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1. Introduction and Background

. . i i oxidatively
The alsmaphorazine alkaloids (Figure 1) were isdlaby H . re%relm%ed
Morita and co-workef8 from Alstonia pneumatophoraa tree H N Y alalolas
native to Southeast Asia. In the only bioassay tepgdo date on HO S 3 o i

these compounds, these workers found that alsmapherA (1)
inhibits nitric oxide productiorin vivo (IC5, = 49.2 uM), but
alsmaphorazine B2f was inactive. The alsmaphorazines feature
a stereochemically dense, highly oxidized, and ddgexacyclic
skeleton with an endocyclic N-O bond. The caged sysfem
features several embedded heterocycles: a 1,2ra@zi a 1,2-
oxazolidine, and a pyrrolidine. This arrangementaise among
indole alkaloids and prompted questions about itely
biosynthetic origin.

virosaine A (3)

(-)-alstolucines
(+)-alpneumines

A

: | h
alsmaphorazine A (1, X = OH) ; fawcettimine (8)
alsmaphorazine B (2, X = H) Y
Figure 1. Alsmaphorazines fromlstonia pneumatophora. abarent, ~ e

akuammicine (10)

The key question of whether enzymes can catalyze - .
cycloaddition reactions, particularly 1,3-dipolaycloaddition ~ Scheme 1Postulated Origin of Alsmaphorazines and other

reactions, has intensified in recent years. A coatinn of Naturally Occurring Alkaloids.
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computation&’ and total synthesf studies have shed some 3.Results and Discussion

light on the proposed cycloaddition steps leadiagokidized

Securinegaand Lycopodiumalkaloids (Scheme 1), which are

believed to arise from nitrone-alkene dipolar cgdditions.
More recently, a compelling example of an the fikstown
enzyme-catalyzed dipolar cycloaddition was repoibgdLeys
and co-workers?

3.1.Construction of the Tetracyclic Alkaloid Core byidmic
[4+2] Bicyclization

The combination ofN(4)-substituted tryptamines with Zincke
salt$” proved to be a powerful and direct method for the
construction of the key Zincke aldehyde intermextiatmployed

Our new hypothesis for the biosynthetic origin of thein our past syntheses of polycyclic indole alkaiditiwhile this

alsmaphorazines differed from the proposed biogtithorigin
put forth by Morita and coworkel8, in which an alternative
oxidation and rearrangement sequence takes placigth
epoxide andN-oxide intermediates. In its initial form, our
hypothesis included only the nitrone/alkene cycth@oin and
vinylogous carbamate hydroxylation step8 o 2), but it
eventually extended further in the direction of estihlstonia
alkaloids, ending at akuammicine. The evolution ftbiis
hypothesis and the strategy based upon it is destin detail in
this report.

2. Synthetic Plan

2.1.Retrosynthetic Analysis

The N-O bond shared by the isoxazolidine and oxaeina W”‘*R -

rings and integral to the caged polycyclic framewadskan
unusual feature of the alsmaphorazines that mugtédécus of
any synthesis design. We reasoned that the 1,bdse ring
might be accessed by a nitrone-alkene 1,3-dipolaloaddition
(Scheme 2), and that the tertiary alcohol at Cldukharise via
oxidation of the vinylogous carbamate i®. Further
simplification of the proposed cycloaddition substrthrough a
series of oxidations and incorporation of a foutbca fragment
pointed to tetracyclic indolinel3 as an attractive precursor,
which would be accessible from our
cycloaddition methodolog§’ Ultimately, our synthesis would
begin from tryptamine and pyridine derivatives mspe, readily
accessible precursors.

(o}
-0 / 1,3-dipolar 0
cycloaddition X 11
“H
6l—coMe —» —
OH"\,
*epoxide
2 fragmentation
R R
1 1
N isomerization N forma N
[4+2] =
) = O ) = \?
N N N
H H co,me H H cHo H CHO
12 13 14

NH,
— N p— \ + @
= s‘ pyridinium H
OHC ring-opening

15

Scheme 2Retrosynthetic Analysis of Alsmaphorazine. (

We therefore divided our synthetic strategy into tkey
architecture-building stages: indole-Zincke aldehydnionic
formal [4+2] cycloaddition and nitrone-alkene 1palar
cycloaddition. These two major events would be sé¢pdray
execution of our oxidation state adjustments, whiohild be just
as critical in the execution of the synthetic desig

Zincke aldehyde

method served us well in numerous contexts, we coadirto

look for complementary methods that would addressesof the

key synthetic limitations. The key problems posgdhe Zincke

salt method as depicted in Scheme 3 included:h@)réquired
use of excess tryptamine component for full corivarto Zincke

aldehyde product; (2) the necessary chromatograprd

activated charcoal purification of the Zincke alged for

efficient cyclization in the next step; and (3) lovtkan desired
overall yields and scalability for the critical tvetep sequence.
As a result, we sought to improve reaction stoichtoynand

yields while simplifying operations and purificatidor efficient

scale-up. We selected the method of Maraafeaturing the
alternative use of potassium glutaconaldehyde dargarison.

method A

N X ci-
H @N+
Z "~DNP

16a: R = allyl 41% yield

16b: R = PMB 40% yield 17
(2 equiv) (1 equiv)
EtOH, reflux
" then
NaOH, H,0O R
N
Ve Pl Ng Vg
4,
N \ THF
= 80 °C N RN
OHC sealed vessel K<g H
15a: R = allyl 67% yield 19a: R = allyl
15b:R=PMB  89% yield 19b: R = PMB
A method B
o
KOWH /R
18 N
(1 equiv) O Q
TFA, CH3CN
HN-R » 213 N
W 0—-23°C N H %o
H 20a: R = allyl
20b: R = PMB

16a: R = allyl 84% yield
16b: R = PMB 93% yield
(1 equiv)

Scheme 3Zincke Aldehyde Formation and Formal [4+2]
Anionic Bicyclization.

Preparation of thé&l(4)-substituted tryptamines was achieved
either by using the tryptoph?/l fragment as the tetghilic
component in an & reactioff®® or the nucleophilic component
in reductive aminatiof*® In this manner, we preparédallyl
tryptaminel6aandN-PMB tryptaminel6bin good yields. These
tryptamines were typically used crude in the subseyjZincke
aldehyde formation (Scheme 3).

Combination of these tryptamines with Zincke saft€EitOH
at 80 °C followed by hydrolysis provided the cormsging
Zincke aldehydesl5a and 15b in 41% and 40% yield,
respectively (with respect to the tryptamine componevith
high yield with respect to the Zincke salt, and goedovery of
the mass balance of the amine).



