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Abstract-The optically active plant product homaline (6) has been synthesized in a convergent sequence 
starting with /I-phenyl-p-alanine and putrescine (14). The key transformation in this sequence is the ring 
expansion by transamidation of a functionalized chiral /I-lactam precursor. 

The macrocyclic polyamine lactams, recently isolated 
from plant sources, incorporate spermine and sper- 
midine residues along with derivatives of cinnamic 
acid in a large family of natural products, including 
lactam systems with rings varying from 8 to 22 
members. Because of the biological activity found in 

certain naturally occurring polyamines,’ there is spe- 
cial interest in general routes for the preparation of 
macrocyclic systems containing these components.* 
In the work reported below we discuss a method for 
the synthesis of members of this class which promises 
to have wide applicability to the formation of natural 
products in this series. 

There have been a number of approaches to the 
synthesis of macrocyclic lactams including (a) cy- 
clization of terminally difunctionalized linear precur- 
sors, as exemplified by the work of Ganem-‘, Quick4 
and Fujita? (b) use of boron-templated macro- 
lactamization as reported by Yamamoto,6 (c) trans- 
amidation reactions as reported by Schmid et ~1.’ 

Our synthetic approach, involving the use of 
/?-lactams as a means of introducing aminopropyl 
units for stepwise expansion of 5, 9- and 
13-membered lactams, stemmed from an earlier ob- 
servation made during work on the synthesis of 
3-ANA.R While attempting to purify this /3-lactam we 
noted its ready conversion to a piperazone carboxylic 
acid, an observation which had earlier been reported 
by Kamiya.’ This transformation appears to take 
place by the process shown in Scheme I in which the 
carboxyl group takes part in an intramolecular nu- 
cleophilic attack on the CO of the lactam leading to 
ring opening and intramolecular acetylation. A similar 
rearrangement has been reported during Raney Ni 
desulfurization of 6aminopenicillanic (1) acid by 
Mall and Hannick.‘* Here again, a ketopiperazone is 
obtained. Further examples of intramolecular 
p-lactam ring-opening can be found in the studies of 
Bose” (conversion of 2 to 3) and in the earlier work 
of Testa.12 

The above reactions, disclosing the susceptibility of 
the /?-lactam ring to intramolecular nucleophilic at- 
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tack suggested the possibility of using fl-lactams in 
synthetically useful transamidation reactions. 

Applicarion of fi-laciam transamidations to a syn- 
thesis of homaline. We were attracted to the possi- 
bility of using transamidation of fl-lactams as a key 
step in the synthesis of spermine and spermidine 
alkaloids because of the presence of 
p-aminopropionamide residues in many of these 
macrocyclic systems. Among these plant products, 
homaline (6) appeared to be of special interest, since 
j-lactam opening offered a ready means of gener- 
ating the two 8-membered rings. Earlier work by Pais 
and members of the Gif group” resulted in the 
preparation of an optically active bisdihydrodeoxo 
derivative identical with the corresponding reduction 
prduct, but the parent bis-lactam had not been 
previously synthesized. We noted that an intra- 
molecular transamidation through a favorable 
&membered transition state (Scheme 2) could pro- 
vide an effective method of generating the desired 
ring structure, thus avoiding the problems associated 
with the cyclization of an amino acid precursor to 
form an g-membered ring. 

Another problem to be addressed in the synthesis 
involves the introduction of two chiral centers into 
the molecule. The remoteness of these sites precluded 
the possibility of asymmetric induction, so an abso- 
lute asymmetric synthesis was needed. The symmetry 
of the system allowed this to be done conveniently. 

The synthesis of homaline” outlined below was 
developed with the above goals in mind. We chose the 
bis-/I-lactam (4) as the source of the p-amino- 
p-propionic acid residues with the aim of introducing 
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Scheme I. 

