J. prakt. Chem. 340 (1998) 472-475

Journal fiir praktische Chemie
Chemiker-Zeitung
© Johann Ambrosius Barth 1998

Benzyl Cation Initiated Intramolecular Cyclizations.
Synthesis of 1-Azabicyclo[3.2.1]Joctene Derivatives

Emese Csuzdi, Istvan Pallagi, Istvan Sziriki, and Sandor Sélyom

Budapest (Hungary), Institute for Drug Research Ltd.

Received November 18th, 1997, respectively March 9th, 1998

Abstract. Benzyl cation inititiated intramolecular cyclization
reactions with conjugated C—C double bonds were performed
providing rac. endo-exo isomers of 1-azabicyclo|3.2.1]octenes
(2 and 3). Formation of the endo isomer 2 is favoured.

Compounds 2 possess dopamine uptake inhibitory effect with
an additional selective MAO-B enzyme inhibitory potential.
The remarkable in vitro effects do not correspond to in vivo
antidepressant activity.

Some considerations suggest that antidepressant agents with
dual mode of action upon MAQO enzyme and monoamine [e.g.
dopamine (DA), norepinephrine (NE) or serotonine (5-HT)]
uptake would be advantageous [1]. Excellent DA and 5-HT
re-uptake inhibitory effect was noticed earlier at some hexa-
hydropyrrolo[2,1-alisoquinoline derivatives {2], and later we
have found DA uptake inhibitory effect with some 1-azabicyclo-
[3.3.1]nonadiene derivatives as well [3], containing a bridge-
head nitrogen atom and two aryl rings. This prompted us to
synthesize new types of azabicyclic compounds with a bridge-
head nitrogen atom and a combination of 6 + 5 membered
rings, bearing two phenyl substituents in relative proximity to
each other to fit more or less to the requirements of the mono-
amine uptake inhibitory pharmacophore model [4].

An additional MAO enzyme inhibitory effect was hoped to
arise from the incorporation of structural elements, known to
be substrate of the enzyme, into the new molecules. As such
the 4-phenyl-1,2,5,6-tetrahydropyridine moiety [5] seemed to
be appropriate. Especially, because during our earlier work
several cyclization reactions were elaborated with 1-substituted
4-phenyl-1,2,5,6-tetrahydropyridine derivatives where bond
formation took place between variously generated heteroatom-
stabilized carbenium ions, formed in the substituent of the
nitrogen atom and the conjugated carbon-carbon double bond
of the tetrahydropyridine ring, preserving latter the moiety in
the resulting 1-azabicyclic structures [3,6—9]. Moreover we
have shown that the benzyl cation may be suitable for similar
cyclization reaction as well, providing diaryl and alkoxy-
carbonyl substituted 1-azabicyclo[3.3.1]nonene isomers [10].
This was of interest because benzyl cations are widely used
for cyclization reactions [11], but mostly aromatic rings and
less frequently isolated C—C double bonds have been used as
internal nucleophilic terminator [12]. Based on our earlier

success with benzyl cation initiated cyclization we attempted
the same method for the synthesis of the desired diaryl
substituted 1-azabicyclo[3.2.1]octene compounds.

When benzylic alcohols 1a—q were treated with methane-
sulfonic acid ring closure occured and rac. endo-exo isomers
of 1-azabicyclo[3.2.1]octenes (2 and 3 respectively) formed
in moderate yield (Scheme 1).

In all cases the rac. endo isomer 2 formed as the over-
whelming product and isolation of the exo isomers 3 was
performed only in cases indicated in the scheme. No cyc-
lization reaction could be performed with compounds bearing
a strong electron withdrawing group in the benzyl moiety (i.e.
Y=NO, or NH, in protonated form) although super acidic
conditions were not tried. However acetylation of the amino
group as in 1k made the ring closure possible.

The stereoselectivity of this cyclization reaction arises most
probably from the more favourable steric relationships bet-
ween the two phenyl groups in transition states leading to
isomers 2 than 3, as could be concluded from studies with
Dreiding models, where the intramolecular approaching
possibilities of a planar benzyl cation and the conjugated
C-C double bond were investigated.

