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Abstract:

New methodologies or reagents which can find application in the stereocontrolled synthesis of natural
products are always in demand. A series of stereoselective transformations of the
6,8-dioxahicyclo[3.2.1]octane and the 2-(1-carbonyl)-3,4-dihydro-2H-pyran skeletons is investigated.
Reduction of 2-(1-carbonyl)-3,4-dihydro-2H-pyrans by either trialkylaluminums or diethylzinc is
stereoselective for the Cram product; in the case of diethylzinc only the Cram product is seen.
Triethylaluminum is used in a synthesis of brevicomin in which the exo isomer predominates by better
than five to one. The structures of interesting by-products are determined, and a molecular mechanical
treatment of C-4 substituted bicyclic ketals is given. Reductive cleavage of
6,8-dioxabicyclo[3.2.1]octane systems is performed with both trialkylaluminums and diethylzinc. In all
cases, the 0-6 bond is cleaved and the alkyl group delivered trans to the original one atom bridge. As
precursors for cleavage by aluminum iodide, two solid 7-anisoyl-6,8-dioxabicyclo[3.2.1]octanes are
synthesized. X-ray data determine the anisoyl groups to be exo. Cleavage by AllI3, does not give
expected products. Attempted cleavage of these same systems by bromine results in dibromination at
the C-4 position instead. Cyclopropanation of 3,4-dihydro-2H-pyran derivatives is accomplished using
both carbenoid and chlorocarbene reagents. Cyclopropanation is more facile when a protecting group is
applied to hydroxyl groups present or when the substituent at the C-2 position is a methoxy group.
Ring-opening of the cyclopropanes formed is attempted using silver ion, HBr, H2/Pd, and B2H6 but no
useful ring openings occur.
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New methodologies or reagents which can find application in the
stereocontrolled synthesis of natural products are always in demand.
A &series of sterecselective transformations of the 6,8-
dioxabicyclo[3.2.1]octane and the 26(1—carbonyl)—3;4-dihydro-2H-pYran
skeletons is investigated. . Reduction of 2-(1-carbonyl)-3,4-dihydro-
2H-pyrans by either trialkylaluminums or diethylzinc  is
stereoselective for the Cram product; in the case of diethylzinc only
the Cram product is seen. Triethylaluminum is used in a synthesis of
brevicomin in which the exo isomer predominates by better than five to
one. The structures of interesting by-products are determined, and a
molecular mechanical treatment of C-4 substituted bicyclic ketals is
given. Reductive cleavage of 6,8-dioxabicyclo[3.2.1]octane systems is
performed with both trialkylaluminums and diethylzinc. In all cases,
the 0O-6 bond is cleaved and the alkyl group delivered trans to the
original one atom bridge. As precursors for cleavage by aluminum
iodide, two solid 7-anisoyl-6,8-dioxabicyclo[3.2.1]octanes are -
synthesized. X-ray data determine the anisoyl groups to be exo.
Cleavage by AlI3 does not give expected products. Attempted cleavage
of these same Bystems by bromine results in dibromination at the Cc-4
position instead. Cyclopropanation of 3,4-dihydro-2H-pyran
derivatives is accomplished using both carbenoid and chlorocarbene
reagents. Cyclopropanation is more facile when a protecting group is
applied to hydroxyl groups present or when the substituent at the C-2
position is a methoxy group. Ring-opening of the cyclopropanes formed
is attempted using silver ion, HBr, ‘Hz/Pd, and B2H6’ but no useful
ring openings occur.




CHAPTER 1
INTRODUCTION

The synthesis of natural products is an exciting area of organic
chemistry. today. - The 6,8—dioXahicyclo‘[3.2,1]octane‘ [1] and 2-(1-
'carbonyl) -3,4- dlhydro—ZH—pyran [gjf systems (Figure 1) represent
useful 1ntermed1ates in the synthes1s of small cyclic oxygen-
contalnlng natural products Slnce these natural products often
contain a number of stereocenters, there is a constant search for new'
‘ methodologles ©or reagents whlch w1ll facllltate stereoselectlve_
transformatlons Three . types of reactlons were considered to be
useful in stereoselectlve natural product syntheses; reagents not used
on these systems prev1ously were 1nvest1gated | Carbonyl reductlons
were performed on 3 4—d1hydro 2H-pyran compounds by trlalkylalumlnums
and diethylzinc; cleavages of the 6, 8—dioxabicyclo{3.2.1]octane
'systems were attempted with trlalkylalumlnums, diethylsinc,. aluminum
iodide, and bromine; and cyclopropanatlon of 3,4- dlhydro—ZH—pyran‘
systemsqwere attempted with both carbenoid and chlorocarbene reagents.
A variety of ring opening agents, inciuding HBr, silver ion, and Hé/Pd

were used to open the cyclopropanes formed.




