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The Rh(I)-catalysed hydroformylation of dienes in the presence of amines is applied to heterocyclic ring synthe-

sis. Starting from 1 4-dienes pyrroles or eight-membered heterocycles are easily accessible. The selectivity of the
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Medium sized heterocyclic ring systems as well as cyclopenta[b]pyrroles are of interest in or-
ganic and medicinal chemistry [1]. Considerable efforts have been made to accomplish their fac-
ile and convenient synthesm [2,3]. We recently mvestlszated the hydroaminomethylation of vari-
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conditions in the presence of amines [4]. We now wish to report the application of the hydro-
aminomethylation in the synthesis of cyclic amines starting from substituted 1,4-pentadienes 1 in
the presence of primary amines 2 (Scheme 1). In preliminary studies we used 3,3-disubstituted
1,4-pentadienes in order to suppress olefin isomerisation reactions. Depending on the substitution
pattern in the diene either eight-membered heterocyclic systems of type 3 or cyclopentanellated

pyrrole systems of type 4 are obtained.

Scheme 1
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1,4-Pentadienes, if disubstituted only in the 3,3-position, undergo intramolecular pyrrole forma-
’ y ,=o-pPOSIION, UNACrgo IMramaolecuiar pyrroi¢ rorma

b1 b orivra dha liavsalin ceradamma T Ag aida menadiiads sriiine ntiiioide o el © ____ 1

00l 1O gIVe lC DGyl SYSICIIS /7. AS 510C PIroaucts minor amouiitS 01 Cyciopenianones o are oo-

tained. Additional hydroxy functions in the C-3 substituents are also tolerated. The primary
amine can be aliphatic as well as aromatic. The results are assembled in Table 1.
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" [Rh(cod)Ci],,CO/H,
I H 1+ R2_Nnuy - 7\ N
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N 0
R2
5a,f,g 6a-e 7Ta-g 8a

Scheme 2

Table 1: Reaction conditions for the synthesis of pyrroles 7

entry R! diene R? amine CO/H, time product yield® [%]
[bar]  [h] 7 8

1 -CH; Sa butyl 6a 50:50 70 7a  54(17) <2

2 -CH; S5a isopropyl 6b 50:50 70 7b  38(221) 8
5 -CH; S5a benzyl 6c 50:50 70 7¢  54(30) 7
6 -CH; S5a (R)-(+)-phenylethyl 64 350 40 74 47 (26) -

7 -CH; 5a  p-methoxyphenyl 6e 50:50 70 7e 31(i1) 17
8 -CH(OH)CH; s5f benzyl 6c 85:15 40 7 (40) -
9 -CH,CH,OH S5¢g benzyl 6c 85:15 70 Tg (20) -

"!D
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ing to 9 as the key intermediate. This reaction is well known [5] and normaily completed by a
hydrogenolytic removal of the rhodium resulting in 8. In presence of primary amines 6, however,
the rhodium alkyl intermediate 9 undergoes further insertion of carbon monoxide to form the

rhodium acyl species 10, an analnm 1e of 1 4-dicarbonyl compounds which are emnlnvpd in the

Paal-Knorr pyrrole synthesis [1b]. In this fashion 10 undergoes cyclisation with the primary
amine to generate the pyrrole 7. Although not investigated in detail this reaction sequence satis-
factorily explains the formation of the observed products 7 and 8. As known in heterocyclic ring
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synthesis the different steps may occur in various order. The product selectivity can be controlled
by the synthesis gas ratio. A hi'ghel hydrogen pressure (CO:H, = 20:80 bar) leads to enhanced

hydrogenolysis of compound 9 and formation of cyclopentanone 8 (7:8 = 61 :39). At higher car-
bon monoxide pressure (CO:H, = 80:20 bar) the hydrogenolysis is completely suppressed (7:8 =
100:0).
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1,4-pentadienes with additional substituents at the dou-

tn

i contrast to the unsubstituted dienes
ble bond such as the monosubstituted diene 11 under similar conditions in the presence of pri-
mary amines do not lead to pyrroles. Instead, via an intramolecular hydroformylation-reductive-
amination pathway diene 11 gives the eight-membered heterocycle 12 in 58 % yield.

