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Abstract-The reactiona of hexachlorocyclotriph~8phaaatriene with ethane-, 

1.3-propane- and 1,4-butanediole give the following derivatives: (i) 

spiro N~P~[o(cH~),~~,C~~~~, (?I = 1.2 and 3: 3 = 2,3 and 4), anaa - - 
N3P3[O(CK2)301C14, spiro-ansa N3P3[0(CQ)3012C12, bridged 

N3P3C15[O(C!3&OlN P C1 (n = 3 and 4) and dangling N3P3[O(CH2)~HIC15 - 3 3  5 - 
(g = 3 and A). The 3 1 ~  and '8 nmr spectra of the above compounds were 

investigated. 

INTRODUCTION 

The reactions of hexaohlorocyclotripho~phaeatriene, N3P3C16, (I), with monofunetional rsagente, 
have received a great deal of attention.' By contrast, those of dWnctiona1 reagents have 

been until recently comparatively neglected. The products of the reactions with aliphatic 

primary diamines were initially ascribed erroneous ansa- structure^.^ A subsequent 

reinvestigation ehowed that the compounds were, in fact, spiro deri~ativea:~ thie was conrirmed 

by X-ray crystal lo graph.^^-^. Much of the other work with difunctional reagents has been 

summarieed elsewhere. 8 

Some mono- and tris-spiro compounds were reported with aliphatic diols, however, with only very 

limited speetroaeopie and no crystallographic data.9-19 Our earlier investigations20*2' of 

the hexachloride, N3P3C16 (1) and the oetachloride. N4PAC18, with monofunctional alcohols had 
ahovn that uolese moisture was rigorously excluded during the synthesis of the 

alkoxyphoaphaaenes, the properties of the resultant products ehowed little reeemblance to those 

of the pure compounds. 

Dedicated in Friendship and admiration to Derek Bsrtm on the occassion of his 

70th Birthday. 



DISCUSSION 

Difunctional reagents can give r i s e  i n  principle t o  four s t ructural  types: 

( i )  spiro, ( i i )  ansa, ( i i i )  bridged and (1%') dangling.' With diols  the only products 

reported had been mono- and t r is-derivat ives of the f i r s t  type. The other three, especially 

anaa, were of considerable chemical interest ;  i n  eddition, the bis-apiro derivatives had the 

most complex and interest ing 'A nmr spectra. 

We therefore subjected the reactions of the hemchloride, N3P3C16 (1) to  a eystematic 

investigation with ethane-, 1.3-propans- and 1,b-hutanediols. Preliminary report8 of t h i s  

work have appeared." 

We noted during our synthetic work tha t  traces of moiature caused the following complications: 

(i) a greater number oE products; ( i i )  an apparent retardation of the r a t e  of formation of the 

desired products; ( i i i )  d i f f i c u l t i e s  i n  purification by reerya ta l l i sa t im,  i n  part icular  the 

inab i l i ty  t o  grow crystals  suitable for  X-ray crystallogrsphy. A combination of rigorous 

drying of reagents and solvents, chromatography, sublimation and r sc rya ta l l i ea t im,  gave 

eventually pure products suitable for  spectrascopic and crystallographic studies. The 

compounds are rather  leaa soluhle than analogous compounds based on diamines or amino aloohols 

and hence present greater d i f f i c u l t i e s  i n  purification. This pertains partioularly t o  the bis- 

and tris-apiro derivatives. 

We ieolated a t o t a l  of 15 compounds, which included examples of a l l  4 s t ructural  types: 9 

spiro, N3P3[0(CH2)nOl.&+ (5 = l r 2  and 3; 2 = 2,3 and 4)Q - 10); 1 ansa, N3P3[O(CH2)301C14 - 
( 1 epiro-ansa, N3P3 [0(CH2)3012C12 (GI; 2 bridged, N3P3C15 [0(CH2)=OlN3P3C15 (9 = 3 and 41, 

