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R.M. Elofson, Natsuko Cyr and J.K. Laldler
Alberta Research Council, Edmonton, Alberta, Canada T6G 1Z4
Joan Mason*

Department of Chemistry, The Open University, Milton Keynes MK7 8AA, UK

Abstract 15N and 13C NMR parameters and 4-substituent effects reflect the configuration and conformation in solution of !5N-labelled
syn-{Z)- and antk(E)- aryl diazotates ArN=NO"and aryldiazocyanides ArN=N-CN, as for other aryldiazo compounds.

Introduction

Following our investigation of solutions of benzenediazonium salts! and synand antf diazocyanides? by 1N and 13CNMR and
other physical methods, we report comparable resuits on syn and antf aryldiazotate ions ArNg=NgO", the constitution of which has
been much discussed,3# and further comments on the diazocyanides.2 15N (with 13C) NMR spectroscopy 3 gives unique information
on these molecules, since the shifts and coupling constants are sensitive to the geometry, which may ditfer from the solution to the
solid, and some conformers (such as syndiazocyanides) can only be studied in solution. Strong deshielding on bending?® is a useful
criterion of structure of diazenido ligands$ triazenes,” etc., since the presence of a lone pair on nitrogen (ny) in a m-system aliows
low-energy paramagnetic (deshielding) currents, increasingly with reduction in the excitation energy AE(ny— 1*).5 In organic aryldiazo
compounds ArNNX the nitrogen shifts cover a range of 250 ppm,5 or 400 ppm with the inclusion of diazonium compounds,! in which
CNN Is linear; In diazenido complexes of transition metals (X = MLp), in which MNN may be bent or linear, the range is 500 ppm.8

In aryldiazo molecules (ArNyNgX) there are variations in twist (the dihedral angle between the ring plane and the azo plane) to
reduce ortho-repulsions, and In the geometry of the CNNX group, depending on (o+1) influences of the X group and ring substituents,
and steric factors. Twisting reduces NN,ring m-interactions and increases ny ,m-ring interactions, raising the ny orbital of the distant
nitrogen: thus ortho-substitution by alkyl groups In cisand trans azobenzenes substantially red-shifts the ny—m* absorption.®
Twisting, therefore, deshields the nitrogen, as observed for ciscompared with trans azobenzene (by 20 ppm).8 A 53" twist is observed
for crystalline cis-azobenzene,'? while trans-azobenzene, though near-planar in the solid!! {for economy in crystal packing) has a 30°
twist in the gas phase!2 which probably persists to some degree in solution. Azobenzene twists in the gas phase are greater than in
corresponding stilbenes, In which ortho repulsions are somewhat larger, so there seems to be some advantage in ny,n-ring
interaction!? (indeed, CNDO/2 calculations have given dihedral angles of 80" for trans-azobenzene'3). AG* values of 7.2-9.6 kcal mol-
t are given by '3C NMR studies of internal rotation In 4-substituted azobenzenes.!4 Twisting is monitored also by effects of 4-
substituents in the ring, e.g. with change from a n-donor such as NMe, or OMe to a m-acceptor such as NO, or CN. Changes in the 4-
substituent produce large changes in Ng shift in aryldiazocyanides,2 so they are likely to be planar in solution as in the solid. The
range for 4-substituted trans-azobenzenes (CgHyX-4)Ng=NgPh is 13 ppm for N, and 44 ppm for Np.9

Coupling constants to nitrogen are sensitive to the presence of a lone pair with s character, since non-bonding and bonding
electrons give oppositely-signed contributions to the Fermi contact term which dominates the coupling:5-#7 [J] Is thus reduced by
twisting or decrease In the nitrogen angle. When two such lone pairs are adjacent, as in the azo group, their combination at a dihedral
angle of 180" (tran gives a large positive Fermi contact contribution, whereas a dihedrat angle of 0" (ci§ gives a large negative one.!?

In the solid state disodium syn4-sulphonatobenzene diazotate shows a remarkable degree of twisting,® a dihedral angle of 89°,
while potassium syr-methyl diazotate is planar,'® as are antidiazocyanides (with 4-Cl, 4-Br, or 2,4-Br substituents).2022 The NNX
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angle (in ArNNX) is maximal in transition metal diazenides ArNNML,, with linear MNN groups, the diazenido group acting as a 1-electron
donor ArNN' (cf. the linear nitrosyl ligand NO*). The 120"-bent ligand Is a 1-electron acceptor ATNN" (cf. the bent NO ligand). In the
doubly-bent relative to the singly-bent ligand (the NNAr group is always bent}, MN coupling constants are reduced, and both nitrogens
strongly deshielded, sometimes by 400 ppm or more.® (Interaction of lone pairs on Ny and Ng gives n, and n. levels, the higher level
glving the greater contribution to the deshieiding).

