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One to  one complexes of the bicyclic phosphite 2,8,9-trioxa-l-phospha-adamantane, C ~ H Q O ~ P ,  have been prepared with the 
acids BH3, B3H7, B(CH3)3, and BF3. The adduct C6H803PBH3 has a melting point of 247-251" dec. and a measured dipole 
moment of 8.82 i. 0.05 D. The higher moment of this compound compared to CHIC(CHz0)3PBH3 (8.60 f 0.05 D . )  is ex- 
pected in view of the higher moment of the ligand, C6Hd&P, which was more accurately determined in this work to  be 4 51 + 
0.05 D. AH for the process: C ~ H ~ O ~ P ( S )  + B(CHE)Z(g) = C6H903PB(CH1)3(~) from pressure-temperature data was esti- 
mated to  be - 15.9 i 0.1 kcal./mole. The foregoing dipole moment data and the value for AH as well as the displacement of 
(CH3)3N from (CHB)~NBHJ indicate that C6H&P is a better ligand than CH3C(CH20),P toward BH3 and B(CHaj,. 

The synthesis in 20% yield of the phosphite ester Experimental 
2,8,9-trioxa-l-phospha-adamantane ( C ~ H ~ O S P )  was 
first reported by Stetter and Steinacker.l Brown, 
Verkade, and Piper recently reported an improved 
synthesis (70% yield) by a trans-esterification pro- 
cedure. The synthesis and properties of adducts of 

Preparation of C6H90~P.-The phosphite, C&03P, was pre- 
pared by a method described previously.2 Although CBH903P 
is more stable to moisture than is CHaC(CH20)aP, a small amount 
of ether-insoluble material is formed on prolonged storage of the 
pure ester in uacuo over CaC12 with intermittent exposure to the 
atmosphere for use. Final purification, therefore, was necessary 
before use in a reaction and this was effected by filtering a solu- 
tion of C6H903P in dry ether under an inert a t m ~ s p h e r e . ~  

Preparations and Analytical Data.-The experimental proce- 
dures used to obtain diborane, tetraborane, boron trifluoride, 
boron trimethyl, trimethylamine, trimethylamineborane, the 
adducts formed with the boron acids, and the pure solvents used 
in this research, as well as the physical properties of the adducts 

boron ~~~i~ acids and a phosphite having the caged discussed, are described elsewhere except where i n d i ~ a t e d . ~  
The method of purifying B(CHI)3 reported by Brown was 

found to be tedious and wasteful since a sipnificant portion of the structure 

/ O-cHz \ 
P-0-CHz-CCH J 

/ 
O-CH2 

\ 

have been investigated previously. It was decided, 
however, that  a comparison of the ligand properties of 
the adamantane system toward some boron reference 
acids such as BH3 and B(CH3)3 would be of interest. 
Since the change in steric requirements between the 
two phosphite ligands upon adduct formation will 
be quite small, any change in ligand properties will 
be more purely a function of the lone-pair electron 
availability on the phosphorus which in turn is deter- 
mined largely by any change in 0-P-0 bond angle and 
inductive effects due to the variation in carbon skele- 
tons. 

B ( C H I ) ~  could not be recovered from the triethylamine complex . 4  

Moreover, other workers have found this product to be i m p ~ r e . ~  
The following improved purification procedure was developed, 
which proved to be markedly simpler than that previously 
reported . 5  

Approximately 15 g. of CH3C(CHz0)3P was dissolved in 100 
ml. of anhydrous ether and filtered to remove insoluble impuri- 
ties. When attached to the vacuum line, about 2 1. (1 atm. ,  
25') of crude B(CH3)3 gas was condensed into the solution and 
stirred. The CH3C(CH20)3PB(CH3)I complex formed as a 
precipitate. The volatile components of this system were 
removed a t  -23" and the pure B(CH3)3 removed a t  25" and 
passed through a trap at  -78" to condense traces of CHIC- 
(CHzO)?P. The product so prepared was quite pure as shown 
by its infrared spectrum.6 The residue of CH~C(CHZO)IP 
then could be used repeatedly. This solid was found to absorb 
B( C H P ) ~  rapidly so that in subsequent cycles the step involving 
ether solution could be eliminated. 

