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verifying quantitative agglutination. Addition of 4 /umol of 
lactose, which competes with the vesicles for the lectin, resulted 
in complete dissolution of the lectin-vesicle precipitate, giving 
rise to the resuspension of single unilamellar vesicles. Electron 
microscopy of the deagglutinated vesicle suspension showed 
only small particles, verifying that extensive vesicle fusion had 
not occurred. 

The observation that the line width of the ./V-methyl carbon 
resonance is insensitive to lectin-induced vesicle agglutination 
is strong evidence that the tumbling of phospholipid vesicles 
is not the major mechanism for the line narrowing observed 
upon sonication of phosholipid dispersions. Preliminary ex­
periments with the 13C label in the acyl chain of phospholipid 
give similar results. Having eliminated tumbling as a signifi­
cant factor, we conclude that the line narrowing observed in 
NMR spectra of sonicated vesicles is most likely due to in­
creased structural disorder in the packing of the phospholipids, 
relative to unsonicated dispersions. The increased disorder in 
the packing of the phospholipid should also be reflected in an 
increased lateral diffusion rate in the plane of the bilayer. 
Recent work has suggested that such an increase in lateral 
diffusion rate may occur in sonicated vesicles.25 
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Six-Membered Cyclic Diacyl Peroxide 
Fragmentations. Thermal Decomposition of 
meso- and <//-2,3-Dimethylsuccinoyl Peroxides 

Sir: 

Predictive criteria for those thermal reactions of high energy 
species which provide electronically excited states of product 
molecules are still not completely understood. The thermal 
decompositions of 1,2-dioxetanes which afford electronically 
excited n,Tr* states of carbonyl products are well known.1 Ef­
forts to study the thermal generation of electronically excited 
ir,7r* states of aromatics and simple alkenes have been ham­
pered owing to the lack of suitable high energy precursors. 
Recent important work by Schuster2 suggests that the thermal 
decomposition of a presumed six-membered cyclic diacyl 
peroxide intermediate is an efficient chemiluminescent process 
and provides a method for the direct chemical formation of 
aromatic hydrocarbon ir,ir* electronically excited states. This 
raises the question whether succinoyl peroxides on thermal 
decomposition would afford electronically excited states of 
simple alkenes. The mechanism of the decomposition of six-
membered cyclic diacyl peroxides is not known and only a few 
examples of any six-membered cyclic diacyl peroxides exist 
in the literature.3 

We report the syntheses and thermal decomposition of 
meso- and rf/-2,3-dimethylsuccinoyl peroxides (1 and 2, re-

1 

spectively). These initial findings provide the first stereo­
chemical study of six-membered cyclic diacyl peroxide thermal 
fragmentations. The data presented here are consistent with 
a common intermediate(s) but do not require the generation 
of electronically excited states of the 2-butene products. 

Successive treatment of 98% isomerically pure meso-2,3-
dimethylsuccinic acid (3),4'5 mp 209-210 "C, with phosphorus 
pentachloride and sodium peroxide,6 afforded a white crys­
talline solid whose NMR and IR spectra <>c=o 1812 (m), 
1783 (s) cm-1) were consistent with structure 1. The isomeric 
purity of 1 was determined by treatment of the peroxide with 
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Scheme I 

triphenylphosphine9'10 to afford the corresponding known meso 
cyclic anhydride 4, 95% isomerically pure by analytical vapor 
phase chromatography (VPC)11 (Scheme I). Similarly, 
treatment of 95% isomerically pure d/-2,3-dimethylsuccinic 
anhydride (5),4'11 mp 86-88 0C, with phosphorus pentachlo-
ride and sodium peroxide afforded a white crystalline solid 
whose NMR and IR spectra (^c=O 1812 (m), 1781 (s)cm-1) 
were consistent with structure 2. The stereochemical purity 
of 2 was determined by treatment of the peroxide with tri­
phenylphosphine9'10 to afford the corresponding known dl 
cyclic anhydride 5, 98% isomerically pure by analytical VPC1' 
(Scheme I). Both cyclic peroxides could be conveniently dis­
solved in CH2CI2 or THF and smoothly evolved CO2 when 
warmed to 95 0C.12 Relative amounts of cis- and trans-2-
butene products from the thermal decomposition of meso- and 
d/-2,3-dimethylsuccinoyl peroxides in solution (0.005 M, de­
gassed,13 sealed tubes) and in the vapor phase14 are reported 
in Table I.15 

The remarkable similarity in the stereochemistry of the cis-
and fra/u-2-butene products suggests a common intermediate 
or set of intermediates. One reasonable possibility is the car-
boxy radicals (6 and 7) which might undergo rapid equili­
bration before decarboxylation to olefin. 

