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Al~tract--The '~C NMR spectra of a number of 2,3-dihydro-l,4-diazepinium salts, like 'H NMR spectra, confirm 
shape, and charge distribution for these compounds. The ring has a half-chair shape which is inverting rapidly at 
room temperature. The atoms in the conjugated portion of the ring show alternating polarity, and phenyl groups 
attached to these positions act, respectively, as electron-donors or electron-acceptors. A methyl substituent in the 
satm'ated portion of the ring shows equal preference for quasi-equatorial and quasi-axial conformations. Some 
comparisons are drawn between present results and similar results obtained with related benzene derivatives. 

"C NblR studies of molecules which have complete 
cyclic conjugated systems clearly show that the chemical 
shifts are little affected by ring-current but are strongly 
dependent on the charge densities at the carbon atoms3 
The 2,3Mihydro-l,4-diazepinium salts 1 are thus ideally 
suited for '~C NMR studies. Since their conjugation is not 
completely cyclic the question of ring-current is irrelev- 
ant, while their interesting properties ~ are closely con- 
nected with the charge distribution within the molecules. 

'H NMR spectra had previously indicated the alternat- 
ing polarity of the conjugated portion of the ring (atoms 
4-7, 1) in that signals for H(5,7) appear at much lower 
field than signals for H(6).' There is similarly a spectacular 
difference in chemical shift between C(6) (8 ca. 90 ppm) 

R I 

N..-:-4,R: 

" W R ,  IX l 

I 

and C(5,7) (8 ca. 160 ppm) (see Tables 1 and 3). These 
results are in accord with studies on cyanines, 5 which 
have a related electronic system, and with MO--LCAO 
calculations on a,~diazapolymethines. ~ 

The signal for the 6-carbon atom is at much higher field 
than is usually found in nitrogen heterocycles, 7 but 
approaches that of the meso-posifion in porphyrins 8 and 

Table 1. "C-NMR shifts for dihydrodiazepirtium cations 1 (& ppm downfield from Me, Si) 

Substituent groups ~f" 8 3 8 8 
R' R' R" R ~ R" C(6) C(5,7) C(2,3) other C 

H H H H H ~s 88.01 157.31 
158.53 Me H H H H" 87.43 
156.06 

Me H H H Me ~6 8%04 157.21 
H Me H Me H ~" 91.39 166.96 

t67.66 H Me H Ph H ~s 90.42 
164.54 

H Ph H Ph H" 90.64 t66.33 

Me Ph H Ph H ~" 93.52 168.00 
163.92 

Ph H H H Ph '~ 92.64 t55.,t0 

Ph Me H Me Ph 2° 96.34 165.45 

H Me Br Me H 2j 84.53 166.65 
H Me NO2 Me H = 126.65 162.52 
H Me OMe Me H .2~ 124.75 164.31 

H H Ph H H z~ 102.68 157.30 

48.81 
47.64 
47.07 l-Me, 56.47 
,16.71 1,4-Me, 55.20 
47.87 5,7-Me, 23.67 
48.49 5-Me, 23.79; 7-Ph, 135.67, 
47.66 131.69, 128.76, 127.97 
49.34 5,7-Ph, 136.54, 132.43, 

129A6, 128.63 
48.72 1.Me, 57.06; 5,7-Ph, 
45.37 136.74, 136.21, 131.59, 130.75 

128.85, I28.36, 127.94 
55.84 1,4-Ph, 144.97, 129.73, 

128.29, 122.62 
58.67 5,7-Me, 25.14; 1,4-Ph, 

144.73, 130.06, 129.07, 125.70 
48.20 5,7-Me, 28.40 
47.55 5,7-Me, 21.29 
47.75 5,7-Me, 19.48; 6-MeO, 61.31; 

picrate, 19.5.22 
48.70 6-Ph, 138.71,128.66, 127.t9, 

126.17 

*Picrate anion. "Not previously reported; see Experimental. 
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2. “C-NMR shifts for phenyl substituents in dihydr~ia~pinium cations (8, ppm 
downfield from Ne.Si) 

Table 

Substitue$ groups 
R’ R’ R” R’ 

H Me H H 
;t: H 

131.69 128.76 
H Ph H 132.43 129.46 

Me Ph H Ph H 

Ph H H H Ph 128.29 129.13 
Ph Me H Me Pb 129.01 130.01 
H H Ph H H 126.17 128.66 

(nAta) 

