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A modular asymmetric synthesis of the functionalized azaspirocycles 6 ( m=2,n=1),7m=1n=2),8(m=n=2),12, 20, and 24 from
the cyclic allylic sulfoximines 1 is described. The synthetic strategy is based on the stereoselective construction of the carbocycle 4 containing

the amino-substituted tertiary C atom from 1 followed by the generation of the azaspirocycle. Three different routes have been followed for

the synthesis of the heterocyclic ring: N,C-dianion cycloalkylation, ring-closing metathesis, and N-acyl iminium ion formation.

Azaspirocycles of typé (Figure 1) are found as structural particular, the marine alkaloil containing a 6-azaspiro-
motifs in a humber of highly interesting natural products, [4.5]decane framework has received much attention in recent
years because of its interesting biological activities and
intricate structuré.A number of methods have been devel-
oped for the construction f° especially within the context

of total syntheses or synthetic approaches to the aforemen-
tioned and other related target molecules. Although most of
these primarily target-molecule-orientated methods are imagi-
native and high yielding, there is still an interest in the
development of a more general method for the enantiose-

; ; ; ; (1) Kotera, M.Bull. Soc. Chim. Fr1989 370-397.
Figure 1. Azaspirocycles and halichlorinel . (2) Jilal Miah, M. A.; Hudlicky, T.; Redd, J. W. Iithe AlkaloidsCordell,
G. A, Ed.; Academic: San Diego, CA, 1998; Vol. 51, pp $2%9.
(3) Weinreb, S. MChem. Re. 200§ 106, 2531—2549.
U : : : s 3 (4) Clive, D. L. J.; Yu, M,; Wang, J.; Yeh, V. S. C.; Kang, Shem.
such as histrionicotoxih,cephalotaxiné, cylindricine A; Rev. 2005 105 4483-4514.

lepadiformine’ halichlorine (1), and pinnaic acid. In (5) Dake, G.Tetrahedron2006 62, 3467—3492.
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lective construction of. Here, we describe a modular asym- COs; in MeOH furnished carbamatea and 3b,° respec-
metric synthesis of functionalized 1-azaspiro[4.5]decahes ( tively. The crude carbamat8s and3b were subjected to a
m = 1, n = 2), 1-azaspiro[5.5]-undecands (n = 2, n = treatment with 1.3 equiv af-BuLi, which gave the oxazi-
2), and 6-azaspiro[4.5]decandsih = 2, n = 1) based on  nonesdaand4b, respectively, with high diastereoselectivities
the sulfoximine auxiliary by exploiting its special fea- in 79 and 77% overall yields, respectively, based on the
tures, including chirality, carbanion stabilization, and nucleo- starting alcohol®aand2b.1° The configuration of oxazinone
fugacity® 4a was determined by X-ray crystal structure analysis.
Our synthetic approach to azaspirocycles is based on a Having achieved an efficient synthesis of the functional-
two-step strategy in which the carbocycle with the tertiary ized carbocyclegla and 4b, which carry three contiguous
C atom bearing the amino group is constructed followed by stereogenic C atoms, we focused on the construction of the
formation of the heterocycle to generate the spiro-ring sys- heterocyclic ring starting frorda and 4b. Three different
tem. The asymmetric synthesis of the amino-substituted car-routes were followed, including (1) the cycloalkylation of a
bocycle takes advantage of the methods developed in ourcarbamate sulfoximine dianion, (2) a ring-closing meta-
laboratories for the synthesis gfamino acids from sulfox-  thesis, and (3) aiN-acyl iminium ion formation.
imines’ First, the synthesis of the heterocyclic ring through
The startingR-configured cyclic allylic sulfoximined.a cycloalkylation of the C,N-dianions ofia and 4b with
and 1b (Scheme 1) were prepared as described previouslyditosylates was studied. Thus, treatment of the five-

membered cyclic sulfoximinda with 2.2 equiv ofn-BulLi

in THF at low temperatures generated the corresponding
. : N,C-dianiort* which was stable in solution and gave upon
SChem: 1 Sg”éhf.f'i’ c(’jf _lc_:artbocyglcz Having an treatment with the @ditosylate 5a tricycle 6 having a
ino-stibstitlited Tertiary om 6-azaspiro[4.5]decane skeleton with high diastereoselectivity

NMe 1 pBuLi, THF, 78 °C .’2 in 75% vyield (Scheme 2). The configuration of sulfoximine
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7,57% (73%), 298% de