8,R-CH3 

Scheme 2. 

the Me groups subsequent to ring expansion. While 
other transamidations could take place from this 
amino lactam, all possible side reactions would in- 
volve transition states larger than bmembered. 

The synthesis of (- j-4phenyl-2-azetidimne. In 
studies directed toward the synthesis of homaline (6), 
both racemic 4-phenyl-2-azetidinone (7) and the opti- 
cally active lactam (8) corresponding to an S- 
configuration were required. The racemic mixture 
was conveniently produced by first generating N- 
chIorosuIfonyl+phenyl-Zazetidinone (9) from chlo- 
rosulfonyl isocyanate and styrene according to the 
procedure of Graf.” While the reduction procedure 
described by Graf using potassium iodide gave a 
mixture of products, chromatographically homoge- 
neous /?-lactam could be obtained conveniently in a 
buffered modification of the sodium sulfite procedure 
reported by Durst. I6 The product possessed the char- 
acteristic 1760 cm - ’ CO absorption in the IR. In the 
NMR, each of the methylene protons existed as a 
doublet of doublets at 2.84 and 3.43 S, respectively. 

The enantiomerically pure /I-la&am (8) was syn- 
thesized from /?-phenyl-/?-alanine. The latter could be 
produced in large quantities by condensing ben- 
zaldehyde, ammonium acetate and malonic acid in 
n-butanol. Fischer esterification in methanolic hydro- 
gen chloride yielded the amino ester hydrochloride 
from which the amino ester (10; 85%) was liberated 
with sodium hydroxide. The amino ester (10) was 
resolved by recrystallization of its L-( +)-tartrate salt 
(11). Typically, either two or three recrystallizations 
provided a white salt which possessed a constant m.p. 

and a constant rotation. The optically active amino 
ester (lOa), obtained upon treatment of the tartrate 
with sodium hydroxide, was shown to be optically 
pure by the absence of the diastereomeric Eu(hfc), 
complex in the 90 MHz NMR spectrum, monitoring 
the methyl ester singlet. The optically active ester was 
saponified in 40% sodium hydroxide to form the 
/I-amino acid (1% 98%). Reaction of 12 as the 
hydrochloride with chlorotrimethylsilane and tri- 
ethylamine according to the procedure of Birkofer” 
produced the bis-trimethylsilylamino ester (13; 99%). 
This unstable oil, characterized by NMR, was carried 
on directly to the next step which involved treatment 
with ethylmagnesium bromide followed by de- 
silylation to yield the chiral p-la&am (8). 

In the synthesis of the homaline precursor (5; 
Scheme 3) the known N,N’-bis(3-hydroxypropyl)- 
I ,4diaminobutane (17) appeared to be an ideal start- 
ing material for intrducing the spermine backbone. 
This compound, previously synthesized by Tabor,‘* 
was prepared in our laboratories with only slight 
modifications. 

The dinitrile (15) formed by Michael addition of 
putrescine (14) to acrylonitrile at 0°, was hydrolzed to 
the diacid (dihydrochloride) and the product 
esterified in hydrogen chloride-ethanol. Lithium alu- 
minum hydride reduction of the diester (16) in 
refluxing tetrahydrofuran generated (17) the dioxo 
analog of spermine (36%). The diaminodiol (17) 
exhibited spectroscopic and physical properties iden- 
tical to those described by Tabor. Prior to activation 
of the alcohols for displacement, the amines were 
protected as butoxy urethanes (18) using BOC-ON in 
water-dioxane. 

Early attempts to activate the alcohols (18) as their 
methanesulfonate esters according to the procedure 
of Crossland’ were unsuccessful. On the other hand 
reaction of 18 with p-toluenesulfonyl chloride in 
pyridine generated the diiosylate (19) in mod- 
erate yield (40%). The sodium salt of 
(-)-4-phenyl-2-azetldinone, formed upon reaction of 
8 with sodium hydride in N,N-dimethylformamide, 
was than added to the ditosylate in one portion and 
the reaction was heated at 90” for 16 hr. After 
workup+ the BOC-/?-lactam (20) was obtained in 63% 
yield. Deprotection of 20 in 1 N HCl-dioxane gave 
the dihydrochloride of the desired diamine (4) as an 
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extremely hygroscopic yellow solid. Isolation of 4 
(47%) from basic media gave an oil which was fully 
characterized by its 90 MHz NMR spectrum. 