(2, and 2 dangling, N3P3[O(CH2)=0HICl5 (g = 3 and 4) (2, 16). I n  addition, we observed, 

but did not i so la te  i n  a pure form, a bridge N ~ P ~ C ~ ~ [ O ( C H ~ ) ~ O I N ~ P ~ C ~ ~  and a dangling 

derivative, N3P3[0(CH2)20HIC15, baaed on ethylendial .  Th8 spiro derivatives are by f a r  the 

major products, especially f o r  the ethylene- and propylenediols. Bridged derivative8 assume 

significant importance with butylenediol. The spiro-anea compound (x) i i s  present i n  

considerably smaller amounts than i t s  dispiro isomer (6). The ansa derivative (11) i s  isolated 

i n  only trace amounts. Bridged compounds are obtained i n  be t te r  yielda than danglers. 

Crystal structures of 7 of these (5)24, (i)22c, (1925, and ( a 2 2 c 1 c  have been 

reported, aa well as the 3% nqr spectra of three of these (2-4)26. 

As with ethylenediamine and athanolamine, the five-membered r ing subatituent, the ethylene- 

dioxy group, differed markedly from the six- and seven-membered homologues and from related 

acyc l ic  compounds.4J"-3' 
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We had shown earlier that with ethylenediamine only a mono-, N3P31NE(CH2)2NEIC14, with 

ethanolamine, a mono-, N3P310(CH2)2NEIC14 and traoee of two immerie bis-derivatives, 

N3P3[0(CA2)2NH12C12 could be isolated. Mare forcing reaetian conditions lead to resinous, 

polymeric glues.& We had suggested8 that the structural moiety P-NE in a five-membered 

waa responsible for the polymerisation reaction and this was borne out by subsequent studies 

with N,N'-dimethylethylenediamine3' and N-rnethylethan~lamine,~~ where mono-, bis- and tris- 

derivatives were characteriaed. Thus, the formation of the three spiro ethanedioxy derivatives 

follaws the aams predicted pettern. These three derivatives, especially the tris (g), appear 
to be unstable on atorage, probably due to hydrolysis. The unique nature of five-membered ring 

phosphates haa been reoognised s ince  the aeminal work by Westheimer's group37 on the binetics 

of their hydrolyeia. 

By contrast, dia~ninee~"~~ and amino a l c ~ h o l s ~ ~ ' ~ ~  giving rise to six-membered spiro 

substituente, suffer much less from this side reaction, which leads to polymeric producte. The 

next higher homologues give, in addition to spiro, ale0 bridged derivati~ea,~~ which with the 

higher diaminea, H2N(CH2),q (z > 5 )  become the exclusive products.36 

31P NMR SPECTRA 

The chemical uniqueness of the five-membered phosphorus-containing ringa ie mirrored in their 

3 1 ~  n m  chemical ahifts. Attention to thie in mononuclear phosphates wae drawn aome time 

ago.27-29 In oyelotriphoaphaaatriene derivativee, the six- and seven-membered ring apiro- 

derivatives give well-resolved spectra.31 By contrast, those of the ethylenediamine and 



sthanolamine derivatives gave only a single broad line at medium magnetic Pield, because of the 

small chemical ehift separation between the ZPC12 and the EPspiro group.4 We have now been 

able to analyse them apeetra at high field. Similar remarka pr ta in  to the mmo- and 

particularly to the hie-ethylenedioxy derivatives. The 3 1 ~  nmr data of the 15 allranedioxy 

derivatives, together with that of the etarting material (1) are presented in Table 1. The 

3 1 ~  chemical shifts fm some of these compounde have been related to their exocyclic OPO bond 

angles.23 

h b l s  1: 3 1 ~  nmr dat& for the did derivatives of N3P3C16 - 

Footnote: %t 161.98 MHz in CDC13 referenced to external 85% H3WC 

bin ppm 3 in Ha. d 2J[~(~~)~1-~apirol = 73.0 Ha. 
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The 3lP nmr spectra at 24.15 MHz of the three monoapirodioxy derivatives, N3P3[O(CH ) 01C14 
2 n 

(n = 2, 3 and 4), are given in Figure 1, those at 162.0 MHz of N3P3[O(CH2)201C14, 

