
7906 / . Am. Chem. Soc. 1987, 109, 7906-7908 

A second thermodynamic cycle (Scheme II), which requires 
thermodynamic data for hydrogenation of the aromatic compound 
(eq 6) and the pATa of the dihydroaromatic (eq 7) in addition to 
the electrode potential data (eq 8 and 9) results in an expression 
(eq 12) to estimate the pKa of the conjugate acid of the anion 
radical, i.e., p^f(AR). 

The direct determination of pK(DA) - pAT(AR) from a single 
cyclic voltammogram (Scheme I) is illustrated in Figure 1. The 
reversible couple, R1ZO1, corresponds to electrode reaction 8 where 
A represents anthracene. The reversible reduction of the anion 
radical to the dianion (eq 1) takes place at R2.

8 On the return 
scan the process at O2 involves the oxidation of AH" (eq 2). The 
reversible potential estimated for reaction 2 is in error by the 
kinetic shift due to the irreversible reaction of AH*. The mag
nitude of the error can be estimated by using well-known theo
retical relationships.10 

The data in Table I illustrate the determination of p#(AR) for 
the conjugate acid of the anthracene anion radical in DMSO 
making use of Scheme II and literature data for equilibria 6 and 
7. The value obtained, pA^(AR) = 23, indicates that the anion 
radical is significantly less basic than AH", the monoanion of 
9,10-dihydroanthracene (pK(AH2) = 27). Electrode potential 
data taken from Figure 1 indicate that pA:(DA) - pAT(AR) 
(Scheme I) is equal to 30 which results in a value of 53 for 
pK(AH~). These values appear to be consistent with previous 
observations. Reversible cyclic voltammograms for formation of 
dianions can only be observed when water and other protic im
purities are rigorously excluded.11 On the other hand, reversible 
formation of anion radicals can be observed even in the presence 
of significant concentrations of water. The oxidation peak for 
the carbanion is only observed when the water concentration is 
quite low.12 This would appear to be at least qualitatively in line 
with the pATa values that we have determined by using the two 
thermodynamic cycles. 

A value of pK(AH') has been reported previously by Streit-
wieser.13 Only 4 pK units difference were observed for the first 
and second ionization constants of dihydroanthracene in cyclo-
hexylamine. This was attributed to the relative inherent stability 
of the dianion derived from derealization energy and, more im
portantly, to triple ion formation with two cesium ions. The large 
discrepancy in this pATa difference with what we observe could arise 
from the fact that the dianion is not expected to associate strongly 
with tetrabutylammonium ions used in this study in DMSO as 
solvent. 

The only source of significant error in our estimate of pAT(DA) 
- pJf(AR) derives from equating the potential measured for the 
oxidation of AH" to the reversible value. The possibility of a 
kinetic shift contribution to this potential makes the measured 
potential difference, E2" - E1

0, a minimum value. Thus our 
estimate of pK(DA) - pAT(AR) is minimal, subject to a possible 
correction of +2 pATa units. The major assumption in our treatment 
is the value of the pÂ a of AH2 in DMSO. We estimate that this 
assumption could give rise to an error as much as 2 pKa units. 
Therefore, the value of pA!(DA) - p£(AH2) in DMSO is 27 ± 
3. The value reported for the cyclohexylamine/cesium"1" system 
then differs from ours by about 23 pATa units. Since ion pair 
AH -(Cs+) and triple ion A2~(Cs+)2 formation are expected to 
affect pK(AH2) and pK(DA) in the same direction, we find a 
difference of 23 for ApK3, free ions vs complexed ions, somewhat 
more than expected. The resolution of this problem requires 

(5) Jaun, B.; Schwarts, J.; Breslow, R. J. Am. Chem. Soc. 1980,102, 5741. 
(6) Nicholas, A. M. de P.; Arnold, D. R. Can. J. Chem. 1982, 60, 2165. 
(7) Bordwell, F. G.; Bausch, M. J. J. Am. Chem. Soc. 1986, 108, 2473. 
(8) To obtain the reversible potential it was necessary to carry out a 

separate experiment in the presence of neutral alumina to remove protic 
impurities.5 

(9) Hammerich, O.; Parker, V. D. Electrochim. Acta 1973, 18, 537. 
(10) Bard, A. J.; Faulkner, L. R. Electrochemical Methods; Wiley: New 

York, 1980; Chapter 11. 
(11) Jensen, B. S.; Parker, V. D. J. Am. Chem. Soc. 1975, 97, 5211. 
(12) Dietz, R.; Peover, M. Trans. Faraday Soc. 1966, 62, 3535. 
(13) Streitwieser, A., Jr.; Berke, C. M.; Robbers, K. J. Am. Chem. Soc. 