When we applied Marazano’s protdoln the synthesis of
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Methylation could be achieved with TMS diazomethare

the same Zincke aldehydes using TFA and potassiurdiazomethane in ED/MeOH or DBU/CHI in CH;CN, providing
glutaconaldehyde in CJj&l, at ambient temperature, we observedthe target methyl ester in good yield, but we preféithe latter

smooth conversion to the desired product (Schemel@yever,
we found contamination with a highly colored unidiéed red
impurity. Substituting the C}I, with CH;CN as the reaction
solvent improved the reaction by reducing the dalloration of
the product. Initiating the reaction at O °C alsoved beneficial,
and in this manner, we were able to achieve a 84-@8kbover
two steps relative to the tryptamine component.
importantly, the purification process was greatlyngified.
Aqueous work-up, sonication and precipitation of dqroduct
from EtO followed by filtration enables a convenient metiiad
isolation of Zincke aldehyde product for use in thésequent
anionic bicyclization step. When compared to thecke salt
method, this represents a two-fold increase in yialid as a
result, quickly became the preferred method fopareg the
large amounts of material needed for the planneahabhorazine
synthesis.

With the key Zincke aldehyde in hand, we were able to

perform the anionic [4+2] bicyclizati5A® by combination with
KOt-Bu in a sealed pressure vessel heated to 80 °la:(se 3).
The N-PMB substrate provided a superior yield NfPMB
tetracyclic enal produc2Ob (89% yield) compared with the
analogousN-allyl substrate20a (63% yield). However, based on
our previous studies, it was unclear if we would bée ab
remove the PMB group at a later stdyeso we processed
material with botiN-allyl andN-PMB protecting groups in place.

For the synthesis of the alsmaphorazines, the pacation of
an aminodienoic ester in place of the aminopentedi€Zincke
aldehyde) would improve synthetic efficiency. We walde to
construct the ester analogs X8a and 15b (not shown), but the
cyclization reaction proved unsuccessful under oo
conditions, highlighting the importance of the maectron-
deficient aldehyde in the [4+2] anionic bicyclizati

With tetracyclic enal compounds in hand, we reasdhatiwe
could begin oxidation state adjustment of the tgfthc core to
progress toward the alsmaphorazine alkaloids. Torawp the
stability of our synthetic intermediates, we aimedconvert the
enal into the more robust unsaturated methyl dstand in the
natural product target.

Examples of direct oxidative esterifications of lsndo
unsaturated esters are relatively common in teeslitire, but we
were unsure of the functional group compatibilityolems
posed by our system (Scheme 4). Indeed, applyingye@Ganem
oxidation conditions (NaCN, AcOH, MeOH] or NHC-
catalyzed oxidatiof8! provided little or no desired product. Less
common conditions such as,/MeOH, TCCA/MeOH
oxone/MeOH™ and vanadium cataly$ié proved unsuccessful
as well. A sequential approach to this oxidationotigh an
intermediate carboxylic acid using the Lindgren-&aPinnick
oxidation was equally untenable. We suspected tinat key
challenge to this direct oxidation was the compeditbxidation
of the indoline nitrogen, because similar reagfigitoblems have
been reported®

To expedite the investigation of downstream chemistre
resorted to protection of the indoline as ldfBoc carbamate.
Treatment of tetracyclic indoline®0a and 20b with BogO in
1,2-DCE at 80 °C in a sealed ve§&eprovided carbamatezla
and 22b. Conveniently, we found that the addition of metilan
led to the precipitation of product from the sadati and filtration

afforded the desireN-Boc tetracyclic enal. Subsequent Lindgren

oxidatiod'® afforded an intermediate carboxylic acid.

More

conditions for
considerations.

more convenient scale-up and for etyaf

2 Q e QO Q
—_—
80 °C
N H CHo Sealed tube ¥k CHO
Boc
20a: R = allyl > 95% yield 22a: R = allyl
20b: R = PMB > 95% yield 22b: R = PMB
oxidative . 1. NaClO,, NaH,PO,
esterification ; t-BuOH, H,0 (1:1) 62% yield, 2 steps
~CN or NHC 5 2. DBU, CHgl, CHsCN | 81% yield, 2 steps
[O], MeOH i 0—23°C
TFA
2 Q — O Q
023 °C
N H CO,Me \ c" CO,Me
21a: R = allyl 91% yield 23a: R = allyl
21b: R = PMB 98% yield 23b: R = PMB

Scheme 40xidative Esterification of Tetracyclic Enals.

3.2.Intermolecular Heck Strategy Toward Dipolar
Cycloaddition Substrates

With the key tetracycle formed by a formal [4+2]
cycloaddition, we turned our attention to the nextlization
event: the nitrone-alkene dipolar cycloadditith.The precise
sequence of events to construct the key reactivetiinality was
not clear to us at the outset, and we believed eat thance of
reaching our goal was through an intermolecular Heck
reaction’*® Based on examples of tertiary amines as directing
groups in the Heck literatuf€! we anticipated that the amine
might guide a diastereoselective Heck insertion tee ghe
desired product, with the Heck donor delivered to there
hindered, concave face of the acceptor (Schem8u)sequent
tertiary amine deprotection and oxidation along witiasked
allylic alcohol functional group modification wouldfford the
desired nitrone and alkene partners for the keyoldip
cycloaddition.

Our intermolecular Heck efforts began with er2sor esters
21. Both substrates, as well as thdiBoc carbamate82 and23
were evaluated as substrates for C-C bond formatiie.
investigated vinyl iodides such @4 and25 as donors. Despite
the evaluation of numerous palladium precatalysd &gand
combinations, we observed only complex reaction umed
without any hints of productive reactivity. The vinjgalide
components were typically consumed during the reacbut the
enal or enoate partners reacted slowly if at all. @ambined
studies suggest that the Heck reaction may be liniitg the
steric bulk of the concave polycyclic system as wal
competitive decomposition of vinyl halide intermeaigis. With
our lack of initial success, we evaluated otherrapphes in
parallel with this first strategy.
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R2 =H or OMe

Scheme 5Intermolecular Heck Strategy.

3.3.Tetracycle Functionalization for Cyclization Strgies

With the challenges posed by the intermolecular Heck

approach, we turned our attention to intramolecu&aiants of
this venerable reactid! This fact would allow us to deliver the
key functionality where needed and reduce reactiaityl steric
problems that might have hindered our first appnoac
Refunctionalization of the tetracyclic core wouldrtagly be
needed to set up the next phase of our revisechetymtplan
(Scheme 6).

Removal of theN-allyl group in 23a could be effected by
treatment with catalytic amounts of Pd(Rhand 5-methyl
Meldrum’s acid in CHCN at 0 °C™* while removal of the\-

PMB group in23b could be achieved by treatment with DDQ in

CH,CIy/H,© or CAN in CHCN. The intermediate secondary
amine is typically used crude after the allyl cleg® reaction, but
can be isolated from the PMB cleavage reaction bljinon
chromatography in 62% vyield or treated with an etgtttile as a
crude solution for further transformation to usefibrmediates.
In this manner, we were able to prepare numerousalsés of
our tetracyclic core by appendage of different sidains:O-acyl
hydroxylamine 808 as well as allylic amine80b, 30¢ 30d,
30e, 30f and propargylic amine80g In addition, conjugate
adducts30h and30i could also be forged.

