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Preparative and Nuclear Magnetic Resonance studies of Diazadiphos- 
phetidines. Part VI. 2,4-Dial kyl-2,2,4,4-tetraf luoro-I ,3-d imet hyl-1,3,2,- 
4-diazad iphosphetid ines 
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Ottfried Schlak and Reinhard Schmutzler, Lehrstuhl B fur Anorganische Chemie der Technischen 
Norwich NR4 7TJ 

Universitat, 33 Braunschweig, Pockelsstrasse 4, Germany 

Proton-decoupled l 9 F  and 31P n.m.r. spectra of a series of dialkyltetrafluorodiazadiphosphetidines, (RF,PNMe), 
(I ; R = Me, Et, Pr', or But). have been recorded and analysed for temperatures high enough for gauche &- vans 
exchange to be rapid on the n.m.r. timescale, and at low temperatures when the exchange is slow. Some l H  n.m.r. 
data are also given, including the results of a complete analysis of the spectrum of (I; R = Me) on an [A(X),M,], 
basis. Many signs of coupling constants have been obtained either from the spectral analysis or from double- 
resonance experiments. The coupling constants and chemical shifts are compared and discussed. There i s  a 
very large isomer effect on 2Jpp, especially for the But compound. Isomer populations have been obtained by 
several methods. The preparations of the Pr' and But compounds, not previously reported, are described in detail. 

r----l 
THE planar four-membered ring structure, P-N-P-N, for 
diazadiphosphetidines has been confirmed for (F,PNMe), 
in the gas phase by electron diffraction2 and for 
(Cl,PNMe), and (PhF2PNMe), in the solid state by X-ray 

Numerous other data have also supported 
this structure (cf. refs. 6-10). The laF n.m.r. spectra 
of the compounds (F,PNMe), la and (RF,PNMe), lb 

(R = Me, Et, NEt,, and Ph) have been analysed and dis- 
(a) Part I, R. K. Harris and c. M. Woodman, MoZ. Phys., 

1966, 10, 437; (b) Part 11, R. K. Harris, J. R. Woplin, R. E. 
Dunmur, M. Murray, and R. Schmutzler, Ber. BunsengeseZlschaft 
Phys. Chem., 1972,76,44; (c)  Part 111, 0. Schlak, R. Schmutzler, 
R. K. Harris, and M. Murray, J.C.S. Chem. Comm., 1973, 23; 
(d)  Part IV, R. K. Hams, M. I. M. Wazeer, 0. Schlak, and R. 
Schmutzler, J.C.S. Dalton, 1974, 1912; (e) Part V, R. K. Harris, 
M. Lewellyn, M. I. M. Wazeer, J. R. Woplin, R. E. Dunmur, 
M. J. C. Hewson, and R. Schmutzler, ibid., 1976, 61. 

A. Almenningen, B. Andersen, and E. E. Astrup, Actu Chem. 
Scand., 1969, 23, 2179. 

H. Hess and D. Forst, 2. anorg. Chem., 1966, 342, 240. 

cussed previously. Recently n.m.r. studies were carried 
out on some unsymmetrical diazadiphosphetidines,lC on 
a range of methyl- and methoxy-diazadiphosphetidines,ld 
and on some chloromethyl compounds.le We report 
here the results of n.m.r. investigations of some dialkyl- 
tetrafluorodiazadiphosphetidines, (RF,PNMe), (I). A 
full analysis of the lH spectrum of (I; R = Me) is 
presented, and additional low-temperature 19F data for 
(I; R = Et) are given. We also report the preparation 

L. G. Hoard and R. A. Jacobson, J .  Chem. SOC. ( A ) ,  1966, 
1203. 

5 J. W. Cox and E. R. Corey, Chem. Comm., 1967, 123. 
I. Haiduc, ' The Chemistry of Inorganic Ring Systems,' 

A. F. Grapov, N. N. Mel'nikov, and L. V. Razvodovskaya, 

* R. E. Dunmur and R. Schmutzler, Fortschr. Chem. Forsch., 

Interscience, London, 1970, vol. 2. 

Russ. Chem. Rev., 1970, 39, 20. 

in preparation. 
A. J. Downs, Chew. Comm., 1967, 628. 

