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The condensation reactions of N,O, (x = 2, 3) donor-type aminopodand (4) and dibenzo-diaza-crown ethers (5,
6, and 9) with hexachlorocyclotriphosphazatriene, N3PsCls, produce two kinds of partially substituted novel
phosphazene derivatives, namely, spiro-bino-spiro- (19) and spiro-crypta (21, 22, and 25) phosphazenes. The
partially substituted spiro-ansa-spiro-phosphazene (11) reacted with pyrrolidine and 1,4-dioxa-8-azaspiro[4,5]decane
(DASD) give the corresponding new fully substituted phosphazenes (14 and 16). Unexpectedly, the reactions of 23
and 24 with pyrrolidine result in only geminal crypta phosphazenes (26 and 27). The solid-state structures of 16
and 22 have been determined by X-ray diffraction techniques. The relative inner hole-size of the macrocycle in the
radii of 22 is 1.27 A. The relationship between the exocyclic NPN (c') and endocyclic (o) bond angles for spiro-
crypta phosphazenes and exocyclic OPN (") bond angles for spiro-ansa-spiro- and spiro-hino-spiro-phosphazenes
with 3P NMR chemical shifts of NPN and OPN phosphorus atoms, respectively, have been investigated. The
structures of 10, 14, 16, 19, 21, 22, and 25—27 have also been examined by FTIR, *H, 1°C, and P NMR, HETCOR,
MS, and elemental analyses. The P NMR spectra of 10, 21, 22, and 25 indicate that the compounds have
anisochrony. In compounds 16 and 22, the spirocyclic nitrogen atoms have pyramidal geometries resulting in
stereogenic properties.

Introduction nucleophiles. The reactions of3RCls with nucleophilic
N3P:Cl is known as the standard compound in the field éagents, such as primary and secondary amipelgamines,

of phosphazene chemistry. It has been used in the preparatioliPhatic and aromatic diols and diamirfeznd oligoethylene

of novel phosphazene.der_lvatlves w_|th different supstltuents (1) (a) Fincham, J. K.; Hursthouse, M. B.. Parker, H. G.: Shate (ne
which are very effective in determining the physical and Gozen), L. S.; Shaw, R. Al. Chem. SogDalton Trans 1988 1169-

chemical properties of new phosphazene compounds. For ~ 1178. (b) Allen, C. WChem. Re. 1991 91, 119-135. (c) Contractor,
| lobh h h ti d to attract S. R,; Kilig Z.; Shaw, R. AJ. Chem. Soc., Dalton Trank987, 2023~
several reasons, cyclophosphazenes have continued to attract - 2029. (d) Deutch, W. F.; Hursthouse, M. B.; KIl&.; Parkers, H. G.;

the increased attention of researchers in recent years. One  Shaw (rie Gtzen), L. S.; Shaw, R. APhosphorus Sulfur Relat. Elem.

- ; 1987 32, 81-85. (e) Shaw, R. APure Appl. Chem198Q 52, 1063~
area of interest has focused on the replacement reactions of 1097. (f) Krishnamurthy, S. S.: Sau, A. C.. Woods, M Atbances

the halogen atom or atoms of halophosphazenes by different  in Inorganic Chemistry and Radiochemistiol. 21; Emeleus, H. J.,
Ed.; Academic Press: New York, 1978; p 41. (g) Allcock, HGRem.

*To whom correspondence should be addressed. Phar#0-312- Rev. 1972 72, 315-356. (h) BegecS.; Alatas S.; Kilig, A. Heteroat.
2126720. Fax:+90-312-2232395. E-mail: zkilic@science.ankara.edu.tr. Chem.2006 17(1), 57—60.
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glycols? have been shown to yield spiro-, ansa-, binoarchi- to the phosphazene ring can result in interesting structtires.
tectures or the mixtures of these compounds. In recent years The investigation of the stereogenic properties of cyclophos-
two interesting papers about the reactions of bifunctional phazene derivatives has been a new subject of interest for
reagents with fluoro- and chlorophosphazenes have appearethe last five yeard®3212Cyclophosphazene derivatives have
in the literature, and it has been reported that, in thesegiven rise to considerable interest for the further design of

reactions, ansa-, spiro-, ansa-spiro-, and bis(ansa-substituted)ighly selective anticancrand antibacteriat reagents.

cyclophosphazenes have been isolatedur group has
recently synthesized four novel families of partially substi-
tuted phosphazene derivatives with\ (x=2,3) donor-type
crown ether$, bulky difunctional aminopodandsand tet-
rafunctional aminopodandspamely, spiro-crypta, spiro-
crown (PNP-lariat), spiro-ansa-spiro-, and spiro-bino-spiro-

phosphazenes. Another area of interest is the ring-opening

polymerization leading to the preparation of different poly-
phosphazene types, cyclolinear or cyclomatrix polyniers.

The use of cyclophosphazenes as ligands, in particular, for

transition metal ions is also an area of intef&oordination
through a ring nitrogen atom or a substituted ligating group

(2) (a) Kihg, A.; Kilig, Z.; Shaw, R. APhosphorus Sulfur Silicon Relat.
Elem.1991 57, 111-117. (b) Labarre, J. F.; Guerch, G.; Sournies,
F.; Lahana, R.; Enjalbert, R.; Galy,J.Mol. Struct.1984 116, 75—
88. (c) Labarre, J. FTop. Curr. Chem1985 129 173-230. (d)
Wilson, M.; Lafaille, L.; Vidaud, L.; Labarre, J. Rhosphorus Sulfur
Relat. Elem1987 29, 147-157. (e) Coles, S. J.; Davies, D. B.; Eaton,
R. J.; Hursthouse, M. B.; KiJicA.; Mayer, T. A.; Shaw, R. A;
Yenilmez, G.J. Chem. Soc., Dalton Tran2002 365-370.

(3) (a) Bed, S.; Coles, S. J.; Davies, D. B.; Eaton, R. J.; Hursthouse, M.
B.; Kilig, A.; Shaw, R. A; @ftci, G. Y.; Yegdlot, S. J. Am. Chem.
S0c.2003 125, 4943-4950. (b) Parwolik-Czomperlic, I.; Brandt, K.;
Clayton, T. A.; Davies, D. B.; Eaton, R. J.; Shaw, R.lAorg. Chem.
2002 41, 4944-4951. (c) Yildiz, M.; Kilig Z.; Hokelek, T.J. Mol.
Struct. 1999 510, 227-235. (d) Kilig A.; Begeg S.; (etinkaya, B.;
Kilg, Z.; Hokelek, T.; Gundig, N.; Yildiz, M. Heteroat. Chem1996
7(4), 249-256. (e) Allcock, H. R.; Sunderland, N. J.; Primrose, A.
P.; Rheingold, A. L.; Guzei, I. A.; Parvez, MChem. Mater.1999
11, 2478-2485. (f) Carriedo, G. A.; Martinez, J. I. F.; Alonso, F. J.
G.; Gonzalez, E. R.; Soto, A. Eur. J. Inorg. Chem2002 1502~
1510. (g) Chandrasekhar, V.; Athimoolam, A.; Srivatsan, S. G.;
Sundaram, P. S.; Verma, S.; Steiner, A.; Zacchini, S.; Butcher, R.
Inorg. Chem2002 41, 5162-5173. (h) Allcock, H. R.; Dembek, A.;
Mang, M. N.; Riding, G. H.; Parvez, Mnorg. Chem1992 31, 2734~
2739. (i) Reuben, Jl. Magn. Reson.Cherhi987, 25, 1049-1053. (j)
Karthikeyan, S.; Krishnamurty, S. &. Anorg. Allg. Chem1984 513
231-240. (k) Allcock, H. R.; Ngo, D. C.; Parvez, M.; Whittle, R. R;
Bird-sall, W. J.J. Am. Chem. S0d991, 113 2628-2634. () Harris,

P. J.; Williams, K. B.Inorg. Chem.1984 23, 1496-1498.

(4) (a) Shaw, R. A.; Ture, $hosphorus Sulfur Silicon Relat. Elet®91,

57, 103-109. (b) Al-Madfa, H. A.; Shaw, R. A.; Ture, hosphorus
Sulfur Silicon Relat. Eleni99Q 53, 333-338.

(5) (a) Chandrasekhar, V.; NagendranC&em. Soc. Re2001, 30, 193~
203. (b) Chandrasekhar, V.; Krishnan, Xdv. Inorg. Chem.2002
53, 159-211.

(6) (a) Bilge, S.; Kilig Z.; Caylak, N.; Hkelek, T.J. Mol. Struct.2004
707, 139-146. (b) Tercan, B.; Hkelek, T.; Bilge, S.; Demiriz, $
Kilic, Z. Acta Crystallogr.2004 E60, 1369-1372.

(7) (a) Gaylak, N.; Hikelek, T.; Bilge, S.; Qglg, B.; Kilig, Z. Acta
Crystallogr.2004 C60, 461—-463. (b) Tercan, B.; Hkelek, T.; Bilge,
S.; Qzgixg, B.; Kilig, Z. Acta Crystallogr.2004 C60, 381—383. (c)
Ozgix, B.; Bilge, S.; Gylak, N.; Demiriz, S Igler, H.; Hayvali, M.;
Kilig, Z.; Hokelek, T.J. Mol. Struct.2005 748 39—-47.

