN and P-O bonds). The energy 

differences for these points are 15.1, 4.1 and 3.9 kcal/mol. For energy barriers of 15 kcal/mol bond rotation on the 

NMR time scale will be sufficiently slow that the conformation will appear to be frozen. Because local minima for 

the gauche conformations of 10a could not be obtained, the corresponding geometries for 12a, for which minima were 

found (vide infra), were taken (-75.25 ° and 72.62°). Calculated energies for syn-ganche lOa and anti-gauche 10a are 

11.1 and 11.4 kcal/mol higher than the global minimum. The pyridinyl segment can swing (roughly a 120 ° swing 

in total) appreciably away from the global minimum and can even eclipse the oxygens 02 and 03 without a high 

energy price. Further deviation leads to rapid increase in energy. This behaviour would be fully consistent with the 

lack of observed NOE contacts. 

As seen from Fig 5 

Fig 5. RHF 3-21(}/6-31G* optimized syn-(lefl) and anti-gauche (right) geometries of  12a 

gauche conformations are indeed local minima for N-oxide 12a. Single point calculations show these to be higher 

in energy than the global minimum conformation by 10.16 and 10.91 kcal/mol for the o n -  and anti-conformations, 

respectively. Apparently the N-oxide cannot readily eclipse 02 and 03. The dihedral angles &eta, defined by 

Ol(O2)-P-C12-N, are -75.25 ° and 72.62 °, respectively. From the angles O2-P1-C12 (98.51 ~ and 108.01° ) and O3-P1- 

C 12 (108.91 o and 98.94 °) it can be seen that the pyridinyl fragment is tilted backwards to minimize repulsions. Single 

point energies of  non-optimized geometries of  12a with theta set "manually" at 0 ° were calculated to estimate the 

rotational barrier (attempts to calculate the rotational barriers of 12a in the semi-empirical AM1 package resulted in 

gradual change of  the ring conformation to a twist -boat). Values of 34, 18 and 17 kcal/mol, respectively, were 

obtained starting fi'om the optimized geometry of  the global minimum for 12a. In view of  the energy differences 

between the gauche conformations and the local minimum (anti with respect to P-O1), chiefly the latter should be 

populated at room temperature. 
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As already mentioned, NOE interactions between the pyridinyl ring and other hydrogens are absent in lob. 

An "inward" conformation is expected. Crystallographic data are not available but the calculation data indicate that 

this is so. The structure is illustrated in Fig. 6. 

Fig. 6 RHF 3-21G/6-31G* optimized geometries of 10b (left) and 12b (fight) 

The dioxaphosphorinane ring retains its chair conformation with bond lengths and angles comparable to those found 

for 10a. The energy calculated for this optimized geometry is higher than that of 10a by 0.68 kcal/mol. The ~H 

NMR and NOESY data are also in accord with a chair conformation. Both axial hydrogens show small couplings 

to phosphorus (3JpH=2.2 Hz) whereas the equatorial hydrogen has a large coupling (JPH = 22.0 HZ). An "inward" 

conformation (Fig. 6) is also calculated for 12b, which, however, has not been syn 

Fig. 7 RHF 3-21G/6-31G* optimized geometries of 13a. Syn-(lefl) and anti-conformations (fight). 
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The calculated structures of the N-methylated derivative 13a is shown in Fig. 7. RHF calculations for 13a reveal two 

minimal energy conformations, one with the N-methyl and phenyl groups on the same side of the molecule (syn), and 

the corr~ponding anti-conformation. Both calculated structures indicate a twist-boat conformation. This is not in 

agreement with the NMR data which indicate proton-phosphorus couplings constants 3JpHax:=0 HZ and 3JpHeq=24.1 

Hz consistent with a chair conformation. The NMR data and calculated structures are in agreement, however, in that 

the N-methyl group is placed "outside" of the dioxaphosphorinane ring. 

The ring deformation is probably caused by the strong electrostatic potential of the system owing to the bare 

positive charge. Intramolecular interaction of the electronegative oxygen atoms with the positive charge forces the 

endocyclic oxygen atoms towards the pyridinyl moiety, resulting in the calculated twist-boat conformer. In solution, 

the charge will be compensated by a counterion and by the solvent. To mimic calculationally this as closely as viable, 

an iodide counter ion was included in the system. The initial position of the iodide relative to the pyfidine ring was 

obtained from the optimized geometry of a model system, N-methylpyddinium iodide. Iodine was described at the 

3-21G* basis level. The preliminary result is depicted in Fig. 8. 

O 

Fig. 8 Preliminary geometry of the anti-conformation of 13a with countedon. 

Although the dioxaphosphorinane ring is flattened at the phosphorus end, the chair-like conformation is retained. 

Although a counterion has not been included in the calculations, both minimal energy conformations of 13b 

(not prepared!) have normal chair conformations. This is best explained by the fact that deformation of the chair 

conformer in this case would lead to an increase in distance between the positively charged pyridyl moiety and the 

phosphorinane oxygens. 

The RHF optimized geometries of 2-thia-1,3,2-dioxaphospborinanes are shown in Fig. 9. 
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Figure 9. R_I-IF 3-21G/6-31G* optimized geometries of 14a (left) and 14b (right) 

Whereas the phosphoryl oxygen atom in 10b inclines towards the equatorial position, the corresponding sulfur atom 

in 14b adopts a nearly perfect axial disposition. The sulfur-phosphorus bond lengths are relatively long; P=-S bond 

lengths are normally in the range of 1.92A. 29 A length of 1.950 A is calculated for 14a and 1.983 A for 14b. The 

greater P=S bond length for 14b can be explained by anomeric interactions between endocyclic oxygen lone pairs 

and the antibonding P-S sigma* orbital. 3~ Phosphorus-sulfur bond lengths are slightly smaller if sulfur is described 

at the 3-21 G" level (1.939 A and 1.947 ~, respectively), again indicating the minor influence of BSSE on the 

optimized geometries. 