10 M. P. Yagupsky, Inorg. Chem., 1967, 6, 1770. 
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TABLE 1 

Fluorine-19 and 31P n.m.r. parameters a for diazadiphosphetidines, (RF,PNMe) , (I) 
SF SP 2 J ~ ~  'JPF ' 3 J ~ ~ f  N F F ~  LFF 

R Isomer eCl"c p.p.m. Hz + 85 - 57.76 -50.4 72.2 -891.5 +5 .2  16.3 3.7 Me9 average 

E t h  average e - g  +85 -65.68 -45.4 67.4 - 908.7 t 8 . 7  19.7 4.3 f 1.5 

- 60 -51.81 -51.2 54.4 - 908.2 -6.1 7.2 3.6 
- 60 - 55.90 - 47.4 92.2 - 868.0 + 18.7 24.8 6.0 

gauche 
trans 

gauche - 60 - 63.38 -47.9 45 f 1 -916.0 - 6.5 8 & 1  3 & 2  
trans - 55 - 66.09 -42.9 85 f 1 -895.1 - 1 5 . 1 & 1  2 5 f 1  4 f 2  

P r i h  average +180 -75.10 i 66 f 2 -929 f 2 +13 f 2 i 2 
gauche - 50 - 74.73 -47.7 39.5 - 929.0 - 7.9 8.2 2 f 1 
trans - 50 -78.15 -43.8 82.7 - 909.8 + 17.6 26.5 3.5 Ifr: 1 

trans - 40 -67.15 - 39.5 93.5 - 925.6 + 23.0 32.5 19.8 

- 66.7 i 80 f 2 -92Eik i i i Buth'j average +lSO 
gauche - 40 - 65.32 - 38.8 22.6 -943.1 -8.9 5.7 ' 5.7 

4 From direct measurement [see ref. l (b) ]  except for the individual isomers of (I ;  R = But) ; in the latter case iteration from 1 S F  

a With respect to CFCl,, positive when the reference is to  low 
With respect to 85% H,PO, (external), positive when the reference is to low frequency; 

6 Sign assumed to  be 
Data from refs. l(b) and/or l(e) except for the Gp(av.) 

Errors in coupling constants are in general & 0.5  Hz, except where otherwise stated. 
The other 

transitions was carried out using the computer program LACX.le 
frequency; accurate to  f 0.01 p.p.m. 
accurate to -I 0.2 p.p.m. 
negative.,O f The sign is given relative to JPF by the spectral analysis. 
value for E t  which is newly reported. 
* Not obtained. j J F F  = -36 f5  Hz. For the trans-isomer. 
is 5.7 Hz. 

Sign assumed to be constant; it  was determined for the tmns-isomer (I ; R = But). 

NPF Value. One of the values of * JFp is < 1.5 Hz. 

of two new compounds, (I; R = Pri and But), and 
present their n.m.r. data. 

RESULTS 

phetidines is such that each phosphorus atom has an approxi- 
mat-ly trigonal-bipyramidal environment with one equa- 
torial and one axial bridging NMe group. Each NMe group pripcl, + SbF, - PriPF4 + Sb + SbC1, (2) 

from the reaction of phosphorus trichloride with isopropyl- 
magnesium chloride,17 which, somewhat unusually, stopped 
at the monoalkylation stage. The preparation of (I; R = 
But) was effected by reaction (4).1* 

The ground-state structure for tetrafluorodiazadiphos- N-lWJ?. Spectml ~ n a ~ Y ~ ~ ~ . - ( a ) ~ ~ o t o n - d e c o ~ p ~ e d  and 
31p spectra. As has been shown Previously for tetraflUo1-0- 
diazadiphosphetidines of the type discussed here, the intra- 

Me Me 

Me Me 
gauche t rans  

!I) R =Me, E,t, P r i ,  or But 

is axial to one phosphorus and equatorial to the other. The 
remaining axial positions are occupied by fluorine so that 
each phosphorus atom is bonded to one axial and one equa- 
torial fluorine. However, intramolecular exchange between 
axial and equatorial fluorines is rapid on the n.m.r. time- 
sca1e.l A t  temperatures below ambient the existence of 
gauche and trans isomers may be detected by n.m.r.l* The 

PCl, + PriMgC1 + Pr'PCl, + MgCl, (1) 

gauche + trans intramolecular exchange becomes rapid 
on the n.m.r. timescale a t  room temperature and above. 

In general the reactions of fluorophosphoranes with N- 
substituted hexamethyldisilazanes are useful routes to the 
synthesis of difluorodiazadiph~sphetidines.~~-~~ The pre- 
paration of (I; R = Pri) involved steps (1)-(3). The final 
step and the preparation lC of PriPF, involved the usual 
methods ; l3 the dichlorophosphine, PriPC1,, was prepared 

l1 R. Schmutzler, Chem. Comm., 1965, 19. 
l2 G. C. Demitras, A. G. MacDiarmid, and R. A. Ken , Chem. 

and Ind., 1964, 1712; G. C. Demitras and A. G. MacDiarmid, 
Inorg. Chem., 1967, 6, 1903. 

l 3  R. Schmutzler in ' Halogen Chemistry,' ed. V. Gutmann, 
Academic Press, London, 1967, vol. 2, p. 31. 

l4 R. Schmutzler, J.C.S. Dalton, 1973, 2687. 

