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A serine-derived 1,5-dioxaspiro[3.2]hexane template is shown to be a useful precursor for both aminodiol and aminotriol sphingoid bases by
its conversion to p-erythro-dihydrosphingosine and p-xylo-phytoshingosine.

xylo-phytosphingosine

Interest in glycosphingolipids has increased in recent years,be a potent activator of the immune systeéfOne of the

in part due to the recognition that they modulate immune most challenging aspects of synthesizing glycosphingolipids

response$:® For example, th@-galactosyl ceramide, plako-
side A, isolated from the marine sponBé&kortis simplex,
was found to be a noncytotoxic immunosuppres$amdn
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the other hand, KRN7000, angalactosyl ceramide identi-
fied from SAR studies at Kirin Brewery, has been shown to
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is the construction of the sphingoid base, the aminodiol or
aminotriol, portion of the molecules. We have been interested
in exploiting the reactivity and level of functionality housed
in 1,5-dioxaspiro[3.2]hexanésa class of compounds whose
preparation we pioneerédWe felt that serine-derived
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dioxaspirohexané represented a versatile and novel template
for the construction of diverse sphingoid bases, as illustrated
in Figure 11°In this Letter, the utility ofl is demonstrated
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Figure 1. General strategy for sphingoid base synthesis flom

by its conversion tm-erythro-dihydrosphingosine anot
xylo-phytosphingosine.

Our route to dioxaspirohexarfeis shown in Scheme 1.
We have previously described the preparation of this
compound. Thus,3-lactone4 was secured from the protected
serine under Mitsunobu conditions, as described by Ved-
erast! Methylenation provided. Oxidation with dimethyl-
dioxirane (DMDQ) was quantitative and clean, diiéiwas
used without further purification.

We felt that ring-opening ot by an appropriate organo-

metallic reagent represented a particularly straightforward

(9) Ndakala, A. J.; Howell, A. RJ. Org. Chem1998,63, 6098—6099.
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entry to aminodiol sphingoid bases (see Figure 1, path a).
The ketone® produced by such reactions would need only
stereoselective reduction and deprotection to provide dihydro-
sphingosines. To illustrate this, we prepareeerythro-
dihydrosphingosine, as shown in Scheme 1. Our first goal
was to ascertain the appropriate organometallic reagent to
effect the conversion df to 7. Not surprisingly, reaction of

1 with either organolithium or Grignard reagents led to
complex mixtures, since the initial ketonic products appeared
to be at least as reactive asOrganocuprates are reported
to be more effective than organomagnesium or organolithium
reagents in opening oxiran&st* Reaction ofl with the
mixed higher order thienylcuprafé'® gavellin 24% yield.
When the mixed higher order alkyl cuprat was used?
11was isolated in 43% yield. Gratifyingly, when mixed alkyl

BocHN
i Me(n-Bi NLi
g~ ~Cu(n-Bu)CNLip \/ﬁo{ e(n-Bu)CuCNLIi;
10 1 12

cuprate6 was employed, ketonéwas isolated in 65% yield
(Scheme 1). Stereoselective reductior? @fith lithium tris-
(tert-butoxy)aluminum hydrid€ provided solely therythro-
diastereomeB in excellent yield, and treatment with TFA
gavep-erythro-dihydrosphingosine. This was converted to
the corresponding known triacet&¢o confirm its identity.

We envisaged that both sphingosines and phytosphingo-
sines could be procured from a protected aldehyde, such as

(12) Compound. was isolated as a mixture of diastereomers (95/5). The
identity of the major diastereomer is not known. Evidence (see ref 9)
suggests that diastereoselectivity is largely sterically controlled. It is
noteworthy that the diastereomeric ratio is inconsequential for the subsequent
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3 (see Figure 1, path b). Such a species could undergo eithe ||| | |l | N DD

olefination to yield sphingosines or provide phytosphingo-
sines by reaction with an appropriate nucleophile. Obviously,

in either case, diastereoselective control of reactiorisf

crucial for the versatility of the template. Because of our

interest in KRN7000, we decided to examine the utilitylof
as a precursor for phytosphingosines.

We had previously found that a variety of heteroatom
nucleophiles opened 1,5-dioxaspirohexanes at the unhindered

epoxide carbon to give-functionalizeds’-hydroxyketones.
Acetic acid was employed to cleadeto ketol 13 (Scheme
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in 71% vyield. Due to conformational complications caused
0 OH OH n . ; . . . ) :
>l:'\?)\/ + \/(\J:’\?/\/ by restricted inversion at the nitrogen, the diastereomeric ratio

"o

14 Boc 15a Boc 15 Boc could not be determined b¥H NMR. However, global
NaBH, 9 ] deprotection of the mixture with TFAAD, followed by
Ds|83 :;’L 1 tetraacetylation, allowed us to ascertain the diastereomeric
2

