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Absiract: The tte compounds are interesting Cy symumetrical divmines. They were prepared in a one-pol process by
reacting quinaldines with a zinc-acctic acid mixture in THE solution. During this simple and stercosclective process, two
C-C bonds and 4 stcrcogenic centres are created under mild conditions. Influence of the concentration of reagents upon
yields and intramolecular cyclization regiochemistry s demonstruted. Experimients using deuateriated acetic acid allowed a
good understanding of thesc results. © 1999 Elsevier Science Ltd. All rights reserved.
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The zinc-acetic acid couple is a well known reducing reagent, capable of a wide range of
reactions' of which the reduction of carbonyl or activated alkenes is the most common. In contrast, it
has been rarely used in the heteroaromatic series, except for the reduction of potentially labile
functionalities like halogen-carbon bonds at the 2-position®. We have recently shown that it reacts with

quinaldine 1a to yield 5,6,7,8,13,14-hexahydro-6,7-dimethyl-6,14:7,13-dimethanodibenzole,i] [1,4]-

cychzation™. As thus pentacyclic diamine exhibits nteresting features which could lead to
pharmacological properties' as well as applications in enantioselective catalysis due to the C;

s . . - —_— . . S
symmetry’, it appeared important 10 study the versatility of this reaction. Indeed, obtention of complex

gets from commercially available starting materials in one simple and eflicient operation is of
increasing importance in synthetic organic chemistry. In this paper, we describe the development of this
reaction as a source of a variety of dibenzo[e,i}{ 1.4 ]diazecines starting from a series of substituted

quinaldines

We focused on the commercially available quinaldines 1b-1i, whose reactivity was compared to
that of quinaldine itself (1a). The reactions were conducted at reflux of THF, using the best conditions

defined for 1a' i.c. 15 ml of THF, 41 mmol of zine and 70 mmol of acid for 28 mmol of substrate. Qur
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results (scheme 1 ; Table |, entrics 1-9) show that like quinaldine itself, the 8-hydroxy derivative i led

v

~

to the dibenzodiazecine 2i as the only product, but in fower yicld (06% instead of 96). in ali the other
cases, introduction of substituents in position 6-, 7- or 8- results in a loss of selectivity in the cyclization
process, and the dibenzodiazecines 2 are isolated in mixture with quinobenzazepines 3 along with small
amounts o
However, the diazecine 2 remains the major product as shown by the 2/3-5 ratio, which varies from
75/25 to 95/5. The global yield in pentacyclic products varies in the range 62-96%, except with the 8-
acetoxyquinaldine 1h, for which it is only 30%. With this substrate, 8-hydroxyquinaldine was
systematically found in the reaction mixture (5-10%). The poor reactivity of 1h could be related to
steric crowding around the nitrogen as well as clectronic deactivation due to interaction between the
substituent and the nitrogen. Migration of the acctoxy group from oxygen to nitrogen has been recently
reported when reducing Lh with sodium cyanoborohydride in THF solution”. About 10-13% of starting
material is systematically recovered in the case ol l¢ and If, along with the corresponding
tetrahydroquinaldines (respectively 8 and 0%). Increasing the reaction time did not improve these

results, but led to formation ot tars
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Scheme 1.
Table 1. Cyclization of Quinaldine with Zw/AcOIV/THF Reagent
entry i:R AcOH _ Product yields Time
{equiv) o 2 3 4,5 2/3+4,5 {h)

U all 25 9 - - 10070 10

2 b - 6-CH; 25 438 14 - 77123 24

3 ¢ 7-CH- 25 51 10 - 76/24 22

4 d: 6-F 2.5 52 10 5 75725 21

S e: 6-Cl 25 71 19 S 75/25 20

6 f:7-Cl 2.5 62 traces 3 95/5 16

7 g 6-OCH; 2.5 70 16 - 81/19 15

8 h: 8-OAc 25 25 5 - 83/17 24

9 i:8-OH 2.5 60 - - 100/0 5

10 b : 6-CH: 5 50 11 - 84/16 24

11 d:06-F 5 67 races 4 94/6 22

i2  g:6-OCH: 5 83 - - 100/0 20
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Despite the weaker selectivity resulting from the introduction ol substitu , the process

11

remained very efficient due to the easiness of the purification step. Indeed, the dibenzodiazecine is in ali

cases eluted first as a pure product even after a rapid filtration through silica gel. The structure

assignments are based on satisfactory clemental analysis and physicochemical data (IR, mass and
-,..,.\\ . s i 13 NIA AT - N _»‘ sl Gme a kalf naalanla avhinh g
NMR). In particular, the 'H and "C NMR spectra of 2a-2i exhibit signals for a half molecule, which is

in agreement with the C, symmetry. The same is true for the mass spectra, which are dominated by
initial fragmentation to give monomeric species (M/2). In contrast, the molecular peak in compounds 3-
cpected for dissymmetrical
structures.