2 PriPF4 + 2 MeN(SiMe,), 

(F,PNMe), + 2 ButLi + (ButF,PNMe), + 2 LiF 

molecular exchange renders the fluorine atoms chemically 
equivalent on the n.m.r. timescale, thus reducing the amount 
of information which can be obtained from the spectra. 
The high-temperature (100 "C) 19F spectra of the compounds 
discussed here indicate that in each case only one fluorine 
environment is present. For (I ; R = Me and Et), 85 "C was 
sufficient to obtain sharp averaged spectra, but for (I; 
R = Pri and But) i t  was necessary to go to 180 "C; even 
then the resolution was not good enough for all the coupling 
constants to be obtained. The spectral pattern observed 
when the protons are clecoupled is that due to an [A(X),lZ 
spin systemlb where A and X refer to 31P and l9F respectively. 
Analysis of the 19F region of these double-resonance spectra 
was carried out as described previously,l* yielding the para- 
meters listed in Table 1, which includes published data lb for 
(I; R = Me). It may be noted that the n.m.r. lines were 
not in general very sharp, probably because of the presence 
of the quadrupolar nitrogen atoms (increase in temperature 
is expected to increase the linewidths from this cause). 
This usually leads to considerable uncertainty in L ~ F  = 

generally obtained more accurately. 
A t  room temperature (for R = Pri and But) and on cool- 

ing (for R = Me and Et) to ca. -30 O C ,  the samples showed 

15 G. C. Demitras, Ph.D. Dissertation, University of Pennsyl- 
vania, Philadelphia, 1964. 

16 R. Schmutzler, Inorg. Chem., 1964, 3. 410. 
17 W. Kriiger and H. P. Rieck, Technische Universit%t Brauns- 

chweig, unpublished work. 
18 0. Schlak, Ph.D. Thesis, Braunschweig, 1974. 

(PrlF,PNMe), + 4 Me,SiF (3) 

(4) 

4JFF - 4 J ~ F '  [See ref. l(b)], though N p F  = 4JFF f 4JFFt is 
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separate lgF spectra for the two different isomeric forms of 
each diazadiphosphetidine. The isomer giving the high- 
frequency lgF resonance is thought to be the gauche form.lb 
The spectrum of each isomer is of the same type as the aver- 
aged spectrum observed at  high temperature. Exchange 
between axial and equatorial fluorine atoms for a given iso- 
mer was still rapid on the n.m.r. timescale a t  the low tem- 
perature used (down to ca. - 60 "C). The data reported for 
the separate isomers in Table 1 are therefore average chemi- 
cal shifts and coupling constants for axial and equatorial 
fluorine-atom environments. The variable-temperature 
experiments showed that the barrier to trans + gauche 
exchange increases in the order R = Me < Et  < Pri < But. 
In fact, for R = Pri and But it was not possible to obtain 
good average spectra, even at  the highest temperatures 
accessible to the n.m.r. probe. The average values reported 
here for R = Pri and But were therefore obtained from 
slightly exchange-broadened spectra and hence carry fairly 
large errors. 

The parameters obtained by the procedure mentioned 
above were checked by simulating the spectra using the 
program LACX.lg All the compounds showed good agree- 
ment except for (I; R = But). For the trans-isomer (I; 
R = But) there was a discrepancy in the centre lines of y. = 

FIGURE 1 94 MHz lQF-{lH} Spectra of (ButF,PNMe), (high- 
frequency half) a t  ca. -40 "C: (a ) ,  observed: (b),  calculated 
using the program LACX. The spectra on the left-hand side 
are due to the gauche isomer, those on the right to the trans. 
The peak marked with an asterisk is due to an impurity. 
There is also an impurity contribution to  the peak marked 
with an arrow. In both (a) and (b)  the most intense lines have 
been truncated 

1 bands; the splittings of these centre lines in the inner and 
outer bands were unequal (Figure 1) .  This asymmetry gives 
the relative signs 2o of 2 J ~ ~  and N F p ,  which were found to be 
opposite. This relative sign determination was possible 
due to the large value of L ~ F  for trans- (I; R = But). It 
was also possible to obtain the magnitude of 2JFp by an 
iterative calculation using LACX. An interesting 19F spec- 
trum was observed for gauche-(I; R = But), where the 
x = 1 band showed a 1 : 1 : 1 triplet (Figure 1). This 
arises because NFF NN LEF. The magnitude of 2Jpp was 
small for this case. 

The 3lP-{lH} spectra of compounds (I) were in general 
only used to obtain values of 8p. Spectra simulated on the 
basis of the parameters obtained from the 19F-{lH} spectra 
agreed with those observed. However, the 31P spectrum of 
trans-(I; R = But) is sensitive 21 to the relative sign of 2Jpp 

l9 C. W. Haigh, Ann. Rep. N .M.R.  Spectroscopy, 1971, 4, 311. 
M. I. M. Wazeer, Ph.D. Thesis, University of East Anglia, 

21 R. M. Lynden-Bell, Mol. Phys., 1963, 6, 601. 
22 W. McFarlane, J. F. Nixon, and J. R. Swain, Mol. Phys., 

1974. 