N,Sdimethyl-S-phenylsulfoximine £98% ee§ and the cor- M 1. n-BuLi, THF, i

responding cycloalkanonésithiation of 1aand1b followed /,\/"iijg ¢ sCtot0°C @ N/j

by the treatment of the lithiated allyl sulfoximines with 2.1 Me Ph2.Ts0- (CHajsOTs Me/k\/'jﬁ"

equiv of CITi(Gi-Pr) furnished the corresponding bis(allyl)- \/’ 2. ° /3\\

titanium complexes admixed with CITi{@Pr)y® which 4 " 8, 59% (72%) 208% de
e

reacted with acetaldehyde with high regioselectivitie8%%)
and good diastereoselectivities at fhposition and afforded

\4

the homoallylic alcoholaand2b, respectively. HPLC and A" \>_OL'
crystallization of the mixtures of diastereomers gave the ‘g\ /N,L‘
diastereomerically pure alcohdka and2b in 78 and 75% \T/ “Me

yield, respectively. Treatment of alcohds and 2b with

trichloroacetyl isocyanate and the subsequent hydrolysis of

the correspondindyl-trichloroacetyl carbamates with (N)Z-

(6) Reggelin, M.; Zur, CSynthesi®00Q 1, 1-64.

(7) Gais, H.-J.; Loo, R.; Roder, D.; Das, P.; RaabeE@. J. Org. Chem.
2003 1500-1526.

(8) Brandt, J.; Gais, H.-Jetrahedron: Asymmetry9Q97, 8, 909-912.

(9) Gais, H.-J.; Hainz, R.; Mler, H.; Bruns, P. R.; Giesen, N.; Raabe,

G.; Runsink, J.; Nienstedt, S.; Decker, J.; Schleusner, M.; Hachtel, J.; Loo,

R.; Woo, C.-W.Eur. J. Org. Chem200Q 3973-4009.
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6 was determined by X-ray crystal structure analysis. Double
deprotonation of the six-membered cyclic sulfoximine
5b and treatment of the corresponding N,C-dianion with the

(10) Carbamateb was obtained as @/E mixture (88:12). However,
both isomers afforded oxazinodé with high diastereoselectivity.
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C,-ditosylate5b afforded tricycle7 having a 1-azaspiro[4.5]-

ization with formation of the epimeric carbaniapi10.

decane skeleton with high selectivity in 57% isolated yield The epimer should be thermodynamically preferred over
(73% based on conversion). Finally, reaction of the N,C- 10 because of the relief of steric interaction between the
dianion derived from the six-membered cyclic sulfoximine sulfoximine group and the carbocycle. Finally, protonation

4b with 5a furnished tricycle8 having a 1l-azaspiro[5.5]-

of 10 preferentially occurs from the direction of pyramidal-

undecane skeleton with high diastereoselectivity in 59% ization and givegpi7. The selective synthesis epi7 from
isolated yield (72% based on conversion). The high diastereo-7 points to the possibility of the realization of highly stereo-

selectivities of the cycloalkylation of the N,C-dianions
derived from4a and 4b are noteworthy. The selective
formation of theS-configured tricycles can be rationalized
by assuming a chelate structure of typefor the C,N-

selective reactions of the-sulfonimidoyl carbanions derived
from the tricyclic sulfoximiness—8 with electrophiles.

The application of tricycless5—8 to the synthesis of
azaspirocyclic natural products requires a substitution of the

dianions? and a preferential attack of the ditosylate at the sulfoximine group. This was accomplished, for example, by

Siside of the @ atom followed by a cyclization.
Interestingly, the successive treatment of sulfoximihe
with n-BuLi and aqueous NKLC| afforded the epimeric
sulfoximineepi7 with high diastereoselectivity in good yield
(Scheme 3). Deprotonation @fshould afford carbanioho,

Scheme 3. Stereoselective Epimerization and ClI Substitution
of Sulfoximines
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which is most likely endowed with a pyramidalized.@tom,

a Co—S conformation as depicted, and a-N bond?!?
o-Sulfonimidoyl carbanions are configurationally labife,
and thus, carbaniofO is expected to undergo an isomer-

(11) For the cycloalkylation of C,N-dianions, see: (a) Costa, AjeNa
C.; Sansano, J. Mletrahedron: Asymmetrg001, 12, 2205-2211.

