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Abstract The synthesis of 8-aryl-2-azabicyclo[3 3 1]nonan-7-ones (7) by acid cychzation of 4-(3-
aryl-2-oxopropyl)-2-pipenidinecarbonitriles (5) 1s reported Bicyclic a-anl-p-amuno ketones 7 easily
undergo a retro-Michael ing opening to give the corresponding 2-arylcyclohexenones 8

in the context of our studies on the synthesis of pentacyclic Strychnos indole alkaloids,2 in a
previous paper we reported3 that Fischer indolization of the tricyclic ketone lla takes place upon
the methylene o-carbon to give an unnatural pentacyclic structure The regioisomeric pentacyclic
Strychnos-type system | was not obtained At this point, an appropnately arylated trcyclic ketone
1ib, in which the crucial aryl-C7 bond4 would have been previously formed, emerged as a key
intermediate for our purpose This ketone would be synthesized from a suitable 8-aryl-2-
azabicyclo[3 3 1]Jnonan-7-one Hib in a way similar to that previously employed for the synthesis of
l1a3 (Scheme 1)

(Biogenetic numbenng®)

Scheme 1

With this goal In mind we have recently reportedS the preparation of a-(o-nitrophenyljketone
7a via the sequence 1a=2a=3a=5a«+7a outhned in Scheme 2, 1n which the key step was the
acid-promoted cychzation of a 4-acetonyl-2-pipendinecarbonitnie denvative 6
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Resuits and Discussion

The synthesis of azabicyclo 7b, in which the substituent at the pipendine nitrogen has the
two-carbon chain required for further elaboration of the pyrrolidine rning, was planned as an
extension of that previously descrnbed for 7a 5 Thus, B-keto ester 1b> was arylated with o-fluoro-
nitrobenzene in the presence of sodium hydnide and HMPA,” and the resulting pB-keto ester 2b,
which appeared to be mainly enolic, was decarbalkoxylated to acetonylpipendine 3b with wet
DMSO and lithium chlonde & The modified Polonovski-Potier reaction conditions® converted 3b to
2-cyanopiperidine 5b However, surpnsingly, treatment of 5b under a vanety of acidic conditions
{p-toluenesulfonic acid, acetic acid, or silver tetrafluoroborate) afforded cyclohexenone 8b in
aproximately 50% yield The expected 2-azabicyclo[3 3 1jnonane (morphan) 7b was not obtained
Formation of 8b can be accounted for by considenng a retro-Michael nng opening from the intially
formed 8-arylmorphan 7b (an a-aryl-B-amino ketone) 10 Attempts to trap 7b as the corresponding
ethylene acetal by treatment of cyclohexenone 8b with ethylene glycol and p-toluenesulfonic acid
in refluxing benzene were unsuccessful Acid cyclization (TsOH or HCI, benzene)11 of acetal 6b,
prepared through the sequence 3b=+4b=6b, also faled 12

These results prompted us to reinvestigate the cychzation of 5a 5 An accurate punfication
and analysis of the reaction mixture showed that, when the product is isolated as a solid, it 1s the
reported bicyclic ketone 7a However, when the product 1s obtained as an oil, its structure
corresponds to that of the open compound 8a The process Is reversible Thus, on standing at
-20°C, the oil (8a) solidifies to give 7a, whereas a solution of 7a in chioroform 1s quantitatively
converted in a few hours to the retro-Michael product 8a 13

Attempts to obtain the cychzed product 7b in a similar way were unsuccessful, probably due to
the greater ipophilicity of the N-substituent, which prevents crystallization

In order to investigate If the electron-withdrawing substituent at the aromatic rnng was
responsible, at least in part, for the observed fragmentation, we decided to develop a similar
synthetic sequence to 8-arylmorphans in which the X substituent were a protected amino group
such as acetamido, which would aiso be useful for our synthetic purpose Nitnle 5¢, required for
the cychzation step, was prepared from pipendine 4b, by catalytic hydrogenation using acetic
anhydride as the solvent, followed by deprotection of the acetal function and, finaliy, cyanation of
the resulting piperidine 3c 4 However, when nitrile 5¢ was subjected to the usual cyclization
conditions, tetracycle 10, instead of the expected bicyclo 7¢, was obtained in 40% yield Under
milder conditions, 4-(indolylmethyl)-2-cyanopiperndine 9 was also i1solated The above results
make evident that indolization by interaction of acetamido and ketone groups is faster than the
expected cychzation to 7¢ and that the resulting intermediate 9 undergoes further cychzation, by
way of an iminium cation, to 10 15

To avoid the undesired indolization, cyclization was then effected from the disubstituted
aniline nitrile 5e, which was prepared via the reaction sequence 4a=4d=3e=5e (see
Expenmental Section) However, treatment of cyanopiperndine 5e with p-toluenesulfonic acid gave
again a cyclohexenone derivative, 8e, coming from a retro-Michael nng opening from the initially
formed 8-arylmorphan 7e As In the senes a, a sampie of 8e solidified on standing at -20°C to give
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Scheme 2

the expected bicyclo 7e When cyclization of 5@ was attempted with formic acid, a mixture of
cyclohexenone 8e and pipendine 3e, formed by reduction of the initially formed imimum salt, was
obtained
A rather similar result was obtained in the unsubstituted ary! series (seres f, X = H) The

required cyanopipendine 5f was prepared in the usual way from the corresponding pipendine 31
which, in turn, was satisfactonly obtained by two alternative ways, either by reductive deamination
of 4d or by direct phenylaﬂon16 of 1a followed by decarbalkoxylation of the resulting f-keto ester
2f Acid cychization of 5f gave a mixture of arylmorphan 7f and cyclohexenone 8t (4 1 ratio), from
which 71 could be separated in a pure form by column chromatography However, 7f undergone
again nng opening in methylene chlonde solution to give 8f, although in this case the conversion
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Table 1. Significant 13C Chemical Shifts2 of Piperidine Derivatives (2-6)