1970, 19, 141. 

and N F ~ .  Two calculations, one with the same sign for Jpp 
and N F ~ ,  and the other with opposite signs, were made using 
LACX. The observed 31P spectrum of the trans-compound 
(I; R = But) was in good agreement with that calculated 
with the same sign for Jpp and NFB (Figure 2). A negative 
sign for 2 J p p ~  has been obtained 22-24 for many phosphorus 
compounds, and on the basis of our results the signs of 4Jpp 
and 2Jpp are positive for trans- (I; R = But). A positive 
sign has also been established for 2Jpp in a methyl-substi- 
tuted diazadiphosphetidine by a triple-resonance experi 
ment.ld In principle the 31P spectra of all the compounds 

25 Hz 11 - 
I 

FIGURE 2 40.5 MHz 31P-{1H) spectrum of trans-(ButF,PNMe), 
(high-frequency third) a t  ca. -40 "C: (a), observed; (b) ,  
calculated with aJpp and N p p  the same sign; (c )  calculated 
with 2Jpp and NFp of opposite sign. The peaks marked with 
vertical arrows are due to  the gauche isomer. The most intense 
line has been truncated 

reported here are sensitive to the relative signs of Jpp and 
N m ,  but in practice only trans- (I; R = But) proved useful 
in this respect. 

Some preliminary lH data for (I;  
R = Me) have been published.le The lH n.m.r. spectrum 
may be classified as that of the M part for an [A( X) 2M3]2 spin 
system (excluding the NMe protons). Irradiation with 
moderate strength in the region of VF - alNpp] produced the 
spectrum in Figure 3. Since 1Jpp is large and negative, 
irradiation is actually near vp + 3 NPF, and such an experi- 
ment is affecting all 1H transitions for which the nearest 31P 
nucleus is p. Spin states with the phosphorus nuclei pp 
therefore give a lQF-decoupled proton spectrum, resulting 
in the very intense line a t  the low-frequency side of Figure 
3(a) which must be at  VH + fNp,. The position of the peak 
shows that N p a  is negative (with respect to N ~ F  also nega- 
tive). The spin states with the 31P nuclei pa (or a@) give 
rise, approximately, to a lH sub-spectrum for an m3x2n3 
system with 8, = 6,. On a first-order basis the 1H sub- 
spectrum is expected to consist of a 1 : 2 : 1 triplet of spacing 
3JFHI centred at  VH + 4 L p H  and a 1 : 2 : 1 triplet of spacing I 6 J ~ ~ I  centred at  VH + @.pH. Since l5JpH1 is very small the 

latter triplet is obscured by the single lH line from the pp 
31P spin states mentioned above. The triplet of spacing 
3JFH cannot be clearly distinguished in Figure 3(a), partly 
because of incomplete decoupling for this sub-spectrum and 
because the above discussion is oversimplified. However, 
the remaining S l P  spin state, act, is unaffected by the de- 
coupling, giving a [m3(x)2]2 sub-spectrum, centred at VH - 
&NpH, which can be clearly seen in Figure 3(a) and which 

zs H. Dreeskamp, C .  Schumann, and R. Schmutzler, Chem. 
Comm., 1970, 671. 

24 R. K. Harris, M. I. M. Wazeer, P. Clare, and D. B. Sowerby, 
J.G.S. Dalton, 1975, 625. 

(b) Proton spectra. 
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TABLE 2 

lH N.m.r. parameters a for diazadiphosphetidines (RF,PNMe), (I) 

R S(Me) I 'JPH I I *JFH I W e )  s(CH/CHa) 'JPH a J ~ ~  I'JPHI 'JFE 

Et 6 2.46 11.9 f 0.1 0.7s f 0.1 1.12 1.86 (-) 16.7 I 26.3 f0.8 

But 2.60 10.96 f 0.03 0.65 f 0.03 1.284 f 0.003 18.85 -f 0.05 +0.8 f * g  

NMe group R group 
r A 

1 r  \ 

Med 2.50 12.5 f 0.1 0.8 f- 0.1 1.57 -17.60 f 0.3 (+)6.93 f 0.3 

Pri 2.45 f 0.03 11.4 ( 1  1.235 f 0.003 2.16 f f 15.8 0 <1.2 

Chemical shifts are in p.p.m. relative to SiMe,, f0-01, except where otherwise stated; they are positive when the sample resonates 
to high frequency of the reference. Coupling constants are in Hz, f0.2 Hz except where otherwise stated. b Sign determined, 
relative to l J p ~ ,  as described in the text for R = Me. a Sign determined Is for (Cl,HCF,PNMe), relative to that of lJpp. (I 4Jpai;= 
+0.15 Hz, ' JJPH = +0.42 Hz (signs determined, relative to ,Jp= and 'JFH respectively, by spectral analysis). 6 Ref. I(@. I Not 
obtained. @ N  values. 'JPH = f0.85 f 0.06 H z  (sign determined, relative to that of 3Jpa, by spectral analysis). Sign 
determined relative to 1Jpg as described in the text. 

