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Abstract

The first part of this thesis describes a synthetic strategy that provides all eight
possible isomers of a givenc-amino alcohol starting from vinylepoxides. The
value of a general route is evident, as several isomers are needed in investiga-
tions of structure-activity relationships for pharmacologically active derivatives,
and for optimizing the performance of chiral ligands containing the amino alco-
hol moiety.

Vinylepoxides, obtained in high enantiomeric excess, were ring-opened both
with inversion and retention of stereochemistry, delivering two diastereomeric
amino alcohols with high regio- and stereoselectivity. Via ring-closure to aziridi-
nes and subsequent regioselective ring-opening with suitable oxygen nucleo-
philes, the two remaining amino alcohols were selectively achieved.

Within this study, two efficient protocols for the regioselective and stereo-
specific aminolysis of vinylepoxides have been presented. Compared to previous
methods, these procedures use milder reaction conditions, shorter reaction times,
generally give higher yields and are applicable to a larger set of substrates. Fur-
thermore, the ring-closure of vic-amino alcohols to the correspomtidgriny-
laziridines has been investigated. Three routes have been found useful, which
one is preferred depends on substrate and scale.

In the second part of the thesis, the synthetic strategy is applied on the synthe-
sis of Sphingosine and its regio- and stereoisomers. Moreover, a rapid way of
determining relative configuration aficcamino alcohols is described, which
should be of substantial use when amino alcohols are formed by diastereoselec-
tive reactions.

Berit Olofsson;A Regio- and Stereodivergent Route to All Isomers of vic-
Amino Alcohols. Department of Chemistry, Organic Chemistry, Royal Institute
of Technology, S-100 44 Stockholm, Sweden.

Keywads: amino alcohols, vinylepoxides, vinylaziridines, oxazolines, oxa-
zolidinones, ring-opening, regioselective, diastereoselective, sphingosine, con-
figuration, NMR spectroscopy.
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Introduction

1

One of the main objectives of organic chemistry has always been the synthesis of
natural products, as they can often be isolated from Nature only in minor
amounts. Very complex molecules have been synthesized as early as in the
1950s, albeit in poor total yields. In the last decades chemists have, besides
synthesizing extraordinarily complicated compounds, focused on optimizing
already present reactions and developing new reactions which could simplify and
shorten these syntheses. Great effortdeteelop libraries okfficient reactions

for each type of transformation have been made, in order to simplify the design
of complex molecules. With these libraries at hand, each subunit of a complex
molecule can be synthesized by means of well-known techniques, presupposed
that the subunits can be combined in a later stage.

Many natural products contain one or more stereogenic centers, which
complicate their syntheses substantially. Asymmetric synthesis is one of the most
expanding fields in organic chemistry, since the discovery that the two
enantiomers of a chiral compound can have different pharmacologieet. ef
This can be exemplified by propranolol, which was introduced in the 1960s for
the treatment of heart disease. The (-)-enantiomer is a fbtedatker, whereas
the (+)-enantiomer acts a contraceptive (Figure 1).

"0 CC

(-)-Propranolol (mirror plane) (+)-Propranolol
Figure 1: The two enantiomers of propranolol.
Asymmetric reactions are often developed from well-known procedures.

Chiral auxiliaries or catalysts bearing chiral ligands can be utilized to afford
induction towards one of the possible isomers. As the research on new

T Aitken, R. A.; Kilényi, S. NAsymmetric synthesi8lackie Academic & Professional: Glasgow,
1992.



asymmetric processes is continuously increasing, the need for novel chiral
auxiliaries and ligands is extensie.

1.1 Vicinal amino alcohols

The B-amino alcohol moiety is found in a wide variety of biologically active
alkaloids and peptidesThe subunit is also present in many synthetic,
pharmacologically active molecules. Hydroxyamino acids constitute a major
group among the naturally occurring amino alcohols. Lipids and lipid-like
molecules often contain an amino alcohol moiety, as exemplified by sphingosine
(Figure 2). This compound is the major backbone in glycosphingolipids, which
are vital in cell recognition events suak growth, differentiation and immune
response. Cyclic amino alcohols constitute a third group, where the amino
residue is contained within a ring. Representatives of this group are
deoxynojirimycin, which is am-glycosidase inhibitor with therapeutic potential
due to its low cytotoxicity, and quinine that is used as a drug for the treatment of
malaria, high fever and other diseases.

oH —Q  HQH H
oH HO,, LOH : N
Ho/\l/\/\(CHz)uMe
NH, N OH H

H N
Sphingosine Deoxynojirimycin Quinine

Figure 2: Examples of natural products incorporatingg@amino alcohol moiety.

Peptidomimetics are the most common among synthetic, pharmacologically
active compounds containing a vic-amino alcohol subunit. This group of peptide
analogues is typified by the HIV protease inhibitor saquinavir (Figure 3).

I( P o R

L 5

N\/\l/\ J\ S Q

- N o“[ NH™ O Om

: N

o i oW " \ ,\f> P N~/
Ph R R' R R
Saquinavir Oxazolidnone Bs(oxazdine)

Figure 3: Vic-amino alcohol derivatives used in asymmetric synthesis.

The importance of vicinal amino alcohols is also well recognized in
asymmetric synthesis, as many chiral auxiliaries and ligands contain this
substructure. Some representative examples of amino alcohol-derived
compounds are shown in Figure 3. Evans’ oxazolidinones are utilized as chiral
auxiliaries in various reactions, e.g. asymmetric alkylations. Bisoxazolines are
employed as ligands in enantioselective cyclopropanations and aziridirtations.

2 Ager, D. J.; Prakash, |.; Schaad, D.GRem. Rev1996 96, 835-875.
% Seyden-Penne, Chiral Auxiliaries and Ligands in Asymmetric Synthegidley: New York, 1995.
4 Bergmeier, S. CTetrahedror200Q 56, 2561-2576.



1.2 Synthesis of amino alcohols

Existing synthetic routes to enantiopure amino alcohols rely heavily on the
derivatization of the available pool of amino acids, inherently limiting the
number of accessible derivativeshe great efforts made to develop asymmetric
routes to 1,2-amino alcohols can be divided into two strategicalfgretift
categories. Amino alcohols formed by concomitant creation of a new C-C bond,
i.e. by coupling reactions, constitutes the first class. More commonly, the amino
alcohol moiety is constructed without alteration of the carbon skeleton. This
category can be further divided into three subclasses, as depicted in Figure 4.

Couplingreations

DA

NR®

Addition of one Functbnal group

l
H
B
NH,
A
heteroatom ‘ manipuations
—~

Aminohydroxylations

Figure 4: Syntheses of amino alcohols divided into categories.

1.2.1 Reactions forming C-C bonds

The most effective synthesis of amino alcohols should be the coupling of two
molecules, one containing an oxygen functionality and the other a nitrogen
functionality. As two new stereocenters are created simultaneously, both enantio-
and diastereoselectivity must be controlled. The strategy is generally limited by
the structural demands on the substrates, in order to obtain high selectivities.
Stereoselective nucleophilic additions to imines afford amino alcohols with

high enantioselectivity.In the addition ofa—alkoxyenolates to aldimines, the
choice of enolate decides which isomeyrfanti) will be the major product
(Scheme 1J. A recent report by Jgrgensen describes a proline-catalyzed

5 Reetz, M. TAngew. Chem. Int. Ed. Engdl991, 30, 1531-1546.

¢ (a) Hattori, K.; Yamamoto, HTetrahedronl994 50, 2785-2792. (b) Tanaka, Y.; Taniguchi, N.;
Uemura, M.Org. Lett.2002 4, 835-838.

" Kobayashi, S.; Ishitani, H.; Ueno, NIl. Am. Chem. So&998 120, 431-432.



amination of ketones using an azodicarboxylate as the nitrogen source. The
resultinga-hydrazino ketones, which are formed with good enantioselectivities,
can be further derivatized inteyn or anti-amino alcohols by sequential
reduction steps.

A uso ‘ AHN O AHN O
'\]l + \/]\ Zr(OBu)y, » M i + M i
Ph)\H RO gip, (RBrBmoL. P olpr * P SOPr
NMI OR OR

syn/anti 9:1t0 1:9, es 2 95%
Scheme 1Nucleophilic addition to an imine.

Additions of allylic imines to aldehydes primarily resultygyamino alcohols.
To obtaina-addition, the imine can be transformed into a 3-aminoallylborane.
When chiral boron reagents are used, vinylic 1,2-amino alcohols can be obtained
with high enantioselectivities (Scheme®2).
o}

)J\ OH
/\/N\ Ph 1) LDA )ZB\/\/N\ Ph 1) R H RJ\:/\
Ph  2)(Ipc)2BCl Ph  2)HOy NYPh
Ph

ds > 95%, es > 95%

Scheme 2:Aminoallylborane addition to aldehydes.

In a three-component, boronic acid Mannich approach, Petasis recently
demonstrated an elegant synthesisuati-amino alcohols (Scheme 3)An a-
hydroxyaldehyde is condensed with an amine to form the corresponding imine,
which reacts with the boronic acid derivative to provideah&-amino alcohol
with excellent diastereoselectivity. The reaction works well with secondary
amines, but is less efficient with primary amines and ammonium salts. The major
limitation is the need for an aryl or olefinic boronic acid derivative.

i NHR?R® NRR
1 , 1 i -
" R /\)\/R yelds 63-88%
— _som, R - ds > 99%
OH R OH

Scheme 3:The boronic acid Mannich reaction.

When one of the two stereocenters is set, the other can be created with good
diastereoselectivity. This happens in the addition of organometallic nucleophiles
to a-aminocarbonyls, derived from chiral amino acids. (Scheme Tde
asymmetric induction obtained in the reaction can be interpreted by means of the
Felkin-Anh non-chelation control model. Drawbacks of this method are the

8 Kumaragurubaran, N.; Juhl, K.; Zhuang, W.; Bggevig, A.; Jgrgensen, B. Am. Chem. Soc.
2002 124, 6254-6255.

° Barrett, A. G. M.; Seefeld, M. A.; White, A. J. P.Org. Chem1996 61, 2677-2685.

10 petasis, N. AJ. Am. Chem. So&998 120, 11798-11799.

1 For a similar approach, see List, B.; Pojarliev, P.; Biller, W. T.; Martin, H. Am. Chem. Soc.
2002 124, 827-833.



stability problems ofa-aminocarbonyls and the sometimes moderate
diastereoselectivities obtain&d.

BnoN BnyN BnaN
‘. _o R'MgBr : ; yields 62-87%

. E
R/\f R/\l/R + R ds70.95%

H OH OH
Scheme 4Nucleophilic addition ta-aminocarbonyls.

In this category, the addition af-alkoxyenolates to aldimines is the most
flexible reaction, as the choice of enolate decides which issyefant) will be
the major product (see Scheme 1).

1.2.2 Reactions not altering the carbon skeleton

More commonly, the amino alcohol moiety is constructed without alteration of
the carbon skeleton. The substrates are primarily alkenes or alkene derivatives,
and the reactions often proceed stereospecifically. Regioselectivity is instead a
problem, which can be circumvented only when the substrate is substituted by
groups having different electronic or steric influences.

Functional group manipulations

With the advancement of diastereo- and enantioselective syntheses of epoxides,
cleavage of oxiranes by nitrogen nucleophiles is nowadays one of the most
investigated routes to vicinal amino alcoh8l8Both syn- andanti-amino
alcohols are available by employimgs- andtrans-epoxides, respectively. The
strategy is, however, often limited by poor regioselectivity, except with terminal
oxiranes. Substituents on the oxirane ring have both steric and electronic
influence on the regioselectivity; conjugating substituents, e.g. phenyl and vinyl,
usually promote ring opening at the adjacent catb&egioselective azide
opening of epoxyalcohols can be achieved by employing'FifN,),, which
coordinates to the alcohol moiety before nucleophilic attack (Schethe 5).

N3 OH
O Ti(O'PI') (N ) J\/\ : yields70-95%
TN T 2VB2 L RTON"0H + R OH  regioselectivity
R OH OH /\IN/\ 301 -2:1
3

Scheme 5Nucleophilic ring-opening of epoxides.

Cyclic sulfate® and carbonates:® derivedvia asymmetric dihydroxylation of

2 Veeresha, G.; Datta, Aetrahedron Lett1997, 38, 5223-5224.

13 (a) Hayakawa, H.; Okada, N. M., M.; Miyashita, Metrahedron Lett1999 40, 4589-4592. (b)
Larrow, J. F.; Schaus, S. E.; Jacobsen, EJNAmM. Chem. S0&996 118 7420-7421. (c)
Zwanenburg, BPure Appl. Cheml999 71, 423-430.

4 Jaime, C.; Ortuno, R., M.; Font,dl.Org. Chem1988 53, 139-141.

5 Caron, M.; Carlier, P. R.; Sharpless, K.JBOrg. Chem1988 53, 5185-5187.

16 Lohray, B. B.; Gao, Y.; Sharpless, K. Betrahedron Lett1989 30, 2623-2626. ()Lohray, B. B.
Synthesig€992 1035-1052.

17 Chang, H.-T.; Sharpless, Betrahedron Lett1996 37, 3219-3222.



the corresponding alkenes, can be ring-opened with nitrogen nucleophiles to give
anti-amino alcohols. The opening occurs in the most activated position with
overall yields of 70-80% (Scheme 6). In a similar fashsgndiols can be
transformed intsynamino alcohols:

_0

H (Me0),CO 9 NaN " H,, PdIC T
' e . al
R 2 R 3 R' 21 ' R'
AR MO0 A e
OH Na 6M HCI N

NH,
Scheme 6:Nucleophilic opening of cyclic carbonates.

Enantioselective aziridination is known to be more difficult than asymmetric
epoxidation, and general methods are missing. Ring-openings of aziridines with
oxygen nucleophiles to afford 1,2-amino alcohols are consequently not as
common as epoxide openings, yet interesting. Nucleophiles employed to date are
water, alcohols and carboxylic acid?.

Reductions ofa-amino ketones can be made diastereoselective towards
synthesis of eithesyn or anti-amino alcohols, depending on the choice of
protective group (Scheme #)Upon treatment of Chz-protected substrate with
LIAIH(O'Bu);, the anti-isomer is formed with excellent diastereoselectivity.
When the same substrate is trityl-protected, sheisomer is predominantly
formed, although sometimes with moderate selectivity. Due to the relative
instability of a-hydroxyimines, corresponding reductions of these compounds
are seldom performed.

o OH OH
) . :
Rt Rr? LIAH(OBuU); Rt - R? Rl\l)v R® R= Cbz yields >95%, ds 95%
\l/\/ N R=Tr; yields > 70%, ds 80-94%
NHR NHR NHR

Scheme 7Diastereoselective reduction.

Aminohydroxylation

The most straightforward route among the functional group manipulations is
evidently the asymmetric aminohydroxylation of alkenes. Sharpless has
developed a variant of the well-known dihydroxylation that utilizes the same
oxidant and ligand system,B-Unsaturated esters and phosphonates are the best
substrates for this reaction, which delivesgnramino alcohols with high
enantioselectivities but often with moderate yields due to poor regioselectivities
(Scheme 8%

8 Cho, G. Y.; Ko, S. YJ. Org. Chem1999 64, 8745-8747.

19 Takeuchi, H.; Koyama, KI. Chem. Soc., Perkin Trans1981, 121-126.

2 (@) Ibuka, T.; Nakai, K.; Akaji, M.; Tamamura, H.; Fujii, N.; Yamamoto,Tétrahedron 996 52,
11739-11752. (b) Cantrill, A. A.; Osborn, H. M. |.; Sweeney,etrahedronl998 54, 2181-2208.

2 Hoffman, R. V.; Maslouh, N.; Cervantes-Lee JFOrg. Chem2002 67, 1045-1056.

2 (a) Li, G.; Chang, H.-T.; Sharpless, B. Kngew. Chem. Int. Ed. Endl996 35, 451. (b) O'Brien,
P.Angew. Chem. Int. Ed. Engdl999 38, 326-329.



MsHN O
) 90-99%
MsCINNa, (DHQ),PHAL, : es
Ids 55-90%
R/\/ﬁOMe R/\E)kOMe ykelds 55-90%

K,0s0,(0H), o

Scheme 8:Sharpless asymmetric aminohydroxylation.

A complimentary two-step procedure is described by Davies (Scheme 9). In
this reaction sequence, a chiral amide anion added tofannsaturated ester.
The resulting enolate was trapped with an oxygen electrophile to yiekhtihe
amino alcohol with excellent diastereoselecti¢ity.

PhJ\N’B" IJ\
h/\)?\ H T 4 P OUNBnQ ds 96%
P \ O'Bu 2) PMO‘BU yield 90%

OH
N
3.0

Scheme 9Two-step aminohydroxylation.

Both of the above methods suffer from very limited substrate tolerance, which
can be exemplified by the aminohydroxylation of cyclohexene. The
correspondingsynamino alcohol was obtained in 48% vyield with 66%
enantioselectivity.

Addition of one heteroatom

This strategy is rarely employed, although some examples exist. Chiral
auxiliaries are not utilized in these reactions; instead the resident heteroatom
directs the nucleophile. The intramolecular addition of an acyloxynitrene to an
olefin is an indirect synthetic route to amino alcohela oxazolidinones
(Scheme 10% The reaction sequence starts by formation of an azidoformate
from the corresponding allylic alcohol. Thermolysis of this species provides a
bicyclic aziridine, which can be ring-opened to the corresponding oxazolidinone.

P (0]
1) 4-nirophenyl
OH chloroformate J\N A
Tro B e —— N
A NaNs  78% TrON ar >01’0'l
Jo_(m\ RMgX jj_i/NH HO  NH,
----- : S
Tro po cue 0 R TO "R
89-100%

Scheme 10intramolecular addition of an acyloxynitrene to an olefin.

The corresponding additions of oxygen nucleophiles to nitrogen-containing
molecules are seldom attempted. In the oxa-Michael additionN-of
formylnorephedrine to nitroalkeneganti-amino alcohols are formed with

# Bunnage, M. E.; Chernega, A. N.; Davies, S. G.; Goodwin, @. Ghem. Soc., Perkin Trans. 1
1994 2373-2384.
% Bergmeier, S. C.; Stanchina, D. 1.0rg. Chem1997, 62, 4449-4456.



excellent selectivities in a four step sequence (Schente 11).
Ph R!

Ph R
H H -
H N\)\OH + g/NOZ NaH, H N\)\ ~ NO,
T ~ acon o/\I/Z yields 30-58%
O Me R O Me R
Ph R'

ds, es >95%
ot oE R
1) NaBH,, PdiC | NJ\ : :

o e e T NHBoc  Na/NHs NHBoc
2) EtsN, Boc,0 Tc])/ : o/\I/ HC’/\|/

Me R?2 R2

Scheme 110xa-Michael addition to nitroalkenes.

1.3 Aim of the study

Despite the great interest in the field wt-amino alcohols, a divergent route
from a common starting material towards all possible regio- and sterecisomers of
a vicinal amino alcohol is still missirfg. The synthetic planning is thus
substantially complicated by the requirement of a separate synthetic route for
each isomer. A divergent route leading to all possible isomers would be a great
simplification for studies on structure-activity relationships of pharmacologically
active derivatives incorporating the amino alcohol moiety. A divergent route
would also allow optimization of the performance of chiral ligands containing
this structural motif.