1978, 100, 8271. 

further work. Our method should be applicable to the cyclo
hexylamine/cesium"1" system and provides a more direct com
parison between free and complexes ions. 

The two thermodynamic cycles (Schemes I and II) are readily 
applied to a variety of other anion radicals, dianions, and the 
corresponding dihydroaromatic compounds. When experimental 
data for reaction 6 are not available, it may be possible to obtain 
satisfactory results by using theoretical data from molecular 
mechanics calculations.14 The quantity of most interest with 
regard to the reactivity of anion radicals toward proton donors 
is pK{T>A) - p/f(AR) and this can be determined to a high degree 
of precision by using only electrode potential measurements. 
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Inorganic and organometallic polymers have recently become 
the subject of intense interest and study because of their unusual 
properties1 and their potential for applications in the areas of 
electronics2 and ceramics.3 In comparison to organic polymers, 
however, general and versatile methods for the synthesis of in
organic and organometallic polymers are not readily available.4 

In particular, the preparation of polymers which (1) contain 
transition-metal atoms and (2) have these metal centers incor
porated into the polymer backbone has received very little at
tention.1,5 This may be, in part, because known reactions that 
couple two ligated metal centers, by formation of either direct 
metal-metal bonds or bonds to a bridging ligand, have a strong 
tendency to produce cluster compounds on addition of subsequent 
metal centers.6 We are examining the synthesis of molecules in 
which two metal centers are linked by a single, bare nitrogen atom, 
the ^2-nitride ligand. Our approach utilizes condensation of a 
trimethylsilylimido complex with a metal halide derivative to 

(1) (a) Metal-Containing Polymeric Systems; Sheats, J. E., Carraher, C. 
E„ Jr., Pittman, C. U., Jr., Eds.; Plenum: New York, 1985. (b) Rings, 
Clusters, and Polymers of the Main Group Elements; Cowley, A. H., Ed.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 1983. 
(c) Advances in Organometallic and Inorganic Polymer Science; Carraher, 
C. E„ Jr., Sheats, J. E., Pittman, C. U., Jr., Eds.; Marcel Dekker: New York, 
1982. (d) Extended Linear Chain Compounds; Miller, J. S., Ed.; Plenum: 
New York, 1982; Vols. 1-3. (e) Inorganic Polymers; Ray, N. H., Ed.; 
Academic: London, 1978. 

(2) (a) Electrical Properties of Polymers; Seanor, D. A., Ed.; Academic: 
New York, 1982. (b) Molecular Electronic Devices; Carter, F. L., Ed.; 
Marcel Dekker: New York, 1982. (c) Molecular Metals; Hatfield, W. E., 
Ed.; Plenum: New York, 1979. 

(3) Ultrastructure Processing of Ceramics, Glasses, and Composites; 
Hench, L. L„ Ulrich, D. R., Eds.; Wiley: New York, 1984. 

(4) Allock, H. R. Chem. Eng. News 1985, 63(11), 22-36. 
(5) For examples of polymers containing transition-metal atoms incorpo

rated into the polymer backbone, see: (a) Williams, J. M. Adv. Inorg. Chem. 
Radiochem. 1983, 26, 235-268. (b) Kobel, W.; Hanack, M. Inorg. Chem. 
1986, 25, 103-107. (c) Hiller, W.; Strahle, J.; Datz, A.; Hanack, M.; Hatfield, 
W. E.; ter Haar, L. W.; Giitlich, P. J. Am. Chem. Soc. 1984, 106, 329-335. 
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Permagon: Oxford, 1982; Vol. 6, Chapter 40. 
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produce a M2-nrt"de complex on loss of trimethylsilyl halide (eq 
1). In this report, we describe the synthesis and characterization 

- XSiMe3 , . . 
LnM(NSiMe3) + XMVn • LnM(U-N)MVn (l> 

of two isomers of a novel heterobimetallic complex in which a 
vanadium and a platinum center are bridged by the nitride ligand. 
These complexes are models for new polymers based on a metal 
nitride backbone7,8 and demonstrate the utility of the synthetic 
method described in eq 1. 