These new tetracycles would prove important in @uwwérd
progress toward alsmaphorazine B as discussed b@lbile not
all of them would lead us to our key targets, theyantheless
taught us much about the preferred reactivity @ plolycyclic
core and guided the evolution of our strategy.

3.4.N-0O Tethered Intramolecular Heck Strategy Toward
Dipolar Cycloaddition Substrates

As an alternative approach featuring earlier instalh of the
key N—-O bond present in the natural product, we aexisioned
an intramolecular Heck strategy with an N-O bond-dairtg
tether (Scheme 7). We expected that the Heck cyidizavould
tolerate this potentially sensitive functionalitycaforge a new 7-
membered rin§” Subsequent oxidation of the hydroxylamine

Tetrahedron

(R = allyl)
R 5-Me Meldrum's acid R1
N Pd(PPhg), N
CH4CN, 0 °C
O Q (used crude) O Q
N (R =PMB) N
I H CAN, H20 1 H M
Boc %M choN, 0->23 °C Boc CO2Me
23a: R = allyl 62% yield 29:R'=H append
23b: R = PMB 30: (see below) <_—| R’ group
Ph
/’( /“\,\
? i [ i OAc
I H CO,Me ' H co,me '2 H co,me
Oa 30b R2 = Boc 30d: R2 = Boc
30c: R2=H 30e: R2=H
s [ e
N
l H CO,Me 5 H CO,Me
30f 0
;N ;
l "' CO,Me l H CO,Me
30h 30i

Scheme 6Synthesis of Functionalized Tetracycles.

would trigger a cascade process in which the N-O bemald

fragment to a nitrone and an allylic alcoffdl providing a basis
for the planned 1,3-dipolar cycloaddition leading the

hexacyclic alsmaphorazine core.

Scheme 7N-O Tethered Intramolecular Heck Strategy.

To begin the tether construction for the study hi§ troute,
secondary amin29 was treated with benzoyl peroxitfeto form
O-benzoyl hydroxylamine produ@&Oa (Scheme 8). Subsequent
ester cleavage was straightforward in the presendgdroxide
base; however, the isolated material lacked two ignass in the
¥C NMR corresponding to the C=C bond of the enoate an



showed a shift in the carbonyl resonance. We reastred the
liberated hydroxylamine cyclized in an oxa-Michdashion to
provide an undesired pentacycle, which is analogouseveral
structures reported by Robinson and Kueh®& and 37,

respectively}*® Despite this setback, we sought another route to N N
evaluate the N-O tethered intramolecular Heck styateg) had DMDO
planned. O Q W’ O Q O /

(BzO),
K2HP04

O Q O Q NaOH

N DMF, 23 °C N
L H CO,Me 'ocH CO,Me 0—>23 °C
71% yield

29 61% yield

30a

—

literature
compounds

Scheme 8Undesired Oxy-Michael Addition During Attempts
to Prepare N—-O Tethered Intramolecular Heck Sutestra

We envisioned that the installation of a vinyl Hak
containing side chain followedN-oxidation and a [2,3]-
Meisenheimer rearrangem&fit would provide the requisite
Heck substrate (Scheme 9A). Tetracy®e bearing vinyl iodide
was prepared by deprotection and refunctionalizatias
described above (Scheme 6). Oxidation of the unpiede
indoline primarily led to hydroxylaming8 and nitrone39in low
yield. This experiment suggested that a protectingup was
important for directing oxidation to thé(4) nitrogen.

Subsequent oxidation dfl-Boc indoline 30b with various
reagents led to complex reaction mixtures and impteta
conversion, suggesting that the transformation ddag more
challenging than we originally anticipated. To siifyplthe
problem and probe the mechanistic pathway of theticeg we
explored the same transformation with a simplifisdallyl
substrat3afor ease of product analysis (Scheme 9B).

Oxidation ofN-allyl compound23aled to a complex mixture
that contained residual starting materidl-Oxidation likely
occurred, but LCMS analysis of the reaction mixturdicated
the formation of a compound with the mass of therinediate
N-oxide or hydroxylamine and two compounds bearirgyrttass
of the nitrone. Analysis of the crude reaction migtby'H NMR
showed the presence of many more alkene peaks idhatod
exhibit a simple allyl pattern, which might be raiadized by a
Cope elimination leading to an extendmebystems present in
fragmentation productdl, 42, and 43. It was clear that the
Meisenheimer rearrangement in particular and estdge N-O
bond installation in general was proving enormougsigllenging;

5

therefore, we devised alternative strategies to hsl@chieve
our goal of completing alsmaphorazine B.

r(r

-78°C

4.

ﬁ H co,me l H co,me oo COsMe
30c:R=H 38 16% yield 39 16% yield
30b: R = Boc complex mixture
F_\ various /\+\,6
N oxidants N H N'c"'I
[0]
— — O
N N
H | H
IBoc CO,Me Boc CO2Me IBocH CO,Me
23a 40 41
(LCMS, unstable)
S S
+(\ (\
N-O - N O-
Crsy + Qs ‘—,
N N
H H
Lot cogMe e COzMe
43 42
(LCMS, unstable) (LCMS, unstable)

Scheme 9Plausible Mechanism for Cope Elimination and
Fragmentation of Tetracyclic Indolines.

3.5.Biomimetic Synthesis of Numerous Alkaloids from
Akuammicine by Late-Stage Biomimetic Oxidation and
Rearrangement

Clearly, several intermolecular and intramoleculdeck
strategies and early stage oxidation approachet® ledexpected
reactivity that limited our ability to advance towathe key
nitrone/alkene dipolar cycloaddition. At this pointe drew
inspiration from the structure of the natural preditself in
planning the next stages of our synthetic design.

Upon review of biogenetically related natural proguco-
isolated from theéAlstoniaplants, we outlined a new proposal for
a biosynthetic pathway leading to alsmaphorazine r@nf
akuammicine, a well-known alkaloid at a lower oxidatistate
(Scheme 10). The route we designed would proceedughro
intermediate alkaloids containing alcohols, epogjdketones,
and N-oxides. While the endpoints of this pathway mirtloose
suggested by Morita in his isolation repBrthe intermediates
and transformations differ considerably. We valttéd approach
because we could check our progress by comparistnkwawn
Alstonia alkaloids such as the alstoluciids and the
alpneumine®® with intermediate levels of oxidation.

We initially considered interception of our hypdibael
biogenesis at the stage of alstolucine4B) (or its C20 epimer,
alstolucine F. We envisioned that the methyl ketoné these
natural products could arise from a sequential skitttascade or
Rauhut—Currier type reaction.



6 Tetrahedron

multiple
oxidations

akuammicine (10) (X = H) -._ arene

vinervinine (44) (X = OH) & oxidation

5

stricticine (45) alkene | : alkene
oxidation i oxidation not a known
""""""""': alkaloid
_ - _ o .
- Q o N
N-oxidation
.............. >
CO,Me CO,Me
o 1,3-dipolar
x  elimination x cycloaddition

alstolucine B (46) (X = H) - 48 - ( 49 :

alstolucine D (47) (X = OH)

Scheme 10Proposed Biosynthetic Pathway from Akuammicindlgmaphorazines.

