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Abstract: The title compounds 9-11 were synthesized by a hetero Diels-Alder reaction using the
sterically demanding diene 2 as a new building block. The effect of commonly used Lewis acids and the
substitution pattern of various imines 5 on both the mechanism and the diastereoselectivity of the

reaction with the diene is discussed and compared with data obtained by ab initio calculations.,
© 1997 Elsevier Science Ltd. All rights reserved.

The introduction of dienes and dienophiles containing hetero atoms proved to be a most powerful tool for
the synthesis of various heterocyclic ringsystems. Especially cyclizations with highly activated silyloxy
dienes showed tremendous synthetic utility.! A great variety of studies were carried out by condensations of
such dienes with carbonyl compounds.z However, compared to their great importance as biologically active
compounds, only few publications report reactions with imines leading to nitrogen heterocycles.?
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A major research topic within our group is the construction of quinoline ringsystems bearing an angular
methyl group as special feature and a hetero Diels-Alder approach towards these compounds seemed very
promising. Recently a study of the reaction of trimethylsilyl enol ether 1 and various imines leading to
bicyclic structures was published and influenced our own strategies significantly.* Though a methyl
substituent at the activated diene causes additional sterical hinderance to some extent, the use of the silyl
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enol ether 2 for Diels-Alder reactions represents a new application of this compound as building block for
the construction of fused heterocyclic ring systems. In the present paper we report the stereochemical and
mechanistic aspects of the reaction with various imines Sa-f under Lewis acid catalysis.

RESULTS

In the synthesis of diene 2 we were encountered with some problems. Starting from 1-methylcyclohexene 3
acylation under Lewis acid catalysis and subsequent elimination of AcOH gave a mixture of 4a and 4b
(Scheme 1). Isomerization to the thermodynamically more stable conjugated product 4a was achieved under

both acidic or basic conditions. However, approximately 5% of 4b remained in the resuiting equilibrium
mixture and no further conversion could be observed in contrast to the literature.> Formation of the diene
was carried out following a slightly modified procedure by Rubottom ef al. and gave 2 in good overall
yield.6
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As expected no reaction took place between diene 2 and various imines 5a-f under thermal conditions.
When the reaction was carried out under Lewis-acid catalysis, two different mechanisms seem to compete,
depending on the type of the catalyst, the soivent and the distribution of the electron density in the imine.
The desired Diels-Alder cyclization led to products of type 6 and 7 (Scheme 2), respectively, which could
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the silyl enol-ether 2 to the imine 5.

Scheme 2
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All silyl enol-ethers 6 and 7 proved to be rather sensitive to hydrolysis. In most cases the quinolines could
only be isolated with great losses (6/7b, c, e, f) and we were not able to separate the two isomers 6d and
7d. Since the yields obtained proved not to be representative, the TMS group was subsequently cieaved by
treatment of the crude compounds 6 and 7 with MeOH/NEt3 immediately after cyclization and the resulting
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mixture of isomeric ketones 9 - 11 was analyzed (Table 1).
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In the case of the imine Sa (X=Ph, Y=H) the best results with respect to formation of bicyclic compounds
were obtained using TiCly as Lewis acid in CH,Cl, (entry 1). Compound 6a was isolated as the only
product after basic (sat. NaHCOs3) workup, indicating complete endo selectivity for the cyclization.
Cleavage of the TMS group led to a mixture of cis- and trans-isomers 9a and 10a in high over-all yield.
Due to their similar polarity the two compounds could not be isolated on a preparative scale. AICl3 (entry
2) and BF3-Et,O (entry 4) proved to be too aggressive catalysts leading to polymerization of the diene and
the imine was recovered unchanged. Et,AICl (entry 3) and SnCly (entries 5 and 6) showed somewhat
weaker catalytic activity and longer reaction times had to be applied. However, the endo selectivity of the
Diels-Alder cyclization was not influenced. Znl, favored the competing addition reaction to 8a (entries 7
and 8) which became the single product in a very slow reaction when the solvent was changed to the strong

donor THF \Cﬂlfy 3)

Two facts indicate the existence of two independent mechanisms involved: First, we were not able to

observe any bicyclic products formed from 8a under standard cyclization conditions. Additionally, with

increasing reaction time the ratio of both cyclic and acyclic products is increased (entries 7 and 8). Being an

intermediate, 8a should be consumed by the formation of heterocyciic compounds. Therefore we assume

that the imine has to be activated to a certain degree in order to be able to unaergo a fast Diels-Alder
o - . 11343 . P,

cyclization. If this point is n ot reached, a slower addition
with decreasing activation by the Lewis acid.

As expected, an electron withdrawing N-substituent activated the imine 5b (X=p-NO,Ph, Y=H) by
increasing the polarity but it also reversed the effect of the strong Lewis acid TiCi4 and the weaker Zni,
(entries 10-12). Calculations of the Lewis acid / imine complexes on ab initio level indicated, that a large
p,-orbital coefficient at the imine carbon is essential for a successful Diels-Alder cyclization. Due to the
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weak interaction with TiCly the increase is not sufficient, but polarization of the C=N bond seems still
strong enough to allow a nucleophilic addition to form 8b. The endo selectivity of the cyclized product 6a
was not influenced by the electron withdrawing ﬁx.bsmluen.t A.tPr desxly!avon both isomers 99 and 10a were

reaction time of 24 hours on}y he carbocyclic compound 12a and subsequently the decalone were
isolated. Presumably the first step of the reaction is an addition of the diene to the imine, followed by a
Lewis acid promoted elimination’ to form the dienone 13. Since diene 2 was always used in excess, a Lewis
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compound 12 (Scheme 3), similar to the reaction of diene 1 with activated carbon dienophiles reported.®

)

—\
4

/\r/ \/ N ™S /\l‘/ li/\
[\ . SnCl, | k)_j\n/w
- N S =
< e O
2 TMS /)\ © N vNOZ i3
e ®
N sh | ~ N
NO, % | Sndi,
L0 v

In order to support this proposed mechanism we synthesized 13 by addition of 2 to benzaldehyde via the
two intermediates 14a and 14 (Scheme 4). Diene 2 could then be cyclized with 13 under similar reaction
conditions to form product 12a.
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Introduction of an electron donating N-substituent in the case of the imine 5¢ (X=p-MeOPh, Y=H) led 10 a
significant decrease of the endo selectivity of the hetero Dieis-Alder reaction and the exo-product 7c could
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be detected (entries 14-16). Subsequent cieavage of the TMS group led to the cis-fused compound 1ic as
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the only possible isomer. SnCly showed a slightly higher endo selectivity than TiCly. As expected, the
general reactivity of the imine in the reaction with the diene was decreased leading to extended reaction
times in order to achieve compiete conversion.

A benzyl substituent on the imine nitrogen (5d, X=Bn, Y=H) seems to have a very similar effect on both
the reactivity and the diastereoselectivity of the Diels-Alder cyclization (entries 17 and 18). The rate of the
conversion was slowed down significantly and SnCl; had to be used as catalyst in order to avoid
polymerization of the diene in the extended presence of the strong Lewis acid TiCly. Only a slight excess of
endo quinolinones 9d and 10d was observed compared to the exo compound 11d.

The influence of electron withdrawing (Se, X=Ph, Y=NO,) as well as electron donating substituents (5f,
X=Ph, Y=0Me) at the C-side of the imine was much weaker. Cyclization proceeded smoothly and only
endo quinolinones 9d/e and 10d/e were isolated (entries 19 and 20). However, the yields dropped to 50%
and imine 5f reacted very sluggishly even when a fourfold excess of the diene was present and the reaction
time was extended.

Table 1: Reaction of Diene 2 with Imines 5a-f under Various Conditions

o Lewis acid  time product ratio? yield?

entry imine X Y (altered cond.) [h] 8 94 10 11 rec. 5 [%]

1 5a Ph H TiCly 1 0 100 0 0 74

2 5a Ph H AlCl 1 0 0 0 100

3 5a Ph H EtAICI 20 0 71 0 29

4 Sa Ph H BF;-Et,O 1 0 0 0 100

5 5a Ph H SnCly 1 0 60 0 40

6 Sa Ph H SnCl 20 0 100 0 0 65

7 5a Ph H Znl, 2 6 80 0 12

8 5a Ph H Znl, 7 12 82 0 6

9 S5a Ph H Znl, (THF) 2 17 0 0 83

10 5b  p-NO,Ph H TiCly 1 traces 0 0 “100

11 Sb  p-NO,Ph H TiCly (-20°C) 2 100 0 0 0 41

12 5b  p-NO,Ph H Znl, 22 30 70 0 0 91

13 5b  p-NOPh H SnCly 24 exclusive formation of 12 40

14 5S¢ p-MeOPh H TiCly i 0 60 30 10

15 5¢  p-MeOPh H TiCly 2 0 65 35 0 75

16 5¢  p-MeOPh H SnCly 20 0 34 8 8

17 5d Bn H TiCly 1 0 traces  traces 0

18 5d Bn H SnCly 24 0 53 47 0 55

19 Se Ph NO, TiCly 1 0 100 0 0 50

20 5F Ph MeO TiCly 4 Y 100 0 0 50

4 standard reaction conditions: solvent CH,Cl,, 20°C; ® represents the overall yield of reaction products
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It turned out to be of great importance to cleave the TMS group under basic conditions (MeOH/NEts), since

a retro Michael reaction couid be observed when using 2N HCI/THF (Table 2). The ratio of 8a:9a:10a
changed from cyclized products only (entry 1) to a substantial amount of the open chain product (entry 2),
£ a1
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Table 2: Product Ratio Depending on TMS Cleavage Conditions

entry conditions 9a 10a 8a overall yield
1 basic (sat. NaHCO3) 60 40 0 74 %
2 acidic @N HCI/THF) 60 5 35 65 %

Separation of the cis and trans isomers of the endo quinolinones 9 and 10 was possible only in the case of
9/10b. However, the obtained mixture of bicyclic products after cleavage of the TMS-group could be
epimerized to the thermodynamically most stable trans form 10 using MeONa in excellent to quantitative

yields.

