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Abstract. The solid stat¢®*C and'>N CPMAS NMR spectra of 3,5-diert-butyl-1,2,4-diazaphosphol and 3,5-diphenyl-
1,2,4-diazaphospholehave been recorded. The X-ray structure of the first compound was already known (it is a cyclic dimer
with localized N—H protons) while the structure of the second cannot be determined due to the difficulty to grow suitable single
crystals. NMR results pointed out thdtis a “classical” compound whil& is probably a tetramer showing Intermolecular
Solid-State Proton Transfer (ISSPT). GIAO/ab initio calculations have been carried out to estimate the aHsof@eand

15N shieldings. The agreement with the experimental chemical shifts is good enough to assign the signals of carbons C-3 and
C-5.

1. Introduction

1,2,4-Diazaphospholekare related to pyrazolessince they can be considered 4-phosphapyrazoles.
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This relationship has far-reaching structural consequences. Of dab,2,4-diazaphosphole$: (1,
R = H) and4 (1, R = BW) the structure is known from X-ray analysi3:crystallizes forming heli-
cal chains (catemers) artforming cyclic dimers [1]. The corresponding pyrazoles, pyrazole iGelf
(2, R = H) [2—-4] and 3,5-ditert-butylpyrazole7 (2, R = Bu') [5] crystallize using the same patterns.
Since 3,5-diphenylpyrazol8 (2, R = CgHs) crystallizes in cyclic tetramers [6] we decided to explore
the structure of 3,5-diphenyl-1,2,4-diazaphospt®(@, R = CgHs) [1] in order to extend the compari-
son.
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Table 1

13C and®®>N NMR chemical shifts [ppm] and coupling constants [Hz] ¢f-1,2,4-
diazaphospholetin CDCI; (or CH,Cl,, compoundb) solution

Average C-3,5 R Average N-1,2

3 158.9 - 105.5
(R=H) YJen = 1812 Hz 2Jwn = 6.7

lJcp = 60.0 Hz

%Jep = 5.1 Hz
4 189.7 35.2 (C) 31.9 (Me)
(R=Bu*)® LJjcp =608 2Jep=147 3Jcp=6.6
5 177.0
(R=Phf  Jcp =534 134.5 (G) 126.3 (G)

2Jep=186 3%Jcp=09.8
129.2 (Gy)  129.1(G)

331p — 67.6 ppm (CDC4, this work). °63P = 743 (CHCl, [7]), 6%P =
76.0 ppm (CDC4, this work).

As we could not obtain crystals &fsuitable for X-ray analysis, we decided to investigate the structure
of 1H-1,2,4-diazaphosphole? 4 and5 using solid state NMR spectroscopy. For comparison, the not
yet published'3C NMR data of these compounds in solution [7] are collected in Table 1. Generally
only averaged signals for C-3,5 and N-1,2 are observed in the spectra bfuhsubstituted 1,2,4-
diazaphospholes as well as in the spectra ofNhensubstituted pyrazoles. While, however, by using
Me,SO or (MeN)3PO as a solvent, separate signals for C-3 and C-5 could be achieved for pygazole (
R = H) [8-10] and 3,5-dimethylpyrazol€,(R = Me) [11], this is not the case for the diazaphosphole
3[7].

2. Experimental

Compound$-5 have been described previously [1,7]. CPMAS NMR experiments: the solid'é@ite
and'®N NMR spectra were obtained at 300 K on a Bruker AC-200 spectrometer operating at 50.32 MHz
(*3C) and 20.28 MHz®N) under cross polarization (CP) and magic angle spinning (MAS) conditions,
using a 7 mm Bruker DAB 7 probehead that achieves rotational frequencies of about 3.5-4.5 kHz. Sam-
ples (approximately 200 mg of material) were carefully packed in,Zidors. The standard CPMAS
pulse sequence was applied With-90° pulse width of 7us for 13C and of 10.5us for *°N; 1 ms contact
pulses and 5 s repetition time, the spectral width being of 15000-17 000 Hz. The chemical shifts are
given in ppm from TMS for*H and'3C and external nitromethane f&tN NMR spectra3!P chemical
shifts are given from external 85%z;A0, in water.