In aryldiazo compounds the CNN angle is normally less than 120" solid state values are around 110" in azoalkanes, 112-115" in
arylazo compounds including triazenes,23 and 113-117" in the (ant) -diazocyanides with 4-Cl, 4-Br, or 2,4-Br, substituents.20-22 |n the
syn-diazotates the CNN angie is 116" in the alkyl compound, but 118" in the aryl compound. A significant increase is observed for cis-
azobenzene, in which cAN is 122", compared to 114’ for trans- azobenzene, larger increases being observed with ortho-substitution.®
Aryldiazotate bond lengths show some evidence of n-delocalisation: the NO bond is short (1.32 A ) and the NN bond sfightly lengthened
(1.30 A),* cf 1.25-1.26 in azobenzenes, and 1.25 A in the 4-Cl diazocyanide {though 1.28 and 1.32 A in the diazocyanides with ortho
bromo substituents). There is no evidence for delocallsation in the (ant/) diazocyanide side-chain: the NNX angle is 108-114°, and the
NCN angle near 180" (170-174"), the carbon being linear in principle in N-CxN or N=C=N 20-22
15N and 13C nmr parameters In aryl diazotates and dlazocyanides

Tables 1 and 2 show 5N and 13C nmr shitts and coupling constants in syn-and anti -aryldiazotates with 4-substituents ranging from
the m-donor OMe to the m-accaptor CN, with values of thelr Hammett constants gp.  (Al! substituent constants are taken from ref. 24.)
In contrast to the diazocyanides, the influence of the substituents on the syndiazotate nmr parameters is relatively small, so the twist
observed in the solid state is expected to persist in solution. The shielding of 15Ng antj shows the greatest variation with the 4-
substituent, decreasing over a range of 20 ppm with increase in m-acceptor abiiity of the 4-substituent; the shielding of Np syn varies
less (by 8 ppm}, in the same sense. The shielding of the /pso carbon, also, tends to decrease with increase in Ops slightly more for the
syncompounds (13 ppm) than the ant/ (11 ppm). The variation of 6‘5Na is small, about 5 ppm, for both synand anti diazotates.

4-substituent OCHg H a CN
Hammett op -0.27 0.0 0.24 0.7
Ng syn 21.7 -17.1 -19.6 -18.8
anti 0.2 2.1 -2.4 -2.8
Ng syn 102.5 106.3 108.4 110.5
Table 1. 15N and 13C nmr shifts (ppm) of sodium syn- (3 ant/ 133.3 137.6 145.4 153.4
and antk(E)-benzenediazotates ArNzNgO" (aq). c(1) syn 141.7 149.2 147.0 154.4
The reference for the 15N shifts is neat liquid nitromethane. anti 144.0 160.0 147.3 154.7
C(2,6) syn 123.9 122.2 123.7 123.6
antf 123.0 121.8 121.7 122.6
C(3.5) syn 114.8 129.7 129.2 134.1
anti 115.8 130.4 128.9 135.2
C(4) syn 157.1 126.3 130.5(?) 120.6
anti 158.7 127.6 131.2 122(?)

813cin -OCHg, 56.3 (syn), §7.1 (ant); in -CN, 108.2 (syr), 108.1 (ant).
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In the diazocyanides,2 however, the shieldings decrease greatly from the x-donor OMe as 4-substituent to the x-acceptor NO,; by
8 ppm (syn) and 6 ppm (anti} for C(1), but 61 ppm (syn) and S1ppm (anti} for Np, and 25 (syn) and 19 ppm (ant}) for Ni. This contrast
arises because -CN is a (G+r) electron-acceptor, whereas O is a (0++r) electron donor. In each case the carbon or nitrogen shielding
is not very different in the two isomers, but somewhat higher in the syn than the anticompound, consistent with greater n-delocalisatior
and smaller twist in the latter (cf. the higher shielding25 for comparable nitrogens in Z than E iminoazo triazenes ArN=N-N=CR,) The
differences tend to increase with decrease in the shielding, since small variations in a small excitation energy bulk large.