(8) (a) Bilge, S.; Natsagdorj, A.; Demiriz,.;SCaylak, N.; Kilig Z.;
Hokelek, T.Helv. Chim. Acta2004 87, 2088-2099. (b) Safran, S.;
Hokelek, T.; Bilge, S.; Demiriz,, SNatsagdorj, A.; Kilic Z. Anal.
Sci. 2005 21, 77-78. (c) Tercan, B.; Hkelek, T.; Bilge, S.;
Natsagdorj, A.; Demiriz,, S Kilig, Z. Acta Crystallogr.2004 E60,
795-797.

(9) (a) Dez, I.; Levalois-Mitjaville, J.; Gitamacher, H.; Gramlinch, V.;
Jaeger, REur. J. Inorg. Chem1999 1673-1684. (b) Mathew, D.;
Nair, C. P. R.; Ninan, K. NPolym. Int.200Q 49, 48-56.

(10) Chandrasechar, V.; Vivekanandan, K.; Nagendran, S.; Senthil Andavan,
G. T.; Weathers, N. R.; Yarbrough, J. C.; Cordes, A.liérg. Chem.
1998 37, 6192-6198.
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Aziridine-crown-substituted phosphazene synthesized by
Brandt et al. cleaves DNA and halts the growth of cancer
cells*® In addition, cyclophosphazenes have found industrial
applications in the production of inflammable textile fibers,
advanced elastometérechargeable lithium batteriésand
biomedical materials including synthetic boriés.

We report here (i) the synthesis of spiro-bino-spirbg)(
and spiro-cryptadl, 22, and25) phosphazenes from the
reactions of NP;Clg with the aminopodand4j and dibenzo-
diaza-crown ethers5( 6, and 9), respectively; (ii) the
substitution of the Cl atoms of spiro-ansa-spifdl)( by
pyrrolidine and DASD giving the respective fully substituted
phosphazeneslg and 16); (iii) the substitution of the ClI
atoms of spiro-crypta phosphazen@8 and 24) by pyrro-
lidine leading to thegeminalpyrrolidine-substituted phos-
phazenes26 and27) (Scheme 1); (iv) the analytical, physical
and spectral (IRH, 13C, and®'’P NMR, HETCOR, and MS)
data of10, 14, 16, 19, 21, 22, and25—27 in comparison to
the related compound$1—13, 15, 17, 18, 20°2and23, 24)52
(v) the X-ray structural analyses @b and22;, and (vi) the
relationship between théP shifts and the X-ray crystal-
lographic data.

Experimental Section

General Methods.All reactions were performed under an inert
atmosphere of argon. The reaction solvents were dried and distilled
by standard methods before use. Compolingas obtained from
Aldrich Chemical Co. and used without further purification. Melting
points were measured on a Gallenkamp apparatus using a capillary
tube.H, 13C, and3!P NMR and HETCOR spectra were obtained
on a Bruker DPX FT-NMR (400 MHz) spectrometer (SilMas
an internal standard and 85%RPD, as an external standard). IR
spectra were recorded on a Mattson 1000 FTIR spectrometer in
KBr disks and were reported in per centimeter units. Microanalyses
were carried out by the microanalytical service of TUBITAK
(Turkey). Electrospray-ionization (ESI) and electron-impact (El)

(11) (a) Chandrasechar, V.; Thomas, K. R.Appl. Organomet. Chem.
1993 7, 1-31. (b) Allcock, H. R.; Turner, M. NMacromolecules
1993 26, 3—10.

(12) (a) Uslu, A.; Coles, S. J.; Davies, D. B.; Eaton, R. J.; Hursthouse, M.
B.; Kilig, A.; Shaw, R. A.Eur. J. Inorg. Chem2005 1042-1047.
(b) Bedi, S.; Coles, S. J.; Davies, D. B.; Eaton, R. J.; Hursthouse, M.
B.; Kilig, A.; Shaw, R. A.; Uslu, A.; Yeifot, S. Inorg. Chem. Commun.
2004 7, 842-846.

(13) (a) Labarre, J. F.; Bovin, O. J.; Galy,Acta Crystallogr.1979 B35
1182-1186. (b) Baek, H.; Cho, Y.; Lee, C.; Shon, Xnti-Cancer
Drugs 200Q 11, 715-725.

(14) Konar, V.; Yilmaz, O, Ozturk, A. I.; Kirbag, S.; Arslan, M.Bioorg.
Chem.200Q 28, 214-225.

(15) Brandt, K.; Bartczak, T. J.; Kruszynski, R.; Parwolik-Czomperlik, I.
Inorg. Chim. Acta2001, 322 138-144.

(16) Alicock, H. R.; Napierala, M. E.; Cameron, C. G.; O'Connor, S. J.
M. Macromolecules1996 29, 1951-1956.

(17) (a) Allcock, H. R.; Kwon, SMacromolecule4986 19, 1502-1508.

(b) Xu, G.; Lu, Q.; Yu, B.; Wen, LSolid State lonic2006 177,
305-309.

(18) Greish, Y. E.; Bender, J. D.; Lakshmi, S.; Brown, P. W.; Allcock, H.

R.; Laurencin, C. TBiomaterials2005 26 (1), 1-9.
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Scheme 1
R R’ X Y No
HOK/H H\JOH CH2-CH 1
2" 2 - - -
\R /

Aminopodand
OH  HO CHx-CH. - - - 2
H H CH2-CH2-CH. - - - 3
N\R/N CH2-CH2-CH2-CH, - - - 4

Aminopodand
R CH-CH; CH-CH; - - 5
O o CH2-CHz-CH; CHz-CH; - - 6
H H CHy-CH; (CHxCH)0 - - 7
NN CH2-CH,-CH; (CHxCH):0 - - 8
R CHzCHyCHz-CH;  (CHzCH2:0 - - 9

Dibenzo-diaza-crown ether

XX
BE
(O]} 1.0
EN PN P\N CH-CH, - o - 10
\ /
R
spiro-ansa-spiro-Phosphazene
CH2-CH - Cl - 1
(Y)X X(Y) CH2-CH-CH; - c - 12
CH2-CH2-CH2CH2 - Cl . 13
/ “N* \ CHy-CH, - - Q 14
CH2-CH2-CH; - - @ 15
spiro-ansa-spiro—Phosphazene CHz-CH, - - ,OQ b
CH,-CH: - Cl - 17
)X, X<Y> (Y)x X(Y) il
N QN CH-CHx-CH, - a - 18
X8 “\ -X(Y) CH,-CH2-CH,-CH; - c - 19
(Y)X / Ny CHy-CHp-CH, - -0 20
spiro—bino—spiro—Phosphazene
R CH2-CH2 CH2-CH2 Cl - 21
N
O o CH2-CH2-CH; CHz-CH; c - 22
3 6 /R\ CH,-CH; (CH2-CH2):0 Cl - 23
2 N\P/N CH2-CH-CH (CHsCH2,0 Cl - 24
Y N7ON X(Y) CHyCHyCHpCH;  (CHzCH,0  CI - 25
x’P\\N'P\x - CH2-CH; (CHzCH,0  CI (Y 26
spiro-Crypta phosphazene CHy-CHz-CH, (CHzCH),0 ¢ O 7

mass spectrometric analysis were performed on the AGILEND 1100 (P=N), 587 (P-Cl). IH NMR (400 MHz, CDC}): ¢ 3.35 (m, 4H,
MSD and VG-ZAPSPEC spectrometers, respectively. Thin-layer N—CHy), 3.45 (m, 4H, G-CH,—CH,), 4.48 (m, 4H, G-CH,). 13C
chromatography (TLC) was performed on Merck DC Alufolien NMR (400 MHz, CDC}): 6 45.0 (triplet,2Jpc = 7.8 Hz, N-CH,),
Kiesegel 60 Bs, sheets. Column chromatography was performed 48.7 (triplet,2Jpc = 11.2 Hz, O-CH,—CHy), 67.0 (O-CH,).

on Merck Kiesegel 60 (230400 mesch ATSM) silica gel. 18,19-Dihydro-8,8-dipyrrolidine-1-yl-615,815, 1015-6, 10-nitrilo-
Preparation of Compounds.Phosphazene derivativdd—13, 16H,21H[1,3,5,7,2,4,6]tetrazatriphosphonino[2,1-b:6,7 lbis-

15, 17, 18, 20°2 23, and 24% were prepared according to the [1,3,2]benzoxazaphosphorine (14X solution of 0.50 mL (6.05

published procedures. mmol) of pyrrolidine in 50 mL of dry THF was slowly added to a

The preparation and crystallographic data of 8,8-dichloro- stirred solution of 0.50 g (1.06 mmol) @flin 100 mL of dry THF
1,2,10,11,13,14-hexahydrg-6815,101°-6,10-nitrilo[1,3,5,7,2,4,6]- at room temperature. The solution was heated to reflux for 48 h

tetrazatriphosphonino-bis[1,3,2]oxazaphosphorit® (ere pub- with argon being passed over the mixture. The precipitated amine
lished before® The MS, IR, andH, 13C, and3!P NMR data of10 hydrochloride was filtered off, and the solvent was evaporated. The
will be discussed in this paper. ESI-MS (fragments base#f©h residue was subjected to column chromatography [benzene/THF
Ir, %): mM/z348 (M + H]T, 29), 314 ([M — CD]*, 7), 291 ([M — (1/1), R = 0.84] and crystallized from C}{CN. Yield: 0.42 g