[Rh(cod)CI],

\VA CO/H, (9:2), 3d ,_\/

110 bar, 110 °C

il + >_th
58 %
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Scheme 4

The different chemoselectivities in the conversions of § and 12 is attributed to the lower reactiv-
ity of the substituted double bond of 11 [6]. As shown in Scheme 5 the less hindered double
bond is preferentially hydroformylated with high regioselectivity towards the n-product 13 [4b]
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and after a reductive amination with the primary amine the secondary amine 15 is generated. This
undergoes intramolecular hfyumeuiﬂGux%th‘ lation of the less reactive double bond leading to the
heterocycle 12. An intermediate similar to 15 can be isolated (see 18 below)
\/ [Dh1 \/ \ /
L\
Ph COMm, Ph +>_,\_,H2 X _Ph
OHC - Hzo !-
N
1 13 )\ 14
| trny
| H,
!
v )4("“ [Rh] )4./"“
Y [Rh],H, J L com J
) = I "CHO —-—— (
/N -H,0 I\IIH NH
12 16 16
Scheme §
Increasing the sterical crowding at one of the double bonds of 5 e. g. by integrating the double

bond into a ring system suppresses the heterocyclic ring closure completely. Only the non-sub-
stituted double bond is hydroaminomethylated whereas the trisubstituted ring doubie bond due to
sterical reasons remains unaffected [4b] (Scheme 6). Even after increased reaction times to up to
five days no cyclisation products are detected. Therefore dienes 17a and 17b under identical

conditions give the monohydroaminomethylation products 18a,b in excellent yields.
[Rh(cod)Cl], \/
X/\ CO/H, (9:2), 3d

, . 110 bar, 110 °C J\/(CHZ)n

I IL_CH + D—NH, -

H=-N
A
17a,b 6b 18a,b

Scheme 6
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Table 2: Hydroaminomethylation of double bond substituted 3,3-dimethylpentadiencs 17

entry diene n product yield [%]”

10 17a 2 18a 84
11 17b 4 18b 93
12 17¢” 1 18cb) 94

RS S USRIPURPRY RV, UL JUp

The analogous five- and seven-membered ring containing dienes under similar conditions do not
show selective conversions. Probably rearrangements and ring opening reactions occur and lead

ta a cnmnlav reactinm miviare Hawever if tha fiva_mamhoraed rina ic cuhetitiitad unth mathyl
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groups (i7¢) selective monohydroaminomethyiation takes piace. The methyi groups due to their
conformational effects obviously inhibit the side reactions mentioned above.

[Rh(cod)Cl},
COiH, (9:2), 3d |/\/ _.../
14‘ a 44N O

=\
(3
ir
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!

N 94 % H=N
3:1 mixture of regioisomers < ™~ 3:1 mixture of regioisomers
17c 6b 18¢c
Scheme 7
In conclusion we have shown that pyrroles and medium sized heterocycles are easily accessible

from dloleﬁmc compounds via ring closing hydroaminomethylation. This convenient and efficient
multistep methodology aliows variations of the diene and the amine leading to cyclisation prod-
ucts with different substitution patterns. Further investigations concerning the synthesis of larger
heterocyclic systems starting from heterofunctionalised diallylic systems are in current progress.

Experimentai Section

All basic chemicals were purchased from commercial sources. Column chromatography was car-
ried out on alumina N (act. I) from ICN Biomedicals, Eschwege or with silica gel 60 from
Merck, Darmstadt. IH and ¥C NMR spectra were e recorded on a Bruker DPX 300 or DRX 400

o ean A Al Ands

ROSVII, DT SN N SR VRN B S T e |

prLHUmelGl ublﬂg L/U\../l3 as UIC bUlVClll auu lth) as lllU 1itCInai bldlludlu un TUIL PHUIUCS HH1alACU
with an asterisk * are not in line with first order spectra). Infra red spectra were performed on a
Nicolet Impact 400 D, mass spectra on a Finnigan CA 5 and elemental analysis on a Leco,
CHNS-932. Analytical gas chromatography was performed on a Fisons 8130 gas chromatograph
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with 30 m CP sil-5 capillaries. GC-MS spectra were obtained by using a comparable capillary

and a2 Finnioan MAT 8320 [MQ\ Praconre reactinne hava haan carriad ant in antanlavas (fvna A
darEws €4 2 AAREgmAARE LV A2 AWOOUWI VY LVAVUUVIIY I YW Uwwill Wdlliwwd UUul I QUIUVIA VYWD \IJ}N L1y
~AEN 1 TV s _ . WY\ I ol

250 mi, PTFE-nsert) from Berghof, Eningen.