STRUCTURAL ASSIGNMENT

Extended NMR studies were carried out with the quinolines & and 7 and the ketones 9 - 11, and aii signais
.............. PR [ —— e .
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it was impossible to get stable single-crystals of the silyl enol ethers Therefore the structures determined
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The configuration at position 2 of the quinolinone system could be assigned by studying the coupling of
protons H-2, H-3eq, and H-3ax. In all isolated compounds the variation of the coupling constants J
observed is minimal.

The signal pattern of H-2 shows a doublet of doublets with a large trans coupling with H-3ax (Jy;,,~13Hz)

and a smaller gauche interaction with H-3eq (Jgaycne=5Hz2) indicating the axial location of the hydrogen.
Otherwise a pseudo tripplet would be expected for H-2 if it were in equatorial position .°
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Since compounds 9 were converted to 10 by treatment with a base, this chemical behavior indicated a
cis/trans relationship between the two isomers. However, structurai assignment of the two products couid

be achieved with spectroscopic methods. The cis and frans fused isomers could be distinguished by a
significant shift to lower field of one of the protons H-5 in all cis products. Furthermore the angular methyl
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accordance with the decalin series, where a similar shift difference for an equatorial and an axial methyl
group can be observed.!® Therefore the structure of 1lc could be assigned correctly with spectroscopic
methods prior to X-ray analysis.

Table 3: 13C NMR Parameters of the B-Ring of Quinolinones 9 - 11 (CDCly, 50MHz, § in ppm)
compound C-2 C-3 C-4 C-4a C-8a CH;y
Sa 62.6 47.5 212.2 60.5 58.9 2i.6
9 52.5 47.4 211.0 60.5 60.0 21.9
9¢ 63.0 47.6 212.5 61.0 59.0 21.8
9d 65.1 47.2 212.2 61.0 59.6 19.7
9e 62.2 46.9 210.8 60.6 59.3 21.8
of 62.0 47.8 212.6 61.0 59.0 21.9
10a 62.3 51.5 209.6 58.7 61.8 11.7
16b 61.9 50.1 208.2 58.0 62.2 i3.4
10c 62.6 51.7 209.9 58.8 61.9 11.7
10d 65.4 50.3 209.7 58.1 63.0 10.8
10e 61.8 50.7 208.2 58.7 62.2 11.7
10f 61.7 51.8 209.9 58.8 61.8 11.7
11c 61.0 51.8 209.3 55.2 61.5 27.1
11d 62.8 49.4 209.4 54.7 62.4 26.2
The single crystal X-ray structures obtained indicate that both the A and the B ring of all guinolinones
exhibit a chair conformation. Both phenyl rings are almost orthogonal to the pseudo-plane of ring B,

enabling m-interaction between the p,-orbitals of the two aromatic systems. Table 4 contains selected torsion
angles of compounds 9a, 10a, and 11c.
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Table 4: Selected Torsion Angles of Compounds 9a, 10a, and 11¢ Determined by X-Ray Diffraction
angle 9a 10a 11c
CH3-C8a-Ni-CI 63.1 69.8 59.1
CH5-C8a-N1-C2 -56.7 -60.7 -170.3
CH;-C8a-C4a-H4a -43.0 175.0 50.3
CHj3-C8a-C4a-C4 89.1 60.0 166.5
H2-C2-C3-H3ax 163.1 163.1 -172.7
H2-C2-C3-H3eq 46.2 46.2 54.7
Cl'-N1-C2-C1" 57.0 57.0 -53.2
C1'-N1-C2-C3 178.1 178.1 -173.1
C1'-C2-C3-C4 166.1 166.1 64.0
H4a-C4a-C5-HS5a 52.5 -175.9 -48.7
H4a-C4a-C5-H5p 171.5 -57.9 68.7
N1-C2-C3-C4 44.1 44.1 -53.2
C2-C3-C4-C4a -16.2 -50.7 54.9
(C3-C4-C4a-C8a 10.7 58.7 -53.3
C4-C4a-C8a-N1 -32.8 -61.1 49.8
C4a-C8a-N1-C2 61.8 59.6 -533
C8a-N1-C2-C3 -63.3 -50.45 55.0
N1-C8a-C4a-C5 61.4 171.9 176.7
(C8-C8a-C4a-C4 -162.1 -179.8 -73.5
Structural elucidation of the carbocyclic product 12 is based on the spin systems H-1, H 2, and H-3. The
csupl'mg censtam Jﬂ_ 1/H-2 11.6 .H7 m.dicatec a trans relatlgnship between the two hyd ogens, hence the

and bOLh coupling constants at H-4a and the shlft value of the angular methyl group are in good correlation
to products 10.

DISCUSSION

The mechanism of hetero Diels-Alder reactions is a subject of intensive discussion in the literature and
especially the distinction between the concerted cyclization and a sequential double Michael addition has
given rise to much controversy.! 2 4 & 11

Two facts indicate the existance of two independent mechanisms involved in the reaction of the silyl enol
ether 2 with various imines: First, we were not able to observe any bicyclic products formed from 8a under
standard cyclization conditions in contrast to reports in the literature with related diene systems.!'2
Additionally, with increasing reaction time the ratio of both cyclic and acyclic products is increased (entries
7 and 8). Being an intermediate, 8a should be consumed by the formation of heterocyclic compounds.
Therefore we assume that the imine has to be activated to a certain degree in order to be able to undergo a
fast Diels-Alder cyclization. If this point is not reached, a slower addition mechanism takes over and
becomes predominant with decreasing activation by the Lewis acid.
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This thesis is supported by calculations of orbital energies and coefficients of the complexes formed by
imines § with various Lewis acids and the diene 2 on an ab initio levei utiiizing DFT procedures. Geometry
optimization of the structures was performed using HF/LANL2MB. Subsequently the energy was denved as

cimssle o ians NR2AT VD/T ANT Y7 All Anlailatiane  prara Py T IT - PR,
SHIEIC  PULIL Wlul DOoL 1T /LAINLLVL, Ml LalLUidiiVin wClC  Ldll ICU ot umng LllC [ g
Gaussian94DFT. 13 The obtained data are summarized in Table 5 and 6:

Table 5: Calculated Electronic Properties of the HOMO of Diene 2

A\ V4 1 falls ] ~ " ol .1

Egomo = 0.21eV C-1 C-2 C-3 C-4 ¢l
ca -0.41 -0.31 0.32 0.60 L\c;qu _c4
b _ _ C-3
5 +0.01 0.02 +0.12 0.12 s

o <. o P h .
4 orbital coethicient; V charge
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cyclization. However, a significant negative charge is placed at the sam
attack to form adducts of D c

Table 6: Calculated Electronic Properties of the LUMO of Selected Dienophiles 5

entry imine_Lewis acid cc N d¢ On Erumo eVl
1 2a 0.43 -0.43 +0.12 -0.24 0.21
2 2a_TiCly 0.51 -0.49 +0.32 -0.29 0.09
3 2a_Znl, 0.43 -0.30 +0.26 -0.26 0.12
4 2b 0.44 -0.31 +0.13 -0.26 0.14
5 2b _TiCly 0.47 -0.24 +0.26 -0.29 0.05
6 2b_Znl, 0.66 -0.43 +0.30 -0.42 0.01
7 2c 0.43 0.44 +0.11 -0.24 0.20
8 2¢_TiCly 0.61 -0.56 +0.32 -0.29 0.11
9 2c¢_SnCly 0.74 -0 +0.32 -0.31 0.10
10 2d 0.38 -0.48 +0.10 -0.24 0.22
11 2d_SnCly 0.71 -0.54 +0.31 -0.30 0.11

Complexation of imine 2a with TiCly always leads to an enhancement of the orbital coefficient and the
positive charge at the carbon of the dienophile. Activation of the system results in a significant decrease of
the LUMO energy of the complex compared to the sole ligand enabiing a Diels-Alder reaction (entries 1
and 2).

In the case of Znl, as Lewis acid the effect at the imine carbon is much weaker, therefore the cyclization is
not favored. However, the positive charge at the carbon atom seems sufficiently increased to undergo a
nucleophilic attack by the silyl enol ether, leading to the open chain products of type 8 (entry 3). The
calculation represent the trend observed in the experiments in Table 1.
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The situation is reversed when imine 2b is used as dienophile. Now TiCl, manages to increase ¢ only to
some extent resuiting in exciusive addition completely consistent with the experiment. The effect of Znl, is
much stronger in this system, so that Diels-Alder cyclization is expected to proceed when this Lewis acid is
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The calculations indicate that the loss of endo selectivity for imines 2¢ and 2d could be attributed o a

preferred formation of the kinetic reaction product (exo) due to an extended increase of the orbital

coefficient at the imine carbon (entries 7-11). However, this hypothesis is subject to further investigations.
EXPERIMENTAL SECTION

General

All solvents were distilled prior to usage. Dry THF was prepared by distillation from sodium /
benzophenone, dry CH,Cl, by distillation from P,0O5 and dry MeOH by distillation from Mg. TLC was
performed on Merck precoated silica gel plates (5554) and flash column chromatography on silica gel 60
from E. Merck (40-63 pum, 9385). Basically conditioned silica gel was prepared by treatment of the
commercial material with a 10% solution of NEt3 in CH,Cl,. After filtration the silica gel was dried in
vacuo. Melting points were determined using a Reichert micro hot stage apparatus and are uncorrected.
Elemental analyses were performed in the Microanalytical Laboratory, University of Vienna. The NMR

, Tespectively.
Imines Sa-f were synthesized utilizing a procedure reported by DeKimpe:!4 A solution of the corresponding

amine and aldehyde in dry CH,Cl, were stirred at rt in the presence of Na,SO4 or MgSOy as drying agent.
Evaporation of the volatiles gave the desired dienophiles in high purity and excellent to quantitative yields.

