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The construction of the hetisane group of alkaloids, of which the extensively bridged norhitiméhe
simplest member, poses the ultimate challenge for those interested in the synthesis gfditer@@ne
alkaloids. We describe the synthesis of an advanced intermediate toward this goal. The key steps include
reductive acylation, reductive deoxygenation, Birch reduction, and an intramolecular Lewis acid-catalyzed
1,6-addition of a carbamate to a dienone.

Background interactions of some alkaloids with the noradrenergic and
cholinergic systems. While the toxicity of the most active
compounds has so far limited their clinical application, less toxic
derivatives are emerging that could prove to be promising drug
candidates.

, The structural elucidation of the diterpene alkaloids was
mmonly known as Monksh r wolf ne. Th lants . .. .
commonly known as Monkshood or wolf's bane. These plants initiated by Jacobs at the Rockefeller Institute and later by

have been used extensively in traditional medicine throughout . . . ) . .
Europe and Asia as painkillers and to reduce the increased heatrwIesner at t.he University of New Brunsw[ck. These ploneering
rate associated with the onset of fever and anxiety. However, effor_ts prowded a _vvealth of Papers, which led to systematic
the narrow window in which the active constituents are effective elucidation of the S|mp|e_r alkaloids. Although th‘? structures of
the more complex alkaloids were accurately predicted, they were

has limited clinical applications as poisoning is an unpleasant ) ;
and sometimes fatal side effect. Overdose induces a sensatior?r.“.y f|nally.conf|rmed by X-ray (.:rystallogr'aphl)P.From these
initial studies, over 400 aconite alkaloids have now been

of crawling skin, labored breathing, paralysis, nausea, and . o . . L -
vomiting; ultimately, the heart goes into shock, resulting in identified, W'_th new alkaloids co!wt_lnum_g to be |sol_ated.
death. The alkaloids can be Iogsely divided into two main structural
Although the diterpene alkaloids have been known for over 9roUPS: Gg nor-diterpenoids and the £ diterpenoids, repre-
60 years, they are only now becoming recognized for their sented by_the chpctonmne skelethand thg atisine skeleton
unique selectivity in the central nervous system .survey of 2, respectively (Figure 1). Theor-diterpenoids are related to
a cross section of these alkaloids reveals anti-arrhythmic, anti- the gltt_erpenes viaa l,?—alkyl shift of the €89 bond and the
inflammatory, anti-epileptic, hypotensive, and bradycardic family is extended by different numbers of hydroxy groups and

properties. Perhaps the most promising findings are the specificth€ir derivatives-acetates, methyl ethers, and benzoatbat
can occur on almost every carbon. Thg @iterpenes can be

broken into two major groups based on the arrangement of the

The diterpene alkaloids (DAs) comprise a broad array of toxic
compounds isolated from plants of the geneXeonitum
Delphiunium Thalictrum Consolida and Rosera! The most
infamous of these plants is the speci&sonitum napellus

T Current address: Department of Medicinal Chemistry, The University of

Minnesota, 717 Delaware Street Room 482A, Minneapolis, MN 55414, C- and D-rings. Thus, the atisine skelefpossesses a bicyclo-

59(%) (;%gvzr&g, F--Fé-; Ié?]ng’d ﬁ--mllﬁlohlldst(spanleggongé slaJiSG) 2283 [2.2.2]octane CD-ring system, while the veatchane skel8ton
, 2— . aur, R.; ouanary, V. Nat. Prod. rRep 3 _ .

635 Atta Ur, R.; Choudhary, M. INat. Prod. Rep1997, 14, 191-203. has an entkaurene-type bicyclo[3.2.1]Joctane arrangement.

Atta ur, R.; Choudhary, M. INat. Prod, Rep1995 12, 361-379. Wang, Further diversity is attributed to specific connections within the

F. P.; Liang, X. T.Alkaloids (Academic Pregs1992 42, 151-247; (b) basic phenanthracene skeleton. These include a-C2@ bond

Hetisine X-ray crystal structure: Przybylska, Mcta. Crystallogr.1963
16, 871-876. Przybylska, MCan. J. Chem1961, 40, 566—568.
(2) Ameri, A. Prog. Neurobiol.(Oxford) 1998 56, 211—235. (3) Goodall, K. J.; Barker, D.; Brimble, M. ASynlett2005 1809-1827.

10.1021/jo701995u CCC: $37.00 © 2007 American Chemical Society
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5: Hetidines

6: Anopterines

7: Hetisines
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8: Denudatines

9: Napellines

FIGURE 1. Structural diversity of the diterpene alkaloid family of natural products.

(delnudined4, hetidinesb, anopterines$, hetisines?), a N—C6

bond (delnudined, hetidinesb), and a C26-C7 bond (denu-
datines8, napellines9). Delnudines4 also have the additional
feature of a rearranged CD-ring system. Like tioe-diterpenes,

the C-20 congeners are similarly characterized by extensive

oxidation of the parent skeleton.
The structural complexity of the diterpene alkaloids has

attracted the attention of a number of synthetic groups over the
last four decades, resulting in a considerable output of elegant

chemistry and useful methodologyrhe construction of the
hetisine group of alkaloids, of which the extensively bridged

nomininel7is the simplest member, poses a daunting challenge

for the Go derivatives, but one that has been met successfully
by Murutake and Natsurh@nd Gin® Intrigued by the structural
complexity of the hetisines, we initiated our own synthetic
program to target these complex caged ring systemisich

(4) (a) Sythesis of the veatchane skeleton: Wiesner, K.; Uyeo, S.; Philipp,
A.; Valenta, Z.Tetrahedron Lett1968 6279-6282. Nagata, W.; Narisada,
M.; Wakabayashi, T.; Sugasawa, I.Am. Chem. S0d.967, 89, 1499~
1504. Valenta, Z.; Wiesner, K.; Wong, C. Metrahedron Lett1964 2437
2442. Nagata, W.; Narisada, M.; Wakabayashi, T.; Sugasawa, Am.
Chem. Soc1964 86, 929-930. Masamune, Sl. Am. Chem. Sod.964
86, 290-291. (b) Synthesis of the atisane skeleton: lhara, M.; Hirabayashi,
A.; Taniguchi, N.; Fukumoto, KTetrahedrorl992 48, 5089-5098. lhara,
M.; Suzuki, M.; Fukumoto, K.; Kabuto, Cl. Am. Chem. S0d.99Q 112
1164-1171. Ihara, M.; Suzuki, M.; Fukumoto, K.; Kametani, T.; Kabuto,
C.J. Am. Chem. S0d988 110, 1963-1964. Nagata, W.; Sugasawa, T.;
Narisada, M.; Wakabayashi, T.; Hayase,JY. Am. Chem. Sod.967, 89,
1483-1499. Guthrie, R. W.; Valenta, Z.; Wiesner, Ketrahedron Lett.
1966 4645-4654. Masamune, 9. Am. Chem. S0d.964 86, 291-292.
Nagata, W.; Sugasawa, T.; Narisada, M.; Wakabayashi, T.; Hayask, Y.
Am. Chem. Socl963 85, 2342-2343. (c) Synthesis of the napellane
skeleton: Wiesner, K.; Ho, P. T.; Shii Jeou (Pan) Tsai, C.; Lam, Y. K.
Can. J. Chem1974 52, 2355. Wiesner, K.; Ho, P. T.; Shii Jeou (Pan)
Tsai, C. Can. J. Chem.1974 52, 2351. (d) Synthesis of theor-
diterpenoids: Wiesner, KPure Appl. Chem.1979 51, 689-703. (e)
Important partial syntheses: Williams, C. M.; Mander, L. Qrg. Lett.
2003 5, 3499-3502. Kwak, Y. S.; Winkler, J. DJ. Am. Chem. So2001,
123 7429-7430. Toyota, M.; Wada, T.; lhara, M. Org. Chem200Q
65, 4565-4570. Shishido, K.; Hiroya, K.; Fukumoto, K.; Kametani, J.
Chem. So¢Chem. Commurl.987 1360-1361. Shibanuma, Y.; Okamoto,
T. Chem. Pharm. Bull1985 33, 3187-3194. Kametani, T.; Honda, T.;
Fukumoto, K.; Toyota, M.; Ihara, Mdeterocycles1981, 16, 1673-1676.
Kametani, T.; Kato, Y.; Honda, T.; Fukumoto, B. Am. Chem. Sod976
98, 8185-8190. van der Baan, J.; Bickelhaupt,Recl. Tra.. Chim. Pays-
Bas1975 94, 109-112. Balgir, B. S.; Mander, L. N.; Prager, R. Bust.

J. Chem.1974 27, 1245-1256. Tahara, A.; Hirao, KTetrahedron Lett.
1966 1453-1459. Tahara, A.; Hirao, K.; Hamazaki, Yetrahedronl965
21, 2133-2154.

(5) Muratake, H.; Natsume, Mingew. Chemint. Ed.2004 43, 4646—
4649.

(6) Peese, K. M.; Gin, D. YJ. Am. Chem. So2006 128 8734-8735.

has culminated thus far in the assembly of an advanced
tetracyclic intermediate with functionality strategically placed
for the rapid assembly of nominin&7), a minor constituent of
Aconitum sanyoenese

Results and Discussion

Synthetic Plan.The preparation of enorf) appeared to be
an excellent starting point and its proposed elaboration into
nominine (L7) is outlined in Scheme 1. Thus, selective reduction
of the enone with lithium in liquid ammonia was expected to
establish the desired trans-fused A and B rings with trapping
of the resulting enolate by methyl cynanoformate to deliver the
p-keto este 1. TheS-keto ested 1in turn could be elaborated
to the aminel2. The aromatic ring ol2 would be reduced by
using Birch conditions and the resulting 1,4-dihydroanisole
converted to the enone and subsequently oxidized to the dienone
13 This strategy eliminates the need to functionalize the B-ring
earlier in the synthesis. Thus, we believed that the nitrogen-
containing ring would be formed through an intramolecular 1,6-
amino addition to give the pyrrolidin®4. The C/D-ring would
then be completed through a Sakurai allylatffiollowed by a
palladium-catalyzed cycloalkenylation as pioneered by Kéhde.
The final bond-forming reactions would then entail an intramo-
lecular aldol reactior(15 — 16) followed by intramolecular
nitrogen alkylation(16 — 7).

Synthesis of Aldehyde 34.0Our synthetic studies began
(Scheme 2) with the conversion of 3-methoxyphenylacetic acid
18 into 6-methoxy-2-tetralon¥ which was subsequently acy-
lated to give the3-keto esterl9.13 Robinson annulation with
methyl vinyl ketone then gave the enoBe in 67% yield. In
preparation for the dissolving metal reduction, en@@evas
converted into the ket&l1 by using standard conditions in 99%

(7) Hutt, O. E.; Mander, L. N.; Willis, A. CTetrahedron Lett2005
46, 4569-4572.

(8) Sakai, S.; Yamamoto, |.; Yamaguchi, K.; Takayama, H.; Ito, M;
Okamoto, T.Chem. Pharm. Bull1982 30 (12), 4579-4582.

(9) Mander, L. N.Synlett1991, 134-144.

(10) Hosomi, A.; Sakurai, HJ. Am. Chem. S0d.977, 99, 1673-1675.
(11) (a) Kende, A. S.; Roth, B.; Sanfilippo, P. J.; Blacklock, TJ.JAm.
Chem. Socl982 104, 5808-5810. (b) Kende, A. S.; Roth, B.; Sanfilippo,
P. J.; FacileJ. Am. Chem. Sod.982 104, 1784-1785. (c) Toyota, M.;

Ihara, M.Synlett2002 1211-1222.

