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Both enantiomers of (S)- and (R)-4-phenyl-1,5-diazacyclooctan-2-ones (7) were synthesized stereo-
selectively with good optical purity by the asymmetric conjugate addition of pyrazolidine to optically active
vinyl sulfoxides, t-butyl (E)-2-[(R)- and (S)-p-tolylsulfinyl]cinnamates, respectively. Starting from 7, a

synthesis of optically active homaline was achieved.

Homaline (1),? isolated from the leaves of Homa-
lium pronyense, has a structure incorporating the natu-
rally occurring polyamine, spermine, along with two di-
hydrocinnamoyl residues, and the 1,5-diazacyclooctan-
2-one system is unique among natural products. Al-
though synthesis of optically active (5,5)-(—)-1 through
a translactamization process involving the optically ac-
tive S-lactam, (S)-(—)-4-phenylazetidin-2-one, has been
reported,>? no report on the synthetic approach to
both (5,5)-(—)-1 and (R,R)-(+)-1 has been shown.

Recently, enantiomerically pure vinyl sulfoxides have
proved to be useful reagents in asymmetric syntheses.?)
We report here the asymmetric synthesis of 4-phenyl-
1,5-diazacyclooctan-2-one (7), which is a key intermedi-
ate in the synthesis of natural homaline (1), using opti-
cally active vinyl sulfoxides. Our synthetic approach to
7 involves the conjugate addition-cyclization reaction
of pyrazolidine (5) to optically active vinyl sulfoxides,
t-butyl 2-[(S)- and (R)-p-tolylsulfinyljcinnamates (4),
followed by successive reduction of the p-tolylsulfinyl
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group of the adduct with SmI,® and reductive cleav-
age of the N-N bond of 4-phenyl-1,5-diazabicyclo[3.3.0]-
octan-2-one (6).

Results and Discussion

Synthesis of ¢- Butyl 2- (p- Tolylsulfinyl)-
cinnamate (4). The efficient synthesis of optically
active t-butyl 2-(p-tolylsulfinyl)cinnamate (4) was es-
tablished by using a modification of Andersen’s method
and Solladie’s procedure (Scheme 1).7®)

The aldol-type reaction of a-carbanion of #-butyl
(R)-(+)-2-(p-tolylsulfinyl)acetate (2) (o.p. 100%) with
benzaldehyde produced t-butyl 3-hydroxy-3-phenyl-
2-[(R)- p-tolylsulfinyl]propionate (3). Using i-butyl-
magnesium chloride as a base, the reaction took place
easily to give the mixture of two diastereoisomers of
(SR)-3 in 87% yield (in the ratio of 5.1/1.0). Solladie
reported that the structures of these diastereoisomers
prepared from ester (R)-(+)-2 were identified as (SR,
2R,3R) for the major isomer and to be (SR,2R,3S)
for the minor isomer.®) The conversion of 3 into vinyl
sulfoxide 4 was investigated under reaction conditions
for converting the hydroxy group of 3 to an acetoxy
group. The acetylation reaction of alcohol 3 was done
as described by Solladie. Under these reaction condi-
tions, the elimination of acetic acid from t-butyl 3-aceto-
xy-3-phenyl-2-{(S)-p-tolylsulfinyl]propionate proceeded
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spontaneously and vinyl sulfoxide 4 was obtained as a
major product, although Solladie did not describe the
preparation of 4 in the acetylation of 3.2 The two iso-
mers of vinyl sulfoxide (5)-4 were obtained, and the
ratio of E-4/Z-4 was measured as 40/1 by separation
using a silica-gel column chromatography. The major
isomer of (5)-4, which was obtained in 91% e.e., could
be purified by recrystallization to give the mostly pure
vinyl sulfoxide (5)-4 (99% e.e.) which was identified
as the E-configuration.” Inversely, under the reaction
conditions of acetylation of ¢-butyl 3-hydroxy-3-phenyl-
2-[(S)-p-tolylsulfinyl]propionate (3) the major isomer of
t-butyl (R)-(—)-2-(p-tolylsulfinyl)cinnamate (4), which
was obtained in 93% e.e., could be purified by recrys-
tallization to give mostly pure (R,E)-4 (98% e.e.). The
enantiomeric excess of (£)-4 was measured by an HPLC
measurement using an optically active column (Daicel
Chiralpak AS).

Conjugate Addition-Cyclization Reaction of
Cyclic Hydrazine 5 to Vinyl Sulfoxides 4. If the
chiral bicyclic lactam 6 is obtained by the conjugate ad-
dition-cyclization reaction of pyrazolidine (5) to chiral
t-butyl 2-(p-tolylsulfinyl)cinnamate (4), 4-phenyl-1,5-
diazacyclooctan-2-one (7) can be synthesized according
to the procedure shown in Scheme 2.1%

The conjugate addition-cyclization reaction of pyr-
azolidine (5) to 4 proceeded smoothly under the basic
conditions using potassium ¢-butoxide as a base in THF
at room temperature and the bicyclic lactam 6 was ob-
tained by successive reduction of p-tolylsulfinyl group of
the bicyclic adduct with samarium(1I) iodide® in situ.
On the other hand, in the absence of potassium ¢-butox-
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ide in THF, only the conjugate addition of pyrazolidine
(5) to vinyl sulfoxide (5)-4 took place and no cyclization
product (R)-6 was obtained after treatment of the addi-
tion product with samarium(Il) iodide® in situ (Entry
6 in Table 1). The enantiomeric excess of bicyclic lac-
tam 6 was 75—87% by an HPLC measurement using an
optically active column (Daicel Chiralpak AS). The re-
sults are summarized in Table 1. A catalytic amount of
potassium ¢-butoxide is sufficient for the cyclization re-
action, and the conjugate addition-cyclization reaction
of 5 to (S,E)-4 and (R,E)-4 proceeded smoothly to give
(R)-(+)-6 (82% e.e.) and (S)-(—)-6 (87% e.e.) in 57
and 66% yields, respectively (Entries 1 and 2). When
an equimolar amount of potassium ¢-butoxide was used,
the optical purity of (S)-6 was 75% e.e. and the chem-
ical yield was 58% (Entry 3). The conjugate addition-
cyclization reaction of pyrazolidine (5) to vinyl sulfox-
ide (S,E)-4 was also examined in methanol as a solvent.
The cyclization reaction did not proceed smoothly and
the optical purity and chemical yield of (R)-(+)-6 were
decreased to 656% e.e. and 29%, respectively (Entry 4).
The enantiomeric excess of the conjugate addition re-
action of 5 to (S,F)-4 in methanol under several condi-
tions was 41—65% (Entries 4 and 5) and it was lower
than that of the reaction examined in THF.

Reaction Mechanism. On the basis of the stereo-
chemistry of bicyclic lactam (R)-6 obtained from vinyl
sulfoxide (S,F)-4, the mechanism of asymmetric conju-
gate addition can be explained as follows. The preferred
non-chelate conformation of sulfoxide (S,E)-(+)-4 may
be expected to be that one in which the dipoles of the
carbonyl and sulfinyl groups are oriented in opposite
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Table 1. Conjugate Addition-Cyclization of Pyrazolidine (5) to Vinyl Sulfoxides 4%
Entry Sulfoxide Solvent t-BuOK Product Yield® [ofp® e.e?
(Molar amount) % deg. %
1 (S)-4 THF 0.1 (R)-6 57 +186 82
2 (R)-4 THF 0.1 (S)-6 66 177 87
3 (R)-4 THF 1.0 (S)-6 58 —153 75
4 (S-4  MeOH 1.0 (R)-6 29 +165 65
5 (S)-4  MeOH 0.1 (R)-6 19 4105 41
6 (S)-4 THF 0 (R)-6 0°

a) The optical purity of vinyl sulfoxides 4 was determined by an HPLC analysis using a
chiral column (Chiralpak AS; hexane/ethanol=9/1). (S)-4: [a]p +241° (¢ 0.9, CHCl3),

98% e.e.; (R)-4: [o]p —243° (c 1.0, CHCl3), 99% e.e.

b) Isolated yield. ¢) Measured

in CHCl3 at 25 °C. d) Determined by a HPLC using a chiral column (Chiralpak AS;

hexane/ethanol=7/3).
adduct in 65% yield.

e) The conjugate addition of 5 to 4 took place to give the acyclic
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(R)-(+)-6
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Fig. 1. Proposed mechanism in the conjugate addition
of 5 to (S,E)-(+)-4.

directions, as shown in Fig. 1.'Y The sulfinyl oxygen
atom is repelled the carbonyl group of ¢t-butyl ester and
placed near the plane formed from the phenyl group and
carbon—carbon double bond, and the tolyl group on sul-
fur is directed above the plane. Thus, the rear side of
the plane shown in Fig. 1 is not sterically crowded and
it is expected that pyrazolidine (5) attacks the [(-car-
bon of the double bond of vinyl sulfoxide (S,E)-(+)-
4 from the rear side of the plane (si-face), and in the
presence of t-butoxide as a base successive cyclization of
hydrazine with the bulky ¢-butyl ester group takes place
to afford bicyclic lactam (R)-(+)-6 by successive reduc-
tion of the p-tolylsulfinyl group of the bicyclic adduct
with samarium(II) iodide. From these reasons, bicyclic
lactam (R)-(+)-6 was formed from the reaction of vi-
nyl sulfoxide (S,E)-(+)-4 with pyrazolidine (5), and
inversely (5)-(—)-6 was prepared from the reaction of
vinyl sulfoxide (R,E)-(—)-4 with 5.