Trimethyl[1-(2-methyl-1-cyclohexen-1-ylethenyloxy]silane (2)

Diisopropylamine (38.5 g, 380 mmol) and dry THF were cooled to -25+5°C under a nitrogen atmosphere
and this temperature was mammmed for the whole reaction. n-BuLi (145 mL, 374 mmol, 2.58M in hexane)
was added slowly and the solution was stirred for 20 min. After addition of 4a the mixture was stirred for
another 20 min. TMSCI (71.1 g, 657 mmol) was added quickly, the reaction was warmed to rt and stirred
for 2 h. The resulting suspension was concentrated to remove all low boiling volatiles and treated repeatedly
with dry light petroleum in order to dissolve the product and separate it from the inorganic percipitate. The
extracts were combined and the solvent was distilled off. After Kugelrohr distillation of the crude product
67.1 g (93%) of 2 were isolated as colorless liquid. Bp.: 60-64°C / 2 mbar; IH NMR (CDCl3): 0.20 (s,

9H, TMS), 1.50-1.72 (m, 4H, H-4 and H-5), 1.78 (m, 3H, CH3), 1.85-2.20 (m, 4H, H-3 and H-6), 4.11

and 4.35 2 s, 2 1H, =CH,); 13C NMR (CDCliy): 0.1 (s, TMS), 21.3 (q, CH3), 22.8 and 22.9 (2 t, C-4
and C-5), 27.9 (t, C-6), 31.9 (1, C-3), 93.8 (t, =CH,), 129.9 and 131.3 (Z s, C-1 and C-2), 157.6 (s, C-
OTMS).

(Y MathulaunlahavanvNathanana (da)
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1-Methylcyclohexene 3 (40.0 g, 416 mmol) and acetic anhydride (150 mL) were cooled to 0+2°C. After
addition of a few crystals of Znl, the mixture was stirred mechanically for 15 min. ZnL12 (58.3 g, 428

~ LO0F MLy —ngildime ariormmieimit 1400 ofirera A

mmol) was added in smau poruons to avoid warming above 5°C. The resulting suspension was stirred for

~ < “ TAMLT ~es 1
4 h at 0+2°C, hydrolyzed with ice / 2N NaOH and d with 2N NaOH.
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with diethyl ether the combined organic layers were alkalized with 2N NaOH, dried over Na,SO, and freed
from solvents. This mixture of isomers (4a and 4b in almost quantitative yield) was heated under reflux
wuh p—TSA (5 5 g, 32 mmol) in dry benzene (500 mL) for 16 h. The solution was washed wnth satd
ne 11T
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(2 t, C-4 and C-5), 26.5 (t, C-6
s, CO)

General Procedure for the Diels-Alder Cyclization

T he Lewis acid (1 equiv.) was added to a 5 % solution of the imine 5
n. After the mixture had bheen stired for 30 mina 20 % solu

period given at th
ydr oli7ed with satd. NaH_COo solution, extracted with CH 2SO
Evaporation of the volatiles gave the crude silyl enol ethers 6 and 7 which could be separated by col umn
chromatography. Treatment of the crude products with a 1:1 mixture of dry NEt; and MeOH and removal
of all volatiles gave the ketones 9 - 11, which were finally separated by flash column chromatography

(FCC).

trans-1,2,3,5,6,7,8,8a-Octahydro-8a-methyl-1,2-diphenyl-4-(trimethylsilyloxy)-quinoline (6a)

Imine 5a (0.23 g, 1.28 mmol) gave 0.29 g (58%) of 6a as an orange oil using TiCly as Lewis acid for 1 h.
Purification was performed via flash column chromatography (bas. cond. silicagel 30:1, light petroleum :
ethyl acetate = 100:1). 'H NMR (CDCls): 0.20 (s, 9H, TMS), 1.04-2.12 (m, 7H, H-5eq, H-6, H-7 and
H-8), 1.20 (s, 3H, CHj), 2.12-2.28 (m, ABX, Jg,=17Hz, 1H, H-3eq), 2.25-2.64 (m, ABX,
Joem=17Hz, Jyans=11Hz, H, H-3ax), 2.81-2.96 (m, J,o=15Hz, 1H, H-5ax), 4.60 (dd. ABX,
Jirans=11Hz, J ;s=4Hz, 1H, H-2), 6.76-7.18 (m, 10H, arom. H). 13C NMR (CDCl3): 0.5 (g, TMS), 18.0
(q. CHy), 22.8 (t, C-7%), 23.4 (t, C-5), 26.6 (t, C-6%), 41.6 (t, C-8%), 42.4 (t, C-3%), 58.4 (d, C-2), 58.6
(s, C-8a), 120.4 (s, C-4a), 124.1 (d, C-4"), 125.9 (d, C-4'"), 126.6 (d, C-2'"), 127.5 (d, C-3'"), 128.4 (d,
C-2"'%), 131.9 (d, C-3""), 139.3 (s, C-4), 144.1 (s, C-1""), 145.9 (s, C-1").
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(6b)

Imine 5b (0.100 g, 0.442 mmol) gave 0.025 g (13%) of 6b as an orange oil using Znl, as catalyst for 22 h.
Purification was performed via flash column chromatography (bas. cond. silicagel 40:1, light petroleum :
ethyl acetate = 100:1). 'H NMR (CDCl3): 0.21 (s, SH, TMS), 1.19 (s, 3H, CHj3), 1.22-2.13 (m, 7H, H-
Seq, 11-6. H-7, H- 8), 2.20-2.35 (m, ABX, ng 15Hz, 1H, H-3eq), 2.47-2.65 (m, ABX, Jgem-—ISHZ

ANDY 114U~
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ndCZ"*) 131.7 (d, C-3'"™), 139.5 (s, C-4), 143.1 (s, C-1""), 143.7 (s, C-4"), 153.8
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trans-1.2.3.5.6.7.8 . 8a-QOctahvdro-1- ld-mgfhnxvnb nvl)-Ra-methvl]-2-nhenvl-4-(trimethvlcilvloxv).
frans-1,2,3,5,6,7,8,8a-Octahydro-1-( tho nyl)-8a-methyl-2-phenyl-4-(trimethylsilyloxy)
quinoline (6c)

Imine Se (0.100 g, 0.473 mmol) gave 0.052 g (26%) of 6c as a colorless oil using SnCly as Lewis acid for
A L Dhseifiaatias na rmarfarmand e flach ~nliiomin ahemoaentmmenmleo haa  amad  allianon IEPRTA
L4 . rurlimdtiviit wad» PCIIUIIIICU vid tiasil CUluiill Cillulild Ugl plly UddS. cona 5111Ldgt:l ‘+U l llgﬂl
natralenm « athul acatate — §0-1Y 1H NMR (CDCLY- 0 12 (¢ O TMSY 1 10 (¢ U WY 1 147 0%
puuuu.,ulu Culyl avcLalv SJULL). 11 1vivinDN \bubls]. .10 W Zri, PIWEDT, 1.1V D, JI1, \_al_l3}, 1.1=-4.U0
{m. 7H. H- 5eq H- ﬁ _7 ”_R\ 2 082 20 1m ARX 1] =]16Hz. 1H. H-3eq). 2.38-2.56 (m. ARX
\iik, 711, RAg, 177 UJjy LoV v 1 LREZSn Jg em AVALL, dik, 1ATOVY), L .JUTL.UU UL, SMAR/N
Jg =16Hz, Jins=11Hz, 1H, H-3ax), 2.74-2. 89 (m, Jgane»=16Hz, 1H, H-5ax), 3.57 (s, 3H, OCH3),
4.57 (dd, ABX, Jans=11Hz, J 4 =4Hz, 1H, H-2), 6.44 (d, J=9Hz, 2H, H-3"), 6.80 (d, ]=9Hz, 2H, H-

2'), 6.87-7.20 (m, SH, arom. H); 13C NMR (CDCly): 0.7 (g, TMS), 18.1 (g, CH3), 22.9 (1, C-7%), 23.5
(t, C-5), 26.6 (1, C-6%), 41.7 (1, C-8"), 42.5 (1, C-3*), 55.0 (q, OCHs), 58.6 (s and d, C-2 and C-8a),
111.9 (d, C-3"), 120.5 (s, C-4a), 126.0 (d, C-4'"), 127.6 (d, C-2'), 128.5 (d, C-2"'*), 132.6 (d, C-3'"'"),
138.8 (s, C-1'), 139.4 (s, C-4), 144.3 (s, C-1'"), 156.0 (s, C-4").

trans-1,2,3,5,6,7,8,8a-Octahydro-8a-methyl-2-(4-nitrophenyl)-1-phenyl-4-(trimethylsilyloxy)-quinoline
(6e)

Tmina &a N 100 6 O AAD mmaly gaua N N1T o QO AF Lo ag a valliu il being Znl . ac ratalucr far 10 |
U JC \U 11UV 5, V. rr o llllllul} saVb v.uL/ 5 \7 /U} UL UL ad> a _y\dll\lw Ul ubllls Lllllz ad Ldul.lyb\. [V S G § Y
Purification was nerformed vig flash column chromatooranhv (has. cond. silicacel 40:1 light netrpoleum -

L i ivdanivs Y iuo tl‘/l 1%, diwrnd Vile e 7v2 ) WNSANAALL WlAENIA lut\}él u‘}l J \Vao. vuang Jl‘l\lus\.tl TWU . L y llslll H\lu i Ui .
ethy! acetate 100~l) IH NMR (CDCl3): 0.20 (s, 9H, TMS), 1.20 (s, 3H, CHy), 1.03-2.30 (m, 8H, H-

= (
3eq, H-5eq, H-6, H-7, H-8), 2.37-2.56 (m, ABX, Jyer,=15HZ, Jipap¢=11Hz, 1H, H-3ax), 2.79-2.97 (m,
Jirans2 = 15Hz, IH H-5ax), 4.75 (dd, ABX, Jmm—lle Jeis=4Hz, 1H, H-2), 6.79-7.11 (m, 5H, arom.
H), 7.33 (d, J=8Hz, 2H, H-2""), 7.91 (d, J=8Hz, 2H, H- 3") I3C NMR (CDCl3): 0.6 (q, TMS), 18.2 (q,
CHy), 22.8 (¢, C-7%), 23.5 (t, C-5), 26.5 (t, C-6"), 41.6 and 42.2 (2 t, C-3 and C-8), 58.4 (d, C-2), 58.9
(s. C-8a), 120.7 (s, C-4a), 123.1 (d, C-3'"), 124.8 (d, C-4"), 127.2, 129.0 and 131.6 (3 d, C-2', C-3" and
C-2""), 138.7 (s, C-4), 145.6 and 146.2 (2's, C-1" and C-4""), 152.1 (s, C-1"").