Figure 1. The 3,4-dihydro-2H-pyran [1] and 6,8-dioxabicyclo
[3.2.1]octane [2] skeletons and numbering systems

Stereoselective Reductions

It wes a goal of thls research to investlgate the .stereochemlcal
‘consequences of convertlng 3 4- dlhydro—zﬂ—pyran carbonyl compounds to
substituted 3,4-dihydro-2H-pyran alcohols with trlalkylalumlnums and
diethylzinc. The alcohols formed could be cyclized to bicyclic ketal
natural eand uunatural products (Figure 2), and serve as synthetic

intermediates for other natural product skeletons (Figure 3).

3a
Threo alcohol results in EXO ketal.
Group of higher prlorlty will be CIS to one-membered brldge

. Cycllzes
R to ‘
‘ . Q’

‘3b‘ o : R
. 4b

Erythro alcohols give ENDO ketals.
" Group of greater priority Is TRANS to one-member brldge

 Figure 2. Cyclization of 3,4- -dihydro-2H-pyran alcohols to
6,8- dloxablcyclo[B 2.1]octanes
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Figure 3. Natural products pdsées’sing the 6,8-dioxabicyclo
[3.2.1]octane skeleton o o

It is evident by the number of stei'eocenters, in the‘ ‘natu:;a-l‘ o
 products in Figure 3 that control of .‘Ehé ster'e’o'chemJ:'.‘s“cry is VeSs‘ent‘ial |
in any natural product synthesis.  The stereoché'rhical course of a
‘reactibn can be explained using the model, fii;st put fé;'th by Craniz, .
and modified by F‘elkin3 and Anh4 . To quote‘.froin the original Cram
paper, .

"in non-catalytic (kinetically controlled) reactions ... that.
diastereomer will predominatée which would be formed by the approach of
the entering group from the less hindered side of the double bond when
the rotational conformation of the C-C bond is such that the double’
bond is flanked by the two least hindered bulky groups attached to the
asymmetric center." S . ‘

Modification of the Cram model by Felkin involved a - different
rotational conformation in ‘whi’ch" perpendlcular attackl‘ is still -

| assumed>. Anh cons‘idéred non-perpendicular attack to be crucial?, and
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give é‘preponderance of ;_th__:.iag vicinal diols (Figure 12). banishefska'

cand. Dininno12 were able to confréi ‘the 'allylation of ribo- and |
| “galacto—aldosulose der:.vatlves by va.ryJ.ng the Lewa.s ac:Ld catalyst‘ |
(Figure 13) ' In theJ.r synthes:Ls of 6- acetoxy—S-hexadecanolJ.de [27],
Jeffo:.;dl'3 could select for elther 1somer by varying the carbamon and

suppressing or enhanc:.ng chelatlon' (F;gure 14).

) CHaLi °
RO- CHO | RO i _/L\/
- ‘ ~OH
16 . - 17a

predominates
Figure 9. Howe's ‘alkylation' of alpha ; 'beta'-epoxyaldehy.des‘

OR - o
cHo  >*snBuy |

Lewis acid -~ ‘
18 | - . 19p 19q

Figure 10. " Reck's ‘erythro and threo stereoselection

: OH OH
CHO H5CTiCl ¢ 0o o
\( 3 3 o . N \'v-(mH + ¢\/ H"CHS
CHZCIZ. -78¢ HiC’ H “CHy HsC™ Yy Yy
20 - 210 - 21b

threo, 92 erythro, 8

Figure 11. Reetz's asymmetric inductions




OH OH

R'CHO - . '
RWSHBUJ, ‘ R'/k‘/\" . R'“/k:/\_’
_ : ﬁ‘ R

1. BFs, -78°

22 A - 23b ' 23q
: ‘ predominates

Figure 12, Alkylations by Koreeda and Tanaka.

