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Abstract: Ah initio molecular orbital calculations have been carried out on adducts of trihydroxy phosphine, 

P(OH).:. and formaldehyde, HrC=O. Stationary points were located and a reaction surface calculated. One stationary 

point exists as a stable pentacovalent phosphorane, and the other as a 1,3-dipolar transition state. Calculations 

differing in the conformation about the P-OH bonds of the phosphite reveal that an antiperiplanar (app) lone pair 

on oxygen to the phosphorus lone pair (acyclic analogue) raises the energy of the molecule by 1.7 kcalimol relative 

to a phosphite conformation with no app lone pairs to the phosphorus lone pair (bicyclic analogue). In the transition 

state, the relative energy between the two conformations reverses with the acyclic analogue transition state 5 kcal/mol 

lower energy than the bicyclic analogue transition states. The lower energy for the acyclic analogue in the transition 

state is attributed to the mixing of the app lone pairs on the oxygens of the phosphite mixing with the cr. orbital of 

the newly formed bond between phosphorus and carbon. This kinetic stereoelectronic effect can explain why acyclic 

phosphites react much faster in nucleophilic reactions than bicyclic phosphites. This phenomenon suggests that the 

origin of the n-effect. the enhanced nucleophilicity of a base possessing a heteroatom with an adjacent unshared 

electron pair arises from the stereoelectronic effect. 

INTRODUCTION 

Phosphite as well as phosphate esters undergo marked changes in properties (basicity, nucleophilicity. rate of 

hydrolysis) upon inclusion of the phosphorus atom into a monocyclic or a bridgehead bicyclic system’-‘5. Thus, as 

shown in the following scheme, the bicyclic phosphite, 1, reacts much slower than acyclic phosphites in nucleophilic 

or biphilic reactions. 

CHFW? / 
cn,cw-b: 

cn,cn,o’ 
\ q 

Et0 

r,o-b-0 i-31 

A3 

Our laboratory has suggested that stereoelectronic et%& play an important role in these properties and that the 

alpha effect, the enhanced nucleophilicity of a base possessing a heteroatom with an adjacent unshared electronic 

pair is another manifestation of the stereoelectronic effect. 

A stereoelectronic effect provides the most satisfying explanation for the poor nucleophilicity’*” of the bicyclic 
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a 

Figure I Nucleophilic attack by phosphorus nucleophile with(a) or without(b) app lone pair electron. 

phosphite, 1. In the case of triethyl phosphite, assuming free rotation about the P-O bond (Figure la), a maximum 

of three lone-pair orbitals on the oxygens may be oriented antiperiplanar (app) to the newly formed phosphorus- 

electrophile (P-E) bond. However, no comparable orientation of the oxygen lone pair is possible for the bicyclic 

phosphitc because of ring constraints (all lone pair are locked gauche to the incipient P-E bond; Figure lb). This 

kinetic stereoelectronic effect is believed to arise from the stabilization of the transition state through effective 

overlap and mixing (in a trans/antiperiplanar orientation) of the lone pair orbital, n, with the antibonding P-X 

orbital, crp_xL’-L’. 

(RO),P + X-Y - lRO),P’-X + Y- 

Because n-a;_x mixing in the acyclic phosphite is much greater than mixing of the O-C u-bond and up-E in 

the bicyclic phosphite’2, the energy of the acyclic transition state can be stereoelectronically significantly stabilized 

relative to that of the bicyclic transition state. 

We report a theoretical analysis of the carbonyl addition reaction of acyclic and bicyclic phosphites. Formaldehyde 

was chosen as the electrophile and trihydroxy phosphine (or phosphite, :P(OH)s) as the nucleophile. 

HO. 
HO& 

P: l H.C=O 4 

HO’ 

Although this theoretical reaction will be shown to yield a highly unusual three- membered ring phosphorane 

intermediate and transition states, evidence for such structures has recently been proposed in the rearrangement 

reaction.” 

