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Abstract The synthesis of a range of N-alkyl I,4-dihydro-1,4_iminoMphrhalenes 
(7-azabenzonorbornadienes) and reduced derivatives is described together with 
l,4-dihydro-l,4- and 9,10-dihydro-9,10- iminoanthracenes. VT NMR studies lead to 
unambiguous assignment of invertomer preferences: changes in the invertomer ratios and 
nitrogen inversion barriers are investigated as the electronic and steric environment is modified 
by variation of substituents in the carbon skeleton and at nitrogen. 

Introduction 

Derivatives of the 7-azabicyclo[2.2. llheptane, hept-2ene and hepta-2,5diene ring systems are the only 
cyclic amines in which the barrier to inversion at nitrogen approaches the high values observed in aziridines.’ 
We have been interested in the origins of the unusually high barriers,’ the question of invertomer preferences 
at nitrogen,2a3 and also stereochemical control in the formation3 and reactions4 of diastereoisomeric 
invertomers at nitrogen. 

A number of derivatives of the title ring system have been studied earliege but there has been no 
systematic quantitative investigation of the effect of substituents on invertomer preferences or nitrogen 
inversion barriers. We report hem the preparation of a number of substituted 1,4dihydro-1,4-imino- 
naphthalene and 1,2,3,4-tetrahydm-1.4iminonaphthalene ring systems (1) (together with examples of 
corresponding iminoanthmcene analogues) and we record detailed spectroscopic data. 

W-sun 
AB = CHTCH,, CH=CH. 

R = H, Me. Et, CH$‘h 

X = H. Cl. F. Me, OMe 

(I)_Pllti 

h4eO#T=CCO$ie. substituted benm- 

Y = H. Cl. F. Me. YY=bmzo 
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13C NMR correlations are particularly helpful in assigning configuration at nitrogen under conditions of 
slow inversion. Earlier work on proposed invertomer assignments and the importance of n-n bishomoallylic 
interactions in determining lone-pair preferences are assessed critically in the light of this direct evidence.rO 

Nitrogen inversion barriers have been measured for a number of N-methyl and N-benzyl derivatives of 
these ring systems in order to probe the effects of variation of the 2-carbon bridges on the inversion process. 

Preparative Methods 

The amines used in this study am shown in schemes 1 - 3; preparative methods are based largely on 
aryne additions to derivatives of pyrrole and isoindole and follow established general procedures, although 
many of the compounds are new. Routes to the secondary 1,4-dihydm-1,4-iminonaphthalenes and 
1,2,3,4-tetrahydrolP-iminonaphthalenes are summarised in scheme 1. 

(2) Z=n (6~) X=Y=Me 

(3) z=wt (6b) X=Y=H 

(4) X=SiMq (6~) XzOMc; Y=H 
(5) Z=Me (6d) X=Y=CI 

(6~) X=Y=F 

The corresponding tertiary amines were made by reductive amination (using the general method of 
Botch and Hassid” or were prepared directly from N-methylpyrrole12 (scheme 2). 

(7 a,b,c) 5 
Nd+,CN 

(9 a,b,c) Z=Me (10 a,b,c) Z=Me 

(5) 6dC ) 
(9d,e) Z.=Me A (10 d,e) Z=Me 

(7 b,d CHjCHO (11 b.e) Z=Et - (12 b,e) Z=Et 
N.BH$N 

Me 

(9 b,c,d) Z=Me __) 

“R: +J&-Jy 

H X Y 

13 b,c,e 

SCHEME 2 
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Scheme 3 summarises the synthesis of novel 1,4-dihydro-1.4-iminoanthracenes by addition of pyrroles 
to naphthalyne and of 9,10-dihydro-9,10-imino- anthracenes by benzyne addition to isoindoles13; the addition 
of dimethylacetylenedicarboxylate @MAD) to 2-methyl-4,5,6,7-teau~isoindole (21) is included in 
scheme 3.” Hydrogena ’ non of the ethen&nidges in (7), (9), (ll), (15) and (23) was straightforward; 
hydrogenolysis of the N-benzyl derivatives (19b,c) to give (2Ob,c) was achieved only with difficulty. 

co /J&x J+ 
(3) - 

(14) 
(1% (16) R=H 

(W =fL (17) R=Me 

(18) Wb,d (20b,c) 

+pme LFhY 
F 

(21) (2&b) 

hfCOpXECl$d~ 

(21) - 

F 
(23) 

F 
(24) c@Me 

SCHEME 3 
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Measurement of Invertomer Preferences 

Direct observation of syn- and anti-invertomers of the secondary amines (7), (8) and (20) using ‘H and 
13C NMR spectroscopy at low temperature was not possible due to rapid inversion or proton exchange (or 
both); time-averaged 13C NMR chemicaJ shifts for these compounds are shown in table 1 and ‘H NMR data 
for new compounds are included in the experimental section. 

At ambient temperature, inversion at nitrogen also led to varying degrees of broadening of signals due 
to the tertiary amines but on cooling to ca. -XPC, pairs of signals were resolved. Invertomer ratios are shown 
in table 2, the assignments shown will be justified in due course. 

Table 1. uC NMR Data for Secondary Aminesb 

Compound 

(7a) 

(7b)’ 

(74 

(7e) 

(W 

(8b)bt’ 

(W 

(W 

(2Ob) 

(204 

Aryl 

148.1 d 
140.1 s 

C5.8) 

110.8 d 
G,lO) 

(c6.7) 

complexa 

143.8 
132.3 

G,lO) 

124.8 
((2.8) 

cc6,7) 

complex* 

126.4 
121.4 

(C5.8) 

147.7 
tc6,7) 

K13.14) 

148.2 
112.1 

(c5.8) 

136.6 
w6.7) 

(C13.14) 

CZ? 
144.0 

% 

65.2 

Methyl 

16.2 
15.7 

144.3 d 66.2 d 

144.1 63.8 56.2 (OMe) 

144.2 d 63.9 

26.0 60.0 16.1 
15.7 

28.6 t 63.0 d 

26.0 t 58.5 d 

26.1 

61.0 
GlO) 

56.0 q (OMe) 

58.9 

a 

a 61.4 
QlO) 

56.4 (OMe) 

a: 
b: 
c: 

The F-substituted ring showed complex signals due to 13C1aF coupling. 
Spectra measured in CDC13 (except for (Sb) in CD&) and at ambfent temperature. 
Data for compounds (7b) and (Bb) appear to have been reversed 111 ref. 6a [compounds (4) and.(5) 
respectively]. Chemical shift values for (7b) are in good agreement with those quoted m ref. 6; shght 
differences in the values for (8b) axe presumably due to the difference in solvent. We have also 
reversed the assignments of signals due to C5,s and Cc7 (numbered Cs,tt and r&, ITqfXtiVely in 
ref. 6a) on the basis of substituent shift calculauons. 
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a. 

b. 
C. 

d. 

e. 

f. 

Table 2. Invertomer Ratios for Tertiary Amines 

(measured in CDq at -5ooc uIlkss stated othclwise).~ 

Invertomer ratio 
bv ‘H nmr 

Invertomer ratio 
by 13C nmr 

in C!DsOD (-2OT) 

q&Me 
(6 for N-Me) 

: anti-Meb 

70 
71(2.10) 
61 
8q2.18) 
82(2.22) 

!Y2.18) 

: 30 
; $(2.36) 

: 20(2.36) 
: lg(2.36); 
; iJ2.36) 

f 

94 

::(2.10) 

?(2.38) 
66(2.18) 

-100(2.08) 

: 6 (c.f. 93:79) 

f 
f 
f 
f 
; y;2.“0’ 

:W 

syn-Me 

‘c 

69 

:; 
84 

1: 

: anti-Meb 

: 31 

: 20 
: 23 
: 16 

: 5 
: 6% 

: 3 
: 3 

: ; 
: 12 

j 30” 

Errors. Reproducibility in our hands was better than f3%, usually based on integration of a 
number of pairs of signals. We recognise that errors may arise in principle in the r3C n.m.r. 
integrations as a result of possible differences in relaxation rates between a pair of invertomers 
but the good agreement between the ‘H and 13C values in table 2 is reassuring. The effect of 
solvent polarity on inversion barriers and ratios has been noted earli&* and is illustrated in table 
2 by measurements for (9b) and (9e) in two solvents. 
Syn-/anti- methyl with respect to the aryl ring. 
Syn-/anti- methyl with respect to the tetrafhroroaryl ring. 
These ratios differ slightly from those reported in ref. 5 but were reproducible using freshly 
purified materials. The ratios measured by t3C n.m.r. were closer to these earlier values but are 
averages of ratios which varied more widely (f6%) between the sets of resonances; integration of 
the atvl carbon sianals in (9c) was not uossible due to C-F cou~linrz The ratio differences from 
the e&her work & not energetically s&nificant but we have kveked the assignments for the 
preferred invertomer suggested in ref. 5. 
The invertomer ratios for these compounds are not clearly reported in ref. 6. The ratios for 
compounds (lob) [2 in ref. 61 and (9b) [3 in ref. 61 appear to be reversed in table 1. in that paper, 
we assume that the authors measured a ratio of 80:20 for (9b) in CDCls (71:29 in our hands). The 
quoted ratio for (lob) is 9416 but we agree with the observation of Underwood* that the two 
N-methyl signals for the free amine am not separated at ambient temperature and the S values 
quoted in ref. 6 [e.g. for (9b), 6 2.60 and 2.361 am unreasonable. llrese results refer to solution in 
CDCl, but are more consistent with the spectra to be expected if the amine had been protonated. 
The signals due to the minor invertomer could not be integrated accurately using ‘H NMR. 
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Selected signals in the ‘H NMR spectra of many of the compounds in table 2. were sufficiently well 
separated to allow integration at low temperature, e.g (9a-e). Cormsponding integration of pairs of signals in 
low-temperature 13C spectra agreed well. Mamhand9* has already recognised the heavily biased invertomer 
ratios for compound (lob) from *H NMR spectra aud used the dideuterio- analogue (13b) to allow 
integration; kinetic protonation studies confirmed the 946 ratio. We were also able to see signals due to 
major and minor invertomers in the low-temperatum ‘H NMR spectra of the dideuterio-compounds (Ub,c,e) 
but accurate iutegration was only possible for (13b). Measurement by 13C NMR was possible, however, and 
there is good agreement between values obtained for (lOb)/(13b) and for (lOc)/(Uc) showing that the 
substitution of D for H has no measurable effect on the lnvertomer ratio. We have obtained reasonable 
agreement between ratios for amines (9), (13) using the kinetic protonation techniquelo’ and low-temperature 
13C NMR measurements but found the latter method to be more convenient and reliable. Two sets of signals 
were observed at low temperature for all the latter entries in the table with the exception of (24). 