Structure elucidation of compounds 2 and 3 was carried
out by 'H NMR measurements basing on the couplings of the
geminal proton adjacent to the 6-phenyl group as well as 'H
NMR-NOE experiments. E.g. with 2e the signal of 6-H (0=
3.85 ppm) has a ddd coupling with J,=10.0 Hz, J,=6.7 Hz,
and J;=>5.8 Hz and NOEs were found, as indicated in Scheme
1. These support the endo position of the unsubstituted phenyl
ring. The corresponding 6-H signal of the isomeric exo
compound 3e at 6=3.26 ppm showed a simpler coupling
pattern (dd, J,=8.1 Hz, J,=5.2 Hz) because of an approx.
90° dihedral angle between the protons on carbons 6 and 5,
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Table 1 1-(2'-Hydroxy-2'-phenyl)ethyl-4-phenyl-1,2,5,6-

z tetrahydropyridin Derivatives (1a—q)
X No. Yield m.p. Molecular Mikroanalyses
(%) (°C) formula Calcd./Found
N (Mol. mass) C H N
la 67 99-100 CoHyNO 81.67 7.58 5.01
OH (279.,4) 81.66 7.28 5.02.
1b 78 158-159 CgH,CINO 72.71 6.42 4.46
la-q 2a-q 3e,6,h,ijok,1,m,p (313.8) 7206 637 405
1c 69 155-157  C,oHyBrNO 63.69 563 391
(358.3) 63.51 5.17 3.54
1d 56 118-120 CyoHy3NO, 77.64 7.49 4.53
(309.4) 77.41 7.15 4.17
le 65 128-129  C oHyCINO 7271 642 446
(313.8) 72.08 6.41 4.81
25% 1If 61 148-150  C;oHCLNO 6552 550  4.02
(348.3) 65.50 5.37 4.00
1g 67 154-156 CoHyBrCINO 58.11 4.88 3.57
(392.7) 58.30 4.68 3.60
th 77 146-148  CHCIFNO 6877 577 422
(331.8) 68.49 5.61 4.03
L 51 125-127  CyHp,CINO 7327 676 427
(327.8) 73.50 6.76 4.45
e e 1j 53 138-139  CyHx,CINO, 69.86  6.45 407
(343.8) 70.02 6.50 4.11
ik 77 198-199  C,Hy,CIN,0, 6801 625 756
1,23 Z Y 12,3 z Y (370.9) 67.92 625 7.29
a " g ; 20l 2-0CH, 81 113-114  C;oH,CINO 7271 642 446
b H 4-Cl k 4-Cl 4-NH-COCH, (313.8) 7227 652 4.66
c H 4-Br | 3-Cl H Im 64 130-131 CioH1oCILNO 65.52 5.50 4.02
d H 4-OCH;, m 3-Cl 4-Cl (348.3) 65.09 5.17 4.11
e 4Cl H n 4-0CH;  H In 49 126-128  CyHyNO, 77.64 749 453
f 4-Cl - 4Cl o 4-F 4-Br (309.4) 77.98 746  4.53
g S P pad e lo 63 167-169  CH,BIFNO  60.64 509 372
; a0l 4CH (376.3) 60.37 475  3.48
3 1p 59 117-118  CsHyFNO 76.74  6.80  4.71
(297.4) 76.25 6.70 4.86
Scheme 1 1q 57 150151  CH;gF,NO 7237 6.07 444
(315.3) 71.95 5.77 4.11
B 7 Table 2 4,6-Diaryl-1-azabicyclo[3.2.1]oct-3-ene Derivatives (2 and
Z z 3
o]
x DMEF/K,CO; NaBH, No. React. mp. Molecular Microanalyses )
N OF JJ\GY T S — lag time (h) (°C)?)  formula ) Caled./Found
NHCI N MeOH Yield® (solvent) (Mol. mass)
N K(@Y (%) CH,0, C H N
dae Sa-g I 2a 5  243-245 CHpN 7319 6.14 3.71
— -~ 33 (377,4) 73.41 6.50 3.86
N 2b 20 238-240 C;gHsCIN 67.07 538 3.17
6a-q 25 411.9) 66.85 522 3.04
25 232-235 CjoHgBIN 60.53 4.86 3.07
4 a b c d e 43 (456.3) 59.99 486 3.2
Z H 4Cl  3Cl 4F 4-OCH, 2d 18 220-222 CyHy NO 7074 618 3.44
63 (407.7) 70.74 6.13  3.53
§ a b c d e 1 9 26 3 222-225 CjoH;5CIN 67.07 538 3.17
Y H 4-Cl 4-Br 4-F  4-CH; 4-OCH;  4-NH-COCHg 60 411.9) 66.84 532 343
X Br Br Br Br  Br Br cl 3¢ 3 191-195 CyoH;5CIN 67.07 538 3.17
a . 17 (411.9) 67.01 533 311
) For the meanings of a-q see Scheme 1 2 12 206-210 CH;;CLN 61.90 474 3.14
58 (446.3) 61.84 473 330
Scheme 2 I 12 230-232 CyoH7CLN 61.90 4.74 3.14
15 (446.3) 62.31 470 3.29
2g 159  218-222 CgH,,BrCIN 56.29 431 2.85
. . 30 (490.8) 56.45 416 2.80
as shpwn in Scheme 1_. Other compounds .of the ring clospre sh 20 217-220 C,oH,,CIFN 6426 492 326
reactions were ranged into the structure series 2 or 3 according 28 (429.9) 64.04 506 331
to their comparable 'H NMR spectroscopic data as found for 3hn 20 215-216 CoH;CIEN 6426 492 326
2e and 3e. Compounds 2 and 3 were isolated as oils and a 1:1 12 (429.9) 63.98  4.67 3.8
fumarate salt was prepared from each. 2 48 229-231 %E?ZQ%CIN g;gg g‘gg :33 %g
The starting benzylic alcohols 1la—q were prepared by 3i 3 228-230 C20ﬁ20ClN 67.68 5.63 329