trans-1,2,3,5,6,7,8,8a-Octahydro-2-(4-methoxyphenyl)-8a-methyl-1-phenyl-4-(trimethylsilyloxy)-
quinoline (6f)

Imine 5f (0.100 g, 0.473 mmol) gave 0.053 g (27%) of 6f as a colorless oil using TiCly as Lewis acid for

2 h. Purification was performed vig flash column chromatography (bas. cond. silicagel 40:1, light

petroleum : ethyl acetate = 100:1). 'H NMR (CDCl3): 0.20 (s, 9H, TMS), 1.17 (s, 3H, CHjy), 1.20-2.29

(m, 8H, H-3eq, H-5eq, H-6, H-7, H-8), 2.43-2.62 (m, ABX, Jyey=16Hz, Jip=11Hz, 1H, H-3ax),

2.80-2.97 (m, Jipanso=16Hz, 1H, H-5ax), 3.66 (s, 3H, OCHj3), 4.55 (dd ABX, Jirans=10Hz, J =311z,

1H, H-2), 6.58 (d, J=9Hz, 2H, H-3""), 6.80-7.10 (m, 7H, arom. H). 13C NMR (CDCl;): 0.7 (g, TMS),
Pl & 2 FallV ot

8.1 (q, CHy), 22.9 (1, C-77), 23.5 {1, C-5), 26.6 {t, C-6"), 41.8 (i, C-8"), 42.6 (t, C-3%), 55.0 (q.
OCHj3), 57.7 (d, C2) 58.7 (s, C-8a), 113.0 (d, C-3'"), 120.5 (s, C-4a), 124.2 (d, C-4"), 126.7 (d, C-2'").

170 A (4 O F Trd 1% 1246 § (¢ .1 120K o AN 14K 1 (< C-1'"Yy 157.6(s. C-4"
12¥.4 (4, u-2 ), JL.l\u -3 ), 1300 (8, Ll J, 13705, Ly, 14001 S J, L7045, L4 )
cis-1,2.3,5,6,7,8,8a-Octahydro-1-(4-methoxyphenyl)-8a-methyl-2-phenyl-4-(trimethylsilyloxy)-

Cis ‘,- 3,3,0,7,8,ca-QOctanyare o yi) 5 Y J L SR JRVAY)
quinoline (7c¢)

- ‘n NN NOA™A e S IN N NYN o 1NN o/N o R T S POyl £ - A, ~e
mine 3¢ (U. 1UU g, U.4 /0 Mimoi) gave u.Ulu g (1U70) OI dll Uns€pardolic IiXuurce or 1ISOMmeEISs o€ /€ = 471 dS
v ommladace Al sicines T oo T aude arid far 1k Donificarian wag nerfarmard o Flach el
d COIOresSS Ol using 11vig 45 LCWIS daliud vl 1 1 rurincaton was periorimea vid 1iasShii COLuiIiii
Ahrnamatnaranhy fhas ~and cilicacal AN1 light natralanm - athul aratata — SN 1) Qnartracranis nranartiac
CATOMAlOErapiy \vds. COLId. Sltagil V. 1, Lglhit pLUuititudil - LUyl avtuaic SVULLJ. SPLLUUSLUPIV PLUpPLiuics
of the compound were obtained from this mixture. IH NMR (CDCly): 0.13 (s, 9H, TMS), 1.10-2.25 (m,
8H., aliphat, H), 1.37 (s, 34, CHj), 2.38-2.56 (m, 1H, H-3ax), 2.74-2.89 (m, 1H, H-5ax), 3.57 (s, 3H,
OCH3), 4.57 (dd ABX, Jiruns ~11Hz lis=4Hz, 1H H-2), 6.44 (d, J=9Hz, 2H, H-3"), 6.80 (d, J=9Hz,
2H, H-2"), 6.87-7.20 (m, SH arom. H); 13C NMR (CDCly): 0.5 (q, TMS), 23.7 (q, CH3), 24.3, 26.3 and



P. Stanetty et al. / Tetrahedron 54 (1998) 875-894 887

27.3 (3 t, C-5, C-6 and C-7%), 35.2 (t, C-3), 43.1 (t, C-8), 55.0 (q, OCH3), 59.4 (d, C-2), 59.6 (s, C-8a),
112.0 (d, C-3"), 121.6 (s, C-4a), 126.0 (d, C-4""), 127.6 (d, C-2'%), 128.5 (d, C-2"'"), 132.5 (d, C-3"'%),
139.1 (s, C-1"), 139.6 (s, C-4), 144.2 (s, C-1'"), 155.9 (s, C-4").
i-(2-Methyi-1-cyciohexenyi)-3-phenyi-3-phenyiamino-i-propanone (8a)

Imine 5a (0.500 g, 0.276 mmol) gave 0.194 g (22%) of 8a as a faint yellow oil according to the general
procedure using TiCl, as Lewis acid and performing the cleavage of the TMS group under acidic conditions
with 2N HCI/THF. Purification was carried out vig flash column chromatography (bas. cond. silicagel
30:1, light petroleum : ethyl acetate = 30:1). IH NMR (CDCi3): 1.46-1.68 (m, 4H, H-4 and H-5), 1.68-

ATT YT N 1YY YN an N 11 raY ATETY

(.83 (m, 3H, CHjy), 1.91-2.20 (m, 4H, H-3 and H-6), 2.89-3.12 (m, 2H, COCH,), "4.5 (bs, 1H, NH),

4.83 (t, J=7Hz, 1H, NCH), 6.55 (d, J=8Hz, 2H, H-2"), 6.67 (t, I=8Hz, 1H, H-4'), 6.89-7.44 (m, 7H,
arom. H); 13C NMR (CDCly): 21.4 (g, CH3), 22.0 and 22.1 (2 t, C-4 and C-5), 26.3 (1, C-6), 32.7 (t, C-
1) 48.9 (t. CH.). 54.7 (d. CH). 113.5 (d. C-2). 117.4 (d. C-4'). 126.2 (d. C=2""%). 127.0 (d. C-4"")

J, 0.7 \{, Liiy), 5.\, Wi, 113.2 U, Lma g, iS5 W, T ), 14V.L Uy, L Jy i&iov U, TS ),
128.5 and 128.9 (2 d, C-3" and C-3'"%), 132.7 (s, C-1), 141.5 (s, C-2), 142.9 (s, C-1'"), 146.9 (s, C-1"),
204.7 (s, CO). Anal.: Calc for CyoH,sNO: C, 82.72; H, 7.89; N, 4.38. Found: C, 82.31; H. 8.18: N
4.24.

1-(2-Methyl-cyclohexenyl)-3-phenyl-3-(4-nitrophenyl) amino-1-propanone (8b)

Imine 5¢ (0.300 g, 1.326 mmol) gave 0.200 g (41%) of 8c as orange crystals according to the general
procedure using TIF“ as Lewis acid at a temperature of -20°C and a reaction time of 2 h. Purification was
carried out vig ﬂ@sh column chromatography (bas. cond. silicagel 25:1, light petroleum : ethyl acetate =
7:1). Mp.: 155-159°C (FCC); 'H NMR (CDCl3): 1.50-1.67 (m, 4H, H-4 and H-5), 1.78 (s, 3H, CHy).
2.00-2.16 (m, 4H, H-3 and H-6), 3.07 (d, I=6Hz, 2H, COCH,), 4.94 (q, J=6Hz, 1H, NCH), 5.68 (bd,
I=6Hz, 1H, NH), 6.50 (d, J=10Hz, 2H, H-2'), 7.20-7.38 (m, 5H, arom. H), 8.01 (d, J=10Hz, 2H, H-
4'): 13C NMR (CDCI3): 21.6 (q, CH3), 21.9 and 22.1 (2 t, C4 and C-5), 26.3 (1, C-6), 33.1 (1, C-3),
47.9 (1, CH,), 54.3 (d, CH), 112.0 (d, C-2"), 126.1 (2 d, C-3' and C-2""%), 127.7 d, C-4'"), 128.9 (d, C-
3%, 132.4 (s, C-1), 138.2 (s, C-4"), 141.1 (s, C-2), 143.4 (s, C-1""), 152.3 (s, C-1"), 203.9 (s, CO).
Anal.: Calc for CypHyyN,O5: C, 72.51; H, 6.64; N, 7.69. Found: C,. 72.34; H, 6.84; N, 7.60.

- mw o O

(2a, 4ap, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro- 8a-methyi-1i,2-diphenyi-4(iH)-quinoiinone (9aj

Imine 5a (0.70 g, 3.86 mmol) gave 0.91 g (74 %) of an unseparable mixture of isomers 9a:10a in a ratio of
1:1.5 according to the general procedure using TiCly as Lewis acid at rt and a reaction time of 1 h.
Purification was performed via flash column chromatography (bas. cond. silicagel 30:1, light petroleum :
ethyl acetate = 30:1). Spectroscopic data were obtained from the mixture with 10a. 'H NMR (CDCly):

T S ¥4

0.94-2.50 (m, 10H, H-3, H-5, H-6, H-7, H-8), 1.23 (s, 3H, CHy), 2.98 (dd, ABX, Jgp,=14Hz,

Jn.am lle, 1H, H-3ax), 4.70 (dd, ABX, Jis=12.5Hz, Jgaycne=3.5Hz, 1H, H-2), 6.82-7.32 (m, 10H.
arom. H). 13C NMR (CDCl3): 21.6 (t, C-7%, 21.8 (g, CHy), 25.6 (1, C-5%, 27.5 (&, C-6%), 37.2 (t, C-8).
47. 5 (t, C-3), 58.9 (s, C-8a), 60.9 (d, C-4a), 62.6 (d, C-2), 125.3 (d, C-4"), 126.7 (d, C-4""), 127.6,
127.8 and 127.9 (3 d, C-2', C-3', C-2'"), 130.5 (d, C-3""™), 143.1 (s, C-1'"), 146.3 (s, C-1"), 212.2 (s,
CO). Anal. (mixture of 9a and 10a): Calc for C,,H,sNO: C, 82.72; H, 7.89; N, 4.38. Found: C, 82.5; H,

8.02; N, 4.31.