34% ratio (7:2) by'H NMR. An attempt to improve the diastereo-
selectivity by running the reaction at a lower temperature
(=78 °C) was hampered by the reduced solubility of the
Grignard reagent at temperatures beloR0 °C. Neverthe-
less, when the Grignard reagent was added slowly to a
sodium borohydride was used to reddden very good yield solution of the aldehyde in THF at78 °C and the resulting
(88%). The conversion of 2-methyleneoxetdn® diol 15 mixture was left to warm slowly to rt, the diastereoselectivity
could be conducted without purification of the intermediates improved to 15:2. However, the yield was lower (61%).
in an overall yield of 64%. Deprotection o20with TFA/H0, followed by treatment
The reduction ofl4 with sodium borohydride was ste-  with KOH and recrystallization, providexlylo-phytosphin-
reoselective (diastereomeric ratio 9:1), and the diastereomersyosine in 79% yield. Tetraacetylation ga2&. The stereo-
could be separated by careful chromatography. The C-2chemical outcome of the nucleophilic addition to aldehyde
epimer could be procured stereoselectively (2:1) with 19 was determined by comparison of the specific rotation
DIBAL. To unambiguously assign the absolute stereochem- and other physical data of tetraacetatewith the literature
istry, compoundsl5a and 15b were converted to known  values of the four diastereomeric tetraacetates Sf 2
protected aldehyde$7a and 17b.!® The sequence for the  phytosphingosin@ This assignment also confirmed our
transformation ofl5ato 17ais shown in Scheme 3. The previous assignment of syn stereochemistry to dial5a.

optical rotation and the correlation of NMR spectroscopic

under the reductive conditions employed in convertidg
to 15. Acetonide protection oi3 provided 14. Initially,

data established thdtsa had the absolute stereochemistry
shown at C-2. This was confirmed by the synthesis and

characterization ol7b. Scheme 4

Diastereomefl5awas used to examine conditions for the OTES OTES
preparation of a sphingoid base (see Scheme 4). Conversion  1sa _TESOTf _ O%OTESM OWO
to aldehydel9was based on literature precedent for selective pur 42 Vs 8%
oxidation of primary silyl (TMS or TES) protected alcohols T 18 B 19 Boc
in the presence of secondary silyl alconBI3hus, bis-TES Boc
protection providedL8, which was oxidized under Swern CIMGCHA(CHa)12CHs: %N oH TFA.THF. H,0;
conditions to aldehydel9. A nucleophilic addition of TRAF, THE O A G, o e "
tetradecylmagnesium chloride 1® at —10 °C provided a 20a OH
mixture of diastereomeric diols (major ison&fa vide infra NH, OH AcHN  OAc

_ - — Ho\/'=\_/=\ CH AcO\/;\_/:\C H

(18) Dondoni, A.; Fantin, G.; Fogagnolo, M.; Pedrini,?Org. Chem. H 147729 = 147128

1990,55, 1439—1446. OH 21 OAc

(19) Rodriguez, A.; Nomen, M.; Spur, B. W.; Godfroid, JTétrahedron xylo-phytosphingosine

Lett. 1999,40, 5161—-5164.
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The stereochemical outcome of the nucleophilic addition and further studies are underway to exploit this building
to aldehydel9 can be ascribed to a significant level of chelate block and expand its utility.
controlled addition of the Grignard reagéhfThese results
suggest that the C2 epimer of aldehyii@ (19b) should Acknowledgment. Helpful discussions with Nina Berova,
provide predominantly thdyxo-diastereome20b. Thus, Robert V. Hoffman, Bruce Lipshutz, and Robin Polt are
alternative strategies will be required to acceis®- and gratefully acknowledged. A.R.H. thanks the NSF for a
arabino-phytosphingosine, and approaches to these com-CAREER Award.

pounds vial are under investigation. ) ) ) )
Supporting Information Available: Experimental pro-

cedures and characterization data, as well as copies of high-

QTESO on Cueblos resolutiontH and C**®\NMR spectra for those new compounds
\;\):3/\& O/\N'/\E/ for which elemental analyses are not reported. This material
N\Boc )T Boc o is available free of charge via the Internet at http://pubs.acs.org.
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In summary, we have shown that serine-derived dioxa- (21|) Eliel and Flry? and co-workers have s}r:own (see: Chen, X,

; ; ; ; ; Hortelano, E. R.; Eliel, E. L.; Frye, S. \d. Am. Chem. S0d 992,114,
splrohexand. can be re?‘dlly Conver,ted to dlhydrosphm.go_sme 1778-1784) that the addition of Grignard reagentsdtesiloxy ketones
andxylo-phytosphingosine. We believe that these preliminary proceeds via chelated transition states to varying degrees. However, there

results demonstrate thatrepresents a template of consider- s evidence that TES ethers can participate in chelatation to a significant
extent. Due to competing steric effects of the bulky BOC-protected

able potential for the preparation of biologically important  oxazolidine and the TES ether, it would be anticipated that an open transition

dihydrosphingosines, phytosphingosines, and sphingosines,state would afford low levels of diastereoselectivity. The lower diastereo-

selectivity at—10 °C in comparison to that at78 °C can be attributed to

the reaction proceeding through a mixture of chelated and open transition
(20) Shirota, O.; Nakanishi, K.; Berova, N.etrahedron1999, 55, states with reaction through the chelated intermediate predominating to a

13643—-13658. greater extent at the lower temperature.
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