can be computer-simulated as in 3(b) using data obtained 
from the l9F-(1H} spectra, and estimated (F,H) coupling 
constants. In fact the irradiation experiment enables 
N p H  and N ~ H  to be readily recognised. Explicit lines in the 
single-resonance lH spectrum can then be used to obtain 
accurate values for these parameters. It should be noted 

I I  

i 
FIGURE 3 100 MHz IH-(l*F) spectra of (MeF,PNMe), (PMe 

region) at ambient probe temperature (see text) : (a) observed 
spectrum with irradiation near vp. -iINpF[ ; (b) computer- 
simulated [m3(x)Js sub-spectrum 

that complete lH-(l9F} or lH< ,lP) decoupling requires much 
more power than the experiment described here because 
IlJppl is very large. After the above procedure, explicit 
lines additional to those separated by NFH and NPH can be 
assigned in the coupled spectrum, on the basis of the spin 
system [A(X),M],, described earlier le for a diazadiphospheti- 
dine, and with the aid of the coupling-constant data already 
acquired ; the remaining parameters were estimated in this 
fashion. The complete spectrum was then simulated with 
the computer program 25 NUMAR, which uses both magnetic 
and chemical-equivalence factorization. The correct choice 
between a number of possible assignments of explicit lines 
was made by such computation. The observed and final 
computed spectra, which are in good agreement, are shown in 
Figure 4, and the appropriate lH parameters are in Table 2. 
The spectra analysed were those obtained a t  ambient probe 
temperature. No improvement in resolution was seen a t  
85 "C. 

The proton spectrum of (I;  R = Et) was approximately 
analysed previously.lb No new data were obtained in the 

25 A. R.  Quirt and J .  S. Martin. J. Mag. Res., 1971, 5, 318. 

present study. The proton spectrum of (I;  R = Pri) was 
broad because the spin system involved is complex. For 
the C-methyl groups only the N values were obtained. The 
NMe region was first order and the coupling constants 
were measured directly. The parameters obtained are in 
Table 2. 

The proton spectrum of (I; R = But), (Figure 5) had 
resolved x lines in the middle. The relevant spin system for 
this case is [A(M),X,],. The magnitude of NPH can be ob- 
tained readily from the separation of the two most intense 
lines. These two lines, together with the x lines, form an  
[axg], sub-spectrum. The magnitude of LPH can be calcula- 
ted 24 from the separation of the x = 1 (inner) lines and 2Jpp 

(80 Hz). The value of LPH thus obtained is 18.0 Hz. Using 
this LpH value and Jpp, the splittings Si(2) and Si(3) (separa- 
tion of the 2nd and 3rd x inner lines) were calculated 26 and 
were in good agreement with the observed values (see below) : 

Calc. Obs. 
Si(2)/Hz 5.72 5.76 

In the spin system [A[Mj2XgIZ there are two pairs of intense 
lines with separation ZNMx(z.e. 2 N ~ = ) .  In the observed 

S(3)  /I-Iz 8.8 9.0 

FIGURE 4 100 MHz 'H spectrum of (MeF,PNMe), (PMe region) : 
+ +lLpHl + 

spectrum there were eight such intense lines and it is difficult 
to assign the 2 V p ~  pairs. Tickling the resonances was 
attempted, but the effect was on both sets of lines and assign- 
ment was not feasible. The possible NFH values from the 
two sets of lines are 0.8 and 1.5 Hz. The value ob- 
served lb for the CH, protons of the ethyl group for (I;  R = 
Et) is 0.8 Hz. On this basis 0.8 Hz was tentatively taken a s  

(a), observed; (b), computed; (1) and (2) are at 
ILFHI and m + ~ I L P H ~  - ~ L F H ~  respectively 

26 R. K. Harris, Canad. J. Chern., 1964, 42, 2275. 
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N p H  for (I ; R = But). The 1H331P) tickling experiments 
showed that NFH and N ~ H  are opposite in sign, i .e.  *Jpz is 
positive. 

DISCUSSION 

Fluorine-19 and 3lP parameters for the compounds 
The 1QF chemical studied here are given in Table 1. 

