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ABSTRACT OF DISSERTATION
LEWIS ACID CATALYZED REGIO- AND STEREOSELECTIVE [1,3]OTO C
REARRANGEMENTS

A regioselective Lewis acid-mediated [1, 3] rearrangement of allyl vinyl ethers
has been developed. The rearrangement involves Lewis acid coordination to the allyl
vinyl ether oxygen, which upon ionization produces a metalloenolate and allyl cation that
recombine in a regioselective manner. Substitution about the allyl vinyl ether can be
used to control the regioselectivity of the reaction.

A diastereoselective [1, 3] ring contraction of 2,5-dihydrooxepins to provide
densely functionalized cyclopentenes has been realized. A modular synthesis of the 2,5-
dihydrooxepin skeleton combined with the Lewis acid-mediated ring contraction
provides access to tri-, tetra- and pentasubstituted cyclopentenes. An enantioselective
variant of the reaction has also been developed.

A mild and efficient diastereoselective Heck reaction of 1,3-dioxepins is
described. The reaction scope is broad with respect to both sp” iodide and alkene
coupling partners. The reaction is also chemoselective for the Z-alkene of the 1,3-
dioxepin in the presence of other potentially reactive E-alkenes. The diastereoselectivity
is influenced by substitution at the 2- and 4-positions of the 1,3-dioxepin.

A Lewis acid-mediated ring contraction of 1,3-dioxepins to provide 2,3,4- and
2,3,4,5-substituted tetrahydrofurans has been investigated. Rearrangement in the
presence of TMSOTF-MeCN provides the 2,3-cis/3,4-trans diastereomer, while SnCly-

CH,Cl, provides the 2,3-trans/3,4-cis diastereomer in good yield and diastereoselectivity.

1ii
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The reaction scope is broad and both conditions are tolerant of a range of functionality
including other Lewis basic groups.

The utility of the union of the diastereoselective Heck reaction and the Lewis
acid-mediated [1, 3] ring contraction of 1,3-dioxepins has been evaluated in the context
of total synthesis. These two reactions formulate the core strategy used to accomplish the

synthesis of (+/-)-sylvone and as an approach to the core of lophirone H.

Christopher G. Nasveschuk
Department of Chemistry
Colorado State University
Fort Collins, CO 80523
Fall 2007
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Chapter 1

[1, 3] O to C Rearrangements: A Review

1.1. Introduction.

Central to the synthesis of complex molecular targets are methodologies to
construct carbon-carbon bonds. Rearrangement technology has been an area of intense
research for decades providing convergent and efficient solutions to problems that are
otherwise difficult using more traditional methods. [1, 3] O to C rearrangements,
relative to the Claisen rearrangement, are less well-known, yet have been the subject of
an increasing number of studies in recent years. There are four general methods for the
activation and [1, 3] rearrangement of vinyl ethers (Scheme 1). The oldest method,
thermal activation, can furnish [1, 3] products through two different mechanisms: 1) a
diradical, or 2) a concerted shift. [1, 3] Rearrangement by transition metal catalysis
proceeds by electrophillic or nucleophillic activation. Nucleophillic catalysis may also be
mediated by an organocatalyst. Lastly and most intensely studied are Lewis acid-
mediated processes. The unifying theme among these diverse methods of activation is
that an intermediate pair, whether it be radial or ionic in nature, is formed and control of
these species leads to the formation of the desired products. The purpose of this review is
to provide a compilation of the numerous reports of [1, 3] rearrangements and to provide
a basis for further understanding of the various modes of activation that lead to these

interesting rearrangement products.
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Scheme 1.
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1.2. Orbital Symmetry of {1, 3] Rearrangements.

[1, 3] Sigmatropic shifts can be rationalized by frontier molecular orbital theory.
For a reaction to occur there must be symmetry within the system to allow for HOMO- |
LUMO orbital overlap between the reacting ends of the molecule. A [1, 3] suprafacial
sigmatropic rearrangement is symmetry-forbidden (A, Fig. 1). However, the antarafacial
shift is allowed (B, Fig. 1).> If the migrating group possesses a p-orbital, the suprafacial
[1, 3] shift is symmetry-allowed and proceeds with inversion of stereochemistry at the
migrating carbon (C to D, Fig 1).4 The majority of migrating groups in O to C [1, 3]

shifts are sp>-hybridized, which places additional geometric constraints on the system,
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Figure 1.

LUMO
LUMO HOMO HOMO

suprafacial antarafactal
symmetry forbidden symmetry allowed/
geometrically difficult

R : HOMO
Lumo
c

Suprafacial
symmetry allowed

1.3. Early Examples.

The seminal report of a thermal [1, 3] rearrangement was presented by Claisen in
1896°, prior to his discovery that O-allyl acetoacetate undergoes a [3, 3] sigmatropic
rearrangement.® He stated, “on short superheating such as boiling for a few hours under
two atmospheres’ pressure” B-methoxystyrene provided propiophenone, the product of
formal [1, 3] shift. A qualitative enhancement in reaction efficiency for [1, 3] alkyl shifts
was reported to follow the general trend n-propyl > ethyl > methyl (Eq 1). Wislecenus
and Schrotter (1921) illustrated that this methodology could be used to generate
quaternary stereocenters (Eq. 2).” The thermal [1, 3] shift also proceeds efficiently with

cyclic systems to provide substituted cyclopentanediones (Eq. 3).
OMe
@ 300 °C
65%
1

0,Et

2
O,Et
©/K/0Me 200°C ©/’\/ @
EtO
0 Me
5

M
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1.4. Thermal Reactions.
1.4.1. Thermal Reactions: Mechanism.

Although the early studies of the [1, 3] O to C rearrangement were primarily
focused on identification and expansion of the substrate scope, the mechanism was not
addressed until 1933.° In the thermal rearrangement of o-methoxystyrene the
identification of 1,2-dibenzoylpropane and methane as byproducts led to a series of

experiments that suggested the involvement of radical species (Eq. 4).

o/

Me 400°C o] 9
o Ph
Ph/l\ — Ph)l\/ + Ph/u\(/\’( + CH¢ (4)
8 9 0

7

58% 4%

In an eloquent crossover experiment, Spielman and coworkers observed the formation of
propiophenone (Scheme 2). Alone, this result suggests that there is an intermolecular
cdmponent to the transformation, and leads to the hypothesis that radical intermediates
are involved during the course of the reaction. This idea is further supported by the
evolution of methane gas from the reaction mixture, presumably formed via hydrogen
10,11,12

atom abstraction from the solvent or product.

Scheme 2.

OMe o] o}
Et + n-pent
300 °C
cl —_— Cl
1

10
On-Bu

12
O O
+
oo saclee
14 15

13

+ CHy

Kinetic evaluation of the rearrangement of oi-methoxystyrene showed the process
to be second order, supporting a radical mechanism.'> Wiberg and coworkers provided

further support for a radical mechanism in 1963.'"* AIBN was reported to catalyze a
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radical chain mechanism for the rearrangement of a-benzyloxystyrene, for which the
reaction was first order in substrate and half order in catalyst. The corresponding
uncatalyzed, thermal reaction proceeds at 180 °C and also obeys second order kinetics,

which further supports Spielman’s findings. In support of a radical mechanism, dibenzyl

was isolated as the main byproduct from both the catalyzed and uncatalyzed reactions.

Scheme 3.
0" Ph 0
N
/K —_ /u\/\ A~_-Ph
Ph e Ph7, Ph Ph7 2
neat, 180 °C  80% 0.1%
AIBN,75°C  88% 0.1%

1.4.2. Thermal Reactions: Mechanism and Stereochemistry.

Consideration of stereochemistry in the context of thermal [1,3] O to C
rearrangements is a sensitive probe of mechanism. In the event that rearrangement
proceeds with inversion of configuration at the migrating center, a concerted [1, 3]-
sigmatropic shift is the operative mechanism.!* On the other hand, if the rearrangement
proceeds with retention of configuration at the migrating center, a fast intra-solvent cage
radical-radical trapping mechanism can be invoked.'® If racemization predominates,

dissociation or rotation of a radical pair'’ can be invoked (vide infra, Scheme 4).
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Scheme 4.
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In 1954, a report by Hart and Eleuterio described the rearrangement of optically
active phenethyl phenylether, which proceeded with approximately 20% retention of
optical purity (Eq. 5).® The argument was advanced that there is an intramolecular
component to the reaction. This type of stereochemical test was shown to be substrate
dependent by Wiberg and Rowland, in a process in which optically active o-2-

butoxystyrene was racemized upon heating, thus suggesting radical pair dissociation (Eq.

6).19

.
OJ\ Ph OH
_neat .
@ 500 °C @)\ pn &
19 20

[a]p® = 5.08 o], =-0.82, 85%

OJ\/ L /?k)\/
neal
o 200°C  Pn7,) ©

21
[a]y?® =-13.56 lafp® =-0.16, 76%
>95% racemization

A [1, 3]-sigmatropic N to C rearrangement has been accomplished by Lown,
Akhtar, and McDaniel (Eq. 7). Deuterium labeled 1,4-dibenzyl-1,4-dihydropyrazine 23
was thermally rearranged in the presence of radical inhibitor butane thiol*° to provide 24

in >95% stereopecificity and with inversion at the migrating benzyl carbon. The reaction
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follows first-order kinetics, which implies that it proceeds through a concerted process

and not a radical mechanism.?!

Ph\' Ph
N j H Ph
S G
N Ph >
/k 24 P77 N7 TPh

Ph7(s)y D

[2]p?0 = 0.738 60%, >95% retention
of optical purity

Ph
23

In an interesting report by Shiina and Nagasue a “[1, 3] sigmatropic
rearrangment” proceeding with retention of configuration at the migrating phenethyl
group was described (Eq. 8).%* In light of the above mechanistic discussion, it seems

more likely that this particular example proceeds via the radical pair mechanism.

1) i) 100 °C

:  OTMS ii) 1M HCI : 0
2 ) (SR .Bn  (8)
P07 Ph N
2) BnNHy, DPC H
25 DMAP %
98% ee 62% ee, 25%

1.4.3. Thermal Rearrangements: Examples.

The concept of [1, 3] rearrangement via migration of an alkyl group, specifically
-CH,Ar, found broad success under the thermal reaction manifold. Presumably, this
functionality could stabilize either radical intermediates or charge build-up in the
transition state for the concerted mechanism. Arnold and Kulenovic showed that
silylenolethers derived from benzyl acetate would rearrange upon heating to provide [1,

3] adducts in good chemical yield (Eq. 9). In all cases, no [3, 3] product was observed.?

0
oTMS 0 OTMS
_THE
%O/\ Ph 70°C Ph/\i)\oms ©
27 28 29
1,31 3,3
74% not observed

Heteroaromatics also participate as the vinyl ether component en route to unnatural

amino acids (Scheme 5)* and functionalized butenolides (Eq. 10).2* It is important to
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note that the major competing process in this system is not the [3, 3] rearrangement 33,

but rather the corresponding [1, 5] shift 32.

Scheme 5.
F3C F3C
—2\ xylenes :2\
Oy, Lo gy = ©§<
R = CH3, CO5H

1, 3] 81% [1 5], trace [3 3]

unnatural
CFs  amino acid
NHCI

OH

FiC
Ph xylenes Ph
_\042/1 120°C 0= o
O™ Nph 0
34

35
70%

o,

During their studies of aminomercuration of alkynes, Barluenga and
- coworkers found that with furanyl substitution, f—oxy enamine products would undergo a
subsequent [1, 3] rearrangement in 60% yield (Eq. 11).2® Deuterium labeling
experiments revealed a secondary kinetic isotope effect of 1.83, which suggests complete
C-O bond cleavage in the transition state and that the reaction may proceed via a radical
pair mechanism. The thermally initiated [1, 3] O to C rearrangement can also be used to

synthesize spirocyclic systems as described by Swenton (Eq 12).7
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O \) neat o7 N\) an

80°C 0,
\ J 37 | /

60%

o]

o
‘l toluene ‘ (12)
Q 0 110°C Ph
\
Ph
38 as ©

83%

[1, 3] Benzyl group migrations have been used as the termination step in a
domino reaction (Scheme 6).2® Benzocyclobutane 40 rearranges via a 4-n electrocyclic
ring opening followed by a 6-7 electrocyclic ring closing and [1, 3] benzyl shift, to
provide isochromene 41. However, when heteroaromatics such as furyl or thiophenyl are

employed the [3, 3] termination process is competitive (Eq. 13).

O, .O-_Ph °'
MeO.
40 180 c

54%

l4-7t 1 [, 3]

Scheme 6.

A thermal [1, 3] rearrangement of allyl vinyl ethers has been noted in two
instances. In both cases the [3, 3] process is prohibited by a significant kinetic barrier

due to strain in the transition state and thus the [1, 3] rearrangement predominates.
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Danishefsky reported an unusual ring contraction of lactone enolates of type 42 (Eq.

14).%

H H

O, OTNS toluene @COzH 44
/ 4

H 105 °C ER

H H

42 43
61%

Knight showed that silylenolether 44 resists rearrangement until it is heated in refluxing
xylenes (Scheme 7).3° The structure of cyclopentane 45 was confirmed by x-ray analysis

and is proposed to arise from initial [1, 3] shift followed by a Cope rearrangement.

Scheme 7.
T8SO = xylenes
l N 140 °C
4 OTBS COH

*®  s6%
\p, 3) 3, 3]/‘

TBSO
= T8SO” ™
CO,TBS

Rainier and coworkers reported an interesting [1, 3] reatrangement of an allyl vinyl

CO,TBS

thioether (Scheme 8).*! The reaction proceeds through rhodium-mediated coupling of a
thioether and a vinyl diazoacetate to provide an ylide, which typically rearranges in a [3,
3] manner. However, if the allyl moiety is sufficiently sterically encumbered ionization

predominates and [1, 3] products are formed.

10
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Scheme 8.
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1.5. [1, 3] Rearrangements Proceeding through an Ion Pair.

To this point, this review has focused on examples of thermal cleavage of vinyl
ethers to provide [1, 3] shift products; however, the majority of the work in this field has
used other methods for the activation of vinyl ethers. Transition metél or Lewis acid
activation of a vinyl ether provides an ion pair, a metalloenolate and carbocation, which

collapse in a [1, 3] sense to form a new carbon-carbon bond (Scheme 9).

Scheme 9.
TN r e T .
X X X
transition metal cation M D — l/
SN GM,O / (N
- - [1, 3] product
S e
0~ M o}
~F 99 N Z
- - [1, 3] product
i s i
®
nucleophillic catalysis R,0 j\ Nu_ [R,0” “Nu Rzo}i
OR1 JL e R10” SO
LR1O” O 11, 3] product
’e r @ | .o
X X X
Lewis Acid Oz _LA> & _— 0’/
<] =
F LA,O\/ F
- - [1, 3] product
11
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1.5.1. Transition Metal (IT)-Mediated Reactions.

In 1979, Ferrier reported that HgCl, mediates a [1, 3] rearrangement of hexose 48
to cyclohexanone 49, a reaction that now bears his name. The mechanism of the reaction
is thought to proceed via oxymercuration of the olefin, followed by fragmentation and
subsequent aldehyde alkylation with the mercury enolate (Scheme 10). This type of
carbocyclization is now known as the Ferrier reaction.>*® Palladium (IT) also catalyzes a
similar carbocycliztion, presumably through electrophillic-Pd activation of the vinyl ether
(Eq. 15).>*

Scheme 10.

0
BzO,,, 0 HgCl, BzO.,,
aq. acetone
BzO “OMe reflux "oH

H BzO™ Y
43 OTs 490Ts
83%
HgL.
gtn o
OH
B20., < BzoﬁngLn
Bz0” " "OMe Bz0” "o
OTs OTs
o
BnO. BnO,
" 10 mol% PdCl z
BnO™ " "OBn  2:1 dioxanelaq. H,SO, (5mM) 8n0” ~” “OH

Os_NBn 60 °C Os_NBn
§[’50 T st

80%

1.5.2. Transition Metal (0)-Mediated Reactions.

Alkylidenetetrahydrofurans of type 52 are known to undergo a thermal [3, 3]
rearrangement to produce cycloheptanones (Eq 16).3° In 1980, Trost and coworkers
described a Pd(0) catalyst system that rearranges 54 in a [1, 3] sense to produce
cyclopentanone 55 (Eq. 17).%" It was later found that a complementary Pd-ligand

combination would provide the cycloheptanone product (Eq. 18).*

12
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~_COR —B2 (16)
0 CO,R
53

52

| CO,;R o
Q PA(PPhs)s MeO,C (17)
DMSO, 90 °C
54 55
77%
CONEt,
| Pd(dppe) i
2 (o} (18
o o Et,;NOC >< )
)< DMSO, 100 °C g
(o)
\ 56 57

64%
The mechanism by which cyclopentanone 60 is created presumably proceeds by
coordination of Pd(0) to the 1,1-disubstituted olefin of 58 followed by an SN2’ attack to
create the zwitterionic intermediate 59, which subsequently collapses in regioselective
fashion.* The reaction proceeds with overall retention of configuration by double
inversion (Scheme 11).%

Scheme 11.

6 mol% Pd(dppe)»

dioxane, 90 °C

ring closure
retention by double inversion

1.5.3. Other Nucleophillic Catalyst-Mediated Reactions.

[1, 3] Rearrangements may also be catalyzed by nucleophillic small molecules or
organocatalysts as first demonstrated by Hofle and Steglich in 1970.*! The reaction
proceeds by nucleophillic addition of the catalyst to the carbonate moiety, which then

fragments to create an ion pair intermediate, followed by C-alkylation and formation of
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the product. Eloquent work by Fu (Eq. 19) and Vedejs (Eq. 20) showed that chiral
DMAP catalysts may render the reaction asymmetric.”* The reaction will also proceed in

the presence of an N-heterocyclic carbene (Eq. 21).8

j\ i
Bn0” S0 %-FSE o 0
y 2mat% 2K )\)L
0 Bno” XY 0
o1 N={ ———— g " N={ (19)
P-OMeCgHy t-amyl-OH, 0 °C p-OMeCgH,
91%ee, 94%
Me. .MeH
10 mol% .
ph °f\>/‘é%§ Ph, .cO.Ph
@f\g—ocozph L ©f¥o 20)
N t-amyl-OH, 40 °C N
63 O)‘OPh 64 o)"OPh
86%ee, 93%
Y

BnO (o] O=N (o] o}
o 4 mol% NYN~ph BnOJ\(KO
S\ 21
85 N={ 66~ N={ @
P

-OMeCgH, THF,23°C p-OMeCgH,
82%

1.5.4. Lewis Acid-Mediated Reactions.
1.5.4.1. Lewis Acid-Mediated [1, 3] Rearrangement of Acyclic Systems.

Another convenient way to access ion pair intermediates that facilitate [1, 3]
rearrangement is treatment of a suitably functionalized substrate with a Lewis acid. The
overall process is of considerable utility owing to the often convergent and rapid
assembly of starting materials and the ability to control the stereochemical course of the
reaction through judicious choice of rearrangement parameters. Originally developed as
aroute to cross-aldol products, B-hydroxy ketones,* Lewis acid-mediated [1, 3]
rearrangement of vinyl acetals showed early promise. Vinyl acetal 67, bearing a

trisubstituted alkene as a 60:40 mixture of geometrical isomers, rearranges in the
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presence of superstoichiometric amounts of Lewis acid to produce protected p-hydroxy

ketone 68 as a 60:40 mixture of diastereomers (Eq. 22).*

E‘OTO 2 eq. BF3-OEt, OEt O @2)
\E: CH,Clp, -78 °C
67 68
Z:E = 60:40 60:40 dr, 53%

It was later shown that the [1, 3] O to C alkyl group migration could be rendered
diastereoselective if a single alkene isomer was employed in the starting material
(Scheme 12).* The authors rationalized the stereochemical outcome of the
rearrangement as an “electrostatically stabilized chair transition state” in a Zimmerman-
Traxler model (Scheme 13). A presumed electrostatic attraction between the boronate
and the oxocarbenium ion holds the ion pair in the ordered transition state; however it
may be more prudent to rationalize stereochemistry using a simple Newman proj ection

viewing down the axis of the forming bond.

Scheme 12.
Oy H
MeQ o}
0.5 eq. BF3-OEt
AL L Meo,,,;
69 CH,Cl,, -78 °C 70
r4 threo(anti), 73:27dr, 78%
MeO._O 0.5 eq. BF3-OEt, Oy -H
T Emm .
71 CHyCly, -78 °C 72
E erythro(syn), 92:8 dr, 75%
Scheme 13.

MeO.

° |® H 1 5
T — [l o opkgn — v
z O—%F, Me” Y ~0-Me
©__Me
0 0
/'QE//

o ¢
T m\ — PRy o Me s Y
E Me H 3 MeO

MeO
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More recently, dienes have been shown to undergo a regio- and diastereoselective
rearrangement (Eq. 23).*’ These results are consistent with the rearrangement of vinyl
acetals shown in Scheme 12 and most likely proceed via a similar transition state. In the
presence of a chiral auxiliary the [1, 3] rearrangement can be rendered highly

diastereoselective and can produce all-carbon quaternary stereocenters (Eq. 24).*

n-Bu Lewis acid n-Bu n-Bu
= Z =
CHyCl, -78 °C * @)
O 2 CHO " “CHO
OEt 73 OEt 74 OEt 75

BFyOEt, 1:9dr, 75%
MAD  4:1dr, 89%

n-Bu

. FPr i-Pr
SN b MeA|Cl2 Bno__," ’—‘—\ (24)
\‘( - /\/'ng o}
5 B PhMe, -78 °C n-Bu I Y
Ogn 76 77

54%, >99:1 dr

Okahara and coworkers provided early mechanistic insight for the [1, 3]
rearrangement of vinyl acetals in a crossover study. At -78 °C the ratio was expected
products: 0.96, 1.00, to crossover products 0.41,0.49 and at 0 °C the amount of crossover
products decreased (Scheme 14).* The dependence of the degree of ion mixing on
temperature suggests that the reaction proceeds through a contact ion pair.”® Ion pairing
has been implicated as a control element for the [1, 3] rearrangement of pyranyl vinyl

acetals and will be discussed in depth in the following section.
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Scheme 14.

0
OEt
c oM
/\g/\/ )LO/\IO]/\/ e

CI/\H/OVOEt AlCl;
78 —_— 80 81
0 « CHoCly v
temp., 0.5h expected products
)’\ O._-OMe
Y o
7 OMe
e PN OEt
& o/\g/\/
82 83
Y
crossover products

molar ratio 80 : 81 : 82 : 83

-78°C=0.96:1.0:0.41:0.49
0°C=1.0:0.93:0.054:0.19

N,O-Vinyl acetals undergo facile Lewis acid-induced O to C migration, in which
the corresponding ion pair consists of an N-acyliminium ion and a metalloenolate. The
Lewis bacicity of the amine functionality necessitates its delocalization via a carbonyl or
some n-withdrawing substituent for adequate reactivity. Frauenrath and coworkers were

the first to report this reactivity and showed that sterics will override the stereochemical

influence of enolate geometry (Eq. 25).>!

0
/lol\‘jj TMSOT N

X
T 0/\§ CH,Ch, 0°C o (29
84 85

Z/E = 89:11 67%, 98:2 dr
The allyl group also provides sufficient electron donation to fragment allyl vinyl
ethers in the presence of a Lewis acid. The corresponding ion pair allows access to the
[1, 3] product in the face of a possible [3, 3] rearrangement. The [1, 3] product is
accessed under kinetic conditions, where product selectivity is governed by approach of

the metalloenolate to the more exposed terminus of the corresponding allyl cation

(Scheme 15).
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Scheme 15.

o”? 3,3 o™y 1,3 @\
A D o K/\D ) 7 D

An early example by Yamamoto and coworkers showed that, under ionizing conditions,
the [1, 3] product is accessible in acyclic systems (Eq. 26).”> Rearrangement of
pentadienyl vinyl ether 86 provides a mixture of products in which the [1, 3] product 87a

is a significant portion of the isolated material.

Me

P t+-Bu  t-Bu
Br: O'O
~Z d{ o” (26)
J t+Bu tau
P "0 CH,Cl,, -78°C
86 20 min.
[1,3] [3.3] [5 3]
28 . 15 . 89%

Gansauer showed that labeled symmetrical allyl vinyl ethers rearrange in the presence of
catalytic Lewis acid to a 1:1 mixture of regioisomeric aldehydes through an unselective
trapping of the symmetrical cation intermediate (Scheme 16).> A mixture of vinyl ethers

92 and 93 produces a significant quantity of ion-exchanged products (Scheme 17).

Scheme 16.

#0 1 mol% B(CsFs)3 /:)(\ Ji/k
Ph/\/li;Ph PR XTPh Ph

CH,Cly, 23°C
88

1: 1 mixture of regio:somers

y 5 mol% Cu(OTh
¢c-Hex N -Hex
° -Hex CH,Cly, 23 °C
D 91a 91b
1:1 mixture of regioisomers
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Scheme 17.

o]
Ph
1-adamantyl PMB
1 moi% B(CgFs)
1 * 1 s 94a 94b
O PMBO™ "Ph o 20% 37%
1-;damanty| CHaClz, 23°C expected products
92 93 Q 0
Ph
1-adamanty! PMB
95a 95b
31% 12%
crossover products

O-allyl phenols undergo a [1, 3] rearrangement catalyzed by montmorillonite K-
10 clay as originally reported by Dauben.’ * This reaction was later optimized by
Dintzner and coworkers to produce the product of [1, 3] rearrangement (Eq. 27). It was
noted that the activity of the catalyst diminished significantly in successive runs and

became inactive after the third run.”

Montmorillonite
K-10 clay #
Y n
O OH
96

CCly, 23 °C o7
66%

1.5.4.2. Lewis Acid-Mediated [1, 3] Rearrangement of Pendant Aryl and Vinyl
Ethers.

Development of the [1, 3] rearrangement of pendant aryl and vinyl ethers
illustrated both the utility and convergence of this reaction manifold. At the heart of the
stereochemical issues associated with this rearrangement are ion pairing and ring
conformation. A variety of models can be used to rationalize the observed product ratios;
however, the steric influence of substituents primarily dictates product stereochemistry.
An early example of a [1, 3] O to C rearrangement was disclosed by Suzuki and
coworkers. A mixture of anomeric fluorides and a phenol first formed an O-glycosidic

linkage, which upon warming rearranged to its C-congener. Tin and boron Lewis acids

19

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



were effective for the formation of the a-product, while the Cp,HfCl,-AgClO4 mixed

Lewis acid provided the B-product (Eq. 28).%

MeQ MeQ MeQ O
OW_F HO Cp,HfClo-AgClO4 SN} -78t0 0 °C 0 (28)
OO0 e — o
MeS __‘OMe CHCl 787 | yrec” _ "ome 100

) OMe
98 Me0 400

a/B=1:9, 92%
Resorcinol derivatives also perform well under these reaction conditions, favoring the f3-
product with good regioselectivity (Eq. 29).”” This method has been expanded to
incorporate O-acetyl glycosides as efficient glycoside donors®® and as an approach
toward the vineomycin skeleton.*

OAc OH
MeQ OH - MeQ MeQ
OF Lewis Acid o) 0 (29)
+ +
. 4A MS, CH,CI N
OAc 2Cly OH OAc

MeO gg OMe 78100 °C MeG 101 OMe MeO 192 OMe

BFyOEt,  (a/f=1:17) 81%, 11%
CpoHICI-AGCIO, (/8= 1:15) 83%, 8%

Preformed tetrahydrofuranyl O-aryl glycosides rearrange efficiently in the presence of
catalytic Lewis acid as shown by Kometani and coworkers (Eq. 30).60 In more complex
sugar-derived systems the B-product was the favored product (Eq. 31).%! The reaction
was proposed by Suzuki to proceed through an ion pair; however, this series of

communications did not describe any experiments designed to elucidate the mechanism

(vide infra).
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10 mol% BF3-OEt, OH
tomert By O, e Yl
e e e MRS
104 108

103

100:0, 83%
OMe
0.0 10 mol% BF3-OEty
pole .
MeO\\‘ "loMe CHzclz, 25°C
OMe 106

Frauenrath and Runsink described the stereoselective rearrangement of
dioxolanylpropenyl ethers 108 and 110 to the corresponding aldehydes (Eq. 32 and 33).%
Once again, double bond geometry affects the stereochemistry of the product: Z olefin
configuration provides the syn product (dioxolane oxygen syn to methyl) and E olefin

configuration gives the anti product, although neither proceeds with high selectivity

(Scheme 18).

(o} BF3-OEf; : P
o/\o:< | oy O/X\/ 32)

CHoCly, 78 °C )VO
108 109

syn, dr (79:21), 79%

o BFyOEt /\8\40

o
10 CH,Cly, -78 °C 11

anti, dr (73:27), 87%

L0 — A — (X%
. [ o

F3BO

Scheme 18.

The steric environment about the allyl cation can also control facial selectivity in

the recombination event. Grieco and coworkers developed a LiCl04-Et,0 protocol for
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the [1, 3] rearrangement of aliphatic allyl vinyl ethers. In a particularly nice example, an
allyl vinyl ether derived from verbenol 112 rearranges with complete inversion (Eq. 34).
A crossover experiment revealed that these conditions were enabling the reaction to
proceed through a dissociated ion pair, which mandates that product selectivity arises
from recombination from the less hindered face of the ring system.5?

3M LICIO

12 113

single diastereomer
94%

A sequence of papers by Ley and coworkers described the rearrangement of
pyranyl vinyl acetals and related anomerically-linked nucleophiles.®* Typically, products
of 2,6-trans stereochemistry about the pyran ring are isolated. The trans products are
essentially identical to those that can be accessed by intermolecular oxocarbenium ion
alkylations. However, by simply increasing the amount of Lewis acid and reaction
temperature, the frans product could be equilibrated to the cis-stereochemistry

presumably through ring-opening of the pyran (Scheme 19).%°

Scheme 19,
/(j\ J\ 5 mol% TMSOTf m 1 eq. TMSOTf Q)OL
R B o B o = x
n-Hex i O i 0" "Me CHyCl, -78 °C n-Hex i O H Me  CH,Cl, 23°C n-Hex a OLA g/l
114 115
97:3 dr, 72% l
QS
n-Hex }f{ O H g/i
116
94:6 dr, 78%

Using Okahara’s insight into the nature of the ion pair intermediates formed by
Lewis acid-mediated cleavage of vinyl acetals, Rovis and coworkers developed a

stereoretentive rearrangement of pyranyl vinyl acetals. A mixture of Lewis acids (4:1
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MesAl and BF;5-OEt,) produces a tight ion pair from the cleavage of vinyl acetal 117,
which leads to the formation of the 2,6-cis pyran stereochemistry (Eq. 35).% The

reaction of 117 in presence of BF3-OEt; provides trans-118 in >95:5 dr and 93% yield.

1.2eq. BF3 OEtz

n- Hex n-Hex H o} H Ph
4 eq MegAl
\ﬂ/ | (35)

93:7 dr, 86%

It was hypothesized that a tight contact ion pair was responsible for the cis product
stereochemistry. Indeed a crossover experiment revealed minimal amounts of products
arising from ion scrambling while providing cis stereochemistry (Scheme 20). The
crossover experiment, when performed in the presence of BFs-OEt,, provides primarily
the frans products with modest but significant amounts of crossover. This suggests that
two different ionic species are involved: 1) a tight ion pair that provides the cis product
(MesAl/BF3-OEt;) and 2) a solvent-equilibrated ion pair (BF;-OEt,) that emulates an

intermolecular nucleophillic addition to an oxocarbenium ion, but does not fully

dissociate.

Scheme 20.

Me
n-Hex H o} l? O n-| Hex n- Hex
U LeW|s acid
119

. PhMe 78°C

tBu
H _H
Me?O?O\K@/ Me?OH Me . O
\@] ! !
120 123 124

Lewis Acid  cis121 trans121 cis-123 trans-123 cis-122 frans-122 cis-124 trans-124
BF3OEt, 0.5 23.0 0.3 36.0 0.6 20.8 0.1 15.3
MesAl/BFyOEt, 488 1.4 428 68 0 0.3 0 <0.2

Another interesting observation that evolved from this report is an example of the

isoinversion principle: lower temperatures provide lower selectivity, while higher
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temperatures provide greater selectivity (Eq. 36 and 37), a situation easily explained
when one considers the entropic factors involved in salvation two distinct ions.”” This
method also provides stereoselective access to 2,7-disubstituted oxepanes and 2,5-

disubstituted tetrahydrofurans.

1.2 eq. BF3'OEty

Q. H 0._Tol 2 et Mool o} i Tol 0 H Tol
eq. Me:.
U \”/ Rl ‘\(j/\g/ v \\O/\g/ (36)
Ph" Ph" Ph"

125 PhMe 126 cisftrans

-25 °C, 10:90, 85%
-78 °C, 60:40

ol OTTOI 1~24eq- *ifsg:ffz o} Tol oM Tol
eq. Me N
[j [,j/Y Q/Y @
M PhMe M M
© 127 ¢ ¢

128 cisftrans
-78 °C, 33:67
-25 °C, 89:11, 78%

Woerpel and Shenoy showed that 5-benzyloxy pyranyl vinyl acetal 129 rearranges under
the Rovis conditions for generating contact ion pairs and BF3;-OEt, to provide the irans
product stereochemistry in nearly identical yield and selectivity (Eq. 38).% They suggest
that the reaction proceeds under both conditions via a solvent-equilibrated ion pair. In
this case ion pairing does not explain their results, which remain consistent with their

inside attack model.®®

0.__0 o o O
U \n/ Lewis Acid Lj/\g/ . j\) \g( (38)
BnO' 129 toluene, -78 °C BnO BnO'

130 131
BFy-OEt,, 22:78 dr, 91%
BFyOEty/MesAl, 21:79 dr, 99%

Rovis and coworkers also showed that this rearrangement technology could be applied to
more complex systems. Rearrangement of vinyl acetal 132 can provide access to 1,3-
polyol arrays through a stereoretentive process that provides syn-133 or a solvent-
equilibrated ion pair that provides anti-133 (Eq. 39).”° The rearrangement of pendant

cyclic vinyl ethers also works well under the solvent-equilibrated ion pair conditions to
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provide 135 with the simultaneous formation of two new contiguous stereocenters (Eq.