Synthesis of Optically Active 4-Phenyl-1,5-
diazacyclooctan-2-one (7). The reductive cleavage
of N-N bond of optically active bicyclic lactam 6 with
sodium in liquid ammonia afforded 4-phenyl-1,5-diaza-
cyclooctan-2-one (7) (Scheme 3). First using a large
excess (15 molar amounts) of sodium, a further cleav-
age reaction of the eight-membered ring took place to
give N-(3-benzylaminopropyl)acetamide (65%) and 7
(27%), but the mechanism of this side-reaction has not
been clarified. When reductive cleavage of N-N bond of
(8)-(—)-6 (87% e.e.) with sodium (3.0 molar amounts)
in liquid ammonia for 1 h afforded eight-membered aza-
lactam (S)-(—)-7 (87% e.e.) in 99% yield and the asym-
metric carbon of ($)-(—)-6 could be retained during the
reduction process.'®

Similarly, (R)-(+)-7 (82% e.e.) was obtained from
the reductive cleavage of the N-N bond of (R)-(+)-6
(82% e.e.) in 79% yield.'® Starting from the optically
active 7, a synthesis of chiral homaline (1) was achieved
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3.0 molar amounts of Na:  99% yield
Scheme 3.
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as shown in Scheme 4.4

N-Methylation of (R)-4-phenyl-1,5-diazacyclooctan-
2-one [(R)-7] (82% e.e.) with CHO and NaBH3CN
gave (R)-(—)-5-methyl-4-phenyl-1,5-diazacyclooctan-2-
one [(R)-8] in 98% yield.*» A double alkylation of (R)-
8 with 1,4-dibromobutane and powdered potassium hy-
droxide in dimethyl sulfoxide (DMSO) (20 °C, 12 h)
gave (+)-homaline (1) in 12% yield. The isomeric ra-
tio of (+)-homaline (1) was (R,R):(S,S): meso(R,S)=
89.3:2.2:8.5 by HPLC measurement using an optically
active column (Chiralpak AS), and the diastereomeric
excess of (R,R)-1 (79% d.e.) was calculated by [(R,R)—
(5,8)—(R,S)/(R,R)+(S,5)+(R,S)]x100%. Similarly,
(—)-homaline (1) was synthesized in 38% yield by a dou-
ble alkylation of (5)-8, which was derived from N-meth-
ylation (CH20 and NaBH3CN) of (5)-7 (87% e.e.), with
1,4-dibromobutane. The isomeric ratio of (—)-homaline
(1). was (R,R):(S,S): meso(R,S)=2.7:78.1:19.2, and
the diastereomeric excess of (—)-homaline (1) (56% d.e.)
was calculated. While N-methylation of (R)-7 [or (5)-
7] with CHO and NaBH3CN gave (R)-8 [or (5)-8] in
good yield, partial racemization took place under these
reaction conditions.®) Although Crombie et al. reported
a double alkylation of racemic 8 with 1,4-dibromobu-
tane, our synthesis of 1 is the first example of a dou-
ble alkylation of optically active 5-methyl-4-phenyl-1,5-
diazacyclooctan-2-one (8).%

On the other hand, a double alkylation of (R)-7 (82%
e.e.) with 1,4-dibromobutane and powdered potas-
sium hydroxide in DMSO (20 °C, 1 h) gave didemeth-
ylhomaline, 1,1'-(1,4-butanediyl)bis[( R)-4-phenyl-1,5-
diazacyclooctan-2-one| [(R,R)-9] in 53% yield. The
N-methylation of (R,R)-(4)-9 with 5 molar amounts
of methyldiphenylselenonium perchlorate (PhsSetMe
Cl047) in the presence of potassium carbonate (3 mo-
lar amounts) in dichloromethane at room temperature
for 24 h gave homaline (R,R)-(+)-1 (76% d.e.) in
43% yield without significant racemization at the ben-
zylic carbon atoms (Scheme 5).! Synthetic homaline
(1) was characterized by comparing its spectroscopic
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Scheme 5.

data with those of natural (—)-homaline®* and was in
good agreement with natural (—)-homaline in all spec-
troscopic data.

The optically pure (5)-(—)-7 [[a]p —12.0° (¢ 1.4,
CHCIl3); >99% e.e.] was obtained by resolution of
diastereomers derived from (S)-(—)-7 (87% e.e.) and
(R,R)-(+)-tartaric acid. Using a similar procedure to
that shown in Scheme 5, didemethylhomaline (5,5)-9
[[a]p —36.7° (¢ 1.3, CHCl3); >99% e.e.] was prepared
in 68% yield using optically pure (S)-(—)-7. Wasserman
et al.®) and Crombie et al.¥ reported independently
the synthesis of natural (—)-homaline (1) using (S,5)-
9 [lit,¥ [a]p —30.0° (¢ 1.3, CHCl3); >99% e.e.], so this
procedure is a formal synthesis of (—)-homaline (1).

In summary, the conjugate addition-cyclization of
pyrazolidine (5) to optically active vinyl sulfoxides 4
proceeded smoothly in THF at room temperature in
the presence of potassium ¢-butoxide as a base. The
diastereoselectivity of the conjugate addition was good
(75—87%) and optically active bicyclic lactam 6 was
obtained. Optically active 4-phenyl-1,5-diazacyclo-
octan-2-one (7), which is a key intermediate for the
synthesis of homaline, could be synthesized by the re-
ductive cleavage of N-N bond of optically active bicyclic
lactam 6. This is the first example of asymmetric syn-
thesis of (5)-(—)- and (R)-(+)-4-phenyl-1,5-diazacyclo-
octan-2-ones (7).

Experimental

Melting points were measured with Yamato MP-21 and
Yanaco MP-500D melting point apparatuses, and are un-
corrected. Infrared spectra were recorded on Hitachi 260-10
and Perkin—Elmer 1600 series FTIR spectrometers. NMR
spectra were recorded on JEOL JNM-PMX 60SI (60 MHz
'HNMR) and JEOL JNM-EX 400 (400 MHz 'H and 100
MHz *CNMR) spectrometers using tetramethylsilane as
an internal standard. The mass and high-resolution mass
spectra were measured with JEOL JMS-DX 300 and JEOL
JMS-AX 505W mass spectrometers with a JEOL JMA 5000
mass data system at an ionizing voltage of 70 eV. Opti-
cal rotations were measured with a JASCO DIP-140 dig-
ital polarimeter in a 0.1 dm cell at 25 °C. The enan-
tiomeric excess of optically active compounds was measured
by HPLC (Hitachi 655) using a chiral column (Daicel Chem-
ical, Chiralpak AD and Chiralpak AS, 0.46 cm ¢x25 cm).
Preparative HPLC was done using Kusano CPS-HS-221-05

and CPS-223L-1 C.I.G. pre-packed columns with a Kusano
KPW-20 micro pump and Shodex RI SE-52 RI detector sys-
tem. Gel permeation liquid chromatography (GPLC) was
done with a JAI LC-08 (or LC-908) liquid chromatography
with Jaigel-1H columns (20 mmx600 mmx2) using chloro-
form as eluent. Thin layer chromatography was done with a
Merck Kiesel gel (Merck Art. 5554). Column chromatogra-
phy was done with Wakogel C-200, Daisogel IR-60 (60/210
mesh), and Kanto silica gel (100/200 mesh).

All solvents were dried and purified by the usual proce-
dures: Ether and THF were distilled from sodium diphen-
ylketyl; methanol and ethanol were distilled from dimeth-
oxy- or diethoxymagnesium; dichloromethane, acetonitrile,
N,N-dimethylformamide (DMF), and dimethyl sulfoxide
(DMSO) were distilled from calcium hydride.

Preparation of t-Butyl 2-(p-Tolylsulfinyl)acetate
(2). t-Butyl acetate (13.6 ml, 101 mmol) was added drop-
wise to LDA solution (prepared from 9.6 ml (69 mmol) of
diisopropylamine and 69 mmol of butyllithium in 300 ml
of dry-THF) at —78 °C; 1.5 molar amounts of ¢-butyl ac-
etate to LDA was used, because diisopropylamide anion at-
tacked (1R,3R,AS)-p-menth-3-yl (5)-(—)-p-toluensulfinate to
give N,N-diisopropyl(p-tolylsulfinyl)amine when LDA was
remained in solution. After stirring was continued for 1 h at
—78 °C, (1R,3RAS)-p-menth-3-yl (§)-(—)-p-toluenesulfinate
[[a]lp —199° (c 1.0, acetone), lit,” [a]p —198° (c 1.0, ace-
tone)]; 10 g, 34 mmol) in dry-THF (50 ml) was added drop-
wise to the solution. Then the solution was warmed to 0 °C
and stirred for 1 h. The reaction was quenched with satu-
rated ammonium chloride solution (100 ml) and the product
was extracted with ether. After the ether solution was dried
and concentrated, t-butyl (R)-(+)-2-(p-tolylsulfinyl)acetate
(2) (8.36 g, 33 mmol) was obtained in 97% yield as a pale
yellow oil by the purification using silica-gel column chro-
matography (hexane/ethyl acetate=4/1 as eluent).

