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THE REACTIONS OF N,P,Cl, WITH
POLYFUNCTIONAL REAGENTS

HOMAID A. AL-MADFA,* MICHAEL B. HU'RSTHOUSE,b
HAROLD G. PARKES,* LEYLA S. SHAW (NEE GOZEN)*®
and ROBERT A. SHAW 2*

2Department of Chemistry, Birkbeck College, (University of London),
Malet Street, London WCIE 7HX, UK.
®Department of Chemistry, Queen Mary College, (University of London),
Mile End Road, London El 4NS, UK.

The reactions of N;P,Cl, with polyfunctional reagents, such as glycerol, are reported. NMR spectroscopic
and X-ray crystallographic studies will be presented.

The reactions of N;P;Cl, and its derivatives with difunctional reagents have been
widely explored synthetically, spectroscopically and crystallographically. (For
summaries of the literature see refs. 1 and 2.) Four types of products have been
obtained with aliphatic reagents: spiro, ansa, bridging and dangling (monofunc-
tional) (1-4) (Figure 1).

By contrast the reactions of N;P,Cl, with trifunctional or higher functional
reagents, which have been studied, are very few and have been the preserve of
Labarre’s group in Toulouse. Thus the reaction of N;P,Cl¢ with the trifunctional
triamine spermidine, H,N(CH,),;NH(CH,),NH,, was reported to give a unique
product.® Various spiro, bridging and dangling, but not ansa, structures were
considered.* Of these only two (5) and (6) (Figure 2) conformed to the mass
spectrometric and analytical results. X-Ray crystallography proved the compound to
be (5).

Compound (5) has one NP, ring with a six-membered spiro ring, with the third
amino group forming a bridge to a second N,P, fragment.®* The isomer with a
seven-membered spiro ring and a bridging structure (6) was not reported.>* Evi-
dently the formation of the six-membered spiro ring is greatly favoured over that of
the seven-membered spiro ring, the latter not being observed, although
seven-membered spiro rings are well documented: viz. N,;P{O(CH,),0IC1 />
N,P,[O(CH,),NH]Cl,® and N;P;[NH(CH,),NHICl,.

No compound was reported where spermidine behaved as a difunctional or
monofunctional reagent, with one, respectively two, dangling amino groups.

The reactions of N,P,Cl with spermine, H,N(CH,),NH(CH,) ,NH(CH,);NH,,
a tetrafunctional tetra-amine was reported to give exclusively one product.® If one
enumerates the possible reaction products considering only spiro, bridging and
dangling derivatives, the situation is even more complex and seventeen structures
can be visualized. The exclusive product reported and crystallographically ex-

*Author to whom all correspondence should be addressed.
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FIGURE 1 The four types of products of N, P, derivatives with difunctional reagents.
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FIGURE 2 The structure of the spermidine derivative of N,P;Cl.



08: 03 30 January 2011

Downl oaded At:

N;P,Clg WITH POLYFUNCTIONAL REAGENTS 205

A oa
N/
AN
N OSNH
N—CH
Cl\lp| Fl,/ \ZCH
AN st
1
(CH,),
HyC — N
e P N
1
~
c—n" | Il ~a
H N
N
/
ol
7

FIGURE 3 The structure of the spermine derivative of NyP;Cl,.

amined® contains two N, P; rings each with a six-membered spiro ring and these are
linked by a —(CH, ) ,— bridging unit (7) (Figure 3).

Again we note the preference to form six-membered rather than seven-membered
spiro rings and the absence of dangling groups.

In view of our interest in the reactions of N,P,Cl, and derivatives with diols,>°-!3
we have extended our investigation to glycerol, a triol.

From the reaction of N,P;Cl, with glycerel in the presence of tertiary base
(pyridine) as HCI acceptor in the ratio of 2:1:3, we have isolated so far two
products (8) and (9). The first (8) has so far not crystallised. Its mass spectrum gave
a parent ion peak at 348 with an isotope pattern typical of four chlorine atoms.
Hydroxy compounds are known to dehydrate (—18) and pick up a proton (+1).16:17
Hence if we add 17 to the parent ion we obtain a mass number of 365. This
corresponds to N, P,(0,C;H,)* Cl,. Two isomer structures (8a) and (8b) would fit
this formula (Figure 4).

H
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FIGURE 4 The two possible isomeric structures of compound (8).
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FIGURE S The 3P {*H} NMR spectrum of compound (8).
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The P NMR spectrum allows a distinction to be made between these two
structures. Compound (8a) contains a five-membered spiro ring and hence it is
analogous to N;P;{O(CH,),0]Cl,, (10) whilst the isomer (8b) has a six-membered
ring and is analogous to N,P;[O(CH,),0]Cl,. (11).

The spectrum of compound (8) at 24.15 MHz is shown in Figure 5 and compared
with those of N;P;[O(CH,),0]Cl, and N;P;[O(CH,),0ICl, at the same field
strength.

Clearly compound (8) resembles closely the five-membered prototype and hence
we assign it structure (8a).

We obtain further evidence for the structure of (8) from its }*> C NMR spectrum.
Inspection of structures (8a) and (8b) and comparnison with related compounds
reported elsewhere in this Symposium suggests that we should have three environ-
ments for structure (8a), two of these (part of the five-membered ring) and one
dangling group. Structure (8b) on the other hand should show only two environ-
ments, (two identical carbon nuclei) as in other six-membered spiro rings. The oily
compound (8) gave a *C NMR spectrum showing three environments, thus con-
firming structure (8a) (Figure 6).

The second compound (9) we have isolated is crystalline, m.p 99-100°C. Its mass
spectrum gives a parent ion at 674. This corresponds to N¢P(O,C;H;)**Cl,. Two
isomeric compounds would have this composition (9a) and (9b) (Figure 7).

In both compounds the two different N;P; moieties should absorb independently
of each other in a P NMR spectrum. The spectrum (Figure 8) resembles a
superposition of that of (8a) and of N;P,Cl(OEt) (12).!8
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FIGURE 6 The 1*C {*H) NMR spectrum of compound (8).
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FIGURE 7 The two possible isomeric structures of compound (9).
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FIGURE 8 The >'P {*H} NMR spectrum of compound (9).
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FIGURE 9 The '*C {*H) NMR spectrum of compound (9).

Hence we assign to compound (9) structure (9a). Compound (9) gave an excellent
3C NMR spectrum. It too showed three environments and this together with its
phosphorus-carbon spin-spin coupling (Figure 9) clearly pointed to structure (9a).

To confirm our NMR deductions on the structure of compound (9), we en-
deavoured to carry out an X-ray crystallographic structure determination. This
compound generally gave crystals unsuitable for crystallographic purposes, but we
eventually grew some adequate ones from light petroleum.

The crystal structure conclusively established that the crystalline compound has
structure (9a) (Figure 10).

The structure of (9a) has a very interesting and novel feature in that the two N, P,
rings are almost parallel to each other. We have thus obtained two new types of
products from a trifunctional reagent. Both contain five-membered rather than
six-membered rings. Compound (8a) is also the first example of a trifunctional
reagent with a dangling group.

Our findings differ from those observed with the trifunctional amines, spermine?
and spermidine,’ where six-membered ring formation was favoured over seven-
membered ring formation and no dangling groups were observed.

With sugars and other polyols it is well established that in acetal formation
five-membered rings are favoured kinetically, whilst six-membered rings are favoured
thermodynamically. We are currently investigating whether this pertains also to our
system.
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FIGURE 10 The molecular diagram of compound (9).
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