H 

/=\ 

Me*,3/C 02 

A. 
M 
7 

I 

dl 
2 

Me 
7 

/ = 

Thermochemical estimates16 suggest that there is sufficient 
energy released in these fragmentations to populate the triplet 
state of 2-butene {Ej ~ 78 kcal mol-1).] 7 The kinetics of the 
cis/trans photosensitized isomerization of 2-butene in the gas 
phase reveals a branching ratio for triplet 2-butene of 1.02.18 

The lack of correspondence for the trans/cis ratios between 
the benzene sensitized triplet 2-butene (50:50) and the peroxide 
decomposition data presented here (68:32) demands that the 
triplet, if formed at all, cannot be the only intermediate in this 
reaction. 

Recent work by Kropp and his group19 has shown that direct 
irradiation of simple tetra- and trisubstituted olefins in 
methanol provide both saturated and unsaturated ethers and 
hydrocarbon isomers. The formation of ether products from 
direct irradiation in hydroxylic media has been interpreted by 
them in terms of nucleophilic trapping of low lying 7r,R(3s) 
Rydberg excited states. 

Table I. Stereochemistry of 2-Butenes from Decomposition of 1 
and 2a 

Compd Temp, 0C Conditions X / ~ \ 

meso-1 

dl-2 

47 
92 
92 

276 
357 
47 
92 
92 

276 
357 

THF 
THF 
CH5Cl 
Gas 
Gas 
THF 
THF 
CH2Cl. 
Gas 
Gas 

69 
68 
68 
67 
63 
69 
70 
67 
61 
62 

31 
32 
32 
33 
37 
31 
30 
33 
39 
38 

a Ratios of cis- and trans- 2-butenes were determined by VPC analy­
sis using 20 ft X V8 in- 10% dibutyltetrachlorophthalate, flame ioni­
zation detector. Typical absolute yields were 40-60% using 2-meth-
ylbutane as an internal standard. A few percent butane and 1-butene 
were also observed. 

H 
K°».H OMe 

hv 
MeOH 

H H 
Accordingly, we have carried out the thermal decomposition 

of the six-membered cyclic peroxide 1 in methanol at 95 0C 
and find cis- and trans-2-butenes as the major products 
(trans:cis, 68:32 ratio) similar to the other solution results 
(Table I). In addition four other products (~9% total), con­
sisting of the saturated and unsaturated ethers 8 and 9 and the 
isomerized hydrocarbons 10-11, are observed.20'21 Experi­
ments in our laboratories show that direct irradiation23 of 2-
butenes in methanol afford these same products (8-11). 

OMe OMe 

MeOH MeOH 

r\ /-\ 
y 

Although we cannot rule out the possibility of a Rydberg 
state of 2-butene being generated in these fragmentations, the 
observation of a small component of saturated and unsaturated 
methyl ethers may simply correspond to a competing peroxide 
decomposition pathway in methanol which affords the radical 
cation of 2-butene. The origin of these methyl ethers will re­
quire further investigation. 

In summary, the similar stereochemistry of the 2-butene 
products in the dl- and meso peroxide decompositions suggests 
a common intermediate(s). Although the results could be in­
terpreted as involving, in part, the intermediacy of electroni­
cally excited states, there are sufficiently reasonable alternative 
explanations, which do not involve excited-state pathways, that, 
at this point, it is still premature to identify succinoyl peroxide 
decompositions as routes for the thermal generation of the 
excited states of simple alkenes. 
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Framework Electron Count in Metalloheteroboranes. 
Platinathiadecaboranes 

Sir: 
Recent reports indicate that certain metalloheteroboranes 

formed from the more electron-rich transition elements have 
"exceptional" structures. For instance, 3-(Et2NCS2)-3,l,2-
AuC2B9H11

1 and 8,8-(Me3P)2-7,8,10-CPtCB8H10
2 have been 

found by x-ray crystallography to have open (nido) structures 
rather than the more symmetric closo structures anticipated 
on the basis of framework electron count.3-5 

Our recent investigation of metallothiaboranes has led to 
the preparation of platinathiaboranes which could be char­
acterized as closo L2Pt (SBgHg) molecules with "exceptional" 
nido structures on the basis of x-ray crystallography alone. 