Similarly, the stereoisomer (S5)-(—)-2 (19.4 g, 76 mmol)
was prepared from the reaction of (15,35,4R)-p-menth-3-yl
(R)-(+)-p-toluenesulfinate [[a]p +199° (c 1.0, acetone); 24
g, 82 mmol] with a-carbanion of i-butyl acetate; yield 93%.

t-Butyl (R)-(+)-2-(p- Tolylsulfinyl)acetate (2):
R;=0.28 (hexane/ethyl acetate=2/1 as eluent); IR (neat)
1725 (C=0), 1160 (C-0), 1055 cm™' (S=0); 'HNMR
(CDCl3) 6=1.40 (s, 9 H, methyl of ¢-butyl), 2.42 (s, 3 H,
methyl of p-tolyl), 3.59 and 3.79 (ABq, J=13.7 Hz, 2 H,
CHz), 7.34 and 7.59 (ABq, J=8.0 Hz, 4 H, aromatic H);
MS m/z (rel intensity) 254 (M™*; 6), 198 (20), 140 (12), 139
(100), 91 (15), 77 (5), 57 (35); [a]p +150° (c 2.3, EtOH),
o0.p. 100% [lit,® [a]p +149° (c 2.3, EtOH); o.p. 100%), [a]p
1118° (¢ 1.8, CHCls).
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t-Butyl (S)-(—)-2-(p-Tolylsulfinyl)acetate (2): IR
(neat) 1734 (C=0), 1158 (C-0), 1049 cm™* (S=0); 'HNMR
(CDCl3) §=1.40 (s, 9 H, methyl of t-butyl), 2.42 (s, 3 H,
methyl of p-tolyl), 3.59 and 3.79 (ABq, J=12.4 Hz, 2 H,
CH,), 7.34 and 7.59 (ABq, J=8.0 Hz, 4 H, aromatic H);
13CNMR (CDCls, 100 MHz) §=21.4, 27.8, 62.6, 83.1, 124.5,
130.0, 140.0, 142.3, 163.9; MS m/z (rel intensity) 254 (M™;
8), 139 (100), 57 (26); [a]p —113° (¢ 1.5, CHCl3; 0.p. 96%).

Preparation of t-Butyl 3-Hydroxy-3-phenyl-2-(p-
tolylsulfinyl)propionate (3). In a 300 ml, three-necked
round-bottomed flask with a magnetic stirrer, a thermome-
ter, and a 250 ml pressure equalizing dropping funnel were
placed ¢-butyl (R)-(+)-2-(p-tolylsulfinyl)acetate (2) (3.7 g,
14.56 mmol) and dry THF (100 ml), and the solution was
cooled down to —78 °C under nitrogen. To the 1.63 M (1
M=1 mol dm~3) solution of &-butylmagnesium chloride (22.0
mmol) in dry THF (13.5 ml) was added dropwise, and the
mixture was stirred for 1 h. Then benzaldehyde (4.6 ml,
45 mmol) was added at —78 °C. After stirring was contin-
ued for 1 h, the reaction solution was treated with saturated
ammonium chloride (30 ml), and the product was extracted
with three 100 ml portions of ether. After the solution was
dried and concentrated, the product was purified by sil-
ica~gel column chromatography (hexane/ethyl acetate=3/1
as eluent). t-Butyl 3-hydroxy-3-phenyl-2-[(R)-(p-tolylsul-
finyl)propionate] (3) (4.36 g, 12.1 mmol) was obtained in
83% yield ‘as a white solid (ratio of the products: (SR,2R,
3R)/(SR,2R,35)=5.1/1.0); yield of (SR,2R,3R): 3.65 g (10.1
mmol); yield of (SR,2R,35): 0.71 g (2.0 mmol).

Similarly, the stereoisomer (S)-(—)-3 (25.9 g, 72 mmol)
was prepared from the reaction of ¢-butyl 2-[(S)-p-tolyl-
sulfinyl]acetate (2) (19.4 g, 76 mmol), ¢-butylmagnesium
chloride, and benzaldehyde; yield, 94%.

t-Butyl (2R,3R)-(+)-3-Hydroxy-3-phenyl-2-[(R)-
p-tolylsulfinyl|propionate (3): R:=0.20 (hexane/ethyl
acetate=2/1 as eluent); mp 105——106 °C; IR (CHCl;3)3440
(O-H), 1715 (C=0), 1145 cm™! (S=0); 'HNMR (CDCl3)
6=1.22 (s, 9 H, methyl of ¢-butyl), 2.41 (s, 3 H, methyl of p-
tolyl), 3.68 (d, J=6.4 Hz, 1 H, CH-0), 5.11 (d, J=6.4 Hz,
S—-CH), 7.25—7.40 (m, 8 H, OH and aromatic H), 7.53 (d,
J=7.6 Hz, 2 H, aromatic H of tolyl); MS m/z (rel intensity)
361 (M™*; 1), 305, 198 (7), 165 (8), 147 (9), 139 (54), 105
(57), 77 (89), 65 (37), 56 (100); [a]p +201° (c 1.4, CHCls),
recrystallized compound from hexane/ether).

t-Butyl (2R,38)-(+)-3-Hydroxy-3-phenyl-2-[(R)-
p-tolylsulfinyl]propionate (3): R;=0.27 (hexane/ethyl
acetate=2/1 as eluent); "HNMR (CDCl;) §=0.92 (s, 9 H,
methyl of ¢-butyl), 2.39 (s, 3 H, methyl of p-tolyl), 3.76 (d,
J=9.3 Hz, 1 H, CH-0), 4.34 (broad s, 1 H, OH), 5.43 (d,
J=9.3 Hz, 1 H, S-CH), 7.20—7.56 (m, 5 H, phenyl), 7.28
and 7.46 (ABq, J=7.6 Hz, 4 H, aromatic H of tolyl); [a]p
+171° (c 1.23, CHCls).

t-Butyl (25,35)-(—)-3-Hydroxy-3-phenyl-2-[(S)-p-
tolylsulfinyl]propionate (3):  R¢=0.21 (hexane/ethyl
acetate=2/1); IR (CHCls) 3383 (O-H), 1720 (C=0), 1148
(8=0), 1049 cm ™! (8=0); 'HNMR (CDCl;) 6=1.23 (s, 9 H,
methyl of ¢-butyl), 2.42 (s, 3 H, methyl of p-tolyl), 3.69 (d,
J=6.0 Hz, 1 H, CH-0), 5.10 (d, J=6.0 Hz, 1 H, S—CH),
7.25—7.40 (m, 8 H, OH and aromatic H), 7.53 (d, J=8.0
Hz, 2 H, aromatic H of tolyl); MS m/z (rel intensity) 361
(M™*; 1), 105 (100), 57 (22); [o]p —184° (¢ 1.7, CHCl3).

t-Butyl (2S,3R)-(—)-3-Hydroxy-3-phenyl-2-[(S)-
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p-tolylsulfinyl]propionate (3): IR (CHCl3) 3384
(O-H), 1719 (C=0), 1140 (5=0), 1041 cm™* (S=0); 'HNMR
(CDCls) 6=0.91 (s, 9 H, methyl of {-butyl), 2.41 (s, 3 H,
methyl of p-tolyl), 3.76 (d, J=9.4 Hz, 1 H, CH-0), 5.09
(broad s, 1 H, OH), 5.44 (d, J=9.4 Hz, 1 H, S-CH), 7.20—
7.56 (m, 7 H, aromatic H), 7.61 (d, J=8.4 Hz, 2 H, aromatic
H of tolyl); MS m/z (rel intensity) 361 (M*; 1), 139 (100),
57 (33).

Preparation of t-Butyl 2-(p-Tolylsulfinyl)cinna-
mate (4). To a dry-ether (500 ml) solution of ¢-bu-
tyl 3-hydroxy-3-phenyl-2-[(S)-p-tolylsulfinyl]propionate (3)
(18 g, 50 mmol) and pyridine (5.0 ml, 62 mmol) in a 1000-
ml three-necked flask with a magnetic stirrer and a septum,
acetyl chloride (4.7 ml, 66 mmol) were added dropwise by
syringe at room temperature. If a large excess of acetyl chlo-
ride were used, Pummerer rearrangement took place, and ¢-
butyl 3-acetoxy-2-(p-tolylthio)cinnamate and ¢-butyl 2,3-
diacetoxy-3-phenyl-2-(p-tolylthio) propionate were obtained.
During addition of acetyl chloride, white solid of pyridinium
hydrochloride precipitated, and the temperature of solution
increased to ether-reflux temperature. After stirring was
continued for 2 h, the reaction mixture was dissolved in 200
ml ether and washed successively with 100 ml of water, 100
ml of 10% hydrochloric acid solution, and 100 ml of 10%
sodium hydrogencarbonate solution. The organic layer was
then dried over magnesium sulfate, filtered, and evaporated.
From the organic residue, 10.4 g (30 mmol) of t-butyl (R)-
(—)-2-(p-tolylsulfinyl)cinnamate (4) (ratio of isomers; E-
4/7-4=40/1) was obtained in 61% yield by the purifica-
tion using silica-gel column chromatography (hexane/ethyl
acetate=3/1 as eluent); yield of E-4: 10.15 g (29.7 mmol);
yield of Z-4: 0.25 g (0.74 mmol). (R,E)-(—)-isomer of vi-
nyl sulfoxide 4 could be purified by recrystallization from
hexane as colorless needles.

