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Abstract: Hydration of nitriles with 1-2 equivalents of water can be performed efficiently by using RuH(PPhs)4
catalyst to give the corresponding amides. Under the similar reaction conditions, 8-ketonitriles can be converted into the
corresponding ene-lactams, which are versatile synthetic intermediates. The efficiency of the reaction 1s demonstrated by
the short-step synthesis of (~)-pumiliotoxn C.

INTRODUCTION

The activation of nitriles under mild and neutral conditions is of importance in view of enzymatic! and
synthetic points.2 Although there are many methods for hydration of nitriles, they require acidic or basic
conditions usually.2.3 Hydration of nitriles under neutral conditions has been explored by using heterogencous?
and homogeneous3 catalysts; however, the problems of these methods are that the reactions require large excess
of water and extremely high reaction temperatures. Therefore, development of an effective method for hydration
of nitriles by using an equivalent of water under mild and neutral conditions is waited to be explored.

During the course of our systematic study on the activation of nitriles with homogeneous catalysts,5 we
found that hydration of nitriles proceeds smoothly upon treatment with only 1-2 equivalents of water in the
presence of RuH2(PPh3)4 catalyst under neutral conditions to give the corresponding amides (eq 1).” The present

RuH,(PPha) cat
R-CN » RCONH, ™)
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hydration is advantageous over the previous methods2-5 because of its simple operation, high efficiency, neutral
reaction conditions, and freedom from need of excess water.

The principle of the hydration can be extended for the catalytic transformation of 8-ketonitriles to ene-
lactams (eq 2),7 which are highly useful intermediates for synthesis of piperidine8 and hydroquinoline? ring
systems.
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Although ene-lactams have been prepared, the reported methods require strong acidic or basic conditions
and lack the generality of applicable substrates.!0 The present reaction is advantageous over the previous
methods because 1) the reaction proceeds generally and highly efficiently under neutral conditions; ii) various
functional groups tolerate the reaction; iii) 8-ketonitriles can be easily prepared from ketones via Michael addition
to acrylonitriles.!!

The effectiveness of the present reaction 1s illustrated by the synthesis of (-)-pumiliotoxin C (1), which is
an interesting toxic skin alkaloid produced by Central American frogs Dendrobates pumilio and D. auratus.12

H

N \/\
HH

(-)-pumihiotoxin C (1)

Interest in the synthesis of pumiliotoxin C is increasing not only due to its unusual cis-decahydroquinoline
structure but also the significant neurological activities.!3 A limited amount of the toxin available from the frogs
makes it an attractive target for total synthesis.? Although racemic pumiliotoxin C has been synthesized by
various methods,!4 natural (-)-1 has been synthesized only by two methods; intramolecular Diels-Alder
reaction4¢ and cyclization of piperidine enamines, 14f

As a consequence of exploring synthetic utility of ene-lactams, we developed novel method for preparation
of 8-substituted 8-lactams from ene-lactams via 8-dioxylactams. Thus, we disclosed that ene-lactams can be
converted into 3-dioxylactams by acid catalyzed reactions with alkyl hydroperoxides or hydrogen peroxide (eq 3).
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d-Dioxylactams thus obtained can be transformed to trans 3-substituted lactams upon treatment with various
nucleophiles in the presence of TiCls (eq 4). Since lactams are versatile synthetic intermediates of cyclic amine
derivatives,!3 the present reaction provides a useful method for the stereoselective synthesis of a variety of cyclic
amines.

RESULTS AND DISCUSSIONS

Hydration of Nitriles to Amides
The catalytic activity of various metal complexes has been examined for the hydration of acetonitrile. The
reaction of acetonitrile with water (2 equiv.) was carried out in the presence of a catalyst (3 mol%) in 1,2-
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dimethoxyethane (DME, 0.5 mL) at 120 °C for 24 h in a sealed tube under argon. The conversion of the starting
material and the yield of acetamide were determined by GLC analysis using an internal standard (pentadecane).
RuH2(PPh3)4 is the best catalyst for the formation of acetamide (conv. 100%, yield 95%). The results with
Ru(OH)(CO)(PPh3)2,5 or PACl5¢ are not satisfactory (conv. 76%, yield 78%; 35%, 7%, respectively). The
known hydration catalysts, such as Ni(piaH)»Clp+2H>0,58 [Ru(NH3)5C1]Cl3,5d Pd(OH)2(bipy)(H,0),5f and
Cu(0)*2 showed no catalytic activity. The use of a polar solvent such as DME and THF gave satisfactory results.
A reaction temperature higher than 100 °C was required.

The representative results of the catalytic hydration of nitriles are summarized in Table 1. Various aromatic
and aliphatic nitriles can be converted into the corresponding amides in excellent yields. The reaction proceeds
efficiently in the presence of only 1-2 equivalents of water. Other functional groups, which are readily
hydrolyzed under acidic and basic conditions, tolerate the reaction.

Table 1. Ruthenium-Catalyzed Hydration of Nitnles®

entry nitrile amide yield,? %
1 CH,CN CH,CONH, 92
2 PhCN PhCONH, 92
3 C4H;,CN CsH,,CONH, 94
4 PhCH,CN PhCH,CONH, 77
5 H;COCO(CH,),CN H,COCO(CH,),CONH, 2 93
6 NC(CH,),CN H,NCO(CH,),CONH, 3 91
o) o)

7 f“ A~_CN f N~ CONH; 94
4

“A mixwre of acetomitrile (2.0 mmot), water (4.0 mmol), and RuH2(PPh3)4 (0.06 mmol) in DME
(0.5 mL) was hcated at 120 °C for 24 h in a scaled tube under argon. b[solalcd yield.

Transformation of d8-Ketonitriles to Ene-lactams

The ruthenium-catalyzed reaction of 8-ketonitriles, which are obtained readily by cyanoethylation of
ketones, with two equivalents of water in the presence of 3 mol% of RuHz(PPh3)4 at 120 °C proceeds highly
efficiently. The catalytic activity of various metal complexes was examined for the transformation of 2-(2-
cyanoethyl)cyclohexanone (5). The conversion of 5 and the yields of 3,4,5,6,7,8-hexahydro-2(/ H)-quinolinone
(6a) and 3,4,4a,5,6,7-hexahydro-2(1H)-quinolinone (6b) were determined by GLC analysis. The representative
results for the catalytic activity of various metal-complex catalysts are shown in Table 2. RuH2(PPh3)4

CN
cat
—_— +
H,0, DME O(Nlo Q\/Nlo

H H
5 6a 6b

O
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is the best catalyst among the catalysts examined. HPLC and !H NMR analysis showed that the isomeric ratio of
6a and 6b was approximately 90 / 10, irrespective of the metal catalysts. Separation of 6a and 6b was
performed easily by column chromatography.

Table 2. Catalytic Activity of Various Metal Complexes for the Reaction of
2-(2-Cyanoethyl)cyclohexanone (5)*

entry catalyst conv.,’ % yield of 6,° %
1 RuH,(PPh,), 100 94
2 IrH3(PPhs), 88 89
3 RhH(CO)(PPhy); 61 98
4 ReH;(PPh,), 16 63
5 RhCI(PPh;); 29 98
6 RuCl,(PPhs), 23 70
7 Cu(OAc), 23 53

“A mixture of § (2.0 mmol), water (4.0 mmof), and catalyst (0.06 mmol) in DME (0.5 mL)
was heated at 120 °C for 24 h in a sealed tube under argon. *Determined by GLC analysis
based on 5. “Determined by GLC analysis based on the converted §.

Ene-lactams can be isomerized easily under acidic conditions. Typically, isomerically pure 62 was
converted into a mixture of 6a and 6b by stirring in DME in the presence of a catalytic amount of HCI at room
temperature. HPLC analysis showed that the isomeric ratio of 6a and 6b was 85/ 15. Similar treatment of
isomerically pure 6b gave a mixture of 6a and 6b (85 / 15). This isomerization can be rationalized by assuming
protonation of 6a or 6b to give N-acyliminium ion 7.

H’
6a or 6b oF — 6a + 6b
N0 .

H (85:15)

7

Using two equivalents of water the best result was obtained. The reaction temperature of 120-160 °C is
required. In general, the reaction proceeds efficiently in a polar solvent. The excellent yields of the ene-lactams
{(6a + 6b) were obtained by using DME, DMF, and acetone. The reactions in DMSO or THF gave moderate
yields. The reaction did not proceed in a halogenated solvent such as CH»Clz and CHCIl3. The representative
results of the transformation of 8-ketonitriles to ene-lactams are shown in Table 3. Irrespective of cyclic and
aliphatic ketones, 8-ketonitriles can be converted into the corresponding ene-lactams with high efficiency.
Ketonitriles bearing ester groups were converted into the corresponding ene-lactams without hydrolysis of the
esters (entry 8). The reaction of ketonitriles derived from 1,3-diketones gave the corresponding keto ene-lactams,
which are highly useful synthetic intermediates for lycopodium alkaloid (entry 9).10e£.16 Similar treatment of e-
ketonitriles gave the corresponding ene-lactams bearing azacycloheptane skeleton (entry 11).
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Table 3. Ruthenium-Catalyzed Transformation of Ketonitriles to Ene-lactams®

entry ketonitrile product yield,? %
0
CN
N0
H
5 6a
o)
N0
H
8
o)
O
3 N0 65
H
9
o)
CN
4 80
N“ 0
H
10
0 &
N
5 85°
AN N0
H
11
o)
6 CN \Il 51
N“0
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Table 3 (continued)

entry ketonitrile product yield,? %
o 0
N
N
O H
15
0
NC. N
10 N0 85
H
CONH2 16
0
11 CN 41
N
H ©

17

°A mixture of nitrile (2.0 mmol), water (4.0 mmol) and RuH,(PPhs3),4 (0.06 mmol) in DME (0.5 mL) was

reacted at 120 °C for 24 h in a sealed tube under argon. *Isolated yield. “cis / trans = 16/ 84,

N-Protected ene-lactams are useful intermediates for the synthesis of a variety of alkaloids. However, N-
protection of ene-lactams generally requires strong basic conditions as well as N-substitution of lactams and
amides.13 Recently we found that RuH2(PPh3)4-catalyzed reaction of nitriles with amines gives the
corresponding N-substituted amides highly efficiently.6 The principle of the amide synthesis has been extended
to the catalytic transformation of &-ketonitriles to N-substituted ene-lactams. Thus, the ruthenium-catalyzed
reaction of 8-ketonitriles with primary amines gives the corresponding N-substituted ene-lactams in moderate
yields. Typically, 1-benzyl-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (18) was prepared upon treatment of 5-
ketonitrile § with benzylamine (1.2 equiv.) and two equivalents of water in the presence of 3 mol% of
RuH2(PPh3)4 in DME at 160 °C (41% yield). Similar treatment of § with butylamine gave 1-butyl-3,4,5,6,7,8-

hexahydro-2(1H)-quinolinone (19) in 35% yield.