The BHI adduct of CsH,03P decomposed with melting from 
247-261 '. 
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TABLE I 
DIPOLE MOMENT DATA AND INDICES OF REFRACTION OF SOLU- 

TIONS OF CdHpOaP AND C&O~PBHI IN 1,4-DIOXANE AT 25' 
C6H903P C6HsO8PBHa 

X X 
(mole fraction) e (mole fraction) 

0.0102 2.524 0.00547 2.710 
,00692 2.430 ,00344 2.497 
.00450 2.359 ,00242 2.430 
,00404 2.346 ,00124 2.319 
.00231 2.295 ,000659 2.267 
. 00000 2.228 ,000302 2.233 

. 000000 2.210 
a€ 

- -  = 29.18 
bX 

= 0.17 _ .  
ax 

be 
- = 90.15 ax 

ax 
a n D  

= 0.19 

p = 4.51  dz 0.05 D. p = 8.82 & 0.05 D. 

Anal. Calcd, for BPO~CF,H~Z: B, 6.22; C, 41.42; H (total), 
6.95; H (hydridic), 1.72. Found: B, 6.24; C, 41.67; H 
(total), 6.91; H (hydridic), 1.72. 

The B3H7 adduct of CaHgOsP decomposed without melting a t  
about 270'. 

Anal. Calcd. for B3P0&&16: B, 16.30; C,  36.10; H (total), 
8.03; H (hydridic), 3.55. Found: B, 15.60; C,  37.89; H 
(total), 8.09; H (hydridic), 3.53. 

The hydridic hydrogen was measured by hydrolyzing'B*weighed 
sample of the adduct with 5 M HCl in a sealed tube and measuring 
the evolved hydrogen volumetrically. That the B( CH3)3 and 
BF3 compounds are 1 ducts is shown by the stoichiometry 
data summarized in F 

Dielectric constant data and indices of refraction for solutions 
of C&,03P and CoHgOaPBH3 are presented in Table I. Dielec- 
tric constant us. concentration data are represented in Fig. 2, 

The d values and relative intensities from the Debye-Scherrer 
X-ray powder patterns for the ligand and the BHI and B3H7 
adducts are given in Table 11. 

TABLE I1 
INTERPLANAR SPACINGS AND INIENSITIES 

CsHsOaP C6HsOaPBH3 CeHuOaPB8H7 
d ,  A P d ,  A IQ d ,  A I" 

6 30 '/z 7 22 1 7 06 1 
5 73 1 6 79 10 6 36 10 
5 54 10 6 00 4 5 42 1 
4 48 8 5 38 10 4.88 10 
3.91 4 4 96 9 4 18 5 
3.47 2 4 39 6 3 88 5 
3.21 1 4 28 1 3 18 2 
3 10 3 4 12 1 3 05 3 
3 03 2 3 99 1 2 67 7 
2 69 7 3 92 1 2 45 1 
2 61 '/2 3 68 1 2.31 2 
2 56 2 3 58 2 2 28 1 
2.51 2 3 40 '/z 2 12 1 
2 35 1 3 26 5 1 88 2 
2 31 1 3 16 2 1.79 2 

a Larger numbers represent greater relative intensities. 

Pressure-temperature data for the vapor tension of B( CH3), 
over C ~ H S O ~ P  are presented in Table 111. Equilibrium condi- 
tions for this system could not be attained rapidly as previously 
described for the CHaC(CH20)3P-B( CH3)a ~ y s t e m . ~  Therefore 
the adduct was first prepared by the reaction of C6Hg03P in 
ether with an excess of B(CH3)3 with subsequent removal of 
ether and B(CH3)' between -45' and room temperature. The 
CeH&P crystals prepared in this fashion rapidly absorbed 
B( CH3)3 to reach equilibrium. 

Displacement Reactions.-A sealed tube of approximately 
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Fig. 1.--P (mm.) vs.  mole ratio of B ( C H J ) J - C ~ H ~ O ~ P  ( 0 )  a t  
-45' in CHCla and BF3-c~Hg03P (0) a t  -78" in CHCl,. 
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Fig. 2.-Dielwtric behavior of solutions of C6Hg03P (0) and 
CeHg03PBH3 ( 0 )  in 1,4-dioaane. 