----- —— O D 0 e e

2bb  2f¢ 3b 3¢ 3e 3f 4a 4b 4d 5b 5¢ Se 5f 6b
2.C 539 533 540 541 526 540 6837 6542 537 528 526 514 514 529
3C 315 312 320 319 310 324 332 331 332 342 339 3JJ9 338 353
4-C 332 316 314 315 307 320 314 312 314 279 276 279 278 275
5-C 319 312 320 319 310 324 332 327 332 312 308 310 308 323

6-C 541 533 540 541 526 540 537 542 537 482 491 489 488 496
NCH, 580 632 681 583 624 639 634 581 633 554 552 601 599 553

CHoO 676 - 677 678 - - - 676 — 676 674 — - 674
OCHoAr 731 — 731 734 — - - 729 - 730 730 -— - 730
CN - - - - - - - - - 1165 1166 1164 1162 1172

Cad 395 469 493 478 486 489 398 398 409 486 472 484 473 402
CcB 1717 2028 2047 2111 2060 2086 1112 1112 1131 2038 2095 2055 2066 1110
Cy 1016 650 484 496 440 513 446 445 446 494 483 444 502 440
Ar-X 1495 1302 1490 1388 1407 1301 1520 1515 1462 1490 1392 1413 1291 1518

Other 174 5€ 171 0© 169 4f 170 4f 6499 6499 6509 169 6f 171 2f 6519
519 525 246 515 242 522 652
215 222

@ The 3 values are in ppm downfield from Me4S: The spectra are from CDCly solutions & Enol form Munor signals due 10 the
carbonyl tautomer were also observed ¢ Minor signals due to the enol form were also observed ¢ Ca, CB, Cy refer to carbon atoms
of the C-4 cham € Signals due to COpMe f Signals due to X & Signals due to OCH,CH,0

was not complete Interestingly, attempts to charactenze arylmorphan 7f as hydrochloride resuited
in the formation of cyclohexenone 8f hydrochlonde

Bicyclic ketones 7 can be easily distinguished from their open a,B-unsaturated isomers 8 by
their NMR data, in particular by the 13C signals corresponding to the three aliphatic methine
carbons as compared with only one aliphatic methine carbon at & ~33 for 8 Furthermore, the
chemical shift of the carbonyl carbon clearly differentiates both isomers The most significant 13C
chemical shifts of arylmorphans 7 and cyclohexenones 8 are histed in Table 2 The absence of a
shielding eftect upon C-6 in 8-aryimorphans 7, as compared with the corresponding 8-
unsubstituted denvative 1117, clearly establishes that the aryl substituent s equatonal Moreover,
the upfield chemical shift for C-3 (~2 ppm), C-4 and C-9 (both ~4 ppm) for 7a and 7e as compared
with 11 1s indicative of a conformational change on the nitrogen, the N-benzy! group being axially
onented to relieve the steric crowding with the equatonal aryl group at C-8 18 The data of morphan
7f suggest an equilibrium between the two conformational arrangements of the piperidine
nitrogen

In conclusion, 8-aryl-2-azabicycio[3 3 1]Jnonan-7-ones easily undergo a retro-Michael
reaction, which limits their usefulness in synthesis This behavior contrasts with that of 8-alky/-2-
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azabicyclo[3 3 1]nonan-7-ones, 18 which have shown to be stable, and could be accounted for by
considering the greater acidity of the methine proton at C-8 in the 8-aryl substituted senes and/ or
the steric crowding between the bulky equatorial C-8 aryl group and the piperidine nitrogen
substituent 19

Table 2. Significant 13C Chemical Shiftsa of
8-Aryl-2-azabicyclo{3.3.1]Jnonan-7-ones (7) and Cyclohexenones (8)

8b
7a 7e 7 11¢ 8a 8b 8e 8t

1-C 605 591 602 539 1457 1456 1487 147 2
3C 426 428 446 447 445 443 444 449
4AC 272 266 282 311 358 348 351 346
5-C 302 300 284 287 331 329 336 329
6C 466 462 470 471 464 466 459 455
7-C 208 0 209 7 2132 2115 196 4 196 1 198 1 198 1
8-C 560 555 523 401 1315 1317 130 3 130 6
9-C 288 275 310 330 327 325 325 326
NCH2 585 579 594 595 540 488 535 539
Other 172 2d 73 2€ 171 34

530 685 516

222 225

@ The 3 values are in ppm downfield from Me4S1 The spectra are from CDCla solutions bFor clanty, the numbering
system of the morphan nucleus 1s maintained €11 2-Benzyl-2-azabicyclo[3 3 1]nonan-7-one (data from reference
17) 9 Signals due to N(AC)CHz @ Signals due to CH2OCHg

Experimental Section

General. IH- and 13C-NMR spectra were recorded i CDCl3 on a Varian XL-200 or Gemin1 200 spectrometers Chemical shifts are

expressed in parts per million (8) relative to mtemal TMS IR spectra were recorded on a Perkin-Elmer 1430 spectrophotometer and
only noteworthy absorptions (reciprocal cenumeters) are listed Flash chromatography was carried out on S107 (sihca gel 60, 230-

400 mesh, SDS) TLC was performed on $107 (sihica gel G/UV254, Macherey-Nagel), using 95 5 methylene chlornide-methanol as
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developing solvent, and the spots were located with UV light or 10doplaunate reagent Meltng pomts were determined 1n a capillary
tube on a CTP-MP 300 hotplate apparatus Prior to concentration under reduced pressure, all organic extracts were dried over
anhydrous sodium sulfate powder Microanalyses were performed on a Carlo Erba 1106 analyzer by C 1D (CSIC), Barcelona