Given the controversy over the effects controlling invertomer pmferences~‘~* in the few compounds for 
which direct measurements had been made 5&*9 and the implication that substituents in an aryl ring could have 
a major effect on preferences [e.g. 80% syn-Me for (9b)6 versus the suggested 83% anti-methyl for @@I, we 
felt it important to assign invertomer preferences clearly and consistently in this family of compounds. A 
knowledge of preferred invertomers was also necessary in order to attempt any investigation of 
stereoelectronic control in reactions at an inverting nitrogen atom 3*4*10. We used the following approaches. 

Assignment of Stereochemistry 

I) ‘H NMR results 

The minor resonance of the two N-methyl signals in the ‘H NMR spectra of each of the amlnes (9) at 
low temperature was at lower field than the major (table 2). The fact that the chemical shift of the minor 
N-methyl signal remained constant at 6 2.36 in these amines, &spite the changing electronic character of the 
aryl ring, was consistent with its placement over the etheno-bridge (i.e. anti- to the aryl ring). The higher field 
position and greater variation in the 6 value observed for the major signal was consistent with placement of 
the N-methyl group over the aryl ring; it thus experienced the greater shielding effect which varied as a 
function of aryl substitution. A similar pattern was observed for compounds (17) and (23) where the major, 
downfield signal was assigned to the anti- invertomer in each case. 

The distinction between the methyl group syn-to the F.+yl ring (6 2.38) in (22b) and that syn- to the 
H4-aryl ring (6 2.30) was based on a comparison between the values for the N-methyl group syn- to the aryl 
ring in (9e) (6 2.18) and (9b) (6 2.10) respectively. The chemical shift values are not directly comparable but 
the A6 value is 0.08 ppm in each case, with the resonance for the N-Me over the tetrafluorinated ring being at 
lower field as expected in view of the reduced shielding. A similar AS value of 0.09 ppm was measured for 
the two benzyl CI-I, signals observed for (19b) (CH2 syn- to F4-aryl = 6 3.53; CHH, syn- to H.+yl = 6 3.44). 

In the case of (24) no minor signals were visible in the tH NMR spectrum even at -63’C, the 
observation of single resonances for C1,4, C& and the N-methyl carbon confii the overwhelming syn- 
preference. 

In related studies, the quaternisation of amines (9) and (10) with CD3110b has yielded two 
diastereoisomeric quaternary ammonium salts; the pattern of methyl signals hem was also entirely consistent 
with the anti-N-methyl signal being at lower field and relatively insensitive to aryl substitution. In the case of 
(lob) the correspondence of the values for proposed syn-(25) and the value actually observed by other 
worke& for the salt (26) (where only syn-methylation is possible) is gratifying. 
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Tabie 3. uC NMB Data for Tertiary Amine9 

Pa) 

(9b) 

(9c) 

(9d]b 

(9e) 

(loa]f 

(13b)bg 

w-wb 

( 10d)b 

wwh 

(23) 

(24)’ 

(22a) 

(19b) 

(19~] 

a: 

b: 

c: 
d: 

;;: 

g: 

h: 
i: 
. . J. 

maj. syn- 
mtn. anti- 
AS 

maj. syn- 
min. anri- 
A6 

maj. syn- 
min. anti- 
A6 

maj. syn- 
min. anti- 
AS 

maj. syn- 
min. anti- 
AS 

maj. syn- 
min. anti- 
AS 

maj. syn- 
min. anti- 
AS 

maj. syn- 
min. anti- 
A6 

maj. syn- 
min. anti- 
A6 

maj. syn- 
min. anti- 
AS 

maj. syn-f 
min. anti- 
A6 

maj. synj 
min. anti: 
maj. synJ 
min. anti; 
maj. synJ 
min. anti- 

Cl, C5a 

70.2 d 
70.8 d 
-0.6 
71.4 d 
72.2 d 
-0.8 
69.1 d 
69.5 d 
-0.4 
72.4 
72.5 
-0.1 
69.4 d 
69.4 d 
0.0 

% 

6l674 
64:8 
1.6 

Z:Z 

6% 
659 
2.0 

Z:S 

$27 
72:2 
-0.5 
67.7 

143.5 d 
138.1 d 

I::8 d 
138:4 d 

I:!9 d 
138:4 d 

1:;54 
138:8 

1::4 d 
138:4 d 

2z 
22:o 

2?2 
21:3 

$93 
21:4 
4.9 

z-z 
4.6 

Z% 

%8 
147:1 
3.7 

47.0 

130.1 s 
127.0 s 

l&l5 d 
12O:l d 
3.4 

150.3 s 
146.8 s 

I:?58 
126:9 

l!%mC 
e 

127.5 
124.3 

I:;25 
118:6 

1&?8 
145:7 
3.1 

130.0 
e 

138.8= 
e 

i 
i 

i 

C9,lO C&s c6,7 

69.2 
68.6 
67.5 

z 
64:4 

i 

li6.1 
126.6 
147.0 
150.1 

i 

111 2 
123:9 
111.0 
111.3 

C&7 C9,lO 

CD,14 Benxyl 

NMe 

36.4 q 
3l5b4 4 

36.9 q 
35.9 q 
1.0 

37.1 q 
36.1 q 
1.0 

36.8 
35.1 

3Yl q 
3l5;q 

35.5 
35.9 
-0.4 
35.0 
35.3 
-0.3 
35.2 
35.6 
-0.4 
35.3 
e 

35.2 
35.6 
-0.4 
36.1 
35.7 

$46 

(Methyl) 

CMe/OMe 

16.8, 16.1 q 
17.3, 16.3 q 

55.6 q 
55.8 q 

16.6, 16.1 
16.5, 16.0 

52.9 
52.9 

52.1 

145.8 
144.5 
134.4 
132.4 

(36.8 NMe; 165,16.0) 
(36.0 NlUe; 16.6, 16.0) 

53.7.127.51,128.5,129.1,136.6 
52.8,127.50,128.5,129.1,136.6 
53.8,127.44,128.5,129.16,136.3 (55.63 
53.0,127.36,128.5,129.12,136.6 

Spectra recorded in CDC$ at 75 MHz with TMS as internal standani and at -50% unless otherwise stated; 
letters refer to muhipliciaes in off-resonance decoupling experiments. The assignment of signals due to the 
aryl carbons was based on simple calculations using substituent shift values37. Syn- and anti- denote 
stereochemistry of N-alkyl group with respect to the aryl ring. 
This spectrum was measured at 100 MHz and at -55T. We thank Dr. O.Howarth, SERC NMR Service, 
University of Warwick, for these spectra 
Jc F = ca. 250 Hz; longer range CF coupling was not analysed. 
CP coupling was not analysed. 
Signals due to the minor invertomer were lost in baseline noise. 
Spectrum measured at -4oDc 
Figures for (13b) are used in place of (lob); deuteriation in (10~) led to differences in chemical shift of less 
than 0.1 ppm. 
This spectrum was measured at 100 MHz and at -62T. 
The atyl signals were not clearly resolved due to CF coupling. 
Syn-/anti- with respect to the tetrafluoroaryl ring; spectra ncorded at -30°C. 
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(lob) ----> syn-m4 + m&(25) cf. (26) 

&, 3.10 b, 3.1025 

2) The x -effect in z3C NMR 

The chemical shift difference between the major and minor signals assigned to C~S of compounds 
(9a-e) and (1Oa-e) was ca. 5 i 0.5 ppm (table 3); the upfield signal was assigned to the invertomer suffering 
the compression effect of the proximate N-Me (anti- to the aryl ring) and was the minor invertomer in each 
case. The corresponding A6 value for G,t, was smaller but significant; the major signal was found to be 
upfield in each case corresponding to the N-Me syn- to the aryl ring. The results for (1Oa-e) and (13) 
correspond closely. Morishima and Underwood working with (9b,e) and (lob) and Marchand with (13b) 
concluded that the major invertomer has the syn- methyl configuration. A crystalline sample of (9b) has been 
obtained and a crystal structure determination has shown it to have the methyl group syn-26; it is clear that the 
major invertomer crystallises preferentially (rather than the minor, as implied by the original, tentative 
assignmen+). 

Our work saengthens and extends the proposed syn-methyl preference to all of the amines Pa-e) and 
(lOa-e) and encompasses the related systems (12), (17), (22), (23) and (24). A similar picture emerges for the 
N-benzyl compounds (19) where the smaller of the two signals due to C13,t4 is upfield of the larger, this 
shows that the minor invertomer has the benzyl group syn- to the non-fluorinated ring and hence the major 
invertomer has the benzyl syn- to the tetrafluoroaryl ring. 