The vanadium(V) trimethylsilylimido complex, 
(Me3SiO)3V=NSiMe3

9 (1), reacts immediately and quantitatively 
(1H NMR) with ?ranj--FPt(Me)(PEt3)2

10 in benzene solution at 
22 0C producing 1 equiv each of fluorotrimethylsilane and 
?ra«j-(Me3SiO)3V=N—Pt(Me)(PEt3)2 (2-t)u (Scheme I). The 
1H NMR spectrum of 2-t shows methyl and methylene resonances 
due to the two triethylphosphine ligands characteristic of trans 
coordination at platinum(II). Compound 2-t is also formed as 
the major product (60%) in the reaction of 1 with trans-C\Pt-
(Me)(PEt3)2

10b at 80 0C. Crystallization of 2-t from pentane 
affords yellow crystals of an isomer with a 1H NMR spectrum 
indicating cis coordination of the two PEt3 ligands at platinum(II), 
CW-(Me3SiO)3V=N-Pt(Me)(PEt3)2 (2-c).11 Lower solubility 
for the cis isomer is common for square-planar platinum(II) 
bis(triethylphosphine) complexes.12 Benzene solutions of 2-c 
undergo slow isomerization back to the thermodynamically favored 
isomer 2-t (Scheme I). 

An X-ray diffraction study of crystalline 2-c (Figure I)13 in
dicates that the nitride ligand connects a d0 vanadium(V) center 

(7) Doherty, N. M.; Critchlow, S. C; Smith, R. C. J. Am. Chem. Soc, 
submitted for publication. 

(8) Polymeric metallonitrides and /u2-nitride complexes have been the 
subject of recent detailed theoretical studies: Wheeler, R. A.; Whangbo, 
M.-H.; Hughbanks, T.; Hoffmann, R.; Burdett, J. K.; Albright, T. A. J. Am. 
Chem. Soc. 1986, 108, 2222-2236. Wheeler, R. A.; Hoffmann, R.; Strahle, 
J. J. Am. Chem. Soc. 1986, 108, 5381-5387. 

(9) Becker, F. J. Organomet. Chem. 1973, 51, C9-C10. Shihada, A.-F. 
Z. Anorg. AlIg. Chem. 1974, 408, 9-14. Chan, D. M.-T., DuPont, personal 
communication. 

(10) (a) Prepared by the reaction of rranj-ClPt(Me)(PEt3)2
10b with AgF 

in methanol analogous to the reported synthesis of rran.s-FPt(Ph)(PEt3)2.
10<: 

(b) Chatt, J.; Shaw, B. L. J. Chem. Soc. 1959, 705-716. (c) Coulson, D. R. 
J. Am. Chem. Soc. 1976, 98, 3111-3119. 

(11) For 2-t: 1H NMR (C6D6) S 1.87 (m, P(CW2CH3),), 1.04 (m, P-
(CH2CWj)3), 0.41 (s, OSiMe3), 0.17 (t, PtCW5,

 !JfH = 6 Hz, Vp111 = 89 H z ) : 
31PI1HI NMR (C6D6) 5 31.3 (s, 1Jp11, = 2788 Hz); IR (Nujol, cm"1) 1246 s, 
1033 s, 1000 s, 920 s and br, 835 s, 764 m, 745 m, 729 m, 678 w, 635 w, 537 
m. For 2-c: 1H NMR (C6D6) S 1.88 (m, P(CW2CH3)3), 1.14 (m, P-
(CW2CHj)3), 0.99 (m, P(CH2CW3)3), 0.94 (dd, PtCW3, VPH = 5, 7 Hz), 0.67 
(m, P(CH2CWj)3), 0.52 (s, OSiAZe3); IR (Nujol, cm"1) 1245 s, 991 s, 914 vs, 
835 s, 767 m, 747 m, 718 s, 522 m. 

