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Nuclear Magnetic Resonance Investigations of Boron Compounds. Part 
152 Some Derivatives of a Triazaphosphadiborine and a Triazaphospha- 
borolidine 
By Kleomenis Barlos, Heinrich Noth, and Befnd Wrackmeyer," lnstitut fur Anorganische Chemie der Uni- 

William McFarlane, Sir John Cass School of Science and Technology, City of London Polflechnic, 31 Jewry 
versitat Munchen, Meiserstr. 1, 0-8000 Munchen 2, Germany 

Street, London EC3N 2EY 

N.m.r. parameters ( l H ,  llB, 13C, and ,lP) of a triazaphosphadiborine and a triazaphosphaborolidine and their 
corresponding ' phosphinylium ' cations have been measured. The geminal ,lP-13C coupling constants are con- 
sistent with non-planarity of the ring systems, this non-planarity being greater in the neutral than in the cationic 
species. Values of ,J(,lPNCH) are less sensitive to changes in ring conformation and therefore must be used with 
care to assess this unless independent evidence is available. 

THE chemistry of compounds with P-N bonds has been 
stimulated by the discovery of cyclic systems containing 
two-co-ordinate phosphorus(II1) ; 2-5 the h3-PN hetero- 
cycles, in particular, form readily and are of special 
interest in connection with the nature of the P-N bond 
and the extent of electron delocalization.6-8 However, 
so far no satisfactory conclusions regarding a,-$, P-N 
bonding have emerged in spite of numerous deter- 
minations of P-N bond lengths by X-ray and electron- 
diffraction techniques,g ionization-potential measure- 
ments, and molecular-orbital calculations.1° 

Hydrogen-1 and 13C n.m.r. studies of acyclic amino- 
phosphines have revealed significant barriers to rotation 
about the P-N bond, and this has been interpreted both 
in terms of d,-p, bonding,ll and of repulsion between the 
lone electron pairs on the phosphorus and nitrogen 
atoms.l2 This latter interpretation is analogous to that 
found in hydrazines13 and it has been pointed out 
recently 14 that pyramidal inversion at nitrogen should 
also be taken into account in discussing the torsional 
motion. For acyclic aminophosphines valuable inform- 
ation on the internal rotation about the P-N bond is 
provided by the couplings SJ(3lPNCH) ,12,15 "("PN- 
13C),16 and 2J(31PN31P),17J8 and thus it appears likely that 
these parameters could be used to deduce the conform- 
ation adopted by cyclic species.10p20 We have therefore 
examined four closely related heterocycles containing 
nitrogen, phosphorus, and boron, and report here lH, 
IlB, 13C, and 31P n.m.r. data which enable us to draw 
conclusions about the degree of planarity of the ring 
systems. 

EXPERIMENTAL 

2-Chloro-l,3,4,5,6-pentamethyl-l , 3,5,2,4,6-triazaphospha- 
diborine, (2) .-Heptamethyl- lI3,5,2,4,6-triazasi1adiborine 21 

(9.8 g) was condensed with liquid N, and PCl, (6.8 g) was 
added. After warming to room temperature, stirring of the 
liquid was continued for 1 h, and the mixture brought to 
reflux for 60 min. Dichlorodimethylsilane which formed 
was removed in vacuo. On distillation of the residue the 
product (7.7 g, 75%) was obtained as a greenish liquid, b.p. 
47 "C (1 Torr) ,t which became yellow on heating [Found : 
C, 28.5; H, 7.4; B, 10.2; C1, 16.4; N, 19.5%; M = 205 

t Throughout this paper: 1 Ton = (101 326/760) Pa. 

(llB, 35Cl mass spectra). 
H, 7.4; B, 10.5; C1, 17.3; N, 20.5%; M = 205.21. 