N3P3[O(CH2)2NAIC14 and N3P3[NE(CE2)2AHIC14, in Figure 2. At low or medium field strengths these 

give rise A2B spin aystema tending to Ay 

The following pointa are notewortby: (i) The EPspiro nuclei are deahielded in the order 6- 

membered > 7-membered >> 5-membered spiro ringe. (ii) The effect of the epiro substituenta an 

the EPC12 nuclei ahows the eame order, giving riae to some of the nost dsshielded 3PC12 nuclei 

recorded. (iv) Whilat the chemical shifts of the EPspiro nuclei cover a large range (34 ppm), 

the shifts of the EP(0R)Cl nuclei vary little from 6= 16, if the OR group is acyclic, but 

ohangea drastically for the 2 anaa   om pounds to 630-31. Thie may be related to the ring 

oompreesion, which haa been obaerred,21d- and is due to the =-annular link. (v) All two bond 

ooupling constant., 2~@), are large and in the range of 57-71 Ha. 

'E IPMR SPECTRA 

We have ahovn earlier that allrolryphosphazenee can ahow virtual coupling e f ~ e c t s . ~ ~ , ~ ~  The 

methay (as the dimethylamino) derivatives exhibit humplike abeorptions between the outer 

doublets,39 whilst the ethoxyderivativea, gem- N3P3Ph4(0Et)2, gem-N3P3Ph2(0Et)4 and 

N3P3(0Et)6. show the expected fine line s~litting?~ The 0CH2 protone of the allranedioxy 

group8 appeared to be very suitable to demonatrate virtual coupling. A priori, one would have 
expected the bis and tria derivatives to show maltiplicities arising from virtual coupling to 

two, respectively three, phosphorus nuclei. This is observed for the 1.3-propylenedioxy and 

the 1.4-butylenedioxy derivatives, where there are considerable chemical ahift differences 

between the 3Cl2 and the Sspiro absorptions. The situation is more complex for the 

ethylenedioxy compounds, because of the proximity of the absorption signals of the two 

chemically different types of 3 1 ~  nuolei. Similar observatione have been made previously.40,41 



The mono-1,3-pro~lenedioxy, (2) md the mono-1,4-butylenedioxy compounds (4) have 

relatively simple proton spectra, with Borne four bond coupling, 4~(~), observable. That of 

the monoethylenedioxy derivative, @), is complicated by the above mentioned effect. 

The epectra of the tris spiro compounde are again relatively simple, additional fine structure 

being obaerved due to long range virtual coupling, as the three 3spiro nuclei are equivalent 

and are strongly mupled. That of the ethylenedioxy derivative, (g), gives a beautiful example 
of this phenomenon, without the need for homonuclear proton-proton deco~plin2~ (Figure 3). 

The expected quartet structure of the 0CH2 protons becomee also clear in the 

tris-1,3-pro~le"edioxy (g) and the tris-l,4-butylenedioxy-derivatives (11, on homonuclear 
decoupling of the CCH2 protons. 

The 'H nmr spectra of the bisderivativee are by far the most oomplex and alao the most 

interesting. The protons of the 0CH2 and the CCH2 methylene group8 are "on-equivalent due to 

their being part of a cyclic moiety and therefore the two protone of each methylene group see a 

different environment. This is most pronounced for the bmembered and least for the 5-membered 

ring. Thus, over and above the coupling effects observed for the mono and tris derivatives, 

each methylene group gives rise to an AB quartet structure. This is demonstrated for the bis- 

l ,3-propylenedioxyderi~~tive,  (6). (Figure 48). Homonuclear decoupling considerably 

sinplifies the spectrum (Figure 4b) and allows the virtual coupling effect to two phosphorus 

nuclei to be observed. 
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The 3@FJ coupling constants differ with ring size (Table 2). Thoee of the sthylenedioxy 

derivativee are the amallest (10.8-11.6 Ha), those of the 1.3-propylenedioxy compounds are only 

marginally larger (10.6-12.9 Hz), whilst those of the 1,4-butylenedioxy derivativee are 

markedly inereaeed to 17.7-18.5 Ha. The acyclios are smaller (9.0 - 9.2 HB) than any of the 

above. 