(12) Chatt, J.; Wilkins, R. G. J. Chem. Soc. 1951, 2532-2533. 
(13) Crystal data for 2-c: monoclinic, PlJc; a = 20.093 (3) A, b = 10.134 

(2) A, c = 20.187 (3) A, S = 113.17 (I)0 , V= 3779 (2) A3, Z = A, £>calcd = 
1.027 g cm"3, 25 0C. An Enraf-Nonius CAD4 diffractometer was used to 
collect 7073 reflections (two octants, 20 < 50°). After an empirical absorption 
correction (^(Mo Ka) = 43.5 cm"1), the structure was solved by conventional 
heavy-atom methods using 3518 unique data with / > 3CT(7). The three 
Pt-CH3 hydrogens were located on a Fourier difference map and positionally 
refined; 48 H atoms were fixed in calculated positions; nine H atoms on the 
badly elongated C14, C15, and C16 atoms were not included. Refinement 
with all 33 non-hydrogen atoms anisotropic yields .R = 3.8% and 7?w = 4.3%; 
GOF = 1.28, highest final residual electron density, ±1.2 e/A3 near Pt, ±0.6 
e/A3 elsewhere. 

Figure 1. ORTEP drawing of CW-(Me3SiO)3V=N-Pt(Me)(PEt3)2 (2-c) 
with 50% probability thermal ellipsoids for non-hydrogen atoms. Methyl 
carbons on trimethylsiloxide ligands have been omitted for clarity. Se
lected bond distances (A) and angles (deg) not mentioned in text: V-
0(1), 1.795 (6); V-0(2), 1.794 (6); V-0(3), 1.813 (6); Pt-C(I), 2.112 
(10); Pt-P(I), 2.318 (2); Pt-P(2), 2.253 (2); O-V-O, 111.6 (3), 111.5 
(3), 110.7 (3);0-V-N, 108.0 (3), 108.7 (3), 106.0 (3); V-O-Si, 139.7 
(4), 142.1 (4), 149.3 (4); P(I)-Pt-N, 90.29 (18); P(l)-Pt-P(2), 100.46 
(9); P(2)-Pt-C(l), 85.4 (4); N-Pt-C(I), 83.9 (4). 

to a d8 platinum(II) center in a roughly linear asymmetric nitride 
bridge, V = N - P t . The V-N distance of 1.600 (7) A is typical 
of vanadium-nitrogen triple bonds.14 The Pt-N distance of 2.030 
(7) A is consistent with a platinum-nitrogen single bond, sig
nificantly shorter than the Pt-N distances (2.15-2.21 A) found 
for platinum(II) amine adducts in which the N-donor ligand is 
trans to a trialkylphosphine ligand.15 V, Pt, N, P(I), P(2), and 
C(I) define a plane ±0.02 A, maintaining the square-planar 
coordination about the platinum(II) center. The VNPt angle of 
168.5 (4)° is somewhat smaller than VNC angles observed for 
tetrahedral vanadium(V) imido derivatives,14 probably due to the 
steric congestion between the adjacent OSiMe3 and PEt3 ligands, 
although contributions from the bent nitride valence tautomer, 
(Me3SiO)3V=N-Pt(Me)(PEt3)2 , to this small deviation from 
linearity can also be considered. 

Compounds 2-t and 2-c are unusual in that they possess covalent 
bonds between the nitride ligand and two very different metal 
centers, only one of which is involved in 7r-bonding (A).16 This 

M = N - M ' M = N : - M ' 

is a direct consequence of the condensation reaction employed. 
In contrast, other reported asymmetric ^2-nitride complexes,17"19 

such as (Et2PhP)3Cl2Re=N^PtCl2(PEt3) (3),17a are best for
mulated as adducts involving dative coordination of a terminal 

(14) Nugent, W. A.; Harlow, R. L. J. Chem. Soc, Chem. Commun. 1979, 
342-343. Nugent, W. A.; Haymore, B. L. Coord. Chem. Rev. 1980, 31, 
123-175. 

(15) (a) Albinati, A.; Moriyama, H.; Riiegger, H.; Pregosin, P. S.; Togni, 
A. Inorg. Chem. 1985, 24, 4430-4433. (b) van der Poel, H.; van Koten, G.; 
Vrieze, K.; Kokkes, M.; Stam, C. H. Inorg. Chim. Acta 1980, 39, 197-205. 

(16) An analogous vanadium(V)-iridium(I) ^2-
nitride complex has been 

prepared. Chan, D. M.-T., DuPont, personal communication. 
(17) (a) Chatt, J.; Heaton, B. T. J. Chem. Soc, Chem. Commun. 1968, 

274. (b) Chatt, J.; Dilworth, J. R. J. Chem. Soc, Chem. Commun. 1974, 
517-518. 