Compound 11 (tetramethylated) is included because its NMR spectrum differed significantly. The resonance 

for the benzylic hydrogen is shifted to even lower field owing to close contact with the nitrogen atom, expected from 

orientation of the pyridinyl moiety towards the benzylic position to relieve repulsion imposed by the axial methyl 

group. The RHF calculations (Fig. 10) give a somewhat different victure. 

Fig. 10 RHF 3-21 G/6-31 G* optimized geometr~ 
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These calculations indicate that strain is chiefly relieved by deformation of the dioxaphosphorimme ring, diminishing 

the difference between axial and equatorial methyl groups. The pyridinyl group is only slightly twisted out of plane; 

the dihedral angle defined by OI-P-C12-N is 175.4 °, a value that compares closely with the corresponding angle in 

the X-ray structure of the N-oxide 12a. (174.3°). Although the diagnostic 3Jpt I coupling constants for axial and 

equatorial hydrogen atoms are not available in the 'H NMR spectra of 14, the same trend is observed to a lesser extent 

in the 4Jpc coupling constants for axial and equatorial methyl groups in ~3C NMR spectra. No coupling is observed 

for the axial methyl group, whereas the equatorial methyl group has a 4Jpc coupling constant of 6.1 Hz. The value 

is significantly lower than observed for equatorial methyl groups in diphosphite-borane complexes and 

di(thio)phosphates (generally 4Jpc=8.5-11 Hz), consistent with the deviation from an ideal chair conformation. 

Pertinent data for 10b, 12b, 13a, b, 15a,b and 11 are collected in Tables 2 and 3. 32.33 

Tables 2 and 3 

Table 2 RHF 3-21G/6-3 IG* geometrica data for 10b, 12b, and 13a 

10b 12b 13a-syn 13a-anti 13a-ant~* 

-1236.2067 -1310.9739 -1275.6158 -1275.6128 Energy (AU) 
Bond lengths (,&) 
Pl-Ol 
P1-02 
Pl-03 
Pl-Cl2 
Bond angles (deg) 
Ol-Pl-O2 
Ol-Pl-O3 
OI-PI-C12 
O2-P1-03 
O2-Pl-C12 
O3-P1-C12 
Dihedral angles 
(deg) 
OI-PI-CI2-NI 
P1-O2-CI-C2 
P1-O3-C3-C2 

1.464 
1.587 
1.588 
1.793 

116.11 
115.64 
113.45 
102.13 
103.33 
104.58 

-174.33 
-49.39 
56.43 

1.465 
1.571 
1.582 
1.806 

116.13 
115.14 
108.64 
103.40 
106.45 
106.33 

-172.41 
-39.18 
63.71 

1.459 
1.570 
1.569 
1.829 

116.78 
118.56 
111.19 
103.55 
102.24 
102.41 

58.54 
13.21 
32.68 

1.459 
1.563 
1.575 
1.830 

118.79 
116A3 
110.93 
103.57 
100.95 
104.17 

-58.46 
13.61 
33.39 

1.454 
1.579 
1.575 
1.825 

116.21 
116.06 
112.58 
103.98 
101.44 
104.61 

-65.37 
-39.01 
32.33 

' Preliminary results of geometry optimization with iodide counter ion. 
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Table3RHF3-21G/6-31G* geometrical da~forl3b, 15a, lSb, and 11 

13b-syn 13b-anti 15a lSb 11 

-1275.6149 -1275.5110 -1558.7397 -1558.7497 -1314.2710 Energy (AU) 
Bond lengths (A) 
PI-SI/OI 
PI-O2 
Pl-O3 
PI-Ci2 
Bond angles (deg) 
OI-PI-02 
OI-PI-O3 
OI-PI-CI2 
O2-P 1-03 
O2-P1-C12 
O3-Pl-Cl2 
Dihedral angels 
(deO 
OI=PI-CI2-NI 
P 1 -O2-C 1-C2 
Pl -O3-C3-C2 

1.458 
1.577 
1.570 
1.826 

116.83 
118.49 
112.52 
103.34 
102.16 
101.16 

-58.10 
-56.59 
55.04 

1.476 
1.564 
1.572 
1.800 

115.65 
113.24 
114.95 
105.73 
99.84 
106.06 

73.15 
-52.73 
66.58 

1.950 
1.577 
1.565 
1.823 

113.34 
115.86 
111.72 
105.03 
104.16 
105.74 

173.60 
-48.17 
64.86 

1.983 
1.576 
1.570 
1.788 

111.46 
112.28 
113.52 
103.85 
106.77 
108.37 

178.53 
-56.68 
64.39 

1.459 
1.588 
1.576 
1.800 

114.66 
115.78 
111.70 
102.76 
104.92 
105.95 

175.36 
-56.54 
21.80 

Conclusions 

There can be little doubt that the pyridinyl-2-phosphonates described here strongly prefer a conformation with 

the pyridinyl nitrogen anti to the P=O double bond. The same is true of the N-oxide. The magnitude of this effect 

is revealed quite dramatically in 10a and 12a. We are not aware of previous demonstrations of this strong 

conformational preference. 