The consistency of the 13C results and the invertomer preferences in this extended series adds to our 
confidence in the assignments and justifies the reassignments of the selected literature values referred to 
above.” 

Invertomer preferences 

Unequal invertomer ratios are a consequence of steric and/or electronic influences. Steric influences 
seem to be the predominant factor in determining invertomer preferences in a series of 2-azabicyclo- 
[2.2.2]octane/ene and [2.2.l]heptane/ene systems when the N-substituent is chlorine31 and also in 
N-methyl-2-azabicyclo[2.2.2]oct- S-ene. 6b There are also systems in which electronic factors seem to be of 
significance, thus Morishir& observed that the invertomer ratio in the 7-azabicyclo[2.2.l]hepta-2.5~diene 
derivative (27) varied substantially according to the pH of the solution (76% anti-Me in dmso; 80% syn-Me in 
D20 at pD 11). These observations were explained on the basis of a repulsive bis-homoallyl interaction 
between the nitrogen lone-pair and the r-bonds. Thus, a lone pair faced with interaction with either of two 
double bonds would prefer to interact with the less electron-rich of the two. In the case of (27), the 
difference was explained assuming a reduction of the electron density in the substituted x-bond by the 
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4 / -H 
cog 

anti - (27) 

electron-withdrawing (non-ionised) carboxylic acid groups versus an incmase in electron density of the same 
x-bond by the carboxylate anions. It should be recognised, however, that the role of differential solvation was 
not considered and Nelsen has pointed out in a different system30 that such amino acids will presumably exist 
at least partially as the N-protonated zwitterion. Morishima developed the argument to compounds (7b) and 
(8b) together with the N-methyl compounds (9b) and (lob). However, both the proposed assignment of the 
preferred orientation of the N-H in the secondary amines and the overall conclusions were challenged by 
Grutzner7 and Underwood* who decided from PES work and contact shift studies, respectively, that the 
stabilisation arising from bishomoconjugative delocalisation is extremely small. No clear rationale emerged 
to explain the limited number of reported invertomer ratios, beyond a recognition that steric factors can be 
important. Whilst we were unable to comment on the secondary amines (where invertomer ratios can only be 
obtained indirectly), we felt that direct measurement of invertomer preferences for a range of bicyclic tertiary 
amines (where the inversion barrier is substantially higher) would be valuable in exploring further the relative 
importance of electronic effects. Variation of substituents in the aryl ring in each family of compounds would 
allow alteration of the electronic situation with minimal steric change and provide a simple, empirical test of 
the importance of x-lone pair interactions in this ring system.40 

Two significant observations emerged from our results. 

The first is the very small change in the invertomer ratio along the series @a-e) [table 21 &spite the 
very substantial change in electronic character of the aryl ring. The difference between benzo- (9b) and 
naphthaleno- (17) is also small (MGoZUK = 1.7 kI mol-l); a major change in substituents on the etheno- 
bridge [c.f. (9e) and (23)] leads to a slightly larger difference in ratio but even this corresponds to a value for 
AAGoZ2sK of only 3.7 k.l mol-l. Interestingly, the relative effects of differently substituted atyl rings, though 
small, seem to operate consistently. Thus, average invertomer ratios for (9b) [70:30] and (9e) [86:14] give 
AGozu values of -1.6 and 3.4 k.Imoll respectively and hence a difference of -1.8 kImo1-t which reflects the 
greater amount of the syn-methyl invertomer in the F4-benzo rather than the I$- case. This matches the 
observed preference shown by the N-methyl in (22b) [AG“zu = 1.7 kI mol-‘1 where the two aryl rings are in 
competition in the same molecule. 

The observed ratios show a general increase in the proportion of the syn-methyl invertomer (a decrease 
in the proportion of anti-methyl/syn-lone pair) with an increase in the electronegativity of the substituents in 
the aryl ring. 

Secondly, the values for the N-methyl compounds (9ae) and (17) are remarkably similar to the ratios 
already recorded3 for the corresponding N-chloro-analogues (2&-f’) which am summarised in table 4. 

Both of these observations are contrary to the predictions based on Morishima’s model that the 
bishomoallylic interaction of the nitrogen lone pair is a destabilising one and that, when faced with overlap 
with two x-orbitals, the lone pair will interact with the less electron-rich of the two. 
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Cl 

5 
N 

A++ A+ 
X 

(2W - (280 (29b)-(294 

[a-e as in Scheme 11 

Table 4. syn-Cl : anti-Cl Ratios for N-Cbloroamines (28) and (29p 

[values shown refer to Cl substituents respectively syn-/anti- to aryl ring] 
[values for corresponding N-methyl compounds (9) and (10) are shown in brackets] 

(28) (9) (29) (10) 

a 63 : 37 
b 
C xi 
d 82: 18 

f 84: 87 : 16 13 

b 53:47 [94 : 63 
c 54:46 
d 71:29 
e 80: 20 

[asasinschemel;f:X=H,YY=benzo] *(M) = (17) in scheme 3. 

First, the energy of the HOMO of the aryl ring is expected to be lowered as the ring becomes 
substituted with electron-withdrawing groups. The gradation of the vertical ionisation potentials of a range of 
1 ,Cdihydro- 1,4-isopropylidene-naphthalenes (30)= illustrates the stabilisation of the HOMO by fluorine 
substitution (table 5), and provides a good analogy with the present work, showing the dramatic &crease in 
electron density above and below the benzene ring which results from halogen substitution, in particular. This 
shows itself in the stereoselectivity observed in the reactions of (30) with electrophilesB and is mirrored in 
the stereoselectivity shown in corresponding reactions of the nitrogen analogues (7).3 Given such an effect on 
the aryl n-system. any repulsive n-x interactions should be reduced and lead to an increase in the proportion 
of the anti-invertomer (syn- lone pair). This is contrary to the observed trend. 

Table 5. Vertical ionisation potentials for (30) (eV) 
I 

a'@) a"(n) a'(N 
X 

X=Y=H 8.20 8.70 8.85 (30) y 
X=OMe;Y=H 8.20 7.70 8.70 

& / \ - 
X=Y=F 9.03 8.75 9.03 X Y 

Second, the lone pair of an N-chloroamine is expected to be much 
less diffuse than that of a teriary alkyl amine because of the increase in . . 
s-orbital character induced by the electronegative chlorine. An example of 0 
this effect has been found by Jennings who observed that the inversion (31) 
barrier of the N-chioroamine (31) was insensitive to the polarity of the P&H, 

_/RN 

solvent used (AG = 39.71 kJmol-l in CHCIZF and CD30D.29 Thus, the 
/ 'Cl 

P&H, 
replacement of methyl by chlorine in our systems would be expected to 
lead to an increase in the amount of the minor invertomer based on the 
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Morishima model since the degree of destabilisation would be lessened by the reduced n-u interactions. Very 
slight increases axe observed in the amounts of anti-invertomer for (2&b,& compared to the corresponding 
amines (9) but (2&f’) do not change significantly. Thus the lone pair appears to play a minor role in 
determining the preferred configuration at nitrogen, as asserted earlier by Grutzner7 

In the 1,2.3,4-tetrahydro- systems (10) the proportion of the syn-methyl invertomer is increased relative 
to (9). However, this is presumably a consequence of the increase in steric congestion in the anti- 
configuration where the N-methyl encounters the exe- 2,3- protons of the ethano- bridge. The raising of the 
energy of one invertomer at nitrogen relative to its diastemo~r as a result of steric congestion is a common 
phenomenon.32 The heavy preference for the syn-methyl group in the amines (10) is hardly modified along 
the series despite substantial changes in the substitution of the aryl ring. The-reduced syn- preference for the 
N-chloroamines (29) relative to the N-methyl analogues (10) (table 4) is presumably a reflection of the 
smaller size of the chlorine. The trend along the series (29b) - (29e) shows an increased tendency for the 
chlorine to lie over the aryl ring as the electron density in the ring is reduced; this would tit with simple 
expectations based on the demands of the N-Cl dipole. 

Finally, it should be observed that the differences in invertomer ratio between the series of 
N-chloroamines (28) and the corresponding N-methyl amines (29) are very small. Indeed, with the exception 
of the steric factor in the case of series (lo), there is little significant variation shown by the figures for each 
of the horizontal entries in table 4.. emphasising that, whilst homoconjugative effects between neutral, closed 
shell systems are destabilising,41 systems suffering such an interaction will distort to minim& the repulsive 
effects.7 

Table 6. Nitrogen Inversion Barriers in Selected BicycIIc Tertiary Amit& 

Compd signal soiv. AGfh”b 
(kJ mol-l) 

isei 

32s 
31f2 

18X? 
16i2 

G5ti 
10.4 

z-i 
58:5 
59.3 
58.5 

at T, 

65.7 

::: 

!E 

58.1 

59.8 

25T’ 

::ii 

E 
57.7 

at T, 25OC’ 

67.9 

E 
67:8 
62.1 

68.3 
66.1 

67.9 
61.7 

62.7 62.3 

63.4 
(13b) (13b)g* $-MS; Cl& -5f4 24f2 56.5 55.8 55.2 54.6 61.3 60.7 

54.3 

K5 
(N-Me) CDCl; 2% k2 63.4 63.5 62.1 62.2 66.7 66.8 

(Wd -E E 56.9 56.4 56.2 55.7 57.6 56.9 57.1 56.4 58.0 57.9 57.3 57.4 

(22b) (22b)de 58.7 58.0 58.0 57.4 60.0 59.4 54.3 

(23) 56.6 56.0 56.2 55.6 57.2 56.6 

a. 
b. 