Relative shieldings of N, and Ng in the aryldiazo compounds depend on the (G+1)-inductive properties of the X group. The o-
influence of X (measured by the inductive parameter gj) is much greater on the adjacent nitrogen Ng, than Ny in the aryldiazotates
(syn or anti} NB is dgshieided by 130-140 ppm relative to Ny by the strong ¢-donor ability of -O” (G} = -0.16).This decreases AE(n—n*
for Ng by destabilizing the ny HOMO (part of the o framework) relative to the z°NN LUMO. In the diazocyanides, however, Ng is
shielded by about 140 ppm relative to Ng, by the strong G-acceptor ability of -CN (o} = 0.57), increasing AE(n—s=") for Ng by stabilising
the ny HOMO, relative to the =*NN LUMO. (The azobenzenes® and (iminoazo) triazenes?s are intermediate.)

Similarly, No, shows more clearly than Ng the n-influence of the X group. The Ny shielding decreases with increase in the nt-accepto
ability of the X group {(measured by the mesomeric parameter og®), which reduces AE(n—w*) by lowering the x*NN LUMO relative to the
ny HOMO. The N shielding decreases by nearly 200 ppm from the aryldiazotates, with 0g? = -0.58 for O", to the diazocyanides, with
o = 0.08 for CN (again, the azobenzenes and iminoazo triazenes are intermediate). Ng howaver shows the greater effect of twisting.

Interestingly, changing the X-group from O~ to CN has a much smaller effect on the shift range of Ng (15-20 ppm) than Ng, (95-115
ppm). The c-inductive influence of the X group affects the radial factor <r'3>2p as well as the enargy factor AE(n—x*) in the
paramagnetic term, r being the radius of the 2p electron: the deshielding is the greater the closer are the paramagnetic currents to the

nucleus®). An electron acceptor X group like CN (relative to an siectron donor such as O) increases the radial term as well as the
energy term for Ng, so that the resultant effect on the shift is relatively small.

Table 2. 15N, 3C coupling constants || (Hz) in benzenediazotates

4-substituvent  oOCH; H C N Table 3. 15N, 13C spin-spin coupling constants M| (Hz) in aryidiazo compound:
Hammett %p -0.27 0.0 0.24 0.7
Linear TJ(NN) J(CNg)

'J(NgNB) syn 182 18 187 197

anti 154 155 155 16 benzenediazonium saits (CNN linear) 1.5-3.5 10-18
YWCiNg) syn 36 5.7 diazenido ligand, MNN linear (NNR bent):

anti 48 0 18e complexes 12-17
2J(CoNw) syn 1.9 <1 16e complexes 7-8

anti 31 3
2J(CiNg)  syn 1.8 <1 1.8 Doubly bent syn, cis, Z anti, trans, £

anti 55 4.9 4.0 1J(NN)  J(CNg) 1J(NN) 1J(CNgy)
3(C3Ng) syn 0 <l

anti 1.2 1 aryldiazotates 18-20 3-6 15-16 0-5
3J(C2Ng) syn 1.2 «1 1.2 aryldiazocyanides 23 8-9 15-16 0-3

anti 3.7 3.0 3.6 azobenzenes 15 9 15-17 0-1

4J(CaNp) syn [4] 0 (4] bent diazenido ligand 14-19
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The coupling constants support the conclusions from the shifts. |!J{I15N1SN)| is large in the syn-benzenediazotates, increasing
with n-acceptor ability of the 4-substituent, and quite large in the anti -compounds. |!J(13C15N)j is small in the syn compounds and
smaller in the antfcompounds. Azobenzene and aryldiazocyanide couplings are comparable, with somewhat larger 'J('5N15N) and
1J(13C!5N) values in the latter; factors in these increases being the greater planarity and slightly smaller angles at the nitrogens (larger
s character) in the diazocyanides than the diazotates, and the increase in |J| observed with an electronegative substituent such as
CN.15 (The coupiing 1J(15Ng'3C) to the cyanc group, 17-19 Hz, is large because of the near-sp (i.e. large s) character of the carbon.)

The 15N-labelied molecules were prepared by fiterature methods?8 from 88% 15N-enriched 15NH,CI, Na!SNO, and aniline (MSD
Isotopes). 1SN-labeiled anilines were prepared from the benzoy! chlorides by Lewis and Holliday's method and converted to 15N-
diazonium sulphates by Hodgson and Mahudevan's method, 15Ng- diazonium sulphates being made from Na'5NO,. Doubly-labelied
diazonium salts were made similarly. Syn-diazotates were made by the method of Le Fevre and Sousa, ant~diazotates by that of
Schraube and Schmidt. Synand antkdiazocyanides were made from enriched diazonium salts as described by Le Fevre and Vine.
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