(o)
CN
RUH2(PPh3)4
+ RANH, -
DME, Hx0 N o
5 |
18 : R = PhCH,
19:R="Bu

Reaction Mechanism

The present reaction can be rationalized by assuming the mechanism as shown in Scheme 1. The
catalytically active species seems to be coordinatively unsaturated Ru(II) complex 20, which undergoes
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coordination of nitriles to give nitrile complex 21. Nucleophilic attack of water to 21 provides hydroxyimino
complex 22, which undergoes isomerization to give amido complex 23. Dissociation of ketoamide gives 20 to
complete catalytic cycle. Further, ruthenium-induced intramolecular cyclization of ketoamide would give ene-
lactam. An alternative pathway which involves oxidative addition of water to ruthenium (I) complex to give
hydroxy ruthenium complex (RuOH), and subsequent insertion into carbon—-nitrogen triple bond of ketonitriles
seems unlikely. Kinetic studies on the hydration of nitriles with transition metal catalysts revealed that the
hydration reactions proceed via external nucleophilic attack of water to coordinated nitriles.5%
R2

Hu cat
| = RCONH, RC=N

R1 N (Ru")Ln
H
9
L(Rul) (HN-CRY

Ln(Ru'") (N2CR)
\ /\ 21
La(RuM) (HN-CR)
R = AR!
2
Total Synthesis of (-)-Pumiliotoxin C

The strategy for short step synthesis of (~)-pumiliotoxin C (1) is shown in Scheme 2, in which the
ruthenium-catalyzed cyclization of 3-ketonitrile 26 and diastereoselective catalytic hydrogenation of ene-lactam 2§

are key steps. We chose (R)-(+)-pulegone (27) as a starting material. Unfortunately, the optical purity of
commercially available sample is not satisfactory, and purification is very difficult.!? Optically pure (+)-pulegone

prowm— —
N7 SN NT0 N0
HH HH H

(-)-pumiliotoxin C (1) 24 25

O
- &\CN — é + A CN
o .~
26

Scheme 2

Scheme 1
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was obtained by using Corey's method.18 Thus, treatment of commercial (+)-pulegone with semicarbazide
hydrochloride and sodium acetate trihydrate in EtOH-water afforded the corresponding semicarbazone.
Recrystallization from EtOH three times gave optically pure semicarbazone ([a]p?* +67.5° (¢ 2.00, CHCl3); lit.
[a]p23 +66° (c 2.05, CHCIl3)18). Hydrolysis of the optically pure semicarbazone thus obtained with 2 N HCI
aqueous solution gave optically pure 27 ([0]p23 +23.2° (neat), lit. [0t]p25-5 +22.47° (neat)192, [a]p27 +23.6°
(neat)19b).20

Optically pure 27 thus obtained was converted into the corresponding enamine 28 by the reaction with
pyrrolidine in the presence of p-toluenesulfonic acid catalyst in benzene at reflux temperature (58% yield).
Cyanoethylation of 28 with acrylonitrile followed by treatment with a buffer solution of sodium acetate—acetic
acid gave 29 as a cis and trans mixture (61% yield). GLC analysis showed that cis / trans ratio of 29 was 2/ 3.

o] D N
/% u /% 1) # CN /%/\/
N » .
.. benzene Y
27 28

Extrusion of isopropylidene group is performed by conjugate addition of water to pulegone and subsequent
retro-aldol reaction, giving 3-methylcyclohexanone and acetone.?2 If RuHa(PPh3)4 acts as Lewis acid to
accelerate conjugate addition of water, one can expect that deisopropylidenation and cyclization of 8-ketonitrile 29

can be performed at the same time to give the desire ene-lactam. The treatment of 29 with water in the

(o}
CN Rqu(PPh3)4
. HgO DME
29

presence of RuH2(PPh3)4 (3 mol%) in DME in a sealed tube under argon gave ene-lactam 25 along with
isopropylidene ene-lactam 30. The effects of the amount of water and reaction time for the transformation of 29
have been examined. The standard conditions for the formation of ene-lactams (120 °C) is not enough for the
formation of 25. The excess amount of water (15 equiv.) and high reaction temperature (160 °C) gave 25
selectively (25 /30 =90/ 10). Ene-lactam 25 was isolated in 56% yield by means of medium pressure liquid
chromatography. Recrystallization of 25 from hexane—EtOAc gave colorless needles (mp 127.5-128.5 °C,
[a]p26 +45.2° (¢ 1.01, CHCl3)).

Diastereoselective hydrogenation of 25 was investigated under various conditions. Hydrogenation of 25
gave (4aS,5R,8aR)-5-methyl-3,4,4a,5,6,7,8,8a-octahydro-2(1H)-quinolinone (24) along with (4aS,5R,8aS)-5-
methyl-3,4,4a,5,6,7,8,8a-octahydro-2(1 H)-quinolinone (31). The stereochemistry of optically active lactam 24
was confirmed by comparing its 'H and 13C NMR spectral data with those of racemic 24.142 The effects of
catalysts on the diastereoselectivity have been investigated for the hydrogenation of 25 in EtOH (containing
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catalytic amount of HCI) at room temperature under hydrogen atmosphere (1 atm). The combined yields and the
diastereomeric ratio of lactams 24 and 31 were determined by GLC and 'H NMR (270 MHz) analysis. The
results are shown in Table 4. By using 5% palladium on charcoal (K-type), purchased from Engelhard Co. Ltd.,
a mixture of lactams 24 and 31 was obtained quantitatively, and the cis / trans ratio (24 / 31) was 93/ 7 (entry
1). In contrast, the yield decreased to 28% by using standard grade 5% Pd-C (entry 2). In the case of using
homogeneous catalyst such as RhCI(PPh3)3, the lactams were not obtained. Hydrogenation of 2§ in EtOH-
acetic acid (5/ 1, containing conc. HCI) in the presence of 5% Pd-C (K-type) under hydrogen atmosphere (1 atm)
at room temperature for 5 h gave 24 with higher selectivity (98 / 2), although the yield was low (entry 7). The
reaction of 25 under Hy pressure (85 kg/cm?) at 60 °C gave good yield (90%) and high selectivity (98 / 2) (entry

8). Recrystallization of the product from hexane-EtOAc gave 24 as colorless needles (mp 146.5-147.5 °C,
[a]p25 —60.4° (¢ 1.00, CHClI3)).

Table 4. Hydrogenation of 25 with Various Catalysts®

entry catalyst yield,? % 24 :31°
1 5% Pd-C (K-type)? 99 93:7
2 5% Pd-C° 28 89: 11
3 Pd-Black 98 90:10
4 5% Pd-BaSO, 37 87:13
5 5% Pd-BaCO, 90 84:16
6 5% Pd-SrCO, 75 84:16
4 5% Pd-C (K-type)? 34 98:2
8% 5% Pd-C (K-type)* 90 98:2

“Reaction was carned out by using enc-lactam 25 (0.5 mmol), catalyst (15 mg)
and conc. HC1 (0.02 mL) in EIOH (2 mL) at room temperature for S h under Hy
(1 atm). *Detcrmimed by 'H NMR (270 MHz) analysis based on the starting
material. “Determmed by 'H NMR (270 MHz) and GLC analysis. “Purchased
from Engclhard Co. Lid. “Purchased from Nacalai Tesque, Inc. fln EtOH-acetic
acid (5 : 1 containing conc. HC1 (1 drop)). *In EtOH-acetic acid (5 : 1 containing
conc. HCI (1 drop)) under H; (85 kg/cmz) at 60 °C for 24 h.

The high diastereoselectivity obtained in the hydrogenation of 25 can be rationalized by assuming the
formation of N-acyliminium ion 32 by protonation of 25. Attack of metal hydride to the stable conformer of 32
occurs from less hindered exo-side to give the lactam 24.

The cis-fused lactam 24 thus obtained can be converted into (-)-pumiliotoxin C (1) by the Oppolzer's
procedures.14 Lactam 24 was converted into (4a5,5R,8aR)-2-methoxy-3,4,4a,5,6,7,8,8a-octahydroquinoline
(33, 62%) upon treatment with trimethyloxonium tetrafluoroborate in the presence of an equivalent of N,N-diiso-
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exo-side

endo-side

propylethylamine in CH2Cl; at 0 °C. Lactim ether 33 thus obtained was allowed to react with n-propyl
magnesium bromide in benzene at reflux temperature to give (4aS,5R,8aR)-2-propyl-3,4,4a,5,6,7,8,8a-
octahydroquinoline (34). Hydrogenation of crude imine 34 proceeds selectively from sterically less hindered

H
Me;,OBF., n- PngBr
N 0O CHZCIZ benzene
HH

24
H
Pd-C, Ha
—_—
MeOH N ~ A
HH
1

exo-side to give natural (-)-pumiliotoxin C (1). Treatment with HCI followed by recrystallization from 2-
propanol gave optically pure 1+HCI ([a]p2! —16.2° (¢ 1.00, CH30H), lit. [a]p20 —14.5° (c 1.00, CH30H),14¢
[o]p20 —13.1° (¢ 1.0, CH30H),14f (+)-isomer: [a]p20 +16.4° (¢ 1.00, CH30H),14¢ [a]p25 +16.2° (¢ 1.00,
CH30H),14b [a]p24 +16.1° (¢ 1.00, CH30H); 14" mp 286-288 °C (sealed capillary under Ar), lit.14¢ mp 288
290 °C (sealed capillary)). TH and 13C NMR (1+HCI) and mass (1+free base) spectral data were consistent with
those reported in the literature. 1421

Synthesis of trans-8-Substituted Lactams from Ene-lactams via 8-Dioxylactams

Treatment of ene-lactams with alkyl hydroperoxides or hydrogen peroxide in the presence of an acid catalyst
gave the corresponding 8-dioxylactams generally and efficiently. Typically, to a solution of 25 (2.0 mmol) and
p-toluenesulfonic acid (0.2 mmol) in CH2Clj (6 mL) was added a 30% hydrogen peroxide solution slowly at
room temperature. The resulting mixture was stirred at room temperature for 3 h. Separation of the aqueous
layer and removal of the solvent gave a diastereomeric mixture of (4aS,5R,8aS)- and (4aS,5R,8aR)-8a-
hydrodioxy-5-methyl-3,4,4a,5,6,7,8-heptahydro-2(1H)-quinolinone (35) in 77% yield. 'H NMR (270 MHz)

H
Hz0,, H'

———
CHClo, r.t
N O N (@)
H HOO H
25 35
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analysis showed that the diastereomeric ratio of 35 was 67 / 33.

