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Abstract

Pharmacologically active derivatives of phenothiazine, iminodibenzyl, carbazole and pyrazole are prepared with
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high yields and chemoselectivity by the reaction of the corresponding N-allylic or N-methallylic compo inds,
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primary or secondary amines, carbon monoxide and hydrogen in the presence of [Rh(cod)Cl], as catalyst via a
one pot hydroformylation - amine condensation - reduction sequence. © 1999 Eisevier Science Ltd. All rights reserved.

Due to their pharmacological activity numerous y- and §-aminofunctionalised phenothiazine

[1-14], iminodibenzyl [15-29], carbazole [30-33] and pyrazole [34-37] derivatives are
commercially obtainable therapeutic agents. Although well established, these pharmaceutics are
conventionally prepared via two or more step procedures not involving transition metal

catalysis. According to a retrosynthetic analysis these substrates should be more easily
accessible via a hydroformylation - amine condensation - reduction sequence leading to an
overall hydroaminomethylation of the starting alkene 4 (Scheme 1). Compared to the
conventional methodologies this procedure should be more flexible concerning to the
introduction of the amine in the final step.
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Scheme 1. Retrosynthetic analys1s of the pharmacologically active substrates 1
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Following our interest in rhodium catalysed hydroaminomethylation [38], which combines
the three reaction steps described above in a efficient one-pot procedure, we here present use of

thodology for the synthesis of pharmacologically active y- and &- aminofunctionalised
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iminodibenzyl, carbazole and pyrazole derivatives starting from simple N-allylic
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amines 4. Representatxve examples of pharmacologically active ompounds of these types are
in

alimemazine trimipramine etymemazine
(antihistaminicum / psycimsedativum) (antidepressivum) {(antihistaminicum / rasquilizes
Scheme 2. Examples of biologically active 1,3- and 1,4-diamines [2-7,13,16-29]

Synthesis of phenothiazine derivatives

As summarised in table 1 N-allylphenothiazine (4a) in the presence of primary or secondary
amines under typical hydroformylation conditions undergoes selective hydroaminomethylation
to form the corresponding secondary or tertiary diamines 6 and 7 in good to excellent yields

(scheme 3). Aromatic, as well as aliphatic amines can satisfactorily be employed (entries 1-8,
table 1). In the case of cyclic and acyclic a n"mf"‘ N-nucleophiles Sa-e the generation of the iso-

isomers 7 is slightly preferred (entries 1-5, taible 1). This can be explained by a precoordinating
effect of the nitrogen atom influencing the formation of alkyl- and acylrhodium
intermediates.[39] Due to sterical hindrancé hydroaminomethylation of 4a with more bulky
amines predominantly leads to the correspofnding n-isomers. If, however, N-methylaniline or
benzylamine, respectively, are used in the r{¢action sequence exclusively, the 1,4-diamines 6g
and 6h are obtained resulting from selective n-hydroaminomethylation.

The conversion of the substituted N-a]lvlmhennthmﬂne 4b with dimethyl

sunstiyied ‘T""' 112271N

comparably good yields to the corresponding pharmacologically active 1,3- and 1,4-diamines

cnera tiOi‘l

7h/6h (entry 8, table 1). Again the g of the iso-isomers is slightly preferred due to the
reasons given above.
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Under similar reaction conditions the hydroaminomethylation of N-methallylphenothiazine
(4¢) proceeds with exclusive n-selectivity to the corresponding secondary and tertiary amines
6i-p in good yields (entries 9-16, table 1). Again various aliphatic as well as aromatic primary
or secondary amines are tolerated in the reaction sequence. The exclusive formation of the n-

isomers in this case may be explained by the steric hindrance of the a-C-carbonylation.
Mabhla 1 Llerdennenionmmnthelatine A0 M allolin and A mathallulin whanathiozrina damvativag
14T 1. NYWOAINNUHICULY1AaUVIL Ol Jy-allylL allu [yv-lliciidll y11ib pueiivutdaziiie dvilivail ves
entry olefin R! R? HNRR? amine product total yield selectivity
%] [%j6(n) [%]7{is0)
1 4a H H dimethylamine S5a 6a/7a 98 19 81
2 4a H H diethylamine 5b 6b/7b 78 42 58
3 4a H H morpholine Se 6¢/7¢ 80 45 55
4 4a H H piperidine 5d 6d/7d 95 26 74
5 4a H H hexamethylenimine Se 6e/7e 92 10 90
6 4a H H N-methylaniline 5f 6f 92 - -
7 4a H H benzylamine S5g 6g 64 - -
8 4b Et H dimethylamine 5a 6h/7h 97 29 71
9 4c H CH, diethylamine 5b 6i 98 - -
10 4c H CH, diisopropylamine Sh 6} 25 - -
11 4c H CH, morpholine Sc 6k 100 - -
12 4c H CH, pyrrolidine 5i 6l 78 - -
13 4c H CH, piperidine 5d 6m 97 - -
14 4c H CH; hexamethylenimine Se 6n 92 - -
15 4c H CH, N-methylaniline 5 So 89 - -
16 4c H CH, benzylamine 5g 6p 89 - -

Synthesis of iminodibenzyl derivatives

Y- and &-aminofunctionalised iminodibenzyl derivatives 9, 10 are obtained if N-allyl-
iminodibenzyls 8 are employed in the reaction sequence (scheme 4). Under typical
hydroaminomethylation conditions N-allyliminodibenzyl (8a) reacts with various aliphatic and

aromatic nrimarv and secondarv amines leading to the corresnondine 1.3- and 1.4-diamines 9
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Scheme 4. Hydroaminomethylation of the N-allylic and N-methallylic iminodibenzyl derivatives 8

In case of the a-substituted N-allyliminodibenzyl (8b) however hydroaminomethylation
proceeds with exclusive n-selectivity to the corresponding 1,4-diamines 9g-k in comparable
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good to excellent yields (entries 7-11, table 2). Various amines of different types are tested. The
results are summarised in table 2.

Table 2. Hydroaminomethylation of the N-allylic and methallylic iminodibenzyl derivatives 8

entry olefin R! HNRR} amine product total yield selectivity
(%] [%]9 ()  [%] 10 (iso)
1 8a H dimethylamine LT 9a/10a 9i 80 20
2 8a H morpholine Se 9b/10b 79 86 14
3 8a H piperidine 5d 9¢/10c 86 52 43
4 8a H  hexamethylenimine Se 9d/10d 97 50 50
5 8a H N-methylaniline Sf e 90 - -
6 8a H benzylamine 5g 9 93 - -
7 8 CH, diethylamine L] oz 93 - -
8 8b CH; morpholine 5¢ 9h 94 - -
9 8b CH; hexamethylenimine Se 9i 86 - -
10 8b CH, N-methylaniline 5f 9j 93 - -
il 8b CH, benzylamine 5g 9k 75 - -
Synthesis of carbazole derivatives

If N-allyl-carbazoles 11 are emloyed in the hydroaminomethylation the corresponding y- and
§-functionalised carbazoles 12 and 13 are obtained (scheme 5). Thus, N-allyl carbazole (11a)
undergoes hydroaminomethylation with various aliphatic and aromatic primary and secondary
amines to give 1,3 -and 1,4 -diamines in good to excellent yields (entries 1-3, table 3). In almost
all cases the generation of the iso-isomer (13) is slightly preferred. Even the conversion with N-
methylaniline and benzylamine leads to a mixture of the corresponding 1,3-and 1,4-diamines
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Scheme 5. Hydroaminomethylation of N-allylic and N-methallylic carbazole derivatives 11

Similar to methallylic compounds 4¢ and 8b N-methallylcarbazole (11b) undergoes hydro-

aminomethylation n-selectively in presence of various amines forming the 1,4-diamines 12 in
od vields (entries §-10_table 3. scheme 5).
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Table 3. Hydroaminomethylation of N-allylic and methallylic carbazole derivatives 11
entry olefin R HNR?R? amine product total yield selectivity
[%] (%] 12 (n)  [%)] 13 (iso)

1 11a H diethylamine 5b 12a/13a 70 42 58
2 11a H morpholine 5c 12b/13b 92 33 67
3 11a H  hexamethylenimine Se 12¢/13¢ 91 34 66
4 11a H N-methylaniline 5f 12d/13d 69 57 43
5 11a H benzylamine 5¢ 12e/13e 38 34 66
6 11b CH, diethylamine Sb 12f 79 - -

7 11b CH, morpholine 5c 12¢g 86 - -

8 11b CH,; hexamethylenimine Se 12h 93 - -

9 11b CH, N-methylaniline 5f 12i 78 - -
10 11b CH, benzylamine 5¢ 12§ 83 - -

Synthesis of pyrazole derivatives

Similar to the N-allylic compounds 4a, 8a and 11a N-allylpyrazole (14a) reacts with various
primary and secondary amines to give the 1,3 and 1,4- diamines 15 and 16, in comparable good
to excellent yields (scheme 6, entries 1-5, table 4). In comparison to the conversions of 4a, 8a

nd 11a the oaneratinn Off
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species[39] and on the other hand the lower sterical hindrance of the N-allylic amine 14a.
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Scheme 6. Hydroaminomethylation of N-allylic and N-methallylic pyrazole derivatives 14

Table 4. Hydroaminomethylation of N-allylic and methallylic pyrazole derivatives 14

entry olefin R! HNR’R? amine product  total yield selectivity
(%] [%] 15 (iso)  [%] 16 (n)
1 14a H diethylamine 5b 15a/16a 98 71 29
2 14a H morpholine 5¢ 15b/16b 84 71 29
3 14a H  hexamethylenimine Se 15¢/16¢ 93 72 28
4 14a H N-methylaniline 5f 15d/16d 100 70 30
5 14a H benzylamine 5g 15e/16e 81 72 29
6 14b CH, diethylamine 5b 16f 78 - -
7 14b CH, morpholine Se¢ lé6g 85 - -
8 14b  CH; hexamethylenimine Se 16h 83 - -
9 146 CH, N-methylaniline 5f 16i 71 - -
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As summarized in table 4 1,4-diamines are exclusively obtained if the a-substituted N-ailylic
pyrazole 14b is the starting olefin (scheme 6). Aromatic as well as aliphatic amines are
satisfactorily employed to form selectively the corresponding secondary or tertiary amines 16f-i
in good yields (entries 6-9, table 4).

=

In conclusion we have shown that the hydroaminomethylation wit

. .
£ t thnad + ™
is an efficient method to transform N-allylic or N-methallylic ph

[Rh(cod)Cl]2 as catalyst

carbazole and pyrazole derivatives directly into the corresponding dia
employed in the reaction undergo selective one-pot hydroaminomethylation in high yiel
Further investigations towards an extension of the synthetic potential of the reaction are in
current progress.
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EXPERIMENTAL
NMR spectra were recorded on Bruker Spectrometers DPX 300 and DRX 400 using TMS as internal standard. IR spectra were
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obtained with a Nicolet lmpact 4001) mass spectra on a l'mmgan CA 5 and clememal‘y analyms with a Leco CHNS-932. Column
cl\rr\mnfnnmn‘nv was nnmpr‘ out “nﬂn nlnminum n\nﬂp N fur‘f T\ Frnm Il“N Rtnmaﬂu‘ﬁlﬂ Fi{‘hWPOP "“I 'IIQ"‘IO MTRF (meﬂ'\vl tert-
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butyl ether) / PE (petroleum ether, bp 30-60 °C) mixtures as eluent Gas chromatography was camed out on a Carlo Erba GC-4160
with 25 m or on a Fisons GC-8130 with 30 m CP sil-5 capillaries. GC-MS and GC-IR spectra were obtained by using comparable
capillaries and a Finnigan MAT 8320 (MS) and a Bruker IFS 48 (IR). The [Rh(cod)Cl], catalyst was prepared according to literature

Ay f4m
procedures.[40] Pressure reactions have been carried out in autoclaves (type A, 250 mi, PTFE-insert) from Berghof, Eningen,

Germany.

General procedure

A mixture of the olefin (3.6 mmol), the corresponding amine (3.6 mmol) and [Rh(cod)Cl], (1 mol % Rh) was heated for 2 d, at
120 °C in an autoclave under 90 bar carbon monoxide and 20 bar hydrogen (p, = 110 bar) pressure. The residue was dissolved in
Et,0 and filtered through neutral alumina. Product mixtures were separated by column chromatography on neutral alumina using a
mixture of MTBE/PE as eluent or by Kugelrohr distiliation.

10-Allyl-10H-phenothiazine (4a) [41,42] was prepared from phenothiazine and allyl bromide according to a general literature
procedure [42] in 87 % yield.

10-Allyl-2-ethyl-10H-phenothiazine (4b) [43] was prepared from 2-ethyl-10H-phenothiazine and allyl bromide according to a
general literature procedure [42] in 91 % yield.

10-(2-Methylallpl)-10H-phenothiazine (4c) [44-46] was prepared from phenothiazine and methallyl chloride according to a general
literature procedure [42] in 91 % yield.
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(5a) as a colourless oil in 18 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 1.58 (m, 2 H), 1.82 (m, 2 H), 2.16 (s, 6 H), 2.25
(t,’J=7.3 Hz, 2 H), 3.87 (t, *J = 7.0 Hz, 2 H), 6.88 (m, 4 H), 7.12 (m, 4 H). °*C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 24.6
(CH,), 24.9 (CH,), 45.3 (2 x NCH;), 47.0 (NCH;), 59.1 (NCH,), 115.4 (2 x PhH), 122.3 (2 x PhH), 125.0 (2 x SCq), 127 1 (2 x PhH),
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3 (2 x NCqg). GC- Mb( , 70 eV): m/z (%) = 298 (M", 9), 100 (62), 58 (100). IR (NaCVfilm): v pm‘li = 3062

N N_nnuotln"_)\/_ll_ll0"_1n_n’canni"lnarnn’ll)uﬁsl’ ming (‘n) Obtained from !Q..a“ 1-10H-nhenothiazine {49\ and dimethvlamine

N,N-Dimethyl-N-{2-methyl-3-(10H-10-phenothiazinyl)propylJamine (7a) [2-7). Obtained from 10-allyl-10H-phenothiazine (4a) and
dimethylamine (5a) as a colourless oil in 80 % yield.