1,3,4,5,6-Pentamethyl- 1 , 3,5,2,4,6-triazaphosphadiborin-2- 
ylium Tetrachloroalztminate (In), (3) .-A slurry of AlCl, 
(1.95 g) in pentane (20 cm3) was cooled to -78 "C. With 
stirring, the phosphaborazine (2) (3.0 g) dissolved in pentane 
(5 cm3) was added, A nearly clear solution resulted on 
slowly warming to room temperature. Crystals settling 
from the mixture were collected after 3 h and washed five 
times with portions (3 cm3) of pentane to give the product 
(4.6 g, 93%), decomp. 120 "C (Found: C, 17.7; H, 3.9; N, 
11.5. C,H,,AlB,Cl,N,P requires C, 17.7; H, 4.5; N, 
12.4%). Attempted recrystallization from CH,Cl,,C,H,, 
tetrahydrofuran-pentane, or OEt,-CH,Cl, gave an oil. 

3-Chloro- 1 , 2,4,5-tetramethyl- 1,2,4,3,5-triazaphosphaborol- 
idine, (4) .-Heptamethyl-1 , 2,4,3,5-triazasilaborolidine (38 
mmol) in anhydrous CH,Cl, (25 cm3) was treated with PCl, 
(38 mmol) in CH,Cl, (30 cm3) at -78 "C. The stirred mix- 
ture was warmed slowly to room temperature and the re- 
action was found (lH n.m.r.) to be complete after 2 h. 
Solvent and SiMe,Cl, were removed in vacuo to leave the 
prodwct (4.9 g, 72%) as a viscous liquid, b.p. 52 "C (2 Torr), 
which solidified on standing (Found: C, 26.6; H, 6.6; B, 
6.2; C1, 19.70; N, 22.9. C4H,,BClN,P requires C, 26.8; 
H, 6.7; B, 6.0; C1, 19.8; N, 23.4%). 

1 , 2,4,5-Tetramethyl- 1 , 2,4,3,5-triazaphosphaborolidin-3- 
ylium TetrachloroaZuminate(III), (5) .-Aluminium chloride 
( 1.55 g) in CH,Cl, (10 om3) was dropped a t  0 "C into a stirred 
solution of (4) (2.15 g) in CH,Cl, (3  cm3). After 2 h the 1H 
n.m.r. spectrum still showed the presence of unchanged 
starting material and sufficient AlCl, was then added to 
saturate the solution. Removal of small amounts of solid 
followed by addition of pentane (15 cm3) gave an oil which 
contained flH n.m.r.) only the cationic species, but attempts 
to crystallize the oil were unsuccessful. Prolonged pump- 
ing a t  40 "C (1 Tom) gave a waxy material whose lH, 13C, 
and 31P n.m.r. parameters were consistent with the proposed 
formulation as a 1 : 3 adduct (Found: C, 7.9; H, 2.4; N, 
7.4. C4H1,A1,BC1,,N,P requires C, 8.3; H, 2.1; N, 7.3%). 
A solution of the adduct in CHCl, had high electrical con- 
ductivity. Attempts to make other solid derivatives (e.g. 
tetraphenylborate) led to waxes of variable composition, 
and quantitative conductivity measurements were not 
pursued in view of the uncertainty of the precise nature of 
the anion in solution. 

Hydrogen-1 n.m.r. spectra were recorded using a Varian 
A-60 spectrometer; lH-{ X> double-resonance experiments 
were performed a t  23 "C on a JEOL C60-H spectrometer with 

C,H,,B,ClN,P requires C, 29.3; 
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a modified probe. Power a t  the X resonance frequency was 
supplied via a tuned amplifier by a Schumberger FS-30 
frequency synthesizer which also controlled the basic 
spectrometer frequency. Boron-1 1 and 3lP n.m.r. spectra 
were obtained on a Varian HA-100 spectrometer, 13C n.m.r. 
data on Varian FT-80 [compound (l)], JEOL FX-60 [(2), (4), 
and (5 ) ] ,  JEOL FX-100 [(2)], and Bruker WP-200 spectro- 
meters. 