40).™

O_Ph o Mph Mph
\|/|\|/ \"’ Lewis Acid N T (39)

o} 0 o._0 ©O

O (0] (o]
/\'/\ toluene, -78 °C /\!/\

132 1,3-syn-133 1,3-anti-133

BFyOEt,, 2:98 dr, 89%
BFyOEty/Me;Al, 96:4 dr, 81%

H,H HoH
n-Hex. 2 OO BF3-OEt, n-Hex O
- . o (40)
134

PhMe, -78 °C 135

2,6-cis, >99:1
2,2%anti, 79:21
90%

1.5.4.3. Lewis Acid-Mediated [1, 3] Rearrangement to make Hetero- and
Carbocycles.

Lewis acid-mediated rearrangement of cyclic vinyl ethers to form either hetero- or
carbocycles is fundamentally different from the rearrangement of pendant vinyl ethers
because they lack a cyclic oxocarbenium ion that can be used as a control element. A
correspondingly grater influence is derived by both the size of the Lewis acid employed
and the nature of the substituents on the substrate in question. In an early report,
Menicagli and coworkers showed that dihydro-2H-pyrans would undergo ring
contraction to form the corresponding cyclobutanes (Scheme 21).72
Scheme 21.

Me Lewis acid
136 \ 137i—Bu3AI\\ /Et3Al 138
Mene L [ FI:LH]

Q ~OEt
ola O MeOEt
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They later confirmed the stereochemistry about the cyclobutane ring to be cis (hydroxy
methylene cis to ethoxy group). Interestingly, employment of an Al-etherate complex

provides the product of alkyl group transfer (secondary OH) in preference to reduction
(Scheme 22).”

Scheme 22.

Et N Et Et
O~ TOEt

HO EtOEt HO EtOEt OTEt0” “Et HOTEO” Et

139 140 141 142 143
0.5 eq. Et3Al, 98 °C, 4.5h, (100% conv.) 34 : 51 ; 15 : 0
0.5 eq. Et;AI-OEt,, 98 °C, 20.5h, (100% conv.) 9 : 91 : 0 : 0

Seven-membered rings may be converted into their five-membered ring
counterparts via Lewis acid activation. Frauenrath and coworkers described a ring-
contraction of 2,4-disubstituted dioxepins; however, a surprising effect was noted. The
cis 2,4-disubstituted dioxepin provides a mixture of the four possible diastereomeric
tetrahydrofurans, while the trans disubstituted dioxepin provides only two

tetrahydrofuran products with good selectivity for 150 (Scheme 23).”*

BF3 OEtz b
CH,Cly, -78 °C

146 147
54:19:24:3 dr, 81%

(”\ BFg OEtz
0;(0 CHyCly, -78 °C 2\( i

149 \ 150
/ 89:11 dr, 93%

OLA

el — =X

Scheme 23.

,;H;j
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Takano and coworkers illustrated a diastereoselective ring contraction to produced a
2,3,4-trisubstituted tetrahydrofuran enroute to (+/-)-asarinin (Scheme 24). They showed
that two different Lewis acids would provide two different diastereomeric

tetrahydrofurans with good selectivity.”

Scheme 24.
n-CsHyq
- N
H-C5H1 1\/\(\ (o] . 4 oH
0 Lewis Acid
CH,Cl,, -78 °C 0 —

152 then NaBH4 153

° o)

o~/ 0 \‘O asarinin
0

TiCI,(O-iPr), 30:1 dr, 53%
TBSOTf 1:13 dr, 85%
(dr = 2,3-trans/3,4-cis : 2,3-cis/3,4-trans)

Coleman and coworkers described a similar ring contraction of dibenzodioxepins, as an

approach to the spirobicyclic ring system of the schiarisanrin class of natural products

(Eq. 41).7
AICI I ' "
CHCh, 257G - o (41)
0.0 0 (o}
154 158

95%

schiarisanrin A

Another effective and convergent oxacycle synthesis evolved from the labs of
Petasis.”’ Condensation between a hydroxy acid and a ketone provides spirocycles of
type 157. Carbonyl olefination with the Petasis reagent provides the desired vinyl acetal,
and when treated with i-BuzAl, rearrangement followed by ketone reduction furnishes
159 with excellent cis diastereoselectivity (Eq. 42). Tertiary alcohols may be accessed

using this method through the use of Me3Al or Et;Al as the Lewis acid/alkylation reagent.
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Sl ph Ph

cr .
?L \'l)h é\\ I-BU3A| QH Ph (42)
0 R — 0
THF, 65 °C .
OM o/& PhMe, 65 °C o
157 158 159

97% syn, 75%

Pyrans may also be constructed using this method, for which the reduction to the
secondary alcohol proceeds with good diastereoselectivity (Scheme 25).”® In spite of the
potential for an oxonia Cope rearrangement, the reaction still proceeds with excellent

diastereoselectivity between the phenyl and isopropyl substituents in product 163.

Scheme 25,

BusAl on

Ph,, FBu :

" i Ph“’(j\
O/K,,_Pr CH,Cl, -78 °C o

160 163
x 8:1 dr, 88%
Ph%i—ﬁ —_— Ph//wi-Pr —_— Lon
© Y =® [T s /-Prm\ AL
OM OM o\
1612 161b 162 L

In the arena of natural product synthesis, the most spectacular examples of this type of
transformation were accomplished by Smith and coworkers en route to (+)-phorboxazole
A% A first generation approach to the key dioxane revealed that the oxazole and ether
oxygen could form a chelate with the Lewis acid, suppressing reactivity (Scheme 26).
This problem was overcome through the synthesis of a regioisomeric dioxane, which

rearranges in the presence of Me,AlCL.
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Scheme 26.

oo B ety

R (o] 3
3 not = 8
N H o< R N H o
v H R, H Ry
A productive but
unproductive not formed

MezAlcl

—_——

CH,Cly, -78°C

Stereoconvergent rearrangement of a 1:1 mixture of E and Z trisubstituted alkene isomers
166 provided 167 as a single diastereomer in good yield (Scheme 27). This surprising
result was rationalized as follows: the Z isomer reacts via a preferred chair transition state

168 while the E isomer rearranges through a boat conformation 169.

Scheme 27,
OBPS OBPS
g Me,AIC g
H - H
CH,Cly, -78 °C
Y = 212 = o)
TIPS 166 TIPS 167
1:1(E:2) 91%, single diastereomer
<)
" QAR
A
Ry O Ry
168 Mo
Me\
Ees R ; % O Rz
<)
RIAI0O Me

Both 165 and 167 were carried on to complete the total synthesis of (+)-phorboxazole A
(Scheme 28). This carbocyclization has also been effectively used by Smith and

coworkers enroute to (-)-kendomycin and the EF fragment of (+)-spongistatin 1 (Scheme

29).8
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Scheme 28.

H
H O
A
TIPS 167
phorboxazole A
Scheme 29.
N
oH c
0 Y Br MezA |
" ———————
o OMe  ch,Cly, 78 °C
TBSO
170 OMe
OPMP
1) CpaTiMe,
w __ THF,85°C Et —_—
N
0”0
2) Me,AICI
172 CHCly 173

77%, two steps

spongistatin 1

Electron-donating groups other than the ether functionality will sufficiently
activate a vinyl ether towards [1, 3] rearrangement. Sinay and coworkers reported a
Lewis acid-mediated Ferrier reaction for a variety of functionalized C-glycosides (Eq.
43).87"83 The ketone intermediates, formed after the rearrangement, are further reduced

by i-BusAl as per the work of Petasis.
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(o) i-BU3A|
R&ﬁ . RRT\-x @3)
Rx PhMe, 50 °C OHR

R =0Bn
X =174, SPh, 81%
175, SePh, 84%

Dicobalt hexacarbonyl complexes of alkynes are known to stabilize propargylic cations®*
and thus have been used in the context of [1, 3] rearrangement of pyrans.®® In contrast to
the example by Smith (vide supra), Harrity and coworkers have illustrated that E and Z
olefin isomers lead to different diastereomers (Eq. 44 and 45). Enantioenriched pyran
180 rearranges efficiently in the presence of TiCly with minimal racemization (Eq. 46).
This method may also be used in the diastereoselective ring contraction of dihydro-2H-

pyrans to provide cyclobutanes (Eq. 47).%¢

1.5 eq. TiCly
(OC)GCOZ 0 PR —/—— (OC)GCOZ\ 0 (44)
n-Bu = 176 CH20|2, 781025 °C /177 Ph

e

n-Bu
E-isomer 81%
1.5 eq. TiClg
(00)6002/(0\/% _— (00)6002//@0 (45)
=z CHyCly, -78 t0 25 °C Z
n-Bu 178 Ph #2 nBu” 179 Ph
Z-isomer 78%
1.5 eq. TiCly
(0C)Coz —————————  (0C)Coa (46)
=
= O CHaCly, 78 10 25 °C = Y ©
n-Bu 180 Ph n-Bu 184 Ph
Z-isomer o, 2%
A 67% ee, 52%
o .
\__Ph
Et,AICI ¥
| Ph “n
teDPSO._ZK. O CHzCl, -78°C A\
Co,(CO)s (OC)sCo2 OTBDPS
182 183

71%
1.5.4.4. Related [1, 5], [1, 4] and [1, 2] Rearrangements.
Related to the discussion of pendant vinyl and aryl ethers is the rearrangement of
other anomerically-linked nucleophiles. Mikami and Kishino described an example of

this type of reactivity via an “oxonium”-ene reaction, a formal [1, 4] rearrangement.®’
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Exposure of 184 to TMSOTT induces acetal cleavage to generate an oxocarbenium ion.
The authors then propose a concerted ene reaction that forms the new C-C bond and
transfers a proton to the tetrahydrofuran oxygen (185 to 186). The oxonium ion then
quenches the newly formed silylenolether (Scheme 30). One may also envision that the
ene-alkylation of the oxocarbenium ion does not transfer a proton and the resultant
tertiary cation is quenched by a hydride shift 187 to 188.
Scheme 30.
v( 30 mol% TMSOT! o}
CHzcn2 78 °C H H
)

189
74:15:7:4 dr, 47%

l |
[O'o J\E}/oms — {Cgiﬁ%ows}

186
OTMS
G o] — | ~AE
[ Y H
H o]
187 188

This method was expanded by Ley and coworkers, where the intermediate tertiary cation
could be trapped by an exogenous nucleophile (Eq. 48).% In the case of 197, an ene
reaction generates a tertiary cation which is trapped in intramolecular fashion by the
primary alcohol (Eq. 49). Ley also extended this method to incorporate alkynyl

stannanes as the nucleophile component (Eq. 5 0).%
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—_n—4_> @, <] ——
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190 191 192
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193 194
82:18 dr, 83%
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e — e
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S
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195 196
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Although the rearrangement proceeds efficiently and with good diastereoselectivity with
pyran systems, the analogous reaction with a tetrahydrofuran proceeds with only 2:1

selectivity. This material was used in the synthesis of CMI-997 (Scheme 31).%

Scheme 31.

H 1) n-BuLi, BuzSnCl

P -78t025°C
OOVQO/\/ /©/ \/D\/\
F 198

197 2) BF3-OFt;

CH,Cl,, -10 °C
1:1 mixture 2:1dr, 85%, two steps

OVI(Q\/\/U\

CMI-997

Later, in a synthesis of muricatetrocin C, it was shown that increasing the steric bulk at

the 5-position of the tetrahydrofuran had a positive effect on the diastereoselectivity for

the rearrangement (Scheme 32).°!
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Scheme 32.

1) n-BuLi, THF
5 O/\§ then BuzSnCl o= OH
H HYH
TBDPSO 2) BF3-OEt, TBDPSO
199 CH,Clp, -10°C 200

85:15 dr, 85%

muricatetrocin C

Two contiguous stereocenters could be set in a single operation to provide a-hydroxy

ketones (Eq. 51).92 This method was utilized in the synthesis of (+)-goniodiol (Eq. 52).

A A CH4Cl,, -30 °C
o7t 0/\‘/Ph 2012

61

Ee)

OTMS HH
205 206 OH
3:1dr, 86%
2 ° \/Q _ 1Y e
T8DPSO._A. A Ph :
— AN — o0%>o Ph
OH HH OTMS H on

(+)-gonlodiol

1.6. Conclusion.

This review has attempted to comprehensively survey the advances that have been
made in the development of [1, 3] rearrangements. Although significant progress has
been made in this area, there is room for improvement of existing methods and their
application to more complex scenarios. In particular, the incorporation of nitrogen into
rearrangement precursors would undoubtedly expand the utility of this class of reactions.
Certainly, future research with an eye towards substituent effects and ion pairing will
have a large impact on the general understanding and development of new [1, 3]

rearrangements.
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Chapter 2

Regioselective Lewis Acid-Mediated [1, 3] Rearrangement of Allylvinyl Ethers

2.1. Introduction.

The formation of sterically-congested carbon-carbon bonds with control of
stereochemistry represents a formidable challenge in organic synthesis. One tool that has
met this challenge is the Claisen rearrangement, a [3, 3] rearrangement of allylvinyl
ethers.' This thermal sigmatropic rearrangement relays stereochemical information from
the cleaving C-O bond to the forming C-C bond via a concerted transition state.> More
recently, the use of Lewis acids has provided rate acceleration for the Claisen
rearrangement. However, under the Lewis acid manifold, ionic intermediates have been
proposed, a divergence from the generally-accepted concerted mechanism. If true ionic
intermediates do exist, then other regioisomeric products should be observed (Scheme 1).

Scheme 1.

’
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Yamamoto and coworkers reported that pentadienyl vinyl ether 1 undergoes
rearrangement to produce a mixture of [1, 3], [3, 3], and [5, 3] regioisomers in the

presence of bulky aluminum bisphenoxy Lewis acid (Eq. 1).2

Me Me
Me +Bu  t-Bu > =
P B,QO.A,.oOm . '
eBu Megg ) I
= ) >
JI Ph Ph” O Ph
2 3

M

CH,Clp, -78 °C
Ph (0] 20 min.
1 [1,3] 13,31 1531
28 : 15 : 57 89%
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Grieco and coworkers, under strongly ionizing conditions, were able to selectively

produce [1, 3] rearrangement products from sterically-hindered allylvinyl ether 5 (Eq. 2).*

=\
o SEN
3.0 M LiCIO, in Et,0 \
+
Ll 25°C, 1h @
HO™ 74 HO™ N
HO™ U
5 HO” 7
83:17  90%

Gansauer has also illustrated a Cu(OTf),- and B(C¢Fs);3-catalyzed regioselective

[1, 3] rearrangement of tert-butyl alcohol, benzyl alcohol, and isophorone-derived vinyl

‘ 7 moi% B(CeFs)s 0
) —_— J )
o CH,Cly, 25 °C
8 )

72%

ethers (Eq. 3).>

In these cases, the Lewis acid-mediated [1, 3] rearrangement of allylvinyl ethers
necessarily proceeds through an allyl cation and metallo-enolate ion pair. As part of our
efforts aimed at developing stereoselective [1, 3] rearrangements,”® we initiated a study
to elucidate the factors that govern regioselectivity, harness this reactivity, and explore
the scope of the [1, 3] rearrangement of allylvinyl ethers.

2.2. Initial Studies.

Experimentation began with a brief screen of Lewis acids using cinnamyl vinyl
ether 1 as a substrate. Cu(Il), Sn(IV), and Ti(IV) Lewis acids provided mixtures of [1, 3]
and [3, 3] adducts (entries 1-3, Table 1). The reaction worked equally well in CH,Cl, or
toluene. Lewis basic solvents were inferior. Bisphenoxy Al complexes are better suited
for this study due to the electronic and steric perturbations that could be achieved through
substitution of the phenol ring.” We identified two different Lewis acids that gave

complementary regioselectivity for the rearrangement of cinnamaldehyde-derived
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allylvinyl ether 1 (entries 4 and 5, Table 1). Steric bulk about the Al-metal center proved
to be optimal for the [3, 3] product (entry 4), while halide substitution produced a
stronger Lewis acid that is moderately [1, 3] selective (entry 5). Although this dichotomy
is not easy to rationalize, it is evident that there is a fine line between accelerating the
concerted [3, 3] rearrangement versus generating an ionic intermediate. An increase in
the strength of the Lewis acid or in the stability of the allyl cation should result in greater
degree of C-O bond ionization and hence, increased [1, 3] selectivity.

Table 1. Initial Lewis Acid Screen.

.3 3.3
P = S
/:/OI\ Lewis Acid /CO\ /CO\
PV""Me  8°C PN Me PN Me

10 11 12
entry? Lewis Acid ratio [1, 3] : [3, 3]
1 Cu(oTh,® 50 : 50
2 SnCly 50: 50
3 TiCl, 67:33
Ph/Q\Ph Ph
4 o o 5:95
~A
Me
Ph
Br
5 Br” i Br 8r
O\AI’O 78 : 22 (75%)°
Me
Br Br

a) Reactions conducted in toluene or CH,Cl, using 1.05 eq. of Lewis
acid. b) Reaction performed at -50 °C. c¢) Combined isolated vield.

We next sought better [1, 3] selectivity through electronic variation at the 4-
phenyl position of the model substrate. As expected, on the basis of the above rationale,
4-methyl substitution 13 increased the [1, 3] selectivity to 81:19 (entry 2, Table 2).
However, 4-methoxy substitution 14 resulted in decreased regioselectivity (entry 3), a

situation we ascribe to secondary Lewis acid coordination to the methoxy group.
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Electron-withdrawing substitution about the ring 15 resulted in recovered starting
material, even after warming the reaction mixture from -78 °C to ambient temperature,
presumably due to destabilization of the forming cation (entry 4).

Table 2. Effect of 4-Substituent on Regioselectivity.

3 133
Z>0 MeAl(OCeBraH,), 0% ~0
AN toluene, -78 °C
R “Me R7X"" "Me R & "Me
entry?  cinnamylvinyl ether yield (%)  ratio [1,3] : 3, 3]
“>0
1 A Me 75 78 :22
10
Z0
A Me .
2 /©/\13)\ 61 81:19
HaC
“>o
3 X7 "Me 44 75:25
14
MeO
Z0
Me NP No reaction®

2 %

FsC

a) Reactions conducted using 1.05 eq. of Lewis acid. b) Combined yield.
¢) Reaction was warmed to 23 °C and starting material was isolated.

2.3. Control Experiments.

To further explore why electronic variation of the substrate did not afford
significant improvements in [1, 3] regioselectivity, a control experiment was designed
(Scheme 2). The regioisomeric allylvinyl ether 7 was synthesized and subjected to the
optimized conditions. Both regioisomeric allylvinyl ethers provide the same major
product, suggesting that the largest coefficient in the LUMO of the cation (ie. most
reactive carbon) is furthest away from phenyl group stabilization. Interestingly, the
regioselectivity ratio does not match between the two substrates which may be due to a

partitioning between ionic [1, 3], ionic [3, 3] and concerted [3, 3] mechanisms.
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Scheme 2,

/\j, MeAl(0AY), /CQ . /@)\
P e PRTNY"Me Ph N2 Me

#0
From: 78:22
Ph/\1{\Me
S
From: 95:5
Ph/‘\/\Me

We hypothesize that if an ionic mechanism is operating, the allyl cation
determines the observed regioselectivity.!® Indeed, a crossover experiment using
deuterium-labeled vinyl ether illustrates nearly complete scrambling of the label (Scheme
3).

Scheme 3.

D
o~ ~o0
/\o 17 Br Br + /C\
Ph X BrQ @—m PR Ph™

O.AI.O
(59% D) o e g 27% D 7%D
Z>0 7 B
T NN ol Tol”

2.4. Regiocontrol and Reaction Scope.

In an attempt to further control regioselectivity, we turned our attention to allyl
systems bearing trisubstituted alkenes. It is known that elevated temperatures are

required in systems that undergo [3, 3] rearrangement to form quaternary carbon centers
(Eq. 4)."
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o neat, 188 °C, 1.5h DT
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18 19
70%

We thought to apply this apparent characteristic of the Claisen rearrangement to
our methodology: under ionic conditions, [3, 3] recombination of the metallo-enolate and
allyl cation to form a quaternary carbon center at the tertiary cation should be slow
relative to [1, 3] recombination at the less hindered secondary cation (Scheme 4).

Scheme 4.

=X
R1)\\\@’/’\ R2>C)\
Ry 7

3,31

Trisubstituted allylvinyl ethers are easily prepared by carboalumination of
commercially available alkynes,'? trapping with aldehydes, and Hg(II)-catalyzed
transvinylation."> A variety of Lewis acids afford the [1, 3] adduct in moderate to good

yield and excellent regioselectivity (Table 3).
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Table 3. Lewis Acid Scope.

3.3

Me 07X Me Y x

/\\/k Lewis Acid )\/L/\ o Me>©\
Ph Me -78°C Ph Me Ph~ 7 "Me

20 21 22
entry® Lewis Acid yield (%) ratio [1, 3] : (3, 3]

1 Cu(oTh,® 81 >95:5

2 SnCl, 40 80:20

3 TiCly 44 >95:5

4 Me,AICH 73 >95:5

5 EAIC, 55 >95:5

Br
6 44 >95:5

Br/©\ Br

SO
Me
Br Br

a) Reaclions conducted in toluene or CH,Cl, using 1.05 eq. of Lewis
acld. b) Reaction performed using 10 mol% Lewis acid.

A broad range of trisubstituted allylvinyl ethers undergo [1, 3] rearrangement with
exceptionally high selectivity (Table 4). The reaction seems to be somewhat insulated
from electronic issues; the yield and the selectivity decrease slightly by switching from
aromatic to alkyl substitution of the double bond (entries 6 and 7). We observe
diminished selectivities when a fert-butyl group 25 is present at the 1-position and the

enolate must attack either the tertiary position ([3, 3]) or the neopentyl position ([1, 3])

(entry 4).
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Table 4. Substrate Scope.

1, 3] 3, 3]
R, 07X _Cu(OTf, Ry So o C\
CH,Cl 2
N\ 2V12 N
R1)\)\R3 .50 OC, 5h R1 R3 R1 =z R3
entry® product yield (%)  ratio [1, 3]: [3, 3]
Me 0
1 ™ 81 >95:5
Ph M
21 °
Me o
2 x 70 >95:5
E
v
Me o)
3 P 53 >95:6
Ph” e kP
Me o
4 x 63 85:15
Ph 25 t-Bu
Et ~o
5 X 64 >05:5
I
P 26 Me
Me o
(o 5 :
P e 0 80 : 20
27
Me o0
7 - 84 69:31
n-Bu Ph
28

a) Reactions conducted using 5 mol% Lewis acid at -50 °C for 5h.

b) Reaction conducted at-30 °C for 48h.

Rearrangement of an isopropenyl vinyl ether produced a 50:50 mixture of

regioisomers when using Cu(OTf) as the Lewis acid. Increasing the strength of the

Lewis acid by using EtAICl, restored the regioselectivity (Eq. 5). This is consistent with

the hypothesis that a weaker Lewis acid is capable of accelerating the Claisen via a

concerted pathway, while the stronger Lewis acid results in bond ionization.

X ¢
EMAICI,

Mi Q Ch,Cly Me 0 s

Ph Me -78°C, 1h X Me

29

30
69%

90:10 ([1, 3]:[3, 3])
The nature of the intermediate ion pair was evaluated by rearrangement of
enantioenriched allyl vinyl ether 20 (Eq. 6). The [1, 3] product was isolated in good yield,

with >95:5 regioselectivity and 20% ee. Based on the discussion in the preceding chapter
\
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there are two distinct ionic species formed under these conditions: 1) a tight ion pair and
2) a dissociated ion pair. The tight ion pair leads to enantioenriched product, while the
dissociated ion pair is responsible for racemization. Attempts to improve the degree of

stereoretention failed.

Me 0°X: EtAIC!, Mo (o
P X Me Toluene, -78 °C Ph A Me

20 21

99%ee 20%ee, >95:5 (80%)

2.5. Conclusion.

In conclusion, this section has illustrated a regioselective [1, 3] rearrangement of
allylvinyl ethers. Both Lewis acidity of the catalyst and electronic variation of the cation
can be used to exert a measure of control on the rearrangement. These results suggest
that there is a partitioning between the ionic [1, 3], ionic [3, 3] and concerted [3, 3]
pathways that leads to the observed levels of regioselectivity. Substrate structure, for
trisubstituted alkenes, can be used to direct the recombination event between the allyl
cation and metallo-enolate.
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Chapter 3

Stereoselective Lewis Acid-Mediated [1, 3] Ring Contraction of 2.5-Dihvdrooxepines

as a Route to Polysubstituted Cvclopentenes

3.1. Introduction.

The Diels—Alder reaction is a cornerstone of organic synthesis, and its ability to
enable the production of cyclohexanes in a stereocontrolled manner is unparalleled. In
contrast, no method exists for the synthesis of cyclopentanes that matches the scope and
power of the Diels—Alder reaction in spite of the prevalence of these ring systems in
natural products. Among numerous methods that have been used to target these cores,
vinylcyclopropane ring-expansion strategies have been intensively investigated and have
provided some spectacular successes. " Corey showed that vinyl cyclopropane ring
expansions under Lewis acidic conditions are a viable approach to tetracyclic systems
enroute to (+/-)-antheridium-(Eq. 1).3 Davies demonstrated an eloquent and convergent

approach to tetrasubstituted cyclopentenes through employment of his Rhy(S-DOSP),

catalyst (Eq. 2).4

EtLAICI )
TBOMSO H CH,Cly, 0°C TEOMSO
1 70" ~0 2

o "0
80%

{

0 Rh
|
CO,Me SOZA, OfRh CO,Me

MeO 4 MeO
Ar= P-C12H2506H4 5 2
hexane 0°C Ph
86%, 95%ee

Nevertheless, most reports result in mono- or disubstituted cyclopentanes or

cyclopentenes, while approaches to polysubstituted systems are rare. We were interested
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in addressing this deficiency and developing a diastereoselective approach to tri-, tetra-,
and pentasubstituted cyclopentanes from readily available precursors.

Our group has previously reported the [1, 3] rearrangement of vinyl acetals which
proceeds through a metalloenolate and oxocarbenium ion pair.’ To extend this concept to
other stabilized cations, we initiated a program to study the [1, 3] rearrangement of
allylvinyl ethers that would form a metalloenolate and an allylic cation ion pair under
Lewis acidic conditions. However, we were mindful that these substrates could also
undergo a Lewis acid (LA) accelerated Claisen rearrangement which, if concerted, would
form the [3, 3] rearrangement product exclusively.® A number of workers have
documented that the Lewis acid mediated Claisen rearrangement proceeds stepwise’ and
occasionally provides the [1, 3] adduct with some selectivity.® To favor the
[1, 3] over the [3, 3] product, we envisioned that a cyclic allylvinyl ether or 2,5-
dihydrooxepin could provide access to densely functionalized cyclopentenes under
ionizing conditions as the [3, 3] rearrangement should be disfavored because of ring

strain in the cyclopropane product (Eq. 3).

Ry
B oy kim‘i LAZ 1,3 07N
Oy L RN R, (@
\, . .
8

ionic intermedlate

Despite their apparent complexity, 2,5-dihydrooxepins are readily prepared by a
retro-Claisen reaction of the corresponding cyclopropane carboxaldehyde 9, itself
available by a modular approach using established methods (see next section).>'® An
equilibrium between 9 and 10 has been predicted computationally,!’ and it may be shifted

towards the 2,5-dihydrooxepin with nt-stabilizing substituents (Eq. 4).1°
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[1, 3] Rearrangments of 2,5-dihydrooxepines have been previously reported”'’; however,
the rearrangement proceeds to form dihydrofurans in the opposite sense of the desired

process (Scheme 1).

Scheme 1.

Boeckman:
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iz Dess-Martin Periodinane @
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f OH _Dess-Martin Periodinane
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Z Now oY 1a
13\|/ 95%
ReiBig:
) Swern o TBDMSO,
TBOMSO~/\ oxidation TBDMSO /
Pl T dieade N o
~, ii) silica gel 17
( OH o .
15 16 49-79%

Our own PM3 semi-emperical calculations supported previous reports by ReiBig
that 2,5-dihydrooxepines were accessible by a retro-Claisen rearrangement of the
corresponding cyclopropane carboxaldehydes (Scheme 2). Intuition suggested that an
appropriate Lewis acid should to ionize the allyl C-O bond, which in principle could lead
to the desired [1, 3] rearrangement. This chapter will discuss the successful
implementation of this strategy, in which a unique Lewis acid promoted ring contraction

of 2,5-dihydrooxepines to cyclopentenes was developed.
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Scheme 2.
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3.2. Substrate Synthesis.

We began our investigations by developing a highly modular approach to the 2,5-
dihydrooxepin skeleton. A representative synthesis is illustrated in Scheme 3. A
Sonogashira cross-coupling between propargyl alcohol and aryl halides provided 21.2
Selective formation of the (Z)-vinyl iodide 22 was effected with Red-Al/IL,'* and a
Negishi coupling was then employed to insert an additional alkene.!* A directed
Simmons-Smith cyclopropanation afforded 24 in near quantitative yield as a single
regioisomer.’> We felt that 24 could be converted into 26 in a one-pot oxidation/retro-
Claisen sequence and, after some optimization, it was found that 1.5 equivalents of the
Dess-Martin periodinane in CH,Cl; at 40 °C provided the desired 2,5-dihydrooxepin.
Depending on the nature of the equilibrium, some unrearranged aldehyde 25 could be

isolated and subsequently converted into 26 by heating overnight in toluene at 110 °C.
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Scheme 3.

1 mol% Pd(PPhy), Red-Al
' 71,5 mol% Cul Y LI 1. UH
= thenlzorNIS  py X
propargyl aicohol 2 quench. 22
NEt; 97% 97%
3eq2 e~ Br Et;Zn, DME
© Xy oH = OoH
5 moi% PdCI,(MeCN), ~ CHaly, CH,Cly
THF/DMF (1:1) Ph
23 24 H
81%° 99%
Dess-Martin Ph
periodinane H Ph I \
CH,Cl, O 2 25 o
40 °C, 3h Me 26

79%

a) Reaction performed using vinyl zinc bromides derived from the
corresponding lithium reagent.

3.3. Reaction Optimization.

With a convergent approach to the requisite 2,5-dihydrooxepins in hand, we
began our studies on the stereoselective [1, 3] ring contraction by conducting a brief
screen of Lewis acids. Cu(OTf),, TiCls, and SnCly yielded no product under a variety of
conditions (Table 1, entries 1-3). In the presence of EtAICI; (entries 4-6), the starting
material was consumed with the formation of uncharacterized oligomeric products. This
could happen in one of two ways: 1) vinyl ether 26 could polymerize before ionization of
the C-O bond or 2) the zwitterionic intermediate generated from the ionization of C-O is
stable enough that intramolecular ring closure is slower than the bimolecular reaction.
Thus, cyclopentene 27 was isolated in 89% yield with 90:10 (cis/trans) selectivity (entry
7) when 26 was subjected to dilute Lewis acid at ambient temperature. Slow addition of

dilute 2,5-dihydrooxepin to the Lewis acid generally provides an incremental increase in

selectivity (entry 8).
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Table 1. Lewis Acid Screen.

Ph Ph
/ \ Lewis Acid
o CHCl o
26 H 27
Entry LewisAcid - Conditions Product (cis/trans)
1 Cu(OTf), various NP?
2 TiCly various NP?
3 SnCl, various NP?
4 EtAICl,  0.1M,-78 °C 0.5h NP?
5 EtAICI, 0.1M, 23 °C 0.5h NP?
6 EtAICI, 0.001M, -78 °C, th NP?
7 EtAICI, 0.001M, 23 °C, 5 min 89% (90:10)
g° EtAICI, 0.02M, 23 °C, 5 min 53%(93:7)

a) Starting material consumed. b) Slow addition of substrate to
dilute Lewis acid.

3.4. Reaction Scope.

We then evaluated the scope of the [1, 3] ring contraction of the 2,5-
dihydrooxepins. Electron-donating and electron-withdrawing groups in the para position
of the aromatic ring are tolerated and give products in comparable yield and selectivity
(Table 2, entries 1-3). Additional substitution on the dihydrooxepin unit is well-tolerated,
with substrate 32 furnishing tetrasubstituted cyclopentene 33 with good selectivity. An
increase in the steric bulk of the substituent from a methyl group (16) to a phenethyl
group (34) or protected alcohol (36) results in a slight decrease in the yield and selectivity,
but still provides synthetically useful amounts of product. Bicyclic [4.3.0] systems can
be accessed using this method, although the yield in this case is unoptimized (entry 7).
Lastly, the use of aldehyde 40 as a substrate indicates that formation of the dihydrooxepin
is not necessary to achieve reaction. Furthermore, this substrate lacks the aryl

stabilization evident in the other substrates, thus suggesting that aliphatic stabilization is

sufficient in some cases.
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Table 2. Reaction Scope.

R, Ry
3 EtAICI,
l 0.001M CH,Cl, W
O 23 °C, 10min
R; e Rz
Entry Substrate Product Yield% cisftrans
Ph Ph
! Q 89 90:10
Q H ’
Me
Me
16 O 47
p;Tol p-Tol
| N
2 85 93:7
° Me "
18 0 qgMe
CerP-CF;, Cerp'CF;;
3 l \ 75 87:13
0N\, H
e
20 0 24 Me
Ph Ph
4 | N e Me 58 88:12
o} " H
e
Me
22 O 23
Ph Ph
s () n ssies
0 pn H Ph )
24 02
Ph Ph
6 | \ 52 85:15
o H OTBDPS
26 oteops O 27
Ph Ph
7 [ H 38 92:8
o] Iwe
28 29
Ph
Me
X Me
8 Me 59 89 : 11
Ph o H
Me

O
(7]
-

30

These disubstituted cyclopentene carboxaldehydes are readily epimerized" to

form the trans diastereomer upon treatment with DBU (Table 3, entries 1 and 2).
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Table 3. Aldehyde Epimerization.

