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Polyphosphino Macrocyclic Ligand Systems 

Sir: 

There is extant a vast literature1 concerning polyphosphorus 
ligand systems for transition metals. Since it is knownlf that 
phosphine ligands stabilize unusual (customarily low) oxida
tion levels of transition metals, a major reason for interest in 
polyphosphine-ligated transition metals stems from the desire 
to develop new and unusual catalytic systems for a variety of 
types of reactions.2 In light of the knowledge that cyclic ligands 
have enhanced ligating properties in comparison with their 
open-chain analogues in the area of crown ether chemistry,3 

it is at first glance surprising that no macrocyclic polyphos-
phine-containing species have been reported. An indication of 
the difficulty of the chemistry involved may be inferred from 
a comment on a failure to synthesize such molecules.4 Of the 
several phosphorus-containing heteromacrorings described in 
the literature,5 only two5lJ (both of which possess only a single 
phosphine) appear to be useful in coordination of transition 
metals.6 

We now report the synthesis of the first two macrocycles 
containing more than two phosphino groups, along with two 
other macrocycles which contain phosphino groups arid sulfur 
atoms. The benzotriphosphole 2 was obtained in 34% yield 
from pentaphenylcyclopentaphosphine (1) using a modified 
procedure of Mann.7 The o-bis(secondary phosphine) 3 was 
isolated in 80% by the LiAlH4 reduction of 2 in THF. The di-
chloride 4 was then obtained (60%) by the addition of the dil-
ithio salt of 3 (n-BuLi) (3a) in THF to an excess of 1,3-bro-
mochloropropane in THF. Dichlorides 5 and 6 were synthe
sized similarly in yields of 67 and 40%.8 The tri- and tetra-
phosphinomacrocycles 79 and 8 were then produced by the 
reaction of 3a with 6 and 4, respectively, under high dilution 
conditions.10 Anaerobic chromatography of crude 7 on de
gassed silica gel using hexane-dichloroethane as eluent gave, 
after recrystallization from the chromatography solvent sys
tem, a white solid of mp 160.5-161.5 °C in ~5% yield, along 
with other fractions (amounting to ~5%) with wider melting 
point ranges.11 An x-ray structure determination has con
firmed the structure of the sharp-melting material to be as 
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Figure 1. Modes of triligation by ligands 7 and 9 (-"1I) and tetraligation 
by 8 and 10 (-»12 and 13) in octahedral complexes. 

shown for 7 in Scheme I.12 Presumably the crude, broad 
melting material contains a mixture of the three possible 
geometrical isomers (two meso, one dl pair). Interestingly, 
although tetraphosphine 8 has five possible isomers (three mbso 
and two dl pairs), we have isolated, by recrystallization of the 
crude material, 22% of what appears to be predominancy one 
isomer (mp 229-230 0C). In a procedure similar to that above, 
macrocycle 9, mp 109.5-110 0C, was synthesized from the 
dilithio salt of dithiocatechol13 and 6 (45% yield), and 10, mp 
111-112 0C, from 3a and 5 (20% yield). Species 10 can exist 
as two isomers (meso and dl pair) but here, also, it appears that 
one is being formed predominantly. 

Inspection of CPK space-filling models reveals that ma-
crorings 714 and 9 must ligate metals in a three-dimensional 
sense. In fact they appear to have ideal geometry for/aotri-
dentate ligation in an octahedral complex 11 (Figure 1). On 
the other hand, 8 and 10 are sufficiently large that cis (12) and 
trans (13) tetraligation can occur in an octahedron. Our pre
liminary work shows that all of the macrocycles described here 
form complexes with transition metals. For example, treatment 
of molybdenum hexacarbonyl in a refluxing benzene solution 
of 7 (as a mixture of isomers14) with 50% aqueous sodium 
hydroxide and a catalytic amount of tetra-n-butylammonium 
hydroxide15 gave, after 2 h, the diligated species 7-Mo(CO)4 
as a yellow powder: mp 138-140 0C dec; IR vCo 2010, 1935, 
1895,1850 cm-1.16 On the other hand, when 7 (isomer mix
ture14) was heated in xylene with molybdenum or chromium 
hexacarbonyl, the corresponding tricarbonyl^complexes 7-
Mo(COh and 7-Cr(CO)3 were isolated.17 The complex 8; 
NiClBF4 was obtained using a method similar to that of 
King.18 This material gave orange feather-like crystals (from 
chloroform) which decomposed at >390 0C.19 Nickel(II) and 
cobalt(II) complexes of 9 and 10 were obtained starting with 
nickel(II) chloride hexahydrate and cobalt(II) chloride 
hexahydrate and these will be described in a later publica
tion. 