(12) Sims, J. J.; Selman, L. H.; Cadogan, ®ganic Synthese§Viley:
New York, 1988; Collect. Vol. VI, p 744. Sims, J. J.; Selman, L. H,;
Cadogan, MOrg. Synth.1971, 51, 109.

(13) Colvin, E. W.; Doyle, M.; Shroot, B.; Raphael, R. A.; Martin, J.;
Parker, W.J. Chem. So¢cPerkin. Trans. 11972 860—869.
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SCHEME 1. Synthetic Strategy for the Synthesis of SCHEME 2. Synthesis of Enone 23
Nominine 17 OMe
OMe OMe ® 1. 50Cl,; AICI, O
R10_ 20 2. (MeO) 2co NaH MeOxC
: Reductive ‘
--------------- > 42% 2 steps) HO
O Acylation
18 19
10 1 1. MVK, EtsN
: 2. pTsOH, PhH, 80°
: (67%)
Steps i !
Y
\] (CH,OH),, TSOH
OMe <
(99%)
Birch Reduction
e
Isomerization
Oxidation
LiAIH,
12 (99%)
Intramolecular OMe

1,6 addition 1. MOMCI, PrNEty,

DMAP
—_—

2. pTsOH, Me,cO  ©

Sakurai Reaction (87%, 2 steps) 23
................... >
Palladium . . .
iy Cycloalkenylation SCHEME 3. Reductive Acylation: Synthesis off-Keto
NR, Ester 27
14
. OMe
Intramolecular : MOMO\_
Aldol 2 Li, NHg, fBuOH
\ B ——
@)
Intramolecular 3
N-alkylation
‘-"----.-.-_- ________ / JNCCOgMe
Steps H z
P M fRe OMe OMe
17 16

awhere R and R are unspecific protecting groups.

yield and the ester function subsequently was reduced with OMe
LiAIH 4 to give the alcohoR2 in excellent yield. The alcohol
function of22 was then protected as a MOM ether and the ketal
removed on treatment with acid to give the desired eriia

87% over the two steps.

With the desired enone in hand the reductive acylation was
addressed next. The dissolving metal reduction of enones in
liquid ammonia is a well-established methodology and it has
been demonstrated that when fhearbon is at the fusion of a
decalin-based system, the trans-fused product is the major
product!® Accordingly, treatment of the eno@8 with lithium
in liguid ammonia at-78 °C followed by a quench with methyl
cyanoformate at—78 °C, followed by warming to 0°C,
affording the desire@-keto este27in 67% yield (Scheme 3).
However, on scale-up we found that we obtained significant
amounts of the regioisomeB. If, after 5 min, the reaction was
quenched at-78 °C, the desired trans-fusgtiketo ester27

27 28

was isolated in 67% yield. When, instead, the reaction was
allowed to warm to room temperature before quenching,
regioisomer28 was formed reducing the yield @7. We have
attributed the success of methyl cyanoformate in the chemo-
selectiveC-acylation of enolates to the increased stability of
the C-complex 26, over that of theO-complex 25, as a

1) Mander, LN Sethi. S, Fretrahedron LettLo83 24 5425-5428 consequence of chelation with the adjacent ketone function. The

ander, L. N.; Sethi, S. Hetrahedron Le , . i ini

Ma(nder, L. N.: Sethi. S. P.. Crabtree, S.@rg. Synth 1991 70, 256. formation of the regioisome?8 leads us to speculate that at

(15) Keinan, E.; Greenspoon, N. @omprehensie Organic Synthesis higher temperatures tr@-complex2_5 is in t_aquilibrium with
Trost, B., Ed.; Pergamon Press: Oxford, UK, 1991; Vol. 8. enolate24 while the C-complex26 disassociates to afford the

10132 J. Org. Chem.Vol. 72, No. 26, 2007
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SCHEME 4. Attempted Synthesis of Amine 35

OMe OMe

MOMO._

—%—
O
MGOQC
27
NaBH,, MeOH
(76%)
OMe OMe
1. MsCl, EtsN
2. DBU, PhMe, 110°
—————
(56%)
LDA; Mel, THF

(64%)

OMe

j (85%)

OMe

34 35

f-keto estel7, which undergoes enolization, thereby affording
a proton source that allows equilibrium betwehand itsA2
isomer.

JOC Article

MOMO H OLi

FIGURE 2. Transition states for the alkylation @7 and31

chemistry was assigned on the basis of NOE difference
experiments. Thus, irradiation of the methyl resonance at 1.39
ppm showed through-space interactions with the H3 methine
resonance at 5.74 ppm, the H6 methylene at 2.20 ppm, and the
H5 methine at 1.80 ppm. No through-space interaction was seen
with the MOM protected angular hydroxymethyl, which would
be expected if the methyl resided on thidace.

The failure of theS-keto ester27 to undergo alkylation is
puzzling. However, the lower face of the A-ring is seriously
hindered while for alkylation to take place on the upper face,
the A-ring must adopt one of two possible boat-like conforma-
tions (Figure 2) so that alkylation can occur along an axial-like
vector. Assuming product-like transition states, in one of these
conformations C-1 and C-2 are eclipsed and in the other there
is a prow interaction between H32and H-3. In the case of
31, however, the incorporation of th&? bond removes both of
these interactions.

The formation of32 represents a very satisfactory tactic to
overcome the stereoelectronic demands imposed by cyclic
p-keto esters in general and in the present case lends itself to
the hydroxylation at C-2 that is a commonly functionalized
location in the hetisane alkaloids. Although the ester could be
converted to the aldehyd84 in an acceptable yield, the

The next phase of the synthesis is outlined in Scheme 4. With development work hinted at side reactions involving the angular

the 5-keto ester27 in hand, alkylation at C-4 was attempted.

MOM protected alcohol function. For example, if the Dess

Wenkert® et al. had found with a similar substrate possessing Martin periodane oxidation of alcon8B was not buffered with

a simple angular methyl group at C-10 that alkylat&ymto

the C-10 methy was slightly favored (2.4:1) due to stereoelec-

tronic factorst’” We reasoned that the increased steric bulk of
the MOM substituted methyl would result in a significantly

pyridine then the yield was severely reduced. Reductive
aminatior® of aldehyde34 was similarly unsuccessful returning
either starting material or significant decomposition to large
numbers of products. These factors led us to reconsider the

increased yield of product resulting from the methyl group being appropriateness of the angular MOM protecting group especially

directed to the upper face of the A-ring, i.anti to the angular
substituent. In the event, all attempts to alkylatetHeeto ester
27 under standard conditions (KBu/HOBu/Mel and NaH/
THF/Mel) gave no useful outcomé&Our attention then turned
to modifying the A-ring functionality with the goal of utilizing
a more reactive enolate. Accordingly, ketoRe was treated
with NaBH, in MeOH to give the &-hydroxy producB0, which

considering the complications that could also potentially arise
from the upcoming Birch reduction and subsequent acid-
catalyzed isomerization (Scheme 1). As well, we still needed
to solve the problem of introducing an aminomethyl function
at C-4. Accordingly, the alcohd2 was protected as the TBS
ether, and to simplify the task of elaborating the A-ring
functionality, we applied the Coates protofolor removing

was then converted to the mesylate and eliminated to give thethe C-3 carbonyl group.

alkene31l as a 3:1 mixture of regioisomers in 56% vyield over
two steps. Alkylation of this mixture was then effected,
delivering the methyl group to thg-face to give32 in 64%

yield on treatment with LDA then Mel in THF. The stereo-

(16) Wenkert, E.; Afonso, A.; Bredenberg, J. B.; Kaneko, C.; Tahara,
A. J. Am. Chem. S0d.964 86, 2038.

(17) Caine, D. InComprehensie Organic SynthesjsTrost, B., Ed.;
Pergamon Press: Oxford, UK, 1991; Vol. 3, p 1.

Successful Synthesis of Carbonate 42s outlined above,
the alcohoRk2was protected as the TBS ether by using standard
conditions and the ketal function removed to yield the enone
36 in 49% vyield over two steps. By using the conditions
developed earlier, the enone was smoothly converted to the

(18) Baxter, E. W.; Reitz, A. B. IrDrganic ReactionsOverman, L.,
Ed.; John Wiley & Sons: New York, 2002; Vol. 59.
(19) Coates, R. M.; Shaw, J. B. Org. Chem197Q 35, 2597.

J. Org. ChemVol. 72, No. 26, 2007 10133
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SCHEME 5. Synthesis of Carbamate 42 SCHEME 6. Synthesis of Pyrrolidine 46
OMe OMe OMe

1. TBSCI, imidazole, TBSOL

DMF ¥ Li, NHg, 1BUOH;
—_—

2. stOH(,’ Me,CO g (95%)

(49%) MeO.C.  ~
22 36 H 42

CNCO,Me, -78°
(69%)

CDClg (HCI)

Li, NHg, 1BUOH;
(60%)

OMe TBSOL_ OMe
NaH; MOMCI 3 DDQ, HCI
-~
(95%) o) 70%
MeO,C H ( )
37
Li, NHg, fBuOH; FeCl, MesSiCl
(69%) (21%)
OMe 1. DMP, pyridine OMe
2. NH,OH. HCI, NaOAc
3. RuCly(p-cymene), TemeIIIIIE L
(64%), 3 steps Steps
17
LDA; Mel . . . o
(85%) congestedr-face in the transition state (steric compression) is
smaller than that for an ester function, as noted by Flerffing.
OMe 1 LiAlH,, THF OMe Finally, with nitrogen efficiently installed into the molecule,

2. MeOCOCI, EggN, our attention turned to the reduction of the nitrile function to

DMAP . . S
an amine and subsequent reduction of the aromatic ring. Thus,
Z H (60%) reduction of the nitrile function ofi1 with LIAIH 4 in THF at
MeOZQH’ reflux gave the amine, which was immediately treated with
42 41

methyl chloroformate to give the methyl carbondfin 65%
yield over the two steps. The stereochemistry of the alkylation
f-keto esteB7in 69% yield. At this point our approach diverged  could now be confirmed with NOE difference experiments
as outlined in Scheme 5, the main difference being the plannedshowing through-space interactions between the amino methy!
use of a C-4 nitrile function for alkylation and introduction of protons (3.14 and 3.53 ppm) and the adjacent TBS protected
nitrogen. Thus, following the Coates procedtft@-keto ester hydroxy methyl (3.81 ppm). Through comparisons with tHe

37 was treated with NaH and Mel in HMPA to give the enol NMR spectra of40 and 41, we subsequenﬂy assigned the
ether38 (95% yield), reduction of which with lithium in liquid stereochemistry of alcoh@o.

ammonia in the presence &uOH (6 equiv) delivered the

. . . - X Synthesis of Pyrrolidine 46. With the requisite AB-ring
alcohol39in 69% yield. Although it was difficult to assign the

. _ functionality in place, we addressed the reduction of the anisole
stereochemistry of the hydroxymethyl group, further experi- ying and then formation of the pyrrolidine ring by means of the

mentation, vide infra, showed this substituent to loe %his planned intramolecular 1,6-addition in dienct&(Scheme 6).
stereochemistry presumably arises due to the kinetic quench OfThus, treatment of the carbamat2 with lithium in ammonia
the intgrmediate ester enolate along the less encumbered, 4 athanol at reflux gave the 1,4-dihydroanigt8ewhich was
equatorial vector. immediately hydrolyzed tax,f-enone44 on treatment with
Alcohol 39 was converted into the nitrild0 in three steps:  deuterated chloroform, presumably due to trace HCI and water.
(1) oxidation of the alcohoB9 with DMP/pyridine to the  Thjs method consistently gave more superior results than the
aldehyde; (2) conversion of the aldehyde to the oxime; and (3) traditional methods (HCI/CHG| HCI/E,0). We also reason
dehydration of the oxime to give nitrilé0 in 64% yield over that the carbamate function is deprotonated by lithium amide
three steps. The dehydration step was carried out with catalyticynder the Birch conditions rendering it resistant to reduction,
RuCk[p-cymene} (2%) and is a vast improvement over the an outcome that we anticipated after executing a similar

traditional methods of oxime dehydratighwhich typically  sequence in the preparation of the skeleton of the alkaloid,
require forcing conditions at elevated temperatures. Alkylation himandrine??

of the nitrile was achieved under analogous conditions to the
ester31. Treatment of the nitrilel0 with LDA in THF gave

the alkylated productl as a single product in 85% yield. The
higher yield observed for the alkylation of the nitrile compared
to the esteBlis perhaps a reflection of the fact that the energy
penalty associated with a nitrile group occupying the more

With the enone44 in hand, our attention turned to the
formation of the required dienomb. Our earlier attempts to
effect this transformation via the work of Fuchs were unsuc-
cessful® but DDQ oxidation under acidic conditions proved

(21) Fleming, F. F.; Zhang, Z. YTetrahedron2005 61, 747—789.
(22) O’'Connor, P. D.; Mander, L. N.; McLachlan, M. M. \rg. Lett.
(20) Yang, S. H.; Chang, S. @rg. Lett.2001, 3, 4209-4211. 2004 6, 703-706.

