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Abstract: Four types of the novel fluorinated huperzine A analogues, (+)-12,12,12-trifluorohuperzine
A (2), (1)-14,14,14-trifluorohuperzine A (3), (1)-12,12,12 14,14, 14-hexafluorohuperzine A (4), and
(1)-12-flucrohuperzine A (5), were synthesized; the methods feature introduction of a trifluoromethyl
group with the Ruppert’s reagent (TMSCF), construction of a trifluoroethylidene moiety by employing
the Corey-Winter's reductive elimination, and fluorination of an allyl alcohol with diethylaminosulfur
trifiuoride (DAST) as the key steps. Among 2-5, 2 and 5 were found to exhibit a fairly potent

inhibitory activity against acetyicholinesterase (AChE) which, taking into account of their racemic
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forms, corresponds to one-fortieth and one-twentieth of that of natural (—)-huperzine A ( I ), respectively.
These results obviously disclosed that both the C,-methyl group and the A™-double bond play
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important roles for I to effectively bind with AChE. © 1998 Elsevier Science Ltd. All rights reserved.
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(-)-Huperzine A (1) isolated from Huperzia serrata (Thunb.) Trev.=Lycopodium serratum Thunb. 0, a

Chinese folk IIlC(llClnC, has been shown io be a pOWCl’l’Ul selective mhibitor of acetylcnmmeswrasc (Ahnb)

Since the use Ul 1 can muuc.e a lDﬂg term inhibition of AChE m Dl'd.ll'l and increase the level of the
neurotransmitter acetylcholine (ACh), it is anticipated to be one of the most promising agents for the treatment of
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has been examined, " there have been no reports on the synthesis of the fluorinated analogues of 1. It is well
recognize t introduction of fluorine atom(s) into pharmacologically active compounds frequently improves

. . 11
and/or changes therapeutic profiles due to electronic and steric characteristics of a fluorine atom. Therefore,
we became very much interested in the novel fluorinated analogues of 1, (+)-12,12,12-trifluorohuperzine A (2),
(£)-14,14,14-trifluorohuperzine A (3), (£)-12,12,12,14,14,14-hexafluorohuperzine A (4), and (+)-12-fluoro-
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huperzine A (5) (Figure 1). The latter analogue 5 was designed based upon the finding that 2 exhibits the
most potent inhibitory activity against AChE among the analogues 2-4 (vide infra).

This report describes the synthesis of the novel fluorinated huperzine A analogues 2-5 as well as their
AChHE inhibitory act.ivity.l The synthetic pathways to 2-5 were explored based on Kozikowski’s methods
employed for preparing 1 and its analogues.iw The synthesis of 2-4 features the direct introduction of a
trifluoromethyl group with the Ruppert’s reagent [(trifluoromethyl)trimethylsilane (TMSCF})]12 as the key step
(859, Scheme 1 ; 18519, Scheme 2). The (E)-2,2,2-trifluoroethylidene moieties involved in 3 and 4
were also effectively constructed by employing the Corey-Winter’s reductive elimination of 4-triflucromethyl-
1,3-dioxolane-2-thione system (20—21, Scheme 2).'>!* In the synthesis of §, the C,,-fluorine atom was
introduced by using diethylaminosulfur trifluoride (DAST)iS at the last synthetic step (48—5, Scheme 4).
Among the fluorinated analogues 2-5, 2 and 5 carrying fluorine atom(s) only at their C,,-positions were found
to show fairly potent inhibitory activity against AChE which, taking into account of their racemic forms,
corresponds to one-fortieth and one-twentieth of that for 1, respectively. These results obviously disclosed that
both the C ,-methyl group and the A”*-double bond play important roles for 1 to effectively bind with AChE.

Results and Discussion
1. Synthesis of (1)-12,12,12-Trifluorohuperzine A (2)

At first, we pursued the synthesis of (1)-12,12,12-trifluorohuperzine A (2) as shown in Scheme 1.
This is because introduction of a trifluoromethyl group with TMSCF312 can be examined at the early stage of the
synthesis. Thus, the known ketal 7, prepared from commercially available 1,4-cyclohexanedione monoethylene
ketal (6) following the procedure reported by Kozikowski et al.” was hydrolyzed under acidic condition to
afford the ketone 8 in 70% yield. The crucial introduction of a trifluoromethyl group to the C,-position was
effected by treating 8 with TMSCF, in the presence of tetra-n-butylammonium fluoride (TBAF)," giving rise to
the trifluoromethyi carbinol 9 as the sole product in 50% yield after desilylation with TBAF. Since the addition
reaction was found to accompany ihe formation of the trimethyisilyl enoi ether of 8, the desiiyiation was
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required to regenerate 8 prior to the work up. Highly stereoselective formation of 9 can be explained by the

Scheme 1. Synthesis of (3)-12,12,12-trifluorchuperzine A (2)
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addition of TMSCEF, from the sterically less congested convex face. Dehydration of 9 with thionyl chloride in
pyridine produced the olefin 10 as the single regioisomer in 61% yield. The reason why the highly
regioselective dehydration took place is presently obscure. Hydrolysis of 10 gave an 89% yield of the
corresponding carboxylic acid 11, which was further transformed to the carbamate 12 in 58% yield by the
modified Curtius rearrangement explored by Shioiri et al.®® Finally, simultaneous cleavage of the methyl ether
and the methyl carbamate functionalities present in 12 with iodotrimethylsilane (TMST)!” furnished the first
target compound 2 in 93% yield.

2. Synthesis of (1)-14,14,14-Trifluorohuperzine A (3)

With completion of the synthesis of (+)-12,12,12-trifluorchuperzine A (2), we selected (+)-14,14,14-
trifluorohuperzine A (3) as the next synthetic target. Some preliminary attempts obviously disclosed that
exploration of a general method for construction of a 2,2,2-trifluoroethylidene moiety from a ketonic function is
necessary prior to commencing the synthesis of 3."% After experimentation, we found that the requisite (E)-
2,2,2-trifluoroethylidene group can be introduced to the C,,-position by employing the Corey-Winter’s
reductive elimination of 4-triflucromethyl-1,3-dioxolane-2-thione system (20—21) (vide infra).”” Generality
and reliability of the developed synthetic method have already been presented in a separate pape:r.i‘1

As shown in Scheme 2, treatment of the known B-keto ester 13, prepared according to the reported
procedure,sa with vinylmagnesium bromide gave the allyl alcohol 14. This was immediately protected with a
trimethylsilyl group, affording the trimethylsilyl ether 15 as the single stercoisomer in 51% overall yield. The
stereochemistry at the C,,-position of 15 was assigned based on the NOESY experiments which show the
interactions between the protons of the trimethylsilyl group and the C,- and C;-methylene protons.
Accordingly, the relative configuration of 15 was determined as 5(S*), 9(S*), 11(R*)-series (huperzine A
numbering). Highly stereoselective formation of 14 may be explained by the addition of the Grignard reagent
from the sterically less hindered direction which is opposite to the C,-C; methylene bridge. Reduction of the
methyl ester function in 15 with diisobutylaluminum hydride (DIBAL) provided a 68% yield of the alcohol 16.
Subsequent protection of the hydroxyl group in 16 with a methoxymethyl (MOM) group gave rise to the MOM
ether 17 in 81% yield. Ozonolysis of the two terminal olefins present in 17 furnished the keto aldehyde 18 in
71% yield. Fortunately, the crucial trifluoromethylation of 18 took place in a highly chemo- and stereoselective
manner, giving rise to the vicinal diol 19 as the single product in 81% yield after desilylation. Highly
stereoselective addition of a trifluoromethyl group to the formyl group in 18 is remarkable and may be
rationalized by the Felkin-Anh model shown in Figure 2,”* wherein the C,-position is assumed to be sterically
less congested than the C,,-trimethylsilyloxy group.

Formation of the desired thiocarbonate 20 (79%) was carried out by treating 19 with N,N’-
thiocarbonyldiimidazole"** in refluxing toluene. Treatment of 20 with trimethyl phosphite underwent the
stereospecific olefin formation,”"}4 leading to the (E)-2,2,2-trifluoroethylidene derivatives 21 as the sole
product in 92% yield. The (E)-configuration of 21 was rigorously assigned as depicted on the basis of the NOE
experiments. Thus, when the C,;-vinyl proton in 21 was irradiated, an NOE of 16% was observed for the
methylene protons adjacent to the MOM ether function, definitely establishing the srereochemistry of 21 as an
(E)-form. Consequently, the relative configurations of 19 and 20 were definitely determined as a S5(R*),
mechanism for 1,3-dioxoelane-2-thione systems.n’!4 Treatment of 21 with methyilithium provided the methyl
carbinol 22 as the sole product in 51% yield. This result may be explained in a similar manner to that for the
formation of 9 from 8. Being different from the case for 9, dehydration of ZZ with thionyi chioride in pyridine
gave a mixture of the desired A’*-olefin 23 and its A*’-isomer (ca. 1:1) in 96% yield. Without separation,
direct treatment of this mixture with triflic acid simuitaneousiy effected cleavage of the MOM ether and
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mthesis of (1)-14,14,14-trifluorohuperzine A (3)
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isomerization of the double bond, affording the alcohol 24 as the sole product in 57% yield. Swern oxidation”
of 24 and subsequent sodium chlorite oxidation”' of the resulting aldehyde 25 furnished the carboxylic acid 26
in 77% overall yield. Conversion of 26 to 3 was achieved in the same manner as described for the synthesis of
2. Thus, the modified Curtius rc:arrzmg::ment‘6 of 26 (44%) followed by deprotection of the resulting carbamate
27 with TMSI (74%)"" gave rise to the second target compound 3.

3. 12,12,12,14,14,14-Hexafluorchuperzine A (4)

Based upon the results accumulated by the two former syntheses, we next investigated the synthesis of
(£)-12,12,12,14,14,14-hexafluorohuperzine A (4) starting with the (£)-2,2,2-trifluoroethylidene ketone 21 as
shown in Scheme 3. Thus, cieavage of the MOM ether with bromotrimethyisiiane (TMSBr) provided the
alcohol 28 in 93% yield. This was sequentially treated under the conditions for Swern®® and sodium chlorite”
oxidation, affording the methyi ester 31 in 84% overall yieid after esterification. 'i‘riﬂuovromethyimionl2 of 31
gave the trifluoromethyi carbinoi 3Z as the soie product in 43% yield. This stereoseiectivity may be expiained
by the same reason as proposed for the formaiion of § from 8. Dehydraiion of 32 wiih thionyi chioride n
pyridine gave an inseparable mixture of the desired A™*-olefin 33a and its A*’-isomer 33b (ca. 4:1) in 84%
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yield. Unforiunaiely, ihe undesired A*'-isomer 33b could not be iransformed io ihe desired 33a by acid-
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of the A*’-double bond due to strong electron-withdrawing effect of the C —tnﬂuoromethyl group. Accordlngly,
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furnishing the desired A™*-isomer 35a in a pure form in 54% overall yield from 32. Finally, the methyl
carbamate 35a was similarly deprotected with TMSI' to provide the third target compound 4 in 80% yield.
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4. Synthesis of (i)-12-Fiuorohuperzine A (5)

As detailed in the section for biological activity, (+)-12,i2,12-trifluorohuperzine A (2) was found to
exhibit the most potent inhibitory activity against AChE among the three types of trifluoromethylated analogues
2-4 so far prepared (vide infra). Taking into account of these results, we became interested in AChE inhibitory

activity of the analogues modified solely at the C,-position of 1, and selected (1)-12-fluorohuperzine A (5) as
the next synthetic target
As shown in Scheme 4, the synthesis of 5 first commenced with the known B-keto ester 13 similarly
to the preparation of (1)-14,14,14-trifluorchuperzine A (3). After several unsuccessful attemps to functionalize
the exo-methylene moiety of 13, treatment of 13 under the usual conditions for bromohydrin formation, for
example, N-bromosuccinimide (NBS) in 1,4-dioxane-water, cleanly provided the allyl bromide 36 as the sole
Scheme 4. Synthesis of (1)-12-fluorohuperzine A (5)
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product in 82% yield. Highly regioselective introduction of the A’*-double bond is remarkable, but has not
been rationalized yet. Since the tricyclic B-keto ester system involved in 36 was susceptible to nucleophilic ring
opening, attempted direct conversions of 36 to the allylic alcohol 38 under strongly basic conditions turned out
to be fruitless. Consequently, 36 was first converted to the acetate 37 in 81% yield by treating with silver
acetate in acetone. Deacetylation of 37 under the conditions for transesterification smoothly provided 38 in
93% yield. After protection of the hydroxyl group in 38 with a MOM group (93%), Wittig olefination of the
resulting MOM ether 39 with ethylidenetriphenylphosphorane gave a mixture of (E)-olefin 40E and (Z)-olefin
40Z (1:4) in 75% yield. Treatment of the mixture with thiophenol and a,0’-azobis(isobutyronitrile) (AIBN)
underwent isomerization of the ethylidene group,Sd affording the sterically less hindered olefin 40E as a major
product (40E:40Z=9:1). Without separation, the mixture was subjected to alkaline hydrolysis, giving rise to
the carboxylic acid 41 in 81 % yield. The undesired (Z)-olefin 40Z was not saponified and recovered
unchanged probably due to the steric hindrance of the C,;-methyl group. The desired 41 was transformed to the
carbamate 42 in 59% yield by the modified Curtius rearrangemf:nt”é in the same manner as described for the
synthesis of 2-4. Removal of the MOM protecting group with pyridinium p-toluenesulfonate:22 gave a 65%
yield of the aliylic aicohol 43. Although treatment of 43 with DAST'? afforded the corresponding allyl fluoride,
all the attempts to deprotect this ailyl fluoride to obtain 5 met with failure. Deprotection of 43 to produce the
deprotected ailyl aicohol 48 was aiso unsuccessful. For example, the complete deprotections of these
compounds with TMSI provided complex mixtures of the reaction products which retain no allylic system by
‘H-NMR anaiysis. These unsuccessful resuits are probably due to increased chemical instability of the ailyi
fluoride and alcohol systems.

After consideration, we envisioned that the aliyi aicohol system in 43 can be protected in the form of the
more stabie ethyl acrylate 46 during deprotection. Toward this end, 43 was sequentiaily treated under the
conditions for Swern”® and sodium chiorite®" oxidation. Subsequent esterification of the formed carboxyiic acid
45 by way of its acid chioride afforded 46 in 79% overall yieid. As expected, simuitaneous cieavage of the
methyi ether and the methyi carbamaie in 46 with TMSI'’ cleaniy provided the pyridinone 47 in 79% yield.
Regeneration of the ailyi aicohol system was achieved by the reduction of 47 with DIBAL, affording a 69%
yield of the corresponding aicohoi 48. Fiuorination of 48 with DAST" gave rise to the finai target compound 5
in 17% yieid.

Although the synthesis of (I)-12-fluorohuperzine A (5) was achieved as described above, expioration of
an aiternative synthetic pathway to 46 was investigated because the former synthesis consisis of a eieven-siep
sequence of reactions starting from i3 and the hydroxymethyi group at the C,-position shouid be protected in
the form of ethyi ester during deprotection. As shown in Scheme 35, the ketone 49 carrying a methyi
carbamaie group at the C,-posiiion was prepared from the ketal 7 in 3 steps according to the reported
procedure.” Treatment of 4% with hydrazine monohydrate followed by oxidative cleavage with iodine
produced a mixture of the desired A™*-iodide 5ia and iis 4*’-isomer 51b (ca. 1:1) in 88% combined yield by
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5. Biological activity

With completion of the synthesis of four types of the novel fluorinated huperzine A analogues, (*)-
12,12,12-trifluorohuperzine A (2), (1)-14,14,14-trifluorohuperzine A (3), (+)-12,12,12,14,14,14-hexafluoro-
huperzine A (4), and (1)-12-fluorohuperzine A (5), their in vitro inhibitory activity against acetylcholinesterase
(AChE) and butyrylcholinesterase (BuChE) was assessed by employing the modified protocol of Ellman et al’®
The results are shown in Table 1 along with those for natural huperzine A [(—)-1] and its unnatural enantiomer
(-1 It appeared evident that all the fluorinated analogues 2-5 exhibit the AChE inhibitory activity inferior
to that of 1. Taking into account of their racemic forms, 2 was 40-fold less active than 1 while 3 and 4 were
200- and 300-fold less potent than 1, respectively. While 5 possesses the stereostructure and electronic nature
more closely related to those of 1, it showed even 20-fold weaker activity than 1 when corrected for its racemic
form. All the fluorinated analogues 2-5 exhibited no inhibitory activity against BuChE. Inhibition of BuChE
has been thought to bring about the peripheral side effects in patients. From the results delineated above, it
appeared that, among the C,- and C ,-methyl groups, the C,;-methyl group plays a more important role for 1 to
exhibit significant AChE inhibitory activity due to its steric, electronic, and/or hydrophobic effect(s).
Comparing the results for 2 and 5 with that for 1, it is also apparent that the electron density of A’®-double
bond strongly affects the AChE inhibitory activity. Thus, the chemical shifts of Cg-proton shown in Table 2,
definitely shows that the electron density of A™*-double bond decreases in the order of 2, 5, and 1. This order
agrees well with that of the AChE inhibitory activity summarized in Table 1.