We therefore set out to develop a route leading to all eight possible isomers of
a givenvic-amino alcohol, starting from a common substrate that could be
readily synthesized. To demonstrate the value of this route, it would then be
applied to natural product synthesis.

1.4 Synthetic strategy

The requirements of a generally applicable synthetic route are readily available
starting materials, flexibility, predictability and high regio- and
diastereoselectivity. These demands can be met by choosing vinylepoxides as
substrates, as they are known to be ring-opened selectively at the allylic position
by hard nucleophiles.Furthermore, both enantiomers are readily available in
high enantiomeric exces$a asymmetric epoxidation strategies.

As depicted in Scheme 12, the synthetic strategy designed to fulfill these
specifications starts by ring-opening of epoxidesith a nitrogen nucleophile.
Selective ring-opening at the allylic position can be perforgidter with
inversion or retention of stereochemistry, yieldangi- andsynamino alcohols
2 and 3, respectively. Amino alcohol® can subsequently be ring-closed to the
corresponding vinylaziridine4. These species can be selectively ring-opened at
the allylic position with an oxygen nucleophile, either with inversion or
retention, to furnistanti- andsynamino alcohol$ and 6. The remaining set of

% Berner, O. M.; Tedeschi, L.; Enders, Eur. J. Org. Chen2002 1877-1894.



enantiomeric amino alcohol isomers can easily be obtained by starting from the
enantiomeric vinylepoxidesnt1.

R RZNH, R?NH,
RWRA Sele(?tlve . Rl/\|)\’/\R4 or RWR4
O g L i‘? OH R oH R,
R R?OH RZOH
Selective . N .
R N R — IR N Z "R* o R Y ~ "R
N T opening : 3 : 5
NrR NH, RT NH, R*

Scheme 12Synthetic strategy.
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Synthesis of Vinylepoxides 1
(Paper IV)

2.1 Introduction

Epoxides are often used as intermediates in asymmetric synthesis, due both to
reliable asymmetric epoxidation methods and to facile ring-opening reactions
allowing straightforward elaboration to new functionalitfe¥he development

of Sharpless asymmetric epoxidation of allylic alcohols in 1980 constitutes a
breakthrough in asymmetric synthesis, and to date this method remains the most
applied asymmetric epoxidation protocol (Scheme?13). wide range of
substrates can be used in the reacti&):aflylic alcohols generally give high
enantioselectivity, whereas the reaction is more substrate dependenEZwith (
allylic alcohols. Conjugated dienols are often problematic substrates due to
reduced reactivity. Moreover the products can undergo a Payne rearrangement,
which makes them susceptible towards further epoxidé&tiowith all reagents
commercially available, the main drawback of the SAE-reaction is the substrate
limitation to allylic alcohols.

RNy TOP. (IDET, - oo o yields 80-95%
TBHP O es >95%

Scheme 13Sharpless asymmetric epoxidation.

Ten years after Sharpless’ discovery, Jacobsen reported an asymmetric

% (a) George, T.; Mabon, R.; Sweeney, G.; Sweeney, J. B.; Tavassdbumal of the Chemical
Society-Perkin Transactions2000 2529-2574. (b) Bonini, C.; Righi, Q.etrahedror2002 58,
4981-5021.

27 (a) Katsuki, T.; Martin, V. S. I©rgainc ReactionsPaquette, L. A., Ed.; John Wiley & Sons, Inc.:
1996; Vol. 48, p 1-285. (b) Gao, Y.; Hanson, R. M.; Klunder, J. M.; Ko, S. Y.; Masamune, H.;
Sharpless, K. BJ. Am. Chem. So&987, 109, 5765-5780.

2 \Werschofen, S.; Scharf, H.-Bynthesid4988 854-858.

2 Bernet, B.; Vasella, ATetrahedron Lett1983 24, 5491-5494.

11



epoxidation of unfunctionalized olefins using chiral Mn-salen catalysts (Scheme
14)® This reaction works best oZ)disubstituted alkenes, although several tri-
and tetra-substituted olefins have been successfully epoxidiZée. reaction
often requires ligand optimization in order to reach high enantioselectivity.

Q yields 70-95%

= /j ' es80-95 %
R R NaoCI R R

Scheme 14Jacobsen’s asymmetric epoxidation.

Chiral dioxiranes have recently been reported to catalyze epoxidations. The
best results have been obtained by Shi, who has developed Kessneatalyst
precursor (Scheme 15} Although the first results were obtained with){
alkenes, Shi has now developed reaction conditions suitable for nearly all types
of substrates, includingZj-alkenes and terminal olefifs.Furthermore, a
monoepoxidation of dienes has been reported, where the most electron rich
double bond is epoxidized in good selectivitpAs this catalyst is rather new,
few applications have been published and its potential remains unrevealed.

Gl

o ’
e Ve YaN 7 /,>/\/\ yield 68%
OTMS Oxone o OTMS  es598%

Scheme 15Shi’'s asymmetric monoepoxidation of dienes.

Indirect routes to enantiopure epoxides have also proven valuable in certain
cases, i.e. asymmetric dihydroxylation with sequential ring-closudrggarwal
has recently developed an asymmetric epoxide formation from sulfur ylides and
aldehydes’

% Zhang, W.; Loebach, J. L.; Wilson, S. R.; Jacobsen, El. Mm. Chem. S0d.990 112, 2801-
2803.

%1 Brandes, B. D.; Jacobsen, E.NOrg. Chem1994 59, 4378-4380.

%2 Wang, Z.-X.; Tu, Y.; Frohn, M.; Zhang, J.-R.; Shi,)¥ Am. Chem. So&997, 119, 11224-11235.
3 This ketone is oxidized to the corresponding dioxirane in the catalytic G@ecommercially
available ent-7 can be prepared in five steps from L-sorbose.

3 (@) Frohn, M.; Shi, YSynthesi®200Q 1979-2000. (b) Tian, H.; She, X.; Yu, H.; Shu, L.; ShiJY.
Org. Chem2002 67, 2435-2446. (c) Wu, X.-Y.; She, X.; Shi, ¥. Am. Chem. So2002, 124,
8792-8793.

% Frohn, M.; Dalkiewicz, M.; Tu, Y.; Wang, Z.-X.; Shi, ¥. Org. Chem1998 63, 2948-2953.

% Kolb, H. C.; Sharpless, K. Hetrahedron Lett1992 48, 10515-10530.

7 Aggarwal, V. K.; Alonso, E.; Hynd, G.; Lydon, K. M.; Palmer, M. J.; Porcelloni, M.; Studley, J. R.
Angew. Chem. Int. Ed. End001, 40, 1430-1433.
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Several methods for kinetic resolution and desymmetrisation of epoxides have
also evolveds

2.1.1 Ring-opening of epoxides

Ring-opening reactions of epoxides have been performed with a large variety of
nucleophiles® The regioselectivity can often be controlled by appropriate
choice of substituents on the oxirane ring; with alkyl substituents ring-opening
proceeds at the sterically least hindered carbon atom, whereas conjugating
substituents, e.g. phenyl and vinyl groups, promote ring opening at the adjacent
carbon atont In reactions with vinylepoxides, hard nucleophiles tend to add in a
1,2-fashion, while soft nucleophiles prefer 1,4-additton.

2.2 Synthesis of vinylepoxides 1

In the present study, six substrates were designed to represent variations in
substitution pattern and electronic influence (Figure 5). Vinylepoxidel
exemplify diferences inelectronic character, whereas substratbs depict
variation of olefin substitution (terminal vs. internal). Influence of substitution at
the allylic position is exemplified bgd vs. 1le This is an important feature, as

the ring-opening reactions should take place regioselectively at this carbon atom.
Finally the position of the vinyl group substituent was varibatdvs. 1f). The
substrates are represented by the general structure

P _— OPMB
h\/\({l}\/ Bno/\<(|3\/ Bno/\<(l3\/\/

1a 1b 1c
WOBH \/é>__/\/\08n PMBOWOBn
1d “le 1f
RZ
RWR4
O L3
R

Figure 5. Vinylepoxides used in the present study.

The synthesis of vinylepoxideisis briefly described in Schemes 16 and 17.
The epoxidation step in each route is the key step of the synthesis, as the
enantioselectivity obtained will be preserved throughout the remaining

% (a) Hodgson, D. M.; Gibbs, A. R.; Lee, G. Retrahedronl 996 46, 14361-14384. (b) Schaus, S.
E.; Brandes, B. D.; LArrow, J. F.; Tokunaga, M.; Hansen, K. B.; Gould, A. E.; Furrow, M. E.;
Jacobsen, E. Nl. Am. Chem. So2002 124, 1307-1315.

% (a) Prestat, G.; Baylon, C.; Heck, M.-P.; Mioskowski,T@€trahedron Lett200Q 41, 3829-3831.

(b) Sabitha, G.; Babu, S.; Rajkumur, M.; Reddy, C. S.; Yadav, Jetgahedron Lett2001, 42,
3955-3958.

40 Bandini, M.; Cozzi, P. G.; Melchiorre, P.; Umani-RonchiJAOrg. Chem2002 67, 5386-5389.

“ Marshall, J. AChem. Rev1989 89, 1503-1511.
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transformations leading to amino alcoh®|8, 5 and6 (see Scheme 12).

The synthetic routes to vinylepoxidéa-c were designed to employ Sharpless
asymmetric epoxidation (SAE). Henta was obtainedrom 3-phenyl-propanol
by a Swern/Horner-Emmons procedure followed by reduction to the
corresponding allylic alcohol. This species was epoxidized under SAE
conditions followed by Swern/Wittig to givia (Scheme 16&%.Epoxidelb was
obtained from 2-butyne-1,4-diol by reduction and monobenzytatomeach the
corresponding allylic alcohol, which was treated as above to glel(Scheme
16b)*

Although being rather straightforward, this approach suffers from moderate
yields in the final Wittig reaction, and is furthermore limited to synthesis of
terminal vinylepoxides. Disubstituted)-olefins can be selectively obtained
only with stabilized Wittig reagents, whereas non-stabilized Wittig reagents
predominantly afford the undesired){isomers®

a) Vinylepoxidela
1) Swern
2) NaH, g\)‘i
Ph\/\/OH (Et0)7” OEt
3) DIBALH
75 %

(SAE PR~ OH DSwem | PR~

74%, O 2) Wittig (0]
es 98% 73% 1a

P h\/\/\/OH

b) Vinylepoxidelb:

HO .
\\ 1) LiAH, BnO/\/\/OH
OH 2)Ag,0, BnBr

46%

1) Swern =
(+)-SAE OH B
T BnO/\<(!)\/ 2) Wittig "O/\<<!>\/
es 98% 60% 1b

¢) Vinylepoxidelc

+)-SAE OH
PMBO/\/\/\/OH 4>( ) PMBO/\/\('\/
67% (0]

Ag,0, BnBr = OPMB
A92Y, BBt Bno/\<(')\/\/

85%,
es 95% e

Scheme 16Synthesis of vinylepoxideka-c

“2 Vinylepoxides are rarely crystalline, which renders it difficult to increase eheby
recrystallization. It is therefore of great importance to utilize epoxidation conditions that give high
enantioselectivity.

4 Lindstrém, U. M.; Somfai, PSynthesid 998 109-117.

4 | ofstedt, J.; Pettersson-Fasth, H.; Backvall, Jl€frahedror200Q 56, 2225-2230.

4 Only (E)-vinylepoxides can be employed within this strategy, as isomerization might occur during
the Pd(0)-catalyzed ring-opening df){vinylepoxides, see Chapter 4.1 and Tsuji, J. Palladium
reagents and catalysts. Innovations in organic synthesis; John Wiley & Sons Ltd: Chichester, 1995.
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Hence a modification of the route was needed to reach subktré&eheme
16c). SAE was thus performed on PMB-monoprotected hexa-2,4-dien-1,6-diol,
which was produced from the corresponding €st&s. described in Chapter 2.1,
conjugated dienols are often poor substrates for SAE. The reaction was indeed
sluggish, resulting in 45% epoxyalcohol and 37% starting material, i.e. 67%
yield based on recovered dienol. Moreover, benzylation of this species was
problematic, as standard conditions gave decompositieimally 1c could be
isolated in 85% yield based on recovered starting material (45%) using the
milder BnBr /AgO conditions®

The synthesis oflc was clearly unsatisfactory, and other routes were
examined to obtain vinylepoxiddsi-f. Shi's monoepoxidation of dienes seemed
ideal, as TMS-protected hexadienol could be epoxidized in good yield (see
Scheme 15% Hexadienol was thus benzylated and exposed to catdlyst
yielding 66% ofld together with 10% of the corresponding regioisomer
(Scheme 17a&j).Substratele was synthesized fro@-methyl-2-pentenal by a
Horner-Emmons reaction followed by reduction and benzylation. Epoxidation
occurred with complete regioselectivity, reflecting the electronic influence
exerted by the methyl group, afé was isolated in 100% yield (Scheme 17b).
This synthetic strategy was clearly superior to the previous one, being both
shorter and having high-yielding steps.

a) Vinylepoxideld:

e Yo YaN BnBr P RGN cat7,
OH ——— NN OBn — /WOBn

NaH Oxone
95% 66%, 1d
0,
b) Vinylepoxidele es95%
DNaH.
_ €O T0E A)\/v BnBr
N OH — .~
2)DIBALH NaH
90% 93% e
(o] /o
/\)\/\/ Qi | /\)z\/\/OBn CL
Oxone “0 X o
100%, le 3T 7

es95%
¢) Vinylepoxidelf:

B BnOH, _ >
w(\Br o w]/\o COzMe MeOZCWOBn
85% Pd(OAc),, LiCl
Bu,NCI, K,CO3
57%

1) (+)-SAE
DIBALH _ W DEYSAE e oBn
85% 2)PMBCI NaH (6]
69%, es98% 1f

Scheme 17Synthesns of vinylepoxidekd-f.

6 Lindstrém, U. M.; Somfai, PTetrahedron Lett1998 39, 7173-7176.

47 BnBr, NaH, THF or DMF, heat.

“8 Bouzide, A.; Sauvé, Getrahedron Lett1997, 38, 5945-5948.

4 As 1d was unstable on silica, the yield decreased upon separation from the regioisomer.
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Vinylepoxide 1f was synthesized beforkd,e using a reported strategy.
Starting from 2,3-dibromopropene, dier®lvas made by sequential Williamson
reaction, Heck coupling and reduction. This dienol was epoxidized under SAE-
conditions, after which PMB-protection resultedlifScheme 17¢}.

In the microwave-assisted aminolysis study (Chapter 3.2), several additional
vinylepoxides were used to investigate the scope and limitations of the reaction.
These substrateddk) were prepared from the corresponding allylic alcohols as
described fofla,b (Figure 625252

Bn O\><<'\/ W E
0 ¢ 0
1g 1h 1i

=] ¥z \/\<|\/
h\<('3\/ 1\
1 1k

Figure 6. Structures of vinylepoxidelkg-k.

2.2.1 Determination of enantiomeric purity

The enantiomeric purity of vinylepoxidega-c,f was estimated from
measurements on the corresponding epoxyalcohols. Epoxidation of the allylic
alcohols with mCPBA yielded the corresponding racemic epoxyalcohols, needed
for HPLC-determination ofs Vinylepoxidesld,e were compared with the
corresponding racemic vinylepoxides, which were prepared by mCPBA-
epoxidation of the dienes.

ChiralCel OJ or OD-H columns were used in the HPLC-analysis, revealing
enantioselectivities of 98% for vinylepoxidés,b,f and of 95% forlc-e. The
enantioselectivities obtained in the Shi epoxidation, yieldidge, were thus
slightly lower than in the epoxidation of the corresponding TMS-protected
dienols (see Scheme 15). No attempts were made to optimize the selectivity.

%0'Weigand, S.; Bruckner, FBynlett1997, 225-228.

®1 Lindstrém, U. M.; Somfai, RChem. Eur. J2001, 7, 94-98.

%2 Lindstrém, U. M., Stockholm University, 2000.

%3 Vinylepoxideli is racemic and was prepared by mCPBA-epoxidation instead of SAE.
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Aminolysis of Vinylepoxides 1 to

anti-Amino Alcohols 2

(Papers I-1V)

3

Epoxides are commonly ring-opened by sodium azide to afford azido alcohols,
which can be reduced to the corresponding amino alcololdVhen
vinylepoxides are treated with sodium azide, however, a mixture of products is
obtained due to a therm#B,3-rearrangement of the allylic azide initially
formed?® Alternatively, aminolysis can be performed with benzylamine followed
by a deprotection step to give amino alcoldfSDirect ring-opening with
ammonia would be a shorter routeZpalthough the reaction suffers from poor
reactivity and high pressure.

3.1 Conventional Aminolysis

Stogyn and Brois showed that monosubstituted vinylepoxides could be ring-
opened using ammonium hydroxid&Vith this procedure, vinylepoxidea gave

amino alcohoRa in only 13% yield after 10 days (Table 1, entry 1), indicating
that the reaction was too slow for synthetic purposes with disubstituted
substrate®. McManuset al. could open simple disubstituted epoxides by heating

in neat ammonia with a stoichiometric amount gOI¥ As no reaction took

place in the absence of water, they suggested the ammonium ion to be the active
species. Wherlla was heated in neat ammonia with water present, a slow
reaction resulted in minor amounts of amino alcdd@lwith diols 9 as major
products (entry 2%.

5 Stogryn, E. L.; Brois, S. J. Am. Chem. Sot967, 89, 605-609.

% Lindstréom, U. M.; Franckowiak, R.; Pinault, N.; Somfai, etrahedron Lett1997, 38, 2027-
2030.

% McManus, S. P.; Larson, C. A.; Hearn, R.Synth. Commuri973 3, 177-180.
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Table 1. Aminolysis of vinylepoxidelato anti-amino alcohoRa

OH OH
Ph/\/o\/\ L Ph/\/\l/\ N Phw\
NH > OH

la 2a 9
Yield (%)
Entry Conditions 2a 9
1 NH,OH, rt - A, 10d 13 0
2 NH,, 2 equiv HO, 80 °C, 3 d 11 62
3 NH;, 0.05 equiv TsOHH,0, 130 °C,3d 77 10
4 NH,OH, 25 W, 8 min. 93 0

Gratifyingly, whenla was heated in neat ammonia and TS} (0.05
equiv),2acould be isolated in 77% yield after 3 days, together with 10% of diols
9 (entry 3)® The method was applied to several substrates, regioselectively and
diastereospecifically affording the corresponding amino alcéh@lable 2).

Although high yields were obtained for unhindered epoxidgls,f, the scope
of the reaction is limited as it requires prolonged heating in neat ammonia, and
when sterically hindered substratég,h are used, the reaction is almost
completely retarded (entries 7,8). In order to make the aminolysis more
synthetically useful, the development of a reaction less sensitive to steric
hindrance and with shorter reaction time was needed.

3.2 Microwave-assisted aminolysis

In recent years, the application of microwave-assisted reactions to organic
synthesis has received considerable attention. Compared with conventional
heating, microwave irradiation often gives greatly enhanced reaction rates and
less byproduct®. Pleasingly, wherla was treated with ammonium hydroxide
under microwave irradiatior?a was obtained in 93% yield in only 8 min (Table

1, entry 4). Di-and trisubstituted vinylepoxidéb-k were also subjected to
microwave irradiation in NEOH. Complete conversion into amino alcohdts

g was generally obtained within 8 min (Table 2).