128.85 

135.67 -2.93 
136.54 -2.97 
136.74 -2.74 
136.21 -1.90 
144.97 +1.44 
144.73 +1&U 
138.71 +2.49 

Table 3. “C-NMR shifts for 2-substituted ~hy~~~epi~~ cations $6 and 9 (8, ppm 
downheld from Me,Si) 

Diazepinium 6 6 s s 
salt’“’ ) Temp. C(6) CO $,3) S-Me ?-Me 2-Me 

(5) x =CI’ +4@ 96.92 

-w 96.76 

-4v 96.70 

(5) X = Hz’ +40” 92.02 

+20” 92.02 

-40” 91.88 

(V tw 91.97 

-40” 91.82 

w MP 91.92 

-40” 91.69 

164.58 55.80 

168.76 60.44 
164.33 ss.50 

168.58 60.28 
164.22 55.37 
168.51 60.23 
164.97 55.71 
168.41 58.89 
164.93 55.61 
168.35 58.84 
164.69 55.42 
168.16 58.14 
166.24 52.17 
168.38 54.54 
165.90 52.17 
166.16 53.31 
167.90 53.76 
168.39 55.59 

25.48 27.24 

2.5.59 27.27 

25.63 27.26 

23.17 24.84 

23.17 24.80 

23.13 24.71 

23.45 24.33 

23.58 23.92 16.15 
23.72 24.60 17.87 

167.06 60.45 23.69 

166.56 60.01 23.54 

2m? 

- 

23.44 
26.57 

24.84 

23.13 
26.51 

17.05 

24.26’ 
31.45h 
24.08 
3 1 .24b 

l 4’,S‘-C of cyclohexane ring; “3’,6’C of cyclohexane ring. 

that of the methine carbon in the enol form of 
~~ketones~ It is also very close to that for the 3-position 
of the isoelectronic pentadienide anion,f’ thus nicely 
demonstrating the ironical fact that this is an electron-rich 
cation, Apportion of an empirical relation” provides an 
estimated n-electron density of ea. 1.3 electrons at C(6) 
and 0.8 electrons at C(5,7), suggesting that the ncelectrons 
must be pr~ornin~~y associated with the nitrogen atoms 
(cu. 1.6 electrons each). 

Methyl groups at Cf.5,7) cause downfield shifts of the 
carbon atom to which they are attached of cu. 10 ppm, an 
effect q~titatively similar to that observed for benzene 
derivatives.12 They also cause smaller downfield shifts of 
the signal for C(6). N-Methyl substituents on the other 
hand cause au upfield shift of the C(6) signal; N,N’- 
d~methy1 substitution produces no overall effect on the 
C&7) resonances but mon~N-methyl substitution splits 
the C(5,7) signal symmetrically into two signals. As would 
be expected from the electron densities of the ring sites to 
which they are attached, the N-me~yl groups provide 
signals much further downfield than do the 5,7-methyl 
groups. 

The qu~i~tive effects of substi~ents at the 6position 

also resemble those observed for aryl derivatives.‘* 6- 
Nitro- and ~methoxy-soups cause pronounce down- 
field shifts for the C(6) signal, and a ~~or~substi~eut 
causes a smaller downfield shift, whereas a &bromo- 
substituent causes an upfieid shift. In addition 6-nitro- and 
~methoxy-soups cause upfield shifts of the signals due 
to vicinal methyl groups, white a &bromo-atom causes a 
downfield shift; a (r-chloro-atom also causes a small 
do~eld shift. This again finds a parallel in spectra of 
aryl derivatives for the methyl groups of mesitylene 
appear at 8 21.10, whereas the id-methyl groups of Z- 
nitro-, tmethoxy- and 2-brom~mesityiene appear, re- 
spectively, at 6 17.28,15&l and 23.54. The signals for the 
S-methyl groups in these mesitylene derivatives are 
relatively slightly affected by these 2-substituents, and are 
unifo~y shifted upfield, appearing respectively at 6 
20.85, 20.54 and 20.53. The upfield shifts caused by the 
vicinal methoxy- and nitro-groups may be due to steric 
compression shifts;*’ this factor will be less important 
when there is a vicinal bro~ne atom which, owing to its 
greater bonding radius, causes less crowding than do the 
other groups. A difference between the effects caused by 
vicinal methoxy- and ni~~~oups on the one hand, and 
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halogen atoms on the other hand, has been observed also 
in variable temperature ‘H NMR investigations of 
dihydrodiazepinium salts4 

Some special interest centres on the cases of sub- 
stituent pheoyi groups at different positions, because it 
has been pointed out’ that conjugative iote~~tion of such 
groups with the dihydrcdiazepinium ring is necessarily 
electron-withdrawing at the 1,4,bpositioos and electron- 
donating at the S,7-positions. Also, UV” and ‘H NMR’ 
spectra suggest that the coplanarity of phenyl groups with 
the seven-membered ring may be prevented by adjacent 
methyl substitueots. 