CH, C 4 Ar-ti-i(Oc,~,),--- Ar-A-!(Ot,H,), 

dCOCF, LCOCF, 

The three-membered ring phosphorane is quite likely an intermediate in this reaction: 

Reactions surfaces have been calculated for different orientations about the P-OH bond in trihydroxy phosphine 

representing the geometries of bicyclic and various acyclic phosphites. Most importantly, during the cleavage of the 
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P-C bond in the stable pentacovalent phosphorane adduct (HO)zP HzC=O, transition states are clearly established 

for both geometries and the acyclic transition state is found to be 5 kcal/moI lower energy than the bicyclic transition 

state. These results support our emphasis that the kinetic stereoelectronic effect and the a-effect are largely transition 

state phenomena.‘* 

METHOD OF CALCULATION 

The SCF LCAO-MO ab initio calculations utilized the Gaussian 80 series of programslg. All stationary points 

were located with either Murtagh-Sargent”’ or Berny optimization methods. I9 First full geometry optimization in , 
each phosphite conformation was done for all local minima and transition state structures using STO-3G basis 

functions diagonalizing the analytically determined matrix of force constants. Single-point calculations on the STO- 

3G optimized geometries failed at the split valence 3-21G level. Thus, a full geometry optimization was again 

carried out on the 3-21C basis set, starting from the geometry obtained at the STO-3G level. Additional results are 

reported base upon 6-2lG and various other basis sets with and without polarization functions by using single-point 

calculations at STO-3G and 3-21G optimized geometry. ORTEP plots*’ were generated from the coordinates of the 

optimized structures. 

All calculations were carried out on an IBM 3081 computer. 

RESULTS 

f Pentaeovnlent Intermediates 

Four diKerent conformations of the ground state pentacovalent phosphoranes formed by addition of phosphite to 

formaldehyde were geometry optimized using the geometry optimization routine of Gaussian 80 with STO-3G and 

3-21G basis functions. The optimized geometries are shown in Table 1. 

The stationary points representing the phosphorane intermediates Al, Cl, A2, and C2 may be described as 

distorted trigonal bipyramids (tbp). Because of the constraints imposed by the three-membered PCs09 ring, the 

normal 90” axial/equatorial ligand bond angle in a tbp is reduced to 60-70” in the four phosphoranes. The three 

“equatorial” sites in hl and Cl are Cs, 0, and 0s and the two axial sites are 02 and 0s (note <OzPOs is 159“ and 

164” in Cl and -\I r~~~pectively rather than the expected 180” in an undistorted tbp). In A2 and C2, Cs and 02 are 

H3 
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in the axial positions. 

The relative energies (Table 1) of Al/A2 as well as Cl/C2 at the 3-21C level of calculation are in agreement with 

the “preference rules” for stable phosphoranes’s”-*‘. The more polar atom (oxygen atom in the three-membered 

ring) preferentially occupies the axial position and the less polar atom (carbon atom in the three-membered ring) 

occupies the equatorial position. Thus Al is 11.7 kcal/mol more stable than C2. 

The stable pentacovalent phosphoranes Al and Cl differ in conformation about the equatorial P-OH bonds. 

Relative to the endocyclic apical P-0s bond, there are two antiperiplanar (app) lone pairs on the equatorial oxygens 

in Al and none in Cl. Relative to the exocyclic apical P-02 bond, there are no app lone pairs on the equatorial 

oxygens in Al and two in Cl. 

The stereoelectronic effect is considered to arise from the mixing of a lone pair orbital with the antibonding u’ 

orbital of an adjacent polar bond. In terms of a simple resonance picture for the stereoelectronic effect stabilization 

of the structure is thought to derive from an anomeric type. double bond-no bond resonance contribution.“-” 

The bond opposite to the app lone pair has some no-bond resonance character and the bond containing an app lone 

pair has some double-bond character. The stereoelectronic effect will thus lead to lengthening of the polar bond app 

to the oxygen lone pairs, as confirmed by the results shown in Table 1. The endocyclic apical P-00 bond in Al (1.777 

A; 3-21G basis set) is longer than the endocyclic apical P-0s bond in Cl (1.769 A). However, the exocyclic apical 

P-02 in Al (1.681 A) is shorter than the exocyclic apical P-02 in Cl (1.686 A). B ase u d p on the same stereoelectronic 

argument, we expect that the apical P-C bond in A2 will be longer than that in C2. Also the exocyclic apical P-O 

bond in A2 will be shorter than that in C2. The results from Table 1 (the P-C bond is 1.895 A in A2 and 1.810 A 

in C2; the P-O bond is 1.641 Ain A2 and 1.672 A in C2) are consistent with the prediction of the stereoelectronic 

effect. 

