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Regioselective Sodium Cation-Assisted Synthesis of  Scheme 1
the First Bis-Transannular Cyclotriphosphazatriene
Derivatives of a Chiral Ligand Type
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The reactions of hexachlorocyclotriphosphazatriege;Nls C J
(2) with aromatic ortho-dinucleophiles are known to be generally PN .
dominated by closure at one phosphorus atom to give the 5 mr:::::lns ALOR GEM.BISANSA
respective spirocyclic derivativég. We have previously found B1S-ANSA ISOMER comPLEX iSoMer

that direct reaction of with 2,2-dihydroxy-1,1-binaphthyl @) aThe P atoms are labeled AMX corresponding to their analysis by
yields exclusively spiro-substituted produétspnfirming that 31p NMR (see ref 10).

geminal spiro-cyclosubstitution at the B@roups is also the

thermodynamically favored reaction route for such a sterically  ag shown by X-ray crystallograptythe tetrachlorocyclo-
hindered diol substrate. In the present communication we phosphazen8 used in this work contains one P@roup and
de_monstrate that the geﬂ_spiro substitution pattern is not 4 nongeminal chlorine atoms adjacent to tbis ansa-
universal for all PGkcontaining cyclophosphazenes and can 4crocyclic polyether substituent, thus providing the possibility
be radically altered toward nongem ansa-cyclosubstitution, whensq, hoth spiro (geminal) and ansa (nongeminal) cyclosubstitu-
employing as starting reagents the recently repqrted cyclophos+ion.  From the point of view of macrocyclic chemistry the
phazene crown 1,3-[O¢8140),]PsNsCla (3)* and2 in the form cyclophosphazene substr&teepresents a 16-membered diphos-

of its disodiu_m derivative as outlined in Scheme 1 _phaza-crown ether, 16-crown-6, well-fitted for complexing
The only hitherto reported cyclophosphazene derivative with ¢qqium cations within the macrocyclic cavityThe disodium

a conjugated zgnsa-dioxybiarylen_e bridge, 1,3AOCH.CF)s- derivative of2 exists in the form of ion pairs: Ng OArO-|Na,
(O2Ci2Hg)] (6),° was obtained by interaction of the nongem tetra- iy \yhich the active nucleophile is the 2@oxy-1,-binaph-
(trifluoroethoxy)dichlorocyclotriphosphazene 1,3s;@(OCH,- thylene dianion. Due to the coordinating ability of the crewn

CF)Cly] (7) with 2,2-dihydroxybiphenyl. Substra@contained ¢y cjophosphazene substraiethe sodium counterion can be
its only two reactive chlon_de functions at two d|ff_ere_nt P atoms “trapped” inside the macrocyclic cavity in the first step of the
(P1and R, therefore making transannular substitution the only  yrocess; thus sterically favoring nucleophilic substitution of the

possible cyclocondensation pattern. _ _ nongeminal chlorine atoms adjacent to the macrocyetd)(
Although several monoansa derivatived afith nonaromatic over reaction with the more distant BGiite, which might

bridges have been describthe only known representative  jierwise have been expected. However in the case of
of bisansa cyclophosphazenes is the tetrameric nongem “"doubleyeaction of3 with 2-Nay the alternative nongem ansa bridging
transannular” ruthenocenyl derivative, in which e_acr; bridging () js also observed. A hypothetical intermediate supramo-
unit cross-links two different P atoms of the ring> No lecular complex, formed by the SNubstitution of3 with 2-Nay,
trimeric cycloph(_)sphaze_ne bls_-transannular derivatives haveynich can further react toward eithar(major) or5 (minor),
been reported hitherto; in particular there are no data on therespectively is shown in Scheme 2.

synthesis of cyclotriphosphazenes (or any other cyclophospha-  The molecular structures of both isometsnds, have been
zenes) in which two different ansa substituents are linked ¢qn6irmed by X-ray structure determination (Figures 1 anél 2).
geminally to the same two P atoms, while the third one remains The nongeminal isomes is also the first example of its kind
unsubstituted. This communication describes a facile high-yield it two different ansa substituents spanning three phosphorus
synthesis of the first representative of this class of cyclophos- 5ioms.  The X-ray provertrans-configuration of its oxy-
phazenes (gem-compound), and the respective nongem eirgethylenoxy) ansa bridge (Figure 2) provides crystal-
transannulab derivative (asymmetric isomer ), which is lographic evidence of the Walden inversidn the respective
formed as the minor product. SN, reaction (Scheme 2). In the conversior8db the geminal

* Polish Academy of Sciences. isomer4, inversion of both phosphorus centers gives rise to a
;LBJirlgbeck (:ofll\eA?eI. net retention otis-configuration (Figure 1).
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Figure 1. The molecular structure of gem bisar{sh3-(oxytetraeth-
ylenoxy)[1,3-(2,2-dioxybinaphthyl-1,1)]} cyclotriphosphazatriend).

Figure 2. The molecular structure of nongem bisarsh3-(oxy-
tetraethylenoxy)[1,5-(2;2dioxybinaphthyl-1,1]} cyclotriphosphaza-
triene 6).
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spiro[binaphthylenedioxy] isomE) have been supported by MS
and 3P NMR data, details of which, together with synthetic
procedures, will be published elsewhere.

Of particular interest is the significant enhancement of
reactivity of the dianior2 due to its counterion complexation,
which can be explained in terms of thaked anion phenom-
enon2 Whereas the syntheses described by Allcock (compris-
ing the formation of the transannular derivattven the reaction
of 7 with 2,2-biphenol) required prolonged heating of the
substrates,substitution of3 with 2 proceeds rapidly at room
temperature, resulting in the complete conversior8 &b the
respective transannular derivativésnd 5.