GGeneral procedure A: Hydroaminomethylation of § with primary amines 6

Lot ts

The diolefin 5 (5.2 mmol), amine 6 (5.3 mmol), [Rh(cod)Cl], (0.5 mol-% based on the amount of
the diolefin) and dJy dioxane (20 ml) were placed in an autoclave. After flushing with argon the

reactor was nressurised with 50 bar hvdrnm:n and 50 bar carbon monoxide and heated to 120 °C

G2 = el o
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107 /v 6. AGCT ICINOVIIE ui€ SO1vEaIL ta1ySt was aoin€ away Uy COLUIIin
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filtration. The products were separated and purified by column chromatography on neutral alu-
mina (act. I).
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The diolefins 11, 17a-¢ (4.8 mmol), 6b

ammimt nf tha Ainlafin) and Arv Ainvana (10 m wara
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argon the reactor was pressurised with 20 bar hydrogen and 90 bar carbon monoxide and heated
to 110 °C for 70 h. After removing the solvent by rotary evaporation the catalyst was removed
bv column filtration. The products were separated and purified by column chromatography on

3,3-Dimethyl glutaric acid is ic
be eliminated to resuit in diene 5a [5]. The precursor of 5g is obtained from a rearrangement and
an esterification of 3-methylpent-2 4-dien-1-ol [7]. The following reduction with LiAlH, leads to
Sg [7]. The precursor of 5f is synthesised from methyl vinyl ketone via a pinacol reduction with

a

ollawed by a2 ninacol rearranoeme [9.] Thp ﬂnnc ()’PI’\PTQ“PA diana can ha raduced with
LILANT i UJ /i LWwWCiii ml& LILVL.IL A LXK i 6 ANWAE CALW N WAWILW Widll W 1 WlilillWwil Yyaiuia

o

LiAiH, to give 51 {8]. The dienes 11 and 17 were obtained via elimination {9] of homoailyiic al-
cohols. These alcohols arise from a Grignard reaction of prenyl bromide with the corresponding
alkanone derivative in presence of AlCl; and zinc [10]. The catalyst precursor [RhCl(cod)], was
prepared from cyclooctadiene and RhCl;*3H,0 as described [11]

ALVRAR WY WAL W wiiAnedwasw faaste ANasica) wal il Dl eI AALWRS ) 2 2 g

Synthesis of pyrroles 7
1-Butyl-4,4-dimethyl-1,4,5,6-tetrahydro-cyclopenta|b|pyrrole (7a). Following general proce-
dure A 5a (500 mg) and 6a (388 mg) were converted to give 672 mg of a mixture of 7a (54 %

P LA PR Y

GLC yield) and 8a (<2 % GLC yield). Purification by column chromatography (hexane as eluent)

leads to 168 mg (17 %) 7a. 'H NMR (400 MHz, CDCls;, 20 °C): & [ppm] = 0.92 (t, J = 7.4 Hz,
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3H), 1.21 (s, 6H), 1.32 (sext., J = 7.4 Hz, 2H), 1.70 (qui, J = 7.4 Hz, 2H), 2.19 (t*, ] = 6.8 Hz,
2H) 264 (t* J=68 Hz, 2H), 3.71 (1* J =74 Hz 2H) 584 (d, =26 Hz 1H), 647 (d J =

2.6 Hz, 1H). *C NMR (100 MHz, CDCl;, 20 °C): & [ppm] = 13.7 (CHj), 20.0 (CH,), 23.6
(CHy), 29.6 (2xCHs), 33.3 (CHy), 39.2 (C,), 45.8 (CHy), 47.6 (CH,), 100.3 (CH), 122.3 (CH),
135.2 (C,), 135.3 (C,). IR (neat): v [em™] = 3112 w, 3092 w, 2956 vs, 2860 vs, 2715 w, 1627

w, 1565 m, 1517 m, 1495 s, 1459 s, 1378 m, 1359 5, 1307 m, 1247 m, 1209 m, 1129 m, 1104 m,

INAN 1 Q1A v TNV o AT70 ¢ O NQ (BT 70 aVUN a/» 041 — 1Q1 MAT €N\ 175 7100\ 147 7R\
LIV lll, (S B 4 lll, I\JJ D, LV V. | NI TAVID \LJL, IV V}. pos i M L J 171 \LVl 3 JL} FOVA) \LUU} i*r17 \J}
134 (15), 120 (i8), 118 (8), 103 (7), 93 (4), 77 (2), 65 (2), 57 (2).

1-Isopropyl-4,4-dimethyl-1,4,5,6-tetrahydro-cyclopenta|b|pyrrole (7b). Following general

procedure A Sa (500 mg) and 6b (296 mg) were converted to give 669 mg of a mixture of 7b
(38 % GLC yieid) and 8a (8 % GLC yield). Purification by column chromatography (petroi ether

(PE)s0s¢0 : methyl-tert.butyl ether (MTBE) = 20 : 1 as eluent) leads to 195 mg (21 %) 7b.