Transition Slate Search 

The search for the transition states for the addition of phosphite to formaldehyde were actually initiated by 

studying the reaction surface for breakdown of the met&able phosphorane intermediates Al/Cl and A2iC2. Four 

possibilities were considered: 

l a) Initial P-C bond stretch of the phosphoranes with carbon in the equatorial position of the trigonal bipyramid 

(Al/Cl). 

l b) Initial P-O bond stretch of Al/Cl 

. c) Initial P-O bond stretch of the higher energy phosphoranes with carbon in the apical position (A2/C2). 

. d) Initial P-C bond stretch of A2jC2. 

As WC stretch the equatorial P-C bond of the distorted phosphoranes Al and Cl, we searched for the saddle point 

using the Gaussian 80 geometry optimization routines and a STO-3G basis set. Without a major relaxation of the 

other geometric coordinates (particularly the O-H bond distance, see below) no transition state was located. Indeed 

continued stretching of the P-C bond did not lead to the expected formaldehyde and phosphite products but rather 

surprisingly to methylene carbene (singlet) and phosphoric acid (HsPO,). 

Allowing all of the geometry to relax in this search for a transition state involving stretching of the P-C bond in 

Al and Cl we did locate a transition state. While a transition state was found, as indicated by a single negative 

quadratic force constant? analysis of the eigenvector of this transition state shows that it will decompose to methyl 

phosphate. This reaction path may be viewed as heterocyclic P-C bond cleavage to yield a carbanion/phosphonium 

zwitterion followed by subsequent intramolecular proton migration. Replacement of this proton by an alkyl group 

would presumably eliminate this pathway. 
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Unfortunately, by stretching the apical endocyclic P-O bond of conformation Al and Cl, which is more in 

keeping with the expected greater lability of the apical bond vs. the equatorial bond of trigonal bipyramid 

intermediates7~28-38, no transition state was located. However, further search of the reaction surface suggested 

that the phosphorane decomposed to a-hydroxy phosphonate with initial cleavage of the P-O bond and subsequent 

proton migration. 

For decomposition of phosphoranes Al and Cl, both initial equatorial and axial bond scission pathways form a 

compound with a phosphorus-oxygen double bond. This is consistent with the strong oxygen affinity of phosphorus 

which can be seen in many organophosphorus reactions where formation of the very strong P=O double bond is a 

major driving force.3” 

Search c 
By stretching the equatorial endocyclic P-O bond of phosphoranes A2 and C2 with the carbon apical we were 

able to locate the saddle points for the pathway yielding phosphite and formaldehyde. Table 2 shows the optimized 

geometry of the transition states and the eigenvectors of the single negative eigenvalue of the quadratic force constant 

matrix corresponding to the reaction coordinate. If we describe this eigenvector in terms of the internal coordinate 

motion representing the reaction coordinate, we can see that this reaction path represents the concerted addition of 

P(OH)? to H?C=O to yield the phosphorane. 

Roarlion Coordlnat. 

iuJ 

Figure 2 The relative energy diagram (a) and trajrctori plot (hl for the addition reaction of phnsphite and 

formaldehyde. 
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Search d 

Finally, we searched for another saddle point using the Gaussian 80 geometry optimization routine by stretching 

the axial endocyclic P-C bond of phosphoranes A2 and C2. No transition state was located. 

DISCUSSION 

Ground State Stereoeleclrontc Effects in Phosphates 

Shown in Table 3 are the relative energies and optimized geometries for different conformations of phosphites 

(representing acyclic and bicyclic analogs). 