Our deprotection and refunctionalization approacteoagain  under numerous reported conditions and we becamgeaiabout
enabled us to functionalize our tetracyclic core tést this the ease of palladation and the ring strain in dkelization
hypothesis by trapping secondary amif with methyl vinyl  product.
ketone (Schemes 6 and #).A second Michael addition of the

ketone30h to the proximal unsaturated e&@mwould complete ° o
the caged structure of the intermediate ketonesumsynthetic MeO
pathway. However, despite evaluation of numerous iaseke 1. 51, i-ProNEt
cyclization event, we did not observe cyclization amstead saw O Q CHsCN, 0—23°C
only elimination product or recovered starting miale 2. TFA, CH,Cl, O Q
o ' ' cozme 0-287C Y H ome

Boc
30i

53% yield, 2 steps

EtaN MeOH THF 23 °C
53 | 69% yield
0—23 °o
l H co,Me l H co,me
0C 0C

71% yield
29 30h

various

conditions f—=Co,Me

50
not observed

Scheme 11Conjugate Addition Strategy Toward Ketof@

While this challenging cyclization led to some setks, we
nevertheless were convinced in the importance op#macyclic
methyl ketone46 or congeners at a higher oxidation state as key
synthetic intermediates that would enable a sucgksghthesis. not observed
Another option_for arriving at the same ketone ilm_madiate Was  gcheme 12. Oxidative and meAllyl Heck and Cyclization
planned by taking advantage of an unsaturated agiogls amide Strategies to Ketonés.
analog30i (Scheme 12). We anticipated that direct palladatio
could provide a vinylpalladium species which couliiergo a An alternative Heck strategy was also envisioned fatiglic
Heck reaction with the adjacent unsaturated &Stefollowing  acetate30d (Scheme 6). Atallyl Heck reactioR” followed by
reductive elimination, we expected that the caged system Wacker-type functionalization of the vinyl grouputd lead to
would be formed. Hydrogenation of the less substitut the desired methyl keton& (Scheme 12). This compound was
vinylogous amide could provide the target pentdcycttone46. formed in a straightforward fashion by a similar aepction and
Unfortunately, we never observed the desired cydtingiroduct  refunctionalization sequence with allylic bromidéy/lec acetate




7

53 (Scheme 6). With this compound in hand, we evatuate The direct conversion of the trisubstituted alkeoé
numerous palladium precatalysts but cyclization wast  akuammicine to the corresponding methyl ketof@er 56 was
observed; instead only decomposition of the stgrtimaterial an equally attractive starting point (Scheme 14wadrd this end,
occurred after long reaction times. we subjected the compound to Wacker oxidation caomdit
transition metal-catalyzed or standard hydrobordtividation,
thiol-ene/Pummerer, oxymercuration, and Mukaiyama
9 hydration/oxidation, but none of these options wanecessful;
rather, they either proved unreactive, proceedet witdesired
regioselectivity, or led to complex reaction mixsr

We finally decided to test our biomimetic propofaim the
beginning, with theStrychnosalkaloid akuammicine, adaptin
our earlier approach to related alkalofis.Our one-pot
deprotection/refunctionalization procedure providedracyclic
vinyl iodide 30d (Scheme 6). Following the strategy first
pioneered by Raw&l"*¥ and used more recently by various
MacMillan®*¥ and Andrad&*""! treatment of this compound ; . methods
with Pd(OAc) and PPhin EtN with heating led to a successful "~ Ncome 7 7777TTTTTTTY
intramolecular Heck reaction to form akuammicité)(in nearly :
quantitative yield (Scheme 18§ Our synthetic route to
akuammicine proceeded in 39% vyield from commergiall
available tryptamine. This reaction provided gramadtities of

akuammicine

(10) :
the alkaloid and therefore facilitated the nextgghim our studies, “(‘1“{')0,;13%2)4 :
the oxidative rearrangement of akuammicine to adroeazine acetone/H,0
B via several known alkaloids. Based on the limkedwledge (1 Y
of late-stage alkaloid oxidation, this quantity rafterial would
certainly be needed to balance the risk of thigegugh.

)

1. TFA, CH,Cl,

various

0—28° i
O Q © oxldants alstolucine F (56)
2. Pd(OAc)2 ie. 1. MsCl, py, CH,Cl, (alpneumine E)
H PPhjs, EtzN m-CPBA, 0—23 °C 66% yield
e Couie £ El DMDO 2. K,CO5, MeOH 3 steps A
o akuammicine (10) 0-23°C
30d 724’ yield 9 steps from tryptamine
steps

39% overall yield Lewis acids:

MgBr,, Zn(OTH),

_ BF,-OFt
2 ’o{/ TMSOT!
uwaves NN/
'H PhCHj @/ H [O] Bronsted acids:
= M I » TFA, HBF,
CO,Me 80—-100 Vi \\ CO,Me
—120°C —NH
akuammicine 32 Scheme 14Attempted Redox Isomerization of Epoxisie
N-oxide (55) not observed and Diol57 to Ketoneb6.

Without a direct option, we opted to prepare perdiécy
ketone56 by rearrangement of the isomeric epoXid(Scheme
14). Chemoselective dihydroxylation of akuammicit{&0)
2 proceeded using standard Upjohn condit8h&:® we
subjected this key diol57 to known redox isomerization
conditions using PPCL? Rearrangement by means of a
9 stereospecific hydride shift was expected to provide desired
ketone. Despite various modifications of the condii, we were
unable to obtain ketone produdb. We suspected that the
react|ve nature of the reagent might not be corhfgatvith the
abundance of Lewis basic functionality present inraalecule.

Scheme 13Initial Double Oxidation Strategy.

With ample quantities of akuammicine in hand, we were
poised to evaluate our proposed biomimetic oxidativ
rearrangement sequence for construction of theagdorazines. While diol rearrangement did not provide a patiwiand, we
Attempted double oxidation of akuammicine led toakmicine  sought to perform a similar rearrangement using@oxide via a
N-oxide 65),* which was strongly deactivated to further Meinwald rearrangement. Following the precedent oMem **
oxidation at the trisubstituted alkene (Scheme 1Bjre we performed a selective alcohol mesylation and riiade
aggressive oxidation conditions led only to intadt¢ mixtures displacement to construct epoxi@® (Scheme 14). With this
arising from decomposition. With thidN-oxide compound, compound in hand, we evaluated a number of Lewissdoidthe
however, we reasoned that we could take advantage of farmation of ketoné6, without success.