The yields from unhindered substratesb,f are better or as good as with
conventional heating (entries 1,2,6). More sterically hindered substrates also
seem to be efficiently converted into amino alcohols, as derivatjgave2g in
90% vyield compared with only 23% after 4 days in neat ammonia at 130 °C
(entry 3). The procedure isfeétive even with trisubstituted substrates, as
exemplified by 2,2,3-trisubstitued vinylepoxidé that afforded2h in 76% vyield
(entry 7). Not surprisingly, 2,3,3-trisubstitued substrdtes having quaternary
allylic carbons, reacted to giv&si as regioisomeric mixtures (entries 5,9).

Aminolysis of 1] resulted in a 2:1 mixture of amino alcoh?] and its

57 Anhydrous TsOH did not catalyze the reaction.
%8 Caddick, STetrahedronl 995 51, 10403-10432.
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regioisomer, reflecting a competition between the allylic and benzylic positions
(entry 10). Unexpectedly, reaction of substratetk also resulted in
regioisomeric mixtures, the explanation being less obvious. Ring-opening in the
homoallylic position could be suppressed in both cases by lowering of the
irradiation power, which increased the regioisomeric ratles6(1- 11:1, 1k

6:1- 9:1).

Table 2: Comparison of aminolysis yields using conventional or microwave heating.

Entry Vinylepoxide Yield (%) / Ratio?

ConventionaP  Microwave®

1 1a P“\/\q)v/ 77 93
2 1b 8o T 7 93 87
3 1c e ] A\ OPMB - 88
4 1d o X-"o8n - 88

11:1
5 1le I>"0en - 100

2:1

6 1f PMBOWOBn 86 84
7 1g Bn0\><<'\/ 23 90

O
8 1h \~ < 25 76
9 1i S - 77
O

1:1

10 1 S 70 98
2:1 2:1

1 1k S 75 95
5:1 9:1

3solated yields/ regioisomeric ratithNH,, TsOH-HO (0.05 equiv), 130 °C, 3 days.
°NH,OH, 15-30 W, 8-15 mirf80 °C.% days.

With this protocol the synthesis afti-amino alcohol®2 has been rgatly
improved due to simplified handling, short reaction times and high yielding
reactions also with sterically hindered substrates.

3.3 Large Scale Aminolysis

Microwave chemistry can be difficult to perform on a large scale, as the
concentration influences the power needed for full convefsibherefore the

%9 The microwave cavity cannot be scaled up.
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aminolysis reaction was further investigated using vinylepoxitieb. As
aminolysis of epoxides has been performed in various organic solvents with
secondary aminesour first strategy involved the use of protic solvents and
excess ammonium hydroxide. Pleasingly, whHenwas subjected to 10 equiv
NH,OH in EtOH at 70 °C in a sealed flask, slow formatior2afoccurred. The
reaction rate could be increased by the use of a large excess,0HNRhich
yielded 2a in 73% after 48 h heating. Addition of a catalytic amount of
TsOH-HO caused formation of the corresponding diol without increasing the
formation rate oRa®* Compared with the original procedure with neat ammonia,
the use of excess NBH in protic solvents simplified the handling without
shortening the reaction time.

Not satisfied with these results, we investigated whether there was a
microwave effect in the aminolysis reaction, or whether it would proceed with
conventional heating. The maximum temperature reached in microwave
reactions in NHOH at 50W for 8 min was 170 °C, and when vinylepoxitéén
NH,OH was heated to 170 °C in a sealed metal cylitlecould be isolated in
93% vyield after only 4.5 h reaction time (Table 3, entry 2). This procedure was
applied to vinylepoxidd.d, giving 2d in 72% yield and 6:1 regioselectivity after
only 1 h heating (entry 4). The result could easily be improved to 82% and 9:1
regioselectivity by decreasing the temperature to 140 °C, which was sufficient
also for the ring-opening ofe (entry 5). The reaction temperature could be
decreased even further, and amino alc@aolvas isolated in excellent yield after
1 hatonly 125 °C (entry B.

Table 3. Aminolysis of vinylepoxided to anti-amino alcohol.

R? R?NH,
R PNARe NHOH g A Re
Entry Substrate R' R? R? R* Yield of 2 (%)=
Microw.® Oilbath®
1 la PhCH, H H H 93 97T
2 1b BnO H H H 87 93
3 1c BnO H H CHOPMB 88 -
4 1d H H H CH,0Bn 100 82>
5 1e Me Me H CH,0Bn 89 78
6 1f PMBO H CHOBnN H 84 -

3solated yields"20-30 W, 8-15 min®125-170 °C, 1-4.5 IfRegioisomeric mixture 11:1.
*Regioisomeric mixture 9:1Regioisomeric mixture 2:1

% (a) Sekar, G.; Singh, V. K. Org. Chem1999 64, 287-289. (b) Cristau, H.-J.; Pirat, J.-L.; Drag,

M.; Kafarski, P.Tetrahedron Lett200Q 41, 9781-9785.

€1 Change of solvent to 2-methoxyethanol, to increase the boiling point, did not improve the results.

62 Kuhnert, N.Angew. Chem. Int. Ed. Eng002 41, 1863-1866.

% Due to difficulties in monitoring reactions in sealed tubes, reaction temperatures and times were
not optimized further.
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These results clearly indicate the absence of a microwave effect; the reaction
probably takes place instantly when the temperature needed to dissolve the
vinylepoxides has been reached. The regioisomeric mixtures obtained with some
substrates can most likely be further optimized by fine-tuning of reaction
temperature and time. This novel aminolysis method is the first practical large-
scale protocol described for ring-opening of vinylepoxides with ammonia. The
reaction is fast, stereospecific and highly regioselective. Furthermore, no special
equipment is needed, as the pressure reached at 125 °G@HN$Imoderaté'.

5 We now use glass tubes with plastic screw-caps; a metal cylinder is not needed.
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Pd(0)-catalyzed Epoxide Opening
leading to syn-Amino Alcohols 3
(Papers 1I-1V)

4

Synramino alcohols3 can be obtained by ring-opening of vinylepoxidewith
retention of configuration (see Scheme 12). This can be achieved via a
palladium-catalyzed reaction that proceeds with double inversion.

4.1 Pd(0)-catalyzed Ring-Opening of 1

Palladium-catalyzed, nucleophilic ring-openings of vinylepoxides are discussed
in a recent review. The reaction is initiated by formation ofraallyl palladium
complex, which is attacked by the nucleophile. 1,4-Addition is often
encountered, although this can be avoided by choice of an appropriate
nucleophile.

Pd(0)-catalyzed ring-opening of vinylepoxidésin the presence of tosyl
isocyanate results in formation of oxazolidinorig® as depicted iScheme
1856 Tosyl isocyanate reacts with theallyl palladium complexA initially
formed, to give intermediat8. This species subsequently ring-closes with
retention of the original configuration t-tosyl oxazolidinone40. 1,4-Addition
of the nucleophile is thus avoided by attachment to the oxygen prior to attack.

% Trost, B. M.Chem. Rev1996 96, 395-422.
% Trost, B. M.; Sudhakar, A. R. Am. Chem. So&987, 109, 3792-3794.
5 Trost, B. M.; Sudhakar, A. R. Am. Chem. So&988 110, 7933-7935.
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Scheme 18Palladium(0)-catalyzed epoxide opening with tosyl isocyanate.

10

When the terminal vinylepoxideda,b were treated witiPd(0),
oxazolidinoneslOa,b were obtained in good yields, although as unseparable
diastereomeric mixtures (Table 4, entries 1,2). Optimization of the reaction
conditions only resulted in a slight improvement of the diastereoseleétivity.

Gratifyingly, the initial product mixtures could be equilibrated at reflux, thus
favoring the more stalfférans-oxazolidinones. In this manner, the kinetically
obtained, poor ratios could be significantly enhancealdf 2:1- 6:1, 1b dr
2:1-14:1)% A recentlypublished study of a Pd(0)-catalyzed transformation of
vinyloxazolidinones into vinyloxazolines showed the same equilibration trend,;
when R changed from alkoxy to alkyl the selectivity decrea&da prove this
trend further, vinylepoxidelk (see Chapter 2) wasxposed to the reaction
conditions. The corresponding oxazolidinone was indeed formed with poor
diastereoselectivitydf 1.7), which could not be improved by equilibration
attempts?

Table 4. Synthesis of oxazolidinonds.

Entry Substrate R' R? R? R* Yield of 10 (%)
1 la PhCH H H H 82
2 1b BnO H H H 88
3 1c BnO H H CH,OPMB 87
4 1d H H H CH,OBn 62
5 le Me Me H CH,0OBn 94
6 1f PMBO H CHOBnN H 93

3solated yieldsdr 6:1.°dr 14:1.9See text.

Pleasingly, wherl contained additional vinylic substituentsctf, entries 3-
6), conversion ofl to 10 took place with complete diastereoselectivity (>95%),
except in the case of oxazolidinohed, which was formed along wittz)-4,5

% Temperature, amounts of catalyst, ligand and TsNCO were varied independently.

& Equilibration was performed with the catalyst at reflux for 2-5 days, where longer reflux time gave
betterdr but also caused more degradation of the product.

" Cook, G. R.; Shanker, Setrahedron Lett1998 39, 3405-3408.

™ For ab initio calculations on the mechanism gf-n’-n® isomerizations in allylpalladium
complexes, see Solin, N.; Szab6, KOdganometallic2001, 20, 5464-5471.
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cis-oxazolidinonell (Figure 7). To the best of our knowledge, Bn-Z
isomerization had not previously been reported in this reaction. As opposed to
the equilibration results above, the byproduct ratio could be improved by
decreasing the temperature (3:2:1).

y—\—OBn
%( NTs
O 11

Figure 7. (Z)-4,5-cis-oxazolidinonel 1

4.2 Detosylation and Hydrolysis

Amino alcohols3 could in principle be obtained frot0 either by sequential

detosylation and hydrolysis, or by hydrolysis prior to detosylation. The latter

sequence proved inferior; as the correspondlisigsyl amino alcohols were less

reactive tharl0in the detosylation, they could not be selectively deprotected.
Detosylation of oxazolidinonek0to N-H oxazolidinonesl2 was effected by

titration with sodium naphthalide solution at -78 °C (Scheme 19, TabteAb).

this stage the diastereomers GRab could be separated by flash

chromatogaphy. Due to troublesome purification Wftosyl oxazolidinonel0d

from byproductll, the best yield fronid to 12d was obtained whe&0d was

not isolated (entry 4).

3 3
R T 4 R? i 4 R2NH
R - " NH,
R LN Na'CioHs g LR ag ko g X
NTs NH R ~ "R
Oﬁ( OH R®
[e] 10 (6] 12 3

Scheme 19Detosylation ofL0 into 12 and hydrolysis teyrramino alcohols.

Subsequent hydrolysis ®-H oxazolidinonesl2 into syrnramino alcohols3
was examined both under basic and acidic conditions. The basic hydrolysis was
superior, giving3 in excellent yields (Scheme 19, Table 5). Hydrolysisl 2¢
was retarded due to sterical hindrance; 8 h reflux were needed for completion
compared to 1 h fat2ad,f (entry 5).

2 To avoid degradation/ debenzylation, the reaction time should be kept short. See Heathcock, C. H.;
Blumenkopf, T. A.; Smith, K. MJ. Org. Chem1989 54, 1548-1562.
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Table 5. Detosylation and hydrolysis gynamino alcohol$.

Entry Substrate R' R? R? R* Yield (%)=
12 3
1 la PhCH H H H 93 100
2 1b BnO H H H 79 97
3 1c BnO H H CHOPMB 72 91
4 1d H H H CH,OBnN 6x 95
5 le Me Me H CHOBnN 80 98
6 1f PMBO H CHOBnN H 84 86

3solated yields’Before separation of diastereomé¥seld from 1d.



Ring-closure of anti-Amino Alcohols 2
to Vinylaziridines 4

(Papers 11-V)

5

The two remaining amino alcohosand®6, are the regioisomers @fand3. We
envisaged the synthesis &fand 6 by regioselective ring-opening adf-H
vinylaziridines4, which can be obtained from anti-amino alcol(see Scheme
12).

5.1 Background to aziridines

Aziridines are versatile synthetic intermediates, as the relief of ring-strain
provides a driving force for efficient ring-opening or ring-expansion reactans.
The importance of aziridines is also well recognized in asymmetric synthesis,
where the need for chiral auxiliaries and ligands is continuously increasing.
Vinylaziridines constitute an important subclass of aziridines, and have
proven to be useful intermediates for various types of natural and synthetic
compoundg® Vinylaziridines can be selectively ring-opened at the allylic
position (see Chapters 6 and 7), take part in conjugate addition redtWitigg
and Claisen rearrangemefit$,furthermore the vinyl group can be derivatized

3 (a) Rai, K. M. L.; Hassner, AAdvances in Strained and Interesting Organic Molec@@3Q 8,
187-257. (b) McCoull, W.; Davis, F. Aynthesi200Q 1347-1365.

"4 Mahadevan, V.; Getzler, Y. D. Y. L.; Coates, G. Migew. Chem. Int. Ed. En@002 41, 2781-
2784.

s Tanner, D.; Birgersson, C.; Gogoll, Aetrahedron 994 50, 9797-9824.

% (@) lbuka, T.; Nakai, K.; Habashita, H.; Hotta, Y.; Fujii, N.; Nimura, N.; Miwa, Y.; Taga, T.;
Yamamoto, Y Angew. Chem. Int. Ed. Engl994 33, 652-654. (b) Somfai, P.; Ahman, J.Targets

in Heterocyclic System#alian Society of Chemistry: 1999, p 341-367.

7 Aoyama, H.; Mimura, N.; Ohno, H.; Ishii, K.; Toda, A.; Tamamura, H.; Otaka, A.; Fujii, N.; lbuka,
T. Tetrahedron Lett1997, 38, 7383-7386.

8 Ahman, J.; Jarevang, T.; Somfai,J°POrg. Chem1996 61, 8148-8159.
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into interesting functionalitie®.

Existing enantioselective synthetic routes to aziridines include asymmetric
aziridination of alkenes and ring-closure of vicinal hydroxy azides or amino
alcohols?®# Direct cyclization of-amino alcohols intdN-H aziridines is
known to be difficult, having neither a nitrogen activating group nor a good
leaving goup.#®8N-substituted aziridines can on the other hand be
synthesized from amino alcohols in various wé&§sand the plethora of methods
encouraged us to perform a comparative study to find out which procedure is the
most effective in formation dfi-H vinylaziridines.

5.2 Investigation of ring-closure strategies

N-H Vinylaziridines are rather acid labile, which limits the number of applicable
protocols. We chose amino alcoh®h as model substrate, and the desired
transformation to aziridinéais shown in Scheme 20.

OH
Ph/\/\l/\ — ph/\/l>/\
NH, HN
2a 4a

Scheme 20Ring-closure of amino alcoh@ato aziridine4a.

The transformation can be conducted in three general ways: 1) direct ring-
closure of amino alcohd®a to yield aziridineda is the most effective strategy,
but suffers from the low reactivity (fa towards ring-closure, as mentioned
above. 2) Transformation of the hydroxy grouafinto a better leaving group,
which should facilitate ring-closure. 3) Protection of the amino moie®ad$
expected to increase the reactivity towards ring-closure, although a deprotection
step is needed to yiella. To compete with direct ring-closure, the two latter
methods need high-yielding reaction steps, as several transformations are needed
to achieve the desired product.

5.2.1 Direct ring-closure

Direct ring-closure of amino alcohols MH aziridines is reported to proceed in
moderate yields. This transformation was of major interest in our group, and
hence a reaction utilizing Mitsunobu conditions was investigated.itial
attempts to ring-closa were disappointing, but moderate yields4afcould be

" Patai, SThe Chemistry of Alkengd/iley: New York:, 1964; Vol. 1.

8 Osborn, H. M. I.; Sweeney, Jetrahedron: Asymmety997, 8, 1693-1715.

8 |puka, T.; Mimura, N.; Aoyama, H.; Akaji, M.; Ohno, H.; Miwa, Y.; Taga, T.; Nakai, K.;
Tamamura, H.; Fujii, N.; Yamamoto, ¥. Org. Chem1997, 62, 999-1015.

8 pearson, W. H.; Lian, B. W.; Bergmeier, S.Rérgamori996 1-96.

8 Tanner, DAngew. Chem. Int. Ed. Endl994 33, 599-619.

8 Hughes, D. LOrg. Prep. Proc. Int1996 28, 127-164.

8 Mitsunobu, O Synthesi4981, 1-28.
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obtained in toluene at reflykA carbamate byproduct was irregularly formed in
considerable amounts due to reaction between the amino alcohol and ®EAD;
this could be prevented by changing the ethyl groups of the azo compound to the
bulkier isopropyl groups in DIAD. The reaction rate was increased by change of
solvent from toluene to THF; this might reflect the observation of improved
solubility of 2a. Unfortunately, purification ola demanded repeated flash
chromatogaphy to remove the triphenylphosphine oxide formed, which
decreased the isolated yield considerably.

We suspectetll-H vinylaziridines to be unstable on silica, and indeed careful
purification on deactivated silica could improve the yielddaf® Small-scale
reactions were purified to give azirididea in 80% vyield, whereas large-scale
reactions affordeda in 70% yield. To avoid the tedious purification, polymer
bound triphenylphosphine was utilized. As expected, this decreased the reaction
rate, but resulted in an easily purified crude product.

5.2.2 Selective activation of the hydroxy group

This strategy relies on the possibility of activating the hydroxy group without
substituting the amino group. This limits the number of useful routes
considerably, as the amino group is more reactive towards most activating agents
e.g. tosyl chloride.

One solution of this delicate problem is reaction2afwith chlorosulfonic
acid to form sulfate estelr3 (Scheme 21). This compound can subsequently be
ring-closed to aziridinda under basic conditions, as reported in formation of 2-
vinylaziridine®* Formation of saltL3 was nearly quantitative, but ring-closure
with excess NaOH at reflux furnishdd in moderate yield (Table 6, entry 1).
Various solvents and bases were screened, and the best result was achieved with
NaOH in toluene/water, which gave aziridida in 76% isolated yield (entry
2)# Attempts using lower temperature, decreased amount of NaOH or other
solvents, all decreased the yield (entry 3). The useRifLi in THF resulted in
50% yield (entry 4); all other attempts were fruitless (entries 5-8).

0803~
CISO3H, 2 Base
2 Ef 030 c Ph/\/\I/\ “a
t,0,0° + 50-76%
97% 13 " NHs

Scheme 21Hydroxy group activation prior to ring-closure.

Ring-closure oRa with selective activation of the hydroxy group accordingly
yielded4ain 74% over two steps, using the conditions stated in Table 6, entry 2.

% The drawback of using deactivated silica is decreased separation ability.
87 Aziridine 4a was found to be volatile, the yield was improved when the toluene was removed
carefully, followed by flash chromatography with Et20 instead of EtOAc.
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Table 6: Conditions for ring-closure df3to4a.