The reaction of 8-dioxylactams with various nucleophiles in the presence of TiCl4 provides a novel and
convenient method for stereoselective synthesis of trans-8-substituted lactams. Typical reaction procedure for the
preparation of trans-8-substituted lactams is exemplified by the reaction of 3§ with Et38iH. Thus, the reaction of
3§ with Et3SiH (3.0 equiv.) in the presence of TiCly (2.0 equiv.) in CH2Clj (4 mL) at —78 °C gave 31 along

H H H
EtaSiH, TiCl
——————————— R +
CHoCly, -78°C
N N
HOO H ° H ﬂ ° H N o
35 31 24

with 24 (31/24 =90/ 10) in 72% yield. Recrystallization from EtOAc gave pure trans-fused lactam 31.
Similarly, trans-3,4,4a,5,6,7,8,8a-octahydro-2(1H)-quinolinone (37) can be prepared selectively by using our
method. Thus, the acid-catalyzed reaction of 6a with hydrogen peroxide gave 3,4,4a,5,6,7,8-heptahydro-8a-
hydrodioxy-2(1H)-quinolinone (36, diastereomer ratio 50 / 50) which was treated with Et3SiH in the presence of
TiCla to afford 37 along with cis-3,4,4a,5,6,7,8,8a-octahydro-2(1H)-quinolinone (38) (93 / 7) in 91% yield.
TiCly has been proven to be an effective Lewis acid for these reactions. SnCly gave moderate results, although
other Lewis acids such as AICl3 and BF3+OEt; gave unsatisfactory results.

H H
O:l HoOg, H* _EGSH.TOW (:L/l
+
o Tt N0 “CHCh, T8°C N0 N
H H HH
37 38

H

These reactions can be rationalized by assuming the formation of N-acyliminium ion intermediate 39.23
The reaction of §-dioxylactam 35 with TiCls gives iminium ion intermediate 39 where the carbonyl group and
the double bond coordinate to the titanium (IV) species from the sterically less hindered exo-side. Nucleophilic
attack occurs from the opposite side of titanium(IV) (endo-side) to give trans-isomer 31 stereoselectively.

exo-side
Ti(IV)
H S %
C =QH/—C =
CH; k
39 Nu”
endo-side

Similar treatment of 8-dioxylactams with carbon nucleophiles such as allylsilanes and cyanosilanes gave -
allyl- and 8-cyanolactams stereoselectively. Typically, TiCls-induced reaction of 36 with allyltrimethylsilane
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gave trans-8a-allyl-3,4,4a,5,6,7,8-heptahydro-2(1H)-quinolinone (40) along with cis-8a-allyl-3,4,4a,5,6,7,8-
heptahydro-2(1H)-quinolinone (41) (93 /7) in 81% yield.

H . H H
N o) CHoClp, -78 °C SN (o) * N o}
I/ H H
| w0 | a

HOO H
36

It is in contrast that hydrogenations of ene-lactam 25 and 6a with Pd/C catalyst gave cis-fused lactam 24
and 38, respectively. Thus, we are in a position to be able to prepare either cis- or trans- fused
decahydroquinolines selectively by the catalytic hydrogenation of ene-lactams or the acid-catalyzed reaction of
ene-lactams with hydrogen peroxide followed by treatment with Et3SiH in the presence of TiCly.

EXPERIMENTAL SECTION

General. NMR spectra were obtained on JEOL JNM-PMX-60 SI (IH, 60 MHz), JEOL JNM-GSX-270
(1H, 270 MHz; 13C, 67.9 MHz), and JEOL JNM-GX-270 (1H, 500 MHz; !13C, 125.7 MHz) spectrometers. IR
spectra were recorded on Hitachi 215 and Shimadzu FTIR-4100 spectrometers. Analytical GLC evaluations were
carried out on JEOL JGC-20-KFP and Shimadzu GC-9A flame ionization chromatographs by using a 0.5 m x 4
mm analytical column (10% silicone SE-30 on 60-80 mesh Uniport HP and 10% PEG-20M on 60-80 mesh
Uniport HP). Mass spectra were obtained on Hitachi RMS-4 mass spectrometer. Elemental analyses were
carried out on Yanagimoto MT-2 CHN and MT-3 CHN corder. Medium pressure liquid chromatography was
performed on Yamazen model FMI-C.

Materials. 1,2-Dimethoxyethane (DME) was distilled over calcium hydride. RuH2(PPh3)s was prepared
by the literature procedure.24 2-(3-Cyanopropyl)cyclohexanone was prepared by the reaction of pyrrolidine
enamine of cyclohexanone with 4-iodobutanenitrile.1! 2-(2-Cyanoethyl)-3-methylcyclohexanone and 2-(2-
cyanoethyl)-3-allylcyclohexanone were prepared by the reactions of 2-(2-cyanoethyl)-2-cyclohexenone25 with
Me;CuLi in ether26 and with allyltrimethylsilane in the presence of TiClg,27 respectively. 2-(2-Cyanoethyl)-2-
methylcyclohexanone,28 2-(2-cyanoethyl)-2-ethoxycarbonylcyclohexanone,29 2-(2-cyanoethyl)-5-methyl-1,3-
cyclohexanedione30 were prepared according to the literature procedures. (R)-(+)-Pulegone ([a]p +22° (neat))
was purchased from Aldrich Chemical Company, Inc.

Preparation of 5-Ketonitriles. 5-Ketonitriles were prepared readily by cyanoethylation of the
enamines of the corresponding ketones.!! Preparation of 2-(2-cyanoethyl)cyclohexanone (5) is representative.
In a dry 300 mL three-necked round-bottomed flask equipped with a magnetic stirrer and a reflux condenser were
placed N-(1-cyclohexenyl)pyrrolidine (21.3 g, 0.141 mol), acrylonitrile (9.10 g, 0.172 mol), and 1,4-dioxane
(75 mL). The mixture was refluxed for 14 h. Water (37.5 mL) was added to the resulting yellow solution, and
the mixture was heated at reflux for 1 h. After removal of the solvent, the residual oil was poured into water (100
mL) and extracted with ether (50 mL x 3). The combined organic layers were washed successively with 1 N
hydrochtloric acid (50 mL) and water (50 mL), and dried over MgSOy. After removal of the solvent, the residue
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was distilled under reduced pressure to give 5 (13.1 g, 62%) as a colorless oil: bp 105-108 °C (1 mmHg); IR
(neat) 2940, 2865, 2245, 1709, 1451, 1431, 1377, 1314, 1231, 1132, 1076, 1044, 976, 889, 840, 830, 718
cm-1; 1H NMR (CDCl3, 270 MHz) § 1.34-1.92 (m, § H), 2.04-2.20 (m, 3 H), 2.27-2.42 (m, 1 H), 2.47 (¢, J
= 6.5 Hz, 2 H); 13C NMR (CDCl3, 67.9 MHz) 8 15.1, 25.0, 25.5, 27.9, 34.2, 42.1, 48.7, 119.7, 211.7.

General Procedure for Ruthemium-Catalyzed Hydration of Nitriles and Cyclization of
Ketonitriles. A mixture of nitrile (2.0 mmol), water (4.0 mmol), and RuH(PPh3)4 (0.06 mmol) in DME (0.5
mL) was reacted at 120 °C for 24 h in a sealed tube under argon. After removal of the solvent, the residue was
purified by column chromatography (Florisil or SiO5) or thin layer chromatography (Si0O2). The structures of
acetamide, benzamide, hexanamide, and phenylacetamide were determined by comparison with the authentic
samples.

3-Methoxycarbonylpropanamide (2). IR (Nujol) 3370, 3200, 1745, 1665, 1630, 1175, 1030, 920,
845 cm-1; TH NMR (CDCl3, 60 MHz) 8 2.53-2.86 (m, 4 H, CHy), 3.71 (s, 3 H, CH3), 6.30 (br-s, 2 H,
CONH3»).

Hexanediamide (3). IR (Nujol) 3375, 3175, 1645, 1415, 1330, 1215, 1120, 910, 870, 805 cm-1; 1H
NMR (DMSO-d5, 60 MHz) 8§ 1.56-2.14 (m, 4 H, COCHy), 2.18-2.57 (m, 4 H, CHy), 6.22-7.22 (br-s, 2 H,
CONH), 7.22-8.22 (br-s, 2 H, CONH).

N-(2-Carbamoylethyl)-2-pyrrolidone (4). IR (Nujol) 3350, 3160, 1660, 1470, 1420, 1380, 1295
cm-1; TH NMR (CDCl3, 60 MHz) § 1.66-2.70 (m, 6 H, CH3), 3.45 (t, J = 6 Hz, 2 H, NCH»), 3.57 (t, J =7
Hz, 2 H, NCH»), 5.67-6.50 (br-s, 2 H, CONH), 6.50-7.27 (br-s, 1 H, CONH).

Catalytic Activities of Metal Complexes for the Cyclization of 5-Ketonitrile 5. A mixture of
5 (0.302 g, 2.00 mmol), water (0.072 g, 4.00 mmol), and catalyst (3 mol%) in DME (0.5 mL) was reacted at
120 °C for 24 h in a sealed tube under argon. The conversion of the starting material and the combined yields of
3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (6a) and 3,4,4a,5,6,7-hexahydro-2(1H)-quinolinone (6b) were
determined by GLC analysis (10% PEG-20M, 100-220 °C) using an internal standard (n-hexadecane). The
results are summarized in Table 2.

3,4,5,6,7,8-Hexahydro-2(1H)-quinolinone (6a). A mixture of § (0.302 g, 2.00 mmol), water
(0.072 g, 4.0 mmol), and RuH2(PPh3)4 (0.069 g, 0.06 mmol) in DME (0.5 mL) was reacted at 120 °C for 24 h
in a sealed tube under argon. Removal of the solvent gave a brown solid. 'H NMR analysis showed that an
isomeric ratio of 6a and 6b was 90/ 10. The mixture was subjected to column chromatography (SiO2, hexane-
EtOAc =2/ 1) to give 6a (0.216 g, 72%) and 6b (0.014 g, 5%). 6a: mp 142 °C; IR (KBr) 3220, 3177, 3094,
2932, 2862, 1669, 1489, 1441, 1391, 1318, 1235, 1202, 1134, 976, 828, 818, 733, 542, 522 cm-1; 1H NMR
(CDCl3, 270 MHz) § 1.57-1.73 (m, 4 H, H6, H7), 1.96-2.05 (m, 4 H, H5, H8), 2.19 (tm, / = 8.3 Hz, 2 H,
H4), 2.48 (dd, J = 8.3 and 8.3 Hz, 1 H, H3), 2.48 (dd, J = 7.3 and 8.3 Hz, 1 H, H3), 7.53 (br-s, 1 H, NH);
13C NMR (CDCl3, 67.9 MHz) 8§ 22.2, 22.7, 25.8, 26.2, 27.8, 30.7, 109.6, 128.3, 171.6; mass spectrum m/e
(relative intensity %) 151 (M+, 100), 123 (72), 94 (57), 80 (20), 67 (18), 53 (17). Anal. Calcd for CoH3NO:
C, 71.49; H, 8.66; N, 9.26. Found: C, 71.62; H, 8.75; N, 9.21. 6éb: IR (KBr) 3200, 3085, 2938, 1678,
1663, 1624, 1476, 1389, 1329, 1302, 1215, 1188, 1169, 1020, 999, 884, 835, 718, 608, 509, 474, 436, 405
cm-1; 'TH NMR (CDCl3, 270 MHz) § 1.27 (dddd, J = 2.7, 11.0, 12.7 and 12.7 Hz, 1 H), 1.37-1.59 (m, 3 H),
1.75-2.00 (m, 4 H), 2.02-2.13 (m, 2 H), 2.18-2.34 (m, 1 H), 2.42 (ddd, J = 5.6, 12.5, and 17.6 Hz, 1 H,
H3ax), 2.53 (ddd, J = 2.4, 5.9, and 17.6 Hz, 1 H, H3eq), 4.93 (dd, J = 3.5 and 5.5 Hz, 1 H, C=CH), 8.11 (br-
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s, 1 H, NH); 13C NMR (CDCl3, 67.9 MHz) & 22.1, 23.5, 27.3, 29.5, 32.0, 33.5, 103.9, 136.2, 171.0. Anal.
Calcd for C9H13NO: C, 71.49; H, 8.66; N, 9.26. Found: C, 71.72; H, 8.73; N, 9.23.

