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of H-7 in ring C with H-5 in ring B and H-9 in ring D. There 
are two possibilities, (a) and (b), for the connectivity of I to II 
as shown in Scheme I. In general, the chemical shift value of a 
quinone carbonyl carbon (or hydroquinone carbonyl) neighbor 
to the carbonyl of a 7-pyrone system4 appears to be deshielded 
compared with the value when a quinone carbonyl locates to the 
ether oxygen of a 7-pyrone. The observation of 4JCH = 0.7Hz 
between H-10 and C-13 (S 153.6) attached to an ether oxygen 
in addition to the above chemical shift values (C-12 S 178.2; C-23, 
5 183.2) afforded the validity of the connectivity a. The structures 
of 2 and 4 were also confirmed from the detailed NMR data of 
monoacetylcervinomycin A2 (6): mp 283 0C, [a]27

D-297° (c 0.32, 
CHCl3); EIMS, m/z 569 (M+), C31H23NO16; UV Xmax

CHCI' 244 
nm (t 30950), 274 (21400), 307 (25 500), 374 (9100), IR 
(CHCl3): vco 1775 cm-1, which was obtained by acetylation of 
2 in a similar manner of 3. Thus, a polycyclic structure containing 
a xanthone skeleton was assigned for 2. 

The structure of the second methylation product 5 was assigned 
as the C-7 methylation product from a comparison with the 
chemical shift values of 4 and the observation of VCH of the methyl 
proton at C-7 with C-6 and C-8. It seems to be quite rare that 
the C-methylation occurs at the para position of a doubly a,/3-
substituted phenol derivative with CH3I in the presence of Ag2O. 
The hydroquinone structure of 1 was determined from the fact 
that acetylation of 1 with (CH3CO)2O in pyridine in the presence 
of (Et)3N and oxidation of 1 with Ag2O afforded a triacetate 3 
and 2, respectively. 

Only three antibiotics of a xanthone structure have been re­
ported in the literature, lysolipin I, a glycopeptide synthesis in­
hibitor,56 albofungin (BA-180265, kanchanomycin), and chlo-
roalbofungin, a DNA and RNA synthesis inhibitor.7 8 As shown 
in ref 9, the xanthone ring of cervinomycin is identical with that 
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N.; Onoprienko, V. V.; Petrenko, G. I.; Popravko, S. A. Tetrahedron Lett. 
1972, 1751. 
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(9) The structures of lysolipin I and albofungin were determined by X-ray 
analysis and chemical degradation, respectively. 
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of lysolipin I; however, it is a noteworthly that of albofungin is 
in an inverted arrangement. We are now investigating the 
biosynthetic correlation among cervinomycin, lysolipin I, and 
albofungin by feeding experiment using ,3C-labeled precursors. 
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Supplementary Material Available: Complete assignments of 
1H and 13C chemical shifts in 400-MHz NMR are provided for 
compounds 2 and 4-6 (1 page). Ordering information is given 
on any current masthead page. 
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Cyclic and high polymeric phosphazenes are known that possess 
a wide variety of inorganic, organometallic, and organic side 
groups.1-3 However, until now, no stable cyanophosphazenes have 
been reported, although attempts have been made to isolate such 
species.45 Compounds of this type are of considerable interest 
as substrates for organic synthesis reactions based on the nitrile 
function, as ligands for transition metals, and as polymerization 
"monomers". We report here the synthesis and structure deter­
mination of the first stable cyanocyciophosphazenes. 

Two typical cyanophosphazenes synthesized in this work are 
shown as 1 and 2. Species 1 was prepared by the reaction of 