The formation of 3 is not due to an isomerization of 2 in the reaction mixture. Indeed, the
stability of both 2a and 2d towards acetic acid/THF or acetic acid/zinc acetate/THF was checked, and
they were recovered unchanged even after 3 days at reflux. From a mechai
cascade is initiated by the protonation of the nitrogen and an electron transter leading to a radical. Its
coupling is followed by an intramolecular cyclization (Scheme 2). The easiness of this step

dimers in the reaction mixture CQn ounds 2-5 contain the same 4.4'-

linkage, demonstrating that all of them come from a 1 4-dihydro-4,4'-biquinaldine derivative or its
g g Y q

dianion.
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Scheme 2

Globally, 2 results from an intramolecular reductive cyclization leading to addition of a
hydrogen atom on both the 3- and 3’-positions and a new C-C bond between the 2- and 2’- positions.
This could proceed through protonation of the enamine followed by transter of two electrons and
cyclization of the resulting diradical. In contrast, the cyclisation step leading to 3 can be summarized as

an intramolecular electronic transfer initiated by the protonation of one of the enamine moieties. This
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N-i to C-3". The resulting imine 6 has never been isolated, except in the case of the 6-ﬂuoroquinaidine
1d. With R = Me, OMe or OAc, its oxidation spontaneously occurred in the reaction mixture leading to

3. This fact agrees well with the great oxidability of 6a (R = H), which was very difficult to prevent

even under an inert atimosohere. as or - boos vt Ryvceoll of 00 7 aod e ned
€ven undaer an inert atmospnere, as pre nuu:ny Fepoi ted Uy U both Russell ¢f ol and l)_) us .

o

With haloquinaldines 1d-1f, oxidation of the imine competes with its reduction leading to 4d-4f
and 5d, whose stereochemistries were unambiguously assigned on the basis of the 'H NMR spectra.
o

ling constant values (4d : 1.9, 4f - 11.9 and 3d : 8.3 Hz) clear Iy show that these

VLTS Aol Q8 0 0.0 147 LITally JHDVy L4l 1D

The 6a, 13
protons are in a ¢is position. The four remaining possible stereoisomers were rebuilt with PCModel and
the *J (‘H, 'H) coupling constants were calculated according to the work of Altona er al. as
implemented in the program” The decisive two pairs of proton are respectively 13, 13a for the cyclic
junction and 6a, 6 for the position of the methyl group. Comparison of the measured and calculated
values allow assignment of the cis-irany stereochemistry for 4d-4f and /rans-cis for Sd, demonstrating
that these products are respectively issued [rom a meso (4) and threo dimer (§5). In the same way, a cis
stereochemistry was assigned to the fluoroimine 6d. The many stereochemistry of the dibenzodiazecine
has been previously established by X-ray''. It implies that the dimer precursor has the fhreo
stereochemistry. Qur results show that dimerization of quinaldines in Zn/AcOH/THF medium is

stereoselective. It is worth noting that silylation of guinaldine itself” using l\’le3SiCl/Mg/'l"HF reagent

also led to the threo N-silyl dimer as the only product®

Y
b (= N-H H N-H
F\T/i\r 7 P
i i H
NZNEN PN
N N =™ S N ~
E H
- H
T 5d (trans-cis) 6d (cis)
-difluoro : 4d

2,1 1-dichloro : 4e
3,10-dichloro : 4f

In the case of 1a, we have shown that increasing the volume of THF to 50 ml led to a mixture of
2a, 3a (2/1; 46% yield) and unreacted quinaldine (5 195)°. The decrease of both reactivity and
regioselectivity when increasing the THF volume agrees well with the first bimolecular step and tt
proposed mechanism for the cyclization. Indeed. it leads to a decrease in the acetic acid concentration,

which is involved in the formation rate o' 2 while the formation of 3 is not acetic acid consuming. These
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e by increasing the
concentration in acetic acid or in quinobenzazepine 3 by using catalytic amount ot acid. Experiments
with § equiv. of acetic acid instead of 2.5 were conducted with 1b, 1d and Ig (Table 1, entries 10-12).

As expected, we obtained better yield in dibenzodiazecine, which became the only product with 1g. In
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of acid in the case of 1g. Under these conditions, the reaction became very stow and the transformation

rate was only 20% after 40 h at reflux, the dibenzodiazecine remaining the main product (2g/3g 93:3).
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of quinaldine), and obtained the diazecine as the only product (85% yield). This result shows that THF
is not necessary to the electron transfer and/or the ¢yclization step. However, work-up is easier when
the reaction is conducted in THF

To better understand the regioselection of the cyclization step, the reaction with la was also
conducted with d-acetic acid in THF solution Deuteriated dibenzodiazecine was isolated as the only
product (70% yield). 'H and “H NMR spectra were recorded, showing as expected the incorporation of
a deuterium atom in 15- and 16-position (methylene groups), but also on the methyl groups. These

s bl tneacnmaa o £hol
10w C PTESCHLT Ll ootn

by the non-decoupled carbon spectrum, which clearly s
CHD, and CH,D moieties. This implies that an imine-cnamine equilibrium takes place in the dimer
before the cyclization step. This would led to exomethylene intermediate like IT or I (Scheme 3). This

last one should be more rea

t"

ctive than | oand can only lead 10 the dibenzodiazecine through a 2,2’

cyclization. This fact agrees well with the abserved regioselectivity of the cyclization step.