One direct consequence of this effect is that it is difficult to prepare metal complexes of 10 and 12 wherein 

both pyridinyl nitrogen and phosphorus act in a bidentate fashion. Our experiences so far are in accord with this 

conclusion. Does this effect apply to all pyridinyl-2-phosphonates? Metal complexes of simpler (devoid of six-ring) 

ligands are known to complex various transition metals: It is therefore possible in such derivatives to achieve the 

desired syn arrangement of ligating sites. How great the energy price is, however, not at all clear. One should clearly 

be cognizant of this conformational preference in pyfidinyl-2-phosphonates and take full account of the consequences. 

An interesting speculation is whether this conformational preference plays any role in the known insecticidial 

properties of compounds like 6. 

General remarks 

Optical rotations were measured on a Perkin-Elmer 241 polarimeter at room temperature. IH NMR sp~tra wore taken 

on Varian Gemini-200 BB, VXR-300S or Unity-500 spectrometers at 200, 300 and 500 MHz, respectively. J3C and 

~H-decoupled 3tp NMR spectra were recorded at 50.3 or 75.5 MHz and 81.0 or 121.4 MHz, respectively. HB NMR 

and ~gF NMR spectra were recorded at 96.2 and 188 MHz, respectively. Chemical shift values are denoted in ppm 

and are refmenced to residual protons in denterated solvents for 'H NMR (CDCI3:7.26 ppm; benzene-d6:7.16 ppm), 

to solvent resonances for 13C NMR (CDCI3:77.01 ppm; benzene-d6:128.0 ppm) to external (PhO)sPO (-18.0 ppm) 

for s~p NMR, external BFs'OEh (0 ppm) for "B NMR and external CFCI~ (0 ppm) for JgF NMR. Mass spectra were 
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recorded on AEI-MS-902 (El) and Ribermag R10-10C (CI) mass spectrometers operated by Mr. A. Kiewiet. 

Elemental analyses were performed by Mr. H. Draaijer, Mr. J. Ebels, and Mr. J. Hommes. Solvents were distilled 

prior to use (CHCI3, CH2CI 2, Et20, toluene, pentane and hexanes from P2Os, THF and benzene from 

Na/benzophenone). 

Pyridine-N-methoxide methosulfate (5), 9 pyridinyl-2-phosphonyl dichloride (6), 9'12and 1-phenyl-2,2- 

dimethylpropane-l,3-diol (9) TM were synthesized according to literature procedures. 

Restricted Hartree Fock calculations were performed in the Gaussian-94 package 32 on Hewlett Packard 9000/735 

machines. Initial conformations were generated on a CAChe system. Conformations were optimized at the HF/3- 

21G level for C, H, N, and O at the HF/3-21 G" level for I, and the HF/6-3 IG" for P and S,33 using the default Berny 

gradient minimization algorithms in Gaussian-94. Single point energies were calculated at the HF/6-31G" level for 

all atoms. 

(S)-2H-2-Oxo-5,5-dimethyl-4-(R)-phenyl-l,3,2-dioxaphosphorinane (8) 

A solution of  H3PO 3 (4.55 g, 55.5 mmol) in 55 mL of THF was added all at once to a solution of  

dicyclohexylcarbodiimide (23.0 g, 0.11 mmol) and (R)-(-)-9 (10.0 g, 55.5 mmol) in 165 mL of THF. In an 

exothermic reaction a white precipitate of dicyclohexylurea was formed. After stirring at room temperature for 30 

min, the flask was sonicated for 1 h. The solids were removed by filtration and washed three times with ether. The 

combined filtrates were evaporated to give an off-white solid. 1H NMR spectroscopy revealed the presence of both 

epimers of 8. Crystallization from toluene/ether afforded the 2S,4R epimer exclusively, as colorless crystals. Yield: 

7.02 g, 31 mmol, 56%. 

Spectroscopic data of the product were in accordance with those previously reported. 16 

(S)-(-)•and(R)-(+)-2•(2•Pyridiny•)•2••x•-5•5•dimethy•-4-(R)-pheny•-••3•2•di•xaph•sph•rinan•s (10a and b) 

Method A. 

To an ice-cooled solution of (R)-(-)-9 (5.59 g, 31.0 mmol) and EhN (10 mL, 7.3 g, 72 mmol) in 25 mL of 

chloroform was added dropwise 6 (6.25 g, 34.7 mmol) in 5 mL of chloroform. The resulting suspension was stirred 

overnight at room temperature. The reaction mixture was washed with 1N HCI solution and the aqueous layer was 

extracted three times with CHCI3. The combined organic layers were washed with brine, dried over Na ~O/and 

concentrated. The brown viscous oil contained both epimers of 10 in a 1:1 ratio (H NMR). Column chromatography 

(silica gel, EtOAc) and subsequent crystallization from EtOAc/hexanes afforded 3.45 g (11.4 mmol, 37%) of 10a and 

2.27 g (7.46 retool, 24%) of  10b as white crystalline solids. 