‘H n.mr. spectra measured at 100 MHz except where indicatedo. 
Calculated directly from the Gutowsky-Holm equation assuming equal ratios of the two invertomers; 
quoted literature comparisons were also obtained in this way. 
Syn-/anti- with mspect to the atyl rinsd calculated using equilibrium constants iiom table 2. 
In the case of (19). syn-/anti- with respect to the tntratluoroaryl ring. 
Measured at 60 MHz (ref. 5). 
Extrapolation of AC? value from Tc to 25OC using an estimated vahte of AS* of 5 eu.341 
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Barriers to Inversion at Nitrogen 

Wep and 0thers*3~ have discussed the unusually high bar&rs to inversion at nitrogen which 
character& derivatives of the 7-azabicyclo[2.2.l]heptyl system. L&n’s suggestion of a ‘bicyclic effect” has 
yet to be fully explained although recent work by Nelsen has explored the phenomenon mom deeply and has 
led to better estimates of the size of the effect?O 

Until recently, inversion barriers for N-alkyl derivatives of the 7-azabicyclo[2.2.l]heptyl system have 
been available only for the N-methyl amines (!M,e), (22b) and the N-benzyl series (32) - (34)?3 Values have 
since been reported for N-methyl (35) and N-ethyl (36) derivatives of the parent system.% An estimate of 
76.9 kJmol-’ was made some time age for the N-methyl amine (9b) using the known value of 98.0 kJ mol-’ 
for the N-chlom analogue (28b)36 and the + AG*Me = 1.28. 

6 and 

6 therefore 
5 eu 
6 have 

Compound 

Table 7. Selected Nitrogen Inversion Barriers 

[kJ mol-‘; 25”C] 

AthI” AG+,,ti Compound AGzh,, 

(9b) 

gp3’0 

(w30 

64.6 
55.8 
57.4 
54.9 

59.8 
61.9 
52.7 
56.4 
56.9 

CH2Ph 
N 

CHIPh 
N 

66.9 

CH,Ph 

64.6 
63.5 
65.5 
59.2 
58.9 
58.0 
56.0 

R 
N 

(35) R=CH) 

(36) R=CH,CH, 
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If interactions between the bridging x-systems and the N p-orbital are important at the transition state 
for N inversion, we would expect to see changes as the unsaturated bridges am saturated sequentially. Gn the 
basis of the data available, it was suggested recently that 2,3:5,6_unsaturation does not have a very large 
effect on ‘I-azanorbornane N inversion baniera30 However, comparison of AG#Wdmn values for (9b) and 
(13b) shows a barrier reduction (5.4 kJ molt) as the etheno- bridge is saturated and them is a further drop 
(3.3 kJ mol-‘) to the totally saturated (3g) Use of AG#F+,,,tt values for (9b) and (13b) is justified here since 
they provide the best estimate of the energy difference between the two similar ground states (N-Me syn- to a 
benzo- ring in each case) and the corresponding transition states. In contrast, comparison of average (AG#& 
values would suggest a larger difference (8.8 kI moll) between (9b) and (13b) but this is an exaggeration 
brought about by the higher ground state energy of the anti-Me invertomer of (13b). 

These figures suggest that the inversion barrier is lowered by saturation of one or more of the bridging 
x-bonds but also imply that a major factor here is the ground state destabilisation of the anti- N-Me 
invertomer (discussed earlier in the section on invertomr preferences). This is supported by the further 
reduction of the barrier of (35) by 2.5 lcJ molt on replacement of the N-Me by the slightly more bulky ethyl 
grou~.~O Earlier work on the N-benzyl compounds (33) and (34) shows lower values than for the N-methyl 
compounds; there is a substantial drop on saturation of the etheno-bridge but the effect is probably 
exaggerated here, also. 

Ground state effects caused by steric factors are less important in the other cases in table 7. A reduction 
in AGfi, of 5.5 kI mol-’ is seen on replacement of the etheno- bridge in (33) by a tetmfluoroaryl ring in 
(19b), consistent with a reduction of x-electron density. The effect is repeated for (9b) + (22b) (-6.6 k.l 
mol-‘) and is significant here in view of the even balance of ground state effects indicated by an identical 
invertomer ratio (71:29) for each amine. 

The series @a-e), (17) provides an interesting comparison of the effect on AGel,,” values of systematic 
changes in the electronic character of the benzene ring. The trend is clear: the most electron-rich aryl ring 
(tetramethyl) is associated with the highest inversion barrier, the all-hydrogen analogue is lower by 2.3 kJ 
mol’ , and the dimethoxyaryl ring sits between these two. There is a substantial change for the two 
electron-deficient systems which show barriers which are lower by >6 W mol-‘. The slightly lower inversion 
barrier for the naphthaleno- bridged system (17) when compared to the benzo analogue (9b) may be 
associated with the reduced naphthalene 2.3~double bond character which results from partial bond fixation. 

Comparison of etheno-, benzo- and carbomethoxy-substituted etheno- bridges is possible using AG*h 
for (9e), (22b) and (23) which share a common tetrafluombenzo- ring as the second ‘bridge’. Barriers are very 
similar for etheno- and benzo- but the reduction of electron density which results from introduction of 
methoxycarbonyl groups in (23) leads to a lowering of the inversion barrier in this case. 

Conclusions 

The barriers to inversion at nitrogen in the title compounds are uniformly high due to operation of the 
‘bicyclic effect’. The inversion barriers in N-alkyl derivatives of 7-azanorbomanes, -enes and 
7-azanorbomadienes are sensitive to the effect of substituents in the ethano-, etheno- and benzo- bridges and 
at nitrogen. The banier is highest when the nitrogen is flanked by electron-rich x-bonds; 
electron-withdrawing groups in bridging etheno- or benzo- groups lead to a lowering of the barrier. This is 
consistent with the idea of a reduction in destabilising interactions between the bridging x-bonds and the 
nitrogen p-orbital at the transition state for inversion but such a rationalisation may be an over-simplification 
since it does not take into account more complex orbital interactions in the rigid bicyclic framework or 
possible changes in ground-state energy-. Indeed, an increase in the size of the substituent on nitrogen or the 
presence of exo-substituents in a saturated two-atom bridge (such as the exo-hydrogens in an ethano-bridge) 
leads to a lowering of the inversion barrier consistent with a simple destabilisation of the ground state due to 
steric interactions. It is not possible to separate ground state and transition state effects, both of which clearly 
influence AGfl,,v. 
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Systematic comparison of the variation of invertomer ratios as a function of change in electronic 
character of etheno- and substituted benzo- bridges shows clear but small effects. The results contradict the 
earlier suggestion6 that the nitrogen lone pair suffers a destabilislng interaction with bridging n-bonds and, 
when given the choice, will prefer to interact with the less electron-rich of the two; the proportion of lone-pair 
syn- to a benxo- group actually increases as the aryl ring becomes mom electron-rich. The electronic effects 
are relatively small, however and invertomez ratios vary relatively little even when the substituent at nitrogen 
changes from alkyl to chloro. These results support the assertion ‘** that the nitrogen lone pair plays a minor 
role in determining the preferred configuration at nitrogen. 

The largest displacement of the invertomer ratio is seen in systems having a saturated (ethano-) bridge 
where destabilising steric interactions are paramount. 

Experimental 

Experimental details are included for new compounds and also for known compounds where these were 
prepared by a different method to that reported previously. 

Reactions were performed under dry nitrogen using solvents dried by standatd methods. Magnesium 
sulphate was used to dry organic extracts prior to evaporation of solvent. Kugehohr distillation was 
performed with a Biichi GKR 50 apparatus; a Leybold Heteaus single stage stiort path distillation plant, type 
KDL 1, was used for ‘falling-film’ distillation of sensitive liquids. 

IR spectra were recorded in CH&‘lz unless indicated otherwise. NMR spectra were run in CDCls with 
tetramethylsilane (TMS) as reference unless indicated otherwise. 

‘H NMR spectra were recorded on Varian T 60 (60 MHz), EM 390 (90 MHz). Jeol PS 100 (100 MHz), 
Bruker AM 300 (300 MHz) or Bruker AM 400 (400 MHz) spectrometers. 

13C NMR spectra were recorded on Jeol FK 60 (15 MHz), Bruker AM 300 (75 MHz) or Bruker AM 
400 (100 MI-Ix) spectrometer. Chemical shift values are in ppm relative to TMS and letters in brackets refer 
to observed multiplicities in off-resonance proton-decoupling experiments, where applicable. 

Temperature measurements on the Bruker AM 300 instrument used for the VT work were found to be. 
accurate to within f 1 K over the range used. 

Mass spectra were measured routinely on a VG Micromass 14 spectrometer base peaks are indicated 
by an asterisk. Accurate mass measurements were obtained through the SERC service at Swansea. 

Melting point measurements were made using a Kofler hot stage apparatus and are uncorrected. 

N-Ethoxycarbonylpyrrole (3) was prepared according to the method of Ciamician and Dennstedt14 in 
55% yield, b.p. 69 - 72OC/ 17 mm Hg (lit.t4 180°C). 