C,H,ON)*, 24). IR (KBr, cntl): v 2977-2857 (C-H aliph), 1188 (74%). mp:: 25C°C. Anal. Calcd for GsH3,N;O,P3: C, 53.04; H,
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5.93; N, 18.04. Found: C, 53.44; H, 5.92; N, 17.95. ESI-MS (
%): m/’z530 ([M — CH,) + H]*, 60), 516 ([M — C,H,) + H],
78). IR (KBr, cnl): v 3059, 3040 (G-H arom), 2965-2828 (C-H
aliph), 1583 (G=C), 1182 (P=N). 'H NMR (400 MHz, CDC}):
0 1.86 (m, 8H, N-CH,—CHy), 3.12 (m, 2H,ansaN—CHy), 3.25
(m, 8H, pyrrolidine N—CH,), 3.43 (m, 2H,ansaN—CHy), 3.84
(9, 2H, 3Jpyy = 15.0 Hz, Ar-CH,—N), 4.47 (q, 2H,2Jpy = 15.0
Hz, Ar—CH,—N), 6.96-7.20 (8H, Ar-H). 13C NMR (400 MHz,

CDCls, numberings of aromatic carbons are given in Scheme 1):

0 26.32 fJpc = 9.3 Hz, N-CH,—CH,), 26.37 fJpc = 9.0 Hz,
N—CH,—CHy,), 46.1 Jpc = 3.8 Hz, pyrrolidine N—CHy), 46.3
(3Jpc = 4.0 Hz, pyrrolidine N—CHy), 51.6 (Ar—CH,—N), 53.6
(ansaN—CHy,), 119.0 (triplet3Jpc = 8.6 Hz,Cs), 123.0 Cs), 124.8
(triplet, 3Jpc = 8.1 Hz,C,), 126.4 Cy4), 128.4 C,), 151.2 (triplet,
ZJPC = 6.1 Hz, Ce)
18,19-Dihydro-8,8-bis(1,4-dioxa-8-azaspiro[4,5]decane)-1-yl-
645,815,1045-6,10-nitrilo-16H,21H-[1,3,5,7,2,4,6]tetrazatriphos-
phonino[2,1-b:6,7-B]bis[1,3,2]benzoxazaphosphorine(16). A
solution of 0.80 mL (6.24 mmol) of DASD in 50 mL of dry THF
was slowly added to a stirred solution of 0.50 g (1.06 mmol) bf

Bilge et al.

4.2 Hz, N-CH,—CHy), 47.3 @Jpc = 3.7 Hz, N-CHy), 47.9 (Ar—
CH,—N), 118.7 fJpc = 8.3 Hz,Cs), 123.7 Jpc = 7.3 Hz,Cy),
124.3 Cs), 126.6 C4), 129.1 Cy), 149.9 fJpc = 8.5 Hz,Cg). The
second product 4382
7,10-(Ethane-1,2-diyldioxydi-o-phenylene-dimethylene)-4,4,6,6-
tetrachloro-215,415,6A%-triphosphaza(6-P')-1,3,5,7,10-
pentaazaspiro[4.5]undeca-1,3,5-trien€21). A solution of 1.15 g
(3.30 mmol) of NP5Clg in 100 mL of dry THF was slowly added
to a solution of 1.00 g (3.36 mmol) &and 1.90 mL (13.6 mmol)
of triethylamine in 50 mL of dry THF. The mixture was refluxed
for 8 h with argon being passed over the reaction mixture and then
cooled. The precipitated amine hydrochloride was filtered off, and

the solvent was evaporated under reduced pressure. The residue

was subjected to column chromatography (benz@yve,0.56) and
crystallized from a CHCl,/n-heptane (1/1) mixture. Yield: 1.14 g
(60%). mp: 238C. Anal. Calcd for GgH2oCl4NsO,P5: C, 37.72;

H, 3.52; N, 12.22. Found: C, 38.05; H, 3.55; N, 12.31. CI-MS
(fragments based ofiCl, I;, %): m/z572 (M + H]*, 77). IR (KBr,
cm1): v 3063, 3038 (G-H arom), 2946-2878 (C-H aliph), 1599
(C=C), 1233, 1173 (&N), 568 (P-Cl). H NMR (400 MHz,

in 100 mL of dry THF at room temperature. The solution was heated CDCly): ¢ 2.95 (m, 2H3Jpy = 10.4 Hz, 2y = 5.7 Hz, N-CH,),
to reflux for 40 h with argon being passed over the mixture. The 3.03 (m, 2H,3Jpy = 10.4 Hz,2Jyy = 5.7 Hz, N-CHj), 3.95 (q,
precipitated amine hydrochloride was filtered off, and the solvent 2H, 3Jpy = 13.8 Hz,2Jyy = 9.1 Hz, Ar—CH,—N), 4.45 (m, 4H,
was evaporated. The residue was subjected to column chromatogAr—O—CH,), 4.67 (g, 2H,3Jpny = 13.8 Hz,2Jyny = 9.1 Hz, Ar—

raphy [benzene/THF (1/1)Rs = 0.37] and crystallized from
n-heptane. Yield: 0.49 g (68%). mp: 25Z. Anal. Calcd for
Cs30H40N7O6Ps: C, 52.40; H, 5.86; N, 14.26. Found: C, 52.81; H,
5.90; N, 14.08. CI-MSI¢, %): m/z688 (M + H]*, 100), 545 (M
— DASD)]*, 29). IR (KBr, cnt?): » 3061, 3030 (G-H arom),
2982-2836 (C-H aliph.), 1585 (G=C), 1180 (P=N). 'H NMR
(400 MHz, CDC}): ¢ 1.62 (br, 2H, N-CH,—CHy), 1.77 (br, 6H,
N—CH,—CH,), 3.15 (br, 2H,ansaN—CHy), 3.32 (br, 4H,DASD
N—CH,), 3.38 (br, 4H, DASD N—CH,), 3.44 (br, 2H, ansa
N—CHy,), 3.84 (q, 2H23Jpy = 14.8 Hz, A—CH,—N), 3.99 (s, 4H,
O—CH,), 4.00 (s, 4H, G-CHy), 4.48 (q, 2H2Jpy = 14.8 Hz, A~
CH,—N), 6.99-7.32 (8H, A—H). 13C NMR (400 MHz, CDC}):
0 35.3 €lpc = 4.9 Hz, N-CH,—CHy,), 35.6 @Jpc = 5.7 Hz,
N—CH,—CH,), 42.6 DASDN—CH), 42.8 DASDN—CH,), 43.6
(ansaN—CHy,), 51.6 (Ar—CH,—N), 64.2 (CG-CH,), 64.3 (G-CHy),
107.6 (O-C-0), 119.1 Cs), 123.2 C3), 124.6 C1), 126.4 Cs),
128.5 Cy), 151.1 Cq).
3,3'-Butane-1,4-diylbis[4,4',6 ,6 -tetrachloro-3,4-dihydrospiro-
[1,3,2-benzoxazaphosphorine-2'25-[415,61%][1,3,5,2,4,6]triaza-
triphosphorine]] (19). K,CO; ( 2.80 g, 20.0 mmol) was added to
a stirred solution of 3.00 g (10.0 mmol) dfin 200 mL of dry
THF. The mixture was refluxed f@ h and then cooled. A solution
of 1.70 g (5.00 mmol) of MPsClg in 100 mL of dry THF was added
dropwise to the stirred mixture at10 °C for over 1 h. After the

CH,—N), 6.89-7.29 (8H, Ar—H). 13C NMR (400 MHz, CDC}):
0 44.5 @Ipc = 17.8 Hz, N-CH,), 46.7 @Jpc = 7.2 Hz, Ar—CH,—
N), 65.8 (Ar—O—CH,), 111.3 Cs), 120.6 Cs), 124.6 fJpc = 3.1
Hz, Cy), 129.4 C,), 131.6 C,), 157.6 C).
7,11-(Ethane-1,2-diyldioxydi-o-phenylene-dimethylene)-4,4,6,6-
tetrachloro-215,415,6A%triphosphaza(6-P')-1,3,5,7,11-
pentaazaspiro[5.5]dodeca-1,3,5-triene (22 ompound22 was
obtained as described f@1 with 1.00 g (3.21 mmol) of, 1.80
mL (12.9 mmol) of triethylamine, and 1.08 g (3.10 mmol) offiy
Cle (6 h) (benzeneR = 0.72), and it was crystallized from
n-heptane. Yield: 1.24 g (68%). mp: 24T. Anal. Calcd for
Ci1H2,CluNsO-P3: C, 38.87; H, 3.78; N, 11.93. Found: C, 38.42;
H, 3.75; N, 11.96. CI-MS (fragments based $€l, I;, %): m/z
586 (M + H]™, 98). IR (KBr, cnth): v 3067, 3025 (C-H arom),
29672840 (C-H aliph), 1601 (G=C), 1238, 1182 (®N), 573
(P—CI). IH NMR (400 MHz, CDC}): 6 1.58 (m, 2H, N-CH,—
CH,), 2.97 (m, 2H3Jpy = 12.8 Hz,3J4y = 9.8 Hz, N-CH,), 3.35
(m, 2H, 3JpH = 12.8 HZ,BJHH =928 Hz, N—CHz), 3.66 (q, 2H,
8Jpn = 13.1 Hz,23yy = 7.2 Hz, Ar—CH,—N), 4.37 (m, 2H, Ar-
O—CHy,), 4.49 (m, 2H, A-O—CH,), 4.57 (g, 2H2Jpy = 13.1 Hz,
2Juyn = 7.2 Hz, Ar—CH,—N), 6.85-7.23 (8H, Ar-H). 3C NMR
(400 MHz, CDC}): 6 23.8 @Jpc = 4.7 Hz, N-CH,—CH,), 46.7
(N—CH,), 48.1 (Ar—CH>—N), 65.8 (Ar—O—CHy), 111.7 Cs),
120.2 Cs), 126.8 Jpc= 6.2 Hz,C;), 129.0 Cy), 131.9 Cy), 157.2

mixture had been allowed to warm to ambient temperature, it was (Ce).

stirred for 30 h with Ar being passed over the reaction mixture.

