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Scheme I. Synthesis of [l(i?)-160, 17O, 180]phospho-(S)-propane 
1,2-diol. 
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Scheme II. Sets of 1,2-cyclic phosphates derived by "in-line" ring 
closure of 1(7J)-PhOSPhO-(S)-PrOPaHCdIoI (3) and of l(S)-phospho-
(S)-propanediol (4). 
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Chiral [160,170,180]Phosphate Monoesters. I. 
Asymmetric Synthesis and Stereochemical Analysis 
of [1(K)-160,170,180]Phospho-(S)-propane-l,2-diol 

Sir: 

To discover the stereochemical consequences of phosphoryl 
transfer reactions involving phosphate monoesters, we have 
devised a general method for establishing whether retention 
or inversion at phosphorus occurs in these processes. To make 
a phosphate monoester chiral at phosphorus, we use the three 
stable isotopes of oxygen, '6O, '7O, and 18O. We report here 
the synthesis of [1(.R)-16O, '7O, 180]phospho-(5)-propane-
1,2-diol (3) by a general route, and an independent evaluation 
of the configuration of the phosphoryl group in this com­
pound. 

= R - O - P -

Synthesis. The synthesis of 3 is outlined in Scheme I. Re­
action of ['7O]-POCIs' with (—)-ephedrine gave two epimeric 
chloro adducts I,2 which reacted with 2-benzyl-(S')-pro-
pane-1,2-diol3 to give the two phosphoramidate diesters 2 in 
9:1 ratio. This reaction goes with retention at phosphorus.2 The 
predominant isomer (shown in Scheme I) was isolated in 70% 
yield (based on POCI3) after chromatography on silica gel. The 
phosphoramidate 2 was ring opened in H2180 by an in-line 
pathway.2,4 The resulting diester was debenzylated by catalytic 
hydrogenolysis5 to give 3 in 70% yield (based on 2). The route 

Me 7 -O / • 

I- S-phospho-_S_- propanediol 

y i n q 
closure 

M&-0 / ° M e ^ 0 . ,• 

9 

Me 0 ® 

shown in Scheme I should be a general one for the preparation 
of chiral phosphate esters from appropriately protected pre­
cursors.6 

Stereochemical Analysis. It is very unlikely that any physical 
technique would be capable of discriminating between the (R) 
and (S)-[160,170,186]phosphate monoesters themselves, and 
so the following path was adopted. The ester 3 is cyclized to 
the 1,2-cyclic phosphate,7 losing 16O, 17O, or 18O equally,8 

producing an equimolar mixture of three species. Since the 
carbon skeleton is also chiral (at C-2), these three cyclic 
phosphates are epimers (at phosphorus) of the three species 
that would derive from a phosphoryl group of the opposite 
configuration. Scheme II shows these relationships. Methyl-
ation9 of the cyclic phosphate occurs on either of the exocyclic 
oxygens, and gives the two ('syn' and 'anti') diastereoisomeric 
cyclic methyl esters that can be separated chromatographi-
cally.10 Scheme III illustrates the three isotopic variants of the 
'syn' cyclic triester derived from an (.R)-phosphoryl group, 
alongside the corresponding set that derives from an (S)-
phospho compound. These two sets of cyclic triesters give 
identical mass spectra,8 with parent peaks at 153,154, and 155 
(corresponding to the species containing 17O + 160,16O + 18O, 
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Figure 1. Metastable ion (linked scan) spectra for the (m + 3) ions at m/z 
143 which come from the "syn" and "anti" cyclic triesters derived from 
3: A, simplified spectra predicted for the fragmentation of the ion at m/z 
143; B, predicted spectra as in A, taking into account the measured iso­
meric purity of the "syn" and "anti" cyclic triesters,10 the measured en-
antiomer excess of the starting diol,3 and the known contributions from 
the natural abundance of 13C and 2H; C, observed spectra. 