N-Trimethylsilylpyrrole (4) was prepared from pyrrole and hexamethyldisilarane by the method of 
Fessenden and Crowet5 in 73% yield, b.p. 72-76“C/60 mm Hg (lit. l5 150 - 15l“C). tH NMR 6 6.75 (m, 2H), 
6.25 (m, 2H), 0.5 (s, 9H). 
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1,~Dihydm-l&laino~ne Dedvativcs 

S,6,7,S-TetranMhyl-l,4-dihydro-l,4-imhwnaphthakne (7a) 
Following the generaI procedure of Hart and T~uerstein,~~ a stirmd mixture of 1,2-dibromo-3,4,5,6- 

tetramethylbenzene (25.0 g; 0.09 mole) and N-uimethylsilylpyrrole (23.0 g; 0.17 mole) in dry THF (285 ml) 
was cooled to -78OC under nitrogen. The addition of n-butyllithium (1.6 M solution in hexane, 60 ml) in six 
portions from a syringe caused the solid to dissolve and the solution to turn cherry red. After stirring at -78°C 
for 1 h, the solution was allowed to warm to room temperature over 1 - 2 h and lefi overnight. The reaction 
mixture was poured into water (350 ml) and the organic phase separated. The aqueous layer was extracted 
further with diethyl ether (3 x 100 ml). The combined organic extracts were dried and evaporated under 
vacuum. The resultant da& red oil was treated with fumaric acid (10.5 g; 0.095 mole) in hot pmpan-2-01 (150 
ml). On cooling, buff-colouted crystals of the fumarate salt of (7a) were precipitated (8.6 g; 32%). 

The free amine was liberated by treatment with 2M NaOH solution and was extracted into 
dichloromethane. After drying and evaporation, the amine (7a) was obtained as a white solid. Vacuum 
sublimation gave fme, white crystals, m.p. 77-79oC. IR (CH&!la) 326Ow, 3OOOm, 292Om, 286Om. 145Om, 
1350m, 119Om, 1095m, 1055m, 1025m. 86Os, 835s cm- l; ‘H NW 6 6.96 (m, 2H, HZ& 5.06 (m, 2H, Ht,J, 
3.00 (br.s, NH), 2.22 (s, 6I-I. Me), 2.10 (s, 6H, Me); 13C NMR see table 1; MS “/z 199 (M+), 184, 173, 157; 
observed accurate “/z 199.136, calculated for Ct4Ht7N 199.1361. 

1,4-Dihydro-l&iminonaphthalene (7b) 
The N-ethoxycarbonyl derivative of (7b) was obtained fmm (3) according to the method described in 

reference 9b; ‘falling-film’ distillation (8oOc/o.2 mbar) gave a sample which, after washing with cold petrol, 
had m.p. 53.5-55°C. Hydrolysis of this purified sample using excess 17% aqueous NaOH was monitored by 
tH NMR. The reaction was approximately 74% complete after 21 h and 88% complete after 45 h at which 
time the product was extracted into diethyl ether, dried and concentrated under vacuum. Distillation 
(Kugelrohr; 12OWO.2 mm Hg) gave (7b) in 78% yield from the N-ethoxycarbonyl compound Spectroscopic 
data were in agreement with literature datalg; for 13C data, see table 1. 

A mote convenient approach to (7b) involved direct hydrolysis of the N-ethoxycarbonyl compound 
after removal of solvent but without any further purification. After heating under mflux with aqueous NaOH 
as described above, extraction into diethyl ether followed by drying, evaporation and distillation gave (7b), 
b.p. 88-92Oc/ 0.4 mm Hg, in 52% overall yield from (3). 

The amine was converted into the tetrafluoroborate salt for longer-term storage. This was prepared by 
treatment of a solution of (7b) in ether with an excess of HBF4 (40% solution). The solid was filtered off, 
washed with cold diethyl ether and dried under vacuum over P20s, The fme amine was regenerated by 
treatment of the salt with aqueous base and extraction into the solvent of choice. 

5,8-Dimethoxy-1,4-dihydro-1,4+ninonaphthalene (7~) 
The amine (7~) was prepared from (4) in 16 - 25% yield using the general method of Anderson ef a1..t7 

It crystallised from diethyl ether, m.p. 8485°C. Analysis. Found: C, 70.84; H. 6.51: N, 6.83% C1aHtsN02 
requires C, 70.86; H, 6.44, N, 6.89%. IR (CH.$la). 2940.2830, 1610, 1495. 1465, 1435.1345, 1240. 1070, 
995, 965, 855, 930 cm-t; tH NMR 6 6.96 (m, 2H, Hz3), 6.45 (s, 2H, H$,), 5.20 (m, 2H, Ht,J, 3.73 (s, 6I-k 
OMe), 2.77 (br s. NH); t3C NMR data see table 1; MS “/z 203 (M+), 188, 177. 162*. 

The amine (7~) has also heen prepared by Cragg et aL’* m.p. 80 - 81°C from (3) [using l-amino-4,7- 
dimethoxybenzouiazole and lead tetra-acetate or 2-amino-3.6dimethoxybenzoic acid and pentyl nitrite for 
production of 3,6&nethoxybenzyne] followed by sequential chromatography and hydrolysis of the 
N-ethoxycarbonyl amine. This method led to higher reported overall yields but was less convenient. 
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5,6,7,&Tetrachloro-l,4-dihydro-lp-i~n~aph~~~e (7d) and 
5,6,7,8-Tetrafluoro-l,4-dibydro-l,4Gninonaphthalene (7e) 

These compounds were prepared using the method described for (7~) but using pemachlorobemene and 
pentafluorobenr.ene respectively. 

Amine (7d) was obtained in 29% yield but could not be purified completely. ‘H NMR 8 7.04 (s, 2H, 
H2,3)~ 5.12 (s. 2H H,,J. 3.03 (bs, NH). 

Amine (7e)17 was obtained as a co1ourless oil which crystal&d below Ooc after Kugelrohr distillation 
(l42’c/o.2 mm Hg).‘H NMR 8 7.00 (m, 2H, Hz3), 5.30 (m, W, Ht..& 2.87 (br s. NH); 13C NMR see table 1; 
MS 215 (M+), 189*, 162. 

1~~,4-Teaulkydro-l,4-iminonapMlurlene derivatives 

The hydrogenation of amines (7) to give (8) followed the basic method of Carpino and Barr;19 any 
slight variations are indicated below. 

5,6,7,8-Tetramethyl-l~~,4-~t~hyd~l~-iminonaphth~ene @a) 
Hydrogenation of (7a) in 

1,2,3,4-Tetrahydro-1,4kninonaphthalene (8b) 
Hydrogenation of the hydrochloride salt of (7b) in absolute ethanol over 10% Pd/C at 60 psi for 2 h 

gave the hydrochloride salt of (8b) in quantitative yield. Recrystallisation from EtOH/EtsO gave (8b:HCl) as 
a white solid, m.p. 240-242V dec. (lit. m.p. 241~242‘X! de~‘~). Analysis. Found: C. 65.90, H. 6.62; N, 
7.83%; Cl&I12C1N requires C, 66.12; H, 6.66, N, 7.71%. Amine (8b) was stored as the hydrochloride salt 
and was regenerated as follows. To an aqueous solution of (8h:HCl) and an equal volume of diethyl ether 
was added 2N K&O3 until the aqueous layer was basic. Separation of the ether layers followed by drying and 
evaporation gave the tke amine (Sb) as a white crystalline solid, m.p. 95-97’X! (lit.19 m.p. 96-98°C) which 
sublimed rapidly above 6ooC at atmospheric pressure. For 13C NMR data see table 1. 

5,8-Dimethoxy-1,2,3,4-tetrahydro-l,4-iminonaphthalene (8c) 
A solution of (7~) in absolute ethanol was hydrogenated over 10% Pd/C at 10 psi for 15 min. giving 

crude (8c) as a white solid. Kugeh-ohr distillation (2ooOc/o.8 mm Hg) gave pure (8c) as an amorphous white 
solid, m.p. 95-96‘C, in 80% yield Analysis. Found: C, 70.26, H. 7.45, N, 6.82%. C12Hl~N02 requires C, 
70.23; H, 7.36; N, 6.82% ‘H NMR 8 6.50 (s, 2H. aryl), 4.68 (m, 2H, HIA), 3.70 (s, 6H, OMe), 2.43 (bs, NH), 
1.20-2.10 (m, 4H, H2.3); 13C NMR see table 1; MS m/~ 205 (M+), 189, 177, 162. 

5,6,7,8-Tetrachloro-l~~,4-tetrahyd~l~i~n~aphthalene (8d) 
Hydrogenation of (7d) under the conditions described for (8c) was unsuccessful; hydrogenolysis 

occurred giving (8b). Amine (8d) was therefore prepared by hydrogenation of (7d) over PtOz in absolute 
ethanol at atmospheric pressure for 15 min. ‘H NMR 6 4.71 (m, 2H. HtJ, 2.51 (bs, NH), 2.05 and 1.26 
(2H,2H, AA’BB’ system, H23exo,endo). 
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5,6,7,8-Tetrafluoro-l,2,3,4-tetrahydro-l,4-iminonaphthalene (8e) 
Amine (&) was prepared using the method as described above for (8c) rather than the method of 

Underwood.s It was obtained as a colourless oil after Kugelmhr distillation. ‘H NMR 8 4.83 (2H, m, HiA), 
2.22 (lH, bs, NH), 2.09 and 1.26 (2H,2H, AA’BB’ system, H2jexo,endo), 13C NMR see table 1. 