N,N-Diethyl-N-{4-[10H-10-phenothiazinyl)butyllamine (6b). Obtained from 10-allyl-10H-phenothiazine (4a) and diethylamine (5b)
as a colourless oil in 33 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 0.95 (t, °J = 7.3 Hz, 6 H), 1.56 (m, 2 H), 1.78 (m, 2
H), 2.39 (t,%J = 7.4 Hz, 2 H), 2.45 (q, /= 7.3 Hz, 4 H), 3.83 (t, '/ = 7.3 Hz, 2 H), 6.86 (m, 4 H), 7.09 (m, 4 H). "C NMR (100 MHz,
CDCl,, 20 °C): & [ppm] = 11.5 (2 x CH,), 24.1 (CH,), 24.6 (CH,), 46.5 (2 x NCH,), 47.0 (NCH,), 52.1 (NCH,), 115.3 (2 x PhH),
122.2 (2 x PhH), 124.8 (2 x SCq), 127.0 (2 x PhH), 127.2 (2 x PhH), 145.1 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 326 (M", 24),

128 (91), 86 (100). TR (NaCl/film): ¥ fcm™'] = 3062 w, 2966 s, 1460 vs, 1443 5, 748 vs.
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N,N-Diethyl-N-[2-methyl-3-(10H-10-phenothiazinyl)propyllamine (7b) [le]. Obtained from 10-allyl-10H-phenothiazine (4a) and
diethyiamine (5b) as a colourless oil in 45 % yield.

4-[4-(10H-10-Phenothiazinyl)butyljmorpholine (6¢). Obtained from 10-allyl-10H-phenothiazine (4a) and morpholine (5¢) as a
colourless oil in 44 % yield. '"H NMR (400 MHz, CDCL,, 20 °C): & [ppm] = 1.60 (m, 2 H), 1.86 (m, 2 H), 2.32 (m, 6 H), 3.66 (m, 4
H), 3.86 (t, *J = 6.9 Hz, 2 H), 6.88 (m, 4 H), 7.12 (m, 4 H). °C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 23.4 (CH,), 24.3 (CH,),

AéleNFLI\ SA8 M e NCIITY €§Q 1 MICHHY S60Q0 M v« NI 118 4 () v DRINY 197 2 /2 v DLIN 1796 N () +« CCSY 127N 1) v DLIN
SO0 AT, J0.0 & X aNUIa ), 0.1 UNULIy ), GO.5 (2 X UL, , 1104 (2 X rin), 144.0 (4 X riinj, 125.U (2 X DLA{] 12/.U 2 X ririj,

127.3 (2 x PhH), 145.1 (2 x NCq). GC-MS (EL, 70 eV): m/z (%) = 340 (M’, 17), 142 (100), 100 (33). IR (KBr): v [cm'] = 3054 w,
2952 m, 1467 s, 744 m. C,,H,,N,0OS (340.5): Calc. C, 70.6 %; H, 7.1 %; N, 8.2 %. Found C, 70.6 %; H, 7.3 %; N, 8.4 %.

LINEY 10 DL . 4L I IV L F2. 7 Vs A L TN TNV TATT b aL o SN o LYo
v-lg-mczuyz-.)-uunu U-L RERCINIAZJNRYYPropyymorpnoiné (/¢). Uolainea irom 1v-ail 1-1VrZ7-pacnomniazine (4a) and morpaotne
(5¢) as a colourless oil in 36 % yield. 'H NMR (400 MHz, CDCl;, 20 °C): 3 [ppm] = 0.95 (4, /=62 Hz, 3 H), 2.19 (m, 2 H), 2.35
(m, 5 H), 3.54 (dd, 2J—l?o}’Hz 3.] 7.7 Hz, 1 H), 3.68 (t, >J = 4.5 Hz, 4 H), 4.03 (dd, *J = 13.3 Hz, >/ = 4.2 Hz, 1 H), 6.91 (m, 4 H),
7.12 (m, 4 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 17.2 (CH,), 28.3 (CH), 52.0 (NCH,), 54.4 (2 x NCH,), 63.6 (NCH,),
67.0 (2 x OCH,), 115.8 (2 x PhH), 122.3 (Z x PhH), 125.7 (2 x SCq), 127.0 (2 x PhH), 127.5 (2 x PhH), 145.7 (2 x NCq). GC-MS
(FT 7N n"\ m/-, {0/ — AN MAAY IOY 1A F1&Y 1ANINNY TN 1IN C£ 718 TD /XD 2 11— AINED s AOCT e 1A0A o 1A oo
\iedy IV VY J. ML\ /U STV AL 5 L7, 1L (L0, IVVLLVY), JU LV JU LD I DDI )V U | — JVUJL VW, LTI/ VS, 19409 5, 1971 VY,
1457 vs, 1344 5, 1321 s, 1286 s, 1253 vs, 1115 vs, 1034 s, 861 vs, 760 vs, 735 vs. C;0H,,N,OS (340.5): Calc. C, 70.6 %; H, 7.1 %; N,
8.2 %. Found C, 70.7 %; H, 6.6 %; N, 7.9 %.
10.74_Pinowvidinahitol)_10H _nhonnthinrisme (&A) Ohtain from 10-allvl-10H shenothiazine fAa) nnd simar s e o a ~rnlaiirlage

U-auyi- 1 ui-pich othiazine \-la; and ynpm 1Gine \Ju, a Co1ouricss

ad e
10-(4-Piperidinobutyl)-10H phenothiazine (6d). Obtained from ! o
oil in 25 % yield. 'H NMR (400 MHz, CDClL,, 20 °C): § [ppm] = 1.39 (m, 2 H), 1.52 (m, 4 H), 1.60 (m, 2 H), 1.79 (m, 2 H), 2.27 (m,
6 H), 3.84 (t, J = 7.1 Hz, 2 H), 6.86 (m, 4 H), 7.09 (m, 4 H). “C NMR (100 MHz, CDCl,, 20 °C): 5 [ppm] = 24.1 (CH,), 24.4 (CH.),
24.6 (CH,), 25.9 (2 x CH,), 47.0 (NCH,), 54.4 (2 x NCH,), 58.5 (NCH,), 115.3 (2 x PhH), 122.2 (2 x PhH), 124.7 (2 x SCq), 127.0 (2
x PhH), 127.4 (2 x PhH), 145.1 (2 x NCq). GC-MS (EL, 70 eV): m/z (%) = 338 (M, 12), 140 (100), 98 (47). IR (NaCV/film): ¥ [cm]

=3061 vw_ 2032 vo 14A0 ve 1443 ¢ 748 ¢

SV0I VW, 2532 V5, 150V VS, 1555 5, /906 6.

10-(2-Methyl-3-piperidinopropyl)- 10H-phenothiazine (7d) [1¢). Obtained from 10-allyl-10A-phenothiazine (4a) and piperidine (5d)

as a ¢olouriess oil in 70 % ylel(l

10-{4-(1-Azepanyl)butyl]-10H-phenothiazine (6e) [1c). Obtained from 10-allyl-10/H-phenothiazine (4a) and hexamethylenimine (5e)
as a colourless oil in 9 % yield.

10-{3-(1-Azepanyl)-2-methylpropyl]-10H-phenothiazine (7e) [lc]. Obtained from 10-allyl-10H-phenothiazine (4a) and
hexamethylenimine (5e) as a colourless oil in 83 % yield.

N-Methyl-N-{4-(10H-10-phenothiazinyl)butyl]-N-phenylamine (6f). Obtained from 10-allyl-10H-phenothiazine (4a) and N-
methylaniline (5f) as a yellow oil in 92 % yield. 'H NMR (400 MHz, CDCI,, 20 °C): & [ppm] = 1.57 (m, 2 H), 1.67 (m, 2 H), 2.71 (s,
3H), 3.15 (t,’J =73 Hz, 2 H), 3.73 (t, *J = 6.7 Hz, 2 H), 6.52 (m, 3 H), 6.77 (m, 4 H), 7.07 (m, 6 H). °C NMR (100 MHz, CDCl,,
20 °C): 6 [ppm] = 23.4 (CH,), 24.3 (CH,), 38.1 (NCHy,), 46.8 (NCH,), 52.2 (NCH,), 112.2 (2 x PhH), 115.5 (2 x PhH), 115.9 (PhH),
122.4 (2 x PhH), 125.2 (2 x SCq), 127.2 (2 x PhH), 127.5 (2 x PhH), 129.1 (2 x PhH), 145.1 (2 x NCq), 149.2 (NCq). MS (El, 70
eV): m/z (%) = 360 (M", 31), 289 (26), 198 (100), 180 (10), 162 (53), 120 (93), 77 (14). IR (NaCV/film): ¥ [cm™'] = 3060 w, 3024 w,
2926 m, 1506 vs, 1459 vs, 1443 s.

N_Bentvl-N_J4_(10H _10-phenothiazinvDburvllamine (6g). Obtained from 10-allv1- 10 shenothiazine fAa) and hanalomina Ea) ac
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a yellow oil in 64 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 1.62 (m, 2 H), 1.82 (m, 2 H), 2.61 (t, *J = 7.0 Hz, 2 H),
3.71 (s, 2 H), 3.83 (1, °J= 7.0 Hz, 2 H), 6.88 (m, 5 H), 7.11 (m, 4 H), 7.25 (m, 4 H). *C NMR (100 MHz, CDCl,, 20 °C):  [ppm] =
24.5 (CHy), 27.2 (CH,), 47.0 (NCH,), 48.7 (NCH,), 53.8 (NCH Ph), 115.4 (2 x PhH), 122.3 (2 x PhH), 124.9 (2 x SCq), 126.8 (PhH),

17 1 i <= DLTTL I’\O n LTIV 1140 Fle ) T T TN 1 AN N SN 1 A2 a4 inm L RPN Farall W fo Ve b S 72 L ¥.2% FAVAY
127.1 (2 x PhH), 127.3 (2 x PhH), 128.0 (2 x PhH), 128.3 (2 x PhH), 140.3 (Cq), 145.1 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) =
360 (M 67), 257 (38), 212 (123, 199 (28), 180 (14), 162 (100), 120 (26), 106 (10), 91 (94), 70 (16). IR (NaCV/H MY 17 fem 11 = 2041
{ (38), 212 (12 122 (28), 180 (14), 162 (100), 120 (26), 106 (10), 21 (94), 70 (16). IR (NaCl/film): v [om 3061
w, 3026 w, 2930 w, 1460 vs, 1456 vs, 1443 5,748 s
A Fd4 77 FLL_ 1 ¥N¥Y 1N __ L ___ __F 2 AT AY P4 Y 1 -n 14 1 A a1 rr 21 . s an N 1
N-{4-(2-Eihyi-10H-10-phenothiazinyl)butyl]-N,N-dimethylamine (6h). Obtained from 10-allyl-2-ethyl-10H- -phenothiazine (4b) and
dimethylamine (5a) as a colourless oil in 29 % yield. '"H NMR (400 MHz, CDCL,, 20 °C): § [ppm] = 1.21 (1, *J~ 7.6 Hz, 3 H), 1.59

QUECU Yl IN0 (9
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, 2 H), 1.83 (m, 2 H), 2.20 (s, 6 H), 2.26 (t, *J = 7.3 Hz, 2 H), 2.58 (q, *J = 7.6 Hz, 2 H), 3.88 (&, e 7.0 Hz, 2 H), 7.03 (m, 7 H).
1‘c NMR (100 MHz, CDCl,, 20 °C): 8 [ppm] = 15.7 (CH,), 24.7 (CH,), 24.9 (CH,), 28.8 (PhCH,), 45.3 (2 x NCH,), 47.0 (NCH,),
59.1 (NCHy), 115.3 (PhH), 115.4 (PhH), 121.9 (PhH), 121.9 (SCq), 122.2 (PhH), 125.4 (SCq), 127.0 (PhH), 127.2 (PhH), 1273

T ey

(NaCVfilm): ¥ [cm'] =

N TAZ D NI TAZ A TN RAQ ITT mMA XN, FZYAY LT VR e m

{PhH), 143.6 (Cq), 145.3 (NCq), 145.3 (NCq). GC-MS (EI, 70 eV): m/z (%) = 326 (M", 19), 58 (100). IR
29 1
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N-[3-(2-Ethyl-10H-10-phenothiazinyl)-2-methylpropyl]-N,N-dimethylamine (7h) [13]. Obtained from 10-allyl-2-ethyl-10H-pheno-
thiazine (4b) and dimethylamine (5a) as a colourless oil in 68 % yield.