Entry Solvent® Base Yield of 4a (%}
1 HO NaOH 58
2 Toluene/HO NaOH 76
3 THF/H,0° NaOH 0
4 THF® n-BulLi’ 50
5 THF NaOEt <5
6 Toluene KOBUf 0
7 Toluene EfN° <5
8 DMF K,CO, <5

*Reactions performed at reflux unless otherwise stéisalated
yields except in entry 1, which was determined by HPIE3-
cess.”100 °C in sealed flask-50 °C to rt2.5 equiv?3 equiv.

5.2.3 Selective protection of the amino group

Selective protection of the amino group before ring-closure is facile, thus it is
the most common way to synthesize aziridines from amino alcohols. The acid
lability of N-H vinylaziridines limits the number of useful activating groups, as
the conditions needed for deprotection of several activating groups are expected
to destroy the aziridine moiety.

Tritylation

Our first choice was the triphenylmethyl (trityl) group, which had been
successfully employed in aziridination reacti&hBurthermore mild, although
acidic, conditions were used for deprotection. TritylatioR@proceeded almost
quantatively (Scheme 22)and with trityl amino alcohol 4 in hand, several
ring-closing methods could be utilized. The Mitsunobu protocol described above
afforded tritylaziridinel5in 99% yield.

QH various
TrCl, : hod
2a Ph/\/\l/\ methods > PM
Et;N see text TN
NHTr
99% 14 88-99% 15

Scheme 22:Amino group activation prior to ring-closure.

Alternatively, the hydroxy group ini4 could be mesylated to provide
compoundC (Scheme 23). This derivative was conveniently ring-closed to yield
15 at elevated temperatuteWith 1.0 equiv MsCI, tritylaziridinel 5 was formed

8 Greene, T. W.; Wuts, P. G. Mrotective Groups in Organic Synthes3sd ed.; Wiley: New York,
1999.

8 Kuyl-Yeheskiely, E.; Lodder, M.; van der Marel, G. A.; van Boom, JTétrahedron Lett1992

33, 3013-3016.

® Evans, P. A.; Holmes, A. B.; Russell, K.Chem. Soc., Perkin Trans19294 3397-3409.

1 Willems, J. G. H.; Hersmis, M. C.; de Gelder, R.; Smits, J. M. M.; Hammink, J. B.; Dommerholt,
F. J.; Thijs, L.; Zwanenburg, B. Chem. Soc., Perkin Trans1297, 963-967.
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in 88% yield together with 12% recoveréd. When an excess of MsCl (1.25
equiv) was employed,5was formed along with unidentified byproducts.

1.0 eq MsCl oMs A
.0 eq MsCl, :
14 4“ Ph/\/\l/\ 4>0 15
EtsN, THF, 1t 88%
c NHTr

Scheme 23Synthesis olL5 by mesylation and ring-closure.

A third possibility employed cyclic sulfamidafié (Scheme 24), formed by
reaction betweerd4 and sulfuryl chlorideln situ conversion of this type of
derivative to the corresponding aziridine was reported to proceed at rt.

Q0
- o,
14 125 eq SO,Cly, EtsN, Q 0°C | 15
toluene, -50 °C P X 9%
16 'NTr

Scheme 24Ring-closure ofl4 via cyclic sulfamidateL6.

When trityl amino alcohol4 was treated with surfuryl chloride, sulfamidate
16 was indeed formed, but ring-closure to aziridiredid not take place at rt.
Attempted purification by flastthromatogaphy convertedl6 to the desired
aziridine 15 in 60% yield. The conversion could instead be performed in
excellent yield by heating the reaction mixture to 70 °C for 1 h.

Removal of the trityl group tdl-H aziridine4a was the most difficult part of
the sequence, &H vinylaziridines are acid labile (Scheme 25). Treatment with
TFA and water as a trityl scavenger furnisdedn 79% yield®** Formic acid in
methanol worked equally well whereas the combination of TFA and methanol
gave only decomposition produétsA recently published reductive detritylation,
developed especially for sensitive aziridines, was also empléyed.
Disappointingly this reaction, utilizing TFA and ;6tH, proved inferior to the
original TFA reaction.

P T~ TFAHO, P T
TN CH,Cl, HN
15 7% 4a

Scheme 25Detritylation of15.
Thus, the three-step transformation of amino alc@adhto aziridine4a was

achieved in 77%ia Mitsunobu cyclization, in 69%ia mesylation and in 76%
via the cyclic sulfamidate.

2 Alsina, J.; Giralt, E.; Albericio, FTetrahedron Lett1996 37, 4195-4198.

% The optimal reaction temperature was —10 °C; reaction at rt gave 4a in moderate yield whereas
lower temperature effected no reaction.

% Bosche, U.; Nubbemeyer, Uetrahedrorl999 55, 6883-6904.

% Church, N. J.; Young, D. W. Chem. Soc., Perkin Trans1298 1475-1482.

% Vedejs, E.; Klapars, A.; Warner, D. L.; Weiss, A.JOrg. Chem2001, 66, 7542-7546.
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Nosylation

In a similar reaction sequence, the 2,4-dinitrobenzenesulfonyl group was utilized
(Scheme 26Y. Although both protection td7 and ring-closure td.8 were fast
reactions, the yields were poor compared to the tritylation sequence.
Furthermore, attempted deprotection i to aziridined4a was unsuccessful,
instead affording the ring-opened diamir#®

OH
: PPhs,
2a —»RC,L’, PSS o™ P IS
pyridine NHR
61% 17 33% 18

NH,
A~ NH, PI(\)\:/\
x> 4a NH
N 19

Scheme 26Nosylation strategyR=2,4-dinitrobenzenesulfonyl.

To summarize the results of this investigation, direct ring-closure under
Mitsunobu conditions proved superior to other methods employed for small-
scale reactions, as-H aziridine4a was formed in 80% yield. This should be
compared to 74% via sulfate esficd and 69-77% via tritylation of the amino
group. For large-scale reactions, the convenience of easy purification could make
the sulfate ester route preferable. Although the same advantage is achieved by
the use of polymer bound triphenylphosphine in the Mitsunobu reaction, this
reagent does not give complete conversion of all substraide {(nfra).
Furthermore, the choice of strategy is substrate depending, as the substituents on
the vinylaziridine influence both the polarity (and hence the ease of purification)
and the stability on silica gel.

5.3 Synthesis of vinylaziridines 4b-f

As vinylaziridines4b-f were prepared before or in parallel to the investigation
described above, only the Mitsunobu conditions were employed in the
transformation (Scheme 27Anti-amino alcohol2 could be ring-closed into
vinylaziridines4 in yields ranging from 80% fota down to 30% forb (Table

7). The poor yield oftb could be increased to 72% by careful purification on
deactivated silica, indicating that the purification might be more important than
the reaction conditions for certain substrates (entry 2).

9 Fukuyama, T.; Cheung, M.; Jow, C. K.; Hidai, Y.; Kan TEtrahedron Lett1997 38, 5831-5834.
()Farras, J.; Ginesta, X.; Sutton, P. W.; Taltavull, J.; Egeler, F.; Romea, P.; Urpi, F.; Vilarrasa, J.
Tetrahedror2001, 57, 7665-7674.

% Deprotection with mercaptoacetic acid was not attempted.
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R2NH, R?

'/\|)\A PPhg, DIAD, X
Nt ————— pl e
R R TEa R “N ~ R

OH R® 5 HR
Scheme 27Synthesis of vinylaziridine4.

Aziridine 4c was formed in 93% crude yield according to integration on
NMR, but due to its instability even on deactivated silica the isolated yield was
poor. This could partially be circumvented by using polymer bound, Rilich
gave an easily purified crude product but decreased reaction rate. With this
protocol, aziridinedc could be isolated in 78% yield based on recovered starting
material (entry 3). Surprisingly, aziridinkd coevaporated with EtOAc, which
made purification troublesome as other solvent systems diminished the silica
deactivation and gave unpure aziridine (entr§ 4).

Table 7.Synthesis of aziridines.

Entry Substrate R' R? R® R* Yield of 4 (%)=
1 2a PhCH H H H 80
2 2b BnO H H H 72
3 2c BnO H H CHOPMB 60
4 2d H H H CH,OBn 62
5 2e Me Me H CHOBnN 80
6 2f PMBO H CHOBnN H 63

3solated yields"23%2c was recoveredlsolation problems, see text3%2ewas
recovered.

Syntheses of trisubstituted-H aziridines are rare and described yields are
moderaté® This may be due to difficulties both in forming precursor@@and
in subsequent ring-closure to aziridines, the reaction rates being retarded by
sterical hindrance.

To our delight, ring-closure ofe to trisubstituted aziridinede under
Mitsunobu conditions proceeded smoothly. Although the reaction stopped before
full conversiont®* this substrate surprisingly gave the best results to date in the
ring-closure. The methyl substituent renderirelatively unpolar, which
simplified the purification ande could be isolated in 80% yield with remaining
2e readily recovered (entry 5). The yield based on recov2esdas thus an
excellent 92%.

% Careful removal of EtOAc by distillation from a =78 °C cooling bath gave loss of product whereas
high-vacuum on the isolated compound did not result in losses.

100 (@) Viallon, L.; Reinaud, O.; Capdevielle, P.; Maumy, Tétrahedronl996 52, 13505-13614. (b)

Wipf, P.; Henninger, T. C.; Geib, S.11.0rg. Chem1998 63, 6088-6089.

101 Optimization attempts failed; neither prolonged reaction time nor large excess of reagents
improved the conversion, instead a byproduct was formed.
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When regioisomeric mixtures of amino alcohdland5 were obtained in the
aminolysis (see Chapter 3), separation of the isomers was needless as ring-
closure of both species resulted in aziridideSurprisingly, the mixture a2e
and5e obtained by aminolysis dfe, could also be ring-closed #e in good
yield despite the sterical hindrancebia
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Solvolysis of Vinylaziridines 4 to

anti-Amino Alcohols 5
(Papers 1I-1V)

6.1 Introduction

Ring-opening of activated aziridin&shas recently become a field of major
interest. Yadav and Singh have focused on Lewis acid-catalyzed ring-openings
of N-tosyl aziridines with various amines, alcohols and carboxylic &eietss

The nucleophilic attack normally takes place on the least hindered carbon atom
with moderate regioselectivity, the exception being aryl-substituted aziridines
that are regioselectively ring-opened in the benzylic position.

Hydrolysis of activated aziridines mediated by Brgnstedt acids normally
proceeds with rather poor regioselectivity>” Ibuka has employed
organocopper reagents to obtaj?Saddition to vinylaziridine$® There are no
reports on hydrolysis oN-H aziridines, which may be due both to the low
reactivity of unactivated aziridines and to the difficulty of synthesiilg
aziridines®

192 Jpuka, T.; Nakai, K.; Habashita, H.; Hotta, Y.; Otaka, A.; Tamamura, H.; Fujii, ®rg. Chem.
1995 60, 2044-2058.

1% yadav, J. S.; Reddy, B. V. S.; Jyothirmai, B.; Murty, M. SSRalett2002 53-56.

%4 Yyadav, J. S.; Reddy, B. V. S.; Abraham, S.; Sabithd,eBahedron Lett2002 43, 1565-1567.

1% prasad, B. A. B.; Sanghi, R.; Singh, V. Fetrahedror2002 58, 7355-7363.

1% prasad, B. A. B.; Sekar, G.; Singh, V. Ketrahedron Let200Q 41, 4677-4679.

17 Tamamura, H.; Yamashita, M.; Nakajima, Y.; Sakano, K.; Otaka, A.; Ohno, H.; Ibuka, T.; Fujii,
N. J. Chem. Soc., Perkin Trans1399 2983-2996.

18 Toda, A.; Aoyama, H.; Mimura, N.; Ohno, H.; Fuijii, N.; Ibuka,JT Org. Chem1998 63, 7053-
7061.
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6.2 Solvolysis of vinylaziridines 4

Anticipating that the vinyl moiety would activate the aziridine towards ring-
opening, we set out to find suitable conditions for a Brgnstedt acid-mediated
solvolysis reaction. As the aziridine becomes protonated, the allylic bond
weakens and ring-opening becomes facilitated. To elude loss of
diastereoselectivity, the formation of a carbocation must be avoided.
Furthermore, the amine nitrogen is more basic than the aziridine nitrogen, which
renders the use of a catalytic amount of acid difficult.

To our delight,N-H vinylaziridines4 could be hydrolyzed intanti-amino
alcohols5 (Scheme 28) under acidic conditions. Initial hydrolysis attempts with
4a were performed with a catalytic amount of tosic acid in THE/Hwhich
indeed resulted in a catalytic amount5& When a stoichiometric amount of
TsOH was utilized5a was obtained as a 9:1 regioisomeric mixture in moderate
yield. This result could be improved with perchloric acid, furnistbagwith
complete regioselectivity (>20:1) in 80% vyield (Table 8, entry°1).

R’ R? OH

] HCIO4, THF,

R NS RY T R - R4
N g3 H0. & NH, R3
H 4 2 5

Scheme 28Solvolysis of vinylaziridined.

When aziridinegtb-d,f were treated with perchloric acidnti-amino alcohols
5b-d,f were obtained in good yields (Table 8). The reaction proceeded, as
expected, with clean,@ inversion for substratefa-c, f. Surprisingly, amino
alcohol 5d was formed in a 10:1 diastereomeric ratio (entry 4), the reason for
which is unclear.

Table 8.Synthesis ointi-amino alcohols.

Entry Substrate R' R? R? R* Yield of 5 (%)°
1 4a PhCH H H H 80
2 4b BnO H H H 84
3 4c BnO H H CHOPMB 82
4 4d H H H CH,OBnN 4
5 de Me Me H CHOBn 67
6 Af PMBO H CHOBnN H 71

3solated yields’dr 10:1.°The reaction was performed with BBEL, dr 2.5:1.

Due to the methyl group situated at the allylic position, we were expecting
trisubstituted vinylaziridinele to behave dferently than4a-d,f under acidic
conditions. Indeed, amino alcohat was formed in a 1:1 diastereomeric mixture
with 6e (Table 9, entry 1) and optimization attempts with perchloric acid failed.
The lack of selectivity could be explained by the stabilizing effect of the methyl
group on a carbocation intermediate.

109 Catalytic conditions failed also with perchloric acid.
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Table 9. Solvolysis ofdein THF /H,0.

: , OH OH
/\<i\/\/03” Acid _ W\/OBn+ /W\/OBn
NH
4e NH, 5e 6e

NH,

Entry Acid Equiv  Conditions Ratio 5e:6e
1 HCIO, 1 rt 1:1
2 LiClO, 1 reflux 1:1.4
3 InCl, 0.1 rt, pH 4 1.2.1
4 BF;[OEt, 2 rt 251
5 BF,[OEt, 2 -20°C -0°C no reaction
6 BF;[OEt, 0.2 rt - reflux 1.3:1
7 BBr, 2 rn see text

Turning to Lewis acids, we hoped that the carbocation formation would be
retarded and the diastereoselectivity thus enhanced. However,,L iifah had
been reported to mediate similar transformations, was ineffective for this
reaction at rt. At reflux temperature, a poor yield of a 1:1.4 mixtuteahd6e
was obtained (entry 2¥°InCl; at pH 4 gave a 1:2 mixture 6Eand6e, i.e. the
unwanted diastereomer was again the major product (entry 3). This might be
explained by internal delivery of water from Inf®)" coordinated to
nitrogen*+* Fortunately, employment of 2 equiv BBEt in THF/H,O 10:1
yielded5ein a 2.5:1 ratio (entry 4¥¢ Reducing the temperature or the amount of
acid did not improve this result (entries 5, 6). WHerwas treated with BBmo
product was isolated, instead partly epimerizedould be recovered (entry 7).

10 parrodi, C. A.; Vazquez, V.; Quintero, L.; JuraristiSgnth. Commur2001, 31, 3295-3302.
1 Fringuelli, F.; Pizzo, F.; Vaccaro, . Org. Chem2001, 66, 3554-3558.
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Aziridine Rearrangement leading to

syn-Amino Alcohols 6

(Papers 1I-1V)

7

Regioselective ring-opening of aziridinésvith retention of configuration would

yield synamino alcohol$ (see Scheme 12). This can be achieved either by a
reaction proceeding with double inversion or by an intramolecular
rearrangement. The Lewis acid-catalyzed rearrangement of acylaziridines into
the corresponding oxazolines is reported to proceed withyjamé&hanism to

give retention of stereochemistry, as outlined in Schem&?ZEhe Lewis acid
coordinates to the aziridine nitrogen, which is more basic than the carbonyl
oxygen, and weakens the C2-N bond. C2 is then attacked by the carbonyl oxygen
in a front-side manner, giving the corresponding oxazoline with retention of
configuration. The regioselectivity observed in the two cases reporteH @d
R*=Me or Ph) can be explained by a partial positive charge on C2 being more
stabilized than on C3. When both &d R are alkyl groups, the regioselectivity
may become problematic. Brgnstedt acids can also be used to effect the reaction,
although the mechanism in these cases might be different.

R, R? R?, R? RY R?

aTNé Lewis va\ 1\4\—{)
N LA F:,a:o — jR/a

Scheme 29Rearrangement of acylaziridine witni #echanism.

Applying this reaction to vinylaziridine$, the reaction sequence leading from
4 to synamino alcohol$ is depicted in Scheme 30.

12 Hori, K.; Nishiguchi, T.; Nabeya, Al. Org. Chem1997, 62, 3081-3088.
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i VQQ\/R“
Ac,0, EtsN, : 4 Acid R B
4 ACOEQN. Rl/\%ﬁ/ﬁR = B

DMAP I )
0 /\ 20 NW/ 21

R?OH
Hydrolysis R ; K gt
NH, R® 4

Scheme 30Transformation ot to synamino alcohol$.

7.1 Acetylation

Acetylation of aziridinegla-d, f proceeded with nearly quantitative yields under
standard conditions (A©, EtN, 0.05 equiv DMAP). AsN-acetylaziridines are
unstable on silica géf compound0a-d, f were used as crude products in the
subsequent rearrangement.

The acetylation of trisubstituted azirididee was troublesome, affording a
mixture of20eand an unidentified byproduttWhen4ewas treated with A©
and EfN without DMAP catalysis, the reaction rate was considerably lower and
solely byproduct was formed. When the acetyl source was changed to AcCl, the
reaction was instant, yet only the same byproduct was forfiEide byproduct
formation could be diminished by addition of a large excess Hf E20 equiv)
under DMAP catalysis. Surprisingly, clean acetylation could be acheived with
Ac,0O and a stoichiometric amount of DMAP. At this point only the removal of
DMAP remained problematic; acidic workup or flash chromatography destroyed
the product, whereas remains of DMAP in the crude product would interfere in
the rearrangement. Luckily, the acetylation proceeded equally well with polymer
bound DMAP.

