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Abstraci: Bicyclic Ketals 3 and 4 were synihesised as models to confirm the proposed

stereochemistry of the bicyclic ketal system (rings E.F) of the shellfish toxin pinnatoxin D. The

key step is a stereoselective cyclisation of dihydroxyketones to provide the bicyclic structure.

© 1998 Elsevier Science Ltd. All rights reserved.

The pinnatoxins are a group of potent marine toxins implicated as the causative agents in human food

poisoning resuiting from ingesticn of shellfish from the Pinna genus.' The four pinnatoxins, A-D, described
to date, incorporate an iminium function in a spirocyclic system along with trioxadispiro- and bicycloketal
sub-structures within an overall polyether macrolide assembly. Uemura and coworkers have reported the
relative stereochemistry of pinnatoxins A’ and D’ based on extensive NMR measurements, and very
recently a stereocontrolled construction of the B,C,D trioxadispiro fragment of pinnatoxins A-C was
described.! Pinnatoxin D, 1 unlike A-C, bears substituents on the D ring (cis C22 hydroxyl and C21 methyl
group), and possesses a more elaborate sidechain at C33, but lacks a C28 hydroxyl in the E ring. The
pinnatoxins have certain structural resemblances to the spirolides B and D, isolated from the digestive
glands of mussels and scallops.’

R,=H,is represented naturall_y only by pinnatoxin D, 1. Full determinations of 'H and HC NMR chemical
shifts and vicinal proton-proton coupling constants are now reported for 3 and 4, and for the relevant PC-
model derived structures.” Comparisons of these data with those reported, confirm the nature and
stereochemistry of the sub-structure 2 of pinnatoxin D 1.

Model structures 3 and 4 were derived (Scheme 1) from protected enone 6 which was acquired from
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bicyclo[3.2.1]octane 3, as well as methyl ketal 12, reflecting the moderate 2:1 induction level in the
dihydroxylation step.’

Alternatively, the SAMP derivative ((S)-1-amino-2-methoxymethyipyrrolidine) of 7, was
deprotonated and added to ethyl crotonate at -105°, followed by ozonolytic removal of the hydrazone."

Various measurements indicated a verv hich level (> 99.5%) of induction in the coniugate addition step, so
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that 8 was essentially still a 2:1 dlastereomenc mixture epimeric at the secondary alcohol centre.

Debenzylation by hydrogenolysis (in MeOH) provided a mixture of desired dioxabicyclo[3.2.1]octane 4''
and the monocyclic methyl ketal 9. Reduction of the 4/9 mixture followed by acidic workup, led to a
mixture of spiroacetals 10 and 11 which were obtained in a 3.3:1 ratio after separation by flash
chromatography.” Some preferential loss of the more polar 9 occurred during workup following
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debenzylation, and this resuited in a relative increase in the proportion of 10. Detailed NMR studies
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(a) Losses were experienced due to the volatility of these compounds. (b} Not optimised. Side-reactions of the benzy! ethers apparently intervened under these conditions.
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between the three systems, when positions uninfluenced by side chain differences are compared.

These considerations are less likely to influence significantly the 'H-'H coupling constants, and in
Table 2 are located the observed and calculated (PC model) vicinal (*J) coupling constants for 3 and 4, as
well as those reported for 2.> The agreement between observed and calculated coupling constants for 3 and
4 is exceptionally good, but because pinnatoxin D bears an alkyl group at C30, we also modelled the
arrangement with a methyl group at this position (Model 1, Table 2) This causes a geometrical change,

with a corresponamgly smaiier J;;, 5 (now 4.1 from 6.5 Hz), in d agreement with the value (4.5 Hz)
wnsmrstnd Fae P 3 MNiharion thars to mvnallant oomnnrmamd hatiomon tha mntiieral ouvatomrr P omed thoo JRgE DI DU SRR |
I Il 101 A ULIICI WISE tCIC 1S CXCCIICTIL 4EreCmeiit DCIWECTI UNE Tdiural SySiCil 4 and i€ modacis 5 dana
4 ln\vrcrﬁnq the cfnrnnr‘k mich/ at (7 en that the maethvl arcim ic avial (Madel 2 Tahle )Y nrafoindly
i il SWICOONENISLY al gy, SU uldl ulC Mluly: group 15 dXide ((viUGl: o, r1aoiv £, proivuiiig

U y
perturbs the calculated coupling constants, and agreement with the values for 2, 3 and 4 is now of a much
lower order.