10134 J. Org. Chem.Vol. 72, No. 26, 2007
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to be an excellent altenati‘é.The oxidation was carried out
by treating the enoné4, in benzene with a drop of concentrated
HCI, with DDQ delivering the desired dienod&in 70% yield.
The dienone was characterized based ortthEMR spectrum,
which showed a pair of doublets at 6.32 and 6.21 ppm, both
with a vicinal coupling of 9.6 Hz, assigned to the twande
protons. The!3C NMR spectrum confirmed this finding with

JOC Article

consumed. The reaction mixture was diluted with EtOAc (500 mL)
and was washed successively with 10% phosphoric acid (500 mL),
sat. NaHCQ (500 mL), and brine (500 mL). The aqueous layers
were re-extracted with EtOAc (R 500 mL), the combined organic
layers were dried over MgSand filtered, and the solvent was
removed under reduced pressure. The brown residue was im-
mediately taken up in benzene (140 mL) in a 250-mL round-
bottomed flask ang-TsOH (1 g) added. The flask was then fitted

the appearance of two resonances at 111.7 and 129.7 ppm fo{yith 5 Dean-Stark apparatus and condenser, flushed withaNd

C-7 and C-6, respectively.

Having achieved the synthesis of the diendbgour attention
was turned to cyclizing the carbamate function on to C-6 of
the dienone functionality. Under basic conditions it was

heated to reflux for 18 h. The reaction was allowed to cool and
most of the toluene was removed under reduced pressure. The
reaction mixture was diluted with EtOAc (200 mL) and washed
successively with sat. NaHG@200 mL) and brine (200 mL). The

considered that the reverse reaction, elimination of a carbamate2dueous layers were re-extracted with EtOAc(200 mL), the

group, would be facile and therefore it would be best to carry
out the cyclization under acidic conditions. Indeed, treatment
of the carbamatéd5 with DBU at room temperature or at reflux

returned only starting material. Treatment under acidic condi-

combined organic layers were dried over MgsxDd filtered, and

the solvent was removed under reduced pressure. The brown residue
was chromatographed on silica gel (Pet. Sp:EtOAc 4:1) to yield
enone20 (10.2 g, 67%), which gave yellow crystals from MeOH.

R :0.42 (EA: Pet. Sp. 1:1); mp 8183 °C; MA found C 71.0, H

tions, employing>-TsOH, resulted in decomposition to a number g 4, GH,40, requires C 71.3, H 6.3; HRMS found (\1286.1205,
of unidentified products, presumably as a consequence ofc ;H;s0, requires 286.1205; IR (filmymax 2952, 1727, 1671, 1609,

cleavage of the silyl ether. In light of this outcome, the
conditions needed to be sufficiently mild so as to prevent any
unwanted side reactions.

A recent paper described the intermolecular 1,4-addition of
carbamates to enones catalyzed by gedld TMS-CI?> We
reasoned that an intramolecular process would be more favorabl
and so the carbamatb was treated with FeGl After 2 h no
reaction had occurred, but on the addition of 1 equiv of TMS-
Cl a rapid reaction took place to yield the desired 1,6-addition
product46in an unoptimized 21% yield. Thiél NMR spectrum

of 46 indicated that the carbamate existed as a pair of rotamers.

Upon heating a sample d6to 100°C (DMSO-ds) the rotamers
coalesced to a single compound with an indicative amino

1501, 1247, 1040 cnt; *H NMR (300 MHz, CDC}) 6 7.37 (1H,
d,J = 8.8 Hz), 6.78 (1H, ddJ = 2.8 Hz,J = 8.8 Hz), 6.65 (1H,
d,J= 2.8 Hz), 6.02 (1H, s), 3.79 (3H, s), 3.68 (3H, s), 24514
(7H, m), 1.96 (1H, tdJ = 4.7 Hz,J = 13.9)13C NMR (75 MHz,
CDCly) 6 198.6 (C), 171.9 (C), 162.5 (C), 158.4 (C), 137.4 (C),
28.6 (C), 127.9 (CH), 126.2 (CH), 113.4 (CH), 113.2 (CH), 55.2
CHs), 52.9 (CH), 49.5 (C), 36.0 (Ch), 35.9 (CH), 32.7 (CH),
30.4 (CH); MS m/z 286 (M, 27%), 227, 199, 171, 115.

Ketal 21. A 50-mL round-bottomed flask was charged with
enone20 (1 g, 3.5 mmol), benzene (35 mL), ethylene diol (18
mmol, 1 mL), andp>-TsOH (100 mg). The flask, fitted with a Dean
Stark apparatus and condenser, was flushed witard heated to
reflux for 4 h, after which time TLC indicated that the reaction
was complete. The reaction mixture was then allowed to cool and

methine proton at 4.09 ppm. From COSY analysis this resonancethe majority of the benzene removed under reduced pressure. The

could be correlated with the two allylic protons, at 2.75<
6.3 Hz,J=19.5 Hz) and 3.12 ppnmJ(= 8.8 Hz), and the decalin
bridgehead proton 1.68 pprd € 8.3 Hz).

Conclusion

We have synthesized a key intermediate that could prove
valuable for the total synthesis of the diterpene alkaloid

remainder was diluted with EtOAc (50 mL) then washed with sat.
NaHCGQ; (50 mL) and brine (50 mL). The aqueous layers were
re-extracted with EtOAc (% 50 mL), the combined organic layers
were dried over MgS@and filtered, and the solvent was removed
under reduced pressure to give the k&tb(1.2 g, 99%) as a yellow
oil. A small amount was crystallized from methanol for character-
ization and the remainder was used without further purification.
Mp 111-113°C; R; 0.5 (Pet. Sp.:EtOAc 1:1); HRMS found (M
330.1468, GH»,0s requires 330.1467; IR (film) 2952, 1726, 1610,

nominine. The synthesis revealed unexpected features of the;gg3 1241 1117 1042 crh 'H NMR (300 MHz, CDC}) 6 7.31

acylating agent methyl cyanoformate and a new tactic for
overcoming the stereoelectronic bias keto esters. Most
importantly this report demonstrates the feasibility of the
intramolecular 1,6-addition strategy. The generality of the
intramolecular conjugate addition has yet to be realized and
provides a new area of Lewis acid catalysis worth exploring.
Our future efforts will be directed toward streamlining the
synthesis of the dienoné5 and completing the synthesis of
nomininel17.

Experimental Section

Enone 20.The -keto esterl9 (12.2 g, 52 mmol) was taken up
in MeOH (100 mL) in a 250-mL round-bottomed flask. The flask
was flushed with N then triethylamine (17 mmol, 2.4 mL) and
ethyl vinyl ketone (104 mmol, 8.8 mL) were added. After stirring
at rt for 72 h TLC indicated that the starting material had been

(23) Toth, J. E.; Fuchs, P. L1. Org. Chem1986 51, 2594-2596. Toth,
J. E.; Hamann, P. R.; Fuchs, P. L.Org. Chem1988 53, 4694-4708.

(24) Walker, D.; Hiebert, J. DChem. Re. 1967, 67, 153-195.

(25) Xu, L. W.; Xia, C. G.; Hu, X. X.Chem. Commur2003 2570~
2571.

(1H, d,J = 8.8 Hz), 6.72 (1H, ddJ = 2.8 Hz,J = 8.7 Hz), 6.62
(1H, d,J = 2.6 Hz), 5.82 (1H, br s, H10), 3.90 (4H, m), 3.77 (3H,
s), 3.61 (3H, s), 3.48 (2H, br s), 2.75 (1H, ddd+ 13 Hz,J=4.1
Hz, J = 2.6 Hz), 2.40 (2H, br s), 1.90 (1H, td,= 13.7 Hz,J =

4 Hz), 1.80 (1H, br dJ = 13.9 Hz), 1.62 (1H, td) = 3.9 Hz, 13.7
Hz); 13C NMR (75 MHz, CDC}) 6 173.8 (C), 158.1 (C), 133.8
(C), 132.3 (C), 127.8 (C), 127.4 (CH), 121.4 (CH), 112.7 (CH),
112.5 (CH), 108.0 (C), 64.4 (GH 64.3 (CH), 55.0 (CH), 52.4
(CHs), 49.6 (C), 43.5 (CH), 35.2 (CH), 33.0 (CH), 30.0 (CHy);
MS nmv/z 330 (M*, 44%), 271, 227, 209, 171, 99.

Alcohol 22. A 50-mL round-bottomed flask was charged with
ketal21 (1.2 g, 3.5 mmol) and dry THF (14 mL) then cooled to 0
°C (H0, ice). Freshly ground LiAlk (3.5 mmol, 132 mg) was
then slowly added. Once addition was complete the ice bath was
removed and the mixture allowed to stir for 2 h. After this time
TLC indicated the reaction to be complete. The mixture was filtered
through celite and the residue washed withCE(2 x 20 mL).
H,O (10 mL) was then slowly added and the organic layer was
washed with sat. NaHC{30 mL) and brine (30 mL). The aqueous
layers were re-extracted with EtOAc ¢ 50 mL), the combined
organic layers were dried over Mgg@nd filtered, and the solvent
was removed under reduced pressure to afford the al@h@dl.05
g, 99%) as a yellow oil. HRMS found (%) 302.1519, GgH»,04

J. Org. ChemVol. 72, No. 26, 2007 10135



JOC Article

requires 302.1518; IR (film) 3468, 2944, 1610, 1502, 1241, 1117,
1088, 1048 cm?; *H NMR (300 MHz, CDC}) ¢ 7.17 (1H,dJ =

8.6 Hz), 6.70 (1H, ddJ = 2.9 Hz,J = 8.8 Hz), 6.58 (1H, dJ =

2.8 Hz), 5.83 (1H, br s), 3.80 (5H, m), 3.74 (3H, s), 3.57 (1H, d,
J =10.9 Hz, H11), 3.36 (2H, m), 2.59 (1H, m), 2:23.37 (2H,

m), 1.70-1.91 (3H, m);33C NMR (75 MHz, CDC}) 6 157.4 (C),
135.7 (C), 133.7 (C), 131.30 (C), 126.6 (CH), 123.3 (CH), 112.7
(CH), 112.1 (CH), 108.2 (C), 67.1 (GH 64.3 (CH), 64.2 (CH),
54.9 (CH), 43.1, 41.6 (C, Ch), 32.3 (CH), 31.6 (CH), 30.4
(CHy); MS m/z 302 (M*, 21%), 271, 209, 171, 128, 99.