5 Hz - 

FIGURE 6 100 MHz lH spectrum of (ButF,PNMe), (But 
region) 

shifts show some interesting features. The shielding 
increases from Me to Et to Pri but decreases again for 
But. It is a remarkably large effect for a change of 
substituent three bonds away from fluorine (Figure 6). 
A similar trend of 19F shifts was also found l e  for the 
diazadiphosphetidines (RF,PNMe), (R = Me, CH,C1, 

& 

a 
8 
0 

-501 
1 1  I I 

Me Et Pr' Bcr' 

R 

FIGURE 6 Variation of 8p for (RF,PNMe), with the nature of R: 
(O), gauche isomer; (A), trans isomer; (O), weighted average 

CHCl,, and CCl,); the maximum shielding was for the 
compound with R = CHCl,. An increase in 19F shield- 

,' G. s. Reddy and R. Schmutzler, 2. Natuvforsch., 1970, B25, 
1199. 

ing was also observed n* 28 in alkyldifluorophosphoranes, 
in the order Me < Et < But. This has been rationalised 
in terms of the close proximity of methyl hydrogen atoms 
in the Et and But groups to the fluorine atom. 

The gauche-isomer l9F resonances are at higher fre- 
quency than those of the trans isomer. This is presum- 
ably due to the differences in electric and magnetic fields 
produced by different substituents. The differences 
between the two isomers are long range (i.e. the local 
grouping PF,R is the same for the two isomers). The 
average chemical shift lies between the separate results 
for the two isomers except for R = Me. The exception 
may be due to different temperatures involved; fairly 
large shift variations have been observed 18 with change 
of temperature. The 31P chemical shifts for the trans iso- 
mers are at higher frequency than those of the gauche, 

1 
I *  

l o  

a 
cy 40 

20 1 

A 

0 

0 

A 

0 

0 

A 

0 

U 

I t  I I I 

Me Et Pr But 
R 

FIGURE 7 Variation of Jpp for (RF,PNMe), with the nature 
of R. For key see Figure 6 

except for R = But. This phenomenon was also ob- 
served le in the series (CH,-,Cl,F,PNMe), (x = 1-3) 
where the reversal of the shift was observed for the bulk- 
iest group, CC1,. 

The value of l J p ~  in each case is &[lJ~pc,s> + lJ~~(,xl], 
as there is fast exchange of fluorines between axial and 
equatorial sites. There is a smooth increase in l J p ~  for 
gauche and trans isomers in the order Me <Et < Pri < 
But. There is no such smooth trend 29 in lJpp for R,PF, 
(R = Me, Et, and Pri). The values of lJpF for gauche 
isomers are consistently larger than those for the corres- 
ponding trans isomers, but the difference is appreciably 
greater for (I; R = Me) than for the other compounds. 
The values of 3Jpp also show a consistent trend with 
increasing bulk of the substituent, but this is largely due 
to the changes in isomer population; 3JPF (gauche) values 
are negative and decrease with increasing bulk of the 
substituent, whereas the values of 3Jp&ans) are positive 
and are a t  a minimum for R = Et. 

Thus, The J P P  values show some interesting trends. 

28  Id. Fild and R. Schmutzler, J. Chem. Soc. ( A ) ,  1970, 2369. 
2Q J.  Grosse and R. Schmutzler, Phosphorus, 1974, 4, 49. 
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whereas JPp(trans) varies little (and in fact is at a mini- 
mum for R = Pri), the value of Jpp(gazccAe) decreases in 
the order Me > Et > Pri > But (Figure 7). The values 
of Jpp for ( I ;  R = But) are such that the trans isomer 
gives the largest JPP and the gauche isomer shows the 
smallest J p p  in the series. This influence of configura- 
tion on a coupling not directly involving the substituents 
is remarkable. Since it is strongly influenced by the bulk 
of the substituents, the effect presumably indicates the 
importance of ring planarity for the J ~ P  values. As for 
Jpp, the data for NFF show that extremes of values for 
the two isomers are obtained for (I; R = But); for 
gafiche-(I; R = But), N ~ F  % L p p ,  implying that one 
4JpF is very small. 

It was shown le that high-temperature populations for 
compounds of type (I) can be determined to a fair ac- 
curacy from the average n.m.r. parameters and the corres- 
ponding data for the individual isomers, assuming that 
the parameters are temperature invariant. The values of 
2Jpp and 3Jpp are particularly suitable for this purpose. 
Such calculations were made for the compounds studied 
here (Table 3). A reasonable agreement was found for all 

TABLE 3 
Isomer populations a for the compounds (I) 

Parameter R = Me Et Pri But 
2 J ~ ~  0.47 0.56 0.61 0.92 
'JYF 0.46 0.56 0.82 G 

Integration 0.62 0.62 0.76 0.82 
a Fractional population of the fruxs isomer. b High-tem- 

perature values. a Not obtained. d Low-temperature values. 

cases, though for R = Pri there was a considerable 
spread of values (which may be attributed to the large 
errors in the average parameters for this compound). 
As is the case with the series [(C1,H3-,C)F2PNMe],, the 
population of the tram isomer increases with the bulk of 
the substituents. This is somewhat unexpected since 
models do not show appreciable steric crowding for either 
isomer. However, the assignment of the isomers is not 
completely unambiguous. 