R, Ph
ﬁ 20 mol% DBU
lo) CHzClz Ot
R 23°C, 24h §\\ R
H 1 H
Entry Ry, Ry Product Yield% trans/cis
p-Tol
1 Me, p-Tol Oﬁo“ 68 88:12
19 H 32
Ph
2 -CHCHPh, Ph o o pn 81 97:3
25 H 33

3.5. Enantioenriched Cyclopentene Synthesis.

A considerable advantage of this method is the ability to introduce substitution at
every position of the dihydrooxepin ring and, when desired, enantioenrichment during the
cyclopropanation step. With this approach in mind, we sought to apply the protocol of
Charette et al.'® as a means of introducing asymmetry and additional substitutents onto
the cyclopropane. 2,5-Dihydrooxepin 26 was synthesized in enantioenriched form using
the Charette-Simmons-Smith protocol in 56% yield. When reacted under the optimized

conditions, the corresponding cyclopentene was isolated in 0 %ee (Eq. 5).

Ph

Ph

EtAIC],
.\ — e o (s)
o 23 °C, 5min M

e
26 H 27
90% ee 0% ee

Clearly, racemization is due to ionization of the allyl C-O bond to the flat allyl
cation. To access enantioenriched cyclopentenes using this methodology 2,4,5-
trisubsituted dihydrooxepine 44, which possesses a stereocenter that cannot be
epimerized was constructed. When 44 was subjected to the optimized reaction conditions,

45 was isolated in 70 % yield and 95 %ee (Eq. 6).
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Ph

Ph
/ \ EtAICL 6 (6)
o CH,CL, O™ 4

44 23 °C, 5 min 45 T

95% ee 70%, >95 : 5dr
95% ee

The pre-existing stereocenter controls the diastereoselective course of the reaction,
and the observed selectivity can be rationalized by our proposed model (Figure 1). There
is an interplay of minimization between the A ; strain, between the phenyl group on the
allyl cation and the adjacent methyl, and the A 3 strain, between the alkoxide of the

enolate and the methyl group, that presumably leads to the observed levels of

diastereoselectivity.
Figure 1.
H H H CHy
H3CM\CH3 ~. Hacuf’
{“Ph =" Ay, {_Ph
‘\9 \\ 12 K?
CAIELCl, =" Aga CAIELCI,
Disfavored Favored

As noted above, we may also use the aldehydes as precursors for the
rearrangement (Table 2, entry 8; Eq. 7). This may be rationalized in two ways: 1) initial
Lewis acid catalyzed retro-Claisen rearrangement provides the 2,5-dihydrooxepin prior to
[1, 3] bond migration or 2) the Lewis acid accelerates the Claisen/retro-Claisen
equilibrium so that a Curtin—Hammett situation is present where the cyclopentene
product is siphoned off from either the 2,5-dihydrooxepin or the cyclopropane
carboxaldehyde. Although the exact mechanism at this stage remains unclear, this

observation makes the overall procedure operationally simpler.

\\ Ph
= o0

H \IL EtAICI, )
\ —rrrer—— e e
Ph U H CHCl; Oﬁ\“\ %
46 23 °C, 5 min 45 A B
95% ee 70%,>95: 5dr
95% ee
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3.6. Substrate and Product Utility.

To show that an equilibrium between the 2,5-dihydrooxepine and cyclopropane
carboxaldehyde exists, 26 was heated in the presence of phosphorane 47 (Eq. 8).
Cycloheptadiene 48, the product of initial Claisen rearrangement followed by Wittig

reaction and then Cope rearrangement, was isolated in good yield and excellent

diastereoselectivity.
Ph Ph
S PhsP—/
‘ " toluene Kﬁi J/Aﬂ\ 8
o 110 °C, 24h o
EtO,C

2 EO,C

74%, >95 :5 dr

The presence of the olefin in the cyclopentene allows for further
diastereoselective functionalization. For example, diastereoselective dihydroxylation

produces a pentasubstituted cyclopentane 40 in modest yield but excellent selectivity (Eq.

16
9).
Ph Ph
0504, NMO "'OgH
in (9)
H,0, t-BuOH, acetone

oH Me (5:2:1) on Me

43 50

60%,91:9ds

3.7. Conclusion.

In summary, we have developed a novel room-temperature Lewis acid-mediated
diastereoselective [1, 3] ring contraction of 2,5-dihydrooxepins. A modular approach to
these seven-membered heterocycles allows for the installation of a variety of groups at
every position. The rearrangement provides access to cis and trans cyclopentene
carboxaldehydes with good selectivities, and can lead to tetrasubstituted cyclopentenes in

high enantiomeric excess and diastereoselectivity.
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Chapter 4

A Diastereoselective Intermolecular Heck Reaction of 1,3-Dioxepins

4.1. Introduction.

Essential to the organic chemist are the tools for the formation of new carbon-
carbon bonds. Transition metal-catalyzed processes that accomplish this goal! have
received increasing attention in recent years due to the mild nature of the reaction
conditions used and functional group compatibility. One such method is the Heck
reaction, which traditionally involves the coupling of an alkene and an organic halide in
the presence of a palladium-derived catalyst. The intramolecular Heck reaction has been
extensively investigated and as a result has played a crucial role in the successful

synthesis of complex molecules (Scheme 1).%*

OMe OH
10% Pd(OCOCF3)2(PPha), O —_— O
‘ oBn  —— ‘ o OH
PMP, PhMe, 120 °C S
2

Scheme 1.

N MeN——~L_—=/
DBS 3
60% (-)-morphine
; Br H
N, O\-NSEM Pda(dba)s, NEts REM X, O
Xz 0 I
PhMe, 110 °C AN O
- )
MeOCEN MeO,C~N NZ_ o
4 Br” s Me ¢
89:11 dr, 95% (+/-}-gelsemine

Despite the myriad of different catalyst systems, the intermolecular Heck reaction
is less well-understood. Perhaps most illustrative of this issue is that only the simplest
cyclic olefins participate well in the asymmetric intermolecular Heck reaction.* Only
recently has the diastereoselective intermolecular Heck reaction been explored, in which

diastereoselectivity is produced by chelation of an auxiliary (Scheme 2).>¢
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Scheme 2.

asymmetric intermolecular Heck:

)\ [Pd(OAC),-(R)-BINAP]

<73 PhOTY, i-ProNEt, PhH, 30 °C

diastereoselective intermolecular Heck:

S ; X
-
N

MeoN
S\O dppp, Ag2CO3
\ DMF, 100 °C
O
9

Phl, Pd(OAc),

MezN[_Ss“:;o

O

8
93% ee, 77%

o~ "Ph
10
>95:5dr, 77%

In the absence of the directing influence of an auxiliary, the reaction would take

place through diasteromeric transition states and the level of diasteroselection should be

dictated by sterics alone. There are a limited number of examples of this type of

diastereoselective Heck reaction; however, no general protocol exists. Larock and

coworkers illustrated a diastereoselective Heck reaction that provides frans-2,5-

diaryltetrahydrofurans en route to platelet-activating factor antagonists.” More recently

Correia and coworkers described a diastereoselective Heck reaction of substituted

pyrrolines with arenediazonium salts as an approach to aryl kainoids (Scheme 3).8
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Scheme 3.

Larock:

1) Pd(OAG), PPhs
Ag,CO3, MeCN, 80 °C

MeO.
]@\ MeO, =
\/—-j\ MeO |
0]
0 2) Pd{OAc),, PPhs MeO
7 n-BugNCl, KOAc 1

DMF, 80 °C

) 73%, two steps

Correia: MeO.
1) 4-OMePhNBF 4, Pd(OAC),
MeCN/H,O/AcOH (6:3:1)
- 60 °C “,
Qcone &
Co.Me 2) 2,6-lutidine, TFAA N~ ~COxMe
z 0o 110°C CoMe
12 13
60%, two steps

We became interested in a Heck reaction of 1,3-dioxepins as a framework to
evaluate the diastereoselective intermolecular Heck reaction because these compounds
are readily synthesized with substitution at the 2- and 4-positions. The Heck products
themselves are also of use in the study of diastereoselective [1, 3] ring contractions. This
reaction, when combined with the overall sequence to the dioxepin framework, provides

a general and modular approach to substituted tetrahydrofurans (Scheme 4).

Scheme 4.

diastereoselective Heck reaction

Rz,

7 Ry-l, Pd® I\
P 2 e N

R X7 base R XY

diastereoselective Heck reaction 4 [o} Ry, Pd? Ryl [o}
of 1,3-dioxepins /o J """ base he ; .
Ry O R; O
Lewis acid-mediated ring Ryl o) o R,
contraction of 1,3-dioxepins /{ .. Lewisacid - =0
0" *r "
0" R
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4.2, Early Results.

The Heck reaction of unsubstituted 1,3-dioxepins is known and a number of
different catalyst systems have been communicated.” Unfortunately, the reported Heck
conditions do not translate well to reactions with 2-substituted dioxepins. These
reactions tended to be messy, and were plagued by prohibitively long reaction times and
low conversions. However, a survey of other Heck conditions revealed that modification
of Jeffery’s conditions'® produced the desired 1,3-dioxepin Heck adducts in good yield
and diasteroselectivity. ! The scope of the reaction is broad. Iodobenzene and electron-
rich aromatic as well as 1,2-disubstituted and trisubstituted alkenes couple efficiently
(entries 5, 9 and 10, Table 1). The reaction is also chemoselective for coupling at the Z-
double bond in the presence of potentially reactive E olefins (entry 3). The
diastereoselectivity appears to be independent of the substitution at the 2-position of the

dioxepin and the reaction proceeds even in the presence of a thioether (entry 11).
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Table 1. Scope of the Intermolecular Heck Reaction.

Rg-l, PA(OAC),, PPhy

B 20
O)‘Fh K,COs, n-BugNCl Ry o).R1

MeCN/H,0 (8:1)

50 °C, 12-36h
Entry Raz-1 Product dr Yield %
Phee, —
1 @—u < /2 87:13 75
0" “ph
14
Phu.<_\o
2 ©—| . . 87:13 65
1sl_y
3 oS Pho” o 83:17 7
O/V\
18 Ph
Phe/
: o} .
4 @—; ( /K/\ 85:15 65
0
17 Ph
p-OMePhu,( %
5 Me0—< >—| 85:15 59
O/K/\Ph
18
Phi
6 O hrerg /2 85:15 64
0" “Et
19
P .
7 O—| /2 85:15 67
0" Nipr
20
8 O Phee /E 83:17 68
0" MBu

21
9 e Ph—/ ‘ 0 79:21 42
1 O/K/\
Ph

22
10 =, P ""CO 8:22 T
Me O/K/\
» Ph

1 - P“"'FO 83:17 59
A~

o SPh
24
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4.3. Reaction Optimization.

Although these modified Jeffery conditions provided material for initial [1, 3] ring
contraction studies, we endeavored improve the diastereoselectivity and expand the scope
of this useful reaction. Control experiments found the diastereoselectivity to be
dependent on the nature of the base employed (entries 1 and 2, Table 2). We
hypothesized that a more organic-soluble base would serve to increase the rate of X-Pd-H
decomposition, thus suppressing the undesired Pd-H-mediated epimerization of the
desired frans diastereomer. The reaction, when conducted using our optimized modified

12,13

Jeffery conditions, "~ provides the desired dioxepin in excellent yield and selectivity

(entry 4). The concentration of base also plays a role under the optimized conditions
albeit the effect is not as pronounced (95:5 vs >95:5, entries 4 and 5). It is worthy to note
that both of the described Heck conditions require an induction period of 10 minutes prior
to the addition of substrate, which is critical for obtaining a solution that contains active
catalyst. During the “aging” period there is a color change of the solution from orange to
14,15

red-brown.

Table 2. Base Study and Reaction Optimization.

(o] = "0
] Ph _Phi, Pd(OAc),® C Ph
C\O)z\s/\ conditions P 0)\/:
7

Entry Conditions dr (trans:cis)
K2CQ3, n-BuyNCl .
1 0.1M MeCN/H,0 (9:1), 50 °C 33:67
K2C03, n-BugNCI
2 203 85:1
1M MeCN/H20 (9:1), 50 °C s
4 1 eq. i-PrNEt, BnEtsNCl 95:5
DMF, 80 °C
5 3 eq. i-PryNEt, BnEtzNCl >95:5°
DMF, 80 °C

a) Reactions were performed with 8 moi% Pd(OAc),. b) The minor
diastereomer was not observed by 'H NMR.
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The halide scope of the reaction was evaluated (Table 3). lodobenzene is a
competent coupling partner, while the reaction falters in the presence of bromobenzene
(entries 1 and 2). Aryl trifylates and acid chlorides do not participate in the reaction
under these condtions (entries 3 and 4).

Table 3. Halide Scope.

Co Ph-X, Pd(OAC), Ci
o)\ PR BnEt,NCI, iPr,NEL PR\—g’ "
14

26 DMF, 80 °C, 24h
Entry Ph-X dr Yield %
1 Ph-1 >95:5 85
2 Ph-Br >95:5 32
3 Ph-OT§ ND <5
4 PhCO-C| ND NR

4.4. Reaction Scope.

The scope of the desymmetrizing Heck reaction of 1,3-dioxepins with respect to
substitution at the acetal position is broad. Simple alkyl, and electron-rich and election-
deficient aromatic substitution is well-tolerated (entries 1, 2, 6 and 8, Table 4). The
sterochemistry of the Heck adducts was trans by nOe experiments and single crystal X-
ray diffraction anaysis of 30. Pendant and strained cyclopropane and cyclobutane
substituents remain intact under the reaction conditions (entries 3-5, 7 and 9).
Chemoselectivity for the dioxepin olefin is exclusive in the presence of other potentially
reactive E-olefins (entries 10 and 11). Unprotected alcohols are also tolerated and exhibit
no deleterious effects on the reaction (entry 5). The coupling partner scope is also quite
broad, where electron-rich aryl, 1,2-disubstituted, 1,1-disubstituted and trisubstituted

alkenyl iodides provide dioxepin products with good diastereoselectivity and respectable

yields (entries 6-9).
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Table 4. Reaction Scope of 2-Substituted Dioxepins.

= Rg-l, P4(OAC), Co
CO)\IM BNEtsNC, i-ProNE Ra™ o)i R1

DMF, 80 °C, 24h

Entry Ro-l Product dr Yield %
Z 0
1 @.. Phe o)\/\Ph >95:5 87
17

)
2 @—I Ph"‘C\o)aPh >95:5 85
#7Q ph
3 ) Phn'C)\b >95:5 80
027

70
p-CFaPh
4 ) phn'Co )t >95:5 80
28

70 oH
5 1 ..-C >95:5 72
¥ ]
CO
6 MeO t w )* - >95:5 67

ZQ pn
7 Ph_ >95:5 50
=, Ph’// O34
)
Moo 0)‘2.4-0MePh
8 { 32 >95: 5 45
MeO' MeO
OMe OMe

MeO

| ,4 Z>Q ph
9 V= Ph N\ >95:5 36
PH 0
33
0
1 ) Ph‘"Co )_{;Ph >95:5 77

20
1m ) Ph"‘(\ W/ TCOEt 955 64
o 3

Dioxepins that contain a preexisting stereocenter at the 4-position are also
competent olefins for the Heck reaction (Table 5).!° Electron-rich, neutral and deficient
aromatic iodides all couple with excellent diastereoselectivity and good yield to provide

the frans dioxepin products (entries 1-3). Interestingly, when the size of the substitutent
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at the dioxepin 4-position reaches a steric threshold, the reverse olefin insertion becomes
competitive (entries 5 and 6) and in the extreme is the major product (entry 7).
Table 5. Reaction Scope of 4-Substituted 1,3-Dioxepins.

Ar:
=0 (o]
f Q Pd(OAc); ‘ ) + )
) + Arl Ar Y
o BnEt;NCI, +Pr;NEt 0 0
R R A R B

DMF, 80 °C, 24h

Entry Products  Product Ratio (A:B) Yield %, (A dr)
20
1 phel ) >95:5 83, >95:5
0
n-Hex 3g
N
2 p-MeOPh™ ) >95:5 81, >95:5
o
n-Hex 36
Z0
3 m-ONPh™ ) >95:5 56, >95:5
nHex 4y
Ph
Phe + 64:36 84, >95:5
o} N o
38 39
p-MeOPh

\

(0} 78:22 84, >95:5
p-MeOPH™ ) \
]
6 P ) \ 38:62 61, >95:5

In order to rationalize the stereochemistry of the products we considered

4.5. Stereochemistry.

thermodynamic versus kinetic selectivity. It has been established that alkenes can “walk”
under a variety of Heck conditions by Pd-H-mediated isomerization to the more
thermodynamically favored position.!” To determine if this mechanism was operative

under our conditions 1,3-dioxepin 44 was subjected to the optimized Heck conditions and
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returned 45 in good yield and modest dr confirming that the vinyl ether is the

thermodynamically favored position for the alkene (Eq. 1).

N\ 0)\b BnEt;NCL, i-PrNEt g\o)\b YN O)\b M
44 DMF, 80 °C, 24h pH  45a Ph: 45b
75:25 dr, 75%

This result however, does not determine whether an epimerization event is
responsible for the formation of the frans-dioxepin stereochemistry. To evaluate this
possibility, 4,4,7,7-tetradeuteriodioxepin 46 was synthesized. If the trans-dioxepin is
produced by thermodynamic selecitivity (isomerization/epimerization by Pd-H or Pd-D)
the there should be *H enrichment at the 5-position and 'H enrichment at the 7-position of
the dioxepin. If kinetic selectivity predominates then no 5-*H or 7-'H enrichment should
be observed. Exposure of 46 to both sets of modified Jeffery conditions showed no 2H
enrichment at the 5-position and no 'H incorporation at the 7-position.'* When
combined, this data suggessts that the high levels of diastereoselection obtained under the
optimized conditions are a result of kinetic selecitvity and not epimerization of the newly
formed stereocenter by a long-lived Pd-H.

Scheme S.
D . D(<5% "H)
D Phi, Pd(OAc), (% °H)
/0 Phe ?
BRELNCI, i-PrNE
D 0:@\ DMF, 80 °C, 24h oy th@\
NO 75%

NOz

D (<5% 'H}
Ph-l, Pd(OAc),

D
D (<8% °H)
/7 9 Pryn 0
1M MeCN/H,0 (9:1
D 4 NO, 20 (9:1) P & NO,

50 °C, 24h

62%
The relative stereochemistry can be rationalized by our proposed stereochemical
model. Coordination of the Pd-alkyl species to the acetal oxygen-lone pairs brings the
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metal into steric contact with the substitutent at the 2- or 4-position of the dioxepin.'’
This steric clash forces a ring flip, placing the substituent in the axial position and anti to
the Pd-alkyl species, which leads to the trans product (Figure 1).

Figure 1.

A
Y

-0
Oql/R
Ar
H
disfavored favored
R
H O —_
@ 8T — ™
&R 4 0
< B
H Ar

disfavored favored

R
Ar ﬁL 20
H
,f <\>o$\,o Ar““CO)‘R

Recall that increasing steric bulk at the 4-position of the 1,3-dioxepin increases
the amount of regioisomeric product was formed (entries 4-6, Table 5). This product
arises from a different mode of olefin insertion (vide infra). To rationalize this result, it is
necessary to consider the aforementioned stereochemical models. The reaction via
structure A leads to the expected product I (Fig. 2). However, as the steric size increases
there is a developing 1,3-diaxial interaction. This, combined with a preference for large
substitutents to occupy equitorial positions leads to a chair-like conformation (Fig. 2, B).
Delivery of the Pd-alkyl species by coordination of the acetal-oxygens in the chair-like
conformation would lead to the cis product, which is not observed. Hence, the formation
of II most likely arises from a true intermolecular reaction between the olefin of the 1,3-

dioxepin and the Pd-alkyl species.
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Figure 2.
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H Ar
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We next directed our attention towards determining the combined effect of
substitution at the 2- and 4-positions of the dioxepin. Interestingly we found that when
cis-2,4-disubstituted dioxepin 48 was subjected to optimized conditions, the all cis-2,4,5-

trisubstituted dioxepin 49 was obtained in good yield and excellent diastereoselectivity

20
(Eq. 2).
B Ph-1, Pd(OA -9
O)‘Ph . Pd(OAc), Ph O)‘Ph @
BnEtsNCI, i-PerEt
48 DMF, 80 °C, 24h 49
PH PH

>95:5 dr, 70%

To rationalize this surprising result we propose that the combined effect of the 2-
phenyl and 4-phenethyl groups produces a chair-like ground state conformation of 48 in
which the substituents occupy equitorial positions. Coordination of the Pd-alkyl species
to the acetal-oxygens does not promote a ring flip due to a developing 1,3-diaxial
interaction (Fig 3, A). Instead, acetal-oxygen coordination delivers the Pd-alkyl syn to

the substitutents at the 2- and 4-positions of the dioxepin (Fig. 3, B).
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Figure 3.
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4.6. Conclusion.

In summary, we have developed a general and highly #rans-diastereoselective
intermolecular Heck reaction of 1,3-dioxepins. Sustitution at the 2- and 4-positions of
1,3-dioxepins both lead to the trans-dioxepin product. Labling studies that suggest that
the selectivity is kinetic in origin and not a result of an initial unselective olefin insertion
followed by an epimerization event. The overall synthetic sequence provides an efficient
and modular approach to the versatile 1,3-dioxepin framework.
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Chapter S

A Diastereoselective Ring Contraction of 1,3-Dioxepins to 2,3.4-Trisubstituted and

Tetrasubstituted Tetrahydrofurans

5.1. Introduction.

The transformation of a C-O bond to a C-C bond with control of configuration at
the reactive carbon centers represents a significant challenge in synthesis. The Claisen
reaction, a [3, 3] rearrangement of allyl vinyl ethers is one such strategy. Related to this
process is the less well known [1, 3] O to C rearrangement of vinyl ethers, which can be
initiated thermally or mediated by transition metals and Lewis acids." Our group has
been interested in the latter of these strategies, the Lewis acid-mediated [1, 3]
rearrangement of vinyl ethers. Our program initially began with the stereoretentive
rearrangement of vinyl acetals (Eq. 1 and 2) and more recently has expanded to

incorporate the regio- and stereoselective rearrangement of allyl vinyl ether systems (Eq.

3 and 4).2

((’;‘_)\/% m
(8]
M e )]
2
CO_)\O % @
R
S
R R
() = 8 e
0 R

During our studies of 2,5-dihydrooxepins we found that a preexisting stereocenter
exerts a positive influence on the diastereoselectivity of the reaction (Eq. 5). We

hypothesized that this effect would be operative in other [1, 3] ring contractions, which
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directed us towards 1,3-dioxepins as precursors to tetrahydrofurans (Eq. 6), an common

motif in natural products.3’4

Ph g H CHs Ph
©
R EtAIC, HiC H . Me (5)
CH,Cl, Ph
0 23°C, 5 min 0
Me OAIELC, Ms d
95% ee 70%,>95 : 5 dr
95% ee
— R =
Rzu,( /Lo Lewis acid 2{ ° ©)
0" 'R, 0" Ry

Linchpin strategies that rapidly assemble densely functionalized tetrahydrofurans
are particularly attractive and some recent advances have emerged.® These include Pd-
catalyzed oxy-arylation of alkenes, [3+2] annulation of aldehydes, and intramolecular
oxocarbenium ion allylation.® We envisioned a complementary method in which cis-1,4-
butenediol could be used as a platform for the construction of a tetrahydrofuran (Scheme
1). Functionalization of a 1,3-dioxepin could be coupled with an olefin migration to
provide a vinyl acetal such as 2. Subsequent Lewis acid-induced ring contraction of 2

should provide 2,3,4-trisubstituted tetrahydrofurans.

Scheme 1.
N " fo o Fe
HO o 0|-.| ..... X AL N 1A __OLA . P
i 0.0 P& 020 O O
R b b \ ,
1Ry 2 Ry 13 4

Some precedent in the literature suggested that this approach should be feasible.
In the course of extensive contributions to the chemistry of vinyl acetals,’ Frauenrath has
shown that 2,4-disubstituted dioxepin 5 undergoes ring contraction in good yield with
varying diastereoselectivity dependent on starting material stereochemistry.® Takano has
illustrated an elegant approach to the furofuran lignan (+/-)-asarinin using a Heck

reaction of a 1,3-dioxepin followed by ring contraction of 7 (Scheme 2).” To our
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knowledge, substrates 5 and 7 are the only two examples of a [1, 3] ring contraction of a
1,3-dioxepin to produce trisubstituted tetrahydrofurans. In particular, we wondered
whether there were structural parameters that would be key in determining the efficiency
and selectivity that could be attained. We endeavored to expand the scope of this
approach to the tetrahydrofuran framework and recently reported a general and modular
approach for the synthesis to the 2,3-cis/3,4-trans tetrahydrofuran diastereomer.'® Herein
we report a full account of our research in this area.

Scheme 2.

Frauenrath:

4 Me o)
Meﬂ BF,-OEt, s \3 4 From 24-trans: 84%, 89:11:<1:<1 dr
0.20 CH)Cl,-78°C O From 2,4-cis: 79%, 24:3:19:54 dr
SI 6 (dr = 2,3-trans/3,5-cis : 2,3-cis/3,5-trans :
2,3-trans/3,5-trans : 2,3-cis/3,5-cis)
Takano; f1-CeHyy

n-C5H1,\/\<_\ 0
Lewis Acid

O —_—_————
7 CH.Cl,,-78°C O
then NaBH,
0
o/

OH  TiCl(O-Pr), 53%, 30:1 dr
TBSOTF 85%, 1:13 dr
BF3°OEt; 53%, 1:1.4 dr

O(dr = 2,3-trans/3,4-cis : 2,3-cis/3,4-trans)

o
5.2. Reaction Development.

The [1, 3] ring contraction of 1,3-dioxepins has been proposed to proceed by
initial coordination of the Lewis acid to the vinyl acetal oxygen, followed by ionization to
produce a metalloenolate and oxocarbenium ion 3, which then collapse to form the
tetrahydrofuran product 4 (Scheme 1). In light of the mechanism there are two ways to
approach the development of this reaction that should have a direct affect on the
diastereoselectivity in the tetrahydrofuran product; 1) an analysis of the substitution at the
2-position of thel,3-dioxepin, which directly affects the stability and lifetime of the

oxocarbenium ion intermediate and 2) changing the Lewis acid to alter the
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nucleophilicity of the resultant metalloenolate. Frauenrath’s work illustrated that simple
alkyl substitution at the 2-postion of the dioxepin can lead to mixtures of all four
tetrahydrofuran diastereomers. Takano’s work showed that changing the Lewis acid had
a pronounced effect on the diastereoselectivity of the reaction; TiCl,(O-iPr), produced
the 2,3-trans/3,4-cis stereochemistry and TBSOTT gave the 2,3-cis/3,4-trans
stereochemistry (Scheme 2).

In light of this precedent, we hypothesized that n-donation of a substituent at the
2-position of the 1,3-dioxepin would be key in obtaining synthetically useful
diastereoselectivities and began our studies by evaluating the generality of Takano’s
conditions through manipulation of substitution at the 2-position of the dioxepin. To this
end, 9, 11, and 13, were subjected to Takano’s conditions: stoichiometric TiCly(O-iPr);
in CHyCl; at -78 °C. As expected, the corresponding tetrahydrofurans were isolated in
good yield and diastereoselectivity (Table 1, entries 1, 3 and 4). However, and consistent
with our hypothesis, all four diastereomers are obtained in significant amounts when
simple alkyl substitution is present at the acetal position (entry 5, 15). The minor
diastereomer produced from these reactions was the 2,3-cis/3,4-trans tetrahydrofuran.

Takano also reported that ring contraction in the presence of TBSOTT provides
the 2,3-cis/3,4-trans diastereomeric tetrahydrofuran. This reaction, however, is very
sensitive to the nature of the 2-substitutent. Treatment of 9 and 15 with TBSOTf
provides 10 and 16 in poor diastereoselectivity (entries 2 and 6). These results suggest

that the reported conditions are not general.

76

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 1. Evaluation of Takano’s Conditions.

R, CHO R, CHO
Ras . lewisAcd 7 . f—
/( CHyCly, TTCHClp 78°C
A Q R1 B Q R1
Entry Lewis Acid Dioxepin {1,3) Product®  Yield (%), dr (A:B)®
Ph, Ph
1 TiClL(Oi-Pn), (\ o  85%,9:88:3:<1
7
2 TBSOTf 0 o 83%, 54:41:4:1
o~ Q 10
3 TiCL(Oi-Pr), 88%, 12:80:8:<1
! R X 3 0
4 TICl(Oi-Py), b P 90%, 1387437
S (] 014
e
Ph ¢
Ph
5 TiClL,(Oi-Pr), Ph, Ph 93%, 22:62:19:7

-]

TBSOTS </\\ P ea% es19:4t1
0

a) Relative stereochemistry was assigned by nOe experiments.
b) The 2,3-cis/3,4-cis and 2,3-cis/3,4-trans diastereomers are not shown.

Consistent with our initial hypothesis, the lifetime and inherent stability of the
oxocarbenium intermediate appears to be the key in accessing synthetically useful levels
of diastereoselection in the ring contraction of 1,3-dioxepins. With this in mind we
décided to pursue a more general protocol. A brief Lewis acid screen for the conversion
of 15 to 16 was conducted in CH,Cl, at -78 °C. Conventional conditions for the Lewis
acid-mediated processes did produce tetrahydrofuran products albeit in poor
diastereoselectivity (Table 2, entries 1-3).

It has been reported that oxocarbenium ion reactivity can be tuned by judicious
choice of solvent.!! We hypothesized that a polar aprotic solvent would stabilize the
transient acyclic oxocarbenium ion generated upon Lewis acid ionization of the 1,3-

dioxepin, and would serve to enhance the diastereoselectivity of this process. We found
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that 10 mol% TMSOT(f in MeCN at -40 °C provides the 2,3-cis/3,4-trans adduct 16 in
good yield and excellent diastereoselectivity (Table 2, entry 4).'2

Table 2. Lewis acid Screen.

Ph
- :Ph
m Lewis Acid N P
0.0 Solvent 0
1;(/Ph 16 Ph
Entry LewisAcid Eq. Solvent T(°C) dr Yield (%)

1 BFp#OEf; 01 CHCl, 78 62:24:3 11 93
2 TiCL©i-Pr), 1.1 CH,Cl, -78 52:22 :19:7 93
3 TMSOTf 01 CH)ChL 78 55:33:6 :8 80
4 TMSOTf 04 MeCN 40 91:5 :4 i< B85

5.3. Reaction Scope for 2,3-cis/3,4-trans Tetrahydrofurans.

The substrate scope for the TMSOT{-MeCN conditions is broad and provides
functionalized tetrahydrofurans in uniformly high diastereoselectivity. The highest levels
of diastereoseleption are observed for substrates that possess aromatic or alkene
substitution at the 2-position (Table 3, entries 1-3). Branched 2-alkyl substitution results
in diminishing diastereoselectivity with increasing steric bulk (entries 6-8). The reaction
is also tolerant of Lewis basic functionality (entries 2 and 11). Di- and tri-substituted

olefins at the dioxepin 5-position also provide tetrahydrofurans in good yield and

selectivity (entries 9 and 10).
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Table 3. Reaction Scope.

Ry O TMSOTF Ry  CHO
A MeCN / S
O R4 -40°C, 1h o~ Ry
Entry Dioxepin [1,3] Product Yield (%), dr
Y Ph,  CHO
1 /k 70, 94:5:1:<1
O Ph 0 Ph
9 10a
hind Ph,  CHO
2 (o . o 94, 95:5:<1:<1
0 0
0
11 ' Y 12a\ J
3 P""g R Pr, 0 88, 96:3:1:<1
' % Brhi<
oA 7 Ph
13 Ph 0 14a
Phi., (“\0 Ph, CHO
4 7 85, 96:3:1:<1
O/K/\ (j\/\Ph
o]
15 Ph 16
= p-MeOPh, CHO
p-MeOPhi 1, o (j\/\
5 C Ph 84,91:6:2:1
O/K/\Ph o
17 18
Wan Ph, CHO
6 Phe /E (i 97, 90:7:2:<1
07 gt Et
19 %2
7 Phd™ o Ph‘Z__Si‘O 83, 85:10:5:<1
0" Nipr i-Pr
21 02
. Ph, CHO
g  FPho /2 2 55, 70:18:12:<1
0" My t-Bu
23 O 24
_ Ph\_
~—.  CHO
o Pt ’OK/\ g 71, 93:6:1:<1
(o] Ph
Ph o)
25 26
Ph
e =,  CHO
10 Ph—y/ © Mé £—S\/\ 79, 83:17:<1:<1
Me o/K/\ Ph
Ph O
27 28
S Ph, CHO
11 Ph ‘(o (1/\ 68, 83:13:4:<1
O/K/\SPh o SPh
28 30

To further elucidate the contributing factors that determine the diastereoselectivity
of this reaction, a control experiment was designed (Scheme 3). A mixture of

diastereomers of 14, formed via a different route, were subjected to the optimized
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conditions and returned 14 with enhanced dr. This result suggests that ring
opening/epimerization may be responsible for the high levels of diastereoselection found
for substrates with n-donating substituents at the 2-position. Interestingly, the reaction
conditions do not provide diastereomeric enrichment in the case of 16, implying that its
formation is not reversible and the selectivities for substrates with alkyl substitution are

kinetic in origin.

Scheme 3.
Ph, CHO 10 mol% TMSOTf  Ph, CHO
7 TTTMeCN
14 L_S\/\Ph 40t023°C,2h 14 (S\/\Ph
O ! O
dr=152:36:12:<1 85% recovered
dr=76:18:6:<1
Ph, CHO 10 mol% TMSOTf  Ph, CHO
7 T MeCN .
16 CS\/\P"‘ ° 16 (_S\/\Ph
o -40 to 23 °C, 2h o
dr =56:37:7:<1 85% recovered
dr = 56:37:7:<1

5.4. Reaction Development and Scope for 2,3-trans/3,4-cis Tetrahydrofurans.

Having developed a general, catalytic and diastereoselective ring contraction of
1,3-dioxepin derivatives to the corresponding 2,3-cis/3,4-trans tetrahydrofurans (Scheme
4, A) we desired access to one of the other three possible diasterecomers. Presumably, B
or C could be produced by Lewis acid-mediated ring contraction and D could by made by
epimerization of C. Stabilization of the oxocarbenium ion intermediate by solvent
(MeCN) was crucial in providing access to A, we therefore hypothesized that B or C
could be formed under conditions that provides a more reactive oxocarbenium-

metalloenolate ion pair.
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Scheme 4.

