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Abstract: A convergent synthesis of the C22-C37 portion of rapamycin has been achieved by way of a Nozaki-
Kishi coupling of vinyl iodide 14 with aldehyde 13. This aldehyde is available by the stereoselective addition of
organometallic reagents to aldehyde 5, synthesised by either of two selenium mediated electrophilic cyclisations.
Optically active starting materials for this synthesis are prepared by an enzymatic acylation of meso-diol 6.

Rapamycin 1, a 29-membered macrolide isolated in 1975 from Streptomyces hygroscopicus,! which in
common with the structurally related natural product FK-506 displays potent immunosuppressive properties,
has been the subject of intensive investigation. The complex structure of the molecule, together with the
presence of many sensitive functional groups, has stimulated considerable synthetic interest, culminating in
recent total syntheses.2 In view of these recent developments, we wish to disclose our progress in the area.

Shown below are three major fragments from which we seek to construct rapamycin (Scheme 1); this
paper details the synthesis of the C32-C32 unit 2, while the following papers report the synthesis of the C33-

C42 portion, together with its coupling with 2, and the preparation of the lactone fragment 4.3
Scheme 1
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One of the key strategic steps in our synthesis would be the coupling on an acyl anion equivalent at C33
with the epoxide 3. For the synthesis of 2, we wished to protect the potentially sensitive Cp2 centre at the
aldehyde oxidation level, as a cyclic acetal with a reduced form of the Cog ketone. This strategy would also
inhibit any unfavourable f-elimination processes from a Cog ketone. The cyclic acetal will not only be used as
a protecting group but will also dictate, by stepwise transfer of chirality, the nature of the stereocentres at C>7
and Cjg.

Our first synthetic goal was therefore aldehyde 5, which has the acetal in place together with a suitable
functional group for the introduction of the Cy7 stereocentre. The starting material for this synthesis was the
meso-diol 6, the diacetate of which is known to undergo porcine pancreatic lipase catalysed monohydrolysis.4
However, we found this procedure unsuitable for a large scale synthesis, and found a better procedure to be
the use of crude porcine pancreatic lipase suspended on celite’ to effect the enantioselective acyl transfer of diol
6 with methyl acetate. This provided monoacetate 7 in 55% yield (92% ee)® together with 33% of the
diacetylated material.” Elaboration to w-hydroxy alkene 8 and stepwise oxidation of the terminal hydroxyl
group gave the olefinic acid 9, which was subjected to known cyclisation conditions® using N-
phenylselenophthalimide (N-PSP) and tin (IV) chloride to furnish lactone 10 in good yield (82%) (Scheme 2).
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i) PPL on cefite, MeOAc, 55%; ii) (COCl);, DMSO, EtsN, CHCl,, -78 to 25°C, followed by EtPPh3Br, "BulLi,
THF, 0°C, followed by 3N NaOH, THF, Bu,NOH (cat.), 60°C, 86% overall; iliy (COCI)z, DMSO, EtgN,CHzCly,
-78 o 25°C, followed by NaOzCl, KHoPO,, 2-methyl-2-butene, 'BUOH/H;O, 81%; Iv) N-PSP, 10% SnCly,
CHaCla, 82%; v) HoOy, THF, 0°C, 75%; vi) 1eq. DIBAL-H, toluene, -78°C, followed by MeOH, Amberlyst 15,
59% overall; vii) separation of anomers; vill) Oy, CHoCla, -78°C, then PPh,, -78 to 25°C, 83%; ix) (COCH,,
DMSO, EtaN, CHCl5, -78 1o 25°C, followed by N-PSP, MeOH, GH,Cl,, 66% overall; x) HoOa, THF, DHP, 88%

Oxidative elimination of the phenylselenenyl moiety gave a single diasteromer of the corresponding
alkene, which was converted via the mixture of anomeric acetals 11 to the desired aldehyde 5. A more direct
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and higher yielding route to these materials was achieved by interrupting the oxidation of 8 at the aldehyde
stage. Treatment of this aldehyde with N-PSP in the presence of excess methanol resulted in the electrophilic
trapping of intermediate hemiacetals® and the isolation of a pleasing 66% yield of acetals 12, which were
readily converted to the desired aldehyde 5. The acetals were again formed as single diastereomers at the Cag
centre; the stereoselectivity in both cyclisations may be rationalised by considering a chair-like transition state
for cyclisation, in which both of the methyl groups and the side chain are equatorial.