Methyl 1-(2-Benzyloxyethyl)-a.-(0-mitrophenyl)-4-piperidineacetoacetate (2b) To a suspension of sodium hydride
(55%, 3 88 g, 88 8 mmol), previously washed with petroleum ether, n HMPA (120 ml) maintamned under nitrogen atmosphere was
slowly added B-keto ester 13 (148 g, 444 mmol) The reaction mixture was warmed at 60-70°C, o-fluoronitrobenzene (5 6 ml,
53 3 mmol) was dropwise added, and the sturing was mamtamed for 3 h After cooling, the reaction mixture was poured mnto brine
and extracted with methylene chlonde The organic extracts were washed with brine, dried, and evaporated The residue was dissolved
in ether and exhaustively washed with brine The organic phase was dned and evaporated Flash chromatography (increase from 0% to
10% methanol-methylene chloride) gave pure arylated B-keto ester 2b (11 3 g, 56%) IR (NaCl) 1650 (enol ester), 1610 (C=C), 1520
and 1345 (NO9), IHNMR 10-13 (m, 2H, 3- and 5-Hax), 1 55-2 05 (m, 7H), 256 (t, J = 6 Hz, 2H, NCHj), 2 85 (m, 2H, 2- and
6-Heq), 3 54 (1, J = 6 Hz, 2H, OCHy), 3 64 (s, 3H, OCH3), 4 50 (s, 2H, OCH9Ar), 726-7 59 (m, 8H, ArH), 8 03 (dd, ] = 8 and
15 Hz, 1H, 3-H), 13 0 (br, 1H, OH), (Found C, 6505, H, 690, N, 596 Calcd for CysH3gN2Og 1/2H20 C, 64 77, H, 6 74

N, 6 04)

Methyl 1-Benzyl-a-(o-mitrophenyl)-4-piperidineacetoacetate (2a) Operating as above, from B-keto ester 1a3 ona 52
mmol scale, the previously described arylated denvanive 2a5 was obtamed 1n 55% yield

1-(2-Benzyloxyethyl)-4-[3-(o-mtrophenyl)-2-oxopropyllpiperidine (3b) A muxture of B-keto ester 2b (773 g, 17
mmol), ithwum chloride (0 79 g, 19 mmol), water (0 61 ml, 3¢ mmol), and DMSO (55 ml) was heated at 155-160°C for 3 h The
suspension was cooled, diluted with ether, and exhaustively washed with brine The organic phase was evaporated to give 578 g
(85%) of ketone 3b, which was used without further punfication i the next step An analytical sample was obtamned by flash
chromatography (increase from 1% to 5% methanol 1n methylene chlonde) as an o1l IR (CHCl3) 1710 (CO), 1520 and 1345 (NO7),
1H-NMR 137 (qd,J = 12 and 3 Hz, 2H, 3- and 5-Hax), 1 74 (dm, J = 12 Hz, 2H, 3- and 5-Heq), 1 93 (m, 1H, 4-Hax), 2 08 (t,J =12
Hz, 2H, 2- and 6-Hax), 2 55 (d, J = 6 5 Hz, 2H, CHCO), 2 64 (1, J =6 Hz, 2H, NCH3), 295 (dm, J =12 Hz, 2H, 2- and 6-Heq),
362 (1,1 = 6 Hz, CHy0), 4 11 (s, 2H, ArCH,CO), 4 56 (s, 2H, OCHpAr), 729-7 38 (m, 6H, ArH), 746 (t,J = 8 Hz, 1H, 4'-H),
761 (t,J =8 Hz, 1H, 5-H), 8 12 (d, J = 8 Hz, 1H, 3-H), (Found C, 67 86, H, 709, N, 6 57 Calcd, for Cp3H)gN2Oy 1/2H70
C, 6812, H, 720, N, 6 90)

trans-1-(2-Benzyloxyethyl)-4-[3-(o-mtrophenyl)-2-oxopropylj-2-piperidinecarbomtrile (5b) A solution of m-
chloroperbenzoic acid (85%, 1 76 g, 8 7 mmol) i anhydrous methylene chlonide (40 ml) was added over 15 min 1o a stured solution
of ketone 3b (3,12 g, 79 mmol) in anhydrous methylene chloride (40 ml) maintaned at 0°C under argon atmosphere Strring was
continued at 0°C for one hour After the resulting solutton had been cooled at -15°C, tnifluoroacetic anhydride (4 40 ml, 31 6 mmol)
was added dropwise and the mixture was stured at -15°C for 1 h and at room temperature for 15 mn Potasstum cyamde (2 05 g, 316
mmol) in water (20 ml) was then added and the pH adjusted to 5 by the addition of solid sodium acetate The two phase mixture was
vigorously strred for 30 mun, basified with 10% aqueous sodium carbonate, and extracted with methylene chloride The organic
extracts were washed with water, dned, and evaporated Flash chromatography (increase from 0 to 2% methanol-methylene chlonde)
gave nitrile 5b (2 65 g, 80%) An analytical sample was obtaned by crystallizauon (ether-acetone) mp 81-82°C, IR (NaCl) 1710
(CO), 1520 and 1350 (NO), 1H.NMR 1 32 (qd,J = 12 and 4 SHz, 1H, 5-Hax), 1 58 (1d,J = 12 and 4 5 Hz, 1H, 3-Hax), 1 76 (dm, J
=12 Hz, 1H, 5-Heq), 196 (dm, J = 12 Hz, 3-Heq), 2 25 (m, 1H, 4-Hax), 245 (1d, J = 12 and 2 5 Hz, 1H, 6-Hax), 255 (d, ] =6 5
Hz, 2H, CH,CO), 2 72 (AA'XY, 2H, NCHj), 2 81 (dm, J = 12 Hz, 1H, 6-Heq), 3 57 (AA'’XY, 2H, OCHj3), 4 04 (1, ] = 3Hz, 1H,
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2-Heq), 4 08 (s, 2H, ArCH,CO), 4 53 (s, 2H, OCHjAr), 7 24-7 34 (m, 6H, ArH), 746 (1d, J =8 and 1 5 Hz, 1H, 4-H), 7 58 (ud,J

Hz, 1H, S-H), 812 (dd, J = 8 and 15 Hz, 1H, 3-H), (Found C, 6764, H, 656, N, 946 Calcd for
1/3C3HgO C,6798,H,671, N, 932)