Tabie 1. Inhibitory activity against acetylcholinesterase (AChE) and butyrylcholinesterase

M)
i)
ICs5q value (M)
Compound 2 s
AChE BuChE
natural huperzine A [(-)-1] 0.005 > 50
unnamral hunerzine A [(4)-11 10
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(X)-12-fluorohuperzine A (§) 0.2 > 50
(*)-12,12,12 —triﬂuorohuperzine AQ2) 0.4 > 50
{)-14,14,14, -iriffuorohuperzine A (3) 2 > 50
(+)-12,12,12,14,14,14-hexafluorchuperzine A (4) 3 > 50
Table 2. Comparison of the "H-NMR chemical shifts of Cg-H
Compound R Chemical shift of Cg-H (ppm) H ﬁ
huperzine A (1) Me 5541 T) R _o
(4)-12-fluorchuperzine A (5) CHoF 55.80 " &//ZA;LU
(1)-12,12,12,-trifluorohuperzine A (2) CFj $6.33 NH,
Conclusion

We have succeeded in developing the synthetic pathways to four types of the novel fluorinated huperzine
A analogues, (1)-12,12,12-trifluorohuperzine A (2), (Z)-14,14,14-trifluorohuperzine A (3), (3)-
12,12,12,14,14,14-hexafluorohuperzine A (4), and (+)-12-fluorohuperzine A (5). The key feature of the
syntheses consists of introduction of a trifluoromethyl group with the Ruppert’s reagent (TMSCF,),
construction of a trifluoroethylidene moiety by employing the Corey-Winter’s reductive elimination, and
fluorination of an allyl alcohol with diethylaminosuifur trifluoride (DAST). From the results of in vitro
acetylcholinesterase (AChE) inhibitory activity assay for 2-5, it appears evident that 2 and 5 exhibit a fairly
potent AChE inhibitory activity. Taking into account of their racemic forms, 2 and § were 40- and 20-fold less
active than naturai (—)-huperzine A (1), respectively. These resuits obviously disciosed that both the C,,-methyl
group and the A™*-double bond play important roles for 1 to effectively bind with AChE. It is expected that our
findings hoid promise for designing novel huperzine A analogues which may show characieristics being more
prominent than those of 1.

Experimental

General : All melting points were determined with a Yanaco MP-3 micro melting point apparatus and are uncorrected.
Measurements of 'H-NMR spectra were performed using a Brucker AM-400 (400 MHz) and a Brucker AM-200 (200 MHz)
spectrometer. The chemical shifts were expressed in ppm using tetramethylsilane (8=0) as an internal standard. The following
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abbreviations are used: singlet (s), doublet (d), triplet (t), quartet (q), quintet (quint), multiplet (m), broad (br). '"F-NMR spectra
were recorded with a Brucker AM-200 (188 MHz) spectrometer. The chemical shifts were ¢xpressed in ppm using trichlorofluoro-
methane (6=0) as a internal standard. Measurements of infrared (IR) spectra were carried out using a JASCO FT/IR-5300 Fourier

transform spectrometer, Low resolution mass (EIMS) spectra were taken with a Hitachh RMU-6MG s
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resoiution mass (HREIMS) spectra were obtained using a Hitachi M-80A spectrometer. Routine monitorings of reactions were
carried out using glass-supnorted Merck Silica gel 60 F,., TLC plates. Flash column chromatography was performed on Merck
Silica gel 60 F,s, (230-400 mesh) with indicated solvents. Solvents and commercial reagents were dned and purified before use.
Diethyl ether and tetxahydmfurm were distilled from sodium benzophenone ketyl and dichloromethane was distilled from calcium
nyunoe unae( 8['8011 i\ﬂ Iiw oummnw otgamc €Xiracis were (Il’lCCl over dﬂﬂy(l Nazau_‘ and Ill[el'BG DCIOI'C CODLCDII&[IO!\ in vacuo wiih
a rotary evaporator.  Following abbreviations are used for reagents and solvents: Me,CO (acetone), AIBN [a.a-
azobis(isobutyronitrile)], NBS (N-bromosuccinimide), CsHy (benzene), rerr-BuOH (tert-butyl alcohol), CHCI, (chloroform), CH,Cl,
(dichloromethane), Et,0O (diethyl ether), DAST (diethylaminosulfur trifluoride), DMF (N,N-dimethylformamide), DMSO (dimethyl
sulfoxide), EtOH (ethanol), EtOAc (ethyl acetate), C;H,, (hexane), MeOH (methanol), Me,CHOH (2-propanol), CsH;N (pyridine),
TRAF (tetra-n-butylammonium fluoride), THF (tetrahydrofuran), C.H.Me (toluene), Et,N (triethylamine), CF,TMS [(trifluoro-
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methylyrimethylsilane).

(5R*,35R*,11E)-Methyl 1l-ethylidene-
pyridine-5(6H )-carboxylate 3

A solution of 7°¢ (72.0 mg, 0.21 mmol) in Me,CHOH (2.0 mL) and 5% HC1 (0.5 mL) was heated at 70 °C for 2 h. After
cooling, the reaction mixture was concentrated in vacuo, and the residue was extracted with EtOAc. The combined orgamc extracts

rara swnchad with bvina A ftar ~onoan tha racids. i fiad b ch ~Anles ~he e JEeMY A &.1y
Were wasned willi tiine. AllSr concenwation m Vacuo, tic 18sidud was 'JIJI iicaG uy uaau CoIUmin \«luuuuuusl uyu_y \\,ﬁxllyutvn\. I 11

to give 8 as a colorless oil (56.0 mg, 90%). IR (neat): 2965 (m), 1740 (s), 1720 (s), 1610 (m) 1585 (m), 1485 (s), 1435 (m), 1330
(m), 1260 (s), 1120 (m), 1070 (m), 1040 (m), 1015 (m), 805 (m), 740 (m), 650 (m) cm 1 H.NMR (400 MHz, CDCl3) &: 7.01
(1H, d, J=8.6 Hz, C4—H) 6.55 (1H, d, J=8.6 Hz, C3-H), 537 (1H, g, J=6.8 Hz, Ci2- H) 3.86 (3H s, OCH3), 3.80 (3H, s,

ONACLIAY 2 12 (1 I 291 (1L A2 T_177 £0 . Cin 1IN 212 (11T 1 T_14 & 1T Y. 288 (1H dd J=17.7. 09
U3, 3.70 \ux, m, \,7—u) S.&l (iK, GG, J=17.7, .U 0Z, Cil-i), 3.13 (i1, 4, =1%4.5 0z, bo‘ﬂj £.00 i1, UG, J=14/.7

Hz. Ci0-H), 2.69 (1H. dd. J=14.5, 2.2 Hz, Cé-H), 2.65 (1H, dd, J=16.0, 7.1 Hz, Cs-H), 2.47 (1H, dt, I=16.0, 2.2 Hz, Cs-H). 1.82
(3H, d, J=6.7 Hz, CH3). EIMS (m/z): 302 (M+1*, 19), 301 (M", 100), 286 (12), 269 (7), 258 (7), 244 (38), 242 (23), 231 (65),
212 (28), 200 (27), 184 (22), 172 (38), 154 (9), 141 (5), 128 (8), 115 (8). HREIMS (m/z): Calcd. for C17HI9NO4 (M"): 301.1312.
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(SR*, 715*, 9R*, 11E)-Methyl 11-ethylidene-7-trifluoromethyl-7,8,9,10-tetrahydro-7-hydroxy-2-
methoxy-5,9-methanocyciooctajpjpyridine-5(6H )-carboxylate (9)

A solution of TBAF in THF (1.0M solution, 64 puL, 64 umol) was added to a solution of 8 (193 mg, 0.64 mmol) and
CF3TMS (0.20 mL, 1.3 mmol) in THF (0.5 mL) under argon.l 2 The reaction mixture was stirred at room temperature for 30 min.
After 8 was consumed, another solution of TBAF in THF (1.0M solution, 1.3 mL, 1.3 mmol) was added to the reaction mixture.
After 15 min, the mixture was poured into H,0 and extracted with Et,0. The combined organic extracts were washed with H,O and

brine, Congcentration in vacugo followed hv nnnﬁ(‘nhnn hv flach column r‘hrnm'\tnornnhv “" H /F'tnAl 3. n gave 9 ac a colorless

oil (120 mg, 50%). IR (neat): 3480 (m), 2960 (m), 1740 (s), 1605 (m), 1585 (m), 148() (s), 1435 (m), 1380 (w), 1320 (m), 1250
(s), 1160 (s), 1125 (m), 1035 (m), 955 (w), 920 (w), 825 (w), 740 (w), 660 (w) cm™'. 'H-NMR (400 MHz, CDCI3) &: 7.02 (1H, d,

J=8.5 Hz, C4-H), 6.53 (IH, d, J=8.5, C3-H), 5.20 (1H, q, J=6.7 Hz, C13- H),JH/(JH s, OCH3), 3.80 (3H, s, CO2CH3), 3.60-3.50
(1H, m, Co-H) 326 (1H dd, =181, 74 Hz Ci0-H), 302 (IH, d J=I181 Hz ("m_H\ 263 (1H d I=143 Hz Cs-H) 2.15.2.06

V243, 223y w T TRESy Sedwn \dany 2.2y T ARd, noANTIR, 204 (A5, sady V U-in)y L0902 1a5%, ALy NUTIL )y LaaoTLUUN

(3H, m, C6-H, C8-H x 2), 1.73 (3H, d, J=6.7 Hz, CH3), 1.13 (H, s, OH). '"F-NMR (188 MHz, CDCI3) &: -85.6 (s). EIMS
(m/z): 372 (M+1%, 21), 371 (M™, 100), 370 (15), 356 (11), 339 (79), 312 (25), 294 (31), 258 (31), 258 (12), 244 (46), 230 (36),
212 (27), 200 (24), 184 (25), 172 (22), 154 (12), 141 (7), 128 (12), 115 (14), 84 (17).

(5R*,9R*,11E)-Methyl 11-ethylidene-7-trifluoromethyl-9,10-dihydro-2-methoxy-5,9-methanocyclo-
octa[b]pyridine-5(6H)-carboxylate (10)

Thionyi chioride (47 uL, 0.65 mmoi) was added to a soiution of ¥ (120 mg, 0.32 mmoi) in CHN (0.5 mi) at room
temperature under argon. After stirring for 2 h, the reaction mixture was concentrated in vacuo, and the residue was extracted with
Et,0. The combined organic extracts were washed with brine. Concentration in vacuo followed by purification by flash column
chromatography (C{H,/EtOAc, 5:1) gave 10 as a colorless oil (65.0 mg, 61%). IR (neat): 2950 (m), 2860 (m), 1735 (s), 1680 (m),
1600 (s), 1580 (m), 14/u (s), 1425 (s), 1380 (m), 1325 (s), 1250 (s), 1160 (s), 1115 (s), 1080 (m), 1030 (s), 850 (m), 830 (m), 740
(m), 645 (m) cm™’. 'H-NMR (400 MHz, CDCI3) 8: 7.11 (1H, d, J=8.6 Hz, C4-H), 6.57 (1H, d, }=8.6 Hz, C3-H), 6.37-6.32 (1H,
m, C8-H), 5.17 (lH, g, J=6.7 Hz, C13-H), 3.99 (3H, s, OCH3), 3.82-3.76 (1H, m, C9-H), 3.77 (3H, s, CO2CH3), 3.17 (lH, d.
J=17.2 Hz, C¢-H), 3.16 (1H, dd, J=17.0, 7.3 Hz, C10-H), 2.92 (1H, dd, J=17.0, 1.7 Hz, C10-H), 2.46 (1H, dd, J=17.2, 2.5 Hz, Cs-
H), 1.73 3H, d, J=6.7 Hz, CH3). ""F-NMR (i88 MHz, CDCi3) 8: -69.6 (s). EIMS (m/z): 354 (M+1", 8), 353 (M", 49), 338 (9),
294 (100), 278 (11), 264 (T), 244 (9), 224 (5), 210 (8), 196 (4), 184 (5), 167 (4), 59 (10). HREIMS (m/z): Caled. for C1sH18F3NO3
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(M™): 353.1237. Found: 353.1214,
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{5R*,SR*,11FE)-1i-Ethylidene-7-irifiuorometnyi-5,16-dihydro-2-methoxy-5,9-methanocycioociaisj-
pyvridine-5(6H)-carboxylic acid (11)

A solution of 20% aqueous NaOH (0.2 mL) was added to a solution of 10 (65.0 mg, 0.18 mmol) in MeOH-THF (2:1) (0.6
mL). The reaction mixture was heated at reflux for 20.5 h under argon. After cooling, the mixture was adjusted to pH 5-6 with IN-
HC1, and MeOH and THF were removed in vacuo. The residual agueous solution was extracted with EtOAc. The combined organic
extracts were washed with brine. Concentration in vacuo followed by purification by flash column chromatography (EtOAc) gave
11 as a colorless oil (55.4 mg, 89%). IR (neat): 3450 (w), 2940 (m), 1730 (s), 1605 (s), 1580 (m), 1480 (s), 1430 (m), 1380 (m),



1330 (s), 1285 (s), 1255 (s), 1170 (s), 1115 (s), 1030 (m), 900 (m), 830 (m), 650 (m) cm”’. 'H-NMR (400 MHz, CDCI3) 5: 7.28
(1H,d, ] = 8.6 Hz, C+-H), 6.60 (1H, d, 1=8.6 Hz, C3-H), 6.36-6.31 (1H, m, Cs-H), 5.42 (1H, g, }=6.8 Hz, Ci3-H), 3.89 (3H, s,
OCH3), 3.84-3.79 (1, m, Cs-H), 3.18 (IH, dd, J=17.1, 5.6 Hz, Ci0-H), 3.14 (IH, dd, J=17.1, 1.0 Hz, Cs-H), 2.95 (IH, dd,

J=117.1, 1.4 Hz, C10-H), 2.49 (1H, d, J=17.1 Hz, Cs-H), 1.76 (3H, d, J=6.8 Hz, CHS) °F-NMR (188 MHz, CDC13) 8: -69.6 (s).
EIMS (m/z): 340 (M+17, 14), 339 (M", 70), 338 (15), 324 (8), 310 (6), 294 (100), 278 (9), 266 (11), 250 (4), 230 (9), 216 (4), 202

(11), 186 (10), 167 (5), 154 (6), 140 (4), 128 (5), 115 (8), 86 (6), 69 (6), 57 (31). HREIMS (m/z): Calcd. for Ci7Hi6F3NO3 (M):

339.1080. Found: 339.1074.

\/

(SR' 9K *,11E)-Methyl [11-ethylidene-7-trifluoromethyl-9,10-dihydro-2-methoxy-5,9-methanocyclo-
fb'Invrulin.Kl‘”\.vllr-rbnmnt. {12\
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A solution of 11 (55.0 mg, 0.16 mmol), Et;N (21 pL, 0.15 mmol), and diphenylphosphoryl azide (33 uL, 0.15 mmol) in
CcH;Me (0.7 mL) was heated at 85 °C for 3 h.'® After cooling, the reaction mixture was concentrated in vacuo, and the residue was
dissoived in MeOH (0.7 mL). The methanoiic soiution was heated at 75 °C for 17 h. After concentration in vacuo, the residue was
purified by preparative thin layer chromatography (CH,/EtOAc, 3:1) to give 12 as colorless prisms (32.0 mg, 58%), mp 197.5-
198 °C (from CH,-EtOAc). IR (KBr): 3300 (m), 2950 (m), 1710 (s), 1600 (m), 1550 (s), 1480 (s), 1425 (m), 1330 (s), 1285 (m),
1260 (s), 1175 (s), 1120 (s), 1020 (m), 900 (m), 835 (m), 650 (m) cm”’, 'H-NMR (400 MHz, CDCI3) &: 7.58 (1H, d, J=8.6 Hz,

C4-H), 6.58 (1H, d, J=8.6 Hz, C3-H), 6.39-6.34 (1H, m, Cs-H), 5.47 (1H, q, J=6.8 Hz, C13-H), 5.07 (1H, br s, NH), 3.88 (3H, s,
OCH2), 3.90-3.83 (1H, m, Co-H), 363 (3H, br s NHCO2CH3), 3.17 (1H, dd, I=17.1, 49 Hz Cic-H), 2.92 (1H, &d I=17.1, 1.8
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Hz, Ci0-H), 2.80 (lH d J-JS 8 Hz, C6—H) 2‘51 (1H, d, J= 15.8 Hez, C6 H), 1.74 (3H, d, J=6.8 Hz, CH3). "*F- NMR (188 MHz,
CDCI3) 8: -69.5 (s). EIMS (m/z): 369 (M+1%, 18), 368 (M, 84), 367 (7), 353 (29), 336 (15), 321 (21), 309 (25), 293 (89), 278
(100), 259 (14), 246 (19), 224 (44), 199 (12), 184 (11), 167 (7), 123 (9), 109 (6), 91 (12), 76 (20), 59 (70). HREIMS (mvz): Calcd.

for C1sH19FI1N2?O3 M- 368 1346 Found: 368.1337. Anal aled. for CirgHigFaN203 - C, 88.69: H 520 N. 7.60. Found: C

O LaSXaPTSINISAS GYa L 2US. 2260, TOUDRG. 2082257, Alldl. ~..- 1CG. LOXIIFL NG T+ Noy J0.U2, K1, J.&U, 1Y, J7.0U. COUnGl U,

58.44; H, 5.13; N, 7.50.