Table 2: 'H nmr data for the diol derivative2 - 

Footnote: *kt 250.13 MHz. in CDC13 solvent, referenced to TMS. b in ppm. 

2 in Hz. 

In three of the propylenedioxy derivatives (6, 11 and 2) the OC3 protons and to a somewhat 
leeser extent the CC3 protons show non-equivalence. 



EXPERMMTAL 

Chemicals were obtained aa Pollawa: 

benzene, light petroleum (bp 40-60°c), anhydraus diethyl ether ( M a y  @ Baker LM.), 

tetrahydrofuran (Fluh-Garantie 99.53), aaetonitrile, deuteriated solvents for nmr 

spectroscopy, propane-l,34iol, butane-1,4-did (Aldrich Chem. Co. LM.), pyridine, ethanediol 

(B.D.H. Chemical Co. Ltd.), hexacNorocyclotriphosphaaatriene (Shin Nisso Kako Co. Ltd.). 

Solvents were dried by conventional methods. 

All reactions were monitored by using Kieaelgel 60 F 254 (silica gel) precoated tlc plates and 

sprayed with ninhydrin (0.5w/v%) in butanol aolution and developed at approximately 130'~. 

Separation of produots were carried out by flaah column ohromatogrape using gieselgel 60. 

Melting points were carried out on a Reiahert-Kofler micro heating stage and a Mettler FB 82 

hot stage connected to a FP 800 central prooessor both fitted with a pokvising mioraecap. '8 

Nmr spectra were recorded using e JEOL -00 spectrometer (operating at 199.5 MRa), a Brulrer 

WH 250 epectrometsr (operating at 250.48 HHn - Kings College. London) and a Varian XL 400 
spectrometer (operating at 399.95 MHz - University College, London). Samples were dissolved in 

CDC13 and placed in 5 mm nmr tubes. Msaaurements were carried out wing a CDC13 lock, TMS as 

internal reference and eample omcentrations of 15-20 mg/cm3. 

3 1 ~  Nmr spectra were recorded using a J m L  JNM Fg-60 apectrometer (operating at 24.15 ME*), a 

Varian XL-200 spectrometer (operating at 80.98 MHz - University College, London), a Bruker WH 

400 spectrometer (operating at 162.0 MHz - %em Mary College) and a Varian VW 400 (operating 

at 162.0 W e  - University College, London), 85% H3FQ4 was used as an external reference. 

The mass spectra were recorded uaing a YG 70708 Masa Spectrometer with Finningan INCOS Data 

System at University College, Iandon and a VG ZAB IF mass epeotrometer at the School of 

Pharmaoy. 

Reactions with ethanediol: - (5) 1 equivalent. To A3P3C16 (log, 28.8 mM) in CH2C12 (100 ml) 

was added ethanediol (1.78g, 28.8 mM) and p i d i n e  (5g, 63.3 mM) in CH2C12 (50 ml). The 

reaction was monitored by tlc and 3 1 ~  nmr spectroscopy. After 48 h, the bulk of p i d i n e  

hydrachloride was filtered off, the remainder being removed by column chromatography using a 

mixture of CH2C12/Et20 (211). To separate individual phosphaaenes, the product vae 

rechromatographed uaing Et20 as eluent. Tbree main Praetione were obtained (1) N3P3C16, (11) 

the monoepiro derivative, N3P3[O(CH2)201C14and (ill) the bis spiroderivative, 

N3P3[0(C%)20)2C12. Fraction8 (1) and (ii) contained two trace components, which were 

identified by 3 1 ~  nmr spectroscopy and mass spectrometry as the bridge derivative 
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N ~ P ~ c ~ ~ ( o ( c H ~ ) ~ o ~ N ~ P ~ c ~ ~ ( M + ,  680) and the dangler N~P~[o(c~)~oEIc~~(M+, 371). Fraction (ii) 

further purified by eublimation 110-120~~/20 m m  followed by recryetallisation 

from CH2C12 to give (9, mp 169-170'~ (lit.'4 166'~) Pield 25%. 