Hg y,
Cychization of Cyanopiperidime 5b A surred solution of cyanopipendme 5b (230 mg, 0 5§ mmol) in 50% acetic acid (12 ml)
was heated under mitrogen at 90-100°C overmight The resulting solution was cooled, basified with 10% aqueous sodium carbonate
solution, and extracted with methylene chlonde Drying and evaporation of the organic extracts gave an o1l which was purified by
flash chromatography (increase from 0% to 10% methanol-methylene chlonde) to afford 110 mg (50%) of 5-[2-(2-
benzyloxyethylamino)ethyl}-2-(o-nitrophenyl)-2-cyclohexenone (8b) as an oil IR (CHCI3) 1675 (CO), 1520 and
1350 (NO3}, IH-NMR 277 (1, ] = 8 Hz, 2H, NCHy), 290 (t, J = 5 Hz, 2H, NCHj), 365 (t,J = 5 Hz, 2H, OCHj), 4 53 (s, 2H,
OCHjAr), 6 95 (m, 1H, =CH), 7 26-7 70 (m, 8H, ArH), 8 05 (dd, J = 8 and 1 5 Hz, 3"-H), (Found C, 6839, H, 640, N, 671

Calcd for Co3HogN2O4 H9O C, 6829, H, 697, N, 6 92)

1-Benzyl-4-[2,2-(ethylenedioxy)-3-(o-mtrophenyl)propyllpiperidine (4a) A strred solution of ketone 3a> (553 g,
15 7 mmol), p-toluenesulfonic acid monohydrate (5 g, 23 9 mmot), and ethylene glycol (47 ml) in anhydrous benzene (300 ml) was
refluxed for 24 h with removal of water with a Dean-Stark trap The reaction mixture was poured into saturated aqueous sodium
carbonate solution The organic phase was separated and the aqueous layer was extracted with ether The combined organic extracts
were washed with saturated aqueous sodium carbonate solution, dried, and evaporated Flash chromatography of the residue (increase
from 0% to 5% methanol m methylene chlonde) afforded 4 83 g (78%) of ketal 4a 1H-NMR 126 (qd,J = 12 and 2 5 Hz, 3- and 5-
Hax), 15 (m, 1H, 4-Ha), 153 (d, J = 4 Hz, 2H, 4-CH5), 1 73 (dm, J = 12 Hz, 2H, 3- and 5-Heq), 194 (1d, J = 12 and 2 5 Hz, 2H,
2- and 6-Hax), 2 82 (dm, ] = 12 Hz, 2H, 2- and 6-Heq), 3 26-3 42 and 3 62-3 78 (2m, AA'BB’, 2H each, OCH)CH70), 3 38 (s, 2H,
CH9Ar), 346 (s, 2H, NCH»Ar), 7 25-7 45 (m, 8H, ArH), 775 (dd, J = 8 and 1 5 Hz, 1H, 3"-H), (Found C, 69 81, H, 726, N,
723 Caled for Cp3HygN2O4 C, 6998, H,712 N, 707)

1-(2-Benzyloxyethyl)-4-[2,2-(ethylenedioxy)-3-(¢o-mitrophenyl)propyllpiperidine (4b) Operaung as above, from
ketone 3b (4 3 g, 10 8 mmol), p-toluenesulfonic acid monohydrate (3 4 g, 16 4 mmol), and ethylene glycol (32 mi) in benzene (300
mb), ketal 4b ( 3 25 g, 69%) was obtained after flash chromatography (increase from 0% to 15% methanol-methylene chloride) An
analyucal sample melted at 95-97°C (ether-acetone) 'H-NMR 130 (qd,J =12 and 2 S Hz, 2H, 3- and 5-Hax), 145 (m, 1H, 4-Hax),
155 (d,J = 4 Hz, 2H, 4-CHj), 1 75 {dm, J = 12 Hz, 2H, 3- and 5-Heq), 2 00 (1d, J = 12 and 2 5 Hz, 2H, 2- and 6-Hax), 260 (1,J =
7 Hz, 2H, NCHy), 290 (dm, J = 12 Hz, 2H, 2- and 6-Heq), 3 30-3 40 and 3 70-3 80 (2m, AA'BB’, 2H each, OCHyCH70), 3 40 (s,
2H, CHpAr), 360 (t, J = 7 dz, 2H, OCHy), 4 53 (s, 2H, OCHjAr), 72-74 (m, 8H, ArH), 778 (dd, J = 8 and 1 5 Hz, 3'-H),
(Found C, 6801, H, 729, N, 642 Calcd for Co5H39N2O5 C, 68 18, H, 7 27, N, 6 36)

trans-1-Benzyl-4-[2,2-(ethylenedioxy)-3-(o-nitrephenyl)propyl]-2-piperidinecarbonitrite (6a) was prepared trom
4a (19 g, 4 8 mmol) as described for 5b, 1n 61% y:eld 1H-NMR 126 (m, 1H, 5-Hax), 142 (1d, ) = 12 and 4 § H¢, 1H, 3-Hax),
1 58 (m, 2H, 4-CHp), 175 (dm, 1H, 5-Heq), 1 84 (m, 1H, 4-Hax), 2 07 (dm, 1H, 3-Heq), 243 (1d, J = 12 and 2 5 Hz, 1H, 6-Hax),
282 (dm, J = 12 Hz, 1H, 6-Heq), 3 39 (s, 2H, CH3Ar), 3 52 and 3 68 ( 2d,J = 13 Hz, 1H each, NCH5Ar), 3 38 and 3 76 (2m,
AA'BB' system, 2H each, OCH,CH70), 3 73 (br, 1H, 2-Heq), 7 25-7 50 (m, 8H, ArH), 78 (dd, J = 8 and 1 5 Hz, 1H, 3-H),
(Found C, 6803, H, 672, N, 953 Calcd for Co4Hy7N304 C, 68 39, H, 646, N, 997)

trans-1-(2-Benzyloxyethyl)-4-[2,2-(ethylenedioxy)-3-(o-mitrophenyi)propyl]-2-piperidinecarbonitriie (6b) was
prepared from 4b (750 mg, 1 7 mmol) as described for 5b, in 70% yield 1H.NMR 120 (qd, J = 12 and 3 Hz, 1H, 5-Hax), 145 (id,