The results are basically consistent with the ground state anomeric or stereoelectronic effect”. In general. it is 

energetically more favorable to have a conformation about the P-O bond which allows an oxygen lone pair to be 

trans/antiperiplanar (app) to an adjacent polar bond (P-OH). This ground state stereoelectronic effect is presumed 

to arise from the orbital interaction of the oxygen lone pair orbital, n, with the adjacent antibonding orbital. up-o, 

This two electron interaction of these two orbitals is stabilizing”~2E-3’~“‘. In contrast, it is destabilizing to have 

an oxygen lone pair orbital app to the phosphorus lone pair orbital”. This is a four-electron. lone pair-lone pair 

interaction which is overall destabilizing’Z,4“. From Table 3, the bicyclic analog C-CS is 1.6 kcal:mol more htable 

(with 3-21G basis set) than the acyclic analog A- GS. It should be noted that the relative energies of A-GS and 

C-CS depend on the choice of different basis set (see additional discussion below). Apparently the various orbital 

stabilization and destabilization interaction’* energies approximately cancel each other, and the overall energy is 

modestly sensitive to basis set quality. 

Transition Slate Slereoeleclronic EJect 

As shown in Table 2 the acyclic analog transition state A-TS is 5 kcal/mol lower energy than the bicyclic analog 

transition state C-TS. This is consistent with the stereoelectronic effect since the oxygen lone pair electrons are 

app to the P-E scissile bond and effective mixing with antibonding op_E stabilizes this transition state”. Figure 

1 clearly shows that the acyclic analog A-TS has two lone pair electrons app to the newly forming P-E bond and 

bicyclic analog C-TS has none. 

Figure 2 shows the reaction trajectory and relative energy diagram for the addition of phosphite to formaldehyde. 

_________________________________________________________________ 
A-a c-m 

rntsrns, coordtnrtd rcvc11c m~loqus Ric”c,iC l a1cuus 
_________________________________________________________________ 
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0.964 0.967 
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120.22 L24.13 
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160.00 60.00 

Total *“em” 

lq Hartlees -564.11365 -564.11566, 

Re,.tl”e .m”aT” 0.00 -1.69’ 

in ‘Lcs1/no1 “.“O 1.61C 

_________________________________________~__~~~~~~~~___-~-----~-- 
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C. STO-3c I)a,,, ,et tfrm r.?. Lb,. 

0.174 

0.71, 

0.715 

0.71, 

0.516 

0.546 

0.475 
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As expected4’-43 the phoaphite approaches the carbonyl double bond from above the plane of the formaldehyde. 

Burgi, et al.“,‘* and Baldwin. et al.‘3 have analyzed the trajectories for nucleophilic attack on x-systems. For the 

first-row element nucleophile. the approach angle 0 appears to be 70’ (nucleophile-C-O bond angle 120”). Liotta, 

et al.” have shown that second-row nucleophiles, in contrast to first-row nucteophiles, have reaction trajectories 

with larger approach angles. Our calculations indicate that the trajectory approach angle 0 is 95.7’ (A-TS) and 

97.0” (C-TS). As suggested by Liotta, et al. ” this may partially be ascribed to the ability of these nucleophiles to 

participate in Xd back-bonding. 

The calculated activation energies for the reactions of bicyclic and acyclic phosphitea with formaldehyde are 80 

kcal/mol and 71% kcal;mol. respectively. Thus the activation energy for the acyclic analog is 7 kcaljmol lower energy 

than the bicyclic analog activation energy. This activation energy difference can explain why the bicyclic phoaphite 1 

shows surh poor nucleophilicity relative to acyclic phoaphites in reactions involving the formation of phosphoranes.” 

The only transition :;tate thar we could locate on the reaction hypersvlrface for thr> breakdown of the cyclic 

pentacovalent intermediate to yield phoaphite plus formaldehyde originates from the higher energy phosphoranes 

with the P-C bond apical (A2, C2) rather than equatorial (Al, Cl) ( see the following section). This rather suprising 

result is actually totally in keeping with currently accepted reaction theory of pentacovalent phoaphoranes’ and the 

reaction path for nucleohilic addition to the carbonyl bond. “-43 The calculated structures C-TS and A-TS represent 

early transition states along the forward reaction pathway forming the pentacovalent intermediates. Translation of 

the P-C bond largely describes the reaction coordinate and as discussed above the preferred trajectory is attack of 

the nucleophile from above the plane of the carbonyl double bond closest to the carbonyl carbon (approach angle 

W-97”). Based upon the atomic charges and overlap populations (Table 4). the transition state is beat described as 

a 1.3-dipolar species rather than a neutral phosphorane. 