Similarly, (S,E)-(+)-4 (6.4 g, 18.7 mmol) was obtained
from the reaction of (SR)-(+)-3 (8.5 g, 23.6 mmol) with
acetyl chloride and pyridine in dry ether; yield, 79%.

t- Butyl (S,E)- (4+)-2- (p- Tolylsulfinyl)cinnamate
(4): R¢=0.45 (hexane/ethyl acetate=2/1); mp 111.5
°C; IR (KBr) 1695 (C=0), 1620 (C=C), 1595, 1365, 1235,
1150, 1085, 1065 cm~! (S=0); IR (CCl4) 1720, 1705 (C=0),
1620 (C=C), 1493, 1394, 1369, 1232, 1150, 1086, 1062 cm™!
(S=0); 'THNMR (CDCl3) §=1.22 (s, 9 H, methyl of t-butyl),
2.38 (s, 3 H, methyl of p-tolyl), 7.28 and 7.62 (ABq, J=8.0
Hz, 4 H, aromatic H of tolyl), 7.26—7.66 (m, 5 H, phenyl),
7.61 (s, 1 H, =CH); MS m/z (rel intensity) 342 (M™; 3), 294
(51), 238 (63), 225 (14), 213 (13), 193 (18), 147 (13), 140
(56), 139 (31), 119 (11), 102 (27), 91 (38), 77 (18), 57 (100).
HRMS Found: m/z 342.1300. Calcd for CoH2203S: M,
342.1290. Found: C, 69.80; H, 6.77%. Calcd for CooH2203S:
C, 70.14; H, 6.47%. [o]p +219° (c 1.1, CHCl3) (91% e.e.);
[@]lp +241° (¢ 0.9, CHCls, recrystallized compound from
hexane); the enantiomeric purity (99% e.e.) was calculated
from an HPLC measurement using an optically active col-
umn (Daicel Chiralpak AS); retention time: tg=14.2 min:
0.6% (R-form); tr =19.2 min: 99.4% (S-form); eluent: hex-
ane/ethanol=9/1; flow rate: 1 mlmin~'; detection: UV 254
nm).

t- Butyl (R,E)-(—)-2-(p- Tolylsulfinyl)cinnamate
(4):  Mp 112.0 °C; IR (KBr) 1706 (C=0), 1602, 1492,
1368, 1277, 1257, 1157, 1085, 1054 cm™* (S=0); 'HNMR
(CDCl3) 6=1.22 (s, 9 H, methyl of ¢-butyl), 2.38 (s, 3 H,
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methyl of p-tolyl), 7.27 and 7.62 (ABq, J=8.0 Hz, 4 H,
aromatic H of tolyl), 7.26—7.61 (m, 5 H, phenyl), 7.61 (s,
1 H, =CH); *CNMR, (CDCl3) §=21.5 (methyl of tolyl),
27.6 (methyl of ¢-butyl), 83.2 (saturated carbon of t-bu-
tyl), 126.8 and 128.3 (o- and m-carbon of tolyl), 130.0 (p-
carbon of phenyl), 130.0 and 133.1 (o- and m-carbon of
phenyl), 137.4 (=CH), 138.1, 139.7 (aromatic C), and 142.5
(aromatic C-CH), 162.3 (CO); MS m/z (rel intensity) 342
(M*; 1), 57 (100). HRMS Found: m/z 342.1323. Caled
for CooH22038: M, 342.1290. Found: C, 69.88; H, 6.75%.
Calcd for CooH22038: C, 70.14; H, 6.47%. [a]p —224° (¢ 1.7,
CHCI3) (93% e.e.), [a]p —243° (c 1.0, CHCls, recrystallized
compound from hexane); the enantiomeric purity (98% e.e.)
was calculated from an HPLC measurement using an opti-
cally active column (Daicel Chiralpak AS); retention time:
tr=15.7 min: 99.0% (R-form); tg=21.7 min: 1.0% (S-form);
eluent: hexane/ethanol 9/1; flow rate: 1 mlmin™!; detec-
tion: UV 254 nm).

t- Butyl (S,Z)- (—)- 2- (p- Tolylsulfinyl)cinnamate
(4): IR (neat) 1706 (C=0), 1156 cm™"' (S=0); 'HNMR,
(CDCl3) 6=1.25 (s, 9 H, methyl of ¢-butyl), 2.40 (s, 3 H,
methyl of tolyl), 7.26—7.73 (m, 9 H, aromatic H), 8.25 (s,
1 H, =CH); MS m/z (rel intensity) 342 (M™; 5), 239 (100),
57 (74); [a]p —167° (c 0.6, CHCl3).

t-Butyl (R,Z)-(+4)-2- (p- Tolylsulfinyl)cinnamate
(4): IR (neat) 1706 (C=0), 1157 cm~ "' (S=0); 'HNMR
(CDCl3) 6=1.25 (s, 9 H, methyl of ¢-butyl), 2.40 (s, 3 H,
methyl of p-tolyl), 7.26—7.72 (m, 9 H, aromatic H), 8.25 (s,
1 H, =CH); MS m/z (rel intensity) 342 (M*; 7), 239 (100),
57 (88); [alp +204° (c 0.7, CHCls).

Pyrazolidine (5): Bp 138 °C; 46 °C/25 Torr, 1 Torr=
133.322 Pa; IR (neat) 3270 cm™* (N-H); 'HNMR (CDCls)
6§=1.90 (quint, J=7.2 Hz, 2 H), 2.93 (t, J=7.2 Hz, 4 H),
3.14—3.52 (broad s, 2 H, NH); **C NMR, (CDCls, 100 MHz)
§=28.1, 48.7; MS m/z (rel intensity) 72 (M™; 100), 57 (76).

Conjugate Addition Reaction of Pyrazolidine (5)
to t-Butyl 2-(p-Tolylsulfinyl)cinnamate (4) in the
Presence of Potassium t-Butoxide as a Base. Pyr-
azolidine (5) (104 mg, 1.44 mmol) was added to a dry-
THF (5 ml) solution of ¢-butyl (R, E)-(—)-2-(p-tolylsulfinyl)-
cinnamate (4) (100 mg, 0.29 mmol) and a catalytic amount
of potassium t-butoxide (3.3 mg, 0.029 mmol) in a 50-ml
three-necked flask, and the mixture was stirred for 4 h at
room temperature under nitrogen. After reaction mixture
was cooled down to ice-water temperature, samarium(II) io-
dide in THF (0.1 M; 17.4 ml, 1.74 mmol) and methanol (0.5
ml) were added, and stirring was continued for 30 min. Af-
terwards, the reaction mixture was treated with saturated
sodium carbonate solution (10 ml), and the product was
extracted with dichloromethane (100 mix3). After the or-
ganic layer was dried and evaporated, the residue was puri-
fied by gel permeation liquid chromatograpy (chloroform as
eluent), and (S)-(—)-4-phnenyl-1,5-diazabicyclo[3.3.0]octan-
2-one (6) (39 mg, 0.19 mmol) was obtained in 66% yield.
The optical purity of (S)-(—)-6 (87% e.e.) was calculated
from HPLC measurement using an optically active column
(Daicel Chiralpak AS).

Similarly, (R)-(+)-6 (34 mg, 0.17 mmol, 82% e.e.) was
obtained in 57% yield from the reaction of (S,E)-(+)-4 (100
mg, 0.29 mmol) with pyrazolidine (5) (104 mg, 1.44 mmol).

The conjugate addition reactions of pyrazolidine (5) to vi-
nyl sulfoxides 4 were examined under several conditions. In
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a dry-THF (5 ml) solution, the conjugate addition-cycliza-
tion reaction of 5 (1.0 g, 13.9 mmol) to (R,E)-(—)-4 (1.0 g,
2.9 mmol) took place in the presence of potassium {-butox-
ide (327 mg, 2.9 mmol), and (5)-(—)-6 (341 mg, 1.69 mmol,
[alp —153° (¢ 1.1, CHCls), 75% e.e.) was obtained in 58%
yield. In methanol solution (5 ml), conjugate addition-cy-
clization reaction of 5 (1.45 mmol) to (S,E)-(+)-4 (100 mg,
0.29 mmol) took place in the presence of potassium ¢-but-
oxide (33 mg, 0.29 mmol) at room temperature for 4 h, and
(R)-(+)-6 (17 mg, 0.084 mmol, [a]p +165° (¢ 0.7, CHCls),
65% e.e.) was obtained in 29% yield. Similarly, (R)-(+)-
6 ([a]p +105° (¢ 1.0, CHCI3), 41% e.e.) was obtained in
19% yield by the conjugate addition-cyclization of 5 with
(S,E)-(+)-4 (100 mg, 0.29 mmol) in the presence of potas-
sium ¢-butoxide (3.3 mg, 0.029 mmol) in methanol (5 ml)
at room temperature for 4 h. These results are summarized
in Table 1.