4424
J BoNJOCH et al

J =12 and 3 Hz, 1H, 3-Hax), 1 50 (d, J = 5Hz, 2H, 4-CH3), 1 65 (dm, J = 12 Hz, 1H, 5-Heq), 1 75 (m, 1H, 4-Hax), 2 02 (dq, J = 12
and 2 5 Hz, 1H, 3-Heq), 2 32 (id, J = 12 and 3 Hz, 1H, 6-Hax), 2 6 (m, 2H, NCHj), 2 75 (dm, J = 12 Hz, 1H, 6-Heq), 3 31 (s, 2H,
CHjAr), 349 (m, 4H, OCHyCH0), 3 71 (m, 2H, OCHj), 392 (t,] = 3 Hz, 1H, 2-Heq), 4 45 (s, 2H, OCHpAr), 7 26-7 50 (m,

1, 251, LR L7V, 2 £33, WL (L 3 1z, In, £-1e \3; £, LD,

ArH), 775 (d, ] = 8 Hz, 1H, 3-H), (Found C, 67 12, H,6 71, N, 8 61 Calcd for CgH33N305 C, 6707, H, 672 N, 903)

4-[3-(0-Acetamidophenyl)-2-oxopropyl]-1-(2-benzyloxyethyl)piperidine (3¢) A solution of ketal 4b (307 g, 70
mmol) in acetic anhydnide (100 ml) was hydrogenated at room temperature and atmosphenic pressure over 10% palladium on charcoal
(125 g) untl the required volume of hydrogen was absorbed The mixture was poured mto ice-water (190 ml) and the two phase
mixture was stirred until 1t became homogeneous At this point, 12N hydrochloric acid (8 5 ml) was dropwise added, and the stirring
was maintained for 45 min The catalyst was removed by filtraton and washed with water The resulung solution was cooled,
basified with cold 2N aqueous sodium hydroxide, and extracted with methylene chloride The organic phase was dned and evaporated
Flash chromatography of the residue (increase from 0 to 15% methanol-methylene chlonde) afforded 1 86 g (65%) of acelamide 3¢
An analyucal sample was obtained by recrystallizauon from ether mp 65-67°C, IR (CHCl3) 1670-1705 (CO), 1H-NMR 125 (qd, J
=12 and 2 5 Hz, 2H, 3- and 5-Hax), 1 57 (dm, J = 12 Hz, 2H, 3- and 5-Heq), 1 8 (m, 1H, 4-Hax), 200 (td, ] = 12 and 2 S Hz, 2H,
2- and 6-Hax), 2 21 (s, 3H, CH3), 2 51 (4, J = 7 Hz, 2H, 4-CHp), 2 59 (1, J = 6 Hz, 2H, NCHj), 290 (dm, J = 12 Hz, 2H, 2- and 6-
Heq), 3 57 (t, ] = 6 Hz, 2H, OCHy), 3 68 (s, 2H, CH)Ar), 710 (td,J =8 and 15 Hz, 1H, 4-H), 715 (dt, J =8 and 1 5 Hz, 1H, 6 -
H), 725-745 (m, 6H, ArH), 79 (d, ] = 8 Hz, 1H, 3'-H), 8 6 (br s, 1H, NH), (Found C, 7359, H, 798, N, 694 Calcd tor
CysHapN2O3 C,73 59, H, 791, N, 6 87)

trans-4-[3-(o-Acetamidophenyl)-2-oxopropyl]-1-(2-benzyloxyethyl)-2-piperidinecarbonitrile (Sc) By use of 4
procedure 1dentical to the one described for the preparation of Sh, piperidine 3¢ (720 mg, 19 mmotl) was converted mnto the ttle
minle The crude product was purified by flash chromatography (increase from 0 to 10% methanol-methylene chlonde) to give Sc
(500 mg, 62%) as an o1l IR (CHCl3) 1665-1705 (CO), IH.NMR 122 (dq,J = 12 and 4 5 Hz, 1H, 5-Hax), 150 (td, J = 12and 4 5
Hz, 1H, 3-Hax), 1 65 (dm, J = 12 Hz, 1H, 5-Heq), 1 85 (dm, J =12 Hz, 1H, 3-Heq), 2 12 (m, 1H, 4-Hax), 2 24 (s, 3H, CH3), 240
(td, J = 12 and 2 5 Hz, 1H, 6-Hax), 2 50 (d, J = 6 5 Hz, 2H, 4-CHy), 2 71 (AAXY system, 2H, NCH»), 2 8 (dm, ] = 12 Hz, 1H, 6-
Heq), 3 56 (1d, AA'XY, 2H, OCHj), 3 67 (s, 2H, CH3Ar), 4 01 (1,J = 3 Hz, 1H, 2-Heq), 4 55 (s, 2H, OCHAr), 713 (1d, J = 8 and
15 Hz, 1H, 4'-H), 718 (td, J = 8 and 1 5 Hz, 1H, 6-H), 7 24-7 40 (m, 6H, ArH and 5'-H), 787 (d,J = 8 Hz, 1H, 3"-H), 8 57 (br »,
1H, NH), (Found C, 71 86, H, 725, N, 9 59 Calcd for Co6H31N304 C, 7206, H, 7 16, N, 9 70)