Scheme 3.

his very simpie and stereoseleciive process constitutes a synthetically atiractive and versatile
approach for the rapid construction of C, symmetrical pentacyclic diamines. Indeed, two C-C bonds and

4 stereogenic centres are created under mild conditions in a one-pot process. This procedure offers the

inexpensive reagents are required (iii) the diazecines are easy to isolate and yields are good. Synthetic

exploitation of these results is now in progress.



Quinaidine, zinc dust (20,998-8) and acetic acid were bought from Aldrich and were used
without further puriﬁcation, Tetrahydrofuran was distilled from sodium benzophenone ketyl. Melting

points were determined on a Metler capillary apparatus and are uncorrected. IR spectra were obtained

spectrometer (CDCl: solutions, § values in ppm, J values in Hz, TMS as internal standard). Mass

spectra were measured on a VG AUTOSPEC-Q spectrometer. All reactions were monitored by thin

pure products were analyzed by gas chromatography (capillary column HP Ultra -1.25 m x 032 mm x
0.52 um). The GC oven temperature programming was 5 °C.min"' starting from 140 °C until 300 °C,

followed by an isothermal period of 10 min at 300 °C Retention time (Ry) are given in minute.

are g
Typical procedure for the reduction of quinaldines by Zn-AcOI-THF reagent.

Acetic acid (4.0 ml, 70 mmol) was added to a mixture of 1a (4 g, 28 mmol) and zinc dust (2.7 g, 41
mmol) in dry THF (15 ml). The reaction mixture was then heated at reflux for 7 h and vigorousiy stirred
until total conversion of the starting material, as monitored by TLC (S10,, CH:Cl,). The THF was then

removed under reduced pressure and dichloromethane (30 ml) was added. The mixture was filtered

neutrality, dried over anhydrous MgSO, then concentrated The crude product was chromatographed

on silica gel. Eluting first with CoH»/CH:Cl, (50 . 30 v/v) led to the dibenzodiazecine 2a, then the

hexahydro-methanoquino[3.4-¢]{1]benzazepines, 4-3, if present. Elution with CH,Cly/acetone (8 : 2
v/v) led to the dihydro-methanoquino[3,4-c][i]benzazepine, 3. Yields are reported in Table 1. The
atomic numbering for compounds 2-6 is shown in Scheme |.

5,6,7,8,13,14-hexahydro-2,6,7,1 -tetramethyl-6,14: 7, 1 3-dimethanodibenzofe,i]] 1,4 ]diazecine (2b).
White solid, mp : 152°C (CiHis). Ry = 8.9 min. IR (em™) * 3400, 3040, 2900, 1650, 1500. MS (EI)
m/z : 318 (6.77), 158 (100), 144 (7.78). Elemental analysis : caled for C2yHaN2 0 C, 82.97; H, 8.23; N,

8 80 found : C,83.10: H, 821 N, 868 'H NMR (250 MHz, CDCl5)

OV 20UNN L, Q21U T, 0 20, iy, 000 T INDVIAN ¥ S A S Ry

§:1.20 and 2.06 (

2 H, Hys), 1.30 (s, CHs-6), 2.36 (s, CHs-2), 2.97 (bs. 1 H, HyJ), 3.80 (N-H), 6.52 (d, *J,5= 7.9, | H,
Hy), 6.95 (d, /54= 7.9, 1 H, Hs), 7.01 (m, 1 H, H,)  "“C NMR (62.88 MHz, CDCls) & - 20.59 (CHs-
6), 22.96 (CH3-2), 30.29 (C\5). 43.14 {C ). 57.69 (Co), 112 31 (Cy), 127.83 (C3), 129.07 (Cy), 124.86,
125.27, 143.20 (Cq),



5,6,7,8,13,14-hexahvdro-3,6,7,10-1etr nnplh\l G, 14:7 13-dimethanodibenzole illl 4ldiazecine (2¢)

5,6 13,14-hexahydro-3,6,7,10-tet 13-di dibenzoleilll dldiazecine (2¢)
. . o -1y A N AN ACNS L

White solid, mp : 160°C (CyHy»). Ry = 9.1 min. IR (em™) - 3400, 3040, 2900, 165 M

m/z : 318 (12.65), 158 (100), 144 (13.37). Elemental analysis : caled tor CoyHxN, - €, 82.97; H, 8.23

N, 8.80; found : C, 82.69; H, 8.03; N, 8.73. 'H NMR (250 MHz, CDCl;) § : 1.21 and 2.08 (AB part of
ATV 27_ 1 7 5’ e IFAYERS T T S A | Y ‘?’3 {~ fl! ‘i\ Y NQ o LY AY D00 fke 1T LT LT Y 2 QO /N

ADN, J — la./, Jiyi4 T &V, & F, I15), 2L, LT )y =20 s, LIV ), LYY (US, 1 I, FI4), 5.00 {UN-
H), 6.45 (d, *Js>= 0.9, 1 H, Hy), 6.57 (dd, '/3_,=74.,"./_;4=09,lHH7)709(d Ji>=74, 1 H,
H,) . "C NMR (62.88 MHz, CDCl3) & 21 51 (Cl1:-6), 22 95 (CHs-3), 30.38 (C5) ; 42.77 (C4), 57.62
(CY 11202(C N 11502 (C) 120 4V (CY 1272586 133G Q1 14530 (C o)