Figure 14. Synthesis of erythro/thréoé6—acetoxy—5—hexadedanolide




Trialkylaluminums,‘ specifically, have th been studied recently
as reagents for carbonyl reductions. Their use as;acetal. cleavage
reagents is well ‘a00umented14: (Figure 15),: as is théir use in

regioselective additions to 2,34epoxyalcbhols15 (Figure 16) and

reductive rearrangement of alkoxyenol ethers16 (Figure 17). The use
of trialkylaluminumé“in stereoselective reduction and alkylation of
alicyclic ketones has been'diSCussed‘by Ashby and‘Laemmlelj) who found

that a two-fold excess of trimethylalumium will attack the ‘carbonyl

group 90% from the more hindered side (Figure 18).

1 O’J\\//L\OH
o) 5 (IBU);-,AI

Rohand

© 29

'Figure 15. Acetal cleavage by triisobutylaluminum

| 0
AL~y 1- Meshl, 0° CHs
H:C 1 — AN
1= 7. N0,  Cagsy” CHO
30 31

Figure 16. Regioselective additién‘by trimethylaluminum




_'has been utlllzed to some extent by Reetz

10

\n\ /(j\ (IBu)_v,AI

32 . 33

Figure 17. ' Rearrangement induced:by R3Al

4 35

Figure 18. ‘Reaction of alicyclicuketones with‘RBAl

Dlethy121nc, whlle w1dely used in the Slmmons Smlth reactlon, has'

‘ not been used exten51vely in the reductlon of carbonyls Dimethy121nc
10 ' |

Cleavage : Reactions

| It became a second goal of thlS research to find methods to
effect regloselectlve cleavage of the 0O-8 bond and prov1de a means of‘
entry into oxepanes Several examples of representatlve natural
: products are shown in: Flgure 19 If cleavage of the 0—8 bond were. not‘
1”reallzed the stereochemlstry of the cleavage that dld occur was to
f be determlned When the number of stereocenters in natural products,

'a‘for example those shown in Figure 19 is noted the stereochemical

outcome of the cleavage can be -of 51gn;flcance‘ even if the

. regioselective outcome of cleavage is not realized.
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used in the synthesis.cf‘the'Douglas fir Tusscck_‘mofh pheromone

~ (Figure 25).

Figure 24. Pyridine and encne produced by AiI3 cleavages

Ej\ . 1. C5H11MgB’r o ‘
L 2. t-Bull .

© CHO . 3. .C1’°H21Br

11 - B e

< | | Acl
=——  CyoHa1—
CH3(CHz)g” O >(CHy)sCHs “

53 .

'Figﬁre 25. Acetyl 1od1de cleavages of 6 8-dloxab1cyclo
' [3.2. 110ctanes
Other research groups have employed blcycllc ketals as. synthetlc
intermediates. Utaka' sgroup26 converted frontalln lactone to alpha

cinenic acid and other products, including an oxepane.ln low yield
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Cycldpropanafion‘of:3,4‘dihydro—2H—pyran éarbonyl de;ivatives is
hot well documented in the‘literéture. This is bedause generationvof
a carbenoid in the the presence of diethylzinc would result in
reduction of the aldehyde or ketone functionalities; esters, however,
would be inert. Genération of monochlorocarbene ' requires n-
butyllithium; which reacts ﬁdth‘carbonyls, while'dichlorQCarbene is
generated in sodium methoxide (or potassium-t-butoxide), which may
result in enqlate formatibn. ‘

The third goal of this research would‘be fully réalized only 1if
the cyélopropane ring could be opened to an’ oxepin or oxepane system.
‘Ring opening in cyclopropane systéms‘well known. Opening of medium

sized dihalo non—oxygenated rings has been accomplished by silver ion

and found to proceed in a disrotatory manner via an allylic
33 '

intermediate (Figure 30). Diboranes have been found to cleave
alkyl-cyclopropanes at 100° 34. A spirocyclopropane was opened with
Adam's catalyst27. Ring opening of one isomer of the

monochlorocarbene .derivative of 3,4-dihydro-2H-pyran has been
accomplished using both silver ion and quinoline30 (Figure 31). A 2-
methoxy-3,4-dihydro-2H-pyran haé been opened by silver ion to give
chlorométhoxyhexenes and chloromethoxyhepten—2—ones32‘(Figure 31). It
was hoped that one of these reagents would sucéessfuily open the

dihydropyran—derived‘cyclopropahés.
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g AgOTs
. T Br- CHsCN |
89 : B
@%B AQClOy  f~=A
71 s "',r[‘MeQHM AN : “;QM§V 72