(S)- (—)-4-Phenyl-1, 5- diazabicyclo[3.3.0]octan- 2-
one (6): R;=0.49 (chloroform/methanol=19/1); IR
(neat) 1650 cm~! (C=0); '"HNMR (CDCl3) §=2.32—2.42
(m, 2 H, C-CH>-C), 2.44 (q, J=8.3 Hz, 1 H, N-CH-C),
2.97 (d, J=9.8 Hz, 2 H, CH,CO), 3.21 (t, J=8.3 Hz, 1 H,
N-CH-C), 3.35 (ddd, J=11.2, 8.3, 4.9 Hz, CO-N-CH-C),
3.75 (dt, J=11.2, 7.8 Hz, 1 H, CO-N-CH-C), 4.11 (t, J=9.8
Hz, 1 H, N~-CH-Ph), 7.25—7.45 (m, 5 H, Ph); '*CNMR
(CDCl3) §=27.5 (N-C-CH2—C-N), 39.5 (CONCH3), 43.9
(CH2CO), 53.3 (NCH3), 69.0 (NCHPh), 126.9, 128.1, 128.8
(aromatic CH), 139.1 (aromatic C-CH), 165.9 (C=0); MS
m/z (rel intensity) 202 (M™; 67), 159 (9), 131 (12), 104
(100), 77 (10). HRMS Found: m/z 202.1079. Calcd for
C12H1aN20: M, 202.1106; [a]p —177° (c 1.9, CHCls) (87%
e.e.); the enantiomeric purity (87% e.e.) was determined
by an HPLC measurement using an optically active column
(Daicel Chiralpak AS; retention time: tg=19.9 min: 93.7%
(S-form); tr=33.4 min: 6.3% (R-form); eluent: hexane/eth-
anol=7/3; flow rate: 1 mlmin~!; detection: UV 254 nm).

(R)-(+)-4-Phenyl-1,5-diazabicyclo[3.3.0]octan- 2-
one (6): IR (neat) 1665 cm™* (C=0); "HNMR (CDCl;)
§=2.34—2.41 (m, 2 H, C-CH,-C), 2.44 (q, J=8.3 Hz,
1 H, N-CH-C), 2.97 (d, J=9.8 Hz, 2 H, CH,CO), 3.21
(t, J=8.3 Hz, 1 H, N-CH-C), 3.35 (ddd, J=11.2, 8.3,
4.9 Hz, CO-N-CH-C), 3.75 (dt, J=11.2, 7.8 Hz, 1 H,
CO-N-CH-C), 4.11 (t, J=9.8 Hz, 1 H, N-CH-Ph), 7.30—
7.42 (m, 5 H, Ph); ®*CNMR (CDCl;, 100 MHz) §=27.5
(N-C-CH2-C-N), 39.3 (CONCH,), 43.9 (CH2CO), 53.2
(NCH,), 69.0 (NCHPh), 126.9, 128.1, 128.7 (aromatic CH),
139.0 (aromatic C-CH), 165.8 (C=0); GC-MS m/z (rel in-
tensity) 202 (M'; 44), 159 (9), 131 (11), 104 (100), 77
(15). HRMS Found: m/z 202.1123. Calcd for C12H14N,0:
M, 202.1106. [a]p +186° (¢ 1.1, CHCIl3) (82% e.e.);
the enantiomeric purity (82% e.e.) was calculated from
an HPLC measurement using an optically active column
(Daicel Chiralpak AS; retention time: tg=20.4 min: 9.1%
(S-form); tr=31.8 min: 90.9% (R-form); eluent: hex-
ane/ethanol=7/3; flow rate: 1 mlmin~"; detection: UV
254 nm).

Synthesis of 4-Phenyl-1,5-diazacyclooctan-2-one
(7). Into a 300-ml three-necked flask fitted with a Dewar
condenser, ammonia gas was added until about 100 ml of
liquid ammonia was collected at —78 °C under nitrogen.
Then the dry-THF (5 ml) solution of (S)-(—)-4-phenyl-

- 1,5-diazabicyclo[3.3.0]octan-2-one (6) (365 mg, 1.8 mmol,
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[olp —177° (¢ 1.9, CHCl3), 87% e.e.) and sodium metal
(124 mg, 5.4 mmol) were added; if a large excess (15 mo-
lar amounts) of sodium metal were added, the ring cleavage
product of eight-membered ring of 7, N-(3-benzylamino-
propyl)acetamide was obtained as a side-reaction product.
After the mixture was stirred for 1 h, ammonium chloride
was added till the dark blue color of the solution disap-
peared. Then a Dewar condenser and a cooling bath were
removed, and liquid ammonia was evaporated. The residue
was dissolved in 50 ml of dichloromethane and 10 ml of wa-
ter, and the product was extracted with dichloromethane (50
mlx3). After the organic solution was dried over anhydrous
sodium sulfate, the solution was concentrated. The product
was purified by silica-gel column chromatography (chloro-
form/methanol=19/1 as eluent), and (S)-(—)-4-phenyl-1,5-
diazacyclooctan-2-one (7) [363 mg, 1.8 mmol, [a]p —6.4° (c
0.9, CHCI3)] was obtained in 99% yield.

Similarly, (R)-(+)-7 (35 mg, 0.17 mmol, [a]p +6.4° (c
1.2, CHCls)) was prepared in 79% yield by the reduction
of N-N bond of (R)-(+)-6 [44 mg, 0.22 mmol, [a]p +186°
(¢ 0.9, CHCI3), 82% e.e.] with sodium metal (15 mg, 0.65
mmol) in liquid ammonia.

(S)-(—)-4-Phenyl-1,5-diazacyclooctan-2-one (7):
R:=0.32 (chloroform/methanol=19/1); IR (neat) 3100—
3700 (N-H), 1640 cm~! (C=0); ' HNMR (CDCl;3) §=1.56—
1.67 (m, 1 H, N-C-CH-C-NCO), 1.67—1.78 (m, 1 H,
N-C-CH-C-NCO), 2.23 (broad s, 1 H, NH), 2.43 (dd,
J=12.8, 1.6 Hz, 1 H, CHCO), 2.54 (ddd, J=14.4, 12.2,
3.8 Hz, 1 H, NCH-C-C-NCO), 2.91 (dd, J=12.8, 10.8
Hz, 1 H, CHCO), 3.15—3.26 (m, 2 H, NCH-C-CH-NCO),
3.82 (td, J=12.6, 3.6 Hz, 1 H, N-C-C-CHNCO), 4.02
(dd, J=10.8, 1.6 Hz, 1 H, NCHPh), 6.89 (broad s, 1
H, CONH), 7.21—7.40 (m, 5 H, Ph); *CNMR (CDCl;,
100 MHz) 6§=34.2 (N-C-CH2—-C-N), 39.4 (CONCH,), 44.1
(CH2CO, NCH,—C-C-NCO), 64.0 (NCHPh), 126.4, 127.5,
128.6 (aromatic CH), 144.7 (aromatic C-CH), 176.5 (C=0);
GC-MS m/z (rel intensity) 204 (M*; 32), 145 (32), 132
(100), 118 (78), 105 (38), 91 (48), 77 (16). HRMS Found:
m/z 204.1219. Caled for C12H16N20: M, 204.1264. [a]p
—6.4° (¢ 0.9, CHCl3) (87% e.e.); though the enantiomeric
purity of 7 could not be found by HPLC measurement us-
ing optically active columns, the enantiomeric purity (87%
e.e.) was estimated based on the purity of starting mate-
rial 6 (87% e.e.), because the chemical yield of 7 was 99%.
For the synthesis of 9-phenyl-1,6-diazacyclononan-7-one, the
asymmetric carbon could be retained during the reductive
cleavage of N-N bond of optically active bicyclic lactam, 9-
phenyl-1,6-diazabicyclo[4.3.0lnonan-2-one.'®

(R)-(+)-4-Phenyl-1,5-diazacyclooctan-2-one (7):
IR (neat) 3350 (N-H), 1640 cm™" (C=0); '"HNMR (CDCl3)
6=1.54—1.63 (m, 1 H, N-C-CH-C-NCO), 1.63—1.77 (m,
1 H, N-C-CH-C-NCO), 2.31 (broad s, 1 H, NH), 2.43 (dd,
J=11.7, 1.5 Hz, 1 H, CHCO), 2.56 (ddd, J=15.2, 11.7,
3.4 Hz, 1 H, NCH-C-C-NCO), 2.92 (dd, J=11.7, 10.7
Hz, 1 H, CHCO), 3.15—3.30 (m, 2 H, NCH-C-CHNCO),
3.86 (td, J=13.4, 3.4 Hz, 1 H, N-C-C-CHNCO), 4.03
(dd, J=10.7, 1.5 Hz, 1 H, NCHPh), 6.35 (broad s, 1 H,
CONH), 7.22—7.41 (m, 5 H, Ph); *CNMR (CDCl;, 100
MHz) 6§=34.2 (N-C-CH,—C-NCO), 39.5 (CONCH;), 44.0
(CH2CO), 44.1 (NCH2—C-C-NCO), 64.0 (NCHPh), 126.5,
127.6, 128.7 (aromatic CH), 144.5 (aromatic C-CH), 176.3
(C=0); MS m/z (rel intensity) 204 (M*; 100), 145 (18), 132
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(61), 118 (74), 105 (31), 91 (31), 77 (14). HRMS Found:
m/z 204.1259. Caled for C12H16N20: M, 204.1264. [a]p
+6.4° (¢ 1.2, CHCIl3) (82% e.e.); the enantiomeric purity
(82% e.e.) was estimated based on the purity of starting
material 6 (82% e.e.) because the chemical yield of 7 was
79%.1%