3. Computational details

All the calculations have been carried out with tBaussian 9%ackage [12]. The molecules studied
have been optimized using the 6—-31G* basis set and the Becke3LYP method [13,14], as implemented
in Gaussian 98For the geometry optimization, the planarity of diazaphosphole ring has been imposed
whenever possible. The calculations of the absolute shieldingg, have been performed using the
GIAQ perturbation method [15].
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4. Results and discussion: NMR spectroscopy

The results we have obtained with compouAdmd5 are reported in Table 2, together with those of
compound3 from [7]. It has not been possible to observe Al NMR signals of compoun, even
after 76 000 scans (corresponding to 63 h). The chemical shifts of the corresponding pyrazoles have been
added for comparative purposes.

It is interesting to compare the$¥C NMR data with those of the correspondiNgmethyl derivatives
9, 10, 11 andN-phenyl derivatived 2, 13, 14 reported in Table 3.

Table 2

13C and N CPMAS NMR chemical shifts [ppm] and coupling constants [Hz] f-1,2,4-
diazaphosphole$ and H-pyrazoles?

Comp. C-3 C-5 R N-1 N-2
3 165.8 159.4 -
(R=H)[7] ' Jep = 652
6 138.7 107.0 - —1678 —905
(R=H)[16,17]
4 191.5 188.5 35.0 (C) —1614 —637
(R=Bu") 32.3 (Me) e =148 ZJyp =48
7 160.7 152.9 32.7 (C) —-1781 —96.8
(R=But)[16,17] 31.3 (Me)
5 176.4 175.3 133.4 (¢ N.o2
(R = CgHs) 134.8 (G)

125.2 (G)

128.6 (Gn, Cp)
8 146.9 139.0 N.8.(C)) —1750 —1020
(R = CgHs) [16,17] 127.0 (G, Cm, Cp)

aNot observed.

Table 3

13C NMR chemical shifts [ppm] and®*C-'P coupling constants [Hz] of 1-substituted 1,2,4-
diazaphospholes in CDg$olution [7]

R! R R 3 C-5 R RS R®
9 CHs H H 163.7 156.8 -
ly=625 'J=544
10 CH; Bu® Bu' 188.3 185.9 42.1 35.6 (C) 34.6 (C)

1j=592 =549 3J=12 2j=165 2J=147
31.1(CH) 31.9(CH)
37]=104 3J=67

11 CHs Ph Ph 1775 175.5 40.1 137.0,JC 133.2(G)
lj=564 'J=491 3J=15 27=198 2J=183
12 Ph H H 164.4 154.1 -
17=633 =543
13 Ph BU But 179 183 130.7 (3 31.2(CH) 33.2(CH)
=60 y=55 35=55 35=119 3J=67
14 Ph Ph Ph 1775 175.4 141.2]JC 135.0(G) 132.6(G)

l7=572 lj=1491 27=198 2J=183
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R H I H But R tBu H R H
H H/ HaC

In each of the series, the chemical shifts of the ring carbon atoms depend, in a similar way, of the sub-
stituents R and tend to lower field in the orde=RH, Ph, BU. While in the NMR spectra of compounds
3-5in solution (as mentioned above) only averaged signals are found for C-3,5 and N-1,2 (Table 1), indi-
vidual signals are found in their solid state NMR spectra. In these spectra, the C-3/C-5 shift difference is
largest in case R- H. The same is found in the solution spectra of compo@dd and12-14. The two
signals can be assigned unequivocally in case of comp®uAd only the signal at higher field shows a
coupling to the protons of thid-methyl group it is assigned to C-5. This signal also shows the somewhat
smaller.Jcp. For the other mentioned 1,2,4-diazaphospholes (dM&las the only exception) also the
signal with the smaller coupling constahnicp and the smaller chemical shift'3C is assigned to C-5.

This assignment is in accord with that for pyrazoles, where also the signal of C-3 is found at lower field
than that of C-5.

The assignment of N1 and N2 in compoufhds based on the homology with chemical shifts of the

pair pyrazole6 and 3,5-ditert-butylpyrazole7 (see Table 2 [17]).