RESULTS AND DISCUSSION 

The species studied and their n.m.r. parameters are in 
the Table. 2-Chloro-l,3-dimethyl-l,3,2-diazaphosphol- 
idine ( l ) ,  whose structure is known,22 and the bis- 
(dimethy1amino)phosphinylium cation (6) 23 are included 
for comparison, and assignments and signs of coupling 
constants [relative 24 to lJ(13CH) > 01 are based on 
the results of lH-(13C), lH-(3lP), and 13C-(lH) double- 
resonance experiments. The geminal coupling 2J- 

( 3 l P N T )  is temperature-independent 2o in amino- 
derivatives of (1) and it is reasonable to assume that this 
is also true of compounds (1)-(5). 

Compound 

J.C.S. Dalton 

End view 
\ 
Me 

4 
Me 

FIGURE 1 Proposed structure of (2) 

For (2) the coupling 2J(31PN13C) is considerably larger 
than for ( l ) ,  suggesting that the corresponding lone-pair 
dihedral angle is smaller in the former molecule. Other 
five- and six-membered rings containing a P-C1 unit 
have P-N-C1 interbond angles of 100-105",9~229 279 28 and 
on this basis only a non-planar ring can account for the 
size of 2J(31PN13C) in (2). Figure 1 shows a suggested 
conformation for (2) in which the phosphorus atom lies 
out of the plane of the NBNBN fragment, and in which 

N.m.r. parameters a for cyclic phosphorus-nitrogen compounds 

(1) ClP-N(cH,) b 2.58 3.12 3.26 33.2 52.9 172.5 +15.6 +3.5 +10.9 $18.6 -10.8 

(2) ClP(N(CH,)B(CH',)N(CH",)B(CH',)~(CH,) c 3.01 0.53 2.91 37.0 32.6 0.1 33.3 160.2 $17.5 ? kl.0 $42.7 ? &22 

(3) + P N ( C H , ) B o N ( C H ' ( C H , )  d 3.55 0.8 3.16 38.6 38.1 0.6 32.5 302.0 +16.5 ? 1 1 . 0  $34.4 ? f 4 . 9  

(4) Cl~N(CH",)B(CH"',)N(C~~,)~(CH,)e 3.07 3.06 2.99 32.6 32.0 31.8 29.3 166.0 $17.5 61.8 $15.0 +12.1 ? +21.1 

(5) +hN(CH",)B(CH,)N(CH',)d(CHJ f 3.51 3.15 3.10 34.0 34.6 33.0 31.3 228.0 $12.5 1 2 . 8  +12.0 +16.6 h 3 . 9  $21.0 
(6) +P"(CH,)*la g 1.97 2.13 52.4 54.6 h 4 . 8  +14.1 *6 .3  +19.5 

I 

u Coupling constants are in Hz, k 0 . 2  Hz. Chemical shifts are in p.p.m. to high frequency (low field) of the referencecompou?d: 'H, SiMe,, &-O.Ol p.p.m.; IlB, external 
b Proton data from ref. 19; CH , CH", refer to the inequivalent CHz groups 

f CDCI, (CU. 30%). 
OEt,:BF,, 10.1  p.p.m.; W, SiMe,, 5 0 . 1  p.p.m.; 
in this compound. 
g From ref. 22. 

external 85% H,PO,, 1 0 . 1  p.p.m. 
IJ(a1P,16N) -+63.3 Hz. c In C6D, (ca. 30%). d In CD,CI, (ca. 30%). e In C6D,, 6( lH) (B-GI8) 0.41, S( lSC)(B-CH,) -5.7 p.p.m. 

The conformations of (4) and (5 )  should be quite 
similar to that of (l), but there will be marked differ- 
ences between these and the six-membered rings (2) 
and (3). Although it would normally be expected that 
the sp2-hybridized nitrogen and boron atoms will favour 
planar ring structures in order to achieve maximal 
boron-nitrogen p,-p,, overlap, as exemplified by the 
b0razines,~5 it is also possible for twisted structures to 
arise, as for example in the hexahydrotetra-azadi- 
borines.26 This kind of interaction will tend to keep any 
N-B-N unit planar, and will therefore confer greater 
rigidity upon (2) than (4), while the tendency of the 
nitrogen lone pairs of the hydrazine unit in (4) to adopt a 
gauche conformation will make (4) more rigid than (1). 