Cyclization of Cyanopiperidine 5S¢

a) A solution of ammno mitnle 5¢ (110 mg, 025 mmol) and anhydrous p-toluenesulfomc acid (86 mg, 0 S mmol) in benzene (25 mi)
was refluxed under argon overmight, using a Dean-Stark apparatus The mixture was cooled and basified with 10% aqueous sodium
carbonate solution The organic layer was separated and the aqueous one was extracted with methylene chlonde The combined organic
extracts were washed with brine, dried, and evaporated Flash chromatography (increase from 0% to 5% methanol-methylenc chloride)
afforded 7-acetyl-2-(2-benzyloxyethyl)-1,2,3,4,5,6-hexahydro-1,5-methanoazocino[4,3-b]indole (10, 39 mg,
40%) IR (CHCls) 1690 (CO), IH-NMR 2 65 (s, 3H, COCH3), 2 94 (m, 2H, NCHy), 3 15 (dd, J =17 and 6 Hz, 1H, 6-H), 3 57 (m,
2H, OCH2),4 19 (1, ] = 2 Hz, 1H, 1-H), 4 46 (s, 2H, OCHaAr), 7 13-7 50 (m, 8H, ArH), 790 (d, J = 8 Hz, 1H, 8—H),13C-NMR
24 6 (5-C), 26 6 (CH3), 308, 318, and 32 2 (4-, 6-, and 12-C), 44 0 (3-C), 50 2 (1-C), 555 (NCHy), 67 5 (CH20), 724
(OCH»Ar), 114 4-138 1 (Ar), 169 5 (CO)

b) Operating as above, but shortening the reaction time to 4 h, from 160 mg (0 37 mmol) of 5c, trans-1-acetyl-2-[1-(2-
benzyloxyethyl)-2-cyano-4-piperidylmethyllindole (9, 54 mg, 35%) was obtamned after flash chromatography (methylenc
chloride) Further elution with 3-5% methanol i methylene chloride afforded azocinoindole 10 (34 mg, 23%) Compound 9 H-
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NMR (60 MHz) 2 6 (s, 3H, COCH3), 2 85 (d, J = 7 Hz, 2H, 4-CH3), 3 6 (br, 1H, 2-Heq), 4 3 (s, 2H, OCH3Ar), 6 1 (s, 1H, 3-H
indole), 70 (s, 5H, ArH), 13C-NMR 277 (CH3), 277 (4-C), 315 (4-CHp), 325 (5-C), 36 6 (3-C), 497 (6-C), 530 (2-C), 554
(NCHy), 67 5 (CH20), 73 0 (OCHAr), 109 8 (3-In), 1104 (7-In), 114 3 (CN), 120 4 (4-In), 123 0 (5-In), 123 6 (6-In), 127 6,
1277, 128 4 (o0-, m-, p-CgHs), 129 8 (3a-In), 136 0 (2-In), 139 0 (1pso-CgHs), 140 0 (7a-In), 170 0 (CO)

4-[3-(c-Amnophenyl)-2,2-(ethylenedioxy)propyl]-1-benzylpipersdine (4d) A solution of nitro acetal 4a (26 g, 65
mmol) 1n absolute ethanol (100 ml) was hydrogenated at atmospheric pressure 1n the presence of 10% palladium on charcoal (565
mg) until the required volume of hydrogen was absorbed After filtration through Celite and removal of the solvent, a yellow foam
was obtamed Punification by flash chromatography (98 2 methylene chlonde-methanol) afforded aniline 4d (1 55 g, 65%) H-NMR
132 (qd, J = 12 and 3 Hz, 2H, 3- and 5-Hax), 1 55 (m, 1H, 4-Hax), 1 64 (d, J = 5 Hz, 4-CHj), 1 78 (dm, J = 12 Hz, 3- and 5-Heq),
197 (1d, J = 12 and 1 8 Hz, 2H, 2- and 6-Hax), 2 85 (dm, J = 12 Hz, 2H, 2- and 6-Heq), 2 92 (s, 2H, CHyAr), 3 48 (s, 2H,
NCH»Ar), 3 56-3 77 (2m, AA'BB', 2H each, OCH2CH,0), 4 15 (br s, 2H, NH2), 6 64 (d,J = 7 Hz, 1H, 3'-ArH), 6 70 (t, ] = 7 Hz,
1H, 5'-ArH), 7 03 (t, ] = 7 Hz, 1H, 4"-ArH), 7 26 (d, J = 7 Hz, 1H, 6-ArH), 7 30 (s, 5H, ArH), (Found C, 74 45, H, 8 28, N, 7 55
Caled for Co3H3gNoO2 1/4H90 C, 74 46, H, 8 28, N, 7 55)

1-Benzyl-4- {3-[0-(N-benzylacetamudo)phenyl]-2-oxopropyl} pperidine (3e) A solution of aniline 4d (146 g, 4
mmol) and benzyl chlonde (0 5 ml, 4 mmol) n absolute ethanol (75 ml) was refluxed for 5 h The solvent was evaporated and the
residue was redisolved in methylene chlonde and washed with 2N sodium hydroxide solution The organic phase was dried and
evaporated to yield an 011 which was submitted twice to the same reaction conditons (0 5 ml of benzyl chlonde, 75 ml of ethanol,
reflux for 5 h) and the same work-up Finally, the resulting crude o1l was punified by flash chromatography (increase from 0 10 3%
methanol-methylene chlonde) to yield the benzylated ambine (1 05 g, 58%)

A solution of this benzylamme (1 15 g, mmot) in acetic anhydnde (35 ml) was sturred at room temperature for S h Ice-water (70
m]) was then added and the resulung mixture was strred until it became homogeneous To this cooled muxture, 12N hydrochloric acid
(11ml) was added dropwise and the solution was surred for 45 min The mixture was basified with 2N sodium hydroxide solution and
extracted with methylene chlonde The organic extracts were dried and evaporated to give a residue which was punfied by flash
chromatography Elution with 0-5% methano! in methylene chlonde afforded 1 04 g (90%) of amido ketone 3e TH-NMR 125 (qd, ]
=12 and 2 5 Hz, 2H, 3- and 5-Hax), 1 65 (dm, ] = 12 Hz, 2H, 3- and 5-Heq), 1 75 (s, 3H, CH3), 1 8 (m, 1H, 4-H), 200 (ud, J= 12
and 2 5 Hz, 2H, J = 12 and 2 § Hz, 2H, 2- and 6-Hax), 2 27 (d, J = 6 5 Hz, 2H, 4-CHj), 2 90 (dm, J = 12 Hz, 2H, 2- and 6-Heq),
348 (s, 2H, NCH2Ar), 3 50 (s, 2H, COCH3Ar), 4 35 and 5 15 (2d, J = 15 Hz, 1H each, CONCH2Ar), 6 5-7 7 (m, 14H, ArH),
(Found C, 74 62, H, 746, N, 562 Calcd for C3gH34N909 2/5CH2Cly C, 7473, H,718 N, 573)