N,N-Diethyl-N-{3-methyl-4-(10H-10-phenothiazinyl)butylJamine (6i). Obtained from 10-(2-methylallyl)-10H-phenothiazine (4c)
and diethylamine (5b) as a colourless oil in 98 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 0.93 (t, >J = 7.1 Hz, 6 H), 0.97
(d,*J=7.5Hz, 3 H), .29 (m, 1 H), 1.71 (m, 1 H), 2.12 (m, 1 H), 2.45 (m, 6 H), 3.61 (dd, >/ = 13.3 Hz, *J= 7.5 Hz, 1 H), 3.76 (dd, >/

=17FHz 3 /=K Q81> 1IN £8Q fm A 712 (m AN BONMD (IO M L MNOCY 8§ nnml=11 KM« CITY 17 (CH
15.0 114, v = U.0 1, 1 11}, V.00 (I, 7 11, /.04 (11, 7 r1). 7O INIVIN (TUU IVIDZ, LiIAULy, 24U L) U (PPl 11.0 (< X LIly), 17.0 {\1dly),

28.6 (CH), 31.4 (CH,), 46.5 (2 x NCH,), 50.2 (NCH,), 53.6 (NCH,), 115.9 (2 x PhH), 122.3 (2 x PhH), 125.8 (2 x SCq), 127.0 2 x
PhH), 127.4 (2 x PhH), 145.6 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 340 (M, 13), 142 (44), 86 (100), 58 (11). IR
(NaCl/film): V [cm™'] = 3064 w, 2966 vs, 2929 s, 1459 vs, 1444 vs, 1342 s, 1285 s, 1250 s, 750 vs. CHygN,S (340.5): Cale. C, 74.1
%; H, 8.3 %; N, 8.2 %. Found C, 74.1 %; H, 8.2 %; N, 8.4 %.

N,N-Diisopropyl-N-[3-methyl-4-(10H-10-phenothiazinyl)butyljamine (6j). Obtained from 10-(2-methylallyl)-10H-phenothiazine
(4c) and diisopropylamine (5h) as a yellow oil in 25 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 0.90 (d, *J = 6.6 Hz 6
H), 0.
6.6 H:

a1 3y £ o TY LI nnm o L vy T 1wy A 1Ty A -~y

92 (d,°J=6.6Hz, 6 H),0.97 (d, /= 6.6 Hz, 3 H), 1.21 (m, 1 H), 1.69 (m, 1 H), 2.11 (m, 1 H), 2.42 (m, 2 H), 2.94 (septet, >
z, 2 H), 3.60 (dd, 2]~l’§’%H7 3= 7.2 Hz, 1 H), 3.73 (dd, ZIHH'§H7 3= 7.0Hz 1 H), 687 (m, 4 H), 7.12 (m, 4 H). l’("

= =%

R (100 MHz, CDCl,, 20 °C): & [ppm] = 17.7 (CH,), 20.1 (2 x CH;), 21.0 (2 x CHy), 28.2 (CH), 35.8 (CH,), 42.4 (NCH,), 47.9 (2
X NCH) 53.7 (NCH,), 115.8 (2 x PhH), 122.3 (2 x PhH), 125.7 (2 x SCq), 127.0 (2 x PhH), 127.4 (2 x PhH), 145.7 (2 x NCq). GC-
MS (EL 70 eV): m/z (%) = 368 (M", 21), 353 (13), 285 (4), 268 (15), 212 (21), 170 (21), 154 (13), 114 (100), 72 (23), 56 (17). IR

~
Fa NPV el FY-3 R SRy N Q L0 £, £Na1a mMEND/.TT O Q O/, Lo/ PR B o
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{(NaCViimj: v [em™ | = 3064 w, 3031 vw, 2563 s, 1457 s, 750 5. C,,H;,N,S (368.6): Caic. C, 75.0 %; H, 8.8 %; N, 7.6 %. Found C,
753 %; H,82%; N, 7.6 %.

4-[3-Methyl-4-(10H-10-phenothiazinyl)butylmorpholine (6k). Obtained from 10-(2-methylallyl)- lOH phenothiazine (4¢) and

Ly 7% JEpE DR Y 1NN O/ ;2213 1T ATRAD 74NN AATT. Fenenenal — N1 OF7 F_ £ £ 1T
uluxpuuuuc [Dl) asa bUlUu.llUbb Ull ul 1UVU 7o yICIU. Il INIVIK {(4UV WV1I1Z, \.,U\A;, LU \() 0 l_ppnl] = U/ \u J — 0.011s, 3 ﬂ), l L/ (Iu,

1 H), 1.80 (m, | H), 2.21 (m, 1 H), 2.32 (m, 6 H), 3.59 (m, 5 H), 3.77 (dd, 2/ = 13.3 Hz, >/ = 7.5 Hz, 1 H), 6.87 (m, 4 H), 7.11 (m, 4
H). C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 17.7 (CH,), 27.7 (CH), 30.7 (CH,), 53.5 (NCH,), 53.4 (2 x NCH,), 55.8 (NCH,),
66.8 (2 x OCH,), 115.8 (2 x PhH), 122.3 (2 x PhH), 125.6 (2 x SCq), 126.9 (2 x PhH), 127.4 (2 x PhH), 145.5 (2 x NCq). MS (EI, 70
eV): m/z (%) = 354 (M", 17), 253 (34), 212 (18), 198 (34), 180 (17), 156 (100), 100 (87), 56 (14), 40 (11). IR (KBr): ¥ [cm’

2062 m. 3004 w. 2955 vs. 1454 vs. 11204 &N NG 1A &Y. . C.71.2%: H. 74 % N.7.9 %. Found C
Judcz Iil, SUuT W, 2535 VS, 1454 VS, 112U VS, 750 Vs, 728 s. \.;nnzﬁnzuo 234.5). Calc. L, r1.2 70, 11, /.4 /o, IN, /.57 Y. FOUNa ©

%; H,7.4%;N,7.5%.
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ii-(2-Methyi-4-pyrroiidin-1-yi-butyi)-10H-phenothiazine (6]). Obtained from 10-(2-methyi-aliyl)-10H-phenothiazine (4¢) and
pyrrolidine (5i) as a colourless oil in 78 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] = 0.97 (d, *J= 6.8 Hz, 3 H), 1.36 (m, |
H), 1.53 (m, 1 H), 1.72 (m, 4 H), 2.15 (m, 1 H), 2.44 (m, 6 H), 3.58 (dd, /= 13.3 Hz, *J= 7.5 Hz, 1 H), 3.76 (dd, *J= 13.3 Hz, *J =
6.5 Hz, 1 H), 6.86 (m, 4 H), 7.10 (m, 4 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 17.8 (CH,), 23.2 (2 x CH,), 28.5 (CH),
33.5 (CH,), 53.5 (NCH,), 53.7 (NCH,), 53.9 (2 x NCH,), 115.8 (2 x PhH), 122.2 (2 x PhH), 125.6 (2 x SCq), 126.9 (2 x PhH), 127.3
(2 x PhH), 145.5 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 338 (M’, 8), 140 (100), 84 (85). IR (NaCV/film): v [cm] = 3062 w,
3030 w, 3003 w, 2960 s, 1486 s, 1456 vs, 1443 s, 1343 s, 1285 5, 1250 3, 749 5. C,;HyN,S (338.5): Calc. C, 74.5 %; H, 7.8 %; N, 8.3

%. Found C, 74.4 %; H, 7.7 %; N, 8.4 %.
0-(2-Metnyi-4-piperidinobuiyi)-10H-phenoihiazine (6m). Obiained from ﬁ-(‘—met'ny'aiiyi‘)-’ ’)"—phenothiazine {dc) and pipendine
as a colourless oil in 97 % vield. 'H NMR (400 MHz, CDCl,, 20 °C): § {pp...] =097 (d,J =68 Hz, 3 H), 1.37 (m, 3 H), 1.53
1.72 (m, 1 H), 2.14 (m, 1 H), 2.33 (m, 6 H), 3.58 (dd, 2= 13.3 Hz, *7= 8.0 Hz, 1 H), 3.80 (dd, 27 =13.3 Hz,3J 6.5Hz, |
H), 6.90 (m, 4 H), 7.18 (m, 4 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 17.9 (CH,), 24.5 (CH,), 26.0 (2 x CH,), 28.5 (CH),
H (NCH,), 54.5 (2 x NCH;), 56.7 (NCH), 115.9 (2 x PhH), 122.3 (2 x PhH), 125.7 (2 x SCq), 127.0 (2 x PhH), 127.5
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x NCq). GC-MS (E1, 70 eV): vz S0y = 352 (M", 11), 180 (i1), 154 (89), 38 (100), 70 (i1). IR (KBr): Vv fem'}=
3063 w, 3032 vw, 3006 vw, 2932 s, 1463 s, 1456 s, 1444 s, 1050 s, 750 5. C,,H,N,S (352.5): Calc. C, 75.0 %; H, 8.0 %; N, 8.0 %.
Found C, 74.9 %; H, 8.0 %; N, 7.7 %.
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hexamethylenimine (Se) as a colourless oil in 92 % yield. "H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 0.95 (d, >/ = 6.8 Hz, 3 H),
1.30 (m, 1 H), 1.53 (m, 8 H), 1.67 (m, 1 H), 2.15 (m, 1 H), 2.48 (m, 6 H), 3.57 (dd, 2/ = 13.3 Hz, /= 8.0 Hz, 1 H), 3.77 (dd, /= 13.3
Hz, ’J= 6.5 Hz, 1H), 6.87 (m, 4 H), 7.11 (m, 4 H). ’C NMR (100 MHz, CDCl,, 20 °C): 6 {ppm] = 17.8 (CH,), 26.8 (2 x CH,), 28.1
(2 x CH,), 28.2 (CH), 32.2 (CH,), 53.5 (NCH,), 55.4 (2 x NCH,), 55.6 (NCH,), 115.84 {Z x PhH), 122.2 (2 x PnH), 125.6 (2 x SCq),
126.9 (2 x PhH), 127.4 (') X Phﬂ‘l 1456 (7 X N'(‘n\ MS (E1. 70 eV): m/z (“/n\ = 366 ﬂ\_/f+ n 253 (74\ 199 (a’ﬁ 167 (37\ 163 ”6)

R gLy A it ) Vi 2, 4LJ2 (& 221 10 100 210

148 (60), 112 (60), 106 (13), 91 (100), 86 (13), 58 (13), 43 (12). IR (NaCV/film): ¥ [cm™] = 3062 w, 3031 vw, 3005 vw, 2924 s, 1460
s, 1456 3, 1443 s, 749 s. C,;H,oN,S (366.6): Calc. C, 75.4 %; H, 8.3 %; N, 7.7 %. Found C, 75.2 %; H, 8.1 %; N, 7.9 %.
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N-Methyl-N-[3-methyl-4-(10H-1 0—phenathiazinyl)butyl]-N-phenylamine (60). Obtained from 10-(2-methylallyl)-10H-phenothiazine

LAY nand AT nanthiolnin it o 0f <iald 1LY NIRAD FANN RATT [ p— NA A 37 £ 01T, 2IN
(G4} aiida iv- uxcuxyla.luu.uc \Jl) asa yCHUW Uu U.l 07 /0 lelU T INIVIIN \(4UVU V1D L, ka\,l3 .LU L} U Lppul] - l Ut U, J—0.0I11L,011),

1.40 (m, 1 H), 1.86 (m, 1 H), 2.11 (m, 1 H), 2.79 (s, 3 H), 3.30 (m, 2 H), 3.68 (m, 2 H), 6.60 (d, *J = 8.0 Hz, 2 H), 6.65 (t, "/ = 7.2 Hz,
1 H), 6.82 (d, %/ = 8.0 Hz, 2 H), 6.91 (t, *J = 7.5 Hz, 2 H), 7.16 (m, 6 H). ®C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 17.8 (CH,),
28.2 (CH), 30.7 (CHy), 37.7 (NCH,), 50.1 (NCH,), 53.5 (NCH,), 112.2 (2 x PhH), 115.8 (2 x PhH), 115. 9 (PhH). 122.5 (2 x PhH),

ntrTy P v Py oy

125.9 (2 x SCq), 127.1 (2 x PhH), 127.5 (2 x PhH), 129.0 (2 x PhH), 145.5 (2 x NCq), l‘WZ(NLq). MS (E1, 70 eV): m/z (%) = 374
MY T71Y 212 742\ 1QGR 27 18N 710Y 174 (10M 19N (72 ) 114 1"\ IR f\a(‘l/"h«\ u Tamn 11:‘2{\0(\ v AINAN 1 INIA e D0KQ ¢
\4i¥4 4 / Al, a1 e \‘Y‘r!, 170 \&J’, 10V \ll’, 1 \A\IU}, [y AY) \Il’ ’, i r \l I’ 11n \ a\llllllllll lU l SUTT W’ PEAVAY LV, lll, SLT Miy M 7T T B,
2926 s, 2867 s, 1599 vs, 1571 s, 1505 vs, 1485 s, 1454 vs, 1443 vs, 747 vs. HR-MS(C,,H,(N,S): Calc. 374.1817. Found 374.1816.

-10-phenothiazinyl)butyljamine (6p). Obtained from 10-(2-methylallyl)-10H-phenothiazine (4¢) and
0:1 n R0 0/.. xnp'lrl 1T NIMR 7400 M » FT\{‘I ’m oM. R feanm] = n QA IA 3 7—- A & 11> 2 H\ 1724 ¢
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N-Benzyl-N-j3-methyi-4-(10H
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1 H), 1.76 (m, 1 H), 2.07 (m, 1 H), 2.36 (m, 2 H), 3.41 (m, 2 H), 3.53 (dd, 2./** 13.3Hz,*J=6.5Hz, | H), 3.65(dd, V=133 Hz, J=
1.8 Hz, 1 H), 6.80 (d, *J= 8.1 Hz, 2 H), 6.87 (t, *J = 7.5 Hz, 2 H), 7.14 (m, 9 H). '*C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 17.6
(CH;), 28.3 (CH) 31.1 (CH,), 50.7 (NCH,Ph), 53.6 (NCH,), 57.8 (NCHz), 1159 (2 x PhH) 1223 (@2x PhH) 125.6
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(%) = 374 (M, 100), 199 (57), 176 (100), 152 (32), 120
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3005 s,2953 5, 1495 s, 1488 5, 1471 s, 1464 5, 1456 8, 137

5-Allyl-10,11-dihydro-SH-dibenzo[b,flazepine (8a) [47] was prepared from iminodibenzyl and ally]l bromide according to a general
literature procedure [42lin 68 % vield.