In carrying out the transamidation reaction to 
form the &-/I-lactam we studied conditions of acid 
and base catalysis as well as purely thermal processes. 
Among these procedures, pyrolysis proved to be the 
most fruitful. In our early attempts, the free amino 
bis-j?-lactam (4) was heated in quinoline for 10 hr, or 
in diphenyl ether for 3 hr to form the ring-expanded 
product (5; 25%). We found, subsequently, that a 
more suitable method for the ring expansion involved 
refluxing the optically active bis-BOC-B-la&am (20) 
for 3 hr in diphenyl ether which had been charged with 
dry air. These conditions, leading to the fragmen- 
tation sequence shown in Scheme 4, produced the 
optically active homaline precursor (5) in 36% yield. 
Similar pyrolysis of the diastereomeric BOG/?- 
iactam for 2 l/4 hr gave the 8-membered lactams in 
28% yield. Not only were these conditions more 
reproducible, but they also provided a mixture which 
was more conveniently purified than the mixture 
obtained from quinoline pyrolysis of the free amine 
(4). 

Eschweilerxlark methylation of the homaline pre- 
cursor (5) generated pure optically active homaline 
(6) in 33% yield. This compound was identical in all 
respects (m.p., m.m.p., FTIR, 270 MHz, NMR) to 
the naturally-isolated sample of homaline including 
the specific rotation, (a)$ = - 35”. 

Scheme 4. 

EXPERIMENTAL 
M.ps were determined on either a mel-Temp or a 

Thomas-Hoover m.p. apparatus. All mps and bps are 
uncorrected. Continuous wave IR spectra were obtained on 
a Perkin-Elmer 700 A spectrophotometer. Fourier trans- 
form IR (FTIR) spectra were recorded on a Nicolet 7000 
speetrophotometer with 4 cm - ’ resolution. IR samples were 
prepared as neat liquids, as CHCI, or CH,CI, solns. as KBr 
pellets or as mineral oil mulls. FTIR samples were obtained 
in CHCI, solns. Proton NMR sue&a were obtained in the 
indicated solvents on a PerkLn-Elmer R-32, a Variant 
EM-390 or a Jeol FX-9oQ spectrometer at 90 MHz, or on 
a Bruker HX-270 spectrometer at 270 MHz. Unless other- 
wise noted, TMS ias employed as an internal reference in 
CDCI, and Na, 2,2_dimethyl-2-silapentane-5-sulfonate 
(DSS) was the internal reference in D,O. Optical rotations 
were obtained at the D-line of sodium on a Pet-kin-Elmer 
241 polarimeter in a I dm pathlength. tempjacketed cell. 
Elemental analyses were performed by Dr. Robert Rittner, 
Olin Laboratories, New Haven, Connecticut. 
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( + )-( 35) -Methyl - 3 -amino - 3 -phenyfpropionate - L- tcwtrtmz 
.wI~~ (11) 

A soln of 17.75 g (99 mmol) of (+)- 1O in 100 mL of 
MeOH was added in one portion to a rehing soln of 
14.90 g (99 mmol) of L-( + )-tartaric acid in 100 mL MeOH. 
The product crystallized overnight at - 20” and was filtered 
off, m.p. l68-169.5”, (a):: x + 18” (c = 7.6, water). Re- 
crystalli~tion from IO0 mL MeOH gave 6.8 g (42%) white 
needles, m.p. l?l.S-172”. (a): = + lg0 (t = 7.6, water): lit 
mp. 17&171°, (a): = + 20.8” fc = 3, water): IR (mull) 
354Q3400, 3300-2300, 1735 cm - ‘; NMR (D,O d 3.12 (dd, 
J = 1 Hz, J = 7 Hz, 2H), 3.63 (s, 3H), 4.45 (s, 2H), 7.43 (s, 
5H). 