7.2 Rearrangement

Several methods reported to cause the rearrangement to oxaZilinese
scanned witiN-acetylaziridine20a (Scheme 30, RPhCH, R, R}, R'=H).
Reflux in chloroform was unsuccessfuland TsOH-HO in toluene instead
afforded hydroxyamid@2a (Figure 8a) in moderate yield, with minor amounts
of 21a Early attempts with sodium iodide gave oxazolidga as a

13 Lindstréom, U. M.; Somfai, Rl. Am. Chem. So&997, 119, 8385-8386.

114 The ratio of byproduct was independent of the reaction time, suggesting that it was formed from
4erather than fron20e

15 This indicates that although the anion might take part in the reaction, is not present in the
byproduct.

116 Cardillo, G.; Gentilucci, L.; Tolomelli, A.; Tomasini, Cetrahedron Lett1997, 38, 6953-6956.

17 Nishiguchi, T.; Tochio, H.; Nabeya, A.; lwakura, ¥.Am. Chem. Sot968 91, 5835-5845.
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diastereomeric mixturé but fine-tuning of the reaction conditions caused a
slow but clean rearrangement2da'* Turning to Lewis acids, copper triflate
caused a slow rearrangement2tba'® Treatment with BEOEt'? in toluene
resulted in a mixture of oxazolinela and ring-closed byprodu@3, the
formation of which could be suppressed by lowering the temperature (Figure

8b)z
v COLL
ph/\)\l/\ =N
22 \ 23

OH a

Figure 8. a) Hydroxyamide22a b) Ring-closed byprodués3.

7.2.1 In situ hydrolysis

Despite the clean rearrangement with;BHt, oxazoline2la could only be
isolated in 55% yield. Unexpectedl®la was partly hydrolyzed during
purification, furnishing a mixture oRla and hydroxyamide22a after flash
chromatograph¥22 To avoid this loss, we turned our attention to a two step, one
pot formation of22a from 20a (Scheme 31). Returning to the TsOHMH
mediated reactionvide suprg, the results indicated initial formation @fla
followed by partial hydrolysis t@2a Indeed, treatment of oxazolirda with
TsOH-HO afforded22a in high yield. Apparently, water caused byproduct
formation when present during the rearrangertiebyt seemed necessary for
the reaction to proceed, as rearrangement was retarded with anhydrous TsOH or
camphorsulfonic acid.

R? R?OH

RWR‘* 1) BF; OFt, R'/\:)\/AF*
N Z s 7= , : 3

2) H,0 HN R

R3
o= 20 fo 22

Scheme 31Rearrangement and situ hydrolysis to hydroxyamidez2.

As Brgnstedt acids seemed ineffective for the hydrolys2tave speculated
whetherin situ hydrolysis of21lato 22awould be possible also in the BBE,
rearrangement. After complete formation2dfain toluene, water was added to
the reaction mixture, which indeed caused slow formation of hydroxya22iae
along with byproducts (Scheme 31). A change of solvent to THF considerably

18 Foglia, T. A.; Gregory, L. M.; Maerker, @. Org. Chem197Q 35, 3779-3785.

19 This reaction proceeds with double inversion of configuration.

120 Ferraris, D.; Drury, W. J., lll; Cox, C.; Lectka, J..Org. Chem1998 63, 4568-4569.

121 Compound23 is probably the result of a Friedel-Craft's type of ring-opening, see Taylor S. K. et
al, Synthesid998 1133-1136 for comparable reactions of epoxides.

122 | ee, K.-Y.; Kim, Y.-H.; Park, M.-S.; Oh, C.-Y.; Ham, W.-Hl.. Org. Chem1999 64, 9450-9458.

12 The combined yield d21aand22awas moderate in the TsOH-H20-mediated reacti®daf
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increased the hydrolysis rate, a22ia could be isolated in 71% yield froda
(Table 10, entry 1).

The rearrangement proceeded as expected with complete diastereoselectivity
(dr >20:1), and gratifyingly also with complete regioselectivity (>20:1). The
latter could be rationalized by the stabilizing effect of the vinyl group on the
transition state, thus favoring an attack of the carbonyl oxygen at the allylic
position.

Table 10.Synthesis ofyrramino alcohol$.

Entry Substrate R' R? R? R* Yield (%)
22 6

1 4a PhCH H H H 71 95

2 4b BnO H H H 73 92

3 4c BnO H H CHOPMB 73 9t

4 4ad H H H CH,OBn 74 93
5 4e Me Me H CH,0OBn 70 *

6 Af PMBO H CHOBnN H 73 84

3solated yields®Acidic hydrolysis.‘Basic hydrolysisidr 10:1.°See text.

Also acylaziridines20b-f could be rearranged and hydrolyzed into
hydroxyamide22b-f, which were formed i270% yield over two steps (entries
2-6). The diastereoselectivity was complete in all cases apart22drdr 10:1),
the reason for which is uncle&t.

7.3 Hydrolysis

Being very stable compounds, amides are normally hydrolyzed with brute
force®*However, the presence of a vicinal hydroxy group facilitates the reaction
considerably? and hydrolysis of hydroxyamide2z2 could be performed under

mild conditions. Amide®22ab were hydrolyzed in 5% aq,80,, giving syn

amino alcohol$ab in excellent yields (Scheme 32, Table 10). Due to the acid
lability of the PMB group, hydroxyamide22cf were hydrolyzed in 1M KOH,
which gave a slower reaction (entries 3,6). As expected, the reaction proceeded
without alterations of the stereochemistry in all cases.

2 2
OH
R¢ H,SO, OH
4 - 4
RO Y 7R okon R Y TR
HNAC R® 5, NH, R® 6

Scheme 32Hydrolysis of hydroxyamide®2.

Hydrolysis of 22e was severely retarded by sterical hindrance (compare
Chapter 4.2). Several reaction conditions were screened without success; acidic

124 Interestingly, wher20ewas rearranged with byproduct present (see Chapter 7.1), hydroxyamide
22ewas formed as a diastereomeric mixture, the ratio of which depended on the amount of byproduct
present in the starting material.
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media caused no reaction at rt and only decomposition at higher tempefatures.
Basic media generally caused no reaction, the exceptions being hydrazine, which
instead reduced the double bond (see Chapter 9), and CHidlHtleaved both
amide and benzyl groups.
The different reactivity of regioisomeric hydroxyami@écompared witt22e

is noteworthy (Scheme 33). This compound can be hydrolyzed under normal
basic conditions, whereas the diastereomeric a@%ds as unreactive as amide
22e

., NHAc OH

A __oen _~_OBn
é)H 24 NHAC 25

Scheme 33Isomeric hydroxyamide®4 and25.

7.3.1 Alternative strategies to reach amino alcohol 6e

In Evans’ asymmetric alkylations, the chiral auxiliary can be removed by
LiIOOH treatment, which cleaves the amide bond rather than the oxazoli¢ihone.
As oxazolidinones are easily hydrolyzed to amino alcohols (see Chapter 4.2),
this would be a possible strategy towagks Unexpectedly, wher22e was
converted to the corresponding acyloxazolidin@ followed by LiOOH
treatment, oxazolidinon@7e was not formed, but amid22e was recovered
(Scheme 34).

5, OH -
WVOBn _ Wom LIOOH WOBn
triphosgene, P HN. O

HN N_O — X
Fo 22¢ base W T 26 E 27e

o O

Scheme 34Hydrolysis attemptia acyloxazolidinone .

Routes avoiding amid22e were then examined. Oxazolirile could be
isolated in 89% yield® but reduction of this species with NaBEN in acidic
medium to the corresponding oxazolidibe followed by hydrolysis téGe was
unsuccessful (Scheme 35).

125 Acidic conditions: 5% aq BO,, 1t to reflux; 5% HSO,in THF/H,O 1:1, rt to reflux; 5 equiv
BF;[@EY, in THF/H,O 10:1, rt to reflux; 10 equiv TsQH,O in THF, rt to reflux.

126 Basic conditions: 1M KOH in EtOHA® 1:1, 150°C; NH,OH in EtOH/H,0 1:1, 140°C; NH,OH
in H,O, 50W 15 min; LIOH, HO, in THF/H,O 3:1, reflux; NaOEt in EtOH, reflux; NN H,H,O,
reflux; Ca, NH, EtOH, DME, -30°C.

27 Evans, D. A.; Ratz, A. M.; Huff, B. E.; Sheppard, GJSAm. Chem. So&995 117, 3448-3467.
128 This was possible as hydrolysisARewas retarded due to steric hindrance.

129 Gosmann, G.; Guillaume, D.; Husson, HTRtrahedron Lett1996 37, 4369-4372.
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WOBH NaBH,CN. WOBH %’ /\l}éH/\/OBn
o ACOH o} =

Ny H NT NH
T 21e D 2 6e

Scheme 35Reduction of oxazolindle

Instead6e was obtainediia Boc-protection of aziridinéde to compound28
(Scheme 36%° Crude28 was rearranged with BFOEY to oxazolidinone27¢
which was obtained as a separable mixture of diastereonire?s3(1) in 66%
combined yield fromde Oxazolidinone27e was easily hydrolyzed with 1M
KOH to synamino alcohobein 98% vyield.

. OBn
/\<'\/\/
de (Boc),0, N BF;-OEt,

pol. DMAP =0
t-BuO 28

|l ~""0Bn
HNT]/'O

¢} 27e

aq KOH ce

Scheme 36Rearrangement to oxazolidinoB@efollowed by hydrolysis tGe

130 Sepulveda-Arques, J.; Armero-Alarte, T.; Acero-Alarcon, A.; Zaballos-Garcia, E.; Solesio, B. Y.;
Carrera, J. ETetrahedrornl 996 52, 2097-2102.
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Synthesis of Sphingosine and its
Regio- and Stereoisomers

(Paper VI)

8

Having developed the divergent synthesivigfamino alcohols described in the
previous chapters, we turned our attention to finding a suitable natural product,
on which to apply the route. Ideally, not only the compound itself but also its
diastereo- and regioisomers should be interesting targets of total synthesis. These
demands could be met by @ythro-sphingosine.

8.1 Background

Glycosphingolipids are ubiquitous membrane components of all eucaryotic cells,
located in plasma membranes as well as in some intracellular organelles. The
backbone of sphingolipids consists of long-chain aliphatic 2-amino-1,3-diols, of
which D-erythro-sphingosine is the most comma2f( Figure 9). Sphingolipids,

as well as sphingosine itself, are important in such diverse biological phenomena
as cell-cell-recognitiorand signaling within and between ceffisNumerous
structurally related sphingoid base structures are present in nature, such as
phytosphingosines and sphingofungins (Figure 9). The vast distribution of
sphingolipids in both plants and animals has led to an immense interest of this
compound class in medical research.

31 (a) Karlsson, K.-ATrends Pharm. SciL991, 12, 265-272. (b) Liscowitch, M.; Lavie, Yrends.
Glycosci. Glycothechri99Q 2, 470-485. (c) Hannun, Y.; Bell, R. Mciencel989 243 500-507.
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OH

Ho/\l/\/\/\/\/\/\/\/\

NH, D- erythro-Sphingosine (29)
OH
HO/Y\:/\/\/\/\/\/\/\
NH, OH Phytosphingosine
O OH OH
HO Y =
NH, OH

Sphingofungin B
Figure 9. Various sphingoid bases.

Sphingosine and its isomers have been targets of synthetic interest for
decades, and well over 50 total syntheses have been published. Most asymmetric
syntheses have relied on the chiral pool, starting from sugars or amino acids.
Other investigations have made use of asymmetric reactions, often Sharpless
asymmetric epoxidation or aldol reactions with a chiral auxiliary, to create the
two stereocenter& Divergent syntheses have been rare, though Hudlicky
recently presented an elegant synthesis of sphingosine and its diaster&omers.
No divergent route from a common starting material towards all possible regio-
and stereoisomers of sphingosine has been documented.

Application of our synthesis scheme starting from vinylepoxXiléScheme
37) would lead to Derythro-sphingosine 49, Figure 10) and its diastereo- and
regioisomers30-32. The remaining four sphingosine isomeeat29 to ent32)
can simply be obtained by starting from vinylepoxéaé 11.

OH OH OH OH
HO/\l/\/\C13H27 HOWCH Hy7 1 HO T Ci3Hyz  HO T Ci3Ha7

I
I : :
NH, NH, I NH, NH,
D-erythro-Sphingosine (29) L-threo-Sphingosine (30) } L-erythro-Sphingosine D-threo-Sphingosine
| (ent-29) (ent-30)
NH, NH, | NH, NH,
: | :
/\)\/\ NN = =
HO™ Z > CyaHy  HO - > Cahy L HO Y ety HO/\l)\/\ClgHy
OH OH I OH OH
L-erythro-Amino alcohol 31 D-threo-Amino alcohol 32 D-erythro-Amino alcohol L-threo-Amino alcohol
ent-31 ent-32

Figure 10. All possible regio- and stereoisomers of sphingosine.

8.2 Synthesis of vinylepoxide 11

We envisaged the synthesis to begin with commercially available tetradecanol,
which could be transformed intd in four steps (Schem&7). A Swern/Wittig

132 Koskinen, P. M.; Koskinen, A. M. Bynthesid€ 998 1075-1091.

133 Nugent, T. C.; Hudlicky, TJ. Org. Chem1998 63, 510-520. For other divergent approaches, see
Shultz, M. D.; Kiessling, L. L. Abstracts of Papers, 222nd ACS National Meeting, Chicago, IL,
United States, August 26-30 2001, ORGN-055 and Lee, J.-M.; Lim, H.-S.; Chung, S.-K.
Tetrahedron: Asymmet002 13, 343-347.
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procedure would give the unsaturated e3&mwhich would be reduced to dienol

34. Catalytic Sharpless symmetric epoxidation to epoxyalc@aatould be
attempted on this species, although the stoichiometric SAE has been reported to
cause decompositich Alternatively, 34 could be benzylated t86 prior to
epoxidation using Shi's catalyst, although this would give rise to two
regioisomeric vinylepoxidedl{ and1m).®

1) oxidation j\/\/\
AN\ NN
HO™ "CyzHy7 ° EtO NS (O DIBALH _ 10 NS Ci3H,,
2) (E:o)QP]/\/YOE‘ 33 34
)
P (-)-SAE BnBr, W
NN BnO C,.H
either ——= Ho 3 CizHy7 W () N 32
35
e
o
SV: o BnO "0 Cia3Ha7
BrBr, PN o 1l
or =™ o CiHyy T +
NaH 36 Oxone AN
BnO g CiaHar
im

Scheme 37Synthesis of vinylepoxidél.

Due to the lipid chain present throughout the reaction scheme, solubility
problems were often encountered at low temperatures. Thus, Swern oxidation
gave poor yield of the corresponding aldehyde. TPAR IBX!* oxidation
performed at rt gave better results. IBX was the method of choice due to
simplified workup and thus better yield of the aldehyde, which was used as crude
product in the subsequent olefination. In our experience, diene este@3like
could be unstable on silica, which rendered the Horner-Emmons procedure a
better choice than the classical Wittig reaction. When the reaction was performed
with KHMDS (or NaH) and triethyl phosphonocrotonate, a complicated mixture
of products was obtained. This might be explained by poor solubility at low
reaction temperature and too high reactivity upon increased temperature.

To avoid this problem a ddrent approach using LiOH, triethyl
phosphonocrotonate and molecular sieves in refluxing THF was atteHipted.
With this procedure33 was formed imuantitative crude yieldnd goodE,E
selectivity®® Crude diene este83 could be reduced with DIBALH at —40 °C to
dienol 34, which was isolated in 59% yield from tetradecanol.

134 Ley, S. V.; Norman, J.; Griffith, W. P.; Marsden, SSynthesi€1994 639-666.

135 For synthesis of IBX see Frigerio, M.; Santagostino, M.; Sputord, 8rg. Chem1999, 64,
4537-4538. For oxidation with IBX see Frigerio, M.; Santagostino, M.; Sputore, S.; Palmisaho, G.
Org. Chem1995 60, 7272-7276.

1% Takacs, J. M.; Jaber, M. R.; Clement, F.; Walters]. @Qrg. Chem1998 63, 6757-6760.

13710:1 ratio(E,E-isomer to other isomers). The ratio could not be improved by iodine isomerization.
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8.2.1 Epoxidation strategies

Sharpless epoxidation of dienes is often troublesome, as discussed in Chapter 2.
Not surprisingly, catalytic SAE of dien8M resulted in a mixture of compounds
lacking double bonds, as in the stoichiometric attempt previously repdoiNed.
optimization attempts of the SAE were made; instead we aimed at Shi
epoxidation of dien8&6.

Benzylation 0f34 proved more difficult than expected, as the reaction stopped
before completion under standard conditish#As E,E-hexadienol could be
benzylated to compoungi7 in 98% yield (Scheme 38), the lipid chain might be
the origin of these problems. Extended reaction time, increased temperature,
excess reagents or slow addition3dfto avoid possible micelle formation all
resulted in no improvement. Other procedures were scanned; bgfiBhgre
(see Chapter 2) and benzyl trichlorotriacetimidate/ triflic &ojdve a complex
mixture of products. Finally, addition of BNl to the original protocol sufficed
to give benzylated dier6 in 95% yield:*

BnBr
o ! = o/\/\/\ T
NN Bn = 1d

NaH 37
NN see text NN
HO CisH,7 e BnO NS CisHa7
34 36

Scheme 38Benzylation of hexadienol arg4.

Shi epoxidation works well on protected dienols, epoxidizing the most
electron rich double bond with good selectivit{Epoxidation of dien&7, which
differs from36 only by the length of the carbon chain (Scheme 38), resulted in a
4:1 mixture of regioisomers, favoring reaction at the 4,5-double bond (see
Chapter 2). We were thus doubtful whettierwhich is expected to be the minor
isomer, could be formed in synthetically useful yields with this method. With
diene36 at hand, Shi's epoxidation was performed. Surprisingly, epoxidasd
1m were formed in a 1:1 ratio, i.e. with far better selectivity than expected.
Again, the difference in reaction outcome could be due to the lipid chain, which
might shield the 4,5-double bond.

The conversion was initially poor and could not be improved by longer
reaction time or increased temperature. However, the conversion proved
dependent on the amount of catalyst used. When a stoichiometric amaunt of
was utilized, both enantioselectivity and yield were enhareg87-95%)'* The
catalyst is believed to undergo Bayer-Villiger oxidation in the presence of
Oxone, and Shi recently described a method using hydrogen peroxide instead of

138 BnBr, NaH in THF or DMF, reflux.

3% Fleming, I.; Lawrence, N. J. Chem. Soc., Perkin Trans1998 17, 2679-2686.

140 Kulkarni, B. A.; Sankaranarayanan, A.; Subbaraman, A. S.; Chattopadhydgir8hedron:
Asymmetry1999 10, 1571-1577.

141 The catalyst is now commercially available from Lancaster as D-Epoxone, but this material gave
low conversion and poor enantioselectivity.
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Oxone to avoid this? However, when used d36 these conditions failed to give
any reaction.

Vinylepoxides are known to be unstable on siti@nd separation of epoxides
1l and 1m was possible only at the expense of decreased ¥idld. avoid this
loss, we aimed at separating the isomers at a later stage in the syntigesis (
infra).

8.3 Ring-openings of vinylepoxide 11

8.3.1 Synthesis of anti-Amino Alcohol 21

Vinylepoxide 1l was unreactive towards initial aminolysis attempts in,QH

and demanded heating to 170 °C for any reaction to take place. At these rather
severe conditions, an unidentified byproduct was formed along with amino
alcohol 2I. As we suspected solubility problems to be the reason for the low
reactivity, DMF was utilized as co-solvent. Indeed, this resulted in a lowering of
the required reaction temperature to 130 °C; furthermore the byproduct
formation was suppressed. Surprisingly, a new byproduct, which might be amino
alcohol38, was instead formed in a minor amount (Scheme*3@Jith THF as
co-solvent, the reaction proceeded without byproduct formation, giving anti-
amino alcohoPl in 98% yield with complete regioselectivity (>20:1).