MOM Enone 23. A 50-mL round-bottomed flask was charged
with ketal 22 (1 g, 3.6 mmol) and dry DCM (35 mL). The flask
was then flushed with Nand the reaction cooled to @ (H.O,
ice). Diisopropylethylamine (35 mmol, 6.1 mL) was added followed
by the slow addition of MOM-CI (35 mmol, 2.7 mL). Once addition
was complete, DMAP (50 mg) was added, the ice bath was

Hutt and Mander

quenched by the addition of isoprene until the dark blue color
dissipated. The cold bath was then removed and the ammonia
evaporated by gentle heating under a stream of argon. The THF
was then pumped under high vacuum to ensure that the ammonia
was removed. The flask was recharged with argon and additional
THF (20 mL) added. The solution was then cooled-t@8 °C
(acetone/dry ice) and methyl cyanoformate (1.2 equiv, 2 mmol,
160 uL) was added in a dropwise fashion. After 10 min, TLC
indicated that the reaction was complete. CokDH5 mL) was
added slowly and the solution was stirred for 2 min. Cold diethyl
ether (-78 °C, 100 mL) was then added followed by the addition
of cold 10% KCO; (100 mL). The cold bath was removed and
the slurry stirred for 15 min. The ether layer was partitioned and
washed successively witl M NaOH (100 mL) and brine (100
mL). The aqueous layers were re-extracted with ether and the
combined organic layers dried over MgS®emoval of the ether

removed, and the reaction was allowed to stir for 18 h. The reaction under reduced pressure gave an orange oil, which was then

was then washed with 10% phosphoric acid, sat. NakG@d
brine. The aqueous layers were re-extracted with EtOAg (20
mL), the combined organic layers were dried over Mg3@d

chromatographed on silica gel (Pet Sp: EA 4:1) to yi2fd424
mg, 69%) as a clear oil. HRMS found (\)1362.1731, GoH»606
requires 362.1729; IR (film) 2945, 1744, 1711, 1609, 1500, 1152,

filtered, and the solvent was removed under reduced pressure t01042 cntt; *H NMR (300 MHz, CDC}) 6 7.22 (1H, d,J = 8.7

give MOM protected ketaP2a (1.3 g, >95%) as a brown oil. A
small portion was chromatographed (Pet. Sp:EtOAc 4:1) for
characterization and the remainder used without further purification.
Mp 73—75 °C; HRMS found (M") 346.1780, GoH»¢Os requires
346.1780; IR (film) 2946, 2883, 1611, 150, 1243, 1110 &mH
NMR (300 MHz, CDC}) 0 7.26 (1H, d,J = 8.8 Hz), 6.72 (1H,
dd,J = 2.8 Hz,J = 8.6 Hz), 6.52 (1H, dJ = 2.8 Hz), 5.81 (1H,
m), 4.37 (2H, AB,J = 6.6 Hz), 3.88-4.00 (4H, m), 3.79 (1H, d,
J=9.5Hz), 3.75 (3H, s), 3.67 (1H, d,= 9.5 Hz), 3.31 (2H, m),
3.09 (3H, s), 2.69 (1H, m), 2.3 (2H, m), 1.73.94 (3H, m);13C
NMR (75 MHz, CDC}) 6 157.3 (C), 135.3 (C), 134.4 (C), 132.7
(C), 127.0 (CH), 122.8 (CH), 112.2 (CH), 111.8 (CH), 108.4 (C),
96.1 (CH), 71.8 (CH), 64.4 (CH), 64.3 (CH), 55.0 (CH), 54.9
(CHs), 41.9, 41.4 (C, Ch), 32.8 (CH), 31.8 (CH), 30.5 (CH);
MS m/z 346 (M*, 46%), 271, 227, 209, 184, 171, 99.

A 50-mL round-bottomed flask was charged with the MOM
protected keta22a(1.3 g, 3.5 mmol) and acetone (35 mpl.sOH

Hz), 6.67 (1H, ddJ = 2.6 Hz,J = 8.5 Hz), 6.60 (1H, dJ = 2.6
Hz), 4.47 (2H, AB,J = 6.6 Hz), 3.92 (1H, dJ = 10.0 Hz, H1),
3.80 (1H, d,J = 11 Hz), 3.77 (3H, s), 3.74 (3H, s), 3.59 (1H,H,
=10.2 Hz), 3.23 (3H, s), 2.813.05 (4H, m), 2.48-2.57 (2H, m),
1.82-1.98 (2H, m), 1.61 (1H, m)*C NMR (75 MHz, CDC}) 6
205.9 (C), 170.4 (C), 158.0 (C), 138.7 (C), 133.5 (C), 127.2 (CH),
113.5 (CH), 111.7 (CH), 96.3 (GH 72.1 (CH), 60.0 (CH), 55.6
(CHy), 55.1 (CH), 52.1 (CHy), 43.9 (CH), 38.9, 38.3, 33.7, 29.2,
23.7 (4x CHy, C); MSm/z 362 (M, 18%), 287, 255, 227, 199,
171. After quenching the above reaction at rt the rearranged product
28 was isolated in 3860% yield as a white solid. Mp 7677 °C;
HRMS found (M) 362.1730, GoH»¢0s requires 362.1729; IR
(film) 2930, 1658, 1616, 1501, 1442, 1216 c'H NMR (300
MHz, CDCk) 6 12.21 (1H, s), 7.34 (1H, dl= 8.8 Hz), 6.71 (1H,
dd,J = 2.8 Hz,J = 9 Hz), 6.61 (1H, dJ = 2.8 Hz), 4.34, 4.36
(2H, AB, J = 6.9 Hz), 3.78 (3H, s), 3.78 (3H, s), 3.57 (2H, s),
3.10 (1H, d,J = 15.0 Hz, H4), 3.06 (3H, s), 2.87 (2H, s), 2.25

(500 mg) was added and the reaction was stirred for 40 min, after (2H, s), 2.07 (1H, br dJ = 15 Hz, H4), 1.96 (2H, m), 1.67 (1H,

which time TLC indicated that the reaction was complete. The

m); 3C NMR (75 MHz, CDC}) 6 172.9, 170.9 (C), 157.5 (C),

majority of the acetone was removed under reduced pressure andl37.2 (C), 133.7 (C), 128.5 (CH), 112.9 (CH), 111.6 (CH), 96.3,

the remainder was diluted with EtOAc (100 mL), then washed with
sat. NaHCQ (50 mL) and brine (50 mL). The aqueous layers were
then re-extracted with EtOAc (R 50 mL), the combined organic
layers were dried over MgS(Qand filtered, and the solvent was

96.2 (CH, C), 69.6 (CH), 54.9 (CH), 54.7 (CH), 51.3 (CH),
38.2 (C), 37.4 (CH), 33.2 (Ch\, 32.0 (CH), 29.5 (CH), 24.5
(CH,); MS m/z 362 (M'*, 25%), 287, 255, 227.

Alcohol 30. A 50-mL round-bottomed flask was charged with

removed under reduced pressure. The residue was then chromatothe 5-keto este27 (1.8 g, 5 mmol) and MeOH (50 mL). The flask

graphed (Pet. Sp.:EtOAc 4:1) to yield the MOM protected enone
23 (1.1 g, 99%) as a yellow oil. HRMS found (M 302.1512,
CigH220,4 requires 302.1518; IR (film) 2930, 1669, 1501, 1245,
1149, 1107, 1040 cnt; *H NMR (300 MHz, CDC}) 6 7.28 (1H,
d,J = 8.8 Hz), 6.77 (1H, ddJ = 2.8 Hz,J = 8.8 Hz), 6.63 (1H,
d,J= 2.8 Hz), 6.04 (1H, s), 4.48 (2H, AB,= 6.7 Hz), 3.83 (2H,
AB, J= 9.7 Hz), 3.79 (3H, s), 3.22 (3H, s), 2.78.00 (4H, m),
2.41-2.64 (3H, m), 1.99 (1H, td) = 14.1 Hz,J = 5.3 Hz);1%C
NMR (75 MHz, CDCE) 6 198.7 (C), 165.7 (C), 157.5 (C), 136.6
(C), 131.9 (C), 127.4 (CH), 125.9 (CH), 112.7 (CH), 112.6 (CH),
96.0 (CH), 74.5 (CH), 55.0 (CH), 54.8 (CH), 42.4 (C), 34.7
(CHp), 33.8 (CH), 31.4 (CH), 30.4 (CH); MS m/z302 (M*, 6%),
272, 227, 199, 171.

p-Keto Ester 27. Freshly cleaned lithium wire (17 mmol, 120
mg) was added to freshly distilled ammonia (150 mL) in a 250-
mL three-necked round-bottomed flask-at8 °C (acetone/dry ice)
under an atmosphere of argon. On dissolution of the lithium
(approximately10 min), enor3 (500 mg, 1.7 mmol) in dry THF
(13 mL) containingBuOH (0.9 equiv, 1.5 mmol, 14@L) was
added quickly, via syringe, to the rapidly stirring dark blue ammonia
solution. After the addition was complete the syringe was rinsed
with THF (2 mL) and this was then added to the solution. The
dark blue solution was stirred for an additionat2 min and then
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was flushed with Nand cooled to 0C (H,0, ice), then NaBH (5
mmol, 190 mg) was slowly added. After the addition was complete
the ice bath was removed and the reaction was allowed to stir at rt
for 1 h. The majority of the solvent was removed under reduced
pressure and the remainder diluted with@&{50 mL). HO (10
mL) was carefully added, followedyb3 M HCI (10 mL). After
stirring for 5 min the reaction mixture was washed successively
with H,O (50 mL), sat. NaHCg and brine. The aqueous layers
were re-extracted with EtOAc (R 50 mL), the combined organic
layers were dried over MgS(and filtered, and the solvent was
removed under reduced pressure to give the crude al@that a
white solid (1.4 g, 76%). A small portion of the residue was
chromatographed on silica gel (Pet. Sp.:EtOAc 2:1) and then
crystallized from MeOH, the remainder was used without further
purification. Mp 128°C; EA found C 65.4, H 7.7, §H»40¢ requires

C 65.9, H 7.7; HRMS found (M) 364.1887, GoH,sO¢ requires
364.1886; IR (film) 3267, 2934, 1725, 1610, 1499, 1153, 1051
cm L IH NMR (300 MHz, CDC}) 6 7.22 (1H, d,J = 8.8 Hz),
6.64 (1H, dd,J = 2.8 Hz,J = 8.6 Hz), 6.57 (1H, dJ = 2.8 Hz),
4.36 (2H, AB,J = 6.6 Hz), 3.82 (1H, dtJ = 4.4 Hz,J = 10.8
Hz), 3.77 (1H, dJ = 9.5 Hz), 3.74 (3H, s), 3.73 (3H, s), 3.46 (1H,
d,J=9.5Hz), 3.14 (3H, s), 2.86 (2H, m), 2.62 (2H, m), 1.66 (4H,
m), 1.34-1.52 (2H, m);33C NMR (300 MHz, CDC}) 6 175.2 (C),
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157.5 (C), 136.7, 134.8 (C), 127.4 (CH), 113.2 (CH), 111.0 (CH),
96.4 (CH), 72.3 (CH), 69.6 (Ch), 55.1 (CH), 55.0 (CH), 53.6
(CH), 51.6 (CH), 42.8 (CH), 38.8 (C), 31.2 (Chi 30.5 (CH),
28.9 (CH), 22.4 (CH); MS m/z 364 (M*, 26%), 333, 289, 271,
229, 211, 171.

