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OPTICALLY ACTIVE SPIROPHOSPHORANES. ABSOLUTE 
CONFIGURATION AND SEPARATION OF THE CONTRIBUTIONS 

OF THE HELIX AND THE LIGANDS TO THE OPTICAL 
ROTATION 

A. KLAEBE, J. F. BRAZIER, B. GARRIGUES and R. WOLF 

Equipe de Recherche du C N R S  no 82, Laboratoire des HPtkrocycles du Phosphore et de 
I'Azote, Universitk P. Sabatier, 31 062 Toulouse cedex, France 

and 

Y. STEFANOVSKY 

Institute of Organic Chemistry, Bulgarian Academy of Sciences, Sofia 11 13, Bulgaria 

(Receioed June 6 ,  1980) 

The molecular rotation of optically active spirophosphoranes containing ephedrine and other optically active ligands, 
is separated into several independent components giving the rotational contributions of the ligands and the helix 
structure. Using this separation as well as the X-ray data for the structure of the compound with two (-)ephedrine ligands, 
it is shown that in the case of two ephedrine ligands the M-helix is levorotatory and therefore the M-isomer is more 
negative. This allows the prediction of the absolute configuration of a large number of compounds including also some 
new ones. The influence of the structure and the configuration of the ligands on the components of the molecular rota- 
tion is discussed. Ephedrine ligands with erythro-configuration have a larger contribution to the rotation than the 
corresponding threo-isomers. The separation into independent components allows the application of the principle of 
optical superposition for calculation of the molecular rotation and its components for new representatives of this class 
of compounds. A very strong ligand effect is observed in the case of one optically inactive o-aminophenol ligand, ex- 
plained at the moment by nonbonded interactions between the substituents in the active ligand and the conjugated 
o-aminophenol system. The observed strong increase of the helix contribution in the same case is due probably to the 
increased atomic asymmetry of the chiral P-atom. 

INTRODUCTION 

A large number of optically active spirophosphor- 
anes of the type (Structure 1) have been synthesized 
recently where at least one of the ligands (L, or 
L,) is derived from optically active ephedrine 
(E), norephedrine (NE), pseudoephedrine ($E), 
pseudonorephedrine (+NE) or phenylglycine 
(PhGl), alaninol (ALOL) and alanine (ALA). '-' 
In all cases, two diastereomers were observed6 
(Structure 2). Usually only one of them was isolated 
after the synthesis as a result of a second-order 
asymmetrical transformation.' The second one 
was observed spectroscopically (31P, H N.m.r) 
and its molecular rotation was determined polari- 
metrically during the study of the barrier of iso- 
merization (see experimental part). 

The existence of enantiomeric helixes in each 
diastereomer was proved and an attempt was made 

R,  R2 M P 

STRUCTURE 1 STRUCTURE 2 

to determine their specific rotations? In the case 
when L, = L, = (-) E the absolute configuration 
of the helix in the isolated diastereomer was 
determined by means of X-ray analysis and found 
to be a levorotatory M-helix:* (Structure 3). The 
present work attempts to separate the contribu- 
tions of the ligands and the helix to the molecular 
rotation and to study the influence of the structure 
and configuration of the ligands on the rotatory 
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54 A. KLAEBE et al. 

STRUCTURE 3 

power of the compounds. It is also attempted to 
demonstrate the possibility for predicting the 
molecular rotations of new compounds or the 
absolute configurations of the compounds studied 
here. 