4a-Methyl-3,4,4a,5,6,7-hexahydro-2(1H)-quinolinone (8). mp 156-157 °C; IR (KBr) 3179,
3079, 2930, 2885, 2839, 1688, 1667, 1615, 1476, 1460, 1383, 1335, 1315, 1211, 1080, 978, 922, 889, 858,
781, 719, 523, 503, 455, 420 cm-!; 1H NMR (CDCl3, 270 MHz) & 1.16 (s, 3 H, CHz3), 1.40 (ddd, J = 5.4,
12.0, and 12.0 Hz, 1 H), 1.56-1.75 (m, 6 H), 2.00-2.11 (m, 2 H), 249 (dd, /=29 and 54 Hz, 1 H,
CHC=0), 2.54 (dd, J = 8.8 and 10.0 Hz, 1 H, CHC=0), 8.45 (br-s, 1 H, NH); 13C NMR (CDCl3, 67.9 MHz)
8 18.2, 22.7, 23.5, 28.7, 31.2, 34.1, 36.8, 104.0, 139.3, 170.2. Anal. Calcd for CjgH1sNO: C, 72.69; H,
9.15; N, 8.48. Found: C, 72.79; H, 9.16; N, 8.50.

8-Azabicyclo[5.4.0lundec-1(7)-en-9-one (9). mp 112-113 °C; IR (KBr) 3206, 3158, 3094,
2926, 2830, 1694, 1672, 1487, 1449, 1418, 1391, 1356, 1321, 1285, 1263, 1245, 1233, 1192, 1172, 1159,
1140, 1082, 1022, 990, 951, 916, 878, 826, 775, 729, 675, 635, 556, 530, 476, 465 cm-1; IH NMR (CDCl3,
270 MHz) & 1.48-1.64 (m, 4 H), 1.64-1.75 (m, 2 H), 2.11-2.22 (m, 4 H), 2.25-2.34 (m, 2 H), 2.40 (dd, J =
1.2 and 6.9 Hz, 1 H, H3ax), 2.43 (dd, J = 2.7 and 6.9 Hz, 1 H, H3eq), 7.81 (br-s, 1 H, NH); 13C NMR
(CDCl3, 67.9 MHz) & 25.8, 26.7, 28.3, 30.5, 31.2, 32.6, 32.8, 114.2, 132.9, 171.7. Anal. Calcd for
C1o0H1sNO: C, 72.69; H, 9.15; N, 8.48. Found: C, 71.62; H, 8.75; N, 9.21.

5-Methyl-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (10). IR (KBr) 3208, 3164, 3106, 2932,
2863, 1701, 1682, 1636, 1483, 1445, 1385, 1315, 1240, 1221, 1202, 1094, 957, 907, 802, 779, 741, 720,
625, 600, 529, 486, 457, 444, 430 cm~1; TH NMR (CDCl3, 500 MHz) & 1.01 (d, J = 6.9 Hz, 3 H, CH3), 1.37
(ddd, J = 5.5, 8.3, and 10.1 Hz, 1 H, Hbax), 1.58-1.65 (m, 1 H), 1.69-1.78 (m, 2 H), 1.97-2.03 (m, 2 H),
2.10 (ddd, J =79, 7.9, and 7.9 Hz, 1 H), 2.15-2.25 (m, 1 H), 2.32-2.40 (m, 1 H), 2.44 (ddd, J = 6.6, 16.0,
and 16.0 Hz, 1 H, H3ax), 2.47 (ddd, 7 = 7.3, 10.3, and 16.0 Hz, 1 H, H3eq), 7.50 (br-s, 1 H, NH); 13C NMR
(CDCl3, 67.9 MHz) & 19.3, 23.7, 26.7, 30.9, 31.6, 114.4, 128.4, 171.6; mass spectrum m/e (relative intensity
%) 165 (15), 150 (73), 122 (75), 94 (100), 80 (61). Anal. Calcd for C1gH1sNO: C, 72.70; H, 9.15; N, 8.48.
Found: C, 72.66; H, 9.13; N, 8.49.

5-(2-Propenyl)-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (11). 'H NMR (CDCl3, 60 MHz)
8 1.33-2.85 (m, 11 H), 1.66 (d, J = 5 Hz, 3 H, =CCH3), 5.23-5.60 (m, 2 H, CH=CH), 7.76 (br-s, 1 H, NH).
Anal. Calcd for CjoH17NO: C, 75.35; H, 8.96; N, 7.32. Found: C, 75.17; H, 8.71; N, 7.16.

3,4-Dihydro-6-ethyl-5-methyl-2(1H)-pyridinone (12). mp 77-78 °C; IR (KBr) 3220, 3094,
2967, 2934, 2878, 1695, 1680, 1464, 1391, 1367, 1312, 1281, 1246, 1217, 1181, 1163, 1138, 1063, 1028,
968, 941, 889, 814, 775, 727, 673, 630, 559, 530, 480, 455 cm~!; 1H NMR (CDCl3, 270 MHz)  1.05 (t,J =
7.6 Hz, 3 H, CH3CH3), 1.70 (br-s, 3 H, CH3C=), 2.12 (q, J = 7.6 Hz, 2 H, CH3CH,C=), 2.23 (tm, J = 8.6
Hz, 2 H, H%), 2.44 (dd, J = 8.6 and 8.6 Hz, 1 H, H3), 2.44 (dd, J = 8.6 and 10,0 Hz, 1 H, H3), 6.99 (br-s, 1
H, NH); 13C NMR (CDCl3, 67.9 MHz) § 12.4, 16.8, 23.1, 27.1, 30.6, 107.0, 131.2, 171.9; mass spectrum
m/e (relative intensity %) 139 (M, 100), 124 (82), 110 (66), 96 (68), 82 (40), 68 (40), 56 (44). Anal. Calcd
for CgH13NO: C, 69.03; H, 9.41; N, 10.06. Found: C, 68.95; H, 9.30; N, 10.09.

3,4-Dihydro-6-methyl-2(1H)-pyridinone (13). 'H NMR (270 MHz, CDCl3) 8 1.81 (ddd, J =
1.7, 1.7, and 1.7 Hz, 3 H, CHj3), 2.18-2.33 (m, 2 H, C=C-CHy), 2.38-2.47 (m, 2 H, CH,C=0), 4.79 (qdd, J
= 1.7, 4.0, and 8.0 Hz, 1 H, =CH), 8.23 (br-s, 1 H, NH); 13C NMR (67.9 MHz, CDCl3)  18.8, 20.1, 30.1,
100.1, 133.0, 172.2.
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4a-Ethoxycarbonyl-3,4,5,6,7-pentahydro-2(1H)-quinolinone (14). mp 136-137 °C; IR (KBr)
3181, 3132, 3054, 2977, 2938, 2909, 1720, 1678, 1660, 1618, 1451, 1427, 1394, 1345, 1298, 1240, 1217,
1192, 1159, 1098, 1015, 980, 935, 901, 845, 790, 760, 725, 644, 623, 571, 548, 511, 491, 434 cm-!; 1H
NMR (CDCl3, 270 MHz) 8 1.26 (1, J = 7.1 Hz, 3 H, CH3), 1.42-1.51 (m, 2 H), 1.60-1.78 (m, 2 H), 2.06-
2.18 (m, 2 H), 2.18-2.39 (m, 3 H), 2.41-2.54 (m, 1 H), 4.20 (q, J = 7.1 Hz, 2 H, OCHy), 5.12 (dd, J = 3.7
and 3.7 Hz, 1 H, =CH), 8.20 (br-s, 1 H, NH); 13C NMR (CDCl3, 67.9 MHz) § 14.2, 19.2, 23.3, 29.4, 30.6,
33.8, 45.2, 61.4, 106.4, 133.7, 169.4, 173.9. Anal. Calcd for CjoH17NO3: C, 64.55; H, 7.67; N, 6.27.
Found: C, 64.26; H, 7.58; N, 6.28.

7-Methyl-1,2,3,4,5,6,7,8-octahydroquinoline-2,5-dione (15). mp 200-201 °C; IR (CHCl3)
3400, 2960, 1700, 1635, 1455, 1365, 1290, 1205 cm-1; TH NMR (CDCl3, 60 MHz) 8 1.10 (d, J = 6 Hz, 3 H,
CH3), 1.67-2.50 (m, 5 H), 2.50-2.73 (m, 4 H), 8.67 (br-s, 1 H, NH). Anal. Calcd for CigH13NO3: C,
67.01; H, 7.31; N, 7.82. Found: C, 66.63; H, 7.28; N, 7.75.

8-(2-Carbamoylethyl)-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (16). mp 278-279 °C
{dec.); IR (Nujol) 3200, 1670, 1640, 1160, 810, 720 cm-1; TH NMR (DMSO-dg, 60 MHz) § 1.67-2.03 (m, 6
H, CH»), 2.20 (t, J = 4 Hz, 2 H, =CCH3y), 2.00-2.40 (m, 1 H, CH), 2.55 (t, / = 4 Hz, 2 H, COCHjy), 2.57 (t,
J =4 Hz, 2 H, CH2CO), 8.28 (br-s, 3 H, NH); mass spectrum m/e (relative intensity %) 222 (M+, 40), 205
(16), 166 (21), 151 (100), 123 (33), 112 (38), 55 (40). Anal. Calcd for Cj2H1gN202: C, 64.84; H,8.16; N,
12.60. Found: C, 64.85; H, 8.17; N, 12.32.