trans-1-Benzyl-4- {3-[0-(N-benzylacetamldo)phenyll-z-oxopropyl}-2-p|perldmecarbomtnle (Se) was prepared
from pipendine 3e as described above for Sb The crude product was punfied by flash chromatography (increase from 0 to 2%
methanol-methylene chloride) to give 766 mg (80%) of the utle compound 1H-NMR 126 (m, 1H, 5-Hax), 146 (td, ] = 12 and 4
Hz, 1H, 3-Hax), 1 70 (masked, S-Heq), 175 (s, 3H, CH3), 1 85 (dm, J = 12 Hz, 1H, 3-Heq), 2 15 (m, 1H, 4-Hax), 227 (d,} = 6
Hz, 2H, 4-CHy), 248 (id, J = 12 and 2 Hz, 1H, 6-Hax), 2 83 (dm, J = 12 Hz, 1H, 6-Heq), 3 48 (s, 2H, COCH2Ar), 3 55 and 3 71
(2d,J = 13 Hz, 1H each, NCH3Ar), 3 76 (br s, 1H, 2-Heq), 441 and 5 09 (2d, J = 14 Hz, 1H each, N(Ac)CH2Ar), 682 (d, 1 =75
Hz, 1H, ArH), 7 21-7 33 (m, 13H, ArH), (Found C, 7104, H, 6 68, N, 747 Calcd for C31H33N309 3/5CHCly C, 7099, H,
645, N, 785)

Cychization of Cyanopiperidine 5S¢ Ammo nitnle 5e (500 mg, 1 04 mmol) was added under argon atmosphere to a solution
of p-toluenesulfonic acid monohydrate (397 mg, 2 08 mmol) i anhydrous benzene (75 ml), previously refluxed for 3 h using a Dean-
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Stark apparatus The muxture was refluxed overnight. The resulting solution was cooled and partitioned between methylene chloride
and 10% aqueous sodum carbonate solution The organic phase was washed with brine, dried, and evaporated to give an oil
Punfication by flash chromatography (increase from 4 to 8% methanol-methylene chloride) gave 198 mg (42%) of 2-[o-(N-
benzylacetamido)phenyl]-5-(2-benzylaminoethyl)-2-cyclohexenone (8e) IH.NMR 1 87 (s, 3H, CH3),272 (, ) =7
Hz, NCHp), 3 83 (s, 2H, NCH3Ar), 3 89 and 5 38 (2d, J = 14 Hz, 1H each, N(Ac)CH3Ar), 6 70-7 50 (m, 15H, =CH and ArH),
(Found C 7436, H, 6 77, N, 556 Calcd. for C3gH32N207 1/2CH,Cly C, 7399, H, 6 71, N, 5 65)

A pure sample of 8e partially sohidified on standing at -20°C Crystallization from ether afforded the cychzed derivauve
(1RS,5SR,8RS)-2-benzyl-8-[0-(N-benzylacetamido)phenyl)-2-azabicyclo[3.3.1]lnonan-7-one (7e¢) mp 134-
135°C, 'H-NMR 305 (ddd, J = 13 5, 13, and 3 Hz, 1H, 3-Hax), 3 56 (d, J = 4Hz, 1H, 8-Hax), 358 and 371 (2d,J = 14 Hz, 1H
each, NCHpAr), 4 03 (br s, 1H, 1-H), 4 48 and 4 73 (2d, J = 14 Hz, 1H each, N(Ac)CH3Ar), 6 70-7 60 (m, 14H, ArH), (Found C,
7968, H, 715, N, 608 Calcd for C3gH32N702 C, 7961, H, 708, N, 6 19)

1-Benzyl-4-(3-phenyl-2-oxopropyl)piperidine (3f)
Method A. From Ambhne 4d A cold solution of sodium mitrite (106 mg, 1 54 mmol) in water (0 55 ml) was slowly added to a
stirred mixture of amiline 4d (435 mg, 1 2 mmol) and 6N hydrochloric acid (3 5 ml), cooled at -10°C After 5 min, the resulung cold
solution was added dropwise to a stirred aqueous solution of hypophosphorous acid (50%, 8 2 ml) cooled at -10°C The stiring was
mamtamed for 2 h, while the temperature of the reaction mixture was held between -10°C and 0°C The muxture was basified with
10% aqueous sodium carbonate solution and extracted with methylene chloride The extracts were washed with brine, dried, and
evaporated The crude product was submitted to acid hydrolysis (3 5 N HCL, room temperature, 2 h) The resulung solution was
basified with 2N sodium hydroxide solution, extracted with methylene chlonde, dried, and evaporated Flash chromatography of the
resulting o1l (98 2 methylene chlonde-methanol) gave ketone 3f (280 mg, 77%) IR (CHCl3) 1707 (CO), 1H.NMR 118 (qd,J =12
and 3 Hz, 2H, 3- and 5-Hax), 1 58 (dm, J = 12 5 Hz, 2H, 3- and 5-Heq), 1 82 (m, 1H, 4-Hax), 1 95 (1d, J = 12 and 2 5 Hz, 2H, 2-
and 6-Hax), 2 35 (d, J = 6 8 Hz, 2H, 4-CH»), 2 81 (dm, J = 12 Hz, 2H, 2- and 6-Heq), 3 46 (s, 2H, NCHAr), 3 63 (s, 2H, CHpAr),
715-7 35 (m, 10H, ArH), (Found C, 7999, H, 804, N, 436 Calcd for Cp1H5NO 1/2H70 C, 79 81, H, 797, N, 4 43)
Method B. From f-Keto Ester 2f A solution of B-keto ester 1a (3g, 10 4 mmol) n anhydrous dimethoxyethane (10 ml)
was slowly added under nitrogen to a suspension of sodium hydnde (55%, 450 mg, 10 4 mmol), previously washed with hexane, in
dimethoxyethane (15 ml) Then, diphenyliodomum chloride (3 39 g, 10 4 mmol) was added dropwise and the resulung mixture was
heated at 70°C for 24 h The solvent was evaporated and the residue was partitioned between 1 2 N hydrochloric acid and ether The
aqueous phase was basified with ammonium hydroxide untl pH 8 and extracted with methylene chlonde After evaporauon of the
solvent, a dark o1l was obtamed Punfication by flash chromatography (increase from 1 to 2 5% methanol-methylene chlonde) gave
118 g (31%) of methyl 1-benzyl-a-phenyl-4-piperidineacetoacetate (2f) 1H-NMR 092 {(m, 2H, 3- and 5-Hax), 133
(dm, J = 12 Hz, 2H, 3- and 5-Heq), 1 65 (m, 1H, 4-Hax), 1 78 (1, J = 11 5 Hz, 2- and 6-Hax), 2 32 (d,J = 6 5 Hz, 2H, 4-CH>), 2 63
(dm, J = 11 5 Hz, 2- and 6-Heq), 3 33 (s, 2H, NCHAr), 3 35 (s, 1H, CH), 3 63 (s, 3H, OCH3), 7 17 and 7 23 (2s, 5H each, ArH)
A solution of B-keto ester 2f (0 65 g, 1 78 mmol) 1n 3N hydrochloric acid (10 mi) was refluxed for 3 h Afier cooling the
reaction mixture was basified with 2N sodium hydroxide solution and extracted with methylene chlonide The extracts were dned and
evaporated Flash chromatography (98 2 methylene chloride-methanol) of the residue gave 385 mg (65%) of ketone 3f