Alkene Ester 31.A 50-mL round-bottomed flask was charged
with alcohol30 (190 mg, 52 mmol) and dry DCM (5 mL), flushed
with N, and cooled to 0C (H;O, ice). Triethylamine (1.6 mmol,
216uL) was then added followed by the careful addition of MsCI
(1.6 mmol, 120uL). A crystal of DMAP was added, the ice bath
was removed, and the reaction was allowed to stir for 4 h. The
reaction was sequentially washed withGH(5 mL), 10% HCI (5
mL), sat. NaHCQ (5 mL), and brine (5 mL). The aqueous layers
were then re-extracted with EtOAc (2 5 mL), the combined
organic layers were dried over Mgg@nd filtered, and the solvent
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mmol, 500uL) was added. The ice bath was removed and the
reaction was stirred for an additional 2 h. The reaction was then
quenched by the careful addition of® (2 mL). The reaction was
diluted with EtOAc (20 mL) and then with 4 (2 x 20 mL) and
brine (20 mL). The aqueous layers were re-extracted with EtOAc
(2 x 20 mL), the combined organic layers were then dried over
MgSQO, and filtered, and the solvent was removed under reduced
pressure. The residue was chromatographed (Pet. Sp.:EA 4:1) on
silica gel to give the alkylated est82 (370 mg, 64%) as a pale
yellow oil. R 0.78 (Pet. Sp.: EtOAc 1:2); HRMS found (M
360.1940, GH»g0s requires 360.1937; IR (film) 2948, 1728, 1609,
1501, 1239, 1044 cnt; *H NMR (300 MHz, CDC}) 6 7.25 (1H,

d,J = 8.8 Hz), 6.69 (1H, ddJ = 2.8 Hz,J = 8.6 Hz), 6.60 (1H,

d, J = 2.8 Hz), 5.74 (2H, m), 4.30 (2H, AB] = 6.3 Hz), 3.76
(3H, s), 3.69 (1H, dJ = 9.7 Hz), 3.66 (3H, s), 3.61 (1H, d,=

was removed under reduced pressure. The residue was ther®.5 Hz), 3.00 (3H, s), 2.732.98 (3H, m), 2.1+2.2 (2H, m), 1.98

chromatographed on silica gel (Pet. Sp.:EtOAc 4:1 then 2:1) to
yield mesylate30a (192 mg, 83%) as a yellow oiFx 0.23 (Pet.
Sp.:EtOAc 2:1); HRMS found (M) 442.1664, GH3¢OgS requires
442.1661; IR (film) 2928, 1723, 1614, 1579, 1502, 1358, 1212,
1175 cml; IH NMR (300 MHz, CDC}) 6 7.18 (1H, d,J = 8.6
Hz), 6.64 (1H, ddJ = 2.8 Hz,J = 8.6 Hz), 6.57 (1H, dJ = 2.6
Hz), 4.76 (1H, dtJ = 5.1 Hz,J = 11.4 Hz), 4.39 (2H, ABJ =

6.6 Hz), 3.73 (4H, br s), 3.73 (3H, s), 3.44 (1H,Xs= 9.8 Hz),
3.16 (3H, s), 2.96 (1H, 1] = 11.4 Hz), 2.94 (3H, s), 2.88 (2H, m),
2.66 (1H, m), 2.32 (1H, m), 1.812.12 (3H, m), 1.42-1.52 (2H,

m); 13C NMR (300 MHz, CDC}) 6 173.8 (C), 157.8 (C), 136.2
(C), 133.9 (C), 127.3 (CH), 113.3 (CH), 111.3 (CH), 96.3 ¢H
82.7 (CH), 70.0 (CH), 55.2 (CH), 54.9 (CH), 51.9 (CH), 50.5
(CH), 43.2 (CH), 38.5 (C), 37.9 (CHi 31.2 (CH), 28.6 (CH),
28.3 (CHy), 22.1 (CH); MS m/z 442 (M*, 7%), 367, 271, 211,
197, 171. A 25-mL round-bottomed flask was charged with the
mesylate30a (1.3 g, 2.9 mmol), toluene (29 mL), and DBU (21
mmol, 3.1 mL). The flask was fitted with a condenser, flushed with

(1H, d,J=17.6 Hz), 1.82 (1H, dd]) = 6.7 Hz,J = 8.2 Hz), 1.39
(3H, s);*3C NMR (75 MHz, CDC}) 6 175.8 (C), 157.4 (C), 137.5
(C), 135.0 (C), 131.5 (CH), 128.8 (CH), 124.6 (CH), 112.6 (CH),
111.8 (CH), 96.0 (CH), 71.0 (CH), 55.0 (CH), 54.8 (CH), 51.6
(CHs), 49.6 (CH), 45.6 (C), 39.5 (C), 36.2 (GH31.6 (CH), 21.0
(CHy), 27.9 (CH); MS m/z 360 (M*, 1%), 285, 239, 225, 210.
Aldehyde 34.The alkylated esteB2 (145 mg, 0.4 mmol) was
taken up in dry THF (4 mL) and cooled to°C (H,O/Ice). LiAlH,
(1 M soln in THF, 0.4 mmol, 40@L) was added slowly and the
reaction allowed to warm to rt over 30 min. The reaction was then
cooled and KO (10 mL) slowly added to quench the excess hydride.
The aqueous layer was then extracted with EtOAc<(30 mL)
and the organic layers washed with 10% HCI (10 piLM NaOH
(10 mL), and brine (10 mL). The organic layer was then dried over
MgSQO, and filtered, and the solvent was removed under reduced
pressure to give the alcoh8B (115 mg, 80%) as a white foarR
0.5 (Pet. Sp.: EtOAc 1:2); HRMS found (IY1332.1990, GoH2504
requires 332.1988; IR (film) 3341, 2933, 1608, 1500, 1041%m

N2, heated to reflux, and stirred for 2 days. The reaction was allowed *H NMR (300 MHz, CDC}) 6 7.22 (1H, d,J = 8.8 Hz), 6.70 (1H,

to cool and EO (100 mL) was added. The mixture was washed
successively with 10% phosphoric acid (50 mL)RQH(50 mL),
NaHCGQ; (50 mL), and brine (50 mL). The aqueous layers were
then re-extracted with EtOAc (R 50 mL), the combined organic
layers were dried over MgS(and filtered, and the solvent was

dd,J = 2.9 Hz,J = 8.8 Hz), 6.58 (1H, dJ = 2.8 Hz), 5.72 (1H,
ddd,J = 1.5 Hz,J = 4.7 Hz,J = 10.1 Hz), 5.65 (1H, dd] = 2.5
Hz,J = 10.4 Hz), 4.31 (2H, ABJ = 4 Hz), 3.86 (1H, dJ) = 9.8
Hz), 3.77 (4H, st d), 3.53 (2H, m), 2.99 (3H, s), 2.82.98 (2H,
m), 2.61 (1H, ddJ = 5.9 Hz,J = 17 Hz), 1.85-2.16 (4H, m),

removed under reduced pressure. The residue was chromatographeti21 (3H, s)3*C NMR (75 MHz, CDC}) 6 157.4 (C), 137.7 (C),

on silica gel (Pet. Sp:EtOAc 4:1) to yield the mixture of olefinic
esters31 (670 mg, 67%) as an inseparable mixturRe0.54 (Pet.
Sp.:EtOAc 2:1); HRMS found (M) 346.1781, GoH,6Os requires
346.1780; IR (film) 2928, 1738, 1715, 1609, 1501, 1241, 1152,
1043 cntl; IH NMR (300 MHz, CDC}) 6 7.31 @/5H, d), 7.25
(Y3H, d, J = 8.8 Hz), 6.80 ¥/5H, m, H3), 6.70 (2H, dd) = 3.1
Hz, J = 8.9 Hz), 6.67 (1H, dJ = 0.3 Hz), 6.59 (1H, dJ = 2.6
Hz), 5.86 &/3H, m), 5.64 &/5H, m), 4.45 (1H, dJ = 6.4 Hz), 4.40
(M3H, d,J = 6.4 Hz), 4.36 {/3H, d,J = 6.6 Hz), 4.32 {3H, d, J

= 6.6 Hz), 3.77 (3H, s), 3.74 (3H, s), 3.683H, d, J = 9.2 Hz),
3.61 @/3H, d,J = 9.4 Hz), 3.57 ¥5H, d, J = 9.5 Hz), 3.43 {/3H,
d,J=9.1Hz),3.10 (3H, s), 3.08 (H, s), 2.68.05 (7H, m), 1.45

2.4 (10H, m);13C NMR (75 MHz, CDC}) 6 177.4, 168.5 (C), 157.8
(C), 157.6 (C), 138.5 (CH), 137.3 (C), 137.0 (C), 134.0 (C), 133.2
(C), 135.5 (C), 128.5 (CH), 128.4 (CH), 126.7 (CH), 124.1 (CH),
113.8 (CH), 112.9 (CH), 111.7 (CH), 110.6 (CH), 96.6 ({};196.4
(CHy), 70.3 (CH), 69.0 (CH), 55.0 (CH), 55.0 (CH), 52.0 (CH),
51.4 (CHy), 46.0 (CH), 40.6 (CH), 40.1 (CH), 38.7 (C), 38.1 (C),
34.7 (CHy), 29.7 (CH), 28.3 (CH), 27.2 (CH), 23.4 (CH), 23.2
(CHy), 20.1 (CHy); MS m/z 346 (M*, 30%), 271, 211, 196, 176,
165.