(5R*,9R*,11E)-5-Amino-11-ethylidene-7-trifluoromethyl-5,6,9,10-tetrahydro-5,9-methanocycloocta[b}-
pyridin-2(1H)-one [(1)-12,12.12-trifluorohuperzine A] (2)

Iodotrimethylsilane (136 pL, 0.95 mmol) was added dropwise to a solution of 12 (25.0 mg, 68 umol) in CHCI, (2.5 mL) at
room temperature under argon, and the reaction mixture was heated at reflux for 5.5 h.'”  After concentration in vacuo, the residue
was dissoived in MeOH (2.5 mL). The methanolic solution was heated at refiux for 4.5 h, stirred at room temperature for 12 h, then
concentrated in vacuo. The residue was dissolved in CH,Cl,. The dichloromethane solution was washed successively with saturated
aqueous NaHCO,, 10% aqueous Na,S,0;, H,0, and brine. After concentration in vacuo, the residue was purified by preparative thin
layer chromatography (EtOAc/MeOH, 10:1) to give 2 as colorless prisms (18.6 mg, 93%), mp 264.5-266 °C (from CH,,-EtOAc).
IR (KBr): 3450 (m), 2930 (w), 1665 (s), 1620 (m), 1550 (w), 1470 (w), 1380 (w), 1325 (m), 1280 (m), ii55 (m), 1ii5 (s), 1080
(W), 975 (w), 930 (w), 835 (w), 660 (w), 650 (m) cm™’. "H-NMR (400 MHz, CDCI3) &: 13.01(1H, br s, NH), 7.92 (1H, d, 1=9.5

Hz, Ca-H), 6.45 (1H, d, =9.5 Hz, C3-H), 6.36-6.30 (1H, m, Cs-H), 5.61 (1H, q, 1=6.7 Hz, C13-H), 3.84-3.78 (1H, m, Co-H), 3.01

(IH, dd, J=17.2, 5.4 Hz, C10-H), 281 (1H, dd, J=17.1, 1.0 Hz, C10-H), 2.44 (1H, d, J=16.9 Hz, Cs-H), 2.24 (1H, d, J=169 Hz, Cs-

H), 1.71 (3H, d, J=6.7 Hz, CH3). '’F-NMR (188 MHz, CDCI3) &: -69.5 (s). EIMS (m/z): 297 (M+1%, 17), 296 (M, 100), 295

(11), 281 (82), 267 (12), 241 (5), 227 (24), 211 12), 147 (15), 130 (6), 106 (9), 91 (9).
. for

r) 1
HREIMS (m/z): Calcd. for C15sH1sF3N20 (M* ): 2 CHHISFBN”O-IISH 0 : C, 59.60;
H, 5.23; N, 9.27. Found: C, 59.45; H, 5.08; N, 9. 14

(55*,95%.,115*)-Methyl 11-ethenyl-7.8,9,10-tetrahydro-2-methoxy-7-methylene-11-trimethylsilyloxy-
§5,9-methanocycloocta[b]pyridine- 5(6H)-carboxylate (15) N

A solution of vinylmagnesium bromide in THF (1.06M solution, 25 mL, 27 mmol) was added to a solution of 13°¢ (6.45 g,
23 mmol) in THF (150 mL) over 10 min at -78 °C under argon. After stirring for 1 h, the reaction mixture was poured into
saturated aqueous NH,Cl, and extracted with EtOAc. The combined organic extracts were washed with H,O and brine. After
concentration in vacuo, the residue and 2,6-di-ferz-butylpyridine (11.6 mL, 52 mmol) were dissolved in CH,Cl, (150 mL).
Trimethylsilyl triflate (9.4 mL, 52 mmol) was added to the dichloromethane solution at 0 °C under argon. After stirring overnight at
room temperature, the reaction mixture was poured into H,O, and extracted with EtOAc. The combined organic extracts were washed
with H,O. After concentration in vacuo, the residue was purified by flash column chromatography (CH, /EtOAc, 20:1) to give 15

as colorless prisms (4.47 g, 51%), mp 88-89 °C (from C;H,,). IR (KBr): 3080 (w), 2970 (m), 2900 (w), 1740 (s), 1610 (s), 1585

(m), 1485 (s), 1435 (m), 1320 (s), 1280 (s), 1255 (s), 1110 (s), 1050 (m), 1015 (m), 910 (m), 850 (s), 760 (m) cm. 'H-NMR
(400 MHz, CDC13) 5: 7.00 (1H, d, J=8.6 Hz, Ca-H), 6.48 (1H, d, J=8.6 Hz, C3-H), 6.38 (1H, dd, J=17.6, 11.2 Hz, Ci3-H), 5.43
(1H, dd, J=17.6, 1.0 Hz, C14-H), 5.20 (1H, dd, J=11.2, 1.0 Hz, C14-H), 4.59 (1H, q, J=19 Hz, C12-H), 4.24 (IH, q, J=1.9 Hz, Ci>-

12-
H), 3.85 (3H, s, OCH3), 3.76 (3H, s, CO2CH3), 3.39 (1H, dd, J=13.6, 2.0 Hz, Cs-H), 3.18 (1H, dd, J=18.5, 7.1 Hz, Ci0-H), 2.88
(1H, br d, J=13.3 Hz, C8-H), 2.69 (1H, d, J=18.5 Hz, Ci0-H), 2.50 (1H, br s, C9-H), 2.05 (lH, dt, J=13.3, 2.0 Hz, Cs-H), 2.03
(1H, dd, }=13.6, 2.0 Hz, C6-H), 0.15 (9H, s, (CH3)3Si). EIMS (m/z): 388 (M+1%, 7), 387 (M, 23), 372 (17), 328 (19), 312 (2),
297 (7), 286 (4), 272 (3), 258 (2), 238 (3), 212 (3), 200 (8), 184 (5), 167 (4), 155 (5), 129 (6), 115 (5), 89 (16), 73 (100), 59 (15).
HREIMS (m/z): Caled. for C21H29NO4Si (M"): 387.1867. Found: 387.1874. Anal. Calcd. for C21H2sNO4Si: C, 65.08; H, 7.54;

N, 3.61. Found: C, 65.05; H, 7.56; N, 3.50.



5496 S. Kaneko et al. /

e 110}

I
?’
ctg[b}gyridine (16)

g, 12 mmol) in CH,Cl, (70 mL) at -78 °C under argon After stm-mg for 30 min, the reaction mixture was diluted sucoesswely wnh
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to give 16 as a colorless oil (2.80 g, 68%). IR (neat): 3450 (w), 3080 (w), 2950 (m), 1650 (w), 1600 (m), 1585 (w), 1480 (s).
1430 (m), 1320 (m), 1260 (s), 1175 (w), 1080 (m), 1050 (m), 910 (m), 895 (m), 850 (s), 760 (m), 740 (m) cm™. 'H-NMR (400
MHz, CDCI3) &: 7.37 (1H, 4, J=8.7 Hz, C4-H), 6.53 (1H, d, J=8.7 Hz, C3-H), 6.13 (1H, dd, J=17.4, 10.1 Hz, C13-H), 5.50 (1H, dd,
J=17.4, 1.2 Hz, C14-H), 5.21 (1H, dd, J=10.1, 1.2 Hz, C14-H), 4.62 (1H, q, J=2.0 Hz, C12-H), 4.32 (1H, q, J=2.0 Hz, Ciz-H), 4.11
(1H, dd, J=11.5, 6.8 Hz, CH20H), 3.97 (1H, dd, J=11.5, 3.9 Hz, CH20H), 3.86 (3H, s, OCH3), 3.18 (1H, dd, J=18 &, 7.3 Hz, Cio-
H), 3.00 (1H, br t, J=5.9 Hz, OH), 2.95 (1H, dd, J=13.0, 1.4 Hz, C6-H), 2.83 (1H, br d, J=13.5 Hz, Cs-H), 2.79 (1H, d, J=11.2 Hz,
Clo- H) 240(1H br s, Cs-H), 2.10 (1H, dt, J=13.5, 1.9 Hz, Cs- H), 1.74 (1H, dd, J=13.0, 1.5 HZ, Cé-H), 0.27 (9H, s, (CH3)3Si).

TIRAQ 2180 st goy ‘l‘A AN 2D 1NN 21T A AN NN N oL NEO N 100 70y 10L 7173\
EIMS \uul.; JIT UVl , UOJ, I (T J, JLO (1WU), J14 (I, JUU \l), 286 \u;, “OZ \.JUJ, 251 \7), 224 \7}, 210 \7), 170 {0}, 10U {13),

174 (12), 160 (3), 148 (5), 129 (10), 115 (7), 103 (4), 91 (5), 75 (40), 73 (73), 59 (9). HREIMS (m/z): Calcd. for C20H29NO3Si
(M"): 359.1914. Found: 359.1901.
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methylcne-ll-trimethylsilyloxy s 9-nethanocycloocta[b]pyrndine an

Ethyldiisopropylamine (75 pL, 0.43 mmol) and chloromethyl methy! ether (32 pL, 0.43 mmol) were added to a solution of 16

(30.3 mg, 84 ;unol) in CH,Cl, (0.5 mL) at 0 °C under argon. The reaction mixture was stirred overnight at room temperature,
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in vacuo, the residue was purified by flash column chromatography (C;H,/EtOAc, 15:1) to give 17 as a colorless oil (27.6 mg,
81%), IR (neat): 2950 (m), 1605 (m), 1580 (w), 1480 (s), 1430 (m), 1320 (m), 1260 (s), 1135 (m), 1115 (s), 1050 (s), 1030 (s),
910 (), 845 (s), 760 (w) cm™ H-NMR (400 MHz, CDCI3) 5: 7.62 (1H, d, 1=8.6 Hz, C4-H), 6.49 (1H, d, J=8.6 Hz, C3-H), 6.12
(1H, dd, J=17.6, 11.2 Hz, C13-H), 5.37 (1H, dd, J=17.6, 1.1 Hz, C14-H), 5.10 (1H, dd, J=11.2, 1.0 Hz, Ci4-H), 4.71 (1H, d, }=6.5
Hz, OCH20CH3), 4.66 (1H, d. J=6.5 Hz, OCHz0OCH3), 4.60 (1H, q, J=2.0 Hz, C12-H), 4.27 (1H, q. J=2.0 Hz, Ci2-H), 4.01 (lH,
d, J=10.1 Hz, CH2OMOM), 3.85 (3H, s, OCH3), 3.84 (1H, d, J=10.1 Hz, CH20MOM), 3.42 (3H, s, OCH20CH?3), 3.18 (1H, dd,

J=18.6, 7.4 Hz, Ci0-H), 2.84 (1H, br 4, }=13.3 Hz, C8-H), 2.73 (1H, d, J=18.6 Hz, Ci0-H), 2.61 (1H, dd, J=12.9, 1.3 Hz, Cé-H),

7 AQ ME he o Co LD ')m 1H A =122 > Mo I\ 101 ny AAd Y—IOO TAH, e U N1 /0 o (CIT2vIK DTRAC fandf=).
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403 (M, 67), 388 (34), 372 (8), 358 (54), 342 (100), 328 (62), 313 (21), 300 (8), 286 (9), 268 (13), 251 (18), 238 (61), 226 (5),
214 (8), 198 (7), 186 (13), 172 (9), 160 (5), 148 (3), 129 (7), 103 (4), 89 (6), 73 (86), 59 (4), 45 (89). HREIMS (m/z): Calcd. for
C22H33NO4Si (M™): 403.2177. Found: 403.2165.

(5R*, 9R*, 115*%)-11-Formyl-5,6,7,8,9,10-hexahydro-2-methoxy-5-(methoxymethoxy)methyl-11-
trimethylsilyloxy-7-o0xo0-5,9-methanocycloocta[b]pyridine (18)

Ozone gas was bubbled through a salution of 17 (23.3 mg, 58 mmol) in CH,Cl,-MeOH (9:1) (2.0 mL) for 20 min at -78 °C.
After stirring for 10 min, dimethy! sulfide (15 drops) was added at -78 °C, and the reaction mixture was warmed to room temperature
overnight. After concentration in vacuo, the resndue was purified by ﬂash column chromatography (C.H,/EtOAc, 5:1) to give 18 as
a colorless oil (16.7 mg, 71%). IR (neat): 2960 (m), 2900 (m), 1725 (s), 1580 (m), 1485 (s), 111130 (m), 1330 (m), 1260 (m), 1215
{m), 1160 (m), 1120 (m), 1640 (s), 940 (m), 320 (m), 850 (s), 765 (m), 740 (m), 700 () cin. "H-NMR (400 MHz, CDCl3) é:
9.72 (1H, s, CHO), 7.45 (1H, d, J=8.8 Hz, C4-H), 6.64 (1H, d, J=8.8 Hz, C3-H), 4.47 (1H, d, J=6.6 Hz, OCH20CH3), 4.44 (1H, d,
J=6.6 Hz, OCH20CH3), 3.88 (3H, s, OCH3), 3.87 (1H, d, J=10.1 Hz, CH2OMOM), 3.78 (1H, d, J=10.1 Hz, CH20MOM), 3.27
(3H, s, OCH20CH3), 3.27 (1H, dd, J=19.0, 6.8 Hz, C10-H), 2.98 (1H, d, J=19.0 Hz, Ci0-H), 2.95 (1H, ddd, J=15.3, 6.5, 1.1 He,
Cs-H), 2.76 (1H, d, J=14.1 Hz, Cé-H), 2.72 (1H, br i, J=6.6 Hz, Cs-H), 2.28 (1H, di, J=15.3, 1.8 Hz, Cs-H), 1.96 (iH, dd, J=14.1,
1.9 Hz, Ce-H), 0.28 (9H, s, (CH3)3Si). EIMS (m/z): 407 (M, 8), 392 (9), 378 (42), 362 (3), 350 (8), 334 (23), 318 (21), 302 (3),
288 (3), 274 (6), 260 (8), 244 (17), 228 (8), 214 (8), 200 (7), 186 (11), 172 (6), 160 (9), 143 (3), 123 (14), 103 (7), 89 (6), 73 (46),
59 (4), 45 (100). HREIMS (m/z): Calcd. for C20H29NO6Si (M'): 407.1763. Found: 407.1779.

(SR*, 9R*, 118*, I’R*)-11-(2°,2’,2’-Trifluoro-1’-hydroxyethyl)-5,6,7,8,9,10-hexahydro-11-hydroxy-2-
methoxy-5-(methoxymethoxy)methyl-11-trimethylsilyloxy-7-o0x0-5,9-methanocycloocta[b]pyridine (19)

A solution of TBAF in THF (1.0M solution, 40 ul., 40 pmol) was added to a solution of 18 (1.63 g, 4.0 mmol) and CF,TMS
(1.3 mL, 8.0 mmol) in THF (10 mL) under argon.l2 The reaction mixture was stirred at room temperature for 50 min. After 18
was consumed, a solution of TBAF in THF (1.0M solution, 8.0 mL, 8.0 mmol) was (urther added to the reaction mixture. After
stirring for 15 min, the mixture was poured into H,0, and extracted with EtOAc. The combined organic extracts were washed with
H,O and brine. After concentration in vacuo, the residue was purified by flash column chromatography (C;H,/EtOAc, 1:1) to give
19 as colorless prisms (1,31 g, 81%), mp 153.5-154 °C (from CH -EtOAc). IR (KBr): 3470 (mn), 2960 (m), 1720 (), 1605 (s},
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1580 (m), 1485 (s), 1435 (m), 1325 (m), 1310 (m), 1265 (s), 1160 (s), 1130 (s), 1110 (s), 1040 (s) 1020 (s), 920 (m), 835 (m),
740 (m) cm™. 'H-NMR (400 MHz, CDCI3) & 7.38 (1H, d, J=8.7 Hz, C4-H), 6.57 (1H, d, J=8.7 Hz, C3-H), 5.20 (1H, br s,
CF3CHOH), 4.75 (1H, d, }=6.5 Hz, OCH20CH3), 4.71 (1H, d, J=6.5 Hz, OCH20CH3), 4.40 (1H, s, OH), 4.19 (1H, quint, J=6.7
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OCH20CH3), 3.36 (1H, dd, J=19.6, 6.8 Hz, C10-H), 3.23 (1H, dd, J=15.2, 6.0 Hz, Cs-H), 3.07 (IH, d, J=14.1 Hz, Cé-H), 2.88
(1H, br t, J=6.0 Hz, C9-H), 2.85 (1H, d, J=19.6 Hz, C10-H), 2.27 (1H, dt, J=15.2, 2.2 Hz, C8-H), 1.87 (1H, dd, J=14.1, 2.3 Hz, Cs-



H). '"F-NMR (CDCI3) 8: -71.4 (d, J=6.5 Hz). EIMS (m/z): 405 (M", 21), 360 (4), 343 (81), 330 (i4), 306 (5), 274 (i2), 244
(33}, 231 (9), 216 (39), 202 (8), 188 (21}, 174 (35), 160 (20), 148 (7). 130 (6), 84 (14). HREIMS (m/z): Caled. for C1sH22F3NOs
(M"): 405.1397. Found: 405.1387. Anal. Calcd. for C18H22F3NO6: C, 53.33; H, 5.47; N, 3.45. Found: C, 53.35; H, 5.51; N,
3.32.