59.9 g (I. 13 mol) acrylonitrile (freshly distilled) dtopwise 
over 20min with stirring. The cooling bath was ahowed to 
warm to room temp over 2 hr. After cooling, the undesired 
volatile byproducts were evaporated from the mixture at 
130 (0.1 mm Hg). leaving 15 as a pale yellow oil, 
106.6 g (97%): lR (CDCI,) 3320, 2220 cm- ‘; NMR (CDCl,, 
270 MHz) d 1.33 (broad, 2H), 1.54 (m, 4H). 2.52 (t, 
J = 6.5 Hz, 4H), 2.66 (m, 4H), 2.93 (t, 3 = 6.5Hz, 4H). 

N,N’-Bis(2_curberhoxyethyi)- l4diaminobu~arre dihydro - 
chloride ( t 6) 

Further crystallization of the salt from 200mL MeOH 
afforded 1 g white needles whose physical and spectroscopic 
properties were unchanged. The mother liquor was evapo- 
rated and the solid materials were combined for use in the 
next step. 

( + )_I3S)-Merhyf-3-omioJ-phenyf-propionafe (lOa) 
A soln of 42.6 g (1229 mmol) of 11 in 260 mL 1 N NaOH 

was extracted three times with CHCI,. The organic layer was 
dried over Na$O, and concentrated. Distillation afforded 
19.4 g (8404) of a colorless oil, bp 85” C/O.3mm Hg, 
(r)g = + 12.9 (neat). The product was otherwise spec 
troscopically identical to the racemic amino ester (IO). 

( + )-(3S)-3-Amino-3-pheny~fopio~ic mid hydrochfori~ 
The hydfochfo?fde 0J(12). A mixture of 5.7 g (32 mmol) of 

lOa, 90 mL MeOH and 25 mL 40% NaOHaq was stirred for 
16 hr at room temp. The resulting white mixture was 
acidified to pH 2 with cone HCl followed by solvent 
evaporation. The resulting solid mixture was extracted three 
times with hot CHCI,-EtOH (85 : 15). Concentration of the 
organic layer left a white solid which was dried in a vacuum 
oven at 60’: for I6 hr in the presence of P,O,, yielding 6.3 g 
(98%) of the hydrochloride of 12, m.p. l81-185”, 
(a% = + 3.3” (c = 2.95, MeOH): IR (KBr) 3400, 
3300-2300. 172Ocm; NMR (D,O) 6 3.12 (dd, J = 1 Hz, 
J = 7 Hz, 2 H), 7.49 (s. 5H). 

A soln of 96.8 g (498 mmol) of 15 in 6N HCI (750 mL) 
was refluxed for IO hr. The mixture was concentrated to 
dryness leaving the diacid dihydrcIchloride as an off-white 
solid which was used directly for ~te~~~tion. Dry HCI gas 
was bubbled for 15 min through a mechanically stirred 
mixture of the hydrolysis residue and abs EtOH, 1 L. 
Complete dissolution of the solid did not occur if the sample 
was very dry. Refluxing the mixture for I2 hr followed by 
hot filtration through a steam-jacketed course-sintered glass 
funnel provided 16 which crystallized upon cooling the 
filtrate to room temp. The solid was filtered off, washed with 
EtOH and dried in a vacuum over at 80” for IO hr leaving 
122.4 g (68%) of 16 as a white powder, m.p. 237-238” (dec): 
IR (KBr) 2450, 173Ocm-‘; NMR (D,O) 6 1.25 (1, J = 8Hz. 
6H), 1.78 (m. 4H), 2.82 (t, J = 6Hz. 4H). 3.12 (m, 4H), 3.33 
(1, J = 6Hz, 4H), 4.17 (q, J = 8Hz, 4H). Recrystallization 
from abs EtOH afforded an analytical sample as white 
platelets mp 236.5-238’ (dec). 