The precipitated amine hydrochloride and excess 8 were

7,12-(Pentane-3-oxa-1,5-diyldioxydi-o-phenylene-dimethylene)-
4,4,6,6-tetrachloro-25,41%,615-triphosphaza(6-P/)-1,3,5,7,12-

filtered off, and the solvent was evaporated. The residue was pentaazaspiro[6.5]trideca-1,3,5-triene (25)Compound25 was
subjected to column chromatography with benzene. The first eluted prepared as described fad with 1.00 g (2.70 mmol) oB, 1.50

compound isl9 (benzenR = 0.62), and it was crystallized from
benzene. Yield: 1.11 g (52%). mp: 110. Anal. Calcd for GgHoo-
ClgNgOsPs: C, 25.44; H, 2.37; N, 13.19. Found: C, 25.64; H, 2.39;
N, 13.16. CI-MS (fragments based &¢l, I, %): m/z847 (M +
H]*, 45), 776 (M — 2CI)]*, 2). IR (KBr, cnml): v 3069, 3031
(C—H arom), 2934-2847 (C-H aliph), 1587 (G=C), 1173 (P=
N), 597 (P-CI). 'H NMR (400 MHz, CDC}): 6 1.72 (t, 4H,33un

= 5.9 Hz, N-CH;—CHy), 3.12 (m, 4H,3Jpy = 11.8 Hz3Jyy =
5.9 Hz, N-CHy), 4.24 (d, 4H2Jpy = 15.7 Hz, ACH,—N), 7.06—
7.39 (8H, Ar-H). 13C NMR (400 MHz, CDC}): 3 24.7 €pc =
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mL (10.8 mmol) of triethylamine, and 0.92 g (2.65 mmol) offiy

Cls (8 h) (benzeneR: = 0.50), and it was crystallized from a
CH,Cl,/heptane (1/1) mixture. Yield: 1.20 g (70%). mp: 2.
Anal. Calcd for GoH»gClsNsOsPs: C, 40.95; H, 4.37; N, 10.85.
Found: C, 42.16; H, 4.40; N, 10.93. CI-MS (fragments based on
35C, 1y, %): m'z 644 (M + H]*, 81). IR (KBr, cntl): » 3065,
3028 (C-H arom), 2934-2846 (C-H aliph), 1601 (G=C), 1229,
1163 (P=N), 570 (P-ClI). *H NMR (400 MHz, CDC}): 6 0.91 {(t,

2H, BJHH = 6.7 Hz, N—CHZ_CHz), 1.33 (m, 2H,3JHH = 6.7 Hz,
N—CH,—CHy), 3.38 (g, 2H,3Jpy = 15.6 Hz, N-CH,), 3.44 (q,
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2H, 3JpH = 15.6 Hz, N_CHZ), 3.68 (q, 2H,3JPH = 13.6 HZ,ZJHH
= 7.3 Hz, Ar—-CH,—N), 3.69 (m, 2H2Jyy = 18.9 Hz,3Jyy = 8.6
Hz, 3Jun = 9.5 Hz, A—0O—CH,—CH,), 4.08 (t, 2H,2Jy4 = 18.9
Hz, 334y = 8.6 Hz,3J4y = 9.5 Hz, A—O—CH,—CHy), 4.70 (q,
2H, SJPH = 13.6 HZ,ZJHH = 7.3 Hz, AI'_CHZ_N), 4.26 (q, 2H,
2Jun = 11.4 Hz,334y = 8.6 Hz,3Jyy = 9.5 Hz, Ar—O—CHy),
4.35 (t, 2H,24y = 11.4 Hz,3Jyy = 8.6 Hz,3Jyy = 9.5 Hz, Ar—
O—CH,), 6.84-7.29 (8H, Ar-H). 13C NMR (400 MHz, CDC}):
0279 (N—CHZ_CHz), 48.2 erC =7.0 Hz, N—CHz), 50.3 erC
= 7.7 Hz, A—CH,—N), 66.8 (Ar-O—CHy), 69.8 (Ar—O—CH,—
CH,), 110.6 Cs), 120.2 C3), 127.0 fJpc = 5.7 Hz,Cy), 129.0 Cy),
131.7 Cy), 157.3 Cs).
7,10-(Pentane-3-oxa-1,5-diyldioxydi-o-phenylene-dimethylene)-
6,6-dichloro-4,4-bis(pyrrolidine-1-yl)-215,415,615-triphosphaza-
(6-P¥)-1,3,5,7,10-pentaazaspiro[4.5]undeca-1,3,5-triene (26).
solution of 0.80 mL (9.73 mmol) of pyrrolidine in 50 mL of dry

THF was slowly added to a stirred solution of 0.50 g (0.81 mmol)

of 23in 100 mL of dry THF at room temperature. The solution

was heated to reflux for 42 h with argon being passed over the
mixture. The precipitated amine hydrochloride was filtered off, and
the solvent was evaporated. The residue was subjected to column N2—P2-N1-P1

chromatography [benzene/THF (1/1%=0.90] and crystallized
from CH;,CN. Yield: 0.34 g (61%). mp: 223C. Anal. Calcd for
C23H40C|2N703P3: C, 48.99; H, 5.87; N, 14.28. Found: C, 49.00;
H, 5.90; N, 14.16. ESI-MS (fragments based3®al, I,, %): m/z
686 (M + H]*, 100). IR (KBr, cntl): v 3065, 3040 (G-H arom),
2913-2826 (C-H aliph), 1234 (P=N), 1603 (G=C), 579 (P-CI).
1H NMR (400 MHz, CDC}): 6 1.95 (m, 8H, N-CH,—CH,), 2.75
(m, 2H, spiro N—CH), 3.04 (m, 2H2Jyn = 12.3 Hz,3Jyy = 9.4
Hz, 3Juy = 9.3 Hz, Ar—O—CHy,), 3.32 (m, 2H,spiro N—CH,),
3.45 (m, 8H,pyrrolidine N—CH,), 3.77 (g, 2H,3Jpy = 12.2 Hz,
2\]HH = 9.1 Hz, Ar_CHg_N), 3.85 (m, 2H,2JHH =123 HZ,B\]HH
= 9.4 Hz,3Jyy = 9.3 Hz, Ar—O—CH,—CH,), 4.24 (m, 2H 23y
= 12.3 Hz,3Juy = 9.4 Hz,3Jyy = 9.3 Hz, Ar—O—CH,—CH),),
4.28 (m, 2H,2JHH =123 HZ,SJHH =94 HZ,3JHH = 9.3 Hz, Ar-
O—CHz), 4.52 (q, 2H,3JPH =122 HZ,ZJHH = 9.1 Hz, A—CH,—
N), 6.80-7.30 (8H, Ar-H). 13C NMR (400 MHz, CDC}): 6 23.8
(BJpc = 9.2 Hz, N-CH,—CHy), 42.2 @Jpc = 17.3 Hz, spiro
N—CHz), 445 EJPC: 6.9 Hz, AI'_CHZ_N), 46.7 e\]pcz 4.9 Hz,
pyrrolidine N—CH,), 67.5 (A—O—CH,), 69.4 (Ar-O—CH,—CH,),
110.2 Cs), 120.0 C3), 122.6 Cy), 129.8 Cy), 131.9 Cy), 158.0
(Ce).
7,11-(Pentane-3-oxa-1,5-diyldioxydi-o-phenylene-dimethylene)-
6,6-dichloro-4,4-bis(pyrrolidine-1-yl)-215,415,615-triphosphaza-
(6-PY)-1,3,5,7,11-pentaazaspiro[5.5]dodeca-1,3,5-triene (2Cpm-
pound27was prepared As described 8 with 0.50 g (0.79 mmol)
of 24 and 0.80 mL (9.67 mmol) of pyrrolidine (36 h) [benzene/
THF (1/1) mixture,R; = 0.82], and it was crystallized from GH
CN. Yield: 0.31 g (55%). mp: 192C. Anal. Calcd for GoHsz-
CI;N7OsPs: C, 49.72; H, 6.04; N, 14.00. Found: C, 50.01; H, 5.99;
N, 13.92. ESI-MS (fragments based &¢I, I;, %): m/z 700 (M
+ H]*, 45). IR (KBr, cnml): v 3063, 3041 (G-H arom), 2922
2849 (C-H aliph), 1603 (G=C), 1229 (P=N), 577 (P-Cl). H
NMR (400 MHz, CDC}): 6 1.28 (m, 2H,spiro N—CH,—CHy),
1.73 (m, 8H pyrrolidine N—CH,—CH,), 2.79 (m, 2H23Jpy = 15.6
Hz, spiro N—CHy), 3.10 (m, 2H,3Jpy = 15.6 Hz,spiro N—CH,),
3.20 (m, 8H,3Jpy = 4.2 Hz, pyrrolidine N—CH,), 3.38 (q, 2H,
3Jpy = 12.7 Hz,2Jyy = 9.2 Hz, Ar—CH,—N), 4.02 (m, 2H, Ar-
O—CH,—CHy), 4.11 (m, 2H, A-O—CH,), 4.21 (m, 2H, Ar-O—
CH,—CH,), 4.22 (m, 2H, A-O—CHy,), 4.78 (g, 2H3Jpy = 12.7
Hz, 2Jyy = 9.2 Hz, Ar—CH,—N), 6.95-7.28 (8H, Ar-H). 13C
NMR (400 MHz, CDC}): 6 22.7 piro N—CH,—CH,), 26.3 Jpc
= 9.0 Hz, pyrrolidine N—CH,—CH,), 26.5 fJoc = 8.8 Hz,