\V6), 1L 7L (i), 11072 (2), 14090\ ), 142,20, 130V, 192.3Y Ly

5,6,7,8,13,14-hexahydro-2,11-difluoro-6,7-dimethyl-6,14:7,13-dimethanodibenzole,i]|1,4]diazeci-
ne (2d). White solid, mp : 191°C (C,Hy») Ry = 7.6 min. IR (cm™) @ 3430, 3030, 2900, 1500, 1230.
MS (EI) : nvz : 326 (12.50), 162 (100), 83 (7.32). Elemental analysis : caled for CaHauN2F2 : C, 73.60;
H, 6.18; N, 8.58; F, 11.64: found - C, 73.68; H., 6.45; N, 8.60; F, 11.11. '"H NMR (250 MHz, CDCl;)
§:1.12 and 1.97 (AB part of ABX, /= 128, /5., = 1.9, 2 H, Hy5), 1.24 (s, CHy), 2.88 (d, “Jyuy5 =

= Q
S

.

F 7 My
AN, .:. 1

ARIES
iy, U

o
<

m 4 H) B¢

MR (62 QR MEl»
i i GL. 606 1172,

[ S “ AIA\ noy

o~

1 K~
CDCly) § : 22.74 (CH3), 29.70 (C15), 42.91 (C14). 57.62 (Co), 112.69 (d, “Jey = 7.5, Cy), 113.75 (d, "y
=226, Cs), 114.68 (d. 2Jey = 21.6, C1). 125.74 (d, Jop = 6,2, Ciz,), 141.60 (Cy,), 154.78 (d, Jey =

5,6,7,8,13,14-hexahydro-2,11-dichloro-6,7-dimethyl-6,14:7,13-dimethanodibenzo|e,i]| 1,4]diazeci-
ne (2¢). White solid, mp : 232°C (C.Hy2). Ry = 135 min. IR (em™) - 3400, 3040, 2900, 1610, 1500.

1O

NI A D L U S I Ve Yo Y T WAYa RN Sl P | H e . 1 N ~ 11 MEONT LN s n/
VID (E1) - MVZ . )D% (£./), 170 (TUU) BIemental anatysis - Caicd 101 LopMlapUlaiNg - L, DO.80,

19.73; N,

2 2 bl ) O /o ) 1 3
1.92 (AB, 2 =13.0, 2 H, Hys), 123 (s, CHs), 2.86 (bs. 1 H, Hyy), 3.97 (N-H), 6.43 (d, *J:s = 8.4, 1 H.
TN £00 (A4 J 7. —Q A .+ =24 | H L)y 705 T =4 1 1Ty Be MR 49 29 NET S
i), 0.7 (4a, vag o4, Ji) I N & Y M 03 a, vy 2.4, 1T ). O INVIR (02,88 INZ

CDCl3) 8 : 22.66 (CHs), 29.60 (C ), 42.69 (Cys), 57.65 (Co), 113.40 (Cy), 127.11 (Cs), 128.0 (C),

5,6,7,8,13,14-hexahydro-3,10-dichloro-6,7-dimethyl-6,14:7,13-dimethanodibenzo|e,i}{1,4]
diazeci-ne (2f). White solid, mp : 230°C (C,H,). IR (cm™): 3400, 3200, 1610, 796 MS (EI) : m/z
358 (1), 178 (100). Elemental analysis : caled for CoyHpCLN; - C, 66.86; H, 5.61; CI, 19.73; N, 7.80 ;
found : C, 66.78; H, 5.78; N, 7.60: C1. 19.74. 11 NMR (250 MHz, CDCl) 3 1.09 and 1,93 (AB, °J =
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13.0, 2 H, His), 1.22 (5. CHy), 2.85 (bs. 1 HL ), 3.92 (N-H), 6.50 (d, "/, =20, 1 H, Hy), 6.59 (dd
Vo0 =79, "oy =20, 1 H, Hy, 6.98 (d, */,o = 7.9, 1 H. Hy). "C NMR (62.88 MHz, CDCl;) & :
22.62 (CHs), 29.75(Cis), 4234 (Cpy), 5748 (Co), 111.95 (Cy), 11592 (Cy), 12939 (Cy), 123.33,

132.60, 146.24 (Cq).