The lH n.m.r. parameters (Table 2) are mostly un- 
remarkable. It is somewhat surprising, however, that 
4 J p a  for (I; R = Me) is positive, since for (C1,HCF2- 
PNMe), it was found le to be -0.22 Hz. However, the 
signs of 5JFH for the latter compound and for (I; R = 
Me) are both positive, though they are small in magni- 
tude. The value of 3JPH for the NMe protons varies sig- 
nificantly and smoothly in the series R = Me to But, 
whereas it remains le effectively constant for the 
[ (Cl,H, - &) F,PNMe], compounds. 

It may be noted that the spectral analyses, plus the 
double-resonance experiments, result in the determina- 
tion of many of the signs of the coupling constants for 
the compounds (I) (Tables 1 and 2). These are mostly 
given with respect to lJpp (negativem) though some 
assume a positive sign for 3JpE. In all cases where the 
magnitudes are large enough to make the signs meaning- 

* 1 eV w 1.60 x 
'* C. Schumann, H. Dreeskamp, and 0. Stelzer, Chem. Comm., 

J, 1 mmHg M 13.6 x 9.8 Pa. 

1970, 619. 

ful ,  the latter are in agreement with previous determin- 
ations for related compounds. 

EXPERIMENTAL 

N.M.R. Spectra.-Three n.m.r. spectrometers were used 
in the present work. Initial single-resonance spectra were 
obtained using a Varian HA 6 0 ~  spectrometer a t  60 MHz for 
lH, 56.4 MHz for lgF, and 24.3 MHz for 31P resonance. The 
more detailed lH and lSF work and all l9F<1H} and 1H-(31P} 
heteronuclear dou ble-resonance experiments were made with 
a Varian H A  100 spectrometer (99.896 MHz for 1H and 
94.155 MHz for lSF) in the frequency-sweep mode. The 
l9F<lH} experiments were carried out using a double-tuned 
transmitter circuit discussed elsewhere,ld and 1H-31{ P} ex- 
periments were made using a double-tuned probe,31 in 
conjunction with a Schlumberger F S X  3005 frequency syn- 
thesiser. The 31P_(1H) spectra were obtained at  40.50 MHz 
using a Varian XL 100 spectrometer in the CW mode; the 
2H signal of the CD,Cl, solvent was used for field-frequency 
locking purposes. 

The 31P chemical shifts were calculated by measuring the 
31P resonance frequencies using a radiofrequency counter, 
converting into the equivalent frequency for a magnetic field 
such that the protons in SiMe, resonate a t  exactly 100 MHz, 
subtracting the corresponding scaled 31P frequency for 
85% H,PO, (40 480 720 Hz),ld and converting into p.p.m. 
The lgF shifts were obtained directly with respect to in- 
ternal CFCl,, and the lH shifts directly with respect to 
internal SiMe,, separate samples being used for the 'OF and 
lH spectra (in each case with CH2C1,/CD,C1, as solvent). 
All chemical shifts are reported on the appropriate 6 scale, 
such that positive values occur when the sample resonates to 
high frequency of the reference. The high-temperature lDF 
spectra of (I; R = Pri and But) were obtained using 1,2,4- 
trichlorobenzene as solvent, with (CFC1,) , added for field- 
frequency locking. 

N.m.r. tubes were of 5 mm outside diameter throughout; 
samples for the HA 100 and XL 100 work were degassed, 
using the freeze-pump-thaw technique with a vacuum line, 
and then sealed. Samples for the HA 60A instrument were 
not degassed. In all cases temperatures were measured 
using the spectrometer manufacturer's recommended pro- 
cedure. They are only considered to be accurate to -44 
"C. Computer fitting of spectra was carried out using the 
program la LACX with an I.C.L. 1905E computer at the 
University of East Anglia, and the program 25 NUMAR with 
the I.B.M. 360 computer a t  Cambridge University. 

Preparations.-The n.m.r. data in this section are for HA 
60A measurements. Mass spectra were recorded using an 
A.E.I. MS9 or a Hitachi RMU-6L spectrometer at 70 eV.* 

2,2,4,4-Tetrafluoro-2,4-di-isopropyl- 1, S-dimethyl- 1,3,2,4- 
diazadiphosphetidine, (I ; R = Pri) . Dichloroisopropyl- 
phosphine, as obtained in the Grignard reaction, was first 
fractionated using a spinning-band column to give a liquid, 
b.p. 28" (13 mmHg). The lH n.m.r. spectrum (interpreted 
on a first-order basis; solution in benzene at  28 "C) gave: 
~H(CH) 2.13 ( 1 2 J p ~ I  10.0, 1 3 J = ~ I  6.5) and 8=(CH3) 1.28p.p.m. 
(I3JpH! 15.5, 13JHHI 6.5 Hz) ; integration, CH : (CH3)Z 1 : 5.6 
(calc. 1 : 6). The 31P n.m.r. spectrum (neat, 23 "C) gave 
Sp 195.4 p.p.m. 