Figure 30. 'Ring—openfng of alkyl cyclopropanes

u Quinoline '
() = @,
T 0

o | B _
&7 . 73
,c‘|>'-<]fj\ O Ag
cl ) .
20" SocHs
74 S 75

Figure 31. Rihg—openi[ncj of 3,4-dihydro-2H-pyran-derived
cyclopropanes. ‘ R
As the group effort contlnues to develop new synthetlc methods
that w1ll allow for the preparatlon of natural products, the folIOW1ng
- questions.. became ‘the focus of this research Can 3 4-d1hydro 2H-d
pyrans be reduced in a stereoselectlve manner us1ng trlalkylalumlnumsh ‘
‘or dlethy121nc? Can new methods of ketal fragmentatlons be found,

especially those whlch afford .stereoselection? Can cyclopropane
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intermediétes be prepared and‘utilizéd as precursors to oxepin 6:
oxepane ring systems? In the‘section$ that follow, the work-réquired '

to answer- these questions will be presented.
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| CHAPTER 2
RESULTS AND DISCUSSION
'Reductions

‘ Trlalkylalumlnums ‘

The work of Ashby and Laemmle in the late 1970's demonstrated

the stereoselectivity of reaction in the reduction of alicyclic

‘ ketones with trialkylaluminums. The postulated mechanism, shown in

32, involved a six—center intermediate. If the

Figure
' trlalkylalumlnum possessed a beta hydrogen,' reduction could occur as

‘ well as dellvery of -an "R" group. Reductlon was favored w1th small
- amounts (ca 1.2 eq) of trlalkylalumlnum, alkylatlon domlnated in these

- systems with larger amounts (ca 2.0 eq) of trlalkylalumlnum.

Et

0 | 0 Et
5251,7\ AF/// '///cféfi.)z T(::
Ra 'ﬁ
x\ £CH2 Et\Al[ Et
1 \Et
‘Reductlon : Alkylation

Figure 32..

Mechanism of reduction and alkylation by triallealuminUms
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Several 3,4-dihydro-2H-pyran carbonyl derivatives were .subjected.
to reduction conditions, using three different trialkylaluminmn
reagents (Flgure 33) A compamon analys:.s ‘with dlethylzn.nc was also
carrled out. . Structure determ:.natlon relled heavily on 1H—NMR data
and com’paris‘on to known bicyclic ket_als‘.,‘ Exo/endo isomer; ratios were
determined by a specific‘protocol‘; AWhen- there was baseline separation
by GIC, isomer ratios were taken by determining the area of the GIC
peaks for each isomer. If GILC separation was poor, a 1H-NMR spectrum
of the isomer mixture was internreted. Resonancee corresponding to
exo or endo pos1t:Lons at C-4 and C—7 are well documented25 35 (Flgure
34). Isomer ratios were then determined from integration of analogous
lhm peaks. If no other separation was possible, integration of
GCMS peaks were used. Since these are proportional to the energy of
the molecule rather than the amount present, they of.fe.;red the poorest
e};:oz endo comparison, and were avoided ‘unless there was no -altemative.
|O\ ~ 2-formyl-3, 4- 2-acetyl-6-methyl-

NeHo dihydro-2H-pyran 3. 4-dlhydro=2H-pyran

0~ >cH
11
; ‘ 2-carbomethoxy- 2—.propan0yl-6emethyl
W Ao e 205-dimethyl 3. 4-dihydro-2H-
ME 3 4-dihydro-2H I pyron

82 pyran .. o 94

Figure 33. Substrates reduced by trialkylaluminums
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i 225b .
Bjorklund successfully, .a variety of attempts to alkylate 77 in

this manner failed. One example is shown in Figure 38

| I | 1. EtzAl, 2 eq
- AN 2. H+ ‘

0~ “cHo

11

Figure 37. Reaction of 11 with 2.0 eq triethylaluminum

Figure 38; Attempted synthesis of endo brevicomin {eb]