5,6,7,8,13,14-hexahydro-2,1 I-dimethoxy-6,7-dimethyl-6,14:7,13-dimethanodibenzo[e,i| 1,4]diaze-
cine (2g). White solid, mp : 198°C (C,H;2). Ry = 12,26 min. IR (cm") 3400, 3200, 1620, 1500, 1235,
1035. MS (ED) : m/z . 350 (7.57), 174 (100), 131 (7.38) Elemental analysis - caled for CopHyN,O; : C,

75.40; H, 7.48: N, 7.99: O, 9.13; found - C, 75.08: H, 7.79: N, 8.03; O, 8.98. '"H NMR (250 MHz,
CDCL) 8 : 1.14 and 2.01 (AB, 7/ =127, 2 H, H5), 1.24 (s, CH;-6), 2.92 (bs, | H, Hy,), 3.64 (N-H),
3.82 (s, CH3-0), 6.48 (d, /o5 = 8.5, 1 H. Hy), 6.70 (dd, “Jsa=8.5, /s, =28, | H, H3), 6.75(d, “J;:=
2.8, 1 H, Hy). "C NMR (62.88 MHz, CDCl:) 8 22.9 (CHz-7), 30.1 (Cy5), 559 (C13), 43 3 (CH;-0),

57.6 (Cg), 113.02 (C,). 11337 (Cx). 114.05(C1), 126.0, 1398, 150 8 (Cq).

5,6,7,8,13,14-hexahydro-4,9-diacetoxy-6,7-dimethyl-6,14:7,13-dimethanodibenzo|e,i}| {,4]diazeci-
ne (2h). White solid, mp - 278°C (CoH,y). IR (em™) - 3440, 3050, 2950, 1764, 1610, 1580, 1490, 1265
MS (ED) : nv/z : 406 (10.57), 202 (100), 160 (84.35), 43 (20.36). HRMS (EI) exact mass calcd for
C2HN20,, 406.1892 ; found, 406.1893. Elemental analysis :© caled for CullygN,Oy 0 C, 70.92; H,

NI Q o~y

6.45. N, 6.89: O, 1574 found : C, ,
1.15 and 1.95 (AB, /= 13.0, 2 H, H5), 1.25 (s, Cl1:-6). 2 36 (s, CH:-CO), 2.96 (bs, 1 H, H,3), 3.77
(N-H), 6.63 (m, | H, Hs), 6.88 (dd, "/,> = 8.0, %/, .~ 1.2, I H, H}), 6.99 (d. /s> =06.5, 1 H, Hy). *C

ANMD /£
INIVIN (U2,

LAY IV AN aYe) ll' \I\ll) i Ef
3, U, 1499 I NVIR {

V-G 7-1||nn-lh\| 6,14:7, 13-dimethanodib g___l_g!g:

-

cine ('2i) White solid, mp : 194°C (EtOH). IR (em™): 3490, 3460, 3200, 2900, 1610, 1500.
S

m/z : 324 (0.2), 161 (15.5), 160 (100). Elemental analysis © caled for CyuH-N2Oy 0 C, 7

.I:.
(@)}

. H,
d¢) 6: 0.94

88,

O

N, 8.69, 0, 9.92 ; found : C, 74 38, H, 6.90. N, §.80, O, 9.87. 'H NMR (250 MHz, DMS
. (bS, I “, HH\;,

4(dd. " >=76, " =14, 1 H, H)), 0.56 (dd, "J:>=73,%L,:= 14, | H,
(62.88 MHz, DMSO-dq) 8 - 2.15 (CH;-6), 30.1 (Cy5), 42.6 (Cya), 57.1 (Cé),

4 58 (N-H). 631¢
30 (iIN-I1), 031 {

730
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242°C (CHClL:). Ry = 9.7 min. IR (em™) : 3400, 3200, 2900, 1630, 1500. MS : m/z : 314 (100), 299
(48.22), 284 (9.45),158 (9.20). Elemental analysis © caled for CyHaaNy 0 C, 84.04; H, 7.05; N, 8.91;

LI, V77, 01N, 0

5),1
“H,6.97: N, 8.85. "H NMR (250 MHz, CDCl:) 8 - 1.91 (s, CH3=7), 2.06 (d, *J1sp142=

10.5, 1 H, Hyup), 2.22 (s, Clis-11), 2.36 (dd. "Jyserss = 10.5, "Jiss = 4.3, 1 H, Hiw), 2.57(s, CHs-2),
2.76 (s, CHs-6), 4.13 (N-H), 4.39 (d, “Jys 0= 4.3. 1 H, Hiz), 6.39 (d, “Jy,0 =80, 1 H, Hy), 6.78 (dd,
Jo10=8.0,"J1po= 1.5 1 H. Hy), 706 (d, "y o= 1 5, 1 H Hyy), 742 (dd, "/, :=8.6, "), =18, 1 H,
Ha), 7.80 (d, *J,:= 1.8, | H, H,), 7.86 (d, .= 8.6, 1 H, 11,) “C NMR (62.88 MHz, CDCl;) 8
20.62, 21.93, 24.32, 24.93 (CH:). 41.65 (C13), 44.60 (Cpy), 6195 (Cy), 3 (Cy), 123.09 (Cy),
126.96 (Cyy), 128.59 (Cy), 128.65 (C), 131.03 (Cs), 122.24, 123.83, 127.22, 130.83, 135.67, 139.47,

7,13-dihydro-3,6,7,10-tetramethyl-7,13-methanoquino|3,4-cj{ 1 |benzazepine (3¢). Pale yellow gum.

