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Abstract: A new method for the synthesis of B-C-allyl glycosides has been developed for use in the synthesis of the
spongipyran macrolides. Functionalized dlhydropyrans are transformed to cis tetrahydropyrans via a two step pro-
cess: 1) epoxidation using dimethyldioxirane and ii) Lewis acid mediated epoxide opening with allyistannancs as

nucleophiles. This protocol, which can be successfully applied to compiex systems, augments the limited body of

methodology availahle for the preparation of Pu configured C-glycosides. @ 1998 Elsevier Science Ltd. All rights reserved.
The synthesis of C-glycosides has received considerable attention as a consequence of the importance of
this structural motif in natural product synthesis and in the preparation of p“ armaceuticaily useful carbohydraie
analogs.! Among the methods for the preparation of C-glycosides, the addition of carbon nucleophiles to
suitably activated anomeric electrophiles has been the most widely investigated. While o.-stereoselective

additions to anomeric electrophiles are well documented, the synthesis of B-C-glycosides in this manner
remains a significant challenge.2 In conjunction with our ongoing efforts directed toward the spongipyran
macrolide altohyrtin C,3 we have developed an effective method for the B-selective addition of allylstannanes to
glycal epoxides. Our work finds precedent in chemistry developed by Danishefsky for the use of dihydropyrans
as glycosyl donors.* We sought to develop an analogous epoxide opening process applicable to allylic carbon
nucleophiles with possible applications to the construction of the altohyrtin C43-Cs4 bond construction (eq. 1).

Altohyrtin "F ring" dihydropyran H

Initial allylation experimentsS were performed on glucal epoxide 1* (eq. 2; Table 1). While allylmagne-
sium bromide provided the desired B-C-glycoside (2) in 75% yield,5-7 the corresponding allyllithium and allyl
cuprate reagents were less effective. Diminished yields in these cases were attributed to metal-mediated epox-
ide rearrangements and oligosaccharide formation.

Table 1. Allylmetal Additions to Epoxide 1 (eq 2)

nucleophile conditions  yield 2a®
8no H M Bn H, A THF,-78°C  25%
8n0O H BnO = @
Bn \ THF, -78°C BnO | //A \ CuCNLi THF, -78 °C 43%
1 9 2a " e

Pl THF,-78°C  75%

“Isolated yields of B addition product are reported.
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Given the difficulty of preparing allylic Grignard reagents in good yields,® we did not consider Grignard
addition compatible with our desire to use this reaction in complex fragment coupling applications. Syntheti-
cally accessible and isolable allylsilanes or allylstannanes were instead identified as ideal candidates for devel-
opment. Since these nucleophiles did not undergo spontaneous addition to epoxide 1,9 the use of Lewis acids as

promoters for the reaction was investigated. The potential impact of Lewis acid promotion on anomeric selec-
tivity is illustrated in Scheme 1. In the desired case (path A), a weakly activating Lewis acid labilizes the
anomeric C-O bond and promotes displacement with inversion. Stronger Lewis acids, however, are expected to
promote oxonium formation (path B), which will be followed by a addition.10
Crhama 1 RO— 0—
STHREMT 1 ;g‘l-l /SJH
RO-NQ /TN B RO\
inl L \//'/
A .7 +9 HO 4
RO " . A p-C-Glycoside
M .0 Lewis
N . Acd RO—. . RO—\ 1
TN S~ a 0/&0’ B RO~ ﬁ]!‘ol H  o-C-Glycoside
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Our results support this interpretation (eq. 3; Table 2). Methallyl- and allyl-tributylstannane were found to
be viable nucleophiles in the presence of several Lewis acids. While stronger acids (TiCly, SnCly) afforded
higher proportions of o products and low yields, use of silyl triflates provided the desired C-glycoside in mod-

erate yields and reasonable f selectivities; the less reactive TESOTT gave a higher B ratio than TMSOTf. Use of
the slightly weaker Lewis acid tributylstannyl triflate further improved the reaction, delivering essentially com-

plete P stereoselectivity.
Table 2. Lewis acid-Mediated Allylstannane additions (eq 3)
nucleophile  Lewis Acid B yield®
AN Me TMSOTE - 0%
TMSOTf 3.5:1° 51%"
BnO— .. L - Bno— ., . P
_ Nucleophiie TESOTf 6.7:1° 56%"
Bro A w BnO 2 (@) o B come ot cao
Bno_v'v' CHQCIz, '78°C BhO—" \ | I ) Nnﬂus buydau il 2955 03%
1 e} OH H R TiCl4 - 0%
R=H, 2a L SnCl, 1415 3%
R = Me, 2b
A ASnhBu, Ru. CnOTF  ~0g.cb IS A
AN Bu,;SnOTf >95:5 57%