trans-1-Benzyl-4-(3-phenyl-2-oxopropyl)-2-piperidinecarbomtrile (5f) was prepared as reported above for Sb, 640 mg
(2 08 mmol) of pipendine 3f was treated sequentially with m-chloroperbenzoic acid (70%, 565 mg, 2 3 mmol), tnfluoroacetic
anhydride (1 17 ml, 8 3 mmol), and potassium cyamide (405 mg, 6 25 mmol) After workup and flash chromatography (methylene
chlonde), cyanopipenidine §f (563 mg, 81%) was obtained IR(CHCI3) 1713 (CO), lH-NMR 1 18 (qd, J = 12 and 4 Hz, 1H, 5-Hax),
139 (td, J = 12 and 4 Hz, 1H, 3-Hax), 1 70 (dq, J = 13 and 2 5 Hz, 1H, 5-Heq), 1 83 (dq, J = 13 and 3 Hz, 1H, 3-Heq), 2 18 (m, 1H,
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4-Hax), 237 (d,J = 75 Hz, 2H, 4-CHy), 245 (tm, J = 12 Hz, 1H, 6-Hax), 2 80 (dm, J = 12 Hz, 1H, 6-Heq), 3 52 and 3 68 (2d,) =
13 Hz, 1H each, NCHpAT), 3 66 (s, 2H, CHAr), 3 71 (br s, 1H, 2-Heq), 7 15-7 40 (m, 10H, ArH), (Found C, 7578, H,713,N,
795 Calcd for CppHogN2O HpO C, 7540, H,747,N,799)

(2RS,5SR,8RS)-2-Benzyl-8-phenyl-2-azabicyclo[3.3.1}nonan-7-one (7f) A soluton of 2-cyanopipendine 5f (560
mg, 1 68 mmol) in methano! (72 ml) containg 12 N hydrochloric acid (8 ml) was refluxed for 24 h under mirogen aimosphere
Methanol was evaporated and the residue was basified with aqueous sodium carbonate solution and extracted with methylene chlonde
The evaporation of the extracts left an o1l which was purified by flash chromatography (increase 1 to 2% methanol 1 methylene
chlonde) to yield azabicyclo 7f (185 mg, 36%) as an o1l IR (CHCIl3) 1690 (CO), 1H.NMR 159 (dm, J = 13 Hz, 1H, 4-Heq), 1 83
(dm, J = 13 Hz, 1H, 9-Hanu), 19 (masked, 1H, 9-Hsyn), 1 98 (tm, J = 13 Hz, 1H, 4-Hax), 2 3-2 8 (m, SH, 3- and 6-CHj, 5-H),
341 (br s, 1H, 1-H), 3 75 and 3 83 (2d, J = 13 Hz, 1H each, NCHpATr), 4 09 (br s, 1H, 8-H), 702 (d, J = 8 Hz, 1H, ArH), 7 20-
737 (m, 9H, ArH) A similar result was obtained when cyclizauon was effected with p-toluenesulfonic acid, as described for Se On
standing 1n methylene chloride solution, 7f was partiaily converted to cyclohexenone 8f A sample of 7f was dissolved in methanol
and then treated with hydrogen chlonide in methanol Evaporation of solvent and crystallization of the residue from methanol afforded
5-(2-benzylaminoethyl)-2-phenyl-2-cyclohexenone (8f) hydrochloride mp 236-237°C, 1H-NMR (DMSO-dg) 176 (br
s, 2H, 5-CHy), 2 27-2 58 (m, 5H), 2 97 (br s, 2H, NCHy), 4 12 (br s, 2H, ArCH2N*), 710 (d, J = 1 Hz, 3-H), 7 27-7 58 (m, 10H,
ArH), 9 60 (br, NHp), 13C-NMR (DMSO-dg) 310 (5-CH3), 321 (4-C), 322 (5-C), masked (CHaN*), 444 (6-C), 502
(ArCHaNt), 132 5 (2-C), 148 4 (3-C), 197 4 (CO), (Found C, 73 72, H, 713, N, 4 09 Calcd for C21H23NO HC1 C, 7376, H,
707,N,411)
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