Reaction of 11 with 2.0 eguivalents of trllsobutylalumlnum
afforded largely the s1mple reduction product [80], whlch ‘was cycllzed
jto ketal [1] and 1dent1f1ed (Flgure 39). When 2-acetyl-5-methyl-3,4- |
| dlhydro—ZH—pyran [13] was allowed to react with 1.2 equlvalents of‘
trimethyialuminum and cyclized, the‘cnly product obtained was 5,7,7-

'trimethyl—ﬁ,8—dioxabicyclo{3.2.1loctane [46] (Figure 40).
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A ‘Reduc.t‘ion only

]\/j\ IBu;AI 2 eq
I 24 hr

11 | 80 , 1
Figure 39. Reaction of 11 with triisobutylaluminum

1. Me3A{
Alkylation only

Figure 40. Reaction of 13 with trimethylaluminum

In a reaction of 13 w1th 2.0 equ1valents of trlethylalumlnum,
GCMS of the reaction mixture 1ndlcated that a substantlal amount of
the simple reduction product3 alcohols as well as. the ethylated
alcohols were formed (Figure 41). The‘products were cyclized and
analyzed as Dbicyclic ketals. Although 2.0 equivalents. of
‘, triethylaluminum sdbstantially ethylated ll; simple reduction
prevailed (57%) in this case. | Exo(endo;S,7—dimethyl—6,8—
dloxablcyclo[3 2. 1]octanes [15a b] were formed in the ratlo 65+ 35 a
slight enrlchment of. the exo isomer over the typlcal 60 40 NaBH4
reduction. Reductive ‘ethylatlon accounted for 37% of the products:
Exo[endo—7—ethyl—5,7—dimethyl—6,8—dioxabicyclo[3.2.i]octenes [8la,b]

nearly co-eluted on GLC (OV-17).  However, analysis was possible due
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Ethylotlon results in
ERYTHRO alcohol

Reductlon _re‘sults In
* THREO dlcohol

Figure 42. Preferred attack by triethylaluminum-showing-Cram products

Emphasis of the research then shifted to~'the stereoselective
reduction of the ‘ester,‘ —carbomethoxy—2 5—d1methyl 3 4- dlhydro -2H-
pyran [82] by trimethyl-, trlethyl— and trllsobutylalumlnum | The‘
cyclized h 5nroductsv thus formed generated“ soime 1nterestingf
stereochemlcal questlons at the C-4. center of the resultant blcycllc 
ketals, in addition to contrlbutlng to kndwledge of reductlon at C-7.

When -ester [gg] was reacted with =~ 1.2 .equlvalents of
triiscbutylaluminum, GOMS of the reaction mixture revealed a pair of
isomers, M+= 142, and another pair of isomers, ‘Mfs 198 (Figure 43).
‘The lower molecular weight pair, which accounted for 90% of the
product mix, were:“identifiea as .exofendo—1‘4—dimethyl;6 8-
dioxabicyc10[3 2. 1}octanes [83a,b]. The later—elutlng ketal exo. [83]
in this case, was the more abundant by a factor of 2/1 ‘ A551gnment of
stereochemlstry_ at the C—4 center was made by comparison to |
multistriatin [5 ] ‘C—4 shifts aSS1gned by Gore35. . Exo (axial) - C-4
methyl groups in these ketals always resonate at lower fleld than endo

(equatorial) methyls. ‘ Iable 1 compares the C-4 .methyl resonances in
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83a,b, all.four multistriatin [27] isomers, ahd another ketal, [84],
synthesized in a 56/50 mixture by Gore37. | _ |
The M+ = 198.isomers accounted‘fot less than ld§ ofuthe"products“
and could not be totally charaeterized  The mass spectrum was . used
for 1somer ratlo, with the later- elutlng 1somer 1n a 60 40 ratio over!'
the earller—elutlng isomer. The 0.8- 1 1 ppm region of the 1 -NMR
spectrum of the isomer pair was exceedingly complex -~ not an ungsual
prospect if the exo/endo-isobutylated ketals were. formed. The
molecular ion and 1H-NMR features point toward the isobutylated ketals
[85a,b] (Figure 43). Since there are tWO‘independent‘steteoceﬁtersfin
this molecule, yet only two isomers present‘by GéMS,,fone"ef the
steteocenters is presumed to have the same confiéﬁratioh. Géinee ohiy
one hetercatom proton signal was seen in the'1H—NMR sﬁectrUmy it wasf
assumed that the C-7 p051tlons have the same stereochemlstry The
fact that the heteroatom signal present was a triplet of doublets
indicates that it should be"in the gggﬁposition so as to‘undergo ﬂWﬁ
couplinghwith the axial proton at c-2. Both 83 and_gg.ate‘ferﬁed With,

a preponderance of the exo (axial) C-4 ﬁethyl group.