sodium borohydride reduction of the corresponding crude 15 (425.9) 67.31 537 3.10
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Table 2 (continued) ketones 6a —q, whichresulted in a smooth alkylgtion pr.ocec.iure
No. R Moleoa] i : ~ from known 4-phenyl-1,2,5,6-tetrahydropyridine derivatives
0. eact. m.p. oltecular 1croanalyses _ . . _ .
time () (°C)")  formula ") Caled /Found (4a—e) with phenacyl halogenids Sa—g as shown in Scheme
Yield # (solvent) (Mol mass) 2. ] ) ) ) )
(%) -C4H404 C H N Biological screening of the bicyclic compounds revealed
08 g yele comp
2j 3 195-198 CyH,,CINO 6523 547 317 that with rac. compounds 2 a relatively significant DA uptake
.38 (441.9) 6541 560 3.14 inhibitory potential (ICsq values for the most active compounds
3 18 202-204 5‘240]1{290)01\10 22%2 g ‘1117 2(1);’ 2e,f,g,h,i,m are in the range of 0.15-1.23 uM) was combined
2k 20 220-221 CZIH.ZI CINZO 64.04 5.37 597 W]th a Selectlve MAO‘B enzyme lnhlbltOl’y effect (IC50 ValU.CS
36 (468.9) 64.19 591 5.80 of the same compounds were found between 2.6—4.1 uM)
3k 20 252-254 G5 H, CIN;O 64.04 537 597 with negligible MAO-A enzyme inhibitory effect. Compound
8 (468.9) 6371 502 5.63 2f showed a remarkable 5-HT uptake inhibitory potential
21 48 212-215 C;oH 4CIN- 67.07 538 3.17 1Co =08 UM). Unf v the £ ble in v |
37 (411.9) 6695 535 3.8 (IC53=0.8 uM). n ort!mate y the avourable in vitro results
31 48 176178 CoHyCIN 67.07 538 3.17 of the compounds investigated were not linked with remarkable
9 (411-9)Cl N gﬁgg 2-1‘71 g-(ﬁ antidepressant activity in the in vivo models, therefore no
2m 24 234-236 CoH,,Cl, L. 7 . .
19 (446, €203 460 321 efforts were made towards the pure enantiomers.
Im 24 185-186 C;oH;CL,N 61.90 474 3.14
16 (446.3) 61.76 450 298 Experimental
2n 15 197-200 CooHz NO 7074  6.18 3.44
21 (407.4) 7072620 3.39 Melting points: Boétius hot-stage microscope, uncorrected
20 20 225-229 CoH;;BrEN 5824 446 295 : K
26 474.3) 58.02 449  3.01 values. — '"H NMR (CDC13, internal stanglarc.i TMS, T=298
2p 20 228-231 CygH,sFN 6987 5.61 3.54 K): Bruker AC 250. Other solvents are indicated. Column
48 (3954) 7006 555 348 chromatography: silica gel, Kieselgel 60, Merck.
3p 20 169-170 CoH;gsFN 69.87 5.61 3.54
13 (395.4) 69.92 541 329 R .
2q 20 226-228 CyoHFoN 6682 512 3.39 Synthesis of the ()-1-(2'-Hydroxy-2'-phenyl)ethyl-4-phe-
44 (413.4) 67.02  5.12  3.40 nyl-1,2,5,6-tetrahydropyridine Derivatives (1a—q) (Gene-
3) Isolated yield of the base; °) Refers to the (E)-2-Butanedioate (1:1) salt; ral Procedure)