Method B 

To an ice-enoled solution of (R)-(-)-8 (1.26 g, 5.57 mmol) and t-BuOK (0.63 g, 5.61 retool) in 10 mL of THF was 

added 5 (1.25 g, 5.65 mmol) in THF (25 mL). The resulting suspension was stirred overnight. Saturated aqueous 

NH4CI was added and the organic layer was separated. The aqueous layer was extracted twice with CHCI. 3The 

combined organic layers were washed with brine, dried over Na2SO 4 and evaporated to give an oil. The epimers 10a,b 
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were present in a 6:1 ratio as dotenninad by ~H NMR spectroscopy. Column chromatography (silica gel, EtOAc) gave 

a colorless oil. Trituration with hexanes afforded 10a as a white crystalline material (0.93 g, 3.05 hanoi, 55%). (S,R)- 

(-)-10a: 

R/= 0.55. [gisTs -129.5 (c = 0.498, CHCI3). tH NMR (CDCI3): 6 8.75 (m, 1H, CsH4N); 8.03 (m, IH, CsH4N); 7.81 

(m, IH, CsH4N); 7.44 (m, 1H, CsH4N); 7.38-7.31 (m, 5H, C6Hs); 5.90 (s, 1H, CHPh); 4.96 (d, 2/~ __ 10.6 Hz, IH, 

CH2); 4.08 (dd, 2JAn = 10.6 Hz, ~Jp, = 21.2 Hz, IH, CH2); 1.19 (s, 3H, CH3); 0.87 (s, 3H, CH3); "C NMR (CDCI3): 

6 153.39 (d, IJpc = 220.7 8z, CsH4N); 149.68 (d, Jpc = 23.4 Hz, CsH4N); 136.16 (d, Jpc -- 11.7 Hz, CsH4N); 135.98 

(Cqph); 128.21 (CH~); 127.96 (d, 3pc -- 25.4 Hz, CsH4N); 127.66 (CHph); 127.28 (CH~); 126.08 (d, Jpc = 3.9 Hz, 

CsH4N); 88.74 (d, Jpc -- 7.8 Hz, CH); 79.77 (d, Jpc = 5.9 Hz, CH2); 36.83 (d, Jpc -- 5.9 Hz, Cq); 21.13 (CH3); 17.37 

(CH3); 3~p NMR (CDCI3): 6 1.9. Anal. Caled for C~c]-I~sNO3P: C, 63.36; H, 5.98; N, 4.62; P, 10.21. Found: C, 63.25; 

H, 5.93; N, 4.61; P, 10.11. HRMS calcd 303.102, found 303.102. 

'H NMR (C6D6): 6 8.31 (m, 1H, 6-CsH4N); 8.10 (m, 1H, 3-CsH4N); 7.19 (m, 2H, C6Hs); 7.03 (m, 3H, C6Hs); 6.84 

(m, 1H, 4-CsH4N); 6.50 (m, 1H, 5-CsH4N); 6.03 (s, 1H, CHPh); 4.93 (d, 2JAn -- 10.74 Hz, 1H, CH2); 3.67 (dd, 2j~ 

= 10.75 Hz, a3pn = 21.0 Hz, 1H, CH2); 1.04 (s, 3H, CH3); 0.35 (s, 3H, CH3). 

(R,R)-(+)-I 0b: 

Ry= 0.44; [c~]sTs +46.6 (c = 0.498, CHCI3); 'H NMR (CDCI3): 6 8.90 (m, 1H, CsH~N); 8.16 (m, 1H, CsH4N); 7.85 

(m, 1H, CsH4N); 7.51 (m, IH, CsH4N); 7.37-7.31 (m, 5H, C6Hs); 5.64 (d, aJpn = 2.2 Hz, 1H, CHPh); 4.66 (dd, a JAB 

= 11.4 Hz, aJp, = 2.2 Hz, 1H, CH2); 4.05 (dd, 2JAB ---- 11.4 Hz, s/~n = 22.0 Hz, 1H, CH~); 1.25 (s, 3H, CH~); 0.88 (s, 

3H, CH~); '3C NMR (CDCI3): 6 150.72 (d, J~c = 24.4 Hz, CsH4N); 149.83 (d, IJ~c-- 236.8 Hz, CsH4N); 136.01 (Cq~); 

135.99 (d, J~c = 13.43 Hz, CsH4N); 129.00 (d, J~c-- 26.9 Hz, CsH~N); 128.27 (CH~; 127.71 (CH~; 127.33 (CH~); 

126.64 (d, J~- -  4.9 Hz, CsH~N); 85.13 (d, J~c = 6.1 Hz, CH); 75.98 (d, 3~c = 6.1 Hz, CH2); 36.50 (d, J~c = 3.7 Hz, 

Cq); 21.68 (CH3); 17.44 (CH3); 3'P NMR (CDCI3): 6 9.8. Anal. Calcd for C~6H~sNO~P: C, 63.36; H, 5.98; N, 4.62; 

P, 10.21. Found: C, 63.40; H, 5.91; N, 4.56; P, 10.14. HRMS calcd 303.102, found 303.102. 

~H NMR (C~D~): 6 8.50 (m, 1H, 6-CsH~N); 8.23 (m, 1H, 3-CsH~N); 7.22 (m, 2H, C6Hs); 7.04 (m, 3H, Calls); 6.81 

(m, 1H, 4-CsH4N); 6.48 (m, 1H, 5-CsH4N); 5.43 (d, ~J,, = 2 Hz, 1H, CHPh); 4.35 (dd, z Jim = 11 I-Iz, JJps = 2 Hz, IH, 

CH2); 3.58 (dd, 2Jan = 11 Hz, ~Jen = 22 Hz, 1H, CH2); 1.27 (s, 3H, CH3); 0.25 (s, 3H, CH3). 