Thus P-O bond formation is not concerted with P-C bond formation. This 1.3- dipolar transition state, however, 

has characteristics of the phosphorane intermediate with an apical P-C bond which. of course, is formed at a later 

stage along the reaction coordinate. .43 would be expected, translation of the P-C bond in the phosphorane is favored 

for the longer apical bond lnd not for the equatorial “bond” of the pseudo trigonal bipyramid: 

OH OH 

b +k OH 
I OH 

VS CH, OH 
'Cl-l, 

% ‘0, ” 
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Since it is an early (viewed in the forward direction) transition state with little P-O formation, the methylene 

is required to be in the axial position. Collapse of the 1,3-dipolar transition state (forming the P-O bond) thus 

yields the metastable phosphorane with the carbon atom in the apical position. Presumably if the transition state 

in the forward direction was “late” (defining the reaction coordinate now by the translation of the P-O bond during 

collapse of the 1,3- dipolar species) then we might expect that the transition state would have the carbonyl oxygen 

in the apical position: 

OH 

vs C 
OH Y? \ ” 

Predicted favored late transition 
state (not observed) 

These calculations have lead to the reaction mechanism for formation and breakdown of pentacovalent phos- 

phoranes. Our calculations would suggest that the actual pathway, for example, for phosphite addition to an 

a&unsaturated diketone (reaction 2/4 in the introduction) would be the following: 

& 3 

In the forward direction for formation of the phosphorane, with P-C bond formation rate limiting (as suggested 

experimentally”,*‘) the carbon must go into the “apical” position of 2. The collapse of the 1,3-dipolar species yields 

the high energy pseudorotamer 3. Pseudorotation will then provide the more stable phosphorane 4. By microscopic 

reversibility in the reverse direction, breakdown of the phosphorane apparently cannot proceed directly from 4, but 

rather from 3. The initial stage of the reaction coordinate will involve cleavage of the P-O bond in 3 from an 

equatorial postion followed by rate limiting cleavage of the P-C bond from the pseudo apical position in 2. Of course 

if the 1,3-dipolar species were a me&table intermediate rather than a transition state these predictions would be 

invalid (in fact evidence supports the intermediacy of 2 *‘**‘). However, at least from our calculation the 1,3-dipolar 

species is not a metastable local minimum. 

Most of the calculations used complete geometry optimization with the STO-3G and 3-21G basis sets. As shown 

in Table 5 several different baTis sets were also investigated. As would be expected”-=, inclusion of d atomic 

orbital on phosphorus (keeping a single scale factor for all five d components) lowered the calculated energies of the 

structures. In some instances d-polarization functions were added to carbon and oxygen as well as using geometries 

optimized with STO-SC or 3-21C basis sets. 

Comparison of three different basis sets - minimal basis function (STO-3G), split valence function (3-21G) and 

minimal basis plus d function for second row elements (STO-3G’) - indicated as expected that calculations with 

more extended basis functions gave more negative total energies. However, it is important to examine how relative 

energies vary with basis functions. TaLle 6 shows the calculated activation energy for reaction of acyclic and bicyclic 

phosphites using STO-SG, 3-21C and STO-3C’ basis functions. 