(SR* OR* 115*% 4’R*).56.7.89.10-Hexahydro-2-methoxy-5-(methoxymethoxy)methyl-7-o0xo- -5.9.
methnnocyclooetn[b]pyridine-l l-spiro-s’ (4’-trifluoromethyl-1’,3’-dioxolane-2’-thione) (20)

A solution of 19 (1.31 g, 3.2 mmol) and N N"-thiocarbonyldiimidazole (1.44 g, 8.1 mmol) in CgH,Me(25 mL) was heated at
110 °C for 5 h under argon. 1314 The reaction mixture was poured into H,0, and exwracted with EtOAc. The combined organic
extracts were washed with H,O and brine. After concentration in vacuo, the residue was purified by flash column chromatography
(CH,/EtOAc, 3:1) to give 20 as a colorless amorphous solid (1.14 g, 79%). IR (KBr): 2950 (m), 2900 (w), 1730 (s), 1605 (s),
1580 (m), 1485 (s), 1435 (m), 1380 (m), 1335 (s), 1280 (s), 1205 (s), 1185 (m), 1130 (s), 1040 (s), 1020 (s), 980 (m), 920 (m),
840 (m), 740 (m) cm . H-NMR (400 MHz, CDCI3) &: 7.38 (1H, d, J=8.8 Hz, C4-H), 6.65 (1H, d, J=8.8 Hz, C3-H), 5.53 (1H, q,
J=6.7 Hz, CF3CH), 4.69 (1H, d, J=6.8 Hz, OCH20CH3), 4.63 (1H, d, J=6.8 Hz, OCH20CH3), 3.88 (3H, s, OCH3), 3.88 (IH, d,
J=12.0 Hz, CH2OMOM), 3.85 (1H, d, J=12.0 Hz, CH20MOM), 3.51 (1H, dd, J=19.7, 9.5 Hz, Ci0-H), 3.44 (3H, s, OCH20CH3),
3.23 (1H, br t, J=6.0 Hz, C9-H), 3.21 (1H, ddd, J=15.0, 5.6, 1.6 Hz, Cs-H), 2.93 (1H, d, J=19.7 Hz, C10-H), 2.83 (IH, d, J=14.7
Hz, Cs-H), 2.51 (iH, ddd, J=16.9, 4.0, 2.4 Hz, Cs-H), 2.11 (1H, dd, J=14.7, 2.4 Hz, Cs- H) ! F-NMR (CDC'{’) §:-72.8 (d, 1=60
Hz). EIMS (m/z); 447 (W 14), 386 (11), 358 (2), 342 (16), 326 (3), 310 (3), 289 (12), 260 (52), 244 (15), 228 (24), 216 (6), 200

(8), 186 (7), 172 (10), 160 (12), 115 (4), 77 (3), 45 (100). HREIMS (m/z): Calcd. for C19H20F3NO6S (M*): 447.0961. Found:
447.0942.

(SR* 9R*.11E)-11-(2,2,2-Trifluoroethylidene)-5,6,7,8,9,10-hexahydro-2-methoxy-5-(methoxy-
methoxy)methyl-‘?-oxo -5,9-methanocycloocta[b]pyridine (21)

A solution of 20 (1.14 g, 2.6 mmol) in trimethyl phosphite (1.0 mL) was heated at 130 °C for 15 h under argon After
concentration in vacuo, the residue was purified by flash column chromatography (CH,/EtOAc, 3:1) to give 21 as colorless prisms
(669 mg, 92%), mp 103-104 °C (from C,H,,-Et,0). IR (KBr): 2950 (m), 2900 (m), 1725 (s), 1680 (m), 1600 (s), 1580 (m) 1480
(s), 1430 (m), 1380 (m), 1345 (m), 1325 (m), 1280 (s), 1120 (s), 1050 (s), 960 (w), 920 (w), 875 (w), 830 (w), 740 (w) em™. 'H-
NMR (400 MHz, CDCI3) &: 7.44 (1H, d, J=8.6 Hz, Ca-H), 6.85 (1H, d, J=8.6 Hz, C3-H), 6.05 (IH, q, J=8.2 Hz, C12-H), 4.69 (IH

—a 0 LI M - [ —
d, J=6.9 Hz, OCH20CH3), 4.67 (1H, 4, J=6.9 Hz, OCH20CH3), 4.05 (1H, d, I=10.7 Hz, CH20MOM), 398 (I1H, 4, J=10.7 H

CH20MOM), 3.89 (1H, br t, J=6.4 Hz, Cy-H), 3.86 (3H, s, OCH3), 3.38 (3H, s, OCH20CH3), 3.32 (1H, dd, J=18.0, 6.3 Hz, Cio-

H), 2.95 (1H, 4, J=17.3 Hz, Ci0-H), 2.76 (1H, dd, J—161 7.0 Hz, Cs-H), 2.69 (1H, d, J=14.2 Hz, Cs-H), 2.55 (1H, dt, }=16.0, 2.1

Hz, Cs-H), 2.42 (1H, dd, J=14.2, 2.4 Hz, Cs-H). ®F.NMR (CDCI3) 5: -56.3 (d, 1=7.2 Hz). EIMS (m/z): 371 (M*, 52), 340 (4),
1

326 (6), 311 (18), 296 (17), 282 (8), 268 (30), 254 (14), 240 (11), 198 (6), 186 (9), 172 (7), 160 (4), 123 (9), 45 (100). HREHJIS
(m/z): Caled. for C18H20F3NO4 (m 371.1343. Found: 371.1324, Anal, Calcd. for C18H20F3NO4: C, 58.22; H, 5.43; N, 3.77

Found: C, 58.10; H, 5.46; N, 3.71.
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(SR*7S*9R* 11F)-11-(2,2,2-Triflucroethylidene)-5,6,7,8,2,10-hexahydro-7-hy
(methoxymethoxy)methyl-7-methyl-5,9-methanocycloocta[b]lpyridine (22)

A solution of methyllithium in Et,0 (1.16M solution, 4.8 mL, 5.6 mmol) was added to a solution of 21 (415 mg, 1.1 mmol)
in THF (8.0 mL) at -78 °C under argon. After stirring for 1 h and 40 min, the reaction mixture was poured into saturated aqueous
NH,CI, and extracted with EtOAc. The combined organic extracts were washed with H,O and brine. After concentration in vacuo,
the residue was purified by flash column chromatography (CiH,/EtOAc, 2:1) to give 22 as colorless prisms (219 mg, 51%), mp
113-114 °C (from CH,,). IR (KBr): 3480 (m), 2950 (s), 2850 (m), 1680 (s), 1600 (s)l 1480 (s), 1430 (s), 1380 (s), 1320 (s), 1280
(s), 1220 (m), 1120 (s), 1040 (s), 980 (m), 920 (s), 865 (m), 825 (m), 740 (s) cm™. "H-NMR (400 MHz, CDCi3) & 7.47 (iH, d,
J=8.7 Hz, C4-H), 6.56 (1H, d, J=8.7 Hz, C3-H), 5.80 (1H, q, J=8.3 Hz, C13-H), 4.69 (1H, d, J=6.8 Hz, OCH20CH3). 4.67 (1H, d,
J=6.8 Hz, OCH20CH3), 3.96 (1H, d, J=10.5 Hz, CH20MOM), 3.90 (1H, d, J=10.5 Hz, CH20MOM), 3.87 (3H, s, OCH3), 3.57
(1H, br t, J=5.5 Hz, Co- H), 3.40 (3H, s, OCH20CH3), 3.30 (1H, dd, J=18.2, 7.7 Hz, Clo-H) 3.14 (1H, d, J=18.2 Hz, C10-H), 2.09
(1H, d, J=14.5 Hz, Cs-H), 1.97 (1H, dd, J=14.5, 5.2 Hz, Cé-H), 1.78 (2H, s, C8-H x 2), 1.14 (3H, s, CH3), 0.89 (1H, br s, OH).
PE_NMR (CDCl3) 8: -56.1 (d, J = 10.0 Hz). EIMS (m/z): 387 (M*, 18), 339 (31), 324 (11), 307 (10), 294 (60), 282 (4), 270 (12),
254 (43), 240 (7), 224 (5), 211 (4), 186 (7), 172 (5), 160 (3), 45 (100). HREIMS (m/z): Caled. for C1oH24F3NO4 (M*): 387.1656.

Found: 387.1664. Anal. Calcd. for C19H24F3NOa4: C, 58.91; H, 6.24; N, 3.62. Found: C, 58.76; H, 6.21; N, 3.57.

(SR*9R*,11E)-11-(2,2,2-Trifluoroethylidene)-5,6,9,10-tetrahydro-5-hydroxymethyl-2-methoxy-7-
methyl-5,9-methanocycloocta{b]pyridine (24)
Thionyl chloride (0.32 mL, 4.4 mmol) was added to a solution of 22 (341 mg, 0.88 mmol) in CH,N (2.0 mL) at room

srviseneatiaes i dan negmn A Ftae ctieed £, I h th 1 n ; tra
temperature under argon. After stirring for 2 h, the reaction mixture was concentrated in vacuo, and the residue was extracted with

EtOAc. The combined organic extracts were washed with brine and dried over Na,SO,. After concentration in vacuo, the residue was
dissolved in 1,4-dioxane (6.5 mL), and triflic acid (82 pL, 0.94 mmol) was added. After heating at 95 °C for § h, the reaction
mixture was poured into saturated aqueous NaHCO,;, and extracted with EtOAc. The combined organic extracts were washed with

nnnnnnnnnnnnnnnnnnnnnn tha racid, i
nau and brine. After concentration in vacuo, the residue was yuufmd oYy flash column J"umumubnayuj \\451114!1_4[01"\\\. 4:1 1) give

24 as colorless prisms (157 mg, 57%), mp 145-147 °C (from C¢H,,-Et,0). IR (KBr): 3380 (m), 2950 (m), 2900 (m), 1680 (m),
1600 (s), 1580 (m), 1480 (s), 1425 (m), 1385 (m), 1315 (m), 1275 (s), 1175 (m), 1120 (s), 1070 (m), 1040 (m), 915 (w), 875 (w),
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830 (m), 740 (m), 705 (w) em’. "H.NMR (400 MHz, CDCB3) §: 7.53 (1H, d, J=8.7 Hz, C4-H), 6.63 (1H, ¢, J=8.7 Hz, C3-H),
5.82 (1H, q, J=8.3 Hz, C13-H), 5.42 (1H, br d, J=5.2 Hz, C3-H), 4.15-4.05 (3H, m, CH20H), 3.89 (3H, s, OCH3), 3.81 (1H, br s,

C9-H), 3.16 (1H, dd, I=17.3, 5.3 Hz, C10-H), 2.95 (1H, dd, J=17.3, 1.8 Hz, C10-H), 2.26 (1H, dd, J=16.7, 1.0 Hz, Ce-H), 1.92 (1H,
d, J=167 Hz, Ce-H), 154 (3H, 5, CH3). “F-NMR (CDCI3) 8: -56.3 (d, J=9.8 Ha). EIMS (m/z): 325 (M", 79). 306 (14), 294
(100), 280 (13), 268 (4), 256 (11), 242 (10), 222 (8), 210 (12), 196 (5), 172 (6), 160 (6), 148 (8), 128 (&), 115 (5), 84 (43).

HREIMS (m/z): Calcd. for C17H18F3NO2 (M*): 325.1287. Found: 325.1268. Anal. Calcd. for C17H18F3NO2: C, 62.76; H, 5.58;
N, 4.31. Found: C, 62.84; H, 5.45; N, 4.26.
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octa[blpyridine-5(6H )-carbaldehyde (25)
Dimethyl sulfoxxde (105 uL, 1.5 mmol) was added to a solution of oxalyl chloride (100 pL, 1.1 mmol) in CH,Cl, (1.0 mL) at

-78 °C under argon.” After snmng for 10 min, a solution of 24 (124 mg, 0.38 mmol) in CH,Cl, (2.0 mL) was added at the same
teiniperature. Afier siirming for 70 min, Dl,uT {0.53 mL, 3.8 mmol) was added. Afier stirring was continued ai 0 °C for 20 min, the
reaction mixture was poured into H,O, and extracted with EtOAc. The combined organic extracts were washed with H.O and brine.
After concentration in vacuo, the residue was purified by flash column chromatography (C¢H,/EtOAc, 20:1) to give 25 as colorless
prisms (92.4 mg, 77%), mp 133-134 °C (from CH,,). IR (KBr): 2950 (m), 2930 (m), 2840 (m), 2730 (w), 1730 (s), 1680 (s), 1600
(S). 150\; (i‘l‘i) 1480 \’S) 1430 \S) 1385 (S), 1330 (S), 1320 (a). 1275 (S), 1170 ( \a}, 1120 (S\/, 1035 (b), 875 { {iti), 835 (Tll), 700 uu)
. '"H-NMR (400 MHz, CDCI3) &: 9.66 (1H, s, CHO), 7.02 (1H, d, J=8.5 Hz, C4-H), 6.62 (1H, d, J=8.5 Hz, C3-H), 5.41 (1H,

brd J=5.2 Hz, Cs-H), 5.31 (1H, g, J=7.7 Hz, C13-H ), 3.91 (3H, s, OCH3), 3.84 (1H, br s, C9-H), 3.21 (1H, dd, J=17.6, 5.2 Hz,
C1o0-H), 3.02 (1H, dd, J"l76 1.7 Hz, C10-H), 2.94 (1H, dd, J=17.3, 1.0 Hz, Ce-H), 2.10 (1H, d, J=17.3 Hz, Cs-H), 1.59 (3H, s,
:-56.5 (4, J=5.5 Hz). BIMS (w/s): 323 (M", 100), 308 (8), 284 (73), 280 (20), 268 (14}, 254 {(i0),

140 (4), 115 (5). HREIMS (m/z): Caled. for C17TH16FaNQ2 (M*): 323.1131, Fou

-ii- (2 Z,2- Trumoroemyuﬂene) -9,i-dihydro-Z-methoxy-7-meihyi-5,9-meihanocycio-
)=

Sodnum chlonte (85% punty) (60 0 mg, 0 57 mmol) was added to a solution of 25 (91.3 mg, 0.28 mmol), 2-methyl-2-butene
(996 mg, 14 mmol), and NaH,PO‘ (679 mg, 5.7 mmol) in tert-BuOH (15 mL) and H,0 (2.0 mL).?' The reaction mixture was
stirred for 1.5 h, poured inio H,O, then exiracied with EtOAc. The combined organic exiracts were washed with H,O and brine.
Concentration in vacuo gave crude 26 as a colarless solid (104 mg, auap_t![anvg ygeld] which was regrvs[aﬂlzgd from C. H‘“WEAZO o

provide 26 as colorless prisms (48.6 mg, 51%), mp 194-195 °C (from C¢H,,-Et,;0). IR (KBr): 3440 (w), 2930 (m), 1720 (s), 1685
(m), 1615 (m), 1580 (m), 1495 (s), 1440 (m), 1430 (m), 1360 (s), 1280 (s), 1240 (s), 1180 (m), 1130 (s), 1030 (m), 840 (m), 720

{m) em. H-NMR (400 Miiz, CDCi3) 6: 7.27 (iH, d, J=8.6 Hz, C4-H), 6.62 (iH, d, J=8.6 Hz, C3-H), 5.54 (iH, q, J=7.9 He,
C13-H), 539 (1H, br d, I=5.1 Hz, C&-"),390(3H, s, QCH3), 36"\ (1H br s, C9“ 3.19 (1H, dd, J=17.3, 5.0 Hz, C10-H), 3.09
(1H, d, J=17.1 Hz, Cs-H), 2.98 (1H, dd, J=17.3, 1.8 Hz, Ci0-H), 2.32 (1H, d, J=17.1 Hz, C6-H), 1.57 (3H, s, CH3) F.NMR

(CDCI3) 3: -56.7 (d, J] = 9.9 Hz). EIMS (m/z): 339 (M", 100), 324 (5), 310 (6), 294 (100), 284 (19), 270 (14), 256 (7), 240 (9),

224 (7), 210 (14), 196 (7), 182 (6), 167 (8), 151 (5), 128 (4), 115 (4). HREIMS (m/z): (,alcd for C17H16F3NO3 (M ): 339.1080.
Found: 330 1058, Anal, Caled, for C17HisF2NOD3: (‘ AN 1R H 4 7% N 413, Found: AN 02 H A4 RD: N 400

ST AUJG. fakiike wisvia, 3 FAax0L JiNAS VL BTy LRy Telosy 1N Lu, v UV K4y FoUU, 1V T

(5R*,9R*,11E)-Methyl [11-(2,2,2-Trifluoroethylidene)-9,10-dihydro-2-methexy-7-methyl-5,9-
methanocyciooctajbjpyridin-5(6H)-yiljcarbamaie (27)
A solution of 26 (817 mga, 024 mmn“ Et. N I<ﬂ n[ 036 mmnl\ and dinhenvinhagnhorvl azide (87 ul. 027 mrnn]\ in

\ soluti 26 (81.7 mg, 0.24 mmol Et.N 0.36 mmol), and diphenylnhosphoryl ande (57 ul, 0,27 mmol
C.HMe (2.0 mL) was heated at 85 °C for 4 h.16 After MeOH (1.0 mL) was added, the reaction mixture was heated at 75 °C for 17
h. After concentration in vacuo, the residue was purified by flash column chromatography (CH,,/EtOAc, 4:1) to give 27 as
colorless prisms (25.8 mg, 44%), mp 184-185 °C (from C4H,,-Et,0). IR (KBr): 3330 (m), 2960 (m), 2920 (m), 1715 (s), 1600 (s),
18RE fem\ 184N (rny TARO {c)Y 1A () 1278 () 1’11( Y 12688 fcY 1120 fe) 100 () 1080 ) 10U (m)Y 0N (=) AN

LUUO (M), 17U \nu, Awuu A0 Js LTIV \Alify LT 70 \Lll), oO\IL)y 2LUY D)y Ll \DJy LV \dlij, iUV Adlly, 1USU (Ull), s&vV \dli), OTU

(m), 740 (m) cm”'. '"H-NMR (400 MHz, CDCI3) &: 7.51 (1H, d, J=8.6 Hz, C4-H), 6.59 (1H, d, J=8.6 Hz, C3-H), 5.61 (1H, Q.
J=8.0 Hz, C13-H), 5.44 (1H, br d, J=5.0 Hz, Cs-H), 5.09 (1H, br s, NH), 3.91 (1H, br s, C9-H), 3.89 (3H, s, OCH3), 3.64 (3H, br
s, CO2CH3), 3.20 (1H, dd, J=17.0, 2.5 Hz, C10-H), 2.92 (1H, dd, J=17.0, 2.0 Hz, C10-H), 2.66 (1H, br s, Ce-H), 2.28 (lH, d,

I-I( QI Mz IV 1 §A /ILT o LN l:‘ NAMD /O I3 8. €A 2T /(A T=T7 1 Lia) EIRC /mmi=\. 240 MY 10N 282 M&Y 124 (KN
=1J.0 114, “O-F1), 1.J0% (I11, 5, w115, SINIVARN (i) Gy 00O U, 0SS B SAVID (MU Z ). D00 A\, 1VUVU), J00 &V, JI0 ),

321 (15), 309 (16), 293 (35), 278 (16), 264 (5), 253 (6), 239 (8), 224 (29), 210 (8), 174 (5), 147 (8), 131 (3), 119 (5). HREIMS
(m/z): Caled. for C1sH19FiN203 (M*): 368.1347. Found: 368.1359. Anal. Calcd. for C18H19F3N203: C, 58.69; H, 5.20; N, 7.61.
Found: C, 58.59; H, 5.12; N, 7.34.