“Isolated yields. PRatio determined by 'H NMR. ‘Ratio determined
by HPLC. “Isolated yield after acidic deprotection of O-silyl adduct.
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Conditions: (a) dimethyldioxirane, acetone, CH,Cl,, 0 °C; (b) methallyltributylstannane, BusSnOTf, CH,Cl;, -78 °C.
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The complex allylstannanes 6 corresponding to the altohyrtin C sidechain were also found to be compatible
with the reaction conditions (eq. 4; Table 3). A dependence on the allylstannane's hydroxyl protecting group
was noted in these cases. All variations provided high P:a selectivities, but the isolated yields differed
51gn1ﬁcant1y More sterlcally demandmg alcohol protectmg groups generally afforded lower ylelds (enmes A-

of the epoxide. Since the unreacted allylstannanes could be quantltauvely recovered after flash chro-
matography, the use of multiple equivalents of stannane was regularly employed; the optimal protocol entailed
treatment of 5 with tributylstannyl triflate and 16 equivalents of TMS protected allylstannane 6¢.13

Table 3. Allylstannane structure vs. Reaction Efficiency (eq 4)

\/\)\)j\ ) enry R B  yield®
= l TES (7a)  >95:5 35%

/98 ga.d (3 equiv) Sobu, I

~—

w o
—

A Vo y B0 (4) MOP (7Th)  >95:5 48%
\Qﬁmes BugSnOT! o“L ~ I\é;\o C TMS (7¢)  >95:5 65%
~ CH>Cla, -78°C \[r | 2 "Loms D Ac(7d)  >95:5 25%

E T™™S®(7¢)  >95:5 75%

(4]

7a-d

Tsolated yields are reported. 16 equivalents
ol altylstannane were used.

The mild nature of this transformation is further emphasized by the complex fragment couplings shown in
Scheme 3. Altohyrtin intermediate 93 was an excellent substrate for the glycosidation protocol despite a docu-
mented propensity toward elimination of the E-ring lactol methyl ether. The fully functionalized altohyrtin pre-
cursor 103 likewise underwent epoxidation and sidechain addition without competing oxidation of the Cz8-Coo

PR SR p, mcxziea A cAamcititio PESNISSpY NI SR, | s Ty

olefin or cplmeriLduOn of the Lewis acid-sensitive Ca3 bplfUKCLdl center. These results indicate that the pro tocol
reportcd here should be applicable in a variety of multifunctional settings.
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The a551gnment of B stereochemistry for all adducts was based on difference NOE data and analysis of 1H NMR coupling
constanis.
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We speculate that sieric congestion around the teacting center lowers the nucieophilicity of the aliylstannane. The consequent
failure of the allylstannane addition to compete with nonproductive epoxide decomposition is presumed to be responsible for the
lower yields observed for larger allylstannane protecting groups. Results in a similar system (epoxide 1) indicated that TBS
(21% yield) and TBDPS (0% yield) protecting groups followed this trend.

Renresentative experimental procedure: A solution of 4.2 me (0.012 mmol) dihydropyran 4 in 2 mL CH5Cls was
Represenialive expinmental proceGure: A soiulion Of 4.2 Mg (LU.v12 mmaol) Gl x YOIopyran S it £ my Linpliag