Ry

o} o} o} o}
Rz"'( "o TMsoTt Rl[_i R, Rzz i\ pase G d
BLL L A ()E c Pase Z—>~D
0/k MeCN Ry o R4 o Ry o Ry
! ' '
: ILA? iLA?

Using Takano’s conditions as a starting point, a brief Lewis acid screen revealed
that stoichiometric SnCly promotes the rearrangement of 15 to 16a in good yield and
good 2,3-trans/3,4-cis diastereoselectivity (Scheme 5, entry 2).

Scheme 5.

0 o
= 0 N \\_
X C Lewis Acid PR, Jh s
Ph o on CH,Cly, -78 °C Ph O\/\Ph

15 O 16 0" 16a
Entry Lewis acid Yield (%) dr (16:16a:other isomers)
1 TiCl(Oi-Pr), 93 22:52:19:7
2 SnCl, 89 10:81:9:<1

The substrate scope for these conditions is general and proceeds in excellent
diastereoselectivity provided that there is an aromatic or branched alkyl group at the 2-
position of the dioxepin (Table 4, entries 1 and 2). The reaction also proceeds with good
chemo- and diastereoselectively in the face of a possible [1, 2] alkyl shift. Cyclobutanes
(entries 3-8), cyclopropanes (entries 9 and 10) and cyclopentanes (entry 11) survive
under the optimized conditions to provide 2-cycloalky! tetrahydrofuran products in good
yield and diastereoselectivity. In all cases the minor diastereomer formed was the 2,3-

cis/3 4-trans tetrahydrofuran.
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Table 4. Reaction Scope.

R2'u< _,(\O 14 e::. glncu R, LHO
C radri
0" °R, -78°C QR,
Entry Dioxepin [1,3} Product Yield (%), dr
1 Phe ™ Yo Ph,  CHO
L 87, 95:5:<1:<1
Co (X
$Pn 00 P"
P o Ph,  CHO
89, 88:12:<1:<1
(o)
24 O'24a
Phend™ o Ph, CHO
8 o Ph 86, 92:8:<1:<1
31 032
CF
— 3 CF,
Phees 0 Ph’
4 83, 82:9:6:3
0
33
1y - O :C
5 Ph—t/ - y 83, 95:5:<1:<1
(o]
35
8 Ph\(/ \  Ph 80, 86:14:<1:<1
% O3s
pn,,. Ph, CHO
7 s 92, 84:16:<1:<1
o Ph
39 Ph O 40
8 Phe, o ph’ CHO Ph
Co 0 o~ 65, 95:5:<1:<1
(.
41 Ph 0" 42
— Ph CHO
ooy Y, N
o P B on U pn 90, 89:11:<1:<1
O/X o
43 44
— cHO
10 Ph'l:< 0 Ph’-, 3 87, 95:5:<1:<1
(¢] D\v
45% O
= CHO
1 Phd™ Ph, ¢ 96, 91:9:<1:<1
o Ph Ph
pe Oss

In an attempt to promote the alkyl group shift, substrate 49 was prepared and

subjected to the optimized SnCly reaction conditions. Tetrahydrofuran-lactol 50 was
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isolated as the 2,3-cis/3,4-trans product (Scheme 6). One can envision this product
arising from initial Lewis acid chelation between the free hydroxyl group and the vinyl
ether oxygen. After ionization, the Lewis acid remains chelated, which orients the and
oxocarbenium ion appropriately to furnish the cis stereochemistry. Presumably, this

chelation mechanism also promotes the formation of 2,3-cis/3,4-trans tetrahydrofuran 42.

Scheme 6.
Ph Ph . OH
A\ 1.1 eq. SnCl, 3 1:1
0
0 © CH,Cly, -78 °C 0%
49 OH 50 H
70%, >95:5

Ph y OH

) <]
LA
o//LA ot OH
H (o} H R H S
PhZ@BW PhZ 0O PhZO o 0
Hy Hy Hy H

H

Tetrasubstituted tetrahydrofuran scaffolds can also be accessed using this
methodology. Ring contraction of 51 in the presence of catalytic amounts of TMSOT( in
MeCN produces the desired tetrahydrofuran in good yield and poor diastereoselectivity
(Scheme 7). However, rearrangement of 51 in the presence of SnCly provided
tetrasubstituted tetrahydrofuran 52 in excellent yield and exceptional diastereoselectivity.
No diastereomeric enrichment or epimerization was observed when 52 was exposed to
SnCly in CH,Cl,. The same was true for the TMSOTf-MeCN conditions, showing that
the selectivities obtained under both reaction conditions are kinetic and do not arise from
initial unselective alkylation followed by an epimerization event. These results also

suggest that the reversibility previously discussed is a function of the substitution present

on the tetrahydrofuran (Scheme 3).
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Scheme 7.

Ph cat. TMSOTS Ph Ph o 1.4 eq. SnCl, Ph Ph o
N\ MeCN 7 CH,Cl, Vi
Ph L ———— e iy
o o o} (o}
51E 52 pPh 52 Pn
57:43:<1:<1, 85% 57:43 dr, 96% recovered
no epimerization
Ph 1.1 eq. SCl, Ph Ph o cat. TMSOTY Ph Ph o
AN CH,Cl, 7 MeCN y;
Ph B LLIE) — i
o] O
(0] (o]
51\ll/h 52 Ph 52 Ph
95:5:<1:<1, 70% »95:5, 95% recovered

no epimerization

5.5. Stereochemistry.

We have shown that solvent and electronic stabilization of the oxocarbenium ion
independently increase the selectivity of the [1, 3] ring contraction. These effects proved
to be synergistic, leading to exceptional levels of diastereoselection for the 2,3-cis/3,4-

trans tetrahydrofuran in the presence of TMSOTf in MeCN.

Figure 1.
W O@LA M o(?LA H
Rzi\-v/H
R2i\'%R RZ%H / SR
@OT-T‘I/ ! g Az O)}}!{/
H R4 oA
A B c
Favored

The relative configuration in the 2,3,4-trisubstituted tetrahydrofuran products can
be rationalized with our proposed stereochemical model (Fig. 1). Although the
stereochemical relationship is primarily controlled via the pre-existing stereocenter at the
5-position of the 1,3-dioxepin (A, Fig. 1), the stereochemical fidelity of the 1,3-ring
contraction is influenced by the type of substitution and not the relative stereochemistry
at the acetal position (A vs B, Fig. 1). Furthermore, there is an interplay of energy

minimization brought about by the potential relief of A, 3 strain between R, and the (Fig.
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1, C) and the substituents R; and R, occupying pseudoequatorial positions (A vs B, Fig.
1).

The 2,3-trans/3,4-cis tetrahydrofurans, formed under the SnCly conditions, can be
rationalized by a different stereochemical model. Assuming that the E-oxocarbenium ion
is formed by ionization of the acetal, a boat-like and starting material-like transition state
leads to the observed stereochemistry in the tetrahydrofuran product (Fig. 2, B). The R;
and R; substituents occupy equatorial positions, which minimize their steric interactions.
The tin alkoxide occupies an axial position; however, the steric interaction with R; is
minimal. This transition state structure may also benefit from an electrostatic
stabilization between the tin alkoxide and the oxocarbenium ion, which could help to

stabilize the boat-like transition state.

Figure 2.
Q,
R A
R R 1 /o) Ry ¢
"o 2k Zo P =
o] @ Ry =
0]
N bo ZENT N
A B SnCiy c

5.6. Conclusion.

In summary, we have developed a modular and diastereodivergent [1, 3] ring
contraction of 1,3-dioxepins. The diastereoselectivity of the [1, 3] rearrangement is
controlled by the combination of Lewis acid and solvent. TMSOTf in MeCN leads to the
formation of the 2,3-cis/3,4-trans diastereomer while SnCly in CH,Cl, provides the 2,3-
trans/3,4-cis diastereomer. The application of this method to the synthesis of

tetrahydrofuran-containing natural products is ongoing.
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Chapter 6

[1, 3] Rearrangement of 1,3-Dioxepins: A Rapid Total Synthesis of (+/-)-Sylvone and
an Approach to Lophirone H

6.1. Introduction.

| Furofuran lignans are a large and diverse class of molecules that possess a
tetrahydrofuran core and ornamental aromatic substitution. Typically isolated from plant
materials, many of which are used in indigenous and traditional herbal medicines,
furofurans display broad biological activity.! The biosynthesis of furofuran lignans
occurs by phenoxy radical dimerization of coniferyl alcohol, catalyzed by an oxidase.'
Subsequent internal trapping of the quinone methide intermediates completes the
formation of the furofuran lignan core (Scheme 1). Although it was known for some time
that various enzymes would catalyze this process unselectively, it was the exceptional
work by Lewis and coworkers that identified an auxiliary protein that rendered the

process regio- and enantioselective.?

Scheme 1.
B OMe | B OMe |
OH (o] ‘ o
| OH # OH (#Z
oxidase Lo
HO ~ OH ~  OH
OMe ‘
coniferyl alcohol [¢) 0
OMe OMe

|
. g::;;@

MeO, OMe

o
HO

(+)-pinoresinol

87

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



New lignans continue to be isolated and have thus compelled the community to
develop new synthetic methodology that provides access to the variety of different
substitution patterns possessed by these molecules.>* Of the currently existing strategies
there are few that provide direct and efficient construction of 2,3,4-trisubstituted
tetrahydrofurans.’ Perhaps the most eloquent of these approaches was reported by
Marsden and coworkers in which substituted tetrahydrofurans were constructed by
condensation of an aldehyde and a [1,2]oxasilepine (Scheme 2).°

Scheme 2.

(0] approach towards sesaminone

Marsden: N
0 oS BF3-OEt, =\ 0
+ —_——

0 ) Ba!
4 0

o] 0

[
b
o]

We have developed a complementary approach to the 2,3,4-trisubstituted tetrahydrofuran
framework via a diasteroselective [1, 3] ring-contraction of 1,3-dioxepins.”®
6.2. Synthesis of (+/-)-Sylvone.

Sylvone (1) is a furofuran lignan isolated by Banetji and coworkers from the
petrol extracts of seeds derived from Piper sylvaticum (Scheme 3).9 Although the

bioactivity profile of 1 is not known other members of its class display a range of activity

including antitumor, antimitotic and antiviral characteristics.'
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Scheme 3.
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Of this small sub-class of furofuran lignans only sesaminone has been synthesized
(Scheme 4)."" Gordon’s approach utilized a diastereoselective syn aldol reaction as the
key step, which proceeded in 11 steps and 16% overall yield. Yoda’s key step involved a
fragmentation and diastereoselective alkylation of 7. The overall sequence to sesaminone

proceeded in 17 steps and 0.7% overall yield.

Scheme 4.
Gordon:
0 o oH

| BuOTLNE, OJLN :

CHZCIZ -78t00°C — ﬁ
Bn | o)
6 o-/
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HO 3
Yoda: e ’b j)
1) Me,NH g o
BnO 2) (COCl)z, NEt3 o BnO. O/Q
’n DMSO,THE ¢ :@\J\J\ Ld 4
0”0 0 y NMe; : i
7 OH

3) sesaminone

B:MQ‘Q-S 8

THE o 5%, 3 steps

We envisioned the formation of the 2,3,4-trisubstituted tetrahydrofuran core of
sylvone by a ring contraction of a 1,3-dioxepin. This strategy revolves around the use of
cis-1,4-butene diol as a lynchpin (Scheme 5). The diol is functionalized with an aldehyde

to provide a symmetric 1,3-dioxepin. The olefin is subsequently desymmetrized by a
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Heck reaction, which simultaneously adds a necessary aryl substituent and activates the

system towards [1, 3] rearrangement.

Scheme 5.
Ry
_/2\_ condensation m Heck coupling (—\
HO + OH e Lo d —_— Lo
2 h h
) R4 Ry

R{
Ra

Ring contraction \
—_—
N\
°© o

Ry
The synthetic sequence commenced with condensation of cis-1,4-butenediol and
veratraldehyde. An intermolecular Heck reaction between 9 and 1,1-disubstituted alkene
10'2 proceeded in excellent diastereoselectivity and moderate yield (Scheme 6).

Increasing the catalyst loading or extension of the reaction time did not increase the yield.

Scheme 6.

HO—/?-—OH i Q
0 5 mol % p-TsOH
| —_— o} . OMe

PhH

Dean-Stark o OMe
OMe 85%

OMe

MeQ. )

Zq
o
OMe e
o
PA(OAC),, BnEt;NCI " OMe
0 OMe
OMe

+Pr;NEt, DMF, 80 °C Me
MeO
>95:5 dr, 45%
Ring contraction of key dioxepin 11 under our previously reported conditions led
to complex mixtures of unidentifiable products (Table 1, entry 1). It was hypothesized
that exposure to aqueous acid during workup facilitated product decomposition. This

pitfall was overcome by the low temperature quench of the Lewis acid with NEt;

followed by an aqueous NaHCO; work-up. Unfortunately, the TMSOTf-MeCN
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conditions produced the desired tetrahydrofuran with modest diastereoselectivity. Only
two of the four possible diastereomers were produced. The major diastereomer was the
2,3-cis/3,4-trans product and the minor diastereomer contained the 2,3-trans/3,4-cis
relative configuration (entry 2). Diastereoselectivity was restored by changing the
solvent to EtCN, which allowed access to lower temperatures (entry 3).

Table 1. Optimization of Ring Contraction.
C )\Q\ 10 mol% TMSOT
solvent T°C
MeO OMe 5& m

Entry solvent temp. (°C) dr
1 MeCN -40 ND

2  MeCN -40 78:22
3  EtCN -78 90:10

MeO

The remainder of the synthesis proceeded without incident (Scheme 7).
Reduction of the aldehyde with NaBH, was followed by dihydroxylation of the 1,1-
disubstituted olefin. Finally, oxidative cleavage with NalO4 produced (+/-)-sylvone in
85% from 11. Due to the acid-sensitive nature of tetrahydrofuran 12 and the complex
diastereomeric mixture derived from facially-unselective dihydroxylation, this four
reaction sequence was performed without intermediate purification. Upon work-up (+/-)-
sylvone was isolated as a white solid whose physical data matched the reported literature
values. The synthesis was completed in 33% overall yield for six linear steps from

commercially available materials.
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Scheme 7.
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o OMe
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MeO 1 OMe acetone/t-BUOH/H20 (4:1:1)
OMe 4) NalQy, THF/HL0 (5:1)
MeO Ho
Q OMe
.,

MeO d OMe
MeO 1 (+/)-sylvone

OMe

4 steps, 85%
33% overall

6.3. Studies Toward the Synthesis of (+/-)-Lophirone H.

Lophirone H (13) is a biflavonoid that was isolated by Bodo and coworkers from
the bark of lophira lanceolata."® lts tricyclic core is biosynthetically related to furofuran
lignan natural products, which all possess a tetrahydrofuran as the central structural
component (Figure 1). Synthetic pursuit of lophirone H was undertaken as a challenging
test for the [1, 3] rearrangement of 1,3-dioxepins.

A Figure 1.

(+/-)-lophirone H

Retrosynthetic analysis of the core of lophirone H led to functionalized
tetrahydrofuran 14, which could be accessed by a tandem ring contraction and Friedel-
Crafts alkylation of oxocarbenium derived from 17. Key dioxepin 17 could be accessed
by condensation of unsymmetrical diol 20 and 4-methoxysalicylaldehyde followed by a

Heck reaction with vinyl iodide 18 (Scheme 8).
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Scheme 8.

Ary Ary
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ﬂ Lewis Acid
20 OMe
OH OH Me°©,.,, == | At N\
. acidic 18 !
0 conditions O\_/O MeO O\_/O
" on : 19 A _OH : Heck 7 A __oH
OMe OMe

OMe

Synthetic studies commenced with a model study (Scheme 9). Dioxepin 21 was
constructed using established methods. Heck reaction under previously optimized
conditions in the presence of the free phenol provided tetrahydrofurans 22 and 23. This
unexpected result can be rationalized by first a Heck coupling of the dioxepin and
iodobenzene followed by a diastereoselective ring contraction, where the 2,3-cis
diastereomer (major) cyclizes to the tricyclic product 22. The major diastereomer was
converted into the anomeric fluoride, which was subsequently alkylated with phenyl
magnesium bromide'* to provide 24 in good yield and diastereoselectivity. The relative
configuration of the major diastereomer was not determined. We also found that 1-aryl-

1-iodoalkenes would participate in the Heck reaction of 1,3-dioxepins."
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Scheme 9.
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2)
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4:1 dr, 71%

Functionalized diol 25 was prepared by C-alkylation of propargy! alcohol with
anisaldehyde, followed by a Z-selective Lindlar reduction of the corresponding alkyne.

All attempts to form 1,3-dioxpin 26 failed under acidic conditions (Scheme 10).

Scheme 10.
1) 2.1 eq. Buli

-78 °C, then MeO MeO%
ISR

=\ MeO % acidic conditions 0 -0

OH ™) PdICaCO; OH OH X oP
1-octene, pyr 25 MeO! 2 26
THF, H,, 6h o
e 83%, 2 steps or OH
MeO‘Q—\\ OMe
opC P =0Ts, OMs, OMe, OTBS,
OTBDPS

In all cases the major product isolated was 2,5-dihydrofuran 27. The problem appears to
involve ionization of the doubly-activated secondary alcohol and trapping of the allyl
cation by the primary alcohol. When the reaction is conducted in acetone the reaction

proceeds in moderate yield to provide isopropylidine acetal 28 (Scheme 11).1
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Scheme 11.

MeO MeO.
acidic =
— conditions =
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30%
Clearly, access to the key dioxepin by standard chemistry is problematic; hence a more
practical approach was adopted. Dioxepin 29 was synthesized using previously
developed methods. Double bond isomerization to provide dioxepin 30 was

accomplished using a Ni-H catalyst (Eq. 1).17

() ()

00 NiCly dppb 00
OMs OMs (1)
LIBEtzH
THF, 50 °C
29 30
OMe OMe

95%
A Heck reaction in the presence of AgOAc followed by deprotection with LDA furnished
the desired dioxepin 32 in 30% yield for two steps (Scheme 12).'8

Scheme 12.

(—\ | o WOMe WOMe
0.0 0._.0 0._0

2 mol% Pd(QAc);

OMs 2.4 mol% PPh3 OMs 1.8eq. LDA OH
e e .
3 eq. AgOAc THF, -78 10 25 °C
OMe2®  MeCN,0.1M, 80 °C med! 2h 32

OMe
30% (two steps)

With key dioxepin 31 in hand, a second Heck reaction using iodobenzene provided 33 in
good diastereoselectivity and yield. Unfortunately, 1-aryl-1-iodoalkene 34 decomposed

under the reaction conditions (Scheme 13).
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Scheme 13,

R

0 -° X, Pd(OAc), 0._0
OMs
BnNEts, i-ProNEt OMs
DMF, 80 °C
3
OMe OMe

X =Phl, 33, 90:10 dr, 60%
|

X ;eo /g;edecomposiﬁon
It was hypothesized that the 2-methoxyl group was responsible for the facile
decomposition of vinyl iodide 34. To test this and not significantly alter our synthetic
plan to lophirone H, the 2-methoxyl group was incorporated into the aromatic ring system

in the form of a benzofuran. Using published procedures, 3-iodobenzofuran 38 was

prepared in 62% yield over three steps (Scheme 14)."

Scheme 14.
o) 6,0 oTt MesSn-SnMes SnMe;
o e, O o
EtNiPr, DCM
- PA(PPhy)
Q ° 3/4 0
MeO 35 e°c MeO 360 LiCl, THF, refux ~ MeO a7
99% 63%
1, DCM }
CCly, 25°C >
4
o
MeQ 18

99%
Unfortunately, 3-iodobenzofuran 38 was also not a competent coupling partner
under the optimized Heck conditions (Scheme 15). It is worthy of note that the key 1,3-
dioxepin 31 was recovered in near quantitative yield from the reaction, while 38 was
consumed. The major product isolated from the reaction is the homo-coupling product of

38, whose nominal mass spectrum matches 39; however, the specific connectivity was

not assigned.
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Scheme 15.
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6.4. Conclusion.

In conclusion, we have developed a diastereoselective Heck and [1, 3] ring
contraction protocol that provides expedient access to stereodefined densely
functionalized tetrahydrofurans. This modular and convergent methodology was
successfully applied to the synthesis of (+/-)-sylvone. Additionally, the limitations of this
method were identified in the formation of the Heck precursor and key Heck reaction in
the attempted synthesis of lophirone H. A partial solution was described for the synthesis
of the key dioxepin 31, which was a competent coupling partner for a Heck reaction with
iodobenzene. Problematic decomposition and homo-coupling of 1-(2-Methoxyaryl)-1-
iodoalkene 34 and 3-iodobenzofuran 38 stifled this synthetic approach.
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Chapter 2 Experimental

Regioselective Lewis Acid-Mediated [1, 3] Rearrangement of Allylvinyl Ethers

General Methods. All reactions were performed under an inter atmosphere of argon in
flame-dried glassware with magnetic stirring. Dichloromethane and toluene were
degassed with argon and passed through two columns of neutral alumina. Column
chromatography was performed on EM Science silica gel 60 (230-400 mesh). Thin layer
chromatography was performed on EM Science 0.25 mm silica gel 60-F plates.
Visualization was accomplished with UV light, KMnOj, and aqueous ceric ammonium
molybdate followed by heating.

CuOTf; was purchased from Strem Chemical Co. All other Lewis acids used were
purchased from Aldrich Chemical Co. and used without further purification. Et;AlCl was
purchased as a 1.8M solution in toluene. EtAlCl; was purchased as a 1.0M solution in
hexane.

Infrared spectra were obtained on a Nicolet Avatar 320 FT-IR spectrometer. 'H
NMR spectra were recorded on a Varian 400 MHz spectrometer at ambient temperature.
Data are reported as follows: chemical shift in parts per million (8, ppm) from an internal
standard [deuterated chloroform (CDCl;)], multiplicity (s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet), integration, and coupling constant (Hz). *C NMR were
recorded on a Varian 100 MHz spectrometer at ambient temperature. Chemical shifts are
reported in ppm from (CDCls) taken as 77.23 ppm. Mass spectra were obtained on
Fisons VG Autospec. Analytical high performance liquid chromatography (HPLC) was
performed on a Dynamax model SD-200 HPLC equipped with a Dynamax model UV-1

variable wavelength UV detector using Chiracel chiral columns as indicated.
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General Procedure for the Lewis acid-mediated [1,3] rearrangement of allylvinyl
ethers. Reactions were performed on a 0.25 mmol scale in allylvinyl ether. A flame-
dried round-bottom flask was charged with Lewis acid (1.05 eq.) under an inert
atmosphere of argon and subsequently diluted with CH,Cl, or toluene (2.5 mL, 0.1 M
with respect to allylvinyl ether) and mixed for 10 min. at ambient temperature. The
mixture was then cooled to the appropriate temperature, allylvinyl ether (1 eq.) was then
added neat, drop wise via syringe (1 drop per 5 seconds) and the reaction was stirred for
1-5 h. The reaction mixture was quenched with 5 mL sat. aq. NH4Cl and allowed to
warm to ambient temperature. The biphasic mixture was poured onto 10 mL of H,O, the
organic layer was separated and the aqueous layer was extracted with CH,Cl, (3 X 10
mL). The organic layers were combined, dried over Na,SOy, filtered, then concentrated
in vacuo, and purified via silica gel column chromatography using 9:1 (Hex: EtOAc, 1%
NEt3) as eluent.

Yamamoto-type Lewis acids were formed in situ by dilution of the appropriate
phenol (2eq.) in toluene, subsequently cooling the mixture to 0 °C, followed by drop wise
addition of Me3Al (leq., 1 drop per 5 seconds) and mixing for 1h.

Mass spectrometry was attempted under TOF+, FAB+ and ES- ionization for allvinyl
ethers 10, 13, 14, 15, 16, 20, 23sm, 24sm, 25sm, 26sm, 27sm, 28sm, and 29; however,

mass spectra were not obtained due to decomposition.

)

X Me

(3-Vinyloxy-but-1-enyl)-benzene (10).! 'H NMR (400 MHz CDCl;) § 7.49-
7.22 (5H, m), 6.56 (1H, d, J= 16.0 Hz), 6.38 (1H, dd, J = 14.1, 6.6 Hz), 6.17 (1H, dd, J =

16.0, 6.6 Hz), 4.51 (1H, dq, J= 6.5, 6.5 Hz), 4.36 (1H, dd, J = 14.3, 1.4 Hz), 4.03 (1H, dd,

! Cresson, P. Bull Chim. Soc. Fr. 1964, 10, 2629-2635.
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J=6.6,1.5 Hz), 1.41 (3H, d, J= 6.6 Hz); >C NMR (100 MHz CDCl) & 150.7, 136.6,
131.3, 130.6, 128.8, 128.0, 126.7, 89.2, 76.6, 21.4; IR (NaCl dep from CH,Cl,) 2979,

1633, 1322, 1191, 967, 693 cm™.

)
X Me

HsC 1-Methyl-4-(3-vinyloxy-but-1-enyl)-benzene (13). 'H NMR (400 MHz
CDCl3) § 7.30-7.11 (4H, m), 6.52 (1H, d, J= 16.0 Hz), 6.37 (1H, dd, J= 14.1, 6.6 Hz),
6.12 (1H, dd, J=16.0, 6.8 Hz), 4.49 (1H, dg, J= 6.6, 6.6 Hz), 4.35 (1H, d, J= 14.1 Hz),
4.02 (1H, d, J = 6.6 Hz), 2.34 (3H, 5) 1.41 (3H, d, J= 6.4 Hz); *C NMR (100 MHz
CDCI3) 8 150.7, 137.9, 133.8, 131.3, 129.6, 129.5, 126.6, 89.2, 76.8, 21.4, 21.4; IR
(NaCl dep from CH,Cl,) 2978, 1633, 1514, 1191, 1065, 800 cm’.
e

/©/\/LMe
MeO 1-Methoxy-4-(3-vinyloxy-but-1-enyl)-benzene (14). 'H NMR (400
MHz CDCl) & 7.35-6.83 (4H, m), 6.50 (1H, d, J = 16.0 Hz), 6.38 (1H, dd, J = 14.1, 6.6
Hz), 6.03 (1H, dd, J = 16.0, 6.8 Hz), 4.48 (1H, dq, J = 6.6, 6.6 Hz), 4.35 (1H, dd, J = 14.1,
1.3 Hz), 4.02 (1H, dd, J = 6.4, 1.1 Hz), 3.81 (3H, s) 1.40 (3H, d, J = 6.4 Hz); *C NMR
(100 MHz CDCI3) § 159.6, 150.7, 130.9, 129.3, 128.4, 127.9, 114.2, 89.1, 76.9, 55.5,

21.5; IR (NaCl dep from CH,Cl,) 2977, 1634, 1512, 1250, 1035, 820 cm’™.,

)

X7 Me

FaC 1-Trifluoromethyl-4-(3-vinyloxy-but-1-enyl)-benzene (15). 'H NMR
(400 MHz CDCl3) 8 7.59-7.45 (4H, m), 6.59 (1H, d, J=16.2 Hz), 6.38 (1H, dd, J = 14.1,
6.6 Hz), 6.28 (1H, dd, /= 16.2, 6.4 Hz), 4.55 (1H, dq, J= 6.4, 6.4 Hz), 4.36 (1H, dd, J =

14.1, 1.5 Hz), 4.07 (1H, dd, J = 6.6, 1.5 Hz), 1.43 (3H, d, J= 6.4 Hz); '3C NMR (100
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MHz CDCl3) 6 150.5, 140.1, 133.3, 129.6, 126.9, 126.9, 125.8, 125.7, 89.4, 76.0, 21.2;

IR (NaCl dep from CH,Cl,) 2982, 1616, 1415, 1326, 1124, 819 cm™,
o

PhJ\/\Me (1-Vinyloxy-but-2-enyl)-benzene (16). 'H NMR (400 MHz CDCls) & 7.41-
7.27 (5H, m), 6.39 (1H, dd, J = 14.1, 6.6 Hz), 5.79-5.59 (2H, m), 5.17 (1H, d, J = 6.8 Hz),
434 (1H, d, J = 14.1 Hz), 4.03 (1H, d, J= 6.6 Hz), 1.72 3H, d, J= 6.2 Hz); *C NMR
(100 MHz CDCls) § 150.5, 140.8, 131.2, 129.3, 128.7, 127.9, 126.7, 89.8, 82.4, 18.0; IR

(NaCl dep from CH,Cl,) 3030, 1635, 1452, 1318, 1175, 965, 698 cm™.

Me O
e (1-Methyl-3-vinyloxy-but-1-enyl)-benzene (20). 'H NMR (400 MHz CDCls)

5 7.44-7.23 (5H, m), 6.38 (1H, dd, J = 14.3, 6.6 Hz), 5.76 (1H, dd, J = 8.4, 1.1 Hz), 4.79
(1H, dq, J= 6.6, 6.6 Hz), 4.32 (1H, dd, J= 13.9, 1.1 Hz), 4.03 (1H, dd, J = 6.6, 1.1 Hz),
2.10 (3H, d, /= 1.1 Hz), 1.39 (3H, d, J = 6.6 Hz); >C NMR (100 MHz CDCls) § 150.6,
142.8, 137.0, 129.8, 128.5, 127.5, 126.0, 88.8, 72.9, 21.1, 16.4; IR (NaCl dep from

CH,Cl,) 2978, 1633, 1444, 1192, 821, 696 cm™,

Me o

P "ume 3-Methyl-5-phenyl-hex-4-enal (21). Isolated in 81% yield as a colorless oil.
'"H NMR (400 MHz CDCl3) & 9.74 (1H, t, J=2.13 Hz), 7.36-7.19 (5H, m), 5.55 (1H, d, J
=9.6 Hz), 3.14 (1H, m), 2.46 (2H, dd, J="7.0, 2.1 Hz), 2.07 (3H, s), 1.11 3H, d, J=6.6
Hz); >C NMR (100 MHz CDCls) § 202.5, 143.6, 134.9, 132.3, 128.4, 127.1, 125.9,51.2,
28.6,21.2,16.3; IR (NaCl dep from CH,Cl,) 2961, 1724, 1445, 1026, 759, 697 cm’’;

HRMS (FAB+) calcd for C3H;60, 188.1201. Found 188.1193.

Me O X

Ph)\/kEt (1-Methyl-3-vinyloxy-pent-1-enyl)-benzene (23sm). 'H NMR (400 MHz
CDCl3) 6 7.46-7.24 (5H, m), 6.40 (1H, dd, J=13.9, 6.6 Hz), 5.73 (1H, d, J = 8.4 Hz),

4.56 (1H, dt, J= 6.6, 6.6 Hz), 430 (1H, dd, J = 14.3, 1.5 Hz), 4.01 (1H, dd, J= 6.6, 1.1
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Hz), 2.12 GH, s) 1.91-1.58 (2H, m) 0.99 (3H, t, /= 7.3 Hz); *C NMR (100 MHz CDCl;)
§150.9, 143.0, 137.9, 128.7, 128.5, 127.5, 126.0, 88.6, 78.2, 28.5, 16.7, 9.8; IR (NaCl

dep from CH,Cl,) 2966, 1632, 1446, 1190, 757, 696 cm™.

Me o
s

Ph et 3-Ethyl-S-phenyl-hex-4-enal (23). Isolated in 70% yield as a colorless oil.
'H NMR (400 MHz CDCl) § 9.73 (1H, t, J= 2.3 Hz), 7.37-7.19 (5H, m), 5.49 (1H, dd, J
=10.0, 1.3 Hz), 2.93 (1H, m), 2.51 (1H, ddd, J= 16.0, 5.8, 2.3 Hz), 2.41 (1H, ddd, J=
16.0, 8.1, 2.3 Hz), 2.06 (3H, s), 1.55 (1H, m), 1.37 (1H, m), 0.91 (3H, t, J= 7.5 Hz); *C
NMR (100 MHz CDCL) 6 202.7, 143.8, 136.3, 131.1, 128.4, 127.1, 126.0, 49.7, 35.5,
28.9,16.7, 11.9; IR (NaCl dep from CH,Cl,) 2961, 2721, 1724, 1494, 1027, 697 cm’™;

HRMS (FAB+) calcd for C14H;30, 202.1358. Found 202.1355.

Me 07X
pn”ipr (1,4-Dimethyl-3-vinyloxy-pent-1-enyl)-benzene (24sm). 'H NMR (400

MHz CDCls) § 7.43-7.22 (5H, m), 6.36 (1H, dd, J= 14.1, 64 Hz), 5.7 (14, dd, J= 9.2,
1.3 Hz), 432 (1H, dd, /= 9.0, 6.4 Hz), 4.25 (1H, dd, J = 14.1, 1.5 Hz), 4.95 (1H, dd, J =
6.6, 1.3 Hz), 2.09 (3H, s), 1.99-1.90 (2H, m), 1.00 (3H, d, /= 6.8 Hz), 0.94 (3H, d, J =
7.0 Hz); 3C NMR (100 MHz CDCls) & 151.2, 143.1, 138.5, 128.4, 127.5, 127.3, 126.1,
88.4, 81.7,33.5, 18.6, 18.2, 17.0; IR (NaCl dep from CH,Cl,) 2960, 1632, 1446, 1194,

1041, 696 cm™.

Me o
.