(5R* 9R*,11E)-5-Amino-11-(2,2.2-trifluoroethylidene)-5,6,9,10-tetrahydro-7-methyl-5.9-methano-
cycloocta[blpyridin-2(1H )-one [(3)-14,14,14-trifluorchuperzine A] (3)

Iodotrimethylsilane (0.12 mL, 0.84 mmol) was added dropwise to a solution of 27 (20.9 mg, 57 pmol) in CHCI, (1.0 mL) at
rooin temperature under argon, and the reaction mixture was hieated at reflux for 10 h.'7  After MeOH (0.5 mL) was added o the
solution, and the mixture was heated at reflux for 6 h. After concentration in vacuoe, the residue was dissolved in CH,Cl,. The
dichloromethane solution was washed successively with saturated aqueous NaHCO,;, 10% aqueous Na,S,0;, H,O, and brine. After

concentration in vacuo, the residue was purified by preparative thin layer chromatography (EtOAc/MeOH, 10:1) to give 3 as



colorless prisms (12.5 mg, 74%), mp 234-235 °C (from C;H,,-EtOAc). IR (KBr): 3380 (w), 3300 (w), 3130 (w), 3100 (w
(m), 2240 (m), 1660 (s), 1620 (s), 1560 (m), 1460 (m), 1430 (w), 1410 (w), 1385 (w), 1360 (m) 1305 (m), 1270 (s), 1

\HilJ, L4770 \L11)y LUV (D) 1VEV (9 LJWW (diiyy 17TWVW (ML), L2750 el b
1120 (s), 910 (m), 840 (m), 740 (m), 700 (w), 670 (w) cm -+ lFI-NMR (400 MHz, CDC13) 8: 12.76 (1H, br s, CONH), 7.85 (1
d, J=9.5 Hz, C4-H), 6.47 (1H, d, }=9.5 Hz, C3-H), 5.85 (1H, g, J=8.3 Hz, C13-H), 5.39 (1H, br d, J:SOHz, Cs-H), 3.87 (IH, br s,
Co-H), 3.04 (1H, dd, J=17.1, 5.1 Hz, C10-H), 2.80 (1H, dd, J=17.1, 1.7 Hz, C10-H), 2.27 (1H, d, J=17.6 Hz, Ce-H), 2.22 (iH, d,
J=17.6 Hz, Cs-H), 1.58 (3H, s, CH3). 191: NMR (CDCl3) &: -56.6 (4, J=6.5 Hz). EIMS (m/z): 296 (M 100}, 281 (62), 261 (5),
241 (5), 227 (41), 213 (30), 197 (11), 185 (6), 173 (8), 160 (6), 147 (15) 130 (4) 119 (5) 106 (7), 91 (8). HREIMS (m/z): Calcd.
for C15H15F3N20 (M"): 296.1135. Found: 296.1135. Anal. Caled. for C15H15F3N20: C, 60.81; H, 5.10; N, 9.45. Found: C,
60.66; H, 5.27; N, 9.25.

(5R*,9R*,11E)-11-(2,2,2-Trifluoroethylidene)-5,6,7,8,9,10-hexahydro-5-hydroxymethyl-2-methoxy-7-
oxo-5,9- methnnocycloocta[b}pyridine (28)

Bromoirimethyisilane (0.54 mL, 4.1 mmol) was added io a suspension of 21 (380 mg, 1.0 mmol) and molecular sieves 4A
(380 mg) in CH,Cl, (6.0 mL) at -30 °C under argon. The reaction mixture was stirred overnight at room temperature, poured into
saturated aqueous NaHCO,, then extracted with EtOAc. The combined organic extracts were washed with H,O and brine. After
concentration in vacuo, the residue was puriﬁed by flash column chromatography (CéHM/EtOAc 2:1) to give 28 as a colorless
amorphous solid (312 mg, 93%). IR (KBr): 3450 (in), 2950 (m), 2900 (m), 1720 (s}, 1680 (m), 1600 (s}, 1580 (m), 1480 (s}, 1430
(m) 1380 (m), 1350 (m), 1320 (m), 1280 (s), 1175 (m), 1120 (s), 1080 (m), 1050 (m), 875 (m), 830 (m), 740 (m), 715 (m) em™.

'"H-NMR (400 MHz, CDCI3) &: 7.43 (1H, d, J=8.9 Hz, C4-H), 6.63 (1H, d, }=8.9 Hz, C3-H), 6.15 (1H, g, J=8.1 Hz, C12-H), 4.17
(1H, dd, J=12.0, 6.7 Hz, CH20H), 4.10 (1H, dd, J=12.0, 3.4 Hz, CH20H), 3.90 (1H, br t, J=6.6 Hz, C9-H), 3.87 (3H, s, OCH3),

3.31 (1H, dd, J=18.1, 5.2 Hz, Ci0-H), 2.97 (1H, d, I=18.1 Hz, Cio-H), 2.77 (1H, dd, J=16.0, 7.0 Hz, C3-H), 2.60 (1H, 4, I=14.1

Hz, Cé-H), 2.55 (1H, dt, J=16.0, 1.9 Hz, Cs-H), 2.34 (1H, dd, J=14.1, 2.4 Hz, C6-H), 1.65 (1H, dd, J=6.7, 3.4 Hz, CH20H). '°F-
NMR (CDCI3) 8: -56.3 (d, J=6.5 Hz). EIMS (m/z): 327 (M*, 100), 308 (26), 296 (42), 280 (13), 268 (26), 256 (13), 240 (20), 222
(9), 210 (8), 198 (10), 186 (14), 172 (19), 160 (8), 142 (5), 128 (5), 115 (6), 84 (7). HREIMS (m/z): Calcd. for C16H16F3NO3
(M*): 327.1081. Found: 327.1062.

(S5R*,9R*,11E)-Methyl 11-(2,2,2-trifluoroethylidene)-7,8,9,10-tetrahydro-2-methoxy-7-0x0-5,9-
methanocycloocta[b]pyridine-5(6H)-carboxylate (31)

DMSO (0.46 mL, 6.4 mmol) was added to a solution of oxalyl chloride (0.40 mL, 4.6 mmol) in CH,Cl, (2.0 mL) at -78 °C

under arg(m.20 After stirring for 10 min, a solution of 28 (300 mg, 0.92 mmol) in CH,Cl, (4.0 mL) was added at the same
temperature. After stirring was continued for 1 h, Et3N (1.3 mL, 9.2 mmol) was added. The reaction mixture was stirred at 0 °C for
20 min, poured into H,0, then extracted with EtOAc. The combined organic extracts were washed with H,O and brine.
Concentration in vacue gave crude 29 (353 mg) as a colorless oil. This was subjected to the next oxidation without further
purification. Sodium chlorite (85% purity) (195 mg, 1.8 mmol) was added to a solunon of crude 29 (353 mg), 2-methyl-2-butene
(3.22 g, 46 mmol), and NaH,PO, (2.21 g, 18 mmol) in fert-BuOH (9.0 mL) and H,0 (3.0 mL).”" The reaction mixture was stirred
for 1 h, concentrated in vacuo, poured into H,0, then extracted with EtOAc. The combined organic extracts were washed with H,O
and hrine. Concentration in vacuo afforded crude 30 (419 mg) as a colorless oil. This was immediately subjected to the next

esterification. A 10% solution of trimethylsilyldiazomethane in C;H,, (0.5 mL) was added to a solution of crude 30 (419 mg) in
MeOH (2.0 mL) and Et,0 (2.0 mL) at 0 °C. The reaction mixture was stirred at room lemperature for 30 min, and concentrated in
vacuo. The residue was purified by flash column chromaiography (CH,/EtOAc, 5:1) io give 31 as a colorless amorphous solid
(273 mg, 84% from 28). IR (KBr): 2960 (m), 2920 (m), 1740 (s), 1680 (m), 1605 (s), 1580 (m), 1480 (s), 1430 (m) 1380 (m),
1340 (m), 1325 (m), 1275 (s), 1170 (m), 1120 (s), 1080 (m), 1040 (m), 1020 (m), 900 (m), 830 (m), 740 (m) cm”. "H-NMR (400
MHz, CDCI3) &: 7.01 (1H, d, J=8.6 Hz, C4-H), 6.60 (1H, d, J=8.6 Hz, C3-H), 5.57 (1H, q, J=7.7 Hz, C12-H), 3.91 (1H, br t, J=6.9
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Hz, Co-H), 3.88 (3H, s, OCHS3), 3.85 (1H, s, COz2CH3), 3.32 (1H, dd, J=18.0, 5.9 Hz, Cio-H), 3.20 (1H, d, J=14.1 Hz, Cé-H), 2.97
(1H, dd, J=18.0, 1.2 Hz, C10-H), 2.81 (1H, dd, J=15.2, 2.3 Hz, Cs-H), 2.78 (1H, dd, J=16.3, 7.1 Hz, C8-H), 2.56 (1H, dt, J=16.1,
1.8 Hz, Cs-H). S NMR (CDCI3) §: -56.7 (d, J=8.1 Hz). EIMS (m/z): 355 M", 100), 336 (4), 323 (15), 298 (35), 286 (7), 268
(16), 254 (10), 231 (12), 214 (6), 199 (16), 184 (7), 172 (17), 154 (4), 140 (3), 128 (3), 115 (4). HREIMS (m/z): Calcd. for

SIT AT AT AfE 1NN T3 28 1AIN

Ci17H16F3NO4 (V1 )I 553.1UdVU. Founda: 557.1V1u,

(SR*,7S* 9R*,11E)-Methyl 11-(2,2,2-trifluoroethylidene)-7-trifluoromethyl-7,8,9,10-tetrahydro-7-
hydroxy-2-methoxy-5,9-methanocycloocta[b]pyridine-5(6H)-carboxylate (32)

A solution of TBAF in THF (1.0M solution, 1 pL., 1 umol) was added to a solution of 31 (180 mg, 0.51 mmol) and CF,;TMS
(0.40 mL, 2.5 mmol) in THF (0.5 mL) under argon.]2 The reaction mixture was stirred at room temperature for 3 h.  After 31 was
consumed, a solution of TBAF in THF (1.0M solution, 0.5 mL, 0.5 mmol) was further added to the reaction mixture. After stirring
for 15 min, the reaction mixture was poured into H,O, and extracted with Et,0. The combined organic extracts were washed with

Bt (bt e s £ e ] . S, ach caliimn chromataoranhy (O B A 20-1) save
H,0 and brine. Concentration in vacuo followed by purification by flash column chromatography (C H/EtOAc, 20:1) gave 32 as

colorless prisms (93.3 mg, 43%), mp 166-168 °C (from CiH,,-Et,0). IR (KBr): 3480 (m), 2960 (m), 1740 (s), 1680 (m), 1605
(m), 1480 (8), 1440 (m), 1320 (m), 1275 (s), 1255 (s), 1180 (m), 1125 (s), 1030 (m), 915 (m), 890 (m), 825 (m), 740 (m), 660 (m)

1
-1

em™. 'H-NMR (400 MHz, CDCI3) &: 7.00 (1H, d, J=8.6 Hz, C4-H), 6.56 (1H, d, J=8.6 Hz, C3-H), 5.43 (IH, q, J=7.7 Hz, C13-H),

ALT o ML 2 Q8 1L - MNAarday 171 I'LIb-oIELLI Mo Ty 21128 /11X A4 1192 7T & W My F GIILIA

S

2 90 1 7
35.00 (351, §, ULILI3}, .05 (151, §, LUZL013), 3.73 (EX L J=J.0 iz, Uy-ny), 3.005 i, G4, a=106.3, 7.5 nZ, viu- ) i, 4

I
J=18.3 Hz, C10-H), 2.67 (1H, d, J=14.7 Hz, C6-H), 2.23 (1H, dd, J=14.7, 2.2 Hz, Cs-H), 2.21 (1H, dd, J=14.7, 5.0 Hz, Cs-H), 2.14
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100). 406 (5), 396 (12), 366 (20), 348 (10), 328 (4), 313 (4), 298 (21), 278 (4), 254 (9), 230 (4), 218 (8), 184 (5), 170 (3).
HREIMS (m/z): Calcd. for C1sH17F6NO4 (M"): 425.1060. Found: 425.1053. Anal. Caled. for C1sHI17F6NO4: C, 50.83; H, 4.03;
N, 3.29. Found: C, 50.70; H, 4.05; N, 3.12.
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(5R*9R* ,11E)-Methyl [11-(2,2,2-trifluoroethylidene)-7-trifluoromethy}-9,10-dihydro-2-methoxy-5.9-
methanocycloocta[blpyridin-5(6H)-yllcarbamate (35a)
Thionyl chloride (56 pL., 0.77 mmol) was added to a solution of 32 (109 mg, 0.26 mmol) in CH;N (0.5 mL) at room
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combined organic extracts were washed with brine. After concentration in vacuo, the residuc was purified by flash column
chromatography (CH,/EtOAc, 20:1) to give a mixture of 33a and 33b as a colorless oil (88.0 mg, 84%). The ratio of 33a to
33b was estimated as ca. 4:1 by the following 'H-NMR spectrum. 'H-NMR (200 MHz, CDCI3) 8: 5.42 (0.8H, q, J=8.0 Hz, C ;-

£ EA s

H), 5.53 (0.2H, q, J=8.0 Hz, C,;-H). This mixiure was subjecied to the nexi aikaiine hydroiysis withoui separaiion. A soiution of
3N-NaOH (0.4 ml) was added to a solution of the mixture of 33a and 33h (95.0 mg) in MeQH-THF (2:1) (0.6 mL). The reaction

mixture was heated at reflux for 5 h under argon. After cooling, the reaction mixture was diluted with H_O adjusted to pH 4 with
IN-HCI, then extracted with EtOAc. The combined organic extracts were washed with H,O and brine. Concentration in vacuo gave

a mixiure of 34a and 34b as a coloriess oii (94.8 mg, quaniiiaiive yieid). This mixiure was immediaiely subjecied io the nexi
modified Curtius rearrangement. A solution of the mixture of 34a and 34b (92.0 mg), Et;N (49 ul, 0.35 mmol), and

diphenylphosphoryl azide (50 uL, 0.23 mmol) in CéHsMe (2.0 mL) was heated at 85 °C for 4 h,l° After MeOH (1.0 mL) was added,
the reaction mixture was heated at 85 °C for 4 h. After concentration in vacuo, the residue was purified by flash column
chromatography (C¢H,/EtOAc, 5:1) to give 35a as colorless prisms (63.3 mg, 64% from 33) and 35b as a coloriess oil (5.7 mg,
6% from 1"\ A8a: mn |7L17K O (fram C.H _Et.()) IR {I(Rr\ 2330 [m\ 2QAN (m) 2070) (u/\ 2880 {“l\ ')”7" I“:\ 1720 (s)

C UL OO, werees maip 2 e QLIURIL RgAR[4TANNgNs g RES \EmaSK S22 LFOV iy, &L LSOV Fas A5,

1600 (s), 1580 (m), 1540 (s), 1480 (s), 1430 (s), 1375 (s), 1295 (s), 1270 (s), 1180 (s), 1120 (s), 1080 (s), 1030 (m), 915 (m), 835
(m), 740 (m), 650 (m) cm™'. 'H-NMR (400 MHz, CDCI3) 8: 7.54 (1H, d, ]=8.7 Hz, C4-H), 6.63 (1H, d, J=8.7 Hz, C3-H), 6.36
(1H, br d, }=3.7 Hz, Cs-H), 5.73 (1H, q, J=8.0 Hz, C13-H), 5.19 (1H, br s, NH), 4.13 (1H, br s, C9-H), 3.89 (3H, s, OCH3), 3.66

(1T hro NNTHOCOWOHAY 221 A1 Ad T=1T74 2AH> Cia Y ITON/MH Ad 12174 12 I Cin.FN 2007 Q4 f1HT he ¢ e HOY

VAKL, UL 3, AVERRA/&NeLL T jy FoT 3 LKAy WREy 9™ L 557 £.57 J1L, v UIUTRL )y JuUU (I 1L, U, 351 7.7, 1.0 T14, “IUTT1J, & 7VU-L.0N (141, Uf B, U 11},
2.58 (1H, dd, J=15.8 Hz, Cé-H). mF-NMR (CDCI3) &: -69.5 (s), -56.6 (d, J=7.9 Hz). EIMS (mv/z): 422 (M™, 100), 402 (16), 389
(9), 363 (18), 353 (27), 347 (36), 321 (16), 307 (4), 293 (7), 278 (29), 264 (6), 219 (8), 122 (7), 83 (23). HREIMS (m/z): Calcd.
for C1sH16F6N203 (M™): 422.1064. Found: 422.1082. Anal. Caled. for C18H16F6N203: C, 51.19; H, 3.82; N, 6.63. Found: C,

€1 1&. LT 7 £O0. W\ £ &£ e ¥4 9 IU ARAD AN ARALT. OV €. T &4 /1LY LN £ &0 /1011 4 T__ MHa LIN L AN
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(1H, br s, C8-H), 5.68 (1H, q, J=7.6 Hz, C13-H), 5.16 (1H, br s, NH), 3.95 (1H, br tr, J=7.1 Hz, C9-H), 3.89 (3H, s, OCH3), 3.75
(1H, s, NHCO2CH3), 3.45 (IH dd, J=18.7, 7.8 Hz, Cl0-H), 2.97 (1H, d, J=18.7 Hz, C10-H), 2.84 (1H, dd, J=17.4, 4.2 Hz, Cs-H),
2.43 (1H, d, J=18.1 Hz, Cs-H). EIMS (m/z): 422 (M", 100), 402 (16), 389 (6), 363 (31), 353 (63), 347 (13), 321 (20), 307 (3),

AN e MO SMANN ML A AN AAQ ST AN
253 (5), 278 (20), 264 (3), 228 (10).