60-cc. volume with a break-off tip, containing 1.42 mmoles of 
C6HB03P and 2.87 mmoles of (CH3)3NBH3, was heated in an oven 
to 110'. A single liquid phase existed in the tube under these 
conditions. 

After 72 hr. a t  l l O o ,  the components which were volatile a t  0" 
were removed and found to contain a trace of non-condensable 
gas and 0,58 mmole of N(CH,), as determined by a standard 
Kjehldahl procedure and identified by its gas-phase infrared 
spectrum. The infrared spectrum of the non-volatile residue 
from the reaction was recorded in CHCl3 solution. With the 

TABLE I11 
PRESSURE-TEMPERATURE DATA FOR C,HQO,PB( CH,), 

Pressure calcd ,a Temp I Pressure 
OK obsd , mm mm 

318 19 53 2 51.6 
321 21 65 4 65.4 
323 98 80 0 80 9 
326 33 95 9 96 7 
328 73 117 116 
329 01 117 118 
330 38 128 131 
332 05 148 148 
335 00 184 182 
335 95 195 197 
337 90 218 224 
341 26 278 283 
344 48 3 54 352 
345 1s 380 369 
347 79 445 440 

log P (mm ) = 12 6480 - 3477 Y4/T 
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exception of a medium intensity band at 865 em.-', this spectrum 
resembled a combination of the spectra of ( C H ~ ) J N B H ~ ~  and 
CtiH903Pa8 An examination of the spectra of these two ma- 
terials and of CtiH903PBH3 reveals that  the only band unique to 
the latter is the 865 em.-' peak, assigned to the B-P stretching 
mode.8 On this basis, the presence of CBHgO~PBH3 in the re- 
action residue was assumed. These facts imply the equilibrium 

(CH3)3IYBH3 + CrjH903P = (CH3)aK + CeH90aPBH3 

The reverse of the above reaction was observed in tetrahydro- 
furan (THF) solution. A fresh sample of CcH903PBH3 (0.84 
mmole) and 1.76 mmoles of iV(CHa)3 were contained in a tube 
similar t o  that  described above along with approximately 15 cc. 
of THF.  After 72 hr. a t  room temperature (26-30°), the tube 
was opened and the components which were volatile at -23" 
removed. These contained a trace of non-condensable gas, the 
T H F  solvent, and excess S(CK1)a. The THF-N(CH3)a mixture 
was treated with an excess of anhydrous HC1 in the vacuum line, 
removed to the atmosphere, dissolved in water, and analyzed for 
nitrogen by the Kjehldahl method. A total of 1.12 mmoles of 
IT( CH3)3 was found in the mixture, implying the consumption of 
0.64 mmole in the reaction. The infrared spectrum of the non- 
volatile residue in CHClj was similar to that for the residue re- 
covered from the forward (fusion) reaction. 

Discussion 

On the basis of scale models, C6Hg03P and CH3- 
C (CH20)aP are rigid but essentially strainless caged 
structures. Because of the similarity of the structures 
of the two phosphites, very little difference in their 
donor abilities should arise from differences in steric 
hindrance to coordination or from skeletal differences 
per ,ey if anomalous solvent effects with one of the 
ligands in complex formation can be excluded. The 
variation in donor properties of these ligands should 
arise primarily from the change in electronic environ- 
ment around the phosphorus atoms in the two donor 
molecules and the moments of the ligands. That the 
electronic environments around the phosphorus atom 
in CH3C(CH20)3P and C6Hg03P are different is sub- 
stantiated by P31 nuclear magnetic resonance studies.I0 
F19, HI, P31, and B" nuclear magnetic resonance 
studies are in progress on the adducts to further deter- 
mine the nature of the bonding in these compounds. 

In  this work, three sources of experimental data have 
been investigated, where feasible, which elucidate the 
diflerence in ligand properties of CH3C(CH20)3P and 
C6HgO3P. The dipole moments of the two ligands and 
their BH3 adducts are cornpared as well as the heats of 
association of their B(CH3)3 adducts. Finally, the 
abilities of CH3C(CH20)3P and C6H9O3P to displace 
N(CH3)3 from (CH3)3NBH8 are contrasted. 