RESULTS AND DISCUSSION 

All compounds with two ephedrine ligands, de- 
scribed in previous work are listed in Table I num- 
bers (1) to (7). The molecular rotations: 4 are 
reduced to 436 nm.? The molecular rotation of the 
spirophosphoranes in question could be represen- 
ted as a sum of the rotation of the helix (4Hel), 
the contribution of the conformational asym- 
metry of the ligands (C,), the atomic asymmetry of 
the P-atom in the case of two different ligands 
(Ap) and the atomic asymmetry of the chiral 
centers of the ligands (AL): 

(1) 
In a first approximation, one can assume that 

the helix contribution (4Hel) in both diastereomers 
of this type is equal and independent of the other 
members (see below). The detailed consideration 
of the conformational contribution (C,) leads us 
to propose its separation into two effects: 

1) Conformational effect around bonds 2, 3 
and 4 (and resp. 2', 3' and 4 )  (Structure 1). This 
effect is constant for every ligand in all compounds, 
independent of the other ligand and with the 

4 = 4 H d  + CL + A, + A L  

t See experimental part concerning a possible C.D. study. 

same sign in both diastereoisomers. It has been 
demonstrated using X-ray structure determination 
and nmr spectroscopy that the envelope con- 
formation of ligands derived from 1-phenyl, 2- 
methyl ethanolamines, in hydrogenospirophos- 
phoranes, is independent of the helicity of the 
spiro skeleton. It depends only on the configura- 
tion of the carbon bearing the phenyl group. 

2) Conformational effect around the bonds 1, 5 
and l', 5' (Structure 1). This effect is different when 
two ephedrines (R, = R, = CH,), two norephe- 
drines (R, = R, = H) or two different ligands 
(R, = CH,, R, = H) are fixed on the molecule and 
independent of the configuration of the carbon 
atoms of the ligands. Its sign is opposite in both 
isomers. The evaluation of the contribution could 
be done using Brewster's rules for determination 
of conformational asymmetry.' In the case of an 
M-helix when L, = L, = E the substituents 
around the bonds 1 and 5 (P-atom is at the rear) are 
located as pictured below: (Structure 4). One can 
be easily convinced that the same location exists 
around bonds 1' and 5' (the molecule bears a C, 
axis) and in the P isomer the situation is enantio- 
meric. When R = CH, the contribution of the 
substituents around bond 1 is zero (+CH-CH + 
CN-CN interactions) and this around bond 5 is 
positive determined by the interactions 

123 = +98"." The total effect CCHBiCH3 (the con- 
tribution of bonds 1, l', 5 and 5') could be valued 
at + 196" at I I  = 598 nm or about + 400" at 436 nm. 
When R = H (NE and $NE) the contribution 
of 5 remains the same (+98") and this of 1 is deter- 

+CN + (:)H-CH-(:)N = 480 + 81 - 270 - 
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OPTICALLY ACTIVE SPIROPHOSPHORANES 55 

TABLE I 

Components of the molecular rotation of spirophosphoranes with ephedrine ligands (temp.: 25°C 
A = 436 nm, solvent: C,H,). The isolated diastereoisomers are underlined 

No. L, L Z  6u 

(1) -E  - E  - 1240" 

( 2 )  -NE -NE -1339 
~ 

(3) + N E  +NE + 672 

(4) +$E +$E + 195 

(5 )  +$NE +$NE +290 

(6) - E  + NE - 304 

(7) + E  -NE - 290 ___ 

4 P  

- 1018 

- 693 

+ 1365 

+ 490 

+ 950 

+ 302 

+ 296 
- 

-111 400 511 

- 353 200 553 

-346 200 546 

- 147 400 547 

-330 200 530 

- 303 300 603 

- 293 300 593 

- 1129 

- 1046 

+ 1019 

+ 342 

+ 620 

- 1  

- 3  

a The absolute configuration is determined (X-rays). 
From 4~ - d p  = 2(4He) + c) .  
C is calculated by Brewster. 
From dM + dp = 2 4 1 ~ .  

r! and the atomic asymmetry of the chiral atoms 
in the ligands (if any: A L ) .  It has the same sign and 
absolute value in both isomers. 

2-Conformational ESfects of the Bond I ,  I ' ,  5 
and 5' : C 

As already discussed it is equal in value and 
opposite in sign in both diastereomers (+ in M 
and - in P). The calculation of this effect was 
given above. An independent way for its evalua- 
tion will be considered below. 