Ph rpr3-Isopropyl-5-phenyl-hex-4-enal (24). Isolated in 53% yield as a colorless
oil. 'H NMR (400 MHz CDCl;) § 9.72 (1H, t, J = 24 Hz), 7.38-7.20 (5H, m), 5.57 (1H,
d, J=10.3 Hz), 2.87 (1H, ddt, J= 15.8, 10.3, 5.9 Hz), 2.63-2.37 (2H, m), 2.08 (3H, s),
1.74 (1H, dh, J = 13.6, 6.6 Hz), 0.97 (3H, d, J= 7.0 Hz), 0.94 (3H, d, J= 7.0 Hz); °C

NMR (100 MHz CDCl3) 6 203.0, 144.0, 136.8, 129.5, 128.4, 127.1, 126.1, 47.5, 40.0,
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33.0,20.7,19.4, 16.9; IR (NaCl dep from CH,Cl,) 2959, 2720, 1724, 1494, 1027, 698

cm™'; HRMS (FAB+) caled for Ci5H 90, 216.1514. Found 216.1513.

Me O™

Ph ey (1,4,4-Trimethyl-3-vinyloxy-pent-1-enyl)-benzene (25sm). 'H NMR (400
MHz CDCls) § 7.43-7.24 (5H, m), 6.36 (1H, dd, J = 14.3, 6.6 Hz), 5.72 (1H, dg, J= 9.6,
1.3 Hz), 4.26-4.21 (2H, m), 3.93 (1H, dd, J= 6.6, 1.3 Hz), 2.11 (3H, s), 0.98 (94, 5); 1*C
NMR (100 MHz CDCls) § 151.7, 143.3, 138.9, 128.5, 127.5, 126.5, 126.1, 87.9, 84.1,

36.4,26.1,17.1; IR (NaCl dep from CH,Cly) 2961, 1724, 1494, 1365, 1028, 698 cm™.

Me 0
™

Ph t+Bu3-tert-Butyl-S-phenyl-hex-4-enal (25). Isolated as a separable mixture of
regioisomers in 63% combined yield as a colorless oil. 'H NMR (400 MHz CDCl3) &
9.65 (1H, t, J=3.0), 7.35-7.29 ( 5H, m), 5.57 (1H, d, J=11.1 Hz), 2.82 (1H, dt, 10.9, 3.4
Hz), 2.60 (1H, m), 2.35 (1H, m), 2.06 (3H, s), 0.94 (9H, s); *C NMR (100 MHz CDCl;)
6 203.3, 144.1, 137.1, 129.0, 128.4, 127.1, 126.1, 45.2, 43.5, 34.4, 27.6, 17.0; IR (NaCl

| dep from CH,Cl,) 2961, 1724, 1494, 1365, 1028, 698 cm™; HRMS (FAB+) calcd for

C16H220, 230.1671. Found 2230.1679.

B O

Ph)\)\Me (1-Ethyl-3-vinyloxy-but-1-enyl)-benzene (26sm). 'H NMR (400 MHz
CDCly) 8 7.39-7.23 (5H, m), 6.37 (1H, dd, J = 14.3, 6.6 Hz), 5.6 (1H, d, J = 8.5 Hz), 4.78
(1H, m), 4.32 (1H, dd, J = 14.1, 1.3 Hz), 4.02 (1H, dd, J= 6.8, 1.5 Hz), 2.61-2.51 (2H,
m), 1.39 3H, d, J= 6.4 Hz), 0.98 (3H, t, J= 7.5 Hz); *C NMR (100 MHz CDCL) §
150.6, 144.0, 141.8, 128.5, 128.3, 128.1, 126.7, 89.0, 72.8, 23.5, 21.7, 13.8; IR (NaCl

dep from CH,Cly) 2973, 1633, 1191, 1063, 762, 698 cm™.

PR

ve 3-Methyl-5-phenyl-hept-4-enal (26). Isolated in 64% yield as a colorless oil.

"H NMR (400 MHz CDCl3) 6 9.74 (1H, t, J= 2.4 Hz), 7.32-7.19 (5H, m), 5.39 (1H, d, J
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= 9.8 Hz), 3.14 (1H, m), 2.53 (2H, ddd, J=21.1, 14.3, 7.3 Hz), 2.44 (2H, dd, /= 7.0, 2.4
Hz), 1.11 (3H, d, J= 6.6 Hz), 0.96 (3H, t, J= 7.5 Hz); *C NMR (100 MHz CDCls) §
202.5,142.7, 141.8, 132.0, 128.4, 127.1, 126.7, 51.4, 28.4, 23.4, 21.7, 14.0; IR (NaCl
dep from CH,Cl,) 2966, 1725, 1454, 1075, 763, 699 cm™; HRMS (FAB+) calcd for

Ci4H150, 202.1358. Found 202.1358.

Me O

8" uie 4-Methyl-2-vinyloxy-oct-3-ene (27sm). 'H NMR (400 MHz CDCL) § 6.31
(1H, dd, J = 14.1, 6.6 Hz), 5.14 (1H, d, J = 8.5 Hz), 4.60 (1H, dq, J = 13.4, 6.6 Hz), 4.25
(1H, d,J=14.3 Hz), 3.96 (1H, d, J= 6.6 Hz), 2.00 (2H, d, J=7.2 Hz), 1.66 3H, s),
1.44-1.28 (4H, m), 1.26 (3H, d, J=6.2 Hz), 0.89 (3H, t, J = 7.3 Hz); '*C NMR (100
MHz CDCl3) § 150.7, 138.9, 126.3, 88.4, 72.8, 39.3, 30.0, 22.5, 21.3, 16.7, 14.2; IR

(NaCl dep from CH,CL,) 2930, 1633, 1456, 1194, 1065, 811 cm™.

Me o

nBu” >"me 3,5-Dimethyl-non-4-enal (27). Isolated as a separable mixture of

regioisomers in 50% combined yield as a colorless oil. '"H NMR (400 MHz CDCL) §
9.68 (1H, t, J= 2.6 Hz), 4.94 (1H, d, J = 9.4 Hz), 3.01-2.89 (1H, m), 2.37- 2.29 (2H, m),
1.94 (3H, t,J= 7.0 Hz), 1.62 (3H, s), 1.39-1.18 (4H, m), 1.01 (3H, d, J = 6.8 Hz), 0.88
(3H, t,J=17.2 Hz); *C NMR (100 MHz CDCls) § 203.3, 135.7, 128.7, 51.5, 39.5, 30.3,
26.3,23.0,21.5, 16.4, 14.3; IR (NaCl dep from CH,Cl,) 2958, 2872, 2716, 1727, 1456,

1380 cm™'; HRMS (FAB+) caled for C1;Ha0, 168.1592. Found 168.1591.

Me O Xx
<

i S, (5-Methyl-3-vinyloxy-non-4-enyl)-benzene (28sm). 'H NMR (400
MHz CDCl3) 8 7.31-7.16 (5H, m), 6.31 (1H, dd, J=14.3, 6.6 Hz), 5.14 (1H, dd, J= 8.7,
1.1 Hz), 4.41 (1H, dt,J= 8.7, 6.6 Hz), 4.24 (1H, dd, J=14.1, 1.3 Hz), 3.96 (1H, dd, J =

6.6, 1.3 Hz), 2.71-2.64 (2H, m), 2.08-1.98 (3H, m), 1.83-1.72 (1H, m), 1.61 (3H, s), 1.44-
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1.24 (4H, m), 0.90 (3H, t, J="7.3 Hz); *C NMR (100 MHz CDCls) 3 150.8, 142.0,
140.1, 128.6, 128.6, 126.0, 125.1, 88.5, 75.9, 39.4,37.1, 31.6, 30.1, 22.5, 16.9, 14.2; IR

(NaCl dep from CH,Cly) 2929, 1632, 1455, 1193, 822, 699 cm’™".

Me o
x

n-Bu PhS-Methyl-3-phenethyl-non-4-enal (28). Isolated as a separable mixture
of regioisomers in 84% combined yield as a colorless oil. 'H NMR (400 MHz CDCl;) §
9.65 (1H, t, J=2.3 Hz), 7.30-7.13 (5H, m), 4.94 (1H, d, /= 10.0 Hz), 2.90-2.79 (1H, m),
2.72-2.60 (2H, m), 2.43-2.28 (2H, m), 2.01 2H, t, J=7.0 Hz), 1.60 (3H, s), 1.45-1.1 (6H,
m), 0.91 (3H, t, J=7.3 Hz); *C NMR (100 MHz CDCl3) § 203.1, 142.4, 138.1, 128.7,
128.6, 128.5, 126.0, 50.1, 39.7, 37.9, 33.7, 33.0, 30.4, 22.5, 16.8, 14.3; IR (NaCl dep
from CH,Cl,) 2929, 2857, 1724, 1454, 1031, 699 cm™; HRMS (FAB+) calcd for

Ci1sH260, 258.1984. Found 258.1971.

Me

Me O/R

P> me (3-Isopropenyloxy-1-methyl-but-1-enyl)-benzene (29). 'H NMR (400 MHz
CDCL) § 7.45-7.21 (5H, m), 5.77 (1H, dd, J= 7.7, 1.1 Hz), 4.88 (14, dq, /= 12.8, 6.6
Hz), 3.87 (2H, d, J= 13.9 Hz), 2.09 (3H, s), 1.83 (3H, s), 1.39 (3H, d, J= 6.6 Hz); °C
NMR (100 MHz CDCl;) & 158.5, 142.9, 135.5, 130.9, 128.4, 127.3, 125.9, 82.8, 70.8,

21.7,20.9, 16.3; IR (NaCl dep from CH,Cl,) 2978, 1655, 1445, 1275, 1079, 696 cm™’.

Me
P >"me 4-Methyl-6-phenyl-hept-5-en-2-one (30). Isolated in 69% yield as a
colorless oil. '"HNMR (400 MHz CDCl3) § 7.38-7.18 (SH, m), 5.54 (1H, dd, J=9.5, 1.1
Hz), 3.19-3.03 (1H, m), 2.48 (2H, dd, J= 6.6, 3.3 Hz), 2.14 (3H, s), 2.07 (3H, s), 1.07

(3H, d, J= 6.6 Hz); ); *C NMR (100 MHz CDCl;) § 208.5, 143.8, 134.5, 132.9, 128 4,
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127.0,125.9,51.3,30.8. 29.8, 21.1, 16.2; IR (NaCl dep from CH,Cl,) 2960, 1716, 1445,

1358, 1165, 698 cm™; HRMS (FAB+) caled for C14H;50, 202.1358. Found 202.1357.
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Chapter 3 Experimental

Stereoselective Lewis Acid-Mediated [1, 3] Ring Contraction of 2,5-Dihydrooxepines

as a Route to Polysubstituted Cyclopentenes

General Methods: All reactions were performed under an inert atmosphere of argon in
flame-dried glassware with magnetic stirring. Dichloromethane was degassed with argon
and passed through two columns of neutral alumina. Column chromatography was
performed on EM Science silica gel 60 (230-400 mesh). Thin layer chromatography was
performed on EM Science 0.25 mm silica gel 60-F plates. Visualization was
accomplished with UV light, KMnOy, and aqueous ceric ammonium molybdate followed
by heating.

All Lewis acids used were purchased from Aldrich Chemical Co. and used
without further purification. EtAlCl, was purchased as a 1.0M solution in hexane.

Infrared spectra were obtained on a Nicolet Avatar 320 FT-IR spectrometer. 'H
and spectra were recorded on a Varian 400 MHz spectrometer at ambient temperature.
Data are reported as follows: chemical shift in parts per million (3, ppm) from an internal
standard [deuterated chloroform (CDCl3)], multiplicity (s = singlet, d = doublet, t = triplet,
q = quartet, m = multiplet), integration, and coupling constant (Hz). *C NMR were
recorded on a Varian 100 MHz spectrometer at ambient temperature. Chemical shifts are
reported in ppm from (CDCls) taken as 77.23 ppm. Mass spectra were obtained on
Fisons VG Autospec. Analytical high performance liquid chromatography (HPLC) was
performed on a Dynamax model SD-200 HPLC equipped with a Dynamax model UV-1
variable wavelength UV detector using Chiracel chiral columns as indicated. Optical

rotations were measured on an Autopol III automatic polarimeter in a 1 dm cell.
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General Procedure for the preparation of 2,5-dihydrooxepins. A flame-dried round-
bottom flask was charged with 2.5 mmol of 24, and diluted with CH,Cl, (17 mL). 1.1 Eq.
of Dess-Martin periodinane was then added and the reaction was fitted with a reflux
condenser, purged with argon and heated at 40 °C. The reaction was monitored by TLC
and upon disappearance of the starting material (typically 3h) the reaction was cooled to
ambient temperature and the solvents were removed in vacuo. The residue was purified
by column chromatography over NEt;-treated silica gel using 9:1 (Hex:EtOAc, 1% NEt3)
as eluent. When left as a neat oil at ambient temperature, 2,5-dihydrooxepins
decomposed slowly. The lifetime of these compounds may be increased by storing as a
0.2 M solution in toluene, under argon with refrigeration.

General Procedure (A) for the Lewis acid-mediated ring contraction of 2,5-
dihydrooxepins. All ring contractions were performed on a 0.05 mmol scale. A flame-
dried round-bottom flask was charged with EtAICl; (1.05 eq.) under an inert atmosphere
of argon and subsequently diluted with CH,Cl, (50 mL) and mixed for 10 min at ambient
temperature. 2,5-Dihydrooxepin in toluene (0.2 M in toluene, 1.0 eq.) was added via
syringe (1 drop per second) and the reaction was stirred for 5-15 minutes at ambient
temperature. The reaction mixture was quenched with 5 mL sat. aq. NH4Cl, separated
and the aqueous layer was extracted with CHCl, (2 X 10 mL). The organic layers were
combined, dried over Na;SOsq, filtered, then concentrated in vacuo, and purified via
column chromatography over NEt;-treated silica gel using 9:1 or 6:1 (Hex:EtOAc, 1%
NEt;).

General Procedure (B) for the Lewis acid-mediated ring contraction of 2,5-

dihydrooxepins. All ring contractions were performed on a 0.05 mmol scale. A flame-
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dried round-bottom flask was charged with EtAICl; (1.05 eq.) under an inert atmosphere
of argon and subsequently diluted with 1 mL. CH,Cl, and mixed for 10 min at ambient
temperature. A separate flame-dried round bottom flask was charged with 2,5-
dihydrooxepin (0.2 M in toluene, 1.0 eq.) and diluted with 1 mL CH,Cl, and transferred
slowly (0.5 mL/min), via cannula to the Lewis acid solution. Upon complete addition of
the substrate the reaction was allowed to stir for 5 minutes and was subsequently
quenched by addition of 5 mL sat. aq. NH4Cl. The layers were separated and the aqueous
layer was extracted with CH,Cl, (2 X 10 mL). The organic layers were combined, dried
over Na,SQy, filtered, then concentrated in vacuo, and purified via column

chromatography over NEt;-treated silica gel using 9:1 or 6:1 (Hex:EtOAc, 1% NEt;).

Ph

[\
9 “we2-Methyl-4-phenyl-2,5-dihydro-oxepine (26). Isolated in 79% yield as a clear

yellow oil. 'H NMR (400 MHz CDCl;) § 7.42-7.21 (5H, m), 6.22 (1H, dd, J=7.7,2.7
Hz), 5.86 (1H, dd, J= 6.6, 2.9 Hz), 5.30 (1H, ddd, 12.8, 7.0, 6.2 Hz), 4.44 (1H, ddd, J =
5.1,5.1,2.9 Hz), 3.82 (1H, dq, J= 18.7, 2.9 Hz), 2.84 (1H, dd, J=19.1, 8.1 Hz), 1.41
(3H, d,J= 6.6 Hz); *C NMR (100 MHz CDCls) § 147.1, 146.7, 142.3, 129.3, 128.6,
127.7,126.1, 100.1, 71.8, 29.3, 21.6; IR (NaCl dep from CH,Cl,) 3043, 2975, 1649,

1275, 1102, 697 cm™; HRMS (FAB+) calcd for C13H140, 187.1123. Found 187.1116.

H
0¢5:>‘Ph
2-Methyl-4-phenyl-cyclopent-3-enecarbaldehyde (27). Isolated in 89%
yield as a colorless oil. "H NMR (400 MHz CDCls) 8 9.83 (1H, d, J=2.5 Hz), 7.44-7.21
(5H, m), 6.05 (1H, d, 1.5 Hz), 3.38 (1H, m), 3.28-3.14 (2H, m), 2.77 (1H, dd, J = 15.6,
7.9 Hz), 1.08 (3H, d, J= 7.0 Hz); ®C NMR (100 MHz CDCls) 5 204.2, 140.2, 135.8,

130.2, 128.6, 127.7, 125.8, 53.4, 42.3, 32.0, 16.5; IR (NaCl dep from CH,Cl,) 2959,
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2726, 1720, 1494, 1447, 756, 693 cm™; HRMS (FAB+) calcd for Cy3H;40, 186.1045.

Found 186.1041.

W
-0
2-Methyl-4-p-tolyl-cyclopent-3-enecarbaldehyde (29). Isolated in 85%

yield as a colorless oil. 'H NMR (400 MHz CDCl3) & 9.81 (1H, d, J=2.6 Hz), 7.30-7.08
(4H, m), 5.99 (1H, d, J= 1.9 Hz), 3.72 (1H, m), 3.24-3.11 (2H, m), 2.76 (1H, dd, J=15.8,
8.1 Hz), 2.32 (3H, 5), 1.08 (3H, d, J= 7.2 Hz); *C NMR (100 MHz CDCl;) 6 211.1,
203.6, 139.4, 136.8, 128.6, 128.5, 125.0, 52.7, 41.6, 31.4, 20.7, 15.8; IR (NaCl dep from

CH,Cly) 2922, 2362, 1720, 1645, 1513, 809 cm™; HRMS (FAB+) calcd for C14H;40,

200.1201. Found 200.1198.

W
oﬁ .
c
Q O F32-Methyl-4-(4-triﬂuoromethyl-phenyl)-cyclopent-3-

enecarbaldehyde (31). Isolated in 75% yield as a colorless oil. 'H NMR (400 MHz
CDCl3) 6 9.86 (1H, d, J = 2.4 Hz), 7.60-7.48 (4H, m), 6.17 (1H, d, J= 1.9 Hz), 3.44 (1H,
m), 3.34-3.18 (2H, m), 2.78 (1H, dd, J=17.0, 9.6 Hz), 1.13 (3H, d, J= 7.3 Hz); 1*C
NMR (100 MHz CDCls) 6 203.6, 139.3, 132.7, 126.0, 125.6, 125.5, 53.2,42.4,31.9, 16 4;

IR (NaCl dep from CH,Cl,) 2962, 1721, 1615, 1326, 1123, 827 cm™'; HRMS (FAB+)

calcd for C14H13F30, 254.0929. Found 254.0919.

H
0/5:%\
Ph
2,3-Dimethyl-4-phenyl-cyclopent-3-enecarbaldehyde (33). Isolated in 58%
yield as a colorless oil. '"H NMR (400 MHz CDCL) & 9.81 (1H, d, J=2.3 Hz), 7.36-7.19
(5H, m), 3.18-3.06 (3H, m), 2.76 (1H, m), 1.81 (3H, s), 1.11 (3H, d, 6.8 Hz); *C NMR

(100 MHz CDCls) 6 204.8, 138.1, 137.8, 133.3, 128 .4, 127.9, 126.8, 52.9, 47.0, 35.1,
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14.7, 13.6; IR (NaCl dep from CH,Cl,) 2961, 2722, 1720, 1446, 762, 700 cm™'; HRMS

(FAB+) caled for C14H;60, 200.1201. Found 200.1199.

Ph

He o h
\‘é 2-Phenethyl-4-phenyl-cyclopent-3-enecarbaldehyde (35). Isolated in 73%

yield as a colorless oil. 'HNMR (400 MHz CDCls) 6 9.82 (1H, d, /= 3.2 Hz), 7.46-7.14
(10H, m), 6.21 (1H, d, J= 1.9 Hz), 3.35-3.21 (2H, m), 3.14 (1H, m), 2.84 (1H, dd, /=
16.1, 8.0 Hz), 2.75-2.61 (2H, m), 1.92-1.68 (2H, m); *C NMR (100 MHz CDCl3) &
203.9,141.8, 141.3, 135.8, 128.7, 128.7, 128.6, 128.1, 127.9, 126.2, 125.9, 53 4, 47.7,
34.4,33.5, 32.8; IR (NaCl dep from CH,Cl,) 2920, 2852, 1718, 1494, 695 cm™'; HRMS

(FAB+) calcd for Cy0H200, 276.1514. Found 276.1508.

Ph

H\(Q_/OTBDPS

0 2-[2-(tert-Butyl-diphenyl-silanyloxy)-ethyl]-4-phenyl-cyclopent-3-
enecarbaldehyde (37). Isolated in 52% yield as a colorless oil. '"H NMR (400 MHz
CDCl3) 6 9.76 (1H, d, J= 3.0 Hz), 7.68-7.65 (5H, m), 7.42-7.23 (10H, m), 6.10 (1H, s),
3.80-3.73 (2H, m), 3.49 (1H, m), 3.23 (1H, m), 3.10 (1H, m), 2.81 (1H, dd, J=16.2, 8.5
Hz), 1.86 (1H, m), 1.59 (1H, m), 1.07 (9H, s); *C NMR (100 MHz CDCls) § 204.0,
140.9, 135.8, 133.9, 129.9, 128.6, 128.4, 127.9, 127.7, 125.8, 62.5, 53.3, 44.7, 34.0, 32.5,
27.1, 19.4; IR (NaCl dep from CH,Cl,) 3070, 2930, 2856, 1721, 1428, 1112, 701 cm’;

HRMS (FAB+) calcd for C30H340,851, 454.2328. Found 454.2308.

Ph

H
Z'/H%}Phenyla,4,5,6,7,7a-hexahydro—lH-indene-l-carbaldehyde (39). Isolated
in 38% yield as a colorless oil. 'H NMR (400 MHz CDCL) 6 9.82 (1H, d, J=2.8 Hz),

7.42-7.17 (SH, m), 3.32-3.10 (3H, m), 2.87-2.71 (2H, m), 2.06-1.93 (1H, m), 1.89-1.72
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(2H, m), 1.47-1.10 (4H, m); HRMS (FAB+) caled for C1gH;50, 226.1358. Found

226.1356.

Me
H.

o Me 2,3-Dimethyl-4-phenethyl-cyclopent-3-enecarbaldehyde (41). Isolated in
59% yield as a colorless oil. 'H NMR (400 MHz CDCL) § 9.71 (1H, d, J = 3.0 Hz),
7.28-7.17 (5H, m), 3.03-2.88 (2H, m), 2.76-2.62 (3H, m), 2.44-2.29 (3H, m), 1.42 (3H, s),
0.95 (3H, d, J = 7.0 Hz); °C NMR (100 MHz CDCls) § 205.3, 142.1, 135.8, 132.6, 128.6,
128.4, 126.0, 52.9, 46.0, 34.3, 33.9, 30.5, 14.9, 11.7; IR (NaCl dep from CH,Cl,) 3026,

2928, 2854, 1721, 1453, 699 cm™.

H
g
o=
). . 2-Methyl-4-p-tolyl-cyclopent-3-enecarbaldehyde (42). Isolated in 68%

yield as a colorless oil. 'H NMR (400 MHz CDCl3) 6 9.76 (1H, d, /= 2.4 Hz), 7.35-7.12
(4H, m), 5.97 (1H, d, J= 1.9 Hz), 3.23 (1H, m), 3.08-2.92 (2H, m), 2.78 (1H, m), 2.34
(3H, s), 1.24 (3H, d, J = 7.0 Hz); *C NMR (100 MHz CDCl3) & 203.1, 139.7, 137.5,
132.9,129.3, 128.8, 125.7, 58.2, 41.8, 33.1, 21.4, 20.8; IR (NaCl dep from CH,Cl,) 2957,
2867, 2712, 1723, 1513, 809 cm™; HRMS (FAB+) caled for Cy4H;60, 200.1201. Found
200.1204.

Ph

R Ph
\‘c\n 2-Phenethyl-4-phenyl-cyclopent-3-enecarbaldehyde (43). Isolated in 81%

yield as a colorless oil. "H NMR (400 MHz CDCls) § 9.73 (1H, d, J=2.1 Hz), 7.45-7.18
(10H, m), 6.11 (1H, d, J= 1.7 Hz), 3.20 (1H, m), 3.11-2.89 (3H, m), 2.74 (2H, t, J = 8.0
Hz), 1.97-1.82 (2H, m); *C NMR (100 MHz CDCl3) § 202.8, 141.9, 140.7, 135.6, 128.7,

128.6, 127.8, 127.7, 126.2, 125.9, 56.0, 46.8, 37.5, 34.1, 33.0; IR (NaCl dep from CH,Cl,)
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3026, 2921, 2712, 1721, 1447, 695 cm™; HRMS (FAB+) caled for CaoHy00, 276.1514.

Found 276.1502.

’ \‘*‘:E;Ph2,5-Dimethyl-3-phenyl—cyclopent-3-enecarbaldehyde (45). Isolated in 70%
yield as a colorless oil. "H NMR (400 MHz CDCl3) & 9.82 (1H, d, J = 3.2 Hz), 7.42-7.23
(5H, m), 5.89 (1H, s), 3.63 (1H, m), 3.38 (1H, m), 2.79 (1H, ddd, J = 8.3, 4.7, 3.4 Hz),
1.15 3H, d, J= 6.8 Hz), 1.12 (3H, d, J= 7.5 Hz); *C NMR (100 MHz CDCl5) § 204.3,
145.9, 135.6, 130.5, 128.7, 127.6, 126.5, 62.4, 40.5, 39.4, 18.8, 16.5; IR (NaCl dep from
CH,Cly) 3031, 2960, 2928, 1720, 1457, 761, 697 cm™'; HRMS (FAB+) calcd for C14H,60,
200.1201. Found 200.1202; [a]p? = -13.7° (¢ = 0.075 in CH,Cl,); HPLC analysis
(Chiracel OD-H, 95:5 hex/i-PrOH, 1.0 mL/min, 254 nm; tr(minor) = 5.9 min., tr(major) =

12.7 min.) gave the isomeric composition of the product: 95% ee.

Ph

Et0,C 7-Methyl-5-phenyl-cyclohepta-2,5-dienecarboxylic acid ethyl ester (48).
Isolated in 74% yield as a white solid. "H NMR (400 MHz CDCl3) & 7.26-7.12 (5H, m),
5.91-5.82 (2H, m), 5.77 (1H, dd, J=6.2, 2.1 Hz), 4.10 (2H, q, /= 7.3 Hz), 3.54 (1H, d, J
=2.8 Hz), 3.45 (1H, d, J= 18.1 Hz), 3.09-2.99 (1H, m), 2.97-2.89(1H, m), 1.19 (3H, t, J
=172 Hz), 1.07 (3H, d, J= 7.0 Hz); *C NMR (100 MHz CDCl5)  173.0, 144.9, 138.8,
133.8,129.3, 128.4, 128.2, 126.7, 126.2, 60.7, 48.4, 34.6, 31.6, 18.1, 14.5; IR (NaCl dep
from CH,Cl,) 2975, 1735, 1598, 1444, 1178, 698 cm™; HRMS (FAB+) calcd for

Ci7H200,, 257.1463. Found 257.1531.

HO
—Ph

on 4-Hydroxymethyl-3-methyl-1-phenyl-cyclopentane-1,2-diol (50). Isolated

in 60% yield as a white solid. "H NMR (400 MHz CDCls) & 7.55-7.23 (5H, m), 3.98 (1H,
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Chapter 4 Experimental

A Diastereoselective Intermolecular Heck Reaction of 1,3-Dioxepins

General Methods: All reactions were performed under an inert atmosphere of argon in
flame-dried glassware with magnetic stirring. Acetonitrile (ACS grade) was purchased
from Fisher Scientific and distilled from CaH; before use. Column chromatography was
performed on EM Science silica gel 60 (230-400 mesh). Thin layer chromatography was
performed on EM Science 0.25 mm silica gel 60-F plates. Visualization was
accomplished with UV light, KMnOy, or aqueous ceric ammonium molybdate followed
by heating.

Pd(OAc), was purchased from Fluka. All other chemicals were purchased from
Aldrich Chemical Co. and used without further purification.

'H NMR spectra are reported as follows: chemical shift in parts per million (5,
ppm) from an internal standard [deuterated chloroform (CDCls)], multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet), integration, and coupling constant
(Hz). ®C NMR chemical shifts are reported in ppm from (CDCl;) taken as 77.23 ppm.
Mass spectra were obtained on Fisons VG Autospec. Gas chromatography was
performed on a Varian Cp 3800 gas chromatograph equipped with a flame ionization
detector using a Chromopack Cp-Sil 8 CB (15 M X 0.25 mm) capillary column.
Microwave reactions were conducted in a CEM Discovery microwave reactor.

General Procedure A for the preparation of symmetric 1,3-dioxepins. Note: This
procedure is used for low molecular weight and thermally unstable aldehydes and can be
conducted on a 15 mmol scale. A round-bottom flask was charged with aldehyde (1 eq.),

cis-1,4-butenediol (1.8 eq.) and p-TsOH (0.1 eq.). The mixture was diluted with Et,O (25
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mL/ g of diol) and mixed at 25 °C for 15 min. or until the solution became cloudy.
MgSO4 was then added (1g/ g of aldehyde) and the mixture was monitored by TLC.
Upon disappearance of the aldehyde more MgSO, was added (1g/ g of aldehyde). The
solution was filtered through a pad of celite, the cake was washed with anhydrous Et,0
and the solvent was removed in vacuo. The residue was purified by silica gel column
chromatography using 9:1 or 6:1 (Hex:EtOAc) as eluent.

General Procedure B for the preparation of symmetric 1,3-dioxepins. This reaction
can be conducted on a 15 mmol scale. A round-bottom flask was charged with aldehyde
(1 eq.), cis-1,4-butenediol (1.8 eq.) and p-TsOH (0.1 eq.). The mixture was diluted with
benzene (25 mL/ g of diol) and mixed at 25 °C for 15 min. or until the solution became
cloudy. The solution was then heated under Dean-Stark conditions (bath temperature
typically 90 °C). Upon disappearance of the aldehyde by TLC, the crude reaction
mixture was cooled to ambient temperature and the solvent was removed in vacuo. The
residue was purified by silica gel column chromatography using 9:1 or 6:1 (Hex:EtOAc)
as eluent.

General Procedure A for the Heck Reaction of 1,3-Dioxepins. This reaction can be
conducted on a 5 mmol scale. A round-bottom flask was charged with Pd(OAc), (0.05
eq.), PPh; (0.10 eq.), K»CO;3 (1.78 eq.), and »-BusNCI-H,O (1 eq.). The flask was purged
with argon and a 9:1 mixture of acetonitrile and deionized water were added (0.5M with
respect to 1,3-dioxepin). After mixing for 0.25h at 50 °C 1,3-dioxepin (1 eq.) and sp’-
iodide (1.05 eq.) were added. The reaction was allowed to stir for 12-36h. Standard
work-up proceeded with the addition of MgSO4 (1g/0.5 mL H,0) and dilution with Et,0

(6 mL/1 mL of reaction mixture) and mixed for 15 min. This solution was flushed
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through a small pad of celite (1 cm) on top of a small pad of silica gel (1 cm) and eluted
with Et;0. To this solution was added MgSO4 and activated charcoal, the mixture was
allowed to stir at ambient temperature for 1h and then filtered through a pad of celite.
The solvents were removed in vacuo and the residue was purified by column
chromatography using 9:1 or 6:1 (Hex:EtOAc) as eluent.

General Procedure B for the Heck Reaction of 1,3-Dioxepins. This reaction may be
conducted on an 8 mmol scale. A round-bottom flask was charged with Pd(OAc), (0.08
eq.) and BnNEt; (2 eq.). The flask was purged with argon and DMF was added (0.4M
with respect to 1,3-dioxepin). i-Pr,NEt was added and the mixture was heated at 80 °C
for 10 min. 1,3-dioxepin (1 eq.) and sp*-iodide (1 eq.) were added and the reaction was
allowed to stir for 12h. The reaction was then cooled to ambient temperature and diluted
with Et;0. The organic layer was washed 4 x H,O and 1 x brine. The organic layer was
dried over MgSO, and filtered. The solvent was removed in vacuo and the residue was
purified by column chromatography using 9:1 or 6:1 (Hex:EtOAc) as eluent.

L|AID4 THF o, B P " p-NO,CeH4CHO
0
0to25 C 24h OH p-TsOH, PhH

Dean-Stark, 80 °C, 3h

46-1
B o
b_ D __toluere / O
o “microwaves
170°C, 3h 0-T~0
b NO,
46 -2 46

73%

Synthesis of 2-(4-Nitro-phenyl)-4,4,7,7-tetradeuterio-4,7-dihydro-[1,3]dioxepine (46).
Exo-3,6-epoxy-1,2,3,6-tetrahydrophthalic anhydride was reduced to 46-1 in the presence
of LiAlD, according to a literature procedure.l The crude diol 46-1 was then condensed

with p-nitrobenzaldehyde in the presence of 0.1 eq. p-TsOH under Dean-Stark conditions

'Fora procedure see: Das, J.; Vu, T.; Harris, D. N.; Ogletree, M. L. J. Med. Chem. 1988, 31, 930-935.
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to provide 46-2. 46-2 was thermally decomposed to 46 by exposure to microwaves (250
W) in toluene at 170 °C for 3h.

Mass spectrometry was attempted under TOF+, FAB+ and ES- ionization for 1,3-
dioxepins 16, 20, 21, 22,27, 28, 29, 30, 31, 34, 45, 47, and 49; however, mass spectra

were not obtained due to decomposition.

th<_‘o
S

colorless oil. "HNMR (400 MHz CDCl3) § 7.54-7.21 (10H, m), 6.53 (1H, dd, J=7.5,

pn2,5-Diphenyl-4,5-dihydro-[1,3]dioxepine (14).% Isolated in 85% yield as a

3.0 Hz), 5.57 (1H, s), 5.00 (1H, d, J= 7.3 Hz), 4.19 (1H, dd, J= 11.5, 5.1 Hz), 3.97 (1H,
ddd, J=7.9, 5.3,2.8 Hz), 3.42 (1H, dd, /= 11.5, 11.5 Hz); *C NMR (100 MHz CDCL)
5 145.4,140.7, 138.9, 129.1, 129.0, 128.6, 128.2, 127.3, 126.2, 113.3, 106.7, 76.3, 48.5;

IR (NaCl dep from CH,Cl,) 3031, 2868, 1647, 1453, 1029, 699 cm™; HRMS (FAB+)

caled for C17H 605, 253.1229. Found 253.1222.

