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SYNTHESIS OF UNSYMMETRICAL SPERMINE ALKALOIDS OF THE HOMALIUM GROUP
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Summary: Spermine alkaloids homaline, hopromalinol, hopromine, and
hoprominol are prepared by sequential coupling of 4-substituted
5-methyl-1,5-diazacyclooctan-2-ones, available by transamidation

from 4-substituted azetidin-2-ones, to 1,4-dichlorobut-2-ene.

Homalium alkaloids (1a-d), isolated from the leaves of Homalium pronyense

(Flacourtiaceae), have unigque bis-eight-membered lactam structures.! They are
based biogenetically on combination of two residues (fatty or cinnamic acid)
with the'polyamine spermine. We report here an approach leading to the first
syntheses of the unsymmetrical alkaloids hopromalinol (1b), hopromine (1c),
and hoprominol (1d), and to a new synthesis of the parent compound homaline
(ta).?

The four building blocks required were the eight-membered azalactams
(2a-d), prepared by our recently reported transamidation sequence® from the
corresponding B-lactams (3a-d). Thus 4-phenylazetidin-2-one (3a) (from styrene
and N-chlorosulphonyl isocyanate®), and 4-pentyl- and 4-heptyl-azetidin-2-ones
[(3b) and (3c) respectivelyl, (from Grignard addition to 4-phenylsulphonyl-

5

azetidin-2-one,’ yields 96 and 71%) were converted into the corresponding

N-(3-chloropropyl)-8-lactams (4a) (71%), (4b) (80%), and (4c) (72%) on treat-
ment with 1-bromo-3-chloropropane and powdered KOH in dimethyl sulphoxide at

20°c.*®
Mey e N (e
A@INCO NG
s

(ay ©



5148

1 1
RN \ Ry—ng?
A =
@ ®
() a: R* =Ph, R? =H (3)ai R'=pPh, R*=H
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b; R! = [CH,].Me, R® =H R! = [CHp].Me, R® =H
c; R' = [CH2]¢Me, R? =H

d; R! =CH,CH(OSiMe,But) [CH;).Me, R? =H

b
c: R!'=[CH:)¢Me, R =H
d; R' =CH,CH(OSiMe;But) [CH,].Me, R? = H
e; R! =Ph, R? =Me e; R!' =CH,CO[CH;}.Me, R? = H
£; R} = [CH;]Me, R? =Me f; R! =CH;CH(OH) (CH;)\Me, R? =H
g; R = [CH2}¢Me, R? =Me g: R! =CH,CH(OH) [CH:] .Me, R? = SiMe,But
h; R =CH,CH{OSiMe,But) [CH,],Me, R? = Me h; R =CH,CH=CH,, R® =H

1; R =Ph, R? =CO,CH;Ph PN

j; R' = [CH;).Me, R? =CO;CH:Ph t: R =CH.CH-CH:, R =SiMe,But

k: R' = {CH,}¢Me, R? =CO;CH,Ph

1; R} = CH,CH(OSiMe,But) (CH.] Me, R? =CO.CH,Ph

The fourth B-lactam (3d) was prepared by treatment of 4-acetoxyazetidin-
2-one with the trimethylsilyl enol ether (5) (from 2-heptanone, LiNPr%/THF,
-78°C; Me3SiCl) and zinc chloride in dichloromethane’ to produce 4-(2-oxo-
heptyl)-azetidin-2-one (3e)?® (83%), followed by reduction (NaBH,-MeOH) to the
4- (2-hydroxyheptyl) -g~lactam (3f) (93%). t-Butyldimethylsilylation of (3f)
afforded the N-silyl derivative (3g), the most efficient procedure (99%)
employing n-butyl-lithium and t-butyldimethylsilyl chloride in tetrahydrofuran
(THF) . The unusual rearrangement to the O-silylazetidinone (3d) was achieved
by treatment of (3g) with lithium dibutylcuprate (Bu"Li, CuI) in THF at -20°C
(86%). Alternatively, silylation and migration could be performed in 'one-
pot' by successive addition to (3f) in THF of Bu"Li, ButMeZSiCl, and LiCuBuj
(77%) . The cuprates appeared uniquely effective in the silyl group migration,
as (3g) was unaffected by various basic reagents or by copper (I) salts.