As in the case of benzene derivatives, the effect of a 
substituent phenyl group is generally deshieldiog, but the 
different types of conjugation between the two rings, 
depending upon the site of the substituent pheoyl group, is 
clear from the signals due to the pheoyl carbon atoms (see 
Table 2). 

In assigning the pheoyl signals it has been assumed that 
the most downfieId peak is due to the l-carbon atom, and 
that the p-carbon atom gives rise to the other peak of low 
intensity. The signal at 129.5 2 1 ppm is assigned to the 
m-carbon atom, since it shows the least deviation from the 
signal for the carbon atoms in benzene (c$ Ref. 12). The 
assignment of the o- and m-signals is unambiguous except 
in the case of the 5,7dipheoyl compound, but even if the 
signals are n&assigned for this compound it does not 
at&t the qualitative argument. 

The difference between the signals for the m- and 
p-positions shows the difference between 5,7-phenyl 
groups and 1,4,6phenyl groups, the pposition of the 
former being relativety eI~tron~eficieot and of the latter 
being ele~~oo-~ch. This is in accord with coot~butioos 
from the caoonical forms 2,3 and 4 respectively. From the 
values for G(m)_S(p) it appears that the contribution of 
form 3 is relatively less important than the contributions 
from forms 2 and 4 to the respective dihydrodiazepinium 
cations. 

The lessened conjugation of phenyl groups with the 
dihydrodiazepinium ring when they are flanked by methyl 
groups, presumably because they are forced out of 
coplanarity with the seven-membered ring, is again 
evident from these spectra. The difference between the 
two pheoyl groups in the 1-methyl-5,7-dipheoyl deriva- 
tive is particularly illustrative. 

A high resolution study of the uosubstituted dihyd- 
rodiazepioium cation shows coupling between hydrogen 
atoms and the carbon atoms to which they are attached as 
follows: Jwdn = 165.9 Hz, JWK_c-x71H = 172.7 Hz, Ju3c_2<aBw 
= 144.7 Hz. These values are all in accord with the 

assigned structure of the molecule (cf. 163.0 and 170.0 Hz 
for the 3- and a-positions, respectively, in pyridine), 
Longer range couplings are also evident as follows: 
Jsc.xaH = 4.1 Hz, J~c.,(,)H = 4.1 Hz, Jw-W,H = 3.7 Hz, 
JzQ~-,<~E, = 9.3 Hz. 

Variable temperature ‘H NMR studies had shown that 

the dihydr~i~pinium ring has a half-chair shape, which 
is rapidly inverting at ambient temperature.’ Similar 13C 
NMR studies have now been carried out and, as in the 
case of the ‘H NMR ~vesti~tioos, it has proved 
coovenieot to use the 2,2dimethyld~ydrodi~epioium 
salts 5, and also the Zmethyl derivative 6, for this 
purpose. Results are shown in Table 3. 

Me f;f___Me 
H 

T1 

iI;, x 
Me __,,Me 

Me 
_*_. 

G e 
IClW rl‘ll> 

+ ,;: 
l$-‘Me tc10,1- 

5 6 

At GO’, the methyl signals for (S, X = Cl) appear at 
25.28,25.48 and 27.24. When the solution is cooled to -40” 
there are four signals, at 23.44,25.63,26,57 and 27.24. The 
peaks at -25.5 and -27.25 persist t~oughout the 
temperature range but the peak at 25.28 (+40”) disappears 
below 0” to be replaced by two signals at still lower 
temperatures. The persistent signals may be ascribed to 
the SJ-methyl groups, while the other signals arise from 
the 2-methyl groups, which appear as distinct quasi-axial 
and quasi-equatorial groups at low temperatures, but are 
averaged out by inversion at higher temperatures. 