N- (3- N- Benzylaminopropyl)acetamide, Ring
Cleavage Product of 7: IR (neat) 3450 and 3300
(N-H), 1655 (C=0), 1520 cm™'; 'HNMR (CDCl3, 60 MHz)
6=1.69 (q, J=6.6 Hz, 2 H, CON-C-CH>—C-N), 1.91 (s, 3 H,
CH3CON), 2.72 (t, J=6.6 Hz, 2 H, NCH;), 2.92 (broad s,
1 H, NH), 3.30 (q, J=6.6 Hz, 2 H, CONCH,), 3.71 (s, 2 H,
NCH;Ph), 7.31 (s, 5 H, Ph), 7.10—7.50 (m, 1 H, CONH);
'HNMR (CDCl3+D20, 60 MHz) §=1.65 (q, J=6.6 Hz, 2
H, CO-N-C-CH2—-C-N), 1.91 (s, 3 H, CH3CO-N), 2.70 (d,
J=6.6 Hz, 2 H, NCHa), 3.30 (t, J=6.6 Hz, 2 H, CONCH,),
3.71 (s, 2H, N-CH5Ph), 7.31 (s, 5 H, Ph); MS m/2 206 (M™),
188, 120, 115, 106. HRMS Found: m/z 206.1412. Calcd for
C12H18N2O: M, 206.1420.

Resolution of 4-Phenyl-1,5-diazacyclooctan-2-one
(7). (S9)-(—)-4-Phenyl-1,5-diazacyclooctan-2-one (7) [368
mg, 1.8 mmol, [a]p —6.4° (¢ 1.3, CHCls), 87% e.e] and
(R,R)-(+)-tartaric acid (270 mg, 1.8 mmol) were dissolved
in methanol (10 ml) at room temperature for 3 h. After
the solvent was evaporated in vacuo, the salts of diastereo-
isomers were recrystallized from ethanol. Optically pure 7
[142 mg, 0.70 mmol, 39% yield, [a]p —12.0° (c 1.4, CHCl3),
>99% e.e.]¥) was obtained by the purification using silica-gel
chromatography (chloroform/methanol=19/1) after treat-
ment of diastereoisomers (432 mg) obtained from the mother
liquor with 0.1 M sodium hydroxide solution (1 ml) and
extraction with chloroform. On the other hand, from the
crystals of diastereoisomers (273 mg), 7 [[a]lp —3.2° (¢ 1.4,
CHCls), 114 mg, 31% yield] was obtained by treatment with
0.1 M sodium hydroxide solution (1 ml) and extraction with
chloroform.

Synthesis of 5- Methyl-4-phenyl-1,5-diazacyclo-
octan-2-one (8). To an acetonitrile (6 ml) solution
of (R)-(+)-4-phenyl-1,5-diazacyclooctan-2-one (7) [105 mg,
0.51 mmol, [a]p +6.4° (¢ 1.2, CHCls), 82% e.e.] and 37%
aqueous solution of formaldehyde (85 mg, 1.05 mmol) in a
20 ml round-bottomed flask, sodium cyanoborohydride (86
mg, 1.34 mmol) was added at room temperature. After
the mixture was stirred for 1 h, acetic acid (0.05 ml) was
added to the solution, and stirring was continued for 1 h.
Then 0.05 ml of acetic acid was added, and the solution was
stirred for another 30 min. The reaction solution was treated
with 0.1 M sodium hydroxide solution (5 ml), and the prod-
uct was extracted with dichloromethane (30 mlx3). After
the organic solution was dried and concentrated, (R)-(—)-
5-methyl-4-phenyl-1,5-diazacyclooctan-2-one (8) (109 mg,
0.50 mmol) was obtained in 98% yield by the purification
using HPLC (silica-gel column, chloroform/methanol=99/1
as eluent).

_Similarly, (S)-(4)-8 (71 mg, 0.33 mmol) was obtained in
57% yield from the N-methylation of (—)-(5)-7 [117 mg,
0.57 mmol, [a]p —6.4° (¢ 0.9, CHCls), 87% e.e.] with form-
aldehyde (0.4 ml, 5.0 mmol).

(R)-(-)-5-Methyl-4-phenyl-1,5-diazacyclooctan-2-
one (8): R¢=0.19 (chloroform/methanol=19/1); "H NMR
(CDCl3) 6=1.72—1.91 (m, 2 H, N-C—-CH,—C-N), 2.39 (s, 3
H, NCH3), 2.55 (dd, J=13.0, 3.0 Hz, 1 H, CHCO), 2.66—
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2.76 (m, 1 H, NCH-C-C-NCO), 3.23 (dd, J=13.0, 11.6
Hz, 1 H, CHCO), 3.15—3.28 (m, 1 H, NCH-C-C-NCO),
3.34—3.45 (m, 1 H, N-C~C-CHNCO), 3.55—3.68 (m, 1 H,
N-C-C-CHNCO), 4.18 (dd, J=11.6, 2.8 Hz, 1 H, NCHPh),
6.50 (broad s, 1 H, CONH), 7.30—7.41 (m, 5 H, Ph);
I3CNMR (CDCl;, 100 MHz) §=31.4 (N-C-CH,—C-N),
38.8 (CH2CO), 42.2 (CONCH;), 44.3 (NCHs), 51.7 (NCHa),
67.8 (NCHPh), 127.9, 128.2, 128.8 (aromatic CH), 138.7
(aromatic C-CH), 175.8 (C=0); MS m/z (rel intensity) 218
(M*; 100), 203 (2), 189 (2), 174 (9), 159 (21), 146 (38), 132
(92), 118 (51), 104 (34); [a]p —6.2° (¢ 0.9, CHCls).

(S)-(+)-5-Methyl-4-phenyl-1,5-diazacyclooctan-2-
one (8): IR (neat) 3300 (N-H), 1650 cm™' (C=0);
'HNMR (CDCl;) §=1.60—1.80 (m, 2 H, N-C-CH,-C-N),
2.34 (s, 3H, NCHs), 2.49 (dd, J=12.8, 3.6 Hz, 1 H, CHCO),
2.58 (ddd, J=15.2, 7.0, 3.0 Hz, 1 H, NCH-C-C-NCO), 3.07
(ddd, J=15.2, 8.4, 2.4 Hz, 1 H, NCH-C-C-NCO), 3.12
(dd, J=12.8, 11.6 Hz, 1 H, CHCO), 3.28—3.37 (m, 1 H,
N-C-C-CHNCO), 3.52—3.63 (m, 1 H, N-C-C-CH-NCO),
4.09 (dd, J=11.6, 3.6 Hz, 1 H, NCHPh), 6.72 (broad s,
1 H, CONH), 7.24—17.36 (m, 5 H, Ph); **CNMR. (CDCl3,
100 MHz) §=32.3 (N-C-CH,—C-N), 39.6 (CH,CO), 42.5
(CONCHz), 43.9 (NCHs), 50.9 (NCHs), 67.3 (NCHPh),
127.3, 127.6, 128.4 (aromatic CH), 141.0 (aromatic C-CH),
176.6 (C=0); MS m/z (rel intensity) 218 (M*; 99), 203 (3),
189 (2), 174 (11), 159 (27), 146 (42), 132 (100), 118 (66), 104
(48). HRMS Found: m/z 218.1390. Calcd for C13H1sN20:
M, 218.1420. [o]p +3.2° (¢ 0.5, CHCl3).