2-Azabicyclo[5.4.0)undec-1(7)-en-3-one (17). IR (Nujol) 3150, 1700, 1680, 850, 820 cm-1; 1H
NMR (CDCl3, 60 MHz) & 1.00-1.85 (m, 6 H), 1.85-2.47 (m, 8 H), 7.52 (br-s, 1 H, NH).

1-Benzyl-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (18). A mixtre of 5§ (0.302 g, 2.00
mmol), benzylamine (0.247 g, 2.30 mmol), water (0.080 g, 4.44 mmol), and RuH2(PPh3)4 (0.069 g, 0.06
mmol) in DME (0.5 mL) was reacted at 160 °C for 24 h in a sealed tube under argon. After removal of the
solvent, the residue was purified by MPLC (SiO5, hexane-EtOAc =3 /1) to give 18 (0.198 g, 41%) as a yellow
liquid: 'H NMR (CDCl3, 270 MHz) § 1.46-1.64 (m, 4 H), 2.00-2.08 (m, 4 H), 2.16 (t, 2 H, J = 7.3 Hz), 2.57
(t, 2 H, J=1.3 Hz), 4.86 (s, 2 H), 7.13-7.36 (m, 5 H); 13C NMR (CDCl3, 67.9 MHz) § 21.9, 22.8, 25.3,
25.4, 28.9, 31.7, 43.7, 105.3, 115.2, 126.2, 126.6, 128.4, 131.4, 138.6, 170.4.

1-Butyl-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (19). A mixture of § (0.302 g, 2.00
mmol), butylamine (0.158 g, 2.16 mmol), water (0.080 g, 4.44 mmol), and RuH2(PPh3)4 (0.069 g, 0.06 mmol)
in DME (0.5 mL) was reacted at 160 °C for 24 h in a sealed tube under argon. After removal of the solvent, the
residue was purified by preparative TLC (SiO, CHCl3—ether = 10/ 1, Ry = 0.41-0.68) to give 19 (0.147 g,
35%) as a yellow hiquid: IR (neat) 2925, 1650, 1440, 1400, 1195, 1130 cm~!; 1H NMR (CDCl3, 60 MHz) §
0.92 (t, J = 6 Hz, 3 H, CH3), 1.10-1.90 (m, 8 H), 1.90-2.74 (m, 8 H), 3.56 (t, / = 7 Hz, 2 H, NCH3).

Preparation of (R)-(+)-Pulegone Semicarbazone.18 In a 3 L round-bottomed flask equipped with
a mechanical stirrer were placed (+)-pulegone (27, [a]p +22° (neat), Aldrich Chemical Company, Inc.) (263 g,
1.73 mol), EtOH (1500 mL) and water (750 mL). The flask was cooled to 0 °C, and sodium acetate trihydrate
(600 g, 6.09 mol) and semicarbazide hydrochloride (300 g, 2.70 mol) were added to the mixture. The solution
was stirred at 0 °C for 2 h and then at room temperature for 45 h. The precipitated solid was separated by
filtration and dissolved with CHCl3 (800 mL x 3). Evaporation of the CHCl3 gave a colorless solid. This solid
was recrystallized three times from EtOH to afford optically pure (R)-(+)-pulegone semicarbazone (272 g, 75%)
as colorless needles: [a]p24 +67.5° (CHCI3, ¢ 2 00), Iit. [at]p23 +66° (c 2.05, CHCl3);18 IR (KBr) 3461, 3180,
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3000, 2951, 2930, 2909, 2851, 1695, 1665, 1618, 1572, 1528, 1468, 1457, 1443, 1427, 1380, 1370, 1323
1302, 1283, 1248, 1221, 1138, 1088, 1028, 1011, 988, 938, 916, 862, 766, 743, 691, 606, 583, 532, 488,
440 cm-!; TH NMR (CDCl3, 270 MHz) & 1.01 (d, J = 6.1 Hz, 3 H, CH3), 1.09-1.27 (m, 1 H), 1.67-1.83 (m,
3 H), 1.75 (s, 3 H, =CCH3), 1.88 (s, 3 H, =CCH3), 2.08-2.27 (m, 1 H), 2.50-2.63 (m, 2 H), 5.77 (br-s, 2 H,
NHj), 8.39 (br-s, 1 H, NH).

Preparation of Optically Pure 27. In a 2 L round-bottomed flask equipped with a mechanical stirrer
was placed optically pure (R)-(+)-pulegone semicarbazone (232 g, 1.11 mol) dissolved in dioxane (600 mL) and
2 N hydrochloric acid (1.1 L, 2.20 mol). The solution was stirred for 8 h at room temperature. Ether (700 mL)
was added to the mixture, and the organic layer was separated. The aqueous layer was extracted with ether (500
mL x 3). The combined organic layers were washed successively with saturated NaHCOj3 aqueous solution (400
mL x 3) and water (500 mL x 2), and dried over NapSO4. After removal of the solvent, the residue (250 g) was
distilled under reduced pressure to give optically pure 27 (109 g, 64%): bp 95-97 °C (15 mmHg); [a]p?3 +23.2°
(neat), lit. [o]p25-5 +22.47° (neat),193 [a]p?7 +23.6° (neat); 190 1H NMR (CDCl3, 60 MHz) § 0.98 (d,/ = 5 Hz,
3 H, CH3), 1.18-1.53 (m, 2 H), 1.70-1.96 (m, 2 H), 1.78 (s, 3 H, =CCH3), 1.97 (s, 3 H, =CCH3), 2.06~
2.96 (m, 4 H).

Preparation of N-((3R)-6-Isopropylidene-3-methyl-1-cyclohexenyl)pyrrolidine (28). Ina
100 mL round-bottomed flask equipped with a magnetic stirrer and a Dean-Stark trap connected to a reflux
condenser were placed 27 (21.7 g, 0.143 mol), pyrrolidine (12.0 mL, 0.143 mol), p-toluenesulfonic acid 0.5
), and benzene (60 mL). After stirring at reflux for 14.5 h, pyrrolidine (12.0 mL) was added, and the mixture
was stirred for 9.5 h at reflux. After removal of the solvent, the residue was distilled under reduced pressure to
give 28 (16.8 g, 58%) as a colorless oil: bp 97-103 °C (1.5 mmHg); IR (neat) 3050, 2920, 1635, 1450, 1390,
1370, 1290, 1185, 895 cm-1; 1H NMR (CDCl3, 60 MHz) § 0.97 (dd, J = 6 and 1.5 Hz, 3 H, CH3), 1.46-2.37
(m, 9 H), 1.67 (s, 3 H, CH3), 1.74 (s, 3 H, CH3), 2.58-3.13 (m, 4 H, NCH3y), 4.20 (dd, J = 3 and 13.5 Hz, 1
H, =CH).

Preparation of (3R)-2-(2-Cyanoethyl)-6-isopropylidene-3-methylcyclohexanone (29). Ina
200 mL three-necked round bottomed flask equipped with a magnetic stirrer and a reflux condenser were placed
28 (14.4 g, 0.070 mol), acrylonitrile (14.0 mL, 0.21 mol), and absolute EtOH (70 mL). The solution was
refluxed for 17 h. After removal of the solvent, a mixture of anhydrous sodium acetate (10 g), acetic acid (20
mL), water (20 mL), and dioxane (60 mL) was added, and the mixture was refluxed for 3 h. The solution was
poured into water (200 mL) and extracted with ether (100 mL x 5). The combined extracts were washed
successively with 5% NaOH (50 mL x 3), 2 N hydrochioric acid (50 mL x 3), and water (100 mL x 3), and dried
over MgSO4. After removal of the solvent, the residual oil was distilled under reduced pressure to give 29 (8.72
g, 61%) as a colorless liquid. GLC analysis (30 m glass capillary column packed with SCOT PEG-20M) of the
product showed that cis / trans ratio of 29 was 2/ 3: bp 105-107 °C (0.03 mmHg); IR (neat) 2930, 2860, 2250,
1715, 1680, 1450, 1380, 1285 cm-!; 'H NMR (CDCl3, 60 MHz) 3 0.83-1.16 (m, 3 H, CH3), 1.14-2.12 (m, 7
H), 1.76 (s, 3 H, =CCH3), 1.90 (s, 3 H, =CCH3), 2.12-2.83 (m, 3 H).

Preparation of (SR)-5-Methyl-3,4,5,6,7,8-hexahydro-2(1H)-quinolinone (25). A mixture
of 29 (1.54 g, 7.50 mmol), water (2.0 mL, 0.11 mol), and RuH2(PPh3)4 (0.260 g, 0.225 mmol) in DME (2
mL) was reacted at 160 °C for 48 h 1n a sealed tube (240 x 24 mm) under argon. The reaction mixwre was diluted
with CH2Cla (20 mL). The organic layer was separated, and the aqueous layer was extracted with CH,(17 (20
mL x 2). The combined organic layers were dried over NapSO4. After removal of the solvent, the residue was



Ruthenium-catalyzed hydration of nitriles 8821

purified by MPLC (8iO7, EtOAc-hexane = 1 / 3) to give 25 (0.624 g, 56%) as a colorless solid.
Recrystallization from hexane-EtOAc (9 / 1) gave colorless needles: mp 127.5-128.5 °C; [a]p?6 +45.2° (¢ 1.01,
CHCI3). IR (KBr) 3208, 3164, 3106, 2932, 2863, 1701, 1682, 1636, 1483, 1445, 1385, 1315, 1240, 1221,
1202, 1094, 957, 907, 802, 779, 741, 720, 625, 600, 529, 486, 457, 444, 430 cm~!; 1H NMR (CDCl3, 500
MHz) 8§ 1.01 (d,J = 6.9 Hz, 3 H, CH3), 1.37 (ddd, J = 5.5, 8.3, and 10.1 Hz, 1 H, H6ax), 1.58-1.65 (m, 1
H), 1.69-1.78 (m, 2 H), 1.97-2.03 (m, 2 H), 2.10 (ddd, J = 7.9, 7.9, and 7.9 Hz, 1 H), 2.15-2.25 (m, 1 H),
2.32-2.40 (m, 1 H), 2.44 (ddd, J = 6.6, 16.0, and 16.0 Hz, 1 H, H3ax), 2.47 (ddd, J = 7.3, 10.3, and 16.0
Hz, 1 H, H3eq), 7.50 (br-s, 1 H, NH); 13C NMR (CDCl3, 67.9 MHz) § 19.3, 23.7, 26.7, 30.9, 31.6, 114.4,
128.4, 171.6; mass spectrum m/e (relative intensity %) 165 (15), 150 (73), 122 (75), 94 (100), 80 (61). Anal.
Caled for CygH1sNO: C, 72.70; H, 9.15; N, 8.48. Found: C, 72.66; H, 9.13; N, 8.49.