In the case of (5, X = H), there are only two signals (at 
23.17,24.84) at HO”, and only three (at 23.13,24.71,26.51) 
at -40”. At tW the signal at -23.15 is much greater than 
that at -24.8, but at -40’ the ratio is reversed, while at 
- +20", the two signals are of approximately equal height 
and are apparently superimposed upon a flat signal. It 
seems therefore that these two signals arise from the 
5,7-methyl groups, and that at +40” an averaged signal for 
the two 2-methyl groups is superimposed upon the lower 
field signal; this latter signal disappears when the solution 
is cooled to near +20” and then reappears at lower 
temperatures at two signals due to separate quasi-axial 
and quasi-equatorial methyl groups, and one of these 
separate signals is now superimposed on the higher field 
signal due to the 5,7-methyl groups. 

The situation with regard to 6 is more complex in that 
inversion is not between two equivalent conformers, as in 
the case of 5, but between two distinct species 7 and 8. 

9 

Therefore when inversion is rapid, there should be one 
signal due to the 2-methyl group, and two due to each of 
the S,7-methyl groups, 5,7-r& atoms, and 2,3-ring atoms, 
while at lower temperatures there should be two signals 
due to the 2-methyl group, and four signals for each of the 
2,3-ring atoms, $7~ring atoms, and 5,7-methyl groups. The 
experimental result confirms this (see Table 3). 
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All these results thus confirm the shape previously 
deduced for this heterocyclic system.' The low tempera- 
ture spectra for 6 indicate an approximately equal 
contribution for the quasi-axial 7 and quasi-equatorial 8 
conformers. This is also in agreement with the earlier 
findings from ~H NMR. At -5& the signals due to the 
protons of the 2-methyl group appear as doublets of equal 
intensity. Hence, in contrast to the behaviour of 
cyclohexane derivatives, there is no preference for a 
substituent methyl group in the saturated pan of a 
dihydrodiazepinium ring to adopt an equatorial position. 
The difference obviously arises from the absence of other 
axial substituents in the other part of the ring, which in 
turn leads to an absence of 1,3-diaxial interactions. 

The cyclohexanodihydrodiazepinium salt 9 must be 
rigid, and cannot invert. In accord with this, its ~3C NMR 
spectntm does not change over the temperature range 
+40 ° to -40 ° (see Table 3). 

If it may be assumed that for the 2-substituted 
dihydrodiazepinium salts the chemical shift due to the 
5-methyl group is more likely than the signal due to the 
7-methyl group to resemble the shift for 5,7-methyl groups 
in the 2-unsubstituted analogue (1, R t = R ' = R r = H ;  
R s = R 7 = Me), since the 5-methyl group is further away 
from the 2-substituent(s), then the 5-methyl signal appears 
uniformly at lower field than the 7-methyl signal in the 
2-methyl derivatives. 

EXPERIMENTAL 
The spectra in Tables 1 and 2 were recorded at 20 MHz for 10% 

solutions, normally in [2H~]DMSO, but also with the addition of 
trifluoroacetic acid, or in deuteriotrifluoroacetic acid, in the case 
of high-resolution studies. The variable-temperature spectra 
recorded in Table 3 were for solutions in [2Hr]acetone. The 
counter-ion was usually perchlorate, except where otherwise 
indicated; the effect of the counter-ion appears from other 
experiments with related compounds to be very small. 

All the salts had been reported before with the exception oI the 
following case. 

2,3-Dih ydro- l-methyl-l ,4-diazepinium perchlorate 
N-Methylethylencdiamine (0.22g, 3mmoles) in methanol 

(100ml) and 1,5-diaza-l,5-diphenylpentadienium perchlorate '~ 
(0.97 g, 3 mmoles) in methanol (100 ml) were added over a period 
of ca. 3 h to boiling methanol (500 ml). Evaporation of the solvent 
in vacuo, followed by addition of ether, promoted the crystaliisa- 
tion of the dihydrodiazepinium perchlorate (0.3 g, 48%), m.p. 
102-103 ° (from ethanol), ~,~, (MeOH) = 336 nm (~ = 15,(g~0), v~,~ 
(Nujol mu11)=3340, 1640, t570, 1330, 1100, 800cm ~, ~" 
([2He]acetone) 2.25 (2H, complex), 4.87 (IH, t), 6.10 (4H, s), 6.45 
(3H, s) (NH signal not apparent). (Found: C, 34.25; H, 5.4; N, 
13.25. C.J-I,,CINzO, requires: C, 34.2; H, 5.25; H, 13.3%). 
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