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Enantioselective Synthesis of Altohyrtin C
(Spongistatin 2): Synthesis of the EF-Bis(pyran)
Subunit**

David A. Evans,* B. Wesley Trotter, Bernard C6té, and
Paul J. Coleman

Dedicated to Professor Dieter Seebach and Professor
Yoshito Kishi on the occasion of their 60th birthdays

Concurrent with the syntheses of the AB- and CD-
spiroketal subunits of the altohyrtin skeleton,!!! the synthesis
of the altohyrtin C,—Cs, EF-bis(pyran) fragment was ad-
dressed. The principal subunits for this portion of the
altohyrtin skeleton are illustrated in Figure 1. The retrosyn-
thetic proposal focuses on the incorporation of the C,,—C;,
side chains (X = H, Cl, Br) as allylmetal nucleophiles into the
illustrated F-ring epoxide at a late stage in the synthesis. In
turn, this bis(pyran) is assembled through acylation of the
illustrated E-ring sulfonyl anion with an F-ring® carboxylic

Figure 1. Retrosynthesis of the EF-bis(pyran) subunit.
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acid derivative. This strategy accommodates the use of either
antipode of the E- or F-ring subunits in the event of a
stereochemical discrepancy in this portion of the structure.l’l

In conjunction with this plan, a practical solution for 8-C-
glycosidation through the allylstannane-mediated cleavage of
glycal epoxides has been developed (Scheme 1).4] Dihydro-
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Scheme 1. B-C-glycosylation mediated by tributylstannyl triflate. a) Dimethyl-
dioxirane, acetone, CH,Cl,, 0°C; b} 5 equiv of tributylmethallylstannane, 2 equiv
of Bu;SnOTf, CH,Cl,, —78°C. (See ref. [4] for abbreviations.)

pyran 1 was found to undergo highly stereoselective epox-
idation by dimethyldioxirane in full accord with extensive
precedent.¥ The resulting glycal epoxide 2, when treated with
tributylmethallylstannane and tributylstannyl triflate, was
transformed to the F-ring analogue 3 with high diastereose-
lectivity. Tributylstannyl triflate was unique among the
surveyed Lewis acid activators in providing exclusively the
isomer; other Lewis acids afforded significant amounts of
diastereomeric addition products, presumably through the
intervention of an oxocarbenium ion intermediate.
Application of this methodology to a more highly function-
alized system was next investigated. Synthesis of the Cy— Cyy
E-ring fragment was initiated from the enantiomerically pure
boron aldol adduct 4! (Scheme 2). Sequential alcohol
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Scheme 2. Synthesis of E-ring phenylsulfone 10. a) TESOT{, 2.6-lutidine;
b) DIBALH, —78°C; c¢) 6, BF;-Et,0, CH,Cl,, —78°C; d) Lindlar catalyst,
Et;SiH, 1-hexene, acetone; e) CSA, MeOH; f) TBSCl, imidazole, DMF;
g) 9-BBN, then H,0,; h) TMSSPh, Znl,; i) NaH, BnBr, Bu,NI; j) m-CPBA,
NaHCO;. (See ref. [4] for abbreviations.)

protection and amide reduction provided aldehyde 5, which
was subjected to a Felkin-selective Lewis acid catalyzed
(BF; - Et,0) aldol addition with thioketene acetal 6 to afford
thioester 7 {87%; dr=94:6). Fukuyama reduction to the
derived aldehyde!” and acid-catalyzed deprotection - acetali-
zation followed by silyl protection of the remaining secondary
alcohol afforded the E-ring methyl ketal 8 (81 %, three steps).
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Hydroboration of 8§ with 9-BBN then afforded alcohol 9
(85%). Preparation of the E-ring phenylsulfone 10 was
completed by anomeric sulfide formation (TMSSPh, ZnlL,),®!
Cy alcohol benzylation (NaH, BnBr, Bu,NI, 90% from 9),
and suifide oxidation {(m-CPBA, NaHCO,, 97 %).