Hydrogenation of 25 with Various Catalysts. A mixture of 25 (81 mg, 0.5 mmol), catalyst (15
mg), conc. hydrochioric acid (0.02 mL) in EtOH (2 mL) was stirred at room temperature for 5 h under hydrogen
atmosphere (1 atm). After filtration of the catalyst through a pad of Celite and removal of the solvent under
reduced pressure, CH>Cly (15 mL) and saturated NaHCO3 aqueous solution (2 mL) were added to the residue.
The organic layer was separated, washed successively with saturated NaHCO3 aqueous solution (2 mL) and brine
(2 mL), and dried over NaS04. Removal of the solvent gave (4aS,5R,8aR)-5-methyl-2,3,4a,5,6,7,8,8a-
octahydro-2(1H)-quinolinone (24) along with (4a5,5R,8aS)-5-methyl-2,3,4a,5,6,7,8,8a-octahydro-2(1H)-
quinolinone (31). The yield and the diastereomenic ratio of 24 and 31 were determined by 'H NMR (270 MHz)
and GLC analysis (PEG-20M, 0.25 mm x 30 m). The results with various catalysts were shown in Table 4.

Preparation of (4aS,5R,8aR)-5-Methyl-2,3,4a,5,6,7,8,8a-0octahydro-2(1H)-quinolinone
(24). In a 30 mL round-bottomed flask equipped with a magnetic stirrer and a hydrogen balloon were placed 25
(1.63 g, 9.88 mmol), 5% Pd-C (K-type, 0.81 g), EtOH (8 mL), acetic acid (1.6 mL), and conc. hydrochloric
acid (5 drops). The mixture was stirred at 60 °C under hydrogen pressure (85 kg/fcm2) for 24 h. After filtration
of the catalyst through a pad of Celite and removal of the solvent under reduced pressure, CH,Cl2 (70 mL) and
saturated NapCO3 aqueous solution (10 mL) were added to the residue. The organic layer was separated, washed
with a saturated aqueous NapCOj solution (10 mL x 2), and dried over Na;SO4. Removal of the solvent gave a
mixture of 24 and 31 (1.49 g, 90 %). 'H NMR (270 MHz) and GLC analysis (30 m glass capillary column
packed with SCOT PEG-20M) of the product showed that the diastereomeric ratio of 24 and (4aS,5R,8aS)-5-
Methyl-2,3,4a,5,6,7,8,8a-octahydro-2(1H)-quinolinone (31) was 98 / 2. Recrystallization from EtQAc gave
pure 24 as a colorless needles: mp 146.5-147.5 °C; [a]p?3 —60.4° (¢ 1.00, CHCl3); IR (KBr) 3179, 2951,
2924, 2896, 2855, 1669, 1605, 1480, 1455, 1402, 1362, 1364, 1331, 1316, 1248, 1213, 1200, 1163, 1138,
1127, 1082, 1019, 974, 955, 932, 891, 868, 822, 774, 708, 637, 548, 517, 494, 473 cm-1; 1H NMR (CDCl3,
500 MHz) 8 0.93 (d, J = 6.6 Hz, 3 H, CH3), 0.91-1.12 (m, 1 H, Hax), 1.43 (dddd, J = 3.7, 3.7, 3.7, and
10.5 Hz, 1 H, H4), 1.48-1.54 (m, 2 H, Hbax, Hbeq), 1.54-1.72 (m, 5 H, H%ax, H3ax, H7eq, H8ax, H8eq),
2.05 (dddd, J = 5.0, 5.0, 5.0, and 13.8 Hz, 1 H, H?eq), 2.28 (ddd, J = 5.0, 10.7, and 16.0 Hz, 1 H, H3ax),
2.29 (ddd, J = 5.0, 7.7, and 16.0 Hz, 1 H, H3eq), 3.62 (ddd, J = 3.7, 3.7, and 3.7 Hz, 1 H, H83), 6.00 (br-s, 1
H, NH); 13C NMR (CDCl3, 125.7 MHz) 8 19.4, 20.1, 23.2, 27.4, 27.8, 31.7, 33.8, 39.8, 52.1. Anal. Calcd
for CigH17NO: C, 71.81; H, 10.24; N, 8.33. Found: C, 71.76; H, 10.14; N, 8.33.

Preparation of (4aS,5R,8aR)-2-Methoxy-5-methyl-3,4,4a,5,6,7,8,8a-0octahydroquinoline
(33). A solution of 24 (0.775 g, 4.63 mmol) in dry CH,Cl2 (5 mL) was added to a mixture of Me3OBF4 (1.39
g, 9.39 mmol), N,N-diisopylethylamine (0.83 mL, 4.76 mmol) in CH2Cl3 (5 mL) at 10 °C under argon. The
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mixture was stirred for 2 h at room temperature. CH>Clz (20 mL) and saturated NaHCO3 aqueous solution (15
mL) were added to the mixture at 0 °C. The organic layer was separated, and the aqueous layer was extracted
with CH2Cl (20 mL x 2). The combined organic layers were dried over Na3SO4. After removal of the solvent,
the residual oil was subjected to short column chromatography (Al»O3, hexane) to give 33 (0.520 g, 62%) as a
pale yellow oil; IR (neat) 2930, 1675 cm~1; 1H NMR (CDCl3, 270 MHz) 8 0.91 (d, J = 6.4 Hz, 3 H, CH3),
1.01 (dddd, J = 4.6, 9.8, 9.8, and 12.0 Hz, 1 H), 1.25-1.53 (m, 5 H), 1.53-1.66 (m, 3 H), 1.83 (dddd, J =
1.6, 4.6, 9.8, and 11.5 Hz, 1 H), 2.04-2.12 (m, 2 H), 3.52 (ddd, J = 2.0, 4.0, and 8.0 Hz, 1 H, CH-N), 3.63
(s, 3 H, OCH3); 13C NMR (CDCl3, 67.9 MHz) § 19.8, 20.9, 22.6, 23.0, 28.7, 33.4, 33.7, 51.7, 54.8, 162.4.

Preparation of (-)-Pumiliotoxin C (I). A solution of n-propyl bromide (2.8 mL, 30 mmol) in dry
ether (15 mL) was added to a suspension of magnesium turnings (0.80 g, 33 mmol) in dry ether (8 mL). After
stirring for 30 min at room temperature, the molarity of the Grignard solution was determined to be 1.3 mol/L by
Gilman titration.3! The freshly prepared Grignard solution (6.0 mL, 7.8 mmol) was placed in a 30 mL side-
armed flask. After removal of ether under reduced pressure, dry benzene (8 mL) was added to the residue to
replace ether with benzene. A solution of 33 (0.465 g, 2.56 mmol) in benzene (5 mL) was added to the Grignard
solution in benzene prepared above. The mixture was refluxed for 4 h. After cooling to room temperature, the
mixture was quenched by pouring into a mixture of ether (20 mL) and saturated NaHCO3 aqueous solution (10
mL) at 0 °C. The organic layer was separated and the aqueous layer was extracted with ether (10 mL x 2). The
combined organic layers were dried over MgSO4. Removal of the solvent under reduced pressure gave crude
(4a$,5R 8aR)-5-methyl-2-propyl-3,4,4a,5,6,7,8,8a-octahydroquinoline (34) (0.514 g) which was immediately
used without further purification. In a 30 mL side-armed flask fitted with hydrogen balloon were placed the crude
imine prepared above (0.496 g), 5% Pd-C (K-type, 0.128 g), and MeOH (20 mL). The mixture was stirred at
room temperature under hydrogen atmosphere (1 atm) for 48 h. After filtration through a pad of Celite, the
mother liquor was treated with conc. hydrochloric acid. Removal of the solvent gave 1-HCI (0.502 g, 49% from
lactam 24) as a colorless solid. Recrystallization from 2-propanol gave colorless needles: mp 286-288 °C
(sealed capillary) (lit.14c mp 288-290 °C (sealed capillary)); [a]p2! —16.2° (¢ 1.00, CH30H) (lit. [a]p20 —14.5°
(¢ 1.00, CH30H),!4¢ [a]p20 -13.1° (¢ 1.0, CH30H),14f (+)-isomer: [a]p20 +16.4° (¢ 1.00, CH30H),14¢
[a]p2S +16.2° (¢ 1.00, CH30H),14b [a]p24 +16.1° (¢ 1.00, CH30H)14h); IR (KBr) 3100-2500, 2965, 2955,
2930, 2872, 2816, 2708, 2602, 1580, 1472, 1456, 1443, 1431, 1420, 1404, 1373, 1356, 1315, 1283, 1180,
1117, 1059, 1026, 997, 970, 951, 916, 883, 833, 804, 783, 745, 656, 613, 544, 502, 486 cm-!; TH NMR
(CDCl3, 500 MHz) 6 0.89 (d, J = 6.4 Hz, 3 H, C5-CH3), 0.92 (t, J = 7.4 Hz, 3 H, CH2CH3), 0.95-1.01 (m, 1
H, H-6ax), 1.27 (dddd, J = 2.2, 7.4, 15.0, and 30.0 Hz, 1 H, CHCH3 in propyl group), 1.36-1.52 (m, 4 H,
H3ax, H4a, Hax, CHCH3 in propyl group), 1.52-1.64 (m, 2 H, H%ax, H8ax), 1.77 (br-d, / = 140 Hz, 1 H,
H3eq), 1.86 (br.d, J = 13.0 Hz, 1 H, Hbeq), 2.03-2.11 (m, 2 H, H-5, H4q), 2.11-2.24 (m, 2 H,
CH,CH»CH3), 2.40 (19, J = 3.7 and 13.8 Hz, 1 H, H7eq), 2.49 (br-d, J = 15.0 Hz, 1 H, H8eq), 2.97 (br-ddd,
J =103, 10.3, and 10.3 Hz, 1 H, H?), 3.31 (br-d, J = 10.5 Hz, 1 H, H32), 8.44 (br-s, 1 H, NH), 9.54 (br-s, 1
H, NH); 13C NMR (CDCl3, 125.7 MHz) § 13.8 (CH2CH3), 19.2 (CH2CH3), 19.8 (CHCH3), 20.5 (C7), 23.3
(C%), 25.3 (C3), 27.2 (C5), 29.2 (C8), 34.4 (CH2CH,CH3), 35.0 (C9), 41.0 (C42), 58.2 (CBa), 60.2 (C2). The
assignments of signals were determined by H-H and C-H COSY experiments. Mass spectrum (free base)
(relative intensity %) m/e 195 (Mt, 2), 152 (100). Anal. Calcd for C13Ha6CIN: C, 67.36; H, 11.31; N, 6.04;
Cl, 15.29. Found: C, 67.27; H, 11.00; N, 6.33; Cl, 15.10.
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(4a$,5R)-8a-Hydrodioxy-5-methyl-3,4,4a,5,6,7,8-heptahydro-2(1H)-quinolinone (35).
In a 30 mL round-bottomed flask equipped with a magnetic stirrer were placed 25 (0.330 g, 2.00 mmol), p-
toluenesulfonic acid (0.038 g, 0.200 mmol), and CH2Cls (4 mL). To the stirred solution was added 30% H20,
aqueous solution (0.454 g, 4.00 mmol) dropwise over a period of 3 min. After the addition was complete, the
reaction mixture was stirred for 3 h. The mixture was washed with water to remove excess hydrogen peroxide.
The organic layer was dried over NaSOj4 and evaporated under reduced pressure to give 35 (0.306 g, 77%): 'H
NMR (270 MHz) analysis of the product showed that the diastereomeric ratio of 35 was 67 /33: IR (KBr) 3305,
2953, 2936, 2870, 1665, 1458, 1387, 1346, 1300, 1277, 1223, 1148, 1036, 1007, 986, 926, 920, 880, 831,
816, 739, 690, 567, 521 cm-1; TH NMR (CDCls, 270 MHz) 8 0.90 (d, J = 6.4 Hz, 0.67 x 3 H, trans-CH3),
0.90-1.15 (m, 1 H), 1.00 (d, J = 6.4 Hz, 0.33 x 3 H, c¢is-CH3), 1.27-1.45 (m, 2 H), 1.45-1.95 (m, 6 H),
2.03-2.90 (m, 3 H), 7.81 (br-s, 0.67 x 1 H, NH), 8.44 (br-s, 0.67 x 1 H, NH), 10.9 (br-s, 1 H, OOH); 13C
NMR (CDCl3, 67.9 MHz) § 17.7,* 19.4,* 19.5, 19.8, 21.1, 21.9,* 26.8,* 30.3,* 30.9, 31.6, 33.0, 339,*
34.1, 35.2, 41.9,* 46.9, 89.3, 91.6,* 175.6," 175.7. An asterisk indicates that the signals are due to the minor
product.