(2o, 4ap, 8aP)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyl-1-(4-nitrophenyl)-2-phenyl-4(1 H)-quinolinone
(9b)

Imine 5b (0.300g, 1.326mmol) gave 62% of a mixture of isomers 9b and 10b and 29% of 8b according to
the general procedure using Znly as Lewis acid at rt and a reaction time of 22 h. Separation of the 3
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products was carried out by flash column chromatography (silicagel 40:1, light petroleum : ethyl acetate =
10:1) and 0.074 g (15%) of pure i0a could by isolated as yellow crystals. Mp.: 171-174°C (DIPE); 'H
NMR (CDCl3): 1.06-2.15 (m, 8H, H-5, H-6, H-7, H-8), 1.22 (s, 3H, CHgy), 2.27-2.56 (m, 3H, H-3eq, H-

4a and H-5), 3.00 (dd, ABX, Jpem=15Hz, Jipe=13Hz, 1H, H-3ax), 4.73 (dd, ABX, Jypuye=13Hz,
¥ =SHz 1H N 09730 (m S arom Y 73 (4 T=10H> 27 W I2'Y 70 (d T=10H,
"gauchc SELL, LELl, 1R74), U707 00U (M, Ji1, QlULIL. 11f, 1.7 \4, J AVILIL, &Llly 1174 Jy 1.7V \U, J i1uriz
2H, H-3"). 13C NMR (CDCl3): 21.9 (g and t, CHj and C-7%), 25.4 (t, C-5%), 27.5 (t, C-6%), 37.4 (t, C-8),
47.4 (t, C-3), 60.0 (s, C-8a), 60.5 (d, C-4a), 62.5 (d, C-2), 123.3 (d, C-3"), 127.5 (d, C-4'"), 127.8 and
128.5 2 d, C-2'", C-3""), 130.7 (d, C-2"), 142.1 (s, C-1""), 145.0 (s, C-4"), 153.9 (s, C-1"), 211.0 (s.
CO). Anal. (mixture of 9b and 10b): Calc for C?_?_HQ N>O5: C, 72.51; H, 6.64; N, 7.69. Found: C.

“

72.27; H, 6.59; N, 7.60.

(2a, 4afl, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro-1-(4-methoxyphenyl)-8a-methyl-2-phenyl-4(1 H)-
quinolinone (9¢)

Imine S¢ (0.300 g, 1.420 mmol) gave 0.242 g (49%) of an unseparable mixture of isomers 9¢:10¢ in a ratio
of 1:2.5 according to the general procedure using TiCly as Lewis acid at rt and a reaction time of 1 h.
Purification was performed vig flash column chromatography (bas. cond. silicagel 40:1, light petroleum :
ethyl acetate = 30:1). Spectroscopic data were obtained from the mixture with 10a. 1H NMR (CDCl5):
0.90-2.52 (m, 10H, H-3, H-5, H-6, H-7, H-8), 1.13 (s, 3H, CHj), 2.87 (dd, ABX, Jg=15Hz,
Jirans=12Hz, 1H, H-3ax), 3.65 (s, 3H, OCH3), 4.56 (dd, ABX, Jia=12.5Hz, Jgqycne= SIIz 1H, H-2,
6.50 (d, J=8Hz, 2H, H-3'), 6.84-7.22 (m, 7H, arom. H). 13C NMR (CDCl3): 21 6 (t, C-7%), 21.8 (q.
CH3), 25.7 (t, C-5 ), 27.6 (t, C-6%), 37.3 (t, C-8), 47b(t C-3), 55.0 (q, OCHj3), 59()(5 C-8a), 61 0 (d,

C-4a), 63.0 (d, C-2), 112.9 (d, C-3"), 126.7 (d, C-4""), 127.9 and 128.0 (2 d, C-2"", C-3'"), 131.2 (d, C-
2"), 138.9 (s, C-1"), 143.5 (s, C-1""), 156.7 (s, C-4"), 212.5 (s CO). Anal. (mnxture of 9¢ and 10¢): Calc

b
U N0 O NS- I 770- N 401 Bannd: O
for L3 yINUg! L, 79. Ud; n, /.77, IN, 4.Ul. COUNG: U,

Lh
T
[ole]

d CdLUUIl lllllt: Ul

T rheramatagranhy (hae annd

uillli uuunual.usxapu_y Uas>. LUliu.
in

silicagel acetate = 30:1). The obtamed a ratio of cis :
d

pe yl
trans = 1'1 | cot l_d not be separate
(

.1 ou a and were Qnemrgscgplcallv charact |7f-d as mixture. |H NMR
(CDCly): 0.98-2.53 (m, 10H, H-3eq, H-4a, H-5, H-6, H-7, H-8), 1.09 (s, 3H, CH3), 2.95 (dd, ABX,
J‘,L.... 15HZ Jirans=13Hz, 1H, H 3ax), 3.52 (d, AB, Jg.,.n 17HZ PhCH,-a), 3.80 (d, AB,
Jgemz=17Hz, PhCHy-b), 4.10 (dd, ABX, Jyans=12Hz, Jgauene=5Hz, 1H, H-2), 6.99-7.49 (m. 10H,
arom. H); l3CNMR(CD(’13) 19.7 (q, CH3), 20.9 (1, C7) 25.4 (t, C-5%), 27.0 (t, C-6%), 37.8 (1, C-8),
47.2 (t, C-3%, 51.7 (t, PACH,™), 59.6 (s, C-8a), 61.0 (d, C-4a), 65.1 (d, C-2), 125.8 and 127.5 (2 d, C-4'
and C-4'"), 128.1, 128.2, 128.3 and 128.5 (4 d, C-2', C-3', C-2"" and C-3""), 141.7 and 143.4 (2 s, C-1"
and C-1'"), 212.2 (s, CO). Anal. (mixture of 9d and 10d): Calc for C;3H,9NO: C, 82.84; H, 8.16; N,
4.20. Found: C, 82.61; H, 8.31; N, 4.14.

(2a, 4aP, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyi-2-(4-nitrophenyi)-i-phenyi-4(1 H)-quinoiinone
(9e)

Imine 5e (0.300g, 1.326mmol) gave 50% of an unseparable mixture of cis- and trans-isomers 9e and 10e
according to the general procedure using TiCly as Lewis acid at rt and a reaction time of 1 h. Purification
was performed via flash column chromatography (bas. cond. silicagel 40:1, light petroleum : ethyl acetate
= 15:1). Spectroscopic data were obtained from the mixture with 10a. 'H NMR (CDCly): 0.92-2.98 (m,
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12H, aliphat. H), 1.24 (s, 3H, CH3), 4.85 (dd, ABX, Jyang=11Hz, Jyayehe =5Hz, IH, H-2), 6.77-7.25 (m,
5H, arom. H), 7.38 (d, J=9Hz, 2H, H-2""), 7.86 (d, J=9Hz, 2H, H-3'"). 13C NMR (CDCly): 21.6 (t, C-
7%, 21.8 (q, CHy), 25.5 (1, C-5%), 27.5 (1, C-6%), 37.1 (t, C-8), 46.9 (t, C-3), 59.3 (s, C-8a), 60.6 (d, C-
A~ £Y Y (A (N 17 & (A4 @R AN 1798 Q 74 AN 177 Q 170 & nndA 12N 2 2 3 raalks M M 21 raalie LR A
43d), Oc.2 (G, L-~2), 1230 (G, L-5 ), 1£3.7 {0, U4 ), 12/.0, 120.0 a4 13U.3 (1 G, U-2, UL-3, U-2 ),
145.7 (5. C-1'"Y. 146.6 (5. C-4""% 150.7 {s. C-1'""). 210.8 (5. CO). Anal. {mixture of % and 10e): Calc
J. W3, U g, 1%0.0 (O, T Jy RIVLF 0, L1 J, £1V.0 O, LUy, fAddalk, (HHAWIC Ul FT dlil 1uc). cail
for CasHAa:N-OQ.- . 72 581-H 664N 7.69 Found: C 72.28-H 6.91: 7 61
for CopHagN2O5: C, 72.51; H, 6.64; N, 7.69. Found: C, 72.28; H, 6.91; N, 7.61
(2a, 4aB, 8aP)-2,3.4a,5,6,7,8,8a-Octahydro-2-(4-methoxyphenyl)-8a-methyl-1-phenyl-4(1 H)-
quinolinone (9f)
Toaimn EF /) 2N 1 AMNmarmal)l gova N DAQ o (SN0 ~Ff o Y vt nP rio_and franc_ioamarg Da and 10 ~o
1T O \U.JWS, 1.4 LULLIEIIL) savc V.20 g \JU /0) Ui a 1.4 1liL 14 Ul ¢ allld rariy- lbUlllClD P4 - allU lw ad
faint yellow oil according to the general procedure using TiCl,4 as Lewis acid at rt and a reaction time of 4
h. It proved to be necessary to use 4 equiv. of diene 2, which were added in two portions at the beginning
of the reaction and after 2 h. Punflcauon was performed vig flash column chromatography (bas. cond.

silicagel 40:1, light petroleum : ethyl acetate = 30:1 ). IH NMR (CDCly): 0.99-2.48 (m, 10H, H-3, H-5,
H-6, H-7, H-8), 1.22 (s, 3H, CHy), 2.94 (dd, ABX, Jgep,=14Hz, Jip,y=12Hz, 1H, H-3ax), 3.66 (s, 3H,
OCH3), 4.65 (dd, ABX, Jius=13Hz, Jgayche=4Hz, IH H-2), 6.62 (d, J=8Hz, 2H, H-3""), 6.87-7.08
(m, SH, arom. H), 7.17 (d, J=8Hz, 2H, H2") 13C NMR (CDCly): 21.7 (t, C-7%), 21.9 (q, CHy), 25.7
(t, C-5%), 27.6 (t, C-6%), 37.3 (1, C-8), 47.8 (t, C-3), 55.0 (g, OCHjy), 59.0 (s, C-8a), 61.0 (d, C-4a), 62.0
(d, C-2), 113.4 (d, C-3'"), 125.4 (d, C-4"), 127.7, 128.9 and 130.6 (3 d, C-2', C-2"", C-3"), 135.4 (s, C-
1), 146. 5 ('s C-1"), 158.0 (s, C-4""), 212.6 (s, CO). Anal. (mixture of 9f and 10f): Calc for C,3H»7NO;:

C, 79.05; H, 7.79; N, 4.01. Found: C, 78.92; H, 8.00; N, 3.90.