(12) Gais, H.-J.; Erdelmeier, |.; Lindner, H. J.; VollhardtAgdigew. Chem.
1986 98, 914-915; Angew. Chem., Int. Ed. Engl986 25, 938-939. (b)
Gais, H.-J.; Dingerdissen, U.; Kger, C.; Angermund, KJ. Am. Chem.
Soc. 1987, 109 3775-3776. (c) Gais, H.-J.; Lenz, D.; Raabe, G.
Tetrahedron Lett1995 36, 7437—7440.
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the treatment of sulfoximiné with CICO,CH(CI)Me, which
gave chloridel2 with high diastereoselectivity in good yield
and sulfinamidel 1. The configuration ofl2 was determined
by a combination of TOCSY and NOE experiments. Thus,
the substitution of sulfoximiné had occurred with retention
of configuration. We had previously shown that sulfinamide
11 is formed in such reactions with complete retention of
configuration at the S atom and can not only be isolated in
high yield but also recycled for the synthesis bf® The
mechanism of the substitution of sulfoximines with chloro-
formates is not known?!® Previously, both retention and
inversion of configuration had been observed in the substitu-
tion of secondary sulfoximines. The available evidence
including the formation ofll suggests an acylation of
sulfoximine 6 at the N atom with formation of the amino-
sulfoxonium saltl3. The formation of chloride2 from 13
with complete retention of configuration could be the result
of two yet unidentified {2 reactions or a & reaction with
the intermediate formation of the carbenium ibfh How-
ever, it is difficult to see why the carbenium idd should
be attacked by the Clion with high selectivity from that
side which seems to be the sterically more hindered one.
The alternative ring-closing metathesis route for the
construction of the heterocyclic ring required the synthesis
of suitable dienes from sulfoximineda and 4b via a
substitution of the sulfoximine group by a nucleophilic and
H atom at the N atom by an electrophilic reagent (Scheme
4). Therefore, sulfoximinda was treated with a mixture of
CICO,CH(CI)Me and Nal, which gave iodid&5 (Scheme
4) in good yield. The reaction of iodid&5 with 1-prope-
nylmagnesium bromideZ(E mixture) in the presence of Cul
furnished alkend 6 (Z/E = 2:1) in good yield. Attachment
of an unsaturated substituent at the N atom was accomplished
upon treatment of carbamai® with allyl bromide, which
afforded dienel7 (Z/E = 2:1) in good yield. The treatment
of dienel17 with 5 mol % of catalyst18# gave alkenel9
having a 6-azaspiro[4.5]decane skeleton in high yield.
Finally, the hydrolysis of oxazinonE with CsOH furnished
the azaspirocycl20in good yield. This route could perhaps
also open an access to azaspirocycles having a medium or
large sized heterocyclic ring.

(13) (a) Gais, H.-J.; Babu, G. S.;'6ter, M.; Das, PEur. J. Org. Chem.
2004 1464-1473. (b) Tiwari, S. K.; Gais, H.-J.; Lindenmaier, A.; Babu,
G. S.; Raabe, G.; Reddy, L. R.;'Kker, F.; Gunter, M.; Koep, S.; Iska, V.
B. R.J. Am. Chem. So006 128 7360-7373. (c) Loo, R. Ph.D. Thesis,
RWTH Aachen, 1999.

(14) Grubbs, R. HTetrahedron2004 60, 7117-7140.
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Scheme 4. Synthesis of Azaspirocycles by Ring-Closing Scheme 5. Synthesis of Azaspirocycles By-Acyl Iminium
Metathesis Reaction lon Formation
i P
o)l\ Q/NMe  CICOR, Nal, O/ﬁ\NH j)\ UICu(’\/Z ——>
/'\)’\/3\ CH,CN, 1t o~ 0" "NH

Me :J Ph —’_ » Me —_‘—/ Me)\:),’"s/l THF, MesS,

- -._/ —78°Ctont

4a R = CH(C)Me 15, 76%
Bng\/w\Me 22 72%

Cul, THF i QMe
-30°Ctort H,S0s, /{3
j\ j\ 22 MeOH, rt rt @X '
L e
Me/?\/!'—,_\/\-“"e -t ™~ Me 24, 69%, >98% de

z M z
/ 2 AR
17, 85% — 16, 82%
v MesN._ NMes The stereoselectivity of the formation of aceta4 is
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PCy, PN formation of24 is the result of a thermodynamic or kinetic
i 18 control. Acetal24 should allow a further functionalization
¢ N sNesoH w at the a-position to the N atom via the formation @f.16
Me ) - Me T In summary, we have developed a modular asymmetric
synthesis of azaspirocycles, the heterocyclic and carbocyclic
19, 95% 20, 72%

rings of which carry different functional groups, from cyclic
allyl sulfoximines. The use of ring-substituted cyclic allylic
sulfoximined” as starting material should permit an access

Having realized syntheses of azaspirocycles with func- to azaspirocycles, the carbocyclic ring of which has two
tional groups in the-, y-, andf-position to the N atom of  fynctional groups.

the heterocyclic ring, it was of interest to see whether an
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