(4aS,5R,8aS8)-5-Methyl-3,4,4a,5,6,7,8,8a-octahydro-2(1H)-quinolinone (31). In a 30 mL
round-bottomed flask equipped with a magnetic stirrer were placed 35 (0.199 g, 1.00 mmol) and dry CH2Cl; (4
mL). TiCly (0.22 mL, 2.00 mmol) was added dropwise at ~78 °C, and the mixture was stirred for 1 h. Et3SiH
(0.342 g, 3.00 mmol) was added dropwise at —78 °C for 5 min. After stirring for 6 h, the reaction was quenched
by pouring into ice water (10 mL). The mixture was extracted with CH2Clj (10 mL x 2) and dried over Na3SOj4.
Removal of the solvent gave a mixture of 31 and 24 (0.120 g, 72%). 1H NMR (270 MHz) analysis of the
product showed that the drastereomeric ratio of 31 and 24 was 90/ 10. Recrystallization from EtOAc gave pure
31 as colorless needles: mp 180-180.5 °C; [a|p25 +14.7° (c 1 06, CHCl3); IR (KBr) 3191, 3090, 2960, 2940,
2936, 2899, 2867, 2860, 2845, 1661, 1480, 1456, 1448, 1438, 1408, 1368, 1343, 1318, 1291,1264, 1250,
1217, 1171, 1132, 1121, 1078, 1003, 980, 957, 930, 903, 874, 843, 804, 691, 581, 548, 527, 490, 475, 436
cm-1; TH NMR (CDCl3, 500 MHz) 8 0.95 (d, / = 7.8 Hz, 3 H, CHj3), 0.92-1.00 (m, 1 H, H43), 1.01-1.10 (m,
1 H, Hbax), 1.17-1.27 (m, 1 H, HY), 1.27-1.44 (m, 3 H, H4%x, H7ax, H8ax), 1.68-1.84 (m, 3 H, Hbeq,
H7eq, H8¢q), 2.07 (dddd, / = 1.6, 2.2, 7.1, and 13.3 Hz, 1 H, HAq), 2.34 (ddd, J = 7.1, 12.7, and 18.2 Hz, 1
H, H3ax), 2.47 (ddd, J = 1.8, 6 4, and 18.2 Hz, 1 H, H3eq), 2.96 (ddd, J = 3.2, 10.0, and 10.0 Hz, 1 H, H8a),
6.44 (br-s, 1 H, NH); 13C NMR (CDCl3, 67.9 MHz) & 19.1, 24.0, 24.8, 31.6, 33.4, 35.1, 46.1, 57.4, 172.6.
Anal. Calcd for C1gH17NO; C, 71.81; H, 10.24, N, 8.33 Found: C, 71.99; H, 10.23; N, 8.43.

3,4,4a,5,6,7,8-Heptahydro-8a-hydrodioxy-2(1H)-quinolinone (36). In a 30 mL side-armed
round-bottomed flask equipped with a magnetic stirrer were placed 6a (0.302 g, 2.00 mmol), p-toluenesulfonic
acid (0.038 g, 0.200 mmol), and CH,Cl; (4 mL). To the stirred solution was added 30% hydrogen peroxide
aqueous solution (0.454 g, 4.00 mmol) dropwise over a period of 5 min at room temperature. After the addition
was complete, the reaction mixture was stirred for 4 h. The mixture was washed with water to remove excess
hydrogen peroxide. The organic layer was dried over NapSQ4 and evaporated under reduced pressure to give 36
(0.318 g, 86%) as a colorless oil. 'H NMR (270 MHz) analysis showed that the diastereomenc ratio of 36 was
50/ 50: IR (KBr) 3220, 2938, 2861, 1680, 1460, 1449, 1395, 1343, 1330, 1281, 1258, 1215, 1157, 1141,
1092, 1040, 993, 959, 938, 922, 870, 853, 824, 793, 739, 689, 613, 567, 517, 465 cm~!; 'TH NMR (CDCls,
270 MHz) 8 1.23-1.45 (m, 2 H), 1.45-2.02 (m, 7 H), 2.11-2.30 (m, I H), 2.30-2.55 (m, 3 H), 8.21 (br-s,
0.5 x 1 H, NH), 8.46 (br-s, 05 x 1 H, NH), 11.1 (br-s, 0.5 x 1 H, OOH), 11.2 (br-s, 0.5 x 1 H, OOH); 13C
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NMR (CDCl3, 67.9 MHz) § 21.2, 22.3, 22.5, 23.0, 24.3, 25.6, 27.4, 27.6, 27.7, 31.0, 32.8, 33.5, 35.3,
41.0, 88.9, 91.6, 175.7, 175.9.

trans-3,4,4a,5,6,7,8,8a-Octahydro-2(1H)-quinolinone (37). In a 30 mL side-armed flask
equipped with a magnetic stirrer were placed 36 (0.185 g, 1.00 mmol) and dry CHzCl3 (4 mL). TiCls (0.22 mL,
2.0 mmol) was added dropwise at -78 °C, and the mixture was stirred for 1 h at -78 °C. Et3SiH (0.342 g, 3.00
mmol) was added dropwise at —78 °C over a period of 4 min. After stirring for 8 h at -78 °C, the reaction was
quenched by pouring into ice water (10 mL). The mixture was extracted with CH2Clz (10 mL x 2) and the
combined organic layers were dried over Na2SO4. Removal of the solvent gave 37 along with cis-
3,4,42,5,6,7,8,8a-octahydro-2(1H)-quinolinone (38) as a pale yellow solid (0.139 g, 91%). 'H NMR (270
MH2z) analysis showed that the ratio of 37 and 38 was 93 / 7. Recrystallization from EtQAc gave pure 37 as
colorless needles: IR (KBr) 3191, 3090, 2932, 2899, 2853, 1659, 1624, 1480, 1450, 1433, 1404, 1372, 1358,
1344, 1318, 1302, 1244, 1198, 1127, 1084, 1046, 978, 874, 806, 791, 700, 546, 502, 451, 419 cm-1; 'H
NMR (CDClj, 270 MHz) § 0.99-1.16 (m, 1 H), 1.21-1.39 (m, 4 H), 1.47 (dddd, J = 7.3, 11.8, 11.8, and
12.3 Hz, 1 H), 1.70-1.86 (m, 5 H), 2.39 (ddd, J = 6.5, 11.5, and 17.5 Hz, 1 H, H3ax), 2.42 (ddd, J = 2.5,
7.0, and 17.5 Hz, 1 H, H3eq), 2.90 (ddd, J = 3.8, 9.9, and 9.9 Hz, 1 H, H83), 6.71 (br-s, 1 H, NH); 13C NMR
(CDCl3, 67.9 MHz) 6 24.3, 25.7, 28.0, 30.9, 31.5, 33.2, 40.1 (C4a), 57.7 (C8a), 172.4 (C=0).

trans-8a-Allyl-3,4,42,5,6,7,8-heptahydro-2(1H)-quinolinone (40). In a 30 mL side-armed
flask equipped with a magnetic stirrer were placed 36 (0.185 g, 1.00 mmol) and dry CHCl (4 mL). TiCly
(0.22 mL, 2.0 mmol) was added dropwise at ~78 °C, and the mixture was stirred for 1 h at -78 °C.
Allyltrimethylsilane (0.348 g, 3.00 mmol) was added dropwise at =78 °C over a period of 5 min. After stirring
for additional 5 h at —78 °C, the reaction was quenched by pouring into ice water (10 mL). The mixture was
extracted with CH2Cl; (10 mL x 2) and dried over Na;SO4. Removal of the solvent gave 40 along with cis-8a-
allyl-3,4,4a,5,6,7,8-heptahydro-2(1H)-quinolinone (41) as a pale yellow solid (0.156 g, 81%). 'H NMR (270
MHz) analysis showed that the ratio of 40 and 41 was 93 /7: TH NMR (CDCl3, 270 MHz) § 1.22-1.35 (m, 2
H), 1.35-1.61 (m, 5 H), 1.61-1.75 (m, 2 H), 1.75-1.94 (m, 2 H), 2.20-2.42 (m, 2 H, CH,C=0), 2.27 d, J =
11.0 Hz, 2 H, =CCHjy), 5.01-5.14 (m, 2 H, =CHy), 5.63-5.82 (m, 1 H, —CH=), 6.58 (br-s, 0.93 x 1 H, NH),
6.75 (br-s, 0.07 x 1 H, NH); 13C NMR (CDCl3, 67.9 MHz) § 21.1,* 21.9, 22.5, 22.9, 25.8,* 26.8, 28.4,
30.7,* 35.2, 35.5, 36.5,” 43.1,* 45.5, 55.8,* 56.4, 119.3, 132.3,* 132.6, 172.5. An astenisk indicates that the
signals are due to 41. Anal. Calcd for C1oH19NO: C, 74.57; H, 9.91; N, 7.25. Found: C, 74.20; H, 9.81; N,
7.28.

