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(-)-allosamizoline

A regio- and stereocontrolled total synthesis of ( —)-allosamizoline is described. The key steps for this synthesis are ring-closing
metathesis to form the cyclopentene core, halocyclization to afford the oxazoline ring, and finally stereoselective alkene radical addition
followed by an alkene isomerization reaction to install the hydroxymethyl group. ( —)-Allosamizoline was prepared in a total of 13 steps and
22% overall yield.

The polysaccharide chitiha distinctive element of insects || NN R

and fungi, is the main structural component of insect
exoskeletorsand fungal primary cell wall3.As chitinase HO\ o HO
is involved in the biological manipulation of chitin, com-
pounds that inhibit chitinases have been shown to act against
both insects and fungi and could be of great agrochemical
significance.

Isolated by Sakuda et 4b.in 1987 from mycelial extracts
of Streptomycesp. No. 1713, allosamidiri (Figure 1)
inhibits all characterized family 18 chitinases.

The hydrolysis of allosamidirl has revealed that the

B-(1,4)-linked pseudotrisaccharide structure consists of WO units of N-acetylp-allosamine and an aglycon unit,
named allosamizolin@ (Figure 1). A published crystal

(1) Zikakis, J. PChitin, Chitosan, and Related Enzymasademic Press, structure of allosamidinl bound to hevamine, a plant
Inc.: New York, 1984.

allosamidin 1 o
allosamizoline 2

Figure 1. Allosamidin and allosamizoline.

(2) Andersen, S. OAnnu. Rev. Entomoll979,24, 29. Rudall, K. M.; chitinase/lysozyme, indicated that the aglycon portion was
Kenchington, W Biol. Rev.1973,49, 597. _ held by hydrogen bonding to amino acids at the center of

3) Cablb,'E.; Shematek, E.'l\BloIogy of Carbohydrates; John Wiley the active sité.
& Sons, Inc.: New York, 1981; Vol. 1, p 60. )
196(3%)12873&212?’5_8'; Isogal, A.; Matsumoto, S.; SuzukiTatrahedron Lett Initial tests showed that allosamidif inhibited the

(5) Sakuda, S.; Isogai, A.; Matsumoto, S.; SuzukiJAAntibiot. 1987, chitinases of the silkwormBombyx mori, in vitro and
40’(62)93'6101 F. V. Houston, D. R.: Boot, R. G.. Aerts, J. M. F. G.: prevented its larval ecdysis in vivo; these data suggest that
Sakuda, S.; Van Aalten, D. M. FJ. Biol. Chem.2003 278 (22), the compound acts as a chitinase inhibitor in \ivo.
20110. The inhibition activity of1 toward chitinase [I = 0.386

(7) Terwisscha van Scheltinga, A. C.; Armand, S.; Kalk, K. H.; Isogai, ) ) ) ?
A.; Henrissat, B.; Dijkstra, B. WBiochemistry1995,34, 15619. umoll® coupled with the chemically interesting structure
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of its carbocycle fragment (allosamizolin®d have re-

sulted in a considerable interest among the synthetic com-

munity °

A total of 10 syntheses of allosamizoling® and 4
syntheses of allosamiditt®1* have been reported so far.
Two noteworthy syntheses of-J-allosamizoline, both 11
steps long, are by Simpkins (<5% overall yiéf#)and

methylcarbamate6. Finally, selective iodination ofb-
glucosaming, followed by Vasella reductive fragmentation,
Wittig reaction, and RCM could provide the key cyclopen-
tenyl compounds.

Thus, commercially available-glucosamine7 was pro-
tected to give primary iodid8 in 75% yield (Scheme 2).

Imperiali (27% overall yield, but which uses stoichiometric _

thallium and mercury}% Mention should also be made of a
short route to £)-allosamizoline by Trost that was ac-

complished in seven chemical operations and that has the

ability to provide (-)-allosamizoline by incorporation of an
enantioselective desymmetrization st&p.

We report, herein, our synthesis of -allosamizoline2,
which utilizes the following key steps: ring-closing metath-
esis (RCM) to form the cyclopentene core, halocyclization
to afford the oxazoline ring, and finally stereoselective alkene
radical addition followed by an isomerization reaction to
install the hydroxymethyl group.