Table 1. Selected Bond Lenghts (A) and Angles (deg) with the
Selected Torsion angles (deg) fb6 and22

16 22
P3-N3 1.577(5) P+N1 1.6008(16)
P3-N2 1.585(4) PEN3 1.6287(16)
P3-N4 1.646(5) PEN4 1.6491(16)
P3-01 1.596(4) P£N5 1.6324(16)
P1-N3 1.590(5) P2-N1 1.5633(16)
P1-N1 1.586(4) P2-N2 1.5804(16)
P1-N5 1.656(4) P2-Cl1 1.9982(7)
P1-02 1.569(4) P2ClI2 2.0097(7)
P2—-N1 1.595(5) P3-N2 1.5831(17)
P2—N2 1.604(4) P3N3 1.5525(15)
P2—-N7 1.658(5) P3-CI3 2.0040(7)
P2—-N6 1.651(4) P3-Cl4 2.0173(7)
C1-N5-P1 117.4(4) C+N5—-P1 113.76(13)
C9-N5—-P1 113.8(3) C19N5—-P1 123.72(13)
C1-N5-C9 111.5(4) C19N5—-C1 117.92(15)
C2-N4-C10 120.4(5) C3N4-C4 112.10(16)
C2—N4—-P3 122.6(5) C3N4—P1 115.51(12)
N3—P3-N2—-P2 22.2(4) N1+P1-N3—P3 —8.09(16)
N1-P2-N2—P3 8.9(4) N2-P3—-N3—P1 3.44(18)
—15.2(4) N3-P3-N2—-P2 5.47(17)
N3—-P1-N1-P2 —9.6(4) N1-P2-N2—P3 —9.26(17)
N1-P1-N3—P3 40.2(3) N2-P2-N1-P1 4.28(17)
N2—-P3-N3—-P1 —47.0(3) N3-P1-N1-P2 4.19(16)
Table 2. Crystallographic Details
16 22
empirical formula GoH40N706P3 C19H22C|4N502P3
fw 687.60 587.13
cryst syst monoclinic orthorhombic
space group Cc Pbca
a(h) 18.4420(11) 8.5470(3)
b (A) 13.3370(9) 21.8940(11)
c(A) 13.5691(14) 26.3773(10)
o (deg) 90.00 90.00
p (deg) 99.243(6) 90.00
y (deg) 90.00 90.00
V (A3 3294.1(5) 4935.9(4)
z 4 8
u(cm™) 2.113 (Cu k) 0.703 (Mo Ky)
pealcd (g T 1) 1.386 1.580
no. refins total 3395 29107
no. reflns unique 3077 4830
Rint 0.029 0.083
20max (deg) 148.50 52.08
Tenin/ Tmax 0.5251/0.6202 0.7663/0.9204
no. params 416 330
R1 [F?2>20(F?)] 0.0592 0.0281
wR2 0.1394 0.0653

pyrrolidine N—CH,—CHy), 45.9 6piro N—CH,), 46.2 €Jpc = 3.8
Hz, pyrrolidine N—CHy), 46.3 €Jpc = 3.2 Hz,pyrrolidine N—CH,),
46.7 (Ar—CH,—N), 69.8 (Ar-O—CHy), 70.2 (Ar—O—CH,—CHy),
114.8 Cs), 121.0 C3), 127.9 C4), 130.0 fJpc = 11.6 Hz,Cy),
130.5 Cy), 151.5 Cq).

X-ray Crystal Structure Determinations. Colorless crystals of
16 and 22 were grown by dissolving the compounds in hot
n-heptane and allowing the solutions to cool slowly. Selected bond
lengths and angles are given in Table 1, and crystallographic details
are listed in Table 2. The crystallographic data were recorded on
an Enraf Nonius CAD4 diffractometer using Cy Kadiation ¢ =
1.54184 A) aff = 296 K for 16 and a Stoe IPDS Il diffractometer
using Mo K, radiation ¢ = 0.71073 A) atT = 100 K for 22
Absorption corrections by integrati&h(for 22) andvy scarf® (for
16) were applied. Structures were solved by direct methods

(19) X-AREA version 1.18X-RED, version 1.04; Stoe & Cie: Darmstadt,
Germany, 2002.
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Scheme 2. Reaction Pathways of 4R:Cls with (a) Podands and (b) Dibenzo-diaza-crown Ethers in THF
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(SHELXS-97%! and refined by full-matrix least squares agaifst four different substituents. Therefore, they have R and S
using all data (SHELXL-975* All non-H atoms were refined  configurations (meso form). On the other hand, the reaction
anisotropically. The H atom positions (H1A, H1B, H2A, H2B, H3A,  of the aminopodands2¢4) with N3PsClg in dry THF
H3B, H6, H7, H8, H9, H14, H15, H16, .and H17 fﬁ@ and all H produces both spiro-ansa-spirblﬁl?))sa and spiro-bino-
atoms forl6) were calculated geometrically at distances of 0.93 spiro (L7, 18%and19) architectures (Scheme 1) in different

CH) and 0.97 A (CH) from the parent C atoms; a riding model . - . .
\(Nas)used during tr(]e ?c)efinement pF;ocess andigé-) valueg were yields, depending on the chain lengths of aminopodands. The
i obtained yields can be given as follows: [spiro-ansa-spiro

constrained to be 1.24)(carrier atom). The other H atoms were

located in difference syntheses and refined isotropically2fr compound/spiro-bino-spiro compound]: 401)/21% (17)
for R = (CHy),, 31 (12)/29% (18) for R = (CH,)3, and 18
Results and Discussion (13)/52% (19) for R = (CH)s. The reaction pathway is
Synthesis. Spiro-ansa-spiro-phosphazerd® has been de.picted_ in .Scheme 2. 1If t_he chains are small, spiro-ansa_—
prepared by means of the reaction aCls with aminopo- spiro derivatives are the major products, whereas, as the chain

dand1.8> The fully substituted spiro-ansa-spiro- phosphazenes'engths increase, the vyields of spiro-ansa-spiro products
14.and16 were obtained by the reaction bf with an excess ~ decrease. As shown in Scheme 2, this may be caused by the
of pyrrolidine and DASD, respectively, in dry THF. Com- free rotation of long chains around the tertiary N atom
poundslOand11are the first examples of the ansa structure Ponded to the P atom. We have already described the
having an ethane-1,2-diamine precursor in contrast to theSynthesis and structures of spiro-crypta phosphazeties (
expectation of spiro structure, and their structures have @nd24) which are the new families of macrocyclic multi-
previously been confirmed by X-ray crystallographye dentate ligands where the macrocycle and phosphazene rings
Interestingly, the PN bonds of the seven membered ansa are linked together, forming a novel structure by the reaction
rings of 10 and11 have cis configurations. Two P atoms of Of NaPsCle with dibenzo-diaza-crown etherg &nd8).® The

the ansa ring in0and11 are stereogenic because they have NOVel spiro-crypta phosphazen@d,(22,and25) have been
obtained from the reactions ofsRCls with the NbOy (X =

(20) l\lgosréh’péét CSSI-:gg’gillips, D. C.; Mathews, F. @cta Crystallogr. 2, 3) donor-type dibenzo-diaza crown ethessq, and9),
(21) Sheldrick, G. MSHELXS-97SHELXL-97 University of Gatingen: respectively. Since only the spiro arrangement is favored,
Géttingen, Germany, 1997. in contrast to the various expectations (Scheme 2), the

8760 Inorganic Chemistry, Vol. 45, No. 21, 2006



Phosphorus-Nitrogen Compounds

Scheme 3. Possible Absolute Configurations of Geminal (gem) and pyrrolidine nucleophile to one of the PCL groups. The
Non-geminal (non-gejnStructures for Spiro-Crypta and Spiro-Ansa- : . _
Spiro-phosphazenes geminal structure of27 has been confirmed by X-ray
structural analysi&! Elemental analyses, FTIR, ClI- and ESI-
MS, and NMR data are consistent with the proposed

Configurations of nitrogen atoms

PosebTy = noveen structures. The MS spectra @6, 16, 19, 21, 22, and 25—
o~ o X 27 show protonated molecular ioM[+ H]* peaks. In the
QN/\N h‘\”Pih' spectrum ofL4, the molecular ion peak does not appear, but
i R(S)\;P\.f SR) C'"‘,P\\N'P'\"”O important fragments appear ez 530 and 516.
Xid Bax = N IR and NMR Spectroscopy. The FTIR spectra of
XN phosphazene derivatived1( 14, 16, 19, 21, 22, and 25—
31P-NMR spin system ABC, ABX or AMX ABC, ABX or AMX 27) exhibit two medium intensity absorption bands at 3669
o o 3059 and 30413025 cn1t attributed to the asymmetric and
q R p X\,pfx symmetric stretching.vibrations_ of the aromatie B groups.
" NIRRT C ““““ o All phosplhazenes display an intense band between-1238
W NN g \N) 1.163 cm porrespondlng to t.herN of the phosphazene
K /F’u,,,x RS SRSR) ring. Two kinds ofvp—y absorption bands are seen for crypta
1o AR i ystem A8y Ay or A, A A o1 X phosphazene22(, 22, and25) at 1238-1229 and 1182
: - 1163 cm®. The former values are larger than those of the
o~ o X. X spiro-ansa-spiro- and spiro-bino-spiro-phosphazet@an(d
@QN/R\NJQ b‘,\aP‘iP‘, 19, respectively). The characteristi,_y Stretching bands
(i RO\ C"“IP\\N/P'\““") of the aminopodands and dibenzo-diaza-crown ethers disap-
x';\\ ,ﬁ,‘,x RO~ pear in the IR spectra of all the phosphazene derivatives.
xX N The absorption bands assignable to the stretching of PCI
$1P_NMR spin system ABC, ABX or AMX ABC, ABX, AMX, A;B, A;M or AX bonds for the partially substituted phosphazeid€s19, 21,