'H NMR (400 MHz, CDCls, 20 °C): § [ppm] = 1.21 (s, 6H), 1.40 (d, J = 6.8 Hz, 6H), 2.18 (t*, ]
= 6.9 Hz, 2H), 2.69 (t*, J = 6.9 Hz, 2H), 4.12 (sept, ] = 6.8 Hz, 1H), 5.85 (d, J = 2.8 Hz, 1H),
6.55 (d, J = 2.8 Hz, 1H). *C NMR (100 MHz, CDCl;, 20 °C): & [ppm] = 23.4 (CHj), 24.4
(CHy), 29.7 (2xCHs3), 38.7 (C,), 45.8 (CH,), 49.5 (CH), 100.0 (CH), 119.5 (CH), 134.2 (Cy),
135.6 (Cy). IR (neat): v [em™] = 3092 vw, 2955 vs, 2859 m, 1683 w, 1667 w, 1482 w, 1463 m,

1383 w, 1366 m, 1360 m, 1293 w, 1261 vs, 1243 m, 1221 w, 1124 m, 1098 vs, 1088 vs, 1019
< ONE .. £V ARAQ /TT N U\, /o I'O — 177 AT C1N 1LY 710N 1IN0 7£7\ 01 (& ON /11N
VS, 0UJ VS. UL-IMID (\EL, /U CV ). IIVZ | 7/0] = 177 (V1 , J1), 102 (1UV), 12U (U2}, ¥ (5, oU (11},

1-Benzyl-4,4-dimethyl-1,4,5,6-tetrahydro-cyclopentalb]pyrrole (7c). Following general pro-

Aoadara A Ba (SN an 11 K (5AR mo) wwars nnanvartad ta oivva 1 179 o Af a mivhira nf Te (§A 0/
VOALIULIL MY Ja \JUU 1115} I UL \JUU 1115} YYwiw WULLVWE LWL LU 51V\d L.V L0 5 Ul 4 111AlUY VL TV \J—' v

GLC yield) and 8a (7 % GLC yield). Purification by column chromatography (PEsos0 : MTBE =
50 : 1 as eluent) leads to 348 mg (30 %) 7c.

'H NMR (400 MHz, CDCls, 20 °C): 8 [ppm] = 1.22 (s, 6H), 2.18 (t*, J = 6.8 Hz, 2H), 2.53 (t*,
J=6.8 Hz, 2H), 492 (s, 2H), 5.89 (d, J = 2.5 Hz, 1H), 6.51 (d, J = 2.5 Hz, 1H), 7.08 (m, 2H),
7.28 (m, 3H). *C NMR (100 MHz, CDCls, 20 °C): & [ppm] = 23.5 (CHa), 29.7 (2xCHs), 39.3
(Cy), 45.9 (CHy), 51.5 (CHy), 101.0 (CH), 123.0 (CH), 127.0 (CH), 127.4 (CH), 128.6 (CH),

135.6 (Cy), 136.0 (Cy), 1383 (Cn) IR (neat): v [c '1] = 3087 w, 3063 w, 3029 w, 2950 vs,
06 w, 1251 m, 1123 m, 1106 w, 1029 w,

285 27 13

A T S ’.(_rl ¥vy 47T 4] -I A, e diadind LA-I n A AV v N

733 5, 699 vs, 679 5. MS (I, 70 e”) iz %] - 225 (M, 37), 210 (100), 160 (2), 140 (2), 91
(47), 65 (5). HRMS cale. for C1HysN: 225.15175; found: 225.1510.
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1-(4-Methoxy-phenyl)-4,4-dimethyl-1,4,5,6-tetrahydro-cyclopenta[b]pyrrole (7d). Following
noral nracadnrae A ‘n (800N o) and &4 7AAN mn- Wwere com Artad ¢ ctermn 1 VA 4 AL o enimiden

5\«11\:1(11 jo OCCaGUIC A Ja \J/VV iG] alild DU (USV LR ) WUV VULIVUILOU 1O BIVO 1.004 g O1 d HlXtiul

of 7d (31 % GLC yield) and 8a (17 % GLC yield). Purification by column chromatography

(PEso0 : MTBE = 10 : 1 as eluent) leads to 139 mg (11 %) 7d.