) At reflux temperature in conc. HCI; 4y 80 °C

The suspension of 20.0 mmol of the appropriate 4-pheny!-
1,2,5,6-tetrahydropyridine 4 as hydrochloride salt, 3.04 g

Table 3 Characteristic Spectroscopic Data of Compounds 2 and 3

No. !'H NMR data (of the bases)

22 6-Hyyagjoqus 3-86 (ddd, J; = 9.6 Hz, J, = J3= 6.4 Hz, 1H); 3-Hyjepinic: 5.80 (dd, J; = J, = 2.6 Hz, 1H), aromatic protons: 6.78 (m, 2H), 6.95-7.25,
(m, 8H).

2b  6-Hguagi equt 3-82 (ddd, J; = 9.6 Hz, J, = J3 = 6.0 Hz, 1H); 3-Hjeginic: 5.83 (br. s, 1H); aromatic protons: 6.80 (m, 2H), 7.00-7.20 (m, H).

2¢  3.82(ddd, J; = 9.7 Hz, J; = J3 = 6.3 Hz, 1H); 3-Hyefinic: 5.87 (dd, J; = J; = 2.6 Hz, |H); aromatic protons: 6.81 (m, 2H), 7.05-7.12 (m, 5H),
7.22 (d, J = 8.4 Hz, 2H).

2d  OCHj;: 3.65 (3H); 6-Hgyugi equ: 3.75 (ddd, J; = 9.5 Hz, J; = J3 = 6.4 Hz, 1H); 3-Hyefini0: 5.77 (br. s, LH); aromatic protons: 6.57
(d, J = 7.9 Hz, 2H), 6.70-6.80 (m, 2H), 6.95-7.05 (m, 3H), 7.10 (d, J = 7.9 Hz, 2H).

2e  5-H:3.01(d, J=5.8 Hz, IH); 7-Hguu o 3.02 (dd, J; = 13.3 Hz, J, = 6.7 Hz, 1H); 8-H: 3.16 (br. s, 2H); 7-Hyyasi equ: 3.6 (dd, J, = 13.3 Hz, J, =
10.0 Hz, 1H); 2-H,,: 3.46 (dd, J, = 19.8 Hz, J, = 3.3 Hz, 1H); 6-Hyyagi equ 3.85 (ddd, J; = 10.0 Hz, J, = 6.7 Hz, J; = 5.8 Hz, 1H); 2-Hy,: 4.01
(dd, J, = 19.8 Hz, J; = 2.5 Hz, H); 3-Hiefinic: 5-85 (br. s, 1H), aromatic protons: 6.67 (d, J = 8.7 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H), 7.05-7.15
{m, 3H), 7.16-7.25 (m, 2H}.

3e  (in benzene-dg) 5-H: 2.65 (d, J = 3.2 Hz, 1H); 8-H: 2.82 (dt, J, = 11.2 Hz, J, =J5 = 1.3 Hz, 1H) and 3.05 (dd, J, = 11.2 Hz, J, = 3.2 Hz, 1H); 7-
H: 3.16-3.20 (m, 2H); 6-Hyag ox: 3.26 (dd, J; = 8.1 Hz, J, = 5.2 Hz, 1H); 2-H: 3.70 (dd, J; = 19.2 Hz, J, = 2.6 Hz, 1H) and 2.97 (dt, J, = 19.2
Hz, J2 = J} =1.5 Hz, LH); 2I'Hchlomphenyl: 6.95(d, J = 8.9 Hz, ZH), 3Y'Hchloropheny]: 7.05 (d, J = 8.9 Hz, 2H).

2f  6-Hyuagi cqu: 3-82 (ddd, J; = 9.6 Hz, J, = J3 = 6.4 Hz, 1H); 3-Hgyeqipic: 5.85 (dd, J, = J, = 2.6 Hz, 1H); aromatic protons: 6.75 (d, J = 8.5 Hz, 2H),
7.05-7.20 (m, 6H).