N-Methyl-1,4-dihydbl,4&ninonaphthalene derivatives 

N-Methyl-5,6,7,8-tetramethyl-l,4-dihydro-l,4-iminonaphthaiene (9a) 
N-Methyl-1,4-dihydro-1,4-iminonaphthakne (9b) 
N-Methyl-5,8-dimethoxy-l,4-dihydro-l,4-iminonaphthalene (9c) 
These amines were prepared from the corresponding secondary amines using the general methylation 

procedure of Borch and Hassid.” In a typical procedure, sodium cyanoborohydride (400 mg; 6.4 mmol), the 
fumarate salt of (7~) (927 mg; 2.9 mmol) and 40% formaldehyde solution (1.1 ml; 14.7 mmol) were stirred 
overnight in acetonitrile (35 ml). Diethyl ether was then added to the reaction mixture and the flask contents 
were washed with acid (0.6 M HCI; 3 x 30 ml). The combined aqueous acid extracts were made basic (2M 
NaOH, 40 ml) and the basic aqueous layer extracted with dichloromethane (4 x 50 ml). The combined 
organic extracts were dried and concentrated under reduced pressure to give crude (SC) which was 
recrystallised from light petroleum/diethyl ether to give the product (450 mg; 7 1 S). Vacuum sublimation (0.4 
mm Hg/ bath temperature 1WC) gave white crystals of (SC), m.p. 83-84OC (lit” m.p. 84-86oC). Analysis. 
Found, C, 72.03, H. 6.98, N. 6.50%. Ct3Ht5NOa requires C. 71.87; H, 6.97; N, 6.45% IR (CHzClz), 294Os, 
283Os, 278Om, 161Om. 149Os, 146Os, 124Os, 1215s, 1175m, 1105m, 1065s. 985s, 965m, 785s cm-l; ‘H NMR 
8 6.92 (m, 2H, H&, 6.83 (s, 2H, aryl), 4.70 (m, 2H, Hi,& 3.71 (s, 6H, OMe), 2.11 (br s, NH); 13C NMR data 
are listed in table 3; MS “/z 217*(M+). 202, 191, 177, 128. 

The amines (9a) and (9b) were prepared in similar fashion. 
(9a): 22% yield, m.p. 95-98°C. IR (CH$l& 294Om. 285Om. 144Om. 125Om, 1105m, 805s cm-‘; ‘H 

NMR 8 6.80 (br, 2H, Hz+ 4.56 (br, 2H, Hi,,), 2.16 and 2.10 (br, s, 15H); 13C NMR data are listed in table 3; 
MS “‘/z 213*(M+), 198, 187, 172; accurate “/z 213.152, calculated for CtsHtaN 213.1517. 

(9b):* 54% yield, b.p. 142‘WO.2 mm Hg. 13C NMR data are listed in table 3. 

N-Methyl-5,6,7,&tet~chlo~l,4-dihydr~l,4-i~n~aphthale~ (9d) 
N-Methyl-5,6,7~tetr~uoro-l,edihydro-l,4-iminonaphthalene (9e) 
These aminegb were prepared by direct cycloaddition of the appropriate tetrahalogenobenzyne to 

N-methylpyrrole (5). t3C NMR data am listed in table 3. 

N-Alkyl-IfJ,4-te~~y~-l,4-iminoMphflurne derivatives 

N-Methyl-5,6,7,8-tetramethyl-1,2~,4-tetrahydro-1,4-iminonaphthalene (lOa) 
N-Methyl-1,2,3,4-tetrahydro-1,4Aninonaphthaiene (lob) 
N-Methyl-5,8-dimethox~l~~,4-tetrahyd~l,4-iminonaphthalene (1Oc) 
N-Methyl-5,6,7~-tetrachloro-1~J~-tetrahydro-1,4-iminonaphthalene (10d) 
N-Methyl-5,6,7,&tetrfluoro-1,2J,4-tetrahydr~l,4-i~nonaphthalene (1Oe) 
In a typical procedure, amine (9e) (1.3 g; 5.7 mmol) was dissolved in methanol (30 ml) and 

hydrogenated over 10% Pd/C in a Parr apparatus for 2 h at a pressure of 20 psi. The catalyst was removed by 
filtration through celite and washed with more solvent. Evaporation under reduced pressure gave (We) (1.23 
g; 93%), m.p. 76-79oC. The amine was characterised as the mono-methyl sulphate. m.p. 160-161.5°C after 
recrystallisation from isopropanol. Analysis. Found: C, 43.67; H. 4.18; N. 3.88%. C13Ht5NF4S04 requires: C, 
43.70; H, 4.23; N, 3.92%. 13C NMR data are listed in table 3. 
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Similarly prepared were the following N-methyl amines. 

(1Oa): in 77% yield after acidification, washing with diethyl ether, rebasiflcation, extraction into diethyl 
ether, drying and evaporation, m.p. lOO-103°C. Found: C, 83.60, I-I, 9.78; N, 6.53%. Ct$-I,tN requires C, 
83.67; H. 9.83; N, 6.5%. IR (CH&) 2950s. 145Om, 1265m. 1195m, 1095m. 1005~. 84Om cm-‘; ‘H NMR 8 
4.10 (m. 2H. Ht.,,), 2.15-2.00 (m, 15H + 2H, Me + H%sexo), 1.07 (m, 2H. Hue&o); MS “/z 215 @I+), 200, 
187,. 172. 

(lob) was obtained as a yellow oil. Spectroscopic data were fully ln accord with literature data” 

(10~) m.p. 109-110.5°C after sublimation at l15°c/o.l mm Hg. Analysis. Found C, 71.14; H, 7.96: N, 
6.28%. Ct3Ht7NOz requires C, 71.21; H, 7.81; N. 6.41%. IR 29459, 2830931, 1495s. 1460s. 12509, 12OOm, 
1165m, 10909, 103Orn, 992m, 965m, 830m cm- l; ‘H NMR 8 6.60 (s, 2H, aryl), 4.27 (m. W, Ht.4). 3.70 (s, 
6H, OMe), 2.03 (m, 3H + 2H, NMe + Hzgexo), 1.18 (m, 2H, H,,sendo); 13C NMR data are listed in table 3; 
MS m/z 219 @I+), 204, 191*, 176, 148, 133. 

(1Od) Hydrogenolysis of the C-Cl bonds was avoided by the use of Adam’s catalyst under 10 psi of 
hydrogen for 10 min., m.p. 134.5-136.5%. IR (CH&1$2945m, 13609,12OOrn, 1135s, 109Om cm-‘; ‘H NMR 
6 4.35 (m, 2H, HIA), 2.10 (M. 3H + 2H, NMe + Hzsexo), 1.25 (m, 2H, H=endo); MS Vz 297 (M+), 282, 
269; 254,235. 13C NMR data are listed in table 3. 

N-Ethyl-1,4-dihydro-1,4kninonaphthalene (llb) 
N-Ethyl-5,6,7,&tetrafluoro-1,4-dihydro-lpe (lie) 

The fumarate salt of (7b) (1.25 g; 4.8 mmol), sodium borohytide (0.6 g; 9.6 mmol) and ethanal (2 ml; 
36 mmol) were stirred in acetonit rile (50 ml) for 24 h. After column chromatography (basic alumina, diethyl 
ether), the N-ethyl amine (llb) was isolated as a yellow oil (199 mg; 23 %). Kugehohr distillation 
(14OY!/O.15 mm Hg) affotded a colourless oil. IR (CH#&) 296Om, 284Ow, 167Ow, 145Om, 1375m, 127Ow, 
112Om, 109Om, 995~. 790s cm- ‘; ‘H NMR 8 7.33-6.33 (m br, 6H, aryl & H2,3), 4.57 (m, 2H, Ht.,), 2.27 (br, 
2H, CH,), 1.00 (t, 3H, Me); MS “/z 171*(M+), 156, 145, 129. 

The amine (lie) was prepared in a similar fashion from the fumarate salt of (7e) (908 mg; 2.74 mmol), 
sodium cyanoborohydride (0.5 g) and ethanal (1 ml) in acetonitrile (25 ml). The mixture was stirred 
overnight, excess diethyl ether was added and the basic product was extracted into 2M HCl(4 x 20 ml). The 
acidic layers were combined, basified with 2M NaOH and extracted into C!H2Clz (4 x 30 ml). The organic 
extracts were dried, the solvent removed under vacuum and, after chromatography on alumina using diethyl 
ether, (lle) was isolated in 31% yield as a pale oil which crystallised from petrol (b.p. 40-6(E) as white 
needles. IR (CH$&) 296Om, 284Ow, 1490s. 138Om, 1355w, 1295m, 12OOm, 1175m, 112Om, 104Os, 935s, 
810s cm-‘; ‘H NMR 8 6.91 (m br, 2H, Hz3), 4.96 (m, 2H, H,,), 2.26 (q br, 2H. CI-Iz), 1.00 (t, 3H, Me); MS 
“/z 243 (M+), 217, 200; 189. The amine was analysed as the kratluoroborate salt. Found: C, 43.57; H, 3.07, 
N, 4.40%. C,,H,,NBFs requires: C, 43.54; H, 3.05; N, 4.23%. 
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N-Ethyl-l~~~-tetrPhy~l~i~~p~~~e (l2b) 
N-Etbyl-5,6,7~tetr~~l~~~t~~yd~l~i~~apbt~l~e (12e) 
The amines (llb) and (lle) wexc hydrogenated over PdK! as &scribed for the corresponding N-methyl 

analogues (9b) and (9e). 

Compound (12b) was isolated in 79% yield. IR (cm- l, CHaC12). 2890s. 145Om, 138Om, 134Om, 
1280br,m, 12OOm, lOUrn, 905s; ‘H NMR 6 7.13 (m, 4H, atyl), 4.17 (m. 2H, Htp), 2.33-1.93 (m. 4H, exo-H2,a 
Br ethyl CH2), 1.18 (m, 2I-I. e&&H.&, 1.00 (t, 3H, Me); MS Vz 173 M+. 159,145*,129, 117,89. 