'H NMR (400 MHz, CDCls, 20 °C): & [ppm] = 1.27 (s, 6H), 2.24 (t*, J = 6.8 Hz, 2H), 2.82 (t*,

T_AQI—Tv IHY AR (¢ AHY AN (A T=92R H> 1IN KQ1/AT ’)Q‘LT-, 1IN £ QY /A —_
V.0 LiL, LXlf, .01 D, JIlj, V.UJ (U4, J £.0 114, 181), V.01 (4, J 4,0 X 111), V.74 (4, -

J
8.9 Hz, 2H), 7.29 (d, J = 8.9 Hz, 2H). *C NMR (100 MHz, CDCl;, 20 °C): & [ppm] = 25.3
(CHa), 29.7 (2xCH3), 39.0 (Cy), 45.7 (CHy), 55.5 (CHs), 102.5 (CH), 114.4 (CH), 122.0 (CH),
122.3 (CH), 134.2 (Cy), 134.5 (Cy), 137.7 (Cy), 157.1 (Cy). IR (neat): ¥ [em™'] = 3093 vw, 3003
vw, 2950 vs, 2858 m, 1655 vw, 1639 vw, 1559 w, 1522 vs, 1473 m, 1463 s, 1451 m, 1378 m,

170N ~ Fa b 1

120Y 1M, lélU S, 144/ VS, 11/0 1, 1136 S, 11.4/ m, IUAO S, 25.51 S, ISZ/ VS, /l& m. Mb U’.‘J
70 eV): m/z [%] = 241 (M; 35), 233 (16), 226 (100), 197 (9), 113 (14), 77 (4). Anal. Calcd. for
CiH1sNO (241.3): C, 79.6; H, 7.9; N, 5.8. Found: C, 79.4; H, 7.9; N, 5.7.

A A Thmandhhad 1 41 7D\ qthhed mabinanaey N 1T A & £ dndeenbic,doin ncrnlacnad TEY oD /A7 T 11
Fya-L71HIR I.llyl"l-\l"\l\}"clllyl-pllﬁll 1}-l,-l,.),u-u:uauyuxu-Lyuupclud[U]pyrl‘ule (It:) rouow lg
general procedure A 5a (500 mg) and 6e (630 mg) were converted to give 566 mg Te (47 %
GLC yield). Purification by column chromatography (PEsq0 as eluent) leads to 323 mg (26 %)
Te.

"H NMR (400 MHz. CDCL. 20°C): §looml =119 (5. 3H). 122 (5. 3H). 1.79(d. ] = 7

L1 INIVLN \““’U IVINIZ, /i3, 20 ). O |Ppiii) 117 \S, SI1), L. (5, Ji1j, 1./7 (G, J /.

0 Hz,
3H), 2.11 (t*, J = 5.8 Hz, 1H), 2.15 (t*, J = 5.8 Hz, 1H), 2.42 (m, 1H), 2.51 (m, 1H), 5.17 (qu
J=7.0Hz, 1H), 5.90 (d, J=2.6 Hz, 1H), 6.64 (d, J = 2.6 Hz, 1H), 7.04 (d,J = 7.3 Hz, 2H), 7.28
(m, 3H). >C NMR (100 MHz, CDCls, 20 °C): & [ppm] = 21.8 (CH;), 24.4 (CH,), 29.7 (2xCHa),
38.8 (C,), 45.7 (CHy), 56.9 (CH), 100.5 (CH), 120.7 (CH) 125.8 (CH), 127.1 (CH), 128.5
(CH), 1353 (Cy), 136.1 (Cy), 143.7 (Cy). IR (neat): v [cm '1=3088 w, 3063 w, 3028 w, 2978 s,
2957 vs, 1603 w, 1494 m, 1482 m, 1449 s, 1377 m, 1359 s, 1246 s, 1222 w, 1126 w, 1027 w,

737 w, 699 vs, 680 s. MS (EL 70 eV): m/z [%] = 239 (M"; 90), 224 (100), 208 (4), 182 (5),

167 (4), 135 (12), 120 (96), 105 (85), 103 (33), 93 (12), 91 (18), 79 (44), 77 (48), 65 (8), 58
\ '/ \ 7> \ Ved AN Vid \ 7 \ Ved \ 72 \ 7> \~¥ /)
12N &1 710N AA /O 20 /O Al MA1L1 £ TIY AT /20 AN. Y O£ 2. 1T O 0.\Y EN0 T d. M
(13), 21 (1U), 44 (), 37 (¥). Anal. Laicd. 1or Ci7ri1IN (£37.4): U, 65.5; 1, 8.6, N, 5.9, rouna: C,

85.1;H,88;N,6.1.

génera: proCeuit A 51 (050 mg) anG ©C (J06 mg; wlr Convernea

lated yield) after purification by column chromatography (hexane : MTBE = 2 : 1 as ¢luent) as a
1 : 1.4 mixture of diastereoisomers.