(5R*,9R* 11E)-5-Amino-11-(2,2,2-trifluoroethylidene)-7-trifluoromethyl-5,6,9,10-tetrahydro-5,9-
methanocycloocta[b]pyridin 2(1H)-one [(+)-12,12,12,14,14,14- hexaﬂuorohuperzine A] 4).

P PSPy PUUU L. aAd Y A PO TS I MIT 1 T
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room temperature under argon, and the reaction mixture was heated at reflux for 10 h.!7  Afier MeOH (0.5 mL) was added, the
mixture was further heated at reflux for 6 h. After concentration in vacuo, the residue was dissolved in EtOAc. The ethyl acetate
solution was washed suc,cessively with saturated aqucous NaHCO;, 10% aqueous Na,S,0;, H,O, and brine. After concentration in

ban wvanid eran s e e biera th inm Al ntnmenemb ST A ARANLE TN T 4n aivra A o Anlaaalao oo
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mg, 80%), mp 249-250 °C (from C4H,EtOAc). IR (KBr): 3400 (m), 3380 (m), 3300 (m), 3130 (m). 2950 (m), 1670 (s), 1625
(m), 1560 (m), 1460 (m), 1430 (m), 1415 (m), 1385 (m), 1365 (m), 1340 (m), 1285 (s), 1275 (s), 1180 (s), 1120 (s), 1040 (m),
940 (m), 915 (m), 835 (m), 780 (m), 720 (m) cm™. 'H-NMR (400 MHz, CDCI3) &: 13.42 (1H, br s, NH), 7.87 (1H, d, J=9.5 Hz,

£ EN /1YY 13 L WaRAl TIN £ 00 (11T TI_ Maa TIN A NQ 711X Y 10
L.h&-ﬂ) .oV (111, 4, J—"JHL \_,J ﬂ) UJL i, Ul U, -—JUﬂL LB rn), 3.7 (in, q,J—Q i nz, Cis- 1), 4.Uo (in, Ul S, L9 ﬂ} .J 10

(1H, dd, J=17.5, 5.4 Hz, C10-H), 2.93 (1H, dd, J = 17.5, 1.5 Hz, C10-H), 2.53 (1H, d, I = 17.1 Hz, Cs-H), 2.40 (1H, d, J=17.1 Hz,
Ce-H). 'F-NMR (CDCI3) &: -69.5 (s), -56.8 (d, I=6.5 Hz). EIMS (m/z): 350 (M*, 100), 331 (12), 281 (82), 267 (16), 241 (8),
211 (6), 197 (5), 185 (4), 173 (4), 160 (5), 147 (13), 106 (4), 84 (17). HREIMS (m/z): Calcd. for C15H12F6N20 (M*): 350.0852.

AamA nomn STT TV RTo ann T

Found: 350.0850. Anai. Caicd. for CisHizF6NzO: L,Dl 44 HJ‘}D N 8.00. Found: b, 51 40 ﬂ, .)41 N, 7.71.

(55*,9R*)-Methyl 7-bromomethyl-9,10-dihydro-2-methoxy-11-0x0-5,9-methanocycloocta[s]pyridine-
5(6H)-carboxylate (36)

.3 s I AT 1 A4 ez ~

A sotution of 13 (1.80 g, 6.3 mmoi) and NBS (i.34 g, 7.5 mmoi) in i,4-dioxane {35 mi) and H,O (3.5 mi) was sirmred at
room temperature for 3 h. The reaction mixture was poured into H,0, and extracted with EtOAc. The combined organic extracts

were washed with H,O and brine. After concentration in vacuo, the residue was purified by flash column chromatography
(C¢H,/EtOAc, 3:1) to give 36 as colorless prisms (1.87 g, 82%), mp 161-163 °C (from C(,HH-EtOAc) IR (KBr): 2950 (m), 1750

{(s), 1735 (a), 1605 (s), 1580 (m), 1480 (s), 1430 {m), 1330 (s), 1270 (s), 1220 (m), 1680 (m), 1030 (m), 520 (m), 830 (m), 740
(m) em”. "H-NMR (400 MHz, CDCI3) &: 7.15 (1H, d, J=8.6 Hz, C4-H), 6.64 (1H, d, J=8.6 Hz, C3-H), 5.89-5.87 (1H, m, Cs-H),
3.91 (3H, s, OCH3), 3.83 (1H, d, J=10.4 Hz, CH2Br), 3.79 (1H, d, J=10.4 Hz, CH2Br), 3.78 (3H, s, CO2CH3), 3.53 (1H, d, J=174

Hz, C6-H), 3.44 (1H, dd, J=17.1, 4.8 Hz, C10-H), 3.25 (1H, br t, J=5.3 Hz, C9-H), 3.21 (1H, dd, J=17.1, 2.0 Hz, Ci0-H), 2.83 (1H,
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287 (i7), 286 (100), 258 (44), AJU {14), 226 (i3), 199 (21), 198
8). EIMS (m/z): Caled. for FlﬁHlﬁ RrNﬂd (M+\ 365.0261. Found:

Yoy VL)L ofl DIV PALER AL

367.0257. Anal. Caled. for Ci6H16BrNO4: C, 52.48; H, 4.40; N,

0 (5), 154 (7), 128

365.0252. Calcd. for C16H16¥ BENO4 (M"): 367.0242. Found:
3.82; Br, 21.82. Found: C, 52.20; H, 4.44; N, 3.71; Br, 22.04.
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(55* 9R*)-Methyl 7-acetoxymethyl-9.10-dihydro-2-metho;
5(6H)-carboxylate (37)
A solution of 36 (1.87 g, 5.1 mmol) and AgOAc (2.14 g, 13 mmol) in MeZCO (40 mL) was stirred at room temperature for 6

P

h. The reaciion mixiure was concenirated in vacio, poured into H,O, and exiracied wiih EiCAc¢. The combined organic exiracis were
washed with H,O and brine. After concentration in vacuo, the residue was purified by flash column chromatography (C.H, /EtQAc,

il T

3:1) to give 37 as colorless prisms (1.43 g, 81%), mp 117-117.5 °C (from C¢H,-Et,0). IR (KBr): 2950 (m), 1750 (s), 1600 (s),
1580 (m), 1480 (m), 1430 (m), 1380 (m), 1330 (m) 1250 (s), 1080 (m), 1040 (m), 920 (m), 840 (m), 740 (m) cm™". 'H NMR

(400 MHz, CDCi3) 6: 7.13 (1H, d, J=8.6 Hz, Cs4-H), UU‘ll” =8.6 Hz, C3-H), 5.79-5.77 (iH, m, Cs8-H), 4.41 (iH, d, J=13.0
Hz, CH20Ac), 4’4‘5(]“ d, I=13.0 Hz, CH20Ac¢), 392 (3H ()(‘H’l\ 378 (3H 5, CO2CH3), 344 (1H dd, I=17.1 48 H Cio-

TAIUAL) 1458 & LR Je 122 1,8, L2 12) 154,84,

1
H), 3.43 (1H, d, J=17.5 Hz, Cs-H), 3.25 (1H, br t, J=4.9 Hz, C9 H), 3. 21 (1H, dd, J=17.1, 1.8 Hz, C10-H), 2.63 (1H, d, J=17.5 Hz,
Ces-H). EIMS (m/z): 345 (M*, 49), 313 (35) 302 (10), 286 (21), 270 (5), 257 (35), 253 (45), 242 (9), 226 (37, 205 (14), 198
(i00), 184 (i3), 170 (9), 154 (i2), 141 (6), 128 (9), ii5 (8), 84 (i4). HREIMS (m/z): Caicd. for CisHiaNOe (M) 345.i211.
Found: 345.1237. Anal. Calcd. for C1gH19NQ6: C, 62.60; H, 5.55; N. 406 Found: C, 62.54: H_ 5.59; N, 3.98.

{
d.

(58*,9R¥*)- Methyl 9,10-dihydro-7-hydroxymethyl-2-methoxy-11-0x0-5,9-methanocycloocta{b]lpyridine-
5(6H j-carboxylaie (38}

A solution of K,CO,; (300 mg, 2.2 mmol) in MeOH (3.0 mL) was added to a solution of 37 (1.43 g, 4.1 mmol) in MeOH (40
mL) over 10 min at 0 °C. The reaction mixture was stirred at the same temperature for 2 h, poured into H,O, then extracted with
EtOAc. The combined organic extracts were washed with H20 and brine, then dried over Na,SO,. After concentration in vacuo, the

residue was putified by flash column chromatography (CeH #/EtOAc, 1:1) 10 give 38 as a coloriess oil (1.17 g, 9¥3%). IR (neai)y
3450 (m), 2950 {(m). 1750 (s). 1730 (s), 1600 (s), 1580 (m), 1480 (s), 1430 (s). 1380 (s), 1260 (s), 1140 (m), 1080 (m), 1030 (m),
835 (m), 740 (m) cm’™". 'H-NMR (400 MHz, CDCI3) 8: 7.13 (1H, d, J=8.6 Hz, C4-H), 6.62 (1H, d, J=8.6 Hz, C3-H), 5.75-5.73
(1H, m, Cs-H), 3.97 (1H, d, I=13.0 Hz, CH20H), 3.90 (3H, s, OCH3), 3.89 (1H, d, J=13.0 Hz, CH20H), 3.77 (3H, s, CO2CH3),

3.43 {iH, ad, J=10.4, 4.8 Hz, Cio-H), 3.39 (iH, d, J=17.4 Hz, Ce-H), 3.24 (iH, br i, I=4.7 Hz, C9-H), 3.21 (iH, dd, j=i6.4, 2.0
Hz, ('ll)-'H\ 266(1“ d, I=17.4 Hz, Cs-H), 1.63 (IH br s, OH\ EIMS (m/z): 303 {M+ 96), 285 {H\ 2N HM\ 258 (15), 244

(62), 240 (70), 226 (41), 216 (54), 205 (20), 198 (82), 186 (32), 172 (25), 154 (19), 142 (11), 128 (18), 115 (21), 102 (8), 89 (6),
77 (12). HREIMS (m/z): Caled. for CisH17NO5 (M™): 303.1105. Found: 303.1123,

(5S* 9R*)-Methyl 9.10-dihydro-2-methoxy-7-(methoxymethoxy)methyl-11-0x0-5.9-methanocyclo-
octa[b}pyridine-5(6H)-carboxylate 39)

Ethyldiisopmpylamine (2.80mL, 16 mmol) and chloromethyl methyl ether (1.21 mL, 16 mmol) were added to a solution of
38 {575 mg, 32 mimol) if CHZC}Z \.'.U mL) at O °C under argom. The rcaction mixiure was siirmed over lugm ai room iemperaiure,
poured into H,O, and extracted with EtOAc. The combined organic extracts were washed with H,O and brine. After concentration in
vacuo, the residue was purified by flash column chromatography (C;H,,/EtOAc, 3:1) to give 39 as a colorless oil (1.04 g, 93%). IR
(ncat) 2950 (m) 1750 (s) 1730 (s), 1600 (s), 1580 (m), 1480 (s), 1430 (s), 1330 (s), 1260 (s), 1150 (s), 1110 (s), 1040 (s), 920

Loy fama) acan LI ATRAD /ANN RALT= ATYWIAY .77 172 /71717 4 T_0 £ 1T~ L LY /TLT A T_0 £ XX, Ma 1IN E L
\ul}, O.)U iy, I"'U iH11) \«lll . K3 -INIVIEN (U IVEELL, WAL ) UL 710 Ui D, Uy J=0.U [1Z4, \.»4'f1], LV.UL (16, U, J=0.U I1L, Y11, R A

5.74 (1H, m, Cs-H), 4.44 (1H_d, I=6.6 Hz, OCH20CH3), 4.38 (1H, d, J=6.6 Hz, OCH20CH3), 3.91 (3H, s, OCH3), 3.86 (2H, s,

LH2OMOM), 3.77 (3H, s, CO2CH3), 3.43 (1H, dd, J=17.0, 5.4 Hz, C10-H), 3.40 (1H, dt, I=17.5, 1.2 Hz, Cs-H), 3.27 (3H, br s,
OCH’OCH3) 3.25-3.23 (1H, m, Cv-H), 3.21 (1H, dd, J=17.0, 1.9 Hz, C10-H), 2.68 (1H, d, J=17.5 Hz, Cé-H). EIMS (m/z): 347

AL E AN ANA LN AQEL AN AN O LM AAA LTON AAA IO Y2 V-SP7atN

le , 31), 315 (21, 302 (6), 285 (33), 270G (8), 257 (067), 244 (10), 244 {(i0), 226 (31), 214 {13), 205 (9), 198 {60), 186 (i5), 170
(12), 154 (9), 143 (5), 128 (9), 115 {10), 84 (13). 69 (11), 45 (100). HREIMS (m/z): Calcd. for C18H21NOs (M™): 347.1368.
Found: 347.1377.

fET e NDw 11 RA_ak _.1 11 PP T W PR S NSRRI IS SRS T " Y
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methanocyclooctalblpyridine-5(6H )-carboxylate (40E) and its (SR*,9R*,11Z)-isomer (40Z)

A solution of butyllithium in C;H,, (1.7IM solution, 7.42 mL, 13 mmol) was added to a suspension of ethyltriphenyl-
phosphonium bromide (5 29 g, 14 mmol) in THF (10 mL) at 0 °C under argon. The reaction mixture was stirred al room

nnnnnnnnnnnnn pmbaadinm ~f 2O 71 NA ~ PN | TLIT /10 T\ wrnn addad ot N O o dne neam £one ofsammsen BT
lculpclau.uc I.UI JU llllll 1"\ bUlullUll VL JF (LU 2, .) U llllllUl} lll L1 \1VU 1HLL) wad alXal al Vv W ulgcl dlsUll nucx Dulllll wWad
continued overnight at room temperature, the reaction mixture was poured into saturated aqueous NH,CI, and extracted with EIOAC,
The combined organic extracts were washed with H,O and brine. After concentration in vacuo, the residue was purified by flash

column chromatography (C{H/EtOAC, 5: 1) to give a mixture of 40F and 40Z as a colnrless oil (802 mg, 75%). The ratio of 40E

AN7F cotimnatad T:A4 her Anmeneins tha ILT_NTMD cnantine of thic cnmnla with thaca of moea ANE and ANZ  dacaeibnad
to SUZ was estimaled as ca. 114 vy \rUlllPﬂllllE UL PITINIVIN Spliiunuig Ot tnis Sailnpiv witi those Gl PUIT UL dliu QUL UL

below. Thiophenol (0.47 mL, 4.6 mmol) and AIBN (382 mg, 2.3 mmol) was added to a solution of the mixture of 40E and 40Z
(802 mg) in C;H;Me (10 mL), and the reaction mixture was heated at 85 °C for 43 h. After cooling, the mixture was concentrated in
vacuo, poured into H,0, and extracted with EtOAc. The combined organic extracts were washed with H,O and brine. After

cancantratinn im uanuna tha racidna urae nurifiad hu flach faliimn chramataogranhe (C T /BEtOA K- 1V tn aiva o mivinra ~fFf ADE ~nd
CORCSMIauln in vacuo, Ui Te5i8UC Was puliailh Oy Liash COUMMn SArdmailgrapny ey u.nunv, .10 IV @ THIAWILY Ul Fuel aiki