( 2 equivalents. Procedure as for b). Tbree fractions were obtained from column 

chromatography using (2:l) as eluent! 

(i) N3P3Cl6, (ii) (a and (iil) (5). (iii) Was recrystalliaed from CE$l2, folloved by 

sublimation at 17O0C/20 mm and again recryetallised Prom CE2C12, mp 227-22E°C (decamp), yield 

15%. 

(%) 3 eequivalenta. Reaction procedure as in h). The reaction mixture waa freed from 
floating amine hydrochloride and then filtered through a glaas crucible. The precipitate was 

washed with CB2C12 and traces of (5) vere removed to give (g), yield 20%. 

Reactions with propane-1,3&ol:- (4) 1 equivalent. To (1) (60 g, 173 mM) in anhydrous Et20 

(300 ml) was added with stirring pyridine (27.4 ml, 347 mM) in Et20 (25 ml). The did (13.2 

g, 173 mM) in Et20 (25 ml) was then added with stirring (lh). After standing (12 h), the 

mixture was refluxed until tlc indicated completion of the reaction. On attaining room 

temperatues, the pyridine hydrochloride was removed by filtration and the filtrate concentrated 

to 50 ml. One third of the filtrate was column chromatographed using 60 g of ailiea gel and 

eluted with light petroleum/benaene (2:l). Four major frections were obtained: (i) N3P3C16 

(6%), (ii) the dangler (U) en oil (l2%), (iii) the bridge compound (XI, mp 69'13, yield 18%. 

and (iv) a mixture of two isomeric compounds. (iv) Was rechromatopaphed using benzene as 

eluent. The ansa iaomer (11) waa iaolated first and recrystallised from light petroleum, mp 

135%, yield 4%. The second component vas the mono eprio derivative 0, mp 155-156OC (lit.'& 

156 "C), yield 41%. 

(eJ 2 equivalenta. Procedure as for (dJ. There were inolated the previoue compounds (s, 
(l-3) and (2). together with the dispiro derivative (g), recrystalliaed from light petroleum, mp 
227OC (deeomp), yield 58%. 

(9 3 equivalents. Procedure as for (aJ. Elution with Et20 gave three fractions: (i) the 

spiro-ansa compound (z), the dispiro (5) e& the triapiro (2). Compound W was recryetallised 
from diethyl ether, mp 173.5-174.5°C, yield 1%. Compound (2) recrystallised from CH2C12, mp 
250-265OC (decamp), yield 45%. 

Reactions with butane-l,4-did:- (g) 1 equivalent. Procedure aa for (4). Three fraotions vere 
obtained: (i) the dangler (*), an oil, yield 11%; (ii) the bridge derivative (u), 



reorystallised from a mixture of light petroleum/CH2C12 (2:1), mp 82'~. yield 32% and (ill) the 

monospiro compound (A) ,  reorystallised from light petroleurn/c~~~l~ (Zrl), mp 160.0-160S0c, 

(litq4 156'13, yield 35%. 

(h) 2 equivalente. Procedure ae for (g. The dispiro compound (2) uae recrystallised from 
Ught petra1eumlCF+Cl2 (2:1), mp 215°C(decomp), 

yield 38%. 

(i) 3 eqaivalents. Rocedure as for (c). The trispim derivative (E) vuas recrystallised 

from CH2C12, mp 245255'~ (decornp), yield 25%. 

Characterieation details are given in Table 3. 

3: characterisation details for compounds 1 1 1 - ( 6 1  - 
elemental analyaialpercentage Composition 

n - Calc. 

Calc.4 Obs. c H 

335 335 7.1 1.2 

349 349 10.3 1.7 

363 363 13.2 2.2 

325 325 14.2 2.5 

353 353 20.3 3.4 

381 381 25.1 4.2 

315 315 22.9 3.8 

357 357 30.3 5.1 

399 399 36.1 6.1 

349 349 10.3 1.7 

353 353 20.3 3.4 

694 694 5.15 0.9 

708 708 6.7 1.1 

385 385 9.3 1.8 

399 399 12.0 2.2 

%sed on the mass of the most abundant Isotope. 
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