Synthesis of the F-ring dihydropyran began from our
previously reported aldol adduct 11 (99% ee, R configura-
tion; Scheme 3). Friter—Seebach alkylation (71% yield;

o
OBn S~ 0B
tBus " 7% tBus - " eo%
11 99% ee Me 12
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O HO  OTES tBus 14 O OTES
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Scheme 3. Synthesis of the activated F-ring amide 18. a) LDA, HMPA, Mel,
THF, —55°C; b) TESCI, imidazole; ¢} DIBALH, —78°C; d) 14, BF;-Et,0O,
toluene, —93°C; ¢) PPTS, MeOH; f) AgO,CCF;, benzene; g)TESC), imidazole;
h) DIBALH, -78°C; i}y POCl,, pyridine, 80°C; j) LDBB, THF, —-78°C;
k) SO; - pyridine, DMSO, Et;N; 1) NaClO,, 2-methyl-2-butene, ethyl-1-propenyl
ether, +-BuOH, pHSS; m) 1. 1-chloro-N,N-trimethylpropenylamine;
2. benzotriazole, pyridine, DMAP. (See ref. (4] for abbreviations.)

dr="5-8:1)"% was followed by successive alcohol protection
(TESC], imidazole, 80% ) and thioester reduction (DIBALH,
86 %) to give aldehyde 13. A Felkin-selective, 1,3-anti aldol
reaction!'!! with thioketene acetal 14 (BF,-Et,0, toluene,
—93°C) provided thioester 15 (88 %; dr=94:6). Silyl depro-
tection and Ag(1)-mediated lactonization (88%, two steps)
followed by TES protection and DIBALH reduction (93 %,
two steps) afforded lactol 16. POCl;-mediated dehydration
(81 %), removal of the Cy benzyl group (LDBB, 99%), and
Parikh—~Doering oxidation (90%)!2 provided the F-ring
dihydropyran aldehyde 17 Buffered Kraus oxidation'® of
this intermediate provided a carboxylic acid that could be
transformed to the activated benzotriazolyl amide 18 through
the corresponding acid chloride."¥ In our subsequent sulfonyl
carbanion acylation studies (vide infra), it was found that 18 is
superior to the analogous acid chloride, which readily under-
goes competitive carbanion-initiated proton transfer.
Synthesis of the requisite allylstannane side chain began
with the known (2S,3E)-hexa-3,5-diene-1,2-diol (19)!**]
(Scheme 4). A three-step sequence provided monosilylated
ether 20 in 90% overall yield without intervening purifica-
tions. Conversion of 20 into the corresponding alkyl triflate
followed by treatment with the lithium enolate of methyl 3-
dimethylaminopropionate! provided 21 (80 % ). Quaterniza-
tion and elimination of the dimethylamino group (Mel,
Na,CO,, 94%) was followed by ester reduction (DIBALH,
95%) to give the corresponding allylic alcohol. In situ
mesylation and displacement with tributylstannyllithiom{7]
gave TES-protected allylstannane 23 in 85% yield. Basic
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Scheme 4. Synthesis of altohyrtin C side chain 24. a) AcCl, 2,6-lutidine, CH,Cl,,
—78°C; b) TESCI, imidazole, CH,Cl,; ¢) DIBALH, toluene, —-78°C; d) Tf,0,
pyridine, CH,Cl,. ~10°C; e) methyl S-dimethylaminopropionate, LDA, THE,
—78°C; f) Mel, Na,CO,, MeOH; g) DIBALH, CH,Cl,, —78°C; h) BuLi, MsCl,
THF, —78C, then Bu,SnLi; i) NaOH, EtOH; j) N,O-bis(trimethylsilyl)
acetamide. (See ref. [4] for abbreviations.)

deprotection and resilylation then provided TMS-protected
allylstannane 24 in 93 % yield.