It has been shown that d orbitals play an important role in the accurate description of some properties of second- 

row molecules. Pople et al. ” have demonstrated the addition of d functions results in a large increase in the binding 

energy, most dramatically for the hypervalent molecules. For normal-valence molecules, the increase in binding 

energy with the addition of d orbitals averages about 42 kcal/mol while that for the hypervalent molecules averages 

235 kcal/mol. 
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Table 6 Calculated activation energies, AE’ utilizing different basis functions 

~__________________ 
) Bicyclic AEJ 
I------___--_------ 
) Acyclic AET 
~---~~~~-----_-___ 

-_-_____________-- 
a kcal/mol 

STO-3Ga 

114.65 

109.63 

5.02 

3-21Ga 
_---------- 

70.25. 
--_----____ 

71.76 

6.49 

-----_-_____ 
STO-3Gea 

_----_______ 
47.50 

____________ 
43.36 

_--_________ 
4.14 

------__-___ 

This analysis can be used to explain the difference in activation energies calculated with either STO-3G or STO- 

3C basis sets. The total energies of phosphites like the other normal-valence molecules are not aRected greatly 

by the addition of d orbitals in the basis set. On the other hand, the transition states are similar to hypervalent 

molecules. and hence the addition of d orbitals dramatically lower the total energies of transition states which leads 

to the smaller activation energy in the STO-3G’ level calculation. 

However, we are not interested in the activation energies themselves but the activation energy di~erences between 

acyclic and biryclic phosphites. These differences give a measure of the kinetic stereoelectronic effect. Table 6 

also shocvs that the kinetic stereoelectronic effect (Aat’ * - 4.1-6.5 kcal/mole) is essentially independent of basis 

function and consistent with the conclusions discussed earlier for the 3-21C geometry opimized structures. Recall 

that acyclic and bicyclic ground states and acyclic and bicyclic transition states differ only in conformation about 

the P-O bonds. Hence overall changes in energies resulting from basis set differences largely cancel, leaving only the 

conformational effects. 

The +effect, the enhanced reactivity of nucleophiles possessing a pair of electrons & to the nucleophilic atom, can 

be viewed as a stereoelectronic effect. Although numerous explanations have been provided for the “o-effect” (see 

references 46-48 and the references therein), one explanation that comes closest to the stereoelectronic orbital inter- 

action picture is the one developed by Hudson4Qs0 and Klopmansl. Lone pair-lone pair orbital mixing (such as oxygen 

and phosphorus lone pairs in phosphites) will raise the energy of the HOMO and mixing with the lowest unoccupied 

molecular orbital (LUMO) will be enhanced. The major emphasis in these MO a-effect theories has been lone pair- 

lone pair interaction’“~50 rather than our stereoelectronic interpretation of transition state magnification of adjacent 

lone pair-o’ interactions ‘1-13 Indeed, as pointed out by Heaton ‘* these “ground-state destabilization” arguments 

do not accord with the calculated and actual HOMO energies. His ab initio MO calculations instead emphasize the 

importance of the antibonding characteristics and higher polarizability of the (I- effect HOMOs. All of these studies 

(including Heaton’s) suffer from their emphasis on ground state properties of o-effect nucleophiles. As we have 

emphasized, the stereoelectronic effect (and likely the o-effect) is largely a transition-state phenomenon”“5~28-32. 

Signilicant mixing of n and u’ is possible only in the transition state. It is this specific lowering of the transition 

state energy by o-effect lone pair electrons that presumably is responsible for a significant fraction of the enhanced 

reactivity of these a-effect nucleophiles. 

Srnglel C’nrbene Add:tion to P=O Double Bond 

In olir search of the reaction hypersurface we also considered the P-C bond- stretch reaction pathway involving 

Cl ml :\I (search a). The minimum energy path as a function of this P-C distance (the rest of the geometrical 

degrees of freedom were optimized) also shows some very interesting results. As the P-C bond is stretched the C-O 

bond also stretches. Surprisingly, it did not lead to formation of formaldehyde plus phosphite but rather to singlet 

carbenc (:CH,) and phosphoric acid (HsPO,). 

Because this pathway forms a highly unstable singlet carbene, the transition state was not located (in addition we 

are grossly oversimplifying the reaction surface by allowing only a singlet state to represent the carbene). Instead at 

variable P-C distances (defined as the reaction coordinate) the rest of the geometry was optimized. Figure 3 shows 

the calculated minimum energy reaction coordinate as a function of P-C bond length for the decomposition of the 

bicyclic (Cl) and the acyclic (Al) phosphoranes. It is most important that the energy difference between the acyclic 

and the hicyclic geometries reaches a maximum at a P-C distance of ca. 2.45 A(Figure 4) which is very close to the 

“transition state” P-C bond distance (Figure 3). The lower energy acyclic conformation has oxygen lone pairs app 
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to the translating P-C bond. Thus, at the P-C bond distance of 2.45 A, the acyclic conformation is 19.6 kcal/mol 

lower energy than the bicyclic conformer. 