Resolution of 3-hydroxy-2,2-dimethyipropionic acid 

To a suspension of racemic 3-hydroxy-2,2-dimethylpropionic acid (151 g, 0.78 mol) in water (2.5 L) was added (-)- 

a-methyl benzylamine (110 mL, 103 g, 0.85 tool). The suspension was heated to reflux until a clear, yellow solution. 

was obtained. Upon cooling to room temperature a white precipitate of the n-salt formed, which was collected by 

filtration. The fdtrat¢ was made basic, washed with ether to remove (-)-a-methyl bcnzylamine, and acidified to give 

the (-)-acid. The combined acid portions from the first two crystallizations wore collected (68.8 g, 0.35 mol), 

resuspended in water and (+)-a-m~hyl bcnzylamine (48 mL, 45.1 g, 0.37 mol) was addad. Both n-salts were 

recrys~lized from water until the optical rotation was constant at [a ]sTs ± 13.9 (c = 1, McOH). Usually this required 

three crystallizations. Since optical rotation was found to be an unreliable measure for the enantiomeric purity of the 

salts, at this point samples of the salts were converted to the esters for HPLC analysis. Basification, washing with 
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ether, acidification and filtration afforded the acids as white solids. 

Yield 34.8 g (0.18 tool, 23%). (S)-(+)-enantiomer: 54.4 g, 0.28 tool, 36%. 

Acids and amines from mother liquors were recovered. 

Enantlomertcally pure ethyl 3-hydroxy-2~,2-dimethyipropionates 

A suspension of (R)-(-)-3-hydroxy-2,2-dimethylpropionic acid (44.5 g, 0.24 mol) in ethanol was refluxed overnight 

with a catalytic amount of sulfuric acid. The resulting clear solution was cooled to room temperature, neutralized with 

saturated NaHCO3 solution, and concentrated. The mixture was taken up in ether/water. The organic layer was 

separated and the water layer was extracted twice with ether. The combined organic layers were washed with dilute 

aqueous NaOH, saturated aqueous NH4CI and brine. Drying over Na2SO4, evaporation of the solvent, and bulb-to- 

bulb distillation under reduced pressure afforded (R)-(+)-ester (47.9 g, 0.22 mol, 94%) as a colorless oil; bp 100 

°C/0.01 mm Hg. 

(R)-(+)-ester: [rt ]STS 0 (C = 1.14, MeOH); [{~]365 -[- 17.6 (c = 1.05, MeOH). HPLC: (Chiralpak AD) R.f= 10.6 min. 

(S)-(-)-ester: [ct]365 - 17.7 (c = 1.14, MeOH). HPLC: (Chiralpak AD) P-,:= 9.2 min. 

(R)-(-)-l-Phenyl-2,2,3-trimethyibutane-l,3-dlol 

A 0.95 M solution of MeMgI in ether (360 mL, 0.34 mol) was added dropwise to an ice-cooled solution of(R)-(+)- 

ethyl 3-hydroxy-2,2-dimethylpropionate (23.4 g, 0.105 mol) in THF (50 mL). A white precipitate formed 

immediately and methane was liberated. The suspension was stirred at room temperature overnight and carefully 

neutralized with saturated NH4C1 solution. The organic layer was separated and the water layer was extracted twice 

with ether. The combined organic layers were washed with saturated Na2S205 solution, brine, dried over Na~SO4, and 

evaporated. The slightly yellow oil was crystallized from hexanes to give the product as white needles; yield 16.3 g 

(78 retool, 74%); mp 117.7-119.0 °C; [ct]578 - 36.7 (c = 0.505, CHCI3); IH N~LR (CDCI3): 6 7.33 (m, 5H, C6Hs); 4.95 

(s, 1H, CH); 4.05 (s, 1H, OH); 3.44 (s, 1H, OH); 1.44 (s, 3H, CH3); 1.22 (s, 3H, CH3); 0.95 (s, 3H, CH3); 0.64 (s, 3H, 

CH3); ~3C NMR (CDCI3): 6 141.63 (CqA~); 127.49 (CHAr); 127.38 (CHAr); 127.32 (CHAr); 79.62 (CH); 77.34 (Co); 

43.13 (Co); 26.56 (CH3); 25.39 (CH3); 22.82 (CH3); 14.57 (CH3). Anal. Calcd for C~3H2oO2: C, 74.96; H, 9.68. Found: 

C, 75.02; H, 9.63. [M+H] ÷ ffi 209 (CI; NHa). HPLC (Chiralpak OD): PV = 17.8 rain. 

The other enantiomer was obtained in the same way starting from (S)-(-)-ester; [ct ]57s + 37.1 (c = 0.51, CHCl~). HPLC 

(Chiralpak OD): Rf= 15.9 rain. 

(S)-(+)-2•(2-Pyridiny•)•2••x•-4•4•5•5-tetramethy•-6-(S)-pheny••1•3•2•di•xaph•sph•rinane (11 a) 
This compound was prepared analogously to 10a from 6 and (S)-(+)-l-phenyl-2,2,3-trimethylbutane-l,3-diol and 

purified by means of column chromatography (silica gel, EtOAc). Compound 11a was obtained as a white solid in 

24% yield. 