(2a, 4aa, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyi-1,2-diphenyi-4(iH)-quinoiinone {i(a)

Imine 5a (0.70 g, 3.86 mmol) gave 74 % of a mixture of cis- and trans-isomers 9a and 10a according to the
general procedure using TiCly as Lewis acid at rt and a reaction time of 1 h, which was treated with 1
equiv. of MeONa in dry MeOH for 4 days, freed from a major amount of the solvent, the residue poured
onto water, extracted with CH,Cl,, dried over Na;SO4 and evaporated to dryness: 0.91 g (74%) of 10a

could by isolated as faint yellow crystals. Purification was performed via flash column chromatography

transl — 2+ %<& . "gauulel S04, 150,

CH3), 21.3 (1, C-7%, 22.1 (t, C-5%), 24.5 (1, C6*) 40.6 (1, C-8),
515 ([ C3) 587 (d C4a) 6 -8a), 62.3 (d, C-2), 125.1 (d, C-4"), 126.6 (d, C-4'"), 127.4,
127.8 and 127.9 (3 d, C-2', C-3', C- 2"*) 130.6 (d, C-3''%), 142.9 (s, C-1'"), 145.5 (s, C-1"), 209.6 (s,
CO). Anal. (mixture of 9a and 10a): Calc for Cy,H)sNO: C, 82.72; H, 7.89; N, 4.38. Found: C, 82.5; H,
8.02;: N, 4.31.

(bas. cond. silicagel 30:1, light petroleum : ethyl acetate = 30:1). Mp.: 140-143°C (FCC); 'H NMR
7alaYal DR B a VA TR BN e A N AT QLI I & O A& LI7 LI_Q\ 117 (¢ 21 M1 N D K7 (34 ADV — 1210~
{LuLiy): 1.UU-1.%0 {m, on, n-Jj, n-g, n-/, n-9j, t.12 {8, Jn, vnygj, <0/ 04, ADA, "gem“‘-’“’-v
— o) — = I
Yyauchet =5Hz, TH, H-3eq), 2.76 (t, ABX, Jgem =Jisans1 = 13Hz, H-32x), 2.92 (dd, ABM, Jypyysr=12.5Hz,
I =3.5Hz, 1, H-4a), 4 , ABX, I, =13Hz, ] =5Hz, 1H, H-2), 6.84-7.31 (m, 10H,
C

b VA4

»—-""
oo ~

2o, 4aa, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyl-1-(4-nitrophenyl)-2-phenyl-4(1 H)-quinolinone
(10b)

Imine 5b (0.300 g, 1.326 mmol) gave 62% of a mixture of isomers 9b and 10b and 29% of 8b according to
the general procedure using Znl, as Lewis acid at rt and a reaction time of 22 h. Separation of cyclic and
acyclic products was carried out by flash column chromatography (bas. cond. silicagel 40:1, light petroleum
: ethyl acetate = 10:1). The obtained quinolinones (ratio approx. 1:1) were treated with 1 equiv. of MeONa
in dry MeOH for 5 days, freed from a major amount of the solvent, the residue poured onto water,
extracted with CH,Cl,, dried over NaySO4 and evaporated to dryness. 0.298 g (62%) of 10b could by

isolated as yellow crystals. Mp.: 198-200°C (DIPE); IH NMR (CDCl3): 1.16-1.95 (m, 8H, H-3, H-6, H-
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7, H-8), 1.21 (s, 3H, CHj3), 2.70 (dd, ABX ,I =15Hz, Jgauche =6Hz, 1H, H-3eq), 2.79-2.95 (m, 2H,
H-3ax and H-4a), 4.89 (dd, ABX, J,n=10Hz Jgauchc 6Hz, 1H, H-2), 7.03-7.28 (m, 8H, arom. H),
789(d J=10Hz, H-3"). 13C NMR (CDCl5): 1 4( CHy), 21.3 (1, C-7%), 22.1 (1, C-5%), 24.3 (1, C-6),

10 (t. C-8). 50 f6 O N €O N LA AN L1 Q0] O LYY (e 0.QN 1792 1 fA O AN 197 Y A O
39.9 (i, L-0}, 50.1 (L, L=3), J0.U W, L-4d), O1.7 10U, L-2), OL.2 (5, L-04d), 1£D.1 (4, L-4 ), 127.2 a, -
A" 197 A 179Q & and 17Q £ (2 A (' O .2 141 Q (g _1''N 1472 7 (e (_A'Y 187 Q (¢ (_1")
4 ), 1&47.%, 120,09 4llU 120.U\J U, U 2 , UL, Lo ), 191.0 WO, L1 ), 1%0.7 O, LU~ J, 1JL.7 O, L1 ),
ML D (¢ CON Anal {(mixture of Oh and 10h)- Cale for C5,H5:N-O.- C 72 51- 6 . 7 680 Found-
SVO.L S, WU, fdial. \HIIAWIL Vi J0 alld RURFj. QIv IV UOTRLIJAAN)RIFe oy T &/ dy K1, V.UT, 1N, 7.U7. 1 VUM,
C, 72.27; H, 6.59; N, 7.60.

(2a Aga ; 83_.(3)-_ 3,4a,5,6,7,8,8a-Octahydro-1-(4-methoxyphenyl)-8a-methyl-2-phenyl-4(1 H)-

of 1 h. Seperation of endo- and

svn. nrodurte wae rarried o ash column chromatoeranhv (bas. cond. silicagel 40:1 |1aht nPrrnIan )
CcCAUV lJLUuu\.«\.a WAl wdllivua vu J AT WVULLLEEL Wikl WL u\v\lblu‘.l IJ v Diliviag vl TN/ e Ly 22 Iilt PWliWivwiaiil o
ethyl acetate = 30:1). The obtained endo-quinolinones (ratio approx. 1:2.5) were treated wnh ] equiv. of

¢2 331 CREU-LHRANRINIVNES Va0 appiiva. Caltl

M ays, freed from a major amount of the solvent, the residue poured onto water,
extracted w1th CH2C12, drled over Na;SO, and evaporated to dryness. 0.224 g (45%) of 10c could by
isolated as pale yellow crystalls. Mp.: 118-121°C (FCC); 'H NMR (CDCl3): 0.98-1.87 (m, 8H, H-5, H-6,
H-7, H-8), 1.09 (s, 3H, CH3), 2.54 (dd, ABX, Joep, =13Hz, Joayche1 =5Hz, 1H, H-3eq), 2.72 (1, ABX,
Joem=irans1 =13Hz, H- 3ax), 2.87 (dd, ABM, Jt,mz 12.5Hz, Jgaucne2=3Hz, 1H, H-4a), 3.65 (s, 3H,
OCHJ) 4.75 (dd, ABX, Jirans1 =13Hz, Jgayche1 =5Hz, 1H, H-2), 6.57 (d, I=8Hz, 2H, H-3), 6.97 (d.
J=8Hz, 2H, H-2"), 7.01-7.29 (m, 5H, arom. H). 13C NMR (CDCly): 11.7 (q, CH3), 21.4 (1, C-7%), 22.2
(t, C-5%), 24.6 (t, C-6), 40.7 (t, C-8), 51.7 (t, C-3), 55.1 (g, OCHj3), 588(d C-4a), 61.9 (s, C-8a), 62.6
(d, C-2), 112 6 (d, C-3"), 126.7 (d, C-4'"), 127.9 and 128.1 (2 d, C-2'", C-3'"), 131.3 (d, C-2"), 138.3 (s,
C-1%), 143.2 (s, C-1'"), 156.7 (s, C-4"), 209.9 (s, CO). Anal. (mixture of 9¢ and 1i0c): Calc for
Cy3Hy7NO,: C, 79.05; H, 7.79; N, 4.01. Found: C, 78.75; H, 8.04; N, 3.89.

and 26% of 11d accoramg to the generai procedure using SnCiy as Lewis acid at ri and a reaction time of
16 h. aeparauon of endo- and exo- products was carried out by flash column chromatography (bas. cond.
4444444 PRSP P « athyl anatata — 2N 1Y Tha nhtainad nn/’n_nninr\“nr\nnc in a ratin nf rJje »
blllhdgﬁl "I'U l llglll })CLIU!CUIH - Cul_yl actclailc JU.1J. LT Uulallitl Srad-quinliviniunes il a jdauu Ul Lo .
trans = 1:1.1 could not be separated and were spectroscopically characterized as a mixture. IH NMR

98-1.90 (m, 8H, H-3, H-6, H-7, H-R), 1.06 (s, 3H, CHj3), 2.44 (dd, ABX, J,..;=14Hz,

Cii, 2:78 ST, LT3 r du, AD Joemil

, H- 2em 2.69-2.87 (m, 2H, H-3ax and H-4a), 3.42 (d AB, Joem= 17Hz, PhCH»-a),

L, I1=J0%4 ), £.VF7<.0

'—:l:"