An alternative route to B-lactam (3d) also originated with 4-acetoxyazetidin-
2-one. Conversion into the 4-allyl derivative (3h) (allyltrimethylsilane,
BF;.0Et,,CH,Cl,; 76%)° followed by N-silylation (ButMeZSiCl, diazabicyclo-
undecane, MeCN; 94%) and epoxidation gave the epoxy-B-lactam (3i) (3-chloro-
peroxybenzoic acid; 90%). Epoxide opening with lithium dibutylcuprate (THF,
-20°C) was accompanied by the migration of the t-butyldimethylsilyl group to
afford (3d) (80%). Alkylation of the O-silylazetidinone (3d) with 1-bromo-3-
chloropropane (powdered KOH, THF, BuiyNHSO,, 20°C)!° finally afforded the
fourth N-(3-chloropropyl)-g8-lactam (4d) (77%).

Treatment of chlorides (4a-d) with liquid ammonia in a sealed tube
(20°C, 6 days) gave directly the corresponding eight-membered azalactams
(2a~-d) in excellent yields (96, 96, 85, and 79% respectively). Reductive
methylation!! of the amino nitrogen in these compounds (H,CO, NaBH;CN)
converted them into the N-methyl azalactams (2e-h) (97, 77, 83, and 92%,
respectively). To mask the amino nitrogen, the N-benzyloxycarbonyl derivatives

(2i-1) were also prepared from (2a-d).

Various unsuccessful attempts to couple the N-(4-bromobutyl)azalactams
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(4)a; R=-Ph (6) a; R =Ph, R =Me
bi R=[CHzl.Me b; R = [CH:l.Me, R? =Me
c; R=[CH:)sMe ¢; R =Ph, R? = CO,CH,Ph
d; R =CH,CH(OSiMe,But) [CH2) Me

= (O5iMe)[CH, ] Me VR 23
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Q CHy CH=CHCH, X
@ (8 a; R =R’ =Ph, R’ =CO,CH;Ph

;
b; R'=Ph, R’ = CH,CH{OSiMe,But) [CH.].Me, R’ = CO,CH,Ph
R! = [CH:]) .Me, R’ = [CH;]e¢Me, R’ =CO,CH:Ph

R' =R?=Ph, R’ = Me

R = Ph, R? = CH;CH(OSiMe,But) [CH,].Me, R’ = Me

R! = [CH2].Me; R? = [CH:]¢Me, R® = Me

R! = [CH;)4Me, R? = CH:CH(OSiMe;But) [CH;].Me, R® = Me

(7) a; R -Ph, R? =CO.CH,Ph, X=Br
b; R! = {CH;)uMe, R? =CO;CH,Ph, X=Br
c; R! =Ph, R? =Me, X=Cl
d; R! = [CHz].Me, R? =Me, X=Cl
e; R' = [CH:]¢Me, R? =Me, X=Cl
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(6a-c) [derived from (2e), (2f), and (2i)] to a further molecule of azalactam
dictated the use of the more reactive 1,4-dihalobut-2-enes as the four-carbon
link. Thus the N-(4-bromobut-2-enyl) compounds (7a) and (7b) were prepared
from (2i) and (2j), respectively, and (E)-1,4-dibromobut-2-ene (NaH, THF).
Coupling of (7a) with lactams (2i) and (21), and of (7b) with lactam (2k), all
by the NaH-THF procedure, then led to the corresponding bis-lactams (8a) (66%) ,
(8b) (21%), and (8c) (47%) which contain the carbon skeletons of homaline (1a)
hopromalinol (1b), and hopromine (1c). The syntheses of (la-d) were, however,
best completed from the N-methyl azalactams (2e-h). Treatment of (2e-g) with
(Z)-1,4-dichlorobut-2-ene [KN(SiMe3),, THF] afforded the N-(4-chlorobut-2-
enyl) lactams (7c) (53%), (7d) (40%), and (7e) (28%), and coupling

[KN(SiMe3) ;-NaH, THF] of these chlorides with an appropriate eight-membered
azalactam produced the required bis-lactam frameworks. Thus (7c) with (2e)
afforded (8d) (36%), and with (2h) gave (8e) (41%), whilst (7e) with (2£),

and (7d) with (2h) led to (8f) (29%) and (8g) (20%), respectively. Finally the
alkenes (8d-g) were hydrogenated (1 atmosphere, PtO,, HCl-MeOH, 20°C) to
produce the alkaloids homaline (1a) (95%), hopromalinol (1b) (91%) , hopromine
(1c) (98%), and hoprominol (1d) (99%), each as a mixture of stereoisomers.}!?
The t-butyldimethylsilyl protecting group is removed under these conditions.

We thank the S.E.R.C. for support and Dr. M. Pais for spectral data on
the natural alkaloids.
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