R/= 0.5; [a]3 ~ +65.0 (e ffi 0.408, CHCI3); ~H NMR (CDCIa): 6 8.71 (m, 1H, CsH4N); 8.01 (m, 1H, CsH4N); 7.74 (m, 
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1H, CsH4N); 7.47-7.44 (m, 2H, C6H5); 7.39-7.29 (m, 4H, C6H5, CsH4N); 6.16 (s, 1H, CHPh); 1.65 (s, 3H, CH3); 1.48 

(d, 4 jp=  1.8 Hz, 3H, CH3); 1.25 (s, 3H, CH3); 0.79 (s, 3H, CH3); '3C NMR (CDC13): 6 153.86 (d, ~Jec = 228.3 Hz, 

CsH4N); 149.83 (d, Jec = 24.4 Hz, CsH4N); 136.60 (d, Jec = 8.6 nz, CsH4N); 135.85 (d, Jec = 12.2 Hz, Cqp0; 128.11 

(CH~; 128.01 (d, Jec = 25.6 Hz, CsH4N); 127.58 (CHeh); 125.67 (d, J~c = 4.9 Hz, CsH4N); 90.89 (d, J~c = 8.6 Hz, 

Cq); 84.52 (d, Jec = 5.8 Hz, CH); 42.20 (d, J~c = 6.1 Hz, Cq); 26.21 (d, Jec = 6.1 nz, CH3); 25.18 (CH~); 21.96 (CH3); 

15.83 (CH3); 3~p NMR (CDCI3): 6 1.7. Anal. Caicd for C~8H22NO3P: C, 65.25; H, 6.69; N, 4.23; P, 9.35. Found: C, 

65.22; H, 6.61; N, 4.17; P, 9.21. HRMS calcd 331.134, found 331.134. 

2•(R)-(2•Pyridiny•)•2••x•-5•5-dimethy••4•(R)•pheny••••3•2•di•xaph•sph•rinane-N••xide (12) 

A solution of 0.63 g (2.07 mrnol) o f l0a  in 5 mL of acetic acid and 1 rnL of30% H202 in H20 was warmed at 40 °C 

for 48 h. The solution was concentrated on the rotary evaporator, diluted with water and concentrated. The residue 

was taken up in CHC13 and washed with saturated aqueous NaHCO3. The aqueous solution was extracted with CHCI 3. 

The combined organic layers were washed with brine, dried over Na2SO4, and evaporated. The yellowish solid was 

reerystallized from toluene/hexanes to afford 12 as off-white needles; yield 0.39 g (1.22 mmol; 59%). Another 

recrystallization from the same solvent mixture afforded 12 as white needles, 

mp 188.5-188.6 °C (dec.); [ct]5~s -54.2 (c = 1, CHC13). an NMR (CDCI3): 6 8.13 (m, 2H, CsI-I4N); 7.34 (m, 7H, C6H5, 

CsH4N); 6.17 (s, 1U, CHPh); 5.17 (d, 2JAB = 10.0 HZ, 1H, CH2); 4.07 (dd, 2JAB = 10.0 Hz, ~Jp/~ -- 21.5 nz, 1H, CH2); 

1.21 (s, 3H, CH3); 0.83 (s, 3H, CH3); m3C NMR (CDCl3): 6 141.93 (d, ~Jpc = 216 Hz, CsH4N); 139.15 (d, Jpc = 6.1 

Hz, CsH4N); 136.11 (d, Jpc = 8.5 Hz, C ~ ) ;  133.98 (d, Jpc = 12.2 Hz, C g ~4); 128.78 (CH p~; 128.25 (CH ~ 

127.70 (CHAr); 127.57 (CHAr); 125.39 (d, J ~  = 11.0 Hz, CsH4N); 90.80 (d, Jpc = 7.3 Hz, CH); 81.34 (d, Jpc = 6.1 Hz, 

CH2); 36.85 (d, Jpc = 8.5 Hz, Cq); 21.19 (CH3); 18.05 (CH3); 3~p NMR (CDCI3): 6 -2.6. Anal. Calcd for Ct6H~sNO4P: 

C, 60.19; H, 5.68; P, 9.70. Found: C, 60.06; H, 5.70, P, 9.59. HRMS calcd 319.097, found 319.097. 

~H NMR (C6D6): 6 8.06 (m, 1H, 6-CsH4N); 7.41 (m, IH, 3-CsH4N); 7.27 (m, 2H, C6H5); 7.02 (m, 3H, C~Hs); 6.46 

(s, IH, CHPh); 6.05 (m, 1H, 5-CsH4N); 5.95 (m, 1H, 4-CsH4N); 5.38 (d, 2JAa = 9.77 Hz, 1H, CH2); 3.74 (dd, 2JAB = 

9.77 Hz, zJ~,H = 21.0 Hz, 1H, CH2); 1.15 (s, 3H, CH3); 0.36 (s, 3H, CH~). 

N•Methy••2•(R)•(2•pyridiny•)•2••x••5•5•dimethy••4•(R)•pheny••••3•2•di•xaph•sph•rinane 

trifluoromethanesulfonate (13) 

A solution o f l 0 a  (130.7 mg, 0.43 mmol) and CF3SO3Me (52 microL, 75.4 mg, 0.46 retool) in CH2CI 2 was stirred 

at room temperature for several days. After evaporation of the volatiles, the product was dissolved in methanol and 

precipitated by addition of ether. The white solid was collected by filtration; yield 119 mg (0.25 retool, 59%); ~H 

NMR (500 MHz; CDCl3): 6 8.95 (m, 1H, 6-CsH4N); 8.52 (m, 1H, 4-CsH4N); 8.28 (m, 1H, 3-CsH4N); 8.13 (m, lH, 

5-CsH4N); 7.41 (m, 5H, C~Hs); 5.84 (s, 1H, CHPh); 4.84 (d, 2J~a = 11.1 Hz, 1n, CH2); 4.58 (s, 3H, N-CH3); 4.22 (dd, 