C. L. Kranemann et al. / Tetrahedron 55 (1999) 47214732 4729

'H NMR (400 MHz, CDCl,, 20 °C): & [ppm] = 1.18 (2xd, J = 6.3 Hz, 3H), 1.20 (2xs, 3H), 1.65

fc THA 207 (mm 1IN 2 81 (m A 2 "){nna JT=423Hz DS\ 222 /e T = A‘IL!

(s, 1H), 2.02 (m, 1H), 2.51 (m, 3H), 3.62 (qua, J = 6.3 Hz, 0.5H), 3.83 {qua, ] = 6.3 Hz, 0.5H),
492 (s, 2H), 5.91 (2xd, J =2.5 Hz, 1H), 6.56 (d, J = 2.5 Hz, 1H), 7.04 (m, 2H), 7.24 (m, 3H).
BC NMR (100 MHz, CDCl;, 20 °C): & [ppm] = 17.3, 18.8 (CHs), 23.6, 24.0 (CHy), 23.9, 24.0
(CH;), 38.0,41.6 (CH,), 48.5, 48.6 (C,), 51.5 (CH,), 73.6, 74.7 (CH), 101.7, 102.9 (CH), 123.6,
123.8 (CH), 126.8, 126.8 (CH) 127.4 (CH), 128.6 (CH), 129.5, 130.7 (Cy), 137.6, 137.9 (Cy),
138.0 (Cy). IR (neat): v [cm’ "7 = 3466 m, 3088 w, 3063 w, 3030 m, 2959 vs, 2924 vs, 2855 s,
1496 vs, 1455 vs, 1439 m, 1372 m, 1356 s, 1328 m, 1303 m, 1264 m, 1243 m, 1119 m, 1078 s,
1028 m, 734 s, 700 vs, 685 s. MS (EI, 70 eV): m/z [%] = 255 (M"; 6), 210 (100), 134 (3), 91
(36), 65 (4). Anal. Calcd. for Cy7H21NO (2554): C, 80.0; H, 83; N, 5.5. Found: C, 79.9; H, 8.6,

LS e e e A Ay 2. 22 any LYV

T/
T <
N, J.

AR
Ch

2-(1-Benzyl-4-methyl-1,4,5,6-tetrahydro-cyclopenta[b]pyrrol-4-yl)-ethanol (7g). Following
general procedure A Sg (328 mg, 2.6 mmol) and 6¢ (284 mg, 2.7 mmol) were converted to give
130 mg 7g (20 % isolated yield) after purification by column chromatography (PE;o0 : MTBE =
i:1 as eiuent).

'H NMR (400 MHz, CDCls, 20 °C): & [ppm] = 1.24 (s, 3H), 1.55 (m, 1H), 1.78 (m, 1H), 1.87
(m, 1H), 2.15 (m, 1H), 2.28 (m, 1H), 2.52 (t, J = 6.9 Hz, 2H), 3.68 (m, 2H), 4.93 (s, 2H), 5.90
(d,J=28Hz 1H) 655(d, I=28Hz 1H) 7.05 (m, 2H), 7.28 (m, 3H). B NMR (100 MHz,

\My v PN AALiy LAAJ, V.S \My v 7 & U L, 1A 4ed7 \AAly WK
O

FNY Y /Pt £NT T N

CDCl;, 20 °C): 6 [ppm] = 23.7 (CHp), 28.7 (CHy), 41.5 (Cy), 44.2 (CHy), 45.2 (CHy), 51.5
(CHp), 60.9 (CH,), 101.5 (CH), 123.8 (CH), 126.8 (CH), 127.4 (CH), 128.6 (CH), 133.4 (Cy),
136.4 (C,), 138.1 (Cy). IR (neat): vV [cm’ '1 = 3346 m, 3088 w, 3063 w, 3029 m, 2927 vs,

2859 vs, 1495 s, 1453 vs, 1415 m, 1392 w, 1354 m, 1308 w, 1254 m, 1180 m, 1141 m, 1099 s,
1N"L 1NLSY TN _ ~yy LI RAQ T IN LW, L TO/Y . NEL Mt £\ MAN 710N\ NN FON
1V/0 5, 1UDD §, 1UL/ S, /D03 5. UOUL~IVID \Dl, JAS CV) 1/ Z |_/0_| — 400U \vl , U), L4V \10), LiLL \0),
210 (100), 170 (22), 117 (8), 91 (95), 73 (21)