Compound (12e) was isolated in 97% yield as a pale brown oil. Filtration over alumina in diethyl ether 
solution gave a clear oil which crystal&d in the cold (75%) but was very soluble in cold petrol. IR (cm-‘. 
CHaCld, 2970s. 1490s. 1385s,1293s. 1205m, 1135m, 1105m, 109Om. 1075m. 1035s, 103Os, 968m, 905s; ‘H 
NMR 6 4.52 (m, 2H, Hi,+), 2.33-2.00 (m, 4H, exo-Hza & ethyl U-Q), 1.23 (m, 2H. endo-Hag), 1.00 (t, 3H, 
Me); MS “‘/z 245 @I+), 218*, 207.189,162,151,143. The amine (12e) was analysed as the tetrafluoroborate 
salt. Analysis. Found: C. 42.94; H, 3.67; N, 4.25%. CIzHtzNRFs requires: C, 43.28; H, 3.63; N. 4.21%. 

N-M~hyl-exosxo-~-dideu~~~l~~,4-tete (13b) 
N-Methyl-exo-exo-2$-dideuterio_5Sdimethe (13c) 
N-Methyl-exo-exo-2J-dideuterio-5,6,7~tet~fluor~l,2~,4-tet~hyd~-l~-i~nonaphthalene (13e) 

The amines (9b). (SC) and (9e) respectively were dissolved in methanol with 10% Pd/C catalyst and 
were stirred overnight under a balloon filled with deuterium gas. After filtration through Celite and 
evaporation of solvent, the corresponding amines (13b). (134~) and (13e) were obtained. 

Analysis of the mass spectra of these compounds revealed >97% incorporation of deuterium. 

(13b): ‘H NMR 6 7.2 (m, 4H, aryl). 4,27 (s, W, Ht 4). 2.15 (s, 3H, NMe), 1.25 (s, 2H, e&-H&; MS 
‘“/x 161 (M+), 145, 131*, 116, 103,90. 13C NMR data am &ted in table 3. 

(13c): ‘H NMR 6 6.62 (s, 2H, aryl), 4.25 (s, 2H, Ht.,), 3.75 (s, 6H, OMe). 2.03 (s, 3H, NMe), 1.17 (s, 
2H, e&-H,,); MS “/z 219 (M+), 203,191*, 176,161,148. 

(13e): ‘H NMR 6 4.48 (s, 2H. HtJ, 2.08 (s, 3H, NMe), 1.24 (s, 2H, e&-H,,); MS Vz 233 (M+), 203*, 
188, 162. 

Dimethyl-5,6,7,&tetrfluoro-9-methyl-l,4-dihydro-l~-iminonaphthalene -2&dicarboxylate (23) 
Dimethyl acetylenedicarboxylate (0.62 ml; 5 mmol) was added from a microsyringe to a stirred solution 

of (21) (1.02 g; 5 mmol) in dry dichlommethane (25 ml) and stirring was continued for 3 h. After this time, 
the solution was dried, filtered, and the solvent removed to give, after recrystallisation from diethyl 
ether/acetone, the 1:l adduct (23) (0.89 g; 51%), m.p. 122-124oC. Analysis. Found: C, 52.04; H, 3.29; N, 
4.03%. Ct5Ht1N04F4 requires C, 52.18; H, 3.21; N, 4.06%. IR (cm-‘; CH2C12) 295Ow. 1715s. 163Ow, 148Os, 
143Orn. 126Om, 1225m, 116Om, 1105m. 108Om,93ow, ‘H NMR 6 5.18 (s, 2H, Ht,& 3.80 (s, 6H, OMe). 2.23 
(s, 3H, NMe); 13C NMR data are recorded in table 3; MS m/z 345 @I+), 315,286,272,256,203*, 189, 162. 

Dimethyl-5,6,7~-tetrafluo~9-methyl-l~J~-tetrahydro-1,4-iminonaphthalene-end,3- 
dicarboxylate (24) 

The amine (23) (400 mg; 1.2 mmol) in ethyl ethanoate (40 ml) was hydrogenated over palladium/ 
carbon for 2 h at 20 psi pressure. After filtration through Celite. the product (24) was obtained in quantitative 
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yield. Recrystallisation from diethyl ether/acetone gave colourless needles, m.p. 143-145X. Analysis. Found: 
C, 51.86; H, 3.83; N. 4.08. C1sHt3N04F4 requires C, 51.88; H, 3.77; N, 4.03%. IR Q-I&) 295Ow. 1745s, 
1500s. 1435w, 129Om, 12OOm, 1115m, 104Om, 95Ow, 820w cm-‘; ‘H NMR 8 4.58 (m, 2H, HI,,& 3.67 (m, W, 
exe-H2,s), 3.53 (s, 6I-I. OMe), 2.03 (s, 3H, NMe); 13C NMR data are mcorded in table 3; MS Vz 347 @I+). 
328,316,285,273,256,228,203’, 188,162. 

N-Etboxycarhonyl-1,4-dihydro-1,4-iminoanthracene (15) 
This was prepared (using the method described for (7b) above) from N-ethoxycarbonylpyrrole (3) (4.2 

g, 0.03 mole) and naphthalyne (14). generated in dry dioxan at mflux fmm 2-aminofnaphthoic acid (5.0 g; 
0.027 mole) and isoamyl nitrite (3.5 g; 0.03 mole). The solvent was mmoved under reduced pressure to give a 
dark red oil (9.0 g) which was adsorbed onto basic alumina (Woe& 30g) and then placed carefully on top of 
a column of 12Og of basic alumina. The first compound eluted with diethyl ether was (15) (3.43 g; 49%). It 
was recrystallised from diethyl ether/acetone as colourless needles, m.p. 125-126V. Analysis. Found: C, 
77.25; H, 5.78; N, 5.28% Ct7Ht5N02 requires C, 76.96; H, 5.70; N. 5.28%. IR (CH&$) 30409, 2970w, 
171Os, 137Om, 1325m. 1245m. 1095m, 870m cm -‘; ‘H NMR 8 7.78-7.21 (m, 6H. aryl), 6.88 (m. 2H, H2,3h 

5.62 (m, 2H, H,,& 4.03 (q, 2H, Et), 1.17 (t, 3H, Et); MS m/z 265 @I+), 238,236,220, 192, 165*. 

1,4-Dihydro-1,4-iminothracene (16) 
The prowted amine (15) (750 mg; 2.8 mmol) was hydrolysed by heating under reflux with NaOH (4.0 

g) in 1:l methanol-water (30 ml). The progress of the reaction was monitored by TLC and, after 8 h, the 
mixture was cooled and diluted with water. The aqueous layer was extracted with dichloromethane (4 x 30 
ml) and the combined organic extracts were dried, combined and evaporated. The resultant yellow gum 
crystallised in the cold and was purified by Kugelrobr distillation (13OY!/ 0.1 mm Hg) to give a pale yellow 
solid (425 mg; 78%). A small sample was recrystallised from diethyl ether, m.p. 111-113oC. IR (CH2C12) 
326Ow, 3OOOm, 1415~. 1355m. 126Ow, 1085m, 1035m, 885m, 865s, 835s cm-l; ‘H NMR 8 7.33-7.25 (m. 6H, 
aryl), 6.83 (m, 2H, wlh 3 Hz, H&, 4.95 (m, 2H, wlh 3 Hz, Hl,4), 3.00 (br, s, NH); MS Vz 193 (MY, 165, 
144*, 128. 

N-Methyl-1,4-dihydrthracen-1,4-imine (17) 
The amine (17) has been prepared in 13% yield by Bomste@ by addition of naphthalyne to 

N-methylpyrrole. However, (17) was obtained more conveniently and in higher overall yield in our work by 
hydride reduction of the N-ethoxycarbonyl compound (16): 

Lithium tetrahydroaluminate (150 mg; 4 mmol) was shuried with dry ether (25 ml) and cooled to PC. 
A solution of (16) (300 mg; 1.1 mmol) in dietbyl ether was added slowly to the slurry from a dropping funnel. 
The cooling bath was removed and the mixture was heated to reflux for 45 min. After cooling, the excess 
reducing agent was destroyed cautiously with water-saturated ether and then water. The mixture was filtered 
through Celite and the aqueous layer was separated and washed with more diethyl ether (2 x 25 ml). The 
combined organic extracts were washed with acid (2M HCl, 4 x 10 ml), the acid washings were made basic 
(2M NaOH) and the basic layer was extracted with dichloromethane (4 x 25 ml). The dichloromethane 
solution was dried and the solvent evaporated to yield crude (17) (177 mg; 78%). The solid was recrystilised 

from light petrol as white crystals, m.p. 91-94’C (lit. 2o 94.5-95.5”C). IR (CH2C12) 304Ow. 296Ow. 275Ow, 
1415w, llOOm, 88Om. 805s cm- l; ‘H NMR 8 7.75-7.30 (m, 6H, aryl), 6.80 (br s, W, H&, 4.53 (br S, 2H, 

Hi,,), 2.15 (s, 3H, NMe); MS ‘“/z 2O7* (M+), 192, 178, 165. 
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2-Benzyl-4$,6,7-tetrfluoroisoindole (18) 
(i) 9-Benzyl-5,6,7,8-tetu~1,4-dihydronaphthalen-lPimine (9e Z = Me). A solution of 

n-butyllithium (l.lM in hexane; 87 ml) was added dropwise over a period of 10 mins to a stined solution of 
pentafluorobenzenc (16.15 g; % mmol) in dry diethyl ether (25 ml) under nitrogen at -78’C. Subsequently. a 
solution of I-benzylpyrrole (15.16 g, % mmol) in dry ether (40 ml) was added over a furtber 10 mins. The 
reaction was allowed to warm to room temperature with continuous stirring and was left overnight; it was 
then poured into water (300 ml) and the product extracted into ether (2 x 150 ml); the combined organic 
extracts were washed with water and the amine product was extracted into cold 2M HCl (2 x 200 ml). The 
acidic extracts were combined and washed with dietbyl ether (3 x 50 ml). cooled in an ice salt bath, and 
carefully basified with 2M NaOH solution. The free amine was extracted into diethyl ether (3 x 200 ml); the 
combined extracts were dried and the solvent removed under reduced pressure to affored a white amorphous 
solid (9.88 g, 34%) which was used without further purification. 