3 6-H s 3.54(dd, J; = 8.5 Hz, J, = 4.9 Hz, 1H), 3-H eyt 5.82 (dd, /) = J, = 2.5 Hz, 1H); aromatic protons: 7.15 (d, J = 8.5 Hz, 2H), 7.20-
7.40 (m, 6H).

28 6-Hguasi oqur 3-80 (ddd, J; = 9.7 Hz, J5 = J3 = 6.2 Hz); 3-Hgefinic: 5.87 (br. s, 1H); aromatic protons: 6.72 (d, J = 8.6 Hz, 2H), 7.00-7.10 (m, 4H),
7.22 (d, J = 8.6 Hz, 2H).

2h 6-Hyyagiequ 3-84 (ddd, Jy = 9.7 Hz, J, = J3 = 6.3 Hz); 3-Hyeqinic: (dd, J = J; = 2.4 Hz): aromatic protons: 6.73 (d, J = 8.6 Hz, 2H), 6.82 (dd, J, =
J, =8.7 Hz, 2H), 7.02 (d, J = 8.6 Hz, 2H), 7.16 (dd, J, = 8.7 Hz, J, = 5.2 Hz, 2H).

3h 6-Hyagan: 3-53 (dd, J; = 8.3 Hz, J; = 5.0 Hz, LH); 3-H e 5.75 (dd, Jy = J, = 2.2 He, 1H); aromatic protons: 7.03 (dd, J, = J, = 8.7 Hz, 2H),
7.18 (dd, J, = 8.7 Hz, J, = 5.3 Hz, 2H), 7.27 (br. s, 4H).

2i  CHs: 2.40 (s, 3H); 6-Huagi equ? 3.90 (ddd, J = 9.8 Hz, J, = 6.8 Hz, J5 = 5.5 Hz, 1H); 3-Hjefinic: 5.85 (br. s, 1H).

3i  CHj: 2.33 (s, 3H); 6-Hgyay ax: 3-55 (dd, J; = 8.3 Hz, J, = 5.1 Hz, 1H); aromatic protons: 7.10 (br. s, 4H), 7.25 (br. s, 4H).

2j  CH;0-Ph: 3.8 (s, 3H); 6-Hyag equ’ 3.82 (ddd, J, = 10.0 Hz, J; = 6.6 Hz, J; = 5.6 Hz, 1H); 3-Hjefiqic: 5.85 (br. s, 1H).

3] 6-Hguui ax: 3.52(dd, J; = 8.2 Hz, J, = 5.2 Hz, 1H); CH;0-Ph: 3.80 (s, 3H); 3-Hjefinic: 5.76 (br. s, 1H); aromatic protons: 6.82 (d, J = 8.6 Hz, 2H),
7.16 (d, J = 8.6 Hz, 2H), 7.28 (br. 5, 4H}.

2k CHs: 2.10 (s, 3H); 6-Hyuagi equi 3.82 (ddd, J; = 9.8 Hz, J, = J3 = 6.8 Hz, 1H); 3-H fiic 6.85 (dd, J) = J, = 2.0 Hz); aromatic protons: 6.74 (d, J =
8.8 Hz, 2H), 7.00 (d, J = 8.8 Hz, 2H), 7.15 (d, J = 8.3 Hz, 2H), 7.27 (8.30 Hz, 2H); NH: 7.67 (br. s, 1H).

3k CH3;-CO-NH-: 2.19 (s, 3H); 6-Hypaqi ax: 3.53 (dd, J; = 8.3 Hz, J, = 5.2 Hz, 1H); 3-Hypepinie: 5.77 (br. s, 1H); -NH-: 7.25-7.45 (br, |H); aromatic

protons: 7.17 (d, J = 8.4 Hz, 2H), 7.28 (br. s, 4H), 7.46 (d, J = 8.4 Hz, 2H).
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Table 3 (continued)

No. 'H NMR data (of the bases)

21 6-Hguag equ’ 395 (m); 3-Hypepinic: 5.85 (br. s, 1H).

31 6-Hguagi ax: 3.83 (dd, J; = 8.1 Hz, J, = 5.4 Hz, 1H); 3-Hefinic: 5.85 (dd, J; = J; = 2.6 Hz); aromatic protons: 7.30-7.60 (m, 9H).
2m  6-Hguagi equt 3-82 (ddd, J; = 9.5 Hz, J, = J3 = 6.3 Hz, 1H); 3-Hjefinic: 5.85 (br. s, 1H); aromatic protons: 6.65 (m, 1H); 6.75 (br. s, 1H), 6.93-7.15

(m, 8H).