(Found: C, 46.56; H, 8.31; N, 7.65, Calcd. for 
C,,H,N,O,CI,: C, 46.54; H, 8.37; N, 7.76%). 

N.N’-&s(3-hydroxypropyf)-1 ,Qdiaminobumne (17) 

( - ~4Phenyl-2-~etidinone (8). To a m~hani~lly 
stirred suspension of 9.4g (47mmol) of 12 in 1OOmL 
benzene was added I3 mL (I l.2g; 103mmol) of chloro- 
trimethylsilane in one portion under N,. After stirring for 
30min, a soln of 23 mL (16.5g; I65 mmol) Et,N in 50mL 
benzene was added dropwise to the mixture. The resulting 
thick, white suspension was heated for 4 hr at 80” and then 
allowed to stand overnight at room temp. The mixture was 
diluted with benzene and filtered. Solvent evaporation left 
14.3 g (99%) of 13 as a clear oil. NMR (CDCI,; ref. CH$I,) 
6 0.03 (s. 3H), 0.30 (s, 3H), 2.80 (complex m, 2H), 4.40 (ddd, 
J = 6Hz, J = 8H2, J = IlHz, IH), 7.35 (broad m, 5H). The 
above silyl ester could be (Kugelrohr) distitled with no 
apparent improvement in purity, bp 85” CfO.03 mm Hg. 
Typically, the crude oil was used directly in the next step. 

A soln of LAH, 30.8 g (8 I2 mmol), in 1.4 L THF was 
prepared by re~u~ng the m~hani~lly stirred mixture for 
1 hr under N,. To this soln was added 45.6 g (126 mmol) of 
16 portionwise over 30 min with ice bath cooling. The 
reaction was stirred again at room temp for 3 hr, refluxed 
for 1 hr. and then stirred again at room temp for 12 hr. 
Cautiously, 31 mL water, then 31 mL 159; NaOHaq and 
then 95 mL water were added dropwise over a 2 hr period. 
The mixture was stirred vigorously until the Al-salts coagu- 
lated, (ca. 2 hr). After filtering off the salts, the filtrate was 
concentrated and the residue was dissolved in water. Con- 
tinuous extraction with CHCI, for 3 days followed by drying 
the organic layer over Na,SO, and concentration left 9.40 g 
(36%) of 17 as an off-white solid, mp. 75-76’; lit m.p. 
78-79”: IR (CDCI,) 32OOcn- ‘; NMR (CDCI,) 6 I.5 (m, 
4H), 166 (p, J = 6Hz, 4H), 2.59 (m, 4H), 2.82 (t, J = 6Hz, 
4H), 3. I 1 (broad s, 4H), 3.73 (t, J = 6Hz. 4H). 

N - N’ - Bis(3-hydroxypropyf)-N,N’-bis(t -buroxycarbonyf)- 
1,4-diorninoburune ( 18) 

To a soln of 14.3 g (46.2 mmol) of 13 in IOOmL ether at 
O”, under N, was added, dropwise, 17.0 mL (51 mmol) of a 
solution of EtMgBr in ether (3 M; Aldrich) with gas evo- 
lution. The soln was stirred at room temp for 3 hr and 
allowed to stand overnight. Upon cooling to - IO”, the 
mixture was acidified to pH 3 with ~monium chloride-satd 
2 N HCI. The organic layer was separated and the aqueous 
layer was extracted five times with ether. The combined 
organic layer was washed with brine, dried over Na,SO, and 
concentrated, Flash chromatography on silica gel 
(60mm x 6”“) eluted with EtOAc-hexane (3 : 2) gave a yel- 
low solid. R~~staIli~tion from hexanr+CHCl, afforded & 
2.7 g (39”~; overall from 13) as a yellow fibrous solid, m.p. 
l15.5-116”. (2% = - 132” (c = I, MeOH); lit m.p. 
115-ll7;, (a)B= - 131.6” (c = I, MeOH). 