The bis-transannular isomedsand 5 represent heterotopic
(i.e. containing two different complexing units) phosphorus
bridgehead ligands with chiral 1;binaphthylene-2,2dioxy
units and thus offer promise as molecular receptors for enan-
tiomeric recognition via hostguest interactions, as reported for
some other crowns with chiral unit&jn particular Cram’s 1,1
binaphthyl-containing chiral crown ethéers. Studies of their
optical resolution as well as on the synthese4 afd5 starting
from 1 and optically active isomers df are currently under
way.
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catalyzed reactions of crown ether substrates occurring in close
7 JA960201W

proximity to the crown structure have been recently reported,

the regioselectivity of substitution being interpreted on the basis  (10) (a) The relative yields of isometsand5 were estimated on the
of a transition state, where the complexed cation assists thebasis of the3!P NMR spectrum of the crude reaction mixture, when

departure of the leaving group (“electrophilic catalysis”).

Plausibly a similar type of transition state (Scheme 2, intermedi-

ate complex3-Na) results in the formation of two unusual
bisansa-cyclosubstituted derivativand5. The gem-isomer

4, containing two transannular bridges (oxytetraethylenoxy and

compared with those of the chromatographically isolated individugls (
R = 0.42 (in hexane THF = 2:3), mp= 192°C, M* = 681.3P NMR-
AMX spin system: 6P = 11.5,0pm = 14.5,0px = 29.3.5: Rr = 0.33,
mp = 270°C, M = 681.31P NMR-AMX spin system:dpa = 10.3,0pm
= 30.0,0px = 26.4). (b) Detailed discussion of the NMR and MS spectra,
together with synthetic procedures, will be published elsewhere.

(11) Spiro isomer was obtained by reversing the order of addition of

oxybinapthylenoxy) at the same two P atoms, was obtained asdinucleophiles td., i.e. by reactingl first with 2-Na, (— spiro(2,2-dioxy-

the major product £70% in the crude reaction mixture),
whereas the nongefformed more reluctantly (yield-30%)10
Quite suprisingly, the thermodynamically most favored spiro-
substitution at the third Pghtom was found not to occur at all
in the sodium cation-assisted reaction »fwith 2811 The
structural assignments fdrand>5 (as well as for their respective

(8) No substitution products (neither transanndl& nor their respective
5,5-spiro(2,2-dioxy-1,tbinaphthtyl)-substituted isomer) have been found
to be formed in the reaction & with 2 when carried out in the presence
of triethylamine or pyridine as hydrogen chloride acceptors (TLC%Rd

1,2-binaphthyl)tetrachlorocyclotriphosphazénand then with tetraoxy-
ethylene glycol{> spiro[1,1(2,2-dioxy-1,1-binaphthyl)Jansa[3,5(oxytetra-
ethylenoxy)]-3,5-dichIorocyclotriphonghazene:*I\# 681.31P NMR-A;B
spin system:dpa = 24.6,0pg = 22.310b

(12) For a definition of thenaked anion phenomenasee, for example:
Lindoy, L. F.The Chemistry of Macrocyclic Ligand Complex€ambridge
University Press: New York, 1989; pp 167108. Gokel, GCrown Ethers
& Cryptands The Royal Society of Chemistry: Cambridge, 1991; pp-141
142.

(13) lzatt, R.; Zhu, Ch. Y.; Huszty, P.; Bradshaw, J. S.Cnown
Compounds-Toward Future Applicatigr®ooper, S. R., Ed.; VCH Publish-
ers Inc.: New York, 1992; Chapter 12, pp 26233 and references therein.

(14) Cram, D. J.; Cram, J. Msciencel 974 183 803. Cram, D. J.; Cram,

NMR evidence) under the same reaction conditions as those employed forJ. M. Acc. Chem. Red.978 11, 8. Kyba, E. P.; Siegel, M. G.; Sousa, L.

the synthesis o# and5 (1—2 h of stirring the equimolar mixture & and
2 in dry THF at room temperature, at concentration8@hnd 2 equal to
0.01 mol/L).

(9) Cacciapaglia, R.; Mandolini, L.; Romolo; Francesca).$2hys. Org.
Chem 1992 5, 457-460. Cacciapaglia, R.; Mandolini, Chem. Soc. Re
1993 221-231 and references therein. Doddi, G.; Ercolani, G.; La Pegna,
P.; Mencarelli, PJ. Chem. SocChem. Commuri994 1239-1240. Gobbi,

A.; Landini, D.; Maia, A.; Secci, DJ. Org. Chem1995 60, 5954-5957.

R.; Sogah, G. D. Y.; Cram, D. J. Am. Chem. S0d977, 99, 4207. Kyba,

E. O.; Gokel, G. W.; de Jong, F.; Koga, K.; Sousa, R. L.; Siegel, M. G.;
Kaplan, R. J.; Sogah, G. D. Y.; Cram, D.JJ.0rg. Chem1977, 42, 4173.
Cram, D. J.; Helgeson, R. C.; Peacock, S. C.; Kaplan, L. J.; Domeier, L.
A.; Moreau, P.; Koga, K.; Mayer, J. M.; Chao, Y.; Siegel, M. G.; Hoffman
D. H.; Sogah, G. D. YJ. Org. Chem1978 43, 1930. Gokel, GCrown
Ethers & CryptandsMonographs in Supramolecular Chemistiyo. 3;

The Royal Society of Chemistry: Cambridge, 1991; pp-1686.