3m  6-Hyuasi ax: 3.52 (dd, J; = 8.3 Hz, J, = 4.9 Hz, 1H); 5.76 (br. s, 1H); aromatic protons: 7.13-7.35 (m, 8H).

2n 7-Hgua axt 3.04 (dd, J, = 12.7 Hz, J, = 8.0 Hz, 1H); 5-H: 3.10 (dd, J; = 6.0 Hz, J, = 2.0 Hz, 1H); 8-H: 3.19 (d, J = 10.8 Hz, 1H) and 3.27 (dd,
Ji =108 Hz, J; = 2.5 Hz, 1H); 2-H: 3.52 (dd, J, = 19.8 Hz, J, = 3.0 Hz); CH;0-Ph: 3.70 (s, 3H); 7-Hgyasi equ 3.7 (overlap ping); 6-Hguag equ’
3.87(ddd, J, =9.1 Hz, J, = J3 = 6.7 Hz, 1H); 2-H: 4.08 (dd, J; = 19.8 Hz, J; = 2.5 Hz, 1H); 3-Hgefinic: 5-85 (br. s, 1H); aromatic protons: 6.58

(d, J = 8.5 Hz, 2H), 6.70 (d, J = 8.5 Hz, 2H), 6.96-7.30 (m, 5H).

20 6-Hguagiequ: 3-82 (ddd, J; = 9.8 Hz, J, = J3 = 6.4 Hz, 1H); 3- Hyjefinic: 5.80 (dd, J; = J, = 2.6 Hz, 1H); aromatic protons: 6.75 (m, 4H), 7.05 (d, J =

8.3 Hz, 2H), 7.22 (d, / = 8.3 Hz, 2H).

2p  6-Hguagicqut 395 (ddd, J = 9.8 Hz, J; = J3 = 5.8 Hz, 1H); 3-Hjep0 5.85 (br. s, 1H); aromatic protons: 7.80 (m, 4H), 7.00-7.20 (m, 5H).
3p  6-Hgu ox: 3.58 (dd, J; = 8.2 Hz, J;, = 5.3 Hz, 1H); 3-Hjefinct 5.74 (br. s, 1H); aromatic protons: 7.05 (dd, J; = J, = 8.7 Hz, 2H), 7.20-7.45 (m,
TH).

2q  6-Huag equi 3-82 (ddd, J, = 9.8 Hz, J, = J3= 6.2 Hz, 1H); 3-Hjefinic: 5.80 (br. s, 1H); aromatic protons: 6.63-6.85 (m, 6H), 7.15 (dd, J; = 8.6 Hz,

Jy=5.5 Hz, 2H).

(22.0 mmol) of K,CO; and 22.0 mmol of the corresponding
phenacyl bromide (or chloride) derivative 5 in DMF (60 ml)
was stirred for 1.5-3 h at 40 °C. When the reaction was
finished water was added to the reaction mixture and the
resulting precipitate was filtered and washed with water. This
crude intermediate 6 was dried until a constant weight was
reached, then it was dissolved in methanol (300 ml). The
solution was stirred and chilled with ice water and 10
equivalents of sodium borohydride were added gradually.
Stirring was maintained at room temperature for 2—-3 h, and
the solution was then poured into water. The precipitated
product was filtered and recrystallized from ethanol. Yields,
m.p.-s and analytical data are collected in Table 1.

Synthesis of the (+)-4,6-Diaryl-1-azabicyclo[3.2.1]oct-3-
ene Derivatives (2 and 3) (General Procedure)

Benzylic alcohols 1b—q were added at room temperature to a
10 fold excess of methanesulfonic acid. Stirring was main-
tained for 3—48 hours (only the ring closure reaction of 1a
was performed in hydrochloric acid at b.p.). The reaction mix-
ture was than diluted with water to 4 times of its original
volume and made alkaline with Na,CO;. After extraction with
ethyl acetate the extract was washed with brine, dried and
evaporated. The remaining oil was chromatographed with the
eluent chloroform-methanol (4:1). From the pure isomers
fumarate salts were prepared in ethanol with the equivalent
amount of fumaric acid. Reaction time, yields, m.p.-s and
analytical data are collected in Table 2., spectroscopic data
are shown in Table 3.
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