I z
hd gaut.m: N

3.82 (d, AB, Jnem2 17Hz, PhCH,-b), 4.15 (dd, ABX, Jyppe= 13Hz, Toauche = =5Hz, 1H, H-2), 6.99-7.48
(m. 10H, arom. H); 13C NMR (CDCls): 10.8 (q, CHy), 21.1 (t, C-7*), 22.1 (t, C-5%), 24.4 (t, C-6*), 39.8
(t. C-8), 50.3 (t, C-3%), 51.0 (t, PhCH,*), 58.1 (d, C-4a), 63.0 (s, C-8a), 65.4 (d, C-2), 125.5 and 127.43
2 d, C-4' and C-4'"), 126.9, 127.47, 128.10 and 128.12 (4 d, C-2', C-3', C-2'* and C-3'"), 142.7 and
143.1 (2's, C-1' and C-1'"), 209.7 (s, CO). Anal. (mixture of 9d and 10d): Calc for Cp3H,7NO: C, 82.84;

H, 8.16; N, 4.20. Found: C, 82.61; H, 8.31; N, 4.14,

2a, 4aa, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyl-2-(4-nitrophenyi)-1-phenyi-4(1 H)-quinolinone
(10e)

Imine 5e (0.300g, 1.326mmol) gave 50% of a mixture of cis- and frans-isomers 9e and 10e according to the
general procedure using TiCly as Lewis acid at rt and a reaction time of 1 h, which was treated with 1
equiv. of MeONa in dry MeOH for 5 days, freed from a major amount of the solvent, the residue poured
onto water, extracted with CH,Cl,, dried over Na;SOy4 and evaporated to dryness. U.225 g (47%) ot 1Ue
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couid by isolated as faint yellow crystals. Purification was performed via flash column chromatography
(bas. cond. silicagel 40:1, light petroleum : ethyl acetate = 15:1). Mp.: 130-134°C (DIPE); 1H NMR
(CDCl3): 0.92-1.80 (m, 8H, H-5, H-6, H-7, H-8), 1.03 (s, 3H, CH3), 2.37-2.67 (m, 2H, H-3), 2.83 (dd,

ADRA T e 12T~ 1 — Al IH

ADN, Jipans] = 190Z, Jpquchel = ~+1u:, 1, R Jmmszfilnz, "lgauche2=‘7“L’ iH, n-Z)
ATTTIS (m S arorn YV 72 (d 1T=QH> 29T HI''Y 724 (d 1—QU> 2 _71'"y 130 NMD
U,/ i=d.6d \Ull, Jil, AiVill, 11, 1.0 \Md, J 7iiL, &1, 114 ), 1.0U \uU, J ZiilL, «ii, K10 ) LR FL4 § o8
(CDCL3): 11.7 (g, CH3), 21.2 (t, C-7%), 22.0 (t, C-5%), 24.4 (1, C-6%), 40.4 (t, C-8), 50.7 (t. C-3). 58.7
(R 3/- My 2157, Li.s T, Mo Iy Smed (Vv TU g, &TUE N, TR FULT (L, Tfegy Vi \ty, oS0, UL
(d, C-4a), 61. 8 d, C-2), 62.2 (s, C-8a), 123.5 (d, C-3'"), 125.7 (d, C-4"), 127.8, 128.5 and 130.3 (3 d,

C-2', C-3', C-2"), 144.9 (s, C-1'%), 146.5 (s, C-4''*), 150.4 (s, C-1'"), 208.2 (s, CO). Anal. (mixture of
9e and 10e) Calc for CypH ')4N70q C, 72.51; H, 6.64; N, 7.69. Found: C, 72.28; H, 6.91; N, 7.61.

2a, daa, 8ap)-2,3,4a,5,6,7,8,8a-Octahydro-2-(4-methoxyphenyl)-8a-methyl-1-phenyl-4(1H)-
quinolinone (10f)

Imine 5f (0.300g, 1.420mmol) gave 0.248 g (50%) of a mixture of cis- and trans-isomers 9e and 10e as
faint yellow oil according to the general procedure using TiCly as Lewis acid at rt and a reaction time of
4 h. It proved to be necessary to use 4 equiv. of diene 2, which were added in two portions at the beginning
of the reaction and after 2 h. Purification was performed via flash column chromatography (bas. cond.
silicagel 40:1, light petroleum : ethyl acetate = 30:1). !H NMR (CDCl3): 0.99-1.87 (m, 8H, H-5, H-6, H-
7, H-8), 1.10 (s, 3H, CHj3), 2.52 (dd, ABX, Jgep=13Hz, Jgacne1=4Hz, 1H, H-3eq), 2.71 (t, ABX,
Joem=Jirans1 =13Hz, H-3ax), 2.89 (dd, ABM, Jtmsz 13Hz, Jgauche2=3Hz, 1H, H-4a), 3.66 (s, 3H,
OCH3) 4.76 (dd, ABX, Jirans1 =13Hz, Jgauchel—4HZ IH, H-2), 6 62 (d, J=8Hz, 2H, H- 3") 6 87-7.08
(m, SH, arom. H), 7.17 (d, J=8Hz, 2H, H-2'"); 13C NMR (CDCly): 11.7 (q, CHy), 21.4 (1, C-7%), 22.2
(t, C-5%), 24.6 (1, C-6%), 40.7 (t, C-8), 51.8 (¢, LJ),DDG(q,ULHy,D&&(d L4a) 61.7 (d, L—/,') 61.8
(s, C-8a), 113.4 (d, C-3'"), 125.1 (d C-4", 127.4, 128.8 and 130.6 (3 d, C-2', C-2'", C-3"), 135.2 (s, C-
1'"), 145.7 (s, C-1"), 158.0 (s, C-4'"), 209.9 (s, CO). Anal. (mnxture of 9f and 10f) Calc for Cy3Hy7NO,:
C,79.05: H, 7.79; N, 4. : ; H, 8.

5 U, 1‘,.) U

2a, 4ac, 8aa)-2,3,4a,5,6,7,8,8a-Octahydro-1-(4-methoxyphenyl)-8a-methyl-2-phenyl-4(1 H)-quinoli-
none (11c¢)
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was carried out by flash column chromatography (bas. cond. silicagel 40:1, light petroleum : ethy
= 30:1). Mp.: 134-137°C (DIPE); lH NMR (CDCly): 1.17-2.38 (m, 8H, H-5, H-6, H-7, H-8), 1.25 (s,

ESAV R LR . [ P e _j/ oL, 1179

3H, CHy), 2 55 (dd, ABX, JM...I——14HZ J...=3Hz, 1H, H-3ax), 2.65-2.83 (m 2H, H-3eq and H-4a),

Baullic

3.65 (s, 3H, OCHa), 4.77 (dd, ABX, Jm).u 14Hz, Jypuene=3Hz, 1H, H-2), 6.57 (d, J=8Hz, 2H, H-3"),
7.01-7.29 (m, 7H, arom. H); 13C NMR (CDCl3): 21.5, 22.5 and 22.7 (3 t, C-5, C-6 and C-7), 27.1 (q.
CHs), 28.0 (t, C-8), 51.8 (t, C-3), 55.0 (g, OCH3), 55.2 (d, C-4a), 61.0 (d, C-2), 61.5 (s, C-8a), 112.4
(d, C-3'), 126.6 (d, C-4'"), 127.86 and 127.93 (2 d, C-2"" and C-3"), 132.1 (d, C-2'), 138.6 (s, C-1"),
143.2 (s, C-1'"), 156.5 (s, C-4"), 209.3 (s, CO). Anal.: Calc for Co3H,7NO,: C, 79.05; H, 7.79; N, 4.01.

Found: C, 78.79: H, 8.00; N, 3.89.

a, 4aP, 8aw)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyi-1-(phenyimethyi)-2-phenyi-4(1H)-quinolinone
(11d)

Imine 5¢ (0.500 g, 2.560 mmol) gave 0.220 g (26%) of 11d as colorless crystals according to the general
procedure using SnCly as Lewis acid at rt and a reaction time of 16 h. Separation of the endo- and the exo-
products was carried out by flash column chromatography (bas. cond. silicagel 40:1, light petroleum : ethyl
acetate = 30:1) or by fractional crystallization from DIPE. Mp.: 125-128°C (DIPE); IH NMR (CDCly):
1.05-2.35 (m, 8H, H-5, H-6, H-7, H-8), 1.38 (s, 3H, CHj3), 2.46 (dd, ABX, Jyep = 14Hz, Jgaycne =411z,
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iH, H-3eq), 3-2.90 (m, 2H, H-3ax and H-4a), 3.44 (d, AB, Jgemz 17Hz, PhCHj-a), 3.98 (d, AB
Jgemz=17Hz, PhCHy-b), 4.25 (dd, ABX, Jiyns=12Hz, Jguuene=4Hz, 1H, H-2), 6.97-7.46 (m, i0H,
arom. H); 13C NMR (CDCly): 21.7, 22.2 and 22.7 (3 t, C-5, C-6 and C-7), 26.2 (q, CH3y), 27.5 (1, C-8),
A0 A (+ O 812 (e DhOH N &4 7 (4 42 &) A fc .\ K) Q/id O 1798 A and 177 28 /) 1 _A
FIAAL LTI, JLoo L, LHRCRL) ), I AU TTa), UL T ), L0a), UL.0 U, L), 144 alll 147,00 (2 U, U4
and C-4""), 126.9, 127.45, 127.8 and 128.3 4 d, C-2’, C-3’, C-2"' and C-3"'}), 142.0 and 143.2 (2 5, C-1
and C-1'""), 209.4 (s, CO). Anal.: Calc for C;3Hy;NO: C, 82.84; H, 8.16; N, 4.20. Found: C, 83.17; H
8.46; N, 3.95

(1o, 2B, 4ap, 8ax)-2,3,4a,5,6,7,8,8a-Octahydro-8a-methyl-1-[(2-methyl-1-cyclohexenyl)carbonyl]-2-
phenyl-4(1 H)-naphthalinone (12)

Reaction of imine 5b (0.200 g, 0.884 mmol) with diene 2b in the presence of one equivalent of SnCl,
according to the general nrg(_‘edl_lre for cyclizations gave 0.129 g (40%) of 12 as colorless crystals after
purification via flash column chromatography (bas. cond. silicagel 40:1, light petroleum : ethyl acetate =
30:1). Mp.: 150-151°C (DIPE); IH NMR (CDCly): 1.00 (s, 3H, CHz), 1.12-2.40 (m, 16H, aliphat. H),
1.65 (bs, 3H, =CCHj3), 2.46 (dd, ABM, J,,,s=11Hz, JgaucheZSHZa 1H, H-4a), 2.54-2.73 (m, 2H, H-3),
3.56 (d, J=13Hz, 1H, H-1), 3.60-3.77 (m, 1H, H-2), 7.10-7.30 (m, 5H, arom. H); 13C NMR (CDCl3):
13.7 (q, CH3), 20.4 and 21.1 (2 t, C-5 and C-7), 21.5 (q, =CCHj3), 21.9 and 22.4 (2 t, C-5" and C-7'),
24.9 (t, C-6), 26.7 (1, C-6"), 33.1 (t, C-3"), 38.6 (t, C-8), 43.0 (s, C-8a), 43.7 (d, C-2), 48.3 (1, C-3),
57.5 (d, C-4a), 61.1 (d, C-1), 126.8 (d, C-4'"), 128.0 and 128.4 (2 d, C-2"" and C-3'"), 134.6 (s, C-1"),
142.1 2 s, C-1"" and C-2'), 205.9 (s, CO"), 210.1 (s, CO). MS: e/z = 364 (M), 123 (bp), 93, 67.
Anal.: Cale for Co5H3,0,: C, 82.37; H, 8.85. Found: C, 82.14; H. 8.75.