Our retrosynthetic analysis of allosamizolieés shown
in Scheme 1. It involved the preparation of the primary

Scheme 1. Retrosynthetic Analysis
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hydroxymethyl functionality through reductive ozonolysis of
alkene3. A stereoselective alkene radical addition reaction
to halide4 could provide the required vinyl-oxazolidinone
3. Moreover, the halidet could easily be the result of a
halocyclisation reaction of uréa As a result of the nature
of the cyclization, the halogen atom at the C-5 position
should have completanti-selectivity with respect to the
oxazoline ring. Urea5 could be derived directly from

(8) Sakuda, S.; Isogai, A.; Makita, T.; Matsumoto, S.; Suzuki, A.; Koseki,
K.; Kodama, H.Agric. Biol. Chem1987,51, 3251.

(9) Berecibar, A.; Grandjean, C.; Siriwardena,@hem. Re»1999,99,
779.

(10) (a) Trost, B. M.; Van Vranken, D. LJ. Am. Chem. S04993,115,
444. (b) Simpkins, N. S.; Stokes, S.; Whittle, AT&trahedron Lett1992,
33, 793. (c) Maezaki, N.; Sakamoto, A.; Tanaka, T.; IwataT€trahe-
dron: Asymmetryl998 9, 179. (d) Takahashi, S.; Terayama, H.; Kuzuhara,
H. Tetrahedron Lett1991, 32, 5123. (e) Nakata, M.; Akazawa, S.; Kitamura,
S.; Tatsuta, KTetrahedron Lett1991, 32, 5363. (f) Goering, B. K.; Ganem,
B. Tetrahedron Lett1994 35, 6997. (g) Shrader, W. D.; Imperiali, B.
Tetrahedron Lett1996,37, 599. (h) Griffith, D. A.; Danishefsky, S. J.
Am. Chem. S0d.996 118 9526. (i) Blattner, R.; Furneaux, R. H.; Kemmitt,
T.; Tyler, P. C.; Ferrier, R. J.; Tidén, A.-K.. Chem. Soc., Perkin Trans.
11994, 3411. (j) Kitahara, T.; Suzuki, N.; Koseki, K.; Mori, Biosci.,
Biotechnol., Biocheni 993,57, 1906.
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Scheme 2. Synthesis of Cyclopentari3
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Curiously, all efforts to make thid,N-dimethyl urea analogue
of 8 with dimethylcarbamyl chloride failed; interestingly, we
could find no literature examples of glucosamine reacting
with this type of carbonyl electrophile.

A protecting group was required for di@, and the
methoxymethyl (MOM) group was chosen because of its
ability to tolerate strongly basic reagelitand exposure to
the second generation Grubbs cataljstreatment of diol
8 with chloromethyl methyl ether (MOMCI) in C¥Cl; in
the presence of Hunig’s base gave a bis-protected primary
alkylchloride. This byproduct could arise by chloride ion
(generated in situ when MOMCI reacted with the substrate)
displacing the primary iodide. The problem was solved by
using commercially available iodomethyl methyl ether
(MOMI) to give the bis-protected produ&in 76% yield
and with 22% of the equivalent mono-protected product
recovered for recycling.

Vasella reductive ring cleavalfeof substrated with zinc
in a mixture of THF/HO at reflux gave an unstable aldehyde.
However, this aldehyde was clean and was used for the
subsequent Wittig step without further purification. The
Wittig olefination was first tested by forming the ylide in
situ with methyl triphenylphosphonium bromide am@&ulL.i.
After much investigation, varying the reaction temperature
and time!® the respective bis-alkent0 could be obtained

(11) (a) Maloisel, J.-L.; Vasella, A.; Trost, B. M.; Van Vranken, D. L.
Helv. Chim. Actal992, 1515. (b) Takahashi, S.; Terayama, H.; Kuzuhara,
H. Tetrahedron Lett1992,33, 7565.

(12) Petasis, N. A.; Bzowej, E. I. Am. Chem. S0d.990,112, 6392.

(13) Callam, C. S.; Lowry, T. LOrg. Lett.2000,2, 167.