Meisenheimer rearrangement to provide a handledoplanned
nitrone-alkene 1,3-dipolar cycloaddition. While &rsatropic
[2,3]-Meisenheimer rearrangement seemed conformeatio
implausible owing to the caged structure, a radifgR]-
Meisenheimer rearrangemE&ft held much more promise.
Heating of theN-oxide did not provide any detectable product of
the desired rearrangement and instead led to dex=itigm when
the reaction was pushed to full conversion.

Taking a more step-wise approach (Scheme 15), wenbega
with a citric acid-modified dihydroxylation procedudeveloped
by Fokin and Sharple$¥! This procedure proved superior to the
Upjohn conditions that we used initially owing to thredative
ease of reaction work up and elimination of troablae
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HO S DMP
K,050,4-2H,0 : +BuOH
(10 mol %) CH,Cl,
CO,Me NMO, citric acid co.me (68% yield
NH t-BuOH, H,0 24 "2 steps)

(10)

Tetrahedron

lagumicine

(59) alstolucine B

(46)

alstolucine F (56)
(alpneumine E)

(33% yield of 57 and 61% yield of 46, when isolated)

o
0
- DBU
p DMDO
N
=0 PhCH, acetone
. . .

v o _78°C

O Me | Oz (1 atm)
N 80 °C (1:1.4.dp)

alstolucine C (60)
(alpneumine C)

alsmaphorazine B
2

2 (X-ray) -

LiHMDS, THF
-78—0°C
—_—
o. —s'Ph
o
pn % 64
28 (82 yield%)
(49% yield, 3 steps)
(X-ray)

Scheme 15Bioinspired Synthesis &lstoniaAlkaloids.

emulsions with particulate osmium. Oxidation of tleeandary
alcohol with Dess—Martin periodinane usingBuOH as an
acceleraft”! for this challenging substrate provided-
hydroxyketone lagumicines).“? Other oxidants such as Jones,
Swern, or Parikh—Doering oxidation were serviceablat b
incomplete conversion and lower isolated yields weeguent
problems. Subsequent deoxygenation ofcte/droxyketones9
with SmL*¥ provided the elusive pentacyclic ketofeg>*4
alstolucine B 46)*>**'! and a racemic mixturg6 of alstolucine

provided some of the desired cycloadduct puzzlingly also
provided a mixture of deoxygenated ketones andutidesired
nitrone isomer (Scheme 16). This net result paadiptindicated
a disproportionation of the-oxide starting materials to a pair of
reduced products and a pair of oxidized productschvivas
supported by TLC and NMR analysis during the reactio
Related redox processes have certainly been dodacthes
undesired side reactions in Cope-type eliminatihsTo
circumvent this problem, we reasoned that a morengly

F#%alpneumine EY in 1:1.5 dr. The diastereomeric ketones oxidizing atmosphef& would militate against the competing

could be separated by flash column chromatographg a
individually characterized, but routinely we kepé timixture and
proceeded because the C20-stereogenic center weuddlbted
at a later stage.

As a more direct alternative to the dihydroxylati@ibne
oxidation sequence, we aimed to apply knowf*0sand R{f°-
catalyzed conditions for alkene ketohydroxylatiem the direct
conversion of akuammicine to lagumicine. Unfortuhatthese
conditions led to complex mixtures containing startmaterial,
diols, ketoalcohols, or their correspondidgxides.

To return to our primary goal of preparing alsmaplane B,
N-oxidation of the crude mixture of diastereomersdgoyion of
DMDO led to the corresponding-oxides61 and60 (1:1.4 dr),
of which alstolucine &%alpneumine €% (60) are a pair of
enantiomeric natural products. Again, while these mmumds
could be separated and characterized, the mixtusetypacally
taken forward.

Our next goal was to effect aN-oxide fragmentation and
cycloaddition cascade to afford the caged polycyttthmework
of alsmaphorazine B2J. The planned fragmentation step found
precedent in Ciganek’s observation ofgEdlimination of anN-
methyl N-oxide nipecotic ester derivative to a hydroxylamin
enoate ester upon heating a under vactilimle reasoned that
performing the elimination under air could leadaxidation of
the intermediateN-oxides for the second cycloaddition step.
Treatment of the mixture di-oxides60 and 61 with DBU in
toluene with mild heating in the presence of airaasoxidant

disproportionation process and drive the reactiovatd oxidized
nitrone products, one of which would afford the deicaged
hexacyclic core. Conducting the reaction under Hoba of
oxygen instead of air resulted in a cleaner progudfile,

[O]
— = products

63+ 28
+ 56 + 46

64 + 28

air

0,

single diastereomer

oxidized
products

reduced
products

Scheme 16Key Observations in Key 1,3-Dipolar
Cycloaddition Step and Structural Elucidation.
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wherein the major produ@8 (49% yield over three steps) was synthetic work provides the basis for the synthesisurther

likely formed via elimination to intermediate hydsgdamine  oxidized members of the family such as alsmaphoea& and
(62), facile aerobic oxidation to nitrone$3) and Q), and a oxidized analogues of the synthetic intermediates have
spontaneous 1,3-dipolar cycloaddition of the forniére cage- prepared along the way.

like architecture of cycloadduct28, which had proved
particularly elusive to this point, was confirmed B¢ray
crystallographic analysis of single crystals.

4. Conclusions

In summary, the success of our synthesis designtter
With only one oxidation separating our compoundhfrthe  alsmaphorazine alkaloids provides support for a siptes

final target, we evaluated a number of oxidationditions for ~ biogenetic pathway from the common and less oxidekeloid
the installation of the tertiary alcohol and indutee moiety —akuammicine. Central to our strategy was the apidiceof a
(Scheme 155”7 An extensive survey of peroxide, peracid, andformal [4+2] anionic bicyclization and a 1,3-dipola
other oxidants led to complex mixtures of produeisparently — cycloaddition, which together forged the hexacyakeleton.
triggered by oxidation of the electron-rich teryiar Key proposed oxidative manipulations and rearrareges
hydroxylamine. A second concern involved the pognti proved more challenging than anticipated and wenkghmany
sensitivity of the desired produ2tto further oxidation. With the important lessons about the innate reactivity oé thighly
clues from our unsuccessful initial experiments hiand, we functionalized, nitrogenous intermediates. Our dheileation was
recognized that deprotonation of the vinylogoudaerate would rewarded with a general approach that yielded akuameyi
generate a much more electron-rich intermediate ¢hauld be ~ akuammicineN-oxide; alstolucines A, B, C, and F; alpneumines
subject to selective oxidation and also permituke of milder, C and E; lagumicine; echitamidine; demethylalsttiges and
more chemoselective oxidants. Vinylogous carbamigt@tion  alsmaphorazine B.
with LIHMDS and oxidation with Davis oxaziridine64)
gratifyingly afforded (z)-alsmaphorazine B)(in 82% yield. X-
ray-quality crystals were obtained by vapor diffusio 51 General Materials and Methods

crystallization and provided conclusive confirmatiof the

alkaloid structure. The synthesis of this compléalaid was All reactions were performed in oven-dried (140 °€jlame-
thus complete in over 10% overall yield from tryptae!®"! dried glassware under an atmosphere of dry argomssinl
. . . . . . . otherwise noted. Reaction solvents including diahoethane