¥ o

nyar oammomemytalwn Uj subsitiuied dienies

1-Isopropyl-5,5-dimethyl-4-phenylazocane (12). Following general procedure B (2,2-dimethyl-
1-mathulanashiit_2_anvi\_-hanzanas fl 1\ (RN mn\ and Ah (350 mo) wara canvertad tn mvn 773 mo

ATV YIVHIVUUGLT U TVILY 1 JTUVIIAVIIV (AR J (DI G ) GlUU UV \C 2V LS ) FTWiW WLV WILWAL LW Bl Ve =)

12 (58 % GLC yield). Purification by column chromatography (PE;c0 and 1 % EtOH as eluent)
leads to 340 mg (27 %) 12.

'H NMR (400 MHz, CDCls, 20 °C): & [ppm] = 0.71 (s, 3H), 0.80 (s, 3H), 0.95 (d, J = 6.6 Hz,
6H), 1.42-1.49 (m 2H), 1.59-1.71 (m, 3H), 1.75-1.84 (m, 1H), 2.40-2.72 (m, 4H), 2.87 (sept,

_ T T A A TI_ 1y 771 /... &I 13/
J 0 O m ln), lL \U.U. J - / U ni, £.4 14, ll_l}, .41 l\lll, Jﬂ). \_/ lVlVJ_l\ \IUU J.VLl_lL bU\./l},
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20 °C): 5 [ppm] = 17.7 (CHj), 19.4 (CH3), 24.1 (CH;), 25.7 (CHy), 29.0 (CHs), 32.9 (CH,), 35.9
(CY A0S (CH)Y 421 (CHN 500 (CHY 522 (CHY S6 1 (CHY 1953 (CHEDY 1779 (O«
(Lqj, 4V.0 (LI12), 40.1 \LIL1), JU.7 \LIlpj, JL.2 (\Lrlpj, JU.1 (L), 1£3.0 (LM, 12/.2 (X,
130.1 (2xCH), 146.8 (C,). IR (neat): # [cm™']= 3090 vw, 3059 w, 3026 m, 2963 vs, 2928 vs,

2870 s, 2805 m, 2771 w, 1659 w, 1600 w, 1492 m, 1452 s, 1384 s, 1362 s, 1261 w, 1240 w,
1212 w, 1195 w, 1173 m, 1110 m, 1088 w, 1031 w, 761 w, 752 w, 704 vs. MS (EL, 70 eV):
m/z (%) = 260 (M'+1, 100), 244 (9), 174 (12), 100 (29), 91 (6), 72 (15), 56 (15). Anal. Calcd.

NN, IY

for CigHyoN (259.4): C, 83.3; H, 11.3; N, 5.4. Found: C, 82.9; H, 11.1; N, 5.5.

4-(1 Cyclohexenyl)—4-methylpentyl-lsopropylamme (18a). Following general procedure B 1,1-
ethyl-allyl-1-cyclohexene (17a) (720 mg) and 6b (350 mg) were converted to give 900 m

20 mg) and 6b (350 mg) give 900 mg

'H NMR (400 MHz, CDCl;, 20 °C): & [ppm] = 0.98 (s, 6H), 1.04 (d, J = 6.2 Hz, 6H), 1.29 (d,
J=3.2 Hz, 4H), 1.51-1.60 (m, 4H), 1.89-2.03 (m, 5H), 2.52 (t, 2H), 2.76 (sept, J = 6.2 Hz, 1H),
5.40 (t, J = 3.7 Hz, 1H). *C NMR (100 MHz, CDCl;, 20 °C): § [ppm] = 22.5 (CH,), 22.9
(2xCH3), 23.3 (CHy), 24.2 (CH,), 25.5 (CHy), 25.7 (CH,), 27.1 (2xCH3), 38.0 (C,), 38.4 (CHy),
48.4 (CH,), 48.6 (CH), 119.3 (CH), 143.0 (C,). IR (neat): v [em’'] = 3049 vw, 2963 vs,
2929 vs, 2872 s, 2857 s, 2837 s, 1655 vw, 1473 m, 1448 m, 1379 m, 1362 m. MS (EI, 70 eV):
m/z (%) = 223 (M, 32), 208 (69), 194 (4), 180 (5), 163 (3), 152 (34), 100 (88), 99 (72), 98
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(400 MHz, CDC13, 20 °C): & [ppm] = 1.01 (s, 6H), 1.04 (d, J = 6.2 Hz, 6H), 1.31-1.33
3H) 1.49 (m, 9H), 2.05 (br s, 3H), 2.17 (t, ] = 6.0 Hz, 2H), 2.51 (t, J = 6.7 Hz, 2H), 2.76
6.2 Hz, 1H), 5.36 (t*, T = 8.3 Hz, 1H). BC NMR (100 MHz, CDCl;, 20 °C): & [ppm] =