3-Contribution of the Helix Structure 4Hel 

..... 0 
/ N ip yVN / - Ck@-CH3 

H'I 0 ) 
M helix 

N 
bond l(1') 

bond 5(5')  

STRUCTURE 4 

mined by +CH-HH + HN-CN equal to - 52". 
The total effect CHI, is +92" at ,I = 598 nm or 
about +200" at 436 nm. In the case of mixed 
ligands (R, = CH,, R, = H) the effect is averaged 

All these considerations allow one to define the 
following independent contributions to the mole- 
cular rotation of the spirophosphoranes: 

(C,H,/, = +300"). 

It is approximately equal in value (for the case 
of ephedrine ligands) and opposite in sign. For 
correlating the sign of rotation with the con- 
figuration of the helix, one can use compound 
(1) for which the known value -1240" corres- 
ponds to the M-helix (X-ray analysis, Structure 3) 
and apply the following general expression : 

(2) 4 = 4 ~ ~ ~ 2  + h e 1  + C 
for both isomers: 

4 M  = 4 L , L 2  + 4 H e l  + C = - 1240" 

4 p  = 4 L , L 2  + - C = - 1018" 
1 -The Ligand Contribution &,L2 

This includes the conformational effect of the 
bonds 2, 3 and 4 resp. 2', 3' and 4 (part of C,) 

The difference 4M - 4p = c $ ~ ~ ,  + C = - 111, 
knowing that the sign of 4Hel is opposite in both 
isomers leads to the conclusion that this system 
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56 A. KLAEBE e t n l .  

has only one solution concerning the contribution 
of the helix structure: -511 for the (1) M helix 
(C = 400 has been calculated using Brewster's 
rules). Therefore the M isomer in the general case 
must show the smallest algebraic value. This 
allows one to determine the absolute configuration 
of all compounds and to predict it for new com- 
pounds of the same type. 

Analogous calculations for all compounds give 
an average absolute 4,,,-value of 540 (see Table 
I). For (6) and (7), we can observe deviation from 
this value: 4Hel = 603 and 593. This deviation can 
be fairly explained by an additional contribution 
of the asymmetric P-atom (L, # L, * A, # 0), 
equal in sign to that of the helix. 

The CH/H and CCH31CH3 values were calculated 
using Brewster's rules, but they can be also evalua- 
ted independently from experimental values of 
Table I. For this purpose, we assume that when 
L, = L,, the contribution of the helixes is con- 
stant and take the ratio between the two con- 
tributions: CCH1:CH,3/CH/H = 211. For the couples 
(I), (2) and (4), (5) respectively one can write: 

6 H e l l  = 4He12 and 4Hel4  = 6 H e l 5  

Replacing the 6Hel from 4Hel + C = - 11 1 (for (1)) 
and - 353 (for (2)) we can get the equation: 

knowing that CCH,/CHa = 2 .  CH/H one can obtain 

-111 - 2 ' CHI, = -353 - CH/H 

from which CH,H = 242" and CCH3/CH3 = 484". 

equation: 
Analogously from (4) and (5) we reach the 

-147-2*CH/H= -33o-cH/H 

from where CHI, = 183" and CCH3/cH3 = 366". 
The average values are 213" and 426". There- 

fore, the used approximate values (calculated by 
Brewster's rules) of 200" and 400" are satisfactory. 

Taking the sum of the above given expressions 
for &, and 4, one can get the 4L1L2 values. Com- 
paring these values for (l), (2), (4) and (5) (Table I) 
one can see that the contribution of the "erythro" 
ephedrines as ligands in (1) and (2) is higher than the 
contribution of the "threo" isomers in (4) and ,(5). 
This is in good agreement with the observation for 
the case of cyclization of ephedrines to the corres- 
ponding 2-oxazolidones' ' and for other cycliza- 
tions of diastereomeric amino alcohols,' where 

the change of the molecular rotation is larger in 
the cyclization of the "erythro" isomers. 