PhO Cs=N Me2N- ^ C = N 
P P 

PhO I j ^ ^ / O P h Me2N. Y"5" ^ . N M e 2 

/P<W'P\ /P-\KPC 
PhO N OPh N S C ^ N ^C=N 

1 2 

monochloropentaphenoxycyclotriphosphazene, N3P3Cl(OPh)5,6 

with potassium cyanide in acetonitrile at 82 0C during 24 h in 
the presence of tetra-«-butylammonium bromide as a phase-
transfer agent. The yield was 81%. Anal. Calcd for C31H25-
N4O5P3(I): C, 59.42; H, 3.99;, N, 8.95. Found: C, 59.55; H, 
4.24; N, 8.90. Low-resolution mass spectral analysis showed the 
expected molecular ion at m/e 626, and infrared analysis provided 
evidence for a cyano group stretch at 2200 cm~'. Analysis of the 
31P NMR spectrum showed an A2B spin system (5A 5.8, 5B = -9.2, 
JPNP = 55 Hz, relative to 85% H3PO4). Crystals of 1 were grown 
by the slow cooling of a warm, saturated solution in hexane, and 
the molecular structure was confirmed by single-crystal X-ray 
diffraction analysis. The structure of 1 is shown in Figure 1, and 
the important molecular dimensions are summarized in Table I.7 

Species 2 was prepared by the reaction of trans-tns(di-
methylamino)trichlorocyclotriphosphazene, [NPCl(NMe2)J3,

8 with 
potassium cyanide in acetonitrile in the presence of tetra-n-bu-
tylammonium bromide and traces (0.1%) of water at 82 0C during 
10 days. The yield was 5%. Anal. Calcd for C9H18N9P3: C, 
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b = 9.662 (3) A, c = 29.466 (4) A, 0 = 96.92 (2)°; 5334 unique reflections 
measured on an Enraf-Nonius CAD4 diffractometer at 293 K; solved by direct 
and Fourier methods; full-matrix least-squares refinement; hydrogen atoms 
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3238 observed reflections with / > 3<r(/). 

(8) Keat, R.; Shaw, R. A. J. Chem. Soc. 1965, 2215. 

© 1986 American Chemical Society 



6090 J. Am. Chem. Soc. 1986, 108, 6090-6093 

Figure 1. ORTEP representation of the structure of monocyanopenta-
phenoxycyclotriphosphazene (1). 

Table I. Selected Bond Lengths (A) and Angles (deg) for 1 and 2 

Compound 1 
P(I) -N(I) 
P(l)-N(3) 
P(2)-N(l) 
P(2)-N(2) 
P(3)-N(2) 
P(3)-N(3) 
P(I)-C 
C-N 

P(3)-C(31) 
P(2)-C(21) 
P(D-C(I l ) 
C ( I l ) - N ( I l ) 
C(21)-N(21) 
C(31)-N(31) 
P(3)-N(32) 
P(2)-N(22) 
P(l)-N(12) 
ring P-N(av) 

1.564(2) 
1.567 (2) 
1.585 (2) 
1.570(2) 
1.574(2) 
1.577 (2) 
1.781 (3) 
1.134 (3) 

N( l ) -P( l ) -N(3) 
N(l)-P(2)-N(2) 
N(2)-P(3)-N(3) 
P(l)-N(l)-P(2) 
P(2)-N(2)-P(3) 
P(l)-N(3)-P(3) 
0(2)-P(2)-0(3) 
0(4)-P(3)-0(5) 
0 ( I ) -P ( I ) -C 
P(I)-C-N 

Compound 2 
1.819 (2) 
1.812 (2) 
1.815 (2) 
1.145 (3) 
1.139 (3) 
1.145 (3) 
1.625 (2) 
1.628 (2) 
1.623 (2) 
1.587 

N(I ) -P( I ) -NO) 
N(l)-P(2)-N(2) 
N(2)-P(3)-N(3) 
P(l)-N(l)-P(2) 
P(2)-N(2)-P(3) 
P(l)-N(3)-P(3) 
P ( I ) -C( I l ) -N( I l ) 
P(2)-C(21)-N(21) 
P(3)-C(31)-NOl) 

119.3 (1) 
117.4(1) 
117.4 (1) 
120.9 (1) 
122.6(1) 
121.4(1) 
99.6 (1) 

100.7 (1) 
101.6 (1) 
177.1 (3) 

118.58 (9) 
117.86 (8) 
119.71 (9) 
119.5 (1) 
119.6(1) 
119.4(1) 
176.0(2) 
176.3 (2) 
176.7 (2) 