1-cyclohexenyl)-methanone (12a)
Compound 12a could be isolated according to the procedure for the synthesis of 12 prior to treatment with
MeOH/NEt;. Imine 5b (0.100 g, 0.442 mmol) gave 0.030 g (16%) of 12a as yellow oil after purification
via flash column chromatography (silicagel 40:1, light petroleum : ethyl acetate = 50:1). 1H NMR

'PalaYall N 1= r_ NIy TR A0\ 1 1£ 7. YT el B Y 1 £L£ /1 _ ATTY Yy Vol i SRy 1 N N Q5 1. 1017Y 1 _ TIN
(CDCl3): 0.17 (s, 9H, TMS), 1.15 (s, 3H, CHj), 1.65 (bs, 3H, =CCHj3), 1.35-2.86 (m, 18H, aliphat. H).
2 2N 2 20 [ enn LT IT 1 ol LT N T N "7 2N {2 &L e | 6 AN lvf‘ NIAAD 7OTY Y Y. N L F~ TRACH mnN 7
3.30-5.3% {(m, Z2n, b-1 ana n-2j, /7.U>-7.50 {m, Jn, arom. rj; **C NMR {CDUI3) U.6 (g, 1 MS), 20.7
and 21 2D a 2C0HY 221 9279 I8l and 22824t CA' C85 CAR" and C.N D& T and 270D+ (.
qaliu & 1.2 \L q, pFa \/lljl s ket 0 1’ s g ke gy hwhs aad L KRNI i w W) \_Y Ly 777, J’ TS (28 § LS B N ’/ PN U AN ~ 9 § LW guyan U \_ i,
6 and C-6"), 33.2 (t, C-3"), 39.36 and 40.8 (2 t, C-3 and C-8), 39.44 (d, C-2), 39.8 (s, C-8a), 59.2 (d, C-
1), 121.0 (s, C-4a), 126.2 (d, C-4'"), 128.2 (2 d, C-2"" and C-3""), 135.3 (s, C-1'), 140.4 (s, C-4%), 141.1]
(s, C-1""%), 144.7 (s, C-2"), 207.4 (s, CO)

1-(2-Methyl-1-cyclohexenyl)-3-phenyl-propenone (13)

A mivture nf hanraldahude (0 AN o ) RIS mmnn 711]- (A o 2 825 mmoh) and drv CH-CLl, (& mI )
A2 HHTAWULY Ul ULHZAIUCIT Y US (V. UV &, u O4d 1iiiid LG \V.IVL g, £.040 1oanu Uiy Linghag (0
was stirred under nitrogen for 30 min at room tpmmlral_u_e_ Diene 2 (1.189 ¢. 5.649 mmol) in CH,Cl,

VA2 QS 5, J.U0FF 20 L L Al

(4 mL) was added and the solution was stirred for 18 h. The crude mixture was hydrolyzed and washed
with satd. NaHCOj5 solution, dried over NaySO4 and the solvent was evaporated. The residue (14a) was
dissolved in dry benzene (10 mL) and refluxed for 3 h in the presence of a few crystals of p-TSA. Diethyl
ether was added to the cooled solution and the organic phase was washed with satd. NaHCO; solution,
dried over Nap,SO4 and treated with charcoal. After evaporation of the volatiles the crude product was
distilled via Kugelrohr to give 0.483 g (76%) of a pale yellow oil. Bp.: 155-160°C / 0.03mbar; 'H NMR
(CDCl3): 1.60-1.73 (m, 4H, H-4" and H-5"), 1.76 (s, 3H, CH3), 2.03-2.35 (m, 4H, H-3" and H-6"), 6.83
(d Jirans=16Hz, 1H, H-3), 7.22-7.65 (m, 6H, H-2 and arom. H); '*C NMR (CDCl3): 21.2 (q, CH3),

2.2 and 22.4 2 t, C-4' and C-5'), 26.8 (t, C-6"), 31.6 (t, C-3"), 126.5 (d, C-4'"), 128.1 and 128.7 (2 d,
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C2"and C-3'"Y 1302 (d C-3) 1329 1347 and 1366 (3. C1' C1" CI2Y 144 1¢(4 C.2) 100 4
r4 X Jy AWVl \(My MNTUF,y Lddea Ty ATl QUG AJVLU W Iy, UTL U 3y WTL g, ATFTL.L MU, ULy, 1.
(s, CO). Anal.: Calc. for C;H:20: C, 84.91; H, 8.02. Found: C, 83.68; 8.10

My XSS 10°°1d ’ L] ’ Sy MR, dd, Uil
1-(2-Methyl-1-cyclohexenyl)-3-trimethylsilyloxy-3-phenyl-1-propanone (14a)

A emiwviiiern ~f lhanealdaheda N 10N &~ N QA aasaanl) Tl N WY ~ N OAD cmasmanalYy e d e, MIT MY Vio BP9 B
A HHBAWUIU Ul UCILZAaIUTII YU (V. 1UV 5, V.%o HunuLy, 4 112 \WV.Juuv 5, U.794 111 llUl} alld Uly bﬂ2\.12 \.{. llL}
was stirred under nitrogen for 30 min at room temperature. Diene 2 (0.419 g, 1.884 mmol) in CH,Cl,
(1 mL) was added and the solution was stirred for 6 h. The crude mixture was hydrolized and washed with
satd. NaHCO; solution, dried over Na,SO, and the solvent was evaporated. The excess of diene was

destroyed by treatment with dry methanol overnight. Evaporation of the volatiles and flash column
chromatography (bas. cond. silica gel 70:1, light petroleum : ethyl acetate = 20:1) gave 0.140 g (47%) of
14a as colorless oil. 1H-NMR (CDCl53): 0.00 (s, 9H, TMS), 1.51-1.62 (m, 4H, H-4' and H-5'), 1.75-1.80
(m, 3H, CHj3), 1.97-2.23 (m, 4H, H-3' and H-6"), 2.63 (dd, ABX, Jg,=16Hz, J,;.=4Hz, 1H, CHa),
3.10 (dd, ABX, Jyey=16Hz, J;c=9Hz, 1H, CH,b), 5.30 (dd, ABX, Jvie=9Hz, J;.=4Hz, 1H, H-3),
7.17-7.29 (m, 5H, arom. H); 13C-NMR (CDCl5): 0.0 (g, TMS), 21.3 (q, CH3), 22.2 (2 t, C-4' and C-5"),
26.2 (t, C-6"), 32.7 (t, C-3"), 52.4 (t, CHy), 71.4 (d, CH), 125.8 (d, C-2"'™), 127.2 (d, C-4""), 128.2 (d,
C-3'"%), 133.7 (s, C-1"), 139.6 (s, C-2"), 144.7 (s, C-1'"), 204.7 (s, CO).
3-Hydroxy-1-(2-methyi-i-cyclohexenyi)-3-phenyi-i-propanone (i4)

The reaction was carried out according to the synthesis of 14a. Cleavage of the TMS group was carried out
by treatment of the crude product with dry methanol (4 mL) and acetic acid (0.5 mL) for 1 h. After
evaporation of the volatiles 0.229 g (99%) of 14 were isolated by flash column chromatography (silica gel
30:1, light petroleum : ethyl acetate = 25:1) as colorless oil. 1H-NMR (CDCi3): = 1.48-1.70 (m, 4H, H-
4' and H-5"), 1.86-1.93 (m, 3H, CHy), 2.02-2.27 (m, 4H, H-3" and H-6'), 290(d,J 6Hz, 2H, CH,),

A T__ LYY 11T ATIN & 10 £ 11T ATIN "7 10 71 AA 7. £11 IO § 1 AIRADY /TN VL A1
4..) (DS, J=0nZ, 1, vun), o.1¥ (i, i, ), /.19-/7.44 (I, on, arom. ri); ‘\/'IV 1K (\,U\,l?)). Ll.b [q,
CIT N IV and VYT (D ¢ A and (KN DL 12 (¢ (T L' 1272 [+ (21 AQ 7 (¢ OIT N N1 /A OITY
Lg), £24.U @Na 22.% (2 &, L& @il -3, 20.5 (i, L-0 ), 33.5 (1, L-3), 45.7 (i, L), /iu.1 q, Lnj,
178 6(d CO"F 197 4(d C4'""Y 17823 4d C-3"™ 1123 4ic C 1Y 1430 and 14340 ¢ C_1'" and (.
1&40.0 \U, UTe Jy LELT.7 Uy, T g, 14000 M1, WTJ Ja LlJdded \Oy 71 J, ATTJ. UV QI 1T7J.77 (& O, LT aiid o
2'), 206.1 (s, CO). Anal.: Calc. for CigH,0,: C, 78.65; H, 8.25. Found: C, 78.51; H, 8.04
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