It has been shown that the magnitudes and signs of the 
coupling constants "(3lPX) and 3J(31PX) depend mainly 
on the orientation of the phosphorus lone pair.15*16 In 
our case the relevant couplings are 2J(31PN13C) and 
SJ(31PNCH) and it is known that these both have large 
positive values when the dihedral angle + between the 
N-C or the C-H bond and the phosphorus lone-pair 
direction is small. As + approaches 180" these two 
couplings become small and may even become negative. 
In species (1)-(5) all the relevant couplings are positive 
and of fairly large magnitude, indicating rather small 
values of +. 

the N-methyl groups adjacent to phosphorus are also 
out of this plane. Examination of a model shows that if 
the associated C-N bonds make an angle of ca. 30" with 
the NBNBN plane then the lone pair-C-N dihedral 
angle will be ca. 15", which is consistent with the observed 
size of 2J(31PN13C). An advantage of the proposed 
planar NBNBN arrangement is that it permits the 
nitrogen and boron atoms to be sp2 hybridized so as to 
achieve maximum p,-p,, overlap, and it is noteworthy 
that the boron chemical shift of (2) is quite similar to 
those of planar hexamethylborazine [mean 8(11B) 35 
p. p .m.] 29 and chloropent amet h ylborazine [ 6 ( llB) 36.3 
p.p.m.1.29 This last result further indicates that 
replacement of BC1 by PC1 has little effect on the effective 
electronic charge of the remote boron atom. 

In the five-membered ring system (4) markedly 
different values of 2J(31PN13C) are found for the two N -  
methyl groups adjacent to phosphorus and this suggests 
that the molecule adopts a twisted conformation leading 
to different dihedral angles between the phosphorus 
lone-pair direction and the two C-N bonds. This 
interpretation is confirmed by the fact that for (1) the 
coupling constant differs for the CH, and the CH, 
groups in a manner consistent with the expected smaller 
dihedral angle for the former. In fact, it appears that 
in (4), 4 is larger for the CH3N(N) than the CH3N(B) 
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group, and this can be understood in terms of a gauche 
conformation of the hydrazine fragment. Moreover, 
the nitrogen atom bound to phosphorus in this fragment 
may not be sp2 h y b r i d i ~ e d , ~ ~  whereas the corresponding 
nitrogen atom in the PNB fragment probably is. This 
kind of situation is known to occur in pentamethyl- 
1,2,4,3,5-triazadiborolidine 3 l  and in 3,5-dichloro-l,2,4- 
trimet hyl- 1,2,4,3,5-triazadiphospholidine .32 It is cer- 
tainly clear that the ring of (4) cannot be planar, and 
taking into account the value of S(llB) which is within 
the range observed for compounds having CBN, units,29 
two conformations can be suggested as shown in Figure 2. 
Each of these permits good boron-nitrogen P,,-p,, overlap 
and a gauche conformation of the hydrazine fragment. 
However, only 2(a) is in accord with the values observed 
for 2J(31PN13C), since in 2(b) the rather small lone pair- 
C-N(N) dihedral angle is inconsistent with the com- 
paratively small size of the coupling constant, and we 
therefore conclude that this [2(a)]  is the conformation 
adopted. I t  is of interest to note that the values of 
3J(31PNCH3) would not permit one to make a similar 
discrimination, since they are rather similar for (l), (2) ,  

/ 0 

(a)  (6) 

and (4), this being a consequence of rather close similari- 
ties of the relevant dihedral angles in these three mole- 
cules. Thus in this type of system the coupling zJ- 
(31PN13C) is much more sensitive than 3J(31PH) to 
conformational changes and is correspondingly more 
valuable as a structural diagnostic. 