A soin of 9,25g (45.3 mmol) of 17, 24.6 g .(lOOmmol) 
BOC-ON (Ald~ch) and 22 mL (I 50 mmol) EtsN in 250 mL 
water-dioxane f 1 : 4) was stirred for i 6 hr at room temp. To 
the resulting yellow soln was added a soln of 1.50 g 
(20 mmol) glycine in 55 ml Et,N-water (1 : 10) and stirring 
was continued for 24 hr. After concentrating the dark 
orange soln, the residue was dissolved in 500 mL ether. The 
ether soln was washed 6 times with I N NaOH and then 
with brine. The organic layer was dried over N@O, and 
concentrated to give 17.8 g of 18 as an orange-colored oil. 
The residue was divided in half and each batch was 
flash-chromatographed on silica gel (6Omm x 6”) eluted 
with 3% MeOH in CHCI,. Evaporation left 16.6 g (91%) of 
a slightly yellow oil which decomposed on attempted 
distillation: IR (CDCl,) 3400, 167Ocm- ‘: NMR (CDCI,) S 
1.44 (s, l8H). 1.5-1.8 (m, 8H), 3.05-3.65 (m. 12H). 

(Found: 404.290. Exact mass Calc. for C&H,N,O,: 
404.289.) 

N,N’-8~~(2-cyunoerhyf~l.4-diaminubutme (15) 
To 49.6g (0.565 mol) of 14 at 0” under N, was added 

(-)-(4S, 4’S)-1, 12-Bis(N4phenyl-2-oxoazetidino~, 9-his 
{ tezt )-butoxyearbonyl)-4,9-dimodo&cme (20) 
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To a soln of 7.20 g (I 7.8 mmol) of 18 in 180 mL pyridine 
at 0” under N, was added with stirring 13.6 g (71.3 mmol) 
p-toluenesulfonyl chloride (recrystallized from hexane) in 
one portion. After rapid dissolution of the solid, the 
mixture was stored in a refrigerator at 4” for 36 hr. The 
reddish-brown soln was added to a 1OOOg mixture of 
ice-water with stirring. The oily mixture was extracted 3 
times with ether. The combined organic layer was washed 
4 times with an ice-1 N HCI mixture (until the aqueous 
layer retained an acidic pH) and then twice with an ice-water 
mixture. The organic layer was dried over a mixture of anhyd 
K,COI and anhyd Na,S04. Concentration left 5.20 g (41%) of 
19 as a yellow oil: NMR (CDCL,) 5 1.41 (s. ISH), 2.0-2.5 (m, 
8H)2.45@, 6H), 3.&3.4(m, 8H),4.05(t, J = 6.5Hz,4H).7.30 
(d, J = 8Hz, 4H), 7.78(d, J = 8Hz,4H). Thismaterialwas used 
directly for the next step. 