5-(2-Methylallyl)-10,11-dihydro-5H-dibenzo[b,flazepine (8b) was prepared from iminodibenzyl and methallyl chloride according to
a general literature procedure [42] in 62 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] = 1.65 (s, 3 H), 3.18 (s, 4 H), 4.30 (s, 2
H), 4.88 (s, | H), 5.02 (s, 1 H), 6.90 (m, 2 H), 7.03-7.20 (m, 6 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 20.5 (CH), 32.4 (2
x CH,), 57.8 (NCH,), 114.0 (CH,), 120.1 (2 x PhH), 122.4 (2 x PhH), 126.1 (2 x PhH), 129.7 (2 x PhH), 133.8 (Cq), 141.9 (2 x Cq),
148.1 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 249 (M", 48), 194 (100), 180 (22), 89 (13), 63 (16). IR (NaCVfilm): V [cm™] =
3101 w, 3068 w, 3024 w, 1495 s, 1486 vs, 772 vs, 750 vs. C sH N (249.4): Calc. C, 86.7 %; H, 7.7 %; N, 5.6 %. Found C, 86.6 %;
H, 7.8 %; N, 5.5 %.

N-{4-(10,11-Dihydro-5H-dibenzo[b.flazepin-5-yl)butyl]-N,N-dimethylamine (9a) [15b,c]. Obtained from 5-allyl-10,11-dihydro-5H-
dibenzo[b,fJazepine (8a) and dimethylamine (3a) as a colouriess oil in 72 % yield.

N=[3-(10,11-Dihydro-5H-dibenzo[b flazepin-5-yl)-2-methylpropyl]-N,N-dimethylamine (10a) [16-29]. Obtained from 5-allyl-10,11-
dihydro-5H-dibenzo[b, flazepine (8a) and dimethylamine (5a) as a colourless oil in 19 % yield.

4-[4-(10,11-Dihydro-5SH-dibenzo[b,flazepin-5-yl)butyllmorpholine (9b). Obtained from S5-allyl-10,11-dihydro-5H-dibenzo[b,f]-
azepine (8a) and morpholine (5¢) as a colourless oil in 79 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.48 (m, 2 H), 1.56
(m, 2 H), 2.23 (t, °J = 7.0 Hz, 2 H), 2.29 (m, 4 H), 3.14 (s, 4 H), 3.62 (m, 4 H), 3.71 (m, 2 H), 6.89 (m, 2 H), 7.06 (m, 6 H). C NMR
(100 MHz, CDCl,, 20 °C): & [ppm] = 23.8 (CH,), 25.6 (CH,), 32.1 (2 x CH,), 50.3 (NCH,), 53.5 (2 x NCH,), 58.4 (NCH,), 66.8 (2 x
OCH,), 119.8 (2 x PhH), 122.2 (2 x PhH), 126.2 (2 x PhH), 129.7 (2 x PhH), 134.1 (2 x Cq), 148.2 (2 x NCq). GC-MS (El, 70 eV):
m/z (%) =336 (M", 16), 208 (19), 194 (16), 142 (100), 100 (47). IR (NaCVfilm): V [cm™] = 3026 w, 3021 w, 2944 s, 1456's, 1447 s,
11175,910s,763 s, 733 s.

5-(4-Piperidinobutyl)-10,11-dihydro-5H-dibenzo[b,.flazepine (9¢c). Obtained from 5-allyl-10,1 I-dihydro-5H-dibenzo[b,flazepine (8a)
and piperidine (5d) as a colourless oil in 45 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.33 (m, 2 H), 1.46 (m, 8 H),
2.13 (t, *J = 7.3 Hz, 2 H), 2.20 (m, 4 H), 3.07 (s, 4 H), 3.64 (t, *J = 6.6 Hz, 2 H), 6.81 (m, 2 H), 7.00 (m, 6 H). *C NMR (100 MHz,
CDCls, 20 °C): 8 [ppm] = 24.43 (CH.), 24.44 (CH,), 25.9 (2 x CH,), 26.1 (CH,), 32.2 (2 x CH,), 50.6 (NCH,), 54.4 (2 x NCH,), 59.1
(NCH,), 119.9 (2 x PhH), 122.2 (2 x PhH), 126.2 (2 x PhH), 129.7 (2 x PhH), 134.1 (2 x Cq), 148.3 (2 x NCq). GC-MS (EI, 70 eV):

m/z (%) = 334 (M", 14), 140 (84), 98 (100), 85 (11), 70 (17), 55 (13). IR (NaCV/film): V [em™'] = 3063 w, 3022 w, 2932 s, 1487 s.

5-(2-Methyl-3-piperidinopropyl)-10,11-dihydro-5H-dibenzo[b flazepine (10c) [15i]. Obtained from 5-allyl-10,11-dihydro-5H-di-
hanzalh flazamina 18a) and minaridina (€A} no a nalavelacs A1l 3 A1 04 2;3ald
VNV Uy jasvliav \Ua ) aliag Flll\ulluul\d \Wujyada UUI\IUI 1VDD ULl I Y1 /0 _yl AL,
5-{4-(1-Azepanyl)butyl-10,11-dikydro-5H-dibenzofb,flazepine (9d). Obtained from S5-allyl-10,11-dihydro-5H-dibenzo[b, flazepine
(8a) and hexamethylenimine (3e) as a colourless oil in 48 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.49 (m, 12 H),
2.38(t, 'J=7.2Hz, 2 H), 2.53 (m, 4 H), 3.15 (s, 4 H), 3.73 (t, *J = 6.7 Hz, 2 H), 6.89 (m, 2 H), 7.08 {m, 6 H). *C NMR (100 MHz

.28 (%, ¢ foo T34, & I3, .22 I, T Xaj, fidy & 13y, V.07 (i1, & X3y, /.00 (Ul U 13 VRIS (VW DARZ,

CDCl,, 20 °C): & [ppm] = 25.1 (CH,), 25.9 (CH,), 26.9 (2 x CH,), 27.9 (2 x CH,), 32.2 (2 x CH,), 50.6 (NCH,), 5.4 (2 x NCH,),
57.8 (NCH,), 120.0 (2 x PhH), 122.2 (2 x PhH), 126.2 (2 x PhH), 129.7 (2 x PhH), 134.2 (2 x Cq), 148.4 (2 x NCq). GC-MS (EI, 70
eV): m/z (%) = 348 (M, 14), 154 (54), 112 (100), 58 (34). IR (NaCl/film): ¥V [cm™'] = 3061 w, 3023 w, 2923 s, 1487 5. C,,;H,,N,

A Ya

{348.5): Calc. C, 82.7 %; H, 9.3 %; N, 8.0 %. Found C, 82.2 %; H, 9.1 %; N, 8.1 %.
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5-[3-(1-Azepanyl)-2-methylpropyl]-10,11-dihkydro-SH-dibenzofb.flazepine  (10d). Obtained from 35-allyl-10,11-dihydro-5F1-
dibenzo{b,flazepine {8a) and hexamethylenimine (5e) as a colourless oil in 48 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] =

0.88 (d,J=6.8 Hz, 3 H), 1.59 (br s, 8 H), 1.90 (m, 1 H), 2.23 (dd, 2/ = 12.6 Hz, *J = 6.3 Hz, 1 H), 2.37 (dd, ¥/ = 12.6 Hz, ’J = 7.8
Hz, 1 H), 2.54 (m, 4 H), 3.18 (m, 5 H, 2 x CH,), 4.06 (dd, 2/ = 12.7 Hz, 3>J = 4.7 Hz, 1 H), 6.89 (m, 2 H), 7.14 (m, 6 H). °C NMR

(100 MHz, CDCl,, 20 °C): & [ppm] =17.6 (CH;), 27.1 (2 x CH,), 28.4 (2 x CH,), 29.9 (CH), 32.3 (2 x CH,), 56.2 (NCH,), 56.4 (2 x

NCH,), 63.5 (NCH,), 120.1 (2 x PhH), 122.1 (2 x PhH), 126.2 (2 x PhH), 129.7 (2 x PhH), 134.0 (2 x Cq), 148.7 (2 x NCq). GC-MS
(EL, 70 eV): m/z (%) = 348 (M, 13), 249 (30), 234 (11), 153 (20), 112 (100), 58 (75). IR (NaCU/film): ¥ {em™'] = 3062 w, 3022 w,
29225, 1487 5. CoHyN, (348.5): Cale. C, 82.7 %; H, 9.3 %; N, 8.0 %. Found C, 82.7 %; H, 9.3 %; N, 8.3 %.

N-{4-(10, I-1)ihydro-5l'i-d'ibenzoﬁ),ﬂazepin-5—y[)butyi]—N-methyi-N-phenyIamine (9e). Obtained from 5-allyl-10,11-dihydro-5H-

1 FANMN NATT ™M M oML S o1 —
d:benzoLb{f}achmv \8a) and N—umuny laniline (5 {5%) as a colourless oil in 90 % yxcld H NMR {400 MHz, CDC 13, ZU "L ). O |ppmij —

1.57 (m, 4 H), 2.80 (s, 3 H), 3.10 (1, *J = 6.4 Hz, 2 H), 3.11 (s, 4 H), 3.73 (t, *J = 6.0 Hz, 2 H), 6.60 (m, 3 H), 6.90 (m, 2 H), 7.09 (m,
8 ). *C NMR (100 MHz, CDC]l,, 20 °C): & [ppm] = 24.1 (CH,), 25.4 (CH,), 32. 2 (2 x CH,), 38.1 (NCH,), 50.3 (NCH,), 52.4
(NCH,), 112.1 (2 x PhH), 115.9 (PhH), 1199 (2 x PhH), 1223 (2 X PhH) 126 3(2x , 129.0 (2 x PhH), 129.8 (2 x PhH), 134.2
{2 x Cq), 148.2 (2 x NCq), 149.2 (NCq). MS (E 5 , 234 (24), 220 (10), 195 (100), 180 (15),
158 (14), 120 (36), 97 (20). IR (NaCVfilm):

uuuuu NV Je AIN \ANGN L R2RRN .

\_,/v

=
~}

<

<

-._/

g1

- N

tt . =
S

~

b«)

O\

N~

N-{4-(10,11-Dihydro-SH-dibenzo[b,flazepin-5-yl)butyl]-N-phenylamine (9f). Obtained from S5-allyl-10,11-dihydro-5H-dibenzo-

[h flazenine (8a) and benzvlamine (80) ag a colonrless ail in 03 % viald 'H NMR (400 Mz D1 ’7n O S Tl =1 §§ (m 4

12.fjazepine (8a) and benzylamme (Sg) ag a colourless oil in 93 % yield, 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.55 (m, 4
H), 2.55 (t,%J= 6.7 Hz, 2 H), 3.14 (s, 4 H), 3.69 (br s, 4 H), 6.89 (m, 2 H), 7.09 (m, 6 H), 7.25 (m, 5 H). 3C NMR (100 MHz, CDClL,,
20 °C): & [ppm] = 25.7 (CH,), 27.5 (CH,), 32.2 (2 x CH,), 49.0 (NCH,), 50.5 (NCH,), 53.8 (NCH,), 119.9 (2 x PhH), 122.3 (2 x
PhH), 126.3 (2 x PhH), 126.8 (PhH), 128.0 (2 x PhH), 128.3 (2 x PhH), 129.7 (2 x PhH), 134.2 (2 x Cq), 140.4 (Cq), 148.3 (2 x
NCq). MS (EI, 70 eV): m/z (%)—356 (M’ 64), 248 (15), 220 (17), 208 (100), 193 (50), 162 (65), 133 (12), 120 (19), 106 (10), 91
(83), 70 (34). IR (NaCl/film): v [em']=3061 w, 3025 w, 2918 s, 1487 vs, 1471 5, 1456 5, 1447 5, 1436 s, 763 5, 741 5, 698 5, 620 s.

C,sHyN; (356.5): Calc. C, 84.2 %; H, 7.9 %; N, 7.9 %. Found C, 83.9 %:; H, 8.1 %, N, 7.5 %.