Consequently, it is clear that the assignments and relative stereochemistry deduced for the E,F ring
portion of pinnatoxin D are correct and very adequately modelled by the smaller structures described
herein. In addition, the synthetic approaches to 3 and 4 may be optimized and adjusted to provide an

intermediate for linking to rings D and G in an overall synthesis of pinnatoxin D.
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Table 1
Comparisons? of Chemical Shifts for2. 3 and 4
2 3 4
CD,0D C6Ds CD,OD CcDCI3 | CD,OD
H26,, 1.44 H3,, 1.11 121 He6,, 719 1.18
H26,, 1.94 H3,, 1.62 1.74 H6,, 1.70 1.70
H27 2.25 H4 1.80 2.00 H7 2.02 2.03
H28,, 1.64 HS,, 119 1.35 HS,, 139 1.36
H28,, 2.08 HS,, 1.09 1.64 H8,, 1.54 1.64
H29 4.80 Hé6 4.11 4,51 H9 4.48 4.51
H30 3.98 H7 3.63 3.75 H10' 375 3.72
Me39 1.01 MeS8 0.71 0.90 Mell 0.88 0.90
C25 110.6 C2 106.95 108.26 C5 108.38 109.62
C26 45.0 C3 44.78 45.37 Cé6 43.54 44.81
Cc27 26.0 C4 24.12 24.36 C7 2373 24.89
C28 336 Cs 37.26 37.94 C8 37.25 38.21
C28 774 Cé6 74.68 76.20 C9 74.33 76.60
C30 80.1 C7 69.03 69.91 C10 68.73 6%.75
C39 22.7 C8 21.59 21.75 C11 21.46 21.88

(a) Corresponding protons and carbons in 2, 3 and 4 are located in horizontal rows

Table 2
Comparison of Vicinal Coupling Constants*>

2 3 Model 1 4 Modei 2

L Obs Obs Calc Calc Obs  Calc Calc

H30-H29 1 4.5 | H7-H6 | 5.4 65 j HI-H6 41 JHIOWHO 5] 64 j H7-H6 , 39
H29-H28ax| 3,0 | H6-HSax| 3.0 3.8 [|H6-HSax| 4.1 |H9-H8ax| 3.1 3.7 |H6-Hsax| 5.4
H29-H28eq| 2.3 | H6-HSeq| 2.2 2.3 |[H6-H5eq] 2.3 |H9-H8eq| 1.9 2.6 |[H6-HSeq| 1.6
H27-H28ax|  10.0 [ H4-H5ax| 11.9 11.6 |H4-Hsax| 10.9 [H7-HB8ax| 11.9 11.3 jH4-HSax| 8.4
H27-Hi8eq| 4.0 |H4-HSeq| 5.3 5.3 |H4-HSeq| 5.9 |H7-H8eq| 5.1 5.5 |H4-HSeql 1.0
HZ7-t26ax| 10,0 | H4-H3ax| 11.4 11,7 |H4-H3ax| 11.2 |jH7-Héax| 11.4 11.3 jH4-H3ax| B.0
H27-Hleq| 5,5 | H4-Hleq| 5.7 5.3 |JH4-H3eq 5.7 [H7-H6eq| 5.4 54 |H4-H3eq 1.0
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(c) Vicinal ceuplings to H?" in3and HIO" in 4 are very cmn" (<1 z)j and are not listed. There is no
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LOﬁ’l[’)GUl‘lu 3: HR-EIMS m/z 142.0998 (Pv{+) Caled. for p8n|4u 2, 142.09%4.
100(11); 97(2.4); 85(1.5); 84(2.4);

(=}

®

0

EIMS m/z (%); 143(0.2); 142(2.2); 127(0.7); 113(0.3); 12(1.2); 101(1.7);
83(1.9):82(8.8); 81(2.7); 67(10); 58(10); 55(4.0); 43(100); 41(20); 39(11).
[«]3=-370 (c=0.05 CgDg). This rotation is approximate, due to volatility and low concentration.