Alkylated Ester 32. A 50-mL round-bottomed flask was charged
with dry THF (15 mL) and diisopropylamine (3.2 mmol, 4pl).
The flask was then flushed with,Nind cooled to GC (H;O, ice).
n-BuLi [1.6 M in hexanes] (3.2 mmol. 2 mL) was then added in a
dropwise fashion. After 15 min the alkenes esg#&1570 mg, 1.6
mmol) in dry THF (16 mL) was slowly added via syringe. The
reaction was stirred at @C for 30 min and then iodomethane (8

135.5 (C), 133.5 (CH), 128.2 (CH), 124.5 (CH), 112.7 (CH), 111.9
(CH), 96.3 (CH), 73.2 (CH), 67.5 (CH), 55.1 (CH;), 55.0 (CH),

48.4 (CH), 40.2 (C), 39.4 (C), 36.4 (G}#31.3 (CH), 19.4 (CH),

26.2 (CHy); MS m/z 332 (M, 33%), 257, 239, 225, 211, 147. The
alcohol 33 (115 mg, 0.35 mmol) was dissolved in dry DCM (5
mL), flushed with argon, and cooled to°C (H,0, ice). Pyridine
(0.38 mmol, 3QuL) was then added, followed by DMP (0.38 mmol,
155 mg). The ice bath was then removed and the solution stirred
for 3 h after which time TLC indicated that all the starting material
had been consumed,8 (1 mL) was then added followed by 1 M
NaOH (1 mL) anl 1 M NaS;0Os (1 mL). The white suspension
was stirred until all the solids had dissolved30 min). NaOH (1

M, 10 mL) was added and the aqueous layer extracted with EtOAc
(3 x 10 mL). The organic layers were washed with 10% phosphoric
acid (10 mL) 1 M NaOH (10 mL), and brine (10 mL). The
combined organic layers were then dried over Mgaad filtered,

and the solvent was removed under reduced pressure to give the
aldehyde34 (99 mg, 85%) as a clear oiR: 0.46 (Pet. Sp.: EtOAc
2:1); HRMS found (M) 330.1831, GoH2c04 requires 330.1831;

IR (film) 2932, 1718, 1609, 1501, 1043 cf 'H NMR (300 MHz,
CDCl3) 6 9.8 (1H, s), 7.21 (1H, d) = 8.8 Hz), 6.71 (1H, ddJ =

2.7 Hz,J = 8.7 Hz), 6.59 (1H, dJ = 2.8 Hz), 5.85 (1H, ddd] =

1.9 Hz,J = 5.8 Hz,J = 10 Hz), 5.64 (1H, ddJ = 1.8 Hz,J =

10.2 Hz), 4.29 (2H, s), 3.76 (3H, s), 3.59, 3.65 (2H, ABds 9.8

Hz), 2.97 (3H, s), 2.73 (2H, m), 2.63 (1H, dd,= 5.8 Hz,J =

17.7 Hz), 2.26, 2.35 (2H, ABdd,= 5.9,J = 12.9), 2.04 (1H, m),
1.94 (1H, ddJ = 2.1 Hz,J = 13.3 Hz), 1.28 (3H, s)!°C NMR

(75 MHz, CDCB) 6 206.6 (C), 157.5 (C), 137.3 (C), 134.5 (C),
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129.8 (CH), 127.9 (CH), 127.1 (CH), 112.7 (CH), 112.1 (CH), 96.0
(CHyp), 72.3 (CH), 55.0 (CH), 54.9 (CHy), 50.4 (C), 48.4 (C), 39.3
(C), 36.5 (CH), 31.3 (CH), 19.4 (CH), 23.4 (CH); MS m/z 330
(M*, 5%), 285, 255, 227, 211, 147.

TBS Protected Enone 36.To a 50-mL round-bottomed flask
was added the alcoh@? (12.4 g, 41 mmol) and DMF (24 mL).
The flask was then flushed with,Nand imidazole (102 mmol, 6.9
g) was added followed by TBDMS-CI (4.9 mmol, 7.3 g). The
reaction was then heated to 30 and stirred for 18 h. After this
time, the reaction was allowed to cool and&t(100 mL) was
added. The reaction was then washedchwiitM HCI (100 mL),
H,0 (3 x 100 mL), and brine (100 mL). The aqueous layers were
then re-extracted with ED (2 x 100 mL), the combined organic
layers were dried over MgS(Qand filtered, and the solvent was
removed under reduced pressure to give an oil, which solidified
on standing to give the silyl ethé&6a (13.9 g, 81%) as a waxy
white solid.R; 0.34 (Pet. Sp.:EA 4:1); HRMS found (I1416.2383,
Ca4H3604Si requires 416.2383; IR (film) 2952, 1611, 1502, 1250,
1002, 838 cm?; 'H NMR (300 MHz, CDC}) 6 7.26 (1H, d,J =
8.4 Hz), 6.70 (1H, ddJ) = 2.6 Hz,J = 8.8 Hz), 6.66 (1H, dJ =
2.6 Hz), 5.7 (1H, s), 3.82 (4H, m), 3.73 (3H, s), 3.72 (1HJ &

9.1 Hz, H11), 3.62 (1H, dJ = 9.6 Hz, H11), 3.34 (2H, m), 2.67
(1H, d, 14 Hz), 2.4 (1H, m), 2.33 (1H, dd,= 2.3 Hz,J = 14.3
Hz), 1.671.97 (3H, m), 0.80 (9H, s)}-0.15 (3H, s),—0.19 (3H,

s); 13C NMR (75 MHz, CDC}) 6 157.3 (C), 135.1 (C), 134.9 (C),
133.2 (C), 127.6 (CH), 126.6 (CH), 111.7 (CH), 111.6 (CH), 108.5
(C), 67.2 (CH), 64.2 (CH), 64.1 (CH), 54.8 (CH), 42.3, 41.9
(C, CHy), 31.5 (CH), 31.1 (CH), 30.5 (CH), 25.6 (3x CHg),
17.9 (C),—5.1 (2x CHg); MSm/z416 (M", 23%), 271, 227, 184,
73. A 500-mL round-bottomed flask was charged with the silyl
ether36a(11 g, 26.4 mmol), acetone (250 mL), ap@isOH (2.6
mmol, 450 mg). The flask was then flushed with &hd stirred at

rt for 1 h, after which time TLC indicated the reaction was complete.
The reaction was then poured into,@t(500 mL) before washing
with 1 M NaOH (200 mL), HO (200 mL), and brine (200 mL).
The aqueous layers were then re-extracted wg 2 x 200 mL),

the combined organic layers were dried over Mga@d filtered,

Hutt and Mander

130 uL) was added in a dropwise fashion. After 40 min TLC
indicated that the reaction was complete. CokDH5 mL) was
then added slowly and the solution was stirred for 2 min. Cold
diethyl ether 78 °C, 100 mL) was added followed by the addition
of cold 10% KCO; (100 mL). The cold bath was then removed
and the slurry stirred for 15 min. The ether layer was then
partitioned and washed successivelyhwitM NaOH (50 mL) and
brine (50 mL). The aqueous layers were then back extracted with
ether and the combined organic layers were dried over MgSO
Removal of the ether under reduced pressure gave an orange oil,
which was then columned on silica gel (Pet Sp: EA 6:1) to yield
37 (400 mg, 69%) as a white solid. Mp 9833 °C; R; 0.2 (Pet.
Sp.:EA 4:1); MA found C 66.6, H 8.5, £H3505Si requires C 66.6,

H 8.4; HRMS found (M) 432.2322, G4H3¢0sSi requires 432.2332;
HRMS found (M™ — C4Hg) 375.1628, GoH»7OsSi requires
375.1628; IR (film) 2652, 1747, 1713, 1609, 1501, 1256, 1089
cm L H NMR 6 7.19 (1H, d,J = 8.8 Hz), 6.68 (1H, ddJ = 2.9
Hz,J = 8.8 Hz), 6.61 (1H, dJ = 2.7 Hz), 4.00 (1H, dJ = 10.5
Hz), 3.90 (1H, d,J = 13.2 Hz), 3.78 (3H, s), 3.76 (3H, s), 3.67
(1H, d,J=10.5 Hz), 2.8-3.0 (4H, m), 2.49 (2H, m), 1.8 (2H, m),
1.63 (1H, m), 0.85 (9H, s);0.52 (3H, s),~0.66 (3H, s)3C NMR

0 206.5 (C), 170.8 (C), 158.8 (C), 136.9 (C), 133.7 (C), 127.3 (CH),
113.5 (CH), 111.6 (CH), 68.0 (GH 59.9 (CH), 55.1 (Ch), 52.0
(CHy), 43.7 (CH), 39.7, 38.4, 33.8, 29.3, 23.6 (Cx4CH,), 26.8

(3 x CHjy), 18.0 (C),—5.9 (CH;), —6.0 (CHs); MS m/z 432 (M*,
4%), 375, 287, 227, 147.

MOM Enol Ether 38. To a flame-dried 50-mL round-bottomed
flask was addeg-keto ester37 (730 mg, 1.7 mmol) and HMPA
(12 mL). NaH (45 mg, 1.9 mmol) was added to a separate 50-mL
round-bottomed flask and the flask was flushed withThe HMPA
solution was then slowly added to the NaH and the resulting solution
was stirred for 4 h. MOM-CI (154L, 2 mmol) was then slowly
added and the solution was stirred for an additional 4 h. At this
point, H,O (30 mL) was slowly added and the solution was poured
into EtO (50 mL) and washed with 40 (3 x 50 mL) and brine
(50 mL). The aqueous layers were re-extracteck (20 mL), the
combined organic layers were dried over MgSfDd filtered, and

and the solvent was removed under reduced pressure. The residuthe solvent was removed under reduced pressure to yield the ether
was chromatographed on silica gel (Pet. Sp.:EtOAc 6:1) to give 38(844 mg,>95%).R; 0.28 (Pet. Sp.:EA 4:1); HRMS found (M

the enone36 (6 g, 61%) as a clear oil, which solidified to give a
wax on standingR: 0.24 (Pet. Sp.:EA 4:1); HRMS found (M
372.2122, GH3,05Si requires 372.2121; IR (film) 2930, 1669,
1610, 1502, 1251, 1098 crfj 'H NMR (300 MHz, CDC}) 6 7.23
(1H, d,J = 8.9 Hz), 6.73 (1H, ddJ = 2.7 Hz,J = 8.7 Hz), 6.59
(1H, d,J = 2.7 Hz), 6.02 (1H, s), 3.89 (1H, d,= 9.9 Hz), 3.76
(1H, d,J = 9.8 Hz), 3.74 (3H, s), 2.332.99 (7H, m), 1.91 (1H,
dt, J = 5.5 Hz,J = 14 Hz), 0.79 (9H, s);-0.07 (3H, s),—0.11
(3H, s);13C NMR (75 MHz, CDC}) 6 199.2 (C), 165.1 (C), 157.7
(C), 136.7 (C), 132.2 (C), 127.7 (CH), 126.4 (CH), 112.8 (CH),
112.5 (CH), 70.7 (Ch), 54.9 (CH), 43.9 (C), 35.0 (CH), 33.7
(CHy), 31.3 (CH), 30.9 (CH), 25.54 (3x CHs), 17.9 (C),—6.1
(2xCHg); MS: mVz 372 (M*, 52%), 342, 315, 227, 199, 115.
p-Keto Ester 37.Freshly cleaned lithium wire (10 equiv, 13.4
mmol, 93 mg) was added to 150 mL (0.01 M) of freshly distilled
ammonia in a 250-mL three-necked round-bottomed flash7&

476.2600, GgH4006Si requires 476.2594; IR (film) 2951, 1728,
1608, 1501, 1256, 1152, 1090 ci'H NMR (300 MHz, CDC})

0 7.24 (1H, dJ = 8.4 Hz), 6.62 (2H, m), 4.91 (2H, ARl = 6.7

Hz), 3.80 (1H, dJ = 9.5 Hz), 3.77 (6H, s), 3.46 (3H, s), 3.41 (1H,
d,J = 9.5 Hz), 2.92 (2H, m), 2.76 (2H, m), 2.37 (2H, m), 1.60
(2H, m), 1.41 (1H, m), 0.81 (9H, s3;0.19 (3H, 5),—0.27 (3H, s);

13C NMR (75 MHz, CDC}) ¢ 169.0, 157.7, 152.6, 136.5, 134.8,
127.4,114.6, 113.5, 110.5, 92.9, 64.1, 56.2, 55.1, 51.4, 40.4, 39.2,
28.7, 27.5, 25.7 (8), 22.5, 21.4, 18.1;-5.9, —6.1; MSm/z 476

(M, 1%), 419, 255, 227, 147.