A solution of dimethyldioxirane in acetone (reference 11) was added portionwise via cannula until TLC analysis indicated
complete consumption of the dihydropyran. The reaction was then concentrated under a steady stream of nitrogen. To the

ad ida wae addad ollu]olnnnonA Ko (AT A mo N 10K mmanl 169 nnn-u\ in NENN mT M.  Tha racnlting
concentrated €POX1ae was aGGed aayisiannang oC (7/.0 Mg, v.170 mimo:, 16.2 €quiv) in U.OUU mu Ciplip. ine TESUNINE

solution was cooled to -78 °C, and a room temperature solution of Bu3SnOTf (10.6 mg, 0.024 mmol, 2 equiv) in 0.400 mL
CHzClg was added rapidly via cannula (0.200 mL CH2C12 rinse). The reaction was stirred for 20 min at -78 °C, then quenched
e tthn additinn A€EN VKN 2T teiathulamina  Tha ranstine wrac Ailvitad with catnentad nananine WalIrmM, and Te- 0 and wxrarmaa A+
U] uic auulllull UL U, L0\ kA ul\dlll.y Iaitninv. 2w LUAVLIVZEE wWwad ullul\/u Wll.ll Dﬂlulﬂl\.{u aquu\)uw ivaix A\_,Uﬁ almii 14\1\1 A vwalliicu LU
room temperature. The organic layer was separated and washed with saturated aqueous sodium chloride, then dried over sodium
sulfate, filtered, and concentrated. Flash chromatography (silica gel, 1.5 x 10 cm, linear gradient, 5-10% ethyl acetate/hexanes)
provided adduct 7¢ (5.2 mg, 75%) and recovered allylstannane 6c¢ (89.7 mg, 0.179 mmol, 15 equiv). Data for 7¢: {a] P +9.9 (¢
0.27, CH2Cl2); IR (neat) 3490, 2954, 2876, 1604, 1453, 1414, 1367, 1250, 1074, 1005, 951, 900, 842, 741, 698 cm-!; TH NMR

(500 MHz, CDCl3) 8§ 7.33-7.27 (m, SH, ArH); 6.29 (ddd, J = 16.9, 10.3, 10.3 Hz, 1H, =CH-CH=CH?); 6.15 (dd, J = 15.2, 10.6

T 1LY _ OV AT OITN. £ 26N 11 7T 1€ £9 10, 11T OO O NITA. € 1874 T 1£ 0 1LY e PII_MIT-N. &€ NA 71 T
4, 10, = ri-en= \.’ﬂi} J.UF(Ud, J = 1.4, ULﬂL 1Y, AT - n=aii/ ), J. IJ\UJ—IUOHL UllCUl\,ﬂ \,ﬂz},JW\U J=

10.0 Hz, one of CH=CH); 4.97 (s, 1H, one of -C(=CH?2)-R); 4.87 (s, 1H, one of -C(=CH?)-R); 4.59 (d, J = 12.2 Hz, 1H, one of
CH3Ph); 4.52 (d, J = 12.2 Hz, 1H, one of CH»Ph); 4.32 (dd, J = 12.6, 6.3 Hz, 1H, CHOTMS), 3.64 (dd, J = 11.0, 1.9 Hz, one of
CH20Bn); 3.52 (dd, /= 11.0, 4.9 Hz, onc of CH20Bn); 3.31 (dt, J/ = 8.4, 3.1 Hz, 1H, -CHCHC(=CH2)CHCHOTMS-); 3.24-
3.16 (m, 3H, CHOH, CHOTES, CHCH20Bn); 2.58 (dd, J = 14.7, 2.8 Hz, 1H, one of CH2C(=CH»)CHyCHOTMS-); 2.36-2.29
(m, 2H, C(= CH2)C112CHOTMS ); 2.26 (dd J =147, 8.1 Hz, 1H, one of CH2C(—CH2) CHQCHOTMS ); 2.03 (d, J = 2.4 Hz,
1H, CHOH); 1.74-1.66 (m, 1H, CHCH3); 0.98 {1,/ = 7.5 Hz, SH, Si(CH2CH3)3); 0.51 (d, /= 6.6 Hz, 3H, CHCH3); 0.67 (q. /=
7.9 Hz, 6H, Si(CH2CH3)3); 0.10 (s, 9H, Si(CH 3)3); 13¢ NMR (125 MHz, CDCl3) 8 143.5, 138.5, 136.9, 136.6, 129.9, 128.3,

127.6, 127.5, 116.7, 114.6, 80.8, 80.5, 78.5, 76.1, 73.4, 71.7, 71.0, 45.2, 39.5, 39.2, 13.3, 7.0, 5.5, 0.3, Exact mass calcd. for
C32H5405Si9Na: 597.3408; found: 597.3433 (FAB, m-nitrohenzyl alcohol, Nal added).