Based on one-electron molecular orbital theory, the two-electron stabilization” resulting from the interaction of a 

doubly occupied MO (0 with a vacant nondegenerate MO (u’) may be approximated as being inversely proportional 

to the energy separation AE,,. of the two MO’s and directly proportional to the square of their overlap, S:,.: 

Hence, the stereoelectronic effect provides the greatest stabilization energy at a P-C bond distance which provides 

the greatest no +-+ (I’ (HOMO/LUMO) mixing. At very long P-C bond distances, overlap (SC,,.) will also be negligible 

because the u’ orbital of the stable intermediate will be higher energy. Only at an intermediate distance (-2.5 A) 

is a compromise reached where overlap is still sufficiently good and the energy difference still sufficiently small, to 

provide proper stereoelectronic stabilization of the structure. This will generally occur at the transition state. 

These stereoelectronic consideration can rationalize the resistance to alkylation of the bicyclic phosphate observed 

in this lab and others”. 

Et0 
EtO& 

‘=’ 
EtO’ , t EtOFOEt 

Et&@ 

@‘&&),O 8 F, EtO’ 

In the present calculation carbene is the electrophile and both the acyclic and the bicyclic geometries of (HO)SP=O 

h 

t? z 

0 0, 
i.8 2 2.4 2.8 3.2 3.6 4 1.6 2 2.4 2.3 3.2 3.8 4 

P-C D/stance A P-C Distance A 

Fig. 3 Fig. 4 

Figure 3 Relative energy diagram for the decomposition of phosphoranes .41 and Cl (via pathway/search a; 

STO-3C basis set). 

Figure 4 Energy difference between phosphoranes Cl and Al as a function of P-C distance for reaction path 

shown in Figure 3. 

hAA 
o Acycllc lLA ..’ 
A BIcycllc 
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are used as nucleophiles in place of (EtO),P=O. I n our previous calculation a proton was the electrophile.‘* In both 

calculations the putative “transition state” with the bicyclic geometry is found to be much higher in energy than 

the acyclic transition state, rationalizing why the bicyclic phosphate cannot be alkylated. 

The breakdown of the phosphoranes Al and Cl with cleavage of the C-O bond may provide an explanation of 

the deslllfurization process of the Corey-Winter olefin synthesis.“3-55 

The mechanism of the Corey-Winter reaction is thought to involve initial thiophilic addition of the phosphorus 

to the: thlocarbonyl group and a-elimination of the thionophosphate to yield a carbene. Trapping of the carbene 

trivalent phosphorus (trimethyl phosphite) yields an ylide, which subsequently fragments to the olefin, trimethyl 

thiophosphate and carbon disulfide. Addition of benzaldehyde suppresses olefin formation, instead, giving the 

ketene I hloacetal. Carbene “dime? is also obtained and these results have been used as arguments in favor of the 

intermediacy of the ylide, 1,fdipole and/or carbene. 

CONCLUSION 

Search of the reaction hypersurface between phosphite and formaldehyde reveals a path involving formation of 

a phosphorane which has the carbon atom at an axial position of a distorted trigonal bipyramid. In the transition 

state, slrllctl:res which have oxygen lone pairs app to the newly formed bond can stabilize the transition state. The 

kinetic .tt,rc.o~,lectrorlil. effect stabilization is presumably the result of two electron interaction between the app lone 

pair orbital and the the antibonding orbital of the newly forming bond. 

A conformation maximizing these interactions has an activation energy 7 kcalimol lower energy than a confor- 

mation without oxygen lone pairs app to the translating P-C bond. 

The origin of the a-effect, the enhanced nucleophilicity of a base possessing a heteroatom with an adjacent 

unshawd el.v~.ron nair is suggested to arise from this kinetic stereoelectronic effect. 
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