Aldehyde 5 then underwent a stereoselective reaction with ethynylmagnesium bromide, to give 13 as a
10:1 mixture of diastercomers at the C37 centre.!® Interestingly, the corresponding reaction with the acetal
bearing the equatorial methoxy- group displayed only mild stereoselection (7:4). Conversion of 13 to a Cag
aldehyde 14 was readily accomplished in 3 steps. The synthesis of a C29-C32 coupling partner 15 could be
achieved in 3 steps from the alcohol 186, itself prepared from the commercially available (S)-3-hydroxy-2-
methyl propionate. Coupling of the two fragments using the method of Nozaki and Kishi!! furnished a 3:1
mixture of diasteromeric allylic alcohols 17 and 18 (Scheme 3).12

Scheme 3

Il o
i N 0. _LOMe i N 0. _LOM
5 i H o‘u‘ €@ ji-iv Me o‘\‘ e E
13 14

[alp= 178 (c= 0.84, CHCl3) vi'lli'HPO

(\I v,vi vii
(\ (j\
THPO
THPO 16 OH THPO 15 0 17 X=OH, Y:

18 X=H, Y=0OH

i)Ethynylmagnesium bromide, toluene/THF, -78°C, 90%; ii) Zn, MeOH/H,0, 88%; ili) NaH, Mel, THF, 88%; iv) O3,CH,Cl,
-78°C, then PPh,, -78 to 25°C; v) (COCIj,, DMSO, EtgN, CH;Cl,, -78 to 25°C followed by CBr,, PPha,CH;Clo, 0°C, 77%|
overall; vi) 2eq. "Buli, THF, -78°C then Mel, 99%; vii) 1.5eq. CpoZrHCI, THF, i, then I, 85%; viil) 3eq. 14, 1eq. 13, 6eq.
CrCl, (doped with 0.5% NiCly), DMSO, 49% 17, 18% 18; ix) TPAP, NMO, CHyClp, 98%; %) Zn(BHy)a, Et;0, 0°C, 81%
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Confirmation of the 1,2-anti stereochemistry expected for the major diastereomer from such couplings
was obtained by an oxidation / chelation controlled reduction sequence employing TPAP13 followed by zinc
borohydride, which returned 17 as shown. This sequence alsc proved useful for recycling the minor
diastereomer 18. Finally, we needed to convert 17 to the C32 sulfone 2, which will serve as the precursor of
an acyl anion equivalent for addition to epoxide 3. Protection of the free hydroxyl group as a p-
methoxybenzyl (PMB) ether was followed by removal of the THP ether and substitution of the free hydroxyl
for a thiophenyl group. Oxidation to the sulfone was achieved using Oxone® to furnish our target fragment 2
(Scheme 4).



Scheme 4

i) NaH, PMB-C|, Nal, THF, 0 to 25°C, 75%; fi) MeOH, Ambertyst 15, 84%; ili) BusP, N-phenyl-
thiosuccinimide, benzene, 85%; iv) Oxone®, pH4 buffer, THF/MeOH, 93%

In summary, we have achieved a convergent, stereoselective synthesis of material representing the Cz2-

C32 carbon framework of rapamycin. Notable points of our synthesis include the use of a novel enzymatic
acylation, the flexible synthesis of pyranose rings by either of two diastereoselective, selenium-mediated

cyclisations, and the use of an internal protection of the Cz and Cyg positions to provide a chiral template to
influence the formation of stereocentres at Co7 and Czg. Coupling of the fragments 2 and 3 is reported in the
following paper.
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