R;=10.2 min. IR (cm™) : 340(

AN

, 3200, 2900, 1630, 1500 MS(E!) cm/z o 314 (100), 299 (59.97), 284
(13.32), 142 (11.56). HRMS (El) exact mass caled for CpHuN,, 3141782 ; found, 314.1
NMR (250 MHz, CDCl:) 6 : 194 (s, CHz-7), 2.07 (d, "‘./,vm,m = 10.4, Hyyp), 2.14 (s, CH;), 2.39 (dd,

21 =104 7 =42 1 H, Hu) 2.50 (s, CHy), 2.79 (s, CHx-6), 443 (d, Jyguz =42, | H

vidaidf DA PR VYK LEEE N N S R T A 13, LS
i‘i]}), 6.29 (S, I H, Hg) 6.47 ((i, _{./'//_/_7 =70, 1 H, lill) 7.1 ((l /// 12 = 7. 0,1 H l'h)) 7.34 (Gd, jJ'_r,/ =
8.4, “Toy= 1.6, 1 H. Hy). 7.75 (d. *Jo, = 1 6. 1 H.1,). 794 (d, */., = 8.4, | H. H;) "“C NMR (62.88

MHz, CDCly) 8 21.26, 21.91. 2435, 24.87 (Clly), 4141 (Cpy), 4454 (Cp3). 6189 (Cy), 116.22,

11Q QO 11" 1\ 117 19 1977 O 17Q 177 |1n \/\ 170 Q4 120 QQ 127 84 120 A4 141 AA
118. 123 1201 12790, 128147 (CHj), 119 120,85, 12988, 137.56, 1338.66, 141.44,
147.78, 149.606, 153.13 (Cy)

712 . dihvden.? 1. diflaneacss Todimaoethvl,? 1omathanaaninal doelltlhanzazenine {3:0) Whita
Fe i 3-QINYGIO-4, 1 1«GHUUOTG=0, /=GN Y= /L, O~ I U HOGUINRU S, 5-U 1 jOCHLGLCHINL [ty AR

solid , mp : 160°C (C4H 2, dec.). Ry = 7.5 min. [R (¢m™) : 3200, 2900, 1500, 1226. MS (EI) : m/z
(100), 307 (64.52), 161 (56.26). 'H NMR (250 MHz, CDCl:) 8 : 1.96 (s, CHs-7), 2.08 (d. Jisasap =

= I{
1

—

7 7, =47 1T H O H.
/. = 3 PO

Sraeis RET Pu

Y 280 (s CH--06) 43
Jy & OV RS, AT U, 52

v

(B

(d 7 =
(d

1412
R R 17 &

<

(dd, “Jisrip
42,1 H, Hy), 637 (dd. *1, =47, 1,00 = 8.0, 1 H. Hy), 6.70 (ddd, 100 =29, Jype = 8.6, s =
8.7, 1 H, Hyp), 6.95(dd, “/is00 =29, "y = 8.5, 1 1. Hyp), 7.36 (ddd, */se =92, 75, =28, Usp=
85 1H Hy) 7.57(dd, */,:=28.%/,,=92 1 H, H,), 781 (dd, "/ =53, Vs, =92, 1 H, Hy). °C
NMR (62.88 MHz, CDCly) & 24.20 (CH:-7), 24.01 (CH;-6), 41.65 (Cy3), 43.72(Cyy), 61.97 (Cy),
10721 (d, Jeyr = 21.8). 112,90 (d, ey = 22.4), 114.56 (d, *Jep = 22.5), 116.40 (Jegy = 7.6, Cy),
118.91 (d, ey = 25.6) (C1. Cx. Croy Cro). 12202 (d “Jey = 9.7), 12415 (d, Jer = 6.5), 131.07



Nl

%)

o)

131.37 Clear = 9.2, Cy), 137.64, 144,72, 148.38, 152,72, 155.69, 155.72 (d, "¢ = 203.0), 160.51 (d,
Uep=1213.0) (Cq). F (200 MHz, CDCL) & © -120.69 (td, F2), -113.41 (td, Fi1), Dy = 8.5, Jyp =3 8.
7,13-dihydro-2,1i-dichioro-6,7-dimethyi-7,13-methanoquinoj3,4-cjjijbenzazepine (3e). White
solid, mp : 260°C (EtOH). IR (cm'i) 3400, 3040, 2900, 1610, 1500, 885. MS (EIl) : m/z : 356 (51.37),
321 (11.15), 177 (100), 142 (16.30). Elemental analysis : caled for CagHN,Cly 0 C, 67.61; H, 4.54; N,

T00Q- 1
/.0 il
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CH;-7), 1.99 (d, “Jiapise= 107, 1 H, Hiap). 2.33 (dd. i ap= 107, Jyaere= 4.2, 1 H. Hisw), 2.74 (s,
CH;-6), 430 (d, "/, 40=4.2, 1 H, Hyz), 4.45 (N-H), 633 (d, /=85, 1 H), 6.88 (dd, /=85 ,% =

IR P R 4 0.1 H) f‘\‘)l,l"lu
{da, /= G, iny, 795, /=

~J
5
o

G '7=23 1 H) 7.85 ( -“l*n ~
0,0/ =23, 1 H), 7.85(d, /=9. 7.