Figure 1. Molecular structure of 9,9-(PPh3)2-6,9-SPtB8H10. Hydrogen 
atoms not shown. The numbering convention for the platinathiaborane 
cluster is shown with the shaded atoms 6 and 9 being S and Pt, respec­
tively. 

However, additional evidence shows that they have nido 
framework electron counts and are correctly characterized as 
(PMe2Ph)2Pt(SB8H10) (I), (PEt3)2Pt(SB8H10) (II), 
(PPhJ)2Pt(SB8H10) (III), and (PPh3)2Pt(SB8H9-OEt) (IV). 
I-IV appear to be very similar to the L2M(SB9H9) [M = Pd, 
Pt] complexes reported previously.6 

The reaction of L4Pt (L = PMe2Ph, PEt3, PPh3) with 1-
SB9H9 in dry refluxing ethanol or methanol under nitrogen 
gives white to pale yellow crystals of I—III, respectively, in 75% 
yield. When (PPh3)2Pt(C2H4) is used instead OfL4Pt, IV re­
sults. The products are air stable in crystalline form but were 
generally recrystallized from methylene chloride/alcohol in 
an inert atmosphere. The dimethylphenylphosphine and 
triethylphosphine derivatives (I and II) have been character­
ized by mass spectroscopy, IR, 1H and 11B NMR, and ele­
mental analysis. However, we have been unable to obtain a 
mass spectral molecular weight of III and IV. 

Single crystal x-ray studies of III and IV using conventional 
Patterson and Fourier difference techniques show that the 
framework structure is nido for both (Figure 1). Crystal data 
for III, 9,9-(PPh3)2-6,9-SPtB8Hi0: mol wt 848.3; monoclinic; 
space group PlxJn; a = 11.522 (5), b = 20.005 (5), c = 16.398 
(4) A; 0 = 95.74 (3)°; V = 3760 (2) A3; dobsd = 1.49(1), d,M 
= 1.498 gem3; Z = 4; ju (Mo Ka) = 40.88 cm-1; 7?i =0.043 
and R2 = 0.049 for 5430 collected reflections (3211 with / > 
3ff(/)). Crystal data for IV, 8-EtO-9,9-(PPh3)2-6,9-SPtBgH9: 
mol wt 892.4; monoclinic; space group Pl\/n; a = 13.336 (4), 
b = 21.034 (5), c = 14.545 (3) A;/3= 103.04(2)°; V = 3974 
(2)A3;rfobsd = 1.48(1), rfcaicd= 1.491 gem3; Z = 4, n (Mo 
Ka) = 38.75 cm"1; fli = 0.54 and ^ 2 = 0.059 at this stage for 
5968 collected reflections (2962 with / > 3<r(/)). The skeletal 
structure shows that Pt achieves effective square-planar 
coordination in which three boron atoms of the thiaborane Ii-
gand (B-4, B-8, and B-10) act as a bidentate moiety: Pt-B 
distances for III (A): 9-4 = 1.184 (16), 9-8 = 2.242 (15), 9-10 
= 2.222 (17). A similar J;3 bonding was observed in 
(Me2PhP)2PtB3H?.7 However, because of the disorder asso­
ciated with the B3H7_ ligand in the latter structure, the present 
one gives the clearest definition of ij3 bonding between Pt and 
a borane cluster. 

The cluster structure is clearly open with nonbonding in­
teractions between the Pt and boron atoms 5 and 7 (3.48 and 
3.49 A) and the sulfur (3.89 A). In view of recent contentions 
that a nido structure is not confined to "electron-rich" systems, 
but appears to be related simply to the presence of a formal d8 

or d9 metal,1-8 we sought to establish firmly the framework 
electron count in III. The critical ambiguity revolves around 
the number of hydrogen atoms associated with the cluster 
which cannot be determined unambiguously by x-ray crys­
tallography in this case because of the dominant scattering by 
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