(ii) The product from (i) (8.06 g; 26.8 mmol) was dissolved in dry dichloromethane (70 ml) and was 
added under nitrogen. to a stirred solution of 3,6-di(2-pyridyl)-1,2,4,5-tetmzine?* (6.30 g. 26.8 mmol) in dry 
dichloromethane (60 ml). The addition was slightly exothermic and the progress of the reaction was 
monitored by observation of the evolved nitrogen. After 24h, the solvent was removed under reduced pressure 
to afford an off-white solid (18), (7.15 g, 95%) m.p. 92-9YC (lit.3g 96-97.5V). 

N-Benzyl-1,2,3,4-tetrafiuoro-9,1O-dihydroanthracen-9,lO-imine (19b) 
A solution of 2-bromofluorobenzene (1.75 g; 10 mmol) in dry tetrahydrofuran (7 ml) was added slowly 

to magnesium (0.304 g; 13~10~~ g atom) under nitrogen in a flask which was immersed in an ultrasonic bath. 
The dissolution of the magnesium was complete within 30 min. The isoindole derivative (18) (2.23 g; 8 
mmol) was added slowly to the reaction mixture with stirring and the mixture was left to stir overnight. The 
reaction mixture was poured into water (200 ml), the organic layer was separated, and the aqueous layer 
extracted with diethyl ether (200 ml). The organic extracts were combined and dried over magnesium 
sulphate. The solvents were reduced under reduced pressure to give a dark oil which after flash 
chromatography on silica (9:l 40-60” b.p. petroldiethyl ether) afforded a light yellow oil (19b), 1.92 g; 67%. 
Further purification proved difficult and the product was used directly for subsequent reactions. ‘H NMR 6 
7.38-7.19m; 7.07brs (9H, aryl), 5.27 (s, 2H, b,tc), 3.50 (s, 2H, benzylic CHd; 13C NMR data are recorded in 
table 3; MS m/z 355 (M+), 264,251,250,91*, 65, metastable peak m/z 46.4 (91+65); observed accurate “/z 
355.0980, calculated for qtHt3NF4 355.0984. 

N-Benzyl-1,2~,4-tetrafluoro-5,8-dimethoxy-9,l~dihydr~nth~cene-9,lO-imine (19c) 
A solution of n-butyllithium (1.27M in hexane; 11 ml) was added over 15 ruin to a stirred solution of 

2,2,6,6-tetramethylpiperidine (2.40 g; 18 mmol) in dry diethyl ether (25 ml) under nitrogen. After a further 10 
min this lithium tetramethylpiperidide solution was added over a period of 20 min to a stirred solution of (18) 
(4.00 g; 14 mmol) and Z-chloro-l&dimethoxybenzene*t (2.42 g; 14 mmol) in dry diethyl ether (80 ml) under 
nitrogen. The reaction mixture was left stirring overnight, then poured into water (300 ml) and extracted with 
diethyl ether (2 x 200 ml). The organic extracts were washed with water (25 ml) and dried. The solvents were 
removed under reduced pressure and the dark red residue was purified by flash chromatography on silica 
using dichloromethane, to affotd a yellow oil. Trituration with n-hexane gave (19c) as a white crystalline 
solid (1.70 g; 30%) of sufficient purity for use in later work. A small sample was recrystallised several times 
from n-hexane to provide an analytically pure sample as white plates, m.p. 139V. Analysis. Found: C, 66.63; 
H, 4.22; N, 3.37%. C,,sH17N02F4 requires C, 66.51; H, 4.13; N, 3.37%. ‘H NMR 6 7.25 (m, 5H. benzyl), 6.58 
(s, 2H, H~,J), 5.44 (s, 2H. Hg,te), 3.75 (s, 6H. OMe), 3.45 (s, 2H, benzylic CHi); 13C NMR data are recorded 
in table 3.; MS mlz 415 (M+), 384,325,324,310,295,280,267.252,224, 199,91*, 65,42. 
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1,2,3,4-Tetrafluoro-9,lO-dibydro-9,lO-iminoanthracene (2Ob) 
A solution of (19b) (1.519 g; 4.28 mmol) was dissolved in glacial ethanoic acid (20 ml) and 

hydrogenated at 1 atm. over 10% palladlum on carbon (0.138 g) for 48 h. The reaction mixture was then 
filtered through Celite and the solvent tem~ved under reduced pressure. The residual oil was dissolved in dry 
diethyl ether (20 ml) and HCl gas was bubbled through until no further precipitation was observed. The 
precipitate was filtered off and dried under reduced pressure to afford (20b:HCI) as a white amorphous 
powder (0.475 g), m.p. 183V (dec.). MS m/z 266,265 “(M - HCl), 264,250,238,237,219. 

The free amine (20b) was liberated by basification with 2M aqueous sodium hydroxide and extraction 
into dichloromethane. ‘H NMR 8 7.14 (m, 4H, aryl), 5.61 (s, 2H, I&&, 2.86 (br s. NH); 13C NMR data are 
summatised in table 1. The amine was analysed asthe N-chlotr&zrivative22. 

1,2J,4-Tetrafluoro-5$-dimethoxy-9,lO-dihydro-9,lO-iminoanthrace!ne (2Oc) 
A solution of (19~) (0.408 g; 0.98 mmol) in glacial acetic acid (15 ml) was hydrogenated as described 

for (19b) above to give (2OcHCI) (0.324 g; 92%). A small quantity was recrystalllsed from methanol/diethyl 
ether to give a fine white powder, m-p. 173-174°C (dec.). MS “/z 325 (M - HCl), 324, 310, 295*, 280,267, 
252,224,163,44. 

The free amine (2Oc) was liberated as described for (20b). IR (CH~C12) 325Ow, 3040-2830br. 284Om, 
161Ow, 15OOs, 135Om, 1280w. 119Om, 112&n, 105Obr, 820s cm- l; ‘H NMR 6.58 (s, 2H, aryl), 5.44 (s, I$,$, 
3.75 (s, 6H, OMe), 3.45 (br s, NH); t3C NMR data am summarised in table 1. The amine was analysed as the 
N-chloro- derivative22. 

N-Methyl-1~~,4-tet~fluoro-S,6,7~~t~m~hyl-9,l~imin~~th~~e (22a) 
A stirred mixture of 1,2dibromo-3,4,5,6-tetramethylbenzene (4.00 g; 13.70 mmol) and 2-methyl- 

4,5,6,7-tetrafluoroisoindole (21) (2.77 g; 13.64 mmol) in dry diethyl ether (70 ml) was cooled to -78“C under 
dry nitrogen. n-Butyllithium (1.6 M solution in hexane; 10.0 ml) was added slowly via a syringe and the pale 
yellow solution immediately became cherry red. The solution was stirred at -78Y! for 1 h and then allowed to 
warm slowly to room temperatute. The reaction mixture was washed with cold 2M HCl(4 x 20 ml) and the 
aqueous layers separated. The combined acidic extracts were basified in the cold with 2M NaOH and the 
product extracted into dichloromethane (4 x 40 ml). The combined organic layers were dried, filtered and 
evaporated to give a dark brown solid which was recrystallised from petrol/diethyl ether to give (22a). 1.19 g 
(26%). 

N-Methyl-l&3,4-tetrafluoro-9,10-hninoanthracene (22b)5a 
To dry magnesium turnings (0.227 g; 9.4 mmol) in dry tetrahydrofuran (2 ml) under nitrogen was added 

a few drops of a solution of 2-bromofluorobenxene (1.52 g; 8.7 mmol) in tetrahydrofuran (2 ml). ‘Ihe reaction 
flask was cooled as the Grignard reaction began and the remaining solution was run in. When the metal had 
dissolved completely, 2-methyl-4,5,6,7-tetuoroisoindole (21) (1.74 g; 8.6 mmol) in dry tetrahydrofuran 
(15 ml) was added and the darkening solution was heated under reflux for 1 h. After cooling, the product was 
extracted with aqueous HCl (1 M, 4 x 10 ml) and the combined acid extracts were made basic with 2M 
sodium hydroxide solution. The basic layer was extracted with dichloromethane (5 x 50 ml) and the combined 
organic extracts were dried and evaporated to give (22b) which was rccrystallised from light petrol (0.28 g; 
12%), m.p. 83-86OC. IR (CH$l,) 295Ow, 287Ow, 279Ow. 1500s. 14859, 133Om. 127Om, 1115m, 1095m, 
1045m, 995m, 955m, 925m cm-‘; NMR 8 7.43-6.93 (m. 4H, aryl), 5.21 (s, 2H, I$&, 2.25 (br s, 3H, N-Me); 
MS “/z 279*(M+). 264, 250, 237, 203, 188, 162; observed accurate “/z 279.067, calculated for C!t$-I$IF~ 
279.0671. 
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