Ph’ll - O

S

phS-Phenyl-2-styryl-4,5-dihydro-{1,3]dioxepine (16). Isolated in 77% yield
as a colorless oil. 'H NMR (400 MHz CDCl) 6 7.44-7.16 (10H, m), 6.83 (1H, d, J=
16.2 Hz), 6.49 (1H, dd, J = 6.8, 3.2 Hz), 6.30 (1H, dd, J=16.0, 3.4 Hz), 5.22 (1H, s),
497 (1H,d,J=17.2 Hz), 4.18-4.11 (1H, m), 3.94-3.91 (1H, m), 3.35 (1H, dd, J=11.5,
11.5 Hz); >C NMR (100 MHz CDCl3) § 145.2, 140.7, 133.2, 129.2, 129.0, 128.8, 128.4,

128.1, 127.3, 127.1, 125.9, 113.2, 105.9, 76.1, 48.5; IR (NaCl dep from CH,Cl,) 3028,

2867, 1645, 1492, 1146, 700 cm’

? The starting material for 14, 4,7-dihydro-2-phenyl-1,3-dioxepin, may be purchased from Aldrich CAS#
2568-24-3.
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(2

© ph2-Phenethyl-6-phenyl-4,5-dihydro-[1,3]dioxepine (17). Isolated in 87%

yield as a colorless oil. 'H NMR (400 MHz CDCls) § 7.37-7.18 (10H, m), 6.43 (1H, dd,
J=17.5,3.0 Hz), 4.89 (1H, d, J= 7.5 Hz), 4.59 (1H, dd, J= 5.3, 5.3 Hz), 4.09 (1H, dd, J =
11.5, 5.1 Hz), 3.89 (1H, dddd, J= 10.7, 7.7, 5.1, 2.6 Hz), 3.20 (1H, dd, J= 11.4, 11.4 Hz),
2.81 (2H, t, J= 2.8 Hz), 2.18-2.06 (2H, m); *C NMR (100 MHz CDCL3) & 145.3, 141.7,
140.9, 128.9, 128.7, 128.7, 128.1, 127.2, 126.1, 112.5, 106.9, 76.2, 48.4, 37.3, 30.8; IR
(NaCl dep from CH,Cl,) 3027, 2867, 1647, 1453, 1145, 700 cm™; HRMS (FAB+) calcd

for C19H200,, 280.1463. Found 280.1471.

p-MeOPh" Yo

0/K/\Ph6-(4-Methoxy-phenyl)-2-phenethyl-4,5-dihydro-[1,3] dioxepine (18).
Isolated in 67% yield as a yellow oil. 'H NMR (400 MHz CDCl3) 6 7.38-7.18 (7TH, m),
6.94-6.88 (2H, m), 6.45 (1H, dd, J= 7.5, 3.0 Hz), 4.90 (1H, ddd, J= 7.5, 1.9, 1.3 Hz),
4.62 (1H,dd,J=5.5,5.5 Hz), 4.10 (1H, ddd, J=11.7, 5.3, 1.3 Hz), 3.91-3.82 (4H, m),
3.20 (1H, dd, J=11.5, 11.5 Hz), 2.84 (2H, t, J = 7.5 Hz), 2.22-2.08 (2H, m); C NMR
(100 MHz CDCls) 6 158.8, 145.1, 141.7, 132.9, 129.4, 128.7, 128.6, 126.1, 114.2, 112.9,
106.9, 76.3, 55.5, 47.6, 37.3, 30.8; IR (NaCl dep from CH,Cl,) 2956, 1646, 1512, 1250,

1036, 700 cm™'; HRMS (FAB+) caled for CooHz03, 311.1647. Found 311.311.1635.
Pheo T Yo
(X

colorless oil. 'H NMR (400 MHz CDCL3) § 7.34-7.21 (5H, m), 6.40 (1H, dd, J=7.3,3.0

et2-Ethyl-6-phenyl-4,5-dihydro-[1,3]dioxepine (19). Isolated in 64% yield as a

Hz), 4.85 (1H, ddd, J=7.5, 1.3, 1.3 Hz), 4.55 (1H, dd, J = 5.3, 5.3 Hz), 4.06 (1H, ddd, J
=11.7,5.3, 1.1 Hz), 3.85 (1H, dddd, J= 11.3, 8.0, 5.3, 2.8 Hz), 3.21 (1H, dd, J=11.3,

11.3 Hz), 1.85-1.72 (2H, m), 0.99 3H, t, J= 7.5 Hz); *C NMR (100 MHz CDCl;) §
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145.3,141.0, 128.9, 128.1, 127.2, 112.3, 108.9, 76.2, 48.5, 29.1, 8.9; IR (NaCl dep from
CH,Cly) 2879, 1650, 1493, 1279, 1097, 700 cm™'; HRMS (FAB+) caled for Ci3H;60,,

204.1150. Found 204.1142.

Ph’ o

O*i-PrZ-Isopropyl-6-phenyl-4,5-dihydro-[1,3]dioxepine (20). Isolated in 67%
yield as a colorless oil. '"H NMR (400 MHz CDCls) 6 7.34-7.19 (5H, m), 6.40 (1H, dd, J
=17.5,2.9Hz),4.81 (1H, ddd, J=7.5, 1.3, 1.3 Hz), 4.35 (1H, d, /=4.7 Hz), 4.07 (1H,
ddd, J=11.5,5.3, 0.9 Hz), 3.85 (1H, dddd, /=10.9, 8.1, 5.3,2.8 Hz), 3.17 (1H, dd, J =
11.4, 11.4 Hz), 2.02-1.89 (1H, m), 0.98 (3H, d, J= 3.0 Hz), 0.97 (3H, d, J= 3.0 Hz); °C
NMR (100 MHz CDCl3) & 145.4, 141.0, 128.9, 128.1, 127.2, 111.8, 111.5, 76 .4, 48.5,

33.7,17.5, 17.3; IR (NaCl dep from CH,Cl,) 2961, 2872, 1645, 1454, 1104, 701 cm™.
Phid ™ g

<sz-BuZ-tert-Butyl-6-phenyl-4,5-dihydro-[1,3]dioxepine (21). Isolated in 68%
yield as a colorless oil. 'H NMR (400 MHz CDCl3) 6 7.37-7.24 (5H, m), 6.44 (1H, dd, J
=7.7,3.2 Hz), 4.83 (1H, ddd, J=3.4,2.3, 1.5 Hz), 423 (1H, s5), 4.12 (1H, ddd, J=11.7,
5.5, 1.3 Hz), 3.89 (1H, m), 3.18 (1H, dd, J= 11.4, 11.4 Hz), 1.00 (%9H, s); *C NMR (100
MHz CDCl) & 145.5, 141.1, 128.9, 128.2, 127.2,113.7, 111.4, 76.4, 48.5, 36.1, 25.1; IR

(NaCl dep from CH,Cly) 2957, 2869, 1647, 1363, 1142, 700 cm™.,

Ph—vt (z\/ok/\

© pn2-Phenethyl-6-styryl-4,5-dihydro-[1,3]dioxepine (22). Isolated in
50% yield as a yellow oil. "H NMR (400 MHz CDCl3) 8 7.35-7.15 (10H, m), 6.49 (1H, d,
J=16.0 Hz), 6.33 (1H, dd, J= 3.8 Hz), 6.03 (1H, dd, J=15.8, 8.1 Hz), 4.74 (1H, ddd, J
=175,2.4,1.1 Hz), 447 (1H, dd, J=5.6, 5.6 Hz), 4.07 (1H, ddd, J= 11.5, 5.1, 0.9 Hz),

3.58-3.38 (1H, m), 3.12 (1H, dd, J=11.3, 11.3 Hz), 2.76 2H, t, J= 7.7 Hz), 2.12-1.98
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(2H, m); *C NMR (100 MHz CDCls) & 145.0, 141.6, 137.1, 132.0, 128.8, 128.7, 128.7,

128.2,127.8, 126.4,126.1, 111.4, 106.7, 74.0, 44.9, 37.2, 30.8; IR (NaCl dep from

CH,Cly) 3026, 2958, 1650, 1455, 1131, 698 cm™.

/<=\ 0
Ph\ﬂe O/K/\

pn2-Phenethyl-6-(2-phenyl-propenyl)-4,5-dihydro-[1,3]dioxepine (23).
Isolated in 71% yield as a yellow oil. 'H NMR (400 MHz CDCls) & 7.40-7.16 (10H, m),
6.33 (1H,dd, J=7.3,2.8 Hz), 5.51 (1H, d, J=9.6 Hz), 4.68 (1H, d, /= 7.2 Hz), 4.45 (1H,
dd, J=53,5.3 Hz),3.99 (1H, dd, J=11.5, 5.1 Hz), 3.72-3.62 (1H, m), 3.08 (1H, dd, J =
11.3, 11.3 Hz), 2.77 (2H, t, J= 7.9 Hz), 2.12-2.00 (5H, m); *C NMR (100 MHz CDCls)
0 144.9,143.3,141.7, 137.7, 128.7, 128.6, 128.5, 127.4, 126.1, 125.9, 125.8, 113.0, 106.7,
73.1,41.5, 37.3, 30.9, 16.3; IR (NaCl dep from CH,Cl,) 3026, 2863, 1645, 1455, 1145,

698 cm™; HRMS (FAB+) caled for CprHys0,, 321.1855. Found 321.1841.

Phond o

© sph6-Phenyl-2-(2-phenylsulfanyl-ethyl)-4,5-dihydro-[1,3]dioxepine (24).

Isolated in 59% yield as a yellow oil. '"H NMR (400 MHz CDCls) & 7.39-7.16 (10H, m),
6.40 (1H, dd, J= 7.5, 3.0 Hz), 4.90 (1H, ddd, J = 7.5, 1.9, 1.5 Hz), 4.80 (1H, dd, J= 5.3,
5.3 Hz), 4.05 (1H, ddd, J=11.5, 5.1, 1.1 Hz), 3.86 (1H, dddd, J=11.1, 7.9, 5.1, 2.8 Hz),
3.21 (1H, dd, J=11.5, 11.5 Hz), 3.09 (2H, t, J= 7.3 Hz), 2.18-2.06 (2H, m); *C NMR

(100 MHz CDCl3) & 145.2, 140.8, 136.4, 129.5, 129.2, 128.9, 128.1, 127.3, 126.2, 112.8,
106.0, 76.2, 48.4, 35.4,28.8; IR (NaCl dep from CH,Cl,) 3028, 2869, 1646, 1438, 1144,

701cm™; HRMS (FAB+) caled for CioHa00,S, 313.1262. Found 313.1270.

Z7Q pn
P )\b

0 S-Phenyl-2-(1-phenyl-cyclopropyl)-4,5-dihydro-[1,3]dioxepine (27).

Isolated in 80% yield as a colorless oil. 'H NMR (400 MHz CDCl3) 8 7.46-7.12 (10H,
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m), 6.34 (1H, dd, J= 7.7, 3.0 Hz), 4.79 (1H, d, J= 7.5 Hz), 4.61 (1H, s), 4.02 (1H, ddd, J
=11.7,5.5, 1.3 Hz), 3.85-3.76 (1H, m), 3.13 (1H, dd, J=11.5, 11.5 Hz), 1.17-1.07 (2H,
m), 0.88-0.79 (2H, m); *C NMR (100 MHz CDCls) & 145.2, 141.9, 140.8, 130.7, 128.8,

128.5,128.2,128.1, 127.2, 126.9, 111.9, 109.8, 76.3, 48.3, 29.9, 10.2, 9.8; IR (NaCl dep

from CH,Cl,) 3027, 2867, 1646, 1494, 1142, 700 cm™.

CF3

(3
Ph o

[1,3]dioxepine (28). Isolated in 80% yield as a colorless oil. "H NMR (400 MHz CDCls)

5-Phenyl-2-[1-(4-trifluoromethyl-phenyl)-cyclobutyl]-4,5-dihydro-

§7.59-7.13 (9H, m), 6.39 (1H, dd, J=7.5, 3.0 Hz), 4.82 (11, s), 4.79 (1H, s), 4.08 (1H,
dd, J=11.7, 5.5 Hz), 3.82-3.75 (1H, m), 3.19 (1H, dd, J = 11.3, 11.3 Hz), 2.71-2.49 (2H,
m), 2.47-2.35 (2H, m), 2.20-2.06 (1H, m), 1.93-1.82 (1H, m); *C NMR (100 MHz
CDCls) 5 149.8, 145.5, 140.8, 128.9, 128.7, 128.3, 128.1, 127.2, 124.6, 111.8, 110.8, 76.7,

50.4, 48.2,30.5,30.2, 16.2; IR (NaCl dep from CH,Cl,) 2947, 2866, 1647, 1327, 1163,

700 cm’™.

Z Q0 oM
Ph" )ﬁ

° 1-(5-Phenyl-4,5-dihydroe-[1,3]dioxepin-2-yl)-cyclobutanol (29). Isolated
in 72% yield as a pale yellow oil. "H NMR (400 MHz CDCl;) § 7.38-7.20 (5H, m), 6.45
(1H,dd,J=17.5, 3.0 Hz), 4.90 (1H, ddd, J=7.3, 1.1, 0.8 Hz), 4.54 (1H, s), 4.13 (1H, ddd,
J=11.7,5.3, 1.1 Hz), 3.93-3.86 (1H, m), 3.27 (1H, dd, J=11.5, 11.5 Hz), 2.51 (1H, s),
2.37-2.25 (2H, m), 2.11-2.01 (2H, m), 1.89-1.78 (1H, m), 1.72-1.58 (1H, m); *C NMR
(100 MHz CDCls) 6 145.1, 140.5, 129.0, 128.1, 127.4, 112.6, 108.8, 76.3, 75.8, 48.3,

31.2,31.1, 12.5; IR (NaCl dep from CH,Cly) 3419, 2948, 1646, 1453, 1139, 701 cm™.
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CJ
MeO’O °)©\N025—(4-Methoxy-phenyl)-2-(4—nitr0-phenyl)-4,S—dihydro-

[1,3]dioxepine (30). Isolated in 67% yield as a white solid and was recrystallized from
EtOAc and Hexanes using vapor diffusion to yield white needles. 'H NMR (400 MHz
CDCl3) 6 8.23 (2H, d, J=9.0 Hz), 7.72 2H, d, J=9.0 Hz), 7.18 (2H, d, /= 8.7 Hz), 6.88
(2H, d, J=8.7 Hz), 6.53 (1H, dd, J=7.3, 2.6 Hz), 5.63 (1H, ), 5.04 (1H, d, J=7.2 Hz),
420 (1H, dd, J=11.7,5.1 Hz), 3.97-3.89 (1H, m), 3.80 (3H, s), 3.42 (1H, dd, J=11.72,
11.72 Hz); “C NMR (100 MHz CDCly) & 159.0, 148.4, 145.3, 144.9, 132.3, 129.1,

127.5,123.7,114.4, 104.8, 76.5, 55.5, 47.5; IR (NaCl dep from CH,Cl,) 2958, 2866,

1645, 1516, 1028, 700 cm".
Z7Q pn

Ph'J/ N0 2-(1-Phenyl-cyclobutyl)-5-styryl-4,5-dihydro-[1,3]dioxepine (31).
Isolated in 50% yield as a pale yellow oil. "H NMR (400 MHz CDCls) & 7.39-7.20 (10H,
m), 6.50 (1H, d, J=15.8 Hz), 6.37 (1H, ddd, J=7.3, 2.6, 2.6 Hz), 6.06 (1H, ddd, J=
15.8,7.9,1.7Hz), 4.73 (1H, s), 4.71 (1H, s), 4.12 (1H, dd, J=11.5, 5.3 Hz), 3.46-3.36
(1H, m), 3.18 (1H, dd, J=11.5, 11.5 Hz), 2.68-2.54 (2H, m), 2.50-2.38 (2H, m), 2.19-
2.06 (1H, m), 1.95-1.83 (1H, m); *C NMR (100 MHz CDCl3) 8 145.9, 145.3, 137.1,
131.8,128.8, 128.3, 127.7, 127.6, 126.4, 126.3, 126.0, 111.1, 110.4, 74.3, 50.2, 44.8, 30.2,
30.0, 16.2; IR (NaCl dep from CH,Cly) 2984, 2945, 1643, 1292, 1139, 699 cm.
>0 OMe

MeO

Meo  OMe 2-(3,4-Dimethoxy-phenyl)-5-[1-(3,4,5-trimethoxy-phenyl)-
vinyl]-4,5-dihydro-[1,3]dioxepine (32). Isolated in 81% yield as a viscous pale yellow

oil. '"H NMR (400 MHz CDCl3) 5 7.08-7.02 (2H, m), 6.84 (1H, d, J = 8.3 Hz), 6.62 (2H,
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s), 6.53 (1H, dd, J= 7.5, 3.0 Hz), 5.49 (1H, s), 5.38 (1H, ), 5.19 (1H, s), 5.01 (1H, d, J =
7.3 Hz), 4.23 (1H, d, J=11.5, 4.5), 3.94-3.82 (16H, m), 3.38 (1H, dd, J= 11.1, 11.1 Hz);
13C NMR (100 MHz CDCL3)  153.3, 149.6, 149.1, 148.4, 145.3, 138.2, 136.9, 131.6,
118.7,114.2,113.3, 110.9, 109.0, 106.4, 103.9, 74.4, 61.1, 56.4, 56.2, 56.1, 46.9; IR
(NaCl dep from CH,Cl,) 2937, 2836, 1645, 1411, 1128, 732 cm™; HRMS (+TOF MS)

calcd for C24H,307, 428.4700. Found 429.1893.

Z7Q ph
ye

°© 2-(1-Phenyl-cyclobutyl)-5-(2-phenyl-propenyl)-4,5-dihydro-
[1,3]dioxepine (33).. Isolated in 36% yield as a pale yellow oil. '"H NMR (400 MHz
CDCls) 6 7.36-7.15 (10H, m), 6.30 (1H, dd, J= 7.2, 3.0 Hz), 5.48 (1H, dd, J=9.6, 1.1
Hz), 4.62 (1H, s), 4.58 (1H,dd, J=7.5, 1.1 Hz), 3.98 (1H, dd, /=117, 6.4 Hz), 3.65-
3.55 (1H, m), 3.06 (1H, dd, J= 11.3, 11.3), 2.63-2.49 (2H, m), 2.44-2.32 (2H, m), 2.14-
2.00 (4H, m), 1.89-1.77 (1H, m); C NMR (100 MHz CDCl3) & 146.0, 145.1, 143 4,
137.5,128.4, 127.8, 127.7, 127.3, 126.2, 136.0, 125.9, 111.8, 111.3, 73.5, 50.2, 41.4, 30.2,
30.0, 16.3, 16.2; IR (NaCl dep from CH,Cl,) 2945, 2861, 1645, 1494, 1139, 699 cm™;

HRMS (FAB+) calcd for C19H200,8S, 313.1262. Found 313.1270.

th,( c))J\COzEt
o 3-(5-Phenyl-4,5-dihydro-[1,3]dioxepin-2-yl)-acrylic acid ethyl ester

(34). Isolated in 64% yield as a colorless oil. '"H NMR (400 MHz CDCl3) 6 7.36-7.19
(5H, m), 6.87 (1H, dd, J=16.0, 3.8 Hz), 6.44 (1H, dd, J=7.2,2.8 Hz), 6.22 (1H, d, J =
15.8 Hz), 5.16 (1H, d, J=3.6 Hz), 4.97 (1H, dd, J=7.5, 1.1 Hz), 4.21 (2H, q, J= 7.1 Hz),
4.11 (1H, dd, J=11.5, 5.1 Hz), 3.93-3.85 (1H, m), 3.29 (1H, dd, J=11.7, 11.7 Hz), 1.28

(3H, t,J=7.03); *C NMR (100 MHz CDCl3) 5 166.1, 145.0, 142.0, 140.4, 129.0, 128.1,
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127.4,124.3, 113.6, 103.5, 76.0, 60.9, 48.4, 14.4; IR (NaCl dep from CH,Cl,) 2981,
2870, 1724, 1647, 1146, 702 cm™.

230 pn
P?D)\b4-Phenyl-2-(1-phenyl-cyclobutyl)-4,5-dihydro-[1,3]di0xepine (45). Isolated
in 75% yield as a colorless oil. "H NMR (400 MHz CDCl3) & 7.28-7.04 (10H, m), 6.38
(1H, dd, J= 6.6, 1.5 Hz), 5.66 (1H, s), 5.31 (1H, dd, J=10.9, 2.6 Hz), 4.78 (1H, ddd, J =
7.3,7.3,2.8 Hz), 2.80 (1H, dddd, J=17.5, 10.9, 2.6, 2.6 Hz), 2.65-2.54 (1H, m), 2.47-
2.31 (1H, m), 2.21 (1H, dddd, J=17.7, 7.5, 2.8, 1.5 Hz), 2.14-2.01 (1H, m), 1.89-1.77
(1H, m); *C NMR (100 MHz CDCl;) 5 148.0, 146.3, 142.8, 128.4, 127.8, 127.7, 127 4,

126.3, 125.9, 105.0, 104.8, 79.8, 50.0, 33.7, 30.3, 29.1, 16.4; IR (NaCl dep from CH,Cl,)

2986, 2941, 1650, 1494, 1111, 699 cm™.
D
e
HAs!
P NO,2-(4-Nitro-phenyl)-4,4,7,7-tetradeuterio-4,7-dihydro-[1,3]dioxepine
(46). Isolated in 73% yield as a white solid. 'H NMR (400 MHz CDCl) & 8.23 (2H, d, J
= 8.4 Hz), 7.72 (2H, d, J = 8.4 Hz), 5.88 (1H, s), 5.78 (2H, s); *C NMR (100 MHz

CDCl;) & 146.0, 129.9, 127.9, 123.6, 101.1; IR (NaCl dep from CH,Cly) 2875, 2213,

2099, 1513, 1348, 702 cm™'; HRMS (FAB+) caled for CH;D4NOy, 226.1017. Found
226.1011.

thC ?
L
P NO;2-(4-Nitro-phenyl)-5-phenyl-4,4,5-trideuterio-4,5-dihydro-

[1,3]dioxepine (47). Isolated in 75% yield as a white solid. '"H NMR (400 MHz CDCl3)

58.23 (2H, dd, J= 8.7, 2.4 Hz), 7.71 (H, dd, J= 8.7, 2.1 Hz), 5.63 (1H, d, /= 2.1 Hz),
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5.06 (1H, s), 3.97 (1H, s); *C NMR (100 MHz CDCls) & 148.4, 145.2, 140.3, 129.1,

128.1,127.5, 123.7, 113.8, 104.7, 48.2; IR (NaCl dep from CH,Cl,) 3081, 2873, 1635,

1345, 1128, 697 cm™.

0
Ph O)“Ph

PH 4-Phenethyl-2,5-diphenyl-4,5-dihydro-[1,3]dioxepine (49). Isolated in 70%
yield as a colorless oil. "H NMR (400 MHz CDCl;) § 7.62-6.92 (15H, m), 6.41 (1H, dd,
J=1.9,3.0 Hz), 5.66 (1H, s), 4.76 (1H, dd, /= 7.7, 2.1 Hz), 3.65 (1H, dd, J= 10, 2.7 Hz),
3.57 (1H, ddd, J=9.7, 9.7, 1.8 Hz), 2.92-2.82 (1H, m), 2.60-2.50 (1H, m), 1.89-1.78 (1H,
m), 1.74-1.63 (1H, m); C NMR (100 MHz CDCl3) & 171.0, 143.96, 142.3, 141.8, 139.1,
129.0, 128.8, 128.6, 128.5, 128.4, 127.2, 126.2, 125.9, 112.1, 105.6, 85.1, 53.9, 35.3, 32.3;
IR (NaCl dep from CH,Cly) 3061, 2920, 1647, 1453, 1140, 698 cm™.

Stereochemical Assignment (nOe Experiments):

1.3%

131

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



(14) 0" ph

P
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X-Ray Crystal Structure: Chapter 4, Compound 30.
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Table 1. Crystal data and structure refinement for rovis26_Om.

Identification code
Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 28.62°
Absorption correction

Max. and min. transmission
Refinement method

Data / restraints / parameters
Goodness-of-fit on F2

Final R indices [[>2sigma(I)]
R indices (all data)

Absolute structure parameter
Extinction coefficient
Largest diff. peak and hole

Comment: Due to poor crystal quality the R1 and wR2 values are high. The crystal was

a very small thin plate.

rovis26_Om

C18 H17 N 05

327.33

1002) K

0.71073 A

Orthorhombic

P2(1)2(1)2(1)

a=531338) A 0= 90°.
b=8.0571(11) A 0= 90°.
c=36.533(5) A 0 = 90°.
1564.0(4) A3

4

1.390 Mg/m3

0.102 mm-1

688

0.59x 0.11 % 0.03 mm3

2.23 t0 28.62°.

-7<=h<=7, -10<=k<=10, -47<=1<=48

21496

3898 [R(int) = 0.2521]

98.6 %

Multi-scan

0.9969 and 0.9418
Full-matrix least-squares on F2
3898/0/218

0.937

R1=10.0861, wR2 =0.1656
R1=10.2461, wR2 = 0.2244
-2(3)

0.028(4)

0.371 and -0.353 e.A-3
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Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(A2x 103) for rovis26_Om. U(eq) is defined as one third of the trace of the
orthogonalized Ul tensor.

X y Z Ueq)

N(1) 9497(11)  7388(6) 3253(1) 36(1)
o(1) 6334(9) 8786(4) 1637(1) 38(1)
0(2) 4199(8) 6221(5) 1711(1) 38(1)
0(3) 8192(9) 6705(5) 3490(1) 43(1)
0(4) 11477(9) 8138(6) 3327(1) 44(1)
0(5) 4612(8)  10513(5) -461(1) 33(1)
c(1) 6497(12)  7139(7) 1747(2) 29(1)
C@2) 3500(13)  5819(8) 1357(2) 39(2)
C@3) 3495(12)  6792(7) 1068(2) 31(2)
C(4) 4239(12)  8607(7) 1040(2) 33(2)
C(5) 6539(12)  9060(7) 1248(1) 29(2)
C(6) 7173(12)  7163(7) 2149(2) 29(2)
C(7) 5724(12)  6410(7) 2420(2) 31Q2)
C(8) 6443(12)  6484(7) 2783(2) 33(2)
C(9) 8680(13)  7321(7) 2872(1) 28(1)
C(10) 10117(12)  8083(7) 2610(2) 30(2)
c(11) 9367(11)  7977(8) 2247(2) 3002)
C(12) 4326(11)  9178(7) 643(2) 27(1)
C(13) 2565(12)  10275(7) 508(2) 31Q2)
C(14) 2588(12)  10772(7) 138(2) 32(2)
C(15) 4411(12)  10146(7) -89(2) 28(2)
C(16) 6189(12)  9062(7) 43(1) 29(2)
c(17) 6149(12)  8574(7) 408(2) 30(2)
C(18) 2611(13)  11531(8) -612(2) 41(2)
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Table 3. Bond lengths [A] and angles [°] for rovis26_Om.

N(1)-0(3) 1.238(6)
N(1)-0(4) 1.243(6)
N(1)-C(9) 1.457(7)
o(1)-c(1) 1.389(6)
0(1)-C(5) 1.442(6)
0(2)-C(2) 1.383(7)
0O(2)-C(1) 1.434(7)
O(5)-C(15) 1.396(6)
O(5)-C(18) 1.452(7)
C(1)-C(6) 1.512(7)
C(2)-C(3) 1.316(7)
C(3)-C(4) 1.519(8)
C)-CS) 1.485(8)
C(4)-C(12) 1.522(8)
C(6)-c(11) 1.386(8)
C(6)-C(7) 1.392(8)
C(7)-C(8) 1.385(8)
C(8)-C(9) 1.405(8)
C(9)-C(10) 1.369(8)
C(10)-C(11) 1.387(7)
C(12)-C(13) 1.379(8)
C(12)-C(17) 1.383(8)
C(13)-C(14) 1.411(7)
C(14)-C(15) 1.370(8)
C(15)-C(16) 1.374(8)
C(16)-C(17) 1.389(7)
O(3)-N(1)-0(4) 122.5(5)

O(3)-N(1)-C(9) 118.9(6)

O(4)-N(1)-C(9) 118.5(5)

C(1)-0(1)-C(5) 115.2(4)

C(2)-0(2)-C(1) 115.9(4)

C(15)-0(5)-C(18) 115.7(5)

0O(1)-C(1)-0(2) 114.4(5)
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O(1)-C(1)-C(6) 106.5(4)

0(2)-C(1)-C(6) 107.4(5)
C(3)-C(2)-0(2) 127.7(6)
C(2)-C(3)-C(4) 128.9(6)
C(5)-C(4)-C(3) 114.6(5)
C(5)-C(4)-C(12) 112.9(5)
C(3)-C(4)-C(12) 111.3(5)
0(1)-C(5)-C(4) 113.9(5)
C(11)-C(6)-C(7) 119.2(5)
C(11)-C(6)-C(1) 117.3(5)
C(7)-C(6)-C(1) 123.6(6)
C(8)-C(7)-C(6) 120.7(6)
C(7)-C(8)-C(9) 118.4(5)
C(10)-C(9)-C(8) 121.7(5)
C(10)-C(9)-N(1) 119.0(6)
C(8)-C(9)-N(1) 119.3(5)
C(9)-C(10)-C(11) 118.7(6)
C(6)-C(11)-C(10) 121.3(6)
C(13)-C(12)-C(17) 118.6(5)
C(13)-C(12)-C(4) 121.0(5)
C(17)-C(12)-C(4) 120.5(5)
C(12)-C(13)-C(14) 121.3(6)
C(15)-C(14)-C(13) 118.8(6)
C(14)-C(15)-C(16) 120.5(5)
C(14)-C(15)-0(5) 124.4(6)
C(16)-C(15)-0(5) 115.1(5)
C(15)-C(16)-C(17) 120.4(6)
C(12)-C(17)-C(16) 120.5(6)
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Table 4. Anisotropic displacement parameters (Azx 103)for rovis26_0m. The
anisotropic displacement factor exponent takes the form: -202[ h2a*2Ul I+ +2hka*

b* Ul2 ]

yll U22 U33 U23 yl3 yl2
N(1) 44(4) 21(3) 42(3) 6(2) 5(3) 4(3)
o(1) 64(3) 14(2) 35(2) 0(2) -3(2) 5(2)
0(2) 42(3) 39(3) 33(2) 4(2) 3(2) -8(2)
0(3) 61(3) 33(3) 36(2) 5(2) 5(2) -9(3)
0H“) 42(3) 46(3) 42(3) -5(2) -9(2) -8(3)
0(5) 42(3) 27(2) 31(2) -1(2) 3(2) 2(2)
C() 35(4) 17(3) 36(3) 33) 0(3) 3(3)
C(2) 46(5) 39(4) 33(4) -10(3) 4(3) -9(4)
C(3) 41(4) 23(3) 28(3) -13) 10(3) 0(3)
C@) 40(4) 25(3) 34(4) -13) 5(3) 403)
C(5) 42(4) 16(3) 28(3) 6(2) -4(3) 2(3)
C(6) 28(4) 23(3) 35(3) 5(3) 5(3) 5(3)
C) 34(4) 25(3) 34(4) -2(3) 3(3) 6(3)
C(8) 34(4) 23(3) 41(4) 2(3) 13(3) 403)
()} 37(4) 22(3) 25(3) 2(2) 5(3) 2(3)
C(10) 354) 18(3) 36(4) 3(3) -1(3) 1(3)
C(1) 28(4) 26(3) 37(4) 1(3) 10(3) 8(3)
Cc(12) 27(4) 19(3) 36(3) -2(3) 8(3) 0(3)
Cc(13) 314 26(3) 36(4) -9(3) -3(3) 1(3)
C(14) 374 22(3) 38(4) 2(3) 7(3) 3(3)
C(15) 30(4) 22(3) 32(4) 0(3) -1(3) -3(3)
C(6) 2403) 27(3) 36(4) -8(3) 4(3) -1(3)
C(17)y 36(4) 21(3) 31(3) 1(3) -5(3) -2(3)
C(18) 534 33(4) 36(4) 6(3) | -8(3) 4(4)
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Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x
103)
for rovis26_Om.

X y z U(eq)
H(1A) 7861 6571 1606 35
H(2A) 2959 4709 1318 47
H(3A) 2953 6290 846 37
H(4A) 2834 9244 1156 40
H(5A) 7971 8403 1153 35
H(5B) 6918 10247 1204 35
H(7A) 4226 5840 2354 37
H(8A) 5448 5980 2969 39
H(10A) 11599 8672 2676 36
H(11A) 10378 8472 2063 36
H(13A) 1311 10705 667 37
H(14A) 1364 11526 47 39
H(16A) 7455 8644 -116 35
H(17A) 7381 7820 496 35
H(18A) 2920 11718 -873 61
H(18B) 2567 12600 -434 61
H(18C) 994 10964 -581 61
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Chapter 5 Experimental

A Diasterceoselective Ring Contraction of 1,3-Dioxepins to 2,3.4-Trisubstituted and

Tetrasubstituted Tetrahvdrofurans

General Methods: All reactions were performed under an inert atmosphere of argon in
flame-dried glassware with magnetic stirring. Acetonitrile (ACS grade) was purchased
from Fisher Scientific and distilled from CaH; before use. Column chromatography was
performed on EM Science silica gel 60 (230-400 mesh). Thin layer chromatography was
performed on EM Science 0.25 mm silica gel 60-F plates. Visualization was
accomplished with UV light, KMnOj, or aqueous ceric ammonium molybdate followed
by heating.

TMSOTT was purchased from Fluka and was used as a 0.2M stock solution in
acetonitrile and used within five days. All other chemicals were purchased from Aldrich
Chemical Co. and used without further purification.