. W'th our b|ogenet|c_ hypothesis having yielded sigant (CH.CI,, Fisher, HPLC Grade), hexanes (Fisher, HPLC Grade),
dividends in the reaction flask, we were able to tam_all diethyl ether (EO, Fisher, BHT stabilized, HPLC Grade),
Qetours to synthesize a number of related membgredamily dimethylformamide (DMF, ACS Grade, Fisher), methanol
in one or wo steps frqm the main route_ (Scheme. ma)?'l—."‘ (MeOH, low water, ACS Grade, Fisher), and tetrahydrafura
red”[SE!g’s’b‘,d,i,j,?; a!stolucmg . B 46) prowded echlltam|d|ne (THF, Fisher, HPLC Grade) were dried by percolatimough a
(64), while the similar reduction of alstolucine 56j column packed with neutral alumina and a column edakith

in the presence of Ce€lH,0O led to demethylalstogustine 5 tant ted talvst f .
(65).[33“‘!?"'34'53] Simple acylation of demethP/IaIstogustine with 32 feactant, a supported copper catalyst for scavgrgkygen,
2

) ; . under a positive pressure of argon.
ethyl chloroformate provided alstolucine 8g}./>**'" P P g

5. Experimental section

Column chromatography was performed using EMD

a’sw(’f,'bc-)i"es a’s“’(’gg{"e” Millipore 60 A (0.040-0.063 mm) mesh silica gel (SO
NaBH, CeCly7H,0 Analytical thin-layer chromatography was performed Merck
MeOH | 86% yield NaBH, | 80% yield silica gel 60 ks, TLC plates. Visualization was accomplished
0-23°C MeOH, 0 °C with UV (254 or 210 nm), and potassium permanganate
(KMnO,), p-anisaldehyde, ninhydrin, or

4-dinitrophenylhydrazine (DNPH) staining solutions.

'H NMR and**C NMR spectra were recorded at 298 K on
Bruker GN500 (500 MHZ'H; 125 MHz,**C), Bruker CRYO500
(500 MHz, *H; 125 MHz, **C), and Bruker AVANCEG00 (600
MHz, 'H) spectrometersH and**C spectra were referenced as
follows for chloroforme (7.26 ppm,'H; 77.00 ppm,**C) or
methanold, (3.31 ppm,'H; 49.00, ppn1°C). Chemical shifts are
reported in ppm and multiplicities are indicated bysinglet), d
(doublet), t (triplet), g (quartet), m (multiple&nd br s (broad

demethylalstogustine
(65)

ethyl singlet). Coupling constantg, are reported in Hertz. Infrared
%‘}'C;\:C’fglf_imgtle (IR) spectra were recorded on a Perkin-Elmer specRX1 FT-
-7 IR instrument or Varian 640-IR instrument on NaCltgdaand
0—-23°C peaks are reported in €mThe raw fid files were processed into
77% yield the included NMR spectra using MestReNova 10.0 (N&sir
alstolucine A Research S.L.). Mass spectrometry data was obtdined the
(66) University of California, Irvine Mass Spectrometryadity.
Scheme 17Synthesis of AdditionahlstoniaAlkaloids. High-resolution mass spectra (HRMS) were recorded on a

Waters LCT Premier spectrometer using ESI-TOF (edspray
While many of our initial strategies toward the ionization-ti_me of .fIight) and data are reportedtire form of
alsmaphorazines proved discouraging, our patienserevaarded (/2. Melting points (mp) were recorded on a Laboratory
with a general synthetic route toward a broader mhjproduct Devices Mel-Temp Il melting point apparatus and are
family from Alstonia and permitted us to ascend the oxidationUncorrected.
state ladder from akuammicine to alsmaphorazine CBir
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Additional general information is available in the

Supporting Information associated with this article.

5.2.Experimental Procedures and Characterization Data

Tetrahedron

Anhydrous ' THF (300 mL, degassed by sparging with Ar
double-layered balloon in a sonicator for 1 h) weddeal to the
pressure vessel containing Zincke aldehyddsa by positive
pressure cannulation with a quadruple-layered Aoball

Selected experimental procedures are shown below. A kotBuyin THF (1.0 M, 7.49 mL, 7.49 mmol, 1.05 equivds

complete set of experimental procedures and claiaation
data for the new compounds described in this pageawilable
in the Supporting Information.

5.2.1.N-Allyl Zincke Aldehyddba

Freshly preparedN-allyl tryptamine (6a 13.49 g, 67.38
mmol, 1.00 equiv), a brown-orange syrup, was added 590
mL round-bottom flask with magnetic stir bar andsdised in
CH:CN (400 mL). The flask was cooled to 0 °C in anviegér
bath.

To a separate 250 mL flask with g@EN (200 mL) at 0 °C
was added TFA (5.16 mL, 67.38 mmol, 1.00 equiv) drepviy
pipet. The flask was sealed with a rubber septumthedlFA
solution was added to the reaction dropwise by pesjiressure
cannulation using a quadruple-layered Ar ballooera30 min.
The flask was sealed with a polypropylene cap andataiaed at
0 °C.

added to each flask dropwise. The reactions becaone tarbid

and darker orange. The 24/40 septa were quickly veth@and
replaced with Teflon screw caps with Teflon O-ringsl deflon

tape-wrapped threads. The tightly-sealed flasks wasersed in
preheated 80 °C oil baths. The reactions gradwheloped a
brown color over 20 min. The flasks were 25% immeiisethe

oil baths.

After 3 h 15 min of stirring, the flasks were cootedambient
temperature. TLC analysis indicated consumptionstafrting
material and appearance of product &hdllyl tryptaminel6a
The brown turbid mixtures were quenched by cooling € and
poured into an ice-cold stirring mixture of sat. AaHCQ (120
mL), EtOAc (250 mL), and pO (120 mL).

The phases were separated and the aqueous phases were

extracted with EtOAc (3 x 100 mL). The combined organi
phases were dried over )0, filtered, and concentrated under

Potassium salt8® (9.176 g, 67.38 mmol, 1.00 equiv) was reduced pressure. The residue was purified by flagdmn

added in one portion. The reaction became a hetaemys
sienna brown suspension. The solution phase becarered in
color and less heterogeneous in consistency. AfteioRstirring
at 0 °C, the ice bath was removed and the reactisrall@wed to
slowly warm to ambient temperature.

After 6.5 h of stirring, the reaction was cooled t6@and a
solution of trifluoroacetic acid (516L, 6.78 mmol, 0.10 equiv)

chromatography (Si© 7 x 20 cm, 10% 20%- 30% acetone in
hexanes) to give tetracyclic er2da (4.47 g, 15.94 mmol, 67%
yield) as a pale yellow-tan solid.