NH, N
NH,OH, /\)\/\ /\)\/\
U SvE BnO” ™ Cistzr © Bno : 7 Ci3Hyy
OH OH 38

Scheme 39Aminolysis ofll with DMF as co-solvent.

Also vinylepoxidelm (see Scheme 37) was subjected to aminolysis in
ammonium hydroxide. Surprisingly, this compound was even less reactive than
11, which might be explained by the lipid chain being closer to the allylic
position than inll. This finding caused us to investigate whether a mixture of
vinylepoxides1l and 1 m could be used in the aminolysis, with selective
formation of 2I. By decreasing the reaction temperature, the reaction could
indeed be made selective in MPH/THF, which meant that separation of
vinylepoxidesll and 1m before aminolysis, with subsequent loss of material,
could be avoided.

142 Suhu, L.; Shi, YTetrahedror2001, 57, 5213-5218.

14390% combined crude yield, 50% combined isolated yield.

144 The presence @8 could be explained by partial decomposition of DMF to dimethylamine under
basic conditions and heat, see Armarego, W. L. F.; Perrin, DPubfication of Laboratory
Chemicals4th ed.; Butterworth-Heinemann: Oxford, 1996.
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8.3.1 Synthesis of syn-Amino Alcohol 31

Pd(0)-catalyzed ring-opening of vinylepoxid¢ in the presence of tosyl
isocyanate gave oxazolidinod®! in 75% yield(Scheme 40). Detosylation by
titration with sodium naphthalide 2l was slow, and immediate quench caused
formation of amino alcohoB9 by basic hydrolysis of unreactddl. After 20
min reaction timeN-H oxazolidinonel2l was isolated in 88 % yield. Basic
hydrolysis of12l resulted irsynramino alcohoBl in nearly quantitative yield.

When a mixture of vinylepoxideH and1m (see Scheme 37) was used in the
reaction sequence, oxazolidinoried and12m could easily be separated without
loss in yield. This rendered the separationlbfind 1 m redundant, as ring-
opening to amino alcoho® and 3l could be performed without interference of
2m and3m.

Xy CisHz7 k(\/C13H27
Pdo) _ BnO” > 7 Na, Bno™ ¢

O NTs _— (@) NH
TsNCO \ﬂ/ naphthalene \[(
lo) 10l (o) 12
KOH, A NH, NHT/S
NN NN
BnO T CiaHy7 BnO T Ci3Hy7
OH OH 39

3l
Scheme 40Ring-opening ofll with retention of configuration.

8.5 Synthesis and ring-openings of vinylaziridine 41

8.5.1 Synthesis of Bn-protected D-erythro-Sphingosine 51

N-H vinylaziridine 41 was obtained fronanti-amino alcohol!| by ring-closure
under Mitsunobu conditions (Scheme 41). As described in Chapter 5,
purification of vinylaziridines is often troublesome due to their instability on
silica. As isolation of4l resulted in a major loss of product, a mixturedband
reduced DIAD was used in the following reactiéfs.

OH
PPhs, LKA HCIO, N
2l oIAD BnO NH CisHyr - BnO/\l/\/\C13H27
al NH, g

Scheme 41Formation and ring-opening of vinylazirididée

When aziridine4l was treated with perchloric acid in THE®] anti-amino
alcohol 51 was surprisingly formed in a 1:1 ratio with 1,4-amino alcohtis
(Figure 11). Gratefully, when the solvolysis was performed with TFA g@liR
CH,CIl,, the ratio of5l to 40increased to 3:1 an8l could be isolatedn 62%
yield from 2I. The hydrolysis proceededia amide 41, which was easily
hydrolyzed tdb1 under basic conditions.

145 Because of the unpolar charactedgfremoval of PEP=0 was easy, whereas reduced DIAD was
almost inseparable frodi.
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OH

H :
“ B0y ety
BnO CisHor HN

NH, 0 FBCFO 4
Figure 11 1,4-amino alcohol40 and amidetl.

8.5.2 Synthesis of Bn-protected L-threo-Sphingosine 61

Acetylation of4l proceeded in nearly quantitative yield, adéicetylaziridine

20l was used as crude product in the subsequent reaction (Scheme 42).
Rearrangement o0l was performed with BFOEt followed by in situ
hydrolysis to hydroxyamid@2l, which was isolated in 43% yield frogh. The
rearrangement proceeded, as expected, with complete diastereo- and
regioselectivity (>20:1). Hydroxyamide2l was hydrolyzed in refluxing 5% aq
H,SQ,, giving synamino alcohobl in good yield.

OH

y AcO N T BnOWCwHN
):o 201 9H:0 HNko 221
OH

m BnOWClgHN
NH,

6l
Scheme 42Ring-opening ofll with retention of configuration.
The synthesis was completed by removal of the benzyl group from amino

alcohols?2l, 3l and 5l (debenzylation ol remains). This was performed by

means of sodium in liqguid ammonggiyving sphingosine isomei29, 31 and 32
(see Figure 10) in 91-92% yield.
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Determination of Regiochemistry and
Relative Stereochemistry of

vic-Amino Alcohols
(Papers IV VII)

9.1 Introduction

The regiochemistry of vinyli@-amino alcohols can easily be revealed'by
NMR, as the allylic proton shifts approximately 0.5 ppm downfield compared
with the homoallylic proton. Determination of the relative stereochemistry
(synanti) is more laborious, demanding complexation or derivatization prior to
analysis. Shapiro recently reported an NMR method of determining enantiomeric
purity and relative configuration by complexation to (R)-{+)-
butylphenylphosphinothioic acid, which is not commercially avail&bl&he
absolute configuration can be determined by circular dichroism measurements of
various amino alcohol-metal complexés.

Most methods to determine configurations [Bamino alcohols require
derivatization before NMR or CD analysise.g. transformation with Mosher’s
acid* Several procedures of configurational assignment rely on the rigidity of
certain heterocycles. 1,3-Diols can be converted to acetonideS’CHNMR

146 Gunderson, K. G.; Shapiro, M. J.; Doti, R. A.; Skiles, J. Twtrahedron: Asymmetr999, 10,
3263-6266.

147 See Frelek, Jetrahedron: Asymmetrh999 10, 2809-2816 and references therein.

18 Zahn, S.; Canary, J. V@rg. Lett.1999 1, 861-864.

149 Benson, S. C.; Cai, P.; Colon, M.; Haiza, M. A.; Tokles, M.; Snyder, J. K. J. Org. CB86153,
5335-5341. For a similar approach, see Apparu, M.; Ben Tiba, Y.; Leo, P. M.; Hamman, S.;
Coulombeau, CTetrahedron: Asymmet00Q 11, 2885-2898.
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shifts of which depend ocis- or trans configuration (Scheme 434).Similarly,
amino alcohols can be transformed to the corresponding oxazolidinones.
(Scheme 43b)* The ring protons (KHs) of these compounds have coupling
constants that are larger fois- than fortrans-configuration, typically ranging
from 7-9 Hz and 3-7 Hz, respectively. The configuration can also be confirmed
by NOE experiments.

Accordingly, by converting amino alcohols into the corresponding
oxazolidinones their relative stereochemistry can be revealedyraamino
alcohols give trans-oxazolidinones andanti-amino alcohols givecis-
oxazolidinones. As the differences in coupling constants and NOE interactions
betweencis- andtrans-oxazolidinones can be small, both isomers of the amino
alcohol are often needed for positive assignment. This is true especially for
vinyl-substituted oxazolidinones, which often have coupling constants in the
range of 7-8 Hz for both isomefs.

2
Rl 2 g ~ R R
a) \l/\l/R 2-MeO-propene, \l/\l/

OH OH  TsOH oS
1 2
NH, (CCO) R\2 SR
1 : Cl;C0),CO,
b) R\l/\Rz |324> OYNH
. PrNEt I

Scheme 43Transformation of aanti-amino alcohol into &is-oxazolidinone.

9.2 Synthesis of Oxazolidinones

The relative configuration of amino alcohds3, 5 and 6 was determined by
conversion to the corresponding oxazolidinones (Scheme 43b, Table 11). When
anti-amino alcohols2a-d,f,I,m and 5ad,[f,l,m were converted into
oxazolidinonest2ad,f,I,m and43ad,f,I,m the coupling constants of the ring
protons were 7.8-8.4 and 7.5-8.4 Hz, respectively, which is consistentigith
configuration. Oxazolidinone$2ad,f,|,m (see Chapter 4.2 and 8.4), which
show the relative configuration sfynramino alcohol8a-d,f,|,m, have coupling
constants ranging from 5.4 to H2, confirmingtrans-configuration. Finally,
synamino alcohols$a-df,|,m yielded oxazolidinoneg7ad,f,|,m with coupling
constants between 5.5 and 68, ageeing withtrans-configuration. The
relative configurations ol2e 27¢ 42e and 43e were confirmed by NOESY
experiments. Interactions between the ring protoy) énd the methyl group at
C; were present for oxazolidinonég8eand43e indicatingcis-configuration.

Also the additionalanti-amino alcohols2g-k used in the microwave

%0 Rychnovsky, S. D.; Richardson, T. I.; Rogers, BJNOrg. Chem1997, 62, 2925-2934.

1 Bergmeier, S. C.; Stanchina, D. Wetrahedron Lett1995 36, 4533-4536.

152 (a) Ayad, T.; Génisson, Y.; Baltas, M.; Gorrichon,3ynlett2001, 866-868. (b) Sakaitani, M.;
Ohfune, Y.J. Am. Chem. So&99Q 112, 1150-1158.
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aminolysis study (see Chapter 3.2) were transformed into oxazolidinones.
Oxazolidinonest2gj,k had ring coupling constants of 7.8-8.1 Hz, agreeing with
cis-configuration and NOE-experiments 48h,i revealectis-configuration’*

Table 11: Coupling constants of oxazolidinone ring protongsi(J, ).

Amino alcohol Oxazolidinone Jas (HZ) or NOE effect
Substraté® a b c d e f I m
2 Rz R3
2 RNH, 4 R,/\H.H\vR“
RWR“ LW 82 82 83 79 NOE 84 82 78

OH R® Y
0

3 R?, e 12 R!/ﬁjz)\v'?“ no
A g O\W———NH 7.0 66 6.8 7.2 NOE 54 68 7.2
OH R®

¢

O
R3
RZ
5 REpH 43 ROANK
RWR“ HN. O 80 83 75 75 NOE 7.8 84 81
NH, R® E/
R? R°
2 4
6 RCOH 27 RO R no
e .0 66 66 63 65 NOE 55 68 65
NH, R® 5

2 a: R'=PhCH,, R=H, R’=H, R'=H; b: R'=BnO, R=H, RP=H, R'=H; c: R'=BnO, R=H, R=H,
R‘=CH,OPMB; d: R'=H, R=H, R’=H, R‘=CH,0Bn; e: R'=CH,, R=CH,, R*=H, R’=CH,0Bn f:
R'=PMBO, R=H, R=CH,OBn, R=H; I: R=BnO, R=H, R=H, R=CH,,; m: R'=C,H,, R=H,
R?=H, R'=BnO.
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9.3 NMR determination

As the transformation of all amino alcohols to oxazolidinones was a rather time-
consuming operation, we sought a simplified method of configuration
assignment without need for derivatization. Since we had analysis data of a large
amount of amino alcohols at hand, we started looking for trent#€ iNMR or
coupling constants that could be used to distinguigh- and anti-amino
alcohols.

Substrates-d,f,| andm, each with four amino alcohol isomeg 8, 5 and6),
were used in the stud$.**C NMR data and coupling constants of methine
protons H and H, were examined, but to our disappointment no such trends were
found (Table 12).

Table 12: Coupling constants artéC shifts of vinylic amino alcohol, 3, 5, 6.

Amino alcohol Jas (Hz)/ *3C shift CH-O/ CH-N (ppm)

Substrate? a b c d f | m

5 NH, 40 m m 38 60 47 m
RlWRB 73.2 73.9 2.7 72.0 73.0 729 74.2
OH R? 59.0 57.0 556 583 574 56.0 576

3 INH, 7.4 6.9 m 7.0 m m m
R1WR3 73.2 735 73.3 72.8 73.0 735 74.0
OH R 505 56.2 553 604 56.2 585 535

OH

5 m 5.9 5.6 4.2 6.3 51 m
Rl/\g)\flf 75.0 746 744 753 73.2 74.8 74.0
NH, R? 545 546 557 50.7 553 549 555

6 oH 60 53 48 64 m m 56
RlW\R3 754 734 726 73.6 73.2 734 735
NH, R? 549 547 545 511 553 553 557

a3: R'=PhCH, R=H, R*=H; b: R'=Bn0O, R=H, R’=H; c¢: R'=BnO, R=H,R*=CH,0PMB;
d: R'=H, R=H, R*=CH,0Bn; f: R'=PMBO, R=CH,OBn, R=H; |: R'=BnO, R=H,
R*=C,;H,, m: R'=C,.H,, R=H, R=BnO.

Surprisingly, there was instead a trend intHeNMR shifts, where Kand H,
shifted more downfield imnti-amino alcohol® and5 than in the corresponding
synamino alcohol8 and6. For example, the shifts of CH-O #a and3a were
3.61 and 3.32 ppm, respectively. For the same compounds, the shifts of CH-N
were 3.36 and 3.14 ppm, respectively (Table 13).

153 Substratee was excluded as it lacks the allylic proton.
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Table 13 *H NMR shift (ppm) of CH-O / CKN protons in vinylicvic-amino alcohols.

Shift (ppm) of CH-O / CH-N protons
Amino alcohoF a b c d f I m

N, 361 3.78 3.77 3.73 3.83 374 353

2 ROYTNZOR' 336 350 351 329 3.63 342 3.40

OH R?
Nz 332 350 358 345 3.70 353 3.29
3 R rr R® 314 340 343 306 340 334 3.14
OH
407 411 415 4.00 410 4.04 4.24
5 Rl/\N)H\RjﬁRs 204 306 3.06 300 3.12 303 2.85
2
oH 385 4.08 408 373 392 396 3.91
6 Rl/\;N/H\RjARE’ 267 297 294 281 304 288 272
2

%a: R'=PhCH, R=H, R*=H; b: R'’=BnO, R=H, R*=H; c. R’=BnO, R=H, R*=H; d:
R!=H, R’=H, R*=CH,0Bn; f: R'=PMBO, R=CH,0Bn, F=H; |: R'=BnO, R=H,
R:=C,H,7; m: R=C,H,,, R=H, R=BnO.

Satisfied with this observation, we wanted to see whether the trend was
applicable also to saturatett-amino alcohols. Amino alcohol 3, 5 and6 of
substrates, b, d, | andm were reduced with hydrazine and hydrogen peroxide
to the corresponding saturated compow?igd8’, 5’ and6’ (Scheme 44%+:%

NH, NH
: NH,NH,-H,0, :
RL/\|/\/\R2 4>H e—— R]/\l/\/\Rz
OH 22,y i OH
2 2'

Scheme 44Hydrazine reduction of the vinyl group.

To our delight, the saturated amino alcoh®ls3’, 5', 6’ showed the same
trend in*H NMR shifts (Table 14). Thus, complexation or derivatizationiof
amino alcohols is not needed for determination of relative configuration. Instead
simple’™H NMR analysis is sufficient to reveaynanti relationship when both of
the isomers of a given amino alcohol are present, aHittNMR shifts of CH-O
and CH-N protons are more downfield in tapti-amino alcohol than in the
correspondingynisomer.

4 yadav, J. S.; Sreenivasa Rao, E.; Sreenivasa R&yrih. Commuri989 19, 705-711.
1% Substratec was excluded due to lack of material, substfate is would give two diastereomers
upon reduction.
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Table 14:™H NMR shift of CH-O / CHN protons in saturatedc-amino alcohols.

Shift of CH-O / CH-N protons (ppm)
Amino alcohoP a b d I m

350 367 372 365 3.46

2 RO YR 264 279 278 287 277

OH
NH,
331 353 341 351 325
3 R‘/\l)\ARZ 252 273 244 280 255

W 3.39 347 3.43 3.55 3.47
5 R : R2

281 302 29 300 276

NH,
OH
PR 324 342 319 348 3.26
6 R = R 260 291 273 286 253
2

%a: R'=PhCH,, R*=H; b: R'=BnO, R=H; d: R'=H, R*=CH,0Bn; |: R'=BnO,
R?*=C,;H,;, m: R'=C,;H,,, R*=BnO.



Concluding remarks

A synthetic strategy that provides a straightforward route from vinylepogides

to the four isomerizic-amino alcohol®, 3, 5 and 6 has been presented. Since
entl is available from the same starting materialLaall eight possible isomers

of a given amino alcohol can be synthesized using this procedure. As an
application of the presented route towards amino alcohols, the synthesis of
sphingosine and three of its isomers has been detailed.

The synthesis of vinylepoxidek has been simplified by application of an
enantioselective monoepoxidation of dienes, making the starting materials used
in this route readily available in both enantiomeric forms. Moreover, two
efficient protocols for the regioselective and stereospecific aminolysis of
vinylepoxides have been presented. Compared to previous methods, these
procedures use milder reaction conditions, shorter reaction times, generally give
higher yields and are applicable to a larger set of substrates.

Furthermore, the ring-closure wic-amino alcohols to the correspondiNeH
vinylaziridines has been investigated. Three routes were found useful, which one
is preferred depends on substrate and scale.

Finally, a rapid way of determining the relative configuratiorvizfamino
alcohols has been developed, which should be of substantial use when amino
alcohols are formed by diastereoselective reactions.
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Appendix B

This appendix contains experimental details for pafierand analytical data of
compoundslk, 2m-6m, 10m, 12m, 16-19, 20m, 21e 22m, 23-26, 27m, 40m
and41im

B.1 Compounds “m” in the Sphingosine route (Chapter 8)

Amino alcohols2m, 3m, 5m and 6m were used in the NMR-study described in
Chapter 9, and synthesized according to the general procedures described in
publications IV and VI.