40Z as a colorless oil (802 mg, quantitative recovery). The ratio of 40E to 40Z was similarly estimated as 9:1 based on the 'H-
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NMR specirum. Treaimeni of ihe correspunding acid 41 obtained in ihie nexi siep with trimethyisilyidiazomeihane afforded an
analytical sample of 40F as a colorless oil. An analytical sample of 40Z was recovered as a colorless oil in the next step without
hydrolysis. 40E: IR (neat): 2950 (m), 1730 (s), 1600 (s), 1580 (m), 1480 (s), 1430 (s), 1325 (m), 1250 (s), 1150 (s), 1105 (m),
1050 (s), 920 (m), 830 (m), 740 (m) cm™". 'H-NMR (400 MHz, CDCI3) 8: 7.10 (1H, d, J=8.5 Hz, C4-H), 6.53 (1H, d, J=8.5 Hz,
C3-H), 5.72 (iH, br 4, J=3.7 Hz, Cs-H), 5.08 (iH, q, J=0.7 He, Ci3-H), 4.41 (iH, d, j=6.5 Hz, OCH20GCH3), 4.33 (iH, d, J=0.5
Hz, OCH20CH3), 3.88 (3H, s, OCH3), 3.80 (2H, s, CH2OMOM), 3.75 (3H, s, CO2CH3), 3.68 (1H, br t, J=5.1 Hz, C9-H), 3.27
(3H, s, OCH20CH3), 3.10 (1H, dd, J=17.1, 6.4 Hz, Ci0-H), 3.10 (1H, dd, J=17.1, 3.6 Hz, Cs-H), 2.88 (1H, d, J=17.1, 1.7 Hz,
C10-H), 2.31 (1H, d, J=17.1 Hz, C6-H), 1.70 (3H, d, J=6.7 Hz, C14-H). EIMS (m/z): 359 (M", 43), 327 (5), 314 (9), 297 (28), 282
(23), 268 (17), 254 (10), 238 (100), 224 (19), 210 (14), 198 (5), 186 (10), 167 (7), 154 (6), 115 (6), 84 (7), 69 (5), 45 (60).
HREIMS (mv/z): Caled. for C20H25NOs (M*): 359.1730. Found: 359.1738. 40Z: IR (neat): 2950 (m), 1730 (s), 1600 (s), 1580
(m), 1480 (s), 1430 (s), 1320 (s), 1260 (s), 1150 (s), 1110 (m), 1040 (s), 920 (m), 830 (m), 740 (m) em™. 'H-NMR (400 MHz,
CDCI13) &: 7.10 (1H, d, J=8.6 Hz, C4-H), 6.53 (1H, d, J=8.6 Hz, C3-H), 5.72-5.71 (1H, m, Cs8-H), 5.52 (1H, q, J=7.3 Hz, Ci3-H),

an s1EY 1 Faval s oot L ey L WaALE] [ AW TS PN YT\ A O AT S P Y

4.40 (iH, d, J=6.5 Hz, OGCHz(CH3), 4.32 (iH, d, J=0.5 Hz, OCHz0CH3), 3.88 (3H, s, OCH3), 3.80 (2H, s, CHz2O0MOM), 3.71
(3H, s, CO2CH3), 3.26 (3H, s, OCH20CH3), 3.19 (1H, dd, J=15.8, 5.2 Hz, C10-H), 3.14 (1H, m, C9-H), 3.04 (1H, d, J=17.0 Hz,
Ce-H), 2.84 (1H, d, J=15.8 Hz, Ci0-H), 2.37 (1H, 4, I=17.0 Hz, C6-H), 1.51 (3H, d, J=7.3 Hz, C14-H). EIMS (mvz): 359 (M", 35),
297 (26), 282 (13), 268 (13), 250 (7), 238 (100) 224 (18), 210 (14), 196 (6), 180 (5), 167 (4), 115 (5), 84 (23). HREIMS (mv/z):

AL 220 1710 280 177210
\,a.u.u lUl lyé\}lqu‘UJ LivE J. OJZ.1 1 ORL l Wllu JJIZ. L1100,

(5R*,9R*,11E)-11-Ethylidene-9,10-dihydro-2-methoxy-7-(methoxymethoxy)methyl-5,9-methanecyclo-
octalb]lpyridine-5(6H )-carboxylic acid (41)

A Q1 miviira .-.rmr.' -a.-.A AT (2171 oo na dicenlvad in MaNIT_ THE /1. 1V /10 I )\ and INT_ NN /8 0

12 mmal) o ml

A 9:1 mixture of 487 (817 mg, 2.3 mmo!l) was dissolved in MeCH-THF (1:1; (10 mL), and 3N-NaOH (5.0 mL) was
added. The reaction mixture was heated at reflux under argon for 24 h. After cooling, the mixture was adjusted to pH 4 with IN-
HC], and MeOH and THF were removed in vacuo. The aqueous residue was extracted with EtOAc. The combined organic extracts
were washed with H,O and brine. After concentration in vacuo, the residue was purified by flash column chromatography
(CH/EtOACc, 1:1) to give 41 (633 mg, 81%) and 40Z (41.0 mg, 5% recovery) both as a colorless oil. 41: IR (neat): 2950 (m),
1730 (s), 1600 (s), 1580 (m), 1480 (s), 1430 (s), 1330 (s), 1250 (s), 1250 (m), 1150 (m), 1110 (m), 1040 (s), 920 (m), 830 (m),
740 (m) cm”. 'TH-NMR (400 MHz, CDCI3) &§: 7.27 (1H, d, J=8.6 Hz, C4-H), 6.57 (1H, d, J=8.6 Hz, C3-H), 5.73 (1H, br d, J=3.6

Hz, C8-H), 5.34 (iH, q, J=6.7 Hz, C13-H), 4.41 (IH, d, J=6.5 Hz, OCH20CH3), 4.34 (1H, d, J=6.5 Hz, OCH20CH3), 3.88 (3H, s,
QCH2), 3.81 (2H, ¢, CH2OMOM), 3.70 (1H, brt J=44 Hz, Co-H) 326 (3H, 5, OCH2QCH?), 3,12 (1H, dd, I=17.0, 5.1 Hz Cuo-

NN LRI fy e A \dwddy ¥y A BANSLVREASLVE S N aERy UL oty v L34,y NoFTIR gy DU \ XAy Sy W RALNINZA T Sy Ve dde \2ady Llay 0 (VAN B S A Y

H), 3.05 (1H, d, J=17.2 Hz, CG—H) 290 (1H, dd, J=17.0, 3.3 Hz, Ci0-H), 2.34 (1H, d, J=17.2 He, C¢-H), 1.74 (3H, d, J=6.7 Hz,
C14-H). EIMS (m/z): 345 (M*, 57), 313 (9), 300 (22), 283 (49), 268 (23), 254 (20), 238 (100), 224 (30), 210 (21), 198 (11), 186
(i3), 172 (8), 154 (8), 128 (7), 115 (7), 84 (9), 45 (75). HREIMS (m/z): Caicd. for CioH23NO5 (M"): 343.1573. Found: 343.1550.

(SR*,9R*,11E)-Methyl [11-ethylidene-9,10-dihydro-2-methoxy-7-(methoxymethoxy)-methyl-5,9-
methanocycloocta[b]pyridin 5(6H)-yl]carbamate (42)

FA1O T WT /N PO PR T,
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C;H:Me (10 mL) was heated at 85 °C for 2.5 h. 16" After MeOH (2.0 mL) was added, the reaction mixture was heated at 85 °C for 4
h. After concentration in vacuo, the residue was purified by flash column chromatography (C{H,/EtOAc, 2:1) to give 42 as a
colorless o0il (269 mg, 59%). IR (neat): 3330 (m), 2950 (m), 1730 (s), 1600 (s), 1580 (m), 1530 (s), 1480 (s), 1420 (s), 1320 (s),
1310 (m), 1260 (s), 1150 (s), 1100 (s), 1040 (s), 920 (m), 830 (m), 740 (m) cm™". 'H.NMR (400 MHz, CDC13) &: 7.57 (1H. d,
J=8 6 Hz, C4-H) 6.55 (1H, d, }=8.6 Hz, C3-H), 5.76 (1H br d, I=4.4 Hz, C8-H) 539 (IH, q, 1=6.8 Hz Ci3-H), 5.04 (IH, br s,

24, eI, D22 2L, 6, BUB S YA Uh i sy LA4%, T 233, 13-

NH), 4.38 (1H, d, J=6.5 Hz, OCH20CH3), 430 (1H, d, J=6.5 Hz, OCH20CH3) 3.87 (3H, s, OCH3) 3.78 (1H, s, CH20MOM).
3.78 (1H, s, CH20MOM), 3.75 (1H, br s, C9-H), 3.62 (3H, br s, NHCO2CH3), 3.25 (3H, s, OCH20CH?3), 3.12 (1H, dd, J=16.9,
4.0 Hz, Cio-H), 2.85 (iH, dd, j=16.9, 1.8 Hz, Cio-H), 2.55 (iH, d, J=15.2 Hz, C6-H), 2.37 (iH, d, J=15.2 He, Cé-H), i.72 (3H. 4,
J=6.8 Hz, C14-H). EIMS (m/z): 374 (M*, 26), 342 (7), 329 (12), 312 (100), 297 (26), 283 (9), 267 (17), 224 (30), 253 (13), 237
(92), 224 (43), 210 (13), 199 (7), 184 (6), 166 (6), 148 (5), 130 (5), 97 (8), 77 (6), 59 (10), 45 (72). HREIMS (m/z): Calcd. for
C20H26N205 (M™): 374.1839. Found: 374.1813.

(SR*,9R*,11E)-Methyl [11-ethylidene-9,10-dihydro-7-hydroxymethyl-2-methoxy-5,9-methanocyclo-
octa[b]pyridin-5(6H)-yl]lcarbamate (43)
A solution of 42 (260 mg, 0.70 mmol) and pyridinium p-toluenesulfonate (1.80 g, 7.2 mmol) in ferr-BuOH (15 mL) was

hantad at rafluy far O k. Tha raactinn miviture wac nonrad intao H 0O adinetad tn nH 7 with carmrated annsnne NaHOO.  than
noawl ad 1Chnux iof A8 IaCualil THAWIT Was POUIKG IR0 fpy, aWuswl WU Paa 7 Wi SART&SG QulOus ivancisgy, uilh

extracted with EtOAc. The combined organic extracts were washed with H,O and brine. After concentration in vacue, the residue
was purified by flash column chromatography (C,H,/EtOAc, 1:1) to give 43 as a colorless oil (150 mg, 65%). IR (neat): 3330
(m), 2940 (m), 1720 (s), 1600 (s), 1380 (m), 1530 (m), 1480 (s), 1420 (s), 1320 (s), 1260 (s), 1070 (m), 1040 (s), 830 (m), 740
(m) cm’’. 'H-NMR (400 MHz, CDCI3) &: 7.57 (1H, d, }=8.6 Hz, C4-H), 6.55 (1H, d, J=8.6 Hz, C3-H), 5.73 (1H, d, J=4.8 Hz, Cs-
H), 5.39 (1H, q, J=6.8 Hz, C13-H), 5.10 (1H, br s, NH), 3.88 (1H, dd, J=13.3, 6.0 Hz, CH20H), 3.87 (3H, s, OCH3), 3.81 (1H, dd,
J=13.3, 6.0 Hz, CH20H), 3.74 (1H, br s, C9-H), 3.62 (3H, br s, NHCO2CH3), 3.12 (1H, dd, J=16.8, 4.0 Hz, C10-H), 2.84 (1H, dd,
J=16.8, 1.8 Hz, C10-H), 2.61 (IH, br d, I=15.2 He, Ce-H), 2.37 (1H, d, J=15.2 Hz, Ceé-H), 1. 72 (3H, d, ] = 6.8 Hz, Ci4-H), 1.39
(1H, brt, J=6.0 Hz, OH). EIMS (m/z): 330 (M*, 37), 312 (26), 299 (25), 283 (8), 267 (19), 255 (32), 237 (39), 224 (100}, 210

PP 2L, &2 Vi iV

(25), 195 (8), 184 (6), 167 (7), 115 (5), 84 (12). HREIMS (m/z) : Calcd. for C1sHz2N204 (M*): 330.1577. Found: 330.1567.
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fED*® nbD 112\ AA_LL .} "N ek o A _1 4
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octa[dlpyridin-5(6H )-vilcarbamate (46)

Dimethyl sulfmude (0.19 mL, 2.7 mmol) was added to a solution of oxalyl chloride (0.17 mL, 1.9 mmol) in CH,Cl, (1.0 mL)
at -78 °C under argon After stirring for 10 min, a solution of 43 (133 mg, 0.40 mmol) in CH,CIZ 4.0 mL) was added at the

mrbrzen A Fhae obiemce o o A

sdific wulp!mnl.uxc mwn DARI IR Wﬂb \.\muuilw fUl = h, lal}k‘ \U JS ILIL, 3 9 llll.IlUlj Was nuubu rI‘th lcmuuu uu)u\nc Wﬂh BUIIW d\ U
°C for 30 min, poured into H,O, then extracted with EtOAc. The combined organic extracts were washed with H,O and brine.
Concentration in vacuo afforded crude 44 (147 mg) as a colorless oil. The 'H-NMR spectrum of this sample was identical to that of
pure 44 independently prepared from 49 by way of 52. Sodium chlorite (85% purity) (130 mg, 1.2 mmol) was added to a solution
of crude 44 (147 mg), 2-methyl-2-butene (1.40 g, 20 mmol), and NaH,PO, (960 mg, 8.0 mmol) in tert-BuOH (10 mL) and H,O
(3.0 mL) at room tcmperamre.z' The reaction mixture was stirred for 1 h, poured into H,O, then extracted with EtOAc. The
combined organic extracts were washed with H,O and brine. Concentration in vacuo gave crude 45 (164 mg) as a colorless oil. This
was immediately subjected 1o the next esterification. The spectrai data of crude 45 was as foliows: IR (neat): 3330 (m), 2940 (m),
1710 (s), 1600 (s), 1580 (m), 1530 (m), 1480 (s), 1430 (m), 1320 (s), 1260 (s}, 1030 (m), 830 (m), 740 (m) cm”'. '"H-NMR (400

PRV T, 22U R332, 222N &5, 2RV (8, 2oV (i) 224 ALV G i iy A S R . aaATINVAAS [a ¥

MHz, CDC13) 8: 7.56 (1H, d, J=8.4 Hz, C4-H), 7.09 (lH, m, Cs-H), 6.56 (1H, d, J=8.4 Hz, C3-H), 5.45 (1H, q, J=6.5 Hz, C13-H),
5.16 (1H, br s, NH), 3.86 (1H, br s, C9-H), 3.86 (3H, s, OCH3), 3.62 (3H, br s, NHCO2CH3), 3.20 (1H, br d, J=16.9 Hz, Cio-H),

2.94 (iH, d, J=16.9 Hz, C10-H), 2.7i (iH, d, J=16.3 He, Ce-H), 2.61 (iH, br d, J=16.3 Hz, Ce-H), 1.72 (3H, d, J=6.5 Hz, C14-H).
EIMS (m/z). 344 (M+ 96), 329 (16), 31210, 209 (16), 285 (23), 269 (69), 254 (39), 239 (23), 224 (100), 210 {22), 199 (1), 184

uuuuu AUV, LAV &L,

(7). 167 (8), 154 (7), 142 (5), 128 (5), 115 (7), 91 (8), 77 (9), 59 (26). HREIMS (m/z): Calcd. for CisH20N205 (M™): 344.1370.
Found: 344.1364. Oxalyl chloride (0.18 mL, 2.0 mmol) and DMF (1 drop) were added to a solution of crude 45 (164 mg) in
CH,CL, (5.0 mL) at 0 °C under argon. The reaction mixture was stirred at room temperature for 1 h, then concentrated in vacuo.
The residue was dissolved in EtOH (5.0 mL). The ethanolic solution was stirred at room temperature for 1 h, poured into H.Q,
neutralized with saturated aqueous NaHCO,, then extracted with EtOAc. The combined organic extracts were washed with H,O and
brine, and dried over Na,SO,. After concentration in vacuo, the residue was purified by flash column chromatography (CH,/EtOAc,
3:1) to give 48 as coloriess prisms (118 mg, 78% from 43}, mp 175-176 °C (from C,H -EiGAc). IR (KBr): 3360 (m), 2980 (m),
2940 (m), 1710 (s), 1650 (m), 1600 (m), 1580 (m), 1530 (m), 1475 (s), 1420 (), 1320 (s), 1260 (s), 1220 (m), 1090 (m), 1040
(m), 830 (m), 740 (m) cm™', 'H-NMR (400 MHz, CDCI3) 5: 7.58 (1H, d, J=8.6 Hz, C4-H), 7.00 (1H, dd, J=5.4, 2.1 Hz, C&-H),
6.57 (1H, d, }J=8.6 Hz, B—H), 5.45 (1H, q, J=6.8 Hz, Ci3-H), 5.18 (1H, br s, NH), 4.16-4.04 (2H, m, CO2CH2CH3), 3.89-3.87
(iH, br s, C9-H), 3.87 (3H, s, OCH3}, 3.6Z (3H, br s, NHCO2zCH3), 3.21 (iH, dd, J=i6.9, 4.7 Hz, Cio-H), 2.94 (iH, dd, J=16.9,
1.5 Hz, C10-H), 2.77 (1H, d, J=16.2 Hz, C6-H), 2.63 (1H, d, I=16.2 Hz, Cé-H), 1.72 (3H, d, J=6.8 Hz, C14-H), 1.23 (3H, 1, I=7.1
Hz, CO2CH2CH3). EIMS (m/z): 372 (M", 82), 357 (10), 343 (22), 327 (23), 313 (16), 297 (35), 282 (22), 268 (38), 251 (19), 239
(19), 224 (100), 210 (14), 199 (7), 180 (6), 167 (5), 84 (34). HREIMS (m/z): Calcd. for C20H24N205 (M*): 372.1684. Found:
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(5R*,9R*,11E)-5-Amino-7-ethoxycarbonyl-11-ethylidene-5,6,9,10-tetrahydro-5,9-methanocycloocta[b]-
pyridin-2(1H)-one (47)

Todotrimethylsilane (0.34 mL, 2.4 mmol) was added dropwise to a solution of 46 (89.0 mg, 0.24 mmol) in CHCI; (3.0 mL) at
room temperature under argon, and the reaction mixture was heated at reflux for 8 h.” After MeOH (1.0 mL) was added, the reflux
was continued for 4 h, After concentration in vacuo, the residue was dissolved in EtOAc. After addition of 10% aqueous Na,S,0,
until the yellow color disappeared, the aqueous mixture was washed successively with saturated aqueous NaHCO,;, H,0 and brine.