22, and 25—-27) were observed in the frequency range of
reactions of NP;Cls with the dibenzo-diaza crown ethers in  597-568 cnt™.
THF are regioselective. The H-decoupled®*P NMR spectral data of all of the
In 24, the nitrogen atoms of the ArGN groups are phosphazene derivatives are listed in Table 3. According to

stereogenic, and the configurations of N atoms are only RS the*H and**C NMR spectral data of the compounds, all the
on the basis of X-ray resufts(Scheme 3, possibility i). molepules appear to have symmetric structures in the
Compound<21 and 25 are also expected to show the same Solution.

characteristics a&4. Although several reports have recently ~ The expected spin systems2i, 22, and25 are likely to
appeared concerning the stereoisomerism of phosphorude AB; or AX, but the®'P NMR spectra oR1, 25, and22
atoms in phosphazene rings%1%nly a few reports about ~ are interpreted as simple AMX and ABX spin systems,
the stereoisomerism of the N atoms in phosphazene chemistryespectively. Ir21, 22, and25, the>PCk groups see different
have been published by our groffig>8cWwith an excess of ~ Parts of the macrocycle. Therefore, they have different
pyrrolidine in THF, compound€3 and 24 produce com- environments and show anisochrony (Figure 1) as observed
pounds26 and 27. The excess pyrrolidine was used as for compounds23 and 24.°2 Compound 10 is another
hydrochloride acceptor. In this reaction, the formation of the example that shows anisochrony in which the NPO phos-
fully pyrrolidinyl-substituted phosphazenessf{macrocycle)-  Phorus atoms possess different environments (Figure 1). But
(C4H-N)4] was expected, but the major products isolated were the analogous compoundl, having the same ethane-1,2-
the partially pyrrolidinyl-substituted geminal phosphazene diamine precursor does not show anisochrony. The aniso-
derivatives [NPs(macrocycle)(GH;N).Cl,], 26 and27. The chronism of compoun@l0 may depend on the five-membered
chloride replacement reactions of phosphazene derivativesspiro-ring conformations. According to the X-ray crystal-
with pyrrolidine lead to the non-geminal reaction pathw#ys. lographic data ol0,%° five-membered spiro rings are nearly
The reactions of phosphazene derivatives containing difunc-planar, but in11% the six-membered spiro rings are not
tional aromatic bulky diaminésand11, 12, and 18 with planar. In the literaturé’ it is claimed that anisochronism
excess pyrrolidine gave only fully pyrrolidinyl-substituted May depend on amine substituents containing stereogenic C
products. The observation of the geminal substitution path- atom bonded to phosphorus atom in thgPiring. Aniso-

way (instead of the non-geminal) @8 and 24 with excess chronism in phosphazene derivatives containing N atoms in
pyrrolidine is unexpected and in contrast to the observationsexocyclic rings has been investigated by our gr&up.

in the literatureé?2 Each>PCh group sees different parts of ~According to our findings, compoun#3® showing aniso-

the macrocycle, and the macrocycle hinders the attact of thechronism does not have stereogenic N atoms, but compound
118 having stereogenic N atom does not show anisoch-

(22) (a) Alkubaisi, A. H.; Hursthouse, M. B.; Shaw, L. S.; Shaw, R. A.

Acta Crystallogr.1988 B44, 16—22. (b) Lensink, C. L.; Ruiter B.; (24) Caylak, N.; Hikelek, T.; Bilge, S.; Demiriz, S Kili¢, Z. Anal. Sci.
Grampel, J. CJ. Chem. Soc., Dalton Tran$984 1521-1526. Submitted.

(23) Bilge, S.; Qglx, B.; Safran, S.; Demiriz, Slgler, H.; Havyali, M.; (25) Vicente, V.; Fruchier, A.; Cristau, H. Jagn. Reson. Chen2003
Kilig, Z.; Hokelek, T.J. Mol. Struct.2005 748 101—-109. 41, 183-192.
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Table 3. 3P NMR Data (CDCJ) of 10—27 (6 in ppm,J in Hz)

spin
system  OPON OP(pyrry 0PN oPChL 2Jpp
10 ABC Ps 36.50 R 34.72 2Jgc ~0
Pc 36.53 2Jpc 65.9
2Jp 87.3
1182 AoX Pa 19.59 R 29.35 2Jax 70.1
1282 ALX Pa 15.95 R 32.28 2Jax 69.4
1382 AX Pa 15.83 R 32.28 2Jax 69.4 (10) ,/\/L,J\MW
14 AB PA20.15 R24.10 2Jp8 53.5 ettt ; - RS e
1582 A.B PA20.68 R 23.42 2Jpg 55.7 38 36 34
167 ~23.50
1782 AX, Pa 6.56 B 25.10 2Jax 56.1
1882 AX, Pa 6.78 B 25.09 2Jax 55.7
19  AX, Pa 5.75 B 23.89 2Jax 56.2
2002 AB,A'B'>, PA18.89 R 20.38 2Jpp 46.6
Pa 18.92 R 20.39 2J0p 47.0
21 AMX PA14.56 R;21.03 2Jay 47.0
Px 24.33 2Jpx 47.3
2Jux 75.8
22 ABX PaA14.20 R17.51 2Jag21.5
Px 22.72 2Jpx 57.6 1) |
2Jgx 58.0
232 AMX Pa15.50 Ry 23.58 2]y 31.4
Py 25.46 2Jax 54.0
2Jux 78.8
2483 ABX Pa17.15 R 19.58 2Jag 65.2
Py 23.50 2Jax 65.5
2Jax 65.4
25  AMX Pa14.46 R 19.35 2]y 48.0
Py 21.56 2Jax 42.3
2Jux 71.6
26 ABX PA12.88 R14.08 R 23.32 2 ~0 Nu
20px 43.4 poow ; —
2Jx 59.3 ) T
27  AMX - Pa14.75 R;19.95 R 22.87 2Jay 55.7
2Jpx 38.3
2Jux 16.0

a Chemical shifts overlap.

ronism. Therefore, it is concluded that there is no connection
between stereogenism and anisochronism. The reaction of
dibenzo-diaza-crown ethers and aminopodands WifGlg

give geminal-disubstituted spiro-crypta and non-geminal-
disubstituted spiro-ansa-spiro-phosphazenes with three pos-

sibilities according to nitrogen atoms (Scheme 3). ltisclear @ ,U

that one can easily verify the absolute configurations of N T R ' =

20 10

atoms in spwo-crypta and splro-ansa-sp|ro-pho§phazene§:igure 1. Anisochronism of spiro-ansa-spirat@) and spiro-cryptaZl,
from the spin systems 8P NMR spectra. The experimental 22, and25) phosphazenes.

AMX and ABX types of spectra oR1, 25, and 22 are,

respectively, in accordance with R/S(S/R)- and R(S) con- five-line resonance pattern consisting oflaubletfor two
figurations of possibilities i and iii. On the other hand, PON atoms in the spiro-ansa-spiro ring anilet for one
according to X-ray data, there is only one stereogenic N atom P(pyrr) atom. The signal of dipyrrolidinyl-substituted P atom
in spiro-ansa-spiro derivative$0 (ABX), 11 (AxX spin of 14 is upfield-shifted by 5.25 ppm with respect to the
system)2and16. Moreover, the coupling constants between corresponding PGlatom of 11. The 6P shifts of 16

the two >PCl groups of anisochronic derivatives can be accidentally overlap centering at~ 23.50 ppm. TheP
estimated from the non-first-order spectrum. Taking into NMR spectra ofl9 consists of driplet and adoubletwhich
account the?Jpp values in the anisochronic spiro-crypta are assigned to the two spiro atoms (PON) and the fous PCI
phosphazenes, we conclude that if the values are nearly ~ atoms, and the signals @GP are upfield-shifted, compared
the same, either two nitrogen atoms in the macroring haveto those ofl4. Consequently, according to the signal patterns
pyramidal geometry (stereogenic), two of #gpvalues are in the 3P NMR spectra of the phosphazene derivatives, it
nearly the same, one nitrogen atom has pyramidal geometry,can easily be determined whether the phosphazenes prepared
or all three of thé’Jppvalues are different, no nitrogen atom by the reaction of aminopodan@-(4) with N3P:Cls have
has pyramidal geometry. In addition, it is interesting that the spiro-ansa-spird.{—13)82or spiro-bino-spiro17, 1822
the 2Jpp value between the PNand P(pyrr) atoms in26 is and 19) architectures.

very close to zero; therefore, the signals of P(pyend PN The bond anglesy o', 3, y, ¥', andd) of the phosphazene
aredoubletinstead ofjuartet CompoundL4 shows a typical derivatives are given in Table 4. The variations in the bond
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Table 4. Selected Bond Angles (deg) aoé shifts (ppm) for Figures 2 and 3

OQQ

X X Hsf
“'V Yd @T = O
X X Jex
W o\(ﬁ/Nb o_« N
aBb N % ’3 N 'YdB N /p\\ N >‘>(P\
X N N N
A ab PD"’%Y PYe NN
N"