REFERENCES AND NOTES

1. (a) Breslow, R.; Fairweather, R.; Keana, J. J. Am. Chem. Soc. 1967, 89, 2135. (b) Sugiura, Y.;
Kuwabhara, J.; Nagasawa, T.; Yamada, H. ibid. 1987, 109, 5848.

2. (a) Barton, D. H. R.; Ollis, W. D. Comprehensive Organic Chemistry, Vol 2, Sutherland, I. O., Ed.,
Pergamon Press, Oxford, 1979, p. 964. (b) Beckwith, A. L. J. The Chemistry of Amides; Zabicky, J.
Ed., Interscience, New York, 1970, pp 119-125.

3. Hegedus, L. S.; Wade, L. G. Compendium of Organic Synthetic Methods, Wiley: New York, 1977.

4. Reduced copper: (a) Ravindranathan, M.; Kalyanam, N.; Sivaram, S. J. Org. Chem. 1982, 47, 4812. (b)
Hirai, H.; Wakabayashi, H.; Komiyama, M. Chem Lett. 1983, 1047. (c) Wainwright, M. S.; Onuoha,



10.

11.
12.

13.

14.

Ruthenium-catalyzed hydration of nitriles 8825

N. L. Chem. Eng. Commun. 1984, 29, 1. Metal oxides: (d) Miura, H.; Sugiyama, K.; Kawasaki, S.
Chem. Lett. 1982, 183. (e) Nozaki, F.; Sodesawa, T. Yamamoto, T. J. Catal. 1983, 84, 267.

(a) Komiya, S.; Suzuki, S.; Watanabe, K. Bull. Chem. Soc. Jpn. 1967, 44, 1440. (b) Bennett, M. A,;
Yoshida, T. J. Am. Chem. Soc. 1973, 95, 3030. (c) Paraskewas, S. Synthesis 1974, 574. (d)
Diamond, S. E.; Grant, B.; Tom, G. M.; Taube, H. Tetrahedron Lett. 1974, 4025. (e) Villain, G;
Constant, G.; Gaset, A.; Kalck, Ph. J. Mol. Cat. 1980, 7, 355. (f) Villain, G.; Kalck, Ph.; Gaset, A.
Tetrahedron Lent. 1980, 21, 2901. (g) Villain, G.; Gaset, A.; Kalck, P. J. Mol. Caral. 1981, 12, 103,
(h) Bennett, M. A.; Yoshida, T. J. Am. Chem. Soc. 1978, 100, 1750. (i) Yoshida, T.; Matsuda, T.;
Okano, T.; Kitani, T.; Otsuka, S. /bid. 1979, 101, 2027. (j) Arnold, D. P.; Bennett, M. A. J.
Organomet Chem. 1980, 199, 119. (k) Jensen, C. M.; Trogler, W. C. J. Am. Chem. Soc. 1986, 108,
723.

Murahashi, S.-1.; Naota, T.; Saito, E. J. Am. Chem. Soc. 1986, 108, 7846.

Murahashi, S.-1.; Sasao, S.; Saito, E.; Naota, T. J. Org. Chem 1992, 57, 2521.

Ayer, W. A; Habgood, T. E. Alkaloids (N. Y.) 1968, 11, 459. Gross, D. Fortschr. Chem. Naturst.
1970, 28, 109.

Daly, J. W. Fortschr. Chem. Org. Naturst 1982, 41, 205. Witkop, B.; Gossinger, E. The Alkaloids;
Brossi, A., Ed.; Academic Press: London, 1983; Vol. 21, p. 139.

(a) Meyers, A.-1; Sircar, J. C. In The Chemistry of Amides; Rappoport, Z. Ed., Interscience, New York,
1970, chapter 8, pp 378-380. (b) Elad, D.; Ginsburg, D. J. Chem. Soc. 1953, 4137. (c) Campbell, A.
D.; Stevens, I. D. R. J. Chem. Soc. 1956, 959. (d) Vil], J. J.; Steadman, T. R.; Godfley, J. J. J. Org.
Chem. 1964, 2780. (e) Bohme, E. H. W.; Valenta, Z.; Wiesner, K. Tetrahedron Lett. 1965, 2441. (f)
Dugas, H.; Hazenberg, M. E.; Valenta, Z.; Wiesner, K. Tetrahedron Lett. 1967, 4931. (g) Stork, G.;
Krechmer, R. A.; Schlessinger, R. H. J. Am. Chem. Soc. 1968, 90, 1647. (h) Stork, G. Pure Appl.
Chem. 1968, 7, 383. (i) Wiesner, K.; Poon, L.; Jirkovsky, L.; Fishman, M. Can. J. Chem. 1969, 47,
433. (j) Ninomiya, I.; Naito, T.; Higuchi, S.; Mori, T. J. Chem. Soc., Chem. Commun. 1971, 457. (k)
Singh, B. Synthesis 1985, 305. (1) Corriu, R. J. P.; Piez, R. Tetrahedron Lett. 1985, 26, 1311. (m)
Yambolieva, K. P. Synthesis 1990, 84.

Stork, G.; Brizolara, A.; Landesman, H.; Szmuzkovicz, J; Terrell, R. J. Am. Chem. Soc. 1963, 85, 207.
Daly, J. W.; Tokuyama, T.; Habermehl, G.; Karle, I. L.; Witkop, B. Justus Liebigs Ann. Chem. 1969,
729, 198. Daly, J. W,; Spande, T. F. Alkaloids: Chemical and Biological Perspectives; Pelletier, S. W.,
Ed.; Wiley: New York, 1986; Vol. 4, Chapter 1, p 1. And also see ref. 9.

Myers, C. W.; Daly, J. W. Sci. Am. 1983, 248, 120. Warnick, J. E.; Jessup, P. J.; Overman, L. E.;
Eldefrawi, M. E.; Nimit, Y.; Daly, J. W.; Albuquerque, E. X. Mol. Pharmacol. 1982, 22, 565.

(a) Overman, L. E; Jessup, P. J. J. Am. Chem. Soc. 1978, 100, 5179. (b) Masamune, S.; Reed, L. A.;
Davis, J. T.; Choy, W. J. Org Chem. 1983, 48, 4441. (c) Oppolzer, W.; Flaskamp, E. Helv. Chim.
Acta 1977, 60, 204. (d) Maruoka, K.; Miyazaki, T.; Ando, M.; Matsumura, Y.; Sakane, S.; Hattori, K.;
Yamamoto, H. J. Am. Chem. Soc 1983, 105, 2831, (e) Bonin, M.; Besselievre, R.; Grierson, D. S.;
Husson, H.-P. Tetrahedron Ler. 1983, 24, 1493. (f) Bonin, M.; Royer, J.; Grierson, D. S.; Husson,
H.-P. Tetrahedron Lett. 1986, 27, 1569. (g) Habermehl, G.; Andres, H.; Miyahara, K.; Witkop, B.;
Daly, J. W. Ann Chem. 1976, 1577. (h) Schultz, A. G.; McCloskey, P. J.; Court, J. J. J. Am. Chem.
Soc. 1987, 109, 6493. (i) Oppolzer, W.; Fehr, C.; Warneke, J. Helv. Chim. Acta 1977, 60, 48. (j)



8826

15.

16.

17.

18.
19.

20.

21.
22,
23.

24.
25.
26.
27.
28.
29.
30.
31.

S.-I. MURAHASHI ¢t al.

LeBel, N. A.; Balasubramanian, N. J. Am Chem Soc. 1989, 111, 3363. (k) Comins, D. L.; Dehghani,
A. Tetrahedron. Lett. 1991, 32, 5697.

(a) The Chemistry of Amides; Zabicky, I., Ed., Interscience, New York, 1970. (b) Challis, B. C.; Challis,
J. A. In Comprehensive Organic Chemistry, Vol. 2, Sutherland, 1. O. Ed., Pergamon Press, Oxford,
1979, p. 957.

Wiesner, K.; Musi, V.; Wiesner, K. J. Tetrahedron Lett., 1968, 5643; Nyembo, L.; Goffin, A.; Hootelé,
C.; Breakman, J.-C. Can. J. Chem., 1978, 56, 851.

Synthesis of Natural Products: Problems of Stereoselectivity, Kocovskey, P.; Turecek, F.; Hajicek, J.
Ed., CRC Press, Florida, 1986, Vol. 1, Chap. 8, p 186.

Corey, E. I.; Ensley, H. E.; Suggs, J. W. J. Org. Chem. 1976, 41, 380.

(a) Eisenbraun, E. J.; McElvain, S. M. J. Am. Chem. Soc. 1958, 77, 3383. (b) Djerassi, C.; Osiecki, J.;
Eisenbraun, E. J. J. Am. Chem. Soc. 1961, 83, 4433,

Optical purity of 27 obtained was determined by the following route.2! Deisopropylidenation of
pulegone22 gave (+)-3-methylcyclohexanone, which was converted to acetal 42 by acid catalyzed
acetalization with (+)-diethyl tartarate. 13C NMR analysis showed that acetal 42 was obtained as a single
diastereomer.

E10.C COLE
(0] 0 ‘] (
H,0 (+)-dhethyl tartarate o_0
e T -
. .~ benzene, H é
27 T
a2

Hiemstra, H.; Wynberg, H. Tetrahedron Lerr. 1977, 2183.

Adams, R.; Smith, C. M,; Loewe, S. J Am. Chem. Soc. 1942, 64, 2087.

(a) Speckamp, W. N.; Hiemstra, H. Tetrahedron, 1985, 41, 4367, and references cited therein. (b)
Klaver, W. J.; Hiemstra, H.; Speckamp, W. N. J. Am. Chem. Soc. 1989, 111, 2588. (c) Heitz, M.-P,;
Overman, L. E. J. Org. Chem. 1989, 54, 2591. (d) Larsen, S. D.; Grieco, P. A.; Fobare, W. F. J. Am.
Chem. Soc. 1986, 108, 3512. (e) Guerrier, L.; Royer, J.; Grierson, D. S.; Husson, H.-P. J. Am Chem.
Soc. 1983, 105, 7754.

Young, R.; Wilkinson, G. Inorg. Synth. 1977, 17, 75.

Clark, R. D.; Heathcock, C. H.J Org. Chem. 1976,41, 636.

Posner, G. H. Org. React. 1972, 19, 1.

Blumenkopf, T. A.; Heathcock, C. H. J. Am. Chem. Soc. 1983, 105, 2354.

Dickman, D. A.; Heathcock, C. H. J. Am. Chem Soc 1989, 111, 1528.

Sheehan, J. C.; Mumaw, C. E. J Am. Chem. Soc 1950, 72, 2127.

Grob, C. A.; Kiefer, H. R. Helv. Chim. Acta 1965, 48, 799.

Gilman, H. Org React. 1951, 6, 352.