N-{4-(16,11-Dihydro-SH-dibenzofb fazepin-5-yl]-3-methylbutyl]-N,N-diethylamine (9g). Obtained from 5-(2-methylallyl)-10,11-
dihydro-5H-dibenzo[b flazepine (8b) and diethylamine (5b) as a colourless oil in 93 % yield. '"H NMR (400 MHz, CDCI,, 20 °C): §
[ppm] = 0.91 (d, *J= 6.6 Hz, 3 H), 0.96 (t, >J = 7.1 Hz, 6 H), 1.22 (m, 1 H), 1.61 (m, 1 H), 1.77 (m, 1 H), 2.41 (m, 6 H), 3.17 (s, 4 H),
3.41(dd, /= 12.6 Hz, 'J= 7.8 Hz, | H), 3.64 (dd, 2J = 12.6 Hz, *J = 6.4 Hz, 1 H), 6.88 (m, 2 H), 7.08 (m, 6 H). *C NMR (100 MHz,
CDCly, 20 °C): 3 [ppm] = 11.6 (2 x CHy), 18.2 (CH,), 29.3 (CH), 31.6 (CH,), 32.3 (2 x CH,), 46.6 (2 x NCH,), 50.3 (NCH,), 57.5
(NCH,), 119.8 (2 x PhH), 1222 (2 x PhH) 1262 (2 x Dm-n 1207 I’J v PhHY 1240 (2 v Ca) 1488 () vy NCa) GC-MS (ET 70 V).

wiiz), ATy 12482 L X TN, 1200 X T AT d A Aqu], LIT VAL ANYJ, 176,70 (& A IV UL ENaS (L, fv TV L

m/z (%) = 336 (M", 24), 208 (18), 142 (24), 86 (100). IR (NaCl/film): V [cm™] = 3062 w, 3021 w, 2966 s, 2923 s, 1488 s, 1468 s,
763 s, 743 s.

d.ll.flﬂ 11-Dihvdro-SH-dibonsolb flaranin_S-vl)-3.smothvlbetnIlsmenenbalisns 10k Ohtainad fro Aallvh) 10 11-dihydro-

S yRr U sax ‘lluvllw’l’vl“-bvl/.ll-J-J'I/-J-Illwl'l.vluul’l_'l'l!l'lJl’l(Illllﬂ {76y, Luwaniou ll\“ll J \L uxcl.u_y
5H-dibenzo[b,flazepine (8b) and morpholine (5S¢} as a colourless oil in 94 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): § [ppm] =
091 (d, >J = 6.5 Hz, 3 H), 1.23 (m, 1 H), 1.68 (m, 1 H), 1.87 (m, 1 H), 2.28 (m, 6 H), 3.15 (s, 4 H), 3.42 (dd, >/ = 128 Hz, /= 7.5
Hz, 1 H), 3.62 (m, 5 H), 6.87 (m, 2 H), 7.07 (m, 6 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 18.1 (CH,), 28.6 (CH), 31.2

{CH,), 32.1 (2 x CH,), 53.5 (2 x NCH,), 56.2 (NCH,), 57.2 (NCH,), 66.8 (2 x OCH,), 119.7 (2 x PhH), 122.2 (2 x PhH), 126.1 (Zx
PhH), 129.7 (2 x PhH), 133.8 (2 x Cq), 148.3 (; X N(‘q) GC-MS (EL 70 eV): m/z (%) = 350 (M*, 52), 208 (100), 194 (16), 100 (55),
70 (16), 56 (26). IR (NaClfilm): V [cm’'] = w, 3020 w, 2952 s, 2919 s, 2852 s, 1486 s, 1468 s, 1118 5, 764 5, 751 m.

C,3H;N,O (350.5): Calc. C, 78.8 %; H, 8.6 %; N, 8.0 %. Found C, 79.0 %; H, 8.7 %; N, 8.2 %.

5-14-(1-Azepanyl)-2-methylbutyl]-10,11-dihydro-5H-dibenzo[b flazepine (9i). Obtained from 5-(2-methylally]})-10,11-dihydro-5H-

dibenzo[b,flazepine (8b) and hexamethylenimine (5e) as a colourless oil in 86 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm]
=0.90(d,J= 68Hz,3H) 1.25 (m, 1H), 156(m 8 H), 1.66 (m, 1 H), 1.81 (m, 1 H), 2.43 (m, 2 H), 2.54 (m, 4 H), 3.18 (s, 4 H),
3.36 (dd, /= 12.6 Hz, >/ = 8.0 Hz, 1 H), 3.71 (dd, &/ = 12.6 Hz, *J = 6.0 Hz, 1 H), 6.89 (m, 2 H), 7.14 (m, 6 H).>C NMR (100 MHz,
CDCls, 20 °C): 8 [ppm] = 18.3 (CH,), 26.9 (2 x CH,), 28.1 (2 x CH,), 29.2 (CH), 32.2 (2 x CH,), 32.6 (CH,), 55.5 (2 x NCH,), 56.0
(NCH,), 57.5 (NCH,), 119.9 (2 x PhH), 122.2 (2 x PhH), 126.2 (2 x PhI]), 129.8 (2 x PhH), 134.0 (2 x Cq), 148.6 (2 x NCq). GC-MS
(EL 70 eV): m/z (%) = 362 (M, 26), 208 (23), 168 (35), 112 (35), 58 (48). IR (NaCl/film): V [em™'] = 3063 w, 3021 w, 2921 s, 1489
s, 1487 s, 1456 5. CpsHy,N, (362.6): Calc. C, 82.8 %; H, 9.5 %; N, 7.7 %. Found C, 83.0 %; H, 9.3 %; N, 8.2 %.

N-{4-(10,11-Dihydro-5H-dibenzo[b flazepin-5-yl)-3-methylbutyl]-N-methyl-N-phenyl-amine (9j). Obtained from 5-(2-methylallyl)-
10,11-dihydro-5H-dibenzo[b,flazepine (8b) and N-methylaniline (5f) as a yellow oil in 93 % yield. 'H NMR (400 MHz, CDCl,,
20 °C): & [ppm] = 0.96 (d, *J = 6.6 Hz, 3 H), 1.28 (m, 1 H), 1.81 (m, 2 H), 2.78 (s, 3 H), 3.09 (s, 4H) 3.18 (dd, 2/ = 10.0 Hz, *J = 5.5

rr) A 2r_1n 1Ty r'e) 1A Ty

, 1 H), 3.34 (dd, *J = 10.0 Hz, *J = 4.9 Hz, 1 H), 3.52 (m, 2 H), 6.74 (m, 3 H), 7.10 (m, 10 H). *C NMR (100 MHz, CDCl,, 20 °C):
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CH), 31.0 (CH,), 32.1 (2 x CH,), 38.0 (NC
(2xPhH), 1262 (2 x m.m 1291 (2 x PhH)

,), 112.2 (2 x PhH), 115.9

S [ppm] = 8.1 (CH,), 29.
12 1483 (2 x NCq), 149.0

(PhH), 119.7 (2 x PhH)

]
xR, ez 2L x ran) 1200 @ x FaR), 1221 Ve A Baasdyy A *
(NCq). MS (EI 70 eV): m/z (%) = 370 (M", 36), 208 (100), 193 (23), 120 (24). IR (NaCVﬂlm [c
2951 s, 1495 5, 1489 5, 1456 s, 762 8, 746 5. C,(Hy N, (370.5): Calc. C, 84.3 %; H, 8.2 %; N, 7.6 %. Found C, 84. 6 %; H, 8 1 %; N,
7.9 %.
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N-Benzyl-N-[4-(10,11-dikydro-5SH-dibenzofb,flazepin-5-yl)-3-methylbutyljamine (9k). Obtained from 5-(2-methylallyl)-10,11-
dihydro-5H-dibenzo[b,f]azepine (8b) and benzylamine (5g) as a yellow oil in 75 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): §
[ppm] = 0.90 (d, *J = 6.6 Hz, 3 H), 1.27 (m, 1 H), 1.70 (m, 1 H), 1.85 (m, 1 H), 2.62 (m, 2 H), 3.16 (s, 4 H), 3.39 (dd, %/ = 12.6 Hz,

3’—’70“—-1 N 2 £T7AA4 2771’\(]'_‘[ 37T _ £, 1IN 171 fc "IN £0O f— WML N0/ L£ITY T34 /— &1\ B3 ansm s1nn
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MHz, CDCL, 20 °C): 8 [ppm] = 18.2 (CH,), CH), 32.1 (2 x CH,), 34.9 (CH,), 46.9 (NCH,), 53.8 (NCH,), 57.4 (NCH,), 119.7
(2 x PhH), 122.2 (2 x PhH), 126.1 (2 x PhH), 126.7 (PhH), 127.9 (2 x PhH), 128.2 (2 x PhH), 129.7 (2 x PhH), 133.9 (2 x Cq) 140.3
(Cq), 148.4 (2 x NCq). MS (EI, 70 eV): m/z (%) = 370 (M, 27), 208 (100), 194 (24), 176 (10), 91 (33). IR (NaCl/film): ¥ [cm'] =

3062 m, 3025 m, 2949 s, 1495 3, 1489 5, 1475 s, 1471 5, 1468 s, 1464 s, 1456 s, 1447 5, 14385, 11105, 762 5, 742 5, 698 5. C,H, N,

YINKY Cale C QA0 1T @90/ N TKL£0. Frnndl @4 104. LT ©20/-N 700/,

\J.’VJ} @iV, vy 0TS /Il ll 0.4 /IJ l‘ 1.0 70, lUullu\/ 0'11/0 ll 0.0 /U l‘ 7.0 /0.

9-Allyl-9H-carbazole (11a) [42,48-50] was prepared from carbazole and allyl bromide according to a general literature procedure
{42} in 73 % yield.

9-(2-Methylallyl)-9H-carbazole (11b) [42,52] was prepared from carbazole and methallyl chloride according to a general literature
procedure in 65 % yield.

N-[{4-(9H-9-Carbazolyl)butyl]-N,N-diethylamine (12a). Obtamned from 9-allyl-9H-carbazole (11a) and diethylamine (5b) as a
colourless oil in 29 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 0.96 (t, *J = 7.1 Hz, 6 H), 1.52 (m, 2 H), 1.84 (m, 2 H),
2.38 (t,°/=7.5Hz,2 H),2.44 (q, ’J= 7.1 Hz, 4 H), 4.27 (t, *J = 7.3 Hz, 2 H), 7.12 (m, 2 H), 7.20 (t, 7 = 6.8 Hz, 2 H), 7.43 (m., 2 H),

QN7 rA 27“‘101_!.- AIN 30 WIRAD 1NN ANATT ™ AN Oy [ p—— | 1T (M o OLTY NEE (NI YT & LOET ) A A NNIMIT Y A7
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(2 x NCH,), 53.1 (NCH,), 109.1 (2 x PhH), 119.2 (2 x PhH), 120.8 (2 x PhH), 123.3 (2 x Cq), 126.0 (2 x PhH), 140.8 (2 x NCq). GC-
MS (EL 70 eV): m/z (%) = 295 (M, 15), 86 (100). IR (NaCVfilm): V [cm™'] = 3051 m, 2967 vs, 1484 vs, 1464 vs, 1453 vs, 750 vs,
724 vs.

N-{3-(9H-9-Carbazolyl)-2-methylpropyl]-N N-diethylamine (13a). Obtained from 9-allyl-9H-carbazole (11a) and diethylamine (5b)
as a colourless oil in 41 % yield. IH NMR (400 MHz, CDCl,, 20 °C): & [ppm] 0.83 (4,7 =6.0 Hz, 3 H), 1.04 (t, ’J = 7.0 Hz, 6 1),
2.31 (m, 3 H), 2.52 (m, 4 H), 3.90 (dd, ’J = 14.6 Hz, >/ = 9.0 Hz, 1 H), 4.51 (dd, *J = 14.6 Hz, *J = 3.5 Hz, l H), 7.20 (m, 2 H), 7.42

(d, >J = 3.8 Hz, 4 H), 8.07 (d, *J = 7.8 Hz, 2 H).*C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 12.0 (2 x CH,), 17.6 (CH,), 32.9
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PhH), 140.9 (2 x NCq). GC-MS (EL 70 eV): m/z (%) = 295 (M'+1, 7), 86 (100). IR (NaCl/film): ¥ [em™] = 3053 w, 3022 w, 2931 s,
1484 5, 1453 5, 749 s.

4-[4-(9H-9-Carbazolyl)butyl]merpholine (12b). Obtained from 9-allyl-9H-carbazole (11a) and morpholine (5¢) as a colourless oil in
’*1 o/n \nﬁld H NMR 400 MHz. CD(CL.. 20 °r‘\ R [vrm] = 1 49 lnulnhat I— 73H7z 2HY 184 {l‘llIlanf ’— 73Hz 2 HY 226 (m

A0, SR ANOAIN (VL VAR, L0, AV ). O PP qreiiante Q.2 TRy & TRy 2. .00 (uais f.0 04, L X3y, £.20

6 H), 3.62 (t,>J=4.6 Hz, 4 H), 4.23 (t, *J = 7.3 Hz, 2 H), 7.21 (rn, 2 H), 7.39 (m, 4 H), 8.06 (d, zJ 7A8 Hz, 2 H). "C NMR (100
MHz, CDCl,, 20 °C): & [ppm] = 24.0 (CH,), 26.5 (CH,), 42.6 (NCH,), 53.5 (2 x NCH,), 58.2 (NCH,), 66.8 (2 x OCH,), 108.5 (2 x
PhH), 118.6 (2 x PhH), 120.2 (2 x PhH), 122.7 (2 x Cq), 125.4 (2 x PhH), 140.2 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 308 (M",
14), 142 (17), 100 (100), 56 (12). IR (KBr): v [cm™] = 3051 w, 3039 w, 2958 m, 1484 s, 1451 s, 1118 vs, 1000 s, 747 vs, 720 vs.
C,oH, ;N0 (308.4): Cale. C,77.9%; H,7.9%; N, 9.1 %. Found C,77.4 %; H, 7.7 %; N, 9.0 %.