The characterization data are identical to thosevipusly
reported by our group>®

5.2.3. Akuammicine 10)
To an oven and flame-dried 500 mL Schlenk flask with

in CH;CN (2 mL) was added dropwise, followed by pOtaSSiummagnetic stir bar was added RRFA46 mg, 2.842 mmol, 0.40

salt18 (458 mg, 3.37 mmol, 0.05 equiv).

After an additional 3.5 h of stirring, the reactiomas diluted
with EtOAc (400 mL) and washed with brine (2 x 300 mLhe
combined aqueous phases were extracted with EtOAc2@0x
mL). The combined organic phases were dried oveiS8a
filtered, and concentrated under reduced pressitre. residue
was purified by flash column chromatography (Sif® x 12 cm,

equiv) and vinyl iodide30c (3.20 g, 7.106 mmol, 1.00 equiv).
The headspace was purged with a stream of Ar throwgimting
needle for 2 min. BN (250 mL, sparged with Ar for > 1 h) was
transferred into the flask by positive pressurencdetion, giving

a yellow solution with insoluble white solids. The gession
was sonicated to break up the solids. The reactios wa
maintained under a double-layered Ar balloon.

20%-40%-50% acetone in hexane) to give Zincke aldehyde Pd(OAc) (320 mg, 1.421 mmol, 0.20 equiv) was quickly

15a The red-orange oil was sonicated in,Etuntil solids
precipitated. The solids were filtered and washed itbmall
amount of cold EO to give Zincke aldehydE5a (15.89 g, 56.50
mmol, 84% vyield) as a pale brown solid. The filtrat&as
concentrated to give a red sap, which contained tiadéll
product with impurities.

The characterization data are identical to thossvipusly
reported by our group”®

5.2.2.N-Allyl Tetracyclic Enal20a

added in one portion with an Ar balloon counterflonheT
Schlenk flask was sealed and immersed in a preh&€&ég oil
bath. The reaction clarified to a yellow solutiordateveloped a
darker orange color over time.

After 1 h of stirring, a suspension with a brown solutphase
was observed with white solids deposited on the sidfethe
flask. After 2 h of stirring, the reaction was cooledambient
temperature and carefully concentrated under retipcessure.
The residue was diluted with GEl, (100 mL) and washed with

(Note: Caution! The reaction should be conducted behind &fn€ (200 mL). The aqueous phase was extractedGHtiCl, (3

blast shield. The metallated indole is air-sensitiv solution and
exclusion of air is essential to the success ofrédaetion. The

x 100 mL) and the combined organic phases were drieat
Na,SQ,, filtered, and concentrated under reduced pressure

enal produc20a was stored under Ar in a —20 °C freezer as @ The residue was purified by flash column chromatpigya

precaution.)

To two oven-dried 350 mL sealable glass pressursel®es
with magnetic stir bars were attached 24/40 septa. fldsks
were further flame-dried under vacuum and cooleccudduble-
layered Ar balloons. Zincke aldehyd®a (3.33 g, 11.88 mmol,
1.00 equiv), a yellow-orange powder was divided gvéetween
the two flasks (1.667 g each) and resealed with betubeptum.
The flasks were gently purged with Ar double-layeratidons
through venting needles for 30 min.

(Si0,, 98:1.9:0.2 - 96:3.6:0.4 - 94:5.4:.0.6 - 92:7.2:0.8 -
90:9.0:1.0 CHCI,:MeOH:NH,OH(ag)). The combined
concentrated fractions containing akuammicingQ) ( were
partitioned between Ci&l, (150 mL) and 1 M ag. NaOH (150
mL). The phases were separated and the aqueousspivase
extracted with CECl, (3 x 50 mL). The combined organic
phases were dried over )0, filtered, and concentrated under
reduced pressure to provide akuammicithé) (2.272 g, 7.048
mmol, 99% yield) as a pale orange solid.



'"H NMR (500 MHz, CDC}) 5 9.00 (br s, 1H), 7.22 (d,= 7.4
Hz, 1H), 7.14 (ddJ = 7.7, 7.7 Hz, 1H), 6.89 (dd,= 7.5, 7.5 Hz,
1H), 6.81 (dJ = 7.8 Hz, 1H), 5.34 (q] = 7.1 Hz, 1H), 4.09-4.00
(m, 1H), 3.96-3.91 (m, 1H), 3.89 (d,= 15.2 Hz, 1H), 3.80 (s,
3H), 3.27 (dddJ = 12.6, 12.6, 5.6 Hz, 1H), 3.02 (d#i= 12.4,
6.7 Hz, 1H), 2.95 (d] = 15.1 Hz, 1H), 2.50 (ddd,= 12.6, 12.6,
6.7 Hz, 1H), 2.41 (ddd] = 13.5, 4.0, 2.2 Hz, 1H), 1.82 (ddl=
12.4, 5.6 Hz, 1H), 1.60 (d,= 6.9 Hz, 3H), 1.29 (d] = 13.7, 3.0,
3.0 Hz, 1H);"*C NMR (125 MHz, CDC}) 5 168.1, 168.0, 143.5,
139.2, 137.0, 127.9, 121.0, 121.0, 120.9, 109.5,41®%2.1, 57.7,
57.1, 56.4, 51.1, 46.4, 31.0, 29.9, 13B; (Neat Film NacCl)
3363, 2946, 2863, 1669, 1602, 1477, 1464, 14353,13811,
1274, 1237, 1203, 1160, 1133, 1100, 1073, 10563,1841, 855,
833, 802, 788, 746HRMS (ES+) m/z calc'd for GgH,4N,0,
[M+H]": 323.1760; found 323.175®; = 0.41 (10% MeOH in
CH.Cl,)

5.2.4.Cycloadduct28 and Nitrone63

(Note: During our early optimization of this reactiowe
found that performing this reaction with a singlasdereomer of
N-oxide starting material6Q) using a balloon of air instead of
oxygen (with or without base) led to the formation of
diastereomeric amino ketone natural produtisand 56 along
with cycloadduc®8, nitrone63, and other minor products.)

To a 100 mL round-bottom flask with magnetic stirr,ba
alstolucine C / alpneumine ®() (75.1 mg, 0.211 mmol, 1.00
equiv) was attached a 14/20 rubber septum. The flaak
evacuated and backfilled with double-layereg @lloon (3 x).

PhCH (20 mL) was added by syringe. The mixture was

sonicated to loosen the solids from the sides effliisk. DBU

11
1H), 3.71 (s, 3H), 3.38 (dl = 13.6 Hz, 1H), 2.61 (ddd] =
11.8, 11.8, 9.0 Hz, 1H), 2.43 (s, 3H), 2.20-2.06 (i);2°C
NMR (125 MHz, CDC)) & 199.7, 167.5, 166.4, 150.1, 144.9,
144.2,131.5, 129.4, 125.3, 121.5, 121.5, 110.0,31(61.8, 57.8,
51.8, 39.9, 38.4, 28.2, 26.&R (Neat Film NaCl) 3214, 2922,
2852, 1740, 1731, 1679, 1592, 1555, 1464, 14370,13831,
1314, 1280, 1264, 1236, 1205, 1184, 1168, 1084410832,
953, 800, 778, 752RMS (ES+)m/zcalc'd for GoH,oN,O,Na
[M+ Na]": 375.1321; found 375.132R; = 0.33 (5% MeOH in
CH,CL,).