To a suspension of 1.02 g (25.5 mmol) of a 60% mineral 
oil dispersion of NaH @e-washed with hexane) in 100 mL 
N,N’-DmF at room temp. under N2 was added 2.5g 
(17 mmol) of (-) -8. Stirring, aided by a Hirschberg stirrer, 
served to form the lactam anion in cu. 40min. The 
ditosylate (19) was dissolved in 50 mL N,N’-DmF and was 
added in one portion to the mixture. After the soln was 
heated 90” for 16 hr and cooling to room temp, 4 mL water 
was added with little gas evolution. After concentration of 
the soln a yellow oil remained. Flash chromatography on 
silica get (30 mm x 7”) eluted with hexanc-EtOAc (1 : 3) 
yielded 3.36 g of 20 (63%) as a colorless oil: FTIR (CDCI,) 
1731, 1681 cm-‘; NMR (CDCl,) 6 1.40 (s, l8H), 1.45 
(broad s, 4H), 1.70 (p, J = 8Hz, 4H), 2.67-3.55 (III, 16H). 
4.56 (dd, J = 2Hz, J = 6Hz, 2H), 7.35 (broad s. 10H); NMR 
(CDCI,, 270 MHz, 50°C probe temperature) 6 1 A0 (s, 1 SH), 
I .45 (broad s, 4H), 1.66 (p, J = BHz, 4H), 2.80 (dd. 
J = 2Hz J = 16 Hz, 2H). 2.85 (dt, J = 6H2, J = 12Hz, 
2H), 3.m3.20 (broad m, 8H), 3.34 (dd, J = 2Hz, 2H), 7.35 
(broad m, IOH); (a# = - 57” (c = 2.0, CHCI,). 

(Found: 561.343. Exact mass Calc. for Ca,HuN,O, 
(parent -CO,-C(CH,),): 561.344). 

1,12((4S,4S’)Bis(N-4-phenyl-2-oxoazelidi- 
decane (4) 

A soln of 1.40 g 2.1 I mmol) of 20 in a mixture of 60 mL 
I N HCI and 80 mL dioxane was stirred at 50” for 20 hr. 
Concentration left an oil to which dioxane was added and 
the mixture was reconcentrated. After repeating this pro- 
cedure once, the residue was dissolved in MeOH (6 mL) and 
was precipitated into 200 mL ether. Filtration let an ex- 
tremely hygroscopic yellow solid which was dried in uncut 
in the presence of P*O,. The dihydrochloride thus obtained 
weighed 850 mg (77”/,). A soln of 583 mg (1.09 mmol) of the 
dihydrochloride in water was brought to pH 12 with 1 N 
NaOH and extracted 3 times with CHCI,. The organic layer 
was dried over Na,SO, and concentrated to give 31 I mg of 
4 (61%; 47% overall from 20) as a colorless oil: NMR 
(CDCII) d 1.30-1.85 (m, 8H), 2.36-3.03 (m, IOH), 3.20-3.70 
(m, 4H), 4.53 (dd, J = 5H2, J = 2H2, 2H), 7.33 (s, 10H). 

( - )-(2S, 2’S)-5,5’-( Teframefhylene)bis(2-phenyl4oxo- I, 5 
diazacycloocmIe) (5) 

Method A. Quinoline pyrolysis. Three solns of 20 ill 
quinoline 90.7 mg (0.137 mmol)/7 mL; 79.8 mg 
(0. I20 mmol)/6 mL; 83. I mg (0.125 mmol)/6 mL) were de- 
gassed with argon and refluxed for 10 hr in 25 mL round 
bottom flasks under argon. After cooling, the combined 
reaction mixture was evaporated. Flash chromatography on 
reverse phase silica gel (Whatman LRP-2, 37-53, 
15 mm x 6”) eluted with water-MeOH (2 : 3) left 134 mg 
dark oil. The residue was then flashchromatographed on 
silica gel (I 5 mm x 6”) eluted with 7”/; MeOH in CHCI, 
giving 44mg of 5 (25%) as a colorless oil, I$= 0.43 
(MeOH-CHCI,; I : 9): FTIR (CDCI,) 1620cm - ‘; NMR 
(CDCI,, 270 MHz) d 1.44-2.20 (broad m, 8H), 2.37 (ddd, 
J=4Hz J = 12Hz, J = 13H2, 2H), 2.50 (dd, J = IHz, 
J = 13Hz, 2H), 2.99 (t, J = 12Hz., 2H), 2.w3.09 (m, 2H), 

3.lc3.20 (m, 2H). 3.20-3.30 (m. 2H), 3.20-3.50 (broad, 
2H). 3.77-3.94 (m, 2H), 4.01 (dd, J = 1Hz. J = 1 IHz. ZH), 
7.20-7.40 (broad m, IOH); (a)$$ = 30” (c = 1.34, CHCI,). 