5. Results and discussion: GIAO calculations

We have calculated the absolute shieldings of the structures represented above. It is clear that 1,2,4-
diazaphospholes are Nfd)tautomers and not P)tautomers; nevertheless, we wanted to know the
energy gap between both tautomers and also if the chemical shifts are very different.

The first point is easily answered: the difference in energy is 190 kd'malvalue considerable who
precludes any attempt of observifgn the gas phase or even in solution (the respective dipole moments
are3, 2.53 D and3, 4.94 D).

The calculated absolute shieldingsin ppm, are reported in Table 4.

We have compared these values to the experimental values, when available. We have used the calcu-
latedo values for the three referencé$itTMS: 31.97;33C-TMS: 189.69°N-MeNO,: —117.75 ppm)
and we have mixed the values in solution, average@® ford4, with the CPMAS values. We have treated
all the values, 18, in a single equation:

dexp = (3254 1.3) — (1.01+ 0.01)0cac + (1602 + 1.8)[**C] — (1512 + 2.0)[**N], 2 =0.999 (1)

The equation is excellent, not only becausds very high but, more important, because the slope is
close to 1. 3C] and [°N] are indicative variables, which are 0 for thie and 1 when the other nuclei
are considered (the corresponding data matrix is called a matrix of presence/absence). The intercept is
close to the value forH-TMS and the two other slopes are close to the differences between the references
(18969—31.97 = 157.72 and—117.75—-31.97 = —14972). The equation is simple to use. For instance,
in Table 4, the absolute shieldings of carbons C-3 and C-5 are 30.30 and 36.48 ppm. Assuming that the
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Table 4
IH, 3¢, 1N and®!P absolute shieldings [ppm] as calculated by GIAO/B3LYP
N-H (or P-H) C@)H C(GB)-H %P C3 C+5 N-1 N-2
3 22.28 23.52 23.77 27411 29.52 38.24 48.38—71.11
3 23.68 23.83 23.83 363.81 68.77 68.77—11482 —11482
4 22.95 2 b 285.57 1.34 7.06 57.80 —-6173
9 = 23.75 23.86 257.96 30.30 36.48 37.61 —8325

aBut-3: C: 151.14, Me: 157.33, H: 30.77But-5; C: 154.06, Me: 158.50, H: 30.74N-CHs: *H
28.20,'3C 149.44.

slope ofocac is 1, the use of Eq. (1) yields, for C-3: 32— 30.30+ 1602 = 1624 (bexp = 1637 ppm,
Table 3) and for C-5: 38 — 36.48 + 1602 = 1562 (6exp = 1568 ppm, Table 3).

The above equation predicts for the symmetrical comp@&iadignal ab = 1234 ppm for the carbon
andé = —2.8 ppm for the nitrogen, very different from those measured3fdfinally, the calculations
confirm that the assignment of carbons C-3 and C%wrere correct.

In the case of compoundl we can compare the shielding of P-4 (285.6 ppm, Table 4) and the ex-
perimental chemical shift (67.6 ppm, Table 1). The difference, 353.2 ppm, is close to the experimental
absolute shielding of 85% 40Oy in water (328.4 ppm [18]).

6. Conclusions

The conclusion of this study is that compouhdehaves “classically”, i.e., the proton of the dimer
is localized and no intermolecular solid state proton transfer (ISSPT [19]) occurs. On the other hand,
compound5 presents a “dynamic” behavior in the solid state (ISSPT), therefore is not a catemer be-
ing probably a tetramer lik&. The dynamic disorder of compouridexplains why no°N signal was
observed for this compound (Table 2): a broad signal is very difficult to observe withlabelling.

Finally, we want to point out that the understanding of dynamic properties of crystals involving proton
transfer along the hydrogen bond needs necessarily the use of solid state NMR spectroscopy, if possible
combined with X-ray crystallography. But even in those cases where monocrystals of sufficient size
cannot be obtained (case of compo@dCPMAS NMR spectroscopy could provide with a sufficiently
accurate description of the compounds under study.
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