2JAB = 11.I Hz, 3JpH= 24.1 Hz, 1n, CH2); 1.21 (s, 3H, CH3); 0.83 (s, 3H, CH3); 13C NMR (CDCI3): 6 149.82 (d, Jec 

= 7.3 Hz, CsH4N); 146.48 (d, ~Jec = 188.0 Hz, CsH4N); 145.53 (d, Jec = 9.8 Hz, CsH4N); 134.24 (d, Jec = 8.5 Hz, 

CsH4N); 132.33 (d, Jec = 11.0 Hz, CsH4N); 130.60 (CqAr); 129.11 (CHAr); 128.13 (CHAr); 127.56 (CHAr); 120.39 (q, 

Jrc = 320 Hz, CF3); 90.28 (d, Jpc = 7.3 Hz, CH); 80.60 (d, Jec = 7.3 Hz, CH2); 48.85 (d, Jec = 2.4 Hz, NCH3); 36.92 
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(d, J~c = 6.1 Hz, Cq); 20.33 (CH~); 17.35 (CH~); 3~P NMR (CDCI~): 5 -6.4. ~gF NMR (CDCI~): 6 -79.9. Anal. Caled 

for C~aH2~F~NO6PS: C, 46.26; H, 4.53. Found: C, 46.14; H, 4.32. 

2-(R)-(2-Pyridinyi)-2-thio-5,5-dimethyl-4-(R)-phenyl-l,3,2-dioxaphosphorinane (15a) 

A toluene solution of 10a (109.4 mg, 0.361 mmol) and Lawesson's reagent (72.9 mg, 0.18 mmol) was refluxed for 

4 h. The reaction mixture was cooled to room temperature and stirred with 3 mL of 1N NaOH solution. The organic 

layer was separated and the aqueous layer was extracted twice with toluene. The combined organic layers were 

washed with brine, dried over NazSO ~ and concentrated. The resulting white solid was recrystallized from 

toluene/hexanes to afford 15a as white crystals. Yield: 81.0 mg, 0.254 retool, 70%; 

ZH NMR (CDC13): 6 8.75 (m, IH, CsH4N); 8.14 (m, 1H, CsH4N); 7.81 (m, 1H, CsH4N); 7.45-7.31 (m, 6H, CtH s, 

CsH4N); 5.74 (d, 3,]pH = 1.2 Hz, 1H, CHPh); 4.80 (dd, 2JAB = 11 HZ, ~JeH = 4 HZ, 1H, CH2); 3.99 (dd, z j =  11 Hz, 

3.]pn = 25 Hz, 1H, CH2); 1.22 (s, 3H, CH3); 0.87 (s, 3H, CH3); ~3C NMR (CDCI3): 6 157.02 (d, Jec = 170.91 Hz, 

CsH4N); 149.27 (d,/,/,c = 20.8 Hz, CsH4N); 136.52 (d, Jec = 13.4 Hz, CsH4N); 136.06 (d, Jpc = 7.3 Hz, CqPh); 128.32 

(CHph); 127.84 (d, J?c = 29.3 Hz, CsH4N); 127.77 (CHph); 127.54 (CHph); 126.64 (d, Jpc = 3.7 Hz, CsH4N); 89.30 (d, 

J~c = 9.8 Hz, CH); 79.88 (d, J?c = 8.5 Hz, CH2); 36.79 (d, J~,c = 6.1 Hz, Cq); 21.43 (CH~); 17.90 (CH3); ~tP NMR 

(CDCI~): 6 70.6. Anal. Calcd for C~6H~sNO2PS: C, 60.17; H, 5.68; N, 4.39. Found: C, 60.45; H, 5.67; N, 4.42. HRMS 

calcd 319.080, found 319.080. 

2-(S)-(2-Pyridinyl)-2-thio-5,5-dimethyl-4-(R)-phenyl- 1,3,2-dioxaphosphorinane (15b) 

This compound was prepared analogously to 15a from 10b (111.2 mg, 0.367 mmol) and Lawesson's reagent (74.1 

mg, 0.182 mmol) to give 58.2 mg (0.182 mmol, 50%) of 15b as white crystals; 

~H NMR (CDCI3): ~ 8.90 (m, 1H, CsH,N); 8.34 (m, 1H, CsH4N); 7.88 (m, 1H, CsH4N); 7.50 (m, 1H, CsH4N); 7.33- 

7.28 (m, 5H, CtHs); 5.73 (d, 3Jen = 4 Hz, 1a, CHPh); 4.83 (d, 2JAB = 10.7 Hz, 1H, CH2); 3.99 (dd, 2j/~ = 10.7 Hz, ~Jen 

= 23.0 Hz, 1H, CH2); 1.20 (s, 3H, CH3); 0.81 (s, 3H, CH3); ~3C NMR (CDC13): 5 153.24 (d, Jpc = 196.7 Hz, CsH,N); 

150.53 (d,/3pc = 22.9 Hz, CsH4N); 136.28 (d, 3ec = 13.7 Hz, CsH4N); 135.92 (d, Jpe = 9.5 Hz, Cqph); 128.26 (CHph); 

128.18 (d, ,lee = 31.7 Hz, CsH4N); 127.71 (CHph); 127.57 (CHph); 126.56 (d, Jec = 3.8 Hz, CsH4N); 84.06 (d, Jpc = 

5.3 Hz, CH); 75.09 (d, Jpc = 5.7 Hz, CH2); 37.54 (d, 3,c = 3.4 Hz, Cq); 21.56 (CH3); 17.74 (CH3); 3~p NMR (CDCI3): 

6 79.9. HRMS calcd 319.080, found 319.080. 