Compounds (6) and (7) are of particular in- 
terest. Their ligands are similar in structure and 
opposite in configuration. That leads to the 
internal compensation of the rotation and their 
molecular rotation remains to be a sum of 
and C. It is a little surprising that the methyl group 
in one of the ligands does not make any difference 
in the ligand contribution (as in (1) and (2)). The 
zero value for 4L,L2. in this case is an evidence 
that the helix contribution is equal in absolute 
value in both diastereomers. If this contribution 
does not coincide-it will be the case for com- 
pounds bearing two different ligands-then the 
difference A$Hel is added to the 4 L , L 2  value: from 
Eq. 2 it comes: 

(3) ( 4 M  + 4F') = 24L1L2 + A 4 H e l  

The above demonstrated separation of the 
contributions to the molecular rotation allows 
one to apply the principle of the optical super- 
position for calculation of the molecular rotation 
of compounds with two different ligands (L, # L,) 
or its components. Using the values for separated 
ligands (the halves of the values where L,  = L2) 
given in the Table I1 one can easily find that: 

The calculated values for 11 products synthetized 
but not yet studied by polarimetry are given under 
numbers (8) to (18) in Table 111. Compound (6), 
(Tables I and 111) gives a possibility to test our 
predictions. The calculated values dM and 4, in 
Table I11 are not equal as in Table I for the same 
product. This is due probably to the already 
mentioned difference between the ligand con- 
tributions of (1) and (2) (one hydrogen replaced 
by methyl group). One has to assume that the 

TABLE I1 

Experimental values for calculation of molecular rotation and 
its components 

-E 
+ E  
- NE 
+ NE 
- *E 
+ *E 
- $NE 
+ $NE 

~~ 

-620 -509 
+509 +620 

+347 +700 

+98 +245 

+ 145 +475 

-700 -347 

- 245 - 98 

-474 -145 

- 56 
- 56 
- 177 
- 177 
- 74 
- 74 
- 165 
- 165 

- 565 
+ 565 

+ 523 
- 523 

- 171 
+ 171 

+310 
-310 
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OPTICALLY ACTIVE SPIROPHOSPHORANES 57 

.TABLE 111 

Components of the molecular rotation of spirophosphoranes with ephedrines ligands not yet 
studied (except (6) )  (see Table I) 

Lz 

- E  
- E  
- E  
- N E  
- N E  
- *E 
-E 
- E  
-E  
- N E  
- N E  
- *E 

- NE 
- *E 
- $NE 
--*E 
- $NE 
- $NE 
+ NE 
+ *E 

+ *E + +NE 
+ $NE 

- $NE 

d M  4 P  

- 1320 -856 
-865 -607 

-1094 -654 
-945 -445 

-1174 -492 
-719 -243 
-273 +I91 
-522 -264 
-475 -34 
-602 -102 
-555 +I28 
-100 +3JJ  

d H e ,  + c C 

- 233 
- 130 
-221 
- 251 
- 342 
- 239 
-233 
- 130 
-221 
-251 
- 341 
- 239 

300 
400 
300 
300 
200 
300 
300 
400 
300 
300 
200 
300 

533 
530 
521 
55 1 
542 
539 
533 
530 
52 1 
55 1 
54 1 
539 

- 1088 
- 736 
- 875 
- 694 
-833 
-481 
- 42 
- 394 
-255 
- 352 
-213 
+ 139 

contribution of the methyl group is negligibly 
small and the observed difference between (1) and 
(2) is due to the experimental error. Nevertheless 
it is worth noting that AMD of E and NE is +24" 
(which gives 48" at 436 nm). It seems quite possible 
that the methyl group contribution is balanced 
by the difference in the contributions of the 
enantiomeric helixes. If that is the case, the pre- 
dicted value of 42" for 4L,L2 of (6) (Table 111) is 
evidence that this difference is really a small one 
in the case of ephedrine ligands as postulated 
before. 