(18) (a) Chan, D. M.-T.; Chisholm, M. H.; Folting, K.; Huffman, J. C; 
Marchant, N. S. Inorg. Chem. 1986, 25, 4170-4174. (b) Chisholm, M. H.; 
Hoffman, D. M.; Huffman, J. C. Inorg. Chem. 1983, 22, 2903-2906. 

(19) (a) Strahle, J. Z. Anorg. AUg. Chem. 1970, 375, 238-254. (b) 
Strahle, J.; Weiher, U.; Dehnicke, K. Z. Naturforsch., B: Anorg. Chem., Org. 
Chem. 1978, 33B, 1347-1351. (c) Muller, U.; Kujanek, R.; Dehnicke, K. Z. 
Anorg. AUg. Chem. 1982, 495, 127-134. (d) Walker, I.; Strahle, J.; Ruschke, 
P.; Dehnicke, K. Z. Anorg. AUg. Chem. 1982, 487, 26-32. (e) Musterle, W.; 
Strahle, J.; Liebelt, W.; Dehnicke, K. Z. Naturforsch., B: Anorg. Chem., Org. 
Chem. 1979, 34B, 942-948. (!) Liese, W.; Dehnicke, K.; Walker, I.; Strahle, 
J. Ibid. 1980, 35B, 776-777. 
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nitrido ligand to a coordinatively unsaturated metal center (B). 
The critical difference between these two types of complexes is 
that the nitride bridges in 2-t and 2-c (A) are more robust than 
in complexes of type B. For example, whereas 3 dissociates to 
neutral (Et2PhP)3Cl2Re=N: and [PtCl2(PEt3)J2 on attempted 
isolation,173 we do not observe dissociation of the ^rnitride bridge 
in 2 to produce an anionic terminal nitrido complex and a cationic 
metal center. This feature of the condensation reaction may prove 
important in synthesizing metallonitride polymers. 

In summary, we have shown that a simple condensation reaction 
can be used to form a novel nitride-bridged vanadium-platinum 
derivative possessing robust metal nitrogen bonds. We are ex
ploring the use of reaction 1 in the synthesis of not only bimetallic 
^2-nitride complexes but also transition-metal-containing nitride 
polymers.7 
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Eicosanoid derived marine natural products containing a 4-
oxygenated 5-alkylidenecyclopentenone core 1, such as the cla-

Jj)=CHR1 

vulones2 (claviridenones3) chloro,4 bromo-, and iodovulones,5 and 
the punaglandins,6 have been reported to possess remarkable 
cytotoxicity in both in vitro and in vivo studies.7 In fact, non-

(1) Fellow of the Alfred P. Sloan Foundation, 1983-1988. Camille and 
Henry Dreyfus Foundation Teacher-Scholar, 1985-1991. 

(2) (a) Kikuchi, H.; Tsukitani, Y.; Iguchi, K.; Yamada, Y. Tetrahedron 
Lett. 1982, 5171-5174. (b) Kikuchi, H.; Tsukitani, Y.; Iguchi, K.; Yamada, 
Y. Ibid. 1983, 1549-1552. (c) Iguchi, K.; Yamada, Y.; Kikuchi, H.; Tsuk
itani, Y. Ibid. 1983, 4433-4434. 

(3) (a) Kobayashi, M.; Yasuzawa, T.; Yoshihara, M.; Akutsu, H.; Kyo-
goku, Y.; Kitagawa, I. Tetrahedron Lett. 1982, 5331-5334. (b) Kobayashi, 
M.; Yasuzawa, T.; Yoshihara, M.; Son, B. W.; Kyogoku, Y.; Kitagawa, I. 
Chem. Pharm. Bull. 1983, 11, 1440-1443. 

(4) (a) Iguchi, K.; Kaneta, S.; Mori, K.; Yamada, Y.; Honda, A.; Mori, 
Y. Tetrahedron Lett. 1985, 5787-5790. (b) Nagaoka, H.; Iguchi, K.; Mi-
yakoshi, T.; Yamada, N.; Yamada, Y. Ibid. 1986, 223-226. 