The key 'H and *C NMR data are located in Tables 1 and 2.
10.  See Enders, D.; Papadopoulos, K.; Rendenbach, B. E. M.; Tetrahedron Lett., 1986, 27, 3491.
11. Compound 4: HR-EIMS m/z 256.1684 (M*). Calcd. for C4H2404, 256.1675.
EIMS m/z(%); 241(1.0); 212(2.8); 211(13); 193(0.9); 175(1.2); 169(6.6); 168(2.7); 158(11); 157(100);
142(3.9);130(4.1); 129(54); 127(9.4); 112(8.6); 101(27); 100(11);83(11); 69(38); 67(19); 59(12); 55(29);
43(33); 42(26); 41(64).
[«]35=-46° (c=2.32 pentane).
The key 'H and ’C NMR data are located in Tables 1 and 2.
12. Compound 10: HR-EIMS m/z 214.1566 (M*). Calcd. for L12H2203, 214.1569.
EIMS m/z(%) 215(0.3); 214(0.5); 199(1.5); 185(0.3); 184(4.6); 183(34); 1 9(3.4);
145(’7'2‘\ 120(4‘)\ 177{’74\ 114(751\ 11’)(16\ 111(‘76\ 07(1A\ RA(’X{]\ Rl('lﬂ) 7

CNET Ty 2SI TV BV
67(19); 57(_19), 55(55),43(60), 42(36); 41(100), 39(35).

[.1]]2)5=+73° (c=0.22 pentane).

IH NMR 400MHz (CgDg; J in Hz) & 0.73 (3H,d,J=6.6;Me14); 0.93 (1H,dd,J=12.7,12.6;H11,x);
0.98-1.06  (2H,m;H3¢q,H9ax); 1.18 (1H,dm,J=13.0;H%q); 1.21 (3H.d,J=7.3;Mel3); 1.39

(lHdde 13.1 1656H33x) 1.41 (IHde 13756H5ax), 145(1Hdde-1373512H5eq);1.53
ST 113 112 1" o.1711 1 00 ALY ___NLITITA ETINY. Q2 A2 Y2 &7 (ALY ... 17177 1I17%? LTO N2 E0
(111,004,J=13.V,3. 9,1.8;H1 | PY ), 1.74-1.89 On,mUn,n4,niv), 5.45-3.05 OnLinie,nis ,noeqj; 3.7

(1H,dd,J=12.6,11.2,2.4;H8,x); 3.85 (1H,ddddd,J=11.5,6.7,3.8,2.9,0.5;H2).

I3C NMR 100MHz (CgDg) 5 21.03(C14); 22.40(C13); 25.17(C10 or C4); 25.18(C4 or C10); 32.48(C3);
33.96(C9); 40.90(C5); 44.95(C11); 60.27(C8); 65.65(C2); 66.64(C12); 97.13(C6).

Compound 11: HR-EIMS m/z 214.1563 (M*). Calcd. for C 2H)03, 214.1569.

Py . 027 LY DN\, 1ALA1O\. VAN L .
EIMS m/z(%) 214(0.6); 199(0.7); 185(0.4); 184(3.7); 183(27); 165(2.9); 145(18); 142(6.5); 139(32);

127(18);115(100); 113(12); 111(18); 99(6.6); 97(15); 84(22); 81(19); 73(40); 69(63); 67(16); 55(43); 43(45);
42(24): 41(68): 39(23).
[]?=-58° (c=0.24 pentane).

lﬂ NMR 400MHz (CgDg; J in Hz) 8 0.71-0.79 (5H,m;H555,H33x,Me13; incl 8 0.75(3H,d,J=6.6:Me13));
0.98-1.06 (4H,m;H9,y,Me14; incl 8 1.02(3H,d,J=7.0;Me14)); 1.18 (1H,dm,J=12.7; H3e ); 1.35
(1HdddJ=13.6,5.9,1.0:H1 Ly or Hllgg); 1.50 (1Hdd.}=13.2.5 3;H1leq or Hllay); 1.52

1H,dq,J=17.7,4.6; h’eq), 1.61-1.72 \Jn,m,ur{,Hlﬂ,H.seq; incl

5 1.69(1H,ddd,13.2,3.8,1.8;H5¢q)); 1.94 (1H,tqt,J=12.1,6.5,3.9;H4); 3.31 (IH,dt,J=11.6,4.9;H8q); 3.40-
3.53 2H,m;H12’,H12""); 3.75 (1H,dddd,J=11.5,9.3,3.5,0.4;H8,4); 3.85 (1H,dddd,J=11.7,6.5,3.7,2.4;H2).
13C NMR 100MHz (CgDg) 5 21.14(C14); 22.26(C13); 24.77(C4); 25.49(C10); 31.81(C9); 5.38(C3);

42.13(C11); 42.51(C5); 57.85(C8); 66.36(C12); 70.81(C2); 97.28(C6).