'H NMR spectra are reported as follows: chemical shift in parts per million (3,
ppm) from an internal standard [deuterated chloroform (CDCl3)], multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet), integration, and coupling constant
(Hz). ®C NMR chemical shifts are reported in ppm from (CDCls) taken as 77.23 ppm.
Mass spectra were obtained on Fisons VG Autospec. Gas chromatography was
performed on a Varian Cp 3800 gas chromatograph equipped with a flame ionization
detector using a Chromopack Cp-Sil 8 CB (15 M X 0.25 mm) capillary column.
General Procedure A for the [1, 3] Ring Contraction of 1,3-Dioxepins. Reactions
were performed on a 0.5 mmol scale. A flame-dried round-bottom flask was charged

with 1,3-dioxepin (1 eq.) and freshly distilled MeCN (0.05M with respect to 1,3-dioxepin)
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and cooled to -40 °C. TMSOTT (0.1 eq., 0.2M solution in MeCN) was added dropwise
and the reaction was monitored by TLC. Upon disappearance of 1,3-dioxepin (typically
1h) the reaction was quenched with 0.5 mL of sat. aq. NH4Cl and then diluted with ether.
MgSO,4 was added and the reaction was mixed for 15 min., then filtered through a pad of
celite and the solvent was removed in vacuo. The product was purified by silica gel
column chromatography using 9:1-3:1 Hex:EtOAc as eluent.

General Procedure B for the [1, 3] Ring Contraction of 1,3-Dioxepins. Reactions
were performed on a 0.25 mmol scale. A flame-dried round-bottom flask was charged
with CH,Cl, (0.05M with respect to 1,3-dioxepin), 1.1 eq. of SnCls and cooled to -78 °C.
The 1,3-dioxepin was then added dropwise and the reaction was monitored by TLC.
Upon disappearance of the 1,3-dioxepin (Typically 15 min.) the reaction was quenched
with 0.5 mL of sat. aq. NH4Cl and then diluted with ether. The organic layer was washed
2 x H,0 and 1 x brine and then dried over MgSO4. After filtration, the solvents were
removed in vacuo. The product was purified by silica gel column chromatography using
9:1-3:1, Hex:EtOAc as eluent.

Mass spectrometry was attempted under TOF+, FAB+ and ES- ionization for
tetrahydrofurans 16a, 19, 22, 24, 24a, 32, 40, 44, 46, 50, and 52, however, mass spectra

were not obtained due to decomposition.
Ph, _GHO
Q‘Ph2,4-Diphenyl-tetrahydro-furan-3-carbaldehyde (10). Isolated in 87% yield as
a colorless oil. "H NMR (400 MHz CDCl3) 8 9.39 (1H, d, J = 1.9 Hz), 7.40-7.22 (10H,
m), 5.56 (1H, d, J=7.0 Hz), 4.51 (1H, dd, J= 8.8, 6.5 Hz), 4.24 (1H, dd, J= 8.8, 5.9 Hz),
3.99 (1H, m), 3.33 (1H, ddd, J=8.9, 6.8, 1.9 Hz); ">C NMR (100 MHz CDCls) & 200.7,

141.9,137.8,129.3, 129.0, 128.3, 127.9, 126.3, 125.7, 79.5, 74.3, 64.3, 48.0; IR (NaCl
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dep from CH,Cl,) 3030, 2863, 1720, 1494, 1068, 700 cm’'; HRMS (FAB+) calcd for

C17H1602, 253.1229. Found 253.1227.

Ph, CHO

o” "Ph2,4-Diphenyl-tetrahydro-furan-3-carbaldehyde (10a). Isolated in 70% yield
as a colorless oil. 'H NMR (400 MHz CDCl3) 8 9.01 (1H, d, J = 3.0 Hz), 7.31-7.14 (10H,
m), 5.47 (1H, d, J= 8.5 Hz), 4.65-4.58 (1H, m), 3.95-3.87 (1H, m), 3.32 (1H, dddd, /=
11.5,8.6, 5.8, 3.1 Hz); >C NMR (100 MHz CDCls) § 200.7, 139.7, 137.5, 129.2, 129.0,
128.4,127.9, 127.5, 126.3, 82.6, 75.1, 63.6, 45.4; IR (NaCl dep from CH,Cl,) 3030,

2857, 1720, 1495, 1067, 700 cm™; HRMS (FAB+) caled for C17Hi60,, 253.1229. Found

253.1227.

Ph,  CHO

© \O/ 4-Phenyl-2,3,4,5-tetrahydro-[2,2’]bifuranyl-3-carbaldehyde (12). Isolated
in 88% yield as a colorless oil. '"H NMR (400 MHz CDCls) § 9.32 (1H, d, J= 1.5 Hz),
7.41-7.21 (6H, m), 6.37-6.30 (2H, m), 5.55 (1H, d, J= 6.4 Hz), 4.41 (1H, dd, /= 8.7, 6.4
Hz), 4.18-4.02 (2H, m), 3.68 (1H, ddd, J= 8.5, 6.4, 1.5 Hz); '*C NMR (100 MHz CDCly)
6200.0, 143.1, 137.7, 129.3, 129.2, 128.3, 127.8, 110.6, 108.4, 73.9, 73.0, 59.9, 48.0; IR

(NaCl dep from CH,Cl,) 2868, 1721, 1495, 1068, 703 cm™; HRMS (FAB+) calcd for

C15sH1402, 242.0943. Found 242.0939.

Ph,  CHO

<ZS\(}4-Phenyl—2,3,4,5-tetrahydro-[2,2’]bifuranyl—3-carbaldehyde (12a).

Isolated in 94% yield as a colorless oil. "H NMR (400 MHz CDCls) 6 9.35 (1H, d, J =
2.8 Hz), 7.42-7.22 (6H, m), 6.38-6.32 (2H, m), 5.46 (1H, d, /= 8.7 Hz), 4.54 (1H, dd, J =
8.2,82Hz),4.12 (1H, dd, /= 16.6, 8.2 Hz), 3.94 (1H, dd, /= 8.6, 8.6 Hz), 3.41 (1H, dt,

J=8.7,3.0 Hz); *C NMR (100 MHz CDCl3) 5 199.2, 151.2, 143.3, 139.4, 129.2, 127.8,
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127.5,110.7,109.4, 75.7, 75.1, 62.9, 45.5; IR (NaCl dep from CH,Cl,) 2865, 1721, 1496,
1149, 1066, 700 cm™'; HRMS (FAB+) calcd for CsH40s, 242.0943. Found 242.0939.
Ph,  CHO

<?\\\\Ph4-Phenyl—2-styryl-tetrahydro-furan-i*»-carbaldehyde (14). Isolated in 90%
combined yield as a colorless oil. '"H NMR (400 MHz CDCl3) § 9.34 (1H, d, /= 2.1 Hz),
7.42-7.20 (10H, m), 6.71 (1H, d, J=15.8 Hz), 6.22 (1H, dd, /= 15.8, 6.2 Hz), 5.12 (1H,
dd, J= 6.6, 6.6 Hz), 4.40 (1H, dd, J=9.0, 6.6 Hz), 4.16 (1H, dd, /=9.0, 5.8 Hz), 3.99-
3.90 (1H, m); 3.22 (1H, ddd, J= 9.0, 7.0, 2.1 Hz); "*C NMR (100 MHz CDCl3) § 200.7,
137.8,136.5, 131.7, 129.3, 129.1, 128.7, 128.1, 127.7, 127.6, 126.8, 78.8, 73.8, 61.9, 47.8;
IR (NaCl dep from CH,Clp) 3028, 2862, 1721, 1494, 1072, 696 cm™'; HRMS (FAB+)

calcd for CigH130,, 279.1385. Found 279.1398.

Ph, CHO

(_L/\Ph
@)

88% yield as a colorless oil. "H NMR (400 MHz CDCl;) 8 9.70 (1H, d, J=2.8 Hz),

4-Phenyl-2-styryl-tetrahydro-furan-3-carbaldehyde (14a). Isolated in

7.38-7.22 (10H, m), 6.76 (1H, d, J=16.0 Hz), 6.21 (1H, dd, /= 15.8, 7.0 Hz), 5.07 (1H,
dd,J=7.3,7.3 Hz), 449 (1H, dd, J=7.5, 7.5 Hz), 4.02-3.88 (2H, m), 3.36 (1H, ddd, J =
15.4,8.3,3.0 Hz); C NMR (100 MHz CDCl3) 8 200.6, 139.8, 136.1, 133.3, 129.2,
128.9, 128.4, 127.8, 127.5, 127.0, 125.0, 81.5, 74.8, 63.5, 45.5; IR (NaCl dep from
CH,Cl,) 3028, 2854, 1720, 1494, 1044, 695 cm™'; HRMS (FAB+) caled for C1oH;50;,
279.1385. Found 279.1398; Gas chromatography analysis- gas flow 3mL/min with
constant 150 °C oven temperature. Major diastereomer: 46.9 min, minor diastereomer:

61.5 min.
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(@)

85% yield as a colorless oil. 'H NMR (400 MHz CDCl3) § 9.76 (1H, d, J= 3.2 Hz),

Ph2-Phenethly-4-phenyl-tetrahydro-furan-?a-carbaldehyde (16). Isolated in

7.34-7.18 (10H, m), 4.44 (1H, dd, J=8.1, 8.1),4.34 (1H, ddd, J= 8.1, 4.3, 4.1 Hz), 3.88
(1H,dd,J=17.7,7.7 Hz), 3.80 (1H, dd, J= 8.6, 8.6), 3.15 (1H, ddd, J= 7.9, 6.6, 3.4 Hz),
2.94-2.76 (2H, m), 2.05-1.84 (2H, m); C NMR (100 MHz CDCl3) & 201.3, 141.3,
140.3, 129.0, 128.7, 127.7, 127.3, 126.3, 81.0, 74.6, 62.5, 45.8, 33.6, 32.9; IR (NaCl dep
from CH,Cly) 3028, 2859, 1721, 1454, 1066, 700 cm™; HRMS (FAB+) calcd for
Ci9H200,, 280.1463. Found 280.1475; Gas chromatography analysis- gas flow 3mL/min
with constant 150 °C oven temperature. Minor diastereomer: 42.7 min, minor

diastereomer: 49.1 min, major diastereomer: 53.2 min.

P, CHO

@\/\F’“z-Phenethy1-4-phenyl-tetrahydro-furan-s-carbaldehyde (16a). Isolated
in 89% combined yield as a colorless oil. 'H NMR (400 MHz CDCls) § 9.24 (1H, d, J =
2.6 Hz), 7.35-7.15 (10H, m), 4.48 (1H, ddd, J=7.3, 7.3, 7.0 Hz), 4.31 (1H, dd, J= 9.0,
6.6 Hz), 4.08 (1H, dd, J = 9.0, 6.6 Hz), 3.90-3.82 (1H, m), 3.01 (1H, ddd, J=9.6, 4.2, 2.8
Hz), 2.89-2.79 (1H, m), 2.75-2.66 (1H, m), 1.99-1.87 (2H, m); *C NMR (100 MHz
CDCl) §201.4, 141.7, 138.0, 129.2, 128.7, 128.6, 128.3, 127.6, 127.5, 126.2, 78.1, 73.5,
61.3, 48.0, 37.4, 32.6; IR (NaCl dep from CH,Cly) 3027, 2935, 1720, 1495, 1081, 701

em.

MeO,
@ CHO

0 Ph4-(4-Methoxy-phenyl)-z-phenethyl-tetrahydro-furan-?)-

carbaldehyde (18). Isolated in 84% yield as a colorless oil. "H NMR (400 MHz CDCly)
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89.77 (1H, d, J = 3.6 Hz), 7.35-7.14 (7H, m), 6.90-6.84 (2H, m), 4.44 (1H, dd, J=8.1,
8.1 Hz), 4.35 (1H, ddd, J=9.6, 8.1, 4.3 Hz), 3.94-3.76 (5H, m), 3.12 (1H, ddd, J= 8.1,
6.6, 3.6 Hz), 2.96-2.68 (2H, m), 2.06-1.84 (2H, m), 2.76 (1H, m); *C NMR (100 MHz
CDCly) § 201.5, 141.3, 132.1, 128.8, 128.7, 126.3, 114 .4, 80.9, 74.8, 62.6, 55.5, 45 2,
33.6, 32.9; IR (NaCl dep from CH,Cl,) 2935, 2837, 1719, 1514, 1034, 701 cm™; HRMS

(FAB+) caled for C0H203, 311.1647. Found 311.1633.

Ph, CHO

o” “Et2-Ethyl-4-phenyl-tetrahydro-furan-3-carbaldehyde (19). Isolated in 97%
yield as a colorless oil. "HNMR (400 MHz CDCls) 6 9.80 (1H, d, J= 3.6 Hz), 7.36-7.22
(5H, m), 4.43 (1H, dd, /= 7.9, 7.9 Hz), 4.28 (1H, ddd, J= 8.1, 8.1, 5.8 Hz), 3.91-3.78
(2H, m), 3.16 (1H, ddd, J= 7.8, 6.0, 3.4 Hz), 1.77-1.65 (2H, m), 1.06 (3H, t, J=7.5 Hz);
C NMR (100 MHz CDCL) § 201.5, 140.5, 129.1, 127.8, 127.3, 83.6, 74.6, 62.5,45.8,

24.9, 11.2; IR (NaCl dep from CH,Cl,) 2967, 2876, 1721, 1455, 1075, 701 cm™.

Ph, CHO

o” T+Pr2-Isopropyl-4-phenyl-tetrahydro-furan-3-carbaldehyde (22). Isolated in
83% yield as a colorless oil. 'H NMR (400 MHz CDCls) 6 9.80 (1H, d, J =4.3 Hz),
7.34-7.19 (5H, m), 4.51 (1H, dd, J = 8.0, 8.0 Hz), 3.87-3.70 (3H, m), 3.05 (1H, ddd, J=
8.3, 6.8,4.3 Hz), 1.99-1.88 (1H, m), 1.07 (3H, d, J= 6.4 Hz), 0.95 (3H, d, J = 6.6 Hz);
C NMR (100 MHz CDCls) § 201.4, 141.0, 129.1, 127.7, 127.3, 88.8, 74.8, 61.8, 46.4,
29.5,20.6, 19.3; IR (NaCl dep from CH,Cl,) 2961, 2873, 1720, 1470, 1073, 700 cm™;
Gas chromatography analysis- gas flow 3mL/min with constant 130 °C oven temperature.

Minor diastereomer: 3.4 min, minor diastereomer: 7.1 min, major diastereomer: 8.2 min.
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Ph, CHO

o” ~tBu2-tert-Butyl-4-phenyl-tetrahydro-furan-3-carbaldehyde (24). vIsolated in
55% yield as a colorless oil. 'H NMR (400 MHz CDCl3) & 9.88 (1H, d, J=4.7 Hz),
7.34-7.20 (5H, m), 4.48 (1H, dd, J= 8.3, 8.3 Hz), 3.92 (1H, d J= 6.8 Hz), 3.85 (1H, dd, J
=8.5,7.9 Hz), 3.80-3.70 (1H, m), 1.02 (9H, s); *C NMR (100 MHz CDCls) & 201.3,
140.9, 129.1, 127.8, 127.3, 92.0, 74.4, 63.1, 46.1, 34.3, 27.5; IR (NaCl dep from CH,Cl,)
2958, 2871, 1716, 1077, 1055, 700 cm™; Gas chromatography analysis- gas flow
3mL/min with constant 130 °C oven temperature. Minor diastereomer: 3.4 min, minor

diastereomer: 3.8 min, major diastereomer: 19.2 min.

Ph,  CHO

<;>‘f'BU2-tert-Butyl—4-phenyl-tetrahydro—furan—3-carbaldehyde (24a). Isolated in
89% yield as a colorless oil. 'H NMR (400 MHz CDCls) § 9.19 (1H, d, J = 3.6 Hz),
7.33-7.19 (5H, m), 4.23-4.16 (2H, m), 4.09 (1H, dd, /=8.7, 6.2 Hz), 3.72 (1H, ddd, J =
9.2, 6.1, 6.1 Hz), 3.14 (1H, ddd, J=9.2, 7.3, 3.6 Hz), 0.91 (9H, s); "*C NMR (100 MHz
CDCl) 6 202.3, 137.6, 129.2, 128.4, 127.6, 86.2, 73.5, 56.8, 49.3, 34.8, 26.0; IR (NaCl

dep from CH,Cly) 2957, 2868, 1721, 1364, 1078, 702 cm’™.

0 ""2-Phenethly-4-styryl-tetrahydro-furan-3-carbaldehyde (26). Isolated
in 71% yield as a colorless oil. '"H NMR (400 MHz CDCl3) 6 9.72 (1H, d, J= 3.6 Hz),
7.35-7.13 (10H, m), 6.46 (1H, d, J = 15.8 Hz), 6.04 (1H, dd, J=15.8, 8.5 Hz), 4.28 (1H,
dd, J= 8.3, 8.3 Hz), 4.22-4.14 (1H, m), 3.59 (1H, dd, J = 8.3, 8.3 Hz), 3.52-3.41 (1H, m),
2.99-2.74 (2H, m), 2.74-2.62 (1H, m), 2.00-1.80 (2H, m); “C NMR (100 MHz CDCls)

62012, 141.3,136.7, 132.4, 128.8, 128.7, 127.9, 126.4, 126.3, 80.5, 72.8, 60.7, 44.1,
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33.5,32.9; IR (NaCl dep from CH,Cl,) 2934, 2857, 1720, 1495, 1049, 696 cm™; HRMS

(FAB+) caled for Cy1H20,, 307.1698. Found 307.1709.

Ph

)= GHO

e}

(28). Isolated in 79% yield as a colorless oil. "H NMR (400 MHz CDCl3) 8 9.75 (1H, d,

Ph2-Phenethly-4-(2-phenyl-propenyl)-tetrahydro-furan—3-carbaldehyde

J=3.6 Hz), 7.34-7.14 (10H, m), 5.59 (1H, d, J= 9.4 Hz), 430 (1H, dd, J= 8.2, 8.2 Hz),
4.16 (1H, ddd, J=11.7, 9.4, 4.5 Hz), 3.74-3.64 (1H, m), 3.50 (1H, dd, J = 8.4, 8.4 Hz),
2.90-2.82 (2H, m), 2.72-2.62 (1H, m), 2.12-1.82 (6H, m); “C NMR (100 MHz CDCl;)
8201.6,143.1, 141.3, 138.2, 128.7, 128.6, 128.5, 127.4, 126.7, 126.3, 125.9, 80.6, 73.2,
61.7,40.1, 33.5, 33.0, 16.7; IR (NaCl dep from CH,Cl,) 2934, 2858, 1719, 1494, 1060,
698 cm™'; HRMS (FAB+) calcd for CypHy40,, 321.1855. Found 321.1848; Gas
chromatography analysis- gas flow 3mL/min with constant 130 °C oven temperature.

Minor diastereomer: 6.3 min, minor diastereomer: 7.1 min, major diastereomer: 7.4 min.

Ph CHO

Z—(;j\/\sph“

(30). Isolated in 68% yield as a pale yellow oil. 'H NMR (400 MHz CDCl5) 8 9.70 (1H,

-Phenyl-2-(2-phenylsulfanyl-ethyl)-tetrahydro-furan-3-carbaldehyde

d, J=3.2 Hz), 7.35-7.14 (10H, m), 4.50 (1H, ddd, J=10.2, 8.1, 3.8 Hz), 4.34 (1H, dd, J
=7.9,7.9 Hz), 3.84 (1H, dd, J = 15.3, 8.1 Hz), 3.77 (1H, dd, J= 8.5, 8.5 Hz), 3.21-3.12
(1H, m), 3.04-2.95 (1H, m), 2.04-1.82 (2H, m); C NMR (100 MHz CDCl3) § 201.0,
140.2, 136.1, 129.4, 129.2, 129.1, 127.7, 127.4, 126.3, 80.0, 74.6, 62.4, 45.7, 31.5, 30.7,
IR (NaCl dep from CH,Clp) 2937, 2856, 1720, 1439, 1071, 700 cm™; HRMS (FAB+)

caled for C19H200,8S, 313.1262. Found 313.1252.
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Ph, CHO
/ Ph

4-Phenyl-2-(1-phenyl-cyclobutyl)-tetrahydro-furan-3-carbaldehyde (32).
Isolated in 87% yield as a colorless oil. '"H NMR (400 MHz CDCl3) 6 8.89 (1H, d, J =
3.2 Hz), 7.33-7.06 (10H, m), 4.82 (1H, d, J = 6.6 Hz), 4.04 (1H, dd, /= 8.7, 5.5 Hz), 3.91
(1H, dd, J=8.6, 6.1 Hz), 3.13 (1H, ddd, J= 8.7, 5.8, 5.8 Hz), 3.96-2.89 (1H, m), 2.59-
2.51 (1H, m), 2.47-2.31 (2H, m), 2.29-2.21 (1H, m), 2.17-2.04 (1H, m), 1.91-1.79 (1H,
m); ®C NMR (100 MHz CDCl3) & 201.4, 145.6, 137.7, 129.0, 128.2, 128.2, 127.4, 126.5,

84.0,73.6,57.1, 49.7, 48.4, 30.7, 30.4, 15.9; IR (NaCl dep from CH,Cl,) 3028, 2941,

1722, 1494, 1076, 702 cm™.

CF,
Ph, CHO

4-Phenyl-2-[1-(4-trifluoromethyl-phenyl)-cyclobutyl]-tetrahydro-
furan-3-carbaldehyde (34). Isolated in 83% yield as a colorless oil. 'H NMR (400
MHz CDCl3) 6 9.02 (1H, d, J= 3.0 Hz), 7.62-7.06 (H, m), 4.88 (1H, d, J = 6.8 Hz), 4.00
(1H,dd, J=8.7,5.8 Hz), 3.84 (1H, dd, /= 8.7, 6.2 Hz), 3.17 (1H, ddd, /= 8.7, 6.0, 6.0
Hz), 2.88 (1H, ddd, /= 9.8, 6.8, 3.0 Hz), 2.65-2.55 (1H, m), 2.45-2.28 (2H, m), 2.26-2.08
(2H, m), 1.92-1.80 (1H, m); *C NMR (100 MHz CDCls) § 201.3, 149.9, 137.4, 129.1,
128.2, 128.0, 127.6, 125.0, 125.0, 83.2, 73.5, 57.1, 49.7, 48.4, 31.3, 30.3, 16.0; IR (NaCl
dep from CH,Cly) 2943, 2864, 1723, 1327, 1120, 702 cm™'; HRMS (FAB+) calcd for

CoH,1F30,, 373.1415. Found 373.1398.

Ph
N CHO

—,

Ph
%2-(1-Phenyl-cyclobutyl)-4-styryl-tetrahydro-furan-3-carbaldehyde (36).
Isolated in 83% yield as a colorless oil. '"H NMR (400 MHz CDCl3) 6 9.39 (1H, d, J =

3.2 Hz), 7.34-7.14 (10H, m), 6.31 (1H, d, J= 15.8 Hz), 6.04 (1H, dd, J = 15.8, 9.2 Hz),
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475 (1H, d, J= 6.4 Hz), 3.80 (1H, dd, J= 8.5, 6.2 Hz), 3.71 (1H, dd, J= 8.3, 6.6 Hz),
2.84 (1H, ddd, J = 11.7, 6.6, 3.2 Hz), 2.77-2.67 (1H, m), 2.55-2.46 (1H, m), 2.44-2.31
(2H, m), 2.29-2.21 (1H, m), 2.16-2.02 (1H, m), 1.90-1.78 (1H, m); '*C NMR (100 MHz
CDCl) 5 201.4, 145.7, 136.5, 133.3, 128.8, 128.2, 128.0, 127.3, 126.5, 125.2, 84.4, 73.3,
57.1,49.5, 47.1, 30.7, 30.1, 15.9; IR (NaCl dep from CH,CL,) 2980, 2858, 1721, 1494,

1088, 703 cm'l; HRMS (FAB+) caled for Cp3H40,, 333.1855. Found 333.1850.

Ph

):a CHO

Ph

2-(1-Phenyl-cyclobutyl)-4-(2-phenyl-propenyl)-tetrahydro-furan-3-
carbaldehyde (38). Isolated in 80% yield as a colorless oil. '"H NMR (400 MHz CDCl,)
69.44 (1H, d, J= 3.2 Hz), 7.38-7.15 (10H, m), 5.56 (1H, d, J=9.8 Hz), 4.77 (1H, d, J=
5.5 Hz), 3.81 (1H, dd, J=17.7, 7.7 Hz), 3.63 (1H, dd, J=7.57, 7.5 Hz), 2.86-2.79 (1H, m),
2.77-2.67 (1H, m), 2.57-2.48 (1H, m), 2.44-2.33 (2H, m), 2.23-2.05 (2H, m), 1.91-1.78
(4H, m); *C NMR (100 MHz CDCl,) 6 201.5, 145.8, 143.0, 139.3, 128.4, 128.2, 127.5,
127.3,126.5, 125.9, 122.7, 84.3, 73.7, 56.9, 49.5, 42.7, 30.5, 30.5, 16.6, 15.8; IR (NaCl
dep from CH,Cly) 2980, 2858, 1721, 1494, 1091, 701 cm™; HRMS (FAB+) caled for

Ca4H260,, 346.1933. Found 346.1930.

ph, CHO

%\th-(l-Phenethyl-cyclobutyl)-4-phenyl-tetrahydro-furan-3-carbaldehyde
(40). Isolated in 92% yield as a colorless oil. '"HNMR (400 MHz CDCl3) 6 9.26 (1H, d,
J=3.6 Hz), 7.35-7.12 (10H, m), 4.52 (1H, d, J= 7.0 Hz), 4.31 (1H, dd, J= 9.0, 6.4 Hz),
4.13 (1H, dd, J= 8.5, 7.0 Hz), 3.78 (1H, ddd, /= 9.4, 6.6, 6.6 Hz), 3.09 (1H, ddd, /= 9.8,
7.0, 3.6 Hz), 2.70-2.52 (2H, m), 2.24-2.12 (1H, m), 2.08-1.98 (1H, m), 1.96-1.80 (4H, m),

1.78-1.68 (1H, m), 1.64-1.52 (1H, m); '*C NMR (100 MHz CDCl3) § 202.2, 142.9,
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137.3,129.2, 128.6, 128.6, 128.4, 127.6, 125.9, 82.2, 73.3, 56.9, 49.4, 44.9, 39.5, 30.6,

27.2,26.9,15.1; IR (NaCl dep from CH,Cl,) 2935, 2857, 1721, 1496, 1075, 700 cm”™.

Ph, CHO

o-F"

2-(1-Benzyloxy-cyclobutyl)-4-phenyl-tetrahydro-furan-3-carbaldehyde
(42). Isolated in 65% yield as a colorless oil. "H NMR (400 MHz CDCl5) 6 9.74 (1H, d,
J=2.8 Hz), 7.32-7.18 (10H, m), 4.50 2H, d, /= 6.2 Hz), 4.43 (1H, dd, /= 7.9, 7.9 Hz),
4.12 (1H,d, J=6.8 Hz), 3.86 (1H, ddd, J="7.2,7.2, 3.8 Hz), 3.80 (1H, dd, 7.8, 7.8 Hz),
3.64 (1H, d, J=9.6 Hz), 3.57 (1H, d, J= 9.6 Hz), 2.98 (1H, m), 2.42-2.32 (1H, m), 2.23-
2.13 (1H, m), 1.92-1.68 (3H, m), 1.60-1.51 (1H, m); *C NMR (100 MHz CDCl;) &
202.7, 141.9, 138.3, 129.0, 128.7, 128.0, 127.8, 127.1, 85.7, 74.8, 74.2, 73.7, 62.4, 45 4,
44.4,27.3,25.5,15.3; IR (NaCl dep from CH,Cl,) 2938, 2858, 1716, 1495, 1075, 699

cm'l; HRMS (FAB+) caled for Cy;H2403, 351.1960. Found 351.1956.

Ph, CHO

© 4-Phenyl-2-(1-phenyl-cyclopropyl)-tetrahydro-furan-3-carbaldehyde (44).
Isolated in 90% yield as a colorless oil. 'H NMR (400 MHz CDCl3) 8 9.13 (1H, d, J =
2.8 Hz), 7.43-7.09 (10H, m), 4.08 (1H, d, J=7.5 Hz), 3.97 (1H, dd, J= 8.7, 4.9 Hz), 3.92
(1H, dd, J=8.7, 6.1 Hz), 3.44-3.37 (1H, m), 3.17 (1H, ddd, J= 8.7, 8.7, 2.7 Hz), 1.06-
0.99 (1H, m), 0.93-0.78 (3H, m); *C NMR (100 MHz CDCl) & 201.2, 141.0, 138.2,

131.6,129.1, 128.3, 128.2, 127.5, 127.3, 84.8, 73.7, 59.1, 48.1, 28.8, 11.9, 9.5; IR (NaCl

dep from CH,Cl,) 3027, 2862, 1721, 1495, 1075, 702 cm™.

Ph, CHO
%2-Cyclopropyl-4-phenyl-tetrahydro-furan-3-carbaldehyde (46). Isolated in

87% yield as a colorless oil. 'H NMR (400 MHz CDCls) § 9.25 (1H, d, J=2.8 Hz),
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7.34-7.18 (5H, m), 4.30 (1H, dd, /= 9.0, 6.4 Hz), 4.05 (1H, dd, J= 9.0, 5.5 Hz), 3.92-
3.82 (2H, m), 3.23 (1H, ddd, J= 9.4, 7.0, 2.6 Hz), 1.04-0.94 (1H, m), 0.66-0.57 (1H, m),
0.51-0.41 (2H, m), 0.31-0.22 (1H, m); *C NMR (100 MHz CDCl3) & 201.3, 138.2,
129.2, 128.3, 127.6, 82.7, 73.6, 61.8, 48.2, 15.4, 3.7, 1.8; IR (NaCl dep from CH,Cl,)

3006, 2861, 1721, 1495, 1070, 703 cm™.

Ph,  CHO
Ph

4-Phenyl-2-(1-phenyl-cyclopentyl)-tetrahydro-furan-3-carbaldehyde (48).
Isolated in 96% yield as a colorless oil. "H NMR (400 MHz CDCls) & 8.95 (1H, d, J =
3.4 Hz), 7.44-7.03 (10H, m), 4.60 (1H, d, J= 6.6 Hz), 3.96 (1H, dd, J= 8.5, 5.8 Hz), 3.81
(1H, dd, J=8.7, 6.0 Hz), 3.09-3.02 (1H, m), 2.98-2.91 (1H, m), 2.30-2.21 (1H, m), 2.13-
1.93 (2H, m), 1.86-1.53 (5H, m); '*C NMR (100 MHz CDCl;) § 201.7, 143.8, 137.6,
129.0, 128.5, 128.2, 128.1, 127.4,126.7, 83.7, 73.3, 58.0, 55.1, 48.4, 35.2, 35.0, 23.5,
23.5; IR (NaCl dep from CH,Cl,) 2958, 2870, 1722, 1495, 1079, 702 cm™; HRMS

(FAB+) calcd for CpH340,, 321.1855. Found 321.1846.

Ph 4 OH

3’-Phenylhexahydrospiro[cyclobutane-1,6’-cyclopenta[b]furan]-4’-ol (50).
Isolated in 70% yield as a colorless oil. "H NMR (400 MHz CDCls) & 7.32-7.18 (5H, m),
5.29 (1H, s), 4.59 (1H, d, J= 6.8 Hz), 4.06 (1H, dd, J= 8.5, 6.5 Hz), 3.77 (1H, dd, J=8.5,
6.2 Hz), 3.22 (1H, ddd, J=6.1, 6.1, 5.4 Hz), 2.82 (1H, dd, J= 5.8, 5.8 Hz), 2.45-2.36
(1H, m), 2,23 (1H, ddd, /=113, 10.2, 10.2 Hz), 1.88-1.76 (2H, m), 1.70-1.49 (2H, m);
3C NMR (100 MHz CDCls) & 141.9, 129.0, 127.3, 127.0, 103.7, 87.4, 86.6, 74.8, 58.8,

50.4,36.5,29.0, 13.5; IR (NaCl dep from CH,Cl,) 2935, 1496, 1243, 1127, 1078, 698

cm’™,
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Ph

Ph
VH\O/\\\?“'CHO
A

ph S5-Phenethyl-2,4-diphenyl-tetrahydro-furan-3-carbaldehyde (52).
Isolated in 70% yield as a colorless oil. 'H NMR (400 MHz CDCl3) 6 9.32 (1H, d, J=
1.9 Hz), 7.44-7.11 (15H, m), 5.56 (1H, d, J= 7.3 Hz), 430 (1H, ddd, /= 7.9, 7.9, 4.3 Hz),
3.57 (1H, dd, /=104, 8.1 Hz), 3.30 (1H, ddd, /= 10.7, 7.3, 1.7 Hz), 2.94-2.86 (1H, m),
2.76-2.67 (1H, m), 2.07-1.91 (2H, m); C NMR (100 MHz CDCl;) § 201.4, 141.9,
141.6,137.0, 129.3, 128.8, 128.8, 128.6, 128.0, 127.8, 126.2, 126.1, 84.2, 79.4, 64.4, 53.5,
36.3,32.6; IR (NaCl dep from CH,Cl,) 3028, 2928, 1718, 1495, 1060, 700 cm™..

Stereochemical Assignment (nOe Experiinents):

1.7%

20%Ph. X cno

1.9%7H=7 .\

: 10
(10

i 9 aor%

1.2%

0.6% 0.9%
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Ph, CHO

Q\/\P“(ma).

S

200 i80 160 140 120 100 80 60 40 26 ppm

155

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



PRt
T ™T T TCET ¥ L2 NI R !l!l![‘l ™ T ™7 TR T ™ 1 Ty
140 100 80 66 40 20 Ppm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Ph

Ph
VQ:?'“CHO
B

Ph (82).

ﬂ A | T ¢

; SRE— e e g
9 8 7 6 5 4 3 2 1 ppm

s |

i

) _ | | b
TP T T T i T T T LN UL RN o e e TTr T T 7T TTTTTY TP T
200 180 150 140 120 100 80 60 40 20 pPpm

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



X-Ray Crystal Structure: Chapter 5, Tosylhydrazone of Compound 32.