Method B. Diphenyl ether pyrolysis. Air was passed 
through a tube of CaSO, (indicator: 8 mesh) and bubbled 
through a soln of 375 mg (0.566 mmol) of 20 in 60 mL 
diphenyl ether. The soln was refluxed for 3 hr and after 
cooling. the solvent was evaporated. Flash chromatography 
on silica gel (30mm x 7”) eluted with 2% MeOH in CHCI, 
for 3 fractions followed by 5% MeOH in CHCI, yielded 
93 mg (37%) of a slightly yellow oil. The material thus 
obtained was spectroscopically and chromatographically 
identical to 5 produced in Method A. 

( - )-(2S, 2’S)-5,5’-( Tetramethylene)btlf( I -methyI-2-phenyl4 
oxo- 1,5-diuzucycloctune) (7) 

Method A. Eschweiler-Clark methyiution. A soln of 89 mg 
(0.19 mmol) of 5 in 8 mL formic acid-formalin mixture 
(8.0: 9.5) was heated to 100” until gas evolution commen- 
ced. The heating bath was removed and stirring was con- 
tinued until the gas evolution ceased. The mixture was then 
refluxed for 2 hr. After cooling, the mixture was made basic 
to pH 13 with I N NaOH and extracted 6 times with CHCL,. 
The organic layer was dried over Na,S04 and concentrated 
to give 95 mg crude oil. Flash chromatography on silica gel 
(30mm x 7”) eluted with 5% MeOH in CHCl, gave several 
homogeneous fractions of a slightly brown oil, 31 mg (33%), 
R,= 0.53 (MeOH-CHCI,; 10 drops: 3 mL) which solidified 
on standing. Recrystallization from 2mL benzene- 
cyclohexane (1 : 9) gave homaline as an off-white powder, 
m.p. 132-133”. The mixed m.p. with natural homaline was 
identical to the m.p. of the synthetic material, 132-133”. 
FTIR (CDCI,) 1622cn- ‘; NMR (CDCI,, 270MHz) S 
1.54-1.92 (broad m, 8H). 2.26 (s, 6H). 2.46-2.56 (m. 4H). 
2.93-3.06 (m, 4H). 3.16 (t, J = 12Hz. 2H), 3.33 (dt, 
J = 3.5Hz. J = 15Hz, 2H), 3.80-3.90 (m, 4H). 4.00 (dd, 
J = 3.3Hz, J = 12Hz, 2H), 7.20-7.40 (m, 10H); (a)j’j = - 35” 
(c = 0.92. CHCI,). 

Method B. Borch methylation. To a soln of 29.7mg 
(0.06mmol) of 5 in 5.5 mL acetonitrile was added 0.30mL 
(0.3 mmol) 37% aqueous formaldehyde followed by 18 mg 
(3.7 mmol) sodium cyanoborohydride. After stirring at 
room temp for 30 min, the cloudy mixture was neutralized 
with 20:/, AcOH and the stirring was continued for 2.5 hr. 
Following solvent evaporation, the residue was dissolved in 
CHCI, and was washed with 2 N KOH. The aqueous phase 
was extracted twice with CHCI,. The combined organic 
layer was dried over Na,SO, and concentrated to give 
32.3 mg colorless oil. Flash chromatography on silica gel 
(1Omm x 5”) eluted with 5% MeOH in CHCI, yielded 
12.7 mg homaline (40%) in two clean fractions. The material 
obtained was chromatographically and spectroscopically 
identical to optically active homaline with the exception of 
the optical rotation, (a)g = - 15.4” (c = 0.63, CHCL,). 
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