(2E,4S,5R)-4-Amino-1-benzyloxy-octadec-2-en-5-ol (2m):

'H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 5.77 (m, 2H), 4.52 (s, 2H),
4.04 (m, 2H), 3.53 (m, 1H), 3.40 (m, 1H), 1.77 (br s, 3H), 1.37 (m, 2H), 1.26 (m,
22H), 0.88 (t, 3HJ = 6.8 Hz);®*C NMR (125 MHz, CDCJ)): 5138.3, 133.2,
128.7, 127.8, 127.7, 74.2, 72.3, 70.4, 57.6, 33.0, 31.9, 29.8, 29.7, 29.7, 29.7,
29.7, 29.6, 29.6, 29.4, 26.0, 22.7, 14.1; IR (neat): 3320, 2915, 2849 cm

(2E,4S,5S)-4-Amino-1-benzyloxy-octadec-2-en-5-ol (3m):

'H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 5.77 (dt, 1H,= 15.7, 4.6

Hz), 5.71 (dd, 1H) = 15.7, 6.0 Hz), 4.52 (s, 2H), 4.02 (d, 2H5s 4.6 Hz), 3.29

(m, 1H), 3.14 (m, 1H), 1.81 (br s, 3H), 1.51 (m, 2H), 1.27 (m, 22H), 0.88 (t, 3H,

J = 6.8 Hz);*®*C NMR (125 MHz, CDC)): 5138.1, 128.4, 127.9, 127.8, 127.7,
127.6, 74.0, 72.3, 70.3, 53.5, 33.8, 31.9, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6, 29.6,
29.3, 25.8, 22.7, 14.1; IR (neat): 3351, 2918, 2847.cm

(2S,39)-2-(3-Benzyloxy-E)-propenyl)-3-tridecyl-aziridine (4m):

'H NMR (400 MHz, CDCJ): & 7.39-7.27 (m, 5H), 5.89 (dt, 1H,= 15.5, 5.8

Hz), 5.36 (dd, 1H,) = 15.5, 8.4 Hz), 4.54 (s, 2H), 4.03 (dd, 2H5 5.9, 1.3 Hz),

2.21 (dd, 1H,J = 8.3, 2.6 Hz), 1.89 (m, 1H), 1.44 (m, 2H), 1.28 (m, 22H), 0.90

(t, 3H, J= 6.8 Hz);"*C NMR (125 MHz, CDCJ)): 138.2, 134.2, 128.4, 127.9,
127.8, 127.6, 72.3, 70.3, 39.4, 38.5, 33.8, 31.9, 29.7, 29.7, 29.7, 29.7, 29.6, 29.4,
29.4,29.2,27.4,22.7, 14.1; IR (neat): 2925, 2853.cm

(2E,4R,55)-5-Amino-1-benzyloxy-octadec-2-en-4-ol (5m):

'H NMR (400 MHz, CDCJ): & 7.35-7.27 (m, 5H), 5.90 (dt, 1H,= 16.1, 5.8

Hz), 5.76 (dd, 1HJ = 16.1, 5.9 Hz), 4.52 (s, 2H), 4.24 (m, 1H), 4.06 (d, 2H,

6.0 Hz), 2.85 (m, 1H), 2.01 (br s, 3H), 1.43 (m, 2H), 1.26 (m, 22H), 0.88 (t, 3H,

J = 6.8 Hz);*®*C NMR (125 MHz, CDC)): $138.2, 131.1, 129.3, 128.4, 127.7,
127.7, 74.0, 72.3, 70.2, 55.5, 33.4, 31.9, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6, 29.6,
29.4, 26.4, 22.7, 14.1; IR (neat): 3373, 2926, 2855.cm
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(2E,4S,5S)-5-Amino-1-benzyloxy-octadec-2-en-4-ol (6m):

HNMR (400 MHz, CDCJ): 5 7.39-7.26 (m, 5H), 5.91 (dt, 1H,= 15.4, 5.2 Hz),

5.74 (dd, 1HJ = 15.4, 5.6 Hz), 4.52 (s, 2H), 4.05 (d, 2H= 5.0 Hz), 3.91 (t,

1H, J = 5.6 Hz), 3.08 (br s, 3H), 2.72 (m, 1H), 1.58 (m, 1H), 1.42 (m, 1H), 1.26
(m, 22H), 0.88 (t, 3HJ) = 6.8 Hz);*C NMR (125 MHz, CDC)): 5 138.2, 133.1,
129.2, 128.4, 127.7, 127.7, 73.5, 72.3, 70.1, 55.7, 33.4, 31.9, 29.7, 29.7, 29.7,
29.6, 29.6, 29.6, 29.6, 29.4, 26.1, 22.7, 14.1; IR (neat): 3356, 2925, 2854 cm

(4S,59)-4-(3-Benzyloxy-E)-propenyl)-3-(toluene-4-sulfonyl)-5-tridecyl-
oxazolidin-2-one (10m):*"H NMR (400 MHz, CDCJ): 5 7.89 (d, 1H,J = 8.4
Hz), 7.38-7.23 (m, 7H), 5.99 (dt, 1A= 15.4, 4.9 Hz), 5.71 (ddt, 1H,= 15.4,
8.7, 1.7 Hz), 4.55 (s, 2H), 4.52 (m, 1H), 4.13 (m, 1H), 4.07 (ddJEH4.9, 1.7
Hz), 2.41 (s, 3H), 1.64 (m, 2H), 1.26 (m, 22H), 0.88 (t, 3H,6.8 Hz).

(4S,59)-4-(3-Benzyloxy-E)-propenyl)-5-tridecyl-oxazolidin-2-one (12m):

'H NMR (400 MHz, CDCJ): & 7.38-7.28 (m, 5H), 5.85 (dt, 1H,= 15.5, 5.2

Hz), 5.71 (ddt, 1HJ) = 15.5, 7.7, 1.4 Hz), 5.06 (s, 1H),4.53 (s, 2H), 4.20 (td, 1H,
J=7.2,4.7 Hz), 4.03 (dd, 1H,= 5.2, 1.4 Hz), 3.96 (br t, 1H,= 7.4 Hz), 1.69

(m, 2H), 1.48 (m, 2H), 1.26 (m, 20H), 0.88 (t, 3Hs 6.8 Hz);**C NMR (100
MHz, CDCL): 6158.5, 137.8, 131.4, 129.6, 128.5, 127.9, 127.8, 82.6, 72.8, 69.3,
60.2, 33.8, 31.9, 29.7, 29.7, 29.6, 29.6, 29.5, 29.4, 29.4, 29.3, 24.9, 22.7, 14.1.

1-[2S-(3-Benzyloxy-E)-propenyl)-3S-tridecyl-aziridin-1-yl]-ethanone (20m):

'H NMR (400 MHz, CDC)): 8 7.36-7.26 (m, 5H), 6.03 (dt, 1H,= 15.4, 5.6
Hz), 5.26 (ddt, 1HJ = 15.4, 5.3, 1.3 Hz), 4.54 (s, 2H), 4.02 (dd, 2, 5.6, 1.3
Hz), 2.87 (m, 1H), 2.46 (td, 1H,= 5.6, 2.8 Hz), 2.07 (s, 3H), 1.42 (m, 2H), 1.26
(m, 22H), 1.18 (t, 3HJ = 7.2Hz).

(1S,25)-N-(5-Benzyloxy-2-hydroxy-1-tridecyl-pent-3-E)-enyl)-acetamide
(22m): 'H NMR (400 MHz, CDCJ): & 7.37-7.27 (m, 5H), 5.85 (dt, 1H,= 15.6,
5.6 Hz), 5.76 (dd, 1H] = 15.6, 5.8 Hz), 5.90 (br d, 1H,= 9.1 Hz), 4.50 (s, 2H),
4.17 (dd, 1HJ = 5.8, 4.0 Hz), 4.02 (d, 2H}, = 5.6 Hz), 3.88 (m, 1H), 1.98 (s,
3H), 1.60 (m, 1H), 1.48 (m, 1H), 1.26 (m, 22H), 0.88 (t, 3H,7.2 Hz).

(4S,55)-5-(3-Benzyloxy-E)-propenyl)-4-tridecyl-oxazolidin-2-one (27m):

'H NMR (400 MHz, CDC)): & 7.39-7.27 (m, 5H), 5.97 (dt, 1H,= 15.5, 5.0

Hz), 5.83 (ddt, 1H, = 15.5, 7.8, 1.4 Hz), 5.09 (br s, 1H), 4.60 (t, JH; 6.5

Hz), 4.54 (s, 2H), 4.07 (dd, 2H,= 5.0, 1.4 Hz), 3.52 (app. q, 18~ 6.5 Hz),

1.30 (m, 2H), 1.26 (m, 22H), 0.88 (t, 3B= 6.8 Hz);*C NMR (125 MHz,
CDClg): 6158.3, 138.0, 131.8, 128.5, 127.9, 127.8, 127.7, 82.3, 72.6, 69.3, 58.4,
31.9, 29.7, 29.6, 29.6, 29.5, 29.5, 29.4, 29.4, 29.3, 29.3, 25.6, 22.7, 14.1; IR
(neat): 3396, 2925, 2854, 1756 °tm

(4S,5R)-4-(3-Benzyloxy-E)-propenyl)-5-tridecyl-oxazolidin-2-one (42m):
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'H NMR (400 MHz, CDCJ): & 7.39-7.28 (m, 5H), 5.83 (dt, 1H,= 15.5, 5.2

Hz), 5.73 (ddt, 1H,) = 15.5, 7.8, 1.2 Hz), 5.03 (br s, 1H), 4.62 (dt, IH; 7.8,

4.0 Hz), 4.53 (s, 2H), 4.28 (t, 1H,= 7.8 Hz), 4.04 (dd, 2H] = 5.2, 1.2 Hz),

1.66 (m, 2H), 1.48 (m, 2H), 1.26 (m, 20H), 0.88 (t, 3H; 6.8 Hz);**C NMR

(100 MHz, CDC}): $158.8, 137.9, 131.9, 128.5, 127.8, 127.7, 127.2, 80.3, 72.6,
69.4, 57.5, 31.9, 30.4, 29.7, 29.6, 29.6, 29.5, 29.4, 29.4, 29.3, 29.3, 25.7, 22.7,
14.1.

(4R,59)-5-(3-Benzyloxy-E)-propenyl)-4-tridecyl-oxazolidin-2-one (43m):

'H NMR (500 MHz, CDC)): & 7.37-7.27 (m, 5H), 5.99 (dt, 1H,= 15.6, 5.0

Hz), 5.83 (ddt, 1H) = 15.6, 7.5, 1.4 Hz), 5.08 (br t, 18= 7.7 Hz), 5.06 (br s,

1H), 4.54 (s, 2H), 4.08 (d, 2H,= 5.0 Hz), 3.82 (td, 2HJ = 8.1, 5.8 Hz), 1.45

(m, 2H), 1.26 (m, 22H), 0.88 (t, 3H,= 6.9 Hz);*3*C NMR (125 MHz, CDGJ):

6 158.6138.0, 133.0, 128.5, 127.8, 127.7, 124.6, 80.1, 72.5, 69.3, 56.1, 32.0,
31.0, 29.7, 29.7, 29.7, 29.6, 29.5, 29.5, 29.4, 29.4, 26.2, 22.7, 14.1; IR (neat):
3261, 2922, 2851, 1757 ¢in

B.2 Reduction of vinylic amino alcohols (Chapter 9)

Typical procedure:

Amino alcohol (0.125 mmol), NjNH,-H,O (122uL, 2.5 mmol) and O, (35 %

wt, 80 pL, 0.88 mmol) were dissolved in EtOH (95%, 0.5 mL). the mixture was
heated to 100C in a sealed tube until finished (very substrate dependent, 1h to 3
days). Water (1 mL) and Ci€l, (2 mL) were added to the reaction mixture
followed by filtration through an ExtreldtNT3 tube. The organic phase was
eluted with CHCI, (15 mL) and concentrated. No further purification was
needed.

B.2.1 Reduction of 2 to 2’

(3S,4R)-4-Amino-1-phenyl-hexan-3-ol(2a’):

'H NMR (400 MHz, CDCJ): 8 7.30-7.16 (m, 5H), 3.50 (m, 1H), 2.90 (m, 1H),
2.64 (m, 2H), 1.94 (br s, 3H), 1.67 (m, 2H), 1.48 (dgqd,1H,13.8, 7.5, 4.1 Hz),
1.26 (ddqg, 1HJ = 13.8, 9.1, 7.5 Hz), 0.92 (t, 3H,= 7.5 Hz);*C NMR (100
MHz, CDCL): 6 142.3, 128.4, 128.3, 125.7, 73.1, 57.2, 33.3, 32.5, 25.2, 11.0; IR
(neat): 3341, 2971, 2849 ¢m

(2R,3R)-3-Amino-1-benzyloxy-pentan-2-ol (2b"):

'H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 4.55 (s. 2H), 3.67 (m, 1H),
3.61 (dd, 1HJ = 9.6, 3.1 Hz), 3.57 (dd, 1H,= 9.6, 3.7 Hz), 2.79 (dt, 1H,=

8.9, 4.5 Hz), 1.95 (br s, 3H), 1.57 (dqd, 1+ 13.8, 7.5, 4.3 Hz), 1.29 (ddq, 1H,
J=13.8, 8.9, 7.5 Hz), 0.96 (t, 3d,= 7.5 Hz);*C NMR (125 MHz, CDC)): &

138.0, 128.4, 127.7, 127.6, 73.5, 72.9, 71.5, 55.2, 26.3, 10.8; IR (neat): 3362,
2964, 2873 cm.
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(2R,39)-3-Amino-6-benzyloxy-hexan-2-ol (2d’):

'H NMR (400 MHz, CDCJ): 8 7.37-7.26 (m, 5H), 4.51 (s, 2H), 3.72 (dq, 1H;

6.4, 3.8 Hz), 3.50 (t, 2H} = 6.2 Hz), 2.78 (m, 1H), 1.98 (br s, 3H), 1.78 (m, 1H),
1.63 (m, 1H), 1.54 (m, 1H), 1.31 (m, 1H), 1.09 (d, 3H; 6.4 Hz);*C NMR
(100 MHz, CDC)): 6 138.4, 128.7, 127.8, 127.6, 73.0, 70.2, 69.7, 55.8, 29.6,
26.8, 17.0; IR (neat): 3296, 2939, 2866'cm

(2S5,39)-3-Amino-1-benzyloxy-octadecan-2-ol (2I'):

'H NMR (500 MHz, CDC)): & 7.37-7.25 (m, 5H), 4.55 (AB-q, 2H,= 11.9 Hz),

3.65 (m, 1H), 3.61 (dd, 1H,= 9.6, 3.2 Hz), 3.57 (dd, 1H,= 9.6, 6.7 Hz), 2.87

(m, 1H), 1.80 (br s, 3H), 1.47 (m, 2H), 1.26 (m, 26H), 0.88 (t, BH 6.9 Hz);

13C NMR (125 MHz, CDCJ): 5138.1, 128.5, 127.7, 127.7, 73.6, 73.2, 71.4,
53.7, 33.6, 31.9, 29.7, 29.7, 29.7, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6, 29.4, 26.5,
22.7,14.2; IR (neat): 3361, 2925, 2854cm

(4S,5R)-4-Amino-1-benzyloxy-octadecan-5-ol (2m’):

'H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 4.51 (s, 2H), 3.50 (t, 2Hs

6.3 Hz), 3.46 (m, 1H), 2.77 (m, 1H), 1.82-1.48 (m, 7H), 1.27 (m, 24H), 0.88 (t,
3H, J = 6.8 Hz);*C NMR (100 MHz, CDCJ): 6138.5, 128.4, 127.7, 127.6,
74.4, 73.0, 70.3, 55.3, 31.9, 31.5, 29.8, 29.7, 29.7, 29.7, 29.7, 29.7, 29.6, 29.4,
29.0, 26.9, 26.2, 22.7, 14.1; IR (neat): 3310, 2926, 2854 cm

B.2.2 Reduction of 3 to 3’

(3S,49)-4-Amino-1-phenyl-hexan-3-ol (3a):

'H NMR (400 MHz, CDCJ): & 7.31-7.16 (m, 5H), 3.31 (ddd, 1d,= 9.1, 6.0,

3.4 Hz), 2.89 (ddd, 1H] = 13.7, 10.2, 5.3 Hz), 2.70 (ddd, 15+ 13.7, 10.0, 6.6

Hz), 2.52 (m, 1H), 1.97 (br s, 3H), 1.80 (m, 1H), 1.71 (m, 1H), 1.61 (m, 1H),
1.26 (m, 1H), 0.94 (t, 3H] = 7.4 Hz);*C NMR (125 MHz, CDC)): 5 142.4,
128.5, 128.4, 125.8, 72.7, 57.3, 36.4, 32.3, 27.0, 10.5; IR (neat): 3361, 2934,
2876 cn.

(2R,39)-3-Amino-1-benzyloxy-pentan-2-ol (3b’):

'H NMR (400 MHz, CDCJ): & 7.37-7.26 (m, 5H), 4.56 (AB-q, 2H,= 12.0 Hz),
3.53 (m, 3H), 2.73 (m, 1H), 1.84 (br s, 3H), 1.55 (m, 1H), 1.29 (m, 1H), 0.95 (t,
3H, J = 7.4 Hz);**C NMR (125 MHz, CDC)): & 138.1, 128.4, 127.7, 127.7,
73.5,72.6,72.2,54.2, 27.3, 10.6; IR (neat): 3363, 2932, 2873 cm

(2R,3R)-3-Amino-6-benzyloxy-hexan-2-ol (3d’):

'H NMR (400 MHz, CDCJ): & 7.38-7.27 (m, 5H), 4.51 (s, 2H), 3.50 (t, 2Hs

6.3 Hz), 3.41 (qui, 1HJ = 6.3 Hz), 2.44 (m, 1H), 1.89 (br s, 3H), 1.77 (m, 1H),
1.66 (m, 2H), 1.26 (m, 1H), 1.18 (d, 34,= 6.2 Hz);*3C NMR (125 MHz,
CDCly): 6 138.4, 128.4, 127.7, 127.6, 76.8, 73.0, 70.3, 57.3, 31.2, 26.6, 20.1; IR
(neat): 3362, 2928, 2857 ¢m
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(2S,3R)-3-Amino-1-benzyloxy-octadecan-2-ol (3I'):

'H NMR (400 MHz, CDC)): 4 7.37-7.26 (m, 5H), 4.56 (AB-q, 2H,= 12.0 Hz),

3.58 (dd, 1HJ = 7.3, 5.1 Hz), 3.51 (m, 2H), 2.80 (m, 1H), 1.46 (m, 2H), 1.26
(m, 26H), 0.88 (t, 3H,) = 6.8 Hz);"*C NMR (100 MHz, CDCJ): 5138.1, 128.5,
127.7,127.7, 73.5, 72.7, 72.6, 52.6, 34.6, 32.0, 29.7, 29.7, 29.7, 29.7, 29.7, 29.7,
29.6, 29.6, 29.6, 29.4, 26.3, 22.7, 14.2; IR (neat): 3353, 2925, 2854 cm

(4S,5S)-4-Amino-1-benzyloxy-octadecan-5-ol (3m’):

'H NMR (400 MHz, CDCJ): & 7.37-7.27 (m, 5H), 4.51 (s, 2H), 3.50 (t, 2Hs

6.2 Hz), 3.25 (m, 1H), 2.55 (m, 1H), 1.75 (m, 1H), 1.65 (m, 1H), 1.48 (m, 2H),
1.26 (m, 24H), 0.88 (t, 3H] = 6.8 Hz);**C NMR (125 MHz, CDCJ): 5138.5,

128.4, 127.7, 127.7, 73., 73.0, 70.3, 55.3, 34.4, 31.9, 31.3, 29.8, 29.7, 29.7, 29.7,
29.7,29.7, 29.6, 29.4, 26.6, 25.9, 22.7, 14.1; IR (neat): 3363, 2932, 2857 cm

B.2.3 Reduction of 5 to 5’

(3S,4R)-4-Amino-6-phenyl-hexan-3-ol (5a’):

'H NMR (400 MHz, CDCJ)): & 7.31-7.17 (m, 5H), 3.39 (dt, 1H,= 8.8, 3.9 Hz),
2.81 (m, 1H), 2.60 (ddd, 1H,= 13.8, 9.6, 6.8 Hz), 1.79 (m, 1H), 1.70 (br s, 3H),
1.58 (dtd, 1H,J = 13.8, 9.6, 5.4 Hz), 1.42 (m, 2H), 0.97 (t, 3H; 7.4 Hz);*°*C
NMR (100 MHz, CDCJ): 6141.9, 128.4, 128.3, 125.9, 76.0, 54.6, 33.9, 32.9,
24.4, 10.5; IR (neat): 3348, 2963, 2875cm