Ya.
VbP ) Qa Cl\y\ /'L/CI c|\|| Il-'/CI
-~ \
o N \CI e \CI
1 n
Comp. OPN XPX NPN PNP OPN(a'):P
" (a')? (v) (@)? (v) (6) ®)*
10 98.01(17)  98.89(7) 114.27(19)  120.4(2) 114.5(2)  118.49(19) 98.01:36.50
98.01:36.53
11825 104.0(3) 99.60(11)  114.8(3) 119.9(3) 114.1(3)  119.3(3) 104.0:19.59
104.4(2) 114.4(3) 119.1(3) 104.4:19.59
16 102.2(2) 102.6(2) 116.1(2) 115.4(2) 1132(3) 121.8(3)
102.6(2) 117.1(2) 119.3(3) b
18% 103.81(17) 102.68(17) 114.35(19) 119.36(19) 118.0(2) 123.1(2) 103.81:6.78
102.65(15) 100.82(8)  113.94(18) 119.60(2) 118.4(2) 123.3(2) 102.65:6.78
101.26(14) 120.0(2) 123.5(2)
109.94(15) 119.96(19) 123.0(2)
1 100.3:5.15
112831 101.03:1.60
/ R Comp. R’ X

q j@ q )@ CLO K) m CH-CH; cl
R Y CHyCHxCH, ClI
N DN N e NHZHN CHO

{eoN -~ v (CH2-CH2),0  ClI
“gﬁ y & y KQ N/gi\N i CHx-A-CH;  Cl
%/as., x|l { { \|| '|D vil CH2-CHa O
P, R)o 12
va P Qv., < \f’st VR < P~ Ny Vil (CHxCHO (Y
/ spiro-cyclic phosphaza  IX CHa-Ar-CH, 0
o (PNP) lariat ether N
Comp. NPN PNP XPX NPN(a'): P NPN(a): 6P
(a) (o) v)* () (5) v)?
22 114.24(8)  105.33(8) 120.34(9)  122.85(10) 118.70(10) 100.68(3)  105.33:14.20
120.11(8)  122.87(10) 100.31(3)
23%%  111.60(19) 95.43(18) 120.3(2) 124.0(2) 118.0(2) 99.64(10)  95.43:15.50  111.60:15.50
119.9(2) 124.7(2) 98.31(2)

24 111.8(2)  1049(2) 120.1(3)  123.5(3)  1184(3)  99.49(13)  104.9:17.15 111.8:17.15
112.6(2)  1047(2) 120.5(3)  124.1(3)  117.9(3)  100.34(12) 104.7:17.15  112.6:17.15

120.6(2) 123.6(3) 100.45(12)

120.6(2) 124.6(3) 100.10(11)
27 102.6:19.95  113.5:19.95
R=(CH,)2, R=(CH,)s, X=CP**° 95.22:15.30  111.78:15.30
R=(CHa)s, R'=(CHz)3, X=CI**® 111.76:13.71
R=(CH;)3, R=(CH;)s, X=CI*® 103.69:15.25 112.50:15.25
R, R*=(CH;)s, R',R*=(CHg)s, X=CI** 101.03:17.78
R, R?=(CHa)3, R',R*=(CH,)4, X=CI** 100.35:18.50 113.45:18.50
R=(CHz)s, R'=(CHa)4, X=Cl, Y=@293-29b 103.6:18.86
nare 105.75:3.82  114.17:3.82
[\ 103.33:2.66  114.57:2.66
v’ 105.35:2.87  114.57:2.87
VI’ 104.90:1.28  114.15:1.28
ViR 101.32:17.57  117.60:17.57
vz 101.27:6.92  117.65:6.92
X% 105.75:10.30  119.90:10.30

a|ndicate the first (a), second (b), third (c), and fourth (d) vallié$® NMR signals overlap.

angles depending on the steric and electronic factors (e.g..exocyclic NPN (') bond angles versus th&P NMR
the conformation, electron-releasing and -withdrawing ca- chemical shifts of the spirocyclic phosphaza (PNP) lariat
pacities of small or bulky substituents, and the steric ethers (Il —IX) reported by our groujF®?”and the spiro-
hinderences of exocyclic groups) have been investigatedcrypta phosphazene22—24 and27) and analogous com-
previously3423|t was found that relatively small changes in  pound$®2°(Table 4). It was interesting to observe that curves
exocyclic bond angles caused large change3mNMR
chemical shift$® Figure 2a and b was drawn for the

(27) Caylak, N.; Hikelek, T.; Bilge, S.; Demiriz, S Ozgix, B.; Kilig, Z
Anal. Sci.2005 21, 63—-64.

(28) llter, E. E.; @ylak, N.; Igklan, M.; Asmafiliz, N.; Kilig Z.; Hokelek,

(26) Shaw, R. APhosphorus Sulfur Relat. Elerh986 28, 99—128. T. J. Mol. Struct.2004 697, 119-129.
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Figure 2. Plot of 6P shifts against the exocyclic bond angles) ©of (a) Figure 3. Plot of thedP shifts against the endocyclic bond angle} df

spirocyclic phosphaza (PNP) lariat ethel®,((b) spiro-crypta phosphazenes (&) spirocyclic phosphaza (PNP) lariat ethel, (b) Labarre compounds
(), and (c) spiro-ansa-spiro-, spiro-bino-spiro-, and spiro-phosphazenestaken from the literatufé(®), and (c) spiro-crypta phosphazen®9 (Hs-
(®). PQy, 109.47, 6P = 0.00 ppm).

a and b show contrasting trends in Figure 2. In Figure 2b, it :
. . . calculated values are 117.60(14) and 128.88spectively).
was observed that the points of the five- and six-membered The deviation may be caused by the packing in its unit cell,

rings of the spw_o—crypta phpsphazenes were accumulqted Or]exhibiting strong intra- and intermolecular contacts. Indeed,
the left- and right-hand sides of the curve, respectively.

. , the trends which exist between tH® NMR and X-ray data
Figure 2c was also drawn for OPN'{ bond angles versus allow prediction of thex angles. However, solvent interac-
the 6P shifts of spiro-ansa-spiro1@ and 11), spiro-bino- P ges. '

spiro- (18), and spiro-phosphazene derivativésad Il ) tions alter thedP shifts, while the intra- and intermolecular

(Table 4) taken from the literatuf&3°-31The trend observed contacts in the unit cell affe(?t the angles. Consequently,
for the o’ angles (Figures 2a and 2c) is in good correlation the results become more rellable. when the NMR measura-
with that of Shaw?® Moreover, a linear trend has been MM and X-ray data are taken |th0 gccount.

observed betweedPsy, shifts and the endocyclic NPN bond ~ The*H NMR spectra ofl4 and16 indicate that all of the
ang|es for a series of ana]ogous spiro_phosphazene derivagmorlne atoms inLl .have been substituted by pyrrolldlne
tives by Labarré? We have also investigated the relationship @nd DASD, respectively. On the other hand, in the fully
between theP shifts and the endocyclic NPNY angles. substituted derivative$4 and 16, the NCHCH, and NCH,

We compared three groups of compounds in Figure 3: (a) Proton signals of the pyrrolidine and DASD rings are easily
spirocyclic phosphaza lariat eth&%23(Table 4), (b) Labarre  distinguished from those of the ansa rings by the HETCOR
compounds taken from the literatiifeand (c) spiro-crypta ~ SPectra of these compounds, respectively. The HC
phosphazenes28, 24, and 27 and four analogous com- benzylic protons oll4 and16 are separated from each other
pounds®2°Table 4). Linearity between th#Psyr, shift and at 3.84 and-4.47 ppm, agjuartets in which they have three
the endocycliax angle is observed for spirocyclic phosphaza bond-coupling constant$Jey ~ 15.0 Hz. The protons of
lariat ethers. As can be seen from Figure 3P8, (the the benzylic moieties give rise tguartet or multiplet for
standard compound which posseses a pseudo-tetrahedrdipiro-ansa-spiro derivative44 and 16) and todoubletfor
structure) fits the relationships, supporting the validity of the the spiro-bino-spiroX9) derivatives, probably, because of
equations given as followsx = 0.9862P + 111.00 R= the higher flexibility of the spiro-bino-spiro-phosphazene.
0.93) for Figure 3a and = 0.2733P + 109.67 R= 0.97) Generally, the geminal-CH,— protons are not equivalent
for Figure 3b. However, for spiro-crypta phosphazenes, it to each other for spiro-crypta phosphazergds 22, and25—
seems to be a “cluster” of points rather than a trend of the 27); therefore, the spectra of the compounds show complex
linearity. The dPsyiro shift anda value for the spirocyclic  signals upon the preference of diastereotopic groups. Inter-
phosphaza lariat ethevi] )22 (Table 4) have not been taken estingly, the peaks of Ar@;N protons of the spiro-crypta
into account in Figure 3a because the poinvaif signifi- phosphazenes are highly separated from each other, as in
cantly deviates from the linear trend (experimental and the spiro-ansa-spiro-phosphazerietand16). These protons
are observed at 3.28.95 and 4.574.78 ppm as two groups

(29) (a) Tercan, B.; Heelek, T.; Biyukgungar, O.; Asmafiliz, N.; llter, E. ; ;
E.; Kilig, Z. Acta Crystallogr.2005 E61, 2145-2147. (b) Asmafiliz, of quartetshecause of th_e geminal prot_o_n COUplm@‘%H(')
N.; llter, E. E.; Isklan, M.; Kilic, Z.; Tercan, B.; @ylak, N.; Hikelek, and the three bond-couplingS4). In addition, the C atoms

T, BUy'le‘gl'Jng'Cr,.O.J. Mol. Strupt.Submitted. (c) Asmafiliz, N. G. and the geminal protons of ArOGBH, and ArOCH, are
Master Dissertation, Ankara University, Ankara, Turkey, 2005.