VoL AALiy LARJy 0T N\ AV iVaLaz, R o4 o |

22.9 (2xCH3), 25.7 (CHy), 25.8 (CHy), 26.2 (CHy), 26.4 (2xCH), 27.6 (2xCHy), 29.1 (CHy),
30.8 (CH,), 38.8 (CHy), 39.3 (C,), 48.3 (CH,), 48.6 (CH), 122.6 (CH), 145.9 (C,). IR (neat): ¥
[em’!] = 3335 vw, 3046 vw, 2963 vs, 2926 vs, 2853 vs, 1473 s, 1448 s, 1380 m, 1362 m

1336 vw, 1320 vw, 1260 m, 1171 m, 1123 m, 1086 m, 1047 w, 1035 w, 1017 w, 876 m,
841 vw. MS (El, 70 eV): m/z (%) = 252 (M '+1, 24), 180 (5), 140 (17), 99 (55), 84 (40), 72
(100), 55 (19). Anal. Caicd. for C,7H33N (251.5): C, 81.2; H, 13.2; N, 5.6. Found: C, 80.8; H,
13.4;N,59
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Isopropyl{4-methyl-4-(3,3,5-trimethyl-1-cyclopentenyl)-pentyl]-amine (18c) / Isopropyli4-
methyl-4-(2 .4, A-trlmpﬂavl-'l-cvrlnnpnfonvl\-npnhrll mine (18¢’), Fnﬂnunng gpnpral p_rmadum
B a 3:1 mixture of 1-(1,1-dimethylallyl)-3,3,5-trimethyl-1-cyclopeniene (17c¢) and 1-(i,1-
dimethylallyl)-2,4,4-trimethyl-1-cyclopentene (17¢’) (800 mg) and 6b (370 mg) were converted
to give 1.060 g (94 %) 18¢/18¢’ isolated yield in a 3:1 mixture.

'H NMR (400 MHz, CDCl3, 20 °C): § [ppm] = 0.97-1.09 (m, 42H), 1.17-1.23 (m, 4H), 1.36-

as 4NV ATV AA Ry o ey | A (Aray TVanagy . F Y ./ \A&iy WALy, 4.

1.39 (m, 6H), 1.69 (br s, 3H), 1.88-1.94 (m, 2H), 2.10 (br s, 2H), 2.53-2.54 (m, 4H), 2.75-2.80
(m, 2H), 5.14 (s, 1H). °C NMR (100 MHz, CDCls, 20 °C): & [ppm] = 22.8 (2xCH3), 22.9
(4xCHj), 25.7 (CHy), 25.9 (CH,), 28.2 (2xCHa), 28.4 (CHs), 28.6 (CHj), 29.3 (CH;), 29.6
(CHs), 30.2 (2xCHy), 35.0 (Cy), 35.9 (C,), 36.5 (Cy), 39.4 (CHy), 40.0 (CH), 40.2 (CH,), 42.3

(N AQA/')uf‘L!\ AQ £ MY AQ A (CIT N KN 7 (LT N\ (AI (OIT N 1’)0’7/(“ 12& & /1IN
\\/q), “TO.“+ \LA\/l }, “4O0.uvU \LA\/I l}, “+7.“r \\1112}, [SAV Y \\/ 2}, \\/ 12], 140, \bq), 1JJ7.20 \L{ll},
138.3 (C,), 151.2 (Cy). IR (neat): v [cm™] = 3337 vw, 3038 vw, 2957 vs, 2864 vs, 2832 s, 1698
vw, 1678 vw, 1626 vw, 1466 s, 1379 s, 1362 s, 1336 m, 1320 m, 1260 w, 1218 vw, 1172 m,

1123 m, 1086 m, 1042 vw, 876 vw, 853 w, 803 vw. MS (EL, 70 eV): m/z (%) = 252 (M'+1,

100}, 140 (24), 99 (12), 84 (12), 72 (56), 58 (9). Anal. Caled. for C;;H;3N (251.5): C, 81.2; H,
13.2; N, 5.6. Found: C, 81.3; H, i3.2; N, 5.2.
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