5.2.5.Alsmaphorazine B2)

To a flame-dried 25 mL round-bottom flask chargedhva
magnetic stir bar and vinylogous carbam28(10.0 mg, 0.028
mmol, 1.00 equiv) under an Ar balloon was added THmM().
The solution was cooled to —78 °C in a {ZPacetone bath and
stirred for 10 min.

A solution of LIHMDS (0.1 M in THF, 34Q.d, 0.0340 mmol,
1.20 equiv) was added dropwise. The pale yellow-ggang
solution was stirred at —78 °C for 10 min. The coglbath was
removed and the reaction was allowed to warm to arhbien
temperature over 15 min and stirred for an addafid® min.

The pale yellow solution cooled to —78 °C and sdrfor 10
min. A solution of Davis oxaziridiné4 (14.8 mg, 0.0568 mmol,
2.00 equiv) in THF (0.5 mL) was added dropwise. Téection
was stirred at —78 °C and stirred for 10 min andciva@ing bath
was exchanged for an ice/water bath. The reactiomrbeca
turbid pale yellow solution within 2 min.

After 20 min of stirring at 0 °C, the reaction wasqgahed by

(95 44, 0.636 mmol, 3.00 equiv) was added dropwise and theéhe addition of sat. ag. B&0O; (2 mL) and brine (2 mL). The

suspension clarified somewhat. Additional sonicatiams
applied to help dissolve additional solids. Thesklawas
immersed in a preheated 80 °C oil bath and stineder a
double-layered @balloon. The solids gradually dissolved and
the solution became more yellow in color.

After 18 h of stirring, the reaction was an orangetsmn with
brown gummy residue visible on the flask walls. Thaction
was cooled to ambient temperature and concentratetéru
reduced pressure. The brown residue was purified lagh f
column chromatography (Si0 1%-2%- 3%-4%-6%
MeOH in CHCI,) to give cycloadduc28 (30.4 mg, 0.0863
mmol, 41% vyield) as a pale tan solid and nitr@®(8.7 mg,
0.0247 mmol, 28% vyield) as a white solid.

Cycloadduct28 'H NMR (500 MHz, CDCY}) & 9.04 (br s,
1H), 7.19 (d,J = 7.8 Hz, 1H), 7.16 (ddd] = 7.7, 7.7, 1.1 Hz,
1H), 6.94 (dddJ = 7.5, 7.5, 1.0 Hz, 1H), 6.83 (d,= 7.8 Hz,
1H), 4.40-4.30 (m, 1H), 4.05 (ddd,= 10.3, 6.2, 2.6 Hz, 1H),
3.77-3.33 (m, 1H), 3.76 (s, 3H), 2.52-2.43 (m, 2H342d,J =
14.0 Hz, 1H), 2.30 (s, 3H), 2.23 (d#i= 13.8, 6.2 Hz, 1H), 2.16
(dd, J = 12.6, 10.3 Hz, 1H), 1.09 (br d,= 12.7 Hz, 1H);"C
NMR (125 MHz, CDC)) & 206.0, 167.3, 165.9, 144.3, 133.1,
128.6, 121.8, 121.7, 110.0, 100.2, 90.6, 66.3,,63630, 51.4,
43.7, 40.5, 34.4, 25.9, 25.IR (Neat Film NaCl) 3361, 3054,
2950, 2925, 2853, 2500, 1717, 1674, 1603, 14658,14378,
1361, 1332, 1289, 1248, 1201, 1191, 1173, 1111910640,
969, 930, 897, 874, 824, 807, 787, 752, 737, HRMS (ES+)
m/z calc'd for GgHN,O,Na [M+Na]: 375.1321; found

cooling bath was removed and the mixture was stiiwed min

at ambient temperature. The mixture was extracted @it,Cl,

(3 x 5 mL). The combined organic phases were driedr o
NaSQ,, filtered, and concentrated under reduced presdire
residue was purified by flash column chromatograg8iO.,
40%- 60%-80%-100% EtOAc in hexanes) to give
alsmaphorazine B2} (8.6 mg, 0.023 mmol, 82% yield) as a
white solid.

X-ray quality crystals of alsmaphorazine & (vere grown by
vapor diffusion crystallization (acetone/pentareyive colorless
translucent prisms.

'H NMR (500 MHz, CQOD) 8 7.61 (d,J = 7.5 Hz, 1H), 7.42
(d,J =14.3 Hz, 1H), 7.39 (dd,= 7.5, 7.4 Hz, 1H), 7.35 (dd,=
7.4, 7.2 Hz, 1H), 4.26-4.19 (m, 1H), 4.22-4.16 (m, BHJ7 (s,
3H), 3.25-3.19 (m, 1H), 2.68 (dd,= 14.4, 10.4 Hz, 1H), 2.54
(dd, J = 14.3, 6.6 Hz, 1H), 2.32 (s, 3H), 2.11 (b= 14.3 Hz,
1H), 2.05 (dddJ = 14.1, 4.5, 4.5 Hz, 1H), 1.87 (d#i= 14.5, 2.0
Hz, 1H), 1.21 (dJ = 14.1 Hz, 1H)**C NMR (125 MHz, CDC}))

0 203.8, 186.2, 172.9, 153.6, 144.3, 129.7, 12883,2, 121.9,
90.2,79.2, 68.2, 67.2, 64.1, 53.2, 45.4, 40.3},3%5.0, 19.0;IR
(Neat Film NaCl) 3434, 3062, 2950, 1725, 1560, 146358,
1351, 1318, 1274, 1251, 1234, 1204, 1158, 1117710904,
1056, 1021, 900, 865, 826, 772, 7BRRMS (ES+)m/zcalc'd for
CaoHooN,0sNa [M+Na]: 391.1270; found 391.127®; = 0.33
(2:1 hexanes : acetone)np = 190-198 °C (acetone/pentane)
(dec.) (the colorless crystals turn dark brown/blgmior to
melting, so chemical transformation may precludgesthange).

375.1321;R; = 0.35 (2:1 hexanes : acetone), 0.37 (5% MeOH in

CH,CI,); mp = 234-236 °C (acetone/pentane) (dec.)

Nitrone 63 *H NMR (500 MHz, CDCJ) & 9.03 (br s, 1H),
7.23 (ddJ = 7.7, 7.7 Hz, 1H), 7.20 (d,= 7.7 Hz, 1H), 6.91 (dd,
J=7.7,7.7 Hz, 1H), 6.90 (d,= 7.7 Hz, 1H), 6.10-6.01 (m, 1H),
5.75-5.66 (m, 1H), 4.58-4.44 (m, 2H), 3.86 (@¢,13.3, 9.0 Hz,
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