4-[3-(9H-9-Carbazolyl)-2-methylpropyl/morpholine (13b). Obtained from 9-allyl-9H-carbazole (11a) and morpholine (5c¢) as a
colourless oil in 61 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] = 0.89 (d, >J = 6.5 Hz, 3 H), 2.19-2.45 (m, 7 H), 3.65 (m, 4
H), 4.03 (dd, *J = 14.8 Hz, *J = 8.3 Hz, 1 H), 4.43 (dd, ”J = 14.8 Hz, *J= 4.8 Hz, | H), 7.21 (m, 2 H), 7.43 (m, 4 H), 8.08 (d, /= 7.8
Hz, 2 H). *C NMR (100 MHz, CDCl, 20 °C): 8 [ppm] = 17.5 (CH,), 31.1 (CH), 47.7 (NCH,), 54.2 (2 x NCH,), 63.8 (NCH,), 66.9
(2 x OCH,), 108.9 (2 x PhH), 118.7 (2 x PhH), 120.2( 2 x PhH), 122.7 (2 x Cq), 125.4 (2 x PhH), 140.9 (2 x NCq). GC-MS (EI, 70
eV): m/z (%) = 308 (M", 13), 100 (100), 56 (10). IR (NaCl/film): V [cm™'] = 3046 w, 2957 m, 1461 s, 1455 s, 1119 vs, 750 vs.
C,oH,,N,0 (308.4): Calc. C,77.9 %; H, 7.9 %; N, 9.1 %. Found C, 77.8 %:; H, 8.0 %: N, 9.0 %.

9-[4-(1-Azepanyl)butyl]-9H-carbazole (12c). Obtained from 9-allyl-SH-carbazole (11a) and hexamethylem'mine (5e) as a colourless

oil in 31 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.45 (m, 10 H), 1.77 (qumtet J=7.5Hz, 2 H),2.35(t, 3J=17.3 Hz,
21H),245(m, 4 1),4.19(, 3/ =723Hz, 2 1), 7.12 (m, 2 H), 7.33 {m, 4 H), 7.99 (d, 3/ = 7.7 Hz, 2 H). ®C NMR (100 MHz, CDCl,,

& L)y &I Llly T ELJ, FdT \&y U = [T Kldy & KRJy 720k \1lly & A1J, 1. JF \Riky T KB}y 1,77 \My v .7 o ANGVAEN a UV VATRE, Ay

20 °C): & [ppm] = 25.3 (CH,), 26.8 (CH,), 26.9 (2 x CH,), 28.0 (2 x CH,), 42.9 (NCH,), 55.5 (2 x NCH.,), 57.7 (NCH,), 108.6 (2 x
PhH), 118.6 (2 x PhH), 120.3 (2 x PhH), 122.8 (2 x Cq), 125.5 (2 x PhH), 140.3 (2 x NCq). GC-MS (EL, 70 €V): m/z (%) = 321



(M™+1, 21), 112 (100), 58 (33). IR (KBr): V' [cm'] = 3050 vw, 2921 s, 1466 5, 1452 s, 751 vs,. C,,HyN, (320.5): Cale. C, 82.4 %; H
8.8 %; N, 8.8%. Found C, 82.1 %; H, 8.8 %; N, 8.6 %.

9-[3-(1-Azepanyl)-2-methylpropyl]-9H-carbazole (13c). Obtained from 9-allyl-9H-carbazole (11a) and hexamethylenimine (Se) as a
colourless oil in 60 % yield. 'H NMR (400 MHz, CDC];, 20 °C): & [ppm] = 0.81 (d *J= 6.5 Hz, 3 H), 1.63 (m, 8 H), 2.29 (m, | H),

2.37 (m, 2 H), 2.62 (m, 4 H), 3.96 (dd, /= 14.7 Hz, *J= 9.0 Hz, 1 H), 4.50 (dd, 2/ = 14.7 Hz, /= 4.3 Hz, 1 H), 7.20 (m, 2 H,), 7.42
(m, 4 H), 8.07 (d, *7= 7.8 Hz, 2 H). "C NMR (100 MHz, CDCL,, 20 °C): § [ppm] = 17.4 (CH,), 26.7 (2 x CH,), 8 6 (2 x CH,), 33.0
(CH), 47.8 (NCH,), 56.4 (2 x NCH,), 63.6 (NCH,), 109.1 (2 x PhH), 118 5 (2 x PhH), 120.2 (2 x PhH), 122.7 (2 x Cq), 12 (2x

PhH), 141.0 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 321 (M"+1, 15), 112 (100), 58 (25). IR (NaCV/film): V [cm’'] = 3052 w, 3022
vw, 2925 5, 1484 s, 1464 s, 1452 5, 1325 5, 749 vs, 723 s. C,,H,N, (320.5): Calc. C, 82.4 %; H, 8.8 %; N, 8.8 %. Found C, 82.4 %,
H,8.8%;N, 8.9 %.

N-{4-(9H-9-Carbazolyl)butyl]-N-methyl-N-phenylamine (12d) and N-[3-(9H-9-carbazolyl)-2-methylpropyl]-N-methyl-N-phenyl-
amine (13d). Obtained from 9-allyl-9H-carbazole (11a) and N-methylamine (5f) as a yellow oil in 69 % yield (n-/iso-ratio = 1.3/1).
N-[4-(9H-9-Carbazolyl)butyl]-N-methyl-N-phenplamine (12d): 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.60 (m, 2 H), 1.84
(m, 2 H), 2.76 (s, 3 H), 3.20 (t, °J = 5.6 Hz, 2 H), 4.22 (t, *J = 6.1 Hz, 2 H), 6.60 (m, 2 H), 7.20 (m, 9 H), 8.07 (m, 2 H). *C NMR
(100 MHz, CDCL, 20 °C): § [ppm] = 24.7 (CH,), 26.9 (CH,), 38.1 (NCH,), 47.2 (NCH,), 57.6 (NCH,), 108.5 (2 x PhH), 112.1 (2 x
PhH), 116.1 (PhH), 118.8 (2 x PhH), 120.3 (2 x PhH), 122.8 (2 x Cq), 125.6 (2 x PhH), 129.1 (2 x PhH), 140.2 (2 x NCq), 149.2
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N-[3-(9H-9-Carbazolyl)-2-methylpropyl]-N-methyl-N-phenylamine (13d): 'H NMR (400 MHz, CDCl;, 20 °C): & [ppm] = 0.90 (d, °J
= 6.4 Hz, 3 H), 2.68 (m, 1 H), 2.92 (s, 3 H), 3.17 (m, 1 H), 3.25 (dd, /= 14.5 Hz, >J= 7.3 Hz, | H), 4.02 (dd, 2/ = 14.5 Hz, 37 = 9.0

Hz, I H), 4.26 (m, 1 H), 6.62 (m, 2 H), 7.20 (m, 9 H), 8.07 (m, 2 H). *C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 16.9 (CH,), 33.1
(CHD. 301 {INCH.) 42 8 (INCH.)Y S23(NCH) 1082 42 x PRI 11272 /2 x PhIN 1154 (PhIN 118¢ PhHIY. 1203 (2 x PHHID

Il
Wiy, SA NANREY Sy TLWT UNLAL )y VAT UVl ), IVO.0 (4L A XTI j, B14.L 4 A TR, 1205 (FHidl), 110.0 (4 X 1), \4£ A Ty,

122.7 (2 x Cq), 125.6 (2 x PhH), 129.1 (2 x PhH), 140.6 (2 x NCq), 149.3 (NCq).
MS (EI, 70 eV, 12d/13d): m/z (%) = 328 (M", 10), 295 (10), 207 (26), 180 (25), 152 (79), 120 (100), 106 (11), 98 (15), 86 (55), 73
(10), 69 (15), 56 (50), 41 (31). IR (NaCV/film, 12d/13d): V' [cm] = 3053 s, 3023 m, 2928 vs, 1484 vs, 1463 vs, 1452 vs, 749 vs.

N-Benzyl-N-[4-(9H-9-carbazolyl)butyljamine (12e). Obtained from 9-allyl-9H-carbazole (11a) and benzylamine (5g) as a yellow oil
in 30 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = .39 (m, 2 H), 1.74 (m, 2 H), 2.43 (t, >/ = 7.0 Hz, 2 H), 3.55 (s, 2 H),
1,3 J=7. 0 Hz, 2 H), 720 (m, 11 H), 7.96 (d, 3J=17.8 Hz, 2 H). ®C NMR (100 MHz, CDCL,, 20 °C): & [ppm] = 26.6 (CH,), 27.6
I (NCH,), 53.9 (NCH,Ph), 108.5 (2 x PhH), 118.7 (2 x PhH), 120.2 (2 x PhH), 122.7 (2 x Cq), 1255 (2 x
x PhH), 128.2 (2 x PhH), 140.2 (3 x NCq). MS (EL, 70 eV): m/z (%) = 328 (M, 53), 257 (26), 237 (42),

0.4 (& X PN ), 1aU.L (2 X INLQ) VIS (L, /U eV ) IVZ (78) = 2328 UVl ,, 2

220 (14 194 (11), 180 (65), 167 (14), 152 (12), 120 (68), 106 (73), 91 (100), 70 (34), 58 (18). IR (NaCl/ﬁlm) V [em!] = 3052 w,
3025 w, 2931 s, 1484 s, 1463 s, 1452 5, 750 vs, 724 vs.
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yellow oil in 58 % yield. "H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 0.92 (4, *J = 6.8 Hz, 3 H), 2.33 (m, 1 H), 2.51 (dd, 2J— 11.8
Hz,J=5.8 Hz, 1 H), 2.58 (dd, 2 = 11.8 Hz, *J= 6.6 Hz, | H), 3.68 (s, 2 H), 4.03 (dd, 3/ = 14.7 Hz, >/ =7.6 Hz, | H), 4.38 (dd, 2/ =
14.7 Hz,’J = 6.6 Hz, 1 H), 7.26 (m, 7 H), 7.42 (d, *J = 4.2 Hz, 4 H), 8.07 (d, *J = 7.7 Hz, 2 H). *C NMR (100 MHz, CDCl,, 20 °C): &
[ppm] = 16.8 (CH,), 34.3 (CH), 47.3 (NCH,), 53.3 (NCH,), 54.2 (NCH,Ph), 109.0 (2 x PhH), 118.7 (2 x PhH), 120.2 (2 x PhH),
122.7 (2 x Cq), 125.5 (2 x PhH), 126.9 (PhH), 128.0 (2 x PhH), 128.3 (2 x PhH), 140.4 (Cq), 140.8 (2 x NCq). MS (El, 70 eV): m/z

(%) =328 (M", 17), 225 (26), 194 (100), 180 (31), 167 (31), 120 (25), 112 (12), 106 (18), 91 (29), 86 (89), 58 (18). IR (KBr): V [cm"
'1=13055 w, 2930 w, 1484 vs, 1463 vs, 1453 vs. C;Hy,N, (328.5): Calc. C, 84.1 %; H, 7.4 %; N, 8.5 %. Found C, 83.6 %; H, 7.5 %;

N, 8.4 %.

N-{4-(9H-9-Carbazolyl)-3-methylbutyl]-N,N-diethylamine (12f). Obtained from 9-(2-methyl-allyl)-9H-carbazole (11b) and
diethylamine (5b) as a colourless oil in 79 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): & {[ppm] = 0.73 (d, >/ = 6.6 Hz, 3 H), 0.83 (t,
3J=17.1Hz, 6 H), 1.26 (m, 1 H), 1.44 (m, 1 H), 2.15 (m, 1 H), 2.31 (m, 6 H), 3.85 (dd, 2/ = 14.4 Hz, J = 6.1 Hz, 1 H), 4.03 (dd, J =
144Hz *J=89Hz, | H), 7.06 (m, 2 H), 7.26 (m, 4 H), 7.93 {m, 2 H). "C NMR (100 MHz, CDCL,, 20°C): 8 [ppm] =115 (2 x

ALy 3 XLy, 1.UU \Bliy £ D), LU, T ARy, 170 ULy £ Kiye N GNIVAN AUV VAR, VAN, &V vy Uil 1i.0 \4& A

CH,), 18.3 (CH,), 31.8 (CH), 32.1 (CH,), 46.5 (2 x NCH,), 49.4 (NCH,), 50.5 (NCH,), 109.0 (2 x PhH), 118.6 (2 x PhH), 120.1 (2 x
PhH), 122.6 (2 x Cq), 125.4 (2 x PhH), 140.7 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 309 (M'+1, 7), 142 (6), 86 (100). IR
(NaCVfilm): v [cm’'] = 3052 m, 2967 vs, 1484 vs, 1463 vs, 1453 vs, 1326 vs, 749 vs, 723 vs.

4-[4-(9H-9-Carbazolyl)-3-methylbutyl]morpholine (12g). Obtained from 9-(2-methylallyl)-9H-carbazole (11b) and morpholine (5¢)
as a colourless oil in 86 % yield. "H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 0.92 (d, >/ = 6.7 Hz, 3 H), 1.44 (m, 1 H), 1.58 (m, 1
H), 2.29 (m, 7 H), 3.64 (t, °J = 4.7 Hz, 4 H), 4.03 (dd, %/ = 14.6 Hz, *J = 8.5 Hz, | H), 4.20 (dd, /= 14.6 Hz, °J = 6.6 Hz, 1 H), 7.21

(m, 2 H), 7.43 (m, 4 H), 8.08 (d, %/ = 7.7 Hz, 2 H). ’C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 18.4 (CH,), 31.3 (CH), 31.5
(CH), 49.3 (NCH,), 53.6 (2 x NCH,), 56.4 (NCH,), 66.9 (2 x OCH), 108.9 (2 x PhH), 118.7 (2 x PhH), 120.2 (2 x PhH), 122.7 (2 x
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Cq), 125.5 (2 x PhH), 140.7 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 323 (M'+1, 3), 180 (13), 156 (16), 100 (100). IR (KBr): v
[em'] = 3050 w, 2964 m, 1484 5, 1465 s, 1454 5, 1114 vs, 748 vs,. C, H,,N,O (322.5): Calc. C, 78.2 %:; H, 8.1 %; N, 8.7 %. Found
C,77.6%; H,82%; N, 8.4 %.