Scheme HI. Species that comprise the 'syn' cyclic triesters that derive 
from l(^?)-phospho-(5')-propanediol (3) or from l(S)-phospho-
(S)-propanediol (4). 
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and 18O + 17O) and daughter peaks at 122, 123, and 124 
(corresponding to the loss of [16O]-, [17O]-, and [180]form-
aldehyde). To distinguish between the two sets of triesters 
shown in Scheme III, we must relate the daughter ions to their 
parents. For example, the (m + 3) ion at 155 from the set of 
triesters derived from an (^?)-phosphoryl group will lose 32 
([18O] formaldehyde) giving a daughter ion at 123, whereas 
the (m + 3) ion from the set derived from an (S)-phosphoryl 
group will lose 31 ([170]formaldehyde) to give a daughter ion 
at 124. Analogous arguments apply to the other two members 
of the sets (see Scheme III). The parent-daughter relationships 
can be established by metastable ion mass spectrometry: we 
have chosen to apply the linked-scan method.11 

In practice, no suitable metastable fragmentation exists for 
the cyclic triesters shown in Scheme III12 even under collisional 
activation.13 However, reaction of the cyclic triester with 
methanol14 gives 1- and 2-(dimethylphosphoryl)-(5)-pro-
pane-l,2-diol with no loss of isotopic label, which have similar 
mass spectra containing intense peaks due to the labeled ions: 
[(MeO)2PCOyOMe]+-. These ions15 lose formaldehyde in 

a strong metastable transition that is uncomplicated by al­
ternative fragmentations or by isotope scrambling. The frag­
mentation of these ions expresses all the stereochemical in­
formation contained in the families of cyclic compounds from 
which they derive. Knowing the stereochemistry of ring clo­
sure16 and the identity ('syn' or 'anti') of the diastereoisomers 
of the cyclic triester,'7 the absolute configuration of the original 
phosphate monoester can be assigned. 

Figure 1 shows the metastable ion spectra predicted for the 
fragmentation of the (m + 3) ions of [(MeO)2P(1OyOMe]+-
that come from the products of the methanolysis of the 'syn' 
and 'anti' cyclic triesters derived from 3 (nota bene footnote 
18), along with the observed spectra.19 It is clear that the 
phosphate ester 3 is of one configuration, that it contains 91 
± 8%20 enantiomer excess of R, and that the stereoanalytical 
method allows the configuration to be determined.21 

Using procedures of definable stereochemistry, we intend 
to transfer chiral phosphoryl groups to propanediol for ste­
reochemical analysis as described. The generality of both the 
synthesis and the analysis will therefore allow the definition 
of the stereochemical course of reactions of phosphate esters 
in both chemistry and enzymology. 
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Cubitene: An Irregular Twelve-Membered-Ring 
Diterpene from a Termite Soldier 

Sir: 

The oily defensive secretions released from the frontal glands 
of Cubitermes soldiers (Isoptera: Termitidae: Termitinae) are 
known to contain uncharacterized diterpene hydrocarbons.1 

These compounds are used in conjunction with attacks by the 
termites' mandibles,2 a characteristic mode of defense used by 
soldats faucheurs ("reaping soldiers"). 3Although the de­
fensive effectiveness of these Cubitermes secretions has not 
been studied in detail, a possible role of another nontoxic hy­
drocarbon mixture has been suggested in the case of a Ma-
crotermes soldier, which possesses analogous defensive be­
havior.4 In this communication, we report the structure of 
cubitene, one of the major constituents of the frontal gland 
secretion of soldiers of the East African termite Cubitermes 
umbratus Williams.5 Cubitene (I)6 proved to possess a novel 
cyclododeca-l,5-diene skeleton resulting from an irregular 
joining of isoprene units. 

