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Double tethered Biginelli condensations furnish linked polycyclic bisguanidines or bisureas. Alteration of the bis-f-ketoester component
allows bispolycyclic guanidine motifs to be constructed that resemble natural batzelladine alkaloids or have novel linkages.

Members of the batzelladine family of sponge-derived

ladines C, D 8), and E display a single tricyclic guanidine

alkaloids are rare examples of small natural products thatmoiety (Figure 1). The decahydro- or octahydro-5,6,8b-

regulate proteirrprotein interaction$? Batzelledines A and

B (1) were the first low-molecular weight natural products
reported to inhibit the binding of HIV gp-120 to human CD4,
a critical step in the life cycle of the AIDS virdswhereas
batzelladines F2)—I induce dissociation of the protein
tyrosine kinase p56 from its complex with CB#Various
batzelladine alkaloids and analogues also inhibit HIV
envelope-mediated cell fusidnThe most complex batzel-
ladine alkaloids, exemplified by batzelladines B @nd F
(2), contain two polycyclic guanidine units, whereas batzel-
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triazaacenaphthalene unit that is the common structural
feature of the batzelladine alkaloids occurs with both the cis

and trans stereorelationships of the angular hydrogens that
flank the pyrrolidine nitrogen.

The batzelladine family of polycyclic guanidine alkaloids
has stimulated many synthetic endeaviorsSome of these
studies established the relative configuratiém¢¢ and
constitutiori® of various batzelladine alkaloids, whereas
others defined their absolute configurati# Total syntheses
of (—)-batzelladine D §)5° (£)-batzelladine D §)°¢ (£)-
batzelladine Bf and (—)-batzelladine F2[f¢ have been
accomplished.

Although significant advances in synthesis and structural
verification of the batzelladine alkaloids have been achieved,
identification of the essential features required to impart
biological activity to these marine natural products remains
a long-standing goal. Investigations of structdeetivity
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right-hand fragmen¥ of batzelladine B 1) in 94% yield
with 10:1 stereoselectivity for forming the isomer having a
cis relationship of the angular hydrogens (Schemé 1).

the nucleophilic component in such a reaction were a bis-
[-ketoester, Biginelli condensation with a tethered guanidine
aldehyde should rapidly assemble hexacyclic bisguanidine
analogues of complex batzelladines such@a®ur initial
investigation of this proposal is the subject of this com-
munication.

Scheme 1. Single and Double Tethered Biginelli Reactions
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Figure 1. Representative batzelladine alkaloids. 6: R? = CsH19gOCOCH,COMe 7:R1=n-C7Hys, BT = Me
(94%, 10:1 dr)
8:R'=Me,

R2= C5H1gOCOCH,COMe
relationships would be greatly facilitated by a streamlined
synthesis of batzelladine-like bisguanidines. Herein we report
our initial investigations into the use of double tethered
Biginelli cyclizationg-®to synthesize molecular architectures
that resemble naturally occurring batzelladine alkaloids.

The tethered Biginelli reaction has played a central role
in our laboratory’s total syntheses of crambescidin and
batzelladine alkaloid? For example, morpholinium acetate-
promoted condensation of guanidine aldehgdéth methyl
acetoacetate in trifluoroethanol (TFE) at 9D provided the
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s in which case double Biginelli condensations with these bis-

p-keto esters proceeded in useful yields (entries 6 and 7).

0O O 0O O Gratifyingly, employing unsymmetrical bjg-ketoesterl5
wMO/X\oMFﬂ made it also possible to obtain bisguanidine products having
linkage patterns similar to those found in batzelladines F
6: R’ =Me, X = (CHp)s (entry 3). In all cases reported in Table 1, the corresponding
10:R" = Me, X = (CHp)s mono Biginelli product (analogous ) was observed as a
11: R" = n-Cohhig, X = (CHo) major byproduct in 5—20% yield.
Not surprisingly, theC,- and C;-symmetric products of
12:R'=Me, X = §A©\/ the double tethered Biginelli reactions reported in Table 1
13:R' = 1-Cohlyg, X = H showed nearly identical physical properties. Nonetheless,
o o these_ stereoisomers could be resolyed by HPLC, although
Meozo\)l\/\/\/u\/cozlvle bas_ellne separation was rarely ach!eved. In all cases, the
major C,-symmetric isomer eluted with a shorter retention
14 time, allowing it to be isolated easily in pure form by
Meogc\)ol\/\/\/o preparat!ve HPLC. Th_e Iater-elgtir@l-symmetric product
b was typically contaminated with small amounts of the
15 o 0 correspondindC;-symmetric stereoisomer.
Tethered urea aldehydes were found to be superior
Figure 2. Bis-f-ketoester substrates. substrates for double tethered Biginelli reactions (Scheme