(5) Iguchi, K.; Kaneta, S.; Mori, K.; Yamada, Y.; Honda, A.; Mori, Y. 
J. Chem. Soc., Chem. Commun. 1986, 981-982. 

(6) (a) Baker, B. J.; Okuda, R. K.; Yu, P. T. K.; Scheuer, P. J. J. Am. 
Chem. Soc. 1985, 108, 2976-2877. (b) Nagaoka, H.; Miyaoka, H.; Miya-
koshi, Y.; Yamada, Y. Ibid. 1986, 108, 5019-5021. 

naturally occurring arylidene cyclopentenediones also show sig
nificant in vitro antitumor activity.8 The synthesis of 4-oxygenated 
5-alkylidenecyclopentenones has been explored by numerous 
workers, although the stereoselectivity of the alkylidene formation 
has been rarely addressed.9 We wish to describe a new, highly 
stereoselective, palladium-catalyzed reaction that provides rapid 
access to highly functionalized 4-oxygenated 5-alkylidenecyclo
pentenones and to 3-oxygenated 2-alkylideneindanones. The 
reaction holds promise for the synthesis of the naturally occurring 
eicosanoids mentioned above as well as for the synthesis of simpler 
analogues of the natural products. 

Alkynyl anions add in high yield to cyclobutenediones10 and 
benzocyclobutenediones11 to give 4-alkynyl-4-hydroxycyclo-
butenones and 2-alkynyl-2-hydroxybenzocyclobutenones, re
spectively, and the reaction occurs with good regioselectivity with 
a number of unsymmetrically substituted substrates.12 Excellent 
literature precedent13 suggested that the 4-alkynyl-4-hydroxy-

(7) Fukushima, M.; Kato, T.; Yamada, Y.; Kitagawa, I.; kurozumi, S.; 
Scheuer, P. J. Proc. Am. Assoc. Cancer Res. 1985, 26, 249. 
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19, 433-436. 
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rahedron Lett. 1984, 1539. (c) Pohmakotr, M.; Chancharunee, S. Tetrahe
dron Lett. 1984, 4141. (d) Siwapinyoyos, T.; Thebtaranonth, Y. /. Org. Chem. 
1982, 47, 598. (e) Block, E.; Wall, A.; Zubieta, J. / . Am. Chem. Soc. 1985, 
107, 1783-1784. (f) Negishi, E.-i.; Miller, J. A. J. Am. Chem. Soc. 1983, 
105, 6761. (g) Tour, J. M.; Negishi, E.-i. J. Am. Chem. Soc. 1985,107, 8289. 
(h) Williams, D. R.; Abbaspour, A.; Jacobson, R. M. Tetrahedron Lett. 1981, 
3565-3568. (i) Karlsson, J. O.; Nguyen, N. V.; Foland, L. D.; Moore, H. W. 
J. Am. Chem. Soc. 1985, 107, 3392-3393. (j) Ramaiah, M. Synthesis 1984, 
529-570. Specific syntheses of the alkylidene cyclopentenone natural prod
ucts. Methylenomycin A and B: (a) Scarborough, R. M., Jr.; Toder, B. H.; 
Smith, A. B., III. J. Am. Chem. Soc. 1980, 102, 3904-3913. (b) Jernow, J.; 
Tautz, W.; Rosen, P.; Blout, J. F. / . Org. Chem. 1979, 44, 4210 and 4212. 
(c) Koreeda, M.; Chen, Y. P. L. Tetrahedron Lett. 1981, 15. (d) Newton, 
R. F.; Reynolds, D. P.; Eyre, T. Synth. Commun. 1981, ; / , 527-532. (e) 
Takahashi, Y.; Kosugi, H.; Uda, H. J. Chem. Soc, Chem. Commun. 1982, 
496-497. (f) Billington, D. C; Pauson, P. L. Organometallics 1982, /, 
1560-1561. (g) Strunz, B. M.; LaI, G. S. Can. J. Chem. 1982, 60, 2525-2530. 
(h) Doutheau, A.; Sartoretti, J.; Gore, J. Tetrahedron 1983, 39, 3059-3065. 
(i) Mikolajczyk, M.; Balczewski, P. Synthesis 1984, 691-694. (j) Cameron, 

A. G.; Hewson, A. T.; Osammor, M. Tetrahedron Lett. 1984, 2267-2270. (k) 
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