\3

(62.88 MHz, CDCl;) 6 : 24.27 (CH;-7), 24.43 (CH3-06), 41.51 (Cyy), 43.61 (Cy3),
61.9 (Cy), 110.62, 122,93, 1206.20, 12799, 129.84, 130.49 (CH), 122,92 12413, 130.15, 131.50,
0, 153.79(Cq)
7,13-dihydro-2,11-dimethoxy-6,7-dimethyl-7,13-methanoquino}3,4-c}j1}benzazepine (3g). White
solid, mp : 250°C (EtOH) Ry = 13.02 min. IR (¢cm™) 3400, 3200, 2900, 1630, 1500. MS (EI) : m/z :
346 (100), 331 (40), 173 (7.61). Elemental analysis : caled for C2aHaN2O, - C, 76.27; H, 6.40; N, 8.09;
0, 9.24; found : C, 7585, H, 6.47; N, 7.91: O, 9.17. 't11 NMR (250 MHz, CDCL3) 6 : 1.93 (s, CH;-7),
2.08 (d, “Jyaprea= 109, 1 H, Hyyp), 2.37 (dd, “Joseap= 109, "J105=3.9, 1 H, Hyy.), 2.78 (s, CHs-6),
3.71 (s, CH:-0), 3.99 (s, CH:-0), 4.33 (d, “/rcpu0 3.9, 1 H, His), 6.43 (d, “Jusw = 8.6, 1 H, Hy), 6.58
(dd, “Ji0s>=2.8, " Jo1s=8.0, | H, Hy). 6.84 (d. /00 = 2.8, 1 H, Hy2), 7.28 (m, 2 H, Hy, Hs), 7.88 (m,
1 H, Hy). “C NMR (62.88 MHz CDCl:) 5. 24,47 (CH:-7), 25.41 (CH:-6), 56.08, 56.10 (CH;-0),
42.29 (Cis), 44.84 (Cyy), 62.51 (Cq), 102,49, 113,01, 113,47, 117.22, 121.39, 130.71 (CH), 123.34
125.50, 131.32, 136.19, 144.09, 148 91, 151.15, 15281, 157.75 (Cq).

7,13-dihydro-4,9-diacetoxy-6,7-dimethyl-7,13-methanoquino|3,4-c}|1jbenzazepine  (3h).  Pale
yellow gummy solid. IR (em™) : 3340, 3050, 2950, 17064, 1610, 1580, 1490, 2()5 ‘H NMR (250 MHz,

+

CDCl;) 8 0 2.09 (s, CHx-7), 210 (d, "Jiwr iy = 10.8. 1 H. Hyyp), 2.45 (dd, %/,4“,,,,= 10.8, gz =4.1
e

770 (e
_'I/\W

1.-6
X3

VS =4 MM
Ly o fdee 3 TT.1, 1 11, 11

o
o

s Y S ( 2HY 700 (m
» Biida/, . IRPS A & K1), 1.VZ il

2H). “C NMR (62.88 MHz, CDCl:) 3 : 21.41 (x2). 24.12, 24.79 (CHs), 41.86 (C)3), 43.32 (C1y), 61.14
(Cy), 11031, 11432, 117.69, 122.77, 126.76, 136.49 (CH), 122.33, 134.75, 137.46, 144.00, 150.70,
151.06, 151.56, 15211, 156.95, 177.22 (2x C=0).



5,6,6a,7,13,13a-hexahydro-2,11-difluore-6,7-dimethyl-7,13-methanoquino| 3,4-¢|[ 1 |benzazepine

FAIY M1 D =624 min. IR (e 3460 3040, 2900, 1630, 1300 1228 MS{EDQ Bl YRR e AN
(#a). Uil Ny 4 HHH. 1IN (I ) L, 1AV NG AV 4U, 2900, 10 QUL DUV TLZ0 MO (L) L NTVZ L D25 {133 00),

161 (100), 147 (94 88). 'H NMR (250 MHz, CDCL) 8 © 145 (d, Voyze = 7.1, CH3-06), 1.53 (s, CH;-7),
1.98 (d, “Jygesap=11.3, | H, Hy, 18dd, “Jrie = 113, Ypgrs =41, 1 H, Hyg), 2.37 (dd, e ssa
=119, Voo = 4.8, 1 H, Hoy), 2.98 (dd, "Jyasee = 6.7, Yysrs = 4.1, 1 H, H3), 335 (dq, Vous = 4.8,
ewss=T.1, 1 H, He), 3.75 (dd, 1215, = 6.7, Joyes = 119, 1 H, Hiz), 595 (dd, *J = 9.1, /=238,
1H), 6.20 (m, 2 H), 6.48 (m, 2 H), 6.67 (dd, '/ =9.1,7/=28, 1 H). “C NMR (62.88 MHz, CDCl3) § :

[81

AY ~ s TEDON A {WAY
Hsz), 27.67

(Cl13), 43.40 (C1y), 46.94, 49.83, 51.¢ . 61.6 .
22.2), 112.92(d, 2/ = 17.0), 114.03 (d, Jeyr=7.7), 114.63 (d, "= 14.2), 11498 (d, "o = 13.4),
591 (d, “Jep=78) (CH), 127.39 (d, o1 = 6.8). 127.66 (d, “Jo o= 6.7), 14

.,

\-J

10 O 717
19.97 (C

T, =927 7y 186 6014 1. . =774 M (Cas. "F NMR (200 MHz CDCLIY S - 212950 (td). -125 98

g Lad T §, VIINT R\, O _’_JU v) \\” IOINIVIIN \ oV Vi LA, UGS O a7 . oV WU j, 147,70
32 _ 4 .