(30) Dal, H.; Safran, S.; ‘n, Y.; Hielek, T.; Kilig, Z. J. Mol. Struct. also distinguishable from the HETCOR spectra. The HET-
2005 753 84—91. COR spectrum oR5is depicted in Figure 4 as an example.

1) gf;gg?lbgBr';zg'gZ'E'E’QT&Eg%’ M.; liter, B. B Kilig Z. Acta One can notice that the order of tHE shifts for the ArQCH,

(32) Labarre, M. C.; Labarre, J. B. Mol. Struct.1993 300, 593-606. and ArOCHCH; groups are different from those #f shifts.
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Figure 4. HETCOR NMR spectrum (400 MHz) d?5. The dashed line (- - -) indicates 8H,N and the solid linef) indicates the ArOCKCH, and
ArOCH, groups.

The NCH; signals of the ansa rings d# and 16, which spiro rings 21, 2352and26) > seven-membered spiro ring
were confirmed by HETCOR experiments, are distinguished (25) > six-membered spiro ring2452 and 27).
from NCH, carbon signals of pyrrolidine and DASD precur- X-ray Structures of 16 and 22. The X-ray structural
sors, respectively. Two different NGBH, and NCH; signals determinations of compound$ and22 confirm the assign-
of the pyrrolidine and DASD precursors are observed for ments of their structures from spectroscopic data. The
14 and16. In the spiro-ansa-spiroi4) and spiro-bino-spiro-  molecular structures ot6 and 22 along with the atom-
phosphazenesl9), the couplings expected between the numbering schemes are depicted in Figures 5 and 6,
aromatic carbon and phosphorus atoms were observed forrespectively. The phosphazene ringsiéfand 22 are not
the G, Gs, and G carbons (Scheme 1) (not observed for planar and are in twisted boat forms [FiguregZs= —70.0-
16). These couplings3Jecs, 3Jpcs and 2Jpce have been  (4)° andf, = 68.9(4); Figure 8ap, = 155.5(8) andf, =
observed adriplets for (14) and doubletsfor (19), as 87.7(8¥] having total puckering amplitudé3Qr, of 0.439(3)
observed in the analogous compounti$<{13 and 15 and and 0.107(1) A, respectively.
17, 18, and20).22 The triplets have also been observed for  |n 16, the six-membered rings (P3/N4/C10/C11/C16/01)
the aliphatic N-CH; carbons of10 because of the second- and (P1/N5/C9/C8/C3/02) are in twisted forms with total
order effect§®?which estimate thdpc coupling constants  puckering amplitudesQr, of 0.459(4) and 0.515(4) A,
between the external transitions of thiéplets.?> The 2Jpc respectively. In addition, the six-membered rings, N7/C22/
value of NCH; for the spiro-crypta phosphazenes, which have C23/C24/C25/C26 and N6/C17/C18/C19/C20/C21, of the
five-membered spiro rings, are found to be very large. In DASD moieties in16 have chair conformations with total
addition, the coupling constant3J{c) of the spiro-crypta
phosphazenes are in the following order: five-membered (33) Cremer, D.; Pople, J. A. Am. Chem. Sod975 97 (6), 1354-1358.
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c2 P3

Figure 5. An ORTEP-32drawing of16 with the atom-numbering scheme.
Displacement ellipsoids are drawn at the 50% probability level.

(03] (b)

Figure 7. (a) Conformation of the bicyclic system and (b) the configura-
tions of the spirocyclic N atoms ih6. The substituents have been omitted
for clarity.

N1

P1
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N2
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P3
Figure 6. An ORTEP-32drawing of22 with the atom-numbering scheme. (@) (b)

h L o I
Displacement ellipsoids are drawn at the 50% probability level. Figure 8. Conformations of (a) the phosphazene and (b) the six-membered

puckering amplitudesQy, of 0.550(6) and 0.581(7) A, spiro ring in22.

respectively. The bicyclic system made up of phosphazene The average PN bond lengths in phosphazene rings of
and the ansa (P1/N3/P3/N4/C2/C1/N5) precursor is in the 16 and 22 are 1.590(4) and 1.585(2) A, which are shorter
sofa conformation, which resembles the stable “adamantanethan the average exocyclic-N bonds of 1.636(5) and
structure, where each ring is & V shape (Figure 7a). The  1.641(2) for 16 and 22. The electron back-donation also
dihedral angle between the best least-squares planes of Pléayses the shortening of the exocyclie®bonds according
N1/P2/N2/P3 and P1/P3/N4/N5 is 629)(,1¢nd it can be to the average PN Sing|e bond of 1683(5) A5
compared with the reported values of 62.2(2) and 62°3(2)  As can be seen from Table 4, @2, the a angle is
in the bicyclic phosphazene JRy(NC4Hg)s(NH"Pr)(N'Pr)}* narrowed, while ther and/ angles are expanded, consider-
and 68.0(2) in the spiro-ansa-spiro-phosphazene skeleton ably, according to the “standard” compoungPCls. In NgPx-
(11).5¢ In the bicyclic systems, the maximum separations cj,, the o, o, and 8 angles are 118.3(2), 101.2(1), and
between the P and C atoms are {P21 = 4.141(3) A and 121.4(3), respectively?® On the other hand, il02° 11,8
P2::C2 = 4.451(3) A]. All the P--P distances are in the and 16, the & angles [114.5(2), 114.1(3), and 113.2(3)
range of 2.643(2)2.779(2) A. respectively, Table 4] have unexpectedly small values with
In 22, the six-membered ring (P1/N5/C1/C2/C3/N4) is in respect to the corresponding ones in the spiro-crypta phos-
chair conformation [Figure 8+ = 0.657(2) A,p> =26.2-  phazenes and4R:Cls, probably because of the conformations
(2)°, andb, = 94.0(2)], and phosphazene ring has a pseudo- of the bicyclic rings in the spiro-ansa-spiro-phosphazenes
2-fold axis running through atoms N1 and P3, as can be (Figure 7a).
deduced from torsion angles (Table 1). As expected, the The sums of the bond angles around atoms N4 and N5

macrocyclic ring is not planar with the puckering amplitude, [359.5(5) and 342.7(&)for 16 and 344.8(19 and 355.4(14)
Qr, of 2.682(2) A.

— (35) Allen, F. H.; Kennard, O.; Watson, D. G.; Brammer, L.; Orpen, A.
(34) Oztirk, L.; Isiklan, M.; Kili¢, Z.; Hokelek, T.Acta Crystallogr.2002 G.; Taylor, R.J. Chem. Soc., Perkin Trans.1®87 1-19.
C58 80-83. (36) Bullen, G. JJ. Chem. Soc. A971, 1450-1453.
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for 22] show a change in the hybridization of N5 atom for sized via the condensation reactions gP)Cls with ami-

16 and N4 atom for22 from trigonal planar toward nopodand4) and dibenzo-diaza-crown ethef; 6, and9).
pyramidal. Thus, the N5 atom fdi6 and the N4 atom for ~ The substitution reactions of partially substituted phos-
22 may represent stereogenic centers (Scheme 3, possibilityphazene derivativesly, 23, and24) with pyrrolidine and

ii). The N atom with pyramidal geometry might be expected DASD have also been investigated. The correlations of the
to give rise to optical activity (chirality) if the N atom was  oP shifts with the exocyclie' angles of spiro-crypta, spiro-
connected to three different groups, since the unshared pairsansa-spiro-, spiro-bino-spiro-phosphazenes and the endocy-
of electrons are analogous to the forth group. This kind of clic a angles of the spiro-crypta phosphazenes and spirocy-
chirality is merely a result of the acyclic tervalent chiral N clic phosphaza lariat ethers (Table 4) have been discussed.
atom. For the cyclic molecules in which the N atom is at a The variations of theP shifts depend essentially on the
bridgehead, pyramidal inversion is preventédiroger's base  variations of the angles around the phosphorus atoms and
is one of the oldest examples of this kind of optically active presumably on the change of theanda' angles. The trends
compound® Moreover, atoms P1 and P3 fa6 each have  between thé'P NMR and the X-ray data allow the prediction
different attachments and thus are also expected to beof a angles by the)P shifts. Interestingly, thé'P NMR
stereogenic centers in the solid state. They have R and Sspectra o1, 22, and25 show that the> PClL groups of the
configurations (meso forms). The Flack absolute structure compounds have anisochrony. The results obtained from the
parametée® of 16 was refined; the expected values are 0 for 3P NMR and X-ray data indicate that there are no direct
the correct andt1 for the inverted absolute structure. The relationships between stereogenism and anisochronism.
refined value is 0.08(6). So, the absolute structure is Further studies in this direction are currently underway.
determined reliably. If we have the correct absolute structure,
then we can correctly assign the chiral center. The absolute
configuration of the chiral nitrogen center (N5) in compound
16 can be designated as S, indicating that the Cahgold—
Prelog(CIP° priority order of groups is PN> CH,Ph >
CH,CH..

The inner-hole size of the macrocycle in the radii2@
was estimated to be twice the mean distance of the donor
atoms from their centroids and is approximately 1.27 A, using
the “modified covalent radii” of the )¢ (0.72 A) and Q3
(0.76A) atoms as in the literature methd.
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Turkey, 2005. P. A.Inorg. Chem1982 21, 3261-3264. (b) Hdelek, T.; Akduran,
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