(14) (a) Bernet, B.; Vasella, Adelv. Chim. Actal979,62, 1990. (b)
For a related example, see: Hale, K. J.; Domostoj, M. M.; Tocher, D. A.;
Irving, E.; Scheinmann, FOrg. Lett.2003,5, 2927.
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in only 18% vyield. Several hypotheses were invoked to lation addition reaction was stereoselective and afforded
explain this low yield; one of these was that the reaction allyl-oxazolinel6 as a single diastereoisomer whereby the
conditions were basic enough to decompose the aldehydecarbon group had been introduced onto the least hindered
or deprotonate the acidic carbamatel [roton. Since the  face of the molecul&® Furthermore, it was found that the
terminal substituents on the alkenes are not incorporated intoterminal alken€l6 could be isomerized in the presence of
the RCM product, the use of a less basic ylide (i.e., a vinyloxytrimethylsilane and second generation Grubbs cata-
stabilized one) could address this issue. Gratifyingly, this lyst.2° This ruthenium hydride (generated in situ) catalyzed
proved to be the case. Reacting the respective aldehyde witisomerization gave &rans:cis(2.3:1) mixture of propenyl-
stabilized ylides such as 1-triphenylphosphoranylidene-2- oxazolinel7 in quantitative yield. The two-step sequence

propanone and (methoxycarbonylmethylen)triphenylphos-

phorane gave bis-alken&& and12, respectively. In addition,
subsequent RCM of the three bis-alkerid} 11, and 12
afforded cyclopentan&3in very good yieldg

Scheme 3. Synthesis of Oxazoline$6 and 17
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Basha’'$® procedure successfully provided urg4 from
methylcarbamat#3in excellent yields. This reaction is based
upon the formation of a magnesium salt betweernpNi¢

provides an interesting alternative way to vinylate a radical.
Propenyl-oxazolind7 was subjected to reductive ozonoly-

sis to afford hydroxymethyl-oxazolind8 in 83% yield

(Scheme 4). This intermediate was finally converted intp (

Scheme 4. Total Synthesis of)-Allosamizoline2
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allosamizoline2 after MOM deprotection with acid. The
spectroscopic data of this compound (and its HCL salt) were
in accord with those reported in the literature.

In summary, we have reported the synthesis of (—)-
allosamizoline2 in a total of 13 steps and 22% overall
yield from p-glucosamine. The key steps in this sequence

and a Grignard reagent and its subsequent displacement ofnclude a Vasella reductive ring cleavage of a 6-iodopyra-

an alkoxy group from the methyl carbamdt®. Following
work of Tsoi}” who reported the convertion of a urea into
a N,N-dimethylamine substituted oxazoline ring in the
presence of bromine, halocyclization with NIS successfully
yielded iodo-oxazolind 5 in very good vyield.

The preparation of a C-5 vinyl intermediate from iodo-
oxazolinel5through a one-step reaction was first envisioned.

noside to afford an aldehyde that was then converted into a
bis-alkene through a Wittig reaction, ring-closing metathesis
of the bis-alkene intermediate to form the cyclopentene core
of the molecule, Basha’s procedure to convert the methyl-
carbamate-cyclopentene into a urea-cyclopentene, halocy-
clization of the urea to afford the dimethylamine-oxazoline
ring, and finally a stereoselective alkene radical addition

The stereoselective radical addition of styrene using a cobalt-reaction followed by alkene isomerization and ozonolysis

catalyzed Heck-type reaction only gave 61% yield of
impure product? It was then decided to prepare the de-
sired C-5 vinyl intermediate from the iodo-oxazolid®

through a two-step procedure, Keck allyl addition, followed
by the alkene isomerization. In practice, the Keck ally-

(15) Petter, R. C.; Powers, D. Getrahedron Lett1989,30, 659.

(16) Basha, ATetrahedron Lett1988,29, 2525.

(17) Tsoi, L. A.; Salimbaeva, A. D.; Tleubaeva, A. v. Akad. Nauk
Kaz. SSR, Ser. Khiml989,1, 56.

(18) Ikeda, Y.; Nakamura, T.; Yorimitsu, H.; Oshima, K.Am. Chem.
Soc.2002,124, 6514.

(19) Keck, G. E.; Enholm, E. J.; Yates, J. B.; Wiley, M. Retrahedron
1985,41, 4079.

(20) (a) Arisawa, M.; Terada, Y.; Nakagawa, M.; Nishida, Angew.
Chem., Int. Ed2002,41, 4732. (b) Arisawa, M.; Terada, Y.; Takahashi,
K.; Nakagawa, M.; Nishida, Al. Org. Chem2006,71, 4255. (c) Hanessian,
S.; Giroux, S.; Larsson, AOrg. Lett.2006,8, 24, 5481.
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to install the hydroxymethyl group in position C-5. Studies
toward the total synthesis of allosamidin are currently
underway.
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