(td), Sy = 90, .]/v;/[ =35.0.

$5,6,62,7,13,13a-hexabydro-2,11-dichloro-6,7-dimethyl-7,13-methanoquino}3,4-c][ 1]-benzazepine

(cis-trans, 4e). Oil IR (em™') 3417, 3040, 2900, 1630, 1500, $17. MS (El) - m/z 1358 (39.40), 195
(20.03), 180 (100), 164 (17.39), 149 (13.22). 'H NMR (250 MHz, CDCls) & : 1.44 (d, "Jepss = 6.5,
CH;-6), 1.52 (s, CH,;,—?); 197 (d, “Jrgypae= 113, 1 H, Hg), 218 (dd, _’./;4;(‘]4/;: 103, W awss= 42,1

corin= 109, Vo 4.7, 1 H, H,), 2.96 (dd, ys e =42, 2= 6.7, 1 H, Hj3),
3.35 (dq, ez = 0.5, oo =471 H, Hy), 3.72 (dd. “Jysuga= 1.9, °Jys5= 6.7, 1 H, Hjz,), 6.16 (m,
3H), 6.72 (m, 2 H), 6.90 (d. J — 2.3, 1 H). "C NMR (62.88 MHz, CDCl) & 19.91 (CH;-6),
s-7), 43.22 (Cyy), 47.05 (CL}), 49.50 (Cixy), 5149 (Cy). 5384 ¢(
8.44

)
4 (CH), 11418, 120.54, 123,15, 127.33, 143.18, 146.62 (Cq).

B hioT7 12 1 T2ahavahuden,Y Vi_dinhlawea s Todin A7 E2_eniathiannman woxf T Al T hanzavaninag
-J,U,Utl,l,lJ,lJ(l IICA(IIIJlII U L,l LUV iIntvs v U,/ ASESTIAN lll,l /e B TTIREL |llllllUt‘lllllUlJ"? L‘lllu\.lll—‘lbtllllll
(trans-cis, 5e). Oil. IR (cm™) : 3417, 3040, 2900, 1630, 1500, 817. '"H NMR (250 MHz, CDCl;) 6 :

1.46 (d, Jenze = 7.1, CH3-6), 1.49 (d, ° /s g = 104, L H, Hyyp), 1.61 (s, CHs=7), 1.74 (dd, *Jyaerap =

1N A —_T Py 1] Y ’\ IC £ any I i1 AY
iv.4 =355, 1 L Mygy), 2.4 (m, 1L ),

3r QA S — 1" LN DA
VIPT 3(d, S = 33, L H, Hyz), 3.06

71, Jsee = 2.7, VH, Hy), 357 (d i, = 830 1 H, Hix), 638 (m. 2 H), 6.90 (m. 2 H), 7.01 (d, I =
23, 1H), 7.11 (d, "] = 2.3, 1 H). “C NMR (62.88 MHz, CDCl) §: 20.19, 22.84 (CHz), 38.

() 1S Qe b 1~ 1764 G 1
(C7), 113.00, 11/.40, 126.62 , 14

(CH), 11596, 123.31, 122,10, 140.38, 142.34, 147.33 (Cq).

79
/.

62a,7,13,13a-tetrahydro-2,11-difluoro-6,7-dimethyl-7,13-methanoquino|3,4-c|l 1 Ibenzazepine (6d).
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L3040, 2900, 1630, 1500, 1228 MS (E1) - nvz 324 (79.02), 164 (100). 'H NMR
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(d, *Jearso = 13.5, 1 H, He.), 3.08 (dd, “Jisrae = 5.7, rirwe =37, 1 H, Hyy), 3.58 (dd, *Jy35 = 5.7,
satsa=13.5, 1 H, Hi3), 5.99 (dd, 2/ = 9.0, *J=29, 1 ), 610 (dd, /=806, "J=4.7, 1 H), 6.35 (m,

N

an 1 LI

fon 7 Y C £ oxn \ SONINA
U, <« 11), VU740, 1 11

I's l) Iy
L OINIVIN (L

:./
CT\

1
1 1

(Ci4), 47.33, 48.38, 52.32 (CH), 64.42 (C5), 113.50 (d, “Jeyr = 13.4), 113.78 (d, Iy = 22.1), 113.85
(d, er=13.6), 114.37 (d, Jor = 7.3). 11548 (d, "= 22.3), 12542 (d, S =7.6), 12825 (d, *Jes
=728), 128.92(d, "J-pr = 8.5) (CH), 13779, 138.57. 15512 (d, "Jopr = 215.7), 160,00 (Cq), 164.84 (d,

"Jer=215.7)(Cq).
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