Because of crystal lattice effects in the solid ligands 
and their BH3 and B(CHS)~ adducts, a satisfactory 
comparison of the analogous solid addition compounds 
is precluded. However, some knowledge of the rela- 
tive magnitudes of these effects can be gained from 

(7) B. Rice, R .  V. Galiano, and W. J. Lehman, J .  Phys.  Chem., 61, 1222 
(1957). 

(8) C. W. Heitsch and J. G. Verkade, Inovg. Ckem. ,  1, 803 (1902). 
(9) It is interesting t o  speculate at this point how various atoms or groups 

in  place of the  oxygen atoms in the  ligand molecules would affect their donor 
properties. Work involving the  synthesis of such ligands with atoms or 
groups of different electronegativity adjacent to  the phosphorus is now in 
progress. 

(10) J. G. Verkade and  R. W. King, Inorg. Ckem.,  1, 048 (1962). 

TABLE II' 
COMPARISON OF DIPOLE MOMENTS OF CsH901P AND 

CHjc( CH,O)jP AND THEIR BH3 - I D D U C T S  I N  1,4-DIOXANE AT 25" 
Compound Pa D A P ,  D 

4 .51  0.36  

0 .22  8 82 

4,15*1 CHjC( CH2O)jP 
CrjH903P 
CHIC( CH20)3PBHa 
CtiHgOaPBHz 

melting points and dielectric constant data taken in 
solution if dipole-dipole interactions are predominant 
in these molecular solids compared to local moment 
effects. Comparisons of the displacement reaction 
equilibria and heats of association also yield qualitative 
information on the lattice energies of the ligands. 

Dipole Moments.--A summary of the dipole moment 
values to be discussed appears in Table IV. Although 
the value for the dipole moment of C6HgO&' was re- 
ported to be 4.7 D., an uncertainty of 0.2 D. was in- 
dicated2 due to suspected partial oxidation. For the 
purpose of this work, the dielectric constant measure- 
ments were repeated under rigorously anaerobic con- 
ditions. The quality of the present data indicates a 
value of 4.51 j= 0.05 D. for the dipole moment of 
C6H903P; a value substantially higher than that for 
CH3C(CH20)dP (3.15 A 0.05 D.)2 measured in the 
same solvent, 1,4-dioxane. 

If dipole-dipole interactions can be considered as 
the main contribution to the lattice energy of these 
molecules, e Jidence for the higher lattice energy of 
C6H9OdP arises from the dielectric constant data for 
two ligands. It is possible that the main contribution 
to the larger moment in C6H9O3P stems from the 
presence of more electron induction from the additional 
carbon groups. Although the effect of small 0-P-0 
bond angle changes from one ligand to the other cannot 
be ruled out, crude calculations on the basis of P31 
nuclear magnetic resonance data indicate a bond angle 
difference of less than X-Ray measurements are 
in progress to elucidate this point. 

The higher melting point of CCH903P (205-209°)2 
compared to CH&(CH20)3P (97-98') l1 indicates that 
CBHy03P has the higher lattice energy since the molec- 
ular weights are reasonably similar (mol. wt. : CaH903P, 
160; CH3C(CH20)8P, 148). This is further substanti- 
ated by the lower solubility of C6Hy03P in non-polar 
solvents such as hydrocarbons or slightly polar solvents 
such as chloroform and ether. 

The relatively high melting point with decomposition 
of C6Hgo3PBH3 (247-251') compared to the melting 
point of CH3C(CH20)3PBH8 (199°)3 implies a larger 
lattice energy for the CsH903P complex. It is 
interesting to note the large diklerence in the melting 
points of the ligands (109') compared to that of the 
adducts (61 '), Undoubtedly the lattice energy dif- 
ference in the adducts is not as great as that in the 
ligands. If the lattice energies in these compounds are 
largely due to dipole-dipole interactions, then a similar 
conclusion can be derived from the polarization data. 
The larger difference in the dipole moments of the 

(11) J G Verkade and L. T Reynolds, J 01 g C h m  , 26, 603 (19bO) 
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ligands (0.35 D.) compared to that of the adducts 
(0.22 D.) again suggests that there should be a larger 
lattice energy difference for the ligands. 