2). For example, condensation of 4 equiv2dfcwith bis-
21 signals in itd3C NMR spectrum, wa€,-symmetric. That
this product was the expected stereoisomer having a ci

relationship of the angular hydrogéhsvas established by Scheme 2. Double Teg_‘ere‘j Biginelli Reaction to Form
the NOE enhancement (3%) observed between these hydro- Isureas

gens (04.53 dd,J = 9.7, 6.1 Hz;0 3.78—3.83, m). The H H O H
minor stereoisomer showed more than 30 resolved signals 5~y o NYO
in the 13C NMR spectra, supporting its assignmentGs PN | /\©\/o | N~ OH
symmetric isome@2. o N \
25 O H H
H, H
z [‘\j" < ] CO,Me 12, morpholine
Iy H H CH AcOH, NaySO, (92%, 3:1 dr)
nGHS NN (){W" 7hs MeOH, 60 °C
2 CF,COy MeQO,C R + “'H

22 HO™ ;\1\ OH | )J\/”\o/\/\( )?’/\/OW

07 "NH, 26 O O
A variety of bisguanidine motifs can be assembled in this 24
manner. Varying the nature of the symmetrical bis-j- morpholine
ketoester component allowed the tricyclic guanidine subunits AcOH. NapS04 | (81%, 3:1 dr)
to be linked at their carboxyl carbons (entries 4,7} or be MeOH, 60 °C
connected by a methylene chain (entry 2). In the former case, H
the diol linkage could be a simple methylene chain or a chain H H O | N\fo
containing an aromatic spacer. Surprisingly, when bis-3- N o )/\/O N ~_-OH
ketoesters1l and 13 were employed, double Biginelli HO A | 8 o H H
condensations with or 5 carried out in methanol provided o ”
only the tricyclic guanidine methyl estéB. Apparently, the 27
", + o CO,Me [-ketoesterl2 proceeded in 92% vyield to deliver bis-1-
)’\Jl\ | 23 (R = Me or G Hyg) oxohexahydropyrrolo[1,2-c]pyrimidine carboxylic es@&s
RTTNT TN nCatyg - s and itsC;-symmetric epimer in 92% yield. Likewis27 and
CF00, its epimer were produced in 81% yield from condensation

of 24 and bis-S-ketoestez6.

In summary, the scope of the tethered Biginelli condensa-
juxtaposition of the nonyl and ester side chains makes thetion has been expanded to include the formation of linked
double Biginelli product susceptible to transesterificafibn.  bisguanidines and bisureas. Judicious choice of thghis-
Fortunately, the increased solubility provided by the C9 alkyl ketoester component allows the octahydro-5,6,6a-tri-
chain allowed trifluoroethanol to be employed as the solvent, azaacenaphthalene moieties of the bisguanidines to be
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Table 1. Bisguanidine Products of Double Tethered Biginelli Condensations

total yield
, guanidine B-keto- N (%)’ ; yield
entry aldehyde estor double Biginelli product Cpd of O
isomer (%)
1 9 4144
2 16 58; 35
3 17 7639
n-CzHss
4 4 10 18 64; 42
n-C7H1s
5 4 12 19 38:25
H H
,‘\](' X o n-CgHyg N N n-C7H15
6 4 13 | o, M 1§ 20 59,347
n-C7H15 N N n'CgH19 R + 7,
H H o H H

H H
n-CgH19 N N n-C7H15

H\HQ T
7 4 1 N N 21 44; 33
[ T T

n-C7H15 N N n-CgH19
H H 2 CF4CO5™

aReaction conditions: Big-ketoester (1 equiv), guanidine-aldehyde (4 equiv), morpholine (10 equiv), AcOH (10 equiv), aB@:N4O equiv) in
MeOH (0.1 M) at 60°C for 48—96 h.® Combined yields of th€,- andC;-symmetric stereoisomersMinor stereoisomer was not isolatetiTrifluoroethanol
was the solventt The major double Biginelli product in this case is @tsymmetric; the minor products (37%) were a mixture of two isomers, assumed
to each possess one cis and one trans tricyclic guanidine unit.
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