After concentration in varugo. the residnue wag nurified by flach column chromatooranhy (EtQAc/MeOH 10 I\ ta oive 47 ag calorless
AT concentralion (xn vacue, (0C reS1QUS wWas puriiieQ By 1ash comumn earcmalegrapny (SIVAC/NMIELR, 1V > gIve <7 as COuoniess

prisms (55.8 mg, 78%), mp 244-245 °C (from EtOAc-MeOH). IR (KBr): 3380 (m), 3280(m), 2980 (m), 2940 (m), 1710 (s), 1660
(s), 1615 (s), 1560 (s), 1460 (5), 1430 (m), 1410 (m), 1380 (m), 1310 (m), 1250 (s), 1090 (m), 1140 (m), 1090 (s), 1050 (m), 840
(m), 740 (m), 660 (m) cm™'. 'H-NMR (400 MHz, CDCi3) 8: 13.24 (iH, br s, CONH), 7.92 (iH, d, J=9.5 Hz, C4-H), 6.93 (iH.
dd, J=5.4,2.2 Hz, C3-H), 6.43 (1H, d, 1=9.5 Hz, C3-H), 559 {1H, g, J=6.8 Hz, C13-H), 4,12 (2H, g, I=7.2 Hz, CO2CH2CH1), 3.82

Ly 071, ULSD (aday Uy, vTaLS v=U0 a4 1ITKRJy Tedde \&ai, gy

(1H, br t, J=5.3 Hz, C9-H), 3,02 (1H, dd, J-17.l 5.5 Hz, ClO—H), 2.86 (1H, dd J=17.1, 1.3 Hz, Ci0-H), 2.71 (1H, d, J=17.3 Hz,
Ce-H), 2.26 (1H, d, J=17.3 Hz, Cs-H), 1.69 (3H, d, J=6.8 Hz, C14-H), 1.50 (2H, br s, NH2), 1.24 (3H, t, J=7.2 Hz, CO2CH2CH3).
EIMS (m/z): 300 (M", 100), 285 (40), 271 (28), 255 (20), 239 (12), 227 (90), 211 (47), 199 (12), 187 (70), 173 (19), 160 (12), 147
(9), 130 (5), 106 (7), 84 (22). HREIMS (m/z): Caled. for C17H20N203 (M™): 300.1472. Found: 300.1470. Anal. Caled. for
C17H20N203: C, 67.98; H, 6.71; N, 9.33, Found: C, 67.80; H, 6.73; N, 9.24,

{(SR*,5R*,11E)-5-Amino-i1-ethylidene-5,0,9,10-teirahydro-7
pyridin-2(1H)-one (48)

A solution of diisobutylaluminum hydride in C¢H,, (0.93M solution, 2.89 mL, 2.7 mmol) was added to a solution of 47 (80.7
mg, 0.27 mmol) in THF (2.0 mL) at -78 °C under argon.”” After stirring was continued for 1 h, the reaction mixture was added to a
solution of sodium potassium tartraie {0.2 mL). After dilution with EtOAc, the precipitates were filiered off, and the filtrate was
concentrated in vacuo. The residue was purified by preparative thin layer chromatography (THF/MeOH, 10:1) to give 48 as
colorless prisms (47.6 mg, 69%), mp 243-245 °C (from EtOAc-MeOH). IR (KBr): 3280 (m) 2930 (m), 1655 (s), 1610 (s), 1560
(m), 1460 (s), 1430 (m), 1300 (m), 1120 (m), 1070 (m), 930 (m), 840 (m), 730 (m) cm". 'H-NMR (400 MHz, CD30D) §: 7.94

/1LE A 20 /11T A4 -0 & MNa 1T £ 79 (11T T— MNa g QA4 F1LY A
11, g, J—7 J llL, \/‘f"ll}, U 20 klll, u, J Z.J lll D11y, J.f4 11, U, J—J U nL, Lo~ ﬂ}, o Ul \lﬂ, l-‘, —'U 0 llL, \413 11), ) o4 \ i, 4,

J=13.5 Hz, CH20H), 3.79 (1H, d, J=13.5 Hz, CH20H). 3.75 (1H, br t, J=4.9 Hz, C9-H), 2.85 (1H. dd. J=17.1, 5.3 Hz, C10-H).
2.65 (1H, dd, J=17.1, 1.5 Hz, C10-H), 2.30 (1H, d, J=16.6 Hz, Cé-H), 2.24 (1H, d, J=16.6 Hz, Ce-H), 1.72 (3H, d, J=6.8 Hz, Ci4-
H). EIMS (m/z): 358 (M", 90), 243 (40), 227 (100), 211 (32), 198 (16), 187 (72), 173 (27), 161 (23), 148 (11), 130 (8), 117 (6),
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C15H18N202+1/2H20: C, 67.39; H, 7.16; N, 10.48. Found: C, 67.37; H, 7.03; N, 10.29.

(5R*,9R*,11E)-5-Amino-11-ethylidene-7-fluoromethyl-5,6,9,10-tetrahydro-5,9-methanocyclooctalb]-
pyridin-2(1H)-one [(1)-12-fluorchuperzine A] (5)

A solution of DAST (66.0 mg, 0.41 mmol) in CH,Cl, (2.0 mL) was added to a solution of 48 (10.6 mg, 41 pymol) in CH,Cl,
(40 mL) at -78 °C under argon.23 After stirring for 2 h, the reaction mixture was concentrated in vacuo, neutralized with saturated
aqueous NaHCO,, then extracted with EtOAc. The combined organic extracts were washed with brine. After concentration in vacuo,

the residue was nurified by aranarative thin laver nhrnmatnmnnhu fr«'rﬁA c/Ma0OH 10 'I\ to oive & ag a colorless amomhnus solid 11 8
&S puniies oy prepara 0 Y Sr CarCinalCgrap CAC/MEUR C giv & COxOMCES amoIpaous 500G (1.6

mg, 17%). IR (KBr): 3380 (m), 3280 (m), 2930 (m), 1660 (s), 161() (s), 1560 (m), 1460 (s), 1430 (m), 1310 (m), 1120 (m). 980
(m), 840 (m), 730 (m) cm’. 'H-NMR (400 MHz, CDCI3) 8: 12.70 (1H, br s, CONH), 7.92 (1H, d, J=9.5 Hz, C4-H), 6.43 (iH, d,

J=9.5 Hz, C3-H), 5.80 (1H, br s, C8-H), 5.56 (1H, q, J=6.8 Hz, C13-H), 4.61 (2H, d, JH-F=47.5 Hz, C12-H), 3.72 (1H, m, Cs-H),
295(1H, d4d, I=17.1, 5.4 Hz, C10-H), 2.75 (1H, dd, J=17.1, 1.3 Hz, C10-H), 2.32 (1H, d, I=16.7 Hz, Cs-H), 2.19 (1H, d, 1=16.7

2.95 (14, ad, }=17.1, 3.4 Hz, C1o-1), 2,93 (14, ¢¢, J=17.1, 1.3 Mz, C1o-H), 2.32 (1M, d, I=16.7 Hz, Co-H), 2.19 (1K, 4, J=167
Hz, C6-H), 1.70 (3H, d, J=6.8 Hz, C14-H), 1.65 (2H, br s, NH2). '’F-NMR (CDCI3) 5: -215.0 (t, J=49 Hz). EIMS (m/z): 260
(M*, 100), 245 (57), 227 (43), 211 (21), 198 (12), 187 (58), 173 (13), 160 (9), 147 (10), 130 (5), 106 (7), 106 (7), 84 (13).
HREIMS (mv/z): Caled. for CisHI7FN20 (M"): 260.1324. Found: 260.1338.

(5R*,9R*,11E)-Methyl [11-ethylidene-5,6,9,10-tetrahydro-7-iodo-2-methoxy-5,9-methanocyclooctafb]-
pyridin-5(6H)-yllcarbamate (51a) and (5R*,9R*,11E)-Methyl [11-ethylidene-9,10-dihydro-7-iodo-2-
methoxy-5,9-methanocycioociaibjpyridin-5(8H)-yijcarbamate (5ib)

A solution of 49 (804 mg, 2.5 mmol), hydrazine monohydrate (0.77 mL, 13 mmol), and Et;N (2.8 mL, 20 mmol) in EtOH
(10 mL)) was heated at 70 °C for 1.5 h under argon.23 The reaction mixture was poured into H,0, and extracted with EtOAc. The
combined organic extracts were washed with HIO and brine, Concentration in vacuo gave crude hydrazone 50 as a colorless oil.
This was immediately used for the next step withoui purificaiion. A solution of 1,1,3,3-tetramethyiguanidine (2.1 g, 13 mmoi) and
I, (1.94 g, 7.6 mmol) in C;H.Me (5.0 ml.) was added 10 a solution of 50 in C;H,Me (10 mL) at 0 °C under argon. After stirring at
0 °C for 30 min, the reaction mixture was diluted with EtOAc, and washed successively with 10% aqueous Na,S,0,, H,0, and brine.
After concentration in vacuo, the residue was purified by flash column chromatography (C¢H,/EtOAc, 4:1) to give a mixture of 51a
and 51b as a coloiless amorphous solid (350 mg, 88%). The ratio of 51a o 51b was estimaied as ca. 1:1 by comparing the 'H-
NMR spectrum with those of pure S1a and 51b. Analytical samples of 51a and 51b were obtained by preparative thin layer
chromatography (C,H,/EtOAc, 4:1). Sla: 'H-NMR (200 MHz, CDCI3) 5: 7.57 (1H, d, J=8.6 Hz, C4-H), 6.59 (1H, d, J=8.6 Hz,
C3-H), 6.35 (1H, br d, J=3.6 Hz, Cs-H), 5.40 (1H, q, J=6.8 Hz, C12-H), 4.96 (1H, br s, NH), 3.89 (3H, s, OCH3), 3.71 (1H, br s,
C9-H), 3.62 (3H, s, NHCO2CH3), 3.28-2.88 (3H, m, Ci0-H x 2, Cs-H), 2.80 (1H, d, J=16.0 Hz, Cs-H), 1.73 (3H, d, J=6.8 Hz,
Ci13-H). EIMS (m/z): 426 (M"), 299, 239, 224, 213, 201, 174, 115, 84. 51b: 'H-NMR (200 MHz, CDCI3) 5: 7.49 (1H, d, J=8.6
Hz, C4-H), 6.52 (1H, d, J=8.6 Hz, C3-H), 6.43 (1H, br s, Cs-H), 5.41 (1H, q, J=6.8 Hz, C12-H), 4.98 (1H, br s, NH), 3.88 (3H, s,
OCH3), 3.71 (3H, s, NHCO2CH3), 3.51 (1H, t, J=6.0 Hz, C9-H), 3.38 (1H, dd, J=17.0, 5.0 Hz, C10-H), 3.06 (1H, dd, J=17.0 Hz,
Cs-H), 2.91 (IH, 44, J=17.0 Hz, Cio-H), 2.66 (iH, 4, J=17.0 Bz, Cs-H), 1.75 (3H, 4, 7=6.8 Hz, Ci3-H). EIMS (m/z): 426 (M),

299, 239, 224, 213, 201, 174, 115, 84.

R*9R*,11E)-Methyl [11-ethylidene-7-formyl-9,10- dihydro 2-methoxy-5,9-methanocycloocta[b]-
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pPyTi
methoxy-5,9-methanocycloocta[blpyridin- 5(8H) -yllcarbamate (52)
A solution of the mixture of 51a and 51b (ca. 1:1) (950 mg, 2.2 mmol) and tetrakis(triphenylphosphine)palladium (130 mg,

0.11 mmol) in CgH,Me (10 mL) was stirred at 50 °C for 10 min under carbon monoxide. A solution of tri-n-butyltin hydride (714
mg, 2.5 mmal) in CH,Me (20 mL) was slowly added over 4 h using a syringe pump. The mixture was stirred for another 2.5 h,
After cooling, the mixture was poured into aqueous KF solution, stirred for 1 h, then extracted with EtZO.24 The combined organic
extracts were washed with H,O and brine. After concentration in vacuo, the residue was purified by flash column chromatography
(Cel |/EtOAc, 2:1) to give 44 (315 mg, 43%) and 5Z (290 mg, 40%) both as a coioriess amorphous solid. 44: iR (KBr): 3340
(m), 2940 (m), 2840 (m), 1720 (s), 1680 (s), 1640 (m), 1600 (s), 1580 (m), 1520 (s), 1480 (s), 1420 (s), 1380 (m), 1320 (s), 1260
(s), 1185 (m), 1175 (m), 1140 (m), 1060 (m), 1040 (m), 840 (m), 730 (m) cm™'. 'H-NMR (400 MHz, CDCI3) 8: 9.35 (IH, s.
CHO), 7.56 (1H, d, J=8.6 Hz, C4-H), 6.85 (1H, dd, J=5.2, 1.9 Hz, Cs-H), 6.57 (1H, d, J=8.6 Hz, C3-H), 5.49 (1H, q, J6.8 Hz, C13-

H), 5.18 (IH br S, Nt‘i), 4.03 (11‘! brt J=4.9 HZ L9-H), 3.86 (.511 S, ULH3), 3.62 (jl‘i br S, NHLUZLH3) 3.31 (“‘l dCl Jj= I/U
4.7 Hz, C10-H), 2.98 (1H, dd, J=17.0, 1.8 Hz, C10-H), 2.73 (1H, d, I=16.2 Hz, Cs-H), 2.50 (1H, d, I=16.2 Hz, C6-H), 1.75 (3H, d,
J=6.8 Hz, C14-H). EIMS (m/z): 328 (M", 100), 313 (11), 299 (20), 285 (6), 267 (21), 253 (58), 238 (22), 224 (54), 210 (19), 195
(6), 167 (6), 84 (17). HREIMS (m/z): Calcd. for C18H20N204 (M*): 328.1421. Found: 328.1406. 52: IR (KBr): 3330 (m), 2950
{m), 2840 (m), 1730 (s), 1680 (s), 1640 (m), myJ \b}, 1520 (s), 1480 (s), 1430 (s), 1320 (5), 1250 (5), 1150 (m), 1160 (m), 1100
(m), 1080 (m), 1040 (m), 830 (m), 740 (m) cm™". "H-NMR (400 MHz, CDCI3) §: 9.36 (1H, s, CHO), 7.62 (1H, d, J=8.6 Hz, Ca-
H), 7.27 (1H, s, Cs-H), 6.55 (1H, d, J=8.6 Hz, - H), 5.48 (1H, g, J=6.8 Hz, C13-H), 5.19 (1H, br s, NH), 3.87 (3H, s, OCH3),
3.75 (3H, br s, NHCO2CH3), 3.72 (1H, t, J=7.3 Hz, Co-H), 3.30 (1H, dd, J=18.6, 7.6 Hz, C10-H), 2.85 (1H, d, J=18.6 Hz, Cio-H),
2.67 (1H, dd, J=18.3, 6.5 Hz, Cs-H), 2.48 (1H, d, J=18.3 Hz, C8-H), 1.77 (3H, d, J=6.8 Hz, C14-H). EIMS (m/z): 328 (M*, 100),
313 (11), 299 (35), 285 (7), 269 (22), 253 (20), 239 (8), 224 (25), 210 (14), 188 (5), 174 (6), 160 (6), 148 (6), 123 (7), R4 (14).
HREIMS (m/z): Caled. for C18H20N204 (M*): 328.1421. Found: 328.1404.
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Biological activity

Inhibitory activity against AChE was evaluated according to the modified protocol of Ellman et al.*> AChE sourced from

rat cortex was used for the experiments and the results were expressed by the value of ICq,,
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Parts of this paper have been the subject of two preliminary communications: a) Kaneko. S.; Nakajima. N.;
Shikano, M.; Katoh, T.; Terashima, S. Bioorg. Med. Chem. Lett., 1996, 6, 1927. b) Kaneko. S.;
Shikano, M.; Katoh, T.; Terashima, S. Synlert, 1997, 447.
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