Alcohol 39. Freshly cleaned lithium (36 mmol, 250 mg) was
added to freshly distilled N§(200 mL) at—78 °C (acetone/dry
ice) under an atmosphere of argon. On dissolution of the lithium,
the reaction was warmed t640 °C and etheB8 (1.6 g, 3.6 mmol)
in dry THF, containing-BuOH (21 mmol, 2 mL), was added in a
dropwise fashion. The reaction was then allowed to reflux for 10

°C (acetone/dry ice) under an atmosphere of argon. On dissolutionmin and then quenched by the addition of isoprene (200 The

of the lithium (approximately 10 min), enorg6 (500 mg, 1.34
mmol) in 13 mL (0.1 M) of dry THF, containinBuOH (0.9 equiv,

1.2 mmol, 114uL), was added quickly, via syringe, to the rapidly
stirred dark blue ammonia solution. After the addition was complete
the syringe was rinsed with THF (2 mL) and this was then added
to the solution. The dark blue solution was stirred for an additional
2—3 min and then quenched with the addition of isoprene until the

ammonia was allowed to evaporate angDH20 mL) was added,
followed by EtOAc (20 mL). The organic layer was then washed
with H,O (20 mL) and brine (20 mL). The aqueous layers were
then re-extracted with EtOAc (R 20 mL), the combined organic
layers were dried over MgSfand filtered, and the solvent was
removed under reduced pressure. The residue was chromatographed
on silica gel (Pet. Sp: EtOAc 4:1) to give the alcoB8I(980 mg,

dark blue color dissipated. The cold bath was then removed and69%) as a clear 0ilR 0.21 (Pet. Sp.:EA 4:1); HRMS found (M
ammonia evaporated by gently heating the flask under a stream 0f390.2590, GzH3503Si requires 390.2590; IR (film) 3356, 2928,
argon. The THF was pumped under high vacuum to ensure the 1609, 1499, 1249, 1093 crfi *H NMR (300 MHz, CDC}) 6 7.15
ammonia was removed and then the flask was recharged with argon(1H, d,J = 8.7 Hz), 6.64 (1H, ddJ = 2.8 Hz,J = 8.7 Hz), 6.57

and THF (20 mL) added. The solution was then cooleée- 7@ °C
(acetone/dry ice) and methyl cyanoformate (1.2 equiv, 1.6 mmol,

10138 J. Org. Chem.Vol. 72, No. 26, 2007

(1H, s,J = 2.8 Hz), 3.76 (5H, m, s), 3.54 (2H, AB,= 9.9 Hz),
2.83-3.00 (2H, m), 2.45 (1H, dJ = 13.5 Hz), 2.13-2.27 (1H,
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m), 1.89-2.09 (2H, m), 1.1+1.64 (6H, m), 0.78 (9H, s);-0.25 Alkylated Nitrile 41. A flame-dried 25-mL round-bottomed
(3H, s),—0.27 (3H, s){13C NMR (75 MHz, CDC}) 6 157.4, 137.3, flask, containing dry THF (5 mL), was flushed with argon and
136.9, 128.0, 113.0, 110.9, 67.5, 62.2, 55.1, 44.1, 43.7, 40.9, 33.8,cooled to O°C (H.Olice). Diisopylamine (1.23 mmol, 174.) was
30.5, 27.7, 25.8 (3), 24.0, 18.2, 18.1;-5.9,—6.1; MSm/z 390.3 then added followed by the dropwise additiomeBuLi (1.6 M in
(M, 2%), 333, 245, 227, 147, 126. hexane, 76L). The reaction was stirred for 15 min and then
Nitrile 40. The alcohol39 (980 mg, 2.5 mmol) was dissolved  cooled to—78 °C (acetone/dry ice). The nitrilé0 (190 mg, 0.49
in DCM (20 mL) and cooled to 6C (H.Ofice). Pyridine (4.1 mmol, =~ mmol) and dry THF (5 mL) were then slowly added via syringe.
330 uL) was then added, followed by DMP (4.1 mmol, 1.67 g). Once addition was complete the syringe was rinsed with dry THF
The reaction was then allowed to warm to rt for 3 h, at which point (2 x 500 xL), which was added to the reaction. The flask was
TLC indicated that the reaction was complete. The reaction was allowed warm to rt over 1 h. After cooling to78 °C (acetone/dry
then quenched by the additiofib M NaOH (5 mL) followed by ice), Mel (1.9 mmol, 122L) added. The reaction was stirred at
1 M N&S,0; (5 mL), and the reaction mixture was stirred untii —78 °C for 2 h and then put in the freezer-20 °C) overnight.
the white precipitate had dissolved. At this point, EtOAc (30 mL) Saturated N&CI (5 mL) was added, followed by EtOAc (20 mL).
was added and the organic layer was washeH il NaOH (20 The organic layer was washed with® (20 mL), 10% HCI (20
mL), H,0O (20 mL), and brine. The aqueous |ayers were then re- mL), and brine (20 mL) The agueous |ayers where then re-extracted
extracted with EtOAc (2« 20 mL), the combined organic layers ~ With EtOAc (2 x 20 mL), the combined organic layers were dried
were dried over MgS@and filtered, and the solvent was removed ©Over MgSQ and filtered, and the solvent was removed under

to give the aldehyd@9a (920 mg, 94%) as a clear oiR; 0.49 reduced pressure. The residue was then chromatographed on silica
(Pet. Sp..EA 4:1); HRMS found (V) 388.2433, GiH3cO0sSi gel (Pet. Sp: EO 9:1) to give the alkylated nitrilé1 (170 mg,
requires 388.2434; IR (film) 2928, 1718, 1609, 1500, 1464, 1251, 85%) as a clear oilR 0.60 (Pet. Sp.:EA 4:1); HRMS found (M

1096 cnt; IH NMR 6 10.05 (1H, s), 7.18 (1H, d] = 8.8 Hz), — C4Hy) 342.1887, GoHgNO,Si requires 342.1887; IR (film) 2930,

6.67 (1H, ddJ = 2.9 Hz,J = 8.7 Hz), 6.60 (1H, dJ = 2.8 Hz), 2228, 1609, 1500, 1470, 1250, 1096 ¢m'H NMR (300 MHz,

3.77 (3H, s), 3.60 (1H, d] = 10.2 Hz), 3.50 (1H, dJ = 10.2 Hz), CDCl;) 6 7.16 (1H, dJ = 8.7 Hz), 6.65 (1H, dd) = 2.7 Hz,J =

2.9 (2H, m), 2.6 (1H, m), 2.34 (2H, m), 2.15 (1H, m), 1.90 (1H, 8.7 Hz), 6.60 (1H, dJ = 2.8 Hz), 4.27 (1H, dJ = 9.9 Hz), 3.77

m), 1.55 (2H, m), 1.261.40 (3H, m), 0.81 (9H, s)-0.19 (3H, s), (4H, d and s), 2.893.07 (2H, m), 2.74 (1H, m), 1.722.19 (4H,
—0.27 (3H, s)13C NMR 6 204.7, 157.6, 137.3, 135.8, 127.6, 113.1, M), 1.44 (1H, m), 1.43 (3H, m), 1.05 (3H, m), 0.80 (9H, s).17
111.3,66.8,55.1, 52.1, 43.9, 41.1, 34.0, 30.7, 29.7, 257, (@4.9, (3H, 5),—0.25 (3H, 5)*C NMR (75 MHz, CDC}) ¢ 157.7, 136.2,
19.2,18.0-5.9,—6.1; MSm/z 388 (M*, 1%), 331, 243, 215, 147. 136.2,127.8,124.6, 113.0, 110.7, 63.0, 55.1, 49.2, 41.5, 39.1, 35.4,
The aldehyde9a (920 mg, 2.4 mmol), in dry THF (24 mL), was  31.9, 28.4,19.4,19.4, 28.1, 25.7 (x3), 18:15.9, —=6.1; MSm/z
treated with NHOH-HCI (11.5 mmol, 796 mg) and sodium acetate 342 (M" — C4Hq, 52%), 315, 268, 254.

(23 mmol, 1.8 g) and heated at 7G (oil bath) for 30 min. After Carbamate 42.To a flame-dried 50-mL round-bottomed flask
this time, TLC indicated that the starting material had been was added the nitrildl (544 mg, 1.4 mmol) and dry THF (15
consumed. The reaction was allowed to cool to rt, EtOAc (50 mL) mL). The flask was then fitted with a condenser and flushed with
was added, and the organic layer was washed wjh £50 mL) argon. LiAlH, (8.2 mmol) was then slowly added and the reaction
and brine (50 mL). The aqueous layers were then re-extracted with brought to reflux for 2 h. After this time, TLC analysis indicated
EtOAc (2 x 50 mL), the combined organic layers were then dried that all the starting material had been consumed. The reaction was
over MgSQ and filtered, and the solvent was removed under cooled to 0°C (H,Olice) and quenched with a few drops of a
reduced pressure to give the crude oxi@sh (822 mg, 85%) as saturated solution of Rochelle salt, followed by 10% HCI (1 mL).
an oil that was used without further purificatidr.0.14 (Pet. Sp.: H,0 (10 mL) was added and the mixture extracted witfOEf20

EA 9:1); HRMS found (M) 403.2527, GsH3/NO3Si requires mL). The organic layer was then washed with brine, dried over
403.2543; IR (film) 3326, 2928, 1725, 1609, 1499, 1249, 1096 MgSO, and filtered, then the solvent was removed under reduced

cm 1, IH NMR (300 MHz, CDC}) ¢ 7.68 (1H, d,J = 4.7 Hz), pressure to give the crude amine (336 mg, 62%) as yellow solid
7.21 (1H, d,J = 8.7 Hz), 6.65 (1H, ddJ = 2.6 Hz,J = 8.9 Hz), that was used in the next step without further purification. The crude
6.58 (1H, dJ= 2.2 Hz), 3.77 (3H, s), 3.63 (2H, AB,= 9.9 Hz), amine (54 mg, 0.12 mmol) was taken up in dry DCM (2 mL), and

2.91 (2H, m), 2.66 (1H, m), 2.48 (1H, m), 2.28.29 (2H, m), the flask was flushed with argon and cooled t6@ (H;0, ice).
1.97 (1H, m), 1.43-1.78 (4H, m), 1.15 (2H, m), 0.77 (9H, s$)0.22 Triethylamine (1.2 mmol, 96:L) was then added followed by
(3H, s),—0.25 (3H, s)3C NMR (75 MHz, CDC}) 6 157.4, 153.2, methyl chloroformate (1.2 mmol, 178.) and DMAP (5 mg). The
137.1,136.3, 127.7,113.0, 111.0, 66.4, 55.0, 44.2, 41.0, 39.7, 33.6 reaction was stirred for 18 h. After this time,® (1 mL) was
30.0, 28.0, 25.7, 23.8, 18.55, 18:06.0, —6.2; MSm/z 403 (M, added, followed by EtOAc (5 mL). The organic layer was then
2%), 346, 328, 258, 240. The crude oxiB#h (240 mg, 0.58 mmol) washed with 10% HCI (5 mL), O (5 mL), and brine (5 mL).
was taken up in acetonitrile (4 mL), treated with 4A molecular The aqueous layers were re-extracted with EtOA& (8 mL), the
sieves (240 mg/mmol, 139 mg) and Ry@Cymene} (2%, 7 mg), combined organic layers then dried over MgSd filtered, and
and heated to 80C for 10 min. After this time the solvent was the solvent was removed under reduced pressure. The residue was
removed under reduced pressure. The residue was chromatographechromatographed (Pet. Sp.:EA 6:1) to give the carbamag33