We are continuing our investigations in several directions, 
including the synthesis of other macrorings of various sizes 
containing phosphorus and other heteroatoms, the formation 
of transition metal complexes of these cycles, and the use of 
macrocycle-transition metal complexes as catalysts in organic 
reactions. 
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Dominant Double Rotation in the 
Thermally Induced 1,2,4-Trimethylspiropentane 
Geometric Isomerization 

Sir: 

The thermal geometric isomerization of vicinal centers 
in cyclopropane occurs predominantly by a double inversion 
process1 which has been predicted to occur in a conrotatory 
fashion.2 Monosubstitution of both inverting centers by small 
alkyl groups appears to attenuate the double inversion process 
such that a near-randomly-closing biradical results.3 

Spiropentane undergoes geometric isomerization4 by pe
ripheral bond fission5 faster than structural isomerization6 to 
methylenecyclobutane. Double inversion has now been ob
served with 1,2,4-trimethylspiropentane, but a factor analysis 

Chart I. Rate constants (X 106/s) for the interconversion of the four 
1,2,4-trimethylspiropentanes at 561.7 K and 150 Torr: SI = single 
inversion; DI = double inversion. The equilibrium concentrations are 
calculated. 
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suggests that face to face biradicals are being formed and that 
conrotation occurs with the trans isomers and disrotation oc
curs with the cis isomers. 

The fact is that the four 1,2,4-trimethylspiropentanes7 in-
terconvert at 561.7 K with the rate constants (X 106/s) indi
cated in Chart I which in a Runge-Kutta numerical integration 
of the appropriate differential equations reproduces the ex
perimental data at roughly 20% reaction.8 The rate constants 
satisfy the three microscopic reversibility conditions.9 

From the data it is clear that both double and single inver
sion is occurring but trans to trans or cis to cis conversions 
(double inversion—or, less likely, C4 epimerization with TM 
and TP10) occur as fast as the two single inversion process, in 
each case suggesting a preference for double inversion. 

The magnitude of the preference for double inversion is 
substantial if the data are dissected into contributing factors. 
A rate retardation factor,/+p , for generating 1,4-proximal, as 
opposed to medial or distal, methyl relationships is 0.345 ± 
0.01 from the rate constant ratio k$/ki or k%/k\\. A rate re
tardation factor,/_p, for destroying 1,4-proximal, as opposed 
to medial or distal, methyl relationships is 0.61 ± 0.04 from 
the rate constant ratio k7/k9 or kb/k\0.

u From each spiro
pentane isomer there are two ratios of double to single inver
sion, and in each case proximal 1,4 relationships are being 
generated and destroyed, and cis relationships are being gen
erated for which a rate retardation factor, f+c, relative to 
making a trans relationship may be defined. Any given rate 
ratio can result from an inherent preference for double vs. 
single inversion, D/S, modified by the rate-retarding steric 
factors,/+ p , /- .p , and/ + c . 1 3 For any value of/+c, the four D/S_ 
ratios from the trans isomers are within 2% of one another, and 
the same is true of the D/S ratios from the cis isomers (see 
Table 1), lending confidence to the notion that steric factors 
are being properly considered. The cis factor, f+c, determines 
the absolute values of the D/S ratios, and Table I gives the D/S 
ratios for various f+c factors.14 

If the double inversion process is conrotatory, steric effects 
should favor more double inversion from the trans isomers than 
from the cis isomers; however, this can be true only if there is 
a steric preference for generating a cis vicinal relationship, i.e., 
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