All compounds from (8) through (18) contain 
an asymmetric P-atom which in spite of the very 
near polarisability of the attached atoms can also 
contribute to the rotation (AP # 0). This effect 
must be equal in value and opposite in sign in M 
and P isomers, but its separation from + C 
at the moment is difficult. 

A large group of compounds, containing ephe- 
drine and other optically active and inactive 
ligands also prepared in our previous work are 
listed in Table IV. The separation of the com- 
ponents of the molecular rotation, as seen from 
the table, leads to some unexpected values which 
should be discussed. For example the optically 
inactive ligands L, as o-aminophenol and its 
N- and 5-methyl derivatives in (19), (20), (21), 
(22), (24), (26) and (28) show a large "ligand 
effect." This effect could be due to a significant 
difference in the helix contribution. The benzene 
ring is attached to the P-atom by P-0 and P-N 
bonds and L, is more conjugated than in the case 
of two ephedrine ligands and therefore more 
sensitive to the structural changes in L, than 

each ephedrine ligand. For the evaluation of the 
difference between the two helix contributions in 
(19) one can use the Eq. (3): 

4 M  + 4 P  = - 11" = 2 4 L , L 2  + A 4 H e l  

where qhLIL2 = + 171"( + 342/2 from Table I, com- 
pound (4)) 
A 4 H e 1  = -454" 

It shows that 4HelM > The same evalua- 
tion could be done for the other cases too. The 
calculated A 4 H e 1  values are given in Table IV. 
The observed difference in the helix contributions 
is probably due to the nonbonded interactions 
between the substituents in L, with the conjugated 
o-aminophenol system L, . 

Other optically active ligands have been used 
for compounds (23), (24), (26), (27) and (28) 
in Table IV : phenylglycine, alaninol and alanine. 
Phenylglycine in (23) and (24) shows a large 
rotatory effect. This is in good agreement with 
the abnormal specific rotation of the phenylglycine 
itself, due to the cyclic structure because of hydro- 
gen bonding. 

(+) Alaninol has a very small contribution in 
(26) and (27) probably because of the low con- 
formational asymmetry of the ligand and absence 
of atomic asymmetry (fast libration of the cycle 
observable in 'H nmr spectroscopy). 

The mentioned group of compounds with o- 
aminophenol ligands are characterized also by a 
very increased 4Hel + C values. This could be 
due either to a very large change of the molecular 
asymmetry of the compounds, or to a high atomic 
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TABLE I V  

Components of the molecular rotation of spirophosphoranes with mixed ligands 

+ *E 
+ *E 
+ E  
+ E  
- E  
+ PhGl 
- E  
+ ALOL 
+ ALOL 
+ ALA 

5 Me-oAPh 
oAPh 
5 Me-oAPh 

PhGl 
NMe-oAPh 

NMe-oAPh 
+ ALOL 

NMe-OAPh 

u-AIBA 

NMe-oAPh 

-1169 +I058 
-761 +649 
-925 +I800 
-926 +I814 

-1644 -1000 
-376 +2241 
-867 -115 
-551 +872 

-15 +272 
-2310 +3024 

-1113 
- 705 
- 1365 
- 1370 
- 322 
- 1308 
- 376 
-716 
- 143 
- 2665 

-56 -454 
-56 -454 

+437 -256 
+444 -242 

-1322 -253 
+932 +350 

+I61 +194 
+ 128 
+ 357 

-491 

.",a0- N H  - 

a-AIBA: a-aminoisobutyric acid 

PhGl: phenylglycine 
5Me-oAPh: 

ALOL: alaninol 

ALA: alanine 

E: ephedrine 

$E: pseudoephedrine 

oAPh: 

NMe-oAPh: 

a 4M - 4p = 2(dHel + C) - 4He, + C = (4M - 4p)/2 the calculation of C in this group is not 
possible. 