\‘fj( 1. IBusAl, 1.2 eq
N 2. H*

0~ CO Me

82

83

Reduction, 90%  Alkylation, <10%

Figure 43. Reaction of 82 with IBu3Al
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89, 8.7% 90, B.9% 83, 3.7%x 87 + 88, 42.6%

Figure 46. Products of alcohol/ester‘CYClization

To prove that some products did arlse from ester [82] only,‘ .the '
ester was stirred in tOSlC acld/benzene as above A comparlson‘of'theth
GIC traces is shcwn_in Figure 47. Products arlslng'soiely from'tthe
ester will be dlscussed at the end of thlS .section. |

To summarlze the data from the reductlon and cycllzatlon, simple‘.

reductlon products constltuted a minor (3 7%) amount of the reactlon -

mlxture As 1n prev1ous reductlons, the exo 1somer [83a] was formed“
‘1n an 82:18 ratlo over the endo isomer- [83b] The major ethylatlon
product (32%) was a pair of isomers. [87] eplmerlc at C—7 and W1th an
axial methyl ngoupﬂat C-4. There was no stereoselect1v1ty at C-7;

nearly equal amounts of the exo and endo isomers were evident by‘

analy51s of 1H—NMR data The minor ethylatlon product (10%) was - a-

palr of 1somers [88] hav1ng an equatorlal methyl group at C—4 In

this case there was reasonable stereoselectlon for the Cram product

‘via reductlonvat C—7 exo[e 25 75 (Flgure 48)
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Ester [82] was then submitted to 3.0 ‘equivalents of
trimethylaluminum under reflux conditions. GCMS analysis of the crude
mixture indicated a néarly complete conversion (95%) to the
dimethylated alcohol [81]. This was cohfirméd by analysis of IR and

B3 m spectra. In addition, GIC fractions were collected and

identified by theif‘IH-NMR specﬁra. The main,component (95%) was ﬁhe
result of*:gl_qyclizihg in the gas éhromatograph to bicyclic ketals
[92a,b]. Again the axial C-4 methyl group predominated, this time by
82:18. Minor components were ca 2% of ester [82] and’ 2% of the
monomethYlated ketals ‘[ggng]. In fhe latter, there was slight .
selectivity for the axial C—4‘meth§l grdup (60:40) . This. pair of
ketals ﬁas judged to have an endo methyl group at C47‘on the basis
of the ‘1H—NMR shifts of the methyl doublets (1.27 ‘and 1.24 ‘ppm)‘

(Figure 49).

-0
82 g 91 92 93
' : 95% 22
Figure: 49. Products of alkylation of ester [82] Dby

trimethylaluminum and subsequent cyclization

Brevicomin Synthesis .
It was thought that this new knowledge of the stereoselectivity

of trialkylaluminums could be applied‘to a synthesis of eko—brevicomin
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Figure 52. Intermediate in the synthesis of (—)—armultiStriatin '

To further 1nvest1gate the stereochemistry of the C-4 center-'-
during cycllzatlon, ester [82] was reduced to the expected alcohol 1
[26] by lithium aluminum hydrlde, ‘then cycllzed In‘two_‘separate
reductions, different ratlos of exo[e resulted ’In one case,

' 83a/83b = 60:40; in the other, -the ratio was 82 18 (Flgure 53). To -
determine whether the C—4 center could‘be 1somerlzed to increase the7
proportlon of endo isomer, as had been done w1th multistrlatln, ketals
[83a bl with an 1n1t1al exo(e o of 60 40 were placed :in
toluenesulfonic‘ acld/benzene for a perlod of two weeks -‘Ratios vof
three analogous 1H—NMR peaks are shcwn after zero, one, and two weeks‘
on Table 2. As is evident, trends are difficult to quantlfy on the
basis of a single ‘H-NR peak ratio. What can be said is that after :
two‘-weeks, the 60:40 ketal mix can be converted to a roughly '50:50

"mix. In no way is there a fa01le conversion to the equatorlal isomer.