Table 1. Crystal data and structure refinement for rovis21.

Identification code rovis21

Empirical formula C28 H30N2 O3 S

Formula weight 474.60

Temperature 3732) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P2(1)/c

Unit cell dimensions a=18.3685(6) A 0= 90°.
b=6.0035(2) A 0= 103.078(2)°.
c=22.7956(8) A 0 =90°.

158

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Volume 2448.59(14) A3

Z 4

Density (calculated) 1.287 Mg/m3
Absorption coefficient 0.165 mm-1

F(000) 1008

Crystal size 0.46 x 0.10 x 0.06 mm3

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

1.83 to 30.60°.

-25<=h<=26, -8<=k<=8, -29<=]<=32
34627

7524 [R(int) = 0.0628]

Completeness to theta = 30.60° 99.7 %

Absorption correction multi-scan

Max. and min. transmission 0.9897 and 0.9280

Refinement method Full-matrix least-squares on F2
Data / restraints / parameters 7524 /07320

Goodness-of-fit on F2 1.083

Final R indices [[>2sigma(I)]
R indices (all data)
Largest diff. peak and hole

R1=0.0641, wR2 = 0.1405
R1=0.1192, wR2 = 0.1651
0.446 and -0.937 e.A-3r

Disorder of S, O2 O3 in three positions each. Refined isotropically.
Table 2. Atomic coordinates ( x 104) and equivalent isotropic displacement parameters
(A2x 103) for rovis21. U(eq) is defined as one third of the trace of the orthogonalized

Ul tensor.

X y z U(eq)
S(1) 833(1) 7338(2) 4918(1) 20(1)
S(1A) 695(1) 7474(3) 4768(1) 11(D)
S(1B) 991(1) 7054(3) 5106(1) 12(1)
o) 2965(1) 15074(2) 4034(1) 25(1)
02 1052(2) 5305(6) 4680(2) 31(1)
O(2A) 1246(3) 4989(8) 4918(2) 13(1)
0O(2B) 882(3) 5472(8) 4492(2) (1)
0(3) 128(2) 7529(6) 5087(2) 24(1)
O(3A) -18(3) 7694(10) 4922(3) 14(1)
O(3B) 291(3) 7205(9) 5289(2) 12(1)
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N(1) 1476(1) 9400(3) 4222(1) 33(1)

NQ) 795(1) 9245(4) 4405(1) 41(1)
c(1) 2890(1)  12968(3) 4318(1) 20(1)
C(2) 2353(1)  11519(3) 3843(1) 20(1)
C(3) 2307(1)  12841(3) 3254(1) 23(1)
C(4) 2394(1)  15219(4) 3490(1) 30(1)
C(5) 3669(1)  11941(3) 4558(1) 19(1)
C(6) 4106(1)  13292(4) 5111(1) 25(1)
C(7) 3816(1)  11661(4) 5527(1) 31(1)
C(8) 3616(1)  10006(3) 4996(1) 27(1)
C(9) 4061(1)  11517(3) 4053(1) 18(1)
C(10) 4009(1) 9469(3) 3760(1) 24(1)
c(11) 4331(1) 9149(4) 3272(1) 32(1)
C(12) 4727(1)  10854(4) 3076(1) 33(1)
C(13) 4809(1)  12873(4) 3378(1) 29(1)
C(14) 4473(1)  1321003) 3860(1) 23(1)
C(15) 1641(1)  12298(4) 2747(1) 27(1)
C(16) 1636(1)  10292(4) 2438(1) 36(1)
cQ17) 1046(1) 9725(4) 1961(1) 39(1)
C(18) 452(1)  11164(4) 1784(1) 36(1)
C(19) 4441 13150(4) 2086(1) 37(1)
C(20) 1033(1) 137174 2567(1) 32(1)
C21) 1617(1)  11252(4) 4012(1) 28(1)
C(22) 1547(1) $110(4) 5535(1) 45(1)
C(23) 1472(1)  10083(4) 5835(1) 41(1)
C(24) 2031(1)  10754(6) 6314(1) 51(1)
C(25) 2675(2) 9453(7) 6501(1) 71(1)
C(26) 2737(2) 7505(8) 6195(2) 93(2)
C(27) 2188(2) 6835(6) 5718(2) 76(1)
C(28) 3284(2)  10280(10)  7021(1) 118(2)

Table 3. Bond lengths [A] and angles [°] for rovis21.

S(1)-0(2) 1.429(4)
S(1)-0(3) 1.436(4)
S(1)-0(3B) 1.447(5)
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S(1)-0(2B) 1.498(5)

S(1)-0(3A) 1.580(6)
S(1)-0(2A) 1.601(5)
S(1)-N(2) 1.627(3)
S(1)-C(22) 1.754(3)
S(1A)-S(1B) 0.874(3)
S(1A)-N(2) 1.385(3)
S(1A)-0(3) 1.398(4)
S(1A)-O(2B) 1.434(5)
S(1A)-0(3A) 1.437(6)
S(1A)-0(2) 1.492(4)
S(1A)-0(3B) 1.545(5)
S(1A)-0(2A) 1.792(6)
S(1A)-C(22) 2.101(4)
S(1B)-C(22) 1.395(3)
S(1B)-O(2A) 1.425(5)
S(1B)-O(3B) 1.441(5)
S(1B)-0(2) 1.452(4)
S(1B)-0(3) 1.601(4)
S(1B)-O(2B) 1.666(5)
S(1B)-O(3A) 1.846(6)
S(1B)-N(2) 2.039(3)
O(1)-C(4) 1.434(2)
0(1)-C(1) 1.440(2)
0(2)-0(2A) 0.608(5)
O(2A)-O(2B) 1.088(7)
0(3)-0(3B) 0.527(5)
O(3A)-O(3B) 0.945(8)
N(1)-C(21) 1.260(3)
N(1)-N(2) 1.409(2)
C(1)-C(5) 1.542(2)
C(1)-C(2) 1.554(3)
C(2)-C(21) 1.497(2)
C(2)-C(3) 1.545(3)
C(3)-C(15) 1.516(3)
C3)-C) 1.521(3)
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C(5)-C(9) 1.512(3)

C(5)-C(8) 1.549(3)
C(5)-C(6) 1.559(3)
C(6)-C(7) 1.539(3)
C(7)-C(8) 1.545(3)
C(9)-C(10) 1.392(3)
C(9)-C(14) 1.397(3)
C(10)-C(11) 1.387(3)
C(11)-C(12) 1.387(3)
C(12)-C(13) 1.386(3)
C(13)-C(14) 1.391(3)
C(15)-C(20) 1.391(3)
C(15)-C(16) 1.393(3)
C(16)-C(17) 1.393(3)
C(17)-C(18) 1.379(3)
C(18)-C(19) 1.378(3)
C(19)-C(20) 1.397(3)
C(22)-C(27) 1.387(4)
C(22)-C(23) 1.391(3)
C(23)-C(24) 1.379(4)
C(24)-C(25) 1.401(4)
C(25)-C(26) 1.379(6)
C(25)-C(28) 1.517(5)
C(26)-C(27) 1.367(6)
0(2)-8(1)-0(3) 121.2(2)

0(2)-S(1)-0(3B) 117.73)

0(3)-S(1)-0(3B) 21.1(2)

0(2)-S(1)-0(2B) 18.7(2)

0(3)-S(1)-0(2B) 115.0(3)

O(3B)-S(1)-0O(2B) 119.2(3)

0(2)-S(1)-0(3A) 118.8(3)

0(3)-S(1)-0(3A) 15.1(2)

O(3B)-S(1)-O(3A) 36.1(3)

O(2B)-S(1)-0(3A) 108.0(3)

0(2)-S(1)-0(2A) 22.25(18)
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0(3)-8(1)-0(2A) 121.7(2)

O(3B)-S(1)-0(2A) 109.9(3)
O(2B)-S(1)-0(2A) 40.9(3)
O(3A)-S(1)-0(2A) 126.1(3)
0(2)-S(1)-N(2) 107.36(19)
0(3)-S(1)-N(2) 104.0(2)
O(3B)-S(1)-N(2) 122.4(2)
0(2B)-S(1)-N(2) 93.4(2)
0(3A)-S(1)-N(2) 91.6(2)
O(2A)-S(1)-N(2) 124.3(2)
0(2)-S(1)-C(22) 107.8(2)
0(3)-S(1)-C(22) 108.64(19)
O(3B)-S(1)-C(22) 91.9(2)
O(2B)-S(1)-C(22) 125.02)
0(B3A)-S(1)-C(22) 121.4(2)
0(2A)-S(1)-C(22) 87.9(2)
N@)-S(1)-C(22) 107.06(12)
S(1B)-S(1A)-N(2) 127.5(2)
S(1B)-S(1A)-0(3) 86.3(2)
N(2)-S(1A)-0(3) 120.5(2)
S(1B)-S(1A)-O(2B) 89.0(3)
N(2)-S(1A)-O(2B) 107.7(2)
0(3)-S(1A)-0(2B) 121.93)
S(1B)-S(1A)»-0(3A)  103.3(3)
N(2)-S(1A)-0(3A) 109.1(3)
0(3)-S(1A)-0O(3A) 17.02)
O(2B)-S(1A)-0(3A)  120.4(3)
S(1B)-S(1A)-O(2) 70.2(2)
N(2)-S(1A)-0(2) 117.9(2)
0(3)-S(1A)-0(2) 119.5(2)
O(2B)-S(1A)-0(2) 18.8(2)
0(B3A)-S(1A)-0(2) 124.5(3)
S(1B)-S(1A)-O(3B) 66.6(2)
N(2)-S(1A)-0(3B) 133.8(3)
0(3)-S(1A)-0(3B) 19.8(2)

O(B)-S(1A)-0(3B)  117.03)
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O(3A)-S(1A)-O(3B)
0(2)-S(1A)-0O(3B)
S(1B)-S(1A)-0(2A)
N(2)-S(1A)-0(2A)
0(3)-S(1A)-0(2A)
O(2B)-S(1A)-0(2A)
O(3A)-S(1A)-O(2A)
0(2)-S(1A)-O(2A)
O(3B)-S(1A)-0(2A)
S(1B)-S(1A)-C(22)
N(2)-S(1A)-C(22)
0(3)-S(1A)-C(22)
O(2B)-S(1A)-C(22)
0(3A)-S(1A)-C(22)
0(2)-S(1A)-C(22)
O(3B)-S(1A)-C(22)
0QA)-S(1A)-C(22)
S(1A)-S(1B)-C(22)
S(1A)-S(1B)-0O(2A)
C(22)-S(1B)-0(2A)
S(1A)-S(1B)-O(3B)
C(22)-S(1B)-0(3B)
0(2A)-S(1B)-O(3B)
S(1A)-S(1B)-0(2)
C(22)-S(1B)-0(2)
O(2A)-S(1B)-0(2)
O(3B)-S(1B)-0(2)
S(1A)-S(1B)-0(3)
C(22)-S(1B)-0(3)
0(2A)-S(1B)-0(3)
O(3B)-S(1B)-0(3)
0(2)-S(1B)-0(3)
S(1A)-S(1B)-O(2B)
C(22)-S(1B)-O(2B)
O(2A)-S(1B)-O(2B)
O(3B)-S(1B)-O(2B)

36.7(3)
108.3(3)
51.6(2)
127.42)
112.0(3)
37.4(3)
122.4(3)
18.62(18)
96.6(3)
28.43(15)
100.59(14)
93.7(2)
108.1(2)
109.2(3)
90.1(2)
77.0(2)
73.10(19)
134.2(2)
99.6(3)
111.5(3)
79.6(3)
109.2(2)
121.13)
75.2(2)
129.9(2)
24.40(19)
116.6(3)
60.6(2)
120.1(2)
122.5(3)
19.02)
109.6(2)
59.4(2)
141.002)
40.3(3)
109.5(3)
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0(2)-S(1B)-O(2B)
0(3)-S(1B)-O(2B)
S(1A)-S(1B)-O(3A)
C(22)-S(1B)-0O(3A)
0(2A)-S(1B)-0(3A)
O(3B)-S(1B)-O(3A)
0(2)-S(1B)-0O(3A)
0(3)-S(1B)-0(3A)
O(2B)-S(1B)-O(3A)
S(1A)-S(1B)-N(2)
C(22)-S(1B)-N(2)
0(2A)-S(1B)-N(2)
O(3B)-S(1B)-N(2)
0(2)-S(1B)-N(2)
0(3)-S(1B)-N(2)
O(2B)-S(1B)-N(2)
0(3A)-S(1B)-N(2)
C(4)-0(1)-C(1)
0(2A)-0(2)-S(1)
0(2A)-0(2)-S(1B)
S(1)-0(2)-S(1B)
0(2A)-0(2)-S(1A)
S(1)-0(2)-S(1A)
S(1B)-0(2)-S(1A)
0(2)-0(2A)-O(2B)
0(2)-0(2A)-S(1B)
O(2B)-0O(2A)-S(1B)
0(2)-0(2A)-S(1)
0(2B)-0(2A)-S(1)
S(1B)-0(2A)-S(1)
0(2)-02A)-S(1A)
O(2B)-0(2A)-S(1A)
S(1B)-O(2A)-S(1A)
S(1)-0(2A)-S(1A)
O(2A)-O(2B)-S(1A)
0(2A)-0(2B)-S(1)

15.9(2)
98.5(2)
49.3(2)

127.12)

119.6(3)
30.4(3)

103.0(3)
11.4(2)
90.2(3)
32.61(15)

103.17(15)

109.7(2)

100.1(2)
88.20(19)
82.25(17)
75.1(2)
72.4(2)

108.40(14)
95.0(7)
75.4(6)
19.62(9)

109.9(7)
14.97(10)
34.53(14)

3.1(6)
80.2(7)
81.9(4)
62.8(6)
64.4(4)
17.46(10)
51.5(6)
53.1(3)
28.75(14)
11.35(9)
89.5(4)
74.6(4)
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S(1A)-0(2B)-S(1) 14.90(10)
0(2A)-0O(2B)-S(1B) 57.93)

S(1A)-O(2B)-S(1B) 31.65(15)
S(1)-0(2B)-S(1B) 16.80(9)
0(3B)-0(3)-S(1A) 96.0(8)
0(3B)-0(3)-S(1) 80.7(8)
S(1A)-0(3)-S(1) 15.56(10)
0(3B)-0(3)-S(1B) 63.1(7)
S(1A)-0(3)-S(1B) 33.03(14)
S(1)-0(3)-S(1B) 17.56(9)
O(3B)-O(3A)-S(1A) 77.9(4)
O(3B)-0(3A)-S(1) 64.3(4)
S(1A)-0(3A)-S(1) 13.65(11)
O(3B)-0(3A)-S(1B) 50.4(4)
S(1A)-O(3A)-S(1B) 27.45(15)
S(1)-0(3A)-S(1B) 13.89(9)
0(3)-0(3B)-0(3A) 3.8(8)
0(3)-0O(3B)-S(1B) 97.8(8)
0(3A)-O(3B)-S(1B) 99.2(5)
0(3)-0(3B)-S(1) 78.2(8)
O(3A)-0(3B)-S(1) 79.6(4)
S(1B)-O(3B)-S(1) 19.58(10)
0(3)-0(3B)-S(1A) 64.1(7)
0(3A)-0O(3B)-S(1A) 65.4(4)
S(1B)-O(3B)-S(14) 33.82(16)
S(1)-0(3B)-S(1A) 14.32(10)
C(21)-N(1)-N(2) 116.31(19)
S(1A)-N(2)-N(1) 118.3(2)
S(1A)-N(2)-S(1) 11.47(10)
N(1)-N2)-S(1) 111.22(18)
S(1A)-N(2)-S(1B) 19.89(10)
N(1)-N(2)-S(1B) 105.23(16)
S(1)-N(2)-S(1B) 8.44(8)
O(1)-C(1)-C(5) 109.57(14)
O(1)-C(1)-C(2) 106.80(14)
C(5)-C(1)-C(2) 114.56(16)
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C(21)-C(2)-C(3)
C21)-C(2)-C(1)
C(3)-C(2)-C(1)
C(15)-C(3)-C(4)
C(15)-C(3)-C(2)
C(4)-C(3)-C(2)
0(1)-C(4)-C(3)
C(9)-C(5)-C(1)
C(9)-C(5)-C(8)
C(1)-C(5)-C(8)
C(9)-C(5)-C(6)
C(1)-C(5)-C(6)
C(8)-C(5)-C(6)
C(7)-C(6)-C(5)
C(6)-C(7)-C(8)
C(7)-C(8)-C(5)
C(10)-C(9)-C(14)
C(10)-C(9)-C(5)
C(14)-C(9)-C(5)
C(11)-C(10)-C(9)
C(12)-C(11)-C(10)
C(13)-C(12)-C(11)
C(12)-C(13)-C(14)
C(13)-C(14)-C(9)
C(20)-C(15)-C(16)
C(20)-C(15)-C(3)
C(16)-C(15)-C(3)
C(15)-C(16)-C(17)
C(18)-C(17)-C(16)
C(19)-C(18)-C(17)
C(18)-C(19)-C(20)
C(15)-C(20)-C(19)
N(1)-C(21)-C(2)
C(27)-C(22)-C(23)
C(27)-C(22)-S(1B)
C(23)-C(22)-S(1B)

113.79(16)
110.35(15)
102.68(15)
118.30(16)
115.43(16)
101.18(15)
104.30(15)
111.11(14)
118.36(16)
109.90(15)
117.20(14)
110.25(16)
88.01(14)
88.92(14)
88.86(14)
89.10(15)
118.33(17)
121.42(17)
120.23(17)
120.78(19)
120.4(2)
119.45(19)
120.1(2)
120.83(19)
117.86(18)
123.25(19)
118.88(18)
121.4(2)
119.9(2)
119.6(2)
120.6(2)
120.7(2)
117.90(19)
119.6(3)
113.4(3)
126.4(2)
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C(27)-C(22)-S(1) 121.7(3)
C(23)-C(22)-S(1) 118.70(19)
S(1B)-C(22)-S(1) 12.30(10)
C(27)-C(22)-S(1A) 124.93)
C(23)-C(22)-S(1A) 115.23(19)

S(1B)-C(22)-S(1A) 17.36(11)
S(1)-C(22)-S(1A) 5.06(8)
C(24)-C(23)-C(22) 119.92)
C(23)-C(24)-C(25) 120.3(3)
C(26)-C(25)-C(24) 118.73)
C(26)-C(25)-C(28) 122.8(3)
C(24)-C(25)-C(28) 118.5(4)
C(27)-C(26)-C(25) 121.4(3)
C(26)-C(27)-C(22) 120.0(3)

Table 4. Anisotropic displacement parameters (A2x 103)for rovis21. The anisotropic
displacement factor exponent takes the form: -202[ h2a*2U1l +  + 2 hk a* b* U12]

yll U22 y33 U23 yl3 ul2
o) 27(1) 16(1) 29(1) o) 3(1) (1)
N(1) 22(1) 40(1) 42(1) -22(1) 21(1) -13(1)
N(2) 27(1) 49(1) 55(1) -32(1) 29(1) -18(1)
C(1) 21(1) 19(1) 23(1) 2(1) 9D -1(D)
C(2) 19(1) 20(1) 24(1) -4(1) 8(1) 1(1)
C(3® 24(1) 21(D) 24(1) -1(1) 6(1) 5(1)
C@) 34(1) 23(1) 29(1) -1(1) 0(1) 6(1)
C(5) 20(1) 16(1) 22(1) 0(1) 7(1) -3(D)
C(6) 26(1) 25(1) 24(1) -2(1) 6(1) -3(1)
C( 34(1) 36(1) 23(1) 5(1) &) -1(1)
C(8) 29(1) 22(1) 31(1) 7(1) 10(1) -3(1)
CH) 15(1) 20(1) 21(1) 2(1) 5(1) 1(1)
Co) 19(1) 21(1) 34Q1) -3(1) 8(1) 0(1)
can  28(1n 34(1) 34(1) -10(1) 7(1) 7(1)
C(12) 3001 48(2) 25(1) o) 13(1) 9(1)
C(13) 26(1) 34(1) 29(1) 8(1) 12(1) 1(1)
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c(14) 221 22(1) 24(1) 1(1) 7(1) 2(1)

c(15)  30(1) 26(1) 24(1) -1(1) 6(1) 21)
c(16)  47(1) 28(1) 27(1) 2(1) -2(1) 11(1)
c(17)  54(1) 31(1) 27(1) -3(1) 2(1) -1(1)
C(18)  34(1) 43(2) 29(1) 3(1) 2(1) -8(1)
Cc(19)  26(1) 42(2) 41(1) 1(1) 3(1) 3(1)
C(20)  30(1) 30(1) 37(1) -6(1) 6(1) 5(1)
c2l)  18(1) 37(1) 28(1) -13(1) 7(1) -1(1)
C(22) 55Q2) 30(1) 68(2) 14(1) 53(1) 8(1)
C(23)  36(1) 44(2) 49(1) 4(1) 23(1) 10(1)
C(24)  36(1) 81(2) 39(1) 12(1) 16(1) 16(1)

C(25) 45(2) 134(3) 43(2) 47(2) 31(1) 36(2)
C(26) 83(2) 130(4) 89(3) T4(3) 64(2) 74(3)
C27)  93(2) 53(2) 108(3) 40(2) 79(2) 43(2)
C(28)  44(2) 275(6) 39(2) 45(3) 16(1) 48(3)

Table 5. Hydrogen coordinates ( x 104) and isotropic displacement parameters (A2x

103) for rovis21.

X y z Ueq)
HA 599(13)  10430(40)  4491(11) 37(7)
H(1B) 2656 13228 4658 24
H(2C) 2578 10055 3813 24
H(3B) 2757 12484 3110 28
H(4A) 2546 16204 3202 36
H(4B) 1930 15763 3572 36
H(6A) 4644 13259 5159 30
H(6B) 3928 14806 5129 30
H(7A) 3387 12207 5665 37
H(7B) 4201 11123 5862 37
H(8A) 3119 9375 4941 32
H(8B) 3987 8849 5005 32
H(10A) 3756 8301 3894 29
H(11A) 4282 7782 3075 38
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H(12A)
H(13A)
H(14A)
H(16A)
H(17A)
H(18A)
H(19A)
H(20A)
H(21A)
H(23A)
H(24A)
H(26A)
H(Q27A)
H(28A)
H(28B)
H(28C)

4935
5090
4524
2035
1053

59

43
1018
1275
1045
1981
3162
2244
3701
3093
3442

10645
14005
14579
9312
8376
10798
14121
15056
12416
10949
12076
6629
5524
9277
10349
11738

170

2744
3259
4055
2554
1762
1464
1969
2769
3964
5713
6514
6317
5515
7084
7379
6929

39
34
27
43
47
43
44
39
33
49
61

112
91
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Chapter 6 Experimental

1, 3] Rearrangement of 1,3-Dioxepins: A Rapid Total Synthesis of (+/-)-Sylvone and

an Approach to Lophirone H

General Methods: All reactions were performed under an inert atmosphere of argon in
flame-dried glassware with magnetic stirring. Acetonitrile (ACS grade) and propionitrile
were purchased from Fisher Scientific and distilled from CaH; before use. Column
chromatography was performed on EM Science silica gel 60 (230-400 mesh). Thin layer
chromatography was performed on EM Science 0.25 mm silica gel 60-F plates.
Visualization was accomplished with UV light, KMnQy, or aqueous ceric ammonium
molybdate followed by heating.

TMSOTT( was purchased from Fluka and was used as a 0.2M stock solution in
acetonitrile or propionitrile and used within five days. All other chemicals were
purchased from Aldrich Chemical Co. and used without further purification.

'H NMR spectra are reported as follows: chemical shift in parts per million (6,
ppm) from an internal standard [deuterated chloroform (CDCls)], multiplicity (s = singlet,
d = doublet, t = triplet, q = quartet, m = multiplet), integration, and coupling constant
(Hz). *C NMR chemical shifts are reported in ppm from (CDCl3) taken as 77.23 ppm.
Mass spectra were obtained on Fisons VG Autospec.

Procedure for the stereoselective ring contraction of (11). The ring contraction was
performed on a 0.66 mmol scale. A flame-dried round-bottom flask was purged with
argon then charged with propionitrile (0.1 M with respect to 1,3-dioxepin) and 0.1 eq. of
TMSOT{. The solution was cooled to -78 °C. A separate flame-dried round-bottomed

flask was purged with argon and charged with propionitirile (0.1 M with respect to 1,3-
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dioxepin) and 1 eq. of 11. The solution was then cooled to -78 °C. The solution
containing 11 was transferred via cannula to the solution containing Lewis acid at an
approximate rate of 1 ml/min. The solution was allowed to mix for 1h at -78 °C. When
the reaction was complete the Lewis acid was quenched with 1 eq. of NEt; and
subsequently poured into sat. ag. NaHCOQO;. The aqueous layer was extracted 3 x Et,0,
then the organic layer was dried with MgSOy. After filtration the solvent removed in

vacuo and the crude product was carried through the remainder of the synthetic steps to

afford 1 (+/-)-sylvone.
(J
O)\QOMe
ome 2-(3,4-Dimethoxy-phenyl)-4,7-dihydro-[1,3]dioxepine (9). 'HNMR
(400 MHz CDCl3) & 7.08-7.02 (2H m), 6.84 (1H, d, J= 8.1 Hz), 5.79 (1H, s), 5.75 (2H, s),
4.41-4.19 (4H, m), 3.88 (3H, s), 3.86 (3H, s); *C NMR (100 MHz CDCl;) & 149.2,

148.9, 131.8,130.2, 118.9, 110.8, 109.7, 102.3, 64.7. 56.1; IR (NaCl dep from CHCl3)

2942, 2837, 1516, 1259, 1160, 777 cm™.

3

O)Q\OMe

o OMe
OMe

MeQ 2-(3,4-Dimethoxy-phenyl)-5-[1-(3,4,5-trimethoxy-phenyl)-

Me

vinyl]-4,5-dihydro-[1,3]dioxepine (11). 'H NMR (400 MHz CDCl3) & 7.08-7.02 (2H, m),
6.84 (1H, d, J= 8.3 Hz), 6.62 2H, 5), 6.53 (1H, dd, J="7.5, 3.0 Hz), 5.49 (1H, 5), 5.38
(1H, s), 5.19 (1H, s), 5.01 (1H, d, J= 7.3 Hz), 4.23 (1H, d, J = 11.5, 4.5 Hz), 3.94-3.82
(16H, m), 3.38 (1H, dd, J=11.1, 11.1 Hz); *C NMR (100 MHz CDCL) & 153.3, 149.6,

149.1, 148.4, 145.3, 138.2, 136.9, 131.6, 118.7, 114.2, 113.3, 110.9, 109.0, 106.4, 103.9,
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74.4,61.1, 56.4, 56.2, 56.1, 46.9; IR (NaCl dep from CHCl3) 2937, 2836, 1645, 1411,

1128, 732 Cm'l; HRMS (+TOF MS) calcd for C4H,507, 428.4700. Found 429.1893.
HO.
Q momfe
Meoﬁ ! d OMe
MeO
OMe

6.84 (3H, m), 5.03, (1H, d, J = 6.0 Hz), 4.43 (1H, dd, /= 7.9, 7.9 Hz), 4.24 (1H, dd, J =

(+/-)-Sylvone (1). "H NMR (400 MHz CDCL3) § 7.41 (2H, s),

8.1, 5.8 Hz), 3.96-3.77 (15H, m), 3.41 (1H, d, J= 6.4 Hz), 2.89 (1H, ddd, /= 6.2, 6.0, 2.8
Hz); *C NMR (100 MHz CDCly) & 198.7, 153.3, 149.1, 148.4, 142.9, 131.5, 130.6,
117.9,111.2,108.9, 106.4, 81.5, 69.1, 62.1, 61.1, 56.4, 56.0, 49.9, 48.9, IR (NaCl dep
from CHCI3) 3516, 2941, 1673, 1516, 1127, 731 cm’l; MS (EI+ MS) calcd for Co3HpgOs,
432 .46. Found 433.3.
3%

o 2-(4,7-Dihydro-[1,3]dioxepin-2-yl)-phenol (21). 'H NMR (400 MHz CDCls)
8 8.15 (1H, s), 7.31-7.21 (2H, m), 6.92-6.86 (2H, m), 6.03 (1H, s), 5.79 (2H, ), 4.52-4.30

(4H, m).

HQ
Ph, H o)

u 3-Phenyl-2,3,3a,9b-tetrahydro-4H-furo[3,2-c]chromen-4-ol (22). 'H NMR

(400 MHz CDCls) 6 7.50-6.70 (9H, m), 5.27 (1H, d, /= 5.1 Hz), 4.25 (1H, dd, /= 8.8,
8.8 Hz), 3.90 (1H, dd, J = 8.4, 8.4 Hz), 3.46 (1H, ddd, /= 8.1, 8.1, 8.0 Hz), 3.10 (1H, d, J

=48 Hz),2.74 (1H,ddd, J= 7.7, 7.7, 4.8 Hz), 1.58 (1H, s).

Ph
Ph, H }~g

n 3,4-Diphenyl-2,3,3a,9b-tetrahydro-4H-furo[3,2-c|chromene (24). 'H

NMR (400 MHz CDCls) & 7.53-6.83 (14H, m), 6.19 (1H, d, J=2.2 Hz), 5.55 (1H, d, J =
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7.7 Hz), 4.18 (1H, dd, J= 8.4, 8.4 Hz), 3.97 (1H, dd, J= 8.4, 8.4 Hz), 3.43 (1H, ddd, J =

10.3, 10.3, 8.4 Hz), 3.16 (1H, ddd, /= 9.9, 7.7, 1.8 Hz).

MeO

< 4-(4-Methoxy-phenyl)-2,2-dimethyl-4,7-dihydro-[1,3]dioxepine (28).
'H NMR (400 MHz CDCls) § 7.32-7.23 (2H, m), 6.92-6.84 (2H, m), 5.75 (2H, s), 5.55
(1H, d, J=3.7 Hz), 4.63 (1H, dd, J=16.5, 4.0 Hz), 4.10 (1H, dd, J = 16.5, 2.2 Hz), 3.80

(3H, s), 1.54 (3H, s), 1.47 (3H, s).

0.0
OMs

ome  Methanesulfonic acid 2-(4,7-dihydro-[1,3]dioxepin-2-yl)-5-methoxy-phenyl
ester (29). 'H NMR (400 MHz CDCl3) § 7.65 (1H, d, J = 8.8 Hz), 7.00 (1H, d, J=2.6
Hz), 6.84 (1H, dd, J= 8.4, 2.6 Hz), 6.00 (1H, s), 5.77 (2H, s), 4.43-4.20 (4H, m), 3.82

(3H, 5), 3.21 (3H, s).

N
0.0

OMs

ovme  Methanesulfonic acid 2-(4,5-dihydro-[1,3]dioxepin-2-yl)-5-methoxy-phenyl
ester (30). '"H NMR (400 MHz CDCls) § 7.67 (1H, d, J=8.8 Hz), 6.90 (1H,d,J=2.2
Hz), 6.87 (1H, dd, J= 8.4, 2.2 Hz), 6.45 (1H, dd, J= 7.0, 2.9 Hz), 5.62 (1H, s), 5.01 (1H,
ddd,J=173,7.3, 2.6 Hz), 4.25-4.18 (1H, m), 3.82 (3H, s), 3.51 (1H, ddd, /=117, 11.7,

2.2 Hz), 3.15 (3H, s), 2.62-2.55 (1H, m), 2.30-2.21 (1H, m).
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WOME

0.0
OH

OMe 5-Methoxy-2-[4-(4-methoxy-phenyl)-4,7-dihydro-{1,3]dioxepin-2-ylj-
phenol (32). '"HNMR (400 MHz CDCl3) 6 8.21 (1H, ), 7.26-7.21 (2H, m), 7.13 (1H, d,
J=28.1Hz), 6.91-6.86 (2H, m), 6.44-6.41 (2H, m), 5.96-5.81 (3H, m), 5.50-5.45 (1H, m),

4.62-4.49 (2H, m), 3.81 (3H, ), 3.78 (3H, s).

Ph

(/—S/@/OMe

o} o}
OMs

OMe Methanesulfonic acid 5-methoxy-2-[4-(4-methoxy-phenyl)-5-phenyl-
4,5-dihydro-[1,3]dioxepin-2-yl]-phenyl ester (33). 'H NMR (400 MHz CDCL;) § 7.80-
6.60 (12H, m), 6.18 (1H, s), 5.75 (1H, d, J= 7.0 Hz), 5.06 (1H, dd, /= 6.6, 3.7 Hz), 4.36

(1H, dd, J= 7.0, 4.8 Hz), 3.95-3.88 (1H, m), 3.84 (3H, s), 3.81 (3H, s), 3.04 (34, 5).

OoTf
jos!
MeO O Trifluoro-methanesulfonic acid 6-methoxy-benzofuran-3-yl ester (36).

'"H NMR (400 MHz CDCl3) § 7.72 (1H, s), 7.46 (1H, d, J = 8.4 Hz), 6.98 (2H, m), 3.86

(3H, s).

SnMej
N
Meom (6-Methoxy-benzofuran-3-yl)-trimethyl-stannane (37). 'H NMR (400

MHz CDCl3) § 7.54-7.26 (2H, m), 7.06 (1H, dd, J = 7.7, 2.2 Hz), 6.88 (1H, m), 3.85 (3H,

s), 0.38 (9H, s).
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|
AN
Meom 3-Iodo-6-methoxy-benzofuran (38). 'H NMR (400 MHz CDCl3) & 7.55 (1H,

s), 7.26 (1H, d, J = 1.8 Hz), 6.96 (1H, d, J=2.2 Hz), 6.93 (1H, dd, /= 8.8, 2.2 Hz), 3.87
(3H, s).

Stereochemical Assignment (nOe Experiments):

weak nOe
MeO MeQ
MeO MeO OMe
MeO MeO OMe
strong nOe
weak nOe
data from 1D nQOe data from 2D nOe
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