2-(R)-(2-Pyridinyl)-2-oxo-5,5-dimethyl-4-(R)-phenyl-l,3,2-dioxaphosphorinane borane adduct (14) 

To an ice-cooled solution of 0.51 g (1.68 mmol) of 10a in 10 mL of THF was added 3 mL of 0.7 M (2.1 mmol) 

BH3.THF in THF. After several minutes a white precipitate formed. The suspension was stirred at room temperature 

for another hour. The product was separated from the supernatant by centrifugation, washed three times with 5 mL 

portions of ether, and dried in vacuo to afford 14 as a white solid; yield 0.32 g (1.01 mmol; 60%); ~H NMR (CtDt): 

5 8.46 (m, 1H, 3-CsH4N); 8.35 (m, 1H, 6-CsH4N); 7.29 (m, 2H, Ph); 7.03 (m, 3H, Ph); 6.48 (m, 1H, 4-CsH4N); 6.10 

(d, ~Jpn = 2.4 Hz, 1H, CHPh); 5.99 (m, 1H, 5-CsH4N); 5.13 (dd, 2JAB = 10.3 HZ, ~']pH = 1.5 HZ, 1H, CH2); 3.74 (dd, 

2JAa = 10.3 Hz, ~Jpn = 18.1 Hz, 1H, CH2); 3.56 (d, J = 130 Hz, 3H, BH3); 1.25 (s, 3H, CH~); 0.30 (s, 3H, CH3); '~C 
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NMR (CDCi3): 6 151.47 (d, Jec = 12.2 Hz, C ~  bl); 139.35 (d, J pc-- 11.0 Hz, C liI 1~1); 135.49 (d, J ~ 7.3 Hz, 

CsH,N); 133.82 (d, Jec = 15.9 Hz, CsH4N); 128.61 (CH~;  127.95 (CH~;  127.64 (CH~;  89.73 (d, Jec = 7.3 Hz, c a ) ;  

79.22 (d, Jec = 6.1 Hz, CH2); 37.22 (d, Jec = 8.5 Hz, Cq); 21.72 (CH3); 18.50 (CH3); 3~p NMR (C6D6): 6 -1.7; HB 

NMR (CDCI3): 6 -10.9. 

Molecular structures of 2-(R)-(2-pyridinyl)-2-oxo-5,5-dimethyl-4-(R)-phenyl-l,3,2-dioxaphosphorinane (10a) 

and 2-(R)-(2-pyridinyi)-2-oxo-5,5-dimethyl-4-(R)-phenyl-l,3,2-dioxaph osphorinane-N-oxide (12) 

Crystals of 10a and 12 were obtained from saturated solutions of the respective compounds in toluene/hexanes. 

Crystal structure determination for 10a: Ct6H~ sNO3P, M r = 303.30, colorless, block-shaped crystal (0.2 x 0.2 x 0.5 

mm), orthorhombic P2~2t2t, (no. 19), with: a = 8.8425(7), b = 11.4530(6), c = 30.7161(6) A, V = 3110.7(3) A 3 , 

Z = 8, D = 1.2952(1) g c m  3, p(Mo Ka)  = 1.9 cm", 6629 reflections measured, 5703 independent, l~.nt = 0.0557, 

(0.660 < 0 < 25.37°), o scan, T = 150 K, Mo Kc~ radiation, graphite monochromator (~. = 0.71073 A) on an Enraf- 

Nonius CAD 4 Turbo diffractometer on rotating anode. Data were corrected for Lp effects and for linear instability 

of the reference reflections, but not for absorption. The structure was solved by automated direct methods 

(SHELXS86). Refinement on F 2 was carried out by full-matrix least-squares techniques (SHELXL-93); no 

observance criterium was applied during refinement. Refinement converged at a final wR2 value of 0.1407. R1 = 

0.0739 (for 3167 reflections with F o > 4O(Fo) ) S = 1.030 for 383 parameters. Hydrogen atoms were included in the 

refinement on calculated positions riding on their carrier atoms. The Flack x parameter amounted to 0.14(19), 

indicating the assignment of the correct absolute structure. Refinement of the inverted structure resulted in slightly 

higher R-values and a Flack x paramenter of 0.86(19). A final difference Fourier showed no residual density outside 

-0.26 and 0.27 e A "3. 

Crystal structure determination of 12a: The same general procedure was followed as described for compound 10a: 

C~6HtsNO4P, M r = 316.30, colorless, block-shaped crystal (0.2 x 0.2 x 0.6 mm, cut from from a larger aggregate), 

orthorhombic, space group P2~2~2~ (no. 19) with a = 6.5558(5), b = 9.6092(7), c = 24.615(2) A, V = 1550.6(2) A 3 

, Z = 4, D = 1.3678(2) g cm 3, ~ (Mo Kcc) = 1.9 cm -~ , 2083 reflections measured, 2057 independent, (1.7°< 0 < 

27.5°). Refinement converged at a final wR2 value of0.1185, R1 = 0.0498 (for 1619 reflections with F o > 4o(Fo) ) 

S = 1.087, for 271 parameters. Hydrogen atoms were located on a difference Fourier map and their coordinates and 

temperature factors were refined. The Flack x parameter refined to -0.2(2). A final difference Fourier showed no 

residual density outside -0.60 and 0.31 e A 3. Atomic coordinates, bond lengths and angles and thermal parameters 

for both structural determinations have been deposited at the Cambridge Crystallographic Data Centre. 
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