The dichlorophosphine (26.3 g, 0.18 mol) and antimony 
trifluoride (47.6 g; 0.27 mol i 10% excess) were combined 
gradually during 1.5 h. After 2 h reflux, tetrafluoroiso- 

31 J. R. Woplin, Ph.D. Thesis, University of East Anglia, 1970. 
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propylphosphorane was recovered by fractionation through 
a 20 cm Vigreux column; 21.9 g (80%) of product, boiling 
range 42-52 "C, was obtained. A b.p. of 48-49 "C was ob- 
tained for a product distilled twice over sodium fluoride 
(Found: C, 24.0; H, 4.7. Calc. for C,H,F,P: C, 24.85; H, 
5.0y0), m / e  131 [W+-F [strongest fragment; no parent ion 
seen (calc. for M+: nz/e 150) in line with observations 32 on 
other RPF,]; lH n.m.r. (in CH,Cl, a t  28 "C) 6=(CH) 2.44 

26.1, I3jHHI 6.9, I4JFHI 1.1 Hz), integration CH : (CH3)2 = 
1 : 6 (calc. 1 : 6) ; lgF n.m.r. (neat a t  24 "C) SF - 56.0 p.p.m. 
(IIJppl 989.2 13JFH1 6.1, 14Jp~I 1.1 Hz); 31P n.m.r. (in 
CH,Cl, at  26 "C) 6, -30.5 p.p.m. (IlJppl 990.3, IJp=I (av) 
24 Hz). 

The preparation of (I; R = Pr') was then conducted in a 
heavy-walled glass tube. A small quantity (ca. 1 g) of caesium 
fluoride was placed in the tube and was carefully dried by 
heating in VUCUO.  With exclusion of moisture, tetrafluoro- 
isopropylphosphorane (1 1.2 g, 0.075 mol) and heptamethyl- 
disilazane (13.1 g, 0.075 mol) were placed in the tube at  
dry-ice temperature. The tube was then cooled with liquid 
nitrogen, sealed in vucuo, and heated to 100 "C for 4 h. 
Fractionation of the reaction product a t  65 (2)-59 "C (1 
mmHg)13 furnished the product (10.7 g, 51%) as a colourless 
liquid which solidified subsequently. On redistillation a b.p. 
of 64 "C (2 mmHg) was obtained; after two sublimations at  
40 "C (0.1 mmHg) the m.p. was 42-43 "C (Found: C, 
34.05; H, 7.2; N, 9.8. Calc. for C,H,,F,N,P,: C, 34.05; 
H, 7.1 ; N, 9.9yo), m/e 282 (calc. 282.20). 
2,2,4,4-Tetra~uoro-l,3-dimethyl-2,4-di-t-butyZ- 1,3,2,4-di- 

uzadzfihosphetidine, (I; R = But). This compound was 
prepared as in reaction (2) according to a procedure adopted 
from unpublished work of Schlak.18 The reaction was con- 
ducted in a three-necked flask, fitted with a reflux condenser 
(topped by a drying tube), a pressure-equalizing dropping 
funnel, and a thermometer. To a solution of (F,PNMe), 
(8.8g, 0.038 mol) in dry hexane (40 cm3) was added 32.1 g of a 

(12JPHI 20*o, I3JHHI 6.9, 13JFHI 6-l) and 6H(cHd l.36 (I3JP€f( 

15% solution of t-butyl-lithium in hexane [corresponding 
to 4.82 g (0.075 mol) of But Li] with cooling (dry ice-acetone) 
and magnetic stirring over 2 h. The reaction mixture was 
allowed to warm up to room temperature (2 h) and was 
stirred for a further 12 h at  room temperature. A solid 
precipitate that had formed was removed by filtration ; 
fractionation of the residue remaining after removal of 
solvent furnished the product as a colourless liquid, b.p. 
67 "C (0.6 mmHg) (7.8 g, 67%), which eventually solidified. 
After sublimation a t  40 "C (0.1 mmHg) a m.p. of 51-56 "C 
was observed (Found: C, 38.6; H, 7.7; N, 9.3. Calc. 
for Cl,H,,F4N,P2: C, 38.7; H, 7.8; N, 9.0%), m/e 310 (calc. 
310.26). CAUTION. The reaction often commences 
only after an induction period, and may proceed very vio- 
lently; careful temperature control is, therefore, imperative. 
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