9-{4-(1-Azepanyl)-2-methylbutyl]-9H-carbazole (12k). Obtained from 9-(2-methylallyl)-9H-carbazole (11b) and hexamethylen-
imine (Se) as a colourless oil in 93 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 6 [ppm] = 0.87 (d, 3/=6.7Hz, 3 H), 1.45 (m, 1 H),
1.57 (m, 9 H), 2.32 (m, | H), 2.44 (m, 1 H), 2.56 (m, 5 H), 3.99 (dd, >/ = 14.6 Hz, J=9.1 Hz, 1 H), 4.22 (dd, 2/ = 14.6 Hz, 'J= 5.9
Hz, 1 H), 7.20 (m, 2 H), 7.41 (m, 4 H), 8.07 (d, >J= 7.7 Hz, 2 H). “C NMR (100 MHz, CDCl,, 20 °C): 8 [ppm] =185 (CH,), 2692

LY PO 22y, & T2 1 Rassy, T R, DT (88 S L3, & a5) ANIVASN 1V IVASRZ, asag, &V ). 10 \Vaag ), AU &

x CH,), 28.1 (2 x CH)), 31.7 (CH), 32.8 (CH,), 49.4 (NCH,), 55.6 (2 x NCH,), 55.9 (NCH,), 109.0 (2 x PhH), 118.6 (2 x PhH), 120.2
(2 x PhH), 122.7 (2 x Cq), 125.4 (2 x PhH), 140.8 (2 x NCq). GC-MS (EI, 70 eV): m/z (%) = 335 (M"+1, 37), 112 (100), 58 (24). IR
(NaCl/film): V [cm''] = 3046 w, 2919 s, 1484 s, 1463 s, 1453 s, 1327 5, 751 vs, 722 5. C,iHy N, (334.5): Cale. C, 82.6 %; H, 9.0 %;

as ¥z A £ QN D O7. IT N
N, 8.4 %. Found C, 82.3 %; H, 9.0 %: N, 8.6 %.

N-[4-(9H-9-Carbazolyl)-3-methylbutyl]-N-methyl-N-phenylamine (12i). Obtained from 9-(2-methylallyl)-9H-carbazole (11b) and
N-methylaniline (5f) as a yellow oil in 78 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] = 0.95 (d, °J = 6.7 Hz, 3 H), 1.49 (m,

Fr e o e nyr31 271 = 37r-9 - \ 1€ 7331 27
THY, L72(m, 1 H}, 226 (m, | H),2.74 (5,3 H),3.16 (i, | H),3.36 (m, 1 H), 4.02(dd, /= 14.6 Hz, /= 8.5 Hz,  H),4.15(dd, V=

14.6 Hz, *J = 6.7 Hz, 1 H), 6.65 (m, 3 H), 7.20 (m, 4 H), 7.38 (m, 4 H), 8.08 (*d, J = 7.7 Hz, 2 H). °C NMR (100 MHz, CDCl,, 20
°C): § [ppm] = 18.2 (CHy), 31.4 (CH,), 31.6 (CH), 37.9 (NCH,), 49.5 (NCHj,), 50.5 (NCH,), 108.9 (2 x PhH), 112.3 (2 x PhH), 116.2
(PhH), 118.8 (2 x PhH), 120.3 (2 x PhH), 122.7 (2 x Cg), 125.6 (2 x PhH), 129.2 (2 x PhH), 140.7 (2 x NCq), 149.2 (NCq). MS (EL
70 eV): m/z (%) = 342 (M", 27), 180 (22), 120 (100). IR (Na(‘l/ﬁlm) V [cm™] = 3052 m, 3023 m, 2958 s, 1600 s, 1504 s, 1486 s,

14<Q¢.PU\T (340 &) Al C.8 0/}_"!'70/ N 90/ Lo 92 & e

42 \T 700
s 0%.L /0, 11, /.] 70, IN, 0.2 /0. I‘Uuuuk, 83.8 /o,n, s

o; N, 7.9 %.
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N-Benzyl-N-{4-(9H-9-Carbazolyl)-3-methylbutyllamine (12j). Obtained from 9-(2-methyl-allyl)-9H-carbazole (11b) and
benzylamine (5g) as a yeliow oil in 83 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 0.86 (d, >J = 6.8 Hz, 3 H), 1.40 (m, |
H), 1.54 (m, 1 H), 2.19 (m, 1 H), 2.51 (m, 1 H), 2.66 (m, 1 H), 3.62 (s, 2 H), 3.97 (dd, 2/ = 14.6 Hz, *J= 8.0 Hz, | H), 4.10 (dd, 2/ =
14.6 Hz, °J = 7.0 Hz, 1 H), 7.16-7.42 (m, 11 H), 8.04 (m, 2 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 18.0 (CH,), 31.6
(CH), 34.9 (CH,), 47.0 (NCH,), 49.4 (NCH,Ph), 53.9 (NCH,), 108.9 (2 x PhH), 118.7 (2 x PhH), 120.2 (2 x PhH), 122.6 (2 x Cq),
125.5 (2 x PhH), 126.8 (PhH), 128.0 (2 x PhH), 128.3 (2 x PhH), 140.2 (Cq), 140.7 (2 x Cq). MS (EI 70 eV): m/z (%) = 342 (M",

33), 257 (15}, 251 (31), 180 (63), 120 (63), 106 (47), 100 (i4), 91 (100), 84 (34). IR (NaCl/fiim): v {em'] = 3052 w, 3025 w, 2954
m, 1463 s, 1453 5, 1326 5, 750 vs. Co;HyN, (342.5): Calc. C, 84.2 %; H, 7.7 %; N, 8.2 %. Found C, 83.8 %; H, 7.6 %; N, 7.8 %.

-Allyl-IH -pyrazole (14a) [42,51] was prepared from pyrazole and allyl bromide according to a general literature procedure [42] in
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1-(2-Methallyl)-1H-pyrazole (14b) [42,52] was prepared from pyrazole and methallyl chloride according to a general literature
procedure in 72 % yield.

N,N-Diethyl-N-[2-methyl-3-(1H-1-pyrazolyl)propylJamine (15a). Obtained from 1-allyl-1H-pyrazole (14a) and diethylamine (5b) as
a colourless oil in 69 % yield. '"H NMR (400 MHz, CDClL, 20 °C): 3 [ppm] = 0.84 (d, *J = 7.1 Hz, 3 H), 0.98 (t, *J = 6.3 Hz, 6 H),
2.22 (m,3 H),2.49 (m, 4 H), 3.82 (dd, 2/ = 13.5 Hz, /= 7.7 Hz,  H), 4.28 (dd, /= 13.5 Hz, *J=4.3 Hz, 1 H), 6.21 (", J=2.0Hz, |
H), 7.36 (d,°J = 2.2 Hz, 1 H), 7.49 (d, *J = 1.5 Hz, | H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 11.6 (2 x CH,), 16.4 (CH,),
33.2 (CH), 47.2 (2 x NCH,), 56.4 (NCH,), 57.5 (NCH,), 104.8 (CH), 127.5 (CH), 138.8 (CH). GC-MS (EI, 70 eV): m/z (%) = 196

115} X105 S W23y ), AUS ) L4 (R 28y LI

(M™+1, 12), 123 (15), 86 (100). IR (NaCV/film): ¥ [cm™] = 3105 w, 2969 vs, 748 5. C,,H,)N, (195.3): Calc. C, 67.6 %; H, 10.8 %; N,
21.5 %. Found C, 68.1 %; H, 10.3 %; N, 21.3 %.

N,N-Diethyl-N-{4-(1H-1-pyrazolyl)butyl]amine (16a). Obtained from 1-allyl-1H-pyrazole (14a) and diethylamine (Sb) as a
colourless oil in 29 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] = 0.99 (t, *J = 7.2 Hz, 6 H), 1.44 (m, 2 H), 1.87 (m, 2 H),
242(t,°J=175Hz, 2 H),248 (g, 7 =72 Hz, 4 H), 4.14 (t, ’J= 7.2 Hz, 2 H), 6.23 (t',J = 2.1 Hz, | H), 7.37 (d, *J = 2.1 Hz, 1 H),
7.49 (d, *J = 1.6 Hz, 1 H). °C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 11.5 (2 x CH,), 24.1 (CH,), 28.5 (CH,), 46.7 (2 x NCH,),

.
SL9(NCH,), 52.2 (NCH,), 103.1 (CH) 128.7 (CH), 138.9 (CH). GC-MS (EI, 70 eV): m/z (%) = 196 (M™+1, 8}, 123 (18), 98 (12),

86 (100), 58 (17). IR (NaCV/film): V [cm'] = 2968 s, 2934 s, 751 s. CHyN; (195.3): Cale. C, 67.6 %; H, 10.8 %; N, 21.5 %. Found
C, 67.7 %; H, 10.6 %; N, 20.6 %.
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colourless oil in 60 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § {[ppm] = 0.86 (d, *J = 6.6 Hz, 3 H), 2.17 (d, >J = 7.8 Hz, 2 H), 2.36

(m, 5 H), 3.70 (t, 7 = 4.7 Hz, 4 H), 3.89 (dd, 2/ = 13.6 Hz, J = 7.8 Hz, | H), 427 (dd, 2/ = 13.6 Hz, *J = 4.9 Hz, 1 H), 622 (", J =
2.0 Hz, | H), 7.37 (d, ¥/ = 2.1 Hz, | H), 7.50 (d, >/ = 0.8 Hz, 1 H). “C NMR (100 MHz, CDCl,, 20 °C): 5 [ppm] = 16.3 (CH,), 31.5
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{CH), 53.5 (2 x NCH,), 56.1 {(NCH,), 62.8 (NCH,), 67.0 (Z x OCH,), 104.9 (CH), 129.8 (CH), 135.0 (CH). GC-MS (EI, 70 eV): m/z
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(%) = 210 (M™+1, 30), 123 (28), 100 (100), 70 (21) 56 (22). IR (NaCVfilm): V [cm™'] = 3104 w, 2959 s, 1457 s, 1397 s, 1118 5, 751

e

s. C, \H;{N;O (209.3): Cale. C, 63.1 %; H, 9.2 %,; N, 20.i %. Found C, 63.2 %; H, 9.1 %; N, 20.0 %.

4-{4-(1H-1-Pyrazolyl)butyllmorpholine (16b). Obtained from 1-allyl-1H-pyrazole (14a) and morpholine (5c¢) as a colourless oil in 24
% yield. 'TH NMR (400 MHz, CDCL,, 20 °C): & [ppm] = 1.47 (m, 2 H), 1.90 (m, 2 H), 2.32 (t, *J = 7.5 Hz, 2 H), 2.39 (m, 4 H), 3.68 (t,
3J=46Hz, 4 H),4.14(t,°J=7.1Hz, 2 H), 6.23(¢", J=2.0Hz, 1 H), 7.37(d, >J= 2.0 Hz, 1 H), 7.49 (s, 1 H). ®C NMR (100 MHz,

CDCl,, 20 °C): 3 [ppm] = 23 4 (CH,), 28.1 (CH,), 51.7 (NCHy,), 53.5 (2 x NCH,), 58.1 (NCH,), 66.7 (2 x OCH,), 105.1 (CH), 128.6

(CH), 138.9 (CH). GC-MS (E1, 70 eV): m/z (%) = 210 (M™+1, 16), 123 (49), 100 (100), 81 (18), 70 (28), 56 (34). IR (NaCl/film): v
[em'] = 3104 w, 2950 s, 1118 s, 752 5. C,,H,;N;0 (209.3): Calc. C, 63.1 %; H, 9.2 %; N, 20.1 %. Found C, 63.0 %; H, 9.2 %; N,
19.8 %.

1-f2-Methyl-3-(1H-1-pyrazolyl)propyljazepane (15c). Obtained from l-allyl-1H-pyrazole (14a) and hexamethylenimine (Se) as a
colourless oil in 67 % yield. 'H NMR (400 MHz, CDCl,, 20 °C):  {ppm] = 0.84 (d, /= 6.5 Hz, 3 H), 1.60 (m, 8 H), 2.24 (m, 3 H),
2.59 (m, 4 H), 3.90 (dd, 27 = 13.6 Hz, °*J= 7.6 Hz, 1 H), 4.30 (dd, >J = 13.6 He, *J=4.5 Hz, 1 H), 6.22 (t', J=2.0 Hz, 1 H), 7.38 (d,*J

=111H> 1\ 740/4 37=NQ W 11N BONMD (INN ML, OTW'L INOY & Innml =14 AT 27710 v CHY 284 (D v CH
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33.4 (CH), 55.8 (2 x NCH,), 56.1 (NCH,), 62.1 (NCH,), 104.8 (CH), 129.7 (CH), 138.9 (CH). GC-MS (EI, 70 eV): m/z (%) = 222
(M'+1, 39), 123 (14), 112 (100), 58 (45). IR (NaCl/film): ¥ [cm™] = 3104 w, 2925 vs, 747 s. C,,;H,,N, (221.3): Calc. C, 70.5 %; H,
10.5 %; N, 19.0 %. Found C, 70.4 %; H, 10.4 %; N, 19.2 %.