on silica gel (Pet. Sp:EtOAc 9:1) to give the nitrd® (180 mg, mg, 60% over 2 steps frod6) as a clear oilR; 0.25 (Pet. Sp.:EA
80%) as a clear oil 0.21 (Pet. Sp.:EA 9:1); HRMS found (M 4:1); HRMS found (M — 'Bu) 404.2253, GH3/NO,Si requires
385.2448, GzH3sNO,Si requires 385.2437; HRMS found (M- 404.2257; IR (film) 3350, 2927, 1714, 1608, 1524, 1500, 1250
CHjg) 370.2206, G,H3,NO,Si requires 370.2202; IR (film) 2931, cm™%; IH NMR (500 MHz, CDC}) ¢ 7.14 (1H, d,J = 8.8 Hz),
2233, 1609, 1500, 1470, 1248, 1099 ¢m*H NMR (300 MHz, 6.65 (1H, ddJ = 2.9 Hz,J = 8.7 Hz), 6.56 (1H, dJ = 2.9 Hz),
CDCls) ¢ 7.16 (1H, dJ = 8.7 Hz), 6.65 (1H, dd) = 2.2 Hz,J = 4.82 (1H, t,J = 5.4 Hz), 3.81 (2H, s), 3.76 (3H, s), 3.68 (3H, s),
8.7 Hz), 6.60 (1H, dJ = 1.9 Hz), 4.19 (1H, dJ = 10.0 Hz), 3.77 3.53 (1H, ddJ = 7.5 Hz, 13.9 Hz), 3.14 (1H, dd,= 5.4 Hz,J =
(4H, d and s), 2.95 (2H, dd,= 5.1 Hz,J = 9.1 Hz), 2.89 (1H, t, 13.9 Hz), 2.90 (1H, dd) = 6.1 Hz,J = 16.6 Hz), 2.81 (1H, ddd,
J= 4.4 Hz), 2.67 (1H, dJ = 13.2 Hz), 2.45 (1H, m), 2.13 (1H, J=3.0Hz,J=7.7 Hz,J= 17.5 Hz), 2.48 (1H, dJ = 13.6 Hz),
d,J=13.5 Hz), 1.82 (1H, dtJ = 4.0 Hz,J = 13 Hz), 1.66-1.79 2.00 (1H, m), 1.85 (1H, m), 1.501.76 (4H, m), 1.24 (1H, dt) =
(4H, m), 1.09 (1H, tdJ = 4.1 Hz,J = 13.0 Hz), 0.79 (9H, s), 3.9 Hz,J=13.0 Hz), 1.03 (1H, dt) = 3.5 Hz,J = 13.3 Hz), 0.98
—0.19 (3H, 5);~0.23 (3H, s)3C NMR (75 MHz, CDC}) 6 157.7, (3H, s), 0.77 (9H, s);-0.25,—-0.28 (6H, s);*3C NMR (75 MHz,
153.2, 136.5, 137.8, 127.8, 122.3, 113.2, 110.8, 63.8, 55.1, 41.9,CDCl) 6 157.5 (C), 157.3 (C), 137.8 (C), 137.1 (C), 128.0 (CH),
41.0, 31.8, 31.0, 29.2, 28.6, 25.84B 23.9, 18.8, 18.1;-5.9,—6.1; 112.8 (CH), 111.0 (CH), 67.6 (G} 55.1 (CH), 52.0, 51.1 (CH,
MS m/z 385 (M*, 2%), 370, 328, 254, 240. CHy), 445, 41.6, 37.7 (% C, CH,), 36.4 (CH), 34.3 (CH), 30.7
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(CHyp), 27.8 (CH), 25.8 (3x CHj3), 18.8, 18.5, 18.1 (X% CH,, C), benzene was removed by pipet taking care to avoid conc HCI drops
2 x —6.0 (CHy); MS m/z 404 (Mt — 'Bu, 57%), 316, 284, 241. at the bottom of the flask. Once the benzene was removed the conc
1,4-Dihydoanisole 43 A three3-necked round-bottomed flask HCI drops were washed with benzene 21 mL), the reaction
was fitted with a dry ice condenser and flame dried under vacuum. mixture was loaded onto an alumina column (2 g), and the benzene
The flask was then cooled te-78 °C (acetone, dry ice) and  was eluted. The dienone was then eluted (by gradient of 1% EtOAc/
ammonia (25 mL) was then distilled into the flask. Lithium (7.5 Pet. Sp to 5% EtOAc/Pet. Sp) to afford dienate(47 mg, 70%)
mmol, 52 mg) was added and once the metal had dissolved theas a clear oil.Rf 0.25 (Pet. Sp.:EA 2:1); HRMS found(¥)
carbamatel2 (70 mg, 0.15 mmol), in dry THF (2 mL) and EtOH  447.2808, GsH4;NO,Si requires 447.2805; IR (film) 3362, 2928,
(1 mL), was added slowly by syringe. Once the addition was 1715, 1660 cm?; *H NMR (300 MHz, CDC}) 6 6.32 (1H, dJ=
complete, the syringe was rinsed with THF (1 mL) and this was 9.6 Hz), 6.21 (1H, ddJ = 9.9 Hz,J = 3.2 Hz), 5.81 (1H, s), 4.81
then added to the flask. The temperature was then raisec!fo (1H, m), 3.67 (3H, s), 3.64 (2H, s), 3.46 (1H, dd+= 8.1 Hz,J =
°C (acetone, dry ice) and the mixture was stirred 3oh atthis 14 Hz, H12), 3.10 (1H, dd] = 5.5 Hz,J = 14.1 Hz), 1.05-2.60
temperature. If the blue color dissipated during this time, then more (12H, m), 1.04 (3H, s), 0.84 (9H, s), 0.010.96 (6H, s)23C NMR
small pieces of lithium were added. Aft8 h MeOH (2 mL) was (75 MHz, CDCE) 6 200.2 (C), 157.6 (C), 157.4 (C), 137.2 (CH),
slowly added, and once the blue color had dissipated the ice bath129.7 (CH), 125.0 (CH), 61.8 (GH 54.9 (CH), 52.1 (CH), 51.2
was removed and the ammonia allowed to evaporate under a streanfCH), 44.5 (CH), 42.7 (C), 38.2 (C), 37.4 (CHi, 36.4 (CH), 32.9
of argon. HO (5 mL) was added, followed by g (5 mL), and (CHy), 27.1 (CHy), 25.8 (3x CHjg), 22.9 (CHy), 18.5 (CH), 18.0
the organic layer was then washed witfOHand brine. The aqueous  (C), —5.7 (2 x CHg); MS m/z 447 (M**, 3%), 390, 366, 346.
layers were re-extracted with EtOAc (2 5 mL), the combined Pyrrolidine 46. The dienone45 (47 mg, 0.1 mmol) was taken
organic layers were then dried over Mgsénd filtered, and the up in dry DCM (1 mL) and treated with Fe£(10%, 2 mg),
solvent was removed under reduced pressure to give the crude 1,4following which the reaction went a deep green. TMS-CI (0.1 mmol,
dihydroanisole43 (70 mg,~100%) as a white solid, which was 12 uL) was then slowly added and the reaction instantly changed
used immediately in the next reactidhl NMR (300 MHz, CDC}) to a yellow color. After 10 min, TLC indicated that most of the
key signalsd 4.86 (1H, br t,—NHCO,Me), 4.56 (1H, br t, H5), starting material had been consumedOH1 mL) followed by
3.65 (3H, s), 3.53 (3H, s), 3.08 (1H, 1H, di= 5.1 Hz,J = 13.7 EtOAc (5 mL) were added and the organic layer was washed with
Hz), 0.93 (3H, s), 0.84 (9H, s)70.002,—0.03 (6H, s). 1 M NaOH (5 mL) and brine (5 mL). The aqueous layers were
Enone 44.To the crude 1,4-dihydroaniso3 (500 mg, 1.1 re-extracted with EtOAc (2 5 mL), the combined organic layer
mmol) was added CDgI30 mL). The solution was stirred for 2 was dried over MgS@and filtered, and the solvent was removed
min and then BO (50 mL) and 1 M NaOH (20 mL) were added. under reduced pressure. The residue was chromatographed on silica
The organic layer was then washed with brine (50 mL). The aqueousgel (Pet. Sp: EA 6:1) to give the dienod& (9 mg, 19 mg) and
layer was re-extracted with EtOAc (R 50 mL), the combined the o8-enone46 (10 mg, 21%) R 0.20 (Pet. Sp.:EA 2:1). HRMS
organic layers were dried over Mgg@nd filtered, and the solvent  found (M**) 447.2812, GsH4i;NO,Si requires 447.2805; IR (film)
was removed under reduced pressure to give an oil. The oil was2953, 1701, 1675, 1449, 1388 cin'H NMR (500 MHz, 100°C,
chromatographed on silica gel (Pet. Sp:EA 6:1 to 2:1) to give the DMSO-dg) 4 5.75 (1H, s), 4.09 (1H, ddd = 8.3 Hz), 3.65 (1H,
aromatic compound?2 (80 mg, 16%) and the,,-enone44 (300 d,J=11.2), 3.60 (3H, s), 3.58 (1H, d), 3.28 (1H, = 10.7),
mg, 60%) as a clear oiR; 0.27 (Pet. Sp.:EA 2:1); HRMS Found  3.16 (1H, d,J = 11.2 Hz), 3.12 (1H, ddJ = 8.8 Hz), 2.75 (1H,
(M** — Bu) 392.2245, GH3,NO,Si requires 392.2257; IR (film) dd,J = 6.5 Hz,J = 19.5 Hz), 2.32 (1H, m), 2.18 (2H, m), 2.62
3342, 2929, 1718, 1666, 1547 cinH NMR (300 MHz, CDC}) 2.13 (2H, m), 1.80 (1H, m), 1.70 (1H, m), 1.68 (1H,H= 8.3
0 5.80 (1H, s), 4.61 (1H, br s), 3.75 (1H, di= 3.8 Hz,J=15.4 Hz), 1.55 (2H, m), 1.38 (1H, m), 1.06 (1H, m), 1.04 (3H, s, H13),
Hz), 3.66 (3H, s), 3.61 (2H, s), 3.01 (1H, dbl= 5.6 Hz,J = 13.7 0.85 (9H, s), 0.01;-0.01 (6H, s);13C NMR (125 MHz, 75°C,
Hz), 1.40-2.60 (16H, m), 0.96 (3H, s), 0.83 (9H, s), 0.01 (6H, s); DBenzeneds) 6 196.4, 162.6, 156.0, 127.4, 63.3, 59.5, 55.7, 53.5,
13C NMR (300 MHz, CDC}) 6 199.6 (C) 166.5 (C), 157.4 (C), 52.0,52.1, 40.0, 39.3, 36.6, 31.7}, 30.2, 29.3 (¥), 26.0, 25.6
124.7 (CH), 63.9 (Ch), 54.4 (CH.3), 51.9 (CH), 51.3 (CH), 43.4 (3x), 18.3,—5.7, —5.8; MSm/z 447 (M"*, 3%), 390, 360, 338,
(CHy), 42.5(C), 37.9 (C), 37.1 (Chi 35.9 (CH), 35.7 (CH), 34.9 256.

CHy), 27.7 (3 x CHa), 25.6 (C), 21.6 (CH), 20.8 (CH), 18.7 -
ECHg, 17.8 (((3)?(2>< _3)5.9 (Cl-é);)MS m,z(gg% (M* _(133)55%)] Acknowledgment. We thank Bruce Twitchin (RSC, ANU)

279, 167, 149. for his synthetic expertise. O.E.H. thanks the Australian National

Dienone 45.The enonet4 (66 mg, 0.15 mmol) was dissolved ~ University for an ANU Ph.D. scholarship.
in benzene (5 mL) and conc HCI (3 drops) was added. The reaction
was stirred rapidly and DDQ (0.16 mmol, 36 mg), dissolved in
benzene (2 mL), was added in a dropwise fashion, allowing the
yellow color to dissipate between drops. Once the addition was
complete, the reaction was allowed to stand for 1 min and then the JO701995U
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