Heats of Association.-In the temperature range 
indicated in Table 111, the vapor pressures of C6H903P 
and the B(CH3), complex are less than 1 mm. Hence, 
i t  was assumed that the pressure was due to pure 
B(CH3)3. The data in Table I11 afforded a value of 
AHas,,, = -15.9 * 0.1 kcal./mole for the reaction 

B(CH3)3(g) f C&1903P(S) = CsHyOJ’B(CH3)dS) 

It can be concluded, therefore, that C6H903P is a better 
donor toward B (CH3)3 than is CHQC(CH20)3P since 
AH,,,,, = -14.4 =k 0.5 kcal./mole for the reaction 
B( CH3)j(g) + CHaC(CHzO)J’(s) = CHaC(CHzO)aPB( CHJ)J(S)~ 

However, C ~ H Q O ~ P  is still a weaker base toward 
B(CH3)3 than is N(CH3)3 in the reaction 

N(CH3)r(s) 4- B(CHa)j(g) = ( C H I ) ~ N B ( C H ~ ) J ( ~ )  

where AHBssoc = -25.1 k~al . /mole.~ It is probable 
that a comparison of C6H903P and (CH&N in the gas 
phase would show them to be much more similar. The 
comparison made here in the solid phase reflects the 
differences in lattice energies; an effect which must 
enhance the apparent stability of the trimethylamine 
adduct. 

Displacement Reactions.-Under the conditions em- 
ployed in a previous in~estigation,~ CH3C(CH20)3P 
woiild not displace N (CH3)a in the reaction 
CH,C(CH20)3 P + (CHa)jNBHj= CN3C(CHzO)aPBHjfN( CHa)a 

whereas the reverse reaction could be brought to com- 
pletion. In  contrast, C6H903P will substantially dis- 
place N(CH3)3 in the reaction 

CaHgoaP + (CH3)aNBHa = CsHgO3PBH3 f N( CH3)3 

but the reaction is only partially reversed under the same 

conditions. Hence, C6H903P is a stronger base than 
CH3C(CH20)3P with respect to BH3 also. 

If steric effects can be neglected in the comparison of 
C6H903P and N(CH&, then the use of either B(CH3)3 or 
BH3 as reference acids should give similar results. Yet 
relative to B(CH3)3, solid N(CH3)3 is the stronger of the 
two bases by 9.2 kcal., while the liquid phase displace- 
ment reactions show that, relative to BH3, the two lig- 
ands are much more comparable. This variation 
probably is due to lattice energy effects. The energies 
in these systems can be represented in a cyclic fashion 

- A H  
L(s) + B(CIL)dg) -+ L B ( C H ~ ) ~ ( S )  

- AHv‘ t 
AH‘ 

L(g) f B ( C H J ) ~ ( ~ )  + LB(CH3)3(8) 

where L = N(CH3)3 or CoH9O3P. AH = AH’ + 
The equilibria observed in the liquid phase displace- 

ment reactions indicate that the enthalpies of formation 
of the adducts are similar under these conditions. To 
a rough approximation the same should be true of the 
gas phase. Thus AH’ for the C6H903P-B(CH3)3 sys- 
tem is probably very close to that for the N(CH3)6B- 
(CH3)3 system. The differences in AH must be due to 
the difference in the quantities (AH,‘ - AH,) for both 
systems. This difference in turn probably is due 
mainly to differences in AH,, another manifestation of 
the high lattice energy of C6H9O3P. 

(AH,’ - AH,). 
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A series of compounds Hj-,Al(BHa),*N(CHa)s ( x  = 1, 2, and 3 )  and H2-.Al(BH4)ZX(CHI)2 ( x  = 1 and 2 )  were prepared 
by a metathetical reaction between LiBH4 and the corresponding chloro derivatives. Their properties and reactiotis with 
trimethylamine and mercuric chloride are discussed. 

Aluminum borohydride was first prepared by the 
interaction of aluminum trimethyl and diborane.2 method3 
The subsequent availability of lithium borohydride 

(1) This work was performed under Contract ivo. DA-01-021 ORD 5135. 

resulted in the development of a better preparative 

3LiBHa f AlCla + 3LiCl + Al(BH4)a 

and this reaction has been extended to the preparation 
(2) H. I. Schlesinger, R. T. Sanderson, and A. B. Burg, J .  A m .  Chem. 

.FOG., 62, 3421 (1940). (3) H. I. Schlesinger. H. C. Brown, and E. K. Hyde, abtd , IS, 209 (1953). 