The change from the neutral ring systems (2) and (4) to 
the corresponding ' phosphinylium ' cations (3) and (5) is 
accompanied by a large deshielding at phosphorus but 
by only a small deshielding at  boron. This suggests 
that the overall change in electron density at boron is 
small, although there is some loss of x-charge density 
a t  boron.% The large change in S(31P) indicates that 
cationic PrlI is able to compete more effectively than 
neutral PIr1 for the electron density of the adjacent 
nitrogen atoms, but without nitrogen n.m.r. data it is 
not possible to say whether this involves a x- or 6- 
bonding mechanism. Only a single resonance signal was 
found in the proton-decoupled 31P spectra of our samples, 
and it appears that substantial deshielding of phos- 
phorus, accompanied by high frequency shifts of the 
proton and 13C signals, is characteristic of the formation 
of a ' phosphinylium ' cation. 

From low-temperature lH and 13C n.m.r. studies ,3934 

of the bis(dimethy1amino)phosphinylium cation (6) it 

FIGURE 2 Proposed conformations of (4) 

is known that 2J(3lPN13C) and 3J(31PNCH) depend on 
the phosphorus electron lone-pair orientation as in the 
neutral molecules. The smaller value of 2J(31PN13C) 
of (3) as compared with (2) is therefore consistent with a 
flatter ring structure and a shift towards sp2 hybridiz- 
ation of cationic PI11 in (3), since each of these would 
increase the lone pair-C-N dihedral angle. These 
changes would increase the ability of phosphorus to 
participate in the delocalized x-bonding system and the 
observation that 4J(31PNBN13C) = 4.9 Hz for (3) as 
compared with ( 2  Hz for (2)  may reflect this. 

A similar comparison of (4) and (5) shows that while 
2J(31PN13C) hardly changes for the PNB fragment, there 
is a marked difference for the PNN fragment which 
suggests that 4 is reduced in this part of (5 ) .  This is 
again consistent with a closer approach to planarity in 
the cation which would be compatible with stronger x 
bonding leading to a reduced tendency for the hydrazine 
fragment to adopt a gauche conformation. By con- 
trast, the constancy of the lone pair-C-N(B) dihedral 
angle suggests that there is little difference in phos- 
phorus hybridization between (4) and (5 ) ,  although this 
conclusion may be affected somewhat by unknown 
variations in bond lengths and interbond angles between 
the two species. Nevertheless, it does appear that it is 
the hydrazine moiety which experiences the greatest 
structural change in passing from (4) to (5), and this 
conclusion is reinforced by the greater change in S(IH) 
observed for the CH3N(N) (0.44 p.p.m.) compared with 
the CH3N(B) (0.11 p.p.m.) protons. 

In principle 3J(31PNB13C) should also give conform- 
ational information on these systems, but in practice the 
13C (B) resonances are seriously broadened by partially 
relaxed scalar coupling to the quadrupolar boron nuclei, 
and it was not possible to measure this coupling con- 
stant. Similar remarks apply to 4J(31PNBCH3), al- 
though in this case irradiation at  the 31P resonance 
frequency gave some sharpening of the proton resonance, 
thus indicating that the coupling is not zero. 

Our main conclusions are that the heterocyclic rings 
(2) and (4) are non-planar, although p,-p, interactions 
lead to planar NBN fragments. In (3) and (5 )  a degree 
of participation by phosphorus in the x system leads to 
flatter rings, and in all cases the geminal 31P-13C coupling 
constants are more valuable than the vicinal 3lP-lH 
was in providing conformational details. This, however, 
is largely due to the geometrical peculiarities of these 
systems. It is hoped that direct structural studies by 
diffraction methods will eventually support these con- 
clusions, but it has not yet been possible to obtain suit- 
able single crystals of any of the four new compounds 
reported in this paper. Efforts in this direction are 
continuing and meanwhile it is clear that l3C n.m.r. 
measurements, particularly when series of closely related 
compounds are available, are a valuable alternative 
source of information. 
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