(2S5,39)-2-Amino-1-benzyloxy-pentan-3-ol (5b’):

'H NMR (400 MHz, CDC)):  7.38-7.28 (m, 5H), 4.53 (AB-q, 2H,= 11.9 Hz),
3.59 (dd, 1HJ = 9.3, 4.1 Hz), 3.52 (dd, 1H,= 9.3, 7.0 Hz), 3.47 (dt, 1H), =
8.3, 4.3 Hz), 3.02 (dt, 1H,= 7.0, 4.3 Hz), 1.71 (br s, 3H), 1.46 (m, 2H), 0.99 (t,
3H, J = 7.4 Hz);**C NMR (125 MHz, CDC)): & 137.9, 128.5, 127.8, 127.7,
75.4,73.5,72.0,54.1, 26.1, 10.4; IR (neat): 3364, 2937, 2874 cm

(2S,3R)-2-Amino-6-benzyloxy-hexan-3-ol (5d’):

'H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 4.52 (s, 2H), 3.53 (t, 2H;

6.2 Hz), 3.43 (dt, 1HJ = 9.5, 3.5 Hz), 2.96 (m, 1H), 1.81 (m, 1H), 1.77 (br s,
3H), 1.72 (m, 1H), 1.56 (m, 1H), 1.43 (m, 1H), 1.02 (d, 3K 6.5 Hz);°C
NMR (125 MHz, CDCJ): & 138.3, 128.4, 127.7, 127.6, 74.8, 73.0, 70.5, 50.6,
29.5, 26.6, 17.4; IR (neat): 3354, 2940, 2864'cm

(2S,3R)-2-Amino-1-benzyloxy-octadecan-3-ol (5I'):

'H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 4.53 (AB-q, 2H,= 11.9 Hz),

3.58 (dd 1HJ = 9.3, 4.2 Hz), 3.55 (m, 1H), 3.52 (dd 1Hz 9.3, 7.0 Hz), 3.00

(dt, 1H,J = 7.0, 4.2 Hz), 1.85 (m, 3H), 1.53-1.38 (m, 4H), 1.26 (m, 24H), 0.88 (t,
3H, J = 6.8 Hz);*C NMR (100 MHz, CDCJ): 6137.9, 128.5, 127.8, 127.8,
73.9, 73.5, 71.9, 54.5, 33.3, 32.0, 29.7, 29.7, 29.7, 29.7, 29.7, 29.7, 29.6, 29.6,
29.6, 29.4, 26.1, 22.7, 14.2; IR (neat): 3352, 2915, 2848 cm
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(£)-5-Amino-1-benzyloxy-octadecan-4-ol (5m’):

'H NMR (400 MHz, CDC}): & 7.36-7.26 (m, 5H), 4.52 (s, 2H), 3.53 (t, 2Hs

6.1 Hz), 3.47 (dt, 1H) = 9.9, 3.4 Hz), 2.76 (m, 1H), 1.87-1.54 (m, 5H), 1.42 (m,
2H), 1.26 (m, 24H), 0.88 (t, 3H, = 6.8 Hz);*3C NMR (100 MHz, CDGJ):
60138.3, 128.4, 127.7, 127.6, 74.2, 73.4, 70.5, 55.5, 32.6, 31.9, 29.8, 29.7, 29.7,
29.7, 29.7, 29.7, 29.6, 29.6, 29.4, 28.6, 26.6, 22.7, 14.1; IR (neat): 3354, 2924,
2854 cm.

B.2.4 Reduction of 6 to 6

(3R,4R)-4-Amino-6-phenyl-hexan-3-ol (6a’):

'H NMR (400 MHz, CDCJ): & 7.32-7.17 (m, 5H), 3.24 (m, 1H), 2.79 (ddd, 1H,

= 13.9, 10.0, 5.5 Hz), 2.65 (ddd, 1B= 13.9, 9.7, 6.6 Hz), 2.60 (m, 1H), 1.89
(m, 4H), 1.55 (m, 2H), 1.40 (m, 1H), 0.97 (t, 3H= 7.4 Hz);*C NMR (125
MHz, CDCL): 6141.8, 128.5, 128.3, 126.0, 75.1, 54.6, 36.3, 32.7, 27.1, 10.1; IR
(neat): 3362, 2935, 2876 ¢m

(2S,3R)-2-Amino-1-benzyloxy-pentan-3-ol (6b’):

'H NMR (400 MHz, CDC)):  7.38-7.26 (m, 5H), 4.54 (AB-q. 2H,= 11.9 Hz),
3.58 (dd, 1HJ = 9.3, 4.0 Hz), 3.49 (dd, 1H,= 9.3, 6.7 Hz), 3.42 (ddd, 1H,=
9.6, 5.4, 4.3 Hz), 2.91 (m, 1H), 1.89 (br s, 3H), 1.48 (m, 2H), 0.98 (t) 3H.4
Hz); **C NMR (125 MHz, CDC)): 5 137.9, 128.5, 127.8, 127.7, 73.6, 73.5, 73.2,
54.1, 27.2,10.2; IR (neat): 3370, 2934, 2874'cm

(2S,39)-2-Amino-6-benzyloxy-hexan-3-ol (6d’):

H NMR (400 MHz, CDC)): & 7.37-7.26 (m, 5H), 4.52 (s, 2H), 3.53 (td, 1H5

6.2, 2.6 Hz), 3.19 (ddd 2H,= 9.3, 6.3, 3.1 Hz), 2.73 (app. qui, 1Hs 6.4 Hz),
1.88-1.62 (m, 3H), 1.55 (br s, 3H), 1.42 (m, 1H), 1.09 (d, BH,6.4 Hz),**C
NMR (125 MHz, CDCJ): & 138.4, 128.4, 127.7, 127.6, 75.6, 73.0, 70.5, 51.2,
31.2, 26.2, 21.0; IR (neat): 3371, 2944, 2869'cm

(25,39)-2-Amino-1-benzyloxy-octadecan-3-ol (61'):

'H NMR (500 MHz, CDC)): & 7.37-7.27 (m, 5H), 4.52 (AB-q, 2H,= 11.3 Hz),

3.61 (m, 1H), 3.55 (m, 1H), 3.48 (m, 1H), 2.86 (dt, IH; 6.4, 4.1 Hz), 1.55 (br

s, 3H), 1.42 (m, 2H), 1.26 (m, 26H), 0.88 (t, 3Hs 6.8 Hz);'*C NMR (125
MHz, CDCL): 6128.6, 128.5, 127.8, 127.8, 73.8, 73.5, 71.9, 53.5, 34.6, 31.9,
29.7,29.7, 29.7, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6, 29.4, 26.3, 22.7, 14.1.

(4S,5S)-5-Amino-1-benzyloxy-octadecan-4-ol (6m’):

'H NMR (500 MHz, CDCJ): & 7.35-7.26 (m, 5H), 4.52 (s, 2H), 3.52 (m, 2H),
3.26 (ddd, 1HJ = 9.0, 5.6, 3.6 Hz), 2.53 (m, 1H), 1.87-1.49 (m, 5H), 1.43 (m,
2H), 1.27 (m, 24H), 0.88 (t, 3H, = 6.8 Hz);**C NMR (125 MHz, CDC)):
6138.5, 128.4, 127.7, 127.6, 73.7, 72.9, 70.5, 55.6, 34.6, 31.9, 29.7, 29.7, 29.7,
29.7, 29.7, 29.6, 29.6, 29.6, 29.4, 26.3, 26.3, 22.7, 14.1; IR (neat): 3332, 2924,
2853 cn.
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B.3 Analysis data of compounds 1k, 16-19, 21e, 23-26, 40, 41

(2S,39)-2-Propyl-3-vinyl-oxirane (1Kk):

'H NMR (400 MHz, CDCJ): & 5.58 (ddd, 1H,J = 17.2, 9.9, 7.3 Hz), 5.45 (dd,
1H,J=17.2, 1.6 Hz), 5.25 (dd, 1H,= 9.9, 1.6 Hz), 3.09 (dd, 1H,= 7.2, 2.2
Hz), 2.83 (dt, 1HJ = 5.9, 2.2 Hz), 1.57-1.47 (m, 4H), 0.96 (t, 3H 7.3 Hz);
3C NMR (100 MHz, CDC)): 5 135.8, 118.7, 60.3, 58.7, 34.1, 19.3, 14.1.

(4R,59)-5-Phenethyl-3-trityl-4-vinyl-[1,2,3]-oxathiazolidine 2,2-dioxide (16):

'H NMR (400 MHz, CDC)): 4 7.58 (m, 6H), 7.32-7.12 (m, 12H), 7.04 (m, 2H),
5.72 (m, 1H), 4.99 (dd, 1H = 10.3, 1.1 Hz), 4.93 (dd, 1H,= 16.9, 1.1 Hz),
3.57 (dd, 1HJ = 7.3, 1.1 Hz), 3.12 (ddd, 1H,= 7.3, 4.8, 2.2 Hz), 2.67 (m, 1H),
2.52 (m, 1H), 1.81 (m, 2H).

(3S,4R)-4-(2,4-Dinitro-benzenesulfonyl)-amino-1-phenyl-hex-5-en-3-ol (17):

'H NMR (500 MHz, CDCJ): & 8.66 (d, 1HJ = 2.2 Hz), 8.49 (dd, 1H] = 8.6,

2.2 Hz), 8.25 (d, 1H]) = 8.6 Hz), 7.29 (m, 2H), 7.22 (t, 1H= 7.3 Hz), 7.16 (d,

1H,J = 7.1 Hz), 6.07 (br s, 1H), 5.65 (ddd, 1H+ 17.4, 10.3, 7.8 Hz), 5.17 (d,
1H,J=17.4 Hz), 5.13 (d, 1H] = 10.3 Hz), 4.06 (dd, 1H} = 7.8, 3.3 Hz), 3.77

(m, 1H), 2.79 (ddd, 1HJ = 14.2, 8.7, 6.1 Hz), 2.66 (m, 1H), 1.96 (br s, 1H),
1.80-1.68 (m, 2H);*C NMR (125 MHz, CDC)): 5 149.6, 147.9, 140.8, 140.2,
132.7, 131.7, 128.6, 128.3, 126.9, 126.2, 120.6, 120.0, 72.8, 61.7, 35.1, 31.7; IR
(neat): 3359, 2944, 2878, 1553, 1353'cm

(2R,3R)-1-(2,4-Dinitro-benzenesulfonyl)-2-phenethyl-3-vinyl-aziridine (18):

'H NMR (400 MHz, CDCJ): 8 8.55 (d, 1H,J = 2.2 Hz), 8.52 (dd, 1H] = 8.6,
2.2 Hz), 8.38 (d, 1HJ = 8.6 Hz), 7.29-7.12 (m, 5H), 5.75 (ddd, 1H5 17.0,
10.3, 8.8 Hz), 5.43 (d, 1H,= 17.0 Hz), 5.35 (d, 1H] = 10.3 Hz), 3.23 (dd, 1H,
J=8.8,4.7 Hz), 3.13 (dt, 1H,= 7.7, 4.7 Hz), 2.84-2.67 (m, 2H), 2.36 (m, 1H),
1.89 (dq, 1HJ = 14.0, 7.8 Hz).

(3S,4R)-6-PhenylN>-propyl-hex-1-ene-3,4-diamine (19):

'H NMR (500 MHz, CDCJ): 4 7.30 (m, 2H), 7.22 (m, 3H), 5.71 (ddd, 1H=

17.4, 10.5, 8.4 Hz), 2.87 (m, 1H), 2.82 (m, 1H), 2.69-2.58 (m, 2H), 2.50 (m, 1H),
1.79 (m, 3H), 1.62-1.44 (m, 2H), 1.29 (m, 2H), 0.94 (t, 3H; 7.4 Hz);**C
NMR (125 MHz, CDCI): 6 142.2, 136.5, 128.4, 128.4, 125.8, 118.3, 66.2, 53.6,
49.2, 36.5, 32.9, 23.1, 11.8; IR (neat): 3297, 2932, 2872 cm

(4S,59)-5-(3-Benzyloxy-E)-propenyl)-4-ethyl-2,5-dimethyl-4,5-
dihydrooxazole (21e): *H NMR (400 MHz, CDCJ): & 7.37-7.25 (m, 5H), 5.84
(m, 2H), 4.53 (s, 2H), 4.06 (d, 2H,= 4.1 Hz), 3.67 (t, 1H) = 6.9 Hz), 2.03 (s,
3H), 1.53 (m, 2H), 1.33 (s, 3H), 1.07 (t, 3Hs 7.3 Hz).
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(1R,2R)-N-(1-Vinyl-1,2,3,4-tetrahydro-naphthalen-2-yl)-acetamide (23):

White solid, mp 145-146C; *H NMR (400 MHz, CDCJ): & 7.23-7.14 (m, 4H),

5.85 (ddd, 1HJ = 17.1, 10.1, 8.1 Hz), 5.46 (br s, 1H), 5.24 (dt I14,10.1 Hz),

5.04 (dt, 2H,J = 17.0, 1.5 Hz), 4.19 (ddd, 2Hd,= 16.2, 8.2, 3.0 Hz), 3.34 (br t,
1H,J=7.5 Hz), 2.97 (dt, 1H) = 17.3, 6.4 Hz), 2.86 (dt, 1H,= 17.3, 6.2 Hz),

1.99 (s, 3H), 2.20 (dtd, 18I= 13.3, 6.4, 3.0 Hz), 1.79 (ddt, 1H= 16.2, 13.3,

6.0 Hz);*C NMR (100 MHz, CDCJ): 5 169.6, 140.0, 135.6, 135.2, 130.1,
129.0, 126.0, 126.0, 117.7, 50.2, 49.1, 26.6, 26.0, 23.6; IR (neat): 3305, 2939,
2850, 1645 cmy; [ab: -58.0 € 0.23, CHCL,); HRMS (CI+): Exact mass
calculated for GH;sNO (M+H): 216.1388. Found: 216.1389.

N-[4-Benzyloxy-16)-(1(R)-hydroxy-propyl)-1-methyl-2-(E)-butenyl]-

acetamide (24):*H NMR (500 MHz, CDCJ): & 7.37-7.27 (m, 5H), 5.81 (d, 1H,
J=15.9 Hz), 5.70 (dt, 1H] = 15.9, 5.5 Hz), 5.65 (br s, 1H), 4.52 (s, 2H), 4.31

(br d, 1H,J = 9.1 Hz), 4.05 (d, 2H] = 5.5 Hz), 3.34 (m, 1H), 2.00 (s, 3H), 1.55

(m, 2H), 1.47 (s, 3H), 1.01 (t, 3H,= 7.4 Hz);**C NMR (125 MHz, CDC)): &

170.9, 135.5, 128.5, 127.9, 127.9, 127.8, 126.6, 78.7, 72.6, 70.3, 62.2, 24.9, 24.1,
22.5, 11.2; IR (neat): 3307, 2935, 2875tm

(1S,2R)-N-(5-Benzyloxy-1-ethyl-2-hydroxy-2-methyl-3(E)-pentenyl)-

acetamide (25):"H NMR (500 MHz, CDCJ): 8 7.37-7.26 (m, 5H), 5.87 (dt, 1H,
J=15.6, 5.5 Hz), 5.77 (d, 1H,= 15.6 Hz), 5.48 (br d, 1Hl = 9.8 Hz), 4.52 (s,

2H), 4.05 (dd, 2HJ = 5.5, 1.2 Hz), 3.80 (td, 1H,= 9.8, 2.8 Hz), 2.29 (br s, 1H),
2.04 (s, 3H), 1.68 (dq, 2H,= 7.4, 2.8 Hz), 1.29 (s, 3H), 0.90 (t, 3Hs 7.4 Hz);
¥CNMR (125 MHz, CDCJ): & 171.1, 138.2, 136.6, 128.4, 127.7, 127.7, 125.8,
75.4, 72.4, 70.1, 58.7, 26.8, 23.3, 23.1, 11.1; IR (neat): 3314, 2932, 2872, 1650

cm™.

(4S,59)-3-Acetyl-5-(3-benzyloxy-E)-propenyl)-4-ethyl-5-methyl-oxazolidin-
2-one (26):*H NMR (400 MHz, CDCJ): & 7.38-7.26 (m, 5H), 5.91 (dd, 1H,=
16.0, 0.6 Hz), 5.82 (dtd, 1H,= 16.0, 5.2, 0.6 Hz), 4.51 (s, 2H), 4.06 (d, 2t

5.1 Hz), 3.79 (dd, 1H] = 11.2, 2.3 Hz), 2.04 (s, 3H), 1.58 (s, 3H), 1.39-1.21 (m,
2H), 1.02 (t, 3H,) = 7.3 Hz).

2-Amino-1-benzyloxy-octadec-3-en-5-ol (40):

Major isomer:*H NMR (400 MHz, CDCJ): 8 7.38-7.26 (m, 5H), 5.67 (m, 2H),

4.54 (s, 2H), 4.08 (dt, 1H,= 6.7, 6.1 Hz), 3.63 (m, 1H), 3.49 (m, 1H), 3.29 (td,
1H,J = 9.0, 1.6 Hz), 1.57 (br s, 3H), 1.351 (m, 2H), 1.26 (m, 22H), 0.88 (tJ3H,

= 6.8 Hz);"*C NMR (125 MHz, CDC): 4 138.2, 134.2, 131.7, 128.4, 127.7,
127.7, 75.3, 73.3, 72.6, 52.8, 37.4, 31.9, 29.7, 29.7, 29.7, 29.7, 29.6, 29.6, 29.6,
29.4, 25.4, 22.7,14.1; IR (neat): 3422, 2919, 2848.cm

N-((1S,2R,3E)-1-Benzyloxymethyl-2-hydroxy-heptadec-3-enyl)-trifluoro-
acetamide (41):*H NMR (400 MHz, CDCJ): & 7.40-7.26 (m, 5H), 7.01 (br d,
1H,J = 8.5 Hz), 5.77 (dtd, 1H] = 15.4, 6.9, 1.2 Hz), 5.43 (ddt, 1H,= 15.4,
6.3, 1.2 Hz), 4.51 (AB-q, 2H] = 11.7 Hz), 4.23 (m, 1H), 4.03 (ddt, 1Bi= 8.5,
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5.1, 2.9 Hz), 3.89 (dd, 1H,= 9.9, 2.9 Hz), 3.62 (dd, 1H,= 9.9, 2.9 Hz), 2.69

(br d, 1H,J = 8.4 Hz), 2.02 (q, 2H] = 6.9 Hz), 1.32 (M, 2H), 1.26 (m, 22H),
0.88 (t, 3H,J = 6.8 Hz);**C NMR (125 MHz, CDC)): 5 156.7, 136.9, 134.8,
128.7, 128.3, 128.2, 127.9, 127.9, 73.8, 73.3, 68.5, 53.1, 32.2, 31.9, 29.7, 29.7,
29.7, 29.7, 29.6, 29.5, 29.4, 29.2, 29.0, 22.7, 14.1; IR (neat): 3294, 2919, 2851,
1699, 1183 cri
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