31.30; H, 5.22; N , 36.52. Found: C, 31.34; H1 5.25; N , 36.70. 
Low-resolution mass spectral analysis showed the expected mo­
lecular ion at m/e 345. The infrared spectrum contained a cyano 
stretching peak at 2180 cm-1. The 31P NMR spectrum consisted 
of a singlet at -7.8 ppm. Crystals suitable for X-ray analysis were 
grown by slow evaporation of a solution of 2 in hexane. The 
structure of 2 is illustrated in Figure 2, and important structural 
parameters are given in Table I.9 

Both compounds, 1 and 2, are stable in contact with the at­
mosphere and are unaffected when heated to moderate temper­
atures. 

The X-ray structural information for both 1 and 2 is consistent 
with a cyano rather than an isocyano arrangement,10 and this is 
confirmed by the infrared spectra.'' The triple bonds of the cyano 
groups in 2 are slightly longer than that in 1, but no evidence could 

(9) X-ray analysis of 2: space groupPl; unit cell, a = 6.715 (3) A, b = 
8.538 (5) A, c = 14.910 (6) A, a = 92.10 (4)°, 0 = 105.41 (4)°, y = 95.75 
(4)°; 2861 unique reflections measured on an Enraf-Nonius CAD4 diffrac-
tometer at 140 K; solved by direct and Fourier methods; full-matrix least-
square calculations; hydrogen atoms from difference map and refined iso-
tropically; final R = 0.044 and Rw = 0.061 for 2460 observed reflections / 
> 3IT(7). 

(10) Refinement of the three cyano groups in 2 as isocyano units caused 
the structure to converge with R = 0.058 and Rw = 0.089, significantly higher 
values than found for the cyano-type arrangement.9 

(11) For example, see: Seyferth, D.; Kahleen, N. J. Am. Chem. Soc. 1960, 
82, 1080. 
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Figure 2. ORTEP representation of the structure of non-gem-trans-trk-
(dimethylamino)tricyanocyclotriphosphazene (2). 

be found for multiple bonding between the cyano groups and the 
phosphazene ring. The carbon-phosphorus bond lengths are 
similar to those reported elsewhere for cyano groups attached to 
phosphorus through single bonds.12 
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We report herein a new methodology for the regio- and ster-
eocontrolled synthesis of 1,3-diols from certain allyl and homoallyl 
alcohols via intramolecular hydrosilation followed by oxidative 
cleavage of the carbon-silicon bond. 

Much attention has recently been paid to the regio- and ste­
reoselective olefin functionalization through olefin cyclization 
induced by external2 or internal3 electrophiles. Intramolecular 
hydrometalation, however, has scarcely been studied so far from 
the viewpoint of regio- and stereocontrol in acyclic systems,4 despite 
the potential utilities. 

We have now developed an intramolecular hydrosilation as a 
new promising methodology for such purposes. The intramolecular 

(1) Silafunctional Compounds in Organic Synthesis. 31. (a) Part 30: 
Tamao, K.; Tanaka, T.; Nakajima, T.; Sumiya, R.; Arai, H.; Ito, Y. Tetra­
hedron Lett. 1986, 27, 3377. (b) A review on this subject: Tamao, K. In 
Organosilicon and Bioorganosilicon Chemistry; Sakurai, H., Ed.; Ellis Hor-
wood: Chichester, 1985; pp 231-242. 

(2) Bartlett, P. A. In Asymmetric Synthesis; Morrison, J. D,, Ed.; Aca­
demic Press: New York, 1984; Vol. 3, pp 411-454. 

(3) E.g., the Sharpless oxidation: (a) Sharpless, K. B.; Woodard, S. S.; 
Finn, M. G. Pure Appl. Chem. 1983, 55, 1823. (b) Mihelich, E. D.; Daniels, 
K.; Eickhoff, D. J. J. Am. Chem. Soc. 1981, 103, 7690. 

(4) Sequential hydroboration of dienes by boron dihydrides has been re­
ported: Still, W. C; Darst, K. P. J. Am. Chem. Soc. 1980, 102, 7385. 

© 1986 American Chemical Society 