4 M  + 4 P  = 2 4 L , L ,  4 L I L 2  = (4M + 4P)/2. 
' From equation 3: (phi + 4p = 24L1LI + A @ H e l .  

asymmetry effect of the P-atom equal in sign to 
that of the helix. The latter could be explained by 
the resonance stabilization of the ligand leading 
to a strong change in the polarizability of the 
0- and N-atoms attached to the phosphorous. 
It is well known that groups with a high polariza- 
bility, attached to an asymmetric atom increase 
the rotatory power of the molecule. The magnitude 
of this effect in (24) is - 1308", in (28) by similar 
ligands it reaches -2665". This as well as the 
differences in values for (19) and (20) and an un- 
expected low value for (26) are difficult to explain 
and impossible to be predicted. 

EXPERIMENTAL 

100 MHz ' H  n m r  spectra were made with a Varian HA 100 
instrument for C6D6 solution with tetramethylsilane as  internal 
standard. The integrations were determined in three ways, 
using the HA 100 device integrator, a Dupont curve resolver 
310 and the "cut up and weight" method: accuracy -2  "/. 

Polarimetric measurements were made with a Perkin-Elmer 
141 instrument to within 0.002" in a temperature controlled 

cell (+0.02"C) using a SECASI APC 150 RA thermostat. The 
data were collected with 3490 Hewlett Packard Multimeter 
(f 1 pV) and a thermal printer Hewlett Packard 5150 A. 

The determinations of the rotation of two diastereoisomers 
were done using polarimetric kinetic data. a, was extraplalted 
using LSG'" Program and TEKTRONIX 4051 calculator. 
The balue of a,, am and the nmr determination of the equili- 
brium constant allows the rotation of the two diastereoisomers 
to be calculated. This kinetic determination of the rotation 
precludes any C.D. study. (The R.D. spectra of the mixture of 
the two diastereisomers do not show any anomaly in the field of 
used wavelength.) 

All rotations are given as  molecular rotation 4, in benzene, at 
30°C and at 436 nm: some values have been determined at 
589 nm and converted to 436 nm applying an experimental 
coefficient which is almost constant for all compounds (c.a. 2). 

The synthesis of compounds (1) to (7) are given in Ref. 13. 
Compounds (19), (20), (21) and (22) have been described in 
Ref. 4 and l c  and compounds (26), (27), (28) and (29) in Id. 

The preparations of compounds (23), (24) and (25) are de- 
scribed in Ref. 5. 

All these molecules bear, at least, two chiral units: the 
phosphorus atom and one or several asymmetric carbons. 
The structure of these compounds have been chosen (electro- 
negativity rules for the TBP geometry)6 so that only two 
optically pure diastereoisomers are energetically stable. These 
two stereoisomers are in equilibrium through a pseudorotation 
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OPTICALLY ACTIVE SPIROPHOSPHORANES 59 

process and a slow crystallization of the mixture, in benzene, 
yields only one crystalline isomer, by a second order asymmetric 
transformation.’ Determinations of the specific rotations of 
two diastereoisomers are indirect and derived from the measure 
of the apparent rate constants of epimerization of these mole- 
cules by the plot of Ln(r, - a,) against time, where z, is the 
optical rotation at time f and GI, at equilibrium; this needs an 
accurate experimental determination of GI,. The slope gives 
-k,,, and extrapolation at I = 0 gives Ln(a, - a=,), that is to 
say no. 

The [ G I ~ ]  value is the specific rotation of the optically pure 
diastereoisomer given by the second order asymmetric trans- 
formation. A careful determination of the equilibrium constant- 
under the same experimental conditions as the kinetics, by ‘H 
N.m.r. spectroscopy--and the two extrema rotations allows the 
specific rotation of the other diastereoisomer to be calculated 
(the assumption of the stability of the specific rotation related 
to concentration for each diastereoisomer within our ex- 
perimental field is implicit). 

The ‘H nnir studies of these compounds are well docu- 
mentedib.” we give here only the most general nmr param- 
eters for this class of compounds: 6H-p and I J H - p  (Hz) in 
C,D, respectively for each diastereoisomer: the first couple is 
related to the isolated isomer by second-order asymmetric 
transformation. 
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