" - TsOH

e

‘2 weeks B

Figure 53. Conversior of‘§g;to the alcohol; cyclization to ketals
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Table 3. Molecular mechanics summary , ‘ ‘

97h, '30.2456

‘ 97g, 29.4171
29 — _

28 — s~ “
' [ 5 } a7¢, 27.5099
o—,

]
Q
¥ .
-~ o~
5 , | 97e., 27.1344 -
§ 27— ., p ol ‘
< . @, 97d, 26.6899 wN _
5 , | ,
a o—o,, o' 97c‘."26.3530‘
26 — o ‘ 0— e .
\@ 97b, 25.2523
25 — ‘ |
| EO} 97a, 24.4785
O—
24 — - ‘

Other Cyclization Products

Cyclization of ester [82] resulted in a pair of ketal lactones
[89] which offer further insight into stereocliemical queétions ‘at the
C-4 center. Strﬁciiu.re .‘elucidatio'n i_nciudéd. 1H'—:NMR} ;3(':.-N1V[R, IR, and
GCMS data In the ma;ss spectrum, nb ion iargerv. than 128 cou\ld be
analyzed, although occasionally a small 156" peak aﬁpeared; HRMS of
the 128 peak gave CgH, O; I-IRMS“ ‘ofulthe. 127 peak 'gave ‘C7H1102,
indicating the presence of at least two oxygené. - Facile loss of CC)‘2
would be expeéted in this sy'stem;' M+ - ‘002)"= 112 is the third
lérgest peak. A comparison of 13(’3-1\11‘\/[R spect;ra to a known sys\tc—f-,m26 is
shown iﬁ f‘igure 55. Two signalé are not seen with 89. One could

easily be obscured by solvent. (CDCl'3) . Both peaks not seen are
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quaternary carbons, and their absencé can be éttributed to the small
size of the sample in addition to the reiatively ‘short (15 sec)
receiver delay which would have causea saturation. The infared
spectrum gave compelling evidence for the proposed structure -- a
large resonance at 1801 cm_l, consistent with a 5—membered 1acﬁone
carbonyl.39 The 1H—NMR spectrum was in all ways consistent with the
proposed structure, and was similar in many respects to ketal-lactone -

[57), synthesized for comparison purposes.

Figure 55. Comparison of 13C—NMR data of known
system [57] to proposed lactone [89]

Confirmation of structuré 89 was furthef supported‘by hydrolizing
ester [82)] in KOH, acidiinng, isolating acid ngl, and stirrihg this
acid in tosic acid/benzene (Figure 56). Mass sbectral and 1H—NMR data
of the product matched the ester cyclization product exactly. Both C-
4 isomers were characterized fully, and the presence of a carbonyl was
further substantiated by observing large aromatic solvent induced
shifts by ‘recording the ‘H-NMR spectra in benzene ‘d—6. The  ketal
methines and C-4 methyl groups were shifted upfield 0.45-0.51 ppm,

implying the structural features shown in Figure 57. It is also
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interesting to note that the equatorial (endo) C-4 met-hyi group

predominates in this isomer pair by a ratio 68:32.:

102 KOH ™ e

I

o |
" CO,CH5 -

82 | | o8

Figure 56. Hydrolysis of 82 .and cyclization

I
jm o TTTTRR ¢ CRPPRTES

Figure 57. ASIS shifts of 89, structural features

It was hypothesized that presént:e of bulky groups at C;’Z may
‘é.ffecit ﬁhe stereochemistry‘ at C-4, “since‘ the ufavbred steréoisomer‘ at
Cc-4 in ketél lactone ‘[Q]‘ had the equatoriai group. Exo/endo-1,5-
éimethy‘l-:? , 7-4dipheny1—6 ,8-dioxabicyclo[3.2. 1 ]‘ octanes [992,b] were
synthesized ' from ester [82] and 2.0 equivalents of phenylmagnesium
bromide (Figure 58). The pure ketals were isolated by distillation,‘
and two stereoisomers were present in a 67:33 ratio. This time the
major isomer had the higher field methyl jdoublet at 0.92 ppm,