At this stage, acylation of the E-ring phenylsulfone!¥ with
the activated F-ring amide was addressed (Scheme 5). While
the use of F-ring derivatives including the Cs, aldehyde 17,
activated esters, and acid chlorides engendered problems
ranging from sulfone elimination to unwanted proton trans-
fer, lithiation of 1.1 equivalents of sulfone 10 followed by
addition of 1 equivalent of amide 18 provided the EF
bis(pyran) 25 in 60 % yield (four steps from 17). Methanolysis
of 25 provided ketone 26 isolated in 48% yield.'”! Of the
hydride reducing agents surveyed, KBHEt; proved most
effective in securing the desired configuration at Cs; (90%;
dr>99:1). At this juncture, a single-crystal X-ray analysis of
alcohol 27 unequivocally confirmed the structure of this
advanced intermediate.")

After silylation of 27, epoxidation of 28 with dimethyldiox-
irane again proceeded stereoselectively (100 %; dr>95:5) to
afford 29. Treatment of this epoxide with allylstannane 24 and
tributylstanny! triflate provided the desired adduct 30 in 80 %
yield as a single diastereomer. The excess allylstannane from
this experiment was recovered quantitatively after chroma-
tography. The size of the C,; alcohol protecting group appears
to play a significant role in this reaction; use of allylstannanes

oT8sS
A Me
PhO,S737 O H (CHa},0Bn

30 B.a>855

containing larger silyl protecting groups (e.g. 23) resulted in
lower yields of isolated 30 due to competitive decomposition
of starting epoxide.

At this juncture, acidic catalysts were evaluated for the
deprotection of the EF bis(pyran) 30. Prior experience had
revealed that ring-E A% dihydropyran formation was to be
avoided, since rehydration of this intermediate was problem-
atic. Treatment of 30 with aqueous HF resulted in removal of
all four silyl protecting groups as well as hydrolysis of the Cs;
methyl ether to the corresponding lactol [Eq.(1)]. This
experiment allayed concerns that the unwanted elimination

(1

to the dihydropyran would complicate the projected final
deprotection sequence leading to the target structure. In
addition, '"H NMR chemical shifts and coupling constants of
31 correlated very well with those reported for altohyrtin C
{Tabie 1).2Y1 The union of the EF bis(pyran) 28 with the

Table 1. Chemical shifts (), multiplicities, and coupling constants [Hz] in
[D¢]DMSO.

Proton Altohyrtin C[21] 31

CuH 328 (d, 8) 316 (d, 82)

CyH 3.60 (d-like, 10) 345 (d, 10.6)

C.H 4.68 (t-like, 10) 291 (dt, 9.3.5.5)
CoH 3.04 {ddd, 10, 10, 6) 282 (dt, 87.5.1)
CiH 3.36 (t-like, 10) 3.21 (t-like, 9.7)
CegH 572 (dd, 15, 6) 5.69 (dd, 15.2. 5.9)
CoH 6.16 (dd, 15, 10) 6.14 (dd, 15.0, 10.7)
CyH 630 (ddd, 17, 10, 10) 6.29 (ddd, 17. 10. 10)
CyH, 501 (d, 10} 5.00 (d, 10.8)
CsH, 5.14 (4, 17) 5.14 (dd, 17.0. 1.5)

(CH2)40Bn b
48%
25 a-26
e d
-— 28

>99% R =TES 97% RO,, 38

27R=H dr>99:1

Scheme S. Synthesis of the EF bicycle 30. a) LDA, THE, —78°C, then 18; b) 1. Znl,, MeOH; 2. MgBr,- Et,0, MeOH; ¢) KBHEL;, THF, - 78 to —40°C; d) TESC],
imidazole, DMF ) dimethyldioxirane, acetone, CH,Cl,, 0°C; f) 16 equiv of 24, 2 equiv of Bu,SnOT{, CH,Cl,, —78°C. (See ref. [4] for abbreviations.)
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ABCD bis(spiroketal) and the completion of the altohyrtin C
synthesis is described in the following communication.??]
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With convergent syntheses of the AB,] CD,!l and EF2
spongipyran fragments in hand, the assembly of these
subunits to the altohyrtin C skeleton was addressed (Fig-
ure 1). While the Cy—C;; side chain had been successfully
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Figure 1. Assembly of the altohyrtin subunits. (See ref. [4] for abbreviations.)
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