1-{4-(1H-1-Pyrazolyl)butyllazepane (16c). Obtained from 1-allyl-1H-pyrazole (14a) and hexamethylenimine (5e) as a colourless oil
in 26 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.46 (m, 2 H), 1.58 (m, & H), 1.87 (m, 2 H), 2.46 (t, ’J = 7.2 Hz, 2 H),
2.58(t,°J=5.2Hz, 4 H),4.14 (', /=72 Hz, 2 H), 6.22 (d, /= 2.0 Hz, 1 H), 7.37 (d, *J = 2.0 Hz, 1 H), 7.49 (s, 1 H). *C NMR (100
MHz, CDCl,, 20 °C): é [ppm] = 24.6 (CH,), 26.9 (Z x CH,), 27.9 (2 x CH,), 28.4 (CH,), 51.9 (NCH,), 55.4 (Z x NCH,), 57.5 (NCH,),
105.1 (CH), 128.7 (CH), 138.9 (CH). GC-MS (El, 70 eV): m/z (%) = 222 (M*+1, 21), 112 (100), 58 (41). IR (NaCl/film): V [cm'] =
3105w, 29195, 14555, 1396 s, 1286 s, 1090 s, 747 5. C,,H,,N, (221.3): Calc. C, 70.5 %; H, 10.5 %; N, 19.0 %. Found C, 70.5 %; H
10.2%; N, 19.2 %.

N-Meothvl-N_I2 mothvl-3_f1H.1 -nvrarolDnronvll-N_nhaonviagmsine (1854) amnd Nomothol-Nonhonvl-N_14_f1H.1-nvrazplvl)butvl]-
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amine (16d). Obtained from 1-allyl-1H-pyrazole (14a) and N-methylaniline (5f) as a yellow oil in 100 % yield (iso-/n-ratio = 2.3/1).
N-Methyl-N-[2-methyi-3-(1H-1-pyrazolyl)propyl]-N-phenylamine (15d): 'H NMR (400 MHz, CDCl,, 20 °C): 5 [ppm] = 0.88 (d, *J
= 6.8 Hz, 3 H), 2.53 (m, 1 H), 2.93 (s 3H),309(dd %J=14.6 Hz, ’J= 7.8 Hz, 1 H), 3.26 (dd, >J= 14.6 Hz, *J= 6.8 Hz, | H),394
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7.51 {(m, 1 H). *C NMR (100 MHz, CDC},, 20 °C): 3 [ppm] = 15.8 (CH,), 33.9 (CH), 39.2 (NCH,), 55.9 (NCH,), 56.7 (NCH,), 105.1

(CH), 112.0 (2 x PhH), 116.1 (PhH), 129.0 (2 x PhH), 129.5 (CH), 139.1 (CH), 149.3 (NCq). GC-MS (EI, 70 eV): m/z (%) = 230
(M1, 27), 161 (40), 120 (100).

N-Methyl-N-phenyi-N-[4-(1H-1-pyrazolylbutyllamine (16d): 'H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 1.54 (quintet, °J = 7.5
Hz, 2 H), 1.87 (m, 2 H), 2.86 (s, 3 H), 3.28 (t, 7= 7.3 Hz, 2 H), 4.11 (t, >J = 7.5 Hz, 2 H), 6.22 (d, *J = 1.8 Hz, | H), 6.66 (m, 3 H),
7.20 (m, 2 H), 7.30 (d, >J = 2.5 Hz, 1 H), 7.51 (m, 1 H). *C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 23.7 (CH,), 27.9 (CH,), 31.8
(NCH,), 51.7 (NCH,), 52.0 (NCH,), 105.1 (CH), 112.0 (2 x PhH), 116.0 (PhH), 128.8 (CH), 129.0 (2 x PhH), 139.0 (CH), 149.0
(NCq). GC-MS (EI, 70 eV): m/z (%) = 230 (M'+1, 27), 161 (40), 120 (100).

handid 7y - il Sk

IR (NaCl/film, 15d/16d): V [cm''] = 3096 w, 3061 w, 3026 m, 2959 s, 1599 vs, 1506 vs, 748 vs.

N-Benzyi-N-{2-methyi-3-(1H-1-pyrazolyl)propyijamine (15ej. Obtained from i-ailyi-i#-pyrazole {(14a) and benzylamine {5g) as a
yellow oil in 58 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): 8 [ppm] = 0.89 (4, *J = 6.8 Hz, 3 H), 2.21 (m, 2 H), 2.47 (m, 1 H), 3.74
(s,2H),3.99(dd, /= 13.7 Hz, 7= 7.2 Hz, 1 H), 4.19 (dd, >/ = 13.7 Hz, *J = 6.3 Hz, 1 H), 6.20 (m, 1 H), 7.28 (m, 6 H), 7.48 (d,*J =
1.8 Hz, 1 H). *C NMR (100 MHz, CDCl,, 20 °C): & [ppm] = 16.0 (CH;), 34.9 (CH), 52.5 (NCH;), 4. 0 (NCH,), 55.9 (NCH,), 105.0

(CH), 126.8 (PhH), 128.0 (2 x PhH), 128.2 (2 x PhH), 129.6 (CH), 138.9 (CH), 140.3 (Cq). GC-MS (EL, 70 eV): m/z (%) = 229 (M,
39), 106 (45), 92 (100), 70 (40),. IR (NaCi/ﬁifm- v [em']=3308 w, 3 34 w, 3105 w, 3085 w, 3062 w, 3027 m, 3001 s, 2957 s, 1454

7)s
vs, 1396 vs, 699 vs.
N-Benzyl-N-{4-(1 H-1-pyrazolyl)butyljamine (16e). Obtained from 1-allyl-1H-pyrazole (14a) and benzylamine (5g) as a yellow oil in
23 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 1.41 (m, 2 H), 1.82 (m, 2 H), 2.36 (t, *J = 7.0 Hz, 2 H), 3.46 (s, 2 H), 4.04
(t,*J = 7.0 Hz, 2 H), 6.20 (m, 1 H), 7.28 (m, 6 H), 7.48 (d, /= 1.8 Hz, |1 H). *C NMR (100 MHz, CDCl;, 20 °C): & [ppm] = 24.0
(CITY 282 (CTT Y (l"l\f{‘u\ £ Q MNICHY 528 MNCHDY 10580 (O 1247 (PhINY 1978 0 (2 v PhHY 1287 () « Dhu\ 128 R

\2Lp )y &ded \WLlgf, Jhad VAN J, J&.0 \UNWER), JO.J UVCIl) ), 1UJWU (VELf, 14607 (i), 140.U (& X ©irdy, 148,/ (4 X rin), 1438.8

(CH), 138.9 (CH), 140.3 (NCq). GC-MS (EL 70 eV): m/z (%) = 230 (M*+1, 44), 123 (17), 106 (33), 91 (100), 81 (19), 70 (58). IR
(NaCUfilm): V [cm™] = 3306 w, 3086 w, 3026 m, 3001 s, 2959 s, 1492 s, 1453 s, 1047 s, 700 vs. C,,H,,N; (229.3): Calc. C, 73.3 %;
H, 8.4 %; N, 18.3 %. Found C, 72.8 %; H, 8.3 %; N, 18.2 %.
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N,N-Diethyi-N-{3-methyi-4-(1 H-1-pyrazolyl)butyljamine (16f). Obtained from 1-(2-methyi-allyl)-1H-pyrazole (14b) and

Al in < I ALY o sl — N QO A 3T_£ Q01T TN NOO /S
diethylamme (.:u’ as a colourless oil in 78 % ym'd HNMR (400 }Vlﬂl., CUC};, 20 C) o[ IPpiil] = v.06 (8, v = 0.0 11Z, 5> 11}, U.77 U,

3J=17.3 He, 6 H), 1.28 (m, 1 H), 1.48 (m, 1 H), 2.10 (m, 1 H), 2.43 (m, 2 H), 2.48 (q, 7= 7.3 Hz, 4 H), 3.90 (dd, 2/ = 13.6 Hz, \J =
8.0 Hz, 1 H), 4.05 (dd, >/ = 13.6 Hz, /= 6.5 Hz, 1 H), 6.21 (¢, J= 2.0 Hz, | H), 7.35 (d, *J = 2.0 Hz, 1 H), 7.48 (d, */ = 1.5 Hz, 1 H).

3C NMR (100 MHz, CDCl,, 20 °C): § [ppm] = 11.4 (2 x CH,), 17.3 (CH,), 31.1 (CH,), 32.8 (CH), 46.5 (2 x NCH,), 50.1 (NCH,),
58.0 (NCH,), 104.8 (CH), 129.2 (CH), 138.8 (CH). GC-MS (EI, 70 eV): m/z (%) = 244 (M", 100), 176 (29), 152 (29), 137 (35), 106
(29), 91 (86), 84 (57). IR (NaCV/film): V [cm'] = 2968 vs, 2933 5, 2873 5, 2801 s, 1122 5, 749 5.

4-[3-Methyl-4-(1H-1-pyrazolyhbutyl]morpholine (16g). Obtained from 1-(2-methylallyl)-1H-pyrazole (14b) and morpholine (5¢) as
a colourless oil in 85 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 0.89 (d, *J = 6.8 Hz, 3 H), 1.29 (m, 1 H), 1.52 (m, 1 H),
2.13 (m, 1 H),2.35 (m, 6 H), 3.67 (t, 'J=4.8 Hz, 4 H), 3.91 (dd, J= 13.6 Hz, 'J=7.8 Hz, | H), 4.03 (dd, /= 13.6 Hz, /= 6.8 Hz, |

D 1) 2.0 +.0 L, 8 ), 001 O AR, 2 Ry . RZ, S ARéy 1

H), 6.21 (d, 3J 2.0Hz, 1 H),7.35(d, V= 2.0 Hz, 1 H), 7.49 (t, J= 1.5 Hz, 1 H). *C NMR (100 MHz, CDCl,, 20 °C): § [ppm] =
17.3 (CH,), 30.5 (CH,), 32.6 (CH}, 53.5 (2 x NCH,), 56.2 (NCH,), 58.0 (NCH,), 66.7 (2 x OCH,), 104.9 (CH), 129.3 (CH), 138.9
(CH). GC-MS (EI, 70 eV): m/z (%) = 224 (M", 51), 156 (11), 137 (54), 100 (100), 70 (20), 56 (20). IR (NaCV/film): V [cm] = 3106
vw, 2958 vs, 2931 vs, 2893 s, 2855 vs, 2809 5, 1457 5, 1448 5, 13965, 1274 5, 1117 vs, 868 5, 752 vs.

1-[3-Methyl-4-(1H-1-pyrazolyl)butyljazepane (16h). Obtained from 1-(2-methylallyl)-1H-pyrazole (14b) and hexamethylenimine
(5e) as a colourless oil in 83 % yield. 'H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 0.78 (d, /= 6.5 Hz, 3 H), 1.27 (m 1 H), 1.42
{m, 1 H), 1.50 (m, 8 H), 2.03 (m, 1 H), 2.38 (m, 2 H), 2.45 (m, 4 H), 3.82 (dd, 27 = 13.4 Hz, /= 7.9 Hz, 1 H), 3.95 (dd, 2/ = 13.4 Hz,
3J=63Hz, 1 H),6.14 (s’, 1 H), 7.27 (s, 1 H), 7.41 (5", 1 H). ®C NMR (100 MHz, CDCl;, 20 °C): & [ppm] = 17.5 (CH,), 26.8 (2 x
CH,), 27.9 (2 x CH,), 31.8 (CH,), 32.9 (CH), 55.4 (2 x NCH,), 5.6 (NCH,), 58.3 (NCH,), 104.9 (CH), 129.3 (CH), 138.9 (CH). GC-
MS (EL, 70 eV): m/z (%) = 236 (M", 60), 137 (17), 112 (100), 58 (54). IR (NaCVfilm): V [cm™'] = 3104 vw, 2918 vs, 2853 vs, 1455
s, 11895, 749 s.

N-Methyl-N-{3-methyl-4-(1H-1-pyrazolyl)butyl]-N-phenylamine (16i). Obtained from 1-(2-methylallyl)-1H-pyrazole (14b) and M-
methylamine (5f) as a yellow oil in 71 % yield. '"H NMR (400 MHz, CDCl,, 20 °C): § [ppm] = 0.91 (d, > = 6.8 Hz, 3 H), 1.36 (m, 1
H), 1.58 (m, 1 H), 2.10 (m, 1 H), 2.85 (s, 3 H), 3.33 (m, 2 H), 3.89 (dd, /= 13.6 Hz, /= 7.8 Hz, 1 H), 4.02 (dd, /= 13.6 Hz, '/ =

—_ — 3r— 13,
6.8 Hz, | H), 6.21 (¢, J= 2.0 Hz, | H), 6.66 (m, 3 H), 7.20 (m, 2 H), 7.29 (4, /= 2.3 Hz, 1 H), 7.50 (d, /= 1.8 Hz, 1 H). "C NMR

(100 MHz, CDCl,, 20 °C): & [ppm] = 17.4 (CH,), 30.4 (CH,), 32.5 (CH), 37.9 (NCHS), 50.3 (NCH,), 58.0 (NCH.,), 105.0 (CH), 112.1
(2 x PhH), 116.0 (PhH), 129.0 (2 x PhH), 129.4 (CH), 139.1 (CH), 149.0 (NCq). GC-MS (EI, 70 eV): m/z (%) = 243 (M", 9), 137
(21), 120 (100). IR (NaCVfilm): ¥ [cm] = 3095 vs, 3061 s, 3025 5, 2062 m, 1464 s, 1118 vs, 1044 vs, 1035 s, 872 vs.
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