indicating the . preponderance of the endo (equa’torial) ketal. Perhaps
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Irradiation of the resonance at 1.43'collapsed ‘the'Signal‘at,4.12 to
a ‘singlet; changed the signal at 1.68 to a,broadfdoublet) J= 11,
sharpened the 51gnals at 1. 06 and 2. 18 and‘collapSedfthe 6'86‘nethyl‘
doublet to a 51nglet When the s1gnal at 1. 68 was 1rrad1ated the
signal at 1 06 was sharpened and 2. 18 resonance changed to a doublet
of doublets, J = 13, 2. Irradratlon of 2. 18 affected the area arourid
1.43 (which was partlally obscured by a large methyl s1gnal), changed
the signal at 1.68 to a trlplet, and collapsed the,1.06 resonance to a
triplet, d‘= 13. Flgure 59 shows the structure consrstent with this
data:. The magnltude of the coupling at 4.12 (8 6Hz) 1ndlcates dlax1al
hydrogen‘ 1nteractlon, ‘as does the relatlvely shlelded reglon of the

resonance (Hax<H ) The methyl group at C-5 1s relatlvely shlelded .

eq’’
- thisg’ 1ndlcates an equatorlal methyl . 'The methoxy group . is
equatorial -- deshlelded relative to 90b (3.52 vs 3. 37) In

‘ cyclohexanes,‘ equatorlal methoxy groups resonate at lower fleld than |
do axial methoxy groups 41. | | |

The other 1somer 90b 1s epimeric at C-6. In'the‘IH—NMR spectrum,
a broad s1nglet at 4. 43 ppm replaces the doublet:at 4.12. This is‘
consistent w1th an equatorlal hydrogen at C—6 coupled to an ax1al
‘hydrogen at C 5 is much smaller that J ‘

ax/eq ‘ Yax/ax"
doublet at“ C<5 resonates at‘ 0.83 ppn,  indicating the * same

The methyl

stereochemistthiat that center. The methoxy .group‘_is, relatlvely“
shielded, and therefore axial. The ester methoxY‘group resonates at
- 3.70 ppm. All other resonances were not resolved as this isomer

could not be collected separately and was analyzed as a mlxture of %0a

and 90b.
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Table 4. 1 H-NMR and. 13 “C-NMR data from oxepane and pyran alcohols
| oH 'r"_,r'(jf:/OH
:ﬂ[:;i:>ﬂf : 0
59 104 |
H: 3.94 1H d, 3.60 1H m, 'H: 3.60 1H m, 3.34 2H s,
3.20 1H d, 2.30 1H s, : 2.55 1H s, 1.50 6H m,
1.50 6H m, 1.18 3H s, 1.17 34 s, 1.14 3H d.
1.13 3H, d. S - 13c: 19.7 t, 22.6 q, 26.7 q,
13¢c; 18.2 q, 19.4 t, 22.5q, . 31.9t 32.7 t, 62.6,
29.9 t, 33.4 t, 66.6 d, 66.7 d, 73.6 s.

71.5 t, 73.9 s.

The most *obvious;diffe:\:ence 1nthe p'roten data involves the ring
(3.20, .3.94 pom) Versu.s"non—ring ‘(3.34‘-ppm‘). proten signals. : In the
case of compound [104], equivalence of the px"otons is fortuitous -- -they‘
are, in fact, non-equivalent by virtue of being vic_inal‘ to an
asymmetric center. In other words, presence of a singlet as opposed
to two signals is not definitive of a pyran. In compounds [§2]and[&§]
" there are diffetences in the 1'3C‘-NIVIR s’pectrum -- 18.2 vs 26.7 ppm and |
71.5 vs 62.6 ppm. When experments were carr:.ed out on other systems,
‘the quantity of cleavage product necessary for a good off-resonance
spectrum was never obtained. |
| The literature has other examples of 1H—-NMR data of‘ oxepane
r_ings4 45 In Figure 62, two oxepanea of different stereochemlstry are
compared. Here‘ three slight differences ‘betwee‘n oxei)anes and' py'rans‘

become apparent. The shift of H-2 is ca 3.66 ppm =- a little
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