Synthesis of 1,1’-(1,4-Butanediyl)bis(5-methyl-4-
phenyl-1,5-diazacyclooctan-2-one) (Homaline) (1).
In a 10 ml three-necked flask, powdered potassium hydrox-
ide (56 mg, 1.0 mmol) and dry dimethyl sulfoxide (1 ml)
were placed, and the mixture was stirred for 10 min. To
the mixture, the dry dimethyl sulfoxide (1 ml) solution of
(5)-(+)-5-methyl-4-phenyl-1,5-diazacyclooctan-2-one (8) [59
mg, 0.27 mmol, [a]p +3.2° (¢ 0.5, CHCIl3)] and 1,4-dibro-
mobutane (29 mg, 0.13 mmol) were added and the stirring
was continued for 12 h. The reaction solution was treated
with water (2 ml) and the product was extracted with di-

chloromethane (50 mlx3). The organic layer was dried over.

magnesium sulfate and filtered. After the filtrate was con-
centrated, the product was purified by gel permeation liquid
chromatography (chloroform as eluent), and (5,5)-homaline
(1) (25 mg, 0.051 mmol) was obtained in 38% yield.
Similarly, (R,R)-(+)-homaline (1) (5 mg, 0.022 mmol)
was prepared in 12% yield by a double alkylation of [(R)-
(—)-8 (39 mg, 0.18 mmol, [a]p —6.2° (c 0.9, CHCl3)] with
1,4-dibromobutane (18 mg, 0.083 mmol) and powdered
potassium hydroxide in dry dimethyl sulfoxide (1 ml) for
12 h. Diastereoisomers of 1,1’-(1,4-butanediyl)bis(5-meth-
yl-4-phenyl-1,5-diazacyclooctan-2-one) (1)¥ (61 mg, 0.124
mmol) was prepared in 49% yield according to the method
described above by a double alkylation of (R,S)-8 (111 mg,
0.51 mmol) with 1,4-dibromobutane (54 mg, 0.25 mmol): In
a 10 ml three-necked flask, powdered potassium hydroxide
(112 mg, 2.0 mmol) and dry dimethyl sulfoxide (1 ml) were
placed, and the mixture was stirred for 5 min. To the mix-
ture, a dry dimethyl sulfoxide (1 ml) solution of 5-methyl-4-
phenyl-1,5-diazacyclooctan-2-one (8) (111 mg, 0.51 mmol)
and 1,4-dibromobutane (54 mg, 0.25 mmol) were added and
the stirring was continued for 12 h. The reaction solution
was treated with water (2 ml) and the product was ex-
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tracted with dichloromethane (50 mlx3). The organic layer
was dried over magnesium sulfate and filtered. After the
filtrate was concentrated, the product was purified by gel
permeation liquid chromatography (chloroform as eluent),
and diastereoisomers of 1,1’-(1,4-butanediyl)bis(5-methyl-4-
phenyl-1,5-diazacyclooctan-2-one) (61 mg, 0.124 mmol) was
obtained in 49% yield.

Diastereoisomers of 1,1'-(1,4-Butanediyl)bis(5-
methyl-4-phenyl-1,5-diazacyclooctan-2-one) (Homa-
line) (1):*  Rr=0.21 (ether/methanol=9/1); 'HNMR
(CDCl3) 6=1.54—1.68 (m, 4 H, 2xCH,, N-C-CH,CH,-C-
N), 1.76—1.84 (m, 4 H, 2xCH,, N-C-CH;—C-NCO),
2.31 (s, 6 H, 2xNCH;3), 2.52—2.68 (m, 4 H, 2xCHCO,
2xNCH-C-C-NCO), 3.00—3.16 (m, 4 H, 2xNCH-C-C-
NCO, NCH-C-C-CHN), 3.23—3.40 (m, 4' H, 2xCHCO,
2xN-C-C-CHNCO), 3.68—3.87 (m, 2 H, NCH-C-C-CHN),
3.87—4.02 (m, 2 H, N-C-C-CHNCO), 4.05 (d, J=11.2 Hz,
2 H, 2xPhCHN), 7.27—7.36 (m, 10 H, 2xPh); *CNMR
(CDCls, 100 MHz) 6=25.4 (N-C-CH,—CH,—C-N), 29.2
(N—-C-CH2—C-NCO), 41.0 (CH,CO), 44.0 (NCHs), 45.7
and 46.0 (NCH,—C-C-NCO), 47.7 (N-C-C-CH2NCO), 51.9
(NCH,-C—~C-CH;,N), 68.1 and 68.8 (PhCHN), 127.6, 127.7,
128.5 (aromatic CH), 140.9 (aromatic C~CH), 173.1 (C=0);
MS m/z (rel intensity) 490 (M™T; 100), 475 (13), 448 (5),
422 (11), 399 (5), 289 (18), 259 (26), 247 (23), 230 (43),
159 (73), 146 (37), 132 (52). HRMS Found: m/z 490.3343.
Calcd for C3gH42N4O2: M, 490.3311; the proportion of (+)-
natural homaline (R,R/S,S) to the (R,S)-(meso)-form was
47:53, and it was calculated by measurement of an HPLC
using an optically active column (Daicel Chiralpak AS; re-
tention time: r.t.=27.3 min: 27.7% (S,S-form); 35.6 min:
53.1% (R,S-form); 43.3 min: 19.2% (R,R-form); eluent: hex-
ane/ethanol=9/1; flow rate: 1 mlmin™"'; detection: UV 254
nm).

(S,S8)- (-)-1,1'- (1, 4- Butanediyl)bis[5- methyl- 4-
phenyl-1,5-diazacyclooctan-2-one] (Homaline) (1):
'HNMR (CDCl;) §=151—1.68 (m, 4 H, 2xCHa,
N- C-CH;-CH;-C—-N), 1.68—1.88 (m, 4 H, 2xCH,,
N-C-CH,-C-NCO), 228 (s, 6 H, 2xNCHs), 255
(dd, J=13.2, 2.8 Hz, 2 H, 2xCHCO), 2.48—2.61
(m, 2 H, 2xNCH-C-C-NCO), 2.94—3.08 (m, 4 H,
2xNCH-C-C-NCO, NCH-C-C-CHN), 3.21 (dd, J=
13.2, 11.8 Hz, 2 H, 2xCHCO), 3.34 (dt, J=15.2, 3.2
Hz, 2 H, 2xN-C-C-CHNCO), 3.68—3.95 (m, 4 H,
2xN-C-C-CHNCO, NCH-C-C-CHN), 4.01 (dd, J=11.8,
2.8 Hz, 2 H, 2xPhCHN), 7.24—7.36 (m, 10 H, 2xPh);
BBCNMR (CDCl3, 100 MHz) §=25.3 (N-C-CH,CH,-C-N),
29.6 (N-C-CH,—C-NCO), 41.1 (CH,CO), 43.8 (NCHs),
45.7 (NCH2—-C-C-NCO), 47.8 (N-C-C-CH,NCO), 51.4
(NCH,-C~C-CH,N), 68.4 (PhCHN), 127.3, 127.6, 128.4
(aromatic CH), 141.6 (aromatic C-CH), 173.3 (C=0); MS
m/z (rel intensity) 490 (M™; 100), 475 (18), 447 (7), 422
(15), 399 (7), 371 (8), 330 (12), 302 (12), 259 (31), 159 (71),
132 (43); [@]p —15.8° (¢ 1.1, CHCls3) (56% d.e.); the enan-
tiomeric purity of (5,5)-1 (56% d.e.) was from this calcula-
tion: 100x[(S,S)~—(R,R)—(R,9)/I(S,8)+(R,R)+(R,S)];
optically active column (Daicel Chiralpak AS; retention
time: tg=26.9 min: 78.1% (S,S-form); tr =35.7 min: 19.2%
(R,S-form); tg =43.6 min: 2.7% (R,R-form); eluent: hex-
ane/ethanol=9/1; flow rate: 1 mlmin™'; detection: UV 254
nm).

(R,R)- (+)-1,1'- (1, 4- Butanediyl)bis(5- methyl- 4-
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phenyl-1,5-diazacyclooctan-2-one) (Homaline) (1):
IR (CHCl3) 1630 cm™' (C=0); 'HNMR (CDCl3) 6=
1.48—1.90 (m, 8 H, 4xCH;, N-C-CH;—CH;-C-N,
N-C-CH2—C-N), 2.28 (s, 6 H, 2xNCH3), 2.50 (dd, J=
13.2, 2.8 Hz, 2 H, 2xCHCO), 2.49—2.58 (m, 2 H,
2xNCH-C-C-NCO), 2.90—3.22 (m, 4 H, 2xNCH-C-C-
NCO, NCH-C-C-CHN), 3.21 (dd, J=13.2, 11.8 Hz,
2 H, 2xCHCO), 3.33 (dt, J=152, 3.2 Hz, 2 H,
2xN-C-C-CHNCO), 3.64—3.87 (m, 4 H, 2xN-C-C-CH-
NCO, NCH-C-C-CHN), 4.01 (dd, J=11.8, 2.8 Hz, 2
H, PhCHN), 7.21—7.41 (m, 10 H, 2xPh); *CNMR
(CDCl3, 100 MHz) 6 =25.7 (N- C-CH;CH,-C-N),
29.6 (N-C-CH,—C-N), 41.1 (CH.CO), 43.8 (NCHs),
45.7 (NCH2-C-C-NCO), 47.8 (N-C-C-CH2NCO), 51.4
(NCH,-C-C-CH;N), 68.4 (PhCHN), 127.3, 127.6, 128.4
(aromatic CH), 140.6 (aromatic C-CH), 173.3 (C=0); MS
m/z (rel intensity) 490 (M¥; 100), 475 (14), 448 (5), 422
(10), 399 (5), 371 (6), 330 (9), 302 (9), 259 (24), 159
(64), 132 (39). HRMS Found: m/z 490.3269. Calcd for
Cs30H42N4O2: M, 490.3311. [Ot]D +26.0° (C 0.26, CHCls)
(78.6% d.e.); the enantiomeric purity of (R,R)-1 (79%
d.e.) was found according to the following calculation:
100x[(R, R)—(5,5) — (R, 5)l/[(R, R)+(S,8)+(R,S)]; opti-
cally active column (Daicel Chiralpak AS; retention time:
tr=27.2 min: 2.2% (S,S-form); tr =35.2 min: 8.5% (R,S-
form); tr =41.8 min: 89.3% (R,R-form); eluent: hexane/eth-
anol=9/1; flow rate: 1 mlmin~!; detection: UV 254 nm).