I 

Cubitene was isolated from the hexane extract of C. umb­
ratus soldier heads (~75 /ug/soldier) by chromatography over 
Florisil followed by preparative GLC.7 Its low resolution EI 
mass spectrum exhibited major fragments at m/e 67, 68, 81, 
and 93; the CI-MS (CH4 reagent gas) showed a weak 
(M + I)+ peak at m/e 273. High resolution mass spectroscopy 
indicated the molecular formula of cubitene to be C20H32 (M+, 
m/e 272.2496; calcd, 272.2504). Catalytic hydrogenation of 
0.5 mg of cubitene (Pd/C) gave a mixture of at least three 
perhydro derivatives. The CI mass spectra of each of these 
showed ( M - I ) + peaks at m/e 279, consistent with their for­
mulation as substituted cycloalkanes of the composition 
C20H40. Cubitene is therefore a monocyclic hydrocarbon, with 
four centers of unsaturation. The 1H NMR spectral data re­
vealed the presence of two 1,1-disubstituted double bonds (5 
4.75, br s, 4 H) and two additional olefinic protons (4.95, br 
m, 2 H). Four methyl groups attached to double bonds were 
observed at 5 1.55 (s, 3 H), 1.56 (s, 3 H), 1.64 (s, 3 H), and 1.77 
(s, 3 H). No other diagnostically useful signals appeared in the 
1H NMR spectrum. However, the 13C NMR spectrum of 
cubitene allowed the recognition of two trisubstituted double 
bonds (5 134.4, 132.5, 127.5,123.1) and confirmed the pres­
ence of two terminal methylene groups (<5 150.0, 149.4, 110.7, 
109.0). The remaining twelve resonances (5 40.9, 40.7, 39.9, 

Figure 1. A computer-generated perspective drawing of cubitene (1). 
Hydrogens are omitted for clarity. 

37.0, 31.3, 30.9, 28.0, 24.8, 22.6, 18.3, 15.1, and 14.3) were 
unassigned. 

To further characterize cubitene, a small sample (0.1 mg) 
was ozonized8 in CH2Ch at -78 0C. After reduction of the 
ozonide with triphenylphosphine, GC-MS analysis of the 
product mixture allowed the identification of 4-oxopentanal.9 

The mass spectrum of the product of highest molecular weight 
did not contain sufficient detail to permit an unambiguous 
structure assignment. Fortunately, at this stage in the inves­
tigation it was found that cubitene could be obtained crystalline 
(mp 33.5-34 0C) from cold methanol, permitting a single-
crystal x-ray diffraction analysis. 

Cubitene crystallized in the monoclinic crystal class with 
a = 15.963 (5), b = 6.799 (2), c = 17.038 (5) A; P = 96.69 
(2)°. Systematic extinctions combined with the known optical 
activity ( [a]M e 0 H

D +128° (c 0.76)) required space group C2. 
The limited amount of sample precluded a density measure­
ment, but four molecules of composition C20H32 in this unit 
cell gave a reasonable hydrocarbon density of ~1.0g/cm3. All 
unique reflections with d < 57° were collected on a four-circle 
diffractometer with graphite monochromated Cu Ka (1.54178 
A) x-rays. After correction for Lorentz, polarization, and 
background effects, 1058 (74%) reflections of the 1422 sur­
veyed were judged observed (F0

2 > 3<r(F0
2). The angular de­

pendence of the scattering was removed as the reflection data 
were converted to normalized structure factors and solution 
via a multisolution weighted tangent formula approach at­
tempted.10'11 A plausible eight-atom fragment was located and 
the structure extended by tangent formula refinement.12 

Full-matrix least-squares refinements with anisotropic carbons 
and isotropic hydrogens have currently converged to a standard 
residual of 0.062 for the observed reflections.13 A computer-
generated perspective drawing is presented in Figure 1. 

As can be seen from Figure 1, cubitene (1) is (\E,5E,SS*, 
1 Oi? *)-1,5-dimethyl-8,10-bis(isopropenyl)cyclododeca-1,5-
diene, a structure in which one isoprene unit is irregularly 
joined to three others. It appears to be the first example of a 
diterpene hydrocarbon based on a twelve-membered carbo-
cyclic ring, and its biosynthesis poses interesting problems. One 
possibility would involve the initial coupling of farnesyl pyro­
phosphate to dimethylallyl pyrophosphate to give an irregular, 
acyclic diterpenoid, cyclization of which could lead directly 
to I.14 A second, more indirect possibility is suggested by the 
observation that 1 co-occurs in C. umbratus with two cembrene 
derivatives.15 In this context, the co-occurrence of the cem-
brene-related /3-4,8,13-duvatriene-l,3-diol (2) and its frag-
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