Synthesis of 1,1'-(1,4-Butanediyl)bis(4-phenyl-1,5-
diazacyclooctan-2-one) (9). In a 10-ml three-necked
flask, powdered potassium hydroxide (45 mg, 0.80 mmol)
and dry dimethyl sulfoxide (0.5 ml) were placed, and the
mixture was stirred for 5 min. A dry dimethyl sulfoxide (0.5
ml) solution of (5)-(—)-4-phenyl-1,5-diazacyclooctan-2-one
(7) [34 mg, 0.17 mmol, [a]p —12.0° (¢ 1.4, CHCl3); >99%
e.e.]4) and 1,4-dibromobutane (7.0 pul, 0.059 mmol) were
added and the mixture was stirred for 2 h. Then the reac-
tion mixture was treated with water (2 ml) and the product
was extracted with dichloromethane (30 mlx3). After the
solution was dried and evaporated, the product was purified
by HPLC on silica-gel column (chloroform/methanol=99/1
as eluent), and (S,5)-(—)-1,1"-(1,4-butanediyl)bis(4- phen-
yl-1,5-diazacyclooctan-2-one) (9) (18 mg, 0.039 mmol) was
obtained in 47% yield (conversion yield was 68%).

Similarly, (R,R)-(+)-1,1'-(1,4-butanediyl)bis(4- phenyl-
1,5-diazacyclooctan-2-one) (9) (41 mg, 0.089 mmol) was
obtained in 44% yield (conversion yield was 53%) by a dou-
ble alkylation of (R)-(+)-7 [83 mg, 0.41 mmol, [¢]p +6.4°
(¢ 2.3, CHCl3); 82% e.e.] with 1,4-dibromobutane (20 ul,
0.17 mmol) and powdered potassium hydroxide (90 mg, 1.61
mmol) in dry dimethyl sulfoxide (2 ml) for 2 h. (R)-(+)-7
(17 mg, 21%) was recovered.

(8,9)-(-)-1,1'-(1,4- Butanediyl)bis(4- phenyl- 1, 5-
diazacyclooctan- 2- one) (9):
form/methanol=19/1); IR (CHCls) 3300 (N-H), 1621
ecm™! (C=0); 'HNMR (CDCl;3) 6§=1.18 (s, 2 H, NH),
1.43—2.08 (m, 8 H, 4xCH;, NC-CH>—CH2—-C-N and
2xN-C-CH,—C-N), 2.31 (ddd, J=15.0, 11.9, 3.2 Hgz,
2 H, 2xNCH-C-C-NCO), 2.43 (d, J=12.8 Hz, 2 H,
2xCHCO), 2.93 (dd, J=124, 11.2 Hz, 2 H, 2xCHCO),
2.81—2.98 (m, 2 H, NCH-C-C—-CHN), 3.10 (dd, J=15.0,
3.2 Hz, 2 H, 2xNCH-C-C-NCO), 3.19 (dd, J=154,
3.4 Hz, 2 H, 2xN-C-C-CHNCO), 3.75—3.84 (m, 2 H,

R; =0.31 (chloro-
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NCH-C-C—-CHN), 3.95 (d, J=9.6 Hz, 2 H, 2xPhCHN),
4.04 (dd, J=15.4, 12.2 Hz, 2 H, N-C-C-CHNCO), 7.14—
7.33 (m, 10 H, 2xPh); *CNMR (CDCls, 100 MHz)
§=25.2 (N-C-CH;CH,~C-N), 31.4 (N-C-CH>—C-NCO),
44.2 (NCH,—C-C-NCO), 44.8 (NCH;—C-C-CH2N), 45.0
(N-C-C-CH:;NCO), 45.3 (CH2CO), 64.7 (PhCHN), 1264,
127.5, 128.6 (aromatic CH), 144.8 (aromatic C-CH), 173.0
(C=0); MS m/z (rel intensity) 462 (M™T; 52), 318 (26), 245
(46), 145 (64), 132 (67), 118 (100), 104 (45), 91 (79); [odp
—36.7° (¢ 0.9, CHCl3) (lit,® [a]p —30.0° (¢ 1.3, CHCl3)).
(R,R)-(+)-1,1'-(1,4-Butanediyl)bis(4-phenyl-1,5-
diazacyclooctan- 2-one) (9):>% '"HNMR. (CDCl3)
§=152—171 (m, 6 H, NC-CH;—-CH—C-N and
2xN-C~CH-C-N), 1.71—1.83 (m, 2 H, 2xN-C-CH-C-N),
1.96 (s, 2 H, 2xNH), 2.37 (ddd, J=15.0, 11.2, 3.6 Hz, 2
H, 2xNCH-C-C-NCO), 2.50 (dd, J=12.8, 1.6 Hz, 2 H,
2xCHCO), 2.99 (dd, J=12.8, 12.0 Hz, 2 H, 2xCHCO),
2.88—3.04 (m, 2 H, NCH-C-C-CHN), 3.16 (dd, J=15.0, 2.8
Hz, 2 H, 2xNCH-C-C-NCO), 3.26 (dd, J=14.6, 3.6 Hz, 2 H,
2xN-C-C-CHNCO), 3.78—3.91 (m, 2 H, NCH-C-C-CHN),
4.02 (dd, J=12.0, 1.6 Hz, 2 H, 2xPhCHN), 4.12 (ddd,
J=15.8, 12.2, 3.6 Hz, 2 H, 2xN-C-C-CHNCO), 7.25 (t,
J=6.6 Hz, 2 H, aromatic para-CH), 7.32 (dd, J=8.0,
6.6 Hz, 4 H, aromatic meta-CH), 7.38 (d, J=8.0 Hz,
4 H, aromatic ortho-CH); ®®*CNMR (CDCl3, 100 MHz)
§=25.2 (N-C-CH,CH,—-C-N), 31.4 (N-C-CH,—C-NCO),
44.2 (NCH,—C-C-NCO), 44.8 (NCH,—-C-C-CH2N), 45.0
(N-C-C~CH,NCO), 45.5 (CH2CO), 64.7 (PhCHN), 126.4
(aromatic ortho-CH), 127.5 (aromatic para- CH), 128.6
(aromatic meta-CH), 144.9 (aromatic C-CH), 173.0 (C=0);
MS m/z (rel intensity) 462 (M™; 100), 419 (6), 371 (10),
344 (19), 318 (48), 302 (21), 288 (11), 245 (54), 145 (56),
132 (39), 118 (43). HRMS Found: m/z 462.3027. Caled for
CasH3zs02N4: M, 462.3027. [a]p +24.6° (¢ 1.3, CHCls).
Synthesis of (R,R)-(+)-1,1-(1,4-Butanediyl)bis-
(5-methyl-4-phenyl-1,5-diazacyclooctan-2-one) (1)
by the N-Methylation of 7 with Methyl(diphen-
yl)selenonium Perchlorate. To a dry dichlorometh-
ane (5 ml) solution of (R,R)-(+)-1,1'-(1,4-butanediyl)bis(4-
phenyl-1,5-diazacyclooctan-2-one) (9) [24 mg, 0.052 mmol,
[a]p +24.6° (¢ 1.3, CHCl3)] and methyl(diphenyl)seleno-
nium perchlorate!® (91 mg, 0.26 mmol) in a 20 ml round-
bottomed flask, potassium carbonate (22 mg, 0.16 mmol)
was added and the mixture was stirred for 1 d at room tem-
perature. The reaction mixture was filtered, and the filtrate
was concentrated. After the residue was purified by silica-gel
column chromatography (chloroform/methanol=1/1 as elu-
ent), (R,R)-homaline (1) (11 mg, 0.022 mmol, [a]p +17.2°
(¢ 0.3, CHCl3), 76% d.e.) was obtained in 43% yield.
(R,R)- (+)-1,1'- (1, 4- Butanediyl)bis(5- methyl- 4-
phenyl-1,5-diazacyclooctan-2-one) (Homaline) (1):
'HNMR (CDCl3) 6§=1.61—1.85 (m, 8 H, 4xCH,,
N-C-CH;—CH2—-C-N, N-C-CH,-C-N), 2.34 (s, 6 H,
2xNCHs), 2.56—2.62 (m, 4 H, 2xNCH-C-C-NCO,
2xCHCO), 3.03—3.38 (m, 8 H, NCH-C-C-CHN,
2xCHCO, 2xNCH-C-CHNCO), 3.74—4.04 (m, 4 H,
2xN-C-C-CHNCO, NCH-C-C-CHN), 4.09 (dd, J=11.8,
2.8 Hz, 2 H, PhCHN), 7.27—7.36 (m, 10 H, 2xPh). HRMS
Found: m/z 490.3370, Calcd for C30H42N4O2: M, 490.3311.
la]p +17.2° (¢ 0.26, CHCI3) (76% d.e.); optically active col-
umn (Daicel Chiralpak AS); retention time: tg =25.7 min:
2.3% (S,S-form); tg =32.9 min: 9.5% (R,S-form); tr =39.4
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min: 88.2% (R,R-form); eluent: hexane/ethanol=9/1; flow
rate: 1 mlmin™'; detection: UV 254 nm).
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